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MONDAY,  MARCH  4,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

* Washington  D.C. 

The  committee  met  at  10  a.m.,  pursuant  to  call,  in  room  214-B,  New 
House  Office  Building,  Hon.  George  P.  Miller  (chairman),  presiding. 

The  Chairman.  In  the  interest  of  time  and  without  objection,  the 
committee  will  be  in  order. 

Today  we  have  Mr.  Webb  and  Dr.  Dry  den  before  us.  They  have 
asked  that  they  be  allowed  to  make  their  statements  before  we  do  any 
questioning.  I have  agreed  to  this. 

I may  say  that  this  is  the  beginning  of  the  NASA  authorization 
hearings  and  tomorrow  I think  your  subcommittee  will  start,  Mr. 
Teague  ? 

Mr.  Teague.  Day  after  tomorrow. 

The  Chairman.  The  day  after  tomorrow,  Mr.  Teague  starts,  and 
Mr.  Karth,  your  subcommittee  about  the  same,  and  Mr.  Hechler,  when 
are  you  going  to  start? 

Mr.  Hechler,  I will  have  to  consult  my  staff. 

The  Chairman.  All  right,  so  that  detailed  questions  can  be  re- 
served for  the  subcommittee  hearings ; that  is,  those  matters  bearing 
on  the  fiscal  year  1964  budget  will  be  in  subcommittee  hearings,  but 
we  are  here  today  to  get  a report  of  what  has  taken  place  and  what  we 
may  expect  in  the  future. 

We  are  very  happy  to  have  you  here2  Mr.  Webb  and  Dr.  Dryden. 
We  have  a great  common  interest  and  it  is  always  a pleasure  to  see 
you.  You  may  proceed,  sir. 

STATEMENT  OF  HON.  JAMES  E.  WEBB,  ADMINISTRATOR,  NATIONAL 

* AERONAUTICS  AND  SPACE  ADMINISTRATION 

Mr.  Webb.  Mr.  Chairman,  we  certainly  appreciate  the  opportunity 
to  be  here  again  today. 

* As  you  know  last  Monday  it  was  my  privilege  to  outline  for  you 
the  basic  policies  and  issues  with  which  the  present  posture  of  the 
National  Aeronautics  and  Space  Administration  is  concerned. 

Today  it  is  my  purpose  to  present  to  you  an  outline  of  the  authori- 
zation of  funds  for  the  program  for  1964  so  that  these  may  be  related. 
I judge  that  this  is  in  accordance  with  the  total  picture  you  and  the 
committee  would  like  to  have  before  the  subcommittee  hearings  start. 

I would  like  to  say  that  we  did  discuss  the  accomplishments  of  the 
past  year  in  some  detail  last  week.  Today  Dr.  Dryden  is  here  and 
with  your  permission  will  discuss  the  accomplishments  of  the  inter- 
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national  program  of  NASA,  and  will  speak  about  future  trends  in  the 
space  program. 

As  you  Know,  Dr.  Dry  den  leaves  for  Rome  in  a few  days  to  meet 
with  representatives  of  the  U.S.S.R.  for  further  discussions  and  nego- 
tiations regarding  cooperative  programs.  Dr.  Seamans  will  be  here 
tomorrow  to  present  the  overall  NASA  program,  after  which  the  re- 
sponsible officials  will  be  prepared  to  present  the  details  of  the  various 
program  areas  in  your  subcommittee  hearings. 

The  total  NASA  request  for  fiscal  year  1964  is  $5,712  million  and  is 
comprised  of  $4,912  million  for  research,  development,  and  operation 
and  $800  million  for  construction  of  facilities. 

Turning  first  to  the  programs  carried  under  the  section  on  research, 
development,  and  operation,  there  are  five  major  program  areas. 

In  the  area  of  space  sciences,  NASA  is  requesting  $886.7  million. 
The  Office  of  Space  Sciences  conducts  programs  to  investigate  the 
characteristics  of  the  Earth,  the  near  and  far  regions  of  space,  the  Sun 
and  its  influence  on  Earth,  the  Moon,  and  our  neighboring  planets. 
These  programs  are  conducted  using  sounding  rockets,  earth  orbiting 
satellites,  lunar  probes,  planetary  and  interplanetary  probes.  At 
present  the  United  States  clearly  leads  the  world  in  hard- won  knowl- 
edge in  the  important  areas  of  geophysics,  solar  physics,  and  inter- 
planetary science.  We  are  continuing  an  aggressive  program  in  this 
area  to  assure  that  the  United  States  retains  its  leadership. 

Basic  to  NASA’s  space  sciences  program  is  the  fact  that  scholars 
and  researchers,  scientists  and  engineers  in  qualified  educational  in- 
stitutions widely  spread  throughout  the  Nation,  are  the  principal  re- 
liance for  the  production,  extension,  and  communication  of  new  scien- 
tific and  technical  knowledge. 

In  carrying  out  these  responsibilities,  the  universities,  and  the 
teachers  in  them,  relate  the  training  of  additional  people  to  the  process 
of  research.  Consequently,  they  are  in  a position  to  rapidly  expand 
the  areas  of  fundamental  knowledge  on  which  our  advances  in  engi- 
neering must  be  based  and  are  sources  of  the  additional  scientific  and 
technical  personnel  required  by  the  United  States  in  meeting  the  ob- 
jectives of  its  aeronautical  and  space  programs.  In  addition  to  the 
direct  research  support  of  the  space  program  and  training  of  new 
personnel,  universities  are  also  uniquely  qualified  to  bring  to  bear  the 
thinking  of  economists,  businessmen,  scientists,  and  engineers,  some- 
times organized  in  multidisciplinary  groups,  on  the  potentials  for 
solving  problems  of  economic  growth  through  the  utilization  of  the 
results  of  the  research  we  do  to  accomplish  our  principal  missions  in 
space. 

Thus,  therfe  is  a,  close  relation  between  our  efforts  in  the  space  sciences 
and  our  efforts  in  the  area  of  applications. 

The  budget  estimate  for  our  applications  program  is  $140.7  mil- 
lion, In  this  area  NASA  is  developing  the  spacecraft  and  technology 
needed  to  establish  operational  meteorological  and  communications 
satellite  systems.  In  addition,  the  Office  of  Applications  has  the  re- 
sponsibility for  working  out  ways  and  means  to  catalog  and  make 
available  to  industry  and  other  leaders  innovations  and  processes  aris- 
ing from  our  space  development  efforts  which  can  form  a basis  for 
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economic  growth  or  the  solution  of  other  problems  faced  by  our 
society. 

Useful  work  in  space,  including  useful  scientific  work,  depends  on 
advanced  technology. 

The  request  for  the  advanced  research  and  technology  program  is 
$597.2  million. 

The  Office  of  Advanced  Research  and  Technology  is  charged  with 
providing,  a continuing  and  advancing  broad  technological  and  re- 
search base  for  this  country's  future  aeronautical  and  space  activities. 
In  this  program,  research  is  conducted  in  the  many  fields  related  to 
aircraft,  propulsion,  launch  vehicles,  spacecraft,  electronics,  systems 
integration  and  management,  tracking,  and  data  acquisition,  reentry, 
methods  of  simulation  and  training,  and  related  human  factors. 

The  technological  advancements  made  as  a result  of  this  kind  of 
research  effort  m the  past  have  formed  the  basis  for  all  our  present 
aircraft  and  space  systems,  and  a continuance  of  this  kind  of  effort  is 
the  only  sure  way  for  this  Nation  to  maintain  its  position  of  leadership 
in  aeronautics  and  space  activities  in  the  years  ahead. 

The  result  of  usexul  work  in  space,  at  present,  is  information,  and 
this  must  be  returned  to  earth  fco’be  of  use. 

The  request,  for  NASA’s  tracking  and  data  acquisition  program  is 
$379.2  million.  Every  space  flight  mission  in  our  present  program, 
whether  rocket  development,  scientific  satellite,  space  probe,  or  manned 
spacecraft  is  undertaken  to  gather  information  in  a form  that  can 
advance  our  base  o c knowledge  and  thus  add  an  increment  to  our  tech- 
nological capability. 

The  critical  means  to  get  such  information  back  to  the  managers  of 
the  missions  and  then  to  the  scientists  in  our  laboratories  and  univer- 
sities, is  the  worldwide  network  of  tracking  and  data  acquisition  sta- 
tions. It  should  also  be  noted  that  vast  amounts  of  information  re- 
ceived each  day  must  be  placed  in  a form  that  can  be  used  by  the  sci- 
entist and  engineer.  It  is  the  automatic  data  system  utilized  by 
NASA’s  Office  of  Tracking  and  Data  Acquisition  which  accomplishes 
this  task.  Since  the  sun  never  sets  on  our  work  in  this  area,  it  pro- 
vides a continuing  image  all  around  the  world  of  the  way  our  efforts 
in  space  can  be  of  value  to  all  nations,  and  is  thus  doubly  important 
because  many  of  these  tracking  stations  are  manned  by  the  nationals 
of  other  countries.  In  some  cases  the  operation  of  foreign  stations  is 
completely  paid  for  by  other  nations.  This  system  of  stations  located 
around  the  world  is  a tremendous  national  and  free  world  asset  ajad 
makes  a tremendous  contribution  to  our  Nation’s  space  program. 

With  respect  to  the  manned  space  flight  program  the  request  in 
this  budget  is  for  $3;f58,200,000.  It  is  under  this  program  that  the 
Mercury  project  will  be  completed  with  the  scheduled  1-day  earth  orbit 
mission.  We  are  proceeding  at  a fast  pace  with  the  Gemini  project 
which  will  prove  out  much  of  Our  Apollo  equipment,  provide  experi- 
ence and  training  for  our  flight  crews,  and  provide  answers  to  impor- 
tant technological  problems  associated  with  rendezvous  and  long- 
duration  flight. 
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This  Gemini  project  is  planned  to  lead  logically  onto  the  Apollo 
project  in  a continuing  integrated  schedule  designed  to  give  ns  the 
technical  capability,  the  scientific  advances,  fmd  the  trained  flight  and 
ground  crews,  which  will  culminate,  insofar  as  this  budget  is  con- 
cerned, with  landing  men  on  the  moon,  exploring  its  characteristics, 
and  returning  them  safely  to  earth.  All  of  these  programs  have 
specific  objectives  and  form  a total  program  that  has  a broad  objec- 
tive of  establishing,  for  the  United  States,  preeminence  in  manned 
space  flight.  This  budget  does  not  include  programs  to  utilize  this 
capability  beyond  the  Apollo  program. 

As  this  committee  knows,  gravity  is  one  of  the  strongest  forces  in 
the  physical  world.  To  overcome  gravity  and  launch  men  into  space, 
we  use  a gigantic  controlled  release  of  energy  in  the  form  of  fuel 
burned  in  rocket  engines.  The  great  value  of  the  rocket  engines 
NASA  has  developed  is  that  they  consume  almost  incomprehensibly 
large  quantities  of  fuel  and  thus  produce  vast  amounts  of  energy  in 
a very  short  time. 

The  advanced  Saturn’s  five  engines  burn  900  tons  of  fuel  per  min- 
ute and  produce  7%  million  pounds  of  thrust.  This  is  a really  big 
machine  and  requires  big  buildings  for  its  assembly,  big  test  stands 
for  static  firings,  and  big  launching  facilities. 

The  huge  facilities  required  to  handle  these  big  space  machines  are 
an  essential  foundation  for  our  Nation’s  space  power.  They  can  be 
used  for  military  or  civilian  purposes  as  required.  Since  they  are 
capital  investments  that  will  be  useful  over  long  periods,  the  budg- 
etary requirements  are  heavier  in  the  earlier  years  of  our  programs. 

The  construction  of  facilities  section  of  our  request  for  1964  totals 
$800  million. 

In  the  committee’s  hearings  today  and  tomorrow  and  the  hearings 
to  follow  before  your  subcommittees,  responsible  officials  of  NASA 
will  make  a complete  presentation  of  these  complex  programs. 

In  the  four  volumes  of  the  justification  books  which  have  been 
submitted  to  you,  a full  breakdown  of  each  and  every  part  of  the 
program  has  been  made  with  an  explanation  of  what,  where,  how, 
and  when  work  will  be  done  and  what  it  will  ccst. 

It  is  important  to  note  that  the  budget  requested  for  the  total  pro- 
gram of  NASA  for  fiscal  year  1964  includes  less  than  $50  million 
for  new  programs.  All  the  rest  is  to  maintain  the  projects  now  un- 
derway on  schedule  and  to  pay  the  contractors  for  the  work  they 
have  obligated  themselves  to  do  to  meet  these  schedules. 

President  Kennedy,  during  atour  of  some  of  our  major  space  facili- 
ties last  September  summed  up  our  space  objectives  in  these  words: 

Those  who  came  before  us  made  certain  that  this  country  rode  the  first  waves 
of  the  industrial  revolutions,  the  first  waves  of  modern  inventions,  and  the 
first  wave  of  nuclear  power. 

Our  leadership  in  science  and  in  industry,  our  hope  for  peace  and  security, 
our  obligations  to  ourselves  as  well  as  to  others,  all  require  us  to  make  this 
effort,  to  solve  these  mysteries,  to  solve  them  for  the  good  of  ail  men,  and  to 
become  the  world’s  leading  spacefaring  nation  * * * only  if  the  United  States 
occupies  a position  of  preeminence  can  we  help  decide  whether  this  new  ocean 
of  space  will  be  a sea  of  peace,  or  a new  terrifying  theater  of  war. 
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My  own  view  is  that  if  we  do  not  have  a position  of  preeminence 
in  space  at  the  bargaining  table  of  the  nations,  or  in  the  minds  of  the 
world’s  leaders,  the  decisions  that  bring  peace  or  war  are  not  apt 
to  be  of  our  making. 

You  will  note  the  President  did  not  say  that  our  nation  il  goal  is 
that  of  landing  the  first  man  on  the  moon,  or,  for  that  matter,  of 
being  “first”  with  respect  to  any  single  achievement  in  space.  We 
have  done  many  things  first,  and  we  will  do  many  other  things  first-— 
including,  we  hope,  sending  the  first  explorers  to  the  moon— -but  this 
is  not  the  objective  which  the  President  stated. 

Eather,  he  forcefully  declared  our  determination  to  attain  “a  posi- 
tion of  preeminence”  in  space  and  to  %ecome  the  world’s  leading 
spacefarmg  nation.”  That  is  the  policy  on  which  this  budget  is  sub- 
mitted to  you. 

This  distinction  needs  to  be  understood.  The  mastery  of  space,  and 
its  utilization  for  the  benefit  of  mankind,  will  not  be  determined  by 
any  single  achievement.  Superiority  in  the  space  environment  with 
its  great  advantages  and  benefits  will  be  won  and  very  likely  can  be 
held  by  that  nation  which  first  fashions  into  a usable  system  all  of  the 
scientific  knowledge,  all  of  the  technology,  all  of  the  experience,  all 
of  the  space  launch  and  terminal  facilities,  and  all  of  the  aids  to  space 
navigation  required  for  safety  and  regular  services. 

These  are  the  capabilities  and  resources  which  the  United  States 
must  have,  and- this  budget  is  designed  to  make  rapid  progress  toward 
acquiring  them. 

Moving  from  our  present  position  to  achieve  mastery  of  space  re- 
quires that  we  add  substantially  to  our  scientific  knowledge  and  to  our 
utilization  of  technology.  The  NASA  program  is  progressing  on  both 
of  these  fronts.  In  a complex  effort  such  as  this,  conducted  in  a new 
medium  about  which  much  is  yet  unknown,  the  scientist  and  the  engi- 
neer inevitably  must  work  closely  together  and  grow  increasingly 
dependent  upon  one  another.  We  are  encouraging  this  intimate  part- 
nership in  every  way  we  can  in  all  our  NASA  centers,  in  industry, 
and  in  the  Nation’s  universities. 

In  the  exploration  of  space,  the  scientist  must  depend  upon  the 
engineer  to  design  the  equipment  which  will  enable  him  to  investigate 
conditions  and  forces  which  exist  there.  But  at  the  same  time,  the 
engineer  must  look  to  the  scientist  for  precise  knowledge  which  will 
enable  him  to  design  equipment  which  will  be  more  efficient  and  re- 
liable in  this  harsh  environment. 

The  NASA  program,  therefore,  is  designed  to  expand  both  science 
and  technology.  We  are  moving  forward  on  a broad  front.  We  have 
avoided  becoming  trapped  in  a narrow  program — one  limited,  for 
example,  to  developing  only  the  technology  needed  to  reach  the  moon 
with  state-of-the-art  hardware.  To  do  so  might  well  be  to  find,  some 
years  hence,  that  we  had  won  the  battle  and  lost  the  war  as  far  as 
ultimate  and  enduring  superiority  in  space  is  concerned. 

Mr.  Chairman,  in  this  program  we  are  developing  and  building  the 
largest,  most  powerful  machines  ever  built  by  man.  It  has  been  said 
that  man  will  never  build  a machine  stronger  than  the  spirit  of  man. 
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It  takes  courage  to  build  these  giant  machines  such  as  the  Saturn, 
which  can  boost  220,000  pounds  into  earth  orbit  or  send  90,000  pounds 
outward  to  the  moon.  It  takes  courage  for  men  like  Bill  Pickering  to 
develop  a Mariner  and  send  it  out  to  Venus. 

It  takes  courage  for  Von  Braun  and  Debus  to  be  prepared  to  test 
and  launch  these  machines  and  it  takes  courage  to  put  together  the 
kind  of  worldwide  tracking  and  data  acquisition  network  which  brings 
back  to  us  tremendous  amounts  of  knowledge  and  to  put  these  into 
the  largest  computer  complex  in  the  United  States  at  the  Goddard 
Space  Flight  Center,  which  many  of  your  members  have  already  seen. 
Let  me  say  it  not  only  takes  the  courage  of  the  men  in  NASA,  in  the 
executive  branch  of  the  Government,  including  the  courage  of  the 
President,  to  submit  this  kind  of  a budget  to  this  committee,  but  it 
takes  courage  on  the  part  of  Congress,  the  elected  representatives  of 
the  people  here  to  look  to  the  future  of  the  Nation  in  these  matters. 
May  I say  that  those  of  us  in  the  executive  branch  appreciate  the  cour- 
age with  which  this  committee  has  faced  up  to  these  problems. 

Thank  you,  Mr.  Chairman,  for  the  opportunity  to  make  this  state- 
ment. The  authority  and  funds  requested  have  been  determined  by 
the  President  to  be  required  to  meet  our  space  requirements  in  the 
light  of  all  other  governmental  requirements.  In  this  budget  we  be- 
lieve we  have  an  excellent  program  balance,  goals  that  can  be  met,  a 
capability  to  shift  emphasis  as  required  by  new  developments,  a ca- 
pability to  identify  and  taka  advantage  of  new  opportunities  as  they 
arise,  an  effective  marriage  of  the  applicable  resources  of  industry, 
universities,  scientists,  engineers,  and  governmental  entities,  and  the 
means  to  do  NASA’s  part  to  meet  the  emerging  needs  for  coordinated 
effort  within  governmental  activities  and  opeiations, 

Wb  have  established  effective,  prudent,  and  business-like  methods 
of  going  forward  to  do  what  is  needed.  We  appreciate  the  support 
this  committee  and  the  Congress  has  given  this  program.  We  respect- 
fully urge  your  favorable  consideration  of  this  budget. 

That  is  the  end  of  my  statement,  Mr.  Chairman,  and  Dr.  Dryden 
is  available  to  discuss  the  matter  I mentioned. 

The  Chairman.  Thank  you  very  much,  Mr.  Webb, 

Now,  under  the  previous  announcement  we  will  proceed  with  you, 
Dr.  Dryden. 

For  the  benefit  of  those  new  members,  I may  say  that  Dr.  Dryden 
is  perhaps  the  man  who  brought  to  space  the  longest  practical  knowl- 
edge and  most  technical  knowledge  in  the  field. 
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He  is  head  of  the  former  National  Advisory  Committee  on  Aero- 
nautics. He  has  made  great  contributions  to  the  field  of  aeronautics 
and  he  is  also  making  great  contributions  to  NASA.  He  has  been  the 
man  who  has  negotiated  with  the  Russians  and  is  apparently  making 
progress  in  the  field  of  communications  satellites. 

Doctor,  we  are  glad  to  have  you  here.  You  may  proceed. 

STATEMENT  OF  DR.  HUGH  I.  DRYBEN,  DEPUTY  ADMINISTRATOR, 
NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


Dr.  Dryden.  Thank  you,  Mr.  Chairman  and  members  of  the  com- 
mittee. It  is  a privilege  to  appear  here  today  to  discuss  the  accom- 
plishments of  NASA’s  international  program  and  some  future  trends 
of  the  Nation’s  space  program. 

With  regard  to  NASA’s  programs  of  international  cooperation,  con- 
ducted pursuant  to  national  policies  embodied  in  the  National  Aero- 
nautics and  Space  Act  of  1958,  the  first  substantial  fruits  of  these  pro- 
grams were  realized  in  1962  and  further  significant  programs  were 
laid  down  for  future  years.  During  1962 — 

the  first  two  international  satellites,  Ariel  and  Alouette,  were 
successfully  placed  in  orbit, 

launchings  of  sounding  rockets  hearing  scientific  payloads  were 
carried  out  m cooperation  with  eight  countries. 

thirty-seven  countries  engaged  in  special  projects  in  support  of 
our  weather  and  communications  satellite  programs, 

foreign  participation  continued  to  grow  in  the  operation  of  our 
global  tracking  and  data  acquisition  network  overseas,  and, 
a new  NASA  international  fellowship  program  was  success- 
fully established  in  our  own  universities. 

This  very  considerable  activity  has  been  brought  into  being  without 
the  export;  of  dollars  or  the  exchange  of  funds  of  any  kind.  Instead, 
cooperation  in  the  literal  sense  has  formed  the  basis  for  a series  of, 
joint  enterprises  of  importance  to  our  own  scientific  and  practical  ob- 
jectives in  space.  Without  going  into  a great  deal  of  detail,  I should 
like  to  provide  a closer  look  at  the  extent  and  character  of  these  inter- 
national activities  by  means  of  a series  of  charts. 

The  first  chart  (fig.  1,  page  8)  relating  to  the  satellite  program,  lists 
joint  satellite  projects  in  being. 


Figure  1 
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SATELLITES 


jcOUNTRY 

SATELLITE 

OBJECTIVE 

UJ.PARTICIPATION 

FOREIGN 

PARTICIPATION 

LAUNCH 

CANADA 

ALOUETTi 

SOUND  IONOSPHERE 

THOR-AGENA  B 

EXPERIMENTS 

PMR 

5-27 

FROM  ABOVE 

LAUNCH 

SPACECRAFT 

9/62 

DATA  ACQUISITION 

DATA  REDUCTION 
A ANALYSIS 

UNITED 

ARIEL 

STUDY  IONOSPHERE  AND 

SPACECRAFT 

EXPERIMENTS 

AMR 

KINGDOM 

S-51 

SOLAR  RELATIONSHIPS 

DELTA  VEHICLE 
LAUNCH 

DATA  ACQUISITION 

DATA  ANALYSIS 

4/62 

A REDUCTION 

UK-2 

MEASURE  OZONE 

SPACECRAFT 

EXPERIMENTS 

WALLOPS 

S-52 

GALACTIC  NOISE  A 
MICROMETEORITE  FLUX 

SCOUT 

LAUNCH 

DATA  ACQUISITION 

DATA  REDUCTION 
A ANALYSIS 

LATE  1963 

UK-3 

EXTEND  S-51  A S-52 

SCOUT 

SPACECRAFT 

WALLOPS 

S-53 

EXPERIMENTS 

LAUNCH 

EXPERIMENTS 

1966-7 

DATA  ACQUISITION 

DATA  REDUCTION  A 
ANALYSIS 

ITALY 

SAN  MARCO 

STUDY  UPPER 
ATMOSPHERE 
A IONOSPHERE 

SCOUT  (2) 
TRAINING 
LAUNCH 
-PROTOTYPE) 

DATA  ACQUISITION 

SPACECRAFT  (2) 

EXPERIMENTS 

LAUNCH 

DATA  REDUCTION 
A ANALYSIS 

WALLOPS 

(PROTOTYPE) 

INDIAN 

OCEAN 

LATE  1964 
OR  1965 
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Both  Alouette  and  Ariel,  the  Canadian  and  British  satellites,  are 
still  in  orbit  and  continue  to  provide  extremely  valuable  data,  giving  us 
our  first  information  on  the  ionosphere  from  above  and  the  first  in- 
formation combining  certain  aspects  of  solar  radiation  and  the  iono- 
spheric environment.  Besides  making  these  solid  contributions  to  our 
knowledge  of  near  space,  these  programs  are  already  stimulating 
further  joint  contributions.  Informal  discussions  are  under  way  with 
Canadian  scientists  with  respect  to  an  important  follow-on  joint  pro- 
gram to  monitor  the  ionosphere  by  satellite. 

As  the  chart  indicates,  the  degree  of  participation  by  NASA  and 
the  foreign,  cooperating  agency  varies  from  case  to  ease,  sometimes 
smaller  than  our  own,  sometimes — as  in  the  case  of  the  Italian  San 
Marco  program — probably  considerably  larger  than  ours. 

The  next  two  tables  (sounding  rockets  launched  from  Wallops  Is- 
land and  sounding  rockets  launched  from  foreign  ranges)  list  inter- 
national cooperative  sounding  rocket  programs  already  carried  out  or 
scheduled  for  this  calendar  year. 

The  first  table  (fig.  2,  page  10)  covers  launchings  conducted  from 
Wallops  Island  while  the  second  covers  launchings  from  ranges  estab- 
lished by  the  cooperating  countries  abroad.  Data  was  successfully 
obtained  in  all  but  one  of  the  eight  cooperative  launching  programs 
carried  out  last  year  from  our  own  or  foreign  launcliing  sites. 
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COUNTRY 

ROCKET 

OBJECTIVE 

U,S.  PARTICIPATION 

R5REiQN~  1 

PARTICIPATION 

LAUNCH 

AUSTRALIA 

AEkOBEE 

MEASURE  VLF  RADIO  NOISE 

ROCKET 

LAUNCH 

AIRBORNE  TELEMETRY 

EXPERIMENT 

VLF  GROUND  EQUIPMENT 
DATA  ANALYSIS 

12/62 

CANADA 

BLACK  BRANTS  (6) 

STUDY  VEHICLE  & 
INSTRUMENTATION 
PERFORMANCE 

LAUNCH 

ROCKETS 

INSTRUMENTATION 
DATA  ANALYSIS 

6/62 

12/62 

FRANCE 

NIKE-CAJUNS 

TEST  SPECIALIZED  OPTICAL 
EOUIPMENT 

ROCKETS 

LAUNCH 

EXPERIMENTS 

OBSERVATION  EOUIPMENT 
DATA  ANALYSIS 

1960-61 

AEROBEE  {2) 

STUDY  IONOSPHERE 
IRREGULARITIES 

ROCKETS 

LAUNCH 

EXPERIMENTS 
DATA  ANALYSIS 

EARLY 

1963 

ITALY 

SHOTPUTO? 

FLIGHT  TEST  SAN  MARCO 
INSTRUMENTATION 

ROCKET 

LAUNCH 

EXPERIMENTS 
DATA  ANALYSIS 

1963 

JAPAN 

NIKE-CAJUNS  (3) 

COMPARE  RESONANCE 
& LANGMUIR  PROBES 

ROCKETS 

LAUNCH 

LANGMUIR  PROBES 
DATA  ANALYSIS 

RESONANCE  PROBES 
DATA  ANALYSIS 

4/62 

S/62 

NQRWAY- 

DENMARK 

NIKE-APACHE  (1) 

& NIKE-CAJUNS  (3) 

STUDY  DAE  REGION  OF 
IONOSPHERE 

ROCKETS 
LAUNCH 
EXPERIMENTS 
DATA  ANALYSIS 

EXPERIMENTS 
DATA  ANALYSIS 

12/61 

6/62 

EARLY 

1963 
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SOUNDING  ROCKETS  LAUNCHED  FROM  FOREIGN  RANGES 


COUNTRY 

ROCKET 

OBJECTIVE 

U.S.  PARTICIPATION 

FOREIGN  PARTICIPATION 

LAUNCH 

AUSTRALIA 

SKYLARKS  (4) 

MEASURE  STELLAR  A NEBULAR 
ULTRA VIOLIT  RADIATION 

EXPERIMENTS 
DATA  ANALYSIS 

ROCKETS 

LAUNCH 

WOOMERA 
P/61, 11/61 

CANADA 

VARIOUS  US 
(C  30/YEAR) 

STUDY  AURORAL  ZONE 
PHENOMENA 

ROCKETS 
DATA  ANALYSIS 

LAUNCH 

FORT  CHURCHILL 

INDIA 

NIK  E-CAJUNS  1*1 
NHCE-APACHES  (*) 

STUDY  UPPER  ATMOSPHERE 
WINDS 

INVESTIGATE  EOUATORIAL 
ELECTROJET 

ROOfSTS 

LAUNCHER 
LAUNCH  TRAINING 
ROCKETS 

MAGNETOMETER  EXPERIMENTS 
DOPPLER  EQUIPMENT 
TELEMETRY  TRAINING 
DATA  ANALYSIS 

LAUNCH 
EXPERIMENTS 
CAMERAS 
DATA  ANALYSIS 

LAUNCH 

SUPPLEMENTARY  EXPERIMENTS 
GROUND  OBSERVATIONS 

THUMB  A,  1963 
THUMBA,  1963 

NIKE-CAJUNS  A 
NIKE-ASPS  (!) 

STUDY  UPPER-ATMOSPHERE 
WINDS 

EXPERIMENTS 

ROCKETS 
LAUNCH 
DATA  ANALYSIS 

SARDINIA  1/61, 
4/61,  9/61, 12/62 

ITALY 

SHOTPUT  (1) 

FLIGHT  TEST  SAN  MARCO 
INSTRUMENTATION 

ROCKET 

LAUNCH 
EXPERIMENTS 
DATA  ANALYSIS 

INDIAN  OCEAN 
1963 

NSW 

ZEALAND 

ARCAS  (3) 

MEASURE  MESOSPHERIC  WIND 
DRIFT  & TURBULENCE 

ROCKETS 

LAUNCHES 

LAUNCH 
EXPERIMENTS 
DATA  ANALYSIS 

BIRDLINO'S  FLAT 
1963 

NORWAY- 

DENMARK 

NIKE-CAJUNS  (7! 

STUDY  0 A E REGION  OF 
IONOSPHERE 

TELEMETRY  TRAILER 
EXPERIMENTS 

LAUNCH  A TELEMETRY  TRAINING 
DATA  ANALYSIS 

ROCKETS 
LAUNCH 
EXPERIMENTS 
DATA  ANALYSIS 

ANOOYA 
S/42, 12/62, 1963 

PAKISTAN 

NIKE-CAJUNS  (2) 

STUDY  UPPER  ATMOSPHERE 
WINDS 

ROCKETS 

LAUNCHER 

TRAINING 

LAUNCH 
EXPERIMENTS 
DATA  ANALYSIS 

SQNMIANI  BEACH 
6/62 

SWEDEN 

ARCAS  (1) 

MEASURE  WINDS  DURING 
OCCURRENCE  OF 
NOCTILUCENT  CLOUOS 

ROCKETS 
EXPERIMENTS 
LAUNCHER 
GROUND  TELEMETRY 

LAUNCH 

SUPPLEMENTARY  EXPERIMENTS 
RECOVERY 

JOKKMOKK 

6/61 

NIKE-CAJUNS  (4) 

DIRECT  SAMPLING  OF 

NOCTILUCENT  CLOUOS 


TRAINING 
DATA  ANALYSIS 

SATA  ANALYSIS 

KSONOGARD 

8/62 
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The  second  sounding  rocket  table  (fig.  3,  page  11) , listing  the  launch- 
ings carried  out  abroad,  illustrates  the  advantages  to  be  gained  through 
access  to  geographic  locations  of  critical  scientific  importance,  like  the 
Australian  range  in  the  Southern  Hemisphere,  Norway  in  the  auroral 
zone,  and  India  on  the  geomagnetic  equator.  The  joint  experiments 
with  Sweden  have  permitted  direct  sampling  of  a rare  phenomena 
of  the  northern  skies,  faint  patches  of  night-glowing  clouds.  The 
matter  recovered  may  well  give  us  our  first  real  insight  into  the  nature 
of  this  phenomenon. 

Altogether,  more  than  half  of  our  sounding  rocket  work  in  1963 
will  probably  involve  international  participation  and  cooperation  in 
one  form  or  another.  The  Japanese  program,  for  instance,  combines 
two  different  methods  of  studying  the  lower  ionosphere  in  one  sound- 
ing rocket  payload.  By  comparison  of  the  data  obtained  from  both 
methods,  the  confidence  level  in  the  results  from  each  can  be  more 
clearly  established.  This  not  only  adds  to  the  .general  body  of  scien- 
tific knowledge  but  also  permits  ionospheric  experimenters  to  choose 
the  technique  best  suited  to  their  own  capability  and  experience. 

The  fourth  chart  (fig.  4,  ground-based  projects,  page  13)  indicates 
the  very  broad  participation  of  other  countries  in  various  ground-based 
activities  contributing  directly  to  the  success  of  orbiting  experiments. 
The  very  successful  program  of  foreign  weather  observations  coordi- 
nated with  TIROS  passes  will  be  amplified  during  the  year  through  use 
abroad  of  the  APT  system.  This  system  will  permit  direct  readout  o f 
locatl  cloud  photographs  by  countries  purchasing  or  constructing  the 
modest  ground  facilities  developed  by  NASA  for  the  system. 
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PROJECTS 

COUNTRIES 

35 

ARGENTINA 

COSTA  RICA 

IRELAND 

RHODESIA/NYASALAND,FED. 

AUSTRALIA 

CZECHOSLOVAKIA 

JAMAICA 

SOUTH  AFRICA 

AUSTRIA 

EL  SALVADOR 

JAPAN 

SUDAN 

WEATHER  OBSERVATIONS 

BELGIUM 

FRANCE 

KENYA 

SWITZERLAND 

COORDINATED  WITH 

BRAZIL 

HONG  KONG 

MAURITIUS 

THAILAND 

TIROS  PASSES 

BURMA 

HUNGARY 

NETHERLANDS 

UNITED  ARAB  REPUBLIC 

CHAD 

ICELAND 

NEW  ZEALAND 

UNITED  KINGDOM 

CHINA,  REP.  OF 

INDIA 

POLAND 

WEST  NEW  GUINEA 

COLOMBIA 

IRAQ 

PORTUGAL 

PARTICIPATION  OF 
GROUND  TERMINALS 

6 

BRAZIL 

GERMANY, 

, FED.  REP.  OF 

JAPAN 

IN  COMSAT  TESTING 

FRANCE 

ITALY 

UNITED  KINGDOM 

20 

ARGENTINA 

INDIA 

PERU 

AUSTRALIA 

ITALY 

-SINGAPORE 

AUSTRIA 

JAPAN 

SPAIN 

IONOSPHERE  BEACON 

BRAZIL 

KENYA 

SWEDEN 

FRANCE 

NEW  ZEALAND 

SWITZERLAND 

GERMANY, FED.  REP.  OF 

NIGERIA 

UNITED  KINGDOM 

GREECE 

NORWAY 

14 

ARGENTINA 

DENMARK 

PERU 

BELGIUM 

FRANCE 

SPAIN 

IONOSPHERE  SOUNDING 

BOLIVIA 

GERMANY, 

FED.  REP.  OF 

SWEDEN 

CHILE 

JAMAICA 

UNITED  KINGDOM 

COLOMBO 

NETHERLANDS 

*1 
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I might  explain  that.  The  satellite  will  continually  broadcast  what 
it  sees  and  a country  with  a rather  simple  receiving  station  can  ob- 
tain six  or  eight  pictures  of  the  clouds  over  their  own  country.  The 
cost  of  this  receiving  equipment,  as  I recall  it,  is  something  on  the 
order  of  $24,000  or  $30,000. 

Several  additional  countries  will  shortly  join  those  listed  as  having 
played  an  indispensable  part  in  the  intercontinental  television  and 
other  demonstrations  carried  out  with  Telstar  and  Relay. 

The  remaining  programs  indicated  on  this  chart  provide  for  local 
observation  of  satellite  signals.  Such  coordinated  observation  is  re- 
quired for  the  success  of  these  ionospheric  investigations.  All  are 
carried  out  on  a contributed  basis. 

The  next  chart  (fig.  5,  personnel  at  overseas  tracking  stations,  page 
15)  shows  quite  graphically  the  participation  of  foreign  personnel  m 
the  work  of  NASA’s  global  network  of  tracking  and  data  acquisition 
stations.  In  over  half  the  cases,  local  technical  personnel  are  directly 
involved  in  the  station  operations,  and  in  a number  of  instances  their 
salaries  are  paid  by  the  host  country.  Training  of  qualified  personnel 
abroad  progresses  steadily. 
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NASA  INTERNATIONAL  PRC 
PERSONNEL  AT  OVERSEAS  TRACK 


SCIENTIFIC  SATELLITE  NET  NASA 

ANTOFAGASTA,  CHILE  1 

JOHANNESBURG,  SOUTH  AFRICA  0 

LIMA,  PERU  \ 

QUITO,  ECUADOR  1 

ST.  JOHN'S,  CANADA  0 

SANTIAGO,  CHILE  1 

WINKFIELD,  ENGLAND  0 

g WOOMERA, AUSTRALIA  0 

c 

1 MANNED  FLIGHT  NET 

W GRAND  CANARY  ISLAND  1 

KANO,  NIGERIA  1 

ZANZIBAR  1 

GUAYMAS,  MEXICO  1 

BERMUDA  7 


DEEP  SPACE  NET 

WOOMERA,  AUSTRALIA  0 

JOHANNESBURG,  SOUTH  AFRICA  4 


TOTALS 
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As  the  next  chart  shows  (fig.  6,  personnel  exchanges,  page  17) , an  in- 
creasing number  of  foreign  graduate  students,  scientists,  and  techni- 
cians are  working  here  in  our  universities  and  NASA  centers  under 
programs  which,  except  for  senior  scientists,  require  that  subsistence 
and  travel  he  defrayed  by  the  sponsoring  foreign  country.  Thus,  a 
two-way  channel  is  maintained  for  the  flow  of  ideas  between  outstand- 
ing personnel  here  and  abroad,  in  the  framework  of  our  own,  or  joint 
space  projects. 

The  record  of  foreign  visits  to  NASA  installations  bears  testimony 
to  the  rapid  growth  of  interest  in  space  activities  abroad.  In  this 
connection,  I might  note  that  NASA,  with  the  concurrence  of  the 
Department  of  State,  has  established  contact  with  the  two  new  regional 
organizations  provisionally  established  in  Europe  during  the  past 
year,  the  European  Space  Research  Organization  (ESRO),  and  the 
European  Launcher  Development  Organization  (ELDO),  and  that 
our  readiness  to  consider  cooperative  arrangements  of  mutual  interest 
has  been  conveyed  to  them. 

The  cumulative  impact  of  the  various  international  programs 
briefly  noted  here  is  indicated  in  the  last  chart  (fig.  7,  NASA  interna- 
tional. activities  summary,  page  18 ) . Over  60  countries  are  involved  in 
one  way  or  another,  most  of  them  in  flight-support  projects.  Most  sig- 
nificant, they  embrace  the  east,  west,  north,  and  south,  friendly  coun- 
tries as  well  as  neutrals,  developed  and  undeveloped.  The  Soviet 
Union  appears  on  this  list  for  the  first  time  as  we  make  ready  to  com- 
mence meetings  in  Rome  where  joint  working  groups  will  attempt  to 
implement  the  bilateral  agreement  reached  in  Geneva  last  June. 

While  these  first  agreed  experiments  call  for  coordinated  rather 
than  integrated  projects  with  the  U.S.S.R.,  success  in  carrying  them 
into  effect  would  unquestionably  be  useful. 

You  may  wish  to  ask  questions  about  this  later.  I simply  emphasize 
two  things  at  this  point.  This  is  not  a meeting  to  talk  about  new 
avenues  of  cooperation,  but  to  implement  the  ones  that  were  agreed 
upon  last  year,  and  the  people  who  are  meeting  are  primarily  working 
level  people  to  talk  about  the  details  of  the  coordinated  launchings  of 
weather  satellites,  the  satellites  for  studying  the  earth’s  magnetic 
field  and  to  make  some  experiments  on  the  next  ECHO  balloon  which 
is  to  be  launched. 

I should  like  to  say  a word  with  regard  to  the  costs  of  these  inter- 
national cooperative  activities.  A basic  criterion  for  our  entry  into 
such  joint  efforts  is  that  the  projects  be  integral  with,  or  complemen- 
tary to,  NASA’s  on-going  scientific  or  applied  programs.  . 

Costs  are  not,  therefore,  allocated  to  international  programs  as 
such;  the  foreign  participation  actually  represents  a net  contribution 
to  NASA  programs  and,  often,  a reduction  in  their  cost. 

If  one  were  to  estimate  very  roughly  the  costs  to  the  countries  in- 
volved of  their  participation  in  elements  of  the  on-going  NASA  pro- 
gram, a figure  in  the  neighborhood  of  $80  million  for  the  period  1961- 
63  results.  This  figure  represents  the  estimated  cost  of  British  and 
Canadian  satellites,  the  construction  by  foreign  governments  of  com- 
munications satellite  experimental  stations,  the  establishment  ami 
use  of  new  sounding  rocket  ranges  abroad,  the  cost  of  participating  i n 
sounding  rocket  programs,  and  the  support  of  foreign  personnel  in- 
volved in  the  operation  of  our  overseas  stations  and  in  training  pro- 
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PERSONNEL  EXCHANGES 

1961  1962  1963  (EST.) 

FOREIGN  NATIONALS  14  26  30 

COUNTRIES  10  13  15 

INTERNATIONAL  FELLOWSHIPS 

GRADUATE  FELLOWSHIPS  AT  U.S. 

UNIVERSITIES  ON  SHARED-COST 
BASIS  FOR  THEORETICAL  AND 
EXPERIMENTAL  TRAINING  IN 
SPACE  SCIENCES 

TECHNICAL  TRAINING 

AVAILABLE  AT  NASA  CENTERS  IN  FOREIGN  NATIONALS  9 30  45 

SUPPORT  OF  AGREED  COOPERATIVE  COUNTRIES  5 7 9 

PROGRAMS 


FOREIGN  NATIONALS  1000'  3000  4000 

COUNTRIES  42  54  56 

t— i 
*<1 


VISITS 

ALL  NASA  CENTERS  OPEN  TO  VISITS  BY 
FOREIGN  OFFICIALS,  SCIENTISTS, 
INDUSTRY,  AND  PRESS 


FOREIGN  NATIONALS 

* 

18 

35 

COUNTRIES 

1 

8 

12 

UNIVERSITIES 

6 

20 

23 

RESIDENT  RESEARCH  ASSOCIATES 

POSTDOCTORAL  AND  SENIOR 
POSTDOCTORAL  GRANTS  TENABLE 
AT  NASA  CENTERS 
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grams.  This  cooperative  program  has  been  a sound  and  useful  aspect 
of  the  Nation’s  space  program. 

I should  like  now  to  discuss  some  future  trends  of  the  Nation’s  space 
program. 

Major  NASA  programs  of  the  future  will,  as  in  the  past,  be  de- 
termined within  the  total  context  of  national  need  and  of  the  avail- 
ability of  resources.  I wish  to  emphasize  this  point.  To  indicate  a 
possibility,  or  to  undertake  a study  of  a new  direction,  is  just  that 
and  no  more.  The  Nation’s  interest  in  space,  and  the  level  of  support, 
will  in  the  long  run  be  determined  by  the  large  policy  decisions  of  the 
American  Government. 

We  do  have  the  responsibility  of  looking  ahead-— of  being  ready  to 
indicate  next  steps,  or  alternate  next  steps,  to  the  President  and  to  you, 
the  Congress,  and  of  making  our  own  recommendations  as  to  a course 
of  action.  To  satisfy  this  responsibility  we  m ake  many  studies,  both  of 
our  own  and  by  industry  groups  under  contract.  Perhaps  only  a few 
of  the  studies  will  be  along  lines  which  eventually  lead  to  hardware 
development. 

In  the  manned  space  flight  area,  the  obvious  candidates  for  addi- 
tional or  follow-on  projects  are  more  extended  exploration  of  the  moon 
by  the  establishment  of  a station  on  the  moon  permitting  prolonged  oc- 
cupancy, a manned  laboratory  orbiting  the  earth  as  a satellite,  and 
manned  reconnaissance  of  the  planets. 

Each  of  these  involves  a companion  project  in  the  launch  vehicle 
field,  a lunar  logistic  vehicle,  a resupply  vehicle  to  the  orbiting  labora- 
tory which  might  be  Gemini  or  Apollo  or  a new  vehicle,  and  the  Nova 
which  might  be  either  a liquid  or  solid  rocket  or  perhaps  Saturn  V 
plus  a nuclear  stage. 

It  seems  to  us  that  an  orbiting  laboratory  is  a necessary  preliminary 
to  manned  planetary  expeditions,  since  both  man  and  equipment  must 
be  tested  for  months  in  the  space  environment,  information  obtained 
as  to  whether  artificial  gravity  is  necessary  in  the  manned  spacecraft 
for  planetary  travel,  and  experimental  demonstration  made  of  assured 
reliability  for  the  period  of  the  journey.  In  the  case  of  manned  flight 
to  the  moon  the  Apollo  vehicle  is  itself  the  space  laboratory  in  which 
men  and  equipment  can  be  demonstrated  for  the  necessary  period  by 
orbital  flights  about  the  earth,  and  in  which  limited  scientifkfand  tech- 
nical investigations  not  directly  rela  ted  to  the  manned  lunar  mission 
cant  be  conducted. 

We  believe  therefore  that  manned  planetary  exploration  comes  in  a 
latter  time  period  after  a suitable  maimed  orbiting  laboratory  is  avail- 
able. 

Now  we  have  a problem  of  what  all  of  these  words  mean  specifically. 

The  concepts  of  orbit  in  laboratories  range  from  the  Mercury,  Gem- 
ini, and  Apollo  capsules  as  one-,  two-,  and  three-man  orbiting  labora- 
tories to  very  large  space  stations,  rotating  to  provide  artificial  grav- 
ity. Obviously  the  capsules  presently  in  the  program  do  not  have 
sufficient  space  available  for  experimentation,  and  have  only  a limited 
lifetime  in  orbit. 

Something  larger,  of  longer  duration  in  orbit,  and  with  resupply 
capability  is  required.  Many  exploratory  design  studies  have  been 
made  of  the  technological  feasibility  of  assembling  a large  space 
laboratory  in  space  from  multiple  launches  with  one  or  another  of  the 
available  launch  vehicles, 
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We  believe,  however,  that  technical  feasibility  alone  does  not  justify 
a project  of  this  magnitude  and  cost.  We  are  attempting  to  grasp  the 
problem  from  the  other  end,  that  is,  to  ask  what  one  can  and  would  do 
in  a space  laboratory  in  specific  fields  of  science  and  technology  with 
a view  to  establishing  a realistic  and  useful  concept.  We  hope  that 
such  studies  will  provide  the  information  necessary  to  justify  and  sup- 
port a decision  to  be  made  in  time  for  the  fiscal  year  1965  budget.  Ob- 
viously, such  a large  program  must  be  designed  to  fulfill  national 
needs. 

As  previously  stated,  the  orbiting  laboratory  will  require  a resupply 
vehicle,  but  it  is  possible  that  this  need  can  be  met  by  the  Gemini  or 
Apollo  capsule.  Depending  on  the  time  scale,  the  resupply  vehicle 
might  be  derived  from  the  X-20  or  Dyna-Soar  technology,  if  it  turns 
cut  that  extensive  maneuvering  is  required  during  reentry. 

This  brings  us  to  the  lunar  station  and  its  companion  lunar  logistic 
vehicle.  Here  also  the  concepts  of  a lunar  station  vary  from  a tem- 
porary shelter  to  extend  the  residence  time  of  the  Apollo  astronauts 
on  the  moon  for  a few  days  to  a large  more  or  less  permanent  base, 
and  in  some  of  our  internal  studies  we  are  introducing  the  idea  of 
rescue  missions  which  might  involve  some  simplified  supply  of  cap- 
sules or  missiles. 

Likewise,  the  concept  of  a lunar  logistics  vehicle  varies  from  the 
rather  simple  substitution  of  a freight  carrying  spacecraft  for  the 
lunar  excursion  module  on  the  Apollo  launch  vehicle — which  carries 
men  in  the  command  module  who  return  to  earth  without  landing — 
to  a large  unmanned  spacecraft  carried  to  the  moon  by  the  Saturn  V 
launch  vehicle  or  by  some  new  launch  vehicle  of  still  greater  capacity. 

Obviously  a commitment  to  the  more  ambitious  concept  of  a lunar 
logistic  vehicle  is  in  fact  a commitment  to  proceed  with  a large  lunar 
station  and  extended  exploration  of  the  moon.  While  technologically 
this  project  could  probably  move  very  rapidly,  we  again  need  to 
study  whether  there  is  some  justification  in  addition  to  the  purely  sci- 
entific exploration  of  the  moon.  We  will  be  aided  in  assessing  the 
situation  by  the  early  measurements  and  observations  from  Ranger 
and  Surveyor.  Studies  of  the  various  concepts  have  been  underway 
for  some  time. 

Those  of  us  who  carry  the  responsibility  for  recommendation  or 
action  will,  of  necessity,  by  the  fall  of  this  year  make  a decision  to 
begin  preliminary  steps  toward  hardware  development  on  one  or 
more  of  these  projects. 

Looking  to  the  future  we  foresee  a certain  merging  of  parts  of  the 
space  science  program  with  the  manned  space  flight  program,  as  we 
study  the  types  of  scientific  programs  that  might  be  carried  out  by 
men  in  Gemini  and  Apollo.  In  similar  fashion  we  are  studying  the 
types  of  scientific  experiments  which  might  require  the  use  of  Saturn 
for  the  unmanned  exploration  of  the  planets. 

Such  a launch  vehicle  would  be  required  for  orbital  and  landing 
missions  to  Mars  and  Venus.  However,  it  seems  likely  that  such 
flights,  if  approved,  would  come  at  the  end  of  the  decade. 

In  planning  for  the  future  it  has  been  our  custom  to  set  for  our- 
selves certain  mission  objectives  or  target  milestones  for  the  years 
immediately  ahead.  For  calendar  year  1962  these  objectives  were 
the  orbital  flight  of  an  ast  ronaut,  the  launching  of  an  orbiting  solar 
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observatory,  the  impact  landing  of  instruments  on  the  moon  in  Proj- 
ect Ranger,  the  launching  of  a Topside  ionospheric  sounding  satellite, 
the  launching  of  a Venus  probe,  and  the  launching  of  a real  time  ac- 
tive communication  satellite  leading  to  civil  application.  All  but  one 
of  these  targets  were  accomplished. 

The  three-orbit  flights  of  Glenn  and  Carpenter  and  the  six-orbit 
flight  of  Schirra  are  well  known  to  you  as  are  Telstar,  Mariner,  Alou- 
ette,  and  OSO.  Our  Ranger  flights  were  unsuccessful  in  1962  but 
we  look  forward  to  success  in  1963. 

One  of  the  most  important  targets  in  1963  is  the  launching  of  a two- 
stage  Saturn  I,  realizing  and  demonstrating  the  weight-carrying  abil- 
ity of  20,000  pounds  which  we  set  out  to  obtain  at  the  very  beginning 
of  NA  SA,  as  the  members  who  were  on  the  committee  at  that  time  will 
recall.  If  we  meet  this  target,  which  we  hope  to,  we  will  then  have 
a capacity  beyond  what  the  Russians  have  already  demonstrated, 
namely,  about  14,000  pounds  in  orbit.  Of  course,  they  may  do  some- 
thing between  now  and  then  which  seesaws  and  we  then  have  in  the 
background  Saturn  V which  will  put  220,000  pounds — 110  tons — 
in  earth  orbit.  Other  important  targets  for  1963  are  the  launching  of 
the  Nimbus  meteorological  satellite,  and  the  orbiting  geophysical 
observatory. 

In  1964  the  targets  are  the  qualification  of  the  200,000  pound  thrust 
J-2  hydrogen-oxygen  rocket  engine  for  flight,  the  qualification  of  the 
1%-miilion-pound  thrust  F-l  rocket  engine  for  flight,  the  soft  landing 
of  instruments  on  the  moon  in  project  Surveyor,  the  reconnaissance 
of  Mars  by  an  unmanned  vehicle,  the  launching  of  the  Apollo  capsule 
in  earth  orbit,  the  demonstration  of  rendezvous  between  a two-manned 
satellite  and  an  unmanned  satellite  in  project  Gemini. 

In  1965  we  hope  to  launch  the  first  orbiting  astronomical  observa- 
tory and  to  make  the  first  launch  of  the  Saturn  V first  stage  which 
employs  five  F-l  engines  for  a total  thrust  of  7 y2  million  pounds.  In 
the  last  half  of  the  decade  we  expect  to  flight-test  the  Snap  system  and 
the  nuclear  thermal  engine,  Nerva,  in  the  Rift  spacecraft  stage,  and 
prior  to  1970  we  expect  to  accomplish  the  Apollo  mission  for  landing 
men  on  the  moon  and  returning  them  safely  to  earth. 

Thank  you,  Mr.  Chairman. 

The  Chairman.  Thank  you  very  much,  Dr.  Drj'den. 

Have  you  any  questions,  Mr.  Yeager? 

Mr.  Yeager.  Just  two,  if  I may,  Mr.  Chairman. 

Dr.  Dryden,  in  your  statement,  beginning  at  .the  bottom,  of  page  11, 
you  discuss  the  commitment  to  proceed  with  a lunar  logistics  vehicle. 
However,  you  also  mention  rescue  missions.  Is  ;t  possible  you  will 
need  it  for  this  purpose  ? 

Dr.  Dryden.  The  pieces  of  paper  I have  seen  talk  about  landing  a 
second  empty  lunar  excursion  module  on  the  moon,  so  that  you  would 
send  out  an  Apollo  with  perhaps  a one-man  crew,  I don’t  know  for 
sure,  we  are  thinking  about  it  at  this  time. 

Furthermore,  the  capsule  could  be  used  to  supply  life,  support  equip- 
ment to  give  you  opportunity  for  more  missions.  I would  have  to  say 
that  this  study  is  not  completed,  this  study  of  rescue,  so  I can’t  give 
you  any  definite  answer  to  your  question. 

Mr.  Yeager.  As  you  view  it  at  the  present  time,  this  might  be  dif- 
ferentiated from  a lunar  logistics  vehicle? 
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Dr.  Dryden.  Yes. 

Mr.  Yeager.  One  other  question.  If  you  make  a decision  in  the 
fall  of  1962 — perhaps  this  should  he  addressed  to  Mr.  Webb — a lunar 
logistics  vehicle,  or  lunar  logistics  base,  or  orbiting  station,  is  this  like- 
ly to  require  supplemental  authorization,  before  1965. 

Mr.  Webb.  Did  you  say  1962  ? I assume  you  meant  1968  ? 

I think  probably  not. 

As  I see  it,  there  is  a tremendous  amount  of  work  to  be  done  under 
the  budget  which  has  been  submitted.  We  are  in  the  process  of 
shaking  down  into  a hard-boiled  capably  managed  operation  a total 
organization  that  has  doubled  every  year  for  the  past  5 years,  that 
under  this  budget  will  almost  double  again,  not  quite,  and  under  which 
a very  large  portion— about  90  percent  of  the  work  is  done  by  non- 
governmental entities  under  contract  to  this  agency. 

At  the  same  time  that  we  are  in  this  shakedown  process,  we  are 
building  a strong  capability  to  get  anything  done  that  we  need  to  do  ; 
at  the  same  time  that  we  are  doing  this,  we  are  making  very  careful 
tests  of  the  space  flight  systems  invol  ved  in  these  contracts  and  in  our 
present  plans.  We  are  further  making  continuing  studies  of  what 
additional  \ ayioads  can  be  used  with  the  NASA  launch  vehicle  pro- 
gram. 

You  see,  we  have  created  here  a stable  of  vehicles  running  up  to 
Saturn  Y which  have  great  capability.  We  are  proceeding  with  the 
Kover  nuclear  rocket  which,  when  added  to  the  advance  Saturn,  could 
give  you  very  large  increase  in  capability  beyond  Saturn  Y.  So  I 
would  say  that  the  projects  that  you  mention,  if  a decision  were  to 
be  made  in  connection  with  the  1965  budget  most  likely  would  not 
involve  a supplemental  for  1964:  but  would  be  put  to  Congress  through 
the  Authorization  Act  as  a policy  decision. 

I would  have  to  add  this  caution:  I believe  this  committee  is 
thoroughly  aware  that  we  have  seen  no  evidence  as  yet  that  as  large 
a rocket  as  Saturn  Y is  in  preparation  by  the  Soviet  Union.  Should 
it  become  clear  that  a rocket  of  this  capability  is  being  prepared  and 
is  beginning  to  be  tested  and  developed  by  tnem,  I think  we  would 
have  to  take  a very  careful  look  at  a great  many  of  these  things  and 
perhaps  speed  them  up  beyond  the  schedule  that  I have  in  mind,  and 
which  I have  described  to  you. 

Would  you  want  to  add  something  to  that,  Dr.  Dryden  ? 

Dr.  Dryden.  Only  that  during  the  current  year  we  have  some 
money  for  studies  and  we  are  studying  these  with  a view  toward 
crystallizing  them  into  specific  recommendations.  Now  we  have  not 
set  a deadline  except  that  we  would  like  to  have  some  very  general 
conclusions  at  the  time  that  we  submit  a budget. 

Mr.  Yeager.  Thank  you,  sir.  That  is  all. 

The  Chairman.  Mr,,’ Teague? 

Mr.  Teague.  No  questions  at  this  timrs,  Mr.  Chairman. 

The  Chairman.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  I am  glad  to  have  you  both  here.  I 
think  the  National  Aeronautics  and  Space  Administration  is  making 
good  progress. 

Serving  as  one  of  the  congressional  advisers  to  our  U.S.  Mission 
to  the  United  Nations,  I would  like  to  congratulate  Dr.  Dryden  on 
his  work  at  Geneva,  and  on  the  good  progress  that  has  been  made 
there. 
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Of  course,  the  first  question  that  arises  in  anybody’s  mind  who  is 
a taxpayer  in  the  United  States  is,  is  this  money  necessary  ? Do  we 
need  it  all?  Is  NASA  spending  too  fast  so  that  it  is  not  getting 
efficient  results  ? 

Are  we  being  careful  with  the  U.S.  taxpayer’s  money,  that  would 
be  my  main  question. 

I do  want  to  finish  with  a suggestion  to  Dr.  Dryden  in  my  position 
as  an  adviser  of  the  U.S.  Mission  to  the  United  Nations.  I had  sug- 
gested last  year  that  to  show  the  world  that  we  in  the  United  States 
are  open  in  our  scientific  research  and  development,  we  take  the  vari- 
ous members  of  the  nations’  delegations  of  the  United  Nations  and 
show  them  Cape  Canaveral.  That  suggestion  was  adopted  very  suc- 
cessfully and  I would  recommend  that  it  be  an  annual  event,  that  the 
United  States  schedule  the  trip  again  so  that  we  do  show  the  difference 
between  Tyuri  Tam  of  the  Soviet  Union  and  Cape  Canaveral  of  our 
own. 

I want  to  leave  speci  fically  that  one  question  on  the  necessity  of  the 
money  for  the  NASA  1964  fiscal  year  and  how  we  are  spending  the 
funds. 

Mr.  Webb.  I would  be  happy,  Mr.  Fulton,  to  make  a short  state- 
ment on  that.  It  could  require  a very  long  statement. 

Indeed,  the  whole  process  in.  justifying  this  budget  will  in  one  wav 
be  an  answer  to  this  question. 

Mr.  Fulton  of  Pennsylvania.  With  the  chairman’s  permission, 
make  a short  one  and  summarize  in  the  record. 

Mr.  Webb.  All  right. 

I think  the  first  thing  you  have  to  bear  in  mind  is  that  we  are  doing 
things  never  heretofore  done.  Man  has  never  made  a machine 
capable  of  carrying  90,000  pounds  to  the  moon.  We  are  developing 
these  large  installations  on  the  ground  for  the  assembly,  test,  ana 
launching  of  these  vehicles,  and  it  is  very,  very  important  that  the 
matching  of  these  facilities  with  the  vehicles  that  are  coming  forward 
under  the  program  be  done  early  and  that  they  be  aimed  at  insuring 
reliability.  As  I said  here  a week  ago,  I believe  economy  will  be 
achieved  through,  achieving  the  greatest  possible  success  on  each 
flight  rather  than  through  cutting  corners  with  respect  to  the  number 
of  tests  of  these  vehicles. 

The  large  cost  in  development  of  an  airplane  engine  or  of  a rocket 
engine  is  in  the  testing  of  the  equipment  and  making  absolutely  sure 
that  that  engine  will  m fact  perform  precisely  as  it  was  intended  to 
perform  or,  if  not,  determining  exactly  what  the  limit  of  its  perform- 
ance is. 

This  program  involves  a careful  balance  between  the  actual  flight 
program  and  the  testing  of  the  equipment  and  the  capabilities  which 
relate  to  the  testing  and  it  does  involve  several  fairly  novel — you 
might  say  innovative — types  of  arrangement  for  insuring  success 
which  I believe  will  produce  economy. 

I don’t  think  there  is  any  economy  in  letting  the  Bussians  get  ahead 
of  us  in  the  space  program.  What  is  needed  is  a most  careful  and  con- 
tinuing examination  of  what  is  possible  and  what  is  not  possible  at 
the  present  time  in  advanced  electronics,  in  the  very  sophisticated  use 
of  energy  for  many  purposes,  in  the  use  of  new  "materials,  fabrics, 
metals,  lubricants  which  can  save  weight  and  provide  the  necessary 


24  1964  NASA  AUTHORIZATION 

strength  and  capability.  Also  important  is  the  marriage  of  these 
with  the  life  sciences  in  which  we  are  now  actively  engaged.  This  is 
because  we  utilize  men  not  only  in  the  flight  vehicles,  but  m these  vast, 
systems  for  doing  research,  for  technological  development,  and  for  the 
operation  of  such  worldwide  systems  as  we  have  in  our  tracking  and 
data  acquisition  programs  and  then  the  drawing  together  of  a system 
that  permits  you  to  conduct  these  flights,  to  keep  up  with  a number 
of  vehicles.  w ( 

The  chairman  and  some  of  the  others,  I believe  you,  Mr.  Fulton, 
were  at  the  Goddard  Space  Flight  Center  when  we  had  the  celebra- 
tion of  tracking;  I believe  you  referred  to  it  at  an  earlier  time. 

Now,  we  are  using  140  miles  of  magnetic  tape  every  day  at  Goddard 
Space  Flight  Center  alone  to  bring  in,  analyze  ana  send  out  to  the 
scientists  and  to  other  technical  people  the  data  we  are  acquiring  from 
the  substantial  number  of  space  venicles  already  in  flight. 

To  accomplish  this — and  this  is  the  statement  that  I would  like  to 
make  about  efficiency  and  necessity — we  have  established  through  the 
Bellcomm  Corp.  a continuous  review  of  the  state  of  the  art  in  each 
of  these  areas  of  technology.  We  have  established  a continuing  re- 
view of  the  assumptions  and  concepts  under  which  our  systems  have 
been  prepared  and  are  being  presented  to  you  under  this  budget. 

We  have  a continuous  matching,  using  the  best  operations  research 
methods  of  these  concepts  and  assumptions  with  the  state  of  the  art  in 
these  different  technologies.  Then  we  have  a third  matching  opera- 
tion, which  involves  a continuous  review  of  the  mission  profiles  and 
the  hardware  which  is  required  to  accomplish  them  so  that  the  mission 
profiles  and  these  specific  boosters  and  spacecraft  and  communications 
systems  are  constantly  being  matched  with  assumptions  and  concepts 
to  see  if  they  really  do  meet  them  and  then  with  the  state  of  the  art  in 
these  various  areas. 

Now,  further  than  that,  we  have  the  second  system  superimposed, 
which  is  under  development  by  the  General  Electric  Co.  which 
will  develop  the  most  innovative  means  we  have  ever  had  to 
make  r ^ambiguous  measurements  through  instruments  of  the  exact 
performance  of  each  of  the  components  of  these  systems,  from  the 
engine  straight  on  through.  There  will  be  a constant  storage  in  com- 
puters of  this  data  on  each  component  leading  right  on  through  the 
static  test  of  the  big  boosters  and  the  integration  of  the  spacecraft 
and  then  the-  launch  at  Cape  Canaveral. 

So  hers  is  a major  new  kind  of  effort  to  achieve  reliability  and  to 
determine  how  many  tests  you  must  make  to  get  that  reliability.  This, 
in  a way,  is  the  most  crucial  item  in  how  much  it  costs  you  to  make  a 
specific  flight  at  some  date  in  the  future. 

I think  we  are  being  very  innovative.  I would  make  one  last  com- 
ment, Mr.  Chairman.  _ We  will  announce  today,  as  I forecast  a week 
ago,  that  we  are  placing  the  management  of  our  entire  procurement 
operation  under  Mr.  W.  L.  Lingle  who  is  now  Assistant  Administrator 
for  Management  Development  and  who  will  assume  this  additional  re- 
sponsibility. 

We  are  lifting  it  to  the  level  of  the  general  manager  so  that  Mr. 
Lingle  in  that  capacity  will  report  directly  to  Dr.  Seamans  as  general 
manager; 
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Now,  we  expect  to  find  better  ways  to  spend  money  efficiently,  but 
we  do  not  expect  to  drop  tests  out  of  the  system  to  improve  reliability 
•until  we  have  a better  way  to  insure  that  reliability. 

Dr.  Dryden.  Mr.  Chairman,  I would  like  to  be  at  least  counted  on 
this  question  as  to  whether  we  need  the  money  and  its  expenditure  is 
justified.  I suppose  being  older  I say  let’s  look  at  the  record. 

When  this  big  expansion  started,  I think  we  asked  for  $200  million. 
I don’t  remember  the  exact  amount,  but  I believe  we  made  it  very 
clear  at  that  time  that  unless  the  Nation  were  prepared  to  go  ahead 
with  the  build-up  that  we  then  forecast  to  a total  I believe  we  esti- 
mated at  $20  to  $40  billion  a year  for  the  lunar  landing  alone,  there 
was  no  use  spending  the  $200  million. 

There  is  no  use  having  chunks  of  concrete  and  steel  sitting  around 
at  Canaveral  stopped  in  the  middle  of  their  construction  or  parts  of 
the  Saturn  S-5  laying  around. 

Mr.  Fulton  of  Pennsylvania.  I don’t  believe  you  meant  $20  billion 
a.  year. 

Dr.  Dryden.  No,  $20  to  $40  billion  total.  I don’t  differ  very  much 
from  my  colleague.  He  says  if  you  cut  the  budget  a nickel  wre  can’t 
make  the  time  scale. 

All  I say  is  that  any  substantial  cut  in  this  budget  will  jeopardize 
the  time  scale  of  doing  this  job  that  we  are  committed  to  within  this 
decade.  I just  want  to  be  counted  on  this  question  so  that  there  is  no 
misun  derstanding. 

The  Chairman.  What  you  are  telling  us,  Doctor,  is  that  we  made 
this  commitment  when  we  passed  the  NASA  Act,  adopted  it,  started 
this  program. 

Mr.  Webb.  And  the  items,  Mr.  Chairman,  in  this  program,  are 
really  less,  as  Mr.  Fulton  has  indicated,  than  we  justified  to  you  last 
year  because  the  Nova  is  not  in  it.  The  tests  on  the  Rover  have  been 
of  a nature  that  require  us  to  do  further  work  before  we  proceed  with 
the  Rift.  So  in  a sense  what  we  are  saying  is  that  we  have  put  the 
work  under  contract  to  American  industry.  We  have  established  a 
system  by  which  we  are  making  every  effort  to  insure  success  with  the 
flight  missions  that  will  be  flown  with  the  hardware  that  American 
industry  is  delivering.  Now,  the  money  is  required  to  pay  contractors 
under  contracts  already  let. 

The  Chairman.  Mr.  Karth ? 

Mr.  Karth.  No  questions. 

The  Chairman.  Mr.  Chenoweth  ? 

Mr.  Chenowetii.  I want  to  congratulate  you  on  the  job  you  are 
doing.  I congratulate  you  and  Dr.  Dryden.  We  are  ahead  of  the 
Russians  and  want  to  stay  ahead  of  them  and  you  deserve  great  credit 
for  that.  We  are  dealing  today  with  finances  and  your  budget  and 
that  presents  a serious  problem. 

We  are  not  dealing  with  your  accomplishments  or  achievements  or 
what  Dr.  Dryden  is  going  to  do  in  Rome.  We  are  dealing  with  the 
coldblooded  fact  that  you  want  more  money  than  some  feel  you  should 
have  or  will  spend  wisely — I won’t  say  have  been  spending  wisely  up 
to  now. 

Mr.  Webb,  do  you  really  feel  now  if  we  cut  any  substantial  sum  out 
of  this  budget  that  this  jeopardizes  our  whole  space  program? 
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I wasn’t  sure  last  week  when  you  made  s,  statement  about  cutting 
it  a nickel. 

Mr.  Webb.  In  the  press  conference  I was  asked  about  this  being  a 
hard-boiled  budget.  The  President  has  reduced  it  to  the  lowest  level 
at  which  that  we  could  conscientiously  tell  him  we  would  keep  the 
scheduled  dates  on  the  program. 

He  required  the  space  science  program  to  meet  the  same  criteria 
as  oceanography  and  all  of  the  other  science  programs. 

After  stating  that  the  President  had  cut  it  to  the  lowest  level  he 
could,  I was  asked  by  the  reporters,  do  you  mean  if  this  budget  is  even 
cut  a nickel  that  you  are  going  to  slip  those  target  dates  and  I said 
“Yes.”  All  of  these  matters  are  relative.  I would  say  this  to  you  and 
I said  this  to  the  President : I think  the  country  and  certainly  we  would 
be  more  comfortable  in  meeting  these  target  dates  if  the  budget  were 
higher  than  it  is.  Indeed,  we  did  show  that  the  most  reasonable 
budget  from  the  standpoint  of  accomplishing  this  work  was  more 
than  $6  billion,  so  the  President  has  presented  you  with  a difficult 
problem  here  in  the  Congress. 

The  normal  process  of  saying  we  can  cut  something  is  not  in  this 
budget. 

Mr.  Chenoweth.  The  President,  I believe,  has  said  that  his  No.  1 
objective  this  year  is  to  cut  taxes,  not  referring  to  the  space  pro- 
gram; but  the  No  1 objective  is  to  cut  taxes.  A great  many  people 
feel  in  this  country,  and  I think  there  is  quite  some  feeling  in  Con- 
gress, that  we  should  cut  taxes  and  we  want  to  help  the  President, 
but  there  is  also  the  feeling  that  there  should  be  some  corresponding 
reduction  in  Federal  expenditures,  and  there  are  those  who  feel  that 
perhaps  this  program  is  one  where  some  reductions  could  be  made 
without  doing  any  great  harm  or  irreparable  damage  to  the  space  pro- 
gram or  the  security  of  this  Nation. 

How  do  you  feel  about  that? 

Mr.  Webb.  Mr.  Chenoweth,  I think  that  one  reason  you  were  able 
to  say  that  you  had  some  respect  for  the  operation  that  we  had  con- 
ducted is  that  we  have  never  gone  out  in  this  agency  with  an  emotional 
appeal  to  the  public  based  on  putting  space  ahead  of  other  things. 

1 have  stated  in  every  appearance  before  this  committee  that  the  re- 
quests made  by  the  President  in  his  budget  for  space  were  in  line  with 
the  other  things  in  his  budget. 

I think  part,  of  my  responsibility  as  Administrator  is  to  see  that  this 
takes  place  in  the  budget-making  process. 

Now,  1 have  done  this,  as  I stated  a week  ago,  even  in  extended  con- 
ferences with  the  President.  I have  traveled  with  him  when  he  visited 
the  space  installations. 

Now,  the  objectives  here  have  been  very  clearly  stated.  The 
schedule  has  been  laid  out  for  you  and  I do  not  believe  that  it  would 
be  wise  to  reduce  it.  The  whole  process  of  examination  of  both 
the  military  budgets,  the  space  budgets,  and  others  lias  been,  I be- 
lieve, more  carefully  done  this  year  than  it  has  been  done  in  these 
areas  in  a long,  long  time. 

We  have  passed  the  point  of  starting  things  on  a hope  that  tech- 
nological breakthroughs  would  make  them  possible  before  additional 
information  is  required. 
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Everything  that  we  are  proposing  here  is  “doable”  with  the  one 
exception  that  we  do  not  know  how  long  men  can  live  and  work  in 
the  space  environment  under  zero  gravity  conditions. 

We  know  we  can  solve  that  problem  even  ii  we  have  to  insert  arti- 
ficial gravity,  but  not  within  the  time  limits  set  here.  So  I would 
say  that  in  the  determination  not  to  be  second  best  in  the  minds  of 
the  leaders  of  new  emerging  nations  around  the  world,  in  the  leaders 
of  the  important  nations  in  Western  Europe  and  countries  like  Japan, 
in  the  development  of  a capability  for  doing  whatever  we  have  to 
do  in  these  areas  of  space  and  to  insure  that  a military  breakthrough 
is  not  utilized  against  us,  this  budget  is  firm  and  solid  and  ought  not 
to  be  cut. 

Mr.  Ckenoweth.  You  are  a good  salesman,  Mr.  Webb. 

Mr.  Webb.  Thank  you. 

Mr.  Ciienoweth.  You  have  a good  product  to  sell.  It  is  a question 
of  whether  we  can  afford  to  buy  all  you  are  trying  to  sell. 

Dr.  Dryden.  Mr.  Ciienoweth,  let  me  give  you  a consideration.  A 
billion  dollars  is  a lot  of  money.  If  you  started  counting  it  in  dollar 
bills  at  the  time  of  Christ,  you  would  only  be  through  a few  hundred 
million  by  now. 

There  is  another  way  of  looking  at  it.  We  have  200  million  people 
more  or  less  in  this  country — I chose  200  million  to  make  the  arithmetic 
easy — the  job  of  going  to  the  moon  is  a $20  billion  job  and  if  you 
do  this  arithmetic  you  find  it  will  cost  $100  for  each  inhabitant  of 
this  country  distributed  over  a period  of  years. 

You  can  say  $20  a year  for  5 years  or  $10  a year  for  10  years.  The 
Mercury  project  costs  about  $600  million.  It  actually  costs  $3  per 
inhabitant  of  this  country.  Any  budget  is  a weighing  of  values  and 
the  way  in  which  you  look  at  it  I think  sometimes  makes  a difference 
in  the  result. 

On  the  one  hand  you  look  at  the  large  sums  and  we  forget  this  is 
a large  country.  We  look  at  the  values  obtained. 

Did  we  get  $3  value  to  each  inhabitant  of  this  country  for  the 
whole  Mercury  program,  not  just  the  Glenn  flight,  but  the  whole 
program,  not  yet  finished  ? 

Well,  you  can  answer  this  and  the  average  man  can  perhaps 
attempt  to  answer  that  question. 

Now,  I am  not  advocating  spending  and  throwing  money  away.  I 
am  not  saying  this  for  that  reason  at  all,  but  to  look  at  it  from  the 
other  way  in  proportion  to  the  size  of  the  country  rather  than  each 
of  us  looking  at  it  as  an  individual,  to  us  a billion  dollars  is  an 
unthinkable  amount  of  money,  but  I think  if  we  look  at  it  in  terms 
of  the  whole  Nation,  it  looks  a little  bit  different. 

Mr.  Chenowetii.  Well,  I told  you,  Doctor,  I think  you  have  done 
a good  job.  Let  me  ask  you  this : 

You  used  a billion  dollars  as  an  example.  Suppose  you  took  a 
billion  off  this  budget  or  suppose  we  added  a billion  on;  these  are 
just  arbitrary  figures.  You  can’t  figure  this  to  an  exact  science  where 
one  dollar  is  going  to  throw  everything  out. 

What  would  be  the  impact?  Suppose  we  took  a billion  dollars  off 
it. 
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Dr.  Dryden.  I think  if  we  took  a billion  dollars  off  of  the  budget, 
most  of  us  who  know  the  difficulty  of  these  problems  would  not  really 
want  to  say  that  we  believe  we  can  make  this  landing  by  1970. 

Mr.  Chenoweth.  How  much  would  it  delay  it? 

Dr.  Dryden.  This  computation  can  be  made  but  the  magnitude  of 
the  uncertainty— which  is  what  you  are  fishing  for,  is  a little  hard 
to  determine.  I would  say  it  would  be  within  the  next  couple  of  years 
after  that. 

Mr.  Webb.  It  depends  on  how  much  you  would  appropriate  next 
year  and  the  year  following  that  because  this  budget  nas  been  pro- 
jected as  requiring  a level  of  effort  for  several  years  between  $5*4  and 
$8  billion  and  then  tapering  off  unless  you  add  additional  things. 

I have  indicated  to  you  that  there  is  only  $50  million  in  this  budget 
for  new  projects. 

Mj\  Chenoweth.  But  you  say  you  are  doubling  your  program, 
doubling  what  you  had  last  year? 

Mr.  Webb.  That  is  right. 

Dr.  Dryden.  But  we  are  saying  that  this  is  close  to  the  maximum 
annual  rate  and  it  comes  early  in  the  job  because  you  have  to  build 
the  facilities,  the  long  lead  time  items,  and  you  have  to  finance  the 
big  boosters  long  bef  ore  you  make  a flight. 

Mr.  Chenoweth,  Suppose  a cut  of  half  a billion  was  made,  let’s 
just  cut  it  in  two ; what  would  that  do ? 

Mr.  Webb.  Well,  I have  stated  that  the  criteria  of  the  President 
was  that  the  dates  that  we  have  set  which  we  believe  will  give  us  a 
reasonable  opportunity  to  make  the  lunar  landing  within  this  decade 
could  not  be  maintained  at  anything  less  than  the  level  recommended 
by  the  President. 

Now,  as  to  how  much  slippage  you  would  have,  with  respect  to  the 
$100  million,  $200  million,  whether  you  would  get  a breakthrough, 
whether  you  would  want  to  hope  for  a breakthrough  that  would  per- 
mit you  to  make  it  up,  or  whether  you  would  run  into  difficulties  with 
us  up  here  with  a supplemental — I would  rather  rest  at  this  point, 
if  you  would  permit  me  to,  with  the  fact  that  we  expect  to  justify 
everything  in  tliis  budget  to  you  over  the  next  period  of  weeks,  during 
these  hearings.  Then  maybe  you  will  want  to  come  back  at  a time 
when  we  have  had  a little  more  examination. 

I,  myself,  would  feel  more  comfortable  if  $300  million  or  $400 
million  were  added  to  this  budget  in  terms  of  the  future  of  this 
Nation,  the  efficiency  of  the  production,  what  can  be  accomplished, 
the  work  you  can  get  done  per  dollar,  than  I would  be  to  see  it  $300 
million  less  than  that  and  I think  we  are  very,  very  close  to  the  margin 
below  which  it  would  not  be  good  policy  to  cut  it. 

Mr.  Chenoweth.  But  you  would  not  say,  Mr.  Webb,  if  we  did  cut 
it  a substantial  amount,  that  it  is  going  to  destroy  your  whole  program 
and  render  useless  everything  you  have  done?  It  might  delay  the 
man  on  the  moon  a few  months,  but  what  other  effect  would  it  have? 

Mr.  Webb.  Well,  Mr.  Chenoweth,  I think  the  point  that  I have  tried 
to  make  in  my  statement  is  that  we  am  making  here  on  a widespread 
basis  with  participation  in  industry  and  universities  and  governmental 
entities,  an  effective  marriage  between  scientists  and  engineers. 

Now,  Mariner  confirms  the  fact  that  there  is  a constant  spewing 
out  of  particles  from  the  sun  of  several  different  kinds. 
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, They  are  traveling  at  250  to  500  miles  a second  in  this  space  medium. 
They  are  not  concentrated,  but  they  are  highly  accelerated. 

Now,  this  kind  of  information  that  the  scientist  is  able  to  measure 
and  define  is  going  to  be  utilized  by  engineers  in  many,  many  ways. 
Further,  we  are  going  out  now  to  study  the  universe  through  the 
messages  coming  to  the  earth  from  what  is  happening  out  m the 
universe. 

We  have  to  get  up  above  the  earth’s  atmosphere  to  do  this.  We 
have  the  orbiting  observatory  to  look  around  the  earth.  This  kind 
of  information  is  necessary,  and  every  year  without  it  you  are  losing 
something.  In  the  present  kind  of  world  we  live  in,  if  other  people 
learn  this  information  and  how  to  apply  it  in  areas  of  technology  be- 
fore we  have  it,  it  is,  I think,  unfortunate  for  this  Nation. 

I would  just  like  to  make  one  other  point  if  I may.  At  the  end 
of  the  war  one  of  the  most  difficult  undertakings  we  had  as  a nation 
was  to  bring  the  wartime  Government  into  a structure  that  Congress 
could  deaf  with.  During  the  war  we  were  out  to  win  the  war  and  we 

Eassed  by  many  of  the  normal  constraints  and  processes  of  government 
y which  decisions  are  made,  so  we  established  the  Corporation  Con- 
trol Act  and  brought  all  of  the  great  wartime  agencies,  with  a few 
minor  exceptions,  under  that. 

Now,  ever  since  then — and  it  was  my  privilege  to  serve  for  3 
years  as  Director  of  the  Budget  when  this  policy  was  adopted,  and 
I was  an  Administrator  in  the  Agency  to  administer  it — we  have 
followed  and  are  following  a policy  that  gets  before  the  Congress 
the  presentation  of  all  of  the  facts  because  we  believe  the  correct 
decision  can  only  be  made  after  you  gentlemen  judge  these  facts. 

As  a general  statement,  I think  if  you  start  these  hearings  on  the 
basis  that  we  have  given  you  a program  that  you  will  want  to  annrove 
when,  yon  have  examined  the  facts  the  country  will  be  better  off  than 
if  you  assume  that  there  is  some  automatic  and  simple  way  to  reduce 
it  by  a few  hundred  million  dollars. 

Dr.  Dryden.  May  I make  one  other  mathematical  observation? 
.You  speak  of  $400  million ; that  is  more  than  two-thirds  of  the  supple- 
ment by  the.  Federal  Government  on  this  program ; the  rest  of  it  is  in 
industry. 

Any  substantial  cut  has  to  come  out  of  industry, 

Mr.  Chenoweth.  I don’t  want  to  take  further  time,  Mr.  Chairman. 
I want  to  thank  you,  Mr.  Webb,  and  Dr.  Dryden,  for  your  able 
presentation  this  morning. 

You  must  remember,  however,  that  we  too  have  serious  responsi- 
bilities. I think  that  the  Congress  and  the  people  are  looking  to  us 
to  look  over  this  budget  carefully ; that  is  why  I was  wondering  what 
the  impact  would  be, 

You  are  always  most  affable  and  genial,  Mr.  Webb,  and  you  make 
friends  wherever  you  go. 

Mr.  Webb.  I hope,  Mr.  Chenoweth,  that  you  will  examine  this 
budget  with  a microscope;  I believe  it  will  stand  up  under  that  kind 
of  examination. 

The  Chairman,  I want  to  assure  you,  Mr.  Webb,  and  Dr.  Dryden, 
that  we  will,,  I think  you  have  seen  the  rather  hard-boiled  subcom- 
mittee chairmen  work  in  this  committee  with  their  counterparts  on 
the  outside  and  we  are  going  to  examine  it  under  a microscope. 
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Before  I do  anything  else,  I had  meant  to  welcome  Mr.  Teague  back 
to  the  committee.  I have  just  eriven  him  his  orders  that  he  is  to  get 
out  of  here  and  stay  home  for  the  next  couple  of  days  because  I don’t 
want  him  to  have  a relapse,  so  why  don’t  you  go  ? 

Mr.  Teague.  Goodby. 

The  Chairman.  Mr.  Hechler. 

Mr.  Hechler.  No  questions. 

The  Chairi£an.  Mr.  Van  Pelt. 

Mr.  Van  Pelt,  No  questions. 

The  Chairman.  Mr.  Casey. 

Mr.  Casey.  No  questions. 

The  Chairman.  Mr.  Mosher. 

Mr.  Mosher.  Two  questions. 

I assume  at  some  point  we  will  have  specific  information  concern- 
ing the  nature  and  significance  of  the  differences  between  the  three 
budgets  that  you  have  mentioned,  Mr.  Webb. 

You  said  that  there  was  $5.2  billion,  $5.8  billion,  $6.2  billion  that 
you  presented  to  the  President.  I would  think  that  this  committee 
would  want  specific  information  as  to  the  nature  of  the  difference* 
there-  what  these  entailed., 

Will  we  have  that? 

Mr.  Webb.  Mr.  Mosher,  I doubt  it.  You  see,  when  you  go  through 
all  of  the  process  of  determining  a budget,  you  use  a lot  of  working 
papers.  Now,  the  President  was  very  anxious  to  reduce  this  budget 
to  the  lowest  level  that  it  could  be. 

We  did  a vast  amount  of  work  to  help  inform  him.  A choice  was 
made,  and  under  the  1921  act,  as  you  know,  the  President  is  required 
to  submit  his  best  judgment  and  we  are  required  to  come  here  and 
defend  the  President’s  oudget. 

Now,  that  process  does  not  normally  include  a complete  examina- 
tion of  all  the  working  papers  and  factors  that  entered  into  the  Presi- 
dent’s determination,  but  does  require  us  to  fully  and  completely 

five  you  all  of  the  information  which  you  need  about  the  specific 
udget  and  the  items  in  this,  so  that  you  can  judge  whether  this  really 
is  the  correct  level  at  which  to  operate  these  programs? 

Mr.  Mosher.  We  won’t,  then,  have  any  specific  information  between 
the  *5.2  billion  and  th®  $5.7  billion? 

Mr.  Webb.  No,  sir;  you  can  develop  what  you  need  by  your  ques- 
tions bu*  1 do  not  believe  that  it  would  be  in  accordance  certainly  with 
normal  practice  to  present  that  kind  of  information. 

Mr.  Mosher.  From  what  you  have  already  said,  the  significance  of 
the  difference  was  considerable  in  the  amount  of  time  as  far  as  manned 
flight  is  true;  I judge  that  is  correct.  Is  that  a fair  statement? 

One  other  question,  Mr.  Chairman. 

Did  I understand  you  to  say,  Mr.  Webb,  that  if  we  have  to  insert 
artificial  gravity  into  the  manned  flight  system  that  in  itself  will 
make  the  1970  goal  an  impossibility;  did  you  say  that  a few  minutes 
ago? 

Mr.  Webb.  I don’t  think  I said  that  directly,  but  I implied  it  and 
I think  certainly  it  would  be  debatable. 

Now,  Dr.  Dryden  is  a better  judge  of  that  than  I am.  I would  say 
if  we  had  to  start  over  to  develop  spacecraft  different  from  the  Apollo, 
we  would  have  a delay. 
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Dr.  Dryden.  This  is  probably  true.  You  recall  we  will  determine 
this  fact  in  the  Gemini,  and  in  fact  shortly  after  that  ill  the  Apollo 
capsule  itself. 

Now,  there  are  a few  people  among  the  doctors  and  others  who  are 
not  convinced  that  y ou  can’t  find  some  medical  method  of  dealing  with 
some  of  the  problems.  I just  don’t  know  but  as  an  engineer  rather 
than  a life  science  man  I would  say  the  way  the  engineer  would  go 
at  it  would  be  to  consider  artificial  gravity. 

Now,  there  may  be  some  other  solution  found  through  other  avenues. 

Mr.  Mosher.  I judge  you  think  there  is  a strong  possibility  that  it 
will  not  be  necessary  ? 

Dr.  Bryden.  That  is  right. 

Mr.  Webb.  That  is  right. 

The  Chairman.  Mr.  Casey. 

Mr.  Casey.  No  thank  you,  Mr.  Chairman — one  statement,  Mr. 
Chairman,  with  reference  to  Judge  Chenoweth’s  remarks  about  re- 
ducing the  budget.  If  we  had  no  goal  as  to  time,  we  could  loaf  along 
at  our  leisure,  isn’t  that  right,  Mr.  W ebb  f 

Mr.  Webb.  I am  sorry.  I thought  you  were  addressing  the  chair- 
man. Excuse  me. 

Mr.  Casey.  If  we  had  no  goal  as  to  time,  we  could  loaf  along  at  our 
leisure,  could  we  not? 

Mr.  Webb.  You  would  pay  a penalty,  Mr.  Casey,  even  for  that, 
because  here  is  a program  that  is  cranked  up,  that  is  ongoing,  that 
has  momentum,  many  outstanding  men  from  industry  have  given  up 
their  jobs  and  come  to  work  here,  the  contracts  have  been  let. 

Now,  if  you  start  squeezing  that  process  down,  you  lose  momentum 
and  I think  it  would  cost  you  more.  I think  we  will  get  more  for  our 
dollars  if  we  can  make  this  program  stick  and  carry  it  out. 

Mr.  Casey.  In  view  of  the  buildup  we  have  made  to  this  point. 

Mr.  Webb.  That  is  right,  and  also  the  careful  planning  that  we 
have  done  to  do  it  on  this  schedule  and  the  large  number  of  procure- 
ment actions  we  have  already  gone  through,  ana  the  specifications  that 
are  now  being  perfected  by  those  contractors.  A good  deal  of  that 
would  have  to  be  done  over  again  because  the  state  of  the  art  will 
change  with  time. 

Mr.  Casey.  That  is  all. 

The  Chairman.  Mr.  Roudebush. 

Mr.  Roudebush.  Mr.  Webb,  would  you  say  it  was  a fair  statement 
that  we  are  not  necessarily  spending  these  millions  and  billions  of 
dollars  in  space  because  we  want  to  but  because  we  have  to  ? 

Mr.  Webb.  Yes,  sir. 

Mr.  Roudebush.  Secondly,  I would  like  to  ask  you,  have  you  given 
any  thought  to  the  next  fiscal  year — the  one  that  will  follow  this  one — 
have  you  any  idea  since  this  program  is  geared  over  let  us  say  a 10- 
year  period,  reaching  for  the  moon  by  1970,  what  it  will  cost  us  next 
year?  Have  you  any  guess? 

Mr.  Webb.  Yes ; I think  this  again  resolves  itself  to  the  question  of 
when  you  put  something  in  the  program  that  you  might  call  a new 
project,  something  on  the  postlunar  scale. 

Now,  we  can  level  this  program  out  at  about  $6  billion.  We  might 
well  find  we  could  do  it  in  the  general  area  between  $5%  and  $6  bil- 
lion for  the  next  2 or  3 years  provided  we  do  not  add  additional  proj- 
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ects  and  provided  we  do  not  slip  schedule  dates.  If  you  get  to  the 
slippages  of  dates,  you  come  down,  but  the  whole  program  probably 
suffers  in  much  greater  proportion  than  the  funds  you  save  in  any 
one  year. 

Mr.  Rotjdebush.  In  other  words,  if  we  continue  our  projects  ac- 
cording to  plan  and  we  have  no  catastrophe  of  any  type,  we  can  figure 
on  spending  $5V2  and  $6  billion  the  following  year? 

Mr.  Webb.  Unless  the  Russians  start  doing  something  which  makes 
you  want  to  speed  up,  for  instance. 

Mr.  Rotjdebush.  I see.  That  would  cost  money  ? 

Mr.  Webb.  Yes ; that  would  cost  money. 

Mr.  Roubebush.  Well,  getting  back  to  Dr.  Dry  den’s  mathematics, 
I would  like  to  point  out  that  we  are  spending  about  5 cents  out  of 
every  dollar  that  the  American  Government  will  spend  during  the 
next  fiscal  year,  but  we  are  spending  about  10  cents  out  of  every  dollar 
for  payment  of  interest  on  our  national  debt  and  when  you  have  to 
borrow  the  money  to  go  into  the  space  business  you  increase  your  cost 
factor  by  100  percent  about  every  20  or  25  years. 

Mr.  Webb.  Let  me  point  out  one  thing.  This  committee  took  a 
strong  lead  in  the  decision  that  we  must  obtain  all  of  these  benefits. 
As  one  kind  of  illustration  now,  we  are  finding  that  the  horizon  scan- 
ner used  on  the  Mercury  project  is  coming  into  commercial  use  and 
is  going  to  make  vast  changes  in  a number  of  industries  that  produce 
thin  sheets  of  metal  or  plastic  out  of  rolling  mills.  What  happens  is, 
you  can  get  a feedback  from  this  device  into  the  machine  which  controls 
it  and  permits  it  to  come  out  with  an  absolutely  accurate  material 
instead  of  having  to  roll  it  out  a long  way  and  then  measure  it  after  it 
cools  off,  particularly  the  heat-treated  metals  and  fabrics. 

Mr.  Kotjdebush.  One  other  quick  question. 

Mr.  Webb.  The  point  I want  to  make  is  that  this  kind  of  thing  is 
going  to  substantially  change  the  process  of  industries  in  the  United 
States  and  give  us  a tremendous  number  of  advantages  on  earth  be* 
cause  it  is  spread  out  so  widely  throughout  the  country,  throughout 
industry,  throughout  the  universities. 

Mr.  Rotjdebush.  You  would  call  these  knife  and  fork  benefits  from 
our  space  program,  isn’t  that  what  it  amounts  to,  or  bread  and  butter 
benefits  would  probably  be  a better  term. 

Mr.  Webb.  And  in  large  amounts  in  my  opinion. 

Mr.  Roudebush.  Another  quick  question. 

Do  you  think  the  people  of  the  United  States  are  safer  as  a nation 
and  individually  due  to  our  space  efforts  ? 

Mr.  Webb.  Without  a doubt. 

Mr.  Roudebush.  Thank  you  very  much.  That  is  all  I have,  Mr. 
Chairman. 

The  Chairman.  Mr.  Randall. 

Mr.  Randall.  Most  of  the  questions,  of  course,  will  be  asked  in  the 
subcommittees.  I,  for  one,  have  reason  to  believe  and  have  faith  that 
this  budget  will  be  combed  very  carefully  and  I know  that  last  year 
we  found  some  money  that  could  be  saved  and  I am  sure  we  can 
again  this  year. 

I read  in  the  papers  that  while  all  the  tension  is  on  the  manned 
space  flight  program,  that  if  this  budget  is  cut,  that  there  may  be  a 
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tendency  to  reprograming  again  and  dropping  some  of  the  other 
items  in  the  budget  for  the  benefit  of  the  manned  space  flight  program. 

Now,  you  mentioned  the  big  problem  of  zero  gravity  and  artificial 
gravity.  Isn’t  there  still  some  other  problems  that  remain  to  be 
solved  such  as  that  we  don’t  know  all  of  the  answers  yet  as  to  the 
effect  on  our  astronauts  by  forces  other  than  gravity,  isn’t  it  necessary 
that  we  go  ahead  with  this  space  science  program  to  get  those  answers 
first  before  we  are  sure  of  the  manned  space  flight  success  ? 

Mr.  Webb.  Absolutely.  I think  that  is  an  extremely  important 
point  and  I think  you  know,  Mr.  Randall,  that  I have  resisted  those 
pressures  to  go  in  for  a narrower  program.  I made  that  part  of  the 
policy  in  my  statement. 

Mr.  Randall.  Your  last  statement,  to  go  to  the  moon  and  return  a 
man  safely,  that  is  the  part  we  are  talking  about,  isn’t  it  ? 

Mr.  Webb.  And  to  learn  everything  that  can  be  learned  in  the 
process  so  that  we  can  utilize  it  for  many  purposes. 

Mr.  Randall.  Thank  you. 

The  Chairman.  Mr.  Pelly. 

Mr.  Pelly.  Thank  you,  Mr.  Chairman. 

Mr.  Webb,  you  said  in  your  statement  that  the  agency  was  now  in 
the  process  of  shaking  down  or  hardening  its  program  and  personnel 
and  mentioned  specifically  that  you  were  announcing  a new  procure- 
ment official. 

It  seems  to  me — and  I would  like  your  comment — it  is  about  time 
that  the  agency  started  shaking  down  to  the  point  where  you  weren’t 
given  a blank  check  so  much  as  you  have  had  in  the  past  for  the  trans- 
fer of  funds. 

I have  hoped  that  in  the  subcommittees  there  would  develop  a pro- 
cedure which  is  more  in  line  with  the  military  and  some  other  agencies 
in  the  assignment  of  responsibility  and  authority  to  spend  money  for 
specific  items  and  not  to  have  the  tremendous  authority  you  do  at 
present  to  use  the  money  any  way  that  you  want. 

Mr.  Webb,  Well,  first,  Mr.  Pelly,  let  me  say  that  the  real  test  of 
whether  the  present  system  is  good  or  not  depends  on  how  it  has 
worked. 

Now,  we  have  an  absolute  rule  that  we  inform  Congress  immediately 
after  we  do  a reprograming  and  therefore  you  have  the  opportunity 
immediately  to  bring  these  things  under  question  before  the  work 
is  underway. 

The  second  point  is  that  we  have  come  before  you  in  the  posture 
hearings  and  have  gone  before  the  Senate  committee  and  made  a full 
explanation  of  every  action  we  have  taken  on  this  program. 

Mr.  Pelly.  I wasn’t  criticizing  you,  you  understand. 

Mr.  Webb.  However,  the  test  is  not  whether  or  not  you  think  people 
have  too  much  flexibility;  the  question  is  what  they  do  with  it. 

I think  that  if  you  examine  this  program  you  will  find  that  we  have 
a far  stronger  program  today  than  we  could  possibly  have  had  had 
we  not  had  this  reprograming  authority  and  utilized  it  effectively. 

Now,  second,  let  me  point  out  to  you  that  although  $200  million, 
slightly  under  $200  million,  sounds  like  a very  large  amount  of  money, 
you  also  are  charging  me  with  spending  $3,700  million  this  year  arid 
the  $200  million  related  te  the  $3.7  billion,  to  make  the  whole  $3.7 
billion  more  effective,  is  not  a large  amount  of  flexibility. 
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Mr.  Petty.  Well,  I think  that  in  the  early  stages  of  a program  that 
certainly  there  was  full  justification  for  ample  flexibility  and  I think 
you  have  certainly  merited  the  confidence  that  was  placed  in  you,  but 
we  know  how  similar  sums  are  handled  by  the  Air  Force  for  research 
and  they  don’t  have  that  authority.  It  therefore  has  seemed  to  me 
that  when  you  have  hardening  up  this  whole  procedure  and  are  now 
getting  a new  organization  for  procurement  that  perhaps  the  time 
has  gone  by  when  you  need  the  flexibility  you  now  have  even  though 
Congress  has  a chance  to  act  after  notice  or  before  you  proceed  on  some 
of  these  changes. 

As  an  individual  member,  I get  a.  notice  like  other  members  of  this 
committee  and  Heaven  only  knows,  I hardly  know  enough  about  what 
your  projects  are  in  order  to  act  or  ask  the  chairman.  I don’t  know 
who  is  looking  into  that,  maybe  our  staff  is.  I think  that  it  has  worked 
well,  but  I think  the  time  has  come  for  you  to  justify  this  authority 
that  you  have  on  the  basis  that,  the  time  has  come  now  when  perhaps 
you  could  operate  within  the  regular  budgetary  procedures. 

Mr.  Webb.  Well,  Mr.  Chairman,  I would  like  to  say  to  Mr.  Felly 
that  I do  not  think  the  time  has  come  to  curtail  these  flexible  arrange- 
ments. 


Secondly,  I think  the  committee  will  find  that  the  United.  States  is 
far  better  off  as  a result  of  the  action  that  we  have  taken  and  I may 
say  to  you  that  this  is  not  an  easy  thing  for  an  administrator  to  do, 
but  we  have  taken  the  steps  and  we  have  done  them  responsibly  and 
we  have  done  them  under  a procedure  that  has  many  safeguards 
in  it. 


It  is  not  as  free  as  you  might  have  indicated  when  you  say  you  can 
do  anything  you  want  with  the  money.  We  handle  a reprograming 
action  as  carefully  as  we  do  a procurement  and  there  are  a specific  set 
of  procedures  governing  this  which  brings  out  best  minds  to  bear 
on  the  problem  and  with  a formal  signoff,  with  the  factors  involved 
in  the  decision  written  into  the  final  signoff  at  any  office  level. 

Mr.  Pelly.  But  even  on  your  procurement  you  don’t  have  the  same 
restrictions  that  other  agencies  do  because  you  don't  know  what  you  are 
getting  into  and  we  think  we  have  recognized  that. 

Mr.  Webb.  But  every  contract  of  over  $5  million  comes  to  the  top 
three  officials  of  this  agency,  and  I don’t  know  of  any  other  that 
does  it  that  way.  Dr.  Dryden,  Dr,  Seamans,  and  I sit  on  a committee 
and  hear  the  evidence  on  every  proposal  before  a final  decision  is  made. 

Dr.  Dryden.  We  do  operate  under  the  Armed  Services  Procurement 
Act.  Our  regulations  are  essentially  identical  to  theirs.  We  sit  on 
a board  that  listens  to  changes. 

Mr.  Pelly.  We  had  in  the  subcommittee  a member  of  the  staff  who 
described  your  procedure  and  certainly  impressed  me  with  his  lan- 
guage, but  I still  have  a feeling  that  bids  can’t  be  called  on  many 
of  these  projects  because  there  is  no  experience  to  go  to  and  that 
certainly  makes  it  a great  responsibility. 

Mr.  Webb.  Yes,  Mr.  Pelly,  but  the  question  is  whether  we  have 
developed  a competent  first-class  industrial  team  here  and  if  you  look 
at  the  industrial  partners  we  have  in  this  enterprise,  it  is  one  that 
could  inspire  confidence  on  the  part  of  anyone. 

Mr.  Pelly.  Well,  I would  hope  that  this  flexibility  would  not  go 
on  indefinitely  because  I don’t  think  that  it  is  the  way  that  the  spend- 
ing of  the  taxpayers’  money  should  be  normally  handled. 
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W ould  you  agree  with  that  ? 

Mr.  Webb.  I thinik  in  a research  and  development  agency  of  this 
kind,  one  that  is  working  out  in  very  advanced  areas,  in  electronics, 
aeronautics,  and  others,  I think  when  you  come  to  problems  of  the 
supersonic  transport,  for  instance,  to  take  a field  we  already  know  a 
good  bit  about,  aeronautics,  you  are  simply  going  to  have  to  have 
flexibility  if  you  are  going  to  get  the  job  done. 

I would  make  a Sat  statement — without  trying  to  compare  this 
operation  with  any  other,  and  I have  seen  a good  many  of  them  in 
the  Government — I think  right  now  under  the  system  that  we  have 
this  committee  can  feel  that  this  agency  is  getting  as  much  or  more 
for  each  dollar  spent  as  any  comparable  activity  anywhere  in  the 
US.  Government. 

Mr.  Pelly.  Well,  in  size  the  Air  Force — their  provision  for  research 
is  comparable  and  they  don’t  have  the  authority  you  have: 

Mr.  Webb.  It  is  much  larger. 

Mr.  Pelly.  $1,400,000  or 

Mr.  Fulton  of  Pennsylvania.  $1.66  billion. 

Mr.  Webb.  You  are  thinking  only  of  space.  They  have  a much, 
larger  amount  in  total. 

Mr.  Pelly.  Thinking  in  terms  of  those  two,  the  Air  Force  does  not 
have  the  authority  to  transfer  which  you  have,  as  I understand  it, 
and 

Mr.  Webb.  But  neither  do  they  have  the  kind  of  system  which  we 
have  for  moving  ahead  with  research  and  technology. 

For  instance,  we  differ  from  the  AEC  and  all  of  these  other  agencies 
in  that  we  manage  these  contracts  with  industry  from  a technical 
center,  like  the  Lewis  Laboratory,  for  instance,  or  Dr.  von  Braun  at 
Huntsville ; they  are  not  managed  from  a contract  office.  So  we  are 
required  to  move  r apidly  here. 

Now,  a good  deal  of  what  the  Air  Force  or  operating  agency  is 
doing,  is  taking  science  or  technology  and  putting  it  into  an  opera- 
tional system  which  is  going  to  be  used  widely  over  the  world,  where 
articles  will  be  manufactured  in  large  numbers  such  as  ballistic 
missiles. 

'Now,  our  operation  is  quite  different  from  that,  but  it  is  keyed  to 
strong  technical  leadership  by  people  within  the  employ  of  the 
Government,  utilizing  these  other  resources  to  furnish  a good  deal 
of  the  muscle  to  get  the  iob  done. 

Now,  in  this  kind  of  thing  if  you  are  going  to  take  advantage  of 
your  technical  competence,  you  have  got  to  have  some  flexibility. 

Mr.  Pelly.  It  is  pretty  obvious  in  its  wisdom  this  committee  thought 
you  needed  that  authority  in  the  past  and  I just  raised  the  issue  as 
to  how  long  that  should  continue,  and  I am  sure  that  this  is  one  of  the 
things  that  the  subcommittees  are  going  to  want  to  consider. 

The  Chairman.  I think  a subcommittee  can  look  into  that  very 
well. 

I want  to  try  to  hurry  along. 

Mr.  Ryan. 

Mr.  Ryan.  Mr.  Webb,  it  is  my  recollection  that 

The  Chairman.  Mr.  Ryan,  I want  to  point  out  that  wo  have  21 
minutes  and  we  have  six  people.  Maybe  I have  been  too  lenient  in  the 
past. 
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Mr.  Ryan.  May  I ask  two  or  three  questions  ? 

It  is  my  recollection  that  last  year,  and  perhaps  before  last  year, 
the  President  stated  a national  goal  of  putting  a man  on  the  moon  in 
the  sixties. 

Mr.  Webb.  This  decade,  he  said. 

Mr.  Ryan.  This  was  certainly  stated  before  Congress  at  the  time 
I think  that 

Mr.  Webb.  May  of  1961. 

Mr,  Ryan.  At  the  time  of  J ohn  Glenn’s  flight. 

Mr.  Webb.  May  of  1961. 

Mr.  Ryan.  And  that  has  been  the  stated  goal  of  your  agency. 

Now,  am  I to  assume  that  you  submitted  to  the  President  last  De- 
cember any  budget  proposal  which  did  not  have  that  target  date 
implicit  in  it? 

Mr.  Webb.  Yes,  the  lower  one  did  not  have  that  target  date  implicit 
in  it. 

Mr.  Ryan.  It  did  not.  What  would  have  been  the  target  date  under 
the  lower  estimate? 

Mr.  Webb.  Well,  again  it  depends  on  a good  many  factors,  like  the 
space  science  program  and  others,  but  it  certainly  would  have  slipped 
beyond  this  decade. 

Mr.  Ryan.  The  other  question  is  this : Last  year— — 

Mr.  Webb.  I may  say  X did  not  do  that  voluntarily.  I did  it  because 
it  was  necessary  in  the  budget  process  to  consider  alternatives  beyond 
this  date. 

Mr.  Ryan.  Last  year  as  I recall  Congress  created  a communications 
satellite  corporation  and  certainly  was  led  to  believe  that  we  were 
turning  over  space  competence,  space  communications  competence,  re- 
search and  development,  to  private  enterprise. 

How  do  you  justify  now  asking  for  an  appropriation  for  the  United 
States  through  NASA  to  continue  research  and  development  in  com- 
munications satellites  when  we  now  have  this  corporation  which  is 
supposed  to  run  this  operation  ? , 

Mr.  Webb.  It  was  never  contemplated  under  the  law,  Mr.  Ryan,  as 
I can  recall  the  debates,  that  research  and  development  toward  a com- 
munications satellite  system  and  toward  multiple  launches,  for  in- 
stance, and  the  use  of  rocketry,  and  the  use  of  all  of  the  advanced 
work  we  are  doing  with  probes  like  Mariner,  that  all  of  this  would 
be  abandoned.  I think  the  thing  that  perhaps  you  were  thinking 
about  was  that  the  common  carriers  do  have  a competence  in  putting 
together  a common  carrier  system. 

Now,  if  I recall  the  law  correctly,  it  states  tlut  NASA  will  do  some 
of  the  research  for  the  corporation  when  requested  by  the  corporation, 
that  NASA  will  do  the  launching.  We  certainly  must  increase  our 
competence  to  do  launchings  at  a far  more  efficient  level,  and  more 
cheaply  than  we  have  done. 

One  of  the  main  things  that  has  tojbe  determined  now  is  the  com- 
mercial life  of  communications  satellites.  Our  program  is  actively 
aimed  in  this  direction.  Interestingly.  Relay,  it  looks  now,  is  going 
to  give  us  more  valuable  information  with  respect  to  commercial  life 
than  Telstar  gave  us,  so  the  United  States  is  not  going  to  have  an  effec- 
tive position  in  communications  satellites  by  abandoning  the  kind 
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of  research  and  technology  that  NASA  is  developing.  I don’t  think 
any  commercial  corporation  could  undertake  these  risks  any  more 
than  they  could  undertake  the  risks  of  the  aeronautical  research  that 
we  do. 

Mr.  Ryan.  Well,  I don’t  want  to  pursue  that  further. 

The  last  question:  What  is  the  status  of  the  proposed  contract  to 
the  astronauts  ? I believe  there  has  been  a story  about  a $3  or  $5  mil- 
lion contract  being  offered  to  the  astronauts. 

Mr.  Webb.  We  have  established,  after  considerable  study,  a policy 
within  NASA  with  respect  to  this  matter  which  has  been  published. 
It  includes  a number  of  items  which  I can  look  in  my  book  and  find 
for  you. 

Now,  under  that  policy  the  astronauts  are  free  to  contract  to  sell 
their  personal  stories.  They  are  required  to  appear  at  press  con- 
ferences and  are  charged  with  the  active  responsibility  of  giving  in- 
these  press  conferences  and  other  direct  contacts  all  of  the  information 
that  comes  from  their  space  flight,  but  they  are  free  and  their  families 
are  free  to  sell  their  personal  stories.  There  are  contracts  being  pro- 
posed to  their  representatives,  and  these  contracts  are  being  submitted 
to  us,  because  it  is  necessary  for  the  Administrator  to  approve  those 
contracts. 

We  have  not  approved  one  as  yet,  but  we  have  under  active  con- 
sideration o le  or  more  that  have  been  proposed. 

Mr.  Ryan.  Thank  you. 

The  Chairman.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Yes,  Mr.  Chairman. 

Mr.  Webb,  to  go  back  to  this  reprograming  for  a moment,  I can 
certainly  see  the  need  for  flexibility  when  NASA  was  smaller  and 
newer,  but  after  5 years  and  with  a $5.7  billion  request  I would 
think — and  I can’t  recall  any  Federal  agency  that  has  ever  voluntarily 
yielded  back  authority  or  responsibility  to  the  Congress — but  I must 
confess  that  I disagree  respectfully  with  your  suggestion  that  the  test 
should  be  whether  or  not  we  are  getting  our  dollars’  worth. 

It  seems  to  me  that  while  possibly  under — and  I would  certainly 
agree  under  you  and  Dr.  Dry  den  the  agency  is  doing  an  outstanding 
job,  but  conceivably  under  some  future  administrator  this  wouldn’t 
be  the  case. 

It  seems  to  me  that  the  test  should  be  in  view  of  the  fact  that  the 
Air  Force  seems  to  be  functioning  in  similar  areas,  the  test  should 
be  whether  or  not  this  additional  congressional  authority  is  in  fact 
needed,  and  if  it  is,  fine.  If  it  isn’t,  why  isn’t  the  Air  Force  coming 
to  the  Congress  and  saying,  “We  must  have  this  if  we  are  going  to 
function  economically  and  efficiently?” 

Mr.  Webb.  Well,  I don’t  want  to  lay  down  a test  for  the  Air  Force. 
It  is  an  operating  organization  that  must  defend  the  United  States 
at  a moment’s  notice.  It  has  many  operational  requirements  that 
an  agency  engaged  in  research  and  development  does  not  have. 

I happen  to  believe,  Mr.  Rumsfeld,  that  this  Nation  is  engaged  in  a 
great  contest  with  the  Russians  as  to  which  form  of  government  can 
effectively  do  the  things  that  will  build  power.  The  system  we  have 
got  is  building  power,  and  I would  caution  against  tampering  with 
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it  unless  there  is  some  benefit,  some  substantial  benefit  to  be  gained. 

Dr.  Dryden.  I would  like  to  furnish  for  the  record  a statement  of 
what  flexibility  the  Air  Force  has.  X know  they  do  reprograming. 

(The  material  requested  here  is  referred  to  as  “appendix  A”  in- 
serted at  the  end  of  today’s  hearing. ) 

The  Chairman.  Yes.  X think  the  assumption  has  been  made  here 
that  they  do  not,  but  DOD  does  reprogram  and  the  DOD  gets  its 
money  in  blocks  with  less  restriction  on  it.  They  are  going  to  develop 
a new  TFX  plane.  They  are  going  to  get  a big  block  of  money  to 
do  this  and  within  that  block  they  do  what  they  want. 

Dr.  Dryden.  Yes,  it  depends 

The  Chairman.  Great  hearings  have  been  held  on  this,  but  I don’t 
want  to  take  Mr.  Rumsfeld’s  time. 

Mr.  Rumsfeld.  I would  think  that  would  be  helpful. 

One  final  question.  Back  to  this  $5.2  and  $5.7  billion  budget.  Am 
X to  understand  that  NASA  is  not  going  to  furnish  this  committee 
the  delay  which  you  presented  to  the  President  when  you  presented 
the  alternative  budgets  ? 

Mr.  Webb.  No;  we  are  not  going  to  present  to  you  exactly  what  we 
presented  to  the  President  unless  all  of  the  rules  change,  but  we  will 
answer  every  question  you  want  to  ask  to  the  best  of  our  ability. 

Mr.  Rumsfeld.  Then  what  is  the  delay  in  months  which  you  esti- 
mated between  those  two  budgets  ? 

Mr.  Webb.  We  did  not  make  that  kind  of  estimate  in  connection 
with  the  $5.2  billion  budget. 

Mr.  Rumsfeld.  Thank  you. 

Mr.  Webb.  But  we  also  did  not  specify  the  exact  speedup  that  would 
occur  at  the  $6.6  billion  which  we  also  submitted  to  the  President. 

Mr.  Rumsfeld.  Thank  you. 

Mr.  Webb.  But  we  did  weigh  with  him  the  implication  of  those 
decisions. 

The  Chairman.  Mr.  Patten. 

Mr.  Patten.  No  questions. 

The  Chairman.  Mr.  Wydler. 

Mr.  Wydler.  Do  we  have  any  idea  how  much  the  Russians  are 
spending  in  space  development  ? 

Mr.  Webb.  We  have  some  ideas,  yes,  but  we  cannot  be  very  precise 
about  it 

Dr.  Dryden.  I wouldn’t  know  how  to  answer  it  in  rubles,  it  is  so 
tangled  up  with  their  military  budget. 

Mr.  Wydler.  Is  there  some  way  we  could  wreigh  it  according  to 
a scale? 

Mr.  Webb.  We  have  some  idea  of  the  land  of  activities  they  are 
engaged  in  but  generally  speaking  we  do  not  knowT  too  much  about 
the  advanced  things  until  they  fly. 

Mr.  Wydler.  Well,  how  would  it  compare  with  our  program  ? We 
hear  these  general  statements  at  all  times  that  we  are  engaged  in  a 
race.  X wonder  how  much  effort  our  opponent  is  making  in  this  race. 

Dr.  Dryden.  We  do  not  know.  We  do  not  know  the  organization, 


1964  NASA  AUTHORIZATION  39 

the  men  responsible,  that  is  all  classified  over  there.  You  don’t  even 
know  who  runs  the  program. 

Mr.  Hechler.  Would  the  gentleman  yield  ? 

Mr.  Wydler.  Surely. 

Mr.  Hechler.  Could  you  do  it  in  percent  of  G.N.P.  ? 

Mr.  Webb.  I don’t  think  you  can.  I think  what  you  can  say  is 
that  some  time  ago  when  I was  before  this  committee  and  when  peo- 
ple were  taking  me  to  task  for  not  having  Huntsville  and  McDonnell 
Aircraft  on  double  and  triple  time  and  so  forth  because  the  Russians 
had  flown  one  14,000-pound  craft,  and  had  had  three  flights  of  a 
10,000-pound  craft.  Now  this  has  been  some  time  ago,  and  these  are 
important  technological  capabilities,  so  you  have  got  to  say  that  they 
are  able  to  mobilize  and  focus  ability  of  a very  high  order.  When 
they  made  this  multiple  launch,  which  I believe  Mr.  Fulton  or  some- 
body asked  me  about  here  last  Monday,  showing  a very  precise  capa- 
bility to  launch,  so  as  to  bring  spacecraft  close  together  in  space,  this 
is  another  very  great  capability,  and  it  takes  resources  to  do  it.  That 
is  the  best  way  you  can  judge  what  they  are  putting  into  it. 

The  Chairman.  I would  say  that  a press  conference  was  held 
shortly  after  that  which  Mr.  Webb  and  Dr.  Dryden  and  I think  Dr. 
Seamans  attended,  and  where  they  met  the  press. 

I think  that  is  available  and  they  can  furnish  it  to  you  in  NASA. 
It  is  rather  thick  and  it  goes  into  most  of  the  detail  so  far  as  we  know 
of  the  Russian  effort  in  that  regard. 

Mr.  Webb.  Yes ; I would  be  glad  to  send  you  that. 

Mr.  Wydler.  Could  you  give  me  any  idea  if  we  were  to  put  our 
program  to  1971  to  get  the  man  on  the  moon,  how  much  the  budget 
would  have  to  be  this  year  ? 

Mr.  Webb.  1971? 

Mr.  Wydler,  In  other  words,  if  we  projected  it  a year  further. 

Mr.  Webb.  No,  I don’t  think  I want  to  do  that. 

Mr.  Wydler.  Nobody  has  ever  done  that  ? 

Mr.  Webb.  Well,  you  see  you  want  to  try  to  make  a detailed  com- 
puter run  type  of  analysis  on  a program  involving  $5,700  million  in 
estimating  things  where  the  tolerance  probably  is  greater  than  a year. 

If  we  get  certain  very  major  breakthroughs  that  would  provide 
opportunities  for  us,  we  might  be  able  to  save  a year  anyway. 

On  the  other  hand,  if  we  run  into  some  very  grave  difficulties  we 
could  lose  a year  or  two  trying  to  solve  them.  Nobody  has  ever  built 
a booster  that  has  the  eouivalent  power  of  a line  of  diesel  locomotives 
between  New  York  and  Chicago,  One  booster  that  we  are  building 
has  that. 

Mr.  Wydler.  I know,  but  your  present  program  is  based  on  1970, 
isn’t  it? 

Mr,  Webb.  It  is  based  on  doing  it  within  this  decade  and  our  target 
dates  have  a leeway  short  of  1970. 

Mr.  Wydler.  One  last  question.  If  you  were  to  take  out  one  item 
from  the  budget,  what  item  would  vou  take  out  ? 

Mr.  Fulton  of  Pennsylvania.  Which  arm.  do  you  want? 
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Mr.  Webb.  Well,  is  every  member  of  the  eommitt.ee  going  to  ask  me 
that?  I just  don’t  think  you  can  consider  this  budget  that  way. 

Now,  there  are  certainly  some  items  in  this  budget  that  can  be  post- 
poned or  delayed.  If  you  delay  them,  however,  you  pay  a penalty  for 
every  one,  and  I don’t  think  that  I want  to  try  to  weigh  between  a 
centrifuge  that  goes  into  the  training  of  astronauts  at  Houston  which 
permits  a complete  simulation  of  a long  mission  and  what  it  would 
take  to  send  those  men  from  Houston  up  to  Johnsville  to  have  their 
centrifuge  work  and  thereby  not  have  this  continuous  training  simula- 
tion exactly  as  it  will  occur  in  flight. 

This  is  the  kind  of  question  that  would  have  to  be  asked  in  order  to 
answer  you. 

The  Chairman.  Why  don’t  you  send  them  to  Grumman?  They 
have  a centrifuge  there. 

Mr.  Webb.  The  trouble,  Mr.  Chairman,  is  then  you  destroy  the  very 
thing  you  are  after,  which  is  a complete  simulation  to  determine  the 
degradation  of  performance  of  men  under  stress. 

The  Chairman.  Yes;  I was  saying  that  for  Mr.  Wydler’s  benefit 
because  we  were  up  there  the  other  day  for  a dedication. 

Mt.Wydler.  Thank  you. 

The  Chahiman.  Mr.  Fulton. 

Mr.  Fulton  of  Tennessee.  No  questions. 

The  Chairman.  Dr.  Weaver. 

Dr.  Weaver.  With  our  emphasis  on  a lunar  landing,  do  you  feel  we 
are  sacrificing  any  elements  of  our  overall  space  program? 

Mr.  Webb.  No ; I would  answer  on  a positive  level,  that  we  are  de- 
veloping science  and  technology  at  a very,  very  rapid  rate  which  will 
be  useful  for  our  military  security,  useful  for  operational  systems,  and 
will  have  many  other  collateral  benefits. 

Dr.  Weaver.  If  we  were  to  place  our  emphasis  completely  on  na- 
tional security  and  control  of  space,  what  expenditures  or  what  cuts 
would  we  have  in  this  budget  ? 

Mr.  Webb.  I don’t  think  we  would  be  doing  anything  different  from 
what  we  are  doing,  because  I think  that  is  precisely  the  purpose  of 
this  plus  the  military  program.  At  some  time  this  technology  will 
make  possible  operational  systems  in  the  military  area,  and  we  will 
have  a choice  as  to  whether  we  want  to  go  ahead  with  them. 

Dr.  Weaver.  You  don’t  know  whether  we  should  go  ahead  strictly 
in  space,  with  the  lunar  landing  second  to  that  ? 

Mr.  Webb.  I think  it  would  be  more  expensive.  We  are  developing 
every  technology  required  for  an  operational  system  in  space  in  this 
program,  including  the  aeronautics.  You  see  to  go  out  and  come  back 
you  have  to  go  through  the  air.  All  of  this  is  a part  of  a program 
which  has  to  be  faced  up  to  by  somebody  in  the  Government. 

Dr.  Weaver.  Thank  you.  Thank  you,  Mr.  Chairman, 

The  Chairman.  Mr.  Staebler. 

Mr.  Staebler.  Thank  you,  Mr.  Chairman. 

Mr.  Webb,  you  should  be  congratulated  on  the  breadth  and  the  re- 
straint of  your  program,  but  Mr.  Chenoweth  and  Mr.  Wydler  are 
probing  it  from  one  side  and  I want  to  poke  at  it  from  the  other. 

It  is  inconceivable  to  me  that  the  Russians  are  not  doing  something 
parallel  to  what  we  are  doing  to  increase  the  size  of  boosters  and  to 
accelerate  their  program  for  landing  people  on  the  moon,  and  I am 
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impressed  with  the  fact  that  every  schoolboy  still  remembers  the  name 
Columbus  400  years  after  the  discovery  of  the  New  World,  and  I think 
it  would  be  of  tremendous  value  in  the  centuries — not  just  the  years 
or  decades,  but  in  the  centuries  to  come,  to  have  the  first  man  on  the 
moon  be  named  Glenn  or  Carpenter  or  Sehirra,  and  not  Titov  or 
Gagarin. 

Now,  when  we  learn  that  the  Russians  are  doing  something,  do  you 
suggest  that  this  is  going  to  be  when  you  see  them  testing  things, 
testing  big  boosters  ? What  will  be  our  capacity  for  speeding  up  at 
that  point  ? 

Mr.  Webb.  Mr.  Staebler,  you  mast  bear  in  mind  that  the  advanced 
Saturn,  every  unit  of  which  is  under  contract,  every  capacity  on  the 
ground  required  for  assembly,  static  test,  and  launch,  is  underway. 
This  is  80  times  as  powerful  as  the  rocket  that  John  Glenn  flew  and 
at  least  five  times  as  powerful  as  anything  that  we  have  seen  the  Rus- 
sians fly.  Now  we  know  we  have  one  under  way  and  flight  schedules 
for  it,  and  it  is  of  this  order  of  magnitude. 

Now  we  could  speed  up  if  we  see  them  begin  to  move  toward  the 
development  program  of  such  a large  rocket. 

I have  said  many  times  this  is  not  a crash  program.  It  could  be 
put  into  a crash  program  if  it  were  required  at  that  time,  but  I think 
the  effort  that  we  have  cranked  up  here  is  so  tremendous  that  they  are 
going  to  have  difficulty  to  match  this. 

I would  like  to  point  out  though,  along  the  line  of  your  statement, 
that  my  own  view  is  that  before  this  Congress  is  over  and  this  com- 
mittee has  completely  finished  all  of  its  activities  it  is  as  likely  that 
you  will  be  pressing  me  to  speed  up  as  it  is  that  you  will  be  pressing 
me  to  slow  down  and  take  a lower  budget.  The  Russians  are  not 
through  in  this  field. 

Mr.  Staebler.  Your  plans  now  are  such  that  you  can  speed  up? 
You  have  provided  the  flexibility  so  that  you  can  accelerate  if  need  be? 

Mr.  Webb.  That  is  right,  and  we  have  underway  the  things  that  are 
essential,  for  instance,  big  engines.  Beyond  the  F-l,  which  is  a big 
engine,  we  have  underway  some  very  large  solid  fuel  space  booster 
engines,  260  inches  in  diameter.  We  are  developing  studies  that  would 
permit  the  clustering  of  four  of  these  giant  engines.  Now  if  you  just 
visualize  an  engine  that  has  a diameter  of  260  inches  and  which  will 
be  some  66  feet  long,  something  of  that  kind,  here  is  a gigantic  amount 
of  energy  in  one  package,  and  we  are  planning  to  cluster  4 of  these  for 
a possible  first  stage  of  a Nova. 

We  have  the  1, 200, 000-pound  thrust  liquid  hydrogen  engine  under- 
way, the  M-l.  It  takes  anywhere  from  3 to  5 years  to  develop  one  of 
these  engines.  Now  all  of  these  are  underway,  but  they  are  not  pro- 
ceeding on  a crash  basis.  These  are  the  elements  of  space  power. 

We  have  enough  land  at  the  Mississippi  test  facility  and  at  Cape 
Canaveral  to  launch  boosters  of  a much  larger  type  than  we  now 
have  in  the  advanced  Saturn,  but  I think  the  most  likely  course  of 
events  is  that  the  advanced  Saturn  which  is  the  main  basic  unit  in 
our  space  power  system,  will  be  better  than  anything  available  to 
anyone  in  the  world  for  a substantial  period  of  time. 

I think  it  is  highly  likely  that  that  will  be  so,  but  if  it  turns  out  not 
to  be  so,  we  will  move  ahead. 
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Mr.  Staebler.  If  the  Russians  tum_  up  with  something  in  tests, 
will  a crash  program  be  more  expensive  to  initiate  than  the  con- 
tinuance of  the  present-— we  don’t  want  to  call  it  a leisurely  program, 
but  the  program  that  you  are  now  following. 

Mr.  Webb.  Yes;  any  time  you  put  a crash  program  underway  it 
costs  you  a great  deal  in  terms  of  the  efficiency  of  the  operation. 

We  are  trying  to  run  the  fastest  space  program  that  we  can  run 
and  still  keep  it  efficient. 

Mr.  Staebler.  Thank  you. 

Mr.  Webb.  But  we  also  want  to  be  able  to  slow  down  cr  move 
ahead.  I think  one  of  the  real  innovations  of  the  space  program— 
and  I think  it  will  turn  out  to  be  something  that  this  committee  will 
be  proud  of  for  a long  time  to  come — is  that  we  have  actually  con- 
structed a machine  that  is  not  out  from  under  control.  It  has  got  a 
brake  and  it  has  got  a throttle,  and  the  processes  of  our  Government 
can  exercise  either  one,  depending  upon  what  the  policy  at  the  time 
should  be. 

Mr.  Staebler.  Thank  you. 

The  Chairman.  I have  timed  myself  out  of  any  questions.  I 
haven’t  any  questions,  but  I want  to  say  as  a matter  of  fallout  to 
industry,  I received  a communication  this  morning  about  a prelimin- 
ary study,  from  the  very  respectable  Stanford  Research  Institution  in 
Palo  Alto,  Calif.,  in  which  they  spoke  of  using  some  of  the  sensors 
on  Mariner  for  the  location  of  gold  and  this  may  make  gold  mining 
possible  again.  We  are  not  mining  gold  today  because  to  mine  gold 
costs  more  than  $35  an  ounce,  but  every  time  you  take  an  ounce  of  gold 
out  of  the  ground  in  this  country,  you  strengthen  our  economy,  and  it 
was  quite  intriguing  to  me  that  perhaps  a fallout  of  the  space  pro- 
gram may  help  m the  mining  of  gold  in  this  country. 

I want  to  thank  you  and  I)r.  Dryden  for  being  here  and  to  tell 
vou  that  we  always  enjoy  seeing  you  and  it  is  always  stimulating 
because  you  provoke  a ’ot  of  very  good  questions. 

The  committee  stands  adjourned  until  10  o’clock  tomorrow. 

(Whereupon,  at  12:02  p.m.,  the  committee  adjourned  until  It) 
a,m.?  Tuesday,  March  5, 1903.) 


APPENDIX  A 

Reprograming  Authority  of  the  Department  of  Defense 

The  Congress  has  provided  to  the  Department  of  Defense  as  well  as  to 
NASA  authority  to  reprogram  funds. 

PROVISIONS  OF  MILITARY  CONSTRUCTION  ATTTHOKI AATTON  FISCAL  YEAR  19C3 

In  the  act  of  July  27,  1962  (76  Stat.  223),  which  authorizes  certain  construc- 
tion at  military  installations,  in  sections  103,  203,  and  303  identical  provisions 
are  made  for  the  Army,  Navy,  and  Air  Force.  Section  1(1*3  under  the  indicated 
heading  states  in  part : 

Construction  for  unforeseen  requirements 

“T1  * Secretary  of  the  Army  may  establish  or  develop  Army  installations  and 
facilities  by  proceeding  with  construction  made  necessary  by  changes  in  Army 
missions  and  responsibilities  which  have  been  occasioned  by:  (a)  unforeseen 
security  considerations,  (6)  new  weapons  developments,  (c)  new  and  unfore- 
seen research  and  development  requirements,  or  (d)  improved  production  sched- 
ules, if  the  Secretary  of  Defense  determines  that  deferral  of  such  construction 
for  inclusion  in  the  next  military  construction  authorization  Act  would  be  incon- 
sistent with  interests  of  national  security,  and  in  connection  therewith  to  acquire, 
Construct,  convert,  rehabilitate,  or  install  permanent  or  temporary  public  works 
Including  land  acquisition,  site  preparation,  appurtenances,  utilities,  and  equip- 
ment, in  the  total  amount  of  $15,000,000:  Provided,  That  the  Secretary  of  the 
Army,  or  his  designees,  shall  notify  the  Committees  on  Armed  Services  of  the 
Senate  and  House  of  Representatives,  immediately  upon  reaching  a final  de- 
cision to  implement,  of  the  cost  of  construction  of  any  public  work  undertaken 
under  this  section,  including  those  real  estate  actions  pertaining  thereto.” 

In  section  602  of  the  act  of  July  27,  1962,  authorization  is  made  for  funds 
for  each  of  the  five  titles  of  the  act,  namely,  Army,  Navy,  Air  Force,  Def  ense, 
and  Military  Family  Housing.  Section  603  states  in  part : 

Transfers  among  construction  projects 

“Sec.  603.  Any  of  the  amounts  named  in  titles  I,  II,  III,  and  IV  of  this  Act, 
may,  in  the  discretion  of  the  Secretary  concerned,  be  increased  by  5 per  centum 
for  projects  inside  the  United  States  (other  than  Alaska)  and  by  10  per  centum 
for  projects  outside  the  United  States  or  in  Alaska,  if  he  determines  in  the 
case  of  any  particular  project  that  such  increase  (1)  is  required  for  the  sole 
purpose  of  meeting  unusuatl  variations  in  cost  arising  in  connection  with  that 
project,  and  (2)  could  not  have  been  reasonably  anticipated  at, the  time  such 
project  was  submitted  to  the  Congress.  However,  the  total  eosts'of  all  projects' 
in  each  such  title  may  noit  be  more  than  the  total  amount  authorized  to  be 
appropriated  for  projects  in  that  title.” 

In  the  act  of  August  9, 1962  (76  Stat.  318) , which  makes  appropriations  for  the 
Department  of  Defense  for  the  fiscal  year  1963  the  following  provision  is  made 
under  title  IV  for  research,  development,  test,  and  evaluation,  Defense  Agencies: 

Transfers  for  advanced  research 

“For  expenses  of  activities  and  agencies  of  the  Department  of  Defense  (other 
than  the  military  departments  and  the  Office  of  Civil  Defense),  necessary  for 
basic  and  applied  scientific  research,  development,  test,  and  evaluation;  ad- 
vanced research  projects  as  may  be  designated  and  determined  by  the  Secretary 
of  Defense,  pursuant  to  law;  maintenance,  rehabilitation,  lease,  and  operation 
of  facilities  and  equipment,  as  authorized  by  law,  to  remain  available  until 
expended ; $444,000,000 : Provided,  That  such  amounts  as  may  be  determined  by 
the  Secretary  of  Defense  to  have  been  made  available  in  other  appropriations 
available  to  the  Department  of  Defense  during  the  current  fiscal  year  for  pro- 
grams related  to  advanced  .research  may  be  transferred  to  and  merged  with 
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this  appropriation  to  be  available  for  the  same  purposes  and  time  period : 
Provided  further,  That  such  amounts  of  this  appropriation  as  may  be  deter- 
mined by  the  Secretary  of  Defense  may  be  transferred  to  carry  out  the  purposes 
of  advanced  research  to  those  appropriations  for  military  functions  under  the 
Department  of  Defense  which  are  being  utilized  for  related  programs,  to  be 
merged  with  and  to  be  available  for  the  same  time  period  as  the  appropriation 
to  which  transferred 

Also,  under  title  IV  of  the  act  of  August  29,  1962  the  following  provision 
is  made  for  transfers  of  the  emergency  fund,  Defense : 

Emergency  fund,  Defense 

"For  transfer  by  the  Secretary  of  Defense,  with  the  approval  of  the  Bureau 
of  the  Budget,  to  any  appropriation  for  military  functions  under  the  Depart- 
ment of  Defense  available  for  research,  development,  test,  and  evaluation,  or 
procurement  or  production  related  thereto,  to  be  merged  with  and  to  be  available 
for  tbe  same  purposes,  and  for  the  same  time  period,  as  the  appropriation  to 
which  transferred,  $150,009,000,  and,  in  addition,  not  to  exceed  $150,000,000, 
to  be  used  upon  determination  by  the  Secretary  of  Defense  that  such  funds  can 
be  wisely,  profitably,  and  practically  used  in  the  interest  of  national  defense 
and  to  be  derived  by  transfer  from  such  appropriations  available  to  the  Depart- 
ment of  Defense  for  obligation  during  the  current  fiscal  year  as  the  Secretary 
of  Defense  may  designate : Provided,  That  any  appropriations  transferred  shall 
not  exceed  7 per  centum  of  the  appropriation  from  which  transferred.” 

Additional  emergency  funds  transfer  authority  is  provided  by  section  ©37 
of  the  act  of  August  29, 1962,  under  the  heading  indicated ; 

Transfer  of  funds,  authority 

“Sec.  587.  During  the  current  fiscal  year,  the  Secretary  of  Defense  may,  if 
he  deems  it  vital  to  the  security  of  the  United  States  and  in  the  national  inter- 
est to  further  improve  the  readiness  of  the  Armed  Forces,  including  the  reserve 
components,  transfer  under  the  authority  and  terms  of  the  Emergency  Fund 
an  additional  $200,000,000:  Provided,  That  the  transfer  authority  made  avail- 
able under  the  terms  of  the  emergency  fund  appropriation  contained  in  this 
Act  is  hereby  broadened  to  meet  the  requirement  of  this  section : Provided  fur- 
ther, That  the  Secretary  of  Defense  shall  notify  the  Appropriations  Committees 
of  the  Congress  promptly  of  all  transfers  made  pursuant  to  this  authority,” 

NON  STATUTORY  2ROCEDUKES 

The  Secretary  of  Defense  on  January  17,  1963,  in  transmitting  a draft  of 
proposed  legislation,  "To  authorize  appropriations  during  fiscal  year  1964  for 
procurement,  research,  development,  test,  and  evaluation  of  aircraft,  missiles, 
and  naval  vessels  for  the  Armed  Forces,  and  for  other  purposes,”  set  forth  the 
significance  to  the  Department  of  Defense  of  the  reprograming  procedures  estab- 
lished by  the  Department  with  the  Congressional  Committees.  In  pertinent 
part  the  Secretary’s  letter,  which  was  printed  in  the  Congressional  Record  at 
pages  2363  to  2364  states : 

Reprograming 

“In  originating  the  amendment  requiring  fund  authorization  for  research, 
development,  test,  and  evaluation  of  aircraft,  missiles,  and  naval  vessels,  the 
Senate  Armed  Services  Committee  stated  in  its  report  (S.  Rept,  No.  1315,  87th 
Cong.,  Apr,  2, 1962,  p.  3)  in  pertinent  part  as  follows : 

“ ‘The  committee  believes  that  the  experience  to  date  under  the  relatively  new 
procedure  requiring  authorization  of  appropriations  for  procurement  of  aircraft, 
missiles,  and  naval  vessels  is  such  that  there  should  be  no  concern  about  an 
extension  of  this  procedure  into  research  and  development.  When  the  authoriza- 
tion procedure  was  instituted  doubts  were  expressed  in  some  quarters  about  its 
practicality  and  there  was  some  alarm  that  the  procedure  could  result  in  con- 
flicts and  troublesome  restrictions.  These  problems  simply  have  not  material- 
ized and  the  committee  believes  the  procedure  has  proved  constructive.’ 

“The  most  significant  factor  in  elimination  of  conflicts  and  troublesome  re- 
strictions under  previous  authorization  legislation  of  this  type  was  the  adoption 
by  the  committees  of  the  procedure  that  had  previously  been  worked  out  with 
the  appropriations  committees  known  as  reprograming.  The  principles  and 
basic  justification  for  this  procedure  were  well  stated  by  the  House  Armed 
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Services  Committee  in  its  report  on  fund  authorization  legislation  for  fiscal 
year  1963  (EL  Kept.  No.  1406,  87th  Cong.,  Mar.  7, 1962,  p.  10)  : 

“ ‘Prior  to  last  year,  the  Congress  had  provided  a generalized  authorization, 
on  a continuing  basis,  for  the  major  procurement  programs  of  the  Department 
of  Defense.  Each  annual  appropriation  act  has  provided  funds  in  general  terms 
for  these  major  procurement  programs  on  the  basis  of  a detailed  justification 
to  the  committees  covering  in  detail  all  of  the  major  items.  During  the  period 
in  which  these  major  defense  programs  are  administered,  it  is  necessary  to  in- 
crease or  decrease  amounts  originally  justified  to  the  Congress  for  application 
to  given  line  items,  and  to  make  changes  in  programs,  in  order  to  accommodate 
changes  in  requirements.  Under  the  existing  procedures  for  this  reprogram- 
ing, appropriate  notice  to,  or  consultation  with  the  committees  has  been  pro- 
vided. This  procedure  for  authorization  and  appropriation  has  provided  urgently 
needed  responsiveness  to  swiftly  changing  requirements  resulting  from  both 
technological  breakthroughs  and  varying  threats.’ 

“The  Senate  Committee  on  Armed  Services  has  also  indicated  its  adoption 
and  support  of  the  principles  and  related  procedures  in  Senate  Report  No.  253, 
87tlx  Congress,  May  11, 1961,  page  3. 

“Past  experience  in  the  application  of  the  procedure  to  the  various  areas  of 
defense  programs  has  indicated  that,  while  the  principles  should  be  maintained, 
the  procedures,  of  necessity,  must  vary  with  the  nature  of  the  programs ; for 
instance,  procurement  programs  are  stated  generally  in  terms  of  physical  line 
items  and  associated  dollars,  whereas,  research,  development,  test,  and  evalua- 
tion programs  consist  primarily  of  level  of  effort,  measured  in  dollars,  directed 
at  less  finite  objectives.  Such  distinctions  should  be  recognized  in  working  out 
the  adaptation  of  the  principle  of  reprograming  in  research,  development,  test, 
and  evaluation. 

“Another  important  factor  in  facilitating  the  administration  of  the  major  de- 
fense programs  under  legislation  of  this  type  was  the  clear  recognition  by  the 
committees  of  existing  appropriation  and  fund  flexibility  available  to  the  De- 
partment of  Defense  under  the  Defense  Appropriation  Acts  as  stated  by  the 
House  Armed  Services  Committee  in  its  report  (H.  Kept.  No.  380,  87th  Cong., 
May  10, 1961,  p.  10) : 

“ ‘While  the  amounts  authorized  to  be  appropriated  will  constitute  ceilings  on 
appropriations  which  can  be  made  for  the  procurement  of  aircraft,  missiles, 
and  naval  vessels,  the  committee  wishes  to  make  clear  that  the  programs,  which 
such  appropriations  finance,  can  also  be  financed  in  part  by  the  application  of 
other  available  funds,  such  as  reimbursements  or  unused  prior  year  funds.  Simi- 
larly, should  the  necessity  arise,  fuhds  appropriated  under  these  authorizations 
may  be  applied  to  the  completion  of  prior-year  programs  for  the  same  general 
purposes. 

“ ‘The  committee  does  not  intend  that  such  reasonable  degree  of  transfer 
authority  as  the  Committees  on  Appropriations  may  wish  to  recommend  be  in- 
hibited or  precluded  by  these  authorizations.  We  have  in  mind,  for  example, 
the  customary  transfer  provisions  in  the  language  of  the  emergency  fund  ap- 
propriation and  similar  provisions  in  section  535  of  the  1961  Appropriation  Act. 
Such  provisions  are  essential  to  rermit  the  Department  promptly  to  take  advan- 
tage of  technological  and  other  developments.’ 

“Likewise,  the  Senate  committee  recognized  the  importance  of  maintaining 
such  flexibility  in  its  report  (S.  Rept.  253,  87th  Congress,  May  11,  1961,  p.  3) 
as  follows : 

“ ‘The  committee  is  aware  of  provisions  in  the  Department  of  Defense  Ap- 
propriations Acts  that  confer  transit  authority  and  flexibility  on  the  Secretary 
of  Defense  in  expediting  certain  programs.  The  committee  does  not  intend  that 
this  authorization  inhibit  the  transfer  authority  contained  in  the  emergency 
fund  appropriation  to  the  Secretary  of  Defense,  or  in  such  provisions  as  section 
535  of  the  Department  of  Defense  Appropriations  Act  for  1961.  These  provisions 
are  essential  to  permit  the  Department  to  take  advantage  of  technological 
breakthroughs.’  ” 

Similar  to  the  Armed  Services  flexible  reprograming  procedures,  the  Congress 
has  provided  comparable  authority  to  NASA.  In  the  act  of  July  21,  196i  (75 
Stat  218-218),  five  specific  authorities  have  been  provided,  namely — 

1.  Reprograming  'Within  the  construction  of  facilities  appropriation. — Section 
1(c)  of  the  act  of  July  21,  1961,  authorized  the  appropriation  of  $252,075,000 
for  the  construction  of  facilities  in  stated  amounts  at  each  of  10  specified  loca- 
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tiong,  and  included  therein  an  amount  fox*  “various  locations.”  In  addition,  it 
specified  an  amount  for  facility  design  and  planning.  Section  3 of  that  act 
permits  $30  million  of  the  funds  appropriated,  pursuant  to  section  1(c),  to  be 
reprogramed  “to  construct,  expand,  or  modify  laboratories  and  other  installa- 
tions at  any  location.”  It  further  provides  that  such  funds  may  be  expended 
“to  acquire,  construct,  convert,  rehabilitate,  or  install  permanent  or  temporary 
public  works,  including  land  acquisition,  site  preparation,  appurtenances,  utilities 
and  equipment.”  The  funds  may  be  used  for  a project  for  which  Congress  has 
denied  an  authorization. 

This  authority  is  limited  by  two  administrative  procedures  which  must  precede 
the  commitment  of  funds 

(a)  The  NASA  Administrator  must  make  a determination  that  the  action 
is  necessitated  by  “changes  in  the  national  program  of  aeronautical  and  space 
activities”  or  by  “new  scientific  or  engineering  developments”  and  “that  deferral 
of  such  action  until  enactment  of  the  next  authorization  act  would  be  inconsistent 
with  the  interest  of  the  Nation  in  aeronautical  and  space  activities” ; and 

(b)  The  NASA  Administrator  or  his  designee  must  file  reports  with  both 
Houses  of  the  Congress  containing  a full  and  complete  statement  concerning: 
(1)  the  nature  of  the  work,  (2)  its  cost,  and  (3)  the  reason  it  is  necessary  in 
the  national  Interest. 

2.  Transferring  research  and  development  funds  to  the  construction  of  facili- 
ties appropriation. — Section  1(b)  of  the  act  of  July  21,  1961,  authorized  the 
appropriation  of  $1,305,539,000  for  research  and  development.  Section  3 of  that 
act  permits  3 percent  ($38,775,000)  of  funds  appropriated  ($1,292,500,000), 
pursuant  to  section  -1(b) , to  be  transferred  to  the  construction  of  facilities 
account,  subject  to  the  same  administrative  determinations  and  reports  to  the 
Congress  as  funds  reprogramed  within  the  • construction  of  facilities 
appropriation. 

3,  Transferring  salaries  and  expenses  funds  to  the  construction  of  facilities 
appropriation. — Section  1(a)  of  the  act  of  July  21,  1961,  authorized  the  appro- 
priation of  $226,686,000  for  salaries  and  expenses.  Section  8 of  that  act  permits 
3 percent  ($6,502,500)  of  the  funds  appropriated  ($216,750,000),  pursuant  to 
section  1(a),  to  be  transferred  to  the  construction  of  facilities  account,  for  the 
same  purposes  and  subject  to  the  same  administrative  determination  and  reports 
to  the  Congress  as  funds  reprogramed  within  the  construction  of  facilities 
appropriation.  In  this  ease  the  funds  are  "transferred”  from  the  salaries  and 
expenses  to  the  construction  of  facilities  account.  Only  one  reprograming  in 
the  fiscal  year  1962  falls  into  this  category. 

4.  Use  of  funds  for  research  and  development  for  items  of  a capital  nature 
needed  for  the  performance  of  research  and  development  contracts . — Section 
1(d)  of  the  act  of  July  21,  1961,  authorizes  appropriations  for  research  and  de- 
velopment for  the  fiscal  year  1962,  to  be  used  for  “items  of  a capital  nature  * * * 
required  for  the  performance  of  research  and  development  contracts.”  Funds 
may  not  be  used  under  this  authority  for  the  acquisition  of  land.  There  is  no 
ceiling  on  the  amount  of  research  and  development  funds  that  can  be  used  for 
this  purpose  and  no  determinations  by  the  NASA  Administrator  are  necessary. 
However,  in  cases  in  which  the  construction  of  a major  facility  is  involved,  the 
cost  of  which,  including  equipment,  is  estimated  to  exceed  $250,000,  NASA  must 
notify  both  House.';  of  the  Congress  of  “nature,  location,  and  estimated  cost  of” 
the  facility. 

5,  Use  of  funds  for  research  and  development  for  grants  to  universities  and 
nonprofit  organizations. — Section  1(d)  of  the  act  of  July  21,  1961,  authorizes 
appropriations  for  research  and  development  for  the  fiscal  year  1962  to  be  used 
“for  grants  to  nonprofit  institutions  of  higher  education,  or  to  nonprofit  or- 
ganizations whose  primary  purpose  is  the  conduct  of  scientific  research,  for 
purchase  or  construction  of  additional  research  facilities.”  There  is  no  statu- 
tory ceiling  on  the  amount  of  research  and  development  funds  that  can  he  used 
for  this  purpose.  Title  to  the  facilities  must  remain  in  the  United  States,  unless 
the  NASA  Administrator  determines  “that  the  national  program  of  aeronautical 
and  space  activities  will  best  be  served  by  vesting  title  in”  the  grantee.  Each 
grant  must  be  under  such  conditions  “as  the  Administrator  shall  determine  to 
be  required  to  insure  that  the  United  States  will  receive  therefrom  benefit  ade- 
quate to  justify  the  making  of  that  grant.” 

In  cases  in  which  the  grant  calls  for  the  construction  of  a major  facility,  the 
cost  of  which,  including  equipment,  is  estimated  to  exceed  $250,000,  NASA  must 
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notify  both  Houses  of  the  Congress  of  the  “nature,  location,  and  estimated  cost 
of”  the  facility. 

This  statement  is  not  intended  to  provide  a complete  analysis  between  NASA 
and  the  Department  of  Defense  in  the  area  of  flexible  reprograming  authority ; 
however,  it  does  show  that  where  substantially  similar  problems  in  the  area  of 
research  and  development  occur  comparable  reprograming  authority  does  exist 
in  each  agency. 

In  conclusion,  we  would  like  to  reaffirm  our  thinking  when  we  reported  on  H.R. 
9737,  87th  Congress,  which  was  a hill  to  amend  the  NASA  Authorization  Act  for 
fiscal  year  1062.  At  that  time  we  said, 

“Without  in  any  way  avoiding  its  executive  responsibility,  NASA  has  fully 
recognized  the  responsibilities  of  the  * * * committees  of  the  Congress  as  the 
legislative  architects  of  the  space  program.  It  is  aware  of  the  difficulties  that 
members  of  the  committees  face  in  projecting  NASA’s  authorizations  and  keep- 
ing them  in  balance  with  the  legislative  and  fiscal  patterns  of  Government.  To 
assist  in  this,  NASA,  has  always  been  prepared  to  explain,  justify,  and  consult 
in  advance,  and  in  depth,  with  the  * * * committees  on  all  phases  of  its  program. 
Wherever  possible  it  has  done  this  in  advance  in  its  annual  testimony  on  au- 
thorizing legislation.  It  has  never  used  the  reprograming  authority  lightly,  nor 
has  it  abused  that  power.  NASA  has  reported  its  actions  under  the  law  with 
meticulous  care.  It  has  felt  that  NASA  and  the  * * * committees  must  deal 
together  in  a spirit  of  mutual  confidence  and  respect  for  the  difficulty  of  the 
work  incident  to  the  respective  responsibilities  of  the  Congress  and  NASA. 
The  members  and  staffs  of  the  space  committees  have  reciprocated  fully  in  these 
matters,  and  the  civilian  peaceful  space  program  has  been  the  beneficiary  of 
these  efforts.  The  question  is  not  what  is  disclosed  to  the  Congress  or  to  the 
congressional  committees,  as  NASA’s  plans,  programs,  and  expenditures  are 
open  books.  The  question  is  when  that  information  should  be  disclosed  and 
the  effect  that  disclosure  should  have  on  prospective  actions,” 
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TUESDAY,  MARCH  5,  1903 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

1 Washington , D.O. 

The  committee  met  at  10  ami.,  pursuant  to  call,  in  room  214-B,  New 
House  Office  Building,  Hon.  George  P.  Miller  (chairman)  presiding. 

The  Chairman.  The  committee  will  be  in  order.  Other  members 
are  on  their  way  down  so  we  will  get  underway. 

Dr.  Seamans  and  Mr.  Wyatt,  we  are  very  happy  to  welcome  you 
here. 

I know  that  the  doctor  has  a very  healthy  program  here  for  us,  so 
if  you  will  proceed,  Doctor,  we  will  be  happy  to  hear  you. 

STATEMENT  OF  DR.  ROBERT  C.  SEAMANS,  JR.,  ASSOCIATE  ADMINIS- 
TRATOR, NASA;  ACCOMPANIED  BY  D.  D.  WYATT,  DIRECTOR, 

OFFICE  OF  PROGRAMS 

Dr.  Seamans.  Mr-.  Chairman,  members  of  the  Committee  on  Science 
and  Astronautics,  yesterday  Mr.  Webb  discussed  the  goals  and  gen- 
eral plans  of  the  National  Aeronautics  and  Space  Administration. 

Dr.  Dry  den  has  described  the  major  accomplishments  in  our  inter- 
national program  and  the  future  trends  of  the  national  space  program. 

I shall  outline  the  status  of  current  NASA  activities,  describe  the 
program  proposed  for  fiscal  year  1964,  and  present  our  budget  esti- 
mates. 

Following  my  testimony,  the  directors  of  our  program  offices  are 
prepared  to  discuss  their  areas  in  as  much  detail  as  you  may  desire. 

GENERAL  DESCRIPTION  OF  NASA  PROGRAMS  AND  CENTERS 

I would  like  to  begin  my  presentation  with  a brief  description  of 
the  NASA,  programs  as  indicated  on  the  next  slide  (fig',  8,  page  50) . 
The  overall  program  comprises  these  five  ^ eas:  manned  space  flight, 
space  sciences,  applications,  advanced  research  and  technology,  and 
tracking  and  data  acquisition. 

In  general,  the  aims  of  the  manned  space  flight  program  are : To 
cany  out  an  extended  earth  orbital  flight  (the  last  phase  of  Project 
Mercury;,  to  develop  the  techniques  of  rendezvous  and  dwking  in 
space;  and  to  undertake  progressively  longer  missions  building  up  to 
the  landing  of  American  explorers  on  the  moon  during  t he  latter  part 
of  this  decade. 
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Figure  8 

Basic  to  the  manned  space  flight  program  is  development  of  new 
large  launch  vehicles.  We  are  also  developing  spacecraft  large  and 
advanced  enough,  to  carry  men  to  the  moon  and  bring  them  safely 
home.  In  the  process  we  must  gain  new  proficiency  and  techniques 
for  launching  spacecraft  and  for  missions  deep  into  space.  We  must 
solve  many  difficult  problems  involved  in  sending  crews  on  long  space 
voyages  and  providing  them  with  life-support  systems  and  tolerable 
working  conditions  aboard  spacecraft. 

In  space  sciences,  NASA  is  conducting  investigations  on  a broad 
front;  we  are  examining  and  analyzing  the  characteristics  of  the  earth, 
the  near  and  far  regions  of  space  and  the  sun  and  the  sun’s  influence 
on  natural  phenomena  here  on  our  planet.  We  are  intensively  study- 
ing the  moon  and  the  planets  nearest  us.  These  studies  tell  as  more 
about  the  physical  characteristics  of  neighboring  bodies  in  space. 

We  also  hope  to  learn  whether  life  in  any  form  exists  on  them.  I 
would  like  to  emphasize  our  concern  over  life  in  space  includes  study- 
ing how  the  space  environment  affects  man  and  other  terrestrial  life 
forms,  ranging  from  higher  animals  to  plant  and  micro-organisms  of 
various  types. 

In  the  area  of  applications,  NASA  is  developing  spacecraft  that 
will  provide  the  United  Slates  the  technology  and  tne  competence  to 
establish  operational  communications  and  weather  satellite  systems. 

We  are  also  analyzing  the  results  of  these  and  other  technological 
developments  of  the  NASA  program  so  that  they  can  be  channeled 
into  industry  for  the  benefit  of  the  economy  generally.  Wo  have  con- 
tracted with  eight  organizations,  mostly  nonprofit,  across  the  Nation 
to  assist  NASA  in  disseminating  information  of  this  type. 


1964  NASA  AUTHORIZATION 


51 


The  objective  of  the  advanced  research  and  technology  program  is 
to  provide  a sound  and  broad  technological  base  for  this  Nation’s  fu- 
ture aeronautics  and  space  activities.  Research  is  conducted  in  the 
many  fields  related  to  aircraft,  propulsion,  launch  vehicles,  space- 
craft, and  human  factors.  It  is  obvious  that  only  through  advances 
in  research  today  will  the  United  States  be  able  to  achieve  the  na- 
tional goal — preeminence  in  aeronautics  and  space  in  years  to  come. 

Supporting  all  manned  and  unmanned  missions,  the  tracking  and 
data  acquisition  program  furnishes  data  of  various  tvpes  gathered 
by  stations  around  the  world.  It  provides  the  worldwide  communica- 
tions network  that  ties  these  stations  together.  It  also  operates  the 
automatic  data  system  that  screens  and  reduces  the  vast  amounts  of 
information  received  each  day  into  a form  that  scientists  and  engi- 
neers can  readily  use. 

The  centers  and  field  stations  that  support  NASA  in  these  five  areas 
are  shown  on  the  next  slide  (fig.  9).  The  major  centers  and  NASA 
headquarters  are  indicated  by  the  white  print.  The  supporting  field 
stations  are  in  black  print,  Bv  the  end  of  fiscal  year  1968  the  comple- 
ments of  these  centers  and  field  stations  will  reach  an  estimated  total 
of  28,547.  Not  included  is  the  complement  of  4,100  at  the  jet  pro- 
pulsion laboratory  in  F.»sadena,  which  the  California  Institute  of 
Technology  operates  for  NASA  under  contract. 


Figure  9 


The  installations  concerned  mainly  with  manned  space  flight — in- 
dicated with  the  red  dots — are  the  Manned  Spacecraft  Center,  the 
Marshall  Space  Flight  Center  and  the  Launcn  Operations  Center. 
We  also  have  the  Michoud  plant  and  the  Mu  issippi  test  facility  both 
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operated  by  the  Marshall  Space  Flight  Center  which  support  the 
development  and  production  of  our  large  launch  vehicles. 

The  centers  principally  concerned  with  space  sciences  and  with 
tracking  and  data  acquisition — identified  with  green  dots — are  the 
Jet  Propulsion  Laboratory  and  the  Goddard  Space  Flight  Center. 
Goddard  also  has  prime  responsibility  for  the  applications  satellite 
program. 

The  advanced  research  installations — identified  by  the  blue  dots — 
are  the  Langley,  Lewis,  Ames,  and  Flight  Research  Centers. 

Research  on  nuclear  systems  for  propulsion  and  power  production 
is  conducted  at  the  Plum  Brook  Station,  Ohio,  which  is  operated  by 
Lewis.  . 

Nuclear  systems  development  is  conducted  at  the  nuclear  rocket 
development  station  in  Nevada,  which  is  operated  jointly  by  NASA 
and  the  AEC  under  the  direction  of  the  Space  Nuclear  Propulsion 
Office  of  the  Office  of  Advanced  Research  and  Technology. 

The  Pacific  Launch  Operations  Office  is  responsible  for  launch  sup- 
port and  coordination  with  development  groups  engaged  in  launching 
light-  and  medium-sized  spacecraft  into  polar  orbit  from  the  Pacific 
Missile  Range.  This  office  reports  to  the  Office  of  Space  Sciences  at 
headquarters.  The  Wallops  Island  Station,  off  the  coast  of  Virginia, 
is  used  to  launch  small  scientific  and  research  spacecraft  on  sounding 
rockets  and  Scout  vehicles. 

In  August  1962,  NASA  established  the  Northeastern  Office  in  Bos- 
ton. The  Northeastern  Office  is  a service  office  similar  to  the  Western 
Operations  Office  in  Santa  Monica,  Calif.  Its  function  is  to  provide 
technical  and  administrative  support  to  NASA  programs  through 
liaison  with  local  industry'  and  scientific,  educational,  and  civic 
organizations. 

Before  the  end  of  the  current  fiscal  year  we  propose  to  take  the 
initial  steps  to  establish  a new  research  center,  the  Electronics  Re- 
search Center,  in  the  Greater  Boston  area.  We  are  requesting  funds 
for  the  new/  center  which  will  strengthen  advanced  work  in  the  highly 
important  field  of  electronics.  The  center  will  be  engaged  principally 
in  research  and  development  in  the  related  fields  of  launch  vehicle 
and  spacecraft  guidance  and  control,  instrumentation,  on-board  data 
processing  space  communications,  and  ground  based  electronics  as- 
sociated with  space  flights.  We  are  locating  the  center  in  the  Greater 
Boston  area  because  of  its  proximity  to  a major  concentration  of  the 
Nation’s  electronic  industry  and  allied  university  research  effort. 

MANNED  SPACE  PLIGHT 

The  first  area  I shall  discuss  in  some  detail  is  that  of  the  manned 
space  flight  program. 

The  next  slide  (fig.  10,  page  53)  illustrates  the  three  main  projects  in 
manned  space  flight.  As  I mentioned  earlier  a 1-day  multiorbital 
flight  will  complete  the  Mercmy  project.  Following  Mercury,  project 
Gemini  will  provide  answers  to  important  scientific  and  technological 
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Figure  10 

problems  associated  with  rendezvous  and  with  long  duration  flight, 
pertinent  to  project  Apollo.  Project  Apollo  will  continue  rendezvous 
experimentation  about  the  earth,  and  has  the  objective  of  circumiunar 
flight,  landing  men  on  the  moon  and  returning  them  safely  to  earth. 

Each  project  has  important  specific  objectives.  In  combination, 
they  form  a program  whose  underlying  purpose  is  to  establish  for  our 
country  preeminence  in  manned  space  flight.  The  program  provides 
the  technical  information  and  the  operational  experience  to  meet  po- 
tential future  national  requirements,  including  military  needs. 

During  1962,  the  Unitea  States  orbited  three  Mercury  astronauts — 
John  Glenn,  Scott  Carpenter,  and  Walter  Schirra.  Glenn  and  Car- 
penter each  flew  three  orbits.  The  Schirra  flight  completed  six. 
These  flights  demonstrated  man’s  ability  to  perform  piloting  and 
other  assigned  tasks  under  zero  gravity  conditions.  They  proved  that 
our  technical  and  operational  concepts  are  sound.  They  provided 
valuable  flight  and  flight  support  experience  for  future  manned  mis- 
sions. In  particular,  these  flights  tested  and  proved  satisfactorily  the 
launch  operations,  the  global  network  of  tracking  stations,  and  the 
recovery  systems.  All  project  objectives  have  been  achieved;  the  ex- 
perience gained  from  the  three  and  six  orbital  flights  will  be  applied 
directly  to  the  culminating  1-day  mission. 
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The  Mercury  1-day  mission  (fie.  11)  will  utilize  modified  Mercury 
capsules  and  will  enable  us  at  the  earliest  possible  time  to  observe 
spacecraft  operation  and  man’s  performance  at  zero  gravity  for  a 
period  of  in  excess  of  1 day. 


Figure  11 

Additional  life-support  equipment  was  installed  as  were  larger  fuel 
tanks  for  attitude  control  and  extra  batteries  for  electrical  power.  To 
permit  these  additions,  a periscope,  a backup  automatic  attitude-con- 
trol system,  an  auxiliary  voice  transmitter,  and  a standby  telemetry  and 
recording  system  were  removed. 

Major  Gordon  Cooper  has  been  selected  for  the  1-day  mission 
scheduled  for  spring  1963  with  Commander  Alan  Shepard  as  his  back- 
up. Preparations  are  being  made  for  a backup  flight  should  the  ob- 
jectives of  this  flight  not  be  fulfilled  to  our  satisfaction. 

I would  like  to  note  here  that  the  Department  of  Defense  has  pro- 
vided great  service  to  the  NASA  in  the  conduct  of  the  Mercury  pro- 
gram. The  cooperative  nature  of  the  program  is  even  more  extensive 
in  Project  Gemini. 

Project  Gemini:  Tn  January  of  this  year,  Secretary  of  Defense 
Robert  McNamara  and  NASA  Administrator  James  Webb  agreed 
to  NASA-DOD  programing  for  Gemini  by  establishing  a joint  pro- 
gram planning  Imam.  This  will  assure  that  the  program  is  planned, 
executed,  and  utilized  in  the  overall  national  interest  in  such  a manner 
that  there  will  be  as  little  duplicat  ion  of  effort  as  possible  in  the  field  of 
manned  space  flight  and  to  insure  maximum  attainment  of  both  NASA 
and  DOI)  objectives. 

The  board  shall  not  only  study  new  scientific  and  technical  require- 
ments but  will  also  monitor  programs  to  see  that  they  are  met  in  plan- 
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ning  experiments,  conducting  flights,  and  in  analyzing  and  disseminat- 
ing results. 

NASA  will  continue  to  manage  Project  Gemini.  The  two  agencies  ' 
have  agreed,  however,  that  DOD  will  participate  in  Gemini  develop- 
ment, pilot  training,  preflight  checkout,  launching,  and  flights  to  as- 
sist NASA  and  to  meet  DOD  objectives.  Specifically  the  DOD  is  re- 
sponsible for  the  Titan  II  launch  vehicle  that  will  boost  the  Gemini 
spacecraft  into  orbit  and  the  Atlas- Agena  to  be  used  in  rendezvous 
nights.  DOD  will  contribute  funds  toward  Gemini  program  objec- 
tives. The  amount  of  DOD  support  will  be  determined  on  the  basis 
of  recommendations  submitted  by  the  board. 

(Fig.  12) : Gemini,  which  is  the  second  major  step  in  our  manned 
flight  program,  is  being  developed  for  two-man  earth-orbital  missions 
lasting  over  1 week.  Let  me  repeat  that  such  flight  will  jgive  us  in- 
valuable experience  with  human  reactions  to  many  days  oi  alien  con- 
ditions of  space. 


Figure  12 

We  shall  also  learn  rendezvous  and  docking  techniques  in  earth 
orbit — all  with  direct  application  to  Apollo  and  to  future  manned 
space  missions.  For  development  of  rendezvous,  an  Agena  rocket 
stage  will  be  launched  into  earth  orbit  by  an  Atlas  vehicle.  About  a 
day  after  an  Agena  is  sent  aloft  and  its  orbit  computed  the  manned 
Gemini  spacecraft  will  be  launched  into  approximately  the  mme  orbit 
by  the  Gemini  launch  vehicle,  a mollified  Titan  II.  Through  the  use 
of  radar  for  guidance,  the  astronauts  will  bring  the  s.  acecraft  within 
visual  range  of  the  Agena  target.  With  the  aid  of  electronics  and 
visual  aids  they  will  bring  the  rocket  and  spacecraft  together  and 
couple  the  two.  Prior  to  reentry  the  astronauts  will  separate  the 
spacecraft  from  the  Agena  rocket. 
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Initial  flights  will  utilize  a parachute  for  recovery  at  sea  in  a man- 
ner similar  to  that  emp'oyed  by  the  Mercury  project.  In  later  flights, 
a paraglider  will  replace  the  parachute  so  that  the  astronaut-pilot 
can  maneuver  and  come  in  for  landings  in  a preselected  ground  re- 
covery areas. 

The  first  flight  of  Gemini,  an  unmanned  ballistic  test  flight,  is 
scheduled  to  take  place  late  this  year.  Long  duration  manned  flights 
are  planned  for  early  1964  and  rendezvous  flights  are  scheduled  to 
begin  during  the  latter  part  of  1964. 

Mr.  Fulton  of  Pennsylvania.  Is  this  calendar  year? 

Dr.  Seamans.  Yes,  it  U,  Mr.  Fulton.  When  we  presented  our  fiscal 
year  1965  budget  request  to  you  last  year,  we  were  planning  to  accom- 
plish the  manned  lunar  landing  by  utilizing  the  metnod  of  rendezvous- 
in -earth-orbit. 

Since  then,  more  detailed  analysis  has  indicated  that  lunar-orbit  ren- 
dezvous provides  advantages  in  schedule,  cost,  and  development  sim- 
plicity, while  maintaining  probabilities  of  mission  safety  and  success 
that  are  equal  iO  or  better  vnan  those  of  the  mode  planned.  Later  in 
the  year,  we  decided  to  alter  our  plans  and  adopt  the  lunar-orbit 
rendezvous  method.  The  leasons  tor  this  were  discussed  with  the 
committee  on  July  12,  1962 

The  spacecraft  and  the  three  principal  phases  of  the  Apollo  develop- 
ment are  illustrated  in  the  next  slide  (fig.  13).  The  Apollo  spacecraft 
will  consist  of  three  units  or  modules — the  command  module,  the 
service  module  and  the  lunar  excursion  module. 
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The  command  module,  weighing  approximately  10,000  pounds,  will 
house  the  three  Apollo  crewmen  and  major  systems,  such  as  environ- 
mental control,  guidance  and  navigation,  stabilization,  and  communi- 
cations. 

The  service' module  will  weigh  about  50,000  pounds.  It  will  contain 
the  onboard  power  generation  systems,  oxygen  for  life  support  and 
the  propulsion  systems  for  midcourse  correction,  entry  into  and  depar- 
ture from  lunar  orbit,  and  return  flight  to  Earth. 

The  lunar  excursion  module  or  shuttle,  will  weigh  about  26,000 

Eounds  and  will  transport  two  crew  members  to  the  lunar  surface  and 
ack  to  the  command  module. 

Our  plans  call  for  Apollo  flight  development  to  begin  in  1965,  with 
manned  Earth  orbital  flights  to  the  command  module  and  the  basic 
structure  of  the  service  module  for  periods  as  long  as  2 weeks.  The 
Saturn  I will  be  used. 

Upon  completion  of  these  teste  the  command,  service,  and  lunar 
excursion  modules  will  be  launched  into  Earth  orbit  by  the  Saturn 
I-B,  A principal  objective  of  these  flights  will  be  to  conduct  separa- 
tion and  docking  maneuvers  with  the  lunar  excursion  module.  The 
first  manned  flight  of  the  Saturn  I-B  is  planned  for  1966. 

After  completing  these  development  flights,  the  complete  Apollo 
spacecraft  system,  weighing  nearly  90,000  pounds,  will  be  launched  on 
its  flight  to  the  Moon.  The  Saturn  Y launch  vehicle — previously 
called  Saturn  C-5  or  Advanced  Saturn — will  be  used  for  this  mission. 

On  the  approach  to  the  Moon,  the  propulsion  system  of  the  service 
module  will  be  fired  to  put  the  spacecraft  in  lunar  orbit.  After  mak- 
ing the  necessary  visual  observations  of  the  landing  site  from  orbit, 
two  of  the  crewmen  will  enter  the  lunar  excursion  module  and  cast 
off  from  the  command  module.  Firing  the  descend  engine  for  brak- 
ing, the  lunar  excursion  module  will  descend  to  the  surface  of  the 
Moon.  Here  prepared  to  stay  for  a period  of  up  to  8 days  they  will 
make  scientific  and  engineering  observations  and  gather  lunar  sur- 
face samples  to  take  back  to  Earth.  These  tasks  completed  they  will 
launch  the  lunar  excursion  vehicle  back  into  orbit  around  the  Moon 
and  rendezvous  with  the  command  module  in  which  the  third  astro- 
naut has  remained.  The  propulsion  system  of  the  service  module  will 
then  be  utilized  to  propel  the  spacecraft  from  lunar  orbit  and  begin 
its  homeward  journey.  It  should  be  noted  that  the  lunar  excursion 
module  will  remain  forever  in  lunar  orbit. 

Launch  vehicles:  The  launch  vehicles  required  to  accomplish  the 
Apollo  missions  are  shown  on  the  next  slide  (fig.  14,  page  58) . These 
vehicles,  the  Saturn  I,  the  Saturn  I-B,  and  the  Saturn  V are  all  under 
development. 


Figure  14 

Saturn.  I : The  Satur  • is  a two-stage  launch  vehicle.  It  has  eight 
188,000  pound  thrust  liquid-oxygen,  kerosene  H-l  engines  in  the  nret 
stage  to  provide  a total  thrust  of  1.5  million  pounds.  The  second 
stage  employs  six  15,000-pound-thrust  liquid-oxygen,  liquid-hydrogen 
A-3  engines.  The  first  stage  of  three  vehicles — in  a development  pro- 
gram of  10  Saturn  I vehicles— have  been  highly  successful.  Tnese 
tests  employed  an  inert  second  stage.  They  proved  the  feasibility  of 
clustering  engines  and  propellant  tanks,  confirmed  the  structural  in- 
tegrity of  the  vehicle  design,  checked  the  guidance  and  control  systems, 
and  demonstrated  the  adequacy  of  the  ground  support  equipment. 

A fourth  Saturn  1 ballistic  flight  scheduled  for  early  this  year  will 
complete  the  tests  with  an  inert  second  stage.  Six  development  flights 
using  active  first  and  second  stages  are  planned  for  the  latter  part  of 
this  year  and  1964. 

The  Chairman.  Doctor,  have  you  any  idea  when  this  ballistic  flight 
will  be  made  this  year? 

Dr.  Skamans.  It  is  to  be  made  in  approximately  a month's  time. 

The  Chairman.  It  will  be  made  from  Canaveral  ? 

Dr.  Seamans.  It  will  be  made  from  Canaveral.  The  stages  are  at 
Canaveral  now  and  are  being  assembled  for  this  flight. 

The  Chairman.  I thought  it  might  be  well  for  the  committee  to  go 
down  and  see  this  flight. 

Dr.  Seamans.  We  will  be  happy  to  keep  your  committee  posted  on 
the  exact  date  so  that  you  can  make  suitable  arrangements. 

The  Chairman.  We  will  see  if  we  can’t  arrange  that.  I think  this 
would  be  an  interesting  thing  for  them  to  see. 

Mr.  Fulton  of  Pennsylvania.  I think  that  is  a good  idea. 
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Dr.  Seamans.  At  least  three  of  these  flights  will  serve  a dual  purpose. 
Not  only  are  they  launch  vehicle  development  flights,  but  they  will 
serve  to  launch  full-scale  models  of  the  Apollo  command  module. 
The  Apollo  command  module  tests  will  be  primarily  for  developing 
the  heat  shield  and  landing  system. 

We  are  planning  to  take  further  advantage  of  the  launch  capability 
of  these  development  vehicles.  In  place  of  ballast,  we  propose  to  fly 
a micrometeoroid  detector  having  about  2,000  square  feet  of  detector 
surface.  This  will  be  an  umbrella-like  structure  that  will  open  up 
after  space  flight  has  been  obtained. 

The  Saturn  I will  be  able  to  place  up  to  22,000  pounds  in  a 100-mile 
earth  orbit.  This  jmyload  is  sufficient  to  launch  the  command  module 
and  the  service  module  with  a small  quantity  of  its  propellants. 

Saturn  I-B : With  the  selection  of  lunar  orbit  rendezvous  for  the 
manned  lunar  landing  mission,  it  was  apparent  that  a vehicle  with 
greater  payload  capacity  than  the  Saturn  I was  needed  to  orbit  all 
three  modules  of  the  Apollo  spacecraft  for  rendezvous  and  docking 
tests. 

Accordingly,  we  decided  last  September  to  proceed  with  develop- 
ment of  the  Saturn  I-B  launch  vehicle  to  accomplish  this  phase  of  the 
Apollo  tests.  The  Saturn  I-B  vehicle  employs  the  first  stage  of  the 
Saturn  I.  As  its  second  stage,  it  will  use  the  Saturn  V third  stage 
which  is  currently  under  development.  This  upper  stage  uses  a single 
200,000-pound  thrust  liquid-hydrogen,  liquid-oxygen  J-2  engine. 

The  Saturn  I-B  will  provide  the  capability  of  putting  about  8*2,000 
pounds  in  a 100-mile  earth  orbit.  Thus;  the  complete  Apollo  space- 
craft can  be  orbited,  with  sufficient  propellant  in  the  tanks  of  the 
service  module  and  the  lunar  excursion  module  for  development  tests 
of  systems  and  techniques  for  rendezvous  and  docking.  Using  this 
vehicle,  we  can  proceed  with  Apollo  separation  and  docking  tests  in 
earth  orbit,  as  much  as  a year  earlier  than  would  be  possible  if  we  were 
to  await  the  Saturn  Y. 

In  addition  T might  say  here  that  we  wanted  to  utilize  the  third 
stage  of  the  Saturn  V at  the  earliest  possible  time,  and  this  gave  us 
an  opportunity  to  check  out  this  stage  using  the  first  stage  of  the  Saturn 
I,  and  hence  get  ahead  with  the  development  of  the  Saturn  Y. 

The  Saturn  Y : The  largest  launch  vehicle  under  development  in 
the  free  world  is  the  Saturn  Y which  will  be  employed  for  project 
Apollo’s  lunar  flights. 

The  Saturn  Y has  five  1.5  million-pound  thrust  liquid-oxygen,  kero- 
sene F-l  engines  in  the^  first  stage  which  develop  a total  thrust  of  7.5 
million  pounds.  The  F-l  engine  has  been  under  development  for  4 
years.  It  is  scheduled  for  preliminary  flight  rating  tests  in  1964  and 
final  manned  flight  qualification  tests  in  1966. 

The  second  stage  utilizes  five  200,000-pound  thrust  liquid-oxygen, 
liquid-hydrogen  J-2  engines.  Development  of  the  J-2  engine  began 
more  than  2 years  ago.  The  engine  is  scheduled  for  its  final  manned- 
flight  qualification  tests  in  1965. 

The  third  stage,  as  mentioned  earlier,  has  a single  200,000-pound 
thrust  J-2  engine. 
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The  Saturn  V will  be  able  to  launch  a payload  of  240,000  pounds  in 
near  earth  orbit  and  90,000  pounds  to  the  moon. 

Current  plans  call  for  a 10- vehicle  development  program.  Work 
is  underway  on  all  stages  of  Saturn  V.  Its  first  flight  is  scheduled 
for  1966. 

Engineering  and  integration:  The  manned  space  flight  program 
has  many  interrelated  operations.  Special  steps  have  been  taken  to 
develop  the  resources  necessary  to  establish  sound  management  tech- 
niques and  to  insure  that  all  aspects  of  the  program  are  properly  inte- 
grated. The  work  at  the  centers  can  be  divided  into  three  areas, 
spacecraft  systems,  launch  vehicle  systems  and  launch  operations.  I 
would  like  to  explain  the  functions  of  each  area  briefly. 

Responsibility  for  manned  spacecraft  systems  rests  with  the  Manned 
Spacecraft  Center  at  Houston,  Tex.  (fig.  15).  This  center  designs, 
develops,  and  tests  the  spacecraft,  selects  and  trains  the  astronauts, 
and  directs  the  flight  operation  after  launch. 


Fiouuc  15 


The  center  at  Houston,  which  is  presently  under  construction,  will 
provide  exjieri  mental  test  facilities  for  evaluating  and  checking  out 
many  of  the  spacecraft  components,  a mission  control  center  for  moni- 
toring and  directing  the  Gemini  and  Apollo  flights  and  stationary  and 
dynamic  space  flight  simulators  for  training  astronauts. 

Under  the  direction  of  the  Manned  Spacecraft  Center,  facilities 
to  sumiort  spacecraft  development  are  also  being  constructed  at  White 
Sands,  N.  Mex.  These  facilities  will  be  used  for  testing  the  propulsion 
systems  of  the  Apollo  service  and  lunar  excursion  modules. 
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In  addition  the  abort  capability  of  Apollo  Trill  be  tested  at  White 
Sands  using  the  Little  Joe  II.  These  two  NASA  installations  will 
provide  the  staff  and  facility  resources  to  support  all  phases  of  space- 
craft design,  development,  and  operation. 

Responsibility  for  manned  space  flight  launch  vehicle  systems  rests 
with  the  Marshall  Space  Flight  Center  in  Huntsville,  Ala.,  (tig.  16). 
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Figure  16 


Work  of  the  Marshall  Center  comprises  design,  construction,  de- 
velopment, and  testing — and  supervision  of  related  contractor  effort — 
>n  large  launch  vehicles  and  their  components,  including  the  rocket 
mgines,  which  are  utilized  in  the  manned  space  flight  program. 

To  support  these  functions,  Marshall  has  direction  of  tne  Michoud 
olant  and  the  Mississippi  Test  Facility. 

Although  the  first  stage  of  the  Saturn  I is  currently  being  con- 
structed at  Marshall,  the  Government-owned  Michoud  plant,  New 
Orleans,  La.,  has  been  activated  and  will  be  used  by  contractors  to 
construct  additional  Saturn  I first  sta,  cs,  as  well  as  the  first  stage  of 
he  Saturn  I-B  and  Saturn  V vehicle. 

With  the  exception  of  the  S-I  stages,  ground  tests  of  stages  and 
components  of  these  large  vehicles  will  be  conducted  at  the  Mississippi 
test  facility,  about  40  miles  northeast  of  New  Orleans,  and  then 
hipped  by  sea  to  Cape  Canaveral  for  flight. 

S-I  stages  will  be  tested  using  existing  facilities  at  Marshall  Space 
Flight  Center.  We  are  currently  reviewing  the  unmanned  Sat  uni  I 
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and  Saturn  I-B  flights  to  determine  whether  a sufficient  volume  exists 
to  warrant  construction  of  static  facilities  for  the  S-I  stage  at  the 
Mississippi  test  facility. 

Responsibility  for  manned  space  flight  launch  operations  rests  with 
the  launch  operations  center  in  Florida  (fig.  17). 


Fiourr  17 

The  functions  of  this  center  are  to  assemble  the  space  vehicle,  to 
conduct  the  preluunch  checkout  of  the  vehicle,  and  to  launch  it  into 
its  desired  trajectory. 

To  accomplish  these  functions,  this  center  is  directing  the  design 
and  construction  of  an  integrated  test  and  launch  facility,  the  only 
one  of  its  type  in  the  worldi  As  its  nucleus  it  will  have  a building 
with  vertical  assembly  bays  about  50  stories  high.  This  complex  wifi 
include  checkout  Derations,  the  control  room  for  launch  direction, 
engineering  laboratories,  and  astronaut  preparation  services. 

After  the  space  vehicle  is  assembled  a giant  crawler  will  move  the 
assembled  ana  checked-out  vehicle  a distance  of  more  than  2 miles  to 
one  of  three  pads. 

The  launch  operations  center  will  be  the  “spaceport”  for  launching 
this  Nation’s  large  3pace  vehicles  of  coming  years. 

Facilities  it  these  three  centers  and  their  associated  stations  are  in 
the  construction  phase.  When  completed,  they  will  constitute  a val- 
uable national  asset  for  the  development,  fabrication,  and  test  of  the 
country’s  large  launch  vehicles. 
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As  I mentioned  earlier,  management  techniques  have  been  developed 
to  insure  that,  all  aspects  of  the  manned  space  flight  program  are 
properly  integrated.  I would  like  to  review  briefly  our  overall  man- 
agement concept  with  the  aid  of  the  following  slide  (fig  18). 
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Ftgube  18 

Shown  schematically  is  the  relationship  of  the  three  centers  respon- 
sible for  developing  and  operating  the  manned  space  flight  systems  in 
conjunction  with  the  Systems  Engineering  Office  and  the  Integration 
and  Checkout  Office,  Office  of  Manned  Space  Flight  at  NASA  head- 
quarters. 

The  Systems  Engineering  Office  provides  program. wide  and  detailed 
technical  analysis  for  missions  so  that  a suitable  approach  can  be 
selected.  In  choosing  the  approach,  the  greatest  care  is  taken  to  be 
sure  the  system  is  compatible  with  the  mission  objectives  and  that  all 
elements  of  the  system  can  be  developed  within  the  scope  of  the  project 
and  its  schedule. 

The  Integration  and  Checkout  Office  has  a dual  function.  The  first 
is  to  insure  that  detailed  information  on  each  of  the  many  parts  used 
in  the  space  vehicle  system  is  properly  documented.  The  engineer 
working  on  the  design  of  one  component  can  then  refer  to  the  design 
of  a mating  or  related  component  and  thus  make  sure  that  his  design 
will  be  compatible. 

The  second  function  of  this  office  ie  to  insure  that  checkout  equip- 
ment for  all  systems  of  the  space  vehicle  are  designed,  fabricated,  and 
developed  for  the  various  pnases  of  the  opera*’ on.  Checkout  equip- 
ment is  that  equipment  used  to  check  the  condition  of  the  various 
parts  of  the  space  vehicle  upon  completion  of  assembly  at.  the  manu- 
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f&cturers’  plant,  at  the  ground  test  site  prior  to  operation,  and  at  the 
launch  site  prior  to  launch. 

Having  a single  element  of  the  organization  responsible  for  the  de- 
velopment of  the  overall  checkout  equipment  insures  compatibility 
with  the  various  intended  uses. 

Furthermore,  economies  can  be  effected  through  the  use  of  duplicate 
components  in  the  checkout  equipment  for  the  various  stages  of  the 
launch  vehicle  or  spacecraft. 

The  systems  engineering  and  integration  and  checkout  offices  report 
to  D.  Brainerd  Holmes,  the  Director  of  Manned  Space  Flight.  His 
offices  also  include  functions  responsible  for  launch  vehicle  and  space- 
craft development,  aerospace  medicine,  and  manned  flight  operations. 

The  estimated  fiscal  year  1964  budget  for  manned  space  flight  is 
planted  on  th8  next  slide  (fig.  19) . 
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Figure  19 
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The  increa.se  in  fiscal  year  1964  is  due  primarily  to  the  continued 
development  effort  on  Project  Apollo  and  related  cost  growths  for 
launch  vehicles,  engines,  and  supporting  development.  Briefly,  the 
following  specifics  applv  to  the  trends  noted. 

The  estimated  funds,  $200,000,  in  fiscal  year  1964  for  Mercury  repre- 
sents personnel  and  operations  charges  to  close  out  the  Mercury  proj- 
ect. The  funding  estimates  for  Gemini  show  an  increase  from"  $246.4 
million  in  fiscal  year  1963  to  $335.3  million  in  fiscal  year  1964. 
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Two-thirds  of  this  estimated  increase  in  Gemini  cost  stems  from 
continued  contractor  buildup  in  spacecraft  development  effort.  This 
buildup  is  just  now  leveling  off ; fiscal  year  1964  is  expected  to  be  the 
peak  year  for  spacecraft  funding.  Most  of  the  remaining  increase  is 
for  procuring  Titan  II  and  Atlas- Agena  launch  vehicles. 

Major  technical  decisions  have  allowed  NASA  to  move  forward 
aggressively  on  the  Apollo  project.  The  cost  of  $1,263.2  million  esti- 
mated for  fiscal  year  1964  reflects  our  entrance  into  the  major  hard- 
ware development  phase  of  Apollo. 

About  half  of  the  estimated  increase  in  the  Apollo  budget  is  for 
development  of  the  three  spacecraft  modules.  Other  major  increases 
in  expenditure  are  required  in  the  areas  of  guidance  and  navigation 
equipment  and  procurement  of  launch  vehicles  such  as  Little  Joes, 
Saturn  I,  and  Saturn  I-B.  Because  Project  Apollo  is  still  building  up 
rapidly,  the  personnel  and  operating  costs  will  increase  accordingly. 

Saturn  I development  costs  will  decrease  from  $257.9  million  in 
fiscal  year  1963  to  $158.6  million  in  fiscal  year  1964.  In  this  program 
we  have  passed  the  period  of  peak  investment  associated  with  design, 
development,  production  tooling  and  test  equipment.  The  major  ef- 
fort remaining  is  that  of  complete-system  flight  test  and  related  op- 
erations. 

Saturn  I-B,  as  I have  noted,  relies  heavily  on  Saturn  I and  Saturn 
V developments.  Estimated  costs  increase  to  $76  million  in  fiscal  year 
1964  to  allow  for  purchase  of  test  stages  and  engines  and  to  cover  an- 
ticipated charges  for  systems  integration  and  systems  test. 

The  Saturn  V estimated  costs  increase  from  $368.4  million  in  fiscal 
year  1963  to  $799.7  million  in  fiscal  year  1964. 

This  funding  will  cover  the  rapid  buildup  of  contractor  effort  and 
in-house  support  of  development  on  all  three  stages  of  the  vehicle  and 
procurement  of  engines ; it  will  also  provide  for  a supporting  develop- 
ment test  program.  Here,  too,  NASA  personnel  and  operation  ex- 
penditures must  increase  substantially  to  support  the  program  prop- 
•erly. 

Funds  required  for  engine  development  in  fiscal  year  1964  are  esti- 
mated at  $192.4  million.  The  development  effort  on  the  J-2  and  F-l 
engines  is  maintained  at  the  fiscal  year  1963  pace,  with  the  increased 
expenditures  arising  from  the  development  of  the  new  M-l  liquid- 
oxygen,  liquid-hydrogen  1.5  million-pound-thrust  engine.  The  higher 
cost  of  the  M-l  engine  development  results  from  entering  the  com- 
ponent fabrication  and  testing  phase.  The  M-l  engine  is  not  required 
for  the  first  manned  lunar  landing,  but  it  is  important  that  the  de- 
velopment of  this  engine  keep  pace  with  large  solid,  motor  progress 
since  these  two  propulsion  elements  are  complementary  items  for  post- 
Saturn  vehicles. 

Supporting  programs  cover  a very  broad  range  of  activities  that 
contribute  directly  to  the  activity  just  discussed.  Included  here  are 
such  items  as  range  support,  aerospace  medicine,  integration  and 
checkout^  and  systems  engineering.  The  increase  in  estimated  cost  of 
these  activities  from  $106.3  million  in  fiscal  year  1963  to  $291.4  million 
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in  fiscal  year  1964  directly  reflects  the  increased  workload  imposed  by 
the  approach  of  Gemini  and  the  early  phasing  of  Apollo  to  flight 
status. 

The  increased  cost  of  supporting  research  and  technology  from  $34.2 
million  in  fiscal  year  1963  to  $76.9  million  in  fiscal  year  1964  also  reflects 
the  increased  attention  required  in  areas  of  spacecraft,  launch  vehicle, 
propulsion,  and  launch  operat  ions  technology  directly  pertinent  to  the 
development  effort. 

The  total  estimated  cost  for  research,  development,  and  operations  in 
the  manned  space  flight  area  amounts  to  $3,193.7  million  in  fiscal  year 
1964. 


The  budget  estimate  for  ''(instruction  of  facilities  for  fiscal  year  1964 
is  $564.5  million.  This  estimate  shows  the  need  to  time-phase  the 
facilities  at  the  major  national  centers  to  the  development,  testing,  and 
flight  operation  or  manned  space  vehicles.  Major  construction  ac- 
tivity is  planned  for  the  Manned  Spacecraft  Center,  Houston,  Tex. ; 
the  Marshall  Space  Flight  Center,  Huntsville,  Ala.;  the  Mississippi 
Test  Facility  in  southwestern  Mississippi ; and  the  Launch  Operations 
Center,  on  Merritt  Island,  Fla. 

At  the  Manned  Spacecraft  Center  the  launch  environment  and  an- 
tenna test  .facility,  mission  simulation  and  training  facility,  and  a 
spacecraft  control  technology  laboratory  are  requested  for  fiscal  vear 
1964.  To  support  this  center,  a testing  site  for  the  service  module  is 
being  constructed  at  White  Sands.  At  the  same  location  a test  stand 
for  the  lunar  excursion  module  is  requested  in  fiscal  year  1964. 

Present  facilities  at  Marshall  Space  Flight  Center  must  be  aug- 
mented to  accommodate  large  launch  vehicles  and  the  associated  in- 
crease in  complexity  of  electronics,  computers,  and  utilities. 

Expansions  and  extensions  .to  the  high-pressure  gas  and  propellent 
systems,  instrumentation  and  control  systems  laboratory,  components 
test  facility  and  load  test  annex  are  included  in  the  fiscal  year  1964 
request,  "fhe  cost  of  utility  installations  is  the  largest  single  item. 

At  the  Mississippi  Test  Facility,  static  test  stands  are  required 
for  the  F-l  engine  and  for  the  first  and  second  stages  of  Saturn  V 
vehicle.  Waterways  with  docking  facilities,  support  laboratories,  and 
utilities  are  also  required. 

Michoud,  which  will  be  the  Nation’s  large  vehicle  production 
facility,  requires  an  addition  to  the  production  facilities  and  a com- 
ponent supply  building. 

At  the  Launch  Operations  Center,  launch  complex  No.  39  (from 
which  the  300-foot  Saturn  V will  be  launched)  and  the  associated 
support  facilities  mu9t  be  started  this  coming  year  to  meet  the 
Apollo  schedule.  A small  amount  of  funds  will  be  required  to  modify 
complexes  Nos.  34  and  37  to  accommodate  manned  launches. 

The  total  estimated  budget  of  the  manned  space  flight  program 
amounts  to  $3,758.2  million  in  fiscal  year  1964. 
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I will  now  move  on  to  ou  7 space  sciences  program. 

The  tools  of  the  space  sciences  program  and  the  areas  that  it  covers 
are  illustrated  on  the  next  slide  (fig.  20). 
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Figure  20 


This  program  employs  sounding  rockets,  earth  orbiting  satellites, 
lunar  probes,  planetary,  and  interplanetary  probes. 

Areas  to  which  our  space  science  studies  are  directed  include  geo- 
physics, solar  physics,  lunar  and  planetary  science,  interplanetary 
science,  astronomy,  and  space  bioscience. 

At  present,  the  United  States  clearly  leads  the  world  m geophysics, 
solar  physics,  and  interplanetary  science. 

However,  within  the  past  year  the  Russians  have  launched  a major 
series  of  geophysical  satellites  and  a pianetary  probe,  the  results  of 
which  could  alter  this  position  materially. 

We  are  continuing  to  give  strong  emphasis  to  this  program  to  make 
sure  that  the  United  States  does  retain  its  leadership  in  this  area. 
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A sounding  rocket  and  two  typical  small  satellites  are  illustrated 
on  the  next  slide  (fig.  21). 


Floras  21 

Such  small  satellite  payloads  and  near  vertical  sounding  rocket 
flights  have  played,  and  will  continue  to  play,  an  important  role  in 
the  space  sciences  program.  The  bulk  of  the  sounding  rocket  flights 
is  directed  toward  gathering  geophysical  data  in  the  earth’s  upper 
atmosphere  at  altitudes  between  40  and  1-40  miles. 

Sounding  rockets  also  perform  preliminary  flight  tests  of  satellite 
components  and  instrumentation.  In  1963,  about  90  flights  will  be 
made.  In  1964,  110  flights  are  planned. 

Small  .satellites — Several  types  of  small  spin-stabilized  satellites 
are  utilized  to  gather  scientific  data  on  the  space  surrounding  the 
earth.  Of  major  concern  are  energetic  particles,  atmospheric  struc- 
ture, and  the  ionosphere. 

These  data  are  not  only  of  scientific  significance,  but  also  will  pro- 
vide information  pertinent  to  the  design  and  operation  of  manned 
space  svstems.  Some  of  these  projects  are  conducted  in  cooperation 
with  other  nations,  including  Canada,  the  United  Kingdom,  and  Italy. 

The  Explorer  XIV  and  the  Alouette,  illustrated  on  figure  21,  were 
launched  successfully  in  1962.  Actually  two  Explorers,  XIV  and 
XV,  were  orbited  in  October  1962  to  measure  the  artificially  created 
radiation  belts.  In  September  1962  the  Canadian  satellite  Alouette 
was  launched  by  NASA  to  monitor  the  earth’s  ionosphere  from  above. 
We  expect  Canada  to  participate  in  a follow-on  program  of  ionosphere 
monitors. 

In  1963  an  interplanetary  monitoring  satellite  is  scheduled  to  be 
launched. 


1964  NASA  AUTHORIZATION 


69 


*v  « 


« 


In  addition  to  small  satellites  such  as  these,  we  are  also  developing 
Pioneer,  a small  solar  probe,  on  which  work  was  started  in  1962.  This 
probe  is  relatively  simple  because  it  will  employ  a number  of  compo- 
nents previously  developed  for  other  satellite  projects. 

The  nominal  trajectory  of  the  Pioneer,  which  will  follow  the  ap- 
proximate orbit  of  the  earth,  will  provide  a separation  distance  from 
earth  of  30  million  miles  after  6 months  (the  design  lifetime  of  the 
spacecraft). 

The  data  froift  Pioneer,  together  with  data  from  an  earth  orbiting 
solar  observatory  and  earth  measurements,  will  be  used  in  the  design 
of  future  solar  probes.  The  Pioneer  development  effort  in  the  com- 
ing year  will  lead  to  the  beginning  of  full-scale  system  tests. 

Observatories — Although  the  small  satellites  are  an  important  part 
of  our  space  science  program,  we  are  currently  augmenting  them  with 
three  large  observatory  type  satellites,  as  shown  on  the  next  slide 
,(fig.  22). 


Figure  22 


They  are  the  solar  observatory,  geophysical  observatory,  and  astro- 
nomical observatory.  Each  is  designed  for  a specific  data  gathering 
role. 

The  solar  observatoqr  will  obtain  information  about  the  sun  and 
its  effects  cn  the  electrical  and  energetic  particles  in  space  that,  in 
turn,  have  an  effect  on  the  earth  and  its  near  space  environment. 
The  first  solar  observatory,  launched  successfully  in  March  1962,  re- 
turned useful  data  on  solar  electromagnetic  radiation  during  11  weeks 
of  continuous  operation 

Data  are  still  being  received  intermittently.  Launch  of  a second 
solar  observatory  is  planned  for  this  year,  as  part  of  a continuous 
program  to  obtain  statistical  data  on  solar  activity. 
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Geophysical  observatories,  capable  of  carrying  as  many  as  50  e tperi  - 
ments,  will  obtain  data  (m  the  earth’s  radiation  l*»lts  and  magnetic  and 
gravity  fields. 

Information  on  the  radiation  belts  will  help  determine  shielding 
requirements  and  desirable  parking  orbits  for  manned  space  flight. 
Accurate  measurements  of  tne  earth's  magnetic  field  ana  of  micro- 
meteoroids density,  distribution,  and  velocity  are  also  important  to 
maimed  space  flight. 

Final  integration  and  checkout  of  the  first  geophysical  spacecraft 
will  take  place  early  this  year.  The  first  launch  is  planned  for  the  lat- 
ter part  of  1968.  Three  additional  flights  one  in  near  equatorial  orbit 
and  two  in  polar  orbits,  are  planned  for  1964, 

Astronomical  observatories  are  designed  to  provide  a stabilized  plat- 
form in  space  for  observing  the  planets,  stars,  and  nebulae  in  the 
ultraviolet  and  radio- frequency  ranges  that  cannot  be  measured  from 
earth  because  of  atmospheric  absorption  or  distortion. 

The  first  flight  planned  for  1965  will  attempt  to  map  the  sky  in  the 
ultraviolet  light  region  and  to  study  the  energy  distribution  of  indi- 
vidual stars  and  nebulae  over  a wide  range  of  the  ultraviolet  portion 
of  the  spectrum. 

As  a result  we  expect  to  see  many  things  in  the  heavens  that  have 
not  been  visible  with  our  earthbound  telescopes. 

The  unmanned  lunar  spacecraft  shown  on  the  next  slide  (fig.  23) 
include  the  Ranger  and  Surveyor.  The  objectives  of  our  lunar  ex- 
periments, in  addition  to  obtaining  valuable  scientific  data,  are  the 
determination  of  such  factors  as  lunar  gravity,  topography,  and  sur- 
face-bearing strength,  required  for  the  design  of  the  Apollo  space 
craft. 
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The  Ranger  will  take  television  pictures  of  the  lunar  surface,  start- 
ingat  1,000  miles  and  continuing  all  the  wav  down  to  impact. 

The  Surveyor  Lander  will  land  softly  on  the  moon  and  make  de- 
tailed measurements  of  the  lunar  surface  character  and  environment. 
As  the  name  implies,  the  Surveyor  Orbiter  is  designed  to  orbit  the 
moon  and  map  the  hmar  surface.  It  will  also  measure  such  environ- 
mental phenomena  as  gravitational  and  magnetic  fields  and  micro- 
meteoroid particles  near  the  moon. 

In  the  Ranger  series  five  spacecraft  have  been  launched  without 
success.  The  first  two  flights,  which  were  intended  to  check  out  space- 
craft operation,  failed  to  achieve  mission  objectives  because  of  mal- 
functions in  the  launch  vehicle. 

Instead  of  being  injected  into  the  planned  highly  elliptical  orbit, 
they  both  remained  in  their  low-altituae  parking  orbit.  Nevertheless, 
some  useful  spacecraft  system  operations  data  were  obtained.  The 
third  flight  also  failed  due  to  malfunctions  in  the  launch  vehicle. 

The  fourth  and  fifth  missions  failed  due  to  spacecraft  malfunctions. 
A concentrated  design  review  indicated  improvements  that  can  and  are 
being  made  to  increase  the  reliability  of  the  Ranger  spacecraft. 

Planetary — Our  planetary  program  is  centered  around  the  Mariner 
project  (fig.  24).  The  objective  of  mariner  is  to  explore  the  planets 
Venus  and  Mars. 
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As  you  are  aware  from  Dr.  Newell’s  testimony  last  week,  a great 
scientific  and  engineering  achievement  was  accomplished  when  the 
Mariner  II  spacecraft  passed  within  the  target  area — 21,500  statute 
miles  from  Venus — on  December  14, 1902. 

At  that  time,  the  spacecraft  had  traveled  for  109  days,  for  a total 
distance  of  180  million  miles  along  its  flight  path  and  49.3  million  miles 
from  earth.  Data  obtained  yielded  direct  experimental  information 
concerning  the  following  characteristics  of  Venus:  Surface  and  atmos- 
pheric temperature,  rotational  rate  and  direction,  magnetic  field,  and 
trapped  particles. 

The  responsible  scientists  have  reported  preliminary  results  of  their 
findings. 

However,  continued  effort  will  be  required  to  refine  the  informa- 
tion and  to  evaluate  its  significance. 

Mariner  continued  to  transmit  data  until  it  was  5.7  million  miles 
past  Venus,  a distance  of  54  million  miles  from  the  earth,  before  the 
spacecraft  became  silent.  The  spacecraft  supplied  interplanetary 
data  throughout  the  course  of  the  entire  flight. 

For  the  study  of  Mars,  a Mariner  flyby  similar  to  the  Venus  flyby 
will  be  made  using  many  components  developed  in  the  Mariner  II 
program.  The  objectives  of  the  flight  are  to  obtain  information  con- 
cerning the  surface,  atmospheric  conditions,  possible  magnetic  fields 
and  trapped  particle  regions,  cosmic  dust  in  the  vicinity  of  Mars. 

Television  and  infrared  measurements,  when  analyzed,  will  give  an 
indication  as  to  whether  life  as  we  know  it  exists  on  the  planet.  Plans 
call  for  completing  major  development  in  mid-1964  so  as  to  permit 
launch  of  two  spacecraft  to  Mars  in  the  fourth  quarter  of  1964,  dur- 
ing the  window  that  is  open  to  us. 

The  Mariner  Lander,  a second  and  later  phase  of  the  planetary 
program,  will  be  equipped  to  eject  a capsule  to  the  surface  of  V enus 
or  Mars  as  the  spacecraft  flies  by. 

The  landing  capsule  will  be  designed  to  obtain  detailed  information 
concerning  the  atmospheres  of  the  planets,  to  observe  the  nature  of  the 
planet’s  surface  and  to  detect  if  elementary  life  forms,  as  we  know 
them,  exist  there. 

The  preliminary  design  of  this  second  phase  of  the  planetary  explo- 
ration program  will  be  completed  during  the  coming  year  and  then 
procurement  of  long  leadtime  systems  will  begin. 

The  earliest  opportunity  to  launch  the  Mariner  spacecraft  with  a 
landing  capsule  will  be  near  the  end  of  1965  when  Venus  is  in  the 
optimum  position  for  such  a flight. 

Space  bioscience — The  NASA’s  research  activity  in  the  life  sci- 
ences is  the  responsibility  of  two  program  offices — Space  Sciences  and 
Advanced  Research  and  Technology.  The  Office  of  Space  Sciences 
is  responsible  fox*  basic  biological  studies.  The  Office  of  Advanced 
Research  and  Technology  is  responsible  for  efforts  pertinent  to  the 
support  and  utilization  of  max,'  in  aeronautical  and  space  operations. 

I will  discuss  the  effort  in  the  first  area  now,  and  will  deal  with  the 
latter  effort  in  connection  with  our  advanced  research  program. 
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The  area3  of  concern  and  the  techniques  utilized  in  the  conduct  of 
the  space  bioscience  program  are  noted  and  illustrated  on  the  next 
slide  (fig.  25).  Of  conoem  are:  The  search  for  and  the  determina- 
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tion  of  the  nature  of  extraterrestrial  life;  studies  of  the  effects  of 
space  environments,  including  planetary  environments,  on  biological 
systems;  and  the  use  of  space  environments  for  biological  study 
pertinent  to  biological  problems  here  on  earth.  Ground-based  labora- 
tories, balloon  flights,  unmanned  and  manned  flights  of  satellites, 
lunar  probes  and  planetary  probes  are  the  possible  tools  in  this 
program. 

Ground-based  laboratories  at  universities,  industry,  NASA,  and 
other  Government  agencies,  in  addition  to  supporting  the  bioscience 
flight  programs  are,  and  will  continue  to  be,  utilized  for  analytical 
studies  and  research  related  to  developing  an  understanding  of  space 
bioscience.  This  understanding  includes  such  matters  as  fundamental 
life  processes  on  this  planet  and  as  they  may  exist  on  other  planets; 
and  the  effects  on  life  processes  of  space  and  planetary  environments, 
such  as  radiation,  gravity,  and  atmospheres. 

Balloon  flights  nave  been  used  successfully  to  detect  the  presence 
and  nature  of  bacteria  in  the  upper  atmosphere,  and  to  expose  speci- 
men of  brain  and  nervous  system  tissue  to  heavy  cosmic  rays  for 
laboratory  study.  This  type  of  activity  will  continue. 

We  are  investigating  the  use  of  satellites  to  study  effects  of  zero 
gravity  and  space  radiation  separately  and  in  combination  on  biologi- 
cal systems.  Such  flight  experiments  are  required  because  we  can- 
not— at  least  as  yet — duplicate  these  fundamental  space  environments 
on  the  ground.  The  spacecraft,  which  must  be  recovered  after  the 
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mission,  must  be  able  to  support  biological  experiments  for  several 
weeks  or  more. 

At  this  time  we  are  in  the  process  of  initiating  detailed  studies, 
with  several  contractors,  of  space  vehicle  rystems  to  satisfy  these 
experimental  requirements.  These  studies  will  permit  us  to  evaluate 
the  feasibility  of  unmanned  satellites  and  if  sufficiently  promising 
will  lead  to  an  award  of  a hardware  development  contract. 

We  are  also  studying  the  possibility  of  utilizing  the  scheduled 
manned  flights  of  Gemini  and  Apollo  to  further  implement  this 
ptopram. 

We  will  utilize  flights  to  the  nearby  planets  in  our  search  for  and 
sfudy  cf  extraterrest-ial  life.  Landing  on  the  moon  with  Surveyors 
will  provide  our  first  operational  tests,  away  from  earth,  of  some  of 
the  instrumentation  techniques  planned  for  our  planetary  flights. 

The  light  and  medium  launch  vehicles  we  need  to  carry  out  these 
and  other  NASA  in  -*><ons  are  shown  on  the  next  slide  vfig.  26).  In- 


LIGHT  AMO  MEDIUM  LAUNCH  VEHICLES 


eluded  are  the  Scout,  Delta,  Thor-Agena,  Atlas-  Agena,  and  Centaur. 
These  vehicles  can  place  in  a 350-mile  earth  orbit  payloads  from  220 
pounds  for  Scout  to  8,500  pounds  for  Centaur.  With  the  exception 
of  Centaur,  all  the  vehicles  are  already  developed.  We  are,  however, 
continually  studying  and  applying  improvements  to  increase  per- 
formance and  reliability  of  each  of  these  vehicles. 

Scout,  the  smallest  o£  the  launch  vehicle  family,  completed  develop- 
ment in  1962.  All  of  its  four  stages  use  solid  rockets.  We  employ 
Scout  for  a number  of  scientific  payloads  such  as  high  altitude  probes, 
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reentry  experiments,  and  small  satellites.  The  problems  associated 
with  this  vehicle  have  been  solved  and  the  last  four  orbital  attempts 
were  successful.  Improvements  on  the  Scout  during  the  past  year 
have  increased  its  payload  capability  in  a 100-mile  orbit  from  150  to 
220  pounds. 

The  Delta  is  a very  reliable  three-stage  vehicle.  The  last  15  of  a 
total  of  16  launches  have  been  successful.  Telstar,  Relay,  Syncom, 
TIROS,  and  the  Orbiting  Solar  Observatory  are  the  principal  pay- 
loads  launched  by  Delta.  Improvements  on  the  Delta  during  the  last 
year  increased  its  payload  capacity  in  a 300-mile  orbit  from  500  to  800 
pounds. 

The  Thor-Agena  is  a two-stage  vehicle  used  for  space  sciences  and 
applications  satellites  which  require  polar  orbits  and  are  launched 
from  the  Pacific  Missile  Range.  Alouette,  the  Canadian  satellite,  is 
the  only  spacecraft  that  NASA  has  launched  with  the  Thor-Agena. 
Nimbus,  the  second-generation  weather  satellite  now  being  developed, 
and  the  polar  orbiting  geophysical  observatory  will  be  the  principal 
users  of  the  Thor-Agena, 

The  Atlas- Agena  is  a two-stage  vehicle  which  has  so  far  been  em- 
ployed to  launch  the  Ranger  and  the  Mariner  II  spacecrafts.  It  will 
also  serve  to  launch  the  astronomical  and  the  eccentric  orbiting  geo- 
physical observatories.  The  Atlas- Agena  still  is  not  as  reliable  as  we 
require,  since  only  three  of  the  seven  vehicles  launched  have  per- 
formed well  enough  to  permit  the  mission  to  be  accomplished.  How- 
ever, NASA  is  cooperating  with  the  Department  of  Defense  in  stand- 
ardizing the  Atlas  and  the  Agena  stages  to  gain  Atlas- Agena 
reliability. 

_ The  Centaur  consists  of  an  Atlas  first  stage  and  a 10-foot-diameter 
high-energy  upper  stage,  powered  by  2 15,000-pound-thrust  liquid 
hydrogen/liquid-oxygen  A-3  engines  that  produce  a total  of  30,000 
pounds  of  thrust.  It  will  be  used  by  NASA  principally  for  un- 
manned lunar  and  planetary  flights. 

Based  on  the  results  of  the  first  launch  and  subsequent  studies,  the 
configuration  of  the  vehicle  is  being  modified.  During  1964  the 
Centaur  program  will  place  chief  emphasis  on  extensive  ground  tests 
and  developmental  flights  directed  toward  an  operational  capability 
in  late  1964. 

The  development  of  the  Centaur  vehicle  is  important  because  it  is 
an  integral  part  of  the  development  of  liquid-hydrogen/liquid-oxygen 
technology  contributing  to  the  development  of  stages  of  the  Saturn 
vehicle.  It  provides  capability  of  launching  many  useful  lunar  and 
planetary  payloads  including  the  Surveyor  and  the  Mariner  B.  We 
are  studying  the  use  of  the  Centaur  coupled  with  the  Titan  II.  .Pre- 
liminary results  indicate  that  the  payload  capability  is  increased 
50  percent  with  no  appreciable  increase  in  coat. 

Last  year,  the  responsibility  for  the  Centaur  development  and 
for  procurement  of  the  Atlas- Agena  and  Thor-Agena  vehicles  was 
shifted  from  the  Marshall  Space  Flight  Center  to  the  Lewis  Re- 
search Center,  Tins  was  done  so  that  Marshall  could  concentrate 
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fully  on  developing  the  large  Saturn  launch  vehicles  for  manned 
space  flight.  With  the  capabilities  of  the  Lewis  Center  focused  on 
medium  launch  vehicles,  all  our  launch  vehicle  programs  are  receiving 
increased  attention. 

Like  other  scientific  endeavors,  the  space  effort  relies  heavily  on 
the  universities.  They  are  the  main  sources  for  the  production,  ex- 
tension, and  communication  of  new  scientific  and  technical  knowledge. 
In  so  doing,  the  universities  intimately  relate  the  training  of  people 
to  the  knowledge  acquisition  process  of  research.  Thus,  not  only 
do  they  yield  fundamental  knowledge,  but  also  the  scientific  and 
technical  manpower  to  carry  out  the  Nation’s  aeronautics  and  space 
program  objectives. 

Moreover,  the  universities  are  uniquely  qualified  to  focus  the  think- 
ing of  multidisciplinary  groups  on  the  opportunities  growing  out 
of  the  space  program.  In  this  regard,  NASA  is  encouraging  uni- 
versities to  work  with  local  industrial,  labor,  and  governmental  lead- 
ers to  develop  ways  through  which  tools,  materials,  and  techniques 
developed  for  space  work  can  be  utilized  by  nonspace  industries  and 
professions.  Although  this  program  is  in  its  infancy,  it  holds  sub- 
stantial promise  of  furthering  economic  growth  by  means  of  feedback 
from  our  aeronautics  and  space  technology . 

In  addition  to  this  effort,  NASA  plans  to  support  about  900  graduate 
students  by  the  end  of  this  year  and  1,250  by  the  end  of  1964. 

The  budget  for  the  space  sciences  program  is  shown  on  the  next  slide 
(fig.  27) . The  budget  estimate  to  conduct  the  program  increased  from 
$634,7  million  in  fiscal  year  1963  to  $836.7  million  in  fecal  jear  1964. 
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The  estimated  cost  of  the  geophysics  and  astronomy  program,  which 
includes  the  sounding  rockets,  small  satellites,  international  projects 
and  the  large  observatories,  increased  from  $174.2  million  m fiscal 
year  1963  to  $232.6  million  in  fiscal  year  1964.  This  increase  is  due 
mainly  to  the  greater  expenditures  required  for  the  orbiting  observa- 
tories whose  peak  funding  will  be  reached  during  fiscal  year  1964. 

The  budget  of  $331.4  million  for  lunar  and  planetary  exploration 
reflects  $45  million  for  nine  additional  Rangers  and  $81  million  for 
the  initiation  of  full  development  of  the  Surveyor  Orbiter  and  Mari- 
ner spacecraft  that  includes  a landing  capsule.  The  funds  for  the 
other  projects  remain  nearly  the  same  as  fiscal  year  1963. 

The  bioscience  program,  estimated  to  require  $41.3  million,  includes 
intensified  development  of  hardware  for  orbital  flights  and  develop- 
ment of  instrumentation  to  detect  and  analyze  evidence  of  extrater- 
restrial life. 

The  budget  estimate  of  $149.5  million  for  launch  vehicle  develop- 
ment is  mainly  related  to  the  Centaur  vehicle  and  is  associated  with  the 
additional  testing  required  to  improve  reliability.  Funds  also  are  in- 
cluded for  improving  the  performance  of  the  Scout  and  Delta  launch 
vehicles. 

Facility,  training  and  research  grants  refers  to  our  support  of  the 
universities  in  training  personnel  and  in  providing  facilities  to  en- 
hance their  training  capability.  The  increased  emphasis  in  this  area 
during  Fiscal  Year  1964  is  reflected  by  the  budget  estimate  of  $56.4 
million. 

Construction  funds  amounting  to  $25.5  million  are  required  to  sup- 
port the  space  sciences  program  at  three  installations : The  Jet  Propul- 
sion Laboratory,  the  Goddard  Space  Flight  Center,  and  the  Launch 
Operations  Center. 

For  the  Jet  Propulsion  Laboratory,  we  are  requesting  construction 
of  a space  flight  operations  facility,  a development  engineering  build- 
ing, and  an  addition  to  the  material  services  building. 

At  the  Goddard  Center  several  new  laboratories  and  test  facilities 
are  planned.  These  include  facilities  for  a data  interpretation  labora- 
tory, for  a mechanical  test  and  quality  assurance  laboratory,  and  for 
isolated  testing  of  explosive  and  other  hazardous  components. 

At  the  Launch  Operations  Center,  we  need  an  addition  to  the  un- 
manned satellite  operations  building  to  support  the  growing  launch 
activity  of  the  space  sciences,  applications,  and  advanced  research 
missions. 
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APPLICATIONS 

I would  like  now  to  discuss  the  applications  program.  The  two 
flight  development  areas  of  this  program — meteorology  and  com* 
munications — are  illustrated  on  the  next  slide  (fig.  28). 


Figuu  28 

The  obj  < es  of  the  meteorological  program  are:  development  of 
meteorology satellites  for  providing  worldwide  observation  of  at- 
mospheric conditions  and  storm  centers,  and  the  exploration  of  the 
atmosphere  at  altitudes  of  20  to  150  miles  as  it  relates  to  weather 
phenomena. 

The  purpose  of  the  communications  program  is  to  provide  the  tech- 
nology necessary  to  establish  an  operational  communications  satellite 
system,  and  to  support  the  development  and  expansion  of  such  a 
communication  system  through  research,  development,  and  flight 


testin 


NASA  is  directnig  some  of  its  effort  toward  the  identification  of 
future  application  satellite  programs.  These  efforts  consist  of  studies 
on  the  use  of  a navigational  satellite  system  for  civilian  use  and 
laasibility  studies  on  the  requirements  for  a satellite  system  for  gather- 
ing data  around  the  earth. 

In  addition  to  the  satellite  projects,  we  have  expanded  our  activities 
for  the  identification,  cataloging,  and  the  dissemination  to  industry 
of  new  ideas  and  innovations  arising  from  the  space  program  as  a 
whole.  Congress  assigned  NASA  a major  responsibility  in  the  field 
of  applications  to  expand  human  knowledge  in  the  atmosphere  and 
space  so  that  results  of  our  research  and  development  oould  be  utilized 
for  the  general  benefit  of  all  mankind. 
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In  the  meteorological  field  (fig.  29)  two  projects — TIROS  and 
Nimbus — are  currently  active.  As  you  are  aware,  the  Nimbus  will 
have  one  significant  difference  over  TIROS — namely,  it  will  be  earth- 
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oriented  rather  than  space-oriented.  In  other  words,  the  cameras 
aboard  Nimbus  will  always  be  directed  toward  the  earth.  Because 
TIROS  is  space-oriented,  its  cameras  face  the  earth  only  part  of  each 
orbit.  At  other  times,  the  cameras  point  out  into  space. 

Six  TIROS  satellites  orbited  to  date  have  provided  the  basis  for 
development  of  Nimbus  and  for  the  joint  NASA-Weather  Bureau 
planning  for  an  operational  weather  satellite  system.  Plans  now  call 
for  five  more  development  TIROS  flights  by  NASA  and  two  opera 
tional  flights  funded  by  the  Weather  Bureau.  Three  of  the  develop- 
ment flights  will  take  place  during  the  present  calendar  year  and  two 
in  1964. 

Development  of  the  Nimbus  satellite  continues.  Prototypes  of  the 
major  subsystems  are  now  undergoing  environmental  tests.  A tot'l 
of  four  Nimbus  development  spacecraft  are  planned,  with  the  fb  A 
flight  scheduled  for  late  1963.  Successful  flight  testing  of  the  de- 
velopment version  of  Nimbus  will  be  followed  by  flights  of  operational 
Nimbus  satellites. 

For  several  years,  NASA  and  the  U.S.  Weather  Bureau  of  the  De- 
partment of  Commerce  have  been  coordinating  work  in  developing 
techniques  for  establishing  the  national  operational  meteorological 
satellite  systems.  Although  the  development  satellites  will  be  funded 
by  NASA,  the  operational  Nimbus  will  be  funded  by  the  Weather 
Bureau.  For  the  operational  Nimbus,  NASA  will  launch  the  satel- 
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lites  and  acquire  the  data.  The  Weather  Bureau  will  analyze  and  dis- 
seminate the  data  as  well  as  establish  the  meteorological  requirements 
for  the  systems. 

The  communication  satellite  program  is  illustrated  in  the  next  slide 
(fig.  30).  Here,  we  see  pictorially  the  passive  satellite  Echo,  and 
the  active  satellites  Relay,  Telstar,  Syncom,  and  Advanced  Synchro- 
nous Orbit.  The  major  portion  of  the  NASA  communications  ef- 
fort is  directed  toward  active  repeater  satellites  and  related  tech- 
nologj. 
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Of  these,  two  of  the  four  shown,  Relay  and  Telstar  have  been 
orbited.  Also  the  first  Syncom  was  launched  last  month.  The  ad- 
vanced synchronous  orbit  satellite  project  will  provide  a system 
similar  in  principle  to  Syncom — but  witu  a greater  communications 
capability.  It  will  be  placed  into.a  synchronous  near-equatorial  orbit. 
Development  of  the  critical  components  was  initiated  this  past  year 
and  we  plan  to  initiate  the  development  of  the  complete  satellite  in 
1963. 

On  July  10,  1962,  NASA  successfully  orbited  the  Telstar  com- 
munications satellite,  developed  and  funded  by  the  American  Tele- 
phone & Telegraph  Co.  By  the  end  of  calendar  year  1962,  Telstar  had 
participated  in  426  tests  during  which  television,  telephone  and  fac- 
simile reproductions  were  successfully  transmitted  back  and  forth 
across  the  Atlantic  Ocean. 
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The  original  cooperative  arrangement  between  U.S.  and  foreign 
governments  for  joint  participation  in  these  communications  demon- 
strations Avas  negotiated  by  NASA,  working  with  the  Department  of 
State.  NASA  continues  to  supply  all  of  the  ground  stations  with 
pointing  data  for  Telstar  from  our  tracking  network. 

Relay  is  also  a medium-altitude,  spin-stabilized  satellite.  Relay 
I was  launched  December  13,  1962,  into  a nearly  perfect,  circular 
orbit.  Trouble  Avith  the  power  supply  aboard  the  satellite  prevented 
communications  experiments  for  about  3 Aveeks  after  launching. 
Later,  our  engineers  found  that  a voltage  regulator  in  the  switching 
circuit  was  draining  the  power  supply.  In  time,  the  trouble  cleared 
enough  for  a signal  to  be  sent  from  the  ground  to  the  spacecraft,  shut- 
ting off  the  faulty  circuit.  Then,  by  switching  over  to  a second  trans- 

I bonder,  in  January  of  this  year  communications  experiments  via  Re- 
ay  were  able  to  begin. 

Forty-eight  separate  experiments  were  planned  for  Relay.  Each 
of  these  have  been  performed  successfully  at  least  once.  A total  of  361 
experiments  have  been  performed.  Of  these,  88  have  been  between 
the  United  States  and  Europe,  22  between  the  United  States  and 
South  America,  3 between  Europe  and  South  America,  and  248  have 
been  loop  tests  in  which  one  ground  station  has  both  transmitted  and 
received  signals  to  and  from  the  satellite.  To  date,  communications 
experiments  have  involved  the  United  States,  France,  Great  Britain, 
Italy,  and  Brazil.  Germany  and  Japan  will  participate  later.  Two 
additional  Relay  flights  are  scheduled. 

The  development  of  an  active  repeater  satellite  that  can  operate  in 
a 24-hour,  or  synchronous?  orbit  is  the  objective  of  the  Syneom  project. 
If  the  satellite  can  be  maintained  in  a 24-hour  orbit,  the  satellite  will 
be  capable  of  continuous  communication  with  nearly  one-half  of  the 
earth.  Syneom  is  the  first  known  attempt  at  placing  a satellite  in  a 
24-hour  orbit. 

As  an  experimental  satellite-,  Syneom  is  designed  to  flight-test  a 
fairly  simple,  reliable  approach  to  satellite  attitude-and-position  con- 
trol. It  should  also  give  us  valuable  experience  in  launching  satellites 
into  the  24-hour  orbit,  using  apogee  lack  rockets  and  existing  launch 
vehicles.  Finally,  it  should  give  us  practical  knowledge  of  the  po- 
tential scope  of  communications  systems  in  the  space  environment 
of  a 24-hour  orbit.  The  Syneom  satellite  is  also  spin  stabilized. 

Ground  station  arrangements  for  Syneom  have  been  a responsibility 
of  the  U.S.  Army  Satellite  Communications  Agency.  Radio  com- 
mands from  the  USNS  Kingsport , which  is  in  the  harbor  of  Lagos, 
Nigeria,  control  the  movement  of  the  satellite  from  the  initial  syn- 
chronous orbit  injection  position  to  its  final  position  over  the  South 
Atlantic.  Signals  from  the  Kingsport  also  maintain  the  satellite  in 
its  final  position  and  are  used  for  communications  experiments.  The 
main  ground  communication  station  in  the  United  States  is  provided 
by  the  Department  of  Defense.  The  station  is  located  at  Lakehurst, 
N.  J.,  Avith  a backup  station  at  Fort  Dix,  N.J. 
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The  first  Syncom  satellite  was  launched  February  14, 1963.  Dur- 
ing the  spacecraft’s  ascent  to  apogee  range  and  range-rate  data,  voice, 
teletype,  tones  and  music  were  transmitted  through  the  spacecraft 
from  the  USNS  Kingsport. 

Shortly  after  the  command  signal  to  fire  the  apogee  kick  motor 
was  transmitted  to  the  spacecraft,  the  telemetry  signal  vanished. 

Since  that  time,  electronic  contact  with  the  spacecraft  has  been  lost. 
Syncom  has  been  observed  with  si; rf ace  optical  equipment.  The 
period  of  Syncom  about  the  earth  is  23  hours  44.8  minutes,  giving  an 
eastward  drift  rate  of  3.8  degrees  per  day.  Investigations  werti  started 
immediately  following  the  launching  to  determine  the  nature  of  the 
electronic  failures. 

Since  the  United  States  currently  has  two  intermediate  altitude 
experimental  communications  programs  in  operation ; namely,  Telstar 
and  Relay,  and  because  the  Department  of  Defense  is  planning  an 
intermediate  altitude  program  for  its  own  communications  system, 
NASA  will  direct  its  advanced  communication  effort  toward  the  24- ' 
hour  satellites  requirement  rather  than  the  intermediate. 

It  is  yet  too  early  to  decide  whether  the  ultimate  communications 
systems  will  use  the  intermediate  altitude  or  the  high  altitudes.  The 
proposed  advanced  synchronous  orbit  satellite  will  incorporate  sev- 
eral advances  beyond  the  Syncom  technology. 

A major  improvement  will  be  in  the  communications  equipment  on 
board  the  spacecraft.  Where  Syncom  uses  a narrow  band,  and  there- 
fore limited,  communication  system,  the  advanced  synchronous  orbit 
satellite  is  designed  around  a wide-band  system  capable  of  handling 
a larger  number  of  messages  and  in  a greater  variety  of  forms.  The 
advanced  synchronous  orbit  satellite  will  also  have  more  highly 
directional  antennas  than  does  Syncom  and  this  will  permit  more 
efficient  transmission  of  signals.  The  type  of  stabilization  system  has 
not  yet  been  determined. 

T~x  the  area  of  passive  communication  satellite  technology,  the  Echo 
U v > ive  satellite— which  will  serve  as  an  orbiting  radio  mirror  from 
whi  ’i  signals  are  reflected  between  distant  points  on  the  earth’s 
surface — is  scheduled  for  launching  into  a near-polar  orbit  in  mid- 
1.963,  * 

Echo  II  is  a rigidized  sphere,  135  feet  in  diameter,  weighing  approxi- 
mately 590  pounds.  It  is  35  feet  greater  in  diameter  than  Echo  I 
which  was  launched  August  12, 1960,  and  is  still  in  orbit  but  of  little 
communication  value  due  to  the  distortion  of  the  sphere. 

This  size  increase,  along  with  its  more  rigid  structure,  should  result 
in  a communication  transmission  capability  at  least  twice  that  of 
Echo  I.  In  addition  to  Echo  H,  NASA  wili  continue  in  the  research 
and  development  of  ejection  and  inflation  systems  for  passive  satellites 
along  with  research  on  structures  and  materials.  The  object  of  this 
effort;  is  to  devise  techniques  for  erecting  structures  in  space  with  more 
efficient  reflective  characteristics. 
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Budget  for  applications:  The  estimated  funding  for  the  applica- 
tions program  is  set  forth  on  the  following  slide  (fig.  31). 
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The  increase  in  costs  of  the  meteorological  satellite  program,  from 
$64.3  million  in  fiscal  year  1963  to  $73.1  million  in  fiscal  year  1964 
results  primarily  from  the  increase  in  Nimbus  development  funding 
to  its  peak  level  during  fiscal  year  1964. 

In  the  communications  area  about  $41.1  million  of  the  total  com- 
. munication  satellite  program  cost  of  $55.8  million  is  associated  with 
development  of  the  new  Advanced  Synchronous  Orbit  Satellite. 

Future  applications  satellite  studies  are  $1.6  million  in  fiscal  year 
1964. 

Industrial  applications  estimated  at  $6.1  million  for  fiscal  year 
1964  refers  to  the  studies  and  work  toward  industrial  applications 
of  technology  developed  in  the  course  of  carrying  out  the  entire  NASA 
program. 

The  facility  funds  of  $4.1  million  are  for  a building  at  the  Goddard 
Space  Flight  Center  to  consolidate  and  expand  the  spacecraft  assembly 
activities. 

The  total  estimated  budget  requirement  for  applications  is  $140.7 
million  as  compared  with  $118.1  million  in  fiscal  year  1963. 
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ADVANCED  RESEARCH  AND  TECHNOLOGY 

Now.  I would  like  to  direct  your  attention  to  the  advanced  research 
and  technology  program. 

The  objectives  of  this  program  are  the  understanding  of  funda- 
mental phenomena  underiving  aeronautical  and  space  vehicle  tech- 
nology; reduction  of  complex  theory  to  design  procedures;  systematic 
testing  to  obtain  design  data  for  aeronautical  and  space  vehicles  of 
the  future;  and  the  pioneering  of  carefully  selected  advanced  sub- 
systems to  permit  rapid  development  ana  engineering  of  future 
systems  in  the  shortest  possible  time  and  at  minimum  cost. 

The  areas  studied  in  tne  advanced  research  and  technology  program 
are  shown  in  the  first  slide.  They  include  space  power,  vehicle  sys- 
tems, electronic  systems,  human  factor  systems,  nuclear-electric  sys- 
tems, nuclear  rockets,  chemical  propulsion,  and  aeronautics  (fig.  32). 


Figure  32 
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The  work  in  these  areas  is  supported  by  our  basic  research  efforts  in 
physical  and  mathematical  science.  For  this  presentation,  the  areas 
have  been  grouped  into  four  broad  categories  as  shown  in  the  next  slide. 

They  are  (shown  in  fig.  33) : 

(1)  Propulsion,  where  investigations  range  from  conventional 
chemical  systems  to  advanced  nuclear  and  electric  systems ; 

(2)  Space  vehicles,  which  encompass  reentry  physics,  vehicle 
structures,  electronics  and  communications,  and  environmental 
factors  including  the  integration  of  man  in  the  systems; 

(3)  Space  power,  covering  conventional  solar  systems,  advanced 
chemical  power  generation  and  nuclear-electric  systems;  and 

(4)  Aeronautics,  ranging  from  vertical/short  takeoffs 
(V/STOL)  to  the  supersonic  transport  and  hypersonic  aircraft. 
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Figure  33 

Propulsion : The  propulsion  program  is  a continuing  and  expanding 
program  of  basic  research,  component  development  and  hardware 
flight  testing.  In  nuclear  propulsion,  research  effort  is  devoted  to 
nuclear  rocket  components,  systems,  and  operating  problems  other 
than  those  related  to  the  reactor  itself. 

Reactor  development  is  the  responsibility  of  the  Atomic  Energy 
Commission.  A major  aspect  of  overall  program  is  the  development 
of  the  NERVA  nuclear  rocket  engine  under  tne  joint  efforts  of  NASA 
and  the  AEC. 

The  chemical  propulsion  program  includes  research  on  both  liquid 
and  solid  system,  in  fli«*  1 1 1 1 ‘ i i ( I propulsion  um,  contiausd  etFort  is 
being  expended  on  work  related  to  combustion  instability,  experimen- 
tation with  high  energy  propellants  and  new  engine  concepts. 

In  the  solid  propulsion  area,  work  continues  on  solid  propellants 
such  as  compounds  containing  boron,  hot-gas  valving  for  thrust  vector- 
ing control  and  start-stop  control. 
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The  electric  propulsion  program  is  aimed  at  providing  the  technol- 
ogy to  develop  arc-jet  and  ion  engines.  This  work,  which  is  done  pri- 
marily in  the  laboratory,  is  to  be  supplemented  by  flight  tests.  Within 
the  next  few  months  we  shall  use  a Scout  to  launch  two  ion-engines  to 
obtain  engine  operation  data  and  verify  the  ground  facility  test  results. 

Mr.  Fulton  of  Pennsylvania.  When  will  that  be? 

Dr.  Seamans.  The  flight  is  scheduled  for  «T  uly  of  this  year. 

Mr.  Fulton  of  Pennsylvania.  I am  interested  in  that. 

Dr.  Seamans.  NASA’s  space  vehicle  programs  are  designed  to  iden- 
tify and  solve  technical  problems  associated  with  the  many  aspects  of 
present  as  well  as  future  space  missions. 

For  example,  our  knowledge  of  reentry  physics  at  earth  orbiting 
satellite  speeds  of  about  17,000  miles  per  hour  is  fairly  well  under- 
stood. 

Similarly,  much  progress  has  been  made  during  the  past  year  to 
increase  our  knowledge  of  reentry  phenomena  at  speeds  up  to  24,000 
miles  per  hour,  the  velocity  at  which  spacecraft  returning  from  lunar 
missions  will  enter  the  atmosphere. 

Project  FIRE,  scheduled  for  flight  late  this  year,  will  supply  ex- 
perimental information  in  this  speed  range  to  substantiate  our  analy- 
tical and  ground-based  research.  Future  work  will  be  aimed  at  ex- 
tending our  research  in  reentry  physics  to  speeds  up  to  31,000  miles 
per  hour,  which  are  associated  with  return  from  interplanetary  space. 

The  possibility  of  damage  from  micrometeoroids  is  one  of  the 
hazards  of  space  flight.  Flight  experiments  are  under  way  to  appraise 
the  probable  damage  to  spacecraft  materials  and  structures.  Ex- 
plorer XVI,  which  was  placed  in  a near-earth  orbit  by  a Scout  in 
December  1962,  is  now  providing  significant  data  on  micrometeoroid 
penetration. 

As  was  mentioned  earlier  in  the  discussion  of  the  Saturn  launch 
vehicle,  a large  spacecraft  to  measure  micrometeoroid  impacts  will  be 
launched  in  1964  as  a piggyback  experiment  on  a Saturn  I launch 
vehicle. 

This  satellite  will  expose  more  than  2,000  square  feet  of  surface 
area,  contrasted  to  an  area  of  25  square  feet  for  the  Explorer  XVI. 

In  space  vehicle  communications,  a significant  step  forward  has 
been  made  with  a greater  understanding  of  the  radio  blackout  that 
occurs  during  reentry.  You  may  recall  that  this  blackout  causes  us 
to  lose  radio  contact  with  our  Mercury  astronauts  during  their  entry 
into  the  earth’s  atmosphere  at  the  specific  part  of  the  flight  which 
experiences  the  maximum  heating  rate.  Recent  knowledge  obtained 
in  that  area  has  indicated  techniques  that  may  be  employed  in  future 
spacecraft  to  eliminate  the  communications  blackout. 

It  has  been  estimated  that  approximately  70  percent  of  all  space- 
craft costs  go  into  electronic  systems  development.  We  feel  that  a 
concerted  research  and  development  effort  in  the  field  of  electronic 
systems  is  required  for  our  rapidly  expanding  space  programs.  As  I 
have  already  noted,  we  propose  to  establish  a new  NASA  Electronic 
Research  Center  in  the  Boston  area.  The  center  will  provide  the  space 
effort  with  a focal  point  for  advanced  research  and  technology  not 
only  in  electronics  but  also  in  related  physical  disciplines  as  applied 
to  the  space  activities.  Here,  we  plan  to  do  research  in  communica- 
tions systems,  solid  state  physics,  energy  conversion,  guidance  systems, 
instrumentation,  control  and  information  systems. 
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Human  factors  systems:  Earlier  I spoke  of  our  space  bioscience 
program.  A companion  activity  is  our  human  factors  systems  re- 
search and  advance  technology.  Here  we  are  concerned  with  man— - 
his  biological  and  physiological  functioning,  his  interrelationship 
with  machines,  and  his  life  support  in  aeronautical  and  space  opera- 
tions. Specifically,  the  program  is  devised  to  provide  a better  under- 
standing of  man’s  capabilities  and  limitations  under  specific  operating 
conditions,  to  develop  technology  and  design  requirements  for  opera- 
tional equipment — from  space  suits  to  atmospheric  environmental 
control  systems  to  food  for  space  flight — and  to  achieve  the  best  pos- 
sible integration  of  man  and  machine.  This  is  an  area  of  considerable 
significance  and  will  receive  greater  attention  .in  fiscal  year  1964.  For 
this  effort,  we  shall  continue  to  draw  upon  the  Department  of 
Defense  and  other  talents  of  the  scientific  community.  Specifically 
for  the  Department  of  Defense,  we  are  programing  about  $1.4  million 
this  fiscal  year  for  supporting  part  of  our  research  and  technology 
program.  For  example,  the  Naval  Medical  Research  Center  is  con- 
ducting studies  of  the  implication  of  space  operations  on  physiological 
performance,  and  Brooks  Air  Force  Base  is  investigating  the  effects, 
on  man,  of  prolonged  exposure  to  a 100-percent  oxygen  atmosphere. 
This  level  of  program,  or  greater,  will  be  continued  in  fiscal  year  1964. 

Space  power : In  the  general  category  of  space  power,  our  objective 
is  to  identify  processes  by  which  electricity  may  be  generated  in  space 
vehicles  and  to  design  and  develop  lightweight  systems  with  predicta- 
ble useful  lifetimes.  Solar  energy  converted  by  solar  cells  and  stored 
in  batteries  has  been  the  main  source  of  power  in  our  spacecraft  to 
date.  We  shall  continue  working  to  minimize  the  effects  of  radiation 
and  thus  increase  still  more  the  lifetimes  of  solar  energy  systems. 

We  have  developed  chemical  power  systems  such  as  fuel  cells  that 
show  great  promise.  In  fact,  the  results  have  been  sufficiently  encour- 
aging that  hydrogen-oxygen  fuel-cell  power  systems  are  planned  for 
Gemini  and  Apollo.  These  systems  will  be  far  lighter  than  the  bat- 
tery storage  system  currently  used  for  the  Mercury  spacecraft.  Future 
work  in  this  area  will  be  aimed  at  further  improvements  of  fuel  cells 
and  the  development  of  other  promising  concepts  for  generating 
power  in  space  with  lightweight  chemical  systems. 

Perhaps  the  widest  range  of  electrical  output  for  any  spacecraft 
power  system  is  that  generated  by  nuclear  sources.  The  potentialities 
range  from  watts  to  megawatts.  Much  NASA  research  in  this  area 
has  been  applied  to  development  of  a 30-kilowatt  turboelectric  system, 
known  as  SNAP-8.  We  shall  continue  working  toward  the  develop- 
ment of  a flight-rated  system,  having  a long  life  to  provide  high  power 
for  various  space  applications. 

A large  portion  of  the  research  and  development  effort  will  be  di- 
rected toward  obtaining  the  technology  required  for  megawatt  power- 
generating systems.  This  is  the  work  which  will  establish  the  criteria 
leading  to  the  development  of  long-life  nuclear  electric  systems.  The 
NASA/AEC/DOD  have  established  an  agreement  for  developing 
systems  delivering  from  300  to  500  kilowatts.  In  accordance  with  the 
agreement,  NASA  will  provide  technological  information,  DOD  will 
provide  military  requirements  and  flight  testing  and  AEC  will  be 
responsible  for  managing  the  development. 

Aeronautics:  The  aeronautics  program  is  a continuing  activity  of 
theoretical  and  experimental  research  in  the  many  disciplines  asso- 
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dated  with  all  aircraft.  The  research  is  conducted  throughout  the 
flight  range  from  hovering  flight  to  hypersonic  speeds.  Thus,  data 
are  obtained  for  vertical  takeoff  aircraft,  supersonic  aircraft,  and 
hypersonic  aircraft  as  well.  The  aeronautics  program  includes  work 
in  such  areas  as  air  breathing  engines,  wing  and  fuselage  configu- 
rations, controls,  air  loads,  structures,  materials  and  operating 
problems. 

Historically,  NASA  has  provided  both  military  and  civilian  air- 
plane designers  with  the  necessary  research  data  to  select  the  best 
design  approaches  to  meet  their  needs  and  to  shorten  development 
time.  An  example  of  our  work  in  aeronautics  is  the  highly  successful 
X-15  project  which  has  made  over  70  flights  to  date. 

Some  of  the  research  in  the  coming  year  will  provide  aerodynamic 
data  on  supersonic  flight  that  will  assist  in  selecting  design  for  such 
craft  as  a supersonic  transport. 

Recently,  NASA  selected  two  aircraft  manufacturers  to  conduct 
concurrent  9-month  studies  to  determine  the  practicality  of  four  types 
of  aircraft  embodying  different  design  concepts  for  a supersonic  trans- 
port. These  concepts  were  derived  from  NASA  work  over  the  past 
years.  The  studies  are  expected  to  provide  a basis  for  evaluating  the 
advantages  and  disadvantages  of  the  different  configurations  by  con- 
sidering such  items  as  airworthy  requirements,  structures,  and  operat- 
ing problems.  These  studies  will  also  serve  as  guides  to  help  define 
supersonic  transport  problems  requiring  additional  NASA  research. 

Nuclear  rockets:  Because  a major  portion  of  the  NASA’s  advanced 
research  and  technology  effort  centers  on  nuclear  rocket  development, 
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I should  like  to  comment  on  this  area  in  greater  detail.  This  pro- 
gram’s objective  is  to  develop  nuclear  rocket  engines  that  can  be  placed 
in  service  in  the  Nation’s  space  program.  The  progression  of  our 
nuclear  rocket  technology  from  the  KIWI  reactor  to  RIFT  flight  test 
is  illustrated  in  the  slide  (fig.  M,  p.  88).  The  objective  of  Project 
KIWI — which  is  funded  ana  manned  primarily  by  AEC — is  to  pro- 
vide the  basic  reactor  design  for  use  in  the  NERVA  engine.  NERVA 
stands  for  nuclear  engine  for  rocket  vehicle  application.  Initial  tests 
of  the  KIWI  reactor  have  demonstrated  the  materials  technology  nec- 
essary for  rocket  reactors,  while  current  tests  are  intended  to  dem- 
onstrate specific  reactor  designs  for  the  NERVA  engine.  In  addition 
to  maintaining  technical  liaison  with  AEC,  NASA  also  supplies  hydro- 
gen propellant  used  in  the  KIWI  project  as  well  as  turbopumps  and 
nozzles  for  these  tests. 

The  NERVA  engine  will  incorporate  a reactor  design,  based  on  the 
results  of  the  KIWI  reactor  tests.  Development  of  this  engine  will 
require  solution  of  the  pumping,  control,  piping,  and  exhaust  nozzle 
design  problems,  along  with  integration  of  the  reactor  into  the  pro- 
pulsion system.  These  investigations  will  continue  along  with  com- 
ponent development.  The  rate  at  which  this  phase  of  engine  develop- 
ment proceeds  will  be  directly  dependent  on  the  outcome  of  the  KIWI 
reactor  tests. 

Successful  development  of  the  NERVA  engine  will  permit  its  inte- 
gration into  the  RIFT  (reactor  in-flight  test).  Thus,  RIFT  nuclear 
stage  development  will  be  paced  by  the  rate  of  progress  on  the  NERVA 
engine  which  in  turn — as  mentioned  before— is  paced  by  KIWI  reac- 
tor tests.  Clearly,  then,  there  will  be  no  major  component  develop- 
ment for  the  RIFT  nuclear  stage  until  the  KIWI  tests  are  completed. 
However,  conceptual  stage  design  work  has  started  and  will  continue 
through  fiscal  year  1964.  Engineering  data  will  be  obtained  on  effects 
of  radiation  on  typical  vehicle  components  such  as  electrical  and  ther- 
mal insulation,  bearings,  seals,  and  lubricating  materials. 

This  work  will  culminate  in  flight  tests  of  the  RIFT  nuclear  stage 
_ on  the  Saturn  V launch  vehicle.  Because  these  tests  depend  on  the 
KIWI  test  .and  NERVA  development,  a specific  flight  date  cannot 
be  scheduled  at  present. 
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The  budget  for  the  advanced  research  and  technology  program  is 
shown  on  the  next  slide  (fig.  35) . We  request  that  funds  be  increased 
from  the  $496.7  million  authorized  in  fiscal  year  1963  to  $597.3  million 
for  fiscal  year  1964. 


ADVANCED  RESEARCH  & TECHNOLOGY 

FISCAL  YEAR  1964  BUDGET  ESTIMATE 


(IN  MILLIONS) 


RESEARCH,  DEVELOPMENT 

FY  62 

FY  63 

FY  64 

AND  OPERATION 

SPACE  POWER 

$ 12  2 

$ 18.3 

$ 25.2 

SPACE  VEHICLE  SYSTEMS 
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89.8 

111.4 

ELECTRONIC  SYSTEMS 

24  5 

44.9 

59.3 

HUMAN  FACTOR  SYSTEMS 

5 0 

14.1 

24.4 

NUCLEAR-ELECTRIC  SYSTEMS 

38  2 

61.1 

89.6 

NUCLEAR  ROCKETS 

38.0 

89.2 

118  9 

CHEMICAL  PROPULSION 

17  2 

25.1 

35.1 

AERONAUTICS 

28.8 

44.0 

45.1 

TOTAL  RD  & 0 

$ 222.8 

$ 386.5 

$ 509.0 

CONSTRUCTION  OF  FACILITIES 

37.9 

no  2 

88.3 

TOTAL  ADV  RES  & TECH 

$ 260.7 
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Figure  35 

The  fiscal  year  1964  budget  for  power  sources  for  space  is  estimated 
at  $25.2  million.  These  funds  are  needed  to  press  on  with  our  research 
on  solar  cells,  thermionic  power  technology,  solar  engine  technology, 
advanced  batteries  and  fuel  cells,  chemical  engines  and  on-board 
space  power  sources  beyond  the  present  state  of  the  art. 

The  estimated  increase  in  funds  for  space  vehicle  systems,  from 
$89.8  to  $111.4  million,  is  mostly  due  to  the  higher  level  of  effort  on  the 
structures,  heating,  space  environment  and  dynamics  problems  related 
both  to  launch  vehicles  and  spacecraft.  Initiation  of  a flight  project  on 
reentry  heating  at  planetary  return  velocities  is  also  reflected  in  these 
larger  budget  estimates. 

The  estimated  increase  of  about  $14.4  million  in  the  funding  level 
of  the  electronic  systems  program  also  reflects  stepped-up  level  of  effort 
in  this  area.  Principal  items  on  which  increased  emphasis  is  being 
placed  include  guidance,  control,  spacecraft  communications,  ground 
tracking  and  data  acquisition. 
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The  estimated  increase  in  funding  for  the  human  factor  systems 
program,  from  $14.1  to  $24.4  million,  reflects  a nearly  doubled  activity; 
This  work,  which  I outlined  earlier,  encompasses  research  on  human 
reaction  and  performance  under  various  environments  and  includes 
man-system  integration,  life  support  and  protective  systems  and  ad- 
vanced concepts. 

The  proposed  increase  in  the  nuclear-electric  systems  funding  from 
$61.1  million  in  fiscal  year  1963  to  $89.6  million  in  fiscal  year  1964  re- 
flects the  increased  effort  in  both  nuclear-electric  power  and  electric 
propulsion  research  and  technology.  Although  the  SNAP-8  develop- 
ment will  be  funded  at  the  same  level  as  fiscal  year  1963,  funding  is 
required  to  begin  design  and  fabrication  of  hardware  for  the  SNAP-8 
flight  evaluation.  Increased  funding  for  the  space  electric  rocket  test 
(SERT)  program,  the  flight  testing  of  small  arc- jet  and  ion  engines, 
will  also  be  required. 

The  nuclear-rocket  program  funding  estimates  go  from  $89.2  to 
$118.9  million,  due  to  the  increased  activity  described  earlier  when  I 
discussed  KIWI,  NERVA,  and  RIFT. 

In  the  chemical  propulsion  program,  the  proposed  increase  in  fund- 
ing to  $35.1  million  will  support  a greater  level  of  effort  in  research 
in  the  areas  of  chemical  propulsion,  high  energy  propellants,  advanced 
launch  vehicle  engine  technology,  and  advanced  spacecraft  engine 
technology. 

The  cost  of  the  aeronautics  program  is  estimated  to  remain  essen- 
tially constant  at  about  $45  million.  The  major  effort  on  aeronautics  is 
concentrated  in  the  in-house  groundbased  research  and  flight  research. 

The  total  budget  estimate  for  research,  development,  and  operation 
thus  amounts  to  $509  million  for  fiscal  year  1964. 

A number  of  research  facilities  are  provided  for  in  the  construction 
of  facilities  request  of  $88.3  million.  They  include  a life  sciences 
research  laboratory  at  Ames  Research  Center,  a hot-gas  radiation  re- 
search facility  at  Langley  Research  Center  and  a zero  gravity  facility 
at  the  Lewis  Research  Center.  Development  facilities  in  support  of 
NERVA  at  the  nuclear  rocket  development  station  include  additions 
to  the  engine  test  stands;  additions  to  the  engine  maintenance,  as- 
sembly and  disassembly  building;  and  a facility  for  the  handling, 
decontamination  and  storage  of  radioactive  materials. 

Included  in  these  funds,  is  $5  million  for  acquisition  of  land  and 
the  initiation  of  design  and  engineering  services  for  the  new  electronics 
research  center.  In  addition,  $10  million  is  needed  for  the  advanced 
facility  planning  and  conceptual  design  required  prior  to  the  request 
for  such  new  facilities. 

Combining  the  budget  estimate  for  the  construction  of  facilities 
with  that  for  research,  development,  and  operation  gives  a total  of 
$597.3  million  for  advanced  research  and  technology. 

Tracking  and  data  acquisition:  The  major  element  supporting  the 
space  flight  programs  is  the  worldwide  tracking  and  data  acquisition 
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system.  Space  flight  missions  requiring  tracking  and  data  acquisi- 
tion as  shown  on  the  next  slide  (fig.  36)  include  earth  orbiting  manned 
and  unmanned  spacecraft,  lunar,  planetary,  and  deep  space  flights. 


■ SPACE  MISSION'S  REQUIRING  . 
TRACKINGS  AND  DATA  ACQUISITION 


Figure  36 


The  tracking  and  data  acquisition  system  must  support  a variety 
of  present  and  future  orbital  missions,  lunar  missions  manned  and 
unmanned,  and  planetary  and  deep  space  probes.  Thus,  we  must  not 
only  have  many  stations  around  tne  globe  but  these  stations  must  be 
versatile  enough  to  do  many  things  with  great  accuracy.  They  must 
track  spacecraft,  transmit  and  receive  telemetiy,  and  be  able  to  trans- 
mit commands  to  the  spacecraft  and  provide  for  two-way  voice  com- 
munication with  manned  vehicles. 

The  tracking  function  is  of  great  scientific  importance  because  it 
is  necessary  to  know  the  exact  location  in  space  at  a given  time  in  order 
that  the  data  can  be  properly  interpreted. 

Precise  tracking  of  orbiting  communications  satellites  is  essential 
so  that  antennas  on  the  surface  can  accurately  fix  on  them  for  maxi- 
mum reception.  Continuous  voice  communication  is  a requirement 
for  manned  orbiting  spacecraft  such  as  those  in  Project  Mercury  and 
Gemini.  The  early  Saturn  I flight  tests  of  the  Apollo  command 
module,  unmanned,  require  complete  command  of  capsule  operation 
from  the  ground  stations.  Most  data  of  these  types  are  acquired 
from  stations  with  relatively  small  antennas  with  diameters  ranging 
from  25  to  40  feet. 


When  a spacecraft  is  fired  on  a course  to  the  moon,  precise  tracking 
is  required  to  verify  that  the  acceleration  imparted  to  the  spacecraft 
by  the  injection  rocket  is  exactly  that  needed  for  the  mission.  Mid- 
course corrections  of  unmanned  lunar  and  planetary  proiies  depend 


on  calculations  from  ground  computers  and  these  calculations  must  be 
based  on  data  transmitted  from  the  spacecraft. 
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Information  for  inserting  the  unmanned  probes  in  orbit  around  the 
moon  requires  a higher  degree  of  precision.  These  unmanned  lunar 
missions  as  well  as  lunar  activities  associated  with  Project  Apollo, 
require  stations  with  the  large  85-foot  antennas. 

As  already  noted,  the  recent  Mariner  II  Venu9  fly-by  established  a 
distance  record  of  54.3  million  miles  for  communications.  Although 
the  85-foot  antenna  stations  were  adequate  for  Mariner  II,  deep  space 
probes  of  the  future  will  transmit  over  greater  distances  from  earth 
and  will  send  much  larger  quantities  of  data.  This  will  require  even 
larger  antennas.  One  such  antenna,  which  will  be  210  feet  in  diameter, 
is  being  developed  at  the  Jet  Propulsion  Laboratory. 

The  next  slide  (fig.  37),  spots  the  locations  of  tne  major  stations 
comprising  the  three  NASA  tracking  and  data  acquisition  networks; 
the  manned  space  net,  the  deep  space  net,  and  the  satellite  net.  The 
yellow  cross-hatched  areas  show  the  general  locations  of  the  new  fa- 
cilities planned  for  fiscal  year  1964.  These  facilities  are  needed  pri- 
marily for  the  manned  lunar  exploration  program. 
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The  manned  space  stations,  indicated  by  souare  symbols,  follow 
Mercury  trajectories  across  the  Southern  United  States,  lower  Africa, 
and  Australia.  The  deep  space  net  stations,  indicated  by  the  red  dots, 
are  in  Woomera,  Australia;  Goldstone,  Calif.;  and  Johannesburg, 
South  Africa.  The  satellite  net  stations  indicated  by  circles,  extend 
from  Alaska  to  South  America  and  from  Australia  to  Europe. 

Three  ships,  one  in  the  Atlantic  and  two  in  the  Indian  Ocean,  are 
used  as  floating  tracking  stations.  In  the  Atlantic  after  launch,  as 
the  spacecraft  is  gaining  altitude,  it  must  be  tracked  to  obtain  the  in- 
formation used  to  determine  insertion  into  earth  orbit.  During  this 
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time,  the  spacecraft  is  over  the  horizon  from  the  Western  Hemisphere 
stations  but  too  low  in  altitude  to  be  acquired  by  stations  on  the  main- 
land of  Africa.  This  is  why  a shipboard  station  in  the  Atlantic  is 
employed. 

The  Apollo  spacecraft,  on  the  other  hand,  will  be  over  the  Indian 
Ocean  when  it  is  injected  into  the  lunar  trajectory.  Because  the  posi- 
tion of  the  spacecraft  at  the  injection  point  varies  so  much  with  time 
of  launch,  two  ships  will  be  needed  in  the  Indian  Ocean  to  assure 
coverage.  These  will  be  fully  equipped  with  special  systems  peculiar 
to  Apollo  and  will  be  completely  integrated  with  the  entire  network 
supporting  Apollo  lunar  missions. 

Tracking  during  the  lunar  transfer  trajectory  and  communication 
with  the  spacecraft  as  it  orbits  and  the  lunar  excursion  module  as  it 
lands  on  the  lunar  surface  will  require  more  85-foot  antenna  stations 
than  now  exist  in  the  deep  space  net.  The  stations  used  for  the  lunar 
mission  will  be  constantly  in  service  from  lift-off  until  the  Apollo 
spacecraft  returns  to  earth.  During  this  period,  these  stations  can- 
not be  employed  for  any  other  purpose.  Three  new  stations  are  re- 
quested for  fiscal  year  1964.  The  precise  sites  have  not  been  selected. 
We  have  indicated  on  the  map  with  yellow  general  areas  in  southern 
Europe,  in  the  United  States,  and  in  Australia  where  it  would  be  de- 
sirable to  locate  the  new  85-foot  antenna  stations.  Deep  space  net 
facilities  will  be  used  as  backup  should  a,  failure  occur  m a station 
operation. 

Budget:  The  budget  for  tracking  and  data  acquisition,  shown  on 
the  next  slide  (fig.  38),  increases  in  fiscal  year  1984  to  $379.2  million. 


TRACKING  AND  DATA  ACQUISITION 

FISCAL  YEAR  1964  BUDGE?  ESTIMATE 

(IN  MILLIONS) 


FY  62 

FY  63 

FY  64 

RESEARCH,  DEVELOPMENT 
AND  OPERATIONS 

$ 83.8 

$159.8 

$261.6 

CONSTRUCTION  OF  FACILITIES 

35.1 

36.3 

117.6 

TOTAL  TRACKING  AND 
DATA  ACQUISITION 

$ 118.9 

$196.1 

$379.2 
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Figure  38 
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The  research,  development,  and  operations  cost  increase  to  $261.6 
million  is  primarily  due  to  the  fact  that  4 new  stations  and  12  aug- 
mented stations  will  become  fully  operational  in  fiscal  year  1964. 
Specifically,  the  satellite  network  will  he  modified  to  handle  the  high 
data  output  rates  of  our  advanced,  second-generation  satellites.  Most 
of  the  manned  space  net  stations  are  being  augmented  in  fiscal  year 
1963  to  meet  Project  Gemini  requirements.  They  will  also  be  used 
for  the  Apollo  mission.  However,  additional  modifications,  such  as 
single  multipurpose  transponder  systems  and  improved  data  handling 
and  data  processing  equipment,  must  be  added  to  meet  the  Apollo 
requirements. 

The  deep  space  net  will  be  modified  to  meet  the  goals  of  the  un- 
manned lunar  and  planetary  programs  planned  in  1965.  More  sensi- 
tive receivers  will  be  incorporated  to  improve  data  reception  and  an- 
tennas will  be  changed  to  receive  information  at  a higher  rate. 

The  satellite  net  will  be  changed  to  accommodate  the  larger  quan- 
tity of  data  obtained  and  transmitted  by  future  spacecraft.  Im- 
provements will  be  made  in  the  data  acquisition  and  command  capabil- 
ities with  addition  of  equipment  that  can  measure  distance  and  change 
in  distance  from  earth.  Equipment  will  also  be  added  which  lends 
itself  to  automatic  recording  and  processing  of  large  amounts  of  data. 

In  addition,  special-purpose  equipment  to  meet  unique  mission  re- 
quirements is  needed  to  assure  proper  telemetry  coverage. 

The  estimated  budget  of  $117.6  million  for  construction  of  facilities 
includes  $90  million  for  the  three  tracking  ships  I mentioned  a little 
earlier.  Most  of  the  remaining  facility  Hinds  requested  are  for  the 
three  85-foot  antenna  stations  which  I have  also  discussed. 

Advanced  studies : As  part  of  our  effort  to  place  and  maintain  the 
United  States  in  the  forefront  of  space  endeavors,  we  are  continually 
conducting  studies  of  possible  future  missions  throughout  all  NASA 
program  areas.  Taken  into  account  are  the  state-of-the-art  accom- 
plishments and  long-range  scientific  and  military  desires  and  require- 
ments. These  studies  help  us  to  determine  the  best  projects,  starting 
dates,  design  concepts  to  be  followed,  and  end  objectives  to  be  ob- 
tained. The  facts  permit  management  to  consider  expected  require- 
ments and  to  plan  effectively  for  an  aggressive  and  well  balanced  fu- 
ture space  program.  Some  of  the  major  studies  are  listed  on  the  next 
slide  (fig.  39,  p.  96) . 

Under  stuay  is  a large  vehicle  with  payload  capacity  of  two  to  four 
times  that  of  the  Saturn  V.  We  are  considering  the  use  of  solid  as 
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Figure  39 


well  as  liauid  propellants  in  the  various  stages  of  such  a vehicle.  This 
requires  that  engineering  feasibility  of  solid  rocket  engines  be  demon- 
strated through  full-scale  tests.  NASA  has  arrived  at  an  agreement 
with  the  Department  of  Defense  that  the  Air  Force  will  provide  funds 
and  technical  direction  in  this  area.  NASA’s  solid  propellent  launch 
vehicle  studies  are  designed  to  provide  information  on  the  rocket- 
motor/launch-vehicle  relationships  that  will  influence  the  direction 
of  the  Air  Force  solid  rocket  development  program. 

The  high  specific  impulse  upper  stages  of  such  a vehicle  might  utilize 
either  chemical  or  nuclear  propulsion.  Consequently,  the  effect  on 
the  M-l  or  NERVA  engines  as  well  as  advanced  research  with  fuels 
other  than  liquid  hydrogen  directly  contribute  to  these  studies. 

Manned  eanh  orbiting  laboratory  concepts  are  being  studied.  The 
studies  include  consideration  of  the  use  of  elements  of  Projects  Gemini 
and  Apollo.  The  possible  uses  of  such  a laboratory  as  well  as  the  silt, 
the  configuration,  and  methods  of  supply  are  being  studied.  This 
laboratory  may  well  be  the  first  step  to  manned  planetary  flight.  It 
will  allow  tests  of  men  and  space  venicle  components  for  long  periods, 
will  allow  development  of  assembly  procedures  in  space,  ana  should 
permit  scientific  investigations  not  possible  with  unmanned  spacecraft. 

In  looking  at  possible  growth  of  manned  lunar  exploration  beyond 
Apollo,  studies  have  been  initiated  on  a logistic  vehicle  system  to  carry 
substantial  payloads  of  shelter,  life  support  equipment,  scientific  in- 
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j 

j struments,  and  lunar  transportation  systems  to  the  moon.  Such  equip- 

I ment  could  permit  man  to  remain  on  the  moon  for  several  weeks  or 

months,  thus  facilitating  lunar  exploration.  Such  studies  also  logic- 
| ally  lead  to  considerations  of  a permanent  manned  lunar  base, 

f In  the  area  of  unmanned  probes,  studies  will  be  devoted  to  concepts 

fi  of  an  advanced  unmanned  planetary  spacecraft  soft  landed  on  the 

f planets  Venus  and  Mars.  Some  missions  of  these  types  may  require 

j the  use  of  electric  propulsion  systems  and  other  new  technology  cur- 

rently being  developed. 

A synchronous  orbit  meteorological  satellite  would  be  useful  to  the 
I Weather  Bureau  and  is  also  under  studv.  Such  a satellite  in  syn- 

chronous orbit  would  be  stationary  over  the  surveillance  area.  Three 
l h or  four  such  satellites  spaced  around  the  earth  would  give  continuous 

| monitoring  of  surface  conditions  and  permit  detection  of  short  life 

| disturbances  such  as  cyclones,  tornados,  and  thunderstorms. 

I Systems  for  gathering  more  and  better  information  are  constantly 

f being  studied  to  make  tracking  and  data  acquisition  more  accurate  and 

r reliable.  We  are  reviewing  a variety  of  new  techniques  for  increasing 

; antenna  size,  receiver  sensitivity,  and  effective  bandwidth  to  permit 

| receipt  of  greater  amounts  of  data  and  to  operate  at  greater  distances 

| from  the  earth. 

Studies  such  as  these  are  directed  toward  providing  us  with  a broad, 
vigorous  program  for  continued  development  of  manned  flight  in 
ir  space,  for  further  scientific  exploration  of  space,  and  for  future  ap- 

plications of  space  knowledge  and  technology  to  practical  uses. 

Total  NASA  budget  summary : The  total  budget  estimate  for  the 
T program  I have  just  reviewed  is  summarized  on  this  slide  (fig.  40). 
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Estimated  research,  development,  and  operations  costs  are  combined 
with  the  estimated  costs  of  facilities  for  each  program  area.  The 
effort  proposed  for  fiscal  year  1964,  which  is  estimated  to  cost  $5,712 
million,  is  designed  to  provide  this  country  with  an  effective,  aggres- 
sive program  in  space  and  in  aeronautical  research. 

The  major  increase  of  $1,521  million  in  the  Manned  Space  Flight 
program  is  required  to  fund  the  Apollo  spacecraft  ana  associated 
launch  vehicle  development.  The  increase  in  the  Space  Sciences 
estimate  reflects  the  effort  to  develop  already  approved  orbiting 
observatories  and  the  initiation  of  planetary  spacecraft  with  entry 
capsules.  The  increase  in  the  Applications  area  reflects  the  continued 
work  on  meteorological  satellites  and  increasing  emphasis  on  active 
communication  satellites.  The  Advanced  Research  and  Technology 
funding  reflects  a level  commensurate  with  and  essential  to  a grow- 
ing development  program.  A portion  of  the  increased  funding  is  to 
support  a greater  effort  on  the  NERVA  project. 

Organization  and  staffing : The  estimated  staffing  requirements  of 
the  Agency  for  fiscal  year  1964  are  noted  on  the  following  slide  (fig. 
41).  As  you  might  suspect,  the  largest  increment  of  personnel  is 
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assigned  to  the  manned  space  flight  effort.  The  reason  for  the  large 
number  of  personnel  in  advanced  research  is  that  a large  percentage 
is  done  inhouse.  We  believe  that  we  can  accomplish  tne  program  I 
have  presented  with  the  size  of  staff  proposed,  32,396.  The  requested 
increase  in  staff  corresponds  to  a 14  percent  increase  as  compared  with 
a 55  percent  increase  in  the  budget.  We  believe  that  to  operate  with 
fewer  people  would  prove  detrimental  to  the  proper  conduct  of  the 
program. 
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To  fulfill  its  broad  responsibilities,  NASA  requires  strong  manage- 
ment. This  past  year  our  organizational  lines  were  modified  slightly 
to  provide  tne  definitive  management  required  in  th«  many  areas 
related  to  field  center  operation.  The  changed  organizational  struc- 
ture is  shown  on  the  next  slide  ( fig.  42) . As  in  the  past,  the  program 
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directors  report  directly  to  me,  and  the  centers  are  responsible  to  the 
cognizant  program  offices  for  the  conduct  of  their  technical  programs. 
At  this  time  I wish  to  direct  your  attention  only  to  changes  from  the 
previous  lines  of  organizational  responsibility. 

The  management  structure  of  the  organization  provides  for  two 
Deputy  Associate  Administrators  to  support  me  in  the  management 
of  the  agency’s  field  centers.  Mr.  Holmes,  while  maintaining  nis  di- 
rectorship or  the  Office  of  Manned  Space  Flight,  has  been  made  re- 
sponsible for  the  institutional  affairs  of  the  development  and  opera- 
tional centers  primarily  concerned  with  manned  space  flight  These 
centers  are  the  Qeorge  C.  Marshall  Space  Flight  Center,  the  Launch 
Operations  Center,  and  the  Manned  Spacecraft  Center.  Institutional 
affairs  include  sucn  matters  as  field  center  management,  organization, 
staffing,  general  support  facilities,  and  operating  policies.  The  other 
Deputy  Associate  Administrator  carries  out  similar  activities  for  the 
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coordination  between  NASA  and  the  DOD  on  the  various  activities 
of  vital  interest  or  involvement  of  both  agencies.  The  last  position 
that  we  established  to  strengthen  the  general  management  of  NASA 
is  that  of  Deputy  Associate  Administrator  for  Industrial  Affairs. 
This  position  is  occupied  by  Mr.  Walter  L.  Lingle  who  has  had  ex- 
tensive executive  management  experience  in  industry.  Establish- 
ment of  this  position  will  provide  a full-time  member  of  NASA’s 
general  management  team  to  focus  on  the  nature  and  effectiveness  of 
NASA’s  relationship  with  the  U.S.  industrial  community. 

As  you  see,  positive  steps  are  being  taken  to  implement  the  broad 
and  progressive  aeronautics  and  space  program  under  the  direction  of 
NASA. 

I have  discussed  with  you  today  the  content  of  our  programs,  the 
direction  in  which  we  believe  the  programs  must  move,  and  the  budget, 
which  in  our  best  judgment  is  required  to  progress  as  soundly  and  as 
rapidly  as  possible  toward  our  national  objectives  in  space. 

Our  program  directors  are  prepared  to  bring  you  more  detailed 
information  in  each  area  that  I discussed. 

The  Chairman.  Thank,  you  Dr.  Seamans. 

I have  heard  a lot  about  these  50-mile  hikes,  but  this  is  some  sort  of 
a record  you  have  set  today. 

As  you  know,  the  other  representatives  of  NASA  will  be  here  to  go 
into  this  in  detail.  The  time  is  almost  12.  If  there  are  any  questions 
that  we  can  ask  in  the  short  time  left,  I will  entertain  them. 

Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Is  the  full  amount  of  this  proposal 
budget  necessary  and  by  necessary  I mean  absolutely  necessary  so  that 
it  will  hurt  the  program  in  vital  phases  if  it  is  cut? 

Dr.  Seamans.  The  budget  is  absolutely  necessary  to  achieve  the 
objectives  that  I have  discussed  with  you  this  morning. 

Mr.  Fulton  of  Pennsylvania.  And  that  objective  is  a well-planned, 
efficient  space  program  that  will  make  the  United  States  preeminent 
in  space ; is  that  correct  ? 

Dr.  Seamans.  Our  objective  is  to  have  the  United  States  preemi- 
nent in  space,  and  this  means  to  us  preeminent  in  space  science,  in 
technology,  and  in  flight  operations.  We  believe  that  the  manned 
space  flight  program,  leading  to  a manned  lunar  landing  draws  much 
of  this  program  together  and  gives  it  real  focus.  Approximately  75 
percent  of  the  NASA  budget  will  really  go  into  the  manned  lunar 
landing  effort.  However,  there  are  important  areas  that  are  not  part 
and  parcel  of  manned  lunar  landing;  namely,  the  communications 
and  meteorological  programs  and  the  advanced  research  program. 

Mr.  Fulton  of  Pennsylvania.  You  have  now  come  up  with  your 
last  figure  for  closing  the  Mercury  program.  It  now  adds  up  over 
the  period  of  years  to  about  four  times  the  original  estimated  budget 
for  Mercury. 

Likewise  we  find  on  the  Apollo  program  and  Gemini  already  some 
signs  that  the  budget  is  increasing  above  estimates.  Can  you  assure 
us,  for  example,  that  on  the  Gemini  program  we  are  not  going  to  get 
into  the  same  kind  of  estimates  that  have  happened  in  the  Mercury 
program,  and,  secondly,  that  if  we  budget  these  funds  we  won’t  be 
having  so  much  reprograming  that  we  are  draining  other  necessary 
programs  for  the  manned  space  flight  program. 
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Dr.  Seamans.  I cannot  guarantee  that  the  cost  of  a program  like 
Gemini  will  not  be  over  the  budget  estimates. 

Mr.  Fulton  of  Pennsylvania.  No,  but  you  are  fairly  certain  ? 

Dr.  Seamans.  I can  only  say  that  the  estimates  that  we  are  dis- 
cussing with  you  today  and  will  discuss  with  you  in  your  various  sub- 
committees are  our  best  estimates  at  this  time  of  what  the  projects  will 
cost,  and  we  have  attempted  to  take  into  account  all  factors  in  the 
project,  and  we  believe  that  we  have  learned  from  our  Mercury  ex- 
perience and  the  experience  of  other  projects  so  that  we  are  now  in- 
cluding more  of  the  costs  that  will  be  involved. 

Mr.  Fulton  of  Pennsylvania.  We  aren’t  faced  with  tremendous 
reprograming? 

Dr.  Seamans.  So  far  as  the  reprograming,  we  have  taken  the  posi- 
tion this  year,  and  will  continue  next  year,  to  reprogram  where  it  is 
absolutely  necessary  but  at  the  same  time  not  allow,  for  example,  a 
manned  lunar  landing  effort  to  absorb  funds  from  other  projects 
to  the  point  where  these  other  projects  become  decimated. 

We  feel  that  the  aeronautics  program,  for  example,  and  the  meteoro- 
logical, and  the  communications,  to  mention  three,  are  extremely  im- 
portant to  the  United  States,  and  that  even  though  these  do  not  carry 
a DX  priority  that  these  should  n i be  damaged  by  possible  overruns 
in  the  manned  flight  area. 

Mr.  Fulton  of  Pennsylvania.  And  the  boron  program  will  not  be 
decimated  again  this  coming  year  by  two-thirds? 

The  Chairman.  Well,  maybe. 

I noticed,  Doctor,  when  you  got  to  p&go  66  of  your  report  you  had 
a sentence  in  here  that  you  eliminated.  You  were  speakmg  of  track- 
ing data  and  more  efficient  acquisition.  In  your  prepared  report  you 
spoke  of  the  possibility  of  using  a Laser  system  being  under  study  to 
improve  accuracy  of  data  from  deep  space.  You  did  not  pursue  that  ? 
Are  you  doing  anything  in  this  field  ? 

Dr.  Seamans.  Yes,  we  are.  That  statement  actually  is  correct  in 
the  version  of  the  statement  that  you  have,  but  I felt  that  it  was  really 
too  restrictive  and  I attempted  to  generalize  my  statements  to  point 
out  that  we  are  studying  other  techniques  as  well. 

The  Chairman.  You  are  looking  to  this  new  technique  ? 

Dr.  Seamans.  Yes,  we  are. 

The  Chairman.  That  is  true  but  it  holds  some  possibilities.  I don’t 
think  anyone  can  say  positively,  but  it  certainly  is  worth  while  going 
into. 

Dr.  Seamans.  I find  that  the  people  who  know  much  more  about  it 
than  I are  most  enthusiastic  about  the  possibilities. 

Mr.  Earth.  Mr.  Chairman,  just  one  question. 

Doctor,  why  are  we  developing  a million-and-a-half  pound  thrust 
engine  when  we  already  have  one  that  is  developed  ? 

Dr.  Seamans.  The  million-and-a-half  pound  thrust  engine,  the  M-l, 
is  a high  specific  impulse  upper  stage  engine  and  we  find  that  the  F-l 
engine  would  not  be  suitable  for  upper  stage  application  for  a possible 
future  Nova  type  vehicle. 

Mr.  Karth.  Soyour  purpose  of  development  is  for  an  upper  stage. 

Dr.  Seamans.  That  is  correct. 

Mr.  Karth.  Which  would  be  used  on  a Nova  type  vehicle. 
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Dr.  Seamans.  A Nova  type  vehicle  will  have  a relatively  low  specific 
impulse  first  stage,  which  might  be  a large  number  of  F-l  engines 
clustered  together.  The  upper  stage  is  the  one  where  the  high  spe- 
cific impulse  makes  a tremendous  difference.  Here  we  will  want  some 
form  ox  high  specific  impulse  chemical  fuel  or  a nuclear  stage. 

Mr.  Karth.  I understand  that,  Doctor ; I was  just  wondering  what 
you  were  going  to  use  it  for.  That  is  all. 

The  Cf*  'man.  Any  other  questions? 

Mr.  Hechter. 

Mr.  Hechler.  Dr.  Seamans,  I am  still  not  completely  sold  on  the 
size  of  the  staff  NASA  is  requesting.  I realize  that  you  and  others 
here  have  discussed  the  means  that  you  are  taking  to  insure  greater  re- 
liability, to  smooth  out  the  scheduling,  to  have  a checkout  system,  and 
you  state  that  to  operate  with  fewer  people  would  prove  detrimental  to 
the  program.  We  are  going  to  get  into  this  in  a good  deal  more  detail 
in  the  subcommittee,  but  I wonder  if  you  could  give  us  any  more 
general  assurance  of  what  you  are  doing  and  have  tried  to  do  to  keep 
the  size  of  the  staff  from  expanding  so  rapidly. 

Dr.  Seamans.  The  administration  is  taking  strong  measures  to  keep 
down  the  size  of  all  Government  agencies,  including  our  own.  The 
size  of  each  agency  is  reported  on  a monthly  basis  directly  to  the 
President.  Any  increase  in  NASA  must  have  the  concurrence  of  the 
Bureau  of  the  Budget.  It  is  necessary  for  me  and  my  staff  to  work  very 
clpsely  with  the  Bureau  of  the  Budget  to  fully  justify  any  increase 
whatsoever. 

Similarly,  in  working  with  our  center  people,  we  recognize  the  prob- 
lems associated  with  size,  and  that  if  our  centers  become  too  large  they 
may  become  inefficient.  We  do  our  very  best  to  determine  where  there 
is  a real  need  for  growth  as  opposed  to  a desire  for  growth  just  for 
growth’s  sake. 

Our  Office  of  Programs  and  Office  of  Administration  make,  on  a 
continuing  basis,  a detailed  study  of  the  requirements  of  each  center 
and  get  into  all  of  the  areas  where  manpower  may  be  needed. 

For  example,  we  just  completed  a study  of  the  Launch  Operations 
Center  where  we  had  been  doing  a certain  amount  of  work  on  contract. 
It  involved  about  250  people.  It  was  the  feeling  of  our  own  staff, 
and  I believe  has  now  been  concurred  in  by  the  Bureau  of  the  Budget, 
that  we  would  have  a more  efficient  operation,  that  would  be  less  costly, 
if  these  people  were  on  the  civil  service  payroll,  and  we  are  proceeding 
on  that  basis.  But  these  are  matters  that  must  be  reviewed  on  an  indi- 
vidual basis,  and  this  is  what  we  are  attempting  to  do  in  a very  thor- 
ough way. 

Mr.  Hechler.  Mr.  Chairman,  could  I ask  just  one  more  quick  ques- 
tion ? 

The  Chairman.  It  is  now  5 after  12.  Go  ahead,  and  Mr.  Ryan  has 
had  his  hand  up. 

Mr.  Hechler.  I want  to  ask  a question  about  Nova.  I asked  Mr. 
Webb  ]ast  year  if  he  thought  that  we  had  budgeted  enough  for  Nova, 
and  he  said  he  thought  we  had,  and  then,  as  you  know,  that  was  taken 
out  and  I think  there  is  sort  of  a feeling  that  wTe  may  not  need  this  just 
yet.  Are  you  sure,  looking  into  the  future,  that  we  won’t  be  in  the 
same  situation  that  was  presented  by  the  reduced  size  of  the  nuclear 
weapon  which  caused  the  confidence  that  wre  had  a big  enough  launch 
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vehicle  back  in  ihe  mid  fifties?  Are  you  sure  that  we  arc  not  going 
to  run  into  this  same  situation  that  we  won’t  need  Nova  sooner  ? 

Dr.  Seamans.  Well,  that  is  the  reason,  of  course,  that  we  are  spend- 
ing some  $30  million  a year  on  the  large  solid,  as  well  as  approximately 
that  same  amount  on  the  M-l  engine,  feeling  that  these  are  the  basic 
items  that  will  be  ihe  building  blocks  for  such  a large  vehicle. 

We  also  have  had  two  study  contracts  underway  for,  I think,  ap- 
proximately 9 months  to  detail  the  design  of  possible  Nova  configura- 
tions, and  when  I talked  about  these  system  studies  this  is  what  1 was 
referring  to. 

We  are  also  looking  at  it  from  the  other  standpoint ; namely,  what 
the  possible  requirements  are  for  such  a large  vehicle,  looking  at 
potential  manned  flight  to  the  planets,  scientific  investigation,  as  well 
as  possible  military  application.  So  we  are  doing  our  best  not  to 
get  caught  short  as  we  were  in  the  past. 

Mr.  Hechier.  Thank  you. 

The  Chairman.  Mr.  Ryan. 

Mr.  Rtan.  Dr.  Seamans,  returning  to  Mr.  Heckler's  first  question, 
I am  concerned  and  have  been  that  in  your  effort  to  hold  down  the 
size  of  your  staff  and  personnel  that  you  are  contracting  for  services 
with  corporations  outside  and  thereby  increasing  the  overall  cost  of 
the  program.  This  goes  back  to  the  Bellcomm  contract  and  the  G.E. 
contract.  Now  can  you  tell  us  what  the  cost’  per  year  is  of  the  Bell- 
comm contract  as  it  exists  today  ? 

Dr.  Seamans.  I can’t  give  you  the  exact  amount.  I think  it  runs 
around  $10  million. 

Mr.  Wyatt.  I am  not  sure. 

Dr.  Seamans.  We  will  have  to  give  that  to  you  and  put  it  in  the 
record.  It  is  of  approximately  that  magnitude. 

Mr.  Ryan.  Ten  million  dollars  a year. 

Dr.  Seamans.  Approximately,  yes  j and,  of  course,  this  is  providing 
us  with  an  extremely  important  service  to  our  system  office  and  head- 
quarters here. 

The  Bellcomm  contract  is  estimated  to  be  $7.9  million  in  fiscal  year 
1963  and  $12  million  in  fiscal  year  1964. 

Mr.  Ryan.  I understand  that,  but  at  the  same  time  I was  convinced 
last  year  that  you  could  accomplish  the  same  result  inhouse  at  a 
much  less  expenditure  of  funds  by  hiring  directly  the  systems  engi- 
neers, and  I ask  this  question : Did  you  this  year  in  presenting  your 
estimates  to  the  Budget  Bureau  attempt  to  compute  what  it  would 
cost  to  have  those  systems  engineers  inhouse  ? 

Dr.  Seamans.  Systems  engineers  are  in  very  great  demand.  We 
are  attempting  to  build  up  tie  inhouse  competence  under  Dr.  Shea. 
We  have  an  understanding  with  Bellcomm  that  at  such  time  as  we  can 
build  up  sufficient  competence  and  get  over  this  very  great  peak 
demand  on  our  system  group  that  Bellcomm  will  be  phased  out  and  it 
will  become  entirely  an  inhouse  operation.  That  is  a complete  under- 
standing that  we  have  with  Bellcomm. 

At  the  moment  it  would  really  be  quite  academic  to  cost  out  the 
carrying  out  of  this  work  on  an  inhouse  basis,  because  we  could  not 
hire  sufficient  inhouse  competence  to  handle  the  job  that  we  face 
today.  We  also  have,  in  going  to  Bellcomm,  a flexibility  that  we  would 
not  nave  otherwise;  namely,  the  use  on  a part-time  basis  of  people 
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in  the  Beli  Telephone  Laboratories.  So  we  feel  that  the  use  of  Bell- 
comm  is  permitting  us  to  start  with  maximum  drive  and  energy  on  this 
manned  lunar  program  and  we  could  not  do  it  any  other  way. 

Mr.  Ryan.  Could  I ask  this  question  about  the  G.E.  contract: 
What  is  the  cost  of  that  per  year? 

Dr.  Seamans.  Now,  that  is  a program  that  will  show  a much  greater 
increase  than  the  Bellcomm  because  it  does  involve  hardware.  The 
Bellcomm  does  not  involve  any  hardware.  It  is  entirely  the  conduct  of 
special  studies  as  assigned  by  Dr.  Shea  and  his  group. 

Mr.  Ryan.  Does  not  the  G.E.  contract  break  down  into  two  parts? 

Dr.  Seamans.  Yes,  G.E.  breaks  down  into  two  parts.  One  is  the 
reliability  and  documentation  and  general  effort  of  that  sort  that  is 
associated  with  the  mating  of  all  of  the  elements  of  the  space  vehicle 
and  the  reliability  analyses  of  this  integrated  vehicle. 

The  other  part  is  the  responsibility  for  the  automatic  checkout  of 
this  total  vehicle  at  Cape  Canaveral,  and  this  involves  the  design  and 
fabrication  of  the  hardware  that  will  be  in  Complex  39  there  at  the 
cape. 

Mr.  Ryan.  Well,  can  you  provide  for  the  record  a breakdown  of 
the  cost  of  the  two  parts? 

Dr.  Seamans.  I can  provide  it  for  the  record. 

Mr,  Ryan.  Can  you  estimate  it? 

Dr.  Seamans.  I wrill  put  in  the  record  an  estimated  cost. 

Mr.  Ryan.  I mean  can  you  estimate  it  right  now. 

Dr.  Seamans.  The  estimate  right  now  for  the  G.E.  program  in  fiscal 
1964 1 believe  will  run  over  a hundred  million  dollars,  but  I would  have 
to  check  that  to  be  sure. 

(The  information  requested  is  as  follows :) 

The  GE  contract  is  estimated  as  follows  for  fiscal  year  1964 : Millions 


Integration $26 

Checkout 91 

Reliability 26 


Total 143 


The  Chairman.  Gentlemen,  it  is  now  11  minutes  after  12.  If  there 
are  any  other  questions 

Mr.  Chenoweth.  Mr.  Chairman.. 

The  Chairman.  I don’t  want  to  cut  anybody  off,  but  Dr.  Seamans 
has  been  talking  for  about  2 hours.  I wanted  to  give  him  a little  break, 
too. 

Mr.  Chenoweth.  Doctor,  I want  to  commend  you  on  this  splendid 
statement,  this  splendid  presentation.  I think  it  is  one  of  the  most 
comprehensive  and  impressive  I have  ever  seen  and  certainly  you 
have  a very  efficient  staff  to  prepare  a statement  like  that.  You  have 
presented  everything  here  in  a very  concise  and  convincing  manner. 

You  are  a good  salesman,  and  you  were  preceded  yesterday  by  an- 
other good  salesman. 

Dr.  Seamans.  I have  a good  product,  Mr.  Chenoweth. 

Mr.  Chenoweth.  I told  him  yesterday  you  have  a good  product, 
you  are  a good  salesman,  and  it  is  just  a question  of  whether  we  will 
have  enough  money  to  buy  what  you  are  selling  right  now  that  will 
determine  whether  you  can  make  that  sale. 

Let  me  make  this  suggestion,  Doctor,  in  all  good  humor : I wonder 
if  it  would  be  asking  too  much — I just  make  it  as  a suggestion  for 
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what  it  is  worth — to  have  this  staff — it  is  a very  efficient  staff  which 
has  prepared  this  comprehensive  report — to  have  the  staff  sharpen 
their  pencils  and  do  a little  work  on  what  would  happen  if  Congress 
in  its  wisdom,  or  lack  of  wisdom,  might  decide  on  about  a 10  percent 
cut  for  these  different  agencies,  including  yours,  where  that  cut  could 
best  be  absorbed  without  posing  a great  dislocation. 

I just  make  that  suggestion.  I don’t  know  what  Congress  is  going 
to  do.  I know  there  is  a great  deal  of  discussion  up  here  on  this 
subject. 

The  President  has  indicated  that  he  wants  a tax  cut.  He  says  that 
is  the  No.  1 objective  this  year,  and  there  are  a great  many  who  feel 
that  we  can’t  get  a tax  cut  unless  there  is  some  reduction  m Federal 
expenditures,  and  this  agency,  with  the  Department  of  Defense  and 
foreign  aid,  are  those  that  are  prominently  mentioned  as  where  that 
cut  would  have  to  come. 

I just  mention  that,  Doctor,  saying  in  the  best  of  good  faith  here, 
that  I think  it  might  be  well  to  have  some  of  your  people  prepare 
such  a statement,  if  it  comes  to  that  event.  I don’t  know  that  it  will, 
but  there  is  that  possibility. 

Dr.  Seamans.  We  will  take  your  suggestion  under  advisement,  but 
do  not  advise  you  to  take  that  action. 

Mr.  Fulton  of  Pennsylvania.  Could  I have  one  comment. 

The  Chairman.  Well,  any  others  ? 

Mr.  Piehlman.  I don’t  have  any. 

The  Chairman.  All  right,  we  will  let  you  close. 

Mr.  Fulton  of  Pennsylvania.  I am  sorry  that  you  have  left  out 
the  program  for  the  structure  of  the  universe  on  deep  space  probe 
radar  telescopes,  which  might  have  used  West  Virginia  possibly — I 
am  adding  that  on. 

The  Chairman.  The  committee  is  adjourned. 

(Whereupon,  at  12:14  p.m.,  the  hearing  was  adjourned.) 
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APPENDIX  B 

March  23,  1963. 

Hon.  James  E.  Webb, 

Administrator,  National  Aeronautics  and  Space  Administration,  Washington,  D.C. 

Dear  Mb.  Webb:  Reference  the  NASA  fiscal  year  1964  authorization  request 
now  under  consideration  by  this  committee. 

In  order  to  fully  evaluate  the  construction  of  facilities  portion  of  the  authoriza- 
tion request,  certain  data  in  addition  to  those  provided  in  the  justification  pres- 
entations will  be  required  as  indicated  on  the  attached  sheets.  To  preclude  later 
submission  of  these  data  for  the  record  following  testimony  by  the  appropriate 
witnesses,  I consider  it  desirable  that  such  information  be  submitted  in  advance 
as  a means  toward  expediting  our  review  of  the  program. 

Accordingly,  I would  appreciate  receipt  of  this  information  at  the  earliest  prac- 
ticable date,  and  in  any  event,  no  later  than  April  5, 1963. 

Sincerely  yours, 

George  P.  Miller,  Chairman. 


Items  of  a General  Nature — Construction — Requiring  Information  Prom 

NASA 


1.  Research,  development  and  operations  appropriations  used  for  items  of  a 
capital  nature  required  for  the  performance  of  research  and  development  con- 
tracts. (Sec.  lc(i)  Public  Law  87-584,  76  Stat.  382.)  Facilities  costing  In  ex- 
cess of  $250,000  are  reported  to  the  Congress.  No  provision  is  made  for  report- 
ing of  projects  costing  less  than  $250,000. 

Provide — (a)  Summary  of  all  fiscal  year  1963  funds  used  for  this  purpose  for 
facilities  costing  less  than  $250,000. 

2.  Maintenance,  repairs,  alterations  and  minor  construction: 


NASA  estimate  fiscal  year  1963  (page  A12-1  fiscal  year  1963 

budget  estimate)-, — — $11,694,000 

NASA  actual/estimated  fiscal  year  1963  (page  OC  25-1,  fiscal 

year  1964  budget  estimate,  vol.  I)  . . 17, 424, 000 

NASA  estimate  fiscal  year  1964  (page  OC  25--1,  fiscal  year 
1964  budget  estimate,  vol.  I ) — 20, 918, 000 


Justification  indicates  need  for  routine  repairs  and  alterations  plus  new  con- 
struction of  an  urgent  nature  which  cannot  await  subsequent  legislation  for 
specific  authorization.  Projects  are  categorized  as  “minor”  in  nature,  costing 
less  than  $250,000. 

Provide — 

(a)  Statement  of  policies  and  procedures  in  effect  (to  include  delega- 
tion of  authorities)  within  NASA  to  control  use  of  these  funds. 

(5)  Summary  of  specific  projects  by  location,  facility  and  amount  for 
which  these  funds  were  obligated,  or  are  scheduled  for  obligation,  during 
fiscal  year  1963. 

(c)  Statement  as  to  source  of  funds  used  to  defray  deficit  between  the 
$11,694,000  programed,  and  the  $17,424,000  now  required  for  fiscal  year  1963. 

( d ) Basis  for  the  fiscal  year  1964  estimate  of  $20,918,000. 

3.  Construction  design  and  management. — An  in-house  engineering  capability 
exists  at  certain  NASA  installations  to  develop  criteria,  negotiate,  award,  and 
supervise  architectural  and  engineering  firms  in  the  design  of  facilities,  and  to 
supervise  and  inspect  construction.  At  other  installations,  these  tasks  are  per- 
formed by  means  of  construction  management  contracts,  usually  of  the  OPFF 
variety.  At  still  other  installations,  the  U.S.  Army  Corps  of  Engineers  are 
employed  for  this  purpose. 

Provide — 

(a)  A statement  of  NASA  policies  and  procedures  with  regard  to  these 
engineering  services. 

(6)  A percentile  cost  of  experience  to  date  indicating  a comparison  of 
costs  for  accomplishing  these  services  by  the  various  means  to  Include  en- 
gineering, supervision  and  inspection,  overhead,  and  in-house  engineering 
burden  rates  for  work  by  in-house  means;  work  by  construction  manage- 
ment contract ; and  work  by  U.S.  Army  Corps  of  Engineers. 

4.  Design  criteria  and  construction  standards. — Section  1(f),  Public  Law 
87-584,  authorizing  funds  to  be  appropriated  for  fiscal  year  1963,  requires  that 
NASA  use  design  criteria  and  construction  standards  of  the  General  Services 
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Administration,  Navy  Bureau  of  Yards  and  Docks,  or  the  Army  Corps  of  Engi- 
neers, to  the  fullest  extent  practicable,  pending  development  of  uniform  criteria 
by  NASA. 

(а)  Has  NASA  developed  uniform  criteria  and  standards  for  repetitive- 
type  facilities? 

(б)  If  not,  when  may  this  committee  expect  these  criteria  to  be  in  effect? 

(o)  To  what  extent  have  the  criteria  of  the  three  other  Government  agen- 
cies mentioned  in  the  law  been  applied  in  developing  the  fiscal  year  1964 
program?  (Provide  list  of  projects  contained  in  the  fiscal  year  1964  pro- 
gram for  the  record,  to  which  existing  standards  and  criteria  were  applied 
in  project  formulation.) 

5.  Advance  design  f unds. — Provide  a list  of  construction  projects  included  in 
the  fiscal  year  1964  program  to  which  advanced  facility  planning  and  design 
funds  authorized  in  fiscal  year  1963  have  been  committed. 

Include  location,  project  title,  estimated  project  cost,  and  design  funds 
committed. 


National  Aeronautics  and  Space  Administration, 

Office  of  the  Administrator, 
Washington,  D.C.,  April  B2, 106$. 

Hon.  George  P.  Miller, 

Chairman,  Committee  on  Science  and  Astronautics, 

House  of  Representatives, 

Washington,  D.C. 

Dear  Mr.  Chairman  : The  attached  information  is  furnished  in  response  to 
your  questions,  accompanying  your  letter  to  Mr.  James  E.  Webb  of  March 
26,  1963,  which  concern  the  National  Aeronautics  and  Space  Administration 
fiscal  year  1964  authorization  request  for  construction  of  facilities.  We  hope 
this  information  will  be  helpful  to  the  committee. 

Sincerely  yours, 

Paul  G.  Dembling, 
Director,  Office  of  Legislative  Affairs. 


Items  of  a General  Nature — Construction— Requiring  Information  From 

NASA 


Tab  No. 

1.  Research,  development,  and  operations  appropriations  used  for  items  of 
a capital  nature  required  for  the  performance  of  research  and  de- 
velopment contracts.  (Sec.  lc(i)  Public  Law  87-584,  76  Stat.  382.) 
Facilities  costing  in  excess  of  $250,000  are  reported  to  the  Congress. 

No  provision  is  made  for  reporting  of  projects  costing  less  than 
$250,000. 


Provide : 

(a)  Summary  of  all  fiscal  year  1963  funds  used  for  this 

'purpose  for  facilities  costing  less  than  $250,000 — A 

2.  Maintenance,  repairs,  alterations,  and  minor  construction : 

NASA  estimate  fiscal  year  1963  (p.  A-12-1  fiscal  year  1963  budget 

estimate),  $11,694,000 

NASA  actual/estimated  fiscal  year  1963  (p.  OC  25-1,  fiscal  year 

1964  budget  estimate,  vol.  I),  $17,424,000 — 

NASA  estimate  fiscal  year  1964  (p.  OO  25-1,  fiscal  year  1964  budget 

estimate,  vol.  I),  $20,918,000 

Justification  indicates  need  for  routine  repairs  and  alterations  plus  new 
construction  of  an  urgent  nature  which  cannot  await  subsequent 
legislation  for  specific  authorization.  Projects  are  categorized  as 
“minor”  in  nature,  costing  less  than  $250,000. 

Provide : 


(a)  Statement  of  policies  and  procedures  in  effect  (to  in- 
clude delegation  of  authorities)  within  NASA  to  control 

use  of  these  funds B 

(b)  Summary  of  specific  projects  by  location,  facility,  and 

amount  for  which  these  funds  were  obligated,  or  are 
scheduled  for  obligation,  during  fiscal  year  1963 — - — C 


(c)  Statement  as  to  source  of  funds  used  to  defray  deficit 
between  the  $11,694,000  programed,  and  the  $17,424,000 

now  required  for  fiscal  year  1963 

id)  Basis  for  the  fiscal  year  1964  estimate  of  $20,918,000 — 
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3.  Construction  Design  and  Management  : An  in-house  engineering  capa- 

bility exists  at  certain  NASA  installations  to  develop  criteria,  ne- 
gotiate, award,  and  supervise  architectural  and  engineering  firms  in 
the  design  of  facilities,  and  to  supervise  and  inspect  construction. 
At  other  installations,  these  tasks  are  performed  by  means  of  construc- 
tion management  contracts,  usually  of  the  CPFF  variety.  At  still 
other  installations,  the  TI.S.  Army  Corps  of  Engineers  are  employed 
for  this  purpose. 

Provide:. 

(а)  A statement  of  NASA  policies  and  procedures  with  regard' 

to  these  engineering  services. 

(б)  A percentile  cost  of  experience  to  date  indicating  a com- 

parison of  costs  for  accomplishing  these  services  by 
various  means  to  include  engineering,  supervision  and  in-  > 
spection,  overhead,  and  in-house  engineering  burden  rates 
for:  Work  by  in-house  means,  work  by  construction 
management  contract,  and  work  by  U.S.  Army  Corps  of 
Engineers.  - / 

4.  Design  criteria  and  construction  standards:  Section  1(f)  Public  Law 

87-584  authorizing  funds  to  be  appropriated  for  fiscal  year  1903,  re- 
quires that  NASA  use  design  criteria  and  construction  standards  of 
the  General  Services  Administration,  Navy  Bureau  of  Yards  and 
Docks,  or  the  Army  Corps  of  Engineers,  to  the  fullest  extent  prac- 
ticable, pending  development  of  uniform  criteria  by  NASA. 

(а)  Has  NASA  developed  uniform  criteria  and  standards  for' 

repetitive  type  facilities? 

(б)  If  not,  when  may  this  committee  expect  these  criteria  to  be  in 

effect? 

(c)  To  what  extent  have  the  criteria  of  the  three  other  Government  , 
agencies  mentioned  in  the  law  been  applied  in  developing  the 
fiscal  year  1964  program  ? ( Provide  list  of  projects  contained 

in  the  fiscal  year  1964  program  for  the 'record,  to  which 
existing  standards  and  criteria  were  applied  in  project 
formulation.) 

5.  Advance  design  funds : Provide  a list  of  construction  projects  included 

in  the  fiscal  year  196*  program  to  which  Advanced  Facility  Planning 
and  Design  funds  a.  aiorized  in  fiscal  year  1963  have  been  committed. 
Include  location,  project  title,  estimated  project  cost,  and  design 
funds  committed. 


F 


G 


H 


Facilities  of  a Capital  Natube  Required  for  the  Performance  of.  Research 

and  Development  Contracts 

Facilitieaapproved  under  subsection  1(c)  (i)  of  the  National  Aeronautics  and 
Space  Administration  Authorization  Act  for  the  fiscal  year  1963  whose  estimated 
cost  exceeds  $250,000  are  reported  separately  to  the  Congress  in  individual 
notification  letters.  Projects  whose  estimated  cost  is  less  than  $250,000  and 
which  are  required  for  the  performance  of  research  and  development  projects 
at  NASA  installations  are  included  in  the  listing  of  repair,  alteration,  and  minor 
construction  projects  attached  as  a separate  listing  to  this  report.  With  the 
exception  of  the  two  projects  listed  below,  all  other  fiscal  year  1963  minor  con- 
struction projects  whose  estimated  cost  is  less  than  $250,000  and  which  are 
required  at  contractor  plants  for  the  performance  of  research  and  development 
contracts  have  been  authorized  as  part  of  the  facility  packages  in  excess  of 


$250,000  already  reported  to  the  Congress. 

Location  and  project  Amount 

Manned  Spacecraft  Center : 

Rehabilitation  of  Hangar  No.  225  and  Warehouse  No.  229,  Navy 

Auxiliary  Airfield,  El  Centro,  Calif $149, 800 

Modification  of  hangar,  Hanscom  Air  Force  Base,  Bedford,  Mass—  39, 699 


Total. 


189,499 
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[NASA  Circular  No.  107,  Oct.  4,  1960] 

Prior  Approval  by  NASA  Headquarters  op  Proposed  Procurements  and  Minor 

Construction  and  Repair  Projects 

1.  Purpose 

This  circular  prescribes  interim  procedures  for  headquarters  approval  of  pro- 
posed procurements  and  minor  construction,  repair  and  alteration  projects  (here- 
after referred  to  as  R.  & A.  projects)  pending  development  of  NASA  fiscal 
regulations. 

2.  Applicability 

The  provisions  of  this  circular  are  applicable  to  NASA  Headquarters  and  field 
installations. 

S.  Scope 

( a ) The  provisions  of  this  circular  establish  procedures  covering  prior  ap- 
proval of  projects  and  proposed  procurements  (as  defined  herein)  formerly 
covered  by  the  “requisition  list”  procedure  in  NASA  Management  Instruction 
18-50.1  (par.  5 which  has  been  deleted). 

(b)  This  circular  does  not  supersede  or  remove  any  requirements  for  Head- 
quarters review  and  approval  of — 

(1)  Contract  approvals  as  required  in  NASA  Procurement  Regulations, 
chapter  18. 

(2)  C.  & E.  project  activities. 

4.  Definitions 

For  the  purposes  of  this  circular,  the  following  terms  will  apply : 

(o)  R.  & A.  project  means  any  minor  modification,  alteration,  repair  or  con- 
struction of  a NASA  facility,  equipment,  or  related  system  whether  funded  by 

5.  & E.  or  R.  & D.  appropriations  individually  or  in  combination. 

(6)  Proposed  procurement  means  any  proposed  plan  to  obtain  outside  services 
incident  to  the  operation,  maintenance,  or  support  of  the  installation. 

5.  Procedures 

(а)  R.  d A.  projects  requiring  prior  approval. — Prior  approval  of  R.  & A. 
projects  is  required  for : 

(1)  R.  & A.  projects  involving  a total  estimated  cost  in  excess  of  $50,000. 

(2)  R.  & A.  projects  less  than  $50,000  involving  significant  alteration  of  the 
architectural  appearance  of  a facility  or  related  system,  including,  for  exam- 
ple : new  structures,  demolition  of  existing  structures,  and  laying  of  new  or 
relocation  of  roads  and  parking  areas. 

(б)  Proposed  procurements  requiring  prior  approval. — Approval  prior  to  is- 
suing an  invitation  for  bid,  request  for  proposal,  or  purchase  order,  as  appro- 
priate, is  required  when  proposed  procurement,  regardless  of  total  cost,  involves : 

(1)  Personal  services  (excluding  only  renewals  of  existing  housekeeping 
contracts  such  as  for  grounds  keeping) . 

(2 ) Utilisation  of  transport  services  or  equipment. 

( 3 ) Lease  or  rental  of  real  estate. 

(4)  Initial  purchase  or  annual  rental  of  automatic  data  processing 
equipment. 

(c)  Submission. — Requests  for  prior  approval  of  R.  & A.  projects  and  proposed 
procurements  will  be  submitted  in  memorandum  form,  in  triplicate,  containing  a 
detailed  description  of  the  proposed  project  or  proposed  procurements,  to  the  ap- 
propriate program  director  to  be  reviewed  for  conformance  with  assigned  mis- 
sions. If  approved  by  the  program  director,  the  request  will  be  forwarded  to  the 
Director  of  Business  Administration  for  final  headquarters  action. 

6.  Approved  requests 

Each  approved  project  will  be  assigned  a specific  number  for  follow-up  purposes 
and  identification.  The  requests  indicating  action  taken  by  headquarters  will  be 
returned  to  the  initiating  installation  through  the  office  of  the  appropriate  pro- 
gram director. 

7.  Rescision 

Circular  103,  September  12, 1900. 

Albert  F.  Siepert,  Director  of  Business  Administration. 
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[NASA  Management  Manual,  Circular  107,  October  10,  1980] 

Material  Transmitted 

1.  Circular  103  (reference  3-5)  was  revised  to  delete  reference  to  Jet  Propul- 
sion Laborat(  -y  in  paragraph  2 “Applicability.”  Requirements  for  renovations 
and  alterations  at  the  JPL  are  handled  within  the  context  of  the  JPL  contract, 
NASw-6. 

2.  Circular  103  is  canceled  and  superseded  by  Circular  107. 

FILING  INSTRUCTIONS 

Remove  Circular  108  (reference  3-5)  and  Insert  Circular  107.  This  transmittal 
sheet  may  be  retained. 

June  9, 1961. 

Memorandum  for  the  Director,  Office  of  Administration. 

Subject : Modification  of  NASA  Circular  No.  107 ; Prior  approval  by  NASA  Head- 
quarters of  proposed  procurements  and  minor  construction  and  repair  projects. 
Reference:  NASA  Management  Manual  Instruction  No.  256  dated  June  5,  1961. 
NASA  Management  Manual  Instruction  No.  257  dated  June  5, 1961. 

1.  In  accordance  with  the  delineation  of  functions  between  the  Office  of  Ad- 
ministration and  the  Office  of  Programs  as  prescribed  by  reference  instructions, 
it  appears  appropriate  to  suggest  that  subject  circular  be  modified  to  designate 
the  Director,  Office  of  Programs,  as  the  organizational  level  for  final  approval 
of  minor  construction,  repair,  and  alteration  projects. 

2.  With  your  concurrence,  I would  like  to  advise  the  Program  Directors  of  this 
change  by  memorandum  with  formal  notification  to  follow  by  revision  of  Circular 
No.  107. 

D.  D.  Wyatt, 

Director,  Office  of  Programs. 

Enclosure. 

1.  Circular  No.  107. 

Approved : with  respect  to  items  under  5a  in  Circular  No.  107  providing  a copy 
of  each  approved  document  is  furnished  to  this  office. 

Albert  F.  Siepebt, 
Director,  Office  of  Administration. 

June  15, 1961. 


Maintenance,  repairs,  alterations,  and  minor  construction  ( funded  from  the  fiscal 

year  196S  “ R.D . d O .”  appropriation) 

Obligated  or 
scheduled  for 
obligation  as  of 

Location  and  project  Feb.  98, 196S 


Ames  Research  Center : 

Aluminum  shade  screens  for  offices  of  airplane  hangars  and 

shops $3, 930 

Installation  of  laboratory  fixtures  and  equipment  at  Charleston 

Road  bioscience  laboratory 58, 930 

Concrete  entrance  for  basement  of  instrument  research  lab- 
oratory  4, 387 

Gas  cell  calibration 9, 342 

Photographic  laboratory  paging  system 1, 966 

Jet  simulation  air  system  for  unitary  wind  tunnel 18,  849 

Installation  of  50  conductor  electric  cable  for  14-foot  wind 

tunnel _ 3, 733 

Construction  of  protective  partition  in  flight  operation  lab- 

ratory 25, 183 

Housing  for  maxltron  300  X-ray  unit 10, 372 

Partitions  for  property  and  supply  office 2, 000 

Acid  storage  building 5, 250 

2d  story  on  heat  transfer  building  for  Space  Science  Division..  120, 500 

Intercom  system  for  administration  building 6, 500 

High  pressure  air  piping  unitary  wind  tunnel 1, 825 

Safety  ventilation  in  Butler  Building  used  for  research  activ- 
ities  - 2, 540 
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Maintenance , repairs , alterations,  and  minor  construction  ( funded  from  the  fiscal 
year  1963  “B.D.  O.”  appropriation) — Continued 

Obligated  or 
scheduled  for 
obligation  as  of 


Location  and  project  Feb.  IS,  196 S 

Ames  Research  Center — Continued 

Pressure  vessel  for  wind  tunnel 6, 569 

Concrete  foundation  and  slab  at  hypersonic  tunnel 3,839 

Compressor  installation  and  piping  for  0-ft.  hypersonic  tunnel—  6, 560 

Underground  duct  installations  for  flight  operations  laboratory.  2,  875 

Air  conditioning  for  life  sciences  laboratory 2, 460 

Construction  of  engineering  psychology  laboratory 37, 368 

Arc  -heated  hypervelocity  wind  tunnel  high-voltage  instrumenta- 
tion  5, 689 

Demolition  of  existing  compressor  foundation 1, 981 

Pit  and  floor  modifications  for  fluid  mechanics — 1, 837 

Electrical  work  for  biosatellite  laboratory 17, 318 

Install  heating,  ventilation,  and  air  conditioning  for  biosatellite  . 

laboratory 10,  950 

Biosatellite  laboratory  structure 30,064 

Calibration  laboratory  for  use  with  engineering  psychology 

laboratory.. — 5, 190 

Modification  of  old  cafeteria  for  Pioneer  project 24, 335 

Miscellaneous  projects  under  $1,000 4, 246 

Repair  and  maintenance  of  heating,  ventilating,  and  cooling 

systems 50, 000 

Repair  and  maintenance  of  electrical  systems 16, 000 

Maintenance  of  buildings  and  structures 38, 000 

Maintenance  and  upkeep  of  grounds 23, 000 

Estimated  projects  for  balance  of  the  fiscal  year 

Total 562, 594 


Flight  Research  Center : 

General  storage  warehouse— 59,750 

Paint  spray  building — 28, 100 

Jet  runup  and  aircraft  park  area 189, 000 

Resurfacing  and  blacktop 15, 000 

Air  filter  maintenance — 1,  000 

Building  modification 59,  000 

Elevator  maintenance - 1, 000 

Electric,  plumbing,  and  air-conditioning  services 84,  000 

Installation  of  ceiling  and  door  repairs 1, 000 

Auto  sprinkler  system  (warehouse) 17,000 

Service,  maintenance,  and  renovation  of  500,000-gallon  water 

storage  tank 13, 000 

Air  compressor  for  warehouse  and  shop 25, 000 

Lights  in  machine  shop 8, 000 

Heating  Installation 2,000 

Estimated  projects  for  balance  of  the  fiscal  year 45, 200 


Total 548,050 


Goddard  Space  Flight  Center : 

Satellite  tracking  station 40,000 

Optical  tracking  observatory—.—.— 74, 000 

Ground-plane  facility 85, 000 

Rehabilitation  of  Beltsville  building 106, 395 

Installation  of  supplemental  air-conditioning  unit,  raised  floor- 
ing, and  other  alterations  to  the  College  Park  building 52, 200 

Repair  of  sidewalks  and  stairways 19, 890 

Reconstruction  and  repair  of  roads 64, 116 

Electrical  services 32, 455 

Maintenance  of  ventilating,  exhaust,  and  air-conditioning 

systems — 58, 185 

Miscellaneous  alteratio  m to  buildings 159, 729 

Building  alterations  tc  accommodate  computer  equipment 13, 825 

Alterations,  maintenance,  and  repair  to  leased  space 29, 000 

Estimated  projects  for  balance  of  the  fiscal  year 1, 539, 500 


Total ... 2, 273. 295 
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Maintenance,  repairs,  alterations,  and  minor  construction  ( funded  from  the  fiscal 
year  1968  “ R.D.  & O,”  appropriation ) — Continued 

Obligated  or 
scheduled  for 
obligation  at  of 


Location  and  project  Feb.  *8,  1963 

-I  Langley  Research  Center : L 

Addition  to  loads  calibration  laboratory 78, 000 

Alteration  to  building  at  the  impact  basin 114, 000 

Shop  and  instrumentation  building  for  the  41-  and  60-ft. 

spheres 43, 000 

Addition  to  the  analysis  and  computation  building 30, 000 

Various  small  projects — $5,000  or  less. 53, 000 

Painting 100, 000 

Maintenance  of  utilities 90,000 

General  repair  and  building  maintenance — 210,000 

Repair  of  roads,  sidewalks,  and  parking  areas 50, 000 

Estimated  projects  for  balance  of  the  fiscal  year 120, 000 

i 

> Total— _ 888, 000 

Launch  Operation  Center : 

A Installation  of  alpha  trainer  in  hangar  D 20,  809 

Construction  of  interim  Apollo  warehouse — 212, 000 

1 Design  of  test  for  autopilot  and  stabilizer  laboratory 2, 185 

\ Modification  to  frame  building  in  hangar  D 7, 225 

Construction  of  parking  lots , l 33,430 

Construction  of  culverts _ 2,715 

] Construction  of  crew  quarters  control  center 43,  740 

■}  Miscellaneous  partitions  and  electrical  changes 4, 883 

Emergency  interior  lights 7, 300 

Relocation  of  generator  room  in  hangar  D 4, 000 

Installation  of  photographic  lighting  in  hangar  AM 7,  040 

Installation  of  raised  floor  for  computer 8, 300 

Interior  modifications  to  hangars 92, 044 

Assembly  of  prefabricated  buildings  for  temporary  office  space-  248, 000 

Theodolite  building  for  Complex  37-B 22,  000 

Theodolite  building  for  Complex  34 22, 000 

Construction  of  gyrostabilizer  laboratory™ 40, 000 

Parking  area  for  hangar  AF 35, 000 

Construction  of  weatherproof  shelter  for  launch  Complex  17 53,  000 

Repairs  and  alterations  to  buildings  and  launching  facilities 182, 997 

Maintenance  of  water  and  sewage  systems — 20, 181 

Maintenance  and  repair  of  roads  and  grounds 46, 363 

Maintenance  of  electrical  systems 133, 089 

Miscellaneous  painting,  carpentry,  and  mechanical  work 105, 362 

Maintenance  and  repair  of  air-conditioning  systems  and  equip- 
ment  66, 544 

Estimated  projects  for  balance  of  the  fiscal  year 163, 400 

Total 1, 583, 607 

Lewis  Research  Center: 

Expansion  and  modifications  of  computer  center » — 50, 500 

Demolition  of  frame  structure  on  Guerin  property 1, 500 

Turbine  facility  DeSite  controls  and  piping  alterations 65, 000 

Construction  of  temporary  office  space  and  warehouse  stor- 
age building 195, 000 

i Models  preparation  building  extension 181, 500 

Expansion  of  cafeteria  facility  building 120,  700 

Construction  of  liquid  hydrogen  transfer  and  dewar  storage  site-  34, 500 

! Liquid  metals  components  cleaning  area 20, 500 

i Reparation  of  room  CW-12  engine  research  building  for  SNAP- 

] 8 research— 1,382 

’ Alteration  of  propulsion  system  laboratory  high-pressure  pump- 
house  25, 600 

Modification  to  space  propulsion  chamber  SNAP-8  simulator 
r group 26, 320 
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Maintenance,  repairs,  alterations,  and  minor  construction  ( funded  from  the  fiscal 
year  1968  “ R.D.  d O.”  appropriation) — Continued 


Obligated  or 
scheduled  for 
obligation  as  of 

Location  and  project  Feb.  tS,  1963 

Lewis  Research  Center — Continued 

Modification  to  room  W-10  engine  research  building  and  con- 
trol room 29, 1 50 

Concrete  base  and  drainage  pad  at  the  electric  propulsion  re- 
search building 34G 

Metal  dividing  wall  at  test  cell  W-6  engine  research  building 3,  840 

Modification  to  control  room  for  test  cell  W2-B  engine  re- 
search building 18, 000 

Repair  of  roads,  sidewalks,  and  parking  areas 26, 000 

Roof  repairs 15, 000 

Masonry  repairs 10, 000 

Miscellaneous  painting 183, 000 

Lawns,  shrubbery,  and  landscaping 43, 000 

Minor  building  repairs 76, 000 

Estimated  projects  for  balance  of  the  fiscal  year 41, 900 


Total - - 1, 168,  732 

Manned  Spacecraft  Center : 

Interim  thermochemical  test  facility,  Ellington  Air  Force  Base-  81, 316 
Radiological  calibration  and  waste  storage  facility  at  Clear 

Lake 55,  800 

Translation  and  docking  simulation  facility  at  Clear  Lake: 168,  500 

Arc-jet  radiant  heating  and  acoustical  laboratory  at  Clear 

Lake 107, 000 

Image  generation  equipment  building,  Ellington  Air  Force 

Base 75,  000 

Rehabilitation  of  hangar  building  276  for  use  of  MSC  flight 

research  aircraft  at  Ellington  Air  Force  Ease 133, 006 

Modification  to  hangar  building  135  for  use  by  Technical 

Services  Division  at  Ellington  Air  Force  Base 85,  824 

Rehabilitation  of  building  338  for  use  by  Flight  Crew  Opera- 
tions Division  for  training  purposes  at  Ellington  Air  Force 

Base 58,  552 

Rehabilitation  of  barracks  buildings  at  Ellington  Air  Force 
Base  being  converted  for  use  as  office  space,  laboratories,  and 
shops 627, 966 


Building.  No. 

15 

122__— 

129 

203 

205 

212 

222 

223  

224  

226 

227 

233  

234  

239  

240  

241  

285 

316  

317  

318  

319  

320  

323— 


..  $34,749 
_ 2, 219 

_ 1, 144 

119 
_ 20,135 
_ 28,035 
_ 29,880 
_ 3,884 

. 1,445 

773 

_ 13,640 
_ 2,589 

_ 2,740 

170 
100 
_ 14, 674 
185 
_ 1,141 

_ 52,300 
_ 52,302 
_ 40,784 
- 43,120 
. 1,344 


Building  No. — Con. 

326 $19,919 

328 487 

330  16, 911 

331  17,  761 

332  18, 806 

333  13,847 

336 18,  879 

339  30,  221 

340  36,958 

341  34,083 

345 19,448 

347  380 

348  740 

349  1, 325 

350  - 784 

363  110 

364  8,  739 

365  12,381 

384 275 

388  240 

389  240 

431 25,128 

643 2, 832 
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Maintenance,  repairs,  alterations,  and  minor  construction  (funded  from  the  fiscal 
year  1963  “R.D.  d O”  appropriation) — Continued 

Obligated  or 
tcheduled  for 
obligation  as  of 

Location  and  project  Feb.  18,  lies 

Manned  Spacecraft  Center — Continued 

Repair  to  parking  lots 32, 573 

Repairs  and  minor  modifications  to  leased  space  including  such 
work  as  the  following : installing  and  moving  of  partitions, 
electrical,  carpentry,  plumbing,  masonry,  painting  work,  in- 
stallation of  doors,  lights,  electrical  fixtures,  test  equipment, 
repairs  to  heating  and  air-conditioning  equipment,  tile  floor- 


CIA,  • 

Farnsworth  Chambers  property 137,258 

Lane  Wells  property 339, 384 

Rich  property 311, 256 

Houston  Petroleum  and  Trade  Center 2, 507 

East  End  State  Bank 1, 417 

Stahl  Meyers 28, 127 

Franklin  development 117, 416 

University  of  Houston 131, 262 

Peachy  Bldg 16, 353 

Canada  Dry 97, 683 

Minneapolis-Honeywell 47,  206 

Office  City _ 22,352 

Veterans’  Administration  Bldg 106,842 

Estimated  projects  for  balance  of  the  fiscal  year.: 40, 000 


Total— - - - 2,  824, 600 


Marshall  Space  Flight  Center : 

Modify  partition  and  lavatory  of  shop  and  laboratory  facility-  673 

Modify  communication  facility  building— 3, 955 

Addition  to  wind  tunnel  building— 10, 023 

Construction  of  visitors’  control  building — 47, 500 

Addition  to  heat  and  air  conditioning  for  blockhouse 22,  849 

Addition  to  photographic  laboratory 1, 577 

Addition  to  pattern  and  engraving  shop 960 

Repair  and  modification  to  leased  building— 5, 000 

Modification  of  doors  in  structural  fabrication  shop 50, 590 

Modification  of  cafeteria  in  assembly  shop 40, 990 

Modification  of  door  in  assembly  shop - — 85, 539 

Modification  of  storage  building 60, 900 

Modification  of  supply  substore  building 735 

Air  conditioning  of  cafeteria : 2,  500 

Modification  of  flight  simulator  in  Computer  Division 

laboratory .133 

Modification  of  office  space  in  storage  building ; 106, 464 

Modification  of  parking  area  for  automatic  data  processing 

center 27, 637 

Modification  of  compressor  room  in  Computer  Division 

laboratory 14, 079 

Modification  of  office  space  in  administration  and  engineering 

office , — - 228, 302 

Modification  of  cleaning  and  processing  line  in  surface  treat- 
ment facility 14,  351 

Construction  of  support  services  office  building 240, 000 

Modification  of  structural  fabrication  shop 79, 024 

Modification  of  test  support  building 297 

Modification  of  communications  facility : — 179 

Modification  of  2d  floor  of  Computer  Division  laboratory 12, 610 

Construction  of  temperature  and  humidity  control  test  unit 19,  785 

Modification  of  heating  system  in  test  unit . 21, 204 

Modification  of  conference  area  in  Test  Division  engineering 

building , 16, 000 

Extension  of  welding  shop  in  structural  fabrication  shop 20, 725 
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Maintenance,  repairs,  alterations,  and  minor  construction  (funded  from  the  fiscal 
year  196S  “R.D.  d O."  appropriation ) — Continued 

Obligated  or 
tcheduled  for 
obligation  a»  of 

Location  and  proiect  Feb.  t8,  1963 


Marshall  Space  Might  Center — Continued 

Construction  of  applied  chemistry  laboratory  in  engineering 

offices  building — 92, 364 

r Drilling  of  elevator  foundation  holes  in  structural  fabrication 

t shop 2,000 

r Modification  of  space  simulator  chamber  building 30, 000 

f,i:  Modification  of  air-conditioning  system  in  machine  shop 30, 000 

t:  Construction  of  liquid  hydrogen  trailer  parking  area 35, 000 

* Modification  of  computer  facility 150, 000 

Modification  of  office  space  in  warehouse 245, 000 

k Construction  of  parking  area  at  maintenance  division 40, 000 

* Modification  of  elevator  in  astrionics  engineering  building 25, 000 

Construction  of  aircraft  hangar 200,000 

v Construction  of  parking  area  at  quality  division.. 20, 000 

Installation  of  sprinkler  system  in  automotive  maintenance 

f J building 30,000 

t-  Installation  of  humidity  control  in  electric  shop 20, 000 

Modification  of  laboratory  in  beryllium  facility 46, 000 

jV  Construction  of  facility  for  S-IC  stage  liquid  oxygen  slosh  test.  45, 000 

Installation  of  evaluation  area  in  structural  fabrication  shop 15,  000 

Construction  of  explosive-forming  facility . 23, 000 

Construction  of  Saturn  mockup  building , 124,000 

Maintenance  and  repair  of  roads  and  grounds 222, 700 

Painting  of  buildings  and  facilities 158,  800 

Reroofing  of  structures 40,300 

Paving  of  roads  and  parking  areas 18, 900 

Maintenance  and  repair  of  installed  equipment 118,  500 

Maintenance  and  repair  of  utility  system 412, 900 

Minor  repair  and  alterations  projects  under  $5,000. 459,900 

Estimated  projects  for  balance  of  the  fiscal  year 582, 297 

:<■  

Total 4,  321, 241 

Mississippi  Test  Facility : 

Alteration  of  Rouchan  house 5, 700 

Estimated  project  for  balance  of  the  fiscal  year 

Total 5, 700 

Wallops  Station : 

t Construction  of  addition  to  assembly  shop 245, 000 

X-band  radar  pad 20,  000 

Miscellaneous  minor  construction 40, 000 

{ Construction  of  bleachers 30, 000 

Construction  of  transmitter  building 170,000 

t Construction  of  parking  lots 20, 000 

b Construction  of  telemeter  building 250,000 

I Addition  of  office  space  in  warehouse 35, 000 

r 1 Maintenance  of  buildings 165,000 

Repairs  to  streets 20,000 

| Maintenance  of  dikes,  seawall,  and  beach  areas 85, 000 

t Maintenance  and  repair  to  storm  sewers  and  drainage  systems..  10, 000 

j.  Renovation  of  range  engineering  building 135,000 

Maintenance  and  repair  of  utilities 55,000 

{ Rehabilitation  of  runway  lights 104,000 

Renovation  of  utility  building 10,000 

Renovation  of  office  space  for  technical  services  research 65, 000 

| Renovation  of  laboratory  plating  shop 10,000 

I Remodeling  of  hangar  to  provide  office  space 60, 000 

£’  Renovation  of  photo  laboratory  of  cafeteria  building 35, 000 
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Maintenance,  repairs,  alterations,  and  minor  construction  ( funded  from  the  fiscal 
year  1963  “R.D.  & O."  appropriation) — Continued 

Obligated  or 
scheduled  for 
obligation  as  of 


Location  and  project  Feb.  28,  1963 

Wallops  Station — Continued 

Lawns,  shrubbery,  and  landscaping 30,000 

Road  paving 20, 000 

Renovate  dormitory ; 25,  000 

Remodeling  of  Aerobee  launcher 225,000 

Estimated  projects  for  balance  of  the  fiscal  year 


Total .... 1,  864,  000 


Western  operations  office : 

Office  partitioning- 5,  000 

Painting  and  redecorating 3,000 

Estimated  projects  for  balance  of  fiscal  year . 


Total 8, 000 


NASA  Headquarters : 

Repairs  and  alterations  to  office  space  for  moving  and  installing 


partitions,  electrical  outlets,  and  painting  at  the  following 
buildings : 

Federal  Office  Building  No.  6,  400  Maryland  Ave.  SW 55, 000 

1520  and  1512  H St.  NW 11,  300 

801 19th  St.  NW 7, 000 

4th  floor,  7th  and  D Sts.  SW 50b 

Building  L 800 

1815  H St.  NW 400 

Repairs  and  painting  to  building  L prior  to  occupancy 75, 000 

Estimated  projects  for  balance  of  the  fiscal  year 


Total 150,  000 


Northeastern  office  : 

Alterations  to  rental  space 1,015 

Estimated  projects  for  balance  of  the  fiscal  year 


Total 1, 015 


Total — 16, 198,  834 


Maintenance  and  repair  of  equipment,  instrumentation,  and  vehi- 
cles not  included  in  above 3,  996,  549 

Amount  to  be  reprogramed  for  purchase  of  equipment 478, 000 

Amounts  included  in  above  listing  for  minor  construction  projects 

funded  from  research  and  development  program  accounts —3,  249,  383 

Fiscal  year  1963  column  of  fiscal  year  1964  budget  estimates  for 
maintenance,  repairs,  alterations,  and  minor  construction  (vol. 

1,  p.  0025) 17,424,000 


The  explanation  as  to  source  of  funds  used  to  cover  the  increase  in  the  fiscal 
year  1963  requirements  for  maintenance,  repairs,  alterations,  and  minor  con- 
struction of  facilities  can  best  be  described  by  an  excerpt  from  Hr.  Seamans’ 
statement  during  the  posture  hearings  “*  * * I would  like  to  emphasize  at  the 
outset  that  a meaningful  comparison  between  the  operating  plan  and  the  budget 
request  is  best  made  in  the  context  of  the  total  program.  During  the  time  that 
elapsed  between  the  preparation  of  the  fiscal  year  1963  budget  in  December  1961, 
and  the  final  congressional  action  in  September  1962,  modifications  of  resource 
allocations  became  necessary  as  a consequence  of  the  dynamic  activity  in  our 
programs.  Some  of  these  changes  were  major,  as  for  example  our  decision  to 
use  the  lunar  orbit  rendezvous  mode  for  the  lunar  landing  program  rather  than 
the  direct  or  Earth  orbital  rendezvous  modes  being  considered  at  the  time  the 
budget  was  submitted  in  late  1961.  Other  changes  of  lesser  magnitude  resulted' 
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from  our  continuous  evaluation  of  the  programatic  impact  of  mission  successes, 
mission  failures,  development  breakthroughs,  and  unexpected  developmental 
roadblocks. 

“We  considered  all  of  these  factors  for  fiscal  year  1963  together  with  the  re- 
ductions in  the  final  appropriation  bill,  in  arriving  at  an  operating  plan  struc- 
tured to  meet  current  program  needs.  As  a consequence,  the  operating  plan 
represents  the  total  evaluation  of  our  program  needs  and  priorities  rather  than 
a piecemeal  patchwork  of  changes  from  an  earlier  budgetary  base.  Therefore, 
while  we  can  explain  the  changes  and  the  reasons  for  the  changes  in  each  project 
it  is  not  meaningful  to  relate  specific  increases  in  resources  for  one  project  to 
decreases  from  others.  * * *” 


The  fiscal  year  1964  estimate  for  facility  maintenance,  repairs,  alterations,  and 
minor  construction  is  $15,820,000,  the  remainder  of  $5,098,000  of  the  $20,918,000 
subcategory  on  page  OC  25-1  being  for  maintenance  and  repair  of  instruments 
and  equipment. 

The  basis  for  the  estimate  is  a projection  by  each  installation  director  of  the 
requirements  to  accomplish  specific  minor  construction  projects,  costing  less  than 
$250,000,  such  as  a hydrogen  storage  area  at  the  Lewis  Research  ; explosive  stor- 
age facility,  construction  of  road  extensions,  data  transmission  facility,  modifica- 
tion of  dynamic  test  stand,  security  vault  annex,  and  an  acoustical  test  labora- 
tory at  the  Marshall  Space  Flight  Center ; addition  to  instrumentation  building 
at  the  Langley  Research  Center;  and  facility  alterations  at  the  Ames. Research 
Center  to  conduct  life  science  projects.  Maintenance,  repairs,  and  alterations 
costs  are  projections  of  the  amount  required  for  upkeep  of  heating,  ventilating, 
cooling,  electrical  and  utility  system's,  roads  and  hardstands,  building  mainte- 
nance such  as  painting,  reroofing  and  masonry,  and  upkeep  of  grounds.  These 
latter  costs  are  predicated  on  the  most  recent  experience,  making  appropriate 
allowance  for  (1)  the  increasing'  number  of  facilities,  (2)  the  aging  of  existing 
structures,  and  (3)  changes  in  construction  cost  indexes. 


Construction  design  and  management  costs 


[Percent  of  project  cost] 


Design  and 
engineering 
services 

Construction, 

supervision, 

and 

Inspection 

Total 

Tn-honse  l._.  _ .... 

5.8 

3.6 

9.4 

CnnSt.met.irm  management  contract  > 

7.9 

5.7 

13.6 

Corps  of  Engineers  * 

4.7 

; 

6.1 

10.8 

i Because  of  the  need  to  consider  only  completed  projects  if  meaningful  percentiles  were  to  be  developed, 
the  cost  experience  has  been  limited  to  20  projects  at  4 centers  totaling  about  $55,000,000  approved  in  pro- 
grams for  the  fiscal  years  1957  through  1960.  These  projects  vary  widely  in  complexity  and  the  sample, 
therefore,  is  considered  reasonably  representative.  The  percentiles  shown  include  the  costs  for  all  architect- 
engineer  services  and  all  direct  in-house  costs  which  could  be  attributed  to  the  individual  projects  for  criteria 
development,  design  or  design  review,  construction  management,  and  construction  inspection.  The  per- 
centiles do  not  include  overhead  costs  for  the  research  centers  or  for  NASA  Headquarters  since  the  NA8A 
accounting  system  does  not  provide  for  collection  and  distribution  of  such  costs  to  individual  projects. 

> These  figures  apply  to  construction  at  the  Nuclear  Rocket  Development  Station  where  facilities  are 
being  provided  both  by  AEC  and  NASA.  The  Space  Nuclear  Propulsion  Office  at  the  Lewis  Center  is 
responsible  for  the  development  of  criteria  and  design  utilizing  architect-engineer  firms.  The  engineering 
services  flguies  used  cover  only  engine  test  stand  No.  1 and  the  Engine  Maintenance,  Assembly  and  Dis- 
assembly Bldg.,  both  highly  complex  projects,  totaling  $29,182,000  in  estimated  construction  cost.  Con- 
struction management,  and  Inspection  are  performed  under  AEC  contract  with  the  Catalytic  Corp.  NASA 
participates  in  this  contract.  T he  percentile  figure  of  5.7  for  construction  supervision  and  inspection  covers 
$8,100,000  of  work  put  in  place.  The  percentile  figures  do  not  include  NASA  or  AEC  overhead. 

» Includes  6 months  cumulative  costs  through  the  2d  quarter  of  fiscal  year  1963  and  covers  the  Jacksonville, 
Mobile,  Fort  Worth,  Los  Angeles,  Sacramento,  and  Albuquerque  districts  performing  work  for  NASA. 
The  construction  percentage  covers  costs  for  $22,000,000  of  work  put  in  place  while  the  engineering  services 
data  has  been  compiled  from  over  $108,000,000  of  estimated  cost  projects.  The  corps  cost  system  covers 
essentially  the  same  costs  in  engineering  services  and  construction  supervision  as  the  NASA  system.  The 
major  difference  is  the  inclusion  of  overhead.  The  10.8-percent  figure  includes  0.2  percent  and  1.6  percent 
overhead  applied  to  engineering  services  and  construction  supervision  respectively  to  cover  the  overhead 
for  corps’  district  and  division  offices  and  the  Office,  Chief  of  Engineers.  Overhead  comprises  fiscal,  per- 
sonnel, legal,  safety,  supply,  and  similar  general  office  services  which  cannot  be  charged  directly  to  spectflc 
projects.  Thus,  if  corps  costs  are  to  be  compared  percentagewise  with  the  NASA  and  construction  man- 
agement contract  costs  represented  above,  1.8  percent  should  be  deducted  from  the  corps'  figure  leaving 
a net  of  9 percent.  However,  for  comparative  purposes,  it  should  be  remembered  that  this  9 percent  figure 
does  not  Include  required  NASA  overhead  costs  involved  in  processing  and  handling  the  corps’  managed 
Projects. 
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Design  Criteria  and  Construction  Standards 

The  National  Aeronautics  and  Space  Administration  has  taken  a number  of 
steps  in  implementation  of  section  1(f)  of  Public  Law  87-584  which  requires 
the  establishment  of  NASA-wide  uniform  design  criteria  and  construction 
standards.  Beginning  in  July  1962,  a systematic  review  of  criteria  and  stand- 
ards in  use  at  major  field  activities  was  conducted.  It  was  determined  that 
the  criteria  and  standards  in  use  for  project  formulation  and  project  execution 
at  the  Launch  Operations  Center,  the  Manned  Spacecraft  Center,  the  Missis- 
sippi Test  Facility,  and  the  Marshall  Space  Flight  Center  are  basically  U.S. 
Army  Corps  of  Engineers  criteria  and  standards  modified  as  inquired  to  meet 
“state-of-the-art”  developments,  particularly  for  unique  and  highly  specialized 
program-oriented  facilities.  At  the  older  NASA  centers  such  as  the  Lewis, 
Langley,  and  Ames  Research  Centers,  criteria  and  standards  in  use  for  project 
formulation  and  project  execution  have  been  locally  developed  utilizing  the 
Army  Corps  of  Engineers,  the  Navy  Bureau  of  Yards  and  Docks,  and  the  Gen- 
eral Services  Administration  criteria  and.  standards  as  available  and  as  ap- 
propriate to  the  specific  needs  of  each  center. 

As  a major  step  in  the  development  of  a NASA-wide  uniform  system  of  cri- 
teria and  standards,  an  architect-engineer  firm  has  been  engaged  to  develop  basic 
criteria  and  standards  and  outline  specifications  in  a single  handbook.  There- 
after, as  subsequent  steps,  selective  guide  specifications  and.  engineering  manuals 
will  be  developed  where  specifically  required.  This  approach  to  development 
of  a NASA-wide  system  tailors  existing  technology  and  organizes  published 
material  to  fit  NASA’s  requirements.  By  use  of  cross  references,  duplication 
of  already  widely  distributed  authoritative  publications  and  the  extensive  exist- 
ing body  of  design  and  construction  knowledge  will  be  minimized. 

The  NASA-wide  system  will  be  used  as  the  basis  for  formulation  of  the  fiscal 
year  1966  construction  program  and  in  the  actual  design  of  fiscal  year  1965, 
1964  and  prior  year  projects  to  the  maximum  extent  practicable. 

It  is  the  policy  of  NASA  that  facilities  will  continue  to  be  designed  en  an 
austere  basis  using  the  established  design  criteria  and  construction  standards 
of  the  Army  Corps  of  Engineers,  the  Navy  Bureau  of  Yards  and  Docks,  and  the 
General  Services  Administration  to  the  maximum  extent  practicable  until  the 
NASA-wide  system  is  developed. 
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Construction  projects  in  the  fiscal  year  1964  program  to  which  facility  planning 
and  design  funds  authorized  in  the  fiscal  year  196S  program  have  teen 
committed 


Ames  Research  Center: 

Administrative  management  building . 

Life  sciences  research  laboratory... 

Space  environment  research  facility 

Flight  Research  Center: 

High  temperature  loads  calibration  facility 

Goddard  Space  Flight  Center: 

Meteorological  systems  development  laboratory ... 

Data  interpretation  laboratory 

Jet  Propulsion  Laboratory:  Addition  to  the  space  flight  operations  facility.. 
Langley  Research  Center: 

Addition  to  the  vehicle  antenna  test  facility 

Electronic  instrumentation  laboratory 

Utility  installations 

Launch  Operations  Center: 

Utility  Installations-— new  area 

Advanced  Saturn  supporting  facilities 

Cafeteria 

Central  instrumentation  facility : 

Manned  spacecraft  facilities 

Range  instrumentation  sites 

Lewis  Research  Ceitfer: 

Alteration  of  the  space  power  chambers 

Addition  to  the  spacecraft  propulsion  research  facility  (Plum  Brook 

Station) 

Manned  Spacecraft  Center: 

Mission  simulation  and  training  facility.. 

Spacecraft  control  technology  laboratory 

Atmospheric  reentry  materials  and  structures  evaluation  facilities 

Center  support  facilities 

Launch  environmental  and  antennas  test  facilities 

Uitrahigh  vacuum  space  chamber  facility 

Marshall  Space  Flight  Center: 

Acceleration  test  and  calibration  facility 

Acoustic  model  test  facility — 

Additions  to  the  components  test  facilities 

Hangar  for  vehicle  components 

Hazardous  operations  laboratory 

Modification  to  the  vehicle  assembly  building 

Utility  installations.. 

Mississippi  Test  Facility: 

Advanced  Satum  second  stage  (S-II)  static  test  facilities 

Security  control  facilities 

F-l  engine  systems  test  stand.. 

Maintenance  facilities.... 

Transportation  and  parking  facilities ... 

Waterways  and  docking  facilities 

Nuclear  Rocket  Development  Station:  Additions  to  the  engine  maintenance, 

assembly,  and  disassembly  building 

Various  locations: 

Facilities  for  S-IVB  stage  program 

Facilities  for  H-l  engine  production 

Instrumentation  ships 

Lunar  excursion  module  test  facility 


Estimated 
project  cost 

Design  funds 
committed 

$1,375,000 

4.880.000 

3.600.000 

$71,000 
240,000 
> 70,000 

1,157,000 

60,000 

4.103.000 

5.390.000 
1,000,000 

170,000 

229,500 

54,800 

1.758.000 

2.850.000 

1.249.000 

73,300 
> 109,000 
> 70,000 

23.755.000 

9.309.000 
899,000 

31.508.000 

6.512.000 

4.823.000 

117,000 

>225,000 

>26,000 

>260,000 

>225,000 

>25,000 

5,665,000 

550,000 

3,500,000 

> 335,000 

2,216,000 
6, 106,000 

2. 915.000 

5. 162.000 

7.482.000 

2.685.000 

147.000 

278.000 
>220,000 
>370,500 

> 217, 000 

> 307,000 

1.700.000 
2,000,000 

3.875.000 

2.800.000 
500,000 

1,800,000 

5,000,000 

90,000 
>60,000 
>200,000 
> 150,000 
> 27,000 
>86,000 
>115,000 

19, 148,000 
675,000 
9,000,000 

5.987.000 

7.585.000 

4.242.000 

2, 925,  GOO 
45,000 
>459,000 
>240,000 
‘338,000 
>283,000 

4,500,000 

250,000 

5.300.000 

1.500.000 

90.000. 000 

15.000. 000 

195.000 
90,000 

500.000 
500,000 

1 Actual  release  of  funds  to  field  centers  awaiting  completion  of  congressional  notification  procedures. 
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WEDNESDAY,  MARCH  6,  1063 

House  of  Refkesentattves, 

Committee  on  Science  and  Astronautics, 
Subcommittee  on  Manned  Space  Flight, 

Washington , D.G. 

The  subcommittee  met  at  10  a.m.,  Hon.  Bob  Casey  presiding. 

Mr.  Casey.  I am  Bob  Casey,  substituting  for  Mr.  Teague  this 
morning. 

Congressman  Teague,  chairman  of  this  subcommittee,  is  ill  and  un- 
able to  be  with  us. 

We  are  privileged  to  start  off  this  morning  with  D.  Brainerd  Holmes. 
I called  you  “doctor”  and  I believe  you  stated  you  earned  your  “doctor” 
by  experience  and  not  degree.  We  are  pleased  to  have  you  in  this 
program. 

Mr.  Holmes  is  Deputy  Associate  Administrator  for  the  Space  Pro- 
gram and  Director  of  the  Office  of  Manned  Space  Flight. 

So,  Mr.  Holmes,  we  will  turn  it  over  to  you,  sir,  and  be  pleased  to 
have  your  presentation  this  morning. 

(The  biographical  sketches  of  Mr.  D.  Brainerd  Holmes,  Mr.  George 
M.  Low,  and  Mr.  William  E.  Lilly  are  as  follows:) 

D.  Brainerd  Holmes,  Director  of  Office  of  Manned  Space  Flight 

Born  in  Brooklyn,  N.Y.,  May  24,  1921,  D.  (for  Dyer)  Brainerd  Holmes  earned 
a bachelor  of  science  degree  in  electrical  engineering  in  1943  from  Cornell  Uni- 
versity. In  1943-44  he  did  graduate  study  at  Bowdoin  College  and  the  Massa- 
chusetts Institute  of  Technology. 

He  assumed  his  duties  as  Director  of  Manned  Space  Flight  for  NASA  Novem- 
ber 1,  1961,  and  is  responsible  for  direct  program  supervision  of  the  manned 
space  flight  activities  at  NASA  centers  and  in  industry.  This  includes  eventual 
manned  lunar  landings  embraced  in  Project  Apollo,  the  two-man  Project  Gemini 
program  and  Project  Mercury.  In  October  1962  he  was  given  an  added  responsi- 
bility as  a Deputy  Associate  Administrator,  in  charge  of  institutional  and  opera- 
tional matters  at  the  field  centers  directly  involved  in  the  manned  space  flight 
program.  These  installations  are  Marshall  Space  Flight  Center,  Huntsville, 
Ala. ; Manned  Spacecraft  Center,  Houston,  Tex. ; and  Launch  Operations  Center, 
Cape  Canaveral,  Fla. 

Prior  to  his  appointment  with  NASA,  Holmes  was  general  manager  of  the  Radio 
Corp.  of  America,  major  defense  systems  division,  where  he  provided  technical 
direction  and  management  of  advanced  military  electronic  systems  in  the  fields 
of  detection  and  warning,  aerospace;  and  command  and  control.  In  this  role,  he 
also  served  as  the  ballistic  missile  early  warning  system  (BMEWS)  project 
manager  for  RCA,  the  weapons  system  contractor,  and  was  responsible  for  coordi- 
nating for  the  Air  Force  a vast  effort  involving  the  Government  and  some  2,900 
American  companies. 

His  work  with  RCA,  1953-61,  included  earlier  responsibilities  as  project  man- 
ager of  both  the  land-based  system  for  the  Navy’s  Talos  missile  and  Atlas  launch 
control  and  checkout  equipment  development 

Holmes  was  with  Western  Electric  Co.  and  Bell  Telephone  Laboratories  be- 
tween 1945  and  1953  where  he  initiated  and  developed  the  first  precision  recording 
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transmission  measuring  set  and  other  test  equipment  for  the  black  and  white 
television  coaxial  system. 

Daring  World  War  II  he  served  in  the  U.S.  Navy  as  a radar  specialist  officer. 

He  and  his  wife,  Dorothy  Ann,  have  two  daughters,  Dorothy  and  Katherine.  * 


George  M.  Low,  Deputy  Director  for  Programs,  Office  of  Manned  Space 

Flight 

George  M.  (Michael)  Low  is  Deputy  Director  (Programs),  in  the  NASA  Office 
of  Manned  Space  Flight  and  is  responsible  to  the  Director  of  Manned  Space 
Flight  for  direct  program  supervision  of  NASA’s  manned  space  flight  activities. 
His  specific  responsibilities  include  the  development  of  spacecraft  and  launch 
vehicles,  and  the  management  of  manned  space  flight  operations  and  space  medi- 
cine programs  for  Projects  Mercury,  Gemini,  and  Apollo.  He  was  appointed  to 
this  position  in  February  of  1963. 

Low  was  bom  in  Vienna,  Austria,  in  1926.  He  earned  a bachelor  of  aero- 
nautical engineering  degree  in  1948,  and  a master  of  science  in  aeronautical 
engineering  degree  in  1960,  both  from  Rensselaer  Polytechnic  Institute. 

Low  joined  the  National  Advisory  Committee  for  Aeronautics,  predecessor  of 
NASA,  at  the  Lewis  Research  Center  in  Cleveland,  Ohio,  in  1949.  There  he 
specialized  in  research  in  the  fields  of  aerodynamic  heating,  boundary  layer 
theory  and  transition,  and  internal  flow  in  supersonic  and  hypersonic  aircraft 
During  his  years  at  the  Lewis  facility,  he  was  Head  of  the  Fluid  Mechanics 
Section  and  later  Chief  of  the  Special  Projects  Branch.  In  October  1968,  when 
NASA  was  established,  be  was  assigned  to  the  Headquarters  Office  as  Chief  of 
Manned  Space  Flight,  and  later  was  named  Assistant  Director  for  Manned  Space 
Flight  programs. 

Early  in  1961,  Low  was  chairman  of  the  select  committee  which  performed 
the  original  studies  leading  to  the  manned  lunar  landing  program.  Later,  in  the 
same  year,  he  was  appointed  Director  of  Spacecraft  and  Flight  Missions  in  the 
newly  organized  Office  of  Manned  Space  Flight 

Hie  author  of  numerous  technical  papers  and  articles,  Low  is  an  associate 
fellow  of  the  American  Institute  of  Aeronautics  and  Astronautics.  He  was 
awarded  NASA’s  outstanding  leadership  award  and  the  Arthur  S.  Flemming 
Award  for  his  contributions  to  Project  Mercury. 

Low  is  married  to  the  former  Mary  R.  McNamara.  Mr.  and  Mrs.  Low  and 
their  four  children  live  at  7204  Broxburn  Drive,  Bethesda,  Md. 


William  E.  Lilly,  Director  of  Program  Review  and  Resources 

William  E.  Lilly  has  been  Director  of  Program  Review  and  Resources  Man- 
agement for  the  Office  of  Manned  Space  Flight,  NASA  Headquarters,  since  1961. 
In  this  capacity  he  is  responsible  for  providing  the  total  financial,  administrative, 
and  business  management  support  and  services  for  the  Office  of  Manned  Space 
Flight  and  for  administration  and  direction  of  approved  facility  projects  in  sup- 
port of  the  manned  space  program. 

Lilly  joined  NASA,  February  15, 1880,  as  Chief,  Plans  and  Program  Coordina- 
tion, Office  of  Launch  Vehicle  Programs. 

Prior  to  joining  NASA,  Lilly  was  Assistant  to  the  Director,  Plans  and  Pro- 
grams, Special  Projects  Office,  Department  of  the  Navy,  from  1956  to  1960.  He 
was  Deputy  Budget  Officer  at  the  National  Bureau  of  Standards  from  1954  to 
1956,  head  of  Estimate  and  Analysis  Section  at  the  Navy  Bureau  of  Ordnance 
from  1952  to  1954,  and  a budget  and  program  analyst  with  the  Navy  Ordnance 
Test  Station,  California,  from  1950  to  1952. 

Lilly  graduated  from  the  University  of  California  in  1950  with  highest  honors 
in  the  school  of  political  science.  He  is  a member  of  Phi  Beta  Kappa  and  Pi 
Sigma  Alpha.  Lilly  also  completed  a year  of  graduate  work  at  the  University  of 
California. 

Lilly  served  in  the  Navy  from  1940  to  1946  as  chief  radioman  and  holds  the 
Navy  Unit  Commendation  and  served  in  the  American,  Asiatic-Pacific,  and  Philip- 
pine Liberation  campaigns. 

Lilly  was  born  at  Liberty,  Tex.,  August  25, 1921.  He  is  married  to  the  former 
Blanche  E.  Brpmert.  The  Lillys  have  two  children  and  live  at  3489  South 
Utah  Street,  Arlington,  Va. 
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STATEMENT  OF  D.  BBAjEERD  HOLMES,  DEPUTY  ASSOCIATE  AD- 
MINISTRATOR AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 

FLIGHT,  NASA;  ACCOMPANIED  BY  GEORGE  M.  LOW,  DEPUTY 
DIRECTOR  (PROGRAMS),  WILLIAM  E.  LILLY,  DIRECTOR  OF 

PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT,  AND  CLYDE 

B.  BOTHMER,  EXECUTIVE  ASSISTANT 

Mr.  Holmes.  Thank  you,  Mr.  Chairman. 

Mr.  Chairman  and  members  of  the  subcommittee,  I would  like  to 
read  my  prepared  statement  and  to  digress  from  time  to  time  in 
reading  it  to  elaborate  on  certain  points.  Because  the  statement  is 
rather  long,  and  I hope  comprehensive,  I would  suggest  you  might 
wish  to  interrupt  to  clarify  points  as  I go  along.  Of  course,  I will 
leave  that  up  to  you. 

Mr.  Casey.  You  present  it  as  you  see  fit,  and  we  will  interrupt  you 
whenever  we  think  that  we  need  a little  more  explanation. 

Mr.  Holmes.  All  right.  With  your  permission,  I would  like  to 
introduce  my  testimony  by  showing  a film  we  have  prepared  which  I 
thiiiK,  in  a very  short  period  of  time,  gives  a succinct  and  yet  fairly 
detailed  review  of  what  we  have  accomplished  since  about  November 
1961.  So,  if  I may,  I would  like  to  start  with  the  film. 

The  text  of  the  film  entitled  “Manned  Space  Flight — A Year  of 
Progress,”  follows : 

Narration  Script:  Manned  Space  Flight — A Year  of  Progress 

1.  Title ; Saturn  Launching  Overprint : “Late  in  October  1961,  the  first  Saturn 
vehicle  was  successfully  launched  at  Cape  Canaveral.” 

2.  Saturn  launch : “Three  days  later,  the  Office  of  Manned  Space  Flight  was 
formed.  This  film  will  show  the  steady  progress  that  has  occurred  in  manned 
space  flight  in  the  months  that  have  followed.” 

3.  Michoud  footage:  “Within  a few  weeks,  Chrysler  prepared  to  produce 
Saturn  S-I  stages  at  Michoud,  La.  Actual  production  was  to  start  as  soon  as 
the  research  and  development  phase  was  completed  at  the  Marshall  Space  Flight 
Center.” 

4.  RL-10  firing:  “Midway "through  November  1961,  the  RL-10  liquid  hydrogen- 
liquid  oxygen  engine  successfully  performed  in  a preliminary  flight-rating 
test.” 

6.  Apollo  command  and  service  modules:  “Nine  days  later,  NASA  selected 
North  American  Aviation,  Inc.,  to  design  and  build  two  units — the  command 
and  service  modules — of  the  Apollo  spacecraft  that  will  be  employed  in  the  first 
exploration  of  the  moon.” 

6.  Enos,  as  he  is  led  to  NASA  truck : “At  the  close  of  that  month,  a spacecraft 
carrying  a chimpanzee  named  Enos,  made  two  orbits  around  the  Earth.” 

7.  Gemini  mockup  with  men : “Early  in  December,  NASA  put  its  final  approval 
on  Project  Gemini — the  two-man  spacecraft  program  designed  specifically  to 
provide  experience  in  long-term  weightlessness  and  rendezvous  procedures.” 

8.  Boeing  footage  from  Michoud:  “Then,  on  December  15,  a Boeing  Indus- 
trial team  was  chosen  to  produce  the  giant  first  stage  of  the  Saturn  V at 
Michoud.” 

9.  S-IV  stage:  “Within  days*  engineers  from  Douglas  Aircraft  began  work 
on  modification  of  the  Saturn  S-IV  stage,  for  use  in  the  third  stage  of  Saturn 
V.” 

10.  Saturn  V model : “At  this  time,  the  second  stage  was  already  under  con- 
tract and,  the  configuration  of  the  Saturn  V launch  vehicle  was  firmly  estab- 
lished. The  first  stage  was  five  F-l’g,  the  second  stage  was  five  J-2’s,  and  the 
third  stage  was  one  J-2.” 

11.  Management  council : “On  December  21,  the  Office  of  Maimed  Space 
Flight  held  the  first  meeting  of  a management  council  established  to  assure 
thorough  coordination  of  all  maimed  space  flight  activities.” 
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12.  Aerojet  facilities:  “January  of  1962  saw  Aerojet-General  start  develop- 
ment work  on  the  M-l.  This  liquid  hydrogen-liquid  oxygen  engine  will  be 
capable  of  developing  1,200,000  pounds  of  thrust.” 

13.  GE  headquarters  at  Syracuse : “Early  in  February  NASA  selected  General 
Electric  to  supply  equipment  at  Merritt  Island,  Fla.,  for  integrated  space  vehicle 
checkout  and  to  support  NASA  in  its  reliability  assessment  and  integration 
analysis.” 

14.  Qlenn  in  flight : “On  February  20,  Astronaut  John  Glenn  went  into  orbit 
to  circle  the  earth  three  times.” 

15.  Bellcomm  engineers  at  blackboard:  “Two  days  later,  Belcomm,  Inc.*  was 
signed  to  provide  overall  systems  engineering  support  for  the  manned  space 
flight  program.” 

16.  Pentagon : “To  improve  interagency  communications,  the  Air  Force  estab- 
lished an  office  for  liaison  with  the  Office  of  Manned  Space  Flight  through  the 
appointment  of  a deputy  commander,  Major  General  Ritland.” 

17.  Gemini  mocknp  with  men:  “Before  the  end  of  the  month,  a mockup  of 
the  Gemini  capsule  was  completed  at  the  McDonnell  plant  in  St.  Louis.” 

> 18.  Houston  center  buildings:  “Also  in  March,  the  NASA  Manned  Space- 

craft Center  moved  from  Langley  Field,  Va.,  to  Houston,  Tex.” 

19.  Second  Saturn  launch:  “On  the  25th  of  April,  the  second  Saturn  was 
successfully  launched.  This  included  an  experimental  test  explosion  of  water- 
filled  tanks  at  high  altitude  at  the  end  of  the  flight.” 

20.  Guidance  component  work : “Early  in  May,  the  separate  contracts,  to  pro- 
duce the  major  components  of  the  Apollo  guidance  system  was  awarded  to  three 
separate  companies — A.  C.  Spark  Plug,  Raytheon,  and  Kollsman  Instruments 
will  work  together  with  MIT,  in  charge  of  system  development. 

21.  Work  on  Little  Joe  II  at  Convair:  “About  the  same  time,  Convair  was 
chosen  to  design  and  manufacture  Little  Joe  II — a launch  vehicle  for  Apollo 
spacecraft  suborbital  test  flights.” 

22.  Carpenter:  “May  was  also  the  month  when  astronaut  Malcom  Scott  Car- 
penter successfully  made  his  three-orbit  flight  around  the  earth.” 

23.  Engine  test:  “Before  the  end  of  May,  the  F-l  engine  was  fired  at  full 
thrust  for  the  first  time.  It  happened  at  Edwards,  Calif.” 

24.  Saturn  test  stand:  “Moving  into  June,  the  Greehhut  Construction  Co., 
contracted  to  modify  the  Saturn  test  stand  at  the  Marshall  Center.  The  modifica- 
cation  provided  two  test  positions.” 

25.  Slidel  Center:  “Shortly  afterward,  a computer  center  to  service  the 
Michoud  operation  was  established  at  Slidel,  La.” 

26.  Webb  at  press  conference:  “On  July  11,  Space  Administrator  James  E. 
Webb  announced  the  decision  to  base  the  planning,  research,  development,  and 
procurement,” 

27.  Dr.  Seamans,  Mr.  Holmes,  Dr.  Shea:  “♦  * * of  its  space  program  on  a 
lunar  orbit  rendezvous  mode  of  flight  to  the  moon.” 

28.  Shea  demonstrating  “the  Bug”:  “The  vehicle  was  informally  named  the 
“Bng.”  At  the  same  time  as  this  planning  decision  on  lunar  orbital  rendez- 
vous, NASA  announced  that  there  would  be  an  improved  launch  vehicle,  the 
Saturn  I-B,  and  instituted  studies  of  a larger  Nova  vehicle  than  previously 
contemplated.” 

29.  Men  working  at  Houston:  “A  few  days  later,  it  was  announced  that  the 
new  control  center  located  at  the  Manned  Spacecraft  Center  in  Houston,  Tex., 
would  be  the  primary  Earth  station  for  the  control  of  manned  space  flight 
missions.” 

30.  “IBM  computer : “Shortly  after,  IBM  was  awarded  a contract  to  develop 
and  supply  the  computer  facilities  for  the  Mission  Control  Center.” 

31.  Views  of  launch  complex  39  model : “On  July  21,  the  design  of  the  Saturn 
V launch  complex  was  selected  to  include  a vertical  assembly  building  and  an 
earth  crawler  to  carry  the  350-foot  vehicle  to  the  launch  pad  in  an  erect  position.” 

32.  Towing  command  module:  “Off  the  California  coast,  the  first  full-scale 
model  of  Apollo  spacecraft  underwent  a successful  preliminary  flotation  test  in 
August” 

33.  Astronauts  stepping  off  bus:  “September  17,  1962:  The  selection  of  nine 

new  astronaut  candidates  was  announced  in  Houston.”  ». 

34.  White  Sands : “NASA  approved  plans  for  static  and  flight  testing  of  the 
Apollo  spacecraft  propulsion  and  abort  systems  at  the  White  Sands  Missile 
Range  in  New  Mexico.” 

35.  Mississippi  test  facility  drawings:  “Late  in  September,  plans  were  ap- 
proved for  the  development  of  a test  facility  In  Mississippi,  which  will  be  used 
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for  firing  the  large  launch  vehicle  stages  produced  at  the  Michoud  plant  in  ■ 
New  Orleans.” 

36.  Schlrra  recovery:  “On  October  3,  Walter  Schirra  successfully  orbited 
the  earth  six  times.  He  made  his  landing  in  the  Pacific  Ocean.” 

37.  Test  firing : “A  few  days  later,  the  Saturn  S-IV  stage  successfully  com- 
pleted its  first  full-duration  static  firing  test — a 7-minute  run  at  Sacramento.” 

38.  Donning  Apollo  suits : “At  this  time,  teams  from  Hamilton  Standard  and 
International  Latex  were  contracted  for  work  on  the  development  of  spacesuits 
for  Apollo  spacemen.” 

39.  J-2  firing:  “Within  the  week,  the  J-2  engine  underwent  a full  duration 
4-minute  static  firing  test  at  Bocketdyne.” 

40.  Paraglider  in  action : "Toward  the  end  of  the  month,  a test  pilot  flew  a 
paraglider  over  Edwards,  Calif.  It  was  a successful  development  test  for  the 
Gemini  recovery  system.” 

41.  Test  stands : “At  that  same  location,  three  separate  contractors  began  work 
on  a complex  of  three  stands  for  testing  the  big  F-l  rocket  engine.” 

42.  Model  of  Lem : “By  the  7th  of  November,  Grumman  was  selected  for  de- 
velopment work  on  the  lunar  excursion  module  of  the  Apollo  spacecraft  NASA 
announced  its  confirmation  of  lunar  orbit  rendezvous  as  the  selected  mission 
mode  for  Apollo.” 

43.  Test  firing:  “On  November  9,  the  S-l  first  stage  of  the  Saturn  was  test 
fired  at  a full  thrust  of  1%  million  pounds.  Previous  firings  have  all  been  1.3 
million  pounds,  but  this  was  in  preparation  for  the  first  two-stage  flight,  to  be 
launched  in  1963.” 

44.  Cooper  talking  to  men:  “On  November  14,  Astronaut  Gordon  Cooper  was 
selected  for  a 1-day  orbital  flight  to  take  place  this  spring.  Alan  B.  Shepard  will 
be  his  back-up.” 

45.  Saturn  third  test  flight : “Within  a few  days,  the  third  test  flight  of  Saturn 
succeeded.  This  included  a second  hteh  water  explosion.” 

46.  Saturn  on  barge:  “At  the  Marshall  Space  Flight  Center,  the  Saturn  IV’ 
stage  arrived  for  dynamic  tests.  It  had  completed  a 23-day  voyage  from  the 
west  coast,  coming  by  way  of  the  Panama  Canal,  the  Mississippi,  Ohio,  and  Ten- 
nessee Rivers.” 

47.  View  of  Aerojet  plant : “Late  in  the  month,  the  first  successful  firing  of  a 
development  engine  for  the  Apollo  spacecraft  service  module  took  place  at  the 
Aerojet  General  plant” 

48.  Corps  of  Engineers  conceptual  footage:  “In  December,  NASA  contracted 
with  the  Army  Corps  of  Engineers  to  study  the  problems  involved  in  constructing 
a base  on  the  moon.” 

49.  Command  module  at  NAA:  “At  the  end  of  3962,  North  American  Aviation 
completed  the  fabrication  of  an  Apollo  Command  Module.  It  was  delivered  to 
Northrop  for  installation  of  the  parachute  landing  system,  and  will  be  used  for 
the  first  unmanned  flight  test.” 

50.  “With  this  background  of  accomplishment  in  the  maned  space  flight  pro- 
gram, NASA  looks  forward  to  1963  as  another  period  of  continuing  progress.” 
Overprint ; NASA  logo 

Mr.  Holmes.  Mr.  Chairman,  I have  with  me  at  the  table  my  Deputy 
for  Programs,  Mr.  George  M.  Low,  and  the  Director  of  our  Program 
Review  and  Resources  Management  in  the  Office  of  Manned  Space 
Flight,  Mr.  William  E.  Lilly. 

The  film  you  have  just  seen  highlights  accomplishments  in  the  pro- 
gram since  we  last  reported  to  this  committee. 

The  thing  that  it  does  not  emphasize,  but  that  I think  is  the  single 
most  important  accomplishment  perhaps  of  the  last  year  or  14  months, 
is  the  pulling  together  of  a program  that  is  scheduled,  planned,  and  or- 
ganized to  an  extent  that  of  course  it  could  not  be  a year  ago,  and 
second,  the  pulling  together  of  an  organization  in  which  the  com- 
munication lines  have  been  shortened,  the  responsibilities  have  been 
clarified,  and,  in  which,  I think  we  can  now  say  we  have  a team  working 
together. 

Just  as  a fisherman  can  sense  the  weather,  or  a machinist  can  sense 
whether  something  is  going  well,  I personally  believe  that  a profes- 
sional manager  can  somehow  sense  how  an  organization  is  going. 


126 


1964  NASA  AUTHORIZATION 


Considering  myself  a professional  manager — whether  that  is  right 
or  wrong — my  sense  is  that  this  group  of  men  which  carries  the  re- 
sponsibility for  you  and  for  the  United  States  for  our  manned  lunar 
program,  have  now  formed  a team.  It  is  hard  to  say  how  you  sense 
this,  but  I think  you  can  feel  it;  I think  you  can  see  it,  I think  you  can 
almost  taste  it  if  you  live  with  it,  and  nave  management  experience. 

The  United  States  has  achieved  much  in  space  in  the  5 years  since 
Explorer  I was  launched  in  January  1958.  My  colleagues  in  NASA 
will  report  to  the  committee  on  our  successes  in  scientific  investiga- 
tion, in  development  of  practical  applications,  in  advancement  of  tech- 
nology, and  in  flight  missions,  such  as  the  historic  rendezvous  with 
Venus  attained  by  Mariner  II  last  December  14. 

It  is  my  responsibility  to  report  on  the  American  accomplishments 
in  manned  space  flight.  Much  has  been  done  in  this  area  and  we  have 
grown  stronger  over  the  last  year. 

I think  the  motion  picture  highlights  some  of  those  things  in  this 
rather  full  year  in  the  maimed  space  flight  program. 

However,  it  is  a sobering  fact  that  another  nation  has  been  able  to 
demonstrate  longer  duration  maimed  flights,  manned  flights  utilizing 
spacecraft  weighing  more  than  three  times  that  of  Mercury,  and  a 
simultaneous  flight  of  two  astronauts  in  space  in  separate  spacecraft. 

And  of  course  I refer  to  the  Soviet  Union. 

As  this  committee  well  knows,  the  Soviet  Union  started  well  ahead 
of  us  in  the  development  of  large  rockets,  so  necessary  for  manned 
flight.  The  Soviets  have  been  ahead  of  us,  and  are  still  ahead  of  us 
in  their  ability  to  reliably  launch  large  masses  to  Earth  orbit. 

Over  the  next  few  years,  we  must  anticipate  that  the  Soviets  will 
demonstrate  even  more  impressive  accomplishments  than  they  already 
have  shown  in  such  categories  as  long-duration  flight  and  the  precise 
timing  of  manned  space  flight  launchings. 

They  have  made  very  good  use  of  this  rocket  they  have  of  about 
850,000  pounds  thrust  in  launching  it  over  and  over  again  for  many 
applications. 

Nevertheless,  with  the  acceleration  of  our  own  progress  and  by  the 
establishment  of  our  program  on  a sound  engineering  basis,  we  can, 
we  believe,  surpass  the  Soviets  in  time  and  clearly  establish  U.S. 
preeminence  in  manned  space  flight. 

What  do  we  mean  by  preeminence?  We  mean  that  we  intend  to 
occupy  first  place  among  the  nations  of  this  world  in  science,  in  tech- 
nology, and  in  man’s  conquest  of  space. 

We  intend  to  conduct  scientific  investigations  in  the  unknown  areas 
that  the  power  of  the  rocket  enables  us  to  explore,  to  provide  us  with 
knowledge  of  conditions  in  space,  to  let  us  solve  some  of  the  mysteries 
of  the  unexplored  sea. 

We  intend  to  advance  our  technology  in  propulsion,  in  control  and 
navigation,  in  power  generation,  in  life  support  systems,  and  in  the 
transmission  of  large  quantities  of  information  over  long  distances. 

We  intend  to  develop  powerful  launch  vehicles,  advanced  spacecraft, 
and  adequate  facilities  on  earth  to  provide  the  operational  capability 
required  for  preeminence.  We  intend  to  obtain  a great  deal  of 
flight  experience. 

"We  intend  to  know  how  to  maneuver  in  space  and  rendezvous  with 
other  spacecraft.  We  intend  to  develop  the  techniques  of  landing  on 
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another  astronomical  body,  and  of  reentering  the  Earth’s  atmosphere 
at  increasingly  great  speeas. 

In  addition  to  all  of  this,  we  intend  to  acquire  the  ability  to  fabricate, 
inspect,  assemble,  and  check  out  flight  hardware  and  ground  equipment 
that  will  provide  space  vehicles  that  are  safe,  economical,  and  unsur- 
passed in  operational  proficiency. 

The  objectives  of  the  program  we  shall  describe  today  are  to  progress 
so  rapidly  along  these  lines  that,  bv  the  end  of  this  decade,  our  envelope 
of  manned  flight  competence  will  extend  out  a quarter  million  miles 
from  the  Eartn. 

In  other  words,  it  will  extend  out  to  include  the  Moon. 

The  manned  lunar  landing  program,  Project  Apollo,  at  present 
provides  an  organizational  tocus  tor  the  development  of  the  capa- 
bilities required  for  the  attainment  of  national  preeminence  in  space. 
Moreover  Project  Apollo  provides  an  opportunity  to  conduct  our 
space  program  in  such  a manner  that  U.S.  preeminence  will  be  clearly 
evident  to  the  world. 

Let  us  now  turn  to  the  manned  space  flight  program.  In  our  testi- 
mony we  shall  deal  first  with  questions  of  management  and  then  with 
the  technical  phase  of  our  efforts.  We  shall  conclude  this  discussion 
with  a description  of  a manned  flight  to  the  moon  and  back,  as  we  now 
forsee  it.  Finally,  we  shall  make  a few  remarks  about  planning  for 
advanced  programs. 

At  present,  there  are  three  manned  space  flight  programs — Mercury, 
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They  constitute  a step-by-step  program  to  develop  a broad  capabil- 
ity for  the  manned  exploration  of  space.  They  are  designed  to  achieve 
and  maintain  U.S.  space  leadership. 

We  have  some  slides  which  will  go  along  with  my  text  and  testi- 
mony in  order  to  clarify  the  points  I am  trying  to  make. 

In  Project  Mercury  we  have  adequately  established  man’s  ability  to 
perform  effectively  in  the  environment  of  orbital  flight  and  have  de- 
veloped the  foundation  of  a manned  space  flight  technology.  In  three 
flights  last  year,  the  time  under  conditions  of  zero  gravity  was  ex- 
tended to  almost:  9 hours  and,  this  May,  we  plan  a mission  of  more 
than  a day’s  duration. 

Our  planning  is  for  22  orbits  which  would  be  about  33  hours’  dura- 
tion. 

In  Project  Gre:  ^ni  we  will  gain  operational  proficiency  and  develop 
new  techniques,  including  rendezvous. 

In  Project  Apollo  our  objective  is  to  achieve  U.S.  preeminence  and 
to  develop  the  ability  to  explore  the  moon  before  the  end  of  this  decade. 

The  exploration  of  the  moon  will  be  a beginning,  not  an  end,  how- 
ever. It  will  open  the  way  for  wider  explorations  of  space  and  our 
solar  system,  whose  end  cannot  be  foreseen. 

In  later  years,  we  shall  have  available  the  capacity  to  undertake  sub- 
stantial efforts  in  programs  to  cany  out  more  advanced  missions, 
should  the  Nation  so  decide. 

PROGRAM  MANAGEMENT 

These  programs  constitute  a very  great  national  effort,  as  you  are 
all  well  aware.  The  bulk  of  the  work  is  carried  out  by  indusi^. 
More  than  90  percent  of  the  funds  appropriated  to  NASA  for  the  cur- 
rent fiscal  year  are  expended  on  contracts  with  industry,  universities, 
private  laboratories,  and  other  Government  agencies. 

However,  we  are  building  a powerful  organization  of  managers,  en- 
gineers, scientists,  and  administrative  specialists  in  NASA  to  super- 
vise the  contractors’  work  and  to  make  certain  that  the  taxpayers  get 
full  value  for  their  investment. 

NASA  research  and  development  centers  throughout  the  country 
supervise  most  of  the  work  performed  by  the  contractors.  Only  a 
small  proportion  of  the  contractor  effort  is  directly  managed  in  Wash- 
ington. As  you  know,  overall  direction  of  the  NASA  program  is 
carried  out  in  Washington  in  four  major  program  offices,  one  of  which 
is  the  Office  of  Manned  Space  Flight. 

The  program  offices  have  the  responsibility  fop  the  technical  super- 
vision of  projects  assigned  to  the  centers.  On  institutional  matters, 
the  center  directors  formerly  reported  directly  to  the  associate 
administrator. 

By  “institutional  matters”  I mean  the  support  of  the  actual  plant — 
the  review  of  the  actual  organization  of  the  centers — whereas  in  pro- 
gram management  matters  I mean  the  effecting,  or  carrying  out,  of 
* specific  assigned  responsibilities  such  as  the  development  of  an  Apollo 
spacecraft  or  the  development  of  a Saturn  booster. 

As  Dr.  Seamans  reported  in  his  testimony  last  fall,  in  addition  to 
my  duties  as  Director  of  Manned  Space  Flight,  I was  appointed  to  the 
post  of  Deputy  Associate  Administrator  with  direct  responsibility  for 
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the  institutional  operations  of  the  three  Centers  primarily  concerned 
with  manned  space  flight.  These  are  the  Manned  Spacecraft  Center, 
Houston,  Tex. ; the  Marshall  Space  Flight  Center,  Huntsville,  Ala. ; 
and  the  Launch  Operations  Center,  Cape  Canaveral,  Fla, 

The  logic  behind  that  organizational  shift  was  not  to  either  increase 
my  responsibilities  or,  really,  to  give  me  additional  duties;  but  it 
was  a shift  which  I personally  wished  to  see  happen  since  each  of  those 
three  centers  has  by  far  the  greatest  proportion  of  its  work  in  the 
manned  space  area.  In  the  case  of  the  Marshall  Space  Flight  Center 
and  the  Manned  Spacecraft  Center,  95  to  100  percent  of  their 
work  is  in  this  program.  At  Cape  Canaveral,  the  Launch  Operations 
Center,  there  are  many  other  important  projects  there.  But  as  far  as 
their  day-to-day  work — the  new  construction  work,  the  planning— over 
90  percent  of  that  is  also  in  manned  space  flight.  So  the  additional 
'post  given  me  tends  to  pull  together  the  team  in  a much  more  integrated 
way  than  having  separate  channels  for  institutional  arid  program 
matters. 

In  the  management  of  the  manned  space  flight  program  as  we  re- 
ported to  this  committee  last  year,  we  employ  the  Management  Council, 
a body  consisting  of  the  Directors  in  the  Office  of  Manned  Space  Flight 
and  the  senior  officials  of  the  three  Centers  just  mentioned. 

The  Management  Council,  on  which  I serve  as  chairman,  meets  every 
month  for  an  evening  and  all  the  following  day.  These  meetings 
of  the  keymen  responsible  for  the  Nation’s  manned  space  flight  ac- 
tivities have  proven  to  be  an  extremely  useful  management  tool.  As 
the  tangible  result  of  these  meetings,  the  Management  Council  gen- 
erates the  fundamental  program  decisions  and  program  policy. 

In  addition  the  mutual  understandings  and  better  communications 
that  have  been  achieved  bear  directly  upon  the  efficiency  with  which 
our  organization  functions. 

The  Director  and  the  Deputy  Director  of  each  of  these  Centers, 
these  three  Centers  which  I mentioned,  serve  on  the  Management 
Council.  My  two  Deputies  in  the  Office  of  Manned  Space  Flight  and 
the  other  Directors  in  the  Office  of  Manned  Space  Flight  serve  on  the 
Management  Council. 

I think  a word  here  about  the  Management  Council’s  operation  is 
worthwhile. 

These  men  come  to  a table  once  a month  bearing  the  full  respon- 
sibility for  the  total  manned  space  flight  program. 

Wemher  von  Braun  does  not  come  to  the  table  responsible  only  for 
the  Saturn  booster  or  engine  developments,  nor  does  Bob  Gilruth 
come  responsible  only  for  the  Apollo  spacecraft. 

In  that  way  we  have  achieved  a tremendous  increase  in  our  com- 
munications and  our  feeling  of  responsibility  for  the  whole  program. 
Further,  we  have  instilled  these  feelings  not  only  in  th  )se  men  who 
would  feel  it  anyway,  but  through  them  in  all  of  the  men  in  their 
organization. 

This  way  we  can  obtain  a much  closer  working  relationship  among 
these  people;  achieve  the  result  of  having  a body  of  men  working 
toward  a common  goal.  Of  course  it  helps  to  have  this  common 
goal  to  which  we  are  dedicated.  That  is  making  us  first  in  the  world 
as  far  as  manned  accomplishment  in  space. 

Another  important  management  concern  is  our  working  relation- 
ship with  the  armed  services.  Extensive  cooperation  between  NASA 
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and  the  Department  of  Defense  continues  to  be  a fundamental 
necessity. 

In  Project  Mercury,  for  example,  the  Army,  the  Navy,  and  the  Air 
Force  have  contributed  support  in  many  ways.  We  employed  an 
Army  rocket,  the  Bedstone,  for  the  suborbital  flights.  We  use  an 
Air  Force  launch  vehicle,  the  Atlas,  for  the  orital  flights.  Our 
flights  are  launched  from  a range  operated  by  the  Air  Force  and  we 
rely  on  the  Navy  for  recovery  operations. 

Those  are  but  a few  of  the  contributions  the  armed  services  have 
made  to  date  to  our  program. 

We  reported  last  year  that  the  Air  Force  Systems  Command  had 
established  direct  liaison  with  the  Office  of  Manned  Space  Flight, 
Maj.  Gen.  O.  J.  Ritland  carries  out  this  function  as  Deputy  Com- 
mander, Manned  Space  Flight. 

Together  with  a staff  of  senior  officers,  General  Ritland  occupies 
space  within  the  Office  of  Manned  Space  Flight. 

In  fact  he  is  in  the  same  building  that  I am  and  my  people  are. 
This  association  has  resulted  in  close  coordination  between  the  Sys- 
tems Command  and  the  Office  of  Manned  Space  Flight. 

It  has  served  to  provide  rapid  and  efficient  Air  Force  support  for 
the  NASA  program.  At  the  same  time  it  has  made  readily  available 
to  the  Air  Force  such  information  about  the  NASA  program  as  its 
high  officials  believe  may  be  beneficial  to  Air  Force  plans  and 
operations. 

NASA  and  the  Department  of  Defense  also  coordinate  their  space 
programs  with  the  use  of  the  Aeronautics  and  Astronautics  Coordi- 
nating Board.  The  AACB  has  a Manned  Space  Flight  Panel  on 
which  I serve  as  Chairman.  Through  General  Ritland’s  office  and 
the  AACB  Panel,  the  Department  of  Defense  receives  prompt  and 
complete  reports  of  the  results  of  NASA  research  and  development. 
Our  object  is  to  keep  the  DOD  constantly  in  a position  to  take  what- 
ever action  the  national  interest  requires. 

In  January  1963  Secretary  of  Defense  McNamara  and  Mr.  Webb 
agreed  on  joint  DOD-NASA  arrangements  for  the  most  effective 
utilization  of  the  Gemini  program  to  assure  the  fulfillment  of  both 
NASA  and  DOD  requirements  in  the  planning  of  experiments,  the 
conduct  of  flight  tests,  and  the  analysis  and  dissemination  of  results. 

NASA  will  continue  to  manage  the  project.  However  the  Depart- 
ment of  Defense  will  take  part  in  development  pilot  training,  pre- 
flight checkout,  launch  operations,  and  flight  operations.  The  DOD 
will  contribute  funding  as  appropriate,  in  an  amount  to  be  deter- 
mined later. 

Now  this  last  statement  could  be  a little  misleading  so  I will  inter- 
pret it.  It  means  that  we  will  meet  regularly  with  the  Air  Force. 
We  will  accommodate,  to  the  degree  we  can  without  impairing  or 
delaying  our  program,  experiments  that  they  want. 

We  will  keep  them  informed  of  all  of  our  operations,  but  the  execu- 
tive management  of  Gemini,  including  the  pilot  training  and  all  of 
these  things,  will  be  accomplished  by  NASA  solely.  The  Air  Force 
will  be  kept  informed  and  will  participate,  and  we  will  incorporate 
their  suggestions  and  ideas  into  the  program  as  much  as  possible. 

At  the  same  time,  NASA  and  the  Department  of  Defense  reached 
a new  agreement  on  the  responsibilities  tor  operations  on  the  Atlantic 
Missile  Range.  The  DOD  will  continue  to  be  the  single  manager  of 
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the  range  and  the  Air  Force  will  still  be  the  host  agency  responsible 

for  the  old  Cape  Canaveral  area.  However,  NASA  will  manage  and  \ 

serve  as  the  host  agency  for  the  Merritt  Island  launch  area  to  the 

north  of  Cape  Canaveral. 

This,  as  you  know,  is  the  additional  approximately  85,000  acres  of 
land  which  will  be  not  only  the  experimentation  base  for  the  research 
and  development  launchings  of  our  manned  space  flight  vehicles  but 
it  also  will  be  the  operational  base. 

The  activities  of  other  NASA  offices  and  installations  also  con- 
tribute to  the  manned  space  flight  program.  The  space  science  pro- 
gram is  very  closely  related.  To  properly  plan  our  manned  flights, 
we  need  the  information  that  science  can  provide  in  understanding 
the  nature  and  distribution  of  radiation  m space,  and  the  density 
and  velocity  of  meteoroids  and  space  dust. 

As  another  example,  we  will  benefit  considerably  from  space  science 
programs  such  as  Ranger  and  Surveyor,  which  will  make  investiga- 
tions of  the  gravity  and  topography  of  the  Moon  and  will  provide  in- 
formation concerning  lunar  surface  characteristics. 

In  a reciprocal  manner,  as  We  have  noted  previously,  much  informa- 
tion can  be  gained  for  science  from  manned  space  flight. 

We  are  working  closely  with  the  Office  of  Space  Sciences  and  with 
the  general  scientific  community  to  plan  the  scientific  measurements 
and  experiments  that  will  be  conducted  in  both  Projects  Gemini  and 
Apollo. 

Recently  NASA  formed  a working  group,  consisting  of  personnel 
from  the  Offices  of  Space  Sciences  and  Manned  Space  Flight,  in  order 
to  assure  coordination  with  the  scientific  community. 

The  group,  headed  by  Dr.  Eugene  Shoemaker  of  the  Office  of  Space  f 

Sciences,  will  be  responsible  to  both  the  Office  of  Space  Sciences  and 
the  Office  of  Manned  Space  Flight.  >. 

The  working  group  will  recommend  programs  of  scientific  explora- 
tion in  future  manned  flights,  define  the  information  desired  from  un- 
manned flights  in  support  of  manned  flights,  and  maintain  general 
liaison  and  coordination. 

There  are  two  aspects  of  this  from  the  operational  standpoint,  if  I 
can  use  that  term  broadly.  We  want  to  get  men  to  the  Moon  and  bring 
them  back  safely,  and  to  do  this  we  want  to  get  all  the  information 
that  the  scientific  community  can  give  us  about  the  Moon  and  about 
the  environment. 

The  other  aspect  is  that  the  scientific  community  is,  of  course,  tre- 
mendously interested  about  what  a man,  once  going  into  this  unknown 
environment,  can  learn.  Therefore,  the  type  of  experiments  which 
we  can  carry  within  our  limited  payload  capacity  for  carrying  experi- 
ments, the  type  of  observations  that  should  be  made  during  the  brief 
stay  on  the  Moon,  ail  of  these  things  should  be  maximized  to  give  us 
the  most  effective  operation. 

We  achieve  these  purposes  best  by  listening  to  the  scientists  of  this 
country  as  to  what  they  think  are  the  most  important  things  to  observe 
and  to  leam. 

The  manned  space  flight  program  also  benefits  from  the  advanced 
research  and  technology  investigations,  particularly  those  conducted 
at  the  NASA  Research  Centers.  Indeed,  it  was  Dr.  John  Houbolt,  a 
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scientist  at  the  Langley  Research  Center,  who  began  detailed  study  of 
the  idea  of  lunar  orbit  rendezvous  in  1960. 

The  technologies  studied  in  the  NASA  Research  Centers  today  are 
those  we  will  employ  in  the  design  of  our  launch  vehicles  and  space- 
craft in  the  next  decade.  Without  this  work  we  would  be  proceeding 
rapidly  down  a road  with  a blank,  sterile  future. 

In  other  words,  this  group  of  people  in  advanced  research  and  tech- 
nology must  be  looking  at  the  period  10  to  15  to  20  years  out,  since  our 
programs  go  out  almost  10  years.  Otherwise  we  will  be  rushing  pell- 
mell  up  to  that  period  without  having  kept  up  with  advances  that 
could  have  been  made  in  the  art  in  order  to  take  the  next  steps. 

Manned  space  flight  makes  use  of  worldwide  networks  of  tracking 
and  data  acquisition  stations,  which  serve  all  of  our  programs.  Deep 
space  instrumentation  network  stations  around  the  world,  such  as  that 
at  Goldstone,  Calif.,  which  tracked  Mariner  II  to  Venus  and  beyond, 
will  enable  us  to  communicate  with  astronauts  on  the  Moon. 

Managing  this  program  is  a task  of  unparalleled  scope.  That  is  . • 
big  statement,  I don’t  know  that  it  has  unparalleled  scope,  I know  it 
is  a very  large  job.  Many  thousands  of  people  will  be  at  work  at 
locations  throughout  the  country.  Thousands  of  events  must  occur 
at  the  proper  time  and  at  the  proper  place. 

In  research  and  development  we  are  often  exploring  unknown  areas 
and  it  is  not  always  possible  to  predict  how  long  each  phase  of  the  job 
will  require.  There  is  an  ever-present  hazard  that  bottlenecks  in 
small  things  will  interfere  with  the  progress  of  major  phases  of  the 
program. 

It  we  provide  the  means  to  identify  problems,  preferably  before 
they  arise,  we  are  frequently  able  to  prevent  this  kind  of  bottleneck. 
It  should  be  recognized  that  everything  we  propose  to  do  is  well  within 
the  short-term  growth  capacity  of  our  technology,  assuming  that  our 
estimates  of  the  environment  are  correct. 

In  other  words,  it  is  within  the  state  of  the  art,  that  much  overused 
phrase.  We  mean  that  we  don’t  have  to,  for  instance,  develop  much 
greater  accuracy  for  navigational  systems  than  we  presently  nave  in 
our  ballistic  missile  programs.  That  is  a typical  example. 

This  is  true  throughout  the  lunar  program,  as  long  as  our  estimates 
of  the.  environment  are  correct,  and  as  long  as  our  estimates  of  man’s 
reaction  to  the  environment  are  correct.  I refer  specifically  there 
to  weightlessness,  where  we  believe  that  a man  can  stay  operationally 
proficient  for  the  period  of  time  of  going  to  the  JVIoon  and  back. 

These  are  assumptions  that  we  believe  are  valid,  but  that  we  plan  to 
verify  through  additional  Mercury  flights,  through  Gemini,  and  then 
through  Apollo  in  Earth  orbit. 

The  only  major  breakthroughs  required  are  in  the  area  of  manage- 
ment. Indeed,  we  believe  that  the  national  experience  of  managing 
a research  and  development  program  of  this  magnitude  is  an  added 
benefit,  beyond  the  technological  dividends  that  we  shall  obtain  from 
the  manner  lunar  landing  program. 

If  you  look  back  a decade  at.  the  largest  programs  that  were  then 
awarded  to  any  given  group  of  individuals  they  were  tiny  by  compari- 
son. I would  like  to  suggest  that  had  those  programs  not  been  done, 
and  the  management  techniques  such  as  those  used  in  the  ballistic  mis- 
sile program,  as  an  example,  been  developed,  we  would  not  be  in  a posi- 
tion to  ao  this  program  today.  Similarly,  in  doing  this  program  we 
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will  be  in  a position  to  undertake  other  even  larger  programs  in  the 
future. 

That  growth  in  management  capability,  the  capability  to  organize 
programs  on  a large  scale,  is  of  great  benefit  to  this  Nation. 

I can  go  back  to  my  own  experience,  and  recall  the  contractor  with 
which  I happened  to  work.  The  largest  program  they  had  ever  re- 
ceived was  the  Talos  land  base  system  which  I managed.  That  was 
a big  program  in  those  days,  and  that  entire  program  totaled  under 
$40  million.  That  is  the  kind  of  thing  I mean.  You  put  your  good 
people  on  a program  of  that  size  then.  Now  you  could  not  possibly 
put  your  best  people  on  a program  of  that  size. 

Mr.  Casey.  You  say  the  only  major  breakthroughs  required  here  are 
in  the  areas  of  management,  you  still  have  progress  to  make,  then  ? 

Mr.  Holmes.  Yes,  we  still  have  a way  to  go.  Yes,  I think  we  do. 
We  have  to  coordinate  several  hundred  thousand  people  toward  this 
common  goal  and  do  it  efficiently  and  well  or  we  will  just  squander 
time  and  squander  money. 

Mr.  Casey.  Of  course  that,  I think,  is  some  of  the  criticism  that  we 
will  be  subjected  to  in  our  large  request  this  year  for  the  continuation 
of  these  programs;  that  is,  whether  or  not  there  is  a lot  of  waste. 
Naturally  since  you  state  that  the  program  is  of  such  magnitude  that  it 
has  never  been  tried  before,  I am  sure  you  can  look  back  and  see  some 
of  this  waste,  due  to  management  problems  such  as  you  have  overcome. 
But  you  feel  that  you  are  making  progress  in  that  direction  now,  to 
weld  this  program  together  ? 

Mr.  Holmes.  Yes,  I feel  we  are  making  progress.  1 feel  the  pro- 
gram is  under  control  and  I feel  our  estimates  are  quite  real. 

In  my  subsequent  testimony  I will  tell  you  some  of  the  things  that 
we  are  doing  to  substantiate  that  statement  of  why  I believe  it  is  under 
control ; why  I believe  I can  say  to  you  we  need  this  money  to  do  this 
job,  and  if  we  don’t  have  this  money  we  are  not  going  to  do  this  job 
on  this  time  scale.  If  we  just  make  these  statements  they  are  just 
words.  But  if  you  back  them  up  with  hard  schedules,  and  hard-spend- 
ing curves,  and  hard-man-rate  curves  versus  time,  both  predicted  and 
actual ; if  you  show  that  you  are  keeping  control  of  these  schedules 
and  spending  rates;  and  if  you  then  couple  all  that  with  experience  in 
other  programs;  then  they  are  not  just  words.  They  are  then  facts; 
and  that  is  what  I hope  to  be  able  to  demonstrate. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman,  could  we  have  a chart 
placed  in  the  record  at  this  point  to  show  how  these  councils  and  boards 
operate,  and  how  the  management  lines  run? 

If  we  could,  I would  like  to  see  that. 

Mr.  Holmes  Yes,  we  will  prepare  one  for  that  purpose  and  supply  it. 

Mr.  Fulton  of  Pennsylvania.  Thank  you. 

Mr.  Casey.  The  composition  of  the  Space  Council  and  your  Man- 
agement Council  that  you  referred  to. 

Mr.  Fulton  of  Pennsylvania.  Right;  and  how  you  fit  these  things 
into  management.  If  you  have  a maze  of  boards  and  councils,  you 
will  find  yourself  coordinated  and  advised  to  death.  I want  to  make 
sure  that  we  am  being  efficient. 

Mr.  Holmes.  I agree  with  what  you  said.  The  next  series  of  charts 
(figs.  2,  2a,  2b,  and  2c)  show  the  internal  organization  of  the  Office 
of  Manned  Space  Flight  and  the  Centers  which  I mentioned  pre- 
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viously.  It  also  illustrates  the  relationship  between  the  Management 
Council  and  my  office.  The  unique  aspect  of  this  so-called  Manage- 
ment Council — which  is  a fancy  name  for  a group  of  men  sitting 
around  the  table — is  that  this  is  not  just  a group  of  people  meeting  as 
a committee  who  make  a decision  and  then  go  away.  Every  one  of 
these  men  has  to  live  with  the  decisions ; they  are  responsible  for  them, 
and  they  must  carry  them  out.  That  helps  materially.  Let  me  give 
you  some  background  on  our  Management  Council. 

The  Manned  Space  Flight  Management  Council  was  established  in 
December  1961.  I serve  as  Chairman  of  the  Management  Council. 
Membership  includes  the  Deputy.  Directors  and  Program  Directors 
in  the  Office  of  Manned  Space  Flight  and  the  Directors  and  Deputy 
Directors  of  the  Manned  Spacecraft  Center,  the  Marshall  Space  Flight 
Center,  and  the  Launch  Operations  Center.  The  members  of  the 
Management  Council  are  as  follows : 

Mr.  D.  Brainerd  Holmes,  Director,  OMSF,  Chairman,  Man- 
agement Council. 

Mr.  Clyde  Bothmer,  executive  assistant  to  the  Director,  OMSF, 
executive  secretary  of  Management  Council. 

Mr.  Kurt  H.  Debus,  Director,  Launch  Operations  Center. 

Mr.  J.  C.  Elms,  Associate  Director,  Manned  Spacecraft  Center. 

Capt.  Robert  F.  Freitag,  Director,  Launch  Vehicles  and  Pro- 
pulsion, OMSF. 

Dr.  Robert  R.  Gilruth,  Director,  Manned  Spacecraft  Center. 

Mr.  William  E.  Lilly,  Director,  Program  Review  and  Resources 
Management,  OMSF. 

Mr.  George  M.  Low,  Deputy  Director  (Programs),  OMSF. 

Mr.  Eberhard  Rees,  Deputy  Director,  George  C.  Marshall  Space 
Flight  Center. 

Dr.  Charles  H.  Roadman,  Director,  Space  Medicine,  OMSF. 

Mr.  Albert  F.  Siepert,  Deputy  Director,  Launch  Operations 
Center. 

Dr.  Joseph  F.  Shea,  Deputy  Director  (Systems),  OMSF. 

Mr.  James  E.  Sloan,  Director,  Integration  and  Checkout, 
OMSF. 

Dr.  Wemher  von  Braun,  Director,  George  C.  Marshall  Space 
Flight  Center. 

Mr.  Walter  C.  Williams,  Associate  Director,  Manned  Space- 
craft Center. 

The  monthly  meetings  are  held  in  Washington,  Houston,  Huntsville, 
or  Cape  Canaveral  on  a rotating  basis. 

The  Manned  Space  Flight  Management  Council  provides  a focal 
point  for  determining  program  policy  and  for  reaching  major  deci- 
sions. During  these  meetings  problems  are  identified  and  resolved 
as  rapidly  as  possible.  In  addition  program  goals,  approaches,  sched- 
ules, and  progress  are  discussed.  The  form  of  the  Management 
Council  assures  that  decisions  are  based  on  the  best  interests  of  the 
program  and  that  they  are  reached  in  a coordinated  and  timely 
manner.  The  members  bear  the  responsibility  for  executing  decisions 
of  the  Management  Council. 

As  I mentioned,  the  members  have  the  dual  responsibility  for  reach- 
ing and  carrying  out  their  decisions. 

Mr.  Fulton  of  Pennsylvania.  That  is  what  we  want  to  hear,  how 
it  works. 
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Mr.  Holmes.  Yes,  sir. 

To  aid  us  in  managing  this  program,  the  Office  of  Manned  Space  % 

Flight  and  the  three  centers  most  closely  associated  with  its  program 
use  scheduling  and  review  procedures,  in  which  we  have  established 
a uniform  and  integrated  scheduling  system. 

The  three  elements  of  scheduling  (fig.  3)  are  technical  progress, 
funding,  and  manpower.  The  three  centers  and  contractors  directly 
responsible  to  the  Office  of  Manned  Space  Flight  prepare  their  sched- 
ules by  analyzing  information  compiled  by  other  contractors  and 
subcontractors. 


Figure  3 

In  the  next  (fig.  4)  we  9ee  that  the  program  evaluation  review 
technique  (PF.RT),  the  companion  cost  system,  and  other  modem 
management  methods  are  used  extensively  in  the  preparation  of  these 
detailed  schedules. 

Then  the  information  from  the  three  centers  is  combined  in  the 
Office  of  Manned  Space  Flight. 

Now  what  that  shows,  and  I am  going  to  describe  the  scheduling 
system  because  I think  it  is  a key  management  control  for  the  pro- 
gram, what  that  tries  to  show  graphically  is  thousands  and  thousands 
of  elements  which  have  to  be  scheduled.  Where  possible  we  use  com- 
puters at  lower  levels.  The  information  however  funnels  into  a four- 
level  system,  which  I will  describe,  with  the  top  level  being  something 
that  shows  flight  schedules.  As  you  go  down  to  lower  levels  you  al- 
ways show  the  information  through  a typical  bar  chart  which  you 
would  use  or  I would  use  to  plot  your  thoughts.  That  is,  these  are 
the  events  I must  accomplish,  and  these  are  the  times  at  which  I must 
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Figure  4 

do  them;  in  other  words,  milestones  versus  time  supported  by  funding 
and  spending  rate  curves  and  manpower  curves. 

Indeed  if  you  look  at  all  three  together  you  have  a much  better 
picture  than  if  you  look  at  a sterile  chart. 

You  can  be  rooled  with  a chart,  but  it  is  awfully  hard  to  fool  some- 
one as  to  an  ongoing  program  where  you  look  at  accomplishments 
versus  time;  at  what  was  said  at  the  start  of  the  program  as  to  man- 
power and  fund  requirements  as  compared  to  current  facts. 

The  scheduling  procedure  covers  study  efforts,  system  engineering, 
development  and  production  of  equipment^  construction  of  facilities, 
and  the  flights  themselves.  It  provides  information  on  the  status 
of  hardware  at  all  levels  for  management  at  all  levels.  To  accom- 
plish this  we  maintain  and  continually  bring  up  to  date  comprehensive 
reports  of  the  status  of  work. 

In  this  (fig.  5)  we  see  that  the  reports  are  made  on  several  levels. 
The  vehicle  on  the  left  illustrates  the  first,  or  highest,  level,  that  of 
program  launches.  Level  2 covers  projects;  two  are  shown,  the  space- 
era  ft  and  the  launch  vehicle. 

Level  3 is  called  systems  and  consists  of  spacecraft  modules  and 
launch  vehicle  stages.  The  fourth  level,  at  the  right,  is  subsystems. 
We  can  see  a spacecraft  module  at  the  top  and  a launch  vehicle  stage 
below,  broken  up  into  a number  of  these  subsystems. 

Now  this  is  like  the  maintenance  manual  for  your  lawnmower.  In 
a hardware  program  I think  it  is  a good  way  to  schedule.  This  shows 
Apollo  here  as  a typical  example.  You  see  the  flight  schedules  or 
program  launches — tnat  is  in  white,  it  is  hard  to  see — as  level  1. 
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Figitkk  5 

So  now  you  have  a set  of  charts  you  can  look  at  that  are  not  too 
numerous — because  they  are  level  1 — and  get  a scan  of  the  whole  pro- 
gram of  when  you  are  going  to  do  what. 

A key  factor  is  that  we  have  slippages  shown  in  such  a way  that 
any  significant  slip  at  a lower  level  will  kick  up  to  the  next  level,  and 
then  the  next  level.  So  in  theory,  and  in  my  experience,  to  a large  ex- 
tent, in  practice,  one  can  look  only  at  the  top  levels  and  manage  by 
exception. 

Now  the  breakdown  is  that  you  have  overall  flight  schedule  at  level 
1.  Then  next,  at  level  2,  overall  large  programs  like  the  Apollo  space- 
craft. 

Then  the  next  level,  level  3 of  the  charts,  splits  that  down,  so  the 
Apollo  spacecraft  is  divided  into  its  command  module,  service  mod- 
ule, and  lunar  exploratory  module — that  I call  the  bug.  The  Saturn 
splits  into  the  stages — the  first  stage,  second  stage  and  the  third  stage. 

The  fourth  level,  which  is  as  far  as  I believe  we  have  to  go,  splits 
down  the  command  module  to  its  several  elements  like  a navigation 
system,  a communications  system,  and  an  environmental  system. 

Now  there  are  several  keys  to  this  system : First,  it  is  set  up  so  that 
it  is  kept  up  to  date  at  all  times — with  a body  of  clerical  people  and 

second,  the  man- 


without  burdening  the  project  management  people 
ageinent  people  at  the  lowest  possible  level  are  responsible  for  their 
charts;  they  review  them  with  top  management.  For  example,  a proj- 
ect engineer  will  have  a lot  of  data  from  a contract  on  a given  system, 
he  will  have  a level  4 chart  for  the  system  with  his  name  on  it. 
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It  is  also  important  that  the  individual  responsible  for  a chart  can- 
not change  the  original  chart.  This  must  be  done  at  the  next  higher 
management  level.  In  this  case,  it  would  be  a Center  Director,  This 
we  will  not  have  a situation  where  you  just  keep  changing  the  original 
chart  and  never  know  what  the  actual  history  is.  However  the  man 
responsible  for  the  chart  can  make  monthly  changes  to  show  slippages, 
et  cetera.  He  can  show  facts ; he  can’t  change  history. 

Then  he  presents  his  chart  to  management.  We  had  a 2-day  session, 
presenting  this  kind  of  review  to  the  Management  Council,  week  be- 
fore last.  If  a fellow  stands  up  there  and  has  to  present  something 
that  he  has  signed  off  on  monthly,  and  which  is  his  program,  if  he  is 
not  competent  it  shows  up  pretty  soon.  If  it  shows  up  this  way  we’ll 
soon  have  some  new  project  managers  working  on  the  program. 

The  reason  I spend  time  emphasizing  this  kind  of  thing,  is  because 
I believe  it  is  the  kind  of  thing  that  all  of  you  with  your  experience 
have  done.  It  is  the  kind  of  thing  that  is  not  unique,  it  is  not  par- 
ticularly brilliant,  but  it  is  awfully  darned  effective  in  getting  people 
to  work  together,  to  communicate  well,  and  to  control  a hard-hitting 
program. 

By  using  this  review  pattern,  each  accountable  level  of  management 
is  able  to  keep  firm  hold  on  the  schedules,  funding,  and  manpower. 

Progress  against  the  schedules  is  carefully  checked.  Once  a month, 
there  is  a formal  review,  at  which  each  directorate  of  the  Office  of 
Manned  Space  Flight  presents  the  status  for  that  area  of  responsibil- 
ity A tremendous  amount  of  information  is  presented  at  these  re- 
views. For  the  most  recent  review,  for  example,  we  prepared  about 
1,500  charts. 

We  are  preparing  additional  fourth-level  charts  that  will  increase 
this  total  to  about  2,000.  These  charts  summarize  the  information  in 
thousands  of  additional  detailed  charts  and  schedules  supplied  by  con- 
tractors. 

Another  key  element  which  I did  not  mention  in  this  kind  of  system 
is  that  these  are  the  working  charts,  that  they  are  not  hypothetical 
charts  that  some  project  engineer  is  using — if  it  is  at  this  level.  He 
is  using  these  and  he  signs  off  on  them. 

If  tne  system  does  not  accommodate  what  he  wants  to  do,  we  will 
change  the  system,  but  we  will  change  it  altogether  for  this  body  of 
people  in  Government,  these  three  Centers  in  the  Office  of  Manned 
Space  Flight,  not  piecemeal. 

It  took  a long  time  to  get  this  scheduling  procedure  and  review  pro- 
gram set  up.  Longer  than  I would  have  liked.  It  stands  about  so 
nigh  in  paper  [indicating]. 

We  produce  two  separate  volumes,  they  happen  to  be  pink  and  blue. 
One  has  costs  in  it  and  one  does  not,  because  the  cost  information  here 
is  highly  proprietary  Government  information.  These  are  the  cost 
estimates  that  we  make  in  Government.  They  are  not  just  what  a 
contractor  might  have  said  costs  would  be.  We  can  then  distribute  the 
volumes  without  costs  more  broadly . 

The  volumes  are  further  broken  down  by  elements  of  the  program 
so  that  instead  of  taking  this  tremendous  volume  of  information  and 
giving  it  to  everyone,  a person  that  needs  all  of  the  volumes  such  as 
the  Center  Director  would  have  all  of  the  volumes  and  a person  that 
needed  only  the  Apollo  volumes  would  get  just  the  Apollo  volumes. 

Not  every  event,  of  course,  occurs  precisely  at  the  time  we  have 
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planned  it.  Events  on  these  schedules  have  varying  degrees  of  prior- 
ity. In  some  cases,  it  is  essential  to  meet  a deadline  because  an  event 
is  part  of  a sequence. 

The  highest  priority  events  are  along  the  so-called  critical  path — a 
sequence  of  events  that  determines  the  minimum  length  of  time  re- 
quired to  complete  an  overall  schedule.  In  other  cases  the  loss  of 
time  may  be  of  less  concern. 

In  the  day-to-day  management  of  the  programs,  we  anticipate 
that  we  will  periodically  encounter  problems  that  endanger  the  overall 
schedule.  When  this  happens,  it  is  essential  that  the  problem  come 
immediately  to  the  attention  of  management  at  the  level  necessary  to 
take  corrective  action. 

To  expedite  the  proper  consideration  of  such  problems,  we  have  es- 
tablished an  urgent  action  message  procedure.  There  is  nothing  par- 
ticularly new  about  this  except  it  works.  If  the  Director  or  Deputy 
Director  of  one  of  the  three  Centers  determines  that*  a problem  war- 
rants this  priority  handling,  the  Office  of  Manned  Space  Flight  is  no- 
tified by  teletype. 

Now  it  is  necessary  to  restrict  this  type  of  action  to  a fairly  high 
level  type  of  responsibility  or  pretty  soon  it  breaks  down  and  every- 
thing is  called  urgent. 

The  status  of  urgent  action  messages  is  posted  daily  in  my  office. 
Within  24  hours  a teletype  reply  must  go  out  describing  what  is  be- 
ing done.  If  final  action  is  not  accomplished  within  48  hours,  the  re- 
sponsible Director  must  provide  a detailed  status  report.  With  pro- 
cedures like  these,  we  are  pacing  manned  space  flight  activities  to 
maintain  established  schedules. 


V 


THE  MANNED  SPACE  FLIGHT  PROGRAM 

Now  that  we  have  discussed  some  of  the  management  methods,  let 
us  turn  to  the  technical  program.  We  believe  technical  responsibility 
should  be  exercised  at  as  low  a level  in  the  organization  as  is  in  keep- 
ing with  the  nature  of  the  work. 

Decisions  on  the  design  of  hardware  should  ideally  be  the  responsi- 
bility of  those  who  are  physically  present  where  the  hardware  is  being 
produced. 

Insofar  as  possible,  the  individual  contractors  and  subcontractors 
are  responsible  for  producing  hardware  that  meets  the  specifications 
established  by  the  NASA  Centers. 

Now  I should  indicate  here  in  order  not  to  mislead  you  virtually  all 
of  the  NASA  Centers  are  working  on  the  manned  space  flight  pro- 
gram. 

The  thrtee  I have  emphasized  are  the  ones  that  are  essentially  work- 
ing 100  percent  on  the  manned  space  flight  program,  or  a very  large 
percentage.  But,  indeed,  it  would  be  unfair  to  those  Centers  to  not 
say  that  they  are  all  making  major  contributions  in  one  way  or  an- 
other. 

The  contractors’  work  on  the  design,  development,  manufacturing, 
and  testing  of  all  elements  of  the  system  is  directed  by  the  technical 
staff  at  each  Center.  Center  personnel  are  responsible  for  execution 
of  the  flight  missions. 

But  the  manned  lunar  landing  program  is  too  vast  in  scop©  to  be 
managed  by  a single  Center.  A central  organization  is  required  to 
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integrate  and  to  direct  the  efforts  of  the  three  principal  Centers,  to 
coordinate  these  efforts  with  those  of  other  elements  of  N ASA,  and 
to  deal  with  technical  matters  that  encompass  the  entire  program. 
That  central  function  is  provided  by  the  Office  of  Manned  Space  Flight 
in  Washington. 

And  it  is  for  these  very  reasons  that  I resent  it  when  my  people 
call  it  a headquarters  operation.  We  do  have  a headquarters  func- 
tion which  is  an  important  and  real  function,  but  our  basic  and  most 
responsible  function — if  we  are  to  succeed — is  that  of  a program  of- 
fice. This  is  a different  thing.  A program  office  does  not  just  get 
funds  for  Centers;  its  primary  job  is  to  integrate  them  toward  one 
welded  team  working  together. 

SYSTEMS  ENGINEERING 

U.S.  experience  in  conducting  complex  research  and  development 
programs  of  steadily  increasing  magnitude  over  the  last  two  decades 
has  shown  that  a strong  central  systems  engineering  team  is  required 
to  establish  the  overall  systems  concept  and  to  provide  continuing 
critical  technical  review. 

For  a program  of  the  scope  of  the  manned  lunar  landing,  the  re- 
quirement for  overall  systems  engineering  is  especially  apparent. 

In  the  Office  of  Manned  Space  Flight,  we  need  such  a systems  en- 
gineering activity  to  provide  programwide  technical  analysis  for 
management.  We  need  it  also  to  insure  that  the  functional  and  per- 
formance requirements  placed  upon  all  elements  of  the  system  are 
compatible  with  the  mission  objectives,  and  that  all  elements  of  the 
system  can  be  developed  within  the  scope  of  the  project. 

Within  the  Office  of  Manned  Space  Flight,  the  Office  of  Systems 
fulfills  the  requirement  for  systems  engineering  and  provides,  among 
others,  the  following  functions : 

It  would  indeed  be  a tragedy  if  we  committed  this  Nation,  to  the 
many  years  ahead  that  this  program  will  require,  to  the  tremendous 
contribution  of  our  most  skilled  technical  manpower,  to  the  tremen- 
dous contribution  of  out  resources,  and  then  find  we  are  on  the  wrong 
highway,  that  we  had  taken  the  wrong  path. 

Systems  engineering,  which  provides  comprehensive  analysis  in 
depth  of  mission  operations  studies,  mission  profile  studies,  and  analyt- 
ical studies,  not  just  handwaving  studies,  does  the  best  that  we  know 
how  to  assure  us  that  we  are  on  the  right  path.  God  willing,  vve  are. 

The  functions  are : Determination  of  broad  specifications  and  con- 
ceptual designs  of  major  elements  of  a program — including  the  es- 
tablishment of  weight-control  specifications  for  Project  Apollo  and 
all  future  manned  space  flight  programs. 

Review  of  on-going  programs  to  identify  and  evaluate  possible 
alternative  courses  of  action  that  may  become  desirable  because  of 
unanticipated  technical  developments.  Study  of  the  impact  of  fund- 
ing, schedule,  and  technical  changes  on  the  overall  program. 

Development  of  the  overall  reliability  and  system  test  plans  for 
Apollo  and  future  manned  space  flight  projects.  Preparation  of  a 
long-range  plan,  implementation  of  necessary  long-range  studies,  and 
participation  in  the  establishment  of  project  development  plans  for 
future  manned  space  flights  projects. 
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For  the  last  year  the  Office  of  Systems  has  been  carefully  recruit- 
ing a strong  team  of  scientists  and  engineers. 

We  now  have  about  half  of  our  planned  total  complement  of  125 
members  of  the  technical  staff  on  board.  That  is  the  technical  staff 
in  this  immediate  systems  engineering  office. 

There  are  major  contributions  from  the  Centers  working  with  this 
Office  to  form  the  total  in-house  or  in-Govemment  systems  engineering 
staff 

In  February  1962  NASA  requested  the  .Ajnerican  Telephone  & 
Telegraph  Co.  to  assist  in  this  systems  engineering  effort.  We  asked 
A.T.  & T.  to  provide  an  organization  of  experienced  men  able  to  employ 
the  most  advanced  analytical  procedures  necessary  to  develop  the 
factual  bases  needed  by  responsible  NASA  officials  to  make  the  wide 
range  of  decisions  required  for  the  successful  execution  of  the  manned 
space^ flight  program. 

A.X.  & T.  responded  to  this  request  by  forming  Belleomm,  Inc.,  in 
March  1962.  We  expect  the  total  technical  staff  at  Belleomm  to  be  ap- 
proximately 175  people  by  the  end  of  this  year.  More  than  a third  of 
these  scientists  and  engineers  are  now  on  board.  Actually  there  are 
about  75  on  board.  We  should  have  about  90  on  board  by  the  first  of 
April. 

Belleomm  provides  skilled  and  experienced  assistance  to  enable 
NASA  systems  engineering  to  exercise  its  responsibility  and  authority 
in  an  effective  manner. 

It  is  important  to  note  that  the  Belleomm  organization  assists  and 
supports  a technical  office  within  the  Government  rather  than  an 
administrative  office.  This  important  distinction  makes  it  possible 
for  the  Government  to  properly  carry  out  its  total  technical  respon- 
sibility, utilizing  a contractor  for  assistance,  but  maintaining  the  final 
technical,  engineering,  and  procurement  judgments  within  the  Gov- 
ernment itself,  to  be  made  by  Government  employees. 

I think  that  is  an  important  distinction.  It  certainly  is  a distinc- 
tion that  sets  apart  the  way  that  we  have  operated  from  some  arrange- 
ments, which  have  been  criticized  in  the  past,  where  the  technical 
decisions  were  left  to  an  organization  that  was  outside  of  Govern- 
ment, and  which  then  became  the  technical  director  of  the  program. 

Here  what  we  have  tried  to  do  is  set  up  in  Government  technical 
competence  and  then  support  it  with  analysts,  technicians,  and  scien- 
tists. But  the  decisions-— the  final  decisions— are  made  by  technically 
competent  people  within  Government. 

Mr.  Fulton  of  Pennsylvania.  Let  me  ask,  Mr.  Chairman,  what  is 
the  technical  structure  of  Belleomm,  Inc.? 

Mr.  Holmes.  I did  not  understand. 

Mr.  Fulton  of  Pennsylvania.  What  is  the  technical  structure,  the 
corporate  structure  of  Belleomm,  Inc,  ? 

Mr.  Holmes.  It  has  a president,  Dr.  John  Hombeek,  who  then  has 
directors  below  him.  It  is  owned  by  Western  Electric  and  A.T.  & T» 

Mr.  Fulton  of  Pennsylvania.  Jointly? 

Mr.  Holmes.  Jointly — and  I don’t  know  whether  it  is  fifty-fifty  or 
what  the  percentage  is,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania,  What  capital  is  there? 

Mr.  Holmes,  I don’t  know.  I would  have  to  get  you  that  for  the 
record. 
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Mr.  Fulton  of  Pennsylvania.  Let  us  have  that  so  we  can  see  what 
the  structure  of  that  is. 

Mr.  Holmes.  I certainly  will. 

(The  information  requested  is  as  follows :) 

Bellcomm,  Inc.,  provides  systems  analysis  and  study,  planning,  and  technical 
support  for  the  manned  space  flight  program.  The  firm  performs  technical 
factfinding  and  evaluation,  analytical  investigations,  consulting  effort,  and 
related  professional  activities  in  support  of  manned  space  flight  and  related 
programs  of  NASA.  Its  functions  include,  but  are  not  limited  to,  the  following 
activities : 

( 1 ) Studies  of  mission  objectives. 

(2)  Studies  of  methods  by  which  mission  objectives  can  be  achieved. 

(3)  Recommendations  concerning  broad  specifications  and  conceptual  de- 
sign of  major  subsystems. 

(4)  Objective  evaluation  of  the  technological  states-of-the-art  to  assess 
the  developmental  potential  of  various  system  elements. 

(5)  Objective  evaluation  of  the  technical  status  of  programs  in  light  of 
systems  objectives, 

(6)  Trade-off  studies  to  provide  data  required  to  reach  management  de- 
cision on  technical  problems.  ! 

( 7)  Conduct  of  detailed  and  fundamental  analyses  of  systems. 

(8)  Definition  of  reliability  studies. 

In  addition  to  these  continuing  general  activities,  Bellcomm  performs  special 
tasks,  at  the  request  of  NASA,  in  instances  where  particular  emphasis  is  required 
for  some  segment  of  work  because  of  the  nature  of  the  subject  matter,  the  timing, 
or  the  level  of  activity  involved. 

The  following  men  are  directors  of  Bellcomm : 

R.  R.  Hough  (chairman  of  the  board ) , A.T.  & T. 

H.  W.  Bode,  Bell  Telephone  Laboratories. 

R.  L.  Cook,  Western  Electric. 

J.  A.  Farmer,  A.T.  & T. 

C.  M.  Mapes,  A.T.  & T. 

J.  A.  Hornbeek,  Bellcomm,  Inc. 

K.  G.  McKay,  Bell  Telephone  Laboratories. 

H.  G.  Mehlhouse,  Western  Electric. 

W.  J.  Whittaker,  Bellcomm,  Inc. 

Bellcomm’s  officers  are : 

J.  A.  Hornbeek,  president. 

W.  J.  Whittaker,  vice  president  and  general  manager. 

G.  A.  Brill,  comptroller. 

F.  C.  Childs,  general  attorney,  secretary-treasurer. 

The  capital  structure  is  established  in  the  following  manner : 


Capital  stock  authorized  (no  par)  (shares)-, 100,000 

Capital  stock  issued  (shares) ... — — — 7,000 

Owned  by  A.T.  & T — , 3,  500 

Owned  by  Western  Electric — — 3,500 

Capitalization  of  company, : $700,  000 


The  Office  of  Systems  occupied  a central  role  in  the  selection  of  the 
mode  of  flight  for  the  first  manned  lunar  landing.  When  we  testified 
before  the  committees  of  Congress  last  year,  we  wore  proceeding 
under  an  assumption  that  we  would  employ  the  Earth  orbit  rendez- 
vous mode  of  flight. 

However,  as  we  see  from  this  slide  (fig.  6)  three  possible  ways 
of  implementing  the  program  were  still  under  study— direct  ascent 
and  lunar  orbit  rendezvous,  as  well  as  Earth  orbit  rendezvous.  Much 
study  work  had  gone  into  each  of  these  approaches,  and  each  had 
its  strong  technical  advocates. 

I believe  in  testifying  before  this  subcommittee  last  year  I indicated 
that  although  for  planning  purposes  we  were  going  with  Earth 
orbital  rendezvous  with  a backup  of  direct  ascent,  we  had  not  made 
that  decision  finally  and  were  still  studying  these  things  in  depth. 
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DIRECT 


Figure  6 

Indeed,  I believe  we  reported  that  we  had  let  contracts  which  would 
not  commit  us  to  any  one  of  these  modes,  but  would  let  us  go  on  with 
the  program  in  an  efficient  way.  It  was  for  this  reason  that  when 
we  reported  to  you  we  had  neither  let  contracts  for  a lunar  landing 
stage — which  would  have  been  necessary  for  either  direct  ascent  or 
for  Earth  orbit  rendezvous — nor  had  we  let  contracts  for  the  Bug — 
the  lunar  exploratory  module — which  w’ould  be  necessary  for  lunar 
orbit  rendezvous. 

The  Office  of  Systems  reviewed  the  data  available  and  defined  the 
additional  studies  required  to  nrovide  mission  data. 

We  see  there  the  three  modes  which  I believe  you  are  all  familiar 
with.  In  direct  ascent,  one  would  have  to  develop  a vehicle  much 
larger  than  the  present  Saturn  V,  with  a payload  capability  of  ap- 
proximately twice  that.  In  both  direct  ascent  and  Earth  orbital 
rendezvous  one  would  have  to  develop  a lunar  de-boost,  and  a lunar 
landing  stage  over  and  above  what  we  had  under  contract.  In  lunar 
orbit  rendezvous  one  would  have  to  develop  this  Bug,  or  lunar  ex- 
ploratory module. 

These  studies  were  conducted  both  at  NASA  centers  and  by  con- 
tractors under  the  direction  of  the  Office  of  Systems.  By  June,  the 
results  of  all  the  previous  study  activity  had  been  analyzed  against 
the  criteria  of  schedule,  cost,  complexity,  growth  potential,  mis- 
sion success,  and  mission  safety.  We  differentiate  there.  Mission 
success  meaning  going  to  the  Moon  with  the  astronauts  and  bringing 
them  back  safely.  By  mission  safety  we  mean  we  did  not  carry 
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out  the  whole  mission,  but  through  an  abort  were  able  to  save  the 
lives  of  the  astronauts. 

The  analysis  of  more  than  a million  man-hours  of  technical  work 
showed  that  lunar  orbit  rendezvous  was  the  most  desirable  mode  of 
flight. 

Lunar  orbit  rendezvous  was  found  to  provide  advantages  in  sched- 
ule, cost,  and  development  simplicity,  while  maintaining  probabilities 
of  mission  safety  and  mission  success  that  are  equal  to  or  better  than 
those  of  the  other  modes  studied. 

Additional  studies  conducted  through  the  summer  confirmed  this 
decision.  Meanwhile,  a request  for  proposals  on  the  development  of 
the  third  Apollo  spacecraft  unit,  the  lunar  excursion  module,  was 
issued,  and  the  contractor  was  selected  in  November.  Thus  we  were 
able  to  study  the  question  further  without  delaying  our  development 
schedule. 

Present  systems  engineering  activities  center  on  developing  speci- 
fications for  Project  Apollo  that  assure  that  each  system  element  will 
be  developed  in  accordance  with  the  overall  system  requirements. 

The  specifications  will  be  continually  reviewed  and  brought  up  to 
date  throughout  the  life  of  the  program  to  reflect  the  current  status 
of  the  development  and  to  certify  that  all  elements,  when  assembled, 
will  function  in  proper  relationship  to  perform  the  mission. 

In  fact,  on  the  technological  side  I tnink  we  can  think  of  the  systems 
specifications  in  all  its  elements  as  being  somewhat  analogous  to  the 
scheduling  and  funding  system  that  we  set  up  on  the  funding  side. 

As  development  progresses,  the  Office  of  Systems  will  continually 
review  the  program  to  anticipate  problems  and  effect  solutions.  It  wiil 
evaluate  new  technical  developments  to  determine  whether  they  can 
benefit  the  program.  It  will  arbitrate  technical  conflicts  between  ma  j or 
elements  of  the  program.  In  sum,  the  Office  of  Systems  will  provide 
a staff  to  assure  that  the  technical  status  of  the  program  is  sound. 

Mr.  Gurnet.  Mr.  Holmes,  let’s  go  back  a littlebit  to  the  selection 
of  the  means  of  reaching  the  Moon . 

In  making  this  selection,  were  military  aspects  taken  into  consider- 
ation at  all,  or  the  contribution  to  military  programs  as  to  whether 
the  Earth-orbit  rendezvous  or  the  lunar-orbit  rendezvous  was  a better 
method  ? 

Mr.  Holmes.  Yes,  we  did,  Mr.  Gurney.  We  reviewed  this  with  the 
Department  of  Defense  and  with  the  Air  Force  and  I believe  it  was 
the  consensus  of  their  opinion — in  fact,  they  so  stated — that  neither 
one  of  these  offered  more  of  an  advantage  to  the  military  than  an- 
other. Even  though  they  could  not  state  the  specific  military  require- 
ments, they  felt  this  way.  I think  part  of  the  reason  is  that  the  ren- 
dezvous requirements  are  just  about  as  great,  carrying  out  lunar-orbit 
rendezvous  as  they  are  in  Earth-orbit  rendezvous. 

In  lunar  orbit  you  have  to  experiment  with  the  lunar  excursion 
model  or  Bug  and  with  the  mother  craft.  We  plan  to  do  many  Earth- 
orbit  missions.  What  we  will  not  do  is  rendezvous — a big  tanker  stage 
with  another  stage  and  refuel  in  Earth  orbit. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman,  could  I have  one  more 
question  ? 

On  page  16  you  refer  to  the  advantages  in  schedule,  costs,  and  de- 
velopment simplicity  of  the  lunar-orbit  rendezvous.  Obviously  you 
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were  comparing  different  things  in  the  first  two  instances  than  you 
were  in  the  third.  Could  you  show  in  more  detail  how  you  got  devel- 
opment simplicity  ? 

Would  you  put  that  in  the  record  at  this  point  ? 

Mr.  Holmes.  Y es,  sir ; I would  be  glad  to. 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  see  what  you  are 
comparing. 

Mr.  Holmes.  Yes,  sir ; we  would  be  glad  to  do  that. 

Mr.  Fulton  of  Pennsylvania.  Thank  you. 

(The  information  requested  is  as  follows :) 

The  selection  of  lunar  orbital  rendezvous  for  manned  lunar  landing  and 
return  was  the  culmination  of  long  months  of  study  and  analysis.  We 
recognized  that  detailed  studies  were  necessary  before  the  Nation’s  resources 
were  committed  to  this  goal.  We  also  realized  that  a single  operational  plan 
had  to  be  chosen  to  insure  efficient  allocation  of  resources  and  timely  develop- 
ment of  the  program.  With  these  points  in  mind,  major  systems  and  engineer- 
ing studies,  involving  both  Government  and  contractor  scientists  and  engineers, 
were  conducted. 

AVithin  the  Office  of  Manned  Space  Flight,  the  Office  of  Systems  directed  a 
major  study  effort  on  the  contending  mission  modes.  Scientists  and  engineers 
from  NASA  headquarters  and  centers,  other  Government  agencies,  and  indus- 
trial concerns  devoted  over  1 million  man-hours  of  study  to  comparison  of  the 
modes.  Three  approaches  were  considered  in  detail : direct  flight  (DF) , Barth 
orbital  rendezvous  (EOR),  and  lunar  orbital  rendezvous  (LOR).  Bach  mode 
was  evaluated  against  criteria  of  developmental  simplicity,  mission  safety, 
mission  success,  time,  and  cost. 

Developmental  simplicity  was  an  important  factor  in  our  evaluations  of  the 
potential  modes.  It  was  vital  to  select  an  approach  that  took  full  advantage  of 
the  state  of  the  art  and  minimized  complex  developmental  requirements.  Two 
versions  of  the  direct  flight  mode  were  evaluated.  One  required  use  of  a Saturn 
V vehicle  and  a new,  stripped-down  command  module  with  a two-man  crew. 
This  approach  proved  marginal  in  terms  of  technical  feasibility,  even  using 
cryogenic  fuels,  which  present  more  difficult  developmental  problems  than  the 
present  Barth-storable  fuels.  The  second  version  of  direct  flight  relied  on  the 
present  three-man  command  module  and  a new  booster,  the  NOVA,  capable  of 
accelerating  150,000  pounds  to  escape  velocity.  This  technique  entails  develop- 
ment of  the  gigantic  NOVA,  which  has  not  yet  reached  the  preliminary  design 
stage.  In  addition,  both  direct  flight  approaches  required  the  development  of  a 
•c  module  for  lunar  landing  and  takeoff.  Earth  orbital  rendezvous  was 
twd  in  several  versions.  One  version  involved  separate  launchings  of  the 
1 " ‘ J’aft  and  a fueled  escape  stage,  which  would  be  joined  in  earth  orbit  for 

; t'rtp  to  the  Moon.  It  was  evident  early  in  the  studies  that  the  weight  of  the 
_eied  escape  stage  prevented  a logical  distribution  of  payload.  The  alternate 
tvroach  relieved  this  imbalance  by  using  separate  launchings  of  the  spacecraft 
plus  the  unfueled  escape  stage  and  a fueled  tanker.  After  rendezvous  in  Earth 
orbit,  the  tanker  would  supply  the  escape  stage  for  the  flight  to  the  Moon. 
Earth  orbital  rendezvous  necessitated  development  of  the  tanker  system,  trans- 
fer of  liquid  oxygen,  and  operation  of  cryogenic  fuels  in  space.  It  also  necessi- 
tated development  of  a complete  spacecraft  capable  of  lunar  touchdown  and 
takeoff. 

The  third  manned  lunar  landing  technique,  lunar  orbital  rendezvous,  involved 
launching  a three-unit  spacecraft  from  the  Earth  into  lunar  orbit.  This  lunar 
landing  technique  differs  from  the  approach  of  the  other  two  modes,  which  use 
the  large  landing  module  for  touchdown.  In  the  lunar  orbital  rendezvous  tech- 
nique a new  module,  the  lunar  excursion  module  (LEM),  is  used  for  touchdown 
and  takeoff.  Two  of  the  three-man  Apollo  crew  enter  the  LEM,  activate  the 
descent  engine,  and  land  on  the  Moon.  The  command  and  service  module  con- 
tinues to  orbit  the  Moon.  After  the  exploration  period,  the  astronauts  launch 
the  LEM,  rendezvous  with  and  return  to  the  command  module,  and  prepare  for 
the  return  flight  to  Earth.  Therefore  the  lunar  orbital  rendezvous  technique 
eliminates  the  need  to  land  a complete  spacecraft  on  the  Moon.  In  view  of  the 
fact  that  touchdown  on  the  Moon’s  surface  is  the  most  exacting  maneuver  of  the 
Apollo  mission,  the  simplicity  of  tlos  approach  enhances  the  probability  of  a 
successful  mission.  Since  the  LEM  does  not  reenter  the  Earth’s  atmosphere, 
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we  can  concentrate  on  a design  that  maximizes  the  probability  of  successful 
lunar  landing.  In  addition  LOR  offers  a significant  saving  in  weight  over  the 
other  two  modes. 

Comparative  analyses  revealed  that  the  three  contending  modes  were  relatively 
equal  in  terms  of  mission  safety.  The  lunar  orbital  rendezvous  mode  was  esti- 
mated to  have  a slightly  higher  probability  of  mission  safety ; however,  the  differ- 
ences were  small. 

Measurements  of  the  probability  of  mission  success  showed  more  pronounced 
differences  among  the  three  modes.  Barth  orbital  rendezvous’  dependence  on 
two  Saturn  Y launches  reduced  its  probability  of  success  by  about  two-thirds  as 
compared  with  the  other  two  modes.  Lunev  orbital  rendezvous  and  direct  flight 
ranked  approximately  the  same ; however,  LOR  again  had  a slight  edge. 

The  time  required  to  achieve  a manned  lunar  landing  mission  was  also  ana- 
lyzed in  the  comparative  mode  studies.  The  direct  flight  mode  necessitated  the 
development  of  either  cryogenic  propulsion  systems  for  the  spacecraft  or  the 
NOVA  launch  vehicle.  Therefore  it  was  estimated  that  manned  lunar  landing 
with  the  direct  flight  technique  would  take  up  to  20  months  longer  than  the 
lunar-orbit  rendezvous  approach.  Earth  orbital  rendezvous  required  at  least 
twice  the  number  of  Saturn  V launch  vehicles  and  involved  an  estimated  6 to  15 
months  more  than  lunar  orbital  rendezvous. 

The  question  of  cost  was  also  a significant  factor  in  evaluating  the  three 
mission  approaches.  At  a conservative  estimate,  limar  orbital  rendezvous  will 
run  about  10  percent  less  in  overall  costs  than  direct  flight,  which  requires  more 
extensive  hardware  development,  or  Earth  orbital  rendezvous,  which  requires  at 
least  twice  as  many  launch  vehicles  for  test  and  operational  flights. 

We  are  confident  that  our  decision  to  use  the  lunar  orbital  rendezvous  mode  for 
manned  lunar  landing  will  lead  to  successful  accomplishment  of  this  national 
goal.  We  reached  the  decision  on  the  basis  of  the  best  available  evidence  and 
the  most  experienced  judgment.  We  are  now  conducting  Project  Apollo  in  such 
a manner  that  we  can  react  promptly  to  new  factors,  if  necessary.  We  have 
marshaled  an  outstanding  team  from  Government,  industry,  and  universities  to 
achieve  manned  lunar  landing  and  return  and  to  establish  the  preeminence  of  the 
United  States  in  space  technology. 

Mr.  Holmes.  Now  our  mission  profile  for  going  to  the  Moon. 

At  this  point,  let  us  review  briefly  the  lunar-orbit  rendezvous  mis- 
sion profile,  to  illustrate  the  systems  engineering  considerations  that 
entered  into  its  selection. 

At  the  time  this  mode  was  selected  last  year,  the  United  States  had 
under  development  two  large  launch  vehicles  of  the  Saturn  class,  and 
the  opportunity  to  improve  the  smaller  of  the  two  by  adapting  to  it 
an  upper  stage  of  the  larger  vehicle. 

That  is  a little  confusing.  What  we  are  saying  here  is  we  had  the 
Saturn  I with  which  you  are  familiar  and  of  which,  as  you  know,  we 
have  launched  the  first  stage.  We  had  the  Saturn  V which  you  have 
seen  in  this  big  lunar  vehicle.  We  had  the  opportunity  to  provide 
another  vehicle,  with  quite  a lot  of  capability,  by  using  the  first  stage 
of  the  Saturn  I but  substituting  for  its  second  stage  the  third  stage  of 
the  Saturn  V. 

I think  we  will  see  that  in  the  slides. 

Mr.  Fulton  of  Pennsylvania.  Say  that  again. 

Mr.  Holmes.  We  have  now  the  Saturn  I which  has  an  S-l  first  stage 
with  eight  H-l  engines.  It  has,  for  its  second  stage,  a 90,000-pound- 
thrust  stage  using  six  hydrogen  engines  of  the  A-B  type. 

Over  here  we  have  the  Saturn  V.  It  has  its  first  big  stage — under 
development  by  Boeing— -with  7%  million  pounds  of  thrust.  It  has 
a second  stage  with  a million  pounds  of  thrust,  and  a third  stage  with  a 
single  hydrogen  engine,  and  200,000  pounds  of  thrust. 

All  right,  now,  take  that  90,000-pound-thrust  second  stage  off  this 
Saturn  I and  put  in  its  place  this  third  stage  from  the  Saturn  V,  this 
200,000-pouna-thrust  stage.  Thus  you  get  a vehicle  that  can  put  to 
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Earth  orbit  32,000  pounds  instead  of  the  22,000  pounds  that  the  other 
could. 

Mr.  Fulton  of  Pennsylvania.  That  is  the  Saturn  I-B? 

Mr.  Holmes.  That  is  the  Saturn  1-B ; yes,  sir.  Maybe  if  I just  read 
on  I would  have  done  better.  I am  sorry. 

The  two  vehicles  are  the  two  stage  Saturn  I,  planned  to  be  opera- 
tionally available  in  1965,  which  will  provide  the  power  to  boost  about 
11  tons  of  payload  into  low  Earth  orbit,  and  the  tnree-stage  Saturn  V, 
phased  about  2 years  later  than  the  Saturn  I,  which  will  lift  approxi- 
mately 120  tons  into  the  same  orbit. 

This  (fig.  7)  shows  these  two  vehicles  at  the  right  and  left.  It  is 
perhaps  easier  to  keep  the  relative  lifting  power  of  these  vehicles  in 
mind  if  we  compare  them  with  the  Atlas,  which  we  employed  to  boost 
into  orbit  the  Mercury  spacecraft  weighing  3,000  pounds. 

So  there  we  see  the  size,  the  scale  in  feet  at  the  right,  your  right,  on 
the  chart,  of  the  other  three  vehicles,  and  the  payload  in  hundred- 
mile  orbit. 

That  may  be  too  small  to  reach.  It  shows  22,000  pounds  under  the 
Saturn  I,  32,000  pounds  under  the  Saturn  I-B,  and  240,000  pounds 
under  the  Saturn  V. 

What  I have  just  said  is  we  are  hard  pressed  with  Mercury  to  get 
3,000  pounds  into  orbit,  so  you  can  see  the  tremendous  increase  neces- 
sary in  order  to  take  on  the  program  that  we  have  established. 

It  also  shows  applications  there  and  those  applications  are  restricted 
to  Apollo. 

In  the  later  description  of  the  launch  vehicles  themselves  we  show 
other  applications  for  which  one  might  use  them. 


Figure  7 
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Mr.  Boudebush.  Before  you  continue  there,  Mr.  Holmes,  how  much 
of  a safety  factor  on  these  manned  space  flights  do  you  require? 

In  other  words,  if  you  have  a capability,  for  example,  as  in  the  Atlas 
to  place  a 3,000-pound  vehicle  in  orbit,  how  much  safety  factor  do  you 
require?  That  is  not  the  maximum  weight  that  you  can  accelerate  to 
orbital  speed,  is  it?  Certainly  you  would  not  take  something  that  was 
marginal.  You  have  a safety  factor  here;  isn’t  that  true? 

Mr.  Holmes.  Normally  when  we  quote  a figure  it  is  the  lower  3- 
sigma  figure.  By  “lower  3-sigma  figure,”  I mean,  if  you  took  a proba- 
bility curve  you  would  have  99  percent  probability  of  reaching  that 
velocity  before  you  would  run  out  of  that  fuel. 

Mr.  Rotjdertjsh.  I see. 

Mr.  Holmes.  Ninety-nine  and  a fraction.  Is  that  right? 

Mr.  Low.  Yes. 

Mr.  Holmes  By  combining  the  first  stage  of  the  Saturn  I and  the 
third  stage  of  the  Saturn  Y,  v;e  will  be  able  to  produce  the  Saturn  I-B, 
with  about  45  percent  more  lifting  power  than  the  Saturn  I,  which 
will  be  available  about  a year  earlier  than  the  Saturn  Y. 

The  Saturn  I will  lift  the  equivalent  weight  of  somewhat  more  than 
seven  Mercury  spacecraft.  The  Saturn  I-B  will  boost  the  weight  of 
almost  11  Mercury  spacecraft.  The  Saturn  Y will  provide  a quantum 
jump  to  about  an  equivalent  of  80  Mercury  spacecraft. 

Another  important  number  for  the  Saturn  Y is  how  much  payload 
it  will  accelerate  to  the  speed  of  about  25,000  miles  an  hour  required 
to  reach  the  Moon.  In  other  words,  that  is  injection  speed  for  the 
Moon.  That  figure  is  some  90,000  pounds. 

All  of  the  weight-control  specifications  for  Project  Apollo  are 
based  on  90,000  pounds  as  the  maximum  capacity  that  can  achieve  the 
needed  velocity. 

I think  in  mentioning  this  it  is  apparent  why  I mentioned  before 
that  an  important  element  of  the  systems  engineering  activity  is  this 
weight  control  or  monitoring  on  a total  basis.  We  keep  a weight  bank 
which  is  reviewed  for  each  element  of  the  system  and  is  controlled 
either  by  the  Centers  or  by  this  weight  bank  in  systems  engineering. 

With  these  vehicles  available,  we  have  established  three  series  of 
flight  missions  in  Project  Apollo. 

In  the  first  series  of  missions,  the  Saturn  I will  launch  two  of  the 
three  modules  of  the  Apollo  spacecraft  into  low  Earth  orbit.  That 
is  the  command  and  service  module,  to  qualify  them  for  flight — and 
to  obtain  flight  experience  up  to  2 weeks  or  more  for  the  three-man 
crew.  The  Apollo  spacecraft  fuel  tanks  will  carry  only  a small 
amount  of  rocket  fuel  for  maneuvering  in  space  on  these  missions. 

This  means  that  with  the  Saturn  I we  can  put  up  a command  and  a 
service  module  as  long  as  we  don’t  have  much  fuel  in  the  service 
module.  We  have  that  capacity  and  we  will  do  that  as  soon  as  we  can 
in  order  to  start  our  experiments  in  Earth  orbit. 

In  the  second  series  of  missions,  the  Saturn  I-B  will  launch  the  com- 
plete Apollo  spacecraft  into  Earth  orbit  to  qualify  the  lunar  excursion 
module  for  flight  and  to  rehearse  the  deployment  and  docking  of  this 
unit.  Again,  the  fuel  tanks  will  be  only  partially  filled.  But  as  soon 
as  we  have  the  Saturn  I-B  wre  will  use  it  so  we  can  put  up  all  three 
vehicles,  doing  some  of  this  rendezvous  and  other  experimentation 
which  I answered  to  Mr.  Gurney,  in  answer  to  his  question,  in  Earth 
orbit. 
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In  the  third  series  of  missions,  the  Saturn  V will  launch  the  fully 
fueled  Apollo  spacecraft  on  missions  into  orbit  around  the  Moon,  ana 
to  the  lunar  landing  itself. 

The  Saturn  V launch  vehicle  (fig.  8)  will  consist  of  three  stages — 
the  S-IC  first  stage,  the  S-II  second  stage,  and  the  S-IVB  third  stage. 


SATURN  V 


5 n STAGE. 

5 J-2  ENGINES 


PAYLOAD- 

240.000  LBS.  IN  100.  MILE  ORBIT 

90.000  LBS.  ESCAPE  VELOCITY 


S I C STAGE  >• 
5 P ^ENGINES 


Figure  8 

The  Apollo  spacecraft  (fig.  9)  will  consist  of  the  command  module, 
which  houses  the  three  astronauts  on  the  trip  to  and  from  the  Moon; 
the  service  module,  which  provides  the  propulsion  to  maneuver  space- 
craft into  and  out  of  lunar  orbit ; and  tne  lunar  excursion  module. 

Mr.  Fulton  of  Pennsylvania.  Why  don't  you  call  that  the  lunar 
sport  model ; it  is  small  and  sporty. 

Mr.  Holmes.  Yes,  sir.  The  Bug  trans{>orts  the  lunar  explorers  to 
the  surface  of  the  Moon  and  back  to  rendezvous  with  the  command 
module  in  orbit  around  the  Moon. 

In  addition  a launch  escape  rocket  system  is  attached  to  the  top  of 
the  command  module  to  enable  the  astronauts  to  get  away  auickly  in 
the  event  of  trouble  during  the  initial  phase  of  flight  upward  through 
the  Earth’s  atmosphere.  Or  indeed  off  the  pad  ii  they  had  to  escape 
from  that  rocket  from  the  pad. 

All  elements  of  the  space  vehicle  will  be  assembled  and  checked  out 
in  the  vertical  assembly  building  of  the  launch  Complex  39  at  Merritt 
Island,  Fla.  ((ig.  10). 

The  checkout  procedure  will  make  extensive  use  of  automatic  equip- 
ment to  assure  that  all  elements  of  the  svstem  are  ready  for  the  mission. 

Then  the  launch  vehicle,  360  feet  tail,  will  be  transported  in  vertical 
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Figure  9 


Figure  10 
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position  more  than  3 miles  to  the  launch  pad  by  a crawler  tractor.  The 
vehicle  will  remain  at  the  pad  only  a few  days  before  the  astronauts 
climb  aboard  and  prepare  to  launch. 

This  is  a rapid  highlight  of  the  mission  profile.  We  will  go  back 
and  examine  each  one  of  these  facilities  in  my  testimony. 

The  three-stage  launch  vehicle  will  lift  off  and  place  the  spacecraft 
on  a trajectory  that  will  cany  it  to  the  vicinity  of  the  Moon.  The 
propulsion  system  in  the  spacecraft’s  service  module  will  follow  the 
commands  of  the  guidance  system  to  provide  necessary  course  correc- 
tions and,  on  arrival  near  the  Moon,  a maneuver  into  lunar  orbit. 

Then  two  of  the  three  astronauts  will  climb  into  the  lunar  excursion 
module,  separate  from  the  rest  of  the  spacecraft,  and  use  its  propulsion 
system  to  descend  to  the  surface,  where  they  will  remain  about  24 
hours. 

The  lunar  excursion  module  will  have  two  propulsion  stages,  one  of 
wilich  will  remain  on  the  Moon.  The  other  will  boost  the  spacecraft 
from  the  Moon’s  surface  to  rendezvous  with  the  mother  spacecraft. 

After  tne  lunar  explorers  return  to  the  command  module,  the  lunar 
excursion  module  wTill  be  detached,  to  remain  in  orbit  about  the  Moon. 
The  service  module  will  provide  the  thrust  to  accelerate  from  lunar 
orbit  for  the  return  flight  to  Earth  and  will  power  the  necessary  course 
corrections  en  route  back  to  Earth. 

The  service  module  will  be  jettisoned  before  reentry  into  the  Earth’s 
atmosphere.  The  command  module  will  reenter  alone  and  will  de- 
scend to  the  Earth  by  parachute. 

Later  we  shall  describe  the  mission  profile  and  the  equipment  in- 
volved in  considerably  greater  detail. 

FLIGHT  MISSIONS,  SPACECRAFT,  AND  SPACE  MEDICINE 

Now  let  us  turn  to  the  major  elements  of  the  manned  space  flight 
program.  The  first  such  element  will  comprise  flight  missions,  space- 
craft, and  space  medicine. 


PROJECT  MERCERY 

Our  initial  manned  missions  have  been  in  Project  Mercury.  • Its 
primary  objective — manned  orbital  flight — was  achieved  last  year 
(fig.  11). 

The  names  of  John  Glenn,  Scott  Carpenter,  and  Wally  Schirra  are 
now  listed  in  the  history  books  of  our  Nation.  But  it  was  not  our 
intention,  at  the  outset  of  Project  Mercury,  merely  to  produce  names 
for  history  books ; our  goals  were  to  take  the  first  step  in  the  manned 
exploration  of  space,  to  determine  mail’s  capabilities  in  space,  and  to 
develop  the  foundation  for  the  technology  of  manned  space  flight. 

Now  that  both  Glenn  and  Carpenter  have  flown  for  nearly  5 hours 
in  space,  and  Schirra  for  9 hours,  let  us  examine  how  well  we  have 
achieved  our  goals,  and  what  we  have  learned  from  Project  Mercury 
(fig.  12). 

We  have  learned  how  to  design,  build,  and  test  a spacecraft : to  take 
man  more  than  100  miles  from  the  surface  of  the  Earth;  to  withstand 
the  high  accelerations  of  a rocket  launching;  to  provide  a habitable 
atmosphere  in  the  hostile  environment  of  space ; to  maintain  its  own 
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orientation  in  space;  to  provide  the  thrust  to  initiate  reentry  toward 
the  Earth’s  surface;  and  to  withstand  the  searing  heat  of  reentry. 

We  have  learned  how  to  adapt  a launch  vehicle,  never  intended  for 
manned  flight,  so  that  it  is  sufficiently  safe  and  reliable  to  be  used  for 
manned  flight ; and  how  to  incoiporate  in  this  launch  vehicle  an  intri- 
cate system  for  sensing  an  impending  malfunction  so  that  the  space- 
craft could  be  safely  separated  from  the  launch  vehicle  in  emergency. 

We  have  learned!  how  to  operate  a worldwide  network  of  radio 
and  radar  stations,  linked  to  a control  center  by  an  elaborate  net  of 
communications  systems,  to  keep  track  of  a manned  spacecraft  and 
remain  in  constant  communication  with  its  pilot.  We  have  learned 
how  to  conduct  manned  flight  operations  in  real  time,  based  on  infor- 
mation received  at  the  control  center  from  thousands  of  miles  away, 
sometimes  on  the  other  side  of  the  Earth. 

We  have  learned  how  to  pinpoint  the  spacecraft’s  location  once  it 
has  landed  in  the  ocean,  and  how  to  recover  it  from  the  ocean  in 
a very  short  period  of  time. 

We  have  learned  how  to  select  and  train  astronauts  so  that  they 
can  perform  in  space  as  well  as  a test  pilot  can  perform  in  the  Earth’s 
atmosphere;  and  we  have  learned  what  controls  and  what  displays 
should  be  provided  in  the  spacecraft  so  that  the  pilot  can  manually 
back  up  Iris  automatic  systems. 

We  nave  learned  that  man  can  withstand  the  high  accelerations  of 
a rocket  launching,  a prolonged  period  of  zero  gravity,  and  then  a 
period  of  high  deceleration  during  reentry ; and  that  none  of  these 
forces  exerts  any  deleterious  effect  on  his  ability  to  do  his  work  for 
periods  lasting  as  long  as  9 hours.  We  have  developed  and  proven 
the  concepts  of  spacecraft  life-support  systems,  of  pressure  suits  to 
be  used  in  space,  and  of  biomedical  instrumentation  that  can  allow 
a flight,  surgeon  on  the  ground  to  assess  the  physical  condition  of  a 
pilot  who  is  hundreds  of  thousands  of  miles  away. 

Perhaps  most  important  of  all,  we  have  learned  that  man  can 
materially  contribute  to  the  exploration  of  space.  He  can  enhance 
the  systems  reliability  through  his  capabilities  as  an  engineer  and 
as  a test  pilot,  and  he  can  act  as  a scientific  observer  in  space. 

These  demonstrations  of  man’s  ability  to  judge,  to  reason,  and  to 
cope  with  the  unexpected  enable  us  to  proceed  with  confidence  that 
man  can  assume  the  role  of  an  explorer  in  space  just  as  he  has  been 
an  explorer  on  the  surface  of  the  Earth. 

Mr.  Yeager.  Mr,  Chairman,  may  I ask  a question  here  ? 

Mr.  Holmes,  according  to  the  lunar  experts,  if  we  are  to  do  more 
with  the  manned  lunar  landing  than  put  someone  down  and  bring 
him  back,  it  would  be  extremely  important  to  hit  the  right  spot  and 
to  have  someone  along  who  can  perform  the  scientific  missions. 

At  the  same  time,  we  hear  criticism  from  scientific  people  that 
we  plan  to  do  this  entirely  with  astronauts  who  have  been  trained  ar 
quasi-scientists  and  we  have  had  suggestions  that  perhaps  one  of  thr, 
Apollo  crew  ought  to  be  a scientist  trained  to  perform  astronaut 
functions. 

Would  you  care  to  comment  on  that  whether  or  not  this  is  a thing 
which  has  been  considered,  or  has  it  been  considered  and  adjudged  to 
be  unnecessary. 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield?  If  it  is  a scien- 
tist, it  could  as  well  be  a woman  as  the  third  astronaut. 
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Mr.  Holmes.  We  have  considered  having  a male  scientist  aboard  and 
still  are  considering  that  as  a possibility.  We  would  not  have  to 
train  such  a man  at  this  point  in  time.  \Ve  still  have  timci  to  make 
that  decision. 

However  it  is  our  strong  and  considered  opinion  at  present  that  we 
cannot  in  anyway — I am  searching  for  the  right  word — we  cannot 
in  anyway  minimize  our  chances  for  success  by  failing  to  have  physi- 
cally qualified,  flight  qualified  people  for  the  mission  on  the  first 
attempts. 

Now  as  I proceed  with  this  testimony  I will  touch  upon  what  one 
must  do  for  longer  stays  on  the  Moon.  The  first  stay  on  the  Moon  is 
so  short  that  you  might  get  in  only  6 hours  of  effective  work  in  a full 
day’s  stay,  if  you  take  time  for  the  men  to  sleep.  Thus  an  astronaut, 
properly  trained,  probably  could  obtain  about  as  much  scientific  data 
as  the  scient  ist  would. 

I am  sure  that  will  get  comments  from  scientists.  But  I think  to  do 
a really  thorough  exploration  job  is  going  to  take  a lonj;  »r  period  on 
the  Moon.  This,  in  turn,  will  require  some  of  the  things  I will  describe 
later,  such  as  a logistic-type  system  to  support  greater  stays  on  the 
surface  of  the  Moon. 

Mr.  Fulton  of  Pennsylvania.  Thank  you. 

Mr.  Holmes.  We  have  planned  one  additional  flight  in  Project 
Mercury  (fig.  13). 

This  flight  is  scheduled  for  May  of  this  year;  Astronaut  Gordon 
Cooper  has  been  selected  as  its  pilot,  and  Alan  Shepard  as  his  backup. 
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If  all  goes  well,  the  duration  of  the  flight  will  be  22  orbits — about 
34  hours.  This  long-duration  mission  will  stretch  the  capabilities  of 
the  Mercury  spacecraft  systems,  while  retaining  ample  reserves  of 
cooling  water,  oxygen,  and  reaction  control  fuel  to  cope  with  contin- 
gency situations.  We  will  be  able  to  get  a detailed  assessment  of  man’s 
reaction  to  this  longer  time  in  space  flight,  and  will  perform  further 
scientific  experiments  in  space.  Beyond  this  flight  we  have  available 
spacecraft  and  Atlas  boosters  for  two  additional  Mercury  flights. 
These  are  currently  scheduled  only  as  backup  missions  to  the  22-orbit 
flight. 

Mr.  Roudebush.  Mr.  Chairman.  Mr.  Holmes,  why  the  delay  in  this 
last  Mercury  flight  ? I know  it  was  originally  scheduled  for,  I believe, 
April  2 — I think  that  date  is  correct— and  then  we  were  advised  it 
would  be  delayed  something  like  30  or  60  days.  What  was  the  tech- 
nical reason  for  the  delay  ? 

Mr.  Holmes.  The  technical  reason  was  in  the  Atlas  booster. 

Mr.  Roudebush.  Wasn’t  this  a similar  booster  to  what  we  had  used 
before  ? 

Mr.  Holmes.  Yes,  it  was  a similar  booster.  But  in  the  continuing 
reliability  studies  which  the  contractor,  General  Dynamics,  has  done 
on  Atlas  and  is  continuing  to  do,  it  was  found  that  the  manner  in 
which  wires  were  connected  to  what  could  be  called  the  autopilot,  the 
control  system,  was  not  as  safe  as  they  would  like  to  see  it.  When 
more  than  one  Avire,  in  fact  several  wires,  come  to  a connecting  point 
at  the  back  of  a connector,  they  used  a little  adapter — a little  socket 
with  a little  male  prong  on  it.  That  adapter  had  the  wires  soldered 
into  it  and  then  the  adapter  in  turn,  was  soldered  to  the  connector. 
During  the  second  operation  there  was  a possibility  of  chilling  the 
solder  and  causing  a cold-solder  joint.  So  it  was  discovered  in  the 
step-by-step  continuing  reliability  analysis.  Any  time  something  like 
this  is  brought  to  our  attention  we  feel  the  decision  should  be  to  maxi- 
mize the  safety  of  the  flight  even  at  the  cost  of  time. 

Mr.  Roudebusii.  How  long  ago  was  that  called  to  your  attention  ? 

Mr.  Holmes.  Just  a day  before  we  made  the  announcement;  I guess 
it  was  3 or  4 weeks  ago.  George,  do  you  remember  ? 

Mr.  Low.  As  I recall,  it  was  around  the  first  of  February. 

Mr.  Holmes.  Mr.  Low  says  around  the  first  of  February.  We  made 
the  announcement  of  the  delay  within  a matter  of  a few7  days,  maybe 
not  more  than  24  hours,  after  it  was  brought  to  our  attention.  Is  that 
a correct  statement? 

Mr.  Low.  That  is  right. 

Mr.  Holmes.  I have  concluded  my  description  of  Project  Mercury. 

Now  as  I v7ent  through  this  almost  litany,  of  what  we  have  learned- — 
to  build,  to  fly,  et  cetera — it  w’ent  through  my  mind  that  our  first 
manned  orbital  flight  was  just  February  20  of  last  year.  So  I think — 
and  I don’t  mean  this  to  apply  to  NASA  or  my  group,  but  to  the 
Nation — Ave  can  say  that  a great  deal  has  been  accomplished  in  the 
growth  of  this  Nation  toAvard  its  capability  to  fly  man  in  the  last  12 
months. 

PROJECT  GEMINI 

Following  hard  on  the  heels  of  Project  Mercury  will  be  Project 
Gemini.  This  project,  Avliich  has  been  underway  for  more  than  a 
year,  forms  an  integral  part  of  a step-by-step  development  program 
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starting  with  Mercury  and  leading  to  the  achievement  of  a manned 
lunar  landing  in  Project  Apollo.  The  basic  objectives  of  the  Gemini 
project  are  to  increase  our  operational  proficiency  and  our  knowledge 
of  technology  required  for  manned  space  flight  and  to  develop  both 
rendezvous  and  long-duration  manned-flight  capabilities. 

Although  we  have  learned  much  from  Project  Mercury,  this  first 
program  must  be  considered  as  only  a tiny  step  in  our  manned  explora- 
tion of  space.  An  Apollo  lunar  mission  will  last  at  least  five  times  as 
long  as  the  next  Mercury  mission.  The  Apollo  spacecraft  will  have 
the  capability  to  maneuver  i space,  to  correct  its  course  on  the  way 
to  the  Moon,  and  to  perform  the  all-important  rendezvous  maneuver 
in  orbit  about  the  Moon.  In  Mercury  only  the  craft's  orientation 
can  be  changed.  Its  orbital  path  is  fixed  in  space. 

For  these  reasons  the  Gemini  program  was  conceived  and  is  being 
implemented  to  bridge  the  technical  gap  between  Mercury  and  Apollo 
(fig.  14).  The  Gemini  spacecraft  resembles  Mercury  in  many  im- 
portant details.  The  aerodynamic  shape  of  the  Mercury  spacecraft 
nas  been  retained,  but  the  size  of  the  pressurized  compartment  has 
been  increased  to  accommodate  two  astronauts.  The  space  for  equip- 
ment has  been  greatly  increased  by  arranging  to  carry  the  adapter 
sect  ion  into  orbit.  To  proceed  with  the  Gemini  program  at  the  earliest 
possible  time,  the  prime  spacecraft  contract  was  awarded  to  the  Mc- 
Donnell Aircraft  Corp.,  which  so  successfully  developed  the  Mercury 
spacecraft.  Many  of  the  Mercury  subsystems  have  been  retained  and, 
of  course,  the  operational  and  flight  experience  achieved  in  Mercury 
will  be  directly  applicable  to  the  Gemini  program. 
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The  step  from  Gemini  to  Apollo  will  be  a very  large  one,  but,  to 
the  maximum  extent  possible,  the  Gemini  developmental  effort  has 
been  directed  toward  common  use  of  technology  for  Gemini  and 
Apollo.  In  many  instances,  the  same  subcontractors  have  been  se- 
lected for  both  projects.  For  example,  on  both  Gemini  and  Apollo 
spacecraft,  Rocketdyne  Division,  North  American  Aviation,  is  devel- 
oping the  reaction  control  systems,  Ai Research  Division  of  the  Gar- 
rett Corp.,  is  developing  the  life-support  systems,  and  Minneapolis- 
Honey  well  is  developing  the  attitude  and  maneuver  control  electronics. 

In  the  area  of  ground  systems  development,  very  nearly  the  same 
network  of  ground  stations  will  be  used  in  Gemini  rendezvous  and 
Apollo  orbital  missions.  Much  of  the  automatic  checkout  equipment 
that  is  now  being  developed  for  Apollo  wTill  see  its  first  use  m check- 
ing out  the  Gemini  spacecraft. 

The  planned  Gemini  missions  will  provide  operational  experience 
that  will  be  directly  applicable  to  future  Apollo  missions.  Gemini  will 
be  capable  of  executing  space  flight  missions  of  up  to  2 "weeks,  longer 
than  any  presently  planned  Apollo  lunar  mission.  The  Gemini  pro- 
gram will  contribute  importantly  to  Apollo  in  the  major  phases  of  a 
rendezvous  maneuver;  launch-on-time,  maneuvers  in  space,  acquisi- 
tion in  space,  and  docking,  all  of  those  being  elemental  to  successful 
rendezvous. 

A highly  skilled  and  experienced  operational  team  is  essential  to 
any  manned  space  flight  program.  The  experience  gained  in  Mer- 
cury is  being  applied  in  Gemini.  The  more  advanced  experience  in 
Gemini  will  fulfill  a critical  requirement  for  such  experience  in  car- 
rying out.  the  much  more  difficult  task  of  controlling  operations  in 
Project  Apollo. 

Our  astronauts  will  learn  how  to  perform  most  of  the  maneuvers 
required  in  a lunar  landing  mission  in  training  flights  using  the  Gemini 
spacecraft,  before  attempting  the  more  difficult  Apollo  missions. 

The  Gemini  two-man  spacecraft  (fig.  15)  will  be  approximately 
30  percent  larger  than  the  Mercury  spacecraft  and  will  weigh  about 
7,000  pounds.  We  are  still  very  much  payload  limited.  This  will  use 
the  Titan  II.  A fundamental  concept  of  the  spacecraft  design  will 
be  the  use  of  modular  equipment,  which  provides  subsystems  that  are 
independent  and  readily  accessible.  Accordingly,  maintenance  and 
checkout  difficulties  will  be  minimized,  and  product  improvement  as 
well  as  mission  adaptation  will  be  simplified. 

In  other  words,  m that  Gemini  capsule  the  pressure  shell  houses  the 
astronauts  and  very  little  more.  All  around  the  pressure  shell  is 
located  the  equipment,  to  which  one  has  access  through  hatches. 

As  you  know,  part  of  our  difficulties  in  Project  Mercury  on  the 
launch  pad  resulted  from  having  some  valve  or  something  else  stick, 
and  it  always  was  either  under  the  couch  or  behind  the  heat  shield 
where  one  had  to  dismantle  the  whole  operation.  This  will  certainly 
provide  us  much  better  access.  I think  it  will  provide  us  a lot  greater 
reliability,  and,  further,  it  provides  us  an  operational  platform  on 
which  we  can  fly  other  test  subassemblies  for  use  in  later  flights — in 
Gemini  or  in  Apollo. 

Several  new  subsystems  will  be  introduced  in  the  Gemini  spacecraft. 
Aircraft-type  ejection  seats  will  be  provided  for  astronaut  abort  in 
case  of  emergencies.  An  inertial  guidance  system,  together  with  a 
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Figure  15 


rendezvous  radar,  will  provide  information  for  the  spacecraft  to  carry 
out  the  rendezvous  with  its  target  vehicle.  The  inertial  guidance 
system  also  will  provide  information  for  directing  the  spacecraft  to 
a predetermined  recovery  site,  and  will  serve  as  a back-up  for  the 
Gemini  launch  vehicle  guidance  system.  For  the  first  time  in  a U.S. 
spacecraft,  a fuel  cell,  similar  to  the  one  to  be  used  in  Apollo,  will  serve 
as  a primary  source  of  electrical  power.  Also  for  the  first  time,  we 
shall  have  to  make  provisions  for  food  storage  and  waste  handling. 

While  the  Mercury  spacecraft  circled  the  earth  in  fixed  orbits  with- 
out maneuvering  capabilities,  the  Gemini  spacecraft  will  carry  small 
thrust  units  which  will  be  used  to  modify  its  orbital  path,  and  to 
permit  rendezvous  and  docking  maneuvers.  A paraglider,  or  para- 
wing, deployed  from  the  spacecraft  at  about  50,000  feet  altitude,  will 
be  substituted  for  the  parachute  in  later  flights  to  allow  the  Gemini 
spacecraft  to  come  down  on  land  in  much  the  same  manner  as  a motor- 
less aircraft. 

During  fiscal  year  1904,  five  Gemini  spacecraft  will  be  delivered. 
Funds  will  be  used  also  for  the  production  of  other  spacecraft,  and  for 
development  tests  including  those  of  the  paraglider,  launch  services, 
and  spacecraft  reliability. 

The  Titan  II,  an  excellent  launch  vehicle,  modified  to  increase 
reliability  and  astronaut  safety,  will  be  employed  as  the  primary 
launch  vehicle  for  Project  Gemini  (fig.  16).  To  facilitate  rendezvous, 
this  launch  vehicle  will  be  required  to  insert  the  Gemini  space- 
craft into  a precise  Earth  orbit  with  a minimum  of  launch  delays. 
The  Titan  IT  is  now  being  developed  by  the  Air  Force  as  an  interconti- 
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Figure  16 

nental  ballistic  missile.  Critical  components  of  the  Gemini  version 
of  the  Titan  II.  such  as  the  malfunction  detection  system,  will  be 
flight-tested  on  Air  Force  Titan  II  ICBM's  during:  the  developmental 
program.  Fifteen  Titan  II's  are  being  procured  for  the  Gemini  pro- 
gram from  the  Martin-Marietta  Corp.,  through  the  Air  Force  Space 
Systems  Division.  The  first  five  Titan  II  vehicles  will  be  delivered 
during  fiscal  year  1064.  Requested  funds  will  be  used  for  the  produc- 
tion of  additional  vehicles,  launch'  support  services,  propellants,  and 
preflight  testing. 

Mr.  Yeager.  Mr.  Chairman,  may  I ask  a question  there?  The  last 
thing  I read  al>out  the  Titan  was  its  blowing  up  shortly  after  launch 
from  a silo.  Do  you  know  whether  they  have  overcome  the  problem 
that  was  encountered  there? 

Mr.  Holmes.  The  report  indicated  that  it  was  a result  of  the  effects 
from  the  silo  launch.  We  have  covered  carefully  the  ones  launched 
*rom  the  cape  in  the  manner  that  we  will  launch  them. 

Although  there  were  some  problems  which  T reported  to  the  full 
committee  on  longitudinal  vibrations,  we  lielieve  that  they  are  licking 
these,  and  that  the  launch  vehicle  is  going  to  lie  ready  for  the  time 
scale  on  which  we  need  it. 

Mr.  Y eager.  Bv  the  time  that  you  are  ready  to  launch  a man  in 
the  Gemini  capsule,  do  you  know  if  NASA  or  the  Air  Force  will  have 
had  experience  with  the  Titan  launch  vehicle  comparable  to  what  you 
had  with  the  Atlas  liefore  Glenn  was  launched  ? 
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Mr.  Holmes.  ISTot  as  many  flights.  Mr.  Low,  would  you  comment. 

Mr.  Low.  Well,  the  number  of  flights  of  the  Titan  II  before  our 
manned  flight  will  be  perhaps  only  a half  or  a third  of  those  that 
were  flown  on  the  Atlas  before  the  manned  flight. 

On  the  other  hand,  the  Titan  II  is  a much  simpler  launch  vehicle 
than  the  Atlas.  The  wiring  circuits,  the  plumbing,  all  of  the  me- 
chanical elements  have  been  simplified  greatly,  so  that  we  believe  a 
fewer  number  of  flight  tests  will  be  adequate  for  this  purpose. 

Mr.  Yeager.  Thank  you. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman. 

The  question  comes  up,  is  the  Cooper  flight  necessary  ? First,  it  is 
being  taken  with  the  Atlas,  which  is  more  complicated  than  the  Titan 
II.  Second,  if  we  don’t  do  the  two  later  Mercury  shots,  it  will  be 
the  last  flight  that  goes  without  automatic  check-out  equipment. 

Wouldn’t  it  be  better  to  just  go  ahead  with  the  Gemini  program 
and  save  the  money,  and  save  the  risk  on  the  last  projected  Mercury 
flight.  We  would  probably  learn  everything  in  the  Gemini  flight 
that  we  could  learn  in  the  last  Mercury  flight.  It  will  actually  be 
testing  components,  navigation,  and  some  scientific  observations. 

Mr.  Holmes.  Yes,  sir,  I think  that  one  of  the  major  reasons  for 
going  ahead — although  there  are  several — is  that  we  would  like  as 
rapidly  as  possible  to  have  data  on  man’s  reactions  to  as  extended  a 
mission  as  possible. 

It  is  true  the  Russians  have  flown  3 and  4 days,  and  it  is  somewhat 
comforting  in  knowing  that  they  didn’t  appear  to  be  sick.  However, 
we  have  very  little  data  on  it.  So  our  people  would  like  to  have 
that  information  in  order  to  not  only  perturb,  if  necessary,  the  Gemini 
design,  but  the  Apollo  design. 

Further,  the  kind  of  experiments,  and  the  kind  of  observations 
that  we  were  able  to  make  in  our  last  flights  were  somewhat  rushed. 
The  astronauts  were  terribly  busy,  particularly  in  the  three-orbital 
flights,  a little  less  so  in  the  six-orbital  one. 

We  believe  that  the  data  that  a man  can  bring  back  by  having  that 
period  of  time  in  tipace  will  give  us  other  information  which  will  be 
useful  in  the  ongoing  program.. 

All  of  those  things  added  together  lead  us  to  the  conclusion  it  is  a 
very  worthwhile  thing  to  do,  to  do  this  Cooper  flight. 

Mr.  Fulton  of  Pennsylvania.  Even  with  the  Atlas-Agena  pro- 
grams not  measuring  up  to  expectations  in  four  out  of  seven  instances 
on  nonmanned  flights,  you  nevertheless  think  that  it  is  worthwhile  for 
its  scientific  results,  as  well  as  in  view  of  the  expense? 

Mr.  Holmes.  Yes.  Of  course,  we  don’t  use  the  Agena  here  as  you 
know.  But  the  Atlas  itself  has  performed  very  well  for  us,  as  you 
know,  for  manned  flights. 

Mr.  Fulton  of  Pennsylvania.  It  certainly  has. 

Mr.  Holmes.  We  always  are  concerned  during  launch,  whether  it 
be  with  an  Atlas  or  anything,  because  it  is  a dangerous  element  of  the 
flight.  But  I think  we  feel  it  is  worth  going  ahead. 

Mr,  Fulton  of  Pennsylvania.  My  last  point  is  this:  Last  year  I 
thought  we  could  cut  $3  million  out  of  the  Mercury  program.  After 
I had  some  conversations,  I felt  that  it  should  be  cut  $2  million  in 
this  committee,  and  the  House  Science  and  Astronautics  Committee 
approved  the  $2  million  cut. 
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Then  we  went  to  the  Senate,  and  they  convinced  me  to  make  the 
cut  only  $1  million.  I agreed  to  that  because  I didn’t  want  to  hold 
the  program  back. 

Then  on  my  visit  to  Houston,  I was  surprised  to  find  that  $3  million 
was  transferred  and  reprogramed  out  of  the  Mercury  program  in  the 
current  fiscal  year. 

Mr.  Holmes.  Not  to  my  knowledge.  Do  you  have  the  figures  here  ? 
I think  there  was  some  confusion  when  you  were  at  Houston.  At 
least  it  was  reported  back  to  my  people  as  far  as 

Mr.  Fulton  of  Pennsylvania.  Well,  don’t  do  it  here. 

Mr.  Holmes.  Last  year  for  the  first  time — at  least  to  my  knowledge 
for  the  first  time — we  put  the  institutional  funds  in  with  the  R.  & D. 
funds.  Now  in  the  books  this  year  they  are  broken  out  separately, 
and  brought  together,  at  the  bottom. 

To  put  institutional  or  Government  employee  salary  expenses  in 
the  R.  & D.  funds,  one  has  to  be  somewhat  arbitrary.  I think,  un- 
fortunately— and  I am  somewhat  embarrassed  about  it — when  the 
committee  visited  Houston  our  people  forgot  this  had  happened,  and 
they  were  hard  pressed  to  explain  what  the  funds  were. 

I think  we  have  all  the  data  and  that  we  didn’t  transfer  funds. 

Mr.  Fulton  of  Pennsylvania.  I want  the  Congress  and  the  taxpay- 
ers to  know  that  we  are  careful  about  these  funds.  We  want  to  know 
that  everything  that  is  being  given  NASA  is  necessary,  and  that  they 
will  use  it  efficiently. 

Mr.  Holmes.  Yes,  sir. 

Mr.  Lilly.  In  answer  to  your  specific  question,  Mr.  Fulton,  our 
estimate  for  Mercury  last  year,  the  R.  and  D.  cost,  excluding  pro- 
rated institutional  costs,  was  $3%  million. 

This  3rear  we  have  currently  programed  and  are  spending  $3,342,000 
of  that.  There  has  only  been  a reduction  of  $158,000. 

Mr.  Fulton  of  Pennsylvania.  Then  we  ought  to  have  in  the  record 
why  the  Mercury  program,  with  the  final  cost  figure  of  $200,000  coming 
in  1964,  actually  is  four  times  its  original  cost  estimates. 

Mr.  Holmes.  We  can  comment  on  it  or  supply  it  for  the  record. 

Mr.  Fulton  of  Pennsylvania.  If  you  can  do  it  shortly,  all  right. 
I do  not  want  to  take  too  much  time  on  it. 

Mr.  Holmes.  Our  figures  don’t  show  it  as  four  times,  but  why  don’t 
we  supply  it  for  the  record  for  you. 

Mr.  Fulton  of  Pennsylvania.  Thank  you. 

(The  information  requested  is  as  follows :) 

In  January  1959,  Dr.  T.  Keith  Glennan,  then  Administrator  of  NASA,  indi- 
cated that  the  total  cost  of  Project  Mercury  would  exceed  $200  million.  In- 
November  1959,  after  a more  detailed  assessment  of  requirements,  the  cost  of 
Project  Mercury  was  estimated  at  $346  million.  This  estimate  included  $293 
million  for  research  and  development  and  $53  million  for  the  tracking  network. 
The  estimate  of  of  $346  million  excluded  prorated  institutional  costs.  The 
current  estimate  for  Project  Mercury,  including  the  1963  runout  cost,  is  $312 
million — $34  million  below  the  November  1959  estimate.  This  amount  includes 
$259  million  for  research  and  development  and  $53  million  for  the  tracking  net- 
work ; it  excludes  prorated  institutional  expenses,  ilf  1-day  mission  costs 
($85  million)  are  added  to  the  Project  Mercury  estimate,  the  combined  Mer- 
cury/l-day  mission  cost  totals  an  estimated  $347  million,  including  $1  million  for 
facilities. 

Mr.  Casey.  Excuse  me,  Mr.  Holmes ; Congressman  Miller,  chairman 
of  our  full  committee,  is  with  us  this  morning. 
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’Chairman  Miller.  You  have  talked  abcut  the  trouble  that  DOB 
has  had  with  the  Titan  II.  They  have  corrected  that  trouble,  and  in 
correcting  it  they  have  put  a military  warhead  on  it,  haven’t  they? 
However,  when  we  use  the  Titan  II  for  Gemini  isn’t  it  much  heavier 
than  the  military  warhead  ? 

Mr.  Holmes.  Well,  yes,  their  corrections  have  been  such  as  to  ac- 
commodate us  because  they  said  they  were  not  worried  about  the 
vibrations  for  the  militaiy  payload.  But  we  couldn’t  stand  the  vibra- 
tions for  our  spacecraft  and  astronauts,  so  the  corrections  they  have 
made 

Chairman  Miller.  The  corrections  that  you  are  figuring  on  here 
will  take  care  of  all  of  the  NASA  payload  ? 

Mr.  Holmes.  Yes,  sir. 

Chairman  Miller.  It  is  much  heavier. 

Mr.  Holmes.  Are  they  flying  a payload  equal  to  ours  on  the  Titan 
II  now  ? 

Mr.  Low.  I am  not  sure  of  the  military  payload  weight.  The  rea- 
son for  needing  less  vibration  in  the  manned  flight  is  because  man 
himself  cannot  tolerate  the  high  vibrations  that  the  equipment  could 
tolerate. 

Mr.  Roudebush.  Are  you  through,  Mr.  Chairman  ? 

Chairman  Miller.  Yes. 

Mr.  Roudebush.  To  carry  on  with  that,  how  many  unmanned 
Gemini  flights — I get  from  your  testimony  that  you  are  planning  some 
unmanned  Gemini  flights — how  many  do  you  plan  ? 

Mr.  Holmes.  One,  suborbital  flight- 

Mr.  Roudebush.  Are  you  having  a mechanical  man  or  something 
in  it? 

Mr.  Low.  There  are  no  plans  for  a mechanical  man  at  this  point 
in  time. 

Mr.  Roudebush.  Just  one  suborbital  flight? 

Mr.  Holmes.  Yes;  to  check  reentry,  and  so  forth. 

Mr.  Roudebush.  Thank  you. 

Mr.  Holmes.  Yes,  sir. 

The  Titan  II,  modified  to  increase  reliability  and  astronaut  safety, 
will  be  employed  as  the  primary  launch  vehicle  for  Project  Gemini. 
To  facilitate  rendezvous,  this  launch  vehicle  will  be  required  to  insert 
the  Gemini  spacecraft  into  a precise  Earth-orbit  with  a minimum  of 
launch  delays.  The  Titan  II  is  now  being  developed  by  the  Air 
Force  as  an  intercontinental  ballistic  missile.  Critical  components  of 
the  Gemini  version  of  the  Titan  IX,  such  as  the  malfunction  detection 
system,  will  be  flight-tested  on  Air  Force  Titan  II  ICBM’s  during  the 
developmental  program.  Fifteen  Titan  IPs  are  being  procured  for 
the  Gemini  program  from  the  Martin-Marietta  Corp.,  through  the 
Air  Force  Space  Systems  Division.  The  first  five  Titan  II  vehicles 
will  be  delivered  during  fiscal  year  1964.  Requested  funds  will  be 
used  for  the  production  of  additional  vehicles,  launch  support  services, 
propellants,  and  preflight  testing. 

The  Gemini  target  vehicle  will  be  a modified  Agena  vehicle,  which 
will  be  boosted  into  Earth-orbit  by  an  Atlas  (fisr.  17).  Modifica- 
tions to  the  Agena  will  include  supplying  a capability  for  multiple 
restarts,  so  that  rendezvous  maneuvers  can  be  performed.  A radar 
transponder  will  be  added  to  send  signals  to  the  radar  receiver  on  the 
Gemini  spacecraft.  Eight  Agena  target  vehicles  are  being  developed 
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by,  and  procured  from  the  Lockheed  Missiles  and  Space  Co.  through 
the  Air  Force.  The  Atlas  vehicles  are  being  procured,  again  through 
the  Air  Force,  from  the  A«trnc  .utics  Division  of  the  General 
Dynamics  Corp. 

Fiscal  vear  1064  funds  will  be  used  to  purchase  Atlas  boosters  for 
the  first  Atlas-Agena  launchings.  For  the  Agena,  funds  will  be  used 
for  '-ehicle  manufacture,  test  site  support,  development  testing,  and 
the  delivery  of  one  vehicle. 

Early  Gemini  flights  will  be  long-duration  missions  lasting  up  to  2 
weeks.  In  these  missions,  we  shall  investigate  the  physiological 
effects  on  the  crew  of  zero  gravity,  artificial  environment,  limited  mo- 
bility, and  varied  work  plans  for  prolonged  periods  of  time,  preceded 
by  high  acceleration  and  intensive  vibration,  and  followed  by  high 
deceleration.  The  Gemini  program  will  provide  an  early  evaluation 
of  man's  efficiency  under  such  conditions.  The  program  will  pro- 
vide experience  in  the  maintenance  of  a proper  atmosphere  in  the 
spacecraft  for  long  periods. 

Here  we  see  work  in  progress  at  the  Manned  Spacecraft  Center  on 
the  development  and  testing  of  possible  designs  for  the  Gemini  space- 
suit  (fig.  18).  Tha'  doesn't  give  you  a very  good  look.  We  have 
another  slide  later  that  gives  you  a better  look. 

Seated  at  the  left  is  an  engineer  wearing  a new  Air  Force  suit  being 
evaluated  for  mobility  characteristics.  Next  to  him,  another  man  is 
wearing  a Mercury-type  suit.  On  the  right  is  one  type  of  advanced 
suite  lieing  evaluated  for  the  Gemini  program. 
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We  expert  that  spacesuit  used  in  Gemini  (fig.  10)  will  cover  the 
torso,  head,  upper  arms,  and  upper  thighs.  However,  it  will  be  pos- 
sible to  remove  the  covering  from  the  lower  legs,  forearms,  feet,  and 
hands  during  most  of  the  mission.  In  the  event  cabin  pressure  is  lost 
during  flight,  it  will  be  possible  to  don  these  additional  garments  in 
time  to  avoid  any  hazard  to  the  astronauts. 

The  construction  of  the  Gemini  suit  will  permit  the  wearer  to  open  it 
sufficiently  to  accommodate  normal  body  functions.  The  pre-proto- 
type suits  have  been  evaluated  by  our  biomedical  engineers.  Negotia- 
tions are  in  progress  for  the  fabrication  of  a sufficient  number  of  suits 
to  meet  test  ana  training  needs.  In  its  final  form,  the  Gemini  space- 
suit  will  provide  a capability  for  short -duration  life  support  outside 
the  spacecraft.  At  present,  we  are  studying  how  we  will  use  this 
spacesuit  to  explore  the  problems  to  lie  encountered  in  operations 
outside  of  the  spacecraft  in  Project  Apollo. 

Fiscal  year  19G4  funds  will  be  used  for  the  continued  development 
of  the  extravehicular  suit,  purchase  of  production  pressure  suits,  and 
the  associated  maintenance  and  procurement  of  production  food  and 
waste  management  systems. 

Mr.  Casey.  Mr.  Holmes,  I think  that  we  will  stop  at  this  point 
before  you  go  into  some  other  matters  since  we  would  have  to  stop 
before  long  anyway. 

Gentlemen,  what  is  your  pleasure?  Are  you  available  this  after- 
noon? 


Fig  toe  18 


1964  NASA  AUTHORIZATION 


169 


Figure  19 

Mr.  Holmes.  Yes. 

Mr.  Riehlman.  I think  we  have  two  important  matters  on  the  floor. 
Mr.  Casey.  We  will  adjourn  then  until  tomorrow  morning  at  10 
o’clock. 

Mr.  Holmes.  Yes,  sir;  thank  you,  Mr.  Chairman. 

Mr.  Casey.  Thank  you,  Mr.  itolmes. 

(Whereupon,  at  12  noon,  the  subcommittee  adjourned  until  10 
a.m.,  Thursday,  March  7, 1963.) 
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THURSDAY,  MARCH  7,  1803 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.O. 

The  subcommittee  met  at  10  a.m.,  Hon.  Emilio  Q.  Daddario  pre- 
siding. 

Mr.  Daddario.  The  meeting  will  please  come  to  order. 

Mr.  Holmes,  if  you  would  be  kind  enough  to  proceed  from  the 
place  you  left  off  yesterday.  I understand  you  would  like  to  change 
.your  method  of  procedure.  Instead  of  reading  the  report  verbatim, 
you  would  like  to  just  insert  portions  of  it  in  the  record.  The  Chair 
is  perfectly  agreeable  if  you  do  so. 

STATEMENT  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE  ADMIN- 
ISTRATOR AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE  FLIGHT, 

NASA;  ACCOMPANIED  BY  GEORGE  M.  LOW,  DEPUTY  DIRECTOR 

(PROGRAMS),  WILLIAM  E.  LILLY,  DIRECTOR  OF  PROGRAM  RE- 
VIEW AND  RESOURCES  MANAGEMENT,  AND  CLYDE  B.  BOTHMER, 

EXECUTIVE  ASSISTANT 

Mr.  Holmes.  Thank  you,  Mr.  Chairman. 

Mr.  Chairman,  memoers  of  the  committee,  yesterday  in  my  testi- 
mony I believe  we  reached  the  point  of  the  last  paragraph  on  page  30. 

A variety  of  experiments  of  scientific  and  engineering  significance 
will  be  conducted  during  the  periods  of  extended  flight.  By  deploy- 
ing a small  piggyback  target,  important  phases  of  the  rendezvous 
problem  will  be  explored  in  the  very  early  phases  of  Gemini  flights. 

Later,  the  complete  rendezvous  operation  will  be  conducted  by  plac- 
ing an  Agena  target  vehicle  in  a circular  orbit  approximately  185 
miles  above  the  earth  ( fig.  20 ) . 

One  day  after  launch  of  the  target,  the  Gemini  manned  spacecraft 
will  be  placed  in  an  elliptical  orbit  in  which  it  reaches  a maximum 
altitude  of  185  miles.  Through  precise  timing  and  control  of  the 
flight  path  of  the  manned  spacecraft  in  the  launch  phase,  the  number 
of  corrections  to  rendezvous  with  the  target  vehicle  will  be  minimized. 

The  propulsion  system  on  board  the  Gemini  spacecraft  will  be 
capable  of  small  midcourse  corrections  as  well  as  terminal  guidance 
and  docking  maneuvers.  Target  vehicle  propulsion  may  also  be  used 
to  assist  the  rendezvous  maneuvers.  During  the  docking  operations 
(fig.  21)  most  of  the  maneuvers  will  be  accomplished  solely  by  the 
manned  spacecraft  under  manual  control  of  the  astronauts. 
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An  exception  may  be  the  orientation  of  the  target  vehicle.  After 
docking,  the  Agena  propulsion  system  will  be  used  to  develop  tech- 
niques for  the  checkout  and  firing  of  large  engines  in  space,  for  orbit 
change  maneuvers,  and  for  navigation. 

On  completion  of  the  orbital  flight  portion  of  the  mission,  the 
Gemini  spacecraft  will  return  to  earth  for  landing  at  the  preselected 
ground  site.  During  reentry,  modification  of  lift  with  roll  maneuvers 
will  make  it  possible  to  alter  the  ballistic  flight  path  and  thus  to 
maintain  a degree  of  control  over  the  selection  of  a landing  area. 

These  roll  maneuvers  will  make  it  possible  to  shift  the  landing  point 
several  hundred  miles  along  the  flight  path  and  a few  dozen  miles 
laterally  from  wThere  the  spacecraft  would  land  without  such 
maneuvers. 

The  maneuvers  will  enable  the  Gemini  astronauts  to  land  within 
an  area  about  10  miles  on  a side.  Between  the  altitudes  of  40,000 
and  50,000  feet,  the  paraglider  recovery  wing  will  be  deployed  for 
a glide  to  a controlled  landing  on  skids. 

Under  conditions  of  zero  winds  the  paraglider  will  carry  the  space- 
craft about  20  miles  in  any  direction  from  the  point  at  which  it  is 
deployed. 

An  example  may  clarifv  the  situation.  Suppose  a pair  of  Gemini 
astronauts  were  in  an  orbit  that  would  enable  them  to  land  in  the 
area  to  be  selected  in  one  of  the  Southwestern  States.  The  error  in 
their  retrorocket  firing  might  put  them  on  a trajectory  heading  to 
a landing  in  another  part  of  the  State.  With  the  roll  control,  they 
could  shift  their  flightpath  back  to  the  desired  area  and  come  down 
to  the  lower  atmosphere  within  a radius  of  10  miles  around  the 
selected  landing  point.  Then  they  could  use  the  paraglider  to  sail 
the  rest  of  the  way.  Here  (fig.  22)  is  a drawing  of  the  Gemini 
paraglider  in  flight. 

Project  Gemini  was  approved  in  December  1961,  and  a contract  for 
the  development  of  12  spacecraft  was  awarded  to  McDonnell  Aircraft 
Corp.  during  the  same  month. 

A full-scale  mockup  of  the  Gemini  spacecraft  was  completed  in 
August  of  1962,  and  the  first  Gemini  spacecraft  are  in  production 
(fig.  23).  Production  of  the  Gemini  launch  vehicles  is  also  in  prog- 
ress (fig.  24),  and  the  Agena  target  vehicle  is  well  underway.  The 
first  suborbital  Gemini  flight  is  scheduled  around  the  end  of  this  year. 
The  first  manned  Gemini  flight  is  scheduled  for  early  1964.  Kendez- 
vous  flights  are  to  follow  late  in  the  same  year. 

APOLLO  SPACECRAFT 

Following  Gemini,  we  are  developing  the  Apollo  spacecraft  as  the 
vehicle  for  lunar  exploration.  This  spacecraft  will  be  composed  of 
three  separate  modules,  each  designed  to  fulfill  specific  mission  require- 
ments (fig.  9,  p.  154) . 

The  command  module  will  house  the  three-man  crew,  will  serve  as 
a control  center  for  spacecraft  operations,  and  is  designed  to  safely 
reenter  the  earth’s  atmosphere  at  velocity  of  about  25,000  miles  per 
hour  upon  return  from  the  moon.  The  service  module  will  house 
many  of  the  spacecraft’s  life  support  systems  and  a major  propulsion 
system  for  mission  abort,  midcourse  corrections  and  injection  into  and 
out  of  lunar  orbit.  The  lunar  excursion  module  will  be  a special  pur- 
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Figure  24 

pose  shuttle,  or  space  ferry,  for  the  two  men  making  the  lunar  landing. 
The  excursion  module  wifi  contain  the  necessary  systems  for  descend- 
ing from  lunar  orbit,  performing  the  lunar  landing  and  takeoff,  and 
accomplishing  the  lunar  orbit  rendezvous  with  the  command  and  serv- 
ice modules. 

We  have  here  scale  models  of  the  escape  rocket,  the  command  module 
with  its  shroud  removed,  and  the  sendee  modules,  all  to  a sixth  scale. 

I would  like  to  point  out  if  we  had  the  booster  here  to  the  same 
scale  and  the  total  assembled  it  would  reach  some  60  feet  high. 

We  have  here  also  the  lunar  exploratory  module ; unfortunately  to 
a slightly  smaller  scale,  as  you  see. 

The  three  modules,  together  with  the  launch  escape  system,  will  be 
80  feet  tall.  When  we  compare  this  spacecraft  with  the  Project 
Mercury  hardware  (fig.  26),  we  find  that  the  Apollo  spacecraft  will 
be  nearly  as  big  as  the  Mercury  spacecraft  and  its  Atlas  launch  vehicle 
together. 

The  empty  weight  of  the  Apollo  spacecraft  will  be  nearly  one  and 
one-half  times  the  empty  weight  of  the  total  Mercury-Atlas  com- 
bination. 

A contract  for  the  Apollo  command  and  service  modules  was 
awarded  to  the  Space  and  Information  Systems  Division  of  North 
American  Aviation,  Inc.,  in  December  1J>61 . 

The  command  module  (fig.  27),  is  a blunt,  conically  shaped  body 
that  has  an  aerodynamic  lift-drag  ratio  of  approximately  one-half. 
It  is  13  feet  in  diameter  and  weighs  approximately  5 tons.  It  will  be 
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protected  from  the  heat  of  reentry  by  a special  material  fastened  tp 
its  external  surface,  which  ablates — or  boils  to  a gas — on  exposure  to 
very  high  temperatures. 

The  command  module  structure,  heat  shield,  and  internal  equipment 
arrangement  will  protect  the  astronauts  from  the  hazards  of  radiation 
in  space.  The  module  will  contain  subsystems  to  provide  electrical 
power,  communications,  orientation  control,  orientation  stabilization, 
environmental  control?  earth-landing,  and  crew-support  subsystems. 

Also  contained  within  the  command  module  will  be  the  guidance  and 
navigation  system  and  the  instrumentation  displays.  Here  (fig.  28) 
we  see  a view  of  the  interior.  The  internal  volume  provided  for  the 
three-man  crew  will  be  approximately  300  cubic  feet.  Attached  to  the 
command  module,  but  jettisoned  after  staging  of  the  first  stage  of  the 
launch  vehicle,  will  be  a launch  escape  system  similar  to  the  escape 
tower  used  in  Project  Mercury. 

The  service  module  (fig.  29)  will  contain  a 22,000-pound  thrust 
rocket  propulsion  system,  an  orientation  control  system,  hydrogen- 
oxygen  fuel  cells  for  electrical  power  supply,  radiators  for  spacecraft 
cooling,  radar,  and  the  supplies  of  oxygen  /or  the  life-support  system 
and  the  electrical  power  supply,  as  well  as  hydrogen  for  the  power 
supply. 

The  service  module  will  weigh  approximately  25  tons  fully  loaded 
with  propellants,  and  approximately  5 tons  empty.  It  is  13  feet  in 
diameter  and  20  feet  long. 

In  fiscal  year  1964,  command  and  service  module  development 
efforts  will  Be  devoted  to  intensive  componenc  and  subsystem  fabrica- 
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Figure  29 

tion,  testing,  and  qualifications,  and  fabrication  of  12  spacecraft,  to 
support  a delivery  schedule  of  a man-qualified  spacecraft  every  3 
months  during  fiscal  year  1965.  Most  spacecraft  subsystems  for 
manned  orbital  flight  will  have  completed  ground  qualification 
testing  by  the  end  of  fiscal  year  1964. 

The  service  module  will  weigh  approximately  25  tons  fully  loaded 
with  propellants,  and  approximately  5 tons  empty. 

It  is  13  feet  in  diameter  and  20  feet  long. 

In  fiscal  year  1964,  command  and  sendee  module  development  ef- 
forts will  be  devoted  to  intensive  component  and  subsystem  fabrica- 
tion, testing,  and  qualification,  and  fabrication  of  12  spacecraft,  to 
support  a delivery  schedule  of  a man-qualified  spacecraft  every  3 
months  during  fiscal  year  1965.  Most  spacecraft  subsystems  for 
manned  orbital  flight  will  have  completed  ground  qualification  test- 
ing by  the  end  of  fiscal  year  1964. 

The  lunar  excursion  module  (fig.  30)  has  been  under  development  by 
the  Grumman  Aircraft  Enginering  Corp.  since  January  1963.  It  will 
be  able  to  perform  separation,  lunar  descent,  landing,  lunar  ascent, 
rendezvous  and  docking,  all  independent  of  the  command  module. 
The  lunar  excursion  module  will  weigh  about  12  tons  and  wijl  contain 
its  own  electrical  power,  guidance  and  control,  communications,  pro- 
pulsion and  crew-support  subsystems. 
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Figure  30 

The  Moon  has  a relatively  weak  gravitational  field  (about  one-sixth 
that  of  Earth)  and  no  atmosphere.  Consequently,  the  lunar  excur- 
sion module  will  not  have  the  same  structural  and  heat- resistance  re- 
quirements as  the  command  module,  which  must  reenter  the  Earth’s 
atmosphere  and  be  recovered  on  the  Earth’s  surface. 

The  design  of  the  lunar  excursion  module  will  be  optimized  for 
lunar  landing,  takeoff,  and  rendezvous.  Windows  with  a broad  view 
will  provide  visual  reference  for  the  astronauts  during  these  critical 
maneuvers,  which  they  will  perform  while  sitting  upright.  The 
lunar  excursion  module  will  have  two  propulsion  stages.  The  stage 
used  to  land  on  the  Moon  will  remain  there.  The  other  stage  will  be 
employed  for  the  takeoff  from  the  Moon's  surface  and  rendezvous 
with  the  mother  spacecraft. 

During  fiscal  year  1964,  a throttleable  rocket  engine  will  be  con- 
structed for  tests  of  the  lunar  excursion  module  landing  stage  pro- 
pulsion system,  which  will  be  designed  to  permit  the  spacecraft  to 
nover  above  the  Moon’s  surface  while  the  astronauts  select  a landing 
site. 

A spacecraft  model  will  be  constructed  for  tests  of  the  basic  struc- 
ture design  and  to  investigate  provisions  required  to  protect  the 
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astronauts  from  the  hazards  of  radiation  and  meteroids.  With  an- 
other model,  tests  will  be  initiated  to  develop  the  landing  gear  for 
landing  on  the  lunar  surface. 

The  manufacture  of  lunar  excursion  modules  for  use  on  flight  tests 
boosted  by  Little  Joe  and  Saturn  vehicles  will  also  begin  during  fiscal 
year  1964.  In  addition,  we  will  begin  the  manufacture  of  ground- 
test  and  hover-test  vehicles,  which  will  be  used  to  test  the  landing 
characteristics  of  the  vehicle  in  a simulated  lunar  environment. 

For  Proj*»  Apollo,  a special  spacesuit  is  being  developed  for  opera- 
tions on  the  lunar  surface.  In  the  suit  shown  on  this  slide  (fig.  31) 
the  astronaut,  carrying  his  life  support  in  a pack  on  his  back,  will 
leave  the  ship  to  make  scientific  measurements  on  the  surface  of  the 
Moon. 

The  current  technological  work  in  the  spacesuit  area  i9  being  di- 
rected toward  improving  structural  integrity,  reliability,  and  dura- 
bility, while  at  the  same  time  providing  greater  stay  time,  functional 
capability,  mobility,  and  comfort  for  the  suited  astronaut. 

At  the  left  of  the  next  slide  (fig.  32)  is  a subject  at  Manned  Space- 
craft Center  suited  in  a current  Mercury-type  suit  and  a mock-up 
of  the  portable  life  support  system. 

One  of  the  practical  problems  is  making  certain  that  the  hatches 
of  the  Gemini  spacecraft  and  the  Apollo  spacecraft  command  and 
lunar  excursion  modules  are  large  enough  to  allow  the  astronaut  to 
climb  through  easily  both  under  zero-gravity  conditions  and  on  the 
Moon. 
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The  Manned  Spacecraft  Center  is  running  tests  to  simulate  these 
situations.  At  the  right  side  of  the  slide  we  see  the  same  man  attempt- 
ing to  climb  through  a simulated  hatch,  wearing  the  life  support  pack 
on  his  back. 

In  the  Apollo  lunar  mission,  we  can  expect  to  be  brought  face  to 
face  with  a problem  area  completely  new  to  manned  flight — the  space 
radiation  environment  and  its  effect  on  flight  crews  traversing  the 
space  between  the  Earth  and  the  Moon.  We  i.re  making  every  effort 
to  define  this  environment  adequately  with  information  obtained  in 
the  unmanned  space  science  flights,  together  with  recorded  observa- 
tions of  solar  flare  activity. 

Based  on  this  information,  we  have  established  radiation  shielding 
design  criteria  for  the  spacecraft.  We  have  applied  dose  limits 
tulated  by  our  space  medical  staff,  assisted  by  the  Space  Science 
ird  of  the  National  Academy  of  Sciences. 

We  feel  confident  that  adequate  shielding  can  be  provided  for  the 
flight  crew  within  the  allowable  weight  limits  of  the  Apollo  vehicle. 
Radiation  dosimeters  developed  and  flight-tested  in  Project  Mercury 
will  be  subjected  to  more  rigorous  testing  during  the  Project  Gemini 
flight  program. 

The  Apollo  guidance  and  navigation  system  has  been  under  develop- 
ment since  1961,  at  the  Instrumentation  Laboratory  at  the  Massachu- 
setts Institute  of  Technology.  In  mid-1962,  industrial  contractors 
were  selected  to  support  the  MIT  effort  and  to  produce  the  opera- 
tional guidance  ana  navigation  systems.  This  team  includes  the  AC 
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Spark  Plug  Division  of  the  General  Motors  Corp.,  the  Raytheon 
Corp.,  and  tlie  Kollsman  Instrument  Corp. 

Tne  functions  of  the  Apollo  guidance  and  navigation  system  (fig. 
88)  are  to  determine  the  position,  elocity  and  trajectory  of  the  space- 
craft; and  to  control  the  spacecraft's  engines  and  reentry'  lift  for 
the  precise  maneuvers  required  for  each  phase  of  the  mission:  flight 
to  the  moon,  lunar  orbit,  lunar  landing,  takeoff  from  the  moon,  lunar 
orbit  rendezvous,  and  the  return  to  earth  at  a preselected  landing 
site. 

The  system  consists  of  three  major  components:  The  inertial  sub- 
system, the  guidance  computer,  and  the  optical  subsystem.  The  iner- 
tial subsystem  employs  gyroscopes  to  establish  directional  reference 
in  space  and  accelerometers  to  measure  course  corrections  applied 
by  tne  propulsion  system  or  by  aerodynamic  maneuvers. 

Hie  guidance  computer  calculates  the  trajectory,  computes  re- 
quired velocity  changes,  sends  start  and  cutoff  signals  to  the  propul- 
sion system,  and  signals  for  the  proper  use  of  the  aerodynamic  lift 
during  atmospheric  entry. 

The  optical  subsystem,  consisting  of  a scanning  telescope  and  a 
space  sextant,  finds  the  craft's  position  in  space  and  alines  the  inertial 
platform  for  each  maneuver. 

During  fiscal  year  1964,  prototype  guidance  systems  will  be  devel- 
oped and  intensive  ground  testing  will  be  underway. 

Work  on  the  command  and  service  modules  is  well  advanced. 


Figure  33 
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Here  (fig.  34)  some  of  the  command  module  development  accom- 
plishments are  portrayed.  A full-scale  mockup  was  completed  in 
December  106*2.  The  first  boilerplate  spacecraft  have  been  manufac- 
tured, and  testing  of  water-handling  qualities,  earth-landing  qualities, 
water  impact,  and  parachutes,  is  in  progress. 

To  assure  a high  degree  of  reliability,  an  intensive  test  program 
for  components,  subsystems,  modules,  and  complete  spacecraft  is  re- 
quired i fit  35). 

At  the  Wtom  of  the  pyramid  will  be  the  test  of  components  and 
subsystems,  performed  by  the  responsible  contractors. 

This  pyramid  tends  to  give  the  type  of  testing  on  components  and 
subsystems  and  then  to  higher  levels  of  systems  required  in  order  to 
assure  a r ‘liable  flight  program. 

Next,  .spacecraft  modules  will  be  tested  at  the  North  American 
plant  at  Downey,  Calif.,  and  at  the  Grumman  plant  at  Bethpage, 
N.Y.  The  performance  and  functioning  of  each  will  be  verified  and 
compliance  with  the  specifications  will  be  assured. 

The  most  rigorous  phase  of  the  Apollo  spacecraft  ground  test  pro- 
gram will  take  place  at  the  Mannen  Spacecraft  Center  in  Houston. 
There  we  are  building  major  facilities  that  can  duplicate  many  of  the 
conditions  encountered  in  space  flight. 

In  these  facilities,  we  can  conduct  tests  and  learn  of  flaws  that 
otherwise  would  not  be  discovered  until  the  flight  tests.  Construct- 
ing and  operating  these  facilities  is  a less  expensive  and  often  faster 
and  safer  means  of  obtaining  the  necessary  test  results.  In  these 
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Figure  35 

ground  tests  a spacecraft  will  he  subjected  to  environments  much  more 
severe  than  those  encountered  in  space,  for  periods  of  time  far  longer 
than  a single  lunar  mission. 

Our  experience  has  shown  that  we  must  subject  a spacecraft  to 
heat  and  cold,  to  vacuum  and  pressure,  to  vibration  and  to  noise,  to 
achieve  the  degree  of  assurance  we  require  to  know  that  the  space- 
craft can  function  for  the  entire  period  of  its  mission. 

Spacecraft  propulsion  development  and  testing  will  be  carried  out 
at  the  White  Sands  Missile  Range  in  New  Mexico.  Highly  toxic 
propellants  are  being  used  in  all  three  modules  of  the  Apollo  space- 
craft. 

These  are  the  so-called  earth  storable  propellants. 

It  is  not  possible  to  develop  and  test  tnese  systems  at  any  of  the 
existing  test  locations. 

Consequent^,  a spacecraft  propulsion  development  facility  is  be- 
ing built  at  White  Sand3  for  the  command  and  service  modules,  and 
for  the  lunar  excursion  module  propulsion  systems. 

Final  checkout  of  the  spacecraft  must  be  jierformed  in  the  vicinity 
of  the  launch  site.  During  the  preflight  preparation  jieriod,  the 
spacecraft  will  be  weighed  and  balanced,  fitted  with  pyrotechnics  and 
landing  devices,  and  checked  and  rechecked  to  assure  perfect  func- 
tioning of  all  the  components. 

The  first  Apollo  flights  are  scheduled  for  this  calendar  year  (fig.36). 
In  the  first  test,  the  launch  escape  system  concepts  will  lie  verified  in  a 
simulated  oif-the-pad  escape  maneuver.  Later  in  the  year,  we  will 
begin  testing  the  functioning  of  the  launch  escape  system  at  high 
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Figure  36 

altitude  on  flights  powered  by  Little  Joe  II,  a special  solid-propellant 
launch  vehicle. 

The  Little  Joe  II  is  similar  in  design  to,  but  much  larger  than,  the 
Little  Joe  I,  which  was  used  so  successfully  in  the  Mercury  flight  test 
program.  Both  the  pad-abort  tests  and  the  Little  Joe  II  tests  will 
oe  carried  out  at  the  White  Santis  Missile  Range  in  New  Mexico.  In 
1964  we  will  begin  flights  of  Apollo  boilerplate  spacecraft  from  Cape 
Canaveral,  powered  by  the  Saturn  I vehicle.  The  first  manned  flights, 
also  powered  by  the  Saturn  I,  are  schedule  for  1965. 

On  the  first  manned  flights,  the  Saturn  I launch  vehicle  will  allow 
us  to  fly  the  command  and  service  modules,  and  the  service  module 
will  carry  a small  amount  of  fuel  for  exercises  in  maneuver.  Follow  - 
ing these  flights  when  the  Saturn  I-B  becomes  available,  we  will 
launch  into  earth  orbit  all  three  modules  of  the  Apollo  spacecraft, 
with  a partial  fuel  supply  in  both  the  service  module  and  the  lunar 
excursion  module. 

The  reason  for  the  partial  fuel  supply  is  that  we  are  still  weight- 
limited  even  by  the  Saturn  I-B. 

On  these  flights,  scheduled  to  begin  in  1966,  our  astronauts  will  be 
able  to  develop  the  operational  techniques  of  deployment  and  docking 
of  the  lunar  excursion  module. 

Since  the  second  stage  of  the  Saturn  I-B  is  also  the  third  stage  of 
the  Saturn  V,  which  will  be  employed  for  the  lunar  flights,  we  shall 
l>e  able  to  test  in  earth  orbit  a large  portion  of  the  system  to  be  em- 
ployed for  the  lunar  landing. 
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In  other  words,  the  entire  spacecraft  that  we  talk  of  here  as  well 
as  the  third  stage  of  the  Saturn  V,  all  of  that  that  we  will  inject  to- 
ward the  moon  we  will  be  able  to  put  into  earth  orbit  and  test  as  a 
complete  assembly  on  the  Saturn  I-B. 

Here  we  see  how  much  the  two  vehicles  have  in  common  (fig.  37). 

You  can  see  from  the  horizontal  line  across,  from  there  up  we  have 
essentially  identical  assemblies. 

There  are  some  minor  differences  but  very  minor. 

In  this  phase  of  the  program  we  extiect  to  obtain  a significant 
amount  of  experience  in  earth  orbit  in  the  kind  of  operations  we 
must  conduct  in  the  neighborhood  of  the  moon. 

The  opportunity  to  gain  this  experience  adds  greatly  to  our  con- 
fidence that  we  can  carry  out  the  lunar  landing  mission  successfully. 

• 

LAUNCH  VEHICLES  AND  PROPULSION 


To  travel  into  space  it  is  first  necessary  to  reach  a very  high  speed. 
By  attaining  a speed  of  about  18,000  miles  an  hour,  we  can  place  a 
satellite  in  earth  orbit,  and  by  increasing  this  speed  to  25,000  miles 
an  hour  we  can  overcome  the  gravitational  force  or  the  earth.  To  place 
a spacecraft  weighing  90,000  pounds  in  a translunar  trajectory  re- 
quires a tremendous  amount  of  power. 

Another  way  of  saying  this  is  to  accelerate  a mass  of  90,000  pounds 
to  25,000  miles  an  hour  requires  a lot  of  power. 


Figure  37 
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For  example,  the  maximum  generating  capacity  of  the  Potomac 
Electric  Power  Co.  in  Washington  is  1,639,000  kilowatts  of  electric 
power. 

That  is  the  maximum  rate  of  generat  ion. 

The  first  stage  of  the  Saturn  V will  produce  a thrust  equivalent  to 
110,000,000  kilowatts;  over  68  times  the  maximum  PEPCO  rate. 

To  power  the  three  Saturn  vehicles  previously  mentioned  requires 
development  of  a series  of  engines  suitable  for  application  to  the 
stages  of  which  the  vehicles  are  comprised. 

Shown  here  (fig.  38)  is  the  engine  family  now  under  development. 
As  can  be  seen,  the  thrust  levels  range  from  15,000  1,500,000  pounds. 
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Florae  38 

Smaller  rocket  engines  of  the  1950’s  broke  the  space  barrier  and 
made  possible  the  early  satellites  and  the  first  probes  into  outer  space. 
In  the  1960’s,  the  chemical  rocket  is  reaching  maturity  with  this  series 
of  engines,  which  opens  the  way  for  manned  exploration  of  space 
and  its  first  great  step,  the  exploration  of  the  moon. 

Two  of  these  engines  are  for  first-stage  application  and  utilize 
kerosene  as  fuel.  These  are  the  H-l  for  Saturn  I,  and  Saturn  I-B, 
and  the  F-l  for  Saturn  V. 

The  other  three  engines  are  for  upper  stages  and  use  liquid  hydro- 
gen. The  A-3  is  used  in  the  second  stage  of  Saturn  I ; the  J-2  in  the 
second  stages  of  Saturn  I-B  and  V,  and  in  the  third  stage  of  Saturn 
V. 

The  M-l  is  for  the  second  stage  of  a post-Saturn  vehicle.  It  will  be 
noted  that  all  of  these  engines  use  oxygen,  which  is  carried  in  the 
vehicle  tanks  in  liquid  form. 
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The  M--1  engine  then  is  not  a part  of  our  first  lunar  assault,  but  it 
is  rather  starting  an  engine  development  because  these  take  so  long  so 
that  as  the  time  comes  when  we  go  to  a larger  vehicle,  which  must  come 
in  a few  vears  ahead,  the  engine  development  for  it  will  have  been 
initiated  for  the  upper  stages. 

We  are  still  very  seriously  considering  for  the  first  stages  solid 
propellants  as  well  as  liquid  propellants. 

Now  the  use  of  kerosene  as  a fuel  is  derived  from  its  successful 
application  in  military  programs. 

Indeed,  the  H-l  engine  itself  is  derived  from  military  programs. 
However,  liquid  hydrogen  offers  advantages  over  kerosene  as  a fuel. 
It  gives  40  percent  more  specific  impulse — that  is,  40  percent  more 


thrust  per  pound  of  fuel.  The  hydrogen-oxygen  combination  is  espe- 
cially valuable  for  the  second  and  third  stages  of  launch  vehicles.  The 
performance  of  upper  stages  is  sensitive  to  changes  in  the  specific 
impulse  of  the  propellants  used. 

The  payoff  in  using  liquid  hydrogen  as  fuel  is  a substantial  gain  in 
pavload  capability. 


pavload  capability. 

We  began  the  development  of  our  first  hydrogen  engine,  the  A-3, 
in  1958.  It  is  now  being  produced  in  quantity  bv  the  Pratt  & Whitney 
Co.  at  East  Hartford,  Conn.,  and  is  tested  at  West  Palm  Beach,  Fla. 
This  engine  weighs  290  pounds  and  is  about  6 y2  feet  long. 

Six  A-3  engines,  each  producing  15,000  pounds  of  thrust,  will 
power  the  Saturn  I second  stage,  the  S-IV.  This  engine  will  also  be 
used  on  the  Centaur  vehicle.  The  first  series  of  static  firing  tests 
on  the  six-engine  cluster  (fig.  39)  for  the  S-IV  have  been  successfully 
completed  at  the  Sacramento,  Calif.,  test  site. 


Figure  39 
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The  series  included  two  full-duration  firings,  each  of  more  than 
400  seconds.  A second  series  of  ground  tests  is  now  underway  to 
further  debug  and  assure  the  reliability  of  the  complete  stage.  In  this 
series,  one  firing  at  full  thrust  and  full  duration  of  8 minutes  6 seconds 
has  been  accomplished  successfully. 

The  first  flight  of  the  S-IV  stage  containing  the  A-3  engines  will 
take  place  this  summer  on  the  fifth  Saturn  I flight. 

Work  to  be  funded  in  fiscal  year  1964  also  includes  further  develop- 
ment of  a variable  thrust  model  of  the  A-3  engine. 

The  kerosene-fueled  H-l  engine  is  the  descendant  of  the  engines 
that  power  the  Atlas,  Thor,  and  Jupiter  missiles.  Each  engine  will 
produce  188,000  pounds  of  thrust,  and  eight  of  them  will  power  the 
first  stage  of  the  Saturn  I and  I-B. 

Afr»r  10  years  of  test  and  refinement,  the  H-l  engines  are  probably 
the  most  reliable  large  liquid  propellant  engines  in  the  United  States. 
Their  reliability  was  demonstrated  in  the  three  successful  Saturn  I 
flights  when  all  eight  H-l  engines  in  each  test  performed  to  design 
specifications  (fig.  40). 

To  date  100  H-l  engines  have  been  delivered.  Most  of  these  have 
been  manufactured  by  the  Rocketdyne  Division  of  North  American 
Aviation  at  Cancga  Park,  Calif.  Recently,  however,  flight  engine 
production  has  beep  transferred  to  the  Rocketdyne  plant  at  Neosho, 
Mo.  Here  (fig.  41)  we  see  an  engine  in  the  assembly  area  at  Neosho. 
The  H-l  is  approximately  10  feet  long  and  weighs  about  1 ton.  Dur- 
ing the  coming  fiscal  year,  we  will  continue  the  development  effort  to 
solve  problems  discovered  during  flight  testing,  and  will  complete 
qualification  for  manned  flight. 


Figure  40 
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Figure  41 

As  a result  of  the  encouraging  early  developmental  experience  with 
the  A-3,  NASA  in  I960  liegan  the  development  of  a second  hydrogen 
engine,  the  J-2.  This  engine  will  develop  200,000  pounds  of  thrust, 
more  than  13  times  as  much  as  the  A-3. 

The  J-2,  which  weighs  about  a ton  and  a half,  is  also  being  devel- 
oped by  the  Rocketdyne  Division. 

The  illustration  Dig.  42)  shows  a morkup  of  the  J-2  in  the  assembly 
area  at  the  Canoga  Park  plant  of  Rocketdyne. 

To  date,  the  J-2  engine  has  been  fired  140  times,  primarily  for  the 
investigation  and  development  of  the  ignition  system  and  for  checkout 
of  the  pumps  and  other  subcomponents.  There  has  been  one  4-minute, 
full-duration,  full-thrust  firing.  During  the  coming  year,  the  test 
activity  on  the  J-2  engine  will  be  greatly  augmented  by  putting  an 
additional  stand  into  service  to  supplement  the  two  stands  now 
available. 

This  additional  capability  will  permit  us  to  schedule  over  300  engine 
systems  tests,  including  altitude  simulation,  gimhaling,  malfunctions, 
and  others. 

We  expect  that  the  engine  will  lie  brought  to  the  state  of  preliminary 
flight  rating  during  this  time.  Five  J-2  engines  will  form  the  power- 
plant  of  the  Saturn  V second  stage,  while  one  J-2  will  power  the 
third  stage  of  this  vehicle,  which  will  be  employed  in  the  Apollo 
spacecraft  lunar  missions. 

The  F-l  engine,  which  delivers  a thrust  of  1%  million  pounds  and 
consumes  3 tons  of  liquid  oxygen  and  kerosene  every  second,  is  the 
largest  kerosene- fueled  engine  under  development  in  the  free  world. 
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Figure  42 

It  stands  18  feet  high  and  weighs  10  tons.  Here  (fig.  43)  we  see 
a worker  standing  next  to  an  F-l  in  the  assembly  area  of  the  Rocket- 
dyne  plant  at  Canoga  Park,  Calif.  Five  of  these  engines  will  power 
the  S-IC  stage,  the  first  stage  of  the  Saturn  V.  We  began  the  develop- 
ment of  the  F-l  engine  in  1058,  and  in  the  past  4 years  approximately 
250  engine  firings  have  been  completed. 

Here  (fig.  44)  we  see  one  of  the  tests.  Many  firings,  especially  in 
the  early  part  of  the  program,  were  of  short  duration  and  had  the 
objective  of  checking  out  the  operation  of  various  components  such 
as  turbo-pumps,  injector  designs,  and  cooling  systems.  In  six  recent 
firings  the  engine  has  demonstrated  its  full  thrust  of  1 V&  million 
pounds  over  the  full  2Vfc  minutes  of  operation. 

During  the  coming  vear,  we  will  continue  the  development  of  the 
engine  and  we  will  make  more  full-thrust,  full-duration  runs,  culmi- 
nating in  preliminary  flight  rating  test. 

By  the  end  of  this  year,  we  will  commit  the  engines  for  the  beginning 
of  ground  tests  of  the  S-IC  stage  of  Sat  urn  V :md  we  will  be  furnish- 
ing engines  for  fabrication  of  the  early  developmental  flight  test 
st  ages. 

The  major  problem  remaining  in  the  F-l  engine  program  is  the 
existence  of  the  phenomenon  known  as  combustion  instability,  which 
i«  characterized  oy  pressure  oscillations  in  the  combustion  gas  inside 
the  engine.  The  resulting  vibration  can  destroy  the  entire  engine. 
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Although  combustion  instability  has  developed  in  only  7 of  the  250 
F-l  firings  in  the  last  2 years,  even  this  small  incidence  cannot  be 
tolerated. 

Consequently,  we  are  placing  major  emphasis  on  solving  this  prob- 
lem. The  source  of  instability  in  liquid  propellant  engines  has  been 
the  subject  of  considerable  research,  since  most  engines  exhibit  in- 
stability in  the  early  stages  of  their  development. 

One  of  the  most  likely  sources  is  the  injector,  the  engine  component 
which  mixes  the  liquid  oxygen  and  the  kerosene  within  the  thrust 
chamber  so  that  the  propellant  can  burn  completely. 

The  usual  means  of  conquering  instability  is  to  change  the  design 
of  the  injector  by  changing  the  location  or  the  size  of  the  injector 
holes. 

We  have  a continuing  program  of  fabricating  modified  injector 
designs,  which  are  fired  extensively  in  highly  instrumented  thrust 
chambers  and  engine  test  stands. 

Another  suspect  part  of  the  engine  is  the  large  dome  through  which 
the  liquid  oxygen  flows.  Here,  our  instruments  have  revealed 
pressure  oscillations,  which  could  be  transmitted  to  the  gases  in  the 
chamber.  We  are  redesigning  this  dome  to  provide  a smoother  flow 
and  we  are  installing  baffles  to  damp  out  flow  oscillations.  Still 
another  approach  being  followed  is  to  introduce  a special  kind  of 
injector  hole,  called  a cavitating  venturi.  This  device  should  prevent 
oscillations  from  the  combustion  gases  feeding  back  into  the  liquid 
or  vice  versa. 

We  are  confident  that  we  will  solve  the  instability  problem  on 
the  F-l  engine,  just  as  it  has  been  solved  for  all  other  liquid  propellant 
engines  in  use,  and  we  are  confident  that  we  can  achieve  the  flight 
rating  and  delivery  schedules. 

We  are,  however,  giving  this  matter  our  closest  attention  and  bring- 
ing to  bear  the  knowledge  and  judgment  of  the  most  qualified  experts 
in  the  United  States. 

These  experts  are  drawn  from  Lewis  Eesearch  Center,  Marshall 
Space  Flight  Center,  various  engine  companies  and  universities,  and 
others  who  have  conducted  research  in  this  area. 

For  the  future,  we  are  establishing  a consulting  body  of  experts  to 
assure  a continuing  national  program  to  develop  more  information 
on  this  phenomenon  and  methods  of  prevention. 

The  latest  and  the  largest  hydrogen  engine  to  be  placed  under 
development  is  the  M-l.  It  will  be  designed  to  deliver  a thrust  of 
1.2  million  pounds.  The  M-l  will  be  25  feet  high,  and  15  feet  across 
the  nozzle  exit.  It  will  weigh  about  10  tons. 

Here  (fig.  45)  we  see  M-l  combustion  chamber  fabrication  in 
progress  at  the  Aerojet-General  plant  in  Sacramento,  Calif.  Now 
(fig.  46)  we  see  the  construction  of  a test  facility  for  thrust  chambers 
and  gas  generators. 

The  M-l  is  destined  for  missions  beyond  the  capability  of  the 
Saturn  vehicle.  We  have  started  the  M-l  development  because,  as 
mentioned  earlier,  a long  period  of  time  is  required  to  develop  and 
qualify  an  engine.  It  will  require  about  6 or  7 years  of  work  to 
bring  an  engine  of  the  M-l  size  to  its  first  flight  test. 

An  orderly  development  program  has  been  initiated  which  will  lead 
to  preliminary  flight  rating  approximately  4 years  from  now;  the 
engine  will  be  ready  for  flight  test  about  2 years  later. 


COMBUSTION  CHAMB'ER  FABRICATION  IN  PROCESS 


1964  NASA  AUTHORIZATION 


Figure  46 


1964  NASA  AUTHORIZATION 


195 


By  starting  an  M-l  engine  development  program,  we  have  taken 
a first  step,  which  will  permit  us  to  institute  programs  to  further 
increase  our  launch  vehicle  payload  capabilities  in  future  years. 

In  addition  to  the  liquid  propellant  engines  for  our  launch  vehicles, 
we  have  work  underway  on  propulsion  tor  spacecraft.  Here,  instead 
of  kerosene  or  hydrogen  and  oxygen  we  are  concentrating  on  storable 
propellants  which  are  hypergolic — that  is  they  have  the  characteris- 
tic of  igniting  -as  soon  as  the  oxidizer  and  fuel  are  brought  into 
contact. 

Employment  of  these  propellants  simplifies  design,  since  an  ignition 
system  is  not  required.  We  find  that  they  are  especially  applicable 
to  the  propulsion  used  on  board  the  spacecraft  because  they  can  be 
stored  for  a long  time  without  boiling  away  and  because  of  their 
self-igniting  characteristics. 

For  this  reason,  they  are  employed  in  the  Gemini  spacecraft  and 
will  be  used  in  all  primary  propulsion  systems  of  the  Apollo  space- 
craft. 

We  have  given  very  careful  study  to  the  place  of  solid  propellant 
rockets  in  our  program  and  find  that  the  reliability  of  solid  rockets 
is  especially  attractive  for  components  such  as  the  escape  system,  or 
for  retrorockets  needed  for  stage  separation,  and  for  providing  the 
retrograde  propulsion  needed  to  slow  the  spacecraft  for  return  to 
earth  from  orbit. 

We  are  also  very  much  interested  in  the  future  use  of  very  large 
solid  rocket  motors  for  application  to  the  first  stage  of  large  launch 
vehicles.  Just  recently,  a program  which  will  demonstrate  the  feasi- 
bility of  these  giant  engines  was  initiated  in  cooperation  with  the 
Department  of  Defense. 

This  national  large  solid  motor  program  is  funded  and  managed 
by  the  Air  Force  Space  Systems  Division.  NASA  supplies  the  motor 
size  and  performance  specifications  to  the  Air  Force.  NASA  is 
currently  supporting  studies  and  technology  efforts  pertaining  to 
the  application  of  solid  motors  for  possible  future  use  in  maimed 
vehicle  stages. 

Mr.  Yeager.  I have  a question,  Mr.  Chairman. 

Mr.  Holmes,  is  the  A-3  engine  for  the  second  stage  going  to  be 
tested  on  the  Saturn  V ? 

Mr.  Holmes.  Yes.  That  will  be  the  first  flight  test  of  the  second 
stage,  which  has  six  of  these  A-3  engines.  That  will  be  on  the  Saturn 
V this  summer: 

Mr.  Yeager.  Is  the  A-3  in  condition  now  that  you  feel  you  will 
be  able  to  do  it  on  schedule  ? 

Mr.  Hoi.MES.  Yes,  it  is  working  very  well.  We  have  fired  all  six 
of  these  engines  in  an  S-IY  stage  full  duration.  This  is  about  7 
minutes,  and  it  is  amazing  how  long  7 minutes  is  for  one  of  these 
blasts  to  be  continuing. 

Mr.  Daddario.  Mr.  Holmes,  the  question  Mr.  Yeager  has  asked 
calls  to  my  attention  a question  that  I wanted  to  ask  on  the  A-3. 

Someone  had  mentioned  earlier  the  throttling  capacities  of  the  A-3 
engine.  Could  you  just  touch  on  that  for  a moment  and  tell  us  what 
the  significance  of  that  might  be? 

Mr.  Holmes.  Yes,  I can.  We  are  doing  development  work  and 
experimental  work  as  to  how  we  can  throttle  that  engine.  I believe 
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we  have  throttled  it  now  to  about  3 to  1.  In  other  words,  from  full 
thrust  down  to  one-third  thrust,  with  that  limitation  having  been  im- 
posed by  the  particular  tost  facilities  that  Pratt  & Whitney  was  using 
in  Florida. 

We  expect  to  throttle  it  over  a 10  to  1 ratio.  We  are  also  working  on 
throttling  earth  storable  engines,  where  the  A-3  is,  of  course,  a cryo- 
genic type. 

The  significance  of  this  will  be  particularly  applied.  Initial^  the 
significance  of  throttling  capability  will  be  realized  in  the  lunar  ex- 
ploratory module.  We  want  to  be  able,  as  you  set  down  on  the  moon, 
to  control  the  thrust,  so  that  we  can  move  down  and  then  hover. 

In  fact,  we  would  like  to  be  able  to  hover  there  for  a minute  and 
translate  to  a maximum  of  maybe  a thousand  feet,  before  setting  down. 
This  is  important  because  we  probably  won’t  have  as  much  data  as 
we  would  like  to  have  on  the  lunar  surface  before  we  will  have  to 
touch  down. 

Does  that  answer  your  question,  Mr.  Chairman  ? 

Mr.  Daddario.  Yes,  just  to  clarify  it,  then,  the  real  significance  of 
throttling  is  the  capability  for  it  to  choose  a better  landing  site  on  the 
moon  than  you  might  be  able  to  otherwise  choose  if  you  had  to  land 
without  having  the  opportunity  to  hover  and  choose  your  site. 

Mr,  Holmes.  In  the  initial  and  immediate  applications  we  are  think- 
ing of  right  now,  yes. 

In  the  longer  term,  just  as  we  have  to  vary  the  thrusts  in  our  auto- 
mobile or  in  an  airplane,  we  are  going  to  have  to  be  able  to  vary  the 
thrust  of  these  rockets  in  order  to  have  man  really  be  proficient  in 
space  operation. 

Mr.  Daddario.  Then  it  does  have  further  significance  in  adding  to 
the  capability  of  inflight  use  of  the  space  vehicle. 

Mr.  Holmes.  Yes,  sir,*  it  does. 

Mr.  Daddario.  Thank  you. 

Mr.  Holmes.  While  engine  development  necessarily  leads  the  way 
in  expanding  ability  to  explore  space,  actual  capability  results  from 
development  of  appropriate  launch  vehicles  using  these  engines. 

Repeating  this  earlier  slide  (fig.  47)  we  see  . the  three  launch 
vehicles  in  the  Apollo  program. 

Both  the  Saturn  I and  Saturn  I-B  play  supporting  roles  in  develop- 
ment of  a complete  system  for  landing  explorers  on  the  moon  and 
providing  for  their  return. 

This  is  a similar  slide  to  one  we  showed  yesterday,  modified  slightly 
to  be  more  inclusive  to  show  general  application  of  these  vehicles 
rather  than  just  the  Apollo  applications. 

The  first  Saturn  I was  successfully  launched  from  Cape  Canaveral 
in  October  1961,  a little  over  3 years  after  initiation  of  the  Saturn 
program.  Since  that  time,  we  have  successfully  launched  two  addi- 
tional flights,  both  of  which  yielded  significant  information  about  its 
performance  and  reliability. 

Here  (fig.  48)  we  see  statistics  indicating  the  performance  on  the 
launching  of  the  third  vehicle  last  November.  Now,  we  should  like 
to  show  some  slow-motion  film  of  that  flight. 

Before  we  start  the  film,  I should  point  out  that  these  pictures  were 
taken  at  200  frames  a second,  from  the  umbilical  tower  on  Complex 
34,  looking  downward  toward  the  launch  pad. 
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Figure  47 


SATURN  SA-3  STATISTICS 

NOVEMBER  16,  1962  1245 

LAUNCH  COMPLEX  34 
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They  show  engine  ignition  and  the  lift-off  of  the  vehicle,  and  give 
a vivid  impression  of  the  forces  involved.  You  will  note  the  intense 
blast  of  flames  to  which  the  pad  and  its  holddown  mechanisms  is  sub- 
jected as  the  vehicle  lifts  past  your  vantage  point.  Yet,  we  can  effect 
repairs  relatively  easily  and  cheaply. 

Even  for  people  who  have  seen  a lot  of  these  pictures  these  partic- 
ular ones  are  exceptional.  As  you  look  down,  from  this  umbilical 
tower,  right  beside  the  tower,  you  see  some  of  the  liquid  oxygen  boil- 
ing off  and  pretty  soon  you  will  see  the  flames  begin,  and  then  slowly 
rise  until  they  encompass  you  in  Hades. 

Would  you  show  it  please? 

[Films  shown]. 

Mr.  Holmes.  Now  the  vehicle  is  being  held  down.  As  you  know, 
we  hold  it  down  to  snake  sure  that  all  of  the  engines  are  burning 
smoothly  prior  to  releasing  the  first  stage. 

That  “puffing”  that  comes  off  is  not  the  main  jet,  but  the  exhaust. 

You  see  how  it  comes  out  at  four  different  places  around  the  base. 
She  is  moving  off  the  pad  now  as  you  can  see  and  rising  toward  us. 

Now  notice  the  flame  impingement  on  the  pad  and  the  holddown 
arms.  Notice  the  tremendous  blast  that  is  being  exerted  against  that 
padding. 

We  protect  it  as  much  as  possible  and  with  each  launch  we  find 
that  the  refurbishment  for  the  next  launch  costs  us  less.  We  keep 
fairly  accurate  accounting  of  what  these  costs  are. 

I believe  in  SA-2  we  did  something  over  $200,000  worth  of  damage 
to  the  pad  that  we  had  to  refurbish  and  in  SA-S  we  are  down  to 
$160,000. 

I bring  this  out  because  we  have  to  constantly  keep  in  mind  that 
a thousand  dollars  or  $10  thousand  is  a lot  of  money.  Just  because 
we  are  spending  millions  of  dollars  we  do  not  get  into  the  frame  of 
mind  that  $10,000  is  insignificant. 

This  is  something  that  management  has  to  be  constantly  on  the 
alert  for  and  I say  that  with  complete  sincerity. 

Mr.  Daddamo.  What  were  some  of  the  steps  that  you  took  to  reduce 
the  damage  of  that  order? 

Mr.  Holmes.  There  were  several. 

One  was  changing  the  connections  from  the  umbilical  tower,  so 
that  they  swung  away  from  the  blast.  Thus  we  had  no  damage  to 
them. 

The  other  was  rerouting  fueling  pipes  for  the  cryogenics,  rerouting 
wiring,  putting  in  protective  covering.  We  wanted  to  have  a mini- 
mum. of  things  exposed  directly  to  the  blast. 

The  fourth  in  a series  of  10  development  and  demonstration  flights 
is  scheduled  within  a month.  Later,  in  the  .summer  we  will  start  flight 
testing  a full  two-stage  Saturn,  the  second  stage  of  which  is  already 
undergoing  ground  tests  by  the  contractor. 

The  later  flights  in  this  series  will  e&vry  boilerplate  versions  of  the 
Apollo  spacecraft  as  part  of  the  development  leading  to  ths  launch 
of  the  first  manned  Apollo  in  1965.  In  the  first  manned  flights,  the 
Apollo  command  module,  carrying  the  astronauts,  together  with  the 
service  module,  will  be  launched  into  a low  earth  orbit. 

Fabrication  and  assembly  tools  for  continued  production  of  the 
Saturn  S-X  stage  are  now  being  provided  by  the  Chrysler  Corp.  in 
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that  company’s  portion  of  the  Governrnent-owned  Michoud  plant  at 
New  Orleans.  Here  (fig.  40)  we  will  see  work  on  the  tail  assembly 
of  the  S-I  stage  for  a Saturn  I flight  next  year. 

The  Michoud  plant  includes  a fabrication  building  with  43  acres 
of  floor  area  and  a ceiling  40  feet  high,  fully  air  conditioned,  and  is 
served  by  rail,  highway,  air,  and  water  transportation. 


Figure  49 


Here  ( fig.  50)  we  see  the  second  stage  of  the  Saturn  I vehicle — 
the  S-IV  stage — which  is  being  developed  and  produced  by  the 
Douglas  Aircraft  Co.  in  Santa  Afonica,  Calif. 

This  stage  utilizes  liquid  oxygen  and  liquid  hydrogen  propellants 
and  contains  six  RL-10  A-3  engines.  The  next  slide  (fig.  51)  shows 
the  Douglas  production  line. 

The  Saturn  I launch  vehicle  will  be  capable  of  placing  11  tons  in 
low  earth  orbit 

However,  to  make  orbital  tests  of  the  entire  Apollo  spacecraft, 
including  the  lunar  excursion  module,  a launch  vehicle  of  greater 
capability  is  needed.  Such  a vehicle  is  being  developed  through 
modification  of  Saturn  I,  by  increasing  the  power  of  the  second  stage. 

The  new  second  stage,  called  S-IV  II,  is  shown  on  this  slide  ( fig.  52) . 
It  contains  a single  J-2  engine,  producing  200,000  pounds  of  thrust. 
The  use  of  this  stage  will  increase  our  orbital  payload  capability 
from  11  tons  on  the  Saturn  I to  16  tons  on  the  Saturn  I-B. 
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Fig  cm  50 


Figure  51 
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SATURN  S-IV  B STAGE 


DIAMETER-  21»t.  Bin.  ^ 

LENGTH-  59  ft. 

WEIGHT  (unloaded)  - 21,000  lbs. 

PROPELLANTS  - Liquid  hydrogen-  Liquid  oxygon 
ENGINE.  J-2 
THRUST-  200,000  Ibi 


Figure  52 

From  earlier  discussions  of  these  vehicles,  it  will  be  recalled  that 
this  S-IV  B stage  is  modified  to  provide  the  third  stage  of  the  Saturn 
the  vehicle  which  will  send  the  Apollo  spacecraft  on  its  lunar 
mission. 

The  Saturn  I-B,  with  its  increased  orbital  payload  capability,  will 
be  developed  through  a four-flight  test  program  which  will  begin  in 
1965,  and  will  be  ready  for  its  first  manned  mission  in  the  Apollo  pro- 
gram in  1966. 

The  vehicle  flight-test  program  is  needed  primarily  for  develop- 
ment of  the  S-IV  B second  stage,  since  the  first  stage  will  already 
be  a well-tested  vehicle  from  theSatum  I program. 

As  mentioned  earlier,  the  Saturn  I and  Saturn  I-B  play  supporting 
rolea  The  largest  and  most  powerful  launch  vehicle  is  the  Saturn 
V,  since  its  role  is  to  launch  the  lunar  expedition  spacecraft  into  a 
trajectory  that  will  carry  it  to  the  vicinity  of  the  Moon. 

To  do  this,  we  must  accelerate  45  tons  of  equipment  and  men  to  a 
velocity  of  25,000  miles  an  hour.  The  Saturn  V will  be  almost  300 
feet  high  and  33  feet  in  maximum  diameter.  It  is  the  largest  known 
launch  vehicle  being  designed  and  built.  It  will  be  ready  for  its  first 
flight,  test  early  in  1966  and  qualified  for  initial  manned  flights  in  1967. 

We  would  now  like  to  describe  the  Saturn  V in  a little  more  depth 
by  commenting  briefly  on  each  of  the  launch  vehicle’s  three  stages. 

This  slide  (fig.  53)  shows  the  first  stage,  the  S-IC,  which  weighs 
140  tons  empty  and  over  2,300  tons  when  fueled.  It  is  being  designed 
at  Marshall  Space  Flight  Center,  through  cooperative  efforts  between 
Marshall  and  the  Boeing  Co. 
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S-IC  STAGE  OF  SATURN  V 


S .DIAMETER-  33  FT  .* 

Whr'.  LENGTH-  138  FT 
y WEIGHT-  UNLOADED  28Q  000  LBS  , 

propellants  . % 

LIQUID  QXYGEN  KEROSENE  •, 
ENGINES-  FIVE  F-T 

THRUST  7 500  000  LBS;  ' ■ 


CmSEDED 


Figure  53 

Boeing  has  already  delivered  some  of  the  structural  elements  of  the 
first  ground-test  stage.  Here  (fig.  54)  we  see  a 40- foot  boring  mill 
which  is  a rather  unusual  tool. 

The  mill  is  a very  special  and  precise  tool.  It  has  a long  history  of 
changing  ownership  between  Government  and  industry. 

Most  of  the  stages  will  be  assembled  by  Boeing  in  that  company  s 
portion  of  the  Michoud  plant.  In  this  next  slide  (fig.  55)  we  see  con- 
struction in  progress  on  a vertical  assembly  area  for  S-IC  work  at 
the  Michoud  plant. 

Fiscal  year  1964  will  see  completion  of  one  of  the  ground-test  stages, 
fabrication  and  assembly  of  other  ground  stages,  and  initiation  of 
work  on  early  flight  stages. 

An  enormous  test  stand  for  the  S-IC  is  now  tinder  construction  at 
Marshall.  Here  (fig.  56)  we  see  that  the  work  is  underway.  As  you 
know,  the  Mississippi  Test  Facility  w*t!  not  be  available  for  use  until 
1965.  And  I mignt  digress  here  to  say  we  are  hard  pressed  to  have 
that  Mississippi  Test  Facility  available  so  that  we  can  do  an  S-II 
full  scale  test  there  in  October  of  1965. 

At  Santa  Susana  where  the  contractor — North  American — has  some 
test  stands,  we  cannot  fully  load  this  stage  with  fuel  because  of  safety 
restrictions.  Right  now  we  are  limited  to  25  seconds  burning  time. 
We  hope  to  get  that  extended  to  100  seconds.  The  problem  has  to  do 
with  t lie  equivalent  TNT  explosion  that  you  might  get  from  this 
hydrogen  fuel  mixed  with  liquid  oxygen.  We  can  test  in  boilerplate 
because  that  tankage  cannot  rupture. 
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5-1C  "Y”  RING  SEGMENTS  ON 
BORING  MILL  AT  MICHOUD  _ 


Figure  54 


FOUNDATION  CONSTRUCTION  FOR 
VERTICAL  ASSEMBLY  BUILDING  Art  MICHOUD 


Figure  55 
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Flaunt  56 


However,  since  the  full  firing  of  the  S-II  is  some  400-odd  seconds 
we  cannot  do  a full  test  of  that  until  we  get  this  Mississippi  Test  Fa- 
cility going. 

The  problem  is  not  so  critical  for  the  first  stage  because  we  are 
building  a static  test  stand  at  Huntsville. 

The  tnird  stage  is  being  tested  by  Douglas  at  Sacramento. 

Mr.  Daddario.  Mr.  Holmes,  is  the  teat  restriction  at  the  North 
American  location  the  result  of  the  type  of  test  stand  facilities?  In 
what  way  is  the  Michoud  plant  an  improvement,  and  what  are  the 
differences  in  the  test  facilities?  What  are  the  reasons  why  there 
must  be  the  two  locations? 

Mr.  Holmes.  North  American  uses  Santa  Susana  up  in  the  moun- 
tains, for  testing  their  engines  and  they  are  using  it  tor  testing  this 


The  difference  between  Santa  Susana  and  the  Mississippi  Test  Fa- 
cility for  static  firing  involves  the  relative  area,  boundaries,  and 
distances. 

If  one  assumes  a TNT  equivalent  of  some  60  percent,  which  is  the 
number  presently  being  assumed  for  these  propellants,  one  would  have 
an  explosion  hazard  in  excess  of  what  would  be  reasonable  under  the 
limiting  factors  of  the  Santa  Susana  site. 

Mr.  Daddario.  You  are  talking  about  geography? 

Mr.  Holmes.  Yes.  At  the  Mississippi  Test  Facility,  where  we  have 
much  more  area,  and  also  a buffer  zone,  designed  so  that  an  explosion 
would  be  contained  therein. 
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Mr.  Daddario.  All  right,  fir  e. 

Mr.  Holmes.  The  test  stand  at  Marshall  will  be  completed  by  early 
1964.  Four  massive  concrete  footings  and  interconnecting  wall  foun- 
dations are  in  place.  They  extend  35  feet  below  grade.  The  lower 
section  of  the  superstructure  will  extend  240  feet  above  grade  level  and 
will  support  a structure  of  steel  extending  approximately  180  feet 


will  support  a structure  of  steel  extending  approximately  180  feet 
above  this  point. 

All  of  this  structure  will  permit  ground  testing  of  the  S-IC  stage 
before  it  is  committed  to  flight.  During  this  static  te*-*  firing  all  five 
of  the  F-l  engines  will  bum  simultaneously,  each  producing  1%  mil- 
lion pounds  of  thrust. 

In  1964,  we  plan  the  first  ground  firing  of  the  five  F-l  engines  that 
power  the  S-IC — a significant  event  since  a thrust  of  7,500,000  pounds 


will  be  produced. 

S-IC  stages  produced  at  the  Michoud  plant  will  be  tested  on  stands 
similar  to  the  one  described  abofe  (fig.  57),  but  located  at  the  Missis- 

ETest  Facility,  on  the  East  Pearl  River  and  40  miles  from 
oud. 


Figure  57 


I think  when  the  committee  sees  the  F-l  engine  fire  you  will  be  as 
impressed  as  I was.  When  five  of  these  are  going  at  once  it  is  going 
to  lie  quite  a noise  and  quite  a blast. 

The  testing  operations  of  the  Mississippi  Test  Facility  take  place  on 
a 13,500-acre  Government-owned  central  site  (fig.  58). 
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MISSISSIPPI  TEST  SITE 


Figure  58 

NASA  is  obtaining  easements  on  a 128,000-acre  buffer  zone  which 
will  be  uninhabited,  but  in  which  fanning  and  lumbering  will  be 
possible. 

We  are  improving  15  miles  of  river  channels  and  constructing  15 
miles  of  canals,  15  feet  deep  and  200  feet  wide,  to  provide  water  access 
to  the  East  Pearl  River  ana  the  Intracoastal  Waterway. 

A good  part  of  that  length  of  canal  is  due  to  the  fact,  that  we  plan 
to  transport  within  the  Mississippi  Test  Facility  by  canal.  It  seems 
to  be  the  most  economical  way  to  do  it.  Thus  we  will  have  a canal 
from  the  Pearl  River,  go  through  a lock  up  to  the  level  of  the  Missis- 
sippi Test  Facility  and  then  through  a network  of  canals  within  the 
Mississippi  Facility. 

Mr.  Daddario.  You  are  talking  about  the  materials  involved,  not 
the  full  movement  of  a vehicle  as  you  will  have  dowm  in  Florida. 

Mr.  Holmes.  Yes,  I’m  speaking  of  a full  vehicle.  In  other  words, 
at  Michoud,  where  we  will  assemble  these  first  stages,  we  will  put 
them  on  a barge,  take  them  up  the  Pearl  River,  stand  them  up  on  these 
test  stands  where  they  are  held  down,  and  fire  them.  Once  they  are 
tested  out  we’ll  put  them  back  on  the  barge,  take  them  down  the  Pearl 
River  across  the  gulf  to  Florida. 

Mr.  Daddario.  Thank  you. 

Mr.  Holmes.  Land  acquisition,  site  preparation,  utility  installa- 
tions. and  test -stand  design  are  in  progress  at  Mississippi  Test  Facility, 
which  should  be  ready  for  use  in  1965. 
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Construction  will  begin  later  this  year  for  test  stands  and  various 
support  facilities  for  the  S-IC  and  the  S-II  stages. 

Next  (fig.  59)  we  see  the  second  stage,  the  S-II,  which  is  being  de- 
veloped by  North  American  at  its  Downey  plant  in  California. 

With  a full  load  of  liquid  oxygen  and  liquid  hydrogen  propellants, 
this  stage  will  weigh  over  a million  pounds. 


S-II  STAGE 
OF  SATURN  Y 


DIAMETER  33ft 

LENGTH  - 81'/, ft 

WEIGHT  (unlood«d)-7S  000  lbs 

PR OPEll  ANTS"  l iquid  Hydrogtn- 
liquid  oxygen 

ENGINES  - Five  J-2 

THRUST  - 1 OOOOOOIbt 

NASA  MAS-41* 


Figure  59 

The  next  slide  ( fig.  60)  shows  that  an  assembly  plant  is  under  con- 
struction at  Seal  Reach  so  that  the  82-foot- long  S-II  stages  can  be 
shipped  directly  by  water  from  California  to  the  test  stands  at  Mis- 
sissippi Test  Facility. 

All  of  these  stages  have  to  be  shipped  by  water.  The  upper  stages, 
the  S-II  and  the  S-IVB  will  lie  manufactured  in  California  and 
shipped  by  water.  As  I mentioned  before,  the  first  stage,  the  even 
larger  one,  will  be  built  at  Michoud. 

Mr.  Gurnet.  Mr.  Holmes,  since  you  are  going  to  fire  these  things 
at  Cape  Canaveral  and  have  direct  firing  facilities  there,  why  is  there 
a duplication  in  Mississippi,  or  is  it  a duplication? 

Mr.  IIoi.mf.h.  It  is  not  really  a duplication  in  that  a static  test  stand 
is  different  from  a launch  tower. 

The  launch  tower  is  an  umbilical  tower,  where  you  have  hold-down 
facilities  and  then  you  release  the  vehicle  and  let  it  go  into  flight. 

On  the  static  test  stand  you  wish  to  clamp  it  down  and  hold  it  for 
the  entire  firing.  You  have  a great  deal  more  instrumentation  than 
you  have  on  the  launching  facility  because  you  want  to  measure  and 
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Figure  60 

check  out  flaws — temperatures  and  so  forth.  They  really  are  quite 
different  facilities. 

In  order  to  simplify  transportation,  we  considered  whether  there 
would  be  a possibility  of  doing  that  type  of  testing  at  the  Cape.  How- 
ever, it  appeared  it  would  so  interfere  with  this  busy  flight  opera- 
tions center.  That  it  would  not  be  the  wise  thing  to  do. 

Initial  testing,  using  heavy-walled  tankage,  will  be  performed  on 
test  stands  now  under  construction  at  North  American’s  Santa  Susana 
facility.  This  slide  (fig.  61)  shows  general  construction  activity  at 
the  Santa  Susana  site. 

It  may  indicate  the  rugged  country  that  Santa  Susana  is  in. 

As  pointed  out  previously,  flight  stages  will  stop  at  Mississippi  Test 
Facility  for  acceptance  testing  on  their  way  to  Merritt  Island.  Fiscal 
year  1964  will  see  initiation  of  static  and  kructural  testing  and  prog- 
ress on  the  fabrication  of  other  grcund  test  stages  and  early  flight 
stages. 

The  third  or  S-IVB  stage  of  Saturn  V sees  dual  use  in  the  manned 
flight  program.  It  is  the  second  stage  of  the  Saturn  I-B  and  also 
the  escape  stage  of  the  Saturn  V.  It  uses  a single  J-2  engine.  It  will 
be  manufactured  at  the  new  Douglas  plant  at  Huntington  Beach, 
Calif.,  and  tested  at  a Sacramento  complex. 

Then  the  stage  will  be  shipped  by  sea  transport  through  the  Panama 
Canal  direct  to  Cape  Canaveral.  This  slide  (fig.  62)  illustrates  how 
these  launch  vehicle  stages  are  carried  by  barge. 
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That  really  shows  an  S-I  stage,  I believe,  on  a barge  being  pushed 
by  a pusher  tug. 

Mr.  Daddario.  You  are  not  talking  about  a special  barge ; these  are 
barges  presently  available  ? 

Mr.  Holmes.  We  do  have  a special  barge  for  the  S-I  stage.  But 
the  others  are  not  special  barges.  We  have  a ship  that  the  Navy  has 
agreed  to  furnish — an  LSD — which  will  do  the  transporting  from  the 
coast  around  through  the  Panama  Canal.  Then  we  will  be  contract- 
ing with  a barge  contractor  to  do  the  movement  between  Michoud,  the 
Mississippi  Test  Facility,  and  Cape  Canaveral. 

Now  turning  to  integration  and  checkout,  I believe  it  would  be 
worth  while  to  spend  some  time  discussing  this  because  it  is  a less 
tangible  area,  but  it  is  an  area  where  programs  often  fall  down. 

One  may  effectively  produce  equipment  and  send  it  to  the  field,  but 
if  the  interconnections  in  the  system  have  been  neglected,  there  are 
great  delays  and  schedule  slippages  and  so  forth. 

Therefore,  we  are  emphasizing  this  part  of  the  program. 

Let  us  look  at  our  integration  and  checkout  activity  which  we  dis- 
cussed only  briefly  last  year. 

The  Apollo  project  is  extremely  complex,  both  technically  and  in 
terms  of  the  number  ond  types  of  contractors  involved. 

To  be  as  certain  of  success  as  is  humanly  possible,  we  must  establish 
a system  (methods  and  procedures)  to  insure  that  we  achieve  compati- 
bility of  all  of  the  system  elements. 

As  a simple  example,  we  must  know  that  every  plug  will  mate  with 
its  proper  socket,  and  not  with  an  incorrect  socket.  In  other  words, 
not  only  should  it  mate  with  the  socket  that  it  is  intended  to  mate 
with,  but  it  must  be  keyed  so  that  it  cannot  be  plugged  into  another 
one  beside  it  which  it  is  not  intended  to  mate  with. 

We  have  defined  this  activity  as  integration.  Success  of  the  mission 
is  equally  dependent  on  the  achievement  of  a higher  order  of  relia- 
bility than  heretofore  obtained.  We  must  have  a realistic  assessment 
of  where  we  stand  relative  to  the  confidence  goals  required  to  commit 
a crew  to  the  lunar  mission. 

A reliability  assessment  effort  has  been  started  to  fulfill  this  need. 

Prior  to  launch,  assurance  is  needed  that  all  elements  of  the  system 
will  operate  properly  and  that  all  parts  are  indeed  ready  for  the 
mission.  Demonstration  of  a high  degree  of  confidence  is  one  of  the 
primary  roles  of  the  checkout  systems. 

We  have  brought  these  three  related  areas — integration,  reliability 
assessment,  and  checkout — together  in  an  across-the-board  program 
managed  by  the  Office  of  Manned  Space  Flight  in  Washington. 

Mr.  Fulton  of  Pennsylvania.  On  that  point,  I have  a question,  Mr. 
Chairman. 

You  say  you  have  started  to  fulfill  this  need,  but  that  does  not  put 
much  flesh  on  the  record.  Would  you  tell  us  how  you  are  carrying 
that  out? 

Mr.  Daddario.  Do  you  want  to  go  into  that  now  ? 

M Holmes.  I do  have  another  section  on  it.  This  is  the  intro- 
ductory portion.  Why  don’t  I give  that  section  of  the  testimony  and 
see  if  that  answers  the  question. 

Mr.  Fulton  of  Pennsylvania.  All  right.  I thought  you  were  mov- 
ing to  another  subject. 
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Mr.  Holmes.  We  can  illustrate  the  integration  process  by  the  next 
slide  (fig.  63).  Shown  here  are  the  first  level  or  major  system  inter- 
faces which  are  created  both  by  technical  considerations  and  by  the 
organizational  and  geographical  grouping  of  the  elements  we  have 
had  to  bring  to  bear  on  this  complex  program.  The  red  lines  on  the 
slide  indicate  the  interfaces  bet  ween  the  launch  vehicle,  spacecraft,  and 
the  ground  equipment  systems.  These  are  the  interfaces  that  are  of 
direct  concern  to  our  program  office  in  Washington,  and  it  illustrates 
the  need  for  at  some  place  a central  program  office,  and  as  I mentioned 
yesterday,  our  office  also  serves  as  a headquarters  operation. 

To  assure  that  the  proper  interfaces  exist  between  electrical  signals 
or  hydraulic  signals  or  mechanical  signals  that  would  go  across  those 
red  lines  requires  people  looking  at  it  and  looking  at  it  in  detail  and 
continuously. 

^ have  established  effective  intercenter  coordination  panels  to 
idciiLuv  interface  problems  and  resolve  them.  These  panels  consist 
of  working-level  engineers  from  each  of  the  three  centers  primarily 
concerned  with  our  program,  the  Office  of  Manned  Space  Flight,  and 
our  contractors,  as  necessary.  To  better  understand  the  workings  of 
these  people,  it  might  be  well  to  cite  an  example  or  two  of  their  work. 
There  is  an  emergency  detection  system  in  Apollo  which  will  save  the 
crew  in  the  event  of  a failure  in  the  launch  vehicle. 

In  other  words,  it  would  detect  an  incipient  failure  and  energize  the 
equipment  to  carry  them  away. 
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The  design  of  this  system  is  intimately  tied  into  the  detailed  design 
of  the  launch  vehicle,  the  spacecraft,  and  the  capabilities  of  the  crew 
under  stress  conditions,  A joint  intercenter  panel  is  now  coordinating 
the  design  of  an  effective  and  compatible  system  to  carry  out  this  im- 
portant function. 

To  cite  another  case,  the  structural  and  aerodynamic  problems  of 
design  of  the  whole  space  vehicle  are  equally  interrelated.  The  length 
and  weight  of  the  final  spacecraft  to  be  boosted  greatly  affect  the 
design  of  the  launch  vehicle.  For  the  launch  vehicle  or  booster,  the 
allowable  stresses  to  be  handled  are  directly  influenced  by  the  space- 
craft configuration.  Intensive  and  continuous  study  and  evaluation 
of  the  design  of  this  spacecraft-to-launch-vehicle  interface  are  moni- 
tored by  an  integration  panel. 

That  is  still  another  form,  of  integration,  rather  than  these  signal 
flows.  The  spacecraft  and  launch  vehicle  have  to  be  treated  dynami- 
cally as  one  so  that  it  doesn’t  kreak  apart,  for  instance,  unaer  the 
thrust  of  high  velocity  wind  jets  going  through  the  atmosphere. 

Mr.  Daddario.  How  many  people  are  on  the  integration  panel? 
You  say  it  is  monitored  by  an  integration  panel.  Are  you  talking 
about  a committee  of  some  kind  ? 

Mr.  Holmes.  Yes.  There  are  various  panels  at  the  working  level 
which  are  made  up  of  representatives  from  each  of  the  centers  and 
usually  include  someone  from  the  program  office. 

This  particular  panel  would  have  as  many  as  a dozen  people  on  it. 

Each  one  would  be  a working  engineer.  They  meet  together  to 
make  sure  that  they  are  coordinated  in  the  interfaces  between  the  ele- 
ments they  are  working  on. 

(The  following  information  has  been  supplied  for  the  record :) 

Integration  panels  have  been  established  to  assure  full  coordination  between 
all  the  levels  of  management  that  have  assigned  responsibility  for  the  Apollo 
Saturn  program.  During  the  meetings  working  engineers  discuss  interrelated 
problems  in  terms  of  source,  impact,  and  solution.  The  centers  have  responsi- 
bility for  carrying  out  the  decisions  that  are  reached. 

At  present  there  are  six  integration  panels:  Launch  Operations  Coordination, 
Mechanical  Integration,  Electrical  Systems  Integration,  On-board  Instrumenta- 
tion and  Communication,  and  Crew  Safety.  Other  panels,  including  ad  hoc, 
will  be  formed  as  required. 

The  Flight  Mechanics,  Dynamics,  and  Control  Panel,  which  was  used  as  an 
illustration,  points  out  the  type  of  coordination  that  has  been  established.  This 
particular  panel  is  composed  of  11  members  representing  the  Manned  Spacecraft 
Center  and  the  Marshall  Space  Flight  Center.  Dr.  R.  F.  Hoelker  of  the  Marshall 
Space  Flight  Center  and  Mr.  Calvin  A.  Perrine,  Jr.,  of  the  Maimed  Spacecraft 
Center  serve  as  cochairmen.  OMSF  representatives  participate  in  the  meetings. 

The  Flight  Mechanics,  Dynamics,  and  Control  Panel  meets  to  identify  and 
resolve  technical  problems  related  to  the  dynamics  and  control  of  the  composite 
space  vehicle.  To  dte  a few  examples,  this  group  evaluates  and  resolves  prob- 
lems in  the  areas  of  space  vehicle  dynamics  and  loads  and  guidance  and  control 
interfaces  between  the  spacecraft  and  launch  vehicle.  As  appropriate,  the  panel 
often  refers  problems  to  the  contractors  who  in  turn  conduct  studies  and  report 
on  their  findings. 

The  Flight  Mechanics,  Dynamics,  and  Control  Panel  illustrates  the  importance 
that  we  are  placing  on  coordination  of  interface  problems. 

Mr.  Daddario.  Who  chooses  them  ? 

Mr.  Holmes.  Who  chooses  them  ? 

Mr.  Daddario.  Yes. 

Mr.  Holmes.  The  Centers  choose  their  membership,  and  my  pro- 
gram office  chooses  its  membership  and  looks  over  the  whole  panel 
membership. 
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A standardized  and  controlled  interface  drawing  system  is  being  * 

established  which  defines  the  electrical  system  interconnections  be- 
tween the  launch  vehicle  and  the  spacecraft,  and  within  each  of  them. 

This  effort  will  help  to  eliminate  last-minute  incompatibilities  at  the 
launch  site  where,  tor  the  first  time,  the  spacecraft  and  launch  vehicle 
will  be  physically  mated  to  each  other. 

From  the  point  of  view  of  sheer  numbers,  a perhaps  more  difficult 
problem  is  the  more  detailed  series  of  interfaces  that  exist  within  the 
elements  being  developed  by  each  of  the  Centers  principally  concerned 
with  our  program.  On  the  next  slide  (fig.  64),  the  red  lines  indicate 
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Figure  64 

only  some  of  these  major  interfaces  within  each  Center,  for  the  launch 
vehicle,  the  spacecraft,  and  the  ground  facilities.  Each  of  these  inter- 
faces must  he  carefully  designed,  documented,  and  tested  thoroughly 
for  ope  rat  ing  capability. 

Again,  we  are  pushing  the  technical  decision  making  down  to  the 
lowest  practicable  working  level,  delegating  to  either  the  Center  tech- 
nical specialists  or  to  the  major  contractors  the  responsibility  for  most 
of  these  interface  decisions. 

In  othei  words,  Marshall  is  responsible  for  seeing  that  the  three 
stages  of  the  Saturn  V do  mate  and  go  together.  Houston  is  responsi- 
ble for  seeing  that  the  interfaces  of  the  spacecraft  go  together.  Hous- 
ton has  delegated  that  overall  responsibility  to  a contrae  jr,  North 
American.  In  the  launch  vehicle,  Marshall  has  for  the  S-I,  Saturn  I, 
and  Saturn  I-B,  given  that  responsibility  of  working  with  them  to 
Chrysler,  and  probably  will  give  to  another  contractor  the  integration 
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for  the  overall  Saturn  V.  We  axe  not  at  that  point  in  time.  Marshall 
is  still  doing  that  themselves. 

Reliability  then,  turning  from  integration,  in  the  reliability  area, 
we  are  in  the  process  of  instituting  methods  and  procedures  by  which 
we  can  continually  evaluate  the  reliability,  quality,  and  test  efforts  of 
all  participants  in  the  program. 

A comprehensive  system  of  reporting  on  component  and  part  fail- 
ures is  being  established  to  provide  information  required  to  select  com- 
ponents that  have  good  histories  of  reliability  and  to  weed  out  those 
that  cannot  be  trusted,  lest  results  and  data,  originating  with  ven- 
dors, subcontractors,  prime  contractors,  and  Centers  are  to  be  Collected 
into  a data  bank.  They  are  being  collected  now.  This  pyramiding  of 
data  will  supply  management  with  the  detailed  information  needed 
to  evaluate  reliability  progress  and  to  take  corrective  action  when  it  is 
necessary. 

Evaluations  have  been  made  of  contractor  efforts  in  reliability, 
quality,  and  test  in  relation  to  the  total  resources  available  for  these 
contracts.  The  stringent  reliability  and  safety  requirements  for 
manned  flight  have  been  evaluated.  The  results  of  these  studies  have 
indicated  a need  for  additional  critical  parts  and  components  qualifi- 
cation testing.  Consequently,  to  provide  engineering  confidence  in  the 
launch  vehicle  and  spacecraft,  additional  quantities  of  specific  critical 
components  will  be  procured  and  tested. 

Overall  reliability  and  safety  modeling  techniques,  as  well  as  the 
models  themselves,  have  been  developed.  They  are  being  applied  now 
to  give  us  a first  quick  look  at  the  probable  reliability  and  safety  figures 
which  we  can  expect  to  achieve.  Especially  critical  subsystem  figures 
which  we  can  expect  to  achieve.  Critical  subsystem  performance 
requirements  have  been  identified,  for  example,  in  the  guidance  and 
navigation  systems.  If  we  failed  to  identify  the  most  critical  areas, 
we  could  easily  build  inadequate  flight  hardware. 

It  is  believed  a more  balanced  manned  space  flight  program  will 
result  from  our  attention  to  this  area.  This  emphasis  we  have  placed 
on  reliability  assessment  has  forced  all  Apollo  participants  to  evaluate 
their  formal  reliability  programs  more  critically.  Reliability  is  an 
aspect  of  a project  that  has  sometimes  been  slighted  because  of  cost 
and  schedule  considerations.  Extremely  high  standards  of  reliability 
are  essential  to  the  success  of  our  manned  space  flight  program. 

Mr.  Riehlman.  Mr.  Chairman,  before  he  goes  away  from  relia- 
bility and  checkout,  in  your  statement  you  referred  to  checking  on 
these  contractors  and  trying  to  find  those  who  are  not  reliable  and 
weed  them  out.  Now,  I don’t  care  to  have  the  names  of  any  contractors 
exposed,  but  have  you  found  some  contractors  who  have  not  been 
reliable? 

Mr.  Holmes.  I was  referring,  Mr.  Riehlman,  to  the  parts. 

Mr.  Riehlman.  Well,  I would  feel  that  contractors  would  certainly 
be  tied  in  with  whatever  parts  you  buy  that  are  not  reliable. 

Mr.  Holmes.  Yes.  We  have  not  to  my  knowledge  found  any  sig- 
nificant number  of  contractors,  as  such,  that  are  not  reliable.  Some- 
time a vendor’s  products  doesn’t  come  up  to  the  reliability  standards 
that  we  feel  we  need,  whereas  it  may  be  perfectly  all  right  for  some 
other  applications. 
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Mr.  Riehlman.  But  they  do  not  fulfill  the  requirements  and  stand- 
ards that  are  needed  for  the  work  that  you  have  for  them  to  accomplish 
and  perform? 

Mr.  Holmes.  Yes,  I think  that  is  certainly  a correct  statement,  sir. 
I don’t  mean  to  be  sanguine  about  this  reliability.  It  is  a very  difficult 
area.  We  have  had  people  now  for  a number  of  years  all  over  the 
country,  talking  about  reliability.  They  have  met  in  countless  re- 
liability symposia,  and  a lot  of  what  they  say  is  true  and  valid.  But 
the  meat  and  potatoes  in  reliability  lies  in  picking  the  best  component. 
Our  philosophy  involves  not  cutting  costs  for  components,  or  parts, 
or  reliability.  We  are  spending  that  money  and  we  think,  overall, 
that  is  most  economical. 

It  is  also  vital  to  design  in  such  a way  that  you  really  have  a reliable 
operation,  whether  the  design  be  for  electronics  circuits  or  mechnical 
or  hydraulic  applications.  Then  you  must  concentrate  on  testing, 
testing,  testing,  and  testing.  This  must  be  done  in  the  environment 
in  which  you  expect  to  operate.  Then — and  these  are  not  necessarily 
in  any  sequence  of  importance ; they  are  all  important — the  tests  must 
be  analyzed.  You  must  decide  on  best  designs  and  components  and 
must  use  redundant  equipment  when  you  don’t  achieve  enough  evidence 
of  statistical  reliability — mean  time  to  parts  failure — t > assure  suc- 
cess. That  is  tKe  kind  of  approach  we  are  trying  to  take.  It  is  a 
practical  approach  that  you  or  I or  anyone  would  take  to  build  a ve- 
hicle to  take  me  somewhere  and  back. 

Mr.  Gurney.  Mr.  Chairman. 

Mr.  Daddario.  Mr.  Gurney. 

Mr.  Gurney.  Pursuing  that  a little  further,  Mr.  Holmes,  I know 
there  is  a feeling  by  many  of  the  people  doing  this  work  that  there 
is  an  overemphasis  on  checking.  In  other  words,  they  feel  quite  con- 
cerned about  the  fact  that  too  many  technical  people’s  energies  are 
being  absorbed  in  the  business  of  checking.  Would  you  care  to  com- 
ment on  that? 

Mr.  Holmes.  Yes,  I would.  I have  had  a lot  of  experience  in  this 
area,  particularly  in  checkout.  It  has  been  my  experience  that  usual- 
ly you  can  effectively  design  hardware  for  a. checkout  system  at  about 
10  percent  of  the  original  development  cost  for  that  system.  Usually 
this  expenditure  pays  off  again  and  again  and  again.  Now,  turning 
again  to  this  particular  system.  Here  we  have  something  more  ex- 
pensive and  more  critical  than  anything  I have  worked  on.  Indeed 
more  critical,  I think  than  most  people  have  dealt  with.  Here  we 
will  have  not  only  human  life  involved,  but  we  will  have  a vehicle 
that  will  cost  considerably  more  than  a hundred  million  dollars  at 
launch.  We  will  also  have  our  national  prestige  involved.  I per- 
sonally think  we  are  not  doing  too  much  checking.  We  are  approach- 
ing thus  on  an  overall  integrated  checkout  approach,  which  I am  going 
to  describe  for  you  here,  and  I think  it  is  worth  every  dime  spent  on 
it. 

Mr.  Gurney.  I think  perhaps  I misdirected  the  question.  I was 
not  directing  the  question  to  the  necessity  of  having  a checkout  pro- 
gram, but  the  duplication  of  the  checkout  procedure.  In  other  words, 
checking  by  the  Government  over  the  people  that  are  checking  out  is 
what  I am  talking  about,  and  directed  really  again  not  to  the  checkout 
phase  of  it  but  to  the  whole  effort. 
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Let  me  give  you  a little  example  which  may  sound  absurd,  and  yet, 
it  does  illustrate  the  point. 

I know  that  contractors  at  Cape  Canaveral  have  to  keep  payroll 
records  at  the  cape.  They  also  keep  duplicate  payroll  records  at  their 
home  offices,  wherever  they  may  be.  The  Government  people  check 
the  payroll  records  at  the  cape,  and  then  they  go  out  and  check  the 
payroll  records  at  the  home  offices.  Now  this,  to  me,  is  an  absurd 
duplication  not  only  of  effort  on  the  part  of  the  contractors  but  on  the 
part-  of  the  Government.  This  is  not  directed  exactly  to  your  check- 
out of  a phase  of  the  missile,  but  you  see  the  point  that  I am  making. 

Mr.  Holmes.  Yes,  I do.  I see  the  point  that  you  are  making  very 
well,  and  if  that  is  occurring  I think  it  is  absurd. 

Mr.  Gurney.  This  is  occurring.  This  is  a concrete  example. 

Mr.  Holmes.  I agree.  I could  say  this:  As  we  grow  in  strength 
in  NASA  we  will  have  in  Government  probably  an  unparalleled  tech- 
nical competence  for  managing  programs  of  this  kind.  Unless  we  are 
careful,  and  unless  we  discipline  ourselves,  we  then  can  go  too  far  in 
trying  to  do  jobs  that  should  be  delegated  to  industry.  Our  Manage- 
ment Council  has  concerned  itself  with  this  problem  on  many  occa- 
sions. How  do  you  discipline  your  people  so  that  they  check  far  enough 
to  assure  that  the  Government  has  the  best,  and  still  do  not  take  over 
responsibilities  that  a contractor  should  have.  As  you  know,  there  is 
a balance  involved.  For  example,  my  subordinates  say  “if  that  old 
goat  would  leave  me  alone  I would  get  along  fine.”  It  goes  right  down 
the  chain  and  the  contractors  say  it  about  the  Government  employees. 
I hope  I nave  answered  your  question.  We  are  concerned  to  find  the 
proper  balance.  We  must  build  our  competence  without  duplicating 
what  is  being  done  (and  can  competently  be  done)  by  American  in- 
dustry. I am  very  sincere  in  this,  since  I personally  believe  that  the 
backbone  and  strength  of  this  country  in  its  competence  lies  in  Amer- 
ican industry. 

Mr.  Riehlman.  Not  to  belabor  this  portion  of  your  testimony,  Mr. 
Holmes,  but  I do  have  one  more  question.  In  your  checkout  bank 
where  you  find  out  that  there  are  components  that  are  not  reliable 
and  have  failed  to  carry  out  the  responsible  portion  of  the  program 
effectively,  doesn’t  that  show  up  the  contractor  that  has  produced 
this  equipment? 

Mr.  Holmes.  Yes,  sir;  it  will.  It  will  tend  to.  We  are  conducting 
this  program,  as  I said,  with  an  integrated  checkout  approach.  The 
checkout  equipment  being  developed  and  designed  by  the  contractors 
in  their  plants  will  be  compatible  with  the  overall  checkout  equip- 
ment we  will  use  at  the  cape.  I am  hopeful  that  this  approach  will 
minimize  the  problem  you  are  discussing.  However,  there  will  be 
cases,  and  in  some  subcontractors  we  have  found  it  to  date,  where  a 
good  job  wasn’t  done.  Then  we  had  to  take  some  action. 

Mr.  Riehlman.  Well,  this  is  the  point,  has  any  action  been  taken 
to  correct  this  situation  in  cases  where  you  have  found  it  out? 

Mr.  Holmes.  Yes.  At  the  cape  complex,  only  within  the  last  few 
weeks,  we  were  completely  dissatisfied  with  what  a contractor  was 
doing.  This  was  on  work  on  Complex  87.  It  involved  vacuum  lines 
from  a cryogenic  storage  facility  with  which  we  had  had  considerable 
experience.  W e tried  to  show  the  contractor  what  we  had  done  earlier ; 
we  tried  to  show  him  what  he  could  do.  We  let  him  do  it.  He, 
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nevertheless,  went  his  own  way,  and  didn’t  do  well,  and  we  finally 
wound  up  terminating  him. 

Mr.  Daddario.  In  your  answer  to  Mr.  Gurney’s  question,  you  indi- 
cated the  importance  of  keeping  things  in  proper  balance  insofar  as 
the  technical  management  of  this  program  is  concerned.  Also,  you 
previously  said  that  at  Houston,  for  example,  in  your  integration 
phase  you  had  brought  in  North  American,  and  you  were  thinking 
of  bringing  in  Chrysler  at  Marshall.  In  reference  to  that,  would 
you  explain  to  us  how  you  choose  the  contractor  involved  ? Is  there 
the  possible  opportunity  for  competitive  bidding,  or  is  this  just  a 
choice  where  you  tap  some  company  on  the  shoulder  to  do  it?  I am 
compelled  to  go  into  this  question  somewhat  at  length  because  it  seems 
to  me  that  when  a company  gets  itself  involved  as  Chrysler  has  at 
Marshall,  it  retains  the  position  year  after  year,  and  this  inhibits  the 
possibility  of  other  companies  participating. 

Could  you  go  into  this  a bit,  and  also,  m going  into  it,  would  you 
give  us  some  mformation  as  to  the  length  of  the  contracts,  and  what 
the  size  of  it  might  be  in  proportion  to  the  overall  project. 

Mr.  Holmes.  Yes.  I will  not  speak  now  of  our  overall  support  con- 
tract in  this  integration,  checkout,  and  reliability  area  which  is  the 
General  Electric  Co.  In  general,  there  is  a natural  selection  as  to 
Avho  should  be  the  integrating  contractor.  In  these  cases  I’ve  been 
discussing  earlier  it  was  natural.  North  American  was  awarded  the 
command  and  service  modules  on  competitive  bid.  At  that  time  we 
recognized  that  the  command  module  is  the  control  center,  the  cabin 
of  the  spacecraft.  The  service  module  is  another  major  element. 
North  American,  therefore,  was  the  logical  contractor  to  integrate 
that  spacecraft.  Further  we  hadn’t  then  let  the  contract  for  the  Bug. 
We  didn’t  know  whether  we  were  going  to  need  the  Bug  or  a lunar 
landing  stage. 

In  the  case  of  large  launch  vehicles  the  most  difficult  interfaces  are 
with  the  first  stage.  The  first  stage  is  not  only  the  largest,  but  it  is 
the  first  stage,  and  has  the  biggest  interface  both  mechanically  and 
generally,  electrically,  with  the  ground  environment  as  the  first  stage 
and  it  supports  the  other  stages.  So  it  is  a natural  thing  to  use  the 
first  stage  contractor  as  the  integrating  contractor. 

As  I said,  we  haven’t  yet  made  this  decision  for  Saturn  Y,  but  the 
same  reasoning  will  probably  apply.  Now,  as  far  as  the  part  of  your 
question,  concerning  Chrysler:  It  is  true  that  Chrysler  had  worked 
with  Marshall  in  their  earlier  Army  programs  on  the  Bedstone  pro- 
gram, but  they  won  a competitive  bid  for  the  S-l  stage.  With  regard 
to  the  duration  of  contracts,  they  generally  run  through  the  develop- 
ment and  through  the  delivery  of  a certain  number  of  spacecraft  or 
stages.  Usually  the  number  is  around  10  or  12.  It  is  unlikely,  how- 
ever, that  at  that  point  in  time  it  would  be  economical  to  change  unless 
a contractor  weren’t  performing  well.  Specifically,  the  contract  with 
North  American  goes  through  a first  orbital  flight  of  Apollo  in  1965 
and  includes  9 airframe  spacecraft  and  15  boilerplate  spacecraft.  Does 
that  answer  your  question,  Mr.  Chairman  ? 

Mr.  Daddario.  Yes,  it  does,  in  part,  Mr.  Holmes.  Who  makes  the 
choice?  Does  General  Electric  play  a part  as  a result  of  its  manage- 
ment operation  ? 

Mr.  Holmes.  General  Electric  has  not  played  a part  in  the  choice 
of  these  contractors  to  do  this  integration.  They  have  played  a part 
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in  assisting  us  in  doing  this  overall  integration,  and  particularly  on 
those  interfaces  not  assigned  to  a Center;  that  is,  the  interfaces  be- 
tween centers,  or  between  spacecraft  and  boosters. 

Mr.  Daddario.  Well,  if  they  do  have  a management  responsibility, 
are  they  capable  of  carrying  it  out  if  they  don’t  play  a part?  I can 
understand  how  difficult  it  might  be. 

Mr.  Holmes.  In  contractor  selection  ? 

Mr.  Daddario.  Yes,  insofar  as  it  affects  the  overall  program  for 
which  they  have  a great  deal  of  management  responsibility. 

Mr.  Holmes.  Well,  as  far  as  the  contracts  I have  discussed,  General 
Electric  was  not  yet  in  a position  to  help,  nor  did  we  need  their  par- 
ticipation. Now,  this  won’t  be  true  in  other  subordinate  contracts. 
There  will  be  contractors  to  help  us  in  assessments;  there  will  be 
people  to  help  us  do  data  processing.  There  General  Electric  could 
assist.  The  places  where  they  wouldn’t  assist  would  be  places  where 
they  might  have  some  interest — where  they  might  want  to  bid  them- 
selves. There  we  would  rule  them  out,  as  we  have  in  the  past,  if 
because  of  their  job  they  had  some  kind  of  competitive  advantage. 

Mr.  Daddario.  There  is  no  such  conflict,  however,  in  these  instances, 
in  the  decision  that  they  should  not  participate  in  the  determination 
of  who  should  be  the  contractor  involved  ? 

Mr.  Holmes.  No,  sir ; no  such  conflict. 

Mr.  Gurnet.  Mr.  Chairman,  a question. 

Mr.  Daddario.  Mr.  Gurney. 

Mr.  Gurnet.  Let  me  pursue  that  a bit  further.  All  of  us  are  cer- 
tainly anxious  for  the  program  to  get  on,  and  you  are  most  anxious 
for  it  also.  Obviously,  too,  in  a program  of  this  magnitude  there  are 
going  to  be  areas  that  the  job  is  not  done  as  it  should  be  done.  Sup- 
pose, for  example,  that  I,  as  a Congressman  from  the  Cape  Canaveral 
area,  get  a legitimate  complaint  about  some  phase  of  the  program  that 
people  there  think  is  not  being  handled  correctly.  To  whom  would  I 
go  to  in  your  organization  to  turn  this  complaint  over  so  that  correc- 
tive action  might  be  taken?  Let’s  take  a specific  example.  Suppose 
you  were  constructing  a building,  or  some  phase  of  the  program  which 
was  not  a prime  contractor  phase,  as  Mr.  Daddario  pointed  out,  that 
might  involve  the  expenditure  of  some  $50,000,  and  there  was  a com- 

flaint  that  this  was  not  let  on  competitive  contract.  To  whom  would 
point  that  out,  because  you  or  your  people,  I am  sure,  would  want 
to  know  about  it? 

Mr.  Holmes.  Well,  Mr.  Gurney,  sitting  on  this  subcommittee  as 
you  do  and  being  so  intimately  informed  on  the  program,  I would 
very  much  appreciate  it  if  you  brought  it  directly  to  my  attention. 
Of  course,  you  are  also  free  to  turn  elsewhere  if  you  wish.  Don’t 
think  the  sun  will  set  on  this  day  before  I find  out  about  the  double- 
checking of  payrolls  you  mentioned. 

Mr.  Gurnet.  Thank  you. 

Mr.  Holmes.  May  I continue? 

Mr.  Daddario.  Mr. Fulton? 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  repeat  the  question 
that  I asked  before  on  reliability.  This  reminds  me  a good  bit  at  this 
stage  of  where  we  were  in  World  War  II  when  we  were  substantially 
increasing  plane  production.  I was  one  of  those  on  the  aircraft,  sched- 
uling unit  as  a Navy  representative  when  the  planes  were  being  sched- 
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uled  for  the  Army  Air  Force,  the  British,  and  the  Navy.  The  ques- 
tion of  reliability  comes  up  not  only  in  the  large  parts  but  also  in  the 
smaller  daily  use  components.  I have  previously  suggested  that  there 
should  be  some  sort  of  system  of  guarantee  of  mercliantability,  or 
guarantee  of  merchantability  for  the  particular  use  for  which,  these 
components  are  put.  This  should  be  supplemented  with  a system 
whereby  a small  bond  is  put  up,  that  the  component  will  function 
reliably  under  the  circumstances  stated  in  your  specifications. 

That  has  not  been  adopted,  but  it  certainly  seems  to  me  to  be  an 
adequate  solution.  If  it  becomes  public  knowledge  that  a corporation 
has  several  of  these  small  bonds  forfeited,  they  will  be  forced  by 
public  opinion  as  well  as  by  you  people  to  come  up  with  products  of 
higher  reliability. 

When  the  United  States  has  a post  office  built,  we  require  a bond 
from  the  contractor,  and  I can’t  see  why  on  ordinary  off-the-shelf 
items  that  are  now  being  used  daily  in  the  space  field  you  do  not  adopt 
similar  procedures.  I am  distinguishing  this  from  procedures  that 
might  be  in  reference  to  research  and  development  materials  and,  of 
course,  would  exclude  that  type  of  contract. 

When  I was  at  Cape  Canaveral  on  the  original  Mariner  shot,  a 
question  had  come  up  as  to  a delay  caused  by  a simple  fuse.  There 
was  some  doubt  as  to  whether  or  not  the  fuse  had  been  broken  and 
someone  had  simply  pushed  it  back  into  place  again.  It  was  discov- 
ered when  the  countdown  began  and  there  was  some  vibration  and 
some  temperature  problems  indicating  that  the  vehicle  wasn’t  operat- 
ing correctly.  It  is  the  old  story  of  the  kingdom  being  lost  for  the 
want  of  a horseshoe  nail.  Some  of  us  on  this  committee  have  seen 
that  happen  in  various  instances.  In  this  particular  case,  when  the 
fuse  was  taken  out,  unfortunately  whoever  took  it  out  put  it  on  a velvet 
pad  and  mixed  it  with  other  fuses  so  that  at  the  time  you  could  not 
identify  which  was  the  fuse  which  wTas  taken  out  and  this  became 
quite  a problem  and  caused  further  delay.  So  there  is  a real  question 
in  the  procedures  for  handling  ordinary  items. 

Now,  I feel  that  the  industry  has  developed  to  the  point  where 
standards  must  be  set  on  ordinary  items,  and  there  must  be  the  require- 
ment of  living  up  to  these  standards. 

As  you  know,  I have  spoken  of  the  ordinary  supply  items  that  have 
gone  wrong  on  the  Glenn  flight.  Maybe  we  should  have  a guarantee 
or  a warranty  that  a particular  product  of  this  type  will  not  mal- 
function in  the  last  hour  of  the  countdown.  I think  something  like 
that  is  reasonable,  and  I think  you  should  consider  it. 

My  other  point  is  this : In  the  armed  services  as  well  as  in  the  AID, 
that  is  the  State  Department  instrument  for  ‘international  develop- 
ment, and  now  also  in  the  Agriculture  Department  there  has  been 
set  up  a separate  inspection  system.  A similar  inspection  system 
might  be  set  up  for  you  people  but  the  question  is,  Would  it  be  simply 
adding  another  level  of  inspection  more  than  you  need? 

On  the  other  hand,  to  me,  if  you  have  an  independent  inspection 
system  as  distinguished  from  a testing  system,  they  could  evaluate  as 
between  the  methods  on  various  programs  and  see  where  the  weak 
lines  are.  The  wTay  you  have  the  system  set  now,  the  people  who  are 
doing  the  contracting,  the  people  who  are  doing  the  administering, 
and  likewise  the  advisory  people,  are  all  in  the  same  pyramid  of 
management. 
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My  question  then  is,  Should  you  have  an  independent  inspection 
system  in  NASA? 

Mr.  Holmes.  Did  you  want  me  to  answer  that  ? 

Mr.  Fulton  of  Pennsylvania.  Yes. 

Mr.  Holmes.  It  is  a very  good  question,  and  a very  pertinent  ques- 
tion. It  is  one  which  we  have  spent  many  hours  considering  and 
which  we  are  considering  today.  I guess  the  last  discussion  I had  on 
it  was  day  before  yesterday.  4 

The  Bell  System  back  m the  early  1920’s  sort  of  pioneered  this  sort 
of  thing.  I suppose  there  were  other  companies  involved  too,  but 
as  you  know,  Bell  set  up  a separate  quality  organization  which  didn’t 
report  even  to  the  work  managers.  It  reported  back  to  headquar- 
ters and  was  a completely  separate  organization.  Its  job  essentially 
was  to  take  samples  off  the  line  and  test  them.  This  was  probably 
good  to  separate  the  responsibility  for  checkout  from  those  respon- 
sible for  hammering  the  job  out.  But  then  if  you  look  at  our  prob- 
lem, it  is  somewhat  different.  Some  of  our  contractors  already  have 
such  separate  organizations.  Many  of  them  do  in  fact.  Now,  should 
we  supervise  not  only  from  an  overall  management  standpoint,  but 
also  establish  another  separate  inspection  operation  ? Does  this  lead 
to  the  very  thing  you  put  your  finger  on — the  layering  of  organiza- 
tions. As  I said,  this  is  a management  problem  which  we  are  con- 
cerned with  and  discussing  at  this  very  time. 

Mr.  Fulton  of  Pennsylvania.  I have  brought  this  up  for  several 
years  and  haven’t  pressed  it  because  I felt  that  you  should  develop 
your  systems  and  then  we  should  have  a later  judgment  on  it.  I 
would  like  to  have  your  judgment  on  that  later  for  the  record  if  you 
will. 

Mr.  Holmes.  Yes,  sir.  Thank  you. 

(The  information  requested  is  as  follows :) 

Many  of  the  objectives  that  you  may  have  in  mind  in  suggesting  an  independent 
inspection  system  are  being  met  by  current  procedures.  For  instance,  the 
testimony  of  Mr.  Siebert  and  Mr.  Bracket  before  this  subcommittee  on  March  25, 
1963,  highlights  NASA’s  procedures  for  quality  assurance.  In  addition,  we  are 
placing  major  emphasis  on  effective  integration,  reliability,  and  checkout  in 
our  manned  space  flight  program.  A detailed  discussion  of  this  vital  function 
is  contained  in  numerous  portions  of  the  testimony.  As  you  know,  NASA  draws 
on  the  experience  of  the  Department  of  Defense  in  auditing.  The  manned  space 
flight  scheduling  system,  which  is  described  at  length  in  the  testimony,  assists  us 
in  assessing  not  only  status  but  also  cost  and  manpower.  As  I have  emphasized 
many  times  in  my  appearance  before  this  committee,  we  are  keenly  aware  of  the 
necessity  for  reliability,  quality  assurance,  and  cost  consciousness.  We  are 
taking  every  step  to  achieve  these  goals. 

Mr.  Fulton  of  Pennsylvania.  Could  I just  finish  on  one  other  point 
and  that  is  this : You  have  the  problem  of  handling  the  reliability  of 
literally  hundreds  of  thousands  of  small  components,  and  likewise  you 
have  the  problem  of  handling  the  mechanical  adjustment  of  these 
hundreds  of  thousands  of  components  so  that  they  are  emulated  in 
a particular  small  system.  For  example,  you  might  have  a trans- 
ponder that  you  were  going  to  place  on  a particular  booster.  Do  you 
have  a followup  such  as  we  needed  on  Mariner  I,  where  there  had 
been  at  least  100  to  300  runs  through  of  the  programing  and  then  some- 
body at  the  contractor  level  forgot  to  put  a hyphen  m.  How  do  you 
follow  up  on  that  kind  of  reliability  ? You  cannot  have  some  (gov- 
ernment official  looking  over  everyone’s  shoulder.  In  this  case,  but 
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for  the  loss  of  a hyphen,  there  was  $12  to  $14  million  direct  cost  and 
probably  $4  to  $6  million  indirect  cost  of  taxpayers’  money  completely 
lost,  as  well  as  the  fact  that  we  had  the  public  prestige  of  the  United 
States  at  stake  in  a race  with  the  Soviets  on  the  first  interplanetary 
mission. 

How  do  we  do  that?  What  is  your  system  recommendation  of 
coming  up  with  that  kind  of  reliability  to  avoid  this  in  the  future? 

I compliment  you  thoroughly  on  Mariner  II.  That  actually  makes 
the  United  States  the  first  astronaut  people.  The  moon  to  me  is  sub- 
ordinate at  this  point.  I believe  you  would  agree  with  me  as  to  the 
Mariner  shots.  When  you  felt  you  were  slipping  with  the  Centaur 
we  said  put  the  Atlas  on.  Go  ahead. 

Mr.  Holmes.  Since  Mr.  Low  had  a lot  to  do  with  the  simulation 
and  other  aspects  of  Project  Mercury  which,  I think,  is  directly  appli- 
cable, I would  like  him  to  comment. 

Mr.  Low.  Well,  I think  in  Project  Mercury  we  developed  the  kinds 
of  techniques  that  you  are  addressing  yourself  to.  Here  for  the  first 
time  we  have  had  to  take  a missile  which  was  not  designed  for 
manned  flight  and  adapt  it  for  flight.  There  are  tw7o  things  we  did 
there. 

Insofar  as  the  components,  the  pieces  of  hardware  were  con- 
cerned, we  took  special  care  with  each  piece  and  component.  We 
handled  the  program  so  that  each  component  could  be  traced  back  to 
the  factory  where  it  was  made.  We  also  made  sure  that  the  people 
who  were  making  the  piece  knew  they  were  working  on  a component 
for  manned  flight.  Now,  as  to  the  second  part  of  your  question.  I 
think  the  important  point  here  is  that  every  phase  of  a Mercury 
mission,  including  every  conceivable  emergency,  was  simulated  over 
and  over  again  hundreds  of  times  before  the  flight  took  place.  Thus 
in  Mercury  I think  we  would  have  discovered  a computer  programing 
error  of  the  kind  you  mentioned  long  before  the  mission. 

Let  me  give  you  a typical  example  here.  In  1961  over  180  days  were 
spent  at  Cape  Canaveral  going  through  flight  simulations.  In  these 
simulations  the  entire  worldwide  tracking  network,  the  launch  guid- 
ance system  at  the  cape,  simulated  spacecraft  systems,  and  simulated 
booster  systems  all  participated.  I believe  we  would  have  caught  any 
incorrect  programing  in  the  simulations. 

We  are  now  trying  to  apply  exactly  these  same  techniques  to  the 
Gemini  and  Apollo  programs. 

Mr.  Daddario.  You  may  proceed,  Mr.  Holmes,  please. 

Mr.  Holmes.  Thank  you,  Mr.  Chairman. 

In  the  area  of  checkout,  for  each  of  the  phases  of  the  mission — take- 
off, inflight,  lunar  landing  and  lunar  takeoff — it  is  necessary  to 
verify  the  readiness  of  all  of  the  needed  system  elements  to  properly 
perform.  In  order  to  develop  high  confidence  in  our  readiness  to 
take  the  next  step  in  a mission,  we  must  carefully  check  out  each  piece, 
part,  unit,  subsystem,  stage,  spacecraft  module,  space  vehicle,  and 
ground  facility  as  shown  in  this  slide  (fig.  65).  Checkout  data  re- 

?uired  for  the  operation  launch  decisions  will  be  fed  into  the  Launch 
Control  Center  from  the  spacecraft,  the  launch  vehicle,  and  the  launch 
facilities.  During  the  early  phases,  the  spacecraft  checkout  will  be 
performed  from  the  spacecraft  operations  and  checkout  building. 
The  Mission  Control  Center  in  Houston,  which  will  control  the  mis- 
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Figure  65 

sion  during  flight,  will  also  receive  checkout  information  during  the 
prelaunch  and  launch  phase. 

Such  a checkout  system  is  under  development  for  Project  Apollo. 
Its  design  has  origins  in  the  missile  systems  and  electronic  systems 
checkout  experience  and  in  the  experience  gained  from  the  space  ex- 
ploration missions.  It  combines  the  semiautomatic,  preprogramed, 
repeatable  test  concepts  of  the  operational  weapon  system  with  the 
careful,  detailed,  almost  personal  techniques  tnat  NASA  has  em- 
ployed in  such  programs  as  Mercury. 

In  others  words,  it  is  largely  digital.  We  use  transducers  or  sens- 
ing devices  that  change  the  analog  information,  such  as  a tempera- 
ture chance,  to  a digital  code.  Then  von  can  transmit  that  informa- 
tion over  nard  line  wire  or  radio  signals  over  great  distances. 

In  other  words,  you  can  process  this  digital  information  coming 
from  an  analog  device,  in  one  computer  at  a factory  test  setup,  and 
still  another  computer  at  the  cape,  and  still  expect  to  get  the  same 
answer. 

There  are  many  advantages  to  going  into  these  digital  techniques 
I believe. 

However,  the  most  comprehensive  and  exacting  preflight  testing 
of  a space  vehicle  at  the  launch  site  can  never  serve  as  a substitute  for 
a good  design,  reliable  fabrication  and  assembly  techniques,  tight 
quality  control,  and  thorough  preshipment  testing  by  the  equipment 
manufacturer. 
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For  Apollo,  the  integrated  launch  control  and  checkout  system  at 
the  Merritt  Island  launch  area  will  be  used  to  verify  and  validate 
the  readiness  of  properly  designed  and  manufactured  night  hardware 
and  launch  facilities. 

On  this  next  slide  (fig.  66),  we  can  see  that  the  equipment  for  the 
integrated  launch  control  and  checkout  system  is  located  at  the  ver- 
tical assembly  building  area,  in  the  Launch  Control  Center,  at  the 
launcher- umbilical  tower,  and  at  the  spacecraft  operations  and  check- 
out building. 

The  required  verification  of  flight  readiness  will  be  based  on  com- 
puter-controlled preprogramed  final  testing.  However,  it  will  be  cor- 
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relating  prelaunch  test  results  with  the  long  history  of  previously 
obtained  and  consistent  test  data. 

Also,  the  in-flight  checkout  and  the  lunar  takeoff  checkout  testing 
will  lie  made  compatible  with  the  factory,  static  test,  and  preflight 
testing  programs. 

A general  specification  for  the  integrated  launch  control  and  check- 
out system  has  been  generated.  Also  the  major  subsystems — those 
associated  with  the  launch  vehicle,  spacecraft,  and  launch  facilities— 
have  l>een  functionally  established.  This  has  been  accomplished 
through  a cooperative  effort.  The  three  centers  particularly  con- 
cerned with  manned  space  flight,  coordinated  by  the  Office  of  Manned 
Space  Flight,  work  as  a team  which  w’e  call  the  system  checkout 
design  review  board. 
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They  take  into  account  all  of  the  design  requirements  of  all  the 
participating  organizations.  Also,  in  support,  each  NASA  center 
has  established  strong  technical  groups  whose  prime  responsibility  is 
developing  their  portion  of  the  final  integrated  launch  control  and 
checkout  system. 

Preliminary  design  of  each  portion  of  this  checkout  system  is  well 
underway  at  each  center  by  both  NASA  and  contractor  support  per- 
sonnel. They  are  now  generating  detailed  design  specifications,  work- 
ing directly  with  the  flight  hardware  designers. 

An  experimental  prototype  of  the  launch  vehicle  checkout  system 
is  now  in  operation  at  Marshall  Space  Flight  Center,  and  is  being  used 
to  check  out  a prototype  launch  vehicle  instrument  unit.  With  this 
experimental  prototype,  we  are  acquiring  equipment  and  computer 
programing  experience  required  to  develop  the  operational  checkout 
systems  tone  used  at  the  launch  site. 

A similar  prototype  for  the  spacecraft  checkout  system  is  now  in 
process  of  being  set  up  to  provide  a comparable  capability  for  the 
spacecraft  checkout  design  groups. 

Computer  design  requirements  and  selections  for  each  subsystem 
are  being  made.  These  efforts  are  carefully  evaluated  for  compati- 
bility with  the  overall  integrated  launch  control  and  checkout  system 
requirements. 

SUPPORT  CONTRACTOR 

We  have  asked  the  General  Electric  Co.  to  support  NASA  in  all 
three  of  these  across-the-board  areas — integration,  checkout,  and  re- 
liability assessment. 

General  Electric’s  response  has  resulted  in  the  formation  of  a sepa- 
rate Apollo  support  department  to  provide  engineering  services}  de- 
sign assistance,  development,  manufacturing,  installation  and  mainte- 
nance support  to  NASA’s  field  Centers  and  the  Office  of  Manned  Space 
Flight  program  office. 

The  needed  buildup  of  the  General  Electric  design  engineering  sup- 
port effort  is  now  well  underway  at  the  Manned  Spacecraft  Center, 
Marshall  Space  Flight  Center,  and  Launch  Operations  Center  to 
allow  for  close  detailed  technical  direction  by  NASA  during  the 
critical  early  phases  of  the  program. 

Beginning  with  a relatively  modest  staff  to  support  across-the- 
board  tasks  at  its  department  headquarters  at  Daytona  Beach,  Fla., 
General  Electric  will  gradually  increase  this  portion  of  its  ef- 
fort as  the  engineering  center  of  gravity  shifts  from  the  concept 
and  design  phases  to  the  detailed  equipment  design  and  production 
phase,  as  in  the  checkout  area. 

As  the  reliability  and  quality  data  begin  to  build  up,  the  General 
Electric  central  data  effort  will  also  grow. 

Integration  support  effort  by  General  Electric  will  continue  at  the 
NASA  Centers  and  at  the  General  Electric  department  headquarters 
to  provide  assistance  to  NASA  throughout  the  life  of  the  program. 

LAUNCH  OPERATIONS 

As  the  size  of  the  space  vehicle  increases,  the  time  required  for 
checkout  at  the  launch  area  increases  in  proportion.  Until  now,  final 
checkout  has  been  accomplished  on  the  launch  pad.  A large  vehicle 
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stays  on  the  pad  for  weeks  and  sometimes  months  before  it  is  ready  to 
be  launched.  For  a vehicle  of  the  size  and  power  of  the  Saturn  V, 
more  advanced  launch  concepts  are  required. 

Complex  34 : The  launch  facilities  at  Cape  Canaveral  for  the  Saturn 
I and  the  Saturn  I-B  are  of  a conventional  type.  That  means  as- 
sembled on  the  pad  and  launched  from  that  pad. 

An  example  is  Complex  34,  placed  under  construction  in  1959,  which 
has  now  l>een  used  for  three  launchings.  Here  (fig.  67)  we  see  a re- 
cent aerial  photograph. 

Complex  34  consists  of  a launch  pad,  a blockhouse,  a service  tower, 
fueling  facilities,  and  instrumentation. 


4 

Figure  67 


In  many  reflects,  Complex  34  resembles  the  Atlas  facilities  used 
for  the  launching  of  the  Mercury  astronauts.  The  chief  difference  is 
in  the  size. 

The  gantry  stands  310  feet  high  and  contains  2,900  tons  of  steel. 
Its  blockhouse  has  walls  12  feet  thick,  and  a steel  door  2 feet  thick, 
which  weighs  23  tons.  Its  fuel  and  liquid  oxygen  facilities  can  pump 
three-quarters  of  a million  pounds  of  fluid  into  the  Saturn  tanks  in 
an  hour.  The  foundation  of  its  launch  pedestal  is  reinforced  by 
3,770  cubic  yards  of  concrete  and  580  .tons  of  steel.  Its  construction 
includes  100  million  pounds  of  concrete. 

At  Complex  .‘14,  assembly,  checkout,  servicing,  and  launch  take  place 
at  the  pad.  This  complex  will  lie  employed  again  for  the  forthcoming 
fourth  launch  of  the  Saturn  I.  During  fiscal  year  1964,  modifications 
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Figure  68 


The  service  structure  weighs  3,500  tons  and  is  as  tall  as  a 37-story 
building. 

The  two  fixed  launch  and  umbilical  towers  at  the  pads  are  each  268 
feet  tall,  about  as  tall  as  the  Capitol. 

Pad  B?  shown  at  the  left  on  tne  slide,  will  be  employed  for  the  Saturn 
I beginning  with  the  two-stage  fifth  flight  this  summer. 

Pad  A will  be  employed  for  the  Saturn  I-B,  following  installation 
of  special  instrumentation  and  equipment  to  be  accomplished  during 
fiscal  year  1964.  As  in  the  case  of  launch  Complex  31,  the  evolution 
of  Saturn  I and  Saturn  I-B  has  required  that  modifications  be  made 
to  this  launch  complex  as  vehicle  configurations  have  changed  during 
the  test  program. 

When  it  is  complete,  Complex  37  will  be  able  to  accommodate  Apollo 
spacecraft  and  the  Saturn  I-B  as  well  as  the  Saturn  I vehicle.  In 


will  enable  it  to  accommodate  the  Saturn  I-B  and  the  Apollo  space- 
craft. The  work  is  scheduled  for  completion  in  1965. 

Complex  37:  A second  conventional  Saturn  launch  facility,  even 
larger  than  complex  34,  is  nearing  completion  and  will  lie  employed 
beginning  with  the  fifth  Saturn  I flight  this  summer. 

In  other  words.  SA-5  will  go  off  of  one  of  the  launch  pads  in  Com- 
plex 37. 

The  second  facility,  Complex  37,  was  placed  under  construction  in 
1960.  Here  (fig.  68)  we  see  an  aerial  photograph.  Complex  37  has 
two  launch  pads,  1,200  feet  apart,  serviced  by  the  large  mobile  struc- 
ture in  the  center. 
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summary,  the  Saturn  I’s  and  the  Saturn  I-B's  will  be  launched  from 
the  single  pad  of  34  or  the  dual  pals  of  37.  If  the  firing  rate  of  I-B 
should  increase  enough  in  later  years  which  it  may  well,  r ot  just  for 
the  manned  program  but  for  others,  then  we  may  seriously  consider 
accommodating  it  in  our  vertical  assembly  buildings  which  we  can  do 
w ithin  the  present  planning. 

Merritt  Island  Launch  Area : During  the  long  period  of  t ime  a space 
vehicle  is  being  checked  out  the  pad  is  available  only  for  that  particu- 
lar vehicle.  Thus  the  frequency  of  launchings  is  limited  by,  among 
other  factors,  the  number  of  pads  we  construct.  Work  proceeds  under 
very  difficult  conditions,  in  that  large-scale  facilities  for  making  the 
changes  and  adjustments  frequently  required  as  the  result  of  the  check- 
out process  are  not  available  in  the  immediate  area  of  the  launch  pad. 

In  addition,  the  vehicle  is  exposed  during  this  checkout  time  to  salt 
spray  and  weather. 

For  the  Saturn  V,  as  w’e  mentioned  earlier,  we  are  using  an  entirely 
new  concept  in  launch  facilities,  in  which  the  rocket  and  spacecraft  are 
assembled  in  a large  building  more  than  3 miles  from  the  launch  pad. 

We  have  a model  of  that  vertical  assembly  building,  that  large  build- 
ing, here,  for  you  to  look  at  if  you  like. 

The  Saturn  V launch  facilitv.  designated  Complex  31),  is  in  the  Mer- 
ritt Island  area  to  the  north  of  Capo  Canaveral.  As  also  noted  earlier, 
NASA  will  manage  and  serve  as  the  host  agency  of  this  new  Merritt 
Island  launch  area  under  the  January  19fi3  agreement  between  NASA 
and  the  Department  of  Defense. 
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Here  (fig.  69)  we  see  an  artist’s  conception  of  an  overall  view  of  the 
Complex  39  model.  The  vertical  assembly  building  at  the  lower  left 
will  be  one  of  the  largest  structures  on  Earth.  For  a closer  look,  let  us 
go  back  to  a slide  we  saw  earlier  (fig.  10,  p.  154). 

You  see  there  the  vertical  assembly  building  housing  the  vehicle 
in  a controlled  environment.  The  total  internal  volume  won’t  be 
controlled  but  all  of  the  area  around  the  vehicle  will  be. 

According  to  present  plans,  the  high-bay  area  will  be  524  feet  tall, 
about  as  tall  as  the  Washington  Monument. 

It  will  be  almost  as  wide  and  deep  as  it  is  tall — 418  feet  wide  and 
513  feet  deep.  Its  total  volume  will  be  about  128  million  cubic  feet. 
As  a matter  of  comparison,  the  Merchandise  Mart  in  Chicago  has  a 
volume  of  56  million  cubic  feet.  The  largest  office  building  in  the 
world  is  the  Pentagon,  with  a total  volume  of  slightly  more  than  77 
million  cubic  feet. 

The  low-bay  area,  housing  shops  and  an  aisle  to  carry  the  vehicle 
stages  and  spacecraft  modules  to  the  assembly  bays,  will  have  an 
inside  height  of  190  feet. 

'We  could  stand  the  Saturn  I vertically  inside  the  low-bay  area, 
which  appears  as  a minor  portion  of  the  building  on  this  slide,  if  that 
area  were  equipped  for  such  a task. 

The  launch  vehicle  stage  will  arrive  by  barge.  It  will  roll  off  the 
barge  and  directly  into  the  transfer  aisle  in  the  low-bay  area.  The 
big  S-TC  stage  will  go  directly  to  the  assembly  bay,  where  it  will  be 
erected  vertically. 

The  other  stages  and  the  spacecraft  modules  will  undergo  some 
checkout  and  preparation  in  the  shops  of  the  low-bay  area  before  they 
are  taken  to  the  vertical  assembly  bays  and  hoisted  into  place. 

In  other  words,  this  building  will  allow  us  to  check  out  each  of 
these  stages  and  finally  to  assemble  them  all,  to  mate  them  and  check 
them  out  completely  assembled  and  in  a controlled  location. 

Vertical  assembly  will  take  place  on  a mobile  launcher,  on  which  a 
tower  for  umbilical  connections  will  be  mounted.  The  tower  will  be 
about  425  feet  tall.  The  platform,  25  feet  tall,  and  resting  on  21- 
foot-high  supports  will  be  160  feet  long  and  135  feet  wide,  considerably 
larger  than  a standar  d baseball  diamond ; in  other  words  the  flat  part 
of  that  crawler  that  is  going  to  carry  these  vehicles  will  be  larger  than 
a baseball  diamond. 

I am  not  boasting  about  this  size.  In  fact,  I would  like  to  be  able 
to  tell  you  it  will  be  a lot  smaller.  I am  just  trying  to  indicate  the 
magnitude  of  the  facilities  required  to  handle  launch  vehicles  of  this 
size. 

Mr.  Daddario.  Are  you  correcting  these  figures  or  has  there  been  a 
change  in  the  program  enlarging  the  size? 

Mr.  Holmes.  In  this  particular  case  these  were  figures  anticipated 
and  put  down  before  we  started  working  in  detail  with  the  con- 
tractor. 

The  study  efforts  with  the  contractor  have  produced  these  revised 
figures.  They  do  not  represent  changes  because  w e have  not  started 
to  fabricate  the  detailed  design  yet.  But  th  y are  changes  in  the  sense 
of  study  changes. 

Mr.  Casey.  What  was  the  contract  price  for  the  crawler? 
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Mr.  Holmes.  The  bid — we  have  not  negotiated  the  contract  yet — 
the  bid  was  about  $9  million.  This  was  a CPIF  bid  for  development 
and  fabricat  ion  of  t wo  crawlers.  • 

Mr.  Daddario.  Your  original  estimate  on  that  was  about  $10  mil- 
lion, wasn’t  it? 

Mr.  Holmes.  Yes,  sir.  We  had  several  bids. 

On  this  next  slide  (fig.  71),  we  see  an  artist’s  conception  of  how 
the  platform,  the  space  vehicle,  and  the  umbilical  tower  will  move 


along  a specially  constructed  roadway,  more  than  3 miles  to  the  pad, 
transported  by  a tractor  crawler,  of  a type  used  in  strip  mining. 
The  speed  limit  for  this  crawler  vehicle  is  1 mile  an  hour.  We 


Fig  use  71 

expect  to  begin  test  runs  of  the  crawler  at  Merritt  Island  by  late  next 
year. 

Once  again  I would  refer  you  to  the  models  here.  I think  you 
can  get  a lot  more  from  them  by  spending  a few  minutes  of  your  time 
than  I can  give  in  many  more  minutes  worth  of  words. 

Mr.  Fulton  of  Pennsylvania.  I think  we  should  again  have  the 
concurrence  as  to  why  you  chose  the  crawler  method,  put  that  in  as 
between  the  railroad  and  the  barge  costs  and  the  stability. 

Mr.  Holmes.  We  would  be  glad  to  put  that  in  the  record,  Mr.  Fulton. 

(The  information  requested  is  as  follows:) 

In  selecting  the  basis  of  mobility  at  launch  Complex  39,  extensive  consideration 
was  given  to  three  modes — barge,  rail,  and  crawler.  The  barge  problems  were 
many — namely,  stability,  propulsion  and  steering  control  in  the  restricted 
waterways,  and  pad  design.  In  order  to  place  the  flame  deflector  under  a barge- 
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borne  launcher  umbilical  tower  (LUT),  the  deflector  base  must  be  placed  some 
50  feet  below  water  level  or  the  LUT  must  be  raised  the  same  amount.  It  is 
virtually  impossible  to  create  a flame  diverting  structure  below  the  water  level 
because  of  the  high-water  table  in  the  Merritt  Island  area.  Lifting  the  LUT 
requires  a jacking  system  or  an  enormous  50-foot-high  lock  system  with  gates 
135  feet  wide.  There  is  a high  risk  involved  in  lifting  the  12  million  pound  load 
50  feet  and  holding  this  weight,  which  would  then  total  17.5  million  pounds, 
during  the  initial  lift-off  environment  The  barge  concept  was  eliminated  for 
these  reasons.  The  rail  system  and  the  crawler  concept  are  somewhat  com- 
parable. The  rail  system  provides  a solution  to  the  steering  and  positioning 
problems  at  the  pad  and  at  the  vertical  assembly  building.  Solutions  to  these 
problems  are  more  difficult,  but  not  impossible,  with  the  crawlers.  However,  the 
turning  radius  of  the  track  system  was  such  that  changes  in  direction  at  the 
vertical  assembly  building  and  en  route  to  the  various  pads  would  have  to  be 
handled  by  right  angle  turns,  with  elaborate  jacking  systems  to  allow  rotation 
and  retracking  of  the  wheel  trucks.  The  crawlers,  which  will  be  based  on  a 
similar  concept  used  in  strip-mining  operations,  have  a relatively  short  turning 
radius  of  500  mean  feet  and  lend  themselves  to  conventional  roadway  and  steer- 
ing techniques.  Since  a large  surface  of  the  crawlers  will  be  in  contact  with  the 
roadbed,  in  contrast  to  the  essentially  point  contact  of  a railroad  wheel,  the 
crawler  roadway  requires  less  exacting  and  less  expensive  footings  and  subbase 
than  those  that  would  have  been  required  for  an  adequate  rail  system. 

Mr.  Fulton  of  Pennsylvania.  Likewise  would  you  put  in  the  record 
again  the  difference  in  launch  time  that  is  being  saved  and  likewise 
the  difference  in  cost  between  having  the  ordinary  Complex  34  and 
Complex  37  methods? 

Mr.  Holmes.  Yes;  we  will  be  glad  to  do  that. 

(The  information  requested  is  as  follows:) 

At  the  inception  of  the  Apollo  program,  extensive  studies  were  conducted 
regarding  the  relative  advantages  of  fixed  versus  mobile  launch  facilities.  The 
studies  indicated  that  cost  of  mobile  versus  fixed  launch  facilities  were  com- 
parable for  a launch  rate  of  12  to  18  vehicles  per  year.  Beyond  that  point,  mobile 
launch  is  definitely  more  economical. 

However,  of  equal  importance  to  cost  are  the  many  other  advantages  inherent 
in  the  mobile  concept,  which  will  be  developed  at  launch  Complex  39.  The  space 
vehicles  will  be  checked  out  in  a controlled  environment  protected  from  salt 
water,  erosion,  rain,  and  hurricane  winds.  Instead  of  tying  up  a complete 
launch  facility  for  several  months  while  checkout  problems  are  solved,  normal 
pad  stay  time  will  be  less  than  2 weeks.  The  mobile  facilities  are  versatile  and 
lend  themselves  to  launch  of  Saturn  I--B  and  Saturn  V,  as  well  as  nuclear  upper 
stages.  An  important  factor  which  permits  adaptation  of  the  mobile  concept  is 
the  use  of  automatic  and  digital  equipment.  Much  of  the  present  checkout  and 
launch  equipment  is  composed  of  analog  computers  whose  readings  are  affected 
by  the  voltage  drops  encountered  over  long  distances.  This  has  contributed  to 
the  development  of  expensive  reinforced  concrete  blockhouses  adjacent  to  the 
launch  pads.  With  digital  computers,  variable  voltage  is  not  a factor,  and 
useful  data  can  be  received  over  long  distances.  This  makes  it  possible  to  check 
out  and  launch  the  space  vehicle  with  one  set  of  equipment  adjacent  to  the 
vertical  assembly  building  and  permits  maximum  common  use  of  expensive 
ground  equipment  outside  the  hazard  area.  By  centralizing  the  checkout  opera- 
tions and  associated  shops  in  the  vertical  assembly  building,  the  most  efficient 
use  of  personnel  will  be  achieved. 

As  a result  of  these  studies,  NASA  decided  to  adopt  the  mobile  concept  in  order 
to  accommodate  an  anticipated  launch  rate  and  to  provide  the  necessary  opera- 
tional flexibility. 

Mr.  Fulton  of  Pennsylvania.  Would  you  put  one  final  thing  in  the 
record,  too?  Some  people  are  still  urging  that  this  be  done  by  sea 
launch  rather  than  by  land  launch  on  this  Merritt  Island  complex. 
Would  you  put  in  the  record  what  your  feelings  are  as  between  those 
two  systems? 

Mr.  Holmes.  Yes,  we  would  be  glad  to  do  that. 
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I think  some  of  those  people  ought  to  fly  over  Merritt  Island  and 
they  might  change  their  minds  and  say  this  is  sea-launched.  I meant 
no  offense,  Mr.  Gurney. 

(The  information  requested  is  as  follows:) 

At  the  time,  three  launch  techniques  were  possible:  sea  launch,  off-shore 
launch,  and  land  launch.  Considerable  study  effort  is  required  before  the  sea 
launch  technique  can  be  developed  and  put  into  operation.  The  concept  in- 
volves high  developmental  costs,  long  developmental  time,  and,  initially,  high 
operational  costs,  which  include  an  extensive  system  of  supporting  ships  and 
probable  industrial  port  facilities. 

The  length  of  time  required  to  develop  the  sea-launch  technique  makes  it  in- 
appropriate for  Project  Apollo.  In  addition,  its  unique  advantage — mobility 
of  launch  point — is  not  a requirement  for  the  Apollo  program.  NASA  is,  how- 
ever, following  with  great  interest  the  sea-launch  studies  that  are  underway  in 
the  Navy  Department  and  industry. 

At  the  inception  of  Project  Apollo,  the  Department  of  Defense  and  NASA 
conducted  a comprehensive  study  to  determine  the  most  suitable  launch  site  for 
Apollo  missions.  The  study  compared  the  merits  of  a land-based  site  and  an  off- 
shore site.  The  results  of  the  analysis  favored  the  current  launch  complex  39 
site  on  Merritt  Island  for  substantial  reasons.  Compared  with  the  off-shore 
concept,  the  land-based  site  offered  lower  costs  for  construction,  development, 
maintenance,  and  operation.  Launch  from  a land  point  also  entailed  less  con- 
struction time  and  presented  greater  operational  flexibility.  Another  deciding 
factor  was  that  a land-based  point  would  be  less  effected  by  adverse  weather  con- 
ditions than  an  off-shore  site. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman,  one  final  point  on  the 
structure. 

Why  is  there  one  structure  instead  of  a number  of  smaller  struc- 
tures needed  for  the  particular  boosters  that  are  being  worked  on? 

Mr.  Holmes.  Would  you  ask  that  again,  sir  ? 

Mr,  Fulton  of  Pennsylvania.  I was  wondering  why  you  have  one 
structure  instead  of  smaller  structures  that  just  enclose  the  particular 
vehicle? 

Mr.  Hol3Ies.  In  the  vertical  assembly  building  ? 

Mr.  Fulton  of  Pennsylvania.  Yes,  in  the  vertical  assembly  build- 
ing- 

Obviously  when  you  have  these  areas  around  the  edge  of  the  build- 
ing, you  have  a large  cubic  content  that  is  a center  area.  It  is  actually 
not  a work  area,  it  might  be  an  assembly.  I think  we  need  the  reason 
for  the  structure  of  the  building. 

Mr.  Holmes.  Yes,  we  can  submit  that  for  the  record. 

We  did  analyze  several  different  approaches,  and  this  approach, 
with  an  overall  shell  housing,  appeared  to  be  the  most  economical. 

Mr.  Fulton  of  Pennsylvania.  I think  we  should  have  the  justifica- 
tion for  the  building  at  this  point  in  the  record,  if  you  will,  on  the 
various  modes. 

Mr.  Holmes.  Yes,  sir. 

(The  information  requested  is  as  follows:) 

We  conducted  detailed  studies  of  the  unique  facilities  problems  associated 
Avith  vertical  assembly  of  vehicles  away  from  the  pad.  For  example,  we 
studied  whether  or  not  we  should  provide  an  enclosure  for  the  vehicle  alone, 
leaving  the  launcher  umbilical  tower  exposed  to  the  weather  conditions.  We 
decided  that  both  the  vehicle  and  tower  should  be  sheltered  to  protect  them 
against  adverse  weather  and  to  prevent  work  delays  because  of  weather 
conditions.  By  enclosing  the  vehicle  and  the  tower,  we  assure  ease  of  access 
between  the  two. 

Our  studies  also  lead  to  the  conclusion  that  a back-to-back  design  for  the 
assembly  bays  would  allow  for  a common  service  aisle  and  flexible  use  of 
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costly  instrumentation  and  equipment.  One  example  is  the  250-ton  overhead 
crane,  which  lifts  the  stages  into  a vertical  position.  There  was  greater 
overall  economy  in  building  one  large  facility  instead  of  small,  independent 
units.  The  current  concept  for  the  Launch  Complex  39  vertical  assembly 
building  provides  ease  of  access,  optimum  use  of  equipment,  weather  protection, 
and  economy  in  construction. 

The  dimensions  of  the  vertical  assembly  building  are  generally  determined 
by  the  height  of  the  lifting  hook  and  the  area  of  the  launcher  umbilical  tower 
platform  on  which  the  vehicles  are  asisembled.  The  size  is  also  determined 
by  weight  and  wind  stresses,  since  the  crane’s  hook  must  be  supported  456 
feet  above  the  floor  of  the  building  and  the  structure  must  withstand  winds  up 
to  125  knots  an  hour.  Although  structural  considerations  require  a consider^ 
able  amount  of  space  between  and  around  the  bays,  we  plan  to  take  full 
advantage  of  this  space  for  necessary  supporting  functions  and  storage.  Ac- 
cording to  our  current  plans,  16  levels  between  the  bays  and  10  levels  around 
the  bays  will  be  used  for  supporting  shops,  laboratories,  and  offices.  In  addi- 
tion, the  space  must  accommodate  the  machinery  and  platforms  of  the  nine 
pairs  of  retractable  work  platforms  which  each  bay  requires.  We  are  con- 
} tinuing  our  studies  to  assure  optimum  utilization  of  the  enclosed  volume  of 

the  vertical  assembly  building. 

Mr.  Holmes.  Now,  before  the  space  vehicle  is  ready  for  launch, 
there  is  one  step  in  the  assembly  and  checkout  procedure  that  cannot 
be  performed  inside  the  vertical  assembly  building.  The  launch  ve- 
hicle and  spacecraft  system  includes  small-  and  medium-sized  solid- 
propellant  rockets  and  pyrotechnic  devices  in  the  launch  escape  sys- 
tem, for  retrograde  propulsion  on  return  from  earth  orbit,  and  for 
stage  separation. 

For  reasons  of  safety,  these  devices  must  be  installed  out  of  doors. 
Launch  Complex  39  will  include  a mobile  arming  tower,  which  will 
be  parked  about  a mile  from  the  pad.  After  the  mobile  launcher  is 
on  the  pad,  the  crawler-transporter  will  carry  the  arming  tower  to  an 
adjacent  position  for  attachment  of  rockets  and  ordnance  items  and 
to  facilitate  additional  servicing  that  may  be  required  at  this  stage. 

The  final  step  in  readying  for  launch  is  to  pump  liquid  fuels  into  the 
tanks,  first  the  storable  fuels,  and  then  liquid  oxygen  and  liquid  hy- 
drogen. Here  (fig.  72)  we  see  the  vehicle  at  the  pad,  where  fueling 
takes  place. 

The  funds  in  the  current  fiscal  year  provide  for  incremental  fund- 
> in g of  the  design  and  construction  of  the  vertical  assembly  building, 
* the  crawler  roadway,  one  launch  pad,  two  launcher  and  umbilical 

tower  structures,  and  steel  for  a third. 

With  fiscal  year  1964  funds,  we  shall  design  and  construct  flight 
crew  quarters,  a launch  control  center,  related  ground  support  equip- 
, ment,  and  facilities  within  the  vertical  assembly  building. 

We  shall  build  a second  launch  pad  and  prepare  the  site,  and  sup- 
port facilities  for  a third  pad.  The  arming  tower  will  be  constructed, 
and  service  systems  for  kerosene,  liquid  oxygen,  liquid  hydrogen,  and 
other  propellants  will  be  completed. 

The  target  date  for  making  one  assembly  bay  ready  for  operation 
is  the  summer  of  1965.  The  facilities  to  be  constructed  with  fiscal 
year  1964  funds  are  scheduled  for  completion  in  mid-1966. 
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Figure  72 


ASTRONAUT  SELECTION  AND  TRAINING 


Up  to  this  point  in  our  report,  we  have  assembled  the  hardware 
for  the  flight  to  the  moon.  We  have  analyzed  the  system  &.nd  selected 
the  mode  of  flight.  We  have  developed  the  spacecraft  and  its  life 
'vipport  equipment. 

VV e have  constructed  launch  vehicles  of  sufficient .power  to  conduct 
i oth  preliminary  flights  and  the  actual  mission.  We  have  built  the 
facilities  required  for  launching  space  vehicles.  We  have  made  cer- 
tain that  the  components  are  reliable  that  they  fit  together  properly, 
and  are  in  operating  condition.  One  additional  element  is  reouired. 
We  must  select  and  train  the  men  who  will  fly  these  spacecraft. 

Until  last  September,  the  U.S.  pool  for  current  flight  missions  con- 
sisted of  the  seven  Mercury  astronauts.  At  that  time,  we  selected  nine 
additional  pilots  and  announced  that  Deke  Slayton,  disqualified  from 
Mercury  flight  missions  for  physical  reasons,  had  been  appointed 
coordinator  of  astronaut  activities. 

The  selection  process  began  last  April  with  an  invitation  fcr  volun- 
teers. We  announced  a set  of  qualifications  similar  to  those  estab- 
lished at  the  time  the  original  seven  astronauts  were  selected  in  1959, 
but  which  opened  the  door  for  civilian  pilots. 

The  new  standards  allowed  candidates  to  be  a little  taller  than 
the  Mercury  astronauts — maximum  height  of  6 feet  instead  of  5 feet 
11  inches— but  reduced  the  maximum  age  from  40  to  35  at  the  time 
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of  selection.  The  lower  age  limit  was  established  because  of  the 
long-range  nature  of  the  present  manned-space-flight  program. 

As  previously,  we  required  experience  as  a jet  test  pilot,  preferably 
still  active.  This  experience  might  be  gained  through  military  service, 
aircraft  industries,  NASA,  or  graduation  from  a military  test  pilot 
school. 

We  required  a degree  in  physical  science,  biological  science,  or 
engineering.  We  required  U.S.  citizenship. 

Finally,  we  required  a recommendation  from  the  applicant’s  organi- 
zation. 

More  than  200  applications  were  received.  On  reviewing  the  appli- 
cations, we  found  tnat  63  met  the  basic  requirements.  The  63  were 
asked  to  provide  additional  detailed  information  on  their  academic 
background,  flight  experience,  and  career  history,  and  to  undergo  a 
medical  examination.  This  next  screening  reduced  the  number  to  32. 

During  July  and  August,  the  32  men  reported  to  the  Manned  Space- 
craft Center,  where  they  were  given  extensive  medical  examinations 
by  NASA  space  medicine  specialists,  aided  by  members  of  the  staff 
of  the  Air  Force  School  of  Aviation  Medicine  in  San  Antonio,  Tex. 

One  was  dropped  during  these  examinations  because  he  was  found 
to  be  too  tall.  The  remaining  31  applicants  returned  to  the  Manned 
Spacecraft  Center  in  Houston  for  4 days  of  examinations  and  inter- 
views. During  the  next  few  weeks,  we  carefully  reviewed  and  evalu- 
ated the  results  of  these  tests  and  interviews.  Finally,  we  selected 
nine. 

This  slide  (fig.  73)  shows  the  present  16  pilots — Coordinator  Slay- 
ton at  the  top,  the  other  six  Mercury  astronauts  in  the  second  row, 
and  the  new  men  below. 


Figure  73 
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The  new  group  consists  of  two  civilians  and  seven  military  officers — 
four  from  the  Air  Force  and  three  from  the  Navy.  The  military  men 
are  detailed  to  NASA  as  are  the  seven  officers  in  the  Mercury  team, 
which  includes  three  from  the  Navy,  three  from  the  Air  Force,  and 
one  from  the  Marine  Corps. 

The  new  pilots  have  an  average  of  about  2,800  hours  of  flight  time, 
1,900  of  it  in  jets.  This  compares  with  the  Mercury  VII’s  average 
flight  experience  of  more  than  3,500  hours,  1,700  in  jets.  At  the  time 
of  selection,  the  new  group  had  an  average  age  of  32 y2,  compared  with 
34V2  for  the  Mercury  team. 

The  new  pilots  were  bom  in  seven  of  the  United  States — two  in 
Ohio,  two  in  Texas,  and  one  in  California,  Indiana,  Pennsylvania, 
Illinois,  and  Oklahoma.  The  Project  Mercury  astronauts  were  born  in 
Colorado,  Oklahoma,  Ohio,  New  Jersey,  Indiana,  New  Hampshire, 
and  Wisconsin. 

These  nine  men  and  the  original  Mercury  astronauts  will  provide 
flight  crews  for  Project  Gemini,  Project  Apollo,  and  future  space 
missions.  In  the  late  stages  of  the  Apollo  spacecraft  development,  we 
plan  to  select  a third  group  of  flight  test  personnel  to  join  the  current 
pilots. 

In  selecting  this  third  group,  we  will  take  into  consideration  the 
recommendations  made  in  the  Space  Science  Board’s  summer  study 
report,  that  one  crew  member  of  each  Apollo  lunar  mission  should 
have  scientific  abilities  and  scientific  training  maximized  consistent 
with  his  required  contribution  to  spacecraft  operations. 

The  third  group  and  the  present  pilots  will  oe  combined  to  form  a 
pool  from  which  Apollo  flight  crews  will  be  chosen. 

Training:  The  training  program  for  Projects  Gemini  and  Apollo 
will  be  very  similar  to  that  developed  in  Project  Mercury.  However, 
it  will  be  even  more  extensive.  In  the  Mercury  training,  the  astro- 
nauts studied  in  the  classroom,  trained  on  simulated  flights,  and  worked 
with  actual  flight  hardware.  The  simulation  training  was  extensive. 
The  astronauts  worked  on  procedures  in  a fixed  device.  They  were 
exposed  to  disorientation  and  worked  on  spacecraft  orientation  con- 
trol in  mobile  devices.  They  were  exposed  briefly  to  zero  gravity  for 
short  periods  in  aircraft  flights.  They  were  exposed  to  high  gravity 
in  a centrifuge. 

In  Projects  Gemini  and  Apollo,  the  flight  crews  must  be  trained 
to  carry  out  a number  of  tasks  in  addition  to  those  in  Project  Mer- 
cury. They  must  navigate,  correct  flight  trajectories,  and  make  con- 
trolled landings,  through  the  Earth’s  atmosphere  and  on  the  airless 
surface  of  the  Moon. 

They  must  conduct  checkout  and  launch,  in  Earth  orbit,  in  orbit 
about  the  Moon,  and  on  the  Moon’s  surface,  aided  only  by  the  instru- 
ments aboard  the  spacecraft  and  the  information  obtained  by  radio 
from  the  Earth.  They  will  have  to  learn  the  details  of  spacecraft, 
launch  vehicles,  and  ground  facilities  far  more  complex  than  was  the 
case  in  Project  Mercury. 

In  the  next  slide  (fig.  74) , we  see  some  aspects  of  the  training  that 
has  been  in  progress  for  the  new  pilot  candidates.  In  this  early  phase 
of  the  training,  they  have  been  made  familiar  with  the  Mercury  space- 
craft, launch  vehicle,  and  operational  techniques. 

They  have  been  briefed  on  the  spacecraft  and  launch  vehicles  of 
Projects  Gemini  and  Apollo.  Early  this  year,  the  training  entered 
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Figure  74 

a new  phase  in  which  all  pilots  were  assigned  to  specific  tasks  in  the 
establishment  of  design  and  operational  concepts  tor  the  Gemini  and 
Apollo  program. 

The  classroom  training  places  special  emphasis  on  space  navigation, 
computer  theory,  flight  mechanics,  astronomy,  physics  of  the  upper 
atmosphere  anrl  space,  bioastronautics,  advanced  propulsion  systems, 
aerodynamics,  guidance  and  control,  space  communications,  meteor- 
ology, and  study  of  the  Moon. 

In  the  later  phases  of  training  for  Projects  Gemini  and  Apollo,  the 
astronauts  will  work  with  many  types  of  simulators  being  developed 
and  will  establish  detailed  flight  operational  procedures. 

The  early  phases  of  the  training  for  Projects  Gemini  and  Apollo 
last  fall  were  intended  primarily  Tor  the  new  pilots. 

However,  the  Mercury  astronauts  trained  with  them  as  much  as 
possible.  Since  January,  only  Astronauts  Cooper  and  Shepard  have 
remained  with  Project  Mercury.  All  of  the  others  are  assigned  to 
the  advanced  programs.  On  completion  of  Mercury  flights,  of  course, 
the  entire  group  of  pilots  will  be  together. 

FLIGHT  OPERATIONS 

In  Project  Mercury,  we  were  faced  for  the  first  time  with  the  re- 
quirement for  control  of  a manned  vehicle  in  space  in  real  time,  that 
is,  on  an  immediate-action  basis. 

For  Mercury,  we  established  a worldwide  network  of  tracking  and 
telemetry  stations,  which  were  linked  by  a vast  communications  net- 
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work  to  the  Mercury  Control  Center  at  Cape  Canaveral,  as  shown  at  % 

the  upper  left  of  this  slide  ( fig.  75) . 

Through  the  use  of  the  Mercury  network,  our  operations  and  mis- 
sion directors  at  Cape  Canaveral  were  able  to  make  immediate  deci- 
sions based  on  information  received  from  the  opposite  ends  of  the 
Earth,  by  way  of  the  Goddard  Space  Flight  Center  at  Greenbelt, 

Md. 

Through  these  decisions,  it  was  possible  to  successfully  complete 
missions  that  otherwise  might  have  ended  in  failure.  And  I tnink 
you  are  all  quite  familiar  with  that. 


Figure  75 

The  flight  of  the  chimpanzee  Enos  and  these  of  Astronauts  Glenn, 
Carpenter,  and  Schirra  repeatedly  demonstrated  the  value  of  this 
tracking  network  and  control  center. 

At  the  upper  right,  we  see  that  the  Gemini  flight  operations  will  be 
more  complex  than  those  in  Mercury,  since  the  Gemini  spacecraft  will 
be  able  to  maneuver  in  space.  The  Mercury  spacecraft  was  confined  to 
a fixed  orbit. 

Gemini  of  course  will  be  confined  to  a fixed  orbit  except  after  having 
rendezvoused  w ith  the  Agena,  it  will  have  limited  control. 

Apollo  operations,  shown  at  the  lower  portion  of  the  slide,  will  be 
even  more  difficult.  The  Apollo  spacecraft  will  fly  not  only  into  Earth 
orbit  but  to  the  distance  of  the  Moon,  almost  a quarter  of  a million 
miles  from  the  surface  of  the  Earth. 

Astronauts  at  the  controls  of  the  Apollo  spacecraft  will  be  able  to 
maneuver  and  to  make  midcourse  corrections  of  considerable  m&gni- 
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tude.  Thus  the  tracking  network  and  a control  center  will  have  to  be 
able  to  follow  a spacecraft  that  is  not  tied  to  a fixed  path,  predictable  by 
the  laws  of  orbital  mechanics. 

In  Gemini  and  in  portions  of  the  Apollo  mission,  two  parts  of  the 
spacecraft  will  have  to  be  tracked  simultaneously. 

In  Gemini,  these  two  parts  will  be  the  manned  spacecraft  and  the 
target  vehicle.  In  Apollo,  they  will  be  the  Command  and  Service 
Module  combination  and  the  Lunar  Excursion  Module. 

Thus  it  will  be  necessary  to  expand  the  capability  of  the  worldwide 
tracking  network  to  carry  out  operations  for  Gemini  and  Apollo. 
Although  the  existing  Mercury  network  will  be  used  for  Project 
Gemini,  we  shall  have  to  add  equipment  at  selected  stations  to  provide 
for  the  control  of  a maneuvering  spacecraft  and  to  facilitate  receiving 
data  from  two  separate  craft. 

On  this  slide  (fig.  76)  we  see  that  for  Apollo,  we  shall  combine  the 
present  Mercury  network,  as  augmented  for  Gemini,  with  stations  of 
the  Deep-Space  Network,  such  as  those  employed  for  the  Ranger,  Sur- 
veyor, and  Mariner  programs,  and  directed  by  the  jet  propulsion 
laboratory  at  Pasadena,  Calif.  Mr.  Buckley,  who  is  director  of  our 
Office  of  Tracking  Data  Acquisition,  will  discuss  these  tracking  plans 
in  greater  detail  in  his  presentation. 


Figube  76 


MISSION  Director’s  ROLE 

In  Gemini  and  Apollo  missions,  the  mission  director — this  is  Walt 
Whitman  in  the  case  of  Mercury  flights — will  be  confronted  with  de- 
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cisions  far  more  complex  than  those  that  were  required  in  Project 
Mercury. 

The  mission  director  must  be  in  a position  to  make  immediate  de- 
cisions on  whether  to  continue  the  mission  or  to  terminate  it  in  the 
event  of  any  abnormal  situation.  If  the  mission  must  be  terminated, 
he  must  decide  the  best  time  to  recall  the  spacecraft  so  that  it  can  fly 
back  toward  Earth  and  reenter  the  atmosphere  at  the  proper  angle 
to  avoid  catastrophically  high  heating  rates.  There  will  be  many 
factors  affecting  these  cfecisions.  The  mission  director  and  his  staff 
must  keep  track  of  the  quantity  of  fuel,  food,  water,  power,  and  oxygen 
remaining,  compared  with  that  required,  as  well  as  the  detailed  status 
and  functioning  of  hundreds  of  components  in  the  various  systems  and 
subsystems. 

MISSION  CONTROL  CENTER 

Because  of  the  almost  infinite  number  of  variables  and  contin- 
gencies during  an  operation,  a control  center  far  more  elaborate  than 
the  Mercury  control  center  at  Cape  Canaveral  is  required  for  Project 
Apollo.  Such  a control  center  is  now  under  construction  at  the 
manned  spacecraft  center  in  Houston,  Tex.,  as  our  primary  Earth 
station  for  the  control  of  manned  space  flight  operations. 

This  slide  (fig.  77)  is  a photojgraph  of  the  model.  The  mission 
control  center  is  scheduled  to  go  into  operation  in  mid-1964,  in  time 
for  flight  simulations  for  Project  Gemini  rendezvous  missions.  Until 
that  time,  manned  space  flight  missions  will  be  controlled  from  the 
Mercury  control  center.  After  that  time  control  will  be  at  Houston. 


Figure  77 
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This  three-story  wing,  200  feet  square,  will  house  a computer  com- 
plex and  a communications  center  on  the  first  floor,  and  identical  mis- 
sion operations  control  rooms  on  the  second  and  third  floors. 

While  one  control  room  is  in  use,  the  second  control  room  can  be 
employed  for  training  for  a subsequent  mission. 

Each  room  will  contain  the  necessary  equipment  for  extensive 
closed-loop  simulation  exercises,  for  training  and  systems  checkout. 

Tracking  stations  around  the  world  will  transmit  to  the  communica- 
tions center  the  data  to  be  processed  and  fed  into  the  computers.  The 
computers  will  contain  preplanned  alternative  courses  of  action  for 
use  in  any  of  the  vast  number  of  contingency  situations. 

During  an  operation,  the  information  from  the  computers  will  be 
displayed  in  the  selected  mission  operations  control  room.  An  artist’s 
conception  of  the  room  is  shown  on  this  slide  (fig.  78). 

The  operations  director,  the  mission  director,  and  the  flight  con- 
trollers— fewer  than  20  persons — will  be  in  the  room,  but  250  or  more 
persons  will  provide  technical  and  administrative  support  in  adjacent 
rooms. 

The  support  will  include  recoverv  control,  recovery  communications, 
meteorology,  trajectory  calculations,  communications,  simulation 
equipment,  and  the  monitoring  of  life  support  and  vehicle  systems. 

Mr.  Daddario.  Mr.  Holmes,  in  reference  to  this  Mission  Control 
Center,  without  going  into  too  much  detail,  this  committee  looked  into 
the  proposal  submitted  in  last  year's  budget  request  for  a separate 
Apollo  Mission  Control  Center  and  a Gemini  Control  Center. 
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We  went  into  some  detail  as  to  why  these  should  not  be  combined. 

We  were  convinced  that  they  could  not  be.  We  appropriated  the 
funds  for  both  and  then  this  year  we  are  being  advised  that  they  are 
being  combined  and  yet  the  extra  amounts  of  moneys  involved  have 
been  diverted  in  other  directions. 

The  reason  I ask  this  question  is : Are  we  going  to  be  constantly  con- 
fronted with  budget  requests  that  are  so  changeable  that  the  moneys 
which  we  were  advised  very  strongly  would  be  spent  in  one  way  are 
spent  in  another  way,  and  the  Congress  is  merely  advised  of  that  fact 
but  has  no  control  whatsoever  over  those  funds  ? 

I think  something  that  Mr.  F ulton  said  a little  while  ago  is  extremely 
important  in  this  consideration.  The  American  taxpayer  is  willing 
to  pay  for  this,  but  I think  that  over  the  course  of  time,  if  there  is  a 
constant  reshuffling  and  readjustment  of  programs  when  we  are  told 
one  story  and' then  something  else  is  actually  done,  that  this  great 
confidence  of  the  public  might  in  some  way  be  affected. 

I just  wonder  if  we  might  expect  some  improvement  in  these  pro- 
grams and  in  the  program  for  the  expenditure  of  funds  as  we  go  along. 

Mr.  Holmes.  Yes;  I think  you  can  as  the  program  becomes  more 
definitized. 

The  particular  example  that  you  give  had  to  do,  I believe,  with 
the  checkout  facilities  at  the  cape  for  Gemini  and  for  Apollo. 

Actually  the  reason  I am  particularly  embarrassed  is  that  your 
comments  and  the  comments  of  this  committee  stimulated  us  to  see  if 
we  really  were  right  in  our  initial  decision  that  these  had  to  be  sep- 
arate because  of  the  timing. 

Later  when  we  changed  the  Gemini  schedule  somewhat  because  of 
our  funding  problems,  it  became  possible  to  change  our  timing 
requirements. 

Now  I am  embarrassed  that  when  you  gentlemen  have  made  a sug- 
gestion that  has  helped  us,  we  should  not  just  go  ahead  and  make  the 
change  you  suggested  without  discussing  it  with  you;  particularly 
when  the  action  perturbs  the  budget.  We  apologise  for  this. 

Actually,  however,  I think  we  are  doing  what  was  suggested  by  this 
committee.  It  has  worked  out  and  wall  save  funds. 

Mr.  Daddario.  If  I might  interrupt  right  there  I think  .an  impor- 
tant part  of  this  is  the  fact  that  as  we  were  looking  into  the  budget 
requests  last  year,  if  we  had  known  at  that  time  that  you  did  not 
require  both  centers,  we  actually  would  not  have  authorized  as  much 
funds,  and  we  would  have  been  better  able  to  carry  out  our  responsi- 
bilities. The  thing  that  bothers  me  is  not  that  you  have  made  a 
change  which  you  feel  is  a necessary  one,  but  that  there  was  such 
strong  argument  against  combining  the  centers  in  the  first  instance. 
This  compelled  us  to  appropriate  funds  which  perhaps  we  should 
not  have  appropriated. 

Mr.  Holmes.  I really  feel  at  that  point  in  time  you  acted  wisely  in 
appropriating  the  money.  We  were  then  very  hard  pressed  on 
Gemini’s  schedule.  If  we  had  been  able  to  retain  August  x964  as  the 
suborbital  Gemini  launch  date  which  we  were  planning  when  you  were 
debating  this,  it  would  have  been  impossible  to  do  this  combining  we 
have  now  done.  So  at  the  time  I believe  your  action  was  certainly 
correct.  What  bothers  me  is  that  when  the  facts  changed  later  it 
wasn’t  brought  back  and  thoroughly  discussed  in  an  open  fashion. 
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Mr.  Daddario.  Well,  if  we  were  correct  in  doing  it  then,  Mr.  Holmes, 
it  comes  down  to  the  point  where  you  need  much  more  flexi- 
bility in  the  appropriation  of  funds  than  seems  to  be  indicated 
by  the  budget  requests.  If  there  are  changes  of  this  kind,  and 
if  places  are  found  for  the  moneys  to  be  used  before  we  have  a chance 
to  really  appropriate  for  a specific  purpose,  and  if  we  must  come  to 
the  conclusion  that  this  is  certainly  being  done  in  a responsible  way, 
then  there  does  need  to  be  a certain  amount  of  money  m the  budget 
which  you  can  divert,  for  your  own  purposes  during  the  course  of  the 
year  as  the  program  - adjust  themselves  to  reality. 

Mr.  Holmes.  I pally  believe  that  that  is  absolutely  correct.  It  is 
essential  to  have  flexibility,  particularly  in  the  early  years  of  a devel- 
opment program  of  this  type,  where  one  cannot  predict — and  I think 
I stated  this  last  year — just  what  the  program  will  be.  Now,  I hope 
this  year  is  going  to  be  better,  and  the  next  year  still  better  as  far  as 
limiting  changes  is  concerned. 

Mr.  Daddario.  As  the  programs  become  dcflnitized,  then  you  do 
think  that  there  will  be  less  reprograming? 

Mr.  Holmes.  Yes,  I do. 

Mr.  Daddario.  Then  Congress  can  expect  that  we  will  not  be  hav- 
ing as  many  of  these  letters  of  information  being  transferred  to  us 
where  the  funds  are  being  diverted  and  over  which  we  have  really  no 
control  other  than  being  advised. 

Mr.  Holmes.  I think  there  will  be  less,  yes. 

Mr.  Daddario.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  I feel  that  is  a good  point.  I think 
we  should  point  out  in  justification  of  the  reprograming  during  fiscal 
year  1963  that  we  did  look  ahead  with  the  committee  as  well  as  with 
you,  Mr.  Holmes,  to  the  fact  that  there  might  be  a change  in  the  Nova 
approach,  and  likewise  there  might  also  be  a change  because  you  were 
not  cpiite  sure  of  the  earth  orbital  rendezvous  techniques.  In  those 
two  instances  reprograming  was  required,  but  we  rather  expected  it 
might  come.  Isn’t  that  the  case  ? 

Mr.  Holmes.  Yes,  sir,  that  is  the  case. 

Mr.  Fulton  of  Pennsylvania.  So  that  it  was  an  unusual  decision, 
but  on  that  basic  decision  we  could  see  ahead  to  a firm  point  later  in 
time  than  the  authorizing  and  appropriating  process;  is  that  not 
correct? 

Mr.  Holmes.  Yes.  Mr.  Fulton,  it  is  correct. 

Mr.  Fulton  of  Pennsylvania.  You  made  a comment  a few  min- 
utes ago  of  the  slippage  on  this  manned-space-flight  program.  In 
order  that  the  record  will  be  clear,  I believe  you  will  recall  that  Con- 
gressman Teague,  the  chairman  of  the  Manned  Space  Flight  Subcom- 
mittee, as  well  as  I as  the  ranking  member  on  the  Republican  side,  had 
sat  with  you  and  said  that  as  far  as  this  committee  was  concerned  we 
would  urge  the  committee  to  give  you  adequate  money  even  if  it  came 
to  a supplemental  appropriation  so  that  there  would  not  be  the  slip- 
page of  the  manned-space-flight  program.  Isn’t  that  correct? 

Mr.  Holmes.  Yes,  sir,  that  is  correct. 

Mr.  Fulton  of  Pennsylvania.  The  decision  then  was  made  at  a level 
of  authority  other  than  this  committee  because  we  were  going  to  get 
you  the  funds  and  likewise  it  was  a budgetary  decision  that  was 
made — if  I can  be  allowed  to  say  it, — at  a different  level  than  the 
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manned-space-flight  program  that  you  are  directing  yourself,  wasn’t 
it? 

Mr.  Holmes.  Yes,  I think  in  order  to  properly  present  why  I don’t 
call  it  a slippage  and  why  the  administrators  of  NASA  do  not  want  to 
call  it  a slippage,  I must  say  these  words : I think  everything  you  have 
said  is  correct,  Mr.  Fulton.  I believe  that  the  NASA  position  is  that 
the  program  schedule  was  not  fully  definitized  and  couldn’t  be  until 
the  mission  mode  was  firm.  Until  then  exact  times  and  costs  could  not 
be  fixed.  The  mode  decision  was  not  reached  until  July  1962.  As 
we  proceeded  to  establish  a firm  schedule  structure,  we  had  a program 
with  which  the  funds  were  not  exactly  compatible.  Hence  we  defini- 
tized a later  schedule.  I think  that  is  a little  different  from  a slip- 
page. But  everything  else  that  you  have  said,  to  the  best  of  my 
knowledge,  is  correct. 

Mr.  Fulton  of  Pennsylvania.  I would  not  want  to  call  it  a slippage 
either,  so  that  it  is  just  a difference  in  schedule  based  on  budgetary 
reasons.  What  would  have  been  the  difference  in  the  program  calen- 
dar had  you  gotten  the  extra  funds  ? 

Mr.  Holmes.  In  Gemini  I suspect  the  average  was  around  4 months. 
The  suborbital  flight  was  five  or  six.  In  Apollo  it  was  about  4 or  5 
months. 

Mr.  Fulton  of  Pennsylvania.  So  that  when  this  committee  recom- 
mends a certain  amount  of  funds  that  are  necessary  for  the  program 
according  to  the  calendar  that  you  have  set  up  to  acquire  the  pre- 
eminence in  space,  as  well  as  an  efficient  approach  to  these  programs, 
there  is  no  doubt  that  the  funds  will  be  needed.  When  the  funds  are 
cut  appreciably,  it  does  hold  you  back  substantially.  Would  you 
agree  with  that? 

Mr.  Holmes.  Yes,  sir,  I would  agree  with  it.  I think  today  we  are 
more  able  to  realistically  predict  our  needs.  I could  tell  you  more 
clearly,  for  instance,  that  if  we  don’t  get  these  dollars  we  are  going  to 
slip  this  much.  I think  I could  say  to  the  Congress  with  honesty  that 
since  we  don’t  have  any  duplicated  hardware,  we  have  no  alternative 
except  to  slip  schedules  when  insufficient  funds  are  available. 

With  regard  to  the  NASA  position  as  to  a supplemental,  I should 
say  that  we  are  not  going  as  fast  as  we  could  go.  We  are  not  going  as 
fast  as  military  programs  have  moved  which  I have  been  accustomed 
to  running. 

On  the  other  hand,  we  are  not  going  at  a leisurely  rate.  I think 
it  is  a good  rate,  a sound  rate.  I think  we  have  a sound  engineering 
program.  It  is  a matter  of  judgment  as  to  the  optimum  rate  for  the 
country ; judgment  of  people  at  a higher  level  than  I.  I am  perfectly 
satisfied  as  a program  manager  to  work  under  their  decisions,  and 
try  to  do  the  best  I can  with  what  my  superiors  and  the  Congress 
are  willing  to  give  us. 

Mr.  Fulton  of  Pennsylvania.  Well,  in  justification  of  NASA  and 
its  leadership,  I believe  that  the  budgetary  decision  on  the  supple- 
mental appropriation  was  made  on  a higher  level  than  NASA. 

Mr.  Daddario.  I would  just  like  to  make  one  point.  I think  Mr. 
Fulton  has  very  nicely  set  out  what  the  various  possibilities  have 
been  and  how  it  has  turned  out  properly,  that  funds  have  been  re- 
programed in  the  schedule  as  you  have  gone  along.  I think  the  fact 
still  remains  though,  that  if  we  had  been  advised  last  year  that 
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there  was  the  possibility  of  Nova  being  put  off  a bit,  that  we  would 
most  likely  not  have  authorized  those  funds.  Therefore  the  program 
would  have  had  to  receive  a supplemental  appropriation.  I am  sure 
that  this  would  be  the  procedure  which  the  committee  and  the  Con- 
gress would  prefer. 

I point  this  out  only  on  the  basis  of  looking  ahead  and  calling 
attention  to  the  fact  that  the  public  is  aware  of  these  things  too.  The 
public  certainly  will  be  much  more  convinced  of  the  need  for  support- 
ing the  program  if  we  can  remain  as  definitely  committed  as  possible 
to  what  we  are  told.  Of  course,  there  may  be  where  there  is  nothing 
that  can  be  done  about  it.  If  we  were  at  that  time  actually  told 
the  right  story  when  we  were  advised  that  Nova  was  necessary,  and 
for  which  reason  we  appropriated  the  vast  sums  of  money  involved, 
then  to  my  mind  there  is  a question  about  the  whole  Nova  program. 

Mr.  Riehlman.  Mr.  Chairman,  before  you  leave  that  point,  I want 
on  the  record  my  position  in  respect  to  this.  We  discussed  that 
pretty  tlioroughlv  in  this  committee  and  I was  never  of  the  opinion 
that  my  friend  from  Pennsylvania  expressed  that  there  was  going 
to  be  a possible  change  in  the  Nova  program.  If  there  had  been  any 
idea  in  my  mind,  I certainly  would  have  voted  the  same  as  Mr. 
Daddario  said,  to  cut  the  funds  out. 

We  were  convinced  from  the  testimony  that  this  was  essential 
and  that  it  was  a program  that  was  going  to  be  continued.  For  that 
reason  I supported  it.  I know  that  we  discussed  this  just  the  other 
day.  I interrogated  the  witnesses  last  year  very  carefully  to  find 
out  if  it  was  an  essential  and  necessary  program  to  be  followed,  or 
whether  there  was  a possibility  that  there  would  be  a change,  and 
we  would  go  into  the  lunar  rendezvous  project. 

Mr.  Fulton  of  Pennsylvania.  Could  I just  comment  on  that.  I 
don’t  think  there  is  much  difference  really  between  us,  because  it  was 
a question  of  the  preplanning  of  the  Nova  program  which  was  em- 
phasized and  for  which  we  gave  the  funds.  Of  course,  we  cut  the 
construction  out  and  the  program  planning  for  installations  of  Nova 
in  last  year’s  budget.  I did  feel  at  the  time  that  it  was  necessary  to 
go  into  the  question  of  whether  Nova  should  be  built  and  whether 
or  not  you  should  have  a direct  descent  method. ' I feel  that  it  was 
wise  that  we  spent  the  funds  for  this  kind  of  preinvestigation 
procedure. 

On  the  other  hand,  I feel  that  when  it  became  evident  that  a decision 
had  been  made  on  the  lunar  orbital  rendezvous  procedure  that  we 
should  then,  of  course,  reprogram  and  use  the  money  for  the  correct 
purposes.  Now  that  is  not  a case  of  our  disagreeing  among  ourselves 
on  the  committee  nor  with,  shall  I say,  Mr.  Holmes.  I don’t 
think  we  disagreed.  It  is  just  a difference  of  emphasis. 

Mr.  Holmes.  May  I speak,  Mr.  Chairman  ? 

Mr.  Daddario.  Yes,  or  course. 

Mr.  Holmes.  I may  not  have  made  it  as  clear  as  I should 
have  during  my  testimony  last  year.  I tried  to  indicate  that  we  had 
not  definitized  the  mission  by  which  we  would  go  to  the  moon  but 
were  using,  as  a primary  assumption  earth  orbital  rendezvous,  and  as 
a backup  assumption  direct  ascent  with  Nova.  Thus,  although  we 
needed  the  funds  requested,  we  couldn’t  be  precisely  sure  how  we  were 
going  to  use  them.  I had  thought  that,  as  rapidly  as  we  knew,  we 
kept  the  committee  informed.  I refer  you  to  my  letter  of  July  18, 
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which  was  addressed  to  the  committee  (at  least  to  Mr.  Teague  and  Mr. 
Fulton)  and  which  the  Administrator  of  NASA  and  Dr.  Seamans 
reviewed.  * 

We  tried  to  spell  out  just  exactly  what  we  meant  there,  for  example, 
I said  in  that  letter  that  even  after  delaying  the  Nova  development 
as  a corollary  to  the  lunar  orbit  rendezvous  decision,  we  would  face 
deficits  in  excess  of  $200  million.  So  as  early  as  we  knew  it,  I tried 
to  give  the  committee  the  full  information. 

On  the  other  hand,  it  is  a complex  thing,  this  balancing  one  versus 
the  other,  and  I can  see  how  misunderstandings  might  have  resulted. 
I certainly  bear  the  responsibility  for  that. 

Mr.  Daddario.  We  are  not  asking  you  to  bear  the  responsibility, 
Mr.  Holmes.  We  are  very  well  satisfied  with  the  strength  and  direc- 
tion that  you  have  brought  to  this  entire  program  and  I personally 
feel  that  you  have  been  extremely  valuable  and  helpful  in  presenting 
to  us  a very  clear  picture  of  the  program.  But  I do  think  that  the 
constant  change  and  constant  utilization  of  funds  in  the  manner  as 
that  occurred  last  year  can  mitigate  against  the  future  success  in 
obtaining  the  moneys  needed  for  this  program  over  a sustained  pe- 
riod, and  it  certainty  will  be  over  the  course  of  the  next  decade. 

Mr.  Holmes.  Yes,  sir. 

The  Mission 

Now  that  we  have  described  the  hardware,  the  trained  men,  and 
the  operational  techniques  required,  let  us  examine  the  details  of  the 
first  trip  to  the  moon  and  back.  The  journey  will  begin  at  complex 
39  of  the  U.S.  spaceport  at  Merritt  Island,  Fla. 

Earlier,  we  saw  how  the  space  vehicle  will  be  checked  out  in  the 
vertical  assembly  building  and  carried  to  the  pad  on  the  crawler, 
where  solid-fuel  rockets  and  pyrotechnic  devices  will  be  installed, 
and  liquid  propellants  will  be  pumped  into  the  tanks. 

The  three  astronauts  will  climb  into  their  spacesuits  and  ride  to 
the  launch  pad  in  a specially  equipped  van.  An  elevator  will  carry 
them  to  the  level  of  the  command  module,  about  320  feet  above  the 
base  of  the  Saturn  V launch  vehicle. 

They  will  climb  into  their  positions,  and  the  final  minutes  and 
seconds  of  the  countdown  will  tick  away. 

At  ignition,  the  five  F-l  engines  of  the  S-IC  first  stage  will  flame 
into  life,  generating  7y2  million  pounds  of  thrust.  The  holddown  arm 
will  release  the  6-million  pound  vehicle  and  it  will  lift  off  as  shown  on 
this  slide  (fig.  79). 

As  it  does,  the  astronauts  will  begin  to  feel  heavier.  The  vehicle 
will  rise  on  an  arching  path  over  the  ocean.  The  rocket  engines  will 
consume  fuel  and  oxygen  from  the  first-stage  tanks  at  the  rate  of 
15  tons  a second. 

By  the  time  they  are  empty,  2V2  minutes  later,  the  vehicle  will 
weigh  only  a quarter  as  much  as  previously. 

Steadily  increasing  acceleration  will  place  increasing  force  on  the 
astronauts,  and  they  will  be  pushed  back  into  their  couches,  feeling 
apparent  gravity  that  rises  to  about  4%  times  what  they  experience 
on  earth. 

When  the  fuel  is  consumed,  the  engines  will  cut  off  and  the  first 
stage  will  separate,  as  shown  in  the  next  slide  (fig.  80) . 
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Figure  80 
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Now  the  S-II  second  stage  will  ignite.  Its  five  J-2  engines  will 
provide  a million  pounds  of  thrust.  On  this  slide,  it  will  be  noted 
that  a rocket  flame  looks  different  in  a vacuum  from  the  way  it  ap- 
pears on  earth. 

At  the  beginning  of  second-stage  burning,  the  astronauts  will  ex- 
perience for  the  first  time  on  this  trip  an  acceleration  of  less  than  1 g; 
they  will  feel  apparent  weight  of  about  two-thirds  normal.  Again, 
however,  fuel  will  be  consumed  rapidly  and  the  vehicle  will  become 
lighter. 

The  “g”  forces  will  increase  gradually  to  a little  over  twice  normal 
earth  gravity  when  the  second-stage  tanks  become  empty,  about  6 
minutes  later.  Then  the  second  stage  will  be  separatea  and  will  fall 
away  as  shown  on^tfeis  slide  ( rig.  81 ) . 


SATURN  V 

2nd  STAGE  SEPARATION 


Figure  81 

Next,  the  S-IVB  third  stage  will  ignite.  Its  single  J-2  engine  will 

?>rovide  200,000  pounds  of  thrust,  which  will  cause  the  astronauts  to 
eel  a weight  of  about  two-thirds  normal.  The  third  stage  will  bum 

gart  of  its  fuel,  for  about  2 % minutes,  until  the  spacecraft  and  the 
atum  stage  are  in  orbit  about  the  earth.  Then  tne  engine  will  be 
shut  down. 

When  the  vehicle  is  in  earth  orbit,  the  Mission  Control  Center  at 
Houston  will  exercise  direct  control  of  the  mission.  The  spacecraft 
and  the  S-IVB  stage  will  be  checked  out  as  shown  on  thisslide  ( fig.  82) 
by  the  astronauts  and,  through  telemetry,  by  the  Mission  Control  Cen- 
ter at  Houston. 


K 


248 


1084  NASA  AUTHORIZATION 


I 


Figure  82 


The  vehicle  will  circle  the  earth  1V&  times  in  this  parking  orbit 
during  checkout.  Precise  measurements  of  the  orbit,  calculated  with 
the  aid  of  large  computers  at  Houston,  ill  be  fed  into  the  spacecraft 
guidance  computer. 

If  all  systems  are  functioning  properly,  the  S-IVB  stage  will  be 
ignited  again  as  shown  on  this  slide  (fig.  83)  at  a moment  precisely 
determined  by  the  guidance  system,  and  the  astronauts  will  again 
experience  apparent  gravity,  a small  fraction  less  than  1 g. 

After  a little  over  5 minutes,  the  spacecraft  will  reach  a speed  about 
25,000  miles  an  hour,  enough  to  overcome  the  earth’s  gravitational  at- 
traction, and  it  will  be  on  a trajectory  that  will  carry  it  toward  the 
Moon;  g forces  will  increase  only  slightly  while  the  third  stage  is 
burning. 

The  next  slide  (fig.  84)  shows  a series  of  events  that,  will  occur 
after  the  S-IVB  third  stage  shuts  down,  and  the  astronauts  are  again 
experiencing  zero  gravity. 

First,  at.  tne  lower  left,  the  adapter  surrounding  the  lunar  excursion 
module  will  be  separated.  Next,  tne  command  and  service  modules  will 
separate,  leaving  the  bug  attached  to  the  third  stage.  Using  the  service 
module  propulsion  system,  the  astronauts  will  turn  the  command  and 
service  modules  around  and  dock,  nose  to  nose,  with  the  bug. 

Finally,  when  the  structural  connection  has  been  accomplished,  the 
S-IVB  Saturn  stage  will  hr  separated.  In  the  upper  right,  we  can 
9ee  the  configuration  of  the  spacecraft  for  the  remainder  of  the  flight 
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to  the  neighborhood  of  the  Moon,  which  will  take  about  72  hours 
from  the  time  of  departure  from  earth  orbit. 

During  the  early  phases  of  the  flight,  the  astronauts  will  take  star 
sights  and  the  on-board  guidance  system  and  the  ground  tracking 
system  will  measure  deviation  from  the  desired  flight  path.  They 
will  make  any  necessary  midoourse  corrections  by  firing  the  22,000 
pound  thrust  engine  in  the  service  module. 

When  this  engine  is  being  fired,  they  will  feel  apparent  gravity  of 
about  one-quarter  normal.  On  arrival  at  the  vicinity  of  the  moon, 
they  will  use  orientation  controls  to  turn  around  and  ignite  the  serv- 
ice module  again,  to  bum  for  about  6 minutes,  and  slow  the  space- 
craft enough  to  place  it  in  an  orbit  about  100  miles  above  the  Moon’s 
surface,  as  shown  mi  th is  slide  ( . 85 ) . 


Figure  85 

At  this  time,  all  elements  of  the  spacecraft  will  again  be  checked  out. 
If  they  are  functioning  properly,  the  decision  will  be  made  to  continue 
the  mission. 

Two  of  the  astronauts  will  climb  through  the  hatch  from  the  com- 
mand module  into  the  lunar  excursion  module  as  shown  on  this  slide 
(fig.  86).  At  this  time,  all  elements  of  the  spacecraft  will  again  lie 
checked  out.  If  they  are  functioning  properly,  the  decision  will  be 
made  to  continue  the  mission. 

Next,  the  engine  of  the  LEM  landing  stage  will  be  ignited  to  pro- 
vide about  8,800  pounds  of  thrust  for  about  a half-minute. 

During  this  time,  the  astronauts  will  experience  apparent  gravity 
of  about  one-third  Earth  normal.  This  impulse  will  place  the  bug 
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in  an  approach  orbit  that  has  the  same  time  period  of  revolution  as 
that  of  t lie  command  module,  shown  on  this  slide  ( fig.  87) . 

The  approach  orbit  will  be  in  the  shape  of  an  ellipse  that  dips  down 
to  an  altitude  of  about  10  miles  above  the  landing  site.  From  this 
lower  altitude,  the  explorers  can  directly  observe  the  conditions  at  the 
site. 

If  for  any  reason  they  decide  not  to  attempt  the  landing,  the 
equality  of  orbital  periods  assures  a rendezvous  of  the  bug  and  the 
mother  spacecraft  every  2 hours. 

When  the  lunar  excursion  module  reaches  the  10-mile  minimum 
altitude  of  its  approach  orbit,  it  will  be  traveling  at  a speed  of  about 
4,000  miles  an  hour  with  respect  to  the  moon’s  surface.  At  this  time, 
the  landing-stage  engine  will  be  ignited  again;  to  provide  about  8,800 
pounds  of  thrust  to  slow  the  bug  to  a halt  and  to  allow  it  to  descend 
toward  the  surface. 

This  rocket  engine  w ill  have  the  capability  of  being  throttled  down 
considerably,  perhaps  as  low  as  1,100  pounds  of  thrust. 

As  the  spacecraft  slows  and  falls  toward  the  moon,  as  shown  in  the 
next  slide  (fig.  88),  the  engine  will  be  throttled  down  gradually 
until  the  craft  reaches  a hovering  position  about  300  feet  above  the 
surface,  where  it  will  remain  for  a short  period. 

As  the  vehicle  hovers,  the  astronauts  will  feel  the  moon’s  gravita- 
tional attraction,  about  one-sixth  that  of  earth. 
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Figure  87 
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Windows  will  provide  the  astronauts  with  a clear  view  of  the  lunar 
surface  as  we  see  on  this  slide  (fig.  89),  so  thev  can  select  the  exact 
point  at  which  to  touch  down.  They  will  be  able  to  maneuver  their 
craft  horizontally  as  much  as  1,000  feet  until  it  is  above  the  desired 
landing  point. 


Figube  89 

The  craft  will  then  descend  slowly  to  the  surface  and  touch  down  at 
a speed  of  less  than  7 miles  an  hour  ( fig.  90) . 

During  the  touchdown  maneuver,  the  command  module  will  always 
be  within  line  of  sight  of  the  LEM.  At  any  point  up  to  and  including 
the  hover  maneuver,  the  astronauts  can,  if  necessary,  ascend  and  get 
back  to  a rendezvous  with  the  command  module  during  the  first 
orbit.  At  touchdown,  the  command  module  will  be  nearly  directly 
overhead. 

While  on  the  moon,  the  two  explorers  will  first  check  out  the  LEM 
in  preparation  for  the  return  flight. 

After  that,  as  shown  on  this  slide  (fig.  91),  one  of  the  two  astro 
nauts  will  leave  the  LEM  and  explore  the  lunar  surface  in  the  imme- 
diate vicinity  of  the  landing  site. 

He  will  take  detailed  notes  on  the  conditions  he  observes.  He  will 
collect  and  prepare  samples  for  return  to  earth,  and  photograph  the 
surrounding  area.  He  may  emplace  experiments  that  can  continue  to 
function  after  the  crew  has  left  the  moon.  After  4 hours,  the  two 
explorers  will  change  positions  and  the  other  astronaut  will  continue 
the  exploration. 
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On  the  first  mission,  the  total  length  of  stay  will  be  about  24  hours. 

After  completing  tne  initial  exploration  and  a night’s  sleep,  the 
two  explorers  will  begin  the  countdown  for  launch  from  the  moon, 
which  will  take  place  when  the  command  module  is  in  line  of  sight  over 
the  horizon. 

The  return  stage  of  the  LEM  will  separate  and  lift  off  from  the 
landing  stage  as  can  be  seen  on  this  slide  (fig.  92). 

Its  3,000  pound  thrust  engine  will  bum  for  about  6 minutes  and  the 
astronauts  will  experience  one-third  G acceleration  until  the  craft 
reaches  orbital  speed  of  about  4,000  mile6  an  hour,  at  an  altitude  of 
tO  miies. 


Figure  92 

During  powered  flight  and  the  coast  phase  that  follows,  radars 
aboard  both  the  command  module  and  the  bug  will  track  each  other. 
The  LEM  engine,  a short  time  after  the  initial  powered  phase  of  its 
flight,  will  make  any  major  course  corrections  needed  to  assure  the 
rendezvous. 

About  an  hour  later,  after  both  spacecraft  have  coasted  halfway 
around  the  moon,  they  will  be  quite  close  together  and  the  relative  dif- 
ference in  their  speeds  will  be  about  70  miles  an  hour,  as  shown  at  the 
left  of  this  slide  (fig.  93).  When  they  are  about  5 miles  apart,  LEM 
guidance  system  will  command  its  engine  to  bring  the  two  craft  closer. 

When  the  distance  has  been  reduced  to  a few  bundled  feet,  the  two 
astronauts  in  the  LEM  will  take  over  control  and  complete  the  dock- 
ing maneuver  at  the  right. 
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Figure  93 


This  maneuver  is  dearly  essential  to  the  success  of  the  mission. 
Consequently,  we  are  providing  a capability  within  the  command 
and  service  modules  for  the  third  astronaut  to  perform  the  rendez- 
vous even  if  the  bug  should  become  incapacitated  during  the  latter 
stages  of  the  ascent  maneuver. 

Thus  the  crew  can  still  be  rescued  and  the  mission  can  be  success- 
fully completed. 

Once  the  explorers  have  climbed  back  aboard  the  command  module, 
the  bug  will  be  detached  and  left  in  lunar  orbit. 

The  service  module  engine  will  be  ignited  and  will  generate  its 
22,000  pounds  of  thrust  for  about  2V£  minutes  as  shown  on  the  next 
slide  (tig.  94).  This  will  provide  tne  additional  velocity  of  2,000 
miles  in  hour  that  will  speed  the  spacecraft  on  the  homeward  journey. 

As  the  service  module  fuel  is  consumed,  the  acceleration  will  in- 
crease to  about  1 G.  During  return  the  service  module  engine  will 
be  employed  to  make  course  corrections  as  required. 

After  the  final  flight  path  adjustments  have  been  completed  to 
assure  hitting  the  40-mile  reentry  corridor  as  shown  on  this  slide 
(fig.  95),  the  service  module  will  be  discarded,  and  the  command 
module  will  be  oriented  for  reentry. 

During  reentry  (fig.  96),  the  offset  center  of  gravity  of  the  com- 
mand module  will  provide  a li*t-to-drag  ratio  of  approximately  0.5. 

This  will  permit  maneuvering  the  command  module  through  part 
of  its  descent  through  the  atmosphere. 
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Figure  94 


RE-ENTRY  CORRIDOR 


MODULE 


40  MILE  # 
CORRIDOR  :■ 


FINAL  CORRECTION 
TRACKING 


Figure  96 


T 

,«y 


1964  NASA  AUTHORIZATION 


Fioitbe  96 


Once  the  main  aerodynamic  deceleration  has  taken  place,  and  the 
command  module  has  been  slowed  to  below  the  speed  of  sound,  three 
parachutes  will  be  deployed  (fig.  97)  and  the  command  module  w ill 
float  gently  to  rest  on  the  earth's  surface  ( fig.  98) . 

Mr.  Daddario.  We  have  gone  beyond  the  12  o’clock  period,  Mr. 
Holmes. 

May  I ask  what  would  be  best  for  you,  from  the  standpoint  of  com- 
ing back  for  a little  while  this  afternoon.  If  you  are  tied  up,  we  can 
take  the  balance  of  your  testimony  at  a later  date. 

Mr.  Holmes.  I can  come  back  this  afternoon.  I would  be  most 
happy  to  come  back.  I have  only  5 or  10  minutes  of  testimony,  and 
then  I would  be  ready  for  discussion. 

Mr.  Daddario.  Fine. 

Could  we  proceed  at  1 :30  ? 

Mr.  Holmes.  Yes,  Mr.  Chairman. 

Mr.  Daddario.  The  committee  will  adjourn  until  1:30  p.m.,  this 
afternoon. 

(Whereupon,  at  12:10  p.m.,  the  subcommittee  adjourned  to  recon- 
vene at  1 :30  p.m.,  the  same  day.) 
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AFTERNOON  SESSION 


Mr.  Daddario.  The  meeting  will  come  to  order. 

Would  you  proceed,  please,  Mr.  Holmes. 

Mr.  Holmes.  Yes,  Mr.  Chairman. 

Mr.  Chairman,  members  of  the  committee,  we  have  reached  the  point 
in  the  testimony  I believe  on  page  84,  Advanced  Planning. 

As  Dr.  Seamans  stated  in  his  testimony,  NASA  is  continually  con- 
ducting studies  of  possible  future  missions  throughout  all  NASA  pro- 
gram areas. 

In  manned  space  flight,  we  believe  that  exploration  of  the  Moon  is 
not  the  end  but  the  beginning. 

The  Office  of  Manned  Space  Flight  is  carrying  out  planning  and 
studies  looking  to  the  time  when  the  Nation  will  have  available  the 
capacity  to  undertake  more  advanced  programs.  Key  considerations 
in  this  planning  involve  programs  that  provide  direct  support  of  the 
manned  lunar  landing  program  and  extend  the  possible  scope  of  lunar 
missions,  manned  Earth-orbital  space  stations,  and  manned  planetary 
missions. 

We  have  included  in  the  testimony  some  of  the  systems  which  we 
have  and  which  we  feel  have  early  application,  and  we  feel  it  is  proper 
to  review  them  here,  thinking  that  you  would  be  interested  in  them. 

During  fiscal  year  1964,  we  shall  place  primary  emphasis  on  studies 
of  programs  that  directly  support  Project  Apollo.  These  plans  cen- 
ter on  the  lunar  logistic  system,  which  is  intended  to  provide  support 
for  Apollo  missions  by  placing  suitable  auxiliary,  unmanned  pay- 
loads  on  the  Moon’s  surface.  During  the  current  fiscal  year,  we  have 
studied  both  appropriate  vehicle  configurations  and  possible  payloads. 

We  find  that  payloads  can  be  landed  directly  on  the  Moon’s  surface 
from  either  a Saturn  I-B  or  a Saturn  V launch  vehicle.  It  turns  out 
you  can  soft  land  about  15,000  pounds  from  a Saturn  I-B  on  the  Moon. 

We  have  looked  into  the  possible  use  of  the  lunar  excursion  module 
landing  stage  to  carry  cargo  to  the  Moon’s  surface  during  either  un- 
manned or  lunar  orbital  Apollo  missions. 

Possible  lunar  logistic  system  payloads  under  study  include  addi- 
tional life  support  equipment,  shelters,  roving  vehicles,  power  sup- 
plies, and  communications  equipment  that  would  be  required  to  provide 
stay  times  on  the  Moon  in  excess  of  the  2 to  4 days  provided  by  the 
lunar  excursion  module. 

It  appears  that  for  any  extended  exploration  of  the  Moon  one  would 
have  to  have  a logistic  system,  something  to  put  a cache  of  supplies 
and  materials  on  the  Moon,  in  addition  to  what  you  could  carry  with 
the  astronauts  in  the  lunar  excursion  module. 

For  example,  if  one  analyzes  the  time  the  astronauts  might  have  for 
lunar  exploration  during  a 24-hour  stay  on  the  Moon,  you  arrive  at 
about  6 hours. 

One  of  the  most  attractive  lunar  logistics  systems  which  we  are 
studying  involves  using  this  lunar  exploratory  model.  This  part 
[gesturing]  would  be  the  truck,  and  the  upper  part,  would  be  rede- 
signed for  payload. 

Now  in  that  way  you  could  put  around  7,000  pounds  soft  landed  on 
the  lunar  surface. 

This  is  one  thing  we  are  looking  into,  and  it  might  be  an  economical 
way  to  go. 
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The  other  thing  we  are  studying  is  a soft  landing  stage  on  top  of 
the  Saturn  V.  Through  this  we  could  put  30,000  pounds  on  the  lunar 
surface. 

Another  area  of  particular  interest  is  a manned  space  station. 

Another  possible  future  project  of  considerable  interest  is  the 
manned  Earth-orbiting  station.  Studies  over  the  last  2 years  have 
demonstrated  that  such  a station  is  technically  feasible  today.  The 
major  objectives  of  such  a station  would  be  the  evaluation  of  the 
physiological  effects  of  zero  gravity  on  man  over  very  prolonged  pe- 
riods, the  conduct  of  scientific  experiments  requiring  the  presence  of 
man  in  space,  and  the  development  of  engineering  subsystems  and  tech- 
niques in  the  space  environment. 

Proposals  for  such  stations  vary  widely.  At  the  lower  end  of  this 
range  are  proposals  to  extend  the  Apollo  spacecraft  stay  time  up  to  100 
days.  At  the  high  end  of  the  range  is  the  elaborate  station,  in  which 
rotation  provides  artificial  gravity.  Such  a rotating  station  might 
support  a large  crew  for  indefinite  periods  of  time. 

Our  approach  in  our  studies  in  this  indicates  that  literally  Apollo 
itself  could  be  a manned  station  for  short  duration — you  probably 
could  extend  it  up  to  a month  or  two — and  the  next  step  from  that 
would  be  a large  cylindrical  station  that  you  might  launch  on  a Saturn 
vehicle  which  could  stay  up  many  months  and  perhaps  house  anywhere 
from  three  to  four  men. 

I think  this  Nation  will  want  to  study  and  learn  of  the  environment 
about  us  at  an  early  point  in  the  future.  To  do  this  we  would  probably 
stay  up  there  over  extended  periods. 

As  far  as  the  immediate  requirement  of  manned  space  flight,  we 
would  very  much  like  to  have  a man  in  an  environment  of  zero  gravity 
for  say  90  days  so  that  we  could  study  the  effects. 

Mr.  Gurney.  A question,  Mr.  Chairman. 

Mr.  Daddario.  Yes. 

Mr.  Gurney.  Realizing  our  budgetary  limitations,  if  NASA  had 
the  money  now,  I assume  from  your  statement  that  you  would  go  ahead 
with  this  project  at  once ; is  that  right  ? 

Mr.  Holmes.  We  would  go  ahead  with  studies  at  once.  After  the 
studies  were  completed  in  perhaps  another  year,  we  would  go  ahead 
with  actual  hardware  programs.  I think  that  we  probably  will  be 
proposing  that.  I think  that  we  must  consider  not  only  the  require- 
ments I have  mentioned  for  scientific  information,  but  also  the  inter- 
national, political  significance  of  having  several  people  continuously 
in  orbit  around  the  world. 

Mr.  Fulton  of  Pennsylvania.  What  activities  would  you  have  on 
a space  station  ? 

Mr.  Holmes.  First  and  foremost,  Mr.  Fulton,  we  would  be  measur- 
ing these  people  to  see  whether  there  was  any  degradation  in  their 
actions  over  a period  of  time  from  weightlessness.  We  can’t  find 
this  out  any  other  way. 

The  other  things  that  one  would  like  to  do  are  astronomical  ex- 
periments, of  measurement  of  meteoroid  density,  meteoroid  dust 
density,  temperature  variations,  photographs  of  the  Earth,  and  so 
forth.  The  scientific  community  has  numerous  experiments  they 
would  like  to  see  performed. 

One  of  the  more  expensive  aspects  of  a space  station  is  the  resupply 
problems ; that  is,  to  go  up  ana  resupply  it  and  then  transfer  crews. 
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Mo3t  of  our  current  studies  suggests  the  use  of  the  Gemini  vehicle 
for  the  supply  vehicle.  In  relative  costs,  it  is  an  inexpensive  vehicle 
compared  to  our  large  vehicles. 

Mr.  Fulton  of  Pennsylvania.  I would  be  particularly  interested 
in  the  medical  and  the  life  science  aspects.  For  example,  if  with 
a heart  patient  you  could  relieve  the  patient’s  heart  of  all  the  weight 
forcing  the  blood  through  the  arteries  and  veins,  you  would  imme- 
diately have  quite  a breakthrough,  so  that  a tired  heart  or  tired  blood 
would  be  immediately  relieved. 

I am  looking  forward  to  the  time  when  you  will  start  putting  peo- 
ple up  who  are  not  these  perfect  physical  specimens. 

In  closing  I would  like  to  point  out  to  you  that  I saw  a clipping 
yesterday  of  the  UPI  from  Russia,  which  said  they  are  planning  to 
put  a woman  in  space  and  have  such  a program,  in  order  to  beat  us 
in  that  field. 

Maybe  the  United  States  better  wake  up  and  take  this  thing  of 
women  in  space  seriously.  When  you  spoke  of  having  three  or  four 
men  in  space,  maybe  you  can  have  some  women,  too,  on  a space  plat- 
form ; couldn’t  you  ? 

Mr.  Holmes.  Yes,  sir,  I think  you  could. 

I think  we  all  love  the  ladies  and  I am  sure  they  would  probably 
be  a rather  welcome  addition. 

Mr.  Fulton  of  Pennsylvania.  Seriously,  there  has  been  quite  a 
lot  of  humor  about  it — the  early  ones,  the  space  cadets,  where  is  your 
helmet,  your  plastic  headpiece,  and  all  that  sort  of  thing,  but,,  prac- 
tically, to  me  anybody  can  be  in  space,  and  it  is  going  to  be  a mode  of 
living  rather  than  just  these  space  probes. 

With  that  in  mind,  with  the  women  paying  half  the  taxes,  I don’t 
see  why  we  don’t  have  as  a national  objective  a woman-in-space  pro- 
gram and  at  least  be  first  in  something. 

Mr.  Daddario.  Would  you  go  so  far  as  sending  four  of  them  up 
at  a time,  Mr.  Fulton  ? 

Mr.  Fulton  of  Pennsylvania.  As  I am  a bachelor,  I better  not 
limit  the  number  of  women. 

I would  like  to  say  just  seriously  that  we  ought  to  plan  on  a broader 
view  of  space,  to  look  at  it  from  many  aspects.  For  example,  on 
the  medical  end  of  it,  we  don’t  know  on  people  that  are  cancer 
prone  whether  exposure  to  this  slight  amount  of  radiation  might  have 
a blocking  or  retarding  effect  on  cancer  development.  So  we  have 
many  things  to  do,  and  I hope  you  do  go  ahead  with  the  space  station. 

That  is  all ; thank  you. 

Mr.  Gurney.  Mr.  Holmes,  along  that  same  line  I wanted  to  ask 
specifically  whether  we  are  now  planning  any  vehicle  which  is  more 
sophisticated  than  Gemini  and  which  we  could  quickly  recall  from 
space  or  precision  land.  Do  we  have  any  plans  along  this  line? 

Mr.  Holmes.  Within  the  Office  of  Manned  Space  Flight,  the  only 
more  sophisticated  one  is  Apollo  itself,  which  you  could  use  and  prob- 
ably will  use  in  earth  orbit  operationally. 

Apollo  should  have  localized  landing  capability  with  parachutes 
within  an  area  of  perhaps  10  miles  on  a side.  This  can  be  achieved 
because  of  the  lift-to-drag  ratio  of  the  capsule. 

Other  programs  beyond  that  are  being  studied  but  they  are  in  the 
Office  of  Advanced  Research  and  Technology. 
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These  are  things,  which  I am  really  not  qualified  to  talk  about. 

In  line  with  Mr.  Fulton’s  statements,  in  order  that  I can  go  home 
tonight  and  be  let  in,  I would  like  to  add  that  we  certainly  agree 
women  have  a place  in  space  in  the  future. 

It  wasn’t  very  long  ago  that  we  thought  of  jet  aircraft  as  accom- 
modating only  strong  men.  Now  it  is  pretty  commonplace  to  see  a 
mother  and  child  sitting  comfortably  in  a jet  aircraft. 

Mr.  Fulton  of  Pennsylvania.  That  is  the  way  I feel  about  space. 
We  must  get  over  this  feeling  that  it  is  a separate  place.  It  is  simply 
an  extension  of  a dimension  of  activities  that  we  have  been  progressing 
in  and  working  further  out. 

I would  like  to  see  an  astronaut  go  up  who  has  a heart  condition  and 
who  would  be  very  willing  to  go  and  see  what  the  effect  is,  rather  than 
to  have  an  astronaut  trained  such  as  we  have  and  then  have  him  set 
fear  aside.  I think  that  we  have  to  prove  that  space  is  safe.  We  have 
had  a half  a million  miles  of  travel  and  not  one  injury,  not  even  a 
hangnail,  so  you  are  doing  pretty  well. 

Mr.  Holmes.  Although  much  scientific  and  technical  interest  has 
centered  on  manned  planetary  exploration,  we  feel  it  is  much  too  early 
to  discuss  either  mission  concepts  or  schedules  for  such  a program. 
During  the  next  fiscal  year,  we  plan  to  conduct  studies  to  enable  us 
to  discuss  this  problem  intelligently. 

Before  we  make  firm  recommendations,  we  want  to  supply  ourselves 
with  detailed  information  on  the  magnitude  of  the  problem  and  the 
characteristics  of  both  the  spacecraft  and  the  launch  vehicles  that  will 
be  required  to  carry  out  such  missions. 

We  are  presently  carrying  on  studies  of  more  sophisticated  launch 
vehicles  than  the  Saturn  V for  use  in  such  missions. 

Our  previous  experience  does  tell  us  that  the  launch  vehicle  is  the 
longest  leadtime  element  of  any  large  system,  and  the  large  rocket 
engine  is  the  longest  leadtime  unit  of  the  launch  vehicle.  We  have 
asked  the  Air  Force  to  work  on  the  demonstration  of  a large  solid 
propellent  rocket.  We  have  had  a NASA  contractor.  Aerojet  Genera! 
Corp.,  at  work  for  a year  on  the  development  of  the  M-l  liquid  hydro- 
gen-liquid oxygen  engine. 

In  addition,  Dr.  Bisplinghoff’s  Office  of  Advanced  Research  and 
Technology  is  investigating  more  advanced  forms  of  propulsion  that 
might  become  available  by  the  time  we  are  ready  to  begin  the  develop- 
ment of  a new  launch  vehicle. 

We  use  the  name  NOVA  to  describe  the  launch  vehicle  that  would 
follow  the  Saturn  V.  Studies  of  a number  of  possible  NOVA  con- 
figurations are  now  in  progress,  and  further  studies  will  take  place 
during  the  fiscal  year  beginning  July  1. 

We  must  give  careful  consideration  to  these  possible  future  pro- 
grams, not  only  from  engineering  considerations  but  also  from  those  of 
national  policy.  Until  now,  this  Nation  has  taken  on  almost  every  task 
in  space  that  was  feasible.  As  soon  as  the  rocket  power  became 
available,  we  launched  small  satellites  and  space  probes.  The  Mercury 
astronauts  were  launched  into  space  the  very  first  day  we  thought  it 
safe.  The  same  will  be  true  in  our  lun ar  exploration  program. 

Soon,  however,  we  shall  have  available  rocket  power  and  advanced 
propulsion  systems,  spacecraft  technology,  facilities,  and  operational 
techniques  that  will  allow  us  to  go  in  many  directions  in  space. 
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Preliminary  examination  of  scheduling  considerations  indicates  that 
flight  to  Mars  may  be  feasible  during  the  1970’s.  However,  the  cost 
in  money,  time,  and  manpower  would  far  exceed  that  of  Project 
Apollo.  Should  we  do  it? 

We  are  discussing  these  areas  from  the  standpoint  of  technological 
feasibility.  It  is  not  intended  that  such  statements  should  be  inter- 
preted as  a recommendation  for  a course  of  action.  Such  future  pro- 
grams would  involve  the  commitment  of  significant  amounts  of  funds 
and  manpower.  The  decision  to  proceed  would,  of  course,  be  made  at 
the  highest  levels  of  the  Government. 

CONCLUSION 

In  conclusion,  let  us  recapitulate  what  has  been  stated  in  this  ex- 
tended report  of  the  status  of  the  U.S.  manned  space  flight  program. 

We  have  found  that  there  are  excellent  reasons  why  the  United 
States  should  devote  resources,  manpower,  and  money  to  an  endeavor 
to  achieve  national  preeminence  in  space.  We  have  made  the  orga- 
nizational arrangements  needed  to  achieve  our  national  goals,  or  at 
least  we  so  believe.  The  manned  space  flight  program  consists  of  three 
projects.  Mercury,  Gemini,  and  Apollo,  in  which  we  are  proceeding 
step  by  step  to  develop  broad  capabilities  in  manned  space  flight.  Our 
efforts  to  carry  out  this  program  are  broken  down  into  several  major 
areas,  which  have  been  covered  in  this  statement. 

We  have  discussed  systems  engineering,  which  provides  program- 
wide technical  analysis,  determines  broad  specifications  and  conceptual 
designs,  identifies  alternative  contingencies  within  a program  as  it 
progresses,  provides  overall  reliability  and  system  test  plans,  prepares 
a long-range  plan,  and  assists  in  the  establishment  of  project  develop- 
ment plans  for  future  manned  space  flight  projects. 

We  have  recounted  progress  m spacecraft  development,  flight  mis- 
sions, and.  space  medicine.  We  have  reported  what  has  been  learned 
from  Project  Mercury,  the  status  of  Project  Gemini,  and  the  results 
to  date  in  the  research  and  development  of  the  spacecraft  to  be  em- 
ployed in  Project  Apollo.  We  have  discussed  the  medical  considera- 
tions in  each  of  these  programs. 

We  have  described  the  three  powerful  launch  vehicles  of  the  Saturn 
series — the  Saturn  I,  the  Saturn  I-B,  and  the  Saturn  V — which  will 
provide  the  lifting  power  required  in  Project  Apollo  and  with  which 
we  intend  to  make  the  United  Stated  preeminent  in  this  area. 

We  have  shown  how  we  are  taking  steps  in  our  integration  and 
checkout  effort  to  make  certain  that  the  elements  of  this  complex  pro- 
gram fit  together,  to  assure  overall  reliability  and  safety,  and  to  estab- 
lish that  everything  is  in  working  order  when  it  is  time  to  begin  a 
mission. 

We  have  discussed  the  facilities  in  being  and  under  construction 
which  will  enable  the  United  States  to  carry  out  launch  operations 
with  great  flexibility  from  the  spaceport  at  Merritt  Island,  Fla. 

We  have  reported  on  the  selection  and  training  of  astronauts,  in 
which  we  are  seeing  to  it  that  the  men  who  will  take  part,  in  the  flight 
phase  of  this  great  enterprise  are  properly  prepared  for  their  work. 

We  have  described  the  techniques  of  flight  operations  control,  in 
which  we  are  providing  a maximum  of  Earth-based  support  to  en- 
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able  our  astronauts  to  find  their  way  to  their  destination  and  return 
safely. 

Having  discussed  all  elements  of  the  mission,  we  have  examined 
the  details  of  a trip  to  the  Moon  and  back,  reporting  the  events  that 
must  occur  at  each  step  along  the  way. 

Finally,  we  have  seen  that  studies  of  possible  future  manned  space 
flight  programs  are  in  progress. 

Thank  you  very  much  for  the  opportunity  to  appear  before  the 
subcommittee. 

Mr.  Daddario.  Mr.  Holmes,  we  appreciate  the  fact  that  you  have 
been  before  the  committee  and  also  that  you  agreed  to  come  here  this 
afternoon. 

Mr.  Yeager.  I had  one  question,  Mr.  Holmes. 

In  regard  to  your  advanced  planning — you  spoke  about  it  on  page 
84 — is  there  any  particular  item  for  this  in  the  budget,  or  is  this  drawn 
from  your  general  R.  & D.  funds  when  you  feel  it  is  necessary  ? 

Mr.  Holmes.  In  1963  I guess  it  is  all  in  our  systems  engineering. 
Is  that  right? 

Mr.  Lilly.  It  is  in  systems  engineering  for  1964. 

Mr.  Holmes.  How  about  1963? 

Mr.  Lilly.  For  1963  also. 

Mr.  Holmes.  It  is  under  our  systems  engineering  budget. 

Mr.  Yeager.  Is  there  a fixed  amount? 

Mr.  Holmes.  For  1964  on  we  show  a systems  engineering  level  of 
about  $60  million  a year.  That  includes  Bellcomm,  our  inhouse  work, 
and  studies,  two-thirds  of  which  would  be  carried  out  through  con- 
tracts through  the  centers. 

Mr.  Yeager.  If  you  had  a fairly  substantial  fund  for  advanced 
planning  which  would  include  advanced  design,  is  it  conceivable  that 
you  might  be  able  to  come  before  the  committee  with  designs  further 
along  or  more  crystallized,  which  would  then  result  in  less  reprogram- 
ing, or  do  you  feel  that  you  have  sufficient  funds  for  that  now  ? 

Mr.  Holmes.  I think  particularly  in  the  construction  of  facilities 
area  with  more  funds  earmarked  for  advanced  design,  we  would  be 
able  to  do  two  things. 

One,  I think  we  would  be  able  to  save  time  and  probably  money  in 
the  long  run.  At  least  our  friends  in  the  Corps  of  Engineers  tell  us 
this. 

Secondly,  we  would  be  able  to  define  for  the  committee  to  a much 
greater  extent  what  we  want  to  build,  so  that  you  could  judge  whether 
or  not  you  felt  the  Congress  should  authorize  the  funds. 

F uther,  our  thoughts  would  be  more  crystallized,  so  that  there  would 
be  less  reprograming  later. 

I think  it  would  be  most  helpful,  Mr.  Yeager,  if  we  had  more  ad- 
vance design  funds.  Do  you  agree  with  that,  Mr.  Lilly  ? 

Mr.  Lilly.  Yes,  that  is  correct. 

Mr.  Yeager.  Do  you  feel  that  would  be  helpful  in  R.  & D.,  too, 
that  you  could  design  things  as  far  as  possible  in  regard  to  systems  and 
concepts  and  that  type  of  thing,  rather  than  construction  ? 

Mr.  Holmes.  I think  it  is  important  for  us  to  have  the  system  en- 
gineers’ funds  to  cover  the  several  things  I mentioned.  We  must  have 
the  specification  for  the  ongoing  program,  and  we  must  look  to  the 
future  so  we  are  not  caught  napping. 
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Indeed,  we  should  have  started  the  systems  engineering  for  Apollo 
at  least  a year  or  possible  2 years  ahead  of  when  we  did.  It  would 
have  made  it  a lot  easier  for  us  today. 

Mr.  Yeager.  In  a sense  this  is  a money-saving  way  of  handling  it. 

Mr,  Holmes.  I believe  so,  Mr.  Yeager,  yes.  ■ 

Mr.  Daddario.  Mr.  Patten. 

Mr.  Patten.  No  questions. 

Mr.  Daddario.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  How  has  the  arrangement  with  the 
U.S.  Corps  of  Engineers  been  working  out  for  the  construction 
of  facilities? 

Mr.  Holmes.  It  has  been  working  out  very  well,  Mr.  Fulton. 

They  carry  a very  major  portion  of  the  burden  of  getting  the 
construction  of  facilities  accomplished.  We  give  them  our  technical 
requirements  and  then  they,  as  you  know,  contract  both  for  the  A.  & E. 
and  for  the  construction.  They  also  monitor  the  performance  of  those 
contractors. 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  put  in  the  record 
with  the  chairman’s  permission  the  estimates,  and  how  the  construction 
of  facilities  actually  has  conformed  to  these  prior  estimates. 

Mr.  Holmes.  Yes,  we  can  do  that. 

Mr.  Fulton  of  Pennsylvania.  It  would  mean  just  the  major 
facilities. 

Mr.  Holmes.  The  major  facilities. 

Mr.  Fulton  of  Pennsylvania.  Then  on  the  construction  of  facilities, 
I would  like  the  timetable  you  originally  set  up  for  programing  and 
how  closely  you  are  conforming  to  that  timetable,  to  see  what  your 
efficiency  is  on  meeting  your  plans. 

Mr.  Holmes.  Yes,  sir,  we  would  be  glad  to  submit  that. 

(The  material  referred  to  is  as  follows :) 


The  following  table  illustrates  the  cost  and  time  comparison  between  budget 
estimate  and  current  working  schedule.  Key  facilities  are  represented. 
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1 

Protechnic  test  weights  and 

1,763,000 

1,753,000 

12 

15 

balance  facility. 

Modifications  to  Titan  H launch 

2, 400,000 

2,700,000 

18 

16 

The  increased  cost  of  the 

complex. 

Advance  Saturn/Nova  support- 
ing facility:  Central  telephone 
office. 

project  was  based  on  pre- 
liminary design  completed 
subsequent  to  the  budget 
submittal. 

3,250,000 

2,958,000 

13 

15 

The  current  working  esti- 

mate  is  based  on  actual  bid 

prices  for  building  con- 
struction. 
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Project  location  and  title 

Cost  comparison 

Timetable  for 
comnletion 
(design  and 
construction) 

Budget 

estimate 

Current 

working 

estimate 

Budget 

sub- 

mission 

Current 

sched- 

ule 

MANNED  SPACECRAFT  CENTER 
Flight  acceleration  facility 

10,630,000 

10,630,000 

Months 

22 

Months 

25 

Thermochemical  test  facility 

6,000,000 

6,000,000 

24 

22 

Manned  spacecraft  facilities. 
Project  management  build- 

4, 278, 620 

4, 801, 104 

23 

25 

tag. 

Central  data  building  — 

1,331,240 

998, 100 

22 

24 

MARSHALL  SPACE  FLIGHT  CENTER 

. 

Engineering  and  administration 

2, 600,000 

2,500,000 

18 

16 

building. 

Addition  to  computation  divi- 

1,255,000 

1, 249,  500 

18 

18 

sion  building. 

MICHOUD  PLANT 

Hydrostatic  test  and  cleaning 

' 

3,000,000 

3,000,000 

21 

20 

facility. 

Vertical  assembly  facility 

3,000,000 

3,000,000 

. 21 

20 

MISSISSIPPI  TEST  FACILITY 

Utility  installation  and  support 
facilities: 

Maintenance  and  supply 

500,000 

1,430,000 

20 

18 

facilities. 

Navigational  lock  (founda- 

500,000 

1, 500,000 

14 

12 

tions  only). 

VARIOUS  LOCATIONS 
Facilities  for  F-I  engine  program . 

$25,000,000 

$28, 952, 000 

31 

29 

Modification  to  Mercury  Cor/.- 

843,300 

872,000 

17 

16 

trol  Center. 

• 

Remarks 


Current  schedule  based  on 
30  percent  design  comple- 
tion. 

Do. 


The  current  working  esti- 
mate Is  based  on  actual 
bid  prices. 

The  current  working  esti- 
mate is  based  on  actual 
bid  prices.  This  structure 
is  included  In  the  MSC 
fiscal  year  1962  Construc- 
tion of  Facilities  program 
and  is  currently  under 
construction. 


Current  working  estimate  is 
based  on  actual  bid  prices. 
Current  cost  is  based  on 
preliminary  design. 


Current  working  estimate  is 
based  on  actual  bid  prices. 
Do. 


Criteria  and  detailed  Con- 
struction of  Facilities  sched- 
ules were  not  available  at 
the  time  the  budget  esti- 
mate was  prepared.  Cur- 
rent working  estimates 
and  time  table  are  based 
on  100-percent  complete 
criteria  and  detailed  Con- 
struction of  Facilities 
schedules. 


The  current  working  esti- 
mate is  based  on  actual  bid 
prices  for  building  con- 
struction. This  modifica- 
tion is  a part  of  the  $5,000,- 
000  item  identified  in  the 
fiscal  year  1963  budget 
submission  under  project 
entitled  "Manned  Space 
Flight  Control  Centers.” 
This  facility  was  originally 
scheduled  to  control  the 
entire  Gemini  program. 
The  present  plan,  however, 
will  utilize  this  center  for 
monitoring  only  the  earth 
orbital  missions.  The  In- 
tegrated Mission  Control 
Center,  being  constructed 
at  Houston,  Tex.,  will  be 
used  to  control  succeeding 
development  phases. 
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Mr.  Fulton  of  Pennsylvania.  I would  like  to  have  some  comment 
on  the  method  of  moving  toward  free  competitive  bidding  on  off-the- 
shelf  and  over-the-counter  regular  recurring  items  in  the  space  field. 
I would  like  to  ">ee  us  get  to  the  point  where  we  can  get  away  from  this 
choice  of  contractors  and  get  one  best  who  is  then  best  qualified  in  that 
field  forever.  Have  a grouping  of  contractors  who  feel  that  when 
they  put  the  work  in  on  the  study  and  the  design  that  they  then  have 
an  investment  that  they  might  get  something  out  of. 

I do  hear  complaints  from  companies  that  they  did  all  the  work 
and  design,  and  were  called  in,  but  that  they  did  not  then  get  the 
contract  after  putting  quite  a bit  of  expense  and  work  into  the  project. 

Do  you  have  any  method  of  avoiding  that  advanced  contractor 
expense  which  9 times  out  of  10  is  going  to  simply  be  an  expense 
and  a loss  to  them  ? Do  you  have  anyway  to  meet  such  a situation  ? 

Mr.  Holmes.  No;  I don’t  think  we  do  have  a complete  solution 
which  allows  for  a competitive  bidding  system. 

We  have  tried,  conscientiously,  to  notify  contractors  when  we 
thought  it  would  take  an  exceedingly  good  proposal  on  their  part 
to  win  the  job.  Now  this  is  a difficult  thing  to  do  with  a capable 
contractor.  But  sometimes  it  must  be  done  because  of  a particular 
contract  that  contractor  might  have.  For  example,  the  General  Elec- 
tric Co.  was  so  advised  with  regard  to  the  integrated  mission  control 
center  at  Houston. 

Mr.  Fulton  of  Pennsylvania.  Well,  take  as  a specific  example  the 
Goldstone  project  wThicli  is  the  deep  space  radar  dish  that  will  cost- 
about  $15  million.  I realize  that  there  is  a research  and  development 
angle  to  that  dish,  but  there  likewise  is  quite  a lot  of  straight  con- 
struction work,  fabrication  and  other  regular  day-to-day  contracting 
involved  in  this  particular  project. 

When  it  comes  down  to  four  companies  or  groups  of  companies 
that  are  all  competent  in  the  field,  then  it  would  seem  to  me  it  would 
be  wise  to  say,  gentlemen,  put  your  bids  in,  they  are  opened  at  a 
certain  time,  these  are  the  specifications. 

My  criticism  would  be  that  it  still  is  making  a choice  of  contractor 
through  the  personal  leaning  of  the  particular  contracting  officer  or 
contracting  officer  groups.  This  personal  leaning  is  often  through 
past  history  or  through  connections  or  friendships. 

In  order  to  get  the  least  cost  to  the  taxpayer,  if  seems  to  me  that 
when  you  eliminate  the  research  and  development  items,  that  you 
then  have  these  people  who  are  competent  in  the  field  submit  proposals 
for  the  lowest  bid. 

I feel  that  it  is  not  wise  to  eliminate  people  of  competency  simply 
by  a variable  choice  without  reason. 

On  one  case  in  the  low-vacuum  test  facility,  I asked  why  a company 
that,  had  done  over  $50  million  worth  of  business  in  the  low-vacuum 
field  or  high-vacuum  field,  was  eliminated  and  not  even  allowed  to 
make  a bid  on  it ; the  answer  was  they  did  not  show  enough  imagina- 
tion in  their  proposal. 

So,  of  course,  I said,  “Well,  what  kind  of  imagination?”  and  I 
have  a letter  from  Mr.  Dembling  saying  that  you  have  changed  your 
practice  in  the  vacuum  field  installation  so  that  it  is  now  on  public 
bid.  I hope  you  will  do  that  in  these  other  fields. 

Can  we  assure  the  House  of  Representatives  and  the  American 
taxpayers  that  you  will  set  up  procedures  that  will  broaden  the  base 
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of  public  bidding  on  these  off-the-shelf,  over-the-counter  items  of 
regular  use  in  the  space  field? 

Mr.  Holmes.  Yes,  Mr.  Fulton,  we  can  assure  you,  of  that.  I think 
wTe  can  assure  you — and  I will  speak  for  NASA  now  rather  than  just 
my  office — that  we  will  go  to  advertised,  fixed-price  bidding,  wherever 
we  feel  it  is  possible  and  to  the  advantage  of  the  Government.  One 
must,  of  course,  be  able  to  specify  what  is  to  be  done  clearly  enough 
so  that  you  can  tell  whether  the  product  delivered  is  really  that  which 
the  specification  called  for. 

Mr.  Fulton  of  Pennsylvania.  Do  you  have  adequate  in-house  capa- 
bilities and  personnel  for  definitive  specifications?  It  seems  to  me 
that  in  a good  many  cases  you  are  trying  to  save  money  but  are  put- 
ting out  for  bid  what  is  more  general  ideas,  with  the  basic  design  not 
really  reduced  to  paper,  let  alone  any  particular  specifications. 

Mr.  Holmes.  Well,  it  is  my  personal  belief  that  we  have  in  house, 
in  NASA,  more  competence  than  any  other  Government  agency 
does * 

Mr.  Fulton  of  Pennsylvania.  Shouldn’t  you  have  more;  that  is 
really  the  question. 

Mr.  Holmes.  For  putting  out  engineering  type  specifications. 

Mr.  Fulton  of  Pennsylvania.  Should  you  have  more  personnel  and 
facilities  of  that  type? 

Mr.  Holmes.  Maybe  I should  clarify.  We  have  a great  many 
competent  people  in  NASA.  But  I really  think  the  limitation,  Mr. 
Fulton,  is  that  it  is  not  possible  for  any  group  of  people  to  define  these 
early  development  tasks  to  the  detail  necessary  to  get  a fixed-price 
quotation. 

I think  if  one  looks  at  the  specifications  that  we  put  out  for  Apollo, 
or  for  the  integrated  mission  control  center,  you  would  find  that 
they  were  tremendously  detailed  and  yet  still  they  were  not  to  the 
point  where  it  was  to  the  advantage  of  the  Government  to  take  a fixed 
price  quotation. 

Mr.  Fulton  of  Pennsylvania.  Do  you  need  to  break  down  vour 
bidding  from  the  project  level  to  the  individual  programing  level 
within  the  project?  Do  you  need  to  come  down  out  of  picking  some- 
body to  do  a tremendous  overall  project  where  then  the  subs  and  the 
sub-subs  have  any  competitive  bidding,  or  rather  take  over  the  project 
management  yourself  m-house  and  keep  control  of  it  with  adequate 
personnel. 

Mr.  Holmes.  Well,  I believe  that  we  are  going  about  as  far  as  we 
should  in  exercising  in-house  control.  As  I mentioned  this  morning, 

I think  a prime  contractor  should  select  his  subcontractors  with- 
in certain  ground  rules  designed  to  assure  cost  and  technical  compe- 
tition where  possible,  et  cetera. 

Mr.  Fulton  of  Pennsylvania.  Does  the  prime  contractor  put  out 
these  proposals  on  public  bid  for  subcontracts  ? 

Mr.  Holmes.  There  are  some  cases  where  we  feel  that  it  is  to  the  • 
advantage  of  the  Government  to  go  ahead  with  a subcontractor  that 
was  proposed  by  the  prime  contractor  without  competition,  but  com- 
petition is  generally  highly  desirable. 

Mr.  Fulton  of  Pennsylvania.  How  far  down  in  the  series  of  con- 
tractors, subcontractors,  do  you  go  ? 

Mr.  Holmes.  Beg  pardon. 
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Mr.  Fulton  of  Pennsylvania.  How  far  down  in  the  series  of  prime 
contractors,  subcontractors,  and  sub-subcontractors  do  you  go  to 
see  that  the  Government  is  getting  its  money’s  worth  through  public 
bid  or  even  through  competition? 

Mr.  Holmes.  I am  going  to  ask  Mr.  Bothmer,  my  executive  assist- 
ant, who  is  more  qualified  than  I am,  to  speak  on  this,  if  I may. 

Would  you  like  to  comment,  Mr.  Bothmer  ? 

Mr.  Bothmer.  Yes.  Mr.  Fulton,  I don’t  think  that  the  prime  con- 
tractors have  a public  bidding  system  in  the  sense  that  we  have  in 
the  Government;  that  is,  an  open  advertised  procurement  system. 
They  do  have  competitive  procurements  and  are  required  to  do  so  in 
many  cases  under  our  regulations  concerning  approval  of  subcon- 
tracts. 

In  NASA  and  other  Government  departments  such  as  the  Defense 
Department,  regulations  are  issued  to  require  prime  contractors  to 
follow  certain  procurement  practices.  For  instance,  we  have  small 
business  subcontracting  programs ; we  have  administrative  contracting 
procedures  which  require  approval  by  the  Government  over  subcon- 
tracting procedures;  we  assure  that  primes  do  obtain  competition 
where  they  reasonably  can  through  the  approval  of  subcontract 
awards. 

Mr.  Fulton  of  Pennsylvania.  How  far  down  in  the  contracting 
procedure  do  you  monitor  the  contract?  For  example,  the  prime  con- 
tractor, the  major  subcontractors,  the  sub-subs,  where  do  you  stop? 

Mr.  Bothmer.  This  depends,  of  course,  upon  the  dollar  value  of 
the  contracts  involved.  On  large  prime  contracts  we  might  well  have 
provisions,  for  example,  that  would  require  the  prime  contractor  to 
comply  with  certain  procurement  procedures,  and  in  turn  require  his 
major  subcontractors  to  follow  the  same  rules.  For  example,  large 
primes  are  required  to  specify  certain  small  business  programs,  and 
this  sort  of  thing,  which  their  subs  must  follow. 

Mr.  Fultg  of  Pennsylvania.  Do  you  have  within  the  structure 
of  NASA,  on  your  organization  setup,  a firm  organization  to  inspect 
and  monitor  these  contracts  on  the  spot  as  they  proceed  ? 

What  kind  of  inspection  procedure  do  you  have  of  that  type? 

Mr.  Bothmer.  We  have,  for  example,  working  with  some  of  the 
major  NASA  prime  contractors  on  the  west  coast,  the  Western  Opera- 
' ations  Office  which 

Mr.  F ulton  of  Pennsylvania.  I have  been  there. 

Mr.  Bothmer.  Which  is  in  this  contract  administration  business 
and  does  monitor  the  kind  of  things  I am  talking  about. 

Mr.  Fulton  of  Pennsylvania.  But  they  have  very  little  personnel 
there. 

Mr.  Bothmer.  That  is  true,  and  on  a great  many  of  our  major 
contracts  wTe  have  in  the  past  in  NASA  relied  on  the  Defense  Depart- 
ment to  carry  on  this  sort  of  activity  for  us. 

We  are  graduiilly  building  within  NASA  an  in-house  capability  to 
do  more  of  this  on  our  own. 

Mr.  Fulton  of  Pennsylvania.  That  is  the  process  I am  getting  at. 

I don’t  want  to  take  the  committee’s  time.  Will  you  please  put  in  the 
record  how  you  have  previously  done  it,  how'  you  are  changing  it,  and 
what  you  expect  to  come  to  ? 

Mr.  Bothmer.  Yes,  we  will  be  glad  to  do  that. 
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I think  also  you  are  having  Mr.  Siepert  and  Mr.  Brackett  before  the 
subcommittee  tomorrow.  They  are  certainly  well  qualified  to  discuss 
this  subject  further. 

(The  information  requested  is  as  follows :) 

NASA’s  existing  policies  and  procedures  on  procurements  are  derived  from 
the  Armed  Services  Procurement  Regulations  (ASPR).  NASA’s  Procurement 
Regulations  establish  definite  policies  and  procedures  for  evaluating  contractor 
purchasing  practices  and  subcontract  management.  For  example,  the  contrac- 
tor’s purchasing  methods,  pricing  policies,  and  adherence  to  statutory  clauses 
are  examined  carefully. 

A “subcontract”  clause  is  prescribed  in  NASA  contracts  that  are  price  redeter- 
minable,  incentive,  or  cost  type.  According  to  the  terms  of  this  clause,  the  con- 
tracting officer  must  review  and  approve  all  subcontracts  that  are  of  a cost- 
plus-fixed-fee  nature,  exceed  $25,000  or  5 percent  of  the  contract  price,  or  pro- 
vide for  industrial  facilities.  The  contracting  officer  must  also  give  bis  writ- 
ten consent  on  subcontracts  that  call  for  special  tooling  over  $1,000  or  are 
based  on  time  and  material  or  labor-hour.  NASA’s  Director  of  Procurement 
and  Supply  reviews  and  approves  contracts  above  a certain  dollar  level  and  re- 
lated modifications  to  verify  that  the  subcontract  provisions  are  followed. 

The  NASA  Procurement  Regulations  establish  guidelines  for  implementation 
of  the  subcontract  provisions.  These  policies  apply  both  to  NASA  contracting 
officers  and  to  Department  of  Defense  contracting  officers  who  are-  acting  on 
NASA’s  behalf. 

NASA  devotes  continuing  effort  to  proper  review  of  project  costs.  The  pro- 
visions of  section  XV  of  the  Armed  Services  Procurement  Regulations,  “Contract 
Cost  Principles  and  Procedures,’’  are  incorporated  into  contracts.  These  com- 
prehensive principles  serve  as  a contractual  basis  fpr  the  determination  and  al- 
lowability of  cost  related  to  negotiation  and  administration  of  cost-reimburse- 
ment contracts.  All  contracts  of  this  type  are  subject  to  a detailed  audit. 

NASA  follows  a comprehensive  program  for  quality  assurance.  Three  quality 
publications,  NPC  200-1,  200-2,  and  200-3,  represent  the  cooperative  efforts  of  all 
NASA  installations  and  establish  mechanisms  for  achieving  the  highest  degree 
of  reliability  in  space  program  procurements  from  research  and  development 
through  space  operations.  NPC  200-1,  entitled  “Quality  Assurance  Provisions 
for  Inspection  Agencies,”  is  designed  to  utilize  the  services  of  existing  Govern- 
ment inspection  agencies,  under  the  technical  direction  of  the  responsible  NASA 
installation.  Minimum  requirements  for  the  performance  of  quality  assurance 
functions  by  an  inspection  agency  are  described.  NASA  installations  retain  and 
cannot  delegate  overall  responsibility  for  the  quality  of  hardware  and  services 
procured. 

NPC  200-2,  entitled  “Quality  Program  Provisions  for  Space  System  Contrac- 
tors,” establishes  requirements  that  ensure  high  quality  in  space  systems,  major 
subsystems,  and  complex  assemblies  involving  design  and  development.  The 
third  publication,  NPC  200-3,  govern  the  inspection  system  for  suppliers  of  mate- 
rials, parts,  components,  and  services  that  are  used  in  space  systems. 

These  policies  require  prime  and  subcontractors  to  maintain  a quality  assurance 
program  more  stringent  than  traditional  standards.  In  addition,  the  guidelines 
enable  NASA  management  to  evaluate  contractor  performance  on  current  work 
and  provide  a judgment  factor  for  considering  future  awards  to  that  contractor. 
In  some  instances  the  scope  and  importance  of  the  work  justify  the  establishment 
of  a resident  NASA  office  at  the  contractor’s  plant  Examples  are  North  Ameri- 
can’s Downey,  Calif.,  plant,  Pratt  & Whitney’s  West  Palm  Beach  plant,  and  the 
Boeing  and  Chrysler  operation  at  the  Michoud  plant. 

NASA’s  inspection  system  is  part  of  a quality  assurance  program  to  achieve 
high  reliability  of  hardware  in  space  operations.  The  agency  performing  inspec- 
tion at  the  plant  is  required  to  submit  a written  quality  assurance  and  inspection 
plan  providing  for  quality  verification  at  all  stages,  including  receiving,  qualifica- 
tion, in  process,  end  item,  shipping,  and  storage.  This  plan  includes  a flow  chart 
of  planned  agency  operations,  a list  of  processes  and  procedures  involved,  and 
numbers  and  skills  of  personnel.  The  inspection  agency  is  required  to  submit 
monthly  summary  reports.  Similar  requirements  are  placed  upon  system  con- 
tractors and  suppliers  of  parts  and  materials,  based  on  NPC  200-2  and  200-3, 
which  contain  detailed  requirements  for  planning,  reporting  and  feedback,  as 
well  as  controls  over  purchases  assembly,  testing,  and  processes.  NASA  has 
also  initiated  use  of  inspection  stamps  to  identify  both  the  level  of  quality  and 
verifying  officer. 
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Each  NASA  center  involved  in  the  manned  space  flight  program  has  a cen- 
trally directed  quality  assurance  organization  that  responds  to  program  needs. 
The  functions  and  procedures  are  aimed  at  achieving  the  highest  degree  of  con- 
fidence in  mission  success  and  flight  safety. 

In  addition,  NASA  is  preparing  process  control  documents  which  are  speci- 
fically designed  to  satisfy  the  high  standards  for  work  on  existing  space  pro- 
grams. These  documents  will  specify  NASA-wide  requirements,  including  those 
for  certification  of  Government  and  contractor  personnel. 

The  success  of  the  NASA  quality  concept  requires  adequate  numbers  of  tech- 
nically competent  and  trained  personnel  to  represent  our  centers  in  contractors’ 
plants  and  to  perform  inhouse  quality  functions.  Both  professionals,  such  as 
aerospace  engineers,  and  nonprofessionals  are  involved.  At  NASA’s  request, 
the  Civil  Service  Commission  has  defined  and  approved  a new  classification 
series,  called  “Space  System  Quality  Control  and  Inspection”  (GS-1955-0). 
A NASA-wide  reliability  and  quality  assurance  training  program  is  also  being 
developed.  The  program,  directed  by  the  headquarters  office  of  reliability  and 
quality  assurance,  will  include  training  in  the  application  of  quality  publica- 
tions and  concepts  of  space  vehicle  performance.  At  present  training  is  avail- 
able in  automatic  checkout  techniques,  radiography,  cleaning  control  and  fluid 
analysis,  high-pressure  fittings,  and  component  testing  (electrical,  electronic, 
and  mechanical).  These  courses  are  directed  at  Government  quality  assurance 
personnel,  both  from  NASA  and  other  agencies.  In  addition,  a soldering  course 
provides  training  for  instructors  and  examiners  in  industry. 

Mr.  Fulton  of  Pennsylvania.  While  we  are  on  this,  the  General 
Accounting  Office  has  no  scientists,  nor  do  they  have  any  engineering 
talent  as  such.  How  do  they  monitor  what  you  are  doing  in  NASA, 
because  they  just  look  into  the  administration  and  the  accounting. 

Mr.  Bothmer.  If  you  mean  how  do  they  monitor  the  procurement 
policy  aspects  of  what  we  are  doing,  that  is  one  thing,  Mr.  Fulton,  but 
±f  you’re  talking  about  technical  matters,  that’s  something  else.  I am 
not  sure  I understand  the  question. 

Mr.  Fulton  of  Pennsylvania.  What  is  the  interface  between  your 
agency  and  the  General  Accounting  Office  ? 

Mr.  Bothmer.  I think  the  General  Accounting  Office  uses  its  audit 
services  to  look  into  our  contracts  to  see  whether  they  have  been  prop- 
erly awarded  and  administered.  The  GAO  is  interested  in  seeing 
that  the  pricing  policies,  for  example,  have  been  followed  as  they 
should  have  been. 

As  far  as  the  technical  aspects  of  the  procurement 

Mr.  Fulton  of  Pennsylvania.  That  is  it,  there  is  no  technical  judg- 
ment, or  research  judgment,  or  engineering  judgment  on  their  find- 
ings, is  there? 

Mr.  Bothmer.  They  do  not  to  the  best  of  my  knowledge,  have  any 
capacity  for  this  sort  of  thing,  no. 

Mr.  Folton  of  Pennsylvania.  So  there  is  no  outside  monitoring  of 
NASA  on  that  basis  ? 

Mr.  Bothmer.  Not  on  a technical  basis  from  the  General  Account- 
ing Office;  no,  sir. 

Mr.  Daddario.  Mr.  Gurney. 

Mr.  Gurnet.  One  question  was  brought  up  this  morning.  I sup- 
pose it  is  a basic  premise  that  we  have  lagged  behind  the  Russians 
in  manned  space  night  because  they  had  a great  start  on  us  on  large 
boosters. 

If  that  is  the  case,  are  we  running  into  danger  of  another  lag  by  not 
going  ahead  with  the  Nova  program  or  something  like  it,  or  to  put 
it  another  way,  how  soon  should  we  go  ahead  with  a booster  like  Nova? 

Mr.  Holmes.  Well,  with  respect  to  the  first  part  of  your  question 
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on  Russia,  to  our  knowledge  they  have  launched  over  and  over  again 
a booster  capable  of  putting  perhaps  15,000  pounds  into  orbit. 

They  have  used  it  in  various  ways.  Sometimes  with  10,000  pounds, 
sometimes  to  put  up  as  much  as  15,000  pounds  for  the  Lunik  third 
starve. 

Our  Saturn  I will  put  22,000  pounds  into  Earth  orbit;  our  Saturn 
I-B,  32,000  pounds  into  Earth  orbit,  and  our  Saturn  V,  240,000  pounds 
into  Earth  orbit. 

The  Russians  will  have  to  show  a capability  to  launch  much  higher 
weights  if  they  expect  to  retain  their  lead,  and  if  they  expect  to  go 
to  the  Moon,  other  than  through  very  complex  rendezvous  techniques. 

As  far  as  when  we  should  go  ahead  with  the  Nova,  I think  we  should 
now  be  studying  what  the  latest  state  of  the  art  is  and  studying  differ- 
ent approaches,  including  the  use  of  solids,  different  kinds  of  engines, 
and  different  kinds  of  fuels.  We  are  doing  this. 

I think  we  should  go  ahead  with  development  of  engines  (such  as 
we  are  with  the  M-l)  which  take  so  many  years  to  develop.  Then 
at  such  time  as  we  develop  a program  for  a launch  vehicle  for  plane- 
tary flight,  we  will  be  able  to  proceed.  I don’t  think  we  should  be 
spending  major  amounts  of  dollars  on  its  unless  we  want  to  speed 
up  the  date  that  we  had  anticipated  to  go  into  planetary  flight. 

Mr.  Gurney.  If  the  Russians  landed  on  the  Moon  in  1965  or  1966, 
would  this  make  any  difference  in  your  program,  or  are  we  probing 
something  here  that  we  shouldn’t? 

Mr.  Holmes.  If  they  launched  a much  larger  booster  tomorrow,  I 
would  revise  my  testimony  tomorrow. 

I don’t  mean,  that  to  be  flip  at  all,  but  it  is  very  difficult  to  get 
information  on  what  they  are  doing.  I think  it  wouldn’t  be  just  go- 
ing to  the  Moon.  I mean  if  they  launched  much  larger  boosters  I 
think  that  we  would  review  that. 

I don’t  think  personally  that  it  would  perturb  very  much  our  on- 
going lunar  program  unless  the  Nation  decided  that  we  should 
proceed  at  a faster  rate  recognizing  the  waste  that  you  get  with  very 
fast  rate  programs. 

As  far  as  changing  the  step-by-step  development,  or  pushing  aside 
the  Saturn  V for  a different  booster  in  the  lunar  program,  I think  we 
would  not  do  that.  That  is  my  present  thinking. 

Mr.  Gurney.  You  might  review  whether  it  was  more  important 
to  go  to  the  Moon  or  else  start  more  work  on  interplanetary  missions ; 
is  that  right? 

Mr.  Holmes.  One  might,  I suppose.  It  is  somewhat  unrealistic 
to  say  we  aren’t  affectedby  what  some  other  nation  does — but  I think 
it  is  highly  unlikely  that  the  Russians  will  demonstrate  a capability 
such  as  to  perturb  our  program  in  the  near  future  anyway. 

That  is  a difficult  statement  to  make.  I would  like  to  have  a lot 
more  knowledge.  It  is  a bit  like  running  a contest  in  which  all  the 
signals  are  revealed  on  one  side,  while  they  are  all  kept  secret  on  the 
other.  - 

Mr.  Daddario.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  What  are  you  doing  in  conjunction 
with  the  Department  of  Agriculture  or  any  other  agency  to  see  about 
maybe  raising  food  on  the  Moon  rather  than  transporting  it  at  a very 
high  cost  per  pound  ? 
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Mr.  Holmes.  I don’t  believe  we  are  doing  anything  with  the  Depart- 
ment of  Agriculture  in  that  respect. 

We  are  doing  advanced  studies  on  closed  ecological  systems  in  order 
to  maximize  the  use  of  any  weight  we  do  carry  to  the  Moon. 

I think  that  most  of  the  scientific  community  feels  there  would  be 
very  little  chance  of  actually  raising  food  on  the  Moon. 

Mr.  Patten.  They  had  better  plant  something  they  can  gather  in 
a hurry. 

Mr.  HotiMES.  Yes,  sir.  There  is  very  little  atmosphere  and  fairly 
sterile  soil.  We  are  having  scientists  and  physicists  study  it. 

Mr.  Fulton  of  Pennsylvania.  It  is  not  as  ridiculous  as  it  might 
sound.  If  you  put  on  the  under  side  of  plastic  some  of  this  bacteria 
that  increases  up  to  12  times  a day  in  weight,  through  some  applica- 
tion of  oxygen,  possibly  you  might  come  up  with  some  sort  of  system 
whereby  you  had  your  waste  materials  fed  over  a plastic  and  might 
even  come  up — if  the  three  dimensional  tomato  would  explode — you 
might  come  up  with  a two  dimensional  tomato. 

Mr.  Holmes.  I guess  that  is  right.  I think  in  the  closed  ecological 
systems,  the  kind  of  thing  you  are  talking  about  growth  of  bacteria, 
or  reuse  of  waste  we  are  doing  quite  a lot  of  work  in  our  research 
centers. 

Mr.  Fulton  of  Pennsylvania.  So  we  are  trying  to  keep  open- 
minded  in  developing  new  systems  and  not  just  the  ordinary  food 
inhalation  that  we  do  here. 

Mr.  Holmes.  Very  much  so,  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  The  other  problem  is  this,  and  I 
have  often  wandered  about  it,  what  might  be  called  the  child’s 
approach  to  the  problem  of  boosters.  When  we  are  using  a booster, 
we  are  raising  everything  vertically  along  with  all  of  the  weight,  and, 
of  course,  the  greatest  amount  of  weight  is  at  the  beginning.  It  is 
like  a pyramid,  so  we  have  to  get  bigger  and  higher  rockets,  and  more 
propellant  must  be  lifted  the  first  few  feet. 

We  have  had  experiments  with  sleds  that  will  generate  speeds  up 
to  300  or  400  miles  an  hour  on  the  earth’s  surface.  Why  don’t  we 
look  at  having  sleds  operating  on  an  inclined  plane  up  a mountain. 

When  we  set  the  booster  off  on  its  pad,  it  goes  up  so  far  vertically 
and  then  does  a gravity  turn  so  that  you  vector  it  more  into  a hori- 
zontal position,  a directional  position.  Why  wouldn’t  it  be  possible 
to  have  a lot  of  this  tremendous  amount  of  fuel  we  are  talking  about 
on  Nova  by  running  it  up  a 16,000- foot  mountain  ? How  much  fuel 
do  you  have  to  have  to  get  that  high  in  proportion  to  your  total  Nova? 
It  is  a tremendous  amount. 

Another  tiling  is  you  could  .use  the  sled  again.  The  third  is  that 
it  could  be  varied  directionally  so  that  when  you  inject  it  into  orbit, 
you  are  already  on  a gravity  turn  that  is  more  nearly  in  conformity 
with  the  vector  that  you  want. 

Mr.  Holmes.  We  have  looked  at  these  techniques.  We  have  re- 
ceived mail  from  many  people  as  to  balances  and  spring  loads,  and 
counterbalances  to  the  weight  of  the  rocket.  We  have  nad  sugges- 
tions on  such  schemes  as  sliding  down  mountains.  I think  it  is  quite 
logical  for. these  things  to  come  to  mind.  However,  if  you  really  sit 
down  and  fodk  at  them,  you  find  that  the  energies  released  by  these 
cryogenic  engines  are  so  great  that  the  footpounds  that  you  can  get 
from  sliding  down  a hill,  or  anything,  are  just  negligible. 
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In  the  Delta  V you  would  get 

Mr.  Fulton  oi  Pennsylvania.  I am  not  talking  of  a U-tum  or  any- 
thing like  that. 

Suppose  you  could  start  your  NOVA  up  at  16,000  feet. 

Mr.  Holmes.  It  wouldn’t  help  a great  deal. 

Mr.  Fulton  of  Pennsylvania.  And  with  a velocity  of  a certain 
amount,  how  much  fuel  would  that  save  you  ? 

As  you  know,  I have  always  had  great  doubts  on  the  Nova.  I 
think  the  Nova  with  present  fuels  is  just  ridiculous,  unless  you  get 
high  energy  fuel. 

Mr.  Holmes.  I think  it  would  save  you  very  little  fuel.  You  would 
start  at  16,000  feet,  but  the  gravity  would  be  essentially  the  same.  It 
is  true  the  atmosphere  would  be  more  rare,  but  not  a great  deal,  and 
you  would  start  at  a velocity  of  zero.  You  would  still  have  to  in- 
crease from  zero  to  18,000  miles  an  hour. 

Mr.  Fulton  of  Pennsylvania.  Not  with  my  sled.  I would  have 
your  Nova  going  400  miles  an  hour. 

Mr.  Holmes.  Then  your  sled  is  sliding  down  the  hill  and  then  I 
have  to  get  a 

Mr.  Fulton  of  Pennsylvania.  I am  not  coming  down  the  hill,  I am 
pushing  the  sled  up  the  hill. 

Mr.  Holmes.  Well,  it  is  going  to  take  you  as  much  energy  to  get  the 
Delta  V on  that  sled  with  a rocket  on  it  as  it  will  take  us  to  launch  it 
from  the  pad.  But  I would  be  glad  to  sit  down  with  pencil  and  paper 
with  you.  You  would  probably  outwit  me,  but  still  we  would  prob- 
ably have  a good  time. 

Mr.  Fulton  of  Pennsylvania.  Thank  you  very  much. 

Mr.  Daddario.  Mr.  Holmes,  you  have  just  touched  on  medical  con- 
siderations here  and  without  going  into  any  detail,  Just  a general 
opinion,  are  you  satisfied  that  since  the  discussions  have  taken  place 
as  to  coordination  of  activities  with  the  other  agencies  of  the  Govern- 
ment, that  progress  has  been  made  in  this  direction  and  that  we  are 
carefully  avoiding  duplication,  and  we  are  carefully  using  our  best 
medical  talents  in  this  area  of  space  ? 

Mr.  Holmes.  Yes,  Mr.  Chairman,  I am. 

I think  that  you  personally  have  contributed  a great  deal  to  that 
with  your  interest  in  it  over  the  years.  During  fiscal  year  1963,  Dr. 
Roadman  of  my  office  met  with  the  Department  of  Defense  and  out- 
lined a detailed  program  concerning  the  way  one  program  should  sup- 
port the  other. 

This  is  continuing  now,  and  it  will  continue  in  future  years.  So  I 
think  there  is  very  close  relationship  there. 

I would  like  to  point  out  that  the  last  nine  astronauts,  the  new 
astronauts,  had  essentially  their  total  medical  evaluations  done  by 
Brooks  Air  Force  Base  in  San  Antonio. 

Further,  Brooks  is  doing  much  other  work  which  is  of  assistance 
to  us. 

I think  in  general  we  are  much  closer  together  than  we  were,  and  I 
think  it  is  to  the  advantage  of  the  country  that  we  are. 

Mr.  Daddario.  Well,  we  will  be  having  before  this  committee  the 
men  in  charge  of  that  program,  but  I did  want  your  personal  opinion. 

We  want  to  thank  you  for  your  appearance  before  this  committee 
today.  I hope  that  if  there  are  questions  which  come  up,  as  I am 
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sure  there  will  be,  that  we  will  have  you  here  again  to  help  us  reach 
a solution. 

Mr.  Fulton  of  Pennsylvania.  I want  to  thank  you,  too,  and  I 
might  say  parenthetically  that  you  ought  to  have  a couple  of  hasnmarks 
on  your  biography  for  your  appearances  before  the  committee.  They 
have  been  good. 

Mr.  Holmes.  Thank  you  very  much. 

Mr.  Daddario.  This  committee  will  adjourn  to  meet  at  the  call  of 
the  Chair. 

(Whereupon,  at  2 :31  p.m.,  the  committee  adjourned  to  meet  at  the 
call  of  the  Chair.) 
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MONDAY,  MARCH  18,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington.,  D.C. 

The  subcommittee  met  at  10  a.m.,  the  Hon.  Olin  E.  Teague  (chair- 
man of  the  subcommittee)  presiding. 

Mr.  Teague.  The  meeting  will  come  to  order. 

Do  you  have  people  with  you,  Dr.  von  Braun  ? 

Dr.  von  Braun.  I have  an  aide,  to  help  me  with  the  slides. 

Mr.  Teague.  Doctor,  you  may  proceed. 

STATEMENT  OP  DR.  WEENHEB  YON  BRAUN,  DIRECTOR,  GEORGE 

C.  MARSHALL  SPACE  FLIGHT  CENTER,  NATIONAL  AERONUATICS 

AND  SPACE  ADMINISTRATION 

Dr.  von  Braun.  Mr.  Chairman,  I have  brought  a prepared  state- 
ment. May  I read  it? 

Mr.  Teague.  Yes,  sir.  Go  right  ahead.  We  will  include  your  bio- 
graphical sketch  at  this  point. 

(The  biographical  sketch  of  Dr.  Wernher  von  Braun  is  as  follows :) 

Db.  Wernheb  von  Bbaun,  Dibectob,  Geobge  C.  Marshall  Space  Flight  Center 

Dr.  Wernher  von  Bratrn  is  the  Director  of  the  George  C.  Marshall  Space  Flight 
Center  of  the  National  Aeronautics  and  Space  Administration,  Huntsville,  Ala. 

The  Marshall  Center  is  in  charge  of  developing  the  National  Aeronautics  and 
Space  Administration’s  larger  space  vehicles  and  conducting  related  research. 
The  Saturn  space  vehicles  are  being  developed  to  carry  out  this  country’s  goal 
of  placing  men  on  the  Moon  and  returning  them  safely  to  the  Earth  within  this 
decade. 

Employing  about  7,000  persons,  the  Marshall  Center  is  capable  of  conducting 
all  phases  in  the  research  and  development  of  a large  space  rocket — from  con- 
ception of  the  idea,  through  design,  development,  fabrication,  and  assembly  of 
hardware,  and  testing. 

Among  the  Center’s  current  programs  are  the  Saturn  I,  Saturn  IB,  Saturn  V, 
and  Nova  heavy  space  vehicles. 

The  Marshall  Space  Flight  Center  also  provided  and  launched  five  modified 
Redstone  rockets  for  the  Mercury  man-in-space  program  of  NASA.  The  Red- 
stone booster  successfully  placed  a chimpanzee,  Ham,  and  two  astronauts, 
Alan  B.  Shepard,  and  Virgil  I.  “Gus”  Grissom,  in  suborbital  flights. 

The  Saturn  I has  been  test  flown  successfully  three  times. 

Dr,  von  Braun  was  born  in  Wirsitz,  Germany,  on  March  23,  1912. 

He  was  awarded  a bachelor’s  degree  at  the  age  of  20  by  the  University  of  Ber- 
lin. Two  years  later,  in  1934,  he  received  his  doctorate  in  physics  at  the  same 
institution. 

In  1930  he  joined  a group  of  inventors  who  constituted  the  perman  Society  for 
Space  Travel.  In  1932  he  was  employed  by  the  Ordnance  Department  of  the 
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German  Government  From  1932  until  1937  he  was  chief  of  a small  rocket 
development  station  near  Berlin.  The  liquid-fueled  rockets,  identified  as  A-l, 
A-2,  and  A-3,  forerunners  of  the  V-2,  were  developed  there. 

He  became  technical  director  of  the  Peenemuende  Rocket  Center  in  1937.  The 
V-2  was  developed  there.  In  the  closing  months  of  World  War  II  he  led  more 
than  100  of  his  fellow  scientists  to  the  West  and  surrendered  to  the  Allied  Powers. 

Dr.  von  Braun  came  to  the  United  States  in  September  1945,  under  contract 
to  the  U.S.  Army.  He  directed  high-altitude  firings  of  captured  V-2  rockets  at 
White  Sands  Missile  Range,  N.  Mex.  Later  he  became  project  director  of  a 
guided  missile  development  unit  at  Ft.  Bliss,  Tex.,  which  employed  some  120  of 
his  Peenemuende  colleagues.  In  1950  the  entire  group  was  transferred  to  Hunts- 
ville, Ala.,  where  the  Army  centered  its  rocketry  activity. 

Dr.  von  Braun  and  about  80  of  his  associates  and  their  families  received  Amer- 
ican citizenship  in  Huntsville  on  April  15, 1955. 

The  Army  Ballistic  Missile  Agency  development  team  which  Dr.  von  Braun 
headed  was  transferred  to  the  National  Aeronautics  and  Space  Administration  in 
1960  at  the  direction  of  the  President.  The  group  was  made  responsible  for 
developing  and  launching  NASA’s  large  space  vehicles. 

At  the  Huntsville  installation,  Dr.  von  Braun  directed  the  development  of  the 
200-mile  Redstone  rocket,  which  was  America’s  first  large  ballistic  rocket.  Later 
the  Von  Braun  group  developed  the  Jupiter  IRBM.  The  Pershing  rocket  devel- 
opment program  was  also  directed  by  Dr.  von  Braun. 

Special  versions  of  the  Bedstone,  the  Jupiter  C,  and  the  Juno  II  were  used  by 
the  Von  Braun  team  in  launching  the  free  world’s  first  satellites  of  the  Earth  and 
Sun,  Explorer  I and  Pioneer  IV,  and  in  the  first  successful  space  flight  and 
recovery  of  animal  life. 

Dr.  von  Braun  has  received  many  professional  and  scholastic  honors  for  his 
leading  role  in  rocketry  and  space  research  activity.  In  1959  he  was  presented 
the  Distinguished  Federal  Civilian  Service  Award  by  the  President  of  the  United 
States. 

Dr.  von  Braun.  Mr.  Chairman  and  members  of  the  subcommittee, 
I appreciate  the  opportunity  to  discuss  with  you  the  status  and  plans 
for  the  Saturn  launch  vehicles.  In  my  discussion,  I will  also  cover 
present  status  of  the  F-l  engine  development  program. 

Status  and  plans  for  the  Saturn  vehicles  cover  a good  deal  of  ground. 
We  have,  to  begin  with,  development  programs  for  five  stages,  two 
instrument  units,  and  four  major  engines.  There  is  also  the  required 
complex  of  ground  test,  manufacturing,  and  launch  facilities,  together 
with  appropriate  ground  support  equipment. 

We  must  also  consider  the  various  interfaces  involved:  Stage-to- 
stage,  spacecraft  to  vehicle,  and  vehicle  to  facilities.  And  that  very 
large  interface  of  Government  to  industry,  which  is  critical  in  getting 
these  complex  and  demanding  programs  to  work  as  parts  of  a coordi- 
nated whole. 

The  managerial  requirements  of  these  programs  are  fully  as  ardu- 
ous as  the  scientific  and  technological  requirements. 

As  managers,  we  have  to  spend  the  taxpayers’  money  as  carefully 
and  intelligently  as  possible,  and  get  the  most  out  of  what  we  spend. 
To  do  this,  we  keep  ourselves  keyed  up  to  a high  level  of  technical 
competence.  We  must  remain  in  a position  where  we  can  establish 
standards  and  evaluate  proposals.  And  we  must  retain  and  nurture 
the  ability  to  act  effectively,  in  all  aspects  of  exceedingly  technical 
programs,  to  stop  trouble  before  it  starts. 

This  is  bench-oriented  philosophy;  the  position  of  strength  from 
which  management  leads  in  new  programs  where  we  are  working  up 
the  technology  as  we  go  along. 

With  this  preface,  let  me  turn,  now,  to  the  development  programs 
for  the  Saturn  I,  IB,  and  V.  About  2 weeks  ago  Brainerd  Holmes 
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gave  you  an  overall  view  of  these  programs  as  they  are  integrated  into 
the  total  manned  flight  effort.  From  this  account  I would  like  to  step 
off  into  a more  detailed  review  of  the  launch  vehicle  programs  and 
where  we  are  today. 

SATURN-CLASS  LAUNCH  VEHICLES 

There  are  three  Saturn  vehicles  being  developed  to  support  the 
Apollo  phases  of  the  manned  flight  programs  (fig.  99).  Saturn  I, 
now  in  flight  testing,  is  to  be  a two-stage  vehicle  capable  of  placing 
about  11  tons  into  Earth  orbit.  The  vehicle  will  place  two  of  the  three 
Apollo  modules  into  orbit  for  flight  testing  and  spacecraft  quali- 
fication. 

There  is  a block  I and  block  II  shown  on  the  left-hand  side  of  this 
chart. 

The  Saturn  IB  is  an  intermediate  step  between  the  present  Saturn 
I and  the  Saturn  V,  and  draws  a stage  from  each  of  these  programs. 
By  combining  the  flight-tested  Saturn  I first  stage  with  an  advanced 
upper  stage  from  the  Saturn  V,  we  will  secure  a vehicle  with  a pay- 
load  capability  of  about  16  tons.  The  vehicle  will  launch  the  com- 

filete  Apollo  spacecraft  into  low  Earth  orbit  for  qualification  of  the 
unar  excursion  module  and  the  development  of  spacecraft  orbital 
maneuvers. 

The  final  Saturn  vehicle  is  the  three-stage  Saturn  V,  being  devel- 
oped to  support  the  manned  limar  mission,  including  both  circum- 
lunar  flights  and  manned  lunar  landings.  The  Saturn  V will  have 
an  Earth  orbital  capability  of  about  120  tons,  and  it  will  be  able  to 
accelerate  45  tons  into  an  Earth-lunar  trajectory. 

This  summary  is  indicative  of  the  role  played  by  each  vehicle  in 
supporting  development  of  the  Apollo  spacecraft  system.  Of  equal 
importance  are  the  technological  advances  secured  during  these  de- 
velopment programs  which  lead  to  the  rapid  definition  and  develop- 
ment of  the  Saturn  V vehicle  system  and  associated  equipment.  The 
technological  enrichment  occurs  at  virtually  every  level  of  vehicle 
development;  from  propulsion  systems  and  the  application  of  liquid 
hydrogen  technology,  through  vehicle  structures,  guidance  and  in- 
strumentation, and  propellant  tank  manufacturing  methods,  to  ground 
and  flight  test  philosophies. 

SATURN  i 

Development  of  the  first  of  the  Saturn  heavy  launch  vehicles  be- 
gan in  1958.  This  vehicle,  Saturn  I,  is  now  undergoing  flight  tests, 
with  10  launches  scheduled  during  the  development  program.  The 
first  four  vehicles  use  live  first  stages,  only,  with  inert  upper  stages. 
The  remaining  six  vehicles  will  be  composed  of  live  first  and  second 
stages  (fig.  100).  By  1965,  we  expect  to  have  an  operational  Saturn  I 
with  the  capability  of  orbiting  about  11  tons  of  payload.  With  this 
capability,  we  can  place  two  of  the  three  Apollo  modules  into  a low- 
Earth  orbit  to  begin  qualification  of  these  modules  and  crew  training. 
These  two  modules  are  the  command  module  and  a partially  fueled 
service  module.  We  expect  to  begin  this  training  program  in  1965, 
with  the  first  manned  flight.  During  prior  flights,  we  will  have  flown 
unmanned  but  instrumented  modules  to  add  confidence  and  reliability 
for  manned  flights. 
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SATURN  I FIRST  STAGE 


Eight  of  the  ten  R.  & D.  first  stages  are  being  built  by  the  Marshall 
Space  Flight  Center  at  Huntsville,  Ala.  Chrysler  Corp.  Space  Divi- 
sion is  building  the  remaining  stages  at  the  Government-owned 
Michoud  plant  in  New  Orleans. 


In  February,  NASA  Headquarters  approved  negotiations  to  modify 
the  contract  awarded  Chrysler  Corp.  in  July  1962  for  the  manufacture 
of  the  Marshall -developed  Saturn  I boosters.  The  modified  contract 


will  call  for  a total  of  20  boosters ; 8 S-I  and  12  S-IB  (the  Saturn  IB 
first  stage) . Delivery  is  to  be  made  bet  ween  1964  and  1967. 

The  two-stage  Saturn  I flight  booster  is  approximately  21.6  feet 
in  diameter  and  80  feet  in  length  (fig.  101).  It  is  powered  by  eight 
H-l  engines  burning  LOX/kerosene  propellants.  The  engines,  pro- 
duced at  Rocket  dyne’s  Neosho,  Mo.,  plant,  were  rated  at  165,000 
pounds  thrust  for  the  first  four  test  flights.  The  engines  have  been 
tested  satisfactorily  at  the  design  thrust  level  of  188,000  pounds  and 
will  be  used  for  the  SA-5  and  subsequent  flight  boosters.  A thrust  of 
1.5  million  pounds  is  delivered  bv  the  combined  eight  engines.  Vehi- 
cles tanks  have  been  lengthened  to  accommodate  850,000  pounds  of 
propellant,  100,000  pounds  more  than  that  of  the  earlier  booster. 
Guidance,  control,  and  related  instrumentation  have  been  relocated 
to  an  instrument  unit  forward  of  the  second  stage?  and  fins  added  to 
augment  the  dynamic  stability  of  the  man-rated  vehicle. 

The  first  of  these  modified  Saturn  I boosters,  S-I-5,  has  been  assem- 
bled at  Marshall,  and  the  firal  static  firing  qualification  tests  are  to  lie 
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Figure  101. — Saturn  I booster. 

completed  this  month.  During  the  tests,  a total  of  1.5  million  pounds 
of  thrust  was  developed.  This  will  then  be  the  first  flight  booster  to 
fly  with  full-rated  stage  thrust.  The  booster  will  be  delivered  to  the 
cope  in  June  of  this  year. 

Also  at  Marshall,  assembly  of  the  first  stages  for  Saturn  I vehicles 
S A-6,  SA-7,  and  SA-9  continues  on  schedule  ( fig.  102) . 

At  the  Michoud  plant,  the  first  Chrysler-buut  booster  for  vehicle 
SA-8  is  in  production  (fig.  103).  Clustering  of  the  tanks  is  expected 
to  begin  on  schedule  in  May.  Fabrication  of  the  second  Chrysler- 
built  booster  is  also  on  schedule  with  clustering  of  the  tanks  to  begin  in 
August.  Fabrication  of  the  first  Saturn  I booster  (S-I-lll)  for 
manned  flights  is  to  begin  at  Michoud  this  April.  Pictured  here  is  the 
thrust  structure  for  the  first  Chrysler-produeed  stage  at  Michoud. 

SATURN  I SECOND  STAGE 

The  second  stages  for  Saturn  I,  called  the  S-IV,  are  being  built  by 
the  Douglas  Aircraft  Corp.,  SantA  Monica,  Calif,  (fig.  104).  The 
contract  with  Douglas,  approved  in  July  1960,  covered  procurement 
of  four  test,  stages  and  nme  flight  stages.  A proposal  is  now  being 
prepared  for  procurement  and  launch  support  of  thr  o additional 
flight  stages. 

The  S-IV  is  220  inches  in  diameter  and  41  feet  long.  Six  RL10A-3 
engines,  developing  a total  thrust  of  90,000  pounds,  power  the  stage. 
The  LOX  and  hquid-hvdrogen  burning  engine  will  be  flight  tested  for 
the  first  time  on  the  SA-5  vehicle.  The  RL10A-3  preliminary  flight 
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Figure  104. — Saturn  I second  stage. 

rating  tests  were  completed  in  mid-1962.  The  engine  will  complete 
qualification  testing  by  the  end  of  the  year.  Pratt  & Whitney  produces 
tne  engine  in  East  Hartford,  Conn.,  and  tests  them  at  their  West 
Palm  Beach,  Fla.,  plant. 

The  first  live  S-IV  stage  will  be  flight  tested  on  SA-5.  Assembly 
of  this  stfige  has  been  hampered  by  late  delivery  of  parts.  However, 
steps  have  been  taken  to  correct  the  deficiencies;  and  we  do  not  expect 
to  have  parts  shortages  for  sulisequent  vehicles. 

Fabrication  of  second  stages  for  the  remaining  R.  & I).  vehicles  is 
on  schedule  at  Douglas.  Shown  here  (fig.  105)  is  the  1-4  production 
line  at  the  Douglas  plant.  In  late  December,  the  contractor  began 
parts  fabrication  of  the  S-IV  stage  for  the  first  man-rated,  operational 
Saturn  I (SA-111).  Work  is  continuing  on  schedule. 

SATURN  I TEST  VEHICLES 

The  ground  test  programs  comprise  a particularly  critical  phase  of 
s»age  and  vehicle  development.  Ground  test  is  our  best  chance  to 
evaluate  designs  before  they  become  flight  hardware.  It  is  here  that 
we  develop  necessary  hnndlmg  techniques  and  secure  masses  of  data  on 
stage  operational  characteristics  prior  to  actual  flight.  On  the  ground, 
we  can  stop  and  start  at  will.  We  can  reinstrument  and  reevaluate. 
None  of  this  is  practical  after  the  stage  is  lighted.  It  goes,  then. 
There  is  no  recall. 

So,  for  a flight  program  with  a minimum  number  of  surprises,  we 
have  an  intensive  ancf  detailed  ground  test  program.  This  has  been 
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Figure  105. — S-IV  production  at  Douglas. 

our  approach  in  the  S-I  stage  development.  Test  and  test  and  test. 
It  is  more  effective — and  a lot  cheaper — to  ground  test  than  to  second 
guess  a flight  that  did  not  work  out  the  wav  it  should  have. 

Now,  in  the  test  programs  for  the  S-IV  stage,  at  Sacramento, 
Marshall,  and  the  cape,  you  can  see  a great  deal  of  th»s  test  philosophy 
in  action. 

Since  last  August,  we  have  been  testing  an  S-IV  battleship  vehicle 
at  the  Douglas  Sacramento  test  facility  ( hg.  106) . “Battleship"  refers 
to  the  thick  walls  of  the  projiellant  tankage  which  are  considerably 
heavier  than  a flight  stage.  The  battleship  vehicle  is  the  focal  point  for 
propulsion  system  testing.  The  first  series  of  S-IV  battleship  tests 
were  completed  in  November  last  year.  During  these  tests,  the  six 
liquid-hvurogen  engines  were  repeatedly  fired.  1 hese  tests  also  served 
to  oualify  the  static  test  stand,  which  is  a complex  piece  of  equipment 
with  unique  design  features.  Because  the  S-IV  engines  will  operate 
in  a near  vacuum,  the  stand  simulates  stage  operational  altitude:  The 
first  firing  with  operational  flight-type  engines  was  successfully  com- 
pleted this  January  with  a full  duration  or  468  seconds.  These  battle- 
ship tests  will  continue  through  April. 

Tests  of  the  S-IV  all-systems  vehicle  will  also  be  conducted  at  Sac- 
ramento. The  all-systems  is  a ground  test  stage  equipped  with  flight- 
type,  flight- weight  systems.  The  tests  will  verify  results  of  the  battle- 
ship test  program,  and  allow  extensive  engineering  evaluation  of  the 
flight  configuration  performance.  The  all-systems  vehicle  was  com- 
pleted at  Douglas  last  December  and  has  since  been  erected  at  Sac- 
ramento. Testing  will  begin  later  this  month. 
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Figure  106. — S-IV  battleship  vehicle  test  at  Sacramento  test  facility. 

Other  S-IV  stage  ground  test  programs  are  proceeding  as  scheduled. 
In  late  November,  Marshall  received  an  S-IV  test  vehicle  (fig.  107) 
that  is  now  being  used  in  early  dynamics  testing  of  the  two-stage  Sat- 
urn I vehicle  design.  By  midyear,  we  expect  to  begin  dynamics  testing 
of  the  two-stage  vehicle  with  Apollo  boilerplate  modules.  The  S-IV 
dynamics  vehicle  was  the  first  of  the  stages  to  be  shipped  from  the 
I)ouglas  California  facility  (fig.  108).  A second  ground-test,  stage 
was  shipped  in  early  December  from  Douglas  to  Cape  Canaveral  to 
check  out  propellant  systems  at  Launch  Complex  37B.  This  is  in 
preparation  for  the  first  two-stage  flight  later  this  year. 

SATURN  I IN^rRUMENT  UNIT 

The  Saturn  I vehicle  instrument  unit  is  being  developed  in-house 
at  Marshall,  with  guidance,  control,  and  related  instrumentation  being 
built  by  industry  ( fig.  109).  The  unit  is  a nonpropulsive,  cylindrical 
structure  located  aoove  the  S-IV  stage.  This  unit,  154  inches  in  diam- 
eter, houses  the  vehicle  guidance  and  control  systems,  telemetering  and 
measuring  equipment,  and  associated  electrical  systems.  We  are 
progressing  satisfactorily  in  the  assembly  and  inspection  of  instru- 
ment units  for  the  SA-5,  SA-6,  and  SA-7  vehicles.  Fabrication  and 
assembly  of  major  guidance  components  and  instrumentation  ar 
being  performed  by  Bendix,  Sperry,  and  IBM. 
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SATURN  I LAUNCH  PLANS  AND  MISSIONS 

Three  R.  & D.  Saturn  I . ehicles  of  our  early  design  have  been  suc- 
cessfully launched  from  Cape  Canaveral.  The  fourth  vehicle  was 
shipped  from  Marshall  in  January,  and  is  now  on  the  pad  undergoing 
checkout  for  launch.  The  primary  missions  of  these  vehicles  are  to 
test  the  propulsion  system,  to  verify  the  aerodynamic  structural  design 
of  the  first  stage,  and  to  insure  that  the  interrelating  components  and 
subsystems  operate  properly  in  the  true  flight  environment.  Some 
of  the  secondary  missions  are  a test  of  first  sta^e  retro-rockets,  a test 
of  heat-shield  insulation,  and  early  inboard  engine  cmoff. 

Launch  of  the  SA-5,  first  of  the  two-stage  vehicles,  is  scheduled 
for  this  fall.  Primary  flight  misisons  are  test  of  the  redesigned  man- 
rated booster,  described  earlier,  test  of  the  live  second  stage,  perform- 
ance of  the  instrument  unit,  and  interaction  of  all  components  and 
subsystems  during  flight. 

With  the  launch  of  SA-6,  in  the  last  quarter  of  this  year,  we  will 
flight  test  an  early  Apollo  spacecraft  configuration  for  the  first  time. 
The  SA-8  and  SA-9  ( fig.  110)  vehicles  will  carry  an  additional  experi- 
ment, a micrometeroid  detection  satellite.  The  satellite  will  collect  in- 
formation concerning  the  hazards  of  penetration  by  micrometeroids 
during  space  flight.  The  data  will  be  used  for  the  design  of  manned 
spacecraft  systems.  A contract  was  awarded  to  Fairchild  Stratos 
Corp.,  Hagerstown,  Md.,  in  February  to  build  three  of  these  satellites, 
one  as  backup.  The  satellites  are  to  be  available  for  launch  next  year. 


Fioure  110.— Micrometeoroid  satellite  mission  for  Saturn  I vehicles  8A-8/8A-9. 
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SATURN  I FACILITIES 

The  Michoud  plant  at  New  Orleans,  La.,  was  selected  in  late  1961 
as  the  manufacturing  site  for  the  Saturn  I,  IB,  and  Saturn  V first 
stages.  Renovation  and  modification  have  been  underway  for  about 
a year  and  a half. 

Shown  here  ( fig.  Ill ) is  the  Chrysler  area,  which  comprises  about  40 
percent  of  the  present  plant.  Major  tooling  for  fabrication  of  S-I 
stage  assemblies  has  been  installed.  Fabrication  work  is  proceeding 
on  the  first  stages  for  both  the  SA-8  and  SA-10  flight  vehicles.  All 
70-inch  and  the  105-inch  propellent  tanks  for  the  S-I-8  have  been 
received  from  the  vendor  and  work  is  proceeding,  on  schedule,  toward 


Figure  111. — Chrysler  area  of  Michoud  operations. 

start  of  clustering  in  May.  Buildup  of  the  Chnrsler  fabrication  and 
assembly  areas  will  contm  le,  concurrent  with  facility  design  which 
is  proceeding  on  schedule.  Complete  activation  is  scheduled  by  the 
ena  of  the  year. 

I shall  cover  the  Boeing  Michoud  activities  during  the  Saturn  V 
portion  of  my  discussion. 

Activation  of  the  computer  facility,  located  at  Slidell,  La.,  is  pro- 
gressing satisfactory.  This  facility,  situated  about  midway  between 
the  Michoud  plant  and  the  Mississippi  test  operations,  will  support 
the  engineering  computations  required  at  both  places.  By  the  end 
of  March  the  facility  will  be  operational. 
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Construction  of  contractor  facilities  for  production  and  test  of  the 
S-IV  stage  at  Sacramento  and  Santa  Monica  was  begun  shortly  after 
award  of  the  contract  in  1960  (fig.  112).  All  Sacramento  S-IV  facil- 
ities are  now  ojierational. 

Development  flights  of  Saturn  I vehicles  will  be  divided  between 
Launch  Complex  34  and  37-B.  Following  flight  of  the  fourth  Saturn 
I vehicle,  final  modifications  will  lie  completed  at  Launch  Complex  34 
for  two-stage  Saturn  I launches.  The  modified  facility  will  be  opera- 
tionally ready  in  the  last  quarter  of  this  year. 

The  first  two-stage  Saturn  I launches  will  be  prformed  at  Launch 
Complex  37-B,  located  north  of  the  present  launch  complex  (fig.  113). 


Figure  112. — Sacramento  teat  facility. 


Construction  is  on  schedule.  All  elements  of  the  facility  needed  to 
support  the  fifth  flight  vehicle  are  scheduled  for  availability  in  June. 

SATURN  IB 

As  I mentioned  earlier,  the  Saturn  I will  be  able  to  place  about  11 
tons  of  payload  into  low  Earth  orbit.  For  Apollo  application,  the 
payload  would  comprise  a command  module  and  a partially  fueled 
service  module.  However  a vehicle  of  increased  capability  is  re- 
quired to  place  the  complete  ApoHo?  including  a partially  fueled 
lunar  excursion  module,  into  Earth  orbit. 
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Figure  113. — Launch  complex  37A/37B. 

To  support  these  flight  missions,  we  are  developing  the  Saturn  IB, 
a two-stage,  liquid-propellant  launch  vehicle  system  (fig.  114).  The 
Saturn  IB  is  a natural  fallout  of  stages  from  both  the  Saturn  I and  V 
for  potential  high-payload  applications.  Essentially  the  vehicle  will 
be  a Saturn  I with  a new  second  stage.  That  second  stage,  identified 
as  the  S-IVB,  will  also  be  used,  with  slight  modifications,  as  the  third 
stage  of  the  Saturn  V.  Vehicle  guidance  will  be  all  inertial,  using 
components  qualified  during  Saturn  I flights,  and  including  an  instru- 
ment unit  similar  to  that  to  be  used  in  the  Saturn  V. 

Development  costs  for  both  stages  and  the  instrument  unit  are 
primarily  carried  by  the  Saturn  I and  V programs.  By  applying 
the  results  of  development  programs  already  begun,  we  can  secure, 
at  minimum  development  cost,  a vehicle  capable  of  supporting  ad- 
vanced Apollo  Eartn-orbital  missions  almost  a year  prior  to  availa- 
bility of  the  Saturn  V. 

A series  of  12  launches  of  the  Saturn  IB  are  planned.  The  first 
four  flights  will  be  vehicle  development  tests,  beginning  in  1965  and 
ending  in  1966.  All  development  flights  will  use  live  first  and  second 
stages.  The  four  development  flights  will  carry  unmanned  develop 
mental  Apollo  spacecraft  modules.  However,  the  flights  are  primarily 
concerned  with  qualification  of  the  S-IVB  stage,  instrument  unit, 
and  overall  vehicle. 

Beginning  in  1966  eight  operational  manned  flights  will  be  per- 
formed. All  three  Apollo  modules  will  be  launched  into  Earth  orbit. 
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Figure  114. — Saturn  IB  characteristic®. 

with  a partial  fuel  supply  in  the  service  and  lunar  excursion  modules. 
During  these  flights  the  spacecraft  crew  will  develop  operational 
methods  for  deployment  and  docking  of  the  lunar  excursion  module, 
and  will  further  define  spacecraft  orbital  maneuver  techniques.  By 
the  conclusion  of  the  operation  Saturn  IB  flights,  we  will  have  fully 
tested,  in  Earth  orbit,  a large  portion  of  the  system  required  for  the 
lunar  mission. 

SATURN  IB  FIRST  STAGE 

The  first  stage,  the  S-IB  (fig.  115),  is  similar  to  the  Saturn  I first 
stage.  Increased  vehicle  payload  requirements  made  a slight  weight 
reduction  necessary,  and  it  has  been  found  desirable  to  incor- 
porate a few’  other  design  features,  based  on  our  Saturn  I flight  experi- 
ence. The  stage  will  weigh  about  16,000  pounds  less.  The  propellant 
containers  anathe  tail  section  assembly  are  being  resized.  Interstage 
requirements  between  the  S-IB  and  the  S-IVB  have  been  defined  and, 
last  month,  design  of  the  interstage  shroud  was  selected.  Chrysler, 
contractor  for  the  stage,  was  authorized  last  year  to  begin  design  effort. 
The  required  redesign  is  scheduled  for  completion  by  mid-1964. 

Saturn  ib  second  stage 

The  S-IVB  stage  (fig.  116)  is  under  development  by  the  Douglas 
Aircraft  Corp.,  and  is  being  designed  for  use  with  the  Saturn  IB  and 
V vehicles.  The  stage  will  measure  almost  22  feet  in  diameter  and  59 
feet  high.  Liquid  oxygen  and  liquid  hydrogen  are  used  as  propel- 
lants, and  the  stage  draws  heavily  on  the  liquid  hydrogen  stage  ex  peri- 
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Figure  115. — Saturn  IB  first  stage. 
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Figure  110. — Saturn  IB  second  stage. 
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ence  gained  by  Douglas  during  the  S-IV  development  program.  A 
single  J-2  engine  will  provide  200,000  pounds  of  thrust  under  vacuum 
conditions.  The  J-2  will  also  be  used  on  the  S-II,  the  second  stage  of 
the  Saturn  V. 

The  J~2  engine  has  been  under  development  by  Rocketdyne  for 
slightly  over  30  months.  The  first  long-duration,  full-thrust  firing, 
was  performed  in  October  last  year.  Preliminary  flight  rating  tests 
will  begin  in  the  third  quarter  of  this  year.  Engine  qualification  tests 
are  to  begin  in  about  2 years. 

Stage  design  is  proceeding  on  schedule.  Fabrication  of  major  tool- 
ing is  already  underway,  with  completion  expected  late  this  year. 
Vendors  have  been  selected  for  development  of  the  two  basic  attitude- 
control  engines  required  for  auxiliary  stage  propulsion. 

Fabrication  of  parts  began  last  December  for  the  S-IVB  battleship 
stage.  This  will  he  used  at  the  Sacramento  test  facility  to  prove  out 
the  stage  propulsion  system  and  test  site  facilities  for  propellant 
handling  and  loading.  Battleship  testing  is  to  begin  during  the  first 
quarter  of  next  year.  Design  of  other  ground  test  and  flight  stages  is 
continuing  on  schedule. 

SATURN  IB  INSTRUMENT  UNIT 

The  instrument  unit,  under  Marshall  development,  is  located  im- 
mediately behind  the  spacecraft.  It  will  a cylinder  36  inches  high  and 
260  inches  wide,  and  will  contain  vehicle  guidance  and  control  instru- 
mentation, instrumentation  for  telemetry  and  tracking  purposes,  and 
associated  power  and  electronic  systems.  Bendix  and  IBM  are  devel- 
oping, now,  guidance  components  with  designs  to  be  completed  by  the 
fourth  quarter  this  year.  Flights  of  the  vehicle  stable  platform  are 
already  being  performed  on  Saturn  I flights.  The  instrument  unit  is 
being  funded  from  the  Saturn  V development  effort. 

SATURN  IB  FACILITIES 

The  facilities  construction  is  proceeding  on  schedule.  At  the  Doug- 
las Sacramento  test  facility,  a new  test  complex  is  being  constructed 
for  ground  test  of  S-IVB  Battleship  and  night  stages  under  simu- 
lated operational  flight  conditions  (rig.  117).  Site  preparation  was 
completed  early  this  year.  Construction  contracts  are  to  be  awarded 
tliis  month.  Three  test  positions  will  be  built  at  SACTO  for  Battle- 
ship, all  systems,  and  flight  vehicle  acceptance.  Development  of  design 
criteria  for  this  latter  facility  is  to  begin  next  month,  with  construction 
to  be  completed  late  in  1964.  Construction  of  the  Douglas  Huntington 
Beach  facility  began  early  this  year.  The  facility  will  be  used  for 
S-IVB  final  assembly  and  checkout,  and  will  be  ready  to  begin  opera- 
tions in  October  of  this  year. 

Development  flights  of  the  Saturn  IB  will  be  launched  from  the 
Atlantic  Missile  Range,  using  launch  complexes  37-A  and  37-B.  Con- 
struction of  Launch  Complex  37-A,  scheduled  for  completion  early  in 
May,  is  slightly  ahead  of  schedule.  The  service  structure,  which  will 
service  both  the  A and  B complex,  will  be  completed  about  the  end  of 
this  quarter.  The  Launch  Complex  37-B  will  be  used  for  both  the 
Saturn  I and  IB  launches. 
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Figure  117. — S-IVB  static  test  facilities  at  Sacramento  test  facility. 

SATURN  V 

To  place  the  Apollo  spacecraft  into  an  Earth-lunar  trajectory,  we 
require  a vehicle  of  far  greater  performance  and  technical  sophisti- 
cation than  is  provided  by  the  Saturn  IB.  To  escape  from  the  Earth’s 
gravitational  field,  the  spacecraft  must  be  accelerated  to  an  escape 
velocity  of  25,000  miles  per  hour  ( fig.  118). 

To  support  this  flight  mission,  we  have  begun  development  of  the 
three  stage  Saturn  V.  Here  you  see  the  Saturn  V,  a liquid-propelled 
vehicle  capable  of  orbiting  about  120  tons  or  escaping  45  tons  toward 
the  Moon.  It  will  be  inertially  guided  by  components  carried  in  an 
instrument  unit  mounted  above  the  third  stage.  Vehicle  development 
was  approved  in  January  1982,  with  the  mission  of  supporting 
manned  circumlunar  flights  and  manned  lunar  landings. 

Within  5 years  from  development  approval,  the  first  Saturn  V 
R.  & D.  flight  vehicle  will  be  launched  from  launch  complex  39  at 
Cape  Canaveral.  The  vehicle  will  consist  of  a live  first  stage,  two 
inert  upper  stages,  and  an  unmanned  developmental  spacecraft.  The 
flight  will  test  the  first-stage  propulsion  system,  and  the  vehicle  struc- 
ture and  control  system. 

The  next  two  vehicles  are  scheduled  to  be  launched  during  the  same 
year.  The  second  flight  will  use  a live  second  stage.  The  flight  mis- 
sion will  include  S-IC/S-II  separation,  test  of  the  second-stace  pro- 
pulsion system  and  performance,  as  well  as  another  test  of  tne  first 
stage.  Tne  third  flignt  vehicle  will  carry  three  live  stages.  The  space- 
craft carried  by  this  vehicle  will  be  subjected  to  the  complete  launch 
exit  environments.  Spacecraft  experiments,  such  as  high-speed  reen- 
try, will  begin  with  the  fourth  launch. 

The  first  manned  flight  with  the  Saturn  V will  occur  with  the  sev- 
enth launch,  presently  scheduled  for  1967. 
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Fioubs  118. — Saturn  V characteristics. 

SATURN  V FIRST  STAGE 

This  slide  illustrates  the  S-IC  stage  (fig.  119).  It  is  33  feet  in  diam- 
eter and  138  feet  long.  The  initial  thrust  for  the  6-million  pound  Sat- 
urn V will  be  generated  bv  five  Kocketdyne  F-l  engines  burning  LOX 
and  kerosene.  The  combined  thrust  of  these  engines  is  7.5  million 
(XHinds  at  sea  level. 

Staue  design  work  is  being  done  in  a combined  effort  by  Marshall 
and  Boeing  personnel.  Tooling  fabrication  and  some  component  de- 
sign is  being  performed  by  Boeing  at  their  facility  in  Wichita.  Three 
of  the  ground  test  stages  and  the  first  flight  stage  will  be  assembled 
at  Marshall.  The  other  10  stages  called  for  in  the  contract,  which 
was  signed  about  2 weeks  ago,  will  be  produced  by  Boeing  at  the 
Michoud  plant  in  New  Orleans,  La.  This  phasing  will  allow  the 
fastest  possible  stage  development  and  production^  coupled  with  op- 
timum transfer  of  experience  gained  by  Marshall  in  venicle  develop- 
ment. 

Preliminary  stage  design  and  layout  were  completed  late  last  year. 
Engineering  design  for  production  is  on  schedule,  and  engineering 
tests  are  being  performed  now. 

We  started  the  S-IC  tooling  buildup  at  Marshall  late  last  year, 
and  it  is  progressing  satisfactorily  ( fig.  120) . Here  you  see  one  of  the 
bulkhead  tools  installed  at  Marshall.  The  tools  and  fixtures  were 
fabricated  by  Boeing  at  their  Wi'hita,  Kans.,  plant. 


> 


on 


298 


1964  NASA  AUTHORIZATION 


SATURN  V 
1st  STAGE 


SlZE-33'x  138 
THRUST -7,500,000  L 
ENGINE- FIVE  F-l 
PRO  PELLA  HT-LOX/RP 


•»  *1  ««  It!** 


Figure  119. — Saturn  V first  stage. 


Fiolbe  120. — Saturn  V first  stage  gore  segment  weld  and  trim  fixture  at  Marshall. 
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Last  month,  Boeing  oegan  fabricating  fuel  tank  segments  at  Wich- 
ita These  segments  wifi  be  shipped  to  Marshall  for  use  in  early 
buildup  of  a ground  test  stage. 

At  the  Michoud  plant  in  New  Orleans  ( fig.  121), production  buildup 
is  continuing.  This  40-foot  boring  mill  nas  already  been  used  by 
Boeing  to  fabricate  th  ertrst  Y -ring,  a 2-ton  structural  element  of  stage 
tankage.  The  Y-ring  has  been  received  by  Marshall,  and  we  will 
use  it  to  qualify  some  of  our  tooling. 

The  first  Boeing-produced  stage,  a ground  test  vehicle,  is  scheduled 
to  roll  out  the  Michoud  doors  in  late  spring  1965. 


Figube  121. — Boring  mill  at  Michoud. 

SATURN  V 8ECOND  STAGE 

The  Saturn  V second  stage  (fig.  122)  called  the  SII,  is  shown  here. 
It  is  33  feet  in  diameter  and  81  feet  long.  The  stage  is  powered  by  five 
Rocketdyne  J-2  engines  producing  a combined  thrust  of  1 million 
pounds  under  vacuum  conditions. 

The  design,  production,  and  test  of  this  stage  is  being  performed 
by  the  Space  and  Information  Systems  Division  of  North  American 
Aviation,  Inc.,  Downey,  Calif.  A preliminary  S-II  contract  was 
awarded  to  the  Space  and  Information  Division  in  September  1961. 
On  October  12,  1962,  NASA  approved  the  S-II  stage  definitive  con- 
tract, which  calls  for  five  ground  test  stages  and  nine  live  flight  stages. 
Delivery  of  the  first  live  flight  stage  is  scheduled  for  April  1966. 

At  the  present  time,  engineering  design  is  on  schedule.  Space  and 
Information  Division  completed  the  preliminary  stage  criteria  and 
layout  last  summer.  Engineering  testing,  mostly  with  models,  is 
progressing  satisfactorily. 


300 


1964  NASA  AUTHORIZATION 


SATURN  V , 
2nd  STAGE  ' 

SIZE-33’ x 81’ 
THRUST-1,000,000  LB 

ENGINE-FIVE  J-2 

_ « 

PROPELLANT- LOXLH, 


Figure  122. — Saturn  V second  stage. 


One  of  the  engineering  models  being  used  by  Space  and  Informa- 
tion Division,  NAA,  is  shown  in  this  slide  (fig.  123).  It  is  a full-scale 
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bulkhead  mockup.  Among  other  things,  it  is  being  used  to  determine  a 
satisfactory  method  for  the  bulkhead  fabrication. 

Stage  tooling  is  being  produced  by  the  North  American  Los  An- 

8sles  Division  and  is  being  installed  in  the  Government-owned  Seal 
each  assembly  facility. 

Space  and  Information  Division  has  begun  the  fabrication  of 
S-II  Battleship  stage  components  and  should  begin  live  ground  fir- 
ing tests  in  mid-1964.  Fabrication  of  the  all-systems  stage  will  start 
in  mid- 1963.  It  will  be  placed  in  the  all-systems  test  stand  at  Santa 
Susana,  Calif.,  during  the  first  quarter  of  1965. 

SATURN  V THIRD  STAGE 


I have  already  described  the  Saturn  V third  (fig.  124),  or  S-IVB, 
stage.  So  I will  limit  my  mention  of  it  very  briefly  here. 

The  contract  for  the  design,  production,  and  test  of  the  Saturn 
S-IVB  stage  w-as  awarded  to  the  Douglas  Aircraft  Co.  last  August. 
The  contract  which  is  now  being  modified  will  require  a total  of  5 
ground  test  stages  and  10  flight  stages  for  the  Saturn  V and  4 flight 
stages  for  the  Saturn  IB. 

The  instrument  unit  for  the  Saturn  V will  be  carried  directly  above 
the  S-IVB.  As  I mentioned  earlier,  the  unit  is  being  designed  and 
built  by  Marshall  for  both  the  Saturn  IB  and  the  Saturn  V.  Design 
and  engineering  for  the  unit  is  on  schedule.  It  will  be  completed 
late  in  1963  and  will  be  followed  by  a test  program  beginning  in  early 
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Figure  124.— Saturn  V third  stage. 
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8ATUBN  V FACILITIES 

At  Marshall,  construction  and  modification  of  the  Saturn  V facili- 
ties is  proceeding  satisfactorily  (fig.  125).  Here  you  see  an  artist’s 
concept  of  one  of  the  facilities  under  construction  at  Marshall,  the 
S-IC  static  test  stand.  Tlr  stand  foundation,  which  extends  about  35 
feet  below  ground  surface,  was  completed  last  December.  Construc- 
tion of  the  420-foot  high  superstructure  started  immediately  after 
foundation  completion.  By  August  1964,  the  first  S-IC  static  firing 
will  be  performed  in  this  stand. 


Figure  125. — Saturn  V first  stage  static  test  facility. 
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'Here  is  another  test  facility  to  be  built  at  Marshall  (fig.  126),  the 
Saturn  V dynamic  test  stand.  In  this  stand,  beginning  in  April  1965, 
we  will  test  a complete  three-stage  Saturn  V vehicle  for  response 
to  simulated  flight  environment,  including  vibration  levels,  body  tend- 
ing modes,  and  other  dynamic  criteria.  Design  of  this  stand  was 
completed  a few  weeks  ago  and  the  construction  contract  has  just 
been  awarded.  It  will  be  completed  by  mid-1964. 


Figure  126. — Saturn  V dynamic  teat  tower. 
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Construction  and  modification  at  our  Michoud  plant  (fig.  127)  are 
proceeding  on  schedule.  By  early  1064,  the  S-IC  portion  of  the 
plant  should  be  completely  activated.  Tooling  is  now  being  procured. 

The  major  construction  effort  at  Michoud  is  the  vertical  assembly 
building,  shown  on  the  right  hand  side  of  the  slide.  This  structure, 
over  200  feet  high,  will,  when  finished  in  November  of  this  year,  be 
used  to  assemble  and  hydrostatically  test  S-IC  stages. 


Fig uk  127. — MSFC  Michoud  plant. 


The  stages  produced  at  Michoud  will  be  static  tested  at  the 
Mississippi  Test  Operations,  about  39  miles  east  of  Michoud  (fig.  128), 
and  the  S-II  stage  will  later  be  acceptance  tested  at  this  site. 

Most  of  the  13,500  acres,  which  the  Government  is  acquiring  out- 
right, has  been  obtained.  Easements  are  being  secured  on  the  sur- 
rounding 128.000-acre  buffer  zone.  This  outer  area  can  be  used  for 
fanning  or  grazing,  but  will  not  be  open  to  habitation  because  of  the 
high  level  noise  and  vibrations  caused  by  the  firings. 

Design  criteria  for  the  test  facility  were  completed  just  a few  days 
ago.  We  are  on  schedule,  and  have  reached  the  point  where  the  people 
in  this  area  will  begin  to  see  dirt  being  moved  and  buildings  being 
constructed. 

Construction  is  on  schedule  at  other  Saturn  facilities.  The  S-II 
bulkhead  fabrication  building  at  the  Seal  Beach  assembly  and  test 
facility  is  nearing  completion  (fig.  129).  Last  month,  NAA’s  Space 
and  Information  Division  began  installing  the  first  fabrication  tooling 
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Figure  128. — MTF  and  Michoud  facilities  vicinity  plan. 


Figure  129. — Seal  Beach  facility. 
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in  this  building.  Construction  at  Seal  Beach  started  early  last  Sep- 
tember. Work  on  the  other  buildings  shown  in  the  slide  is  well  under- 
way, and  the  facility  should  be  activated  early  in  1964.  To  sum- 
marize briefly,  the  Sv-II  high-energy  forming  production  facility  at 
El  Toro,  Calif.,  has  been  completed.  Construction  at  the  Santa 
Susana  static  test  area  is  also  on  schedule,  and  the  facility  should  be 
completely  activated  by  November  1963. 

At  Cape  Canaveral  (fig.  130),  site  preparation  for  the  Saturn  V 
Launch  Complex  39  is  progressing  satisfactorily.  The  ground  is  being 
cleared  and  design  criteria  for  the  vertical  assembly  building  were 
completed  last  December.  Drawings  and  specifications  should  be 
completed  by  next  August. 


Figure  130. — Servicing  Saturn  V at  launch  complex  39. 

This  concludes  my  summary  review  on  the  status  and  plans  for  the 
Saturn  programs.  I would  now  like  to  address  myself  specifically 
to  the  status  and  plans  for  the  F--1  engine  prokram  (fig.  131). 

f— l engine:  description 

The  F-l  engine  is  the  largest  liquid  propellant  engine  in  the  free 
world.  A single  engire  produces  1 y2  million  pounds  of  thrust.  To 
obtain  this  level  of  thrust,  3 tons  of  kerosene  fuel  and  liquid  oxygen 
are  pumped  into  the  thrust  chamber  every  second,  using  a turbopump 
on  the  engine  which  develops  60,000  horsepower.  The  engine  is  13 
feet  across  at  the  exit  and  stands  18  feet  high.  It  weighs  10  tons. 

We  have  used  in  this  engine  the  same  basic  design  principles  as  were 
used  in  prior  liquid  rocket  engines,  such  as  the  Redstone,  Thor, 
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Figure  131. — F-l  engine. 


J lpiter,  and  Saturn  I.  The  propellants  used  are  also  the  same  as  on 
those  engines.  At  the  same  time,  however,  we  have  found  it  possible 
to  make  improvements  and  simplifications  based  on  our  prior 
experience. 

PROGRAM  HISTORY 


The  initial  studies  for  the  F-l  engine  were  performed  in  1958. 
They  showed  that  an  engine  of  this  size  would  be  feasible  to  design  and 
build.  The  contract  for  development  was  signed  with  the  Rocketdyne 
Division  of  North  American  Aviation  in  January  of  1959.  Shortly 
after  establishment  of  the  Marshall  Space  Flight  Center  as  a part  of 
NASA,  the  technical  management  responsibility  was  transferred  from 
NASA  headquarters  to  the  center. 

Since  that  time,  a number  of  research  and  development  engines 
have  been  built  and  a total  of  266  test  firings  have  been  made.  In  the 
early  part  of  the  program  engine  systems  testing  was  aimed  at  de- 
termining the  interaction  of  components  during  the  critical  start 
transition  phase  of  operation.  Consequently,  most  tests  were  of  short 
duration. 

FACILITIES 


Concurrent  with  the  engine  development  program^  work  was  pur- 
sued on  the  design  and  construction  or  the  largest  engine  test  facilities 
in  the  country.  These  test  stands  are  located  in  the  Mohave  Desert  in 
California,  at  Edwards  Air  Force  Base. 
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Because  of  the  size  of  the  stands,  a major  development  effort  was 
necessary  to  obtain  the  test  equipment  for  use  on  these  stands.  For 
example,  the  valves  in  the  propellant  lines  supplying  the  engine  weigh 
6 tons  each.  No  experience  or  test  equipment  was  available  on  the 
design  and  flow  tests  of  such  valves,  and  much  of  the  development  had 
to  be  done  as  part  of  our  program.  We  now  have  in  operation  three 
engine  test  positions  and  a special  test  stand  for  testing  of  the  thrust 
chamber.  When  delivery  of  production  engines  begins,  next  year, 
we  will  require  additional  test  positions  for  checkout  and  calibration 
firings,  and  for  that  purpose,  three  new  test  stands  are  now  under  con- 
struction. Additional  manufacturing  space  is  being  provided  at  the 
contractor’s  home  plant  to  enable  him  to  make  and  deliver  the  quan- 
tities of  F-l’s  which  our  plans  require. 

PROGRAM  STATUS 

The  F-l  engine  development  program  has  an  impressive  list  of  ac- 
complishments. A year  after  the  contract  was  signed  full-scale  com- 
ponents were  undergoing  tests,  and  in  27  months  complete  engine 
systems  testing  had  begun.  Full  thrust  and  full  duration  tests  nave 
become  routine.  The  engine  has  been  gimbaled  during  hot  firing. 
We  expect  successful  completion  of  the  preliminary  flight  rating  tests 
this  year. 

By  the  end  of  this  year  F-l  engines  will  be  delivered  to  MSFC  and 
will  be  committed  to  ground  testing  for  the  booster  stage  of  the  Saturn 
V.  Delivery  of  production  engines  for  the  early  development  flights 
of  the  Saturn  V will  begin  early  next  year;  development  of  the  en- 
gine will  continue  through  this  entire  period  and  beyond  to  increase 
the  reliability  to  meet  the  requirements  for  manned  flight. 

The  development  program  for  this  engine  is  going  through  the 
same  characteristic  technical  phases  which  were  experienced  on  other 
( Redstone,  J upiter  and  Saturn  I ) engine  development  programs.  The 
areas  which  have  required  particular  emphasis  thus  far  have  been 
subject  to  straightforward  engineering  solutions.  Let  me  illustrate 
witn  three  examples. 

Early  in  the  program,  we  found  that  to  build  the  large  thrust  cham- 
ber, new  manufacturing  techniques  had  to  be  found.  The  large  num- 
ber of  tubes  which  make  up  the  chamber  are  held  together  by  brazed 
metal,  and  it  proved  difficult  to  obtain  the  uniformity  and  quality 
which  was  needed.  The  manufacturing  experts  at  Marshall  worked 
closely  with  the  contractor  to  develop  a brazing  process  which  has 
eliminated  the  need  for  expensive  and  time-consuming  handbrazing 
of  these  chambers. 

As  a second  example,  about  a year  ago  a series  of  malfunctions  oc- 
curred on  the  turbopump  test  stand  where  the  pump  was  being  tested 
as  a component  to  measure  and  improve  its  performance.  An  analysis 
was  made  which  included  not  only  the  basic  turbopump,  but  also  the 
test  stand  and  the  procedures  used  in  performing  the  tests.  The  cause 
of  these  malfunctions  was  found  to  be  the  formation  of  gas  bubbles 
in  the  facility  pipes  which  supply  liquid  oxygen  to  the  pump.  After 
- some  changes  were  made  in  the  supply  lines  and  the  operating  pro- 
cedures were  modified,  testing  was  successfully  resumed. 

My  third  example  is  what  is  commonly  known  as  the  combustion 
instability  phenomenon.  When  design  of  the  F-l  was  begun  in  1959, 
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combustion  instability  was  known  to  be  a potential  problem.  Ac- 
cordingly, early  in  the  program  tests  of  various  injectors  for  the 
thrust  chamber  were  conducted,  and  a design  was  selected  which  had 
not  experienced  unstable  combusion.  For  about  a year,  from  mid- 
1961  to  mid-1962,  engine  tests  were  conducted  without  this  phenome- 
non occurring.  Then,  on  J une  28  of  last  year  we  were  testing  develop- 
ment, engine  No.  008  on  the  test  stands  in  California.  A test  run 
which  was  scheduled  for  the'  full  2 % minutes  running  time  was  in- 
terrupted after  106  seconds  of  satisfactory  performance  by  a rupture 
of  a valve  casting.  The  rupture  was  traced  to  combustion  instability. 
Since  this  occurrence,  several  cases  of  combustion  instability  have 
taken  place. 

This  phenomenon  is  not  unique  to  the  F-l,  but  has  occurred  in 
the  development  of  most  liquid  rocket  engines.  Under  certain  condi- 
tions, vibrations  can  start  which  grow  to  such  magnitude  that  rupture 
and  internal  erosion  may  occur.  In  some  cases,  we  have  found  that 
vibrations  in  the  propellant  feed  system  influence  the  thrust  chamber 
oscillations. 

We  are  presently  concentrating  on  combustion  instability  and  are 
making  progress.  With  the  contractor  at  Rocketdyne,  we  have  made 
an  exhaustive  survey  of  all  test  data  having  a bearing  on  the  problem. 
Additional  injectors  have  been  built.  This  hardware  is  now  in  test- 
ing. Effort  has  been  made  to  isolate  those  oscillations  which  take 
place  in  the  propellant  feed  lines,  and  progress  here  is  encouraging. 

To  summarize,  the  F-l  engine  development  over  the  last  4 years  has 
made  satisfactory  progress.  The  engine  start  and  ignition  problems 
which  caused  us  90  much  trouble  on  the  engines  for  the  S-IV  stage 
have  been  nonexistent  on  the  F-l,  and  the  engine  shows  an  almost  per- 
fect record  of  starts  and  shutdowns.  The  individual  components, 
such  as  valves,  gas  generator,  and  turbopump,  have  progressed  satis- 
factorily. 

The  many  tests  have  indicated  that  we  will  have  a sound  engine 
available  when  we  need  to  begin  our  first  stage  flight  tests.  The 
maturity  of  the  engine  at  this  time  is  such  that  with  me  emphasis  we 
are  now  putting  on  the  remaining  development  tasks,  we  shall  meet 
the  requirements  of  the  Satum-Apollo  program. 

CONCLUSION 

Mr.  Chairman,  in  this  statement  we  have  covered  the  status,  launch 
plans,  and  flight  missions  of  the  three  Saturn  vehicles — Saturn  I, 
Saturn  IB,  and  Saturn  V — which  will  perform  vital  roles  in  meeting 
the  objectives  of  Project  Apollo. 

We  have  discussed  the  current  status  of  the  stages,  instrument  units 
and  engines  that  comprise  each  of  these  vehicles,  including  contractor 
and  Government  effort,  facilities,  test  programs,  and  production 
schedules. 

We  have  described  the  current  status  of  the  F-l  engine  program. 

We  have  seen  that  we  are  progressing  satisfactorily  in  all  areas  of 
our  programs,  and  that,  despite  the  magnitude  and  technical  com- 
plexities of  the  task,  we  are  still  on  schedule  to  meet  the  established 
objectives  of  the  National  Space  program. 

Thank  you  for  the  opportunity  to  appear  before  the  subcommittee. 

Mr.  Teague.  Thank  you,  Dr.  von  Braun. 
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That  was  a very  clear  report.  Every  phase  is  progressing  satis- 
factorily. 

We  have  the  chairman  of  our  full  committee  here  this  morning. 
Mr.  Chairman,  would  you  like  to  ask  some  questions? 

The  Chairman.  I would  again  like  to  welcome  Dr.  von  Braun.  It 
is  a pleasure  to  have  him  come  here  and  bring  us  these  words  of  en- 
couragement. We  are  very  happy  to  get  this  detailed  report. 

You  said  using  the  turbopump  on  the  engine  will  develop  60,000 
horsepower.  I wondered  why  we  didn’t  have  that  in  terms  of  thrust, 
but  you  are  talking  about  the  internal  pumps  in  the  engine,  weren’t 
you? 

Dr.  von  Braun.  The  pumps  feed  the  fuel  and  liquid  oxygen  into 
the  thrust  chamber. 

The  Chairman.  That  is  a pretty  good  sized  pump. 

Dr.  von  Braun.  Yes,  sir. 

The  Chairman.  Thank  you  very  much,  Doctor. 

Dr.  von  Braun.  Thank  you,  Mr.  Chairman. 

Mr.  Teague.  We  have  our  hard-working  majority  leader  here  this 
morning,  Mr.  Albert.  Any  questions  ? 

Mr.  Albert.  No.  I would  like  to  concur  in  what  Mr.  Miller  said. 
It  is  a pleasure  to  have  you  here,  Dr.  von  Braun. 

Dr.  von  Braun.  Thank  vou,  Mr.  Albert. 

Mr.  Teague.  Questions  by  the  committee  ? Mr.  Fulton  ? 

Mr.  Fulton  of  Pennsylvania.  A question  keeps  coming  up  as  to  the 
rate  of  progress  on  manned  space  flight  programs.  In  conformity 
with  the  statement  of  the  President  that  landing  men  on  the  Moon  in 
this  decade  is  a national  goal,  my  question  is : How  would  you  describe 
the  rate  of  progress  of  the  program?  Is  it  a crash  program  where 
funding  and  expenses  become  secondary  ? 

My  next  question  is:  Is  it  done  at  the  most  efficient  rate?  We  are 
in  a race  with  the  Soviets  to  be  first  on  the  Moon,  while  at  the  same  time 
we  want  to  have  our  scientific  research  and  development  be  most  out- 
standing and  foremost  in  the  world. 

I also  have  concern  that  we  are  not  offering  enough  contracts  at 
public  bid.  Every  contractor  should  have  the  right  to  submit  a pro- 
posal for  a low  bid  on  contracts  in  the  space  field.  Such  competitive 
bidding  would  first  give  the  lowest  cost  to  the  U.S.  taxpayers  who 
are  financing  this  program,  but  it  would  also  give  a broader  base  of 
technological  competence  and  knowledge  within  the  space  field. 

That  brings  up  the  point  that  we  might  be  relying  too  much  on  a 
certain  group  of  large  contractors.  They  select  their  own  subcon- 
tractors and  sub-subcontractors  without  proper  checking  on  the  part 
of  NASA  to  see  that  we  are  getting  the  lowest  cost  for  items  that  do 
?.lot  specifically  involve  research  and  development.  NASA  does  not 
have  the  machinery  to  follow  the  subcontracts  through  to  make  sure 
that  we  are  getting  the  lowest  cost  for  the  taxpayer  as  well  as  effec- 
tively using  our  scientific  resources. 

Would  you  just  comment  briefly  on  those  questions  ? 

Dr.  von  Braun.  I will  be  glad  to.  To  answer  your  first  question 
about  the  adequacy  of  our  funding  level,  sir : I would  say  the  program, 
as  presently  pursued,  requires  the  occasional  cutting  of  comers.  If 
we  had  more  funds  in  the  program  we  would  undoubtedly  be  able  to 
provide  more  depth,  particularly  in  the  area  of  reliability  testing. 
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We  could  procure  more  hardware  that  we  would  not  commit  to  flight 
testing,  but  to  ground  testing.  With  the  funding  level  that  we  have 
at  the  moment  we  are  not  able  to  do  this  to  the  fullest  desirable  extent. 

Mr.  Fulton  of  Pennsylvania.  So  you  do  not  then  describe  your 
own  planning  and  programing  as  a “crash  program”  as  we  customarily 
think  of  the  term  ? 

Dr.  von  Braun.  I would  say,  sir,  with  more  funding  we  could  prob- 
ably increase  the  confidence  factor  of  the  program.  Since  we  cannot 
now  do  reliability  testing  to  the  fullest  extent  possible,  we  are  running 
a higher  risk  with  respect  to  the  success  of  the  program. 

Mr.  Fulton  of  Pennsylvania.  A crash  program  means  that  you  are 
going  so  fast  there  is  almost  a devil-may-care  attitude  on  costs. 

Dr.  von  Braun.  Oh,  no ; definitely  not. 

Mr.  Fulton  of  Pennsylvania.  You  can  assure  us  that  there  is  no 
crash  program  on  everything  under  your  jurisdiction,  on  the  manned 
space  flight  program? 

Dr.  von  Braun.  Absolutely.  There  is  no  crash  program. 

As  far  as  the  orderliness  of  the  program  is  concerned,  I am  not 
aware  of  any  elements  in  this  program  that  have  not  been  completely 
analyzed  in  advance  on  paper.  Now,  as  to  the  adequacy  of  our  ap- 
proach, we  have  not  added  any  alternate  methods  or  alternate  hard- 
ware to  the  program : that  is,  wherever  there  is  a high-risk  element,  we 
are  j ust  taking  a gamble. 

Mr.  Fulton  of  Pennsylvania.  Could  you  comment  on  the  possibility 
of  more  contracts  being  let  out  at  public  competitive  bid  ? 

Dr.  von  Braun.  Yes,  sir.  In  this  area  the  directives  the  centers 
have  received  from  NASA  headquarters  are  very  clear.  We  are  di- 
rected to  go  on  competitive  fixed-price  bids  wherever  possible. 

Mr.  Fulton  of  Pennsylvania.  When  did.  those  directives  come  out? 

Dr.  von  Braun.  They  have  been  valid  ever  since  I have  been  con- 
nected with  NASA,  sir.  The  only  problem  is  that  there  are  some 
highly  technical  areas  where  we  are  running  into  rather  serious  dif- 
ficulties, in  abiding  by  this  directive.  Maybe  I could  illustrate.  For 
example,  many  facilities  that  we  are  building  in  support  of  our 
manned  spaceflight  program  are  not  standard  buildings  like  shops  or 
administration  buildings,  but  are,  in  a way,  critical  parts  of  the  re- 
search and  development  program  itself.  And,  just  like  the  research 
program  itself,  or  the  development  program  itself,  these  supporting 
facilities  are  subject  to  unpredictable  developments.  New  require- 
ments arise  in  this  area  constantly  which  require  either  awkward 
reprograming  actions  or  design  changes  in  the  facility  itself. 

For  example,  in  the  case  of  our  launch  complex  37,  at  Canaveral, 
we  went  out  on  a fixed-price  bid,  at  first,  but  in  due  time  so  many 
development  changes  crept  into  this  program  that  it  is  no  longer  very 
meaningful  to  even  refer  to  the  original  cost  proposal.  All  these 
changes  were  the  direct  result  of  R.  & D.  inputs  into  the  con- 
struction program.  I can  illustrate  some  of  these  things  in  a little 
more  detail,  for  example 

Mr.  Fulton  of  Pennsylvania.  Rather  than  take  the  committee’s 
time  to  go  into  the  example,  with  the  chairman’s  permission,  could  we 
have  that  in  the  record  later  ? 

Dr.  von  Braun.  Yes. 

Mr.  Teague.  Without  objection,  it  will  be  placed  in  the  record. 
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(The  information  requested  is  as  follows:) 

I would  first  like  to  state  that  I believe  it  is  possible  that  more  contracts 
can  be  let  on  this  basis  and  we  are  exploring  every  avenue  to  make  this  possible. 
It  is  the  policy  of  NASA,  including  the  center  I represent,  to  use  public  com- 
petitive bidding  where  it  is  in  the  best  interest  of  the  Government.  We  will 
continue  to  work  hard  toward  this  end. 

In  carrying  out  this  policy  there  are  certain  areas  of  procurement  such  as 
construction  of  facilities  and  procurement  of  supplies  where  contracts  are  let 
almost  exclusively  on  a competitive  fixed-price  basis.  Where  this  is  not  possible 
every  effort  is  made  to  obtain  competition.  We  are,  however,  faced  with 
problems  on  certain  research  and  development  procurements  because  the  number 
of  firms  qualified  to  serve  the  best  interest  of  the  Government  in  this  highly 
specialized  field  is  very  limited.  The  development  of  large  systems  such  as 
the  Saturn  V is  an  unprecedented  undertaking.  It  requires  the  best  resources 
the  country  has  to  offer  if  we  are  to  be  successful.  It  requires  the  best  com- 
panies possessing  large  numbers  of  highly  skilled  personnel  with  a high  ratio 
of  scientists  and  engineers  to  other  skills.  In  most  cases  it  requires  extensive 
and  complex  modern  facilities.  In  view  of  these  requirements  we  have  had  to 
select  the  most  qualified  companies  available.  In  searching  for  the  most  qualified 
company  it  develops  that  they  are  frequently  qualified  because  of  experience 
and  facilities  gained  through  having  previously  assumed  large  systems  respon- 
sibility for  NASA  or  the  Department  of  Defense.  Let  me  cite  an  example: 

In  the  rocket  engine  field  the  Government,  through  the  Department  of  Defense 
and  NASA,  has  expended  hundreds  of  millions  of  dollars  in  the  construction 
of  large  facilities  for  the  development  and  testing  of  these  engines.  As  you 
have  suggested,  it  would  be  highly  desirable  to  bring  additional  talent  into  this 
field.  To  do  so  would  require  the  expenditure  of  additional  millions  of  dollars 
on  new  facilities  to  provide  the  new  contractor  with  equivalent  capabilities. 
In  view  of  the  highly  specialized  nature  of  the  work  and  the  lack  of  a market 
for  the  product,  the  contractors  are  reluctant  to  provide  company  funding  for 
such  facilities.  It  has  therefore  been  necessary  for  the  Government  to  provide 
such  facilities.  Through  this  process  a number  of  companies  have  gained  the 
position  of  offering  the  best  potential  for  new  engine  development  programs. 
Also  through  this  process  NASA  has  saved  large  sums  of  money  by  using  existing 
Government-financed  facilities  for  engine  development,  production,  and  testing. 
We  are  deeply  concerned  about  this  problem  and  are  doing  our  utmost  to  bring 
in  new  companies  in  areas  where  they  have  the  capability  to  give  the  Govern- 
ment the  best  job,  both  technically  and  financially. 

A similar  situation  exists  in  the  field  of  systems  management.  The  systems 
we  are  talking  about  are  the  large  launch  vehicle  systems  which  are  of  un- 
precedented magnitude  and  complexity  and  require  enormous  systems  capability. 
Such  major  systems  requirements  are  not  found  to  the  same  extent  and  kind 
in  most  industrial  enterprises.  Over  the  years  the  Government  has  invested 
large  sums  of  money  in  projects  such  as  the  B-52  program.  This  has  resulted 
in  the  development  of  large  systems  management  capabilities  by  a relatively 
few  large  companies.  In  the  development  of  large  systems  such  as  Saturn  V 
this  capability  is  extremely  important  to  the  efficiency,  the  reliability,  and 
hence,  the  success  of  the  project.  While  we  are  well  aware  there  a number 
of  excellent  companies  in  the  country  that  would  like  to  develop  this  capability, 
we  are  unable  to  justify  the  expenditure  of  large  sums  of  Government  money 
to  develop  new  sources  when  there  are  qualified  companies  available. 

In  spite  of  the  limited  availability  of  qualified  companies  as  cited  above, 
we  nevertheless  obtain  competition  to  the  maximum  extent.  Bach  case  Is 
handled  on  its  in  dividual  merits  and  a careful  and  very  thorough  selection 
process  is  employed. 

In  summary,  we  will  continue  to  develop  additional  sources  and  distribute 
the  work  as  broadly  as  possible  consistent  with  preserving  the  Government’s  best 
interest  and  the  taxpayer’s  dollars. 

Mr.  Fulton  of  Pennsylvania.  Suppose  there  were  a 5-  or  10-percent 
cut  on  this  $5.7  billion  overall  program ; what  effect  would  that  have 
on  the  activities  under  your  jurisdiction,  to  time,  money,  and  ef- 
ficiency of  procurement  ? 

Dr.  von  Braun.  Sir,  I can  only  speak  about  the  portion  of  the  pro- 
gram I am  engaged  in  myself,  the  launch  vehicles  of  the  manned 
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space  flight  program,  particularly  the  Satums  for  Apollo,  but  here 
I can  state  that  our  program  can  most  definitely  not  stand  a 10-per- 
cent cut  without  very  serious  effects  on  the  schedules. 

In  fact,  I am  convinced  that  it  would  become  very  questionable 
whether  the  President’s  statement  (that  we  will  put  a man  on  the 
Moon  in  this  decade  and  bring  him  back  alive)  could  be  met,  with  such 
a cut  in  the  funding  of  the  launch  vehicle  program. 

Mr.  Teague.  What  funding  level  will  the  $5.7  billion  budget  give 
you? 

Dr.  von  Braun.  For  research  and  development  plus  construction  of 
facilities  we  had  about  $1.2  billion  in  fiscal  year  1968,  and  we  expect 
about  $1.8  in  fiscal  1964.  Much  of  that  higher  1964  figure  is  simply 
due  to  the  fact  wre  are  now  activating  facilities  built  with  previous 
money. 

Mr.  Teague.  I don’t  believe  I am  getting  my  point  over.  If  Con- 
gress passes  the  $5.7  billion,  what  level  of  funding  will  it  give  you? 
When  you  come  back  next  year,  will  you  tell  us  you  had  to  cut  more 
corners,  or  didn’t  have  to  cut  as  many? 

Dr.  von  Braun.  For  fiscal  year  1964  we  are  expecting  $1.8  billion 
as  our  part  of  the  $5.7,  which  would  permit  us  to  continue  approxi- 
mately under  the  same  conditions  that  we  had  in  1963. 

Mr.  Waggonner.  No  acceleration  or  deceleration? 

Dr.  von  Braun.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  You  spoke  of  a 10-percent  cut.  What 
effect  would  a 5-percent  cut  have? 

Dr., von  Braun.  It  would  lead  to  a slippage  in  the  program,  sir. 

Mr.  Fulton  of  Pennsylvania.  How  much  of  a slippage?  I think 
you  should  make  your  comments  on  each  of  these  two  alternatives 
at  some  length  in  the  record,  so  we  have  them  carefully  set  out. 

Dr.  von  Braun.  Under  the  assumption  the  5 or  10  percent  would 
be  passed  on  to  the  1.8  in  Marshall  ? 

Mr.  Fulton  of  Pennsylvania.  Yes,  prorated. 

(The  information  requested  is  as  follows :) 

Before  addressing  the  question  directly  it  is  necessary  to  describe  our  position 
in  general. 

First,  I want  to  reiterate  what  I said  in  my  testimony,  that  our  program 
is  already  experiencing  financial  difficulties.  We  started  fiscal  year  1963  with 
approximately  a 10  percent  funding  shortage,  which  required  complete  reevalua- 
tion of  our  program  and  a number  of  major  adjustments.  For  example,  on  the 
Saturn  V program  we  were  forced  to  slip  the  schedule  approximately  5 months. 
We  were  able  to  avoid  additional  slippage  by  delaying  the  Boeing  buildup  at 
Michoud.  To  do  this  we  had  to  absorb  more  work  at  MSFC. 

In  spite  of  our  economy  measures  we  still  have  a $30.9  million  shortage  in 
the  fiscal  year  1963  program,  which  can  only  be  overcome  by  postponing  essential 
buys.  This  could  result  in  further  slippage  of  the  Saturn  V program.  If  we 
must  assume  a pro  rata  share  of  a 10  percent  cut  this  would  mean  approximately 
an  additional  $160  million  shortage.  This  certainly  would  result  in  a serious 
program  slippage. 

In  considering  the  impact  of  such  cuts  I would  like  to  point  out  that  the 
schedule  we  are  attempting  to  meet  in  the  Saturn  V program  is  a “success 
schedule.”  This  is  a schedule  capable  of  exploiting  success.  It  is  a target-type 
schedule  to  provide  maximum  challenge.  It  assumes  no  major  unforeseen 
problems.  Naturally,  this  schedule  is  much  tighter  than  our  Saturn  I schedule 
has  been  up  to  this  point.  In  short,  we  are  trying  to  accomplish  the  greatly 
expanded  and  more  complex  Saturn  V program  in  less  time  than  we  have  taken 
with  Saturn  I.  We  recognize  that  this  is  a staggering  undertaking  which  may 
contain  unforeseen  problems  of  major  proportions. 
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Next,  I would  like  to  say  that  we  have  also  assumed  early  man-rating  of  these 
vehicles.  In  contrast,  Mercury  was  flown  first  by  a Redstone  which  had  already 
performed  successfully  in  more  than  50  flight  tests;  then  on  an  Atlas  whic.h 
also  had  a large  number  of  test  flights  before. 

What  I am  pointing  out  is  that  we  can’t  just  arbitrarily  change  schedules  when 
the  funding  changes.  In  considering  a serious  funding  shortage,  we  must  look 
at  entire  programs  for  sources  of  funds.  We  must  examine  all  the  technical 
aspects  and  weigh  impacts  of  various  possible  changes.  This  requires  serious 
engineering  investigations  to  come  up  with  definitive  answers.  Of  course,  since 
we  have  been  through  such  an  exercise  for  fiscal  year  1963,  we  have  in  general 
terms  established  our  priority  sequence. 

In  view  of  the  magnitude,  newness,  and  cost  of  Saturn  V we  have  arranged 
our  schedules  to  derive  maximum  technology  input  from  Saturn  I and  Saturn  IB. 
We  would  have  to  give  this  approach  even  greater  consideration  in  any  rearrange- 
ment of  schedules.  This  means  we  attempt  to  hold  the  Saturn  I on  schedule,  slip 
Saturn  IB  a small  amount,  and  apply  most  of  the  cut  directly  in  the  Saturn  V 
program.  This  would  also  permit  MSC  to  get  on  with  its  early  testing  program  for 
the  spacecraft  cm  Saturn  1 and  Saturn  IB.  We  also  must  keep  the  engine  pro- 
gram moving  along  because  it  includes  long  leadtime  development  requirements 
with  many  uncertainties. 

This  is  an  orderly  approach  but  one  that  could  result  in  more  delays.  For. 
by  postponing  the  Saturn  V,  we  postpone  the  program  with  the  largest  amount 
of  uncertainty,  and  hence  delay  the  time  when  we  may  learn  of  serious  problem 
areas  to  be  solved. 

The  same  impact  would  affect  MSC.  Although  we  still  provide  early  Saturn 
I and  IB  tests  for  them,  we  would  delay  the  time  they  can  fly  their  complete 
systems  on  Saturn  V ; hence  they  would  not  gain  needed  knowledge  as  early  as 
desirable. 

Theoretically,  a 5 percent  cut  alone  would  delay  our  schedule  approximately 
3 months ; a 10  percent  cut  approximately  6 months.  However,  when  we  add  the 
5 or  10  percent  cut  to  our  present  shortage,  consider  the  inefficiency  accrued  in 
accelerating  and  decelerating  the  effort,  and  consider  possible  future  technological 
problems,  we  are  realistically  looking  at  a slippage  of  unpredictable  length. 

Mr.  Teague.  Mr.  Daddario. 

Mr.  Daddario.  With  reference  to  the  F-l  engine,  you  referred  to 
the  construction  of  the  additional  injectors.  Apparently  this  is  caus- 
ing some  kind  of  problem.  I wonder  if  you  lee  a solution,  and  if  not, 
what  effect  might  it  have  on  this  whole  F-l  development  program? 

Dr.  von  Braun.  I am  very  confident  by  the  time  we  need  the  F-l 
engine  and  are  ready  to  put  it  into  the  tail  end  of  the  first  stage  of 
Saturn  V,  that  problem  will  be  well  under  control. 

Mr.  Daddario.  What  caused  you  concern  as  you  went  along?  Since 
it  has  been  part  of  the  overall  planning,  and  apparently  in  the  be- 
ginning you  had  confidence  in  it,  yet  the  engine  has  constantly  de- 
veloped problem  after  problem?  What  now  makes  it  so  certain,  when 
as  1 understood  the  testimony  in  the  first  instance,  you  did  not  con- 
sider that  this  would  be  any  problem  at  all  ? 

Dr.  von  Braun.  The  reason  we  have  this  combustion  instability 
problem  in  the  F-l  engine  is  mainly  due  to  the  fact  that  the  dimen- 
sions are  much  larger  than  anything  we  had  experience  with.  The 
diameter  of  the  injector  plate  is  greater,  also  the  flow  of  propellants 
through  every  square  inch  of  injector  surface  is  substantially  larger 
than  with  previous  engines.  All  investigations  and  diagnoses  of  in- 
jector plates  that  have  been  damaged  during  tests  clearly  indicate  that 
there  is  an  oscillating  pressure  wave  traveling  across  the  injector  plate 
which  changes  the  pressures  on  the  combustion  side,  and  conversely, 
also,  back  into  the  fe;  d side  of  the  injector.  The  two  fundamental 
means  of  eliminating  rough  combustion  are  to  interrupt  the  flame 
front  on  the  combustion  side  by  zoning  (by  breaking  it  into  several 
zones) , and  at  the  same  time  by  providing  baffling  on  the  feed  side. 
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We  are  very  confident  this  will  give  ns  the  desired  effect,  because  this 
cure  was  very  effective  with  older  type  engines,  also. 

Mr.  Teague.  Dr.  von  Braun,  we  will  hear  later  today  from  Mr. 
Hoffman,  but  in  the  two  firings  last  week,  was  the  new  injector  in 
one  of  those  firings  ? 

Dr,  von  Braun.  I don’t  know. 

Mr.  Hoffman  ? 

Mr.  Teague.  Did  I understand  you  to  say  at  Edwards  Air  Force 
Base  there  were  different  injectors  in  the  two  firings  ? 

Mr.  Hoffman.  Yes.  The  first  firing  was  with  an  injector  having 
upstream  modifications  which  is  an  improvement.  The  second  one  that 
you  saw  was  a modification  of  the  first,  again  with  upstream  modifica- 
tions. 'That,  too,  was  satisfactory.  1 will  cover  that  a bit  more  in 
my  testimony. 

Mr.  Teague.  Mr.  Riehlman  ? 

Mr.  Riehlman.  At  the  present  time,  Doctor,  we  hear  considerable 
testimony  in  our  committee  about  the  reprograming  activities  of 
NASA,  perhaps  due  to  lack  of  flexibility  in  their  budget.  Would  you 
comment  on  whether  or  not  you  have  flexibility  enough  to  carry  out 
your  program?  And  also,  I would  like  to  have  that  applied  to  the 
research  and  development  program  as  well  as  the  construction  of 
facilities. 

Dr.  von  Braun.  I would  say  we  have  enough  flexibility  in  the  re- 
search and  development  part  of  the  program.  In  fact,  NASA  gets 
one  block  of  money,  essentially,  in  the  R.  & D.  category,  and  that  gives 
both  the  centers  and  also  NASA  Headquarters  sufficient  flexibility 
to  roll  with  the  punch. 

In  the  construction  of  facilities  area  things  are  not  so  good.  I don’t 
think  there  is  any  need  of  greater  flexibility  in  C and  F funding  of 
standard  buildings,  such  as  administration  buildings,  shop  buildings, 
any  kind  of  routine  buildings.  But  we  have  a great  number  of 
special  facilities,  as  the  pictures  here  showed,  of  highly  technical  facil- 
ities in  direct  support  of  the  research  and  development  work.  Even 
a minor  change  in  such  a facility,  which  is  an  intimately  interwoven 
part  of  the  research  and  development  program,  calls  for  reprograming 
operations  which  are  very  cumbersome  and  awkward — whereas  in  the 
R.  & D.  funded  portion  of  the  program  proper  we  can  implement  all 
changes  quite  freely. 

Maybe  I can  cite  one  example  here  at  this  point- 

Mr.  Riehlman.  I would  appreciate  it  i f you  would. 

Dr.  von  Braun.  When  we  invited  North  American  Aviation,  Space 
and  Information  Systems  Division,  to  make  a proposal  on  the  S-II 
stage,  the  second  stage  of  the  Saturn  Y,  their  proposal  provided  that 
all  the  static  testing  of  this  stage  would  be  carried  out  at  their  static 
test  facility  in  Santa  Susana,  Calif.  Shortly  afterwards  the  Arthur 
Little  Co.  of  Boston  published  some  new  test  results  on  the  so-called 
TNT  equivalent,  of  explosions  of  liquid  hydrogen  and  liquid  oxygen 
mixtures  (the  purpose  of  these  tests  was  to  determine  what  equivalent 
TNT  effect  we  must  expect  if  such  an  accidental  explosion  occurred). 
The  new  figures  were  substantially  higher  than  previously  estimated. 
As  a result  of  these  findings,  the  Air  Force  Safety  Board  ruled  that  a 
full  duration  test  of  the  S-II  stage  at  Santa  Susana  could  not  be  carried 
out  for  safety  reasons. 
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As  a result,  the  need  for  construction  of  a test  stand  for  the  S-II 
stage  at  the  new  NASA  Mississippi  Test  Facility  arose.  But  under 
the  law  we  are  permitted  to  finance  facilities  at  the  company-owned 
Santa  Susana  complex  under  the  R.  & D.  This  whole  facility  was 
planned  to  be  built  under  R.  & D.  This  can’t  be  done  at  the  Govern- 
ment-owned Mississippi  complex.  There  it  had  to  be  funded  out  of 
C of  F.  Therefore,  we  had  to  introduce  a brand  new  C of  F item 
into  the  list.  As  you  know,  Mr.  Webb  has  a limited  degree  of  flexi- 
bility in  this  area.  The  exact  authority  he  has — I think  he  can  repro- 
gram 5 percent  of  his  R.  & D.  funds  into  C of  F,  and  authorize  $30 
million  across  NASA  for  not  previously  authorized  facilities. 

But  this  relatively  small  reserve  out  of  a multibillion-dollar  pro- 
gram is  very  rapidly  used  up,  considering  the  tremendous  percentage 
of  the  total  these  facilities  cost.  As  a result,  in  the  case  of  this  S-II 
test  stand,  we  got  involved  in  about  6 months  of  reprograming  and  re- 
planning of  the  whole  thing,  and  this  time  is  irrevocably  lost. 

Mr.  Riehlman.  Of  course,  that  would  have  an  adverse  effect  upon 
your  program. 

Dr.  von  Braun.  Yes,  it  will. 

Mr.  Riehlman.  If  you  had  broader  authority,  do  you  feel  you 
could  bring  about  greater  efficiency  and  economy  in  the  operation  ? 

Dr.  von  Braun.  Yes,  sir.  I think  the  ideal  solution  from  our  point 
of  view  would  be  if  all  facilities  that  are  directly  related  to  research 
and  development,  not  standard  buildings,  but  test  stands  and  that  kind 
of  thing,  could  be  appropriated  in  the  R.  & D.  category,  rather  than 
C of  F.  As  long  as  this  can’t  be  done,  I think  we  will  always  have 
this  difficulty. 

The  Chairman.  Would  the  gentleman  yield  ? 

Mr.  Riehlman.  Certainly. 

The  Chairman.  In  this  particular  instance,  this  was  brought  about 
by  finding  by  the  Air  Force  Safety  Board  that  could  not  have  been 
anticipated  by  NASA  prior  to  that  time,  and  was  way  beyond  NASA’s 
control ? 

Dr.  von  Braun.  Yes,  sir.  That  is  correct. 

■ The  Chairman.  NASA  had  to  abide  by  this,  because  the  Santa 
Susana  operations  belong  to  the  A ir  Force  ? 

Dr.  von  Braun.  That  is  right. 

The  Chairman.  So  there  are  things  that  come  from  the  outside  into 
a program  as  delicate  as  this  that  can  completely  upset  it  unless  you 
have  flexibility. 

Dr.  von  Braun.  Yes,  sir. 

Mr.  Riehlman.  If  Dr.  von  Braun  has  other  areas  or  illustrations 
to  give  our  committee,  to  justify  broadening  this  authority,  or  if  he 
feels  it  is  necessary  to  bring  about  greater  efficiency  and  economy  and 
greater  ability  to  act  more  expeditiously,  it  would  be  well  to  have  it  . 

Dr.  von  Braun.  The  F-l  combustion  instability  problem,  for  ex- 
ample. We  decided  to  activate  two  new  facilities  in  Huntsville  to 
come  to  the  help  of  Rocketdyne  on  F-l  turbopump  testing  and  on  F-l 
injector  plate  testing. 

Here,  too,  we  cannot  act  as  fast  as  we  wanted  to  for  lack  of  C of  F 
money.  We  are  trying  to  do  what  we  can  with  R.  & D.  money,  but 
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here  again  it  would  certainly  help  a great  deal  if  we  had  a ruling 
across  the  board  that  all  these  facilities  in  direct  support  of  research 
and  development  could  be  f tfnded  out  of  R.  & D. 

Mr.  Teague.  Mr.  Gurney. 

Mr.  Gurnet.  On  this  cost,  take  the  F-l  injector,  for  example.  That 
is  one  of  the  most  expensive  parts  of  the  program  in  both  manufactur- 
ing and  test  firing.  Do  you  have,  for  example,  now,  a specific  number 
of  engines  that  you  plan  to  purchase  during  this  whole  program  ? Do 
you  have  a specific  number  you  intend  to  purchase  this  next  fiscal  year  ? 

Di-.vonBeaun.  Yes,  sir. 

Mr.  Gurney.  Do  you  have  a specific  number  you  intend  to  test  this 
next  year  ? 

Dr.  von  Braun.  Yes,  sir. 

Mr.  Gurnet.  How  many? 

Dr.  von  Braun.  We  have  developed  a precise  procurement  plan 
geared  to  the  static  test  program  and  also  the  flight  program.  The 
lead  times  required  both  for  delivery  of  the  engines  themselves  and 
also  for  the  assembly  period  of  the  entire  stage  (which,  of  course,  must 
be  placed  between  engine  delivery  and  launch  date) — all  this  has  been 
carefully  calculated.  I shall  be  glad  to  furnish  you  the  exact  figures. 
It  is  quite  a sizable  plan. 

Mr.  Gurnet.  I would  be  curious  if  you  could  furnish  those  for  the 
record. 

Dr.  von  Braun.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

Question.  Do  you  have  a specific  number  of  F-l  engines  you  intend  to  purchase 
this  next  fiscal  year? 

Answer.  We  plan  to  order  12  complete  engines  and  long  lead  hardware  for 
19  additional  engines  for  the  Saturn  V in  fiscal  year  1964. 

The  funds  required  in  any  given  period  are  computed  on  the  basis  of  the  deliv- 
ery schedule,  and  the  lead  times  inherent  in  each  major  subsystem  such  as  turbo- 
pump, injector,  thrust  chamber  tubes,  etc.  Initial  funding  must  be  in  the  con- 
tract 17  months  prior  to  engine  delivery. 

Question.  Do  you  have  a specific  number  of  F-l  engines  you  intend  to  test  this 
next  year? 

Answer.  Engine  testing  in  fiscal  year  1964  at  Edwards  Air  Force  Base  will 
include  tests  on  all  14  of  the  engines  which  will  be  delivered  in  fiscal  year  1964, 
plus  tests  conducted  on  engines  delivered  in  fiscal  year  1963.  Additionally,  two 
of  the  propulsion  system  test  engines  will  be  tested  at  Huntsville  in  fiscal  year 
1964. 

Question.  Do  you  have,  for  example,  now,  a specific  number  of  engines  that  you 
plan  to  purchase  during  this  whole  program  ? 

Answer.  The  number  of  ' engines  we  plan  to  purchase  is  divided  into  three 
categories  as  follows : 

(1)  Development  program — These  engines  are  purchased  under  the  F-l  de- 
velopment program,  and  are  used  by  Rocketdyne  to  evolve  the  final  design  and 
high  reliability  required. 

(2)  Propulsion  system  test,  program — These  engines  are  purchased  by  the 
Saturn  V program,  and  are  tested  both  by  Rocketdyne  and  by  Marshall  Space 
Flight  Center.  These  engines  are  used  for : 

( a)  Verification  of  engine  design  requirements. 

( ft ) Development  of  vehicle  associated  components. 

< c)  Development  and  testing  of  a complete  stage. 

(3)  Might  Engines — These  engines  are  purchased  by  the  Saturn  V program, 
and  will  power  both  the  development  flight  vehicles  and  the  later  manned 
vehicles. 
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Total  planned  F-l  engine  deliveries  are : 


' 

Through 
fiscal  year 
1962 

Fiscal  year 
1963 

Fiscal  year 

1964 

Fiscal  year 
1965  and 
subsequent 

Total 

Development  program 

8 

4 

1 12 

10 

34 

Propulsion  system  test  program 

9 

7 

16 

Flight  engines,  including  spares  i 

1 

89 

90 

Total 

8 

4 

22 

106 

140 

1 Flight  test  engine  totals  are  based  on  a 15- vehicle  program.  Actual  number  of  vehicles  which  will  be  in 
the  program  Is  dependent  on  total  mission  requirements  and  flight  results. 


Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  The  question  has  come  up  on  the 
reprograming  of  funds  for  the  manned  space  flight  programs ; would 
you  put  in  the  record  later  the  fact  that  the  transferability  authority 
was  necessary,  and  your  comment  as  to  whether  it  was  rightly  or 
wrongly  used?  And  lastly,  whether  it  did  drain  from  research  and 
development  programs  for  the  practical  use  of  engineering  in  manned 
space  flight? 

(The  information  requested  is  as  follows :) 

The  facilities  requirements  for  the  manned  lunar  mission  are  normally  pro- 
vided under  the  construction  of  facilities  appropriation.  Under  current  legis- 
lation, the  Administrator  of  NASA  has  authority  to  use  funds  provided  under 
the  research  and  development  appropriation  for  construction  of  a major  facility 
on  contractor  property,  and  may  transfer  up  to  3 percent  of  the  research  and 
development  appropriation  to  the  construction  of  facilities  appropriation.  In 
both  instances,  the  Administrator  must  make  findings  and  determinations,  and 
must  notify  appropriate  committees  of  Congress. 

In  the  past  12  months,  the  Marshall  Space  Fight  Center  has  submitted  35  re- 
programing actions  requiring  notification  of  the  committees.  Eighteen  of  these 
involved  the  transfer  of  funds  between  the  R.D.  & O.  appropriation  and  the  con- 
struction of  facilities  appropriation.  In  my  opinion,  these  actions  were  abso- 
lutely necessary  if  we  are  to  meet  the  goal  of  putting  a man  on  the  moon  in  this 
decade.  These  actions  were  required  because  of  changes  in  the  development  pro- 
gram that  occurred  after  submission  of  the  budgets. 

Decisions  which  vitally  affected  our  facility  requirements  included  the  de- 
cision to  build  the  Saturn  V,  NASA’s  decision  to  use  the  lunar  orbit  rendezvous 
mode,  and  the  decision  to  eliminate  a direct  flight  Nova  mode  as  a back  up  for 
rendezvous  techniques.  In  order  to  implement  these  decisions,  it  has  been  neces- 
sary to  eliminate  facilities  previously  programed  in  budget  submissions,  build 
new  ones  not  budgeted,  modify  existing  facilities,  and  redesign  facilities  already 
under  construction. 

While  an  increase  in  transfer  authority  would  provide  some  of  the  needed 
flexibility,  it  does  not,  in  my  opinion,  recognize  the  inseparability  of  the  research 
and  development  effort  and  the  “tools”  to  accomplish  it.  Over  58  percent  of  the 
facilities  budgeted  and  planned  for  the  manned  lunar  program  are  directly  and 
intimately  tied  to  the  developmental  effort.  Under  the  present  appropriation 
structure,  we  are  forced  to  predict  research  and  development  requirements  for 
facilities,  in  quite  some  detail,  3 to  5 years  in  advance  of  the  need  for  the 
facility.  This,  of  course,  is  a practical  impossibility,  except  for  conventional 
items  of  construction,  such  as  office  buildings  and  other  institutional-type 
facilities. 

In  view  of  the  urgency  of  the  attainment  of  the  Nation’s  objectives  in  space, 
it  is  my  conviction  that  the  Administrator  of  NASA  should  be  given  legislative 
authority  to  use  research  and  development  funds  for  research  and  development 
facilities,  with  no  more  restrictions  than  are  currently  placed  on  other  resources 
needed  in  the  total  effort. 

Mr.  Fulton  of  Pennsylvania.  You  had  spoken  of  a proposal  to 
build  12, 1 believe,  Saturn  IB  boosters.  Likewise,  you  plan  to  build 
eight  Saturn  V boosters.  The  question  naturally  arises,  from  the 
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taxpayers’  point  of  view,  why  do  you  need  so  many?  We  didn’t 
have  that  many  for  Mercury. 

Dr.  von  Braun.  In  the  case  of  the  Saturn  1-B,  these  flights  are 
needed  to  wring  out  the  lunar  orbit  rendezvous  technique  tests  in 
Earth  orbits. 

Mr.  Fulton  of  Pennsylvania.  That  will  be  the  12  for  that  particular 
purpose? 

Dr.  von  Braun.  Yes.  We  need  the  first  four  to  certificate  the 
launch  vehicle  itself  before  we  dare  put  a man  in  it.  The  subsequent 
flight  tests  with  the  1-B  involve  all  those  complicated  orbital  maneu- 
' vers,  like  swinging  the  lunar  excursion  module  around  and  dock  it  to 
the  command  module,  and  so  forth. 

Mr.  Fulton  of  Pennsylvania.  What  backup  do  you  have  in  the 
three  separate  divisions? 

Dr.  von  Braun.  I would  say  if  everything  worked  very  well  and 
there  are  no  setbacks,  no  launches  aborted,  no  mishaps  during  the 
rendezvous  exercises,  it  may  well  be  that  all  Earth-orbit  tests  in  sup 
port  of  the  lunar  orbit  rendezvous  mode  may  be  completed  with  two- 
thirds  or  three-quarters  of  the  total  planned.  But  I think  it  would  be 
unrealistic  to  assume  that  a certain  amount  of  backup  hardware  was 
not  necessary. 

Mr.  Fulton  of  Pennsylvania.  Have  you  taken  steps  to  avoid  the 
situation  that  occurred  in  Mercury  where  boosters  appeared  at  Cape 
Canaveral  for  checkup  and  revision  with  500  change  orders  pasted  on 
the  side  of  the  booster  ? What  is  the  situation  on  that  now  ? 

Dr.  von  Braun.  I do  not  believe  that  I could  honestly  promise  that 
this  situation  has  or  can  be  remedied  altogether. 

In  fact,  due  to  the  fact  that,  for  the  time  being  at  least,  all  these 
large  stages  must  be  shipped  by  water  to  Canaveral,  they  are  tied  up 
for  up  to  3 weeks  in  transit ; and  whenever  a black  box  is  missing  in 
a stage  at  shipment  date,  the  temptation  will  always  be  very  great  to 
say,  “We  will  fly  i he  black  box  to  Canaveral  and  put  it  in  there  rather 
than  hold  shipment  of  the  stage  until  the  box  is  available.” 

Some  of  these  things  make  up  those  Canaveral  engineering  change 
orders.  Sometimes  more  is  involved,  sometimes  less.  But  I do  not 
believe  it  could  be  completely  avoided.  It  is  a very  undesirable  pro- 
cedure, but  I don’t  think  it  could  be  completely  avoided. 

Mr.  Fulton  of  Pennsylvania.  I have  been  a severe  critic  of  the 
manned  space  flight  program  on  the  basis  of  the  five  off-the-shelf -type 
items  that  went  wrong  within  the  last  hour  before  the  Glenn  flight. 
Hatches  and  valves  stuck,  the  electric  power  went  out  at  the  Bermuda 
tracking  station  that  was  to  put  the  capsule  into  orbit,  the  hatch  door 
had  a bolt  break  on  it  as  it  was  being  fastened,  and  there  were  tempera- 
ture troubles  as  well. 

Of  course,  the  experiment  that  NASA  made  while  Glenn  was  in 
orbit  when  they  tested  out  the  inverter  equipment  for  the  first  time 
at  that  temperature  was  a rather  remarkable  success  under  the  cir- 
cumstances. 

However,  are  we  preparing  so  we  will  get  adequate  reliability  of 
component  parts,  so  we  can  now  say  that  we  have  a group  of  competent 
contractors  in  the  space  industry  who  do  not  cause  us  a $12  million 
direct  loss,  with  a $8  to  $10  million  indirect  loss  ? 

For  example,  on  Mariner  I,  there  was  the  leaving  out  of  a minus 
sign,  and  also  the  trouble  with  a fuse  where  someone  took  it  out  and 
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put  it  among  10  or  15  other  fuses  so  that  no  one  could  tell  which  fuse 
had  been  taken  out. 

I think  in  justice  to  the  American  taxpayer,  when  you  see  an  amount 
of  money  equal  to  a total  college  or  foundation  grant  over  the  years 
is  gone  in.  the  twinkle  of  an  eye  through  that  kind  of  failure  of  pro- 
cedure and  reliability,  we  on  this  committee  must  stop  it. 

Are  you  trying  to  do  it  ? 

Dr.  von  Braun.  NASA  inaugurated  about  a year  ago  a new  set 
of  quality  control  procedures.  They  have  been  even  adopted  by  the 
Air  Force  in  many  areas.  These  procedures  are  very  much  more 
stringent  than  what  was  customary  in  the  aircraft  industry.  There  is 
100-percent  vendor  inspection,  for  example.  There  is  also  so-called 
inprocess  inspection  where  you  do  not  just  inspect  the  final  product, 
but  also  the  procedures  during  manufacture;  for  example,  before  a 
tube  is  sealed  and  buried  in  some  plastic  foam,  where  it  would  be  no 
longer  accessible,  the  tube  and  its  wiring  leads  will  be  inspected. 

I believe  these  NASA  standards — I am  referring  to  the  NASA 
quality  assurance  procedures,  200-1,  200-2,  200-3,  in  particular,  which 
are,  in  my  opinion,  a very  go  d step  in  the  right  direction. 

As  I said,  they  have  even  been  accepted  by  the  Air  Force  now  as 
guidelines  for  some  of  their  own  products. 

There  is  one  problem  closely  connected  with  quality  controls  and 
that  is  the  recurring  problem  of,  shall  we  say,  free  competition  among 
all  kinds  of  vendors,  versus  dependence  on  a limited  list  of  qualified 
vendors.  Whenever  a vendor  comes  up  with  something  new,  a tran- 
sistor, a valve,  or  some  mechanical  device,  we  subject  this  device  to 
ah  extensive  environmental  test  program,  and  finally  say  that  the  part 
is  now  qualified. 

This  qualification  is,  of  course,  only  valid  to  the  extent  that  this 
particular  vendor  is  involved.  When  another  vendor  comes  out  with 
a value  that  is  to  meet  the  same  specifications,  it  doesn’t  necessarily 
mean  that  his  product  will  also  qualify. 

As  a result  it  will  be  necessary  to  requalify  every  single  product 
from  another  vendor  before  you  accept  it.  In  this  area  there  are 
sometimes  genuine  conflicts  between  the  desire  of  either  getting  in 
more  competition,  or  getting  in  more  suppliers,  and  the  desire  to 
tighten  up  and  use  qualified  vendor  parts  only,. 

Mr.,  Casey.  Mr.  Chairman. 

Mf^Teague.  Mr.  Casey. 

Mr.  Casey.  Did  I understand  you  to  say  a while  ago,  Doctor,  that 
you  could  use  more  funding  in  testing  and  finding  out  some  of  the 
problems  in  the  F-l  engine?  Did  I understand  you  to  make  that 
statement? 

Dr.  von  Braun.  I spoke  about  the  F-l  in  conjunction  with  the 
difficulty  of  reprograming  money  into  facilities  construction. 

Mr.  Casey.  Do  you  have  adequate  funds  in  this  proposed  budget 
now  ? 

Dr.  von  Braun.  In  this  case  we  have  not  asked  for  additional  funds. 
We  asked  in  this  case  for  permission  to  use  some  research  and  de- 
velopment money  for  some  facilities  construction  work. 

My.  Casey.  But,  in  the  proposed  budget  we  are  holding  hearings 
on  now,  do  you  have  adequate  funds  for  your  contemplated  necessary 
test  checkouts  to  find  these  problems  ? 
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Dr.  von  Braun.  I am  confident  if  the  fiscal  year  1964  budget^  as  - 
suggested,  goes  through,  we  will  be  adequately  covered  for  the  F-l. 

Mr.  Casey.  You  were  inferring  that  the  present  budget  you  are 
operating  under  is  inadequate  ? 

Dr.  von  Braun.  No,  sir.  I was  speaking  of  the  fact  that  across 
the  board  the  entire  Saturn  Apollo  program  is  not  a very  rich  pro- 
gram and  we  have  to  cut  corners  wherever  we  find  them,  and  some- 
times we  are  feeling  a little  uneasy  about  this. 

Mr.  Casey.  Even  with  the  proposed  budget  before  us,  it  is  going 
to  be  a tight  one.  Is  that  what  you  are  say ingl 

Dr.  von  Braun.  That  is  correct. 

Mr.  Casey.  Is  it  sufficient  to. meet  the  goal  that  has  been  set  by  the 
President? 

Dr.  von  Braun.  I think  so,  yes. 

Mr.  Casey.  To  keep  us  moving  to  achieve  our  ultimate  goal  ? 

Dr.  von  Braun.  Yes.  It  is  very  tight.  I would  have  personally 
liked  to  see  the  supplemental  in  fiscal  year  1963  go  through,  that  was 
discussed. 

Mr.  Casey.  There  were  several  others  of  us  who  would  have  liked 
to  see  that  too. 

Dr.  von  Braun.  It  would  have  helped  us  a great  deal. 

Mr.  Casey.  But  in  your  opinion,  if  we  authorize  the  proposed 
budget  as  submitted,  we  can  keep  on  schedule  to  meet  the  goal  an- 
nounced by  the  President  and  make  a manned  lunar  landing  and  re- 
turn, in  this  decade? 

Dr.  von  Braun.  Yes,  sir;  but  there  is  no  fat  left  in  there.  I think 
we  are  really  down  to  lean  meat  in  the  program. 

Mr.  Casey.  Well,  have  you  had  any  fat  at  any  time  in  this  program? 

Dr.  von  Braun.  No,  but  I think  a program  like  this  ought  to  have 
a little  fat. 

Mr.  Casey.  You  think  it  ought  to  have  a little  fat  ? 

Dr.  von  Braun.  It  ought  to  have  a little  fat,  because  there  are  so 
many  unpredictable  things. 

Mr.  Casey.  In  other  words,  this  doesn’t  allow  for  many  mistakes, 
where  you  might  have  to  retrace  or  repeat  some  portion  of  a program  ? 

Dr.  von  Braun.  Yes,  sir. 

Mr.  Casey.  It  is  putting  you  on  vour  toes  to  the  point  where  you 
must  practically  accomplish  your  objective  the  first  time;  otherwise, 
you  will  not  have  the  money  to  repeat  that  portion  of  the  program,  is 
that  correct  ? 

Dr.  von  Braun.  Precisely. 

Mr.  Casey.  Are  you  going  to  maintain  this  schedule  for  manned 
lunar  landing  in  this  decade  ? 

Dr.  von  Braun.  Precisely.  If  all  works  well,  I think  we  can  meet 
it,  but  it  wouldn’t  be  right  to  expect  everything  to  work  well. 

This  is  an  unprecedented  program  here.  There  are  bound  to  be 
some  setbacks.  It  is  very  difficult  to  say  how  many  there  will  be  and 
how  much  they  will  cost,  but  when  I say  a little  fat  is  desirable,  it  is 
in  order  to  take  care  of  these  unforeseen  setbacks. 

I think  right  now  we  are  really  down  to  lean  meat.  We  cannot 
afford  to  cut  anything  else  out,  otherwise  we  just  can’t  do  it  even  if 
everything  works  well. 
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Mr.  Casey.  If  the  American  public  then  wants  to  accomplish  the 
goal  that  the  President  has  set,  they  must  be  prepared  to  back  this 
request  that  NASA  has  made  for  funds. 

Dr.  von  Braun.  Yes,  sir;  this  is  my  firm  conviction.  Yes,  sir. 

Mr.  Teague.  Will  you  tell  us  a little  about  the  budgetmaking  proc- 
ess? What  budget  are  you  working  on  now  ? When  did  you  have  to 
submit  the  fiscal  year  1964  budget  to  NASA  headquarters  in 
Washington? 

For  instance,  last  year  when  you  came  here,  the  decision  had  not 
been  made  at  that  time  whether  or  not  NASA  would  use  Earth-orbit 
rendezvous,  lunar-orbit  rendezvous,  direct  ascent,  or  what.  Are  there 
any  big  changes  that  could  be  made  in  the  next  year  as  far  as  this 
budget  is  concerned,  for  which  it  would  be  more  desirable  to  have  a 
percentage  of  money  that  you  could  transfer  from  one  program  to 
another  as  far  as  It.  & D.  is  concerned  ? 

Dr.  von  Braun.  I don’t  remember  offhand  whether  the  figures  as 

Sresently  submitted  were  first  prepared  before  or  after  the  mode 
ecision.  But  I can  definitely  say  the  program  that  is  presently  being 
pursued,  that  I discussed  here  a little  earlier,  really  needs  the  requested 
funding  support. 

The  lunar-orbit  rendezvous  mode  introduces  certain  elements  that 
didn’t  exist  previously. 

The  lunar-orbit  rendezvous  mode  introduces  certain  elements  that 
have  been  needed  had  the  command  module  been  used  to  land  on  the 
Moon. 

On  the  other  hand,  certain  things  could  be  saved.  For  example, 
in  the  earth-orbit  rendezvous  mode  the  development  of  a tanker 
would  have  been  necessary.  It  was  to  be  carried  up  by  a first  Saturn 
V to  be  followed  up  later  by  a manned  vehicle.  This  tanker  is  no 
longer  in  the  program  since  the  earth-orbit  rendezvous  mode  was 
decided  against.  Had  the  Nova  mode  been  adopted  at  the  time,  the 
development  of  another  launch  vehicle  would  have  been  necessary. 

Mr.  Teague.  How  long  ago  did  your  request  for  $1.8  billion  go  to 
NASA  headquarters? 

Dr.  von  Braun.  I don’t  exactly  remember  how  this  budget  cycle 
works,  but- 

Mr.  Teague.  Approximately.  Was  it  last  October? 

Dr.  von  Braun.  I think  about  April  or  May  1962,  thereabouts. 
Mr.  Teague.  Then  you  are  now  working  on  what  you  will  submit 
this  comingMav  for  fiscal  year  1965  ? 

Dr.  von  Braun.  That  is  correct,  yes. 

Mr.  Teague.  And  this  budget  of  yours  covers  Marshall,  Michoud, 
and  the  Mississippi  Test  Facility. 

Dr.  von  Braun.  Yes,  sir.  The  budget  cycle  within  NASA  works 
as  follows:  First  the  centers  make  a submission  to  NASA  head- 
quarters. Usually  headquarters  finds  the  total  is  too  much  when  all 
the  requests  have  come  in.  Then  headquarters  decides  in  what  areas 
they  would  reduce  the  overall  program  and  they  give  the  submissions 
back  to  the  centers  with  new  ground  rules. 

Mr.  Teague.  Each  center  submits  separate  budgets? 

Dr.  von  Braun.  Yes.  I think  there  are  two  submissions.  The  first 
is  due  approximately  in  April.  We  are  right  now  working  on  the  first 
submission  for  the  1965  budget.  We  expect  it  back  in  August  or  Sep- 
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tember,  if  I am  not  mistaken,  when  we  shall  take  another  reading  on 
it.  This  is  about  the  leadtime  involved. 

Mr.  Teague.  Do  you  know  where  in  the  budget  the  money  would 

fo,  for  example,  that  we  give  to  Navy  for  recovery  operation  ? Whose 
udget  would  that  be  in?  Yours,  or  Cape  Canaveral,  or  Houston? 
Dr.  von  Braun.  If  the  Navy  is  reimbursed,  it  will  probably  come 
out  of  Mr.  Holmes’  manned  space  flight  office  here  in  Washington  and 
be  transferred  direct  to  the  Navy. 

Mr.  Casey.  Since  you  said  that  your  budget  request  went  to  NASA 
headquarters,  then  they  said  it  is  too  much,  evidently  you  originally 
submitted  more  than  $1.8  billion,  is  that  right  ? 

Dr.  von  Braun.  Yes,  I think  so.  And  in  this  particular  case,  as 
the  chairman  pointed  out,  there  have  been  major  technical  decisions 
in  the  meantime  also. 

When  we  submitted  the  1964  budget  for  the  first  time,  this  was  prior 
to  the  mode  decision;  in  the  meantime,  when  the  submission  same 
back  from  headquarters,  the  lunar  orbit  rendezvous  had  been  selected, 
and  we  had  harder  facts  to  nail  our  funding  requirements  down. 

Mr.  Casey.  But  did  you  originally  ask  for  more  than  $1.8  billion 
for  your  part  of  the  program  ? 

Dr.  von  Braun.  I would  have  to  check.  I don’t  remember. 

Mr.  Casey  I just  wondered  if  $1.8  billion  is  less  than  you  originally 
requested  ? 

Dr.  von  Braun.  It  may  well  be.  But  we  know  now  better  what 
we  really  need  because  the  mode  was  selected  in  the  meantime,  so 
any  differences  wouldn’t  be  too  meaningful. 

Mr.  Casey.  That  is  right. 

Mr.  Teague.  Mr.  Fuqua? 

Mr.  Fuqua.  It  is  apparent  we  need  this  flexibility  because  of  the 
technological  and  other  unforeseen  changes? 

Dr.  von  Braun.  Yes,  but  in  our  “Research  and  Development”  ap- 
propriations we  have  flexibility,  so  we  can’t  gripe  about  this. 

But  in  the  construction  of  facilities  appropriations  you  have  to  spell 
out  both  location  and  construction  items,  exactly  what  and  where  you 
propose  to  build.  To  know  a year  and  a half  in  advance  what  special 
test  facility  you  will  need  in  a program  as  unprecedented,  dynamic 
and  unpredictable  as  this  one  is  downright  an  impossibility. 

This  rigidity  in  our  construction  of  facility  submissions  is  really 
the  main  reason  for  these  many  reprograming  actions  that  are  neces- 
sary. I think  if  we  had  fewer  items  to  reprogram  it  would  also 
facilitate  things. 

For  example,  if  instead  of  having  20  different  items  of  construction 
approved  for  Huntsville,  we  had  only  one  consolidated  Huntsville 
construction  budget  and  could  reprogram  at  Marshall  within  that 
budget,  it  would  greatly  facilitate  things.  I think,  though,  the  best 
answer  is  really  that  funds  for  these  technical  facilities  in  direct  sup- 
port of  research  and  development  tasks  be  appropriated  in  the  R.  & D. 
category. 

Anything  short  of  that  would  probably  keep  that  problem 
permanently  with  us. 

Mr.  Teague.  Mr.  Waggonner? 

Mr.  Waggonner.  To  pursue  a little  further  what  Mr.  Casey  asked 
you  a minute  ago,  I think  you  said  in  answer  to  one  of  Mr.  Fulton’s 
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questions  that  if  you  had  more  money  you  would  spend  that  additional 
money  in  further  ground  testing,  buying  more  hardware  for  ground 
testing;  isn’t  that  what  you  really  meant  to  say  there? 

Dr.  von  Braun.  Precisely. 

Mr.  Waggonner.  If  you  could  get  more  money,  it  would  be  needed, 
and  you  would  gain  more  reliability  by  additional  ground  testing? 

Dr.  von  Braun.  Yes,  sir.  Let  me  say  a few  words  about  our 
financial  operating  plan.  Our  monetary  needs  in  B.  & D.  are  usually 
made  up  of  two  elements.  One  element  is  just  running  operating 
expenses.  It  is  made  up  by  what  it  costs  to  develop  things.  You 
have,  say,  a stage  on  a static  test  stand  that  must  be  fired  up  repeatedly, 
and  you  have  to  pay  operating  expenses  for  salaries,  fuel,  instrumenta- 
tion evaluation  and  so  forth. 

The  other  element  is  what  goes  into  the  long-range  hardware  pro- 
curement plan.  We  have  to  buy  long  leadtime  items.  Just  to  cite 
an  example : In  order  to  be  able  to  fly  our  first  Saturn  I-B  at  a given 
date,  we  must  give  Douglas  contract  authority  to  go  ahead  with  the 
manufacture  of  the  second  stage.  There  may  be  24  months  leadtime 
involved.  We  have  to  commit  substantial  sums  of  money  years  ahead 
of  the  launch  date. 

Mr.  Waggonner.  You  would  like  to  be  able  to  do  more  testing  and 
evaluating  at  Marshall  in  order  to  gain  reliability,  rather  than  having 
errors  show  up  after  the  manufacturer  starts  testing? 

Dr.  von  Braun.  Bight.  But  as  we  count  our  dollars,  we  find  every 
dollar  is  needed  to  do  either  just  the  basic  ground  testing,  or  to  buy  the 
hardware  needed  in  support  of  the  flight  program  which  is  equally 
necessary  for,  say,  orbital  rendezvous  exercises. 

We  would  like  to  have  money  above  our  present  funding  levels  to  buy 
hardware  that  can  be  tested  extensively  in  laboratories,  so  we  can  shake 
a stage  structure  to  pieces,  test  valves  under  higher  than  normal  pres- 
sures and  other  than  normal  temperatures,  and  this  kind  of  thing;  in 
other  words,  subject  all  the  many  components  and  subsystems  of  our 
rockets  to  torturous  test  programs. 

Mr.  Waggonner.  Marshall  has  the  development  responsibility  for 
the  instrument  unit  for  Saturn  and  I think  you  said  that  IBM  and 
Bemliu  are  responsible  for  the  development  of  the  guidance  systems. 

Relatively  speaking,  are  there  any  problems  with  respect  to  the  de- 
velopment of  the  instrument  system  as  to  its  leadtime  ? Is  it  ahead, 
or  is  it  behind  the  engine  development? 

Dr.  von  Braun.  I don’t  believe  the  guidance  system  is  really  a 
maj or  problem  area.  We  are  in  very  good  shape  there. 

Mr.  Waggonner.  Are  tl:  ire  any  problems  in  the  instrumentation 
and  its  development  ? 

Dr.  von  Braun.  There  are  a few  left,  but  no  really  critical  problems. 

Mr.  Waggonner.  In  this  area  we  are  nearly  able  to  apply  and  use 
what  we  learned  in  Mercury  ? 

Dr.  von  Braun.  Yes. 

Mr.  Waggonner.  We  have  had  some  slippage  in  the  Nova  program. 
What  are  you  going  to  do  in  fiscal  year  1964  toward  the  development 
of  Nova  at  Marshall  ? 

Dr.  von  Braun.  To  us  at  Marshall  Nova  looks  as  follows : Before 
the  mode  decision  was  made,  we  had  one  particular  configuration  of 
Nova  as  a possible  contender  for  the  job  of  putting  a man  on  the  Moon 
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in  this  decade.  This  particular  Nova  called  for  eight  F-l  engines  in 
the  first  stage  and  two  M-ls  in  the  second  stage,  and  was  very  clearly 
defined.  When  the  decision  was  made  to  use  the  Saturn  V and  the 
lunar  orbit  rendezvous  mode  instead,  this  particular  Nova  configura- 
tion was  no  longer  of  interest. 

We  decided  not  to  build  it,  and  that  was  it. 

The  Nova  program  as  a whole,  of  course,  also  lost  priority  because 
the  national  commitment  with  respect  to  the  lunar  landing  was  hence- 
forth based  on  the  use  of  Saturn  V.  As  a result,  one  could  say  that  the 
Nova  project  as  a whole  went  on  the  back  burner. 

It  is  pretty  obvious  that  in  our  present  situation  one  would  not 
want  to  initiate  a full-fledged  Nova  program  for  several  years  from 
now.  On  the  other  hand  when  we  shall  have  enough  money  to  go 
into  high  gear  with  Nova  we  would  not  want  to  base  it  on  a concept 
that  we  developed  in  1962. 

We  won’t  be  able  to  do  very  much  right  now  about  an  active  Nova 
development  (I  mean  really  in  high  gear,  to  the  tune  of  one  billion 
dollars  a year  or  more).  But  whenever  we  shall  want  to  go  ahead 
with  it  in,  say,  1968  we  would  want  to  base  it  on  a 1968  concept  of 
Nova,  and  not  a 1962  concept. 

That  is  what  we  are  presently  working  on : to  develop  a concept  for 
Nova  that  we  would  like  to  see  going  into  high  gear  in  about  1968. 

Now  you  cannot  advance  the  plateau  of  engineering  without  spend- 
ing some  money.  Even  to  lay  the  groundwork  for  an  advanced  Nova 
concept  costs  some  money,  not  billions,  but  maybe  $100  million 
a year.  This  money  is  needed  to  do  some  basic  pioneering  work  in 
critical  fields.  So  in  1968,  if  we  are  finally  ready  to  go  with  Nova, 
we  will  know  more  about  advanced  engines,  advanced  structures, 
recovery  techniques  and  that  kind  of  thing. 

We  are  presently  trying  to  identify  areas  where  limited  amounts 
of  money  ought  to  be  spent  during  the  next  few  years  on  advanced 
engineering  for  Nova. 

Mr.  Teague.  Would  you  tell  us  a little  about  the  first  two  Saturn 
shots?  I understand  they  had  a lot  of  water  in  them.  You  put 
expensive  payloads  in  these  first  vehicles  because  you  were  afraid  you 
would  lose  the  payload ; isn’t  that  correct  ? 

Dr.  von  Braun.  We  have  one  more  Saturn  I shot  with  a live  first 
stage  only,  and  from  then  on  we  will  fly  live  second  stages  also.  These 
are  the  Douglas-developed  liquid  hydrogen-liquid  oxygen  S-IY  stages 
with  six  Pratt  & Whitney  engines.  Test  flying  these  new  stages  is 
quite  a challenge  in  itself. 

Flights  Nos.  5,  6,  and  7 will  be  just  two-stage  launch  vehicle  tests, 
with  the  main  purpose  being  flight  testing  of  the  second  stage. 
(Flights  6 and  7 will  be  equipped  with  boilerplate  Apollo  payloads.) 
Then  come  flights  Nos.  9 and  8 — No.  9 shall  "fly  ahead  of  No.  8,  for 
some  strange  arithmetic  reasons.  (We  are  building  No.  9 in  Hunts- 
ville while  No.  8 comes  out  of  the  Chrysler  line  at  Michoud.) 

In  No.  9 and  possibly  No.  8 we  will  fly  a large  micrometeroid  satel- 
lite designed  to  provide  badly  needed  statistical  data  on  micro- 
meteroid density  of  the  altitude  of  low  Earth  orbits.  This  is  felt  to  be 
a very  essential  piece  of  engineering  information  for  the  Gemini  and 
Apollo  programs.  In  addition,  No,  9 and  No.  8 will  carry  an  Apollo 
boilerplate  configuration  in  the  nose. 
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Thus  No.  9 and  No.  8 will  be  the  first  to  fly  really  useful  payloads. 
No.  10  will  be  a dry  run  for  the  “real  thing.”  It  will  fly  an  un- 
manned, but  completely  equipped  Apollo  spacecraft  and  is  designed 
to  perform  an  Apollo  reentry  mission.  From  No.  11  on  we  propose  to 
man  the  Saturn  I.  So  there  is  not  much  unused  hardware  left. 

Mr.  Teague.  Any  other  questions  ? 

Mr.  Yeager? 

Mr.  Yeager.  Concerning  the  Saturn  flight  No.  5,  will  you  fly  six  of 
those  before  you  have  any  manned  payload? 

Dr.  von  Braun.  Yes.  Flights  5,  6,  7,  8,  9,  and  10  will  be  unmanned. 

Mr.  Yeager.  With  the  big  Saturn  V,  could  you  put  a useful  scien- 
tific payload  in  the  earlier  test  shots?  Would  that  cause  you  diffi- 
culty ? 

Dr.  von  Braun.  Sir,  the  problem  is,  when  you  offer  240,000  pounds 
of  net  orbital  payload,  the  space  science  people  may  be  tempted  to 
spend  $100  million  developing  a suitable  scientific  payload.  But  once 
they  have  it  they  won’t  want  to  entrust  their  $100  million  payload  to 
a completely  unproven  launch  vehicle.  Whoever  spends  that  kind  of 
money  on  a scientific  payload  is  liable  to  say,  “I  would  rather  wait 
until  you  have  demonstrated  a few  successful  flights.” 

Mr.  Yeager.  In  connection  with  the  questions  that  Mr.  Waggonner 
asked,  do  you  envision  for  the  future  when  we  get  into,  say,  manned 
planetary  flights,  that  the  vehicle  would  be  using  engines  that  are  just 
scaled-up  versions  of  what  we  have  presently,  or  do  you  think  they 
would  be  entirely  di  fferent  types  of  engines  ? 

Dr.  von  Braun.  Sir,  I believe  that  when  we  go  for  a manned  flight 
from  the  Earth  to  a planet  we  will  probably  switch  our  transportation 
equipment  in  Earth  orbit. 

In  other  words,  we  would  want  to  use  a different  type  of  ship  to  go 
from  the  Earth  orbit  to  Mars,  than  we  will  use  to  climb  from  Canav- 
eral up  into  an  orbit  around  the  Earth. 

The  main  contenders  for  the  deep-space  propulsion  systems  for 
manned  interplanetary  flight  are  our  NERVA-type  nuclear  blowdown 
engines  and  nuclear-powered  ion  engines.  Both  would  be  boosted 
into  Earth’s  orbit  with  chemically  propelled  rocket  ships,-  and  what 
we  have  in  mind  for  this  part  of  the  job  is  a chemically  powered  Nova- 
type  vehicle.  I don’t  think  any  stage  of  the  Nova  itself  will  ever  go 
to  Mars,  at  least  any  for  manned  missions.  Nova  will  be  essentially  an 
orbital  truck  to  carry  these  deep  spaceships  and  their  propellants 
into  their  departure  orbit  around  the  Earth. 

Mr.  Yeager.  In  connection  with  the  Apollo  project,  do  you  be- 
lieve that,  the  present  plan  for  a rescue  mission,  insofar  as  we  have 
heard  it  presented,  would  be  adequate  ? I understand  this  would  mean 
putting  an  extra  LEM  on  the  Moon  about  the  same  time  or  before 
our  people  land  there.  Does  this  seem  sufficient  to  you  as  a mode  of 
rescue,  or  should  we  have  a separate  lunar  logistics  vehicle  to  help 
out? 

Dr.  von  Braun.  A rescue  mission  in  case  of  disaster  on  the  surface 
of  the  Moon  doesn’t  look  too  attractive  from  the  point  of  view  of 
raising  the  statistical  chances  of  a successful  lunar  landing  and  re- 
turn. There  are  more  effective  means  to  raise  the  confidence  factor. 

In  other  words,  the  “probability  of  success”  gain  you  will  get  out  of 
this  lunar  surface  rescue  vehicle  will  be  quite  marginal.  The  reason  is 
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that  many  things  can  happen  before  the  astronauts  get  to  the  surface 
of  the  Moon,  and  the  mission  abort  and  safe  return  capabilities  for 
the  crew  during  this  phase  of  the  operation  are  quite  good.  There 
are,  of  course,  a few  things  that  could  go  wrong  on  the  Moon  itself, 
but  to  develop  a vehicle  solely  in  order  to  rescue  some  stranded  astro- 
nauts on  the  surface  of  the  Moon  would  probably  not  be  warranted. 
This  opinion,  incidentally,  is  shared  by  the  astronauts  themselves. 

However,  it  is  only  too  obvious  that  the  lunar  excursion  module  has 
only  a limited  payload.  It  cannot  sustain  the  two  astronauts  on  the 
surface  of  the  moon  for  more  than  2 or,  at  the  utmost,  4 days. 

In  order  to  increase  the  scientific  utility  of  a landing  on  the  Moon, 
it  is  strongly  felt  by  all  of  us  in  the-  manned  space  night  program 
that  more  payload  must  be  furnished  the  landing  party  simply  in 
order  to  enable  them  to  do  more  useful  scientific  work. 

For  example,  there  ought  to  be  a shelter  on  the  Moon  where  the 
astronauts  can  take  off  their  space  suits  and  sleep.  There  ought  to 
be  more  food  and  oxygen  and  water  supply,  and  there  ought  to  be  a 
roving  surface  vehicle  at  their  disposal  so  they  are  not  limited  to 
the  few  miles  they  may  be  able  to  walk  on  the  lunar  surface  in  their 
clumsy  space  suit. 

All  these  requirements  combined  justify  very  strongly  what  we 
call  a lunar  logistics  vehicle  of  some  sort,  a cargo  vehicle  that  will  carry 
extra  payload  to  the  surface  of  the  Moon. 

Once  you  have  that  cargo  vehicle,  you  can  possibly  spin  off  an 
emergency  return  capability.  For  example,  by  landing  a returnable 
upper  end  of  the  lunar  excursion  module  on  the  surface  of  the  Moon, 
the  astronauts  could  use  this  in  case  their  own  lunar  landing  vehicle 
fails. 

Mr.  Yeager.  Do  you  believe  we  should  have  that  for  the  first 
flights? 

Dr.  von  Braun.  I don’t  think  it  is  necessary  to  have  it  there  for 
the  first  manned  landing  attempt.  In  fact,  I think  it  would  even  be 
wrong  to  say  we  should  not  commit  ourselves  to  lunar  landing  before 
we  have  such  a vehicle  sitting  there  on  the  Moon.  I think  this  conclu- 
sion would  be  wrong  because  we  would  be  boxing  ourselves  in. 

But  I think  to  really  capitalize  on  the  early  manned  landings  on 
the  Moon  it  would  be  very  good  to  have  a follow-on  program  in  the 
form  of  a lunar  logistics  vehicle  that  can  fly  supplies  to  the  Moon  and 
extend  the  scientific  capabilities  of  the  lunar  expeditions. 

Mr,  Teague.  Dr.  von  Braun,  do  we  have  reason  to  believe  the  Rus- 
sians are  going  to  use  lunar  orbit  rendezvous  ? 

Dr.  von  Braun.  I think  it  is  in  the  nature  of  lunar  rendezvous  that 
you  want  to  try  it  first  in  earth  orbit.  We  are  planning  to  do  just 
that  with  Saturn  I-B : to  simulate  the  lunar  orbit  rendezvous  tech- 
niques in  an  orbit  around  the  Earth. 

If  the  Russians  were  to  demonstrate  a rendezvous  in  Earth  orbit 
tomorrow,  it  doesn’t  mean  at  all  that  they  would  use  that  technique 
also  to  land  on  the  Moon. 

Mr.  Teague.  They  are  going  to  do  the  Earth  rendezvous  first,  any- 
way? 

Dr.  von  Braun.  They  were  pretty  close  to  doing  it  in  their  recent 
twin  flight.  Apparently  they  did  not  try  to  change  the  orbits  of  their 
two  spacecraft  that  were  simultaneously  in  orbit.  But  I am  convinced 
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that  in  the  very  near  future  we  shall  witness  a Russian  Earth  orbit 
rendezvous  exercise.  However,  I don’t  think  it  will  necessarily  indi- 
cate that  they  will  use  an  Earth  rendezvous  mode  when  they  will 
attempt  a landing  on  the  Moon. 

Mr.  Teague.  Is  there  disagreement  within  NASA  as  far  as  the 
method  of  going  to  the  Moon  is  concerned  ? 

Dr.  von  Beaun.  None  whatsoever. 

Mr.  Teague.  In  Houston,  we  were  told  that  the  astronauts  were 
unanimous  in  their  belief  that  this  was  quicker,  cheaper,  and  *safer. 

Dr.  von  BrAun.  We  believe  iO,  too.  I am  aware  that  there  have 
been  some  statements  to  the  effect  that  it  was  a bit  surprising  that  Mar- 
shall, after  having  advocated  Earth  orbit  rendezvous,  came  around 
and  recommended  lunar  rendezvous. 

Fact  is  that  at  first  we  put  a great  deal  of  work  into  the  Earth 
orbit  rendezvous  studies  and  found  this  mode  entirely  feasible.  But 
later  we  put  a lot  of  work  into  the  lunar  orbit  rendezvous  mode  also, 
and  now  we  are  convinced  that  this  the  fastest  and  safest  way  to  go. 
This  mode  selection  is  not  a question  of  basic  feasibility.  There  are 
many  ways  to  go  to  the  Moon.  It  is  a question  of  time,  cost,  confi- 
dence factors  and  so  forth. 

There  is  complete  agreement  in  the  manned  space  flight  family  that 
lunar  orbit  rendezvous  is  the  way  to  go. 

Mr.  Teague.  Mr.  W aggonner  ? 

Mr.  Waggonner.  Of  course,  launch  vehicle  development  has  pro- 
gressed to  the  point  we  are  able  to  go  from  Earth  orbit  rendezvous  to 
lunar  orbit  rendezvous,  and  that  is  primarily  the  main  consideration, 
isn’t  it  ? 

Dr.  von  Braun.  We  use  the  smaller  Saturn  I and  IB  vehicle,  sir, 
to  develop  Apollo  rendezvous  techniques  in  Earth  orbit.  After  we 
understand  how  to  rendezvous  the  various  Apollo  modules  in  Earth 
orbit,  we  shall  be  ready  to  go  to  the  Moon. 

Meantime,  we  have  to  develop  the  big  Saturn  V that  can  carry  all 
the  equipment  out  to  the  Moon,  so  we  can  base  the  lunar  landing  op- 
eration on  lunar  orbit  rendezvous. 

Mr.  Teague.  Are  there  any  other  questions  ? 

Mr.  Yeager.  With  your  permission,  Mr.  Chairman,  I have  some 
questions  which  I would  like  to  submit  and  ask  Dr.  von  Braun  to 
answer  for  the  record. 

Mr.  Teague.  Without  objection,  it  will  be  placed  in  the  record. 

(The  information  referred  to  is  as  follows:) 

Question  1.  Will  any  of  the  Saturn  I R.  & D.  shots  carry  other  than  vehicle 
test  payloads  ? If  not,  why  not  ? 

Answer.  The  Saturn  I R.  & D.  lanuch  vehicle  will  carry  a considerable  number 
of  secondary  payloads  which  do  not  pertain  to  the  development  of  the  launch 
vehicle.  These  payloads  have  been  selected  to  aid  the  overall  manned  lunar 
program  wherever  possible.  Other  scientific  payloads  have  been  selected  to  aid 
the  national  space  program  without  extensive  complication  of  the  launch  vehicle 
checkout  for  launch.  The  pertinent  secondary  payloads  on  the  Saturn  I are  as 
follows : 

SA-1 : No  secondary  payloads. 

SA-2 : Project  highwater. 

SA-3 : Project  highwater : 

Centaur  dynamic  pressure  study. 

Horizon  sensor  for  orbital  stabilization  determination. 
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SA-4:  Horizon  sensor: 

Radar  altimeter — Development  of  Instruments  which  furnish  more  precise 
determination  of  injection  and  orbit  positions. 

Missile  tracking  aDd  measuring  (MISTRAM) — development  for  improved 
range  safety. 

Micrometeroroid  sensor  test  for  experiment  on  SA-9. 

Note. — SA-1,  2,  3,  and  4 are  one  stage  flight  tests  only  and  are  nonorbital. 

SA-5 : Horizon  sensor : 

Radar  altimeter. 

MISTRAM. 

Transmitter  to  provide  orbital  tracking  information  and  temperature  data. 
Tape  recorder  and  transmitter  for  human  voice  (voice  orbital  transmitter, 
code  name  "VOT”). 

SA-8:  Apollo  developmental  (inert)  configuration  for  launch  environment  of 
spacecraft : 

Horizon  sensor. 

Radar  altimeter. 

MISTRAM. 

SA-7 : Apollo  boilerplate  configuration  for  lanuch  environment  of  spacecraft. 
A communciation  satellite  consisting  of  a heavy  metal  sphere  from  1 to  3 
meters  in  diameter  to  serve  as  a radar  calibration  standard  is  under 
study  for  feasibility  of  integration  into  this  launch  vehicle. 

Horizon  sensor. 

Radar  altimeter. 

MISTRAM. 

SA-8 : Apollo  boilerplate  configuration : 

Micromefceoroid  satellite. 

Horizon  sensor. 

MISTRAM. 

SA-9  : Apollo  boilerplate  configuration  : 

Micrometeoroid  satellite. 

Horizon  sensor. 

MISTRAM. 

SA-10:  Apollo — Production  configuration  for  launch  and  reentry  qualification: 
Horizon  sensor. 

MISTRAM. 

SA-5  through  SA-10  are  planned  as  orbital  flights. 

In  addition  to  the  above  secondary  payloads,  a considerable  number  of  com- 
ponents and  systems  of  the  Saturn  I will  be  the  basis  for  components  and  sub- 
systems of  the  Saturn  IB  and  Saturn  V.  The  experience  gained  with  these 
items  on  the  Saturn  I flights  will  enhance  the  development  of  the  Saturn  IB, 
Saturn  V,  and  the  Apollo  spacecraft.  Typical  components  and  systems  are: 
ST-124  stabilized  platform. 

Control  accelerometers. 

Control  rate  gyros. 

Control  computer. 

Guidance  signal  processor. 

Liquid  hydrogen  propulsion. 

Question  2.  How  much  are  the  six  Saturn  V test  launches  going  to  cost, 
approximately? 

Answer.  The  six  Saturn  V test  launches  will  cost  approximately  $550  to  $600 
million.  This  includes  all  hardware  cost,  supporting  engineering  effort,  launch 
preparation,  launching  (including  propellants),  and  launch  evaluation.  It  does 
not  include : 

Basic  vehicle  design,  research,  and  development  effort. 

Engine  research  and  development. 

Facilities  and  pertaining  equipment. 

Tooling  cost. 

GSE,  test  equipment,  etc. 

Question  3.  Why  not  use  the  Saturn  V test  launches  for  something  besides 
tests  of  the  vehicle  itself? 

Answer.  The  six  Saturn  V test  launches  represent  a completely  saturated 
developmental  test  program,  incorporating  spacecraft  related  experiments  and 
total  space  vehicle  integration  and  qualification,  in  addition  to  the  basic  launch 
vehicle  developmental  and  qualification  requirements.  As  presently  planned, 
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each  launch  represents  a major  advance  in  the  development  of  each  of  the  space 
vehicle’s  subsystems.  For  example,  the  very  first  launch  with  only  the  first 
stage  live,  will  carry  a prototype  spacecraft  for  the  measurement  of  launch  en- 
vironmental parameters  and  to  determine  physical  and  flight  compatibility  of 
the  launch  vehicle  with  the  spacecraft.  With  the  second  Saturn  V launch  (first 
stage  and  second  stage  live  and  third  stage  inert),  the  prototype  spacecraft 
will  be  capable  of  testing  the  launch  escape  system  jettisoning  during  second 
stage  burn.  On  the  third  launch,  with  all  three  stages  live,  the  prototype 
spacecraft  will  measure  exit  environmental  parameters  through  all  three  stages 
of  boost,  and  into  lunar  injection.  On  the  fourth  launch  the  command  module 
heat  shield  will  be  qualified  for  full  speed  reentry  at  maximum  heating  rates 
and  or  the  fifth  launch  qualification  of  the  heat  shield  at  full  speed  and  maxi- 
mum total  heat  load  will  be  achieved.  Finally,  on  the  sixth  launch,  complete 
integration  and  qualification  of  all  the  Saturn  V based  space  vehicle  elements 
will  be  accomplished  through  lunar  injection,  in  preparation  for  the  first  manned 
launch. 

Bonus  payloads  have  not  been  considered  for  the  Saturn  V because  of  the 
mission  saturation  reached  within  the  developmental  launches  in  combination 
with  the  flight  profiles  required  for  the  essential  Apollo  experiments. 

Question  4.  What  will  the  first  manned  Saturn  V flight  do,  and  what  will  it 
be  expected  to  accomplish? 

Answer.  The  first  manned  flight  is  intended  to  demonstrate  the  crew  and  total 
space  vehicle  compatibility,  demonstrate  the  capability  of  a manned  system  to 
perform  a 14-day  mission,  prove  operational  techniques,  perform  crew  training, 
and  prove  the  capability  of  the  space  vehicle  and  crew  to  undertake  the  lunar 
landing  mission. 

Question  5.  Have  any  Centaur- type  problems  shown  up  in  connection  with 
the  A-3  engine  or  the  S-IV  staging? 

Answer.  No. 

Question  5.  Do  you  envision  any  slippage  on  the  SA-5  shot  because  of  tech- 
nical trouble  with  the  second  stage? 

Answer.  The  S-IV-5  stage  currently  has  part  shortages  and  checkout  prob- 
lems which  might  cause  a slippage  of  some  weeks  which  probably  cannot  be 
made  up  any  more.  It  is,  however,  very  encouraging  that  the  static  testing  of 
the  battleship  stage  with  the  six  clustered  Pratt  & Whitney  engines  did  not 
reveal  any  critical  problems  might  might  cause  further  slippages.  A statement 
whether  there  will  be  any  slippage,  and  how  much  that  slippage  will  be,  can 
only  be  made  after  the  actual  S-IV  stage  has  been  statically  tested  at  Sacra- 
mento, which  will  occur  in  late  April  or  the  beginning  of  May.  No  manufactur- 
ing difficulties  are  envisioned. 

Several  technical  problems  have  occurred  during  the  S-IV  program  which 
cannot  directly  be  considered  contributory  to  the  S-IV-5  slippage. 

(a)  Helium  heater  and  lox  tank  pressurization  system.  Difficulties  occurred 
when  the  fuel  tank  was  step-pressurized.  The  mixture  ratio  of  the  helium 
heater  decreased  to  the  point  where  combustion  could  not  be  sustained.  This 
has  been  corrected  but  an  ambient  backup  system  will  be  incorporated  on  SA-5 
and  SA-6, 

(t>)  Hydraulic  actuators — a new  design  was  required,  however,  the  new 
actuators  will  not  be  installed  on  the  S-IV-5  vehicle.  Modified  DAC  actuators 
will  be  utilized  on  S-IV-5. 

(o)  Parts  qualification  program  has  proceeded  slower  than  anticipated,  there- 
fore all  parts  are  not  qualified  as  yet  but  will  be  prior  to  SA-5  launch. 

Question  7.  There  have  been  few,  if  any,  holds  on  Saturn  launches  thus  far ; 
to  what  do  you  attribute  this  excellent  record  ? 

Answer.  Under  the  Army,  and  later  on  under  NASA,  the  guided  missile  and 
space  flight  group  at  Huntsville  (now  called  the  Marshall  Space  Flight  Center) 
has  developed,  over  a period  of  more  than  10  years,  a team  of  Government 
scientists,  engineers,  and  industrial  procurement  experts  whose  experience  is 
based  and  kept  astute  by  an  extensive  in-house  development  and  testing  activity. 
Having  successfully  developed  and  turned  over  to  the  military  services  for 
deployment  three  complete  guided  missile  systems,  having  also  developed  and 
launched  various  space  vehicles,  this  Government  team  enjoys  high  professional 
respect  throughout  the  aerospace  industry.  The  closely  knit  Government- 
industry  team  concept  developed  by  Marshall  has  now  been  brought  to  bear  on 
the  development  of  the  family  of  Saturn  vehicles.  In  designing,  developing, 
fabricating,  inspecting,  testing,  and  preparing  for  launching  “no  stone  was  left 
unturned."  Any  potential  problem — whether  in  the  vehicle  or  in  the  ground 
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equipment  at  Huntsville,  at  Cape  Canaveral,  or  at  a contractor  plant — was 
thoroughly  investigated  and  solved. 

In  summary  the  good  “holds”  record  on  the  Saturn  launches  and  the  suc- 
cessful accomplishment  of  all  Saturn  launches  can  probably  be  attributed  to 
our  particular  management  concept  of  a Government-contractor  team,  with  its 
emphasis  on  keeping  the  Government  partners  of  this  team  “bench  oriented.” 
Another  vital  factor  is  the  long  experience  of  Marshall’s  personnel : the  per- 
sonnel turnover  rate  at  MSFC  over  the  last  5 years  has  been  far  below  the 
average  of  the  aerospace  industry.  The  personnel  experience  is  reflected  in 
Marshall’s  procedures  in  fields  such  as  quality  control,  static  testing,  structural 
testing,  guidance,  electronics,  hydraulics,  environmental  testing,  launch  opera- 
tions, etc.  These  procedures  are  applied  to  total  systems,  subsystems,  and 
components. 

Question  8.  Why  do  you  need  4 Saturn  I-B  flights  on  top  of  the  10  Saturn  I 
launches  before  manning  the  payload? 

Answer.  The  development  of  a launch  vehicle  up  to  the  point  of  reliability 
where  a manned  spacecraft  can  be  entrusted  to  it  takes  at  least  four  test  flights 
of  each  stage  according  to  our  judgment  and  experience.  We  consider  this 
number  of  flights  a bare  minimum  and  I want  to  direct  your  attention  to  the 
fact  that  it  took  the  military  services  some  20,  up  to  50  or  more,  development  test 
flights  before  they  considered  a guided  missile  ready  for  operational  deployment. 
We  should  not  overlook  that  the  Saturn  space  vehicle,  no  matter  whether 
we  talk  about  the  Saturn  I,  IB,  or  Saturn  V,  is  more  complicated  and 
technically  complex  than  any  of  the  guided  missiles  developed.  Although 
the  S-IV-B  stage  (second  stage)  of  the  Saturn  IB  is  of  the  basic  design  of  the 
S-IV,  it  has  a different  engine;  namely,  the  Rocketdyne  200,000-pound-thrust 
J-2  engine.  This  engine  and  its  associated  propulsion  system  will  be  flight 
tested  the  first  time  on  the  Saturn  IB  and  this  fact  alone  justifies  at  least 
four-stage  development  tests  before  it  can  be  called  man  rated. 

Question  9.  Isn’t  the  second  stage  of  Saturn  V dealing  with  so  much  ex- 
plosive fuel  as  to  make  it  susceptible  to  lengthy  delays  because  of  difficulty  in 
testing? 

Answer.  The  second  stage  of  the  Saturn  V is  designed  for  a rapid  tanking  and 
detanking  rate,  as  are  all  other  stages  of  the  Saturn  V.  The  battleship  program 
(static  test  program)  with  special  tanks  will  be  used  among  other  purposes  for 
the  early  development  of  tanking  and  detanking  procedures.  It  will  also  be 
used  for  prestatic  checkout  of  equipment  required  to  handle  all  propellants.  By 
these  tests  we  feel  we  can  resolve  most  of  the  propellant  handling  problems  so 
that  they  do  not  come  up  as  problems  and  holds  during  the  countdown  at  the 
launch  site.  Past  experience  shows  that  we  have  not  missed  a firing  date  due 
to  our  inability  to  manage  large  quantities  of  propellants.  The  more  hazardous 
nature  of  the  liquid  oxygen/liquid  hydrogen  propellants  should  not  cause  addi- 
tional delays  if  a proper  development  program  on  components  and  subsystems, 
and  an  extensive  test  program  is  conducted  prior  to  shipment  of  the  stages  to 
the  cape. 

Question  10.  Do  you  see  any  slippage  in  Apollo  because  of  engine  trouble  or 
vehicle  design? 

Answer.  Although  problem  areas  exist,  as  in  all  R.  & D.  programs,  no  slippages 
are  currently  anticipated  either  in  the  manned  flights  or  the  early  R.  & D.  flights 
do  to  engine  problems  or  vehicle  design. 

Question  13.  Is  there  any  fundamental  difference  between  the  A-3  and  the 
.7-2  engine,  or  is  the  J-2  a more  or  less  scaled-up  version  of  the  A-3? 

Answer.  NASA’s  RD-IO  and  J-2  liquid  rocket  engines  are  of  the  same  basic 
family  of  engines  in  that  they  both  use  liquid  hydrogen  as  a fuel;  they  are  both 
designed  to  operate  in  the  vacuum  of  space;  and  they  have  most  of  the  same 
basic  components.  The  J-2  engine  is  10  times  as  heavy  and  has  a thrust  of 
more  than  a dozen  RL-lO’s. 

Along  with  the  difference  in  size  and  development  status  the  two  engines  have 
a difference  in  operation  in  that  the  energy  used  to  force  the  propellants  into 
the  engine  is  derived  in  different  ways.  The  RLr-10  uses  the  heated  fuel 
(which  has  cooled  the  combustion  chamber)  as  an  energy  source  to  feed  the 
propellants  into  the  combusion  chamber.  The  J-2  engine  uses  a separate, 
smaller  combustion  chamber  to  generate  power  which  is  used  to  pump  the 
propellants  into  the  main  combustion  chamber. 

Experience  in  developing  the  smaller  engine,  the  RL-10  was  used  to  some 
degree  in  developing  the  larger  J-2.  Naturally  all  of  the  experience  did  not 
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apply  because  the  larger  size  of  the  J-2  made  the  use  of  some  different  features 
necessary. 

In  summary  the  two  engines  are  alike  in  their  general  category,  but  different 
within  that  category  primarily  because  of  their  difference  in  size,  weight,  thrust, 
and  operating  cycle.  The  J-2  cannot  be  considered  a scaled-up  version  of  the 
RL-10. 

Mr.  Teague.  Thank  you,  Dr.  von  Braun.  I think  your  report  has 
been  very  encouraging.  If  we  can  get  the  money  until  next  year,  I 
think  we  will  be  in  good  shape.  Thank  you  very  much. 

The  committee  will  be  adjourned  until  1 :30  at  which  time  we  will 
hear  Mr.  Samuel  Hoffman,  the  president  of  Rocketdyne  Division  of 
North  American  Aviation. 

Thank  you  again  Doctor. 

(Whereupon,  at  12  noon,  the  subcommittee  was  adjourned,  to  re- 
convene at  1 :30  p.m.,  the  same  day.) 

AFTERNOON  SESSION 

Mr.  Teague.  The  meeting  will  come  to  order. 

Mr.  Hoffman,  would  you  come  to  the  front  ? And  would  you  like 
to  bring  Mr.  Aldrich  and  Mr.  McNamara  with  you  ? 

Mr.  Hoffman.  It  won’t  be  necessary  for  them  to  come  up  now. 
Perhaps  on  the  questions 

Mr.  Teague.  All  right.  Do  you  have  a prepared  statement  ? 

Mr.  Hoffman.  Yes,  sir ; I do. 

Mr.  Teague.  All  right,  sir;  go  right  ahead.  We  will  include  your 
biographical  sketch  in  the  record  at  this  point, 

Samuel  K.  Hoffman,  President,  Rocketdyne,  a Division  of  Nobth  American 

Aviation,  Inc. 

S.  K.  Hoffman,  vice  president  of  North  American  Aviation,  Inc.,  and  president 
of  the  Rocketdyne  Division,  heads  a major  element  of  the  Nation’s  missile  and 
outer  space  research  industry. 

Under  his  leadership  was  the  development  of  high-thrust  liquid  propellent 
rocket  engines  for  the  Atlas,  Thor,  Jupiter,  and  Redstone  ballistic  missiles,  all  of 
which  are  now  operational  with  the  Strategic  Air  Command  and  the  U.S.  Army. 
High-thrust,  solid-propellent  rocket  motors  also  have  been  developed  to  power 
high-speed  research  sleds  and  provide  instant  launch  to  fighter  and  drome 
aircraft 

Current  research  and  development  activities  guided  by  Mr.  Hoffman  include 
the  development  of  the  F-l,  1.5  million-pounds-thrust  single  chamber  liquid 
propellent  engine  for  the  National  Aeronautics  and  Space  Administration,  the 
H-l,  188,000-pounds-thnist  engine  to  be  used  in  clusters  of  8 to  develop  1.5 
million  pounds  of  takeoff  thrust  for  the  Saturn  booster  vehicle,  and  a 200,000- 
pounds-thrust  hydrogen-fueled  engine  for  Saturn  upper-stage  applications. 

Rocketdyne’s  research  and  development  activities  are  located  at  Canoga  Park, 
Calif.  Extensive  field  test  laboratories  are  located  in  the  nearby  Santa  Susana 
Mountains.  Production  of  liquid  propellant  engines  is  conducted  in  the  Neosho, 
Mo.,  plant  Solid-propellant  operations  are  centered  in  the  McGregor,  Tex., 
plant. 

Mr,  Hoffman  was  born  on  April  15,  1902,  in  Williamsport,  Pa.  He  received 
his  B.S.  degree  from  Pennsylvania  State  University  in  1925  and  completed  work 
on  his  M.E.  degree  in  1945  at  the  same  educational  institution. 

After  graduating  from  Penn  State,  he  was  employed  as  a sales  engineer  until 
1927  with  the  Reliance  Electrical  & Engineering  Co.  in  Cleveland,  Ohio. 

From  1927  to  1928  he  was  a design  engineer  for  Fairchild  Aircraft  Co.  in 
Farmingdale,  Long  Island,  N.Y.  Subsequently  he  held  design  engineer  positions 
with  Lycoming  Manufacturing  Co.  from  1928  to  1929,  and  with  the  Allison 
Division,  General  Motors  Co.,  from  1929  to  1930. 
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A project  engineer  with  Aviation  Corp.'s  Lycoming  Division  from  1930  to 
1934,  Hoffman  became  assistant  chief  engineer  of  that  organization  in  1934. 
He  was  promoted  to  chief  engineer  in  1936  and  served  in  that  capacity  until 
1945  when  he  left  industry  to  return  to  the  campus  of  his  alma  mater,  Penn- 
sylvania State  University. 

At  Penn  State,  he  was  a professor  of  aeronautical  engineering  until  1949,  the 
year  he  joined  North  American  Aviation  as  chief  of  the  aerophysics  department 
propulsion  section.  (Mr.  Hoffman  serves  as  North  American  Aviation’s  repre- 
sentative on  the  Pennsylvania  State  University  Industrial  and  Advisory  Council.) 
In  November  of  1955  Hoffman  was  appointed  general  manager  of  the  newly 
created  Rocketdyne  Division  where  he  has  continued  since  to  direct  research, 
development,  and  manufacture  of  high  thrust  rocket  engine  powerplants. 

He  was  elected  a vice  president  of  North  American  Aviation,  Inc.,  in  November 
1957,  and  was  appointed  president  of  the  Rocketdyne  Division  in  March,  1960. 

Hoffman’s,  professional  associations  include  memberships  in  the  American 
Rocket  Society,  the  Society  of  Automotive  Engineers,  the  American  Society  of 
Mechancial  Engineers,  the  Institute  of  Aerospace  Sciences,  and  the  American 
Management  Association.  He  has  served  as  a national  director  of  ARS,  vice- 
president  of  SAE  (aircraft  engine  activities),  and  is  a fellow  of  both  ARS  and 
IAS. 

For  his  leadership  in  the  development  of  the  first  U.S.  high  thrust  rocket 
engines,  Hoffman  has  received  several  national  honors.  They  include  the 
American  Rocket  Society  Propulsion  Award  (awarded  by  ARS)  in  November 
1962;  the  Spirit  of  St. -Louis  Medal  (awarded  by  ASME)  in  June  1962;  the 
Louis  W.  Hill  Space  Transportation  Award  (presented  by  IAS)  in  January 
1960;  the  Robert  Goddard  Memorial  Award  (presented  by  ARS)  in  November 
1959 ; and  the  Dr.  Robert  H.  Goddard  Memorial  Trophy  (presented  by  Missiles 
and  Rockets  magazine)  in  May  1959. 

Hoffman’s  contributions  to  missile  and  space  activities  also  have  been  recog- 
nized twice  in  resolutions  by  the  Los  Angeles  County  Board  of  Supervisors  and 
twice  by  the  City  Council  of  Los  Angeles. 

His  civic  activities  include  participation  on  the  advisory  board  of  San  Fer- 
nando Valley  State  College,  the  board  of  directors  of  Valley  Presbyterian  Hos- 
pital, and  the  associate  board  of  directors  of  the  San  Fernando  Valley  Youth 
Foundation. 

Hoffman  and  his  wife,  Genevieve,  reside  in  Tarzana,  Calif.  They  are  the 
parents  of  three  daughters,  Jean  Lynn,  Susan,  and  Louise;  and  one  son,  John. 

STATEMENT  OP  S.  K.  HOFFMAN,  PRESIDENT,  ROCKETDYNE  DIVI- 
SION OF  NORTH  AMERICAN  AVIATION,  INC;  ACCOMPANIED  BY 

JOSEPH  P.  McNAMARA,  VICE  PRESIDENT  AND  GENERAL  MAN- 
AGER, LIQUID  ROCKET  DIVISION,  D.  E.  ALDRICH,  P-1  PROGRAM 

MANAGER 

Mr.  Hoffman.  Mr.  Chairman  and  members  of  the  committee,  it  is 
a pleasure  to  appear  before  this  committee  and  report  on  our  progress 
in  developing  and  producing  rocket  engines  for  the  U.S.  space 
program. 

First,  let  me  acknowledge  the  recent  visit  of  Chairman  Teague  and 
members  of  the  Manned  Space  Flight  Subcommittee  to  our  facilities 
in  California.  We  were  pleased  to  be  able  to  provide  this  first- 
hand inspection  of  our  activities,  and  we  hope  that  the  tour  was  in- 
structive and  beneficial.  We  hope  the  tour  was  helpful  to  you  in  your 
deliberations. 

Mr.  Teague.  It  certainly  was.  Thank  you. 

Mr.  Hoffman.  I hope  you  and  the  other  committee  members  will  be 
able  to  come  again  soon. 

Mr.  Teague.  Thank  you. 

Mr.  Hoffman.  1 would  like  to  open  my  remarks  with  a brief  resume 
of  our  background  as  a designer,  developer,  and  producer  of  rocket 
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engines.  Until  the  advent  of  the  Nation’s  space  program  our  work 
in  this  field  was  in  support  of  military  missile  programs.  Beginning 
in  the  late  1940’s  our  first  assignment  was  to  develop  the  engine  for  the 
initial  Navaho  missile  program  for  the  Air  Force.  This  engine  had 
a thrust  of  75,000  pounds,  and  with  a subsequent  program  change  and 
further  development  became  the  engine  for  the  Army’s  Redstone  tacti- 
cal ballistic  missile. 

A more  advanced  stage  of  the  Navaho  program  called  for  a 135,000- 
pound  thrust  engine.  With  further  development,  uprating,  and  pack- 
aging to  suit  particular  requirements,  this  engine  powered  the  Atlas, 
Thor,  and  Jupiter  ballistic  missiles.  The  Atlas  propulsion  system 
was  started  in  March  1954;  it  consists  of  two  booster  engines  and  a 
single  sustainer  engine  producing  a total  of  390,000  pounds  of  thrust. 
The  Thor  and  Jupiter  programs  began  in  November  1955,  each  using 
a single  basic  150,000-pound  thrust  engine.  The  standard  propellant 
throughout  these  programs  has  been  liquid  oxygen  as  the  oxidizer 
and  kerosene  as  the  fuel. 

These  engines  have  provided  the  propulsive  power  for  most  of  the 
missile  strength  of  the  United  States  since  the  advent  of  the  missile  era. 
They  have  also  been  adapted  for  use  in  nearly  all  of  the  satellite  and 
other  space  launchings  to  date.  They  represent  together  more  than 
than  22,000  tests  for  a total  of  more  than  1 million  seconds  of  firing 
time.  In  the  development  of  these  engines  new  concepts  were  pi- 
oneered in  reliability,  refining  it  from  qualitative  valuations  to  quanti- 
tative measurements  in  extensive  test  programs.  As  a result,  very 
high  reliability  has  been  achieved  in  service.  For  instance,  the  Red- 
stone engine  has  a 100-percent  record  extending  over  the  past  72 
flights,  which  span  not  only  the  entire  operational  period  but  also 
a good  part  of  the  missile  research  and  development  period.  As  an- 
other example,  our  Thor  engine  achieved  more  than  100  successive 
flights  without  a failure  and  it  has  failed  only  once  in  By2  years. 

Two  of  the  missiles  referred  to  have  been  employed  for  the  manned 
space  flights  of  the  Mercury  program.  The  Redstone  was  used  as  the 
booster  for  the  suborbital  flights,  and  the  Atlas  for  the  orbital  launches. 
As  you  know,  the  engine  performed  perfectly  in  all  five  of  these 
flights. 

Obviously,  where  manned  flight  is  concerned,  we  are  never  satisfied 
with  existing  reliability,  and  in  this  area  we  are  constantly  striving  for 
improvement.  The  objective  is,  of  course,  100  percent  reliability. 

As  the  Nation  pushes  further  along  in  the  program  of  space  explora- 
tion, there  is  a need  for  larger  thrust  than  the  adaptations  of  military 
engines  and  boosters  provide.  Engines  designed  specifically  to  meet 
the  needs  of  this  space  program  include  the  H-l,  F-l,  and  J-2,  which 
we  are  developing  for  the  Marshall  Space  Flight  Center  of  the  Na- 
tional Aeronautics  and  Space  Administration.  While  these  engines 
have  previously  been  discussed  before  this  committee,  I will  provide  a 
brief  summary  of  the  programs,  as  well  as  the  current  status  of  devel- 
opment progress. 


H— 1 ENGINE 


The  H-l  engine  uses  liquid  oxygen  and  kerosene  as  propellants  and 
is  rated  at  188,000  pounds  of  thrust.  A cluster  of  eight  provides  1,5 
million  pounds  of  thrust  for  the  first  stage  of  the  Saturn  I and  I-B. 
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l These  are  two-stage  vehicles  for  early  orbital  launches  in  the  Apollo 

and  various  other  programs. 

i The  H-l  is  a further  development,  refinement,  and  uprating  of  the 

t Thor,  Jupiter,  and  Atlas  booster  engines,  making  use  of  the  technology 

i gained  in  those  programs  and  incorporating  features  to  achieve  even 

greater  reliability  . 

An  H-l  model  is  on  the  desk  in  front  of  you,  to  your  chairman’s  left, 

; the  small  engine.  It  has  been  described  previously.  I think  I will 

only  mention  here  that  it  has  the  usual  thrust  chamber  and  turbo- 
pumps. In  this  case  the  pumps  are  driven  by  a geared  turbine.  Per- 
haps the  most  significant  advancement  on  this  engine  has  been  the 
simplicity  that  has  been  achieved.  In  one  area,  for  example,  a solid 
gas  generator  is  used  for  starting.  Thus,  it  has  a simple,  one- wire 
start-stop  system,  and  only  operates  once  without  a new  start  cart- 
ridge. In  other  words,  a small,  solid  propellant  rocket  starts  the 
engine.  H-l  is  8 14  feet  long,  approximately  6 feet  in  diameter  at  the 
nozzle  exit,  and  weighs  1,650  pounds. 

Mr.  Teague.  Did  you  say  8 feet  or  18  feet  ? 

Mr.  Hoffman.  Eight  feet. 

The  H-l  contract  was  received  in  September  1958.  The  first  engine 
was  delivered  in  May  1959.  Test  flights  began  in  1961,  and  the  first 
manned  flight  is  scheduled  for  1965.  Production  of  the  H-l  is  under- 
way at  our  plant  in  Neosho,  Mo.,  and  development  work  to  refine  the 
engine  still  further  is  continuing  at  our  plant  in  Canoga  Park,  Calif. 

As  you  know,  the  first  three  flights  of  the  Saturn  I first  stage,  using 
the  H-l  cluster,  have  all  been  successful.  This  represents  satisfactory 
flight  performance  of  24  out  of  24  engines.  Results  of  the  flight  tests 
are  in  conformity  with  the  high  reliability  currently  established  in  the 
engine  development  program. 

F-l  ENGINE 

The  F-l  is  the  most  powerful  engine  in  the  free  world  today.  It 
develops  1.5  million  pounds  of  thrust  in  a single  chamber  and  uses 
liquid  oxygen  and  kerosene  as  the  propellants.  The  F~1  will  be  used 
in  the  Saturn  V launch  vehicle,  which  will  send  a manned  expedition 
to  the  moon.  For  the  Apollo  lunar  flight,  five  F-l  engines  will  be 
clustered  to  provide  7.5  million  pounds  of  thrust  in  the  Saturn  first 
stage. 

The  model  of  the  F-l  is  to  my  extreme  right.  You  already  have 
a feel  for  the  amount  of  propellant,  3 tons  per  second,  necessary  to 
give  a million  and  a half  pounds  of  thrust.  The  turbopumps  are 
mounted  on  the  side ; both  pumps  are  mounted  on  a single  shaft  driven 
- by  a single  turbine,  and  as  Dr.  von  Braun  mentioned,  it  takes  approxi- 

[ mately  60,000  horsepower  to  drive  the  two  pumps,  the  two  pumps,  of 

course,  delivering  the  propellant  through  the  injector  to  the  thrust 
k chamber. 

I The  gas  generator  itself  is  a good-sized  little  rocket  engine.  The 

gas  generator  is,  incidentally,  the  device  which  provides  the  hot  gas 
to  drive  the  60,000-horsepower  turbine  which  in  turn  drives  the  pumps. 
I The  F-l  contract  was  received  in  January  1959.  We  were  able  to 

proceed  immediately  with  tests  of  critical  model  components.  Dur- 
f mg  1960,  testing  of  prototype  components,  such  as  gas  generators, 


1 


1964  NASA  AUTHORIZATION 


336 

turbopumps,  and  thrust  chambers,  began.  Following  activation  of 
the  large  test  facility  at  Edwards  Air  Force  Base,  we  conducted  the 
first  engine  test,  at  reduced  thrust,  in  June  1961.  By  spring  of  1962 
we  had  progressed  to  the  point  of  testing  the  engine  at  full  thrust  for 
full  ^duration. 

Preliminary  flight  rating  test  is  scheduled  for  completion  this  year. 
The  first  engine  is  scheduled  for  delivery  to  NASA  in  October  of 
this  year.  Qualification  and  first  flight  is  scheduled  foir  1966.  As 
you  can  see  from  this  skeleton  time  schedule,  we  are  a little  over  half 
way  through  the  F-l  development  period. 

To  date  the  main  components  have  been  test  fired  a total  of  more 
than  1,300  times  for  a total  duration  of  more  than  33,000  seconds. 
The  gas  generator  and  the  turbopump  have  each  been  tested  for  a total 
number  of  seconds  equivalent  to  100  flight  durations. 

Complete  engines  have  been  fired  more  than  250  times.  It  is  signifi- 
cant to  note  that,  as  an  indication  of  the  basic  validity  of  the  F-l 
design,  the  first  19  test  runs  of  the  first  complete  engine  showed  a 
success  record  of  95  percent.  This  is  unusually  high  for  an  initial 
engine  test. 

During  these  early  tests  at  reduced  thrust,  our  objective  was  to 
establish  good  starting  and  shutdown  characteristics.  These  and 
subsequent  tests  have  demonstrated  a very  high  reliability  in  these 
categories.  The  latest  test  series  has  shown  over  99  percent  starting 
reliability. 

The  full  thrust  and  full  duration  test  phase  is  designed  to  test  every 
facet  of  engine  operation  under  requirements  that  may  be  demanded  of 
it  in  flight.  This  includes  testing  for  performance  specifications,  com- 
bustion stability,  mechanical  operation,  and  structural  integrity,  that 
is,  testing  to  establish  reliability.  In  probing  the  characteristics  of  the 
engine  we  not  only  test  it  within  its  specified  performance  range,  but 
also  in  various  off -design  areas.  By  this  means  we  turn  up  weaknesses 
that  might  otherwise  be  difficult  to  discover,  and  in  correcting  them  we 
improve  the  reliability  of  the  engine  for  operations  within  its  design 
parameters. 

You  will  be  interested  to  know  that  in  devising  these  tests  on  the 
F-l,  we  are  now  able  to  establish  much  more  demanding  criteria  than 
was  the  case  for  previous  engines.  In  fact,  it  is  due  to  our  experience 
with  other  engines  that  we  have  greatly  improved  our  techniques  for 
measuring,  identifying,  and  analyzing  characteristics  requiring  addi- 
tional attention. 

For  example,  we  have  developed  methods  of  inducing  combustion 
vibration  at  will,  in  order  to  supply  and  evaluate  potential  correc- 
tive measures — measures  that  enable  the  engine  to  restore  itself  to 
stable  conditions  within  a few  milliseconds.  This  self-restoring  capa- 
bility has  been  achieved  in  several  of  our  other  engine  programs.  It 
is  of  paramount  importance,  of  course,  for  man-rated  engines. 

As  you  know,  combustion  instability  :'is  a common  and  expected  prob- 
lem in  developing  a new  engine.  In  more  than  250  test  runs  of  the 
F-l  engine,  combustion  instability  has  occurred  7 times.  We  are  ap- 
plying the  techniques  for  dealing  with  it  that  were  developed  in  our 
other  engine  programs,  including  that  of  inducing  instability,  and 
the  F-l  engine  is  responding  to  these  techniques. 

In  a series  of  runs  that  currently  is  being  conducted  on  2 engines 
incorporating  the  latest  improvements,  we  have  made  23  tests  through 
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Wednesday  of  last  week  (March  13,  1963) . One  of  the  engines  has 
been  operated  12  times,  each  time  for  more  than  100  seconds;  of 
these,  five  were  for  the  full  rated  duration  of  150  seconds.  The  second 
engine  has  been  operated  seven  times,  twice  at  full  rated  duration. 
Combustion  has  been  100  percent  stable  in  all  of  these  tests. 

I might  interject  that,  at  the  time  certain  members  of  the  com- 
mittee visited  us,  there  were  three  engine  test  stands  in  operation, 
and  a combustion  chamber  stand.  You  witnessed,  closeup,  one  test, 
and,  from  a distance,  a second  test.  The  third  stand  also  fired  that  day, 
as  well  as  the  combustion  chamber  stand.  So,  it  was  a good  day.  I 
am  sorry  they  are  not  all  as  productive  as  that.  . 

Let  me  observe  at  this  point  that  an  accurate  and  somewhat  detailed 
description  of  the  technical  effort  being  applied  in  this  area  was  given 
to  this  committee  on  March  7 by  Mr.  Brainerd  Holmes,  of  NASA. 
We  will  be  happy  to  provide  additional  information  if  desired. 

Other  areas  in  the  F-l  development  program  requiring  additional 
attention  are  more  or  less  mechanical  in  nature  and  subject  to  straight- 
forward engineering  solutions.  As  each  problem  manifests  itself, 
special  engineering  attention  is  focused  in  that  direction  and  modifi- 
cations are  designed  and  installed  on  the  earliest  available  test  engine. 
Currently,  three  test  positions  are  operational,  engines  are  installed 
on  each  and  undergoing  various  tests,  and  adequate  hardware  is  on  a 
standby  to  back  up  the  program. 

Sv.  ae  of  the  details  Dr.  von  Braun  mentioned  this  morning  are 
representative  of  the  problems  that  we  encounter,  solve*  and  correct. 

To  summarize,  we  are  subjecting  the  F-l  to  more  severe  tests  than 
any  previous  engine.  On  the  basis  of  our  accumulated  experience, 
we  have  been  able  to  establish  new  criteria  for  testing  and  judging 
performance  that  are  more  penetrating  and  sophisticated  than  those 
applied  to  earlier  engines  by  at  least  an  order  of  magnitude.  There 
are  techniques  that  were  unknown  at  the  time  the  program  started, 
and  have  just  reached  fruition  in  the  past  12  or  14  months. 

The  engines  to  be  delivered  this  fall  will  provide  the  performance 
required  to  support  the  static  test  schedule  of  the  first-stage  vehicle. 
We  are  confident  that  the  3 years  remaining  before  the  first  flight  date 
are  sufficient  to  achieve  the  final  increment  of  reliability  necessary  for 
man-rated  used.  We  will  have  developed  the  F-l  prior  to  first  night 
to  a point  reached  bv  past  engines  after  perhaps  100  flights.  It  will 
be  superior  to  and  better  qualified  by  time  of  first  flight  than  any 
engine  we  have  produced  in  the  past. 

J— 2 ENGINE 

The  J-2  will  be  used  in  the  upper  stages  of  the  Saturn  I-B  and 
Saturn  V vehicles.  The  J-2  has  a thrust  of  200,000  pounds  at  alti- 
tude; five  will  be  clustered  to  provide  a million  pounds  of  thrust  for 
the  second  stage  of  the  Saturn  V.  A single  J-2  engine,  will  be  used 
for  the  second  stage  of  the  Saturn  I-B  and  the  third  stage  of  the 
Saturn  V. 

The  J-2  represents  a more  advanced  state  of  the  art,  principally  be- 
cause it  is  fueled  with  liquid  hydrogen.  The  high  specific  impulse  or 
energy  yield  of  this  fuel  in  combination  with  liquid  oxygen  will  pro- 
vide upper  stages  with  approximately  twice  as  much  weight-lifting 
capability  as  that  available  from  conventional  propellants. 
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The  J-2  model,  on  a somewhat  larger  scale,  is  immediately  in  front 
of  me  to  my  left,  which,  of  course,  would  be  to  the  right  of  your 
chairman.  The  most  obvious  difference  here  in  observing  it  would 
be  the  fact  the  two  turbopumps  are  separated.  Each  pump  has  its 
own  turbine  and  the  two  are  tied  together  with  hot  gas,  which  drives 
first  the  turbine  on  the  oxidizer  side.  The  exhaust  from  that  turbine 
goes  to  the  hydrogen  turbine.  We  get  a four-stage  turbine  in  this 
manner,  and  it  makes  a very  nice  installation.  The  pumps  are  smaller 
and  the  propellant  inlets  are  very  direct.  We  are  able  to  get  very 
high  performance,  particularly  in  the  area  of  the  inlet  connections, 
so  that  booster  pumps  are  not  required  from  the  tanks  to  the  engine. 
The  J-2  pumps  will  perform  down  to  very  low  inlet  pressures. 

J-2  also  has  a feature  that  is  not  required  in  our  other  engines ; that 
is,  a multiple-start  capability.  It  can  be  stopped,  started,  and  re- 
started, actually,  as  long  as  propellants  are  in  the  main  tanks. 

Another  advantage  of  the  two  separate  pumps  is  that  there  is  no 
compromise,  or  very  little  compromise,  required  between  the  operat- 
ing speed  of  the  pumps  and  the  turbines.  This  is  particularly  impor- 
tant on  a hydrogen-oxygen  engine.  Because  of  the  very  great  differ- 
ence in  density  between  the  two  propellants,  one  pump  wants  to  run 
much  faster  than  the  other;  that  is,  the  hydrogen  pump  requires  a 
higher  operating  speed  than  the  oxygen  pump. 

The  J-2  contract  was  received  in  September  1960.  We  are  well  into 
the  test  period  for  the  full  engine,  with  preliminary  flight  rating  test 
scheduled  in  about  a year.  Engines  are  under  construction  for  initial 
deliveries  in  August  of  this  year.  Qualification  and  first  flights’  are 
scheduled  for  1965. 

The  J-2  has  been  operated  at  full  thrust  and  to  the  full  duration 
of  250  seconds  that  was  originally  specified.  Since  the  specification 
duration  has  been  changed  to  500  seconds,  it  has  been  necessary  to 
modify  test  facilities  for  this  purpose.  This,  incidentally,  is  one  of 
the  changes  that  would  have  been  involved  in  the  S-II,  itself,  which 
Dr.  von  Braun  mentioned  this  morning.  You  have  one  safety  cri- 
terion for  250  seconds  of  operation.  The  increase  to  500  seconds,  of 
course,  means  twice  as  much  propellant  must  be  stored  in  the  test 
area  to  operate  the  same  vehicle  stage.  This  also  hits  us  in  the  engine 
program.  We  have  to  have  larger  tanks  to  run  the  engine. 

These  modifications  will  be  completed  by  the  middle  of  this  year, 
at  which  time  we  will  begin  testing  the  J-2  engine  at  500  seconds’ 
duration.  Being  an  upper  stage  engine,  the  J-2  will  be  subjected  to 
extreme  conditions  of  environment.  The  final  phase  of  the  develop- 
ment program  will  be  to  test  it  as  full  thrust  and  full  duration  m 
such  environmental  conditions. 

From  the  beginning  the  J-2  development  program  has  progressed 
quite  satisfactorily.  From  the  earliest  tests,  components  such  as  the 
pumps,  gas  generator,  and  thrust  chamber  have  demonstrated  excel- 
lent performance  and  durability.  We  have  every  expectation  of  main- 
taining our  schedule  on  the  J-2,  as  well  as  on  the  F-l. 

In  conclusion,  both  the  J-2  and  F-l  have  entered  a period  of  high 
test  frequency.  Areas  requiring  further  concentrated  development 
effort  are  being  isolated  in  thgse  tests  and  corrective  measures  are  being 
aggressively  pursued  and  applied.  Satisfactory  progress  is  being 
made,  and  I am  confident  at  this  stage  that  the  engines  will  be  de- 
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veloped  to  operational  status  for  manned  flight  within  the  schedule, 
of  launchings  originally  established  for  the  Satu  rn  programs. 

It  has  been  a privilege  to  appear  before  this  committee  and  report 
the  progress  of  these  programs. 

I am  certain  that  some  questions  have  occurred  to  you  as  I have 
been  talking.  Mr.  Joseph  P.  McNamara,  vice  president  and  general 
manager  of  our  Liquid  Rocket  Division,  and  Mr.  D.  E.  Aldrich,  our 
F-l  program  manager,  are  here  with  me  today.  Between  us,  I be- 
lieve we  will  be  able  to  answer  the  questions  you  gentlemen  may  have. 

Mr.  Teague.  Thank  you,  Mr.  Hoffman. 

As  you  know,  this  subcommittee  is  working  on  the  authorization  of 
money  for  this  program.  We  would  be  very  interested  in  anything 
you  might  tell  us  as  far  as  the  budget  is  concerned. 

Mr.  Hoffman.  On  the  budget : Basically,  speaking  in  round  num- 
bers, without  pulling  out  any  charts,  the  F-l  is  a $50  million  R.  & D. 
program,  both  in  fiscal  1963  and  1964 ; the  J-II  is  a $45  million  pro- 
gram in  each  of  those  years.  Both  of  these  seem  to  be  within  the  $5.7 
billion  budget  that  has  been  presented  to  this  group. 

We  have,  indeed,  in  1963,  with  the  emphasis  on  combustion  stability, 
asked  for  and  received  additional  funding  from  the  NASA  Hunts- 
ville organization. 

Mr.  Teague.  Was  there  any  slippage  last  year  because  of  money, 
Mr.  Hoffman? 

Mr.  Hoffman.  Not  last  year,  no.  I think  the  slippage  would  go 
back  to  1961,  or  1960 — the  year  prior.  Slippage  means,  basically,  less 
hardware  than  one  might  like.  To  tie  slippage  to  a specific  number  of 
months  becomes  very  difficult ; however,  it  brings  us  back  to  what  might 
be  termed  a “success  program.” 

Mr.  Teague.  Has  NASA  indicated  to  you  what  funding  you  will 
receive  this  next  year  ? 

Mr.  Hoffman.  Yes,  I think  we  are  pretty  much  in  accord  on  next 
year’s  program.  For  1964  we  have  every  reason  to  believe  the  NASA 
budget  is  in  accord  with  the  funding  required  for  the  work  we  have 
programed  with  NASA  on  these  two  engines.  We  believe  we  will 
have  a reasonably  funded  program. 

Mr.  Teague.  Suppose  you  got  5 or  10  percent  less  than  you  thought 
you  are  going  to  get.  How  would  this  affect  your  program. 

Mr.  Hoffman.  The  program  would  become  a much  higher  risk 
program.  It  would  be  very  unwise  to  do  it. 

Mr.  Teague.  What  do  you  mean,  “higher  risk  program”  ? 

Mr.  Hoffman.  It  would  mean  we  would  be  able  to  do  less  in  the 
way  of,  shall  I say,  backup  programs,  and  investigations.  For  ex- 
ample, in.  the  matter  of  combustion  vibration,  we  are  indeed  putting  in, 
I would  say,  overall  at  least  5 percent  more  than  anyone  may  have 
contemplated  at  the  time  the  program  was  let.  This  is  really  new 
work  because  I referred  to  it  here  we  did  not  know  at  the  beginning 
of  the  program  how  to  do  the  things  wre  are  doing  today 5 to  be  able 
to  rate  our  engines  by  inducing  vibration  and  seeing  which  engines 
are  self -restoring. 

This,  particularly  during  the  past  year,  fiscal  year  1963,  has  meant 
a substantial  amount  of  extra  work — 5 percent,  perhaps  7 percent  or 
more. 
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Mr.  Teague.  Mr.  Bell,  do  you  have  any  questions  of  your  constitu- 
ent? 

Mr.  Bell.  Mr.  Chairman,  I would  like  to  welcome  Mr.  Hoffman 
to  the  committee.  It  is  a pleasure  to  have  you  here.  I would  like  to 
commend  you  on  your  long  background  of  efficiency  in  the  field  of 
greater  propulsion. 

Mr.  Hoffman.  Thank  you,  sir. 

Mr.  Casey  (presiding).  Do  you  have  a question,  Mr.  Waggonner? 

Mr.  Waggonner.  Mr.  Hoffman,  do  you  feel  that  these  engines  have 
sufficient  development  when  they  come  from  Marshall;  do  you  feel 
there  has  been  enough  test  work  done  before  they  are  let  out  to  con- 
tract? Do  you  think  the  development  center,  itself,  is  doing  enough 
test  work  before  bringing  the  engine  to  you  for  production  ? 

Mr.  Hoffman.  Sir,  I aon’t  know  that  I quite  follow  or  understand 
your  question,  but  we  do  the  design  and  development  of  the  compo- 
nents and  engines  at  Edwards  and  Canoga  Park,  Calif.  Later  on  in 
the  program  NASA-Huntsville  do,  indeed,  make  their  own  tests. 
This  is  good — people  other  than  the  ones  who  develop  the  engines, 
also  test  them. 

So,  basically,  the  testing  they  do  there,  in  the  main,  will  be  on  the 
complete  engine  after  we  have  finished  the  development  or  are  well 
along  with  the  development.  For  example,  the  engine  we  deliver  in 
October 

Mr.  Waggonner.  The  first  F-l  ? 

Mr.  Hoffman.  That  is  correct.  That  engine  will  have  been  backed 
up  by,  on  the  order  of,  say,  300  It.  & D.  tests,  plus  many,  many  com- 
ponents tests.  They  will  test  that  engine  on  a battleship  tank  down 
there  and  by  the  time  the  engines  are  flown,  we  will  have  had  enough 
testing,  as  evidenced  by  the  results,  for  example,  of  the  Saturn  I. 
The  first  three  flights  were  all  successful. 

Mr.  Waggonner.  Has  it  been  your  experience  that  as  we  go  further 
into  new  engine  development  programs,  that  the  testing  becomes  more 
routine  and  we  are  able  to  make  more  rapid  progress  as  a result  of  prior 
successful  programs  ? Are  we  finding  real  application  in  up-coming 
programs  for  the  experience  we  get  from  these  past  programs  ? 

Mr.  Hoffman.  Yes,  sir. 

Mr.  Waggonner.  That  is  the  reason  you  can  say  that  in  the  case  of 
the  F-l  engine,  at  the  time  of  the  first  flight,  it  is  much  further  along 
than  any  previous  engine  ? 

Mr.  Hoffman.  Yes,  sir,  and,  part  of  the  reason  is  simply  that  we 
have  more  time.  You  might  refer  to  the  schedule  in  my  prepared 
statement.  At  this  time,  we  have  engines  that  we  have  had  quite  a 
few  full  duration  full-thrust  runs,  and  we  are  still  only  halfway 
through  the  program,  about  3 years  away  from  manned  flight. 

The  past  programs  we  have  been  on  have  been  largely,  if  you  will, 
crash  programs,  that  is,  our  missile  program,  Atlas,  Thor,  and  Jupiter. 
We  were  concurrently  developing,  producing,  and  flying  engines. 

Mr.  Waggonner.  To  go  back  to  what  Mr.  Teague  said  earlier  about 
the  effect  of  a 5-  or  10-percent  cut : Was  I to  understand  from  your 
answer  that  you  would  just  shorten  some  of  these  test  procedures  and 
quit  doing  some  things  we  are  doing  now  to  try  to  maintain  schedule? 
Or  would  you  simply  reduce  everything  by  a proportionate  amount 
and  just  drag  the  time  out  further  ? 
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Mr.  Hoffman.  We  wouldn’t  reduce  everything  proportionately. 
Some  things  we  must  do.  The  first  thing  we  would  do  I presume  we 
would  have  to- — would  be  to  cut  down  the  number  of  people  on  the 
program. 

We  would  cut  down  the  amount  of  hardware  that  would  be  in  the 
system  for  backup,  so  if  there  should  be  a failure,  we  would  have  to 
wait  longer  for  parts.  And  this  would  simply  mean  that  we  would 
have  less  running.  We  would  also  do  one  other  thing:  In  the  matter 
of  combustion  vibration,  there  are  better  injectors  that  can  be  made. 
We  have  two  or  three  varieties. 

Mr.  Waggonner.  You  are  saying  the  result  of  a budget  cut  really 
would  be  a reduction  in  reliability  ? 

Mr.  Hoffman.  Yes,  at  any  particular  time.  If  you  wanted  to 
take  a longer  time  to  do  it,  you  could  end  up  with  the  same  reliability 
by  lengthening  the  time,  say  a year  or  6 months. 

Mr.  Waggonner.  But  not  necessarily,  the  extending  time  doesn’t 
necessarily  mean  you  save  money  by  doing  it? 

Mr.  Hoffman.  No,  it  might  even  cost  more.  There  is  an  optimum 
speed  to  go.  The  program  we  have  now  is  not  a crash  program  by 
any  stretch  of  the  imagination..  It  verges  on  being  what  I would  call 
a success  program,  where  you  are  counting  on  most  things  being 
successful  either  the  first  time  or  very  shortly  thereafter.  It  is  a 
reasonable  program,  and  one  that  I believe  at  this  stage  will  carry 
us  through,  with  engines  that  will  meet  the  requirements  of  the 
missiles.  They  will  be  good,  usable  engines,  and  be  suitable  for  manned 
flight. 

Mr.  Teague.  Mr.  Fuqua? 

Mr.  Fuqua.  You  said  a while  ago,  I believe,  that  we  had  appro- 
priated some  $50  million  for  R.  & D.  for  the  F-l  engine.  Did  you 
say  that? 

Me.  Hoffman.  I don’t  know  whether  you  have  appropriated  that 
or  not. 

Mr.  Fuqua.  Well,  that  is  the  budget  ? 

Mr.  Hoffman.  The  F-l  engine  budget  has  $54,100,000  in  it.  You 
will  find  difficulty  getting  many  of  our  numbers  coordinated  with 
the  NASA  budget  categories  because  all  of  the  money  requested  for 
a given  engine  program  doesn’t  go  to  us. 

Mr.  Fuqua.  In  October,  when  you  deliver  this  first  engine  to 
NASA,  what  is  going  to  be  the  cost  of  the  engine  ? 

Mr.  Hoffman.  You  mean  the  total  money  we  will  have  spent? 

Mr.  Fuqua.  Yes.  That  will  be  all  your  development  money. 

Mr.  Hoffman.  I don’t  know  as  I can  give  it  to  you  to  October. 
As  of  now,  R.  & D.  on  the  F-l  is  $144  million. 

Mr.  Fuqua.  What  is  going  to  be  the  cost  after  you  deliver  the  first 
one  ? Will  it  decrease  for  the  later  engines  ? 

Mr.  Hoffman.  On  engines,  you  know,  it  all  depends  on  what  you 
want  to  apply  to  the  first  engine.  That  probably  — — 

Mr.  Fuqua.  I understand  it  will  be  more  for  the  first  one. 

Mr.  Hoffman.  Probably  on  the  order  of  several  million  dollars. 
I don’t  have  the  number  on  the  first  engine.  We  figure  them  in  blocks, 
and  I think  for  a block  on  the  order  ox  70  you  are  talking  of  $1^  mil- 
lion or  $2  million  per  engine.  The  first  one  will  be  much  more  than 
that.  This  will  depend  on  what  sort  of  a learning  curve  we  have  as 
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we  /?o  down  the  line.  But  the  amount  of  money  spent  to  date  is  $144 
million,  give  or  take  a small  percentage. 

Mr.  Gurney.  Do  you  have  any  exact  number  of  engines  that  you 
are  contracted  to  produce  on  this  assignment  ? 

Mr.  Hoffman.  No,  it  is  being  currently  negotiated.  Two  this 
year.  You  know  the  date  of  the  first  one.  The  schedules  are  more  or 
less  confidential  at  the  moment.  But  in  the  spring  we  will  hit  on  the 
order  of  two  engines  per  month ; and  how  long  that  extends,  what  the 
total  will  be,  I don’t  know.  But  the  first  will  be  on  the  order  of  be- 
tween 60  and  7 5 engines. 

Mr.  Gurney.  In  the  whole  program? 

Mr.  Hoffman.  Well,  the  program  goes  somewhat  beyond  1965, 
and  I think  through  part  of  fiscal  1966.  On  this  you  should  be  able 
to  get  better  figures  from  NASA.  These  figures  are  being  worked  out. 

Mr.  Gurney.  Why  do  you  manufacture  that  number  instead  of 
one-half  or  twice  as  many  ? 

Mr.  Hoffman.  I think  basically  because  there  isn’t  money  for  twice 
as  many  in  the  whole  program.  NASA  programs  so  many  launch 
vehicles,  and,  as  they  work  the  money  out,  how  much  they  have  for 
the  whole  program  determines  how  many  total  launches  they  have, 
and  then  it  comes  back  to  how  many  launch  vehicles.  So  there  is 
quite  a period  of  adjusting  on  it.  These  are  big  amounts  of  money, 
and  a very,  very  complicated  program,  so  that  our  engines  then  be- 
come a component  item,  and 

Mr.  Gurney.  Well,  is  there  any  exact  science  to  this?  Do  you 
pull  a figure  out  of  a hat,  or  how  do  you  get  at  it?  There  must  be 
some  way  that  NASA  determines  whether  you  are  going  to  produce 
50  or  25. 

Mr.  Hoffman.  Certainly  it  is  not  an  exact  science.  You  start  off 
with  the  program  they  want,  or  the  country  wants,  and  from  that  try 
to  determine  how  many  launches  you  might  have  to  have,  and  how 
many  failures  there  might  be  on  the  ground. 

Mr.  Gurney.  Do  you  sort  of  rework  it  each  year,  is  that  the  thing? 

Mr.  Hoffman.  Oh,  I am  sure  they  do,  and  we  do,  also ; and  then  it 
ties  in  with  the  amount  of  money  available  for  the  program. 

Mr.  Gurney.  How  about  the  tests?  How  do  you  determine  what 
number  of  tests  you  are  going  to  have? 

Mr.  Hoffman.  The  tests  are  based  on  past  experience,  largely. 
They  are  not  exact.  They  should  not  be  considered  as  such.  They 
have  to  be  considered  with  a grain  of  salt.  For  example,  if  one  were 
to  be  real  fortunate,  we  would  like  to  be  able  to  design  the  engine  so 
there  would  be  no  failures,  right  from  the  very  start,  and  therefore 
we  would  go  through,  let’s  say,  qualification,  or  a preliminary  flight- 
rating test  in,  oh,  a matter  of  weeks.  Incidentally,  for  a preliminary 
flight-rating  test,  the  primary  portion  is  six  full  duration  runs.  You 
can  see  that  if  you  were  to  be  completely  successful  and  design  the 
perfect  engine,  test  it  perfectly  on  perfect  test  stands  you  would  have 
the  major  portion  of  your  preliminary  flight-rating  tests  done  as  fast 
as  you  could  run  six  full  duration  tests  on  perhaps  one  or  two  engines. 

This  doesn’t  happen.  So  then,  going  into  past  experience,  we  study 
that  and  come  up  with  numbers.  And  this  is  necessary  for  the  plan- 
ning, to  get  the  propellants  and  everything  else.  In  the  early  stage 
we  will  know,  for  example  that  we  will  average  so  many  tests  per 
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shift  on  a test  stand.  And  we  know  these  early  ones  will  be  short 
tests.  We  project  this  then,  to  the  stage  we  are  today,  for  example, 
on  the  F-l,  where  the  frequency  and  the  duration  of  the  tests  will 
have  greatly  increased.  The  logistics  of  the  problem  tie  in  with  that, 
too — we  need  more  propellant. 

Mr.  Gurney.  Did  you  schedule  those  so  in  the  month  of  J une  you 
would  tend  to  study  X,  Y,  and  Z phases  of  the  program ; or  how  do 
you  set  up  the  tests?  I ask,  because  I suppose  these  are  pretty  ex- 
pensive and  up  through  Wednesday  of  last  week  you  had,  I believe, 
264.  How  many  do  you  plan  in  the  whole  program? 

Mr.  Hoffman.  They  are  expensive,  yes,  sir.  And  I believe  for  the 
whole  program  it  is  approximately  1,000  tests. 

Mr.  Gurney.  Therefore,  to  come  back  to  the  basic  question,  we  are 
spending,  I suppose,  hundreds  of  millions  of  dollars  in  the  tests  alone 
of  this  engine,  aren’t  we  ? 

Mr.  Hoffman.  The  whole  program  will  run  in  the  order  of  $270 
million,  the  engine,  through  to  Apollo,  and 

Mr.  Gurney.  Of  which  a good  portion  will  be  testing? 

Mr.  Hoffman.  Yes,  sir. 

Mr.  Gurney.  So  I come  again  to  the  question : Why  do  you  test 
1,000  times  as  opposed  to  500 times? 

Mr.  Hoffman.  Well,  1,000  is  no  magic  number.  We  may  reach  the 
point  we  want  before  we  get  to  1,000  tests.  If  we  are  unfortunate  we 
may  go  to  2,000. 

Mr.  Teague.  Don’t  you  take  the  basic  engine  and  test  it  until  you 
think  you  have  the  bugs  out  of  it  ? 

Mr.  Hoffman.  That  is  right. 

Mr.  Teague.  As  you  build  each  engine,  you  test  it,  and  if  it  runs 
perfectly  it  has  fewer  tests.  If  something  happens  within  the  engine 
it  has  more  tests ; isn’t  that  right  ? 

Mr.  Hoffman.  Yes,  sir.  There  is  no  magic  number.  It  bases  the 
number  of  tests  on  experience,  and  how  the  engine  works.  And  we 
change  this,  this  goal  changes  on  items,  I wouldn’t  say  daily,  but  on 
a weekly  or  monthly  basis.  We  find  we  have  trouble  in  a certain  area, 
and  we  will  step  up  the  tests. 

At  the  time  we  make  the  proposal,  at  the  time  we  negotiate  it,  and 
as  we  go  along  with  the  reviews  of  program,  we  are  constantly  chang- 
ing the  specific  test  program  for  next  month.  What  we  can  see  next 
month  we  see  quite  clearly.  This  year  we  see  quite  clearly.  Next 
year,  and  the  farther  we  go  into  the  future,  of  course,  the  cloudier 
the  crystal  ball  gets,  and  so  we  change. 

Mr.  Gurney.  Do  you  attempt  in  each  test  to  determine  as  much  as 
you  can  out  of  the  particular  test,  Mr.  Hoffman  ? 

Mr.  Hoffman.  Yes,  sir. 

Mr.  Gurney.  Or  do  you  test  for  one  specific  thing  ? 

Mr.  Hoffman.  I wrould  say  almost  never  do  we  test  for  one  specific 
thing ; the  tests  are  so  expensive  that  we  try  to  get  many  results  from 
one  test. 

Mr.  Teague.  Didn’t  they  tell  us  out  there  that  you  got  300  items 
of  information  from  the  test  last  week  ? 

Mr.  Hoffman.  Yes. 

Mr.  Gurney.  I recall  they  said  they  had  quite  a few. 

Mr.  Hoffman.  And  the  test  you  saw  shut  off  at  109  seconds  was 
due  not  to  the  engine,  but  to  a faulty  reading  on  one  of  these  300. 
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This  is  one  of  the  penalties  one  pays  for  having  so  much  instrumenta- 
tion. 

Mr.  Eiehlman.  Would  you  explain  your  statement,  “faulty  reading 
on  300”? 

Mr.  Hoffman.  We  had  a reading  that  indicated  a lack  of  pressure 
at  a certain  point.  The  crew  running  the  test  have  what  we  call  “red 
lines,”  on  certain  instruments.  These  limits  are  never  exceeded.  The 
engine  was  shut  down,  and  it  was  found  the  instrument  was  reading 
incorrectly. 

Mr.  Eiehlman.  I see.  That  was  not  the  fault  of  the  injector  or 
vibration  in  the  engine  ? 

Mr.  Hoffman.  No,  sir.  It  had  nothing  whatsoever  to  do  with  it, 
any  more  than  the  thermometer  that  reads  the  temperature  in  this 
room  has  anything  to  do,  per  se,  with  the  temperature. 

Mr.  Eiehlman.  A moment  ago  you  were  talking  of  the  vibration 
that  was  caused  in  the  engine,  and  I think  I recall  that  you  said  the 
majority  of  this  was  caused  by  the  failure  of  the  fuel  injector;  am  I 
correct? 

Mr.  Hoffman.  The  injector  is  the  most  critical  item  of  the  engine, 
so  far  as  combustion  is  concerned — and  combustion  vibration. 

Mr.  Eiehlman.  iou  were  saying,  in  response  to  Mr.  Waggonner’s 
question,  that  if  your  funds  were  cut  down  you  would  probably  have 
to  cut  down  in  some  areas,  and  you  referred  to  injectors. 

Mr.  Hoffman.  Yes,  sir. 

Mr.  Eiehlman.  Are  you  in  a position,  with  the  funds  you  have, 
to  produce  a better  injector  than  you  have  today,  and  overcome  the 
problems  you  have  already  discovered  with  respect  to  the  present 
injectors? 

Mr.  Hoffman.  The  answer  to  that  is  yes,  and  NASA  is  to  be  com- 
plimented on  the  fact  they  recognized  this,  and  more  funds  are  coming 
in — and  I imagine  with  some  difficulty.  The  funds  have  been  in- 
creased. And  we  believe,  in  the  negotiations  we  are  having  with  them 
currently,  that  this  work  will  be  maintained  at  a high  level ; and  this 
will,  indeed,  pay  off. 

Mr.  Eiehlman.  And  if  it  is,  you  have  every  confidence  that  many 
of  the  problems  you  are  encountering  at  the  present  time  with  the  F-l 
injector,  will  be  eliminated  ? 

Mr.  Hoffman.  With  combustion  vibration,  yes.  And  we  will  solve 
the  other  problems  too.  I don’t  want  to  leave  you  gentlemen  with  the 
impression  that  we  will  not  have  continuing  problems,  and  I do  not 
want  to  leave  you  not  recognizing  that  as  long  as  this  engine  is  used 
there  will  be  and  should  be  a continuing  E.  & D.  program,  of  lower 
level  as  time  goes  on,  to  feed  in  the  new  things  that  we  can  put  into 
the  engine. 

Mr.  Eiehlman.  That  will  certainly  require  a continual  test 
operation. 

Mr.  Hoffman.  Yes,  sir. 

Mr.  Eiehlman.  So,  responding  to  my  colleague’s  questions,  you 
cannot  put  a definite  number  of  tests  on  any  one  of  the  engines, 
because  of  the  constant  changes  being  discovered,  and  the  need  for 
improvements  in  them  ? 

Mr.  Hoffman.  As  long  as  the  engine  is  going  to  be  used,  testing 
should  continue.  Far  enough  out  in  tne  program  it  will  be  at  a reduced 
rate,  of  course.  * ■ 
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Mr.  Teague.  Mr.  Casey. 

Mr.  Casey.  How  are  the  amount  of  funds  that  you  will  receive  under 
this  program  determined  ? As  I understand  it,  you  have  a contract  to 
develop  the  F-l  engine.  You  started  on  this  when?  I don’t  recall 
now. 

Mr.  Hoffman.  January  1959. 

Mr.  Casey.  Now,  I presume  a contract  was  given  to  you  to  develop 
this  engine,  and  the  contract  gave  certain  performance  specifications, 
is  that  correct? 

Mr.  Hoffman.  Yes,  sir. 

Mr.  Casey.  And  what  its  mission  would  be  ? 

Mr.  Hoffman.  Yes,  sir. 

Mr.  Casey.  Did  they  just  turn  you  loose?  Is  there  a set  fee  or 

Mr.  Hoffman.  By  no  means  have  they  turned  us  loose,  nor  do  we 
want  to  be  turned  loose. 

At  the  time  we  started — and  this  early  start  was  veiy  fortunate, 
indeed — there  was  no  missile,,  per  se,  or  no  launch  vehicle.  So  the 
things  known  to  put  in  the  specifications  were  the  result  of  prelim- 
inary design  studies.  They  knew,  for  example,  that  they  wanted  to 
build  a launch  vehicle  with  increments  of  iy2  million  pounds  thrust 
per  engine,  and  truthfully,  if  we  had  known  how  I suppose  they  would 
have  liked  a 10-million-pound  thrust  single  engine,  nut  this  would 
have  been  too  “far  out”  at  that  time.  So  it  was  determined  they 
wanted  iy2  million  pounds  of  thrust.  The  propellant  combination 
was  determined,  and  we  proposed  a certain  configuration  of  the  engine, 
substantially  as  you  see  it  here.  The  turbopump  would  not  have 
gears  which  would  be  quite  a problem,  with  60,000  horsepower  to 
transmit.  So,  all  of  these  general  features  were  determined. 

Then,  as  we  went  along  with  the  design  of  the  engine,  final  layouts, 
the  detailed  design,  we  nave  had  continuous  design  reviews  with  the 
NASA  people.  Many  of  the  details  of  the  design,  then,  were  worked 
out  and  involved  changes.  From  the  time  you  have  the  first  concept, 
and  as  you  go  along  in  the  details,  you  find  ways  to  do  things  better. 
So  these  changes  are  cranked  in. 

Then,  finally,  as  a launching  vehicle  is  evolved  there  are  still  more 
changes  to  have  the  engine  specifically  fit  the  requirements  of  the 
missile. 

So,  partly,  I think,  coming  to  your  question,  part  of  it,  the  fee — I 
think  you  mentioned  that — is  determined  at  the  start,  on  the  basic 
work,  and  then  as  new  work  is  negotiated  adjustments  are  made. 

Mr.  Casey.  When  you  started  out  you  had  a basic  price  for  research 
and  development  on  this  engine? 

Mr.  Hoffman.  Yes. 

Mr.  Casey.  As  changes  come  about,  then,  you  renegotiate  those  ? 

Mr.  Hoffman.  Yes.  We  must  negotiate  changes.  And 

Mr.  Casey.  What  I am  getting  at  is  thi3 : You  contracted  to  develop 
and  deliver  this  engine  by  a specific  date,  next  October.  Will  a cut  in 
this  budget  change  your  contract,  or  is  your  contract  set? 

Mr.  Hoffman.  Yes.  Well,  it  would  change  the  contract,  yes. 

Mr.  Casey.  How  ? 

Mr.  Hoffman.  Certainly,  as  far  as  the  delivery  of  engines  is  con- 
cerned, that  goes  directly  with  the  cut,  and  fewer  engines  are  going  to 
cost  more  per  engine  than  a larger  number. 

Mr.  Casey.  What  about  the  development  time  of  the  engine  ? 
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Mr.  Hoffman.  The  amount  we  would  spend  in  a given  year  for 
development  work  would  be  cut  down.  We  would  accomplish  less  in 
that  year,  therefore,  we  would  have  to  go  more  years.  If  you  do  a job 
and  get  down  below 

Mr.  Casey.  Does  your  contract  now  call  for  you  to  deliver  an  engine 
in  October? 

Mr.  Hoffman.  Yes. 

Mr.  Casey.  It  does,  does  it  not  ? 

Mr.  Hoffman.  Certainly. 

Mr.  Casey.  And  it  specifies  that  this  engine  must  have  certain 
capabilities? 

Mr.  Hoffman.  Yes. 

Mr.  Casey.  As  to  thrust,  and  the  configuration  must  not  exceed 
certain  dimensions  so  it  can  fit  on  the  vehicle  they  propose  to  fit  it  on, 
right? 

Mr.  Hoffman.  Right. 

Mr.  Casey.  Does  the  contract  require  so  many  tests,  or  are  these 
tests  required  by  you  to  determine  whether  or  not  you  are  delivering 
what  you  contracted  to  deliver  ? 

Mr.  Hoffman.  In  the  contracts,  we  work  out  each  month  with  the 

{>eople,  the  NASA  people,  so  many  specified  tests.  This  is  only  the 
ogistics  of  the  problem,  getting  enough  propellant  and  so  forth.  And 
as  far  as  test  numbers  are  concerned : Running  100  tests,  if  every  one 
fails,  means  nothing— I think  you  can  see  that — taking  the  extreme 
example. 

Mr.  Casey.  Yes. 

Mr.  Hoffman.  You  can  run  100  short-duration  tests,  satisfactory 
tests,  and  it  means  something;  or  on  the  other  hand  I can  run  10 
long-duration  runs. 

Mr.  Casey.  If  NASA  says  that  they  want  additional  tests,  you  need 
additional  money,  right  ? You  will  charge  additional  money  ? 

Mr.  Hoffman.  We  need  additional  money,  yes,  if,  within  the  gen- 
eral scope  of  those  runs  within  the  general  scope  of  what  we  have 
worked  out  in  runs  we  don’t  come  near  our  goal — but  if  you  try  to 
rate  the  engine  on  the  number  of  runs  alone,  you  cannot  do  it. 

Mr.  Teague.  Mr.  Hoffman,  is  it  fair  to  ask  you  whether  you  are 
working  on  a larger  engine  than  a million  and  a half  pound  thrust 
engine  ? 

Mr.  Hoffman.  We  are  doing  study  work  on  a larger  engine  than 
a million  and  a half.  We  are  doing  this  in  connection  with  at  least 
three  launch  vehicle  organizations.  There  have  been  three  contracts 
let  by  NASA,  going  beyond  the  present  Saturn  program  study,  the 
Nova,  whether  it  should  be  solid,  liquid,  or  a combination  of  both, 
and  in  what  increments  of  engine  size.  We  are  working  with  the 
contractors  making  these  studies,  and  in  none  of  the  areas  do  we 
want  to  make  a final  decision  until  we  are  further  along. 

Mr.  Teague.  Are  you  people  doing  any  work  on  engine  recovery? 
Who  is  doing  that  ? Is  that  work  going  on  ? 

Mr.  Hoffman.  Work  is  being  done  on  engine  recovery.  As  for 
work  on  the  engines,  I suppose  there  are  certain  features  one  might 
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want  on  recoverable  engines,  but  liquid  engines  inherently  have  the 
ability  to  be  used  over  and  over  again.  If  the  vehicle  itself  is  recov- 
erable, the  engine  life  can  be  made  practically  indefinite. 

The  solid,  of  course,  cannot.  They  are  recoverable,  but  you  don’t 
recover  enough  to  make  it  really  worthwhile.  This  is  one  of  the  major 
differences  between  the  two  engine  types. 

Mr.  Teague.  Any  other  questions? 

Mr.  Yeager? 

Mr.  Yeager.  How  many  F-l  engines  have  you  built  to  date  for 
development  purposes  ? 

Mr.  Hoffman.  At  least  10. 

Mr.  McNamara.  We  have  built  11  new  engines  and  rebuilt  6.  We 
have  rebuilt  one  engine  that  I think  you  saw — one  at  Edwards,  an 
engine  that  had  been  run  quite  a few  times ; we  brought  it  back  from 
Edwards  and  put  a new  pump  on  it  and  a thrust  chamber,  and  it 
was  rebuilt.  We  have  built  11,  plus  rebuilds. 

Mr.  Yeager.  How  many  were  seriously  damaged  because  of  the 
combustion  problem? 

Mr.  Aldrich.  Two. 

Mr.  Yeager.  Have  those  t\yo  been  rebuilt  ? 

Mr.  Aldrich.  Yes. 

Mr.  Yeager.  You  said  out  of  your  250  test  runs  you  had  this  in- 
stability 7 times.  Were  all  seven  instances  involved  in  tests  of  full 
thrust  and  full  duration  ? 

Mr.  Hoffman.  I think  not  on  the  seven.  A few  were  in  the  phase 
while  we  were  learning  the  proper  start  sequence.  Once  the  start 
sequence  was  determined,  we  had  no  more  difficulty  on  that.  Would 
you  check  me  on  that,  Dave? 

Mr.  Aldrich.  No,  that  is  not  correct. 

These  seven  were  all  involved  in  full  thrust.  We  had  a couple 
only  in  start  at  lower  thrust  early  in  the  program. 

Mr.  Yeager.  The  difficulty,  when  it  arises,  does  have  a relationship 
to  the  full  thrust  ratio,  is  that  correct  ? 

Mr.  Aldrich.  The  problem  is  more  severe  at  full  thrust  than  it  is 
at  the  low  thrust  area. 

Mr.  Yeager.  Could  you  tell  me  the  character  of  the  instability?  Is 
it  a rotary  vibration,  or  what  type  ? And  do  you  know  precisely  how 
to  connect  it  at  this  time? 

Mr.  Hoffman.  I think,  if  you  care  to  get  into  this  detail,  I would 
like  to  have  the  two  experts  we  put  on  this  job  full  time.  They  don’t 
happen  to  be  here. 

Mr.  Yeager.  Just  this  last  question : Do  you  feel  you  know  how  to 
connect  this  problem  at  the  present  time  ? 

Mr.  Hoffman.  Yes,  I can  give  you  a general  answer  to  the  question, 
but  not  the  one  as  to,  for  example,  vibration,  whether  it  is  a rotary  or 
axial  mode,  things  of  that  sort. 

Actually,  several  types  have  occurred  over  this  period  of  seven,  plus 
I guess  two  starts  way  back,  but  we  have — we  do  have  now — an  injector 
which,  at  somewhat  below  the  rated  thrust,  is  dynamically  stable. 
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Dynamic  stability  at  rated  thrust  is  our  goal,  and  we  are  moving  up 

toward  it.  . 

The  reason  we  are  confident  that  we  can  achieve  this  goal  is  because 
in  at  least  three  other  engines  where  we  have  attempted  this  we  have 
succeeded.  We  are  confident  we  can  do  it  on  this  engine.  We  have 
made  several  steps  in  this  direction. 

Mr.  Yeager.  I realize  you  are  not  the  developers  of  the  A-3  engine, 
but  is  there  any  fundamental  difference  between  the  J-2  engine  and 
the  A-3  engine  f . your  knowledge  ? 

Mr.  Hoffman.  The  A-3? 

Mr.  Yeager.  The  Centaur  engine,  the  other  engine,  the  RL-10? 

Mr.  Hoffman.  The  RL-10? 

Mr.  Yeager.  Yes.’ 

Mr.  Hoffman.  Yes,  several.  We  use  two  individual  turbopumps 
tied  together  with  hot  gas  rather  than  a single  turbine  driving  two 
pumps  with  gears.  I think  you  can  understand  from  the  order  of 
magnitude,  size,  and  power  required — that  it  would  be  very  practical 
to  gear  the  two  pumps  together  in  the  case  of  a 15,000-pound  thrust 
engine.  With  one  15  times  that  large  it  poses  quite  a problem. 

The  J-II  also  has  the  feature  of  being  able  to  run  at  sea  level  with- 
out having  an  exhaust  inducer  for  testing.  This  is  an  expensive  piece 
of  test  equipment  and  providing  it  for  a 15,000-pound  engine  is  much 
different  from  doing  it  for  200,000  pounds. 

Mr.  Yeager.  What  is  your  full  duration  on  the  F-l  engine? 

Mr.  Hoffman.  150  seconds. 

Mr.  Yeager.  Is  that  the  length  of  time  the  first  stages  will  burn 
when  they  take  off  on  the  Apollo  mission  ? 

Mr.  Hoffman.  Approximately,  yes. 

Mr.  Teague.  Is  my  memory  correct  that  they  said  out  in  California 
that  the  troubles  with  the  F-l  engine  will  not  delay  the  program  ? 

Mr.  Hoffman.  That  is  correct,  sir.  It  will  not. 

Mr.  Teague.  Over  the  weekend  the  chamber  of  commerce  said  we 
should  cut  the  space  budget  by  about  $1  billion.  What  is  the  thinking 
of  an  individual  in  the  industry,  right  in  the  middle  of  the  program  ? 

Mr.  Hoffman.  Well,  I don’t  know  that  I am  competent  to  answer 
that,  not  knowing  all  the  facets  of  the  NASA  space  program,  but 
I would  suspect  something  would  have  to  be  cut  out  or  extended,  but 
I shouldn’t  try  to  answer  that  question  because  I don’t  know  all  the 
details. 

Mr.  Teague.  Mr.  Casey? 

Mr.  Casey.  You  say  you  think  something  is  going  to  have  to  be 
cut  out  of  the  space  program  ? 

Mr.  Teague.  If  we  cut  $1  billion. 

Mr.  Hoffman.  I would  suspect,  and  this,  gentlemen,  is  no  better 
than  the  general  public’s  understanding — the  knowledge  knowledge- 
able men  on  the  street  gain  from  reading : If  you  cut  from  5.7  to  4.7,  the 
jobs  that  have  to  come  first,  the  engines  cannot  be  cut — there  is  not 
that  much  money  in  the  engines  without  stretching  the  whole  program. 
I assume  that  you  would  have  to  stretch  the  whole  program,  and  I 
suppose  some  of  the  future  programs  would  have  to  be  forgotten  until 
later. 
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Mr.  Teague.  Any  other  questions? 

Mr.  Casey.  I don’t  think  that  is  responsive  to  the  question. 

Mr.  Teague.  I think  Mr.  Hoffman  said  that  if  you  are  going  to 
cut  out  $1  billion,  you  are  going  to  have  to  cut  out  some  of  the  pro- 
gram. 

Mr.  Casey.  I understood  the  chairman  to  ask  what  was  his  opinion 
of  the  effect  of  cutting  out  $1  billion. 

Mr.  Teague.  Well,  he  says  you  would  have  to  cut  something  out. 

Thank  you  for  coming,  Mr.  Hoffman. 

The  committee  is  adjourned  until  10  o’clock  tomorrow  morning. 

(Whereupon,  at  2:30  p.m.,  the  subcommittee  was  adjourned,  to 
reconvene  at  10  a.m.,  Tuesday,  March  19, 1963.) 
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TUESDAY,  MARCH  10,  1063 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington , D.C. 

The  subcommittee  met  at  10  a.m.,  the  Hon,  Olin  E.  Teague  (chair- 
man of  the  subcommittee)  presiding. 

Mr.  Teague.  The  meeting  will  come  to  order. 

I would  like  to  say  to  the  other  members  of  the  committee  that  we 
have  tried  to  explore  the  different  methods  of  getting  to  the  Moon 
and  to  find  out  whether  or  not  there  was  agreement  or  disagreement 
on  the  lunar  orbit  rendezvous  approach. 

I have  a short  statement  here  from  Mr.  Edward  C.  Welsh,  Execu- 
tive Secretary  of  the  National  Aeronautics  and  Space  Council.  Mr. 
Welsh  was  scheduled  to  appear  this  morning,  but  he  will  be  unable 
to  make  it.  However,  I would  like  to  put  his  statement  in  the  record, 
if  there  is  no  objection. 

I will  read  the  last  sentence,  to  tell  you  the  gist  of  what  he  says. 

He  states: 

There  are  pros  and  cons  regarding  each  of  the  possible  techniques,  but  the 
decision  to  use  LOR  seems  to  be  well  founded  on  factors  of  relative  cost,  relative 
safety,  and  relative  timing. 

(The  statement  is  as  follows :) 

Mabch  13,  1963. 

Lunar  Flight  Method 


In  recent  testimony  before  the  House  Committee  on  Science  and  Astronautics, 
Brainerd  Holmes,  the  man  in  charge  of  the  lunar  project  in  NASA,  said : 

“Scientists  and  engineers  in  NASA,  other  Government  agencies,  industry,  and 
universities  devoted  more  than  1 million  man-hours  to  studies  of  the  Apollo 
mission.  The  three  main  approaches,  plus  variations  of  each,  were  evaluated 
in  extraordinary  detail.  After  careful  analysis,  we  found  that  the  lunar  orbital 
rendezvous  approach  offered  the  greatest  probability  of  success  at  a lower  cost 
and  on  a faster  time  scale  than  the  earth-orbital  rendezvous  or  direct  ascent 
techniques.” 

It  is  noteworthy  that  various  methods  were  studied  in  detail  and  that  those 
who  are  responsible  for  doing  the  lunar  trip  came  out  unanimously  in  favor  of 
the  lunar  orbital  rendezvous  technique.  Also,  it  is  significant  that  the  alterna- 
tive methods  of  direct  flight  from  Earth  to  Moon  to  Earth  and  of  Earth-orbit 
rendezvous  to  Moon  to  Earth  were  studied  as  carefully  as  was  the  ultimately 
chosen  LOR  technique. 

NASA  experts  briefed  the  Space  Council  as  well  as  representatives  of  other 
interested  agencies  in  the  Government,  on  the  various  methods.  It  was  uni- 
formly agreed  that  any  of  the  methods  was  feasible.  It  was  clear,  therefore, 
that  the  decision  called  for  weighing  such  factors  as  relative  safet3r,  time 
schedules,  and  costs. 

The  Space  Council  took  no  action  to  rule  on  those  various  factors,  but  rather 
left  it  to  the  responsible  agency,  NASA,  to  make  the  decision,  after  being  as- 
sured that  the  matter  had  been  studied  thoroughly. 
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The  direct  flight  methods  called  for  the  largest  booster  or  smallest  payload, 
none  of  the  valuable  spacecraft  rendezvous  experience,  and  a later  date  for 
completing  the  mission.  As  such,  it  was  the  first  to  be  ruled  out  in  the  process 
of  selection.  The  LOR  and  EOR  methods  indicated  more  advantages  and 
similarities  and  hence  warranted  an  even  more  careful  weighing  of  their  relative 
merits. 

Comparison  between  the  EOR  and  LOR  techniques  brought  out  a number  of 
pertinent  points : 

1.  LOR  calls  for  one  launch  from  Earth,  rather  than  more  than  one  as  in 
the  EOR; 

2.  LOR  requires  about  one-half  of  the  payload  weight,  as  compared  with 
EOR.  This  smaller  mass  has  a bearing  on  lower  costs  ; 

3.  LOR  permits  optimis  ation  of  the  lunar  landing  spacecraft  and — in  parallel 
development — also  permits  a corresponding  optimization  of  the  Earth  reentry 
module. 

In  other  words,  by  not  combining  both  landing  and  reentry  competences  in 
one  craft  and  compromising  one  for  the  other,  each  can  be  tailored  for  its 
specific  mission.  In  the  EOR  method,  the  landing  and  reentry  spacecraft  are 
the  same ; 

4.  LOR  provides  greater  astronaut  visibility  in  rendezvous  docking,  and 
lunar  landing,  as  compared  to  EOR ; 

5.  If  all  other  factors  were  equal,  rendezvousing  in  Earth  orbit  would  be 
somewhat  less  hazardous  than  in  lunar  orbit.  However,  there  are  offsetting 
factors  in  favor  of  LOR : 

(a)  in  LOR,  the  velocities  of  the  rendezvousing  spacecraft  are  much  lower 
than  in  EOR  (approximately  5,000  feet  per  second  compared  with  26,000  feet 
per  second)  ; 

(b)  in  LOR  both  vehicles  are  manned  and  hence  each  can  maneuver  toward 
the  other ; 

(c)  in  LOR,  the  rendezvousing  and  attachment  of  a 4,000  pound  module  is 
easier  than  doing  the  same  maneuver  with  a module  in  excess  of  200,000  pounds 
as  in  EOR ; 

6.  In  the  LOR  method,  only  two  men  will  actually  land  on  the  Moon  as  com- 
pared with  three  in  EOR.  However,  the  number  landing  should  not  be  con- 
sidered as  crucial  a factor  as  vision  and  module  optimization.  Moreover,  there 
is  a safety  advantage  in  having  two  descend  while  one  stays  in  lunar  orbit 
where  he  can  observe,  monitor  the  critical  landing  phase  and  report  the  opera- 
tion back  to  Earth ; 

7.  Earth  orbit  rendezvous  is  an  important  technique  and  will  be  needed  for 
many  space  activities.  However,  in  developing  lunar  orbit  rendezvous  there 
will  be  a substantial  amount  of  rendezvousing  exercise  in  Earth  orbit  before 
the  mission  to  the  Moon  is  undertaken.  Hence,  this  valuable  technique  will  be 
developed  regardless  of  which  mode  were  to  be  used  for  the  lunar  mission. 

In  summary,  it  appears  that  this  complex  matter  has  been  studied  with  a great 
deal  of  care  and  that  there  is  much  to  support  the  judgment  made  in  favor  of 
the  LOR  method. 

There  are  pros  and  cons  regarding  each  of  the  possible  techniques,  but  the 
decision  to  use  LOR  seems  to  be  well  founded  on  factors  of  relative  cost,  rela- 
tive safety,  and  relative  timing. 

B.  C.  Welsh, 

Executive  Secretary,  National  Aeronautics  and  Space  Council. 

Mr.  Teague.  We  have  this  morning  Mr.  Joseph  Gavin,  Jr.,  from 
Grumman  Engineering  Aircraft  Corp.  I told  him  that  our  commit- 
tee was  trying  to  paint  as  clear  a picture  as  possible  of  the  space  pro- 
gram, and  that  this  is  the  basis  of  our  asking  him  to  come  here. 

He  has  a prepared  statement,  and  later  he  will  be  available  for 
questions. 

Mr.  Gavin,  we  are  glad  to  have  you  with  us. 
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STATEMENT  OF  JOSEPH  GAVIN,  JR.,  VICE  PRESIDENT,  LEM  GRUM- 
MAN ENGINEERING  AIRCRAFT  CORP. ; ACCOMPANIED  BY  THOMAS 

KELLY,  LEM  PROJECT  ENGINEER,  GRUMMAN  AIRCRAFT  ENGI- 
NEERING CORP.;  AND  JOHN  BUXTON,  RESIDENT  MANAGER, 

HOUSTON,  GRUMMAN  AIRCRAFT  ENGINEERING  CORP. 

Mr.  Gavin.  Thank  you,  Mr.  Chairman,  and  gentlemen. 

Grumman  is  appreciative  of  this  opportunity  to  appear  before  you 
in  connection  with  our  assignment  in  the  Apollo  program — the  lunar 
excrusion  module.  We  regard  quite  soberly  the  responsibilities  as- 
signed to  us;  all  of  us  on  the  LEM  program  feel  a deep  personal 
involvement..  . 

. Because  our  go-ahead  date  was  January  14,  1963,  we  cannot  today 
present  an  impressive  list  of  milestones  completed. 

Mr.  Teague.  Before  you  get  too  far,  do  you  want  to  bring  the  other 
gentlemen  up  to  the  table  with  you  and  introduce  them  ? 

Mr.  Gavin.  I have  with  me  Mr.  Thomas  Kelly,  the  LEM  project 
engineer,  and  Mr.  John  Buxton,  our  management  representative  at 
Houston,  the  Manned  Spacecraft  Center. 

I would  like  to  leave  them  where  they  are,  because  I have  assigned 
some  duties  to  them. 

Mr.  Teague.  All  right.  Thank  you. 

Mr.  Gavin.  Because  the  LEM  is  the  last  module  of  the  Apollo  sys- 
tem to  be  defined  and  started,  we  have  the  advantage  of  having  a well 
developed  set  of  requirements  and  ground  rules  which  govern  our 
efforts.  As  a corollary,  the  fact  that  the  other  elements  of  the  Apollo 
system  have  a headstart  implies  that  the  LEM  development  has  no 
slack  and  must  move  ahead  efficiently  and  rapidly  in  order  to  meet 
the  program  schedules. 

It  is  fortunate,  indeed,  that  we  have  over  3 years’  engineering  study 
of  the  Apollo  mission  as  a sound  background  for  the  LEM  program 
buildup  and  acceleration  in  wliich  we  are  now  involved. 

We  are  off  to  a good  start.  The  preproposal  and  proposal  efforts 
are  paying  off.  During  the  6 weeks  prior  to  Christmas  the  Manned 
Spacecraft  Center  at  Houston  conducted  a unique  and  well -planned 
negotiation  with  Grumman  which  resulted  in  rapid  agreement  on  con- 
tract terms.  This  series  of  discussions  examined  in  greater  detail 
than  ever  before  in  our  corporate  experience  the  scope  and  nature  of 
the  tasks  to  be  done  and  the  costs  associated  with  these  tasks.  We 
think  that  this  resulted  in  a remarkably  thorough  mutual  evaluation 
of  the  LEM  program  by  the  procuring  agency  and  the  contractor. 

As  I mentioned  earlier,  authorization  to  proceed  was  received  en 
January  14,  1963.  The  final  contract  document  completed  NASA 
approval  processing  on  March  8, 1963. 

In  earlier  testimony  the  Apollo  mission  and  the  role  of  the  LEM 
have  been  well  outlined.  I would  like  to  describe  at  this  time  some 
of  the  design  features  which  are  evolving  and  to  comment  on  some  of 
the  problems  we  consider  most  critical. 

I think  we  would  like  to  move  to  the  first  slide  (fig.  132) . 

The  overall  appearance  of  the  LEM  is  essentially  the  same  as  the 
pictures  you  have  seen  in  various  publications. 

The  first  slide  shows  a photograph  of  a model,  which  I picked  pri- 
marily to  indicate  the  size  of  the  vehicle  with  respect  to  the  man. 


354 


196  4 NASA  AUTHORIZATION 


Figure  132. 

The  little  man  standing  down  here  is  a standard  6-footer  and  the 
height  is  approximately  18  feet  overall  and  maximum  diameter  about 
13  fet 

The  general  arrangement  derives  from  requirements  for  crew  vis- 
ibility— you  will  note  the  windows — the  crew  ingress  and  egress,  the 
management  of  large  quantities  of  fuel  and  oxidizer  carried,  landing 
impact,  and  staging.  This  vehicle  has  been  tailored  to  the  require- 
ments of  the  lunar  landing.  The  ability  to  do  this  is  one  of  the 
principal  advantages  resulting  from  selection  of  the  lunar  orbit  ren- 
dezvous type  of  mission. 

On  the  next  slide  ( fig.  133)  we  have  shown  a side  view,  what  we  call 
an  inboard  profile,  of  the  vehicle,  and  this  shows  in  more  detail  some  of 
the  features. 

For  example,  I am  going  to  speak  about  staging.  This  dividing 
line  represents  the  break  point  between  the  lower  or  landing  stage 
and  the  upper  or  ascent  stage. 

We  have  color  coded  a few  of  the  key  features,  the  pressurized  crew 
compartment,  the  rocket  motors,  the  descent  engine,  the  ascent  engine. 

We  have  two  hatches,  the  initial  docking  hatch,  and  then  the  hatch 
that  provides  access  to  the  lunar  surface,  which  also  serves  at  the 
rendezvous  hatch. 

The  first  stage,  below  this  line,  contains  the  descent  engine,  fuel 
and  oxidizer  and  the  landing  gear,  and  not  a great  deal  else. 


Figure  133. 


The  ascent  stage,  above  this  line,  contains  the  crew’s  provisions, 
most  of  the  working  systems  of  the  vehicle,  the  attitude  control,  com- 
munication and  navigation  equipment,  and,  of  course,  the  ascent 
engine  and  its  fuel  and  oxidizer. 

This  staging  I mention  is  analogous  to  booster  staging,  in  that  it 
provides  for  a larger  payload,  with  resjiect  to  the  initial  weight  than 
would  an  unstaged  design. 

We  have  not  distinguished  lietween  fuel  and  oxidizer,  hut  in  this 
and  the  following  slide  (fig.  134)  you  will  see  some  impression  of  the 
amount  of  fuel  and  oxidizer  that  is  contained  in  the  vehicle. 

The  next  slide  (fig.  135)  is  a somewhat  similar  top  view,  which 
shows  perhaps  a little  lietter  how  the  fuel  and  oxidizer  is  packed  in  the 
vehicle.  This  view  also  shows  the  spread  of  the  five-legged  landing 
gear.  I think  that  is  perhaps  enough  of  this  slide.  We  will  go  to 
the  next.  one. 

This  shows  the  staging.  We  have  separated  the  model  here  so  the 
ascent  stage  appears  as  it  would  in  the  takeoff  maneuver.  The  fact 
that  we  leave  behind  the  landing  stage  with  its  used-up  fuel  capacity, 
and  so  on,  is  indicative  of  the  amount  of  energy  that  is  required  in 
getting  from  orbit  to  the  lunar  surface  and  back  again.  And  we  have 
prepared  an  approximate  weight  history  to  illustrate  the  problem 
involved  here  (fig.  136). 

Here  we  have  tabulated  the  initial  gross  weight  and  initial  fuel  and 
oxidizing  weight.  That  is  up  on  this  corner  of  the  matrix  and,  as  you 
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Figure  136. 

can  see,  the  weight  at  landing  has  decreased  by  quite  a bit,  by  virtuaPy 
the  amount  of  fuel  in  the  landing  stage,  except  for  the  reserve. 

If  you  pursue  this  a little  further  you  find  the  ascent  stage  is 
rather  lighter,  and  bv  the  time  you  get  Welc  to  rendezvous  you  have 
about  16  percent  of  tne  initial  gross  weight. 

Another  way  of  looking  at  it  is  as  follows.  During  a little  over  6 
minutes  of  burning  time  during  descent  11,700  pounds  of  fuel  and 
oxidizer  are  consumed  and  the  vehicle  velocity  is  changed  from  over 
5,000  feet  per  second  to  zero  with  respect  to  the  lunar  surface.  It  is 
obvious  that  there  is  little  room  for  error.  Navigation  and  fuel  man- 
agement precision  must  be  first  class. 

The  two  columns  on  the  right  show*  the  start  of  ascent  and  rendez- 
vous conditions.  As  you  can  see,  only  16  percent  of  the  initial  weight 
returns.  Another  interesting  way  to  evaluate  the  significance  of  the 
energy  involved  and  the  quantities  of  expendables  involved  is  to  con- 
sider the  penalty  resulting  from  adding  a pound  to  the  payload.  For 
example : 

(a)  An  additional  pound  of  equipment  to  be  carried  down  to  the 
lunar  surface  and  back  requires  a growth  in  initial  weight  of  5.1 
pounds. 

(b)  An  additional  pound  to  be  raised  from  the  lunar  surface — say 
geological  specimens — results  in  an  increase  in  lunar  takeoff  weight  of 
2.7  pounds,  and  an  increase  in  initial  vehicle  weight  of  4.4  pounds. 

These  examples  of  the  consequences  of  weight  management  are  se- 
vere enough  considering  only  the  LEM.  Similar  growth  factors  can, 
of  course,  be  traced  back  to  the  original  launch  vehicle. 
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In  other  words,  if  the  LEM  exceeds  its  weight  greatly  this  can  be 
traced  all  the  way  back  to  the  Earth  launch  vehicle. 

I have  mentioned  already  two  of  our  major  problems,  fuel  manage- 
ment/precision navigation  and  weight  control.  I would  like  to  com- 
ment further  on  other  areas  currently  identified  as  being  particularly 
difficult.  As  mentioned  earlier,  the  descent  to  the  lunar  surface  is  a 
challenging  problem — and  a key  to  its  success  is  the  development  of 
a reliable,  throttleable  rocket  motor.  This  descent  rocket  motor  de- 
velopment is  so  vital  that  NASA  has  decided  to  carry  two  separate 
and  different  schemes  on  into  the  test-firing  phase  before  final  com- 
mitment to  one  scheme  . 

Mr.  Teague.  Who  is  doing  that  work  ? 

Mr.  Gavin.  We  are  committed  only  to  one  parallel  effort,  so  far. 

We  are  negotiating  with  Bocketdyne,  and  have  just  started  a compe- 
tition to  select  the  second  of  these  two  parallel  contractors. 

The  lunar  surface  itself  presents  a major  problem.  Until  more  is 
known,  we  have  no  recourse  but  to  maintain  a conservative  and  flex- 
ible approach  to  the  design  of  the  landing  gear,  primarily  with  regard 
to  footprint  pressure.  A number  of  hypotheses  have  been  voiced  to 
describe  the  lunar  surface — ranging  from  deep  impalpable  dust  to 
baked  rock  froth. 

Incidentally,  I have  here  a sample  of  rock  foam  Grumman  manu- 
factured by  exposing  pumice  to  heat  and  vacuum  conditions.  I hope 
that  the  lunar  surface  resembles  this  material.  Our  landing  gear 
problems  would  perhaps  be  minimized  if  this  were  the  case.  ,For  the 
present,  however,  we  must  await  real  information. 

Mr.  Teague.  Do  you  know  how  much  is  going  on,  and  what  is  going 
on,  in  order  to  get  the  information  ? 

Mr.  Gavin.  Yes,  sir;  we  are  familiar  with  the  Surveyor  program, 
which  I think  is  the  most  likely  program  to  return  information  re- 
garding the  surface  geology. 

Another  major  concern  is  reliability.  In  brief,  we  have  two  goals. 
The  first  is  to  make  all  the  vehicle  subsystems  so  that  no  failure  will 
occur — this  has  some  practical  limit. 

The  second  goal  is  to  provide  the  astronaut  with  information  and 
the  means  for  doing  something  about  it  in  the  event  of  a failure.  These 
two  goals  lie  right  at  the  heart  of  manned  vehicle  design.  One  of  our 
principal  efforts,  then,  involves  supplying  the  astronaut  useful  infor- 
mation as  to  the  progress  of  the  flight,  permitting  him  to  make  the 
decision  to  continue,  to  correct  errors,  or  to  abort,  and  providing  back- 
up modes  of  operation  which  make  the  best  use  of  hir,  capabilities. 

A further  concern  which  involves  both  the  astronaut  and  reliability 
is  the  use  of  equipment  or  components  which  are  already  under  devel- 
opment in  other  parts  of  the  Apollo  program. 

For  example,  I think  it  is  pretty  obvious  that  the  astronauts’  con- 
trols and  displays  of  the  command  module  and  the  LEM  should  have 
considerable  similarity. 

We  are  right  now  in  the  throes  of  evaluating  what  “common  usage” 
can  be  practically  accomplished.  This  involves  the  consideration  of 
requirements  which  are  not  quite  identical.  In  many  cases  the  LEM 
does  not  require  all  the  features  of  the  command  module  component  or 
system.  The  weight  sensitivity  of  the  vehicle  mentioned  earlier  is  just 
one  constraint  on  “common  usage.” 
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With  regard  to  technical  problems,  I think  it  would  be  best  to  sur  i- 
marize  at  this  point  by  saying  that  the  undertaking  is  essentially  con- 
servative in  that  no  major  breakthrough  in  the  engineering  state  of 
the  art  is  required. 

In  the  remaining  minutes  I would  like  to  outline  briefly  the  indus- 
trial organization  so  far  developed  for  LEM. 

Going  tothe  next  slide  (fig.  137),  this  is  quite  abbreviated,  but  points 
out  the  fact  Grumman  is  the  prime  contractor  for  the  lunar 
excursion  module,  that  we  work  for  the  Manned  Spacecraft  Center  in 
Houston,  that  there  are  other  people  in  the  Apollo  program,  who  have 
other  tasks,  namely,  MIT,  the  Guidance  and  Navigation  System ; MIT 


Figure  137. 

is  the  contractor  for  it.  And  then,  of  course,  the  largest  part  of  the 
program  is  the  role  North  American  plays  with  respect  to  the  com- 
mand and  service  module. 

These  people  all  have  to  work  fairly  closely  together,  and  it  has 
been  gratifying  to  see  that  a good  exchange  of  information  is  already 
underway  and  we  have  had  quite  a number  of  useful  meetings. 

I would  like  to  comment  briefly  on  the  Grumman  organization. 
The  LEM  program  operates  very  much  like  a small  company  within 
a company  (fig.  138). 

This  is  a pretty  abbreviated  description.  But  the  point  here  is  that 
within  the  program  management  for  LEM  are  the  elements  required 
to  do  the  job.  This  is  the  type  of  division  of  responsibilities  you 
would  expect  in  any  business. 
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Pig  i ’re  138. 

We  have*  our  own  business  office,  our  own  engineering  and  so  on. 

Th  is  type  of  arrangement  has  been  called  a highly  projectized  op- 
eration, and  we  feel  tnis  is  the  type  of  thing  necessary  to  provide  the 
coherence  necessary  in  handling  the  responsibilities  of  a program  of 
this  nature. 

At  the  same  time,  this  LEM  organization  has  very  well  considered 
ties  with  the  traditional  company  departments,  to  insure  the  avail- 
ability of  their  experience. 

With  the  scope  of  Grumman  responsibilities,  there  are  included  a 
number  of  subcontracts.  Selection  nas  been  made  and  negotiations 
are  currently  in  progress  with  the  following  subcontractors: 

For  one  of  the  two  descent  engines : Iloeketdyne. 

Ascent  engine:  Bell. 

Reaction  control  components:  Marquardt. 

Environmental  control  system:  Hamilton-Standard. 

A competition  has  just  been  launched  to  select  a parallel  descent 
engine  source.  A number  of  subcontracts  in  the  communication,  radar, 
and  stabilization  and  control  areas  will  evolve  after  requirements  are 
further  defined  and  “common  usage’’  studies  are  completed. 

In  summary,  gentlemen,  we  are  hard  at  it — we  think  we've  gotten 
off  to  a good  start.  We’ve  assigned  a talented  group  of  experienced 
people  to  the  program.  Considering  the  newness  of  our  program,  I 
think  I have  said  enough;  I would  prefer  to  let  time  demonstrate  our 
accompl  ishmen  ts. 
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Mr.  Teague.  Does  the  LEM  contract  specify  rates  of  funding  and 
time  schedules  for  testing  and  delivery  ? 

Mr.  Gavin.  Yes,  sir.  It  does.  The  contract  specifies  a total  amount 
of  money,  and  also  specifies  the  amount — the  limitation  to  be  ob- 
served through  the  end  of  fiscal  1963. 

The  program  scheduling  is  a subject  I would  rather  not  discuss 
in  detail,  because  I believe  parts  of  it  are  classified,  but  it  is,  as  far  as  I 
know,  consistent  with  the  NASA  program  that  has  been  presented 
to  you. 

Mr.  Teague.  Would  you  consider  this  funding  level  a tight  schedule 
on  a rather  liberal  schedule  ? 

Suppose  you  got  a 5 or  10  percent  cut  ? 

Mr.  Gavin.  I think  our  impression  is  that  getting  past  the  end  of 
this  fiscal  year  is  a key  point,  and  that  the  next  fiscal  year,  fiscal  1964, 
is  a rather  important  year,  in  that  this  is  the  portion  of  the  program  in 
which  a lot  of  major  decisions  are  made  and  selections  made  as  to  the 
directions  in  which  to  go. 

I think  it  is  fair  to  say  if  the  funding  is  changed,  particularly  in 
fiscal  1964,  the  schedule  will  have  to  give  in  some  manner. 

The  Chairman.  Mr.  Gavin,  if  we  ask  you  for  classified  material, 
please  just  say  so. 

Mr.  Gavin.  Yes,  sir. 

Mr.  Teague.  Any  questions  on  funding? 

Mr.  Daddario? 

Mr.  Daddario.  Mr.  Gavin,  what  amount  do  you  estimate  that  you 
will  need  for  next  year  ? 

Mr.  Gavin.  As  I recall,  about  $134  million,  something  on  this  order. 

Mr.  Daddario.  For  this  year,  what  is  the  sum? 

Mr.  Gavin.  Let’s  see.  For  this  year  I believe  our  contract  limits  us 
to  something  on  the  order  of  $30  million  up  to  the  end  of  the  year. 

Mr.  Daddario.  When  you  showed  the  chart,  you  had  North  Ameri- 
can in  the  center  as  the,  as  I understand  it,  prime  contractor.  Is  that 
correct? 

Mr.  Gavin.  Well,  in  the  terminology,  I think  we  have  to  be  careful. 
These  are  separate  contracts.  Perhaps  this  is  analogous  to  something 
the  Air  Force  has  done  in  terms  of  associated  contractors. 

Mr.  Daddario.  Then,  you  have  them  in  their  relative  position  under 
MSC,  rather  than  swinging  down  from  North  American. 

Mr.  Gavin.  That  is  right. 

Mr.  Daddario.  North  American  is  the  prime  contractor  for  the 
command  and  service  module? 

Mr.  Gavin.  That  is  right. 

Mr.  Daddario.  North  American  also  has  an  overall  management 
responsibility  at  MSC  does  it  not? 

Mr.  Gavin.  I think  it  is  correct  to  say  they  have  responsibilities  in 
the  area  of  integration  and  preparing  for  the  launching,  which  are 
beyond  the  design  and  manufacture  of  the  command  and  service 
module. 

Mr.  Daddario.  As  I understand  it  then,  this  managerial  function 
is  not  one  which  relates  to  the  performance  of  your  contract 
responsibilities? 

Mr.  Gavin.  That  is  correct.  I think  this  is  pretty  clear. 

Mr.  Daddario.  Well,  Is  it  pretty  clear,  or  is  it  clear? 
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How  sharp  are  the  lines  of  delineation  in  their  responsibilities  in 
both  of  these  directions? 

Mr.  Gavin.  Our  contract  defines  precisely  what  we  have  to  do,  de- 
fines precisely  our  relationships  with  MSC-Houston,  and  it  points 
out  areas  where  we  have  to  be  aware  of  what  the  other  contractors 
are  doing,  and  the  interfaces  we  must  observe  with  them. 

But  there  is  no  question  for  whom  Grumman  is  working;  we  are 
working  for  MSC. 

Mr.  Daddario.  Another  point  on  the  experiments  which  will  take 
place  is  to  develop  some  knowledge  as  to  the  surface  of  the  Moon. 
As  you  have  set  out,  it  is  very  important  to  learn  whether  or  not  the 
surface  of  the  Moon  is  variable.  If  the  experimentation  shows  it  to  be 
one  thing,  and  you  land  in  an  area  where  it  happens  to  be  something 
else,  and  this  is  an  area  from  which  a launching  might  be  difficult, 
does  the  vehicle  then  have  the  capacity,  and  the  fuel  capability,  to 
move  to  a more  favorable  launching  site? 

Mr.  Gavin.  This  is  a thing  that  has  occurred  to  us  a number  of 
times.  To  illustrate:  I think  if  two  probes  landed  in  the  United 
States,  say,  one  in  southern  Vermont  and  one  in  Texas,  it  would  be 
very  difficult  to  predict  what  the  rest  of  the  country  looked  like.  That 
is  an  example. 

Hopefully,  the  Surveyor  reports  will  be  indicative  of  the  general 
area  where  the  landing  is  planned.  We  would  like  to  know  what  the 
surface  is  like  so  we  could  design  the  landing  gear  more  precisely. 
We  have  gone  at  this  in  a fashion  so  that  we  will  not  get  trapped, 
even  if  Surveyor  does  not  report  anything  back.  We  have  tried  to  be 
conservative  enough  in  the  design  so  that  if  the  worst  comes  to  the 
worst  I think  we  can  show  that  the  landing  gear  can  be  done  adequate- 
ly to  go  ahead  and  make  the  landing. 

There  is  enough  reserve  in  the  fuel  so  that  the  craft  can  be  man- 
euvered over  a large,  sizable  area  during  the  last  part  of  the  , touch- 
down. It  is  not  a question  of  having  to  land  just  exactly  wherever 
you  come  down. 

Mr.  Daddario.  You  will  have  some  hovering  capacity  ? 

Mr.  Gavin.  Yes. 

Mr.  Daddario.  But  once  committed  to  a landing,  that  will  be  the 
place  from  which  you  will  launch  ? 

Mr.  Gavin.  That  is  right. 

Mr.  Daddario.  You  will  not  have  the  opportunity  to  choose  another 
landing  site  ? 

Mr.  Gavin.  I think  the  launch  is  not  as  critical  as  the  landing. 
If  the  landing  can  be  made  successfully  the  launch  follows  without 
too  much  difficulty. 

Mr.  Daddario.  The  chairman  poses  a point:  Suppose  you  do 

land  in  what  looks  like  a good  spot  and  it  happens  to  be  a very  deep 
dust  area,  this  being  one  of  the  possibilities,  the  landing  might  be  a 
safe  one,  but  this  might  then  not  be  sufficiently  hard  enough  for  you 
to  launch  from. 

Mr.  Gavin.  It  is  my  feeling  if  the  dust  is  that  deep  the  crew  had 
better  abort  before  touchdown. 

Mr.  Waggonner.  You  think  they  will  be  able  to  do 'that? 

Mr.  Gavin.  Yes.  They  will  be  able  to  do  that.  And  I think  the 
ability  of  the  descent  engine  jet  in  stirring  up  this  dust  will  give 
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them  a pretty  good  indication  whether  it  is  a shallow  layer  or  a deep 
layer, 

Mr.  Daddario.  I understand  they  can  abort  at  any  time  before 
they  commit  themselves.  But  once  committed  and  landed,  it  is  not 
planned  at  the  moment  they  would  have  the  capability  to  move  to 
what  might  be  a more  favorable  launching  area  ? 

Mr.  Gavin.  Once  you  have  landed  from  the  hover  point  you  do  not 
have  the  opportunity  to  pick  up  and,  say,  go  5 miles  away. 

Mr.  Teague,  Mr.  Fuqua  ? 

Mr.  Fuqua.  Do  you  have  enough  information  so  that  the  data  which 
we  receive  from  the  Surveyor  flight  will  not  require  you  to  change  the 
basic  design  of  not  only  the  landing  gear,  but  other  factors  of  the 
landing  module? 

Mr.  Gavin.  It  is  pretty  hard  to  foresee  all  the  eventualities. 

Mr.  Fuqua.  But  it  is  possible  you  may  have  to  change  the  basic 
design  of  the  entire  LEM-? 

Mr.  Gavin.  Things  could  be  worse  than  anyone  anticipates.  How- 
ever, the  approach  is  pretty  conservative.  And  the  design  of  the  land- 
ing stage  being  separate  from  the  ascent  stage  limits  the  effect  of 
changing  the  landing  gear  drastically,  and  we  are  designing  the  descent 
stage  in  such  a fashion  that  it  will  handle  a variety  of  assumptions  con- 
cerning the  landing  gear  itself . 

So  you  can  think  of  it  as  being  a progressive  problem.  If  there 
are  difficulties  observed  in  the  surface  presumably  the  first  thing  that 
would  be  affected  would  be  the  pad  at  the  foot  of  the  landing  gear. 
If  the  difficulty  were  a little  greater  it  would  affect,  perhaps,  the  struts 
of  the  landing  gear.  If  it  got  beyond  that  you  might  get  into  the  over- 
all geometry. 

Mr.  Fuqua.  But  you  have  enough  knowledge  to  go  ahead  safely 
with  the  basic  design  of  the  LEM  that  you  have  already  set  forth,  not 
counting  the  landing  gear? 

Mr.  Gavin.  We  have  taken  two  broad  assumptions,  one  that  the 
surface  is  pretty  hard,  the  other  that  the  surface  is  pretty  soft,  and 
we  are  trying  to  make  sure  if  it  comes  out  in  between  it  will  be  all 
right. 

Mr.  Fuqua.  You  mentioned  taking  materials  back  after  a success- 
ful landing.  Do  you  contemplate  having  the  crew  leave  some  of  their 
equipment  on  the  surface  of  the  Moon  so  that  they  can  therefore  bring 
back  more  material,  such  as  the  little  excursion  device  that  you  have 
that  they  can  ride  around  on? 

Mr.  Gavin.  We  have  a requirement  to  be  able  to  carry  back  so 
many  pounds  of  geological  specimens.  This  can  be  done  without 
leaving  any  vital  part  behind. 

Mr.  Fuqua.  I don’t  mean  “vital,”  I mean  something  they  won’t  need 
to  make  a successful  rendezvous  back  with  the  command  module, 
such  as  the  little  excursion  cart  that  they  plan  to  have,  and  some  other 
equipment  that  they  might  have,  so  that  they  maybe  could  bring  back 
more  samples  of  the  Moon. 

Mr.  Gavin.  We  tried  to  put  the  equipment  that  could  be  left  be- 
hind in  the  landing  stage,  so  it  would  be  automatically  left  behind. 

Mr.  Teague.  Mr.  Gurney? 

Mr.  Gurney.  Back  to  the  abort  business,  you  say  the  men  will  have 
the  capability  to  abort  prior  to  landing  if  the  surface  is  not  as  they 
expect  it  might  bo. 
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How  about  rendezvousing?  As  I recall,  at  Grumman  Last  year, 
or  somewhere  along  the  line,  someone  said  there  had  to  be  a very  pre- 
cise takeoff  time  for  the  LEM  to  rendezvous  with  the  command  module 
in  orbit.  How  does  that  correspond  with  the  abort  business  ? 

Mr.  Gavin.  The  fact  you  are  in  the  descent  maneuver  automatically 
sets  the  timing  with  respect  to  the  command  module. 

The  place  you  get  into  the  timing  problem  in  takeoff  is  where  you 
have  been  on  the  surface  for  a while,  time  has  elapsed,  and  the  relation- 
ship of  the  command  module  to  the  LEM  has  gotten  out  of  phase. 

You  see,  as  you  are  in  the  descent  maneuver  you  bear  a predictable 
relationship  to  the  command  module,  so  the  timing  is  pretty  well  set. 

You  are  not  going  to  stay  there  in  midspace  long  enough  to  get  out 
of  synchronization. 

Mr.  Gurney.  Actually,  what  does  happen  ? 

If  the  LEM  goes  down  like  this  ana  takes  off  again,  do  you  catch 
the  command  module  the  next  time  around  ? 

Mr.  Gavin.  Yes,  more  or  less,  yes. 

As  you  come  down  the  command  module  bears  a certain  relationship 
to  the  LEM,  and  if  you  abort  anywhere  along  the  way  it  is  not  quite, 
but  almost,  a reversal  of  what  happens  on  the  way  down,  and  you  do 
gradually  get  back  into  the  matching  orbit. 

Mr.  Gurney.  And  you  catch  it  the  next  time  around  ? 

Mr.  Gavin.  It  is  not  quite  that  simple,  I am  afraid. 

You  overtake  it. 

Mr.  Gurney.  Well,  not  to  pin  you  down,  but  in  any  event,  when  you 
do  say  you  can  abort,  this  has  been  figured  out  so  that  when  you  are 
back  up  again  a rendezvous  can  be  possible  ? 

Mr.  Gavin.  That  is  right.  And  this  is,  frankly,  one  of  the  most 
difficult  problems  from  an  analytical  point  of  view,  because,  obviously, 
you  can  abort  from  any  part  of  the  descent  phase  of  the  mission,  and 
the  problem  of — the  problem  at  any  instant  of  selecting  the  proper 
course  to  get  back  into  the  right  orbit  to  match  up  with  the  command 
module  is  a very  interesting  analytical  problem. 

From  what  we  have  done  so  far  it  appears  that  it  is  feasible.  I am 
sure  if  I were  one  of  the  astronauts  I would  insist  that  this  b* 
practical.  v 

Mr.  Gurney.  I think  you  are  right. 

Mr.  Gavin.  We  intend  to  make  it  practical. 

Mr.  Teague.  Mr.  Roudebush  ? 

Mr.  Roudebush.  Have  you  given  thought  to  the  fact  that  Surveyor 
may  give  you  atypical  rather  than  typical  analysis  of  the  Moor, 
surface? 

Mr.  Gavin.  Yes,  we  have  worried  about  this. 

Mi*.  Roudebush.  I would  if  t were  an  astronaut.  I will  say  that. 

Mr.  Gavin.  You  would  really  like  a number  of  Surveyor  reports,  or 
have  some  means  for  the  Surveyor  to  look  at  more  than  a specific  point 

Mr.  Roudebush.  Yes.  Like  the  Prospector  project  that  we  planned 
originally,  to  give  us  a wider  range. 

Mr.  Gavin.  That  would  have  provided  a wider  range. 

Mr.  Roudebush.  I want  to  ask  you  about  some  of  these  subcontrac- 
tors you  have  listed  here. 

Where  is  the  location  of  Rocketdyne? 
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Mr.  Gavin.  That  is  in  Los  Angeles. 

Mr.  Roudebush.  And  Bell  ? 

Mr.  Gavin.  They  are  in  Buffalo,  N.Y. 

Mr.  Roudebush.  And  Marquardt  ? 

Mr.  Gavin.  Los  Angeles.  And  Hamilton-Standard  is  in  Hartford, 
Conn. 

Mr.  Roudebush.  That  is  all  I have. 

Mr.  Teague.  Mr.  Waggonner? 

Mr.  Waggonner.  Mr.  Gavin,  to  this  point,  other  than  experiments 
you  have  conducted  at  Grumman,  what  else  have  you  done  to  assist  you 
in  arriving  at  the  decision  as  to  what  the  surface  of  the  Moon  is  actually 
like? 

Mr.  Gavin.  We  have  made  a rather  thorough  search  of  the  literature 
to  see  what  has  been  hypothesized  by  the  various  people  who  have 
studied  this. 

The  information  is  rather  sparse,  but  there  are  some  bits  of  informa- 
tion. We  have  some  knowledge  as  to  how  the  surface  of  the  Moon 
reflects  various  length  radar  waves. 

We  know  something  about  its  optical  properties.  You  can  try  to 
set  up  a model  using  known  substances  here  on  Earth,  to  duplicate 
these. 

Mr.  Waggonner.  Primarily,  the  information  we  have  at  this  point 
from  optical  observations  have  led  us  to  believe  that  we  are  going  to 
have  some  kind  of  a hard,  smooth  surface,  is  that  right?  Refractory 
qualities,  or  optical  observations,  have  been  such  as  to  lead  us  to 
believe  that? 

Mr.  Gavin.  Well,  if  you  could  get  a consensus  at  this  time,  it  is  that 
there  is  some  kind  of  a rock  foam  or  porous  rock,  and  on  top  of  this 
there  is  some  kind  of  a dust  layer  which  may  vary  from  a few  inches 
to  perhaps  a few  feet. 

That,  I think,  is  about  it.  There  have  been  some  assumptions  made 
as  to  the  sizes  of  major  discontinuities,  but  it  is  pretty  shaky. 

Mr.  Waggonner.  Some  scientists  have  projected  the  idea  that  pos- 
sibly the  dust  might  be  similar  to  cement,  inasmuch  as  the  refractory 
qualities  have  shown  about  the  same  characteristics. 

Mr.  Gavin.  That  is  right. 

Mr.  Waggonner.  What  possible  assistance  at  this  point,  certainly 
it  is  in  the  development  stage,  but  if  there  was  a further  breakthrough 
with  lasers,  how  could  we  utilize  it  to  determine  what  the  surface 
was  going  to  be  like  at  this  point  ? 

They  have  already,  in  the  laboratory  way,  sent  a signal  by  laser 
light  to  the  surface  of  the  Moon  and  back  in  two  and  a half  seconds. 
What  possible  assistance  might  that  be  ? 

Do  you  have  plans  to  employ  laser  in  further  use  to  help  you  deter- 
mine what  the  surface  is  like  ? 

Mr.  Gavin.  I don’t  have  a very  satisfactory  answer  to  your  question. 

Personally  I am  not  sufficiently  qualified  to  answer  what  could  be 
done  with  laser. 

Secondly,  the  second  part  of  your  question,  we  have  currently  no 
specific  plan.  I am  not  saying  it  may  not  have  merit,  but  I personally 
cannot  answer  the  question  any  better. 
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Mr.  Daddariq.  Mr.  Gavin,  what  help  will  the  Gemini  program  be 
insofar  as  developing  rendezvous  techniques  to  bring  together  the 
excursion  module  and  the  command  module  ? 

Mr.  Gavin.  I think  one  of  the  most  obvious  areas  is  the  question  of 
tolerable  approach  rates  between  the  two  vehicles. 

I think  you  have  all  read  of  the  possibility  that  without  any  ref- 
erence frame  such  as  we  are  accustomed  to  here  on  Earth  that  the 
ability  of  a pilot  to  judge  the  distance  and  closing  rate  to  the  rendez- 
vousing vehicle  may  be  impaired,  compared  to  what  you  would  ex- 
pect from  experiences  here  on  Earth,  so  that  with  the  Gemini  program 
I think  we  will  obtain  our  first  direct  experience  as  to  what  astro- 
nauts’ capabilities  are.  This  may  in  turn  give  us  a better  grip  on  the 
amount  of  fuel  that  would  be  expended  in  the  LEM  rendezvous 
maneuver.  . 

Mr.  Daddario.  How  does  the  development  of  this  program  con- 
template at  the  moment  the  simulation  of  the  rendezvousing  of  the 
command  module  and  the  excursion  module?  Is  this  going  to  be 
done  automatically  or  must  it  always  be  done  using  a man  or  men? 

Mr.  Gavin.  Well,  when  you  say  “simulation,”  this,  I suppose,  has 
to  be  defined.  There  will  be  what  we  call  simulation  programs  run  on 
Earth  with  special  test  setups  which  permit  visual  and  dynamic  simu- 
lation of  the  task  to  be  done.  This  produce^  two  things:  it  provides 
for  the  development  of  engineering  information  to  govern  the  design, 
and  also  provides  for  the  training  and  development  by  the  astronaut 
of  what  he  thinks  is  required  for  the  mission. 

How,  the  second  part  of  your  question,  I think  has  to  do  with  the  first 
real  docking  maneuver. 

Mr.  Daddario.  Yes. 

Mr.  Gavin.  And  the  present  plan  is  to  put  the  command  module  and 
LEM  into  Earth  orbit,  and  with  the  command  module  manned — and 
that  is  the  way  you  would  start  out.  The  present  feeling  is  that  there 
will  have  been  enough  background  gained  by  that  time  so  that  it  is 
a relatively  simple  step  into  manned  operation. 

Mr.  Daddario.  You  mean  the  command  module  manned,  and  a sep- 
aration of  the  excursion  module  unmanned,  and  then  bringing  them 
together  through  some  kind  of  automatic  procedure  ? 

Mr.  Gavin.  Not  automatic.  But  through  a piloted  procedure. 

Mr.  Daddario.  Through  control  from  the  command  module  itself  ? 

Mr.  Gavin.  Yes. 

Mr.  Daddario.  Does  this  put  it  into  position  so  that  when  the  actual 
operation  takes  place,  the  command  module  will  control  completely 
the  process  from  the  time  of  launch  to  the  point  where  they  will  come 
together  and  have  the  transshipment  of  the  personnel  ? 

Mr.  Gavin.  I don’t  think  we  are  visualizing  quite  the  same  events. 

The  command  module  would  be  launched  in  the  same  stack  with 
the  LEM,  and  its  first  maneuver  would  he  to  separate  itself,  and  then 
to  dock  back  on. 

So  I think  there  is  not  the  automatic  feature  that  you  seem  to  have 
in  mind. 

Mr.  Daddario.  Is  it  practical  to  imagine  that  we  will  reach  the 
point  where  there  will  be  the  kind  of  control  that  I speak  of  with 
the  automatic  docking  ? 
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Because  when  the  excursion  module  is  on  the  Moon  and  does  take 
off,  and  the  problem  is  such  a severe  one,  that  the  responsibility  for 
the  whole  trip  will  greatly  depend  upon  the  capabilities  of  the  astro- 
nauts to  bring  these  two  modules  together. 

Mr.  Gavin.  The  ascent  and  rendezvous  problem  breaks  down  into 
several  phases,  really : first,  the  navigation  problem  of  getting  to  the 
vicinity  of  the  command  module. 

I think  when  we  speak  of  docking  we  are  talking  about  the  last 
relatively  few  feet,  and  throughout  our  thinking  at  this  time  this  last 
relatively  few  feet  is  a piloted  maneuver  as  opposed  to  an  automatic 
maneuver. 

Now,  getting  to  the  vicinity  can  be  done  automatically,  and  the 
primary  mode  is  that. 

Mr.  Gurnet.  Mr.  Gavin,  why  do  you  have  two  openings  in  the 
LEM?  As  I understand  it,  one  is  to  get  out  on  the  Moon,  and  the 
other  is  to  crawl  from  the  LEM  into  the  command  module.  Couldn’t 
you  do  that  with  one  opening  ? I am  j ust  curious. 

Mr.  Gavin.  That  is  one  of  the  things  we  are  rehashing  at  this  point, 
as  to  whether  two  hatches  are  necessary.  Our  reasoning  originally 
was  that  the  upper  hatch  represented  the  desirable  arrangement  for 
the  translunar  night,  in  other  words,  during  most  of  the  flight  the 
command  module  would  be  docked  to  the  LEM  by  the  upper  hatch, 
and  that  would  represent  a grip  on  the  LEM  which  was  on  its  axis  of 
symmetry. 

Then  the  other  hatch  came  about  because  of  the  fact  that  it  appeared 
that  the  rendezvous  docking  could  be  accomplished  better  if  the  hatch 
were  more  nearly  in  the  same  relationship  to  the  astronaut  as  a refuel- 
ing probe  is  to  a pilot  in  an  airplane,  in  front  of  him  where  he  would 
have  a good  view  of  it. 

We  also  found  by  putting  it  in  that  position  it  made  possible  easier 
access  to  the  lunar  surface.  So  at  this  point  the  design,  has  the  two 
hatches. 

Mr.  Gurnet.  I see. 

Mr.  Waggonner.  Do  you  feel  there  is  any  military  value  to  be 
gained  from  this  Apollo  mission  ? 

Mr.  Gavin.  I guess  that  is  the  sort  of  question  that  must  be  answered 
on  a personal  opinion  basis. 

I think  eventually,  yes.  I think  all  the  technology  involved  here 
has  ultimate  military  value. 

Mr.  Waggonner.  Do  you  think  the  military  had  better  be  concerned 
about  space  in  the  time  to  come? 

Mr.  Gavin.  It  is  my  personal  opinion  they  should  be. 

Mr.  Teague.  Mr.  Yeager? 

Mr.  Yeager.  Following  Mr.  Daddario’s  line  of  questioning : As  I 
understand  it,  there  will  be  no  way  to  actually  practice  docking  the 
LEM  with  the  command  module  on  a real  lunar  mission.  The  first 
time  you  do  it  you  will  actually  have  men  in  it.  For  example,  when 
they  began  the  Mercury  program  they  orbited  a few  times  with  ani- 
mals, and  so  on.  But  this  cannot  be  done  with  LOK,  can  it?  I 
understand  your  practice  will  be  in  separating,  and  rendezvousing  in 
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an  Earth  orbit?  but  when  you  go  to  the  Moon,  the  first  time  you 
attempt  LOR  will  have  to  be  done  with  men  ? 

Mr.  Gavin.  That  is  right.  I think  you  have  to  balance  here  the 
two  possibilities.  If  you  attempt  to  develop  an  unmanned  preliminary 
operation  you  have  to  develop  then  some  rather  complex  gadgetry  to 
replace  the  man  and  in  some  of  our  experience  the  gadgetry  to  replace 
the  man  has  proved  to  be  more  difficult  than  the  basic  mechanisms  you 
are  trying  to  prove  out  in  the  first  place. 

So  it  is  not  a clear-cut  advantage  to  do  it  automatically  first. 

Mr.  Yeager.  Do  you  think  it  would  be  desirable  to  have  a lunar 
logistics  system  developed  simultaneously  with  the  LOR  concept? 
Assume  for  your  answer  that  eost  were  no  factor. 

Mr.  Gavin.  The  LEM  program  as  it  now  stands  is  self-sufficient. 

I think  the  advantage  of  the  logistics  system  has  to  do  with  the  intent 
concerning  lunar  exploration.  It  has  been  argued  back  and  forth 
as  to  how  long  these  people  should  stay  there,  what  they  do  after  they 
get  there,  and  so  on. 

I suppose  it  would  be  some  advantage  to  be  able  to  have  some  addi- 
tional supplies  landed  prior  to  the  first  manned  landing.  But  the 
present  program  is  a self-sufficient  program  and  I think  the  logistics 
system  has  to  be  weighed  by  adding  in  the  problems  involved  m the 
exploration. 

Mr.  Yeager.  Mr.  Gavin,  we  have  heard  a great  deal  about  the  need 
for  redundancy  in  various  parts  of  the  Apollo  system,  and  subsystems, 
and  so  forth.  There  is  no  redundancy  built  into  your  ascent  methods 
at  the  present  time,  is  there  ? If  one  system  fails,  in  other  words,  you 
have  nothing  to  fall  back  on  ? 

Mr.  Gavin.  I assume  you  are  referring  to  the  rocket  motor  ? 

Mr.  Yeager.  Yes. 

Mr,  Gavin.  The  answer  to  that  is  this : You  try  to  provide  re- 
dundancy where  it  can  be  done  and  where  it  makes  sense,  and  ulti- 
mately there  are  always  a few  items  which  turn  out  to  be  either 
impractical  or  just  impossible. 

In  the  case  of  the  rocket  motor  I suppose  we  are  in  the  same  position 
that  a single-seat,  single-engine  fighter  is : you  can’t  have  it  with  more 
than  one  motor  without  havmg  the  size  of  the  thing  get  out  of  hand. 

So,  in  this  respect  it  is  true,  the  motor  is  not  redundant.  However, 
all  of  the  control  systems  and  other  systems  in  the  ascent  stage  have  a 
redundancy  where  it  seems  to  make  sense. 

Mr.  Yeager.  Does  LEM,  as  presently  designed,  have  appreciable 
reserves  of  fuel  in  case  you  have  errors  ox  navigation  or  timing  ? 

Mr.  Gavin.  This  is  a matter  that  we  are  still  evaluating.  Ob- 
viously, this  determines  the  size  of  tanks  and  so  forth. 

One  of  our  present  exercises  is  to  weigh  the  matter  of  the  amount 
of  reserve.  Initially,  we  conceived  that  something  on  the  order  of  a 
10-percent  energy  reserve  might  be  reasonable. 

Mr.  Yeager.  Is  that  still  the  feeling  ? 

Mr.  Gavin.  We  are  still  debating  this.  If  anything,  it  will  go  up, 
I suspect. 

Mr.  Waggonner.  Mr.  Gavin,  what  do  you  anticipate  the  rated 
thrust  of  this  descent  engine  will  be  ? 
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Mr.  Gavin.  About  a 10,000-pound  full-thrust  engine. 

Mr.  Yeager.  One  more  question : Do  you  have  any  notion  now  about 
how  much  weight  you  can  carry  back  with  you?  We  assume  that 
once  they  land  they  will  want  to  bring  back  some  dust,  rocks,  things  of 
that  nature.  Do  you  have  any  idea  how  much  it  can  bring  back  ? 

Mr.  Gavin.  I think  that  we  have  allowed  something  over  100 
pounds. 

Mr.  Yeager.  Would  this  be  weight  on  the  Moon  or  on  the  Earth? 

Mr.  Gavin.  These  are  Earth  pounds. 

Mr.  Teague.  Any  other  questions?  Thank  you,  Mr.  Gavin.  We 
appreciate  your  coming  down.  That  is  all  we  have  today. 

The  committee  will  adjourn  until  tomorrow  morning  at  10  o’clock. 

(Whereupon,  at  11  a.m.,  the  committee  was  adjourned,  to  reconvene 
at  10  a.m.,  Wednesday,  March  20, 1963.) 
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WEDNESDAY,  MARCH  20,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

W ashington,  D.C. 

The  subcommittee  met  at  10  a.m.,  Hon.  Olin  E.  Teague  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

We  have  with  us  this  morning  Dr.  John  A.  Hombeck,  president  of 
Bellcomm,  Inc. 

Do  you  have  a prepared  statement,  Dr.  Hombeck  ? 

Dr.  Hornbeck.  I do,  sir. 

STATEMENT  OF  DR.  JOHN  A.  HORNBECK,  PRESIDENT,  BELLCOMM, 

INC.;  ACCOMPANIED  BY  W.  J.  WHITTAKER,  VICE  PRESIDENT 

AND  GENERAL  MANAGER,  BELLCOMM,  INC.;  AND  F.  C.  CHILDS, 

GENERAL  ATTORNEY,  BELLCOMM,  INC. 

Dr,  Hornbeck.  May  I first  introduce  my  colleagues  ? 

On  my  left,  W.  J.  Whittaker,  vice  president  and  general  manager 
of  Bellcomm;  on  my  right,  Mr.  F.  C.  Childs,  our  general  attorney. 

Mr.  Teague.  Thank  you. 

(Biographical  sketch  of  Dr.  Hombeck  is  as  follows:) 

Db.  John  A.  Hornbeck,  President,  Bellcomm,  Inc. 

Dr.  John  A Hornbeck,  before  joining  Bellcomm,  Inc.,  as  president  and  a 
member  of  the  board  of  directors,  was  executive  director,  Semiconductor  Device 
and  Electron  Tube  Division  at  Bell  Telephone  Laboratories,  Inc. 

Dr.  Hornbeck  joined  Bell  Laboratories  in  1946  as  a research  physicist  in 
the  physical  electronics  department.  In  1951  he  transferred  to  the  transistor 
research  department.  He  headed  groups  specializing  In  semiconductor  physics 
from  1962  to  1953,  and  in  solid  state  device  development  from  1953  to  1955. 
He  was  named  director  of  electron  device  development  in  1955  and  assumed  the 
position  of  executive  director,  Semiconductor  Device  and  Electron  Tube  Di- 
vision in  October  1958. 

Dr.  Hornbeck  is  a native  of  Northfleld,  Minn.,  and  a graduate  of  Central 
High  School,  Kalamazoo,  Mich.  He  received  the  A.B.  degree  from  Oberlln 
College  in  1939  and  the  Ph.  D.  in  physics  from  Massachusetts  Institute  of 
Technology  In  1946. 

During  World  War  II  he  was  associated  with  the  National  Defense  Research 
Committee’s  Physics  Division  and  Land  Mines  Committee. 

Dr.  Hombeck  is  a fellow  of  the  American  Physical  Society,  a fellow  of  the 
Institute  of  Radio  Engineers,  a member  of  the  American  Association  for  the 
Advancement  of  Science,  Phi  Beta  Kappa,  Sigma  Xi,  and  Delta  Sigma  Rho. 
He  Is  also  a member  of  the  Visiting  Committee,  Department  of  Physics,  of  MIT. 
He  is  the  author  of  numerous  technical  articles  which  have  been  published  in 
the  Physical  Review. 
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Dr.  Hombeck  and  his  wife,  Emily,  reside  in  Sumner,  Md.  They  have  three 
sons  and  two  daughters. 

Dr.  Hornbeck.  Mr.  Chairman  and  members  of  the  subcommittee, 
I welcome  the  opportunity  to  appear  this  morning  to  discuss  Bell- 
comm’s  efforts  on  behalf  of  the  National  Aeronautics  and  Space  Ad- 
ministration. Before  describing  the  work  in  which  we  are  involved, 
it  may  be  useful  as  background  information  to  review,  briefly,  how 
Belleomm  was  founded  and  the  nature  of  our  present  organization. 

An  exchange  of  letters  early  in  1962  between  the  National  Aero- 
nautics and  Space  Administration  and  the  American  Telephone  & 
Telegraph  Co.  led  to  the  founding  of  Belleomm  and  defined  its  job. 
This  correspondence,  copies  of  which  are  appended  to  this  statement, 
consists  of  a letter  dated  February  21, 1962,  from  Mr.  James  E.  Webb, 
Administrator  of  NASA,  to  Mr.  F.  R.  Kappel  of  A.T.  & T.,  and  a 
reply  from  Mr.  E.  J.  McNeely,  president  of  A.T.  & T.  to  Mr.  Webb, 
dated  March  1, 1962. 

(The  correspondence  referred  to  is  as  follows :) 

February  21, 1962. 

Mr.  F.  R.  Kappel, 

President,  American  Telephone  & Telegraph  Co., 

New  York,  N.Y. 

Dear  Mr.  Kappel  : As  you  know,  the  National  Aeronautics  and  Space  Admin- 
istration is  primarily  responsible  for  the  Nation’s  space  exploration  program, 
including  manned  space  flight.  Our  mission  In  the  manned  space  flight  field 
during  the  present  decade  extends  from  Earth-orbital  flights  of  short  duration 
to  lunar  exploration  involving  the  landing  of  men  on  the  Moon  and  their  safe 
return  to  Earth.  It  will  require  not  only  the  rapid  solution  of  some  of  the  most 
complex  technological  problems  ever  faced  but  also,  from  the  management  side, 
the  efficient  and  effective  coordination  of  a large  number  of  separate  organiza- 
tions in  the  industrial,  university,  and  governmental  sectors. 

In  carrying  out  this  unprecedented  task,  NASA  could  be  greatly  assisted,  I 
believe,  by  utilizing  the  resources  and  experience  of  an  organization  such  as 
the  Bell  System.  The  job  of  coordinating  a worldwide  communications  network 
must  have  presented  many  of  the  same  kinds  of  system  planning,  engineering, 
and  integration  problems,  on  a very  large  scale,  that  we  expect  to  encounter  in 
carrying  out  the  Nation’s  program  of  manned  space  exploration. 

It  would  be  a public  service  of  the  very  first  order  of  importance  if  the  Bell 
System  would  undertake  to  assist  NAS  A in  this  work  by  providing  an  organiza- 
tion of  experienced  men  capable  of  giving  the  responsible  NASA  officials  the 
benefit  of  the  most  advanced  analytical  procedures  and  the  factual  basis  they 
need  to  make  the  wide  range  of  system  engineering  decisions  required  for  the 
successful  execution  of  the  manned  space  flight  mission. 

My  view  at  this  time  is  that  such  an  organization  should  be  under  the  guidance 
of  the  senior  officials  of  the  American  Telephone  & Telegraph  Co.,  the  parent 
organization  of  the  Bell  System,  and  that  it  should  be  able  to  utilize  the  talents 
and  experience  of  the  Bell  Telephone  Laboratories,  Western  Electric  Co.,  and 
other  associated  companies.  The  form  of  corporate  organization  to  be  employed 
for  such  a task  should  be  so  arranged  as  to  maximize  those  features  which  will 
make  for  efficient  and  effective  operation,  and  we  would  have  no  objection  to  the 
establishment  of  a separate  subsidiary  corporation  to  do  the  job.  After  a study 
of  the  work  contemplated,  and  the  alternatives  available,  a cost-plus-a-flxed-fee 
contract  appears  to  us  to  be  the  appropriate  basis  for  defining  the  business  rela- 
tionships and  the  respective  rights  and  obligations  of  NASA  and  such  an  or- 
ganization. The  fee  would,  of  course,  provide  a reasonable  profit  for  the  serv- 
ices performed. 

I know  you  understand  that  any  such  arrangement  can  in  no  way  impair 
NASA’s  direct  responsibility  for  all  decisions  in  the  planning,  engineering,  and 
procurement  areas.  There  will  be  no  delegation  of  such  responsibility  to  a 
non-Government  organization.  What  we  are  sc  king  is  not  a means  of  diluting 
the  responsibility  or  authority  of  NASA’s  ap  opriate  officials,  but  rather  the 
most  skilled  and  experienced  assistance  aval  jie  to  enable  us  to  exercise  that 
responsibility  and  authority  in  the  most  effc  „ive  manner. 
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I am  sure  that  you  and  your  associates  in  the  Bell  System  are  fully  aware  of 
the  importance  of  the  manned  space  flight  program  to  our  Nation.  I hope  that 
your  organization  will  find  it  possible  to  assist  in  accomplishing  this  mission  by 
participating  with  us  in  the  way  I have  indicated  in  this  letter. 

Sincerely  yours, 

James  E.  Webb,  Administrator. 


March  1,  1962. 

Hon.  James  E.  Webb, 

Administrator,  National  Aeronautics  and  Space  Administration, 

Washington,  D.O. 


Dear  Mb.  Webb:  Thank  you  for  your  letter  of  February  21.  addressed  to  Mr. 
Kappel,  asking  the  Bell  System  to  furnish  certain  assistance  to  the  National 
Aeronautics  and  Space  Administration  in  carrying  out  the  Nation’s  program  of 
manned  space  exploration. 

We  in  the  Bell  System  are  keenly  aware  of  the  importance  of  the  man-in-space 
program  to  our  Nation  and  of  the  heavy  responsibilities  which  it  places  on-  you 
and  your  associates  in  NASA.  Ours  is  an  organization  which  is  dedicated  to 
the  provision  of  nationwide  and  worldwide  communications.  As  you  know  it 
is  not  our  practice  to  seek  work  for  the  Government  or  for  others  which  is 
outside  the  communications  area.  However  as  citizens  we  hold  to  the  belief 
that  the  national  interest  must  come  first  in  industry  as  well  as  in  every  other 
segment  of  our  national  community,  and  we  have  invariably  accepted  and  em- 
braced requests  from  the  Government  to  undertake  work  in  the  national  interest 
wherever  our  organization  is  especially  qualified  to  be  of  assistance.  For  this 
reason,  we  will  be  glad  to  assist  you  in  accomplishing  the  mission  described  in 
your  letter. 

As  I am  sure  you  will  understand  the  provision  of  the  expert  personnel  which 
will  be  required  will  place  a not  insubstantial  drain  upon  our  organization. 
For  this  and  other  reasons  we  believe  we  can  do  this  job  most  effectively  through 
the  formation  of  a separate  subsidiary  corporation  within  the  Bell  System 
which  will  be  in  a position  to  draw  on  the  talents  and  experience  of  this  company 
as  well  as  Bell  Telephone  Laboratories,  Western  Electric  Co.,  and  our  other 
associated  companies. 

Further  discussions  between  our  respective  organizations  will,  of  course,  be 
necessary  to  work  out  the  details  of  these  arrangements,  and  we  will  be  ready 
to  undertake  these  discussions  at  your  convenience. 

Mr.  Kappel  is  away  from  the  office.  However  I have  discussed  this  matter 
with  him  fully  and  he  is  in  complete  accord. 

Sincerely, 


E.  J.  MoNeely,  President. 


Dr.  Hornbeck.  The  substance  of  these  letters  is  given  in  the 
following  paragraphs,  parts  of  which  are  excerpts.  Mr.  Webb’s 
letter  states : 

It  would  be  a public  service  of  the  very  first  order  of  importance  if  the  Bell 
System  would  undertake  to  assist  NASA  * * * by  providing  an  organization 
of  experienced  men  capable  of  giving  the  responsible  NASA  officials  the  benefit 
of  the  most  advanced  analytical  procedures  and  the  factual  basis  they  need  to 
make  the  wide  range  of  system  engineering  decisions  required  for  the  suecessfful 
execution  of  the  manned  space  flight  mission. 

Second,  it  goes  on  to  say : 

The  form  of  corporate  organization  to  be  employed  * * * should  be  so 
arranged  as  to  maximize  those  factors  which  will  make  for  efficient  and  effective 
operation,  and  we  would  have  no  objection  to  the  establishment  of  a separate 
subsidiary  corporation  to  do  the  job. 

Third,  it  states  further  : 

* * * a cost-plug-a-flxed-fee  contract  appears  to  us  to  be  the  appropriate  basis 
for  defining  the  business  relationships  * • • 
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Fourth  and  lastly,  it  emphasizes — 

* * * such  arrangement  can  in  no  way  impair  NASA’s  direct  responsiblity  for 
all  decisions  in  the  planning,  engineering,  and  procurement  areas.  There  will  be 
no  delegation  of  such  responsibility  to  a non-Government  organization..  What 
we  are  seeking  is  not  a means  of  diluting  the  responsibility  or  authority  of  NASA’s 
appropriate  officials,  but  rather  the  most  skilled  and  experienced  assistance 
available  to  enable  us  to  exercise  that  responsibility  and  authority  in  the  most 
effective  manner. 

Mr.  McNeely’s  reply  says  that — 

* * * we  hold  to  the  belief  that  the  national  interest  must  come  first  in 
industry  * * * 

and 

* * * we  will  be  glad  to  assist  you  in  accomplishing  the  mission  described  in 
your  letter. 

The  letter  continues : 

* * * we  believe  we  can  do  this  job  most  effectively  through  the  formulation  of 
a separate  subsidiary  corporation  within  the  Bell  System  which  will  be  in  a 
position  to  draw  on  the  talents  and  experiences  of  the  company  as  well  as  Bell 
Telephone  Laboratories,  Western  Electric  Co.,  and  our  other  associated 
companies. 

The  separate  subsidiary  corporation  of  which  Mr.  McNeely  wrote  is, 
of  course,  Bellcomm,  Inc. 

I would  like  next  to  say  a few  words  about  the  new  company. 
Bellcomm,  Inc.,  was  incorporated  March  21,  1962,  under  the  laws  of 
the  State  of  Delaware.  Its  capital  stock,  which  at  present  is  $700,000, 
is  owned  jointly  in  equal  amounts  by  the  A.T.  & T.  Co.  and  the  Western 
Electric  Co. 

A list  of  the  board  of  directors  is  appended  hereto.  For  our  pur- 
poses, at  the  moment,  it  is  perhaps  sufficient  to  say  that  the  board 
comprises  a chairman  and  eight  others.  The  chairman  is  Mr.  F..  R. 
Hough,  vice  president,  engineering,  A.T.  & T.  Co.  Of  the  others,  two 
are  from  A.T.  & T. ; two  are  from  the  Western  Electric  Co. ; two  from 
the  Bell  Telephone  Laboratories;  and  two  from  Bellcomm,  Inc.  It 
was  intended  at  the  outset  that  the  board  be  a working  board  in  both 
a technical  and  business  sense.  For  this  reason  it  contains  highly 
qualified  technical  people  and  people  with  extensive  business 
experience. 

(The  material  referred  to  is  as  follows :) 

Board  or  Directors,  Bellcomm,  Ino. 

R.  R.  Hough  (chairman),  vice  president,  Engineering  Department,  American 
Telephone  & Telegraph  Co.,  If & Broadway,  New  York  7,  N. Y. 

H.  W.  Bode,  vice  president,  Military  Systems  Engineering,  Bell  Telephone  Lab- 
oratories, Inc.,  Whippany,  N.J. 

L.  R.  Cook,  Engineer  of  Manufacture,  Western  Electric  Co.,  195  Broadway,  New 
York  7,  N.Y. 

J.  A.  Fanner,  general  attorney,  American  Telephone  & Telegraph  Co.,  195  Broad- 
way, New  York  7,  N.Y. 

J.  A.  Horn  beck,  president,  Bellcomm,  Inc.,  1737  L Street  NW.,  Washington  6, 

D.C. 

C.  M.  Mapes,  assistant  chief  engineer,  Engineering  Department,  American  Tele- 
phone & Telegraph  Co.,  195  Broadway,  New  York  7,  N.Y. 

K.  G.  McKay,  executive  vice  president,  Systems  Engineering,  Bell  Telephone 
Laboratories,  Inc.,  Murray  Hill,  N.Y. 

H.  G.  Mehlhouse,  vice  president,  Personnel  & Public  Relations,  Western  Electric 
Co.,  195  Broadway,  New  York  7,  N.Y. 
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W.  J.  Whittaker,  vice  president  and  general  manager,  Bellcomm,  Inc.,  1737  L 
Street  NW.,  Washington  6,  D.C. 

Dr.  Hornbeck.  The  president  of  Bellcomm  and  the  heads  of  its 
two  technical  divisions  came  from  Bell  Telephone  Laboratories.  Its 
vice  president  and  general  manager  came  from  the  Long  Lines  De- 
partment of  A.T.  & T.  The  other  officers  are  a comptroller  and  a 
secretary-treasurer,  the  former  from  A.T.  & T.,  and  the  latter  from 
W.  E.  Co. 

We  have  attempted  to  gather  together  in  Bellcomm  people  repre- 
senting the  variety  of  skills  and  experience  required  by  the  technical 
breadth  of  the  tasks  in  which  we  are  involved.  This  has  been  done 
in  the  framework  of  first  providing  the  essential  management  and 
technical  leadership  and  then  filling  out  the  organization.  We  are 
still  carrying  out  this  process.  As  is  the  case  with  any  newly  orga- 
nized group  of  people,  we  have  been  learning  how  to  work  together 
as  an  effective  unit.  This  is  particularly  important  when  one  is  en- 
gaged, as  we  are,  with  problems  that  have  many  facets  and  inter- 
actions. 

As  of  this  date,  Bellcomm  consists  of  96  technical  people  and  a sup- 
porting staff  of  60.  About  two-thirds  of  our  technical  staff  is  from  the 
Bell  System,  primarily  from  Bell  Telephone  Laboratories.  In  terms 
of  educational  background,  24  percent  have  a Ph.  D.  degree,  46  per- 
cent an  M.S.  degree  and  29  percent  have  a B.S.  degree. 

A chart  showing  our  organization  and  assignments  of  responsibility 
is  shown  in  figure  139. 


ORGANIZATION  OF  BELLCOMM.  INC. 


PRESIDENT 
J.  A.  HORNBECK 


EXBIEMS  £LUBi£2  JZEtSEg 
W.  D.  LtwU , Managing  Director 
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SYSTEMS  ENGINEERING  CENTER 

Julian  M.  Wait,  Managing  Director 


VICE  PRESIDENT  AND 
GENERAL  MANAGER 

W.  J.  Whittaker 


r 


MISSION  OB1ECTIVES  AND 
EVALUATION  DIVISION 

W.  S.  Boyle,  Director 


ENGINEERING  STUDIES  PMS1QN 
T.  H.  Thom  pi  on.  Director 


OPERATIONS  STUDIES  DIVISION 
R.  W.  Sean,  Director 

SPECIAL  3TVPIE3  PIYIBIGN 
W.  D.  Lewis 


SYSTEMS  PLANNING  DIVISION 


C.  R.  Mostar,  Director 


fjQGBftM.£jAyymc..PiyisiQy 

J.  L.  Glaser,  Director 

LAUNCH  PUNNING  DIVISION 
C.  A.  Lovell,  Director 


G.  A.  Brill 

PERSONNEL  DIRECTOR 
W.  W.  Braunwarth 


GENERAL  ATTORNEY. 
BESRSTAW.  TREASURER 

F.  C.  Child! 


BEATf.  MANAGER 

W.  W.  Maas 
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Our  plans  are  to  grow  such  that  by  the  end  of  this  year  we  shall  be 
an  organization  of  about  250  people,  with  two-thirds  technical  and 
the  balance  administrative  support.  We  do  not  plan  to  grow  much 
in  size  beyond  this.  In  our  judgment,  quality  of  personnel  in  this 
kind  of  activity  is  much  more  important  than  quantity. 

In  addition  to  the  people  provided  by  Bell  Laboratories  to  Bell- 
comm,  it  was  contemplated  from  the  beginning  that  Bellcomm  would 
also  draw  on  specialized  skills  of  Bell  Laboratories  and  that  the  level 
of  this  effort  would  vary  from  time  to  time.  At  present,  about  20 
technical  people  are  assigned  to  Bellcomm  work  at  Bell  Telephone 
Laboratories  in  New  Jersey.  * 

For  the  18-month  period  ending  September  30,  1963,  the  estimated 
amount  of  our  contract  with  NASA  is  approximately  $8.5  million. 
According  to  the  statement  of  work  in  the  contract,  we  are — 

to  perform  studies,  technical  factfinding  and  evaluation,  analytical  investiga- 
tions, consulting  effort  and  related  professional  activities  in  support  of  manned 
space  flight  and  related  programs  of  NASA. 

We  conduct  our  business  in  leased  office  space  in  downtown  Wash- 
ington. We  are  within  walking  distance  of  the  Office  of  Systems 
in  the  Office  of  Manned  Space  Flight,  with  whom  we  are  most  closely 
associated  in  our  daily  activities. 

The  general  nature  of  our  work  is  that  which  we  in  the  Bell  System 
for  a long  time  have  called  systems  engineering.  Let  me  explain  in  a 
few  sentences  what  we  mean  by  systems  engineering.  Any  larger 
system  is  a complex  assembly  of  diverse,  specialized  parts  and  func- 
tions. The  requirements  and  objectives  of  a system,  for  example, 
operational,  technical,  and  economic,  often  are  conflicting.  These  re- 
quirements must  be  formulated  and  understood.  Then  the  system 
is  planned,  or  designed,  so  that  all  its  specialized  parts  and  functions 
are  balanced  according  to  the  weighted  system  objectives. 

The  final  result  is  an  integrated  assembly  of  interrelated  parts  that 
act  together  as  a whole.  Achievement  of  this  goal  involves  iterative 
steps  and  successive  refinements  of  imperfect  approximations.  It  is 
a continuing  activity  during  the  development  of  a system.  Systems 
engineering  ends  with  an  evaluation  of  the  completed  development  to 
assess  how  well  the  system  meets  its  objectives. 

These  words  may  not  be  too  informative  by  themselves  and  I would 
next  like  to  give  you  a more  definite  impression  by  describing  some 
of  the  work  we  are  undertaking  for  the  Office  of  Systems,  which  has 
overall  systems  engineering  responsibility.  It  should  be  clear  that  our 
work  benefits  from  frequent  interactions  with  NASA  personnel  both 
in  Washington  and  at  the  several  Centers.  The  Bellcomm  studies 
produce  technical  information  and  evaluations  which  can  help  in  the 
solution  of  the  complex  system  problems.  The  NASA  staff  makes 
use  of  these  studies  and  forms  its  own  independent  conclusions. 

Considerable  Bellcomm  effort  has  been  devoted  to  assisting  NASA 
in  the  preparation  of  an  overall  Apollo  system  specification.  The 
purpose  of  this  specification  is  (1)  to  define  the  objectives  for  the 
Apollo  system  an  its  major  subsystems;  (2)  to  define  the  technical 
approach  to  be  used  to  accomplish  these  objectives:  (3)  to  establish 
system  and  critical  subsystem  performance  requirements  necessary 
for  the  Apollo  system  to  meet  its  objectives;  (4)  to  specify  system 
performance  parameters  which  affect  crew  saiety,  design  "margins, 
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capability  for  growth  and  program  schedules;  and  (5)  to  establish  ffr 

a uniform  set  of  system  design  data. 

The  specification  will  reflect  the  combined  thinking  and  judgment  . 
of  the  appropriate  NASA  Centers  and  the  Office  of  Manned  Space 
Flight.  The  initial  draft  of  the  specification,  which  is  being  dis- 
cussed now,  will  be  incomplete  in  some  major  aspects  because  all  of  the 
necessary  system  planning  has  not  yet  beer.  done.  Thus,  continuing 
effort  will  be  devoted  to  this  task.  A copy  of  the  table  of  contents  of 
the  specification  document  is  included  for  your  information. 

(The  document  referred  to  is  as  follows :) 

Apollo  System  Specification 

TABLE  OP  CONTENTS 

1.  Introduction. 

2.  General  Apollo  system  requirements : 

2.1  Program  policy. 

2.2  System  design  policy. 

2.3  Mission  command  and  control. 

3..  Apollo  mission  specification : 

3.1  Mission  objectives. 

3.2  Nominal  mission  profile. 

3.3  Mission  abort  options. 

3.4  Reference  trajectories. 

4.  Subsystem  specifications ; 

4.1  Space  vehicle. 

4.2  Launch  vehicle. 

4.3  Spacecraft. 

4.4  Navigation,  guidance,  and  control. 

4.5  Space  vehicle  communications. 

4.6  Checkout. 

4.7  Launch  facilities. 

4.8  Ground  communication  and  tracking. 

4.9  Integrated  mission  control  center. 

4.10  Recovery. 

A.  Appendixes  : 

A-l  Glossary. 

A-2  Velocity  increment  budget. 

A--3  Natural  environment. 

A-4  Astronomical  data. 

Dr.  Hornbeck.  Belloomm  has  also  been  carying  out  studies  lead- 
ing to  the  classification  and  characterization  of  those  physical  proc- 
esses in  space  which  might  affect  manned  flights.  A number  of  studies 
relating  to  meteoroids,  radiation,  and  the  lunar  surface  have  been 
undertaken.  A study  was  made  of  the  available  data  concerning  the 
meteoroid  environment  with  particular  attention  to  the  uncertainties 
in  the  information.  This  study  and  subsequent  consultation  with  a 
number  of  specialists  in  the  meteoroid  field  led  to  the  conclusion  that 
earlier  models  used  for  calculating  meteoroid  penetration  effects  were 
unduly  conservative.  A new  model  was  generated  which  indicates 
that  shielding  requirements  may  be  lowered. 

A study  was  completed  which  estimated  the  radiation  exposure  aris- 
ing from  natural  and  manmade  radiation  belts.  The  effects  of  varia- 
tions in  some  of  the  orbital  parameters  of  the  flights  and  of  possible 
future  changes  in  the  radiation  environment  were  considered. 

Existing  knowledge  of  solar  flare  proton  radiation  has  been  re- 
viewed. At  this  time  only  a limited  number  of  flare-proton  events 
have  been  observed,  and  only  a very  tentative  probabilistic  description 
of  their  occurrence  is  possible.  Studies  are  continuing  with  the 
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objective  of  establishing  more  precise  values  of  the  radiation  ex- 
posure arising  from  solar  protons,  galactic  cosmic  rays,  and  the  high- 
energy  proton  and  electron  belts  surrounding  the  Earth.  The  results 
will  provide  a basis  for  evaluating  the  shielding  provided  by  the  com- 
mand module  against  these  effects. 

Consideration  is  being  given  to  the  types  and  extent  of  lunar  sur- 
face data  needed  for  carrying  out  the  mission.  A model  of  the  lunar 
surface  for  use  in  Project  Apollo  is  in  preparation. 

Information  on  space  environment  that  will  be  required  for  the 
Apollo  program  has  been  summarized  and  compared  with  the  prob- 
able information-collecting  capabilities  of  the  unmanned  program. 

As  another  example  of  our  work,  Bellcomm  has  been  actively  study- 
ing possible  manned  lunar  exploration  programs.  These  studies  are 
an  attempt  to  come  to  grips  with  the  questions.  What  should  our  op- 
erations be  both  on  the  lunar  surface  and  in  the  vicinity  of  the  Moon  ? 

There  is  a variety  of  possible  answers  to  this  question.  As  a part 
of  planning  and  for  planning  purposes,  one  can  test  a possible  an- 
swer by  in  effect  “trying  it  on  for  size”  and  determining  the  systems 
implications;  for  example,  requirements  for  logistic  support  on  the 
lunar  surface  and  the  characterization  of  a support  system.  Studies 
of  this  nature  are  fundamental  inputs  to  the  intelligent  planning  of 
the  entire  program. 

Preliminary  studies  of  this  kind  suggest  that  the  characteristics  of 
a “good”  site  for  early  exploration  might  be  (1)  on  a lunar  sea,  (2) 
10  miles  from  a continent,  and  (8)  10  miles  from  a postmarial  crater. 

Such  a site,  and  there  are  many  which  meet  these  requirements,  of- 
fers the  prospect  of  exploration  on  one  landing  of  the  natures  or  the 
maria,  a crater,  and  a continent;  that  is,  three  major  features  of  the 
Moon.  With  information  from  this  exploration,  another  site  might 
be  chosen  to  optimize  the  return  of  additional  scientific  information. 

From  such  studies  one  might  also  argue  that  a limited  program  of  3 
or  4 years’  duration  comprising  the  exploration  of  two  or  three  sites 
could  fulfill  our  needs  for  lunar  exploration.  Depending  on  what  is 
discovered,  an  extensive  manned  lunar  base  might  or  might  not  later 
be  called  for. 

While  it  is  possible  in  a short  period  of  time  to  indicate  only  a part 
of  the  work  in  which  we  are  engaged,  perhaps  enough  has  been  said  to 
clarify  its  nature.  This  is  the  type  of  service  that  is  being  asked  for 
and  we  are  endeavoring  to  give  so  long  as  NASA  has  need  for  us. 

I hope  that  my  remarks  have  been  or  some  use  and  interest  to  you. 
I will,  of  course,  try  to  answer  any  questions  which  you  may  have. 

My  colleagues  will  be  happy  to  be  of  assistance  also. 

Mr.  Teague.  Any  questions,  members  of  the  committee  ? 

Mi*.  Waggonner? 

Mr.  Waggonner.  Dr.  Hombeck,  you  spoke  of  three  different  areas 
of  the  Moon  on  which  we  might  effect  a successful  landing.  What 
study  method  do  you  employ  to  arrive  at  an  answer  as  to  which  area 
would  be  the  "<iost  feasible  ? 

Dr.  Horn^eck.  We  are  not  recommending  a specific  site  at  the 
moment,  but  rather  considering  various  sites.  The  sort  of  considera- 
tion that  comes  into  making  the  selection  of  a good  site  for  the  first 
landing  primarily  would  be  the  safety  of  the  landing — that  will  be 
the  paramount  thing.  In  the  beginning  you  would  want  to  stay  away 
from  a continent  by  a considerable  distance,  just  for  safety  reasons. 
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What  we  need  to  know,  in  time,  is  how  rough  the  local  terrain,  the 
kind  of  slopes  involved,  what  the  bearing  strength  is,  that  kind  of 
thing.  If  one  knows  this  type  of  information  about  a site,  and  once 
one  knows  how  accurately  one  can  place  a lunar  excursion  module  on 
the  surface,  then  you  know  how  close  you  dare  land  to  other  sites. 

Mr.  Waggonner.  What  methods  have  you  employed  in  your  studies, 
to  this  point,  to  determine  what  the  lunar  surface  is  actually  like  ? 

Dr.  Hornbeck.  I would  not  say  we  have  used  any  special  methods. 
We  have  reviewed  what  data  and  information  there  is  available.  We 
realize  we  have  large  gaps  in  our  present  knowledge  on  what  it  is  like. 

Mr.  Waggonner.  Your  analysis  has  not  gone  further  than  reevaluat- 
ing or  analyzing  data  that  others  have  compiled  and  published  ? 

Dr.  Hornbeck.  That  is  correct. 

Mr.  W '.ogonner.  Are  you  conducting  studies  other  than  those  con- 
cerned with  ine  communications  systems  in  manned  space  flight? 

Dr.  Hornbeck.  Definitely.  I think  all  these  I mentioned  are  ex- 
amples. 

Mr.  Waggonner.  Do  you  know  of  any  duplication  of  work  by  other 
contractors  in  which  you  are  performing  in  areas  other  than  communi- 
cations? 

Dr.  Hornbeck.  I think  there  are  other  people  working  in  this  same 
general  area,  but  I cannot  at  this  time  quote  a specific  contract  which 
we  are  duplicating. 

Mr.  Waggonner.  When  you  spoke  of  possible  water  or  lunar  sea 
landings,  is  this  something  that  might  be  a little  bit  forward,  in  view 
of  the  fact  that  the  excursion  module  has  been  accepted  which  does  not 
anticipate  a water  landing  ? 

Dr.  Hornbeck.  Sir,  “lunar  sea”  is  a term,  for  an  apparently  flatter 
part  of  the  Moon  than  a continent  or  a mountain,  and  does  not  imply 
there  is  any  water  there. 

In  fact,  there  is  no  evidence  of  water  there. 

Mr.  Teague.  Then,  to  an  extent  this  is  a misnomer? 

Dr.  Hornbeck.  We  can  thank  the  astronomers  through  the  ages 
for  this. 

Mr.  Waggonner.  Apparently  you  are  doing  a good  bit  of  analysis 
work  as  far  as  man’s  space  flight  and  lunar  flight  are  concerned.  Are 
you  doing  anything  to  indicate  what  the  military  value  of  a lunar 
flight  would  be? 

Dr.  Hornbeck.  We  are  not,  and  I do  not  anticipate  that  we  will  be. 

Mr.  Waggonner.  In  your  opinion,  is  there  any  indication  that  there 
is  a military  value  to  be  had  from  the  Apollo  mission  ? 

I>,  Hornbeck.  I would  hesitate  to  voice  an  opinion  on  this,  because 
I dont  think  I would  be  competent  to  give  an  opinion. 

Mr.  Waggonner.  Your  study  does  not  involve  anything  other  than 
the  peaceful  uses  of  outer  space  ? 

Dr.  Hornbeck.  That  is  correct. 

Mr.  Waggonner.  You  are  in  no  respect  concerned  with  what  the 
future  military  value  might  be  ? 

Dr.  Hornbeck.  We  have  not  become  involved  in  this. 

Mr.  Waggonner.  No  further  questions  at  this  time,  Mr.  Chairman. 

Mr.  Teague.  Dr.  Hornbeck,  in  the  overall  company  of  A.T.  & T.  do 
you  have  your  own  people  or  committees  that  work  with  the  Defense 
Department  on  the  military  aspects  of  space?  Dr.  Baker,  for 
example? 
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Dr.  Hornbeck.  The  Bell  Laboratories  does  get  involved  on  occasion, 
I believe. 

Mr.  Teague.  Would  you  please  tell  us  something  about  your  contract 
with  73 ASA,  the  length  of  it,  and  something  about  your  funding 
level  for  1964? 

I wish  you  would  comment  on  whether  or  not  there  is  a possibility 
that  A.T.  & T'.  or  Western  Electric  would  be  in  a preferred  position 
for  future  research  and  development  contracts  with  NASA  as  a result 
of  Beilcomm. 

Dr.  Hornbeck.  That  is  a broad  series  of  questions. 

Our  contract 

Mr.  Teague.  Those  are  the  questions  we  get  asked. 

Dr.  Hornbeck.  Our  present  contract  with  NASA  is  through 
September  30, 1963,  and  is  in  the  amount  I mentioned. 

Of  course,  there  is  provision  for  renewal  at  that  time  if  NASA  so 
desires.  The  on  ly  requirement  is  that  we  agree  on  what  the  estimated 
costs  and  the  fee  will  be  for  the  next  period  of  time,  which,  presuma- 
bly, would  be  another  12  months. 

So  far  as  funding  for  fiscal  year  1964  is  concerned,  our  contract- 
break  period  comes  in  that  year.  We  are  funded  to  the  end  of  Septem- 
ber 1963  and  do  not  plan  to  discuss  funding  with  NASA  for  several 
months  for  the  following  period. 

You  can  tell  from  the  organization  the  kind  of  money  involved 
here,  probably  less  than  $10  million  for  a 12-month  period. 

The  final  part  of  your  question  had  to  do  with  possible  preferred 
positions  in,  R.  & D.  work  for  the  Bell  System  on  account  of  us. 

Mr.  Teague.  That  is  correct. 

Dr.  Hornbeck.  I don’t  know  of  any  way  in  which  this  has  come 
up  so  far.  Would  you  care  to  ask  a more  specific  question,  Mr. 
Chairman  ? 

Mr.  Teague.  Of  course  you  expect  this  company  will  continue 
throughout  the  Apollo  program? 

Dr.  Hornbeck.  If  NASA  so  desires. 

Mr.  Teague.  Could  NASA  possibly  get  along  without  using  Beil- 
comm? Suppose  your  budget  was  cut  out  completely,  what  effect 
would  it  have  on  NASA  ? 

Dr.  Hornbeck.  I think  perhaps  it  would  be  better  if  NASA  itself 
would  answer  those  questions.  To  the  best  of  my  knowledge  I think 
they  felt  they  had  need  for  us;  they  invited  us  to  help  out,  and  I 
suspect  they  would  answer  that  they  would  continue  to  need  us  for 
some  time. 

Mr.  Teague.  What  kind  of  budget  do  you  feel  that  you  have  ? Do 
you  feel  it  is  a tight  one? 

Dr.  Hornbeck.  We  have,  we  feel,  a very  tight  budget,  and  we  try 
to  run  a tight  shop  in  every;  sense. 

Mr.  Teague.  Certainly  in  the  kind  of  work  you  are  doing,  it  could 
not  be  expanded  to  just  any  length. 

Dr.  Hornbeck.  We  work  with  papers,  pencils,  slide  rules,  and  we 
have  no  hardware  work  or  experimental  laboratories  on  which  to 
spend  money.  So  in  that  sense  it  is  a very  simple  budget  picture. 

Mr. Teague.  Mr. Fulton? 

Mr.  Fulton  of  Pennsylvania.  Actually,  it  would  not  be  possible 
for  NASA  to  recruit  a team  at  the  uniformly  high  level  which  you 
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have  placed  at  NASA’s  disposal  through  Belleomm  at  this  time,  or 
when  you  started,  would  it  ? 

Dr.  Hornbeck.  I believe  NASA  felt  that  when  they  invited  us  to 
come  in. 

Mr.  Fulton  of  Pennsylvania.  By  supplying  this  readymade  scien- 
tific team  that  has  a balance  of  judgment  on  the  management  of 
scientific  programs  your  company  has  been  doing  a favor  to  NASA, 
because  NASA  did  not  have  to  go  through  a recruitment  process 
over  a period  of  months. 

You  were  able  to  do  the  job  promptly  with  people  that  previously 
have  worked  together  in  this  field  ? 

Dr.  Hornbeck.  Yes. 

Mr.  Fulton  of  Pennsylvania.  Could  you  amplify  that  a little  ? 

Dr.  Hornbeck.  I think  Mr.  Webb’s  correspondence  makes  it  clear 
NASA  wanted  the  benefit  of  our  experience  and  technical  and  manage- 
ment ability,  and  we  felt  it  was  a good  thing  and  proper  thing  to  do, 
to  come  down  and  enter  into  this  very  interesting  program  in  the 
way  they  wanted. 

Mr.  Fulton  of  Pennsylvania.  You  feel,  then,  that  your  services 
have  been  very  helpful  to  the  space  program,  first  to  help  make  it  more 
efficient,  and  secondly,  by  making  it  shorter  in  time. 

Dr.  Hornbeck.  I certainly  hope  so. 

Mr.  Gurney.  Dr.  Hornbeck,  do  you  work  with  any  other  people 
except  NASA  on  this  program?  For  example,  do  you  work  with 
North  American  or  Grumman  ? 

Dr.  Hornbeck.  We  have  contracts  with  the  other  contractors,  yes. 

Mr.  Gurney.  How  is  your  work  with  them?  Can  you  give  an 
example  of  it  ? 

Dr.  Hornbeck.  A simple  example  might  be  on  the  design  of  the 
shielding  in  the  command  module,  or  shielding  of  the  service  module. 

Is  there  enough  skin  thickness  to  prevent  meteoroid  penetration, 
and  so  forth? 

Mr.  Gurney.  As  these  contractors  work  on  the  program,  if  they 
come  across  a problem  that  they  feel  they  need  further  information 
on,  they  come  to  you  for  assistance.  Is  that  the  idea  ? 

Dr.  Hornbeck.  Not  necessarily.  I think  particularly  in  the  early 
stages  of  the  program  we  go  to  them  and  say,  for  example,  “This  is 
what  a study  seems  to  indicate.  Have  we  taken  care  of  this  in  the 
design?” 

Mr.  Gurney.  You  step  forward  and  give  any  information  you  feel 
might  be  helpful  to  them. 

Dr.  Hornbeck.  Yes. 

Mr.  Gurney.  What  is  your  working  relationship  with  NASA? 
How  does  NASA  go  about  requesting  information  ? 

Dr.  Hornbeck.  It  is  done  in  a variety  of  ways,  and  I think  quite 
effectively. 

There  may  be  a phone  call  on  a short-range  thing,  or  “we  have  a 
problem  this  afternoon,”  and  so  forth.  There  are  things  that  come 
up  occasionally  and  also  on  a continuing  basis. 

We  have  agreed  on  tasks  between  the  Office  of  Manned  Space  Flight 
and  ourselves  that  require  a continuing  amount  of  wrork.  These 
tasks  are  defined,  written  down,  and  reports  are  submitted  on  them. 

Mr.  Gurney.  A combination  of  specific  tasks  plus  things  that  come 
up  from  day  to  day  ? 
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Dr.  Hornbeck.  Yes. 

Mr.  Riehlman.  Do  you  have  people  from  your  organization  sta- 
tioned at  all  the  NASA  centers? 

Dr.  Hornbeck.  At  none  of  them. 

Mr.  Rieiilman.  Your  work  is  all  directed  out  of  Washington,  D.C.  ? 

Dr.  Hornbeck.  Our  office  is  here,  but  we  are  on  planes  a lot. 

Mr.  Rieiilman.  Are  they  ever  directed  to  go  to  Cape  Canaveral  to 
observe  activities  there? 

Dr.  Hornbeck.  Yes,  sir. 

Mr.  Riehlman.  Are  you  going  to  Houston  to  watch  the  construc- 
tion work  that  is  going  on  down  there,  or  are  your  activities  confined 
solely  to  the  technical  end  of  Apollo  program  ? 

Dr.  Hornbeck.  They  are,  but  we  have  frequent  contacts  with  the 
other  parts  of  the  organization. 

Mr.  Riehlman.  What  relationship  do  you  have  to  the  manufac- 
tures ? As  soon  as  the  research  work  is  completed  and  they  go  into 
manufacturing,  are  you  tied  in  with  this  for  NASA  ? 

Dr.  Hornbeck.  We  have  not  really  tied  in  at  all  yet  with  the  manu- 
facturing end.  The  manufacturing  is  the  responsibility,  clearly,  of 
the  centers.  They  let  the  contracts  for  the  hardware,  and  so  on. 

I hope  later  we  will  be  able  to  make  contributions  of  a general  nature 
in  terms  of  reliability,  quality  control,  and  such  important  things. 
But  we  don’t  have  any  control  directly,  or  responsibility,  for  tne 
contracts. 

Mr.  Riehlman.  Are  you  going  to  be  duplicating  any  of  the  work 
that  other  people  will  be  doing  in  these  fields  ? 

Dr.  Hornbeck.  Let  me  answer  this  way : I think  a certain  amount 
of  overlap  in  a broad  systems  engineering  program  is  necessary  and 
should  be  present  in  a program,  so  that  tilings  don’t,  fall  into  a chink 
and  so  that  the  program  is  integrated.  But  other  than  the  necessary 
amount  of  pverlap  of  the  whole  thing,  we  have  no  desire  or  need  to 
overlap  with  other  people. 

Mr.  Riehlman.  The  actual  work  you  are  doing,  what  NASA  asks 
you  to  do,  is  to  keep  them  abreast  of  technical  information  they  need 
to  carry  out  these  programs  ? 

Dr.  Hornbeck.  That  is  primarily  so,  yes. 

Mr.  Riehlman.  You  have  no  authority  to  make  any  decisions?  You 
are  an  information  and  technical  services  to  the  people  in  NASA  ? 

Dr.  Hornbeck.  That  is  correct. 

Mr. Teague.  Mr. Fuqua? 

Mr.  Fuqua.  Yesterday  we  heard  testimony  from  Grumman  Air- 
craft Co.  Suppose  they  are  interested  in  information  about  the  surface 
of  the  Moon,  do  they  go  to  NASA  and  NASA  asks  you,  or  do  you  have 
a relationship  that  they  can  come  directly  to  you  ? 

It  seems  to  me  there  still  is  an  overlap  of  work  that  might  be  costing 
us  an  excess  of  money  in  this  one  field. 

Dr.  Hornbeck.  There  is  no  reason  we  cannot  talk  directly  to  Grum- 
man, or  visit  them,  and  in  fact  we  have  done  so  on  more  than  one 
occasion;  so  there  is  a natural,  open  communication  between  us,  in 
either  direction. 

The  nature  of  our  work  would  tend  to  come  out  through  the  Office  of 
Systems  in  the  form  of  requirements. 
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Mr.  Fuqua.  There  is  never  any  delay  or  breakdown  of  communica- 
tion between  the  flow  of  information  between  you  and,  say,  Grumman, 
or  North  American  ? 

Dr.  Hornbeck.  There  are  people  involved  in  this,  and  whenever 
people  are  involved  there  are  problems  of  communication.  I think 
we  have  those  normal  problems- 

Mr.  Fuqua.  But  there  does  not  seem  to  be  an  unnecessary  delay  in 
transmission  of  this  vital  information  between  the  two? 

Dr.  Hornbeck.  I don’t  think  so. 

Mr.  Fuqua.  You  are  not  “managing  the  news,”  so  to  speak,  between 
the  two  ? 

Dr.  Hornbeck.  We  don’t  have  a serious  problem  there. 

Mr.  Fulton  of  Pennsylvania.  Let  it  be  known  that  that  question 
came  from  the  other  side  of  the  aisle. 

Mr.  Roudebush.  I have  listened  with  interest  to  the  description  of 
the  tremendous  and  broad  task  laid  down  for  Bellcomm.  I would  like 
to  ask  you  a series  of  questions. 

It  is  my  understanding  that  over  the  past  18  months,  or  the  18 
months  preceding  September  1963,  you  will  have  received  about  eight 
and  a half  million  dollars  from  the  U.S.  Government  for  this  task. 
Now,  are  the  people  who  work  for  Bellcomm  full-time  employees  of 
Bellcomm,  or  are  their  services  divided  with,  say,  A.T.  & T.  ? 

Dr.  Hornbeck.  Everybody  in  Bellcomm  is  full  time. 

Mr.  Roudebush.  All  their  salary  does  accrue  from  Government 
payment? 

Dr.  Hornbeck.  That  is  correct. 

Mr.  Roudebush.  I understand  you  have  96  technical  people  and  a 
supporting  staff  of  60,  and  that  you  may  go  to  a total  or  250  people. 
How  are  these  people  employed?  Are  some  located  at  the  Bell 
Laboratories? 

Dr.  Hornbeck.  They  are  in  addition.  The  96  technical  people  are 
all  within  our  own  staff  in  Washington  here. 

Mr.  Roudebush.  The  people  at  Bell  Laboratory,  then,  are  not 
included  in  the  156. 

Dr.  Hornbeck.  They  are  not. 

Mr.  Roudebush.  But  they  are  salaried  from  Bellcomm  ? 

Dr.  Hornbeck.  Yes.  The  laboratories  give  us  a bill  that  we  pay 
and  pass  on  to  the  Government. 

Mr.  Roudebush.  Are  they  totally  salaried  from  Bellcomm? 

• Dr.  Hornbeck.  Not  necessarily,  however,  most  are  full  time. 

Mr.  Roudebush.  What  recommendations  have  you  made  on  the 
Apollo  system?  You  speak  of  the  critical  subsystems,  performance 
parameter,  and  design  margin.  Those  terms  are  rather  broad. 

What  specific  recommendations  has  Bellcomm  made  to  NASA 
regarding  our  Apollo  system  ? I will  say,  what  general  recommenda- 
tions have  you  made?  That  may  make  it  easier  to  answer. 

Dr.  Hornbeck.  We  don’t  have  a simple  case  of  sitting  down  and 
writing  a note  to  the  Office  of  Manned  Space  Fight  and  saying,  “We 
recommend  thus  and  so.” 

Rather,  we  have  passed  on  quite  a few  reports  in  which  specific 
studies  and  work  are  delineated,  and  the  conclusions  from  those  are 
obvious  to  the  technical  people  in  the  Office  of  Manned  Space  Flight. 

We  have  talked  privately  with  such  people  as  Dr.  Shea  and  argued 
position,  and  so  forth. 
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Mr.  Roudebush.  One  final  question:  I notice  on  page  10  of  your 
statement  you  mentioned  “depending  on  what  is  discovered  on  the 
lunar  surface.”  How  do  you  make  recommendations  and  do  engineer- 
ing planning  for  a mission  that  involves  unknown  quantities?  For 
example,  how  do  you  design  and  make  recommendations  for  a lunar 
mission  when  we  don’t  really  know  what  we  will  find  on  the  surface 
of  the  moon? 

Is  it  a question  of  putting  the  cart  before  the  horse,  Dr.  Hornbeck  ? 

Dr.  Hornbeck.  First,  I don’t  think  anybody  likes  to  plan  with 
gaping  holes  in  one’s  information.  You  much  prefer  to  nave  suf- 
ficiently definite  information  to  do  an  effective  job.  One  handles 
this,  as  we  do  in  the  space  program,  in  several  ways.  One  tries  to 
effect  designs  that  are  on  the  safe  side  from  what  we  expect  to  find, 
so  that  one  doesn’t  have  to  redesign  hardware  later. 

For  example,  the  landing  structure  on  the  lunar  excursion  module 
you  try  to  make  as  rugged  as  you  can  afford.  Then  there  is  some  basis 
for  guessing  from  what  we  know,  that  most  probably  it  will  be  all 
right. 

But  we  are  not  really  happy  until  information  comes  back  from, 
say,  the  unmanned  program,  prior  to  actually  carrying  out  a landing, 
which  tells  us  what  the  nature  of  the  lunar  surface  is  on  rather  a fine 
scale,  so  we  know  what  we  are  getting  into. 

Mr.  Roudebush.  Are  you  referring  to  discoveries  that  would  accrue 
from  the  Surveyor  program  ? 

Dr.  Hornbeck.  Yes. 

Mr.  Roudebush.  Are  we  going  too  fast  with  the  design  on  the 
LEM  ? For  example,  should  we  be  holding  up  some  of  these  designs 
until  we  do  know  more  about  the  lunar  surface  ? 

Are  we  perhaps  progressing  too  fast  and  perhaps  designing  a 
vehicle  we  cannot  use  ? 

Dr.  Hornbeck.  There  is  always  the  possibility  that  when  we  really 
know  the  situation,,  it  will  be  much  more  adverse  than  we  expect.  This 
is  always  the  possibility,  in  which  case  we,  meaning  the  United  States, 
would  have  designed  the  wrong  thing. 

Mr.  Roudebush.  Yes.  I am  not  speaking  now  of  Bellcomm,  but  of 
the  overall  effort. 

Dr.  Hornbeck.  Yes. 

Mr.  Teague.  General  Electric  is  a part  of  this  so-called  brain  of 
NASA.  Do  you  people  have  any  relationship  with  General  Electric, 
or  work  with  them  ? 

Dr.  Hornbeck.  Our  relation  with  them  up  to  this  time  has  been 
minor,  but  I believe  it  is  developing  more. 

Mr.  Teague.  Does  most  of  your  direction  come  from  NASA,  or 
does  North  American  or  any  other  company  that  has  a problem  come 
to  you  directly? 

Would  you  be  able  to  take  one  specific  problem  you  have  worked 
on,  and  tell  us  how  it  developed  and  what  happened? 

Dr.  Hornbeck.  Most  of  the  problems  we  have  not  gotten  all  the  way 
through  yet. 

But  let’s  take  one  that  is  very  much  in  the  process  of  being  worked 
out;  actually  it  is  in  a difficult  stage.  We  have  been  asked  to  look 
from  a system  engineering  viewpoint  into  checkout  for  the  entire  pro- 
gram; how  checkout  on  the  ground  ties  to  checkout  in-flight  and  to 
checkout  operations  on  the  lunar  surface. 
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Now  this  is  a problem  that  really  cuts  across  all  the  major  Centers, 
and  there  are  major  constraints  that  it  places  on  the  entire  system. 
Working  out  a checkout  philosophy,  what  is  important  to  do,  and 
when,  is  something  that  must  be  thought  through  so  that  we  can  set 
down  the  basic  ground  rules  and  fundamentals  of  the  thing.  It  is 
something  we  wrere  asked  to  look  into  by  the  Office  of  Systems.  We 
have  spent  considerable  time  with  the  Cape  on  this. 

We  have  also  talked  with  Houston  on  parts  of  it.  For  example, 
we  have  talked  with  North  American  in  Houston,  where  they  are 
concerned  with  the  in-flight  tests,  which  is  part  of  the  checkout  prob- 
lem, but  just  a piece  of  it. 

It  is  through  this  interaction  across  the  board  with  the  entire  pro- 
gram that  collectively  we  are  going  to  come  up  with  a checkout  philo- 
sophy and  the  beginnings  of  an  implementation  plan,  or  definition 
of  a plan,  that  would  go  into  the  systems  specification  and  tie  the 
various  parts  together. 

Mr.  Teague.  Any  other  questions? 

Mr.  Yeager? 

Mr.  Yeager.  Dr.  Hombeck,  following  Mr.  Roudebush’s  line  of 
questioning,  generally  what  type  of  background  do  the  people  have 
that  work  for  you? 

Dr.  Hornbeck.  Chemists,  propulsion,  aeronautical,  electrical 
people,  a wide  spectrum. 

Mr.  Yeager.  Could  you  perhaps  provide  for  the  record  a percent- 
agewise breakdown  of  what  background  these  people  have? 

Dr.  Hornbeck.  I will  be  very  happy  to  do  so. 

In  fact,  I even  have  it  with  me. 

(The  information  referred  to  is  as  follows :) 

Bellcomm,  Inc. 


Formal  education  of  technical  staff 


Field 

Non- 

Highest  level  degree 

graduate 

Bachelor 

Master 

. Doctor 

Total 

Mathematics.. 

4 

3 

2 

o 

Physics 

2 

6 

10 

18 

Physical  sciences 

0 

1. 

2 

3 

Science 

1 

0 

0 

1 

Philosophy 

0 

1 

0 

1 

Public  administration 

0 

0 

1 

1 

Psychology;. 

0 

0 

2 

2 

Engineering: 

Aeronautical 

1 

0 

1 

2 

Chemical 

0 

1 

0 

1 

Electrical 

15 

23 

4 

42 

General 

3 

4 

0 

7 

Mechanical 

2 

5 

1 

8 

Nongraduate 

1 

1 

Total 

1 

28 

44 

23 

86 

Percentage 

<1 

29 

46 

24 

100 

Mr.  Yeager.  Does  Bellcomm  do  other  work  besides  its  Apollo  work  ? 

Dr.  Hornbeck.  No,  sir.  We  have  only  this  one  contract. 

Mr.  Yeager.  Why  did  you  deem  it  desirable  to  incorporate  Bell- 
comm? What  was  the  thinking  behind  that?  Why  couldn’t  you 
have  just  assigned  a task  force  ? 

Dr.  Hornbeck.  I think,  as,  Mr.  McNeely  said  to  Mr.  Webb — it  was 
an  administrative  decision  that  they  could  most  effectively  use  the  va- 
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rious  parts  of  the  Bell  System  including  Bell  Laboratories  by  form- 
ing a separate  corporation. 

Mr.  Yeager.  Was  there  any  particular  reason  for  organizing  it 
jointly  with  your  subsidiary,  Western  Electric  ? 

Dr.  Hornbeck.  I am  not  sure  I know  the  answer. 

My  own  speculation  has  been  that  the  thinking  at  the  time  was  to 
pattern  it  after  the  Bell  Laboratories,  which  is  owned  50  percent  by 
A.T.  & T.  and  50  percent  by  Western  Electric — and,  that  is  the  way  it 
came  out. 

Mr.  Yeager.  Would  you  say  Bellcomm  has  any  management  or 
quasimanagement  functions  with  respect  to  the  Apollo  program  ? I 
am  not  speaking  of  advice  to  management,  which  obviously  you  give. 
But  do  you  make  any  decisions  which  might  be  called  quasi-manage- 
ment decisions? 

Dr.  Hornbeck.  I am  not  sure  exactly  what  you  mean. 

I think  we  are  a management  tool  in  the  sense  that,  say,  Mr.  Holmes 
can  use  us  for  information.  Ours  is  an  input  to  the  decisionmaking 
pool. 

Mr.  Yeager.  Do  you  get  into  the  economics  of  the  decision  at  all, 
as  to  what  is  or  is  not  feasible  from  the  systems  point  of  view  ? 

Dr.  Hornbeck.  We  are  concerned  with  the  cost  and  try  to  find  the 
most  economic  ways,  clearly. 

Mr.  Yeager.  And  you  do  provide  information  of  that  type  as  well 
as  technical  information? 

Dr.  Hornbeck.  In  our  systems  work,  technical  work,  this  must 
come  in. 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  ask  how  you  make 
your  decisions  on  the  method  of  activities  in  reference  to  the  surface 
of  the  Moon.  For  example,  in  the  sunlight  the  Moon  will  be  14° 
above  zero,  and  on  the  dark  side  of  the  Moon  at  the  same  time  it  will 
be  about  243°  below  zero.  In  addition,  you  may  get  all  sorts  of  a tem- 
perature gradient  even  within  the  sunlight  area.  For  example,  if 
there  is  a shaded  area  because  of  a mountain  cliff  you  might  have  tre- 
mendous degree  of  temperature  variance  that  we  don’t  even  know  of 
on  Earth,  and  you  might  have  it  on  smaller  objects,  as  well. 

Who  makes  the  decisions  on  what  the  Moon’s  surface  is  so  that  you 
can  make  these  postulates  to  form  your  equipment  policies  upon? 
Who  is  deciding  these  basic  questions?  My  point  is,  Dr.  Hornbeck: 
Does  Bellcomm  decide  a basic  question  like  that,  or  does  NASA? 

Dr.  Hornbeck.  This  would  be  NASA. 

And  the  decision  has  not  basically  been  taken  yet  as  to  whether  they 
will  land  in  lunar  night  or  lunar  day,  or  just  where  on  the  surface. 

As  you  point  out,  the  temperature  variations  are  so  wide  that  some 
equipment  you  would  design  for  operation  in  the  lunar  night  probably 
would  not  be  effective  for  the  lunar  day.  These  equipments  are  im- 
portant engineering  jobs  and  tough  things  to  figure  out. 

Mr.  Fulton  of  Pennsylvania.  I use  this  as  an  example  of  where 
Bellcomm  would  fit  in  the  decisionmaking  process. 

Dr.  Hornbeck.  We  might  submit  studies  on  the  technical  problems 
associated  with  landing  in  sunlight  and  its  advantages  and  disad- 
vantages, or  studies  on  what  are  the  technical  problems  associated 
'with  landing  in  lunar  night  but  with  Earth  shine  on  the  Moon. 
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It  would  be  studies  of  this  kind  of  a technical  and  factfinding  na- 
ture that  we  would  give  to  NASA.  ^ 

Mr.  Fulton.  You  would  not  get  into  field  of  whether  the  Moon 
is  an  old  body  and  a gradually  cooling  volcanic  mass,  or  whether  the 
Moon  does  have  current  volcanic  eruptions.  Likewise,  you  would  not 
get  into  the  fact  that  there  may  be  pools  just  slightly  covered  where 
cracks  show  on  the  surface,  and  we  might  be  putting  the  astronauts 
down  on  an  open  lake  ? 

Dr.  Hornbeck.  We  would  be  very  much  interested  in  that. 

Mr.  Fulton  of  Pennsylvania.  But  you  do  not  make  decisions  in 
that  direction  ? 

Dr.  Hornbeck.  We  are  not  in  the  decisionmaking  role. 

Mr.  Fulton  of  Pennsylvania.  Yours  is  a technical  judgment.  You 
are  given  parameters  to  operate  within,  and  then  you  advise  NASA 
as  to  the  technical  approach  to  those  conditions  ? 

Dr.  Hornbeck.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  That  is  more  what  you  do  ? 

Dr.  Hornbeck.  That  is  correct. 

Mr.  Teague.  Mr.  Gurney  ? 

Mr.  Gurney.  Are  you  familiar  with  the  Aerospace  Corp.  ? 

Dr.  Hornbeck.  I visited  there  once,  and  I have  read  of  it. 

Mr.  Gurney.  As  I understand  it,  it  is  the  corporation  which  is  the 
research  and  development  or  scientific  arm  of  the  Air  Force,  in  the 
space  business.  Perhaps  some  of  the  functions  they  perform  are  some 
of  the  same  functions  you  perform  for  NASA  in  this  specialized 
Apollo  program.  Is  there  any  exchange  of  information  between  Bell- 
comm  and  the  Aerospace  Corp.  ? 

Dr.  Hornbeck.  Let  me  say,  first,  I think  their  role  is  more  of  a 
management  function,  as  I understand  it,  than  we  have  in  Bellcomm.  « 

We  have  not  had  very  much  interaction  with  Aerospace  at  this 
time,  but  we  have  had  some  contacts  with  them  ever  since  they  were 
formed,  and  are  familiar  with  them. 

Mr.  Gurney.  Is  there  anv  overlapping  of  function  ? 

Dr.  Hornbeck.  I know  of  no  overlapping  function. 

Mr.  Teague.  Any  other  questions  ? 

Thank  you,  Dr.  Hornbeck.  We  appreciate  your  coming  up  here. 

We  will  next  hear  from  Mr.  Richard  Shetler,  general  manager, 

Command  Systems  Division  of  General  Electric.  Do  you  have  assist- 
ants with  you? 

Mr.  Shetler.  I do  have,  Mr.  Chairman,  but  I prefer  not  to  bring 
them  up,  unless  there  are  questions  later  to  be  directed  to  them. 

Mr.  Teague.  Whichever  way  you  prefer,  sir. 

STATEMENT  OF  BICHARD  L.  SHETLER,  GENERAL  MANAGER, 

COMMAND  SYSTEMS  DIVISION,  GENERAL  ELECTRIC  CO. 

Mr.  Shetler.  I have  a prepared  statement,  Mr.  Chairman. 

May  I read  it? 

Mr.  Teague.  Yes,  sir. 
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(Biographical  sketch  of  Mr.  Shetiler  is  as  follows :) 

Richard  L.  Shetler,  General  Manager,  Command  Systems  Division 

Richard  L.  Shetler  is  general  manager  of  General  Electric’s  Command  Sys- 
tems Division,  with  headquarters  at  Daytona  Beach,  Fla.  This  division  has 
plants  in  other  major  operations  at  Daytona  Beach ; Lynchburg,  Va. ; Okla- 
homa City,  Okla. ; Bethesda,  Md. ; and  Syracuse,  N.Y. 

He  was  born  in  Strasburg,  Ohio,  on  January  9,  1922. 

Following  graduation  from  Ohio  University  in  1943  with  a bachelor  of  science 
in  electrical  engineering,  he  joined  General  Electric’s  engiLZiviug  training 
program,  working  on  long-range  navigation  equipment. 

In  1944  he  became  a design  engineer.  Tine  following  year  he  went  on  detached 
assignment  with  the  Radiation  Laboratory  of  MIT  as  a development  engineer. 

Shetler  became  a production  project  engineer  for  General  Electric  at  Sche- 
nectady in  1946.  He  was  named  liaison  engineer  in  the  former  electronics 
division  in  1947,  and  soon  became  a major  project  engineer  working  on  one 
of  the  Nation’s  priority  radar  search  systems. 

Shetler  was  appointed  supervisor  for  ground  radar  engineering  in  1950  and 
2 years  later  was  named  department  engineer.  In  1955,  he  was  selected  to 
manage  special  radar  projects  with  responsibility  for  the  development  of  the 
longest  range  radar  systems  built  in  this  country. 

In  1957  Shetler  was  appointed  manager  of  the  newly  formed  missile  guidance 
section  with  overall  responsibility  for  the  design  and  production  of  the  radio- 
command guidance  system  for  Atlas  ICBM  guidance. 

In  1958  when  the  defense  systems  department  was  established,  Shetler  was 
named  general  manager  to  supervise  the  development  and  production  of  com- 
plex systems  and  products  required  for  defense  and  aerospace  programs. 

He  is  active  in  the  Institute  of  Radio  Engineers,  and  is  a member  of  the 
Air  Force  Association,  and  the  American  Ordnance  Association. 

He  is  a member  of  two  national  honorary  engineering  fraternities  at  Ohio 
University — Tan  Beta  Phi,  and  Eta  Kappa  Nu  which  honored  Shetler  “in 
recognition  of  his  attainments  and  services  in  the  advancement  of  the  science 
of  electricity  and  the  profession  c metrical  engineering.” 

Shetler  was  awarded  a Certificate  of  Merit  for  Science  from  Ohio  University 
in  1959. 

Mr.  Shetler.  Mr.  Chairman,  I am  Kichard  L.  Shetler,  general  man- 
ager of  the  Command  Systems  Division  of  General  Electric  Co.  This 
division  includes  our  Apollo  Support  Department,  which  has  the  prin- 
cipal responsibility  within  the  company  for  the  performance  of  our 
contract  in  support  of  NASA’s  program  for  the  integration,  reliability 
assessment,  and  checkout  of  the  Apollo  mission. 

At  the  present  time  I am  also  acting  general  manager  of  that 
department. 

In  response  to  your  invitation  I am  here  to  discuss  our  work  under 
that  contract.  I think  it  would  be  helpful  if  I began  by  briefly  relating 
how  General  Electric  undertook  this  job. 

Somewhat  over  a year  ago,  in  January  1962,  General  Electric  sub- 
mitted a proposal  to  the  Space  Administration  to  meet  what  we  ascer- 
tained to  be  the  Administration’s  requirement  for  a contractor  in  the 
integration,  reliability  assessment  and  checkout  areas  of  the  Apollo 
manned  lunar  landing  program. 

In  due  course  it  was  concluded  that  the  Space  Administration 
would,  in  addition  to  its  other  contractors,  require  a contractor  to  con- 
centrate specially  on  this  area. 

It  was  also  concluded  that  General  Electric  was  qualified  to  do  this 
work,  and  that  we  were  willing  to  undertake  the  contract. 

In  February  1962,  we  received  NASA  letter  contract  NASw-410, 
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Our  work  began  upon  receipt  of  the  letter  contract.  The  first  phase 
of  the  work  was  a series  of  studies  aimed  at  more  specifically  analyzing 
and  defining  the  scope  and  content  of  the  work  which  was  needed  to  be 
done.  The  first  of  these  studies  were  completed  last  fall. 

While  our  negotiations  on  other  parts  of  a definitive  form  of  con- 
tract 410  have  proceeded,  we  have  agreed  with  NASA  on  the  initial 
stages  of  work  in  each  of  the  three  principal  areas  involved — integra- 
tion, reliability  assessment,  and  checkout — and  are  going  forward. 

I am  pleased  to  be  able  to  report  that  our  contract  negotiations  are 
proceeding  apace,  and  we  are  confident,  as  I believe  the  Space  Admin- 
istration is,  that  agreement  on  all  of  the  provisions  of  a definitive 
contract  will  be  reached  in  the  near  future. 

Our  studies  to  date  on  the  scope  of  this  work  have  been  very  help- 
ful— and  indeed  necessary.  As  Mr,  Holmes  indicated  in  his  statement 
to  this  committee  a few  days  ago,  the  integration,  reliability  assessment 
and  checkout  features  of  a vast  program  like  Apollo  are  less  tangible 
areas  than  some  others,  but  they  are  vitally  important  to  the  program’s 
success. 

The  successful  achievement  of  the  objectives  of  the  Apollo  pro- 
gram will  require  that  the  major  system  elements  be  conceived,  de- 
signed, assembled,  tested,  and  documented  so  that  they  are  compatible 
with  each  other  and  adequate  for  the  attainment  of  those  objectives. 

That  brief  statement  of  principle  implies  an  integration  effort  of 
enormous  detail.  Starting  with  the  conception  and  design  of  basic 
components  and  elementary  systems,  it  imposes  a rigorous  integration 
discipline  which  must  be  faithfully  observed  by  all  participants  in  the 
program — and  through  the  ascending  orders  of  complexity  to  space- 
craft and  launch  vehicles,  to  the  complete  assembly  ready  for  launch- 
i ng,  flight,  and  return. 

Methods  and  procedures  to  assure  this  integration  must  be  estab- 
lished, and  their  operation  must  be  continually  reviewed  and  appraised 
as  the  program  proceeds. 

Similarly,  the  success  of  Apollo  will  require  detailed  knowledge  by 
NASA  concerning  the  reliability  of  the  critical  system  components. 
This  knowledge  must  be  continuously  acquired  throughout  the  design, 
manufacturing,  test,  and  operational  phases  of  the  program. 

Here  again  the  magnitude  of  the  Apollo  effort  involves  the  develop- 
ment of  methods  and  procedures — methodology,  criteria,  and  stand- 
ards of  reliability  testing  and  assessment — which  will  enable  the  Space 
Administration  to  make  an  informed  judgment  about  system  reliability 
and  safety  levels. 

This  involves  continuing  reliability  assessments  first  of  the  critical 
components  as  they  are  developed  and  produced  and  finally  of  the 
whole  system — prior  to  launch. 

Given  these  integration  and  reliability  standards  and  criteria,  the 
important  and  continuing  question,  as  the  components  are  manufac- 
tured and  assembled,  in  subsystems,  major  system  elements,  and  finally 
in  the  manned  space  vehicle,  the  question  is  how  to  know  if  the  system 
is  ready  to  achieve  the  objectives  of  its  mission.  The  checkout  func- 
tion— by  techniques,  procedures,  and  equipment — is  to  answer  that 
question. 

Obviously,  no  single  contractor  could  do  all  of  these  things — the  total 
integration,  reliability  assessment,  and  checkout  job — for  the  entire 
Apollo  program.  Not  only  is  the  program  too  vast,  comprised  of  too 
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many  pieces,  but  the  basic  and  first  steps  must  be  taken  by  the  Supplier- 
Government  teams  which  produce  the  system  parts. 

As  Mr.  Holmes  indicated,  our  role  is  to  furnish  overall  support  to  the 
Office  of  Manned  Space  Flight  and  the  Centers  in  integration,  relia- 
bility assessment,  and  checkout— for  example,  in  the  Office  of  Manned 
Space  Flight’s  general  programs,  and  at  the  interfaces  between  the 
work  areas  assigned  to  the  Centers,  or  at  those  which  have  not  been 
assigned  to  a Center,  and  for  the  integrated  launch  control  and  check- 
out system. 

As  you  know,  the  Apollo  program  is  directed  from  four  principal 
points.  These  are:  the  Office  of  Manned  Space  Flight  at  NASA 
Headquarters  here  in  Washington;  the  Manned  Spacecraft  Center 
at  Houston;  the  Marshall  Space  Flight  Center  at  Huntsville,  Ala.; 
and  the  Launch  Operation  Center  at  Cape  Canaveral. 

You  may  recall  that  last  year,  shortly  after  we  started  this  work, 
our  Dr.  George  Haller  explained  that  the  initial  planning  phase  of 
the  work  was  assigned  to  our  defense  systems  department,  with  a 
view  to  the  continuing  work  being  reassigned  to  another  company 
department  for  performance. 

That  is  what  has  been  done.  To  direct  our  performance  of  this 
contract.  General  Electric  established  the  Apollo  support  depart- 
ment. Our  analyses  indicated  that  our  work,  like  the  program  itself, 
would  culminate  in  the  Cape  Canaveral-Merritt  Island  area.  After 
a detailed  survey,  therefore,  we  selected  Daytona  Beach  as  the  site 
of  that  department’s  headquarters. 

In  cooperation  with  the  Office  of  Manned  Space  Flight,  and  the 
NASA  Centers,  that  Department  is  in  the  process  of  establishing 
staffs  at  each  of  the  Centers  at  Houston,  Huntsville,  and  Cape 
Canaveral,  together  with  a central  group  at  Daytona,  to  furnish  tne 
support  required  by  these  NASA  organizations  in  each  of  the  con- 
tract work  areas. 

As  I noted  earlier,  this  staffing  activity,  and  the  establishment  of 
the  appropriate  working  relationships,  have  proceeded  in  order  to 
enable  us  to  get  forward  promptly  with  this  work  while  our  negotia- 
t ions  have  been  going  on. 

In  general,  our  contract  work  will  be  in  two  broad  categories. 
There  will  be  continuing  engineering  studies  to  furnish  the  reports 
which  will  be  required  by  the  Office  of  Manned  Space  Flight  and  the 
NASA  Centers  in  their  respective  areas  of  responsibility  for  integra- 
tion, reliability  assessment,  and  checkout.  Secondly,  we  will  furnish 
a quantity  of  specially  designed  checkout  hardware,  including  that 
which  will  provide  the  integrated  launch  control  and  checkout  system. 

In  reviewing  our  work  under  this  contract,  one  point  should  be 
specially  borne  in  mind.  The  dimensions  and  complexity  of  the 
overall  Apollo  integration,  reliability  assessment,  and  checkout  pro- 
gram will  require  a very  broad  range  of  management  and  technical 
skills  and  facilities. 

As  I have  noted,  our  Apollo  support,  department  has  the  principal 
i*esponsibility  for  our  performance,  but  we  should  all  be  quite  clear 
that  the  Government’s  contractor  for  this  work  is  our  whole  company. 

We  have  already  drawn  on  other  company  components  for  key 
pei*sonnel.  In  addition,  through  this  department  we  will  utilize  any 
portion  of  the  company’s  more  than  100  operating  departments,  with 
their  highly  diversified  technical  and  scientific  staffs,  technological 
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skills,  laboratories,  and  other  specialized  facilities,  which  the  work 
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ns  fact,  and  the  nature  of  the  work,  have  raised  a question  in 
some  quarters  whether  this  contract  might  in  some  way  give  General 
Electric  an  unfair  advantage  over  others  in  industry  with  respect  to 
other  Space  Administration  Apollo  procurement. 

I should  like  to  deal  very  plainly  with  the  matter. 

We  do  not  believe  that  this  contract  should  or  that  it  will  give  us 
any  such  advantage.  We  have  undertaken  to  negotiate  provisions 
covering  this  point  in  the  definitive  contract.  Ultimately,  however, 
all  of  us — the  Government,  others  in  industry,  and  General  Electric 
alike — will  have  to  rely  on  the  facts. 

The  Apollo  program  is  a complex  and  massive  national  under- 
taking. Success  will  require  a broad  marshaling  of  our  national  re- 
sources— governmental,  scientific,  and  industrial. 

We  feel  emphatically  that  it  would  not  be  in  the  public  interest— 
and  we  are  sure  it  would  not  be  in  ours — for  the  very  substantial  re- 
sources of  General  Electric  Co.,  over  and  above  those  which  will  be 
utilized  in  the  performance  of  this  contract,  arbitrarily  to  be  placed 
beyond  access  by  the  Government. 

Proceeding  in  this  area  on  a factual  and  objective  basis — and  we 
believe  the  Space  Administration  plans  to  do  just  that — will  not  only 
afford  the  best  protection  for  the  competitive  system.  It  will  also  offer 
the  best  assurance  of  the  Government  having  available  the  full  range 
of  procurement  possibilities  the  Apollo  mission  will  require. 

Now  I think  it  might  be  helpful  for  me  to  give  you  some  details  of 
our  initial  staffing  for  this  work: 

To  date,  a total  of  approximately  1,250  people  have  been  assigned 
to  this  program.  Some  two-thirds  of  these  are  professional  em- 
ployees. This  staff  will  be  geographically  distributed  to  the  NASA 
Centers  and  Daytona  Beach.  This  will  include  approximately  290 
employees  at  the  Marshall  Space  Flight  Center,  85  at  the  Manned 
Spacecraft  Center,  and  140  at  Cape  Canaveral.  Approximately  600 
have  been  assigned  to  Day  tona  Beach. 

For  facilities,  we  have  acquired,  or  are  in  the  process  of  acquiring 
for  the  company,  several  buildings  at  Daytona  Beach  which  will  pro- 
vide 250,000  feet  of  floor  space.  Three  of  these  buildings  will  be 
new  construction. 

At  Huntsville,  we  are  acquiring  company  facilities  which  will 
provide  20,000  feet  of  space.  Our  facilities  at  Houston  and  Cape 
Canaveral  presently  provide  27,000  and  20,000  feet  of  floor  space, 
respectively. 

Let  me  emphasize  that  we  are  still  in  the  very  early  stages  of  per- 
formance of  this  contract.  Our  organizing  efforts  thus  far  nave 
drawn  on  our  own  management  resources,  and  largely  on  our  com- 
pany technical  and  scientific  staff  for  operating  personnel. 

As  this  brief  outline  has  perhaps  suggested,  the  performance  of 
this  contract  will  present  many  organization  and  management,  as 
well  as  operating,  complexities.  We  have  tried,  and  will  continue, 
to  apply  our  full  capabilities  to  these  areas  as  well  as  to  the  scientific 
and  engineering  problems  involved. 

While  to  date  our  studies  and  work  with  the  Space  Administration 
have  enabled  us  to  draw  broad  outlines  of  what  will  be  required  in 
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the  future  to  enable  us  adequately  to  support  NASA,  very  many  of  the 
details  of  the  work  will  only  take  clear  definition  as  we  progress. 
In  the  final  analysis,  these  details  will  determine  the  geographical  and 
technical  size  and  balance  of  our  staff,  and  the  facilities  they  will 
require. 

In  conclusion,  I think  I should  make  one  additional  point. 

We  are  very  proud  to  have  been  given  this  assignment  in  the 
Apollo  program.  It  is  questionable  whether  our  company,  or  perhaps 
any  other,  has  ever  undertaken  a more  complex  and  delicate  job. 
And  while  we  are  indeed  proud  of  the  distinction,  please  be  assured 
that  we  approach  our  work  with  a deep  sense  of  humility,  and  with 
a set  determination  to  make  a success  of  it. 

This  concludes  my  prepared  remarks.  I will  be  happy  to  answer 
any  questions  your  subcommittee  may  have. 

Mr.  Teague.  Thank  you,  Mr.  Shetler. 

You  told  us  about  personnel.  Would  you  tell  us  what  you  can  about 
your  funding? 

Mr.  Shetler.  Yes.  Since  February  1962  our  total  expenditures 
have  run  in  the  neighborhood  of  $12  million. 

We  would  expect  our  total  expenditures  through  the  end  of  the 
fiscal  year  would  be  in  the  neighborhood  of  some  $25  million. 

Mr.  Teague.  Could  you  tell  us  approximately  what  part  of  that  will 
go  into  hardware? 

Mr.  Shetler.  So  far  none  of  these  funds  have  involved  hardware. 

We  are  in  the  process  of  defining  the  integrated  launch  control  and 
checkout  equipment  hardware. 

Major  hardware  procurement  and  design  and  fabrication  would  not 
occur  until  the  next  fiscal  year,  fiscal  1964. 

Mr.  Teague.  Suppose  you  did  not  receive  $25  million  but  only  get 
about  $20  or  $15  mi  lion,  what  effect  would  that  have  ? 

Mr.  Shetler.  This  is  as  I see  it,  a very  tightly  drawn  program,  it 
is  a vast  undertaking,  and  we  are  running  I would  say  a vei^y  tight 
operation.  Reductions  in  funds  would  have  the  possible  effects  of 
two  things,  either  in  combination  or  singly.  One  effect  would  be  a 
stretchout  in  the  accomplishment  of  some  objectives,  if  not  the  overall 
objective;  and  secondly,  it  could  have  the  effect  of  increasing  the  risk 
on  the  program,  the  risk  of  success. 

These  are  very  hard  and  intangible  to  evaluate.  But  these  are  the 
things  I see. 

Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  How  is  your  fee  set?  What  pro- 
portion of  the  total  gross  contract  cost  is  the  gross  profit  to  your 
company  ? 

Mr.  Shetler.  We  have  not  completed  our  negotiation  on  our  con- 
tract and  the  fee  has  not  been  negotiated  yet.  The  figures  I gave  you 
were  basically  cost  figures. 

Mr.  Fulton  of  Pennsylvania.  So  really  you  were  working  without 
having  a contract  fee  or  gross  profit  margin  set  at  this  time? 

Mr.  Shetler.  That  is  rigid. 

Mr.  Fulton  of  Pennsyl  vania.  Isn’t  that  unusual  ? 

Mr.  Shetler.  On  the  first  initial  portion,  which  was  completed 
in  September,  we  had  an  agreement  on  the  gross  fee  for  that.  It  is  the 
portion  which  has — — 

Mr.  Fulton  of  Pennsylvania.  Will  you  explain  that  to  us? 
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Mr.  Shetler.  The  initial  portion,  which  was  a letter  contracted 
to  do  the  study,  the  results  of  which  were  issued  in  report  form  in 
September,  was  a specific  initial  portion  of  the  task  we  were  to  do, 
and  we  have  negotiated  this  portion. 

Mr.  Fulton  of  Pennsylvania.  Is  that  like  a letter  of  intent  ? 

Mr.  Shetler.  Yes,  Initially  we  worked  on  a letter  contract  basis. 

Mr.  Fulton  of  Pennsylvania.  What  has  the  fee  been  on  that,  in 
dollars,  and  also  in  percentage  of  expense  ? 

Mr.  Shetler.  I don’t  have  that. 

Mr.  Fulton  of  Pennsylvania.  Will  you  give  that  to  us  ? 

Mr.  Shetler.  Yes,  indeed. 

(The  information  requested  is  as  follows :) 

• The  NASA-General  Electric  preliminary  agreement  on  fee  for  the  initial  work 
under  contract  NASw-410  was  for  $166,000.  The  cost  to  the  Government  of  this 
work  was  $2,380,000,  so  that  the  fee  was  at  the  rate  of  approximately  6.97  percent 
of  cost. 

Mr.  Fulton  of  Pennsylvania.  You  are  the  ones  who  are  to  watch  the 
program  and  see  that  the  checkout  systems  and  reliability  systems 
measure  up  to  requirements.  What  kind  of  control  does  NASA  have 
over  your  expenditures,  both  on  policy  and  within  certain  policy  pro- 
grams and  on  the  allocation  of  expenses?  For  example,  you  are 
charging  a certain  amount  of  overhead ; you  are  charging  other  factors 
of  expenses  into  this  program  from  other  parts  of  your  company. 
Would  you  outline  to  us  now  you  keep  this  separate,  and  also  how 
NASA  watchdogs  you? 

Mr.  Shetler.  Yes.  We  have,  as  I explained,  established  a separate 
department  for  this  Apollo  work,  which  works  exclusively  for 
Manned  Space  Flight. 

The  allocation  of  work  that  relates  to  assessment  of  reliability,  inte- 
gration, launch  control,  and  checkout;  the  basic  allocation  is  made  by 
the  Office  of  Manned  Space  Flight.  They  have  through  their  normal 
contracting  processes  full  auditing  staffs  and  control  staffs  to  insure 
that  our  expenditures  both  applied  as  well  as  overhead  are  done  in 
the  normal  form  that  we  use  in  business  with  the  Government. 

Mr.  Fulton  of  Pennsylvania.  Does  that  checking  by  NASA  occur 
after-the-fact  or  before  it  happens  ? 

Mr.  Shetler.  These  checks  are  before  they  happen.  We  submit 
Quotations  for  the  effort  which  we  are  expected  to  do.  They  audit 
those  quotations  in  great  detail  to  determine  that  the  detailed  makeup 
of  the  cost  estimates  are  correct  and  adequately  stated. 

Mr.  Fulton  of  Pennsylvania.  What  proportion  of  the  general  ad- 
ministrative expense  of  the  company  is  transferred  to  this  particular 
department  to  bear  as  an  expense  ? 

Mr.  Shetler.  I could  not  give  you  exact  figures. 

Our  normal  operating  procedure  has  been  for  the  full  range  of 
operating  departments  in  the  General  Electric  Co.  to  carry  their  pro- 
portionate share  of  the  administrative  burden  of  the  executive  office. 

Mr.  Fulton  of  Pennsylvania.  That  is  correct.  I would  like  to  have 
what  it  is  for  this  department,  and  its  correlation  with  the  other  de- 
partments. To  see  how  it  compares. 

(The  information  requested  is  as  follows :) 
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Allocation  of  General  Company  Administrative  Expenses 

In  1962  the  amount  of  company  general  and  administrative  expenses  allocated 
to  our  work  under  contract  NASw-^10  was  aproximacely  $128,500.  This  allo- 
cation was  the  result  of  the  application  to  the  work  of  the  Apollo  support  depart- 
ment of  the  formulas  for  the  distribution  of  such  expenses  to  work  under  General 
Electric’s  Government  CPFF  contracts  which  are  agreed  upon  annually  in  nego- 
tiations between  General  Electric  and  the  Government  audit  agency  which  is 
assigned  responsibility  for  negotiations.  The  1962  allocation  to  the  Apollo  support 
department  of  these  costs  in  the  foregoing  amount  compares  with  total  costs  to 
the  Government  under  contract  NASw-410  of  approximately  $8,250,000  during  the 
same  period.  We  anticipate  that  there  will  be  a comparable  ratio  between  the 
allocation  of  company  general  and  administrative  expenses,  and  total  costs  under 
the  contract  in  1963  and  later  years. 

Mr.  Shetler.  Yes. 

Mr.  Fulton  of  Pennsylvania.  Wliafc  size  contract  do  you  expect  this 
to  be  with  NASA  in  the  long  run,  and  how  long  do  you  expect  it  to 
last  ? 

Mr.  Shetler,  The  total  “size  of  the  contract  is  difficult  to  assess, 
because  we  are  just  in  the  throes  of  determining  what  is  the  most 
economical,  efficient,  and  effective  integrated  launch  control  and 
checkout  system. 

This  involves  hardware,  and  therefore,  the  total  cost  of  this  hard- 
ware, And  until  you  have  the  system  broken  down  into  its  finest 
detail  it  is  hard  to  estimate. 

I should  say  for  fiscal  year  1964  this  could  run  in  the  neighborhood, 
including  this  hardware,  of  $150  million. 

Beyond  that  it  is  difficult  to  assess.  I would  say  I would  anticipate 
our  participation  in  the  program  to  be  through  the  launch  of  the  lunar 
landing  mission. 

Mr.  Fulton  of  Pennsylvania.  So  that  your  contract  as  it  looks  now 
would  run  through  1969-70,  or  through  this  decade  ? What  propor- 
tion do  you  intend  to  charge  as  an  overriding  fee  on  the  amount  of 
work  you  do  ? 

What  is  the  area  of  reference  as  to  the  sizes  of  that  fee?  What  will 
it  be,  3, 5, 7, 10  percent,  or  what  ? 

Mr.  Shetler.  Fee  negotiations  are  extremely  difficult  negotiations, 
and  I would  prefer  not  to  negotiate  this  contract  in  this  committee 
session. 

Mr.  Fulton  of  Pennsylvania.  That  is  why  I ask  the  question. 

I want  to  see  what  you  are  thinking,  to  see  whether  it  is  worthwhile 
to  have  you  do  it  or  batter  to  have  the  Government  do  it  inhouse. 

Mr.  Shetler.  We  have  accumulated  for  this  work  the  technical 
resources  across  the  company,  to  cover  the  very  broad  disciplines 
necessary  to  do  adequately  this  kind  of  work. 

I would  suspect  on  that  basis  I suspect  the  fees  that  should  be  given 
to  that  kind  of  work  would  be  equivalent  to  the  average  kind  of  fees 
one  receives  in  normal  Defense  Department  activities. 

Mr.  Fulton  of  Pennsylvania.  What  do  they  run,  about? 

Mr.  Shetler.  These  fees  run  in  various  kinds  of  jobs,  depending 
on  the  technical  complexity  fee  and  resources,  in  areas  from  6 to  10 
percent. 

I would  like  to  make  a point  for  the  record,  that  I am  not  proposing 
to  negotiate  those  fee  numbers  here. 
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Mr.  F ulton  of  Pennsylvania.  I agree.  But  we  are  looking  now  at 
the  background  to  see  the  parameters  within  which  these  negotiations  • 
will  take  place.  We  are  inquiring  into  the  fiscal  matters  of  the  Gov- 
ernment to  see  whether  the  expense  should  be  borne  by  the  Govern- 
ment. 

Do  you  feel  it  is  better  that  you,  as  a private  company  with  a profit 
fee,  should  do  this  work,  and  that  it  can  be  done  better  that  way 
rather  than  through  in-house  Government  facilities? 

Mr.  Teague.  I think  you  should  have  been  told  that  there  are  mem- 
bers of  this  committee  who  believe  NASA  is  making  a big  mistake 
with  Bellcomm  and  you  people,  and  others.  That  it  should  be  an 
in-house  job. 

Mr.  Fulton  of  Pennsylvania.  There  is  no  inference  in  my  question. 

Mr.  Teague.  No.  There  is  no  intention  to  put  General  Electric  on 
th  i spot.  But  if  we  are  going  to  go  on  the  floor  and  argue  this  budget, 
we  have  to  know  something  about  how  it  works  and  what  you  do. 

Mr.  Subtler.  Yes.  I think  ttye  best  way  to  approach  this  Question 
is  to  describe  in  general  detail  what  the  launch  control  and  checkout 
system  is. 

Mr.  Fulton  of  Pennsylvania.  I wish  the  Chairman  would  give  us 
permission  to  have  you  put  a carefully  dra  wn  statement  in  the  record 
on  that. 

Mr.  Teague.  Certainly. 

(The  information  requested  is  as  follows :) 

General  Specification  (M-SI  6200.001)  for  an  Integrated  Launch  Control 

and  Checkout  System  (ILCCS) 1 

> 1.0  SCOPE 

1J  General 

This  general  specification  covers  the  equipment  comprising  an  integrated 
launch  control  and  checkout  system  (ILCCS)  for  the  Merritt  Island  launch 
area  (MILA).  The  ILCCS  shall  consist  of  facilities  for  checkout,  monitoring, 
and  launch  control  association  with  the  Apollo  space  vehicle  and  its  supporting 
facilities.  The  concept  and  implementation  of  the  ILCCS  shall  support  the 
overall  Apollo  mission  requirements  by  providing  the  highest  possible  assurance 
of  crew  safety  and  ultimate  mission  success.  Speed  and  efficiency  of  prelaunch 
operations,  consistent  with  narrow  launch  windows  and  high  launch  rates,  and 
the  need  for  flexibility  to  accommodate  changing  space  missions  are  additional 
requirements  to  be  met  by  the  ILCCS. 

12  Systems  components 

The  ILCCS  shall  consist  of  the  following  major  subsystems : 

( а ) Spacecraft  checkout  and  control  subsystem. 

( б ) Launch  vehicle  checkout  and  control  subsystem. 

( o ) Launch  operations  center  subsystem. 

8.0  REQUIREMENTS 

3.1  General 

The  ILCCS  shall  support  the  ground  checkout,  monitoring,  and  control  of  the 
spacecraft  modules,  the  integrated  spacecraft,  the  launch  vehicle,  the  integrated 
space  vehicle,  and  the  associated  Merritt  Island  launch  area  facilities.  The 
system  shall  incor£>orate  automatic  checkout  and  fault  diagnostic  techniques 
to  the  maximum  practical  extent.  In  addition,  the  ILCCS  shall  provide  the 
facilities  necessary  for  centralized  control  of  countdown  and  launch  operations 
and  for  those  data  recording,  control,  and  monitoring  functions  as  may  be 
required  to  support  the  integrated  mission  control  center  { IMCC) . 

1 For  more  detailed  description,  see  also  app.  C,  meeting  of  the  Subcommittee  on  Manned 
Space  Flight,  Committee  on  Science  and  Astronautics,  held  Mar.  29,  1963,  In  Daytona 
Beach,  Fla. 
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3.1.1  Checkout  and  control  functional  requirements 

3.1.1.1  Spacecraft  checkout:  The  ILCCS  shall  provide  for  those  data  proc- 
essing, display,  control,  monitoring,  stimulation,  response  measurement,  and 
communication  functions  necessary  to  conduct  automated  ground  checkout  of 
the  command  module,  the  service  module,  the  lunar  excursion  module,  and  the 
launch  escape  system  of  the  integrated  spacecraft.  The  ILCCS  shall  work  in 
conjunction  with,  but  not  include,  ca.rryon  checkout  equipment,  flight  instrumen- 
tation, and  onboard  checkout  equipment. 

3.1.1.2  Integrated  launch  vehicle  checkout:  The  ILCCS  shall  provide  for 
those  data  processing,  display,  control,  monitoring,  stimulation,  response  measure- 
ment, and  communication  functions  necessary  to  conduct  automated  ground 
checkout  of  the  integrated  C~5  launch  vehicle  configuration.  The  ILCCS  shall 
also  provide  the  functions  necessary  to  conduct  stage  checkout  of  the  S-IG  and 
instrument  unit  in  the  high  bay  area  prior  to  complete  launch  vehicle  assembly. 
The  ILCCS  shall  work  in  conjunction  with,  but  not  include,  onboard  checkout 
and  flight  instrumentation  equipment.  The  ILCCS  shall  also  provide  for  the 
checkout  of  the  C-1B  launch  vehicle  if  this  vehicle  is  designated  for  launch 
from  Complex  39. 

3.1.1.3  Alternate  unmanned  payload  checkout:  The  ILCCS  shall  provide  for 
those  data  processing,  display,  control,  monitoring,  stimulation,  response  meas- 
urement, and  communication  functions  necessary  to  conduct  automated  ground 
checkout  of  alternate  payloads  (e.g.,  lunar  logistics  module)  launched  from 
Complex  39. 

3.1.1.4  Integrated  space  vehicle  checkout  and  support  of  launch  operations. 
The  ILCCS  shall  provide  those  additional  data  processing,  display,  control, 
monitoring,  and  communication  functions,  as  an  extension  of  spacecraft  and  in- 
tegrated launch  vehicle  checkout  functions,  necessary  to  support  the  checkout, 
countdown,  and  launch  of  a space  tehicle  from  the  Merritt  Island  launch  area 
(MILA). 

3.L1.5  Support  of  the  IMCG:  The  ILCCS  working  in  conjunction  with  the 
central  instrumentation  facility  (OIF),  Atlantic  Missile  Range  (AMR),  and 
the  integrated  mission  control  center  (IMCC)  shall  provide  those  real-time  data 
processing,  display,  control,  monitoring,  and  communication  facilities  at  MILA 
necessary  to  support  the  initial  monitoring,  in-flight  checkout,  and  control  of  a 
space  vehicle  after  liftoff  as  may  be  required  to  support  the  mission  respon- 
sibilities of  the  IMCC.  In  addition,  as  requested  by  IMCC,  the  ILCCS  shall 
provide  for  the  recording  of  appropriate  checkout  data  in  a format  suitable  for 
direct  utilization  by  the  IMCC  for  in-flight  evaluation  of  space  vehicle 
performance. 

3.1.L6  Maintenance  support:  The  ILCCS  shall  provide  those  special  test 
and  equipment  calibration  functions  necessary  to  conduct  test,  repair,  and  pre- 
ventive maintenance  operations  on  the  ILCCS  itself. 

8.1.2  Primary  operational  requirements 

The  operational  requirements  identified  below  shall  be  considered  of  primary 
importance  in  the  desig  n of  the  ILCCS. 

3.1.2.1  Assurance  of  mission  success:  The  ILCCS  shall  be  designed  to  per- 
form checkout  and  control  functions  in  a manner  which  will  provide  the  maxi- 
mum possible  assurance  of  crew  safety  and  overall  Apollo  mission  success. 
Validity  and  reliability  of  testing  shall  be  primary  considerations. 

3.1.2.2  Speed  and  efficiency:  The  ILCCS  shall  be  designed  to  provide  speed 
and  efficiency  of  operation  consistent  with  the  requirements  of  narrow'  launch 
windows  and  high  launch  rates.  These  requirements  shall  be  met  through  the 
application  of  automatic  checkout  and  control  techniques  which  shall  be  im- 
plemented in  a manner  consistent  writh  ILCCS  equipment  operational  avail- 
ability requirements. 

3.1.2.3 . Flexibility : The  ILCCS  shall  be  designed  to  accommodate  changing 
space  vehicle  missions  and  configurations.  This  flexibility  shall  be  provided 
through  application  of  inherently  general  purpose  checkout  and  control  tech- 
niques and  through  a design  which  provides  modification  and  expansion 
capability. 
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32  ILCC8  operating  interfaces 

In  order  to  insure  operation  as  a system,  tbe  ILCCS  shall  provide  the  neces- 
sary system  interfaces  with  the  following  : 

(a)  Spacecraft. 

(b)  Launch  vehicle. 

(c)  Launch  pad  facilities. 

( d ) Ordnance  tower  facilities. 

( e ) Launch  umbilical  tower  facilities. 

if)  Vertical  assembly  building  facilities. 

(g)  Central  instrumentation  facility. 

( h ) Atlantic  Missile  Range. 

(i)  Integrated  mission  control  center. 

( j ) NASA  Headquarters,  Washington,  D.C. 

Mr!  Shetler.  The  integrated  launch  control  and  checkout  system 
is  a very  complicated  system  which  will  collect  the  electrical  and 
mechanical  data  from  the  various  stages  of  the  overall  Apollo  system, 
and  analyze  these  in  such  fashion  as  to  determine  the  operational 
readiness. 

This  is  a pure  electronic  data  manipulation,  gathering  and  hard- 
ware system. 

It  is  my  personal  opinion  that  this  requires  the  long-time  experience 
of  people  doing  automated  data  systems. 

I draft  feel  it  would  be  best  for  the  Government,  which  has  not 
done  this  kind  of  work,  to  set  up  a manufacturing  operation  to  conduct 
this  activity,  this  design,  production  and  operational  kind  of  activity. 

Mr.  Fulton  of  Pennsylvania.  Did  you  have  responsibility  for  any 
part  of  the  guidance  and  control  equipment  on  Mariner  I? 

Mr.  Shetler.  Yes,  for  the  radio  guidance  equipment  for  the  Atlas 
booster. 

Mr.  Fulton  of  Pennsylvania.  I was  down  at  the  site  of  Mariner  I. 
They  had  over  300,000  simulated  runs  in  the  programing  to  see  how 
the  booster  would  wrork  out  in  the  various  parameters  on  the  sub- 
system. When  it  came  right  down  to  it,  there  was  a $12  million 
loss  because  of  the  failure  of  the  guidance  equipment.  This  $12  to  $14 
million  is  a direct  loss  figure;  there  was  probably  another  $5  to  $8 
million  of  indirect  losses,  plus  the  holding  back  of  the  program  when 
we  were  in  a race  with  Russia.  It  took  about  90  days  to  get  Mariner 
II  ready,  and  wTe  almost  missed  the  opening  for  the  lunar  shot. 

Why"  was  it  that  someone  failed  to  put  in  the  minus  sign,  and 
whoever  was  his  backup  failed  to  catch  it,  so  that  there  was  this  tre- 
mendous $16  to  $20  million  loss  of  the  taxpayer’s  money? 

My  other  question  is  this : When  we  know  in  advance  that  because 
of  the  ionization  of  the  exhaust  you  get  a garbled  signal,  and  that  the 
ground  command  was  going  to  be  interfered  with,  why  wasn’t  this  diffi- 
culty corrected  by  the  preprograming  of  the  rocket.  WTiy  wrasn’t  it 
anticipated?  Someone  came  before  this  committee  and  said:  “Well, 
we  just  did  not  have  enough  imagination  to  think  that  out.” 

To  me,  that  is  the  kind  of  reliability  that  we  on  this  committee  must 
see  is  increased,  or  it  is  going  to  be  very  difficult  to  go  on  the  floor  and 
tell  the  American  taxpayers  in  justifying  this  program  that  it  is  a 
tight  program. 

I would  appreciate  it  if  you  would  take  2 minutes  to  explain  that  to 
me.  I have  been  very  interested  in  the  Mariner  I flight : What  went 
wrong  ? Why  did  it  happen  ? To  me  it  looked  like  simple  carelessness. 

Mr.  Shetler.  I think  you  pose  a very  difficult  problem.  I will 
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attack  it  from  two  ways.  One  relates  to  how  did  we  participate,  and 
as  I explained,  we  had  the  radio  guidance  equipment  on  the  Atlas 
booster. 

I am  proud  to  say  we  have  not  had  an  in-fiight  failure  in  our  radio 
guidance  equipment. 

The  difficulty  experienced  on  Mariner  I was,  as  I understand  it, 
as  you  suggested,  an  inaccuracy — I should  not  say  an  inaccuracy,  but 
an  omission  in  the  trajectory  equations. 

In  retrospect,  this  could  have  been  solved  by  additional  simulated 
runs  of  those  equations  through  the  computer. 

I can  assure  you  that  from  all  I have  read  on  this  subject  such  simu- 
lated runs,  rechecking  of  the  trajectory  equations  are  now  being  done. 

Mr.  Fulton  of  Pennsylvania.  But  you  are  saying  to  us  that  your 
company  is  competent  on  these  reliability  checkouts  and  equipment 
checkouts,  to  make  sure  we  don’t  run  into  these  things.  Then  I cite 
you  a tragic  loss  on  which  your  equipment  was  involved.  I want  you 
to  justify  this  so  that  we  can  see  that  the  contract  is  worthwhile. 

Mr.  Sttetlf.r.  Sir,  in  the  case  of  the  Atlas  program,  we  have  had 
no  responsibility  assigned  relating  to  the  establishment  of  the  trajec- 
tory equations. 

Our  design  was  against  certain  limitations  or  boundary  conditions 
for  guidance  equations  which  it  would  accept,  and  what  the  guidance 
system  does  in  this  instance  is  to  take  the  signals  that  are  generated 
from  these  equations  and,  indeed,  makes  the  maneuvers,  if  you  will, 
that  the  equation  said  it  should. 

I believe  that  is  j ust  what  happened  in  this  case. 

We  were  not  contractually  nor  in  any  way  responsible  for  these 
guidance  equations  fed  into  the  computer. 

Mr.  Fulton  of  Pennsylvania.  Operationally  you  were  not  respon- 
sible, though  you  had  the  equipment  and  the  reliability  factor  of  the 
equipment. 

Mr.  Shf.tler.  Yes,  sir,  and  the  equipment  worked  very  well. 

Mr.  Fulton  of  Pennsylvania.  But  on  this  type  of  contract  that  you 
have  now  you  are  assuming  a larger  responsibility,  so  that  this  kind  of 
tragic  failure  will  be  prevented  because  of  a larger  responsibility,  is 
that  right? 

Mr.  Shetler.  That  is  correct. 

I think  it  is  easy  to  draw  these  other  comparisons,  and  I would  say 
on  this  contract  our  responsibility  to  NAS  A is  for  reliability  assess- 
ment, and  we  supply  NASA  data  and  criteria  and  methodology  which 
they  can  use  to  determine  the  readiness  of  the  mission. 

We  fully  accept  that  responsibility.  We  did  not  have  that  responsi- 
bility in  this  example  that  you  have  cited  to  me. 

Mr.  Fulton  of  Pennsylvania.  Let  me  ask  you  a question  on  how 
detailed  you  are  on  these  inspections.  When  I was  down  there  on  this 
same  Mariner  flight,  there  was  a postponement  because  of  the  failure 
of  a fuse  connection  that  flickered  on  and  off.  When  the  fuse  was 
taken  out  it  was  evidently  put  on  a mat  that  contained  other  fuses,  and 
unfortunately  they  could  not  tell  from  among  the  five,  six,  or  eight 
fuses,  which  was  the  bad  one  that  was  taken  out.  They  had  to  check 
everything  out  again,  and  that  means  a postponement  and  the  addi- 
tional cost,  I guess,  of  a whole  day  and  of  all  the  crew. 

Are  you  people  in  this  kind  of  contract  going  to  protect  the  pro- 
gram from  the  lack  of  a horseshoe  nail  type  mistakes  and  accidents? 


A*- 


1964  NASA  AUTHORIZATION 


399 


Or  are  you  always  going  to  be  dealing  with  the  tremendously  com- 
plicated systems,  and  leave  these  smaller  reliability  checks  to  other 
people  ? The  aggravating  thing  to  me  is  the  number  of  small  things 
that  have  gone  wrong.  I have  mentioned  many  times  the  five  things 
that  went  wrong  within  1 hour  of  the  Glenn  flight  that  were  off  the 
shelf  items. 

I may  yet  put  in  an  amendment  to  put  in  a Government  inspection 
system  separate  and  apart  from  NASA.  I am  getting  completely 
discouraged  about  the  tremendous  losses  that  accrue  from  these  smaller 
failures  on  types  of  equipment  that  are  ordinary  procedures,  the  off- 
the-shelf  and  over-the-counter- type  of  thing,  in  the  space  industry. 

Mr.  Shetler.  You  get  into  a very  difficult  problem  and  one  in  which 
I share  your  concern. 

The  integrated  launch  control  and  checkout  philosophy  is  to  in- 
sare  that  these  things  do  not  happen.  I could  not  sit  here  today  nor 
do  I think  anybody  in  the  business  of  making  these  terribly  compli- 
cated systems  could  say  we  can  fully  automate  something  to  eliminate, 
to  100  percent,  human  error.  What  we  try  to  do  is  to  increase  the 
probability  of  success  of  a mission  to  the  point  where  it  is  reasonable, 
beyond  almost  all  doubt,  to  expect  the  mission  will  not  fail. 

But  I don’t  think  anybody  can  guarantee  against  some  human  error 
creeping  in . We  do  everything  we  can  to  avoid  that. 

Mr.  Fulton  of  Pennsylvania.  Do  you  go  into  this  kind  of  check 
to  see  that  we  will  be  saved  from  these  embarrassing  failures  that  cost 
us  worldwide  prestige  ? What  is  your  responsibility  on  that  ? 

Mr.  Shetler.  We  are  supplying  NASA  with  criteria  for  the  se- 
lection and  evaluation  of  reliable  components,  and  I believe  this  will 
aid  very,  very  materially  in  this. 

I am  avoiding  100  percent  assurance,,  because  I don’t  think,  in  my 
technical  judgment,  that  it  would  be  wise  to  give  it. 

Mr.  Fulton  of  Pennsylvania.  We  have  been  in  the  field  a long  time, 
so  we  understand  how  you  have  qualified  your  judgment. 

But  you  feel  this  contract  will  add  to  or  increase  the  reliability 
standards  and  assist  on  the  checkout  of  the  equipment  materially,  so 
that  the  money  spent  is  worthwhile  ? 

Mr.  Shetler.  Indeed  I do. 

It  is  inconceivable  to  me  -without  the  vast  reliability  program  and 
the  assessment  of  the  reliability  programs  at  the  various  prime  con- 
tractor’s plants  and  without  ? highly  integrated  checkout  system,  can 
we  successfully  perform  this  mission,  or  I would  not  be  involved. 

I feel  very  deeply  on  this . 

Mr.  Fulton  or  Pennsylvania.  Thank  you. 

Mr.  Teague.  Mr.  Riehlman  ? 

Mr.  Riehlman.  You  have  people  stationed  now  at  the  Cape,  at 
Houston,  and  at  Marshall. 

Mr.  Shetler.  Yes. 

Mr.  Riehlman.  In  connection  with  your  responsibilities  during  the 
term  of  your  contract  up  to  this  point,  have  you  at  any  time  come  up 
with  new  designs,  or  any  new  type  of  construction,  that  is  necessary 
to  carry  out  your  responsibilities  ? I am  sure  that  will  tie  in  with  the 
manufacturers  who  have  these  contracts. 

Mr.  Shetler.,  Yes.  Our  activity  does  not  relate  to  the  development 
of  any  new  designs  for  components  that  are  not  part  of  the  checkout 
system. 
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We,  rather,  assess  the  reliability  programs  of  these  prime  con- 
tractors for  the  various  centers,  and  assist  NASA  in  assessing  the  re- 
sults of  these. 

We  are  just  now  in  what  I would  call  the  system  design  part  of  the 
integrated  launch  control  and  checkout. 

We  have  nothing  marked  “invention”  to  talk  about  this  morning. 
But  I don’t  believe  that  in  the  integrated  launch  control  and  check- 
out system  invention  is  so  important  from  the  hardware  standpoint  as 
the  careful  programing  of  this  hardware  system  with  all  its  sub- 
routines ; ana  here  is  the  area  of  creative  uniqueness  necessary  to  this 
program. 

I would  relate  this  to  the  difficulty  in  the  kind  of  program  where  if 
you  look  at  a weapons  system  you  may  have  several  hundred  thousand 
parts  and  a requirement  to  operate  for  only  several  minutes  or  a half 
hour. 

In  this  complicated  program  you  have  several  million  parts  that  may 
have  to  operate  for  periods  in  excess  of  one  week,  so  that  gives  you 
sort  of  a feeling  for  the  vastness  of  the  requirements  for  reliability. 

Mr.  Riehlman.  You  do  have  some  responsibility  in  keeping  NASA 
informed  as  to  whether  or  not  the  contractor  is  providing  the  proper 
materials  and  equipment,  do  you  not? 

Mr.  Shetler.  Indeed  we  do,  in  terms  of  reliability  program  reviews 
I was  merely  answering  the  question  and  saying  that  we  have  not  de- 
veloped new  components  for  these  other  people. 

Mr.  Riehlman.  If  you  find  that  there  are  some  components  that 
need  new  design  or  a new  approach,  it  would  be  your  responsibility, 
would  it  not,  to  call  it  to  NASA’s  attention  ? 

Mr.  Shetler.  Yes,  indeed,  again  in  terms  of  program  assessments. 

Mr.  Riehlman.  Under  the  contract  you  have  with  NASA,  would 
you  have  the  authority  to  design  this  type  of  equipment  or  manufac- 
ture it  yourself  ? 

Mr.  Shetler.  We  would  not  have  authority  under  this  contract  to 
design  such  components  nor  to  manufacture  them. 

It  would  be  a separate  matter.  My  offhand  reaction  would  be  for 
our  recommendations  as  to  requirements  for  reliability  programs 
would  go  to  NASA  and  go  through  their  regular  management  chan- 
nels for  them  to  obtain  them  from  their  normal  suppliers. 

Mr.  Teague.  May  I ask  a question  ? 

Mr.  Riehlman.  Certainly. 

Mr.  Teague.  In  other  words,  all  your  hardware  pertains  to  your 
reliability  tests? 

Mr,  Shetler.  Launch  control  and  checkout,  which  encompasses  this 
broad  reliability  assessment  feature. 

Mr.  Teague.  But  take  the  Saturn  shot  that  is  coming  up  soon,  is 
there  any  hardware  that  came  from  your  company  in  that  shot? 

Tell  us  what  part  your  company  will  play  in  the  upcoming  Saturn 
shot. 

Mr.  Shetler.  We  will  not  be  involved  in  the  upcoming  Saturn  shot. 

Mr.  Teague.  No  reliability  tests  or  anything? 

Mr.  Shetler.  No,  we  will  not  have  equipment  involved  in  making 
reliability  tests  on  that  Saturn  shot. 

From  the  data  that  is  generated  under  the  current  Saturn  work 
going  on  we  will  use  these  numbers  as  well  as  the  total  results  of  the 
system,  to  give  a reliability  assessment  for  that — probably  not  that 
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Saturn  shot  specifically,  but  a model  which  is  part  of  the  total  reliabil- 
ity assessment. 

In  the  end  program,  the  total  Apollo  program,  we  will  furnish 
hardware  whicn  will  give,  as  the  countdown  proceeds,  the  operational 
readiness  of  the  total  system. 

I think  I have  to  differentiate  here  between  the  Saturn  shot  which 
is  a test,  and  primarily  test  equipment  will  be  used,  as  opposed  to 
launch  control  and  checkout,  which  is  an  operational  readiness  com- 
plex. 

Mr.  Riehlman.  You  heard  the  gentleman  from  Belleomm  testify 
this  morning,  Mr.  Shetler.  ’ Do  you  feel  that  any  of  the  activities  that 
you  are  carrying  out  under  your  contract  with  NASA  would  overlap 
to  any  degree  with  what  Belleomm  is  doing  ? 

Mr.  Shetler.  I do  not  believe  our  activities  overlap  those  of  Bell- 
comm.  I listened  carefully  this  morning.  The  portion  Dr.  Hornbeck 
mentioned  this  moriiing  relating  to  overall  checkout  relates  to  the 
overall  philosophy  of  checkout,  not  to  the  specifics  of  system  design  or 
equipment  design. 

So  I do  not  see  any  overlap  in  this  area,  other  than  that  overlap 
required  to  transfer  knowledge.  I think  you  have  to  have  a method  of 
communicating. 

Mr.  Riehlman.  One  other  question,  Mr.  Chairman. 

In  your  activities  so  far  at  the  different  centers,  you  are  coming  in 
contact  with  people  in  the  manufacturing  field  who  are  furnishing 
equipment.  What  has  been  your  relationship  with  them  ? 

Let’s  take  one  specific  case.  What  about  North  American? 

Mr.  Shetler.  Our  method  of  operating  with  the  prime  contractors 
of  NASA  centers,  in  this  case  North  American  being  a prime  contrac- 
tor of  the  Manned  Space  Flight  Center  in  Houston,  is  to  have  our 
relationship  with  them  relating  to  reliability  assessment  and  checkout 
established  with  the  NASA  Center  which  has  that  prime  contractor 
cognizance  and  for  the  checkout  of  the  spacecraft  we  are  in  the  process 
of  system  design,  again  relating  to  the  prelaunch  automatic  checkout 
equipment  for  the  spacecraft. 

So  our  relationship  here  is  one  of  communication  with  these  people 
through  the  centers.  I think  we  would  be  unwise  to  communicate 
directly,  that  control  and  management  of  this  program  must  belong 
to  NASA  throughout  and,  from  the  standpoint  of  this  program,  the 
headquarters  in  the  three  centers. 

We  are  very  careful  not  to  go  around  that  and  violate  that  preroga- 
tive. 

Mr.  Riehlman.  Well,  you  have  people  at  Houston. 

Mr.  Shetler.  That  is  correct. 

Mr.  Riehlman.  And  certainly  North  American  has  some  people 
there. 

Mr.  Shetler.  That  is  right. 

Mr.  Riehlman,  Could  you  give  us  any  idea  of  what  your  relation- 
ship has  been  with  North  American  in  their  activities  at  Houston  ? 

Mr.  Shetler.  Yes.  Our  relationships  with  North  American  have 
been  through  specifically  designed  and  stated  tasks  by  such  people  as 
those  people  at  Houston,  to  direct  us  to  obtain  such  information  as  we 
need  from  North  American  to  do  both  reliability  assessment  and  to 
have  concept  design,  or  to  have  systems  design,  really,  for  the  preflight 
automatic  checkout  equipment  the  spacecraft. 
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So  it  is  a specifically  directed  effort. 

Mr.  Riehlman.  Have  you  been  able  to  get  that  information  ? 

Mr.  Shetler.  We  have  had  no  abnormal  difficulties  in  that  area. 

Mr.  Teague.  Any  other  questions  ? 

Mr.  Yeager.  You  are  still  operating  under  the  letter  contract  at  the 
present  time? 

Mr.  Shetler.  That  is  right. 

Mr.  Yeager.  I believe  you  gave  us  the  date  of  February  1962  ? 

Mr.  Shetler.  That  is  correct. 

Mr.  Yeager.  Why  has  it  taken  this  length  of  time  to  complete  a 
finalized  contract?  Are  there  any  particular  stumbling  blocks? 

Mr.  Shetler.  There  are  at  this  time  no  particular  stumbling  blocks. 
The  overall  launch  control  and  systems  checkout  system  is  very, 
very  complicated.  It  slashes  across  the  total  system.  To  define  this 
properly  we  took  a great  deal  of  time,  to  be  sure  to  define  this  so 
everyone  had  full  knowledge  of  what  we  are  doing. 

I would  have  preferred  to  take  this  extra  time  to  be  sure  what  we 
were  doing,  rather  than  to  have  had  a broad  and  loose  contract.  We 
are  hopeful  to  have  this  completed  now  in  very  short  order. 

Mr.  Yeager.  What  percentage  of  funds  that  you  have  had  so  far 
has  been  devoted  to  construction,  or  the  purchase  of  land,  buildings, 
this  kind  of  thing  ? 

Mr.  Shetler.  We  have  not  used  any  of  the  NASA  funds  to  pur- 
chase construction  and  facilities. 

Our  facilities  and  construction  are,  as  has  been  our  usual  practice, 
against  General  Electric  funds  and  credit,  which  are  charged  off  on 
a proportion  to  the  amount  of  work  we  do  for  you,  as  to  our  other 
contractors. 

Mr.  Yeager.  Do  you  contemplate  this  arrangement  will  continue 
in  the  future? 

Mr.  Shetler.  I see  no  reason  to  believe  there  should  be  special 
facility  funds  for  our  work. 

Isay  “facility  funds.” 

I don’t  bow  about  highly  specialized  tools  or  test  equipment. 

Mr.  Yeager.  Could  you  provide  us  for  the  record,  as  we  asked  Dr. 
Hombeck  to  do;  the  professional  background  of  your  people  who  are 
working  on  this,  whether  they  are  engineers,  physicists,  chemists, 
mathematicians,  electronics  experts,  that  kind  of  thing? 

Mr.  Shetler.  Yes,  sir. 

(The  information  requested  is  as  follows :) 


Apollo  support  department  technical  staff  as  of  Mar.  SO,  1963 


Location 

Mechanical 

engineering 

Electrical 

engineering 

Other 

engineering 

Physics 

Mathematics 

Daytona  Beach  

73 

193 

21 

44 

27 

Huntsville.. 

63 

137 

15 

9 

5 

Cape  Canaveral 

22 

59 

7 

9 

tt 

Houston 

17 

44 

5 

3 

2 

Total 

165 

433 

48 

66 

39 
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Mr.  Yeager.  Thank  you. 

Mr.  Teague.  Are  there  other  questions?  Mr.  Bell? 

Mr.  Bell.  Are  all  of  your  personnel  of  a technical  nature?  In 
other  words,  you  won't  be  dealing  with  any  unions  or  anything  of 
this  kind? 

Mr.  Shetler.  My  statement  related  to  the  people  we  have  on 
board  at  the  moment,  which  I stated  to  be— that  about  two-thirds  of 
our  people  were  professional  or  technical  people. 

As  we  proceed  with  the  construction  of  the  total  checkout  system 
we  will  have  direct  labor  personnel  constructing  hardware. 

Mr.  Bell.  Construction  personnel  ? 

Mr.  Shetler.  Fabrication,  I should  say,  electronic  fabrication. 

Mr.  Bell.  That  would  be  in  the  construction  end  of  the  business, 
the  constructing  of  material  ? 

Mr.  Shetler.  That  is  right. 

Mr.  Bell.  In  other  words,  it  would  be  subject  to  the  Davis-Bacon 
Act ; is  that  correct  ? 

Mr.  Shetler.  I do  not  know  that  answer ; I am  sorry. 

Mr.  Teague.  We  do,  Mr.  Shetler. 

' Mr.  Bell.  My  questioning  was  relative  to  the  problems  that  we 
have  had  in  the  past  in  this  type  of  work. 

Mr.  Shetler.  If  I may  just  make  a comment : When  I think  of 
construction  I think  of  the  construction  trades,  and  in  electronics  I 
think  of  fabrication.  There  will  be  electronic  fabrication. 

Mr.  Teague.  Are  there  no  other  questions  ? Thank  you  very  much 
Mr.  Shetler.  The  committee  will  adjourn  until  10  o’clock  tomorrow. 

(Whereupon,  at  11:45  a.m.,  the  committee  was  adjourned,  to  re- 
convene at  10  a.m.,  Thursday,  March  21, 1963.) 
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THURSDAY,  MARCH  21,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  F eight, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  Hon.  Olin  E„  Teague  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Teague,  The  committee  will  come  to  order. 

We  have  with  us  this  morning  Dr.  Robert  Seamans,  Jr.,  Associate 
Administrator  of  NASA,  and  Dr.  Brockway  McMillan,  Assistant 
Secretary  of  the  Air  Force  for  Research  and  Development. 

(The  biographical  sketches  of  Dr.  Seamans  and  Dr.  McMillan 
follow:) 

Robert  C.  Seamans,  Jr..  Associate  Administrator,  N'ASA 

Robert  C.  Seamans,  Jr.,  vras  appointed  Associate  Administrator  of  the  Na- 
tional Aeronautics  and  Space  Administration  on  September  1,  1960.  Dr.  Sea- 
mans occupies  the  top  career  post  at  NASA,  serving  under  the  presidential^ 
appointed  Administrator  and  Deputy  Administrator. 

In  this  position,  he  is  responsible  for  the  general  management  of  NASA’s 
operations,  which  include  laboratories,  research  centers,  rocket  testing  and 
launching  facilities,  and  a world  network  of  tracking  stations. 

Previous  to  his  appointment  at  NASA,  Dr.  Seamans  was  chief  engineer  of 
the  Radio  Oorp.  of  America’s  Missile  Electronics  & Controls  Division  at  Burl* 
ington,  Mass. 

Bom  October  30, 1918,  in  Salem,  Mass,  he  earned  a bachelor  of  science  degree 
from  Harvard  University  in  1939.  He  received  a master  of  science  degree 
in  1912  and  a doctor’s  degree  in  1951  from  the  Massachusetts  Institute  of 
Technology. 

Dr.  Seamans  has  been  active  in  the  fields  of  missiles  and  aeronautics  since 
1941.  From  1941  to  1955,  he  held  teaching  and  project-management  positions 
of  increasing  responsibility  at  MIT,  including  from  1949  to  1955,  associate  pro- 
fessor of  the  department  of  aeronautical  engineering;  from  1950  to  1955,  chief 
engineer  of  Project  Meteor,  and  from  1953  to  1955,  Director  of  the  Flight  Con- 
trol Laboratory, 

Dr.  Seamans  joined  RCA  in  1955  as  manager  of  the  Airborne  Systems  Labora- 
tory and  chief  systems  engineer  of  the  airborne  systems  department.  In  1958  he 
became  chief  engineer  of  the  Missile  Electronics  & Controls  Division,  supervising 
all  scientific  engineering  and  technical  personnel  in  the  division. 

From  1948  to  1958,  he  served  on  technical  committees  of  NASA’s  predecessor 
organization,  the  National  Advisory  Committee  for  Aeronautics,  From  1957  to 
1959  he  served  as  a consultant  to  the  Scientific  Advisory  Board  of  the  Air 
Force,  and  has  been  a member  of  the  Board  since  1959, 

Dr.  Seamans  is  a member  of  Sigma  Xi,  the  Institute  of  Aerospace  Science, 
the  Institute  of  Radio  Engineers  and  the  American  Ordnance  Association.  He 
was  the  recipient  of  the  Naval  Ordnance  Development  Award  in  1945  and  the 
Lawrence  Sperry  Award  for  the  year  1951  given  by  the  Institute  of  the  Aero- 
nautical Sciences. 

He  is  married  to  the  former  Eugenia  A.  Merrill.  They  have  five  children 
and  reside  in  Washington,  D.C. 
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Db.  Beockway  McMixxan,  Unbeb  Secret abty  on?  the  Aib  Force 

Dr.  McMillan  was  bom  March  30,  1915,  in  Minneapolis,  Minn.  He  attended 
public  schools  at  Hinsdale,  111.  He  received  his  B.S.  at  Massachusetts  Institute 
of  Technology  in  1936  and  his  Ph.  D.  in  1939. 

Dr.  McMillan  was  an  instructor  at  MIT  from  1936  to  1939.  At  Princeton  Uni- 
versity he  was  a Procter  fellow,  1939-40 ; an  instructor,  mathematics,  1940-41 ; 
and  a research  associate,  1841-42.  He  served  with  the  Office  of  Scientific  Re- 
search and  Development  in  1941.  Dr.  McMill  an  served  on  aetive  duty  with  the 
U.S.  Navy  during  the  period  1942-45.  He  was  associated  with  the  Loe  Alamos 
Laboratory,  AEC,  in  1946.  From  1946  to  1959  he  was  research  uathematician 
and  from  1959  to  June  1961  he  was  director  of  military  research,  both  at  Bell 
Telephone  Laboratories.  He  was  one  of  the  founders  and  president  of  the  So- 
ciety for  Industrial  and  Applied  Mathematics  from  1959  to  1961. 

Dr.  McMillan  served  as  a member  of  the  local  board  of  education,  appointed 
by  the  mayor  of  Summit,  N.J.  He  is  a member  of  the  Mathematics  Society  and 
the  Institute  of  Mathematical  Statistics.  Among  his  publications  are : “Statis- 
tical Mechanics  of  Interacting  Systems,”  “Electrical  Networks  Theory,”  and 
“Probability  Theory  and  Random  Processes.” 

One  June  1, 1961,  Dr.  McMillan  was  appointed  Assistant  Secretary  of  the  Air 
Force  for  Research  and  Development,  and  on  June  12,  1963,  was  sworn  in  as 
Under  Secretary  of  the  Air  Force,  both  under  the  Secretary  of  the  Air  Force. 

He  married  the  former  Audrey  Wishard  in  1942,  and  they  have  three  children : 
two  soils,  Douglas  and  Gordon,  and  a daughter,  Sarah.  The  family  resides  at 
2524. 44th  Street  NW.,  Washington,  D.G. 

Mr.  Teague.  I believe,  Dr.  Seamans,  you  have  a prepared  statement. 

STATEMENT  OF  D2L  ROBERT  C.  SEAMANS,  JR.,  ASSOCIATE  AD- 
MINISTRATOR, NATIONAL  AERONAUTICS  AND  SPACE  ADMINIS- 
TRATION 

Dr.  Seamans.  I have  just  a short  statement,  Mr.  Chairman,  I 
would  like  to  read  before  we  address  ourselves  to  any  particular 
questions  you  or  other  members  of  this  subcommittee  may  have  on  the 
Gemini  planning  board. 

The  NASA-DOD  agreement  on  Gemini  was  put  into  effect  by 
Secretary  McNamara  and  Administrator  Webb  on  January  21, 1968. 
This  agreement  represents  another  important  example  of  the  manner 
in  which  both  the  Department  of  Defense  and  the  National  Aero- 
nautics and  Space  Administration  are  striving  to  maximize  the  tech- 
nological productivity  of  national  space  flight  programs  such  as  the 
Gemini. 

I think  it  is  significant  that  in  announcing  the  agreement,  Mr. 
McNamara  and  Mi-.  Webb  emphasized  the  national  character  and  im- 
portance of  the  Gemini  project  and  reiterated  their  intentions  to  in- 
sure that  Gemini  is  utilized  in  the  national  interest  and  to  avoid 
unnecessary  duplication  of  effort  in  this  area  as  in  all  others. 

The  Gemini  agreement  actually  represents  one  of  many  key  agree- 
ment arrived  at  between  the  DQD  and  NASA  over  the  past  several 
years.  As  you  know,  two-other  important  agreements  which  illustrate 
our  close  working  relationships  cover  the  national  launch  vehicle  pro- 
gram, and  operations  at  the  launch  area  on  Merritt  Island  and  Cape 
Canaveral.  \ /-  -- 

With  your  permission,.  I would  like  to  submit  for  the  record  at  this 
iihie  a copy  of'  the  Gemini  agreement  and  briefly  rim  through  its 
several  provisions.  s 

Mr.  Teague.  Without  objection,  it  will  be  placed  in  the  record 
at  this  point. 

(The  document  referred  to  follows :) 
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Agreement  Between  the  National  Aeronautics  and  Space  Administration 
and  the  Department  of  Defense  Concerning  the  Gemini  Program 


This  document  defines  the  policy  agreement  for  arrangements  to  insure  the 
most  effective  utilization  of  the  Gemini  Program  in  the  national  interest.  ; 

1.  Objectives  of  the  Oemini  program  - 

The  Gemini  program  constitutes  a major. portion  of  the  current  near-Earth 
manned  space  program  in  the  United  States.  It  is  the  intent  of  tins  agreement 
to  assure  that  the  scientific  and  operational  experiments  undertaken  as  a part 
of  the  Gemini  program  are  directed  at  the  objectives  and  requirements  both  of 
the  DOD  and  the  NASA  manned  space  flight  program. 

2.  Establishment  of  the  Oemini  program  planning  board  ' 

A Gemini  program  planning  board  is  hereby  established  reporting  jointly  to 

the  Administrator  of  the  NASA  and  the  Secretary  of  Defense.  The  Associate  Ad- 
ministrator of  the  NASA  and  the  Assistant  Secretary  of  the  Air  Force  for  Re- 
search and  Development  will  serve  as  Co-Chairman  of  the  planning  board.  The 
board  will  include  two  additional  representatives  of  each  of  the  two  agencies. 
Members  will  be  named  by  the  Co-Chairman  and  approved  by  the  Administrator 
of  the  NASA  and  the  Secretary  of  Defense. 

S.  Functions  of  the  Gemini  program  planning  board 
The  Board  hereb-'  created  is  intended  to  assure  that  the  Gemini  program  is 
planned,  executed,  and  utilized  in  the  overall  national  interest,  in  accordance 
with  policy  direction  from  the  Secretary  of  Defense  and  the  Administrator  of 
the  NASA,  so  as  to  avoid  duplication  of  effort  in  the  field  of  manned  space  flight 
and  to  insure  maximum  attainment  of  objectives  of  value  to  both  the  NASA  and 
the  DOD.  The  functions  of  the  Board  in  carrying  out  this  responsibility  shall 
include  the  delineation  of  NASA  and  DOD  requirements  and  program  monitoring 
to  insure  that  they  are  met  in : 

1.  The  planning  of  experiments. 

2.  The  actual  conduct  of  flight  and  in-flight  tests. 

3.  The  analysis  and  dissemination  of  results. 

Should  actual  project  plans  fail  to  meet  the  requirements  specified  by  the 
Board,  or  should  competing  requirements  produce  resource  or  schedule  con- 
flicts, the  Co-Chairmen  shall  so  inform  the  Administrator  of  the  NASA  and  the 
Secretary  of  Defense. 

if.  Gemini  project  management 

NASA  will  continue  to  manage  the  Gemini  project.  It  is,  however,  agreed 
that  the  DOD  will  participate  in  the  development,  pilot  training,  pre-flight  check- 
out, launch  operations  and  flight  operations  of  the  Gemini  program  to  assist 
NASA  and  to  meet  the  DOD  objectives. 

.5.  Funding 

In  recognition  of  its  interest  in  the  program,  the  DOD  will  contribute  funds 
to  assist  in  the  attainment  of  Gemini  program  objectives.  The  amount  of  such 
support  will  be  determined  on  the  basis  of  recommendations  submitted  by  the 
Board. 


J.  A dditional  programs 

It  is  further  agreed  that  the  DOD  and  the  NASA  will  initiate  major  new  pro- 
grams or  projects  in  the  field  of  manned  space  flight,  aimed  chiefly  at  the  attain- 
ment of  experimental  or  other  capabilities  in  near-Earth  orbit  only  by  mutual 
agreement.  . 

Robert  S.  McNamara, 

Secretary  of  Defense. 

Date  Jan  21, 1963. 

James  E.  Webb, 

Administrator,  NASA. 

Date  Jan  21, 1963. 


Dr.  Seamans.  The  first  important  element  I have  already  men- 
tioned ; i.e.,  to  assure  that  the  scientific  arid  operational  experiments 
undertaken  as  a part  of  the  Gemini  program  are  directed  at  the  ob- 
jectives and  requirements  both  of  the  Department  of  Defense  and  the 
NASA  manned  space  flight  program. 
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In  this  regard,  it  is  important  to  note  that  for  many  months  now  we 
have  had  detailed  agreements  at  the  working  level  on  Gemini  between 
Our  Office  of  Manned  Space  Flight  under  Brainerd  Holmes  and  the 
US.  Air  Force  Systems  Command  under  General  Schriever. 

As  you  know;  General  Schriever  has  assigned  General  Kitland  as  a 
full-time  coordinating  official  with  the  Office  of  Manned  Space  Flight. 

General  Ritland  and  his  staff  have  offices  in  the  building  occu- 
pied by  D.  Brainerd  Holmes  and  his  people.  We  have  found  this  ar- 
rangement to  be  very  helpful  in  insuring  close  coordination  between 
various  elements  of*  the.  Systems.  Command  and  our  own  Office  of 
Manned  Space  Flight. 

The  second  key  element  of  the  Gemini  agreement  concerns  estab- 
lishment of  a Planning  Board  cochaired  by  Dr.  McMillan  and  myself. 

In  addition  to  Br,  McMillan,  DOB  representation  on  the  Board 
includes  Br.  Lawrence  Kavanau,  Special  Assistant  (Space) , DJXR. 
& Eh  and  Genera!  Schriever. 

NASA  representation  includes  my  Deputy  for  Defense  Affairs, 
Adm.  W.  F.  Boone,  and  Mr.  D.  Brainerd  Holmes. 

The  Board’s  principal  function  is  to  assure  that  the  Gemini  pro- 
gram is  planned  and  executed  so  as  to  he  fully  response  ve  to  tech- 
nical requirements  of  both  NASA  and  DOD  and,  by  so  doing  preclude 
unnecessary  duplication  of  effort  in  the  field  of  manned  space  flight. 

In  our  three  meetings  to  date,  the  Board  has  been  reviewing  Gem- 
ini program  plans  and  status  in  light  of  the  technical  objectives  set 
forth  by  NASA  and  the  DOD. 

_ The  third  key  element  of  the  agreement  concerns  DOD  participa- 
tion in  significant  elements  of  the  program  such  as  hardware  develop- 
ment, astronaut  training,  and  flight  operations.  As  you  know,  the 
DOD  already  is  participating  heavily  in  the  Gemini  project  as  ex- 
emplified by  Titan,  II,  Agena,  and  recovery  responsibilities. 

However,  the  intention  here  is  to  broaden  this  participation  wher- 
ever possible  in  order  to  maximize  the  benefits  of  this  technology  in 
figpt  of  potential  military  utili  zation. 

_ i think  it  is  important  to  point  out  here  that  increased  DOD  par- 
ticipation in  the  Gemini  does  not  alter  the  peaceful  and  experimental 
character  of  the  program.  We  are  driving  forward  to  advance  the 
technology  of  manned  space  flight,  including  rendezvous  and  desig- 
nated docking  and  to  understand  man’s  effectiveness  under  prolonged 
conditions  of  weightlessness. 

In  carrying  out  this  program.  NASA  continues  to  be  solely  respon- 
sible for  the  management  of  the  Gemini  project. 

As  a final  word,  I would  like  to  point  out  that  the  Board  has  been 
operating  most  effectively  during  the  very  short  time  it  has  been  in 
existence.  v ’ - 

For  my  part,  I am  convinced  that  it  provides  both  Dr.  McMillan 
and  myself  with  an  extremely  helpful  mechanism  for  insuring  that 
the  program  is  well  conceived  and  executed  and  that  it  provides  a 
maximum  return  for  the  investment  the  Nation  is  making  in  it, 

That  concludes  my  statement. 

Mr.  Teague.  Thank  you,  sir. 

Expressing  my  personal  opinion,  I was  very  pleased  to  see  this 
agreement.  I happen  to  believe  there  is  a military  mission  in  space, 
and  that  it  is  time  we  got  on  with  it. 
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We  keep  hearing  rumors  here  on  the  Hill  that  there  is  to  be 
another  agreement.  Is  this  the  only  agreement,  or  do  you  expect  to 
have  another  one  ? 

Dr.  Seamans.  Obviously  there  will  be  additional  agreements.  This 
is  the  one  for  Gemini.  We  have,  as  I indicated,  an  agreement 
to  have  the  operation  of  the  Atlantic  Missile  Range.  We  are  currently 
discussing  an  agreement  with  the  Air  Force  for  the  Atlas  and  the 
Agena,  and  each  project  has  to  be  reviewed  in  order  to  insure  that 
we  are  obtaining  a maximum  benefit  from  it,  and  in  some  cases  it 
warrants  my  participation,  and  in  these  cases  we  want  to  define  the 
roles  of  each  agency.. 

Mr.  Teague.  As  far  as  the  Gemini  program  is  concerned— — 

Dr.  Seamans.  I know  of  no  forthcoming  amendments  or  additions 
to  that  agreement. 

Mr.  Teagtje.  How  many  meetings  has  your  Planning  Board  had? 

Dr,  Seamans.  Three,  sir.  Two  executive  sessions,  and  we  had  a 
third  meeting  to  review  the  program  in  detail;  with  presentations 
from  all  the  participants. 

In  addition  this  last  week  we  went  on  a trip  with  the  Secretary  of 
Defense  to  Houston,  so  he  had  an  opportunity  himself  to  review  the 
Gemini  program  along  with  Dr.  McMillan  and  Dr.  Brown  and  Gen- 
eral Schriever. 

Mr.  Teague.  Would  you  discuss  funding  for  us.  Has  the  fact 
that  the  Air  Force  came  into  the  program  added  any  funding  prob- 
lems as  far  as  NASA  is  concerned? 

Dr.  Seamans.  It  has  not  added  funding  at  this  time,  because  the 
program  has  not  been  altered.  We  are  still  proceeding  with  all  the 
elements  of  the  project  as  originally  conceived  and  discussed  with 
your  committee. 

However,  we  are  reviewing  both  NASA  and  DOD  requirements, 
and  it  may  be  we  will  want  to  expand  certain  of  the  experiments,  in 
which  case  the  Board,  Dr.  McMillan,  and  myself  will  present  recom- 
mendations to  the  Secretary  of  Defense  and  the  Administrator  of 
NASA  for  possible  increased  funding  that  might  involve  the  use 
of  DOD  funds. 

Mr.  Teague.  Then  the  Planning  Board  will  decide  what  contri- 
bution DOD  should  make  and  what  NASA  should,  make? 

Dr.  Seamans.  Not  decide,  but  they  will  make  a recommendation. 
The  decision  for  DOD  participation  will  be  that  of  Mr.  McNamara, 

Mr.  Teague.  What  does  the  last  paragraph  of  the  agreement  mean? 

Dr.  Seamans.  The  last  paragraph  relates  to  programs  beyond  those 
already  approved;  by  that  I mean  programs  beyond  Gemini  and 
Apollo,  and  Dyna-Soar.  It  states  that,  for  example,  if  there  were  to 
be  a manned  space  station,  this  would  be  a program  that  would  be 
in  its  makeup  a consideration  for  both  NASA  and  DOD  requirements, 
that  the  management  of  the  project  would  be— and  the  conduct — 
would  be  jointly  approved  by  both  the  Secretary  of  Defense  and  the 
Administrator  of  NASA. 

Mr.  Teague.  Does  this  paragraph  mean  that  neither  the  Air  Force 
nor  NASA  can  start  a program  without  the  agreement  of  the  other? 

Dr.  Seamans.  This  says  that  is  the  indication  for  any  “new  major 
program,”  and  the  word  “major”  is  important. 

It  does  not  refer  to  systems  studies,  for  example,  it  does  not  refer 
to  advanced  technological  developments. 
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It  does  refer  to  programs  of  the  scope  of  Gemini,  Apollo  and  Dyna- 
Soar. 

Mr.  Fulton  of  Pennsylvania.  Who  asked  for  this  arrangement? 

Dr.  Seamans.  This  is  an  item  both  Mr.  Webb  and  Mr.  McNamara 
felt  would  be  necessary  before  either  party  would'  be  willing  to  go 
ahead,  and  felt  it  would  be  desirable  to  have  it  in-  writing  so  there 
would  he  no  misunderstanding  on  anybody  ’s  part. 

Mr.  Fulton  of  Pennsylvania.  Will  it  help  eliminate  duplication  ? 

Dr.  Seamans.  Yes,  that  is  really  the  reason  for  the  Gemini  agree- 
ment, to  eliminate  duplication. 

And  looking  at  it  the  other  way,  to  get  maximum  return  from  this 
very  major  investment  of  the  taxpayer. 

Mr.  Fulton  of  Pennsylvania.  What  near-Earth  orbits  would  the 
Air  Force  have  that  NASA  would  not  be  interested  in? . . 

Dr.  Seamans.  Would you  care  to  discuss  that? 

STATEMENT  OFDE.  BROCKWAY  McMILLAN.  ASSISTANT  SECRETARY 

OF  THE  AIR  FORCE  FOR  R.  & D.,  ACCOMPANIED  BY  COL.  HERMAN 

DORFMANN,  EXECUTIVE  TO  THE  ASSISTANT  SECRETARY  OF  THE 

AIR  FORCE,  R.  & D. 

Dr.  McMillan.  I can’t  visualize  any  that  NASA  would  not  be 
interested  in  tn  some  degree. 

Mr.  Fultgx  of  Pennsylvania.  I would  imagine  adverse  encounter 
would  be  one. 

Dr.  McMillan.  As  far  as  actual  operational  military  systems  are 
concerned,  surely  the  DOD  has  a primary  interest,  and  NASA  almost 
by  definition  would  not  have  an  interest. 

But  in  thinking  of  experimental  programs  I cannot  visualize  the 
military  would  want  to  engage  in  a program  that  was  not  of  some 
interest  to  the  NASA. 

There  are  differences  in  our  interests  in  details  of  experiments,  of 
course, 

Mr.  Fulton  of  Pennsylvania.  Do  NASA  and  the  Air  Force  have 
identical  interest  in  these  near-to-Earth  orbits  ? 

Dr.  McMilLxYN.  I would  not  say  identical,  no. 

The  military  has  interest  in  achieving  rendezvous  with  noncoopera- 
tive targets,  and  that  is  not  of  direct  or  immediate  interest  to  NASA, 
though  I am  sure  in  case  of  emergency  the  NASA  would  like  to  have 
the  same  capability, 

In  the  long  run  the  Department  of  Defense  has  interest  in  achieving 
rendezvous  with  targets  that  are  trying  actually  to  evade.  I am 
sure  this  is  a matter  that  would  be  of  only  very  peripheral  interest 
to  the  NASA. 

Mr.  Fulton  of  Pennsylvania.  This  paragraph  does  not  show  the 
peacetime^  uses  of  space  and  the  military  uses  of  space,  so  your  own 
separate  interests  cannot  be  distinguished. 

Is  this  a melding  and  molding  of  the  two  programs?  If  so,  the 
question  comes  up,  shouldn’t  we  have  just  one  program ; why  two ? - 

Dr.  McMillan.  I don’t  see  that  this  paragraph  commits  either 
party  in  the  long  ran  to  a melding  or  molding  or  unification  of 
programs. 
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It  just  requires  that  both  parties  agree  to  the  content  and  conduct 
of  the  program  and  its  desirability  before  the  program  is  undertaken. 

Mr.  Fulton  of  Pennsylvania.  When  did  the  Air  Force  decide  that 
it  had  a mission  in  space  under  DOD  policy  ? 

Dr.  McMillan.  1 don’t  understand  the  question,  sir. 

Mr.  Fulton  of  Pennsylvania.  We  have  been  hearing  from  the  De- 
partment of  Defense  that  there  were  no  missions  in  space  for  the 
DOD  (and  if  there  were  any,  they  were  very  doubtful).  Also,  that 
they  could  not  visualize  weapon  resistance  in  space  that  could  be  any- 
thing more  than  could  be  done  in  an  Earth-to-orbit  ballistic  missile 
approach.  This  committee  has  heard  such  testimony  over  the  past 
several  years  by  the  Department  of  Defense,  and  I must  say  it  has  not 
come  from  the  Air  Force.  The  question  naturally  arises,  when  did 
this  beautiful  marriage  of  ideas  occur  between  the  Air  Force  and  the 
Department  of  Defense  ? 

Dr.  McMillan.  I think  my  best  answer  to  that  would  be  to  say  on 
February  22  a year  ago  the  Secretary  of  Defense  wrote  a long,  rather 
detailed,  and  classified,  memorandum  to  the  Air  Force  specifying 
a great  many,  or  describing  a great  many  desirable  features  of  military 
systems  to  be  investigated  in  space,  and  setting  down  ground  rules 
under  which  he  felt  the  Air  Force  ought  to  consider  experimenting 
with  both  manned  and  unmanned  space  flight  for  military  purposes. 

Mr.  Fulton  of  Pennsylvania.  Gan  you  release  any  of  that  memo- 
randum ? That  is  of  major  significance  not  only  to  our  taxpayers  but 
to  this  program.  We  should  know  what  these  programs  are  if  they 
are  not  classified.  If  they  are  general  policies,  I see  nothing  wrong 
with  declassifying  them. 

Dr.  McMillan.  I can  take  that  question  up  with  the  Secretary  of 
Defense. 

Mr.  Teague.  Some  of  it  has  been  released  to  the  papers  within  the  , 
last  10  days,  has  it  not? 

Dr.  McMillan.  I am  not  sure  of  the  contents  of  the  particular 
memorandum  that  I have  reference  to. 

Mr.  Fulton  of  Pennsylvania.  With  the  chairman’s  permission  I 
would  like  to  request  that. 

Mr.  Teague.  Yes. 

(The  memorandum  referred  to  is  classified  and  may  be  found  in  the 
committee  files.) 

Mr.  Fulton  of  Pennsylvania.  Let  me  ask  you  this  further  question : 
On  the  Gemini  program,  will  you  be  equal  partners?  Will  you  be 
working  together  so  that  there  is  an  equality  of  status  ? Or  does 
either  NASA  or  the  Department  of  Defense  have  the  ultimate  policy 
direction  and  decision  at  the  administrative  level  ? 

Dr.  Seamans.  As  I indicated,  the  management  responsibility  for 
the  Gemini  is  vested  in  NASA ; and  our  project  people,  coming  under 
Brainerd  Holmes,  have  the  responsibility  to  see  that  technical  ob- 
jectives are  achieved  and  that  the  program  proceeds  on  schedule  and 
stays  within  funds. 

Mr.  Fulton  of  Pennsylvania.  Suppose  the  Air  Force  says  “We 
want  so  and  so  for  Air  Force  purposes?  Who  says  yes  or  no,  or 
who  says  “the  two  of  you  go  together”? 

Dr.  Seamans.  It  is  the  purpose  of  the  Policy  Board  to  review  at  all 
times  on  a continuing  basis  both  the  DOD  requirements  as  well  as 
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NASA  requirements,  and  if  DOD  has  a requirement  that  is  not  being 
met  in  the  conduct  of  the  Gemini  program  it  is  reviewed  by  Dr.  Mc- 
Millan and  myself,  and  if,  in  order  to  meet  these  requirements,  we 
would  have  to  change  the  project  in  some  substantive  way,  this  would 
have  to  be  reviewed  by  Mr.  Webb  and  Mf . McNamara  before  that 
change  would  be  made.  The  final  determination  as  to  what  NASA 
does  would  be  made  by  the  Administrator  of  NASA. 

Mr.  Fulton  of  Pennsylvania.  It  is  the  Administrator  of  NASA 
who  makes  the  final  determination.  The  Board  only  makes  a recom- 
mendation of  Bolicy,  so  that  the  Board  is  in  a consultative  position, 
is  that  correct? 

Dr.  Seamans.  That  would  lie  my  definition,  ves. 

Mr.  Fulton  of  Pennsylvania.  Does  the  Air  Force  agree  that  the 
ultimate  decision  is  in  the  Administrator  of  NASA  on  these  pro- 
grams? ;■  ' - ..  ... 

Dr.  McMillan.  I think  the  Air  Force  interprets  the  agreement 
much  in  or  exactly  the  way  Dr.  Seamans  describes  his  interpretation, 
that  the  Gemini  Planning  Board  makes  recommendations  on  matters 
of  substance  to  the  Secretary  of  Defense  and  to  the  Administrator  of 
NASA. 

I would,  like  to  add  a word- — ”** 

Mr.  Fulton  of  Pennsylvania.  Before  you  leave  that,  wlMt  we  are 
trying  to  find  out  is  who  makes  the  ultimate  decision,  I am  sure  that 
was  the  point  of  the  chairman’s  question  earlier. 

Dr.  McMillan.  Well,  the  agreement  provides  that  our  recommen- 
dations be  made  both  to  the  Secretary  of  Defense  and  to  the  Admin- 
istrator of  the  NASA. 

Mr.  Fulton  of  Pennsylvania.  But  Dr,  Seamans,  representing 
NASA,  has  said  the  ultimate  decision  is  under  the  direction  of  the 
Administrator  of  NASA. 

Is  that  correct? 

Dr.  McMillan.  The  agreement  also  specifies  the  program  will  re- 
nt?,. Hinder  If^ASA  management. 

> Seamans.  But  I believe  we  are  saying  the  same  thing. 

i am  sure  you  recognize  that  the  intent  here  is  to  satisfy  the  DOD 
requirements.  And  if  the  Secretary  of  Defense  feels  that  some  change 
or  reorientation  in  Gemini  is  required  for  national  security,  I can  as- 
sure this  committee  that  Mr.  Webb  would  be  as  responsive  as  he  pos- 
sibly could  be. 

Mr.  Fulton  of  Pennsylvania.  What  effect  do  the  Office  of  Science 
. and  Technology  and  the  Space  Council  have  on  these  policy  decisions 
of  this  Board  regarding  the  NASA-DOD  Gemini  agreement? 

Dr.  Seamans.  This  was  discussed  with  the  various  offices  at  the 
executive  level  prior  to  the  signing  of  the  actual  agreement.  But  the 
actual  implementation  of  this  policy  is  entirely  the  responsibility  of 
the  DOD  and  NASA. 

Mr.  Fulton  of  Pennsylvania.  Isn’t  this  coming  around  to  the  mili- 
tary-civilian liaison  board  setup  that  we  had  in  the  original  NASA 
Act  of  1958  ? 

Dr.  Seamans.  I would  say  this  is  for  a very  specific  purpose, 
whereas  the  Board  you  refer  to  was  for  general  liaison  between  the 
two  agencies,  and  was  for  that  reason  more  comparable  to  the  Aero- 
nautics and  Astronautics  Coordinating  Board. 
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Mr.  Gurney.  Mr.  Chairman. 

Mr.  Teague.  Mr.  Gurney.  , 

Mr.  Gurney.  Could  you  amplify  this  element  on  page  3 of  your 
statement  about  the  DOI)  participation  ? 

Dr.  Seamans.  What  is  your  specific  question,  sir? 

Mr.  GurneY.  What  is  the  participation  of  the  DOD  going  to  be' 
in  the  Gemini  program  ? 

Dr.  Seamans.  First?  let  me  tell  you  what  it  is  now’.  The  Depart- 
ment of  Defense,  specifically  the  Air  Force,  is  today /responsible  for 
the  Titan  II  booster  which  will  launch  Gemini  into  orbit. 

Mr.  Gurney.  W7ho  is  going  to  actually  fire  the  Titan  II? 

Dr.  Seamans.  The  instructions,  requirements,  overall  specifications 
for  the  Titan  II  are  the  responsibility  of  our  Houston  project  man- 
agement team,  who  give  and  transmit  these  specifications,  instructions 
to  the  Air  Force,  which  is  there  in  the  same  geographic  area,  of  course. 

Then  the  Air  Force,  working  with  the  Martin  Co,,  who  are  the 
contractors  for  Titan  II,  must  so  carry  out.  the  development  that  it 
meets  these  overall  requirements,  and  if  there  are  any  deviations 


When  the  Titan  II  is  going  through  its  teste,  it  is  the  responsibility 
of  the  Air  Force  to  see  the  proper  test  data  is  obtained  and  that  again 
the  test  data  substantiates  the  fact  that  Titan  II  does  meet  the  require- 
ments. 

Mr,  Gurney,  Who  makes  the  tests?  The  Martin  people  ? 

Dr.  Seamans.  The  Martin  people  will  be  responsible  for  testing  of 
the  Titan  II.  Following  the  test  the  actual  vehicles  go  to  the  cape 
area  and  the  Air  Force  people  there  must,  again,  assure  that  the  Titan 
II  is  ready  for  launching,  and  take  that  responsibility.  They  will 
then  be  part  of  the  total  launch  team  on  Gemini.  , , 

Mr.  Gurney.  Wrhen  you  say  “part  of  the  total  launch  team,”  who 
is  the  boss  cf  that  team? 

Dr.  Seamans.  NASA  assumes  overall  responsibility  for  the  launch- 
ing’ and  flight  operation  of  Gemini. 

Mr.  Gurney.  Who  are  the  personnel  who  do  the  launching  ? 

Dr.  Seamans.  Air  Force  and  contractor  and  NASA  people,  with 
NASA  bossing  the  job*  ■ 

There  has  to  be  one  boss,  on  any  job,  and  the  flight  director,  who  is 
a NASA  man,  assumes  total  responsibility  at  the  time  the  mission 
is  going  through  countdown  and  launch. 

Mr.  Gurney.  Up  to  now,  hasn’t  the  Air  Force  done  most  of  the 
launcliing  in  these  fields  ? 

Dr.  Seamans.  This  is  exactly  analogous  to  Mercury,  where  the  Air 
Force  'has  been  responsible  for  the  booster.  Mr.  Williams,  a NASA 
man,  is  responsible  for  the  overall  flight  operation,  and  he  has  to  have 
information  from  not  only  the  booster  people,  but  also  the  capsule 
personnel  and  the  aeromeclical  people  and  the  tracking  station  people., 
to  make  his  final  decision  whether  or  not  to  go  ahead  with  the  flight! 

Mr.  Gurney,  It  occurs  to  me  as  though,  obviously,  the  reason  for 
this  contract  is  to  make  sure  that  the  Department  of  Defense  getei 

groper  training,  orientation,  and  experience  in  the  field  of  space. 

inee  they  are  working  with  their  own  booster,  it  occurs  to  me  that 
it  would  be  far  more  sensible  if  they  did  the  job.  How  better  can  you 
get  training  than  doing  the  job  ? 
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Dr.  Seamans.  I agree  100  percent.  I believe  that  is  what  they  are 
doing. 

In  addition  to  Titan  II,  they  are  also  responsible  for  the  Atlas- 
Agena,  which  is  used  during  the  Gemini  tests  cm  rendezvous.  Agena 
will  be  placed  in  orbit  by  the  Air  Force  team,  and  controlled  in  orbit 
by  the  Air  Force  team.  So  they  are  participating  with  us  on  three 
major  subsystems  of  the  total  Gemini  system— -the  Agena,  Atlas 
booster,  and  Titan  II. 

Mr.  Ftjlton  cf  Pennsylvania.  Would  you  yield  on  that  point? 

Mr.  Gurnet.  Yes. 

Mr.  Fulton  of  Pennsylvania.  If  you  look  on  page  3 of  your  state- 
ment in  the  second  paragraph,  you  say : 

The  third  key  element  of  the  agreement  concerns  DOD  participation  in  sig- 
nificant elements  of  the  program  such  as  hardware  development,  astronaut 
training,  and  flight  operations. 

When  you  add  the  booster  to  that,  what  would  NASA  be  doing? 

Dr.  Seamans.  Let  me  say,  NASA  is  responsible  for  the  develop- 
ment of  the  Gemini  capsule  itself,  which  is,  of  course,  a major  piece 
of  the  hardware,  for  all  the  bight  instrumentation,  as  well  as  for  the 
worldwide  tracking  net  which  makes  use  of  Mercury,  but  which  is 
being  augmented  for  maneuvers  in  space.  So  NASA  does  have  a ma- 
jor development  test  and  operational  responsibility. 

Mr.  Kiehlman.  Would  the  gentleman  yield? 

Mr.  Fulton  of  Pennsylvania.  Yes. 

Mr.  Kiehlman.  Mr.  Chairman,  following  the  questioning  of  Mr. 
F ulton,  what  about  the  training  of  astronauts  ? Is  the  Air  Force  going 
to  have  a program  of  training  astronauts,  too  ? 

Dr.  Seamans.  Well,  most  of  the  astronauts  come  from  the  Depart- 
ment of  Defense.  However,  the  training  will  be  primarily  at  Hous- 
ton and  at  the  Cape. 

At  Houston  we  are  building  a mission  control  center,  which  I be- 
lieve has  been  discussed  with  this  subcommittee,  and  it  will  be  used 
not  only  for  the  rendezvous  operations  themselves,  and  the  flight  op- 
erations, but  also  for  training  purposes,  using  capsules  that  simulate 
the  actual  flight  profile. 

Mr.  Kiehlman.  Mr.  Chairman,  we  have  been  trying  for  a long, 
long  time  to  get  definite  information  as  to  exactly  what  the  DOD’s 
program  in  space  is.  I think  it  is  time  that  we  had  some  information 
for  this  committee.  If  it  is  classified,  let  the  committee  have  it  in 
classified  form.  We  have  been  given  what  I think  is  the  go-around 
on  this  question.  When  interrogating  people  from  the  DOD  last  year, 
they  stated  that  they  had  no  program,  and  that  they  had  no  particular 
interest  in  space.  Now  we  are  getting  a statement  today  that  they  do 
have  an  agreement;  that  they  do  have  an  interest,  and  that  they  do 
have  a program. 

I want  to  know  whether  there  is  duplication  of  effort  on  the  part  of 
these  programs.  Are  we  going  to  have  a program  of  training  astro- 
nauts in  one  group  for  peaceful  purposes,  or  are  we  going  to  tram  them 
for  military  purposes  ? 

Mr.  Teague.  If  the  gentleman  would  yield,  we  have  a meeting 
scheduled  for  April  2 on  military  missions.  If  it  is  classified,  we  will 
have  a closed  meeting. 
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Miy  RiehlmAn.  1 think  that  is  what  we  should  have.  It  is  not  fair 
to  the  committee  or  the  public  if  we  have  this  type  of  program  and 
are  not  getting  the  information. 

Mr.  Fulton  of  Pennsylvania.  I think  the  kind  of  information  that 
should  be  made  public  is  that  there  is  a policy  and  need  for  the  Air 
Force.  If  there  is  one,  why  don’t  you  tell  us  ? 

Mr.  Teague.  Would  you  go  back  to  a very  basic  question  and  tell  us 
the  schedule  for  Gemini  and  Apollo?  Just  what  we  are  going  to  get 
from  Gemini,  and  what  hardware  from  Apollo  will  be  in  the  Gemini 
flights?  While  you  are  talking  about  that,  will  you  comment  on 
whether  Dr,  Dry  den  is  trying  to  get  the  Kussians  to  tell  us  about  their 
long  flights,  which  might  reduce  a lot  of  our  requirements  for  long 
flight? 

Dr.  Seamans.  I believe  Mr.  Holmes  and  others  have  testified  on  this 
in  front  of  your  subcommittee,  and  I may  'be  repetitious.  However,  I 
will  be  happy  to  summarize  the  Gemini  and  Apollo  programs  for  you. 

The  Gemini  is  first  scheduled  for  flight  the  end  of  this  calendar  year, 
unmanned,  suborbital.  That  schedule  stands, 

Mr.  Teague.  Still  stands  ? 

Dr.  Seamans.  Yes,  sir. 

Following  the  suborbital  flight  we  have  scheduled  manned  orbital 
flights,  calendar  year  1964,  which,  will  not  permit  us  to  carry  out 
rendezvous  operation,  but  will  give  us  an  opportunity  of  long-duration 
flights,  of  a week  or  more. 

The  reason  we  will  not  have  rendezvous  flights  in  calendar  1964  is 
because  we  won’t  have  the  Mission  Control  Center  in  full  operation 
until  early  1965.  It  is  in  this  time  period,  that  is,  calendar  1965,  that 
we  will  be  running  the  rendezvous  operations,  mating  with  the  Agena, 
trying  our  various  methods  for  the  rendezvous  guidance,  optical,  radar, 
and  so  on. 

Following  the  actual  docking  of  the  Agena  and  the  Gemini,  after 
we  have  achieved  that  kind  of  operation,  we  will  then  during  the  final 
phase  of  the  presently  planned  Gemini  12  flights  be  able  to  carry  out 
some  maneuvers  using  the  Agena  propulsion,  when  it  is  coupled  to 
the  Gemini.  This  will  allow  us  to  carry  out  small  changes  in  the 
orbital  plane,  as  well  as  get  to  eccentric  type  orbits,  get  into  higher 
altitude,  for  example. 

The  first  Apollo  flights  are  scheduled  for  the  Saturn  I.  The  Saturn 
I will  have  a flight  next  week,  with,  the  live  first  stage  and  dummy 
second  stage,  and  at  the  end  of  this  summer  is  scheduled  for  live  sec- 
ond stage. 

We  have  several  additional  development  flights  for  Saturn,  some  of 
which  will  have  Apollo  hardware  aboard,  prototype  equipment,  and 
the  first  manned  flight  for  Apollo  is  in  1965, 1 can’t  give  you  the  exact 
date. 

Also  during  calendar  1965  we  will  carry  out  the  development  flights 
on  the  Saturn  I-B,  which  is  the  vehicle  that  has  the  second  stage, 
which  is  essentially  identical  with  what  will  become  the  third  stage 
of  Saturn  Y. 

After  four  of  these  development  flights  we  will  in  calendar  1966 
be  able  to  carry  out  missions  that  involve  not  only  the  Apollo  capsule, 
but  also  the  lunar  excursion  module  and  service  module,  so  that  in 
orbit  we  will  be  able  to  separate  the  two  modules,  that  is,  the  lunar 
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excursion  module  and  command  module,  and  bring  them  back  together, 
in  order  to  fully  check  out  the  equipments  that  will  be  used  in  rendez- 
vous about  the  Moon. 

Following  the  operation  with  the  Saturn  I-B,  and  again  during 
the  time  period  when  we  will  have  manned  flights  with  1-33,  we  will 
be  carrying  out  development  flights  with  Saturn  V,  so  in  the  ensuing 
years,  but  still  within  this  decade,  we  will  be  able  to  carry  out  the 
lunar  program. 

You  asked  about  the  carryover  from  Gemini  to  Apollo 

Mr.  Teague.  If  NASA  did  not  have  the  Gemini  program,  what  ef- 
fect would  it  have  on  getting  to  the  Moon  ? 

Dr.  Seamans.  A very  serious  effect  on  getting  to  the  Moon,  for  a 
number  of  reasons:  One  is  that  the  detailed  technology  that  is  needed 
for  Apollo  missions  will  be  proven  out  in  Gemini. 

For  example,  the  rendezvous  type  equipment,  for  example  the  digi- 
tal computer,  the  fuel  cells  needed  for  the  longer  duration,  we  cannot 
just  use  batteries  for  flights  of  a week  or  more. 

Moreover,  I believe  even  more  than  this  is  the  fact  we  must  carry 
out  here  on  Earth  the  type  of  rendezvous  operation  that  willhe  needed 
when  one  takes  off  from  the  lunar  surface  and  goes  up  and  meets 
with  the  command  module  that  is  in  lunar  orbit.  We  can  and  will  do 
this,  you  might  say  in  simulated  fashion  on  Earth  with  the  Agena  in 
orbit,  and  the  Gemini  having  to  take  off  at  a particular  time  in  order 
to  achieve  rendezvous  in  docking. 

Mr.  Teague.  Won’t  you  do  the  same  thing  in  the  flight  testing  of  the 
Apollo  capsule? 

Dr.  Seamans.  No.  We  cannot — we  don’t  plan  to. 

What  we  are  doing  is  to  take  both  the  command  module  and  excur- 
sion module  up  together,  separate  them,  bring  them  'together,  but  net- 
carry  out  the  complete  mission,  that  is  with  putting  the  command  up 
with  one  booster  and  the  lunar  excursion  module  up  with  another 
booster. 

We  cannot  completely  duplicate  that  with  Apollo  hardware. 

It  can’t  be  put  in  the  time  scale  at  a,  time  to  allow  us  to  still  feed 
the  results  into  the  Apollo  effort. 

We  need  even  more  to  build  up  a competence  in  this  country  that, 
permits  us  to  carry  out  these  operations. 

At  the  time  of  an  operation  we  are  probably  involving  tens  of 
thousands  of  people — these  are  people  in  tracking  stations;  at  Cape 
Canaveral,  of  course,  it  involves  the  astronauts,  but  they  are  just  one 
of  a very  large  number  of  people  who  must  work  as  a team,  starting 
with  Mercury,  through  Gemini,  the  various  Apollos,  and  ultimately 
the  lunar  program. 

If  this  team  of  people  went  through  a period  of  several  years  when 
in  effect  they  were  not  carrying  out  any  operations  I believe  it  would 
be  serious  for  us,  for  our  lunar  effort. 

Mr.  Teague.  Isn’t  the  Gemini  program  going  to  be  so  close  in  time 
to  Apollo  that  thev  will  somewhat  overlap  ? 

Dr.  Seamans.  Well,  as  I described  the  program,  there  is  a gap  of 
something  like  a year  to  a year  and  a half  between  the  manned 
Gemini  and  manned  Apollo. 

You  have  also  to  remember  the  first  Apollo  flights  will  be  fairly 
primitive,  just  circular  orbits. 
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And  at  the  time  we  are  getting  into  the  circular  orbit  flights  with 
Apollo,  we  will  be  getting  into  the  maneuvering  flights,  which  are 
much  more  complex,  with  Gemini.  And  this  is  very  important  op- 
erational experience. 

Mr.  Teague.  Why  do  you  go  to  a different  escape  system  in  Gemini 
from  what  you  use  in  Mercury,  and  from  what  you  are  going  to  use 
in  Apollo? 

Dr.  Seamans.  The  escape  systems  involve  ejection  of  the  astronauts 
from  the  capsule,  which  is  tied  in,  of  course,  with  the  desire  to  develop 
the  paraglider  for  landing. 

Once  the  decision  is  made  to  have  a paraglider  capability,  it  is  no 
longer  possible,  or  it  is  very  difficult,  to  configure  a capsule  with  an 
escape  capsule  on  top. 

We  feel  the  paraglider  is  a very  important  development,  if  the 
Gemini,  is  to  become  a workhorse,  and  for  that  reason,  following  this 
line  of  endeavor. 

It  is  not,  obviously,  essential  to  the  lunar  program,  but  for— -this  is 
one  of  the  reasons  the  Gemini  has  attractive  features  from  the  stand- 
point of  Department  of  Defense. 

With  a parachute  you  can  come  down  to  a given  point  on  Earth 
with  an  accuracy  of  within  4 or  5 miles,  and  this  is  not  close  enough 
to  permit  coming  down  over  land,  and  then  does  necessitate  water 
recovery. 

Mr.  Teague.  If  the  paraglider  is  successful,  I assume  you  will  at- 
tempt later  to  use  it  with  Apollo. 

Dr.  Seamans.  We  currently  do  not  have  in  our  approved  plan  the 
use  of  paraglider  for  Apollo. 

But  obviously  that  is  something  that  will  be  considered. 

Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  Since  there  is  little  or  no  atmosphere 
on  the  Moon,  what  kind  of  escape  mechanism  do  yon  have  on  the 
rocket  for  Moon  ascent  to  earth  trajectory  ? 

Dr.  Seamans.  The  only  way  to  return  to  the  Earth  from  the  Moon 
is  to  stay  in  the  lunar  excursion  module. 

Mr.  Ftji/ton  of  Pennsylvania.  You  will  really  have  a two-man 
countdown  and  launch  on  the  Moon;  that  will  be  a tremendous  ac- 
complishment. First,  you  will  have  no  pad,  and  you  will  have  no 
parachute,  and  yon  will  have  no  checkout,  will  you,  in  the  vehicle? 
You  have  no  Mercury  control,  no  blockhouse,  no  umbilical  cord,  no 
cherrypicker,  and  no  on-ground  command. 

If  you  are  able  to  do  that  on  the  Moon  under  conditions  where  it 
has  never  been  done  before,  why  do  you  need  all  those  contraptions 
on  the  Earth? 

Dr.  Seamans.  There  are  a number  of  answers. 

First  of  all,  the  equipment  on  the  Moon  won’t  be  as  complex  as  the 
360-foot  vehicle  sitting  on  a pad  at  Complex  39  at  Cape  Canaveral. 

Secondly,  there  will  be  communication  between  the  lunar  ex- 
cursion module  and  Earth  during  the  time  of  the  countdown  on  the 
lunar  surface.  So  it  will  be  possible  for  people  on  Earth  to  partici- 
pate in  the  countdown. 

But,  obviously,  not  to  the  extent  they  do  at  Merritt  Island. 

Mr.  Fulton  of  Pennsylvania.  What  do  you  have  in  Mercury  that 
cannot  be  done  in  Gemini  ? Why  don't  von  combine  tlie  two  programs 
and  eliminate  the  extra  Mercury  flights  ? 
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Dr.  Seamans.  The  reason  for  the  next  Mercury  flight  is  to  stretch 
the  time  to  a little  more  than  a day  to  get  the  22  orbits,  and 

Mr.  Fulton  of  Pennsylvania.  Is  that  worth  risking  a man’s  life 
fort 

Dr.  Seamans.  There  is  risk  in  every  flight.  Unless  you  take  these 
kinds  of  risks  you  can’t  move  a program  ahead. 

Mr.  Teague.  Have  the  Russians  told  us  anything  about  their  long 
flight? 

Dr.  Seamans.  I have  not  seen  any  detailed  information  about  the 
Russians’  flights.  : 

Mr.  Teague.  You  are  not  planning  on  their  furnishing  you  infor- 
mation that  might  help  you  in  your  long  Gemini  flight  ? 

Dr.  Seamans.  We  are  not  in  our  program  counting  on  any  infor- 
mation from  the  Russians. 

That  seems  the  safest  way. 

Mr.  Teague.  Is  Dr.  Dry  den  trying  to  get  information  from  them 
while  he  is  over  there  ? 

Dr.  Seamans.  He  has,  as  you  know,  just  completed  review  of  three 
different  areas  where  we  may,  or  plan  to,  cooperate  with  the  Russians. 

These  are  in  the  areas  of  passive  communications  satellites,  meteoro- 
logical satellites,  and  the  gathering  of  information  on  the  magnetic 
fields  around  the  Earth. 

Mr.  Teague.  We  are  not  asking  them  to  tell  its  any  information, 
that  would  help  us  in  our  Moon  program  ? 

Dr.  Seamans.  Yes.  We  are  trying  to  put  pressure  on  the  Russians 
to  tell  us  about  their  programs,  by  so  conducting  our  programs  that 
they  can  see  that  there  is  benefit  in  releasing  this  kind  of  information 
in  the  world  arena. 

Mr  Gurnet.  Would  the  chairman  yield  on  that  point  ? 

Mr.  Teague.  Mr.  Gurney  ? 

Mr.  Gurnet.  When  the  representative  of  the  Department  of  De- 
fense, General  Ferguson,  was  here  explaining  the  military  missions  in 
space,  it  is  my  recollection  he  had  four  main  points  that  the  military 
were  interested  in.  At  any  rate,  one  of  them  was  communications 
and  another  concerned  gathering  weather  data. 

How  in  the  world  can  we  propose  to  cooperate  with  the  Russians 
in  these  two  fields  if  these  are  the  prime  areas  in  which  the  military 
is  interested  in  space  ? It  does  not  make  any  sense  to  me. 

Dr.  Seamans.  Well,  cooperation  does  not  involve  working  on  all 
communications  satellites  with  the  Russians,  nor  does  it  involve  a full 
use  of  all  of  our  resources. 

These  are  specific  projects  in  these  two  areas. 

Mr.  Gurnet.  It  must  involve  some  exchange  of  information  on  the 
knowledge  we  gather.  How  can  we  avoid  that  ? 

Dr.  Seamans.  Tes,  we  have  been  exchanging  knowledge  with  the 
Russians  on  our  scientific  and  technical  space  program. 

There  is  a world  bank  in  Moscow  of  information,  a world  bank  in 
W ashiiigton  and  another  in  England. 

The  results  of  our  scientific  programs  go  into  each  of  these  banks 
and  are  available  to  them  as  well  as  to  ourselves. 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield  ? 

Under  the  original  enabling  act  of  NASA  in  1958,  NASA  has  the 
policy  direction  from  Congress,  and  signed  by  the  President,  that  it 
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is  to  make  available  for  world  scientists  in  all  the  scientific  commu- 
nities the  information  which  will  be  of  scientific  value.  In  con- 
trast to  that,;  the  Department  of  Defense  and  the  Air  Force  have 
the  specific  requirement  of  keeping  secret  anything  that  might  in  any 
way  affect  the  security  of  this  country,  and  the  leaning  is,  therefore, 
toward  classification. 

Now,  how  do  you  conform  those  two  different  and  varying  policies 
when  you  come  up  with  NASA-DOD  agreement  on  Gemini,  putting 
together  the  civilian  scientific  research  and  the  military  ? 

The  other  problem  is  this:  when  Russia  has  her  program  pur- 
portedly under  their  Academy  of  Science,  a civilian  body,  and  we 
now  move  halfway  to  putting  our  space  programs  info  a Siamese-twin 
arrangement,  one-half  NASA  and  one-half  DOD-Air  Force,  won’t 
that  tend,  in  the  future,  to  make  each  of  the  scientific  systems  of  Rus- 
sia and  the  United  States  mutually  exclusive?  And,  alternatively, 
does  it  give  them  a.  little  advantage,  because  they  can  say  that  in  the 
U.S.  program,  the  Air  Force  is  even  training  the  astronauts  and  has 
taken  over  the  training  program  and  the  flight  program?  That  is 
what  concerns  me  when  NASA  moves  out  of  the  flight  training  and 
the  field  in  space. 

It  leaves  you,  it  seems  to  me,  with  a string  of  zeros. 

Dr.  Seamans.  First,  it  has  always  been  NASA’s  policy,  as  it  was 
of  the  NACA,  to  observe  the  same  security  that  the  Department  of 
Defense  does  on  those  technological  developments  that  could  affect 
the  national  security* 

This  is  not  a change  in  policy.  This  is  what  we  have  always  done 
and  will  continue  to  do. 

When  you  talk  about  scientific  information,  we  are  talking  about 
measurements  in  space  of  magnetic  fields  and  radiation  and  environ- 
mental conditions  that  are  of  general  interest  and  importance  to 
mankind. 

So  what  we  have  done  here  does  not  represent  a change. 

It  is  still  our  policy  and  will  be  our  policy  on  the  Gemini  to  have 
the  scientific  results  unclassified  and  disseminate  them  as  we  have 
the  results  of  the  Mercury  flight. 

Mr.  Fulton  of  Pennsylvania.  The  Air  Force,  though,  is  the  one 
to  decide  whether  or  not  it  will  be  released,  is  that  correct? 

Dr.  Seamans.  No,  the  responsibility  for  disseminating  information 
from  Gemini  will  be  NASA’s  responsibility. 

But,  obviously,  we  will  honor  any  particular  technological  areas 
that  should  have  been  classified. 

We  have  done  this  on  the  Mercury  program.  There  is  a great  deal 
of  the  booster  technology  in  the  Atlas  that  is  classified. 

Mr.  Fulton  of  Pennsylvania.  When  NASA  has  had  the  experience 
of  training  the  astronauts,  why  does  it  move  out  of  that  field  and  make 
it  completely  military  ? 

They  are  military  men  in  uniform,  trained  in  the  military,  and  now 
under  the  direction  of  military.  If  you  can  tell  me  where  the  peace- 
ful uses  of  space  are  concerned,  I would  like  to  hear  it. 

Dr.  Seamans.  NASA  has  been  given  the  primary  responsibility  for 
the  exploration  of  space,  including  near  space,  ultimately  lunar  land- 
ing, ultimately  trips  to  the  planets. 
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We  have  been  training  our  astronauts  to  carry  out  these  missions 
and  so  they  can  contribute  to  the  flight  profile  and  make  certain  scien- 
tific measurements  in  these  flights. 

Mr.  Fulton  of  Pennsylvania.  Why  don’t  you  continue? 

Dr.  Seamans.  We  are  continuing. 

There  is  no  change  contemplated  in  our  operation  at  Houston.  The 
astronauts  we  have  there  will  carry  out  the  Gemini  flights. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Waggonner  ? 

Mr.  Waggonner.  On  the  contrary,  I think  there  is  a great  deal  of 
duplication  eliminated  by  this  arrangement. 

This  agreement  looks  good  to  me,  with  HAS  A as  the  project  man- 
ager, and  we  are  not  duplicating  a lot  of  services.  I do  not  think  al- 
lowing the  Air  Force  to  train  these  astronauts  will,  in  any  way,  relieve 
NASA  of  any  of  its  responsibility.  I think  it  will  avoid  some  future 
duplication. 

One  further  thing  about  cooperation  with  the  Russians,  since  we 
are  on  that  subject.  Dr.  Seamans,  to  your  knowledge,  have  the  Rus- 
sians built  a communications  or  weather  satellite  which  is  operative? 
Dr.  Seamans.  Not  to  my  knowledge. 

Mr.  Waggonner.  The  agreements  which  have  just  been  reached  in 
Rome  really  mean  we  are  just  giving  to  them  what  we  know  abfiut 
communications  and  weather  satell  ites ; is  that  the  case  ? 

Dr.  Seamans.  No;  I don’t  think  that  is  the  case.  In  the  com- 
munications area,  there  will  be  experiments  carried  out  using  the 
Echo  II  balloon.  This  has  been  open  knowledge  now  for  several  years, 
since  the  Echo  I flight  in  I960.  There  will  be  experiments  that  cannot 
actually  be  carried  out  between  the  United  States  and  Russia,  be- 
cause of  the  geography. 

There  will  probably  be  flights  to  make  measurements  between  Eng- 
land and  Russia,  possibly  using  the  J odrell  Bank. 

This  will  add  to  your  fund  of  knowledge  on  aberrations  that  may 
be  encountered,  tracking  the  balloon,  and  so  on. 

It  has  been  the  policy  that  in  setting  up  these  projects  that  they 
would  be  of  benefit  to  the  United  States  as  well  as  to  the  U.S.S.R. 

That  is,  by  setting  up  the  project  we  would  gain  something  that 
could  not  otherwise  be  achieved,  and  Blabanrovov  has  stated  exactly 
the  same  principle  of  the  Russians. 

Mr.  Waggonner.  In  other  words,  they  are  going  to  use  our  satellites, 
hut  they  are  going  to  pay  for  the  ones  they  launch  there  ? 

Dr.  Seamans,  Yes — I have  actually  not  had  a chance  to  talk  to 
Dr.  Dryden  following  the  talks  and  discussions  they  have  held  in 
Rome, 

But  the  concept  is,  for  example,  approximately  in  the  measurement 
of  the  magnetic  fields,  the  Russians  would  launch  a probe  at  the  same 
time  we  launch  a probe,  and  we  would  agree  on  the  orbits  that  each 
of  the  probes  would  follow,  so  we  would  obtain,  simultaneously,  in- 
formation that  could  not  be  achieved  unless  we  put  up  another  probe. 

But  in  this  way  we  are  getting  important  information,  because  we 
can  correlate  the  magnetic  field  strengths  between  two  points  at  half 
the  cost.  ‘ 

And  the  Russians  can  do  the  same  thing. 

Mr,  Gurnet.  Will  the  gentleman  yield? 

That  makes  sense,  but  getting  into  the  weather  and  communications 
what  are  we  to  gain  there  ? 
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Mr.  Waggqnner.  If  the  gentleman  would  yield  back,  there,  we 
certainly  need  worldwide  weather  information. 

Mr.  Gurney.  Certainly.  But 

Mr.  Teague.  Gentlemen,  I think  we  are  getting  far  afield,  and  asking 
Dr.  Seamans  things  he  should  not  have  to  answer.  He  is  not  on  that 
committee.  We  might  ask  Mr.  Fulton,  who  is  on  the  committee  with 
Dr.  Dryden. 

Mr.  Fulton  of  Pennsylvania.  Let  me  tell  you  this : With  each 
country  using  separate  installations,  with  no  joint  facilities,  and 
with  each  one  releasing  its  own  coded  information  that  it  wants  to 
put  into  the  bank,  it  is  hardly  cooperation.  It  is  a complementary 
program  where  we  each  work  separately,  but  might  exchange  infor- 
mation. 

WT ouldn’t  you  agree,  Dr.  Seamans  ? 

I have  been  at  negotiations  in  Geneva,  and  I have  a feeling  of 
wh  at  these  results  have  been. 

Dr.  Seamans.  Well,  the  'chairman  indicated  you  are  the  expert  in 
this  room,  and  I will  abide  by  his  ruling. 

Mr.  Fulton  of  Pennsylvania.  May  I say,  to  bring  the  old  adage  of 
the  camel  and  the  tent  up  to  date,  we  on  the  committee  are  looking 
to  see  if  this  might  not  be  the  camel  in  the  capsule,  this  NASA-DOD 
agreement? 

Mr.  Teague.  Do  you  have  any  figures  you  could  give  us  on  the 
cost  of  the  Gemini  flights  ? 

Dr.  Seamans.  We  have  priced  the  total  cost  of  the  hardware  and 
the  flight  operations  for  these  flights,  and  have  a total  figure  that  runs 
approximately  $850  million. 

Mr.  Teague.  Was  a less  sophisticated  system  considered,  using 
Thor-Jupiter,  something  like  that,  instead  of  the  Atlas? 

Dr.  Seamans.  You  mean  instead  of  Titan  II  ? 

Mr.  Teague.  Sight. 

Dr.  Seamans,  bio ; there  has  never  been  any  deviation  oil  the  Gemini 
booster.  There  has  been  a review  of  the  Agena- Atlas  to  be  sure 
that  we  are  using  the  best  payload  for  the  rendezvous  flights. 

Mr.  Teague.  It  is  amexpensive  program.  Has  every  consideration 
been  given  to  assure  that  we  are  going  to  get  our  money’s  worth,  and 
that  we  have  to  have  this  information  before  we  can  go  tor  the  Apollo 
program? 

Dr.  Seamans.  We  feel  it  is  an  extremely  important  program. 

Mr.  Fuqua.  Dr.  Seamans,  how  many  Gemini  flights  are  you 
planning? 

Dr.  Seamans.  There  are  12  scheduled. 

Mr.  Fuqua.  Do  you  think  all  12  are  necessary? 

Dr.  Seamans.  I think  12  is  a very  minimum  to  satisfy  the  NASA 
requirements  for  the  manned  lunar  landing  program,  and  I would 
think  also  in  order  to  satisfy  some  of  the  DOD  scientific  and  technical 
requirements  we  may  want  to  add  a number  of  flights. 

Mr.  Teague.  Mr. "Gurney? 

Mr.  Gurney.  Referring  to  the  Gemini  agreement,  Dr.  Seamans,  you 
did  tell  us  quite  fully  about  the  participation  of  the  Air  Force  in  the 
actual  launch  and  the  development  of  the  Titan.  Then  you  went  on  to 
say  of  what  tremendous  importance  it  was  to  train  a team  in  this 
launch  business,  tracking,  and  also  rendezvous  and  docking,  which, 
of  course,  is  necessary.  What  part  is  DOD  going  to  play  in  this  ? 
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What  is  it  going  to  have  at  Houston  or  other  places  around  the 
world  to  develop  their  own  team  to  gain  knowledge  that  is  very  neces- 
sary in  this  field  ? 

Dr.  Seamans.  That  is  a very  good  question,  and  one  the  board  is 
actually  reviewing  right  now,  Mr.  Gurney. 

We  have  jointly  agreed  that  there  will  be  an  Air  Force  task  team, 
immediately,  at  Houston,  to  review  the  Gemini  project  in  the  light  of 
the  DOD  requirements,  and  that,  there  will  be,  following  this,  a perma- 
nent Air  Force  group  at  Houston. 

Perhaps  Dr.  McMillan  would  like  to  add  to  that. 

Dr.  McMillan.  That  represents  the  status  of  our  actions  to  date. 

That  group  has  been  named  from  the  Air  Force  and  the  DOD.  It 
will  be  in  Houston  next  week  to  work  in  detail  with  the  Gemini  project 
office  in  Houston  to  try  to  develop  the  degree  of  participation  of  the 
Department  of  Defense  in  the  early  Gemmi  program,  ultimately,  of 
course,  leading  to  possible  additional  Gemini  flights  in.  the  long  run 
to  meet  specific  Department  of  Defense  objectives  that  cannot  be  met 
within  the  framework  ofthe  present  NASA  program. 

Another  part  of  the  responsibility  of  this  team  is  to,  as  Dr.  Seamans 
said,  develop  recommendations  and  a plan  for  increased  direct  par- 
ticipation of  DOD  personnel  in  the  planning  and  flight  operations  of 
the  Gemini  program.  The  team  will  also  provide  for  a transfer  of 
training  and  gaining  of  experience  across  the  whole  matter  of  flight 
operations  as  distinct  from  simply  the  launch  operations,  which  will 
be  important  to  the  Department  of  Defense,  no  matter  what  we  do  or 
what  kind  of  vehicles  we  are  interested  in  the  future. 


Mr.  Gurnet.  We  will  know  that  information  in  due  course? 

Dr.  McMillan.  Yes. 

Mr.  Fulton  of  Pennsylvania,  There  is  duplication,  then,  because 
there  are  more  people  there  than  are  necessary? 

Dr.  McMillan.  I don’t  believe  that  follows  from  what*Dr.  Seamans 


or  I said.  It  seems  to  me  that,  if  they  are  to  learn,  the  Department  of 
Defense  personnel  that  fit  into  the  NASA  structure  will  haye  to  as- 
sume responsibilities  appropriate  to  the  positions  they  are  under- 
studying, \ 

Mr.  Fulton  of  Pennsylvania.  So  there  will  be  no  more  military 
personnel  than  are  required  to  do  the  j ob  ? 

This  is  not  really  a combined  NASA  operation  with  military  trained 
personnel.  What  as  it?  Is  it  a joint  operation  ortraining? 

Dr.  McMillan.  I don’t  think  wTe  can  generalize  as  to  what  precisely 
it  is.  This  is  a matter  of  detailed  planning  as  we  go  along. 

For  example,  with  respect  to  launch  operations,  the  Department  of 
Defense  people  will  be  performing  a complete  function  for  NASA 
and  not  duplicating  any  NASA  actions,  but  taking  over  complete- 
responsibility.  That  if?  one  example.  In  other  areas  there  may  be 
DOD  people  who  are  much  more  nearly  like  observers  stationed  for 
short  periods  of  time. 

Mr.  Fulton-  of  Pennsylvania,  How  many  personnel  do  you  expect 
to  put  into  the  operation  in  relation  to  NASA?  What  percentage  of 
the  total  will  the  DOD  supply  ? 

Dr.  McMillan.  This  is  of  course  what  is  really  being  planned  now, 
the  planning  for  this  is  just  being  initiated. 

I hesitate  to  prejudge  the  outcome  ofthe  plans. 
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Mr.  Fulton  of  Pennsylvania.  Is  it  looked  at  as  being  pretty  even, 
a 50-50  division,  or  is  it  60-40- 

Dr.  McMillan.  I could  only  give  really  the  most  preliminary  of 
estimates.  But  it  would  appear  to  me  that— well,  let  me  put  it  this 
way : at  the  present  time  as  I understand  it,  and  perhaps  Dr.  Sea- 
mans can  help  on  this — as  I understand  it,  at  the  present  time,  for 
example,  during  an  actual  launch  of  say  a Mercury,  which  is  at  least 
analogous  to  the  situations  that  will  prevail  with  Gemini,  there  are 
some  15,000  people  involved  around  the  world  in  launch,  tracking, 
and  the  whole  operation,  including  recovery  forces,  and  I believe  at 
the  present  time  the  majority  of  these  are  Department  of  Defense 
people  who  provide  the  recovery  project. 

Mr*  Teague.  You  can  see  that  when  these  budget  estimates  for 
Gemini  were  made,  NASA  had  expected  to  fund  the  whole  operation, 
since  this  was  before  the  NASA-DOD  agreement  was  entered  into 
on  Gemini. 

Then  you  come  in  and  say  you  are  putting  in  personnel  not  just 
for  training,  but  to  participate  and  really  supplant  NASA  people. 
You  should  give  us  an  estimate  of  what  is  going  to  be  involved  in 
dollars  of  contribution  by  DOD  and  Air  Force  to  NASA,  so  we  can 
then  reduce  NASA’s  budget  by  the  equivalent  amount. 

Mr.  Waggonnek.  W ould  the  gentleman  yield  ? 

I think  it  has  been  NASA’s  policy  to  reimburse  the  Air  Force  for 
the  services  rendered  on  those  projects,  so  they  would  not  be  due  for  a 
reduction  in  its  funding. 

Dr.  Seamans.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Well,  the  question  on  this  is:  Is  the 
funding  always  going  to  be  through  NASA,  or  are  you  going  to  have 
separate  military  requirements  that  NASA  should  not  be  called  upon 
to  meet?  For  example,  you  mentioned  the  unidentified  encounter, 
or  an  uncooperative  rendezvous? 

Dr.  McMillan.  The  way  we  are  now  operating  and  thinking  in 
the  planning  group  is  that  the  present  program  as  now  set  forth  is 
the  NASA-approved  program,  and  the  NASA  will  fund  that. 

If  there  are  significant  changes  in  that  program  or  additions  to 
that  program  to  meet  military  requirements,  naturally  the  military 
will  have  to  fund  for  the  additional  cost. 

Mr.  Fulton  of  Pennsylvania.  So  this  is  really  a place  where 
NASA  on  its  funding  is  funding  not  part  of  the  Department  of  De- 
fense training,  but  part  of  the  Department  of  Defense  operations? 

Dr.  Seamans.  Well,  to  take  an  example,  if  an  additional  flight 
were  required  in  order  to  satisfy  the  joint  requirements,  funds  could 
very  well  be  transferred  for  this,  under  this  agreement,  from  the 
Dfst)  to  NASA,  to  be  included  with  the  other  project  funds  made 
available  to  Mr.  Holmes  and  his  team. 

Mr.  Fulton  of  Pennsylvania.  This  is  a different  arrangement 
than  Patrick  Air  Force  Base,  where  the  Air  Force  is  host  and  NASA 
is  a tenant.  You  have  here  a Siamese  twin  arrangement  where  your 
funding  is,  it  looks  like,  a cost  funding  of  operations. 

Dr.  McMillan.  Of  course,  we  are  now  talking,  just  discussing  a 
transfer  of  funds  in  a direction  different  from  that  we  have  experi- 
enced before.  But  in  connection  with  the  DOD’s  present  responsi- 
bilities to  the  NASA  Gemini  program,  for  example,  funds  are  trans- 
ferred from  NASA  to  the  DOD. 
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Mr.  Fulton  of  Pennsylvania.  How  can  this  be  called  a peacetime 
program  for  peaceful  uses  of  space? 

Mr.  Teague.  Oh,  don’t  ask  him  that. 

Mr.  Fulton  of  Pennsylvania.  All  right. 

Mr.  Teague.  Mr.  Gurney? 

Mr.  Gurnet.  This  may  be  embarrassing  in  view  of  the  chairman’s 
comments,  but  I was  curious  as  to  why,  on  page  3,  it  was  important 
to  point  out  that  this  isa  peaceful  program.  I don’t  mean  to  say  we 
should  point  out  that  it  is  a warlike  program,  but  why  should  we 
mention  it  one  way  or  the  other? 

Mr.  Fulton  of  Pennsylvania.  I guess  you  better  withdraw  that, 
too. 

Mr.  Teague.  I don’t  think  we  should  ask  Dr.  Seamans  or  Dr. 
McMillan  that  question.  Maybe  we  Ought  to  ask  the  President  or 
a few  other  people.  Mr.  Waggonner? 

Mr.  Waggonner.  How  much  planning  has  been  done  toward  mak- 
ing a similar  agreement  between  NASA  and  DOD  on  the  Apollo 
program  ? 

Dr,  Seamans.  So  far  there  have  been  no  detailed  discussions  for 
Apollo  along  the  same  lines  as  Gemini. 

We  have  the  Department  of  Defense  informed  about  the  Apollo 
program,  and,  of  course,  jointly  reviewed  the  launch  vehicles  for  it, 
had  a joint  planning  group  for  the  launch  vehicles. 

At  the  time  we  expected  to  use  the  lunar  rendezvous  mode  we  dis- 
cussed this  prior  to  finally  making  our  decision,  with  the  Department 
of  Defense.  But  we  have  not  gone  into  the  same  kind  of  detailed 
review  on  Apollo  as  wre  have  on  Gemini,  because  it  is  a mission  that 
does  not  appear  to  have  possible  military  ramifications. 

Mr.  Teague.  Dr.  McMillan,  a number  of  the  committee  members 
were  in  California  last  week  and  talked  to  your  people  at  Edwarrls 
Air  Force  Base,  and  to  the  people  from  the  Aerospace  Corp. 

In  the  last  few  days  we  have  heard  from  the  General  Electric  Co. 
and  NASA.  It  would  seem  many  of  the  problems  that  the  Aerospace 
Corp.  is  working  on  for  tlie  Air  Force  are  the  same  problems  that 
General  Electric  is  working  on  for  NASA. 

Is  there,  a duplication  there?  Don’t  you  have  coordination  between 
the  two  groups  that  are  working  on  the  same  problems  ? 

Dr.  McMillan.  I don’t  know  of  any  great  duplication  here.  I 
assume  you  are  discussing  some  of  the  problems  of  reentry  into  the 
atmosphere. 

Aerospace  Corp.  has  only  a few  people  working  in  this  area,  to  my 
knowledge.  They  are  greatly  interested  in  it.  I think  it  is  important 
the  Air  Force  have  within  its  own  resources  knowledgeable  people 
in  this  field. 

We  are  not,  however,  funding  any  great  amount  of  effort  in  this 
direction. 

Mr.  Teague,  Dr.  Seamans,  do  you  care  to  comment  on  that? 

Dr.  Seamans.  Yes. 

There  is,  of  course,  another  broader  area  where  Aerospace  is  sup- 
porting the  DOD  missions  and  General  Electric  is  supporting  the 
NASA  missions,  in  the  area  of  overall  reliability  review  and  check- 
out. These  are  matters  that  have  to  be  done  on  the  specific  projects, 
and  it  is  a question  of  having  the  right  competence  in  the  individuals ; 
in  the  organization  doing  the  job. 
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I don’t  see  that  there  is  any  duplication  between  the  role  that  Aero- 
space has  for  the  Air  Force  and  GE  has  for  NASA,  even  though 
much  of  the  methodology  may  be  similar. 

Hr.  Gurney.  Is  there  any  effort  between  the  Aerospace  Corp.  and 
Bellcomm  to  exchange  information  on  the  field  they  are  probmg  in, 
and  what  information  they  are  getting? 

They  are  both  research  and  development  teams,  one  backing  up 
the  Air  Force,  and  one  the  NASA  space  effort,  where  there  must  be 
related  efforts — in  fact  you  just  mentioned  one. 

Dr.  Seamans.  My  remarks  here  would  be  really  the  same,  that 
Bellcomm  is  working  with  the  NASA,  planning  the  working  out  of  a 
concept  for  the  various  flight  missions,  getting  this  down  to  sufficient 
detail,  carrying  out  trajectory  analyses,  and  so  on,  so  that  we  can 
specify  the  major  elements  in  the  total  system  that  are  needed  for 
the  job. 

Aerospace — I am  not  as  familiar  with  their  operation,  but  I be- 
lieve this  is  one  of  the  roles  they  perform  on  various  weapons  systems 
for  the  Air  Force. 

Here  again,  many  of  the  methods  you  use  for  carrying  out  these 
analyses  are  similar,  but  they  are  for  specific  objectives  in  every 
case,  and  you  need  the  teams  of  people  in  each  ease  to  do  this  kind 
of  work. 

Mr.  Gurney.  Admittedly  that  is  true  Doctor,  and  in  no  sense  of 
criticism  at  all,  don’t  you  think  it  would  be  a good  idea,  that  if  there 
are  two  very  efficient— we  will  assume — scientific  bodies,  that  there 
should  be  an  exchange  of  ideas  between  them  ? 

Dr.  Seamans.  I assume  that  is  being  done. 

Hr.  Gurney.  We  asked  the  men  from  NASA  and  from  General 
Electric,  and  apparently  their  recollection  was  as  bad  as  yours. 

Dr.  Seamans.  The  coordination  here  must  he  between  the  agencies; 
namely,  DOD  and  Air  Force,  and  NASA,  certainly  some  exchange  of 
information  is  appropriate  between  contractors,  but  the  real  coordin- 
ation must  come  between  the  various  project  organizations  in  the  two 
agencies. 

We  believe  we  are  doing  this  at  various  levels  in  the  organization, 
and  this  is  the  reason  we  set  up  General  Ritland  and  his  group  to 
work  directly  with  Brainerd  Holmes,  so  you  would  have  this  close 
exchange. 

Mr.  Teague.  NASA  has  its  own  vehicle,  the  Saturn,  and  it  has  Bell- 
comm and  General  Electric  working  on  problems  there.  Likewise,  tks 
Air  F ores  has  Aerospace  Corp.  working  on  its  problems  with  the  Atlas 
and  Titan.  Now  NASA  is  fixing  to  use  a Titan,  and  it  has  been  using 
the  Atlas,  which  is  an  Air  Force  missile.  Yet  when  we  talk  to  NASA, 
the  Air  Force,  Bellcomm,  or  Aerospace,  they  hardly  seem  acquainted 
with,  each  other.  There  j ust  doesn’t  seem  to  be  any  coordination,  as  far 
as  the  problems  are  being  worked  out. 

Dr.  Seamans.  When  we  reviewed  the  Gemini  program  recently,  the 
Aerospace  people  responsible  for  Titan  II  are  the  ones  who  came  in 
to  discuss  their  progress  with  the  NASA-DOD  responsible  parties. 
Mr.  Teague.  Do  you  have  any  questions,  Mr.  Roudebush  ? 

Mr.  Roudebush.  I would  like  to  ask  Dr.  Seamans,  what  peculiar 
problems  does  GE  work  on. that  Aerospace  doesn’t?  I mean,  there 
must  be  a difference  in  their  missions. 
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Dr.  Seamans.  Yes.  One  group  works  for  NASA  and  the  other 
for  DOD. 

Mr.  Roudebush.  That  is  just  my  point.  But  how  about  the  proj- 
ects they  are  working  on?  I am  not  talking  about  Project  Gemini 
or  perhaps  the  Project  Apollo.  I am  talking  of  problems  that  are 
related,  problems  of  reentry.  Isn’t  there  a great  deal  of  similarity 
to  the  problems  they  are  working  on  ? 

Dr.  Seamans,  It  is  true  both  groups  must  use  the  same  environ- 
mental information  that  does  affect  the  flight,  and  there,  of  course, 
the  exchange  of  information  is  important.  Bat  to  achieve  reliability, 
for  example,  in  a Weapons  system,  or  in  one  of  NASA’s  launch 
vehicles,  is  only  done  by  very  careful  design,  by  running  the  right 
kinds  of  components  and  subsystems  and  full  systems  tests,  and  bv 
the  manner  in  which  the  whole  vehicle  is  assembled  and  the  manner  in 
which  the  checkout  takes  place.  And  you  have  to  have  a team  of 
people  addressing  themselves  to  the  specific  project  in  order  to  do  this. 

Mr.  Roudebush.  But  the  problems  that  would  affect  the  specific 
project  to  which  this  team  is  addressing  itself  might  be  similar  prob- 
lems to  those  that  affect  other  projects,  isn’t  that  true?  Do  you 
understand  the  question  ? 

Dr.  Seamans.  Yes. 

One  problem  is  that  of  wind  shear.  When  you  go  up  through  the 
atmosphere  you  can  get  into  changes  in  the  atmospheric  velocity  that 
could  cause  a structural  failure. 

Mr.  Roudebush.  AH  right.  Stay  with  that.  That  problem  exists 
for  a number  of  our  different  projects? 

Dr.  Seamans.  That  is  right. 

Mr.  Roudebush.  And  it  is  being  studied  by  a number  of  different 
groups  ? 

Dr.  Seamans.  On  the  contrary.  When  we  realized  the  seriousness 
of  that  problem  we  set  up  with  General  Ritland  a team  of  people 
headed  by  Dick  Rhode  of  NASA,  but  with  full  Aerospace- Air  Force 
participation,  look  at  what  the  problem  really  was,  and  come  up  with 
criteria  for  the  design  of  these  vehicles,  to  minimize  the  effect  of  wind 
shear,  and  also  established  a problem  for  measuring  this  kind  of 
atmospheric  turbulence. 

Mr.  Roudebush.  I see. 

Mr.  Teague.  Any  other  questions? 

Mr.  Fulton  of  Pennsylvania.  May  I ask  one  ? 

Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  Why  wouldn’t  it  be  wise  to  set  up 
a civilian-military  liaison  board  under  statutory  authority  the  way 
we  thought  it  would  have  been  advisable  to  set  it  up  under  the  original 
authorized  enactment  for  NASA  ? 

You  are  doing  it  on  many  levels,  but  shouldn’t  you  have  general 
rules  set  up  so  the  Congress  can  see  that  you  are  giving  this  coopera- 
tion and  getting  the  liaison? 

Dr,  Seamans.  We  have  the  Aeronautics  and  Astronautics  Coordi- 
nating Board  providing  this  kind  of  liaison.  We  feel  that  by  using 
the  board  we  have  involving  people  who  have  line  responsibility 
within  the  two  organizations,  and  , that  this  is  a better  way  of  imple- 
menting the  coordination  than  by  having  sort  of  a separate  and  dis- 
tinct group  of  people  who  have  no  other  responsibility  than  liaison, 
and  hence  don’t  really  know  what  is  going  on. 
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Mr.  Fulton  of  Pennsylvania.  You  would  rather  have  interface 
between  the  line  officials  who  are  actually  operating,  the  policy  people, 
than  between  liaison  groups  set  up  as  representatives  back  and  forth 
between  the  Air  Force  and  NASA? 

Dr.  Seamans.  Yes,  that  is  the  concept  of  the  double  AGB. 

Mr.  Fulton  of  Pennsylvania.  Is  that  what  you  believe,  too  ? 

Dr.  McMillan.  Yes.  . , . 

Mr.  Yeager.  Are  there  any  specific  requirements  the  An1  Force  has 
placed  on  the  Gemini  program,  or  that  it  contemplates  in  the  near 
future,  as  the  result  of  this  agreement  that  you  told  us  about? 

Dr.  McMillan.  The  Air  Force  has  had  in  mind  for  some  time  and 
lifts  presented  to  the  Gemini  program  planning  board  a rather  long 
list  of  experiments  of  various  kinds  that  we  would  like  to  perform, 
during  maimed  space  flight,  many  of  which  we  think  it  might  be 
possible  to  incorporate  into  the  present  Gemini  program  as  NASA, 
has  it  kid  out,  without  interfering  with  NASA  objectives. 

The  first  task  before  this  group  that  I mentioned  earlier  as  being 
set  up  in  Houston  is  to  go  over  this  list  of  experiments  in  detail  with 
the  NASA  people,  to  determine  which  of  them  are  feasible  within, 
the  present  NASA  program  and  what  the  requirements  would  oe 

to  set  them  up.  . ; , ... 

This,  I think,  will  be  the  first  set  of  formal  requirements  that  the 
Department  of  Defense  lays  upon  NASA,  for  experiments  to  be  per- 
formed in  flight  during  the  presently  scheduled  Gemini  flights. 

These  experiments  may  involve  considerable  preparation  on  the 
part  of  DOD,  independent  of  NASA  effort,  but  the  experiments  will 

lie  conducted  in  NASA  flights.  . 

Mr.  Yeager.  Could  those  experiments  be  supplied  for  the  record 
or  have  they  been  classified? 

Dr.  McMillan.  We  could  supply  a fair  number  of  them  tor  the 
record, 

Mr.  Yeager.  Would  you  do  that? 

Dr.  McMillan.  Yes. 

(The  material  requested  is  as  follow  s :) 

List  of  experiments  which  the  Air  Force  believes  can  be  accomplished  during 
the  presently  planned  NASA  Gemini  test  program 

(a)  Visual  definition  of  objects  in  space. 

(&)  Cooperative  target  inspection. 

( c)  Angle-track-only  rendezvous  guidance. 

(d)  Hybrid  IR/Laser  guidance  equipment, 

{ e ) Passive  infrared  star  and  satellite  tracking, 

(/)  Visual  definition  of  terrestrial  features. 

(17)  Observation  of  missile  launches. 

(7i.)  Extravehicular  operations. 

(i)  Autonomous  navigation. 

(j)  Radiation  levels  within  the  space  capsule, 

Mr.  Yeager.  The  agreement  says  that  no  new  major  programs  are 
to  be  initiated  on  near-earth  orbit  experiments  without  mutual  agree- 
ment. Suppose  either  NASA  or  Air  Force  decided  it  wished  to  drop 
out  of  the  Gemini  program. 

Could  that  be  done  imilaterally  ? 

Dr.  McMillan.  I seriously  doubt  that  it  would  be  done  unilaterally. 
Dr.  Seamans.  Certainly  if  the  Department  of  Defense  found  that 
there  were  not  any  missions,  which  I very  much  doubt,  or  any  experi- 
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merits  that  could  be  carried  out  with  Gemini,  and  that  we  are  carrying 
out  all  the  things  that  used  to  be  done,  we  would  still  like  to  have  the 
participation  of  Dr.  McMillan  and  the  board  members,  continuing 
to  review  our  program. 

Mr.  Yeager.  Could  you  describe  for  us  what  you  mean  by  “near 
earth  orbit”  ? 

Dr.  Seamans.  Yes.  We  are  differentiating  between  orbiting 
manned  spacecraft,  and  those  that  are  used  for  missions  to  the  Moon 
and  the  planets. 

Mr.  Yeager.  Is  there  any  fixed  altitude  beyond  which  is  not  con- 
sidered “near  earth  orbit”  ? 

Dr.  McMillan.  A convenient  definition  we  have  sometimes  used 
informally,  and  I would  not  attach  it  specifically  to  the  words  in  the 
agreement,  but  as  far  as  the  military  discussions  of  this  problem  are 
concerned,  I think  the  military  feel  that  at  the  present  time  they  have 
primary  interest  in  orbits  out  to  and  including  the  earth  synchronous 
orbit  at  approximately  22,000  miles,  and  very  little  interest  in  orbits 
that  go  much  beyond  that. 

Mr.  Yeager.  One  last  question:  You  mentioned  the  possibility  of 
a manned  orbiting  space  station  as  an  example  of  the  type  of  thing 
that  might  come  up  in  the  future. 

Are  there  any  other  examples  that  you  can  think  of  or  that  you 
contemplate  at  the  present  time,  or  other  new  major  programs  ? 

Dr.  Seamans.  There  may  be.  But  that  at  the  moment  is  the  project 
that  both  DOD  and  NASA  may  very  well  have  a great  interest  in,  in 
some  near  time  frame. 

Mr,  Teague.  Thank  you,  Dr.  Seamans  and  Dr.  McMillan. 

We  appreciate  your  coming  up. 

Dr.  Seamans.  Thank  you.  ' 

Mr.  Teague.  Would  the  committee  stay  just  a few  minutes  for  a 
short  executive  session? 

(Whereupon,  at  11 :30  o’clock  a.m.,  the  committee  proceeded  in  ex- 
ecutive session.) 
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MONDAY,  MARCH  25,  1063 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington , D.C . 

The  subcommittee  met  at  10  a.m.,  Hon.  Olm  JB.  Teague  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

This  morning  we  will  hear  from  Mr.  Albert  F.  Siepert,  Director  of 
the  Office  of  Administration,  and  Mr.  Ernest  W.  Brackett,  Director 
of  Procurement  and  Supply  of  NASA. 

Do  you  have  other  gentlemen  with  you? 

Mr.  Siepert.  Yes.  I will  introduce  them  in  my  prepared 
statement. 

Mr.  Teague.  I understand  that  is  your  swan  song;  that  you  will 
be  leaving  Washington  and  going  down  to  the  Launch  Operations 
Center  in  Cocoa  Beach,  Fla. 

Mr.  Siepert.  Well,  I believe,  really,  I will  be  back  quite  a bit, 
sir. 

Mr.  Teague.  You  have  a prepared  statement? 

Mr.  Siepert.  Yes,  sir. 

(The  biographical  sketches  of  the  witnesses  are  as  follows:) 

Biography  of  Albert  F.  Siepert,  Director  of  Administration 

Albert  F.  Siepert  has  been  Director  of  Administration  since  the  National  Aero- 
nautics and  Space  Administration  was  established  in  October  1958.  During  the 
previous  IX  years  he  was  Executive  Officer  of  the  National  Institutes  of  Health. 

Born  in  Peoria,  111.,  in  1915,  Siepert  received  a bachelor  of  arts  degree  from 
Bradley  University  in  1936. 

After  graduation,  Siepert  became  one  of  the  first  Government  ‘‘interns” 
(trainees)  under  the  auspices  of  the  National  Institute  of  Public  Affairs.  He 
served  his  internship  with  the  Farm  Credit  Administration,  and  has  since  held 
administrative  posts  with  the  Home  Owners  Loan  Corporation,  the  Alien  Property 
Custodian  and  the  Bureau  of  State  Services  of  the  U.S.  Public  Health  Service. 

Named  Executive  Officer  of  the  National  Institutes  of  Health  in  1948,  Mr. 
Siepert  had  a key  role  in  the  major  reorganization  and  expansion  of  the  Institutes 
during  the  initial  years  of  his  NIH  appointment.  He  received  the  Arthur 
Flemming  Award  in  1950  for  his  contribution  to  this  effort. 

In  1955  he  received  the  Department  of  Health,  Education,  and  Welfare's  Dis- 
tinguished Serivce  Award  for  his  administrative  leadership.  He  was  awarded 
the  Bradley  University  Distinguished  Alumnus  Award  in  1960. 

Mr.  and' Mrs.  Siepert  and  their  two  children  live  at  Bethesda,  Md. 
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Biography  of  Ernest  W.  Brackett,  Director,  Procurement  and  Supply 

Division 

Ernest  E.  Brackett  was  appointed  Director  of  the  NASA  Procurement  and 
Supply  Division  in  January  1959.  The  functions  of  that  Division  include  trans- 
portation and  logistic  planning.  Prior  to  coming  to  NASA,  Mr.  Brackett  was  a 
contract  specialist  on  the  staff  of  the  Director  of  Procurement  and  Production  at 
Headquarters,  Air  Materiel  Command,  USAF,  Wright-Pat terson  Air  Force  Base, 
Dayton,  Ohio. 

A native  of  Mohawk,  N.Y„  Mr.  Brackett  attended  local  grammar  and  high 
schools.  He  received  a bachelor  of  arts  degree  in  1925  from  Cornell  University, 
Ithaca,  N.Y.  From  1925  to  1942  he  practiced  law  in  Utica,  N.Y.,  and  was  a 
member  of  the  firm  of  Griffith  & Brackett.  While  in  Utica  he  served  as  president 
of  the  Rotary  Club. 

Mr.  Brackett  was  an  officer  in  the  U.S.  Army  Air  Corps  from  1942  to  19-18. 
During  his  active  military  service,  he  was  concerned  primarily  with  Government 
procurement  and  supply  activities. 

After  returning  to  civilian  life,  Mr.  Brackett  joined  the  Department  of  the  Air 
Force  in  Washington,  D.C.,  as  Chief  of  the  Contracts  Branch,  Procurement 
Division.  From  1959  until  his  appointment  to  the  NASA  staff,  Mr.  Brackett 
was  a contract  and  procurement  specialist  in  the  Headquarters  of  the  Air  Materiel 
Command. 

Mr.  Brackett  is  a member  of  the  New  York  State  and  District  of  Columbia 
Bar  and  has  been  admitted  to  practice  before  the  U.S.  Supreme  Court.  He  cur- 
rently holds  the  rank  of  colonel  in  the  U.S.  Air  Force  Reserve. 

He  is  married  to  the  former  Beatrice  L.  Paul.  They  have  one  daughter,  Mrs, 
Jaclin  Farrell,  living  in  Arlington  Heights,  111.  The  Bracketts  live  at  2820 
Northampton  Street,  Washington,  D.C. 


Biography  of  Walter  L,  Lingle,  Jr.,  Assistant  Administrator  for  Man- 
agement Development,  Deputy  Associate  Administrator  for  Industrial 
Affairs 

Walter  L.  Lingle,  Jr.,  .as  Deputy  Associate  Administrator  for  Industrial  Affairs, 
is  responsible  for  overall  relationships  of  the  National  Aeronautics  and  Space  Ad- 
ministration with  industry  and  for  a review  of  NASA-wide  procurement  policies 
and  procedures.  In  addition,  as  Assistant  Administrator  for  Management'De- 
velopment,  Mi'.  Lingle  reviews  and  develops  recommendations  on  majoT  manage- 
ment activities:. 

Mr.  Lingle  joined  NASA  in  June  1962,  in  a temporary  capacity  as  Deputy 
Assistant  Administrator  for  Public  Affairs.  In  August  he  became  Assistant 
Administrator  for  Management  Development  and  in  March  1963  he  was  assigned 
additional  responsibilities  as  Deputy  Associate  Administrator  for  Industrial 
Affairs. 

Walter  L.  Lingle  is  a former  executive  vice  president  of  the  Procter  & Gamble 
Co.  He  joined  the  company  in  1931  and  was  elected  vice  president  of  oversea 
operations  in  1948.  He  also  had  been  in  charge  of  the  firm’s  toilet  goods,  paper 
products,  and  oil  mill  divisions  since  1954. 

Prior,  to  joining  NASA,  Mr,  Lingle  served  as  Deputy  Administrator  of  the 
Agency  for  International  Development, 

A native  of  Atlanta,  Ga,,  Lingle  received  a B.S.  degree  from  Davidson  College, 
Davidson,  N.C.  He  has  been  a member  of  the  Board  of  Directors  of  the  Cin- 
cinnati Chapter  of  the  American  Red  Cross,  National  Executive  Board  of  the 
Boy  Scouts  of  America  and  campaign  chairman  of  the  Cincinnati  United  Appeal. 

Mr.  Lingle  is  married  to  the  former  Alice  Lewis.  They  have  one  son  and  two 
daughters! 


Stephen  P,  Le.iko,  Budget  Officer 

Stephen  P.  Lejko  joined  NASA  July  1,  1962,  as  NASA  headquarters,  budget 
officer.  Prior  to  joining  NASA  he  was  Assistant  to  the  Administrator  of  the 
Agricultural  Research  Service,  Department  of  Agriculture,  from  December  1956 
to  June  1962,  From  January  1950  to  December  1956  he  was  budget  officer  with 
the  ARS. 
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Lejko  was  born  August  3,  1920,  in  Yugoslavia.  He  attended  school  in  Beth- 
lehem, Pa.  He  attended  Cincinnati  University  in  1943  and  was  a pilot  in  the 
U.S.  Army  Air  Corps  from  1942  through  1946. 

Lejko  completed  his  college  work  at  American  University,  Washington,  D.C., 
receiving  a bachelor  of  science  degree  in  1954  and  master  of  arts  in  1959. 

Lejko  is  married  to  the  former  Ann  Marie  Kientz.  They  have  a son,  Stephen 
IP.  Lejko,  Jr.  The  Lejko's  live  at  6531  79th  Place,  Cabin  John,  Md. 


Biography  op  Dr.  Thomas  L.  K.  Smull,  Director,  Office  of  Grants  and 

Research  Contracts 

Age:  46.  Children:  Sharon,  16. 

Education:  B.A.  (1937)  Ohio  Northern  University;  B.S.  (Aeronautical  Engi- 
neering) (1939),  University  of  Michigan;  B.S.  (mechanical  engineering)  (1939) 
University  of  Michigan;  and  Sc.  D.  aeronautical  engineering  (1948),  Ohio  Northern 
University. 

1960,  Director,  Office  of  Grants  and  Research  Contracts;  1958-60,  Assistant 
Chief,  University  Programs,  NASA;  1950-58,  Chief,  Research  Coordination 
Division,  NACA;  1948-50,  Aeronautical  Research  Scientist,  NACA;  and 
1942-48,  Aeronautical  Engineer,  NACA. 

Staff,  President’s  Air  Policy  Commission,  1947;  consultant,.  Research  and 
Development,  Congressional  Aviation  Policy  Board,  1948;  registered  professional 
engineer,  State  of  Ohio;  and  member  of  the  Council  of  the  Armed'  Forces-National 
Research  Council  Committee  on  Hearing  and  Bio- Acoustics. 

Societies:  Associate  Fellow,  Institute  of  the  Aeronautical  Sciences  American 
Geophysical  Union;  Alpha  Phi  Gamma;  and  Theta  Alpha  Phi. 

Organizations:  National  Aeronautics  Association;  Aero  Club  of  Washington; 
Sigma  Phi  Epsilon;  University  Club  of  Washington;  Hampton  Yacht  Club;  and 
West  River  Sailing  Club. 

Publications:  New  Horizons  in  Aeronautical  Research;  Aviation  Annual  for 
1946;  Today’s  Research  for  Tomorrow’s  Aircraft,  Aviation  Annual  for  1947;  and 
contributor,  Collier’s  Encyclopedia. 

STATEMENT  OF  ALBERT  F.  SIEPERT,  DIRECTOR  OF  ADMINIS- 
TRATION, NASA;  ACCOMPANIED  BY:  DR.  THOMAS  K.  SMULL, 

DIRECTOR,  OFFICE  OF  GRANTS  AND  RESEARCH  CONTRACTS; 

STEPHEN  LEJKO,  BUDGET  OFFICER,  NASA  HEADQUARTERS; 

AND  WALTER  LINGLE,  ASSISTANT  ADMINISTRATOR  FOR 

INDUSTRIAL  AFFAIRS 

Mr,  Siepert.  It  is  a privilege  to  discuss  with,  you  today  the  pro- 
curement and  contracting  program  of  the  National  Aeronautics  and 
Space  Administration.  Our  agency  places  responsibility  on  the 
Headquarters  Office  of  Procurement  and  Supply  to  execute  the 
procurement  function  within  policies  established  and  approved  by  the 
Associate  Administrator,  the  Deputy  Administrator,  and  Admin- 
istrator. 

Since  more  than  90  percent  of  the  funds  appropriated  go  outside  the 
Government  in  the  form  of  contracts,  the  top  management  of  NASA 
has  taken  a continuing  personal  interest  hi  assuring  careful  planning 
and  execution  of  our  program,  and,  as  you  know,  takes  personal 
responsibility  for  the  award  of  all  major  contracts  over  $5  million 
based  upon  evaluations  which  are  presented  by  source  evaluation 
boards.  , ' 

Mr.  Teague.  Are  you  saying  your  Centers  have  authority  to  make 
•contracts  for  anything  less  than  $5  million? 
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Mr.  Siepert.  The  Centers  have  authority  to  select  the  contractors. 
No  Center  has  a delegation  to  approve  a contract,  without  review  of 
the  contract  and  its  terms  in  headquarters,  if  it  is  over  $1  million. 

Three  of  the  Centers  have  million  dollar  authority,  smaller  ones 
have  to  half  a million,  some  as  low  as  $100,000. 

Mr.  Teagtje.  Which  are  the  three? 

Mr.  Siepekt.  Marshall,  Houston — Cape  Canaveral  is  half  a 
million  dollars — and  the  Western  Operations. 

The  cape  is  $500,000,  Goddard  is  $500,000,  and  the  Ames  Research 
Center  is  $500,000. 

Excuse  me,  I would  correct  that.  We  recently  extended  these 
delegations  because  of  the  size  of  the  program.  Correctly,  I should 
say,  all  of  our  centers  have  $1  million  authority  now  except  Ames 
and  the  Launch  Operations  Center,  with  $500,000  authority,  and  the 
Flight  Research  Center  and  Wallops  Station  at  $100,000. 

The  Procurement  and  Supply  Division  is  currently  one  of  the 
elements  of  the  Office  of  Administration.  The  Director,  Mr.  Ernest 
W.  Brackett,  on  my  left,  who  reports  to  me,  is  here  with  us  today, 
and  will  outline  in  some  detail  the  major  elements  of  our  procurement 
operations. 

NASA  makes  a practice  of  publishing  statistics  concerning  its 
procurement  operations  in  some  detail,  and  this  information  is  made 
available  rather  widely  through  its  annual  procurement  report. 
The  latest  issue  covering  fecal  year  1962  has  recently  been  printed, 
and  copies  like  this  have  been  sent  to  each  member  of  the  Committee 
on  Science  and  Astronautics. 

In  concluding  these  introductory  remarks,  let  me  say  that  NASA 
feels  Mr.  Brackett  and  his  top  staff  have  been  able  to  bring  into 
the  organization  an  exceptionally  competent  group  of  procurement 
specialists  both  in  headquarters  and  at  the  field  centers. 

They  have  had  a somewhat  crushing  job  to  do  since  the  growth  of 
the  program  in  terms  of  their  procurement  workload  has  more  than 
doubled  in  each  of  the  last  3 fiscal  years.  Faced  with  an  urgent 
technical  program,  the  NASA  technical  staff  understandably  seeks  to 
shorten  any  procurement  leadtimes  which  may  affect  their  ability  to 
achieve  flight  schedules  on  time. 

As  I am  sure  the  committee  will  understand,  this  presents  challenges 
for  any  procurement  staff  which  is  interested,  ouis  is,  in  the  negotia- 

tion and  award  of  contracts  which  represent  soundly  drawn  agree- 
ments as  to  the  scope  of  the  work  and  adequate  understanding  as  to 
the  terms,  costs,  and  fees  involved,  We  believe  substantial  progress 
has  been  made  in  realizing  these  objectives. 

There  is  a very  recent  development  in  the  procurement  area  which 
I believe  Mr.  Webb  mentioned  earlier  to  this  committee. 

During  the  past  week  we  announced  the  designation  of  Mr.  Walter 
L,  Lingle  as  a Deputy  Associate  Administrator  under  Dr.  Seamans. 
His  particular  responsibility  will  be  for  industrial  affairs.  For  some 
time  NASA  has  sought  to  bring  into  its  organization  people  who  have 
had  senior  executive  responsibility  in  handling  the  operations  of  large 
corporate  enterprises.  All  of  us  feel  exceedingly  fortunate  to  have 
acquired  the  services  of  Mr.  Lingle.  He  comes  to  the  public  service 
from  the  position  of  executive  vice  president  of  the  Proctor  & Gamble 
Co.  where  he  was  in  charge  of  oversea  operations. 

Mr.  Lingle  joined  NASA  in  a staff  role  to  Mr.  Webb  with  the  title 
of  Assistant  Administrator  for  Management  Development.  In  this 
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capacity  in  recent  months  lie  has  been  most  helpful  in  opening  up  new 
channels  of  frank  communication  with  the  top  corporate  leadership 
of  the  major  contractors  which  are  lined  into  the  key  NASA  programs. 
Therefore,  it  seems  appropriate  at  a time  when  NASA  is  entering  a 
critical  new  phase  of  its  major  hardware  procurements  to  establish 
Mr.  Lingie  as  the  Deputy  Associate  Administrator  under  Dr.  Seamans, 

There  will  be  transferred  to  him  immediate  operating  respon- 
sibility for  agency  procurement  functions  related  to  policy  develop- 
ment, procurement  regulations,  review  of  major  procurements,  con- 
tract administration,  and  evaluation  of  field  center  procurement 
operations. 

In  the  near  future,  Mr.  Brackett  and  his  deputy,  Mr.  George 
Recchietti,  as  well  as  the  assisting  staff  related  to  these  functions  will 
be  formally  transferred  to  report  to  the  Office  of  the  Associate  Ad- 
ministrator through  this  new  deputy  position  for  industrial  affairs. 

I have  taken  the  liberty  of  inviting  Mr.  Lingie  to  the  hearing  and 
he  is  at  the  table  on  Mr.  Brackett’s  left. 

Considerable  thought  has  gone  into  the  malting  of  this  move.  Mr. 
Brackett  and  I both  joined  in  recommending  this  step  as  helpful  in 
sharpening  up  the  responsibilities  of  the  p’oeurement  function  and  in 
furthering  a channel  for  direct  communication  to  the  NASA  general 
management,  and  to  the  leadership  of  American  industry  on  vital 
matters  affecting  procurement  operations. 

Mr.  Teague.  Any  questions  of  Mr.  Siepert  before  we  go  to  Mr. 
Brackett’s  statement? 

Mr.  Riehlman? 

Mr.  Riehlman.  I think  Mr.  Siepert  has  elaborated  to  some  degree, 
in  bis  last  paragraph  or  two  of  his  statement,  on  the  question  I want 
to  ask. 

On  page  2 of  your  statement  you  mention  Mr.  Brackett  and  his 
staff,  and  say  that  they  have  been  able  to  bring  into  the  organization 
these  outstanding  people,  and  so  forth.  How  large  a staff  does  Mr. 
Brackett  have?  I also  would  be  anxious  to  know  something  about 
the  qualifications  of  the  people  he  has  in  the  procurement  office. 

Would  either  you  or  Mr.  Brackett  answer  that? 

Mr.  Siepert.  Let  me  take  part  of  it.  Mr.  Brackett  can  elaborate 
in  any  way  you  wish. 

Mr.  Riehlman.  All  right. 

Mr.  Siepert.  Mr.  Brackett  has  a headquarters  procurement  staff 
which  handles  the  whole  agency  policy  and  also  procures  headquarters 
contracts.  The  current  authorization  I believe  is  127  people.  This 
is  a recently  authorized  expansion. 

The  current  staff  is  approximately  100.  We  are  building  it  up 
because  of  the  much  greater  load  that  faces  us  in  the  months  immedi- 
ately ahead.  The  people  whom  we  have  brought  into  this  organiza- 
tion have  come  from  a variety  of  procurement  experience  drawing  all 
the  wav  across  Government.  Of  course,  the  great  majority  of  the 
people  have  come  from  major  responsibility  in  one  of  the  Department 
of  Defense  services,  since  this  is  the  kind  of  procurement  that  is  most 
directly  comparable  with  our  task. 

Mr.  Brackett  comes  to  us  from  the  Air  Force.  He  joined  NASA 
within  the  first  year  of  its  operation. 

However,  in  his  staffing  he  has  been  quite  careful  to  diversify  the 
experience  so  we  could  in  effect  sample  the  best  experience  of  the 
services,  rather  than  concentrate  on  one  way  of  doing  it. 
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Mr.  Riehlman.  I am  very  interested  in  the  qualifications  of  the 
people  you  have  in  the  procurement  office,  which,  to  me,  is  quite 
important. 

Mr.  Brackett,  The  deputy,  Mr.  George  Vecchietti,  is  a native 
Wasjiingtonian,  a lawyer,  who  was  on  the  staff  of  the  Department  of 
Defense,  lastly  with  the  Air  Force,  where  he  represented  them  on  the 
Armed  Services  Procurement  Regulation  Committee,  which  drafts  the 
regulations  implementing  the  Armed  Services  Procurement  Act  of 
1947.  I think  he  has  had  approximately  15  years  of  this  type  of 
experience. 

Mr.  Brewer,  who  heads  the  Office  of  Procurement  Review,  was  the 
Navy  representative  on  the  Armed  Services  Procurement  Regulation 
Committee.  Prior  to  that,  he  was  head  of  the  Navy  Purchase  Office 
in  the  Los  Angeles  area  for  some  years,  with  a much  larger  staff  than 
our  office  has  at  present.  He  also  did  procurement  inspection  work  in 
the  field. 

Mr.  Brooks  Preacher,  a special  assistant,  came  from  the  Depart- 
ment of  the  Army,  where  he  had  had  approximately  18  years  of  pro- 
curement experience.  He  was  in  charge  of  some  of  the  plant  offices 
during  the  war  for  the  Army. 

Mr.  Christenat,  who  was  for  some  years  with  the  Navy  heading 
their  pricing  staff,  later  retired,  worked  2 years  for  General  Electric, 
reached  their  mandatory  retirement  age,  and  has  come  back  to  us  to 
head  our  pricing  section.  He  headed  up  when  he  was  with  the  Navy 
what  is  called  the  Christenat  committee,  for  the  three  military  depart- 
ments; it  did  their  pricing  policy  work. 

Mr.  Carl  Schrieber,  for  20  years  with  NACA  and  NASA  in  procure- 
ment, heads  our  office  that  develops  procurement  policies  and  regu- 
lations. 

Mr.  LaVerne  Hanson  heads  the  property  management  section.  He 
was  formerly  at  the  NACA  at  Langley  Field.  He  has  been  here  in 
headquarters  I think  approximately  10  years. 

Mr,  James  McCollum  heads  up  the  transportation  office,  and  was 
formerly  in  the  transportation  section  of  the  Air  Force  at  Andrews 
Field. 

Mr.  Reginald  Barber  heads  the  facilities  and  priorities  office,  and 
he  also  was  with  the  NACA  for  some  years. 

Would  you  like  to  know  something  about  the  people  who  head  up 
the  field  organizations? 

Mr.  Riehlman.  Well,  to  get  back  to  a previous  statement  made 
either  by  you  or  Mrt.  Siepert,  most  of  these  people  come  from  Gov- 
ernment agencies. 

Mr.  Brackett.  That  is  right. 

Mr.  Riehlman.  I can  understand  to  some  degree  why  you  need 
people  who  have  had  experience  in  procurement  on  the  Government 
side.  Do  you  have  anyone  from  industry  in  the  procurement  office? 

Mi\  Brackett.  Otto  T.  Hess  recently  joined  us.  ' He  was  formerly 
secretary  of  Jack  & Heintz  for  a number  of  years.  He  was  working 
largely  from  the  contractor’s  viewpoint  on  development  type  con- 
tracts. This  is  his  first  work  in  civil  service  capacity,  coming  from 
industry. 

We  have  found  that  people  who  have  had  procurement  experience  in 
one  of  the  departments  usually  understand  and  are  more  quickly 
amalgamated  into  the  system.  It  takes  a length  of  time  for  people 
without  this  experience  to  learn  the  background,  and  so  forth. 
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Mr.  Riehlman.  Sometimes  we  question  whether  or  not  this  is  a 
good  policy  to  bring  in  people  who  are  easily  persuaded  to  the  thinking 
of— I hate  to  use  the  word — perhaps  a bureaucratic  operation. 
People  from  industry,  where  they  have  the  responsibility  to  produce 
for  business,  may  have  a much  more  cautious  attitude  when  spending 
the  taxpayer’s  money. 

Mr.  Brackett.  Several  of  thsse,  such  as  Mr.  Clmstenat,  have  had 
experience  with  industry.  Personally,  I practiced  law  for  17  years 
and  represented  industrial  companies,  before  the  war. 

Mr.  Riehlman.  1 don’t  want  to  belabor  the  question,  Mr.  Chair- 
man, but  I think  it  is  important. 

Mr.  Teague.  Go  right  ahfh?4,  and  take  as  much  time  as  you  want. 

Mr.  Brackett.  Mr.  linglc  1*  strictly  from  industry. 

Mi-.  Riehlman.  We  understand  that,  but  he  has  just  arrived.  I 
hope  he  will  represent  the  viewpoint  that  I am  referring  to, 

Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  Mr.  Brackett,  there  are  two  or  three 
items  in  your  statement  which  I would  like  to  mention. 

First,  there  is  no  comment  on  how  you  are  going  to  make  sure 
there  is  a division  of  contracts  among  small  business. 

Second,  there  is  nothing  in  the  statement  to  show  how  you  are 
gcin°;  to  monitor  subcontractors  to  see  that  NASA  gets  lower  prices 
for  the  Government’s  money  by  competitive  bidding. 

Mr.  Brackett.  I will  touch  on  those  in  my  statement.  I will  be 
glad  to  go  into  more  detail. 

Mr.  Fulton  of  Pennsylvania.  I have  a third  point  that  I have  made 
repeatedly.  I would  like  to  see  the  separation  of  contracts  into  lower 
components,  so  that  contracts  for  millions  of  dollars,  or  tens  of  millions, 
or  even  hundreds  of  millions,  are  not  awarded  without  public  com- 
petitive bidding. 

My  experience  has  been  that  there  should  be  a much  greater  sepa- 
ration of  the  research  and  development  components  in  contracts.  If 
NASA  came  up  with  adequate  specifications  for  these  contracts,  there 
could  be  a great  saving  to  the  Government  by  the  public  bidding  of 
portions  of  these  contracts  that  really  amount  to  engineering  and 
construction  work. 

I have  some  contact  with  NASA  officials  in  the  field  of  the  high- 
vacuum  facilities,  for  example.  I understand  that  you  are  now  offer- 
ing these  contracts  at  public  bid  as  a result  of  my  objections  to  research 
and  development  contract  specifications. 

One  other  point  I would  like  to  make  is  that  NASA  is  procuring  and 
hiring  professional  personnel.  There  has  been  quite  a dispute  over 
the  awarding  of  a controversial  advertising  contract.  One  of  the 
staff  members  of  the  original  firm  that  had  the  NASA  contract 
resigned  from  the  firm  and.  rather  peculiarly,  the  contract  followed — 
shall  we  call  him — the  dissident  or  the  one  who  ran  away. 

My  objections  to  this  questionable  administrative  decision  were 
based  on  the  facts  that  this  man  bad  had  little  experience  in  the  ad- 
vertising field,  had  only  been  in  this  country  for,  I think,  a period  of 
5 years,  and  had  bad  no  experience  of  any  degree  in  the  field  other 
than  with  the  original  firm.  I had  insisted  that  NASA  get  a large  ad- 
vertising professional  group  to  work  with  him,  so  that  NASA  would 
have  the  backing  of  people  of  competence. 
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I understand  a firm  was  chosen,  and  it  W'*s  utilized  for  about  a year. 
The  advertising  firm  was  given  to  understand  they  would  only  work 
a year*  because  the  whole  contract 'would  be  taken  over  by  the  dis- 
sident on  the  basis  that  he  could  do  it  better  alone  and  give  his  whole 
time  to  it.  Now  I understand  the  contract  is  being  given  to  this 
single  chosen  instrument,  and  NASA  is  paying  him  $20,000  a month 
to  make  up  advertising. 

r I would  like  to  put  in  the  record  a few  facts  from  the  Naval  Ord- 
nance Laboratory,  at  White  Oak,  Silver  Spring,  Md.,  showing  that 
there  is  a'  naval  officer,  called  an  employment  officer,  who  does  this 
type  of  work. 

Obviously,  I want  to  see  that  the  taxpayers  get  their  money’s 
worth.  I do  not  like  the  idea  of  a contract  always  and  continuously 
awarded  one  person, 

I have  read  an  article  in  an  advertising  journal  publicizing  the 
tremendous  success  of  this  person  who  is  without  adequate  experience, 
and  who  is  handling  not  just  one  phase  of  the  recruitment  of  NASA 
technical  personnel,  but  many  phases. 

Mr.  Patten,  who  is  the  Congressman  from  New  Jersey,  has  com- 
plained bitterly  about  the  inside  track  this  man  has,  I would  like  to 
ask  for  an  investigation  into  this  matter. 

I make  no  charges,  but  I just  want  to  know  what  the  contract 
•overs;  what  work  is  being  done,  and  if  another  part  of  it  is  being  done 
differently,  whether  or  not  it  can  be  done  cheaper. 

(The  information  requested  is  as  follows:) 

Recruitment  Advertising 
* ■ 

Paid  advertising  is  one  of  several  approaches  used  by  NASA  in  connection  with 
its  recruitment  program.  The  use  of  recognized  advertising  agencies  for  the- 
placement  of  recruitment  ads  was  determined  to  be  pore  advantageous  to  NASA 
than  to  try  and  manage  the  effort  by  acquiring  additional  in-house  personnel, 

. After  soliciting  proposals  from  17  recognized  advertising  firms,  NASA  awarded, 
a draw  contract  in  December  1961  to  1 of  the  proposing  firms,  for  advertising 
services  in  recruiting  professional  and  scientific  personnel.  To  provide  a basis, 
for  comparison  of  services  a second  draw  contract  was  let  on  January  12,  1962, 
with  another  of  the  proposing  firms  for  the  same  type  of  services.  In  neither 
contract  did  NASA  guarantee  to  place  any  definite  amount  of  advertising  by 
month  or  otherwise.  A conscious  effort  was  made  to  divide  the  service  about 
equally.  It  became  apparent  during  the  year  that  both  contracts  were  in  effect, 
that  working  with  two  contracts  caused  NASA  certain  management  problems. 
Following  a review  of  both  contractors’  services  at  the  end  of  1962,  NASA  decided 
to  exercise  the  1-year  extension  option  provided  in  the  contracts  on  one  contract, 
only.  This  decision  was  based  primarily  on  two  factors:  (l)  One  contractor  had 
changed  the  designated  advertising  agency  representative  for  the  NASA  account 
four  times  during  the  year  which  resulted  in  more  difficult  administrative  problems 
in  dealing  with  the  contractor  and,  (2)  the  total  cost  to  the  Government  per  ad 
placed  by  that  same  contractor  was  higher  than  the  other.  Consequently,  it.  was 
decided  to  extend  the  contract  with  the  agency  that  had  regularly  provided  more- 
responsive  service  at  lower  cost  to  the  Government.  '* 

NASA  does  ilot  presently  have  the  in-house  skills  required  for  the  preparation 
and  placement  of  advertising  copy  of  the  type  used  in  the  national  magazine  field. 
Customarily,  these  skills  are  obtained  from  an  advertising  agency  whose  costs 
and  profit,  other  than  charges  for  production  costs,  lie  in  the  commission  which 
the  agency  obtains  from  the  standard  space  rate  charges  established  by  the 
publishers.  Since  publishers  do  not  provide  such  a commission  to  the  Govern- 
ment, there  is  no  cost  advantage  to  NASA  in  directly  placing  its  advertisements 
with  the  publishers,  Furthermore,  to  provide  the  in-house  capability  needed  for 
layouts,  related  art  work,  rate  determination,  handling  of  individual  billings,  and 
related  clerical  ancl  administrative  help,  NASA  would  need  additional  employees. 

NASA  has  determined  fchaq  when  utilizing  paid  advertising  for  recruiting  it  is 
to  the  best  interest  of  the  Government  to  contract  for  services  of  this  type  with 
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accredited  advertising  firms.  The  present  NASA  draw  contract  for  these  services 
is  with  S.  G.  Staclcig,  Inc.  The  total  cost  under  this  contract  for  the  period  July 
1962  through  March  1963  was  $129,100,  representing  orders  placed  in  national 
journals,  college  journals,  newspapers,  and  production  costs  for  ad  preparation. 

Mr.  Teague.  Mr.  Brackett,  let’s  have  your  statement  since  a num- 
ber of  points  Mr.  Fulton  asked  are  covered  in  the  statement.  Then 
we  will  go  back  to  the  questions. 

STATEMENT  OF  ERNEST  W.  BRACKETT,  DIRECTOR,  PROCUREMENT 

AND  SUPPLY,  NATIONAL  AERONAUTICS  AND  SPACE  ADMINIS- 
TRATION 

a 

Mr.  Brackett.  Mr.  Chairman  and  members  of  the  subcommittee, 
since  NASA  became  an  operating  agency  its  procurement  functions 
have  become  increasingly  important.  During  fiscal  year  1962,  ap- 
proximately 90  percent  of  funds  appropriated  by  the  Congress  were 
spent  by  contracts  as  compared  to  64  percent  in  fiscal  year  1960. 
In  fiscal  year  1964  the  percentage  of  funds  going  to  contractors 
may  increase  further.  NASA  appreciates  its  responsibility  to  see  that 
this  money  is  spent  prudently,  economically,  and  in  accordance  with 
the  intent  and  policies  laid  down  by  the  Congress  and  the  President* 

DECENTRALIZATION  OF  NASA’S  PROCUREMENT  OPERATIONS 

Each  of  NASA’s  centers  places  contracts  in  support  of  the  projects- 
assigned  to  their  cognizance.  Four  other  NASA  offices  also  do  con- 
tracting for  the  agency.  In  addition,  the  Jet  Propulsion  Laboratory, 
which  is  operated  under  a contract  by  the  California  Institute  of 
Technology,  spent  over  60  percent  of  the  dollars  provided  by  NASA  in 
fiscal  year  7962  on  contracts  with  business  firms. 

Procurement  policies  and  procedures  are  issued  by  NASA  head- 
quarters. These  follow  quite  closely  those  promulgated  by  the  Armed 
Service  Procurement  Regulation.  We  are  facing  many  of  the  same 
procurement  problems  faced  by  the  military  departments,  our  basic 
statutory  authority  is  the  same  as  theirs  (the  Armed  Service  Procure- 
ment Act  of  1947),  and  we  are  dealing  with  much  of  the  same  segments 
of  industry.  This  uniformity  is  advantageous  to  industry  as  it  simpli- 
fies contract  systems  and  contractual  provisions. 

Major  contracts  are  reviewed  and  approved  by  NASA  headquarters. 
This  includes  a review  by  the  Office  of  General  Counsel  for  legal 
sufficiency.  Authority  is  delegated  to  the  Marshall  Space  Flight 
Center,  the  Manned  Spacecraft  Center,  and  the  Western  Operations 
Office,  those  being  the  procurement  offices  which  place  most  of  the 
larger  contracts,  to  issue  contracts  up  to  $1  million  without  head- 
quarters approval. 

Now  the  Goddard  Space  Flight  Center,  Headquarters  Procurement. 
Branch,  Langley  Field  Research  Center  and  Lewis  Research  Center,, 
have  also  been  given  this  same  $1  million  authority. 

The  other  procurement  offices  have  lower  maximum  contracting- 
authority  without  headquarters  approval. 

The  reasons  for  review  and  approval  by  headquarters  is  to  assure 
compliance  with  NASA’s  procurement  policies,  contractual  provisions, 
and  sound  business  principles.  The  reason  for  the  different  limitation 
amounts  is  to  assure  a review  of  a representative  number  of  contracts, 
from  each  procurement  office. 
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METHODS  OF  COMPETITION 

The  most  difficult  part  of  procurement  is  the  selection  of  contractors. 
It  is  our  policy  to  advertise  formally  for  items  we  procure  whenever 
this  is  possible.  This  is  where  there  are  adequate  detailed  technical 
or  performance  specifications  available  so  that  all  bidders  will  under- 
stand and  bid  on  the  same  thing. 

However,  NASA  is  predominantly  procuring  research  and  develop- 
ment items,  things  which  have  never  been  made  before  such  as  the 
Apollo  spacecraft,  where  there  are  no  specifications  and  various  engi- 
neering designs  should  be  considered.  For  this  reason  most  of  our 
•contract  dollars  go  into  contracts  which  must  be  negotiated.  In 
fiscal  year  1962,  64  percent  of  our  contracts  were  negotiated  under  the 
authority  of  10  United  States  Code  2.304(a) (11)  which  authorizes  pro- 
curement by  negotiation  for  research  and  development.  Fourteen 
percent  of  our  contracts  were  negotiated  with  educational  institutions 
under  the  authority  of  10  United  States  Code  2304(a)(5).  This  in- 
cludes the  contract  for  operation  of  the  Jet  Propulsion  Laboratory. 

When  a contract  is  negotiated  it  does  not  mean  that  competition  is 
waived;  usually  it  is  just  as_ possible  to  get  competition  by  negotiation 
as  it  is  by  formal  advertising.  Our  policy  is  to  obtain  competition 
whenever  it  is  feasible  and  possible  under  a negotiated  procurement. 
There  are  instances  when  clearly  one  company  should  be  chosen,  and 
it  would  be  a disservice  to  other  companies  to  invite  competition.  An 
example  is  the  contract  for  development  of  the  Gemini  spacecraft 
which  is  a follow-on  to  the  Mercury  spacecraft.  In  this  case  the 
contract  was  let  to  the  same  contractor  because  of  similarity  in 
design,  the  technical  experience  of  the  contractor  on  the  Mercury 
project,  and  became  the  Gemini  project  is  planned  to  follow  the 
Mercury  flights  Wwh  little  intermittent  time  delay.  However,  it 
should  be  noted  that  this  contractor  secured  the  Mercury  contract 
competitively. 

NASA  procurements  for  research  and  development  of  over  $100,000 
start,  with  a procurement  plan  which  sets  up  the  method,  steps  to  be 
taken,  type  of  contract  which  will  be  used,  and  other  details. 

In  instances  where  the  estimated  cost  is  over  $5  million  the  plan 
is  submitted  to  the  NASA  Associate  Administrator  for  approval;  if 
under  that  amount,  the  Center  Director  approves  the  plan. 

SOURCE  EVALUATION  PROCEDURES 

In  nearly  all  of  the  competitive  research  and  development  procure- 
ments, a Source  Evaluation  Board  is  appointed  to  evaluate  the  pro- 
posals submitted.  The  Board  is  made  up  predominantly  of  technical 
members  with  representatives  from  business  management  offices. 
This  Board  determines  the  criteria  which  will  be  used  in  the  evalua- 
tion, and  these  points  are  then  set  forth  in  the  requests  for  proposals. 
Usually  a technical  and  a business  committee  are  appointed  by  the 
Board,  who  do  much  of  the  detailed  examination  of  proposals.  The 
Board  makes  its  report  to  the  Director  of  the  Center,  if  the  estimated 
cost  is  under  $5  million,  who  selects  the  company  with  which  a con- 
tract will  be  negotiated  if  satisfactory  terms  can  be  arranged.  If  the 
estimated  cost  is  over  $5  million,  NASA’s  general  management  at 
headquarters  makes  the  choice. 
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Companies  which  are  considered  to  have  the  capability  to  perform 
the  work  are  invited  to  submit  proposals;  however,  any  company 
may  submit  a proposal  which  will  be  evaluated  on  the  same  basis  as 
those  invited.  During  evaluation,  companies  which  submit  proposals 
are  checked  to  determine  their  performance  on  work  done  for  other 
Government  agencies  and  ip  some  instances  for  commercial  customers. 
The  results  of  this  system  are  competition,  which  gives  all  interested 
companies  an  equal  opportunity,  impartial  evaluations,  and  selection 
by  high-level,  responsible  officials  within  NASA,  of  contractors  who 
are  considered  to  have  the  best  chance  of  successfully  accomplishing 
the  work  at  a reasonable  cost. 


TYPES  OP  CONTRACTS 

NASA  uses  the  fixed-price  form  of  contract  whenever  it  is  possible 
to  fairly  determine  what  the  cost  should  be.  This  can  be  done  where 
standard  items  are  purchased  or  there  is  a basis  for  determining  price. 
However,  in  most  research  and  development  projects  this  is  not  the 
case  and  cost-plus-fixed-fee  contracts  are  usually  made.  The  fee  for 
the  work  is  fixed  in  advance,  but  the  contractor’s  actual  costs  neces- 
sary to  perform  the  work  are  paid  as  they  accrue.  The  fees  on  our 
contracts  in  fiscal  year  1962  ranged  from  1.85  percent  to  9.65  percent 
with  the  average  being  6.33  percent,  which  is  slightly  less  than  the 
year  before  when  fees  averaged  6.65  percent.  Forty  percent  of  the 
fees  are  between  6 and  7 percent. 

The  cost-type  contract  does  not  give  a contractor  a real  incentive  to 
hold  down  costs,  and  NASA  is  trying  to  find  other  ways  of  contracting 
which  will  encourage  economy.  One  way  is  to  enter  into  a design 
contract,  and  when  the  design  is  completed  and  detailed  specifications 
are  known,  to  enter  into  a fixed-price  contract  for  production  of  the 
end  item.  A second  way  is  to  place  provisions  in  research  and 
development  contracts  which  give  contractors  a financial  incentive  to 
reduce  costs  and  to  produce  articles  which  will  perform  in  a superior 
manner.  The  conventional  incentive-type  contracts  have  a formula 
by  which  the  fee  or  profit  is  computed.  This  formula  sets  the  fixed- 
cost  or  performance  targets  with  a premium  fee  or  profit  paid  for 
completion  of  work  below  the  target  cost,  or  for  performance  of  the 
article  better  than  the  target  specification  with  a deduction  of  fee  or 
profit  if  costs  exceed  the  target,  or  performance  is  less  than  the 
target.  The  difficulty  NASA  is  experiencing  with  this  type  of  in- 
centive contract  is  that  our  projects  are  so  new  that  there  is  no  history 
of  cost  or  performance  on  which  to  base  a fair  target. 

On  the  other  hand,  NASA  is  trying  a new  contract  system  which  we 
hope  will  accomplish  the  incentive  objectives.  The  base  fee  in  the 
contract  will  be  lower  than  the  usual  fee.  Criteria  will  be  set  up  in  the 
contract  for  evaluation  of  the  contractor’s  performance.  These 
criteria  may  include  reduction  and  control  of  costs,  excellence  of 
performance,  delivery  on  schedule,  and  other  points.  Periodically  a 
NASA  board,  also  specified  in  the  contract,  will  evaluate  the  con- 
tractor’s performance  a.nd  may  award  some  higher  fee,  up  to  a set 
maximum,  if  the  facts  justify  an  increase. 
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CONTRACT  ADMINISTRATION 

After  a contract  is  placed  it  must  be  managed  and  monitored  during 
its  performance.  There  must  be  close  technical  checks  maintained  to 
assure  quality  control  and  to  obtain  the  best  possible  performance. 
Much  of  this  is  done  by  NASA  engineers  assigned  to  the  contractor’s 
plant.  Also,  such  things  as  audit  of  vouchers,  keeping  accountability  of 
Government  property  in  the  hands  of  the  contractor,  approval  of 
overtime,  and  other  contract  administration  work  must  be  performed. 
NASA  has  an  agreement  with  each  of  the  military  departments  to  do 
a major  part  of  this  work  for  us.  These  agreements  save  the  Govern- 
ment the  cost  of  setting  up  duplicate  organizations,  and  efficiency  is 
obtained  by  having  the  contractor  transacting  this  type  of  day-to-day 
business  with  one  Government  agent.  In  plants  where  NASA  has  all 
or  substantially  all  of  the  contract  work,  it  administers  its  own 
contracts. 

CONTRACTS  MADE  BY  OTHER  AGENCIES  ROE  NASA 

Other  Government  agencies,  largely  the  military,  contract  for  some 
of  NASA’s  requirements  where  they  are  contracting  for  the  same 
items  or  services  for  their  own  requirements.  For  instance,  the  Air 
Force  bought  the  Atlas  boosters  used  in  Project  Mercury.  In  the  last 
fiscal  year  approximately  21  percent  of  NASA's  contract  dollars  were 
expended  through  other  Government  agencies.  These  contracts  are 
the  contracts  of  the  procuring  agent,  including  such  details  as  selection 
of  source,  pricing,  and  contract  provisions. 

DOLLAR  DISTRIBUTION  OR  NASA  CONTRACTS  AND  SUBCONTRACTS 

NASA  appreciates  the  increasing  impact  of  its  contracts  on  the 
national  economy  and  is  attempting  to  see  that  consideration  is  given 
in  placing  its  contracts  so  that  they  will  aid  the  economy  while  at  the 
same  time  hearing  in  mind  its  duty  to  carry  out  the  civil  space  program 
in  a timely,  efficient,  and  economical  manner.  It  is  the  judgment  of 
management  throughout  NASA  that  the  ultimate  success  of  the 
program  depends  to  a large  extent  on  placing  contracts  with  companies 
which  are  found  best  qualified  to  perform  the  work.  It  should  be 
recognized  that  certain  companies  have  successfully  performed  similar 
work  and  have  acquired  unique  technical  experience,  facilities,  and 
equipment,  which  would  cost  hundreds  of  millions  of  dollars  to  dupli- 
cate. It  is  technically  and  economically  advisable  to  utilize  the 
services  of  such  companies  wherever  they  are  located  6r  whatever 
their  size. 

However,  the  fact  that  one  of  these  companies  receives  a prime 
contract  does  not  mean  that  the  money  obligated  on  the  contract  is 
spent  in  that  company’s  plants.  We  estimate  that  at  least  half, 
on  the  average,  is  spent  in  subcontracts.  We  requested  nine  of  the 
largest  NASA  prime  contractors  to  report  on  the  volume  and  place 
of  their  first-tier  subcontracts.  They  reported  they  had  subcontracted 
50  percent  of  the  dollars  to  ‘ approximately  10,000  first-tier  subcon- 
tractors in  46  States. 

By  permission  of  the  Bureau  of  the  Budget,  we  have  recently 
initiated  a simple  report  by  postal  card  of  the  placement  of  the  larger 
first-  and  second-tier  subcontracts  placed  by  12  of  our  larger  prime 
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contractors.  Reports  are  starting  to  come  in  and  the  early  returns 
already  show  2,172  subcontractors  totaling  $427,196,444  placed  in 
37  States.  It  is  interesting  to  note  that  during  the  last  fiscal  year, 
40  percent  of  NASA  prime  contracts,  by  dollars,  were  placed  in  labor 
surplus  areas. 

In  order  to  assist  companies,  both  large  and  small  business  con- 
cerns, in  knowing  where  to  solicit  subcontract  work,  NASA  synopsizes 
in  the  Department  of  Commerce  Business  Daily  all  pending  procure- 
ments for  research  and  development  where  the  estimated  cost  is 
$100,000  or  more,  listing  the  names  and  addresses  of  the  companies 
which  are  being  invited  to  submit  proposals. 

SMALL  BUSINESS  PARTICIPATION 

Small  business  concerns  also  have  participated  substantially  in 
NASA’s  prime  contracts.  They  received  16  percent  in  dollars  of  new 
contracts  placed  in  fiscal  year  1962.  Of  a total  of  approximately 
128,000  contractual  transactions,  large  and  small,  small  business 
companies  received  66  percent.  In  procurements  where  small  business 
companies  bid  for  prime  contracts  they  were  successful  in  obtaining 
contracts  for  57  percent  of  the  dollars.  Of  the  100  companies  which 
received  the  largest  dollar  amount  of  NASA  contracts  in  fiscal  year 
1962,  24  were  small  business  concerns.  The  above  facts  apply  only 
to  prime  contracts  and  it  is  probable  the  participation  of  small  business 
concerns  in  NASA  subcontracts  is  somewhat  larger. 

IMPROVEMENTS  IN  CONTRACT  SYSTEM 

We  are  constantly  trying  to  further  improve  our  procurement 
practices  and  procedures.  The  Administrator  has  appointed  a com- 
mittee to  study  NASA’s  source  selection  procedure,  means  of  using 
incentive  type  contracts,  and  a system  of  evaluating  contractor 
performance.  It  is  anticipated  that  constructive  innovations  will  be 
made  as  a result  of  its  efforts.  NASA  recognizes  its  responsibility 
in  the  expenditure  of  the  money  appropriated  by  the  Congress  ana 
will  continue  to  exert  its  best  efforts  to  see  this  trust  is  properly  carried 
out. 

Mr.  Teague.  Thank  you,  Mr,  Brackett. 

I have  not  discussed  this  with  other  members  of  the  committee, 
but  most  of  the  complaints  that  come  to  me  are  on  the  human  side 
of  your  contracts.  Last  Friday  for  example,  a man  came  in- — he 
wouldn’t  let  me  use  his  name— and  a large  prime  contractor  had 
selected  him  as  a subcontractor.  He  had  done  the  same  work  for 
Air  Force  and  Navy  for  many  years,  and  had  letters  of  commendation 
from  both.  Yet,  at  your  center,  someone  vetoed  his  subcontract, 
saying  he  was  not  large  enough.  From  the  papers  lie  had,  it  looked 
as  if  someone  made  a rather  arbitrary  decision. 

I get  three or  four  of  those  a week.  Most  of  those  who  come  in  are 
afraid  to  have  anything  done  about  it  because  they  are  afraid  that 
they  will  lose  even  more  business  in  the  long  run. 

How  would  you  handle  a situation  like  that? 

Mr.  Brackett.  If  you  would  tell  me  the  facts,  I would  be  glad  to 
look  into  it. 

Mr.  Teague.  We  are  all  human,  and  I guess  that  if  I had  a good 
friend  that  wanted  a contract,  as  did  someone  else  who  I knew  nothing 
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about,  I probably  would  be  less  than  human  if  I did  not  favor  the 
man  I knew. 

Mr.  Brackett.  Out  office  does  have  a say  in  hiring  the  No.  1,  and 
the  No.  2 man  usually,  at  each  of  the  centers. 

Below  that  the  centers  have  the  authorization  to  hire  their  own 
people.  I believe  they  hire  the  best  people  they  can  get,  but  I can’t 
argue  that  people  don’t  make  mistakes,  as  we  are  all  human. 

We  do  periodically  review  the  operations  at  the  centers;  check 
whether  they  are  complying  with  the  regulations.  But  it  is  difficult 
to  be  there  from  day  to  day,  and  see  how  everybody  individually  is 
doing  their  job. 

Mr.  Teague.  A company— which  asked  me  not  to  use  then- 
name — said  they  were  interested  in  the  crawler  contract  at  Cape 
Canaveral.  Mr.  Homer  testified  here  last  year  that  the  company 
put  their  best  men  on  making  the  proposal. 

He  contended  that  there  was  one  company  in  the  country  qualified 
to  build  the  crawlers.  The  way  the  contract  was  let  was  changed  in 
the  middle  of  the  negotiations;  either  it  started  as  competitive  bid, 
and  changed  to  negotiation,  or  vice  versa.  In  any  case,  a company 
that  bad  not  built  anything  like  this  before  sent  in  a very  detailed 
proposal,  and  it  was  contended  that  the  selection  was  made  more  on 
the  basis  of  the  proposal  than  on  the  basis  of  what  the  company  could 
do..' /'  ' ' 

Are  you  familiar  with  that  contract? 

Mr.  Brackett.  Yes,  sir.  This  started  out  as  noncompetitive,  to 
one  company.  I believe  it  was  at  this  headquarters’  insistence  it  was 
changed  and  put  on  a competitive  basis. 

Several  companies  had  indicated  some  interest  in  the  prime  contract. 
All  the  companies  that  had  indicated  an  interest  were  invited  to  submit 
'proposals.  Two  proposals  were  submitted,  one  by  Bucyrus-Erie  Co., 
the  other  by  the  Marion  Co.  A source  evaluation  board  was  appointed 
by  Dr.  Seamans,  which  spent  considerable  time  in  reviewing  and 
analyzing  the  proposals,  checking  with  the  various  customers  that  both 
these  companies  had  done  business  with— this  is  one  I mentioned  in 
my  statement — that  we  check  commercial  customers  at  times;  neither 
company  had  done  much  Government  business. 

So  the  board  went  to  various  customers  of  each  company  and  got 
their  evaluation  of  performance.  One  of  the  things  that  was  checked 
was  their  reputation  for  living  within  their  estimates  of  costs.  The 
Marion  Co.’s  proposal  was  about  $3  million  lower  than  Bucyrus-Erie. 
That  was  the  company  chosen  for  the  contract; 

The  technical  evaluation  was  approximately  equal,  but  the  Marion 
Co.’s  estimate  was  about  $3  million  less  than  the  other.  And  there  is  an 
incentive  fee  in  this  contract.  There  is  an  incentive  fee  in  this  contract 
for  delivery  on  time,  and  for  saving  of  costs.  If  the  company  does  not 
live  within  the  amount  that  it  says  it  can  do  the  job  for,  its  fee  goes 
down.  ■ 

If  it.  does  not  deliver  on  time,  its  fee  goes  down.  We  think  this 
was  a fair  selection,  on  a strictly  competitive  basis.  And  the  choice 
of  the  Marion  Co.  was  made  by  Mr.  Webb,  Dr.  Dryden,  and  Dr. 
Seamans,  after  hearing  the  report  of  the  Board. 

Mr.  Teague.  Did  the  Board  recommend  the  company  that  got 
the  contract? 
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Mr.  Brackett.  As  I recall  it,  the  Board  said  that  both  companies 
were  considered:  qualified — the  one  company,  Bucyrus-Erie,  %us 
slightly  ahead  on  technical  points,  technical  features;  the  Marion 
Co.  was  quite  a bit  ahead  on  the  business  features.  ■ 

Mr.  Teague.  Why  was  the  way  of  selecting  the  contractor  changed ? 

Mr.  Bbackett.  From  without  competition  to  having  competition? 

Mr.  Teague.  Correct.  - 

Mr.  B rackett.  I think  the  original  idea  was  that  the  Bucyrus-Erie 
Co.  had  done  something  that  was  quite  similar  to  it;  they  had  specifi- 
cations, drawings,  tooling,  and  so  forth,  that  could  save  the  Govern- 
ment quite  a bit  of  money,  rather  than  going  to  some  other  company 
that  would  have  to  duplicate  this. 

When  negotiations  were  started,  this  did  not  prove  to  be  exactly 
the  case,  and  prices  were  apparently  somewhat  higher.  I am  not 
familiar  with  ail  the  details.  But  that  is  the  way  I understand  it. 

Mr.  Teague.  It  did  come  out  of  the  Cape  Canaveral  center? 

Mr.  Brackett.  Yes. 

Mr.  Teague.  As  I understand  your  statement  on  page  3,  you  say 
that  where  the  estimated  cost  is  over  $5  million,  the  plan  is  submitted 
to  the  general  management  of  NAA  for  approval. 

Under  that  situation,  what  happens  if  Dr.  Debus  does  not  approve 
it? 

Mr.  Brackett.  This  is  just  the  plan  to  start  the  procurement. 
This  is  not  the  choice  of  contractor.  When  it  comes  to  choice  of  con- 
tractor, if  it  is  over  $5  million,  the  general  management  makes  the 
choice.  : 

Dr.  Debus  was  present  at  the  time  the  Board  made  its  report  to 
Mr.  Webb,  Dr.  Seamans,  and  Dr.  Dryden. 

Mr.  Teague.  I certainly  hope  that  NASA  will  not  have  something 
similar  to  the  TFX  problems. 

Mr.  Brackett.  We  hope  not,  too. 

Mr.  Teague.  But  each  week,  not  knowing  a thing  about  the  con- 
tracts, I am  getting  an  increasing  number  of  complaints,  and  it 
always  concerns  the  human  factoi—somewhere,  someone  made  a 
decision.  A university  professor  last  week  told  me  that  you  can  trace 
the  university  contracts  by  tracing  the  man  who  makes  them. 

Mr.  Fulton  of  Pennsylvania.  You  can  do  the  same  on  advertising. 

Mr.  Teague.  We  get  this  sort  of  thing  all  the  time.  The  charge 
is  made  that  when  you  go  to  make  a university  contract,  they  can  tell 
you  where  it  is  going  because  of  the  friends  the  man  has.  • 

Mr.  Riehlman.  That  is  one  reason  I want  to  know  what  people 
are  in  charge  of  these  programs.  When  these  people  have  always  been 
shifting  around  in  Government,  they  will  bring  with  them  to  NASA 
the  contracts  and  friends  that  they  have  made  through  their  years  of 
letting  contracts  in  other  agencies. 

1 think  this  is  one  field  where  an  effective  program  could  be  success- 
fully carried  on. 

Mr.  Teague.  Mr.  Gurney? 

Mr.  Gurney.  How  would  you  suggest  handling  such  a situation  as 
the  chairman  has  brought  up? 

Mr.  Teague.  The  trouble  is,  Mr.  Gurney,  these  people  won't  let 
you  use  their  names.  The  only  one  who  would  let  me  use  his  name  was 
the  one  on  the  crawler.  ! 

Mr.  Gurney.  Even  so,  there  must  be  some  procedure  to  get  to  it. 
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. Mr.  Siepert.  Mr.  Chairman,  a good  bit  depends  on  what  the 
allegations  or  complaints  are,  as  to  how  NASA  would  handle  it.  If 
the  allegation  is  that  a company  was  not  permitted  to  compete,  or 
be  selected  as  a subcontractor  because  someone  in  the  procurement 
side  says,  “You  are  too  small”  this  is  the  kind  of  thing  that  if  we  have 
nothing  more  than  the  center  or  the  name  of  the  individual  who  did 
this,  we  don’t  need  to  know  the  company. 

, - And  I think  Mr.  Brackett’s  people  are  resourceful  enough  that  the 

company  would  not  be  put  to  any  injury  by  our  following  it  through. 

The  second  possibility,  though,  is  that  we  do  get  allegations  that 
really  run  not  to  a mistake  in  procurement  policy,  but  allegations 
that  there  may  be  something  improper  in  the  actual  relationship 
between  a Government  representative  and  a contractor. 

Mr.  Teague.  Frankly,  I told  the  company  I thought  they  were 
unfair  to  me  to  come  in  and  make  a charge  like  this,  and  then  ask  me 
| not  to  use  their  name. 

Mr.  Siepert.  In  this  latter  tjq>e  of  case,  we  set  np  a year  ago  in 
; November  an  Investigation  Division.  These  people  have  no  ties  to 

any  of  the  procurement  people.  They  are  headed  up  by  topflight 
investigator  personnel,  the  head  being  a person  with  extensive  FBI 
and  congressional  staff  experience  as  well  as  executive  agency  ex- 
perience. 

, This  is  a small  staff,  but  they  have  been  able  to  handle  allegations 
of  the  sort  you  are  speaking  of,  and  protecting  the  individual,  if  that 
is  the  only  way  we  can  get  cooperation  in  running  these  to  the  ground. 

Mr.  Fulton  of  Pennsylvania.  Could  I have  a statement  of  that  Di- 
vision’s functions  put  in  the  record,  Mr.  Chairman? 

This  is  the  first  time  I ever  heard  of  it.  If  anyone  else  on  the  com- 
mittee heard  of  it,  I would  like  to  know  about  it. 

Mr.  Teague.  Could  you  supply  that  for  the  record,  Mr.  Siepert? 
We  would  like  to  have  the  names  of  the  inspectors. 

Mr.  Siepert.  Certainly. 

(The  information  requested  is  as  follows:) 

: [Chapter  2.  No.  2-1-8.9.  Effective  date:  January  15, 1062] 

NASA  MANAGEMENT  MANUAL 
Part  J.  General  Management  Instructions 
" subject:  functions  and  authority — INSPECTIONS  DIVISION 

- 1.  Purpose 

1 This  instruction  establishes  the  functions  and  authority  assigned  to  the  In- 
spections Division.  -'V  . 

0.  Organization  location 

The  Director  of  Inspections  reports  to  the  Director  of  Administration. 

S.  Responsibility  ;•  • • /( 

” The  Inspections  Division  is  assigned  the  responsibility  for  establishing  and 
conducting  a comprehensive  program  designed  to  prevent  and  to  detect  illegal 
and  unethical  conduct  of  NASA  employees. 

J+.  Functions 

■ S The  Inspections  Division  will: 

- (a)  Review  and  appraise  the  adequacy  of  regulations  relating  to  conflicts  of 
interest,  outside  employment  and  financial  interests  of  NASA  employees,  and 
the  conduct  of  NASA  employees  ip  the  performance  of  official  duties. 

■ (6)  Develop  policies,  standards,  and  procedures  relating  to  investigations  and 

inspections,  both  in  the  field  and  at  NASA  headquarters,  to  detect  violations  of 


laws  and  regulations  by  NASA  employees  and  to  disclose  conditions  which  might 
lead  to  such  violations. 

(c)  Conduct  or  arrange  for  the  conduct  of  investigations  to  detect  unlawful  or 
unethical  conduct  on  the  part  of  NASA  employees. 

(d)  Conduct  or  arrange  for  the  conduct  of  investigations  to  detect  fraud  or 
other  illegal  activity  by  contractors  or  others  which  affects  NASA, 

(e)  Conduct  or  arrange  for  the  conduct  of  periodic  inspections  for  the  purpose 
of  disclosing  conditions  which  might  lead  to  violations  of  laws  and  regulations 
by  NASA  employees. 

(/)  Maintain  liaison  with  the  Department  of  Justice,  including  the  Federal 
Bureau  of  Investigation,  on  matters  referred  to  that  agency  for  investigation  or 
other  action. 

(<?)  Conduct  such  other  investigations  as  may  be  directed  by  the  Director  of 
Administration  or  higher  authority. 

5.  Scope  of  authority 

The  Director  of  Inspections  is  authorized  to  take  such  action  as  is  necessary 
to  carry  out  the  functions  assigned  to  him  within  such  limitations  as  may  be 
established  by  the  Director  of  Administration  or  higher  authority  or  by  applicable 
law  or  regulation.  He  is  authorized  to  redelegate  to  personnel  under  his  juris- 
diction such  of  his  functions  and  authority  as  he  may  consider  necessary  and 
which  are  not  specifically  restricted  to  him  by  statute  or  regulation. 

6.  Relationships  with  other  officials 

In  performing  the  functions  assigned  to  him,  the  Director  of  Inspections  is 
responsible  for  recognizing  the  responsibility  and  authority  of  other  officials  and 
for  insuring  that  actions  he  may  take  are  properly  coordinated  with  other  head- 
quarters groups  having  joint  interests  and  are  in  accordance  with  NASA  policies. 

7.  Approval  of  organization 

The  basic  organization  of  the  Inspections  Division  is  outlined  in  the  attached 
organization  chart  (attachment  A).  Modifications  or  changes  in  the  basic  organ- 
ization structure  are  subject  to  the  approval  of  the  Director  of  Administration. 

ALBERT  J.  SlEPEHT, 
Director  of  Administration. 

The  following  is  a list  of  professional  personnel  in  the  Inspections  Division: 

Charles  G.  Haynes  (Washington,  D.C.),  Director. 

J.  Maxwell  Dickey  (Washington,  D.C.),  Inspector. 

Angus  W.  Sanders  (Washington,  D.C.),  Inspector, 

Ralph  F.  Winte  (Washington,  D.C.),  Inspector. 

Roy  E.  Wood  (Huntsville,  Ala.),  Inspector. 

Mr.  Teague.  How  do  they  work  with  the  General  Accounting 
Office? 

Mr.  Siepert.  It  does  not  work  normally  with  the  General  Account- 
ing Office.  We  have  an  Audit  Division  under  Mr.  Ray  Einhorn,  who 
came  to  us  from  the  General  Accounting  Office.  The  Audit  Division 
is  the  one  that  works  day  in  and  day  out  with  the  General  Accounting 
Office.  However,  there  have  been  situations  in  which,  where  we  have 
had  an  investigation  going,  that  if  it  was  in  an  area  that  the  General 
Accounting  Office  had  evidenced  interest  in,  we  do  at  that  point  deal 
directly  with  them* 

. Mr.  Gurney.  Who  is  the  man  that  you  contact  in  cases  like  this? 

Mr.  SrEPERT.  If  they  will  get  in  touch  with  Mr.  Charles  Haynes,  or 
another  way  one  can  do  it,  if  you  get  this  kind  of  thing,  merely  call 
Paul  E > enabling's  office;  he  will  immediately  put  this  person  directly 
in  touch  with  us,  without  your  relaying  the  information  to  anyone  in 
Dembling’s  office.  ' 

Mr.  Pulton  of  Pennsylvania,  There  was  that  instance  of  the 
vacuum  facility  with  a company  that  had  done  over  $50  million 
worth  of  business  in  this  held  with  Government  agencies.  They 
wanted  to  bid  on  another  high-vacuum  facility  in  the  southern  part 


of  the  United  States,  It  was  brought  down  to  a certain  number  who 
could  bid,  and  they  were  not  even  allowed  to  bid.  I pressed  the  case 
for  them  and  asked  NASA  why  they  were  rejected.  NASA  said, 
“Well,  the  proposal  did  not  have  enough  imagination.”  So  I said, 
“Well,  what  kind  of  imagination  was  needed  to  make  a bid?” 

I am  afraid  that  NASA  has  the  tendency  to  select  an  elite  group 
of  contractors  who  can  do  everything,  and  have  had  the  previous 
experience.  Anyone  else  who  does  not  fit  into  that  group,  either  a 
larger  or  a smaller  company,  may  find  themselves  out. 

On  that  particular  instance  you  did  change  and  offer  the  contract 
by  public  bid.  As  I commented,  there  wasn’t  enough  research  and 
development  in  the  total  high-vacuum-facility  contract  to  call  it  an 
R.  & D.  contract;  it  was  mostly  construction  and  engineering,  and 
the  meeting  of  certain  standards  that  can  be  set  by  NASA  specifications. 

I also  had  a criticism  on  the  Goldstone  deep  radar  dish  procurement 
which  was  a $15  million  contract  in  California.  There  again,  very 
competent  companies  offered  proposals,  but  the  winning  company 
was  selected  personally  rather  than  by  bid.  My  feeling  is  that  when 
there  are  competent  companies  in  the  field  that  vary  as  to  technical 
competence,  details  of  proposals,  or  methods  of  accomplishing  the 
job,  that  you  have  to  make  them  bid.  I want  to  save  the  taxpayers 
money.  I don’t  like  what  you  call  competitive  selection.  My 
feeling  is  that  we  must  have  a broad-based  industry  for  NASA  to 
deal  with.  If  the  companies  are  competent  and  have  good  teams  of 
technical  people,  are  financially  responsible,  and  are  competent  in  the 
field,  then  they  should  have  the  opportunity  to  make  a competitive 
public  bid.  To  find  that  so  many  of  the  NASA  contracts  are  being 
put  out  on  just  a selection  basis,  I think  confronts  us  with  a great 
danger  here, 

T agree  with  the  chairman  that  we  don’t  want  another  TFX  situa- 
tion coming  up  in  NASA  where  even  its  basic  methods  and  systems 
are  questioned. 

Did  I see  in  your  statement  that  the  Jet  Propulsion  Laboratory  is 
contracting  out  60  percent  of  the  money  provided  by  NASA  in  1962 
on  contracts  with  business  firms? 

Mr.  Brackett.  Sixty  percent  of  the  dollars  on  the  JPL  contract? ' 

Mr.  Fulton  of  Pennsylvania.  On  JPL  contracts? 

Mr.  Siepert.  Of  the  amount  that  is  carried  in  the  NASA  contract 
to  the  California  Institute  of  Technology  for  the  program  they  work 
with  us  on,  60  percent  of  those  dollars  are  in  turn  subcontracted  to 
industrv. 

Mr.  Fulton  of  Pennsylvania.  Your  statement  certainly  does  not 
say  it: 

In  addition,  the  Jet  Propulsion  Laboratory,  which  is  operated  under  a contract 
by  the  California  Institute  of  Technology,  spent  over  60  percent  of  the  dollars 
provided  by  NASA  in  fiscal  year  1962  on  contracts  with  business  firms. 

Mr.  Brackett.  That  was  60  percent  subcontracted  to  commercial 
companies. 

Mr.  Fulton  of  Pennsylvania.  You  also  spoke  of  37  States  receiving 
contracts  in  one  place,  and  in  another  place  46  States. 

Mr.  Brackett.  That  was  two  different  reports. 

Mr.  Fulton  of  Pennsylvania.  Which  are  the  States  left  out? 

Mr,  Brackett.  I can  tell  you  the  States  that  are  in. 
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Mr.  Fulton  of  Pennsylvania.  We  better  put  it  in  the  record. 
There  may  be  some  complaint  on  being  left  out,  because  that  is  all 
the  taxpayers  money  being  put  into  the  contracts. 

(The  information  referred  to  is  as  follows:) 

The  statements  referenced  at  this  point  in  the  testimony  are  found  on  page  7 
of  the  prepared  statement  of  Mr.  E.  W.  Brackett,  Director,  Procurement  and 
Supply,  NASA,  to  the  subcommittee.  These  statements  are  set  forth  below: 

‘‘By  permission  of  the  Bureau  of  the  Budget,  we  have  recently  initiated  a simple- 
report  by  post  card  of  the  placement  of  the  larger  first-  and  second-tier  sub- 
contracts placed  by  12  of  our  larger  prime  contractors.  Reports  are  starting  to- 
come  in  and  the  early  returns  already  show'  2,172  subcontracts  totaling  $427,196,— 
444  placed  in  37  States.” 

“We  requested  nine  of  the  largest  NASA  prime  contractors  to  report  on  the- 
volume  and  place  of  their  first-tier  subcontracts.  They  reported  they  had  sub- 
contracted 50  per  (pent  of  the  dollars  to  approximately  10,000  first-tier  subcon- 
tractors in  46  States.” 

The  States  in  which  subcontracts  were  placed  under  the  two  reports  referenced 
herein  are  listed  in  the  answers  to  Questions  Re  Procurement  and  Contract  Policy,, 
questions  No.  18  and  No.  T9,  which  show  the  distribution  of  subcontracts  by 
States  for  the  two  reports,  (Questions  referred  to  are  inserted  at  the  conclusion! 
of  the  day's  hearing.) 

Mr.  Brackett.  On  the  crawler  procurement,  Mr.  Fulton,  no  one 
person  made  the  selection  there.  It  was  a board;  I can't  recall  jtist 
bow  many  ; I would  say  12  to  15  experts  on  the  board — most  of  them 
engineer^  some  of  them  on  the  business  management  side — who  did 
this  detailed  evaluation;  made  their  report  to  Mr.  Webb,  Dr.  Sea- 
mans, and  Dr.  Dryden,  who  made  the  choice  of  the  Marion  Co.  As 
far  as  the  technical  side  was  concerned  they  were  practically  even; 
on  the  business  side,  Marion  was  ahead. 

Mr.  Fulton  of  Pennsylvania.  When  you  had  two  competent  com- 
panies, tremendously  experienced  in  the  field,  and  yon  have  engi- 
neering and  technical  people  in  NASA  who  can  come  up  with  the 
specifications  on  the  load  requirements,  speed,  and  stability  require- 
ments, why  didn’t  NASA  come  up  with  good  specifications  and  have 
these  companies  bid  at  public  bid? 

Mr.  Brackett.  The  engineers  felt  they  could  not  come  up  with  the 
type  of  detailed  specifications  that  would  be  necessary.  Nothing  like 
this  had  been  built  before.  They  were  anxious  to  get  from  various 
companies  their  different  engineering  approaches  and  then  evaluate 
to  see  what  would  probably  be  the  best  way  to  do  it. 

Mr.  Fulton  of  Pennsylvania.  You  see,  there  is  criticism  of  this. 
You  are  using  a company’s  best  talent  in  making  proposals  that  may 
cost  hundreds  of  thousands  of  dollars  to  prepare,  and  then  in  some 
cases,  the  company  is  not  even  permitted  to  make  a bid  because 
NASA  eliminated  them  in  the  preliminary  review. 

I believe  that  NASA  is  wasting  engineering  talent  by  not  having 
the  in-house  capability  to  come  up  with  adequate  specifications  on 
something  like  that  tremendously  large  caterpillar  tractor  which  was 
mainly  engineering  and  construction  work  with  little  research  and 
development. 

There  has  been  criticism,  too,  that  NASA’s  contracts  are  going  the 
same  way  they  have  also  gone  in  the  aircraft  industry,  and  other 
people  cannot  get  in  to  make  the  contracts. 

Likewise,  these  same  large  contractors  have  their  favorite  and 
chosen  subcontractors,  and  the  subcontracting  always  goes  through 
the  same  old  channels,  which  in  a way  makes  a closed  industry.  • * 
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Another  complaint  I have  heard  is  that  there  is  too  great  a concen- 
tration among  too  few  States.  On  the  $3.7  billion  authorization  for 
fiscal  year  1963,  I Understand  that  six  States  got  $2.5  billion  of  that 
money  channeled  through  industry  in  those  States. 

In  my  view,  this  is  a new  industry  of  tremendous  size,  and  actually 
it  is  changing  America  because  it  is  commanding  so  much  of  our 
resources. 

. There  are  also  complaints  from  cities  that  NASA  teams  are  procur- 
ing scientists,  research  men,  engineers,  physicists,  chemists,  and 
electronic  engineers  from  these  cities,  thereby  draining  certain  areas 
of  scientific  talent.  The  allegation  then  is  that  you  are  centering, 
with  the  taxpayer’s  money,  all  of  this  scientific  ana  engineering  com- 
petence in  certain  favoi’ed  areas  which  are  in  tremendous  booms,  while 
the  other  areas  are  suffering  and  not  being  given  adequate  considera- 
tion. ^ ^ ' 

I have  just  one  other  thing,  Mr.  Chairman. 

The  center  of  the  country,  such  as  the  Midwestern  States,  have 
given  me  many  complaints  that  they  are  practically  omitted  from 
the  program,  and  that  all  the  contracts  are  given  to  States  on  the 
east  coast  and  west  coast. 

I would  like  you  to  put  in  the  record  some  answers  to  these  criti- 
cisms which  have  come  in  to  me.  They  are  serious  criticisms,  and  I 
think  they  should  be  met. 

A question  likewise  arises  about  setting  up  some  sort  of  independent 
inspection  system.  I was  in  the  Navy  triple  A priority  section  of 
the  Bureau  of  Aeronautics  working  on  procurement  in  World  War 
II,  I was  also  one  of  the  Navy  representatives  at  Wright  Field  to 
the  aircraft  scheduling  unit  on  plane  procurement.  So  I have  some 
experience  in  this.  It  is  my  experience  that  NASA’s  inspection 
facilities  on  the  followup  and  reliability  checks  of  over-the-counter 
and  off-the-shelf  components  is  not  tight  enough.  I make  that  as  a 
personal  criticism.  I think  it  needs  to  be  tightened  up  very  con- 
siderably. 

I have  made  a suggestion,  too,  regarding  items  which  are  not  re- 
search and  development  items  and  which  are  supplied  for  these  manned 
space  flight  countdowns.  If  there  is  a failure  of  an  ordinary  com- 
ponent that  is  regularly  used  in  the  space  industry,  the  manufacturer 
should  forfeit  a bond  or  pay  a penalty. 

The  penalty  does  not  have  to  he  high — $5,000,  $10,000,  $15,000  or 
$20,000,  but  it  would  highlight  the  importance  of  this  and  publicly 
show  the  manufacturer  whose  product  failed.  My  criticism  is  that 
now  you  can  never  tell  who  failed. 

On  the  Glenn  flight  there  were  five  problems,  because  very  ordinary 
things  went  wrong.  I would  like  you  to  look  into  the  question  of 
setting:  up  bonds  when  we  are  not  dealing  with  research  and  develop- 
ment items. 

(The  information  requested  is  as  follows:) 

In  the  Mercury  program,  most  of  the  problems  have  shown  up  during  pre- 
installation checkout  of  components  or  during  complete  systems  testa  prior  to 
launch.  The  detection  and  resolution  of  malfunctions  at  this  time  is  relatively 
easy.  Failures  that  occur  during  flight  are  another  matter  and  often  require 
considerable  time  and  effort  to  pinpoint.  It  is  not  enough  to  simply  know  that 
a part  has  failed;  it  must  be 'determined  why  it  failed.  Sometimes  the  only  way 
to  do  this  is  to  run  simulated  mission  tests  and  try  to  duplicate  the  failure.  It  is? 
not  always  possible  to  simulate  the  exact  local  environment  of  a component  during 
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flight  because  the  spacecraft  cannot  carry  the  instrumentation  necessary  to  give 
us  such  detailed  data. 

In  the  Mercury  flight  history,  while  all  malfunctions  have  been  solved,  it  would 
be  very  difficult  to  place  the  blame  for  a particular  malfunction  on  any  one  per- 
son, group,  or  company.  All  components  in  the  Mercury  spacecraft  are  subjected 
to  man-rating  qualification  whether  they  are  off-the-shelf  items  or  It.  & D.  items. 
This  man  rating  consists  of  rigorous  duty  cycle,  structural,  and  environmental 
tests  to  qualify  the  units  for  flight. 

The  inclusion  of  bond  requirements  in  NASA  contracts  would  increase  the 
cost  of  NASA  procurements.  Further,  if  such  bond  requirements  are  to  be  effec- 
tive, NASA  would  have  to  develop  very  clear-cut  evidence  that  failure  in  a partic- 
ular instance  is  essentially  the  fault  of  the  supplier.  NASA  may  not  be  able  to 
do  this  or  may  be  able  to  do  this  only  at  substantial  cost  to  the  Government.  The 
bonding  procedure,  besides  being  impractical,  overlooks  the  fact  that  the  ultimate 
responsibility  is  NASA’s,  and  that  in  discharging  this  responsibility  NASA  must 
require  an  item  to  meet  rigid  acceptance  criteria  prior  to  Government  purchase. 

Mr.  Teague.  Mr.  Daddario? 

Mr.  Daddario.  Would  you  give  us  some  idea  of  the  growth  of 
personnel  and  the  increase  in  cost  during  the  past  couple  of  years  in 
contract  administration? 

Mr.  Brackett.  We  have  agreements  with  the  Army,  Navy,  and 
Air  Force,  three  separate  agreements,  to  do  contract  administration 
for  us,  particularly  where  they  have  such  an  organization  in  a com- 
pany's plants. 

Take  Grumman  Aircraft,  for  instance:  I believe  we  are  asking  the 
Navy,  who  are  in  there,  to  do  much  of  the  detailed  day-to-day  things, 
such  as  approving  overtime.  * 

We  have  also  our  own  engineers  in  there  in  limited  numbers  to 
watch  the  quality  control  and  inspection  work. 

Much  of  the  detailed  inspection  is  still  left  to  the  Navy,  for  the 
reason  that  we  don't  have  the  number  of  people  to  do  all  that  work; 
but  primarily  it  is  because  it  means  only  one  Government  agency  is 
in  there,  and  it  saves  the  taxpayers  money  to  do  it  this  way. 

In  the  plants  where  we  have  the  largest  amount  of  work — such  a3 
the  North  American  plant  at  Downey,  where  we  have  approximately 
85  to  90  percent  of  the  work,  and  in  the  plant  at  Miehoud,  New 
Orleans,  where  we  have  all  the  work,  and,  I believe,  in  the  Pratt  & 
Whitney  plant  in  Florida— we  have  oiir  own  contract  administration 
people  there. 

I can't  tell  you  the  numbers.  I believe  in  the  North  American 
Downey  plant  it  is  approximately  200. 

The  military  departments  had  allotted— I have  to  call  on  my 
memory  a little  bit — something  like  2,000  people  to  do  this  work  for 
NASA.  . . , , . . - 

We  will  compensate  them  for  their  direct  expense — no  overhead— 
for  the  work  they  do.  I may  be  wrong  here,  but  I think  the  average 
cost  of  these  people  is  about  $7,000  per  head,  on  the  average. 

We  are  insisting  on  a somewhat  tighter  type  of  inspection  and 
quality  control  work  than  the  military  departments  have  been  usually 
doing  for  themselves.  Their  inspection  work  is  a surveillance  system. 
They  take  a look  at  the  contractor's  inspection  system,  and  if  they 
find  it  good  they  don't  do  the  inspection.  We  insist  on  much  closer 
detailed  inspection.  We  have  come  up  with  the  type  of  inspection 
we  need,  it  is  made  part  of  our  contracts  and  the  military  are  going 
to  follow  that  for  ns. 

Mr.  Sierert  Mr.  Daddario,  may  I supplement  that?  5 

Mr.  Daddario.  Surely. 
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Mr.  Siepert.  I don’t  think  we  have  given  you  quite  all  the  facts, 
figures,  that  we  have  available.  Up  until  this  year,  the  work  of  the 
kind  Mr.  Brackett  is  describing  has  been  done  by  the  Air  Force  staff 
without  any  reimbursement  by  NASA.  ’ 

The  Army  and  the  Navy  almost  from  the  beginning  have  charged  us 
for  identifiable  direct-added  costs  if  they  have  to  add  people  in  any 
way  to  take  care  of  it.  ■;> 

. This  has  been  a relatively  small  expense  to  us. 

. Because  of  the  sizes  of  our  program,  Mr.  Webb  proposed  to  Mr. 
McNamara  that  the  NASA  needed  to  get  this  work  done  and  should  be 
prepared  to  reimburse  the  Department  of  Defense  for  the  work  that 
was  idenfcifiably  undertaken  on  behalf  of  NASA. 

.<  As  a result,  there  were  negotiations  involving  the  Bureau  of  the 
Budget,  and  this  year  there  are  now  agreements  that  we  will  be  paying 
the  billed  costs  of  labor,  from  the  quality  area,  inspection  area,  ana 
procurement  and  contracting  area. 

The  Bureau  of  the  Budget’s  personnel  estimates  on  this  is  5,500. 
The  2,000  figure  Mr.  Brackett  referred  to  is  I believe,  the  estimate  of 
those  that  would  be  involved  on  the  procurement  side. 

Mr.  Brackett.  These  are  both  sides— — 

Mr.  Siepert.  X am  sorry.  He  says  the  2,000  is  the  estimated 
addition  over  the  estimate  of  what  was  actually  probably  in  the  pro- 
gram before  we  entered  into  this  agreement. 

In  other  words,  say  we  had  around  3,000  people  working  with  us, 
it  will  go  up  to  5,500,  in  the  estimate  this  year.  I want  to  emphasize 
this  is  an  estimate  supplied  hy  the  Department  of  Def  ense. 

We  will  pay  for  the  positions  actually  utilised  on  our  work,  not  just 
pay  a blank  check  for  5,500  people. 

Mr.  Daudario,  This  is  5, sob  estimated  within  the  Department  of; 
Defense?  ' . : . 

Mr.  Siepert.  That  is  right;  within  their  civilian  employment 
celling.',*  ; 

Mr.  Daddario.  How  many  of  your  own  people  are  involved? 
You  gave  a figure  of  200  at  North  American? 

'Mr.  Brackett.  That  is  right-  This  is  a guess,  but  I would  say 
overall  less  than  500. 

Mr.  Siepert.  We  can  supply  more  specific  information  to  you  on 
that.  ^ 

Mr.  Daddario.  Then  a question  comes  to  mind,  regarding  the 
pi^e-by-piece  inspection.  Why  do  you  feel  that  under  these  cir- 
cumstances you  need  a tighter  control  than  the  military  has  felt  w as 
necessary  in  overseeing  the  same  kind  of  program? 

Mr.  Brackett.  Well,  this  ss  largely  because  we  are  in  the  research, 
and  development  field.  A surveillance  system  may  be  all  right  for  a 
production  type  of  work,  making  shoes,  something  like  that. 

E^  ih  the  reseawdi  part  is  different,  and  counts. 

Some  of  the  failures  that  have  taken  place  have  been  because  of 
failures  of  small  items. 

If  these  had  had  tighter  inspections  perhaps  they  would  not  have 
failed.' 

Take  our  Saturn  shots : We  have  had  three  test  shots  of  Satupns, 
all,  I think,  very  successful.  " 

And  this  is  the  type  of  inspection  we  have.  These  Saturn  shots, 
and  many  others  will  be  very  expensive.  And  to  have  it  fail  because 
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of  some  small  item  that  is  not  properly  inspected  would  be  very  costly 
to  the  program  and  to  the  country.  In  the  manned  S}>ace  flight  there 
is  human  Me  at  stake.  We  are  only  buying  a very  limited  number. 
Where  the  military  buys  perhaps  100  or  200  missiles  for  test  purposes, 
and  a few  fail,  that  can  be  taken  into  consideration. 

But  where  we  buy  such  a few  inmumber,  any  one  failure  hurts  the 
program. 

Mr.  Dadpario.  Do  you  change  the  type  of  inspection  you  have  as 
companies  prove  themselves? 

For  example,  you  mentioned  the  fact  that  McDonnell  Aircraft  Co., 
which  I think  is  the  company  you  referred  to  in  the  Mercury  program, 
has  been  now  given  the  followup  program  of  Gemini.  As  a result  of 
the  experience  of  dealing  with  McDonnell,  has  NASA  increased  the 
number  of  personnel  who  inspect  them,  or  has  NASA  decreased  the 
number  because  McDonnell  has  been  so  qualified? 

Mr.  Brackett.  I can’t  answer  that  definitely. 

But  it  is  my  belief  that  as  a company  proves  more  capable  and  more 
reliable  the  inspection  work  will  go  down. 

Take  the  Delta  spacecraft,  for  instance,  which  has  been  very  suc- 
cessful: it  is  my  understanding  inspection  is  not  as  stringent  there  as 
it  would  be  on  some  new  item. 

Mr.  Siepsrt.  Because  the  company  has  learned  how  to  inspect  it 
rigorously. 

Mr.  Daddario.  There  is  a very  important  point  which  Mr.  Fulton 
has  touched  on  time  and  time  again,  the  problem  of  putting  the 
responsibility  on  the  contractor,  where  it  properly  belongs. 

Could  we  have  the  figure  ou  the  number  of  people  who  are  working 
now  at  McDonnell  on  the  Gemini  program  as  compared  with  tbo 
number  of  people  performing  the  same  type  of  work  under  the  Mer- 
cury program?  • . 

Mr.  Siepert.  We  will  try  to  get  it* 

(The  information  requested  is  as  follows:) 

The  attached  table  sets  forth  the  number  of  Government  employees  by  types 
and  Government  agency,  working  at  McDonnell  on  the  Mercury  and  Gemini 
programs  as  Of  the  end  of  March  1963,  the  number  of  such  employees  at  McDonnell 
at  the  time  of  peak  employment  under  the  Mercury  program  (December  1961), 
and  the  estimated  number  of  such  employees  at  McDonnell  at  the  estimated  time 
of  peak  employment  under  the  Gemini  program  (October  1963). 

NASA’s  quality  assurance  policy  makes  NASA  installations  responsible  for  the- 
quality  of  procured  articles,  and  this  responsibility  cannot  be  delegated  to  either 
contractors  or  other  Government  agencies.  NASA  may  delegate  quality  func- 
tions at  a NASA  supplier’s  plant  to  another  Government  agency,  but  NASA  pro- 
vides technical  direction  to  that  agency  to  insure  that  articles  conform  to  pre- 
scribed criteria  and  design  intent. 

NASA's  inspection  system  is  part  of  a quality  assurance  program  to  achieve  high 
reliability  of  hardware  in  space  operations.  Direction  to  inspection  agencies  is 
made  through  N ASA  Quality  Publication  NPC  200-1,  entitled  “Quality  Assurance- 
Provisions  for  Inspection  Agencies.”  Minimum  requirements  for  the  perform- 
ance of  quality  assurance  functions  by  existing  Government  inspection  agencies, 
under  the  technical  direction  of  the  responsible  NASA  installation,  are  described 
in  this  publication.  NASA  Quality  Publications  NPC  200-2,  entitled  “Quality 
Program  Provisions  for  Space  System  Contractors,”  and  NPC  200-3,  entitled 
“Inspection  System  Provisions  for  Suppliers  of  Space  Materials,  Parts,  Com- 
ponents, and  Services,”  define  the  responsibilities  for  quality  assurance  placed 
upon  system  contractors  and  suppliers  of  parts  and  materials,  including  planning,, 
reporting,  and  feedback,  as  well  as  controls  over  purchases,  testing,  and  processes. 

NASA  subscribes  to  the  objective  of  reducing  the  amount  of  Government  in- 
spection as  this  can  be  done  without  risk  to  the  successful  accomplishment  of' 
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NASA  programs*  However,  industry's  present  quality  assurance  procedures  do 
not  generally  satisfy  the  high-quality  standards  set  by  NASA.  As  they  do, 
NASA  procedures  provide  for  appropriate  downward  adjustment  in  the  amount  of 
Government  quality  assurance  effort. 

MERCURY  PROGRAM  GEMINI  PROGRAM 


Present  Government,  employment  at  McDonnell, 
Mar,  29, 1963 


Present  Government  employment  at  McDonnell, 
Mar.  29,  1963 


Type  of  personnel 

Navy 

NASA 

(resi- 

dent) 

. NASA 
(tran- 
sient) 

Business  represents- 

lives ... 

0 

0 

0 

Quality  assurance 

0 

0 

0 

■Technical  representa- 
tives .. 

6 

0 

0 

Clerical 

0 

0 

0 

Total- ■ 

1C 

‘0 

10 

MERCURY  PEAK  EM- 
PLOYMENT, DECEMBER 
1001 

Business  represents- 

8 

tives 

0 

0 

Quality  assurance 

5 

6 

Technical  represents- 

■ tives... — — 

0 

7 

4 

Clerical .. 

1 

2 

0 

Total „ 

13& 

14 

10 

Type  of  personnel 

Navy 

NASA 

(resi- 

dent) 

NASA 

(tran- 

sient) 

Business  represents- 

tives.. .... 

2 

3 

0 

Quality  assurance 

3 

15 

0 

Technical  represents- 

tives ... 

0 

12 

0 

Clerical 

0 

6 

0 

Total ;* . 

5 

36 

0 

GEMINI  PEAK  EM- 

1 

PLOYMENT,  OCTOBER 

1903 

Business  represents- 

tives 

2 

3 

0 

Quality  assurance... 

3 

25 

4 

Technical  repfesenta- 

tives 

0 

14 

0 

Clerical ...  ... 

0 

6 

0 

Total 

6 

48 

4 

1 Gemini  personnel  devote  approximately  7 percent  of  their  time  to  Mercury— will  phase  out  December 
1963. 


Mr.  Daddario.  And  it  is  your  purpose  to  cut  this  down  as  com- 
panies prove  themselves,  rather  than  increase  it? 

Mr.  Brackett.  That  is  right. 

% Mr.  Daddario.  I think  that  is  very  important  because  this  pieee- 
by-piece  inspection  is  necessary,  of  course,  but  it  is  a very  costly 
program.  It  also  ties  up  highly  competent  people  spending  a great 
deal  of  time  sort  of  looking  over  each  other's  shoulders  to  see  what 
is  being  done. 

Mr.  Brackett.  That  is  true.  But  we  feel  it  is  important,  to  be 
sure  nothing  fails  because  of  lack  of  inspection. 

Incidentally,  inspection  is  under  a different  office  from  procure- 
ment, the  Office  of  Reliability.  - 

Mr.  Daddario.  But  as  conditions  improve  in  a company  and  as 
they  show  their  competence,  you  do  cut  down? 

Mr.  Brackett.  I have  heard  it  stated  in  rough  figures  in  the  De- 
partment of  Defense  there  are  30,000  people  administering  contracts, 
and  that  approximately  50  percent  of  them  are  on  inspection  work. 

Mr.  Daddario.  One  further  auestion:  When  Mr.  Fulton  inquired 
into  the  amounts  of  money  JPL  was  subcontracting  out,  I think 
60  percent,  do  I understand  from  this  that  it  is  the  general  philosophy 
that  JPL  should  contract  as  much  work  as  they  can  to  private 
business? 

Mr.  Brackett.  I believe  they  are  contracting  for  the  development 
of  most  of  the  hardware. 

Mr.  Daddario.  Why  is  it  then  that  JPL  is  now  building,  or  devel- 
oping the  capability  to  build,  their  own  solid  fuel  motors? 

Mr.  Brackett.  I don't  know.  { 
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Mr.  Dadoario.  Do  you  know  the  answer  to  that,  Mr.  Siepert? 

Mr.  Siepert.  No,  I don’t.  The  facilities  program  with  respect  to 
the  JPL  operation  is  tied  in  with  a master  plan  for  their  operation 
which  will  limit  the  number  of  personnel  that  they  have  physically  on 
the  JPL  payroll. 

The  facilities  that  we  are  developing  for  them  are  tied,  I believe, 
to  an  estimated  employment  maximum  of— -I  better  get  my  figures. 

3;  was  going  to  say  4,100.  This  puts  a strong  pressure  on  the  part 
of  JPL  management  to  do  everything  it  possibly  can  out-of-house, 
an<l  so  this  is  the  reason  you  have  a 60-percent  figure  now. 

.And  if  you  watch  it  over  the  years  I think  you  v/H  find  that  per- 
centage goes  up  rather  than  down, 

Mr.  Daddario.  Well,  there  are  several  companies  which  have  a 
competence  in  the  solid  fuel  area  who,  as  I understand  it,  could  supply 
solid  fuel  motors  to  JPL  for  whatever  experiments  were  necessary. 

I would  like  you  to  check  on  that  if  you  can  and  place  it  in  the 
record.  What  is  this  capability  that  JPL  is  developing  in  the  solid 
fuel  field?  What  is  it  costing?  What  sort  of  facilities  are  involved? 
Why  can’t  they  obtain  this  equipment  from  one  of  the  manufacturers? 

Mr.  Siepert.  I will  be  glad  to  get  that  statement. 

I can  say  this:  the  Jet  Propulsion  Laboratory  has  been  very  insistent 
in  maintaining  a degree  of  research  competence  in  the  field  of  solid 
fuel  work.  - _ - 

They  were  the  original  seedbed  for  this  entire  technology,  and 
coming  out  of  Jet  Propulsion  Laboratory  were,  really,  the  nuclei  for 
many  of  the  major  contractors  of  today. 

They  have  an  interest  in  continuing  work  in  solid  propellants,  par- 
ticularly as  it  may  relate  to  understanding  their  use  in  some  of  the 
very  exotic  spacecraft  that  they  have  charged  out  as  their  missions. 

But  they  are  not  responsible  for  developing  major  solid  propellants 
systems,  as  I understand  it. 

(The  information  requested  is  as  follows:) 

Jet  Propulsion  Laboratory  Policy  on  In-House  Solid  Rocket  Activities 

It  is  a fundamental  policy  of  the  Jet  Propulsion  Laboratory  to  maintain  an 
in-house  competence  in  all  major  technological  areas  which  are  directly  involved 
in  the  execution  of  the  Laboratory’s  assigned  missions.  One  of  these  areas  is  solid 
rocket  propulsion.  The  Laboratory  ha3  been  a pioneer  in  this  field  and  by  its 
efforts  has  contributed  significantly  to  the  formation  and  advancement  of  the  solid 
propellant  industry. 

In-house,  competence  in  solid  propulsion  is  maintained  by  carrying  out  a bal- 
anced program  of  research,  development,  and  flight  application.  This  work  is 
carried  on  by  somewhat  less  than  30  professionals  and  30  nonprofessionals. 

Implicit  in  the  Laboratory  policy  is  the  desirability  of  continuously  maintaining 
a single  in-house  solid  rocket  engine  development  project.  On  the  average,  this 
occupies  approximately,  five  professionals  and  five  nonprofessionals  Of  the  above-' 
mentioned  staff. 

The  present  onsite  solid  propellant  facilities  at  Pasadena  were  constructed  in 
1948.  With  the  increase  in  population  density  both  in  the  residential  area  adja- 
cent to  the  Laoratory  and  within  the  Laboratory  proper,  it  became  evident  that 
the  bulk  of  the  propellant  process  and  testing  operations  should  be  moved  to  a 
remote  location.  Permission  to  use  1 square  mile  of  Edwards  Air  Force  Base  has 
enabled  us  to  achieve  this  relocation.  A $1.3  million  facility  adjacent  to  our  exist- 
ing liquid  propellant  tests  facilities  recently  has  been  constructed.  This  facility 
is  capable  of  processing  and  testing  comparatively  small  rocket  engines  (les3  than' 
1,000  pounds  in  weight).  This  limits  its  capability  to  spacecraft  engines  and 
excludes  launch  vehicle  or  weapons  system  engines^  Capability  is  also  limited 
to  small  numbers  of  rocket  engines.  Programs  requiring  large  numbers  of  units 
are  turned  over  to  industry.  Current  examples  are  Ranger  and  Surveyor. 
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We  believe  that  the  above  outlined  policies  are  in  the  best  interests  of,  not  only- 
the  Jet  Propulsion  Laboratory,  but  also  the  national  space  program  and  indeed 
the  solid  rocket  industry.  By  maintaining  itself  as  a knowledgeable  customer  the 
Laboratory  can  and  does  improve  the  products  which  industry  produces  for  NASA, 

Mr.  Teague.  Mr.  Patten,  did  you  have  any  question? 

Mr.  Patten.  No  questions. 

Mr.  Teague.  Mr.  Fuqua? 

Mr.  Fuqua.  No,  I have  none. 

Mr,  Teague.  Mr.  Koudebush? 

Mr.  Koudebush.  I would  like  to  ask  two  or  three  questions,  if  I 
may.  v ...  ■ ^ 

As  I understand  it,  in  line  with  Mr,  Fulton’s  and  Mr.  Baddario’s 
questions,  60  percent  of  our  contracts  are  allotted  to  the  Jet  Propulsion 
Laboratory  operated  by  the  California  Institute  of  Technology  and 
about  21  percent  of  our  contracts  are  purchases  from  Armed  Forces.. 

That  would  make  about  81  percent  of  the  total  contracts  of  NASA.. 

..  Is  that  correct? 

Mr.  Siepert.  No;  we  did  not  make  that  clear. 

As  Mr,  Fulton  pointed  out,  if  you  read  the  language  quickly  you 
might  very  well  arrive  at  this  conclusion.  And  I would  like  to  correct 
that,  if  I may,  for  you. 

The  Jet  Propulsion  Laboratory  contract  is  in  the  order  this  next 
year  of,  I think,  $230  million,  or  $210  million,  out  of  $5  biilion-plua 
estimate.  So  the  60  percent  figure  we  are  talking  about  represents- 
that  portion  of  the  $200  million  to  the  California  Institute  of  Tech- 
nology. V 

Mr.  Koudebush.  Yes.  Are  the  percentages  which  you  quote  dollar 

Mr.  Siepert.  These  are  all  dollar  percentages  unless  we  have  indi» 
cated  otherwise. 

Now,  the  21-percent  figure  that  you  referred  to,  that  does  tie  to  the 
total  procurement — the  total  procurement  dollars — and  it  represents 
tfie  amounts  that  we  place  with  them  to  buy  hardware  they  have  al- 
ready developed,  such  as  Atlas-Thor  boosters,  and  the  like. 

Mr.  Koudebush.  And  the  21  percent  is  also  dollar  volume? 

Mr.  Brackett.  Yes,  sir. 

Mr.  Koudebush.  How  many  people  does  the  Jet  Propulsion  Labora- 
tory have  in.  its  employ?  - . ... 

Mr.  Siepert.  I thmk  3,800  or  3,900  at  the  present  time. 

Mr.  Koudebush.  What  type  of  contract  does  NASA  have  with 
JPL? 

Mr.  Siepert.  We  have  the  contract  Mth  the  California  Institute 
of  Technology,  which  is  the  manager  of  the  laboratory.  With  them,, 
we  have  a cost-type  contract — written  for  a 3-year  period. 

Mr.  Koudebush.  You  mean  cost-plus? 

Mr.  Siepert.  That  is  right. 

Mr.  Koudebush.  What  is  the  percentage  of  the  “plus”  in  the  case 
of  the  California  Institute  of  Technology? 

Mr.  Siepert.  Oh,  the  contract  calls  for  NASA’s  reimbursing  them 
for  all  the  costs  of  the  Jet  Propulsion  Laboratory,  both  their  direct  and 
their  burden  costs. 

In  addition  we  pay  a portion  of  the  overhead  expenses  of  the  Cali- 
fornia Institute  of  Technology  for  services  that  they  perform  on  cam- 
pus, as  tied  in  with  the  Jet  Propulsion  Laboratory. 

This  is  in  accordance  with  audit  principles  worked  out  over  the 
years. 
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Mr.  Roudebush.  Could  you  give  me  any  idea  of  the  amount  of 
money  that  NASA  is  paying  to  the  California  Institute  of  Technology 
or  in  campus  activity? 

Mr.  Siepert.  $850,000,  in  1062,  in  the  campus  pool.  In  addition 
we  paid  a management  fee  of  $950,000  to  Cal-Tech.  I 

Mr.  Roudebush.  What  is  that? 

Mr.  Siepert.  A fee,'  pure  and  simple, 

Mr.  Roudebush.  The  on-campus  is  how  much  now? 

Mr.  Siepert.  $850,000. 

Mr.  Roudebush.  And  NASA  is  paying  the  California  Institute  of 
Technology  a total  of  about  $1}£  million  in  addition  to  their  costs? 

Mr.  Siepert.  No;  the  $850,000  overhead  allowance  is  an  actual 
cost,  expense  incurred,  of  which  this  is  our  share,  based  upon  criteria 
that  have  been  worked  out*  and  these  are  subject  later  to  audit  by 
the  Army  audit  agencies. 

Those  are  costs  actually  incurred. 

Now,  the  management  fee,  Mr.  Roudebush,  is  a fee  that  is  paid  to 
Cal-Tech.  \ 

Mr.  Roudebush/;  When  did  NASA  enter  into  the  original  contract 
with  Cal-Tech? 

Mr.  Siepert,  Weil,  we  took  over  the  Army  contract  when  we 
acquired  JPL  in — the  first  of  1950. 

When  that  contract,  so-called  ORD-18  contract,  had  run  its  time 
we  then  negotiated  our  own  contract,  called  NASA-7. 

So  this  would  he  1960, 1 believe. 

Mr.  Roudebush.  One  other  question:  Why  does  the  percentage  of 
the  fee  on  cost-plus  contracts  vary  so  much  when  there  is  no  risk 
involved  to  the  company? 

Mr.  Siepert.  There  is  substantial  risk  involved  in  terms  of  what 
kind  of  management  capability  they  need  to  put  into  a job  to  complete 
it  satisfactorily.  The  fee  varies,  ^ 

Mr.  Roudebush.  But  the  risk  in  that  case  would  he  in  parentheses, 
wouldn’t  it?  It  is  an  entrepreneur  problem,  rather  than  risk.  It  is 
compensation  for  taking  their  management  capabilities  and  placing 
them  at  the  Government’s  disposal,  isn’t  it? 

Mr.  Siepert.  Yes,  but  I think  the  heads  of  the  companies  would 
say  that  is  a risk,  too.  There  is  also  an  institutional  risk,  in  terms  of 
whether  they  do  a bad  job  or  not. 

The  fee  varies,  and  goes  from,  I believe,  2 percent  to  as  high  as, 
I believe,  9 or  9%  percent.  However,  it  centers  between  6 and  7 
percent,  and  that  will  vary  depending  on  how  much  of  a job  they  have 
to  do  in-house  as  contrasted  with  subcontracting. 

Sometimes,  if  the  subcontracting  is  very  difficult,  by  reason  of  the 
•subcontracting  rather  than  handling  it  in-house,  they  would  get  a 
greater  foe. 

But  oftentimes  when  they  are  subcontracting  large  portions  of  the 
work,  the  subcontractor  is  assuming  much  of  the  management  responsi- 
bility, and  our  negotiators  move  the  fee  downward  in  such  a situation. 

Another  factor  is,  how  difficult  is  the  job,  really,  to  do,  in  terms  of 
similarity  to  how  much  of  that  kind  of  job  they  may  have  done  in 
the  past. 

There  are  other  factors. 

Mr.  Brackett.  Yes.  For  instance,  where  we  furnish  a plant  in 
New  Orleans  for  the  Chrysler  Co.  and  Boeing  Co.,  this  would  lower 
Iheir  fee. 
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The  degree  of  engineering  skills  that  go  in  is  a big  factor  as  to  the 
amount  of  fee.  Some  of  these  contracts  are  rather  small  and  take 
high  engineering  talent  and  there  is  no  follow-on  production.  They 
have  to  put  their  best  engineers' on  a contract  and  after  it  is  over  that 
as  all  they  will  get  out of  it. 

On  some  of  the  large  contracts  for  airplanes,  for  instance,  there  is 
a large  follow-on  for  production,  which  is  pretty  profitable. 

We  are  pretty  solely  in  the  research  field,  and.  there  is  no  follow-on 
production,  and  that  makes  some  companies  feel  they  are  entitled 
to  a higher  fee. 

Mr.  Roudebtjsh.  I do  not  know  whether  any  of  the  other  members 
of  the  committee  have  asked  or  not,  but  I would  like  to  have  a report 
on  the  number  of  dollars,  both  prime  and  subcontract  dollars,  that 
are  spent  in  each  of  the  States  by  NASA. 

Mr.  Brackett.  We  can  give  it  to  you  on  the  primes.  We  cannot 
give  it  to  you  accurately  on  the  subcontracts  because  we  don't  have  it. 
We  are  getting  a sampling. 

Mr.  Roudebtjsh.  Is  that  the  post  card  report  ? 

Mr.  Brackett.  Yes.  We  can  give  you  what  we  have  on  that. 

Mr.'SiEPERT.  I believe  that  will  be  a very  good  indication.  This 
post  card  report  covers  the  12  biggest  contractors  we  have,  so  it 
covers  a pretty  good  segment  of  the  program. 

Mr.  Bell.  Would  the  gentleman  yield? 

Mr.  Rotjdebush.  This  will  be  my  last  question.  I have  had  a lot 
of  criticism  from  my  State — and  preeminence  on  the  committee  does 
not  limit  the  number  of  criticisms  we  have  on  the  amount  of  expendi- 
tures. I noticed  that  one  of  our  colleagues  on  the  committee  put  out 
a press  release  the  other  day  on  the  lack  of  dollars  being  spent  in  mv 
home  State  of  Indiana,  1 think  more  effort  must  be  expended  to 
split  these  space  contract  dollars — of  course,  to  competent  firms — 
among  the  various  States. 

Mr.  Teague.  Mr.  Bell?  ' 

Mr.  Bell,  Isn't  it  true,  Mr.  Siepert,  in  your  analysis  which  the 
gentleman  from  Indiana  just  asked  you  to  give  of  the  prime  contracts 
and  subcontracts,  that  because  a great  number  of  the  prime  con- 
tractors, you  fere  not  able  to  give  a clear  picture  of  the  subcontracts 
and  therefore  the  water  is  muddied  considerably? 

Because  I know  that — l am  certain  we  are  all  aware— a great  many 
of  the  contracts  made  in  California  are  subcontracted  out  to  other 
States — perhaps  to  Indiana,  I don't  know.  So  when  you  are  not  able 
to  give  the  subcontracts,  I think  you  are  getting  only  the  prime  con- 
tractors viewpoint,  which,  I might  add,  I don’t  believe  may  be  ac- 
curate in  the  inference  it  g’ves. 

I would  much  prefer,  if  you  are  going  to  do  this,  that  you  would 
see  if  it  would  not  be  possible  to  get  the  subcontracts,  too.  Maybe 
that  is  impossible,  but  I think  giving  the  prime  contracts  alone  does 
not  give  the  true  story.  . 

r Mr.  Siepert.  This  is  a problem  we  recognized  quite  early.  It  took 
a bit  of  persuasion  to  convince  the  Bureau  of  the  Budget,  and  the  like, 
that  it  would  be  in  the  public  interest  and  business'  interest  to  intro- 
duce one  more  reporting  requirement,  and  so  we  developed  this  post 
card  technique,  which  is  very  simple,  and  when  a prime  contractor 
awards  to  a subcontractor  he  fills  out  the  card  and  shoots  it  directly 
to  us. 
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We  also  ask  him  to  send  the  post  card  to  the  subcontractor  and! 
when  the  subcontractor  goes  to  the  second-tier  subcontracts,  we  would: 
like  to  get  that  report,  too. 

In  the  sample  studies  we  have  done  thus  far  we  are  highly  encour- 
aged about  the  shift,  that  is,  the  broad  differences  of  the  subcontracts. 

And  it  is  true  that  the  California  prime  contractors  do  a substantial 
amount  of  business  with  other  States.  I don’t  recall  the  figure  at  the 
moment,  but  I think  with  subcontracting,  nevertheless,  about  60 
percent  will  still  be  in  the  State  of  California. 

Mr.  Bell.  I think  that  unless  you  add  the  subcontractors,  you  will 
not  get  a true  picture.  I think  we  ought  to  consider  this  fact. 

Mr.  Siepert.  We  will  give  all  the  information  we  have  on  both, 
primes  and  subs. 

, (The  information  referred  to  is  as  follows:) 

The  report  on  prime  contracts  is  set  forth  in  the  attached  table  which  gives  the- 
•U.S.  geographical  distribution  of  NASA  direct  awards  of  $25,000  and  over 
for  fiscal  year  J.962.  The  report  on  subcontract  awards  under  the  post  card 
reporting  arrangement  is  furnished  in  the  answer  to  questions  re  procurement  and 
contract  policy,  question  No.  19.  (Questions  referred  to  are  inserted  at  the  Con- 
clusion of  the  day’s  hearing.) 

U.S.  geographical  dhtribuiim  of  NASA  procurement— Direct  awards  of  $25,000 

and  over,1  fiscal  year  1962 
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37 

.2- 

’ 

Texas. 

146 

5.4 

3.8 

r 

Utah 

1 

0 

0 

0 

k. 

Vermont,  . 

3 

.1 

112 

1 

Virginia  

91 

3.4 

13,785 

325 

1.8 

■Washington 

4 

. 1 

(?) 

Wisconsin .... 

23 

.8 

4,618 

10,975 

,8 

District  of  Columbia 

60 

2.2 

1.1 

i 

. 1 Excludes  awards  placed  with  or  through  other  government  agencies,  awards  outside  the  United  Stalls? 
and  actions  on  the  JPL  contract. 

> Less  than  0.1  percent. 
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Mr.  Teague.  Mr.  Fuqua? 

Mr.  Fuqua.  Getting  back  to  the  overhead  costs  in  contract  work 
with  colleges  and  universities,  do  you  use  the  same  formula  with 
-other  colleges  as  yon  do  with  Cal-Tecn  and  the  Jet  Propulsion  Labora- 


Mr.  Brackett.  No,  sir.  There  is  a different  type  of  contract 
used  with  other  colleges.  • - 

v Mr.  Siepert.  Well,  Mr.  Brackett-,  I think  really  the  Congressman 
is  asking  a little  different  question,  perhaps,  than  you  think. 

The  Government’s  relationship  to  universities  falls  in  two  kinds  of 
procurement  actions.  >Ghe  & in  the  held  of  grants  for  research  they 
do.  The  other  is  in  the  field  of  contracts  for  either  research  or  develop- 
ment work  they  may  do  for  us. 

In  the  grant  area,  we  have  Dr.  Smull  here,  and  if  you  would  like  to 
pursue  this  he  could  elaborate  further  on  that. 

In  the  grants  area  we  follow  an  overhead  policy  that  is  written  into 
our  basic  appropriation.  That  is,  we  do  not  pay  more  than  25 
percent  of  the  overhead  costs. 

Now,  on  the  research  contracts  side,  here  we  pay  a true  overhead 
allowance  figure  based  upon  audited  expenditures  of  the  university, 
and  this  could  run  higher  or  could  run  less  than  25  percent,  depending 
on  the  actual  e^erience*  ; 

Mr.  Fuqua.  JDo  the  colleges  get  this  managerial  fee  on  these  con- 
tracts? V;  - 

Mr.  Siepert,  No,  the  only  management  fee  we  pay  is  for  the  Jet 
Propulsion  Lab  contract,  that,  a fee  paid  to  a university,  the  reason 
being  they  are  undertaking  a major  prime  contractor’s  responsibility 
of  handling  all  our  hardware  development  in  the  lunar-space  field. 
It  is  not  an  ordinary  contract. 

Mr.  Teague.  Mr.  Siepert,  would  you  take  a few  minutes  to  describe 
the  NASA  budget  process.  Where  and  when  did  it  start,  and  what 
steps  did  it  go  through  before- it  finally  got  to  this  committee? 

Mr.  Siepert.  I will  do  that,  with  one  disqualifying  statement:  the 
last  2){  years  the  responsibility  of  putting  the  budget  together  and 
submitting  it  to  Congress  has  not  been  the  responsibility  of  my  office, 
but  D.  D.  Wyatt’s  Office  of  Programs. 

Mr.  Teague.  Let’s  take  it  as  it  pertains  to  your  office — because 
certainly  much  of  it  must  pertain  to  your  office.  We  better  ask  Mr. 
Holmes  and  the  others  to  be  prepared  to  tell  us  the  same  information 
about  their  offices.  > 

Mr.  Siepert.  Yes.  Well,  the  budget  that  is  before  you  now  has 
its  first  involvement  by  an  organization  such  as  the  Office  of  Admin- 
istration in— let’s  see— In  February  of  the  year  before  you  get  it. 

In  other  words,  we  started  in  February— that  is,  a month  ago — on 
the  budget  you  will  not  see  until  next  year.  :- 

This  is  a preliminary  call  for  our  estimates  of  manpower,  workload, 
and  dollars,  to  accomplish  whatever  functions  belong  in  my  organiza- 
tion or  belong  in  Mr.  Holmes’  organization.  . • 

These  go  to  the  Office  of  Programs,  where  they  are  put  together  in 
an  overall  agency  budget  estimate,  that  I would  call  a ballpark 
estimate.  It  is  quite  rough,  though  we  get  more  detailed  as  we  get 
more  time.  . 

One  of  the  key  elements  in  the  detail  is,  of  course,  what  is  going  on  on 
the  preceding  year's  budget  as  it  is  passing  through  the  several  com- 
mittees in  Congress. 


.w  •• 
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Beginning  sometimes  in  June,  sometimes  as  late  as  August,  we  are 
in  discussion  with,  the  Bureau  of  the  Budget  about  our  estimate,  and, 
this  is  the  time  when  the  Executive  Office  is  attempting  to  fit  the 
total  space  requirements;  in  a rough  sort  of  wray  into  their  original 
projections  that  have  come  out  of  their  Office  of  the  Economic  Ad- 
viser. -;v  v..:':. /Vr..  ;y-r 

In  other  words,  they  have  at  that  time  a rough  idea  of  what  they 
think  the  revenues  of  the  Government  are  going  to  be,  wrhat  they 
think  the  international  commitments  are  going  to  be;  and  at  that 
point,  particularly  on  the  civilian  agencies  which  are  not  tied  to  space 
or  military,  they  have  gone  a substantial  way  down  the  road  of  de- 
veloping the  closing  figure. 

This  has  not  happened  on  the  space  budget. 

I don’t  think  it  ever  happened,  certainly  not  since  the  decision  for 
the  manned  lunar  landing. 

There  are  in  this  process  some  series  of  markups,  or  maybe  I should, 
call  them  inarkdcwns,  in  which  the  individual  program,  such  as  my 
area,  is  told,  “There  is  only  a certain  amount  of  money  within  the 
current  figure  we  are  talking  about.  Your  share  is  this  amount. 
What  will  you  do  with  this?”  In  other  words,  you  then  decide  what 
you  will  give  up  in  terms  of  functions  you  cannot  perform  under  a 
lower  amount  of  money. ^ • 

Our  actual  submission  to  the  Bureau  of  the  Budget  comes  quite 
late,  in  a budget  of  this  size.  They  keep  this  open  longer  than  many 
other  agencies.  We  did  not  actually  get  a final  markup  from  the 
Bureau  of  the  Budget  until  well  into  December  of  this  last  year. 

It  is  at  that  point,  then,  that  final  adjustments  in  our  material  art 
made  in  line  with  that  markup,  and  then  you  have  a submission  that 
is  submitted  to  you  right  after  the  first  of  the  year. 

Mr.  Teague.  Any  other  questions?  - 

Mr.  Daddario? 

Mr.  Daddario.  When  you  say  they  give  you  an  Opportunity  to 
give  up  certain  of  your  programs,  giving  you  a ceiling  beyond  which 
you  cannot  go,  financially  speaking,  what  did  you  give  up  in  dollar 
amounts  this  year,  that  you  thought  you  might  have  done? 

Mr.  Siefert.  To  answer  in  general  terms,  my  budget  that  I sub- 
mitted was  not  in  terms  of  submitting  dollars,  because  I do  not  have 
program  responsibility  for  any  of  the  dollars  we  operate  on  here. 

In  other  words,  the  procurement  dollars  we  are  discussing  this 
morning  are  not  Mr.  Brackett’s,  they  are  Mr.  Holmes  procurement 
dollars,  so  our  budget  process  differs  from  the  process  I have  de- 
scribed, in  that  we  are  attempting  to  budget  the  people  it  takes  to 
keep  control  of  the  policy  elements  of  the  program. 

So  they  ask  us  the  head  count  it  takes,  ana  the  kinds  of  skills  and 
the  workload  jassimiptions  we  make.  We  try  to  delay  doing  this 
until  the  last  /possible  moment,  because  the  final  on  the  markup  is 
what  is  the  Workload  in  terms  of  dollars,  to  us;  so  I cannot  answer  in 
terms  of  dollars. 

Mr.  Daddario.  How  many  people  did  you  give  up? 

Mr.  Siepert.  I would  say  this  budget  in  front  of  you  here  repre- 
sents probably— well,  I don’t  have  a figure  immediately  at  hand.  It 
probably  represents  a shrinkage  of  about  25  to  30  percent. 

In  other  words,  there  are  probably  about  two-thirds  of  the  positions- 
Mr.  Brackett  and  others  would  have  originally  submitted  to  us  as- 
representing  their  requirements. 


460  1964  NASA  AUTHORIZATION 

Mr.  Dabbario.  This  is  the  general  theory  which  applies  to  the 
other  department  heads:  They  are  given  an  opportunity  to  meet 
certain  standards  insofar  as  those  sums  of  money  which  will  be 
finally  appropriated  specifically  to  their  programs,  and  as  to  the 
number  of  personnel  they  will  have,  and  the  amount  of  experiments? 

Mr.  Siepert.  Yes,  sir.  Each  program  area  makes  this  calculation 
and  when  it  becomes  necessary  to  make  a reduction,  if  the  time  limit 
possibly  allows,  Dr.  Seamans  also  have  the  estimate  sent  back  to  the 
responsible  operating  head  for  him  to  come  up  with  what  is  the  best 
program  within  those  resources,  rather  than  being  given  a program 
that  says  “That  is  it,  and  do  it  this  way  d-  / 

Mb*.  Daddario.  What  does  that  25  to  30  percent  shrinkage  amount 
to  in  the  number  of  personnel? 

Mr.  Siepert,  Our  Office  of  Administration  at  the  present  time  has 
an  allocation  in  the  headquarters  of  467  people,  of  which  125  are  at 
the  moment  ia  the  Office  of  Procurement. 

To  give  you  an  idea  of  how  big  that  function  is  in  terms  of  our  total 
,;bperathmilt,is::my  recollection  our  figures  were  on  the  order  of  about 
550,  which  we  asked  for  in  1963. 

In  other  words,  Mr.  Daddario,  I am  giving  you  a figure  of  what  we 
are  operating  with  in  fiscal  year  1963.  The  550  figure — you  notice  if 
you  look  in  our  headquarters  complement — this  is  close,  to  what  is 
asked  in  fiscal  year  1964  staffing,  v 

In  other  words,  the  buildup  has  been  deferred  about  a year. 

Mr.  BADpARia.  You  are  making  another  attempt,  then,  to  build 
up  your  personnel  to  the  point  you  think  it  should  be? 

Mr.  Siepert.  In  the  areas  where  we  know  the  workload  is  crashing 
us.  In  this  case,  Mr.  Brackett’s  operation  has  had  100-percent 
increases  in  dollars  in  each  of  the  last  3 years.  He  has  never  had  an 
increase  in  personnel  that  was  greater  than  30  percent  in  any  1 year. 

Mr.  Teague.  Mr.  Patter? 

Mr.  Patten.  About  those  figures  you  are  going  to  submit  regarding 
where  NASA  is  doing  its  business,  I do  not  think  it  would  mean  mu^h 
to  me  if  you  just  categorically  said  that  California  is  receiving  12  per- 
cent and  Indiana  2 percent.  Could  you  relate  them  to  something? 

Take  my  State  of  New  Jersey,  for  example.  We  have  117  research 
centers  in  electronics,  right  now,  with  over  60,000  engineers..  Cer- 
tainly New  Jersey  has  a big  part  in  this  program,  for  instance,  the 
man  from  Bellcomm  was  a neighbor  of  ours.  Naturally  New  Jersey 
has  been  a great  research  center  ever  since  the  days  of  Thomas  Edison 
and  Du  Mont,  and  all  these  leaders.  I think  that  to  compare  us  to 
some  of  these  Midwestern  States  that  raise  corn  and  wheat  is  not 

1 don’t  know  by  what  means  you  would  make  a comparison,  but 
I don’t  think  you  can  sit  here  and  proportion  your  work  by  simply 
dividing  it  among  the  50  States. 

I think  it  would  make  more  sense  if  you  could  correlate  it  in  some 
way  to  private  industrial  practices.  Or,  you  are  talking  of  research 
and  development,  could  you  relate  it  to  where  research  and  develop- 
ment has  been  done  by  private  industry? 

Mr.  Siepert.  There  is  always  the  difficulty  of  getting  figures  that 
will  have  equal  meaning  to  folks  who  are  in  divided  camps  on  the  way 
to  handle  this  . 
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■^~j)  ■ . . . . , 

The  most  meaningful  figure  on  the  capability  of  the  country  for  our 
work  would  be  the  scientific  and  engineering  capability.  That  is, 
where  is  the  manpower  through  the  country,  for  research  and  develop- 
ment primarily  tied  to'' the  aerospace  atni  electronics  fields?  These 
are  the  fields  that  I would  say  take  85  percent  of  our  dollars.  The 
problem,  and  it  is  a national  problem,  that  the  other  committee 
members  have  well  pointed  out,  is  that  the  aerospace  and  electronics 
fields  are  concentrated  for  the  most  part  on  the  coasts,  just  as  the 
inland  areas  are  the  areas  of  industry  where  there  is  a heavy  concentra- 
tion of  what  is  known  as  heavy  production  industry. 

And  there  are  problems  for  any  research  and  development  agency 
in  being  able  to  contract  electronics  work  in  an  area  which  may  not 
have  a major  concentration  of  the  electronics  field. 

In  other  words,  if  you  take  the  electronics  field,  there  are  very 
encouraging  signs  of  real  centers  of  capability  building  up,  up  in  the 
Minneapolis  area,  down  in  the  St.  Louis  area,  even  in  the  Chicago 
area;  but  if  you  were  to  compare  it  quantitatively,  those  concentrations 
are  eclipsed  by  the  concentration  m the  Los  Angeles  Basin  area  and 
in  the  Northeast. 

And  this  is,  of  course,  where  the  facilities  are — which  in  many 
cases  were  built  with  Government  money,  you  see,  and  are  Govern- 
ment-owned plants  that  are  run  by  the  contractors. 

Mr.  Teague.  Are  you  through,  Mr.  Patten? 

Mr.  Patten.  Yes;  I am. 

Air.  Teague.  I would  like  to  say  that  Mr.  Siepert  cannot  be  here 
this  afternoon.  Mr.  Lingle  and  Mr.  Brackett  are  available  this  after- 
noon if  the  committee  wishes  to  complete  this  testimony.  There  is  no 
business  on  the  floor.  If  we  don't  meet  this  afternoon,  our  nest  meet- 
ing will  be  Wednesday  morning  when  we  will  start  on  the  NASA 
budget  books. 

Mr,  Bell.  One  more  question? 

Mr.  Teague.  Mr.  Bell? 

Mr.  Bell.  I assume,  Mr,  Brackett,  when  you  speak  of  procurement 
and  supply  you  also  include  in  addition  to  the  contractors,  the  pro- 
curement and  supply  for  all  of  NASA's  in-house  installations? 

■ Mr.  Siepert.  Yes,  sir. 

Mr.  Bell.  To  what  extent  are  your  procurement  and  supply 
programs  tied  into  the  DOD?  In  other  words,  do  you  operate  in- 
dependently of  the  DOD  procurement  and  supply  programs,  or  do 
you  dovetail  your  efforts  so  that  you  reach  the  largest  preponderance  of 
economy? 

Mr.  Brackett.  I think  we  dovetail  a hit,  in  this  sense.  First,  take 
the  policy,  and  our  policies  are  very  similar,  because  we  are  under  the 
same  procurement  statute,  and  we  are  doing  business  with  the  same 
types  of  companies. 

We  are  buying  things  for  the  military,  such  as  the  Scout  vehicle. 
We  started  it,  bought  the  first  ones;  they  needed  some,  and  asked  us 
to  buy  it  for  them. 

Conversely,  we  asked  them  to  spend  21  percent  of  our  dollars  dur- 
ing the  last  fiscal  year. 

We  have  a form,  already  developed  by  us,  that  we  send  , to  each 
other,  when  we  want  anything  purchased  by  the  other.  , 

Also,  they  .dp  much  of  our  contract  administration  work  for  us. 
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We  draw  on  them  quite  heavily  for  machine  tools  or  facilities  that 
they  have  in  reserve,  or  in  storage  somewhere,  that  they  are  not 
using.  They  have  been  very  helpful  in  supplying  those  to-  us.  It 
saves  ns  that  money. 

When  it  comes  to  the  point  that  either  of  us  has  contractors’  ma- 
terials left,  we  offer  it  to  each  other,  if  either  of  us  can  use  it.  At 
times,  we  have  drawn  on  their  supplies  out  of  their  supply  depots,, 
though  that  is  not  a usual  tiling. 

Our  supply  function  in  contrast  to  the  military  is  very  small.  We 
stock  in  our  centers  say  12,000  to  50,000  line  items,  where  they  would 
stock  100,000  in  one  of  their  depots.  This  is  for  our  in-house  work. 

Mr.  Bell.  As  you  know,  the  DOD  has  a long  background  in  this 
kind  of  thing.  In  my  own  mind,  I have  questioned  in  the  past 
whether  we  are  doing  enough  of  this  coordination  of  effort  with  the 
POD.  For  example,  in  regard  to  the  depots,  installations,  anti  so 
forth  that  you  spoke  of. 

Can  you  see  anything  that  NASA  could  do  toward  taking  over  some 
of  the  activity,  or  melding  your  efforts  in  these  depots,  along  with 
DOD,  and  pursuing  this  program  further?  It  is  my  feeling  that  there 
would  be  economies  in  this,  and  that  a greater  effort  in  this  direction 
could  save  the  NASA  program  a considerable  amount  of  money. 

Mr.  Brackett.  We  are  constantly  trying  to  do  that.  One  of  the 
big  things  we  do,  as  I understand,  is  to  furnish  each  other  a list  of 
surplus  items*,  these  are  screened,  and  they  draw  them  from  us,  or  we 
draw  them  from  them. 

Mr.  Bell.  Isn't  there  a possibility  that  at  times  you  could  actually 
let  DOD  take  over  certain  areas  of  procurement  for  you? 

Mr^  BRACKETT.  We  have;in  21  percent  of  our  dollars  they  have  done 
that. 

Mr.  S-iepert.  We  might  mention  two  other  areas. 

I just  happened  to  get  a report  On  the  Michoud  plant,  which  is 
Government-owned.  DOD  furnished  us  some  $3  million  of  tooling 
that  went  into  that  plant,  because  we  screen  all  our  requirements- 
through  them  on  their  excess  tools.  ^ 

I would  like  to  refer  to  two  other  areas:  Mr.  Brackett  in  his  state- 
ment mentioned  the  Administrator  has  a staff  studying  group  now 
that  bass  been  working  really  all  this  year  on  efforts  to  improve  our 
source  evaluation  processes,  efforts  to  work  out  a simple  way  of 
evaluating  a contractor’s  performance  so  that  other  procurement 
people  can  remember  a good  job  and  a bad  job  when  the  next  award 
comes  around. 

This  is  a NASA  study  that  involved  going  around  to  a number  of 
the  top  contractors  with  an  open  door,  asking  them  what  did  they 
think  was  wrong . with  the  procurement  process ; and  in  that  travel 
around  we  involved  the  Department  of  Defense,  invited  them  in  to- 
hear  the  same, thing,  so  we  were  able  to  trade  and  exchange  that 
experience. 

A similar  thing  going  on  now  is  that  there  is  a study  of  the  Depart- 
ment- of  Defens  called  Project  60,  and  I believe  the  “60”  means  it  is 
one  of  the  studies  the  Secretary  of  Defense  set  up  to  look  at  what 
might  be  done  to  improve  contract  administration  on  the  part  of  all 
of  the  services. 

Very  early  in  the  process  NASA  was  invited  to  be  a formal  member 
of  that  project. 
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We  have  had  people  working  full  time  for  7 or  8 months,  working 
■with  DOD  going  all  over  the  country  to  find  out  how  we  can  improve 
the  actual  administration  of  these  contracts  once  they  are  awarded 
and  placed  in  the  plant. 

Both  Ml:.  Brackett  and  X are  involved  in  this  project.  I am  in  the 
top  group,,  with  Brackett  in  the  advisory  group  immediately  under- 
neath it,  and  when  1 leave  for  my  new  post  Mr.  Lingle  will  take  up 
that  post  ms  our  representative  on  the  Project  60  Task  Force. 

Mr.  Bell.  Are  all  your  programs  similar  to  the  DOD’s,  exactly 
■similar,  with  respect  to  your  contract  arrangements  and  DOD’s? 

Mr.  BbiACkett.  Generally  speaking,  I would  say  yes. 

Mr.  Bull.  If  there  is  any  question  about  it,  I would  like  to  know 
it.  I would  like  to  get  a report  for  the  record  of  any  differences  that 
exist. 

Mr.  Srfepsin,  oppose  we  gave  you  that,  Mr.  Bell,  for  the  record. 
There  are  a few  places  where  for  reasons  that  we  think  are  self-explan- 
atory, we  do  things  a little  differently.  These  are  really  very  minor,  as 
contrasted  with  the  areas  we  do  on  a similar  basis.  We  will  put  them 
in  the  record  for  you. 

Mr.  Dad dario  (presiding).  Would  you  supply  that  for  the  record? 

Mr.  Siepert.  Glad  to. 

(The  information  requested  is  as  follows) : 

NASA  contractual  arrangements  differ  from  those  employed  by  DOD  in  the 
■following  areas : 

Patents.— N ASA  is  required  under  the  provisions  of  section  305  of  the  National 
Aeronautics  and  Space  Act  of  1958  (42  U.S.C.  2457)  to  obtain  title  to  inventions 
made  in  performance  of  a contract,  and  to  require  contractors  to  furnish  written 
reports  on  inventions,  discoveries,  improvements  and  innovations  made  during 
•contract  performance.  The  DOD  does  not  have  a similar  statutory  requirement 
and  generally  obtains  a comprehensive  license  whieh  permits  royalty-free  use  of 
patents  developed  under  its  contracts. 

Gratuities,— The  1952  DOD  Appropriations  Act  enacted  into  permanent  law 
(5  U.S.C.  174d)  a requirement  for  the  inclusion  of  a “gratuities”  provision  in  DOD 
contracts  which  permits  the  Government  to  terminate  a contract  where  the  con- 
tractor hs;is  offered  or  given  a gratuity  with  a view  toward  securing  favored  treat- 
ment in  contract  transactions.  NASA  does  not  have  a similar  statutory  re- 
quirement. 

Excess  profits. — Pursuant  to  10  United  States  Code  2382  and  7300,  DOD  con- 
tracts in  excess  of  $10,000  for  construction  or  manufacture  of  any  part  or  complete 
aircraft  dr  naval  vessels  are  required  to  contain  an  “excess  profit”  provision. 
These  statutes  do  not  apply  to  NASA. 

Indemnification. — Under  the  provisions  of  10  United  States  Code  2354,  DOD  i8 
authorized  to  indemnify  a contractor  against  unusually  hazardous  risks  arising 
•out  of  dlirect  performance  Of  contracts  for  research  or  development,  or  both, 
NASA  does  not  have  similar  statutory  authority. 

Miller  Act  (40  U.S.C . 270(a)~(e)')  —The  provisions  of  this  act  require  construc- 
tion contra' tors  to  furnish  payment  and  performance  bonds.  Secretaries  of  the 
military  departments  are  authorized  to  waive  this  statutory  requirement  in  the 
case  of  cost-reimbursement  type  contracts.  The  Administrator  is  not  authorized 
to  make  similar  waivers. 

Mr.  Daddario.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  We  had  made  certain  allegations,  and 
there  have  been  certain  complaints  that  have  been  relayed  to  you. 

With  the  chairman’s  permission,  I wish  you  would  take  those  from 
the  record,  and  just  answer  them  explaining  each  situation.  For 
.example,  capsulizs  what  the  situation  is,  and  give  us  your  answer. 

Mr.  Daddario.  Any  objection  to  that? 
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(The  information  requested  is  as  follows;) 

>•'  Allegation: 

1.  Referring  to  the  crawler  procurement,  NASA's  selection  process  requires 
contractors  to  use  their  best  talent  preparing  proposals  and  spending  large 
sums  of  money  so  that  NASA  gets  various  kinds  of  proposals  “for  nothing.” 
NASA  is  wasting  engineering  talent  by  not  having  an  in-house  capability 
to  come  up  with  adequate  specifications  on  something  that  is  basically  en- 
gineering and  construction  and  as  little  research  and  development  as  a tre- 
mendously large  caterpillar  tractor. 

Answer:  ' . / /••_  y- 

NASA  has  been  very  much  concerned  about  the  talent  and  money  involved 
in  preparing  proposals  for  performing  NASA's  development  work.  NASA 
uses  various  methods  for  keeping  contractor  costs  for"  proposal  preparation 
at  a minimum,  including  the  preparation  of  a request  for  proposals  that  care- 
fully defines  the  tasks!  -o  be  performed  and  limits  the  contractor’s  response' 
to  the  minimum  required  for  a good,  competitive  source  evaluation,  and  the 
use  of  a preproposaf  screening  process.  NASA  employs  competent  engineers 
in-house  and  also  procures  contractor  studies  for  this  purpose. 

In  the  case  of  the  crawler-transporter,  NASA  had  a study  made  by  one  of 
the  acknowledged  leaders  of  this  industry  to  determine  the  feasibility  of  a. 
crawler-transporter  as  compared  with  the  other  means  of  transportation  such 
as  barge  and  rail.  The  results  of  this  study  were  used  as  the  basis  for  selecting, 
the  crawler  approach  and  for  developing  the  design  criteria. 

The  procurement  competition  was  started  with  a preproposal  screening  of 
35  companies  which  had  previously  evidenced  an  interest.  They  were  asked 
" to  consider  the  requirements  based,  on  the  Criteria  and  to  exhibit  their  com- 
petence to  perfemi  the  task.  ' Twenty-tWo  companies  attended  a technical 
presentation  by  NASA,  but  only  two,  Marion  Power  Shovel  and  Bucyrus- 
Erie,  elected  to  submit  formal  proposals.  Apparently,  the  remaining  20 
companies  recognized  that  it  would  not  be  worth  their  while  to  expend  the 
talent  and  funds  required  to  prepare  formal  proposals.  The  two  proposers, 
developed  preliminary  designs  sufficient  to  demonstrate  feasibility  and  to- 
establish  a cost  estimate.  This  kept  the  proposal  cost  to  a minimum. 

Allegation:  ’ 

2.  NASA’s  contracts  are  going  the  same  way  they  have  gone  in  the  aircraft 
industry;  that  is,  they  are  going  to  certain  companies,  and  others  can’t 
break  in.  Likewise,  these  same  large  contractors  have  their  favorite  sub- 
contractors, and  subcontracting  then  goes  through  the  same  old  channels. 
This  makes  for  a closed  industry. 

Answer: 

It  is  the  judgment  of  management  throughout  NASA  that  the  ultimate* 
success  of  NASA  programs  depends  in  a large  measure  on  placing  contracts, 
with  companies  w hieh  are  found  best  qualified  to  perform  the  work.  It  is 
recognized  that,  certain  companies  have  successfully  performed  work  in  areas- 
of  primary  interest  to  NASA.;  in  some  instances,  such  performance  antedates, 
the  advent  of  NASA.  These  companies  have  acquired  unique  technical 
experience,  facilities  and  equipment,  which  would  cost  hundreds  of  millions 
of  dollars  to  duplicate.  It  is  a logical  consequence,  and  it  is  in  the  best 
interests  of  the  Government,  for  these  companies  to  be  important  participants- 
in  NASA  programs. 

However,  NASA  is  a research  and  development  organization.  As  such, 
it  is  ever  mindful  of  the  need  for,  and  importance  of,  new  ideas,  techniques,, 
processes,  and  method!,  and,  because  of  this,  the  opportunities  for  new 
companies  to  participate  in  its  programs  are  many.  ; 

The  picture  of  contractor  participation  in  NASA  programs  is  not  a static 
one.  The  list  of  100  contractors  receiving  the  largest  dollar  value  of  NASA 
aivards  to  business  during  the  first  half  of  fiscal  year  1963  includes  41  com- 
panies that  were  not  on  this  list  for  the  first  half  of  the  preceding  fiscal  year. 
Also,  %t  at  the  contractors  on  the  latest  list  are  small  business  concerns  as- 
against  21  contractors  on  the  earlier  list. 

NASA  monitors  the  subcontracting  of  its  prime  contractors  by  including 
clauses  in  their  contracts  imposing  obligations  on  them  to  subcontract  to* 
small  business  concerns  or  in  labor  surplus  areas,  by  approving  their  “make 
or  buy”  programs,  by  approving  individual  subcontracts  of  certain  amounts- 
or  types,  and  by  reviewing  their  purchasing  policies  and  procedures.  Through 
these  means  NASA  is  in  a position  to  prevent  the  development  of  fixed. 
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subcontracting  patterns  by  contractors.  Reports  received  on  first-  and 
second-tier  subcontracts  over  $10,000  from  12  major  prime  contractors- 
during  the  period  January  1,  1962,  through  February  28,  1963,  under  the 
NASA  postal  card  reporting  system  disclose  that  the  2,405  subcontracts 
reported  on  (2,161  first  tier  and  244  second  tier)  were  awarded  to  820  com- 
panies. This  dispersion  is  not  indicative  of  a channelizing  of  subcontracting 
by  major  prime  contractors 
Allegation: 

3.  There  is  too  great  a concentration  among  too  few  States.  On  the  $3.7 
billion  authorization  for  fiscal  year  1963,  I understand  that  6 States  got  $2.6 
billion  channeled  through  the  industry  in  those  States. 

Answer: 

Table  1 (p.  466)  generally  supports  the  statement  in  the  transcript  to  the 
effect  that  of  the  $3.7  billion  authorization  for  1963,  six  States  got  $2.6 
billion  channeled  through  the  people  in  those  States.  Table  1 presents  an 
estimated  distribution  of  funds  by  appropriation  by  State  for  fiscal  years 
| 1961,  1962,  and  1963,  and  it  shows  that  for  fiscal  year  1963  it  is  estimated 

W that  the  States  of  Alabama,  California,  Florida,  Louisiana,  Missouri,  and 

| Virginia  would  get  $2,665  million  of  A total  of  $3,787  million.  However,  a 

| subheading  of  this  table  points  out  that  the  distribution  fe.  based  on  prime 

| contracts  and  that  information  on  the  distribution  of  subcontracts  is  not 

available.  A footnote  further  explains  that  while  the  Mercury  capsule  con- 
| tract  is  reflected  under  the  State  of  Missouri  only,  a recent  survey  showed  that 

1 there  were  approximately  4,000  subcontracts  under  the  prime  contract, 

I-  which  extended  into  37  States,  Puerto  Rico,  and  Canada, 

fj  Table  . 2 (p.  468)  shows  how  subcontracting  results  la  the  geographic  die- 

| persion  of  NASA’s  procurement  dollars.  ♦ This  table  presents  a distribution 

f of  first-  and  second-tier  subcontracts  for  the  period  January  1,  1962,  to 

| February  28, 1963,  based  on  reports  from  12  of  NASA’s  major  prime  eontrac- 

| tors  under  the  postal  card  reporting  system.  The  total  amount  of  the  sub- 

contracts reported  was  $428.9  million.  The  first  column  of  dollar  figures 
f shows  the  distribution  of  this  amount  based  on  the  principal  place  of  per- 

f formance  of  the  prime  contracts;  the  total  amount  is  distributed  among  seven 

1 States,  The  second  column  of  dollar  figures  shows  the  net  distribution  of 

[i  this  amount  based  on  the  principal  place  of  performance  of  the  subcontracts; 

i the  total  amount  is  now  distributed  among  38  States.  Subcontracting  is 

effective  in  bunging  about  a wide  geographic  dispersion  of  NASA’s  procure- 
f:  ment  dollars. 
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‘TABLE  1 ~ >•  .... 

National  Aeronautics  and  Space  Administration 

Estimated  distribution  of  funds  by  appropriation,  by  State,  fiscal  years  196.1,  1962,  and  1963,  based  on  prime  contracts,  subcontract  information 

not  available  1 


Jin  thousands) 


States 

f 

Total 

Salaries  and-expenseS 

Research  and  development 

Construction  ot  facilities 

1961 

1962 

1963 

1961 

1962 

1963 

1961 

1962 

1963  - 

1961 

1962 

1963 

Alabama. ... 

$141,269 

4,392 

$224,064 

2,225 

$341,935 
1, 805 

$47,771 

$60,000 

$70,370, 

$07,290 
607 
% 437 
27 

274,993 

2,900 

$138;  110 

$234,028 

1,805 

$26,203 

$26,854 

1,245 

$37,537 

Alaska o- 

-=  980 

3,785 

Arizona ... . 

2|437 

3,941 

44 

523,922 

29,592 

6,575 

76 

7,262 

ftn 

947,767 

58,646 

12,116 

140 



3,941 

44 

459,289 

26,592 

6,575 

76 

7,262 

80 

830,704 
58, 646 



Arkansas — ... 

California.....— 

Colorado 

4i 

806,851 

2.900 

19,954 

23,050 

- f *'«*'*  — — **f  f-  **<» 

29,207 

11.964 

""""41^583" 

87,856 

Connecticut- 

4,063 

4,063 

4« 

12,116 

140 

Delaware 

49 

T-ir.n-r-  «. 

Florida- 

Georgia.-—- 

89, 987 
3, 214 
178 

209,878 
5, 847 

543,262 
9,669 
' 542 

3,800 

5, 600 

Cioo 

58.641 

3,244 

178 

94,857 

5,247 

294 

174,799 

9,669 

27,546 

109, '121 

361,963 

Hawaii—., 

'294 

— ... — .r. 

'542 

-4 

Illinois 

Indiana 

4,805 
L 370 

7,772 
- 2 ,221 

14,323 

4,092 

4,805 

1,370 

7, 772 
2, 221 

14, 323 
4,092 



Iowa. 

Kansas.. 

949 

1, 535 

2,828 

— .1 .,.U 

949 

1,535 

2,828 

-r— 

Kentucky... 

36 

54 

100 

36 

54 

100 

Louisiana. 

88 

48,016 

395, 352 

4 is" 

1,750 

88 

46,578 

359,102 

980 

34,  500 

Maine. 

Maryland. ■ 

Massachusetts 

48,932 

10,165 

84,499 
16,437 
13, 074 
3,200 

146, 685 
30,290 
24,092 
5,893 

16, 30? 

27, 5ie 

43,425 

23,125 

10,165 

8,073 

1,977 

47,463 

16.437 

13.074 

3,200 

78,480 

30.290 

9,600 

9,520 

2L780 

Michigan. 

Minnesota 

8,079 

2,301 

... — . 

24,092 

5,898 

324 

Mississippi 

Mi$snnrt  _ - ...... 

47,  270 

22.590 
107, 260 

V 

95,000 

264,898 

2,500 

47, 270 

107, 260 

264,898 

22,590 

92,500 

Montana 

......... 

«... 

Nebraska — 

Niwftda 

55 

15,087 

64 

40,160 

100 

55 

87 

54 

160 

100 

'r" -4' 

15,000 

”467060 

New  Hampshire 

32 

32 

Now  Jersey 

New  Mexico ... 

13,991 
3,446 
51, 181 
150 

22,031 

2,340 

» 41,701 

4,313 

v ; r 

13,991 

1,446 

22,631 

2,340 

41,704 

4,313 

New  York.. ... ... . 

North  Carolina 

82,785 

5,254 

152^553 

3,941 

51,181 

150 

82,785 

239 

152,553 

441 

5,”6i5 

1,300 

*S  »**  «irefca 
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©6-504  0 — 63— pt.  2a- 


N orth  Dakota 

Chin  . . 

66,452 

374 

222 

12,773 

92 

79,346 

610 

369 

20,661 

152 

163,619 

1,123 

662 

38,073 

281 

26,617 

»),  682 

43,250 

20,245 

374 

222 

12,773 

92 

46,754 

610 

359 

20,661 

152 

75,536 

1,123 

662 

38,073 

281 

9,590 

1,910 

44,833 

Oklahoma 

O regon 

P enhsylvania-- — . 

Rhode  Island 

South  Carolina 

' * 

finnt.h  Dakota. 

Tennessee 

1,054 

14,663 

31 

1,709 
111,  557 
64 

3,149 

135,284 

100 

1,054 

14,653 

31 

1, 709 
44,243 
54 

3,149 

73,225 

100 

TfiTas  ..  . 

7,314 

30,304 

60,000 

31,755 

Utah 

Vermont. 

Virginia 

91,670 

110 

1,500 

783 

H6, 948 
174 
2,500 
1,263 

171,436 

321 

1,500 

2,327 

40,793 

43,738 

43,632 

35, 170 
110 
1,600 
783 

58,653 

174 

2,500 

1,263 

102,030 

321 

1,500 

2,327 

15,707 

14,557 

25,774 

W ashing  ton 

West  Virginia 

Wisconsin „ 

W ynming 

District  of  Columbia 

19,037 

21,733 

44,430 

6,420 

85, 848 
34,000 

10,729 

18,392 
■U"’  *J  " " 

29,826 

8,308 

26,038 

56,022 

V.-vrinns  locations 

21,733 

9,420 

34,000 

Total-. „„ — 

966,731 

1,827,760 

3,787,276 

165,971 

216,750 

300,764 

674,463 

1,292,905 

2,667,514 

126,297 

318,095 

318,998 

‘ For  example.  Mercury  capsule  contract  reflected  under  State  of  Missouri  only.  Recent  survey  shows  approximately  4,000  subcontracts  under  this  prime  contract  which 
extend  into  37  States,  Puerto  Rico,  and  Canada. 
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TABLE  2 

Distribution  of  NASA  1st - and  gd-tier  subcontracts  Jan,  1,  1962,  to  Feb.  28,  1968, 1 summary  table 


Alabama...  — 

Arizona 

Arkansas — * 

California- 

Colorado... 

Connecticut. 

Florida 

Georgia — ... 

Illinois 

Indiana 

Iowa 

Kansas... 

Louisiana ... 

Maryland. 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nevada 

New  Hampshire... 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

Ohio 

Oklahoma 

Oregon 

Pennsylvania. 

Rhode  Island—... 

Tennessee 

Texas — 

Utah. .. 


Distribution  of  sub- 
contracts based  ou 
principal  place  of 
performance  of  prime 
contracts 


Amount' 


$1, 512, 509 


261,373,138 

67^706 


8,300,537 


134,005,285 


17,846,853 


4,553,863 


Percent 
of  grand 
total 


0.4 


60.0 


2,1 


31.6 


4.2 


1.1 


State  total 


Amount  > 


3435,820 
4,022,237 
171,658 
207;  085, 316 
1,846,275 
12,717,188 
34,424,710 
82,210 
6,707,030 
1,017,368 
12,885,548 
524,209 
4,774,395 
12,344,894 
19,003,767 
3,650,177 
26,237,834 
• 28,415 
2,005,239 
1,099,452 
19,332 
7,647,172 
15,576 
36,331,477 
509,000 
5,099,555 
452,113 
or3,25Q 
17,309,909 
68,503 
78,393 
2,080,601 
256,801 


Percent 
of  grand 
total 


.9 

<»> 

48.8 

.4 

3.0 

8.1 
(*)  „ 

1.6 

.2 

3.0 

.1 

1.1 
2.9 
4.5 

.9 

6.2 

(‘) 

.5 

.3 

(*) 

1.8 

(*) 

8.8 

.1 

1.2 

.1 

.1 

4.1 

<*) 

.5 

.1 


Net  distribution  of  1st-  and  2d-tier  subcontracts 


Small  business 


Amount 


$270,576 
73,304 
26,500 
33,027,301 
69,683 
1,197,380 
499,959 
58,993 
1, 700, 139 
91,800 


135,929 
2,697,833 
279,084 
1,956,761 
1, 103, 053 
701, 466 
13,095 
1, 138, 224 
1,099,452 
19,332 
1,713,790 

25.9 

56.5 

2.3 

10.3 
30.2 

2.7 

46,1 

56.8 

100.0 

100.0 

22.4 

2,619,880 

6.7 

544,772 

10.7 

273,050 

60.4 

560,000 

97.7 

991,521 

5.7 

33,465 

i£>,  9 

164,966 

7.9 

10,000 

3.9 

Percent 
of  State 
total 


62,1 

1.8 

15.4 

15.9 

3.8 

9.4 

1.6 

71.8 

25.3 

9.0 


Larg*}  business 


Amount 


$165,244 
3,948,933 
145,058 
174,058,015 
1,776,592 
11,519,806 
33,924,751 
23, 22G 
5,006,891 
925,559 
12, 886, 548 
388,280 
2,078,  l62 
12,065,810 
17,047,006 
2, 647, 124 
25,536,368 
15,320 
867,015 


5,033,382 
16,576 
33,011,497 
509,000 
4,564, 733 
179,063 
13,250 
16,318.388 
35,038 
78,393 
1,915,635 
246,801 


Percent 
of  State 
total 


37.9 

98.2 

84.6 

84.1 

96.2 

90.6 

98.5 
2a  2 

74.7 

91.0 
100.0 

74.1 

43.5 

97.7 

89.7 

69.8 

97.3 

63.9 

43.2 


77.6 
100.0 

93.3 
100.0 

89.3 

39.6 
2.3 

94.3 

51.1 
100.0 

92.1 

96.1 


Labor  surplus  area3 


Amount 


$216,937 


1,400,232 

"'686,'388‘ 

96,665 


4,704,363 


248,879 
% 963, 754 


2,070,429 

786^671 


1,596,296 


16,405,247 

68,503 

22,812 


Percent 
of  State 
total 


49,6 


.7 


5.4 

.3 


98.5 


1.3 

81.2 


27.1 
"a  2 


31.3 


94.8 

100.0 

29.1 


Non-labor  surplus 


Amount 


$2Ifi,  883 
4,022,237 
171,658 
205,685,084 
1.846,275 
12;  030, 800 
34,329,045 
82,219 
6,707,030 
1,017,368 
12, 885, 548 
624,209 
70,020 
12,344,394 
1A  754, 888 
686,423 
27,237,834 
28,415 
2,005,239 
1,099,452 
19,332 
5,576,743 
15,576 
35,544,806 
509,000 
3,503,259 
452, 113 
573,250 
904.662 


55,681 

2,080,601 

256,801 


Percent 
of  State 
total 


50.2 
100.0 
100.0 

99.3 
100.0 

94.6 

99.7 
100.0 
100.0 
100.0 
100.0 
100.0 

1.5 

100.0 

88.7 

16.8 
100.0 
100.0 
100.0 
100.0 
100.0 

72.9 

100.0 

97.8 

100.0 

68.7 

100.0 

100-0 

5.2 


70.9 

100.0 

100.0 


CO 

Os 

8* 

S 

5 

1 

2 

N 

i 
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41,580 

114,307 

73,680 

724,600 

1,404,374 

8 

.2 

.3 

‘ 

41,580 

00,205 

45,520 

644,651 

1,351,407 

100.0 

78.9 

61.8 

80.0 

06.2 

41,689 

114,387 

50.873 

563,632 

1,404,374 

100.0 

100.0 

69.0 

77.8 

100.0 

Virginia.—. 

24,102 

28,160 

80,048 

52,967 

21.  i 

38.2 

11.0 

3.8 

Washington... 

West  Virginia - 

Wisconsin 

22,816 

161,067 

31.0 

22.2 

Total..  

423,864,061 

100.0 

423,864,081 

100.0 

53,056,784 

12,5 

370,807,297 

87.5 

31,460,062 

7.4 

302,414.010 

92.6 

> Reporting  program  was  established  August  1062.  Retroactive  reporting  to  Jan.  1,  * This  column  shows  the  net  distribution  of  the  1st-  and  2d-tier  subcontracts  according 

1062,  was  on  a voluntary  basis  and  such  reporting  is  not  necessarily  complete.  This  is  to  the  principal  place  of  performance  of  the  subcontracts.  The  total  dollars  are  the 
particularly  true  with  respect  to  reports  on  2d-tier  subcontracts.  same  as  in  the  1st  column  since  the  2d-tier  subcontracts  represent  only  further  distribution 

1 This  column  shows  the  dollar  value  of  the  reported  lst-tier  subcontracts  distributed  of  the  lst-tier  subcontracts, 
according  to  the  principal  place  of  performance  of  the  applicable  prime  contracts.  * Less  than  0.05  percent. 
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Allegation: 

4.  The  center  of  the  country  has  complained  it  is  practically  omitted  from 
the  program,  and  that  all  the  contracts  are  given  out  on  the  east  coast  and 
west  coast. 

Answer: 

The  largest  part  by  far  of  NASA's  procurement  dollars  flows  into  the 
aerospace  and  the  electronics  industries,  and  the  research  and  development 
capability  in  these  industries  is  concentrated  in  certain  geographical  areas, 
principally  on  the  east  coast  and  the  west  coast.  A region  that  gains  a long 
head  start  in  a new  and  expanding  field  of  procurement  is  bound  to  enjoy 
an  enduring  advantage,  especially  when  research  and  development  is  a 
primary  element.  Factors  influencing  the  location  of  awards,  which  are 
made  on  the  basis  of  merit,  include  availability  of  highly  specialized  scientific, 
engineering,  and  technical  manpower,  specialized  facilities,  labor  skills, 
production  experience  and  know-how,  together  with  competence  and  deter- 
mination in  the  presentation  of  proposals.  All  these  tend  to  be  associated 
with  research  and  development  capability,  and  their  presence  fosters  the 
climate  in  which  long-scale  research  and  development  may  flourish. 

NASA  heartily  endorses  the  broadening  of  the  base  of  research  and  develop- 
ment work  throughout  the  country.  By  such  means  as  the  giving  of  wide 
publicity  to  its  procurements  and  participation  in  conferences,  seminars,  and 
expositions,  held  in  all  parts  of  the  United  States,  NASA  contributes  to  the 
attainment  of  this  objective.  However,  since  awards  are  made  on  the  basis 
of  merit,  NASA  contracts  flow  into  the  areas  where  the  capability  exists. 
Thus,  the  basic  responsibility  rests  with  local  communities  and  areas  to  take 
the  initiative  in  creating  and  fostering  capability  responsive  to  the  research 
and  development  needs  of  the  civilian  space  program. 

The  development  of  research  and  development  capability  in  a new  area 
is  usually  a gradual  process.  Further,  with  respect  to  individual  companies, 
such  capability  is  commonly  developed  via  the  subcontract  route.  NASA 
is  hopeful  that  the  wide  dispersion*  of  subcontracts  both  on  a geographic 
basis  and  on  the  basis  of  the  number  of  subcontractors  participating  (both 
of  which  matters  are  discussed  in  the  two  comments  immediately  preceding 
this  one)  is  indicative  of  a broadening  of  the  research  and  development 
capability  base  throughout  the  country. 

Allegation: 

4.  Some  cities  complain  that  NASA  teams  come  in  to  procure  scientists, 
research  men,  engineers,  physicists,  etc.,  and  are  draining  certain  areas  of 
scientific  talent.  The  allegation  is  that  by  such  actions,  NASA  is  centering 
all  R.  & D.  engineering,  competence  in  certain  favored  areas  which  are  in 
tremendous  booms  and  that  the  other  areas  then  are  suffering  and  are  not 
being  given  adequate  consideration. 

Answer: 

NASA’3  scientists  and  engineers  are  geographically  distributed  among  the 
following  14  main  locations  from  coast  to  coast: 

Scientists  and  engineers,  by  location,  as  of  Dec.  81,  1962 


NASA  headquarters 477 

Langley 1,423 

Ames__ * ..... 628 

'Lewis — 1,577 

FRC__ 174 

Wallops * __ 59 

Goddard 1, 190 

MSC 1,  122 

Marshall _ 2,  347 

LOC 167 

woo_, . 32 

SNPO 36 

PLOO 5 

NEO „ 3 


Total > 9,240 
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Mr.  Fulton  of  Pennsylvania.  I would  like  to  have  the  number  of 
NASA  personnel,  both  overall  and  on  procurement  and  supply,  and 
their  distribution  by  States.  We  have  had  that  previously,  and  I 
would  like  that  again  for  the  record. 

Mr.  SiEPEiiT,  This  is  the  number  of  people? 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  have  a list  of  where 
the  NASA  employees  are  employed. 

Mr.  Siepert.  Oh,  by  site  of  employment?  NASA  civilian  em- 
ployees? 

Mr.  Fulton  of  Pennsylvania.  That  is  right.  We  have  had  that 
previously,  and  I would  like  to  have  it  again  for  the  record.  I would 
also  like  you  to  add  the  changes  from  last  year. 

(The  answer  which  was  submitted  is  as  follows:) 

NASA-wide  fiscal  year  1964  budget  estimates — Summary  of  procurement  positions 
by  installation,  fiscal  year  1962  actual,  fiscal  year  1963  and  fiscal  year  1964 
estimated 


Actual, 
fiscal  year 
1962 


Estimated 


Fiscal  year  Fiscal  year 
1963  1964 


Change  over 
1963 


Mr.  Fulton  of  Pennsylvania.  Another  point  is  having  facilities 
throughout  the  country,  so  that  large  and  small  business  can  get 
procurement  opportunities  equally. 

I think  we  should  have  your  plan  on  that,  and,  secondly,  how  you 
could  use  the  installations  of  the  Government,  end  various  other 
agencies,  both  military  and  civilian  to  provide  this  adequate  coverage. 
For  example,  you  have  a Western  Operations  Office,  now  you  are 
going  to  have  a Northeastern  Office.  As  our  friend  from  Indiana 
points  out,  there  seems  to  be  a vacancy  in  the  middle  of  the  country. 

(The  information  requested  is  as  follows :) 

NASA,  through  its  installations  and  the  Offices  of  the  Small  Business  Adminis- 
tration and  the  Area  Redevelopment  Administration,  Department  of  Commerce, 
located  throughout  the  country,  affords  equal  opportunity  to  large  and  small 
business  to  secure  NASA  awards.  NASA  has  14  offices,  located  in  8 States  and 
the  District  of  Columbia,  at  which  information  on  pending  procurements  may  be 
obtained.  At  three  of  these  offices — The  Office  of  Procurement,  NASA  Head- 
quarters, Washington,  D.C.;  Western  Operations  Office,  Santa  Monica,  Calif.; 
and  the  Northeastern  Office,  Cambridge,  Mass. — there  are  procurement  informa- 
tion offices  which  receive  information  copies  of  all  unclassified  requests  for  pro- 
posals (RFP)  and  invitations  for  bids  (IFB) , where  the  cost  of  the  proposed  pro- 
curement is  expected  to  exceed  $10,000,  at  the  time  bids  or  proposals  are  solicted. 


I 
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These  RFP’s  and  IFB’s  are  available  for  examination  by  interested  business 
representatives  to  determine  if  the  companies  they  represent  are  qualified  to 
submit  competitive  bids  or  proposals  on  any  of  the  proposed  procurements. 

In  addition  to  the  above  method  of  publicizing  pending  procurement,  NASA 
publicizes  promptly  in  the  Department  of  Commerce  publication,  Commerce- 
Business  Daily,  every  proposed  advertised  or  negotiated  procurement  to  be  made 
in  the  United  States,  which  m ay  result  in  an  award  in  excess  of  $10,000,  with  certain 
limited  exceptions.  Further,  all  proposed  unclassified  NASA  research  and  de- 
velopment procurements  to  be  made  in  the  United  States  which  may  result  in  an 
award  of  $100,000  or  more,  except  proposed  study  contracts  or  proposed  contracts 
with  educational  or  nonprofit  institutions,  are  publicized  in  the  Department  of 
Commerce  synopsis.  In  addition  to  the  information  normally  included  in  a 
synopsis,  the  names  and  addresses  of  all  firms  which  have  been  invited  by  NASA 
to  submit  proposals  are  furnished  to  the  Department  of  Commerce,  This  pro- 
cedure enables  small  business  concerns  and  others  interested  in  subcontracting 
opportunities  under  current  research  and  development  procurements  to  contact 
prospective  prime  contractors  directly  during  the  early  stages  of  procurement. 

Since  it  is  not  practical  for  NASA  to  maintain  offices  throughout  the  United 
States,  NASA  has  instituted  procedures  for  publicizing  certain  proposed  procure- 
ments with  the  Small  Business  Administration  and  the  Area  Redevelopment 
Administration,  Department  of  Commerce,  thereby  availing  itself  of  the 
facilities  at  the  fe  .id  or  regional  offices  of  these  agencies.  In  cases  of  pending 
unclassified  procurements  estimated  to  cost  $250,000  or  more,  procurement  offices 
are  required  to  forward  to  the  Industry  Assistance  Officer,  NASA  Headquarters, 
advance  notice  of  such  procurements,  including  a detailed  description  oi  the  work, 
the  estimated  cost,  the  names  and  locations  of  the  firms  to  be  solicited,  the  esti- 
mated date  of  issuance  of  the  IFB  or  EFB,  whether  a small  business  or  labor 
surplus  set-aside  will  be  made,  and  any  special  requirements  or  unusual  aspects  Of 
the  procurement.  The  Industry  Assistance  Officer,  NASA  Headquarters,  noti- 
fies the  Small  Business  Administration,  the  Area  Redevelopment  Administration, 
Department  of  Commerce,  and  special  State  representatives  who  have  registered 
an  interest  in  being  advised  about  such  procurements,  and  invites  them  to  suggest 
additional  sources  to  be  included  in  the  solicitations  Hie  Small  Business  Admin- 
istration and  the  Area  Redevelopment  Administration  develop  these  additional 
sources  through  information  furnished  by  their  field  or  regions!  offices. 

NASA  procurement  personnel  are  constantly  participating  in  conferences, 
seminars,  and  expositions  held  in  all  parts  of  the  United  States,  at  which  they 
deliver  talks  and  offer  guidance  and  advice  to  those  seeking  information  on  NASA 
procurement  procedures  and  programs. 

In  these  ways  NASA  is  effectively  making  its  procurement  programs  known 
throughout  the  United  States. 

Mr,  Fulton  of  Pennsylvania.  I certainly  disagree  with  one  thing 
you  say.  On  page  3 of  your  statement  you  say: 

When  a contract  is  negotiated  it  does  not  mean  that  competition  is  waived; 
usually  it  is  just  as  possible  to  get  competition  by  negotiation  as  it  is  by  formal 
advertising. 

I hope  yoii  will  change  that  idea  and  that  policy. 

Another  item  on  page  3 of  the  statement  of  Mr.  Brackett  with 
which  I strongly  disagree  is: 

There  are  instances  when  clearly  one  company  should  be  chosen,  and  it  would 
b e a disservice  to  other  companies  ta  invite  competition. 

Then,  you  had  said  at  the  bottom  of  page  3: 

In  nearly  all  of  the  competitive  research  and  development  procurements,  a 
source  evaluation  board  is  appointed  to  evaluate  the  proposals  submitted. 

I think  you  should  outline  to  us  more  carefully  how  that  is  done, 
for  example,  who  is  on  those  boards,  and  what  is  your  organizational 
. setup,  and  also  where  you  do  not  use  them. 

(The  information  requested  is  as  follows:) 

NASA  procurement  procedures  require  the  use  of  source  evaluation  boards  in 
connection  with  competitive  negotiated  procurements  for  research  and  develop- 
ment, (i)  when  the  estimated  cost  of  the  contract  will  exceed  $1  million;  (ii)  when 
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the  estimated  cost  of  the  contract  will  not  exceed  $1  million  but  it  is  likely  that  the 
source  selected  will  receive  other  contracts  for  later  phases  of  the  same  project, 
which  together  with  the  proposed  contract,  would  total  more  than  $1  million,  or 
(iii)  when  other  factors,  such  as  a requirement  to  select  companies  with  which  to 
place  study  contracts,  make  the  use  of  source  evaluation  board  procedures  de- 
sirable. 

The  Associate  Administrator  appoints  the  source  evaluation  board,  (i)  when  the 
estimated  cost  of  the  procurement  exceeds  $5  million  and  the  approved  procure- 
ment plan  calls  for  thsi  use  of  such  a board,  or  (ii)  when  the  head  of  a field  installa- 
tion has  referred  a procurement  plan  to  the  Associate  Administrator  for  approval, 
and  such  plan,  as  approved,  calls  for  the  use  of  a source  evaluation  board.  In  all 
other  instances,  the  head  of  the  cognizant  field  installation  appoints  the  source 
evaluation  board  when  the  approved  procurement  plan  calls  for  the  use  of  such  a 
board. 

Since  the  technical  aspects  of  a research  and  development  procurement  are  of 
prime  importance,  a board  is  composed  chiefly  of  engineers  and  scientists  familiar 
with  the  technical  details  of  the  procurement.  However,  each  board  also  includes 
one  or  more  representatives  of  the  NASA  business  management  staff.  When  the 
source  evaluation  board  is  appointed  by  the  head  of  a field  installation,  it  is 
customary  for  at  least  one  representative  from  the  headquarters  technical  and 
business  management  staffs,  respectively,  to  serve  on  the  board. 

In  the  case  of  procurements  of  $5  million  or  more,  the  chairman  of  the  board  is 
required  to  appoint  a technical  committee  and  a business  management  committee. 
In  the  case  of  all  other  procurements,  the  appointment  of  such  committees  is 
discretionary  with  the  chairman  of  the  board. 

These  committees  are  the  principal  working  groups  utilized  by  the  board  in 
making  a detailed  evaluation  of  the  various  sources  submitting  proposals.  Their 
membership  is  not  limited  to  technical  and  business  personnel  of  NASA,  but  may 
include  personnel  of  other  Government  agencies  qualified  in  special  areas  of  par- 
ticular importance  in  the  case  of  a specific  procurement. 

The  board  reviews  the  statement  of  work  for  the  procurement  under  considera- 
tion and  prepares  a statement,  known  as  “General  Guidelines  for  Proposal  Eval- 
uation,” which  (i)  sets  forth  the  type  of  information  required  to  be  submitted  by 
each  offerer  both  with  respect  to  the  technical  aspects  and  the  business  manage- 
ment aspects  of  the  procurement,  and  (ii)  contains  a list  of  the  factors  which  will 
be  considered  in  evaluating  proposals,  with  a word  description  of  the  relative 
importance  of  these  factors.  While  these  factors  will  vary  in  certain  details  from 
one  procurement  to  another,  they  generally  cover  the  following: 

1.  The  company  '^  understanding  of  the  scientific  and  technical  problems 
involved  in  the  proposed  research  and  development  project  as  evidenced  by  the 
content  of  the  statement  of  its  proposed  technical  approach  to  the  project. 

2.  The  qualifications  of  the  engineering,  scientific,  and  other  technical  personnel 
who  would  be  assigned  to  the  project. 

3.  The  adequacy  of  the  research,  test,  and  production  facilities  that  would  be 
assigned  by  the  company  to  the  project.  Evaluation  of  this  factor  would  include 
consideration  of  the  extent  to  which  the  company  would  have  to  use  Government- 
owned  facilities  presently  in  its  plants  and  the  extent  to  which  the  company  would 
require  additional  facilities  from  the  Government. 

4.  The  extent  of  the  company’s  past  experience  in  the  chief  branches  of  service 
or  technologies  involved. 

5.  The  adequacy  of  the  company's  proposed  method  of  achieving  requisite 
reliability. 

6.  The  adequacy  of  the  management  organization  proposed  by  the  company 
to  administer  the  project  and  the  extent  to  which  this  proposed  management 
organization  would  have  direct  access  to  the  company’s  top  management  for 
prompt  action  on  major  decisions  that  could  only  be  made  by  the  company’s 
top  management. 

7.  The  adequacy  of  the  company’s  manpower  and  financial  resources,  and  the 
extent  of  the  company’s  past  experience  with  projects  of  comparable  size. 

8.  The  soundness  of  the  company's  proposed  subcontracting  program. 

9.  The  reasonableness  of  the  company's  cost  estimate  for  performance  of  the 
work,  including  the  adequacy  of  the  detailed  breakdown  of  costs  by  elements 
in  support  of  the  overall  cost  estimate. 

The  statement  of  “General  Guidelines  for  Proposal  Evaluation”  is  forwarded 
to  the  cognizant  procurement  office  for  use  in  preparing  the  request  for  proposals. 
The  request  for  proposals  is  reviewed  by  the  board  prior  to  its  release  by  the  pro- 
curement office  to  make  certain  that  the  request  for  proposals  (i)  calls  for  all 
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the  information,  both  of  a technical  and  a business  management  nature,  that 
the  board  will  require  for  a proper  evaluation  of  proposals,  and  (ii)  alerts  offerers 
to  the  major  factors  that  will  be  considered  in  evaluating  proposals  and  furnishes 
a verbal  indication  of  the  relative  importance  of  these  factors.  The  request  for 
proposals  is  then  sent  to  those  companies  considered  qualified  to  submit  proposals. 
However,  any  company,  so  desiring  may  submit  a proposal. 

Usually,  a preproposal  briefing  is  arranged,  at  which  Government  technical 
and  business  personnel  present  pertinent  information  regarding  the  proposed 
procurement,  and  prospective  offerers  are  invited  to  present  questions.  Any 
company  having  an  interest  in  submitting  a proposal  may  attend  the  briefing. 
Personnel  in  charge  of  such  briefings  stress  the  qualifications,  experience,  facili- 
ties and  personnel  considered  necessary  to  successfully  perform  the  proposed 
project  in  order  to  make  certain  that  all  prospective  contractors  understand  the 
minimum  requirements  before  incurring  the  costs  of  preparing  a specific  proposal. 

Prior  to  the  opening  of  the  proposals  received,  the  board  develops  a point  rating 
system  for  the  list  of  factors  previously  established,  for  evaluation  purposes  and 
set  forth  in  the  request  for  proposals.  Because  of  the  primary  importance  of 
technical  considerations,  most  of  the  points  are  assigned  to  those  factors  which 
measure  a company’s  technical  qualifications.  The  point  rating  system,  is  made 
known  only  to  those  persons  who  require  such  information  in  performing  their 
work  for  the  board. 

The  technical  and  business  management  committees,  or  the  board  itself  in  those 
cases  when  such  advisory  committees  are  not  established,  fully  investigate  and 
carefully  evaluate  the  qualifications  of  each  responsible  company  submitting  a 
proposal  which  is  within  a competitive  range  on  the  basis  of  the  factors  estab- 
lished for  evaluating  the  proposals.  Such  investigation  and  evaluation  include 
oral  or  written  discussions  with  each  such  company,  which  can  take  such  form  as 
oral  presentations  by  each  such  company  to  the  board  and  advisory  committees 
or  visits  of  the  board  or  designated  representatives  to  each  such  company’s 
plants. 

Following  evaluation  of  the  proposals,  the  technical  and  business  management 
committees  report  their  findings  to  the  board,  and  the  board  after  completing  its 
evaluation,  arranges  for  an  oral  presentation  to  the  Administrator  or  the  head  of 
the  field  installation,  depending  upon  which  official  is  to  make  the  selection  of 
source.  Source  selection  is  made  by  the  Administrator  whenever  the  board  hes 
been  appointed  by  the  Associate  Administrator;  in  all  other  cases,  the  authority 
appointing  the  board  makes  the  source  selection.  Official  notification  of  source 
selection  is  authority  for  the  procurement  office  to  initiate  contract  negotiations 
with  the  company  selected.  Award  of  a contract  to  the  company  selected  is 
contingent  upon  the  successful  negotiation  of  a contract  considered  to  be  in  the 
best  interests  of  the  Government  price  or  cost  and  other  factors  considered. 

Source  evaluation  boards  are  generally  not  used  in  connection  with  competitive 
negotiated  procurements  for  research  and  development  when  the  estimated  cost 
of  the  contract  will  not  exceed  $1  million.  Source  evaluation  boards  axe  not  used 
in  the  case  of  noncompetitive  negotiated  procurements  for  research  and  develop- 
ment, regardless  of  the  amount.  . 

Mr.  Fulton  of  Pennsylvania.  Then,  on  page  4 of  the  statement, 
here  is  something  I would  like  to  question: 

Companies  which  are  considered  to  have  the  capability  to  perform  the  work 
are  invited  to  Bubmit  proposals;  however,  any  company  may  submit  a proposal 
which  will  be  evaluated  on  the  same  basis  a’s  those  invited. 

Down  further  in  the  same  paragraph  you  state: 

The  results  of  this  system  are  competition,  which  gives  all  interested  companies 
an  equal  opportunity. 

That,  of  course,  brings  up  the  question:  How  many  volunteer  inter- 
ested companies  have  you  chosen  in  the  situation  where  you  have 
invited  other  companies  to  bid?  Have  they  actually  had  any  chance, 
or  is  that  just  a hope?  You  see,  you  say  they  all  have  the  chance, 
and  that  every  one  is  treated  equally.  But  show  us  that  outside 
companies  who  have  come  in  voluntarily  and  have  not  been  invited 
have  actually  received  contracts  in  a situation  where  you  have  invited 
other  companies  to  come  in.  Thank  you  very  much. 
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Mr.  Daddario.  Will  you  put  a general  reply  to  that  in  the  record., 
Mr.  Siepert? 

Mr.  Siepert.  Yes.  Of  the  items  Mr.  Fulton  asks  for,  it  is  only 
the  last  one,  Mr.  Chairman,  that  gives  me  pause.  I will  have  to  see 
what  is  involved.  I just  don’t  think  the  data  is  available  in  a way 
to  get  it  into  the  healing  early  enough. 

We  can  build  this  into  our  statistics. 

Mr.  Daddario.  On  the  other  items,  as  I understand  it,  Mr.  Fulton 
was  just  disagreeing.  As  to  the  last  one,  if  you  could  supply  for  the 
record  at  some  later  date  a general  reply,  I think  that  should  be  done. 

Mr.  Fulton  of  Pennsylvania.  The  point  is  that  we  want  an  open 
field  in  the  space  industry,  not  just  a chosen  group  of  special  friends. 
I think  it  is  important  to  find  out  what  volunteer  companies  have 
obtained  contracts  even  in  an  invited  list  situation.  I would  doubt 
if  there  are  any,  but  there  may  be  just  a few.  I do  not  want  a list 
of  every  contract,  but  I would  like  to  see  some  of  the  situations. 
There  has  been  very  serious  criticism  that  this  is  getting  to  be  a 
closed  industry. 

(The  information  requested  is  as  follows:) 

A review  was  made  of  a representative  sample  of  contract  awards  following 
source  selection  by  the  use  of  source  evaluation  board  procedures,  and  no  instance 
was  found  where  award  of  the  contract  was  ma  do  to  a company  from  which  a 
proposal  was  not  solicited  by  NASA  but  which  submitted  a proposal  on  its  own 
initiative. 

The  use  of  source  evaluation  board  procedures  is  required  in  conneetion  with 
competitive  negotiated  procurements  for  research  and  development  when  the  esti- 
mated cost  of  the  contract  will  exceed  $1  million.  The  number  of  companies  with 
adequate  capability  in  a particular  technical  specialty  to  carry  out  research  and 
development  projects  of  the  size  involved  at  and  above  this  dollar  level  is  gen- 
erally limited  and  their  identity  is  generally  Well  known  so  that  NASA's  mailing 
lists  can  be  expected  to  cover  the  truly  competitive  field.  It  is  not  considered 
desirable  to  solicit  proposals  from  companies  considered  to  have  a marginal  capa- 
bility, thereby  encouraging  them  to  incur  the  costs  of  preparing  proposals,  which 
can  be  substantial,  when  their  chances  of  being  the  successful  proposer  are  remote. 

The  source  evaluation  board  procedures  permit  any  company  to  submit  a pro- 
posal, if  it  elects  to  do  so.  Any  company  having  an  interest  may  attend  the  pre- 
proposal  briefing,  when  held,  at  which  Government  technical  and  business  per- 
sonnel present  pertinent  information  regarding  the  proposed  procurement  and 
company  representatives  are  invited  to  present  questions.  All  proposals  are  care- 
fully evaluated  to  insure  fair  treatment  to  all  offerers.  The  records  ot  the  source 
evaluation  board  proceedings  must  show  in  adequate  detail  the  technical  and  busi- 
ness reasons  affecting  the  relative  rankings  of  the  proposals.  The  General  Ac- 
counting Office  in  its  review  of  NASA  operations  has  unlimited  access  to  the 
proposals  and  the  source  evaluation  board's  records  of  its  evaluation  of  the  pro- 
posals. There  has  bean  no  instance  of  a charge  by  the  General  Accounting:  Office 
that  there  has  been  discrimination  by  NASA  against  proposers  who  submit  pro- 
posals without  direct  invitation. 

Mr.  Daddario.  Mr.  Gurney?  * 

Mr.  Gurney.  Within  your  procurement  program  do  you  have 
checking  and  supervisory  personnel? 

Mr.  Siepert.  Yes.  In  the  field  of  procurement? 

Mr.  Gurney.  Yes.  Mr.  Brackett  might  want  to  comment  on  that. 

Would  you  supplv  for  the  record  the  number  of  NASA  personnel 
who  are  in  the  checking  and  supervision  field  in  procurement? 

Mr.  Brackett,  We  don't  have  them  stationed  in  the  field  specific 
cally  for  day-to-day  check.  We  check  how  they  are  doing  their  job 
two  ways:  first,  by  a sampling  of  the  contracts  that  they  send  in  for 
our  review  and  approval,  because  we  see  the  complete  file. 
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Mr.  Gurnet.  I am  not  talking  about  your  procurement.  I am 
talking  about  the  contractors. 

Don't  you  have  supervision  and  checking  by  NASA  personnel? 

Mr.  Siepert.  Oh,  we  insist  under  the  NASA  contracts  that  we 
have  with  the  prime  contractor — we  reserve  to  the  Government  really 
two  things:  one,  that  we  reserve  the  right  to  approve  their  procure- 
ment policy,  as  to  how  they  go  about  handling  the  procurement — this 
is  the  company's  procurement  policy. 

Secondly,  we  reserve  the  right  to  approve  subcontracts  that  they 
make  above  a given  dollar  level. 

This  is  put  in  the  contract.  So  that  we  have  the  chance,  that  is 
contracting  officers  at  our  .field  centers,  have  the  chance  to  see  the 
proposed  subcontract,  and  how  they  went  about  it,  before  they  sign 
off  on  it. 

Mr.  Gurney.  Well,  say  you  procure  an  engine.  Do  your  people 
in  Procurement  and  Supply  check  the  manufacture  of  the  engine,  the 
manufacturing  process?  Do  you  have  supervision  and  checking  per- 
sonnel in  the  field? 

Mr.  Siepert.  Not- — y _ , 

Mr.  Brackett.  We  have  so-called  reliability  and  inspection,  to 
see  that  the  items  they  are  producing  come  up  to  required  standards. 

Mr.  Gurney.  Are  these  people  under  your  Procurement  Office? 

Mr.  Brackett.  Under  NASA’s  jurisdiction,  or  under  the  Depart- 
ment of  Defense  jurisdiction  when  they  are  doing  this  work  for  us. 

Mr.  Gurney.  If  they  are  under  N ASA’s  jurisdiction,  are  they  under 
your  department? 

Mr.  Siepert.  No. 

Mr.  Brackett.  No,  sir.  There  is  a separate  Office  of  Reliability, 
that  handles  that. 

Mr.  Gurney.  That  was  the  long  way  around,  but  that  is  what  I 
was  getting  at. 

Mr.  Siepert.  On  any  key  item  of  hardware,  Mr.  Gurney,  where 
there  is  new  hardware  to  be  developed,  the  field  center  will  probably 
have  resident  technical  engineers  in  there. 

Now,  they  are  not  quality  assurance  men,  or  inspectors,  and  they 
are  not  procurement  types.  That  is  why  Mr.  Brackett  answered  you 
in  the  negative.  These  are  people  directly  out  of  the  Program  Office, 
that  is  the  project  offices. 

Mr.  Gurney.  These  are  the  people  I am  really  interested  in. 

Mr.  Siepert.  You  would  like  to  get  a count  6f  where  they  are, 
and 

Mr.  Gurney.  Yes. 

Mr.  Siepert.  We  can  get  that. 

Mr.  Gurney.  There  was  discussion -on  the  matter  before,  but  t was 
not  sure  whether  they  were  under  your  jurisdiction. 

Mr.  Siepert.  A substantial  number  of  them,  right. 

Mr.  Gurney,  There  is  the  Government  side  and  the  contractor 
side,  of  course,  to  this;  there  always  is. 

But  I can  tell  you  that  many  of  these  contractors  are  very  dis- 
tressed with  NASA’s  checking.  They  say  that  they  are  being  checked 
more  and  more  and  more,  and  a vast  bureaucracy  is  being  built  up 
over  what  they  are  doing. 
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Another  point  is  these  companies  have  to  train  the  people  who  do 
the  checking;  so  they  have  to  train  the  people  to  do  the  work,  and  the 
people  to  supervise  them,  and  they  contend  that  this  is  a waste  of  time. 

The  other  complaint  is  that  the  system  of  checking  keeps  growing 
and  growing  and  they  feel  that  while  they  must  be  supervised,  at 
the  present  time-  the  hierarchy  of  supervision  is  growing  to  the  point 
of  strangling  the  effort.  I know  there  is  a real  concern  among  the 
people  actually  doing  the  work;  I know  that  from  personal  contact. 

Mr.  Siepert.  We  will  be  happy  to  supply  the  answer. 

This  is  the  kind  of  question  on  which  1 feel  the  subcommittee  might 
well  be  interested  in  Mr.  Holmes’  view  on  this.  We  face  a funda- 
mental problem  of  putting  together  whole  major  systems,  each  larger 
than  practically  any  weapons  system.,  and  we  have  to  be  able  to  have 
them  work  right;  and  they  have  to  work  right  on  a research  and  devel- 
opment test  series  of  less  than  10  shots.  It  is  an  order  of  magnitude 
different  from  anything  else  the  Government  has  undertaken.  This 
is  the  reason  I thmk  Mr.  Holmes  can  go  into  this  in  more  detail. 

Mr.  Gurney.  There  are  two  sides  of  the  story,  of  course. 

Mr.  Brackett.  You  might  be  interested,  Mr.  Gurney,  in  an  obser- 
vation one  of  our  committees- made  when  we  went  out  and  talked  to 
some  of  these  prime  contractors  and  asked  what  they  did  about  putting 
people  into  the  subcontractor’s  plant,  and  found  they  are  doing  it 
more  than  we  are. 

And  when  we  asked  why,  they  said:  “We  have  to  be  sure  this  is 
going  to  work,  and  that  is  the  only  way  we  can  be  sure.” 

Mr.  Gurney.  That  is  precisely  their  complaint.  They  say  that 
they  have  always  done  the  job,  but  now  this  hierarchy  of  checking 
in  NASA  is  taking  over  the  job  they  were  formerly  doing,  and  there 
is  duplication  of  effort,  waste  of  manpower,  and  more  cost  involved. 

Mr.  Daddario.  Would  you  like  answers  to  these  questions,  Mr. 
Gurney? 

Mr.  Gurney.  Yes,  I understand  they  -are  going  to  supply  the 
number  of  people. 

(The  information  referred  to  is  as  follows:) 


Quality  assurance  personnel  as  of  Dec.  31,  1962 


Location 

Professional 

Nonprofessional 

Total 

OS 

WB 

Marshall.—' - 

190 

192 

9 

391 

MJchond  {additional  to  Marshall  strength)  „ . 

9 

33 

42 

Manned  Spacecraft  Center: 

At  project  office  at  McDonnell - 

*1 

5 

10 

17 

At  Houston  and  Downey 

6 

2 

7 

At  the  cape.  - .7  ..  . 

29 

29 

Lewis,  Research  Center 

15 

15 

Western  Operations  Office. 

8 

2 

10 

VASA. Downey  ...  ..  . 

60 

09 

flnddard  . 7. ...  , ..  . 

6 

6 

TTeadqnnrtej-d 

2 

2 

Total 

237 

294 

48 

579 

i:, 

'W 
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Eatimated  number  of  NASA  personnel  assigned  to  contractor  plants  as  of  Dec.  IS, 

1962 


Center 

Contractor 

Q.A. 

Business 

Technical 

Total 

Western  Operations  Office. 

Aerojet-General,  Azusa  

Aerojet-General,  Sacramento,  

0 

2 

a 

2 

Tj»wi« 

0 

2 

o 

2 

Marshall.— 

; Arrowhead,  Los’ Angeles. .... 

1 

0 

0 

i 

Do 

1 Bendlx,  Teterboro.  N.J 

1 

0 

0 

i 

Do 

Boeing,  Wichita,  Sans 

1 

0 

0 

i 

Do.... 

Cosmic,  San  Diego 

1 

o 

r o 

i 

Do 

Douglas  Aircraft  Corp,,  Santa 
Monica,  Calif. 

1 

0 

2 

3 

a _ .;.r_  . _ 

Flexonics  Corp.,  Bartlett,  HI...... 

General  Electric,  Valley  Forge.... 

1 

0 

0 

1 

Goddard... 

0 

0 

5 

5 

Lewis.  

General  Dynjimics/Astronaancs, 

■•-■■■■  4 ; 

? 

13 

27 

Pan  Diego,  Calif.  • • - • 

Marshall 

Hayes  IntematioSal,  Birmingham. 
Jet  Propulsion  Laboratory,  Pasa-  i 
dena. 

a 

: . 0 

1 

Western  Operations  Office. 

0 

9 

9 

Marshall 

LTV,  Dallas 

2 

0 

a 

2 

Langley.. ... 

1 

0 

o 

1 

Manned  Spacecraft  Center. 

McDonnell,  St.  Louis j 

MIT,  Cambridge.  . i 

11 

4 

14 

20 

Do 

0 

1 

4 

5 

Do.. .. 

N A A‘  Downev” 

$ 

6 

14 

28 

Marshall. 

do j 

2 

l 

1 

Western  Operations  Office. 

do 

37 

32 

0 

Marshall ... 

N A A , Canogn  Park 

2 

6 

l 

8 

Do 

K A A ’ NTensEn  Mn 

1 

0 

0 

1 

o 

Do.... 

Pratt  <fe  Whitney,  East  Hartford.. 

1 

0 

1 

Do... 

Pratt  & Whitney,  West  Palm 
Beach. 

9 

3 

3 

15 

Goddard 

PC  A,  Princeton,  NT 

0 

a 

5 

5 

Marshall- . 

Republic  Aviation,  Long  Island 

l 

a 

0 

1 

Langley 

do : 

i 

o 

0 

1 

Marshall 

Solar  Aircraft  Corp.,  Ban  Diego... 

1 

0 

0 

1 

Headquarters,  Procure- 
ment Branch  OMSF. 

GE-Daytona  Beach,  Fla. 

0 

2 

0 

2 

Manned  Spacecraft  Center. 

Grjmman  Aircraft  Corp.,  Beth- 
page,  N.Y. 

0 

3 

. 1 

5 

8 

Total 

i 

S4 

’ 77  j 

71 

232 

Mr.  Roudebush.  Mr.  Chairman. 

Mr.  Daddario.  Mr.  Roudebush. 

Mr.  Roudebush.  You  are  going  to  furnish  me  a list  of  the  contracts 
in  various  States,  I understand. 

Mr.  Bell.  I object,  Mr.  Chairman-, 

Mr.  Roudebush.  For  the  record — not  for  me  personally.  I would 
like  to  have  a list  of  the  prime  contracts  and  a list  of  your  subcon- 
tracts. If  it  is  being  objected  to  in  committee,  would  you  supply  it 
to  me  personally? 

Mr.  Daddario.  Why  not  supply  that  and  we  will  take  a look  at  it 
to  see  if  there  is  objection  to  putting  it  in  the  record. 

Mr.  Bell.  As  I understand  it,  Mr.  Chairman,  thi3  will  be  strictly 
the  prime  contractors,  is  that  right? 

Mr.  Daddario.  No;  the  prime  contractors  and  the  full  report  of 
the  postal  survey,  which  I understand  from  Mr.  Siepert,  would  give 
a pretty  good  indication  of  where  the  subcontract  goes. 

Mr.  Siepert.  First  returns  are  from  the  12  major  primes;  so  it  is  a 
big  segment  of  the  program.  • 

Mr.  Bell.  The  only  question  in  my  mind,  Mr.  Chairman,  was 
whether  it  would  be  adequate  to  show  the  subcontract  assignments. 
If  I may  reserve  the  right  to  object 

Mr.  Daddario.  You  may  reserve  the  right  to  object.  We  will  have 
the  report.  Mr.  Roudebush  can  look  at  it,  and  we  will  all  look  at  it. 
After  you  have  looked  at  it,  you  may  decide  whether  you  want  to 
object. 
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Mr.  Fulton  of  Pennsylvania.  I believe  NASA  has  already  put  out 
a statement  publicly  on  research  and  development  contracts,  as  to 
the  locations  by  States.  I would  like  that  in  the  record. 

(The  information  referred  to  is  shown  on  page  466  as  table  1,  “Esti- 
mated Distribution  of  Funds  by  Appropriation,  by  State,  Fiscal 
Years  1961,  1962,  and  1963.”) 

Mr.  Fulton  of  Pennsylvania.  Second,  I would  like  to  join  with 
my  good  friend  from  Indiana  in  disagreeing  with  my  good  friend 
from  California.  I think  that  we  should  have  the  statements  that 
have  been  requested  by  the  gentleman  from  Indiana  put  in  the  record, 
with  the  necessary  qualifications^  of  course,  that  NASA  might  feel 
were  advisable  in  order  to  have  the  casual  or  the  professional  reader 
give  proper  weight  to  the  statement. 

I think  from  the  statistical  point  of  view  it  should  be  pointed  out 
where  they  do  cover  and  where  they  do  not,  so  that  it  satisfies  both 
the  gentleman  from  Indiana  and  the  gentleman  from  California. 

Mr.  Bell.  Would  the  gentleman  yield? 

Mr.  Fulton  of  Pennsylvania.  Yes, 

Mr.  Bell.  It  was  my  understanding  that  Mr.  Siepert  and  Mr. 
Brackett  stated  that  they  could  not  give  a full  coverage  of  the  sub- 
contractors. He  stated  that  a large  percentage  of  the  prime  con- 
tracts are  subcontracted  out  of  State,  and  he  said  also  that  he  could 
not  give  a thorough  coverage  of  the  subcontractors. 

My  point  is,  if  he  cannot  give  a thorough  and  accurate  picture  of  the 
subcontractors,  it  appears  to  me  that  it  would  be  unfair  to  give  just 
the  prime  contractors  and  an  estimated  amount  of  subcontractors, 
when  the  fact  is  that  maybe  he  does  not  have  accurate  knowledge  of 
the  amount  of  subcontractors  left  out,  or  where  they  are. 

Mr.  Dabdario.  Mr.  Bell,  the  Chair  has  already  ruled  as  to  how 
this  matter  will  be  determined.  It  will  be  determined  at  a later  time. 

If  there  is  no  objection,  we  offer  to  you,  Mr.  Siepert,  a series  of 
questions  entitled  “General  Questions  re  Procurement  and  Contract 
rolicy,”  and  two  additional  questions  entitled  “General  Questions  re 
Procurement  Construction  Procedures/’  which  we  would  like  to  have 
you  answer  for  the  committee.  Mr.  Yeager  will  give  these  to  you. 

We  would  like  you  to  answer  these  questions  so  that  we  might 
have  the  answers  for  the  record. 

(The  material  referred  to  is  as  follows:) 

Questions  Re  Procurement  and  Contract  Policy 

SUBCOMMITTEE  ON  MANNED  SPACE  FLIGHT,  COMMITTEE  ON  SCIENCE  AND 

ASTRONAUTICS,  MARCH  25,  1963 

Question  1.  Mr.  Siepert  remarks  in  his  statement  that  the  Annual  Procurement 
Report  for  fiscal  year  1962  has  recently  been  printed.  Is  it  necessary  that  this 
report  lag  so  far  behind  the  close  of  the  fiscal  year? 

Answer.  The  Annual  Procurement  Report  for  fiscal  year  1962  was  published  in 
January  1963.  The  extended  interval  between  the  close  of  the  fiscal  year  and 
publication  of  the  report  was  attributable  to  changes  in  internal  NASA  manage- 
ment procedures  and  the  priority  of  other  more  urgent  reports.  The  fiscal  year 
1961  annual  procurement  report  was  published  in  September  1961,  and  it  is 
envisioned  that  the  fiscal  year  1963  report  will  be  published  in  September  1963. 

Question  2.  What  is  the  actual  percent  and  the  projected  percent  of  NASA 
fundsjgoing  to  contractors  for  fiscafyear  1963? 

Answer.  During  the  first  6 months  of  fiscal  year  1963,  91  percent  .of  NASA’s 
funds  were  spent  by  contract,  and  it  is  estimated  that  expenditures  by  contract 
will  continue  at  that  rate  for  the  balance  of  fiscal  year  1363. 


■ay  . 


480  1964  NASA  AUTHORIZATION 

Question  3,  Does  each  of  NASA’s  centers  have  a contracting  officer  or  a con- 
tracting officer’s  representative? 

Answer.  Each  or  NASA’s  centers  has  at  least  one  contracting  officer  and  one 
contracting  officer’s  representative. 

Question  4.  What  are  the  four  other  NASA  offices  which  do  contracting  for 
the  Agency? 

Answer.  The  four  NASA  offices,  other  than  the  eight  NASA  Centers,  which  do 
contracting  for  NASA  are — 

1.  Headquarters  Procurement  Branch,  Washington,  D.C. 

2.  Western  Operations  Office,  Santa  Monica,  Calif. 

3.  Wallops  Station,  Wallops  Island,  Va. 

4.  Space  Nuclear  Propulsion  Office  (a  joint  AEG-NASA  office),  German- 
town, Md. 

Question  5.  What  is  meant  by  “major  contracts”  which  must  be  reviewed  and 
approved  by  NASA  headquarters? 

Answer.  The  term,  “major  contracts,”  as  used  by  Mr.  E.  W.  Brackett,  Director, 
Procurement  and  Supply,  NASA,  in  the  paragraph  starting  at  the  top  of  page  2 
of  his  prepared  statement  to  the  subcommittee,  means  negotiated  contracts  or 
modifications  which  individually  would  obligate  the  Government  to  amounts  in 
excess  of  the  contracting  authority  granted  to  the  NASA  installation  making  the 
award.  The  limits  of  contracting  authority  presently  in  effect  and  the  NASA 
installations  to  which  they  apply  are  set  forth  below: 

(a)  Might  Research  Center,  Wallops  Station,  $100,000. 

(b)  Ames  Research  Center,  Launch  Operations  Center,  $500,000. 

(4  Goddard  Space  Flight  Center,  Headquarters  Procurement  Araneh,  Langley 
Research  Center,  Lewis  Research  Center,  Manned  Spacecraft  Center,  Marshall 
Space  Flight  Center,  Western  Operations  Office,  Space  Nuclear  Propulsion  Office.1 
$1,000,000. 

Question  6.  Does  each  NASA  contracting  officer  at  its  various  centers  have 
legal  counsel  immediately  available? 

Answer.  NASA  contracting  officers  at  its  various  centers  and  offices  have  legal 
counsel  immediately  available,  with  two  exceptions.  Wallops  Station,  Wallops 
Island,  Va.,  looks  to  Langley  Research  Center,  Hampton,  Va.,  for  legal  counsel, 
and  Flight  Research  Center,  Edwards,  Calif.,  looks  to  Western  Operations  Office, 
Santa  Monica,  Calif.,  for  legal  counsel.  An  attorney  from  Langley  or  Western 
Operations  is  able  to  handle  the  present  workload  at  Wallops  or  Flight  Research, 
respectively,  by  a 1-day  visit  every  2 w eeks.  During  the  periods  between  such 
visits,  any  matters  requiring  special  attention  are  handled  by  telephone  or  by 
speak  trips  between  the  installations  concerned. 

Question  7.  It  is  stated  that  64  percent  of  NASA  contracts  for  fiscal  year  1962 
were  negotiated.  Does  this  percent  refer  to  the  number  of  contracts  or  dollar 
figures? 

Question  8,  It  is  stated  .that  14  percent  of  the  fiscal  year  1962  contracts  were 
negotiated  v»ith  educational  institutions.  Does  this  refer  to  the  number  of 
contracts  or  the  dollar  amounts?  Can  the  dollar  amounts  be  supplied  for  the 
record? 

Answer.  These  questions  refer  to  the  following  statements,  included  in  the 
prepared  statement  of  Mr.  E.  W,  Brackett,  Director,  Procurement  and  Supply, 
NASA,  to  the  subcommittee,  starting  at  the  bottom  of  page  2 of  that  statement: 

“In  fiscal  year  1962,  64  percent  of  our  contracts  were  negotiated  under  the 
authority  of  10  United  States  Code  2304(a)  (11)  which  authorizes  procurement 
by  negotiation  for  research  and  development.  Fourteen  percent  of  our  contracts 
were  negotiated  with  educational  institutions  under  the  authority  of  10  United 
States  Code  2304(a)(5).” 

The  percentages  refer  to  dollar  amounts  obligated,  and  the  dollar  amounts 
are  $732,370,000 in  the  case  of  10  Urited  States  Cede  2304(a)  (11)  and  $164,507,000 
in  the  case  of  10  United  States  Code  2304(a)(5).  Below  is  a listing  of  dollar 
amounts  obligated  aDd  percentages  of  the  total  for  all  negotiation  authorities 
used  in  fiscal  year  1962.  , 

i Approval  of  negotiated  contracts  or  modifications  in  excess  of  $1,000,000  each  require  t?~e  prior  approval 
of  NASA  or  AEC  headquarters,  depending  upon  the  fund  source. 
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Negotiation  authorty-aU  direct  action* 
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Question  9.  Under  the  theory  that  McDonnell  was  chosen  for  the  Gemini 
spacecraft  because  of  its  experience  with  Mercury,  why  shouldn’t  McDonnell 
also  have  been  selected  for  at  least  one  Apollo  module? 

Answer.  The  Apollo  spacecraft  represents  a marked  increase  in  complexity  and 
state-of-the-art  development  over  that  required  for  Mercury.  The  differences 
between  Apollo  and  Mercur-  are  such  that  all  qualified  contractors  who  had 
studied  the  Apollo  mission  were  essentially  at  the  same  status  of  preparation  for 
undertaking  the  Apollo  spacecraft  development  activity.  On  the  other  hand, 
the  Gemini  spacecraft  is  truly  a direct  extension  of  Mercury  technology  and  in 
many  aspects  represents  only  an  improvement  and  increase  in  Bizing  of  particular 
components.  The  shape  and  aerodynamic  characteristics  of  Gemini,  which  is 
designed  to  reenter  at  orbital  velocity  as  was  Mercury,  are  identical  with  those 
of  the  Mercury  spacecraft.  (Answer  supplied  by  Mr.  P.  E.  Cotton,  Office  of 
Manned  Space  Flight.) 

Question  10:  Can  you  give  examples  of  the  criteria  used  in  evaluation  of 
proposals  by  source  evaluation  boards? 
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Answer.  Examples  of  criteria  used  by  a source  evaluation  board  in  evaluating 
proposals  follow: 

1.  The  company’s  understanding  of  the  scientific  and  technical  problems 
involved  in  the  proposed  research  and  development  project  as  evidenced  by  the 
content  of  the  statement  of  its  proposed  technical  approach  to  the  project. 

2.  The  qualifications  of  the  engineering,  scientific,  and  other  technical  personnel 
■who  would  be  assigned  to  the  project. 

3.  The  adequacy  of  the  research,  test,  and  production  facilities  that  would  be 
assigned  by  the  company  to  the  project.  Evaluation  of  this  factor  would  include 
consideration  of  the  extent  to  which  the  company  would  have  to  use  Government- 
owned  facilities  presently  in  its  plants  and  the  extent  to  which  the  company 
would  require  additional  facilities  from  the  Government. 

4.  The  extent  of  the  company's  past  experience  in  the  chief  branches  of  service 
or  technologies  involved. 

5.  The  adequacy  of  the  company’s  proposed  method  of  achieving  requisite 
reliability. 

6.  The  adequacy  of  the  management  organization  proposed  by  the  company  to 
administer  the  project  and  the  extent  to  which  this  proposed  management 
organization  would  have  direct  access  to  the  company’s  top  management  for 
prompt  action  on  major  decisions  that  could  only  be  made  by  the  company’s  top 
management, 

7.  The  adequacy  of  the  company’s  manpower  and  financial  resources,  and  the 
extent  of  the  company’s  past  experience  with  projects  of  comparable  size. 

8.  The  soundness  of  the  company’s  proposed  subcontracting  program. 

9.  The  reasonableness  of  the  company’s  cost  estimate  for  performance  of  the 
work,  including  the  adequacy  of  the  detailed  breakdown  of  costs  by  elements  in 
support  of  the  overall  cost  estimate. 

Question  11.  If  a company  is  not  invited  to  bid  on  a given  NASA  proposal, 
how  may  it  find  out  about  the  invitation?  Is  tins  done  by  public  notice?  If  so, 
how?  . 

Answer.  A company,  may  find  out  about  a pending  NASA  procurement,  even 
though  it  was  not  invited  to  bid,  by — 

1.  Reading  the  Department  of  Commerce  publication,  “Commerce 
Business  Daily,”  in  which  NASA  publicizes  promptly  every  proposed  ad- 
vertised or  negotiated  procurement  to  be  made  in  the  United  States,  which 
may  result  in  an  award  in  excess  of  $10,000,  with  certain  limited  exceptions; 

2.  Visiting  one  of  NASA’s  three  procurement  information  offices— located 
in  the  Office  of  Procurement,  NASA  Headquarters,  Washington,  D.C.; 
Western  Operations  Office,  Santa  Monica,  Calif.;  and  the  North  Eastern 
Office,  Cambridge,  Mess. — which  receive  at  the  time  of  issuance  by  the 
originating  procurement  office,  and  make  available  for  examination,  informa- 
tion copies  of  all  unclassified  requests  for  proposals  (RFP)  and  invitations  for 
bids  (IFB),  where  the  cost  of  the  proposed  procurement  is  expected  to  exceed 
$10,000;  and, 

3.  Visiting  the  N ASA  procurement  office  which  originated  the  RFP  or  IFB, 
when  known,  and  requesting  information  on  the  RFP  or  IFB. 

Question  12.  What  percent  in  dollar  volume  of  procurement  in  fiscal  year  1962 
was  let  on  a competitive  lump-sum  basis? 

Answer.  Under  NASA’s  reporting  system,  information  is  readily  available  on 
the  percentage  and  dollar  value  of  NASA%  direct  awards  to  business  that  were 
placed  on  a competitive  basis.  Information  is  also  readily  available  under  N ASA’s 
reporting  system  on  awards  of  $25,000  and  over  that  were  placed  on  a firm  fixed- 
price  (lump  sum)  basis.  However,  NASA  dees  not  regularly  compile  data  show- 
ing the  percentage  and  dollar  value  of  direct  awards  that  were  both  competitive 
and  firm  fixed  price. 

For  purposes  of  responding  to  this  question,  an  examination  was  made  of  all 
contracts  of  $100,000  and  over  with  business  firms  that  were  not  fiscally  complete 
as  of  June  30,  1962.  Awards  under  these  contracts  totaled  $853  million  during 
fiscal  year  1962,  and  $60  million,  or  7 percent,  of  these  awards  were  both  firm 
fixed  price  and  competitive. 

Question  13.  It  is  stated  that  NASA  uses  the  fixed-price  form  of  contract  when 
it  is  possible  to  fairly  determine  the  cost.  What  factors,  other  than  the  purchase 
of  standard  items,  may  be  a basis  for  determining  such  cost? 

Answer.  Other  factors  that  may  be  a basis  for  determining  the  reasonableness 
of  costs  and  thereby  make  possible  the  use  of  the  firm  fixed-price  type  of  con- 
tract are — 

1.  The  item,  or  a reasonable  equivalent,  has  been  previously  procured, 
probably  under  a cost-reimbursement  type  of  contract,  and  both  production 
and  cost  experience  has  been  generated.  Such  cost  experience  could  offer  a 
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basis  for,  predicting  costs  under  the  new  procurement  with  reasonable 
certainty. 

2.  The  item,  or  a reasonable  equivalent,  has  been  previously  fabricated 
in-house,  and  the  production  and  cost  experience  generated  offer  a basis  for 
estimating  costs  under  the  new  procurement  with  reasonable  certainty. 

3.  The  item  is  an  assembly  of  components  which  have  been  previously 
procured  or  fabricated  in-house,  and  little  development  in  involved.  Here 
again,  past  production  and  cost  experience  could  offer  a basis  for  reasonably 
estimating  costs  under  the  new  procurement. 

4.  Reasonably  definite  specifications  are  available  to  solicit  competitive 
proposals  supported  by  cost  breakdowns  from  a number  of  prospective 
contractors.  Analyses  of  the  cost  breakdowns  and  comparison  of  one  with 
another  could  offer  a basis  for  arriving  at  a reasonable  estimate  of  costs 
under  the  new  procurement. 

Question  14.  What  percentage  of  NASA  contracts  for  fiscal  year  1963  are  of 
the  conventional  incentive  type?  Is  this  type  of  contract  inclined  to  result  in 
high  cost  because  of  the  lack  of  history  on  cost  or  performance? 

Answer.  Thus  far  in  fiscal  year  1963  and  prior  fiscal  years  NASA  has  placed 
eight  contracts  of  the  conventional-incentive  type,  that  is,  either  fixed-price- 
incentive  (FPI)  or  cost-plus-indentive-fee  (CPIF)  contracts.  In  the  conven- 
tional-incentive type  of  contract,  cost  and  performance  targets  are  established 
in  the  contract.  If  a contractor  can  successfully  better  these  targets  he  receives 
an  extra  profit,  but  if  he  fails  to  come  up  to  the  targets  he  loses  profit,  all  in 
accordance  with  a formula  set  forth  in  the  contract.  In  order  to  fix  fair  targets 
it  is  necessary  to  have  past  cost  and  performance  data.  Since  NASA’s  projects 
are  for  the  most  part  new  and  involve  hardware  never  before  produced,  this  past 
information  is  not  usually  available. 

Use  of  this  type  of  contract  in  situations  where  adequate  past  cost  and  per- 
formance data  are  lacking  could  result  in  the  establishment  of  unrealistically  high 
target  costs.  In  such  cases,  a contractor  could  realize  a profit  windfall  without 
any  special  effort  on  his  part  to  effect  more  efficient  performance. 

Question  15.  What  type  of  people  usually  sit  on  NASA’s  contractor  perform- 
ance evaluation  boards? 

Answer.  Since  the  technical  aspects  of  a research  and  development  procurement 
are  of  paramount  importance,  a source  evaluation  board  is  composed  chiefly  of 
NASA  engineers  and  scientists  familiar  with  the  technical  details  of  the  procure- 
ment and  expert  in  the  technologies  involved.  Each  board  also  includes  one  or 
more  representatives  of  NASA’s  business  management  staff-— that  is,  persons 
qualified  in  such  areas  as  procurement,  financial  management,  and  cost  and  price 
analysis.  When  procurement  responsibility  for  the  project  involved  is  assigned 
to  a field  installation,  the  source  evaluation  board  appointed  to  evaluate  proposals 
customarily  includes  at  least  one  representative  from  each  of  NASA  headquarters 
technical  and  business  management  staffs.  In  addition  to  NASA  personnel, 
employees  of  the  Jet  Propulsion  Laboratory  (JPL)  and  other  Government  depart- 
ments or  agencies  are  eligible  for  appointment  to  NASA  source  evaluation  boards. 

Question  16.  What  percent  of  NASA  contract  administration  is  done  by  other 
Government  agencies?  Who  does  this  work  and  what  volume  is  handled  in  this 
way? 

Answer.  During  fiscal  year  1962,  721  new  cost-reimbursement-type  contracts 
of  $25,000  or  more  were  awarded  directly  to  busineas'and  nonprofit  institutions  or 
organizations.  The  net  value  of  these  contracts  totaled  approximately  $280 
million. 

Approximately  25  percent  of  the  total  number  of  contracts  awarded  in  fiscal 
year  1962  were  assigned  to  the  Department  of  Defense  for  secondary  contract 
administration.  The  following  chart  shows  the  number  and  net  value  of  contracts 
assigned  to  other  Government  agencies  for  secondary  contract  administration: 


i 

Number  of 
contracts 
assigned 

Percent  of 
total 
number 

Net  value 
of  contracts 
assigned 

Percent  of 
total  dollar 
awards 

Air  Tore*!  ..  

121 

17 

$48,609,000 

1.254.000 

8.280.000 

17.3 

Army  ...  

6 

1 

.4 

3.0 

Navy.. 

64 

7 

Total  ..  

181 

25 

58, 142, 000 

20.7 

*96-504  O— 63— pt.  2a— 24 
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Question  17.  It  is  stated  that  in  fiscal  year  1962,  about  21  percent  of  NASA’s 
contract  dollars  were  spent  through  other  Government  agencies.  Can  you  give 
us  a breakdown  of  this  by  Government  agency? 

Answer.  A breakdown  of  that  portion  of  the  21  percent  or  $321,760,000  placed 
with  or  through  other  Government  agencies  for  actions  of  $25,000  and  over  in 
fiscal  year  1962  is  attached.  A breakdown  is  not  available  for  a small  portion  of 
the  21  percent  involving  actions  of  less  than  $25,000. 

VI.  PURCHASES  AND  CONTRACTS  PLACED  WITH  OR  THROUGH  OTHER  GOVERNMENT 

AGENCIES 

(a)  Distribution  by  agency. — As  shown  in  the  following  table,  approximately  51 
percent  of  the  dollar  value  of  the  actions  placed  with  or  through  other  Govern- 
ment agencies  was  placed  with  or  through  the  Air  Force;  about  33  pereent  was 
placed  with  or  through  the  Army,  4 percent  with  or  through  the  Navy,  and  6 
percent  with  other  Government  agencies.  The  remaining  6 percent  represented 
actions  of  less  than  $25,000.  Placement  statistics  by  agency  are  not  complied  on 
these  smaller  actions. 


Purchases  and  contracts  -placed  with  or  through  other  Government  agencies,  fiscal 

year  1962 


Net  value 

Thousands 
of  dollars 

Percent  of 
total 

Total 

321,760 

100 

$25,000  and  over:  . 

303,500 

94 

Air  For* -a  ...  

166,878 

104,801 

13,620 

4,823 

487 

2,947 

1,080 

9,024 

51 

33 

4 

2 

(,)  1 
(»> 

3 

Army  „ - „ __  _ 

Navy '..... 

Atomic  F.nergy  Commission  . 

Tnterir.r  Department.  _ 

Commerce  department * _ 

General  Services  Administration  , 

Miscallaneons  - - 

Under  *i!S,000 

18,200 

6 

i Lefts  than  Hot  l percent. 


The  extensive  procurement  through  the  Department  of  Defense  reflects  NASA’s 
policy  to  avoid  duplication  of  effort  and  to  achieve  the  mcsst  effective  and  eco- 
nomic utilization  of  DOD  and  NASA  resources.  NASA  procures  through  DOD 
those  items  which  the  military  departments,  because  of  their ‘own  programs,  can 
most  economically  contract  froth  industry. 

Question  18.  It  is  stated  that  NASArs  9 largest  contractors  have  placed  first 
tier  subcontracts  in  46  States.  Can  you  show  the  dollar  volume  which  went  to 
each  State? 

Answer.  This  question  refers  to  a special  study  made  for  calendar  year  1961. 
The  information  requested  is  shown  in  the  table  below. 


I 


./ 
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Geographical  distribution  of  NASA  lst-tier  subcontracts  awarded  by  9 major  prime 

contractors,  calendar  year  1961 

[In  thousands] 

tkate  Total 

California, $40,  852 

Missouri 1,  261 

Alabama — 594 

New  York 22,627 

Florida 11,398 

Texas 1, 143 

Maryland „•* 16,390 

Pennsylvania 11, 010 

New  Jersey 5,  744 

Ohio _ 4,261 

Massachusetts 1,  992 

Virginia lTf4 

Michigan 3,  2i2 

Hlinois — v 3,808 

Connecticut ’ 4,  864 

Colorado 45 

Georgia 683 

Minnesota 3,  353 

Tennessee __  224 

Wisconsin 671 

Louisiana 5 

Indiana 1,547 

Arizona 374 

New  Mexico 19 

Oklahoma 14 

District  of  Columbia..., 788 


Iowa 2,038 

* Less  than  $500. 


State  Total 

Nevada . (*) 

North  Carolina $89 

New  Hampshire __  24 

Hawaii., . ...  56 

Oregon 24 

Washington 390 

South  Dakota 

Rhode  Island 200 

Utah 18 

Alaska . 

Arkansas 1 173 

Delaware 28 

Kentucky 294 

Idaho 

Kansas 12 

Maine.. 78 

Mississippi > — (*) 

Montana ...  (*) 

Nebraska 10 

North  Dakota 

South  Carolina. 3 

Vermont — ..  6 

West  Virginia 128 

Wyoming — 1 

Total — 140,625 


Question  19.  NASA’s  recent  postal  card  reports  show  over  2,000  subcontracts 
totaling  over  $400  million  placed  in  37  States.  Can  you  break  this  dollar  volume 
down  by  States? 

Answer.  The  information  requested  is  set  forth  in  the  following  table. 


/ 

> 


Distribution  of  NASA  1st-  and  M-tier  subcontracts,  Jan.  1,  1962,  to  Feb.  28,  1968 ,l 
based  on  reports  from  12  of  NASA’s  major  prime  contractors 


State* 


Alabama 

Arirona... — 

Arkansas. 

California 

Colorado 

Connecticut... 

Florida 

Georgia... 

Illinois 

Indiana 

Iowa 

Kansas 

Louisiana 

Maryland..... 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nevada....... 


Amount 

Percent  of 
grand 
total 

State* 

Amount 

Percent  of 
grand 
total 

$435,  t20 

0.1 

New  Hampshire. 

$19,332 

<*) 

4,022,237 

.9 

New  Jersey 

New  Mexico 

7,647,172 

1.8 

171,558 

207,085,318 

16, 576 

(») 

48.9 

New  York 

36,331,477 

8.6 

1,848,275 

.4 

North  Carolina 

609,000 

.1 

12,717,183 

34,424,710 

3.0 

Ohio i 

5,099,565 

1.2 

8.1 

Oklahoma 

452, 113 

.1 

82,219 

(•) 

Oregon 

573,250 

.1 

0,707,030 

1,6 

Pennsylvania 

17,309,909 

4,1 

1,017,388 

.2 

Rhode  Island.. 

68,503 

(*) 

12,885,548 

3.0 

Tennessee 

78,393 

<*) 

624,209 

.1 

Texas 

2,080,001 

.5 

4,774,305 

1.1 

Utah 

256,801 

-1 

12,344,894 

2.9 

Vermont™ 

41,589 

(») 

19,003,767 

4.5 

Virginia 

114,397 

(*) 

3, 650, 177 

.9 

Washington — 

West  Virginia 

73,680 

(•) 

26,237,834 

8.2 

724,699 

.2 

28,415 

2,005,239 

(*) 

.5 

Wisconsin 

1,404,374 

,8 

1,099,452 

.3 

Total 

423,864,061 

100.0 

* Reporting  program  was  established  August  1002.  Retroactive  reporting  to  Jan.  1, 1962,  was  voluntary 
basis  and  such  reporting  is  not  necessarily  complete.  This  is  particularly  true  with  respect  to  reports  on 
second-tier  subcontracts. 

* Principal  place  of  performance  of  subcontracts. 

» Less  than  0.05  percent. 


\" 
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Question  20.  To  what  extent  does  NASA  require  prime  contractors  to  monitor 
then:  subcontracts  from  the  standpoint  of  giving  consideration  to  the  national 
economy? 

Answer.  NASA  imposes  important  requirements  on  prime  contractors  to 
monitor  their  subcontracts  from  the  standpoint  of  giving  consideration  to  the 
national  economy  by  including  various  clauses  in  their  contracts.  Thus,  in 
order  to  comply  with  the  provisions  of  the  Buy  American  Act  which  requires 
that  in  the  procurement  of  supplies  and  services  only  domestic  source  end  products 
shall  be  acquired  for  public  use  except  under  certain  circumstances,  NASA  inserts 
a "Buy  American  Act”  clause  in  contracts  for  supplies  and  services.  NASA 
requires  its  prime  contractors  to  assume  an  affirmative  obligation  to  subcontract 
with  small  business  concerns  by  including  certain  clauses  in  their  contracts.  All 
contracts  which  are  expected  to  exceed  $5,000,  with  certain  limited  exceptions, 
contain  the  “utilization  of  small  business  concerns”  clause  which  requires  the 
contractor  to  accomplish  the  maximum  amount  of  subcontracting  to  small 
business  concerns  consistent  with  the  efficient  performance  of  the  contract. 
In  the  case  of  contracts  which  are  expected  to  exceed  $500,000  and  which  the 
contracting  officer  believes  offer  substantial  subcontracting  possibilities,  the 
“small  business  subcontracting  program”  clause  is  also  included.  This  clause 
requires  the  contractor  to  establish  and.  conduct  a small  business  subcontracting 
program  which  will  enable  small  business  concerns  to  be  considered  fairly  as 
subcontractors  and  suppliers  under  the  contract.  Contractors  are  required  to 
report  semiannually  to  NASA  on  their  subcontracting  programs  under  this  clause. 
To  offer  assistance  to  labor  surplus  areas,  NASA  includes  the  “utilization  of 
concerns  in  labor  surplus  areas”  clause  in  all  contracts  which  are  expected  to 
exceed  $5,000,  with  certain  limited  exceptions.  This  clause  requires  the  contractor 
to  use  his  best  efforts  to  place  subcontracts  in  areas  of  persistent  or  substantial 
labor  surplus  where  this  can  be  done,  consistent  with  the  efficient  performance  of 
the  contract,  at  prices  no  higher  than  are  obtainable  elsewhere.  NASA  includes 
the  “competition  in  subcontracting”  clause  in  all  negotiated  contracts  over  $10,000, 
except  firm  fixed-price  contracts  where  award  is  on  the  basis  of  effective  price 
competition,  or  where  prices  are  established  by  law  or  regulation.  This  clause 
requires  contractors  to  select  their  subcontractors  on  a competitive  basis  to  the 
maximum  practical  extent. 

Question  21.  How  does  the  dollar  volume  of  spaee  contracts  going  to  small 
business  compare  with  the  President’s  objectives  for  fiscal  year  1962?  What  is 
the  outlook  for  fiscal  year  1963? 

Answer.  NASA  believes  that  it  met  the  President’s  objective  for  fiscal  year 
1962  to  increase  the  opportunities  for  participation  of  small  business  in  Govern- 
ment  procurement  to  the  maximum  extent  consistent  with  the  nature  of  the 
projects  and  programs  devolved.  In  fiscal  year  1962,  NASA  placed  approxi- 
mately $123  million  of  purchases  and  Contracts  directly  with  email  business  firms. 
This  was  $58  million  or  89  percent  more  than  total  direct  awards  to  small  business 
in  fiscal  year  1931. 

However,  despite  this  actual  dollar  increase,  small  business’  share  of  NASA’s 
total  direet  dollar  awards  to  business,  both  large  and  small,  decreased  from  15 
percent  in  fiscal  year  1961  to  12  percent  in  fiscal  year  1962.  NASA  believes  that 
the  nature  of  its  large  research  and  development  projects  is  such  as  to  make  it 
impossible  for  small  business  concerns  to  secure  direet  awards  for  such  projects. 
The  10  largest  contracts  in  terms  of  aggregate  value  of  awards  during  fiscal  year 
1962  accounted  for  35  percent  of  the  total  direct  dollar  awards  to  business  during 
that  fiscal  year.  These  contracts  are  primarily  for  the  development  of  major 
systems  ana  major  items  of  hardware  which  require  technical  and  physical  re- 
sources generally  beyend  the  capability  of  small  business  firms  on  a prime-contract 
basis.  Excluding  the  aggregate  value  of  awards  under  these  contracts  during 
fiscal  year  1962,  small  business  received  18  percent  of  total  direct  dollar  awards 
to  business  during  fiscal  year  1962. 

For  the  first  6 months  of  fiscal  year  1963,  NASA  placed  approximately  $71,- 
600,000  of  purchases  and  contracts  directly  with  small  business  firms.  This  is 
equivalent  to  9 percent  of  NASA’s  total  direct  dollar  awards  to  business,  both  large 
and  small.  The  10  largest  contracts  in  terms  of  aggregate  value  of  awards 
during  this  6-month  period  accounted  for  46  percent  of  the  total  direct  dollar 
awards  to  business  during  the  period.  Excluding  the  aggregate  value  of  awards 
under  these  contracts  during  the  first  half  of  fiscal  year  1963,  small  business 
received  16  percent  of  total  direct  dollar  awards  to  business  during  this  period. 

Question  22.  Would  you  comment  on  the  limitations  imposed  on  overhead  costs 
for  grants  to  nonprofit  institutions  for  basic  research? 
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Answer.  NASA  believes  that  the  position  of  President  Kennedy,  as  outlined  in 
his  letter  of  May  23,  1962,  to  Congress,  is  a reasonable  course  for  the  Government 
as  a whole  to  follow  in  dealing  with  the  universities.  This  letter  as  you  may 
recall  states  opposition  to  the  imposition  of  any  rigid  ceilings  in  terms  of  any 
given  percentage. 

Question  23.  Could  these  limitations  be  removed  without  any  added  risk  of 
additional  costs? 

Answer.  NASA  does  not  believe  that  there  will  be  any  great  increase  in  govern- 
mental cost  if  these  limitations  are  removed.  We  feel  it  is  more  likely  that 
whenever  schools  may  suffer  because  the  limitations  does  not  allow  them  to 
recover  costs,  they  will  conserve  non-Federal  funds  by  taking  a smaller  amount 
of  Federal  grants.  This,  of  course,  would  hurt  the  particular  Government  pro- 
gram involved. 

Question  24.  What  has  your  experience  been,  administratively,  since  this 
condition  was  imposed? 

Answer.  It  has  been  our  experience  that  where  the  bulk  of  the  costs  are  essen- 
tially salaries  and  wages  the  application  of  the  limiting  factor  of  25  percent  has 
resulted  in  hardship  to  the  institution  in  a number  of  instances. 

Question  25.  Describe  the  safeguards  inherent  in  the  NASA  contracting  pro- 
cedures to  prevent  intentional  low  estimates  by  contractors. 

Answer.  Safeguards  against  intentional  low  estimates  by  contractors  exist  at 
different  stages  of  the  procurement  process.  Thus; 

1.  In-house  estimates  of  costs  are  made  starting  prior  to  approval  of  the 
program,  and  these  cost  estimates  are  continuously  updated  as  more  program 
information  becomes  available  up  to  the  time  the  request  for  proposal  is  issued. 

2.  After  receipt  of  proposals  and  during  their  evaluation  prior  to  negotiation: 

(а)  In  evaluating  prospective  contractors  for  performance  of  a research  and 
development  project,  technical  considerations  are  of  paramount' importance  and 
cost  considerations  of  secondary  importance,  since  in  the  last  analysis  the  company 
that  is  best  qualified  technically  is  usually  able  to  perform  the  work  in  a timely 
a^d  economical  manner.  Thus,  the. cost  estimate  in  the  case  of  a research  and 
development  procurement  is  of  importance  primarily  for  determining  the  prospec- 
tive contractor’s  understanding  of  the  project  and  his  ability  to  organize  to  perform 
the  work,  and  the  likelihood  that  a low  estimate  by  a contractor  would  be  a 
controlling  factor  in  his  selection  is  remote. 

(б)  Comparisohs  are  made,  by  coat  components,  between  the  cost  estimates  of 
the  various  offerors,  and  between  such  cost  estimates  and  the  latest  in-house 
estimate. 

(c)  Analysis  and  evaluation  of  the  cost  estimate  supporting  each  proposal. 
In  this  analysis  and  evaluation,  comparisons  are  made  with  previous  cost  esti- 
mates submitted  by  the  contractor,  use  is  made  of  cost  information  in  current 
audit  reports  of  the  contractor’s  operations,  and  spot  checks  may  be  requested  of 
Government  auditors  in  the  field  to  confirm  such  items  as  labor  rates,  and  overhead 
and  general  and  administrative  cost  rates  used  by  the  contractor  in  preparing  his 
estimates. 

(<i)  Review  of  available  information  on  and  evaluation  of  the  contractor’s  cost 
estimating  and  cost  control  systems. 

(e)  Review  of  the  contractor's  past  history,  if  any,  of  cost  overruns,  and 
evaluation  of  the  justification  for  such  cost  overruns. 

3.  During  negotiation  of  the  contract: 

(a)  Additional,  intensive  analysis  of  the  contractor’s  cost  estimate.  This  could 
involve  in-house  technical  evaluation  of  the  contractor’s  estimates  of  the  types 
and  quantities  of  technical  effort  required  to  do  the  work.  It  would  also  involve 
further  validation  by  pricing  and  audit  personnel  of  material  cost  estimates,  labor 
rates,  overhead  and  general  and  administrative  cost  rates,  and  special  cost  factors 
included  in  the  contractor’s  estimate. 

( b ) The  mandatory  requirement  that  the  cost  estimate  used  as  a basis  for 
negotiating  fixed  fee  for  the  original  scope  of  work  will  not  exceed  the  contractor’s 
original  cost  estimate  for  that  scope  of  work,  and  that  additional  fee  will  be  allowed 
only  on  estimates  of  additional  costs  generated  by  new  scope  of  work  developed 
prior  to  definifcization  of  the  contract. 

Question  26.  Define  the  NASA  procedures  and  methods  of  determining  respon- 
siveness and  reasonableness  of  bid  proposals  submitted  by  contractors. 

Answer.  NASA’s  procedures  and  methods  of  determining  the  responsiveness 
and  reasonableness  of  proposals  submitted  by  contractors  involve  the  combined 
efforts  of  technical,  legal,  and  business  management  (that  is,  persons  qualified  in 
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such  areas  as  procurement,  financial  management,  and  cost  and  price  analysis) 
personnel. 

In  the  case  of  competitive  negotiated  procurements  for  research  and  develop- 
ment when  the  estimated  cost  of  the  contract  will  exceed  $1  million,  source  evalua- 
tion boards  are  used.  A detailed  description  of  source  evaluation  board  procedures 
has  been  furnished  to  this  subcommittee  for  insertion  in  the  record  at  page  580 
of  the  transcript.  As  explained  therein,  the  board,  which  is  composed  of  technical 
and  business  management  personnel,  and  its  technical  and  business  committees 
carefully  evaluate  the  proposals  submitted  on  the  basis  of  the  technical  and 
business  criteria  established  for  such  evaluation.  The  evaluation  submitted  by 
the  board  to  the  Administrator  or  the  head  of  an  installation,  as  appropriate, 
gives  the  selection  officer  an  excellent  basis  for  selecting  the  contractor  most 
fikely  to  perform  the  required  research  and  development  at  a reasonable  cost  to 
the  Government  within  the  projected  time  schedule. 

Where  source  evaluation  board  procedures  are  not  used,  the  responsiveness  and 
reasonableness  of  bid  proposals  submitted  by  contractors  are  made  on  a team- 
concept  basis.  The  contracting  officer  is  responsible  for  performing,  or  having 

Serformed,  all  administrative  actions  necessary  for  effective  contracting.  In 
ischargim;  this  responsibility,  he  avails  himself  of  the  services  of  NASA  specialists 
in  the  nelas  of  contracting,  finance,  law,  cost  analysis,  engineering,  system  relia- 
bility, and  audit  to  the  extent  considered  neCessriy.  Technical  evaluation  and 
business  evaluation  of  the  proposals  are  made  to  determine  their  responsiveness 
and  reasonableness.  With  respect  to  the  evaluation  of  the  reasonableness  of 
proposals  submitted,  this  agency’s  answer  to  written  question  26  describes  in 
detail  the  safeguards  inherent  in  the  NASA  contracting  procedures  to  prevent 
Intentional  low  estimates  by  contractors. 

Question  27.  Provide  for  the  record  a list  of  all  contracts  over  $5  million  from 
fiscal  year  1961  to  date  that  have  had  to  be  renegotiated  as  a resutl  of  initial  low 
contractor  estimates.  List  by  firm,  original  contract  date,  renegotiation  date, 
original  contract  amount,  renegotiated  contract  amount,  and  brief  r6sum£  of 
reasons  for  renegotiation. 

Answer.  Attached  hereto  are  tables  summarising  by  NASA  installations 
increases  in  the  contract  amounts  of -major  contracts  from  date  of  award  to 
approximately  March  31,  1963.  While  these  were  originally  prepared  to  respond 
to  a request  for  information  from  another  subcommittee  of  the  Committee  on 
Science  and  Astronautics,  House  of  Representatives,  it  is  believed  they  are  sub- 
stantially responsive  to  the  subject  question.  Major  contracts  have  been  generally 
defined  for  the  purposes  of  these  tables  as  those  which  at  the  time  of  award  had  a 
contract  amount  of  $5  million  or  more.  Contracts  executed  prior  to  fiscal  year 
1961  are  included  in  the  attached  list. 

Increases  in  contract  amounts  since  award  are  set  forth  in  two  categories; 
namely,  (a)  those  due  to  the  inclusion  in  the  contract  of  additional  work,  which 
include  increases  due  to  changes  within  the  existing  scope  of  work  as  well  as 
increases  due  to  additions  of  new  scope  of  work  to  the  contract;  and  (6)  those 
due  to  cost  overruns.  Where  the  contract  is  a letter  contract,  the  dollar  amount 
set  forth  is  the  amount  funded  under  the  letter  contract  as  of  March  31,  1963, 
rather  than  an  estimate  of  what  the  amount  of  the  definitive  contract  may  be, 
because  of  the  potential  for  inaccuracy  in  any  estimate  developed  prior  to  agree- 
ment between  the  parties  on  the  scope  of  work  for  the  definitive  contract  and 
because  of  the  inadvisability  of  publicizing  information  on  the  estimated  amount 
of  a contract  prior  to  its  definitization. 

Many  of  these  contracts  involve  numerous  modifications  which  individually 
change  the  contract  amount.  Individual  identification  and  description  of  these 
modifications,  in  order  to  be  fully  responsive  to  the  subject  question,  would 
in  this  agency’s  opinion  involve  a disproportionately  large  amount  of  effort  for 
the  value  of  the  resulting  detail.  However,  if  additional  information  is  desired, 
NASA  will  use  its  best  efforts  to  fulfill  such  desire. 
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Summary  of  increases  in  contract  amounts  of  major  contracts 


GODDARD  SPACE  FLIGHT  CENTER 


Contractor 

■ 

Contract  No. 

Description  of  work 

Total  contract 
amount  at  time 
of  award 

Actual  increases  to  date— 

Total  contract 
amount 
to  date 

Due  to  addi- 
tional work 

Due  to  cost 
overruns 

Grumman  Aircraft  Engineering  Corp 

Space  Technology  Laboratories,  Inc 

Hughes  Airfffft  fin  ....... 

NA85-814 

NAS5-899 

NA85-15M 

Orbiting  astronomical  observatory 

Orbiting  geophysical  observatory 

Syncom  I 

$32,050,000 

24.334. 108 

4.889.000 
5, 462, 6SC 

4.990.000 
2,127,500 

11.026.108 
5,767,637 
8,482,185 
1,515,710 
4,261,056 
4,836,528 

$1,593,096 

319,280 

2,825,(136 

351,955 

2,441,000 

1,744,187 

$23,666,062 

10,228,695 

2,150,000 

$57,309,158 

34,882,063 

9,864,936 

5,814,644 

11,556,801 

9,290,718 

11,026,106 

12,733,997 

14,544,410 

7,8.47,841 

5,074,188 

4,966,803 

PhjjMnwp  .......  - 

NAS5-1757. 

40-foot  X-Y  tracking  antenna  systems v_ 

RflA  * - — 

NA85-1272 

Relay ....... ....... ' 

4,125,801 

5,419,031 

Tin 

NA85-877 

Nimhus  . , . . 

Bendii  Fi«w  Engineering  Corp 

NAS5-734.. 

Mini  track  maintenance  and  operation 

hn  . 

NAS5-1426 

Mercury  network I 

6,966,360 

2,062,225 

674,872 

312,1% 

130,275 

General  Electric  f!n  , 

NA85-978 

Nimbus 

4,000,000 

5,257,259 

501,000 

Tin  ........  ..  ... 

NAB5-746. 

Integration  of  Nimbus  subsystem 

Motorola,  Inc  ....  .. 

Space  Technology  Laboratories,  Inc 

NAS5-1926- 

NA55-1302.. 

Goddard  range  and  range  rate  system 

Systems  coordination  and  planning  for  project 
relay. 

HEADQUARTERS  PROCUREMENT  BRANCH 


Pejlrpmm,  Inc 

NASw-417 

Provision  of  systems  analysis  and  study,  plan- 
ning, and  technical  support  to  Office  of 
Manned  Space  Flight,  Headquarters,  NASA. 
Provision  of  Integration,  reliability,  and  check- 

$8,562,000 
» 16, 398, 500 

$8,562,000 
* 16, 398, 500 

General  Electric  Co.,  Apollo  Support  Depart- 

NASw-410  (letter 

mest. 

contract). 

out  support  for  Apollo  program. 

LANGLEY  RESEARCH  CENTER 


Republic  Aviation  Corp. 


Western  Electric  Co.,  Inc .. 

Chance  Vought  Corp.,  division  of  Llng- 
Temoo-Vought,  Inc. 

Do - — 


NAS  1-1945. 

NAS 1-480- 
NAS1-1295. 
NA81-0CO- 


Researcb,  develop,  design,  fabricate,  and  sup- 
port launch  operations  of  reentry  package 
subsystem  for  Project  FIRE. 

Project  Mercury  tracking  and  ground  instru- 
mentation system. 

Design,  fabricate,  ground  test,  and  assembly  of 
14  Scout  research  vehicles. 

Design,  fabricate,  ground  test,  instrument  as- 
sembly, and  prepare  for  launch  of  5 Scout 
research  vehicles. 


$5,000,000 

$81,062 

$5,021,062 

33,058,690 

20, 70S,  938 

$15,192,610 

68,960,238 

8,651,000 

8,889,368 

17,540,368 

6,557,017 

1,722,764 

442,384 

7,722,155 

* 


* Letter  contract  funding  as  of  Mar.  31, 1933. 
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Summary  of  increases  in  contract  amounts  of  major  contracts— ~ Continued 


LEWIS  RESEARCH  CENTER 


Contractor 

Contract  No. 

1 ■ ' 

Description  of  work 

Total  contract 
amount  at  time 
ofaward 

Actual  increases  to  date— 

Total  contrac  t 
amount 
to  date 

Due  to  addi- 
tional work 

Due  to  cost 
overruns 

General  Dynamics  Oorp.,  Astronautics  Divi- 
sion. 

Do  

NA.S3-3232  Get- 
ter contract), 

NASlO-ia  (letter 
contract). 

NASS-4014  (letter 
contract). 

NAS8-401S  (letter 
contract), 

NAS5-417 1 

Fabricate  and  deliver  certain  development  ve- 
hicles and  support  equipment;  flight  readiness 
programs;  support  and  sustain  a development 
program  and  systems  integration. 

Services,  material,  equipment,  and  facilities  nec- 
essary to  activate  launch  complex  36B,  Atlan- 
tic Missile  Range,  to  a configuration  capable 
of  accommodating  ana  launching  Atlas  D 1st 
stage  and  Centaur  2d  stage  vehicles. 

Design,  development,  and  testing  of  a 1,600,000 
pound  thrust  liquid  hydrogen-liquid  oxygen 
engine. 

Design,  fabrication,  and  acquisition  of  facilities 
required  for  M-l  engine  development  pro- 
gram. 

Research  and  development  program  to  obtain  a 
8 NAP-8  electrical  generating  system. 

i $20,413,000 
1 2, 300, 900 

1 30,400,000 
*13,200,000 
3,233,425 

1 *20, 413,000 
*2,300,000 

1 30,400,000 
‘ 13,200,000 
20,386,000 

Aerojet-General  Corp * 

Do  . . .....  ....  . . ...  . 

DO. ..r.—— — — 

' 

$5,210,961 

$8,941,614 

MANNED  SPACECRAFT  CENTER 

North  American  Aviarpin,  Tno  ...  

NAS&-1S0  Get- 
ter contract). 
NAS9-170— — . 

NAS9-492 

NA87-90(F)  Get- 
ter contract). 
N.AS»-400 

Anniir.  coraand  and  service  mndnle,, , : 

s $260, 000, 000 

456,950,062 
6,822,643 
> 6, 191, 800 

7.658.000 
15,029,420 

. 35,  845,000 

4.375.000 
387,900,000 

19,800,000 

| 

■ 1 

>$260,000,000 

456,650,062 

6,322,643 

>6,191,800 

7,658,000 

15,029,420 

35.845.000 

14.875.000 
387, 900;  000 
139,300,000 

McDonnell  Aircraft  Corp 

General  Dynamics  Corp.,  Convair  Division- 
North  American  Aviation,  Inc 

TCnlisman  Instruments 

Gemini  spacecraft  and  auxiliary  equipment. .... 

Apollo  Solid  suborbital  vehide.  — 

Downey  facility  contract  for  Apollo  command 
and  service  module. 

Optical  subsystem  for  Apollo  navigation  and 
guidance  system. 

Computer  for  Apollo  navigation  and  guidance 
system. 

Apollo  system  assembly  and  test  for  navigation 
and  guidance. 

Apollo  navigation  and  guidance  system 

ApOllo  lunar  excursion  module. 

1 

j 

NAS9-498. - 

NAS9-497 

A.C,  Spark  Ping „ 

Massachusetts  Institute  of  Technology 

Onimman  Aircraft  Engineering  C!nrp  , 

NAS9-153— — 

NASO-1100 

$10,500,000 

...... 

McDonnell  Aircraft  Corp—.. .*. 

NA85-69. 

Mercury  manned  space  capsules... 

70,300.000 

$50,006,000 

1964  NASA  AUTHORIZATION 


International  Business  ‘Machines  Corp. 
Philco  Corp. — * 


NAS9-996  (let- 
ter contract). 
NA89-1261 


Integrated  mission  control  center,  real  time 
computer  complex. 

Integrated  mission  control  center,  implementa- 
tion. 


>3,000,000 

33,797,565 


>3,000,000 

33,797,565 


» 
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Douglas  Aircraft  Co.,  Inc — 

Chrysler  Corp., 

Brown  Engineering  Co.,  Inc. 

Do ... — 

Chrysler  Corp 

Mason-Rust  Co.,  Inc 

Boeing,  Inc 


Chrysler  Corp ...... 

Do.... .... 

Do 

North  American  Aviation,  Inc.,  Rocketdyne 
Division. 

Do........ 

Do 

Do—-.- - 

Do.—.-— — 

Do— 

Do— — 

Do 

Pratt  & Whitney  Aircraft — . — 

DC — - 

Do — 

Do.. 

Douglas  Aircraft  Co.  Inc. 


North  American  Aviation,  Inc.,  Rocketdyne 
Division. 


NAS7-101... 

NAS&-6— . 

NAS8-20... 
NAS8-2485. 
NAS8-2488. 
N ASS-4004. 
NAS8-2577. 


NAS8-S606(F). 

NAS8-56G8 

NASS-4016 

NAS8-2576 — 

NAS8-5602(F) 

NASw-16. 


Design,  development,  and  manufacture  of 
S-iVB  stages  of  Saturn  IB  and  Saturn  V. 
Engineering  services,  Saturn,  Mercury,  and 
Juno. 

Engineering,  fabrication,  and  services,  Saturn... 

do .... 

Engineering  services,  Saturn  program 

Support  services  for  MIchoud  plant 

Preparatory  effort  on  S-IC  stage  development 
for  Saturn  V. 

Facilities  for  S-IC  stages 

Design,  development,  and  manufacture  of  S-IC 
stages. 

Fabrication  of  S-I  stages  for  Saturn  I and 
Saturn  IB. 

Preparatory  effort  on  S-I  stage  development 

Faculties  for  8->I  Stages 

Development  of  F-l  engine.... — 


NAS8-5G04  Getter 
contract). 

NAS8-19 ... 

NAS8-5603  Getter 
contract), 
NAS7-190  Getter 
contract). 
NAS7-162  Getter 
contract). 

NA37-3 

NAS7-4 

NAS&-2690— 

NAS8-56C5  (iet':er 
contrast). 

NAS8-2691 

NAS8-5607  Getter 
contract). 
NAS7-1-- 


NAS7-200. 


Production  of  F-l  engines — 

Development  of  J-2  engine 

Production  of  J-2  engines 

Development  of  H-l  engine — 

Production  of  H-l  engines 

Development  and  production  of  H-I  engines— 

Production  of  H-l  engines ..4 

Development  and  production  of  RL-10  engines. 

Development  of  throttleable  version  of  RL-10 
engine. 

Development  and  production  of  RL-10  engines. 

Production  of  RL-10  engines 

Design,  development,  manufacture,  checkout, 
delivery  and  launch  support  (for  flight  stages) 
of  8-IV  stages  of  Saturn  I. 

Design,  development,  fabrication,  and  testing 
of  Saturn  V,  S-II  stages. 


$999,939 

7,609,987 

5,719,534 
5,268,235 
9,149,665 
1, 215, 128 
8,910,962 

7,736,371 

418,820,967 

215,502,744 

' 

10,779,408 

7,102,322 

102,471,761 

> 16,000,000 

44.700.000 
> 7,950  000 

>4,500,000 

>2,588,230 

30, 517, 857 
4,040,000 

28. 971. 000 
>3,485,000 

22.890.000 

1 1,800,000 

68,838*160 


319,922,328 


$142,362,779 

6,755,219 

2,356,435 

11,399,853 

1,034,901 

14,821,572 

39,569,838 

43,100 

$283,999 

. 3,952,744 

3,015,146 

37,497 

138,451,211 

17, 140, 193 

29,150,666 

. 

Cn 

ill 

617,816 

6,806,543 

17,774,304 

13,741,248 

31,372,832 

48,977 

25,500,000 

> Letter,  contract  funding  as  of  Mar.  31, 1963. 


$143,362,718 

14,365,206 

8,075,969 
16,668,088 
10, 184,566 
16,320,699 
48,480,800 

7,779,471 

418,820,967 

219,455,488 

13,794,554 

7,139,819 

258,063,165 

> 16,000,000 

73,850,666 

> 7,950,000 

>4,500,000 

> 2,588,230 

38, 158, 537 
6,617,066 
93,099,630 
>3,485,000 

54,405,552 

>1,800,000 

125,710,992 


319,971,305 


* 
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Summary  of  increases  in  contract  amounts  of  major  conirocte— Continued  ^ 

MARSHALL  SPACE  PLIGHT  CENTER  tO 


Contractor 

j 

Total  contract 
amount  at  time 
of  award 

Actual  increases  to  date— 

Total  contract 
amount 
to  date 

Contraot  No.  ; 

■ Description  of  work 

Due  to  addi- 
tional work 

Due  to  cost 
overruns 

Fairchild  Stratoe  Corp . ~ 

Lockheed  Missile  & Space  Co. - 

NAS8-6615. 

NA88-S600 

Design  and  development  of  3 micrometeoroid 
measurement  capsules. 

Design,  development,  manufacture,  assembly, 
and  test  of  a nuclear-powered  stage  {RIFT  | 
program). 

6, 517, 666 
6,509,332 

2,129,922 

'•  ’ 1 

6,517,656 

8,729,25* 

© 

On 

WESTERN  OPERATIONS  OFFICE  _ 

_ . 

Douglas  Aircraft  Co.,  Inc.,  Santa  Monica, 
Do. 

On 

NAS7-220.  Getter 
contract). 
NASw-38 : 

NAS.V-1681 

! 

Design,  develop,  fabricate,  tost,  and  deliver  14 
Delta  space  research  vehicles. 

Design,  develop,  fabricate,  tost,  and  deliver 
Delta  space  research  vehicles  and  launch. 

Design,  develop,  assemble,  test,  and  deliver  14 
Delta  space  research  vehicles,  including  launch 
capability. 

Research,  development,  and  operation  associ- 
ated with  unmanned  exploration  of  space. 

Facilities  for  development  and  production  of 
Saturn  S-II  vehicle  sysvnns. 

l 

‘$3,500,000 

24,067,600 

24,131,250 

48,508,978 

*9,248,173 

$6,027,031 

1 

$2,  (X)0, 000 

> 

*$3,600,0(10  ® 

32,094,531  ^ 

24,131,250  j| 

314,576,481  g 

*9,248,172  5 

9t 

3 

_ o 

California  Institute  of  Technology,  JPL, 
Pasadena,  Calif. 

North  American  Aviation,  Inc.,  Space  and 
Information  Systems  Division,  Downey, 
Calif. 

1 

NAS7-100 

NAS7-90(F)  Get- 
ter contract). 

I 

266,067,503 

— ...... — .. 

1 Letter  oontract.fundtng  as  of  Mar.  31, 1863. 
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General  Questions  be  Procurement — Construction  Procedures 

Question  1.  Section  lc(i)  Public  Law  87-584  (1963  authorization)  authorizes 
the  use  of  R.  & D.  appropriations  for  items  of  a capital  nature  required  for  the 
performance  of  R,  & D.  contracts.  • 

(а)  Approximately  what  is  the  dollar  volume  of  this  type  of  construction  per 
year? 

Answer.  Approximately  $35  to  $40  million  pet-  year. 

(б)  What  means  of  control,  supervision,  and  inspection  does  NASA  exercise 
over  such  construction? 

Answer.  NASA  exercises  total  control  of  these  facilities  from  the  development 
of  design  criteria  through  the  completion  of  construction.  For  example:  The 
criteria  are  developed  under  NASA’s  supervision  and  approved  by  NASA.  If 
the  Corps  of  Engineers  or  the  Navy  is  our  design  and  construction  agent  the 
approve  criteria  are  transmitted  to  the  design  agency,  who  in  turn  selects  the 
architect-engineer  (A-E)  for  preparation  of  the  design.  The  plans  are  reviewed 
jointly  by  the  design  agency,  R.  & D.  contractor,  A-E,  and  NASA  at  various 
stages  of  development.  After  NASA  approves  the  plans  for  functional  require- 
ments, the  construction  agency  supervises  and  inspects  the  construction  of  the 
facilities  for  NASA.  / 

(c)  Are  design  drawings  and  specifications  reviewed  by  NASA  prior  to  con- 
struction? 

Answer.  Not  only  are  design  drawings  and  specifications  reviewed  prior  to 
construction  as  noted  above,  but  they  must  receive  the  specific  approval  of  quali- 
fied Government  construction  engineers.  Design  drawings  and  specifications  are 
usually  reviewed  at  the  30-,  60-,  9G-,  and  100-percent  stages  of  development. 

(d)  Are  any  limit®  prescribed  for  design  and  engineering  costs?  For  super- 
vision and  inspection  costs? 

Answer.  The  costs  for  design  and  engineering  generally  do  not  exceed -6  percent 
of  the  estimated  cost  of  the  related  construction  work.  Costs  limits  are  not  pre- 
scribed for  supervision  and  inspection.  However,  in  all  cases,  cost  limitations 
are  accomplished  through  negotiations  with  the  selected  A-E  firm.  The  selection 
of  architect-engineers  for  professional  services  is  based  on  the  professional  quali- 
fications necessary  for  satisfactory  performance  of  the  required  services  and  not  on 
the  basis  of  the  evaluation  of  competitive  bids  or  proposals.  Costs  are  controlled 
by  the  requirement  for  the  preparation  of  an  independent  Government  estimate, 

Erior  to  the  initiation  of  negotiations,  based  on  a detailed  analysis  of  the  costs  to 
e generated  by  the  work.  The  A-E  is  also  requested  to  submit  a detailed  cost 
breakdown  with  his  proposed  fee. 

During  negotiations,  the  Government  and  A-E  estimates,  together  with  an 
estimate  prepared  in  unusual  cases  by  an  outside  independent  estimating  firm, 
are  employed  to  effect  an  equitable  pricing  arrangement  with  the  A-E  firm. 

(e)  What  is  the  frequency  of  audit  by  NASA  of  this  type  of  contract? 

Answer.  R.  & D.  cost-type  contracts  provide  for  audit  coverage  whether  or 
not  they  include  construction  provisions.  Similar  audit  coverage  is  provided  for 
separate  cost-type  facilities  contracts.  If  the  dollar  amount  is  sufficiently  material 
or  the  contract  action  is  otherwise  sensitive,  audit  coverage  is  provi  'cd  on  a con- 
tinuing basis,  generally  by  a resident  audit  staff  located  at  the  vOn tract  site. 
Contracts  of  lesser  dollar  amounts  are  audited  periodically  on  a mobile  basis, 
the  frequency  of  which  depends  on  the  dollar  amount  involved,  adequacy  of  prior 
experience,  effectiveness  of  contractor’s  internal  controls,  etc.  NASA’s  cost 
principles  U3ed  in  these  audits  are  similar  to  those  set  forth  in  section  XV  of  ASPR. 

Question  2.  Certain  design  and  construction  is  accomplished  at  NASA  in- 
stallations by  construction  management  contracts,  such  as  the  Mason-Rust  con- 
tract at  Michoud. 

(a)  Are  these  types  of  contracts  usually  the  CPFF  type? 

Answer.  Yes. 

(5)  Percentagewise,  what  is  the  contractor’s  fee  as  compared  against  construc- 
tion dollar  volume?  Does  this  compare  favorably  with  costs  thus  incurred  where 
in-house  engineering  forces  are  used?  Where  U.S.  Army  Corps  of  Engineers  is 
used? 

Answer.  (See  following  table.) 
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Construction  design  and  maintenance  costs  {percent  of  project  cost) 


Design  and 
engineering 
services 

Construc- 
tion super- 
vision and 
inspection 

Total 

Tn-hniino  l 

5.8 

3.6 

9.4 

Construction  management  contract 5 

7.9 

5.7 

13.6 

Corps  of  Engineers » . ... 

4.7 

6.1 

10.8 

1 Because  of  the  need  to  consider  only  completed  prelects  if  meaningful  percentages  were  to  be  developed, 
the  cost  experience  has  been  limited  to  20  projects  at  4 centers  totaling  about  $55,000,000  approved  in  pro- 
grams for  the  fiscal  years  1957  through  1960.  These  projects  vary  widely  in  complexity  and  the  sample, 
therefore,  is  considered  reasonably  representative.  The  percentages  shown  include  the  costs  for  all  archi- 
tect-engineer services  and  all  direct  in-house  costs  which  could  be  attributed  to  the  individual  projects  for 
criteria  development,  design  or  design  review,  construction  management,  and  construction  inspection. 
The  percentages  do  not  include  overhead  costs  for  the  research  centers  or  for  NASA  headquarters  since  the 
NASA  accounting  system  does  not  provide  for  collection  and  distribution  of  such  costs  to  Individual  projects, 

* These  figures  apply  to  construction  at  the  Nuclear  Rocket  Development  Station  where  faciLties'are  being 
provided  both  by  AEC  and  NASA.  The  Space  Nuclear  Propulsion  Office  at  the  Lewis  Center  is  respon- 
sible for  the  development  of  criteria  and  design  utilising  architect-engineer  firms.  The  engineering 
services  figures  used  cover  only  engine  test  stand  No.  1 and  the  Engine  Maintenance,  Assembly,  and  Dis- 
assembly Building,  both  highly  complex  projects,  totaling  $29,182,000  in  estimated  eonftructioti  cost.  Con- 
struction supervision  and  inspection  are  performed  under  AEC  contract  with  the  Catalytic  Corp.  NASA 
participates  in  this  contract.  The  percentage  figure  of  5.7  for  construction  supervision  and  inspection 
covers  $6.1  million  of  work  put  in  place.  The  percentage  figures  do  not  include  NASA  or  AEC  overhead. 

* Includes  6 months  cumulative  costs  through  the  second  quarter  of  fiscal  year  1963  and  covers  the  Jackson- 
ville, Mobile,  Port  Worth,  Los  Angeles,  Sacramento,  and  Albuquerque  Districts  performing  work  for 
NASA.  The  construction  supervision  and  inspection  percentage  covers  costs  for  $22  million  of  work  put  In 
place  while  the  design  and  engineering  services  data  has  been  compiled  from  over  $108  million  of  estimated 
cos;  projects.  The  corps’  cost  system  covers  essentially  the  same  costs  in  design  and  engineering  services 
and  construction  supervision  as  the  NASA  system.  The  major  difference  is  the  Inclusion  of  overhead  and 
Inspection  in  the  corps’  costs.  The  10.8  percent  figure  includes  0.2  and  1.6  percent  overhead  applied  to 
design  and  engineering  services  and  construction  supervision  and  inspection  respectively  to  cover  the  over- 
head for  corps’  district  and  division  offices  and  the  Office,  Chief  of  Engineers.  Overhead  comprises  fiscal, 
personnel,  legal,  safety,  supply,  and  similar  general  office  services  wnicb  cannot  be  charged  directly  to 
specific  projects.  Thus,  if  corps’  costs  are  to  be  compared  percentagewise  with  NASA  costs,  1.8  percent 
should  be  deducted  from  the  corps’  figure  leaving  a net  of  9 percent.  However,  for  comparative  purposes 
it  should  be  remembered  that  this  9 percent  figure  does  not  include  required'NASA  overhead  costs  involved 
in  processing  and  handling  the  corps’  managed  projects. 


Mr.  Daddarxo.  Are  there  any  further  questions? 

If  not,  this  committee  will  adjourn  until  Wednesday  morning  at 
10  o’clock,  V 

(Whereupon,  at  12:15  p,m.,  the  committee  was  adjourned,  to  re- 
convene at  10  a.m.,  Wednesday,  March  27,  1963.) 
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WEDNESDAY,  MABCH  27,  1963 

House  of  Representatives, 

Committee  on  Sgience  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  11  a.m.,  Hon. 
Olin  E.  Teague  (chairman  of  the  subcommittee)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

■ We  have  this  morning  Mr.  D.  Brainerd  Holmes,  Director  of  Manned 
Space  Flight,  and,  I believe,  you  have  another  title  do.  you  not  Mr. 
Holmes? 

STATEMENT  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE 

ADMINISTRATOR,  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 

FLIGHT,  NASA ; ACCOMPANIED  BY  WILLIAM  E.  LILLY,  DIRECTOR, 

PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT,  AND 

GEORGE  M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS) 

Mr,  Holmes.  Yes,  sir.  I am  also  the  Deputy  Associate  Adminis- 
trator of  N ASA,  with  responsibilities  for  the  Manned  Space  Flight 
Center  at  Houston,  the  Marshall  Space  Flight  Center  at  Huntsville, 
and  the  Launch  Operations  Center  at  Cape  Canaveral.  I am  responsi- 
ble under  that  title  to  Dr.  Seamans  for  the  institutional  aspects  of 
those  centers. 

The  gentlemen  with  me  are  Mr,  George  Low,  Deputy  Director, 
Programs,  Office  of  Manned  Space  Flight;  and  Mr.  William  E. 
Lilly,  Director,  Program  Review  and  Resources  Management. 

I thought  I would  describe  informally  the  approach  we  have  used 
in  the  preparation  of  our  budget,  Mr.  Chairman. 

By  far  the  largest  percentage  of  this  budget  of  .the  Office  of  Manned 
Space  Flight  results  from  the  continuation  of  programs  started  in 
earlier  years.  Therefore  the  estimates  must  be5  made  with  program 
runouts  in  mind,  as  well  as  expenditures  in  fiscal  1963. 

I think  if  I approach  the  subject  in  a general  way,  and  then  talk 
specifically  about  this  budget,  it  might  be  useful. 

Mr.  Teague.  Go  Hght  ahead. 

Mr.  Holmes.  In  general  for  our  budgets  at  NASA,  Mr.  Webb, 
with  Dr.  Dryden  and  Dr.  Seamans,  establish  the  general  ground  rules 
and  ceilings  within  which  we  should  work  up  estimates.  Once  this 
philosophy  is  established  and  the  general  ceiling  set,  we  in  the  Program 
Offices  in  Washington  put  out  a request  to  .the  field  centers  for  cost 
estimates. 

If  a new  program  is  invalued  (one  not  under  contract  at  all)  most 
of  this  estimating  is  done  in-house;  that  is,  contractors  are  used  just 
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as  consultants,  rather  than  as  contractors  for  specific  jobs.  These 
cost  estimates  then  come  back  to  us  in  the  Office  of  Programs  where 
if  a program  runs  across  more  than  one  Center  we  interleave  the 
estimates.  We  review  the  time  scale  and  schedules  on  which  these 
estimates  were  made.  We  must  look  to  the  size  of  the  estimates  to  be 
sure  that  they  are  consistent,  under  the  rates  at  which  we  want  to 
move  at  all  Centers.  Often,  when  the  overall  estimates  are  balanced 
against  rates  and  the  total  ceilings,  they  .ore  itoo  high  and  must  be 
adjusted.  Of  course  we  must  have  a balanced  program.  That  is,  for 
Apollo,  for  example,  the  booster  must  be  developed  and  produced  in 
the  same  time  scale  as  the  spacecraft.  The  two  must  come  together 
at  appropriate  points  so  as  to  be  tested  and  ready  at  the  same  time. 

When  this  effort  has  all  been  completed  at  the  Program  Office,  the 
proposed  budget  is  sent  back  to  the  office  of  the  Administrator. 
There  it  is  reviewed  in  conjunction  with  the  other  program  office 
inputs,  and  a total  budget  is  established  by  the  Administrator,  trans- 
mitted to  the  Bureau  of  the  Budget,  and  becomes  a part  of  the 
President’s  request  to  Congress. 

Specifically  in  this  budget  on  Manned  Space  Slight,  many  of  the 
cost  estimates  dictated  by  the  program  which  was  established  and 
firmed  up  in  fiscal  1963,  and/or  the  time  scale  in  which  we  wish  to 
work. 

As  far  as  the  costs  on  Apollo,  Gemini,  and  on  boosters,  the  costs  are 
based  primarily  on  contractor  estimates.  We  also  consider  contract 
expenditures  in  the  past.  These  figures  are  reviewed  by  our  Center 
people,  coordinated  and  then  are  reviewed  again  by  the  Office  of 
Manned  Space  Flight.  The  various  parts  of  the  program  are  inte- 
grated, considering  again  the  time  schedule  on  which,  we  plan  to  pro- 
ceed. In  this  process  we,  of  course,  consider  at  all  levels  the  demon-, 
strated  ability  of  the  people  to  estimate  past  expenditure  by  looking 
at  what  they  really  spent.  As  before  on  new  programs,  when  all 
this  wor*  ’/as  been  completed  it  is  forwarded  to  the  office  of  the 
Adminii  traf  or,  the  Bureau  of  the  Budget,  and  eventually,  if  endorsed 
at  each  oi  these  levels,  becomes  part  of  the  President’s  request. 

Mr.  Teague,  How  do  you  apportion  the  budget  between  the 
Centers?  Where  in  the  budget  would-,  the  money  appear  to  repay 
Naw  for  recovery  operations,  for  example? 

Mr.  Holmes.  The  flight  mission  responsibility  is  at  the  Maimed 
Spacecraft  Center  at  Houston  and  it  is  within  their  estimates  that  we 
include  such  expenses.  Part  of  the  It.  & D.  expense  at  the  Manned 
Spacecraft  Center  on  the  Mercury  program,  for  example,  covered 
those  recovery  costs, 

Mr,  Teague,  When  did  the  different  major  steps  take  place  in  the 
budget  we  are  working  on  now? 

Mr.  Holmes.  We  are  starting  now  on  the  fiscal  year  1966  budget, 
so  it  was  about  this  time  last  year  that  we  first  directed  attention 
toward  the  fiscal  1964  budget.  We  had  at  an  earlier  time  directed 
our  attention  out  5 years.  But  this  was  in  a more  general  way. 

In  all  of  these  programs,  of  course,  it  is  absolutely  necessary  to  esti- 
mate total  costs  over  the  years  ahead.  But  the  time  at  which  we 
specifically  directed  our  attention  to  the  1964  budget  was  about  a 
year  ago. 

Mr.  Lilly,  would  you  comment  on  that,  too;  on  the  time  scale  under 
which  we  put  together  the  fiscal  1964  budget? 


1964  NASA  AUTHORIZATION  4S7 

^ Mr.  Lilly.  Yes.  The  time  scale  starts  in  early  February  with 
the  general  guidelines  Mr.  Holmes  mentioned.  These  guidelines 
provide  general  guidance  on  matters  of  agency  policy,  program  scope 
and.  relationship.  The  program  office  then  prepares  more  detailed 
guidance  for  the  Centers’  preparation  of  estimates  and  proposals.  We 
got  back  the  first-cut  estimates  from  the  Centers — the  first  preliminary 
submission — I believe  in  March  of  1962. 

These  proposals  and  estimates  were  then  discussed  with  the  Centers 
and  at  the  management  council.  This  occurred  right  at  the  time  of 
our  mode  selection  deliberations.  This  was  somewhat  of  a continual 
process  on  through  until  the  mode  decision  was  made.  After  the 
mode  decision  was  made,  more  specific  guidance  on  schedules  and 
timing  was  given. 

In  September  we  received  the  complete  detailed  estimates  from  the 
centers  which  were  reviewed — reviewed  independently  in  manned 
space  flight,  with  the  centers,  and  in  the  management  council  meetings. 
At  that  time  we  put  the  budget  together  and  submitted  it  to  tne 
Administrator  in  September  or  early  m October, 

The  Bureau  of  the  Budget  conducted  reviews  until  early  December. 
We  put  the  final  budget  books  together  in  December  and  had  them 
ready  for  printing  shortly  before  Christmas. 

Mr.  Teague.  Then  the  next  definite  figure  is  after  Congress  finishes 
with  the  budget  request,  and  you  know  exactly  how  much  money  you 
have  to  operate  with? 

Mr.  Lilly.  That  is  right.  Of  course  as  we  go  along  we  have  to  make 
certain  assumptions  as  to  what  changes  will  be  made.  For  instance, 
in  the  preparation  of  our  fiscal  year  1965  estimates  it  is  our  assump- 
tion we  will  get  everything  we  ask  for  in  1964.  These  assumptions 
change  as  we  go, 

Mr.  Daddario.  Mr.  Chairman, 

Mr.  Teague.  Mr.  Daddario. 

Mr.  Daddario.  I assume  then  from  what  you  say,  that  this  budget 
reflects  agreements  already  reached  with  your  contractors  for  this  year? 

Mr.  Lully.  In  many  cases.  At  least  it  is  on  the  basis  of  their 
requests  and  their  stated  requirements.  Many  contracts  are  still  in 
process  of  negotiation.  I can’t  say  they  are  all  definitized  at  this  point. 

Mr.  Daddario.  Then  the  budget  does  not  reflect  hard  and  fast 
agreements  with  all  contractors.  Some  of  them  are  subject  to  negoti- 
ation as  of  the  moment? 

Mr.  Lilly.  That  is  correct. 

Mr.  Daddario.  Therefore  the  budget  does  reflect  within  itself 
certain  estimates? 

Mr.  Lilly.  That  is  correct.  However,  in  our  particular  program 
most  major  contracts  have  been  definitized.  Some  are  in  process  of 
negotiation  and  in  many  cases  are  down  to  nutters  of  difference  on 
such  items  as  contractual  boilerplate  clauses,  rather  than  the  scope  of 
work  and  the  cost  estimates  on  it.  We  may  still  have  a degree  of 
difference  with  contractors  on  fee, 

Mr.  Daddario.  When  we  talked  to  the  North  American  people 
last  week  in  California,  it  was  my  understanding  that  you  were  still 
negotiating  with  them  and  that  there  was  a wide  area  of,  not  neces- 
sarily disagreement,  but  a wide  difference  between  what  your  figure 
is  at  the  moment  and  their  figure,  and  that  this  figure  might  reject 
a difference  as  of  the  moment  or  up  to  $100  million. 
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Mr.  Holmes.  May  I comment  on  that? 

I am  sure  you  are  familiar  with  this,  but  I will  review  it  generally. 
We  prepare  a program  which  considers  schedules  of  work,  manpower 
estimates,  cost  estimates,  total  runout  curves  versus  time,  and  so 
forth.  This  series  of  schedule  books,  updated  monthly,  contains 
private,  confidential  information.  Since  we  are  in  a negotiating 
position  with  industry,  our  position  would  be  destroyed  if  we  revealed 
our  Government  estimates. 

If  we  took  at  face  value  contractors’  estimates,  and  I speak  as  an 
ex-contractor,  and  didn’t  have  our  own  internal  judgment  based  on 
history  of  performance,  we  just  could  not  run  an  efficient  program. 
Our  problem  is  complicated  because  of  the  length  of  time  it  takes  in 
a democracy— and  this  is  not  a criticism  at  ail — to  properly  review 
and  authorize  funds,  as  Congress  has  to  do. 

If  we  took  estimates  at  face  value,  and  did  not  apply  judgment 
factors  as  to  what  we  really  believed  it  was  going  to  cost  to  do  the 
program,  we  would  soon  be  faced  with  a disrupted  program  and  with 
sharp  cutbacks. 

Our  estimates  here  are  based  on  contractors’  estimates,  but  modified 
by  what  we  hope  is  the  objective  judgment  of  people  in  Government 
qualified  to  estimate  what  we  think  the  proper  contingencies  should  be. 

Mr.  Daddario.  It  is  understandable  that  you  have  estimates  that 
you  would  not  give  to  the  contractor.  I imagine  the  same  thing 
works  the  other  way  also;  they  have  estimates  that  they  wouldn't 
like  you- to  have  either. 

Mr.  Holmes.  I have  heard  that  was  the  case. 

Mr.  Daddario.  I imagine  that  it  is,  during  the  negotiation  phase, 
at  least.  But  just  to  clarify  the  position  which  we  find  oursleves  in 
as  a committee,  isn’t  it  correct  to  say  that  this  budget  book  does  not 
reflect  actual  hard  and  fast  figures?  There  are  negotiations  going  on 
which  could  change  these  quite  drastically  because  this  reflects  your 
own  estimate  of  where  you  think  you  may  be,  past  experience  taken 
into  consideration,  with  these  contractors  when  you  finally  have  a 
meetingof  the  minds? 

Mr.  Holmes.  To  a degree  what  you  say  is  certainly  correct.  We 
do  have  solid  figures  to  back  up  the  figures  in  these  books  which  in- 
clude considerable  detail  and  which  we  could  review  with  the  com- 
mittee. We  would  be  happy  to  do  that  if  you  so  desired. 

If  we  went  into  all  the  detail  on  the  figures  it  would  probably  be 
best  to  do  it  in  executive  session.  But  we  could  do  it.  The  estimates 
we  have  here  are  very  carefully  reviewed  and  put  together,  and  in 
general  represent  sounder  figures  than  those  we  get  from  our  con- 
tractors initially. 

Mr.  Daddario.  But  it  is  an  estimate  and,  as  all  estimates  are,  it  is 
subject  to  change.  This  may  have  something  to  do,  might  it  not, 
with  the  reprograming  in  last  year’s  budget? 

Mr,  Holmes.  Yes,  it  is  an  estimate  which  reflects  the  time  scale 
against  which  we  will  proceed.  As  Mr.  Webb  has  said,  it  is  not  the 
fastest  program  and  it  is  not  the  slowest  program.  It  is  a program 
in  which  the  speed  is  controlled  by  dollars.  That  is,  we  have  a very 
carefully  drawn  estimate  and  any  reduction  would  result  in  slowing 
down  the  program. 

I believe  personally  that  we  at  NASA  will  have  a very  great  chal- 
lenge to  proceed  to  the  time  scale  we  have  set,  within  this  budget. 
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I think  we  will  do  it,  but  I think  it  is  a very  great  challenge  to  do  it. 
I certainly  don't  consider  it  has  any  extra  money  in  it. 

Mr.  Daddario.  And  you  do  need  reprograming  flexibility  to  adjust* 
differences  that  may  occur? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Gurney.  Would  the  gentleman  yield? 

Mr.  Daddario.  Yes. 

Mr.  Gurney.  On  page  RDO  1-14  of  the  budget  books,  it  says: 
“The  amount  required  during  fiscal  1964  is  based  on  North  American’s 
cost  proposal,  which  includes  subcontractor  costs,”  and  so  on,  and 
says  further  that  this  proposal  was  analyzed,  “and  there  was  appar- 
ently a duplication  on  certain  areas.”  Nonetheless,  I gather  that 
the  budget  figure  is  based  on  the  contractor’s  proposal,  is  that  correct? 
How  do  you  explain  this  in  fight  of  our  conversation  here? 

Mr.  Holmes.  This  way:  It  is  based  on  the  contractor’s  proposal, 
but  not  only  the  contractor’s  proposal.  In  all  cases  where  we  have  a 
contractor  working,  it  is  fundamental  to  start  with  what  he  says  it 
will  cost,  how  many  engineers  he  is  going  to  have  to  put  on,  what  shop 
facilities  he  needs,  and  so  forth. 

Above  that  we  superimpose  the  judgment  of  our  people,  and  come 
up  with  an  integrated  figure  which  is  usually  not  the  same  as  the 
contractor’s  figure. 

Mr.  Gurney.  How  do  you  adjust — not  the  manpower,  I might 
understand  that — but  how  do  you  make  adjustments  on  the  pieces 
of  hardware  that  ought  to  be  produced?  How  do  you  arrive  at  the 
dollar  figure  in  the  analysis  you  have  made? 

Mr.  Holmes.  We  either  have  to  cut  down,  or  add  to,  his  estimate 
based  on  factors  which  we  think  might  arise  that  he  has  not  included. 

Mr.  Gurney.  Is  this  your  figure  in  the  budget  book,  or  the  con- 
tractor’s? 

Mr.  Holmes.  It  is  our  figure,  based  upon  the  contractor’s  figures. 
Added  to  the  contractor’s  estimate  are  the  things  that  don’t  usually 
fall  within  the  contractor’s  responsibilities.  Also  added  are  the  things 
we  think  the  contractor  has  not  included.  Sometimes,  which  is  less 
usual,  we  subtract  from  the  contractor’s  figure  because  we  know  of 
certain  actions  we  are  going  to  take  to  cut  part  of  the  program,  or 
otherwise  reduce  the  costs. 

Generally  it  is  the.  contractor’s  figure,  plus  our  judgment. 

Mr.  Gurney.  Would  you  say  you  generally  carve  him  down  a 
fair  amount? 

Mr.  Holmes.  No,  I would  say  it  is  usually  the  contractor’s  figure, 
plus  some  amount. 

Mr.  Teague.  Mr.  Riehlman? 

Mr.  Riehlman.  Following  this  question,  could  you  give  us  an  idea 
of  the  percentage  of  this  budget  that  m now  under  firm  contract  with 
contractors? 

Mr.  Lilly.  If  you  wanted  an  exact  figure,  I would  have  to  supply 
that. 

Mr.  Riehlman.  Can  you  make  an  estimate? 

Mr.  Lilly.  1 would  say  offhand,  excluding  C.  of  F.,  limited  to 
R.  & D.,  probably  60  percent  is  actually  under  firm  definitive  con- 
tracts. 

Mr.  Holmes.  That  takes  interpretation.  If  one  says  North  Ameri- 
can is  not  under  a firm  contract  since  we  are  now  negotiating  that 
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definitive  contract,  this  may  be  about  right.  If  you  add  North  Ameri- 
can in,  since  they  are  for  all  intents  and  purposes  all  settled,  then  the 
percentage  becomes  much  larger;  maybe  as  much  as  90  percent.  There 
is  no  major  element  in  the  manned  space  flight  program  today  for 
which  we  don’t  have  a working  contractor. 

Mr.  Riehlman.  Do  you  have  any  leeway  at  all  in  the  funds  you 
have  asked  for  in  this  budget,  and  the  contracts  you  have  now 
pending? 

Mr.  Holmes.  There  is  a little  leeway.  The  funds  we  have  in  here 
will  probably  cover  the  contracts.  If  there  is  a risk,  it  is  that  there 
is  not  enough  money  to  cover  them,  and  then  we  would  have  to  slow 
the  program  down.  There  is  not  as  much  really  uncommitted  money 
for  the  emergency  changes  that  always  come  up  in  a development 
program  as  I would  like  to  have. 

On  the  other  hand,  I think  probably  every  program  manager  has 
said  that  in  running  every  program. 

Mr.  Riehlman.  You  are  saying  to  the  committee  that  practically 
90  percent  of  the  funds  in  this  budget  are  now  committed  one  way  or 
another,  whether  or  not  it  is.  under  firm  contract.  You  are  in  the 
negotiation  period  to  firm  up  contracts  which  would  obligate  at  least 
90  percent  of  the  budget?  , . 

Mr.  Holmes.  Yes.  That  is  not  counting  G.  of  F. 

Mr.  Fijlton  of  Pennsylvania.  You  spoke  of  making  up  an  overall 
budget  estimate  on  these  programs,  and  looking  to  the  future.  This 
committee  has  heard  estimates  that  the  total  cost  of  the  manned  flight 
to  the  Moon  will  be  approximately  $20  billion.,  It  has  been  some  time 
since  that  estimate  was  made,  and  NASA  has  spent  part  of  the  money, 
through  the  authority  of  this  committee  for  that  purpose.  Could  you 
tell  us  how  much  of  this  $20  billion  has  already  been  spent  for  the 
trip  to  the  Moon?  Secondly,  what  is  the  current  cost  estimate  of 
this  total  program?  Has  it  changed  from  $20  billion?  And  how 
much  more  money  is  this  committee  expected  to  authorize  for  this 
purpose?  May  I point  out  that  the  last  budget  estimates  for  Mercury 
greatly  exceeded  in  total  cost  the  prior  and  preliminary  estimates  for 
Mercury. 

There  is  also  some  evidence  that  both  Gemini  and  Apollo  are  now 
running  above  their  budget  estimates.  Would  you  project  these  costs 
proportionately  at  this  point  of  time  to  the  future?  I think  that 
both  the  American  taxpayer  and  we,  as  representatives  of  the  people, 
should  have  this  estimate  from  you. 

Mr.  Holmes,  We  will  be  glad  to.  We  can  give  you  the  facts  on 
Project  Mercury,  which  will  show  that,  from  the  first  considered 
estimates  Mr.  Keith  Glennan  presented,  to  what  we  have  spent  to 
date,  there  is  not  a sizable  overrun. 

Mr.  Fulton  of  Pennsylvania.  One  of  our  local  trade  magazines 
estimated  it  recently  as  being  three  to  four  times  the  total  original 
estimate.  Not  that  I believe  this  is  necessarily  correct,  but  I am 
inquiring, 

Mr..  Holmes.  I will  address  myself  first  to  the  overall  question,  if 
I may. 

Mr.  Fulton  of  Pennsylvania.  Just  put  that  other  in  the  record,  if 
you  want  to.  I don’t  want  to  take  the  time. 
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(The  information  requested  is  as  follows:) 

In  January  1959  Dr.  T.  Keith  Glennan,  then  Administrator  of  NASA,  indicated 
that  the  total  cost  of  Project  Mercury  would  exceed  $200  million.  In  November 
1959,  after  a more  detailed  assessment  of  requirements,  the  cost  of  Project  Mercury 
was  estimated  at  $346  million.  This  estimate  included  $293  million  for  research 
and  development  and  $53  million  for  the  tracking  network.  The  estimate  of 
$346  million  excluded  prorated  institutional  costs.  The  current  estimate  for 
Project  Mercury,  including  the  1963  runout  cost,  is  $312  million,.  $34  million 
below  the  November  1959  estimate.  This  amount  includes  $259  million  for 
research  and  development  and  $53  million  for  the  tracking  network;  it  excludes 
prorated  institutional  expenses.  If  1-day  mission  costs  ($35  million)  are  added 
to  the  Project  Mercury  estimate,  the  combined  Mercury/l-day  mission  cost 
totals  an  estimated  $347  million,  including  $1  million  for  facilities. 

Mr.  Holmes.  All  right.  All  our  present  estimates;  if  you  look  at 
the  hard-core  program  for  going  to  the  Moon  (the  program  in  the 
Office  of  Manned  Space  Flight,  not  the  unmanned  programs)  we 
should  be  able  to-  do  this  for  $20  billion  or  less. 

What  we  have  spent  to  date,  if  you  count  the  total  including  the 
support  items  from  unmanned  programs,  and  institutional  and  opera- 
tional costs,  including  our  estimates  for  fiscal  1964,  amount  to  some- 
thing like  $8,9  billion.  The  manned  space  flight  program  accounts  for 
approximately  $7.3  billion  of  this  amount. 

The  estimates  today,  which  are  of  course  harder  and  firmer  than 
they  could  have  been  at  the  beginning,  indicate  we  should  be  able  to 
go  to  the  Moon,  explore  it,  and  return  astronauts  to  the  Earth  within 
the  decade  for  $20  billion  or  less  for  the  hard  core  program. 

However,  it  should  be  understood  it  is  just  that.  It  doesn’t  mean 
that  you  can  continue  on  with  many  explorations  of  the  Moon:  it 
doesn’t  mean  that  you  set  up  a base  on  the  Moon;  it  doesn’t  mean  that 
you  get  prepared  to  go  to  Mars,  or  to  operate  space  stations. 

It  doesn’t  include  the  broad  complex  of  things  I personally  feel 
certain  the  United  States  should  do  m space. 

Mr.  Fulton  of  Pennsylvania.  So  your  estimate  on  the  manned 
lunar  landing  that  you  made  when  NASA  began  the  program,  2 
years  ago,  you  now  say  is  justified,  and  you  have  every  reason  to  ad- 
vise this  committee  and  tne  American  people  that  the  program  will 
be  concluded  within  those  cost  estimates? 

Mr.  Holmes,  Yes. 

Mr.  Fulton  of  Pennsylvania.  You  have  spoken  of  the  possiblity 
it  might  cost  less.  What  eventualities  might  make  the  manned  lunar 
landing  program  cost  less,  and  within  that  area  of  reference,  would  it 
be  less? 

Mr.  Holmes.  Less  than  the  $20-  billion?  So  close  to  it  we  can’t 
sec  the  difference,  I couldn’t  estimate  how  much  less.  Our  present 
figures,  within  the  accuracies  of  estimating,  do  point  remarkably 
close  to  $20  billion. 

If  it  were  $22  billion,  I would  say  so.  I think  it  is  somewhat  of  a 
coincidence  that  the  estimates  were  quite  so  good.  Clearly  they  were 
made  with  considerable  sagacity. 

Mr.  Fulton  of  Pennsylvania.  It  was  originally  $35  to  $40  billion, 
and  then  came  down  to  $20  billion.  I am  glad  to  see  it  hasn’t  been 
going  up. 

Could  you  give  us  an  estimate  on  the  amount  we  will  be  asked  to 
authorize  for  the  manned  lunar  landing  program  from  1063  on? 
Suppose  this  were  June  30,  1963.  My  further  qualification  of  the 
question  is  that  you  leave  out  the  outside  programs  that  are  ancillary 
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and  are  not  necessary,  or  might  be  side  issues  to  the  Moon  flight. 
I think  we  should  have  definitely  on  the  record  what  NASA  can  see 
ahead,  Mr.  Holmes.  Will  you  take  the  $20  billion  and  make  a 
subtraction  and  give  msi  that  result,  as  of  a particular  date,  June  30, 
1963?  X would  appreciate  it. 

Mr.  Holmes.  I will  be  glad  to.  For  the  hard  core  program  it 
would  be  about  $16  billion  from  the  end  of  fiscal  year  1963  on.  I have 
arrived  at  that  figure  by  taking  the  expenditures  through  1963  and 
subtracting  them  from  $20  billion. 

In  1964  we  are  asking  in  the  Office  of  Manned  Space  Flight  for 
roughly  $3.7  billion— $3,758,179,000. 

Mr.  Fulton  of  Pennsylvania.  And  your  approximate  figure  for 
1965  or  1966? 

Mr.  Holmes.  I think  for  1965  and  1966  the  total  request  will  run 
probably  around  $4  billion.  But  implicit  in  that  would  be  more  than 
just  going  to  the  Moon  and  back.  Of  course  it  doesn't  make  much 
sense  just  to  go  to  the  Moon  and  back  and  do  no  scientific  exploration, 
and  so  forth. 

If  you  separated  it,  it  would  bSTtBSs  than  that  for  the  hard  core. 
In  other  words,  that  $4  billion  figure  would  include  such  things  as 
logistic  vehicle  support  needed  to  explore,  but  not  to  just  go  and 
return.  The  hard  core  figure  alone  I would  have  to  supply  for  the 
record. 

Mr.  Fulton  of  Pennsylvania.  If  you  could  give  us  a general  esti- 
mate, so  we  can  see  what  we  are  going  to  do  budgetwise  and  how  to  fit 
it  into  the  budget,  I would  appreciate  it.  But  as  you  come  then  into 
1968  and  1969,  wnat  balance  remains?  You  seem  to  have  put  it  all 
into  1964,  1965,  and  1966,  and  1967. 

Mr.  Holmes.  But  I haven’t  told  you  yet  when  we  are  going  to  land 
on  the  Moon.  I think  the  President  or  Mr.  Webb  has  to  do  that,  if 
anyone  does.  The  goal  is  sometime  this  decade.  If  we  get  into  de- 
tailed discussion  of  the  runout  costs  for  the  last  few  years,  then  we  are 
into  the  discussion  of  when  we  land  on  the  Moon. 

Mr.  Fulton  of  Pennsylvania.  This  committee  should  be  able  to 
anticipate  the  major  portion  to  be  expended  for  the  basic  Moon  flight 
fo  r the  coming  years,  1964,  1965,  1966,  and  so  on.  From  your  testi- 
ony,  it  seems  evenly  distributed  over  that  period.  There  is  no  peak 
ear,  is  there? 

Mr.  Holmes.  For  the  very  hard-core  program-not  considering 
such  things  as  logistic  support — fiscal  years  1964  and  1965  will  prob- 
ably be  higher  than  fiscal  years  1966  and  1967.  When  you  add  the 
things  other  than  the  hard  core  there  really  is  no  peak  year. 

It  is  difficult  to  separate  them.  Suppose  we  do,  as  we  are  studying 
now,  proceed  with  a logistics  vehicle.  This  would  let  you  put  a 
cache  of  materials  and  supplies  on  the  lunar  surface,  which  would 
mean  a better  capability  of  exploring  the  lunar  surface. 

At  the  same  time,  however,  an  added  safety  factor  would  be  sup- 

{>lied  to  the  original  mission.  Therefore,  should  you  include  the 
odstic  vehicle  in  the  hard  core  or  not? 

I am  not  today.  But  I think  in  future  years  we  might  tend  more 
in  that  direction. 

Mr.  Fulton  of  Pennsylvania.  On  your  colloquy  with  Mr.  Dad- 
dario,  Mr.  Gurney,  and  Mr.  Riehlman,  I think  you  should  make  it 
plain  in  the  record  that  this  is  the  tight  budget.  On  these  contrac- 
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tore*  estimates  which  may  be  lower  when  actually  negotiated,  do  you 
have  there  a marginal  factor  in  the  budget  that  you  are  relying  on 
which  could  be  called  money  not  absolutely  necessary,  but  only 
needed  in  certain  eventualities?  J think  you  ought  to  make  that 
explicitly  clear. 

Mr.  Holmes.  Yes.  I spend  a good  part  of  my  day  trying  to  see 
that  the  job  is  managed  within  the  budget.  If  we  do  not  manage 
within  the  budget  the  only  alternative  is  to  slow  down.  We  have  no 
duplicate  hardware.  We  have  no  duplicate  paths  to  follow. 

It  is  not  like  a crash  military  program — which  I have  run — where 
money  is  secondary  to  time.  Here  money  dictates  the  performance. 

Mr,  Fulton  of  Pennsylvania.  Your  budget  estimates  and  figures 
as  to  various  programs  as  well  as  to  line  items  are  based  on  your 
personal  experience  and  judgment  and  not  on  contractors’  figures  as 
outside  possibilities  or  probabilities? 

Mr.  Holmes.  Yes.  Contractors’  figures  are  an  element,  as  Mr, 
Gurney  pointed  out  We  start  with  that.  But 

Mr.  Fulton  of  Pennsylvania.  You  make  your  judgment  on  those. 

Mr,  Holmes.  It  is  just  one  element  of  the  total  figures  we  present 
to  Congress. 

Mr.  Fulton  of  Pennsylvania.  Would  you  say  these  figures  could 
be  cut  substantially  for  manned  space  flight? 

Mr.  Holmes.  Not  unless  we  want  to  slow  down  the  schedule. 

Mr.  Fulton  of  Pennsylvania.  Any  substantial  cut  would  then 
lengthen  the  time  in  our  race  with  Russia  and  in  our  program  to  have 
the  United  States  preeminent  in  space? 

Mr.  Holmes.  I agree  with  that,  with  every  word. 

Mr.  Teague.  Mr.  Waggonner. 

Mr.  Waggonner.  No  questions. 

Mr.  Teague.  Mr.  Chairman? 

Chairman  Miller.  I am  perfectly  content  to  listen  to  this  very 
interesting  discussion. 

Mr.  Teague.  Mr.  Bell? 

Mr.  Bell.  I would  like  to  ask  a question  of  Mr.  Holmes  that  is  a 
little  different  from  the  particular  colloquy  that  has  been  going  on 
here.  - 

I would  like  to  ask  Mr.  Holmes  about  the  procurement  program 
as  far  as  the  NASA  is  concerned.  As  you  undoubtedly  know,  Mr. 
Siepert  and  Mr.  Brackett  were  before  our  committee  2 days  ago, 
I asked  them  about  the  possibility  of  a better  coordination  with  the 
Department  of  Defense  in  the  procurement  of  materials,  in  the 
building  of  facilities,  and  even  in  the  handling  of  personnel.  It  is  my 
feeling  that  there  is  a potential  saving  in  this  area.  I could  be 
wrong;  however,  indications  seemed  to  point  to  my  being  right. 
I asked  them  to  send  to  us  a report  as  to  the  exact  differences  in 
the  procurement  of  contracts  or  materials  that  exist  between  the 
Department  of  Defense  and  NASA, 

, Of  course,  we  know  one  feature  that  is  different  in  NASA  than  in 
DOD — the  patent  situation.  But  I believe  Mr.  Siepert  said  there 
were  several  other  differences  in  procurement.  He  has  not  yet 
sent  the  material,  and  he  didn’t  say  what  they  were.  Do  you  happen 
to  know  what  those  areas  of  difference  would  be? 

Mr.  Holmes.  No,  Mr.  Bell;  I do  not.  We  have,  as  probably 
Mr.  Siepert  testified,  various  active  coordination  channels  between 
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the  Department  of  Defense  and  NASA  in  order  to  try  wherever 
applicable  to  use  the  same  techniques  in  procurement. 

Sometimes  they  are  not  really  applicable  to  both  agencies,  but  in 
moat  cases  they  are.  The  specific  differences  in  practice,  over  and 
above  this  question  of  patents  which  you  mentioned,  I could  not 
here  list  for  you.  I do  know,  however,  the  coordination  has  been 
increasing  at  a very  substantial  rate. 

I think  in  this  Gemini  planning  group  we  are  trying  something  that 
is  not  just  procurement  but  relates  to  it.  Here  we  are  saying,  “This 
is  an  item  being  produced  by  American  industry  and  procured  for 
the  Government.  Why  must  there  be  two  items,  one  for  the  Air 
Force  and  one  for  NASA?” 

Gemini  is  a program  managed  by  NASA.  But  Mr.  Webb  and  Mr. 
McNamara,  as  you  know,  made  this  agreement  through  which  Gemini 
can  hopefully  be  used  to  fulfill  the  needs  and  functions  of  both  agencies. 

Mr.  Bell.  As  you  know,  Mr.  Holmes,  the  military  has  a much 
longer  background  in  procurement  than  NASA  does. 

Mr.  Holmes.  Yes. 

Mr.  Bell.  To  what  extent  could  you  at  times  give  certain  pro- 
curement jobs  to  the  military  to  perhaps  lessen  the  cost?  To  what 
extent,  for  example,  could  NASA  use  existing  facilities  that  the  military 
have?  Could  you  take  a part  of  these,  or  work  out  an  arrangement 
in  which  you  use  their  facilities,  rather  than  adding  on,  or  building 
a new  building? 

Mr.  Holmes.  We  can  do  thig  to  a considerable  extent,  and  we  do 
so.  In  Mercury  we  use  an  Ait*  Force  range  and  the  recovery  fleet 
is  supplied  by  the  IpOD. 

In  the  area  of  equipment  we  have  used  the  Department  of  Defense 
launch  vehicles  wherever  possible.  We  used  the  Atlas  for  Mercury, 
and  will  use  the  Titan  II  for  Gemini.  We  are  asking  the  military  to 
procure  these  for  us,  we  are  not  going  directly  to  the  contractor. 
They  use  their  contractors,  buy  the  vehicles  for  us,  and  we  work  with 
them  closely.  Department  of  Defense  also  assists  us  in  launching, 
and  in  the  recovery  of  the  astronauts. 

Where  we  use  contractors  that  are  primarily  Department  of  Defense 
contractors,  we  do  not  move  in  and  set  up  a whole  new  Government 
team  to  manage  that  contractor.  In  quality  control,  inspection,  and 
other  areas  which  require  thousands  of  people,  we  use  the  Department 
‘ of  Defense  wherever  we  can. 

It  is  only  when  we  work  in  a new  plant  or  area  where  the  Depart- 
ment of  Defense  has  not  worked  that  we  set  up  a NASA  system. 
Then,  if  the  Department  of  Defense  comes  into  that  plant,  they  use 
what  NASA  has  set  up. 

I do  think  that  the  last  year  has  shown  great  advances  toward 
minimizing  inefficiencies  and  maximizing  the  effectiveness  of  this 
Department  of  Defense-NASA  cooperation, 

Mr.  Bell.  I certainly  concur  that  major  steps  in  this  direction 
have  been  made,  but  I think  we  can  do  even  more. 

Chairman  Miller.  Would  the  gentleman  yield? 

Mr.  Bell.  Yes. 

Chairman  Miller.  I believe  it  was  about  14  years  ago  that  the 
three  services  were  consolidated.  You  are  talking  about  this  inter- 
change between  agencies,  Mr.  Bell.  Only  last  week  I saw  where 
General  Shoup  issued  an  order  that  the  Marines  were  to  wear  black 
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shoes  like  the  Navy,  instead  of  brown  shoes.  So  it  has  taken  14  years 
to  come  that  far. 

I presume  that,  looking  around  the  table,  Mr.  Riehlman  and  Mr. 
Teague  are  the  only  ones  that  recall  the  chamber  of  horrors  that  Mr. 
Hubert  set  up  over  in  the  Armed  Services  Committee  room.  We 
brought  in  all  of  the  common  items  that  had  different  specifications 
in  the  three  services.  The  definitions  of  common  nails  were  different. 
It  has  taken  14  years,  and  it  is  still  not  complete.  So  be  a little 
patient  with  NASA  and  DOD. 

Mr.  Teague.  Has  your  program  slipped,  Mr.  Holmes,  because  of 
a shortage  of  money  in  the  last  year? 

Mr.  Holmes.  The  reason  I am  weighing  this  is  that  I can  not 
really  answer  without  giving  you  some  explanation.  If  one  as- 
sumed— which  is  probably  a correct  assumption — that  the  program 
was  not  definitized  enough  a year  ago  to  have  a really  definitive 
schedule,  then  the  answer  is  “No.” 

However,  it  is  true  that  the  original  rates  on  which  we  were  going, 
could  not  be  maintained  without  a supplemental.  It  being  our  de- 
cision not  to  request  a supplemental,  we  have  had  to  revise  those  dates. 

What  happened  was  that  we  defined  a program  with  a time  schedule 
compatible  to  the  money  authorized.  I think  that  is  really  different 
from  a slippage. 

Mr.  Teague.  Could  you  comment  on  the  planning  as  it  affects 
the  budget?  What  are  we  going  to  do  with  these  tremendous  facilities 
we  are  building,  beyond  1970? 

Mr.  Holmes.  If  we  talk  of  Cape  Canaveral,  and  this  is  my  personal 
opinion,  I believe  this  Nation  will  be  very  actively  engaged  in  space, 
particularly  in  manned  space.  We  will  be  engaged  in  the  further  ex- 
ploration of  near  space  and  of  space  as  far  out  as  the  Moon,  and 
perhaps  the  planets.  W e will  be  so  actively  engaged  with  manned  space 
stations,  and  the  complete  utilization  of  space,  that  I believe  the 
Merritt  Island  area  will  be  fully  used  and  thought  of  as  a spaceport. 
In  fact,  it  probably  will  not  be  big  enough,  and  another  launching 
area  will  be  established. 

As  far  as  the  facility  at  Houston  is  concerned,  it  is  my  considered 
opinion  this  is  a great  national  asset  that  is  being  established.  I 
think  it  will  be  a center  for  gathering  together  engineers  and  scientists 
to  develop  the  techniques,  as  well  as  the  equipments,  for  operating 
in  space  environments,  in  space  itself,  and  on  hostile  surfaces,  such 
as  the  surface  of  the  Moon. 

I think  it  is  already  obvious  what  a tremendous  asset  Marshall 
Space  Flight  Center  is  to  the  country.  There  we  have  a group  of 
people,  as  well  as  the  facilities,  to  produce  these  very  large  boosters 
necessary  to  have  a space  program  at  all. 

I have  restricted  my  answer  to  the  three  major  facilities  for  the 
Office  of  Manned  Space  Flight.  Of  course  it  could  be  extended  to 
what  we  have  done  to  build  the  competence  of  industry  and  to  produce 
the  kind  of  equipment  necessary  to  make  this  country  first  in  its 
conquest  of  space,  as  well  as  to  the  facilities  at  other  centers  and  else- 
where in  Government? 

Mr.  Teague.  Mr.  Roudebush? 

Mr.  Roudebush.  I would  like  to  continue  the  chairman’s  question. 
What  are  we  doing  to  use  facilities  that  are  already  constructed? 
Take  the  Mercury  Control  Center,  for  example,  what  is  NASA 
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going  to  do  with  the  extensive,  and,  I might  add  expensive,  electronic 
equipment  that  it  contains?  What  about  the  launch  pads  that  were 
constructed  for  rockets  that  we  are  not  going  to  use  in  the  future? 
Have  we  already  planned  to  use  this  hardware  we  will  have  in  our 
inventory? 

Mr.  Holmes.  We  plan  to  use  the  Mercury  Control  Center,  after 
the  termination  of  the  Mercury  program,  for  our  early  Gemini  pro- 
gram. As  soon  as  the  mission  control  center  is  operational  at  Houston 
we  will  transfer  the  control  to  that  location.  The  Mercury  Control 
Center  will  then  be  useful  as  a tracking  and  telemetry  station  similar 
to  others  in  the  Mercury  chain. 

As  far  as  the  launch  pads  used  today,  they  are  military  pads,  both 
Atlas  and  Titan.  So  the  future  use  of  those  would  have  to  be  looked 
at  by  the  military.  I have  no  doubt  as  one  grows  and  progresses  in 
any  system,  there  will  be  obsolete  facilities  and  eouipment  which  will 
be  discarded.  But  to  the  maximum  extent  possible  we  are  trying  to 
save  dollars  by  utilizing  these  facilities  as  long  as  possible. 

Mr.  Low.  In  connection  with  the  launch  stands,  Mr.  Chairman,  I 
might  add,  as  you  know  that  Atlas  pad  14  has  been  used  for  the 
Mercury  flights  to  date.  After  the  completion  of  the  Mercury  program 
it  will  be  converted  to  an  Atlas-Agena  pad,  to  launch  the  Agena  target. 

Similarly  the  Titan  pad  19  was  initially  a Titan  I pad,  and  is  now 
being  converted  to  a Titan  II  pad,  and  its  utility  extended  in  this 
manner. 

Mr.  Gurnet.  Would  the  gentleman  yield? 

Mr.  Boudebush.  Yes. 

Mr.  Teague.  Mr.  Gurney,  unless  this  will  not  wait  until  after  lunch, 
might  we  recess  for  lunch  and  take  it  up  then? 

Mr.  Gurney.  Certainly. 

Mr.  Teague.  We  will  recess,  and  reconvene  at  1 :30  p.m. 

(Whereupon,  at  12  noon  the  subcommittee  recessed,  to  reconvene 
at  1 :30  p.m.) 

AFTERNOON  SESSION 

(The  subcommittee  reconvened  at  1:30  p.m.) 

Mr.  Teague.  The  committee  will  come  to  order. 

I believe  when  we  left  off  at  noon  Mr.  Bell  had  a question. 

Was  it  you,  Mr.  Bell? 

Mr.  Bell.  Yes. 

Getting  back  to  this  question  of  duplication  again,  I note  that 
NASA  has  a number  of  specific  projects  that  perhaps  could  be  coordi- 
nated with  HOD.  For  example,  NASA  has  wind  tunnels  that  you 
are  using  in  one  of  the  space  facilities;  Marshall  or  Ames,  I believe, 
was  one  of  them. 

Mr.  Holmes.  And  Langley. 

Mr.  Bell.  Yes;  that  is  true.  What  effort  is  being  made  to  coordi- 
nate this  with  the  Air  Force?  They  have  several  wind  tunnels;  one, 
I believe,  is  at  Arnold  Air  Force  Base  in  Tullahoma,  Term.,  and 
there  are  several  others.  Is  there  any  way  to  coordinate  that  effort 
so  that  it,  is  not  necessary  to  build  an  additional  wind  tunnel? 

• Mr.  Holmes.  I would  like  Mr.  Low  to  address  some  remarks  on 
this  matter.  He  has  been  concerned  with  this  for  the  last  2 years. 

Mr.  Low.  There  has  been  complete  coordination  between  the 
military  services  and  NASA,  and  before  that  between  NACA  and  the 
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military  services,  on  what  tunnels  are  needed,  what  ones  are  available, 
end  wnat  new  speed  ranges  or  temperature  ranges,  and  so  forth,  are 
needed. 

The  construction  effort  between  the  military  and  NASA  has  been 
coordinated,  and  there  are  now  books  available  spelling  out  the 
capabilities  of  each  wind  tunnel  in  the  country. 

For  example,  in  any  one  of  the  manned  space  programs  we  know  we 
must  cover  a range  of  speeds,  a range  of  altitudes,  and  a range  of 
temperatures,  in  the  wind  tunnel  tests.  The  spacecraft  are  tested 
in  many  tunnels,  at  our  own  facilities,  and  at  the  Tullahoma  facilities 
you  have  mentioned.  We  have  used  the  Air  Force  facilities  in  all 
three  programs,  manned  space  projects. 

Mr.  Bell.  The  facilities  at  both  Ames  and  Tullahoma  are  NASA 
facilities? 

Mr.  Low.  The  facilities  at  Ames  are  NASA’  facilities;  the  facilities 
at  Tullahoma  are  Air  Force  facilities. 

Mr.  Bell.  Does  NASA  have  any  duplication  here? 

Mr.  Low.  No  exact  duplication.  There  may  be  overlap  in  speed 
range,  or  temperature  range,  and  so  forth.  You  need  an  overlap, 
because  you  have  to  test  over  a range  of  speeds.  There  may  be  an 
overlap  of  sizes,  but  most  are  of  different  size. 

Mr.  Bell.  Going  to  another  subject  for  a moment,  I note  that  in 
the  field  of  tracking  and  telemetry  that  NASA,  the  Air  Force,  the 
DOD,  the  Signal  Corps,  and  the  National  Security  Agency  are  all 
quite  active.  Isn’t  there  an  opportunity  for  coordination  in  this  area? 

Mr.  Low.  I could  best  answer  by  discussing  the  Mercury  tracking 
network,  which  has  about  17  stations  in.it.  Nine  of  these  are  Depart- 
ment of  Defense  stations,  which  are  used  by  the  Department  of 
Defense  for  other  purposes  as  well  as  providing  tracking  and  data 
acquisition  for  Mercury  flights  during  Mercury  missions.  NASA 
has  five  stations  operating  m the  Mercury  network.  The  two  ad- 
ditional stations  are  operated  by  the  Australian  Government.  The 
total  Mercury  network  then  consists  of  NASA  stations,  Department 
of  Defense  stations,  and  Australian  stations,  all  working  together 
as  an  integrated  network. 

Mr,  Bell.  And  you  are  using  the  DOD  facilities,  as  well  as  yours? 

Mr.  Low.  Wherever  the  capability  exists  we  use  it. 

Mr.  Bell.  You  have  made  the  decision  to  move  the  Mercury 
Control  Center  from  Cape  Canaveral,  Fla.,  to  the  Manned  Space 
' Flight  Center  in  Houston;  is  that  correct? 

Mr.  Low.  That  is  correct? 

Mr.  Bell.  What  happens  to  the  Mercury  Control  Center  at  Cape 
Canaveral? 

Mr.  Low.  It  will  be  used  for  the  initial  Gemini  missions,  during 
which  no  rendezvous  will  be  performed. 

For  the  Gemini  rendezvous  missions  the  Center  at  Cape  Canaveral 
had  only  a small  part  of  the  capability  needed.  When  in  1964  we 
start  controlling  missions  from  Houston,  the  Cape  Canaveral  Control 
Center  will  act  essentially  as  a downrange  tracking  station.  The 
antennas  at  Cape  Canaveral  will  receive  data,  and  there  will  be  flight 
controllers  in  the  facility  at  Cape  Canaveral  taking  data  as  the  space- 
craft passed  over  Cape  Canaveral. 

Mr.  Bell.  Then  you  feel,  despite  the  fact  that  you  are  going  to 
build  a whole  new  network  of  tracking  stations  for  advanced  space 
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programs,  that  the  Center  at  Cape  Canaveral  will  still  be  used.  The 
old  Mercury  Control  Center  is  going  to  operate  as  a kind  of  supple- 
mental tracking  station? 

Mr.  Low.  That  is  correct. 


Mr.  Bell.  But  not  getting  into  the  deep-space  tracking?  * 

Mr.  Low.  That  is  right,  it  will  be  one  of  the  elements  feeding 
information  into  the  Control  Center  at  Houston. 

Mr.  Bell.  The  Center  at  Houston  will  control  the  operation? 

Mr.  Low.  All  manned  space  flights  after  1964  will  be  controlled 
from  Houston. 

Mr.  Bell.  And  the  Mercury  Control  Center  at  Cape  Canaveral  will 
be  a standby,  really? 

Mr.  Low.  In  the  current  Mercury  network,  for  instance,  we  have  a 
Control  Center  at  Cape  Canaveral,  we  have  stations  at  Bermuda, 
Canary  Islands,  Africa,  and  so  on.  Each  station  is.  in  fact  a miniature 
control  center.  While  the  spacecraft  passes  over  Bermuda  the  flight 
controllers  at  Bermuda  talk  to  the  astronaut,  give  him  instructions, 
control  the  spacecraft.  When  the  Center  in  Houston  is  activated  the 
current  Control  Center  at  Cape  Canaveral  will  assume  a role  of  one  of 
the  stations  like  Bermuda. 

Mr.  Gurney.  In  what  way  does  the  mission  of  the  Control  Center 
at  Houston  differ  from  the  one  now  at  Cape  Canaveral?  Isn’t  the 
Gemini  program  essentially  the  same  as  Mercury,  except  there  are 
two  men  in  it? 

Mr,  Low.  The  Gemini  spacecraft  itself  will  have  the  capability  to 
maneuver  in  space,  which  the  Mercury  does  not  have.  It  will  have  a 
small  propulsion  unit,  allowing  it  to  change  its  orbit,  while  the  Mercury 
spacecraft  flew  along  a fixed  orbit  once  the  Atlas  burned  out.  This 
makes  a tremendous  difference  in  the  amount  of  tracking  and  com- 
puting required  to  control  the  spacecraft. 

Mr.  Gurney.  Couldn’t  that  be  done  by  augmenting  your  capability 
at  Cape  Canaveral?  Why  suddenly  shift  it  to  Houston? 

Mr.  Low.  It  could  have  been  done  by  augmenting  the  capability, 
but  the  augmentation  would  have  been  many  factors  larger  than  the 
capability  of  the  present  Control  Center,  because  in  Gemini  there  will 
be  two  spacecraft,  the  Gemini  spacecraft  and  Agena  target  vehicle, 
in  orbit  at  the  same  time,  and  both  must  be  controlled  simultaneously. 

Mr.  Bell.  On  that  point  of  Mr.  Gurney’s,  wouldn’t  it  be  true,  from 
the  financial  standpoint,  that  if  you  could  just  augment  and  improve 
the  Mercury  Control  Center  at  Cape  Canaveral,  there  would  be  a 
substantial  saving? 

Mr.  Low.  We  examined  this  in  detail,  Mr.  Bell,  this  point,  together 
with  the  point  of  the  accessibility  of  the  Control  Center  to  the  people 
who  are  going  to  be  using  it. 

Now,  on  the  first  question,  as  I mentioned  the  present  Cape  Canav- 
eral Control  Center  has  only  such  a minor  portion  of  the  total  capa- 
bility necessary  that  the  augmentation  really  would  have  meant 
starting  over  at  Cape  Canaveral. 

In  addition  to  that,  if  you  now  consider  the  people  who  must  control 
the  mission,  also  the  technical  people  who  must  work  on  a day-by-day 
basis  on  the  spacecraft  design,  on  the  development  of  the  spacecraft, 
on  the  astronaut  training,  all  of  which  is  concentrated  in  Houston, 
then  it  turns  out  the  most  suitable  place  for  this  Control  Center  is  in 
Houston,  with  the  additional  capability. 
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To  give  you  an  example,  during  the  first  year  of  Mercury  flights — 
this  was  1961 — the  flight  control  team  headed  by  Chris  Kraft,  which 
was  based  at  Langley  Field,  where  at  that  time  the  Manned  Space- 
craft Center  was  located,  this  team  spent,  I think,  186  days  at  Cape 
Canaveral.  Their  time  was  spent  there  in  not  only  conducting  the 
mission,  because  we  had  only  Shepard’s  and  Grissom’s  flights  that 
year,  and  two  unmanned  flights,  but  time  must  be  spent  in  continuous 
practice  of  the  missions. 

As  the  missions  become  of  longer  duration,  up  to  2 weeks  in  Gemini 
and  also  in  Apollo,  these  people  must  spend  part  of  almost  every  day 
in  the  Control  Center.  The  rest  of  the  day  they  work  with  the 
astronauts  in  training,  simulation,  and  other  things,  all  of  which  are 
operated  in  Houston.  It  would  have  been  impossible  to  operate  a 
Control  Center  more  than  1,000  miles  away  from  the  place  where  the 
daily  work  is  going  on. 

Mr.  Gurney.  Cape  Canaveral  may  have  been  a better  place  to 
have  put  it  in  the  first  instance,  then.  I am  speaking  of  the  entire 
complex. 

Mr.  Bell.  When  you  analyze  the  fact — excuse  me,  Mr.  Gurney— 
that  the  Cape  Canaveral  operation  covered  6 hours  of  flight  time,  it 
may  seem  small  when  compared  to  what  we  are  talking  of  doing,  but 
nevertheless  that  represents  quite  a substantial  investment.  It 
seems  to  me  that  rather  than  setting  up  a whole  new  operation  some- 
where else,  it  could  be  tied  together  in  one  package,  regardless  of  the 
little  inconvenience  it  might  cause. 

Mr.  Holmes.  Our  analysis  convinced  us  that  the  change  needed 
for  Apollo  was  so  great  there  was  no  possibility  of  being  able  to  add 


on  to,  or  adapt  the  present  Control  Center.  We  needed  a new  one, 
and  as  rapidly  as  you  could  put  that  into  use,  you  could  achieve 
economies  by  using  it  for  Gemini.* 

We  couldn’t  get  it  early  enough  to  use  for  the  earlier  Gemini  flights, 
nor  were  they  as  complex  as  the  later  ones.  ’ 

There  were  considerable  advantages  to  putting  a new  center  at 
Houston,  once  we  decided  we  needed  a new  one.  The  development 
team  is  at  Houston.  This  team  will  put  in  countless  hours  working 
with  the  basic  development  of  the  hardware,  as  well  as  simulations, 
test  runs,  and  so  forth. 

We  considered  the  cape,  among  other  places.  There  was  very  little 
logic  to  putting  it  at  the  cape.  The  actual  launching,  after  all,  is 
just  a few  minutes  out  of  a total  control  time  running  into  weeks. 
The  Houston  site  was  more  logical  than  any  other  place  in  the  country. 
We  felt  we  would  achieve  the  greatest  economy  of  dollars  and,  per- 
haps more  important,  the  greatest  economy  of  scientific  capability 
by  locating  at  Houston. 

Mr.  Teague.  Any  other  questions  concerning  the  general  budget 
request,  gentlemen? 

Mr.  Daddario.  I have  one  question.  In  reference  to  Mr.  Bell’s 
last  series  of  questions,  Mr.  Holmes,  wasn’t  there  considerable  thought 
given  to  having  this  Control  Center  in  Cape  Canaveral,  in  the  first 
instance,  and  then  there  came  a change  of  thinking  in  favor  of  placing 
it  in  Houston? 

Mr.  Holmes.  No,  sir,  not  to  mv  knowledge.  Canaveral  was  merely 
considered,  as  were  many  other  places  in  the  country. 
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But  within  the  role  I played  in  it,  and  I think  I was  informed  of 
each  step,  Houston  was  more  seriously  considered  than  any  other 
location  from  the  very  start. 

Mr.  Fulton  of  Pennsylvania.  I have  a question,  Mr.  Chairman. 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  What  part  did  the  Space  Council 
have  in  making  up  this  budget  request? 

Mr.  Holmes.  The  National  Space  Council? 

Mr.  Fulton  of  Pennsylvania.  Yes. 

Mr.  Holmes.  Other  than  the  general  purview  that  they  have  of 
the  overall  space  program,  and  the  fact  that  Mr.  Webb  is  a member, 
none. 

Mr.  Fulton  of  Pennsylvania,  Outside  of  seeing  the  policy  rec- 
ommendations, there  was  no  review  by  the  Space  Council  as  such? 

Mr.  Holmes.  I think  probably  Mr.  Webb  is  better  qualified  to 
answer  that,  but  I believe  that  is  right. 

Mr.  Fulton  of  Pennsylvania.  The  Office  of  the  President's 
Scientific  Adviser  has  no  jurisdiction  or  cognizance  in  this  field, 
is  that  correct? 

Mr.  Holmes,  They  maintain  a close  technical  familiarity  with  the 
program,  but  as  far  as  the  budget  or  its  construction,  I did  not  note 
their  participation. 

Mr.  Fulton  of  Pennsylvania.  There  has  been  no  jurisdictional 
dispute  between  NASA  and  the  military  services  has  there,  as  to  who 
should  budget  for  these  various  programs  in  fiscal  year  1964? 

Mr.  Holmes.  No  dispute  to  my  knowledge. 

Mr.  Fulton  of  Pennsylvania.  So  you  have  good  liaison  and  coordi- 
nation among  the  various  people  from  NASA  and  the  Air  Force 
working  on  this  $5.7  billion  space  program? 

Mr.  Holmes.  I believe  the  relationship  between  the  Administrator 
and  Secretary  of  Defense  is  very  good.  There  is  also  the  AACB, 
where  we  meet  with  Department  of  Defense  officials,  and  various  ad 
hoc  groups.  Our  relationships  with  General  Ritland,  General 
Schriever,  and  with  Dr.  McMillan,  are  very  close,  and  I think  the 
communication  is  very  good.  This  is  also  true  of  course,  in  the 
Geminiplanning  group. 

Mr.  Fulton  of  Pennsylvania.  At  the  Department  of  Defense  level, 
do  you  have  a correlation  with  them  as  well? 

Mr,  Holmes.  Yes,  primarily  with  Harold  Brown,  his  office*  and 
particularly  with  John  Rubel  and  Dr.  Kavanau. 

Mr.  Fulton  of  Pennsylvania.  Will  you  give  us  their  titles  as  you 
go  along?  Of  course,  we  know  them,  but  give  us  the  title. 

Mr.  Holmes,  Yes.  Dr.  Harold  Brown,  Director  of  Defense  Re- 
search and  Engineering;  Mr.  John  Rubel,  Assistant  Secretary  of 
Defense  for  Research  and  Engineering;  and  Dr.  Larry  Kavanau, 
Special  Assistant  for  Space  to  Dr.  Brown, 

Mr.  Teague.  Anything  else  that  you  people  would  like  to  say  on 
the  general  budget? 

Mr.  Bell.  May  I ask  one  more  question?  Where  do  the  track- 
ing stations  appear  in  the  budget?  For  example,  where  will  Grand 
Turk  show  up  in  the  budget?  Will  that  be  the  in  Air  Force  or  the 
NASA  budget? 

Mr.  Holmes.  In  the  Air  Force.  The  part  that  shows  up  for 
NASA's  budget  is  in  the  Office  of  Tracking  and  Data  Acquisition. 
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Mr.  Teague.  Mr.  Yeager. 

Mr.  Yeager.  I believe  you  mentioned  that  there  was  thought  of 
asking  for  a supplemental  authorization  late  last  year  in  the  neighbor- 
hood of  $400  million,  and  that  NASA  decided  not  to  do  it.  It  has 
been  my  understanding  that  the  reason  for  this  deficit  was  because 
of  the  low  estimates  on  the  part  of  contractors  in  their  proposals. 
Was  this  the  case?  If  so,  is  it  likely  to  reoccur  in  connection  with  the 
1964  budget? 

Mr.  Holmes.  I think  there  were  probably  two  major  elements  in 
the  fact  that  we  had  less  money  than  we  felt  we  needed  for  the  pro- 
gram we  were  outlining  at  that  time. 

One  is  just  what  you  have  mentioned,  contractor  estimates  were 
optimistic  and  it  turned  out  that  when  the  contracts  were  definitized 
they  were  definitized  at  higher  levels  than  their  proposals. 

The  second  was  that  we  had  not  really  established  what  the  program 
was  to  be.  Once  having  established  that,  together  with  getting  the 
cost  estimates  from  the  contractors,  we  arrived  at  what  were  figures 
that  would  have  exceeded  our  total  authorized  dollars  if  we  had  con- 
tinued at  that  spending  rate. 

I think  the  answer  is  “Yes/'  that  was  a significant  part  of  it.  The 
other  part  was  that  the  program  itself  had  not  been  put  together. 

Mr.  Yeager.  Is  this  a continuing  risk  in  the  current  budget,  that 
the  proposals  may  have  been  low? 

Mr.  Holmes.  I think  to  nowhere  near  as  great  an  extent.  I think 
we  know  a great  deal  more  about  the  program.  The  contractors 
themselves  were  in  a difficult  position  when  they  proposed  them. 
They  had  a limited  time,  they  proposed  competitively.  They  know 
more  now  about  the  program,  what  they  are  spending. 

There  is  also  the  element  of  cost  overrun,  I think  it  is  a much  smaller 
factor  in  the  1964  budget  than  in  1963. 

Mr.  Teague.  Mr.  Gurney? 

Mr.  Gurney.  Let’s  ask  about  one  specific'  item.  One  of  the 
greatest  items  of  expense  posed  in  this  whole  program  is  the  construc- 
tion of  this  enormous  tower  at  Cape  Canaveral.  How  much  are  you 
going  to  spend  on  that  in  this  coming  fiscal  year? 

Mr.  Teague.  Don’t  you  want  to  wait  until  we  get  into  the  line 
items,  Mr.  Gurney?  We  will  get  specifically  to  that  individual  item. 

Mr.  Gurney.  Yes,  I suppose  so,  if  Mr.  Holmes  is  going  to  be  here. 

Mr.  Teague.  He  will  be  here. 

I would  like  to  say  to  the  new  members  of  the  committee  that  last 
year  this  subcommittee  went  very  carefully  into  the  question  of  dupli- 
cation. If  you  are  interested  in  a particular  point,  I think  you  will 
find  it  in  last  year’s  hearings.  I think  we  went  into  every  possible 
area  of  duplication  that  we  could  find. 

If  you  will  open  your  backup  books  to  volume  II,  “Research  and 
Development,”  and  turn  to  “Manned  Spacecraft  Systems,”  and  then 
in  the  thin  book,  if  you  would  turn  to  “Manned  Spacecraft  Systems,” 
we  will  start  on  the  individual  programs. 

Do  you  want  to  go  into  the  first  paragraph,  “Objectives,”  Mr. 
Holmes,  or  do  you  want  to  start  with  the  first  amount  of  money? 

Mr.  Holmes.  I think  since  we  have  gone  through  the  summary  of 
resources  we  can  go  to  the  first  amount. 

I would  like  Mr.  Low  to  do  this.  He  is  prepared  to  go  through  item 
by  item. 
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Mr.  Teague.  Very  well.  If  any  member  has  a question  on  an 
item,  don’t  hesitate  to  ask  a question.  Mr.  Low,  will  you  please  start. 

Mr.  Low.  Mr.  Chairman,  the  category  “Manned  Spacecraft 
Systems”  is  one  of  several  major  categories  in  the  manned  space  flight 
program.  It  specifically  includes  spacecraft  support,  research  and 
technology,  which  I wifi  cover  in  detail  in  a few  moments.  It  in- 
cluded in  last  year  the  Mercury  and  Mercury  1-day  programs,  which 
were  not  included  for  fiscal  year  1964.  It  includes  the  Gemini  pro- 
gram, Gemini  spacecraft  and  Gemini  launch  vehicles,  and  includes 
also  the  Apollo  spacecraft  program.  The  Apollo  launch  vehicles  are 
funded  in  another  category,  the  “Launch  vehicles  and  propulsion” 
category,  ■ 

In  addition  to  the  research  and  development  program  we  have 
included  the  operational  costs  of  the  mission  control  center  that  we  have 
just  discussed. 

Mr.  Teague.  Mr.  Low,  go  back  to  Mercury.  What  is  the 
$3,342,000?  Is  that  what  NASA  used  last  year?  It  is  not  what  we 
authorized  last  year. 

Mr.  Low.  In  last  year's  budget  book,  Mr.  Teague,  there  was  a total 
for  Project  Mercury  which  was  somewhat  higher  because  it  included 
in  a lump  sum  the  research  and  development  costs,  the  cost  for  the 
operation  of  Project  Mercury,  and  it  also  included  what  we  call  the 
institutional  support  associated  with  Project  Mercury. 

In  last  year's  budget  book  we  discussed  these  two  numbers  together, 
though  in  one  area  in  one  section  of  the  book  they  were  broken  out. 
You  authorized  for  Project  Mercury  last  year  $3K  million. 

Our  current  best  estimate  is  a requirement  for  $3,342  million,  which 
is  just  within  $158,000  of  what  you  authorized  for  Project  Mercury. 

Mr.  Yeager.  Were  these  direct  R.  & D.  costs? 

Mr.  Low.  Direct  R.  & D.  costs. 

Mr.  Holmes.  Mr.  Chairman,  I think  all  the  way  through  last  year's 
budget  we  found  it  somewhat  confusing  to  have  the  institutional 
operating  costs — cost  of  the  Government  people,  Government  facili- 
ties— somewhat  arbitrarily  prorated  into  the  R.  & D.  program.  So 
in  this  budget  book  they  are  set  out  separately. 

I think  it  is  a lot  easier  to  discuss.  I believe  in  your 'discussion  at 
Houston  on  a recent  visit  some  of  those  people  were  confused  about 
the  Mercury  costs  because  they  had  forgotten  there  was  this  rather 
large  chunk  associated  with  Mercury  which  was  an  institutional  cost. 

Mr.  Teague.  Do  we  have  anything  to  compare  the  figures  with 
last  year's? 

Mr.  Holmes.  We  could  compare  the  overall  institutional  and 
overall  operations  figures,  and  also  compare  what  we  got  with  what 
we  spent. 

Mr.  Teague.  Last  year  in  considering  Mercury  we  talked  of  a 
completely  different  figure  from  what  you  have  here.  If  that  is 
true  all  the  way  through  the  books,  we  have  nothing  to  compare  on 
the  figures  this  year  with  last  year. 

Mr.  Low.  Mr.  Chairman,  in  last  year’s  budget  book  we  did  have 
a breakout  of  the  direct  R.  & D.  costs,  and  they  were  a part  of  last 
year’s  record,  though  the  number  we  discussed  in  more  detail  than 
this  one  portion  was  the  total  R.  & D.  plus  the  institutional  support. 

There  was  a summary  table  in  the  front  of  the  book  that  gave  the 
sum  of  $3K  million  for  K.  & D.  for  Project  Mercury. 
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Mr.  Teague.  Take  the  $17,957,000  for  the  1 -day  mission,  is  that 
the  figure  we  worked  on  last  year  for  this  1-day  mission? 

Mr.  Low.  No,  sir.  None  of  the  figures  here  are  the  figures  that 
were  given  last  year  except  for  the  summary  table  that  I just  men- 
tioned. 

There  have  been  reprograming  actions  within  the  program,  also, 
since  last  year. 

Mr.  Holmes.  We  did  find  this  confusing.  I think  last  year  we 
indicated,  and  if  I had  my  books  for  last  year  we  would  find  written 
in  the  margin  the  R.  & D.  costs  for  each  item. 

Mr.  Teague.  The  staff  has  furnished  a figure  of  the  fiscal  year 
1963  budget  as  presented  in  1962  for  the  1-day  mission  of  $12,180,000. 
Then  the  fiscal  year  1963  budget  as  currently  replanned,  $30,129,000, 
giving  a reprograming  of  about  153  percent. 

Now,  it  seems  to  me  it  is  going  to  be  very  difficult  for  the  committee 
to  have  any  understanding  of  what  you  are  talking  about  unless  we 
have  some  figures  as  a basis  to  start  from. 

Mr.  Holmes.  I think  we  can  give  you  a breakdown,  Mr.  Chairman, 
of  what  the  R.  & D.  portion  was  of  each  one  of  these  programs  for 
fiscal  1963. 

Mr.  Teague.  I don’t  know  whether  I am  the  only  member  of  the 
committee  who  is  confused  or  not,  but  take  for  example,  Gemini, 
$232,838,000.  The  figure  I have  that  we  worked  with  last  year  was 
203,200,000,  so  that  is  a case  where  it  is  more  than  the  figure  that  I 
have  for  last  year. 

Mr.  Holmes.  The  only  way  I know  to  make  it  clear  is  to  separate 
from  the  dollars  in.  last  year’s  budget  books  the  institutional  and  oper- 
ating expenses  from  the  R.  & D.  programs.  Then  we  can  make  a 
comparison  which  may  make  this  clear. 

Mr.  Teague.  Let’s  proceed  a little  and  see  how  we  come  out. 
Mr.  Yeager? 

Mr.  Yeageb.  Mr.  Holmes,  could  you  indicate  the  areas  where 
NASA  did  reallocate  funds  as  we  take  up  the  various  major  categories 
such  as  Mercury,  Gemini,  Apollo,  so  on?  Could  you  indicate  there 
where  reprograming  took  place  and  what  happened? 

Mr.  Holmes.  In  each  area  in  addition  to  discussing  the  fiscal  1964 
request,  you  want  us  to  discuss  fiscal  1963,  and  our  performance? 

Mr.  Yeager.  I think  so,  as  far  as  reprograming  is  concerned. 

Mr.  Teague.  We  would  like  a picture  in  this  hearing  of  the  money 
you  asked  for  last  year,  what  you  got,  what  you  did  with  it,  what 
you  are  asking  for  this  year. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman. 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  It  might  help  if  at  one  point  you 
gave  us  a list  of  the  reprograming  for  the  fiscal  year  1964  money  that 
has  already  taken  place,  and  that  is  in  prospect  for  the  remainder  of  the 
current  fiscal  year  up  to  June  30,  and  have  it  put  in  the  record.  That 
might  help. 

Mr.  Holmes.  We  could  do  that.  I have  in  front  of  me  each  of 
our  programs,  what  .has  been  completed  to  date  and  what  the  un- 
committed balance  is.  But  the  figures  we  deal  with  are  R.  & D. 
figures. 

I am  not  dealing  here  with  institutional  operating  costs.  That  is 
why  I couldn’t  talk  directly  to  the  figures  in  the  old  blue  book.  I 
could  by  tabulating  it. 
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Mr.  Fulton  of  Pennsylvania.  Those  of  us  who  are  very  interested 
certainly  came  to  the  point  in  Houston  where  nobody  at  the  meeting, 
either  NASA  or  the  Representatives  of  Congress  who  were  there, 
knew  just  where  the  starting  point  or  base  was  so  that  we  could  find- 
the  differences  between  us.  I think  there  should  be  a statement 
put  in  the  record  so  that  we  have  a basis  on  which  to  start.  We 
need  to  get  the  same  starting  point. 

Mr.  Holmes,  We  have  figures  for  research  and  development  and 
construction  of  facilities.  Above  that  you  authorize  the  money  to 
NASA  to  pay  salaries  arid  run  the  institutions  at  the  centers.  These 
are  separate.  But  if  one  does  what  we  did  last  year  in  the  budget, 
and  takes  those  total  costs— my  salary,  all  the  other  salaries — and 
prorates  them  against  the  programs,  you  come  up  with  something 
one  can’t  relate  to  R.  & D.  cost  alone.  Thus  we  must  separate  those 
from  the  fiscal  year  1963  figures  if  we  are  to  compare  what  we  spent 
last  year  versus  what  we  were  authorized. 

Mr.  Fulton  of  Pennsylvania.  But  these  are  NASA  figures  or  vari- 
ous elements  of  figures.  We  must  have  some  point  where,  on  the  basis 
of  the  figures  you  have  previously  given  this  committee,  we  can  make 
a comparison  as  the  chairman  suggested. 

The  foundation  for  the  figures  we  have  has  been  supplied  to  us  by 
NASA.  But  certainly  someone  should  go  back  and  make  a correlation 
as  the  Chairman  suggests,  both  as  to  the  figures  and  as  to  the  pro- 
grams, so  that  at  one  point  in  time  on  a certain  date  we  again  have 
the  same  starting  point.  You  must  go  back  and  pick  that  up  from  the 
figures  you  have  already  given  us. 

Mr.  H olmes.  We,  can  readily  do  that.  We  are  not  prepared  to  do 
it  today,  because  I was  prepared  to  discuss  fiscal  1964.  But  it  is  a 
very  simple  thing  for  us  to  do,  and  we  will  be  glad  to. 

Mr.  Teague.  You  have  given  us  a set  of  fecal  year  1964  backup 
books,  and  in  these  books  you  also  show  fiscal  year  1963;  however,  we 
have  never  seen  the  fecal  year  1963  figures  before. 

Mr.  Low.  Mr.  Chairman,  the  figures  we  show  in  the  1963  column 
did  appear  in  last  year’s  budget  book,  in  a summary  table,  I believe, 

Mr.  Lilly.  That  is  right  m,  the  front  part  of  the  “blue  book” 
used  last  year  there  was  a summary  table  showing  for  fiscal  1961, 
1962,  and  1963  the  component  parts,  direct  R.  & D.,  personnel, 
institutional  estimates.  What  was  shown  throughout  the  balance 
of  the  book  was  the  total  figure  which  included  the  institutional  and 
operating  costs. 

Mr.  Holmes.  I must  say,  I don’t  think  they  were  given  in  detail. 
They  were  by  totals,  and  they  couldn’t  go  through  the  book  arid 
compare  item  by  item, 

Mr.  Lilly.  That  is  correct? 

Mr.  Teague.  Suppose  we  adjourn  the  meeting  and  talk  this  over, 
and  take  it  up  next  week?  I don’t  see  how  we  can  intelligently  discuss 
this  budget  unless  we  have  something  to  compare  it  with,  and  here 
we  have  figures  that  we  have  never  seen  before. 

Mr.  Fulton  of  Pennsylvania.  I agree  with  the  chairman. 

Mr,  Teague.  I had  hoped  that  after  our  visit  to  Houston,  someone 
on  the  staff  would  have  talked  to  you  about  this,  and  you  would  be 
prepared  to  discuss  it. 

Mr.  Holmes.  Mr.  Chairman,  I think  we  are  not  prepared  to  break 
last  year’s  budget  down  now  so  to  show  R.  & D.  and  institutional  costs 
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sejparately  as  is  done  in  the  fiscal  year  1964  budget.  We  can  very 
easily  be  prepared  to  do  that  subsequently  and  to  discuss  our  expendi- 
tures and  commitments  to  date. 

Mr.  Teague.  Do  any  members  of  the  committee  have  any  com- 
ment? 

Mr.  Fuqua.  I think  you  are  right,  Mr.  Chairman.  I wasn’t  on 
the  committee  last  year,  but  I would  like  to  know  what  they  asked 
for  last  year,  what  they  got,  and  what  they  spent.  I think  it  might 
simplify  it  a lot. 

Mr.  Teague.  Any  other  comments? 

Mr.  Holmes.  What  we  do  have  here,  Mr.  Chairman,  is  the  total 
K.  & D.  cost  for  any  element  for  fiscal  1963.  We  also  have  commit- 
ments and  obligations  against  it.  ■ But  these  figures  will  not  be  the 
same  as  those  that  appeared  in  the  “Blue  Book”  because  of  the 
institutional  cost  problem. 

Mr.  Fulton  of  Pennsylvania.  But,  you  see,  we  are  talking  about 
plan  of  organization.  You  used  a plan  of  organization  and  presenta- 
tion for  1963,  and  have  changed  the  plan  of  organization  for  1964. 
Granted  that  you  have  a summary  that  tallied  all  these  figures  and 
collated  them  together — nevertheless,  as  the  chairman  says,  it  becomes 
an  impossible  job  f*>r  us  to  go  through  item  by  item. 

Unless  we  have  Jiem  set  up  so  that  we  can  make  a comparison  of 
1963  budget  to  the  1964  budget,  we  are  not  in  a position  to  identify 
any  changes  that  have  occurred.  We  had  suggested  that,  as  the 
chairman  said,  at  Houston. 

Mr.  Holmes.  I have  a suggestion  by  which  we  could  proceed.  We 
do  have  here  the  research  and  development  figures  for  each  of  the  line 
items  for  1963.  Take  Mercury,  for  example.  We  could  state  what 
that  figure  was;  we  could  state  what  we  have  spent  to  date.  The 
thing  it  will  not  do  is  agree  with  the  figure  you  have  from  the  “Blue 
Book.” 

But  we  could  state  this  figure,  as  a matter  of  record.  Then  we 
could  come  in  tomorrow  or  the  next  day  with  a list  that  shows  what 
the  R.  & D.  was,  and  the  institutional  costs.  So  I don’t  think  any- 
thing would  be  lost  in  the  review. 

AH’.  Teague.  Suppose  we  just  wait,  and  start  over  again. 

Mr.  Holmes.  All  right,  Mr.  Chairman. 

Mr.  Fulton  of  Pennsylvania.  Unless  we  have  the  bookkeeping 
done  for  us  so  that  we  can  judge  from  1963  to  1964  by  the  various 
items  as  we  go  along,  it  would  become  a job  for  our  staff  of  some 
degree  of  intricacy,  even  though  they  are  given  to  us  all  at  once.  Is 
that  not  so,  may  I ask,  Mr.  Yeager,? 

Mr.  Yeager.  It  would  be  a considerable  job — a considerable  job. 

Mr.  Teague.  I just  don’t  see  how  we  could  go  to  the  floor  and 
intelligently  discuss  these  figures  and  justify  them  unless  we  have 
this  breakdown. 

Mr.  Holmes.  All  right. 

Mr.  Teague.  The  committee  will  be  adjourned  to  next  Monday  at 
10  o’clock. 

(Whereupon,  at  2:15  p.m.  the  subcommittee  adjourned,  to  re- 
convene at  10  a.m.,  Monday,  April  1,  1963.) 
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MONDAY,  APRIL  1,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.O. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  214-B, 
at  10  a.m.,  Hon.  Olin  E.  Teague  (chairman  of  the  subcommittee) 
presiding. 

Mr.  r league.  The  committee  will  come  to  order. 

We  have  with  us  this  morning  Mr.  Norman  Y.  Petersen,  Director 
of  the  Air  Force  Flight  Test  Center  at  Edwards  Air  Force  Base,  Calif. 
Mr.  Petersen  played  a very  prominent  part  while  working  for  one  of 
the  companies  that  worked  on  the  rendezvous  technique. 

Mr.  Petersen,  we  are  very  pleased  that  you  would  come  in  and 
give  the  committee  the  benefit  of  your  thinking  as  far  as  rendezvous 
is  concerned.  You  have  a prepared  statement.  I will  let  you  go 
ahead  with  that- 

Without  objection,  I would  like  to  put  Mr.  Petersen’s  biography 
in  the  record. 

(The  biographical  sketch  of  Mr.  Petersen  is  as  follows:) 

Biogbaphy  op  Nghman  V.  Petersen 

Mr.  Norman  V.  Petersen  is  Technical  Director,  Air  Force  Flight  Test  Center, 
Edwards  Air  Force  Base,  Calif.  He  was  bom  in  West  Branch,  Iowa,  on  April  9, 
1921 , and  educated  in  the  public  schools  of  the  State  of  Iowa. 

He  served  in  the  field  artillery  during  World  War  II  and  received  a B.S.  in 
mechanical  engineering  (1949)  and  an  M.S.  (1950),  both  from  the  State  University 
of  Iowa.  He  subsequently  worked  as  a research  engineer  with  Midwest  Research 
Institute,  and  in  1952  joined  Sperry  Gyroscope  Co.,  participating  in  preliminary 
design  studies  of  ground-  and  air-launched  missile  systems,  research  analysis  of 
orbital  flight  mechanics,  and  conceptual  design  of  manned  space  vehicles.  In 
1958,  he  became  research  staff  engineer  at  Lockheed  Missile  and  Space  Division, 
Palo  Alto,  Calif.,  and  from  1959  to  May  1962  was  chief,  astro  sciences  group,  at 
the  Norair  Division  of  Northrop  Corp.,  Hawthorne,  Calif.  During  the  latter 
assignment,  the  referenced  report  on  Earth-orbital  operations  was  prepared. 
Mr.  Petersen’s  engineering  experience  has  primarily  been  devoted  to  preliminary 
design  and  advanced  concept  studies  with  major  emphasis  given  to  space  tech- 
nology and  the  astronautical  sciences. 

Mr.  Petersen  has  authored  or  coauthored  25  technical  papers  on  various  engi- 
neering subjects  concerning  space  flight,  with  a major  portion  of  these  directly 
relating  to  the  topic  area  of  rendezvous,  assembly  in  space,  and  Earth-orbital 
operations. 

During  the  past  10  years,  Mr.  Petersen  has  devoted  considerable  effort  toward 
the  establishment  of  an  effective  professional  scientific  and  engineering  community 
in  the  field  of  astronautics.  He  is  a member  of  the  American  Institute  of  Aero- 
nautics and  Astronautics,  Aerospace  Medical  Association,  and  fellow  of  the 
American  Association  for  Advancement  of  Science,  and  the  American  Astronautical 
Society.  Mr.  Petersen  assisted  as  founding  member,  past  president,  1955-57, 
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and  has  served  continuously  as  member  of  the  board  of  directors  of  the  American 
Astronautical  Society  since  formation  in  1953.  He  additionally  served  as  first 
editor  of  the  Astronautical  Sciences  Review,  first  editor  of  the  proceedings  of  the 
American  Astronautical  Society  and  served  as  national  program  chairman  for  a 
number  of  national  scientific  and  engineering  symposia.  Mr.  Petersen  organized 
the  first  professional  technical  symposium  held  m the  United  States  on  the  subject 
of  rendezvous  in  1958. 

In  1955  and  1956,  Mr.  Petersen  served  as  a U.’S.  delegate  to  the  Fifth  and  Sixth 
International  Astronautical  Federation  Congresses  in  Copenhagen  and  Rome. 

He  was  joint  recipient  of  the  Samuel  M.  Burka  Award,  the  Institute  of  Naviga- 
tion, 1959. 

In  September  1946,  he:  was  married  to  the  former  Bonita  M.  Crees  of  Atalissa, 
Iowa.  They  have  two  children,  U.  Brian,  14,  and  T.  Douglas,  12.  They  reside 
at  5370  Sage  Avenue,  Edwards,  Calif. 

Mr.  Teague.  Go  right  ahead,  Mr.  Petersen. 

STATEMENT  OF  NORMAN  V.  PETERSEN,  TECHNICAL  DIRECTOR, 

AIR  FORCE  FLIGHT  TEST  CENTER,  EDWARDS  AIR  FORCE 
BASE,  CALIF. 

Mr.  Petersen.  Mr.  Chairman  and  members  of  the  committee,  I 
appreciate  the  opportunity  to  participate  in  your  committee’s  review 
and  discussion  concerning  the  subject  of  earth-orbital  rendezvous 
operations.  I wish  to  clearly  indicate  that  the  basis  for  my  discus- 
sion, and  comments  in  answer  to  specific  questions,  primarily  stems 
from  engineering  studies  performed  prior  to  joining  the  Air  Force 
Flight  Test  Center.  Specific  reference  is  made  to  a technical  report 
authored  in  1961  summarizing  technical  considerations  of  the  earth- 
orbital  rendezvous,  assembly,  and  launch  route  for  lunar  operations. 
This  report  entitled  “Orbital  Assembly  and  Launch  for  Lunar  Opera- 
tions,” was  written  by  me  and  published  in  Aerospace  Engineering, 
Institute  of  Aerospace  Sciences,  volume  21,  No.  8,  August  1962. 

Mr.  Teague.  Mr.  Petersen,  if  there  is  no  objection  from  any  mem- 
ber of  the  committee,  we  will  put  your  technical  paper  in  the  record 
at  this  point.  I think  most  of  the  members  have  seen  it,  but  I think 
it  should  be  made  a part  of  the  record. 

(The  material  referred  to  is  as  follows:) 
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Orbital  Assent!!/  and  Launch  (or  Lunar 

derations 

Homan  V.  P«f«rs«n,  MIAS 
Northrop  Corporation,  No rair  Division 


Development  of  an  orbital  assembly  and  launch 
capacity  for  the  national  space  program  is  recognized 
as  the  most  vital  element  in  the  United  States’ 
plan  for  lunar  and  interplanetary  exploration. 
The  capacity  for  rendezvous,  assembly,  checkout 
and  launch  from  orbit  provides  an  immediate*  and 
permanent  solution  to  booster  payload,  limitations, 
broadens  the  achievable  space  mission  window,  and 
permits  the  vital  Utilization  of  man  to  the  limits  of 
his  ability  to  provide  in  space  the  capacity  for  deci- 
sion making,  the  ability  to  perform  secondary  (or- 
bital) checkout,  the  dexterity  to  yield  improved 
reliability  through  orbital  maintenance,  repair  and 
modification  and  the  flexibility  to  broaden  vehicle 
maneuverability  performance  limits.  The  purpose 
of  this  report  is  to  discuss  some  of  the  general  re- 
quirements for  orbital  assembly  and  launch  for 
lunar  missions,  to  present  specific  design  and  per- 
formance characteristics  for  an  orbital  rendezvous 
base  system,  to  demonstrate  the  potential  value  of 

The  author  acknowledges  the  many  engineering  contribu- 
tions mede  to  the  study  outlined  in  this  paper  by  associate 
members  of  the  Astro  Sciences  Group  of  the  Korair  Division. 


rendezvous  compatible  orbits  thus  giving  improved 
surface-to-orbit  launch  logistics  and  to  present  a 
brief  appraisal  of  the  Soviet  Union’s  orbital  assembly 
and  launch  potential. 

Boat  Rout*  to  tho  Moore 
Orbital  Assombly  and  Launch 

Only  a brief  period  of  time  has  passed  since  serious 
announcements  were  made  indicating  that  first 
priority  was  to  go  for  the  development  of  the  “ren- 
dezvous route  to  the  moon.”  This  decision  provided 
the  capability  for  implementing  our  “lever  into 
space”  as  shown  in  Fig.  1.  This  “lever  into  space” 
concept  for  orbital  assembly  and  launch  operations 
can  be  employed  to  accomplish  the  goals  of  manned 
exploration  of  the  moon  and  planets  beyond,  pro- 
vided we  have  a strong  "fulcrum”  from  which  to  act. 
Effectively,  the  fulcrum  in  space  is  the  orbital 
rendezvous  base  for  assembly,  checkout  and  launch 
operations  for  lunar  and  deep-space  missions.  When 
the  United  States  space  effort  includes  this  fulcrum 
in  space,  we  can  initiate  many  new  missions  with  a 
considerable  improvement  in  launch  logistics. 


General  mission  requirements  for  an  earth-orbital  assembly  and  launch  system  to 
accomplish  manned  lunar  operations  are  presented.  A concept  for  development, 
general  system  characteristics,  and  operational  use  of  a proposed  orbital  launch  pad 
for  rendezvous,  assembly,  check-out  and  launch  of  manned  lunar  flyby,  orbiting  and 
landing  vehicles  are  discussed.  Particular  emphasis  is  given  to  utilization  of  rendezvous 
compatible  orbits  and  stationkeeping  for  improved  surface-to-orbit  hunch  logistics. 

The  "best  route  to  fft®  moon,"  employing  a proposed  Space  Canaveral  facility  as  a 
low-altitude  orbifia’  assembly  and  launch  adjunct  to  Cape  Canaveral,  will  significantly 
increase  the  United  otatmf  capacity  for  lunar  and  interplanetary  exploration. 


Reprinted  from  AEROSPACE  ENGINEERING 

Copyright,  1982,  by  the  Institute  of  the  Aerospace  Sciences  and  reprinted  by  permission  of  the  copyright  owner 
August,  1962  ■ Volume  21,  No.  8 


520 


1964  NASA  AUTHORIZATION 


Mr.  FtHnw  m TmMcoI  PlmMr.  Air  Fore* 

Tm*  (W,  Aft.  C ,«M.  K# 

dor**  WorW  Wor 

■.  Mi  rmlwi  a I V l»  muthmUtml 
#*»•**  (1949)  MiMM.1  (It 501.  to* 

Itm  *•  S*o««  UwKardTy  o * l»«o.  IW  hAm 
jaaafty  wk#i  M o rMMr^  MfMMr  vM 
MA«*0  ianartA  MM«.  Mi  hi  1952 
|9*m4  Sp  IfT)  CyroKept  Ca,  porUtlpoAMI 

hi  pralMMory  dad  fa  AiMlI  oi  fTMli-  oad 
afr-lo^dud  m*mJU  iy— mi,  rimrA  — >a»y* 

i»Mf  w a#  a>M»i  »?<»(•  »iMdn.  hi  1 934, 

Iw  tif  i fiiiirA  *a#  M|hmr  o»  litMuii  MImMa  Mi  V«ti 
OK.,  Polo  At*.  Co*..  and  fro  a 1959  to  M«y  1942  -a.  Odd  A*ra 
(diwii  Groap.  «•  Mm  Mwtr  OK.  «f  Nar*r»p.  Pwrtaf  *a  ld» 
®rdp^aid(  th  popo  pnp^r^i.  h a (MMildp 

Mohpr,  post  prwUMl)  and  of  prod  A dhadv  of  Ai  AmtIcm 


This  writer  believes  that  our  conquest  of  space 
can  more  sound  iv  be  built  through  use  of  an  earth- 
orbital  launch  base  ie,  a "Space  Canaveral" 
facility  as  a low-altitude  orbital  assembly  and  launch 
adjunct  to  Cape  Canaveral.  Present  booster  pay- 
load  limitations  are  considered  inadequate  to  reach 
with  confidence  the  moon  or  planets,  land  man  on 
their  surfaces  and  return  him  to  earth  We  can,  how- 
ever, attain  the  moon  with  manned  landings,  em- 
ploying the  Saturn  C-l  or  C-3  class  boosters,  pro- 
vided these  boosters  are  utilized  as  surface-to-orbit 
logistic  transports  to  build  and  supply  a minimum 
orbits'  aunch  base  with  subsequent  assembly,  check- 
out 'aunch  of  special  lunar  craft.  The  Saturn 
class  booster!  using  rendezvous  techniques  en- 
visioned at  present  will  permit  astern bly  in  orbit  of 
the  required  launch  base  and  mission  vehicles. 
Best  engineering  estimates  require  about  two  to  ten 
Saturn  shots  to  build  this  minimum  base  An 
additional  three  to  ten  Saturn  vehicles  will  boast  the 
specially  designed  spacecraft  modules  to  the  orbital 
base  for  assembly  and  launching  to  the  moon  No 
other  mode  of  transport  to  the  moon  can  compare 
favorably,  considering  reliability,  operational  sim- 
plicity. early  operational  availability,  and  in  no  way 
can  be  compared  considering  growth  poter.ual. 

Engineering  techniques  and  devices  to  accomplish 
orbital  rendezvous,  coupling,  assembly,  resupply,  and 
fueling  of  satellites,  in  space  have  been  studied  to  a 


considerable  degree  Extensive  research  and  devel- 
opment remains,  however,  to  be  accomplished  before 
full  utilization  of  this  new  dimension  for  space 
derations  can  be  made  Potential  utility  of  an 
orbital  launch  base  is  shown  on  Pig.  2.  In  addition 
to  the  primary  objective  of  providing  an  assembly 
point  and  launch  pad  for  the  diverse  space  missions, 
possible  side  advantages  include  the  use  of  base 
.pt<  ’idages  for  experimental  research  laboratories, 
and  a#  a continuous  launch  base  for  reentry  testing. 

The  growth  of  the  United  States'  and  Soviet 
L. lion's  orbital  payload  capability1  during  the  last 
4 yean  is  plotted  on  Pig  3.  A stair-step  progression 
has  occurred  with  a marked  difference  in  capability 
indicated  Maximum  operational  orbital  payload 
capability  orrsently  for  the  US  is  approximately 
5,500  lb  using  the  Atlaa-Apena,  whereas  for  the 
USSR  it  is  announced  as  over  14,000  lb.  Oper- 
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ational  availability  of  Atlas  Centaur,  Titan,  and 
Saturn  class  booeUrs  will  give  significant  improve- 
ments Saturn  C-3/C-4  vehicles  are  estimated  to 
give  payloads  of  100,000  lb  to  200,000  lb  in  the 
19fi4-fi6  time  period.  This  capacity  for  space 
payload*  (in  light  of  that  required  for  lunar  and 
interplanetary  missions)  is  still  markedly  insufficient 
A significant  improvement  can  result,  however,  if 
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aggressive  orbital  assembly  and  launch  operations 
are  programmed  into  our  space  efforts  As  shown 
on  Fig  3.  orbital  launch  weights  for  lunar  and  near- 
planet missions  are  approximately  500,000  lb  and 
5,000,000  lb,  respectively.  Using  orbital  assembly 
and  launch,  this  required  capacity  can  be  available 
at  an  earlier  time  period  than  by  direct  launch  tech- 
niques 


It  ft 

IBt 


as  published  in  a 1960  pamphlet  of  the  Department 
of  the  U.S.  Army.  Fig  4 illustrates  the  Soviet 
Union's  planning  as  of  1958  immediately  following 
launchings  of  Sputnik  III  having  a payload  of 
2,925  lb.  At  the  present  time  the  Soviets  have 
progressed  across  this  chart  of  space  objectives  in- 
cluding the  temporary  manned  satellites  (Vostok 
I and  II)  and  the  lunar  impact  probe  (Lunik  II). 
Plans  for  implementation  of  a manned  satellite  base 
and  a moon  base  are  shown  next  on  their  agenda  and 
closely  coupled  conceivably  employing  assembly  and 
launch  operations  In  February  1960  and  again 
recently,  articles  in  the  press  have  quoted  Premier 
Khrushchev's  speeches  about  the  Soviet  efforts  in 
development  of  their  so-called  “60-ton  space  train." 
According  to  our  best  estimates,  a 60- ton  payload  is 
sufficient  to  perform  the  lunar  flyby  and  orbital 
missions  but  is  approximately  a factor  of  2-4  times 


In  recognizing  the  potential  value  of  orbital 
launch  operations  to  our  space  program,  it  is  of 
interest  to  try  to  determine  the  Soviet  capability  to 
exploit  this  "springboard  to  space  ” Let  us  first 
take  a look  at  a published  planning  chart  ( 1958)  of 
the  Soviet  rocket,  missile  and  space-travel  program' 
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too  In™  to  achieve  the  lunar  landing  task  Baaed 
on  the  U S S R.'*  announced  Venus  probe  payload 
capability  of  14,000  lb  to  earth  orbit,  their  60-ton 
"space  train"  would  require  about  nine  rendezvous 


in  space  to  give  this  assembled  payload.  Recent 
booster  tests  in  the  Pacific  Ocean  during  September 
and  October  of  1961  have  had  the  announced  purpose 
of  developing  larger  boosters.  It  is  surmised  that 
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the  nine  rendezvous  may  therefore  be  reduced. 

The  payload  comparison  of  Fig.  3 shows  an  ap- 
proximate 2-yr  lag  in  capability.  Recent  Soviet 
booster  tests  may  increase  this  to  3 years,  although 
NASA's  announced  plans  for  Mercury  II  using 
Atlas-Agena  and  Titan  may  somewhat  counter  Jus 
separation  Production  time  on  available  boosters 
can  be  far  more  easily  compressed  than  development 
time. 

In  considering  the  Soviet  potential  for  going  tn 
the  direction  of  orbital  operations,  let  us  review  some 
of  their  announced  milestones  having  a direct  bear- 
ing on  requirements  to  effect  rendezvous,  assembly 
and  launch  in  space  as  shown  by  Table  1.  Ad- 
ditional equipment  and  operational  systems  for 
certain  supporting  areas  that  are  mandatory  in  order 
to  provide  the  Soviets  with  an  orbital  operations 
capability  are  noted 

Table  1,  in  summary,  suggests  that  at  present  a 
capacity  for  rendezvous  may  exist  and  that  manned 
lunar  landings  may  well  occur  as  early  as  1063. 


Routes  to  Hi*  Moon 

In  considering  flight  to  the  moon,  it  is  believed 
that  the  several  earth -moon  transport  modes  may 
be  classified  by  the  following  six  operational  ap- 
proaches: direct  ascent,  earth-orbit  rendezvous, 

in-transit  rendezvous,  lunar-orbit  rendezvous,  earth 
orbit/lunar -orbit  rendezvous,  and  lunar  surface 
rendezvous  Each  of  these  approaches  have  special 
merit,  although  my  discussion  primarily  will  con- 
cern the  second  approach  earth-orbit  rendezvous. 
It  is  believed  that  this  route  to  the  moon  has  the 
greatest  pay-off  for  lunar  as  well  as  interplanetary 
missions  inasmuch  as  the  tot  J effort  of  transport  to 
the  moon  and  return  is  approximately  equally 
divided  about  the  earth-orbit  launch  base  The 
total  energy,  the  tasks  to  be  accomplished  and  the 
order  of  complexity  for  the  surface-to-orbit  boost 
phase  is  reasonably  well  matched  with  those  oc- 
curring during  and  following  orbital  launch 

It  is  recognized,  however,  that  future  development 
of  nuclear  propulsion  will  probably  encourage  the 
use  of  special-purpose  shuttle  vehicles  for  operation 
between  earth-orbits  and  lunar-orbits  with  lower 
transport  costs. 

Lunar  Mission  Energy  Requirements 

Many  factors  must  be  considered  in  attempting  a 
selection  of  an  optimum  approach  in  developing  an 
orbital  assembly  and  launch  base  Principal  factors 
that  must  be  recognized  and  evaluated  include : 

(1)  Booster  payload  capacity  and  launch  rate. 

(2)  Surface-to-orbit  booster  launch  restrictions. 

(3)  Orbital  launch  criteria. 

(4)  Lunar  trajectory  profiles  and  energy  require- 
ments 

(5)  Space  environment  and  hazards. 


Tobl#  1.  U.S.S.R  Orbital  Assembly  Potential 


Simultaneous  launch  pad  operation  Feb  1961 

Orbital  launch  from  parking  orbits  Feb  1961 

14.000-lb  payloads  Feb  1961 

Launch  on  time  capability  Sept  1961 

Precision  guidance  capability  Sept.  1961 

Mb  payloads  Sept.  1961 

+ 

Voatok  I II  liquid  fueled  de-orbiting  propulsion  ? 


Rendezvous  radar /Outdance /Coupling 


Orbital  assembly  capability  1961-62 

Therefor*:  Manned  lunar  landing  1963 


(6)  Mission  vehicle  configuration  and  weight 
criteria. 

(7)  Propulsion  system  and  auxiliary  power 
criteria. 

(8)  Life  support  and  crew  requirements. 

(9)  Orbital  checkout  requirements  and  system 
reliability 

(10)  Flight  test  and  ev  aluation. 

(11)  Production  capacity  and  cost  scheduling. 

Synthesis  of  these  primary  factors,  plus  many 

secondary  items,  must  be  achieved  in  the  process  of 
arriving  at  an  optimum  orbital  assembly  and  launch 
logistic  system.  Only  a portion  of  these  system 
criteria  are  reviewed  in  this  paper 

In  order  to  design  and  size  an  orbital  launch  sys- 
tem, it  is  necessary  to  synthesize  a vast  number  of 
design  equations  involving  numerous  performance 
variables  and  constraints  in  the  eleven  areas  shown. 
Suffice  it  to  say,  a general  weight  equation  must  be 
developed  for  each  vehicle  module  or  element  utilized 
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in  the  entire  orbital  launch  system  in  order  to  estab- 
lish the  overall  system  weight  and  energy  require- 
ment This  was  performed  for  a special  set  of  de- 
sign characteristics  for  the  Northrop  engineering 
study*  on  orbital  assembly  and  launch.  Several 
different  earth  lunar  flight  trajectories  were  con- 
sidered ; namely,  the  flyby  (Modes  I and  2),  orbiting 
(Modes  3 and  4).  and  landing  (Modes  5-8)  missions 
with  two  lunar  earth  return  approach  modes 
These  are  illustrated  by  Figs.  5 and  6 Fig  5 shows 
both  lunar  flyby  as  well  as  lunar  orbital  trajectories 
with  Modes  1 and  3 depicting  direct  atmospheric 
reentry  whereas  Modes  2 and  4 show  return  to  the 
orbital  launch  base  Launch  from  the  orbital  base 
with  a coast  trajectory  to  a lunar -orbit  followed  by 
descent  to  the  suit  ace  as  shown  by  Mode  8 probably 
is  the  most  versatile  approach  far  earth-lunar  opera- 
tions. Initially,  the  lunar -orbit  phase  would  be 


employed  only  to  give  improved  landing  site  selec- 
tion, but  eventual  availability  of  nuclear  boosters 
would  permit  shuttle  operations  between  earth  and 
lunar  orbiting  bases. 

Although  the  lunar  earth  return  trajectory  direct 
to  the  earth-orbit  launch  base  has  several  significant 
advantages,  time  did  not  permit  developing  detailed 
system  requirements  Two  advantages  considered 
are  first  the  possibility  for  use  of  the  previously 
discusser  special  shuttle  vehicles  and  second  that  of 
reducing  the  return  vehicle's  stumspheric  reentry 
heat  loafing  since  csly  a f K of  about  10,000  fps 
need  be  cjnsidcrrd 

The  relationship  of  orbital  launch  weight  to 
characteristic  velocity  for  the  three  lunar  missions 
are  presented  in  Fig.  7.  Orbital  launch  weight  is 
plotted  vs  the  required  characteristic  velocity  The 
left-hand  side  of  each  mission  shows  the  launch 
weight  for  an  aerodynamic  reentry  whereas  the 
right  hand  side  pertains  to  a powered  reentry. 
Considering  the  landing  mission,  the  minimum  or- 
bital launch  weight  is  290,000  lb  and  requires  30,000 
ft  per  sec  characteristic  velocity.  The  velocity  in 
crements  for  the  several  segments  of  the  mission 
are  earth-orbit  escape  of  11,000  fps,  midcourse -cor- 
rection-out  of  250  fps,  lunar  -orbit  -capture  of  3,000 
fps,  lunar  landing  of  6,000  fps,  lunar-take-off  of 

9.000  fps,  and  midcourse  -correction-back  of  250 
fps.  The  powered  reentry  mode  with  12,000  fps 
capability  increases  the  orbital  launch  weight  from 

290.000  lb  to  440,000  lb.  an  increase  of  51  percent. 
The  shaded  area  illustrates  the  additional  launch 
weight  imposed  by  radiation  shielding  In  this 
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case,  approximately  6,0(10  lb  of  water  and  alur.ijnum 
shielding  serves  as  a “storm  cellar''  for  Class  3 
solar  flares,  and  Van  Allen  radiation  protection. 
Increasing  crew  size  mission  duration  and  propul- 
sion performance  markedly  add  to  orbital  launch 
weight  However,  the  use  oi  standardized  modules 
and  assembly  in  space  provide  the  great  advantage 
of  flexibility  to  re -configure  the  vehicle  to  provide 
for  changes  in  crew  size  and  duration.  These 
changes  can  readily  be  made  through  orbital  assem- 
bly and  launch  but  cannot  be  made  for  the  direct 
launch  mode  to  the  moon 

Total  energy  requirements  for  both  orbital  launch 
and  direct  launch  ascents  are  exactly  the  same 
The  basic  comparison  and  determination  of  per- 
formance advantages  between  orbital  launch  and 
direct  launch  can  only  be  resolved  by  considering 
first  operational  dates,  reliability  and  growth 
potential  Consideration  of  these  criteria  results  in 
a distinct  advantage  for  the  orbital  launch  technique. 

OrhMal  Assembly  and  Launch  Systems 

Generally  speaking,  two  basic  approaches  exist 
for  implementation  of  an  orbital  assembly  and 
launch  capability.  These  are  defined  as  either  o»- 
btlai  par  hint  or  as  rendewous -compatible  assembly  and 
launch  approaches. 

Orbital- par  hint  assembly  and  launch  system  is  an 
operational  procedure  that  involves  placing  suc- 
cessive payloads  (using  direct  launches)  to  the 
desired  orbit,  or  employing  a parking  orbit  with 
subsequent  injection  to  the  assembly  orbit  followed 
by  assembly  dunnj  the  natural  air -drag  decay  phase 
to  the  orbital  launch  position. 


Rmdewous-compatible  assembly  and  launch  system 
considers  similarly  a direct  launch  to  a rendezvous 
compatible  orbit  (RCO),  or  use  of  a parking  orbit 
with  subsequent  injection  to  the  same  RCO,  with 
continuous  station  keeping  of  the  independent  ve- 
hicle modules  or  base  on  the  RCO  throughout  the 
life  of  the  base 

Fig.  S illustrates  li*ese  two  basic  operational  ap- 
proaches. Principal  advantages  and  disadvantages 
are  shown  in  Table  2.  Development  of  a ren- 
dezvous-compatible assembly  and  launch  system 
provides  growth  potential  such  as  illustrated  by 
Fig.  9.  Initial  development  of  an  interim  launch 
base  comprised  of  a checkout  and  life  support  module 
employing  the  rendezvous  compatible  orbit  concept 
can  serve  as  a single  launch  pad  for  mission  vehicle 
assembly,  checkout  and  launch.  This  approach  is 
recommended  in  preference  to  the  orbital  parking 
approach.  Continuous  manned  operation  by  an 


Table  2.  Significant  Features  for  Orbital-Decay  and 
Rendezvous-Compatible  Assembly  and  launch  Syste>.<s 


Orbital- Decay 


Stationkeeping  not  re- 
quired 

Checkout  facility  replace 
incut 

Fiied  assembly  lime  restrir 
tun 

Nnoconscrvative  initial  de- 
velopment 

Improved  booster  irjmjm- 
ics 


Rendezvous-Compatible 

Rendezvous  compatible 

Greater  launch  opportunities 

Permanent  facility  maintained 

Assembly  and  checkout  tune 
flexibility 

Launch  time  selection 
Greater  rescue  opportunity 
Orbital  launch  simplification 


» 
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assembly  and  launch  <omp!ement  is  considered 
desirable  Eventual  prigression  to  a permanent 
launch  complex  is  sho  vn  in  Fig  9's  inset  (c). 
Multipad  as  well  as  orbital  tracking  facilities  may  be 
the  course  of  developmen 

Launch  Restriction! 

Surface- to -Orta#  found*  Rl  itncftonj  for  Rendervotu 

Major  launch  facilities  and  tracking  ranges  now 
exist  at  Cape  Canaveral  (Atlantic  Missile  Range, 
AMR)  and  at  Vandenbtrg  Air  Force  Base  (Pacific 
Missile  Range,  PMR).  These  launch  ranges,  with 
some  restrictions,  now  provide  capacity  for  easterly 
as  well  as  westerly  launch  trajectories.  AMR  re- 
strictions, because  of  booster  hazards,  permit  launch 
azimuths  from  46°  (Northeast;  to  114°  (Southeast). 
Tracking  facilities  further  restrict  launch  azimuths 
to  about  70®  (Northeast)  to  110®  (Southeast). 
PMR  restrictions  allow  launch  azimuths  ranging 
from  about  170°  (Southeast)  to  about  330°  (North- 
east) In  addition  to  the  economic  advantage  of 
using  low-altitude  orbits  for  assembly,  launch  azi- 
muths giving  as  large  a component  of  earth  spin 
( jw-orbit  plane  inclinations)  as  possible  are  desir 
able.  However,  the  orbiting  base  must  not  be  at 
too  low  an  altitude  so  that  high  drag  penalties  result 
In  order  further  to  improve  logistics,  the  booster 
launch  trajectory  is  programed  to  result  in  injection 
into  a rendezvous  compatible  orbit,  thus  giving 
maximum  opportunities  for  launch,  rescue,  and 
recovery 

Consideration  of  such  factors  as  launch  azimuth 


restrictions,  rendezvous  compatibility,  air  drag, 
booster  requirements,  and  radiation  shielding  pen- 
alties results  in  establishing  the  best  operational 
altitude  and  inclination  for  orbital  assembly  and 
launch  logistics  to  the  moon.  Fig.  10  illustrates 
only  two  of  these  parameters — booster  velocity  in- 
crements for  injection  to  variable  altitudes  above 
the  1 16  nm  reference  circular  orbit,  and  drag  velocity 
increment  for  orbit  maintenance  due  to  air  drag 
Here  the  drag  velocity  increment  is  the  velocity  re 
quire  ment  to  maintain  a module  in  orbit  having 
a 100  lb  per  ft1  area  loading  for  a jieriod  of  one  yr. 
Thus,  for  a 263  nm  orbit  the  interorbital  transfer 
velocity  increment  A Vt  is  about  520  fps  and  th< 
drag  increment  AF0  is  about  32  fps  per  year.  A 
further  factor  is  that  of  determining  the  best  ren- 
dezvous compatible  orbit,  as  influenced  by  the 
additional  constraint  of  synchronism  for  earth- 
orbit  launch  and  lunar-arrival  at  a specified  lunar 
phase 

Suffoca  te  Orbit  Ljvnrt,  Turn  0 afoy  Conadsrofiom 

The  most  serious  problem  to  development  of  an 
orbital  assembly  and  launch  capability  is  recognized 
as  that  of  "launch-on-time  " Delays  in  launch 
cause  increasingly  severe  velocity  penalties  and 
subsequent  payload  degradation  in  accomplishing 
ascent  to,  and  rendezvous  with,  the  target  satellite 
base.  Launch  delays  cause  increasing  velocity 
penalties  because  of  plane  angle  change  that  occurs 
as  the  launch  base  passes  through  and  beyond  the 
target  launch  base  orbit  plane  and  as  a result  of  in- 


1964  NASA  AUTHORIZATION 


527 


creasing'.y  large  injection  and  adaptation  velocity 
components  for  ascent  and  rendezvous  with  the 
target  satellite  on  the  RCO.  The  plane  change 
velocity  penalty  develops  for  direct  ascents  to  a 
RCO  as  well  as  for  the  parking  orbit  (sometimes  re- 
ferred to  as  orbit  phasing)  ascent  if  the  parking  orbit 
is  established  in  the  plane  of  the  target  orbit. 

In  considering  these  launch  restrictions,  the  con- 
clusion is  drawn  that  a compromised  ascent-to- 
rendezvous  trajectory  program  is  the  best  solution 
if  launch  delays  exceed  from  3 to  4 min  Direct 
ascents  should  be  employed  if  the  velocity  penalties, 
or  small  launch  windows  can  be  accepted.  How- 
ever, use  of  the  extended  parking  orbit  technique 
will  give  zero  payload  penalties  with  considerably 
larger  launch  window  limits.  Other  launch  tech- 
niques for  rendezvous  operations  have  been  presented 
by  Houbolt,*  Bird  and  Thomas,*  and  Straly.* 

The  first  two  reports  demonstrate  that,  for  the 
condition  of  small  angular  differences  between  launch 
base  latitude  and  target  satellite  orbit  inclination, 
the  payload  penalties  for  rendezvors  will  be  small 
The  payload  penalty  effects  associated  with  launch- 
pad  delays  are  not  as  sensitive  to  delay  time,  al- 
though the  practical  launch  window  would  be  less 
than  5 min  However,  for  the  condition  of  a rela- 
tively large  angular  difference  between  the  launch- 
base  latitude  and  target  satellite  orbit  inclination 
(Cape  Canaveral  launch  base  at  28  5°  and  an  RCO 
constrained  target  orbit  of  about  35°  to  give  multiple 
recovery  opportunities  at  existing  air  bases-  i.e., 
Edwards  AFB),  for  example  6.5°,  the  payload  pen- 
alty becomes  excessively  large 


MOOCUNE 


8#.  14.  heap*  «Hw4oe  deploy. 


The  third  report  effectively  extends  the  tech- 
nique of  Houbolt  and  Bird  by  providing  booster 
maneuverability  during  ascent  and  the  use  of  park- 
ing orbits  to  minimize  payload  penalty  and  increase 
launch  window  limits  However,  Straly's  orbit 
phasing  technique  is  restricted  practically  to  small 
angular  differences  between  the  launch  base  and 
target  satellite  orbit,  and  for  this  condition,  launch 
window  limits  are  of  the  order  of  an  orbital  period. 


The  extended  parking  orbit  technique  outlined 
in  this  paper  provides  a launch  procedure  having  a 
zero  payload  penalty  and  a practical  launch  window 
to  an  RCO  constrained  target  satellite  of  up  to  30 
min.  The  following  paragraphs  compare  payload 
penalty  and  window  limits  of  the  direct  launch  tech- 
nique with  the  extended  parking  orbit  technique 
Nc  attempt  is  made  to  compare  these  two  techniques 
with  those  of  Houbolt,  Bird  and  Straly  It  is 
believed,  however,  that  within  the  launch  window 
limits  of  up  to  20-30  min  that  the  extended  parking 
orbit  approach  is  superior. 

Fig.  1 1 illustrates  the  direct  launch  case  7 Here  the 
target  satellite  is  shown  on  an  inclined  rendezvous 
compatible  orbit  Analysis  was  performed  to  deter- 
mine the  effect  of  launch  time  delays*  for  rendezvous 
with  a target  satellite  Total  characteristic  velocity 
was  determined  for  early,  in-plane  and  late  launches 
to  the  RCO.  The  characteristic  velocity  Vrt  is 
plotted  on  the  right-hand  figure  Solid  lines  aie  for 
the  conditions  of  varying  target  positions,  or  lead 
angle,  with  respect  to  the  launch  base  at  time  zero. 
For  example,  the  solid  line  illustrates  the  variation 
of  as  a function  of  time  for  a lead  angle  of  + — 
— 5.18°  providing  a Hohmann  transfer  at  f = 0. 
A 6.2  min  early  launch  to  the  target  on  a rendez- 
vous compatible  orbit  requires  about  28,000  fps 
or  about  1,970  fps  in  excess  of  a Hohman  transfer 
for  the  case  of  a zero  time  delay  A one-min  late 
launch  similarly  requires  about  1,970  fps  excess  over 
a Hohmann  transfer  Although  the  launch  base  is 
rotating  into  and  beyond  the  target  orbit  plane  as 
a function  of  time,  the  actual  plane  change  angles 
involved  are  small  as  shown  The  major  velocity 
penalty  arises  from  the  large  elevation  angles  at  the 
injectic.i  point  and  at  target  adaptation  The  3.2 
min  launch  window  line  illustrates  the  maximum 
delay  time  for  a velocity  penalty  of  260  fps  just 
matching  that  for  the  Hohmann  adaptation  incre- 
ment at  I = 0.  The  4 2 min  launch  window  requires 
a characteristic  velocity  increment  twice  that  for 
Hohmann  adaptation,  or  520  fps.  Thus,  it  is  con- 
cluded that  direct  launches  to  either  a target  satellite 
on  a rendezvous  compatible  orbit  or  to  a parking 
orbit  in  the  same  plane  as  the  target  is  a costly  oper- 
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ation  with  regard  to  payload  penalty  and  is  too 
restrictive  with  regard  to  launch  window  time. 

Shown  on  Fig  12  is  the  approach  whereby  a park- 
ing orbit,  having  the  same  inclination  as  the  target, 
is  used  to  minimize  the  total  characteristic  velocity 
for  rendezvous  The  targrt  orbit  is  sh'«  at  an 
altitude  of  263  nm  with  a parking  orbit  of  116  nm. 
Because  of  the  difference  in  precessiona]  rates  of  the 
target  and  parking  orbiti  an  in-plane  condition  will 
occur  after  a given  interval  as  shown  on  the  right- 
hand  side  of  this  figure  The  time  interval  to  wipe 
out  the  original  out-of  plane  angle  can  be  related 
to  the  delay  time  occurring  at  the  launch  pad. 
The  relationships  existing  between  the  target  and 
parking  orbits  are  shown  on  Fig  13  normalized  with 
respect  to  the  target  orbit.  The  objective  is  to 
synchronize  the  | secession al  rate  difference  with 
that  of  the  relative  target  and  parking  satellite 
positions 

The  upper  right-hand  graph  of  Fig.  13  indicates 
the  parking  orbit  precession  a]  rate  increase  normal- 
ized with  respect  to  the  target  at  an  altitude  k,  of 
263  nm  For  a parking:  orbit  altitude  h , 116  nm 
the  precessional  rate  difference  is  4.0  min  of  arc  per 
revolution,  or  approximately  1.0°  per  day  The 
period  difference  and  lead  angle  for  a Hohmann 
transfer  normalized  with  respect  to  the  ’arget  is 
shown  in  the  upper  left-hand  figure  . od  dif- 
ference is  about  5.58  min/rev  and  the  required  lead 
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angle  is  5.15*.  The  lead  angle  advance /min  of 
park  and  lapa  advance/day  of  park  is  shown  on  the 
lower  left-hand  figure  These  rates  are  about 
0 24*/min  of  park  or  0.97  laps/day  of  park. 

One  can  compare  the  advantages  of  the  extended 
parking  orbit  launch  to  the  direct  launch  by  con 
sidering  the  right  hand  lower  figure  For  example, 
since  the  precessional  rate  difference  of  4 rain  of 
arc  rev  is  relatively  small,  it  will  require  about 
53.4  revs,  or  3 29  days  time,  to  wipe  out  a 3.56s 
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launch  base  angle  difference  corresponding  to  a 
14.25  min  launch  delay.  Thus,  as  shown  on  the 
graph,  a 4 75  min  delay  means  a 1.1  day  park; 
a 9 4 min  delay,  a 2.17  day  park;  a 14.25  min 
delay  means  a 3 29  day  park;  etc.  The  author 
believes  that  a 5-day  park  is  about  the  upper  limit 
that  might  be  accepted  operationally  without  scrub- 
bing the  flight  to  wait  for  another  launch  oppor- 
tunity. With  use  of  rendezvous  compatible  orbits, 
a second  launch  opportunity  occurs  3. 15  hr  later  for 
an  RCO  with  N/m  (synchronism  ratio,  number  of 
satellite  revolutions  per  day)  erf  15  and  small  n of  2. 
Thus  if  the  vehicle  cannot  be  launched  precisely  at 
the  optimum  launch  time  it  may  be  better  to  bold  for 
the  second  opportunity. 

The  advantage  of  this  "overtime  parking"  using 
the  extended  parking  orbit  launch  approach  may  be 
compared  with  that  for  direct  launch  as  shown  on 
Fig  13.  A 4 75  min  delay  (1.1  day  pork)  therefore 
costs  about  242  lb  in  payload  penalty  whereas  this 
penalty  is  nearly  10,000  lb  for  direct  launch,  a 50- 
to-1  advantage  A 28  4 min  delay,  requiring  a 6 59 
day  pork,  will  have  a payload  penalty  of  only  1 ,450 
lb.  This  is  far  less  than  for  a direct  launch  and 
would  be  considerably  smaller  than  that  for  the  orbit 
phasing  technique 

The  small  payload  penalty  and  practical  launch 
window  limits  for  the  extended  parking  orbit  launch 
to  a rendezvous  compatible  orbit  full  fills  the  three 
major  criteria  for  selection  of  the  best  launch  tech- 
nique for  rendezvous.  These  are  (1)  minimum  pay- 
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load  penalty  fur  launch  delays,  (2)  practical  launch 
window,  and  (3)  minimum  total  launch  pad  time 
Although  minimum  payload  penalty  is  important, 
the  high  direct  operating  costs  of  launch  base  crews 
during  unnecessarily  long  prelaunch  delays  must  be 
considered  Utilization  of  RCO’s  and  the  extended 
parking  orbit  launch  concept  will  give  improved 
surfacc-to-orbit  launch  logistics  with  the  following 
significant  results: 

(1)  Increased  number  of  launch  opportunities 
(maximum  of  two  per  day  continuously) . 

(2)  Increased  number  of  rescue  and  recovery 
opportunities  (greater  than  two  per  day  contin- 
uously to  selected  recovery  sites) 

(3)  Launch  and  recovery  time  periods  would  be 
fixed  and  repetitious,  thus  simplifying  scheduling 
and  reducing  operational  costs  of  ground  handling 
crews. 

(4)  Launch  time  delays  up  to  about  30  min  would 
still  permit  optimum  in  dane  transfers  from  the 
launch  base  to  the  parking  orbit  and.  hence,  to  the 
target  orbit  with  nearly  zero  payload  penalty 

Concerning  the  extended  parking  time  employed 
in  this  concept  it  is  this  writer's  conclusion  that 
"let  s accept  the  time  delays  that  occur  and  let  the 
flight  crew  use  the  pork  time  for  indoctrination,  or 
other  useful  task  assignments,  and  permit  the  launch 
crew  to  initiate  assembly  and  checkout  operations 
for  the  next  shot. " 

Orbital  Launch  C rttana 

Two  additional  factors  predominate  m the  choice 
of  an  orbit  plane  for  orbital  launch  operations  aside 
from  the  restrictions  discussed  in  the  preceding  sec- 
tion. These  are  the  number  of  launchfrom  orbit 


opportunities  occurring  and  the  Van  Allen  Belt 
trajectory  transit  time  Although  polar  orbit  in- 
clinations yield  minimum  exposure  to  Van  Allen 
radiation,  the  best  compromise  is  to  employ  the 
28.5“  to  50“  inclination  possibilities  from  Cape 
Canaveral  as  depicted  by  Fig  14. 

Other  criteria  that  must  be  evaluated  are  eclipse 
time  or  the  day-night  cycle  to  which  the  satellite  is 
subjected  This  factor  requires  serious  considera- 
tion from  two  points  the  use  of  the  sun  as  a power 
source  and  as  an  attitude  reference 

Launch  from  orbit  is  a function  of  many  vari- 
ables. both  geometric  and  dynamic  A clear  under- 
standing of  the  three-dimensional  geometric  rela- 
tionships of  the  satellite  earth  moon  system  is 
necessary  to  visualize  the  problem  Geometry  for 
the  earth  lunar  transfer  orbit  and  lunar  arrival 
window  is  shown  on  Fig  1*.  Detailed  studies  have 
been  performed  establishing  the  many  orbital  launch 
requirements  to  effect  an  optimum  earth-lunar 
transport  system  and  are  available  in  Refs.  8 and  9. 
Primary  objectives  of  these  detailed  trajectory  stud- 
ies have  been  to  (1)  define  the  earth -orbit  launch 
criteria  for  lunar  trajectories.  (2)  establish  the  de- 
parture traje^’ory  sensitivities  to  orbital  parameters, 
(3)  establish  mission  and  vehicle  sensitivities  to  time 
and  energy  requirements,  and  (4)  determine  analyti- 
cal techniques  for  determining  optimum  launch  con- 
ditions 

It  is  essentia]  that  launch  from  orbit  should  occur 
when  the  resulting  transfer  trajectory  will  permit  a 
rendezvous,  or  intercept,  with  the  moon  near  the 
tine  of  nodes  An  adjustment  must  be  made  in  the 
trajectory  central  angle  or  the  launch  plane  angle, 
or  both,  in  event  of  a nonoptimum  launch  time,  thus 
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requiring  additional  energy  The  amount  of  ad- 
ditional propulsion  system  capability  required  for 
the  orlr;  launched  vehicles  is  directly  related  to  the 
limits  established  for  the  "launch  or  escape  window" 
for  the  lunar  transfer  orbit.  Because  of  the  pre- 
cession of  the  orbital  launch  base  about  the  earth 
end  the  motion  of  the  moon  about  the  earth -moon 
center  of  mass,  a resulting  "launch  window"  occurs 
approximately  every  10  days.  Precise  width  and 
frequency  of  this  "launch  window"  vanes  markedly 
with  time.  Number  of  launch  opportunities  (satel- 
lite revolutions  per  launch  window)  vanes  accord- 
ingly Practical  "launch  window"  widths  or  dura- 
tions of  from  one  to  tiro  days,  or  15  to  30  Revs  will 
exist  with  reasonable  requirements  for  additional 
propulsion  energy 

OikM  Randaxvovt  Ism  System  Concept 
Orbital  Bata  Development 

The  natural  course  of  events  in  establishing  an 
orbital  base  for  earth  lunar  logistics  should  proceed 
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from  an  elementary  manned  space  station  to  the  full 
launch  base  facility  required  for  sustained  orbital 
launch  operations.  The  elementary  manned  space 
station,  as  the  first  phase,  would  serve  to  develop  and 
demonstrate  operational  procedures  and  to  establish 
design  requirements  for  future  major  subsystems 
such  as  rendezvous  guidance,  control,  and  computer 
equipment,  mechanical  and  fluid  coupling  devices, 
checkout  equipment  air  locks  and  extravehicular 
mobility  devices,  communication  and  electronic 
techniques,  etc.  At  present,  first  flight  tests  are 
planned  for  this  first  phase  using  advanced  Mercury 
multiman  maneuverable  space  capsules  Advanced 
orbital  base  development  will  be  constrained  to 
similar  vehicle  modules  anticipated  for  Project 
Apollo  program. 

Kay  Operofionoi  Phases 

The  principal  phases  for  the  operational  use  of  an 
orbital  launch  involve  rendezvous,  assembly,  check- 
out, and  launch  Various  approaches  may  be  taken, 
however,  in  development  of  the  orbital  base  a-id 
mission  vehicles.  The  design  of  the  orbital  launch 
base  must  be  compatible  with  the  operational  re- 
quirements of  the  specific  missions  assign'd  to  the 
base.  It  should  be  recogti.  ed  that  the  concept 
approaches  available  are  very  closely  coupled  to  the 
available  booster  size  and  launch  rate  for  surface - 
to-orbit  logistics.  Upon  first  consideration  of  the 
problems  involved  in  developing  an  orbital  launch 
base,  one  is  confronted  with  a variety  of  system 
techniques  and  operational  modes  that  may  be  inte- 
grated into  a working  complex 

The  objectives  of  the  design  study  on  which  this 
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paper  is  based  were  to  establish  the  design  con- 
cepts and  characteristics  lor  a disciplined  orbital 
rendezvous,  assembly  and  launch  system  illus- 
trated by  Fig.  15.  This  design  study,*  referred  to 
as  "An  Orbital  Rendezvous  Base  System”  (ORBS), 
provides  the  foundation  for  development  of  an 
economical  earth-moon  logistics  system  The  con- 
cept is  based  on  employing  standardized  modules 
for  command  and  control,  life  support  and  propulsion 
with  each  placed  into  orbi*  by  Saturn -class  boosters 
aud  subsequently  assembled  to  form  a launch  base 
for  a variety  of  space  missions.  Standardized 
modules  have  been  configured,  and  are  launched  from 
the  AMR  and  injected  into  a lor  -altitude  rendezvous 
compatible  orbit  of  about  263  nm  with  an  inclination 
of  32s.  Other  Sjiecific  altitude  and  inclination  com- 
binations uniquely  required  for  orbital  rendezvous 
compatibility  and  lunar  phase  synchronism  exist  and 
will  be  discussed  in  later  sections  of  this  paper. 

Each  of  the  modules,  employed  in  the  ORBS 
concept  for  the  lunar  missions,  are  injected  into 
orbit  and  constrained  by  ar  on  board  guidance  sys- 
tem to  maintain  a precise  attitude  reference  to  the 
orbit  plane  and  local  vertical.  The  five  to  seven 
unmanned  modules  in  the  proposed  concept  are 
constrained  to  precisely  the  same  orbit  but  spaced 
at  about  10-mile  intervals  along  the  orbit  This 
technique  for  injection  of  the  unmanned  modules  is 
employed  due  to  a probable  maximum  booster 
launch  rate  schedule  for  1966- 66  . f one  shot  per  week. 
With  this  launch  rate,  it  will  require  5 weeks  to 
inject  the  first  six  manned  modules  into  orbit. 
Immediately  following  injection  of  the  last  un- 


manned module  and  following  a brief  orbit  smooth- 
ing phase,  the  manned  command  module  may  be 
launched  Following  injection  of  the  manned  com- 
mand module,  assembly  of  the  mission  vehicle  and 
base  commences.  A rendezvous  transfer  guidance 
system  maneuvers  each  module  from  then  station- 
keeping positions  toward  the  command  module 
An  automate'  or  manual  control  system  is  employed 
for  the  terminal  maneuvering  and  coupling  to  the 
command  module.  Upon  subsequent  checkout  of 
the  mission  vehicle  the  base  module  is  uncoupled 
and  the  vehicle  is  maneuvered  downrange  a safe 
distance,  perhaps  a mile,  and  launched  on  its  tra- 
jectory to  the  moon.  Primary  consideration  was 
given  to  crew  safety  with  a 30-day  duty  cycle  estab- 
lished for  tne  crew  Thus,  for  the  assembly  period 
and  a 14-day  lunar  mission  (under  reasonably 
optimistic  conditions)  the  crew  is  in  space  for  a total 
of  about  20-25  days  Total  single  mission  time 
from  first  launch  to  final  reentry  requires  about  60 
days. 

Some  of  the  specific  advantages  enviuioned  for 
orbital  launch  operations  employing  techniques 
similar  to  those  developed  in  this  paper  include : 

(1)  Increased  launch  opportunities  from  orbital 
base. 

(2)  Permits  assembly  of  mission  scaled  vehicles. 

(3)  Provides  configuration  flexibility 

<4)  Assures  early  capability  for  lunar/planetary 
opr  rations. 

(5)  Reduces  reliability  restrictions  through  mis- 
sion staging 
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Launch  and  assembly  sequence  is  depicted  on 
Figs-  16  and  17.  As  shown  by  Fig  16,  the  life 
support  module  is  launched  first,  base  mission  module 
second,  the  four  propellant  modules  in  turn  and  the 
manned  module  last  The  assembly  sequence  is 
shown  on  Fig  17  wherein  each  module  is  assembled 
in  turr  to  the  command  module,  thus  minimizing 
the  energy  requirements  for  rendezvous  Inserts  5 
and  6 illustrate  the  decoupling  from  the  launch  base 
and  maneuvering  of  the  mission  vehicle  down  range 
prior  to  launch 

Or biM  Rendezvous  Tachniqua* 

In  order  to  provide  periodic  resupply  of  the  orbital 
launch  base  and  incir.se  the  number  of  launch,  de- 
orbiting and  rescue  opportunities  from  Cape  Ca- 
naveral launch  pads,  we  have  selected  a particular 
orbit  having  a special  altitude  and  inclination  and 
termed  a "rendezvous  compatible  orbit"  (RCO).“ 
This  rendezvous  compatible  orbit  provides  syn 
chronism  of  its  position -on-orbit  and  the  launch  pad 
at  Cape  Canaveral  The  KCO  selected  has  char 
act  eristics  of  263  nm  in  altitude  and  32'  inclination 
with  the  equator  Thus,  the  orbit  ground  trace  is 
as  shown  on  Fig  18  for  a synchronous  or  render vou- 
compatible  orbit 

E-.-cau.se  of  the  one-wee*,  launch  rate  from  Cape 
Canaveral  a ’stacking"  concept  for  the  unmanned 
modules  is  employed  until  the  manned  command 
module  is  launched.  A limit  cycle  technique, 
illustrated  by  Fig.  10,  has  been  proposed  as  a method 


for  providing  continuous  maintenance  of  the  as- 
sembly and  launch  base  on  a rendezvous  compatible 
orbit.  Two  approaches  for  this  stacking  phase  a re 
shown  in  Figs.  20  and  21  and  are  referred  to  as  coin- 
cident and  offset  stationkeeping  systems  11  Fig.  20 
shows  the  coincident  station  keeping  technique  with 
the  9even  modules  constrained  to  a 2- week  limit  cycle 
or  period  of  circulation  about  the  nominal  aim  point 
on  the  orbit  As  drag  decay-;  the  altitude  of  each 
over  a 2- week  period,  a small  velocity  impulse  of 
about  one  fps  elevates  the  module  up  to  a slightly 
higher  altitude  and  the  limit  cycle  continues.  Here 
the  vertical  motion  may  be  extremely  small,  about 
±0  2 nil.,  whereas  the  horizontal  excursion  is  ±44 
nm. 

Although  collision  probability  is  small  over  a 7- 
week  period,  a preferred  technique  may  be  that 
shown  on  Fig  20  Here  <*ach  module  follows  a one- 
week  stationkeeping  limit  cycle.  During  these 
stationkeeping  phases,  each  module  is  constrained  to 
maintain  a particular  attitude  reference  to  the  local 
vettical  and  orbit  plane  This  is  accomplished  by  a 
horizon  scanner  and  yaw  gyro  respectively. 

Following  injection  of  the  manned  command 
module,  the  rendezvous  transfer  maneuver  of  each 
.nodule  is  executed.  Relative  motion  of  each  module 
is  depicted  in  Fig  22.  Each  module  resj  ■onds  to 
guidance  signals  or  commands  from  the  command 
module  as  determined  by  range,  range  rate  and 
angular  information  from  the  command  modules 
radar,  infrared  tracker,  and  computer.  The  ter- 
minal approach  to  the  command  module  is  prin- 


|| 

•J 


I 


196  4 NASA  AUTHORIZATION 


533 


cipally  along  the  orbit  and  may  be  likened  to  the 
landing  approach  of  an  airliner  to  its  runway.  Al- 
though vehicles  in  orbit  have  extremely  high  absolute 
velocities  referenced  to  the  earth's  surface  viz  , 
18,000  mph  for  low-altitude  orbits — it  is  the  relative 
motion  between  satellites  that  concerns  us  here 
If  we  have  two  satellites  on  nearly  the  same  orbit 
this  relative  velocity  between  them  will  be  small 
If  the  satellites  are  on  precisely  the  same  circular 
orbit,  their  relative  velocity  is  indeed  zero  Satel- 
lites placed  like  a string  of  beads  in  space  and  con 
strained  to  nearly  identical  orbits  thus  may  have 
maximum  relative  velocities  of  about  10  to  20  fps 
Subsequent  rendezvous  maneuvers  will  increase  this 
relative  motion  to  probably  a maximum  of  50  to 
100  fps  The  terminal  rendezvous  mane  ever  should 
be  as  simple  to  perform  as  that  of  driving  and  parking 
a car  Certainly  it  should  be  easier  to  perform  than 
the  present  rendezvous  and  coupling  of  fighter  air- 
craft to  a tanker  coping  with  both  night  time  and 
rough  weather  conditions  It  is  believed  that 
manned  rendezvous  in  space  can  be  performed  as  a 
matter  of  routine  and  with  high  precision  and  re- 
liability. Division  of  equipment  responsibility  is 
depicted  by  Fig  23  As  shown,  the  command 
module  determines  the  relative  position  and  motion 
of  the  commanded  module,  computes  the  command 
signal,  and  transmits  these  to  the  target  module. 
The  responding  module  receives  these  signals  and 
activates  the  appropriate  attitude  or  translational 
iet  to  move  the  module  to  the  command  module  us- 
ing a quasi  optimal  rendezvous  guidance  system  " 


An  alternative  automatic  guidance  system  has 
been  considered  for  the  terminal  phase  and  is  shown 
in  Fig.  24  designated  ORPICS"  (Orbital  Rendezvous 
Positioning,  Indexing,  and  Coupling  System).  The 
ORPICS  system  reduces  the  terminal  approach 
velocities  and  positioning  displacements  of  the  ap- 
proaching module  to  zero.  Fig  25  shows  the  ter- 
minal approach  trajectory. 

The  boost,  coast  and  homing  phases  for  manned 
ascent  to  the  orbital  base  is  expected  to  be  similar 
to  present  Project  Mercury  flight  operations,  but 
modified  to  include  rendezvous  maneuvers  resulting 
in  docking  and  coupling  to  the  target  base  Ref. 
14  presents  a detailed  system  concept  for  rendezvous 
and  docking 

Vthtdm  Design 

The  engineering  approach  in  designing  the  vehicles 
employed  in  this  orbital  rendezvous  base  system 
utilizes  the  modular  concept  established  for  the 
NASA  Apollo  manned  lunar  project.  However, 
the  special  requirements  for  orbital  assembly  neces- 
sitated new  design  techniques  Airlocks  provide 
access  between  all  mission  and  base  modules. 
Final  mechanical,  electrical  and  fuel  coupling  be- 
tween modules,  following  assembly  positioning,  is 
performed  by  the  crew  from  the  module  interior 
Malfunctioned  modules  may  be  jettisoned  to  permit 
assembly  of  a replacement  module.  The  base 
module  contains  auxiliary  power  and  life  support 
equipment  to  sustain  the  entire  base  and  mission 
vehicle  during  assembly  and  checkout.  Life  sup- 
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port  systems  are  based  on  an  open  cycle  system 
eliminating  wr.ter  recovery  due  to  the  abundance  of 
water  contained  within  the  radiation  shield 

Interna!  arrangements  of  the  ORBS  base  module 
is  'hown  by  the  cut-away  illustration  cf  Fig.  26. 
Aiuiuary  power  is  provided  by  a 15-kw  solar 
dynamic  electric  system  erected  in  space  by  in- 
flatable structures  Fig  27  dlustrates  the  lunar 
landing  configuration  Boosters  required  for  this 
mission  are  three  C-l  Satums  plus  three  C-3's  or 
four  C-o’s.  Orbital  launch  weight  ranges  up  to 


440,000  lb.  A single  pulsion  engine  of  200,000- 
tb  thrust  using  liqi  ')  rygen  hydrogen  provides 
orbital  boost,  lunar  lanouig,  and  lunar  escape  thrust 
Thrust  acceleration  ranges  from  one -half  to  about 
four  g's. 

Concept  Summary  and  Conclusion 

Concept  advantages  for  this  orbital  launch  base 
rre  briefly  summarized  as  follows 

(1)  Economic  operation  irom  rendezvous  com- 
patible orbits. 

(2)  Greater  launch  flexibility  from  orbital  base. 

(3)  Permits  assembly  of  mission  scaled  vehicles. 

(4)  Provides  checkout  and  launch  under  con- 
trolled environment 

(5)  Provides  configuration  flexibility 

(6)  Permits  shuttle  operation  between  earth- 
moon. 

(7)  Assures  early  capability  for  lunar /planetary 
operations 

(8)  Provides  mission  mending  capability 

(9)  Reduces  reliability  restrictions  through  mis- 
sion staging. 

It  is  the  author’s  conclusion  that  our  decision  to 
go  to  the  moon  via  the  orbital  assembly  and  launch 
route  will  greatly  influence  our  capacity  to  expand 
our  space  potential  Orbital  assembly  and  launch 
will  provide  greater  economy,  flexibility,  reliability 
and  saving  of  time  than  direct  ascents  to  the  moon 
using  larger  boosters  Consideration  should  be 
given  to  long-range  planning  concerning  integration 
of  lunar  operations  with  development  of  earth -orbital 
assembly  and  launch  facilities  for  planetary  missions 
It  is  believed  essential  that  the  following  operational 
factors  be  recognized  to  give  improved  logistics  to 
toe  moon  and  planets: 

a Crew  return-rate  should  be  less  than  crew- 
departure-rate 

• Regenerative  capability  essential  for  lunar 
operations. 

• Lunar  base  development  should  establish  foun- 
dation for  planetary  exploration 

• Earth- moon  combined  operational  support  re- 
quired for  earth-orbital  launch  base  for  planetary 
missions 
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Mr.  Petersen.  This  engineering  study  illustrates  the  general  mis- 
sion requirements  for  an  Earth-orbital  assembly  and  launch  system 
to  accomplish  manned  lunar  operations  based  on  design  information 
available  at  the  time  of  the  study.  A concept  for  development, 
general  system  characteristics,  and  operational  use  of  a proposed 
orbital  launch  pad  for  rendezvous,  assembly,  checkout  and  launch  of 
manned  lunar  flyby,  orbiting  and  landing  vehicles  is  discussed. 

Mr.  Fulton  of  Pennsylvania.  You  may  have  advanced  your  think- 
ing on  some  of  the  problems  in  the  interval  since  you  wrote  the  paper. 
At  any  point  on  which  you  have  changed  your  mind  or  brought 
anything  up  to  date,  would  you  make  that  interlineation  right  at  that 
point  in  the  technical  report? 

Mr.  Petersen.  I have  personally  been  pursuing,  with  a number  of 
other  people  at  various  times,  certain  elements  that  were  presented 
in  the  paper.  Since  I joined  the  Air  Force  I have  not  been  working 
specifically  on  the  problem.  I have  not  come  to  any  other  conclusions 
than  what  are  presented  in  the  paper. 

Mr,  Fulton  of  Pennsylvania.  It  is  up  to  date,  then? 

Mr.  Petersen.  I consider  it  so. 

Particular  emphasis  is  given  to  utilization  of  rendezvous  compatible 
orbits  and  stationkeeping  for  improved  surface-to-orbit  launch  logis- 
tics. It  was  concluded  that  the  best  route  to  the  Moon,  employing 
a proposed  space  Canaveral  facility  as  a low-altitude  orbital  assembly 
and  launch  adjunct  to  Cape  Canaveral,  would  significantly  increase 
the  United  States’  capacity  for  Earth-orbital,  lunar,  and  interplanetary 
exploration. 

The  referenced  report  summarizes  results  of  a company-funded 
study  initiated  in  August  1960.  This  company-funded  study  on 
Earth-orbital  rendezvous,  assembly,  and  launch  for  lunar  operations 
was  initiated  simultaneously  with  the  August  1960  bidders  conference 
and  subsequent  award  in  October  1960  by  the  NASA  of  three  parallel 
study  contracts  to  industry  to  investigate  direct  launch  systems  to  the 
Moon.  The  specific  objective  of  this  study  was  to  establish  system 
requirements  tor  an  Earth-lunar  logistic  transport  system  based  on 
development  of  an  Earth-orbital  rendezvous,  assembly,  and  launch 
system. 

The  study  recognized  the  several  basic  modes  of  transport  to  the 
Moon  to  include  the  following: 

(1)  Direct  launch  (Earth  surface  launch  and  direct  transit  to  the 
Moon); 

(2)  Earth-orbital  rendezvous  (Earth-orbital  rendezvous,  assembly, 
and  launch  with  direct  transit  to  the  Moon  or  descent  from  lunar 
orbit). 

Mr.  Teague.  On  each  of  these,  would  you  talk  about  the  launch 
vehicle  a little?  Would  No.  1 require  the  Nova? 

Mr.  Petersen.  Well,  a larger  vehicle,  yes,  or  the  present  system 
with  some  modification 

Mr.  Teague.  Could  No.  2 be  done  with  a number  of  Atlases? 

Mr.  Petersen.  No,  not  Atlases,  but  with  slightly  larger  vehicles. 
The  larger  the  better,  the  fewer  the  rendezvous,  though  I don’t  think 
the  number  of  rendezvous  is  particularly  a disadvantage. 

(3)  Modified  direct  launcn/lunar  orbit  excursion  and  return  ren- 
dezvous (Earth  surface  launch  and  direct  transit  to  lunar  orbit  with 
descent  to  lunar  surface  and  subsequent  rendezvous  to  lunar  orbit). 
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(Present  NASA  concept  employs  this  technique.)  This  third  mode  is 
what  I call  the  modified  direct  launch  (MDL)  with  lunar  orbit  excur- 
sion and  return  rendezvous,  a combination  approach.  This  third 
mode  should  be  identified  as  a modified  direct  launch  to  the  Moon, 
and  it  is,  I think,  improper  to  identify  it  as  lunar  orbit  rendezvous  in 
the  same  sense  as  Earth  orbit  rendezvous. 

(4)  Lunar  orbit  rendezvous  (direct  launch  to  lunar  orbit,  rendez- 
vous, assembly,  and  descent  to  surface). 

This  employs  earth  surface  launch  of  two  or  more  vehicles  with 
direct  transit  to  the  lunar  surface  orbit  with  subsequent  assembly 
and  descent  to  the  lunar  surface. 

Mr.  Teague.  What  is  the  difference  between  No.  3 and  No.  4? 

Mr.  Petersen.  I would  identify  lunar  orbital  rendezvous  as  the 
technique  employing  assembly  in  a lunar  orbit  to  achieve  a mission. 
The  present  system  to  the  Moon  is  effectively  a modified  direct  launch 
to  the  Moon  and  does  not  employ  orbital  assembly,  and  consequently 
should  be  properly  identified  as  a modified  direct  launch,  MDL, 
approach. 

Mr.  Fulton  of  Pennsylvania.  Why  do  you  use  a smaller  vehicle 
if  it  is  really  a modified  direct  ascent  to  the  Moon? 

Mr.  Peterson.  I have  a few  comments  that  will  bear  on  this  later 
on.  Primarily,  the  vehicle  may  be  smaller  for  the  modified  direct 
launch  only  u the  excursion  module  descending  to  the  lunar  surface 
encompasses  less  payload  and  backup  systems  than  those  selected 
for  Earth  orbit  rendezvous. 

Mr.  Teague.  If  we  ask  questions  that  you  are  going  to  cover 
later  on,  just  say  so. 

Mr.  Peterson.  All  right. 

(5)  Lunar  surface  rendezvous  (direct  launch  to  lunar  surface  with 
lunar  surface  assembly  and  launch) . 

(6)  Earth-orbital  rendezvous/lunar-orbital  rendezvous  (general  con- 
cept employing  rendezvous,  assembly,  and  launch  operations  in  both 
Earth  orbit  and  lunar  orbit) . 

Each  of  these  primary  modes  of  Earth-lunar  transport  have  special 
merit  though  primary  emphasis  was  given  to  the  Earth-orbital  rendez- 
vous mode.  It  was  believed  that  this  route  to  the  Moon  had  the 
greatest  payoff  for  lunar  as  well  as  interplanetary  missions,  but  further 
would  provide  a useful  foundation  for  expanded  Earth-orbital  civil 
and  military  space  programs.  Completion  of  any  single  program  or 
mission,  lunar  or  interplanetary,  using  the  Earth-orbital  assembly 
and  launch  base  as  a “fulcrum”  or  “springboard,”  would  accrue  a 
stronger  space  foundation  or  capacity  in  the  form  of  technology, 
orbital  operations  experience,  as  well  as  facilities  in  space  to  serve  as 
an  operational  catalyst  for  future  programs. 

Mr.  Teague.  Are  you  saying  that  EOR  has  a much  greater  growth 
potential  than  LOR? 

Mr.  Petersen.  Yes;  I think  it  has  a strong  bearing  on  all  our 
programs  in  space.  Many  of  these  will  rely  on  Earth-orbital  opera- 
tions; we  have  plans  to  build  navigational  satellites,  weather  satellites, 
and  many  other  scientific  laboratories  that  will  require  a considerable 
amount  of  manned  operation  in  space,  and  I think  an  adequate  orbital 
launch  facility  could  best  serve  this  operational  purpose  in  space. 

It  wras  recognized  that  the  total  effort  of  transport  to  the  Moon 
and  return  is  approximately  equally  divided  about  the  earth  orbit 
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launch  base.'  The  total  energy,  the  tasks  to  be  accomplished,  and 
the  order  of  complexity  for  the  surfaee-to-orbit  boost  phase  is  reason- 
ably well  matched  with  those  occurring  following  orbital  assembly 
ana  launch.  It  was  further  recognized  that  the  development  of 
specialized  modules  for  propulsion,  command  or  flight  control,  life 
support  and  auxiliary  equipment,  as  building  blocks  for  assembly 
in  space,  provided  the  desired  qualities  of  flexibility  and  growth 
potential.  It  is  these  two  areas  that  are  considered  the  key  criteria 
in  identifying  the  advantages  of  Earth-orbital  rendezvous.  Earth- 
orbital  rendezvous  is  considered  to  have  far  more  growth  potential 
and  flexibility  than  can  be  achieved  by  any  launch  system.  The 
ability  to  significantly  increase  production  capacity  in  a far  shorter 
time  period  rather  than  the  continual  initiation  of  new  R.  & D. 
programs  for  larger  boosters  was  accepted  as  a necessary  objective. 
It  was  further  recognized  that  future  development  of  nuclear  propul- 
sion would  encourage  the  use  of  special-purpose  shuttle  vehicles 
for  operation  between  both  Earth-  and  lunar-orbital  assembly  and 
launch  bases  with  lower  transport  costs. 

Generally,  the  concept  of  orbital  rendezvous  operations  considers 
the  sequential  rendezvous  of  multiple  satellite  vehicles  and  is  con- 
strued to  include  succeeding  phases  of  docking,  coupling,  assembly, 
checkout,  and  launch  toward  completion  of  more  complex,  specialized 
missions.  The  utilization  of  these  orbital  operations  permits  the 
full  benefit  of  rendezvous  to  be  attained  in  execution  of  larger  space 
missions  by  assembly  techniques  in  space.  Considering  these  six 
modes  of  transport,  only  modes  (2),  (4),  (5),  and  (6)  employ  multiple 
launches  and  subsequent  rendezvous  and  assembly  for  execution 
of  larger  missions  in  space. 

General  conclusions  established  by  the  referenced  engineering  study 
were  as  follows : 

' (1)  The  capacity  for  rendezvous,  assembly,  checkout,  and  launch 
from  Earth  orbit  provides  an  immediate  and  permanent  solution  to 
booster  payload  limitations; 

(2)  Broadens  the  achievable  space  mission  window;  and 

(3)  Permits  the  vital  utilization  of  man  to  the  limits  of  his  ability 
to  provide  in  space  the  capacity  for  decisionmaking,  the  ability  to 
perform  secondary  (orbital)  checkout,  the  dexterity  to  yield  improved 
reliability  through  orbital  maintenance,  repair,  and  modification,  and 
the  flexibility  to  broaden  vehicle  maneuverability  performance  limits. 

Specific  advantages  to  be  gained  through  development  of  a capabil- 
ity for  rendezvous  and  assembly  and  the  implementation  of  an  orbital 
launch  base  were  identified  as  follows : 

(1)  Permits  assembly  of  mission-scaled  vehicles  (negates  booster 
payload  limitations  by  assembly  in  space  of  appropriately  sized 
vehicle  to  match  mission  requirements;  provides  mission  flexibility 
and  growth  potential;  provides  positive  means  to  offset  payload 
growth  during  development  rather  than  through  elimination  of 
redundancies  and  backup  equipment  as  occurs  for  direct  launch 
systems) ; in  addition  to  what  I have  here,  I wish  to  emphasize  that 
we  can  build  mission-scaled  vehicles.  For  example  2 yearn  down  a 
program  or  project  route,  if  someone  concludes  that  he  would  like  to 
have  a four- or  five- or  six-man  crew  we  can  add  on  propulsion  modules 
to  provide  this  flexibility.  In  the  present  system  the  only  way  you 
can  go — the  only  direction  you  can  go  is  to  back  off  from  a three-man 
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crew  to  a two-man  crew  and  throw  overboard  redundancies  and 
backups. 

(2)  Provides  configuration  flexibility  (offsets  launch  and  aerody- 
namic drag  restrictions  and  provides  improved  configurations  for 
auxiliary  power  and  nuclear  propulsion  systems) . 

You  don’t  have  to  live  with  the  specific  articulated  arms  that  can 
be  folded  inside  the  nose  cone.  One  can  refigure  the  system,  employ 
certain  APU  panels  or  structure  after  you  have  exited  from  the 
atmosphere  and  therefore  avoid  the  confinement  of  the  aerodynamic 
shroud  on  the  vehicle. 

(3)  Provides  secondary  (orbital)  checkout  and  launch  (reduces 
reliability  restrictions  through  mission  staging;  provides  stabilized  or 
controlled  environment  for  checkout  and  launch) ; 

(4)  Provides  mission-mending  capability  (permits  possible  return 
to  orbit  and  subsequent  rendezvous  for  certain  abort  conditions  of 
lunar  and  interplanetary  vehicles  exhibiting  malfunctions  during 
escape  maneuvers,  thus  salvaging  key  elements  of  large  mission 
vehicles); 

(5)  Provides  improved  launch  logistics  through  use  of  rendezvous 
compatible  orbits  (RCO’s) — I may  refer  to  these  by  the  abbreviation 
“RCO’s”  a time  or  two — and  station  keeping  (the  operational  pro- 
cedure of  employing  rendezvous  compatible  orbits,  RCO’s,  to  provide 
a “milk  run”  synchronism  of  the  orbiting  assembly  and  launch  base 
yields  two  optimum,  in-plane,  launch  opportunities  per  day,  for 
rendezvous  with  zero-payload  penalty;  the  RCO  synchronous  orbit 
simultaneously  yields  two  optimum,  in-plane,  recovery  opportunities 
per  day  from  orbit  to  a preselected  landing  site;  the  RCO  synchro- 
nous orbit  further  provides  two  optimum,  in-plane  opportunities  per 
day  for  both  rendezvous  or  recovery-type  rescue  or  retrieve  missions; 
offsets  payload  penalties  associated  with  launch  operations  to  ran- 
domly orbited  target  satellite  stations). 

Mr.  Riehlman.  Would  you  just  explain  that  a little  more? 

Mr.  Teague.  Why  don’t  you  go  a little  slower? 

Mr.  Petersen.  A rendezvous  compatible  orbit  is  just  a class  of 
orbit  that  can  be  employed  in  space  to  give  milk  run  synchronization 
with  the  launch  station.  There  are  many  problems,  associated  with 
improved  logistics,  to  Earth  orbit,  such  as  delays  on  the  launch  pad, 
so  on,  since  we  have  a vehicle  in  orbit  around  the  Earth,  and  the 
Earth  spinning  beneath  it.  We  can  by  using  stationkeeping  capa- 
bility on  board  the  vehicle  in  orbit  constrain  it  to  a fixed  orbit  so  that 
the  ground  track  line  over  the  surface  of  the  Earth  repeats  itself.  If 
we  select  the  altitude  and  inclination  just  right  and  have  station- 
keeping on  board  the  station  in  space  we  can  drive  it  or  constrain  it, 
at  very  low  cost,  to  repeat  its  ground  track  line  over  the  face  of  the 
Earth.  Stationkeeping  is  the  ability  to  make  minute  maneuvers  in 
space,  to  restrict  a satellite  to  a fixed  selected  orbit.  We  can  maintain 
or  constrain  the  vehicle  to  follow  the  same  orbital  path  in  space  so  that 
twice  a day  there  is  an  optimum  in-plane  launch  opportunity.  We 
can  constrain  the  vehicle  in  space  by  stationkeeping,  by  using  small 
rockets  on  board,  fired  periodically  on  perhaps  a 2-week  limit  cycle, 
and ‘drive  the  satellite  into  the  desired  orbit  so  that  once  a day  it  will 
have  a north  going  path  right  over  the  cape  and  two  revs  or  three  revs 
later  it  will  have  a southgoing  path  over  the  launch  base.  Thus,  we 
can  improve  our  launching  capability,  so  that  our  logistics  to  space 
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can  be  obtained  at  a very  low  cost  per  pound  of  payload  in  orbit.  To 
constrain  a vehicle  on  the  order  of,  say,  the  Apollo  command  module, 
support  module,  and  other  modules  that  might  be  attached  to  it,  it 
would  cost  about  30  feet  per  second  per  year  in  characteristic  velocity 
to  provide  this  stationkeeping  capability. 

We  all  know  it  takes  about  25,000  feet  per.  second  to  constrain  a 
vehicle  in  an  orbit  around  the  earth.  We  have  need  for  only  30  feet 
per  second,  roughly  a thousandth  of  that,  to  periodically  adjust  the 
orbit  to  give  this  rendezvous  compatibility  with  the  launch  base 
resulting  in  two  optimum  biplane  launch  opportunities  per  day. 
Twice  a day  we  can  expect  to  have  milk  run  synchronism  of  the  base 
in  space  with  the  Cape  Canaveral  launch  base.  It  is  essential  to 
have  the  target  space  station  at  some  desired  central  angle  position 
with  respect  to  the  center  of  the  Earth  and  the  Earth-surface  launch 
base,  so  that  when  you  launch  from  the  launch  pad  the  ascending 
vehicle  will  arrive  in  space  together  with  the  target  space  station. 

If  you  use  stationkeeping  you  can  drive  or  constrain  the  station 
in  space  to  follow  this  rendezvous  compatible  orbit  trace.  Primarily 
the  successive  velocity  impulses  employed  on  a 2-week  limit  cycle 
are  simply  used  to  offset  the  aerodynamic  drag  occurring  on  the 
target  station  and  to  reelevate  the  station  to  its  original  altitude. 
Say  we  select  an  inclination  of  35°  and  altitude  of  264  nautical  miles. 
We  would  use  little  impulses  every  2 or  3 weeks  to  elevate  or  re- 
elevate the  station  a mile  or  two  in  orbit  to  offset  the  altitude  dissi- 
pated by  air  drag.  Thus  we  can  constrain  it  month  after  month  to 
give  this  repeatability,  repeating  the  ground  track  line  over  the 
surface  of  the  Earth  day  after  day,  to  give  us  this  rendezvous  and 
recovery  compatibility  with  the  launch  and  recovery  sites. 

If  we  don’t  use  this  technique  we  have  random  orbits.  AH  the  100 
satellites  we  have  placed  in  space  now  are  on  random  orbits  and  to 
achieve  rendezvous  with  these  vehicles  may  pose  severe  payload  pen- 
alties. It  is  very  rare  they  ever  pass  through  the  original  injection 
point,  which  is  necessary  in  order  to  give  a new  minimum  energy  path 
to  effect  rendezvous  with  them.  The  use  of  random  orbits  generally 
may  result  in  a high  payload  penalty  associated  with  the  rendezvous- 
ing vehicles.  Alternatively  you  may  have  to  wait  perhaps  3 weeks 
or  6 months;  or  perhaps  never  would  you  have  a truly  optimum  ac- 
cess to  the  target  satellite.  The  stationkeeping  system  required  can 
be  provided  at  low  cost  to  the  vehicle  system  and  it  is  essential  to 
providing  a low-cost  logistics  system  to  low-altitude  orbits. 

Mr.  Teague.  Mr.  Roudebush. 

Mr.  Roudebush.  Wouldn’t  this  require  a technical  knowledge  and 
excellence  that  we  have  not  presently  attained? 

Mr.  Petersen.  We  have  not  demonstrated  stationkeeping;  to  date. 
But  we  are  building  stationkeeping  techniques  into  the  24-hour  satel- 
lites. I believe  we  presently  have  all  the  information,  guidance 
equipment,  and  propulsion  capability  to  do  this  now. 

Mr,  Roudebush.  This  would  require  repeated  starting  and  stop- 
ping by  radio  direction? 

Mr.  Petersen.  Yes,  if  the  station  were  unmanned,  though  gen- 
erally I am  referring  to  a manned  station. 

Mu’.  Roudebush.  Do  we  have  that  technical  knowledge? 

Mr.  Petersen.  Yes. 

Mr.  Roudebush.  We  can  bring  satellites  into  the  precise  orbit  we 
want  now? 
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Mr.  Petersen.  Very  nearly  for  unmanned  systems — yes.  Manned 
systems  could  more  easily  be  adjusted  very  precisely  to  the  desired 
orbit. 

Mr.  Bell.  Do  you  mean  the  second  vehicle  can  be  launched  at 
exactly  the  precise  time  desired? 

Mr.  Petersen.  There  is  no  assurance  that  one  can  do  this  but 
there  are  several  solutions  in  event  you  cannot.  Certainly  the  launch 
time  delays  on  the  launch  pad  greatly  influence  the  payload  penalties. 
Even  a minute's  delay  on  the  launch  pad  increases  the  payload 
penalty  severely. 

Mr.  Bell.  Even  when  we  launch  one  today  we  have  the  long 
countdowns,  and  there  is  also  a question  of  whether  the  launch  will 
be  at  the  precise  time  or  not. 

Mr.  Petersen.  That  is  very  true. 

Mr.  Bell.  Until  we  conquer  that,  aren’t  we  in  trouble  on  the 
exact  meeting  in  orbit? 

Mr.  Petersen.  Yes,  sir.  , This  can  only  be  solved  by  experience, 
more  launches  and  improved  reliability,  and  the  use  of  perhaps  the 
best  solution,  that  of  a backup  vehicle.  • It  might  even  take  two 
backup  vehicles  to  provide  this  launch  window  capability. 

Mr.  Fulton  of  Pennsylvania.  Could  I give  you  a glowing  example 
of  almost  rendezvous  in  space.  The  Soviets  had  a perigee  of  111 
miles  on  one  vehicle  and  112  on  the  other,  and  apogees  of  163  to  166 
miles,  within  2 or  3 miles  of  each  other.  So  the  Russians  were  able  to 
do  it  a day  or  so  later. 

Mr.  Bell.  But  they  had  a precise  time  when  that  second  vehicle 
was  going  to  be  launched,  apparently. 

Mr.  Fulton  of  Pennsylvania.  We  are  talking  about  whether  such 
a system  is  possible. 

Mr.  Bell.  It  is  possible,  but  we  have  not  achieved  it  yet. 

Mr.  Fulton  of  Pennsylvania..  To  be  able  to  come  within  1 mile  in 
height  and  2 miles  in  orbital  path  on  an  orbital  plane  similar  to  another 
satellite  is  a tremendous  accomplishment.  Don’t  you  think  so? 

Mr.  Petersen.  I agree.  Yostok  3 and  4,  apparently  from  what  I 
have  seen  in  the  press,  came  very  close  to  achieving  rendezvous. 
They  may  have,  as  far  as  I know,  even  completed  rendezvous,  docking, 
coupling,  and  uncoupling,  on  the  unobservable  side  of  their  orbit,  then 
establishing  a drift  rate  of  about  24  miles  per  hour,  as  was  reported, 
I believe. 

Mr.  Teague.  Mr.  Daddario. 

Mr.  Daddario.  This  ability  you  say  we  are  developing  to  have  a 
fixed  orbit,  of  which  we  can  keep  track  and  take  a sight  on,  and  then 
to  be  able  to  launch  another  vehicle  for  a rendezvous,  seems  to  me  the 
one  way  of  doing  it.  But  isn’t  NASA  doing  anything  else  to  launch  a 
vehicle,  track  it,  in  even  random  orbit,  and  then  adjust  the  orbit  of 
the  rendezvous  vehicle  to  catch  up? 

Mr.  Peterson.  Sure. 

Mr.  Daddario.  What  are  the  problems  attendant  to  that? 

Mr.  Petersen.  Minimum  payload  penalties  result  if  the  target 
vehicle  in  space  is  at  a specific  position  on  its  orbit  relative  to  the 
launch  base.  The  only  way  one  can  obtain  this  is  to  use  this  station- 
keeping capability  to  drive  it  in  to  this  constraint.  If  you  don’t 
have  this  compatibility  with  the  launch  base  you  can  certainly  back 
off  and  accept  whatever  out-of-plane  angles  occur,  whatever  noncorrect 
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central  angle  exists.  You  might  have  to  sit  on  a parking  orbit 
half  a day,  a day,  or  a longer  time,  to  improve  the  conditions  for 
subsequent  injection  to  the  target  station.  But  it  is  not  a complex 
system  to  provide  this  station  keeping.  We  can’t  get  to  the  Moon 
and  impact  on  a certain  spot  without  a similar  very  precise  propulsion 
capability  and  guidance  system.  It  doesn’t  require  anything  new 
to  be  added  to  the  system. 

Mr.  Daddario.  One  of  the  elements  I read  in  your  report  is  that 
through  the  Earth-orbital  capability  we  would  develop  a wider  space 
program.  It  seems  to  me,  it  would  have  military  implications  to  be 
able  to  go  and  inspect  a satellite  in  space  which  could  be  put  up  by 
another  country  and  would  not  be  put  into  this  same  kind  of  fixed 
orbital  station-keeping  capacity.  A part  of  our  effort  ought  to  be 
directed  toward  the  ability  to  send  a satellite  into  space  to  have  this 
rendezvous  capacity  to  catch  up  with  a vehicle,  rendezvous  in  orbit, 
inspect  it,  and  neutralize  it,  if  it  becomes  necessary.  This  would 
seem  to  be  a proper  objective  within  the  limitations  of  our  capability 
to  widen  our  program  for  security  purposes. 

Mr.  Petersen.  I agree  military  applications,  certain  of  them,  such 
as  inspection  of  satellites,  demand  and  require  a higher  degree  of 
maneuverability  to  cope  with  non-coplaner  or  uncooperative  targets 
than  we  need  for  civil  or  military  R,  & D.  programs  aimed  at  just 
developing  an  Earth-orbital  capability. 

Our  civil  program  and  most  of  our  military  research  and  develop- 
ment programs  in  space,  the  logistics  ought  to  employ  the  most 
efficient  launch  procedures  possible — there  is  no  point  in. thinking  we 
can  hide,  nor  should  we  try  to  hide,  these  R.  & D.  vehicles  in  space. 
Certainly  for  the  research  and  development  military  programs  that 
have  been  proposed,  there  is  little  point  in  hiding  these  in  space. 
In  fact,  I don’t  think  you  can,  certainly  not o n low-altitude  orbits. 
And  on  the  civil  side  we  ought  to  develop  a minimum  low-cost  opera- 
tion technique  to  permit  the  subsequent  rendezvous  of  these  vehicles, 
and  it  should  be  done  on  the  minimum  cost  basis. 

I think  it  can  only  be  done  bv  having  a rendezvous  and  recovery 
compatible  orbit  operation.  The  launching  of  vehicles  on  random 
orbits  is  appropriate  for  single  missions  by  themselves.  You  do  not 
need  station  keeping  for  single  orbit  missions.  But  for  repeated 
rendezvous  with  space  laboratories  in  space,  or  assembly  of  launch 
pads  in  space  for  other  missions,  that  requires  mutliple  rendezvous, 
we  should  use  the  lowest  cost  system,  with  the  lowest  payload  penalties, 
to  do  it.  Certainly  there  are  military  missions  where  you  would  never 
use  rendezvous  or  recovery  compatible  orbits,  at  all. 

Mr.  Teague.  Mr.  Bell, 

Mr,  Bell.  Mr.  Petersen,  is  the  general  principle  involved  in 
rendezvous  that  after  you  get  the  first  vehicle  in  orbit  to  keep  it  on 
a fairly  constant  orbit,  and  when  the  second  vehicle  is  launched,  to 
have  it  catch  up  by  a continuing  widening  of  orbit  to  the  point  where 
the  vehicles  come  together?  Is  that  the  general  principle? 

Mr.  Petersen.  You  are  getting  at  the  use  of  parking  orbits  for 
the  subsequent  injection  of  a vehicle  to  a target  satellite.  Because 
of  launch  time  delays  there  is  a need  to'place  the  ascending  vehicle  on 
a parking  orbit  to  relieve  the  payload  penalties  of  final  rendezvous 
with  the  vehicle.  Because  of  launch  time  delays  you  go  to  a parking 
orbit  and  wait  there  because  of  the  period  difference  between  the  two, 
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I to  permit  a lower  energy  ascent  to  the  target,  in  the  same  orbit;  thus 

I the  parking  orbit  is  really  used  only  to  provide  a favorable  angular 

| relationship  with  the  target,  and  this  could  vary  in  time  depending 

I on  the  launch  time  delay.  A parking  orbit  may  be  used  for  launch 

' to  a target  satellite  on  a random  orbit  as  well  as  those  employing 

station  keeping  to  provide  rendezvous  compatible  orbits. 

Mr.  Fulton  of  Pennsylvania.  Do  you  recommend  the  immediate 
planning  and  construction  of  a space  platform  by  the  United  States 
so  that  we  can  have  in  orbit  a permanent  installation,  or  permanent 
installations,  which  might  be  space  laboratories,  space  viewing  depots, 
and  even  give  space  mechanical  assistance  on  mating  capsules,  repair- 
ing, and  even  recovering  capsules  that  go  into  random  orbit? 

I Mr.  Petersen.  Bight.  I feel  strongly  that  a good  Earth  orbital 

[ capability  for  manned  operation,  of  260  nautical  miles  or  in  that 

F general  area,  is  very  vital  to  all  of  our  programs  involving  man  in 

t space,  whether  to  provide  operational  support  to  him  for  our  civil 

I programs  as  well  as  military 

Mr.  Fulton  of  Pennsylvania.  We  have  no  recommendation  in 
‘ ■ the  authorization,  as  you  know,  for  such  a platform.  But  you  would 

recommend  it? 

I Mr.  Petersen.  I do,  strongly. 

Mr.  Teague.  I think  we  ought  to  continue  your  statement,  Mr. 
Petersen,  and  please  go  slowly  through  those  sentences  and  make  it 
| as  clear  as  you  can. 

' Mr.  Petersen.  I will  try  to. 

- Mr.  Teague.  They  are  rather  complicated. 

Mr.  Petersen.  Well,  the  sixth  item  encourages  development  of  the 
“building  block,”  or  vehicle  module,  approach  for  design  of  large  space 
mission  systems.  Orbital  rendezvous  concept  thus  yields  lower  pro- 
duction costs,  higher  reliability,  and  greater  payload  delivered  to 
orbit  for  mission  application  at  any  given  instant  of  time;  significant 
consequence  afforded  by  the  orbital  rendezvous  or  “building  block” 
approach  is  the  more  rapid  transition  of  tachfiieal  personnel  to  the 
application  and  use  of  the  payloads  delivered  to  space — it  is  the  ap- 
plication and  use  of  the  manned  and  unmanned  payloads  delivered  to 
space  that  provides  the  greater  payoffs  of  space  technology  and  science ; 
launch  boosters  serve  primarily  as  a means  to  an  end,  that  of  transport 
of  valuable  payloads  for  its  specific  mission. 

We  are  still  pursuing  the  approach  of  building  a new  booster  vehicle, 
including  the  extensive  research  and  development  efforts  for  every 
new  mission  that  is  coming  along.  We  are  not  building,  at  all, 
“propulsion  system  building  blocks”  that  can  be  used  across  the 
board — well,  there  are  a few  exceptions.  But  on  the  propulsive  side 
we  are  not  developing  propulsive  system  building  blocks  in  the  form 
f of  engine  modules  or  fuel  modules  that  can  be  assembled  in  orbit  and 

operated  to  give  us  a booster  amplifier,  in  essence,  to  perform  bigger 
missions. 

Mr.  Teague.  Are  you  saying  we  are  building  the  house  from  the 
top? 

r Mr.  Petersen.  Well,  we  are  not  obtaining  or  including  the  growth 

potential  and  flexibility  in  our  space  program  that  you  can  obtain 
I from  the  “building  block”  approach  as  far  as  propulsion  systems  or 

i life  support  modules,  and  so  forth,  are  concerned. 
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Mr.  Roudebush.  Would  you  say  our  program  is  overly  specialized? 
We  are  building,  in  other  words,  special  vehicles  for  a special  purpose 
without  a broad  base? 

Mr.  Petersen.  All  of  them  so  far  are  with  that  in  mind.  We 
have  very  fine  objectives  and  in  may  ways,  I think,  an  extremely  good 
space  program.  But  we  are  not  including  the  two  characteristics, 
growth  potential  and  flexibility,  on  the  design  end  of  these  systems 
as  strongly  as  we  ought  to.  We  are  not  getting  the  growth  potential 
and  flexibility  that  we  can  accrue  from  Earth-orbital  operations. 

Without  these  “propulsive  system  building  blocks”  and  other  build- 
ing block  modules,  I think  in  a way  we  may  well  get  beat  at  the  game 
we  are  supposed  to  play  the  best,  that  of  large  production  runs.  The 
sooner  we  fix  on  a given  booster  with  a larger  production  run,  improved 
reliability  and  lower  cost  will  result.  Faster  transition  of  engineering 
and  technical  talent  to  the  payloads  will  result  and  this  is  where  the 
real  value  or  payoff  from  our  space  program  will  come,  not  booster 
technology.  Certainly  some  comes  from  that,  but  the  ability  to  apply 
the  greater  effort  of  the  Nation  to  the  payloads,  where  the  real  scien- 
tific benefits  will  come  from — and  not  from  the  booster  end.  The 
sooner  we  go  into  a larger  production  run  on  boosters  the  greater  the 
reliability  and  lower  cost.  We  ought  to  improve  our  boosters,  cer- 
tainly, but  we  should  fix  and  obtain  higher  production  runs  on  perhaps 
standardized  boosters. 

Mr.  Teague.  Mr.  Daddario. 

Mr.  Daddario.  I read  testimony  that  Secretary  McNamara  gave 
to  one  of  the  appropriations  subcommittees  the  other  day,  in  which 
he  referred  to  the  Titan  III  as  this  kind  of  booster,  that  it  would  be 
the  “building  block”  on  which  the  future  payloads  would  be  delivered. 
Is  this  what  you  are  talking  about,  too? 

Mr.  Petersen.  I am  not  referring  to  a given  specific  booster, 
though  it  is  identified  as  a standard  launch  booster,  but  that  is  not 
the  specific  point  I have  in  mind. 

Mr.  Daddario.  That  is  just  the  point.  How  does  your  statement 
either  agree  with  or  differ  from  Secretary  McNamara’s  presentation 
on  the  use  of  the  Titan  III  as  a potential  standardized  booster? 

Mr.  Petersen.  Well,  I am  sure  the  Titan  III  can  be  used  as  a 
standard  booster;  every  one  of  our  boosters  can  be  used  as  standard 
boosters.  I don't  know  what  I can  add  to  this,  except  that  I would 
recognize  the  Titan  III  as  a standard  booster  and  it  could  be  used  and 
exploited  right  now. 

Mr.  Daddario.  I don’t  say  you  might  agreo  that  the  Titan  III 
would  be  the  standardized  booster,  but  is  that  what  you  are  talking 
about,  getting  a booster  manufactured  in  such  a way  as  to  take  ad- 
vantage of  our  productive  capacities  and  getting  a standardized  vehicle 
to  develop  our  space  system? 

Mr.  Petersen.  Sure.  Either  the  Saturn  or  Titan  III  could  be  used 
as  standard  launch  boosters.  Maybe  I am  not  understanding  you. 

Mr.  Daddario.  I am  trying  to  find  out  from  you  if,  in  this  particu- 
lar instance,  when  we  are  talking  of  “building  blocks,”  you  and  Secre- 
tary McNamara  are  talking  of  the  same  thing,  or  if  you  are  referring 
to  “building  blocks”  actually  in  the  payload? 

Mr.  Petersen.  I am  talking  of  “building  blocks”  on  the  propulsion 
end,  that  will  serve  the  ends  of  assembly  in  space.  I think  perhaps 
maybe  the  term  “standard  launch  booster”  generally  is  used  in  the 
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military  and  civil  programs,  standard  launch  boosters  with  many 
applications,  that  can  he  launched  for  high-altitude  probes  generally, 
or  single-mission  objectives,  and  as  such  have  a variety  of  payloads 
and  so  forth.  But  I am  talking  here  of  use  for  assembly  in  space,  and 
going  from  there.  Neither  the  Titan  III  or  Saturn  C-l  are  being 
designed  in  this  light.  They  are  not  building  blocks  in  this  light. 

Mr.  Daddario.  That  is  the  answer  to  my  question. 

Mr.  Petersen.  It  is  not  considered  practical  to  summarize  the 
specific  design  details  of  the  referenced  orbital  rendezvous  study. 
Certain  conclusions  of  the  study  could,  at  the  time  it  was  prepared, 
only  be  identified  in  a qualitative  sense.  However,  the  above-listed 
specific  conclusions  or  advantages  identify  key  operational  procedures 
essential  to  the  development  of  an  economic  space  logistics  system. 

Major  factors,  or  system  requirements,  that  seriously  affect  devel- 
opment of  an  orbital  launch  base,  as  well  as  other  space  vehicle  systems 
involving  rendezvous  and  lunar  or  interplanetary  landings,  are  not 
to  be  discounted  as  simple  problems  to  be  solved  though  techniques 
exist  to  counter  or  offset  all  of  these  factors.  These  major  factors 
that  must  be  considered  are  those  of  launch  time  delays  and  the 
related  payload  penalties;  rendezvous,  docking,  and  coupling  with  the 
target  station  or  soft  landing  at  a preselected  point  in  space;  propellant 
handling  and  storage  in  space  and  related  propulsion  system  checkout ; 
mechanical  and  electrical  assembly  and  associated  checkout  and 
maintenance;  factors  of  attitude  control,  long-term  guidance  and 
navigation  and  need  for  onboard  computing  and  data  processing  ; and 
long-term  radiation  protection. 

Launch  time  delays  and  the  serious  effect  of  payload  penalties  can 
be  solved  by  improved  reliability;  may  be  offset  by  multiple  launch 
pads  and  the  necessary  backup  vehicles  to  meet  launch  window  limits ; 
or  may  be  relieved  by  use  of  rendezvous  compatible  orbits  due  to  the 
increased  number  of  optimum  launch  opportunities,  as  many  as  two 
per  day,  the  use  of  maneuverable  ascent  launch  vehicles,  and  the  use 
of  parking  orbits. 

Terminal  rendezvous,  docking,  and  coupling  in  space  will  be  prac- 
tically resolved  by  increased  reliance  on  the  pilot-in-the-loop,  coupled 
with  redundant  automatic  guidance  systems,  and  simplified  through 
use  of  stationkeeping  constraints  on  the  target  satellite  station. 

Pilot-in-the-loop  is  the  integration  of  the  pilot  into  the  command 
of  the  vehicle  to  literally  drive  it  as  we  maneuver  any  vehicle.  Gen- 
erally the  pilots  in  the  vehicles  so  far,  either  the  civil  or  military,  do 
not  have  the  pilot  tied  into  the  loop  from  liftoff  at  the  launch  pad. 

Mr.  Fulton  of  Pennsylvania.  Do  you  orbit  by  pilot-in-the-loop? 

Mr.  Petersen.  No,  by  the  guidance  system,  and  control  circuitry. 
The  vehicles  so  far,  the  Mercury  vehicles  and  even  the  Dyna-Soar 
X-20,  have  the  pilot-in-the-loop  only  to  a degree.  In  the  automatic 
guidance  system  of  Mercury  for  example,  the  pilot  does  not  have 
primary  guidance  responsibility.  Presently  he  is  in  during  the  ascent 
phase  only  in  the  abort  side,  has  the  prerogative  of  pushing  an  abort 
button,  but  doesn’t  steer  the  vehicle  all  the  way.  Many  people 
working  on  the  X-20  have  concluded  the  pilot  can  provide  considerable 
safety  and  perform  better  if  placed  fully  in  the  guidance  loop  all  the 
way  from  liftoff  into  orbit. 

Mr,  Teague.  Mr.  Bell. 
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Mr.  Bell.  Concerning  this  checkout  system,  and  the  necessity  for 
precise  timing  in  the  launch  of  the  second  vehicle,  Dr.  Seamans 
indicated  that  the  Saturn  "V  would  be  checked  out  in  a seperate 
enclosure  2 or  3 miles  from  the  launch  pad  and  that  after  checked,  it 
would  be  brought  to  the  launch  pad  in  an  upright  position  for  final 
checkout  and  firing. 

Would  this  improve  the  accuracy  and  preciseness  of  the  timing? 

Mr.  Petersen.  Surely,  these  would  be  essential  in  using — in  en- 
closures such  as  are  in  the  plan  at  the  cape,  to  provide  initial  checkout 
in  the  vertical  attitude,  then  moving  these  out  for  final  checkout  at 
the  launch  pad. 

Mr.  Bell.  NASA  has  only  one  vertical  enclosure  for  a checkout; 
doesn’t  it? 

Mr.  Petersen.  There  is  room  for  a number  of  vehicles,  as  I recall 
it. 

Mr.  Bell.  It  is  my  understanding  that  the  Russians  move  their 
vehicles  directly  to  the  pad  for  launching.  The  checkout  is  made  in- 
side an  enclosure  ahead  of  time,  and,  strangely  enough,  I understand 
they  lay  it  down  and  check  it  out.  Is  that  correct? 

Mr.  Petersen.  I have  heard  some  of  the  same  information 

Mr.  Bell.  In  other  words,  the  launch  vehicle  doesn’t  have  to  be 
in  a vertical  position? 

Mr.  Petersen.  They  don’t  have  to  be.  Certainly  big  vehicle 
systems  and  the  Saturn  C-l,  C-5,  will  be  much  taller  than  any  that 
the  Russians  apparently  may  have  checked  out  to  date  and  perhaps 
it  wouldn’t  be  very  practical  to  do  it  horizontally.  You  could  do  it, 
but  I don’t  think  there  would  be  many  advantages.  The  larger  the 
vehicles  become  the  advantage  would  be  to  use  the  system  that  is 
being  followed  by  NASA  presently.  It  certainly  gets  complicated 
when  you  have  as  many  as  nearly  10  stages  to  check  out,  whether 
horizontal  or  vertical.  The  present  Apollo  system  employes  10  major 
operational  phases  to  perform  its  mission. 

Mr.  Bell.  I understand  that  in  Gemini,  NASA  will  have  to  do  a 
lot  of  checkout  outside  of  the  vehicle.  Is  that  correct? 

Mr.  Petersen.  There  would  be  a need  for  doing  this,  certainly. 
If  there  are  access  ports  on  the  launch  pad — on  the  Gemini  they  don’t 
have  this  enclosure,  so  the  vehicle  is  effectively  assembled  on  the  pad 
and  fired  from  there. 

Mr.  Bell.  I see. 

Mr.  Petersen.  Propellant  handling  in  space  may  initially  be  simpli- 
fied to  only  involve  individual  propellant  modules  wherein  each  module 
serves  as  a separate  propellant  “building  block”  element  of  the  re- 
quired vehicle  propulsion  system.  Use  of  propellant  modules  elimi- 
nates the  problems  of  direct  pumping,  or  propellant  transfer,  under 
the  zero  gravity  environment.  The  propulsion  system  building  blocks 
would  normally  consist  of  a liquid  rocket  engine  plus  the  associated 
fuel  and  oxidizer  tanks  with  means  to  attach  or  assemble  these  mod- 
ules into  the  required  cluster  size. 

Onboard,  self-contained  guidance  and  control  System  requirements 
for  Earth-orbital  rendezvous  are  essentially  identical  to  those  estab- 
lished for  soft  lunar  landing  at  a preselected  site,  thus  no  new  tech- 
nical problems  arise.  Similarly,  other  factors,  those  of  assembly  in 
space  and  radiation  effects,  are  hot  unique  to  Earth-orbital  rendezvous 
or  in  operational  use  of  an  orbital  launch  base. 
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An  important  consideration  to  be  recognized  in  employing  the  or- 
bital rendezvous  and  assembly  concept  is  the  opportunity  to  gain  the 
significant  economic  benefits  accruing  from  reliability  improvements 
as  reflected  by  larger  production  runs  of  a given  booster  system. 

It  is  believed  important  that  the  orbital  launch  base  be  established 
with  a practical  orbital  inclination  of  at  least  35°  to  provide  adequate 
land  recovery  opportunities  from  space  to  existing  and  available 
recovery  areas  within  the  United  States.  Further,  that  the  orbital 
altitude  be  selected  appropriately  in  relation  to  the  inclination, 
namely,  abort  264  nautical  miles  to  assure  maintenance  of  the  ren- 
dezvous and  ; ery  compatible  orbit  concept. 

Going  back  a little  more  to  the  concept  of  rendezvous  compatible 
orbits,  we  could  identify  these  in  a way  more  broadly  as  rendezvous, 
rescue  and  recovery  compatible  orbits.  Having  this  constraint  of 
the  station  in  space  we  can  select  the  altitude  and  inclination  also  to 
provide  two  optimum  in-plane  recovery  opportunities  to  a landing 
site.  One  obtains  an  increased  number  of  inplane  launch  oppor- 
tunities to  rendezvous,  an  increased  number  of  inplane  recovery 
opportunities,  plus  additional  optimum  inplane  opportunities  for 
rendezvous  and  recovery  because  of  rescue  and  retrieve  requirements. 
You  cannot  have  these  additional  rendezvous,  rescue  or  recovery 
opportunities  with  a random  constraint,  or  random  launching  of 
vehicles. 

The  importance  of  implementing  an  Earth-orbital  rendezvous, 
assembly,  and  launch  system  is  very  evident  by  observing  the  his- 
torical plot  of  proven  booster  payload  capability  as  a function  of  time. 
A stair  step  progression  has  occurred  for  both  the  United  States  and 
for  the  U.S.S.R.  since  1957.  Our  maximum  payload  capability  of 
about  5,500  pounds  was  established  in  1960  by  the  Atlas- Agena  and 
remains  to  this  date.  A further  improvement  in  this  stair  step  advance 
will  not  be  available  to  the  United  States  until  1964-65,  at  which  time 
the  Saturn  I and  Titan  III  will  provide  between  20,000  and  30,000 
pounds  to  Earth  orbit.  The  U.S.S.R.  payload  capability,  as  an- 
nounced by  the  U.S.S.R.,  jumped  to  14,000  pounds  in  1961  and  sub- 
sequent estimates  have  ranged  as  high  as  about  17,000  pounds  in  1962. 
Considering  the  orbital  launch  weight  required  for  manned  lunar 
landings,  which  are  estimated  to  range  from  250,000  pounds  to  about 
450,000  pounds,  depending  on  crew  size,  and  so  forth,  the  U.S.S.R. 
would  require  about  10  to  15  rendezvous  operations.  It  is  quite 
probable  that  the  required  number  of  rendezvous  operations  will 
decrease  as  newer  booster  systems  are  established  by  the  U.S.S.R. 

Very  nearly  the  required  tonnage  for  a single  manned  lunar  flyby 
mission  was  evidently  launched  successfully  to  Earth  orbit,  or  space, 
during  the  past  year  when  12  Cosmos  satellites,  2 Yostoks  vehicles 
and  1 Mars  probe  were  launched.  The  recent  near-rendezvous  of 
the  Vostok  III  and  IV  vehicles,  in  August  1962,  demonstrated  many 
of  the  essential  capabilities  necessary  to  the  development  of  an 
Earth-orbital  launch  base.  Though  apparently  failing  to  attempt 
or  effect  ihe  final  closure,  or  docking  and  coupling,  with  the  Vostok 
III  vehicle,  the  launch  of  the  Vostok  IV  illustrated  at  least  three 
key  aspects  essential  to  Earth-orbital  operations.  These  are  a reason- 
ably small  launch  time  delay,  either  rapid  erection  and  checkout 
of  subsequent  vehicle  on  single  launch  pad  or  availability  of  auxiliary 
launch  pad,  and  sufficient  onboard  guidance  and  maneuver  capa- 
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bility  for  terminal  adaptation  or  injection  near  a target  satellite. 
The  initial  orbital  characteristics  of  Vostok  III  and  IV,  with  an 
announced  separation  of  about  3 or  4 miles  and  only  a small  variation  • 
in  inclination  and  orbital  velocity,  would  have  required  but  small 
velocity  increments  to  effect  the  docking  or  closure  maneuver.  There- 
fore, it  may  be  concluded  that  if  major  emphasis  were  given  by  the 
Russians  to  a single  lunar  mission,  using  Earth-orbital  rendezvous, 
they  would  have  the  ability  to  accomplish  this  at  the  present  time. 

Our  ability  to  close  the  gap  in  capability  for  accomplishing  large 
space  missions  is  believed  to  rest  primarily  upon  the  implementation 
of  an  orbital  assembly  and  launch  base.  Earth-orbital,  manned,  sci- 
entific laboratories  in  space  are  important;  however,  the  development 
of  an  orbital  assembly  and  launch  base  in  space  is  at  least  as  vital  to 
our  space  program.  In  order  c*  necessity,  I believe  the  orbital  assem- 
bly and  launch  base  is  of  prime  importance  because  of  its  inherent 
value  to  all  of  our  space  operations,  whether  it  is  scientific  labora- 
tories, other  civil  or  military  Earth-orbital  missions  or  support  oper- 
ations, or  lunar  or  interplanetary  programs. 

An  important  parallelism  may  be  drawn  concerning  our  need  for 
an  orbital  assembly  and  launch  base  and  the  parallel  need  for  our 
large  seaports  in  support  of  oceangoing  traffic.  As  our  seaports 
serve  to  integrate  the  small  cargoes  of  trains,  trucks,  buses,  cars,  and 
coastal  ships,  so  also  will  our  spaceports  serve  to  promote  space 
traffic  by  integration  or  assembly  of  individually  launched  payloads. 

I have  recently  compiled  a bibliography  of  the  scientific  and  engi- 
neering contributions  to  the  open  literature,  as  well  as  company  or 
governmental  agency  sponsored  reports,  specifically  dealing  with  the 
subject  of  rendezvous  and  Earth-orbital  operations.  This  bibliog- 
raphy consists  of  nearly  1,000  technical  papers  with  approximately 
2,000  individual  authors  with  pertinent  contributions  made  by  an 
estimated  additional  5,000  or  more  supporting  personnel.  So  con- 
siderable effort  has  been  and  is  devoted  to  the  area  of  orbital  oper- 
ations. That  is,  rendezvous  and  Earth-orbital  operations. 

The  present  status  of  engineering  projects  and  technologies  directly 
related  to  an  Earth-orbital  operational  assembly  and  launch  base  is 
sufficiently  well  founded  tis  justify  initiation  of  a major  U.S.  space 
program  for  its  development.  Perhaps  a solution,  as  illustrated  by 
the  newly  formed  U.S.  Satellite  Communications  Corp.,  is  to  establish 
a new  U.S.  Space  Port  Corp.,  supported  by  the  U.S.  Government  in 
part  and  by  private  industry  and  the  U.S.  public.  This  orbital  facility 
would  serve  to  promote  space  research  and  space  operations  by  in- 
dustry, other  agencies  of  the  Government  and  provide  an  orbital 
launch  service  to  the  free  world  countries  desiring  an  active  participa- 
tion in  space  development. 

Mr.  Teague.  Are  there  any  further  questions? 

Mr.  Fulton  of  Pennsylvania.  Would  this  U.S.  space  port  be  in 
addition  to  the  present  Apollo  program,  or  could  it  be  made  part  of 
that  program? 

Mr.  Petersen..  I think  it  ought  to  be  part  of  an  overlying  structure 
to  support  our  whole  space  operation,  military  and  civilian. 

Mr.  Fulton  of  Pennsylvania.  Looking  at  the  cost  of  it,  would  it  be 
an  entirely  new  cost,  or  could  part  of  the  cost  be  paid  by  what  NASA 
is  presently  doing  on  the  Apollo  program? 
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Mr.  Petersen.  I presume  that  with  the  present  fixed  program  or 
direction  of  effort  underway  that  there  would  certainly  be  required 
modification  to  achieve  a good  assembly  capability  in  space. 

Mr.  Fulton  of  Pennsylvania.  How  much  extra  would  this  cost 
be  if  it  were  added  to  the  Apollo  program? 

Mr.  Petersen.  I could  not  come  up  with  a figure  now. 

Mr.  Fulton  of  Pennsylvania.  How  much  time  would  it  take  to 
get  this  kind  of  a space  platform? 

Mr.  Petersen.  I think  we  could  begin  to  do  this  on  a more  rigorous 
basis  with  the  present  system.  But  to  truly  exploit  and  provide  an 
orbital  launch  capability  you  have  to  provide  building  block  support 
systems  and  building  blocks  to  go  along  with  this,-  to  have  total 
system  capability. 

Mr.  Fulton  of  Pennsylvania.  NASA  could  do  the  space  platform 
program,  though,  .with  the  present  booster  equipment,  without  going 
to  the  Apollo-type  C-5  Saturns,  couldn’t  it? 

Mr.  Petersen.  Well,  sure,  the  Gemini  system  with  Titan  II  and 
Titan  III  could  provide  a pretty  good  start  with  the  Earth  orbital 
operation.  The  Saturn  0-1  and  Titan  III,  certainly,  would  provide  a 
pretty  good  initiation  point  to  develop  an  Earth  orbital  operation. 

Mr.  Fulton  of  Pennsylvania.  Were  you  consulted  on  the  decision 
to  use  the  Earth  orbital  or  lunar  orbital  approach  on  the  Apollo 
program? 

Mr.  Petersen.  I wasn’t  consulted  directly.  While  I was  with  the 
Northrop  Corp.  we  pursued  this  study  and  had  contact  with  many 
of  the  technical  groups  in  NASA,  certainly.  • 

Mr.  Waggonner.  Would  the  gentlemen  yield? 

Mr.  Fulton  of  Pennsylvania.  Certainly. 

Mr.  Waggonner.  To  your  knowledge,  was  the  Air  Force  consulted 
as  to  the  relative  merits  of  lunar  orbit  versus  Earth  orbit  with  respect 
to  which  would  give  the  military  the  greatest  advantage? 

Mr.  Petersen.  I suppose  it  was,  but  I am  not  aware  of  it.  I 
only  joined  the  Air  Force  as  a civilian  less  than  a year  ago.  I can't 
answer  that  directly. 

Mr.  Teague.  Mr.  Petersen,  it  is  true  that  NASA  gave  out  study 
contracts,  including  yours,  to  study  the  various  approaches  to  ac- 
complishing the  manned  h,T,uT  landing.  After  those  studies  were 
completed,  NASA  consulted  with  DOD,  the  Space  Council,  and  with 
the  President’s  Advisory  Committee.  So  through  DOD,  the  needs 
of  the  Air  Force  were  considered;  however,  perhaps  they  were  not 
consulted  directly,  I don’t  know.  , In  any  case,  Mr.  Petersen  was 
not  with  the  Air  Force  at  that  time. 

Mr.  Petersen.  The  study  we  performed  was  relatively  small, 
supported  only  by  company  funds,  and  it  was  not  one  of  the  three 
winning  contractors  that  performed  those  three  direct  studies  to  the 
Moon  m 1960  and  1961. 

Mr.  Teague.  I might  say  that  we  have  in  the  record  of  March  19, 
1963,  the  statement  submitted  by  Dr.  Welsh,  the  Executive  Secretary 
of  the  Space  Council,  who  said  that  in  his  opinion  “LOR”  was  a proper 
decision.  I think  you  were  at  Houston,  Mr.  Waggonr.jr,  when  the 
astronauts  said  they  voted  for  LOR. 

Mr.  Fulton  of  Pennsylvania.  Could  we  have  your  comment  on 
the  relative  merits  of  Earth  orbital  rendezvous  and  lunar  orbital 
rendezvous  insofar  as  it  applies  to  the  Apollo  program?  Could  you 
evaluate  that? 
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Mr.  Petersen.  First,  we  should  identify  the  two  as  Earth  orbital 
rendezvous  and  modified  direct  launch  to  the  Moon,  parenthetically 
with  lunar  rendezvous,  if  you  like, 

Mr.  Fulton  of  Pennsylvania.  But  you  mean  the  same  as  the 
customarily  used  “LOR”? 

Mr.  Petersen.  Yes.  I think  all  of  our  future  programs,  whether 
they  are  communications  satellites  or  other  low  altitude  satellites,  can 
benefit  by  a manned,  low  altitude  assembly  base  in  orbit  and  can  be 
used  to  perform  maintenance,  repair,  and  modification  of  them,  sup- 
port laboratories  in  space,  and  assemble  vehicles  for  interplanetary 
missions.  All  these  can  benefit  by  having  a low  altitude  logistics 
system,  or  assembly  base,  for  support. 

Mr.  Fulton  of  Pennsylvania,  You  spoke  of  the  three  major 
methods:  direct  ascent,  Earth  orbital  rendezvous,  and  lunar  orbital 
rendezvous,  or  modified  direct  ascent,  as  you  call  it.  Would  you 
comment  on  the  decision  whereby  the  United  States  had  tentatively 
set  its  course  on  Earth  orbital  rendezvous,  then  in  midpassage,  around 
the  latter  part  of  last  summer,  changed  its  direction,  and  adopted  the 
policy  of  lunar  orbital  rendezvous  for  the  lunar  landing  program? 

Mr.  Teague.  Mr.  Fulton,  I read  the  technical  paper  by  Mr. 
Petersen,  and  he  was  the  only  person  that  I could  find  who  has  really 
written  the  story  of  rendezvous.  I don’t  think  he  should  be  asked  to 
comment  on  a decision  made  by  people  who  are  now  above  him. 
He  came  here  to  discuss  rendezvous,  and  I would  hope  we  will  not 
put  him  in  the  position  of  approving  or  disapproving  what  a superior 
command  has  done.  I think  to  put  him  in  that  position  is  unfair  to 
him. 

Mr.  Fulton  of  Pennsylvania.  I would  accept  that. 

But  I would  say:  Would  you  then  comment  on  your  recommenda- 
tions, on  which  is  the  best  mode,  leaving  out  what  the  decision  was. 
What  is  your  final  recommendation  on  the  mode  most  likely  to 
succeed,  and  the  mode  most  likely  to  get  a return  on  abort;  and  the 
cheapest  mode;  and  the  shortest  time  mode  as  well  as  the  most 
efficient? 

Mr.  Teague.  Mr.  Fulton,  I think  you  are  asking  the  same  question. 
I think  Mr.  Petersen’s  presentation  speaks  for  itself. 

Mr.  Fulton  of  Pennsylvania.  Well,  the  presentation  has  various 
aspects  that  lean  toward  a decision.  When  you  get  recommendations 
that  point  in  one  direction,  you  would  like  to  know  what  his  conclusion 
is, 

Mr.  Petersen.  Let  me  make  just  a comment. 

Mr.  Fulton  of  Pennsylvania.  I don’t  want  to  put  you  on  the  spot. 

Mr.  Petersen.  I appreciate  that.  I have  many  friends  on  both 
sides  of  this  argument.  Some  things  have  no  concrete,  absolute 
answer,  they  depend  on  many  attenuating  or  related  circumstances. 

I think  in  the  long  run  we  are  not  interested  in  just  landing  a 
single  crew  on  the  Moon,  but  really  interested  in  a reasonably  neces- 
sarily long-term  study  of  the  Moon  scientifically  to  consider  its 
applications  and  unique  characteristics  as  applied  to  what  we  are 
involved  in  here  on  the  Earth.  And  we  cannot  achieve  this  by  a 
single  landing  on  the  Moon.  In  the  long  run  I am  sure  we  are  inter- 
ested in  a sustained  program  until  we  finally  conclude  that  we  have 
milked  the  Moon  of  all  its  scientific  value  and  applications  and  don’t. 
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want  to  pursue  it  further,  A sustained  activity  lasting  15  to  30 
years  should  be  planned  as  a minimal  lunar  program. 

Mr.  Fulton  of  Pennsylvania.  I look  at  your  position  as  a change  in 
emphasis,  rather  than  one  which  calls  a decision  right  or  wrong.  So 
in  that  area  of  reference  I think  you  could  comment. 

The  second  point  is:  In  looking  at  the  Moon  flight,  you  are  really 
saying  that  you  want  it  to  have  a constructive  effect  on  later  space 
exploration  programs  by  the  United  States,  rather  than  as  a single 
flight,  which,  when  it  is  over,  ends  the  Moon  program  without  maxi- 
mum lasting  benefits. 

Mr.  Petersen.  I think  our  approach  should  be  on  the  side  of  growth 
potential  and  flexibility  and  that  those  two  parameters  shoud  be  the 
strongest  or  heaviest-weighted  in  making  a decision. 

Mr.  Fulton  of  Pennsylvania.  In  that  context,  you  then  recommend 
Earth  orbital  rendezvous  for  future  space  programs  so  that  we  can 
use  not  only  the  gain  from  a particular  program  but  also  a space 
platform  or  space  port  for  future  launches? 

Mr.  Petersen.  That  is  right.  Yes. 

Mr.  Teague.  Any  other  questions? 

Mr.  Bell. 

Mr,  Bell.  Mr.  Daddario,  do  you  want  to  go  first? 

Mr.  Daddario.  Go-ahead,  Mr.  Bell. 

Mr.  Bell.  Mr.  Petersen,  I note  that  you  have  built  up  a consider- 
able scientific  bibliography  to  which  you  refer  in  your  statement. 
Where  is  this  material?  Is  it  all  in  one  place,  or  has  it  been  printed? 

Mr.  Petersen.  I have  been  assembling  this  for  sometime.  It  is 
not  in  a published  form  yet.  But  I anticipate  hewing  it  in  a form 
which  would  be  printed,  just  to  give  a complete  listing  or  nearly  com- 
plete listing  of  the  effort  supporting  the  general  subject  area. 

Mr.  Bell.  When  you  have  completed  this  what  are  you  going  to 
do  with  it? 

Mr.  Petersen.  Well,  it  would  only  be  made  available  to  anyone 
technically  interested,  or  who  wants  to  use  it  for  the  pertinent  ref- 
erences in  the  various  subject  areas.  I have  only  done  it  to  kind  of 
maintain  an  inventory  of  effort  along  these  directions.  Many  other 
people  do  it  also. 

Mr.  Bell.  It  is  certainly  going  to  be  a wonderful  thing  for  people 
to  refer  to.  I would  think  possibly  the  most  logical  filing  spot  might 
be  the  ASTIA  area? 

Mr.  Petersen.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman. 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Petersen,  could  you  supply  us 
with  your  bibliography  of  the  technical  papers  you  have  prepared  or 
had  published  in  this  field,  both  your  own  as  well  as  in  conjunction 
with  someone  else  as  coauthor,  so  we  could  add  that  to  your  biography? 

Mr.  Petersen.  Yes,  I will  forward  this  list.  I won’t  have  the 
. special  bibliography  availably  for  just  a little  while.  It  includes  a 
number  of  in-hcuse  reports  by  various  companies,  and  I have  to  clear 
it  with  these  to  make  sure  they  are  in  agreement  to  including  a listing 
of  some  of  these  internal  reports  I have  had  access  to. 

Mr.  Fulton  of  Pennsylvania.  I think  it  would  be  well  worth  while 
to  have  it  collected  for  students  and  research  people. 

(The  information  requested  is  as  follows:) 
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Technical  Publications  Authored  by  Norman  V.  Petersen 

“Lifetimes  of  Earth  Satellites  From  New  Circularity,”  presented  to  Fifth 
International  Astronautical  Federation  Congress,  Copenhagen,  Denmark, 
August  1955. 

“General  Characteristics  of  Satellite  Vehicles,”  Journal  of  Astronautics,  volume 
2,  Nos.  2 and  3,  1955. 

"Conquest  of  Space,”  Sperryscope,  No.  3,  1955,  Iowa  Transit,  volume  60,  No. 
4,  1956. 

“Earth  Satellites — Some  Characteristics  and  Problems,”  Sperry  Engineering 
Review,  volume  9,  No.  2,  1956. 

“Lifetimes  of  Earth  Satellites  in  Near-Circular  and  Elliptic  Orbits,”  Jet 
Propulsion,  volume  26,  No.  5,  1956. 

“Factors  Affecting  the  Lifetime  of  Earth  Satellites,”  Aero  Digest,  volume  73, 
No.  1,  1956. 

“Summary  of  Proposed  Methods  for  Determining  Satellite  Lifetimes,”  pro- 
ceedings of  the  Seventh  International  Astronautical  Congress,  Rome  Italy, 
September  1956. 

“Project  Skyball — A Proposed  Primary  Satellite  Trainer  for  Space  Flight 
Operations,”  proceedings  of  the  American  Astronautical  Society,  fourth  annual 
meeting,  January  1958. 

“Rescue  and  Retrieve  Space  Missions,”  proceedings  of  the  Second  International 
Symposium  on  the  Physics  and  Medicine  of  the  Atmosphere  and  Space,  November 
1958,  School  of  Aviation  Medicine,  USAF  Air  University,  Randolph  Field,  Tex. 

“Satellite  Rendezvous  Operations,”  proceedings  of  the  American  Astronautical 
Society,  fifth  annual  meeting,  December  1958. 

"Rendezvous  in  Space — Effects  of  Launch  Conditions,”  Aero/Space  Engineering, 
(summary  article),  May  1960,  volume  19,  No.  5,  N.  V.  Petersen  and  R.  S.  Swanson. 

“Rendezvous  in  Space — Effects  of  Launch  Conditions,”  IAS  Proceedings, 
Manned  Space  Stations,  May  1960,  N.  V.  Petersen  and  R.  S.  Swanson. 

“Satellite  Rendezvous  Navigational  Requirements,”  Journal  of  the  Institute  of 
Navigation,  autumn  1959,  volume  6,  No.  7,  N.  V.  Petersen,  L.  Pode,  and 
L.  Hoover. 

“Rendezvous  Compatible  Orbits,”  Astronautical  Science  Review,  October- 
December  1959,  N.  V.  Petersen  and  R.  S.  Swanson. 

“The  Influence  of  Launch  Conditions  on  the  Friendly  Rendezvous  of  Astro- 
vehicles,”  proceedings  of  the  American  Astronautical  Society — Second  western 
national  meeting,  August  1959. 

“Satellite  Rendezvous  Guidance  Concept,”  proceedings  of  the  American  Astro- 
nautical Society — Sixth  annual  meeting,  January  1960,  N.  V.  Petersen,  R.  S. 
Swanson,  and  L.  Hoover,  Western  Aviation,  April  1960. 

“Lunar  Landing  Simulator,”  presented,  Institute  of  Aeronautical  Sciences, 
national  summer  meeting,  Los  Angeles,  June  1959. 

“Stationkeeping  of  Satellites  in  Rendezvous  Compatible  Orbits,”  August  1961, 
American  Rocket  Society  Preprint  1954-61,  N.  V.  Petersen,  R.  S.  Swanson,  and 
P.  W.  Soule;  Progress  in  Astronautics  and  Rocketry,  volume  8,  1962,  Academia 
Press. 

“Earth-Lunar  Logistics  Employing  Orbital  Assembly  and  Launch,”  Space 
Logistics,  John  Wiley  & Sons,  Inc.,  1961,  N.  V.  Petersen,  H.  Reich,  and  R.  S. 
Swanson. 

“Orbital  Assembly  and  Launch  for  Lunar  Operations,”  Institute  of  the  Aero- 
space Sciences,  annual  meeting,  New  York,  N.Y.,  January  22-24,  1962,  IAS 
paper  No.  62-81;  Aerospace  Engineering,  volume  21,  No.  8,  August  1962. 

“Rendezvous,  Docking  and  Transfer,”  lectures  in  Aerospace  Medieine,  School 
of  Aerospace  Medicine,  Brooks  Air  Force  Base,  Tex.,  February  6,  1963;  Pro- 
ceedings of  the  Lectures  in  Aerospace  Medicine  (to  be  published). 

Mr.  Teague.  Mr.  Daddario? 

Mr.  Daddario.  Could  you  give  us  a job  description  of  your  posi- 
tion as  technical  director,  Mr,  Petersen? 

Mr.  Teague.  What  we  are  interested  in  are  the  technical  programs 
you  are  working  on  now  for  the  Air  Force. 

Mr.  Petersen.  I report  to  Gen.  Irving  L.  Branch,  Commander  of 
the  Air  Force  Flight  Test  Center,  which  operates  as  1 of  the  major  14 
elements  of  General  Schriever’s  Air  Force  Systems  Command,  having 
7 divisions  and  7 centers.  We  have  the  task  of  performing  the  air- 
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craft  as  well  as  space  flight  testing,  where  this  is  primarily  to  do  what 
is  called  category  2 flight  testing  of  these  vehicles,  which  includes  the 
whole  spectrum  of  aircraft  vehicles,  a few  of  the  Army  and  Navy  pro- 
grams that  the  Air  Force  works  with.  This  is  to  obtain  the  perform- 
ance characteristics,  stability,  and  control  characteristics  of  these 
vehicles  and  assist  in  obtaining  a better  production  vehicle  for  use  by 
the  military. 

I assist  in  a general  technical  way.  I am,  in  effect,  staffed  to  Gen- 
eral Branch,  and  as  such,  aid  him  in  a technical  way  across  all  the  pro- 
grams that  we  have.  I don’t  become  directly  involved  with  many 
of  them. 

We  have  some  176  projects  presently  going  on  at  the  Flight  Test 
Center,  and,  actually,  even  though — I am  not  trying  to  imply  any- 
thing, but  actually  the  workload  at  the  Flight  Test  Center  is  even 
larger  now  than  it  has  been  for  the  past  few  years,  and  this  primarily 
stems  from  a few  new  aircraft  that  are  coming,  a great  many  iterations 
of  the  same  vehicle,  like  the  B-52-H  is  from  a long  family  of  B-52’s, 
and  the  last  test  program  on  the  B-52  is  about  completed. 

Col.  Harold  Norton  is  in  charge  of  the  rocket  research  laboratories 
and  reports  directly  to  General  Dernier  at  Bolling.  Colonel  Norton’s 
rocket  research  laboratory  is  1 of  some  20  tenants  on  the  Test  Center 
and  the  Air  Force  Flight  Test  Center  is  the  host  organization.  Our 
procurement  people  at  the  Flight  Test  Center  provide  a supporting 
service  to  the  rocket  research  laboratories  in  the  award  of  their 
research  contracts,  and  so  forth. 

Mr.  Daddario.  Does  Dyna-Soar  fit  in  there? 

Mr.  Petersen.  Right;  the  planned  flight  test  program  for  the 
X-20  will  be  somewhat  similar  to  that  for  the  X-15.  The  X-20 
will  be  carried  aloft  on  a B-52,  which  is  presently  at  Wichita  being 
modified  to  carry  the  Dyna-Soar.  The  airdrop  flight  test  program 
will  be  performed  at  Edwards,  in  about  1965. 

Mr.  Daddario.  To  get  into  a somewhat  different  area  for  a moment, 
last  year  Dr.  Baker,  of  Bell  Telephone  Laboratory,  testified  before  our 
committee  that  there  was  a split  in  the  Technical  and  Scientific  Com- 
mittee concerning  how  we  should  be  developing  our  space  program 
to  get  more  out  of  it.  There  was  some  question  as  to  whether  or  not 
we  were  doing  enough  in  order  to  protect  and  maintain  the  security  of 
this  Nation.  Do  I read  a similar  fear  in  your  mind  about  this  pro- 
gram? You  state  that  we  can  get  to  the  Moon  either  by  the  method 
chosen  or  by  some  of  these  other  methods,  but  that  you  say  that  we 
ought  to  be  doing  more.  Is  your  desire  to  do  more  motivated  by  the 
idea  that  we  should  do  more  for  security  purposes? 

Mr.  Petersen.  I think  both  on  the  civil  side  as  well  as  the  military 
side  that  at  any  instance  of  time  we  would  have  the  stronger  founda- 
tion for  space  programing  if  we  had  a good  Earth-orbital  operational 
capability,  and  this  certainly  will  provide  a much  stronger  support 
to  the  military. 

If  the  decision  is  that  we  pursue  this  military  space  role  or  direction 
then  a good  Earth-orbital  capability  will  support  that  most  effectively. 

Mr.  Daddario.  Will  we  not  have  this  capability  as  a result  of  the 
decision  to  go  to  the  Moon  through  the  modified  lunar  orbital 
techniques? 

Mr.  Petersen.  There  are  many  payoffs  for  many  programs  that 
we  initiate.  Every  program  has  some  payoff.  There  will  be  many 
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technological  benefits  derived  from  the  current  program,  across  the 
board.  But  just  having  technology  and  knowledge  is  not  enough, 
there  is  a long  time  in  implementing  these.  Pursuing  space  research 
and  technology  is  important.  You  can’t  expect  to  have  an  off-the- 
shelf  systems  capability  available  at  any  instant  of  time.  It  takes 
at  least  5 years  or  more  to  develop  any  practical  vehicle.  Just 
developing  technology  is  only  part  of  it. 

Mr.  Daddario.  That  is  because  it  is  not  being  developed  Specifi- 
cally to  perform  definite  missions?  Is  that  a proper  conclusion? 

Mr.  Petersen.  Militarywise  we  are  not  in  a position  to  do  much 
operationally  in  space  at  the  present  time.  Before  we  can,  I think, 
even  do  very  much  on  the  civil  side,  and  certainly  on  the  military 
side,  we  need  a good  applied  R.  & D.  program  using  manned  labora- 
tories in  space ; and  these  are  going  to  nave  to  be  operated  for  a con- 
siderable length  of  time  before  you  can  truly  develop  good  operational 
capabilities  in  space.  Most  operational  military  space  systems  cer- 
tainly will  generally  be  constrained  to  random  orbits,  and  possess  an 
excess  maneuverability,  and  so  on.  But  for  some  time,  we  need  a 
good  R.  & D.  capability  in  space  if  we  are  going  to  get  around  to 
doing  anything  operationally.  This  R.  & D.  phase  by  the  military 
can  best  be  performed  by  employing  a low-altitude  complex  of  orbital 
laboratories  using  rendezvous  compatible  orbits  for  better  logistics. 

Mr.  Daddario.  It  will  have  a great  deal  of  technical  fallout,  then, 
but  may  not  necessarily  fit  some  of  the  programs  which  the  military 
feel  may  be  necessary.  Is  that  what  you  are  driving  at? 

Mr.  Petersen.  I assume  you  are  speaking  in  reference  to  our  lunar 
program,  yes. 

Mr.  Teague.  Mr.  Petersen,  is  this  a fair  question:  If  we  had  not 
set  the  manned  lunar  landing  as  a national  objective,  do  you  believe, 
looking  at  an  orderly  way  of  developing  our  space  program,  that 
our  emphasis  would  now  be  on  EOR  or  LOR? 

Mr.  Petersen.  If  we  didn’t  have  a specific  mission  to  go  to  the 
Moon,  a hoped-for  target  date,  we  probably  wouldn’t  have  any  orbital 
assembly  and  launch  system  under  development;  we  would  probably 
be  pursuing  the  scientific  satellite  area,  perhaps  still  not  with  emphasis 
on  the  launch  capability. 

The  desire  for  an  orbital  launch  capability  stems  only  from  want- 
ing to  do  other  Earth-orbital  missions  or  lunar  or  interplanetary  mis- 
sions or  laboratory  missions.  I think  the  first  step  is  to  have  an 
orbital  assembly  and  launch  capacity.  The  launch  capacity  can  be 
used  for  other  Earth-orbital  missions  as  well. 

Mr.  Waggonner.  Mr.  Petersen,  I think  what  the  chairman  really 
meant  was  that  if  we  didn’t  attach  time  as  a significant  factor  to  the 
lunar  landing  program,  would  we  pursue  it  from  the  Earth-orbital 
rendezvous  method,  or  the  lunar  orbit  rendezvous  method? 

Mr.  Teague.  Yes.  In  other  words,  is  EOR  going  to  be  the  work- 
horse of  the  space  program  in  the  future? 

Mr.  Petersen.  I feel  it  is  an  essential  part  of  the  program.  We 
are  always  booster  limited. 

I think  the  objective  of  going  to  the  Moon  is  a real  fine  one.  We 
also  have  an  objective  of  going  for  manned  missions  to  Mars  and 
Venus,  and  we  are  forever  limited  with — faced  with  booster  limitations. 

Mr.  Waggonner.  Do  you  feel  from  a purely  military  standpoint, 
there  is  much  more  that  could  be  done  a lot  quicker  with  EOR  than 
with  LOR? 
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Mr.  Petersen.  Sure.  Yes. 

Mr.  Teague.  Any  other  questions? 

Mr.  Riehlman.  Mr.  Chairman. 

Mr.  Teague.  Mr.  Riehlman. 

Mr.  Riehlman.  It  would  be  fair  to  deduce  from  what  you  said 
that  had  NASA  chosen  EOR  as  the  method  of  getting  to  the  Moon, 
that  NASA  would  have  had  greater  cooperation  and  interest  from  the 
military.  As  you  said  today,  military  application,  in  the  future,  at 
least  as  you  see  it,  is  going  to  be  attached  to  the  EOR  program? 

Mr.  Petersen.  I think  it  is  a fine  and  wonderful  thing  that  we 
have  a civil  program  distinct  from  the  military.  I think  there  are 
certainly  areas  in  which  the  two  can  cooperate  in  many  ways.  Some 
of  this  cooperation  already  exists,  but  not  to  a very  strong  degree. 
It  is  not  that  they  don’t  want  to,  it  is  just  that  the  mechanism  is 
not  set  up.  We  have  a good  civil  program,  generally. 

Mr.  Riehlman.  I agree  with  you  on  that.  Rut  I am  also  looking 
to  the  future  with  respect  to  the  cooperation  NASA  is  going  to  get 
from  the  military  and  the  interest  it  is  going  to  get  from  the  military 
on  the  elimination  of  overlapping  or  duplicative  activities  in  these 
fields. 

Mr.  Petersen.  I don’t  think  in  the  military  we  have  a mission  as 
far  as  the  Moon  is  concerned.  I think  we  might  keep  an  eye  peeled 
to  the  Moon  militarily.  But  I think  there  is  such  a giant  frontier 
in  Earth-orbital  space,  for  the  military,  to  consume  all  the  energy 
that  the  military  could  put  in  this  direction  if  this  were  the  decision. 

Mr.  Riehlman.  What  I am  trying  to  say  is,  this  is  where  the  con- 
centration of  interest  is  going  to  be  on  the  part  of  the  military. 

Mr.  Petersen.  Right. 

Mr.  Riehlman.  Had  it  chosen  EOR,  NASA  would  have  not  only 
had  the  support  of  the  military  in  connection  with  the  military’s 
interest  in  the  EOR  program,  but  could  have  also  advanced  its 
program  to  go  to  the  Moon. 

Mr.  Petersen.  Right.  Personally,  I would  much  rather  pursue 
peaceful  pursuits.  If  we  elect  to  have  a military  space  capability  I 
think  the  Earth-orbital  mode  of  mission  operation  is  the  first  one  we 
should  be  concerned  about. 

Mr.  Riehlman.  I agree  with  you  100  percent.  We  are  all  concerned 
about  the  peaceful  applications  of  space.  But  we  just  cannot  forget 
the  fact  that  there  is  certainly  a great  possibility  that  the  military  is 
going  to  be  just  as  vitally  interested  in  this  program  as  NASA  is. 
If  for  nothing  else,  than  just  for  the  psychological  advantage  of  put- 
ting a man  on  the  Moon,  without  knowing  exactly  what  the  advan- 
tages will  be,  or  what  we  are  going  to  gain  from  that  type  of  venture. 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield? 

Mr.  Riehlman.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  One  comment  which  you  made  has 
always  concerned  me,  particularly  when  I have  heard  it  from  witness 
after  witness  from  the  DOD.  That  is  your  statement  that  “If  we” — 
meaning  the  United  States — “elect  to  have  a military  space  capabil- 
ity.” That  kind  of  comment  always  leaves  me  up  in  the  air,  up  in 
space.  The  reason  is  that  you  don’t  say  you  have  decided  one  way  or 
the  other,  but  that  you  are  uncertain. 

Now,  at  some  point  in  time,  or  some  point  in  space,  or  atmosphere, 
the  DOD  and  the  Air  Force  must  come  up  with  a decision  as  to 
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whether  they  have  a military  defensei  or  security  function  in  the 
strategic  area  of  space.  In  my  opinion  that  decision  should  have  been 
made  many  years  ago,  back  in  1954  or  1955. 

Mr;  Teague.  I would  say  to  you  gentlemen,  that  you  are  going  to 
get  a good  chance  to  ask  questions  on  that,  soon.  But  Mr.  Petersen 
is  not  the  man  to  answer  it. 

Mr,  Fulton  of  Pennsylvania.  But  did  Mr.  Petersen  actually 
mean  it  when  he  said,  “If  we  elect  to  have  a military  mission  in  space?” 

Mr.  Petersen.  First  off,  you  have  to  try  to  identify  the  military 
threats  that  exist,  then  try-to  mechanize  the  weapons  systems  to  cope 
with  these.  And  I don’t  feel  one  can  identify  the  threat  very  clearly 
or  precisely,  or  even  mechanize  the  system  precisely  to  cope  with  that 
threat. 

Mr,  Fulton  of  Pennsylvania.  At  this  point  in  time,  then,  there  is 
both  National.  Aeronautics  and  Space  Administration’s  interest  in 
Earth-orbital  rendezvous,  as  well  as  a military  Air  Force’;;  interest  in 
Earth-orbital  rendezvous  procedures? 

Mr.  Teague.  The  military  would  be  lacking  in  their  responsibility 
if  they  didn’t  look  at  everything  happening  in  this  world  as  far  as  the 
defense  of  this  country  is  concerned, 

Mr.  Petersen.  Certainly  the  military  is  given  the  mission  of  pro- 
viding defensive,  and  in  some  ways  offensive,  capabilities,  and  space 
is  just  one  more  place  of  doing  things.  One  can  develop  backup 
retaliatory  capabilities  to  provide  a certain  potential  deterrent. 
Space  is  just  another  area  for  developing  systems  and  defenses, 

Mr.  Fulton  of  Pennsylvania.  I will  ask  the  reporter  to  read  my 
question. 

Mr.  Teague.  The  Chair  will  rule  that  the  question  will  be  left  as 
it  is,  and  we  will  hear  Mr.  Fuqua’s  question. 

Mr.  Fuqua.  I may  fall  on  the  same  ruling. 

You  mentioned  the  “braiding  block”  approach  of  our  space  system. 
Then,  in  probable  future  exploratory  trips  to  Mars,  say,  or  some  of  the 
other  planets,  the  lunar-orbital  rendezvous  will  have  no  practical 
effect  and  we  may  have  to  then  go  back  to  Earth-orbital  rendezvous 
for  a trip  to  something  like  Mars? 

Mr.  Petersen.  I would  think  so,  though  certainly  a C-5  vehicle  is 
only  3,000  tons  and  only  about  the  size  of  a small  destroyer.  It  is 
still  not  very  big  as  far  as  ocean  vessels  we  build.  We  could  build 
10,000  tonners,  perhaps  big  enough  vehicles  to  do  the  single  mission  to 
Mars  in  one  vehicle.  But  I think  we  can  easier  capitalize  on  having 
more  tonnage  delivered  to  Earth-orbital  space  faster  by  going  to  the 
assembly  route,  and  far  quicker  and  cheaper. 

Mr.  Fuqua.  And  this  would  have  more  long-range  effects,  for  ex- 
ample, to  Mars  and  Venus? 

Mr.  Petersen.  It  is  a booster  or  payload  amplifier,  assembly  in 
space  is,  and  we  can  use  at  any  instant  in  time  available  techniques, 
available  systems,  and  if  properly  configured  and  designed  these  can 
give  you  flexibility  and  growth  potential  that  you  cannot  attain  any 
other  way.  It  is  a launch  system  amplifier,  literally,  in  letting  you  do 
missions  that  weren’t  on  the  books  originally, 

Mr.  Teague.  Mr.  Roudebush. 

Mr.  Roudebush.  Mr.  Petersen,  you  made  certain  observations  on 
the  dual  launchings  recently  performed  by  the  Russians,  and  men- 
tioned their  capability  of  putting  a 17, 000-pound  vehicle  in  orbit. 
Approximately  what  thrust  would  that  require? 
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Mr.  Petersen.  It  would  depend  on  the  efficiency  of  the  propulsion 
system. 

Mr.  Roudebush.  Well,  approximately. 

Mr.  Petersen.  Well,  C-I  Saturn  is  going  to  deliver  somewhere 
between  20,000  and  30,000  pounds,  and  it  will  have  1,500,000  pounds, 
so  you  would  have — well,  on  the  assumption  that  it  has  the  same 
propulsive  efficiency,  same  propellant  system  as  the  C-I,  it  would  be 
perhaps  on  the  order  of  1 million  pounds. 

Mr.  Roudebush.  One  other  question.  Concerning  station  keeping 
or  controlling  the  orbits,  would  you  say  that  on  the  basis  of  the  experi- 
ments performed  by  the  Russians,  that  theyare  developing  an  excel- 
lence on  this  stationkeeping  technique?  Would  you  say  they  are 
ahead  of  us  on  that  capability  at  the  present  time? 

Mr.  Petersen.  So  far  1 have  seen  no  definite  statements  that 
subsequent  maneuvering  in  space  was  performed  to  make  it  clear  to 
us  in  the  United  States,  the  free  world,  that  they  actually  rendezvoused 
and  docked  and  coupled  the  two  Yostok  vehicles.  On  the  basis  that 
they  did  not,  on  the  basis  of  what  I have  seen  to  date,  there  were  no 
subsequent  maneuvers  performed  other  than  perhaps  of  an  attitude 
nature,  no  translational  maneuvering  to  change  the  separation  rate 
or  drifting  rate,  which  continued  at  perhaps  25  miles  an  hour.  There 
was  some  position  difference  between  them,  shortly  after  but  appar- 
ently not  very  much.  Apparently  this  remained  about  constant. 
I have  no  direct  information  other  than  what  I have  read  in  the  open 
literature. 

Mr.  Roudebush.  The  reason  I ask  this  series  of  questions  I think 
is  obvious.  If  the  Russians  are  directing  their  efforts  toward  de- 
veloping the  Earth-orbital  rendezvous  technique  rather  than  perhaps 
a direct  ascent  or  lunar  orbit  rendezvous  technique,  this  may  imply 
something. 

Mff  Petersen.  I think  their  total  space  program,  what  we  have 
seen  to  date,  is  much  narrower  than  ours.  On  booster  capability 
they  are  ahead  of  us.  As  far  as  demonstrating  three  of  the  vital 
characteristics  to  providing  assembly  capability  in  space,  of  having  a 
reasonably  short  time  delay,  and  ability  to  get  the  second  vehicle  off 
at  the  right  time,  the  ability  to  guide  it  approximately  into  the 
vicinity  of  the  target,  and  the  ability  to  check  out,  erect,  and  check 
out  a second  vehicle  quickly,  these  are  essential  ingredients  of  having 
an  assembly  capability.  If  we  use  rendezvous  compatible  orbits  you 
can  identify  the  launch  time  very  precisely,  establish  a precise  schedule 
for  the  launch  crews,  and  in  addition  you  can  have  the  two  launch 
opportunities  per  day.  One  or  two  backup  vehicles  can  assure  a 
vehicle  ready  at  the  right  time. 

If  the  station  is  on  random  orbits  you  can  have  certain  window 
limitations,  rather  broad;  if  you  use  parking  orbits  you  can  even  expand 
it,  provided — and  the  payload  penalties  are  not  particularly  large — 
providing  the  inclination  of  the  target  station  is  about  the  same  as  the 
launch  space.  If  you  steepen  up  the  inclination  the  payload  penalties 
increase. 

Mr.  Roudebush.  The  evidence  of  the  Soviet  experiments  then 
more  or  less  tends  to  point  toward  Earth-orbital  rendezvous,  rather 
than  lunar,  is  that  correct? 

Mr.  Petersen.  I would  certainly  concur  with  that,  that  everything 
they  have  done  to  date  supports  a capacity  for  orbital  assembly  in 
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space,  and  I am  just  hazarding  a guess  that  this  is  perhaps  the  route 
they  may  take. 

Mr.  Roudebush.  We  are  all  guessing,  of  course  but  going  on  the 
evidence,  I would  certainly  agree  that  it  indicates  they  are  thinking 
about  assembly  in  low  Earth  orbit  and  rendezvous. 

Mr.  Petersen.  Having  multiple  launch  pads,  quick  erection  and 
checkout,  short  launch  time  delays,  are  vital  to  an  orbital  assembly 
capability. 

Mr.  Daddario.  Then  you  wouldn't  be  surprised,  from  what  you 
say,  if  the  Russians  were  to  go  to  the  Moon  tomoiTow? 

Mr.  Petersen.  No,  I think  we  can  anticipate  seeing  a string  of  pay- 
loads  in  space  that  will  be  tied  together,  rendezvoused,  coupled; 
maybe  the  first  attempts  will  be  just  a flyby,  lunar  excursion,  but 

Mr.  Bell.  Would  the  gentleman  yield  on  this  point? 

Mr.  Daddario.  Yes. 

Mr.  Bell.  If  the  Russians  have  been  only  able  to  get  17,000  pounds 
into  space  as  far  as  their  booster  capability  is  concerned,  they  will 
have  had  to  have  considerably  stepped  up  their  booster  capability  to 
go  to  the  Moon  tomorrow,  wouldn’t  they? 

Mr.  Petersen.  I don't  know.  They  launched  12  Cosmos  series 
satellites  and  2 Yostoks  and  a Mars  vehicle  in  1962.  The  total  ton- 
nage of  this  delivered  to  Earth  orbit  is  on  the  order  of  about  between 

150.000  and  200,000  pounds. 

Mr.  Bell.  Oh,  is  that  right?  I thought  their  Vostoks  were  in  the 
neighborhood  of  20,000  pounds. 

Mr.  Petersen.  10,000-something,  I believe,  sir. 

Mr.  Teague.  He  is  talking  about  total  tonnage. 

Mr.  Petersen.  Total  tonnage. 

Mr.  Bell.  In  other  words,  you  have  to  be  able  to  boost  250,000  to 

400.000  pounds,  as  you  are  saying? 

Mr.  Petersen.  That  is  right,  250,000  to  400,000  pounds  from 
Earth  orbit  depending  on  the  crew  size,  flight  path,  duration  time, 
stay  time,  backups,  redundancies,  whatever  you  want  to  design  into 
it.  If  you  want  a minimal  system,  then  it  is  on  the  lower  side. 

Mr.  Bell.  But  at  any  one  single  time  they  have  not  come  close  to 
it,  have  they? 

Mr.  Petersen.  Oh,  no,  no. 

Mr.  Bell.  That  is  what  would  have  to  be  done,  isn't  it? 

Mr.  Daddario.  As  I understand  it,  you  are  talking  about  putting 
up  these  payloads  and  putting  them  together 

Mr.  Petersen.  On  a daily  basis,  launching  of  10  or  15  satellites, 
or  on  a weekly  basis,  depending  on  the  environmental  system  on 
board,  does  not  appear  unreasonable.  They  have  already  demon- 
strated ability  to  fire  two  Vehicles  from  the  same  launch  pad  in 
24  hours,  apparently,  and  conceivably  they  could  do  this  10  days  in 
a row. 

Mr.  Daddario.  And  that  would  do  the  trick? 

Mr.  Petersen.  At  least  for  a flyby  mission,  it  would  be  ample. 

Mr.  Fulton  of  Pennsylvania.  If  the  Russians  put  this  “Tooner- 
ville  Trolley"  train  together  in  Earth  rendezvous  in  the  near  future, 
the  U.S.  space  program  might  be  sitting  on  the  launch  pad  with  a 
Pullman  or  Cadillac  type  assembly,  and  the  Soviets  would  be  6 years 
ahead. 

Mr,  Petersen.  Possibly. 
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Mr.  Teague.  Any  further  questions?  Mr.  Yeager? 

Mr.  Yeager.  Mr.  Chairman,  I have  a number  of  questions  which 
I would  like  to  submit  for  the  record  for  Mr.  Petersen  to  answer,  if 
I may. 

Mr.  Teague.  Without  objection,  it  is  so  ordered.  Mr.  Petersen, 
would  you  please  answer  these  questions  for  the  record? 

Mr.  Petersen.  Yes,  sir;  I will  be  glad  to. 

(The  information  requested  is  as  follows:) 

Earth  and  Lunar  Rendezvous  Techniques 

1 (a) . Question.  What  are  the  unique  characteristics  of  the  direct  flight  mode? 

Answer.  The  direct  flight  mode  defines  the  operational  approach  for  ascent  to 
the  Moon  using  a single  vehicle  to  accomplish  the  entire  mission  from  the  Earth- 
surface  launch  pad  to  final  touchdown  on  the  lunar  surface.  Generally,  the  direct 
flight  mode  also  implies  the  further  restriction  that  the  payload  landed  on  the 
Moon  is  of  sufficient  size,  permitting  launching,  and  followed  by  a direct  return 
flight  to  the  Earth. 

1(6).  Question.  What  are  the  advantages  of  the  direct  flight  mode? 

Answer.  Perhaps  the  primary  advantage  for  the  direct  flight  mode  is  that  this 
approach  may  provide  the  minimum  total  flight  time  or  travel  time  from  Earth- 
surface  launch  to  touchdown  on  the  Moon. 

1(c).  Question.  What  are  the  disadvantages  of  the  direct  flight  mode? 

Answer.  Primary  disadvantages  are  (1)  the  initial  gross  weight  on  the  Earth- 
surface  launch  pad  is  a maximum  for  a given  delivered  payload;  (2)  the  system 
lacks  gr  vth  potential  and  flexibility  in  that  once  the  first,  second,  and  subsequent 
boost!  _iage  sizes  are  fixed  and  development  initiated,  the  payload  size  is  similarly 
restricted  and  cannot  be  increased  if  desired  at  a later  date;  (3)  all  stages  must  be 
checked  out  on  the  launch  pad  for  the  full  mission;  (4)  maximum  reliability 
probably  would  be  attained  only  after  an  extended  time  period,  since  total  number 
of  vehicles  per  unit  p&yload  delivered  to  the  Moon  would  be  smaller  than  if  the 
Earth-orbital  rendezvous  approach  were  followed  since  this  may  be  accomplished 
with  somewhat  smaller  surface-to-orbit  boosters  having  a larger  total  production . 

2(a).  Question.  What  are  the  unique  characteristics  of  the  EOR  mode? 

Answer.  The  principal  unique  characteristics  include  the  following:  (1)  booster 
limitations  are  negated  by  employing  rendezvous  and  assembly  in  Earth  orbit; 
(2)  maximum  growth  potential  exists  since  mission-scaled  vehicles  can  be  as- 
sembled in  orbit  to  match  any  desired  current  or  future  mission  objective;  (3) 
provides  configuration  flexibility  since  the  assembled  modules  in  space  can  be 
reconfigured  as  desired  since  aerodynamic  forces  need  not  be  considered;  (4)  pro- 
vides opportunity  for  secondary  (orbital)  checkout  and  launch,  thus  reducing 
reliability  restrictions  through  mission  staging;  (5)  provides  mission-mending 
capability  (permits  possible  return  to  orbit  and  subsequent  rendezvous  for 
certain  abort  conditions  of  lunar  and  interplanetary  vehicles  exhibiting  mal- 
functions during  escape  maneuvers,  thus  salvaging  key  elements  of  large  mission 
vehicles);  (6)  provides  improved  launch  logistics  through  use  of  rendezvous 
compatible  orbits,  RCO’s,  and  station  keeping  (this  is  an  operational  procedure  of 
employing  a special  class  of  orbits  termed  “rendezvous  compatible  orbits,’1' 
RCO’s,  to  provide  a “milk  run’’  synchronism  of  the  orbiting  assembly  and  launch 
base  yielding  two  optimum,  in-plane,  launch  opportunities  per  day,  for  rendezvous 
with  zero-payload  penalty;  the  RCO  synchronous'  orbit  simultaneously  yields 
two  optimum,  in-plane,  recovery  opportunities  per  day  from  orbit  to  a pre- 
selected landing  site;  the  RCO  synchronous  orbit  further  provides  two  optimum, 
in-plane  opportunities  per  day  for  both  rendezvous  or  recovery-type  rescue  or 
retrieve  missions;  and,  offsets  payload  penalties  associated  with  launch  operations 
to  randomly  orbited  target  satellite  stations;  and  (7)  encourages  development  of 
the  “building  block,”  or  vehicle  module  approach  for  design  of  large  space  mission 
systems  (orbital  rendezvous  concept  thus  yields  lower  production  costs,  higher 
reliability  and  greater  payload  delivered  to  orbit  for  mission  application  at 
any  given  instant  of  time;  significant  consequence  afforded  by  the  orbital  ren- 
dezvous or  “building  block”  approach  is  the  more  rapid  transition  of  technical 
personnel  to  the  application  and  use  of  the  manned  and  unmanned  payloads 
delivered  to  space  that  will  provide  the  greater  payoff  of  space  technology  and 
science;  launch  boosters  serve  primarily  as  a means  to  an  end,  that  of  transport 
of  the  valuable  payloads  for  its  specific  mission) . 
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2(6).  Question.  What  are  the  major  advantages  of  the  EOR  mode? 

Answer.  Major  advantages  for  the  EOR  mode  are  generally  summarized  in 
part  2(a)  of  this  question. 

2(c).  Question.  What  are  the  significant  disadvantages? 

Answer.  No  major  disadvantages  can  be  identified,  with  the  exception  that  a 
reasonable  booster  capability  for  delivery  of  payloads  to  Earth  orbit  should  exist 
so  as  not  to  require  an  excessive  number  of  rendezvous. 

3(a).  Question.  What  are  the  unique  characteristics  of  the  LOR  1 mode? 

Answer.  The  unique  characteristics  of  the  LOR  (MDL)  mode  are  as  follows: 
(1)  A direct  ascent  is  made  by  a single  vehicle  from  the  Earth-surface  launch  base 
with  a direct  transit  to  the  Moon,  or  via  a brief  parking  phase  on  a parking  orbit 
to  adjust  for  launch  delays;  (2)  lunar  orbit  capture  occurs  with  the  vehicle  con- 
strained to  a low-altitude  orbit  followed  by  descent  to  the  surface  by  an  onboard 
lunar  excursion  module.  Subsequent  launch  occurs  with  the  excursion  module 
and  escape  propulsion  stage  in  lunar  orbit;  (3)  after  rendezvous  and  coupling  is 
accomplished,  crew  transfer  completed,  excursion  module  is  hence  jettisoned 
and  an  escape  maneuver  from  lunar  orbit  is  executed;  Earth  return  transit  occurs 
with  necessary  midcourse  corrections  followed  by  reentry  and  recovery  of  crew 
on  board  the  command  module;  (4)  this  mode  of  transport  to  the  Moon  is 
best  identified  as  a “modified  direct  launch”  since  a single  vehicle  is  employed 
for  complete  mission  with  only  an  excursion  away  from  and  return  to  the  basic 
vehicle  in  a lunar  orbit. 

3(6)  . Question.  What  the  the  major  advantages  of  LOR  as  compared  to  EOR? 

Answer.  No  major  advantages  of  the  LOR  (MDL)  mode  over  EOR  are  antici- 
pated. 

3(c).  Question.  What  are  the  significant  disadvantages  of  LOR? 

Answer.  Primary  disadvantages  of  the  LOR  mode  are  as  follows:  (1)  Payload 
limitation  of  present  Saturn  V vehicle  restricts  redundancies  and  backup  systems 
with  attendant  higher  risks  involved;  (2)  tacks  growth  potential  available  through 
assembly  in  Earth  orbit,  lunar  orbit  or  at  lunar  surface;  (3)  possibility  of  abort 
action  such  as  to  result  in  subsequent  adaptation  into  Earth  orbit  and  salvage 
of  major  “building  blocks”  for  reuse  on  later  flight  not  realizable  since  Apollo 
vehicle  not  designed  for  assembly  in  orbit;  (4)  growth  potential  and  flexibility 
of  LOR  (MDC)  not  available  since  single  vehicle  employed  throughout  major 
portion  of  flight. 

4(a).  Question.  What  should  be  the  mode  selection  criteria? 

Answer.  I believe  the  two  primary  criteria  which  should  be  considered  are 
g rowth  potential  and  flexibility.  Here,  I define  growth  potential  as  that  quality 
about  our  space  logistics  system  which  will  provide  a capability  for  negating  the 
problem  of  booster  payload  limitation.  Use  of  the  Srat  available  practical  booster 
systems,  for  example  the  Saturn  C~1  and  Titan  III  and  initiating  a large  produc- 
tion capacity  for  these  boosters,  will  lead  to  improvements  in  reliability  together 
with  reduced  costs.  Further,  development  of  “propulsion  system  modules  or 
building  blocks,”  plus  other  "life  support”  or  equipment  modules  as  “building 
blocks”  for  assembly  in  space  following  rendezvous,  will  lead  to  similar  gains  in 
reliability  and  lowered  production  costs.  The  inherent  quality  of  flexibility  as  a 
significant  selection  criteria  for  determining  best  logistic  system  to  employ  should 
be  recognized.  Consideration  of  these  two  selection  criteria  should  be  heavily 
weighted  because  of  the  overall  effect  on  nearly  all  of  our  space  programs,  including 
Earth  orbital  operations  as  well  as  lunar  and  interplanetary  missions.  Further, 
recognition  of  the  value  of  these  two  criteria  is  further  identified  when  evaluating 
or  comparing  the  possible  potential  value  of  the  EOR  mode  and  the  LOR  (MDL) 
mode  to  the  U.S.  military  organization. 

5(a).  Question.  Which  mode  is  the  most  attractive  from  a mission  success  and 
safety  standpoint? 

Answer.  The  EOR  mode  is  the  most  attractive  in  considering  the  aspects  of 
mission  success  and  safety.  This  is  true  for  two  major  reasons:  (1)  a positive 
growth  potential  provides  the  opportunity  to  increase  booster  capacity,  or  size  in 
orbit,  by  assembly  of  additional  propulsion  modules  to  account  for  gradual  growth 
of  the  payload  during  development  (both  the  direct  flight  mode  and  modified 
direct  flight  mode  lack  this  potential  of  compensating  for  payload  growth — only 
alternative  with  these  two  modes  is  to  reduce  mission  duration,  reduce  redun- 
dancies or  backup  subsystems  or  to  reduce  crew  size,  etc.) ; (2)  the  EOR  mode  pro- 

* LOR  Qunar  orbit  rendezvous)  Is  recognized  as  the  designation  for  the  present  NASA  Apollo  flight 
mode  to  the  Moon;  however,  since  the  present  mode  effectively  employs  a single  vehicle  for  the  lunar  mission 
with  an.  excursion  to  the  lunar  surface  followed  by  launch  and  rendezvous  with  the  Initial  vehicle  In  lunar 
orbit,  and  further  does  not  employ  assembly  in  space,  Is  identified  as  a modified  direct  launch  (MDL) 
mode.  Reference,  therefore,  will  be  made  throughout  these  comments  to  the  LOR  (MDL)  mode. 
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vides  additional  safety  procedures  over  and  above  those  provided  by  the  modi- 
fied direct  launch  mode  or  any  other  mode  (these  include  (i)  a mission-mending 
capability  by  permitting  a possible  return  to  orbit  and  subsequent  rendezvous  for 
certain  abort  conditions,  (ii)  provides  secondary,  or  orbital,  checkout  following 
boost  to  orbit  and  prior  to  launch  from  orbit). 

6(a).  Question.  What  operations  in  LOR  and  EOR  mission  profiles  are  the 
most  critical  from  a mission  success/safety  standpoint? 

Answer.  It  is  difficult  to  identify  specific  operations  for  either  LOR  (MDL)  or 
EOR  which  are  the  most  critical  from  a mission  success/safety  standpoint.  Per- 
haps primary  propulsion  for  descent  to  the  lunar  surfaces,  as  well'  as  the  subsequent 
launch  for  both  EOR  and  LOR  (MDL)  may  actually  be  the  most  critical.  Abort 
modes  for  Earth  escape  and  possible  rescue  from  the  lunar  orbit  phase,  in  event 
of  malfunction,  provide  some  attenuation  of  risk.  Resupply  of  standard  Apollo 
crews  or.  the  lunar  surface  due  to  malfunctions  developing  following  landing  may 
readily  be  handled  by  subsequent  supply  craft  or  cached  prior  to  the  manned 
flight. 

7(a).  Question.  What  should  be  done  to  minimize  the  potential  hazard  prob- 
lems of  LOR? 

Answer.  A considerable  number  of  approaches  may  be  pursued  to  minimize 
potential  hazard  problems  of  LOR  (MDL).  Improvements  in  reliability,  redac- 
tion of  equipment  weight  where  possible,  and  improvements  in  propulsion  per- 
formance are,  of  course,  important.  Use  of  logistic  vehicles  to  land  supplies  at 
the  lunar  site  prior  to  and  following  the  manned  landing;  use  of  a backup  landing 
craft  placed  on  the  surface  of  the  Moon  prior  to  the  manned  flight;  use  of  a backup 
command  module  placed  in  orbit  about  the  Moon  prior  to  the  manned  flight;  and, 
the  use  of  three  backup  Apollo  vehicles  complete  with  the  exception  of  employing 
only  two-man  crews  to  permit  subsequent  rescue  of  the  stranded  Apollo  crews  in 
lunar  orbit  or  on  the  lunar  surface.  Consideration  of  these  solutions  illustrates 
the  value  of  employing  EOR  to  provide  initially  larger  lunar  vehicle  systems 
incorporating  the  necessary  redundancies  and  backup  equipment  to  minimize 
potential  risks  for  the  first  lunar  mission.  Perhaps  the  best  solution  would  be 
to  combine  the  best  parts  of  the  LOR  (MDL)  mode  with  the  growth  potential  and 
flexibility  of  the  EOR  mode.  Thus,  EOR  could  provide  the  ability  to  assemble 
the  lunar  mission  vehicle  of  such  payload  size  as  to  incorporate  the  desired  redun- 
dancies and  to  best  cope  with  inherent  payload  growth  and  propulsion  system 
inefficiencies.  Thus,  the  EOR  mode  would  permit  matching  the  desired  payload 
size  with  the  expected  mission  requirement.  The  present  LOR  (MDL)  mode  to 
the  Moon  is  believed  perfectly  feasible  if  performance  of  the  launch  booster  and 
subsequent  propulsion  systems  do  not  dictate  extensive  elimination  of  redundan- 
cies and  backup  equipment.  The  present  Saturn  C-5  booster  is  considered  re- 
strictive in  this  light. 

8(a).  Question.  Which  mode  offers  the  best  possibility  for  early  mission  ac- 
complishment? 

Answer.  If  both  LOR  (MDL)  and  EOR  modes  were  initiated  at  the  same  date, 
it  is  my  conclusion  that  the  EOR  mode  would  offer  the  best  possibility  for  early 
nrssion  accomplishment.  Even  with  the  present  headstart  that  the  LOR  (MDL) 
mode  has,  the  writer  believes  rapid  implementation  of  the  EOR  mode  is  essential 
to  provide  the  Nation  with  an  unquestioned  ability  to  attain  the  Moon  and  explore 
it  in  detail.  A single  landing,  if  completed  at  an  early  date,  may  satisfy  national 
prestige  but  our  scientific  curiosity  of  the  Moon  will  not  be  satisfied  without  an 
extensive,  efficient  Earth-Moon  transport  system. 

9(a).  Question.  Using  one  or  two  Saturn  V’s  as  the  case  may  be,  which  mode 
provides  the  greatest  payload  weight  growth  margin? 

Answer,  Two  Saturn  V’s,  using  the  EOR  mode,  with  properly  designed  upper 
stages  and  modules,  should  show  considerable  payload  weight  growth  margin  over 
a single  Saturn  V using  the  LOR  (MDL)  mode. 

10(a).  Question.  In  addition  to  getting  to  the  Moon  and  back,  what  other 
advantages  accrue  from  use  of  the  LOR  technique? 

Answer.  No  specific  advantages  can  accrue  from  use  of  the  LOR  (MDL)  tech- 
nique that  would  not  evolve  as  a matter  of  development  of  the  EOR  mode. 

11(a)'.  Question.  Why  is  a two-man  landing  system  with  a third  man  in  lunar 
orbit  preferable  to  a three-man  landing  system? 

Answer.  A two-man  landing  system  with  a third  man  in  lunar  orbit  is  preferable 
to  a three-man  landing  system  only  if  (1)  the  LOR  (MDL)  lunar  orbit  descent  and 
rendezvous  system  is  employed;  (2)  the  command  module  requires  manning  dur- 
ing the  lunar  excursion  module  descent  to  improve  the  subsequent  rendezvous 
operation;  or  (3)  further  reduction  of  redundancies  and  backup  equipment  to 
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provide  payload  space  for  extra  crew  member  appears  excessive,  thus  jeopardizing 
mission  success  probability.  An  alternative  approach,  faced  with  the  payload 
limitations  of  the  Saturn  V booster,  would  be  consideration  of  a one-man  descent 
to  the  lunar  surface,  thus  permitting  improvements  in  safety  through  provision 
for  greater  backup  systems. 

11(6).  Question.  Or  a one-man  landing  system? 

Answer.  A one-man  landing  system  probably  would  give  greater  safety  and 
higher  probability  of  success,  based  on  the  single  Saturn  V LOR  (MDL)  payload 
limitations.  Sufficient  landing  aids  can  be  provided  the  single  pilot  to  execute 
the  landing  and  subsequent  rendezvous.  Additional  propellant,  life  support  gear, 
and  maintenance  and  repair  equipment  for  use  by  the  single  crewman  are  consid- 
ered far  more  important  than  the  extra  crew  member. 

12(a).  Question. What  factors  govern  propulsion  system  selection — cryogenic 
versus  storable? 

Answer.  The  following  factors  govern  the  selection  of  cryogenic  or  storable 
propellants  for  primary  propulsion  systems:  (1)  for  a fixed  payload  the  specific 
impulse  Isp  dictates  the  booster  stage  size;  (2)  payload  penalty  tradeoffs  associated 
with  providing  cryogenic  storage  capability  and  resulting  boiloff  versus  increased 
structure  requirements  for  lower  specific  impulse  storable  propellants;  (3)  ground 
handling  considerations,  and  others. 

13(a).  Question.  Is  mission  accomplishment  using  the  LOR  technique  depend- 
ent on  Earth-based  tracking  stations? 

Answer.  Early  stages  of  the  Earth  orbital  boost  and  subsequent  escape  boost 
and  midcourse  correction  phases  may  be  dependent  on  Earth-based  tracking 
stations.  Subsequent  tracking  of  the  Apollo  command  module  while  in  lunar 
orbit  and  during  descent  and  following  rendezvous  operation  cannot  be  effectively 
aided  by  Earth-based  tracking  stations. 

14(a).  Question.  What  if  the  Russians  go  EOR?  Should  this  affect  our  plan- 
ning as  to  method? 

Answer.  If  the  U.S.S.R.  elects  to  pursue  the  EOR  mode,  I believe  a U.S. 
decision  to  give  emphasis  to  the  Earth  orbital  mode  should  be  made  primarily 
on  the  basis  of  military  significance.  I believe  our  decision  to  give  emphasis  to 
the  EOR  mode  for  our  civil  space  program,  in  light  of  a Russian  decision  in 
favor  of  EOR,  should  be  made  on  merit  of  the  system  to  provide  a stronger 
foundation  for  our  overall  space  program,  and  this  decision  should  be  weighed 
in  support  of  the  system  possessing  growth  potential  and  flexibility. 

15(a).  Question.  How  significant  is  the  fact  that  LOR  has  no  Earth  abort 
capability  like  EOR? 

Answer.  No  comment. 

16(a).  Question.  What  method  provides  the  best  payload  margin  to  cope  with 
the  solar  flare  problem? 

Answer.  The  EOR  mode  provides  the  growth  potential  through  assembly  in 
orbit  of  the  necessary  orbit  launch  weight  to  provide  for  sufficient  radiation  pro- 
tection to  cope  with  class  3 solar  flares.  The  additional  payload  capability  of 
EOR  permits  increasing  the  radiation  shielding  to  the  level  desired  yet  accepting 
a minimal  hazard  during  a given  flight.  Solar  flare  activity  is  anticipated  to  be  at 
a maximum  during  the  latter  part  of  this  decade  and  is  expected  to  coincide  with 
our  first  launching  attempts  to  the  Moon.  EOR  can  provide  the  growth  potential 
to  best  cope  with  the  problem  of  radiation. 

17(a).  Question.  Do  you  know  of  any  specific  payload  of  around  17,000  pounds 
which  the  Russians  are  presumed  to  have  launched? 

Answer.  I am  not  aware  of  a specific  payload  of  17,000  pounds  for  any  particular 
Russian  vehicle.  My  reference  to  this  value  in  an  earlier  question  stems  from  a 
casual  reference  which  cannot  be  verified  at  this  time. 

18(a).  Question.  Will  a station-keeping  ability  be  built  into  either  the  Gemini 
or  Apollo  programs  so  far  as  you  are  aware? 

Answer.  I do  not  believe  a station-keeping  system  to  give  rendezvous  and  re- 
covery compatible  orbits  is  being  considered  for  either  the  Gemini  or  Apollo 
programs.  This  was  discussed  with  the  Gemini  project  manager  though  no  in- 
terest was  shown  in  the  concept  at  the  time. 

19(a).  Question.  Do  you  concur  that  the  LOR  method  offers  advantages  from 
the  standpoint  of  speed  and  economy  over  the  EOR? 

Answer.  No;  I do  not  concur  that  the  LOR  (MDL)  mode  offers  speed  or  economy 
advantages  over  the  EOR  approach.  I feel  that  the  single  vehicle  approach  to 
the  Moon  using  the  modified  direct  launch  mode,  as  now  in  process,  entails  a 
higher  risk  venture  than  EOR  and  lacks  the  necessary  growth  potential  in  event 
these  risks  require  circumventing  by  redesign  or  additional  safety  backups. 
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20(a).  Question.  Where  would  the  advantage  lie  from  the  standpoint  of  safety? 

Answer.  The  advantage  must  rest  with  the  EOR  mode  since  the  possibility  of 
significantly  increasing  the  assembled  payload  to  the  necessary  orbital  launch 
weight  as  dictated  by  safety  exists.  Propulsion  capacity  can  be  assembled  in 
orbit  to  match  precisely  the  orbital  launch  weight  requirement. 

21(a).  Question.  Should  redundancy  be  built  into  the  Apollo  landing  module 
so  far  as  propulsion  is  concerned? 

Answer.  The  payload  penalty  incurred  by  providing  a twin  engine  configuration 
with  one  engine  as  a redundant,  or  backup,  propulsion  system  is  not  considered 
excessive.  The  weight  required  to  provide  a redundant  thrust  chamber  and 
associated  propellant  feed  lines  and  pumping  system  is  not  considered  excessive 
for  the  lunar  landing  and  subsequent  rendezvous  operation.  A continuous  thrust 
descent  from  the  deorbit  position  to  touchdown  using  a low  thrust  level,  but 
throttleable,  liquid  engine  system  with  only  a single  ignition  would  be  perhaps  a 
preferred  approach.  Payload  penalty  for  a continuous  thrust  descent  from  a 
nominal  25-mile  lunar  orbit  is  not  appreciable  and  costs  only  a few  percent  in 
excess  of  that  for  a two-impulse  landing  approach. 

22(a).  Question.  Is  the  module  technique  being  observed  or  ignored  in  our 
present  Apollo  program? 

Answer.  The  module,  or  '‘building  block,”  technique  is  presently  being  ignored 
in  the  Apollo  program  insofar  as  developing  a capability  for  assembly  in  space. 
Independent  modules  are  of  course  being  constructed  primarily  because  of  the 
need  for  a separate  command  module  to  simplify  problem  of  reentry,  a separate 
lunar  excursion  module  to  reduce  landed  weight  as  dictated  by  Saturn  Y payload 
limitations,  and  a distinct  propulsion  module  for  lunar  capture  and  escape.  No 
specific  program  has  been  identified  thus  far  with  the  objective  of  developing 
“building  blocks”  or  modules  having  unit  capacity  with  the  expressed  purpose  of 
assembling  these  in  space  to  meet  the  desired  total  capacity  for  a given  mission. 
Of  special  value  would  be  propulsion  modules,  life  support  modules,  auxiliary 
equipment  modules,  and  possibly  laboratory  modules,  each  with  a specified 
capacity  and  capability  for  assembly  in  space.  Multiple  units  of  each  of  these 
four  distinct  module  designs  when  assembled  would  provide  the  total  system 
requirement  for  the  specified  mission  thus  providing  an  enduring  growth  potential 
for  undertaking  new  missions  in  the  future. 

Mr.  Teague.  Mr.  Petersen,  we  appreciate  your  coming  in,  and 
thank  yon  very  much.  This  committee  is  adjourned. 

(Whereupon,  at  11:30  a.m.,  the  subcommittee  adjourned  to  recon- 
vene at  the  call  of  the  Chair.) 
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TUESDAY,  APE.IL  2,  1963 

House  of  Representatives,  - ■ 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 
Cannon  Building,  at  10  a.m.,  Hon.  Emilio  Q.  Daddario  presiding. 
Mr.  Daddario.  The  meeting  will  come  to  order. 

Mr.  Holmes,  you  plan  to  present  to  the  committee,  I understand, 
certain  adjustments  of  the  NASA  budget  figures.  Would  you  proceed, 
please. 


STATEMENT  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE 

ADMINISTRATOR  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 

FLIGHT,  NASA,  ACCOMPANIED  BY  WILLIAM  E.  LILLY,  DIREC- 
TOR, PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT,  AND 

GEORGE  LOW,  DEPUTY  DIRECTOR  FOR  PROGRAMS 

Mr.  Holmes.  Yes,  Mr.  Chairman.  As  you  recall  during  the  last 
hearing  there  was  some  difficulty  in  reconciling  the  breakdowns  in  our 
fiscal  year  1963  and  fiscal  year  1964  budget  books. 

Mr.  Fulton  of  Pennsylvania.  When  there  has  been  an  event  such 
as  the  Soviet  Moon  shot,  could  we  hear  a comment  by  Mr.  Holmes 
on  that? 

Mr.  Daddario.  1 had  thought  we  would  get  our  business  out  of  the 
way.  However,  since  the  request  has  been  made,  if  you  have  some 
comment  to  make  on  the  general  situation  concerning  the  Soviet  shot, 
the  committee  would  be  pleased  to  hear  it. 

Mr.  Holmes.  Yes,  Mr.  Chairman.  I don't  have  a great  deal  of 
information  on  the  shot.  It  is  my  understanding  they  have  injected 
to  the  Moon  a spacecraft  of  something  over  3,000  pounds.  Since 
the  Russians  have  indicated  for  some  time  their  intention  to  go  to  the 
Moon  in  a manned  vehicle,  it  doesn’t  surprise  us  that  they  are  con- 
tinuing the  unmanned  phase  of  them  lunar  program. 

Wre  have  known  that  they  have  the  capability  to  launch  and  inject 
3,000  pounds.  We  are  going  to  have  to  wait  for  the  Soviet  Union  to 
tell  us  more  about  today’s  shot.  It  could  be  a lunar  hard-lander,  a 
lunar  soft-lander  or  a lunar  orbiter.  Our  Surveyor  project  is  a soft- 
lander,  unmanned  program. 

I hope  that  the  Soviet  Union  will  release  any  information  that  is 
obtained  from  this  lunar  shot.  If  the  mission  is  successful,  the  data 
will  be  helpful. 

Mr.  Daddario.  What  size  is  our  Ranger  program? 
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Mr.  Holmes.  I don’t  have  the  exact  figure.  It  is  approximately  700 
pounds.  It  is  limited,  of  course,  by  the  capability  of  the  Atlas-Agena, 
which  is  used  to  launch  Ranger. 

Mr.  Gurney.  What  it  says  here,  is  that  it  is  300  pounds. 

Mr.  Holmes.  It  could  be  300  pounds,  but  that  figure  sounds  light. 

Mr.  Daddario.  Since  there  is  a difference  in  the  figure,  I think  it 
might  be  well  to  adjust  the  record. 

Mr.  Holmes.  I believe  that  the  Ranger  5,  for  instance,  weighed 
about  760  pounds  at  injection.  This  weight  included  a 328-pound 
spacecraft  system. 

Mr.  Dabdario.  Just  in  the  event  there  is  a difference  we  should 
know. 

Mr.  Holmes.  We  will  furnish  it,  if  the  figure  I just  mentioned  is 
not  correct. 

Mr.  Daddario.  Any  further  questions,  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  This  shot  has  been  described  as  a 
Moon  station.  Would  that  indicate  it  might  be  a lunar  orbiter 
vehicle? 

Mr.  Holmes.  If  the  Soviet  semantics  were  the  same  as  ours,  I 
would  think  that  it  would  be  a lunar  orbiter  or  soft-landing  vehicle, 
I can’t  see  how  they  could  call  it  a Moon  station  if  the  impact  were 
hard. 

Mr,  Fulton  of  Pennsylvania.  I understand  indirectly  that  Willy 
Ley  says  that  this  is  probably  a photographic  mission  launched  from 
Earth  orbit  and  with  the  possibility  it  might  be  an  unmanned  lunar 
station.  Would  it  be  possible  the  Soviets  might  have  equipment  that 
would  provide  continuous  television  reception  of  the  Moon’s  surface 
and  relay  it  to  Earth?  ' 

Mr,  Holmes.  It  is  possible  with  that  weight  that  one  could  design 
a slow-scan-rate  television.  The  scan  rate  would  necessarily  have  to 
be  low  compared  to  our  commercial  television.  My  statements  are 
personal  estimates,  Congressman  Fulton. 

Mr.  Fulton  of  Pennsylvania.  The  question  comes  up  as  to  our 
selecting  the  lunar  orbital  method,  and  directly  sending  the  space- 
craft into  lunar  orbit  by  Saturn  V.  We  will  be  6 years  behind  the 
Russians  if  they  take  this  other  approach.  For  example,  in  the  last 
year  they  have  launched  13  cosmic  rockets.  They  have  also  launched 
four  Vostoks.  To  get  the  man  to  the  Moon  it  will  take  225,000  to 

250.000  pounds  payload. 

I understand  from  their  announcements  that  the  Soviets  have  in- 
creased their  payload  capacity  this  year  from  about  12,000  or  14,000 
pounds  to  around  17,000  pounds.  Just  by  adding  the  weight  of  the 
13  cosmic  rockets  plus  4 Vostoks,  you  will  see  there  may  be  over 

200.000  pounds  possibly  in  orbit. 

If  the  Russians  have  the  capability  of  putting  up  a space  platform 
and  making  a rendezvous,  might  we  not  be  left  sitting  at  a station 
while  they  are  making  the  Toonerville  Trolley  train  they  are  talking 
about  and  going  off  to  the  Moon  within  a year  or  two?  Why  isn’t  that 
possible? 

Mr.  Holmes,  I don’t  think  that  the  Russians  have  demonstrated 
the  tremendous  proficiency  in  space  operation  that  is  required  to 
rendezvous  10  or  15  or  even  20  packages  in  Earth  orbit.  Further,  if 
one  were  to  rendezvous  or  join  together  many  packages  in  Earth  orbit, 
it  is  not  unreasonable  to  assume  that  some  of  them  would  not  function 
properly. 
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In  my  opinion  it  is  not  logical  to  assume  that  Russia  can  go  to  the 
Moon  using  a launch  vehicle  with  a payload  capacity  of  14,000  to 
15,000  pounds  in  a 100-miie  Earth  orbit.  I think  they  will  require  a 
considerably  larger  and  more  powerful  vehicle  before  they  are  able  to 
send  men  to  the  Moon.  This  is  my  personal  opinion. 

Mr.  Fulton  of  Pennsylvania.  When  is  our  Gemini  flight? 

Mr.  Holmes.  The  first  Gemini  flight — an  unmanned,  suborbital 
flight — is  scheduled  for  the  end  of  the  year. 

Mr.  Fulton  of  Pennsylvania.  It  will  be  November  or  December 
before  NASA  makes  the  next  step  forward  by  having  two-man  flight 
in  the  manned  flight  program? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Are  photographic  or  impact  missions 
within  this  year’s  schedule? 

Mr.  Holmes.  It  is  my  understanding  that  the  next  Ranger  shot  is 
scheduled  at  the  end  of  this  year,  just  before  the  end  of  this  year. 

Mr.  Fulton  of  Pennsylvania.  Is  the  money  that  NASA  has  been 
receiving  adequate.,  or  are  you  still  slipping  as  you  were  earlier  in  this 
fiscal  year  because  of  funds? 

Mr.  Holmes.  As  you  know 

Mr.  Fulton  of  Pennsylvania.  Is  the  program  slipping,  or  is  it 
making  good  progress? 

Mr.  Holmes.  We  are  proceeding  according  to  a definitized  sched- 
ule, which  was  established  after  careful  consideration  of  program  goals 
and  available  resources.  This  is  not  a slippage  in  the  strict  sense  of 
the  word. 

Mr.  Fulton  of  Pennsylvania.  We  did  have  a slippage,  but  it  was 
a decision  much  above  you  and  me. 

Mr.  Holmes.  It  is  a fact  that  the  program  is  presently  limited  by 
money,  or  structured  within  available  funds.  On  the  other  hand,  I 
don’t  think  that  is  too  surprising,  considering  the  sums  involved. 
It  is  not  a leisurely  program.  It  is  a very  demanding  program.  It  is 
not  going  as  fast  as  it  could  if  more  money  were  spent  on  it. 

Mr.  Fulton  of  Pennsylvania.  Leaving  out  a crash  program,  and 
putting  in  the  factor  of  efficiency  and  economy,  could  you  do  better 
on  the  Moon  program  if  you  had  more  money? 

Mr.  Holmes.  Yes. 

Mr.  Fulton  of  Pennsylvania.  I don’t  want  to  press  you,  but  would 
you  amplify  that?  This  is  the  feeling  I have.  I want  to  have  the 
United  States  paramount  in  space.  I feel  that  the  nation  which  has 
the  first  maneuverable  space  vehicles  in  earth  orbit  that  carry  nuclear 
weapons  will  have  a tremendous  advantage  which  could  destroy  any 
city,  in  my  judgment,  within  15  minutes. 

If  an  adverse  nation  gives  us  a demonstration,  as  we  had  from  .Japan 
in  World  War  II,  that  they  are  capable  of  destroying  our  cities,  wnat 
is  going  to  happen?  It  concerns  me.  The  Department  of  Defense 
will  not  say  there  is  a defense  mission  in  space. 

I feel  an  urgency  for  a military  capability  in  space.  Unless  NASA 
does  the  necessary  groundwork  in  research  so  that  we  will  have  this 
capability  if  we  later  decide  we  need  military  assistance,  then  we  are 
in  trouble.  Is  NASA  going  fast  enough,  in  your  judgment? 

Mr.  Holmes.  In  my  judgment  we  are  going  at  a reasonable  and 
proper  pace.  I do  not  pretend  to  have  an  understanding  of  the 
military  application  in  space.  I have  not  been  working  in,  or  studying 
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that  particular  area.  I think  that  the  question  of  military  applica- 
tions of  space  technology  is  up  to  the  Department  of  Defense. 

As  far  as  our  lunar  program  is  concerned',  including  Gemini,  for 
man's  greater  conquest  in  space,  I think  that  we  are  going  at  a reason- 
able rate. 

Mr.  Fulton  of  Pennsylvania.  Is  NASA’s  pace  set  as  if  it  were  a 
race  with  the  Soviets  to  get  to  the  Moon  first?  Is  NASA  on  that 
basis  now? 

Mr.  Holmes.  I don't  know  how  to  run  a race,  other  than  at  full 
throttle.  We  are  not  going  at  full  throttle  because  we  don't  have 
the  funds.  However,  we  are  going  at  a reasonable  pace. 

Mr.  Riehlman.  Is  NASA  going  at  such  a pace  to  achieve  our  goal 
with  the  funds  available? 

Mr.  Holmes.  Yes,  sir.  Our  program  is  geared  to  achieving  our 
objectives  within  the  resources  available. 

Mr.  Daddario.  Since  the  subject  has  been  opened,  I think  it  is 
important  to  keep  this  in  proper  perspective.  We  are  considering 
the  NASA  budget  request  for  next  year.  It  is  important  that  we 
deliberate  on  this  as  objectively  as  we  possibly  can . Does  this  Russian 
shot  come  as  any  surprise  to  NASA? 

Mr.  Holmes.  No.  I think  it  does  not.  Of  course,  I can’t  say  that 
I knew  it  was  going  to  come  this  week,  or  last  week.  Their  announced 
intention  is  to  go  to  the  Moon  and  their  demonstrated  capabilities  in 
space  should  make  us  believe  that  they  would  be  launching  unmanned 
lunar  shots. 

Mr.  Daddario.  NASA  has  an  estimate  of  the  Soviet's  capabilities, 
and  in  keeping  with  that  estimate,  NASA  has  established  a program 
which  you  say  has  a reasonable  rate  to  it. 

Mr.  Holmes.  That  is  correct. 

Mr.  Daddario.  You  say  that  the  only  way  to  go  ahead  to  achieve 
a success  in  a race  is  at  full  throttle,  and  NASA  is  not  going  at  full 
throttle.  Has  this  been  taken  into  consideration  in  view  of  the 
Russian  capability? 

Mr.  Holmes.  What  I meant  to  say,  is  that  the  only  way  I know 
to  won  a race,  if  you  are  talking  only  about  a race,  is  to  go  at  full 
throttle.  I am  talking  in  terms  of  arriving  first.  However,  being 
ahead  in  the  first  lap  in  a race  is  not  necessarily  the  key  to  winning 
the  overall  race.  I think  that,  one  must  draw  that  distinction  to  be 
fair. 

We  are  running  a reasonable  program — a program  that  doesn’t 
completely  disrupt  the  Nation’s  economy  by  draining  the  resources 
of  both  industry  and  academic  institutions,  or  doesn’t  interfere  more 
than  I think  is  necessary  with  other  scientific  programs.  Whether  or 
not  we  get  there  first,  we  will  make  this  country  much  stronger  in  our 
conquest  of  space. 

I don’t  call  that  losing  the  race  in  the  broadest  sense.  Therefore, 
my  use  of  the  phrase  “full  throttle”  meant  that  if  the  significant  point 
is  merely  to  arrive  there  first,  and  if  this  country  determined  that  this 
was  the  only  objective — which  would  be  an  unwise  and  limited  view — 
more  money  would  be  required. 

Mr.  Daddario.  The  objective  is  the  objective  of  obtaining  a final 
goal  in  space  and  doing  it  in  a way  which  you  feel  accomplishes 

Mr.  Holmes.  I think  that  it  would  be  foolish  to  squander  funds  on 
an  all-out  program.  I think  it  would  be  unnecessary  to  lose  lives 
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just  to  get  there  first.  I believe  that  it  is  necessary  to  run  a sound 
program,  based  on  careful  planning  and  long-term  objectives. 

If  Russia  wants  to  run  a different  program,  that  is  up  to  them. 

Mr.  Daddario.  Then  we  are  pacing  our  program  within  the  capa- 
bilities of  this  Nation,  rather  than  acting  and  reacting  to  what 
Russians  do? 

Mr.  Holmes.  That  is  my  opinion. 

Mr.  Daddario.  When  you  said  we  are  approaching  this  national 
objective,  which  the  President  established,  at  a reasonable  rate,  you 
also  mean  by  that,  I imagine,  a reasonable  rate  which  has  been  quite 
a gigantic  one.  The  increase  in  the  size  of  the  budget  does  encompass 
in  it  certain  managerial  problems  to  build  the  facilities,  to  gather 
together  the  scientific  personnel,  and  to  spend  these  funds  in  the 
most  efficient  way  possible. 

Mr.  Holmes.  Absolutely.  We  are  involved  in  a tremendous 
effort.  W e are  requesting  a manned  space  flight  budget  of  about 
$10  million  a day,  which  is  definitely  a large  program. 

Mr.  Daddario.  Do  you  feel  it  is  a program  which  does  credit 
to  the  Nation,  and  which  in  the  final  analysis,  will  put  us  in  the  position 
where  we  will  not  have  anything  to  fear  from  the  capabilities  of 
other  nations? 

Mr.  Holmes.  Based  on  my  knowledge  of  other  nations’  develop- 
ment of  their  programs,  I would  answer  affirmatively.  I think  we 
must  recognize  that  in  our  budget,  since  it  is,  however,  fund  limited, 
that  any  reduction  of  funds  means  a slowing  down,  of  the  program.  I 
would  be  less  than  honest  if  I didn’t  say  that. 

I should  add,  to  clarify  my  point,  that  the  present  level  of  funding  is 
a sound  rate  in  my  opinion. 

Mr.  Daddario.  If  we  were  to  radically  increase  the  funds,  would  it 
have  a proportionate  effect  on  the  advance  of  our  space  program? 

Mr.  Holmes.  It  would  increase  the  speed  at  which  we  are  going, 
yes. 

Mr.  Daddario.  Dg  you  feel  this  is  necessary  at  this  time? 

Mr.  Holmes.  No,  I do  not.  I don’t  think  that  a radical  increase  in 
funds  is  desirable  at  this  time. 

Mr.  Daddario.  Neither  necessary  nor  desirable? 

Mr.  Holmes.  That  is  correct.  In  my  opinion  it  is  neither  neces- 
sary nor  desirable. 

Mr.  Riehlman.  I would  like  to  go  back  to  the  basic  program  that 
this  Nation  is  trying  to  accomplish.  We  have  set  the  goal  of  landing  a 
man  on  the  Moon  within  this  decade.  The  budget  that  you  have 
presented  to  us  is  in  keeping  with  that  goal,  am  I correct? 

Mr.  Holmes.  That  is  exactly  correct. 

Mr.  Riehlman.  If  we  provide  the  funds  that  were  requested  in  this 
budget,  there  should  not  be  any  slippage  in  the  program,  and  we  would 
accomplish  the  manned  lunar  landing  within  this  decade.  Concerning 
the  other  remarks  made  today,  we  have  not  accepted,  as  I understand 
it,  this  program  as  a crash  program.  Am  I correct  in  that? 

Mr.  Holmes.  That  is  correct.  It  is  not  a crash  program,  and  it 
wras  not  planned  as  a crash  program. 

Mr.  Riehlman.  We  are  not  at  this  moment  anticipating  to  change 
our  program  into  a crash  program? 

Mr.  Holmes.  That  is  correct. 

Mr.  Riehlman.  With  that  as  a basis,  then  no  matter  what  Russia 
intends  to  do,  or  what  its  accomplishments  may  be  within  the  next  2 
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or  3 years,  we  are  going  to  keep  on  with  what  I hope  is  a steady, 
constructive  program,  I hope  this  approach  will  be  more  effective 
and  more  productive  than  to  spend  a lot  of  extra  money  in  haste  and 
waste  to  compete  with  Russia  when  we  don’t  know  what  they  are 
doing,  or  what  they  will  accomplish. 

Mr,  Holmes.  I agree  with  what  you  said,  Mr.  Riehlman.  v I rather 
object  to  the  thought  of  racing  with  Russia,  just  to  arrive  on  the  Moon 
first. 

I don’t  think  that  one  should  object  to  racing  with  Russia,  in  order 
to  increase  our  proficiency  and  knowledge  as  to  our  space  program. 

Mr.  Riehlman.  If  we  come  to  the  realization  that  there  is  a great 
military  potential  in  space,  we  will  have  the  fundamental  background 
that  will  be  of  use  to  the  military. 

Mr.  Rotjdebush.  It  appears  to  me  that  there  is  a great  degree  of 
unnecessary  hysteria  in  a portion  of  our  population  every  time  the 
Russians  achieve  a successful  launch.  Is  there  anything  about  the 
Soviet  Moon  shot  that  would  cause  us  to  reevaluate  our  program? 

Mr.  Holmes.  With  the  very  limited  information  that  I have  avail- 
able at  this  time,  my  answer  is  “No.”  There  is  nothing  that  I know 
of  to  cause  us  to  re-evaluate  our  program. 

Mr.  Roudebush.  Does  this  limited  information  you  have,  Mr. 
Holmes,  indicate  any  new  or  advanced  booster  or  technology  on  the 
part  of  the  Russians? 

Mr.  Holmes,  No;  it  does  not. 

Mr.  Roudebush.  This  could  be  achieved  with  the  standard  booster 
that  the  Russians  have  been  using  the  last  several  years? 

Mr.  Holmes.  That  is  correct. 

Mr.  Roudebush,  Is  there  any  technical  advantage  indicated  by 
the  type  of  satellite  which  the  Russians  launched? 

Mr.  Holmes.  I don’t  know  enough  about  the  craft  to  sav.  I would 
have  to  know  more  about  what  is  in  that  payload  to  be  abie  to  answer 
your  question  more  specifically. 

Mr.  Roudebush.  We  know  that  the  initial  boosters  which  they 
have  perfected  would  loft  a payload  of  something  over  3,000  pounds 
to  the  Moon. 

Mr.  Holmes.  Yes. 

Mr.  Roudebush.  Thank  you,  Mr,  Chairman. 

Mr.  Daddakio.  Any  further  questions? 

Mr,  Casey.  Mr.  Holmes,  the  Soviets’  Sputnik  I,  of  course,  motivated 
the  U.S.  program.  We  were  kind  of  loafing  along  at  that  time,  were 
we  not? 

Mr.  Holmes.  We  did  not  have  much  of  a space  program  at  that 
time. 

Mr.  Casey.  We  had  just  started,  so  to  speak,  and  Russia  had 
about  a 4-year  jump  on  us,  if  I recall  correctly. 

Based  on  the  progress  that  has  been  made  since  that  time,  we  have 
closed  some  of  this  gap,  have  we  not? 

Mr.  Holmes.  I believe  We  have.  In  fact,  I believe  we  have  taken 
the  leadership  in  many  areas  of  space  technology. 

Mr,  Casey.  We  have  taken  the  leadership  insofar  as  technical 
advances  and  results  obtained  by  our  exploration  as  compared  to 
what  the  Russians  have  obtained  in  the  way  of  productive  satellites. 

Mr.  Holmes.  The  Russians  have  neither  a meteorological  satellite 
nor  a communications  satellite. 
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Mr /Casey.  We  are  achieving  for  ourselves  tangible,  practical 
results  rather  than  something  for  display  purposes,  isn't  that  correct? 

Mr.  Holmes.  I certainly  believe  it  is  correct  that  we  are  achieving 
many  goals  in  our  program  that  strengthen  the  Nation. 

Mr.  Casey.  That  would  be  the  communications  satellites  and  all 
the  other  advancements  in  the  peaceful  use  of  outer  space? 

Mr.  Holmes.  Yes. 

Mr.  Casey.  The  fact  that  the  Soviets  have  a payload  headed  for 
the  Moon  doesn’t  necessarily  mean  that  they  have  made  any  leap- 
frog in  their  technogical  capability,  does  it? 

Mr.  Holmes.  No.  The  fact  that  they  have  the  payload  on  its 
way  to  the  Moon  doesn’t.  I think  they  have  demonstrated  a great 
capability  in  their  space  program.  I would  hesitate  to  judge  just 
what  has  been  accomplished  with  this  probe  until  we  know  more  about 
what  is  included  in  the  payload. 

Mr.  Casey.  I am  sure  you  couldn’t  do  that.  If  the  United  States 
maintains  the  same  pace  that  we  have  been  maintaining  insofar  as 
the  peaceful  uses  of  outer  space  are  concerned,  is  it  not  possible  that 
even  though  the  Russians  might  be  the  first  to  land  a package  on  the 
Moon,  we  could  still  very  well  be  the  first  to  land  a more  productive 
and  beneficial  package,  could  we  not? 

Mr.  Holmes.  Yes,  we  could. 

Mr.  Casey.  When  the  United  States  does  make  this  shot  to  the 
Moon,  we  will  have  many  productive  scientific  experiments  on  board, 
is  that  correct? 

Mr.  Holmes.  That  is  correct.  I believe  we  are  running  a very 
sound  program.  In  my  experience,  I have  never  seen  a sound  pro- 
gram or  sound  business  that  was  triggered  only  by  what  the  other 
side  was  doing. 

Mr.  Casey.  It  hasn’t  been  our  objective  to  put  a satellite  in  orbit 
that  has  no  productive  capacity? 

Mr.  Holmes.  That  has  never  been  our  objective. 

Mr,  Casey.  Out  objective,  when  we  do  send  men  to  the  Moon, 
will  bv  go  obtain  productive  results  that  will  repay  us  for  the  money 
and  labor  expended  getting  them  there? 

Mr.  Holmes.  Precisely. 

Mr.  Casey.  Thank  you. 

Mr.  Waggonner.  Mr.  Holmes,  the  goal  of  this  Nation  to  land  a 
man  on  the  Moon  within  this  decade  is  one  which  has  been  accepted 
by  some  people  as  being  a sound  and  worthy  project,  and  one  which 
has  been  criticized  by  others. 

Should  this  goal  be  changed  and  the  time  delayed?  Can  you  enu- 
merate what  the  ill  effects  would  be  of  a voluntary  slowdown  in  the 
schedule  to  land  a man  on  the  Moon  and  return,  in  this  decade? 
That  is,  other  than  the  psychological  effect  a slowdown  might  have 
as  to  tbe  charge  that  the  United  States  is  not  meeting  the  challenge 
to  keep  its  goal.  What  would  be  the  ill  effects  of  a voluntary  slow- 
down in  this  time  schedule? 

Mr.  Holmes.  My  opinion,  Mr.  Waggonner,  is  that  we  are  going  at 
somewhat  of  an  optimum  rate.  I think  that  a slower  program  would 
be  less  efficient.  I think  that  it  would  hurt  the  prescut  space  program 
of  the  United  States  if  we  did  slow  it  down  by  reducing  the  funds. 
Just  as  I feel  fairly  strongly  it  is  not  necessary  at  the  present  time  to 
increase  the  funds  in  order  to  speed  it  up.  i do  think  that  it  would 
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be  undesirable  to  slow  it  down.  A program  manager  has  to  deter- 
mine the  way  men  pull  together  and  the  rate  at  which  they  work. 
The  optimum  rate  isn’t  working  around  the  clock  every  day.  By  the 
same  token,  the  optimum  rate  isn’t  working  3 days  a week  either. 

I am  sure  from  my  experience  of  over  a decade  of  running  programs 
that  it  would  not  be  wise  to  conduct  a manned  lunar  landing  program 
at  a much  slower  rate  than  we  have  established.  I think  in  the  long 
run  it  would  cost  us  more,  and  we  would  gain  a lot  less  from  it. 

Mr.  Waggonner.  Geared  to  the  present  temper  as  we  are,  if  we 
slow  it  down  you  feel  it  would  definitely  make  the  overall  program 
cost  more  money,  rather  than  less  money? 

Mr.  Holmes.  I do  think  that,  yes. 

Mr.  Waggonner.  What  other  sacrifices  would  we  n ake?  Are  we 
going  to  make  any  sacrifices,  or  would  we  sacrifice  national  security 
and  the  military  uses  of  space  by  slowing  this  program  down?  Do  we 
know  enough  about  the  Soviet  military  space  program  to  fear,  in  our 
own  minds  at  least,  that  we  would  be  risking  national  security  by 
slowing  this  program  down? 

Mr.  Holmes.  I don’t  know.  I think  Mr.  McNamara  or  repre- 
sentatives from  the  Defense  Department  should  answer  that  question, 
I think  their  demonstrated  interest  in  our, Gemini  program  makes  us 
believe  that  it  is  worthwhile  for  them  to  have  this  knowledge. 

My  knowledge  of  the  military  applications  in  space  is  limited  to 
such  an  extent  that  I think  I shouldn’t  comment  on  it. 

Further,  I don’t  have  this  responsibility,  and  I think  others  should 
comment. 

Mr.  Waggonner.  Certainly  your  knowledge  of  the  possible  mili- 
tary applications  of  space  should  not  be  limited.  Do  you  foresee  a 
great  military  advantage  or  use  in  space  as  a result  of  what  you 
know  this  program  to  be  at  this  point? 

Mr.  Holmes,  I would  feel  very  badly  to  see  another  country 
demonstrate  a capability  in  space  operations  that  dwarfed  the 
capabilities  of  this  Nation.  The  economic  and  military  effects  would 
lead  to  nothing  good  for  us. 

Mr.  Waggonner.  Both  you  and  the  Department  of  Defense 
believe  that  there  is  nothing  in  our  decision  to  use  the  lunar  orbit 
rendezvous  approach  that  would  weaken  the  knowledge  that  this 
Nation  would  gain  for  security  purposes  by  use  of  the  Earth  orbit 
rendezvous  approach. 

Mr.  Holmes.  I think  this  could  be  demonstrated  by  the  fact 
that  we  will  practice  and  develop  the  lunar  orbital  rendezvous  tech- 
nique in  Earth  orbit.  We  will  learn  how  to  perform  rendezvous 
operations  in  our  present  program.  The  thing  we  want  to  do  is  to 
develop  a large  tanker  of  liquid  oxygen  that  would  rendezvous  and 
transfer  its  payload  of  liquid  oxygen  to  another  vehicle.  I think 
I can  state  definitely  that  NASA  is  confident  that  the  lunar  orbit 
rendezvous  approach  will  provide  high  proficiency  in  manned  space 
operations. 

Mr.  Waggonner.  Did  NASA  consult  with  DOD  before  making 
this  decision? 

Mr.  Holmes.  Yes. 

Mr.  Waggonner.  DOD  feels  that  they  will  sacrifice  nothing  by 
the  LOR  approach? 

Mr.  Holmes.  That  is  correct — based  on  discussions  we  have  bad 
and  those  between  Mr.  Webb  and  Mr.  McNamara. 
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Mr.  Gurney.  What  progress  are  we  making  in  regard  to  a space 
platform?  Are  we  doing  a continuing  study  in  that  field,  and  do  we 
ha/ve  any  date  as  a goal  when  we  are  going  to  move  in  that  field? 

Mr.  Holmes.  Yes;  we  are.  I think  one  must  recognize,  as  I know 
you  do,  that  Apollo  itself  is  a space  platform  in  a sense.  It  can  carry 
three  astronauts  for  2 weeks.  We  can  probably  extend  that  period. 

Space  platforms  are  being  studied  by  the  Manned  Spacecraft  Center 
at  Houston.  These  studies  include  considerations  incident  to  changing 
personnel  and  the  resupply  of  food  and  necessities,  using  the  Gemini 
vehicle.  In  addition,  the  Air  Force  has  done  studies  on  launching  a 
space  vehicle  with  Titan  III. 

Mr.  Gurney.  Do  you  have  any  idea  when  NASA  intends  to  do  that? 

Mr.  Holmes.  We  have  informal  unapproved  programs.  We  have 
authorized  study  programs  now  which  win  continue  in  fiscal  year  1964. 
Then  we  will  make  recommendations.  1 have  almost  day-to-day 
discussions  with  my  superiors  as  to  when  we  should  go  ahead  with 
space  stations. 

The  NASA/DOD  agreement  which  Mr.  Webb  and  Mr.  McNamara 
signed,  provided  that  neither  party  wTould  proceed  in  an  uncoordinated 
effort. 

Specifically,  however,  we  have  no  approved  date  as  to  when  we  will 
have  operational  space  stations. 

Mr.  Gurne*.  This  is  a material  goal  on  which  you  are  constantly 
working? 

Mr.  Holmes.  Yes,  it  is, 

Mr.  Daddario.  Are  there  any  other  questions? 

We  have  had  important  testimony  here  this  morning. 

Mr.  Fulton  of  Pennsylvania.  NASA  was  not  able  to  track  the 
Soviet  satellite  until  it  was  out  of  its  parking  orbit  and  on  the  way 
to  the  Moon,  is  that  correct? 

Mr.  Holmes.  From  our  Mercury  tracking  that  is  probably  correct. 

Mr.  Fulton  of  Pennsylvania.  There  is  no  tracking  being  done  by 
the  Mercury  stations  on  this  particular  shot? 

Mr.  Holmes.  I think  that  is  correct.  The  Mercury  network  is 
not  tracking  this  Russian  shot. 

Mr.  Fulton  of  Pennsylvania.  Should  NASA  expand  the  Mercury 
network  to  have  the  capability  to  track  these  Russian  satellites? 

Mr.  Holmes.  I don’t  think  so.  I think  we  have  capabilities  for 
tracking  these  satellites  which  are  probably  sufficient. 

Mr.  Fulton  of  Pennsylvania.  Does  this  shot  by  the  Soviets,  Moon 
IV,  raise  in  your  mind  any  question  as  to  their  method  of  approaching 
their  man  flight  to  the  Moon?  Does  this  indicate  that  the  Russians 
are  using  the  Earth  orbital  rendezvous  approach  with  the  gathering 
together  in  earth  orbit  of  various  equipment  and  capsules? 

Mr.  Holmes.  No,  I don’t  think  it  does.  As  far  as  I know,  the 
Russian  shot  this  morning  did  not  involve  rendezvous  in  Earth,  orbit. 
One  would  expect  them  to  launch  the  payload  from  Earth  orbit. 

Mr.  Fulton  of  Pennsylvania.  On  this  type  of  flight  with  a 3,500- 
pound  payload,  would  we  have  about  the  same  program?  That  is,  put 
the  capsule  in  parking  orbit  and  launch  toward  the  Moon  from  the 
parking  orbit. 

Mr.  Holmes.  It  is  very  likely  that  we  would,  yes. 

Mr.  Fulton  of  Pennsylvania.  Do  we  have  that  capability  now? 

Mr.  Holmes,  We  have  that  capability  right  now. 
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Mr.  Fulton  of  Pennsylvania.  We  can  launch  3,500  pounds  with 
the  Atlas  so  the  feat  would  be  no  problem. 

Mr.  Holmes.  No.  We  can  send  approximately  700  pounds  to  the 
Moon  with  the  current  capability  of  the  Atlas-Agena. 

Mr.  Fulton  of  Pennsylvania.  The  Russians  are  still  ahead  of  us  in 
this  particular  field? 

Mr.  Holmes.  Do  you  mean  in  terms  of  payload  injection  to  the 
Moon  only? 

Mr.  Fulton  of  Pennsylvania.  Should  we  restudy  the  decision  as  to 
direct  ascent,  Earth  orbit  rendezvous,  or  lunar  orbit  rendezvous  ap- 
proach before  NASA  goes  ahead  and  builds  the  large  Saturn  rockets 
and  some  of  the  largest  buildings  in  the  world  to  house  them? 

Mi*.  Holmes.  No,  sir.  In  my  opinion  I see  no  reason  to  reopen  the 
mode  decision.  We  devoted  over  1 million  man-hours  to  comparisons 
of  the  potential  techniques  for  manned  lunar  landing.  It  would  be 
very  inefficient  to  conduct  more  studies  unless  there  was  evidence  to 
indicate  that  we  were  wrong  in  our  decision. 

Mr.  Fulton  of  Pennsylvania.  You  would  see  no  saving  in  our  U.S. 
space  program  at  the  present  time  if  we  turned  to  the  Earth  orbit 
rendezvous  approach  which  the  Russians  may  be  using? 

Mr.  Holmes.  Quite  the  contrary.  I would  see  a need  for  consider- 
ably more  funds  to  be  expended  to  maintain  the  same  schedule  and 
to  adapt  to  the  requirements  of  Earth  rendezvous. 

Mr.  Fulton  of  Pennsylvania.  You  made  a request  for  more  money 
in  fiscal  year  1964,  and  it  was  actually  cut  by  the  Bureau  of  the 
Budget.  When  you  say  this  is  the  optimum  speed  possible  for  the 
U.S.  space  program,  you,  of  course,  qualify  it  by  saying  that  this  is 
the  optimum  speed  possible  under  the  budgetary  restrictions  that 
have  been  imposed. 

Mr.  Holmes.  I was  restricting  myself  to  the  manned  space  program. 
Our  manned  program  request  was  not  reduced  by  the  Bureau  of  the 
Budget. 

Mr.  Fulton  of  Pennsylvania.  You  are  getting  the  exact  amount 
you  have  requested,  and  these  are  the  same  figures  that  were  sub- 
mitted to  this  committee? 

Mr.  Holmes.  Yes,  that  is  correct. 

Mr.  Fulton  of  Pennsylvania.  That  is  all. 

Mr.  Teague  (presiding).  We  will  proceed,  then,  with  the  business 
scheduled  for  this  morning. 

Mr.  Holmes.  Yes,  Mr.  Chairman. 

As  you  will  recall,  at  my  last  appearance  as  a witness  before  this 
subcommittee  there  was  some  difficulty  in  reconciling  the  figures  which 
we  had  included  in  our  fiscal  1963  budget  book  for  research  and  devel- 
opment ana  the  figures  which  we  have  included  under  the  fiscal  year 
1963  column  in  our  fiscal  year  1964  budget  hook. 

The  difficulty  in  reconciliation  was  due  to  the  fact  that  in  fiscal  year 
1963  we  had  included  both  institutional  support  and  personnel  service 
expenses  as  a part  of  the  total  for  each  program. 

In  the  fiscal  year  1964  budget  book  we  have  broken  those  expenses 
out  separately  from  the  totals  of  each  program  element.  I would  like 
to  read,  Mr.  Chairman,  a prepared  statement  which,  I think,  gives  a 
succinct  explanation  of  these  divisions. 

As  was  mentioned  during  our  last  appearance  before  this  sub- 
committee last  week,  NASA's  budget  presentation  was  changed  in 
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between  the  fiscal  year  1963  “blue  book”  and  the  fiscal  year 
1964  “yellow  book.’’ 

I]  This  morning  we  would  like  to  present  a comparison  between  the 

| funds requested  in  the  fiscal  year  1963  hearings  with  our  actual  fiscal 

I year  operatmg  plan,  as  presented  in  connection  with  the  fiscal 

| ^e^ttached  t ^ request.  For  this  purpose,  we  have  prepared 

§ (The  tables  referred  to  are  as  follows:) 
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Table  I. — Comparison  of  fiscal  year  1963  h-Mget  with  fiscal  year  1963  column  of  fiscal  year  1964  budget 

[Dollars  in  thousands] 
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Total,  Office  of  Manned  Space  Flight.... 

Manned  spacecraft  systems: 

Spacecraft  supporting  technology 

Mercury .... 

May  mission.. 

Gemini 

Apollo 

Mission  Control  Center 

Subtotal 

Launch  vehicle  and  propulsion  systems: 

Launch  vehicle  supporting  technology 

Propulsion  supporting  technology.’. 

Launch  operations  supporting  technology. 

Saturn  I 

Saturn  IB.. 

Saturn  V..__. 

M-I  engine 

H-I  engine 

RL-10  engine. 

F-l  engine..... 

J-2  engine.. 

Range  support. 

Nova.... 

Subtotal.. 

Space  medicine.. 

Integration  and  checkout 

Systems  engineering 


A— Fiscal  year  1963  budget  book 

. pi 

B— - Fiscal  year  1963  column  ofdscai  year 
1964  budget  book 

/'V 

1903  research 
add  develop- 
ment 

(Difference, 
ools,  3 and  0) 

Total 

(1) 

Institutional 
and  personnel 

(2) 

Research  and 
development 

(3) 

Total 

(4) 

Institutional 
and  personnel 

(5) 

Research  and 
development 

(6> 

$1,849,092 

$211,539 

$1,637,553 

$1,707,020 

$192,442 

$1  ..mw 

-$122,975 

11,764 

13,269 

12,180 

203,200 

617,164 

0 

2,464 

9,759 

8,880 

13,000 

37,031 

0 

9.300 
3,500 

3.300 
190,200 
580,133 

0 

12,223 
2,785 
30,929 
246,447 
462, 812 
10,500 

4, 123 
443 
12,972 
13,609 
27,028 
0 

8,100 

3,342 

17,957 

232,818 

435,784 

10,500 

-1,200 
-158 
+14,657 
+42,638 
-144,349 
+10, 500 

857,567 

71,134 

786,433 

766,696 

68,176 

708,621 

-77,912 

31,690 
21,682 
3,223 
225, 837 
0 

335, 172 
55,  316 
5, 176 
18, 224 
55,316 
38, 732 
18, 263 
163,574 

11,630 

3,242 

46 

78,337 

0 

20, 729 
5,316 
676 
224 
5, 316 
3, 732 
1,263 
8,574 

20,060 

18,440 

3,177 

i47,500 

0 

314,443 

50. 000 
4,500 

18.000 

50.000 

35.000 

17.000 
155,000 

} 18, 513 

3,601 
257,946 
22, 758 
368,365 
36, 229 
5,838 
33, 574 
52,080 
45, 748 
8,257 
0 

1,763 

501 

67,236 

4,008 

39,765 

1,229 

578 

929 

1,280 

1,206 

257 

0 

f 8,800 

l 7,950 

3.000 
180,710. 

18,750 
328,600 
35,000 
5,260 
32, 645 
50,800 
44,54 3 

8.000 
0 

-11,260 
-10,490 
-177 
+43,210 
+18,760 
+14, 157 
-15,000 
+760 
+14,645 
+800 
+9,542 
-9,000 
-155,000 

972,205, 

139,085 

833, 120 

852,809 

118,752 

734,067 

-99,063 

19, 320 

. 0 
0 

.•1*320 

0 

- • . . 0 

18,000 

0 

0 

10,811 
41, 834 
34,870 

3,811 
3,334 
8, 370 

7,-000 

38.500 

26.500 

-11,000 

+38,500 

+26,500 
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Table  II, — Conversion,  fiscal  year  1968  budget  and  project  listing  used  in  fiscal  year  1964  budget  estimates 


Page  A2-1  fiscal  year  1963  budget  book 


Section  A from  table  1 


Total 

Institutional 
and  per- 
sonnel 

Research 
attd  develop- 
ment 

$13,259,000 

$9,759,000 

$3,500,000 

(863.628.000) 

11. 764.000 
12, 180,063 

203.200.000 

617.164.000 
0 

19.320.000 

(249.237.000) 

225. 837.000 

5.176.000 
18,224,000 

335. 172.000 

(62.695.000) 

2.464.000 

8.880.000 
13,000,000 

37.031.000 
0 

1,320,000 

(79.237.000) 

78.337.000 

676.000 

224.000 

20.729.000 

(800,933,000) 

9.300.000 

3.300.000 

190.200.000 

580.133.000 
0 

18,000,000 

(170,000,000) 

147.500.000 

4.500.000 
18,000,000 

314.443.000 

163,574,000 

8,574,000 

155,000,000 

31,690,000 

11,630,000 

20,060,000 

(21,486,000) 

3,223,000 

(1,309,000) 

46,000 

(20,177,000) 

3,177,000 

18.263.000 
(163,102,000) 

55. 316.000 

55.316.000 

38.732.000 

13.738.000 

1,263, 600 
(15,681,000) 
5,316,000 

5.316.000 

3.732.000 

1.317.000 

17.000. 000 
(147,421,000) 

50.000. 000 

50.000. 000 

35.000. 000 
12,421,000 

7,944,000 

1,925,000 

6,019,000 

Project 


Total 


Institutional 


Personnel 


Research 
and  develop- 
ment 


Project 


Mercury 

Advanced  maimed  space  flight 


■Saturn  C-l. 


Advanced  Saturn - 

Nova . . ... .... 

Launch  vehicle  technology 

Launch  operation  development 


Liquid  propulsion. 


Solid  propulsion,. 


$13,259,000 

863,628,000 


249.237.000 

335. 172.000 

103.574.000 

31.690.000 

21.486.000 

163,102,000 

7,944,000 


$4, 880, 170  I $4, 878, 830 
$9,759,000 

27,442.823  1 35,252,177 

62,695,000 


33,001,  367  I 48,235,633 
79,237,000 


10,694,076  | 10,034,924 

20, 729, 000 

5,763,536  1 2,810,464 

8.574.000 

4,728,341  | 6,901,659 

11.630.000 

637,994  I 671,006 

1.309.000 


6,271,339 


9,409,661 


15,681,000 


990, 846  | 934, 154 

1,925,000 


$3, 500,000 
800,933,000 


170.000. 000 

314, 443,  OOCf 

155.000. 000 
20,060,000 
20, 177,000 

147,421,000 


6,019,000 


Mercury . .... 

Spacecraft  supporting  technology 

I- day  mission 

Gemini. 

Apollo — 

Mission  Control  Center... — 

Space  medicine... -v- - 

Saturn  I. 

II— 1  engine 

RL-10  engine !. 

Saturn  V. 

Nova.. 

Launch  vehicle  supporting  tech- 
nology. 

Launch  operations  supporting  tech- 
nology. 

Range  support..— 

M-l  engine....—. ... 

P-1  engine 

J-2  engine. 

Propulsion  supporting  technology 
(liquid).  . 

Propulsion  supporting  technology 
(solid). 
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In  table  I we  have  listed  both  the  funds  requested  in  fiscal  year  1963, 
and  the  fiscal  year  1963  columns  of  the  fiscal  year  1964  budget  book. 
Note  that  we  have  presented  three  columns  for  each  of  these  estimates. 

One  of  these  columns  labeled  “I.  & P.,”  includes  all  funding  for 
“Institutional  support  and  personnel  services.’-  Institutional  support 
relates  to  the  operation  of  our  physical  plant;  personnel  services  en- 
compasses all  costs  supporting  the  salaries  and  expenses  of  NASA 
personnel. 

The  second  column  is  headed  “R.  & D,”  This  category  includes 
all  funds  directly  related  to  our  programs,  and  consists  primarily  of 
the  effort  of  our  contractors. 

The  third  column  headed  “Total,”  is  the  sum  of  the  I.  & P.  and 
R.  & D.  columns. 

During  the  fiscal  year  1963  hearings  we  presented  all  three  numbers 
(R.  & D.,  I.  & P.,  and  Total)  only  in  an  overall,  summary  fashion, 
but  presented  only  the  “Total”  column  in  detail. 

This  method  of  presentation,  we  found,  was  less  desirable  because 
the  “I.  & P.  ” column  is  not  too  meaningful  when  considered  in  terms  of 
individual  line  items.  The  nature  of  our  programs  makes  it  impos- 
sible to  assign  operating  expenses  to  each  project  in  a coherent  fashion ; 
hence,  these  operating  expenses  are  prorated  to  each  line  for  account- 
ing purposes  only,  but  have  no  significance  unless  they  are  considered 
in  terms  of  total  operating  expenses  for  all  of  NASA.  '• 

For  this  reason,  we  have  returned,  for  the  fiscal  year  1964  budget 
presentation,  to  a detailed  listing  .of  the  R.  & D.  funding.  In  our 
fiscal  year  1964  authorization  requests  we  plan  to  justify  these  R.  & D. 

. funds  in  detail,  but  will  discuss  the  I.  & P.  funding  only  in  terms  of 
the  totals  required  for  the  program. 

We  should  also  note  that  the  combination  and  titles  of  projects 
presented  in  our  fiscal  year  1964  budgetary  estimates  differ  from  those 
presented  in  fiscal  year  1963.  These  differences  stem  from  a desire 
to  present  a more  complete  picture  of  the  program,  as  it  has  evolved 
during  the  past  year,  than  we  were  able  to  do  in  the  justification  of 
the  fiscal  year  1963  budget.  ' 

In  table  II  we  have  made  a comparison  of  this  year’s  breakdown 
with  last  year’s  breakdown. 

From  this  table  we  can  see  that  the  split  between  I.  & P.  and  R.  & D. 
funding,  as  presented  in  table  I,  is  identical  to  the  information  pre- 
sented on  page  a-2-1  of  the  fiscal  year  1963  NASA  budget  estimate 
“blue  book”. 

The  last  column  in  table  I represents  the  reprograming  actions, 
in  terms  of  the  R.  & D.  budget,  that  have  taken  place  since  last  year’s 
authorization. 

At  the  time  we  submitted  the  fiscal  year  1963  budgetary  estimates, 
many  of  our  contractors  had  not  yet  been  selected.  Also,  at  that 
time,  alternative  mission  modes  were  still  under  consideration.  By 
the  summer  of  1963,  most  of  the  remaining  contractors  were  on  board, 
and  a firm  decision  had  been  made  to  use  the  lunar  orbit  rendezvous 
mode  for  the  Apollo  project.  Soon  thereafter,  an  overall  restructuring 
- of  the  program  schedule  became  necessary,  in  order  to  balance  the 
time  of  availability  of  all  elements  of  the  program  within  the  available 
funding. 

All  of  these  factors  combined  to  require  extensive  reprograming 
actions,  in  order  to  assure  the  earliest  possible  achievement  of  a manned 
lunar  landing  within  the  total  resources  available  for  this  program. 
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I can  either  answer  questions,  Mr.  Chairman,  relative  to  the  tables  V 

or  I can  go  further  into  detail  to  correlate  the  figures  in  the  tables 
with  our  budget  books  and  then  discuss  the  reprograming  actions 
which  have  taken  place.  It  is  my  understanding  that  you  wish  to 
review  them. 

Mr.  Teague.  Yes ; would  you  proceed?  We  might  have  some  ques- 
tions asyou  go  along. 

Mr.  Holmes.  If  we  examine  table  I and  look  at  the  third  column 
heading  A,  we  will  see  the  figures  for  research  and  development  which 
were  included  in  our  “Blue  Book” — our  fiscal  year  1963  budget  book. 

If  We  look  at  column  6 under  heading  B,  we  will  see  the  research  and 
development  figures  included  in  the  fiscal  year  1963  column  of  the 
fiscal  year  1964  budget  book. 

If  we  look  at  the  last  column  there  is  a difference  between  the 
two  R.  & D.  columns.  The  difference  represents  the  reprograming 
from  our  fiscal  year  1963  request.  We  therefore  see  that  there  is  a 
reduction  of  $122,975,000  from  our  fiscal  year  1963  request.  This 
sum  is  made  up  of  the  various  figures  in  the  last  column  of  table  I. 

Before  justifying  these  changes  between  our  actual  operating  plan 
or  expenditure  plan  for  1963  versus  that  requested,  I think  that  re- 
ferring to  table  II  will  support  our  contention  that  the  split  between 
institutional  operational  expenses  and  R.  & D.  are  accurate. 

If  we  look  at  the  total  figure,  which  is  the  first  column  of  figures  on 
table  H,  we  will  find  that  it  agrees  exactly  with  the  total  shown  in  the 
fiscal  year  1963  budget  book.  I can  refer  to  the  fiscal  year  1963 
budget  book,  since  the  committee  may  not  have  it  available  here. 

As  an  example  Mercury  is  $13,259,000.  Mr.  Chairman,  I am  refer- 
ring to  the  “Blue  Book”  the  fiscal  year  1963  budget  book.  '/ 

Mr.  Teague.  We  don’t  have  that.  | 

Mr.  Holmes.  If  we  look  at  that  first  total  column,  we  find  that  | 

it  agrees  exactly  with  the  fiscal  year  1963  budget  book,  both  in  total  ; 

and  in  the  split  between  institutional  and  personnel  expenses  and 
R.  & D.  What  I am  aiming  at  is  bringing  ’ j back  to  the  R.  & D.  i 

figures  alone  so  that  we  have  a basis  of  comparison  with  the  1964  budget 
book. 

The  R.  & D.  column  in  totals,  and  broken  down  in  a different 
fashion  in  the  1964  fiscal  book,  is  shown  in  the  fourth  column  on  table 
II.  We  see  $3.5  million  for  Mercury.  Now  we  have  arrived  at  the 
R.  & D.  figures  in  the  fiscal  year  1963  budget  book  minus  the  institu- 
tional and  personnel  figures. 

The  first  thing  to  do  for  comparison  is  to  reorient  those  R.  & D. 
figures  from  the  project  titles  shown  in  fiscal  year  1963  to  the  much 
more  precise  project  titles  shown  in  the  fiscal  year  1964  budget  book. 

If  we  go  across  for  Mercury,  we  show  R.  & D.  of  $3%  milhon. 

If  we  follow  down  the  table,  we  will  see  that  this  figure  checks  out. 

Therefore,  we  can  look  at  the  right-hand  side  or  section  A of  table  II 
and  compare  the  figures  directly  with  the  R.  & D.  figures  which 
appeared  in  the  fiscal  1963  budget.  In  addition,  we  can  compare  the 
titles  with  what  we  are  including  in  the  fiscal  year  1963  column  of  our 
fiscal  year  1964  budget  book. 

Mr.  Teague.  Mr.  Yeager? 

Mr.  Yeager.  Could  you  go  down  in  table  I in  the  final  column 
which  shows  the  main  changes  that  have  been  made  in  R.  & D.  in 
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your  reallocation  for  the  1963  money  and  indicate  what  happened, 
or  why  these  changes  were  necessary? 

Mr.  Holmes.  Yes,  we  certainly  can.  Up  to  this  point  I have  been 
justifying  the  fact  that  the  last  column  in  table  I is  indeed  an  accurate 
comparison  between  what  we  requested  for  the  fiscal  year  1963  author- 
ization and  what  we  show  in  the  fiscal  year  1964  budget  book  as  our 
fiscal  1963  operating  plan.  If  that  is  acceptable,  I can  go  down  this 
column  and  talk  to  these  figures. 

Mr.  Teague.  You  may  proceed. 

Mr.  Holmes.  One  will  note  a decrease  in  spacecraft  supporting 
technology  of  $1.2  million.  The  decrease  is  somewhat  academic. 
This  decrease  resulted  from  the  transfer  of  certain  tasks,  which  did  not 
relate  to  current  flight  projects,  to  NASA’s  Office  of  Advanced  Re- 
search and  Technology. 

The  next  item  is  Mercury  where  our  present  operating  plan  in  that 
fiscal  year  1963  book  shows  almost  exactly  the  same  figure  requested. 
The  difference  is  only  $158,000. 

The  next  item  is  One-Day  Mission.  Here  we  had  increased  require- 
ments over  and  above 

Mr.  Fulton  of  Pennsylvania.  Could  I stop  you?  I believe  you 
mean  $158,000? 

Mr.  Holmes.  We  requested  $3K  million  for  Mercury.  We  are 
spending  $3.34  million.  The  only  deviation  is  $158,000.  In  the  last 
column  we  see  $158;  if  we  multiply  that  by  1,000,  we  have  $158,000. 

The  next  item  is  the  One-Day  Mission.  Our  estimate  was  not 
very  precise,  as  you  can  see.  We  requested  $3.3  million.  We  have 
in  our  fiscal  year  1963  operating  plan  $17,957  million.  There  are 
several  reasons  for  this  increase.  First,  our  cost  estimates  for  produc- 
tion of  modified  Mercury  spacecraft  for  the  One-Day  Mission  and  its 
backups  were  too  low.  The  increase  was  in  the  order  of  $2  million. 
Secondly,  our  estimate  for  recovery  operations  was  far  too  low.  That 
reovurement  increased  by  approximately  $2  million.  Our  flight 
operations  increased  by  $800,000. 

The  total  remaining  increment  of  about  $9  million  was  in  the  launch 
vehicle  area.  Two  elements  contributed  to  this  increase,  One  was 
an  increased  Atlas  booster  cost  of  about  $3%  million  and  the  other  was 
partial  deferment  of  Atlas  requirements  for  some  $5K  million. 

Those  totals  add  up  to  this  $14  million. 

Mr.  Fulton  of  Pennsylvania.  What  was  the  Atlas  booster  amount? 

Mr.  Holmes.  We  use  the  Atlas  D booster.  The  Air  Force  changed 
their  weapon  booster  in  quite  considerable  detail.  That  with  the 
reevaluation  gave  us  a larger  bill  than  we  anticipated. 

Mr.  Daddario.  Was  the  reevaluation  a result  of  the  change  in 
the  booster  or  a change  in  General  Dynamics’  estimate? 

Mr.  Holmes.  It  was  a change  in  the  General  Dynamics’  estimate. 
It  was  coincident  with  a lower  production  rate  for  the  Atlas  D,  which 
would  normally  raise  their  cost.  All  in  all  my  statement  on  the 
One-Day  Mission  estimates  in  the  fiscal  year  1963  budget  book  were 
not  very  good, 

Mr.  Daddario.  Are  these  General  Dynamics  estimates? 

Mr.  Holmes.  General  Dynamics  increase  was  $3.6  million. 

Mr.  Fulton  of  Pennsylvania.  How  did  NASA  decide  that  it  was 
reasonable  and  correct? 

Mr.  Holmes.  Our  Manned  Spacecraft  Center  people  reviewed  it 
very  carefully  with  the  Air  Force  who  in  turn  reviewed  it  with  the 
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contractor.  It  is  my  understanding  they  had  joint  meetings  in  that 
review. 

Mr.  Fulton  of  Pennsylvania.  What  gross  profit  did  that  give  to 
General  Dynamics? 

Mr.  Holmes.  I don’t -have  it. 

Mr.  Teague.  Will  you  supply  that  for  the  record,  please? 

Mr.  Holmes.  I will  attempt  to.  We  will  try  to,  Mr.  Chairman. 

Mr.  Fulton  of  Pennsylvania.  Did  General  Dynamics  get  in  touch 
with  you  about  revising  your  previous  contract  after  the  fact  occurred, 
or  was  it  done  ahead  of  times? 

Mr.  Holmes.  I believe  it  was  done  ahead  of  the  time.  I will  check 
that  for  the  record. 

(The  information  requested  is  as  follows :) 

/ / 

The  $3.6  million  increase  in  the  Atlas  booster  cost  was  a billing  from  the  Air 
Force  Space  Systems  Division  (AFSSD).  It  covered  additional  negotiated  costs 
per  Atlas  launch  vehicle  from  several  contractors,  including  General  Dynamics 
Astronautics  .(GB/A),  North  American  Aviation/Rocketdyne  Division,  ’General 
Electric,  and  Aerospace.  Of  the  $3.6  million  increase,  approximately  $1 
million  is  for  launch  services  due  to  program  stretchout  and  $2.6  million  is  for 
added  booster  cost.  The  General  Dynamics  Astronautics  share  is  approximately 
$1.9  million.  The  exact  fee  on  this  amount  cannot  be  determined  until  the  end 
of  the  contract  because  General  Dynamics  Astronautics  has  several  incentive-type 
contracts.  If  the  average  GD/A  fee  of  7 percent  is  applied,  the  gross  profit  on 
$1.9  million  would  be  approximately  $133,000. 

Any  change  to  the  Mercury  program  space  system  development  plan,  which 
represents  our  contract  with  the  Air  Force,  is  brought  about  by  management 
direction  from  the  Air  Force  based  on  rescheduling,  contract  reviews,  changes  in 
scope,  negotiation,  and  amendments  to  contracts.  No  direct  contact  between 
NASA  and  GD/A  is  made  on  contractual  matters. 

Air.  Holmes.  In  the  Gemini  program,  we  reprogramed  to  increase 
the  estimate  by  $42.6  million.  This  increase  is  identified  primarily 
with  an  increase  of  $49.9  million  in  spacecraft.  The  fiscal  1963 
congressional  budget  request  was  made  at  the  suggestion  of  the 
contractor.  The  increase  reflects  McDonnell’s  6 months  of  actual 
experience  in  1963.  In  this  area  the  contractor  had  been  optimistic 
about  what  he  could  build  a spacecraft  for,  only  having  very  prelimin- 
ary information  about  its  design. 

It  appears  the  contractor’s  optimism  was  not  warranted,  at  least  in 
terms  of  the  dollars  involved.  In  addition  to  the  spacecraft  adjust- 
ment, the  requirement  for  Gemini  launch  vehicles  increased.  In  other 
words*  in  order  to  have  this  booster  available  in  time,  the  Titan  II 
production  schedule  was  stepped  up. 

Mr.  Daddario.  You  have  said  that  McDonnell  Aircraft  Corp. 
underestimated  their  cost  in  providing  the  Gemini  capsule.  It  is  our 
understanding  they  were  given  this  contract  without  any  compeiiition 
whatsoever  because  of  the  great  experience  that  they  had  developed 
in  the  Mercury  program.  How  do  you  reconcile  that  with  the  fact 
that  they  underestimated  the  cost  to  such  a considerable  degree? 

Mr.  Waggonner.  It  would  appear  that  there  was  no  basis  for  the 
award. 

Mr.  Holmes.  I think  that  the  answer  lies  within  the  basic  phi- 
losophy of  the  Gemini  program.  In  order  to  get  data  as  soon  as  pos- 
sible, there  was  only  one  company  which  could  give  us  the  fastest 
possible  application  of  experience — both  in  developing  spacecraft  and 
in  working  with  NASA  in  that  capacity.  That  was  McDonnell 
Aircraft  Corp.,  which,  of  course,  developed  and  produced  the  Mercury 
spacecraft  for  NASA. 
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Mr.  Daddario.  You  don’t  mean  by  that,  regardless  of  cost? 

Mr.  Holmes.  No. 

Mr.  Daddario.  It  Would  seem  that  there  is  that  element  included. 

Mr.  Holmes.  I don’t  think  so.  Because,  indeed,  although  it  is  a 
fact  that  McDonnell’s  underestimated  this,  we  are  talking  about  an 
underestimate  here  in  total  which  includes  the  Titan  II  cost  of  22 
percent.  Let  me  see  if  I have  a breakdown.  It  is  somewhat  larger 
than  22  percent.  Still,  it  was  an  undefined  program.  There  is  no 
doubt  in  my  mind  if  we  had  gone  to  CCPF  award  that  their  estimates 
i would  have  gone  up  more  than  McDonnell  because  they  would  have 

known  less  about  it.  The  history  of  such  bids  is  very  poor.  . 

Mr.  Daddario.  I would  agree  with  that  reasoning,  if  it  did  go  to 
another  contractor.  I still  can’t  reconcile  in  my  own  mind  that  it 
t • should  justify  an  increase  to  a contractor  who  was  chosen  because  of 

f special  qualification  based  on  longtime  experience. 

§£  Mr.  Holmes.  We  have,  as  you  know,  in  cost-plus-fixed-fee  con- 

tracting; we  have  no  recourse  except  to  pay  his  cost  or  terminating 
| ...  him.  We  don’t  think  the  way  the  program  has  developed  that  they 

§r  were  negligent  hi  giving  us  what  we  believe  was  their  best  estimate  of 

W the  cost. 

Mr.  Gurnet.  Where  did  the  cost  get  out  of  line? 

Mr.  Low.  In  the  McDonnell  contract,  for  the  spacecraft,  the  Cost 
for  those  portions  of  the  spacecraft  produced  directly  by  McDonnell 
have  not  changed  significantly  since  we  presented  our  1963  budget 
requests.  However,  within  the  Gemini  spacecraft  there  are  a number 
of  subsystems  that  were  not  used  in  Mercury, 

For  example,  we  are  going  to  use  in  Gemini  a fairly  new  guidance 
f and  navigation  system.  Such  a system  did  not  exist  in  Mercury, 

r Most  of  the  underestimates  that  Mr.  Holmes  has  addressed  himself 

; to  is  in  the  area  of  the  subcontracts  to  McDonnell  and  not  to  McDon- 

f nell’s  in-house  efforts. 

Mr.  Gurney.  Did  McDonnell  get  bids  or  estimates  from  their 
subcontractors? 

Mr.  Low.  McDonnell  has  bids  from  their  subcontractors  today. 
They  did  not  have  them  at  the  time  the  1963  budget  was  submitted. 

L They  had  estimates  from  their  own  people. 

L Mr.  Waggonner.  You  say  now,  that  as  a result  of  some  of  these 

new  component  systems,  such  as  guidance,  that  we  have  changed  the 
I design  and  requirements  of  the  Gemini  capsule  since  the  original 

contract? 

Mr.  Holmes.  No,  I wouldn’t  say  that. 

Mr.  Low.  What  I inferred  was  that  those  systems  in  the  Gemini 
spacecraft,  which  are  different  from  the  Mercury  system  were  most 
difficult  to  estimate  a year  ago.  These  systems  were  planned  for 
^ s Gemini  last  year.  Those  estimates  were  new  and  were  not  as  good  as 

the  systems  previously  used  for  Mercury. 

Mr.  Waggonner.  Who  is  supplying  tms  new  guidance  system? 

Mr.  Low.  The  guidance  computer  is  provided  by  IBM,  the  plat- 
form hyMinneapolis-Honeywell. 

Mr.  Waggonner.  Does  IBM  have  the  guidance  system  contract 
with  Grumman  for  the  Apollo  program? 

Mr.  Low.  No,  sir.  The  guidance  system  for  the  Apollo  program 
is  being  developed  by  the  MIT  with  industrial  support  contracts. 
The  guidance  techniques  are  similar  but  because  of  the  different 
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mission  requirement  for  Gemini  and  Apollo,  it  is  impossible  to  use 
identical  guidance  equipments. 

Mr.  Waggonner.  You  are  saying  then  that  these  estimates, 
subcontractor  estimates  which  McDonnell  themselves  do  not  provide, 
thb  error  is  there  and  not  in  the  capsule  itself? 

Mr.  Low.  The  majority  of  the  difference  is  in  subcontractor  cost 
and  not  in  McDonnell’s  direct  cost, 

Mr.  Holmes.  We  have  to  be  a bit  careful.  The  responsible  party 
is  McDonnell.  It  is  not  the  subcontractor’s  responsibility.  It  is 
McDonnell’s  responsibility  to  the  Government  to  both  give  us  the 
right  cost  from  the  subcontractors  and  to  review  them  and  control 
them.  And,  indeed,  we  have,  as  far  as  information  from  these  sub- 
contractors of  their  preliminary  estimates  on  the  information  trans^ 
mitted  to  us  from  McDonnell.  I don’t  want  to  in  any  way  infer  that 
it  is  not  the  primary  responsibility  of  McDonnell. 

Mr.  Waggonner.  Does  McDonnell  have  a certain  amount  of  leeway 
in  selecting  its  subcontractors? 

Mr.  Holmes.  Yes,  it  does. 

Mr.  Fulton  of  Pennsylvania.  How  did  you  make  up  your  original 
estimates  when  you  computed  what  this  capsule  would  cost?  Some- 
body has  made  an  error.  Either  McDonnell  made  an  error  when  it 
asked  the  subcontractors  for  the  prices,  after  having  bid,  or  else  NASA 
made  them  when  the  preliminary  estimates  were  submitted  to  the 
Congress  on  the  budget.  There  were  errors  made.  The  question  is 
not  whether  they  are  blameworthy  errors,  but  how  did  the  errors 
occur? 

Mr.  Holmes.  I think  the  errors  were  twofold.  The  primary  re- 
sponsibility was  NASA's,  in  underestimating  Gemini’s  cost  require- 
ments for  fiscal  1963.  The  secondary  error,  in  terms  of  responsibility, 
was  McDonnell’s,  since  we  depend  upon  them,  not  totally  but  to  some 
extent,  for  these  estimates.  We  were,  of  course,  just  initiating  the 
Gemini  program  at  the  time.  You  can’t  actually  estimates.  I regret 
it  is  always  up  instead  of  down. 

Mr.  Fulton  of  Pennsylvania.  That  has  been  the  ease  on  the  Mer- 
cury program.  The  preliminary  estimates  were  much  lower  than  the 
final  cost.  Now  that  vou  have  given  us  the  final  estimate  on  the  Mer- 
cury program  for  1964,  that  brings  up  the  question  of  how  firm  the 
figures  were  on  which  you  have  based  your  budget  requests. 

During  the  authorization  hearings,  you  say  you  need  all  the  money 
requested,  and  you  give  us  a certain  estimate.  Later  we  find  that 
there  were  large  amounts  of  reprograming  and  the  final  figures  are 
admittedly  different.  Is  it  necessary  for  us  to  have  the  basic  or  prime 
contractor  show  us  his  subcontractor’s  estimates  before  we  go  ahead 
and  talk  about  a NASA  contract?  On  this  particular  setup,  ob- 
viously the  original  contract  figures  mean  little.  If  this  practice  is 
established,  it  would  mean  that  the  contractor  simply  bids  any  old 
figure  and  can  come  later  and  get  a contract  revision. 

I think  we  should  know  what  was  originally  estimated  by  NASA  for 
these  subcontracts,  and  then  what  the  actual  fact  was. 

Mr.  Holmes.  I agree  with  that,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Then  the  question  would  be  on  the 
requested  change  of  the  contract  figure  by  tne  prime  contractor,  how 
much  was  requested  by  McDonnell  when  they  came  in  and  needed 
a change,  and  likewise,  bow  much  of  this  is  needed  by  the  subcon- 
tractors, and  how  much  was  allowed. 
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Mr.  Daddario  (presiding).  Could  you  supply  that  for  the  record? 

Mr.  Holmes.  I will  supply  what  part  of  it  I can.  It  appears  to 
me  that  when  we  have  a program  of  this  size  initiated  the  way  it  was 
in  fiscal  1963  and  have  a total  reprograming  and  10  and  12  percent 
that  is  pretty  good  performance.  It  is  my  opinion  that  the  details 
of  that,  as  long  as  that  total  is  reasonably  good,  should  be  delegated 
to  the  people  who  are  managing  the  program. 

Mr.  Daddario.  These  are  statements  we  want  to  get  from  you.  I 
do  think  they  acre  reasonable  questions  which  quickly  come  to  mind 
when  any  contractor  is  in  the  enviable  position  of  being  chosen  above 
all  his  competitors  by  reason  of  his  having  a built-in  competence 
which  has  been  brought  about  by  Government  expense  in  the  first 
instance. 

I think  it  has  to  be  justified  when  there  is  a change,  even  though 
it  might  be  a reasonable  one. 

Mr.  Holmes.  Yes,  sir.  We  will  be  glad  to  furnish  any  definitive 
information  that  we  can. 

(The  information  requested  is  as  follows:) 

The  estimated  program  costs  for  the  major  subsystems  in  the  Gemini  space- 
craft are  about  $49.9  million  over  the  original  estimates  made  at  the  time  of 
project  approval  in  December  196k  These  original  estimates  made,  in  December 
1961  by  NASA  and.  McDonnell  were  based  on  minimum  changes  from  Mercury 
technology  and  served  as  the  basis  for  the  fiscal  year  1963  budget  submission. 
As  detailed  specifications  for  subsystems  performance  were  .developed  to  accom- 
plish the  Gemini  mission  objectives,  realistic  cost  estimates,  not  previously  avail- 
able, were  obtained  from  subcontractors.  The  first  of  these  subcontractor  cost 
estimates  were  obtained  by  McDonnell  in  April  1962  and  revealed  significantly 
higher  estimates  than  were  originally  used.  For  example: 

(a)  In  data  transmission,  it  became  necessary  to  change  from  a Mercury-tvpe 
system  to  a pulse  code  modulation  (PCM)  system  because  of  increased  data 
transmission  requirements,  and  the  need  to  reduce  weight  and  electrical  power. 
The  Gemini  data  transmission  system  will  be  directly  applicable  to  Apollo. 

(b)  Other  subsystems  have  a similar  history.  The  rendezvous  radar  was  orig- 
inally planned  to  be  similar  to  ones  used  by  the  Bomarc  missile,  but  it  was  found 
necessary  to  design  an  interferometer  type  radar  for  low  weight,  small  volume, 
and  to  provide  the  highest  reliability  possible^  * 

(c)  The  environmental  control  system  was  originally  planned  as  two  Mercury- 
type  systems,  but  as  the  detail  specifications  became  definitive  it  was  apparent 
that  the  Mercury  ECS  was  inadequate  and,  althovtgh  extensive  us  of  Mercury 
design  techniques  were  utilized,  thajoi'  modifications^  were  required 

Mr.  Daddario.  Mr.  Riehiman? 

Mr.  Biehlsman.  I think  that  just  about  answers  ray  question. 
Certainly  you  have  some  working  sheets  or  some  information  as  to 
the  need  for  these  additional  transfers  to  McDonnell  in  your  files, 
Mr.  Holmes. 

Mr.  Holmes,  We  do  have  information.  However,  the  supporting . 
figures  preceded  the  award  to  McDonnell.  The  figures  are  our  owu 
internal  budgetary  estimates,  based  on  informal  discussions  with 
McDonnell.  I can’t  go  back  that  far  and  submit  a record.  We 
will  be  glad  to  give  any  definitive  explanation  we  have. 

Mr.  Fulton  of  Pennsylvania.  I should  think  you  would  have  your 
original  budget  estimates, 

Mr.  Riehlman.  As  I understand  it,  the  $190  million  originally 
requested  was  NASA’s  estimate  and  apparently  not  that  of 
McDonnell.  Am  I correct? 

Mr.  Low.  That  was  not  based  on  a formal  estimate  bv  McDonnell. 
It  was  based  on  informal  duscussions  with  McDonnell.  This  is  a 
Government  figure. 
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Mr.  Riehlman.  At  what  point  did  McDonnell  come  in  and  say 
to  you  “this  isn’t  a sufficient  amount  to  carry  out  this  contract. 
We  have  to  have  X million  more,”  When  did  that  happen? 

Mr.  Low.  May  I give  some  of  the  history  of  this  contract? 

The  Gemini  contract  was  approved  within  NASA  in  December  1961. 
Our  estimated  costs  at  that  time  were  based  on  informal  discussions 
with  McDonnell.  Between  January  and  April  of  1962  the  contractor 
and  NASA  together  worked  on  a formal  set  of  specifications  for  the 
Gemini  program  and  it  wasn’t  until  April  1962  that  we  received  a 
formal  cost  proposal  from  our  contractor,  McDonnell. 

Mr.  Riehlman,  Was  it  at  that  time  that  you  arrived  at  the  de- 
cision thAt  they  would  have  to  have  $42  million  more? 

Mr.  Low.  No,  sir,  because  this  was  the  basis  for  our  initial  nego- 
tiations with  McDonnell.  Later  on,  our  technical  people  used  this 
for  the  final  contract  with  McDonnell. 

Mr.  Riehlman.  When  was  that  consummated? 

Mr.  Low.  This  week. 

Mr.  Holmes.  I suppose  a couple  of  months  for  the  cost  basis-- — 

Mr.  Riehlman.  When  was  the  decision  to  transfer  funds  made? 

Mr.  Low.  I would  have  to  get  the  exact  date  for  the  record.  It 
was  probably  in  November  of  last  year. 

(The  information  requested  is  as  follows;) 

The  increase  of  $42.6  million  in  the  Project  Gemini  estimate  was  the  net  result 
of  an  increase  of  $49.9  million  in  the  McDonnell  spacecraft  contract  and  changes 
in  several  other  elements  of  the  project.  The  increased  McDonnell  estimate  was 
approved  in  the  financial  operating  plan  for  Manned  Spacecraft  Center  in  Novem- 
ber 1962. 

Mr.  Riehlman.  You  made  the  decision  in  NASA  to  transfer  this 
before  you  had  a firm  contract  with  McDonnell? 

Mr.  Low.  Yes,  sir.  Our  negotiations  had  progressed  to  the  point 
where  we  knew  what  the  final  estimate  was  going  to  be.  We  were  very 
close.  This  was  a reprograming  within  NASA. 

Mr.  Holmes.  We  tried  in  this  fiscal  1963  column  in  the  fiscal  1964 
budget  book — the  “Yellow  Book” — to  give  you  our  best  guess.  This 
is  done  6 months  before  the  end  of  the  fiscal  year.  We  must  look  out 
or  we  will  give  you  a completely  unreasonable  figure. 

Mr.  Waggonner.  Mr.  Holmes,  has  the  recent  agreement  with  DOD 
with  regard  to  the  Gemini  program  added  to  this  increase? 

Mr.  Holmes.  No,  sir. 

Mr,  Gurney.  In  last  year’s  figures  what  did  you  use,  the  budget 
figures  for  fiscal  year  1963?  / - 

Mr.  Low.  We  used  our  informal  discussions  with  McDonnell  and 
the  jest  estimates  we  could  use  in  NASA. 

Mr.  Gurney,  We  are  talking  about  December. 

Mr.  Low.  We  are  talking  about  November  and  December  of  1961. 

Mr.  Gurney.  In  April  1962,  did  you  find  then  there  was  going  to 
be  a considerable  difference  between  your  preliminary  estimates  and 
the  figures  in  April? 

Mr.  Low.  We  had  the  first  indications  at  that  time.  These  were  the 

Sreliminary  figures.  This  was  the  first  cost  proposal  submitted  by 
IcDonnell.  It  had  not  yet  been  analyzed  in  April  by  our  own  people. 
Mr.  Gurney.  It  was  obvious  then  that  the  preliminary  figures  were 
not  correct?  Was  this  brought  to  the  attention  of  the  committee? 
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Mr.  Holmes.  It  was  obvious  they  were  not  correct,  and  I think  it 
was  not  brought  to  the  attention  of  the  committee. 

Mr.  Case?.  Mr.  Holmes,  on  this  total  Of  $232.8  million,  you 
break  that  down  in  the  yellow  book  as  to  individual  items.  That 
includes  launch  vehicles  and  flights,  covering  crew  and  everything, 
doesn’t  it? 

Mr.  Holmes.  That  is  the  total;  ves,  sir. 

Mr.  Casey.  What  part  does  McDonnell  have  of  that  total? 

Mr.  Low.  It  is  the  line  item  for  spacecraft,  I believe,  that  is 
$153,900,000.  Most  of  that  is  for  the  McDonnell  contract.  It  includes 
also  the  amount  for  the  paraglider  development. 

Mr.  Casey.  Where  is  paraglider  included?  Is  that  under  the 
“other”  column? 

Mr.  Low.  No,  sir.  It  is  included  in  the  spacecraft  line  item. 

Mr.  Casey.  What  does  the  “other”  column  include? 

Mr.  Low.  The  “other”  column  includes  minor  subcontractors  and 
spare  parts.  ■ ; 

Mr.  Casey.  Where  is  your  McDonnell  figure?  Is  McDonnell 
participating  in  those  three  line  items,  adapter  and  so  forth? 

Mr.  Low.  Yes  sir.  I am  sorry,  I was  looking  in  volume  I and  not 
volume  Y. 

Mr.  Casey.  Volume  V,  page  5,  you  have  a total  broken  down. 

Mr.  Holmes.  I have  volume  II.  Our  justification  is  in  volume  II. 

Mr.  Case  y.  Look  at  page  5 of  that  book,  under  the  Gemini  space- 
craft, 

Mr.  Holmes.  Yes. 

Mr.  Casey.  You  have  the  line  items  there  giving  the  total  space- 
craft cost  for  fiscal  year  1963  of  $153.9  million,  right? 

Mr.  Holmes.  Bight. 

Mr.  Casey.  Of  those  line  items,  how  much  of  this  is  McDonnell 
contract?  In  other  words,  what  do  they  participate  in?  Do  they 
participate  in  the  reentry  module? 

Mr.  Low.  Yes,  sir,  and  the  adapter  module  and  some  of  the  items 
included  in  “other.”  - , f ' ] 

Mr.  Casey.  This  $42.6  million  that  was  increased,  is  that  in  these 
three  items? 

Mr.  Low.  Yes,  sir. 

Mr.  Casey.  What  was  the  total  contract  with  McDonnell? 

Mr.  Low.  The  total  contract  with  McDonnell  is  for  $456  million. 

Mr.  Casey.  That  was  started  during  fiscal  1963,  is  that  correct? 

Mr.  Low.  It  was  started  in  fiscal  1962. 

Mr.  Gubney.  You  finalized  it  just  last  fall. 

Mr.  Holmes.  We  started  McDonnell  working  in  December  of  1961, 

Mr.  Casey.  Do  you  anticipate  any  increases  in  the  future  on  this? 

Mr.  Holmes.  I would  like  to  be  able  to  say  that  it  is  going  to  stop, 

Mr.  Casey.  It  is  only  10  percent  so  far, 

Mr.  Holmes.  The  Gemini  spacecraft  estimate  increased  about  20 
percent,  for  the  reasons  that  I mentioned  before. 

Mr.  Casey.  The  contract  was  for  $456  million.  You  have  also 
added  $42.6  million.  They  have  missed  at  almost  10  percent,  is 
that  right?  ;.'  ~ ' 

Mr.  Holmes.  The  $42  million,  which  is  an  approximate  figure,  is 
included  in  this  $456  million  contract.  The  present  contract  that 
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we  are  signing  with  McDonnell  covers  the  cost  involved  for  the  total 
Gemini  effort. 

Mr.  Casey.  This  contract  was  made  before  you  signed  the  contract? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Gurney.  Do  you  have  anything  in  the  fiscal  year  1964  budget 
comparable  to  the  McDonnell  situation,  where  you  have  figures  mat 
are  based  on  informal  conversations  or  informal  estimates  with 
contractors? 

Mr.  Holmes.  Yes,  sir,  I think  we  do. 

Mr.  Gurney.  Are  they  substantial?  Can  you  give  us  the  approxi- 
mate amounts  that  are  involved,  either  in  dollars  or  in  a percentage? 

Mr.  Holmes.  Where  there  was  a competitive  bid  and  proposal, 
we  have  the  figures  that  were  proposed  by  the  contractor.  Where  it 
is  negotiated,  it  is  very  hard  to  provide  firm  figures,  since  they  can 
be  classed  as  working  papers. 

Mr.  Gurney.  Could  we  have  the  figures  in  the  record  which  are 
comparable  to  the  McDonnell  situation,  figures  based  on  informal 
conversations  with  the  contractor  before  a formal  contract  is  ar- 
rived at? 

Mr.  Daddario.  I would  suggest  that  we  take  those  up  as  we  go 
along.  We  will  get  that  testimony  as  we  go  through  the  budget 
request. 

Mr.  Gurney.  That  is  agreeable  provided  that  we  don’t  lose  sight 
of  it. 

Mr.  Daddario.  Mr.  Yeager  has  something  to  enter  in  the  record. 

Mr.  Yeager.  I would  like  permission  to  incorporate  at  the  proper 
point  in  the  record  the  two  tables  that  were  supplied  today. 

Mr.  Daddario.  The  tables  will  be  so  entered. 

This  committee  is  adjourned  until  Thursday  morning  at  10  o’clock. 

(Whereupon,  at  12:15  p.m.,  the  subcommittee  adjourned,  to 
reconvene  at  10  a.m.,  Thursday,  April  4,  1963.) 
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THURSDAY,  APRIL  4,  1068 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington , D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 
Cannon  Building,  at  10  a.m.,  Hon.  Emilio  Q.  Daddario  presiding. 
Mr.  Daddario.  The  committee  will  come  to  order. 

Mr.  Holmes,  before  we  proceed,  I noticed  in  the  morning  paper  that 
a new  Advisory  Board  has  been  established  for  the  Manned  Space- 
craft Center.  The  Chairman  is  Mr.  Kelly  of  Bell  Telephone  Co. 
This  is  the  first  I recall  hearing  of  this;  I wonder  if  you  might  give 
the  committee  an  explanation. 

STATEMENT  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE 
ADMINISTRATOR  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 
FLIGHT,  NASA,  ACCOMPANIED  BY  WILIAM  E.  LILLY,  DIRECTOR, 
PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT,  AND 
GEORGE  M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS) 

Mr.  Holmes.  I will  be  glad  to.  For  the  last  approximately  16 
months  Dr.  Kelly,  who  is,  as  you  know,  retired  chairman  of  the 
board  of  Bell  Telephone  Laboratories  and  now  consults  with  many 
companies,  has  been  giving  his  time  to  NASA  as  consultant  to  Mr, 
Webb.  Dr.  Kelly  spends  at  least  a day  a month  with  me.  He  serves 
in  an  advisory  capacity,  using  his  great  background  and  .experience 
in  systems  engineering  and  development  programs. 

Another  individual  whom  I consider  outstanding  and  a skilled 
person  is  Dr.  Hector  Skifter,  He  has  also  been  working  with  me 
personally  as  a consultant  over  this  period  of  time.  I have  known 
Dr.  Skifter  for  many  years.  He  is  chairman  of  the  board  of  the 
Airborne  Instruments  Laboratory  and  has  for  many  years  unselfishly 
given  his  time  to  serve  the  Government.  He  had  served  on  many 
committees.  For  instance,  he  worked  with  Dr.  York  as  one  of  the 
key  people  to  analyze  electronics  circuits  for  the  defense  of  the 
country,  including  major  weapons  systems  such  as  Zeus.  Dr.  Skifter 
has  also  headed  numerous  committees.  He  served  as  the  first  presi- 
dent and  chairman  of  the  board  of  the  Research  Analysis  Corp.,  an 
R.  <fe  D.  organization  formed  by  the  Army. 

I thought  it  would  be  very  helpful  if  these  two  individuals,  in 
addition  to  two  or  three  other  people  of  comparable  experience,  could 
look  at  our  entire  manned  space  flight  program  and  give  us  the 
benefit  of  their  thinking.  I did  not  anticipate  these  men  would  judge 
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detailed  designs.  However,  I was  convinced  that  their  space  program 
experience  and  their  findings  would  enable  them  to  contribute  valuable 
advice  on  manned  space  flight  organization  and  management,  and 
even  the  overall  systems  approach. 

Mr.  Webb  agreed  and  felt  that  it  would  be  useful  for  this  advisory 
group  to  cover  an  even  broader  area,  including  procurement  practices 
and  other  activities.  Mr.  Webb  officially  appointed  the  Manned 
Space  Flight  Management  Advisory  Committee.  In  addition  to 
Dr.  Kelly  and  Dr.  Skitter,  the  members  are:  Gen.  James  McCormack, 
retired  from  the  Air  Force,  who  was  formerly  the  head  of  research  and 
development  for  the  Air  Force  and  is  now  vice  president  of  the  Massa- 
chusetts Institute  of  Technology;  Dr.  Hendrick  W.  Bode,  a member 
of  the  board  of  Bellcomm  and  a world-renowned  mathematician, 
whose  work  on  feedback  theory  and  analysis  in  electronics  amplifica- 
tion is  perhaps  the  most  important  book  written  on  that  subject;  and 
Dr.  Arthur  E.  Raymond,  a retired  senior  vice  president  of  Douglas 
Aircraft,  who  has  for  some  time  been  a consultant  to  Mr.  Webb  on 
overall  NASA  organization  and  has  been  kind  enough  to  give  me  some 
of  his  time.  The  five-member  Committee  represents  a number  of 
industrial  groups  and  offers  an  intimate  knowledge  of  NASA  and  its 
functions. 

Mr.  Daddario.  It  is,  then,  os  I understand  from  you,  a permanent 
committee? 

Mr.  Holmes.  It  was  set  up  to  dissolve  unless  extended,  at  the  end 
of  fiscal  year  1964.  It  is  my  hope  and  intention  to  have  it  function 
as  a permanent  advisory  committee,  which  might  meet,  say,  every  6 
months  or  so.  ' 

Mr.  Daddario.  Are  they  paid  as  consultants  or  on  a salaried  level? 

Mr.  Holmes.  As  consultants,  though  several  of  them  don’t  accept 
any  payment. 

Mr.  Daddario.  How  do  they  fit  into  the  scheme  of  things,  con- 
sidering the  management  assistance  you  will  get  from  Bellcomm  and 
General  Electric?  There  are  so  many  management  advisers  in  the 
program  at  the  moment  that  it  is  somewhat  confusing. 

Mr.  Holmes.  Yes;  however,  there  is  only  one  management  advis- 
ory group,  and  this  is  this  group,  who  advise  me  personally.  Pre- 
sumably the  Manned  Space  Flight  Management  Advisory  Committee 
will  also  discuss  the  subject  with  Mr.  Webb,  Dr.  Seamans,  and  Dr. 
Dry  den.  They  are  acting  in  strictly  a consulting  capacity.  This 
week  is  their  first  meeting.  I personally  participated  in  planning 
their  itinerary  and  agenda.  They  met  with  us  all  day  Monday,  then 
went  to  the  Marshall  Space  Flight  Center  on  Tuesday,  and  visited  the 
Manned  Spacecraft  Center  on  Wednesday.  Today  they  are  at  the 
Launch  Operations  Center.  Tomorrow  the  Committee  will  return  to 
summarize  their  findings  and  discuss  it  with  us. 

Mr.  Daddario.  This  Committee  then  is  to  be  of  specific  assistance 
to  you? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  When  did  the  idea  occur  that  you  should  have  a 
, (Committee  for  that  purpose? 

Mr.  Holmes.  I suggested  it  to  Dr.  Kelly  over  a year  ago.  He  felt 
it  was  a little  early  at  that  point  to  make  a firm  decision.  Several 
months  ago  I indicated  to  Dr.  Kelly  again  that  I thought  it  would  be 
a valuable  approach,  and  he  took  the  necessary  action.  He  dis- 
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cussed  the  idea  with  Mr.  Webb,  as  I did.  The  necessary  action  to 
select  the  membership  was  then  taken. 

Mr.  Daddario.  Will  they  confine  themselves  to  consulting  with 
you  in  this  advisory,  capacity,  or  will  they  also  be  available  individu- 
ally as  consultants  to  other  people  within  the  program? 

Mr.  Holmes.  Three  of  the  five  members  are  consultants  to  NASA 
on  an  individual  basis.  Dr.  Skifter  is  a consultant  to  me.  Dr.  Kelly 
and  Dr.  Raymond  are  consultants  to  Mr,  Webb.  They  will  continue 
to  do  that  as  individuals,  but  will  meet  to  advise  us  on  the  manned 
space  flight  program  from  time  to  time,  as  appears  appropriate. 

The  Manned  Space  Plight  Advisory  Committee  fulfills  a function 
distinct  from  Bellcomm  and  GE,  which  are  working,  line  operations 
to  support  our  'effort.  GE  and  Bellcomm  are  not  personal  advisers 
to  me  in  any  sense  of  the  word.  The  Bellcomm  people  are  highly 
technical  people  who  provide  systems  engineering  support  to  Dr. 
Joseph  Shea,  my  Deputy  Director  for  Systems.  Bellcomm  carries 
out  task  assignments.  General  Electric  works  for  Mr.  Sloan,  Director 
of  Integration  and  checkout,  and  with  the  centers  in  developing  an 
entirely  integrated  checkout  plan..  The  Manned  Space  Flight 
Management  Advisory  Committee  is  the  only  advisory  group  that 
I have.  Bellcomm  and  GE  are  line  organizations. 

Does  that  clarify  it  at  all? 

Mr.  Daddario.  Somewhat.  It  clarifies  it  insofar  as  the  formation 
of  the  committee  is  concerned.  It  still  leaves  some  question  in  my 
mind  insofar  as  General  Electric  and  Bellcomm  are  concerned.  I have 
discussed  this  with  Mr.  Teague,  and  we  will  look  into  it  later. 

Do  you  have  any  further  information  on  the  Russian  Moon  shot 
that  might  be  of  assistance  to  us? 

Mr.  Holmes.  No,  I do  not,  except  to  confirm  our  earlier  informa- 
tion that  about  3;100  pounds  were  injected  toward  the  Moon,  and 
further  that  our  Ranger  injection  weight  is  about  700  pounds. 
I think  we  had  some  question  about  those  things. 

Mr.  Daddario.  You  have  no  information  as  to  the  nature  of  the 
experimental  equipment  on  board? 

Mr.  Holmes.  No,  sir.  We  suspect  it  is  either  a lunar  orbiter  or 
lunar  soft-lander,  probably  the  latter.  This  hasn’t  been  announced, 
and  I suspect  it  wouldn’t  until  it  works  satisfactorily.  I even  suspect 
if  it  crashes  on  the  Moon  it  will  be  announced  as  a hard  lander. 

Mr.  Daddario.  Which  would  be  your  considered  opinion  on  those 
two  observations? 

Mr.  Holmes.  It  would  be  my  opinion  that  it  would  be  a lunar 
soft-lander  to  telemeter  data  back  to  Earth  as  our  Surveyor  would. 

Mr.  Daddario.  Telemeter  back  what  kind  of  information? 

Mr,  Holmes.  Probably  something  about  the  surface.  Our  Sur- 
veyor, for  instance,  would  be  taking  small  core  borings  and  telemeter- 
ing back  data  on  lunar  surface  characteristics.  Whether  the  Soviets 
have  done  this  I don’t  know.  It  would  be  logical  for  them  to  use 
a soft-lander  for  such  a mission. 

Mr.  Daddario.  Since  it  is  larger  than  our  Surveyor,  does  that  give 
the  Russians  greater  capacity  to  do  more  experimentation  in  this 
kind  of  soft  landing  than  we  would  be  capable  of  doing? 

Mr.  Holmes.  Yes,  assuming  equal  proficiency  in  packaging  and 
miniaturization.  It  would  be  comparable  to  our  Surveyor,  which  has 
an  injection  weight  of  approximately  2,100  pounds.  Certainly  every 
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pound  is  very  important  and,  if  used  with  equal  efficiencies,  their  3,000 
pound  vehicle  could  do  quite  a bit  more  than  a 2,100  pound  injection 
vehicle. 

Mr.  Dadbario.  Is  there  any  suggestion  that  the  Russians  will 
make  some  of  this  information  available  to  us?  I believe  you  have 
suggested  this  in  your  past  testimony. 

Mr.  Holmes.  It  is  my  opinion  that  the  Russians  will  release  infor- 
mation if  it  serves  their  purposes,  whether  for  international  propa- 
ganda or  some  other  end.  They  have  not  made  any  information  avail- 
able to  us  unless  it  was  useful  to  them,  in  my  opinion. 

Mr.  Daddario.  This  has  been  their  performance  in  the  past,  in 
your  opinion?  • 

Mr.  Holmes.  Yes. 

Mr.  Yeager.  Do  you  attach  significance  to  the  report  in  the  press 
that  this  time  the  Soviets  had  not  announced  any  frequencies,  so  that 
not  even  Jodrell  Bank  was  tracking  it? 

Mr.  Holmes.  This  morning’s  Times  reported  a frequency  of  185 
megacycles,  I believe,  but  that  is  my  total  knowledge  of  it. 

Mr.  Roudebush.  Did  we  get  any  useful  information  at  all  when 
wre  landed  the  Ranger  package? 

Mr.  Holmes.  No,  sir.  It  destroyed  itself  landing  on  the  back 
side  of  the  Moon. 

Mr.  Roudebush.  Prior  to  the  time  it  impacted  on  the  Moon,  we 
received  no  information  whatever? 

Mr.  Holmes.  I believe  we  received  no  novel  information. 

Mr.  RoudebUsk.  Why  has  NASA  dropped  the  Prospector  program  ? 

Mr.  Holmes.  I think  primarily  because  Prospector,  which  would 
have  been  larger,  and  crawled  around  the  Moon,  and  also  perhaps 
would  have  been  a logistics  supply  vehicle,  doesn’t  really  have  a place 
in  the  scheme  of  things  between  a successful  Surveyor  program  and 
our  first  manned  lunar  landing,  using  a lunar  excursion  module. 
Putting  a payload  on  the  Moon,  as  a cache  of  supplies,  would  take 
over  at  least  part  of  the  early  thoughts  of  what  Prospector  might  do, 

Mr.  Roudebush.  Will  Surveyor  have  any  mobility? 

Mr.  Holmes.  None  as  such,  though  there  will  be  moving  parts, 
to  take  core  samples.  The  first  maneuverability  by  our  present 
thinking  would  be  the  astronauts.  If  we  go  ahead  with  a logistic 
system  we  plan  to  send  support  equipment  to  let  them  move  around 
on  the  surface  of  the  Moon. 

Mr.  Roudebush.  We  might  get  atypical  rather  than  typical 
response  from  the  Surveyor,  couldn’t  we? 

Mr.  Holmes.  You  could  obtain  atypical  responses  from  Surveyor 
or  any  unmanned  vehicle.  We  will  attempt  to  correlate  our  surface 
measurements  with  photographic  measurements.  We  hope  that  this 
approach  will  give  us  the  necessary  information  on  the  characteristics 
of  the  manned  lunar  landing  site.  ' 

Mr.  Roudebush,  That  is  all. 

Mr.  Daddario.  Is  it  possible  that  this  was  a manned  lunar  flight? 

Mr.  Holmes.  No,  sir.  We  don’t  believe  so.  As  you  know,  we 
are  going  with  what  we  think  is  the  minimum  reasonable  payload 
to  take  three  men — 90,000  pounds.  Even  if  the  crew  is  reduced  to 
1 man,  the  reduction  doesn’t  yield  a ratio  of  30  to  1.  We  don’t 
believe  the  Russians'  3,000-pound  payload  could  possibly  take  a 
man  to  the  moon  and  bring  nim  back. 
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Mr.  Daddario.  Is  it  possible  they  could  have  experiments  using 
live  animals  on  this? 

Mr.  Holmes.  It  is  possible. 

Mr.  Daddario.  Would  it  be  likely,  in  consideration  of  the  value  it 
might  be? 

Mr.  Holmes.  No;  we  think  it  is  unlikely.  We  are  not  planning  to 
send  animals.  We  are  trying  to  obtain  other  data. 

Mr.  Daddario.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  There  was  a comment  by  Soviet 
Defense  Minister  Rodion  Malinovsky,  on  the  Russian  cosmonauts,  in 
which  he  said:  “Let  our  foes  note  what  technology  and  what  mili- 
tancy are  in  the  possession  of  the  Soviet  power.” 

My  question  is:  Does  this  particular  vehicle  have  any  relation  to 
scientific  research?  Do  you  see  any  overtones  in  this  particular  shot 
that  might  have  any  relevance  to  the  comment  by  Malinovsky? 

Mr.  Holmes.  Replying  to  you  from  a vast  ignorance  of  the  details 
of  the  payload,  I would  answer  “No,”  with  one  important  qualifica- 
tion. Whenever  one  puts  a payload  into  Earth  orbit  and  then  injects 
it  farther  into  space  one  learns  more  about  how  to  operate  in  space. 
Technology  and  operational  skills  increase. 

Mr.  Fulton  of  Pennsylvania.  So  in  the  cislunar  area  between  the 
Earth  and  the  Moon  the  Soviets  are  making  substantial  progress 
which  can  be  said  to  either  equal  or  exceed  ours  in  the  scientific  fields? 
Then  with  our  lack  of  information,  we  are  unable  to  tell  what  opera- 
tions these  scientific  discoveries  might  be  put  to? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  So  we  can  really  make  no  evaluation, 
from  the  information  we  have,  on  the  peaceful  scientific  uses,  or  mili- 
tary uses,  of  this  Russian  lunar  probe. 

Mr.  Holmes.  We  can  only  make  the  general  evaluation,  to  which 
I alluded,  unless  we  know  more  about  it. 

Mr.  Fulton  of  Pennsylvania.  I smiled  when  you  said  we  should 
credit  them  with  a capability  equal  to  ours  with  respect  to  the  payload. 
Shouldn't  we  credit  them  with  a little  better  than  our  capabilities,  in 
order  to  be  sure? 

Mr.  Holmes.  I guess  maybe  we  should,  though  I thought  I was 
being  generous. 

Mr.  Daddario.  Fine.  Now  to  return  to  the  business  at  hand.  We 
left  off  on  the  tables  that  you  had  prepared  for  us,  Mr.  Holmes. 
We  were  discussing  the  Gemini  program,  as  I recall. 

Mr.  Holmes.  Yes,  sir.  With  your  permission,  I have  a statement 
I would  like  to  read,  which  continues  with  the  other  figures. 

Mr.  Daddario.  Mr.  Yeager? 

Mr.  Yeager.  Were  you  going  to  leave  Gemini  now? 

Mr.  Holmes.  Yes.  I was  going  to.  I will  return  to  a question  on 
Gemini  if  you  have  one. 

Mr.  Yeager.  All  right. 

Mr.  Holmes.  My  general  observation  is  this:  Despite  the  increase 
of  $42.6  million  in  the  cost  of  Gemini,  the  total  cost  of  the  Apollo 
program  was  reduced  by  $144.3  million.  The  point  is  that  despite 
the  very  ear!  7 developmental  nature  of  the  program  and  despite  the 
changes  which.  required  funds  to  be  reoriented  for  the  program,  the 
total  development  cost  of  the  Apollo  hardware  changed  only  some  $33 
million  out  of  total  request  of  $1,149  billion,  or  about  3 percent.  We 
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won’t  do  better  than  that  with  any  program  in  the  developmental 
stage.  I say  this  not  really  supporting  NASA,  but  in.  a joint  way, 
with  the  committee.  I think  as  far  as  hardware  development,  despite 
these  changes  we  are  applying  funds  to  the  development  of  equip- 
ment for  that  Moon  program  about  the  way  the  committee  felt  we 
would  do,  with  the  one  exception  of  the  Nova  funds  that  we  indicated 
might  be  put  aside  since  we  wouldn’t  be  going  with  all  of  these  missions 
at  once. 

Mr.  Daddario.  Mr.  Yeager. 

Mr.  Yeager.  I have  a couple  of  questions  on  the  Gemini  program. 

Mr.  Daddario.  Do  you  wish  to  proceed  further  with  your  prepared 
statement,  or  should  we  let  Mr.  Yeager  ask  his  questions  on  the 
Gemini  program? 

Mr.  Holmes.  I think  it  would  be  fine  for  him  to  ask  his  questions 
now. ' ' . . ' . 

Mr.  Yeager.  Was  the  $42.6  million  increase  in  the  Gemini  program 
all  involved  with  the  McDonnell  contract,  or  was  a part  of  it  for 
something  else? 

Mr,  Holmes.  Actually  the  McDonnell  variation  was  larger  than 
$45.6  million,  which  represents  the  net  change.  The  adjustment 
on  the  Gemini  spacecraft  was  approximately  $49.9  million.  Titan  II, 
which  increased  because  of  Air  Force  dollar  requirements  to  meet  an 
accelerated  production  schedule,  was  up  about  $12.3  million. 

However,  other  factors  offset  these  increases.  Operations  decreased 
by  about  $8  million.  Atlas-Agena  requirements  decreased  by  about 
$9.7  million.  Supporting  development  went  down  by  approximately 
$1.9  million.  The  net  result  of  these  adjustments  is  the  $42.6  million. 

Mr.  Yeager.  The  NASA  release  on  the  new  Gemini  program 
does  not  indicate  a time  limit  on  the  McDonnell  contract,  but  specifies 
only  what  services  are  to  be  purchased  with  the  money.  Is  there  a 
time  limit  on  this  new  Gemini  contract  with  McDonnell? 

Mr.  Holmes.  Yes,  there  is  a very  definite  schedule  requirement 
for  delivery  of  spacecraft,  both  for  testing  and  flight  missions. 

Mr.  Yeager.  I am  looking  for  a terminal  date. 

Mr.  Holmes.  Mr.  Low,  do  you  have  a delivery  date? 

Mr.  Low.  Delivery  of  the  last  spacecraft  is  at  the  end  of  calendar 
year  1965. 

Mr.  Holmes.  The  end  of  calendar  1965  is  our  last  scheduled  launch 
for  Gemini.  Since  we  hold  the  contractor  responsible  until  the  space- 
craft is  flown,  the  contract  would  certainly  run  through  that  time. 

Mr.  Yeager,  One  other  question.  According  to  the  news  release, 
McDonnell  has  approximately  1,500  subcontractors  or  suppliers 
involved  with  Mercury  and  Gemini.  Do  you  have  a breakdown  as  to 
what  percentage  of  this  new  contract  will  be  let  to  subcontractors? 

Mr.  Low.  Mr.  Yeager,  that  is  aj  oximately  55  percent. 

Mr.  Gurney.  Mr.  Chairman. 

Mr.  Daddario.  Mr.  Gurney. 

Mr.  Gurney.  In  your  initial  summary  on  page  1,.  for  fiscal  year 
1964,  you  don’t  have  anything  about  the  1-day  mission.  However, 
in  the  small  book,  on  page  5,  there  is  a reference  back  to  page  26  in 
the  big  book,  which  shows  $208,000  for  this  1-day  mission.  Why 
does  this  not  appear  in  the  summary  on  page  1?  And,  where  is  this 
$208,000  in  the  summary  which  appears  on  page  1? 

Mr.  Holmes.  I didn't  think,  we  were  carrying  any  coats  for  the  1- 
day  mission  in  fiscal  year  1964. 
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Mr.  Low.  In  the  big  book,  page  RDO  1-26,  the  $208,000  appears. 
These  are  personnel  costs  for  the  people  still  carried  in  fiscal  1964  for 
the  final  data  reduction  from  the  last  1-day  Mercury  mission  flight. 

Mr.  Gurnet.  Your  figures  on  page  1 are  R.  <fc  D.  facilities;  is  that 
right? 

Mr.  Low.  The  figures  on  page  1 in  the  supplemental  book? 

Mr.  Gurnet.  No,  the  big  book.  I thought  the  figures  on  page  1 
of  the  big  book  were  a capsule  rundown. 

Mr.  Low.  Those  figures  are  R.  & D.  costs  except  for  the  last  two 
line  items,  personnel  costs  and  operations  of  installation,  $27  million 
and  $42  million,  on  page  1,  Mr.  Gurney. 

Mr.  Gurnet.  Then  the  26th  item  of  $208,000  is  included — 

Mr.  Low.  Included  in  the  42  and  47. 

Mr.  Gurnet.  In  the  paper  this  morning  there  was  a news  article, 
apparently  a NASA  release,  which  indicated  that  there  may  be  another 
Mercury  mission  that  might  go  for  3 days.  A cost  figure  was  men- 
tioned of  $1  million.  I realize  this  has  been  discussed  before,  and 
you  have  made  a decision  on  it,  but  where  is  the  $1  million  going  to 
come  from? 

Mr.  Holmes.  That  figure  is  presently  budgeted  in  our  Mercury 
program  for  fiscal  year  1963.  At  the  recommendation  of  my  staff 
and  the  Manned  Spacecraft  Center,  about  3 months  ago  I authorized 
expenditure  of  $1  million — between  now  and  the  Cooper  flight — on 
the  backup  spacecraft.  This  was  to  study  and  accommodate  changes 
in  the  life  support  system  and  control  system.  It  seemed  a reasonable 
expenditure  for  several  reasons.  First,  it  did  increase  our  knowledge 
of  these  areas  that  we  could  apply  in  Gemini.  Secondly,  we  did  have 
a backup  spacecraft  that  we  were  not  changing.  Thirdly,  it  appeared 
as  time  went  on  and  if  the  Cooper  flight,  was  very  successful,  we 
wouldn’t  be  shut  off  from  going  further  if  the  people  studying  and 
wanting  to  know  more  about  weightlessness  thought  that  before, 
even,  we  could  go  with  Gemini,  we  should  go  further. 

Mr.  Gurnet.  The  money,  the  $1  million,  is  coming  from  fiscal 
year  1963? 

Mr.  Holmes.  The  $1  million  to  do  the  work  is  coming  from  fiscal 
year  1963.  If  we  decided  to  do  the  mission  it  would  take  repro- 
graming action  and  would  cost  considerably  more  than  the  $1 
million. 

Mr.  Gurnet.  How  much  money  does  NASA  have  left  in  this 
program  for  fiscal  year  1963  that  has  not  or  will  not  be  expended,  as 
nearly  as  you  can  judge? 

Mr.  Holmes.  Do  you  have  that  figure,  Mr.  Lilly? 

Mr.  Lillt.  I am  able  to  give  you  the  financial  status  as  of  the  end 
of  February  1963,  Mr.  Gurney.  On  the  1-day  mission  there  was  an 
uncommitted  balance  of  $4.4  million,  and  in  the  Mercury  program 
there  was  an  uncommitted  balance  of  $147,000.  . 

Mr.  Gurnet.  How  much  of  this  do  you  expect  to  expend  in  thev 
additional  flight? 

Mr.  Holmes.  We  expect  to  spend  all  of  this  amount,  Mr.  Gurney. 

Mr.  Daddario.  Mr.  Waggonner. 

Mr.  Waggonner.  Mr.  Holmes,  you  spoke  of  this  next  Mercury  shot 
possibly  being  our  last  shot,  I would  like  to  think  that  it  will  be. 
However,  should  we  experience  our  first  failure  with  the  next  Mercury, 
what  planning  has  been  made  toward  further  Mercury  shots? 

$6-604  O -63— pt. 


v 


1964  NASA  AUTHORIZATION 


Mr.  Holmes.  We  do  have  two  backup  spacecraft;  one  active,  which 
I referred  to  in  my  discussion  with  Mr.  Gurney  and  one  in  bonded 
storage.  We  also  have  the  necessary  boosters  for  these  spacecraft; 
The  backup  is  scheduled  in  September  should  we  fail  to  accomplish 
our  objectives  in  May  with  Major  Cooper's  mission. 

Mr.  Waggonner.  If  we  have  a slippage  until  September,  what 
does  that  do  to  the  Gemini  schedule,  and  how  does  it  affect  the 
Apollo  schedule? 

Mr.  Holmes.  It  would  impose  a greater  burden  on  the  people  who 
would  be  involved  in  Gemini  operational  planning.  However,  I don't 
believe  that  it  would  cause  a slippage  in  the  Gemini  or  Apollo  schedule. 

The  other  effect  is  more,  unknown.  If  this  longer  flight  of  1%  days 
does  not  reveal  adverse  reactions  to  prolonged  weightlessness,  there 
is  no  effect.  If,  however,  we  encounter  great  problems  from  the 
weightlessness,  the  impact  could  be  serious  as  you  know,  one  of  the 
reasons  that  we  are  conducting  the  1-day  mission  is  to  increase  our 
knowledge  of  the  effects  of  prolonged  weightlessness. 

Mr.  Waggonner.  One  thing  the  Russians  said  after  their  last  spec- 
tacular when  they  launched  Vostoks  in  and  IV  was  something 
about  the  possible  problem  of  calcium  and  bone  deficiencies  due  to  ex- 
tended time  and  space.  On  the  first  day  of  the  posture  hearings,  Mr. 
Webb  made  a statement  concerning  the  possible  effect  of  prolonged 
weightlessness.  I don’t  think  he  meant  to  cast  any  doubt  on  the  effect 
this  problem  would  have  on  our  future  probes,  but  does  NASA  know 
anything  which  leads  us  to  believe  that  man  cannot  stand  extended 
periods  m space? 

Mr.  Holmes.  I think  the  direct  answer  that  I might  be  qualified 
to  give  would  be,  “No,”  we  don’t  have  any  information  on  this  point. 
There  is  some  concern  that  muscle  tone  might  be  affected  as  a result 
of  extended  periods  of  weightlessness.  However,  I think  when  Dr. 
Roadman  comes  up  to  testify  on  his  budget  you  may  get  a better 
answer  than  I am  capable  to  give  you. 

Mr.  Gurney.  Mr.  Chairman. 

Mr.  Daddario.  Yes. 

Mr.  Gurney.  I take  it,  from  this  discussion  of  the  Mercury  pro- 
gram, there  is  a definite  possibility  that  you  may  do  a*  3-day  mission, 
at  least  you  are  thinking  of  it? 

Mr.  Holmes.  There  is  a possibility,  with  a much  less  than  50-50 
chance.  A 3-day  mission  has  not  been  approved  either  by  my  office 
or  by  my  superiors. 

Mr.  Gurney.  Do  you  have  any  figure  in  mind  what  this  will  cost? 

Mr.  Holmes.  I will  ask  Mr.  Low  to  answer  that,  please. 

Mr.  Low.  The  cost  in  fiscal  year  1964  for  such  a mission  would  be 
about  $8  million.  This  doesn’t  appear  in  our  budget  at  this  time. 

Mr.  Gurney.  That  was  the  question  I was  going  to  ask.  I gathered 
from  the  previous  conversation  that  if  that  was  necessary,  there  would 
be  a reprograming.  Now  my  question  is;  Where  would  you  take  the 
$8  million  from  to  do  this  shot? 

Mr.  Holmes.  I can’t  really  answer.  It  would  be  my  personal, 
final  decision,  after  recommendations,  that  it  come  out  of  the  manned 
space  flight  budget.  Our  program  is  dynamic  and  it  is  my  responsi- 
bility to  aclueve  a proper  balance.  As  critical  needs  arise,  it  may 
prove  necessary  to  transfer  money  from  one  part  of  the  program  to 
another.  So  if  it  seemed  important  enough,  we  would  take  money 
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away  from  some  part  of  Apollo  or  Gemini,  and  it  would  slow  up  that 
much  of  an  increment.  But  if  the  total  program  would  have  a 

freater  chance  of  success  of  being  done  earlier,  we  would  make  the 
ecision  and  would  report  these  facts  to  you. 

Mr.  Gurney.  I understand  this.  My  question  is  to  find  out  how 
NASA  plans  for  reprograming.  Certainly  there  must  be  some  sort 
of  planning  for  an  item  as  large  as  $8  million. 

Mr.  Holmes.  There  is  no  planning  for  this  item  now.  The  reason 
is  that  I don’t  think  we  are  going  to  conduct  a 3-day  mission.  We 
have  enough  budget  problems  nght  now  with  a difficulty  here,  a 
difficulty  there,  taking  money  from  one  program,  putting  it  into 
another,  all  with  these  very  high-volume  spending  rates  related  to 
problems  and  to  schedules.  We  don’t  have  this  money  any  place 
m our  thinking. 

Mr.  Gurney.  Then  it  is  fair  to  say  that,  at  least  on  this  item,  when 
the  reprograming  is  accomplished,  the  decision  will  be  made  at  that 
time  where  to  take  the  money  from,  is  that  correct? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Gurney.  Is  that  generally  true  of  most  of  the  reprograming 
that  has  been  done  in  the  past,  and  will  be  in  the  future? 

Mr.  Holmes.  Yes,  sir.  As  soon  as  we  have  a program  that  we 
expeet  to  approve,  we  analyze  then  how  we  would  fund  it.  Then  we 
carry  the  proposal  forward  to  the  Associate  Administrator  of  NASA, 
Dr.  Seamans,  with  my  recommendation  that  this  is  what  we  do. 
Sometimes  I have  asked  for  money  from  other  parts  of  NASA.  So 
far  I have  not  been  successful. 

Mr.  Daddario.  If  it  will  affect  the  schedule,  you  can  ask  Congress 
for  a supplemental  appropriation. 

If  a failure  in  Mercury  will  not  slow  down  the  Gemini  or  Apollo  pro- 
grams, can  we  assume  that  the  elimination  of  the  Mercury  snots 
wouldn’t  slow  down  the  Apollo  and  Gemini  programs  either? 

Mr.  Holmes.  I don’t  think  that  is  correct,,  by  reason  of  my  earlier 
answer  to  the  counsel,  Mr.  Yeager.  If  everything  goes  well — if  all  the 
data  come  back  well  and  confirm  that  there  is  no  deleterious  effect  on 
the  physical  capabilities  of  the  astronaut,  the  answer  would  be  “Yes.” 
But  we  are  probably  going  to  find  out  information  that  we  don’t  have. 
If  our  findings  have  a great  impact  on  design,  the  sooner  we  know  the 
better.  If  we  went  directly  to  Gemini,  we  would  obtain  this  data 
much  later,  which  would  cause  delays  and  increased  expense. 

Mr.  Daddario.  Your  qualification  is,  then,  in  the  area  involving 
the  bioastronautical  significance  of- the  next  Mercury  flight,  is  that  it? 

Mr.  Holmes.  Yes,  in  addition  to  increasing  our  knowledge  about 
the  physiological  and  psychological  effects  of  prolonged  weightless- 
ness, we  expect  to  obtam  data  from  experiments  in  the  space  environ- 
ment, such  as  how  well  a trailing  balloon  and  the  horizon  can  be  seen. 
The  results  may  have  an  impact  on  design  from  the  standpoint  of 
rendezvous  or  the  horizon  sensor  or  for  setting  the  inertial  platform. 

Mr.  Waggonner.  One  reason  you  say  that  there  won’t  be  any 
effect  on  the  Apollo  program  is  that  we  now  have  reached  the  point 
where,  as  we  phase  out  one  program  and  move  into  another,  we  have 
a greater  shadow  zone,  and  have  the  ability  to  work  with  more  than 
one  program  successfully? 

My.  Holmes.  Yes.  It  would  put  more  of  a strain  on  us,  but  we 
believe  we  could  handle  it. 
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Mr.  Daddario.  Will  you  proceed  with  your  statement? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Chairman,  members  of  the  subcommittee,  during  our  appear- 
ance before  this  subcommittee  earlier  in  the  week,  we  were  in  the 
process  of  discussing  the  change®  that  have  taken  place  in  the  pro- 
graming of  our  fiscal  year  1963  “Research  and  development”  funds 
since  our  program  was  presented  to  you  last  year. 

With  your  permission,  Mr.  Chairman,  I propose  to  continue  this 
discussion,  starting  with  the  Apollo  line  item  which  reflects  a decrease 
of  $144,349,000  from  the  estimate  presented  to  you  last  year.  The 
selection  of  the  lunar  orbit  rendezvous  mode  resulted  in  the  elim- 
ination of  the  lunar  landing  module  which  alone  had  been  estimated 
to  require  approximately  $115  million  in  fiscal  year  1963. 

You  will  recall  that  the  lunar  landing  module  was  a stage  to  let  you 
deboost  the  entire  spacecraft  to  very  slow  speeds  and  land  the  space- 
craft on  the  lunar  surface. 

The  mode  selection  also  reduced  the  number  of  Saturn  I operational 
launch  vehicles  required.  These  two  items  accounted  for  the  major 
reductions  to  the  project.  These  decreases  were  offset,  of  course,  to 
some  extent  by  the  new  requirements  for  the  lunar  excursion  module 
and  the  guidance  and  navigation  system  for  this  module,  as  well  as 
some  increased  requirements  for  command  module  guidance  and 
navigation. 

The  remaining  item  of  change  in  the  manned  spacecraft  systems 
area  is  a new  requirement  for  the  Mission  Control  Center.  This  item 
was  not  presented  to  you  last  year.  As  we  have  previously  discussed, 
it  was  our  original  intent  to  control  the  early  Gemini  rendezvous 
flights  from  Cape  Canaveral  by  providing  modifications  to  the  Mer- 
cury Control  Center.  However,  the  extensive  modifications  re- 
quired, along  with  operational  benefits  to  be  gained  from  using  the 
same  center  for  both  Gemini  and  Apollo  flights,  brought  about  our 
decision  to  advance  the  planned  construction  of  the  Mission  Control 
Center  at  Houston  from  fiscal  year  1964  to  fiscal  year  1963  to  ac- 
commodate the  Gemini  rendezvous  flights.  This  new  requirement 
resulted  in  an  increase  to  our  plan  of  $10,500,000  in  fiscal  year  1963. 
As  you  know,  this  control  center  in  Houston  will  be  used  for  the 
Gemini  rendezvous,  Apollo,  and  subsequent  manned  flights. 

Moving  now  to  the  “Launch  vehicle  and  propulsion  systems”  area, 
the  first  three  items  are  concerned  with  “Supporting  technology  for 
vehicles,”  “Propulsion,”  and  “Launch  operations.”  The  reductions 
shown  for  these  items  total  $21.9  million  for  the  first  three  items  under 
“Launch  vehicles  and  propulsion  systems.” 

There  are  two  principal  reasons  for  this  reduction.  The  first  reason 
is  related  to  NASA  presentation  format.  Unlike  fiscal  year  1964,  the 
fiscal  year  1963  budget  structure  did  not  identify  supporting  tech- 
nology with  individual  program  offices. 

Even  in  the  justification  of  the  engines  for  our  boosters,  this  was 
presented  before  another  committee.  That  structure  was  revised  as 
the  NASA  classifications  were  clarified. 

Approximately  $13  million  of  the  apparent  reduction  to  “Manned 
space  flight”  was  for  technology  tasks  under  the  cognizance  of  other 
NASA  program  offices.  The  balance  of  the  reduction  in  these  pro- 
grams was  simply  the  result  of  program  priority  decisions  required  to 
five  within  the  funds  available  to  the  Office  of  Manned  Space  Flight. 
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The  $13  million  originally  intended  for  the  Office  of  Manned  Space 
Flight  was  still  spent  on  advanced  technology. 

The  Saturn  I development  project  reflects  an  increase  of  $43,210,000. 
It  was  originally  intended  that  the  Marshall  Space  Flight  Center, 
using  in-house  effort,  would  produce  all  the  developmental  S-I 
stages.  Because  of  the  necessity  for  MSFC  personnel  to  give  in- 
creased attention  to  the  Saturn  V development  as  well  as  the  Saturn 
I-B,  we  subsequently  decided  to  have  Chiysler  build  two  of  the  Saturn 
I first  stages.  This'change  resulted  in  an  increased  R.  & D.  contract 
cost  in  fiscal  year  1963.  In  addition,  developmental  problems  on  the 
S-IV  stage  required  a more  vigorous  program  to  forestall  schedule 
slippages.  To  solve  some  of  the  problems  which  have  become  ap- 
parent as  a result  of  the  S--TV  developmental  effort,  hardware  modi- 
fications involving  ambient  helium  pressurization  and  additional 
helium  heater  testing  to  maintain  liquid  oxygen  pressure  were  initiated. 
In  order  to  pressurize  the  tanks,  particularly  the  hydrogen  tank  m 
the  S-IV  stage,  to  force  the  fuel  into  the  engines,  we  have  helium  gas 
in  bottles,  under  pressure,  that  we  release  at  the  bottom  of  the  tank. 
It  forces  the  hydrogen  out.  If  the  helium  is  immersed  in  the  liquid 
hydrogen,  it  is  very  cold,  and  it  doesn’t  take  much  volume.  It  must 
be  put  through  a helium  heater  before  it  goes  in  to  be  used  to  pres- 
surize the  tank.  The  helium  heater  is  similar  to  a gas  burner;  it 
uses  the  fuel  we  are  using  for  the  booster,  and  should,  apparently,  be 
fairly  simple.  We  have  been  studying  the  heater  and  it  is  working 
now.  We  bottled  the  helium  in  larger  tanks,  and  did  not  have  to  use 
the  cryogenic  temperatures. 

Provision  has  also  been  made  for  additional  flight  and  ground 
instrumentation,  and  the  S-IV  reliability  program  has  been  increased. 
Costs  for  operational  engines  increased,  as  did  the  costs  of  guidance 
and  instrument  units.  Additional  costs  also  occurred  in  ground  sup- 
port equipment  requirements  for  the  Saturn  I and  in  the  redesign  of 
electrical  components  for  SA-8  and  subsequent  Saturn  I vehicles. 

As  a result  of  the  lunar  orbital  rendezvous  decision  and  the  recon- 
figuration of  the  original  spacecraft  to  include  a lunar  excursion 
module,  a vehicle  with  increased  booster  capability  was  necessary  to 
test  the  heavier  Apollo  spacecraft  and  conduct  rendezvous  exercises. 
It  would  be  heavier  because  it  would  have  the  bug  in  it  in  addition 
to  the  other  equipment.  The  Saturn  I-B  development,  therefore, 
became  a new  program  requirement  costing  $18,750,000  in  fiscal  year 
1963. 

The  Saturn  I-B  vehicle  will  be  capable  of  placing  32,000  pounds 
in  low  Earth  orbit.  This  payload  is  about  one  and  a half  times  the 
payload  capacity  of  the  Saturn  I,  which  is  22,000  pounds.  The 
Saturn  I-B  vehicle  will  also  advance  the  flight  testing  of  the  S-IVB 
stage  by  14  months.  This  flight  experience  will  assist  in  assuring 
successful  Saturn  V flights  and  in  maintaining  the  current  Saturn  V 
launch  schedule. 

What  I am  saying  here  is  that  in  addition  to  getting  the  increased 
payload  capacity  of  some  45  percent  to  let  us  conduct  Earth  orbital 
missions  with  the  Appollo  spacecraft,  we  also  have  earlier  experience 
on  the  third  stage  that  will  be  used  for  the  Moon  rocket.  If  we  had  a 
diagram  that  showed  the  Saturn  I-B,  and  beside  that  the  Saturn  V 
the  part  from  the  S-IVB  stage  up  would  be  identical — the  “bug” 
service  module-command  module.  S-IVB  will  be  the  last  stage  of 
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both  the  Saturn  I-B  and  the  Saturn  V Moon  rocket.  On  top  of  the 
S-IVB  stage  will  be  the  lunar  excursion  module,  the  service  module, 
and  the  command  module,  in  that  order.  We  will  not  be  able  to  fully 
fuel  the  service  module  for  Earth  orbital  missions  because  the  payload 
capacity  of  the  Saturn  I-B  will  not  be  enough. 

Mr.  Fulton  of  Pennsylvania.  You  came  up  with  a new  program, 
the  Saturn  I-B.  Vas  the  Saturn  I-B  absolutely  necessary? 

Mr.  Holmes.  In  our  opinion  it  is  necessary  for  both  an  economical 
and  safe  approach  to  manned  lunar  landing. 

Mr.  Fulton  of  Pennsylvania.  So  you  are  saving  money  in  the  whole 
Saturn  program  by  going  into  the  Saturn  I-B  vehicle,  rather  than 
adding  that  much  more  money  onto  the  total  Saturn  program? 

Mr.  Holmes.  In  my  opinion  that  is  the  case,  for  several  reasons 
I think  that  the  Saturn  I-B  will  give  us  much  greater  confidence  for 
the  reasons  I have  outlined.  The  Saturn  I-B  will  give  us  a greater 
payload  capacity  and  will  permit  Earth  orbital  missions  of  the  S-IVB 
stage  and  the  Apollo  spacecraft  configuration  that  is  going  to  the 
Moon.  It  will  definitely  advance  the  accomplishment  of  the  manned 
lunar  landing  mission. 

Mr.  Fulton  of  Pennsylvania.  Do  you  have  any  backup  for  the 
Saturn  I-B? 

Mr.  Holmes.  Another  type  of  vehicle? 

Mr.  Fulton  of  Pennsylvania.  No;  just  another  Saturn  I-B  as  a 
backup. 

Mr.  Holmes.  Yes,  we  will  have  Saturn  I-B’s  for  developmental 
and  operational  flight  missions. 

Mr.  Fulton  of  Pennsylvania.  Has  that  meant  more  expense  to 
have  the  additional  backup  that  you  might  not  use? 

Mr.  Holmes.  No,  sir.  Instead  of  jumping  directly  from  the 
Saturn  I to  the  Saturn  Y,  wa  will  make  dual  use  of  the  S-IVB  stage. 
We  have  reduced  the  number  of  operational  vehicles  required  for 
Saturn  I flights,  at  least  for  the  manned  flight  program.  We  will 
move  into  production  of  the  Saturn  I-B  at  the  earliest  possible  time. 
The  first  stage  is  essentially  the  same  for  Saturn  I and  Saturn  I-B. 

Mr.  Fulton  of  Pennsylvania.  How  much  are  you  saving  by  stop- 
ping the  Saturn  I program  sooner  than  you  had  expected  to? 

Mr.  Holmes.  I would  have  to  get  you  that  figure.  It  will  be  the 
operational  costs  of  a Saturn  I vehicle,  which  would  be  equivalent  to 
the  operational  flights  of  the  Saturn  I-B’s,  of  which  we  have  seven  or 
eight. 

Mr.  Daddahfo.  Can  we  get  that  for  the  record? 

Mr.  Holmes.  Yes,  sir. 

(The  information  requested  is  as  follows:) 

Four  operational  vehicles  were  eliminated  from  the  Saturn  I program  as  a 
result  of  the  decision  to  adopt  the  lunar-orbital  rendezvous  technique  for  the 
initial  manned  lunar  landing  and  return.  These  vehicles  would  have  cost  an 
estimated  $150  to  $160  million. 

Mr.  Daddario.  Thank  you. 

Mr.  Holmes.  The  reflected  increase  of  $14,157,000  for  the  Saturn 
V development  is  a net  change  of  only  4.5  percent . Considering  the 
size  and  complexity  of  this  project  and  its  early  stage  of  development, 
we  consider  a change  of  this  magnitude  well  within  the  normal  bounds 
of  estimates. 

Mr.  Fulton  of  Pennsylvania.  Is  the  4.5  percent  the  original  esti- 
mate or  later  estimate? 
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Mr.  Holmes.  The  net  change  represents  4)4  percent  of  the  original 
estimate  shown  in  the  table  1,  $314  million  for  R.  & D.  We  are  saying 
the  $14.1  million  increase  divided  by  the  original  estimate  of  $314,443 
million  is  4)4  percent. 

Mr.  Gurney.  Mr.  Chairman. 

Mr.  Daddario.  Yes,  Mr.  Gurney. 

Mr.  Gurney.  Do  you  have  illustrations  of  the  various  parts  of  the 
Apollo  launch  vehicles?  I am  sure  this  would  be  very  helpful  for 
the  new  members.  It  is  difficult  to  put  the  various  stages  of  the 
Saturn’s  in  their  proper  perspective. 

Mr.  Holmes.  I understand,  having  been  through  that  problem 
myself.  The  names  have  evolved  historically,  and  they  are  not 
always  very  logical. 

Mr.  Daddario.  Will  you  supply  that  for  the  committee? 

Mr.  Holmes.  Yes,  sir. 

(The  illustration  requested  is  on  following  page,  fig.  140). 

The  decrease  of  $15  million  on  the  M-l  engine  is  a direct  result  of 
the  LOR  decision.  The  choice  of  lunar-orbit  rendezvous  as  the  initial 
lunar  landing  mission  mode  resulted  in  a concurrent  decision  to  defer 
development  of  the  Nova  vehicle.  Original  configurations  of  Nova 
included  the  use  of  M-l  engines  in  the  upper  stages.  Deferral  of 
Nova  development  lowered  the  priority  of  the  M-l  development  and 
allowed  time  to  modify  the  engine  design  to  produce  a more  technically 
advanced  engine.  The  redesign  phase  has  delayed  a requirement  for 
some  hardware  fabrication  and  testing. 

The  importance  of  going  ahead  with  engine  development  of  this 
type  is  related  directly  to  the  leadtime  necessary  to  develop  such 
engines,  which  runs  around  7 years.  Unless  development  is  initiated 
at  an  early  point,  we  find  ourselves  well  behind  when  we  want  to  build 
a booster  stage. 

Mr.  Daddario.  That  could  be  properly  classified  as  falling  under 
a Nova  caption,  development  of  this  M-l  engine? 

Mr.  Holmes.  Yes,  sir;  as  long  as  we  treat  Nova  just  as  we  are. 

Mr.  Daddario.  Mr.  Yeager? 

Mr.  Yeager.  That  answers  the  question  I had. 

Mr.  Holmes.  The  increase  of  $760,000  on  the  H-l  engine  project 
results  from  development  problems  occurring  during  the  year.  One 
of  these  is  combustion  chamber  tube  cracking,  which  appears  as  a prob- 
lem at  the  thrust  level  of  188,000  pounds  and  which  was  not  apparent 
in  the  165,000-pound  thrust  level  used  in  early  Saturn  development 
flights. 

Our  present  H-l  engines  have  165,000  pounds  of  thrust.  The 
combustion  chamber  tubes  are  small  tubes  that  are  immediately 
adjacent  to  each  other  all  around  the  inside  of  the  thrust  chamber,  and 
are  used  to  cool  the  chamber.  We  pump  the  kerosene  through  the 
tubes,  down  and  back,  and  they  cool  the  flared  skirt  of  the  engine. 
The  tube  cracking  necessitated  further  R.  & D.  work  to  provide  a 
material  less  subiect  to  the  cracking  phenomenon.  The  other  major 
problem  centered  ip  certain  high-speed  turbopump  bearings  which,  on 
occasion,  showed  signs  of  abnormal  wear. 

In  the  fiscal  year  1963  budget,  RL-10  engine  development  funding 
was  included  in  two  projects — this  has  to  do  with  the  reorientation  of 
the  budget,  following  the  reorganization  of  NASA— Saturn  I ($18,000) 
and  CeDtaur  ($10,240).  The  fiscal  year  1964  budget  reflects  the 
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RL-10  as  a separate  OMSF  project.  This  project  includes  the  funding 
previously  identified  with  both  Saturn  I and  Centaur.  Therefore,  the 
real  difference  in  manned  space  flight  was  slightly  more  than  $4 
million  rathev  than  the  $14.6  million  indicated  for  the  total  project. 
In  additkou  to  the  originally  planned  total  budget  for  RL-10,  a 
throttling  fusion  of  this  engine  was  initiated  in  fiscal  year  1963.  A 
feasibility  feuenstration  of  this  variable  thrust  on  an  RL-10  will  be 
completed,  by  the  first  quarter  of  fiscal  year  1964. 

Tne  fiscs'  year  1963  budget  estimate  of  $50  million  for  the  F-l  en- 
gine devolor'ient  was  prepared  with  the  anticipated  need  to  overcome 
certain  technical  problems  especially  in  the  areas  of  combustion  sta- 
bility and  pump  performance.  As  indicated,  the  change  in  estimate 
of  $800,000  is  1.6  percent. 

There  is  a larger  increase,  $9,542,000,  indicated  for  the  J-2  engine 
development.  This  change  is  directly  attributable  to  the  decision  on 
the  Saturn  I-B  vehicle.  A single  J-2  engine  is  used  to  propel  the 
Saturn  IV-B  stage,  developing  200,000  pounds  of  thrust.  The  Saturn 
IV-B  smaller  stage  used  on  tne  Saturn  I has  six  RL-10  engines,  each 
developing  90, pounds  of  thrust. 

Subsequent  to  the  submission  of  the  fiscal  year  1963  budget  a deci- 
sion was  made  to  develop  the  Saturn  I-B  vehicle  as  a best  bed  for 
Saturn  V components  ana  to  provide  the  necessary  payload  capacity 
to  test  the  Apollo  spacecraft,  including  the  lunar  excursion  module. 
This  decision  required  an  advance  of  4 months  in  delivery  of  J-2 
engines  for  use  in  the  second  stag®  of  the  Saturn  I-B,  and  a require- 
ment to  increase  the  firing  duration  of  the  engine  from  250  to  500 
seconds. 

Switching  to  the  Saturn  I-B  means  that  we  buy  fewer  operational 
Saturn  Ps.  However,  we  have  to  develop  and  buy  the  Saturn  I-B 
and  start  procuring  the  long  leadtime  items  for  the  Saturn  IV-B  stage, 
which  has  very  little  additional  development  cost  and  comes  under 
the  Saturn  V development  as  its  third' stage.  x:' 

In  the  project  for  range  support  the  phasing  of  support  requirements 
in  the  Merntt  Island  launch  area  at  Cape  Canaveral  has  undergone 
a more  gradual  buildup  than  originally  anticipated.  The  longer 
phasing  of  this  requirement  has  allowed  us  to  reduce  our  fiscal  year 
1963  funding  by  $9  million. 

As  we  have  discussed  previously,  the  decision  to  eliminate  direct 
flight  .as  the  primary  mode  for  accomplishing  the  initial  manned  lunar 
landing  and  return  was  made  subsequent  to  the  submission  of  the 
fiscal  year  1963  budget.  The  LOR  decision,  therefore,  permitted 
elimination  of  the  initiation  of  Nova  development  and  the  reduction 
of  $155  million  in  fiscal  year  1963. 

In  the  space  medicine  project  the  reduction  of  $11  million  results 
from  the  transfer  to  the  Office  of  Advanced  Research  and  Technology 
of  tasks  which  did  not  directly  relate  to  current  manned  space  flight 
projects. 

The  last  two  changes  are  for  “Integration  and  checkout”  and 
“Systems  engineering.”  At  the  time  the  fiscal  year  1963  budget 
request  was  prepared  and  submitted  to  Congress,  fund  requirements 
were  not  separately  identified  for  these  extremely  important  functions. 
Funds  have  been  reprogramed  from  items  throughout  the  fiscal  year 
1963  budget.  The  integration  and  checkout  effort,  estimated  at 
$38,500,000,  is  being  directed,  as  you  know,  toward  the  objectives  of 
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insuring  that  the  major  system  elements  of  the  Apollo  project  are 
designed,  developed,  and  tested  to  fit  together  mechanically,  elec- 
trically, and  functionally  for  systems  assembly  and  compatibility 
during  operations.  The  systems  engineering  effort,  costing  $26,500,000 
in  fiscal  year  1963,  is  providing  centralized  and  coordinated  systems 
responsibility  for  the  manned  lunar  landing  program  and  for  the 
study  of  advanced  mission  concepts.  The  funding  of  all  studies 
leading  toward  mission  mode  decision  came  out  of  that  $26  million. 

Mr.  Fuqua.  Mr.  Chairman. 

Mr.  Daddario.  Mr.  Fuqua. 

Mr.  Fuqua.  Mr.  Holmes,  on  $38.5  million  that  you  have  for  the 
integration  and  checkout,  is  that  for  the  General  Electric  contract? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Fuqua.  This  is  the  work  they  are  doing? 

Mr.  Holmes.  The  largest  part  of  that  $38.5  million  goes  to  fund  the 
GE  contract;  isn’t  that  right? 

Mr.  Lilly.  That  is  correct. 

Mr.  Waggoner.  General  Electric  will  actually  receive  about  $25 
million? 

Mr.  Lilly.  Yes,  sir;  in  fiscal  year  1963  close  to  $30  million  will  be 
used  to  fund  the  GE  contract. 

The  other  approximately  $5  to  $6  million  is  for  specific  work  in  the 
integration  and  checkout  area  executed  by  the  Marshall  Space  Flight 
Center  and  the  Manned  Spacecraft  Center. 

Mr.  Holmes.  We  can  get  the  exact  figure  for  the  record  if  you 
would  like  it. 

Mr.  Daddario.  But  that  is  only  part  of  the  GE  program.  Isn’t 
General  Electric  receiving  more  money  on  NASA  contracts  than  this 
$38  million? 

Mr.  Holmes.  Not  for  fiscal  1963,  Mr.  Daddario.  The  General 
Electric  Co.  as  far  as  the  Office  of  Manned  Space  Flight  is  concerned, 
not  including  vendors,  only  has  this  business  in  fiscal  1963.  General 
Electric  is  working  on  other  projects,  such  as  Nimbus,  for  NASA. 

Mr.  Daddario.  Besides  what? 

Mr.  Holmes.  Other  than  manned  programs. 

Mr.  Fulton  of  Pennsylvania.  You  say  fund  requirements  are  not 
separately  identified  for  these  extremely  important  functions.  Don’t 
you  really  mean  that  there  were  no  fund  requirements  put  into  the 
fiscal  year  1963  budget?  NASA  hat  reprogramed  funds  from  through- 
out the  fiscal  year  1963  budget,  for  this  purpose. 

Mr.  Holmes.  That  is  what  we  really  mean.  With  the  reorganiza- 
tion of  NASA,  new  people  with  new  ideas  came.  My  idea  was  to  have 
a systems  engineering  organization  and  an  integration  and  checkout 
organization  that  weren’t  included  in  the  fiscal  year  1963  budget. 

In  summary,  this  review  of  programing  changes  to  our  originally 
presented  fiscal  year  1963  estimates  has  involved  discussion  of  indi- 
vidual changes.  The  total  change,  however,  resulted  in  net  decreases 
to  Spacecraft  Systems.  Obviously  we  would  prefer  all  our  estimates 
to  be  precise.  However,  considering  the  size  and  complexity  of  this 
total  program  and  the  degree  of  program  and  schedule  definition 
required  during  the  past  year,  we  do  not  consider  these  deviations  to 
be  abnormal 

Mr.  Daddasio.  Mr.  Holmes,  when  you  decided  that  the  Mission 
Control  Center  for  Gemini  would  be  changed  from  Cape  Canaveral 
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to  Houston,  this  decision  was  contrary  to  what  you  advised  this 
committee  you  would  do.  It  is  my  understanding  that  when  we 
inquired  into  this  some  time  ago,  we  were  told  that  it  would  not 
be  a function  of  the  Houston  operation  to  have  a mission  control 
capacity.  Now,  was  this  a change  in  your  concept  of  what  Houston 
was  to  accomplish,  or  was  this  a part  of  your  original  objective? 

Mr.  Holmes.  As  I understand  it,  our  original  objective  as  part  of 
Houston's  charter  has  been  not  only  spacecraft  development,  but 
flight  missions,  which  meant  the  operational  control  of  flight  missions. 
There  was  a question  as  to  where  we  would  locate  the  Mission  Control 
Center.  To  the  best  of  my  knowledge,  we  had  always  intended  to 
have  the  Manned  Spacecraft  Center  responsible  for  operating  the 
Mission  Control  Center. 

Mr.  Low.  That  is  right. 

Mr.  Fulton  of  Pennsylvania.  I thought  it  was  going  to  be  put  at 
Cape  Canaveral. 

Mr.  Low.  Last  year  we  listed  the  Mission  Control  Center  under 
various  locations  because  we  had  not  completed  our  studies  as  to  the 
best  place  to  locate.  The  two  principal  contenders  were  Canaveral 
and  Houston: 

Mr.  Daddario.  Despite  the  fact  that  the  charter,  as  Mr.  Holmes 
spelled  out,  gives  you  the  right  to  put  it  in  Houston,  the  fact  is  that 
we  were  advised  it  would  be  at  Canaveral,  not  Houston,  and  that 
Houston  would  be  confined  to  the  development  aspects  of  the  program. 

Mr.  Holmes.  I think  it  is  accurate  to  say  that  I was  not  a party 
to  advising  you  that. 

Mr.  Daddario.  No,  you  were  not. 

Mr.  Holmes.  Assignment  of  flight  mission  operations  to  any  center 
but  the  Manned  Spacecraft  Center  is  foreign  to  what  our  plans  were. 
All  I can  say  is  that  I regret  any  confusion  that  arose.  The  reason 
for  moving,  as  we  said,  from  Canaveral  to  Houston  is  that  only  a 
small  portion  of  these  flights,  a relatively  few  minutes  out  of  many, 
many  days,  takes  place  at  Canaveral.  It  is  tremendously  important 
to  have  the  people  who  run  the  Mission  Control  Center  close  to  the 
people  who  are  responsible  for  spacecraft  development. 

Mr.  Daddario.  This  is  why  I inquire  into  it.  Because  this 
committee,  not  having  the  technical  competence  of  NASA,  came  to 
the  conclusion  that  the  sensible  place  for  the  Mission  Control  Center 
would  be  in  Houston.  We  were  advised  by  NASA  that  this  was  not 
feasible,  that  and  Cape  Canaveral  was  the  place  where  it  should  be. 
As  I recall,  rather  than  to  speak  for  the  other  members  of  the  commit- 
tee, funds  were  requested  so  that  it  would  be  placed  in  Cape  Canaveral. 
The  change  came  after  this.  Not  that  I object  to  the  change,  but  this 
raises  a question  as  to  our  making  inquiry,  and  then  being  advised 
that  the  inquiries  we  make  are  not  logical  or  sensible.  Later  we  find 
that  NASA  decided  to  do  what  we  suggested  in  the  past.  It  puts  a 
crimp  in  the  idea  that  much  of  this  information  that  NASA  gives  us 
should  be  taken  on  faith  alone. 

Mr.  Holmes.  Certainly  it  sounds  as  if  in  this  case  the  committee 
was  wiser  than  the  adviser. 

Mr.  Fulton  of  Pennsylvania.  We  had  the  same  assurances  on  Nova. 
We  were  advised  that  Nova  couldn't  be  cut  and  that  if  we  went  ahead 
and  did  it,  it  would  ruin  the  program.  Then  we  find  later  that  the 
whole  program  was  deleted. 
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Mr.  Holmes.  I think  last  year  my  testimony  clearly  stated  we 
didn’t  know  how  we  were  going  to  the  Moon.  As  soon  as  we  made 
the  lunar-orbital  rendezvous  decision  we  did  have  another  special 
hearing  and  indicated  what  we  were  doing.  I think  we  tried  very 
hard  not  to  mislead  the  committee  that  we  were  allwise  and  knew 
what  our  mission  was  going  to  be,  and  this  included  the  Nova 
consideration. 

Mr.  Daddario.  I think  if  your  testimony  was  to  be  documented  it 
would  bear  out  what  you  have  just  said.  But  it  does  not  change 
Mr.  Fulton’s  position  that  on  the  basis  of  information  which  we  had 
been  given,  Nova  was  a very  important  part  of  the  program,  and  that 
it  would  be  disastrous  not  to  authorize  funds  for  it.  This  is  the  basis 
on  which  we  began  our  original  budget  hearings,  and  we  dH  in  fact 
authorize  the  funds. 

Mr.  Holmes.  Yes,  sir ; and  if  we  had  selected  direct  ascent  all  these 
statements  would  have  been  true. 

Mr.  Daddario.  I bring  that  up  because  it  bears  on  the  question. 
I think  you  should  caution  some  of  those  people  who  run  your  centers 
about  giving  us  such  strong  information  which  later  on  you  and  others 
have  to  substantiate. 

Mr.  Holmes.  I agree, 

Mr.  Fulton  of  Pennsylvania.  We  must  justify  on  the  floor  that  we 
have  been  over  these  very  programs,  and  we,  in  effect,  certify  that, 
from  our  experience  and  judgment  and  looking  after  the  taxpayer’s 
money,  these  programs  are  necessary. 

What  occurred  last  year  occurred  not  only  on  Nova,  but  on  Mercury 
as  well.  Wc  were  going  to  reduce  the  programs,  but  NASA  informed 
us  that  the>  were  necessary,  so  we  eased  up  a little  bit.  Then  a year 
later  we  find  that  everything  we  said  could  have  been  done  was  in 
fact  done,  including  setting  up  the  Mission  Control  Center  in  Houston. 
It  does  make  a rather  peculiar  situation  when  we  again  look  at  NASA’s 
budget  request.  We  have  to  go  to  the  floor  of  the  House  and  again 
say,  based  on  our  responsibility  and  integrity  we  feel  that  this  recom- 
mended amount  is  absolutely  necessary,  and  that  it  can’t  be  cut. 
That  presents  us  with  a problem — as  you  know,  there  is  quite  a move 
for  budget  cutting  at  tnis  time.  Especially  when,  if  I may  quote 
Mr.  Rienlman,  it  turned  into  “quite  a battle”  last  year,  even  with 
this  subcommittee.  I wanted  to  go  further  and  cut  more  Nova 
money,  and  I hesitated  because  I didn’t  want  to  hurt  your  program. 

Mr.  Daddario.  I think  that  is  a statement  for  the  record,  and  no 
reply  is  necessary. 

On  page  4 of  vour  statement  you  talked  about  granting  Chrysler 
the  contract  to  build  two  of  the  Saturn  I first  stages.  What  pro- 
cedure was  used  in  granting  them  that  contract?  Was  there  any 
competitive  aspect  to  it?  Were  any  other  companies  advised  they 
could  submit  a proposal? 

Mr.  Holmes.  The  contract  for  the  production  of  the  S-l  stage  was 
run  competitively.  Chrysler  was  awarded  the  contract.  Initially 
we  planned  to  have  the  Marshall  Space  Flight  Center  assemble  ana 
produce,  in-house,  stages  No,  1 through  10.  Subsequently  it  appeared 
to  be  wiser,  from  the  standpoint  of  efficiency  ana  getting  industry 
onboard  to  produce  this  equipment  earlier,  to  have  Chrysler  produce 
stages  8 and  10.  In  addition,  this  adjustment  gave  the  Marshall 
Space  Flight  Center  the  opportunity  to  concentrate  on  Saturn  IB  and 
Saturn  Y development.  * 
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Mr.  Daddario.  You  adjusted  the  responsibilities  of  the  Marshall 
Center  and  Chrysler. 

Mr.  Holmes.  Yes.  It  was  not  an  increase  in  the  scope  of  the 
contract. 

Mr.  Daddario.  It  was  an  adjustment  of  the  funds,  then,  to  fund 
each  of  these  sections? 

Mr.  Holmes.  Yes,  between  2 calendar  years. 

Mr.  Daddario.  Mr.  Waggonner. 

Mr.  Waggonner.  You  say  the  Marshall  Space  Flight  Center  had 
the  in-house  capability  to  produce  the  S-l  stage,  but  having  devoted 
more  of  their  time  to  the  S-5  and  the  S-4B,  I believe,  they  contracted 
two  of  the  S-l’s  to  Chryser?  For  the  record,  can  you  supply  the 
production  costs  at  Marshall  with  their  in-house  capability  for 
producing  stages  7 and  9 of  these  vehicles  as  compared  with  Chrysler’s 
cost  to  produce  stages  8 and  10?  Which  cost  the  most  money? 

Mr.  Holmes.  Yes,  we  will  attempt  to  do  that.  The  difficult  part 
is  in  separating  the  engineering  and  development  that  applies  to  all 
of  the  stages. 

(The  information  referred  to  is  as  follows:) 

There  is  no  practical  method  of  comparing  in-house  costs  at  MSFC  with 
Chrysler’s  costs  for  a variety  of  reasons.  The  S-I  stages  in  question  are  the  first 
to  be  built  by  the  contractor.  Also,  no  two  developmental  stages  are  exactly 
alike,  since  the  mission  requirements  differ  and  a continuing  process  of  test  and 
refinement  is  followed.  MSFC  in-house  activities  are  essentially  of  the  level  of 
effort  covering  several  NASA  projects.  As  a result,  many  of  the  associated  costs 
are  not  readily  identifiable  with  a specific  stage  or  vehicle. 

Mr.  Daddario.  You  may  not  want  to  get  into  this,  and  I can  take 
it  up  when  General  Roadman  comes  before  the  committee  but  if  you 
do  know  I would  like  to  hear  from  you.  What  has  happened  in  the 
space  medical  area,  which  you  refer  to  on  page  9,  to  the  agreement 
that  Mr.  Rubel  and  Dr.  Dryden  referred  to  when  they  appeared  before 
this  committee  last  year?  They  said  we  would  receive  a copy  within 
2 or  3 weeks  after  the  hearings  of  the  committee  terminated. 

Mr.  Holmes.  I would  like  to  get  you  that  information  or  have  Dr. 
Roadman  present  it.  I could  only  give  it  in  a very  sketchy  fashion. 
On  the  basis  of  the  NASA/DOD  agreement,  we  are  using  their  facilities 
such  as  Brooks  Air  Force  Base,  to  the  extent  that  the  Air  Force  and 
Department  of  Defense  felt  they  could  supply  our  needs.  However, 
as  far  as  the  specific  answers  of  what  dollars  and  what  percentage  of  the 
program  are  being  done  in  DOD  facilities  and  NASA  facilities  are 
concerned,  I would  like  to  provide  for  the  record,  or  have  Dr.  Roadman 
testify  on  the  details. 

Mr.  Daddario.  Let’s  wait  until  General  Roadman  appears  before 
the  committee.  We  can  decide  at  that  time  whether  we  need  addi- 
tional information. 

Can  vou  touch  on  the  reasons  why  the  space  medicine  project  was 
reduced  by  transferring  its  tasks  to  the  Office  of  Advance  Research 
and  Technology? 

Mr.  Holmes.  Yes.  In  the  space  medicine  budget  we  had  included 
items  that  were  really  bioastronautics  in  the  purer  sense.  This 
situation  was  partly  due  to  organization.  As  you  know,  before 
November  1,  1961,  we  had,  under  Dr.  Roadman,  the  space  medicine 
that  included  bioastronautics,  as  well  as  the  space  medicine  for  man. 
After  the  reorganization  there  were  certain  fiscal  years  1963  budget 
items  that  fell  more  properly  into  the  Office  of  Advanced  Research 
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and  Technology.  We  did  not  actually  decrease  the  total..  We 
merely  reoriented  to  the  proper  organizational  entity  those  parts 
for  which  they  had  charter  responsibility. 

Mr.  Daddario.  You  say  you  didn’t  in  fact  reduce  the  program. 
Do  you  mean  that  you  reduced  just  that  line  item,  but  that  an 
increase  will  be  reflected  somewhere  else? 

Mr.  Holmes.  Yes.  The  reduction  of  $11  million  in  our  space 
medicine  was  really  an  increase  to  Dr.  Bisplinghoff's  or  Dr.  Newell’s 
office.  The  amount  is  still  being  spent  on  bioastronautics. 

Mr.  Waggonner.  You  mean  that  it  was  just  transferred  to 
another  program  office,  rather  than  doing  it  yourself? 

Mr.  Holmes.  The  $11  million  were  taken  out  of  our  budget  and 
put  into  another  program  office’s  budget  because  they  had  cognizance. 

Mr.  Daddario.  This  is  really  just  a readjustment  within  NASA 
itself,  and  not  money  paid  outside  to  NASA? 

Mr.  Holmes.  That  is  correct. 

Mr.  Daddario.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  have  this  put  in 
the  record.  You  have  commented  in  your  statement  this  morning 
on  the  transfers  that  have  been  made.  Could  you  give  us  that  in 
diagrammatic  form,  for  the  record,  so  we  could  see  where  it  comes 
from,  and  where  it  goes  to? 

Mr.  Holmes,  Yes,  sir. 

(The  information  referred  to  is  as  follows:) 


National  Aeronautics  and  Space  Administration 

Summary  of  fiscal  year  1963  reprograming  actions,  affecting  manned  space  flight 
projects — Research,  development,  and  operations  ( direct ) 

[In  thousands  of  dollars] 


Total— Office  of  Manned  Space  Flight. 
Manned  spacecraft  systems: 


1-Day  Mission , 

Gemini 

Apollo ,. 

Mission  Control  Center 

Subtotal.  - 

Launch  vehicle  and  propulsion  systems: 


Launch  operatl 

Saturn  I 

Saturn  I-B... 
Saturn  V__.._ 
M-l  engine... 
H-l  engine... 
RL-10  engine. 
F-l  engine — 

J-2  engine 

Range  support 
Nova... 


supply  technology. 


Subtotal..., 

Space  medicine. 

Integration  and  checkout. 
Systems  engineering...... 


Fiscal  year 
1063  budget 
book 

Fiscal  year 

1063  column 
of  fiscal  year 

1064  budget 
book 

1,637,553 

1,514,578 

0,300 

3,500 

3,300 

100,200 

580,133 

0 

8,100 

3,342 

17,957 

232,838 

435,784 

10,500 

786,433 

708,521 

20,060 

18,440 

3,177 

147,500 

0 

314,443 

50.000 
4,500 

18.000 

50.000 

35.000 

17.000 
155,000 

8,800 

7,060 

8,000 

100,710 

18,750 

328,600 

35,000 

5,260 

32,645 

50,800 

44,542 

8,000 

0 

833.120 

18,000 

0 

0 

734,067 

7,000 

38,500. 

26,500 

-122,075 


-1,300 

-158 

+14,667 

+42,638 

-144,340 

+10,500 

-77, 012 


-11,260 

-10,400 

-177 

+43,210 

+18,750 

+14,157 

-15,000 

+760 

+14,645 

+800 

+0,542 

-0,000 

-155,000 

-00,063 

-11,000 

+38,500 

+26,500 
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Mr.  Baddario.  Mr.  Yeager? 

Mr.  Yeager.  We  have  not  discussed  columns  2 and  5,  which 
involve  institutional  support  and  personnel  costs.  These  two  items 
have  involved  a total  reduction  within  your  office  of  approximately 
$35  million.  Would  you  explain  how  this  came  about  and  who  was 
responsible  for  it?  Was  this  money  over  which  you  had  control  or 
not?  We  are  talking  about  the  totals  now,  personnel  and  institutional? 

Mr.  Holmes.  Yes.  It  is  not  money  for  which  I have  responsibility. 
It  is  money  that  is  primarily  dictated  by  the  ceilings  for  NASA  per- 
sonnel, established  in  the  executive  offices  and  approved  by  Congress. 
The  institutional  expenses  are  budgeted  NASA-wide.  The  I.  & P. 
dollars  associated  herein  in  totals  are  purely  arbitrary.  They  repre- 
sent that  part  of  the  total  personnel  and  institutional  cost  prorated 
to  manned  space  flight.  I don’t  budget  or  control  these  funds, 
I budget  and  control  manpower  at  the  three  centers  in  Houston, 
Huntsville,  and  Cape  Canaveral  and  manpower  within  my  ovra  office. 
I operate  within  ceilings  or  limits  established  by  the  Associate  Admin- 
istrator’s Office.  Perhaps  Mr.  Lilly  could  give  you  more  detail  on 
that,  Mr.  Yeager,  if  you  want  it. 

Mr.  Yeager.  Do  you  have  anything  to  add,  Mr.  Lilly? 

Mr.  Lilly.  Very  little.  I think  that  to  compare  the  two  estimates, 
one  must  put  in  perspective  and  recognize  where  we  were  last  year 
in  terms  of  appropriation  structure.  Fiscal  year  1963  was  the  first 
year  in  which  we  combined  the  “Salaries  and  expenses”  appropriation 
with  the  R.D.  & O.  appropriation.  This  reorientation  was  done 
quite  late  in  the  year.  Assignment  of  “Salaries  and  expenses”  costs, 
while  moving  from  two  different  appropriations  structures,  was  done 
in  a purely  statistical  way.  This  year  we  have  just  a few  months  of 
operational  experience  under  this  combined  appropriation. 

As  Mr.  Holmes  said,  the  control  of  these  funds  is  under  the  As- 
sociate Administrator's  office  and  is  assigned  on  the  basis  of  personnel 
ceilings  for  all  the  centers  and  the  program  offices  within  NASA 
headquarters.  These  funds  must  be  prorated  to  the  individual 
projects  for  presentation  in  the  combined  appropriation.  I believe 
that  your  figure,  however,  is  the  difference  between  the  $211  million 
total  and  $192  million.  The  $19  million  difference  bears  some 
relationship  to  the  decrease  in  the  direct  R.  & D.  cost. 

Mr.  Yeager.  You  are  including  in  the  $192  million,  though, 
the  new  items  such  as  “Integration  and  checkout”  and  “Systems 
analysis”? 

Mr.  Lilly.  That  is  correct. 

Mr.  Yeager.  The  J--23  engine  is  being  developed  by  Rocketdyne; 
is  that  correct? 

Mr.  Holmes.  Yes. 

Mr.  Yeager  And  the  M-l  by  Aerojet? 

Mr  Holmes.  Yes. 

Mr.  Yeager.  Is  there  a considerable  difference  in  the  concept 
between  those  two,  or  is  M-l  merely  a scaled-up  version  of  the  J-2? 
Or  do  you  know  yet? 

Mr.  Holmes.  It  was  our  initial  thinking  that  the  M-l  would  be  a 
scaled-up  version  of  the  J-2.  But  going  from  200,000  pounds  of 
thrust  up  to  1.2  million  pounds  is  reaQy  quite  a different  engineering 
feat,  which  requires  different  techniques.  In  anticipation  of  a more 
sophisticated  Nova  vehicle,  we  are  asking  the  contractor,  Aerojet, 
to  not  go  quite  as  fast,  and  look  at  a more  sophisticated  engine. 
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Mr.  Yeager.  You  don’t  at  the  present  time  have  a specific  vehicle 
in  mind  for  the  M-l  engine? 

Mr.  Holmes.  That  is  correct. 

Mr.  Daddario.  Mr.  Holmes,  you  had  previously  referred  in  your 
testimony  to  new  programs  you  had  submitted  to  the  Bureau  of  the 
Budget  this  year.  Could  you  list  those  new  programs  for  the  record? 

Mr.  Holmes.  Yes,  we  certainly  can. 

Mr.  Daddario.  And  supply  the  pertinent  information  to  us? 

Mr.  Holmes.  Yes.  I am  not  sure  exactly  what  you  are  referring 
to,  Mr.  Chairman. 

Mr.  Daddario.  Sometime  hack,  you  said  in  your  original  dealings 
with  the  Bureau  of  the  Budget  you  submitted  the  old  programs  and 
also  the  new  programs,  as  I recall  the  testimony. 

Mr.  Holmes.  We  do  have  under  study  now  new  programs  which 
we  plan  to  submit  to  the  Associate  Administrator,  for  approval.  I 
don’t  recall  my  statement  about  submitting  new  programs  to  the 
Bureau  of  the  Budget. 

Mr.  Daddario.  I may  be  a little  hazy  about  that.  But  I do  recall 
some  testimony  from  you  involving  new  programs. 

Mr.  Holmes.  Yes,  my  office  is  studying  new  projects,  which  will  be 
submitted  to  the  Associate  Administrator’s  office.  I could  certainly 
provide-you  with  the  list  of  what  we  have  under  consideration. 

Mr.  Daddario.  They  are  not  reflected  in  this  budget? 

Mr.  Holmes.  No,  sir. 

Mr.  Daddario.  Are  there  any  new  programs  reflected  in  this 
budget? 

Mr.  Lilly.  We  have  requested  in  the  systems’  fiscal  year  1964 
budget,  as  indicated,  small  amounts  of  money  for  study  or  such  ad- 
vanced  projects.  However,  we  have  not  budgeted  for  any  develop- 
ment work  on  new  projects,  such  as  the  lunar  logistics  system. 

Mr.  Daddario.  Could  you  provide  for  the  committee  the  list  of  the 
new  programs  now  reflected  in  the  budget,  and  also  list  for  us  those 
new  programs  presently  under  consideration  which  will  be  soon  sub- 
mitted to  the  Associate  Administrator  of  NASA? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  Mr.  Fulton  has  one  further  request. 

Mr.  Fulton  of  Pennsylvania.  I have  been  very  interested  in  the 
space  platform  program,  and  have  previously  asked  that  we  be  given 
information  on  that.  Could  we  have  that  and  the  amount  of  money 
budgeted  for  it  now,  and  the  amount  proposed  for  the  next  few  years. 
Is  that  all  right,  Mr.  Chairman? 

Mr.  Daddario.  Yes. 

(The  information  referred  to  is  as  follows:) 

The  fiscal  year  1964  budget  does  not  contain  any  new  project  starts  for  the 
Office  of  Manned  Space  Flight.  In  view  of  possible  initiation  of  new  projects  in 
future  years,  however,  a comprehensive  program  is  underway  to  study  projects 
which  would  support  or  extend  our  presently  authorized  program.  This  ad- 
vanced study  program  totals  $29.1  million  in  fiscal  year  1964,  and  iB  included 
under  the  systems  line  item  (vol.  II,  RDO  5-1)  and  the  launch  vehicle  supporting 
technology  and  launch  operations  supporting  technology  line  items  (vol.  II, 
RDO  2—1). 

Although  this  study  effort  represents  an  appreciable  funding  level,  it  is  a small 
percentage  of  the  funding  level  which  would  be  required  for  any  one  of  the  projects 
if  approved  for  development.  These  studies  provide  a sound  engineering  basis 
on  which  to  judge  the  feasibility  of  future  missions  and  provide  the  necessary 
technical  and  cost  data  required  for  making  necessary  program  decisions. 
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The  advanced  study  program  includes  efforts  in  the  following  areas: 

Lunar  logistic  system,  $6  million 

This  system  may  be  required  to  provide  logistics  support  to  the  manned  lunar 
landing  program. 

Lunar  systems,  $8  million 

These  studies  are  directed  toward  extending  the  capability  for  lunar  explora- 
tion beyond  that  provided  by  Apollo  and  the  possible  lunar  logistics  system.  The 
program  potential  of  lunar  bases  is  included. 

Space  station  systems,  $4  million 

Small  orbiting  laboratories,  larger  stations  and  staging  bases,  and  related  re- 
supply concepts  are  being  examined  not  only  in  terms  of  technical  feasibility,  but 
also  in  terms  of  the  supporting  roles  they  may  provide  for  the  total  manned 
space  flight  program. 

Planetary  mission  systems,  $8  million 

Studies  in  this  area  are  exploratory  in  nature,  aimed  at  defining  possible  mis- 
sions in  relation  to  the  predicted  technology  of  manned  space  flight. 

Advanced  vehicle  systems,  $10.4  million 

These  studies  are  specifically  concerned  with  new  launch  vehicle  concepts  which 
may  be  required  in  support'  of  the  future  missions.  Included  herein  is  $5  million 
for  studies  related  to  Nov^class  vehicles. 

Launch  facilities  systems,  $1.4  million 

Potential  new  launch  concepts  are  under  study  and  are  directly  related  to  the 
advanced  vehicle  studies. 

General  program  support,  $8.8  million 

These  are  studies  that  relate  to  more  than  one  of  the  categories  described  above, 
and  include  advanced  studies  of  a more  general  nature. 

As  a logical  followon  to  studies  in  these  areas,  the  Office  of  Manned  Space  Flight 
is  recommending  new  development  programs  for  the  lunar  logistic  system,  an 
early  manned  space  station  and  a.  multipurpose  cryogenic  space  stage.  Funds 
for  this  development  work  arevnot  included  in  the  fiscal  year  1964  estimate. 

Mr.  Fulton  of  Pennsylvania.  The  other  thing  is,  on  the  Nova  there 
has  been  some  design  and  engineering  for  the  facilities  that  we  had 
questioned.  My  question  is:  What  has  happened  to  that  money? 
Would  you  submit  that  for  the  record  later? 

(The  information  requested  is  as  follows:) 

The  selection  of  the  lunar  orbit  rendezvous  technique  for  the  initial  manned 
lunar  landing  resulted  in  a deferral  of  Nova  development.  The  present  study 
effort  to  define  future  requirements  for  Nova-type  cltuss  vehicles  includes  analysis 
of  the  related  facilities  requirements.  These  studies  will  investigate  structural 
concepts  for  test  stands  and  general  support  facilities  required  for  a Nova-type 
vehicle  test  program.  The  balance  of  the  authorized  Nova  facility  funds  has  been 
authorized  for  other  projects  using  established  reprograming  procedures. 

Mr.  Fulton  of  Pennsylvania.  Then,  you  were  giving  us  a statement 
this  morning  of  the  program  for  the  fiscal  year  1963  research  and 
development  funds  in  connection  with  the  maimed  space  flight  pro- 
grams. I would  like  to  have  a calendar  of  the  budget  given  to  usr 
with  the  chairman’s  permission,  and  a later  statement.  That  would 
be  a calendar  of  obligations.  If  it  could  be  done  by  month  or  by  quar- 
ter, I think  that  would  be  satisfactory.  As  well  as  a calendar  of  your 
cashbox  disbursements  which  you  expect  to  have  in  fiscal  1964. 

Mr.  Daddario.  Would  you  look  into  this,  and  advise  the  committee 
of  the  feasibility  of  putting  that  together?  At  that  time  we  can  take 
it  up  with  Mr.  Fulton  ana  decide  in  what  form  we  would  like  to  have 
it  for  the  record.  It  sounds  like  quite  an  operation. 

Mr.  Fulton  of  Pennsylvania.  As  a matter  of  fact,  I would  like  to 
get  a comparison  of  your  fiscal  year  1963  obligation  budget  and  your 
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cashbox  disbursement  budget  with  what  you  plan  to  do  for  fiscal  year 
1964. 

(The  information  requested  is  as  follows:) 

The  actual  and  estimated  expenditures  for  the  National  Aeronautics  and  Space 
Administration  for  fiscal  year  1962,  1963,  and  1964  appear  as  follows  in  “The 
Budget  of  the  United  States  Government,  Fiscal  Year  Ending  June  30,  1964,” 
page  394: 

Table  G.— Expenditures  of  the  National  Aeronautics  and  Space  Administration 

for  research  and  development 


[In  millions  of  dollars] 


Conduct  of  research  and 
development 

Research  and  development 
faculties 

IRQ 

actual 

1003 

estimate 

1964 

estimate 

1062 

actual 

1063 

estimate 

1964 

estimate 

MftDPftri  ft  nor*  flight 

407.2 

1,105 

82 

2,313 

123 

80.2 

271 

400 

Space  applications.  

60.0 

1 

Unmanned  investigation  in  snace 

' 323.2 

421 

557 

14.2 

20 

36 

j 

1 

1 

183.2 

240 

400 

13.0 

32 

76 

Aircraft  technology ■ 

28.0 

41 

43 

1 

3 

Supporting  operations - 

80.  ft 

152 

205 

6.0 

26 

44 

Total,  National  Aeronautics  and 
Space  Administration  - - 

1,142.8 

2,060 

3,641 

114.3 

350 

559 

The  forecast  of  expenditures  is  made  at  the  appropriation  level  through  the 
statistical  analysis  of  past  performance  by  major  appropriation  segments,  i.e., 
personnel  costs,  operation  of  installations,  and  major  elements  of  the  research 
and  development  program.  This  method  has  proved  more  accurate  than  fore- 
casting the  cash  disbursements  for  each  project  at  the  end  of  a given  point  in  time . 

The  chart  shown  below  reflects  the  fiscal  year  1963  and  fiscal  year  1964  obliga- 
tion plans  for  the  Office  of  Manned  Space  Might. 

National  Aebonautics  and  Space  Administration 
orncB  or  manned  space  flight 

Fiscal  year  1963  and  fiscal  year  1964  obligation  plans  as  of  Apr.  IS,  1963 


[In  tbowands  of  dollars] 


■'  ? -?6Ct 

Fiscal  year  1963  obligation  plan 

1st  quarter 

2d  quarter 

3d  quarter 

4th  quarter 

Total 

Total,  OMSF _ 

Manned  «nuwnft  mtnni 

Launch  vehicle  and  propolslaa  systems... 

Space  medicine.. 

240,079 

352,743 

627,597 

294,159 

1,614,678 

155,687 

80,992 

1,151 

250 

1,900 

132,784 

200,482 

2,272 

7,650 

0,666 

259,227 

340,170 

1,477 

13,024 

4,690 

160,823 

103,404 

2,100 

17,576 

1%2K 

„ 706,521 

734,067 
7,000 

38.500 

26.500 

Integration  and  checkout 

Systems  engineering. .....  .. 

Total,  OM8F„„...:.. ....... 

Manned  spacecraft  systems — .... — ..... 
Launch  vehicle  and  propulsion  systems... 

Space  medicine 

Integration  and  checkout.  - - - 

Fiscal  year  1064  obligation  plan 

809,238 

976, 719 

666,657 

370,130 

2,081,800 

435,019 
394, 608 
3,841 

56,610 

9,260 

■ 

513,916 

387,356 

3,367 

58,140 

12,960 

351,778 

300,762 

4,669 

18,360 

11,100 

256,889 

86,814 

4,348 

19,890 

3,700 

1,556,600 
1, 106,500 
16,700 
168,000 
87,000 

Systems  ssifinesrtag  . 
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Mr.  Daddario.  Mr.  Waggonner. 

Mr.  Waggonner.  Did  I understand  you  to  say  kerosene  was  the 
cooling  medium  in  the  skirt  around  the  H-l  engine? 

Mr.  Holmes.  Yes,  sir.  The  kerosene  is  pumped  through  the  tubes 
back  and  forth  before  going  into  the  kerosene  dome  above  the  injector. 
The  kerosene  is  preheated  and  injected  with  the  liquid  oxygen  into 
the  thrust  chamber,  where  combustion  occurs. 

Mr.  Waggonner.  That  has  made  for  more  uniformity  in  the  igni- 
tion in  the  engine,  as  well  as  cooling? 

Mr.  Holmes.  As  well  as  keeping  the  skirt  from  burning  out. 

Mr.  Waggonner.  As  well  as  keeping  the  skirt  from  burning  out,  it 
gives  you  better  combustion  in  the  combustion  chamber? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  Any  further  questions? 

If  not,  this  committee  will  adjourn  until  10  o'clock  next  Monday 
morning,  at  which  time  this  committee  will  go  into  executive  session. 

(Whereupon,  at  11 :40  a.m.,  the  subcommittee  adjourned  to  reconvene 
at  10  a.m.,  Monday,  April  8,  1963.) 


Page  intentionally  left  blank 
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MONDAY,  APRIL  8,  1988 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

EXECUTIVE  SESSION 

(The  following  testimony  of  Assistant  Secretary  of  Defense  John  H. 
Rubel  and  Gen.  Bernard  A.  Schriever  was  taken  in  executive  session 
because  of  the  classified  nature  of  the  material  presented.  The 
classified  portion  of  the  testimony  has  subsequently  been  deleted 
from  the  record  by  the  Department  of  Defense,  and  the  testimony 
as  shown  below  is  unclassified.) 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  214-B, 
House  Office  Building,  at  10  a.m.,  the  Honorable  Olin  E.  Teague 
(chairman)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order.  I would  like  to 
note  for  the  record  that  our  subcommittee  has  the  honor  of  having  the 
chairman  of  the  full  committee,  Mr.  Miller,  with  us  today,, 

Today  we  will  hear  from  the  Honorable  John  H.  Rubel,  Assistant 
Secretary  of  Defense,  and  Deputy  Director  of  Defense  Research  and 
Engineering,  and  Gen.  Bernard  A.  Schriever,  commander  of  the  Air 
Force  Systems  Command. 

Mr.  Rubel,  would  you  tell  us  how  long  you  have  been  with  the 
Department  of  Defense,  and  the  exact  chain  of  command  as  far  as  you 
are  concerned? 

(The  biography  of  Mr.  Rubel  is  as  follows:) 

Bio  graphic  At,  Sketch  of  Mb.  John  H.  Rubel 

Mr.  John  H.  Rubel  was  appointed  Deputy  Director  of  Defense  Research  and 
Engineering  on  April  1,  I960.  Mr.  Rubel  had  been  Assistant  Director  of  Defense 
Research  and  Engineering  (Strategic  Weapons)  since  May  19,  1959. 

Mr.  Rubel,  who  was  born  in  Chicago,  April  27,  1920,  received  his  B.S.  in 
electrical  engineering  with  honor  from  the  California  Institute  of  Technology  in 
1942.  Following  his  graduation  he  was  associated  with  the  General  Electric  Co. 
for  3)4  years  in  the  GE  research  laboratories,  briefly  with  Lockheed  Aircraft 
Co.,  and  then  joined  Hughes  Aircraft  Co.  m 1940. 

While  with  Hughes,  Mr.  Rubel  contributed  to  the  development  of  one  of  the 
earliest  successful  automatic  celestial  navigation  systems  in  this  country.  He 
also  was  associated  with  the  development  of  the  Falcon  family  of  missiles.  In 
1952  he  joined  the  radar  laboratories,  later  renamed  the  airborne  systems 
laboratories  of  which  he  was  named  director  in  1955.  It  was  from  this  poet  that 
Mr.  Rubel  came  to  the  Defense  Department  on  May  19,  1959. 

Mr.  Rubel’s  industrial  experience  encompassed  the  field  of  airborne  systems 
including  radar,  digital  and  analog  computers,  guidance  and  control  systems, 
communications  subsystems,  etc. 

With  the  Department  of  Defense,  Mr.  Rubel’s  responsibilities  have  included 
research,  engineering,  and  engineering  management  aspects  of  long-range  strategic 
strike  forces  currently  in  being,  under  development  or  contemplated  for  1 uvUTS 
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development.  He  has  also  been  concerned  with  related  matters  including  opera- 
tions analysis  relating  to  the  design  of  strategic  weapons  systems. 

As  Deputy  to  the  Director  of  Defense  Research  and  Engineering,  Mr.  Rubel’s 
responsibilities  encompass  the  entire  field  of  military  systems.  Mr.  Rubel  served 
as  Acting  Director  of  Defense  Research  and  Engineering  during  the  several 
months  of  Dr.  Herbert  F.  York's  recovery  from  his  illness  in  the  summer  and  fall 
of  1960.  For  his  service  as  Deputy  Director  of  Defense  Research  and  Engineering 
and  Acting  Director  of  Defense  Research  and  Engineering,  Mr.  Rubel  received 
the  Secretary  of  Defense  Meritorious  Civilian  Service  Award  on  January  16,  1961. 

On  May  11,  1961,  the  President  nominated  Mr,  Rubel  to  the  Senate  to  be 
Assistant  Secretary  of  Defense.  Following  confirmation  by  the  Senate  Mr, 
Rubel’s  appointment  became  effective  on  May  19.  1961,  with  the  specific  duty 
being  Deputy  Director,  Defense  Research  and  Engineering. 

Mr.  Rubel  is  married  and  has  three  children.  They  were  residents  of  iotf 
Angeles,  Calif.,  before  moving  to  Washington,  D.C. 


STATEMENT  OF  HON.  JOHN  H.  RUBEL,  ASSISTANT  SECRETARY 
OF  DEFENSE,  AND  DEPUTY  DIRECTOR  OF  DEFENSE  RESEARCH 
AND  ENGINEERING;  ACCOMPANIED  BY  GEN.  BERNARD  A. 
SCHRIEVER,  COMMANDER,  AIR  FORCE  SYSTEMS  COMMAND 


Mr.  Rubel.  I would  be  happy  to.  I came  down  to  Washington 
4 years  ago.  I am  almost  celebrating  my  fourth  anniversary  this 
month. 

Dr.  York,  who  had  been  appointed  the  Director  of  Defense  Research 
and  Engineering  a few  months  before,  endeavored  to  recruit  people 
from  industry  and  other  organizations  to  assist  him  in  carrying  out 
his  responsibilities,  and  I originally  came  down  as  Assistant  Director 
of  Defense  Research  and  Engineering  for  Strategic  Weapons. 

I served  in  that  capacity  for  just  about  a year  and  then  became  a 
Deputy  Director  of  Defense  Research  and  Engineering. 

About  1 year  later,  early  in  1961, 1 was  made  the  No,  1 Deputy,  the 
overall  Deputy  for  the  office,  and  subsequently  I was  nominated  by 
the  President  as  Assistant  Secretary  of  Defense  in  addition  to  holding 
those  duties,  so  that  I have  been  in  this  position  that  I hold  now  for 
essentially  2 years,  really,  sitting  in  the  chair  for  almost  3 and  in  the 
office  for  4 years. 

The  Director  of  Defense  Research  and  Engineering,  as  I am  sure 
you,  Mr.  Chairman,  and  the  other  members  of  the  committee  know, 
nas  a responsibility  by  statute  to  supervise  all  research  and  engineer- 
ing in  the  Department  of  Defense. 

He  has  the  authority  to  approve,  disapprove,  modify,  or  initiate, 
programs  and  projects  in  the  field  of  research  and  engineering. 

My  duties  have  essentially  been  those  of  his  No.  2 man  during  a 
good  deal  of  this  period  and  as  such  I have  been  very  much  involved, 
of  course,  with  our  space  programs  as  well  as  the  rest  of  our  research 
and  engineering  programs. 

My  responsibilities  in  that  area  have  been  a little  special.  We 
set  up  about  2 years  ago  an  arrangement  between  Dr.  Seamans  and 
his  office  in  the  NASA  and  myself  in  the  Office  of  the  Director  of 
Defense  Research  and  Engineering  for  creating,  and  getting  our  bosses 
together  on,  agreements  between  the  two  agencies.  The  great 
majority  of  the  agreements  which  have  been  testified  to  before  this 
committee  are  the  result,  agreements  such  as  that  concerning  Canaveral 
for  example. 

Our  agreements  on  the  national  launch  vehicle  program,  the 
Gemini  agreement,  those  things  have  been  worked  out  largely  between 
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Dr.  Seamans  and  his  folks  on  the  one  side,  and  me  and  others  in  our 
office  on  the  other. 

And  then  Dr.  Brown,  Dr.  Dryden,  Mr.  McNamara  or  Mr.  Gilpatric 
and  Mr.  Webb,  have  finalized  these  in  the  form  of  formal  agreements. 
This  I think  summarizes,  Mr.  Chairman,  the  way  in  which  the 
testimony  is  tied  together  pretty  much  on  these  programs. 

Mr.  Teague.  For  the  benefit  of  other  members  of  the  committee, 
Mr.  Rub  el  and  General  Schriever  were  asked  to  prepare  statements. 
It  is  an  executive  statement  and  as  I understand  although  neither 
statement  is  classified,  it  may  not  be  discussed  outside  until  released 
by  this  committee. 

Chairman  Miller.  May  I say  something?  I notice  Mr.  Rubel 
started  by  saying  that  Dr.  Herbert  York  recruited  him.  Dr.  Herbert 
York  is  a very  persuasive  person  and  we  congratulate  him  for  having 
recruited  a person  of  your  caliber.  We  think  you  have  done  a very 
fine  job,  Mr.  Rubel. 

Mr.  Rubel.  Thank  you. 

Chairman  Miller.  We  don't  want  to  lose  you,  even  to  California. 

Mr.  Rubel.  Thank  you.  I appreciate  those  remarks. 

Mr.  Teague.  Mr.  Rubel,  would  you  start  with  your  statement. 

Mr.  Rubel.  Mr.  Chairman  and  members  of  tne  committee,  it  is 
my  understanding  that  the  committee  is  interested  in  the  responsi- 
bilities and  programs  of  the  Department  of  Defense  in  the  field  of 
military  space. 

I am  here  today  to  discuss  this  important  subject  because  of  the 
desire  that  this  committee  has  expressed  to  acquire  a better  under- 
standing of  the  nature  and  scope  of  these  responsibilities  and  of  this 
program. 

I also  shall  point  out  that  the  very  important  part  that  space 
programs  play  in  our  overall  research  and  development  effort.  It 
has  been  a growing  effort.  Atpresent  the  Air  Force  is  responsible  for 
nearly  all  of  it.  Under  Air  Force  leadership  it  has  evolved  over  a 
long  period  of  years,  has  grown  rapidly  especially  in  recent  years,  and 
has  assumed  a correspondingly  greater  importance.  By  that  I mean 
a greater  importance  in  the  context  of  our  overall  Defense  Department 
research  ana  engineering  activity. 

In  fact,  in  fiscal  year  1963,  it  accounts  for  almost  one-fourth  of  the 
R.D.T.  & E.  budget  in  the  Defense  Department  and  about  40  percent 
of  the  Air  Force  research  and  development  budget. 

It  will  be  useful  to  place  this  effort  and  assignment  of  responsibility 
“in  context”  by  outlining  the  historical  evolution  of  space  activities 
in  the  Department  of  Defense.  You  recall  the  situation  in  1958, 
shortly  after  Sputnik  I,  when  we  had  virtually  no  experience  to  go  on. 

The  Army  conducted  a program  with  Explorer  satellites.  The 
Navy  had  Project  Vanguard.  The  Air  Force  initiated  a study  of 
satellite  applications  under  Project  117L.  It  was  then  that  the  Ad- 
vanced Research  Project  Agency  (ARPA)  was  formed,  with  congres- 
sional approval,  to  provide  leadership  at  the  Office  of  the  Secretary  of 
Defense  level  and  to  bring  about  a consolidation  of  these  efforts  in 
space. 

In  July  1958,  Congress  established  the  National  Aeronautics  and 
Space  Administration  and  the  Space  Council  to  provide  national 
leadership  and  to  insure  that  scientific  and  civilian  applications  of 
space  would  be  given  appropriate  support.  At  that  time  a number 


fit 


r 


618 


1664  NASA  AUTHORIZATION 


of  projects  and  facilities  were  transferred  from  ARPA  to  the  National 
Aeronautics  and  Space  Administration. 

These  included  certain  space  programs  for  satellite  applications  in 
fields  such  as  meteorology,  the  development  of  certain  launch  vehicles 
which  have  primary  application  to  space  exploration,  such  as  Saturn 
and  Centaur,  as  well  as  important  I)epartment  of  Defense  facilities 
and  personnel  which  included  the  nucleus  of  the  Marshall  Space 
Flight  center  and  the  Jet  Propulsion  Laboratory. 

In  this  split  off  we  retained  in  the  Department  of  Defense  those 
projects  which  we  considered  vital  from  a military  standpoint.  These 
included  our  programs  for  satellite  inspection,  early  warning,  com- 
munications, navigation  and  certain  others. 

In  September  1959,  Secretary  McElroy  directed  that  the  responsi- 
bility for  conduct  for  space  projects  would  be  transferred  from  ARPA 
to  tne  appropriate  Military  Departments,  in  accordance  with  certain 
orderly  criteria  and  schedules.  The  responsibility  for  the  develop- 
ment, production  and  launch  of  space  boosters  and  the  necessary 
systems  integration  incident  thereto  was  assigned  to  the  Department 
of  the  Air  Force  except  for  such  research  and  development  as  might 
be  conducted  by  the  ARPA. 

By  the  end  of  1960,  the  Vela  Hotel  program  for  detection  of  nuclear 
explosions  in  space  was  the  only  major  space  program  remaining 
ARPA.  I should  add  it  is  the  only  space  program  remaining  in 
ARPA — it  is  not  the  only  one,  but  it  is  the  only  major  one. 

The  present  administration  continued  the  consolidation  of  responsi- 
bilities for  space  activities  in  the  Department  of  the  Air  Force.  In 
March  1961,  Secretary  McNamara  issued  a directive  which  stated 
that  research,  development,  tests,  and  engineering  of  Department  of 
Defense  space  development  programs  or  projects  which  are  approved 
hereafter,  will  be  the  responsibility  of  the  Department  of  the  Air 
Force. 

It  also  provided  that  each  military  department  and  Department  of 
Defense  agency  is  authorized  to  conduct  preliminary  research  to 
develop  new  types  of  technology  to  perform  its  assigned  functions. 

When,  in  the  fall  of  last  year,  the  Department  of  Defense  effort  on 
communications  satellite  was  reoriented,  the  responsibility  for  the 
development  of  the  satellite  portion  of  the  system  was  assigned  to  the 
Air  Force.  The  Army  retained  its  role  as  the  developer  of  the  ground 
terminal  equipment. 

I have  mentioned  that  communication  satellite  because  that  was 
really  the  last  one  on  which  we  had  a somewhat  interlocking  arrange- 
ment for  responsibilities  which  was  altered  by  the  new  directives 
issued  by  the  Secretary  in  regard  to  that  program. 

I hope  this  short  r6sum6  will  indicate  clearly  md  amply  that  the 
evolution  of  responsibilities  for  the  Department  of  Defense  space 
program  has  become  steadily  clearer  and  better  defined  with  the 
passage  of  time. 

The  Air  Force  has  altered  its  internal  organization  to  match  the 
growing  needs  of  these  space  efforts.  There,  too,  internal  to  the 
Air  Force,  you  will  find  a well-planned  and  dynamic  organization, 
which  is  well  prepared  to  discharge  its  assigned  responsibilities. 

I am  sure  General  Schriever  will  testify  in  more  detail  to  the  manner 
in  which  the  Air  Force  is  facing  up  to  those.  I know  you  are  also 
interested  in  the  scope  of  our  space  programs  in  the  Department  of 
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Defense.  Many,  in  fact,  nearly  all  the  things  we  are  trying  to  do 
now  were  foreseen  in  1957,  1958,  when  many  of  these  efforts  were 
started,  but  when  technology  was  much  more  limiting  than  now. 

Our  efforts  include  systems  to  use  space  in  the  traditional  missions 
in  the  Department  of  Defense. 

Examples  include  satellite  inspection,  early  warning,  communica- 
tions, and  navigation  systems.  This  represents  approximately  one- 
half  of  our  space  effort. 

I would  like  to  clarify  that  a little.  When  I say  “traditional  mis- 
sions” I mean  to  communicate,  to  provide  early  warning,  to  accomplish 
navigation,  to  inspect  hostile  objects.  These  are  examples  of  tradi- 
tional missions  although  it  certainly  has  not  been  traditional  to  inspect 
satellites  but  it  might  turn  out  that  would  be  in  the  future  something 
that  would  be  important  to  do.  In  that  sense  it  falls  into  the  tradi- 
tional context  of  military  undertaking. 

The  balance  of  our  effort  is  not  undertaken  to  meet  well-defined 
military  needs  but,  is  aimed  at  creating  a broad  base  of  new  technology, 
devices,  and  even  systems  for  possible  future  applications. 

Titan  III  is  a good  example.  Although  we  believe  that  it  is  likely 
to  have  important  military  applications  in  the  future,  we  are  not 
waiting  to  define  them  in  great  detail  before  proceeding  with  the 
development. 

For  similar  reasons  we  are  requesting  $200  million  for  development 
in  fields  specifically  related  to  space  undertakings,  such  as  components 
and  bioastronautics.  In  this  way,  we  hope  to  insure  an  ample 
technical  base  in  which  future  systems  could,  if  needed,  be  developed 
without  delay. 

Of  course,  we  look  to  the  NASA  to  conduct  the  development  of 
hardware  and  technology  required  for  space  exploration  and  civilian 
applications.  We  continually  review  our  efforts  and  coordinate 
closely  our  programs.  However,  it  is  the  clear  responsibility  of  the 
Department  of  Defense  to  conduct  a program  of  research  and  develop- 
ment planned  to  enable  us  to  meet  future  military  requirements. 

I know  that  the  Subcommittee  on  Manned  Space  Flight  has  a 
particular  interest  in  Department  of  Defense  programs  in  this  field. 
In  this  connection,  I.quote  from  the  testimony  of  Secretary  McNamara 
to  the  Subcommittee  on  Department  of  Defense  Appropriations: 

* * * A third  category  of  research  and  development  work  sponsored  by  the 
Defense  Department  relates  to  the  development  of  certain  capabilities  which 
would  be  required  were  we  subsequently  to  find  it  necessary  to  put  a man  into 
space  in  conjunction  with  some  military  requirement  that  might  arise  in  the 
future.  In  this  connection  we  have  a series  of  projects  underway  of  which  the 
largest  by  far  is  Dyna-Soar;  Titan  III,  also  falls  into  this  category  even  though 
it  will  also  provide  future  launch  capability  for  categories  1 and  2. 

Here  we  are  dealing  with  an  uncertain  military  requirement,  specifically  the 
need  for  manned  space  vehicle  operations  but  a requirement  which,  if  it  develops 
suddenly,  cannot  be  met  quickly  unless  wre  are  today  carrying  out  the  develop- 
ment work  on  large'boosters,  on  space  environment'  systems  that  will  facilitate 
the  existence  of  a man,  and  certain  other  techniques  that  would  allow  a man  to 
operate  effectively  in  space  and  carry  out  certain  assumed  military  missions. 

There  is  here  the  real  danger  that  two  national  programs  will  develop;  one  in 
the  Defense  Department  and  one  in  NASA.  It  was  to  avoid  the  development 
of  two  national  programs  ard  to  insure  that  only  one  such  program,  would  be 
undertaken  to  meet  the  needs  of  the  two  agencies  that  Mr.  Webb  and  I joined 
together  in  an  agreement  on  the  21st  of  January.  Under  its  terms  we  agreed 
that  a joint  planning  board  comprised  of  representatives  of  NASA  and  the 
Defense  Department  would  be  set  up  to  plan  the  content  and  coverage  of  the 
Gemini  program,  to  insure  that  the  requirements  of  the  Defense  Department 
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for  potential  operation  of  a man  in  space  and  the  requirements  of  NASA  for 
that  &ame  purpose  were  met  by  this  single  program,  thereby  avoiding  the  duplica- 
tion that  was  implicit,  for  example  in  the  Air  Force  request  for  its  own  manned 
space  program. 

* * * As  for  the  requirement  for  a manned  military  operation  in  space,  it  is 
not  clear  to  me  that  we  gain  by  putting  a man  in  space  for  military  purposes. 
I do  not  see  the  future  clearly.  It  may  be  that  certain  of  our  requirements  in 
space  cannot  be  met  without  a man  there.  It  may  be  that  in  order  to  inspect 
properly — 

His  original  wording  was  “to  inspect  properly,"  but  he  means 
“properly  inspect" — 

unidentified  satellites  we  might  have  to  have  a man  in  a U.S.  satellite  in  space* 
I think  it  is  rather  unlikely  we  would  require  a man  for  those  purposes,  in  part 
because  a man  greatly  complicates  the  operation  in  space.  You  have  to  put  so 
much  in  space  just  to  allow  a man  to  exist  that  it  greatly  adds  to  the  complexity 
of  the  operation.  Today  it  appears  to  us  we  can  achieve  military  capabilities  in 
space  more  quickly  without  a man  than  with  a man.  But  as  our  knowledge  of 
space  operations  advances  this  conclusion  may  prove  false  and  I believe,  there- 
fore, we  should  have  boosters  with  a sufficient  capability  to  put  into  space  satel- 
lites that  will  allow  man  to  operate  within  them  and  we  should  have  an  under- 
standing of  the  strains  on  the  man  and  the  extent  of  his  capability  in  that  space 
environment.  • 

As  Secretary  McMillan  mentioned  in  his  discussion  with  you  last 
week,  Secretary  McNamara,  in  a memorandum  for  the  Secretary  of 
the  Air  Force,  dated  February  22,  1962,  provided  constructive  guid- 
ance concerning  the  conduct  of  a manned  military  space  program. 

This  was  not  a departure  from  previous  policy. 

It  does  not  represent  any  change  from  the  policy  and  guidance  we 
would  issue  now  A copy  of  this  classified  memorandum  will  be 
furnished  to  you.  I jhink  this  outline,  in  a very  general  way,  covers 
the  approach  we  are  taking  in  space  research  and  development.  I 
will  -be  very  happy,  Mr.  Chairman,  to  answer  questions  of  your 
committee  on  tms  subject. 

Mr.  Teague.  Is  there  any  new  agreement  or  new  memorandum 
other  than  the  one  of  February  22,  1962? 

Mr.  Rubel.  The  only  one  I know  about  for  sure  is  one  dated  the 
15th  of  March  1963.  It  is  a confidential  memorandum  from  Mr. 
McNamara  to  the  Secretary  of  the  Air  Force  and  it  is  considerably 
broader  than  the  one  of  February  22,  but  considerably  shorter.  It 
states — excuse  me,  could  we  go  off  the  record  for  a moment? 

Mr,  Teague.  Off  the  record. 

(Discussion  off  the  record.) 

Mr.  Teague.  Mr.  Rubel,  throughout  the  Secretary’s  statement 
there  is  the  connotation  that  there  is  a possibility  of  the  military 
requirement  in  space,  but  that  this  requirement  has  not  been  defin- 
itized  as  yet. 

Is  this  said  for  the  benefit  of  the  public  or  is  this  really  the  belief 
of  the  Defense  Department? 

In  the  first  part  of  the  statement,  Secretary  of  Defense  McNamara 
says: 

Were  we  subsequently  to  find  it  necessary  to  put  a man  into  space  in  conjunction 
with  some  military  requirement  that  might  arise  in  the  future. 

From  speaking  to  other  Members  of  Congress,  I think  there  is  no 
doubt  in  their  minds  that  there  is  a military  mission  in  space.  How- 
ever, you  say  that: 
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Here  we  are  dealing  with  an  uncertain  military  requirement  specifically  with 
the  need  for  manned  space  vehicle  operation  but  a requirement  if  developed 
suddenly  cannot  be  met  quickly. 

Again  there  is  that  connotation  of  “well,  maybe.”  This  continues 
throughout  your  statement.  Again  you  quote  Secretary  McNamara 
as  saying: 

As  for  requirement  for  a manned  military  operation  in  space,  it  is  not  clear  to 
me  what  we  gain  by  putting  a man  into  space  for  military  purposes. 

I have  heard  testimony  from  NASA  that  they  would  have  lost  80 
percent  of  their  flights  with  the  X-15  if  they  had  not  had  a man  in 
them.  I also  understand  that  there  has  been  a study  conducted  by 
the  Navy  on  one  of  their  missile  programs  which  indicated  that  they 
would  have  saved  about  80  percent  5 they  had  a man  in  them. 

When  one  hears  this  type  of  thing,  I can’t  see  how  there  can  pos- 
sibly be  any  doubt  that  there  is  a manned  military  mission  in  space. 

Is  what  you  have  been  saying  for  the  public,  or  is  this  what  DOD 
really  believes? 

Mr.  Rubel.  Mr.  Chairman,  I think  it  is  what  we  honestly  believe. 
I don’t  think  this  is  merely  a statement  for  public  consumption  at  all. 
In  our  inner  councils  when  we  sit  around  talking  about  this,  these 
are  the  same  as  words  we  use  with  ourselves. 

Chairman  Miller.  Mr.  Teague,  I think  Mr.  Rubel  is  very  sincere 
when  he  tells  you  that. 

I am  satisfied,  as  I think  he  is,  that  as  there  are  further  develop- 
ments in  space,  possibly  there  will  be  a military  mission  for  a man  m 
space.  I don’t  think  one  can  foresee  it  at  this  time,  and  I think  there 
are  many  reasons  for  not  being  able  to  pinpoint  it.  In  the  first  place, 
we  have  to  learn  more  about  man  in  space  Can  men  withstand  the 
rigors  of  space?  We  will  not  have  the  answer  to  that  until  he  gets 
out  into  space.  At  the  present  time,  I don’t  think  anyone  can  defini- 
tively say  that  there  is  a military  need  for  a man  in  space. 

Is  that  correct,  Mr.  Rubel? 

Mr.  Rubel.  Just  exactly. 

Mr.  Fulton  of  Pennsylvania.  Let’s  put  the  disagreement  on  the 
record  as  to  the  chairman’s  position. 

Mr.  Teague.  I though  you  mentioned  in  the  office  this  morning  that 
you  thought  there  was  a military  mission  in  space,  and  that  we  ought 
to  get  on  with  it. 

Chairman  Miller.  Certainly  you  have  to  get  on  with  ?:■  It  is  just 
a question  of  not  duplicating  what  NASA  is  doing. 

Mr.  Gurney.  Mr.  Chairman? 

Mr.  Teague.  Mr.  Gurney. 

Mr.  Gurney.  You  stated,  Mr.  Rubel,  that  you  were  spending  about 
one-quarter  of  your  research  and  development  budget  for  space  pro- 
grams. Can  you  give  us  some  general  notion  of  how  you  are  spending 
this  money? 

Mr.  Rubel.  Yes,  sir;  I would  be  delighted  to  do  that. 

(The  material  referred  to  is  classified.) 

Mr.  Gurney.  Is  your  program  for  fiscal  year  1964  approximately 
the  same  breakdown,  proportionately?  \ 

Mr.  Rubel.  \ es,  sir;  it  is  about  the  same.  We  have  an  increase 


in  1964 — of  course,  these  are  funds  not  yet  approved  by  the  Congress 
but  there  we  go  up  in  vehicle  and  engine  development  largely  because 
of  a very  substantial  increase  in  the  Titan  III.  We  go  down  in 


We  go  down  in 
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spacecraft  and  mission  projection  largely  because  of  a substantial 
reduction  in  the  Discoverer  program. 

Mr.  Gurney.  Is  any  of  the  budget  for  1963  or  1964  earmarked  for 
research  in  manned  space  military  missions? 

Mr.  Rubel.  We  have  study  efforts  that  are  constantly  being 
undertaken.  Most  of  them  now  are  being  done  in-house  by  the 
Air  Force  and  through  the  Air  Force  by  the  Aerospace  Corp.,  some  by 
contractors,  which  concern  that  specifically. 

These  kinds  of  studies,  I think,  are  what  you  probably  have  in 
mind.  They  relate  to  how  you  would  use  a man,  for  example,  in  an 
interceptor  or  inspection  role  in  space.  That  is  an  example  and  there 
are  many  other  examples  of  that  kind. 

They  don’t  show  up  as  large  dollar  amounts  in  any  budget  but 
their  importance  is  much  greater  than  the  dollar  amounts  that  are 
allocated  to  them. 

Mr.  Gurney.  Would  you  say  this,  that  in  view  of  the  review  of 
the  Secretary’s  statement  which  Chairman  Teague  went  into,  that 
there  is  an  enthusiastic  search  going  on  in  the  Air  Force  and  in  the 
Department  of  Defense  as  to  the  use  of  man  for  military  missions  in 
space? 

Mr.  Rubel.  Yes,  sir;  I think  the  answer  is  “Yes.” 

Mr.  Teague.  Mr.  Rubel,  what  does  the  DOD  expect  to  gain  from 
the  Gemini  agreement? 

Mr.  Rubel.  I think  the  intent  of  the  Gemini  agreement  is  pretty 
clear  and  if  that  intent  is  carried  through  then  I think  we  will  have  a 
lot  to  gain.  We  have,  as  you  know,  this  joint  planning  board,  the 
members  from  the  Defense  side  are  General  Schriever,  Dr.  McMillan, 
and.  Dr.  Kavanau.  The  object  is  to  set  forth  the  requirements  that 
the  Defense  Department  has  for  the  conduct  of  manned  operations  of 
an  experimental  and  research  character,  utilizing  the  Gemini  program; 
to  set  forth  the  requirement  that  the  NASA  has  for  conducting  experi- 
ments using  the  Gemini  program;  and  then  to  look  at  the  program 
itself  and  ask  does  the  program  meet  these  requirements  or  doesn’t 
it  meet  these  requirements.  Wherever  we  identify  through  this  joint 
planning  activity,  an  area  or  an  item  which  is  not  met  by  the  actual 
Gemini  project,  then  we  will  modify  the  project  so  that  the  require- 
ment will  be  met. 

This  is  the  fundamental  objective,  from  a national  standpoint,  to 
lay  out  all  of  the  requirements  that  we  can  legitimately  and  properly 
assess  against  that  program  and  use  the  program  to  meet  those  re- 
quirements, and  if  this  board  is  effective,  and  if  Mr.  McNamara  and 
Mr.  Webb  carry  out  the  intent  of  that  agreement — which  they  surely 
intend  to  do — then  what  we  are  going  to  gain  is  the  use  of  the  Gemini 
program  in  the  overall  national  interest  on  the  earliest  possible  time 
scale. 

Mr.  Waggonner.  Mr.  Chairman? 

Mr.  Teague.  Mr.  Waggonner. 

Mr.  Waggonner.  Mr.  Rubel,  since  this  question  involves  specula- 
tion as  to  the  role  played  by  Secretary  of  Defense  McNamara  with 
regard  to  Gemini  and  Dyna-Soar  programs,  if  you  don’t  care  to 
comment  I will  understand.  In  this  morning’s  newspaper,  the 
Washington  Post,  Marvin  Miles  as  special  reporter  to  the  Washington 
Post  from  the  Los  Angeles  Times  says: 

Some  Washington  observers  feel  McNamara  made  the  Gemini  deal  quite 
deliberately  so  they  could  mollify  Congressmen  who  feel  the  Air  Force  should 
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play  a greater  role  in  space  and  at  the  same  time  dump  Dyna-Soar— with  an 
appropriate  prelude  of  deliberation,  of  course. 

Do  you  care  to  comment  on  that  statement? 

Mr.  Rebel.  I would  be  delighted  to  comment  on  that  because 
I was  involved  in  all  of  the  discussions  that  were  a prelude  to  making 
the  Gemini  agreement. 

I assisted  the  Secretary  in  drafting  some  of  the  words  in  the  agree- 
ment. 

I think  I know  what  his  thinking  was  at  that  time  and  certainly 
what  the  thinking  of  the  rest  of  us  was  at  that  time,  and  there  was 
no  ulterior  motive  ever  evidenced  to  me — either  express  or  implied— 
by  anybody  who  was  involved  in  that. 

It  was  exactly  and  precisely  the  sincere  desire  to  insure  that  the 
Gemini  program  would  be  used  in  the  national  interest  for  national 

furposes  to  which  Mr.  McNamara  has  already  testified  repeatedly, 
think  Mr.  Miles’  article  attributes  motives  to  Mr.  McNamara  that 

are  without  any  substance  insofar  as  my  personal 

Mr.  Waggonner.  They  definitely  do  not  exist? 

Mr.  Rubel.  Based  on  my  own  observation  and  I sat  with  Mr. 
McNamara  in  meetings  prior  to,  during,  and  subsequent  to  the 
consummation  of  that  Gemini  agreement,  I believe  that  they  simply 
do  not  exist.  He  was  simply  sincerely  trying  to  do  exactly  what  he 
told  the  Congress  he  was  trying  to  do,  what  he  told  Mr.  Webb  he 
was  trying  to  do,  and  what  he  asked  some  of  the  rest  of  us  to  try  to 
help  him  do  in  drawing  up  that  agreement. 

Mr.  Teague.  I suggest  that  the  newspaper  article  be  placed  in 
the  record  with  Mr.  Rubel’s  comment.  Without  objection,  it  will 
be  placed  in  the  record  at  this  point. 

(The  newspaper  article  is  as  follows :) 

[From  the  Washington  Post,  Apr.  8, 1963]  ■ 

McNamara  Is  Gunning  for  It — If  Dyna-Soar  Glider  Is  Rescued,  Credit 

Likely  Will  Go  to  NASA 

(By  Marvin  Miles,  special  to  the  Washington  Post  from  the  Los  Angeles  Times) 

NEWS  ANALYSES 

If  Dyna-Soar  is  saved  there’s  a good  chance  the  National  Aeronautics  and 
Space  Administration  will  be  credited  with  rescuing  the  winged  space  glider. 

Secretary  of  Defense  Robert  S.  McNamara,  in  his  quest  to  slash  duplication, 
has  asked  the  Air  Force  to  consider  cutting  back  the  Dyna-Soar— -a  request  that 
could  be  tantamount  to  an  execution  order. 

NASA,  on  the  other  hand,  has  a thriving  interest  in  the  space  glider  and  it  is 
quite  possible  that  this  interest  may  result  in  some  sort  of  an  agreement  to  keep 
the  project  alive. 

An  official  hint  of  NASA  rescue  came  in  a portion  of  the  Defense  Secretary’s 
recently  released  testimony  before  a House  Appropriations  Subcommittee: 

“As  a matter  of  fact,”  he  told  the  subcommittee,  “representatives  of  NASA 
have  informed  me  of  their  interest  in  certain  of  the  Dyna-Soar  characteristics  so 
there  is  not  a clear  case  for  knocking  out  Dyna-Soar.” 

Some  Washington  observers  feel  McNamara  made  the  Gemini  deal  quite  de- 
liberately so  they  could  mollify  Congressmen  who  feel  the  Air  Force  should  play 
a greater  role  in  space  and  at  the  same  time  dump  Dyna-Soar— -with  an  appropriate 
prelude  of  deliberation,  of  course. 

Asked  directly  by  a House  committeeman  if  Dyna-Soar  is  out  of  the  ball  game, 
McNamara  replied:  “I  am  not  telling  you  that  because  I am  not  prepared  to  say 
that  at  the  present  time.” 
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Some  analysts  have  expressed  the  opinion  that  the  Air  Force  never  will  get  a 
chance  in  the  Gemini  program,  that  its  pilots  will  be  sidetracked  in  view  of 
McNamara’s  admitted  pessimism  about  the  role  of  military  men  in  space. 

Others  don’t  subscribe  to  this  view,  not  after  McNamara  has  assured  Congress 
the  U.S.  Air  Force  will  play  a very  important  role  in  Gemini.  The  Secretary  is 
too  astute  to  go  that  far,  for  one  thing.  The  Congress  wouldn’t  stand  e till  for  it, 
for  another. 

Here’s  the  way  to  figure  it: 

NASA  Administrator  James  Webb  indicated  his  interest  in  Dyna-Soar  in  a 
recent  Washington  interview.  In  the  same  period  McNamara  told  me  it  ap- 
peared Gemini,  the  two-man  space  capsule,  could  do  any  military  job  in  low  orbit 
and  do  it  quicker  than  Dyna-cbar. 

NASA  is  interested  in  the  space  glider  as  a sure  research  vehicle  that  could  open 
up  the  whole  area  of  controlled  reentry  and  conventional  landing. 

McNamara  appears  to  have  little  feeling  for  the  research  values  of  Dyna-Soar. 

The  Secretary's  sights  remained  fixed  oh  the  fact  that  two  $800  million-plus 
programs  (Dyna-Soar  and  Gemini)  are  similar  in  nature  in  that  they  can  launch, 
orbit,  and  recover  astronauts. 

Gemini  will  be  ready  well  before  Dyna-Soar,  he  reasons,  and  a NASA-Pentagon 
agreement  has  cut  the  Air  Force  into  Gemini  operations.  So' why  continue  with 
Dyna-Soar?  The  Air  Force  can  t am  what  it  needs  to  learn  about  man  in  space 
from  Gemini. 

NASA  is  dominaht  in  Gemini,  but  now  the  Air  Force  will  play  an  increasingly 
important  role.  The  Air  Force  has  been  dominant  in  Dyna-Soar,  but  NASA's 
research  needs  in  this  area  should  bring  about  another  agreement  to  keep  the 
project  alive. 

In  other  words,  it  appears  McNamara,  in  his  zeal  to  reduce  costs,  is  maneuver- 
ing for  Dyna-Soar  aid  from  NASA  by  threatening  to  cut  the  project. 

NASA  can’t  afford  to  fund  Dyna-Soar  on  its  own — not  with  the  $20  billion 
Apollo  Moon  project  on  its  hands— but  if  McNamara  decides  against  Dyna-Soar 
as  now  programed,  it  seems  possible  he  and  Webb  will  sit  down  and  work  some- 
thing out. 

Mi*.  Teague.  Mr.  Riehlman? 

Mr.  Riehlman.  I don’t  want  to  rehash  some  of  the  things  said 
here  but  I have  been  perturbed,  Mr.  Rubel,  as  you  know,  and  I think 
General  Schriever  knows,  about  the  failure  of  the  Defense  Department 
to  even  in  a modest  way  say  to  the  public  that  the  DOD  has  an 
interest  in  the  space  program.  But  yet  underlying  all  of  the  state- 
ments made  today  there  is  an  indication  that  the  Defense  Department 
is  definitely  interested  in  space.  Every  indication  we  have  at  the 
present  time  i3  that  the  DOD  is  going  to  follow  every  development 
made  by  NASA  to  eventually  come  up  with  a specific  program  for  the 
Defense  Department  in  space. 

We  deal  with  Members  of  Congress  other  than  the  men  on  this  com- 
mittee, and  this  committee  is  going  to  be  faced  with  the  very  same 
charge  when  we  take  the  NASA  authorization  bill  before  the  House. 

The  Appropriations  Committee  is  going  into  this  in  some  depth  too. 
Yet  anything  that  we  can  say,  or  are  permitted  to  say,  is  sort  of  a 
lukewarm  approach  to  this  whole  program. 

Now,  my  question  is  this:  When  are  we,  as  Members  of  the  House 
of  Representatives,  going  to  be  able  to  at  least  say  with  some  backing 
from  the  Defense  Department,  that  the  DOD  does  have  some  program 
for  a man  in  space.  At  least  some  broad  statement  that  is  effective 
and  will  carry  some  weight  in  the  House  of  Representatives. 

Mr.  Rubel.  Mr.  Riehlman,  I think  you  can  say  that  right  now. 

Mr.  Riehlman.  But  every  time  we  get  into  something  specific, 
the  Department  of  Defense  says  that  it  does  not  have  a program  in 
that  area. 

« Surely  the  DOD  doesn’t  have  a program  to  go  to  the  Moon,  but 
certainly  underlying  your  statement  there  must  be  some  specific  ideas 
as  to  how  you  are  going  to  use  space. 


1964  NASA  AUTHORIZATION  625 

Mr.  Rub  el.  Mr.  Riehlman,  am  I correct  in  thinking  that  you  are 
referring  to  man  in  space  as  distinct  from  the  nonmanned  apphcations 
here? 

Mr.  Riehlman.  Yes,  sir. 

Mr.  Rubel.  I think  that  Chairman  Miller  stated  very  well  our 
thinking  with  respect  to  the  fact  that  you  have  to  take  first  steps 
first.  We  could  not  define  a mission  for  a man  in  space  until  we  had 
done  the  very  first  things  necessary  to  put  the  man  up  there  and  find 
out  what  his  functional  capabilities  were,  what  his  functional  limita- 
tions were,  what  the  relative  costs  and  advantages  and  disadvantages 
of  having  him  there  are,  and  so  forth,  so  that  the  first  step  in  any 
program,  even  if  we  could  define  with  the  greatest  precision  right  now 
exactly  what  military  mission  he  would  perform,  the  first  steps  in  any 
program  would  be  to  do  just  exactly  what  we  are  doing,  to  do  the 
bioastronautic  work  and  perform  the  tests  and  experiments  necessary 
to  get  the  fellows  up  there  and  find  out  their  capabilities. 

Mr.  Teague.  Mr.  Rubel,  in  your  February  23  memorandum,  just 
to  take  one  thing,  you  mention  rendezvous  with  uncooperative 
satellites.  Won’t  it  be  necessary  to  have  a man  in  space  to  be  able  to 
do  that? 

Mr.  Rubel.  Incidentally,  I would  like  to  correct  the  record.  We 
have  talked  of  the  February  22  memo  and  the  23d  and  it  is  the  22d, 
not  that  it  really  makes  much  difference  but  it  happens,  at  least  the 
copy  I have,  that  it  is  dated  February  22. 

Mr.  Teague.  The  one  I have  is  February  23. 

Mr.  Rubel.  It  is?  OK,  I hope  we  are  talking  about  the  same  one. 

The  one  I am  talking  about  is  a memorandum  signed  by  Mr. 
McNamara  for  the  Secretary  of  the  Air  Force  and  the  subject  is  the 
Air  Force  manned  military  space  program. 

Mine  just  happens  to  be  dated  February  22. 

I have  noticed  that  it  has  come  out  both  ways  in  the  testimony  and 
I wonder  how  it  could  be  both  dates. 

When  it  comes  to  the  business  of  rendezvousing  with  a noncoopera- 
tive satellite,  I think  I can  summarize  the  views  that  7 have  and  which 
I think  are  views  that  are  largely  shared  in  the  Detense  Department 
along  the  following  lines. 

Mr.  Teague.  Show  this  to  Mr.  Rubel. 

Mr.  Rubel.  It  is  the  same  one  but  different  dates. 

When  thinking  of  this  rendezvous  identification  mission,  we  are 
thinking  in  terms  of  the  possibility  of  combating  a hostile  satellite. 

I think  that  is  in  the  foreground  of  everybody’s  minds  when  they 
start  thinking  about  that  mission. 

If  you  ask  yourself  what  do  you  have  to  do  in  order  to  deal  with  a 
hostile  object,  I think  you  will  go  through  a series  of  steps  or  stages 
in  your  thinking  that  is  pretty  much  the  same  regardless  of  what 
medium  that  object  is  in. 

Mr.  Chairman,  it  might  be  worth  while  if  it  is  agreeable  with  the 
committee  and  with  you  if  I spent  about  2 or  3 minutes  outlining  these 
steps  because  I think  it  may  help  put  this  in  context. 

If  you  think  about  the  antisubmarine  problem,  or  if  you  think  about 
the  interception  of  ships  on  the  surface  of  the  ocean,  or  if  you  think 
about  aircraft  in  airspace,  or  if  you  think  about  objects  in  space, 
you  must  think  about  each  of  these  steps  in  about  the  same  way. 

The  first  thing  you  have  to  do  is  detect  the  fact  that  there  is  an 
object  there  in  the  first  place. 
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The  detection  is  the  No.  1 thing;  so  that  any  program  aimed  at 
potentially  countering  a hostile  object  must  start  with  detection.  If 
you  don’t  know  it  is  there,  then  you  cannot  do  anything  about  it. 

The  second  step  is  tracking:  you  must  be  able  to  track  the  object, 
whatever  the  object  may  be.  Frequently  in  our  discussions  of  this 
we  find  ourselves  mixing  these  two  things  together,  detection  and 
tracking;  but  it  is  better  if  we  don’t  mix  them  together  because  there 
is  a lot  of  difference  between  simply  knowing  there  is  a deer  in  the  forest 
and  tracking  that  deer,  or  knowing  there  is  a ship  on  the  surface  of  the 
sea  and  tracking  that  ship,  or  knowing  there  is  an  aircraft  in  the  air- 
space and  tracking  that  airplane.  The  requirements  for  these  func- 
tions are  quite  different,  so  that  tracking  is  very  important.  The 
reason  it  is  so  important,  of  course,  is  so  that  you  can  predict  what 
the  future  position  of  the  object  will  be  because  you  are  going  to  have 
to  take  your  action  against  that  object,  if  you  take  any  such  action, 
at  a future  time.  Therefore,  you  must  know  where  the  object  will  be 
at  that  future  time,  and  it  requires  tracking  in  order  to  make  such  a 
prediction. 

A third  step  that  we  always  associate  with  this  problem  of  inter- 
cepting and,  if  necessary,  destroying  hostile  objects  is  what  is  often 
called  classification,  the  distinction  between  a friendly  object  or  a 
hostile  object,  or  between  a friendly  object  and  a neutral  object. 
Classification  is  important  since  naturally  we  don’t  want  to  take  hostile 
action  against  a friendly  object  or  a neutral  object. 

Now  the  classification  problem  is  extremely  difficult.  It  is 
extremely  difficult  in  almost  any  circumstance. 

In  the  case  of  ships  at  sea,  we  make  an  effort  to  rendezvous  with 
unidentified  ships  if  that  proves  necessary  to  make  some  sort  of 
physical  identification.  I think  we  are  all  more  or  less  aware  that 
the  problem  of  classifying  objects  under  the  surface  of  the  sea  is 
extremely  difficult,  much  more  difficult  than  classification  of  objects 
on  the  surface. 

The  same  kinds  of  remarks  apply  to  objects  in  our  airspace.  We 
have  elaborate  means  for  detecting  intrusions  into  our  airspace,  and 
in  order  to  keep  our  false  alarm  rate  down;  that  is  in  order  not  to  be 
uncertain  about  whether  we  are  tracking  friendly  or  neutral  or 
unfriendly  objects,  we  try  to  identify  everything  that  penetrates  our 
detection  and  tracking  screens. 

For  this  reason,  because  sometimes  our  identifications  are  imperfect, 
we  have,  as  I am  sure  the  committee  is  aware,  a way  of  scrambling 
fighters  in  order  to  make  a physical  visual  identification  of  unidentified 
aircraft,  something  which  is  very  practical  to  do  and  which  enables 
us  to  keep  the  false  alarm  rate  in  our  air  defense  screen  down  to  very, 
very  low  levels,  so  that  we  can  always  distinguish  between  a normal 
situation  and  a raid  situation. 

In  the  case  of  hostile  or  potentially  hostile  objects  in  space,  this 
classification  problem  is  particularly  difficult  and  it  is  here  that 
people  begin  to  extend  their  thinking  from  the  airspace  situation  and 
the  identification  of  airplanes  performed  there  by  visual  observation 
into  space. 

Here  is  where  we  begin  to  think  of  rendezvousing  with  an  un- 
cooperative object,  possibly  with  a man,  possibly  without,  in  order  to 
better  identify  that  object-in  case  we  have  not  identified  it  before — 
so  that  we  can  tell  whether  it  is  neutral  or  hostile. 
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Presumably  we  would  know  whether  it  was  a friendly  one  because 
we  would  initiate  those  under  conditions  that  are  much  more  con- 
trolled than  the  initiation  of  movement  in  the  airspace.  That  is 
going  to  be  true  for  very,  very  many  years. 

The  fourth  step  is  of  course  the  actual  interception  itself,  the 
business  of  placing  weapons  on  hostile  objects,  whether  they  be  ships, 
or  whether  they  be  submarines,  or  whether  they  be  aircraft,  or  whether 
they  might  be  unfriendly  or  hostile  satellites  that  comprise  some  kind 
of  a threat. 

Now  there  are  differences  among  all  of  these  different  situations 
tor  detection,  tracking,  classification,  and  destruction  that  I have 
outlined  here  in  this  brief  r£sum6.  The  antisubmarine  problem  is 
a lot  different  than  the  surface  ship  problem  and  that  is  a lot  different 
than  the  airspace  problem  and  that  is  going  to  be  a lot  different  than 
the  space  problem,  and  I don’t  think  that  any  of  us  can  say  with 
complete  certainty  at  this  stage  that  a manned  interceptor  for  ren- 
dezvousing with  uncooperative  objects  in  space  is  going  to  turn  out 
to  be  the  answer  to  the  classification  problem  if  that  classification 
problem  arises. 

We  have  had  a lot  of  skull  sessions  on  this  among  ourselves — - — 

Mr.  Teague.  I think  you  just  made  out  the  best  case  you  could 
possibly  make  for  a manned  military  mission. 

Mr.  Rubel.  Mr.  Chairman,  I am  not  trying  to  make  a case  for 
or 

Mr.  Teague.  You  have.  What  you  have  just  said  is  going  to  be 
my  perfect  argument  from  now  on  for  a manned  military  mission  in 
space. 

Mr.  Rubel.  I am  not  trying  to  make  a cases  for  or  against,  but  I 
am  trying  to  point  out  that  we  believe  it  is  necessary  and  important 
to  take  all  of  the  steps  necessary  in  order  to  commence  that  develop- 
ment, whether  or  not  it  turns  out  in  the  future,  that  it  is,  in  fact,  the 
the  right  way  or  the  best  way  or  a feasible  wav  even  of  going  about 
the  job.  So  rendezvous  with  uncooperative  objects  and  with  a man 
in  our  satellite  is  one  of  the  things  which  I believe  we  contemplate 
as  a very  important  phase  of  our  participation  in  the  Gemini  project. 

Isn’t  that  right,  General? 

General  Schriever.  That  is  right. 

Mr.  Teague.  Suppose  tomorrow  it  were  possible  to  track  a satellite 
or  unidentified  objects  in  space,  and  suppose  further  that  Mr.  Khru- 
shchev told  you  it  might  be  something  like  our  SLAM  program, 
that  it  might  have  a nuclear  warhead  in  it. 

What  do  we  do? 

Mr.  Rubel.  Well,  SLAM  was  a 

Mr.  Teague.  Just  take  any  object  in  space  that  we  don't  know 
what  it  is,  but  we  know  it  is  not  one  of  ours.  Do  we  have  any  plan  for 
contacting  it  and  destroying  it?  (The  material  deleted  was  classified.) 

Isn’t  it  true  that  you  have  had  research  teams  that  have  said  that 
“Slam,”  which  is  a supersonic  low  altitude  missile  that  can  carry  a 
warhead,  was  feasible  and  you  should  go  ahead  with  it?  Isn’t  it  also 
possible  that  Russia  has  done  the  same  thing? 

Mr.  Rubel.  Slam  is  not  an  orbiting  device.  It  is  a long-range, 
low-altitude,  high-speed,  air-breathing  nuclear  powered  rocket  for 
very  low  altitude  penetration  so  it  really  is  not  that  kind  of  a device  at 
all. 
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Mr.  Riehlman.  I would  like  to  concur  that  Mr.  Rubel  made  the 
best  possible  case  for  us  with  respect  to  a military  maimed  space 
program.  To  show  you  the  problems  we  are  going  to  have  with  the 
Appropriations  Committee  and  the  other  members  on  this  subject, 
let  me  read  one  paragraph  from  a statement  made  in  the  March  issue 
of  Data  magazine,  the  Air  Force  command  control,  by  a very  influen- 
tial member  of  the  Appropriations  Committee.  He  says: 

First,  there  is  the  row  between  the  Air  Force  and  NASA  over  their  respective 
roles  in  space.  All  of  the  public  comments  to  the  contrary,  this  is  a problem 
which  is  far  from  solved.  Our  subcommittee  or  our  committee  has  not  yet  begun 
to  review  this  important  subject  carefully.  When  we  do,  I know  that  the  tech- 
nical justification  or  the  lack  of  it  for  a substantial  military  role  in  space  will  be 
basic  to  our  study. 

This  comes  from  an  influential  man  on  the  Appropriations  Com- 
mittee, Is  there  still  a great  controversy  going  on  between  NASA 
and  the  Air  Force  that  has  not  been  settled  completely  as  to  your 
respective  missions? 

Mr.  Rubel.  Mr.  Riehlman,  I would  like  to  ask  General  Schriever 
to  add  his  comments  to  mine;  but  I would  like  to  say  first  I don’t 
think  so.  I don’t  expect  that  we  are  always  going  to  agree  with 
everything  that  NASA  does.  I don’t  expect  NASA  is  going  to  always 
agree  with  everything  we  do,  but  I don’t  think  that  translates  into  a 
basic  conflict  with  respect  to  missions  at  all. 

Mr.  Waggonner.  The  truth  of  the  matter  is  that  there  are  times 
you  have  trouble  agreeing  among  yourselves? 

Mr.  Rubel.  Sure  we  do.  Even  within  the  family,  so  I don’t  think 
that  translates  into  a basic  disagreement  with  respect  to  missions. 

Perhaps  General  Schriever  is  in  a better  position  to  testify  to  that 
point. 

General  Schriever.  I don’t  believe  there  are  any  activities  that 
are  going  on  now  that  could  be  categorized  as  controversies.  When- 
ever we  have  programs  that  are  of  the  magnitude  of  the  space  pro- 
gram and  NASA  and  the  Department  of  Defense,  there  are  bound  to 
he  problems  arise  and  we  are  constantly  working  on  those. 

I can  say  categorically  that  I do  not  consider  that  any  controversies- 
exist.  I think  we  have  had  areas  of  disagreement  and  I think  that 
these  will  always  be.  I have  them  plenty  in  my  own  command,  which, 
is  some  65,000  strong  and  spread  all  over  the  United  States  and  the 
world. 

I think  that  people  being  people  you  are  bound  to  have  disagree- 
ments but  I think  our  mechanism  has  improved  greatly  in.  the  last 
few  years  to  bring  about  a niuch  more  rapid  solution  of  problems  when 
they  arise  than  we  had  several  years  ago. 

Mr.  Riehlman.  I am  sure  both  of  you  will  be  before  the  Subcom- 
mittee on  Appropriations  once  the  NASA  authorization  is  completed,, 
and  you  may  be  confronted  by  this  same  gentleman  that  has  written 
this  article.  We  will  be  asked  questions  on  this  same  subject  as  we 
present  the  NASA  authorization  bill  to  the  House  of  Representatives. 
Members  of  tins  committee  will  have  to  he  conversant  as  to  whether 
or  not  these  problems  are  solved,  and  this  deals  specifically,  I am  sure,, 
with  the  role  or  the  mission  that  the  Air  Force  has  in  space, 

Mr.  Gurley.  One  further  question  on  that.  Mr.  Rubel,  you 
stated  that  a large  part  of  your  defense  efforts  on  a man  in  space 
was  in  the  Dyna-Soar  program.  Apparently  there  is  some  contro- 
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versy  concerning  the  Dyna-Soar  program,  or  at  least  so  we  gather 
from  news  media  and  also  other  rumblings  that  we  hear,  that  the 
program  is  going  to  be  canceled.  The  Secretary  of  Defense,  Mr. 
McNamara,  took  a trip  about  a month  or  so  ago  down  to  Texas 
specifically  to  investigate  this  program,  and  as  I recall,  the  DOD 
announced  that  no  decision  would  be  made  on  Dyna-Soar  for  another 
6 months. 

Now  I don’t  know  anything  about  the  technical  aspects  of  Dyna- 
Soar,  but  you  have  said  this  is  one  of  the  major  efforts  of  the  Defense 
Department  in  man  in  space.  Why  is  the  DOD  so  uncertain  as  to 
whether  they  should  go  ahead  with  it? 

Is  not  the  ability  to  man  a space  vehicle  at  a fairly  precise  point  the 
next  logical  step  in  this  program?  If  the  Defense  Department  does 
cancel  Dyna-Soar,  what  are  you  going  to  do  in  place  of  it? 

Mr.  Rubel.  Well,  Mr.  Gurney,  to  answer  the  first  part  of  your 
question,  why  is  there  this  question  about  the  character  of  the  Dyna- 
Soar  program  and  its  continuation,  I think  the  answer  to  that  is  that 
the  Dyna-Soar  program  is  a very  large  program. 

Even  as  presently  laid  out  the  plans  call  for  a total  expenditure  on 
the  order  of  $800  million. 

Our  experience  with  programs  of  this  scope  in  the  past,  an  experience 
which  certainly  might  be  reproduced  in  the  future,  is  that  frequently 
initial  estimates  are  on  the  low  side.  They  have  practically  never 
been  on  the  high  side.  So  even  if  we  do  not  have  an  overrun,  even  if 
we  don’t  have  a bigger  program  when  we  are  through  than  we  thought 
we  would  have  as  we  began,  we  are  still  talking  about  a program  on 
the  order  of  a billion  dollars. 

We  don’t  have  very  many  billion  dollar  programs  in  the  Defense 
Department  and  those  that  we  have  we  need  to  review  very  carefully 
and  frequently  to  make  sure  that  we  are  on  the  right  track  and  that 
we  are  husbanding  and  expending  the  resources  of  the  American 
people  in  their  proper  interest. 

So  it  is  perfectly  natural  for  us  to  review  Dyna-Soar.  It  has  been 
reviewed  many  times  in  the  past  and  it  is  going  to  be  reviewed  many 
times  in  the  future,  I am  confident,  because  this  is  a process  that  is 
simply  inherent  whenever  you  are  undertaking  a major  program,  and 
this  is  a major  program. 

A second  thing  that  makes  Dyna-Soar  of  particular  importance  hi 
this  regard  is  that  it  is  a space  program  of  a very  advanced  character. 
We  would  be  reviewing  this  program  even  if  it  were  not  a space 
program,  even  if  it  were  not  as  technically  far  out  as  the  Dyna-Soar 
is,  even  if  it  had  many  fewer  uncertainties  and  unknowns  from  that 
point  of  view.  But  in  addition  to  being  a very  large  program,  which 
we  certainly  ought  to  review  frequently  just  because  of  that,  we  are 
confronted  with  these  technical  questions,  these  technical  unknowns, 
these  technical  risks,  these  technical  objectives,  and  it  is  awfully 
important  to  ask  the  extent  to  which  those  risks  still  look  like  good 
risks,  because  we  are  in  a field  of  very  rapidly  advancing  technology 
which  requires  frequent  reassessment  in  order  to  maintain  a good  and 
current  picture  of  whether  one’s  policies  and  programs  are  proper. 
So  that  is  another  major  reason  for  looking  at  Dyna-Soar. 

There  is  a third  reason,  and  that  is  that  we  have  the  Gemini  pro- 
gram. When  Dyna-Soar  was  begun  we  did  not  have  the  Gemini 
program.  In  fact,  until  recently  we  did  not  have  any  mechanism 
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for  including  the  Defense  Department,  and  specifically  the  Air  Force, 
as  an  active  part  of  management  and  the  participation  in  the  Gemini 
program. 

Now  we  are  certainly  going  to  have  to  answer  the  question  to 
ourselves,  and  I am  confident  that  Members  of  Congress  are  going  to 
ask  it  too:  If  you  are  participating  in  the  Gemini  program,  why  should 
you  be  doing  the  Dyna-Soar  program?  What  is  unique  about  it  that 
requires  you  to  support  such  a large  effort  at  the  same  time  you 
have  another  one  going  to  put  man  in  a near  space  orbit  at  very 
great  expense  and  at  a time  when  we  know  so  little  about  what  is 
involved  in  the  support  of  life  and  the  limitations  and  capabilities  of 
man  in  space? 

We  have  to  be  able  to  answer  those  questions  to  our  own  satisfac- 
tion and  to  yours  and  the  satisfaction  of  other  Members  of  the 
Congreis. 

That  is  another  reason  for  looking  at  Dyna-Soar  to  be  sure  that 
there  is  no  unnecessary  and  unwarranted  duplication  of  effort  here. 

Mr.  Gurney.  But  the  Gemini  program  is  really  no  different  than 
the  Mercury  program  except  there  are  two  men  in  the  capsule  and  it 
orbits  for  a longer  period  of  time. 

As  far  as  the  landing  aspect  is  concerned,  it  is  precisely  the  same, 
or  pretty  much  the  same,  as  Mercury.  It  seems  to  me  there  is  a 
great  deal  of  difference  between  Dyna-Soar  and  Gemini.  The  whole 
point,  as  I understand  it,  is  to  be  able  to  land  precisely  by  control  of 
the  person  within  the  spacecraft.  Isn’t  that  right? 

Mr.  Rubel.  That  is  a very  important  and  major  feature  of  the 
Dyna-Soar.  There  are  others. 

Mr.  Gurney.  Admittedly  you  should  certainly  examine  carefully 
a program  that  runs  into  millions  of  dollars,  although  the  TFX 
program  is  several  billion.  . 

Mr.  Rubel.  Several  billion  including  the  procurement. 

Mr.  Gurney.  Admitting  that  your  basic  premise  is  right  that  it  is 
expensive  and  you  ought  to  look  into  it,  and  I certainly  agree  with 
that,  again  I get  back  to  the  point,  What  are  you  doing  so  far  as 
advancing  manned  space  flight  is  concerned? 

The  Dyna-Soar  program  certainly  makes  a good  deal  of  sense  to 
many  Members  in  Congress  as  an  advance  in  manned  military  space 
flight.  If  you  say  it  should  be  reexamined,  you  must  have  reason 
for  reexamining  it  other  than  just  the  money  itself  which,  of  course,  is 
extremely  important.  What  are  the  reasons? 

Mr.  Rubel.  I think  I just  cited  three  reasons. 

Mr.  Gurney.  One  was  a dollar  reason.  Another  reason  was  that 
science  and  technology  are  advancing  so  fast  that  it  may  be  obsolete 
tomorrow.  I ask  you  what  advances  are  there  being  made  to  indicate 
it  might  be  obsolete? 

Mr.  Ru3el.  I think  you  read  more  into  my  statement  than  I 
intended  >ou  to  read  into  it. 

It  is  a fast-moving  field,  yes.  The  technological  possibility  and 
limitations  constantly  become  clearer.  This  is  the  reason  for  its 
reexamination. 

I did  not  mean  to  suggest  that  the  concept  of  the  Dyna-Soar  would 
necessarily  become  obsolete  in  the  course  of  this  evolution  and  that 
that  obsolescence  would  necessarily  be  revealed  by  examination. 
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That  could  be  a possibility  but  that  was  not  primarily  what  I had 
in  mind.  I had  its  utility  rather  than  obsolescence  as  a primary 
thought. 

Mr.  Gurney.  I think  that  a great  many  members  of  this  committee 
and  of  Congress  have  the  distinct  feeling,  as  the  chairman  said,  that 
the  argument  you  made  in  answer  to  his  question  about  military 
application  in  space  all  lead?*  back  to  one  thing:  When  you  are  talking 
about  developing  reconnaissance  and  inspection,  you  must  be  thinking 
in.  terms  of  the  manned  military  applications  of  space. 

I cannot  imagine  that  the  Russians  are  not  working  as  fast  as  they 
can  on  tl-as  concept  of  military  man  in  space.  Certainly  their  space 
program  is  aimed  at  putting  a man  in  space  as  fast  as  they  can. 

I don't  know  whether  the  other  members  of  the  committee  know  or 
not,  I don't  gather  from  your  statement  that  we  are  doing  anything 
along  this  line. 

I will  go  back  to  just  a simple  World  War  II  experience.  I think 
it  is  a fair  statement  to  say  that  the  weapons  we  fought  with  in  World 
War  II  were  in  many  cases  vastly  inferior  to  those  which  were  being 
used  against  us,  the  basic  kinds  of  weapons,  machineguns  and  tanks 
and  things  like  that.  So  these  questions  are  questions  that  we  are 
anxious  to  hear  something  about  because  we  have  had  an  experience 
in  the  past  which  has  not  been  too  satisfactory  in  some  respects. 

If  we  get  concrete  answers  as  to  what  we  are  doing  in  space,  then 
I think  we  might  be  more  reassured.  That  is  all  I have. 

Mr.  Fulton  of  Pennsylvania.  On  page  3 of  your  statement  you 
said: 

A third  category  of  research — 

Quoting  Secretary  McNamara — 

and  development  work  sponsored  by  the  Defense  Department  relates  to  the 
development  of  certain  capabilities  which  would  be  required  were  we  subse- 
quently to  find  it  necessary  to  put  a man  into  space  in  conjunction  with  some 
military  requirement  that  might  arise  in  the  future. 

Mv  comment  is  that  obviously  in  the  Department  of  Defense  testi- 
mony by  Secretary  McNamara,  there  has  not  been  up  to  this  time  a 
judgment  or  decision  that  it  is  necessary  to  put  a man  into  space  in 
conjunction  with  any  military  U.S.  requirement  that  might  arise  in 
the  future.  I believe  that  that  is  an  error  in  judgment  because  it 
brings  up  the  question  where  does  the  man  become  not  necessary. 
Is  it  the  transition  between  ballistic  flight  and  orbital  flight;  or  is  it 
at  a certain  height  in  the  atmosphere;  or  is  it  when  there  is  no  lift 
at  any  foreseen  speed  that  a craft  could  use  in  the  atmosphere. 

At  which  one  of  those  three  points  is  it  that  a man  becomes  not 
necessary  in  the  Department  of  Defense  judgment  on  activities  above 
the  Earth's  surface? 

Mr.  Eubel.  Mr.  Fulton,  I don’t  think  the  Defense  Department  has 
made  any  judgment  at  all  with  respect  to  the  necessity  or  nonnecessity 
of  man.  - 

Mr.  Fulton  of  Pennsylvania.  That  is  my  point. 

Mr.  Eubel.  And  because  of  the  uncertainties,  it  has  undertaken  an 
extensive  program  and  one  which  incidentally  is  a growing  one- 

Mr.  Fulton  of  Pennsylvania.  You  are  starting  out  and  saying, 
“I  don’t  know  where  the  man  would  fit  into  a space  mission  of  the 
military  requirement.” 
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1 am  going  just  the  opposite.  I start  from  the  atmosphere  and  say, 
“When  does  the  man  not  become  necessary,”  and  gave  you  three  log- 
ical points  where  he  might  not  become  necessary.  So  when  does  he 
not  become  necessary? 

Mr.  Rtjbel.  I don’t  know  the  answer  to  that  question.  I am  not 
sure  there  is  any  point. 

Mr.  Fulton  of  Pennsylvania.  I hope  General  Schriever  says  he 
never  becomes  not  necessary  and  any  machine  is  operated  better  with 
judgment  in  it. 

General  Schriever.  I would  agree  to  that;  yes,  sir. 

Mr.  Fulton  t; " Pennsylvania.  The  next  point  is,  suppose  a small 
nation  could  perfect  the  payload  of  an  atomic  or  nuclear  bomb  since 
we  are  coming  to  the  pomt  where  the  costs  are  going  down  and  the 
knowledge  is  becoming  general  in  the  atomic  nuclear  field. 

Under  those  circumstances,  suppose  that  an  adverse  nation  should 
place  into  orbit  100  objects  orbiting  the  Earth  at  between  8 or  9 miles 
and  300  miles  above  the  Earth’s  surface.  Then,  they  announce  that 
each  has  nuclear  payloads,  with  a capability  on  reentry,  nonmanned, 
of  destroying  any  city  in  this  country,  or  in  the  world  for  that  matter, 
within  15  minutes.  In  my  judgment  that  would  be  the  occupying  of 
a strategic  irea  to  the  exclusion  of  every  other  nation  or  individual 
in  that  area,  and  that  would  make  every  Army,  Navy,  Air  Force, 
Marine  Coicps  in  the  world  useless. 

At  present  we  have  no  means  of  identifying  whether  there  are  the 
400  armed  nuclear  weapons  in  orbit  and  the  nation  might  say  we  will 
try  it,  we  will  let  you  inspect  5,  and  we  do,  and  they  turn  out  to  have 
nuclear  weapons  in  them.  The  question  then  is  what  is  next.  They 
would  immediately  say,  well,  you  gave  an  ultimatum  to  Japan  and 
destroyed  two  cities,  why  shouldn’t  we  do  the  same  thing  to  you  great 
U.S.  people  in  order  to  save  the  world  as  you  thought  you  were  doing 
in  a previous  generation.  At  this  point  in  time  I don’t  know  of  any 
way  to  find  out  whether  a rocket  or  an  orbiting  vehicle  is  armed  with 
nuclear  atomic  weapons  other  than  inspecting  them  on  the  ground 
before  they  are  put  into  orbit. 

Mr.  Waggonner.  I don’t  think  you  could  tell  if  you  took  a look 
rights  now. 

Mr.  Fulton  of  Pennsylvania.  Under  these  circumstances,  it  causes 
me  some  concern  that  we  are  simply  not  able  to  make  up  our  minds 
as  to  the  method  of  defense  to  such  a proposition. 

For  example,  to  me  the  Nike-Zeus  approach  is  trying  to  catch  all 
of  the  apples  falling  from  the  tree  when  the  tree  is  shaken,  and  you 
know  one  of  them  is  going  to  hit  you  on  the  head.  You  can’t  help  it, 
because  the  Nike-Zeus  is  not  perfect. 

In  my  thinking  there  should  be  something  done  by  the  Department 
of  Defense  along  these  lines  that  do  not  compete  nor  infringe  upon 
any  of  NASA’s  activities  in  space. 

I must  say  in  this  regard  that  as  a Republican  not  in  the  particular 
grouping,  I agree  with  the  Republican  Senator  from  Arizona  on  his 
approach  to  the  emphasis  on  military  capabilities  in  space  as  well  as 
the  peaceful  uses  of  space. 

I would  compliment  the  Air  Force  for  the  number  of  their  people 
who  are  thinking  very  broadly  along  these  lines  and  planning  for  the 
future.  Likewise,  I would  compliment  the  Air  Force  on  the  fact 
that  they  are  looking  into  these  capabilities  which,  if  they  are  employed. 
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such  as  in  the  example  I gave,  could  result  in  the  complete  destruction 
of  this  country.  Suppose  a nation  did  have  a system  of  orbiting  100 
vehicles  with  ablative  materials  on  the  nose  cones  that  would  bring 
them  in  at  tremendous  speeds  and  with  the  ability  to  explode  them 
over  our  cities.  They  could  be  exploded  over  our  cities  so  that  the 
intensity  is  increased  10  to  15  times,  or  even  2 or  3 times,  the  ordinary 
nuclear  atomic  explosion.  What  would  you  be  doing  in  the  Depart- 
ment of  Defense? 

You  see,  I am  all  for  a space  force.  I have  been  an  enthusiast  of  this 
and  I have  been  stating  this  for  a <*ood  many  years,.  I believe  we  must 
be  the  first  nation  having  vehides  orbiting  in  space,  both  manned 
and  unmanned,  with  nuclear  and  nonnuclear  weapons.  The  differ- 
ence in  times  in  a ballistic  course  winch  the  Department  of  Defense 
adheres  to,  rather  than  an  orbital  course,  is  a tragic  failure  of 
imagination. 

Could  I have  just  your  general  comments  on  those  thoughts,  sir? 

(The  reply  contained  classified  material  and  has  been  deleted.) 

Mr.  Fulton  of  Pennsylvania.  Why  not  have  a manned  maneuver- 
ing orbital  vehicle  so  that  a man’s  judgment  can  take  the  place  of  a 
system.  If  you  have  5 or  10  of  those  up,  it  would  certainly  be  a threat 
to  any  country. 

Mr.  Rubel.  There  is  no  question  that  a person  can  look  into  the 
crystal  ball  into  the  far  distant  future  when  one  has  very  large  payload 
capability  in  space,  when  one  can  afford  to  put  a man  on  board  to 
control  complex  devices  and  imagine  that  such  a system  could  be 
constructed. 

I would  be  the  last  one  to  say  that  is  not  so  and  I am  sure  General 
Schriever  would  agree  with  that. 

I would  say  we  are  a long  way  from  that  point. 

There  are  many  unknowns  to  be  learned  before  we  reach  that  point 
and  the  complexities  and  expense  associated  with  it  are  very,  very 
great. 

Mr.  Fulton  of  Pennsylvania.  I went  out  to  see  the  X-15  at 
Edwards  Air  Force  Base,  and  I was  certainly  convinced  of  the  mission 
of  a manned  vehicle  in  the  upper  atmosphere  and  in  space.  Thank 
you  very  much. 

Mr.  Teague.  Are  there  any  questions? 

Mr.  Waggonner.  General  Schriever  possibly  could  answer  this 
question. 

General,  do  you  know  how  much  money  the  Air  Force  has  expended 
on  the  Dyna-Soar  up  to  this  point? 

General  Schriever.  I would  like  to  furnish  it  for  the  record  but  it 
has  been  over  $100  million.  We  have  $130.4  million  in  the  1963 
budget.  One  hundred  and  twenty-five  million  dollars  is  in  the 
President’s  request  for  fiscal  year  1964.  We  had  a little  over  $162 
million  but  I would  like  to  be  sure  it  is  right.  I will  supply  the  num- 
bers  for  the  record. 


1964  NASA  AUTHORIZATION 


634 

(The  information  requested  is  as  follows:) 

The  funds  which  have  been  released  to  the  X-20  program  to  date  are  shown  as 

follows: 

[In  millions  of  dollars] 


Fiscal  year 
1958 

Fiscal  year 
1959 

Fiscal  year 
1960 

Fiscal  year 
1961 

Fiscal  year 
1962 

Fiscal  year 
1963 

B.D.T.  & E.  (P-600)....., 

3 

5.0 

18.7 

68 

100 

130 

T»,T.  * E.  (P-110) 

24.6 

The  funds  programed  and  planned  for  fiscal  year  1964  and  1965  are:  R.D.T. 
& E.  (P-600):  Fiscal  year  1964,  .135; 1 fiscal  year  1965,  130. 

Mr.  Teague.  Could  your  staff  and  ours  get  together  tomorrow  and 
go  over  this  testimony  and  take  the  classified  material  out  of  it? 

General  Schriever.  Yes,  but  we  will  have  to  work  with  the  De- 
partment of  Defense,  too.  There  is  quite  a bit  of  what  has  been 
covered  here  today  that  is  classified. 

Mr.  Teague.  Only  your  statements  will  be  released.  Everything 
else  will  remain  classified  until  the  stafE  has  had  a chance  to  go  over  it. 

General  Schriever,  The  statements  are  unclassified. 

Mr.  Yeager.  Mr.  Teague  do  you  want  to  hold  General  Schriever’s 
statement  until  he  has  an  opportunity  to  testify  at  a later  date? 

Mr.  Teague.  Does  it  make  any  difference  to  you,  General? 

General  Schriever.  Perhaps  it  might  be  better  to  hold  the  state- 
ment until  I appear  before  the  committee.  If  for  some  reason  you 
would  rather  do  it  the  other  way,  I don’t  have  any  objection  to  it. 

Colonel  Arnold.  If  it  please  the  committee,  they  require  that  we 
not  release  statements  as  far  as  the  Air  Force  is  concerned  until  after 
the  witness  has  testified. 

Mr.  Teague.  It  will  not  be  released. 

Mr.  Yeager.  Mr.  Chairman,  I have  about  seven  questions  that  I 
would  like  to  submit  for  the  record. 

Mr.  Teague.  I think  we  have  a number  of  question':  that  I would 
like  to  submit  to  the  Air  Force  and  to  the  DOD  that  we  have  not  had  a 
chance  to  ask  this  morning. 

Mr.  Waggonner.  I could  submit  mine,  too. 

Mr.  Teague.  Let’s  do  it  that  way.  We  are  going  to  submit  a 
number  of  questions  to  you. 

General  Schriever.  You  plan  to  have  another  meeting  with  my 
appearing  before  the  committee? 

Mr.  Teague.  Yes. 

Mr.  Rubel,  we  are  going  to  adjourn  at  this*  point.  We  have  a 
number  of  questions  that  we  will  give  to  you  for  the  record.  Later 
we  will  have  our  staffs  get  together,  and  go  over  today’s  hearing  and 
take  out  the  classified  material.  Only  your  statement  will  be  released 
today.  Everything  else  is  classified. 

1 The  President’s  budget  currently  shows  $125  million  for  fiscal  year  1964,  however,  Headquarters,  US  AF, 
ft  supporting  the  Increase  to  $135  million  and  it  is  under  stood  that  D.0.R.  & E.  has  indicated  they  will 
flaneur,  provided  it  can  be  supported  by  SPP  to  be  submitted  approximately  May  20, 1963. 
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Questions  by  the  Subcommittee  on  Manned  Space  Flight 

Question  No.  1.  As  a general  procedure,  when  DOD  makes  a decision  on  a 
major  space  project,  how  are  the  views  of  the  services  brought  into  the  decision- 
making? 

Answer.  As  a general  procedure,  when  the  DOD  makes  a decision  on  a major 
space  project,  it  makes  the  decision  on  a specific  plan  as  proposed  by  a service. 
Therefore,  the  service  actually  supplies  the  data  on  which  the  DOD  decision  is 
based.  In  this  decision  process,  which  is  one  of  consultation  back  and  forth 
between  the  OSD  staff  and  the  service  staff,  the  recommendations  of  the  services 
are  considered. 

Question  No.  2.  Are  opposing  opinions  heard  and  reviewed?  By  whom? 

Answer.  Opposing  opinions  are  heard  and  reviewed  by  the  OSD  staff  including 
those  who  make  the  recommendations  to  the  Secretary  of  Defense.  In  the  case 
of  the  D.D.R.  & E.,  either  Dr.  Brown  or  myself  or  both  review  opposing  opinions 
prior  to  making  our  recommendations  or  decisions. 

Question  No.  3.  Does  D.D.R.  & E.  discuss  these  projects  in  detail  with  those 
who  would  have  prime  responsibility  for  them? 

Answer.  Yes. 

Question  No.  4.  The  main  Air  Force  space  activity  now  appears  to  be  Gemini; 
do  you  have  under  review  any  original  replacements  for  Defense  space  projects 
which  have  been  canceled  in  the  past? 

Answer.  The  Gemini  Program  Planning  Board  has  not  as  yet  made  its  recom- 
mendations concerning  the  extent  of  Air  Force  participation  in  the  Gemini  pro- 
gram, nor  has  the  Secretary  of  Defense  completed  his  review  of  the  Dyna-Soar 
program,  therefore,  the  initial  part  of  the  question  which  contains  the  statement 
that  the  main  Air  Force  activity  now  appears  to  be  Gemini  is  in  error.  For  those 
space  projects  which  have  been  canceled,  there  are  replacement  projects  either 
approved  or  under  review. 

Question  No.  5.  How  is  basic  research  stimulated  and  sponsored  in  D.D.R. 
& E.? 

Answer.  We  have  in  D.D.R.  & E.  the  Deputy  Director  (research  and  informa- 
tion systems)  and  under  him  there  is  an  Assistant  Director  (research).  They 
have  supervisory  responsibility  over  our  basic  research.  They  review  the  basic 
research  programs  of  the  services  and  there  is  considerable  cross-fertilization 
between  our  staffs  and  the  service  staffs.  Additionally,  other  sections  of  the 
D.D.R.  & E.  staff  will  be  involved  in  research  which  impinges  on  their  functional 
area  of  responsibility. 

Question  No.  6.  Could  you  summarize  DOD’s  interest  in  a nuclear  propulsion 
program  and  indicate  the  problems  connected  with  a nuclear  rocket  first  stage? 

Answer:  The  DOD  is  following  with  great  interest  and  contributing  to,  where 
appropriate,  the  development  of  a nuclear  reactor  rocket  engine.  The  present 
effort,  known  as  Project  Rover,  is  intended  to  develop  a graphite  moderated 
reactor  to  heat  hydrogen  which  is  exhausted  through  a nozzle.  The  engine  is  to 
be  compatible  with  the  Saturn  booster.  Although  the  Department  of  Defense  is 
interested  in  this  development,  there  have  been  no  military  requirements  iden- 
tified. A nuclear  engine  has  the  characteristics  of  large  deadweight  and,  with 
hydrogen  as  the  propellant,  large  tankage  volume  and  weight  factors.  These 
disadvantages  are  affected  by  high  specific  impulse  but  only  when  the  velocity 
imparted  by  the  engine  is  rather  high  as  in  the  case  for  lunar  or  interplanetary 
flight.  Some  military  space  missions,  for  the  present,  appear  bounded  by  the 
"sphere  of  interest”  within  the  altitude  of  24-hour  orbit.  The  Rover  engine 
does  not  appear  desirable  for  military  missions  as  “we  are  now  able  to  forecast  them. 
This  consideration  is  somewhat  less  valid  for  the  case  of  a small,  lightweight,  fast 
reactor  engine  to  be  used  for  in  space  maneuvering  propulsion.  Therefore,  the 
Department  of  Defense  is  spending  a small  amount  of  funds  on  studies  of  such 
reactor  application.  The  AEC  is  developing  a fast  metallic  reactor  which  con- 
ceivably could  have  a propulsion  application. 

The  Department  of  Defense  has  carried  out  an  exploratory  program  for  several 
years  to  investigate  the  feasibility  of  using  small  nuclear  explosives  to  propel  a 
spacecraft  (Project  Orion).  While  this  approach  shows  technical  promise,  the 
high  risk  and  cost  of  the  development  and  the  uncertain  requirement  "have  caused 
the  project  to  remain  in  a research  or  exploratory  category. 

Essentially,  all  planning  for  nuclear  rocket  engines  today  involves  using  the 
nuclear  engine  as  an  upper  stage.  The  problems  of  safety  and  launch  site  con- 
tamination make  this  approach  desirable.  In  addition,  the  availability  of  very 
large  chemical  engines  allows  this  approach  to  be  practical,  as  well. 
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Question  No.  7.  Are  you  presently  reviewing  existing  DOD  space  programs? 
If  so,  what  specific  ones  are  you  studying? 

Answer.  We  are  continually  reviewing  all  DOD  space  programs.  Currently, 
we  have  been  reviewing  satellite  inspector,  Dyna-Soar,  communications  satellite, 
and  Titan  III. 

Question  No.  8.  Do  you  think  that  the  identification  and  interception  of  for- 
eign satellites  will  require  a man  in  the  loop? 

Answer.  Yes;  and  we  want  to  determine  where  in  the  loop,  either  in  space  or 
on  the  ground,  or  both. 

Question  No.  9.  Indications  from  DOD  suggest  a tendency  to  believe  that  there 
is  duplication  between  the  Gemini  and  Dyna-Soar  programs.  Do  you  hink  this 
is  so?  Since  Dyna-Soar  seems  to  involve  considerable  work  in  regard  -o  recover- 
able boosters,  single  vehicle  for  takeoff,  maneuvers  in  space,  maneuvers  for  re- 
entry, and  aerodynamic  landing,  how  is  this  a duplication  of  Gemini?  Isn’t 
Dyna-Soar  a more  natural  lead-in  to  the  aerospace  plane  concept  than  Gemini? 

Answer.  You  might  say  that  there  is  a certain  amount  of  duplication  in  the 
° two  programs  in  that  both  are  going  to  provide  more  space  flight  time  for  man. 
However,  the  Gemini  will  stay  up  for  days  whereas  the  Dyna-Soar  will  make 
only  a few  orbits.  The  Dyna-Soar  will  provide  valuable  reentry  data  for  lifting 
body  type  vehicles  whereas  Gemini  is  a ballistic  type  of  reentry  vehicle.  We 
are  studying  both  Dyna-Soar  and  Gemini  programs  with  a view  toward  coming 
up  with  best  program  or  combinations  of  programs  from  a national  defense  view- 
point. The  final  decision  will  be  based  on  a consideration  of  all  the  factors  you 
have  raised  in  your  question  plus  others. 

Question  No.  10.  When  Mr.  McNamara  speaks  of  a “combined  national  space 
program”  does  this  mean  a “single”  national  space  program  or  something  else? 
(See  Feb.  22  memo.) 

Answer.  I consider  that  a “combined  national  space  program”  means  the  same 
thing  as  a “single  national  space  program.”  As  both  the  President  and  the  Vice 
President  have  said  we  have  one  national  space  program.  The  two  major  ele- 
ments of  this  program  are  the  portion  managed  by  NASA  and  the  portion  man- 
aged by  the  DOD. 

Question  No.  11.  Has  the  revised  development  and  funding  plan  for  Dyna-Soar 
been  accomplished  yet? 

Answer.  The  current  development  and  funding  plan  for  the  Dyna-Soar  program 
(systems  package  program)  is  dated  October  10,  1962.  When  Mr.  McNamara 
completes  his  review  of  this  program  and  makes  his  decision,  the  Air  Force  will 
require  approximately  30  days  to  prepare  a revised  plan. 

Question  No.  12.  What  if  any  money  made  available  to  Gemini  wilt  be  based 
on  a consideration  of  what  the  Gemini  Pregram  Planning  Board  recommends? 

Answer.  If,  based  on  an  evaluation  of  this  recommendation,  it  is  determined 
that  it  would  be  desirable  to  place  funds  on  Gemini,  we  would  then  look  at  the 
DOD  space  program  to  determine  what  funds,  if  any,  could  be  made  available. 

Question  No.  13.  In  Secretary  McNamara’s  testimony  before  the  Appropria- 
tions Subcommittee  in  February,  he  said  this: 

“NASA  is  interested  in  Gemini  only  to  support  a manned  lunar  landing.  The 
Air  Force,  on  the  other  hand,  is  concerned  about  the  possible  use  of  man  in  the 
same  environment,  near  Earth  orbit,  for  potential  military  purposes.  * * * 
After  the  Air  Force  is  acquainted  with  the  extent  to  which  Gemini  may  add  to  the 
Air  Force's  knowledge  of  manned  flight  in  space,  it  may  be  possible  for  the  Air 
Force  to  cut  back  the  Dyna-Soar  project  substantially.” 

There  seems'  to  be  a suggestion  here  and  also  in  testimony  provided  to  this 
committee  by  Dr.  McMillan  that  the  Air  Force’s  interest  in  Gemini  may  be  more 
comprehensive  and  possibly  will  last  longer  than  that  of  NASA. 

If  this  is  the  Ccse,  do  you  expect  to  continue  Gemini  after  NASA’s  need  for  the 
program  is  completed? 

To  what  extent  are  you  prepared  to  fund  the  Gemini  program  for  fiscal  1963 
and  1964?  Also  1965? 

Answer.  It  would  be  premature  to  attempt  to  answer  your  question  concerning 
whether  we  expect  to  continue  Gemini  after  NASA’s  need  for  the  program  is 
completed.  The  Gemini  Program  Planning  Board  has  only  recently  started  to 
look  at  requirements  for  the  Gemini.  The  point  in  time  when  NASA's  need  for 
the  Gemini  program  will  be  completed  is  still  many  years  ahead.  Therefore,  it 
may  be  some  time  before  DOD  planning  for  that  period  is  completed. 


may  be  some  time  before  DOD  planning  for  that  period  is  completed. 

It  is  also  too  early  to  answer  your  question  concerning  the  extent,  if  any,  that 
the  DOD  would  be  prepared  to  fund  Gemini  in  fiscal  year  1963  and  1964.  This 
decision  will  be  made  alter  the  Planning  Board  has  reported. 
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Question  No.  14.  Are  negotiations  now  underway  with  NASA  looking  toward 
the  development  of  a manned  orbiting  space  station? 

Answer.  On  March  15,  1963,  I wrote  to  Dr.  Seamans,  pointing  out  that  both 
NASA  and  the  Air  Force  are  now  studying  their  need  for  a manned  orbital  space 
station  and  that  I believed  that  it  would  be  in  the  national  interest  if  we  held 
discussions  to  consider  the  possibility  of  a joint  program.  Os  April  12,  Dr. 
Brown  wrote  to  Mr.  Webb  again  on  this  subject  since  we  understood  NASA  was 
putting  PiFP’s  out  for  a manned  orbiting  space  station.  We  are  awaiting  NASA’s 
reply. 

Question  No.  15.  Is  any  agreement  underway  with  NASA  with  respect  to  a 
Gemini-type  agreement  involving  Dyna-Soar? 

Answer.  We  have  considered  such  an  arrangement  but  no  concrete  proposal 
has  been  made. 


Questions  Asked  by  Representative  Joe  D.  Waggonner,  Jr.,  Subcommittee 

on  Manned  Space  Flight 

Question  No.  1.  What  is  military  interest  in  lasers? 

Answer.  The  laser,  as  a generator  of  coherent  energy  in  the  ultraviolet,  visible, 
and  infrared  portion  of  the  electromagnetic  spectrum,  offers  many  possibilities 
for  unique  military  applications.  Its  limitations,  however,  should  be  recognized 
at  the  outset.  Because  of  absorption  and  scattering  by  the  atmosphere,  fog,  and 
clouds,  lasers  will  not  replace  radar  for  all-weather  capability,  and  because  of  its 
?ine-of-sight  characteristics,  it  will  not  replace  radio  for  general  communications. 

Nevertheless,  because  of  the  very  sharply  directed  and  intense  beams,  the  possible 
military  applications  include  the  following:  rangefinding,  secure  communications, 
target  tracking,  surveillance,  missile  guidance,  navigation,  medical,  computer  ele- 
ments, and  research  instruments. 

The  rangefinder  under  development  by  the  Army  will  probably  be  the  first 
laser  to  reach  operational  status. 

Question  No.  2.  Is  Secretary  McNamara  maneuvering  for  Dyna-Soar  aid  from 
NASA? 

Answer.  NASA  supports  the  Dyna-Soar  program  and  its  technical  objectives.  , 

However,  the  DOD  is  not  requesting  that  NASA  share  in  the  cost  of  the  Dyna-  * 

fcloar  program. 

Mr.  Rubel.  All  right,  fine.  Thank  you  very  much. 

Mr.  Teague.  The  hearing  is  adjourned. 

(Whereupon,  at  11:55  a.m.,  the  committee  was  adjourned.) 
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TUESDAY,  APRIL  9,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington , D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 

Old  House  Office  Building,  Washington,  D.C.,  at  10  a.m.,  Hon. 

Olin  E.  Teague  (chairman)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

Mr.  Low,  where  did  we  leave  off? 

STATEMENT  OF  GEORGE  M.  LOW,  DEPUTY  DIRECTOR  (PRO- 
GRAMS), NASA;  ACCOMPANIED  BY  WILLIAM  E.  LILLY,  DIREC- 
TOR, PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT 

Mr.  Low.  Mr.  Chairman,  during  our  last  session  we  went  through 
the  reconstruction  of  our  1963  budget  and  appropriations  and  we  are 
ready  to  begin  today,  with  your  permission,  on  the  1964  budget  book. 

Mr.  Teague.  That  is  in  volume  V,  supplemental,  and  volume  II? 

Mr.  Low.  And  volume  II.  I 

Mr.  Teague.  Research,  development,  and  operation. 

Mr.  Low.  I would  plan  to  start  with  page  RDO  1-1  in  volume  II, 

Mr.  Holmes  asked  me  to  express  his  regrets  for  being  unable  to  be 
here  this  morning.  He  had  to  appear  before  another  subcommittee 
of  this  committee  and  therefore  was  unable  to  be  here. 

On  page  RDO  1—1,  we  cover  manned  spacecraft  systems  which  is 
one  of  several  major  breakdowns  in  the  manned  space  flight  program. 

Under  manned  spacecraft  systems,  we  are  including  this  year  sup- 
porting research  and  technology,  Project  Gemini,  the  Apollo  space- 
craft project,  and  the  operations  of  the  Mission  Control  Center. 

Our  total  request  for  spacecraft  systems  is  $1,556,600. 

Mr.  Fulton  of  Pennsylvania.  Would  you  repeat  the  figure? 

Mr.  Low,  $1,556,600.  In  addition  to  that,  we  are  prorating  under 
this  category  $47,976,000  for  personnel  costs  and  $42,865,000  for 
operation  of  installations. 

Therefore,  the  total  cost  for  spacecraft  systems  is  $1,647,441,000. 

The  major  breakdowns  for  the  R.  & D.  direct  portion  of  this  number 
consist  of  supporting  research  and  technology,  $21,100,000.  Gemini, 

$306,300,000;  Apollo,  $1,207,400,000;  and  Mission  Control  Center 
operations,  $21,800,000. 

I would  first  like  to  discuss  the  supporting  research  and  technology 
area  which  is  broken  down  on  page  4 of  volume  5 and  is  discussed  on 
page  RDO  1-4  and  subsequent  pages  in  volume  2.  Under  spacecraft 
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supporting  research  and  technology,  we  provide  for  the  supporting 
engineering  and  development  effort  for  the  approved  spacecraft 
projects,  that  is  for  Gemini  and  Apollo,  to  assure  the  capability  for  the 
rapid  development  of  high  performance  spacecraft  systems. 

Significant  among  items  that  we  budgeted  in  this  category  in  the 
past  would  be  items  such  as  the  paraglider,  which  is  now  being  used 
as  a manned  landing  device  for  Project  Gemini. 

Other  items  in  the  past  included  such  things  as  ablation  coatingB 
for  heat  protection  on  high-speed  reentry  bodies,  and  the  refinement 
in  the  state  of  the  art  of  a small  thrust  chamber  to  improve  perform- 
ance reaction  control  systems  for  spacecraft  systems. 

We  include  in  this  category  four  major  breakdowns:  materials  and 
structures  development  and  analysis,  system  development  and  analy- 
sis, flight  operational  methods  and  systems,  and  the  fourth  is  simula- 
tion, training,  and  human  factors. 

Under  the  first  of  these,  spacecraft  materials  and  structures,  we  will 
include  in  fiscal  1964  a study  involving  the  detailed  analysis  of  the 
behavior  of  Apollo-type  structures  in  high  altitude  acoustics  fields. 

Also  we  will  include  a study  of  thermal  loads  associated  with  Apollo 
reentry. 

As  you  know  the  Apollo  spacecraft  will  enter  the  atmosphere  at 
about  1/i  times  the  speed  of  our  satellite  programs  like  Mercury  or 
Gemini.  With  this  high-speed  reentry,  we  are  faced  with  a very  much 
higher  heat  input  into  the  spacecraft  and  the  spacecraft  must  be  pro- 
tected against  this.  A great  deal  oi  development  remains  before  we 
can  develop  a heat  shield  for  the  Apollo  spacecraft  that  will  assure  us 
of  reentry  on  the  way  back  from  the  Moon. 

Another  significant  item  we  will  study  under  supporting  research 
and  technology  is  a search  for  techniques  for  transmitting  signals 
during  the  so-called  reentry  blackout.  As  the  spacecraft  reenters 
the  atmosphere  at  very  high  speeds,  17,500  miles  an  hour  for  Mercury 
and  Gemini  and  25,000  miles  an  hour  for  Apollo,  a sheath  of  ionized 
air  engulfs  the  spacecraft  and  with  present  techniques  it  is  impossible 
to  transmit  radio  signals  through  this  layer.  For  example,  in  each 
one  of  the  flights  that  we  have  had  to  date,  Glenn’s,  Carpenter’s,  and 
Schirra’s,  we  were  unable  to  communicate  with  the  spacecraft  for 
about  4 minutes  as  the  spacecraft  entered  the  atmosphere.  We  are 
looking  under  the  supporting  research  and  technology  for  means  of 
achieving  the  propagation  of  radio  waves  through  this  ionized  layer 
of  air. 

Also  under  supporting  research  and  technology  we  are  purchasing 
component  hardware  for  evaluation  as  possible  backup  systems  in 
case  the  primary  systems  being  pursued  by  our  contractors  should 
fail  to  function  in  the  developmental  program. 

Studies  in  flight  operation  methods  and  systems  will  include  the 
development  of  emergency  operating  procedures  to  be  used  in  space- 
craft operations.  Under  simulation,  training  and  human  factors, 
studies  cover  the  development  of  visual  techniques  and  hardware 
for  simulation  of  Apollo  missions  and  evaluation  of  the  performance 
of  humans  under  stresses  of  space  flight  acceleration. 

Our  total  request  for  supporting  research  and  technology  for  this 
fiscal  year  as  I mentioned  before,  is  $21,100,000. 

The  next  major  category  under  spacecraft  systems  is  Project 
Gemini. 
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On  page  RDO  1-5,  we  have  summarized  the  request  for  funding 
for  Gemini  and  broken  it  down  in  additional  categories.  Specifically, 
for  the  Gemini  spacecraft,  which  is  being  produced  for  NASA  by  the 
McDonnell  Aircraft  Corp.,  we  are  requesting  $196,200,000. 

Mr.  Teague.  Has  there  been  any  discussion  as  yet  with  the  Air 
Force  about  this  Gemini  program? 

Mr.  Low.  We  have  recently  completed  an  agreement  with  the 
Department  of  Defense  for  a cooperative  program  in  Project  Gemini 
in  order  to  allow  the  Air  Force  to  get  the  maximum  benefit  of  the  things 
we  will  learn  in  Project  Gemini.  There  are  no  plans  at  this  time  for 
the  Air  Force  to  support  Project  Gemini  with  additional  funds.  We 
have  been  working  very  closely  with  the  Air  Force  actually  since  the 
Gemini  program  started  through  General  Ritland’s  office.  As  you 
know,  General  Ritland  is  the  deputy  commander  of  the  Air  Force 
Systems  Command  for  manned  space  flight.  He  has  offices  in  our 
building  and  we  have  direct  and  close  liaison  with  him. 

In  addition  to  that  since  the  Gemini  agreement  with  the  Department 
of  Defense  was  concluded,  we  have  had  a team  of  Air  Force  officers 
at  the  Manned  Spacecraft  Center  in  Houston  working  with  our  people 
there  to  define  in  detail  the  nature  of  Air  Force  participation  in 
Project  Gemini.  This  definition  is  not  yet  complete. 

Mr.  Fulton  of  Pennsylvania.  Is  there  the  intention  that  the  Air 
Force  will  finance  and  fund  part  of  the  Gemini  program  as  an  active 
partner,  or  will  it  be  where  the  Air  Force  is  merely  an  observer  and 
will  pay  for  any  modifications  that  they  would  like? 

Mr.  Low.  At  the  present  time,  Mr.  Fulton,  the  intention  is  the 
latter,  that  the  Air  Force  will  act  as  an  observer  by  direct  participation 
in  every  phase  of  the  program.  It  will  have  people  with  our  Manned 
Spacecraft  Center  in  Houston  working  alongside  our  own  engineers 
in  order  to  get  maximum  benefit  to  the  Air  Force  of  all  of  the  things 
that  we  will  learn  in  Gemini  and  at  the  same  time  in  order  to  give  us 
the  maximum  benefit  of  all  the  Air  Force  is  doing  in  other  programs. 

Mr.  Fulton  of  Pennsylvania.  Would  it  be  better  to  integrate  the 
military  personnel  into  the  production  of  the  Gemini  program  or  is 
it  better  to  have  them  as  observers? 

Mr.  Low.  Perhaps  when  I used  the  word  “observers/'"  it  was  not 
the  correct  term.  They  will  be  Air  Force  officers,  but  they  will  be 
integrated  into  our’  Gemini  project  office  in  Houston  and  will  be 
working  on  a day-by-day  basis  alongside  our  engineers,  and  will  in 
that  way  participate  directly  in  the  program. 

Additional  categories  under  Gemini  are  spacecraft  operations  for 
$14.6  million;  the  launch  vehicles  for  Project  Gemini,  that  includes 
the  Titan  II  and  for  this  we  are  requesting  $46,900,000  in  fiscal  year 
1964;  the  Atlas  launch  vehicle  for  $15.9  million  and  an  upper  stage 
for  the  Atlas,  the  Agena,  which  will  be  used  as  the  target  vehicle  in 
Gemini  rendezvous  missions.  For  Agena  development  and  procure- 
ment we  are  requesting  $32  million  in  fiscal  year  1964. 

The  last  line  item  under  Project  Gemini  is  supporting  development 
which  includes  minor  contracts  in  direct  support  of  the  program,  for 
example,  the  space  suits  that  will  be  used  by  the  astronauts  in  Gemini 
and  tne  food  and  waste  control  system  for  Gemini.  For  this  we  are 
requesting  $700,000  in  fiscal  year  1964. 

The  total  R.  & D.  direct  request  then  is  $306,300,000.  The  addi- 
tion of  personnel  costs  and  operations  of  installation  costs  brings  the 
total  request  for  Gemini  to  $335,339,000. 


642 


1964  NASA  AUTHORIZATION 


Mr.  Teague.  Mr.  Fulton,  did  you  have  a question? 

Mr.  Fulton  of  Pennsylvania.  I had  a question  on  the  type  of 
Agena  that  NASA  proposes  to  use  as  a rendezvous  target  vehicle  for 
Gemini.  What  kind  of  a vehicle  is  this  Agena  and  how  does  it  com- 
pare with  the  previous  costs  for  Agena  developments?  It  seems  like 
an  expensive  vehicle  so  I think  we  ought  to  know  why  this  is  different. 

Mr.  Low.  The  Agena  itself  is  the  standard  Agena  used  as  an  upper 
stage  in,  for  example,  our  Ranger  program  and  in  the  Mariner  pro- 
gram which  launched  an  unmanned  spacecraft  to  Venus. 

Mr.  Fulton  of  Pennsylvania.  I expect  that,  but  what  are  you 
going  to  put  on  it  that  is  costing  so  much? 

Mi*.  Low.  I should  point  out  first  that  under  this  program  we  are 
purchasing  eight  Agena  stages,  not  just  one.  We  are  initially  buying 
the  standard  Agena  vehicle.  We  are  then  incorporating  into  it  cer- 
tain modifications  that  allow  it  to  be  adapted  as  a target  vehicle  for 
rendezvous. 

One  of  these  is  a capability  for  multiple  restarts.  The  Agena  as  it 
stands  today  can  be  restarted  only  once.  For  the  Gemini  mission, 
where  it  must  perform  a number  of  maneuvers  in  space  before  ren- 
dezvous, we  must  have  the  capability  in  it  to  allow  it  to  be  restarted 
either  from  the  ground  or  from  the  Gemini  spacecraft  five  or  six  times. 

To  do  this,  we  need  a modification  in  the  Agena  system.  In  addi- 
tion to  that,  we  are  incorporating  in  the  Agena  a radar  beacon  which 
will  be  used  to  communicate  with  the  radar  receiver  on  the  Gemini 
spacecraft  in  order  to  effect  the  rendezvous  maneuver. 

Also  a flashing  light  will  be  incorporated  which  can  be  used  by  the 
astronauts  to  obtain  or  to  do  a visual  rendezvous  without  the  use  of 
the  radar  and  computer  system. 

These,  in  essence,  are  the  major  modifications,  incorporated  into 
the  Agena. 

Mr.  Fulton  of  Pennsylvania.  Could  you  then  give  us  the  number 
of  Atlases  as  well  as  Titan  IPs  in  this  program? 

Mr.  Low.  We  are  programing  15  Titan  IPs,  8 Atlases,  and  8 Agenas 
for  Gemini. 

Mr.  Fulton  of  Pennsylvania.  Do  these  Atlases  cost  the  same  price 
you  have  been  paying  for  regular  boosters? 

Mr.  Low.  The  Atlases  for  the  Gemini  program  will  cost  slightly 
less  than  the  Atlases  for  Project  Mercury  in  that  we  do  not  have  to 
incorporate  in  them  an  abort  sensoring  system  to  trigger  the  Mercury 
escape  system  in  case  of  abort.  Since  it  will  be  an  unmanned  vehicle 
we  do  not  need  that. 

Mr.  Fulton  of  Pennsylvania.  How  are  you  pricing  the  Titan  II 
individually  with  the  Air  Force? 

Mr.  Low.  The  Air  Force  has  set  up  a separate  project  for  the 
Gemini  launch  vehicle  which  fa  a modified  Titar  II.  For  example, 
the  Titan  II  weapon  system  is  being  produced  in  the  Martin  Co/s 
Denver  plant.  The  Gemini  launch  vehicle,  the  Titan  II  for  Gemini, 
is  being  produced  by  the  Martin  Corp.  in  Baltimore.  The  cost 
associated  with  this  vehicle  is  entirely  separate  and  we  reimburse 
the  Air  Force  for  it. 

Mr.  Fulton  of  Pennsylvania.  Are  you  getting  the  same  prices  from 
the  Martin  Co.  that  the  Air  Force  is  getting  on  their  type  of  vehicle? 

Mr.  Low.  No,  sir;  we  are  paying  somewhat  more  for  the  Titans 
for  Gemini  than  the  Titan  II  for  weapon  system  would  cost  and  the 
reasons  for  this  are  several: 
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First  of  all,  for  the  maimed  booster  we  have  a much  more  severe 
quality  assurance  program,  what  we  call  a man-rating  program. 
Each  part  and  component  is  individually  traceable  and  individually 
inspected  to  assure  the  highest  possible  reliability  for  the  manned 
booster. 

In  addition  to  that,  we  are — — 

Mr.  Fulton  of  Pennsylvania.  Is  that  in  addition  to  the  General 
Electric  contract? 

Mr.  Low.  Yes,  sir. 

In  addition  to  that,  we  are  incorporating  in  the  Titan  II  a mal- 
function detection  system.  This  is  a system  similar  to  the  abort 
sensing  system  used  in  Project  Mercury  to  allow  pilot  emergency 
escape  maneuvers  to  be  performed  in  case  anything  goes  wrong  with 
the  booster  during  the  launch  phase. 

These  are  the  additions  in  the  Titan  II  for  Gemini. 

Mr.  Teague.  Have  you  gone  far  enough  in  the  paraglider  tech- 
nique that  you  are  convinced  that  is  going  to  be  the  system  you  use? 

Mr.  Low.  In  the  initial  Gemini  flights  we  will  use  an  84-foot  para- 
chute. This  parachute  is  being  developed  now  for  Gemini— in  fact 
its  development  program  has  been  completed  and  it  is  now  beginning 
its  qualification  test  program. 

The  paraglider  is  being  developed  at  our  flight  research  center  at 
Edwards  Air  Force  Base  under  contract  to  North  American  Aviation 
Co.,  but  its  developmental  program  is  still  in  its  initial  stages  and  we 
are  not  completely  convinced  that  it  will  be  developed  in  time  for  the 
first  few  Gemini  flights.  It  is  a new  device  and  will  have  many 
benefits  if  we  can  use  it  and  when  we  can  put  it  into  the  program,  but 
it  is  not  yet  at  the  stage  of  development  where  we  can  say  this  is  the 
way  we  will  go  early  in  the  program. 

Mr.  Teague.  Why  did  you  go  to  a completely  different  escape 
system  in  Gemini  than  you  did  in  Mercury? 

Mr.  Low.  In  Gemini  first  of  all  we  incorporated  the  paraglider  as 
one  of  its  major  design  features  and  the  reason  for  this  was  to  allow 
a land  landing  with  no  vertical  velocity,  with  a conventional  airplane- 
type  land  landing  and,  therefore,  allow  a landing  in  a much  more  con- 
ventional system  than  the  Mercury  landings. 

As  a backup  to  the  paraglider  however,  we  felt  we  would  need  air- 
craft-type  ejection  seats  in  case  the  paraglider  should  malfunction, 
just  as  anything  might  go  wrong  with  a high-speed  fighter.  We  found 
once  we  had  the  ejection  seats  incorporated  and  these  are  needed 
because  of  the  paragliders  I mentioned,  that  these  ejection  seats  would 
also  allow  us  to  perform  the  escape  maneuvers  that  we  would  do  with 
the  escape  tower  in  Mercury.  This  is  true  in  Gemini  because  we  have 
different  propellants  than  in  Mercury  or  Apollo.  We  have  so-called 
storable  propellants  which  are  not  as  highly  explosive.  In  the  case 
of  a booster  malfunction,  the  fireball  would  not  be  quite  as  big  as 
it  would  be  in  either  the  Atlas  or  in  the  Saturn,  and  therefore  our 
studies  indicated  the  ejection  seat  would  be  adequate  to  get  the  pilot 
away  from  a malfunction. 

Since  we  needed  the  ejection  seats  as  a backup  landing  system  and 
they  performed  the  second  function  of  emergency  escape,  our  studies 
indicated  we  did  not  need  an  escape  tower. 

Mr.  Teague.  Mr.  Yeager? 

Mr.  Yeager.  Could  you  describe  the  POGO  effect  of  the  Titan  II, 
and  tell  us  whether  or  not  this  problem  is  being  overcome? 
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Mr.  Low.  The  so-called  POGO  effect  is  a vertical  vibration  that 
has  been  found  in  almost  all  of  the  Titan  II  weapon  system  tests  to 
date.  I should  point  out  insofar  as  the  weapon  system  is  concerned, 
this  effect  is  of  no  concern.  It  is  a vertical  vibration  of  less  than 
1 gduring  a certain  minor  portion  of  the  flight  of  the  booster  stage. 

However,  in  a manned  flight  we  cannot  tolerate  this  vibration  be- 
cause the  man  would  not  be  able  to  see  the  spacecraft  instrument 
panel  during  the  period  of  this  vibration.  In  effect,  the  instrument 
panel  would  vibrate,  his  face  and  eyes  would  also  vibrate  which  would 
not  allow  him  to  clearly  read  his  instruments.  Since  the  abort  system 
in  Gemini  makes  use  of  displays  on  the  instrument  panel,  it  is  abso- 
lutely essential  that  the  pilot  be  able  to  read  his  instrument  panel  at 
all  parts  of  the  flight  so  we  must  overcome  the  POGO  problem  for  our 
manned  flights  in  Gemini. 

We  are  working  closely  with  the  Air  Force  on  this  and  are  confident 
it  will  be  overcome  in  the  normal  Titan  II  development  before  we 
start  manning  Gemini  flight. 

Mr.  Yeager.  Will  this  require  extra  funding? 

Mr.  Low.  I am  not  sure  yet,  Mr.  Yeager,  whether  it  will  require 
extra  funding  or  not.  Hopefully  it  will  be  handled  within  the  normal 
development  program  for  the  booster. 

Mr.  Gurney.  Why  do  you  need  the  15  Titans  and  8 Atlases? 

Mr.  Low.  In  our  program  we  have  planned  for  12  missions  and  3 
backups.  We  are  therefore  buying  12  Gemini  flight  spacecraft  and 
15  Titans,  because  we  could  reuse  3 of  the  spacecraft  in  case  we  have 
to  fly  the  backup  missions. 

As  far  as  the  Agena  is  concerned,  we  are  programing  now  for  8 
rendezvous  missions  out  of  the  12  missions. 

The  remaining  manned  missions  would  be  long  duration  missions 
in  which  we  would  not  use  the  Agena  so  our  program  is  a total  of  12 
flights  with  3 backups,  8 of  which  will  be  rendezvous  missions  and 
therefore  8 Atlas- Agenas. 

Mr.  Teague.  Do  you  have  to  fund  all  of  these  this  year? 

Mr.  Low.  All  are  being  partially  funded  this  year. 

Mr.  Teague.  Partially  funded? 

Mr.  Low.  That  is  right. 

Mr.  Fulton  of  Pennsylvania.  Could  you  give  us  the  funding  pro- 
gram. How  you  are  doing  it  and  the  method? 

Mr.  Low.  I have  with  me  the  programing  for  fiscal  years  1963  and 
1964.  I don’t  have  the  following  years'  funding  with  me  now. 

Mr,  Fulton  of  Pennsylvania.  H you  could  give  us'»  the  fiscal  year 
1964  obligation  of  funds  according  to  time,  it  would  be  helpful.  As 
you  are  working  on  these  various  boosters,  are  you  paying  for  them 
partly  as  you  go  along,  starting  one  after  the  other?  What  is  your 
schedule  on  that  for  fiscal  year  1964? 

Mr.  Low.  I would  have  to  provide  for  the  record  our  schedule  of 
funding  during  fiscal  1964.  We  are  funding  both  the  spacecraft  and 
boos, ter  on  a partial  basis. 

Fur  example,  in  fiscal  1964  we  will  take  delivery  on  a number  of 
the  spacecraft  and  boosters  and  these  will  be  fully  funded.  Those  to 
be  delivered  in  fiscal  1965  will  only  be  partially  funded. 

(The  information  requested  is  as  follows:) 
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The  fiscal  year  1964  obligation  plan  for  Project  Gemini  is  as  follows: 

1st  quarter $104,  448,  000 

12d  quarter.  «. 79,  638,000 

3d  quarter ; 73,  206,  000 

4th  quarter 49,  008,  000 

Total _ 306, 300, 000 

Mr.  Fulton  of  Pennsylvania.  We  should  have  the  leadtime  of  the 
•construction  programs  correlated  with  your  operating  or  flight  pro- 
grams showing  us  what  the  leadtime  might  be. 

Mr.  Low.  In  general  terms,  the  leadtime  for  Titan  II,  the  Atlas, 
the  Agena,  and  Gemini  spacecraft  is  from  15  to  19  months,  and  this 
Is  why  we  have  to  fund  spacecraft  and  boosters  to  be  delivered  during 
fiscal  1964. 

Mr.  Fulton  of  Pennsylvania.  You  have  a 4-month  variation  in 
your  own  estimates  when  referring  to  15  to  19  months  leadtime,  don't 
you? 

Mr.  Low.  I perhaps  misstated  this.  The  15  to  19  months  comes 
about  because  the  leadtime  is  different  for  the  Titan  II,  the  Atlas, 
Agena,  and  Gemini  spacecraft,  but  they  all  fall  within  this  15  to  19 
months’  spread.  We  have  a definite  time  within  that  for  each  one  of 
the  elements.  Three  months  should  be  added  to  these  production 
times  for  the  total  leadtime  before  launch. 

Mr.  Fulton  of  Pennsylvania.  On  the  succeeding  flights,  other  than 
the  first  three  flights,  what  effect  would  it  have  on  the  program  if  there 
was  a delay  in  the  funding? 

Mr.  Low.  It  would  undoubtedly  and  definitely  stretch  out  the 
'program. 

It  would  delay  the  flights  on  a day-by-day  and  month-by-month 
basis  and  sinee  the  Gemini  program  is  one  of  the  major  and  significant 
•steps  in  our  Apollo  lunar  landing  programs  for  many  reasons,  for  pilot 
training,  for  the  development  of  hardware,  for  the  development  of  the 
^operational  systems  and  the  ground  crews,  this  then  would  in  turn 
.have  an  effect  on  our  Apollo  program. 

Mr.  Fulton  of  Pennsylvania.  Suppose  the  backup  money  for  three 
flights  was  given  to  you  in  fiscal  year  1963.  That  would  not  interfere 
with  your  current  operating  plans  for  1964,  would  it? 

Mr.  Low.  Since  I don’t  have  with  me  the  exact  schedule  of  funding, 
I am  not  sure  whether  the  backup  funding  for  the  three  flights,  three 
additional  Titan  IPs  is  now  included  in  our  1964  budget  or  whether 
this  was  planned  for  1965. 

Mr.  Fulton  of  Pennsylvania.  Could  you  let  us  have  a statement  on 
that,  with  the  chairman’s  permission? 

Mr.  Low.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

None  of  the  fiscal  year  1964  budget  request  for  Project  Gemini  has  been  planned 
;for  use  in  procuring  the  last  three  Gemini  launch  vehicles,  since  the  production 
leadtime  is  16  months.  These  vehicles  will  be  funded  in  future  years. 

Mr.  Fulton  of  Pennsylvania.  Are  these  costs  estimates,  and  if 
estimates,  are  they  your  estimates  or  are  they  company  estimates? 

Mr.  Low.  In  general  terms,  our  costs  are  based  on  company 
estimates  and  our  past  experience  in  running  programs  like  this. 

Mr.  Fulton  of  Pennsylvania.  The  estimates  of  the  company  are 
ithe  basis  of  your  own  judgment,  and  as  a matter  of  act,  you  do  not 
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have  these  particular  programs  and  the  necessary  boosters,  hardware 
and  capsules  under  contract  to  a great  extent,  do  you? 

Mr.  Low.  I believe,  Mr.  Fulton,  that  each  element  of  the  Gemini 
program  is  now  under  a definitive  contract  with  our  hardware  con- 
tractors. The  Gemini  spacecraft  contract  with  McDonnell  is  a firm 
definitive  contract. 

Mr.  Fulton  of  Pennsylvania.  That  is,  it  is  not  a fixed  price 
contract  because  it  has  already  gone  up  $42  million  from  the  first  esti- 
mate that  McDonnell  gave  you? 

Mr.  Low.  It  is  a cost-plus-fixed-fee  contract. 

Mr.  Fulton  of  Pennsylvania.  When  this  committee  sees  the  in- 
crease of  $42  million  in  such  a short  time  on  the  McDonnell  space- 
craft contract,  it  raises  a question  in  my  mind  as  to  whether  we  will 
run  into  more  increases  as  we  go  along  in  this  McDonnell  spacecraft 
contract.  Are  we  operating  on  a fixed  budget  or  are  we  on  an  esca- 
lated budget? 

Mr.  Low.  We  are  trying  to  take  into  account,  Mr.  Congressman, 
the  types  of  changes  that  normally  occur  in  a development  program 
of  this  nature.  We  do  have  our  Mercury  experience  now  to  back  us 
up. 

The  increase  on  Gemini  between  the  money  requested  in  fiscal  year 
1963  and  the  money  we  have  now  programed  in  our  operating  plan 
occurred  at  a time  before  the  scope  of  the  Gemini  contract  was  fully 
defined.  I believe  the  last  time  we  appeared  before  this  committee 
I went  through  a history  of  the  Gemini  program  and  the  status  of 
that  contract  at  the  time  the  money  was  requested.  We  are,  I believe, 
in  a very  much  better  position  this  year  in  that  we  do  have  a definitive 
contract  now  with  McDonnell  Aircraft  Corp. 

Mr.  Fulton  of  Pennsylvania.  My  feeling  has  been  that  we  should 
get  away  from  chosen  instrument  contracts.  The  McDonnell  Air- 
craft Corp.  operated  well  on  Mercury  in  preparing  the  capsule  and 
it  was  a fine  performance,  but  when  we  come  to  the  Gemini,  there  is 
no  company  or  no  Government  agency  that  has. had  any  experience. 

My  own  feeling  is  that  the  contracts  are  so  big  that  they  encourage 
monopoly  in  the  space  business.  These  contracts  should  be  broken 
down  into  their  components,  and  added  specifications  written  by 
NASA  so  that  you  can  have  a broader  base  of  industry  engaged  in 
the  NASA  programs.  Secondly,  this  will  allow  smaller  companies  to 
compete.  Thirdly,  the  taxpayers  will  get  the  advantage  of  public  bid 
on  components  that  within  the  space  industry  are  now  becoming  stand- 
ard at  the  level  of  reliability  requirement. 

It  concerns  me  this  industry  is  getting  so  concentrated  and  that  there 
is  not  the  followup  beyond  the  first  level  of  subcontractors.  When 
you  get  into  further  levels  down  into  smaller  uniform  components,  it 
becomes  almost  an  impossible  task  for  NASA  to  sit  at  the  top  of  Mount 
Everest  and  follow  through  many  levels  of  subcontractors  to  see  that 
an  efficient  job  is  being  done. 

Mr.  Low.  Mr.  Fulton,  first  of  all,  I would  like  to  point  out  that  the 
Gemini  contract  was  awarded  to  McDonnell  on  a single-source  basis. 
All  of  the  other  contracts  that  I will  discuss  this  morning  in  the  manned 
spacecraft  systems  budget  were  awarded  as  a result  of  industrywide 
competitive  bids. 

Now  we  felt  at  the  time  that  we  let  the  Gemini  contract  that  we 
had  to  go  to  McDonnell  on  a single-source  basis  because  of  the  very 
Striking  similarity  between  Mercury  and  Gemini. 
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I have  a model  behind  me  of  the  Gemini  spacecraft.  As  you  can 
see,  for  example,  the  external  shape  is  identical  to  the  Mercury. 
Many  of  the  systems  and  subsystems  are  the  same  as  in  Mercury. 
The  technology  involved  in  Gemini  is  an  extension  of  Mercury 
technology. 

Mr.  Fulton  of  Pennsylvania.  Once  the  specifications  are  written 
for  these  particular  components  and  structures,  it  would  seem  to  me 
that  anybody  who  is  in  the  space  field  could  come  up  with  the  same 
reliability  and  supply  them  to  possibly  McDonnell  on  bid  or  supply 
them  directly  to  NASA. 

Mr.  Low.  This  is  being  done  to  a large  extent  in  our  subcontract 
structure.  For  example,  in  fiscal  year  1964  we  are  programing  $102 
million  to  McDonnell  for  its  inhouse  effort  and  $82  million  to  the 
subcontractors.  Approximately  40  percent  of  the  total  to  McDonnell 
is  being  spent  in  industry  as  a whole  among  major  and  minor  sub- 
contractors. 

Mr.  Fulton  of  Pennsylvania.  That  is  right,  but  there  is  not  the 
public  advertising  and  bidding  that  we  have  on  the  usual  Government 
contracts.  My  point  is  that  the  space  industry  is  now  an  experienced 
field  and  the  terms  of  merchantability  and  guarantees  that  are  needed 
are  very  well  set. 

My  criticism,  if  any,  of  NASA  is  not  having  an  inhouse  capa- 
bility to  come  up  with  adequate  specifications  once  you  have  the 
research  and  development  completed  on  a major  program  such  as  the 
Mercury  capsule,  which  then,  of  course,  requires  modifications  for 
the  Gemini. 

NASA  goes  to  the  many  industrial  companies  and  has  them  put  their 
best  engineering  talents  in  preparing  proposals  and  then  there  is 
little  consideration  given  to  the  bid  and  it  is  rejected.  This  is  an. 
economic  loss.  Likewise,  it  looks  to  me,  from  the  company  point  of 
view  as  a corporation  attorne}7,  that  the  companies  are  soon  going 
to  get  tired  of  submitting  proposals  since  they  put  $300,000  or  $400,000 
or  $500,000  or  a million  dollars  into  the  preliminary  design  work, 
without  receiving  a contract. 

Mr.  Low.  I think.  Mr,  Fulton,  we  in  NASA  recognize  the  prob- 
lems you  have  mentioned.  We ‘have  in  some  of  our  more  recent 
procurements  taken  steps  in  the  direction  that  you  have  suggested 
to  us  last  year  and  are  suggesting  again  this  year. 

For  example,  in  the  lunar  excursion  module  competition — this  is  the 
module — I have  a model  of  it  sitting  behind  me — for  landing  on  the 
Moon — this  is  a contract  that  was  won  by  the  Grumman  Aircraft 
Engineering  Corp. 

We  had  in  this  program  better  specifications,  more  detailed  speci- 
fications than  we  had  a year  or  so  earlier  for  the  Apollo  spacecraft. 
As  a result  of  this,  we  put  out  to  industry  a very  detailed  work  state- 
ment, requested  the  bias  to  come  in  in  a much  shorter  time  than  usual, 
asked  in  our  request  for  bids  some  very  specific  questions  and  severely 
limited  the  number  of  pages  that  industry  was  allowed  to  submit  to 
us.  In  this  way  we  limited  the  expense  by  industry  in  bidding  on  this. 
We  limited  the  expense  by  the  Government  in  evaluating  the  proposals 
and  all  of  us  are  convinced  we  got  a better  proposal  and  a better  evalu- 
ation than  we  had  in  the  past. 

This  is  one  step  that  was  taken.  Another  step  that  was  taken 
along  the  lines  that  you  have  suggested  was  in  the  procurement  for 
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the  Mission  Control  Center  at  Houston.  This  contract  selection  was 
run  in  two  phases. 

We  first  solicited  all  possible  companies  in  this  country,  and  asked 
them  to  tell  us  their  qualifications  to  bid  on  a job  like  this.  We 
asked  for  these  qualifications  in  a very  simple  and  rudimentary 
fashion.  It  only  took  two  or  three  pages  for  each  of  the  companies 
to  provide  this  information  to  us  so  the  amount  of  effort  by  a large 
number  of  companies  in  providing  this  information  was  relatively 
minor.  On  the  basis  of  this  initial  information,  we  then  selected 
those  companies  which  we  felt  would  be  most  qualified  to  do  the  job 
on  the  basis  of  their  past  experience.  Our  request  for  proposal  then 
went  out  only  to  that  limited  number  of  companies. 

Again  we  followed  the  same  scheme  as  we  had  in  the  lunar  excursion 
module  procurement  of  a definitive  specification,  a limited  number  of 
pages,  and  responses  to  specific  questions  to  eliminate  the  effort  by 
mdustry  in  bidding  on  this. 

In  both  of  these  cases  I mentioned  I believe  we  got  a very  good  con- 
tract selection  and  I have  had  a lot  of  comment  from  industry  saying 
that  this  is  the  way  one  should  conduct  one’s  business. 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  compliment  NASA. 
I made  a strong  objection  on  the  procurement  and  the  high  backing 
test  facilities  and  now  you  have,  according  to  your  telegram  to  me, 
gone  over  to  public  bidding  on  the  portions  of  tne  facilities  that  were 
not  technical  research  and  development,  so  I do  compliment  you  on 
that. 

Mr.  Riehlman.  Following  the  outline  and  procedure  that  you  are 
suggesting  this  morning  and  that  NASA  is  following  at  the  present 
time,  how  many  companies  competed  in  the  bid  for  the  lunar  excur- 
sion module,  and  also  the  contract  you  just  referred  to? 

Mr.  Low.  In  the  lunar  excursion  module,  I believe  there  were  nine 
contractors  competing. 

In  this  one  we  cannot  run  the  preselection  that  I mentioned  in  con- 
nection with  the  Mission  Control  Center. 

For  the  lunar  excursion  module,  I believe  every  major  aircraft 
ctmpany  in  the  country  bid.  I can  add  all  of  them  into  the  record, 
but  typically  Boeing,  Lockheed,  Douglas,  and  Republic.  McDonnell 
arid  North  American  did  not  bid  because  they  felt  that  they  were  too 
heavily  engrossed  in  the  early  stages  of  our  Gemini  and  Apollo  space- 
craft programs  so  they  did  not  bid  on  these,  but  all  of  the  others  did. 

In  the  Mission  Control  Center — and  I will  have  to  provide  the  exact 
number  for  the  record  if  you  want  it,  but  as  I recall  in  our  preselection, 
there  were  about  60  companies  and  about  6 of  these  were  preselected 
and  bid.  Again  the  number  may  be  seven  or  eight  but  it  was  near 
that  number.  v 

Mr.  Gurney.  Let  me  ask  another  question  on  these  launch  vehicles. 
You  said  NASA  needs  15  Titans.  As  I understand,  you  actually  have 
scheduled  12  flights,  8 of  which  are  rendezvous  ana  4 of  which  you 
called  long-duration  flights? 

Mr.  Low.  Long-duration  missions  of  up  to  2 weeks  in  orbit. 

Mr.  Gurney.  When  do  these  take  place,  initially  or  after  the 
rendezvous? 

Mr.  Low.  Our  planning  is  that  the  long-duration  missions  would 
take  place  initially  and  the  rendezvous  missions  would  be  time  phased 
after  the  long-duration  mission. 
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Mr.  Gurney.  Why  can’t  you  combine  them?  For  example,  why 
do  you  need  four  long-duration  flights  prior  to  your  eight  rendezvous: 
flights?  Why  can’t  you  combine  some  of  the  long-duration  flights 
with  the  rendezvous  flights? 

Mr.  Low.  Mr.  Gurney,  we  will  initially  have  one  or  two  unmanned 
flights  so  there  will  be  at  most  two  or  three  long-duration  flights. 

Now,  in  these  long-duration  flights,  we  plan  to  build  up  in  one  or 
two  progressive  steps  to  a 1-  or  2-week  capability  in  orbit  because, 
after  all,  the  possible  biomedical  problems  associated  with  the  long 
weightlessness  are  what  we  want  to  study  here  and  we  don’t  feel  we 
can  take  this  in  a single  step. 

But,  to  specifically  answer  your  question:  Why  can’t  we  combine 
them?  For  the  rendezvous  mission  we  must  carry  in  the  Gemini 
spacecraft  about  700  pounds  of  fuels,  propellants,  to  effect  the  final 
docking  maneuver,  the  maneuver  where  the  Atlas-Agena  target  and 
the  Gemini  spacecraft  finally  come  together.  With  this  added 
propellant  weight,  we  cannot  get  into  a sufficiently  high  orbit  to  allow 
for  a long-duration  mission. 

For  the  rendezvous  missions  we  will  be  in  a lower  orbit  but  in  a 
period  of  5 or  6 days  in  that  lower  orbit,  the  friction  of  the  air  would 
slow  the  spacecraft  down  and  would  allow  the  orbit  to  decay  so  we 
could  not  stay  up  for  a full  2 weeks.  For  the  long-duration  mission, 
we  have  to  go  to  a higher  orbit  with  a lighter  spacecraft,  and,  therefore,, 
cannot  carry  those  propellants. 

Mr.  Gurney.  Why  do  you  think  you  need  four  of  the  long-dura- 
tion— no,  you  said  you  are  allowing  two? 

Mr.  Low.  Two  or  three,  depending  on  the  number  of  unmanned 
flights. 

Mr.  Gurney.  What  is  the  other  one? 

Mr.  Low.  Unmanned  flight. 

Mr.  Gurney.  Is  that  gomg  to  be  the  first  one? 

Mr.  Low.  That  will  be  the  first  one  and  possibly  the  second  one 
might  be  unmanned. 

Mr.  Gurney.  Then  that  will  be  followed  by  two  or  three  long- 
duration  flights? 

Mr.  Low.  That  is  right,  and  if,  for  example,  in  our  long-duration 
flights  we  find  that  after  a week  or  so  in  orbit  we  have  to  terminate 
the  mission  either  for  technical  difficulties  or  because  preliminary 
indications  of  medical  problems,  then  we  might  have  to  fly  more  than 
two  or  three  long-duration  flights. 

Mr.  Gurney.  Why  do  you  need  eight  rendezvous  flights? 

Mr.  Low.  In  developing  the  rendezvous  capability,  we  must  study 
a number  of  different  possible  ways  of  conducting  the  rendezvous  in 
order  to  get  the  best  possible  way  defined  before  we  do  the  rendezvous 
missions  in  lunar  orbit  rendezvous  in  Apollo. 

I alluded  to  some  of  this  before  but  I think  I should  be  more  specific.. 

For  example,  we  can  conduct  a rendezvous  maneuver  in  Gemini  by 
purely  visual  or  optical  means.  In  this  case  there  will  be  a flashing 
light,  on  the  target  vehicle.  The  pilot  in  the  spacecraft  will  look  out 
of  his  window  and  he  will  rendezvous  and  fly  the  spacecraft  toward 
the  flashing  light  and  perform  the  docking.  This  is  one  extreme  of  a 
purely  manual  system. 

On  the  opposite  end  of  the  spectrum  we  have  a purely  automatic 
system  in  which  we  have  a radar,  computer,  and  stabilized  platform 
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and,  from  about  200  or  500  miles  out,  the  spacecraft  and  the  target 
vehicle  lock  on  to  each  other  by  radar  and  all  maneuvers  take  place 
automatically  from  that  point  on. 

We  know  from  our  studies  on  the  ground  and  our  simulations  that 
the  automatic  way  is  probably  the  most  efficient  way  of  doing  it. 
We  would  need  the  least  amount  of  fuel  to  do  it  automatically.  On 
the  other  hand,  it  is  also  the  most  complex  way.  We  need  more 
equipment,  and  more  equipment  can  fail  in  this  maneuver  so  it  might 
not  be  the  most  reliable  way.  The  completely  visual  method  is  the 
least  efficient  as  far  as  propellants  are  concerned,  but  perhaps  the 
simplest.  In  between  there  are  many  possible  combinations  of  these 
things. 

For  example,  we  could  use  a radar  for  determining  the  distance  and 
the  relative  velocity  between  the  two  without  determining  the  relative 
angle  between  the  two  spacecraft  and  let  the  man  himself  determine 
the  relative  angle.  We  feel  we  must  get  actual  experience  in  space 
flight  of  a number  of  these  possibilities  before  we  can  perform  the 
lunar  orbit  rendezvous  in  Apollo. 

Mr.  Gurney.  Is  your  spacecraft  going  to  be  equipped  for  both  of 
these  maneuvers,  the  automatic  and  the  manual? 

Mr.  Low.  Yes,  sir. 

Mr.  Gurney.  They  are? 

Mr.  Low.  Yes,  sir. 

Mr.  Gurney.  Can  you  do  both  on  the  same  mission? 

Mr.  Low.  You  cannot  do  both  on  the  same  mission  because  you 
can  only  perform  one  rendezvous  maneuver  in  any  given  mission 
with  the  amount  of  propellants  available  for  that  particular  mission. 

Mr.  Gurney.  Your  automatic  mission  would  use  up  so  much  of 
the  propellant  that  there  would  not  be  any  left  for  the  manual,  is 
that  correct? 

Mr.  Low.  That  is  right,  because  in  order  to  do  two  missions  we 
would  have  to  go  all  of  the  way  through  a maneuver  and  then  separate 
and  fly  the  two  vehicles  apart  again  for  several  hundred  miles  and 
then  come  together  again.  This  we  cannot  do  within  the  propellant 
limitations  of  spacecraft. 

Mr.  Gurney.  How  long  does  it  take  to  manufacture  a Gemini 
spacecraft? 

Mr.  Low.  The  exact  number  I would  have  to  get  for  the  record  if 
you  wanted  it,  Mr.  Gurney.  It  is  somewhat  in  excess  of  15  months 
for  completion  of  manufacture.  An  additional  3 months  is  needed 
between  completion  of  manufacture  and  launch. 

Mr.  Gurney.  For  each  one? 

Mr.  Low.  Yes,  sir.  This  includes  the  manufacture,  the  testing, 
the  verification  of  the  systems,  and  the  installation  of  all  of  the  sub- 
systems. It  takes  approximately  15  months. 

Mr.  Gurney.  When  do  you  expect  to  have  these  delivered  to 
NASA?  Have  they  started  manufacture  on  them  yet? 

Mr.  Low.  Yes,  sir. 

Mr.  Gurney,  When  do  you  expect  the  first  delivery? 

Mr.  Low.  The  first  delivery  is  scheduled  for  September  or  October 
of  this  year. 

Mr.  Gurney.  And  then  you  have  them  scheduled  for — — 

Mr.  Low.  For  delivery  every  2 to  3 months  thereafter,  depending 
on  the  flight  schedule. 
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They  will  be  delivered  to  Cape  Canaveral  where  they  will  be 
checked  out  for  the  flights. 

Mr.  Roudebush.  Mr.  Low,  I would  like  to  ask  about  the  manned 
shot  you  have  scheduled  in  Gemini.  Will  that  be  a ballistic  flight? 

Mr.  Low.  Yes;  it  will  be  a ballistic  flight  to  test  the  compatability 
of  the  Gemini  spacecraft  with  the  Titan  II  booster  and,  in  addition, 
to  verify  the  spacecraft  structure  and  heat  shield  during  the  reentry 
maneuver. 

Mr.  Roudebush.  Will  the  Gemini  capsule  that  you  use  for  the 
ballistic  shot  contain  all  of  the  electronic  equipment,  and  so  forth, 
that  the  regular  capsule  does? 

Mr.  Low.  No,  sir.  It  will  not.  Of  course  all  of  the  external  shape 
and  structure  will  be  identical  to  the  final  configuration.  The  internal 
components  will  be  only  those  needed  for  unmanned  ballistic  flight. 

Mr.  Roudebush.  How  many  of  the  reentry  models  are  we  buying 
altogether,  15? 

Air.  Low.  Twelve  flight  articles.  In  addition  to  that  we  are  buying 
a number  of  so-called  static  test  articles  for  the  ejection  seat  develop- 
ment program. 

Mr.  Roudebush.  One  of  the  static  type  vehicles  will  be  used  on 
this  unmanned  shot,  is  that  correct? 

Mr.  Low.  It  will  be  very  similar  to  one  of  the  static  type  vehicles. 

Mr.  Roudebush.  And  the  adapter  module,  you  will  need  15  of 
those  too? 

Mr.  Low.  Yes,  sir. 

Mr.  Roudebush.  I just  want  to  be  sure  I have  my  figures  correct. 

We  are  buying  15  Titan  IPs  for  the  entire  program  and  8 of  the 
Agena  stages  and  8 of  the  Atlas  boosters? 

Mr.  Low.  That  is  right. 

Mr.  Roudebush.  These  items  which  you  list  for  the  proposed  fiscal 
year  1964  budget,  and  I think  this  gets  back  to  Mr.  Fulton’s  question, 
for  example,  let’s  take  Titan  II. 

You  list  $46,900,000.  What  portion  of  the  total  cost  is  the  cost  of 
the  15  Titan  IPs?  I think  that  is  what  we  are  trying  to  get  at.  Is 
this  the  total  cost  of  15  Titan  II’s  or  is  it  a proportionate  share  accord- 
ing to  scheduling? 

Mr.  Low.  This  is  a proportionate  share. 

If  you  will  look  at  RDO  1-5  you  will  notice  in  fiscal  1962  we  spent 
$22,391,000  for  the  Titan  II  and  $59,280,000  in  fiscal  year  1963. 
We  need  $46.9  million  in  fiscal  1964  and  there  will  be  an  additional 
amount  of  funding  in  fiscal  year  1965. 

Mr.  Roudebush.  In  other  words,  we  would  have  to  add  these 
figures  together  for  the  3 fiscal  years,  including  the  proposed  budget, 
plus  what  you  anticipate  the  cost  will  be  next  year  to  get  our  total  cost? 

Mr.  Low.  That  is  right. 

Mr.  Roudebush.  I mink  that  explains  the  point  I was  trying  to  get 
at  on  the  scheduling.  It  is  a 4-year  scheduling  on  these  particular 
launch  vehicles;  is  that  right? 

Mr.  Low.  That  is  right. 

Mr.  Fulton  of  Pennsylvania.  I believe  you  made  an  estimate  for 
Mercury  of  10  as  the  number  of  your  missions?  I see  now  that  you 
plan  on  12  for  Gemini,  with  3 backups. 

Why  wouldn’t  you  use  the  same  norms  of  estimates  and  prognosis 
on  the  Gemini  flight  that  you  have  used  as  a base  for  a successful 
Mercury  program  just  being  finished? 
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Mr.  Low.  In  Project  Mercury,  the  mission  was  tied  to  a fixed  orbit 
in  space.  Once  the  spacecraft  had  been  launched,  there  were  no 
maneuvers  to  be  done  except  for  the  attitude  control.  There  were  no 
rendezvous  maneuvers  to  be  learned  as  there  will  be  in  Gemini. 
Therefore,  the  Mercury  program  was  built  around  a buildup  in  time 
■of  weightlessness  to  assess  the  man's  reaction  to  this  new  environment. 
In  Gemini  this  is  also  one  of  our  purposes. 

As  I discussed  a few  moments  ago,  we  plan  to  build  up  in  Gemini 
to  a full  2 weeks’  duration  flight. 

However,  because  our  Mercury  experience  is  behind  us,  we  feel  we 
need  fewer  missions  for  this  buildup  than  we  needed  for  the  buildup 
in  Mercury.  The  additional  missions  in  Gemini  are  for  the  rendezvous 
flights,  whereas  I explained  a moment  ago  there  are  so  many  possible 
combinations  of  things  we  must  learn  that  we  feel  eight  rendezvous 
missions  is  a minimum  number  of  missions  to  learn  all  of  these  things 
for  Apollo. 

Mr.  Fulton  of  Pennsylvania.  Could  you  get  through  with  your 
program  on  an  austere  basis,  using  five  or  six  rendezvous  missions 
which  are  funded  in  fiscal  year  1964?  What  effect  would  that  have? 

Mr.  Low.  I think  I should  say  that  our  people,  both  in  my  office 
and  in  Houston,  feel  that  the  program  with  eight  missions  is  probably 
more  austere  than  they  would  like  to  see  it  and  it  is  a minimum 
program  that  we  now  feel  is  required  for  our  Apollo  program.  If  we 
-cut  it  down  to  five,  as  I mentioned  before,  some  of  the  items  I dis- 
cussed with  Mr.  Gurney  a moment  ago,  we  would  not  be  able  to  do; 
but  perhaps  more  important  than  that,  we  would  not  be  able  to  train 
a sufficient  number  of  astronauts  in  flight  experience  for  the  Apollo 
missions. 

Major  Slayton,  who  is  now  as  you  know,  in  charge  of  our  astronaut 
program  in  Houston,  has  recently  completed  a very  detailed  and 
intensive  study  of  the  training  requirements  for  the  pilots  for  the 
manned  lunar  landing  mission  and  he  has  identified  that  the  12-pro- 
gram Gemini  missions  is  an  absolute  minimum  to  have  a sufficient 
mumber  of  pilots  ready  for  the  Apollo  flight  missions. 

Mr.  Fulton  of  Pennsylvania.  There  must  be  some  leeway  in  your 
estimates.  It  would  be  poor  judgment  and  poor  planning  if  there 
were  no  leeway  left  for  the  various  contingencies  that  may  arise. 

What  amount  is  that  leeway  over  and  above  the  addition  of  the 
individual  costa  of  the  respective  flights? 

Mr.  Low.  To  the  best  of  our  knowledge  and  in  our  best  judgment, 
there  is  no  leeway  in  this  budget. 

I am  very  much  concerned  from  past  experience  that  we  have 
budgeted  insufficient  money  because  we  have  not  yet  started  our 
ffight  test  program  and  difficulties,  the  unforeseen  difficulties,  usually 
occur  in  the  flight  test  program. 

Mr.  Fulton  of  Pennsylvania.  Would  you  give  us  your  comment 
aa  to  the  effect  on  the  program — this  can  be  done  later  if  you  like — 
that  a cut  of  10  percent  or  5 percent  would  have?  What  would  be 
your  best  approach  if  we  were  to  say  that  there  should  be  a post- 
ponement of  the  procurement  of  the  boosters  and  the  vehicles  neces- 
sary for  the  later  flight?  You  have  planned  for  these,  but  you  don’t 
know  as  yet  how  much  progress  you  are  going  to  make  in  the  research 
and  development  on  the  earlier  flights. 

Would  you  just  comment  on  that,  please? 
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Once  you  have  made  two  or  three  Gemini  flights  you  will  be  in 
a much  better  position  to  do  more  than  “guesstimate”  what  those 
costs  will  be  for  the  later  flights.  At  present,  no  one  on  earth  has 
any  idea  of  the  problems  that  you  are  going  to  run  into,  large  or  small, 
short  or  long. 

In  order  to  have  a budget  that  we  can  work  on,  possibly  you  should 
recommend  to  us  either  a postponement  that  will  not  hurt  your 
program,  or  a statement  that  you  will  give  us  more  accurate  estimates 
of  later  flights.  Also,  if  we  ask  you  to  tighten  the  program  up  either 
by  5 or  10  percent,  on  the  $335  million,  what  effect  would  that  have? 

Now  those  are  the  various  possibilities  and  alternatives  on  which 
we  need  technical  advice  as  to  which  is  the  best  approach  in  the 
direction  of  tightening  the  budget. 

Mr.  Low.  I would  have  to  provide  any  effect  of  a 5 or  10  percent 
reduction  in  this  budget. 

I do  know,  as  Mr.  Holmes  pointed  out,  that  the  schedule  is  budget 
•critical. 

Mr.  Fulton  of  Pennsylvania.  We  should  have  the  various  choices 
that  are  open  as  to  cutting  this  budget  commented  upon  by  you. 
Probably  you  should  put  into  order  of  your  choice,  which  approach 
would  hurt  the  least? 

Mr.  Low.  I would  have  to  provide  the  specification  later. 

Mr.  Fulton  of  Pennsylvania.  Could  we  have  a statement  prepared 
on  it,  Mr.  Chairman? 

Mr.  Teague.  Very  well. 

(The  information  requested  is  as  follows.) 

The  information  that  will  be  obtained  from  Project  Gemini  flights  represents 
a vital  link  in  Apollo  design  and  the  assessment  of  man’s  reaction  to  prolonged 
weightlessness.  In  view  of  its  pivotal  role  in  the  steps  leading  to  manned  lunar 
landing,  it  is  unlikely  that  a reduction  would  be  absorbed  in  Project  Gemini. 
The  impact  of  a reduction  would  result  in  major  reprograming  and  rescheduling 
•of  the  Apollo/Saturn  effort. 

From  an  academic  point  of  view,  a 5-percent  cut  in  the  fiscal  year  1964  request 
for  Project  Gemini  would  cause  a slip  of  6 weeks  to  2 months  in  the  schedule  for 
the  second  and  subsequent  flights.  A cut  of  10  percent  in  the  fiscal  year  1964 
program  would  result  in  a 4 months’  slip  for  these  flights.  These  reductions  would 
■culminate  in  a much  greater  increase  in  cost  in  later  years  because  of  the  program 
stretchout. 

Mr.  Gurney.  Mr.  Lilly,  about  a week  or  two  ago  when  Mr. 
Holmes  and  Mr.  Low  were  here  we  discussed  the  estimate  on  the 
Gemini  program  for  1963. 

I think  we  were  talking  about  $153  million,  and  it  turned  out  these 
were  not  estimates  but  were  “guesstimates”  on  the  part  of  McDonnell 
and  on  the  part  of  NASA.  Now  as  I understand  it,  this  McDonnell 
contract  was  formalized  only  a short  time  ago,  isn’t  that  correct? 

Mr.  Lilly.  That  is  correct. 

Mr.  Gurney.  And  was  formalized  after  the  preparation  of  this 
budget  we  are  talking  about  now,  is  that  correct? 

Mr.  Lilly.  The  McDonnell  contract  was  definitized  after  the 
preparation  of  this  budget;  yes,  sir. 

Mr,  Gurney.  Of  this  $196,200,000,  how  much  of  that  figure  repre- 
sents the  actual  firm  figures  from  McDonnell  and  its  subcontractors? 

Mr.  Lilly.  I think  that  Mr.  Low  can  discuss  the  chronology  of  this 
contract  in  more  detail. 

The  contractor  was  selected,  as  1 recall,  in  December  1961. 
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Mr.  Gurney.  I remember  that,  and  I don’t  think  we  have  to  go 
over  it  again.  What  I am  saying  is  that  of  the  $196,200,000,  how 
much  of  that  figure  is  actually  in  there  from  firm  McDonnell  subcon- 
tracts such  as,  for  instance,  the  cables  that  go  into  Gemini  vehicles? 

Mr.  Low.  Perhaps  I could  add  to  that. 

The  formal  contract  negotiations  with  McDonnell  started  as  early 
as  last  August,  before  we  put  this  budget  together.  At  that  time,  we 
had  a firm  cost  proposal  from  McDonnell  which  did  not  change  sig- 
nificantly during  the  negotiations.  At  that  time  all  of  the  subcon- 
tractors were  on  board.  Perhaps  I should  not  say  all,  but  the  major 
subcontractors  were  on  board  with  McDonnell,  and  McDonnell  in 
turn  had  firm  cost  estimates  from  them  so  that  the  basis  for  the  num- 
ber in  this  budget  book  is  based  on  firm  McDonnell  estimates. 

Mr.  Gurney.  Why  did  it  take  you  so  long  to  arrive  at  the  final 
figure  if  NASA  and  McDonnell  had  these  figures  last  fall?  WTiy 
didn’t  you  formalize  the  contract  before — when  was  it  now — a month 
ago? 

Mr.  Low.  The  final  contract  was  signed  during  this  month. 

Mr.  Gurney.  During  this  month? 

Mr.  Low.  The  detailed  negotiations  concern  themselves  with  the 
fee  part  of  the  cost  proposal  during  the  latter  stages  of  these  nego- 
tiations. 

In  these  negotiations,  we  first  determined  with  McDonnell  the 
project  costs  for  the  effort  involved  in  a job  like  this,  in  a great  amount 
of  detail.  This  is  done  during  the  early  parts  of  negotiations.  After 
that,  the  negotiations  concentrate  on  a fair  fee  for  the  contractor  and 
this  occurred  during  the  latter  stage  of  the  negotiations. 

Mr.  Gurney.  When  you  finally  signed  this  contract  2 or  3 days 
ago — it  must  have  been  then  because  we  are  not  very  far  in  this 
month— how  much  did  that  figure  differ  from  the  figure  you  discussed 
last  fall,  do  you  know? 

Mr.  Low.  I would  have  to  get  the  specific  figures  for  the  record. 
It  in  total  differed  very  little,  talking  about  a few  percent  only. 

Mr.  Gurney.  Can  we  have  that  figure  because  this  $196  million 
obviously  must  have  been  based  upon  your  conversations  last  fall? 

Mr.  Low.  That  is  right. 

Mr.  Gurney.  What  I am  trying  to  find  out  is  where  we  are  now 
that  you  have  signed  the  contract.  I think  we  should  have  those 
figures. 

Mr.  Low.  We  can  provide  those. 

(The  information  requested  is  as  follows:) 

The  difference  between  McDonnell’s  recently  negotiated  contract  cost  of  $457 
million  and  the  estimate  of  $438  million  last  fall  resulted  mainly  from  necessary 
program  changes.  These  items  include:  additional  spare  parts;  the  cost  effects 
of  a 4-month  stretch-out;  provision  for  an  interface  with  automatic  checkout 
equipment;  and  a spacecraft  weight  reduction  program.  Decreased  estimates 
for  aerospace  ground  equipment,  launch  site  support,  and  test  programs  counter- 
balanced the  increases  to  some  extent.  Further  reductions  resulted  from 
negotiated  decreases  in  McDonnell’s  labor  rates,  general  and  administrative 
expenses,  and  fee. 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield? 

Mr.  Gurney.  Yes. 

Mr.  Fulton  of  Pennsylvania.  Your  previous  comment  on  the 
McDonnell  contract  was  that  it  is  not  a fixed  price  contract  but  a cost 
plus  fixed  fee  contract,  so  there  really  is  no  amount  on  the  McDonnell 
contract  that  we  can  depend  on  right  now? 
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Mr.  Low.  The  amount  in  the  definitized  contract  is  the  best  joint 
estimate  between  the  Government  and  the  contractor  of  what  the 
effort  involved  in  this  work  will  cost,  plus  a fee  of  about  6K  percent. 

Mr.  Fulton  of  Pennslvania.  That  is  simply  an  estimate  and  does 
not  bind  McDonnell  nor  does  it  bind  NASA. 

Mr.  Low.  No,  sir.  What  we  have  to  do  from  here  on  out  is  main- 
tain a very  tight  control  on  the  cost  to  assure  ourselves  that  McDonnell 
indeed  performs  on  schedule  and  delivers  the  hardware  that  we  are 
requiring  within  the  dollars  allocated  for  this  contract. 

Mr.  Fulton  of  Pennsylvania.  On  McDonnell  subcontractors  and 
sub-subs  on  dowa  the  line,  are  they  fixed  price  contracts,  or  are  they 
also  cost  plus  fixed  fee  contracts? 

Mr.  Low.  Some  of  them  are  cost  plus  fixed  fee  and  others  are  fixed 
price. 

I don’t  know  'which  they  are. 

Mr.  Fulton  of  Pennsylvania.  Could  you  set  those  out  so  we  have 
an  idea  of  how  the  contract  is  set  up? 

Mr.  Low.  Yes,  sir. 

(The  information  requested  is  as  follows:) 


Types  of  contracts  for  McDonnell  subcontractors  and  vendors 


Percent  of 
total  dollars 
for  subcon- 
1 tractors  and 
vendors 

Percent  of 
total  number 
of  subcon- 
tractors and 
vendors 

Host-type  contracts  ..  . 

SI 

1 

Fixed-price-type  contracts 

19 

99 

Total  ... ....  

100 

100 

Role  source  procurements 

12 

10 

flompotitive  procurements  ....  

88 

90 

Total ..  ...  ..  . . . . ......... 

100 

100 

Mr.  Fulton  of  Pennsylvania.  When  did  the  $42  million  increase 
become  apparent  to  NASA?  Is  that  a statement  by  McDonnell  that 
it  had  to  cost  $42  million  more  or  was  that  developed  through  NASA? 

Mr.  Low.  This  was  based  on  the  first  firm  cost  proposal  we  had 
from  McDonnell  as  analyzed  by  NASA. 

Mr.  Fulton  of  Pennsylvania.  And  that  was  $42  million  above  your 
own  figure,  wasn’t  it? 

Mr.  Low.  That  was  $42  million  above  the  figure  we  had  estimated 
a year  and  a half  ago. 

Mr.  Fulton  of  Pennsylvania.  Could  you  give  us  the  date  of  that 
estimate  of  cost? 

Mr.  Low.  The  approximate  date  of  that  would  have  been  in  Oc- 
tober or  November  of  1961. 

Mr.  Fulton  of  Pennsylvania.  Then  the  $42  million  occurred  within 
what  time  of  that  date? 

Mr.  Low.  That  occurred  about  a year  later,  the  summer  and  fall 
of  1962. 

Mr.  Fulton  of  Pennsylvania.  Evidently  it  did  not  occur  all  at  once 
so  it  must  have  been  becoming  apparent  during  the  year? 

Mr.  Low.  Yes,  sir. 
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Mr.  Fulton  of  Pennsylvania.  How  did  it  arise?  You  see  we  have- 
heard  this  figure  and  it  naturally  raises  the  question  that  it  just  did 
not  rise  up  out  of  the  sea  like  a monster. 

The  contract  had  to  be  amended  in  certain  respects.  How  did 
that  happen? 

Mr.  Low.  There  is  no  single  specific  line  item  in  the  contract  to 
which  I could  attribute  that  $42  million. 

Mr.  Fulton  of  Pennsylvania.  Somebody  made  an  error  of  judg- 
ment. It  might  have  been  a misjudgment  or  a wrongful  judgment 
but  it  was  not  correct,  lets  face  it. 

Mr.  Low.  That  is  right. 

Now  in  our  negotiations  with  McDonnell,  we  split  the  effort  into 
perhaps  20  or  30  major  items  and  under  each  one  of  these  we  have  10 
or  15  additional  items.  The  $42  million  consists  of  additions  in 
certain  areas,  subtractions  in  other  areas.  A typical  item  for  instance 
of  major  breakdown  would  include  the  fabrication  of  the  structure, 
the  actual  external  shell. 

Mr.  Fulton  of  Pennsylvania.  Bather  than  go  into  it  now,  why., 
don’t  you  give  us  the  elements  of  the  contract  and  how  they  increased 
or  decreased  in  price  during  this  particular  period.  You  should  also 
give  us  the  reasons  for  this  because  we  must  justiiy  on  the  floor  a 
$42  million  increase  in  the  contract  within  a period  of  a year? 

Mr.  Low.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

A net  increase  of  $43.1  million  in  the  cost  estimate  for  the  reentry  and  adapter 
module  is  primarily  responsible  for  the  overall  increase  of  $49.9  million  for  the 
Gemini  spacecraft.  This  $43.1  million  increase  is  caused  by  earlier  phasing  of 
subcontractor  effort  in  fiscal  year  1963  to  meet  the  schedule  requirements.  This 
earlier  phasing  required  an  additional  $44.4  million.  It  was  offset  by  a reduction 
of  $1.29  million  in  the  McDonnell  in-house  requirement. 

Mr.  Gurney.  One  other  question  along  those  lines;  We  have  been 
talking  about  competitive  bidding  on  this  McDonnell  contract  and 
you  explained  why  there  wasn’t  competitive  bidding  on  the  basic 
contract. 

In  your  exchange  with  Mr.  Fulton  just  now,  you  mentioned  that 
there  has  been  some  competitive  bidding  by  the  subcontractors  so  far 
as  McDonnell  is  concerned.  Now,  how  have  you  approached  that? 
For  example,  what  policy  have  you  set  so  far  as  McDonnell  taking 
competitive  bids  from  subcontractors? 

Mr.  Low.  In  all  areas,  Mr.  Gurney,  where  we  have  subsystems  that 
are  not  Mercury  subsystems,  McDonnell  went  out  on  competitive  bid. 
For  example,  one  of  the  major  subsystems  is  the  fuel  cell  for  electric 
power  generation.  We  have  to  go  to  a new  system  there  because  of 
the  much  longer  duration.  In  Mercury  as  you  know,  we  use  ordinary 
batteries  which  get  too  heavy  for  long  duration  missions. 

Now  for  the  fuel  cell,  because  it  is  a new  system,  McDonnell  went 
competitively  to  its  subcontractors.  Now  McDonnell’s  way,  and 
all  of  our  contractors’  way,  of  selecting  subcontractors  competitively 
is  very  similar  to  the  Government’s  way  of  selecting  its  prime  contracts. 
They  write  specifications.  Subcontractors  prepare  proposals  to  these 
.specifications  and  they  are  thoroughly  evaluated  on  the  technical, 
management,  and  cost  side  by  McDonnell,  and  finally  McDonnell’s 
evaluation  is  checked  by  NASA  and  certified  as  indeed  an  adequate 
selection  as  a subcontractor. 
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Mr.  Gurney.  How  much  would  you  say  of  the  McDonnell  sub- 
contracting was  not  competitive,  percentagewise  and  dollar  wise? 

Mr.  Fulton  of  Pennsylvania.  I asked  for  the  detail  all  through  that. 

Mr.  Gurney.  Did  you  ask  for  that? 

Mr.  Low.  I don’t  have  that  breakdown  with  me  percentagewise. 

Mr.  Gurney.  One  final  question  on  that  and  I think  this  again  is 
important  on  NASA’s  policy.  Have  you  gone  over  very  carefully 
with  McDonnell  where  there  has  not  been  competitive  bidding  and 
asked  them  why  there  wasn’t  competitive  bidding? 

Mr.  Low.  Yes,  sir. 

Mr.  Gurney.  And  did  you  get  a reasonable  answer? 

Mr.  Low.  Sir,  we  have  to  approve  in  Government  the  so-called 
make-or-buy  policy  of  McDonnell.  By  this  we  mean  that  we  have 
to  approve  specifically  item  by  item  when  they  will  build  things 
themselves,  when  they  will  go  out  and  subcontract  and  when  they  go 
on  subcontract,  whether  by  competition  or  not.  We  have  gone  over 
this  item  by  item  and  specifically  approved  the  whole  make-or-buy 
list. 

Mr.  Gurney.  Could  you  also  give  us  a picture  of  that  when  you 
finish  this  detail  on  the  McDonnell  contract? 

Mr.  Low.  Yes,  sir. 

Mr.  Gurney.  A picture  of  a noncompetitive  subcontracting  and 
why  it  was  noncompetitive? 

Mr.  Low.  If  you  wish,  I could  read  off  a list  of  major  subcontractors, 
and  show  where  these  differ  from  Mercury  subcontractors. 

Mr.  Gurney.  I don’t  think  we  need  to  go  into  it  now  but  I dn 
think  we  should  have  the  information  because  this  is  a very  major 
part  of  this  whole  program  and  certainly  the  competitive  and  non- 
competitive end  of  it  is  extremely  important. 

Mr.  Teague.  Mr.  Casey? 

Mr.  Casey.  You  have  contracted  for  12  Gemini  spacecraft,  and  & 
of  those  12  are  going  to  be  refurbished;  is  that  correct? 

Mr.  Low.  Yes,  sir. 

Mr.  Casey.  Would  you  tell  us  why  you  need  12?  What  happens: 
to  a spacecraft  that  cannot  be  used  on  your  future  flights? 

Mr.  Low.  We  believe  from  our  experience  in  Mercury  that  if  a 
craft  undergoes  a complete  and  full  mission  that  it  cannot  be  reused. 
This  is  because  it  is  used  so  much  during  the  mission.  So  much 
life  is  put  on  each  one  of  the  systems,  on  the  subsystems.  The  en- 
tire external  body  is  seared  by  the  heat  of  reentry.  Any  craft  going 
into  orbit  and  brought  back  would  not  be  safe  for  an  additional 
manned  flight. 

On  the  other  hand,  if  we  should  be  faced  with  an  early  malfunction 
so  that  we  have  to  terminate  a mission  during  the  boost  phase,  where 
the  spacecraft  is  then  not  brought  up  to  the  high  orbital  speed,  then 
we  could  reuse  that  craft. 

For  example,  in  Project  Mercury  on  the  Mercury- Atlas  No.  3 mis- 
sion we  flew  spacecraft  No.  6, 1 believe.  That  mission  was  terminated 
after  about  1 minute,  a little  less  than  a minute.  In  this  case  there 
was  a booster  malfunction.  The  booster  did  not  program  or  steer  on 
its  trajectory  and  the  mission  was  aborted  by  the  safety  officer — this 
was  an  unmanned  flight  of  course — after  something  less  than  a minute 
and  at  an  altitude  of  about  30,000  feet.  The  speed  at  that  time  was 


658 


1964  NASA  AUTHORIZATION 


still  fairly  low.  That  spacecraft  was  refurbished  and  actually  used  in 
the  next  Mercury  flight,  the  MA-4  mission,  which  was  the  first  orbital 
flight. 

We  did  not  feel  and  were  not  able  to  reuse  any  of  the  spacecraft 
that  actually  went  into  orbit.  The  same  philosophy  is  being  employ- 
ed in  Project  Gemini. 

Mr.  Casey.  How  do  you  propose  to  use  these  three  that  you  re- 
furbish? 

Mr.  Low.  They  would  be  used,  and  this  is  now  insurance,  if  you 
will,  against  possible  malfunctions  using  these  highly  complex  boosters, 
they  would  be  used  in  case  there  are  early  aborts,  early  emergencies  in 
a mission.  They  would  be  used  for  repeat  of  the  same  mission  we 
were  unable  to  accomplish.  In  the  same  sense  we  flew  a Mercury- 
Atlas  4 in  the  mission  we  planned  for  Mercury  Atlas  3. 

Mr.  Casey.  Then  it  is  not  definite  that  you  will  refurbish  three  of 
them? 

Mr.  Low.  No,  sir. 

Mr.  Casey.  Now  the  figure  you  gave  a while  back  on  McDonnell’s 
contract,  does  that  remain  about  the  same,  $456  million? 

Mr.  Low.  Yes,  sir. 

Mr.  Casey.  What  does  that  cover? 

Mr.  Low.  This  covers  the  building  of  the  two  spacecraft  modules, 
the  reentry  module  and  adaptor  module.  It  covers  the  building  of 
the  docking  collars  or  docking  adaptors  that  will  be  mounted  on  the 
Atlas-Agena.  It  covers  also  the  support  by  McDonnell  Aircraft 
Corp.  at  Cape  Canaveral  of  the  checkout  of  the  spacecraft  and  covers 
the  aerospace  ground  support  equipment  used  for  the  McDonnell 
checkout. 

Mr.  Ftjlton  of  Pennsylvania.  Did  I understand  you  to  say  that 
actually  John  Glenn  went  up  in  a secondhand  spacecraft? 

Mr.  Low.  No,  sir. 

John  Glenn  went  up  in  the  Mercury-Atlas  6 which  was  a new 
spacecraft. 

Mr.  Fulton  of  Pennsylvania.  So  we  have  never  used  a secondhand 
capsule  for  any  manned  Mercury  flight? 

Mr.  Low.  No,  sir;  we  have  not.  The  reuse  of  Mercury  spacecraft 
was  with  our  Little  Joe  program.  Spacecraft  14  was  flown  twice  on 
Little  Joe  and  Spacecraft  8 was  flown  twice,  and  that  was  on  Atlas  3, 
and  4.  Atlas  5 was  the  chimpanzee  orbit  flight  and  Atlas  6 and  7 and 
8 were  the  three  manned  flights  with  Glenn,  Carpenter,  and  Shepard. 
All  of  these  were  new  spacecraft. 

Mr.  Roudebush.  How  much  slippage  would  we  have  if  we  settled 
on  one  initkl  booster;  in  other  words,  set  the  whole  project  Gemini 
up  on  the  Titan  II  and  forgot  about  the  Atlas? 

Mr.  Low.  It  is  not  a matter  of  slippage,  Mr.  Roudebush,  but  it  is 
a matter  of  the  booster  that  is  most  suitable  for  that  part  of  the 
program. 

Now,  as  far  as  the  manned  part  of  the  Gemini  program  is  con- 
cerned, we  need  the  Titan  II  in  order  to  lift  the  Gemini  spacecraft 
which  weighs  twice  as  much  as  Mercury. 

Mr.  Roudebush.  What  is  the  thrust  on  Titan  II? 

Mr.  Low.  About  430,000  pounds  at  takeoff. 

This  compares  with  360,000  pounds  with  the  Atlas  but  because  the 
Titan  II  is  a two-stage  vehicle  it  has  a capability  of  putting  much 
more  payload  into  orbit  than  the  Atlas. 
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Now,  there  is  no  booster  which  combines  the  Titan  II  and  the 
Agena.  This  would  be  a new  booster  and  it  would  require  major 
developmental  changes  and  major  costs  in  order  to  build  such  a 
booster.  Therefore  in  order  to  launch  the  Agen*i  target  vehicle  into 
orbit  we  are  using  the  Atlas  because  it  has  been  used  in  combination 
in  the  other  programs  like  Ranger  and  Mariner.  It  is  also  being 
used  by  the  military  as  an  Atlas-Agena  booster.  This  is  the  reason 
for  selecting  the  Atlas-Agena  combination. 

Mr.  Roudebush.  Your  first  shots  will  be 

Mr.  Low.  The  first  shot  will  use  only  the  Titan  II.  The  Atlas- 
Agena  will  not  be  used  until  the  rendezvous  missions  which  wifi  be 
later. 

The  Gemini  spacecraft  will  be  mated  only  to  the  Titan  II. 

Mr.  Teague.  What  do  you  anticipate  will  be  the  impact  of  the 
NASA-DOD  agreement  on  the  Gemini  program? 

Mr.  Low.  We  seek  a very  much  closer  cooperation  with  the  Depart- 
ment of  Defense  than  we  have  had  in  the  past. 

We  would  expect  that  we  would  in  the  line  of  scientific  experimenta- 
tion. We  will  fly  in  the  Gemini  program  any  experiments  that  are 
useful  not  only  to  us  but  also  to  the  Department  of  Defense  for 
advanced  technology. 

Mr.  Teague.  You  anticipate  more  flights? 

Mr.  Low.  We  don't  expect  more  flights,  but  we  expect  to  incorpo- 
rate in  our  present  flights  scientific  experiments  that  are  of  joint  use 
both  to  the  Department  of  Defense  and  to  ourselves. 

Mr.  Teague.  Do  you  have  any  questions,  Mr.  Yeager? 

Mr.  Yeager.  Just  a couple,  Mr.  Chairman. 

Can  you  give  us  an  approximation  of  the  operational  costs  for 
carrying  out  each  of  these  eight  rendezvous  Gemini  flights? 

Mr.  Low.  The  operational  costs  for  each  Gemini  flight  is  of  the 
order  of  $3  million  and  this  includes  recovery  operations,  it  includes 
flight  operations,  the  flight  control  that  goes  to  all  of  the  downrange 
stations;  it  includes  Weather  Bureau  support  and  things  like  that. 

Mr.  Yeager.  What  is  the  overlap,  if  any,  between  the  first  manned 
Apollo  flights  according  to  present  schedule  and  the  later  manner 
Gemini  flights? 

Mr.  Low.  There  may  be  about  6 months  overlap  between  th«  last 
Gemini  flights  and  the  first  Apollo  flights  on  Saturn  I. 

However  Apollo  rendezvous  missions  will  not  take  place  until  we 
fly  Apollo  spacecraft  on  top  of  the  Saturn  IB  and  there  will  be  no 
overlap.  In  fact,  I believe  there  will  be  something  like,  a year’s 

tap  between  the  last  Gemini  flight  and  the  first  Saturn  IB  flight  on 
.polio. 

Mr.  Yeager.  I have  one  other  question  on  Gemini. 

In  the  breakdown  you  show  on  page  5 of  volume  II  an  item  of 
“Other,”  $47.7  million.  Can  you  give  us  a little  information  on  that? 

Mr.  Low.  I would  be  happy  to.  The  “Other”  category  I have 
broken  down  in  my  own  notes  under  McDonnell  in-house  effort  and 
McDonnell  subcontracted  effort. 

Under  McDonnell  in-house  effort  it  includes  the  test  site  and  launch 
support  by  McDonnell  and  it  includes  a static  test  program,  a program 
which  we  have  called  Project  Orbit  in  which  a Gemini  spacecraft  will 
be  put  into  an  altitude  chamber  for  periods  of  days  and  weeks  to 
simulate  as  much  of  the  space  environment  on  the  ground  as  we 
possibly  can. 
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I might  point  out  that  it  is  this  same  Project  Orbit  experiment  to 
which  we  can  attribute  to  a large  extent  the  success  of  Project  Mer- 
cury to  this  kind  of  a test  program. 

For  example,  we  identified  in  Glenn’s  flight  difficulties  with  the 
small  hydrogen  peroxide  attitude  control  jets.  As  you  recall,  he 
had  to  go  from  the  automatic  system  to  one  of  the  manual  systems 
because  one  of  the  automatic  jets  malfunctioned.  Between  Glenn’s 
and  Carpenter’s  flights,  we  did  a major  program  of  redesign  of  the 
small  jets,  tested  them  out  in  Project  Orbit  and  then  they  worked  in 
Carpenter’s  and  Schirra’s  flight. 

Other  items  included  under  “Other”  are  the  flight  simulation,  the 
mission  training  aids  that  we  need,  like  the  procedures  training  that 
we  used  for  Project  Mercury,  and  the  engineering  reports,  test  plans, 
specifications,  drawings,  manufacturing  and  quality  assurance  pro- 
cedures. Spare  parts  are  included  under  “Other.”  This  is  for  the 
McDonnell  in-house  effort  and  spare  parts  for  some  of  the  minor  sub- 
contractors that  do  not  fall  in  the  major  subcontractor  areas. 

Mr.  Yeager.  What  is  the  percentage  of  the  subcontractor  total? 

Mr.  Low.  The  total  number  under  “Other”  is  $47.7  million.  Of 
that  $12.1  million  I have  programed  under  subcontractors  and  $35.6 
million,  or  the  balance,  under  McDonnell  in-house  effort. 

Mr.  Yeager.  Thank  you.  That  is  all. 

Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  NASA  and  the  Department  of 
Defense  are  going  to  get  tne  gains  from  the  Gemini  program.  Could 
you  estimate  for  us  with  some  degree  of  certainty  what  the  percentage 
of  benefit  to  each  of  those  two  Government  agencies  will  come  from  the 
Gemini  program?  If  you  cannot  make  such  an  estimate,  could  it 
not  be  said  then  that  as  there  are  no  specific  military  missions  nor 
military  weaponry  systems  for  space  that  there  might  very  well  be 
for  the  security  of  this  country,  that  a fair  division  might  be  about  a 
50-percent  division  between  each  of  the  two  agencies? 

You  are  each  going  to  get  a benefit.  Nobody  on  Earth  can  tell 
you  what  the  benefit  is  going  to  be  in  this  research  and  development. 
Possibly  we  could  just  say  it  might  be  half  a security  benefit  and  half 
a peacetime  uses  of  space  research  and  development  benefit.  I would 
like  your  comment  on  that. 

Mr.  Low.  I would  like  to  comment  this  way.  We  would  have  to 
do  the  Gemini  program,  as  it  now  stands,  even  it  there  were  no  military 
interest  in  it  whatsoever  because  we  need  the  current  and  presently 
outlined  Gemini  program  in  support  of  the  manned  lunar  landing 
program.  In  our  agreement  with  the  Department  of  Defense,  we 
have  firm  agreements  that  all  of  the  things  in  Gemini  that  are  directly 
attributable  to  the  manned  lunar  landing  program  shall  have  top 
priority  in  Gemini. 

Now  on  the  other  hand,  on  each  flight  mission  we  have  the  capa- 
bility of  performing  technological  experiments.  We  have  done  so  in 
Mercury.  We  have  a rather  impressive  list  of  experiments  for  the 
next  Mercury  flights.  Many  of  these  experiments  are  what  you  might 
call  a spin-off  of  the  major  results  we  are  looking  for  and  these  I am 
sure  as  you  point  out,  Mr.  Fulton,  will  be  of  equal  benefit  to  the 
Department  of  Defense  as  they  will  be  to  NASA. 

Mr.  Fulton  of  Pennsylvania.  Isn’t  the  Department  of  Defense 
sort  of  a monkey  on  the  back  of  NASA  in  the  Gemini  research  and 


1964  NASA  AUTHORIZATION  661 

development  program?  The  DOD  is  getting  a free  ride  and  it  is  not 
paying  any  of  the  costs. 

Mr.  Low.  We  are  getting  a tremendous  amoimt  of  support  from 
the  Department  of  Defense  in  all  of  our  space  programs  and  I think 

Mr.  Fulton  of  Pennsylvania.  I hope  they  are  patting  you  on  the 
back  occasionally  and  saying  “Go  ahead.” 

Mr.  Low.  As  you  pointed  out,  I think  all  of  us  are  intensely  in- 
terested in  getting  the  most  out  of  the  space  program  both  for  na- 
tional defense  and  for  peaceful  applications  and,  for  this  reason,  we 
are  pleased  to  support  the  Department  of  Defense  with  whatever  we 
can  give  in  Gemini. 

Mr.  Teague.  Any  other  questions  on  the  Gemini  program? 

Mr.  Low.  May  I go  on  with  Apollo  then? 

Mr.  Teague.  Yes,  but  you  will  not  have  time  to  finish  it. 

Do  you  want  to  go  on  with  it  this  morning  or  would  you  rather  wait 
until  tomorrow? 

Mr.  Fulton  of  Pennsylvania.  We  can  get  through  tomorrow  if  we 
don’t  interrupt  him. 

What  does  the  witness  think?  Will  you  need  today  and  tomorrow 
to  finish? 

Mr.  Patten.  What  does  Mr.  Lilly  think? 

Mr.  Low.  I am  here  at  vour  convenience,  gentlemen. 

Mr.  Teague.  I have  to  leave  about  10  minutes  before  12. 

Mr.  Fulton  of  Pennsylvania.  Why  don’t  we  quit? 

Mr.  Teague.  Will  Mr.  Holmes  be  back? 

Mr.  Low.  I am  sure  he  would  like  to  come  tomorrow. 

Mr.  Patten.  May  I ask  one  question? 

You  let  the  Air  Force  Systems  Command  purchase  the  Titan  II 
for  you,  right? 

Mr.  Low.  That  is  right;  we  are  purchasing  the  Titan  II  from  the 
Air  Force  Space  Systems  Division  of  the  Air  Force  Systems  Command. 

Mr.  Teague.  As  you  did  the  Atlas? 

Mr.  Low.  Exactly  the  same  as  we  did  the  Atlas. 

Mr.  Teague.  We  will  adjourn  until  10  o’clock  tomorrow  morning. 

(Whereupon,  at  11:40  a.m.,  the  committee  was  adjourned,  to 
reconvene  at  10  a.m.,  Wednesday,  April  10,  1963.) 
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WEDNESDAY,  APRIL  10,  1903 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  214-B, 
the  Longworth  Building,  Washington,  D.C.,  at  10  a.m.,  the  Hon. 
Olin  E.  Teague,  chairman,  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

Mr.  Holmes,  we  are  glad  to  have  you  back.  I would  make  one 
suggestion  to  you.  If  you  like  your  job,  vour  substitute,  Mr.  Low, 
did  such  a good  job  yesterday  that  I would  not  stay  away  too  much. 
Be  around  and  keep  the  home  fires  burning. 

STATEMENT  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE 

ADMINISTRATOR  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 

FLIGHT,  NASA,  ACCOMPANIED  BY  WILLIAM  E.  LILLY,  DI- 
RECTOR, PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT, 

AND  GEORGE  M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS) 

Mr.  Holmes.  Thank  you,  Mr.  Chairman. 

Mr.  Teague.  I believe  yesterday  we  reached  Apollo.  Can  some- 
body identify  it  for  us  bookwise?  It  is  volume  II,  RDO  1-10.  Mr. 
Holmes,  I don’t  know  whether  you  were  told  but  the  House  goes  in 
session  at  11  a.m.  so  we  only  have  about  an  hour  this  morning. 

Mr.  Holmes.  Fine.  Thank  you. 

Mr.  Teague.  I think  we  have  a tentative  agreement  that  members 
will  ask  only  the  questions  that  they  consider  very,  very  necessary  and 
essential  so  maybe  we  can  go  a little  faster. 

Mr.  Holmes.  Thank  you,  sir. 

Shall  we  start? 

Mr.  Teague.  Go  ahead. 

Mr.  Holmes.  Mr.  Low  is  prepared  to  discuss  these  figures  in  detail. 
I would  like  to  ask  him  to  do  that  if  that  is  all  right  with  you. 

Mr.  Low.  Mr.  Chairman,  in  the  Apollo  spacecraft  project  that 
starts  on  page  RDO  1-10,  in  volume  II  of  the  budgetary  requests, 
we  have  several  major  categories  which  include  the  Apollo  command 
and  service  modules  produced  by  North  American  Aviation  and  for 
this  we  are  requesting  $661,200,000.  For  the  lunar  excursion  module 
produced  by  the  Grumman  Aircraft  Engineering  Corp.,  we  are  re- 
questing $230  million. 

For  the  guidance  and  navigation  subsystems  for  both  the  command 
and  service  modules  and  the  lunar  excursion  module,  we  are  request- 
ing $130,700,000. 

Mr.  Fulton  of  Pennsylvania.  Could  we  have  a point  there? 
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On  the  Grumman  contract,  it  is  not  a fixed-price  contract,  is  it?  It 
is  a combination  of  the  estimates  to  arrive  at  these  figures.  The 
NASA  estimates  and  judgment  combined  with  the  contractor’s 
estimates  and  judgment? 

Mr.  Low.  Tnat  is  right.  It  is  a cost-plus-fixed-fee  contract. 

Mr.  Fulton  of  Pennsylvania.  So  that  really  the  cost  of  the  contract 
is  not  set;  it  is  in  the  estimate  level.  Is  that  correct? 

Mr.  Teague.  Yes;  beyond  that  it  changes  all  of  the  time;  does  it 
not? 

Mr.  Low.  The  current  contract  with  Grumman  is  based  on  a defined 
statement  of  work,  but  it  is  based,  as  Mr.  Fulton  points  out,  on  an 
estimate  of  the  effort  required  to  produce  the  hardware  with  Grum- 
man. 

Mr.  Fulton  of  Pennsylvania.  You  are  making  it  on  the  best  judg- 
ment and  area  research  on  facts  available  today?  As  the  chairman 
pointed  out,  in  the  future  it  could  go  up  or  down  or  operate  within  a 
certain  area?- 

Mr.  Low.  That  is  right. 

Mr.  Holmes.  That  is  right.  That  is  true  of  the  entire  program, 
with  very  few  exceptions. 

Mr.  Teague,  Take  the  North  American  $661  million.  Would  it 
be  difficult  to  break  that  down? 

For  example,  this  would  show  that  it  goes  to  North  American 
Aviation  in  California,,  Would  it  be  difficult  for  you  to  break  down 
where  the  subcontracts  go  and  how  this  is  spread  across  the  country? 
As  Mr.  Roudebush  says,  there  is  nothing  going  to  Indiana,  so  we 
could  have  some  idea  of  what  goes  on  there. 

Mr.  Low.  I could  read  off  the  list  of  subcontracts  and  indicate 
where  they  are. 

Mr.  Teague.  Just  generally. 

Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  Why  don’t  we  put  it  into  the  record. 

Mr.  T iague.  Let’s  put  it  into  the  record.  The  members  say 
nothin^,  is  going  to  Indiana  and  nothing  to  Pennsylvania.  So  much 
is  going  to  Pennsylvania  that  Mr.  Fulton  is  not  saying  anything 
about  it  any  more. 

f^he  information  requested  is  as  follows:) 


Project  Apollo — Geographical  distribution  of  North  American’s  estimated  funding  for 

fiscal  year  1964  1 


Amount 

State  (tkoutandi) 

Arizona $2,  971 

California 382,500 

Colorado - 2,  700 

Connecticut 27,  700 

Delaware 7 

Florida 21,  800 

Illinois 1,870 

Indiana- 3,  241 

Iowa : 61,  500 

Maryland 1,  800 

Massachusetts--, 21,200 

Michigan - 63 

Minnesota— 75,900 

Missouri 224 

Nevada.  — 78 


Amount 

State  ( thousand* ) 

New  Jersey $3,  610 

New  Mexico 18,  020 

New  York 21,  150 

Ohio 3,  870 

Oklahoma 8,  810 

Pennsylvania 361 

Rhode  Island 15 

Texas 1,  420 

Utah 56 

Virginia — _ 156 

Washington 78 

Wisconsin-. — 100 


Total.. 661,200 


i This  breakdown  shows  only  North  American  Aviation’s  direct  procurements.  It  does  not  show  the 
geographical  distribution  of  the  lower  tier  procurements  which  broaden  the  scope  considerably. 
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Mr.  Roudebush.  I am  not  in  that  status.  I am  still  willing  to 
say  we  are  not  getting  our  share. 

Mr.  Fulton  of  Pennsylvania.  I must  say  about  Pittsburgh,  Pa., 
that  we  are  willing  to  put  up  our  own  money  and  help  develop  instal- 
lations for  NASA  jointly  so  that  we  are  cooperative.  I want  Mr. 
Holmes  to  know  that. 

Mr.  Teague.  But  I don’t  believe  we  are  painting  a fair  picture  of 
the  space  industry  in  the  country  by  the  way  we  attribute  everything 
to  the  prime  contractor. 

Mr.  Low.  Approximately  50  percent  of  the  effort  at  North  Amer- 
ican is  being  subcontracted. 

Mr.  Fulton  of  Pennsylvania.  It  is  nice  to  be  a prime  contractor, 
let’s  face  it. 

Mr.  Teague.  If  you  could  put  that  in  the  'record,  I would  appre- 
ciate it. 

Mr.  Low.  I would  be  happy  to  provide  that. 

Going  on,  on  page  RDO-1-10,  the  next  category  we  have  is  instru- 
mentation and  scientific  equipment. 

Mr.  Teague.  Can  you  say>  who  has  the  guidance  navigation  sys- 
tem? Is  it  MIT? 

Mr.  Low.  MIT  is  the  associate  contractor  to  North  American  and 
Grumman  for  the  design  and  engineering  and  production  of  initial 
prototype  units  of  the  guidance  and  navigation  systems. 

Mr.  Teague.  Is  this  an  associate  contract  or  subcontract? 

Mr.  Low.  An  associate  contract  is  held  directly  by  NASA. 

It  is  not  a North  American  or  Grumman  subcontract.  The  equip- 
ment is  then  furnished  to  North  American  and  Grumman  for  instal- 
lation, but  the  funding,  for  example,  for  this  contract  goes  directly 
from  the  Government  to  MIT  ana  its  industrial  support  contractors. 

The  industrial  support  contractors  in  the  guidance  and  navigation 
area  are  the  A.C.  Sparkplug  Division  of  General  Motors  for  the  in- 
ertial platform,  the  Raytheon  Corp.  for  the  guidance  computer,  and 
Kollsman  Co.  for  the  optical  part  of  the  guidance  system. 

The  instrumentation  and  scientific  equipment  is  research  and  de- 
velopment equipment  installed  in  the  spacecraft  for  test  purposes. 
This  equipment  is  being  procured  directly  by  the  Manned  Space- 
craft Center  in  Houston  and  furnished  to  our  contractors  for  instal- 
lation in  the  spacecraft. 

The  next  category  is  “Operations.” 

Mr.  Yeager.  May  I ask  a question  before  you  leave  the  LEM? 
I think  in  the  testimony  it  is  indicated  that  about  $135  million  of 
this  fiscal  year  1964  figure  is  for  Grumman.  Can  you  tell  us  what  the 
balance  is? 

Mr.  Low.  $134.1  million  of  the  $330  mil1  ion  is  assigned  to  Grum- 
man within  the  present  scope  of  the  negotiated  contract  with 
Grumman. 

In  addition  to  that,  we  have  programed  $89  million  for  additional 
effort  that  was  not  identified  within  the  Grumman  contract  at  the 
time  of  the  contract  definitization  and  $6.9  million  for  Government- 
furnished  equipment. 

Mr.  Fulton  of  Pennsylvania.  On  those  contracts,  can  you  give  us 
your  cashbox  budget  as  distinguished  from  vour  obligation  budget? 

Put  it  in  the  record.  I would  like  to  have  the  times  when  you  are 
going  to  actually  need  the  money. 
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Mr.  Low.  Yes,  sir ; we  would  be  happy  to  provide  that.  Did  that 
answer  your  question,  Mr.  Yeager? 

(The  information  requested  is  contained  in  table  G on  p.  612.) 

Mr.  Yeager.  I was  not  quite  sure  what  the  $89  million  means. 

Mr.  Low.  The  $89  million  includes  things  like  special  test  equip- 
ment, support  at  the  White  Sands  Missile  Range  for  testing,  addi- 
tional ground-support  equipment,  a special  test  vehicle  for  tests  at 
White  Sands,  and  a provision  for  changes  of  scope  that  have  been 
identified  by  the  Government  but  have  not  yet  been  negotiated  into 
the  Grumman  contract.  The  Government-furnished  equipment 
includes  propellants,  primarily  for  testing. 

Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  I have  not  seen  in  the  testimony  so 
far  any  comments  about  when  you  might  have  money  unobligated  or 
unspent  from  the  1963  fiscal  year  budget:  Could  you  supply  that 

for  the  record  as  to  }xour  finishing  out  the  1963  fiscal  year  budget  on 
your  program  plans? 

Mr.  Low.  We  can  provide  that  for  the  record.  Our  current 
obligational  plan  indicates  that  all  of  the  funding  authorized  for 
fiscal  year  1963  will  be  obligated  before  the  end  of  this  year. 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  have  that  in  the 
record. 

(The  information  requested  is  as  follows:) 

The  fiscal  year  1963  obligational  plan  for  Project  Apollo  is  as  follows: 

First  quarter $112,  535,  000 

Second  quarter . 37,850,000 

Third  quarter.  j 169,  651,  000 

Fourth  quarter 115,  748,  000 

Total ... 435,784,000 

Mr.  Teague.  And  I would  like  to  suggest  that  go  in  back  where 
Mr.  Holmes  first  started  discussing  that. 

Mr.  Fulton  of  Pennsylvania.  Likewise,  your  cashbox  budget  that 
you  are  putting  the  money  out.  I would  like  to  know  when  you  are 
coming  up  with  the  actual  payment  on  the  contracts. 

Mr.  Low.  Yes,  sir.  Shall  I go  on? 

Mr.  Teague.  Yes. 

Mr.  Low.  The  next  line  item  is  called  “Operations”  and  $16  million 
is  requested.  This  is  further  broken  down  on  page  6 of  volume  V 
into  “Flight  Operations”  for  $5  million,  “Recovery  Operations”  for 
$9  million,  and  “Flight  Crew  Operations,”  the  training  equipment  for 
astronauts,  for  $2  million.  The  total  line  item  is  $16  million. 

In  the  category  of  launch  vehicles,  we  are  budgeting  under  the 
Apollo  spacecraft  program  for  the  Little  Joe  II  launch  vehicle  which 
will  be  used  later  this  year  and  next  year  for  preliminary  flight  testing 
of  Apollo  command  and  service  modules  at  the  White  Sands  Missile 
Range. 

Mr.  Roudebush.  Could  you  give  us  the  number  of  these  vehicles? 
In  other  words,  the  number  of  Little  Joes  and  the  Saturns. 

Mr.  Low.  In  this  year's  budget  we  are  requesting  funding  for  four 
Little  Joe  vehicles,  partial  funding  for  six  Saturn  I vehicles  and  partial 
funding  for  three  Saturn  I-B  vehicles. 

I should  point  out  that  in  the  category  of  the  Saturn  vehicles  the 
development  of  these  boosters  is  carried,  in  our  launch  vehicle  and 
propulsion  budget  which  will  be  discussed  here  in  subsequent  days. 
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In  the  spacecraft  budget  we  are  requesting  funds  for  the  Saturn 
launch  vehicles  beyond  those  needed  in  the  initial  development 
program.  For  example,  the  Saturn  that  was  launched  successfully 
2 weeks  ago  was  a developmental  test  vehicle.  It  is  not  carried  in  the 
spacecraft  budget.  All  Saturn  I’s  beyond  the  10th  vehicle  will  be 
classified  as  so-called  operational  vehicles  and  they  will  be  budgeted 
in  the  spacecraft  budget  because  they  will  be  used  in  spacecraft 
testing. 

For  the  Little  Joe  II  vehicle  we  are  requesting  $5  million  this  year; 
$75  million  for  Saturn  I;  and  $55  million  for  the  Saturn  I-B’s,  for  a 
total  of,  $135  million  in  the  area  of  launch  vehicles. 

Mr.  Fulton  of  Pennsylvania.  Did  the  Little  Joe  II  program  go  up 
by  500  over  the  last  year,  1963? 

Mr.  Low.  In  1963  we  started  the  contract.  It  was  not  funded  for 
the  full  year  but  was  for  the  initial  development  and  production  of  the 
vehicles.  In  1964  we  are  requesting  funds  for  production  of  the 
vehicles  that  will  be  flown  in  1964  and  early  1965  and  for  the  opera- 
tional support  of  these  vehicles  at  the  White  Sands  Missile  Range. 

Mr.  Fulton  of  Pennsylvania.  Has  your  late  start  on  the  Little  Joe 
II  program  caused  you  to  put  off  spending  any  money? 

Mr.  Low.  No,  sir;  we  are  on  schedule  on  the  Little  Joe  II  program 
and  the  first  vehicle  is  now  in  its  final  stages  of  test,  scheduled  for 
launching  at  White  Sands  this  summer.  It  was  a very  rapid  devel- 
opment program  and  it  is  on  schedule  now,  as  I pointed  out. 

Mr.  Fulton  of  Pennsylvania.  What  would  happen  if  you  got  the 
same  money  as  last  year,  $4.5  million,  for  the  Little  Joe  II  program? 

Mr.  Low.  It  would  delay  the  initial  test  program  of  the  Apollo 
spacecraft  hardware  and  this  might  then  delay  all  of  the  other  steps 
in  the  Apollo  program  because  these  initial  tests  are  really  some  of 
the  most  important  ones  we  are  performing. 

Mr.  Fulton  of  Pennsylvania.  How  much  would  $500,000  out  of 
this  item  delay  the  Apollo  program? 

Mr.  Low.  I would  have  to  provide  that  number  for  the  record. 

Mr.  Holmes.  It  is  very  difficult  to  give  you  an  answer  for  the  record 
because  if  we  had  to  lose  $500,000  out  of  the  budget,  I would  not  take 
it  out  of  the  Little  Joe  II  area.  I would  take  it  out  someplace  else 
and  it  would  be  just  a delay  in  the  program  of  $500,000  which  we 
need  for  the  coming  year.  It  would  be  difficult  to  answer  it  applied 
to  this  because  we  would  have  to  balance  it  against  the  total  program. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Low  has  made  a statement  as  to 
the  Apollo  program,  and  when  you  effect  the  lead  item,  I think  we 
should  know  what  it  means  in  point  of  time. 

I think  he  may  answer  later  on  that. 

Mr.  Waggonner.  What  Mr.  Holmes  is  saying  is  that  if  NASA  is 
faced  with  the  $500,000  reduction,  it  is  going  to  reduce  it  somewhere 
else  rather  than  here  because  this  is  a lead  item. 

Mr.  Holmes.  Yes;  and  if  I did  not  balance  each  program  area 
carefully,  I would  not  be  fulfilling  my  responsibility  as  a program 
manager. 

Mr.  Waggonner.  These  are  things  you  have  to  do  first. 

Mr.  Holmes.  Yes.  We  can  give  you  that  answer,  but  it  is  sort  of 
hypothetical. 

Mr.  Fulton  of  Pennsylvania.  I want  to  know  how  much  it  would 
delay  it,  not  that  you  marshal  funds  from  some  place  else  but  if  this 
cut  is  made,  I think  we  should  justify  it. 
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Mr.  Holmes.  We  can  get  you  that  information. 

Mr.  Fulton  of  Pennsylvania.  If  you  had  the  same  amount  as  last 
year,  what  effect  would  it  have?  That  is  a very  logical  question. 

(The  information  requested  is  as  follows:) 

In  all  probability,  no  reduction  would  be  absorbed  in  the  Little  Joe  II  program. 
Little  Joe  II  is  NASA’s  cheapest,  most  convenient  method  for  obtaining  reliable 
flight  data  on  the  operational  aspects  of  the  critical  crew  safety  systems  (the 
launch  escape  system  and  the  earth  landing  system)  and  the  structural  integrity 
of  the  spacecraft.  The  early  shots  of  Little  Joe  II  are  specifically  devoted  to  the 
abort  system  essential  to  crew  survival,  and  utilize  production  subsystems 
mounted  in  boilerplate  spacecraft.  Later  flights  are  to  be  used  to  verify  the  flight 
worthiness  of  the  actual  spacecraft  structure  under  maximum  load  conditions 
and  qualify  the  mission  abort  and  earth  landing  systems. 

Theoretically,  the  impact  of  a $500,000  reduction  would  be  to  delay  the  pv  -^hase 
of  Little  Joe  II  No.  6 until  fiscal  year  1965.  This  effect  would  cause  a schedule 
delay  of  2 months  in  launching  the  structural  qualification  test  at  high  dynamic 
pressure  of  airframe  No.  002.  As  a direct  consequence,  the  first  manned  flight 
would  also  slip  2 months. 

Mr.  Low.  The  remaining  item  in  the  Apollo  category  is  supporting 
development  which  includes  those  contracts  that  are  not  directly  in 
line  with  our  major  Grumman  and  North  American  contracts. 

For  example,  under  supporting  development  we  purchased  the 
wind  tunnel  test  models  and  we  purchased  time  in  several  wind 
tunnels.  Our  propellants  for  the  command  module  testing  is  carried 
under  supporting  development. 

Mr.  Fulton  of  Pennsylvania.  Why  was  it  necessary  to  increase 
this  particular  item  fivefold  for  support  and  development  between 
fiscal  years  1963  and  1964?  The- amount  goes  from  $5  million  to 
$25  million. 

You  might  comment  as  to  what  you  want  next  year.  There  is  a 
fourfold  increase  between  fiscal  years  1962  and  1963,  and  then  a 
fivefold  increase  between  fiscal  years  1963  and  1964.  This  raises  a 
question  as  to  what  fiscal  years  1965  and  1966  will  be. 

Mr.  Low.  One  of  the  major  reasons  for  the  increase  from  1963  to 
1964  is  the  fact  that  we  are  getting  in  the  Apollo  program  in  fiscal 
1964  into  the  major  developmental  testing  and  insofar  as  the  wind 
tunnel  testing,  the  Little  Joe  testing,  and  the  propulsion  testing  are 
concerned,  this  will  be  the  peak  year  in  fiscal  1964. 

Mr.  Fulton  of  Pennsylvania.  Then  what  would  1965  be  and  1966? 

Mr.  Low.  My  preliminary  estimate  for  1965  is  that  there  would 
be  no  increase  in  this  line  item  on  1964. 

Mr.  Waggonner.  Isn’t  it  true  you  will  be  getting  into  the  fabrica- 
tion of  your  ground  support  equipment  in  fiscal  year  1964?  You 
will  have  finished  the  preliminary  design  of  the  ground  support 
equipment,  and  you  will  actually  begin  to  fund  for  the  fabrication 
and  testing  phase? 

Mr.  Low.  That  is  right.  Fiscal  1964  in  general  terms  in  the 
Apollo  program  is  considerably  higher  than  1963  because  we  are 
entering,  as  you  point  out,  the  fabrication  and  testing  phase,  whereas 
1963  was  the  phase  for  design  and  engineering  and  the  construction 
of  mockups. 

Mr.  Teague.  Just  where  does  the  money  for  the  General  Electric 
contract  appear  in  the  budget? 

Mr.  Low.  Their  money  appears  in  the  budget  under  major  cate- 
gories entitled  “Integration  and  Checkout” and  “Systems Engineering.” 
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Mr.  Holmes.  “Integration  and  Checkout”  starts  on  RDO  4-1 
and  “Systems  Engineering”  starts  on  RDO  5-1.  Both  are  in  volume 
II  of  the  fiscal  year  1964  budget  book. 

Mr.  Teague.  We  will  get  to  that  later. 

Mr.  Low.  Yes,  sir. 

Mr.  Holmes.  This  supporting  development  does  include  such 
things  as  propellants  for  the  service  module  and  parachute  drop 
tests.  As  the  testing  program  during  this  fiscal  year  has  increased, 
these  dollars  have  gone  up. 

I agree  with  Mr.  Low  that  it  is  going  to  be  nowhere  near  a '5-to-l 
increase.  I don’t  know  whether  or  not  there  will  be  some  increase, 
but  I would  expect  it  to  stay  at  about  the  same  level  for  next  year. 

Mr.  Fulton  of  Pennsylvania.  Have  you  spent  your  R.  & D.  facili- 
ties money  for  fiscal  year  1963? 

What  facilities  remain  to  be  constructed  or  paid  for? 

Mr.  Low.  The  facilities  in  fiscal  year  1963  were  test  facilities  at 
the  North  American  plant  in  Downey,  and  the  propulsion  facility  for 
the  service  module  propulsion  system  at  White  Sands  Missile  Range. 
All  of  these  facilities  are  now  under  design  and/or  construction. 
Perhaps  Mr.  Lilly  can  state  whether  the  money  will  be  spent  in  full 
by  the  end  of  this  year. 

Mr.  Lilly.  The  current  plans,  Mr.  Fulton,  are  that  these  funds 
will  be  fully  obligated  this  year.  In  terms  of  actual  cash  flow  from 
the  treasury,  I would  have  to  supply  that  information  for  you,  sir. 

Mr.  Fulton  of  Pennsylvania.  The  funds  that  you  have  programed 
for  facilities  in  the  fourth  quarter  of  a fiscal  year  can  probably  be 
programed  ahead  so  that  they  could  very  well  go  over  into  the  first 
quarter  of  the  succeeding  fiscal  year  since  we  are  looking  ahead  a 
period  of  15  or  16  months. 

Mr.  Lilly.  Not  in  many  cases.  When  we  program  funds  for 
obligation  in  the  last  quarter  of  the  fiscal  year,  we  must  have  the 
cash  and  essentially  place  it  in  escrow  when  the  contract  is  let. 
Practically  all  of  our  facilities  contracts  are  fixed-price  contracts. 
The  actual  cash  vouchers  come’ later,  but  the  full  amount  must  be 
put  aside  as  a full  obligation  at  the  point  we  award  the  contract. 

Mr.  Fulton  of  Pennsylvania.  That  is  a legal  requirement? 

Mr.  Lilly.  That  is  correct,  sir. 

Mr.  Fulton  of  Pennsylvania.  Then  it  would  take  a reprograming 
of  your  facilities  if  this  committee  recommended  that  you  come  up 
with  a stretchout  of  the  program  in  the  third  an,cl  fourth  quarters 
for  economy  reasons? 

Mr.  Lilly.  That  is  correct.  We  would  either  have  to  reprogram 
funds  or  delay  awarding  contracts,  which  would  in  turn  delay 
construction. 

Mr.  Fulton  of  Pennsylvania.  There  has  been  no  delay  on  the 
Apollo  program  for  budgetary  reasons  insofar  as  the  construction  of 
the  facilities  is  concerned? 

Mr.  Lilly.  No,  sir;  there  has  not. 

Mr.  Teague.  Has  there  been  any  delay  in  the  Apollo  program 
because  of  funding  problems  of  any  kind? 

Mr.  Lilly.  I wul  defer  to  Mr.  Holmes  on  this  point. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Holmes  is  an  expert  on  that. 

Mr.  Holmes.  The  program  would  go  faster  if  we  had  had  more 
money,  yes.  Whether  there  is  a delay  or  not,  I think  it  is  a matter  of 
how  one  interprets  it. 
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My  personal  interpretation  is  that  the  schedule  has  not  slipped  but 
that  the  rate  would  be  faster  if  we  had  more  money. 

Mr.  Teague.  Let  me  understand  what  you  3aid. 

You  say  that  the  program  is  on  schedule  and  that  it  has  not  been 
delayed  because  of  money,  but  that  if  you  had  more  money  the 
program  would  have  gone  faster. 

Mr.  Holmes.  Yes,  sir.  The  reason  that  those  statements  are 
consistent  is  that  we  are  at  the  formative  stage  of  the  program.  In 
other  words,  we  had  to  establish  the  schedules  on  a later  time  scale 
than  we  would  have,  had  there  been  more  money  available. 

Mr.  Gurney.  I hate  to  admit  this,  but  I swear  there  has  been 
testimony  that  if  you  had  more  money  you  could  not  have  spent  it. 

Mr.  Holmes.  That  is  just  not  a statement  of  fact  if  it  were  made. 

Mr.  Teague.  I think  it  has  been  made  by  people  much  further 
down  the  ladder  than  Mr.  Holmes.  They  were  speaking  of  certain 
items  or  certain  centers  and  not  of  the  overall  program. 

Mr.  Gurney.  Specifically,  how  could  it  have  been  speeded  up  had 
you  had  more  money  to  spend?  Where  could  the  program  have 
gone  faster? 

Mr.  Holmes.  The  facts  are  that  in  order  to  live  within  the  dollars 
available  we  cut  back  overtime  to  essentially  zero  and  stretched  out 
every  major  project  in  the  Saturn  and  Apollo  program.  We  actually 
reprogramed  what  was  being  done  in  these  areas  in  order  to  live  within 
the  funds. 

Mr.  Fulton  of  Pennsylvania.  I think  the  chairman  and  I can 
comment  on  that  as  to  the  funding  during  the  past  fiscal  year.  It  did 
become  tighter.  It  was  once  thought  there  ought  to  be  something 
done. 

Mr.  Teague.  Well,  the  fact  of  the  matter  is  you  would  have  liked 
to  have  had  about  $500  million  more  in  the  past  year. 

We  know  you  have  superiors  in  NASA,  Mr.  Holmes,  and  we  know 
you  have  to  support  them,  but  this  is  just  a matter  of  fact. 

Go  ahead,  Mr.  Low. 

Mr.  Low.  Our  total  request  for  the  Apollo  budget  for  the  R,  & D. 
direct  charges  is  $1,207,400,000. 

In  addition  to  that,  we  have  carried  and  prorated  against  the  Apollo 
program  $29,728,000  for  personnel  costs,  and  $26,020,000  for  operation 
of  tire  installations,  for  a total  request  of  $1,263,148,000. 

Mr.  Fulton  of  Pennsylvania.  Can  you  prorate  that  figure  of 
$1,263,148,000  with  the  figure  on  page  6 of  the  volume  V supplemental 
data  book  where  it  says  1964,  $1,556,500  for  a total  direct  R.  & D. 
cost? 

If  you  want  to  do  it  later,  that  is  all  right. 

Mr.  Low.  I believe  that  total  includes  also 

Mr.  Lilly.  I will  answer  that. 

The  figure  of  $1,556,600,000,  Mr.  Fulton,  represents  the  total  direct 
R.  & D.  category  for  manned  spacecraft  systems.  It  appears  in 
volume  II  of  the  fiscal  year  1964  budget  book,  page  RDOl-1.  The 
total  figure  includes  the  items  for  “Supporting  Research  and  Tech- 
nology” ($21.1  million);  “Gemini”  ($306.3  million);  “Apollo”  ($1,207.4 
million) ; and  the  'Mission  Control  Cepter  Operations”  ($21.8  million). 

These  items  total  the  $1,556,600,000  of  direct  R.  & D.  costs  re- 
quested for  fiscal  1964. 

Mr.  Fulton  of  Pennsylvania.  Then  on  page  RDOl-10,  you  have 
also  added  personnel  costs  on  to  operation  of  installations. 
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Mr.  Holmes.  Yes,  sir;  that  is  correct,  and  the  figure  that  correlates 
I think  on  page  6 of  volume  V is  the  figure  under  total  for  Apollo  of 
$1,207,400,000,  which  agrees,  I believe,  with  RDOl-1  for  the  total 
direct  R.  & D.  cost,  exclusive  of  personnel  and  other  operations. 

Mr.  Fulton  of  Pennsylvania.  You  have  a “Mission  Control  Cen- 
ter Operation”  figure  of  $21,800,000  which  is  separate  from  the 
“Operation  of  Installations,”  figure  of  $26,020,000? 

Mr.  Holmes.  Completely  separate;  yes. 

Mr.  Fulton  of  Pennsylvania.  What  is  the  difference  between  the 
two? 

Mr.  Low.  On  page  RDO-1-21  we  have  a complete  description  of 
the  budget  line  item  for  the  “Mission  Control  Center.” 

Mr.  Fulton  of  Pennsylvania.  We  will  go  into  it  at  that  time. 

Mr.  Low.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Why  has  “Mission  Control  Center 
Operations”  gone  up  from  $10,500,000  in  1963  to  $21,800,000  in  1964? 

Look  at  the  operation  of  installations;  this  goes  from  $12,845,000 
in  1963  to  $26,020,000  in  1964.  What  is  the  reason  for  these  in- 
creases? 

Mr.  Low.  Perhaps  the  terminology  we  use,  “Mission  Control  Cen- 
ter Operation,”  is  a misnomer.  The  mission  control  center  in  Houston 
is  being  funded  in  two  budgetary  categories,  the  construction  of 
facilities  budget  for  the  actual  building  and  the  equipment  that  goes 
into  that  building,  and  in  the  R.  & D.  budget"  for  the  rental  of  the 
major  computer  complex  that  has  to  go  into  this  mission  control 
center,  for  the  operation  of  these  computers,  and  for  the  technical 
services  provided  by  our  contract  to  the  Philco  Corporation. 

The  mission  control  center  effort  in  Houston  was  only  started  within 
the  last  3 or  4 months.  We  are,  therefore,  only  funding  about  half  a 
year’s  effort  in  fiscal  year  1963.  We  are  funding  a full  year’s  effort 
in  fiscal  1964. 

Mr.  Fulton  of  Pennsylvania.  So  whet  should  the  caption  be? 

Mr.  Holmes.  Just  drop  off  the  “Operations,”  is  what  I would  do 
and  just  call  it  “Mission  Control  Center.” 

It  would  be  consistent  with  command  and  service  module  and  lunar 
service  module. 

Mr.  Fulton  of  Pennsylvania.  Is  it  really  construction,  or  is  it 
getting  the  facilities  ready  for  operation? 

Mr.  Holmes.  Yes;  it  is  not  construction  of  facilities;  it  is  the 
construction  of  hardware,  the  design  of  hardware  and  development  of 
that  center,  as  these  other  things  are  related  to  development  of 
spacecraft. 

Mr.  Fulton  of  Pennsylvania.  What  can  you  give  us  as  a figure 
on  that? 

Mr.  Holmes.  I would  suggest,  Mr.  Fulton,  that  when  we  turn  to 
that  item  we  could  discuss  that  in  full  detail  and  then  give  you  that 
answer. 

Mr.  Fulton  of  Pennsylvania.  All  right. 

Mr.  Holmes.  I think  that  when  we  are  through  with  this  page 
we  could  move  over  to  that  item.  It  is  the  next  item. 

Mr.  Teague.  I am  not  quite  through  with  that  page. 

Suppose,  Mr.  Holmes,  that  the  $1,207,400,000  was  cut  10  percent. 
What  reprograming  would  you  do?  Would  you  comment  as  to  a cut 
of  that  kind? 
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(The  information  requested  is  as  follows:) 

The  impact  of  a 10-percent  reduction  in  the  fiscal  year  1964  Apollo  spacecraft 
budget  request  on  Apollo  schedules  would  require  major  detailed  reprograming 
and  reassessment  of  all  other  program  elements,  such  as  the  launch  vehicle  de- 
velopment of  Saturn  I,  IB,  and  V and  all  ground  test  and  launch  facilities  to 
accurately  forecast  total  program  impact.  Any  reprograming  would  have  to 
be  analyzed  across  the  whole  project  scope  to  insure  a balanced  and  integrated 
effort  for  the  stretch  out  of  vehicles,  spacecraft,  and  facilities,  and  the  proper 
emphasis  of  the  most  critical  elements  of  the  program. 

The  effect  of  an  artificial  10-perceht  reduction  on  the  spacecraft  effort  alone 
would  be  to  delay  the  long  lead  spacecraft  procurement  scheduled  for  Saturn  IB 
and  Saturn  V spacecraft  flights.  This  action  would  delay  the  Saturn  IB  rendez- 
vous flights  by  3 to  4 months,  with  comparable  delays  for  the  Saturn  V lunar 
flights. 

Mr.  Holmes.  I think  the  direct  effect  of  that  cut  would  be  to 
delay  the  schedule.  The  schedule  would  be  delayed  by  the  amount 
of  time  necessary  to  offset  the  spending  rate  we  have  during  that 
period  and  to  achieve  a reorientation  of  the  program. 

Where  we  would  take  the  money  in  order  to  balance  the  program, 
I would  have  to  look  in  detail  before  I could  give  you  an  answer. 
I suspect  that  part  would  come  out  of  Apollo  and  part  would  come 
out  of  Saturn. 

I doubt  that  we  would  cut  Gemini  because  we  need  that  data  as 
rapidly  as  we  can  get  it,  since  it  may  well  have  an  impact  on  the 
Apollo  design. 

Mr.  Teague.  You  are  saying  that  it  would  definitely  delay  the 
Apollo  program? 

Mr.  Holmes.  Yes,  sir:  definitely  delay  it.  There  are  no  duplicate 
or  redundant  key  developments  to  my  knowledge  underway  that 
one  could  just  drop  off  and  take  perhaps  greater  risks,  let’s  say,  in 
development  success. 

Since  we  have  a single  thread  program,  if  you  will — single  develop- 
ment— and  each  thread  is  needed  m order  to  carry  on  the  program 
the  only  alternative  I know  to  having  fewer  funds  is  either  to  operate 
more  efficiently  or  to  slow  down  the  • rogram. 

Since  we  are  doing  our  very  besf  / ow  to  operate  with  maximum 
efficiency  and  are  working  hard  r,  this  with  our  contractors,  I am 
not  optimistic  that  we  can  achieve  savings  in  that  way  from  a practical 
standpoint,  over  and  above  wt  it  I consider  a minimum  budget  as 
presented  here. 

Mr.  Teague.  Would  you  f raiment  on  the  amount  of  this 
$1,207,400,000  that  is  committed  in  the  best  judgment  of  NASA  and 
industry? 

Mr.  Holmes.  You  do  njt  mean  committed  in  the  accounting 
sense— you  mean  committed  in  terms  of  being  programed? 

Mr.  Teague.  Programed. 

Mr.  Holmes.  Yes,  sir;  $1,207,400,000  worth, 

Mr.  Teague.  All  of  it? 

Mr.  Fulton  of  Pennsylvania.  Could  I ask  a question? 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Following  the  chairman's  comments, 
there  has  been  testimony  that  you  have  succeeded  on  your  estimates 
of  contracts  of  coming  within  about  10  percent  of  the  actual  figure. 
This  you  thought  was  a pretty  good  prediction  record  or  performance 
recora.  Do  you  think  you  can  come  within  the  same  10  percent  on 
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the  estimates  of  contracts  that  are  included  in  this  figure  of 
$1,207,400,000? 

Mr.  Holmes.  Sir,  if  I recall  correctly,  I think  that  the  10  percent 
to  which  I was  referring  was  the  extent  of  overall  reprograming 
necessary.  I believe  that  the  exact  percentage  ran  about  7.5.,  which 
I thought  was  pretty  good  performance.  I was  not  thinking  in  terms 
of  our  performance  on  contracts,  which  has  not  been  that  good,  as 
you  are  well  aware.  I wanted  to  clarify  this  in  my  answer. 

Mr.  Fulton  of  Pennsylvania.  I could  think  of  some  that  went  up 
$40  or  $50  million  a year  but  I am  not  picking  the  extreme. 

I am  taking  a judgment  level  which  is  an  overall  general  premise 
or  base  from  past  history,  and  I am  then  projecting  this,  as  is  often 
done  in  business,  for  the  coming  year.  Can  you  come  up  within  that 
strict  limit  on  your  margins  of  estimating?  Can  you  get  it  within 
10  percent? 

Mr.  Teague.  Actually  you  are  about  15  or  20  percent  short  last 
year. 

Mr.  Holmes.  Yes.  I think  from  the  standpoint  of  a total  repro- 
graming within  Apollo,  which  was  about  3 percent  last  year,  or  a 
total  reprograming  within  a spacecraft  development  or  Saturn 
development,  which  was  about  10  to  12  percent,  depending  upon  the 
area,  tnat  we  probably  will  be  able  to  do  that  this  year. 

In  terms  of  staying  within  that  rate  on  our  contract  estimates,  I 
very  much  doubt  that  our  estimates  are  quite  that  good. 

Mr.  Fulton  of  Pennsylvania.  The  point  is  then  that  you  do  have 
thisleeway  that  you  have  been  able  to  live  with  so  far  at  a 15  to  20 
percent  rate  is  concerned,  as  the  chairman  pointed  out.  My  point 
was  specifically  that  can  you  come  within  10  percent  of  your  estimates? 
Are  we  asking  too  much  by  saying  to  you  that  you  should  live  within 
a 10  percent  variation  on  your  estimates? 

Mr.  Holmes.  I don’t  think  you  are,  in  relation  to  reprograming 
between  elements.  As  far  as  the  total  dollar  expenditures  is  con- 
cerned, of  course  we  have  to  live  within  the  total  or  seek  supplementals. 
I do  think  we  can  be  more  optimistic  about  our  contractor  estimates 
in  fiscal  1964  than  we  could  be  in  fiscal  1963  because  we  have  defini- 
fcized  or  defined  the  programs  to  a greater  extent. 

Mr.  Fulton  of  Pennsylvania.  And  have  you  held  your  construction 
of  facilities  estimates  pretty  much  the  same? 

Fiscal  year  1963  is  $776,237,000,  and  in  fiscal  year  1964  it  is  $800 
million,  it  looks  as  if  $800  million  is  a rounded  figure.  Isn’t  that 
right? 

Mr.  Holmes.  I don’t  think  it  is  rounded  figure. 

It  is  the  total  NASA  figure.  The  manned  space  flight  figure  was 
in  the  order  of  $600  million,  as  I recall. 

Mr.  Lilly.  On  our  manned  space  flight  facilities  this  fiscal  year, 
the  figure  is  $564  million — $564,538,000,  as  I recall  it. 

Mr.  Fulton  of  Pennsylvania.  On  these  facilities,  if  you  do  not 
have  the  money,  you  can  just  give  a letter  of  intent  on  a contract 
with  later  performance;  can’t  you? 

Mr.  Lilly.  On  facilities  contracts,  if  we  do  not  have  the  money, 
we  can’t  do  anything.  We  can't  go  out  on  bid. 

Mr.  Fulton  of  Pennsylvania.  The  Army  engineers,  of  course,  are 
handling  the  contract  work? 
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Mr.  Lilly.  That  is  correct.  Our  normal  procedure,  Mr.  Fulton, 
is  to  transfer  the  funds  to  the  Corps  of  Engineers  before  bids  are 
requested. 

Mr.  Fulton  of  Pennsylvania.  That  puts  you  to  the  choice  of  either 
having  to  postpone  construction  or  to  make  a partial  contract? 

Mr.  Lilly.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Could  you  make  partial  contracts? 

Mr.  Lilly.  Not  very  well.  There  are  certain  contracts  as  you 
know,  lik^  on  the  large  facilities,  such  as  launch  complex  39  where  the 
overall  work  is  broken  down  into  many  different  but  interrelated 
parts.  We  can  contract  for  certain  portions,  but  any  fixed  contract 
on  facilities  must  be  a completely  defined  facility  or  a portion  thereof. 

Mr.  Fulton  of  Pennsylvania.  This  is  by  virtue  of  NASA  policy, 
not  necessarily  by  law. 

You  don’t  have  to  have  a cafeteria  in  the  Merritt  Island  industrial 
complex  at  a certain  point  of  time,  do  you?  We  are  not  always 
talking  of  facilities  that  will  hold  a missile  on  the  pad. 

Mr.  Holmes.  No;  but  as  you  well  know,  with  your  industrial 
experience,  a cafeteria  or  other  support  items  can  be  just  about  as 
important  as  a holddown  clamp  for  a missile  in  order  to  have  the 
people  there  work  efficiently,  without  traveling  long  distances  and  so 
forth  to  get  the  work  done. 

I agree  it  is  not  quite  as  definitive  to  the  last  month,  but  it  certainly 
is,  I think,  to  the  last  few  months  about  as  definitive  and  that  is  if 
you  have  a large  complex  of  people  there,  you  have  to  provide  support- 
ing facilities  for  them. 

Mr.  Teague.  Mr.  Gurney? 

Mr.  Gurney.  We  have  been  talking  in  generalities  here.  Let’s 
get  down  to  specifics. 

The  second  largest  item  in  the  Apollo  budget  is  for  the  lunar  ex- 
cursion module  which  is  under  contract  to  Grumman.  Can  you  de- 
scribe how  you  arrived  at  this  contract?  When  did  you  sign  the 
contract?  What  does  the  contract  cover,  and  what  does  it  buy  as  far 
as  hardware  is  concerned?  What  does  the  contract  include  as  far  as 
It.  & D.  is  concerned?  How  many  years  more  are  you  going  to 
work  with  Grumman,  beyond  fiscal  year  1964? 

Give  us  some  idea  of  how  you  arrive  at  this  figure,  and  what  are 
NASA’s  future  plans  along  those  lines. 

Mr.  Holmes.  We  certainly  have  all  of  that  information.  I think 
Mr.  Low  will  be  glad  to  discuss  these  points. 

Grumman  is  a contract  which  we  definitized  very  quickly.  We  in 
NASA  are  trying  to  institute  this  practice  and  I was  very  satisfied  to 
see  this  contract  definitized  so  rapidly. 

We  did  not  authorize  Grumman  to  proceed  with  work  until  the 
contract  was  definitized.  It  was  not  a case,  which  ha9  been  the  case 
with  some  of  our  contracts,  where  a contractor  had  initiated  work  and 
was  well  underway  while  it  took  us  a year  or  more  to  definitize  a 
contract.  By  then,  we  were  a long  time  past  what  was  bid  and  many 
changes  and  many  new  elements  had  come  into  the  program,  with  the 
result  that  the  final  contract  might  represent  a different  figure  than 
was  bid  in  the  proposal  stage. 

Mr.  Low.  Tne  contract  was  finally  signed  on  March  7 of  this  year, 
but  the  negotiations  were  completed  on  about  the  first  or  second  of 
January.  Between  the  first  of  January  and  March  7 there  was  pro- 
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cedural  work,  paperwork,  legal  work,  which  really  did  not  change  the 
contract  in  any  way,  shape  or  form. 

Mr.  Holmes.  Could  you  start  with  the  chronology,  going  back  to 
the  bid? 

Mr.  Teague.  We  will  go  back  further  and  start  with  the  study. 

Mr.  Holmes.  Start  with  the  study. 

Mr.  Low.  Fme%  I don’t  have  the  precise  dates  on  the  studies. 
But  in  the  first  half  of  1962  we  had  within  NASA  an  intensive  study 
effort  to  define  the  best  possible  mode  for  the  lunar  landing  program. 
By  July  1962,  we  were  reasonably  sure  that  the  lunar  orbit  rendezvous 
was  a correct  approach  and  therefore  went  to  industry  with  the 
request  for  proposal  in  July  for  the  lunar  excursion  module.  In 
November  1962,  we  selected  the  Grumman  Aircraft  Engineering  Co. 
as  a contractor  for  this  work. 

Now  between  July  and  November  all  nine  bidders  prepared  their 
proposals  to  NASA.  These  were  then  evaluated  by  our  Manned 
Spacecraft  Center  in  Houston  and  at  the  completion  of  the  evaluation 
Grumman  was  selected  as  a contractor  to  build  this  module. 

Mr.  Waggonner.  An  announcement  was  made  November  7,  1962. 

Mr.  Lilly.  That  is  correct;  November  7,  1962. 

Mr.  Lowr  On  the  19th  of  November,  just  about  2 weeks  after,  or 
less  than  2 weeks  after  the  announcement  was  made,  we  initiated  nego- 
tiations with  Grumman  for  this  contract. 

Now  this,  as  Mr.  Holmes  pointed  out,  was  entirely  different  from 
our  procedures  in  the  past  in  that  usually  in  that  time  period  we 
would  have  signed  a letter  contract.  We  would  not  have  had  a final 
contract  for  perhaps  a year  or  so  later,  but  in  the  case  of  Grumman  we 
started  formal  negotiations  2 weeks  after  Grumman  had  been  selected, 
completed  negotiations  at  the  end  of  December  and  completed  all 
agreements  on  the  contract  by  the  1st  or  2d  of  January. 

The  time  between  January  and  March  7 as  I pointed  out,  was  taken 
in  detailed  legal  reviews  of  the  contract  documents,  getting  signatures 
by  our  contracting  officer  and  by  Grumman’s  corporate  officers,  and, 
finally,  approval  within  NASA  headquarters  of  this  contract.  But 
for  all  intents  and  purposes,  the  contract  was  completely  negotiated 
by  the  1st  of  January. 

Mr.  Gurney.  What  were  the  dollar  figures  on  this  contract?  This 
is  not  a firm  contract,  it  is  cost  plus  fixed  fee,  is  that  right? 

Mr.  Low.  The  total  dollar  figure — it  is  a eost-plus-fixed-fee  figure — 
negotiated  at  $387,900,000,  including  fee. 

Mr.  Gurney.  This  is  for  everything  Grumman  is  going  to  do  pre- 
sumably in  developing  it? 

Mr.  Low.  That  is  for  everything  defined  within  this  contract  that 
Grumman  is  going  to  do. 

Mr.  Waggonner.  Would  the  gentleman  yield  for  a question? 

The  contract  signed  March  7 is  for  $386  million.  What  was 
Grumman’s  original  estimate? 

How  much  of  a variation  was  there  from  the  announcement  on 
November  7,  when  they  submitted  their  bid  proposal  to  the  point 
where  negotiations  and  adjustments  were  made  and  the  final  contract 
signed? 

Mr.  Low.  I would  have  to  provide  the  exact  number  for  the  record. 
My  best  recollection  is  that  the  bid  was  about  $40  million  less.  Now, 
the  bid  was  based  on  a specification  that  NASA  had  sent  to  industry 
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in  July*  Between  July  and  the  time  that  this  contract  was  fully 
negotiated,  our  studies  continued  and  we  identified  certain  changes  in 
the  specifications  that  we  incorporated  in  the  final  negotiations. 

These  changes 

Mr.  Waggonner.  All  changes  requiring  additional  services? 

Mr.  Low.  That  is  right,  and  when  these  changes  then  were  nego- 
tiated into  the  contract,  this  increased  by  about  $40  million. 

Mr.  Waggonner.  Could  you  supply  that  figure  for  the  record? 

Mr.  Low.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

The  correct  value  is  $42,984,173. 

Our  procedure  under  negotiations  however  was  to  take  exactly  the 
bid  figure  in  the  Grumman  proposal  and  add  to  that  only  the  changes 
in  scope. 

We  did  not  permit  or  allow  any  underestimation  or  misestimation 
in  these  negotiations  and  all  of  the  contractors  who  were  bidding  were 
awarC  of  this  procedure  before  they  submitted  their  proposals. 

Mr.  Gurney.  What  about  Grumman ’s  contract  figure?  Is  that 
based  upon  firm  subcontracts  or  bids  or  purely  estimates  on  the  part 
of  Grumman? 

Mr.  Low.  It  is  based  to  a large  extent  on  detailed  estimates  on  the 
part  of  Grumman  and  NASA  negotiated  in  the  contract  for  the  sub- 
contractors. 

Mr.  Waggonner.  I don’t  understand  that.  Have  the  subcon- 
tractors submitted  figures  to  Grumman? 

Mr.  Low.  Grumman  has  at  this  time  not  yet  completed  negotia- 
tions with  all  of  its  subcontractors. 

Mr.  Waggonner.  How  many  subcontractors  had  put  in  firm  bids 
when  you  arrived  at  the  $386  million  figure  back,  I presume,  in 
January? 

Mr.  Holmes.  Before  Grumman  submitted  its  bid,  it  had  bids  from 
all  subcontractors.  In  this  procurement,  as  in  other  procurements, 
NASA  reserves  the  right  to  review  the  subcontractor.  We  may  buy 
a prime  contract  proposal  but  not  necessarily  buy  the  subcontractor 
bids  for  several  reasons.  One  is  that  in  some  cases  we  have  special 
knowledge  that  the  prime  contractor  ought  to  go  out  more  broadly. 
Certain  teams  may  get  together  and  one  doesn’t  always  get  the  best 
team.  Another  reason  is  that  within  NASA  we  have  detailed  knowl- 
edge of  what  is  being  used  in  other  parts  of  the  program. 

In  the  case  of  the  lunar  excursion  module,  there  are  certain  systems 
already  being  developed  for  the  Apollo  command  module  which  we 
would  like  to  have  used  to  avoid  an  unnecessary  duplication  of  devel- 
opment. Although  Grumman  did  have  these  bids,  we  reviewed  with 
them  during  this  period  all  of  their  subcontractors  and  asked  them  to 
go  out  for  firm  bids. 

Again,  sometimes  the  same  subcontractor  had  been  a part  of  the 
team  and  sometimes  there  are  new  ones.  Therefore,  Mr.  Low's 
answer  is  that  Grumman  does  not,  in  all  cases,  have  firm  bids  from 
these  subcontractors  because  the  company  has  not  negotiated  with 
all  of  the  new  subcontractors.  Grumman  originally  had  bids  for 
these  elements  when  their  proposal  was  submitted. 

Mr.  Gurney.  One  other  question. 
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We  have  a contract  here  of  $386  million  and  a figure  in  this  fiscal 
year  of  $230  million.  Where  do  you  get  the  $230  million  from,  and 
when  did  you  put  this  $230  million  into  the  budget? 

Was  that  when  you  had  the  $386  million  figure? 

Mr.  Holmes.  Yes,  it  is  $387.9  million.  I just  say  that  future 
reference  that  is  the  contract  figure.  I am  going  to  ask  Mr.  Low 
to  discuss  this  point  in  detail  but  I would  like  to  make  one  comment 
before  we  start.  If  we  press  too  far  into  the  details  of  what  the 
Government  puts  in  its  budget  versus  what  its  relationships  are 
with  the  contractor,  the  negotiating  position  of  the  Government  is 
injured.  Of  course  we  would  be  happy  to  discuss  it  in  executive 
session. 

In  answering  this  question  we  won’t  push  too  far  but  if  one  wants 
to  get  down  to  the  details  of  every  element  it  would  be  best  to  have 
an  executive  session — I don’t  say  this  critically — but  I don’t  want 
to  be  in  a position  where  we  can’t  negotiate  with  our  contractors. 

Mr.  Gurney.  I understand  that. 

On  the  other  hand,  this  committee  is  trying  to  determine  whether 
we  should  recommend  $5.7  billion  or  some  other  figure,  and  this  is 
the  second  largest  item  in  the  Apollo  program. 

Mr.  Holmes.  All  I am  saying  is  we  may  request  the  chairman  to 
have  an  executive  session,  in  my  judgment,  the  details  hurt  our 
negotiating  position. 

Mr.  Teague.  We  would  expect  to  do  just  that.  At  the  end  of 
the  hearings  we  expect  to  have  an  executive  session  to  go  into  that. 

Mr.  Low.  Specifically,  Mr.  Gurney,  these  figures  were  placed  in 
the  budget  book  after  Grumman  had  been  selected. 

In  fact,  you  will  notice  that  even  though  the  selection  was  as  late 
as  November,  the  budget  book  is  consistent  in  that  it  points  out  that 
the  Grumman  Aircraft  Corp.  will  be  the  contractor  for  this  work. 
It  is  based,  then,  on  the  Grumman  proposal  figure  and  the  initial 
effort  during  the  negotiations  with  Grumman. 

Mr.  Gurney.  Not  the  final  contract  figure? 

Mr.  Low.  Not  the  final  contract  but,  in  the  final  days  of  the  nego- 
tiations, the  only  things  that  were  left  open  were  the  amount  of  fee 
to  be  paid,  should  it  be  or  6.7  or  7 percent.  So  this  is  only  a 
very  minor  part  of  the  cost  figure  for  fiscal  year  1964. 

Mr.  Gurney.  You  mean  the  other  figures  did  not  change  between 
November  and  March? 

Mr.  Low.  They  did  not  change  between  the  middle  of  December 
and  the  end  of  December  and  these  figures  were  put  in  the  budget 
book  in  the  middle  of  December.  Ana  subsequently  they  have  not 
changed  between  then  and  now. 

Mr.  Gurney.  How  about  the  $230  million? 

Mr.  Low.  Now  of  that  $230  million,  as  I responded  to  Mr.  Yeager 
earlier,  the  $134.1  million  is  part  of  the  $387.9  million  in  the  present 
Grumman  contract.  The  remaining  figures  are  $98  million  for  con- 
tract changes  and  additions  that  have  b6en  identified  by  NASA  but 
have  not  yet  been  negotiated  as  amendments  into  the  contract. 
And  $6.9  million  is  for  Government-furnished  equipment. 

Mr.  Gurney.  I realize  that,  but  how  do  we  know  you  are  going  to 
spend  $230  million  in  fiscal  year  1964? 

Mr.  Holmes.  We  can  give  you,  and  we  would  be  glad  to,  in  execu- 
tive session,  a breakdown  of  our  elements.  In  the  end  I think  that 
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your  confidence  that  we  know  what  we  are  talking  about  and  know 
what  we  are  doing  will  mean  more  to  you  than  in  these  estimates  we 
are  making,  I say  this  because  in  every  element  the  estimate  is  based 
on  our  Judgment  and  our  experience  in  the  past — over  and  above  a 
contract  figure.  In  the  past  I am  sorry  to  say,  we  have  estimated  too 
low  rather  than  too  high. 

Mr.  Teague.  Will  the  gentleman  yield? 

Mr.  Gurney.  Yes. 

Mr.  Teague.  Is  it  not  true  that  in  the  whole  Apollo  program  you 
have  hundreds  of  problems,  major  problems,  that  you  do  not  know 
the  complete  answer  to?  ' Your  subcontracts  and  your  prime  con- 
tracts change  as  you  go  along  and  solve  these  problems.  Until  NASA 
solves  thes-'  problems  you  eannot  come  to  a completely  firm  contract 
at  this  time  nor  for  a considerable  length  of  time? 

Mr.  Holmes.  That  is  precisely  true ; yes. 

Mr.  Waggonner.  One  prime  example  is  this  case  woidd  be  the 
limar  exclusion  module.  Actually,  not  knowing  at  this  point  exactly 
what  we  will  encounter  on  the  Moon,  I think  it  is  absolutely  impossible 
to  define  the  contract  for  that  vehicle  firmly. 

Mr.  Holmes,  That  is  exactly  correct.  In  this  kind  of  a develop- 
ment, as  in  any  true  development  program,  you  do  not  know  all  the 
answers — partly  because  of  the  environment  and  the  techniques  of 
doing  work  that  has  not  been  done  before.  If  we  were  making  bread- 
boxes  or  automobiles,  we  would  be  doing  it  on  a fixed-price  basis, 
with  advertised  bids,  where  we  could  say,  “This  is  what  it  is  going  to 
cost,”  and  if  a fellow  could  not  do  it  for  that  amount,  he  could  go 
broke.  We  cannot  go  to  the  Moon  that  way,  since  we  are  charting 
new  courses. 

Mr.  Teague.  Mr.  Yeager? 

Mr.  Yeager.  Since  the  LEM  was  not  anticipated  at  the  time  of 
your  1963  budget,  I gather  that  the  $32  million  you  show  there  was 
a reprograming  item? 

Mr.  Holmes.  That  was  a reprograming  item  to  get  Grumman 
started. 

Mr.  Yeager.  What  did  that  buy  you? 

Mr.  Holmes.  Those  funds  were  required  for  Grumman’s  fiscal  year 
1963  effort. 

Mr.  Low.  It  is  this  fiscal  year's  effort  of  Grumman  since  they 
started  working  aDproximately  the  first  of  January. 

Mr.  Yeager.  That  is  all  Grumman? 

Mr.  Low.  I believe  that  is  right. 

Mr.  Gurney.  The  only  comment  I have  is  that  all  we  have  here 
is  a couple  of  paragraphs  on  page  RDO  1-15,  and  it  seems  to  me  we 
ought  to  have  a fairly  detailed  explanation  on  the  time  schedule  of 
how  they  plan  to  spend  this  money. 

Mr.  Teague.  Last  year,  after  we  finished  the  public  hearings,  we 
met  in  executive  session  for  these  details.  We  expeet  to  do  the  same 
thing  this  year. 

Mr.  Holmes.  We  have,  of  course,  a tremendous  amount  of  backup 
data.,  I could  not  sit  here  with  any  integrity  and  give  you  a detailed 
account  of  the  figure.  I would  much  prefer  to  present  such  informa- 
tion in  executive  session,  rather  than  an  open  session. 

Mr.  Teague.  Mr.  Roudebush? 

Mr  Roudebush.  No  questions. 


1964  NASA  AUTHORIZATION  67.9 

Mr.  Teague.  If  we  might  take  the  next  3 minutes  and  go  to 
RDO  1-21  and  talk  about  the  control  center,  that  would  be  a good 
place  to  stop. 

Mr.  Low.  As  I mentioned  before,  the  mission  control  center  facility, 
that  is  the  building  that  it  is  going  into,  the  equipment  within  this 
building,  is  being  funded  as  a construction  of  facilities  project  and  we 
will  discuss  this  as  we  go  through  our  construction  and  facilities  budget. 

In  the  R.  & D.  portion  of  the  budget,  we  are  requesting  $21.8 
million  for  two  major  efforts  in  connection  with  the  mission  control 
center  and  these  are  broken  down  into  two  contracts. 

The  first  of  these  is  a computer  complex,  a series  of  a number  cl 
high-speed  digital  computers  to  perform  the  mission-control  function, 
to  analyze  the  data  that  comes  back  from  the  spacecraft  in  orbit  and 
on  its  way  to  the  Moon  and  to  translate  these  data  into  those  things 
that  the  mission  controllers  in  the  control  center  need  in  order  to 
perform  their  function  in  time. 

The  second  part  of  this  request  is  for  the  services  provided  by  the 
Philco  Corp.,  which  is  our  contractor,  for  the  implementation  of  the 
mission  control  center. 

I failed  to  mention  that  the  computer  complex  is  being  provided 
by  the  contract  with  the  IBM  company. 

Mr.  Teague.  Any  questions? 

Mr.  Yeager.  May  I ask  one  question  on  personnel? 

In  this  entire  section,  the  personnel  costs  that  you  indicate  assessed 
against  a number  of  personnel  involved  shows  a salary  increase  from 
about  an  average  of  $8,500  to  about  $10,000.  Can  you  explain 
what  this  was? 

Is  this  entirely  due,  or  partly  due,  to  the  pay  raises  voted  by 
Congress  last  year? 

Mr.  Lilly.  Yes.  A considerable  part  of  it  is  due  to  the  increased 
salary  that  came  about  by  the  pay  raise. 

Mr.  Yeager.  Do  you  know  what  that  averaged  percentwise? 

Mr.  Lilly.  The  average  was  fairly  close  to  10  percent,  as  I recall. 
I will  be  glad  to  get  the  exact  percentage  for  you,  Mr.  Yeager. 

Mr.  Holmes.  I don’t  understand  what  else  it  can  be.  If  he  has 
divided  the  total  salary  cost  by  the  number  of  people,  which  is  an 
arbitrary  allocation  of  the  program,  what  else  is  there  but  the  increase 
in  the  pay  raise  voted? 

Mr.  Lilly.  In  terms  of  the  average,  it  can  depend  on  the  higher 
level  of  staffing,  as  you  move  along.  There  could  be  higher  level 
people  in  the  later  increments.  However,  as  I said,  the  basic  increase 
came  out  of  the  pay  raise. 

Mr.  Holmes.  These  are  arbitrary  assignments  of  the  overhead 
people  and  Government  people  to  the  program.  The  total  is  not 
arbitrary.  It  is  hard  for  me  to  see  how  the  structure  of  skills  has 
changed.  We  will  examine  it  for  the  record  but  I think  it  must  be 
the  President’s  bill. 

Mr.  Teague.  Thank  you. 

The  committee  will  be  adjourned  until  Monday,  April  22,  1963. 

(Whereupon,  at  11  a.m.,  the  committee  was  adjourned,  to  reconvene 
at  10  a.m.,  Monday,  April  22,  1963.) 
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MONDAY,  APRIL  22,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C., 

The  subcommittee  met,  pursuant  to  recess  in  room  214-B,  the  Long- 
worth  Building,  Washington,  D.C.,  at  10  a.m.,  Hon.  Olin  E.  Teague 
(chairman)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

The  committee  is  meeting  this  morning  to  discuss  the  subject  of 
high  energy  fuels.  Our  first  witness  will  be  Mr.  Arthur  Sherman. 
Do  you  have  anybody  with  you,  Mr.  Sherman? 

Mr.  Sherman.  Yes,  I have. 

Mr.  Teague.  Do  you  care  to  bring  them  up  to  the  table  with  you? 

Mr.  Sherman.  This  is  Dr.  Seymour,  our  general  manager. 

I have  Mr.  Robert  Hermann  from  our  Washington  office  who  will 
help  me  with  the  charts. 

(Biographical  sketch  of  Mr.  Sherman  follows:) 

Biographical  Data  on  Arthur  Sherman 

During  more  than  15  years  in  rocketry,  Mr.  Sherman  has  been  a major  par- 
ticipant in  liquid  propulsion  programs  at  Thiokol  Chemical  Corp.’s  Reaction 
Motors  Division.  He  holds  a B.S.  in  mechanical  engineering  from  the  City 
College  of  New  York  (1948)  and  an  M.S.  in  industrial  management  from  Stevens 
Institute  of  Technology  (1952). 

Since  1948,  when  he  joined  Reaction  Motors,  Mr.  Sherman’s  contributions  to  the 
advancement  of  liquid  propulsion  technology  have  been  numerous.  He  co- 
invented the  design  of  the  packaged  liquid  engine  and  pioneered  in  its  introduction 
as  propulsion  for  several  modem  operational  weapons  systems. 

In  addition  to  his  other  patents  and  many  technical  papers  in  the  rocket  engine 
field,  Mr.  Sherman  participated  in  design,  development,  and  test  activities  which 
led  to  the  successful  development  of  the  Viking  missile  engine  and  throttleable 
LR99  turborocket  for  the  X-15. 

At  present,  Mr.  Sherman  directs  Rreaction  Motors  Division’s  advanced  rocket 
engineering  programs  in  launch  vehicle  and  weapons  propulsion,  as  well  as  all 
advanced  technology  work  in  controllable,  manned  spacecraft  propulsion  and 
related  high  energy  propellant  systems. 

Mr.  Sherman  is  a member  of  the  American  Ordnance  Association  and  a senior 
member  of  American  Institute  of  Aeronautics  and  Astronautics.  As  an  under- 
graduate, he  was  awarded  the  first  junior  award  of  the  ARS  (new  AIAA)  for 
independent  work  on  the  design,  fabrication,  and  successful  test  of  an  oxygen- 
gasoline  liquid  rocket  engine. 

Mr.  Teague.  Mr.  Sherman,  you  have  a prepared  statement? 

Mr.  Sherman.  Yes,  I do. 
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STATEMENT  OF  ARTHUR  SHERMAN,  DIRECTOR,  PRELIMINARY 

DESIGN,  THIOKOL  CHEMICAL  CORP.,  ACCOMPANIED  BY  DR. 

EDWARD  H.  SEYMOUR,  GENERAL  MANAGER,  REACTION  MOTORS 

DIVISION ; AND  ROBERT  HERMANN,  EASTERN  DISTRICT  OFFICE, 

THIOKOL  CHEMICAL  CORP.,  WASHINGTON,  D.C. 

Mr.  Sherman.  Mr.  Chairman  and  members  of  the  subcommittee, 
we  appreciate  the  opportunity  to  present  our  views  regarding  the 
state  of  the  art,  and  the  future  of  high  energy  liquid  propellants.  As 
propulsion  people,  it  is  a subject  in  which  we  have  a very  intense 
mterest. 

There  is,  of  course,  high  energy  propellant  research  and  develop- 
ment being  conducted  at  many  organizations,  including  our  own, 
oriented  toward  many  types  of  applications.  Provided  this  propellant 
research  continues  on  a broad  front,  developments  will  come  which 
will  ultimately  result  in  real  benefit  to  the  space  program. 

I would  like  to  limit  my  comments  today  to  the  status  of  efforts*  to 
evolve  high  performance,  space  storable  propellant  systems — sytems 
for  the  extended  duration,  complex  space  missions  contemplated  in 
the  months  and  years  ahead. 

We  are  concerned  with  propellants  for  onboard  spacecraft  power- 
plants,  those  that  form  an  integral  part  of  the  spacecraft,  that  travel 
with  it  through  space,  and  that  are  used  to  maneuver  it  or  control  it 
in  flight. 

Such  systems  will  be  required  regardless  of  whether  chemical  or 
nuclear  lower  stages  are  used.  Indeed,  should  nuclear-powered  lower 
stages  not  be  available,  then  advanced  propellant  technology  becomes 
even  more  important. 

Spacecraft  powerplants  need  high-energy  fuels — fuels  that  can  be 
stored  abroad  the  vehicle  for  long  periods  of  time,  after  which  they 
will  perform  the  intended  function  during  a mission.  Figure  1 shows 
the  trip  times  associated  with  several  missions.  You  can  see  that  they 
are  quite  long. 

These  are  minimum  energy  trip  times  that  can  be  shortened,  but 
only  at  the  expense  of  additional  energy. 

At  present  we  are  limited  in  our  selection  of  storable  fuels  for  such 
missions  to  the  combinations  based  on  nitrogen  tetroxide  as  the 
oxidizer,  and  hydrazine  fuel  blends.  These  are  fine  propellants. 
They  are  well  characterized  and  relatively  easy  to  work  with.  Today, 
they  are  in  use  in  the  Titan  II  missile,  and  are  programed  for  use  in  the 
several  Apollo  modules. 

The  principal  drawback  of  these  propellants  is  low  performance 
compared  to  what  may  be  obtained  with  the  more  energetic,  but 
cryogenic  propellants  such  as  liquid  oxygen-liquid  hydrogen,  and 
fluorine  used  either  liquid  hydrogen  or  hydrazine. 

All  of  these  cryogenic  propellants  have  been,  and  are  being,  evalu- 
ated; the  liquid  hydrogen-liquid  oxygen  combination  is  being  de- 
veloped into  propulsion  systems  for  a variety  of  uses. 

In  my  opinion,  these  cryogenic  propellants  do  not  fully  satisfy  the 
needs  of  future  spacecraft  systems,  because  they  present  long-term 
space  storage  problems  which  can  lead  to  performance  degradation 
and  operational  difficulties. 
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Over  2 years  ago,  we  began  a broad  study  of  old  and  new  pro- 
pellants, rating  them  not  just  in  terms  of  specific  impulse  but  in 
terms  of  their  bulk  densities  as  well.  From  this,  we  determined  the 
relative  effect  of  each  on  vehicle  payload;  this,  after  all,  is  the  prime 
consideration  in  evaluating  propellant  performance. 

We  found  that  the  oxidizer,  oxygen  difluoride — to  be  referred  to 
hereafter  as  0F2 — had  in  the  course  of  previous  propellant  research, 
been  overlooked,  We  found  that  it  held  the  promise  of  yielding  not 
one,  but  several  attractive,  high-energy  combinations  when  used 
with  several  different  fuels — combinations  which  at  the  same  time 
were  storable  for  long  periods  in  space. 

Studies  such  as  we  made  have  been  made  before  and  will  be  made 
again,  without  always  producing  the  same  result.  The  reason  for 
this  is  the  underlying  assumptions  that  are  used  by  the  group  per- 
forming the  analysis.  Sometimes  these  are  overdone  in  an  attempt 
to  become  too  sophisticated  without  having  all  of  the  required  facts. 

Recognizing  this  potential  problem,  we  reverted  back  to  the 
very  basic  formulas  that  define  the  velocity  imparted  to  the  space- 
craft in  terms  of  the  properties  of  the  fuels  and  the  structural  efficiency 
of  the  vehicle. 

We  assumed  that  each  combination  operated  at  its  theoretical 
combustion  efficiency,  and  we  eliminated  the  very  controversial 
subject  of  cryogenic  propellant  boiloff  losses  and  degradation  of 
structural  efficiency  due  to  insulation  and  greater  meteoroid  shielding 
requirements. 

Thus,  the  storables  and  the  cryogenics  were  evaluated  in  basic  terms 
represented  by  their  performance  and  density  characteristics.  While 
this  kind  of  analysis  is  subject  to  change  because  of  detail  design 
considerations  for  a very  specific  vehicle,  we  find  it  to  be  an  excellent 
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way  of  screening  many  propellent  systems  and  determining  those 
worthy  of  real  effort. 

Our  propellant  screenings  were  made  over  a range  of  spacecraft 
velocity  increments  and  over  a range  of  engine  operating  conditions. 
They  included  studies  of  both  turbo-pump-fed,  and  pressure-fed 
engines. 

In  figure  2 we  have  presented  a summary  of  the  more  significant 
information  plotted  for  a mission  requiring  a velocity  increment  of 
about  10,000  feet  per  second.  Such  a mission  might  correspond  to  a 
lunar  landing. 

LUNAR  LANDING  MISSION 

AV  ■ 10,000  FT/SEC 
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The  data  shows  the  payload  capability  of  a spacecraft  in  terms  of 
propellant  specific  impulse  and  bulk  density  and  is  for  a pressurized 
engine.  For  comparison  purposes,  the  data  are  in  relative  terms  with 
the  nitrogen  tetroxide-hydrazine  fuel  blend  used  as  the  baseline  pay- 
load  of  1. 

The  rankings  above  the  baseline  show  the  degree  of  payload  superi- 
ority of  the  various  combinations.  In  other  words,  those  that  are 
shown  above  this  baseline  have  a greater  payload  capability. 

You  will  note  that  those  with  the  highest  specific  impulse  are  not 
necessarily  the  best.  You  can  visualize  the  part  that  low  propellant 
density  plays  in  offsetting  high  specific  impulse  when  you  think  in 
terms  of  payload  capability. 

The  three  pie  charts  shown  in  figure  2 illustrate  this  effect.  For  the 
baseline  propellant  system,  the  payload  represents  about  38  percent 
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of  the  total  weight  of  the  vehicle,  while  59  percent  is  propellant  and 
3 percent  is  tankage  and  pressurizing  system. 

For  the  lower  density  liquid  oxygen-liquid  hydrogen  system,  the 
payload  represents  44  percent  of  the  total  weight  of  the  vehicle,  while 
47  percent  is  propellant  and  9 percent  is  tankage  and  pressurization. 

Thus,  by  using  liquid  oxygen-liquid  hydrogen,  we  nave  increased 
the  payload  by  a net  of  6 percent  of  the  vehicle  weight.  This  was 
achieved  by  decreasing  the  propellant  weight  12  percent  because  of 
increased  specific  impulse;  however,  we  have  lost  half  of  that  gain 
because  of  increased  tankage  and  pressurization  weights  resulting 
from  the  lower  density. 

The  favorable  results  for  the  OF2  Diborane  combination  are  shown 
in  the  third  pie  chart. 

These  numbers  in  relative  terms  are  shown  in  the  curves  of  figure  2 
for  several  propellant  systems  widely  discussed  as  spacecraft  propul- 
sion system  candidates. 

Several  other  points  should  be  made  relative  to  these  curves: 

(1)  Propellant  losses  due  to  boiloff  of  the  cryogenic  systems  have 
been  ignored  for  these  analyses,  as  was  the  vehicle  weight  penalty 
associated  with  tank  insulation  to  minimize  these  losses.  Thus, 
depending  upon  the  actual  mission  and  the  detailed  tankage  design, 
the  relative  payload  performance  of  the  cryogenic  systems  will  be 
degraded;  for  short  missions — not  significantly,  for  long  missions — 
quite  significantly.  The  space  storable  OF2  systems  will  not  experience 
these  losses. 

(2)  The  OF2  systems  involving  fuels  such  as  monomethyl-hydrazine, 
ethane,  methane,  and  ethylene  fall  on  or  about  the  same  constant 
bulk  density  line  as  does  the  baseline  nitrogen  tetroxide-hydrazine 
blend.  This  means  that,  all  other  things  being  eaual,  a spacecraft 
propulsion  system  using  the  baseline  propellants  could  be  upgraded  to 
provide  some  20-percent  vehicle  payload  increase  by  an  oxidizer 
substitution.  It  obviously  does  not  mean  that  all  you  have  to  do  is 
drain  out  the  nitrogen  tetroxide  and  pour  in  the  OF2  to  realize  a 
20-percent  performance  gain.  There  is  a good  deal  more  work  to  do 
than  that.  But  it  does  mean  that  a basic  pattern  can  be  established 
to  provide  vehicle  performance  upgrading  without  making  a 
completely  new  beginning. 

Figure  3 shows  the  same  kind  of  information  that  was  shown  in 
figure  2,  except  that  the  mission  velocity  increment  is  over  twice  as 
great  and  might  correspond  to  a portion  of  a planetary  mission. 

Here  again,  the  three  pie  charts  describe  the  density — specific 
impulse  problem  very  well.  This  becomes  a particularly  important 
problem  when  we  are  working  with  such  high  velocity  increments 
where,  in  effect,  we  have  a flying  tank. 

Payload  under  such  circumstances  is  only  a very  small  percentage 
of  the  total  vehicle  weight.  Thus,  differences  in  tankage  weight  have 
a profound  effect  on  payload. 

We  can  see  that  the  lower  propellant  weight  resulting  from  higher 
liquid  oxygen /liquid  hydrogen  specific  impulse  is  offset  by  the  greater 
tankage  and  pressurizing  system  weights  caused  by  lower  density. 
Thus  for  this  kind  of  mission,  the  liquid  oxygen/liquid  hydrogen 
combination  in  a pressurized  vehicle  appears  to  be  not  much  better 
than  the  baseline,  whereas  the  OF2/diborane  payload  is  twice  that  of 
the  baseline. 
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PLANETARY  ORBITAL  MISSION  FROM  EARTH  ORBIT 


£ 


In  figure  4 we  have  shown  the  liquid  ranges  of  the  various  propel- 
lants, the  lower  value  being  their  freezing  point  and  the  upper  value 
the  temperature  at  which  a vapor  pressure  of  200  pounds  per  square 
inch  absolute  is  developed. 

It  can  be  seen  that  there  is  considerable  overlap  in  the  liquid  ranges 
of  QF2,  diborane,  ethane,  ethylene,  and  methane.  This  overlap  occurs 
within  equilibrium  temperature  ranges  which  can  be  achieved  in  space 
by  vehicle  coatings  and  orientation.  The  fact  that  the  propellants 
have  common,  wide  liquid  temperature  ranges,  coupled,  with  the 
ability  to  establish  a vehicle  equilibrium  temperature  anywhere 
within  this  range,  allows  them°to  be  stored  for  long  periods  in  space, 
without  loss  or  insulation. 

The  liquid  hydrogen  temperature  range  is  too  low  to  permit  passive 
long-term  storage  and  therefore  requires  external  insulation  to  mini- 
mize these  boiloff  losses.  In  addition,  the  difference  in  liquid  tempera- 
ture range  between  hydrogen  and  both  fluorine  and  oxygen  makes  it 
necessary  to  provide  insulation  between  tanks  as  well. 

Because  of  the  importance  that  we  attached  to  these  theoretical 
studies,  we  undertook  using  corporate  funds  to  explore  experimentally 
the  behavior  of  OF2  with  various  fuels.  Our  initial  concern  was  with 
the  OF2  itself,  since  the  fuels  were  well  characterized.  When  we 
started,  we  made  our  own  OF2.  Subsequently,  with  NASA  support, 
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PROPELLANT  LIQUID  RANGES 
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Allied  Chemical  in  Baton  Rouge  entered  into  pilot  production  and  the 
supply  picture  has  changed  considerably. 

The  overall  pattern  of  events  is  shown  in  figure  5.  What  is  shown 
is  a progression  of  work  beginning  back  in  April  of  1961,  which  I will 
review  briefly. 

The  first  OF2  firings  were  made  with  hydrazine-type  fuels,  using 
engines  developed  initially  for  use  with  nitrogen  textroxide  and  hydra- 
zine blends.  The  objective  was  to  determine  whether  there  was  any 
practical  basis  for  achieving  the  potential  growth  pattern  we  talked 
about  in  the  previous  charts.  The  hardware  stood  up  well,  high  per- 
formance was  obtained,  and  the  OF2  behaved  itself  very  well.  Al- 
though there  is  obviously  more  work  to  do  in  this  area,  it  appears  to 
us  that  a relatively  straightforward  upgrading  path  has  been  demon- 
strated. 

Because  this  intermediate  upgrading  step  was  achieved  without 
unusual  problems,  it  was  decided  to  push  forward  toward  the  testing 
of  the  OF2/diborane  combination  because  of  its  even  higher  perform- 
ance potential. 

After  our  initial  corporate-supported  firings  with  OF2/diborane 
proved  to  be  successful,  we  received  a small  contract  from  NASA  to 
determine  the  properties  of  OF2  and  to  determine  the  combustion 
efficiencies  of  OF2/diborane  in  a small  rocket  motor.  The  program 
was  begun  in  June  1962  and  was  completed  at  the  end  of  the  year. 

Much  was  learned  about  the  detailed  properties  of  OF2;  the  net 
result  is  that  there  appears  to  be  nothing  fundamental  about  this 
oxidizer  which  would  preclude  its  use  in  a spacecraft  or  anywhere 
else.  It  behaves  itself  very  well  and  can  be  handled  safely  with 
proper  procedures  available  at  any  rocket  testing  establishment. 
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The  small-scale  motor  tests  showed  that  safe,  spontaneous  ignition 
could  be  achieved  with  OF2/diborane  both  at  sea  level  and  80,000 
feet.  Combustion  proceeded  smoothly  and  high  performance  was 
achieved — actually  within  95-96  percent  of  theoretical  value.  Sig- 
nificantly, test  operations  also  proceeded  smoothly  and  safely. 

Though  the  tests  were  gratifying,  they  did  raise  some  questions  that 
need  answering.  High  performance  apparently  occurs  over  a narrow 
range  of  mixture  ratios  and  does  not  follow  the  relatively  flat  theore- 
tical prediction.  We  have  called  this  "‘performance  peaking.” 

In  all,  52  firings  were  made,  using  both  uncooled  and  water-cooled 
hardware  in  which  heat  transfer  measurements  were  taken.  Our  in- 
terest in  heat  transfer  data  is  very  great  since  we  are  dealing  with  a 
propellant  combination  whose  greatest  potential  problem  is  hardware 
cooling.  The  propellants  themselves  are  not  good  coolants  and  one 
must  look  to  alternate  cooling  and  material  approaches. 

The  choice  of  materials  is  made  difficult  because,  depending  upon 
the  pressure  and  mixture  ratio  at  which  one  chooses  to  operate,  we  are 
dealing  with  combustion  gases  whose  theoretical  temperatures  range 
between  6,300°  and  7,500°  to  8,000°  F.  By  way  of  comparison  the 
nitrogen  tetroxide  hydrazine  family  of  propellants  have  combustion 
temperatures  in  the  5,000°  to  5,200°  F.  range.  There  are  however, 
several  approaches  to  these  problems  that  bear  careful  evaluation. 

As  a result  of  what  had  been  learned  during  our  first  program, 
NASA,  in  March  of  this  year,  contracted  with  Thiokol  to  continue 
work  in  the  combustion  efficiency  and  engine  cooling  areas.  This 
program  is  scheduled  to  run  through  this  year.  We  are,  in  the  mean- 
time, and  with  corporate  support,  conducting  tests  using  other  fuels 
with  OFa  to  broaden  the  OFs  technology  base. 

In  the  second  NASA  program  we  are  going  to  investigate  the  per- 
formance peaking  problem.  This  will  be  done  at  a thrust  level  where 
meaningful  information  can  be  obtained.  It  is  our  belief  that  peaking 
may  be  eliminated  by  proper  injector  design;  we  will  therefore  evaluate 
several  injector  types  and  design  criteria.  This  is  something  we  were 
unable  to  do  during  the  first  program  because  of  its  limited  scope. 
We  are  also  going  to  evaluate  the  engine  cooling  situation  by  testing 
several  small-scale  ablative  chamber  designs. 

Both  the  first  and  second  NASA-supported  programs  are  techni- 
cally interesting  and  scientifically  rewarding.  But  at  the  present 
effort  level,  it  will  be  a very  long  time  indeed  before  the  performance 
and  space  storability  potential  of  OF2/diborane  is  evaluated  and  put 
to  useful  purpose. 

Realization  of  the  advantages  of  this  propellant  system  requires  a 
vigorous  planned  program  to  establish  as  rapidly  as  possible  the  tech- 
nology needed  to  permit  applied  development  of  propulsion  systems. 
It  is  our  view  that  this  technology  can  be  established  before  the  end  of 
calendar  1963  by  pursuing  additional  effort,  over  and  beyond  that  now 
being  supported. 

This  involves  work  on  the  cooling  problem  in  a more  realistic  scale 
such  as  2,000-pound  thrust,  or  higher,  by  conducting  work  on  several 
alternate  nonabaltive  cooling  concepts,  and  bv  performing  tests  with 
high  expansion  area  ratio  nozzles  at  simulated  altitudes  to  determine 
if  the  assumed  shifting  equilibrium  performance  is  actually  being 
obtained. 
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At  the  end  of  calendar  1963,  we  will  have  been  working  under 
contract  for  about  l}£  years.  In  this  time  and  with  adequate  support, 
we  should  be  able  to  determine  if  the  OF2  Diborane  approach  does, 
in  fact,  fulfill  the  promise  it  shows  on  paper.  If  it  does,  then  we  can 
move  on  to  the  demonstration  of  an  experimental  flight  engine.  If 
it  does  not,  then  we  must  look  to  some  other  fuels  with  OF2.  Un- 
fortunately, at  our  present  pace,  we  will  be  well  into  calendar  1964 
before  any  such  judgment  can  be  made.  This  in  turn  will  postpone 
the  day  when  a true  high  performance,  space  storable  engine  can  be 
available. 

Assuming  that  we  can  proceed  at  a sufficient  pace  to  resolve  the 
technological  questions  by  the  end  of  calendar  1963,  we  could  then 
begin  logically  with  the  demonstration  of  an  experimental  high 
energy  engine.  Such  an  engine,  oriented  for  use  as  propulsion  for  a 
to  solar  or  a planetary  probe,  would  have  a fixed  thrust  of  about  2,000 
5,000  pounds.  This  would  be  an  economical  size  with  which  to  work, 
and  the  engine  size  would  permit  technology  to  be  translated  to 
other  applications.  As  shown  in  figure  6,  a flyable  engine  of  this 
size  could  be  available  by  midcalendar  1965. 

EXPERIMENTAL  0Ft  /DIBORANE  ENGINE  PROGRAM 

2000  TO  5000  LB  THRUST 


PY64 -| — FY65 


PltUM  * 

The  next  logical  step  to  this  one  would  involve  the  development 
of  a larger,  man-rated,  and  controllable  propulsion  system  such  as 
the  types  to  be  used  in  the  Apollo  vehicle.  By  combining  the  tech- 
nology from  the  Apollo  engine  programs  with  the  OF2  technology, 
it  should  be  possible  to  have  such  a high  energy  system  available  for 
use  in  the  latter  half  of  calendar  1966  if  work  were  Degun  in  mid-1964. 

The  point  here  is  that,  even  if  we  start  in  midcalendar  1964,  it  will  be 
the  latter  part  of  1966  at  the  earliest,  before  an  advanced  engine  such 
as  this  could  be  ready  for  flight  testing. 

To  the  best  of  our  knowledge,  there  is  nothing  now  in  development 
that  can  provide  the  performance  and  space  storable  capabilities  of 
such  an  engine  in  this  time  period.  This  lack  of  a high-energy  payload 
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propulsion  system  will  continue  to  place  tremendous  and  costly 
burdens  on  the  ever  more  important  and  far  more  expensive  booster 
stages  below. 

I would  like  to  conclude  my  remarks  with  these  three  comments: 

(1)  There  is  definite,  foreseeable  need  for  high  energy,  space 
storable  propellant  systems  for  long-term  use  in  space — a need  that 
cannot  be  adequately  met,  in  my  opinion,  with  present  cryogenic 
systems. 

(2)  The  most  promising  approach  to  satisfying  this  need  is  an  OF2 
based  propellant  system  using  diborane  or  several  of  the  carbonaceous 
fuels.  This  approach  provides  growth  potential  of  systems  using 
present  day  storables,  as  well  as  growth  margin  for  new  systems. 

The  last  point  I would  like  to  make  is  that  initial  efforts  have  been 
encouraging  and  have  defined  the  main  problem  areas.  Though  these 
problems  are  being  pursued,  a more  vigorous  and  continuing  effort  is 
needed  to  resolve  them  in  timely  fashion. 

Thank  you. 

Mr.  Daddario  (presiding).  Thank  you,  Mr.  Sherman,  for  the 
statement.  I think  we  can  proceed  with  some  questions  by  the  staff. 
Do  you  have  any  questions,  Mr.  Hines? 

Mr.  Hines.  Yes,  sir. 

Mr.  Daddario.  Please  proceed. 

Mr.  Hines.  Mr.  Sherman,  what  was  the  amount  of  the  initial 
contract  with  NASA? 

Mr.  Sherman.  I believe  it  was  about  $200,000. 

Mr.  Hines.  And  that  ran  for  how  long? 

Mr.  Sherman.  From  June  1962  through  the  end  of  the  year — 
about  6 months. 

Mr.  Hines.  What  is  the  amount  of  your  present  contract? 

Mr.  Sherman.  It  is  about  $475,000,  and  we  are  partially  funded. 

Mr.  Hines.  How  much  of  your  corporate  funds  are  being  in- 
vested in  this? 

Mr.  Sherman.  Quite  a bit.  We  consider  the  actual  number  to 
be  proprietary. 

Mr.  Daddario.  Can  you  break  that  down  into  percentages,  the 
ratio  between  NASA  dollars  and  company  dollars  in  this  program? 
If  you  can’t  do  it  now,  could  you  make  arrangements  to  give  us  the 
figures? 

Mr.  Sherman.  I think  we  could. 

Mr.  Hines.  Historically,  Mr.  Sherman,  when  were  the  technologies 
developed  for  the  fuels  which  we  are  now  using  in  the  space  program? 

Mr.  Sherman.  For  propellants  used  in  spacecraft  such  as  Apollo, 
the  technology  is  probably  5 to  10  years  old. 

Mr.  Hines.  Would  it  be  a logical  statement  to  3ay  that  the  flight 
decisions,  mix  decisions  made  in  1958  precluded  the  launching  of 
unique  or  special  studies  into  fuel  research  to  be  accomplished  within 
the  time  schedule  we  have  been  faced  with? 

Mr.  Sherman.  Correct.  You  would  not  be  flying  today  with  these 
advanced  propellant  systems,  if  that  is  what  you  mean. 

Mr.  Hines.  Yes;  that  is  what  I was  driving  at.  So  the  decisions 
then  made  by  NASA  were  the  ones  they  had  to  make,  because  this 
technology  was  new? 

Mr.  Sherman.  That  is  right,  there  were  not  many  choices  available 
at  that  time  other  than  the  nitrogen  tetroxide  hydrazine  family. 
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Mr.  Hines.  That  is  the  point. 

From  looking  at  the  performance  charts,  the  question  arises:  Why 
do  anything  further  with  liquid  oxygen  and  liquid  hydrogen  and  some 
of  the  other  cryogenics?  What  is  your  opinion? 

Mr.  Sherman.  There  are  several  reasons  for  going  further  with 
liquid  oxygen/liquid  hydrogen.  This  propellent  combination  is  quite 
useful  in  the  booster  stages.  My  charts  referred  primarily  to  space- 
craft propulsion,  the  long-term  missions  for  space.  In  the  booster 
stages  liquid  oxygen/liquid  hydrogen  does  not  face  the  storability 
problems  associated  with  long-duration  spacecraft  missions,  and  there 
is  need  for  the  high  specific  impulse  performance  in  these  stages. 
Further,  you  can  get  this  performance  while  avoiding  the  problem  - 
caused  by  toxicity  at  a launch  site  which  other  high-energy  propel- 
lants would  cause  as  booster  propellants. 

There  are  major  operational  problems  with  liquid  oxygen/liquid 
hydrogen  boosters,  but  these  are  resolvable,  I am  sure. 

Mr.  Hines.  In  your  fifth  chart  you  showed  a chain  of  events  in- 
volving OF2.  Would  you  say  that  all  the  events  other  than  those  listed 
as  NASA  programs  were  corporate  funded?  If  so,  how  much  was 
involved? 

Mr.  Sherman.  The  events  shown  in  the  chart  were  largely  corporate 
funded.  There  are  several  shown  that  involved  firings  at  Bell,  under 
Air  Force  sponsorship,  I believe,  materials  testing  at  Rocketdyne, 
and  some  firing  work  at  NASA -Lewis.  The  extent  of  Thiokol  fund- 
ing will  be  provided  for  the  record  as  previously  requested  by  Mr. 
Daddario. 

Mr.  Hines.  Your  firing  program  involved  engines  of  only  100-200- 
30(Ppound  thrust,  is  that  correct? 

Mr.  Sherman.  In  the  OF2/Diborane  area  they  did.  In  the  case  of 
OF2  and  hydrazine  fuels  we  went  to  10,000  pounds  of  thrust.  Our 
current  efforts  with  other  fuels  are  at  lower  thrust  levels. 

Mr.  Hines.  Is  it  your  belief  that  larger  scale  programs  involving 
higher  thrust  levels  would  perhaps  negate  or  refute  some  of  the  minor 
problems  you  ran  into?  In  other  words,  if  you  scale  up  would  this 
obviate  or  make  clear  the  problems  you  are  wrestling  with? 

Mr.  Sherman.  It  would  make  clearer  the  problems  and  would  give 
us  a great  deal  more  flexibility  in  working  them  out.  The  cooling  and 
injection  problems  are  much  more  difficult  on  a very  small  scale. 

Mr.  Hines.  Mr.  Sherman,  you  brought  up  the  problem  of  cooling 
these  engines.  Is  this  a special  or  unique  problem  with  high-energy 
fuels? 

Mr.  Sherman.  Yes,  it  is,  particularly  with  OF2  and  diborane,  be- 
cause neither  of  the  fuels  is  an  outstanding  coolant.  The  combustion 
temperature  is  very  high,  between  6,300°  and  8,000°  F.  However, 
cooling  is  not  particularly  bad  with  OF2  and  the  hydrazines.  We  have 
fuel  cooled  this  combination  without  any  real  difficulty.  We  do  not 
believe  OF2  diborane  cooling  or  more  properly,  hardware  durabiliy, 
to  be  an  insurmountable  problem — difficult  but  not  insurmountable. 

Mr.  Hines.  What  technology  would  you  use  to  cool  these  engines, 
in  general? 

Mr.  Sherman.  Several  fundamental  approaches  can  be  used. 
One,  of  course,  is  the  approach  we  are  trying  to  evaluate  now,  although 
I think  at  too  small  a scale;  that  is,  ablative  technology.  There  are 
new  materials  that  bear  investigation,  both  new  ablative  materials, 
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and  now  uncooled,  or  high-temperature  materials.  Also,  there  are 
several  combinations  of  approaches  that  can  be  used,  that  look 
attractive  on  paper.  But  you  need  a reasonable-sized  engine  to 
work  them  out. 

Mr.  Hines.  What  schedule  would  that  be? 

Mr.  Sherman.  A minimum  of  2,000  to  5,000  pounds. 

Mr.  Hines.  That  is  all. 

Mr.  Daddario.  Mr,  Fulton? 

Mr,  Fulton  of  Pennsylvania.  We  are  glad  to  have  you  here,  and  I 
compliment  you  on  your  excellent  statement.  It  is  detailed  enough 
that  it  points  out  to  us  what  we  can  anticipate  on  the  general  ap- 
proach to  these  high-energy,  space-storable  propellant  systems.  As 
you  say,  these  can  be  used  for  extended-duration  complex  space  mis- 
sions in  the  months  and  years  ahead. 

At  the  present  time  it  takes  about  1,000  pounds  on  the  ground  to 
put  1 pound  in  Earth  orbit.  It  costs  about  $1,000  to  $20,000  a pound 
to  put  a payload  in  Earth  orbit.  We  are  talking  about  expensive  pro- 
grams. Any  increase  of  payload  for  the  same  amount  of  booster  and 
propellant  is  therefore  a great  gain,  isn’t  it? 

Mr.  Sherman.  Yes,  quite  a bit. 

Mr.  Fulton  of  Pennsylvania.  So  that  what  we  are  really  talking 
about  when  we  speak  of  high-energv  propellants  is  saving  the  tax- 
payers’ money  by  reducing  the  size  of  the  booster  and  the  propellants, 
not  only  in  the  spacecraft  itself,  but  also  in  the  amount  necessary  to 
place  the  vehicle  into  orbit,  is  that  not  the  case? 

Mr.  Sherman.  This  is  generally  so;  yes.  You  can  do  a fair  amount 
of  development  of  these  spacecraft  propulsion  systems  for  what  it 
costs'  to  develop  these  large  boosters. 

Mr.  Fulton  of  Pennsylvania.  Would  you  explain  that  a little  bit? 

Mr.  Sherman.  The  costs  for  large  booster  development  are  quite 
substantial.  By  having  higher  energy  spacecraft  propulsion  available 
we  can  make  much  greater  use  of  existing  boosters,  and  avoid  the 
necessity  for  major  booster  development  with  every  hew  application. 

Mr.  Fulton  of  Pennsylvania.  The  United  States  is  at  the  point 
where,  without  high-energy  fuels,  we  are  getting  larger  and  larger 
boosters  containing  more  and  more  lower  grade  propellants,  and  there- 
fore we  have  a high  overall  cost.  While  if  we  went  into  higher  energy 
fuels,  an  increase  in  the  applied  specific  impulse  of  a high-energy  fuel 
would  result  in  a proportionately  greater  increase  in  payload.  For 
example,  it  might  run  to  10,  15,  20,  30  percent  more  payload,  isn’t 
that  correct? 

Mr.  Sherman.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Where  we  have  space  storable  fuels 
that  are  likewise  high-energy  fuels,  don’t  we  also  add  safety  and 
reliability  to  a space  mission? 

Mr.  Sherman.  Yes,  this  is  so.  You  will  notice  that  our  charts  are 
for  pressurized  systems.  One  of  the  reasons  for  doing  this  is  to  use 
simple  systems,  systems  which  contain  high-energy  propellants  which 
are  spontaneously  ignitible  in  space,  so  as  to  increase  spacecraft 
propulsion  system  reliability. 

Mr.  Fulton  of  Pennsylvania.  Some  of  the  members  of  this  subcom- 
mittee, as  well  as  members  of  the  full  committee,  have  been  very 
interested  in  seeing  that  enough  attention  is  paid  to  broad  programs 
in  high-performance,  space-storable  propellent  systems  of  the  high- 
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energy  type.  I have  read  an  article  which  said  that  the  Russians  are 
already  experimenting  with  the  boranes  and  fluorine,  and  high-energy 
fuel  systems.  Under  those  circumstances,  if  we  are’  in  a race  of  any 
type  to  get  to  the  Moon  first,  we  should  have  the  broad-based,  high- 
energy-fuel  research  and  development  program,  should  we  not,  either 
as  the  prime  source  of  propellant  or  as  a backup  system?  Would  you 
comment  on  that? 

Mr.  Sherman.  I think  you  should  have  them — this  country  is  com- 
mitted in  the  time  scale  that  we  are  talking  about,  to  the  use  of  existing 
propellent  systems,  such  as  the  baseline  propellent  system,  nitrogen 
tetroxide/hydrazine  blends  for  spacecraft  propulsion.  But  the  reason 
for  pursuing  the  higher  energy  systems  is  the  very  obvious  and  logical 
growth  pattern  that  all  spacecraft  systems  have  undergone  and  will 
continue  to  undergo.  As  soon  as  we  get  the  first  two  people  down  on 
the  lunar  surface  there  is  undoubtedly  going  to  be  a requirement  to 
get  them  some  more  supplies,  or  get  more  of  them  there. 

There  isn't  any  question  in  my  mind  but  that  there  will  be  a serious 
need  for  high-energy  propellants. 

Mr.  Fulton  of  Pennsylvania.  For  deep-space  programs  of  any  type 
or  variety? 

Mr.  Sherm>  n.  For  deep-space  probes,  long-term  orbiting  missions, 
extended  manned  flights,  this  sort  of  thing. 

Mr.  Fulton  of  Pennsylvania.  With  the  problems  occurring  in  the 
development  of  nuclear  fuels,  it  is  obviously  an  insurance  to  develop 
these  high  energy  fuel  engines  as  well  as  the  fuels  themselves,  is  that 
not  correct? 

Mr.  Sherman.  Yes,  sir. 

Mr.  FulTon  of  Pennsylvania.  Would  you  explain  that  a little  bit? 

Mr.  Sherman.  Well,  the  advantage  of  the  nuclear  system,  of 
course,  is  that  it  provides  greater  margin  in  terms  of  payload,  and 
allows  the  use  of  larger  payloads.  The  lack  of  such  a system  puts  a 
greater  emphasis  on  the  need  for  a good,  high-performance  upper  stage 
propulsion  system,  because  without  nuclear  lower  stages,  we  are  now 
back  to  depending  on  chemical  systems  for  boost.  We  no  longer  have 
the  same  flexibility,  or  the  same  margin  that  the  nuclear  stages  would 
provide. 

Mr.  Fulton  of  Pennsylvania.  Since  the  Apollo  program  depends  so 
much  on  hydrogen  alone,  the  cost  of  insulating  the  space  vehicle  is 
causing  an  extra  expense  to  the  taxpayers.  Secondly,  this  limits  the 
space  vehicle  so  that  we  do  not  have  the  safety  and  reliability,  and 
backup  systems  built  into  the  spacecraft. 

Mr.  Sherman.  The  Apollo  spacecraft,  per  se,  is  going  to  contain 
storable  propellants  of  the  low  energy  range;  namely,  nitrogen  tetrox- 
ide  and  nyarazines.  Several  booster  stages  will  use  liquid  oxygen/ 
liquid  hydrogen.  Here  we  have  a development  problem  which  must 
receive  serious  attention.  However,  from  the  standpoint  of  spacecraft 
reliability  I don’t  think  we  have  the  situation  that  we  would  have,  in 
my  opinion,  liquid  oxygen/liquid  hydrogen  were  also  used  aboard 
the  spacecraft.  We  will  of  course  have  significant  spacecraft  pro- 
pulsion, safety,  and  reliability  considerations  with  which  to  be  con- 
cerned—but  the  use  of  storable,  spontaneously  ignitable,  pressurized 
fuels  makes  the  problem  much  more  direct. 

Mr.  Fulton  of  Pennsylvania.  Hydrogen  boils  at  minus  425°  below 
Fahrenheit  and  absolute  zero  is  minus  456°  F.  When  the  temperature 
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of  outer  space,  without  any  reflective  body  near,  is  about  minus  410° 
F.,  it  can  be  readily  seen  that  hydrogen  will  boil  off,  is  that  not  correct? 

Mr.  Sherman.  This  is  correct.  This  is  one  of  the  points  I tried  to 
make  in  my  discussion  of  figure  4. 

Mr.  Fulton  of  Pennsylvania.  Hydrogen  will  boil  away  more  rap- 
idly where  it  is  near  a reflective  body.  When  a space  vehicle  ap- 
proaches the  Moon  on  the  sunny  or  reflective  side,  we  would  have  a 
real  insulation  problem  to  keep  hydrogen  from  just  boiling  away. 

Mr.  Sherman.  On  the  sunny  side  of  the  lunar  surface,  we  will  have 
a problem  with  almost  any  propellant  system  and  some  protective 
means  must  be  provided.  However,  propellant  storability  during  the 
course  of  long  flights  can  be  achieved  with  space  storables.  Coating 
the  surface  of  the  spacecraft,  and  orienting  the  vehicle  relative  to 
sources  of  heat  such  as  the  Sun,  to  establish  a heat  balance  within 
the  spacecraft  so  that  temperatures  of  the  propellants  are  maintained 
in  the  range  where  they  remain  liquid. 

The  problem  with  hydrogen,  of  course,  is  that  its  temperature  is 
much  too  low  to  do  this. 

Mr.  Fulton  of  Pennsylvania.  When  you  use  oxygen  with  hydrogen 
in  a spacecraft,  there  are  additional  problems.  I believe  that  the 
oxygen  boils  at  297°  below  zero;  is  that  correct? 

Mr,  Sherman.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Since  these  two  fuels  have  a different 
boiling  point,  you  would  have  to  have  adequate  insulation  between 
the  two  fuel  tanks  or  compartments. 

Mr.  Sherman.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  That  adds  to  the  weight,  too ; does  it 
not? 

Mr.  Sherman.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  You  mentioned  that  your  original 
program  with  NASA  whereby  Thiokol  was  given  a $200,000  contract 
from  fiscal  year  1962  funds  for  research  on  high-energy  fuels  ended  at 
the  end  of  that  year.  I believe  that  program  ended  about  the  be- 
ginning of  December  1962;  did  it  not? 

Mr.  Sherman.  That  is  correct.  The  experimental  work  ended 
very  late  in  November  and  then  there  was  some  cleaning  up  to  do 
through  December. 

Mr.  Fulton  of  Pennsylvania.  End  of  November  or  the  first  of 
December? 

Mr.  Sherman.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  You  also  spoke  of  another  contract 
with  NASA  which  would  come  from  fiscal  year  1963  funds.  I be- 
lieve the  amount  of  that  contract  is  $375,000? 

Mr.  Sherman.  That  is  the  first  funding  increment.  I think  the 
total  program  runs  $475,000. 

Mr.  Fulton  of  Pennsylvania.  I was  present  at  a hearing  before 
another  subcommittee  of  the  House  Science  and  Astronautics  Com- 
mittee and  the  comment  was  made  that  the  research  program  on 
high-energy  fuels  with  Thiokol  was  moving  ahead.  I understand, 
however,  that  it  was  only  on  March  20, 1963,  that  you  got  the  go-ahead 
from  NASA  on  the  $375,000? 

Mr.  Sherman.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Therefore,  that  means  that  from 
the  end  of  November  1962  to  March  20,  1963,  NASA  had  really  no 
program  in  operation  with  Thiokol. 
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Mr.  Sherman.  That  is  correct.  Negotiations  with  NASA  were 
underway  during  this  period,  and  the  final  report  of  our  first  program 
was  being  approved  and  published.  The  negotiations  were  protracted 
because  of  a change  in  personnel  on  the  NASA  technical  team  at 
Lewis  Laboratories  where  this  program  is  monitored. 

Mr.  Fulton  of  Pennsylvania.  Do  you  feel  that  unless  adequate 
funds  are  given  to  high-energy  fuels,  that  we  will  fall  behind  and  can- 
not have  high-energy  fuels  by  1965-66? 

Mr.  Sherman.  Yes,  sir.  . 

Mr.  Fulton  of  Pennsylvania.  So  that  in  looking  at  this,  without 
criticizing  NASA,  but  rather  to  emphasize  NASA’s  high  energy  fuel 
programs  for  which  they  have  received  many  compliments,  would 
you  say  that  Congress  should  emphasize  and  provide  more  money  to 
NASA  for  these  programs? 

Mr.  Sherman.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Should  this  committee  authorize 
more  funds  for  this  program  in  the  coming  fiscal  year  in  order  to 
insure  that  it  is  carried  out  at  an  expeditious  rate? 

Mr.  Sherman.  My  view  is  that  you  should;  yes. 

Mr.  Fulton  of  Pennsylvania.  I have  spent  some  time  at  Edwards 
Air  Force  Base  and  have  gone  over  the  situation  with  Colonel  Norton 
of  the  Air  Force.  His  comments,  as  well  as  my  followup  on  the 
experiments,  have  led  me  to  believe  that  the  experiments  in  high 
energy  fuels  have  been  moving  along  well  and  are  successful.  These 
experiments  point  to  a good  conclusion  if  the  work  is  carried  on,  isn’t 
that  correct?  > 

Mr.  Sherman.  We  believe  this  to  be  the  case,  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  As  a matter  of  fact,  your  experi- 
ments at  Thiokoi,  including  your  tests  of  these  smaller  engines,  have 
achieved  ratings  above  85  to  90  percent  of  theoretical  capacity. 

Mr.  Sherman.  Actually,  our  achieved  combustion  efficiencies  are 
up  to  about  95  to  96  percent..  The  fly  in  the  ointment  is  the 

Mr.  Fulton  of  Pennsylvania.  Don’t  say  me. 

Mr.  Sherman.  Is  the  apparent  peaking  of  this  performance. 

Mr.  Fulton  of  Pennsylvania.  Yes.  But  that  is  in  order  to  stretch 
out  the  performance  over  a range  of  mixture  ratios  rather  than  to  find 
whether  there  is  the  inherent  capacity  in  the  fuel. 

Mr.  Sherman.  We  have  demonstrated  that  there  is  the  capacity 
in  the  fuel  and  that  it  certainly  can  be  achieved.  I for  one  am  not 
overawed  at  this  peaking  problem.  I think  it  can  be  worked  out. 

Mr.  Fulton  of  Pennsylvania.  You  have  not  only  the  peaking  prob- 
lem but  also  the  problem  of  ablative  materials  that  are  necessary  for 
development  of  adequate  nozzles.  Could  you  comment  on  that? 

Mr.  Sherman.  There  is  a materials  problem.  Ablative  materials 
are  one  approach  to  it;  the  other  approach  being  high-temperature 
materials  used  alone  or  in  combination  with  other  mechanisms  of 
cooling.  But  there  is  this  total  cooling  problem  that  needs  work. 

Mr.  Fulton  of  Pennsylvania.  Do  you  believe  that  a good,  well- 
organized,  and  efficiently  handled  research  and  development  program 
in  these  high-energy  fuels  is  necessary  in  order  to  properly  approach 
the  U.S.  missions  in  space? 

Mr.  Sherman.  Yes,  sir.  We  need  this  to  go  on  beyond  the  mis- 
sions that  are  presently  planned,  very  definitely;  and  we  need  it  also 
as  insurance  for  those  missions  that  are  now  defined. 
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Mr.  Fulton  of  Pennsylvania.  Have  your  relations  with  the  Air 
Force  and  NASA  been  satisfactory?  Do  they  feel  that  the  results 
you  have  obtained  on  your  experiments  so  far  have  pointed  in  the 
right  direction  and  are  constructive  contributions? 

Mr.  Sherman.  We  have  kept  the  Air  Force  advised  as  to  the 
results  of  our  testing.  Whether  they  are  in  agreement  with  them,  or 
believe  as  strongly  as  we  do  in  this  approach,  I think  is  something  the 
Air  Force  can  best  answer. 

Mr.  Fulton  of  Pennsylvania.  This  committee  and  the  Senate  Com- 
mittee on  Aeronautical  and  Space  Sciences  authorized  an  extra  $1 
million  in  fiscal  year  1963  for  research  and  development  of  high-energy 
fuels.  Do  you  believe  that  this  authorization  should  be  continued 
in  the  coming  fiscal  year  to  emphasize  research  and  development 
programs  in  high-energy  fuels? 

Mr.  Sherman.  I certainly  think  we  need  to  emphasize  this  program 
of  research  and  development  in  high-energy  propellants.  I really 
can’t  say,  whether  the  exact  figure  of  $1  million  is  sufficient  or  not. 
I think  certainly  from - 

Mr.  Fulton  of  Pennsylvania.  I am  not  talking  of  an  exact  amount; 
I am  just  saying  emphasize. 

Mr.  Sherman.  Emphasize,  very  definitely. 

Mr.  Fulton  of  Pennsylvania.  You  indicate  on  page  12  of  your 
statement  that:  “The  objective  was  to  determine  whether  there  was 
any  practical  basis  for  achieving  the  potential  growth  pattern  shown 
in  the  previous  charts.  The  hardware  stood  up  well,  high  performance 
was  obtained,  and  the  OF*  behaved  itself  very  well.  Although  there 
is  obviously  more  work  to  do  in  this  area,  it  appears  to  us  that  a rel- 
atively straightforward  upgrading  path  has  been  demonstrated. 
Because  this  intermediate  upgrading  step  was  achieved  without  un- 
usual problems,  it  was  decided  to  push  forward  toward  the  testing  of 
the  OF2/diborane  combination  because  of  its  even  higher  performance 
potential.” 

I think  that  is  an  excellent  statement.  Are  you  therefore  recom- 
mending that  we  go  ahead  with  the  research  and  development  in  this 
area  by  placing  emphasis  on  it  to  have  an  efficient,  economical,  and 
broad-based  space  program  in  the  future? 

Mr.  Sherman.  Yes;  I do. 

Mr.  Fulton  of  Pennsylvania.  Would  you  amplify  that  a little  bit? 
If  we  do  not  do  this,  what  would  happen  to  your  scientific  team  that 
has  been  working  on  these  problems? 

Mr.  Sherman.  Well,  the  point  that  I tried  to  make  in  that  par- 
ticular comment  was  that  the  analyses  that  we  have  made,  that  I 
showed  this  subcommittee  in  figures  2 and  3 indicate  two  things;  They 
indicate  first  of  all,  that  of  all  the  space  storable  propellant  systems 
that  we  or  anyone  else  have  come  across,  OFj/diborane  certainly 
appears  to  be  the  highest  performing  system.  The  intermediate  step 
that  I referred  to,  involves  the  use  of  OF*  with  several  of  the  other 
carbonaceous  fuels.  The  point  here  is  that  our  concern  initially  was: 
Is  this  an  attractive  intermediate  step?  From  the  data  it  appears 
as  though  we  can  realize  a 20  percent  performance  improvement  in 
essentially  the  same  vehicle  by  this  relatively  direct  first  step.  We 
did  this.  We  made  the  tests,  and  convinced  ourselves  that  this  up- 
grading, if  you  will,  is  a relatively  straightforward  one.  It  is  not 
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without  its  problems,  but  these  are  more  of  a direct  engineering  nature 
than  a way-out  research  effort. 

The  move  then  was  to  see  whether  the  additional  increment  in 
performance  could  be  obtained  with  the  OFa/diborane.  Here,  of 
course,  is  where  with  NASA  support  we  are  now  working,  and  we  are 
convinced  that  this  step  can  be  achieved. 

Now  I don't  know  whether  I have  answered  your  question  fully. 

Mr.  Fulton  of  Pennsylvania.  Yes,  I think  you  have  done  very 
well.  Actually,  the  Air  Force  recommended  an  advanced  ATP, 
advanced  technical  program,  on  this  particulr  aspect  of  the  high, 
energy  fuel  research  and  development,  did  it  not? 

Mr.  Sherman.  I gather  it  did. 

Mr.  Fulton  of  Pennsylvania.  One  of  the  most  critical  points  on 
the  development  of  these  engines  for  space  is  the  ablative  materials 
research  and  development.  Dr.  Bisplinghoff  testified  on  the  27th  of 
March  1963,  when  I had  asked  him  tne  question,  that  there  was 
simply  a $40,000  contract  with  the  General  Electric  Co.  in  this  field 
for  work  on  ablatives  for  nozzles  and  nozzle  development.  To  me 
that  is  a very  small  program  for  one  of  the  key  problem  areas. 

Do  you  think  that  the  emphas:s  could  be  increased  in  the  field  of 
developing  ablative  materials  for  nozzles  for  high  energy  propellants 
and  otner  fuels? 

Mr.  Sherman.  There  needs  to  be  some  very  substantial  work  done 
in  this  area  of  materials,  ablative  as  well  as  nonablative,  but  heat 
resistant  materials.  Two  types  of  work  need  to  be  done.  One  in- 
volves the  more  fundamental  materials  research,  getting  at  the 
properties  of  materials  and  organizing  their  structure  so  they  will 
perform  properly. 

The  other  involves  more  of  an  applied  engineering  effort  to  marry 
known  materials  and  known  fabrication  processes  to  existing  pro- 
pellent injection  systems. 

This  is  a problem  not  necessarily  with  high  energy,  propellants 
alone.  It  is  a problem  that  needs  real  support  with  some  of  the  low- 
energy  propellent  systems  as  well. 

Mr.  Fulton  of  Pennsylvania.  That  is  all. 

Mr.  Teague.  Mr.  Daddario? 

Mr.  Daddario.  No  questions. 

Mr.  Teague.  Mr.  Hines? 

Mr.  Hines.  Yes,  sir.  Thank  you. 

How  much  more  money  would  you  think  it  would  require  to  get 
the  answers  on  OFa  diborarie  to  accomplish  the  job  by  the  year’s  end? 

Mr.  Sherman.  This  is  a difficult  question  to  resolve  quantitatively, 
since  what  one  group  considers  an  answer,  may  not  necessarily  be 
considered  a definitive  answer  to  somebody  else. 

I think  this  is  a situation  where  it  can  be  stated  generally  that 
substantial  additional  effort  is  required.  Certainly  we  could  support 
in  terms  of  productive  areas  of  investigation  something  between  two 
to  four  times  the  present  support  level. 

Mr.  Hines.  Two  to  four  times? 

Mr.  Sherman.  Yes,  sir 

Mr.  Hines.  Would  a similar  ratio  also  be  reflected  in  the  number 
of  people  you  would  have  to  have? 

Mr.  Sherman.  Not  necessarily,  no.  It  is  not  a direct  relationship. 

Mr.  Hines.  Where  would  this  money  be  expended? 


1964  NASA  AUTHORIZATION 


699 


n 

t 

L, 


Mr.  Sherman.  Primarily  in  the  exploration  of  various  hardware 
and  analytical  approaches  to  some  of  the  problems  we  have  been 
discussing.  They  do  not  scale  directly  ivith  people. 

Mr.  Hines.  I see.  Is  Thiokol  working  alone  in  this  area  or  does  it 
have  some  subcontractors?  I am  trying  to  define  the  scope  of  the 
team  which  you  are  using. 

Mr.  Sherman.  We  have  been  working  with  Allied  Chemical  in 
connection  with  the  evaluation  of  the  properties  of  OF2,  and  likewise 
with  Gallery  in  connection  with  diborane.  I believe  there  is  some 
testing  work  underway  at  other  rocket  companies  with  OF2. 

Mr.  Hines.  Are  all  the  major  elements  of  the  industry  working 
with  you  in  this  area  and  exchanging  information? 

Mr.  Sherman.  Well,  certainly  relative  to  the  propellants  them- 
selves. Yes;  this  is  so. 

Mr.  Hines.  The  whole  team  is  not  necessarily  only  interested  in 
Thiokol  work? 

Mr.  Sherman.  I would  say  from  the  combustion  standpoint  it  is, 
but  by  and  large  there  is  a large  interest  developing  in  this  propellant 
system  throughout  the  industry. 

Mr.  Hines.  What  would  be  the  cost  of  the  experimental  engine 
program  you  showed  in  your  last  chart? 

Mr.  Sherman.  Here  again  you  get  into  semantics,  in  an  effort  to 
determine  when  you  have  satisfied  yourself  or  someone  else  that  you 
have  an  engine  ready  for  flight. 

Mr.  Hines.  I agree. 

Mr.  Sherman.  A program  such  as  we  showed  in  figure  6 could  cost 
anywhere  between  $5  and  $8,  or  $9  million  without  the  propellants. 

Mr.  Hines.  Could  you  give  us  some  idea  of  the  missions  that  you 
think  space  storable  propellants  could  be  used  for  after  1966? 

Mr.  Sherman.  Well,  I think  we  will  be  faced  with  a situation,  such 
that  after  the  first  series  of  the  the  Apollo  firings  are  successful,  we 
will  want  to  do  things  in  the  way  of  upgrading  the  capability  of  the 
mission.  This  is  just  a natural  evolutionary  process.  I think  it  is 
in  this  area  that  we  require  some  real  high  energy  propellants. 

As  a further  thought,  I believe  that  sometimes  we  tend  to  get  too 
deeply  committed  to  this  business  of  a specific  mission  for  a specific 
propellant.  In  some  of  these  spacecraft  we  are  talking  about  a 
situation  where  maybe  70,  80,  or  90  percent  of  the  weight  of  the 
spacecraft  is  tied  up  in  propulsion  and  in  propellants.  The  impor- 
tance of  propulsion  is  very  evident,  and  it  has  always  been  a fact  that 
propulsion  has  led  events  and  been  a pacing  factor  in  progress.  I 
think  you  need  to  develop  this  technology  for  the  sake  of  the  tech- 
nology, itself,  because  once  this  is  done,  the  missions  will  become  very 
evident. 

Mr.  Hines.  Do  you  think  that  it  would  be  easier  to  man-rate  a 
rocket  system  using  the  OF2  diborane  and  such  other  fuels  as  opposed 
to  the  ones  that  NASA  is  now  planning  to  use? 

Mr.  Sherman.  No;  it  won’t  be  easier;  these  and  all  high-energy 
propellants  are  more  difficult. 

Mr.  Hines.  It  will  be  more  difficult? 

Mr.  Sherman.  Yes;  you  will  have  a lot  more  work  to  do. 

Mr.  Hines.  I see. 

Mr.  Sherman.  But  this  is  all  part  of  what  needs  to  be  done.  It 
has  got  to  be  undertaken  and  witn  emphasis. 
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Mr.  Hines.  Thank  you,  Mr.  Chairman. 

Mr.  Teague.  Any  questions? 

Mr.  Roudebush.  I nave  no  questions. 

Mr.  Riehlman.  No  questions. 

Mr.  Daddario.  You  refer  on  page  1 of  your  statement  to  the  nu- 
clear lower  stages.  By  limiting  your  thinking  to  nuclear  lower  stages, 
you  do  not  preclude  the  possibility  of  using  nuclear  power  in  the 
upper  stages,  do  you? 

Mr.  Sherman.  I don’t  preclude  it,  but  I suspect  it  is  a fair  way  off. 

Mr.  Daddario.  Yes;  but  even  though  it  mav  be  a fair  way  off,  we 
have  important  programs  in  this  area.  We  will  not  be  able  to  achieve 
our  ultimate  goals  in  space  until  we  develop  a nuclear  power  capability 
in  upper  stages,  isn’t  that  correct? 

Mr.  Sherman.  Well,  I think  here  we  have  to  differentiate  between 
the  so-called  conventional  nuclear  power  and  the  electrical  propulsion 
systems  that  are  being  considered  for  these  very  long  deep  space, 
interplanetary  missions. 

I think  most  of  our  present  thought — and  I should  emphasize  that 
I am  not  a nuclear  propulsion  expert — most  of  our  present  thinking 
in  this  area  relates  to  the  use  of  nuclear  propulsion  in  upper  stages  as 
a booster  or  a substantial  velocity  increment  producer.  I don’t 
believe  we  are  talking  about  nuclear  propulsion  systems  for  the 
long-term,  on-board  spacecraft  propulsion. 

Even  if  we  are,  we  will  still  require  chemical  propulsion  for  some 
of  the  smaller  mission  functions.  For  example,  I don’t  see  functions 
such  as  landings,  attitude  control,  and  midcourse  correction,  which 
require  low  total  impulse,  as  being  useful  nuclear  propulsion  functions. 

1 think  you  are  always  going  to  require  high  performance  chemical 
propellants  aboard  these  vehicles. 

Mr.  Daddario.  You  have  made  some  reference  to  the  use  of  di- 
borane  and  fluorides  in  an  Apollo-type  program.  You  don’t,  however, 
see  any  problem  with  the  Apollo  program  as  it  is  presently  being 
conducted,  do  you? 

Mr.  Sherman.  From  the  standpoint  of  its  capability  to  perform  its 
mission? 

Mr.  Daddario.  Yes. 

Mr.  Sherman.  No;  I don’t. 

Mr.  Daddario.  You  made  a comparison  in  an  answer  to  a question 
put  to  you  by  Mr.  Fulton  that  I did  not  quite  understand.  That 
was  in  reference  to  additional  capability  which  might  be  added  to  the 
Apollo  program  by  the  use  of  OF3.  Would  you  explain  that  a bit  fur- 
ther? 

Mr.  Sherman.  Oh.  Well,  I was  referring  m that  instance  to  what  I 
believe  will  undoubtedly  occur.  It  has  happened  on  every  program 
that  I have  ever  seen,  and  I suspect  it  will  happen  again.  Once  the 
initial  effort  has  been  successful,  using  present-day  propellants,  there 
is  undoubtedly  going  to  be  a requirement  to  upgrade  the  mission  and 
accomplish  more  with  it,  requiring  more  payload. 

I think  that  the  present  mission  probably  comes  pretty  close  to  the 
limit  with  respect  to  present-day  available  storable  propellants. 

Mr.  Daddario.  Isn’t  this  always  the  case?  As  we  go  into  a pro- 
gram, we  always  see  other  things  we  might  do  to  build  up  our  capabili- 
ties. We  must  be  careful  though  not  to  constantly  redirect  our  forces 
as  the  result  of  the  improvements  in  our  knowledge  and  technique  as 
programs  develop. 
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Mr.  Sherman.  I don’t  think  it  is  a case  of  redirecting  in  the  middle, 
I think  it  is  a case  of  growing  beyond. 

The  Gemini-Mercury  situation  is  a pretty  clear  illustration  of  having 
accomplished  one  mission  and  done  it  successfully  several  times,  and 
now  the  intent  is  to  upgrade  the  mission  and  accomplish  more  with  it. 

This  means  more  payload.  For  an  upgraded  Apollo  mission  we  will 
run  into  trouble  getting  more  payload  with  present-day  storables  and 
present  boosters. 

Mr.  Daddario.  But  we  have  had  some  talk  here  this  morning  about 
adding  steam  to  this  high  energy  fuel  program  by  additional  appropria- 
tions. There  always  comes  a question  to  my  mind  and  to,  I am  sure, 
other  members  of  this  committee,  about  how  many  of  these  programs 
can  we  keep  going  at  the  same  time.  We  certainly  have  to  pick  and 
choose.  If  we  have  national  goals  established,  and  programs  which 
can  accomplish  these  goals,  the  question  arises  as  to  where  we  should 
begin  limiting  our  activities. 

In  reference  to  your  statement  this  morning,  do  you  believe  that 
the  development  of  this  kind  of  fuel  is  imperative  to  the  accomplish- 
ment of  our  national  goals  and  that  it  is  vital  that  we  expend  additional 
large  sums  of  money  to  develop  these  fuels  as  well  as  the  others  which 
are  being  developed? 

Mr.  Sherman.  The  general  answer  to  the  question  is  yes.  I think 
we  have  the  situation  today  where  there  is  a clear  requirement  for 
higher  energy,  long-term  space  storable  propellants.  The  problem  is 
try  and  find  the  best  one,  the  one  to  support. 

Our  analyses,  the  charts  that  I showed  you,  and  they  are  just  two 
of  very  many,  indicate  that  there  is  a promising  approach  involving 
the  use  of  oxygen  difluoride  as  the  oxidizer. 

We  are  at  the  moment  striving  to  climb  to  the  top  of  the  tree  in  the 
sense  of  going  after  the  diborane  combination  with  OF2.  Should  that 
fail,  and  this  is  the  point  I tried  to  make  in  this  paper,  should  that  fail 
to  prove  as  attractive,  in  fact,  as  it  does  on  paper,  we  may  have  to 
set  our  sights  a little  bit  lower.  However,  there  are  places  along  the 
family  of  curves  where  you  can  set  your  sights,  a little  bit  lower,  and 
still  see  some  significant  performance  gains. 

The  point  here  is  that  I think  these  approaches  we  talked  about 
need  to  be  pursued  vigorously  because  at  the  moment  I know  of  no 
other  approach  that  gives  us  a space  storable  high  energy  propellant 
capability. 

Mr.  Teague.  Any  further  questions? 

Mr.  Fulton  of  Pennsylvania.  I have  one. 

Mr.  Teague.  We  have  another  witness,  Mr.  Fulton,  but  go  right 
ahead. 

Mr.  Fulton  of  Pennsylvania.  On  page  16  of  your  statement  you 
say  that  at  the  end  of  1963  you  will  have  been  working  under  contract 
for  about  one  and  a half  years.  That  means  that  your  current  contract 
with  NASA  runs  out  at  the  end  of  December  1963? 

Mr.  Sherman.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Unless  funds  are  provided  there  will 
be  an  interval  when  nothing  is  done  on  high  energy  fuels,  is  that  not 
correct? 

Mr.  Sherman.  Unless  funds  are  provided  in  the  form  of  either 
increasing  the  scope  of  the  present  contract  or  doing  something  about 
a new  one,  yes. 
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Mr.  Fulton  of  Pennsylvania.  From  December  1963  until  the  fiscal 
year  ends  June  30,  1964,  there  might  be  a time  when  the  programs 
do  not  have  adequate  funding  and  the  scientific  teams  would  have 
to  be  disbanded.  This  is  true  at  Thiokol,  as  well  as  with  Callery 
Chemical  Co.  and  Bell,  is  that  not  correct? 

Mr.  Sherman.  This  would  probably  be  true  for  ourselves,  and 
Callery,  and  Allied.  I believe  Bell  has  support  to  some  extent  from 
the  Air  Force  involving  a rather  special  approach. 

Mr.  Fulton  of  Pennsylvania.  You  also  say  in  your  statement: 

In  this  time  and  with  adequate  support,  we  should  be  able  to  determine  if  the 
OFj/diborane  approach  does,  in  fact,  fulfill  the  promise  it  shows  on  paper.  If  it 
does — then  we  can  move  on  to  the  demonstration  of  an  experimental  flight  engine. 
If  it  does  not,  then  we  must  look  to  some  other  fuels  with  OF*.  Unfortunately, 
at  our  present  pace,  we  will  be  well  into  calendar  1964  before  any  such  judgment 
can  be  made.  This  in  turn  will  postpone  the  day  when  a true  high  performance, 
space  storable  engine  can  be  available. 

Then  on  page  17  you  say: 

It  should  be  possible  to  have  such  a high  energy  system  availabe  for  use  in  the 
latter  half  of  calendar  1966  if  work  were  begun  in  mid- 1964. 

You  further  say: 

A flyable  engine  of  this  size  shown  in  figure  6 could  be  available  by  mid-calendar 
1965. 

Is  that  not  in  your  statement? 

Mr.  Sherman.  Yes.  Basically  so.  There  are  three  things  that 
are  being  talked  about  there,  one  involves  an  early  resolution  to  what  is 
basically  I think  Mr.  Daddario’s  question,  which  is  “Where  do  you 
put  your  money,  where  do  you  place  your  emphasis?” 

We  are  trying  to  resolve  this  question  as  to  the  relative  merits  of 
OFs  diborane  and  we  can  come  to  the  end  of  this  resolution  by  the  end 
of  calendar  1963  provided  there  is  an  additional  support. 

It  is  important  to  come  to  this  resolution  because  if  we  don’t,  it 
will  drag  on  and  on  and  on,  and  never  come  to  any  kind  of  positive 
answer. 

Mr.  Fulton  of  Pennsylvania.  The  gain  of  20  percent  in  perform- 
ance would  be  a real  step  forward  if  we  could  reach  it  in  the  NASA 
program? 

Mr.  Sherman.  Yes,  it  would. 

Mr.  Daddario  (presiding).  You  are  however,  in  touch  with  NASA 
on  this  particular  problem.  You  are  negotiating  with  them  so  there  is 
no  lack  of  contact  to  get  your  points  across  to  NASA? 

Mr.  Sherman.  No;  we  have  maintained  an  input  relative  to  our 
own  technical  planning  and  recommendations  in  this  area. 

Mr.  Daddario.  So  if  there  are  any  limitations,  it  involves  the 
negotiations  going  on  with  NASA,  and  their  thinking  as  to  the  vaiva 
of  your  program  which  has  already  been  partially  funded  by  them? 

Mr.  Sherman.  This  is  so.  The  value  of  the  program,  as  NASA 
sees  it,  is  something  I think  you  would  have  to  discuss  with  NASA. 

Mr.  Fulton  of  Pennsylvania.  The  question  is  whether  the  NASA 
fundingis  sufficient  to  achieve  the  most  efficient  type  of  program? 

Mr.  Daddario.  Yes,  I think  it  is  important  for  us,  Mr.  Fulton,  to 
recognize  that.  However,  it  is  also  important  for  us  not  to  leave 
any  illusions  about  one  important  fact;  NASA  is  looking  into  the 
program;  they  have  funded  it  in  the  past,  and  they  have  the  facts 
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available  to  them  to  make  a decision  as  to  whether  or  not  there  will 
be  additional  funds. 

Are  there  any  further  questions? 

(No  response.) 

Mr.  Daddario.  If  not,  Mr.  Sherman,  thank  you  very  much.  It 
has  been  a very  illuminating  discussion  and  very  helpful  to  the 
committee. 

We  will  proceed  with  Mr.  Toering,  manager  of  the  Defense  Products 
Department  of  the  Callery  Chemical  Co. 

Do  you  have  other  witnesses  with  you? 

Mr.  Toering.  I have  several  colleagues  with  me  and  I trust  a few 
friends,  and  I have  asked  Mr.  Carpenter,  manager  of  our  Washington 
office,  to  join  me  at  the  table. 

Mr.  Daddario.  Fine.  Do  you  have  a biographical  sketch? 

Mr.  Toering.  It  is  the  last  page  of  the  summary,  yes,  sir. 

(The  biographical  sketch  follows ) 

Biography  of  A.  J.  Toering 

Albert  J.  Toering  is  manager,  defense  products  of  Callery  Chemical  Co.  He 
joined  Callery  in  April  1957  but  prior  to  that  time  was  employed  by  its  parent 
company,  Mine  Safety  Appliances  Co.,  since  1935.  During  the  period  of  28 
years  his  major  assignments  have  been  in  the  area  of  the  company’s  business  with 
Government.  Since  joining  Callery  he  has  had  the  responsibility  of  management 
of  all  contacts  and  contractual  relations  with  the  Government. 

He  holds  the  bachelor’s  and  master’s  degrees  in  engineering  from  Columbia 
University.  In  1934  he  was  elected  to  Sigma  Xi,  national  research  honorary 
society.  He  is  the  author  of  one  technical  book  and  has  contributed  to  numerous 
technical  publications. 

From  1940  to  1946  he  acted  as  technical  field  representative  to  the  armed 
services  and  was  awarded  the  Distinguished  Civilian  Award  by  both  the  Navy 
Department  and  the  Department  of  the  Army.  He  served  in  Europe  as  a working 
member  of  the  TIIC. 

Mr.  Toering  is  a member  of  the  American  Institute  of  Mining  Metallurgical 
and  Petroleum  Engineers;  of  the  American  Society  of  Safety  Engineers;  of  the 
American  Institute  of  Aeronautics  and  Astronautics;  and  the  American  Ord- 
nance Association. 

Mr.  Daddario.  We  are  pleased  to  have  you  here. 

Will  you  proceed  with  your  prepared  statement? 

STATEMENT  OF  A.  J.  TOERING,  MANAGER,  DEFENSE  PRODUCTS 

DEPARTMENT,  CALLERY  CHEMICAL  CO.;  ACCOMPANIED  BY 

R.  A.  CARPENTER,  MANAGER,  WASHINGTON  OFFICE 

Mr.  Toering.  Thank  you,  Mr.  Chairman  and  members  of  the 
committee. 

Callery  is  pleased  to  respond  to  this  committee's  invitation  to  com- 
ment on  the  state  of  the  art  of  high-energy  chemical  propulsion,  and 
to  present  the  viewpoint  of  an  industrial  organization  engaged  solely 
in  the  synthesis,  development,  and  production  of  high-energy  chemi- 
cals. We  feel  we  have  a moral  and  a professional  responsibility  to 
state  certain  facts  as  we  see  them  and  as  we  have  experienced  them. 
We  believe  our  remarks  represent  the  views  of  the  entire  chemical 
propellant  industry.  Callery  is  owned  in  equal  shares  by  the  Mine 
Safety  Appliances  Co.  and  the  Gulf  Oil  Corp.  The  company  was 
founded  in  1948  specifically  to  pursue  the  development  of  high-energy 
boron  fuels,  and  Gallery's  role  in  Project  Zip  was  presented  to  this 
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committee  at  hearings  in  September  of  1959.  To  review  briefly,  in 
1952  the  Bureau  of  Aeronautics  launched  a multimillion-dollar  project 
to  discover  liquid  high-energy  fuels  and  develop  practical  processes 
for  their  production.  Private  industry  could  not  assume  the  burden 
of  this  type  of  development  because  of  the  lack  of  a civilian  market 
and  the  financial  risks  involved.  Essentially,  the  Government  put 
Callery  in  business,  since  the  research  and  development  and  subse- 
quent construction'  of  production  facilities  was  financed  entirely  by 
Government  contract.  A major  facility  was  built  at  Muskogee,  Okla. , 
and  today  it  is  the  free  world’s  only  established  source  for  low-cost 
tonnage  production  of  diborane,  which  is  the  building  block  for  all 
high-energy  boranes.  After  the  termination  of  Project  Zip,  Muskogee 
produced  275,000  pounds  of  pentaborane  for  the  Air  Force,  complet- 
ing that  task  in  April  of  1962.  Since  that  time  the  plant  has  been 
in  hot  standby  status  and  as  a result  of  Air  Force  action  earlier  this 
year  is  being  reduced  to  caretaker  status  (with  the  consequent  dis- 
solution of  the  Callery  technical  team  at  the  Muskogee  location) . 

During  the  past  5 years  in  addition  to  continuing  the  exploitation 
of  boron  hydrides,  we  have  broadened  our  research  to  include  solid 
oxidizers,  such  as  nitronium  perchlorate,  and  liquid  oxidizers  in  the 
fluorine  field.  The  most  attractive  of  the  candidate  propellant  ma- 
terials all  present  the  same  problems  which  have  plagued  the  boron 
hydride  program. 

THE  STATE  OF  THE  ART  IN  PROPELLANT  CHEMISTRY 

Propulsive  power  is  the  key  to  space  missions  because  it  determines 
how  much  weight  can  be  made  available  in  the  payload,  and  there  is 
no  question  about  the  need  for  greater  propulsive  power  and  increased 

Eayload  in  America’s  space  and  defense  effort.  The  United  States 
as,  thus  far,  had  only  low  thrust,  moderate  specific  impulse  rockets 
when  compared  to  the  U.S.S.R.  Our  missions  have  been  a larger 
number  of  lightweight  payloads  compared  to  a lesser  number  of  heavy 
U.S.S.R.  vehicles.  The  United  States  has  relied  on  sophistication, 
and  our  unique  capability  to  miniaturize  electromechanical  instru- 
ments has  offset  the  Russian  advantage  of  high-thrust  boosters. 
However,  from  here  on,  manned  space  flight  will  be  the  dominant 
factor  of  space  missions,  and  we  cannot  miniaturize  man  or  his  life 
support  equipment.  The  United  States  must  get  greater  propulsive 
power  and  higher  payload  capability.  Greater  propulsive  power  is 
now  available  through  high-energy  propellant  chemistry. 

The  useful  weight  which  a rocket  can  carry  into  orbit  or  on  a course 
to  outer  space  is  dependent  on  the  thrust,  specific  impulse,  and  the 
number  of  stages. 

Multiple-stage  rockets  will  always  be  necessary  but  the  fewer  the 
better  for  reliability.  The  trend  will  be  to  standardize  on  a first- 
stage  booster  coupled  with  a second  accelerator  stage,  both  considered 
together  as  a launch  vehicle.  On  top  of  these  the  space  vehicle  will 
have  an  additional  propulsion  stage  to  inject  it  into  orbit,  to  change 
or  correct  its  course,  return  it  to  Earth,  and  so  forth. 

Thrust  is  most  important  in  the  first-stage  booster  which  must 
move  the  entire  weight  off  the  Earth  against  the  pull  of  gravity  and 
the  drag  of  the  atmosphere.  We  can  increase  thrust  by  increasing 
size  as  we  are  doing  in  the  Saturn  and  large  solid-propellant  programs, 
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but  there  is  a limit  imposed  by  the  effects  on  launch-site  areas  of  firing 
such  huge  rockets.  Also  there  is  a hazard  in  simply  accumulating 
tremendous  amounts  of  potential  explosives.in  one  place.  We  should 
continue  to  develop  high-thrust  boosters  but  they  will  not  be  the 
total  answer  to  greater  payloads. 

Specific  impulse  is  the  measure  of  how  much  thrust  we  can  get  from 
each  pound  of  rocket  propellants.  High-energy  fuels  contain  more 
built-m  power  than  conventional  fuels  and  can  give  more  thrust  per 

Eound  when  burned.  We  could  increase  the  thrust  of  first-stage 
oosters  without  increasing  their  size  by  substituting  high-energy 
fuels.  This  may  be  possible  to  some  extent  but  is  limited  by  two 
factors.  First,  the  booster  uses  the  vast  majority  of  all  the  fuel 
consumed  on  a given  flight.  High-energy  fuels  invariably  cost  10  to 
100  times  as  much  as  the  conventional  petroleum-derived  hydro- 
carbons and  their  companion  oxidizer,  liquid  oxygen.  Economics, 

f generally,  therefore,  show  that  the  first  stage  should  use  cheap,  albeit 
ower  specific  impulse  propellants.  Secondly,  the  exhaust  gases  of  the 
first  stage  must  not  present  a problem  to  the  launch  area.  Unfortu- 
nately, most  of  the  high-energy  propellants  and  their  exhaust  products 
are  toxic  or  corrosive  compared  to  the  conventional  hydrocarbons. 

The  places  to  use  high-energy  fuels  to  increase  payload  are  in  the 
second-stage  sustainer  of  the  launch  vehicle  and  in  the  onboard  pro- 
pulsion system  of  the  space  vehicle.  The  quantities  of  propellant  are 
not  so  great  as  to  make  cost  a significant  factor.  Exhaust  gases  do  not 
impinge  on  the  launch  site.  Most  importantly,  the  increase  in  specific 
impulse  in  these  upper  stages  will  allow  significantly  larger  payloads 
to  be  launched  with  the  same  conventional  boosters. 

I would  like  to  add  parenthetically,  I generalized  in  making  this 
last  statement.  There  is  considerable  work  being  done  with  the  use 
of  high-energy  propellants  as  additives  and  this  is  looking  rather 
attractive.  I did  not  mean  to  overlook  or  eliminate  the  possible 
consideration  of  such  additives,  but  generally  this  is  the  case  with  the 
high-energy  fuels,  they  are  expensive  and  they  have  other  problems 
such  as  toxicity. 

WHAT  IS  A HIGH-ENERGY  PROPELLANT? 

Rocket-propulsion  energy  results  from  the  combination  of  chemicals 
in  the  combustion  chamber  to  produce  heat  and  gases.  Early  rockets 
used  commonly  available  fuels  such  as  hydrocarbons  (kerosene, 
asphalt,  and  various  polymers)  and  oxidizers  such  as  nitric  acid, 
chlorates,  and  liquid  oxygen  from  the  air.  These  combinations  in 
both  liquid  and  solid  rockets  give  performance  values  in  terms  of 
specific  impulse  in  the  230  to  300  range.  Shortly  after  World  War  II 
it  was  recognized  that  superior  fuels  might  be  made  of  compounds  of 
hydrogen  with  lightweight  elements  such  as  lithium,  beryllium,  boron, 
and  aluminum. 

In  1958,  after  Sputnik  galvanized  the  United  States,  Dr.  George 
Kistiakowsky  visualized  the  need  for  a substantial  improvement  in 
rocket  propellants.  The  Advanced  Research  Projects  Agency  of  the 
DOD  invited  the  chemical  industry  to  participate  in  Project  Principia, 
to  develop  better  chemical  fuels  and  oxidizers  for  rocket  propulsion. 

These  advanced  propellants  were  to  give  specific  impulses  of  290  to 
400  seconds  and  have  become  commonly  known  and  referred  to  as 
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high-energy  propellants.  In  addition  to  the  ARPA  program,  other 
efforts  were  carried  on  by  the  military  services  and  by  industry  to 
find  the  ultimate  in  chemical  propulsion. 

This  search  is  the  key  to  progress  in  flight-propulsion  power.  As 
has  been  succinctly  stated  recently  by  Mr.  John  L.  Sloop: 

Propulsion  is  the  key  to  space  exploration  and  our  push  to  the  Moon  in  this 
decade  will  depend  completely  on  chemical  propulsion. 

Historically,  man  has  always  planned  his  explorations  in  flight 
around  the  propulsion  powerplants  which  were  available.  Each 
advance  in  engine  development  made  new  payloads,  speeds,  and 
endurance  possible.  This  is  no  less  true  today.  There  can  be  no 
substitute  for  advanced  propulsion  capability. 

Since  1958,  understanding  of  basic  thermodynamic  considerations 
has  made  it  possible  to  predict  which  of  the  chemical  compounds  and 
elements  would  be  the  best  propellants.  The  lightweight  elements 
in  the  periodic  table  are  the  ones  of  choice  and  the  number  of  com- 
binations of  these  elements  into  compounds  with  physical  properties 
(melting  point,  boiling;  point,  and  so  forth)  which  lend  them  to  use  in 
rocket  engines,  is  not  infinite. 

Within  the  last  4 years  the  chemical  industry  has  exhaustively 
studied  these  various  combinations,  until  now  it  can  be  stated  that 
most  of  the  data  are  at  hand.  It  is  unlikely  that  any  startling  new 
chemical  propellants  will  be  discovered.  It  is  this  state  of  the  art 
which  leads  us  to  believe  that  advanced  chemical  propellants  are 
available  which  give  a meaningful  improvement  in  payload  or  velocity 
increment. 

LIQUID  HYDROGEN  AS  A HIGH-ENERGY  PROPELLANT 

It  is  essential  to  clarify  the  position  of  liquid  hydrogen  in  the 
spectrum  of  chemical  propellants.  Hydrogen  is  a superior  fuel  and 
it  certainly  will  find  its  uses  in  space  propulsion.  However,  its  very 
low  density  and  extremely  low  boiling  point  lead  to  operational  dis- 
advantages. The  problems  of  the  Centaur  program  are  well  known. 
Analyses  of  other  missions  such  as  lunar  landing  and  small  stages 
designed  for  deep-space  exploration  show  that  liquid  hydrogen  is 
actually  inferior  to  other  combinations.  The  report  of  the  ad  hoc 
Committee  on  High-Density,  High-Specific-Impulse  Propellants  to 
the  Aeronautics  and  Astronautics  Coordinating  Board,  DOD-NASA 
is  commended  to  the  committee’s  attention.  The  “confidential” 
classification  of  the  report  precludes  its  discussion  here. 

The  point  is,  there  are  some  missions  in  which  liquid  hydrogen 
cannot  be  used  because  of  its  lack  of  space  s tor  ability.  There  are  other 
missions  where  liquid  hydrogen  combinations  are  inferior  because  of 
the  low  density  of  hydrogen.  In  these  missions,  high-energy,  high- 
density  propellants  are  essential  to  deliver  the  required  payload 
and/or  the  velocity  increment. 

In  addition  to  the  laboratory  research  which  has  uncovered  new 
chemical  propellants,  the  United  States  has  the  unique  capability  to 
manufacture  large  quantities  at  a low  enough  cost  to  make  their 
use  in  rocket  engines  feasible.  No  other  country  in  the  world  has  a 
chemical  industry  equal  to  ours.  The  economic  large-scale  production 
of  intricate  chemical  molecules  requires  the  utmost  in  chemical 
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processing  ingenuity.  Today,  the  United  States  can  provide  quan- 
tities of  mgh-energy  propellant  ingredients. 

THE  ECONOMICS  OF  HIGH-ENERGY  PROPELLANTS 

The  conventional  fuels  in  use  today  in  the  Atlas,  Titan  I,  and 
Saturn  are  liquid  oxygen  and  RP-t . The  latter  is  a kerosene  fraction 
derived  from  petroleum.  These  propellants  are  cheap  and  readily 
available  because  they  occur  in  nature  and  have  only  to  be  separated 
from  air  and  crude  oil.  Propellants  of  higher  energy  content  are 
not  naturally  occurring. 

The  high-energy  fuels  under  consideration  today  are  chemical 
compounds  such  as  diborane,  pentaborane,  hydrazine,  oxygen  difluo- 
ride, and  the  elements  fluorine,  hydrogen,  and  beryllium.  These 
propellants  are  prepared  from  raw  materials  such  as  borax,  natural 
gas,  minerals,  and  ores  which  are  found  in  nature  in  a low-energy 
state.  A number  of  complex  chemical  processing  steps  and  the  input 
of  energy  in  the  form  of  electricity  or  heat  are  necessary  to  transform 
these  raw  materials  into  high-energy  propellants.  The  concept  is  to 
package  a maximum  amount  of  energy  into  a given  weight  and  volume 
using  earthbound  factories  so  that  this  energy  can  later  be  released 
to  power  the  free-flying  rocket.  The  expense  of  this  transformation 
is  justified  in  two  ways.  The  greater  energy  content  compensates 
for  the  cost  per  pound  of  propellant;  and  some  missions  simply  could 
not  be  accomplished  at  all  with  conventional  fuels. 

The  economics  of  chemical  processing  are  definitely  dependent  on 
the  volume  produced.  Regardless  of  the  chemical  complexity  of 
the  material,  the  cost  usually  becomes  reasonable  if  a large,  continu- 
ously operating  plant  can  be  built.  However,  investment  in  such  a 
plant  must  be  justified  solely  by  the  requirement  for  a propellant, 
because  only  rarely  does  a high-energy  propellant  chemical  also  have 
a commercial  use  which  justifies  large-scale  production. 

Thus,  propellant  production  is  subject  to  the  whims  and  uncer- 
tainties of  the  Government  market.  In  this  restricted  market  there 
is  a high  risk  of  obsolescence.  In  addition,  Government  fiscal  policy 
limits  long-range  production  planning  for  what  is,  essentially,  a long 
leadtime  component  of  improved  space  systems. 

The  normal  orderly  development  of  a new  chemical  is  a long-term 
process,  costly  in  time  and  money.  A rule  of  thumb  in  the  chemical 
industry  is  “test  tube  to  tank  car  in  7 years."  The  program  nor- 
mally proceeds  through  the  following  general  stages: 

1.  Laboratory:  Synthesis  of  new  compounds  and  evaluation  of 

their  theoretical  performance. 

2.  Bench  scale:  Development  of  process,  demonstration  of  good 

yield  at  reasonable  cost,  R,nd  small-scale  performance  tests. 

3.  Pilot  plant:  Adaptation  of  process  to  commercial  methods  and 

equipment,  and  intermediate-scale  performance  tests. 

4.  Production  plant:  Design,  construction,  and  operation,  includ- 

ing training  of  skilled  personnel;  and  full-scale  performance  tests  and 
operational  use. 

Unless  stage  4 is  reached  and  maintained  long  enough  to  amortize 
the  development  and  facilities  costs,  no  large  quantities  of  chemicals 
at  reasonable  cost  can  be  made  available. 
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In  the  case  of  the  exotic  high-energy  propellant  chemicals  the  de- 
velopment timetable  is  condensed  ana  distorted.  Test  quantities  of 
propellant  chemicals  are  demanded  by  engine  developers  during  the 
chemical  research  stage  where  the  per  pound  cost  is  very  high.  Maxi- 
mum quantities  are  required  during  the  development  and  testing 
phases  of  the  engine,  vehicle,  or  weapons  systems;  and  when  the  system 
is  proved  out,  operational  flights  consume  relatively  little  propellant. 
Just  when  demand  for  chemical  production  would  be  reaching  a sus- 
tained peak  in  commercial  markets,  the  demand  for  propulsion  chem- 
icals drops  to  a minimum. 

In  view  of  the  problems  and  risks  involved  for  the  chemical  manu- 
facturer, better  Government  planning  than  now  exists  is  essential. 

Coordinated  planning  of  the  development  of  an  engine  and  a parallel 
development  of  its  chemical  fuel  as  a long  leadtime  item  are  necessary. 
Off  and  on,  poorly  planned  programs  discourage  technical  people  and 
companies  who  engage  in  these  operations.  Discontinuities  increase 
the  ultimate  cost.  Procrastination  delays  the  time  when  the  high- 
energy  fueled  engine  could  be  aiding  the  space  program. 

WHAT  IS  RECOMMENDED 

Based  on  the  fact  that  a propellant,  with  little  or  no  commercial 
use,  must  be  provided  concurrently  with  a weapons  or  space  system, 
a new  approach  to  scheduling  is  necessary.  The  present  methodology 
dictates  that  new  propulsion  systems  cannot  be  developed  beyond  tne 
feasibility  stage  unless  a specific  mission  requirement  exists.  When 
the  requirement  does  occur,  the  system  designer  cannot  wait  for 
advanced  propellent  development  and  tailors  his  payload  to  the  lesser 
capabilities  of  existing  propellants  and  engines. 

The  Advanced  Research  Projects  Agency  did  establish  a concen- 
trated program  in  chemical  propellant  systems.  This  substantial 
effort  by  Government  and  industrial  laboratories  to  find  better 
propellants  is  drawing  to  a close.  Dr.  G.  V.  Mock  has  stated,  “In 
a certain  sense  this  is  the  last  onslaught  this  country  can  make  on 
the  periodic  chart.”  If  it  were  likely  that  some  new  “wonder  chemi- 
cal” would  turn  up,  further  delays  in  engine  development  and  use 
might  be  justified.  But  all  evidence  is  to  the  contrary  and  the 
materials  we  have  listed  in  table  I are  acknowledged  to  be  the  best 
candidates. 

(The  information  referred  to  is  as  follows:) 
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Table  I. — Chemical  propulsion — Theoretical  specific  impulse  in  space  for  upper 
stage  application  (Pe  = 1,000  psi,  P*=0  2 psi ) 


Bymbol 

Specific 

impulse 

(seconds) 

Comment 

HjOi 

470 

Available  in  Centaur  engine. 

HjFj 

489 

R.  A D.  completed. 

RP-l-O*. 

379 

Available  in  Atlas  and  Titan  I. 

NjH«-Fj 

436 

R.  A D.  complete. 

BjHv-Fj 

460 

No  work  done. 

B*Ht-OFj 

466 

Do. 

BjHt-OFj 

468 

NASA  development  underway 

NjOi,  (SO  percent 

334 

Available  in  Titan  11. 

NjHi,  SO  percent 

T7DMK. 

Joshua— BiHr-NjH*— 

411 

R.  & D.  stage  underway. 

Be  additives 

360-380 

Research  results  only. 

Common  name 


Systems  involving  liquid  hydro- 
gen—low  density,  non-space- 
storable: 

Hydrogen-lox 

Hydrogen-fluorine 

Systems  involving  cryogenics  but 
space  storable: 

Keroaen£lox. 

Hydrazine-fluorine 

Pentaborane-fluorine — 

Pentaborane-oxygen  difluorlde. 

D iborane-oxy gen  difluoride 

Systems  involving  noncryogenics— 
earth  storable  and  space  storable: 
Nitrogen  tetroxide-fcydrazine 
blend. 

Pent&borane-hydrazine 

Beryllium 


The  ARPA  program  does  not  provide  for  process  development 
or  for  flight  weight  hardware  to  use  the  new  chemicals.  A partial 
effort  is  made  within  Government  to  provide  for  process  studies.  For 
example,  the  manufacturing  methods  branch  of  the  Air  Force  sponsors 
limited  work  to  take  promising  propellant  chemicals  from  the  syn- 
thesis stage  through  process  development.  There  is  today,  unfor- 
tunately, no  functioning  mechanism  in  the  executive  branch  of  the 
Government  to  coordinate  the  ultimate  production  step,  unless  and 
until  a systems  requirement  calls  for  sufficient  quantity  of  material 
to  justify  construction  of  a production  facility.  Process  development 
is  an  important  step  forward  but  the  technical  people,  know-how  and 
a going,  operating  facility  are  the  prime  ingredients  for  low-cost 
tonnage  production.  Here  is  the  area  where  coordinated  Government 
planning  and  subsidy  appear  essential  if  the  promise  of  the  exotic 
materials  is  to  be  translated  to  actual  use. 

We  maintain  that  the  broad  mission  requirement  for  high  energy, 
high  density  propellants  does  exist  today.  It  is  in  the  form  of  the 
lesson  taught  by  history  that  advances  in  propulsion  power  have  led 
the  way  into  new  regimes  of  flight.  Each  time  a better  engine  has 
been  built,  the  mission  and  payload  have  been  quickly  visualized  to 
utilize  its  capability. 

The  recommended  approach  to  the  problem  will  make  necessary 
a long-range  program  with  higher  dollar  value  than  is  presently  pro- 
vided. This  program  should  be  devoted  to  insuring  the  availability 
of  high  energy  propellant  chemicals  for  use  in  both  solid  and  liquid 
systems.  High  energy  propellants  are  the  key  to  advanced  propulsion 
and  we  are  needlessly  limiting  choice  and  postponing  our  achievement 
of  preeminence  in  space  by  not  using  them. 

Thank  you,  Mr.  Chairman. 

Mr.  Daddario.  Thank  you,  Mr.  Toering. 

I am  pleased  to  see  Congressman  Melvin  Price  of  Illinois.  Would 
you  care  to  join  us? 

Mr.  Price.  Thank  you.  I have  some  guests. 

Mr.  Daddario,  I would  like  to  comment  upon  your  statement  by 
saying  that  it  is  very  objective  and  analytical.  It  not  only  sets  out 
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the  problems  involved,  but  makes  some  constructive  suggestions  and 
offers  some  straight  from  the  shoulder  criticism  which  is  unusual,  but 
welcome. 

It  is  very  helpful  to  us  to  know  how  the  chemical  industry  has  been 
affected,  and  what  steps  might  be  taken  to  alleviate  some  of  the  prob- 
lems which  occurred  in  the  past.  I want  to  thank  you  for  the  very 
thought-provoking  statement  that  you  have  prepared  and  presented 
to  us  this  morning. 

We  will  follow  the  same  procedure  as  we  did  with  the  previous 
witness.  Mr.  Hines,  wouM  you  proceed  with  your  questioning. 

Mr.  Hines.  Thank  you. 

Mr.  Toering,  apart  from  your  production  responsibilities  at 
Muskogee,  how  long  has  Gallery  undertaken  research? 

Mr.  Toering.  Gallery  has  been  basically  in  the  research  and 
development  of  high-energy  propellants  for  about  15  years. 

We  started  in  the  program  originally  in  boron  hydride  research. 

Having  looked  at  the  periodic  table  we  resolved  that  boron  was  an 
area  of  promise  and  this  was  our  basic  program.  We  have  during  the 
last  15  years  worked  in  many  different  areas  of  propulsion  chemistry. 

Mr.  Hines.  Has  that  research  effort  been  at  a steady  level  or  has  it 
been  increasing? 

Mr.  Toering.  It  has  been  widely  fluctuating,  actually,  Mr.  Hines. 
We  were  at  a rather  high  level  comparative  to  otner  research  programs; 
during  the  main  period  of  Project  Zip  we  were  at  a level  of  about  $5 
or  $6  million  of  research  effort  a year. 

Mr.  Hines.  I see. 

Mr.  Toering.  Our  level  is  something  less,  about  half  or  less  than 
that  now. 

Mr.  Hines.  Government  funded,  of  course? 

Mr.  Toering.  Government  funded. 

Mr.  Hines.  Is  the  Air  Force  the  only  military  agency  that  has  been 
interested  in  boron  derivatives? 

Mr.  Toering.  The  original  work  was  Navy  sponsored  but  all  of  the 
services  and  NASA  are  interested  in  the  high-energy  materials  and  we 
have  had  contracts  with  all  of  the  agencies. 

Mr.  Hines.  I understand  these  contracts  have  now  terminated. 

Mr.  Toering.  We  are  continuing  research  in  some  other  areas,  and 
I mentioned  other  propellant  chemicals  in  my  paper. 

I referred  to  oxidizer  work.  We  are  doing  work  on  fluorine  oxidiz- 
ers, and  on  nitronium  perchlorate  which  is  one  of  the  more  promising 
solid  oxidizers  at  the  present  time. 

Mr.  Hines.  Has  Gallery  participated  in  any  actual  test  programs 
other  than  its  own? 

Mr.  Toering.  Only  to  the  extent  that  testing  is  an  essential  part 
of  basic  research.  We  do  miniature  scale  firings.  We  don’t  get  into 
engine  development  programs  or  into  the  larger  scale  firings. 

Mr.  Hines.  How  large  is  your  team  at  Callery? 

Mr.  Toering.  I must  differentiate  between  the  locations.  We 
have  our  research  and  development  activities  at  Callery,  Pa.  Our 
production  plant  is  at  Muskogee,  Okla.,  and  we  have  a company- 
owned  plant  at  Lawrence,  Kans.,  which  has  been  shut  down  now  for 
4 years. 

Mr.  Hines.  I see. 

Mr.  Toering.  At  Muskogee  we  have  at  the  present  time  about  105 
people.  This  is  being  reduced  currently  under  negotiation  with  Air 
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Force,  ultimately  to  what  is  hoped  by  Air  Force  to  be  a level  of  about 
30  people.  V 

I Air  Force  has  given  us  that  as  a directive  at  this  point  to  try  and 

l achieve.  At  the  Callery  location  we  have  approximately  150  em- 

p ployees. 

I Mr.  Hines.  Engineers? 

[ Mr.  Toering.  Engineers,  chemists,  and  research  operators,  yes. 

t Mr.  Hines.  Could  you  explain  to  the  committee  what  is  meant  by 

f “hot  standby"? 

I » Mr.  Toering.  I might  get  into  semantics.  All  persons  don’t  mean 

| the  same  thing  by  “hot  standby.” 

r Generally,  what  was  intended  and  was  defined  in  the  contract  which 

j we  had  with  the  Air  Force,  and  which  has  now  been  terminated,  was 

f that  hot  standby  meant  that  we  keep  a technical  team  and  a capability 

l in  the  plant  that  we  could  start  up  again  in  6 months, 

t Mr.  Hines.  This  is  at  the  same  time  maintaining  the  team? 

Mr.  Toering.  This  would  mean  if  you  are  going  to  restart  in  6 
months,  and  not  have  to  recruit  and  retrain  highly  skilled  personnel 
that  you  would  have  to  retain  the  key  individuals  at  least  and  our 
present  complement  of  105  does  represent  the  hard  core  of  that  team. 

Mr.  Hines.  In  other  words,  for  6 months  they  would  be  nonpro- 
\ ductive,  which  would  be  an  expensive  item? 

lf  Mr.  Toering.  Not  entirely  nonproductive  in  the  sense  there  are 

| other  jobs  that  have  to  be  done. 

You  must  maintain  the  plant  and  with  the  types  of  materials  that 
s we  work  with  this  can  be  an  important  job.  We  have  also  been  working 

j-  in  other  areas,  as,  for  example,  the  use  of  liquid  diborane,  which  is  of 

interest  in  the  NASA  program  and  in  an  Air  Force  program  and  in 
i others.  / 

The  team  is  not  just  sitting  idly  by.  They  have  been  fully  occupied 
up  until  this  point. 

Mr.  Hines.  Has  NASA  been  aware  of  the  work  that  Callery  has 
been  doing  up  to  the  current  state  of  the  art?  Have  you  communi- 
[ cated  your  ideas  to  NASA?  * 

t Mr.  Toering.  We  have  been  in  communication  with,  and  in  fact 

we  were  under  contract  to  NASA  for  some  time.  We  had  a contract 
with  NASA  on  the  BN  system  jointly  with  the  Reaction  Motors 
Division  of  Tbiokol  4 years  ago.  That  continued  for  1 year  and  then 
was  terminated.  Also,  we  are  working  currently  with  them  on  the 
[.  diborane/OF2  system.  We  are  supplying  materials  for  them.  We 

have  also  been  in  discussion  with  them  about  the  possibility  of  con- 
tractual coverage  for  doing  work  in  handling,  safety  and  other  aspects 
j,  of  working  with  liquid  diborane.  This  is  still  under  review.  It  has 

r not  been  funded. 

I Mr.  Hines.  Is  this  with  Mr.  Sloop’s  office? 

r Mr.  Toering.  This  is  with  Mr.  Sloop's  office  and  with  Lewis 

J Research  Center. 

j Mr.  Hines.  What  are  the  amounts  of  your  NASA  contracts  at 

r the  moment? 

Mr.  Toering.  At  the  present  time  we  have  only  one  contract  with 
; NASA.  That  is  for  the  production  of  diborane  for  the  reaction 

j;  motors  program,  and  is  $26,000. 

I;  Mr.  Hines.  But  no  research? 

f Mr.  Toering.  No  research. 
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Mr.  Hines.  Has  your  research  been  oriented  toward  general  high- 
energy  propellant  research  as  opposed  to,  for  example,  exclusive  con- 
centration on  OF2? 

Mr.  Toering.  Well,  if  I can  anticipate  your  question  a bit. 

Going  back  to  the  beginning,  we  had  the  job  of  trying  to  find  a 
high-energy  fuel,  one  that  would  be  liquid  and  useful  in  a turbine 
engine.  We  went  back  to  fundamentals,  looked  at  the  periodic  table 
and  decided  what  would  be  the  most  useful.  We  also  covered  a broad 
spectrum  of  research  on  fuels  and  oxidizers  in  both  the  solid  and  liquid 
areas;  oxides  of  fluorine,  nitronium  perchlorate,  and  other  fuels  as  well 
as  the  boron  hydrides.  We  have  contracts  in  a number  of  different 
areas  right  now. 

So  it  hasn’t  been  limited  specifically  to  diborane.  We  consider 
diborane  important; because  it  is  a building  block,  it  is  a basic  building 
stone  for  any  of  the  boron  hydride  high-energy  propellants  such  as 
decaborane,  or  pentaborane. 

Mr.  Hines.  In  your  statement  you  mentioned  certain  missions  that 
could  not  be  achieved  using  the  conventional  propellants  we  are  now 
employing.  Could  you  describe  some  of  those  missions  for  us? 

Mr.  Toering.  Certainly  in  the  present  agenda  for  space  programs 
there  are  none  that  $re  specifically  such.  But  the  point  was  made  lqy 
the  representative  from  Reaction  Motors  that  propulsive  power  and 
engine  development  has  led  the  way.  The  development  of  new  space 
requirements  or  new  systems  or  new  applications  would  certainly 
result  if  we  had  more  propuslvie  power. 

One  application  possibly  that  we  might  consider  right  now  would 
be  the  lunar  excursion  module.  It  has  been  resolved  not  to  go  by 
this  course,  but  if  we  had  started  2 years  earlier,  I think  it  might  be 
the  answer  today. 

Similarly,  if  we  delay  another  2 years  we  will  be  in  the  same  posi- 
tion when  we  try  to  consider  other  missions  down  the  road. 

Mr.  Hines.  In  other  words,  you  are  saying  that  greater  knowledge 
in  high-propellant  research  could  have  .a.  direct  influence  on  the 
philosophy  of  missions  that  NASA  is  attempting  to  accomplish? 

Mr.  Toering.  This  is  our  opinion,  and  I think  it  has  been  expressed 
by  a number  of  other  people. 

Mr.  Daddario.  Mr.  Patten? 

Mr.  Patten.  No  questions. 

Mr.  Daddario.  Mr.  Roudebush? 

Mr.  Roudebush.  No  questions. 

Mr.  Daddario.  Mr.  Riehlman? 

Mr.  Riehlman.  No  questions. 

Mr.  Daddario.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  compliment  you  on 
your  excellent  statement.  I believe  that  you  have  adequately  out- 
lined the  challenge  of  these  high-energy  fuels  as  well  as  the  fact  that 
the  United  States  must  get  greater  propulsive  power  and  higher  pay- 
load  capability. 

I have  read  with  interest  your  comments  on  the  Advanced  Research 
Projects  Agency  of  the  Department  of  Defense,  and  likewise  your 
comment  that  there  is  within  the  executive  department  at  the  present 
time  no  adequate  civilian  counterpart  of  ARPA.  This  would  lead 
me  to  the  conclusion  that  probably  the  National  Aeronautics  and 
Space  Administration  should  have  an  administrative  setup  that  would 
be,  in  short,  a NARPA,  is  that  right? 
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Mr.  Toering.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  The  Department  of  Defense  is  limited 
by  the  fact  that  it  must  have  specific  mission  requirements  for  weaponry 
systems  in  order  to  go  ahead  with  the  broad  research  and  development 
programs. 

Mr.  Toering.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  When  the  Air  Force  recommends  ad- 
vanced research  programs  to  the  Department  of  Defense,  they  are 
then  met  with  the  question:  “Well,  what  are  you  going  to  do  with  it 
specifically  by  way  of  a military  mission?” 

Would  you  comment  on  that? 

Mr.  Toering.  Would  you  give  me  the  question  again,  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  Would  you  read  that? 

(Question  read.) 

Mr.  Fulton  of  Pennsylvania.  This  is  in  respect  to  the  boron  pro- 
grams. 

Mr.  Toering.  I think  this  is  one  of  the  issues  I tried  to  make 
basically  in  a general  way  rather  than  referring  to  our  specific  program 
and  our  own  trials,  if  I can  put  it  in  those  terms. 

In  Government  procurement  and  in  the  development  of  a problem 
such  as  we  have  in  chemical  propulsion,  Government  funding  is  tied 
specifically  to  the  weapons  system  concept.  The  possibility  of  going 
along  in  research  and  development  on  an  on-and-off  basis  exists 
unless  it  is  tied  to  a weapons  system. 

Mr.  Fulton  of  Pennsylvania.  The  real  place  for  such  a broad  base 
research  and  development  program  is  in  NASA,  under  present  statutes, 
is  that  not  correct? 

Mr.  Toering.  It  wouldn’t  necessarily  be  limited  to  NASA  as 
a medium.  In  the  Department  of  Defense,  certainly,  we  had  a 
possible  area  for  hiatus  in  the  research  programs  and  ARPA  has 
filled  this  need.  They  were  instituted  to  get  some  continuity  in  the 
research,  to  get  a lot  of  people  in  industry  interested,  to  get  major 
programs  going.  They  were  funded  at  a very  good  level. 

Now,  on  the  other  hand,  their  charter  is  limited  in  aspect.  It  goes 
through  the  basic  research  program.  There  is  no  coordinated  pro- 
gram for  development  on  the  same  plan.  We  must  then  jump 
forward  to  a weapons-system  concept  before  you  get  support  for  a 
continuous  coordinated  program. 

Mr.  Fulton  of  Pennsylvania.  So  that  it  does  mean  that  NASA 
could  perform  this  function  because  of  the  broad  charter  of  NASA 
on  research  and  development? 

Mr.  Toering.  Yes,  sir;  I would  say  that  undoubtedly  NASA 
considers  in  their  own  inhouse  planning  that  they  accomplish  this 
mission.  I think,  on  the  other  hand,  our  overall  problem  in  Gov- 
ernment is  that  we  go  forward  on  a weapons-system  basis  and  on  an 
annual  review  for  fiscal  purposes  that  does  limit  long-range  planning. 

Now  in  the  chemical  industry  we  can’t  operate  this  way.  We 
have  to  have  long-range,  definitized,  continuous  funding  and  con- 
tinuous planning. 

Mr.  Fulton  of  Pennsylvania.  You  referred  in  your  statement  to 
the  report  of  the  ad  hoc  Committee  on  High  Density,  High-Sp  cific- 
Impulse  Propellants  of  the  DOD-NASA  Aeronautics  and  Astro- 
nautics Coordinating  Board.  Is  that  the  recent  report  released  in 
October  of  1962? 
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Mr.  Toering.  That  is  right,  sir. 

Mr.  Fulton  of  Pennsylvania.  What  effect  does  the  present  plans 
have  on  your  scientific  team  at  the  production  facility  in  Muskogee, 
Okla.?  You  stated  that  this  is  the  only  facility  in  the  free  world  for 
the  low-cost  tonnage  production  of  diborane  which  is  the  building 
block  for  all  high-energy  boranes.  Would  you  comment  on  that? 
Isn’t  it  limited  severely  , and  if  the  free  world  wants  this  kind  of  re- 
search and  development  in  the  high-energy  field  of  the  boranes,  that 
plant  should  not  be  dismantled. 

Mr.  Toering.  That  is  our  feeling,  Mr.  Fulton;  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  You  commented  upon  the  fact  of 
“hot  standby,”  which  means  that  it  would  take  6 months  to  put  the 
plant  back  into  operation. 

Mr.  Toering.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  What  would  it  cost  to  put  the 
Muskogee  plant  on  “hot  standby”? 

Mr.  Toering.  To  maintain  the  plant  in  “hot  standby”  would  cost 
approximately  $1 K million  a year. 

Mr.  Fulton  of  Pennsylvania.  $1,250,000  a year? 

Mr.  Toering.  Right,  to  restart  the  plant  over  a period  of  6 months 
would  cost  about  $1  million. 

Mr.  Fulton  of  Pennsylvania.  If  the  plant  were  put  on  caretaker 
status,  how  long  would  it  take  to  put  the  plant  back  into  operation? 
Secondly,  what  would  be  the  cost  of  maintenance?  Thirdly,  what 
would  be  the  cost  of  building  up  to  a full  program  of  production? 

Mr.  Toering.  We  come  back  dangerously  to  the  question  of  se- 
mantics in  defining  “caretaker.”  Caretaker  can  be  at  several  possible 
levels.  The  level  which  Gallery  has  recommended  to  the  Air  Force 
and  we  are  discussing  still  on  this  point,  so  I don’t  want  to  belabor 
it,  but  it  would  take  us  approximately  12  months  to  restart  under 
our  interpretation  of  caretaker. 

With  the  interpretation  placed  on  caretaker  by  the  Air  Force  we 
can  make  no  guarantee;  we  don’t  know;  we  don’t  have  experience  with 
it;  we  think  it  would  be  at  least  12  months  or  longer,  and  would  cost 
on  the  order  of  $3  million. 

Mr.  Fulton  of  Pennsylvania.  What  would  the  cost  of  placing  the 
plant  in  this  reduced  caretaker  status  with  dissolution  of  the  Callery 
team  at  Muskogee,  Okla.?  Has  the  Air  Force  budgeted  on  cost? 
Do  you  know  what  the  cost  would  be? 

Mr.  Toering.  I am  not  certain  what  the  Air  Force  have  in  their 
own  judgment  budgeted,  Mr.  Fulton.  I estimate  that  to  get  care- 
taker status  from  the  date  March  1 is  about  $800,000. 

Mr.  Fulton  of  Pennsylvania.  That  is  also  my  recollection  of  the 
cost  figures.  Therefore,  in  order  to  keep  tin  plant  going  for  a year  it 
costs  $1,250,000  in  “hot  standby,”  and  to  reduce  it  to  caretaker 
status  costs  $800,000.  There  is  only  $450,000  difference  in  cost 
between  the  two,  is  that  correc  1 

Mr.  Toering.  That  is  during  the  first  year,  Mr.  Fulton.  Of 
course,  during  subsequent  years  caretaker  would  be  at  a lower  cost 
for  continued  maintenance. 

Mr.  Fulton  of  Pennsylvania.  The  longer  the  plant  is  in  caretaker 
status,  the  longer  it  will  take  to  get  it  back  into  operation,  as  well 
as  the  increased  cost  to  put  it  back  into  operation? 

Mr.  Toering.  That  is  correct,  sir. 
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Mr.  Fulton  of  Pennsylvania.  Looking  at  this  from  the  overall 
standpoint  of  the  Government,  would  you  say  that  by  keeping  the 
Muskogee  plant  in  hot  standby  it  would  be  worth  the  $450,000? 
Consider  the  research  that  would  be  done  on  the  hot  standby  as  well 
as  some  production,  and,  likewise,  preventing  the  dissolution  of  the 
Callery  technical  team  at  Muskogee? 

Mr.  Toering.  Of  course,  this  has  been  our  opinion,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Would  it  be  very  worthwhile  not  to 
dissolve  this  CaUery  technical  team? 

Mr.  Toering.  We  think  so. 

Mr.  Fulton  of  Pennsylvania  How  long  did  it  take  you  to  build  up 
this  scientific  team? 

Mr.  Toering.  Well,  we  have  been  at  this  business  for  15  years.  I 
would  say  that  the  average  period  of  employment  of  most  of  our 
people  is  getting  on  to  10  years. 

Mr.  Fulton  of  Pennsylvania.  How  many  people  will  be  discharged 
by  placing  the  Muskogee  plant  in  caretaker  status? 

Mr.  Toering.  In  our  present  planning  by  November  1 we  will 
move  from  105  people  presently  there  to  approximately  40. 

Mr.  Fulton  of  Pennsylvania.  So  that  this  is  causing  unemployment 
in  the  area  and  it  would  cause  distress  in  that  community,  will  it  not? 

Mr.  Toering.  That  is  right,  sir. 

Mr.  Fulton  of  Pennsylvania.  If  it  is  kept  on  hot  standby  this  will 
not  occur? 

Mr.  Toering.  Correct,  sir. 

Mr.  Fulton  of  Pennsylvania.  So  for  $450,000,  how  many  jobs  are 
being  lost? 

Mr.  Toering.  Approximately  65  jobs  by  my  terminology.  If  we 
go  to  complete  caretaker,  as  defined  by  the  Air  Force,  it  would  be 
an  additional  10  or  11  people  who  would  be  discharged. 

Mr.  Fulton  of  Pennsylvania.  If  there  was  an  agreement  by  the  Air 
Force  and  NASA  whereby  they  combined  their  authorized  funds,  the 
Air  Force  putting  in  $800,000  they  would  spend  reducing  the  plant 
to  caretaker  status,  and  NASA  putting  in  the  additional  $450,000,  it 
would  be  possible  to  keep  the  Muskogee  plant  in  hot  standby,  is  that 
correct? 

Mr.  Toering.  That  is  correct,  sir. 

Mr.  Fulton  of  Pennsylvania.  Then  in  my  opinion,  it  would  seem 
logical  to  have  NASA  and  the  Air  Force  combine  their  forces  in  order 
to  make  this  saving  not  only  to  the  taxpayers,  but  also  to  assist  the 
research  and  development  of  high-energy  fuels. 

Mr.  Daddario.  Just  one  question,  Mr.  Toering. 

At  page  15  you  refer  to  the  fact  that  there  is  no  functioning  mecha- 
nism in  the  executive  branch  of  the  Government  to  coordinate  the  ulti- 
mate production  step.  Would  you  give  us  your  thoughts  as  to  how 
that  coordination  could  be  brought  about?  What  do  you  have  in 
mind? 

Mr.  Toering.  Well,  we  had  a similar  situation  in  research  and  this 
gap  was  closed  by  the  institution  of  the  organization  ARPA.  Possibly 
broadening  of  the  charter  of  ARPA  or  as  Mr.  Fulton  suggested  a few 
minutes  ago,  a specific  function  established  within  NASA  could 
accomplish  a departmental  effort  for  coordinated  continuation  of 
development  programs,  just  as  we  are  doing  in  research  today. 

Mr.  Daddario.  But  tnere  is  nothing  in  NASA's  charter  which 
inhibits  its  taking  this  step  to  meet  this  need? 
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Mr.  Toering.  Not  to  my  knowledge. 

Mr.  Daddario.  If  it  felt  that  it  had  to. 

Mr.  Toering.  That  is  right,  sir. 

Mr.  Daddario.  Mr.  Hines. 

Mr.  Hines.  Yes,  sir. 

Is  Callery’s  activity  dependent  upon  the  research  and  development 
done  by  other  organizations  in  engine  development? 

Mr.  Toering.  That  is  right,  sir. 

Mr.  Hines.  Areyou  kept  informed  of  these  developments? 

Mr.  Toering.  We  work  very  closely  with  the  engine  development 
companies.  We  have  been  very  closely  associated  with  Reaction 
Motors;  for  example,  we  have  had  the  relation  of  subcontractor  to 
them  on  a number  of  contracts;  in  fact,  we  have  also  been  prime  in 
a contract  where  they  have  been  subcontractor. 

There  is  a very  close  relationship.  This  also  applies  to  other 
companies.  We  are  working  closely  with  Rocketdyne  on  the  Joshua 
system. 

Mr.  Hines.  Does  their  level  of  progress  in  engine  development 
show  promise  to  Gallery? 

Mr.  Toering.  We  think  so. 

Mr.  Hines.  In  your  communications  with  these  people,  do  you 
see  any  difficult  engineering  problems  that  may  prolong  the  active 
status  of  Gallery? 

Mr.  Toering.  Difficult,  but  not  unsolvable. 

Mr.  Hines.  That  is  all. 

Mr.  Daddario;  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  I believe  that  you  explained  your 
contracts  with  NASA.  As  I recall  Dr.  Bisplinghoff’s  statement,  the 
Callery  Chemical  Co.,  also  has  a contract  with  the  Jet  Propulsion 
Laboratory.  I believe  the  contract  concerns  the  borane  ingredients 
on  the  JPL  solid  program,  doesn’t  it?  Isn’t  the  amount  of  the  con- 
tract $50,000?  > 

Mr.  Toering.  Yes,  it  is  in  solid  work,  Mr.  Fulton.  The  technical 
content  is  restricted  information,  so  I can’t  discuss  it  here,  but  it  is 
not  specifically  related  to  the  problem  we  were  discussing  this  morning 
of  the  diborane-oxygen  difluoride. 

It  is  boron  hydride  work,  yes. 

Mr.  Fulton  of  Pennsylvania.  There  is  a $15,000  program  on  the 
toxicity  of  oxygen  difluoride.  To  me  that  would  seem  to  be  small, 
because  you  can’t  even  write  a report  for  $15,000.  Would  you 
recommend  an  increase  on  that? 

Mr.  Toering.  I am  not  certain  I would  like  to  comment  on  the 
oxygen  difluoride  because  that  is  Allied’s  problem,  but  in  diborane 
certainly  I think  there  is  work  that  should  be  done.  This  is  a relatively 
new  and  untried  material. 

There  is  work  to  be  done  in  safety,  handling,  toxicity. 

Certainly  there  is  also  an  oxygen  difluoride. 

Mr.  Fulton  of  Pennsylvania.  There  is  a $50,000  program  in  the 
current  NASA  budget  for  the  handling  of  diborane.  But  this  doesn’t 
seem  to  me  to  be  hitting  the  fundamental  problem.  They  won’t  be  able 
to  do  much  for  $50,000. 

Mr.  Toering.  It  won’t  solve  the  problems  in  a short  time,  no. 

Mr.  Fulton  of  Pennsylvania.  Because  of  the  need  for  high-energy 
fuels,  do  you  recommend  that  Congress  should  emphasize  high-energy 
fuels  so  that  we  can  assist  NASA  in  developing  these  programs? 
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Mr.  Toering.  Yes,  sir,  I do. 

Mr.  Daddario.  Mr.  Toering,  I want  to  thank  you  for  your  testi- 
mony. I also  want  to  not?  for  the  record  that  Congressman  Ed 
Edmondson  of  Oklahoma  is  with  us  today,  and  we  are  very  pleased  to 
have  him  here. 

The  statement  you  have  given,  and  the  answers  to  the  questions 
posed  have  been  excellent.  I want  to  thank  you  for  the  effort  you 
put  into  the  statement  and  for  the  value  of  your  statement  to  this 
committee. 

Yes,  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  I would  Likewise  compliment  the 
congressman  from  Oklahoma  for  his  interest.  Mr.  Edmondson  con- 
sulted with  various  members  of  the  committee  and  sat  in  on  meet- 
ings with  NASA  and  the  Air  Force  on  this  high-energy  fuel  problem; 
particularly  the  innovation  of  the  production  problems  at  Muskogee 
plant,,  and  keeping  together  the  technical  and  scientific  team. 

I would  also  like  to  compliment  the  majority  leader,  Congressman 
Carl  Albert  of  Oklahoma,  who  has  been  very  interested  in  this  particu- 
larly severe  problem  in  Muskogee,  Okla.  This  morning  he  telephoned 
me  to  see  if  we  on  this  subcommittee  were  proceeding  adequately  or 
should  we  have  his  help. 

He  did  say  that  because  of  the  start  of  the  weekly  calendar,  he  has 
meetings  with  the  Speaker  and  various  others  in  the  leadership  to  im- 
plement certain  bills  coming  up  on  the  floor,  and  that  he  could  not  be 
here  this  morning. 

Mr.  Daddario.  Thank  you,  Mr.  Fulton.  The  Democrats  are 
always  happy  to  hear  compliments,  especially  from  Republicans,  and 
to  have  cooperation. 

This  meeting  will  recess  until  2 o’clock  this  afternoon. 

(Whereupon,  at  12:03  p.m.  the  committee  recessed,  to  reconvene 
at  2 p.m.,  on  the  same  day.) 

AFTERNOON  SESSION 

Mr.  Daddario  (presiding) . The  meeting  will  come  to  order. 

We  are  pleased  to  have  you  here,  Mr.  Sloop. 

Mr.  Sloop.  Thank  you. 

Mr.  Daddario.  Our  witness  this  afternoon  is  Mr.  John  L.  Sloop, 
Director  of  Propulsion  and  Power  Generation,  Office  of  Advanced 
Research  and  Technology,  NASA. 

I understand,  Mr.  Sloop,  you  have  a prepared  statement? 

Mr.  Sloop.  Yes;  1 do. 

Mr.  Daddario.  We  will  incorporate  your  biography  at  this  point. 
Will  you  proceed,  please? 

(The  biographical  sketches  of  Mr.  Sloop  and  Mr.  Myers  follow:) 
John  L.  Sloop,  Director  of  Propulsion  and  Power  Generation 

John  1>.  Sloop  was  appointed  to  his  current  position  on  February  19,  1962.  In 
this  assignment  he  plans,  directs  and  coordinates  the  NASA  programs  of  research, 
technological  studies  and  developments  in  the  general  area  of  propulsion  and 
power  generation  systems  as  applied  to  solid-  and  liquid-fueled  rocket  engines  and 
other  propulsion  systems  except  nuclear. 

Previously,  he  has  served  (since  November  1,  1961)  as  Deputy  Director  of 
Launch  Vehicle  and  Propulsion  in  the  NASA  Office  of  Space  Sciences,  and  from 
April  of  1960  as  Technical  Assistant  to  the  Director,  Office  of  Space  Flight 
Programs. 
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Prior  to  this  time  he  was  Chief  of  the  Rocket  Engines  Branch  at  the  NASA 
Lewis  Research  Center. 

Mr.  Sloop  came  to  Lewis  in  1942,  having  served  briefly  with  the  NACA  at 
Langley.  From  1942  until  1945  he  performed  research  on  aircraft  ignition  sys- 
tems. During  this  time  he  devised  a quantitative  method  for  measuring  spark 
plug  fouling,  investigated  chemical  inhibitors  and  their  effects  on  engine  operating 
conditions. 

In  1945  he  was  assigned  to  rocket  research,  heading  the  rocket  engine  cooling 
group.  In  1949  he  was  made  Chief  of  the  Rocket  Research  Branch,  serving  there 
until  transfer  to  Washington  in  1960.  He  served  as  the  NACA  (NASA’s  prede- 
cessor organization)  representative  on  the  NACA  Subcommittee  on  Rocket 
Engines  from  1951  to  1958.  During  this  period  he  constantly  sought  to  demon- 
strate the  importance  of  rocket  research  and  the  necessity  for  increased  effort  in 
this  field. 

He  and  his  group  did  important  work  on  hydrogen-oxygen  and  hydrogen- 
fluorine  propellants.  The  work  on  hydrogen-oxygen  served  as  a basis  for  starting 
the  development  of  engines  using  this  combination  which  now  occupy  a position 
of  key  significance  in  the  NASA  space  propulsion  program. 

He  has  authored  many  scientific  papers  on  the  results  of  specific  research 
projects  and  has  made  presentations  before  numerous  technical  societies,  including 
the  Society  of  Automotive  Engineers,  American  Rocket  Society,  American 
Chemical  Society,  and  the  Institute  of  Aerospace  Sciences.  He  is  a fellow  member 
of  the  AIAA  Society,  and  a member  of  the  Washington  Philosophical  Society. 

Mr.  Sloop  was  born  in  Charlotte,  N.C.,  on  September  6,  1916.  He  received  his 
B.S.  degree  in  electrical  engineering  from  the  University  of  Michigan  in  1939. 

Mr.  and  Mrs.  Sloop  and  their  four  children  live  at  8311  Melody  Court, 
Bethesda,  Md. 


Boyd  C.  Myers  II,  Director,  Program  Review  and  Resources  Management 

Boyd  C.  Myers  II  is  Director,  Program  Review  and  Resources  Management 
of  the  NASA  Office  of  Advanced  Research  and  Technology  in  Washington,  D.C. 
He  has  held  this  position  since  November  of  1961. 

Mr.  Myers’  office  is  responsible  for  establishing  and  managing  program  approval 
and  review  systems.  It  provides  OART  with  a centralized  resources  manage- 
ment operation.  Besides  assuring  the  validity  of  program  plants,  Mr.  Myers’ 
office  processes  research  and  technical  reports  and  performs  liaison  activities  for 
the  NASA  Research  Advisory  Committees.  ' 

Mr.  Myers  has  been  associated  with  NASA  and  its  predecessor,  National  Advi- 
sory Committee  for  Aeronautics  (NACA)  since  1947.  He  is  the  author  of  numer- 
ous technical  publications  in  the  field  of  aerodynamics  and  has  specialized  in  flight 
safety,  stability  and  control,  icing,  meteorology,  operating  problems,  and  human 
factors.  He  is  a former  chairman  of  the  Washington  section  of  the  American 
Institute  of  Aeronautics  and  Astronautics. 

Born  October  7,  1921,  in  Alexandria,  Va.,  Mr.  Myers  is  a 1946  graduate  of  the 
Virginia  Polytechnic  Institute  where  he  received  a B.S.  degree  in  aeronautical 
engineering.  His  college  studies  were  interrupted  by  2 years  of  military  service 
with  the  Army,  Navy,  and  Air  Force.  Mr.  Myers  also  took  a University  of  Vir- 
gina  extension  course  at  Hampton,  Va. 

Mr.  Myers  joined  the  staff  of  the  NACA  Langley  Aeronautical  Laboratory, 
Hampton,  Va.,  in  January  1947  as  an  aeronautical  engineer.  In  1950  he  was 
assigned  to  NACA  Headquarters  in  Washington,  D.C.,  as  an  aeronautical  research 
scientist.  Eight  years  later  he  was  named  Chief,  Operating  Problems,  Research 
Division. 

In  1960,  after  NASA  had  taken  over  the  NACA  organization,  Mr.  Myers  was 
named  Technical  Assistant  to  the  Director,  Office  of  Advanced  Research  Pro- 
grams, with  responsibility  for  program  planning  and  coordination. 

Mr.  Myers  and  his  wife,  the  former  Helen  DeWitt  Long,  reside  at  3902  Ryegate 
Lane,  Stratford  Landing,  Alexandria.  They  have  three  children,  Boyd  C.  Ill, 
Helen  Leslie,  and  Michael  Banks.  Mr.  Myers’  father,  Leslie  L.  Myers,  resides  at 
6807  North  Shore  Drive,  Chicago,  111. 
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STATEMENT  OF  JOHN  I.  SLOOP,  DIRECTOR,  PROPULSION  AND 
POWER  GENERATION,  OFFICE  OF  ADVANCED  RESEARCH  AND 
TECHNOLOGY,  NASA;  ACCOMPANIED  BY  BOYD  C.  MYERS  U, 
DIRECTOR,  PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT 


Mr.  Sloop.  Mr.  Chairman  and  members  of  the  subcommittee,  it  is 
a pleasure  to  discuss  with  you  the  NASA  program  on  high-energy 
propellants.  This  is  a very  vital  part  of  our  advanced  research  and 
technology  program  on  chemical  propulsion  that  was  discussed  briefly 
before  Mr.  Karth’s  subcommittee  earlier.  By  “high  energy  propel- 
lants,” I mean  propellants  that  have  higher  performance  than  those 
in  general  use  today. 

Our  interest  in  high-energy  propellants  dates  back  to  the  middle 
forties.  A large  amount  of  research  on  high-energy  propellants  was 
conducted  by  NACA,  as  well  as  by  others.  In  particular  we  did  work 
on  hydrogen  as  a high-energy  propellant  in  the  fifties  and  this  con- 
tributed to  the  development  of  the  KL-10  engine.  It  also  led  to  the 
choice  of  oxygen-hydrogen  for  the  upper  stages  of  Saturn  I and 
Saturn  V. 

We  in  research  see  possibilities  for  using  other  high-energy  propel- 
lants in  space  exploration.  At  a meeting  on  fluorine  at  the  NASA 
Lewis  Research  Center  this  month  involving  NASA,  DOD,  and  in- 
dustry, several  speakers  opened  their  remarks  on  a note  of  nostalgia, 
harking  back  to  work  on  this  subject  of  15  years  ago. 

Let  me  assure  you,  however,  that  we  are  not  thinking  or  dealing 
in  the  past.  I firmly  believe  there  are  many  opportunities  ahead  to 
use  high-energy  propellants  in  our  space  exploration  work.  The  con- 
ference I mentioned  indicated  that  one  phase  of  high-energy  propellant 
research  in  the  1953-59  period  is  just  beginning  to  reach  fruition  and 
offers  significant  potential  gains  in  payload  for  existing  vehicles  as 
well  as  future  ones.  Much  more  work,  however,  remains  to  be  done. 

I would  like  to  take  you  through  some  of  the  steps  of  examining 
high-energy  propellants  and  I will  illustrate  a few  of  the  numerous 
factors  and  problems  that  we  discuss  and  work  with  and  some  of  the 
gains  that  we  see. 

For  purposes  of  discussion  we  can  consider  the  work  on  high-energy 
propellants  as  divided  into  three  phases,  research  (basic  and  applied), 
advanced  technology,  and  development  for  a specific  mission.  This 
is  illustrated  by  my  first  figure  (fig.  141). 

The  first  phase  is  basic  and  applied  research;  second  is  advanced 
technology;  and  third,  development. 

My  responsibility  within  the  Office  of  Advanced  Research  and 
Technology  deals  with  the  first  two  phases. 

The  work  in  development  is  the  responsibility  of  a user  office;  for 
example,  the  Office  of  Manned  Space  Flight,  the  Office  of  Space 
Sciences,  and  the  Office  of  Applications. 

In  research  we  look  for  propellants  of  very  high  energy  potential 
and  desirable  chemical  and  physical  properties.  To  do  this  we  ex- 
amine a large  list  of  propellants.  Some  of  these  may  have  been  ex- 
amined in  the  past — but  we  may  look  at  them  again  in  the  light  of 
new  applications  or  new  uses. 
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Figure  141 


Early  in  the  work  we  do  theoretical  performance  calculations  to 
d°termine  their  potential  performance,  and  wre  select  the  more  promis- 
ing ones  for  experimental  performance. 

At  the  same  time  we  may  conduct  studies,  analytical  or  experi- 
mental, on  the  preparation,  the  manufacture,  the  storage,  handling 
and  loading  characteristics.  In  addition,  we  examine  these  various 
combinations  for  their  use  in  potential  space  missions.  We  consider 
oxygen  difluoride  and  dibor&ne  as  an  example  of  a propellant  combina- 
tion in  the  research  phase.  As  the  work  progresses  we  enter  into  the 
advanced  technology  phase  which  involves  details  of  components, 
subsystems  and  sytems. 

Component  work,  for  example,  includes  such  things  as  pressuriza- 
tion, pumps,  turbines,  gas  generators,  valves,  igniters,  injectors,  com- 
bustion chambers,  nozzles,  cooling  techniques,  and  thrust  vector 
control. 

F ollowing  work  on  components,  a breadboard  or  boilerplate  system 
may  be  studied  and  this  may  lead  into  flight  components  and  systems. 
A final  step  is  a feasibility  demonstration  of  a complete  prototype 
system. 

Hydrogen-fluorine  is  an  example  of  a combination  that  has  gone 
through  the  research  stage,  through  a great  deal  of  technology  and  is 
now  in  the  breadboard  system  stage.  It  remains  to  be  demonstrated 
as  a complete  flight  system. 

I would  like  to  emphasize  that  a propellant  combination  may  be 
selected  at  any  time  for  development.  The  more  research  and  tech- 
nology performed  prior  to  its  selection  for  development,  the  more 
information  will  be  available  for  a good  selection,  and  the  better  the 
chance  for  rapid  development  of  the  engine  without  major  problems. 
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Oxygen-hydrogen  is  the  only  high-energy  combination  in  the 
development  stage  today.  As  you  know  the  R-10  engine  using 
oxygen  and  hydrogen  developed  by  the  Pratt  & Whitney  Aircraft  is 
now  well  advanced  and  ready  for  vehicle  applications.  Ip  fact,  I 
learned  just  last  week  that  they  had  made  their  3,000th  firing  of  this 
engine  and  have  accumulated  a total  firing  time  of  400,000  seconds. 

Let  me  now  discuss  in  more  detail  some  of  the  advanced  research 
and  advanced  technology  processes.  The  research  process  illustrated 
here  includes  the  synthesis  of  new  propellants  or  preparing  mixtures 
of  known  ones,  determination  of  basic  thermodynamic  data  such  as 
the  heat  of  formation  and  thermodynamic  functions  over  a tempera- 
ture range  and  measuring  physical  and  chemical  properties. 

From  a knowledge  of  a number  of  propellants,  the  acceptable 
chemical  and  physical  properties,  the  new  developments  in  mission 
requirements,  ana  theoretical  calculations,  one  can  assess  the  potential 
of  new  propellants  or  reevaluate  older  ones  that  may  have  been  passed 
over. 

I mentioned  that  an  early  step  in  considering  propellants  is  com- 
puting theoretical  performance.  A great  deal  of  work  in  this  has 
been  done  over  the  years.  At  the  Lewis  Research  Center,  for  example, 
we  have  issued  27  reports  over  the  1948--60  period  giving  theoretical 
performance  of  a number  of  propellant  combinations  over  a wide 
range  of  conditions. 

This  work  includes  the  assembly  or  calculations  of  thermochemical 
data,  devising  techniques  for  machine  calculations,  revising  these 
whenever  necessary  or  when  new  data  come  up. 

High  speed  computing  machines  now  make  possible  a very  rapid 
exploration  of  a large  range  of  conditions  on  a request  basis.  I 
recently  asked  for  data  on  OF2  and  diborane  and  obtained  a 1^-inch 
stack  from  the  Lewis  Research  Center  by  return  mail  and  I brought  it 
with  me  just  to  illustrate  the  great  amount  of  data  that  a high  speed 
computing  machine  can  give  you  on  short  notice. 

These  calculations  give  the  performance  of  oxygen  difluoride  and 
diborane,  at  chamber  pressures  from  60  pounds  per  square  inch  to 
1,000  pounds  per  square  inch  over  a range  mixture  ratios;  it  contains 
the  temperature,  specific  impulse  in  a vacuum,  the  constituents,  and 
a range  of  expansion  ratios. 

We  have,  men,  at  our  fingertips  methods  for  exploring  theoretically 
the  range  of  performance  of  new  combinations  provided  we  have  good 
thermochemical  data. 

The  next  slide  (fig.  142)  shows  some  of  the  data  that  one  gets  from 
theoretical  calculations. 

This  vertical  scale  is  vacuum  specific  impulse. 

This  is  the  pounds  thrust  per  pound  per  second  flow  of  propellant. 
The  horizontal  scale  of  the  density  of  the  propellant  combination; 
that  is,  the  mean  density  of  the  fuel  and  the  oxidizer  at  one  particular 
mixture  ratio. 

Hydrogen-oxygen  is  at  this  point  and  diborane  and  oxygen  di- 
fluoride here. 

There  is  a 3 to  1 difference  in  their  density,  for  example,  but  hydro- 
gen oxygen  gives  higher  performance.  Tms  vertical  line  represents 
an  uncertainty  in  the  theoretical  calculations  and  this  uncertainty  is 
expressed  this  way:  the  top  of  the  curve  represents  the  assumption 


.jfc 


£ 


v 


722  1964  NASA  AUTHORIZATION 

THEORETICAL  VACUUM  SPECIFIC 
IMPULSE  AND  PROPELLANT  DENSITY 

AREA  RATIO  = 40  P = 300  LBS/ SO  IN 


500 


450 


VACUUM 


LB, 


LBm  /SEC 


350 


300 


250 


r HYDROGEN  OXYGEN 


r 

< 


HYDROGEN  FLUORINE 

vDIBORANE  FLUORINE 


PENTABORANE 


SPECIFIC  400fRYDRAZINE— — 

impulIe. 


DIBORANE 

OXYGEN 

BIFLUORIDE 


7 I 


HYDRAZINE 

FLUORINE 


RP— I 

OXYGEN 

BIFLUORIDE 


RP-I  OXYGEN 


1 


1 


20  40  60  80 

DENSITY,  LB/FT3 


SOLID 

1 


I 


100 


IZO 


Figure  142 

that  the  gases  expand  throughout  the  nozzle  in  what  we  call  equilib- 
rium expansion. 

This  is  where  the  gases  adjust  instantaneously  to  the  temperature 
and  pressure  in  the  nozzle  as  it  goes  from  the  chamber  through  the 
nozzle. 

The  lower  part  of  the  line  represents  what  we  call  frozen  expansion. 
This  is  where  the  assumption  is  made  that  the  expansion  through  the 
nozzle  is  so  rapid  that  the  composition  of  the  gases  in  the  combustion 
chamber  does  not  have  a chance  to  adjust  to  the  changing  pressure 
and  temperature.  The  uncertainty  or  the  difference  between  equilib- 
rium ana  frozen  on  oxygen-hydrogen  is  quite  small,  but  it  is  quite 
large  for  some  of  these  other  combinations,  including  diborane  and 
oxroen-difluoride. 

This  can  be  shown  in  a little  more  detail  by  the  next  slide  (fig.  143). 

Again  I have  plotted  specific  impulse,  this  time  as  a function  of  the 
oxidizer  to  fuel  ratio. 

The  top  curve  represents  equilibrium  expansion  and  the  bottom 
curve  frozen  expansion. 

There  are  several  things  of  interest  here.  One  is  the  fairly  wide 
difference  between  the  two  curves;  the  other  is  that  the  peak  occurs 
at  a higher  oxidizer  to  fuel  ratio  under  equilibrium  conditions  than  it 
does  for  the  frozen  conditions. 

The  real  case  is  somewhere  in  between  and  where  that  place  is  can 
be  determined  only  through  experiments. 
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The  above  figure  (fig.  144)  shows  a little  more  data  on  oxygen- 
difluoride  and  diborane  again  from  theoretical  calculations.  The 
vacuum  specific  impulse  is  again  plotted  as  a function  of  the  oxidizer 
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to  fuel  weight  ratio.  The  top  curve  is  a specific  impulse  for  the 
equilibrium  case  taken  from  tne  previous  slide.  The  middle  curve 
shows  the  increase  in  density  as  we  go  up  in  oxidizer  to  fuel  weight 
ratio.  The  lower  curve  shows  an  increase  in  temperature  as  oxidizer 
to  fuel  ratio  is  increased. 

Here  are  some  of  the  decisions  that  a vehicle  designer  might  face. 
For  example,  he  would  like  to  operate  at  as  high  an  oxidizer  to  fuel  ratio 
as  possible,  because  this  means  a higher  density.  This  means  smaller 
tanks  for  a given  amount  of  propellant.  An  engine  designer,  on  the 
other  hand  would  rather  work  more  toward  the  center  of  the  curve 
where  the  combustion  temperature  is  less,  and  therefore  presents  a 
smaller  cooling  problem. 

What  we  need  to  do,  then,  is  to  get  data  over  this  entire  set  of 
conditions  so  that  we  can  make  the  best  choice  of  operating  condition. 

LIQUID  RANGE  OF  SEVERAL  ROCKET  PROPELLANTS 
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The  above  figure  (fig.  145)  is  very  similar  to  the  one  presented  this 
morning  by  Tmokol,  and  I will  pass  over  it  very  briefly.  It  shows 
the  liquid  range  of  several  rocket  propellants.  Space  storability  is 
a condition  that  is  still  not  completely  defined.  What  we  mean  by 
space  storability  is  the  ability  to  maintain  the  propellants  in  space 
under  thermal  equilibrium  conditions  and  this  is  a function  of  how 
well  we  protect  or  insulate  the  tanks. 

If,  for  example,  we  want  to  maintain  propellants  at  the  —250° 
that  was  mentioned  this  morning,  we  would  require  insulation  and 
spacecraft  orientation.  If  we  tried  to  take  liquid  hydrogen  into  space 
for  long  durations,  we  obviously  would  have  a greater  problem  be- 
cause of  the  lower  temperature,  but  again  we  do  nave  the  possibility 
of  insulation  and  minimizing  the  hydrogen  boiloff. 

Exactly  how  much  propellant  loss  you  would  get  and  what  tem- 
perature you  can  maintain  in  space  remains  to  be  seen. 
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Some  other  propellant  combinations  that  look  promising  are  the 
addition  of  beryllium  to  oxygen  and  hydrogen  and  the  addition  of 
lithium  to  hydrogen  and  fluorine.  These  nave  theoretical  specific 
impulse  values  considerably  higher  than  other  combinations.  They 
have  a number  of  problems  that  must  be  solved,  though,  before  they 
become  practical. 

So  far  I have  just  talked  about  some  of  the  theoretical  considera- 
tions. The  promising  ones,  as  I mentioned,  are  evaluated  experi- 
mentally to  determine  if  the  theoretical  promise  can  be  realized  in 
practice  and  to  measure  heat  transfer.  These  experiments  are  usually 
done  with  moderate-sized  engines  to  keep  the  cost  down  and  to  allow 
a variety  of  conditions  to  be  explored.  Obviously  we  can’t  explore 
experimentally  all  the  detailed  conditions  that  we  do  theoretically. 
It  would  be  quite  expensive. 

The  Lewis  Research  Center,  for  example,  has  operated  an  engine 
with  diborane  and  hydrogen  peroxide,  liquid  oxygen,  and  liquid 
fluorine  over  a period  from  1948  to  1951.  A number  of  other  com- 
binations have  been  examined,  including  intensive  work  on  oxygen- 
hydrogen  and  fluorine-hydrogen. 

This  kind  of  work  has  been  extended  through  contracts  with 
industry.  For  example,  you  heard  this  morning  that  we  had  con- 
tracted with  Reaction  Motors  Division  of  Thiokol  Chemical  Corp.  to 
determine  certain  properties  of  oxygen  difluoride  and  to  determine 
combustion  efficiency  using  a small-scale  rocket.  We  feel  these 
engine  tests  have  been  disappointing  up  to  date.  They  are  shown 
qualitatively  on  this  next  slide  (fig.  146).  Again  I have  plotted 
specific  impulse  against  the  oxidizer  to  fuel  ratio  and,  as  you  will 
recall,  the  theoretical  curve  is  quite  flat  over  a fairly  broad  oxidizer- 
to-fuel  weight  ratio  and  that  a vehicle  designer  would  like  to  run  at 
conditions  to  the  right  because  this  means  the  propellant  is  denser 
there — the  oxidizer  is  four  times  as  dense  as  the  fuel. 

MORE  PERFORMANCE  DATA  NEEDED 
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The  lower  curve  represents  experimental  data  and  we  were  quite 
disappointed  in  this  because  we  expected  or  hoped  that  it  would 
follow  the  theoretical  over  the  broader  mixture  ratio  region. 

Mr.  Fulton  of  Pennsylvania.  The  chart  shows  that,  the  peak 
performance  of  the  actual  came  within  a few  percent — maybe  6 or  8 
percent  less — than  your  theoretical  computation. 

Mr.  Sloop.  This  is  almost  a diagramatic  representation.  I did 
not  attempt  to  show  it  with  great  accuracy. 

Mr.  Fulton  of  Pennsylvania.  No;  but  I say  it  looks  about  6 to  8 
percent  less. 

. Mr.  Sloop.  Based  on  very  little  experimental  data. 

Mr.  Fulton  of  Pennsylvania.  That  is  correct.  Your  chart  shows 
that  you  need  to  lengthen  the  peak  performance  time,  and,  likewise, 
that  you  have  to  do  experimental  work  on  injection  or  flow. 

Mr.  Sloop.  Yes.  This  shows  that  a great  deal  more  work  is 
needed  to  determine  why  this  happened  and  to  extend  high  perform- 
ance over  a complete  mixture  range. 

Mr.  Fulton  of  Pennsylvania.  Fine.  That,  of  course,  shows  that 
in  the  particular  OF2-B2H8  combination  there  is  good  inherent  per- 
formance possibilities.  However,  when  using  this  small  type  engine 
without  adequate  research  and  development  on  injection  systems  or 
fuel  control  valves,  the  period  of  peak  performance  does  not  last  an 
appreciable  time. 

Mr.  Sloop.  Well,  I think  that  it  is  too  early  for  us  to  really  draw 
conclusions  about  whether  or  not  we  can  get  high  performance  over 
this  entire  range  with  this  combination. 

Mr.  Fulton  of  Pennsylvania.  No,  that  is  not 

Mr.  Sloop.  We  don’t  know. 

Mr.  Fulton  of  Pennsylvania.  No ; that  is  not  what  I said.  I really 
said  the  converse  of  that.  Your  experiments  show  that  at  that  par- 
ticular level  of  experiment  the  peak  performance  time  was  short.  In 
addition,  I said  that  your  chart  obviously  shows  above  90  percent 
actual  peak  performance  as  compared  to  your  theoretical  computation 
of  peak  performance  for  a short  time. 

Mr.  Sloop.  Over  this  very  narrow  mixture  range  and  with  very 
short  runs  and  with  very  few  runs.  We  need  to  check  this  point 
further. 

Mr.  Fulton  of  Pennsylvania.  That  is  correct. 

Mr.  Sloop.  This  is  why  we  have  follow-on  work  on  it. 

Mr.  Fulton  of  Pennsylvania.  Now  you  are  right  down  my  line; 
we  need  to  check  this  point  further. 

Mr.  Sloop.  Oh,  absolutely. 

Mr.  Fulton  of  Pennsylvania.  This  indicates  to  me  that  you  need 
the  authorization  to  go  ahead  with  the  mechanical  equipment  and 
the  systems  equipment  components  in  order  to  prove  this  out. 

Mr.  Sloop.  We  may  be  in  semantics  problems,  but  I consider  this 
research  and  not  component  development. 

Mr.  Fulton  of  Pennsylvania.  It  is  a case  where  you  have  two  types 
of  research.  You  have  done  the  initial  research  on  the  chemical 
propulsion  which  I would  simply  call  the  supporting  research.  Maybe 
you  need  an  authorization  for  advanced  research  and  technology. 

Mr.  Sloop.  We  have  asked  for  additional  funds  in  high  energy 
propellants  in  fiscal  1964  and  it  is  our  intent  to  try  to  explore  this 
combustion  anomaly  further. 
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Mr.  Fulton  of  Pennsylvania.  I am  carefully  using  the  language 
that  you  used  previously  to  us. 

Mr.  Sloop.  Yes,  sir;  I say  this  is  still  in  phase  1 until  we  can  find 
out  why  this  anomaly  exists. 

Mr.  Fulton  of  Pennsylvania.  You  had  given  us  the  three  stages — 
one,  research  ... 

Mr.  Sloop.  Right. 

Mr.  Fulton  of  Pennsylvania.  I understood  that  you  have  two 
kinds  of  research.  From  my  previous  knowledge,  one  is  supporting 
research,  and  the  other  is  advanced  research  and  technology.  Today 
you  said  that  you  had  the  second  stage  of  advanced  technology  and 
third  stage  of  development. 

My  point  was:  It  seems  obvious  from  your  own  chart  that  the 
theoretical  computation  and  the  highest  actual  performance  of  the 
OF2-B2H<$  combination  works  out  very  well,  but  the  time  of  peak  per- 
formance is  very  short.  Therefore,  you  are  on  the  advanced  tech- 
nology approach,  which  is  your  second  level.  Do  you  need  further 
authorization  to  work  this  out? 

Mr.  Sloop.  We  need  further  work  and  funds  to  investigate  this. 
If  I could  go  back  to  my  first  slide  1 will  show  you  where  I consider 
this  particular  propellant  combination.  If  you  were  to  ask  me  where 
diborane/OF2  is  today  and  where  it  will  be  in  fiscal  1964,  I would 
point  right  there  to  experimental  research,  sir,  and  not  down  here  to 
component  technology. 

Mr.  Fulton  of  Pennsylvania.  Theoretical  experimental  perform- 
ance, is  that  where  you  mean? 

Mr.  Sloop.  No,  sir.  I have  to  explore  experimental  performance 
over  this  mixture  range  to  find  out  whether  or  not  it  is  worthy  of 
carrying  further  into  the  component  and  engine  stage.  Until  we 
know  that  it  can  get  this  high  performance,  it  is  pointless  to  go  into 
expensive  development  programs. 

Mr.  Daddario.  Let’s  continue  with  your  statement.  We  can  come 
back  to  the  questions  later. 

Mr.  Sloop.  Very  good.  Now  let  us  consider  cooling.  The 
theoretical  calculations  have  already  indicated  a big  potential  problem 
with  oxygen  difluoride  and  diborane  because  of  the  very  high  combus- 
tion temperatures.  The  temperatures  are  on  the  order  of  7,000°  to 
8,000°  on  the  operating  conditions.  It  is  over  8,000°,  for  example,  at 
1,000  pounds  per  square  inch,  and  it  is  under  if  you  go  as  low  as  60 
pounds  per  square  inch. 

These  values  are  far  higher  than  any  materials  we  have  today  can 
withstand.  How  do  we  cool  this  engine?  A common  way  of  cooling 
liquid  rocket  engines  in  the  past  has  been  to  use  one  of  the  propellants 
as  a coolant.  Hydrogen,  for  example,  is  an  excellent  coolant  because 
it  has  a high  specific  heat.  Diborane  and  oxvgen  difluoride  are  poor 
coolants,  and  in  addition  they  decompose  on  neating. 

I have  a figure  (fig.  147)  to  illustrate  this  point.  It  is  a little  com- 
plicated, but  here  I have  plotted  an  index  which  is  the  ratio  of  the 
amount  of  cooling  required  bv  the  engine,  divided  by  the  cooling 
capacity  of  the  propellants.  If  this  index  is  1,  there  is  just  enough 
cooling  capacity  in  the  propellants  to  cool  the  engine. 

If  it  is  below  1,  there  is  ample  cooling  capacity  and  if  it  is  above  1 
there  is  a lack  of  cooling  capacity.  The  horizontal  scale  is  the  mixture 
expressed  as  the  proportion  of  fuel  by  weight— which  is  another  way 
of  plotting  fuel  to  oxidizer  ratio. 


i 

< 


t. 


1964  NASA  AUTHORIZATION 


COOLING  CAPABILITY 


IpspBjHsTOFj  iHH 

WMB  ®2H6>  coolant; 


BaHg-o^ 

WMMr  (0F2)  COOLANT-: 


COOLING  REQUIRED 

COOLING  CAPACITY  Jlp&if UPPER  UMlf  FOR  ’ 


REGENERATIVE  COOLING 


Hf  f2\ 

<h2)-'  > 

COOLANT-*^  Hz-02 

Nh2)^v 


FUEL  IN  PROP.r  % 0Y  WT 
Figure  147 

You  will  notice  that  hydrogen-fluorine  and  hydrogen-oxygen  fall 
well  below  the  limit  of  regenerative  cooling  and  this  is  caused  by  the 
fact  that  hydrogen  is  an  excellent  coolant,  as  I mentioned  previously. 

On  the  other  hand,  if  we  consider  the  oxygen  difluoride  as  a coolant, 
we  find  we  are  deficient  by  a factor  of  15  and  if  diborane  is  the  coolant 
we  are  deficient  by  a factor  of  almost  60.  So  this  very  obviously 
means  that  we  must  find  some  other  way  to  cool. 

What  will  this  be?  Well,  one  technique  would  be  to  use  very  high 
temperature  materials  and  we  are  exploring  this  in  our  other  tech- 
nology areas. 

Another  method  is  film  cooling,  where  we  lay  a cool  film  on  the  inner 
surface  of  the  combustion  chamber  to  shield  the  walls  from  the  hot 
gases.  Another  technique  is  to  use  ablative  materials.  We  think 
ablative  materials  to  be  a promising  method  for  this  application,  but 
want  to  point  out  there  are  no  suitable  ablative  materials  at  present 
for  these  high  temperatures  and  a fluoride  atmosphere. 
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Figure  148 

I have  illustrated  this  by  the  above  slide  (fig.  148)  which  plots  the 
burning  time  of  a rocket  or  duration  as  a function  of  combustion 
temperature.  In  addition,  I have  shown  the  combustion  temperature 
of  several  combinations  such  as  oxygen-hydrogen,  oxygen-RP  fuel, 
and  the  oxygen  difluoride  diborane.  This  broad  curve  represents  the 
approximate  limit  of  our  present  technology  and  to  operate  with 
diborane-oxygen  difluoride  for  800  to  900  seconds  would  require  being 
far  beyond  present  technology.  We  intend  to  increase  our  effort  on 
ablative  cooling  in  fiscal  1964. 

Ablative  material  technology  can  apply  to  a number  of  high-energy 
propellants,  so  we  feel  that  this  is  a very  desirable  direction  to  go. 

Other  propellant  work  of  growing  importance  is  the  use  of  additives 
to  current  propellant  combinations  to  improve  ignition,  combustion 
characteristics,  or  performance.  In  1956  the  Navy,  General  Electric 
Co.,  and  the  NACA  investigated  the  advantages  of  additives  to  the 
oxygen-RP  combination. 

There  is  a great  potential  in  improving  existing  engines  by  following 
this  path  ana  we  plan  to  pursue  it  in  cooperation  with  other  NASA 
program  offices. 

Another  additive  of  research  interest  is  ozone  fluoride.  This 
powerful  oxidizer  added  in  small  quantities  (1  part  in  2,000)  to  liquid 
oxygen  can  produce  spontaneous  ignition  of  the  oxygen-hydrogen 
combination,  according  to  work  by  the  Stanford  Research  Institute. 
Other  propellant  research  is  investigating  the  possibilities  of  gelling 
liquids,  including  cryogenics,  to  improve  their  behavior  in  a zero-g 
environment. 
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Another  problem  in  high-energy  propellants  is  handling.  Some  are 
flammable  in  air,  others  react  spontaneously  with  many  materials, 
others  require  an  ignition  source  but  have  wide  flammability  limits 
in  air.  In  addition  there  is  the  question  of  toxicity. 

MAXIMUM  ALLOWABLE  CONCENTRATIONS  OF 
PROPELLANTS  FOR  CONTINUOUS  EIGHT 
HOUR  EXPOSURE  (PARTS  PER  MILLION) 


Figche  149 


The  above  figure  (fig.  149)  shows  the  toxicity  of  some  propellants. 
This  is  the  maximum  allowable  concentration  of  propellants  for  con- 
tinuous 8-hour  exposure,  expressed  in  parts  per  million.  Over  on  the 
far  right,  10,000  parts  per  million,  are  oxygen  a;  d hydrogen  which  are 
nontoxic.  RP-1  falls  at  about  1,  nitrogen  Uitroxide  at  about  this 
point,  hydrazine  at  about  one  part  per  million,  fluorine  at  0.1  part 
per  million.  Diborane  and  pentaborane  are  even  more  toxic,  and 
oxygen  difluoride  is  much  more  toxic  than  fluorine. 

Mr.  Fulton  of  Pennsylvania.  At  that  point,  you  have  had  no 
trouble  handling  any  of  these  so  far? 

Mr.  Sloop.  We  have  had  no  accidents,  that  is  right,  sir. 

Nov  when  theoretical  and  experimental  data  are  all  available  for 
propellant  combination  as  I mentioned  previously,  we  must  assess, 
them  for  suitability  for  a specific  mission.  My  next  slide  (fig.  150) 
is  an  illustrative  example  of  one  particular  analysis  that  was  made 
for  a kick  stage,  that  is  a little  high-energy  upper  stage  on  top  of  an 
Atlas-Centaur,  the  idea  being  to  use  it  for  solar  probe  payload. 

Here  is  plotted  payload  in  pounds  (vertical  scale)  against  the  para- 
heloan  distance  in  astronomical  units — that  is,  in  units  of  the  distance 
between  the  Pun  and  the  Earth.  This  design  point  was  for  0.2  of  an 
AU.  You  notice  that  we  have  computed  this  particular  stage  for  a 
number  of  different  propellant  combinations,  both  pumped  and  pres- 
surized. They  vary  in  payload  at  the  design  point  from  a little  over 
250  pounds  for  the  lower  one  to  a little  under  500  pounds  for  the  upper 
one.  The  storables  (nitrogen  tetroxide  and  hydrazine  mixture)  is 
the  lower  curve. 
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Figure  150 


Such  results  as  these  must  always  be  considered  with  caution  be- 
cause they  are  strongly  dependent  on  the  assumptions  and  the  appli- 
cations involved.  As.  the  requirements  change  or  as  the  technology 
advances,  the  relative  results  can  vary  considerably. 

In  addition  to  our  own  work,  we  stay  in  contact  with  the  Depart- 
ment of  Defense  and  use  their  information  where  applicable  to  NASA 
programs.  The  Air  Force,  for  example,  is  investigating  a number  of 
interesting  high-energy  propellants,  including  hybalenes  and  you 
will  hear  From  them  later. 

We  keep  in  contact  with  the  ARPA  work  on  fundamental  propellant 
chemistry  aimed  at  finding  new  compounds  yielding  an  increase  in 
specific  impulse.  Recently  they  added  hybrid  propellants  to  their 
program.  We  are  currently  investigating  three  solid  propellants 
which  are  complex  compounds  containing  boron,  nitrogen,  and  hydro- 
gen atoms.  We  contracted  with  the  Callery  Chemical  Co.,  Food 
Machinery  Corp.,  and  American  Cyanamid  to  produce  approximately 
100-pound  quantities  of  these  propellants  which  JPL  will  use  in  small 
scale  rocket  evaluation  tests. 

A current  contract  with  Callery  Chemical  Co.,  that  Mr.  Fulton 
mentioned  this  morning,  is  underway  and  we  plan  an  evaluation  and 
test  program  with  the  propellant  at  JPL  in  fiscal  1964. 

In  advanced  technology  the  research  work  on  propellants  is  applied 
to  components,  subsystems  and  systems  of  useful  size.  The  next 
slide  shows  an  injector  developed  at  the  NASA  Lewis  Research  Center 
that  yields  high  performance  with  oxygen  hydrogen  and  with  hydrogen 
fluorine. 
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Figure  151 

The  above  slide  (fig.  151)  shows  a pump  impeller  both  before  and 
after  some  recent  tests  using  liquid  fluorine.  Although  fluorine  is 
very  reactive,  there  was  no  apparent  effect  on  this  impeller  that  was 
observed.  I have  brought  along  with  me  another  impeller  which  is 
part  of  a cooperative  effort  between  the  Pratt  & Whitney  Aircraft 
and  the  Lewis  Research  Center.  They  are  investigating  tnis  partic- 
ular design  for  its  suitability  for  use  with  liquid  fluorine. 

There  has  been  considerable  work  in  this  country  on  both  fluorine 
hydrazir.e  and  fluorine  hydrogen.  For  example,  technology  work  at 
Bell  Aerosystems  Co.  on  Hj-Fi  under  NASA  sponsorship  is  illustrated 
by  the  next  three  figures.  The  first  figure  (fig.  152)  shows  a view  of 
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an  experimental  turbopump  that  operated  successfully  with  fluorine 
in  tests  several  years  ago. 


FLUORINE -HYDROGEN  TURBOPUMP  FED  ENGINE 


Figure  153 

The  above  figure  (fig.  153)  is  what  we  call  a boiler  plate  engine  or 
system  consisting  of  the  turbopump  and  thrust  chamber  assembly 
which  also  operated  successfully  as  indicated  by  figure  154. 

In  fiscal  1964  we  are  asking  for  funds  to  do  advanced  technology 
on  engine  systems  using  hydrogen  and  fluorine.  We  believe  that  the 
potential  gains  in  work  op  this  combination  are  sufficiently  advanced 
to  make  this  a very  desirable  step. 

The  last  phase  in  the  evolution  of  propellants  is  development.  The 
next  slide  (fig.  155)  shows  three  engines  now  in  development  using 
oxygen  and  hydrogen.  The  RL-10  engine  shown  on  the  far  left. 
15,000  pounds  thrust,  was  mentioned  previously.  Work  was  started 
on  it  in  October  of  1958.  It  completed  its  preliminary  flight  readiness 
test  in  November  1961.  An  improved  version  completed  its  readiness 
test  in  June  1962,  and  it  is  now  ready  for  application  in  both  Centaur 
and  Saturn  stages.  The  J-2  is  200,000  pounds  thrust  and  this  work 
was  started  in  1960.  The  M-l  was  initiated  in  1962,  initial  1.2 
million,  now  1.5  million  pounds  thrust. 

In  summary,  I have  attempted  to  give  you  a picture  of  some  of  the 
considerations  and  work  that  we  do  in  research  and  advanced  tech- 
nology on  high-energy  propellants  and  wc  are  requesting  an  increased 
effort  in  this  area  in  1964. 

Thank  you. 

Mr.  Daddario.  Mr.  Sloop,  I want  to  thank  you  for  your  state- 
ment. It  is  excellent  and  will  be  of  extreme  value  to  the  committee. 
Before  we  get  into  the  questioning,  however,  how  would  you  like  to 
work  the  charts?  As  you  explained  them,  they  did  not  necessarily 
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fall  in  the  exact  place  with  the  statement,  and  I wonder  if  you  would 
like  to  have  the  opportunity  of  reviewing  the  record  when  it  has  been 
prepared. 

Mr.  Sloop.  Yes. 

Mr.  Daddario.  Then  you  can  see  that  they  are  properly  placed  in 
the  record,  if  that  meets  with  the  approval  of  the  committee. 

Mr.  Hines,  have  you  some  questions? 

Mr.  Hines.  Yes,  sir. 

Mr.  Daddario.  Proceed. 

Mr.  Hines.  Mr.  Sloop,  is  your  high-energy  fuel  research  wedded 
directly  to  engine  development? 

Mr.  Sloop.  No;  it  is  not.  We  in  the  Office  of  Advanced  Research 
and  Technology  have  the  freedom  to  look  at  a large  number  of  pro- 
pellant combinations  and  use  our  own  judgment  as  to  whether  or  not 
we  think  they  have  a future  potential. 

Mr.  Hines.  Does  the  engine  development  dictate  the  emphasis 
that  you  place  on  your  research  in  fuel  development? 

Mr.  Sloop.  It  doesn’t  dictate  the  emphasis  at  all,  but  it  might 
influence  it,  because  we  maintain  constant  communication  between 
the  people  who  are  using  the  propellants  and  ourselves.  After  all  if 
the  technology  we  develop  isn’t  used,  it  is  of  no  value,  so  we  are  con- 
stantly trying  to  tell  engine  developers  what  we  are  doing  and  the 
results  we  have,  and  trying  to  get  them  to  use  the  results.  Often- 
times there  is  a backflow  of  comment  such  as  “Why  don’t  you  do 
this  or  that,”  or  “Why  don’t  you  work  in  a particular  direction  because 
of  a problem  here?”  This  interchange  of  information  is  going  on 
constantly,  working  back  and  forth. 

Mr.  Hines.  I understand  that  you  have  a close  working  relation- 
ship with  the  Air  Force  programs;  is  this  not  so? 

Mr.  Sloop.  We  follow  their  work  quite  closely;  yes. 

Mr.  Hines.  Then  this  contributes  to  your  sum  of  knowledge? 

Mr.  Sloop.  Yes. 

Mr.  Hines.  Mr.  Sloop,  I would  like  to  ask  you  some  questions 
with  regard  to  the  funding  of  your  program.  I notice  that  the  Air 
Force  program  funding  is  considerably  higher  than  the  one  you  are 
responsible  for.  It  covers  both  solid  and  liquid  propellants.  Can 
you  explain  the  disparity  between  your  two  programs?  Why  does 
this  exist? 

Mr.  Sloop.  We,  in  looking 

Mr.  Fultgn  of  Pennsylvania.  Isn’t  the  Ah*  Force  about  10  times 
more  than  yours? 

Mr.  Hines.  Approximately  10  times;  that  is  right. 

Mr.  Daddario  It  may  be  included  in  the  question  when  he  answers. 
Will  you  proceed,  Mr.  Sloop? 

Mr.  Sloop.  When  we  look  at  research  that  needs  to  be  done,  we 
take  into  account  the  work  that  other  people  are  also  doing  in  order 
not  to  duplicate  this  and  we  have  a close  working  relationship  with 
the  people  who  are  doing  work  in  this  area. 

We  look  upon  it  from  our  own  point  of  view,  the  need  to  do  high 
energy  propellant  work  for  space  explorations.  If  the  work  is  already 
underway  and  proceeding  in  a satisfactory  manner,  we  turn  our 
attention  in  other  directions. 

So  that  you  might  say  these  two  are  complementary  in  the  sense 
that  if  it  is  being  done  in  our  satisfaction  elsewhere,  we  put  our 
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attention  on  other  things  that  aren’t  being  done.  If  it  is  not  being 
done  for  our  purposes,  we  see  that  it  is  done  and  this  may  explain  in 
part  why  theirs  is  larger. 

They  have  had  an  interest  in  high  energy  propellants  for  a long 
time  as  you  know,  and  have  had  a large  program  going.  Our  prede- 
cessor, NACA,  also  worked  in  research  on  high  energy  propellants 
but  did  not  cany  it  into  the  engine  stage.  It  was  mostly  research. 

Mr.  Hines.  Would  it  be  better  to  say  that  the  Air  Force  is  con- 
ducting research  on  high  energy  fuels  in  which  NASA  would  have  a 
greater  interest  than  the  Air  Force  does? 

Would  this  be  true? 

Mr.  Sloop.  I don’t  know  that  that  is  so. 

We  have  different  constraints  in  many  cases  than  the  Air  Force. 
I am  thinking  now  of  applications,  say,  for  military  purposes,  such  as 
for  ballistic  missiles.  In  ballistic  missiles,  for  example,  they  must 
worry  about,  logistics  and  the  materials  that  they  can  deploy  in  many 
sites.  We  don’t  have  this  problem,  so  we  are  free  of  that  constraint. 

We  are  trying  to  look  at  propellants  and  their  application  from  a 
space  exploration  point  of  view  and  we  apply  our  own  ground  rules  or 
framework  of  reference.  When  we  find  information  lacking  we  go 
after  it.  This  is  the  way  we  work. 

Mr.  Hines.  I see.  How  much  money  did  you  spend  last  year  for 
such  research? 

Mr.  Sloop.  $2,818,000. 

Mr.  Hines.  And  you  are  asking  this  year  for 

Mr.  Sloop.  $3,306,000. 

Mr.  Fulton  of  Pennsylvania.  May  I make  a correction,  Mr.  Chair- 
man? 

Mr.  Daddario.  Certainly. 

Mr,  Fulton  of  Pennsylvania.  This  committee  added  $1  million  to 
the  NASA  budget  request.  My  complaint  is  that  you  did  not  spend  it. 
You  thought  you  only  had  $2.8  million  but  you  really  had  $3.8  million 
for  that  type  ofprogram  in  fiscal  year  1963. 

Mr.  Sloop.  We  spent  over  a million  dollars  in  the  area  that  you 
mention  id,  Mr.  Fulton,  and  it  is  included  in  the  $2,818,000. 

Mr.  Fulton  of  Pennsylvania.  When  you  had  $2.8  million  in  your 
program  and  we  added  a million  dollars  more  Cor  high  energy  fuels, 
why  didn’t  you  spend  the  $3.8  million? 

Mr.  Sloop.  I don’t  believe,  Mr.  Fulton,  that  the  high  energy  pro- 
pellants was  taken  out  as  a separate  item  last  year.  Was  it? 

Mr.  Myers.  No. 

Mr.  Sloop.  This  is  Mr.  Boyd  Myers  who  came  in  late.  He  has  the 
budget  figures. 

Mr.  Daddario.  We  are  happy  to  have  you,  Mr.  Myers. 

Mr.  Myers.  Thank  you,  Mr.  Daddario. 

Actually,  Mr.  Fulton,  the  $1  million  which  was  authorized  was 
over  and  above.  This  is  included  in  the  figure  which  Mr.  Sloop 
mentioned  for  high  energy  fuels. 

Mr.  Fulton,  of  Pennsylvania.  Could  I give*  you  the  budgetary 
figures  as  I recall  them? 

In  fiscal  year  1963,  $25,119,000  was  budgeted  for  high  energy  fuels 
of  which  $2,818,000  was  on  the  high  energy  propellants? 

Mr.  Sloop.  That  is  correct. 
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Mr.  Fulton  of  Pennsylvania.  We  then  authorized  another  $1  million 
so  that  you  should  have  had  $3,818,000  in  the  program.  Mr.  Sloop 
is  saying  that  you  only  used  $2,818,000. 

My  complaint  was  that  we  gave  you  the  extra  $1  million  for 
fiscal  year  1963  for  high  energy  propellants,  but  you  did  not  add  it  to 
your  budget  and  accelerate  the  program. 

Likewise,  I found  a hiatus  or  gap  on  the  Thiokol  contract  between 
November  27,  1962,  and  March  20,  1963. 

Mr.  Daddario.  Mr.  Sloop,  can  straighten  this  out?  Taking  into 
consideration  Mr.  Fulton's  request,  could  you  let  us  know  the  amount 
of  money  you  had  for  this  program  last  vear? 

The  amount  spent,  and  the  amount  left  over,  if  any? 

Mr.  Sloop.  I nave  a listing  of  the  amount  of  money  that  we  have 
spent  that  relates  to  boron  fuels  directly  and  some  work  that  partially 
relates  to  diborane  and  the  sum  of  these  two  is  something  over 
$1,600,000. 

Of  this  $1,135,491  plus  52,000  additional,  I believe,  has  been  allo- 
cated for  the  boron-related  fuels,  OF2  and  diborane. 

Mr.  Daddario.  Then  as  I understand  it,  you  spent  $2,818,000  last 
year? 

Mr.  Sloop.  Sir,  you  are  talking  about  the  year  that  won’t  end  until 
June  30  and  we  are  still  spending  it. 

Mr.  Daddario.  Yes.  Is  all  that  money  committed? 

Mr.  Sloop.  Yes,  sir. 

Mr.  Daddario.  Does  it  include  the  additional  $1  million  which 
Mr.  Fulton  referred  to? 

Mr.  Sloop.  Yes,  sir;  it  does. 

Mr.  Daddario.  Once  those  moneys  are  finally  spent,  what  will  it 
amount  to? 

Mr.  Sloop.  The  $2,800,000  figure  that  we  gave  you  before. 

Mr.  Daddario.  How  does  that  reconcile? 

Mr.  Fulton  of  Pennsylvania.  I understood  Mr.  Myers  to  say  that 
you  had  450,000  in  your  work  at  JPL  on  the  borane  fuels.  Is  that 
not  correct? 

Mr.  Sloop.  We  spent  $462,000  at  JPL  this  fiscal  year. 

Mr.  Fulton  of  Pennsylvania.  All  right. 

Mr.  Sloop.  On  high  energy  solid  propellants  related  to  boron.  We 
spent  more  than  that  on  high  energy  solid  fuels. 

Mr.  Fulton  of  Pennsylvania.  That  is  right. 

Mr.  Sloop.  I believe  we  spent  $491,000  on  solid  propellants  there, 
of  which  $462,000  is  on  fuels  related  directly  to  boron. 

Mr.  Fulton  of  Pennsylvania.  Then  you  have  a figure  on  RDO-22  of 
$2,818,000  under  1963  iabeled  “High  Energy  Propellants.” 

Does  that  figure  include  the  congressional  increase  of  $1  million? 

Mr.  Sloop.  It  does. 

Mr.  Fulton  of  Pennsylvania.  What  was  your  original  budgetary 
figure  then  for  fiscal  year  1963,  $1,818,000? 

Mr.  Sloop.  As  I recall  the  high  energy  propellants  as  a separate 
item  was  not  a budgetary  figure  last  year,  so  that  I am  unable  to  tell 
you  at  this  time  exactly  what  it  was,  but  I assume  it  was  the  $1,818,000. 

The  numbers  that  we  are  talking  of,  I want  to  point  out,  are  what 
we  call  direct  R.  & D.  costs  and  do  not  include  the  operation  of  the 
research  centers  which  are  additional  funds  in  this  area. 
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Mr.  Fulton  of  Pennsylvania.  Was  your  major  diborane-fluoride 
contract  with  Reaction  Motors  Division  of  Thiokol  Chemical  Corp. 
for  $375,000  actually  fiscal  year  1962  money? 

Mr.  Sloop.  No,  sir;  that  is  fiscal  year  1963. 

The  $200,000  that  you  heard  this  morning  was  fiscal  year  1962. 

Mr.  Fulton  of  Pennsylvania.  The  original  $200,000  was  fiscal  year 
1962? 

Mr.  Sloop.  Yes.  The  $375,000  is  fiscal  year  1963.  This  was  the 
contract  that  was  let  March  20  that  you  mentioned  this  morning. 
While  we  are  on  the  subiect  you  mentioned  this  disparity 

Mr.  Fulton  of  Pennsylvania.  Don’t  leave  that. 

Mr.  Sloop.  OK. 

Mr.  Fulton  of  Pennsylvania.  If  it  is  fiscal  year  1963  funds,  why 
was  it  that  there  was  the  period  from  November  27,  1962,  to  March 
20,  1963  when  nothing  was  done  on  this  contract?  There  was  testi- 
mony this  morning  that  there  was  a,  gap  when  the  first  contract  ended. 
The  new  contract  for  1963  did  not  begin  until  March  20,  1963,  and 
you  already  had  the  money  authorized  by  this  committee? 

Mr.  Sloop.  Well,  Mr.  Fulton,  I looked  that  up  over  lunch  and  I 
have  the  report  of  the  Reaction  Motors  Division.  They  made  their 
50th  and  last  run  on  November  27,  1962. 

Mr.  Fulton  of  Pennsylvania.  That  is  the  date  they  commented  on? 

Mr.  Sloop.  Now,  you  realize  the  day  they  make  the  run,  the 
data  lias  to  be  reduced,  it  has  to  be  plotted,  they  have  to  discuss  it, 
they  have  to  write  a report.  And  so  the  interval  that  you  mentioned 
started  with  the  last  minute  of  operation  of  the  experimental  engine 
work  and  included  the  period  when  the  engineer  and  his  supervisors 
at  Reaction  Motors  examined  the  data,  made  their  report  to  us, 
the  time  we  spent  in  sitting  down  and  talking  with  them  about  the 
work,  and,  the  time  we  took  to  decide  on  the  next  course  of  action. 

Mr,  Fulton  of  Pennsylvania.  You  should  continue  the  experi- 
ments rather  than  have  a gap.  This  committee,  although  not  in 
this  particular  instance,  frequently  hears  complaints  of  stop  and 
start  contracts.  The  contractors  say  they  don’t  know  what  they 
are  going  to  do  next. 

This  clearly  looked  like  a time  when  a company  was  just  sitting 
idle  with  its  test  equipment  while  NASA  was  making  up  its  mind  how 
to  go  ahead  with  the  money  already  allocated. 

Mr.  Sloop.  Well,  this  is  the  way  we  do  our  work.  After  com- 
pletion of  experiments,  we  plot  the  data,  we  examine  it,  we  sit  down 
and  we  try  to  understand  or  explain  it. 

After  all,  this  anomaly  that  I showed  you,  is  quite  surprising. 
In  all  my  years  in  rocketry,  which  started  in  1945,  I have  yet  to  see 
so  strong  an  anomaly  as  this. 

So  this  was  quite  puzzling  to  me  as  well  as  to  Thiokol. 

Mr.  Fulton  of  Pennsylvania.  You  mean  the  fact  that  you  had  an 
extra  $1  million  given  to  you  by  Congress  was  the  anomaly? 

Mr.  Sloop.  No,  sir;  I am  saying  the  results  that  Thiokol  obtained 
that  showed  this  strong  peaking.  So  when  you  see  results  like  this 
you  ask  the  experimenter  to  check  his  measurements,  be  sure  they 
are  right,  check  his  computations,  make  sure  that  every  thing  was  what 
he  thought  it  was. 

This  took  time,  checking  back  and  making  sure  that  the  results 
were  the  very  best  measured  data  that  we  could  possibly  get.  Then 
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we  had  to  ask  ourselves:  Is  this  a measurement  problem,  an  experi- 
mental problem,  an  injeetor  problem,  or  is  it  the  nature  of  the  combus- 
tion process  itself? 

We  talked  to  people  in  various  disciplines  about  this  to  try  to 
arrive  at  some  explanation.  This  takes  a little  time.  This  is  the 
way  research  is  done.  If  you  get  an  unusual  result  it  takes  quite  a 
bit  of  discussion  to  try  to  arrive  at  an  explanation.  I don’t  think 
this  is  an  unusual  process  at  all.  It  is  something  that  we  like  to  do 
to  make  sure  that  what  we  do  next  is  the  most  fruitful  approach. 

Mr.  Daddario.  It  is  your  opinion  this  was  a normal  relationship. 
There  was  no  gap  and  this  is  the  way  in  which  you  handle  your  dealings 
with  companies  who  are  doing  research  for  NASA  under  these 
circumstances? 

Mr.  Sloop.  Yes,  sir.  We  like  to  examine  their  results  and  to 
find  out — to  assess  these  results  and  sit  down  with  them  and  decide 
whether  or  not  additional  work  is  necessary  or  whether  or  not  this 
completes  the  work. 

This  is  a natural  review  process. 

We  do  this  with  all  our  contracts. 

Now,  we  like  to  keep  this  review  time  short  and  I would  not  say 
that  this  particular  period  was  normal,  I simply  say  that  when  things 
are  unusual  it  takes  longer. 

Mr.  Fulton  of  Pennsylvania.  From  my  experience  with  airplanes, 
having  served  as  one  of  the  Navy  members  on  the  aircraft  scheduling 
unit  at  Wright  Field  in  World  War  II,  a delay  of  4 months  before 
deciding  to  continue  these  experiments  would  have  caused  some  con- 
cern at  that  period  in  our  history.  So  that  in  transposing  that  ex- 
perience to  this,  it  causes  me  some  concern.  Not  that  it  is  either 
abnormal  or  a mistake,  but  everyone  knows  that  equipment  should 
not  be  lying  idle.  Thiokol  made  progress  to  a point  where  the  in- 
herent computed  efficiency  of  the  propellant  is  apparent,  but  they 
have  not  been  able  to  obtain  a peak  performance  for  any  substantial 
duration.  To  me,  the  first  thing  to  check  would  be  the  records  to  see  if 
they  were  correct,  and  then  probably  start  in  on  a fuel  control  or  an 
injection  system  to  see  what  it  could  do.  Why  wouldn’t  that  be 
logical? 

Mr.  Sloop.  At  the  completion  of  their  contracted  effort,  we  had 
to  assess  their  results  and  determine  what  to  do  next.  We  were  not 
sure  at  that  time  just  exactly  what  would  be  the  best  course  of  action. 

Mr.  Daddario.  Mr,  Hines. 

Mr.  Hines.  Mr.  Sloop,  would  you  say  that  high-energy  fuels  are 
required  for  use  in  our  missions  projected  from  1967  onward?  Would 
this  be  a reasonable  time  period? 

Mr.  Sloop.  I think  that  high-energy  fuels  will  be  very  useful.  We 
think  hydrogen  oxygen  is  high  energy  and  as  you  know  it  is  the  corner- 
stone of  our  space  effort  now. 

And  I think  that  it  and  other  high-energy  propellants  will  be  used 
throughout  the  rest  of  this  decade  and  into  the  next. 

Mr.  Hines.  Would  you  say  that  the  utilization  of  these  fuels  as 
propellants  would  parallel  the  nuclear  engine? 

Mr.  Sloop.  Absolutely.  I agree  with  the  statement  made  this 
morning  that  there  are  various  uses  for  chemical  propulsion  systems 
that  we  will  have  uses  for  even  after  we  have  a working  nuclear 
stage  which  will  be  some  time  from  now. 
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This  is  because  there  is  no  single  propulsion  system,  and  never  has 
been,  that  fits  uniquely  all  possible  applications. 

Even  with  nuclear  and  with  electric  propulsion  systems,  we  will 
have  need  for  chemical  systems,  for  takeoff,  for  landing  applications, 
for  storing  power,  for  short  bursts  of  energy  at  one  of  the  planets  and 
things  of  this  sort. 

We  see  a long  and  continued  need  for  chemical  propulsion. 

Mr.  Hines.  Would  vou  sav  that  the  Office  of  Manned  Space  Flight 
is  the  Office  in  NASA  tnafc  will  make  the  greatest  use  of  the  technologies 
that  you  develop? 

Mr.  Sloop.  Yes,  certainly  in  the  manned  space  effort  that  is  so  and, 
of  course,  we  have  use  for  high-energy  propellants  in  the  unmanned 
scientific  explorations  and  in  the  application  areas,  as  well. 

Mr.  Hines.  Do  these  other,  snail  we  say,  colleagues  of  yours, 
place  demands  upon  your  shop  to  come  up  with  projected  propellants 
for  future  missions? 

Mr.  Sloop.  They  look  to  us  to  establish  the  research  and  tech- 
nology base  upon  which  they  can  build  whenever  they  get  a specific 
mission. 

In  other  words,  if  we  have  done  our  iob  right  there  will  be  enough 
technology  on  hand  for  them  to  develop  engines  rapidly  and  with 
reasonable  cost. 

Mr.  Hines.  There  was  mention  this  morning  of  missions  that  NASA 
wishes  to  accomplish  in  the  future  which  cannot  be  accomplished  with 
conventional  fuels.  Could  you  outline  some  of  these  missions  in 
which  high  energy  propellants  would  be  used? 

Mr.  Sloop.  Well,  I am  not  sure  of  the  things  you  are  referring  to, 
but  I will  say  that  we  have  always  found  a use  for  high  energy  pro- 
pellants whenever  we  developed  the  technology. 

This  has  been  our  history.  We  have  constantly  sought  to  get 
more  energy  per  pound  of  propellants. 

Mr.  Hines.  In  other  words,  your  program  is  not  necessarily  de- 
signed to  fill- -a  gap  which  the  conventional  propellants  could  not 
satisfy,'  this  is  not  the  major  impetus  behind  your  program,  is  that 
correct? 

Mr.  Sloop.  It  is  our  intent  to  try  to  find  high  energy  propellants 
that  will  do  a bigger  and  better  job  in  space  applications. 

Mr.  Hines.  And  give  you  more  capability? 

Mr.  Sloop.  Absolutely. 

Mr.  Hines.  This  is  perhaps  a loaded  question,  Mr.  Sloop,  but  I 
don’t  mean  it  to  be:  In  comparison  to  the  level  of  accomplishment 
that  you  have  achieved  a year  ago,  do  you  feel  that  there  has  been  an 
improvement  or  progress  of  a significant  order  of  magnitude  achieved 
by  your  programs  to  date? 

Mr.  Sloop.  Well,  an  order  of  magnitude  is  a factor  of  10,  sir,  and 
this  is  quite  a big  change. 

Mr.  Hines.  I agree. 

Mr.  Sloop.  I feel  that  we  have  made  significant  improvements.  I 
think  that  we  see  the  things  that  need  to  be  done  in  a much  clearer 
light.  I think  the  work  that  we  have  done  is  very  encouraging.  We 
have  evidence  almost  every  day  of  some  of  the  technology  work  that 
we  have  done  being  fed  into  contractual  bids  for  some  of  the  practical 
systems  that  are  going  in  to  development  and  we  feel  that  we  are  mak- 
ing a contribution. 
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Whether  someone  would  put  a multiplication  factor  of  10  on  it,  I 
won't  say. 

Mr.  Hines.  I realize  this  is  a probleih  you  could  not  answer 
exactly. 

Do  you  feel  that  you  have  enough  money  to  pursue  your  program 
adequately? 

Mr.  Sloop.  Yes,  I do.  I think  that  we  have  a very  well  planned 
and  integrated  program  which  will  give  attention  to  those  problems 
we  think  are  important.  I also  feel  that  I have  some  flexibility.  As 
the  research  results  unfold  we  can  make  certain  minor  adjustments 
within  our  program  to  emphasize  or  take  advantage  of  new  develop-  . 
ments  and  to  shut  off  work  on  things  which  no  longer  look  fruitful. 

With  this  flexibility  in  mind,  the  answer  is  very  definitely  “Yes.” 

Mr.  Hines.  Then  would  it  be  logical  for  me  to  assume  that  you 
have  not  known  of  any  program  under  your  direction  to  be  hamstrung 
or  throttled  by  lack  of  funds? 

Mr,  Sloop.  That  is  right. 

Mr.  Hines.  That  is  all,  Mr.  Chairman. 

Mr.  Daddario.  Mr.  Sloop,  what  is  the  figure  in  this  year’s  budget? 
You  gave  that  to  us  before. 

Mr.  Sloop.  Three  million — in  what,  sir,  high  energy  propellants 
or  the  whole 

Mr.  Daddario.  No,  high  energy  propellants. 

Mr.  Fulton  of  Pennsylvania.  $3,306,000. 

Mr.  Sloop.  $3,306,000. 

Mr.  Daddario.  What  was  the  figure  you  originally  submitted  to 
the  Bureau  of  the  Budget? 

Mr.  Sloop.  What  is  that,  sir? 

Mr.  Fulton  of  Pennsylvania.  What  figure  did  you  ask  for  origi- 
nally when  you  submitted  your  request  to  the  Bureau  of  the  Budget? 

Mr.  Sloop.  For  fiscal  1964? 

Mr.  Fulton  of  Pennsylvania.  Yes. 

Mr.  Sloop.  In  fiscal  1964  it  was  the  same,  $3,306,000. 

Mr.  Daddario.  Then  you  are  getting  what  you  have  felt  you  need 
for  your  program? 

Mr.  Sloop.  Yes.  I should  point  out  that  other  moneys  that  we 
are  spending  in  propulsion  analysis,  like  the  work  I mentioned  here, 
is  definitely  related  to  high  energy  propellants,  and  some  of  the 
technology  work  that  we  are  doing,  is  not  included  in  the  figure 
that  I gave  you. 

Mr.  Daddario.  Can  you  break  that  down  for  us,  then,  so  we  will 
know  what  you  requested  for  fiscal  year  1964  in  each  of  the  categories? 

Mr.  Sloop.  The  total  is  $35,075,000  in  all  of  the  chemical  propul- 
sion research  and  technology. 

Mr.  Daddario.  Can  you  break  that  down,  now? 

Mr.  Sloop.  It  is  broken  down  into  four  parts,  aerothermochemical 
analysis  and  materials,  $7,025,000.  I am  reading  from  EDO-22,  sir. 

The  high  energy  propellants,  $3,306,000,  launch  vehicle  technology, 
$4,474,000,  experimental  high-energy  engine  of  hydrogen  fluorine 
which  I- mentioned  previously,  $1,574,000,  and  advanced  spacecraft 
engine  technology,  $5,681,000.  And  that  adds  to  $22,494,000.  And 
then  we  have  personnel  costs  and  operation  of  installations  which 
brings  the  total  to  $35,075,000. 
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So  in  high  energy  propellants  in  fiscal  1964  we  are  doing  more  than 
the  $3,306,000;  we  are  doing  the  $1,574,000  specially  for  the  high 
energy  engine  I mentioned  and  parts  of  the  other  subjects. 

It  is  hard  to  break  the  figures  into  precise  categories  and  say  exactly 
how  much  goes  irfo  energy  propellants.  The  calculating  machines 
will  compute  a lo  / energy  propellant  just  as  rapidly  as  they  will  a 
high  and  we  don’t  categorize  this  work  as  high  energy  propellants. 

Mr.  Daddario.  Can  you  break  down  the  figures  so  that  we  will 
know  what  your  original  request  was  in  all  of  these  categories? 

Mr.  Sloop.  The  request  you  see  here,  sir,  is  my  original  request. 

Mr.  Dadd  a rio.  In  every  area? 

Mr.  Sloop.  Yes,  sir. 

Mr.  Daddario.  That  is  what  you  requested  of  the  Bureau  of  the 
Budget  in  the  first  instance,  and  you  got  what  you  have  asked  for? 

Mr.  Sloop.  To  the  best  of  my  knowledge  that  is  so. 

Mr.  Daddario.  Is  that  your  understanding,  Mr.  Myers? 

Mr.  Myers.  Well,  Mr.  Chairman,  we  first  went  to  Dr.  Bisplinghoff 
with  our  program  as  to  what  we  would  like  to  have,  and  what  we 
think  is  necessary. 

Mr.  Daddario.  Start  from  there  and  tell  us  whab  you  asked  for 
in  those  instances,  and  how  you  finally  got  to  the  point  where  you 
had  these  figures  approved  by  the  Bureau  of  the  Budget? 

Mr.  Myers,  I can’t  do  this  off  the  top  of  my  head. 

I can  only  tell  you  that  we  submit  a request  to  Dr.  Bisplinghoff, 
and  he  submits  a budget  to  Dr.  Seamans  and  NASA’s  management. 

Once  the  determination  is  made  as  to  what  the  overall  budget 
will  be,  discussions  are  held  with  the  Bureau  of  the  Budget.  We 
then  come  back  and  we  go  over  all  limitations.  Dr.  Bisplinghoff  is 
given  a guide  to  go  by,  and  from  that  works  up  the  best  program  he 
can  get  within  the  dollars  available.  Then  wo  go  back  to  Dr.  Seamans 
and  these  figures  are  submitted  to  the  Bureau  of  the  Budget.  As 
Mr.  Sloop  said,  this  is  the  figure  that  we  submitted  to  the  Bureau  of 
the  Budget. 

Mr.  Sloop.  That  is  correct. 

Mr.  Daddario.  That  is  the  point  we  are  trying  to  get  at,  this 
figure  reflects  an  adjustment  of  original  thinking  insofar  as  this 
year's  program  is  concerned. 

Mr.  Myers.  I think  you  can — that  is  right. 

Mr.  Daddario.  This  committee  is  concerned  with  propulsion  as 
has  been  indicated  over  the  course  of  the  last  several  years.  It 
would  be  of  help  to  us  to  know  what  your  original  plans  were?  What 
amounts  were  involved  and  what  dia  those  programs  entail? 

Mr.  Myers.  As  you  know,  budgeting  is  a reiterative  process. 
All  during  the  year  adjustments  are  made;  the  flexibility  Mr.  Sloop 
spoke  of  occurs  during  the  year  in  exercising  technical  judgments 
as  to  what  is  the  best  course  to  pursue. 

In  any  given  program,  or  any  small  part  of  a given  program,  if  we 
go  down  one  road  and  it  does  not  look  like  the  program  is  panning  out 
or  we  are  not  getting  the  results  expected,,  we  may  change  direction 
and  put  funds  into  other  areas. 

This  occurs  throughout  the  year  in  any  given  budget,  so  that  it  is 
very  difficult  to  reconstruct.  You  have  to  go  back  to  each  technical 
decision  that  is  made  by  men  working  at  the  bench  and  by  men  in 
headquarters.  It  is  very  difficult  to  reconstruct  this  because  there 
are  many  day  to  day  sort  of  management  decisions. 


f 


1964  NASA  AUTHORIZATION 


743 


Mr.  Daddario.  I could  have  a very  strong  basic  argument  and 
disagreement  with  you  on  your  last  statement.  This  is  one  of  the 
reasons  that  I inquire  into  this,  so  that  we  might  have  more  exact 
information  and  will  not  be  faced  again  with  the  reprograming  which 
was  implicit  in  last  year’s  budget. 

We  are  constantly  advised  that  NASA,  as  its  programs  become  more 
definitive,  will  have  less  reprograming. 

You  last  statement  would  indicate  to  me  that  there  is  a great 
possibility  that  this  is  not  so.  However,  that  is  besides  the  point. 
The  purpose  of  this  discussion  is  to  find  out  what  your  original 
ambitions  were  in  the  propellant  field. 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield?  I would  like  to 
agree  with  the  chairman  on  that.  This  committee  was  told  that 
fiscal  year  1963  would  be  the  first  clear-cut  year  on  figures. 

During  fiscal  year  1962  NASA  had  taken  projects  from  many 
portions  of  NASA  and  formed  the  Office  of  Advanced  Research  and 
Technology.  You  are  correct  in  your  statement  as  to  fiscal  year  1962 
when  the  budget  estimates  were  prepared.  However,  fiscal  year  1964 
was  the  year  you  should  have  come  up  with  the  divisions  that  the. 
chairman  has  asked  for  at  your  various  levels  of  budget  requests. 
So  I would  agree  with  the  chairman. 

Mr.  Myers.  I would  like  to  clarify  one  point,  Mr.  Daddario. 
The  reprograming,  I think,  was  only  of  the  order  of  $300,000,  that  we 
added  to  this  particular  program  during  fiscal  year  1963. 

In  other  words,  this  was  a reprograming  action,  and  it  was  an  addi- 
tion to  the  program,  not  a subtraction.  The  whole  Office  of  Advanced 
Research  and  Technology’s  entire  reprograming  for  the  year  in  many, 
many  small  areas,  only  amounted  to  about  3 percent. 

So  the  overall  reprograming  actions  are  small  in  the  amount  of 
money,  and  these  are  reflected  by  technical  judgments  that  are 
exercised  during  the  year.  For  example,  we  are  talking  to  you  now 
about  fiscal  year  1964,  and  we  are  thinking  about  1965  and  1966,  and 
so  forth.  We  cannot  make  exact  judgments  as  to  what  the  technology 
situation  will  be,  or  the  research  situation  will  be,  when  we  actually 
get  into  that  year.  We  think  that  3 percent  is  a very  small  change 
of  mind,  so  to  speak,  as  to  how  to  proceed. 

Mr.  Daddario.  Well,  that  being  the  case,  insofar  as  these  figures 
are  concerned,  then  we  ought  to  be  able  to  get  to  an  answer  to  my 
question. 

If  the  changes  are  so  small  and  you  have  gotten  your  programs  down 
to  such  a precise  level,  and  I quite  agree  with  you  that  3 percent 
would  be  a small  change,  then  we  ought  to  be  able  to  get  down  to 
exact  figures.  These  figures  must  reflect  themselves  in  the  original 
requests  which  you  submitted  while  preparing  your  program.  We 
should  know  what  you  would  have  liked  to  have  had  for  this  year,  sc 
that  we  can  determine  what  you  were  originally  shooting  for.  Are 
those  figures  available,  or  could  they  be  made  available? 

Mr.  Myers.  All  I can  say  now  is  that  we  will  attempt  to  recon- 
struct those  and  see  if  we  can  submit  them  for  the  record.  However, 
I would  like  to  make  one  general  statement  which  we  have  made 
before  in  other  hearings.  Each  program  office,  as  represented  by  Mr. 
Sloop  within  the  Office  of  Advanced  Research  and  Technology,  has 
objectives  and  things  they  would  like  to  do,  and  for  which  we  do  not 
have  enough  funds. 
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This  is  true  of  all  of  our  programs.  So,  in  this  process,  we  must 
evaluate  these  on  the  best  technical  judgment  so  we  can  to  do  the  best 
job  we  can,  to  milk  the  cream,  so  to  speak,  of  the  barrel  by  doing 
those  things  that  will  give  us  the  best  advancement.  We  cannot 
always  provide  everything  each  individual  would  like  to  do  in  his 
program.  It  is  in  this  context  that  we  do  have  these  technical  judg- 
ments which  modify  what  is  finally  submitted  to  the  Bureau  of  the 
Budget.  This  is  done  in  the  best  technical  judgment  of  the  Ad- 
ministrator, the  Deputy  Administrator,  and  the  Associate  Adminis- 
trator. 

Mr.  Daddario.  I recognize  that,  and  it  is  somewhat  the  process  of 
adjustment  through  which  this  committee  is  going  during  these  NASA 
authorization  hearings.  However,  I think  it  is  important  for  us  to 
understand  what  flexibility  there  was  in  the  final  judgments  made 
within  NASA. 

It  is  in  this  context  that  I ask  for  this  information.  I hope  it 
might  be  available  because  by  the  time  you  submit  your  final  figures 
you  have  already  gone  through  a process  of  adjustment  and  you  have 
had  to  tailor  your  programs  accordingly. 

I do  not  want  to  know  the  suggested  programs  that  were  submitted 
to  you  by  the  people  who  are  immediately  below  you,  but,  rather  the 
‘figures  you  approved  and  submitted  for  fiscal  year  1964. 

(The  information  referred  to  is  as  follows :) 

Management  discussions  were  held  early  in  1962  for  fiscal  year  1964  budget 
plans.  In  these  discussions  judgments  were  made  as  to  the  level  of  effort  needed 
in  advanced  research  and  technology  in  chemical  propulsion.  These  judgments 
were  expressed  in  the  form  of  guideline  figures  ($2,497,000  for  basic  research, 
$20  million  for  applied  research  and  advanced  technology,  total  $22,497,000 
for  direct  R.  A D.  costs). 

, These  figures  represented  an  appreciable  increase  over  the  fiscal  year  1963 
effort  which,  at  that  time,  was  still  under  consideration  by  the  Congress.  'Mr. 
Sloop  was  asked  to  prepare  a program  based  on  the  $20  million  direct  R.  & S. 
cost  and  he  did.  This  plan  plus  the  $2,497,000  R.  A D.  direct  cost  prepared  by 
Dr.  Kurzweg  constitutes  NASA’s  submission  to  the  Congress. 

Mr.  Fulton  of  Pennsylvania.  What  figures  did  Dr.  Bisplinghoff 
receive  from  you,  and  then  what  figures  did  you  get  back  from  Mr. 
James  Webb?  You  were  asked  on  April  7,  I believe,  by  Mr.  Karth, 
to  provide  these  figures  within  the  next  several  days. 

Mr.  Sloop.  I think  they  were  provided,  weren’t  they? 

Mr.  Myers,  I am  not  sure. 

Mr.  Fulton  of  Pennsylvania,  It  is  remarkable  that  this  subcom- 
mittee arrived  at  the  same  point  that  the  Subcommittee  on  Space 
Sciences  and  Advanced  Research  and  Technology  arrived  at  when 
we  feel  we  don’t  have  the  figures  that  we  can  act  on. 

I might  comment  on  your  3-percent  changes.  We  must  remember 
that  there  are  no  line  items  on  the  various  types  of  projects  or  pro- 
grams, and  it  is  very  easy  to  just  change  the  emphasis  from  one  to 
another.  That  would  not  require  a transfer  of  funds,  is  that  correct? 

Mr.  Sloop.  I can  make  adjustments  subject  to  Dr.  Bisplinghoff’s 
approval  of  funds  within  the  chemical  propulsion  and  I feel  this  is 
necessary.  I feel  this  is  necessary  in  research  because  we  try  to 
emphasize  the  important  things  and  we  try  to  use  our  judgment  as 
time  goes  on  to  constantly  appraise  the  program  and  keep  it  as  per- 
tinent as  possible, 

I am  an  enthusiast  for  my  program  and  there  are  things  I would 
like  to  push,  but  I work  within  a different  set  of  constraints  than 
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my  supervisor  who  has  a broader  responsibility  and  who  must  think 
of  other  programs. 

So  this  is  a reiterative  process  as  Mr.  Myers  pointed  out  in  which 
we  make  an  appeal  for  what  we  think  should  be  done  in  the  following 
year  and  these  have  to  be  considered  in  the  light  of  the  overall  program 
and  adjustments  are  made.  During  this  reiterative  process  we  gener- 
ate a budget  framework  and  we  work  within  this  framework. 

Mr.  Daddario.  We  are  pleased  to  know  what  your  ideas  are.  It 
does  not  happen  often,  but  as  Mr.  Fulton  indicated,  last  year  we  did 
add  funds  in  the  area  of  propellants. 

So  if  we  can  be  convinced  that  it  is  important,  it  may  be  of  con- 
siderable help  to  some  of  your  programs. 

Mr.  Sloop.  W e are  pleased  with  your  support. 

Mr.  Fulton  of  Pennsylvania.  We  feel  tnat  the  high-energy  fuels 
must  be  emphasized  now,  and  that  you  must  have  adequate  leeway 
and  authority  to  operate. 

Mr.  Sloop.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  But  in  my  long  time  in  Congress 
you  were  the  most  reluctant  person  I ever  pushed  on  Santa  Claus’ 
lap.  I never  saw  anyone  so  reluctant. 

Could  I ask  you  about  the  extra  million  dollars  you  received? 
Did  you  spend  it  well? 

Mr.  Sloop.  We  think  we  are  spending  it  well,  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  For  example,  if  you  hadn’t  gotten 
it,  you  would  not  have  spent  the  $320,000  with  the  Jet  Propulsion 
Laboratory  on  solid  propellant  motors  using  boranes,  and  you  needed 
it,  didn’t  you? 

Mr.  Sloop.  For  1962,  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Yes,  but  you  needed  the  money, 
didn’t  you? 

Mr.  Sloop.  Absolutely. 

Mr.  Fulton  of  Pennsylvania.  And  then  on  the  Jet  Propulsion 
Laboratory  solid  program  on  the  borane  ingredients,  with  Callery 
Chemical,  that  $50,000  you  needed  that,  didn’t  you? 

Mr.  Sloop.  That  is  included  in  the  number  I gave  you,  and  yes, 
sir,  we  certainly  did  use  that  to  good  advantage. 

Mr.  Fulton  of  Pennsylvania.  .And  because  you,  on  March  20, 1963, 
executed  a new  contract  with  Reaction  Motors  Division  of  Thiokol 
Chemical  Corp.,  you  certainly  needed  the  $375,000  for  the  engine 
tests  with  diborane  and  the  oxygen  difluoride,  didn’t  you? 

Mr.  Sloop.  Yes,  we  did. 

Mr.  Fulton  of  Pennsylvania.  And  you  used  the  money  well. 

Mr.  Sloop.  We  used  that.  I want  to  point  out  that  we  used 
$100,000  more  than  that  to  buy  the  OF2,  and  we  are  using  I believe 
the  number  given  this  morning  by  Callery,  which  was  $26,000  for 
diborane. 

Mr.  Fulton  of  Pennsylvania.  You  bought  2,000  pounds  of  the 
OF2  from  the  Allied  Chemical  Co.  for  your  experiments,  didn’t  you? 

Mr.  Sloop.  We  are  in  the  process  of  doing  that,  yes. 

Mr.  Fulton  of  Pennsylvania.  And  you  spent  $34,000  with  Callery 
Chemical  Corp.  for  diborane,  didn’t  you? 

Mr.  Sloop.  They  mentioned  the  figure  of  $26,000,  so  it  sounds  like 
we  got  a good  buy. 
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Mr.  Fulton  of  Pennsylvania.  Then  with  the  General  Electric  Co., 
when  you  entered  the  $40,000  contract  for  ablatives  on  nozzles  you 
needed  that  money,  didn’t  you? 

Mr.  Sloop.  Yes. 

Mr.  Fulton  of  Pennsylvania.  The  money  was  well  spent:  it  wasn’t 
wasted? 

Mr.  Sloop.  Absolutely  not. 

Mr.  Fulton.  Actually,  the  development  of  high-energy  fuels, 
ablative  materials,  injection  systems,  and  nozzle  conformations  are 
the  most  important,  aren’t  they? 

Mr.  Sloop.  Yes.  I might  mention  that  we  are  negotiating  a com- 
bustion project  with  New  York  University  which  will  examine  the 
combustion  process  of  OF2  diborane. 

Mr.  Fulton  of  Pensylvania.  When  we  were  discussing  this  key 
problem  last  year  then,  this  committee  was  of  assistance  to  you  in 
giving  you  the  $1  million,  because  you  have  justified  every  one  of  these 
items. 

Mr.  Sloop.  We  certainly  are  grateful  for  your  support. 

Mr.  Fulton  of  Pennsylvania.  You  say  that  you  are  spending 
$50,000  out  of  the  $1  million  for  the  handling  of  the  diborane.  You 
certainly  need  to  know  how  to  handle  it,  don’t  you,  because  you 
pointed  out  how 

Mr.  Sloop.  Sir,  there  is  a correction  here. 

We  have  not  budgeted  $50,000  for  diborane  in  fiscal  year  1963.  I 
believe  this  was  mentioned  earlier  in  the  testimony,  and  as  far  as  I 
know,  it  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Toering,  as  I remember,  said 
there  was  $50,000  to  learn  how  to  handle  diborane  because  of  its 
toxic  properties. 

Then  when  you  spend  $15,000  on  a program  in  1963  for  the  handling 
of,  or  investigating  the  toxicity  of  oxygen  difluoride,  you  certainly 
needed  that  amount  of  money. 

Mr.  Sloop.  In  regard  to  that  particular  study,  Mr.  Fulton,  we 
have  referred  that  work  to  our  office  of  biotechnology  and  human 
research,  where  we  have  some  M.D.’s  who  are  helping  us  with  the 
toxicity  studies.  They  are  making  a very  thorough  appraisal  of  the 
whole  field.  It  may  well  be  that  this  study  will  be  larger  than  the 
$15,000  that  you  mentioned. 

Mr.  Fulton  of  Pennsylvania.  Yes,  but 

Mr.  Sloop.  This  will  come  in  fiscal  1964. 

Mr.  Fulton  of  Pennsylvania.  If  you  did  not  have  the  $1  million 
this  committee  gave  you,  you  couldn’t  have  even  started  on  it. 

Mr.  Sloop.  We  could  not  have  done — — 

Mr.  Fulton  of  Pennsylvania.  You  pointed  out  on  your  charts  to- 
day what  a problem  toxicity  is  with  these  high  energy  fuels. 

Mr.  Sloop.  That  is  right. 

Mr.  Fulton  of  Pennsylvania.  So  that  if  you  didn’t  get  the  $15,000 
to  start  on  it,  you  wouldn't  have  been  into  the  program  at  all. 

Mr.  Sloop.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  Now,  when  we  are  trying  to  help 
you,  we  are  certainly  not  trying  to  get  you  to  spend  money  that  isn’t 
necessary.  We  heard  this  morning,  however,  that  there  would  be  a 
20  percent  gain  in  performance  by  the  use  of  high-energy  fuels.  Some 
of  us,  when  we  objected  so  strongly  to  the  Nova  last  year,  were 
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concerned  that  rockets  are  getting  as  big  as  elephants  and  the  payload 
as  small  as  rabbit  heads.  When  rockets  get  to  be  the  size  of  the 
Capitol  dome,  or  as  somebody  said,  the  Washington  Monument,  and 
we  hear  that  high  energy  propellants  can  increase  fission,  we  will  call 
it,  approximately  20  percent,  not  to  follow  up  these  leads  is  costing 
the  taxpayers  money  in  the  long  run.  The  fact  that  we  can  have 
extra  factors  of  safety  and  reliability  in  the  flights  and  these  deep 
space  probes  should  be  a real  concern  too. 

In  a technological  report  of  NASA  in  February  1963,  you  had 
favorably  commented  that  there  seemed  to  be  a 5 to  10  percent  gain 
in  fission  on  the  Borane-Hydrade  combinations. 

On  page  RDQ  20-4  of  the  budget  books  it  speaks  well  of  high- 
energy  propellants  and  the  possibility  of  these  hydrazinborane  com- 
pounds. 

I will  give  you  the  quote.  It  says:  “Also  work  was  conducted  on 
the  evaluation  of  oxygen  difluoride  and  diborane  as  a high-energy 
propellant  combination.  This  work  showed  high-combustion  fission 
in  a small  rocket  motor.  It  is  planned  to  increase  the  work  in  the 
coming  year.” 

Obviously  when  I see  that  in  your  backup  books,  I would  expect 
you  to  come  in  and  say:  “We  want  to  have  a good,  efficient  program 
for  the  coming  year.” 

Then  when  we  were  looking  at  your  charts  this  afternoon,  twice 
you  mentioned  that  these  experiments  on  those  small  rocket  motor- 
type  tests  have  turned  out  “disappointingly.” 

Mr.,  Sloop.  Mr.  Fulton 

Mr.  Fulton  of  Pennsylvania.  It  just  does  not  fit  together.  What 
you  send  up  here  for  your  justification  doesn’t  coincide  with  your 
comments  in  regard  to  your  charts.  I wish  you  vould  correlate  them 
for  us. 

Mr.  Sloop.  In  my  statement  before  Mr.  Karth  I used  the  identical 
chart  I showed  this  afternoon  and  also  I pointed  out  that  the  results 
were  disappointing.  I am  sorry  if  you  have  received  the  impression 
that  I am  not  interested  in  this  combination.  I am  very  much  inter- 
ested in  this  combination. 

Mr.  Fulton  of  Pennsylvania.  Not  at  all.  We  are  trying  to  help 
you;  if  I didn’t  think  you  were  interested,  I wouldn’t  be  here. 

Mr.  Sloop.  I feel  we  have  a long  way  to  go  to  explore  this,  and  I 
am  not  quite  ready  to  rush  out  of  the  very  elementary  laboratory 
experiments  into  full  Scale  development.  I want  to  do  research  and 
technology. 

Mr.  Fulton  of  Pennsylvania.  Just  hold  on  that  point.  Nobody, 
so  far,  has  referred  to  the  development  at  this  point.  You  gave  us 
the  second  stage. 

Mr.  Sloop.  Yes  sir. 

Mr.  Fulton  of  Pennsylvania.  It  was  the  second  stage  that  we 
talked  about.  There  were  the  two  kinds  of  research,  and  then  we 
talked  about  the  technical  development.  We  haven’t  gone  into 
development  of  engines. 

The  report  that  I spoke  of  was  Kurt  Stehling’s  report  of  February 
1963  on  the  diborane  oxygen  difluoride. 

Your  conclusions  seem  to  be  adverse  to  that  report. 

Mr.  Sloop.  Did  he  not  qualify  his  statements  in  the  report  you 
mentioned,  saying  that  he  had  not  had  time  to  examine  this  combina- 
tion fully? 
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Mr.  Fulton  of  Pennsylvania.  But  to  me  that  is  the  whole  point 
of  research  and  development. 

Mr.  Sloop.  Yes  sir. 

Mr.  Fulton  of  Pennsylvania.  And  that  is  why  we  do  the  research. 

Mr.  Sloop.  And  that  is  why  we  are  here. 

Mr.  Fulton  of  Pennsylvania.  When  an  outstanding  scientist  such 
as  Kurt  Stehling  tells  us  there  looks  like  a 5-  to  10-percent  gain,  and 
we  have  the  practical  men  in  the  field  working  on  experiments  who 
tell  us  that  there  is  about  a 20-percent  gain  in  fission  possible,  then 
we  should  be  doing  more  work  in  the  field. 

I was  out  to  Edwards  Air  Force  Base  and  said  to  Colonel  Norton: 
“Are  you  willing  Jo  put  those  chickens  on  your  uniform  up  as  a 
guarantee  that  you  have  full  faith  and  confidence  in  this  program?” 
He  said:  “Congressman,  I certainly  am.” 

You  cannot  prejudge  programs.  We  are  talking  to  you  about  your 
emphasis  with  a longer  term  view  in  mind  than  just  the  immediate 
ice  cream  and  cake,  today  or  tomorrow.  That  is  why  we  are  talking 
at  such  length.  Some  of  us  are  vitally  interested  that  the  United 
States  beoome  preeminent  in  space.  The  one  place  where  we  are 
behind  the  Soviets  is  in  the  area  of  propellants.  Why  we  aren't 
making  more  of  an  effort  on  propellants,  I just  cannot  see. 

As  a matter  of  fact,  it  is  worse  when  I hear  that  the  total  amount 
spent  was  not  the  $3,800,000  I had  originally  thought,  but  only 
$2,800,000  which  included  the  $1  million  that  the  committee  gave  you 
in  1963.  Even  if  it  had  been  the  $3  million,  that  is  only  one-tenth  of 
what  the  Air  Force  is  spending  on  their  emphasis  of  this  type  of  high- 
energy  fuel  program.  We  are  not  criticizing  you,  but  this  is  something 
that  we  must  look  into. 

Mr.  Sloop.  We  are  putting  emphasis  on  the  areas  of  OF2  diborane 
which  we  think  are  the  critical  problems,  and  we  have  been  in  close 
contact  with  the  Air  Force,  and  they  know  of  our  work.  They  are 
following  it  with  us.  They  are  counting  on  us  to  carry  forward  the 
technology  in  this  area,  and  we  believe  that  we  are  working  on  the 
major  problems  that  mu?t  be  solved. 

After  all,  if  we  can’t  cool  it  we  can’t  use  it. 

Mr,  Fulton  of  Pennsylvania.  If  you  had  four 

Mr.  Sloop.  If  we  can't  get  high  combustion  efficiency  over  a wide 
range  of  mixture  ratios,  if  we  hit  a fundamental  snag  we  want  to  know 
it  as  soon  as  possible. 

So  we  are  going  after  this  hammer  and  tongs,  and  I think  the 
statement — made  this  morning  by  Thiokol — indicated  that  they  are 
vigorously  pursuing  the  objective  of  getting  good  performance  over  a 
wide  range  of  mixture  ratios — is  a good  one. 

That  is  just  one  problem. 

Another  is  cooling,  previously  mentioned. 

A third  problem  is  one  of  obtaining  high  performance  at  simulated 
altitude.  Will,  the  real  gases  follow  the  top  curve  or  the  bottom 
curve  shown  previously? 

We  want  to  find  this  out,  and  we  intend  to  get  after  these  problems 
this  year.  When  we  get  these  three  problems  solved,  then  we  go 
further. 

Mr.  Fulton  of  Pennsylvania.  How  can  you  answer  it  without 
money? 

Mr.  Sloop.  Sir,  we  are  spending  money  on  it. 
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Mr.  Daddario.  Mr.  Sloop,  Mr.  Fulton  is  one  of  the  strongest  ad-  « 
vocates  of  this  program.  He  did  not  say  you  are  not  pursuing  this  in 
a critical  way,  1 can  attest  to  the  fact  that  he  did  not.  , 

Mr.  Fulton  of  Pennsylvania.  No. 

Mr.  Daddario.  I,  personally,  in  listening  to  your  report,  can  see 
no  lack  of  enthusiasm  on  your  part.  ‘ 

Mr.  Sloop.  Thank  you. 

Mr.  Daddario.  Nor  anything  about  which  to  criticize  you.  In 
fact,  I think  you  have  shown  the  type  of  objectivity  that  a person  in 
your  position  must  have. 

The  objectives  of  the  committee,  however,  are  to  take  into  considera- 
tion your  problems,  and  to  see  what  might  additionally  be  done  in  the 
field  of  propellant  technology.  , This  has  caused  the  committee  some 
concern  in  the  past.  As  I recall,  3 or  4 years  ago  Mr.  Teague  con- 
stantly asked  that  we  have  a greater  multithrust  program  in  all  areas. 
His  suggestions  at  that  time  were  greeted  with  a lack  of  enthusiasm 
by  NASA. 

As  a result,  we  find  that  if  we  do  pursue  this  subject  and  keep  after 
it,  somehow  or  other  it  works  out  much  better.  I would  like  you  to 
keep  this  in  mind  in  reference  to  the  questioning  you  are  undergoing 
today. 

Mr.  Fulton  of  Pennsylvania.  Wasn’t  the  extra  $1  million  during 
the  current  fiscal  year  a pleasant  sensation? 

Mr.  Sloop.  Yes,  sir. 

Mr.  Daddario.  A million  dollars  always  is,  Mr.  Fulton. 

I would  like  to  pursue  one  other  line  of  questioning,  if  we  could, 
Mr.  Sloop,  and  that  is  your  work  with  the  Department  of  Defense. 

You  said  that  you  coordinate  with  them? 

Mr.  Sloop.  Yes. 

Mr.  Daddario.  I would  like  to  know  how  you  do  it.  What  is  the 
system  you  use? 

Mr.  Sloop.  There  are  many  ways  this  is  done.  As  you  may  know, 

I worked  for  the  NACA  for  many  years  and  had  a very  close  associa- 
tion with  the  Air  Force  people  in  rocket  propellants  when  they  were 
at  Wright  Field  and  later  transferred  to  Edwards. 

Bill  Schnare,  Bill  Knapp,  Colonel  Patillio,  and  some  of  their  people. 

I frequently  talk  with  them,  either  on  the  phone  or  by  visit.  One 
night  after  dinner,  for  example,  we  talked  about  our  programs  until 
1 o’clock  in  the  morning. 

This  is  what  I would  call  a very  informal  type  of  exchange.  When- 
ever any  special  interest  comes  up,  we  talk.  For  example,  we  got 
interested  m a certain  program  tnat  I cannot  mention  m an  open 
meeting  and  we  called  the  Air  Force  and  asked  what  their  plans  were 
on  this  item.  They  told  us'  they  had  no  interest  in  this  area,  so 
therefore  we  proceeded.  This  informal  working  relationship  goes  on 
at  all  levels  at  headquarters  and  centers. 

Now  we  have  more  formal  arrangements,  such  as  the  Aeronautics 
and  Astronautics  Coordinating  Board  which  has  a number  of  panels. 

I am  on  the  launch  vehicle  panel  and  a number  of  NASA  and  DOD 
programs  come  to  this  panel  and  we  discuss  them.  Recently  the  Air 
Force  discussed  before  this  panel  some  of  their  thinking  and.  plans  in 
high-energy  propellants. 

In  addition,  we  have  the  Chemical  Propulsion  Information  Group. 
This  is  a coordinating  group  involving  several  Government  agencies. 
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They  hold  meetings  each  year,  both  in  liquid  rockets  and  in  solid 
rockets  in  which  the  latest  technology  is  presented. 

In  addition  they  have  working  panels  in  which  members  from  Air 
Force  and  NASA  and  ARPA  and  Navy  get  together  and  discuss  their 
programs.  We  exchange  information  on  this  basis,  so  I feel  we  have 
a very  well  coordinated  program  and  a very  good  working  relation- 
ship with  the  Air  Force. 

Mr.  Daddabio.  As  informal  as  it  is,  you  feel  it  meets  the  needs  of 
the  day? 

Mr.  Sloop.  The  coordination,  yes,  sir;  I feel  that  we  have  adequate 
channels  for  meeting  and  discussing.  It  is  as  easy  as  picking  up  the 
phone  and  chatting. 

We  see  each  other  quite  frequently,  whenever  our  paths  cross  and 
when  we  get  together  on  specific  problems. 

There  is  no  Jack  of  communication  that  I am  aware  of.  It  has  been 
very  good. 

Mr.  Daddarxo.  You  are  also  in  charge  of  the  solid  propellant  work? 

Mr.  Sloop.  The  research  and  technology  of  solid  propellants,  yes, 
sir. 

Mr.  Daddabio.  That  includes  the  work  being  done  at  JPL? 

Mr.  Sloop.  Yes,  sir. 

Mr.  Daddabio.  I had  inquired  some  time  ago  as  to  the  reasons  why 
JPL  had  been  given  the  capability  of  constructing  its  own  mixing  unit 
for  solid  propellants.  Is  this  necessary  in  view  of  the  fact  that  we 
have  industrial  concerns  capable  of  providing  whatever  type  of  solids 
you  need  for  experimental  purposes.  Isn't  this  also  placing  a Govern- 
ment-sponsored agency  in  competition  with  industrial  concerns 
capable  of  meeting  this  need?  Can  you  give  us  your  thinking  on  that? 

Mr.  Sloop.  Weil,  I don’t  think  that  there  is  a conflict  here,  Mr. 
Chairman. 

As  you  know,  the  JPL  was  an  early  pioneer  in  rocket  propulsion, 
including  solid  propulsion.  Some  of  the  people  at  JPL  spun  off  and 
formed  the  Aerojet  Corp. 

They  have  had  a long  history  of  leadership  in  solid-rocket  research 
and  I think  that  it  is  quite  normal  that  people  active  in  the  field 
should  have  the  necessary  tools  to  work  with. 

If  this  includes  small  mixers,  to  make  special  blends  and  so  forth,  I 
think  this  is  quite  good.  I think  that  if  they  were  competing  in  a 
manufacturing  sense,  this  would  be  something  else,  but  I don’t  believe 
they  are. 

Mr.  Daddabio.  Aren’t  they  competing  in  the  sense  that  their 
rightful  purpose  in  performing  their  research  function  is  to  stimulate 
industry  to  participate  and  to  make  the  necessary  investments  to 
build  up  the  capacity  to  provide  whatever  mixes  and  whatever  types 
of  solids  they  might  need?  If  you  take  into  consideration  the  com- 
panies involved  and  who  could  certainly  meet  these  requirements,  it 
would  seem,  with  proper  liaison  between  JPL  and  these  companies, 
such  as  Thiokol,  that  these  requirements  could  be  met  most  satis- 
factorily. How  would  this  inhibit  JPL’s  capability  if  they  were  to 
work  closely  with  one  of  the  companies  involved  in  solids  in  order  to 
meet  these  experimental  requirements? 

Mr.  Sloop.  Again,  I think  there  is  no  conflict.  I think  they  alreadv 
are  working  very  closely  with  these  companies.  If  you  will  recall 
recently  an  article  in  the  Astronautics  Journal  wbicn  showed  that 
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some  analysis  in  which  JPL  had  advocated  solid-propellant  boosters. 
They  work  with  industry  and  universities;  for  example,  they  help 
monitor  contracts  for  NASA  with  industry,  and  they  have  a research 
group  that  works  on  problems  of  research  and  special  problems  that 
we  have. 

Mr.  Daddario.  I think  they  do  an  excellent  job  in  all  of  these 
areas,  but  I am  confining  myself  to  this  one  incident  where  it  seems 
that  moneys  were  provided  for  a facility  which  T question  is  necessity. 

Mr.  Sloop.  I was  about  to  mention  that  ARPA  has  sponsored  a 
fundamental  study  of  propellant  properties  and  inspection  techniques 
at  JPL  but  has  felt  that  this  is  beyond  the  point  of  their  basic  charter, 
and  has  asked  the  NASA  to  support  this  work.  We  are  planning 
to  pick  this  up  in  the  latter  half  oi  fiscal  year  1964. 

We  feel  that  the  work  we  have  going,  in  my  area  at  JPL  is  very 
definitely  research  and  technology  oriented.  I am  not  familiar  with 
the  specific  piece  of  equipment  that  you  are  referring  to;  I am  just 
saying  in  a general  sense  that  I think  they  need  the  tools  to  work 
with  m research  to  carry  out  special  mixes  and  things  of  this  sort. 

Mr.  Daddario.  Any  questions,  Mr.  Patten? 

Mr.  Patten.  No  questions. 

Mr.  Daddario.  Mr.  Sloop,  thank  you  very  much. 

You  have  been  very  helpful  to  the  committee  and  we  want  to 
thank  you  for  having  stayed  with  us  during  the  long  afternoon. 

Mr.  Sloop.  Thank  you. 

Mr.  Fulton  of  Pennsylvania.  I have  enjoyed  your  comments, 
Mr.  Sloop.  We  are  trying  to  be  helpful  to  NASA  in  working  out  a 
good  program  on  high-energy  fuels. 

Mr.  Sloop.  We  appreciate  your  interest  and  support. 

Mr.  Daddario.  Thank  you. 

Before  proceeding  with  the  next  witness,  I would  like  to  include 
for  the  record  a statement  submitted  by  Mr.  W.  G.  Gisel,  president, 
Bell  Aerosystems  Co. 

(The  statement  referred  to  is  as  follows:) 

Bell.  Aerosystems  Co., 
Buffalo,  N.Y.,  April  19,  1968. 

Hon.  Olin  E.  Teague 

Chairman,  Manned  Space  Flight  Subcommittee,  Committee  on  Science  and  Astro- 
nautics, House  of  Representatives,  Washington  D.C. 

Dear  Mr.  Teague:  Bell  Aerosystems  Co.  is  pleased  to  submit  the  following 
information  in  reply  to  the  invitation  of  the  Committee  on  Science  and  Astro- 
nautics of  April  19,  1963.  This  material  has  been  obtained  from  our  high-energy 
propulsion  work  and  confirms  the  feasibility  of  utilizing  liquid  fluorine  as  a rocket 
oxidizer. 

We  have  been  engaged  in  the  research,  development,  test  and  production  of 
rocket  propulsion  systems  for  more  than  20  years.  Bell  at  present  manufactures 
the  Agena  rocket  engine  which  has  achieved  ap  unmatched  record  of  reliability 
in  space  operations. 

Work  with  high-energy  propellant  c ombinations  was  initiated  at  Bell  in  1948 
with  test  firings  on  a chlorine  trifluoride/hydrazine  rocket  motor.  Our  liquid 
fluorine  work  began  early  in  1956  under  USAF  and  NASA  contracts  and  continued 
until  June  1962.  Subsequent  funding  has  not  been  provided  since  Government 
propulsion  engineers  consider  that  the  time  has  arrived  to  develop  mi  operational 
fluorine  propulsion  system. 

Tests  have  been  conducted  utilizing  rocket  engine  systems  with  fluorine  as  an 
oxidizer  and  ammonia,  hydrogen,  anhydrous  hydrazine,  and  hydrazine  blends  as 
fuels.  The  first  fluorine  rocket  test  firing  was  with  an  engine  of  35,000-pound 
thrust.  In  1959,  a series  of  demonstration  tests  were  made  with  a complete  turbo- 
pump-fed,  regeneratively  cooled  fluorine/hydrogen  engine  at  12,000-pound  thrust. 
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In  the  conduct'  of  this  work,  extensive  experience  has  been  gained  with  all  aspects 
of  rocket  technology,  handling,  transportation,  safety,  and  test  stand  operations. 
It  is  important  to  note  that  in  carrying  out  hundreds  of  test  runs  using  fluorine, 
we  have  not  experienced  a single  lost-time  accident  to  any  personnel. 

The  information  presented  below  summarizes  the  fundamental  merits  of  liquid 
fluorine  as  a rocket  oxidizer  and  also,  in  a general  manner,  indicates  the  status  of 
fluorine  rocket  development  and  its  readiness  for  application  to  the  national  space 
programs.  It  might  be  appropriate  to  note  here  that  other  organizations  known 
to  have  conducted  tests  of  fluorine  rocket  motors  are  NASA  Lewis  Research 
Center,  Cleveland;  Air  Force  Rocket  Propulsion  Laboratory,  Edwards,  Calif.; 
and  Rocketdyne  Division,  North  American  Aviation,  Inc. 

FLUORINE  BASIC  ADVANTAGES 

The  principal  advantages  of  fluorine  are  as  follows: 

1.  Superior  specific  impulse. 

2.  High  density:  Minimizes  vehicle  size  and  weight. 

3.  Hypergolic:  Needs  no  ignition  system. 

4.  No  detonation  hazard:  Burns  rapidly  when  mixed  with  fuels. 

The  most  outstanding  features  of  fluorine-oxidized  rocket  systems  are  their  high 
specific  impulse  and  small  tankage  volume  required  (because  of  high  density). 
These  two  factors  determine  payload  capability. 

A comparison  of  the  three  currently  proven  high-energy  propellant  combinations 
is  shown  on  the  left  side  of  figure  1.  The  specific  impulse  of  the  fluorine-oxidized 
combinations  is  seen  to  bracket  the  oxygen-hydrogen  performance  with  fluorine- 
hydrogen  presenting  the  maximum  specific  impulse  for  a practical,  proven  propel- 
lant combination.  The  fluorine  plus  oxygen  and  oxygen  difluoride  propellant 
combinations  are  shown  on  the  right  side  for  reference.  The  values  shown  are 
95  percent  of  theoretical,  vacuum,  for  an  expansion  ratio  of  50  and  chamber  pres- 
sure of  500  p.s.i.a.  for  all  propellants.  As  shown  on  the  bottom  of  the  figure, 
fluorine-hydrazine  presents  the  smallest  volume  requirement;  fluorine-hydrogen 
needs  twice  as  much;  and  oxygen-hydrogen  requires  nearly  four  times  the  volume. 

Figure  2 shows  the  relationship  of  payload  capability  to  stage  velocity  increment 
for  high-energy  propulsion  systems.  The  range  of  stage  velocity  increments 
covers  those  for  space  missions  of  current  interest  to  both  USAF  and  NASA  and 
the  30,000-pound  propellant  load  selected  is  near-optimum  for  use  with  Thor, 
Atlas,  Titan,  and  Saturn  boosters.  The  vehicle  mass  fractions  are  shown  in 
parentheses  and  the  specific  impulse  values  of  figur  1 have  been  used.  The 
distinct  advantage  of  fluorine  rocket  systems  is  clearly  seen. 

Although  the  cost  of  liquid  fluorine  (estimated  at  $1.50  per  pound  for  engine 
development  quantities)  is  somewhat  higher  than  other  current  propellants,  this 
cost  is  not  significant  in  relation  to  the  overail  vehicle  development  and  launch 
costs.  The  cost  effectiveness  in  terms  of  dollars  per  pound  of  payload  delivered 
to  orbit  is  a minimum  when  fluorine  is  used.  Industrial  producers  estimate  large- 
quantity  fluorine  costs  to  be  50  cents  per  pound.  Raw  materials  are  readily  avail- 
able and  production  poses  no  problem.  Attachment  A from  the  Allied  Chemical 
Corp.,  currently  the  only  supplier  of  liquid  fluorine,  amplifies  this  information. 

The  rocket  propulsion  work  carried  out  by  Bell  during  the  past  7 years,  utilizing 
fluorine  as  oxidizer  with  hydrazine  and  hydrogen  as  fuels,  has  included  application 
studies.  The  general  scope  of  our  work  is  shown  in  figure  3. 

Security  restrictions  prohibit  a complete  delineation  of  the  many  achievements 
with  fluorine  rocketry.  However,  we  would  be  pleased  to  present  additional  data 
and  display  samples  of  rocket  engine  components  at  the  convenience  of  your 
committee  under  appropriate  security  conditions.  At  that  time,  we  will  show  cer- 
tain advantages  which  result  from  the  application  of  fluorine  to  the  NASA  Apollo 
lunar  program.  Also,  we  will  present  the  scientific  payloads  which  fluorine  upper 
stages  can  place  on  various  important  national  space  missions  when  used  with 
currently  developed  lower  stage  boosters  (e.g.,  Thor,  Atlas,  Titan,  and  Saturn). 
Suffice  to  say,  the  application  of  a fluorine  high-energy  upper  stage  to  a present 
space  booster  can  thereby  postpone  the  necessity  for  development  of  a new  and 
much  more  expensive  booster  vehicle. 


1964  NASA  AUTHORIZATION  753 


* - MIXTURE  OF  F2  AND  02  , 
% F IS  AS  DESIGNATED 


Figure  1.  Propellant  Performance  and  Size  Effects 


c 


1984  NASA  AUTHORIZATION 


754 


30.000  LB  PROPELLANT 


F2-H2<0.93) 


F2-N2H4(0.95)y 


02-H2(0.90) 


STAGE  VELOCITY  INCREMENT  - FT  / SEC 


Figure  2.  Payload  Performance 


Figure  3.  Fluorine  Investigations 

The  following  are  Bell’s  key  achievements  which  »ere  cleared  for  public  release 
in  1960. 

1.  Over  600  firings  at  thrusts  to  35,000  pounds. 

2.  Over  80,000  pounds  of  liquid  fluorine  consumed — largest  quantity  used  by 
any  crganization. 

3.  A 100-percent  safety  record  using  normal  personnel  safety  protection  and 
safety  measures  which  are  similar  to  those  used  with  common  rocket  chemicals. 

4.  High-speed  fluorine-hydrogen  turbopump  developed  for  large  output  capacity 
and  high  discharge  pressures. 

5.  Current  materials,  processes,  and  parts  have  been  adapted  to  fluorine  rocket 
systems. 

6.  Series  of  full-scale  firings  of  several  thousands  of  pounds  thrust  complete 
turbopump-fed  fluorine-hydrogen  engine  (fig.  4). 

The  question  logically  comes  to  mind:  If  fluorine  technology  has  reached  an 
advanced  status,  then  why  has  it  not  been  selected  for  an  operational  use?  We 
believe  this  fact  is  attributable  to  three  basic  reasons: 

(1)  Although  our  Nation  continually  puts  forth  general  requirements  for  the 
placement  of  large  payloads  on  space  missions  and  although  fluorine  upper  stages 
undeniably  result  in  maximum  payload  capability,  firm  specific  requirements 
have  not  been  established  that  have  clearly  required  the  development  of  a fluorine 
propulsion  system. 

(2)  Sufficient  funds  have  not  been  available  for  the  development  of  an  opera- 
tional system  in  parallel  or  as  backup  to  any  other  high-energy  upper  stage 
development.  It  is  generally  accepted  by  key  Government  rocket  personnel  that 
only  the  lack  of  a specific  mission  requirement  and  funding  delays  the  development 
of  an  operational  fluorine  system. 
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Figure  4.  Fluorine  -Hydrogen  Turbopump  Fed  Engine 


(3)  There  has  previously  been  some  reluctance  to  accept  fluorine  for  operational 
use  because  of  handling,  transportation,  and  toxicity  considerations.  We  are 

E leased  to  note  that  this  reluctance  has  now  been  dispelled  and  that  NASA  and 
SAF  personnel  see  no  major  problems  with  the  use  of  fluorine  upper  stages  at 
Cape  Canaveral. 

The  readiness  of  fluorine  (with  both  hydrogen  and  hydrazine)  for  application 
to  the  development  of  operational  vehicles  has  also  been  recognized  by  top  NASA 
Headquarters  personnel.  Figure  5 presents  a NASA  chart  (produced  about  a 
year  ago)  which  depicts  the  relative  status  of  various  propellant  combinations. 
It  may  be  noted  that  hydrogen-fluorine  and  hydrazine-fluorine  propellant  com- 
binations are  the  only  high-energy  combinations  which  have  currently  completed 
the  technology  and  experimental  phase  and  are  now  ready  for  operational  system 
application.  Other  high-energy  combinations  using  fluorine  and  boron  com- 
pounds show  promise  for  the  future.  Research  on  these  compounds  most  certainly 
should  continue  in  order  that  potential  benefits  may  be  evaluated,  leading  to 
operational  applications. 

We  are  firmly  convinced  t*iat  fluorine,  used  in  conjunction  with  hydrogen  and 
hydrazine,  can  be  used  for  operational  rocket  propulsion  systems  at  an  early  date. 
An  estimated  $30  million  has  been  expended  to  date  on  fluorine  rocket  technology. 
This  technology  is  now  at  a more  advanced  state  than  was  the  case  with  any  other 
propellant  combination  prior  to  its  assignment  to  an  operational  mission  role. 
These;  extensive  efforts  will  result  in  a shorter  development  time  and  lower  cost  to 
the  Government  for  the  development  of  a useful  flight  system. 

Unsolicited  proposals  have  been  submitted  to  both  USAF  and  NASA  for 
fluorine  propulsion  systems.  Extensive  studies  have  indicated  that  development 
of  a flight  fluorine  engine  in  the  25,000-  to  40,000-pound  thrust  range  can  be 
completed  through  its  preliminary  flight  rating  tests  (PFRT)  in  30  months  and 
at  a cost  of  less  than  $50  million. 

Bell  is  continuing  its  experimental  and  study  efforts,  using  company  funds,  in 
the  fields  of  fluorine  rocket  propulsion  and  upper  stages  since  we  b?li3>  e *hat 
application  of  this  propellant  can  truly  maximize  the  U.S.  payload  capability. 
We  are  convinced  that  operational  fluorine  systems  can  and  should  be  produced  an 
that  missions  using  such  systems  can  be  flown  in  less  than  3 years.  Bell’s  history 
as  a reliable  producer  of  rocket  engines  on  schedule  underlines  our  capability  in 
such  predictions.  We  urge  the  early  procurement  of  fluorine  propulsion  as  the 
means  that  will  most  (ffectively  advance  our  country’s  space  position. 

Very  truly  yours, 

W.  G.  Gisel,  President. 
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EVOLUTION  OF  PROPELLANT  SELECTION 
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Figure  5.  Evolution  erf  Propellant  Selection 
FLUORINE  PRODUCTION 

In  continuous  production  since  1947. 

Over  100  million  pounds  produced,  handled  and  used  in  past  15  years. 

Plant  operations  similar  to  common  chemicals. 

Safety  record — no  lost-time  accidents. 

Abundant  supply  of  raw  material. 

Quantity  production  lead  time — 6 to  8 months. 

Cost  approximately  $1  to  $1.50  per  pound  for  engine  development. 

Possible  ultimate  price  in  several  million  pounds  per  month  requirements 
$0.50  per  pound  (in' ’tiding  plant  amortization). 

FLUORINE  TOXICITY 

Effects  of  fluorine  on  the  human  body  are  noncumulative. 

Limited  exposure  may  be  repeated  daily. 

Concentrations  as  high  as  two  parts  per  million  are  common  in  manufacturing 
plants. 

Fluorine  is  not  insidious — it  is  impossible  to  voluntarily  breathe  harmful 
concentrations. 

FLUORINE  TRANSPORTATION 

Methods 

Road:  5,000-pound  and  20,000-pound  capacity  tank  trailers. 

Rail:  50,000-lb  tank  cars. 

Experience 

Shipped  by  road  since  1956,  320  million  pound-miles  of  liquid  without  incident. 
Five  road  tank  trailers  in  use  since  1956,  with  only  minor  maintenance. 

Mr.  Dad dario.  Our  next  witness  is  Col.  Paul  J.  Atkinson,  and 
this  will  be  in  executive  session. 

Will  all  unauthorized  personnel  please  leave  the  room. 

Mr.  Fulton  of  Pennsylvania.  Is  there  any  part  you  could  give  in 
open  testimony? 

Colonel  Atkinson,  No,  sir;  we  did  not  prepare  it  that  way. 
(Whereupon,  at  3:49  p.m.  the  subcommittee  proceeded  in  executive 
session.) 
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WEDNESDAY,  APRIL  24,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 
Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  recess,  in  room  214--B,  Long- 
worth  Building,  at  10  a.m.,  Hon.  Emilio  Q.  Daddario  presiding. 

Mr.  Daddario.  This  meeting  will  come  to  order. 

We  are  pleased  to  see  you  here  again  this  morning.  I think  we 
better  get  right  down  to  business.  We  will  turn  the  floor  over  to 
you,  Mr.  Holmes.  Do  you  have  a statement  to  make? 

STATEMENT  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE  AD- 
MINISTRATOR AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 

FLIGHT,  NASA,  ACCOMPANIED  BY  WILLIAM  E.  LILLY,  DIRECTOR, 

PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT,  GEORGE 

LOW,  DEPUTY  DIRECTOR  FOR  PROGRAMS,  AND  R.  A.  DIAZ, 

ASSISTANT  DIRECTOR  FOR  FACILITIES,  PROGRAM  REVIEW 

AND  RESOURCES  MANAGEMENT 

Mr.  Holmes.  No,  Mr.  Chairman,  I don’t.  We  planned  to  get 
into  the  facilities,  to  justify  the  manned  spacecraft  portion  of 
the  budget. 

Mr.  Daddario.  Fine,  we  can  start  from  there. 

Mr.  Holmes.  Yes,  sir.  Mr.  Low  will  lead  our  presentation. 
He  is  supported  both  by  Mr.  L:TJy  and  Mr.  Diaz. 

Mr.  Daddario.  Would  yo  i like  to  bring  Mr.  Diaz  up  to  the 
witness  table? 

Mr.  Holmes.  Thank  you. 

Mr.  Low.  Mr.  Chairman — — 

Mr.  Daddario.  Mr.  Diaz,  I think  you  might  be  better  off  sitting 
at  this  end  of  the  table  and  it  will  give  you  an  area  to  spread  your 
work  out. 

Mr.  Holmes.  Thank  you,  Mr.  Chairman. 

Mr.  Diaz.  Thank  you,  sir. 

(The  biography  of  Mr.  Diaz  is  as  follows :) 

Rodolfo  A.  Diaz 

Rodolfo  A.  Diaz  has  been  Assistant  Director  for  Facilities,  Program  Review 
and  Resources  Management,  Office  of  Manned  Space  Flight,  NASA  Headquarters, 
since  December  1981. 

Prior  to  joining  NASA  Mr.  Diaz  was  Chief,  Facilities  Division,  Air  Research 
and  Development  Command.  He  wpjs  with  that  organization  for  18  years, 
beginning  in  1941.  Two  of  these  years  he  spent  with  the  same  unit  while  on 
active  duty  with  the  Army  Air  Corps  (1944-46). 
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Mr.  Diaz  was  borii  August  4,  1914,  in  San  Juan,  P.R.  He  was  educated  in 
San  Juan  schools  and  received  a bachelor  of  science  in  engineering  degree  at  North 
Carolina  State  University  in  1939.  He  is  a registered  engineer  in  the  state  of 
Ohio. 

Mr.  Diaz  is  married  to  the  former  Pauline  E.  Tilley.  They  live  at  6220  War- 
wick Drive,  Washington,  D.C. 

Mr.  Daddario.  Mr.  Low,  will  you  proceed. 

Mr.  Low.  Mr.  Chairman,  the  facilities  we  plan  to  cover  this  morn- 
ing are  those  that  support  tne  development  and  test  of  our  spacecraft,, 
These?  are  listed  in  our  budget  books,  volume  IV,  part  2,  on  page  CF  8 
and  following  pages.  ' 

Those  will  be  the  facilities  at  the  Manned  Spacecraft  Center  at 
Houston. 

Mr.  Fulton  of  Pennsylvania.  What  page  again? 

Mr.  Low.  CF  8 pages  1 through  42.  We  will  also  discuss  one 
facility  listed  under  the  heading  “Various  Locations,”  the  facility 
located  at  White  Sands,  N.  Mex.  It  will  appear  on  page  CF  13-36 — 
and  one  facility  at  our  Launch  Operations  Center,  which  will  appear 
on  page  CF  6-64.  I will  refer  to  these  pages  again  later  as  I cover  the 
various  facilities. 

With  your  permission,  Mr.  Chairman, I would  like  to  go  through  a 
brief  presentation  using  some  charts  we  have  prepared  to  tie  the  need 
for  the  facilities  together  with  our  spacecraft  testing  requirements. 

' I have  shown  first  of  all  the  Apollo  spacecraft  and  its  various 
modules  (fig.  156),  the  launch  escape  tower,  the  command  module 
which  houses  the  three  men,  the  service  module  which  is  a propulsion 
system  used,  for  example,  to  put  the  command  module  into  lunar 
orbit  and  take  it  out  of  lunar  orbit,  and  the  lunar  excursion  module 
which  is  used  for  the  landing  itself.  As  we  have  discussed  previously, 
the  command  and  service  modules  are  produced  by  the  North  Ameri- 
can Aviation  Co. ; the  lunar  excursion  module  by  Grumman  Aviation 
Engineering  Co.  In  flight,  all  of  these  modules  in  a lunar  mission  will 
be  on  top  of  a Saturn-5  launch  vehicle. 

In  the  development  of  these  modules,  we  must  test  them  under 
various  simulated  flight  conditions,  and ° we  have  found  in  all  of  our 
space-flight  experience  that  this  test  program,  an  intensive  test  pro- 
gram, should  lead  to  a much  better  flight  success  ratio.  In  fact,  it  is 
a mandatory  thing  to  do,  in  order  to  avoid  many  failures  in  flight. 

For  example,  the  spacecraft  and  the  various  modules  have  to  be 
tested  aerodynamically  in  wind  tunnels  over  various  speeds1  ranging 
from  subsonic  speeds  to  very  high  speeds,  simulating  the  launch  of 
the  booster  and  the  reentry. 

Aerodynamic  test  facilities  are  in  existence  in  this  country  both 
within  the  NASA  and  within  the  Air  Force  and  these  facilities  are 
being  used  in  testing  the  Apollo,  and  also,  of  course,  the  Gemini 
modules. 

In  addition  to  the  aerodynamic  testing,  we  must  also  test  the  struc- 
ture and  the  heat  protection  on  the  command  module  to  make  sure 
that  they  can  withstand  the  launch  environment,  the  vacuum  of  space, 
and  the  high  heat  of  reentry. 

Various  subsystems  and  components  must  also  be  tested.  Mechani- 
cal subsystems  like  the  environmental  control  system  will  have  to  be 
subjected  to  the  noise  and  vibration  of  the  launch,  will  have  to  be 
tested  in  the  vacuum  of  space,  and  the  various  systems  will  have  to 
be  evaluated.  The  same  for  the  electronic  and  electrical  subsystems. 
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The  propulsion  system — and  as  you  know  there  are  a number  of 
major  propulsion  systems  in  this  spacecraft — for  example,  a 22,000- 
pound-thrust  engine  in  the  service  module,  two  somewhat  smaller 
engines  in  the  lunar  excursion  module — all  of  these  must  be  designed, 
developed,  and  tested  to  assure  the  required  degree  of  reliability  before 
the  mission  is  undertaken. 

Finally,  the  smaller  propulsion  systems,  reaction  control  systems 
that  stabilize  the  craft’s  attitude,  must  also  be  developed  and  tested. 
I have  indicated  here  by  check  marks  those  facilities  that  are  either 
now  available  or  authorized  for  the  Apollo  systems  testing. 

For  example,  in  Houston  in  your  fiscal  year  1962  budget,  we 
requested  some  large  environmental  chambers  that  will  allow  us  to 


760 


1084  NASA  AUTHORIZATION 


test  individual  modules  and  all  modules  together  under  the  vacuum, 
heat,  and  cold  of  space. 

We  have,  in  previous  budgets,  facilities  for  systems  evaluation  of 
the  mechanical  subsystems.  Although  I have  no  checkmark  indi- 
cated here  under  sea-level  testing  for  the  propulsion  system,  we  do 
have  now  under  development  a facility  for  sea-level  testing  of  the 
service  module  propulsion  system  at  White  Sands,  N.  Mex.,  but  we 
don’t  vet  have  a facility  for  the  testing  of  the  lunar  excursion  module 
propulsion  system. 

As  far  as  tne  reaction  control  systems  are  concerned,  we  do  now  have 
facilities  under  construction  at  Houston  to  test  these  systems.  I 
would  like  to  show  by  example,  one  particular  example,  namely  the 
reentry  environment  testing,  how  we  develop  our  requirements  for  a 
facility,  how  we  then  determine  what  kind  oi  a facility  is  needed  and 
whether,  indeed,  a new  facility  is  required.  So  I will  concentrate  now 
on  the  testing  oi  the  command  module  in  the  reentry  environment, 
the  very  high  heat  and  speeds  that  will  be  undergone  during  reentry. 

In  establishing  the  requirements,  we  first  of  all  have  to  define  tne 
testing  requirement  (fig.  157),  under  what  speeds  do  we  have  to  test, 
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what . iach  numbers,  what  temperatures,  what  levels  of  vibration  and 
noise. 

Once  we  have  defined  this  requirement,  the  first  step  we  take  is  to 
survey  existing  facilities.  Are  there  existing  facilities  anywhere  in 
this  country  that  meet  the  performance  requirements,  that  indeed  can 
simulate  the  temperatures  or  the  speeds  that  we  need?  Once  we  have 
completed  this  study,  we  then  lay  out  a requirement  for  a new  facility, 
if  either  there  is  no  existing  facility  that  meets  our  requirements  or  ii 
all  existing  facilities  are  overloaded  at  the  present  time  and  cannot 
absorb  the  additional  load. 

A typical  requirement  (fig.  158)  that  I talked  about  before,  is  the 
testing  of  the  command  module  undergoing  the  high  heat  of  reentry. 
Coming  back  from  the  Moon,  the  Apollo  command  module  will  reenter 
the  Earth’s  atmosphere  at  about  one  and  a half  satellite  speed,  36,000 
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feet  per  second,  or  about  25,000  miles  an  hour.  A satellite  reenters 
the  atmosphere  at  about  17,000  to  18,000  miles  an  hour.  As  this  body 
comes  in  at  a very  much  higher  speed  than  a reentering  satellite,  the 
heating  due  to  the  compression  of  the  air  and  due  to  the  friction  of  the 
air,  is  many  times  larger  than  it  is  for  reentering  satellites.  So  this  is, 
indeed,  a new  phenomenon  that  we  will  not  have  undergon'  ‘ either 
the  Mercury  or  Gemini  programs. 

For  example,  in  this  region  in  the  shock  wave  here,  we  will  reach 
temperatures  as  high  as  about  100,000°  Fahrenheit.  Behind  the 
shock  waves  the  temperatures  will  be  more  like  20,000°  Fahrenheit. 
The  index  of  the  heat,  or  the  temperature  or  heat  content,  is  a critical 
number  that  defines  the  requirements  for  the  facility. 

In  particular,  a body  coming  in  at  this  speed  will  come  in  at  a heat 
content  value  of  25,000  B.t.u.  per  pound,  at  a pressure  range  of  about 
2 to  150  pounds  per  square  inch,  depending  on  the  altitude.  In  order 
to  get  a true  simulation  for  materials  evaluation  for  these  large  com- 
mand modules  we  feel  that  we  must  have  the  minimum  sample  size 
that  we  test  of  about  2 feet  in  diameter.  Also,  in  order  to  meet  our 
design  requirements  for  Apollo,  we  must  have  a facility  available  by 
the  summer  of  1964. 

* Now  the  only  type  of  facility  that  can  meet  these  kinds  of  criteria 
is  an  electric  arc-heated  wind  tunnel  (fig.  159).  There  are  a number 
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of  different  types  of  high  temperature  facilities,  heaters,  lamps,  quartz 
tubes,  but  in  order  to  get  the  very  high  temperatures  that  we  need 
here  and  at  the  same  time  simulate  the  dynamic  flow  conditions, 
studies  have  indicated  that  only  this  type  of  facility  will  indeed  give 
the  kind  of  simulation  that  we  need. 

This  looks  very  much  like  a conventional  wind  tunnel,  except  that 
the  air  is  not  just  injected  and  expanded  through  a nozzle,  but,  as  it  is 
expanded  through  the  nozzle,  it  is  heated  by  an  electric  arc.  By 
paying  special  attention  to  the  design  of  this  arc,  one  can  pour  a tre- 
mendous amount  of  energy  into  the  airstream  to  get  the  very  high 
temperatures  needed  for  this  kind  cf  testing  (fig.  160). 

Once  this  requirement  is  determined,  then  we  survey  all  existing 
electric  arc-heated  wind  tunnel  facilities.  Again  I will  repeat  the 
requirement  that  I had  on  the  previous  range. 

We  need  a heat  content  of  25,000  B.t.u.  per  pound.  This  is  the 
heat  content  that  is  equivalent  to  the  velocity  of  returning  from  the 
Moon.  We  need  a pressure  range  of  2 to  150  pounds  per  square  inch; 
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the  actual  speed  of  the  flow  need  not  be  as  high  as  the  reentry  speed, 
because  the  flow,  once  it  is  established  supersonically,  will  flow  around 
the  model  at  much  lower  speeds,  so  we  don’t  have  to  go  to  the  very 
high  speeds  of  reentry. 

I mentioned  the  sample  size  before.  We  need  a running  time  of 
about  10  to  15  minutes  in  order  to  simulate  the  total  reentry  flight 
path,  that  is,  the  running  time  of  the  facility  at  any  given  time. 

We  looked  at  all  existing  facilities  with  arc-heated  wind  tunnels, 
and  there  are  17  of  these  in  the  country  now.  But  you  will  notice 
most  of  them  have  the  capability  to  heat  the  air  only  to  a very  much 
lower  temperature.  Here  the  heat  number  is  between  5,000  and 
10,000  for  most  of  these  facilities.  We  need  25,000.  Most  of  them 
are  considerably  smaller  than  we  need.  As  far  as  the  pressure  range 
is  concerned,  they  cover  both  sides  of  what  we  need.  The  list  is 
continued 

Mr.  Boudebush.  Question,  Mr.  Chairman? 

Mr.  Daddario.  Mr.  Boudebush. 

Mr.  Boudebush.  Mr.  Low,  haven’t  we  already  built  heated  wind 
tunnels  that  can  be  converted  or  modified  to  meet  this  objective? 

Mr.  Low.  Mr.  Boudebush,  in  order  to  get  this  tremendous  in- 
crease in  heat  input  that  we  need  from  these  relatively  low  numbers 
to  the  25,000  B.t.u.  per  pound,  these  facilities  could  not  be  modified, 
because  the  entire  characteristic  of  the  facility,  the  cooling  character- 
istics of  the  walls,  the  design  of  this  electrode  and  the  arc  chambers  is 
entirely  different  for  one  of  these  larger  facilities. 

Mr.  Boudebush.  Are  you  telling  us  we  are  going  to  have  to  build  an 
entirely  nev?  facility? 

Mr.  Low.  That  is  right. 

Mr.  Daddario.  Mr.  Gurney? 

Mr.  Gurney.  I note  there  that  your  heating  facilities  now  range  up 
to  8,000  B.t.u.  per  pound.  Your  reentry  speed  for  the  Mercury 
vehicle  and  the  Gemini  vehicle  was  what— 17,000  miles  an  hour? 

Mr.  Low.  17,000  miles  an  hour. 

Mr.  Gurney.  You  were  able  to  use  these  after  having  tested  them 
at  much  lower  heating  ranges  for  testing  purposes.  Can  you  explain 
this? 

Mr.  Low.  Actually,  even  though  the  speed  for  Mercury  was  about 
70  percent  of  the  speed  for  Apollo,  the  total  heating,  the  heat  number, 
is  less  than  one-half  of  this  number.  The  equivalent  number  needed 
for  Mercury  is  of  the  order  of  12,500  B.t.u.  per  pound. 

Now  in  the  facilities  in  existence  then  we  did  get  as  high  as  about 
10,000,  which  was  reasonably  close  in  the  simulation. 

Mr.  Boudebush.  Are  you  through? 

Mr.  Gurney.  Yes. 

Mr.  Daddario.  Mr.  Boudebush. 

Mr.  Boudebush.  Mr.  Low,  the  question  that  comes  to  my  mind  is 
that  NASA  had  the  Apollo  program  on  the  books  for  a number  of 
years.  When  did  NASA  build  these  original  heat  tunnels,  were  any 
of  them  built  in  the  last  2 or  3 years? 

Mr.  Low.  Most  of  them  wTere,  Mr.  Boudebush 

Mr.  Boudebush.  Why  couldn’t  NASA  build  a heat  tunnel  that 
would  take  care  of  Apollo  an#  would  be  variable,  so  we  could  use  it 
both  on  Mercury,  Gemini,  Apollo,  and  the  other  projects? 

Mr.  Low.  These  arc-heated  types  of  wind  tunnels  are  a fairly 
new  invention.  In  fact,  the  first  one  was  built  in  about  1957  or  1958. 
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We  did  not  know  how  to  build  them  to  get  to  these  very  high  heat 
numbers  at  that  period  time.  In  fact,  my  last  research  effort  in  the 
NACA  Laboratory  in  Cleveland  before  I came  to  Washington  was  to 
develop  one  of  these  facilities  and  we  had  a tremendous  effort  to  even 
get  up  to  values  like  5,000.  This  was  in  1957.  And  at  the  same  time, 
because  this  was  a new  type  facility,  we  were  not  able  to  get  to  higher 
values.  A tremendous  amount  of  progress  has  been  made  in  the 
meantime  and  we  now  have  facilities  under  design  up  to  this  value, 
but  they  are  not  in  existence  yet. 

Mr.  Gurney.  How  does  the  one  at  Langley  and  the  other  listed 
at  the  bottom  of  the  page  that  shows  8,000  differ  from  the  one  you 
propose  to  build? 

Mr.  Low.  In  the  amount  of  energy,  the  sire  of  the  electrodes,  size 
of  the  chambers,  and  amount  of  energy  that  can  be  put  into  the  air- 
stream. 

Mr.  Gurney.  Why  couldn’t  NASA,  for  example,  put  larger  elec- 
trodes in  the  facility  and  adapt  it  to  this  program? 

Mr.  Low.  This  would  lead  to  an  entirely  new  facility,  because  the 
electrodes,  the  chamber  itself,  really  is  the  heart  of  the  facility. 

Mr.  Gurney.  You.  mean  not  the  electrodes  but  the  size  of  the 
chamber? 

Mr.  Low.  I.  will  come  back  to  this  chart  (fig.  159,  p.  762).  This  is, 
of  course,  an  oversimplified  picture. 

The  amount  of  temperature  that  we  can  get  into  the  airstream,  the 
amount  of  heat  that  we  can  get,  depends  critically  on  the  specific 
design  of  this  whole  chamber  here.  For  example,  in  order  to  stabilize 
the  electric  arc  and  keep  it  from  burning  holes  in  either  this  part, 
either  the  anode  or  the  cathode,  one  has  to  place  a magnetic  field 
around  the  whole  chamber,  magnetic  coils,  and  let  the  arc  rotate 
around  the  chamber  and  diffuse  itself. 

All  of  these  elements  are  intimately  tied  into  the  facility.  If  the 
size  of  the  facility  was  doubled  or  tripled,  either  in  energy  content  or 
in  heat  content  or  in  physical  size,  this  would  indeed  then  be  a new 
facility. 

Mr.  Roudebush.  Mr.  Chairman. 

Mr.  Daddario.  Mr.  Roudebush. 

Mr.  Roudebush.  I would  like  to  return  to  my  previous  line  of 
questioning,  Mr.  Low.  What  does  NASA  intend  to  do  at  the  present 
time  with  these  heated  wind  tunnels,  of  which  there  are  several  exist- 
ing in  NASA’s  inventory?  Is  there  any  use  for  them  at  the  present 
time? 

Mr.  Low.  Absolutely,  because  there  will  be  additional  tests  of 
ballistic  missile  nose  cones,  for  example.  There  will  be  new  shapes, 
new  sizes.  Many  of  these  facilities  were  developed  initially  in  support 
of  the  ballistic  missile  program.  They  will  be  used  in  further  tests  of 
Gemini  and  Dyna-Soar  and  other  satellite  programs  that  are  coming 
along. 

MLr.  Roudebush.  Are  they  currently  in  use? 

Mr.  Low.  Yes,  sir. 

Mr.  Roudebush.  Tests  are  being  made  there? 

Mr.  Low.  That  is  right. 

Mr.  Rpudebush.  I said  a moment  ago  that  there  have  been  plans 
for  the  Apollo  program  for  a number  of  years.  How  did  you  originally 
plan  to  test  the  Apollo  if  you  were  unable  to  devise  such  a heated 
wind  tunnel? 
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Mr.  Low.  We  had  at  one  time  a flight  test  program  for  Apollo 
to  test  the  reentry  bodies  at  these  high  speeds  in  flight.  When  the 
Apollo  program  was  initially  conceived  we  nad  as  part  of  the  program 
an  Atlas-Agena  reentry  body  program.  We  have  felt  now  that,  since 
these  type  of  facilities  have  come  along,  we  can  test  in  one  of  these 
facilities  over  and  over  again  what  we  could  do  in  one  Atlas-Agena 
flight. 

A flight  program  to  do  this  kind  of  testing  would  probably  have 
cost  $100  to  $200  million.  The  cost  of  this  particular  facility  is  of 
the  order  of  two  and  a half  million  dollars.  So  by  going  to  a ground 
facility,  the  test  program  can  be  reduced  by  a tremendous  amount 
in  cost. 

Mr.  Roudebush.  In  other  words,  this  ground  facility  is  in  lieu  of 
actual  flight  tests. 

Mr.  Low.  That  is  right. 

Mr.  Rotjdebtjsh.  And  does  NASA  intend  to  pursue  the  plan  in  the 
future  of  using  these  types  of  facilities  rather  than  repeated  flight 
tests? 

Mr.  Holmes.  I would  like  to  comment  on  this,  if  I may,  Mr. 
Chairman. 

Mr.  Daddario.  Of  course,  Mr.  Holmes. 

Mr.  Holmes.  This  is  not  any  change  in  our  basic  planning.  In 
other  words,  our  total  Apollo  program  did  plan  for  an  increment  of 
facilities  in  fiscal  year  1962,  and  a larger  increment  in  fiscal  year  1963. 
These  facilities  we  are  requesting  in  fiscal  year  1964,  and  there  will  be 
some  in  fiscal  year  1965.  I couldn’t  honestly  say  to  you  that  the 
first  month  of  planning  after  that  date  of  May  1961  that  we  could 
have  definitizea  each  of  these  facilities,  but  I think  the  point  of  my 
statement  is  that  this  is  not  a sudden  change  in  our  planning.  It 
merely  is  a definitization  of  our  planning  where  we  merely  expected 
to  request  from  the  Congress  authorization  to  build  facilities  over  a 

{>eriod  of  several  years,  in  order  that  they  would  come  to  their  fruition 
or  their  use  according  to  their  proper  time  scale. 

Mr.  Roudebush.  Where  are  you  going  to  build  this?  At  Houston? 
Mr.  Holmes.  At  Houston;  yes,  sir. 

Mr.  Roudebush.  That  is  all. 

Mr.  Daddario.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  How  much  will  this  facility  cost;  in 
what  time  period  do  you  need  the  money,  and  how  much  do  you 
need  in  fiscal  year  1964? 

Mr.  Low.  We  are  requesting  $2,915,000  for  this  facility.  Since  we 
need  the  facility  about  15  months  from  now,  we  need  all  of  the  money 
in  fiscal  year  1964. 

Mr.  Fulton  of  Pennsylvania.  So  that  you  will  obligate  the  money 
immediately? 

Mr.  Low.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Why  are  you  putting  this  facility 

Mr.  Daddario.  Just  a moment  please,  Mr.  Fulton.  Do  you  have 
something  to  add,  Mr.  Diaz? 

Mr.  Diaz.  We  will  start  design  of  the  facility  in  May  of  this  year 
and  expect  to  have  the  construction  completed  by  July  of  1964. 

Mr.  Fulton  of  Pennsylvania.  You  will  only  be  1 month  in  fiscal 
year  1965  before  you  have  the  complete  facility? 

Mr,  Diaz.  Yes,  sir. 
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Mr.  Fulton  of  Pennsylvania.  Constructed. 

Mr.  Diaz.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  My  next  question  is  this.  Obviouslv 
reentry  speeds  of  25,000  miles  an  hour,  and  36,000  feet  per  second, 
are  tremendous  speeds.  When  we  are  able  to  have  reentry  on  both 
Mercury  and  Gemini  at  much  lower  speeds,  why  do  you  not  deceler- 
ate the  capsule  or  put  it  in  orbit  so  that  it  can  come  in  at  the 
Gemini  ana  Mercury  speeds  at  15,000  to  17,000  miles  an  hour? 

Mr.  Low.  Mr.  Fulton,  it  would  take  a substantial  amount  of  pro- 
pulsion in  order  to  slow  down  from  36,000  to  25,000  feet  per  second. 
This  in  turn  means  that  we  have  to  have  a much  larger  spacecraft  or 
a much  larger  booster  before  we  leave  the  Earth’s  surface. 

For  example,  to  do  this,  our  Saturn  V booster  would  have  to  be 
about  three  times  the  size  it  is  now  designed  for,  in  order  to  carry 
this  added  amount  of  fuel  and  propulsion  to  the  Moon  and  back  to 
slow  down  from  36,000  to  25,000  feet  per  second. 

Mr.  Fulton  of  Pennsylvania.  That  raises  the  question  as  to  the 
proportion  of  the  retrorockets  compared  to  the  payload  of  the  capsule 
of  the  Mercury.  My  feeling  was  that  the  package  of  retrorockets  is 
not  such  a large  item  in  proportion  to  the  total  payload. 

Mr.  Low.  That  is  absolutely  right,  Mr.  Fulton.  But  the  retro- 
rockets only  slow  the  Mercury  capsule  down  by  about  700  feet  per 
second.  In  other  words,  the  Mercury  capsule  is  traveling  at  25,000 
feet  per  second ; after  the  retrorockets  are  fired  it  is  traveling  in  excess 
of  24,000  feet  per  second.  They  only  apply  a very  small  velocity 
decrement. 

Mr.  Fulton  of  Pennsylvania.  It  is  still  17,000  miles  an  hour. 

Mr.  Holmes.  Yes. 

Mr.  Low.  Yes. 

Mr.  Holmes.  I think,  if  I may  comment,  I think  that  the  advantage 
we  have  in  Mercury  and  other  Earth  orbital  flights  merely  stems  from 
the  fact  that  Earth  orbital  speeds  are  only  17,000  to  18,000  miles  an 
hour,  so  we  only  have  that  kinetic  energy  to  dissipate  as  we  come  back 
into  the  atmosphere. 

Mr.  Fulton  of  Pennsylvania.  Why,  Mr.  Holmes,  isn’t  the  return- 
ing Moon  rocket  package  brought  back  to  Earth  by  going  into  Earth 
orbit  and  slow  down  gradually  as  in  Mercury  and  Gemini?  Why 
isn’t  it  put  in  Earth  orbit? 

Mr.  Holmes.  We  are  studying  whether  or  not  we  will  come  back 


directly  to  a spot  on  Earth  from  the  translunar  trajectory  or  whether 
we  put  it  into  orbit.  But  in  either  case,  it  is  accelerated  by  the  pull 
of  the  Earth’s  gravitational  field  so  that  we  will  crash  into  the  Earth’s 


atmosphere  at  36,000  feet  per  second  or  25,000  miles  an  hour.  It 
won’t  help  us  at  all,  for  instance,  to  penetrate  this  atmosphere  in  a 
more  shallow  fashion,  which  is  one  of  our  worries,  because  then  we 
would  be  dissipating  this  heat  over  a longer  period  of  time. 

We  probably  wouldn’t  be  able  to  withstand  the  heat.  We  would 
like  to  come  in  at  an  angle  that  gives  us  a vertical  corridor  of  about 
40  miles  so  that  we  won’t  be  too  flat  for  this  great  heating,  or  too  steep 
or  too  flat  so  that  we  go  right  around  the  Earth  with  no  -perigee  on 


the  path,  and  go  back  to  the  Moon. 

The  only  solution  we  see  to  do  what  you  are  indicating  would  be  to 
somehow  slow  down  this  spacecraft  before  it  entered  the  Earth’s 
atmosphere  at  all  from  its  36, 000-foot-per-second  velocity.  I think 
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the  only  way  to  do  that  would  be  as  Mr.  Low  indicated,  to  dissipate 
energy  by  retros  or  something  which  would  add  a great  deal  of  weight. 

Mr.  Fulton  of  Pennsylvania.  Those  of  us  who  have  witnessed 
these  countdowns  know  what  a tremendously  complicated  and  tech- 
nical program  it  is.  A countdown  in  lunar  orbit  with  three  men 
circling  the  Moon  at  approximately  2,000  miles  per  hour,  and  trying 
to  come  back  to  Earth  and  land  in  a 40-mile  corridor  when  the  Earth 
is  revolving  at  1,100  miles  an  hour,  to  me  sounds  almost  impossible 
just  on  the  basis  of  either  safety  or  reliability  for  the  return.  The 
question  then  arises  not  only  as  to  the  building  of  this  facility  and 
coming  in  at  these  speeds,  but  won't  some  sort  of  retrorocket  or  re- 
verse propulsion  be  needed  in  order  to  be  able  to  make  a guided  tra- 
jectory for  Earth  reentry? 

Mr.  Daddario.  Mr.  Fulton,  it  seems  to  me  that  Mr.  Holmes  has 
already  answered  that  question. 

Mr.  Fulton  of  Pennsylvania.  I hope  he  has,  but  it  certainly 
worries  me. 

Mr.  Daddario.  I think  he  already  has  answered  that. 

Mr.  Fulton  of  Pennsylvania.  Could  you  answer  that?  . 

Mr.  Holmes.  All  of  our  analyses  to  date  ip  our  mission  profile 
studies  indicate  that  the  navigation  accuracies  required  are  well 
within  the  state  of  the  art,  in  fact,  don’t  exceed  the  precision  we  have 
in  our  present  ballistic-missile  systems.  I think  perhaps  if  one  con- 
siders that  it  is  a 2%  to  3-day  trip  from  the  Moon,  and  that  we  can 
navigate  and  make  minor  course  corrections  which  have  a great  deal 
of  effect  at  the  end,  with  very  little  propulsion,  that  it  tends  to  miti- 
gate the  circumstances  and  make  such  a reentry  possible. 

Mr.  Daddario.  I would  like  to  confine  the  rest  of  the  discussion 
today,  if  we  might,  not  to  the  theory  and  the  application  of  these  pro- 

frams  to  those  theories,  but  to  the  facilities  and  the  costs.  We  don’t 
ave  enough  time  to  go  into 

Mr.  Fulton  of  Pennsylvania.  You  have  to  see  whether  this  is  nec- 


essary. 

Mr.  Daddario.  Yes. 

Mr.  Fulton  of  Pennsylvania.  And  if  it  is  not 

Mr.  Daddario.  We  are  not  going  to  argue,  however,  as  to  how  it 
will  be  done  at  this  morning’s  sesvsion.  We  can  do  it  some  other  time. 
I would  like  to  confine  the  discussion  to  the  facilities,  their  costs,  and 
the  necessity  for  having  them. 

Mr.  Gurney? 

Mr.  Gurney.  Back  to  this  wind  tunnel  again,  could  you  flip  over 
the  picture 

Mr.  Fulton  of  Pennsylvania.  Could  I be  excused?  I have  a Judi- 
ciary Committee  hearing  I must  attend. 

Mr.  Daddario.  Surely. 

Mr.  Gurney.  I still  haven’t  satisfied  my  own  mind  why  you  can’t 
use  the  existing  facilities  in  part  at  least?  For  example,  if  you  have 
an  automobile,  and  you  have  an  engine,  you  can  put  another  engine  in 
and  still  use  the  same  automobile  chassis.  By  the  same  token,  why 
can’t  you  use  one  of  the  existing  wind  tunnels  or  the  wind  tunnel 
portion  and  adapt  the  electrode  part  to  it?  Can  you  explain  simply 
why  you  cannot  do  that?  Why  isn’t  that  feasible? 

Mr,  Low.  I think  I can,  Mr.  Gurney.  For  example,  a conventional 
wind  tunnel,  supersonic  wind  tunnel,  has  a wall  that  is  usually  de- 
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signed  out  of  steel,  maybe  a l-inch-thick  steel  plate.  It  may  have 
some  jacks  on  it,  which  are  similar  to  automobile  jacks  that  can  adjust 
the  shape  of  the  wall  and  all  of  these  things  are  designed  together  for 
a certain  temperature,  humidity,  speed,  in  order  to  come  out  with  the 
flow  conditions  that  are  needed  here. 

If  suddenly  we  come  up  with  a condition  where  we  have  twice  the 
amount  of  heat  in  the  air  stream  as  we  had  before,  then  the  amount 
of  heat  transfer  to  this1  wall  will  also  be  at  least  twice  as  high. 

Mr.  Gurney.  I understand. 

Mr.  Low.  It  means  then  that  whatever  metal  was  used  here,  what- 
ever cooling,  or  perhaps  there  is  even  no  cooling  at  all,  that  was  used 
here  in  the  other  tunnel,  would  not  be  adequate.  So  that  the  whole 
design  of  this  wall  would  have  to  be  changed,  it  would  have  to  use  new 
cooling  coils. 

Mr.  Gurney.  I understand  that. 

Mr.  Low.  And  things  like  that. 

Mr.  Gurnet.  All  right.  Now  what  about  the  rest  of  the  wind  tun- 
nel, the  parallel  line  part  of  it  there  on  the  end? 

Mr.  Low.  This,  I think  the  point  I made,  Mr.  Gurney,  probably 
applies  to  the  whole  design. 

Mr.  Gurney.  I see. 

Mr.  Low.  The  windows  themselves,  in  fact,  one  may  not  be  able 
to  have  windows  in  these  high-speed  tunnels.  This  section  undergoes 
heat  transfer  just  as  much  as  this  section  does. 

Mr.  Gurney.  In  other  words,  those  you  have  now,  I think  1 under- 
stood you  to  say,  you  ran  up  to  temperatures  of  10,000°,  is  that  right, 
or  some  sort  of  a relationship? 

Mr.  Low.  That  is  right. 

Mr.  Gurney.  Was  th:s  in  the  test  of  the  Gemini  and  Mercury? 

Mr.  Low.  That  is  right. 

Mr.  Gurney.  And  actually  this ’metal  that  is  used  in  those  wind 
tunnels  would  melt  under  these  conditions? 

Mr.  Low.  That  is  correct, 

Mr.  Gurney.  OK.  Now  the  other  question  is  this:  You  have  a 
$2 % million  facility  here.  Do  you  plan  to  build  an  entire  building  to 
house  this  thing;  is  that  what  you  are  going  to  do? 

Mr.  Low.  No.  This  will  be  housed  in  a facility  that  is  part  of  fiscal 
year  1962  construction  program  at  Houston. 

Mr.  Gurney.  In  other  words,  you  have  the  building  now,  you  are 
simply  going  to  put  this  inside  of  it? 

Mr.  Low.  That  is  right. 

Mr.  Gurney.  My  question  was  directed  really  to:  Can  you  save 
any  money  by  using  an  existing  building?  You  are  saying:  “Yes,  we 
are  going  to  do  that."  Is  that  correct? 

Mr.  Low.  Yes,  sir. 

Mr.  Riehlman.  Just  one  question,  Mr.  Chairman,  before  you 
conclude. 

Mr.  Daddario.  Mr.  Riehlman. 

Mr.  Riehlman.  Will  this  new  facility  meet  the  needs  of  NASA  in 
the  years  to  come?  Will  it  be  adequate  for  your  tests  in  the  next 
several  years? 

Mr.  Low.  It  will  meet  the  needs,  Mr.  Riehlman,  for  any  vehicle 
that  reenters  the  Earth's  atmosphere  at  the  speeds  up  to  the  speed  we 
will  be  coming  back  from  the  Moon  on. 
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For  example,  if  and  when  we  embark  on  a planetary  program,  the 
reentry  speed  will  be  even  higher  than  the  ones  we  are  talking  about 
now  and  this  facility  will  not  meet  those  needs. 

Mr.  Gurney.  In  other  words,  this  wind  tunnel  that  you  are 
building  right  now  and  the  experimental  work  that  will  be  conducted, 
will  not  be  adequate  for  any  other  future  program  other  than  that  of 
the  manned  flight  to  the  Moon  and  return? 

Mr.  Low.  Of  the  programs  that  are  planned  now  this  is  the  main 
program  that  it  will  be  uped  for.  I am  sure,  though,  as  with  all 
of  our  other  facilities  in  NASA,  that  as  new  programs  are  developed, 
other  uses  for  this  facility  will  be  found. 

A very  good  example  of  the  use  of  facilities  is  a towing  chamber 
designed  for  seaplane  hulls  at  Langley  Research  Center  many  years 
ago.  It  was  one  of  the  very  useful  facilities  in  the  Mercury  program 
in  getting  the  water  handling  characteristics  of  the  Mercury  space- 
craft. 

So  I think  we  have  always  found  that  facilities  designed  and  used 
for  an  entirely  different  purpose  are  most  useful  for  a later  program. 

Mr.  Holmes.  I might  comment  directly  on  this  too,  I think  there 
is  good  likelihood,  if  we  get  the  kind  of  correlation  between  this 
ground  testing  and  what  actually  happens  in  our  flight  experience 
that  we  hope  to  get,  that  this  might  well  be  used  for  our  planetary 
shots.  We  may  be  talking  of  41,000  or  42,000  feet  per  second,  com- 
pared to  36,000  feet  per  second.  Further,  we  must  remember  there 
is  only  a 2-foot  diameter  sample  and  the  reason  for  the  relatively 
small  sample  is  that  these  are  tremendous  energies  to  generate  and 
release  and  it  is  a very  difficult  thing  to  simulate  in  a test  facility. 
So  there  has  to  be  correlation  between  that  and  the  roughly  13-foot 
Apollo  diameter. 

I would  think  this  is  a real  step  forward  in  the  capability  of  tests 
at  these  very  high  atmospheric  velocities  and  it  will  be  a very  useful 
thing  for  general  application  and  for  other  programs  in  the  future. 

Mr.  Dadbamo.  Colonel  Gould? 

Colonel  Gould.  The  fiscal  year  1964  program  includes,  at  Langley, 
a Hot  Structures  Test  Facility,  and  at  Ames  there  is  included  a 
Structural  Dynamics  Laboratory,  both  justified  as  being  necessary 
to  carry  on  research  in  the  fields  of  atmospheric  reentry  and  both 
with  regard  to  heatiug  problems. 

What  is  the  relationship  of  the  facility  at  Houston  to  these  other 
two  facilities? 

Mr  Low.  Which  facility  was  this  at  Langley? 

Colonel  Gould.  At  Langley,  the  hot  structures  test  facility. 

Mr.  Low'.  As  I understand  this  facility  at  Langley  it  is  a shock 
tube  type  wind  tunnel.  I am  not  sure  whether  this  is  the  same 
facility,  but  one  that  I have  listed  here,  which  has  a test  duration  of 
only  microseconds,  fractions  of  a second.  For  the  Apollo  reentry,  as 
I pointed  out,  we  have  to  test  for  periods  up  to  10  to  15  minutes. 
The  Langley  facility,  therefore,  is  not  adequate  for  this  purpose. 

Colonel  Gould.  Why  couldn’t  the  Langley  testing  be  carried  on 
at  Houston? 

Mr.  Low.  I am  not  familiar  in  detail,  Colonel  Gould,  with  the 
Langley  facility  and  I don’t  know  what  other  requirements  it  does 
meet  that  the  Houston  facility  does  not  meet. 

Mr.  Gurney.  May  we  have  for  the  record  what  the  difference  is? 


1964  NASA  AUTHORIZATION 


771 


Colonel  Gould.  CVild  you  provide  a statement  for  the  record  as 
to  the  relationship  between  those  two  facilities  and  the  proposed 
reentry  materials  structures  evaluation  facility  at  Houston? 

(The  information  requested  is  as  follows:) 

Atmospheric  B .'entry  Materials  and  Structures  Evaluation 

The  MSC  facility,  p CF  8-9,  will  test  materials  specimens  24  by  24  inches 
in  size  at  enthalpies  up  to  25,000  B.t.u./lb.  which  duplicates  the  reentry  condition 
for  the  Apollo  mission. 

The  Langley  hot  structures  portion  of  the  Fatigue  Research  Laboratory,  CF 
5-11,  is  limited  to  testing  materials  specimens  up  to  1.5  inches  in  diameter  at 
enthalpies  up  to  16,000  B.t.u./lb.  Larger  size  specimens  and  the  actual  reentry 
enthalpy  of  25,000  B.t.u./lb.  are  absolute  requirements  for  Apollo  spacecraft 
development. 

The  Ames  Research  Center  Structural  Dynamics  Laboratory,  CF  1--25,  can 
generate  enthalpies  of  the  order  of  10,000  B.t.u./lb.  for  practical  material  specimen 
sizes.  This  is  completely  inadequate  for  Apollo  spacecraft  development  purposes. 

In  summary,  neither  the  Langley  nor  the  Ames  facilities  approach  the  enthalpy 
and  specimen  size  capability  which  will  be  provided  by  the  MSC  facility  and 
which  are  absolutely  essential  for  Apollo  spacecraft  development  testing. 

I have  one  more  question.  Mr.  Diaz  you  mentioned  tliat  you  are 
going  to  in  tiate  des:gn  in  May  of  this  year? 

Mr.  Diaz.  Yes,  sir. 

Colonel  Gould.  Are  you  committing  prior  years’  funds  for  this 
purpose? 

Mr.  Diaz.  We  are  using  fiscal  year  1963  advanced  design  funds,  sir. 

Co1  one  Gould.  In  what  amount? 

Mr.  Diaz.  Our  plan  is  to  provide  $220,000. 

Colonel  Gould.  Has  this  commitment  of  advance  design  funds 
been  taken  into  account  in  the  development  of  the  estimate  for  this 
project?  You  are  asking  for,  I believe,  $223,000  for  design  and  engi- 
neering services  as  part  of  the  $2,915,000.  In  computing  that  esti- 
mate, did  you  take  into  account  the  $220,000  out  of  fiscal  year  1963 
money  that  would  be  committed? 

Mr.  Diaz.  The  $223,000  that  appears  in  the  project  would  be  re- 
duced by  the  $220,000. 

Colonel  Gould.  I see. 

Mr.  Holmes.  In  general,  Mr.  Chairman,  I think  that  for  questions 
that  relate  to  facilities  that  are  not  in  our  program,  that  we  may  have 
to  give  you  this  information  for  the  record  instead  of  just  talking  off 
the  top  of  our  heads. 

Mr.  Daddario.  Yes;  we  would  prefer  it  for  the  record.  I think 
Colonel  Gould’s  question  and  some  of  the  others  which  have  preceded 
it  are  extremely  important.  Since  this  facility  is  able  to  do  more  than 
others,  the  question  must  come  to  mind  as  to  whether  the  others  are 
being  used,  as  Mr.  Roudebush  has  pointed  out,  but  also  can  some  of 
them  be  eliminated. 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  We  would  like  you  to  go  further  into  that.  I just 
have  one  question  in  this  area,  and  I hope  that  might  be  the  final 
one  so  that  we  can  proceed  to  the  other  projects. 

It  was  my  understanding,  Mr.  Low,  that  you  felt  that  this  facility 
would  save  $200  to  $300  million  in  testing  which  would  otherwise 
have  to  be  done  in  flight.  It  was  my  further  understanding  from  Mr. 
Holmes,  that  this  kind  of  a facility,  although  we  did  not  at  that  time 
have  the  capability  of  designing  it,  was  part  of  the  original  Apollo 
program. 
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Does  this  mean  that  the  saving  of  the  $200  or  $300  million  was 
indicated  in  the  first  instance  by  the  kind  of  an  arc-heated  wind  tunnel 
that  you  had  in  mind  but  had  not  designed,  or  that  the  $200  to  $300 
million  savings  will  be  reflected  now  that  you  have  thought  of  the 
capability  and  have  brought  it  to  the  point  where  it  will  be  constructed ? 

Where  does  this  saving  indicate  itself? 

Mr.  Holmes.  I think  it  indicates  itself  in  really  the  very  initial 
planning.  I don't  believe  we  really  gave  serious  consideration  to 
utilizing  flight  tests  for  all  of  our  heating  measurements,  with  the 
tremendous  expenses  of  boosters  and  so  forth . 

Mr.  Daddario.  That  answers  the  question. 

Mr.  Riehlman.  Mr.  Chairman. 

Mr.  Daddario.  Yes. 

Mr.  Riehlman.  Could  they  pull  the  microphone  a little  bit  closer? 
It  is  sometimes  difficult  to  hear. 

Mr.  Holmes..  Sorry. 

Mr.  Riehlman.  That  m all  right. 

Mr.  Gurney.  One  final  question,  then. 

Mr.  Daddario.  Yes. 

Mr.  Gurney.  It  certainly  occurs  to  the  committee,  I think,  as  we 
have  listened  to  the  description  of  various  kinds  of  testing  devices  in 
this  heat  field,  and  also  the  fact  that  we  are  going  to  need  another  one 
sometime  in  the  future,  that  there  seems  to  be  little  correlation  or 
advanced  planning  on  any  of  these.  This  is  not  intended  to  be 
critical  of  you,  it  is  simply  intended  to  state  a fact. 

, This  Moon  program  certainly  has  been  going  on  for  a number  of 
years  and  the  need  for  this  kind  of  a facility  was  apparent.  Is  there 
any  way  to  design  something  into  this  test  facility  that  can  be  utilized 
in  the  step  beyond  the  Apollo  program?  You  have  indicated,  for 
example,  that  there  is  going  to  be  higher  reentry  speeds  and  therefore 
more  heat.  Can’t  you  beef  up  the  walls  of  this  thing  so  that  you 
could  substitute  a different  set  of  electrodes  when  we  get  ready  to  do 
further  testing  on  another  program?  Has  any  thought  been  given 
in  the  design  of  this  facility  so  that  it  can  be  utilized  in  future  pro- 
grams? 

Mr.  Low.  Yes,  Mr.  Gurney,  I believe  it  has.  I would  like  to  address 
myself  to  the  first  part  of  your  question,  if  I may. 

In  the  time  period,  1955  to  1960,  one  of  the  most  difficult  problems 
in  the  field  of  space  flight  missile  design,  was  how  to  handle  the  very 
high  heating  rates  that  were  suddenly  upon  us,  an  order  of  magnitude 
higher  than  we  faced  in  airplane  designs  until  that  time  period.  In 
that  time  period  then,  every  laboratory  in  the  country  studied  various 
ways  of  achieving  higher  temperature  airstreams  to  do  the  kind  of 
testing  we  are  tailing  about  here.  And  the  kinds  of  things  that  were 
discussed  then,  and  many  of  them  were  discarded,  could  make  up  a 
very,  very  long  list  of  things,  such  as,  pebble-bed  heaters  and  a device 
the  t we  called  a Gatling  gun,  which  was  a series  of  shock  tubes  around 
the  circumference  of  a barrel;  each  shock  tube  giving  a very  quick 
shot  of  hot  air,  then  finally  the  bunch  of  them  continuing  a full  stream. 

Mr.  Daddario.  Mr.  Gurney,  could  we  allow  Mr.  Low  to  give  this 
answer  for  the  record? 

Mr.  Gurnet.  Yes,  indeed. 


f 


1964  NASA  AUTHORIZATION  773 

(The  information  referred  to  is  as  follows:) 

The  MSC  atmospheric  reentry  materials  arc  jet  facility  will  provide  test 
capability  required  for  the  Apollo  mission.  The  facility  is  designed  to  the  limits 
of  the  present  state-of-the-art.  Facilities’  designers  are  continually  studying 
methods  to  extend  performance  of  present  facilities  to  meet  the  test  requirements 
of  more  advanced  missions.  In  this  case,  it  is  not  possible  to  extend  the  perform- 
ance capability  with  our  present  knowledge.  Advances  in  the  state-of-the-art 
frequently  are  made  possible  by  developing  entirely  new  concepts  of  design. 

Mr.  Daddario  This  covers  a wide  area.  The  committee  has 
constantly  been  concerned  with  how  these  facilities  can  be  used  as 
national  assets,  and  where  the  greatest  number  of  people  could  use 
them.  If  that  could  be  provided  for  the  record,  we  would  appreciate 
it. 

Mr.  Low.  Yes,  sir. 

(The  information  referred  to  is  as  follows:) 

The  mission  of  the  Manned  Spacecraft  Center  is  the  development  of  spacecraft 
for  manned  exploration  of  space.  The  people  most  concerned  with  the  develop- 
ment of  manned  spacecraft  are  located  at  this  Field  Center  and  the  developmental 
testing  tools  required  to  accomplish  the  Center’s  mission  can  be  most  efficiently 
utilized,  both  technically  and  logistically,  by  these  people  in  their  laboratory 
workshops.  This  centralized  location  of  such  facilities  at  a Government  laboratory 
makes  them  equally  available  to  all  contractors  and  helps  to  minimize  the  con- 
struction, at  Government  cost,  of  similar  facilities  at  several  contractors’  plants. 

Mr.  Daddario.  Now  as  I understand  it,  this  arc-heated  wind 
tunnel  is  being  given  as  an  example  of  your  method  of  arriving  at  the 
kind  of  facilities  which  will  be  built? 

Mr.  Low.  That  is  right, 

Mr.  Daddario.  I would  like  you  to  get  through  that  as  quickly  as 
possible  and  then  let’s  go  to  the  line  items  and  we  can  start  breaking 
this  down. 

Mr.  Low.  I will  skip  over  this  page  (fig.  161).  This  is  the  additional 
survey  of  existing  arc-heated  wind  tunnels.  I have  given  some 
examples  before. 

Now  with  this  method  of  determining  the  requirement,  we  have 
det3rmined  the  requirement  for  one  facility,  namely  the  atmospheric 
reentry  materials  and  structures  evaluation  facility,  to  do  the  entry 
environment  testing  as  I have  indicated  on  my  first  chart  (fig.  156, 
p.  759)  let  me  come  back  to  that  for  a moment  now. 

You  will  notice  there  were  a number  of  test  requirements,  eight  to 
be  specific,  that  do  not  have  check  marks  here.  To  meet  all  of  these 
eight  requirements,  we  need  the  following  five  facilities  which  we  are 
requesting  this  year,  atmospheric  reentry  materials  and  structures 
evaluation  facility;  launch  environment  and  antenna  test  facility,  for 
launch  environment  tests;  Spacecraft  Control  Technology  Laboratory; 
ultra-high- vacuum  space  chamber  facility;  and  the  lunar  excursion 
module  test  facility  at  White  Sands  (fig.  162). 

I have  summarized  all  of  these  facilities  on  the  next  page,  in  addition 
to  one  or  two  others  (fig.  163).  This  is  the  one  we  have  been  dis- 
cussing for  $2,915,000.  For  the  launch  environment  and  antenna 
test  facility  in  Houston,  we  are  requesting  $7,482,000;  for  the  Space- 
craft Control  Technology  Laboratory  in  Houston,  we  are  requesting 
$6,106,000;  for  the  ultra-high-vacuum  facility  in  Houston,  $2,685,000; 
the  lunar  excursion  module  test  facility  at  White  Sands,  $15  million; 
and  in  Houston,  a project  engineering  facility  for  $2,761,000.  This 
is  one  group  of  facilities  for  spacecraft  development. 
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Figure  161 

For  spacecraft  operations  and  simulation,  we  are  requesting  this 
year:  for  additions  to  the  Mission  Control  Center,  $8,409,000;  for  a 
mission  simulation  and  training  facility,  in  Houston,  $2,216,000;  for 
Center  support  facilities  in  Houston  to  support  all  of  these  additions 
to  the  Houston  plant,  $5,162,000;  for  a total  request  for  facilities  in 
support  of  spacecraft,  with  the  exception  of  those  facilities  at  the 
Launch  Operations  Center  which  I will  cover  separately,  of 
$52,736,000. 

This  covers  the  facilities  listed  for  spacecraft  support  under  the 
location  “Manned  Spacecraft  Center"  and  under  “Various  locations,” 
for  subtotals  of  $37,736,000  at  the  Manned  Spacecraft  Center,  and 
$15  million  at  White  Sands  listed  under  “Various  locations.” 

Mr.  D adda rio.  Can  we  then  get  on  to  the  Manned  Spacecraft 
Center?  We  will  start  with  a few  general  questions  on  the  overall 
situation  involving  that  Center. 


4 


% 


Figure  162 

Colonel  Gould.  Mr.  Low,  to  date  from  the  fiscal  years  1962  and 
1963  programs  there  have  been  a total  of  $115.3  million  authorized  or 
reprogramed  into  the  Manned  Spacecraft  Center,  for  facilities  to  get 
the  initial  work  underway.  As  of  this  date  how  much  of  this  $115 
million  have  been  obligated? 

Mr.  Low.  I think  Mr.  Diaz  may  be  able  to  answer  that. 

Mr.  Diaz.  We  have  a total  of  about  $60  million  for  fiscal  year  1962. 

Colonel  Gould.  $60  million  obligated? 

Mr.  Diaz.  No.  We  have  obligated  about  $38  or  $39  million. 

Colonel  Gould.  How  much  of  the  $60  million  has  been  committed? 

Mr.  Diaz.  NASA  has  committed  the  $60  million.  Approximately 
$20  million  is  yet  to  be  obligated.  This  will  be  obligated  for  the  En- 
vironmental Facility  in  the  next  3 or  4 months. 

Colonel  Gould.  So  you  have  a total  then  of  $38  million  out  of  the 
fiscal  year  1962  money  obligated? 

Mr.  Diaz.  Approximately,  yes. 
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Figure  163 


Colonel  Gould.  $38  out  of  $60  million.  Now  for  fiscal  year  1963 
you  were  authorized  $30.8  million,  reprogramed  $5  million,  and  re- 
programed from  “R.  A D.  general,”  $17  million,  or  a total  of  $52 
million,  I believe.  How  much  of  that  has  been  obligated? 

Mr.  Holmes.  Do  you  have  that  or  do  you  want  to  supply  it  for  the 
record? 

Mr.  Lilly.  I will  supply  the  exact  number  for  the  record. 

Colonel  Gould.  All  right. 

(The  information  requested  is  as  follows:) 

The  total  fiscal  year  1963  authorized  funding  for  MSC  is  approximately  $46 
million  ($30.8  million  initial  authorization,  $5  million  reprograming  within  C.  of 
F.,  and  $16.7  million  reprograming  from  R.  A D.  general  minus  $6.5  million  from 
deletion  of  MSC  C.  of  F.  project  3563) . 

The  total  authorized  funding  for  the  Manned  Spacecraft  Center  in  fiscal  year 
1963  la  approximately  $46  million.  This  figure  represents  $30.8  million  in  initial 
authorisation,  $5  million  reprogramed  within  construction  of  facilities  (C.  of  F.), 
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and  $16.7  million  reprogramed  from  research  and  development,  general,  minus 
$6.5  million  from  the  deletion  of  the  Manned  Spacecraft  Center  C.  of  F.  project 
3563.  Of  this  $46  million,  $27  million  has  been  obligated  as  of  March  31,  1963. 
It  is  estimated  that  the  remaining  $19  million  will  be  obligated  during  the  summer 
of  1963. 

Mr.  Holmes.  As  you  know  our  practice  in  N ASA  is  to  request  funds 
for  the  total  cost  of  a facility  with  the  exception  of  these  large  ones 
like  the  vertical  assembly  building,  where  we  do  request  on  an  in- 
cremental basis.  So  this  necessarily,  because  of  construction  time, 
makes  our  obligations  and  certain  of  our  expenditures  follow  at  some 
length  the  request  for  funds. 

Colonel  Gould.  I understand  that,  Mr.  Holmes.  With  your  fiscal 
year  1964  request  of  $37.7  million,  this  will  bring  the  total  amount 
authorized  for  this  Center  to  $153  million. 

What  is  the  total  estimated  cost  of  all  of  the  known  requirements 
beyond  the  fiscal  year  1964  program  for  this  Center? 

Mr.  Lilly.  In  terms  of  identified  ones  right  now,  Colonel  Gould, 
approximately  $25  to  $30  million. 

Colonel  Gould.  Is  that  over  and  above  the  $153  million? 

Mr.  Lilly.  Over  and  above.  There  will,  as  you  know,  be  new 
facility  requirements,  but  in  terms  of  completion  of  the  facilities  that 
we  now  have  underway  that  amount  will  be  required. 

Mr.  Holmes.  It  is  my  opinion,  though,  Colonel  Gould,  that  over 
the  next  5 years  we  wul  see  this  NASA  facility  grow  to  a Center 
costing  about  $250  million.  I think  we  have  indicated  that  before. 

I think  Mr?  Lilly’s  answer  refers  directly  as  he  said,  to  the  definitized 
requirements  which  are  primarily  the  fiscal  year  1965  items  that  we  are 
working  on  right  now.  Is  that  correct? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  As  you  know,  Mr.  Holmes,  the  committee  has 
recently  visited  Houston,  and  I for  one  would  like  to  compliment  you 
on  your  master  plan  at  this  site.  It  is  a well  defined  layout. 

However,  it  appears  that  your  requirements  are  programed  only 
through  fiscal  year  1965.  Knowing  what  your  present  mission  is,  at 
least  during  this  decade,  it  would  appear  that  tne  master  plan  could 
be  fully  laid  out  by  placing  all  known  requirements  on  paper  and 
arriving  at  a preliminary  estimate  as  to  now  much  it  is  going  to 
eventually  cost  to  build  this  facility,  based  upon  known  requirements. 

What  you  have  said  here  today  is  that  your  requirements  are  now 
firm  only  through  fiscal  year  1965.  is  this  correct? 

Mr.  Holmes.  What  I specifically  said  was  the  figure  that  Mr.  Lilly 
gave  you,  which  he  called  definitized  items,  were  those  through  fiscal 
year  1965.  I think  we  have  broader  plans  in  a less  definitive  way  that 
go  out  a good  many  more  years  than  that.  ^ 

Colonel  Gould.  I see. 

Mr.  Daddario.  You  are  talking  about  a future  expenditure  then 
beyond  fiscal  year  1965  of  some  $72  million? 

Mr.  Holmes.  Yes,  sir,  but  I would  like 

Mr.  Daddario.  You  mentioned  $250  million  and  this  is,  however, 
part  of  your  master  plan? 

Mr.  Holmes.  Yes.  I would  like  to  say  that  that  statement  of 
mine  is  not  one  that  is  backed  up  by  detailed  analysis  but  just  an  esti- 
mate based  on  experience  of  what  I think  would  be  necessary  to  pro- 
vide this  facility  with  the  growth  it  probably  should  have  prior  to 
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reaching  a state  of  maturity.  And  we  have  based  that  on  our  experi- 
ence with  the  other  centers. 

Colonel  Gould.  One  further  general  question. 

At  the  present  time  you  are  occupying  leased  space  in  Houston  and 
also  temporary  space  at  Ellington  Air  Force  Base,  as  I understand  it. 
Would  you  give  us  the  total  amount  of  leased  space  that  you  are 
occupying  in  Houston  and  the  total  amount  of  space  at  Ellington, 
please,  and  the  annual  costs? 

Mr.  Lilly.  We  will  provide  that  for  the  record. 

(The  information  requested  is  as  follows:) 

The  total  leased  space  that  we  are  occupying  in  Houston  and  the  total  amount 
of  space  at  Ellington  Air  Force  Base  is  as  follows: 


Location 

Amount  of 
space 

Animal  cost 

Houston „ 

Square  feet 
358,796 
316,671 

$1, 102,084 

Ellington 

Colonel  Gould.  Very  well. 

Based  upon  the  authorized  projects  for  fiscal  years  1962  and  1963, 
how  much  leased  space  will  be  terminated  when  these  facilities  are 
completed? 

Mr.  Diaz.  We  expect  it  will  be  approximately  280,000  square  feet. 

Colonel  Gould.  Out  of  a total  of? 

Mr.  Diaz.  Of  approximately  358,000. 

Colonel  Gould.  Is  that  figure  space  leased  now  or  leased  plus 
Air  Force  space  temporarily  assigned  to  NASA? 

Mr.  Diaz,  This  is  just  leased. 

Colonel  Gould.  Just  leased? 

Mr.  Diaz.  That  is  right. 

Colonel  Gould.  That  is  all  I have,  Mr,  Chairman. 

Mr.  Daddario.  We  can  then  proceed  with  the  line  items,  Mr.  Low. 

Mr.  Low.  On  page  CF  8-3,  Mr.  Chairman,  we  are  requesting 
additional  funding  for  the  Mission  Control  Center  in  Houston. 
Specifically,  we  are  requesting  $8,409,000  for  equipment  items  within 
the  Mission  Control  Center.  The  building  itself,  and  some  of  the 
equipment  will  have  been  purchased 

Mr.  Daddario.  Can  you  hold  it  just  a moment  until  we  get  every- 
body squared  awajr. 

Mr.  Patten.  Is  it  in  volume  IV? 

Mr.  Daddario.  Volume  IV. 

Mr.  Patten.  All  right.  Thank  you. 

Mr.  Daddario.  Are  you  all  set?  Thank  you,  Mr.  Low. 

Mr.  Gurney.  What  page? 

Mr.  Holmes.  CF  8-6. 

Mr.  Low.  The  line  items  on  that  page  and  8-7  and  8-8  for  a total 
request  of  $8,409,000.  As  I pointed  out  this  is  for  equipment  items 
within  the  Mission  Control  Center,  since  the  building  itself  was  funded 
totally  from  fiscal  year  1963  funds. 

Specifinally,  we  are  requesting  funds  for  the  balance  of  display  and 
flight  controller's  console  equipment,  simulation  equipment,  and  the 
laboratory  and  office  equipment.  Most  of  these  items  were  partially 
funded  in  fiscal  year  1963. 
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Mr.  Daddario.  Just  keep  moving  along,  Mr.  Low.  We  will  stop 
you  if  there  are  any  questions. 

Mr.  Low.  The  next  item  is  on  page  CF  8-9,  Atmospheric  reentry 

Colonel  Gould.  May  I ask  a question,  Mr.  Chairman. 

Mr.  Daddario.  Yes. 

Colonel  Gould.  On  the  project  for  the  addition  to  the  Mission 
Control  Center,  the  equipment  instrumentation  and  support  systems 
amount  shown  for  fiscal  year  1963  on  page  CF  8-3  indicates  a total 
of  $11,411,100. 

Mr.  Low.  Yes,  sir. 

Colonel  Gould.  During  a recent  visit  to  Houston,  the  committee 
learned  that  more  favorable  bids  had  been  received  on  some  of  this 
equipment  and  that  it  would  be  less  than  the  $11,411,100,  and  I 
think  Mr.  Holmes  mentioned  this  in  earlier  testimony.  What  is  the 
revised  amount  for  the  equipment  shown  on  this  page,  please? 

Mr.  Low.  Colonel  Gould,  I don’t  recall  any  previous  statements  by 
Mr.  Holmes  on  this.  The  equipment  purchased  here  is  being  pur- 
chased under  a contract  with  the  Philco  Corp.  for  the  implementation 
of  the  Mission  Control  Center.  We  have  definitized  that  contract 
recently  at  almost  the  exact  amount  that  we  had  budgeted  for.  And 
there  were  no  changes  in  fiscal  year  1963  or  1964  requirements. 

Colonel  Gould.  The  requirement  for  fiscal  year  1963  then  is  still 
$11,411,100? 

Mr.  Low.  To  the  best  of  my  knowledge,  yes. 

Colonel  Gould.  Would  you  check  on  that,  please 

Mr.  Low.  Yes,  sir. 

Colonel  Gould  (continuing).  And  supply  for  the  record  the  latest 
revised  figure. 

(The  information  requested  is  as  follows:) 

During  the  subcommittee’s  recent  visit  to  the  Manned  Spacecraft  Center,  a 
fiscal  year  1963  figure  of  $10,147,900  for  the  Mission  Control  Center  equipment 
was  mentioned.  However,  the  Manned  Spacecraft  Center  figure  did  not  include 
costs  for  the  control  building  electrical  equipment  ($610,000),  the  control  building 
emergency  air-conditioning  equipment  ($200,000),  and  the  heating  and  cooling 
plant  equipment  ($435,200).  These  items  are  included  in  the  fiscal  yea*  1964 
budget  book.  If  these  costs  are  added  to  the  $10,147,900  MSC  figure,  the 
amount  for  fiscal  year  1963  is  the  same  as  shown  in  the  fiscal  year  1964  budget 
book,  i.e.,  $11,411,100. 

The  requirement  for  fiscal  year  1963  is  still  $11,411,100  for  the  Mission  Control 
Center  equipment  in  the  Philco  contract. 

One  further  question:  Will  any  of  the  equipment  originally  located 
in  the  Mercury  Control  Center  at  LOC  be  incorporated  into  this 
facility? 

Mr.  Low.  No  major  items  of  equipment  will  be  relocated  to 
Houston. 

Mr.  Fuqua.  Is  this  equipment  obsolete  now;  it  can’t  be  used  in 
the  Gemini  program? 

Mr.  Low.  The  Mercury  equipment  in  the  Mission  Control  Center 
is  particularly  suited  to  Project  Mercury  and  cannot  be  used  for  the 
control  of  the  Gemini  or  Apollo  missions.  There  is  additional  equip- 
ment being  used  for  the  early  Gemini  flights  at  the  Cape  Canaveral 
Control  Center  that  is  actually  equipment  that  is  being  budgeted  for 
and  purchased  for  the  Mission  Control  Center  in  Houston  and  it  is 
only  temporarily  being  installed  at  Cape  Canaveral. 

Mr.  Fuqua.  Will  it  be  transferred? 
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Mr.  Low.  It  will  be  transferred  to  Houston  from  Cape  Canaveral 
after  the  first  few  Gemini  missions. 

Mr.  Gurney.  On  the  facilities  on  page  CF  8-6,  for  $8,511,700,  that 
I take  it  was  an  estimate  in  last  year’s  budget;  is  that  correct? 

Mr.  Low.  That  was  a reprogram 

Mr.  Gurney.  How  much  of  that  has  been  spent  and  how  much 
of  it  has  been  obligated? 

Mr.  Lilly.  Mr.  Gurney,  that  item  was  not  in  the  1963  budget, 
because  this  was  a facility  which  was  started,  using  reprograming 
authority. 

Mr.  Gurney.  I see. 

Mr.  Lilly.  The  contract  for  this  particular  item  has  been  under 
negotiation.  I believe  a contract  was  awarded  in  the  first  part 
of  April  and  the  figure  is  about  $8,400,000 — something  of  that 
nature.  I can  provide  the  current  CWE  on  that  item  for  you  if  you 
like. 

Mr.  Gurney.  None  of  this  has  actually  been  spent? 

Mr.  Lilly.  To  my  knowledge  no  funds  have  been  .paid  to  the  con- 
tractor yet. 

Mr.  Gurney.  You  feel  the  obligated  amount  is  quite  close  to  that? 

Mr.  Lilly.  Yes. 

Mr.  Gurney.  Can  you  furnish  that  figure? 

Mr.  Lilly.  Yes,  sir. 

Mr.  Gurney.  Thank  you. 

(The  information  requested  is  as  follows:) 

A contract  was  awarded  on  phase  II  for  $7,879,402  on  March  27,  1963.  The 
balance  of  the  funds  was  awarded  on  phase  I of  the  contract,  which  was  given 
out  earlier.  All  of  these  funds  have  been  obligated. 

Colonel  Gould.  Going  back  to  the  figure  for  equipment  shown  on 
page  CF  8-7,  the  revised  equipment  figure  that  we  have  been  advised 
of  is  $10,147,900.  The  question  is:  Has  this  variance  been  taken  into 
account  in  the  development  of  the  1964  estimate? 

Mr.  Lilly.  Well,  I would  say,  Colonel  Gould,  if  that  is  the  figure, 
which  we  will  check,  then  it  couldn’t  have  been  taken  into  account  in 
this  $11  million. 

Mr.  Low.  We  will  have  to  check  that  number. 

Mr.  Holmes.  Did  that  number  come  from  Houston? 

Colonel  Gould.  Yes,  sir. 

Mr.  Low.  What  is  that  number  again? 

Colonel  Gould.  $10,147,900. 

Mr.  Daddario.  OK.  Let’s  go. 

Mr.  Low.  Shall  I go  on  to  the  next  facility?  The  Atmospheric 
Reentry  Materials  and  Structures  Evaluation  Facility  is  the  one  that  I 
used  as  an  example  before.  It  is  listed  on  page  CF  8-9  and  the 
following  pages.  The  requirement  for  this  facility,  Mr.  Chairman,  I 
believe — — 

Mr.  Daddario,  You  have  gone  into  that  sufficiently. 

Mr.  Low.  I have  discussed  it.  As  I mentioned  also,  this  facility 
will  be  installed  in  an  existing  building;  we  are  requesting  $42,000  for 
minor  modifications  to  this  building  to  adapt  it  to.  this  facility  and,  in 
addition  to  that,  we  are  requesting  $2,650,000  for  equipment,  instru- 
mentation, and  support  systems,  primarily  for  the  arc-heated  wind 
tunnel  and  its  power  supply;  and  $223,000  for  design  and  engineering 
services  for  a total  request  of  $2,915,000. 
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Mr.  Daddario.  Fine. 

Mr.  Low.  The  next  facility  item  is  the  center  support  facilities. 
These  are  listed"  on  pages  CF  8-12  through  19.  This  item  encom- 
passes additional  site  development  and  utility  installations,  facilities 
construction  and  modifications,  including  an  addition  to  the  central 
heating  and  cooling  plant  and  an  additional  cafeteria.  Equipment, 
instrumentation,  and  support  systems  here  include  additional  boilers, 
compressed  air  systems,  mechanical  control  system,  and  so  forth. 
The  total  request  is  $5,162,000. 

Colonel  Gould.  Mr.  Low,  I notice  that  your  breakdown  includes 
primary  and  secondary  roads.  I think  NASA  already  has  been 
authorized  $920,000  for  roads  alone.  This  estimate  here  is  for 
$501,000,  which  would  bring  you  to  about  $1,400,000  for  secondary 
and  primary  roads. 

Does  this  fiscal  year  1964  increment  complete  all  of  the  roads 
required  for  this  Center? 

Mr.  Diaz.  Yes,  essentially  it  does,  Colonel  Gould. 

Colonel  Gould.  This  also  includes  security  patrol  roads,  is  this 
correct? 

Mr.  Low.  That  is  correct. 

Colonel  Gould.  I notice,  also,  that  you  are  going  to  add  some 
additional  parking  area  in  the  amount  of  $167,000.  The  justification 
indicates  that  you  already  have  existing  or  authorized  enough  parking 
space  to  provide  for  2,500  vehicles,  is  this  correct? 

Mr.  Diaz.  This  is  correct. 

Colonel  Gould.  This  will  provide  an  additional  830  spaces.  What 
criteria  do  you  use  in  developing  requirements  for  parking  spaces  for 
your  personnel? 

Mr.  Diaz.  We  are  presently  using  a 1:1.5  ratio  for  parking  space. 

Colonel  Gould.  One  space  for  every  one  and  a half  persons? 

Mr.  Diaz.  Eight. 

Colonel  Gould.  It  would  appear  that  with  Clear  Lake  City  being 
built  up  in  the  vicinity  of  this  Center  that  probably  a lot  of  personnel 
may  use  car  pools,  plus  commercial  transportation  that  I assume  will 
be  placed  in  operation  for  this  Center.  Isn’t  the  criteria  used  a little 
high? 

Mr.  Diaz.  My  understanding  of  the  area  is  that  car  pools  simply 
don’t  work  too  well  down  in  that  area  for  various  reasons. 

Mr.  Low.  I think  there  are  two  reasons  for  that.  One  is  that  the 
people  involved  in  this  type  of  program,  and  this  was  our  experience 
when  the  Space  Task  Group  was  at  Langley  Field  also,  work  long 
hours  and  they  work  different  hours.  Some  of  them  will  work  from 
6:30  in  the  morning  until  8 o’clock  at  night,  and  others  from  7 until 
7.  So  that  they  generally  cannot  rely  on  a car  pool  to  get  back  and 
forth  to  work.  Also  in  the  Houston  area  the  people  have  located  in  a 
number  of  different  localities  so  that  they  cannot  generally  combine 
and  get  to  work  together.  So  there  is  less  car-pooling  with  this  type 
of  work  going  on,  with  this  type  of  location,  than  one  might  find  in  the 
normal  type  research  center. 

Colonel  Gould.  What  criteria  do  you  use  at  other  Centers  under 
the  manned  space  flight  program  for  parking  areas? 

Mr.  Holmes.  I think  we  have  to  get  that  for  the  record. 

Mr.  Diaz.  We  will  provide  that  for  the  record. 
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(The  information  requested  is  as  follows:) 

The  criterion  we  are  using  at  MSC  for  parking  is  1 to  1.5  at  the  present  time. 
By  the  end  of  fiscal  year  1966  this  ratio  will  be  approximately  1 space  to  every 
2 people.  The  criteria  we  are  using  for  parking  at  the  other  Centers  is  1 to  1.75, 

Mr.  Holmes.  My  industrial  experience,  and  I have  had  considerable 
experience  building  parking  lots  for  our  own  plant,  ? as  been  a lji 
ratio  or  less.  In  some  places  the  number  got  down  to  where  we 


thought  each  person  was  bringing  in  two  cars.  It  is  one  of  these 
things  it  has  always  been  hard  for  me  to  understand  why  the  ratio 
should  be  that  way,  but  that  has  been  my  experience  over  a number  of 
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years.  I don’t  think  this  is  unique. 

Mr.  Fulton  of  Pennsylvania.  What  ratio  does  your  present  2,500 
facility  give  you? 

Mr.  Lilly.  The  ratio  that  we  have  used  in  terms  of  the  total 
requirement,  which  will  provide  us  with  a total  of  3,300  as  I recall  it, 
will  be  based  on  a ratio  of  about  V/2  to  2.  Based  on  a projected  growth 
of  the  facility  it  would  handle  up  to  6,000  people. 

Mr.  Fulton  of  Pennsylvania.  Suppose  you  just  stayed  where  you 
are  at  the  2,500  vehicles  capacity,  what  ratio  would  that  be? 

Mr.  Holmes.  Today  we  have  about  2,600  people,  excluding 
visitors.  By  the  time  the  people  move  into  the  facility  we  should  be 
in  the  high  3,000’s. 

Mr.  Low.  Plus  contractor  personnel,  plus  visitors. 

Mr.  Holmes.  Yes,  the  contractor  personnel  and  visitors  have  to  be 
added.  I would  think  a conservative  estimate  would  be  about  1}{  to  1, 
that  is  between  1%  and  2 people  to  a car. 

Mr.  Fulton  of  Pennsylvania.  How  does  this  compare  with  other 
Government  agencies;  does  this  correspond? 

Mr.  Holmes.  I think  we  have  to  get  that  for  the  record,  both  for 
the  other  NASA  centers  and  other  Government  agencies.  It  is 
consistent,  I think,  with  industrial  practice. 

Mr.  Patten.  Would  you  like  the  figures  on  that  for  the  House 
Office  Building? 

Mr,  Daddario.  That  would  be  an  interesting  statistic. 

Mr.  Patten.  I think  it  is  about  one  parking  space  for  about  every 
seven  people.  For  the  Library  of  Congress  omy  15  people  out  of  100 
can  park  their  car. 

Mr.  Holmes.  Washington  seems  to  be  unfortunately  somewhat 
different.  We  have  in  our  case  five  parking  spaces  for  400  people. 

Colonel  Gould.  Mr.  Lilly,  would  you  compare  this  criteria  with 
GSA  and  Department  of  Defense  standards,  please,  and  provide  it 
for  the  record? 

Mr.  Lilly.  Yes,  we  will  be  glad  to  provide  this  information  for  the 
record. 

(The  information  requested  is  as  follows:) 

The  criterion  that  DOD  is  using  for  parking  at  their  facilities  is  the  ratio  of 
1 to  1.5.  GSA  has  no  standard  criteria.  Their  design  of  parking  areas  is  deter- 
mined by  local  circumstances. 

Colonel  Gould.  With  regard  to  the  6,000  personnel  figure  by  the 
end  of  fiscal  year  1966,  is  it  anticipated  that  all  of  these  people  will 
be  working  a normal  8 hours  a day,  during  the  same  period  of  time 
in  a 24-hour  day? 

Mr.  Low.  The  largest  percentage  of  these  people  will  be  working 
daytime  hours.  There  will  be  some  people,  small  number  of  people 
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that  will  have  to  support  tests  in  the  various  facilities  around  the 
clock. 

Colonel  Gould.  When  you  say  the  “largest  percentage’’  what  do 
you  mean,  80  percent  of  the  people;  or  75  percent,  or  what? 

Mr.  Low.  I would  have  to  get  that  number  also  for  the  record. 
My  guess  would  be  that  it  would  be  95  percent. 

(The  information  requested  is  as  follows :) 

The  projected  population  at  the  Maririeti  Spacecraft  Center  by  fiscal  year  1966 
will  average  in  excess  of  5,900  people  during  daytime  hours  and  wilhreach  approxi- 
mately 6,100  people  during  periods  of  peak  activity.  An  additional  personnel 
complement  of  approximately  100  will  be  working  nights  at  that  time.  In 
arriving  at  the  5,900  and  6,100  numbers,  the  following  factors  were  considered: 

Permanent  personnel. 

Contractor  employees. 

Visitor  traffic. 

Temporary  personnel. 

Personnel  temporarily  assigned  to  other  locations. 

Personnel  on  travel. 

Personnel  on  sick  leave  or  vacation. 

Colonel  Gould.  I think  this  is  a very  important  figure  because  it 
provides  the  basis  upon  which  you  predicate  all  of  your  support  facil- 
ities, and  although  there  are  6,000  people  to  be  using  this  facility,  we 
know  that  they  are  not  all  going  to  be  there  at  the  same  time. 

With  regard  to  the  cafeteria,  in  the  fiscal  year  1963  program,  I 
believe,  a cafeteria  was  included.  As  I understand  it,  the  contract 
cost  on  that  was  about  $463,000,  if  I am  not  mistaken.  Is  that 
correct? 

M?-  Diaz.  I do  not  have  that  figure  here,  Colonel  Gould.  As  I 
recall,  that  was  the  approximate  figure. 

Colonel  Gould.  Is  it  about  $450  to  $460,000? 

Mr.  Diaz.  That  is  about  right. 

Colonel  Gould.  This  one  I notice  is  priced  out,  not  counting 
equipment,  at  $354,000.  Why  the  difference  in  cost? 

Mr.  Diaz.  Well,  the  first  cafeteria,  as  you  recall,  contained  a central 
kitchen.  The  new  facility  is  a serving  cafeteria.  It  does  not  have  a 
kitchen. 

Colonel  Gould.  The  one  in  the  fiscal  year  1963  program  will 
accommodate  2,500  people;  is  that  correct? 

Mr.  Lilly.  On  a 2}£-hour  feeding  period;  that  is  correct.  It  seats 
500. 

Colonel  Gould.  This  second  cafeteria  is  intended  to  accommodate 
another  2,500? 

Mr.  Lilly.  On  a 2K-hour  feeding  period. 

Mr.  Diaz.  Yes. 

Colonel  Gould.  Two  and  a half  hours.  What  will  be  the  personnel 
strength  by  the  end  of  fiscal  year  1965  when  this  cafeteria  will  come 
into  being? 

Mr.  Holmes.  Approximately  4,800  to  5,000  people.  We  haven’t 
settled  our  budget  for  fiscal  year  1965  for  personnel  yet,  but  that 
would  be  my  estimate. 

Mr.  Diaz.  By  the  end  of  fiscal  year  1964  we  will  have  4,800  people. 

Mr.  Low.  This  figure  includes  contractor  people. 

Mr.  Diaz.  Yes. 
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Mr.  Holmes.  The  numbers  I was  giving  for  the  end  of  fiscal  year 
1965  will  be  NASA  personnel.  In  fiscal  year  1964  it  will  be  something 
under  4,000;  if  you  add  contractors  it  will  be  another  800. 

Colonel  Gould.  When  you  compute  your  criteria  for  a cafeteria, 
do  you  assume  that  all  people  will  use  the  cafeteria? 

Mr.  Low.  We  are  assuming  here  that  for  a Center  that  will  have 
6,000  people  on  location,  that  we  should  be  able  to  feed  5,000  people 
on  a two  and  a half  hour  feeding  cycle. 

Colonel  Gould.  In  developing  the  criteria  for  this  Center,  however, 
have  you  not  taken  into  consideration  that  Clear  Lake  City,  which 
apparently  is  going  to  be  a booming  city,  will  provide  some  of  this 
support?  - 

Mr.  Low.  It  has  been  our  experience,  at  least  at  the  other  NASA 
Centers,  that  during  the  half  hour  time  allowed  for  lunches  people 
can  not  leave  the  base,  but  have  to  eat  on  the  base. 

Colonel  Gould.  Would  you  explain  to  the  committee,  please, 
what  this  central  mechanical  control  system  consists  of  in  the  amount 
of  $330,000? 

Mr.  Holmes.  Will  you  answer  that? 

Mr.  Diaz.  We  will  provide  it  for  the  record. 

(The  information  requested  is  as  follows:) 

1.  The  central  mechanical  control  system  for  the  central  heating  plant  consists 
of  an  alarm-logger  console  and  a control  console. 

2.  The  control  console  consists  of  the  following  components: 

(а)  Motor  start-stop:  The  motor  start-stop  module  permits  the  operator  to 
“start  or  stop”  all  building  air-handling  unit  fan  motors  and  all  building  chilled 
and  hot  water  pumps. 

(б)  Damper  controls:  The  damper  control  module  permits  the  operator  to 
open  or  close  air  handling  unit  outside  air  intake  dampers. 

(c)  Temperate  * reset:  This  module  permits  the  operator  to  reset  the  tempera- 
ture of  the  air  tearing  the  cooling  coils  and  the  air-handling  unit. 

— (d)  Filter  pressure  differentials:  This  module  permits  the  operator  to  monitor 

the  filters  on  each  air-handling  unit  to  determine  when  filters  require  changing. 

(«)  The  control  console  is  provided  with  graphic  representation  of  each  air- 
f handling  unit  system  serving  the  buildings.  Also  this  basic  console  is  designed 

to  incorporate  the  required  relays  and  wiring  for  future  buildings. 

3.  The  alarm-logger  consists  of  the  following  components: 

(а)  Alarm  scanner:  This  module  automatically  scans  all  critical  temperature 

if'  and  pressure  points  for  all  “off-normal”  or  “alarm”  conditions. 

(б)  Logger:  This  part  of  the  alarm-logger  permits  the  operator  to  schedule 
the  logging  of  pertinent  data  to  determine  total  tons  of  refrigeration  to  each 
building,  total  steam  consumption  to  each  building,  and  to  log  system  performance 
of  each  air-handling  unit  air-conditioning  system.  The  logger  module  is  designed 
for  the  future  addition  of  all  flows,  temperatures  and  critical  pressures  of  the 
central  refrigeration  systems  and  steam  boilers  in  the  central  heating  and  cooling 
plant  and  utility  points  in  the  future  buildings. 

Colonel  Gould.  That  is  all  I have,  Mr.  Chairman. 

Mr.  Daddario.  Any  questions  on  this  item,  gentlemen? 

(No  response.) 

Mr.  Daddario.  Please  continue. 

Mr.  Low.  The  next  item,  starting  on  page  CF  8-20  is  the  Launch 
Environment  and  Antenna  Test  Facility.  This  facility  will  consist  of 
a number  of  components  for  testing  spacecraft  and  their  subsystems 
under  the  conditions  of  vibrations  encountered  during  the  launch  in 
the  acoustic  environment  encountered  during  the  launch.  It  will 
provide  an  anechoic  chamber  for  antenna  testing,  simulating  free 
^ space,  and  it  will  provide  an  antenna  range  for  narrow  beam  antenna 

testing.  In  this  combined  facility  we  plan  to  subject  the  Apollo 
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command  and  service  modules  and  the  lunar  excursion  module  to  the 
environment  that  these  modules  will  undergo  in  the  launch  phase  of  a 
mission.  In  addition  to  that  we  will  be  able  to  test  the  antennas 
simulating  the  space  phase  of  the  mission. 

We  are  requesting  for  this  facility  a total  of  $7,482,000.  This 
includes  $315,000  for  site  development,  $3,446,000  for  facility  con- 
struction and  modifications,  $3,119,000  for  equipment,  instrumenta- 
tion, and  support  systems  and  $602,000  for  design  and  engineering. 

Colonel  Gould.  Mr.  Low,  at  the  Marshall  Center  NASA  has  in 
being  or  programed  an  Acoustical  and  Vibration  Test  Facility  for 
launch  vehicle  development.  Why  can’t  these  facilities  at  Marshall 
be  used  for  this  purpose? 

Mr.  Low.  The  major  reason  for  this  is  that  we  plan  to  subject  an 
Apollo  test  article,  spacecraft  No.  8,  to  all  sorts  of  individual  and 
combined  environmental  testing,  simulating  the  Apollo  mission.  The 
same  spacecraft  will  be  used  in  the  environmental  test  chambers  which 
was  in  the  Houston  program  for  fiscal  year  1962..  It  will  undergo  the 
vibration  and  noise  testing  that  I have  indicated  here,  the  antenna 
ranging  and  antenna  testing.  As  we  make  modifications  to  the  space- 
craft in  the  qualification  program,  determined  in  one  facility,  we  must 
then  again  check  out  and  test  these  modifications  in  all  facilities.  It 
is  this  kind  of  combined  testing  on  a single-test  article  that  we  feel  is 
absolutely  essential  to  get  the  Apollo  spacecraft  to  the  state  of  reliabil- 
ity that  we  need  for  this  mission. 

Colonel  Gould.  You  are  saying  then  that  there  are  three  tests  in 
this  development  level  at  Marshall,  is  this  correct? 

Mr.  Low.  No ; the  Apollo  spacecraft  itself  will  not  be  tested  in  the 
facilities  at  Marshall.  The  launch  vehicles  will  be  tested  there. 

Colonel  Gould.  What  types  of  testing  will  the  contractor  be  re- 
quired to  perform? 

Mr.  Low.  The  contractor  in  his  plant  will  do  what  is  normally 
termed  acceptance  testing.  He  will  assure  that  the  spacecraft  and 
its  components,  indeed,  meet  their  specifications. 

The  long-term  environmental  testing,  the  subjecting  of  the  space- 
craft to  more  severe  environments,  heat  and  cold,  vibration  and  noise, 
than  the  specifications  call  for,  for  long  periods  of  time,  this  will  be 
done  on  a single  test  article  in  the  Houston  facility. 

These  tests  will  be  similar  to  the  so-called  Project  Orbit  tests  that 
we  used  in  Mercury,  that  is,  long-term  environmental  tests  where  we 
proof  tested  before  each  flight  that  a spacecraft  modification  would 
indeed  work.  This  will  not  be  done  in  the  Apollo  program  at  the 
contractor’s  plant,  but  will  be  done  in  Houston. 

Colonel  Gould.  Has  the  design  been  initiated  on  this  project? 

Mr.  Lilly.  No. 

Colonel  Gould.  Do  you  intend  to  initiate  it  in  advance  of  authori- 
zation? 

Mr.  Diaz.  That  is  correct,  in  May  of  this  year. 

Colonel  Gould.  You  are  going  to  initiate  it  in  May? 

Mr.  DrAZ.  That  is  correct. 

Colonel  Gould.  What  is  the  design  and  construction  leadtime? 

Mr.  Diaz.  We  expect  to  start  design  in  May  and  complete  the  con- 
struction in  April  of  1965. 

Colonel  Gould.  Is  this  another  instance  where  you  are  going  to 
use  fiscal  year  1963  advance  design  funds? 
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Mr.  Diaz.  This  is  correct,  sir. 

Colonei  Gould.  In  what  amount,  please? 

Mr.  Diaz.  $217,000. 

Colonel  Gould.  Is  that  $217,000  included  in  the  estimate  on  page 
CF  8-27? 

Mr.  Diaz.  It  is  part  of  that  estimate. 

Colonel  Gould  It  is  part  of  it.  So  you  will  have  used  fiscal  year 
1963  money  to  defray  $217,000  out  of  the  $602,000  requested,  is  that 
correct? 

Mr.  Lilly.  That  is  correct.  As  you  recognize  the  agency  has 
submitted  a reprograming  action  which  is  in  effect  a borrowing  action 
to  allow  this  design  to  get  started. 

Mr.  Dadpabio.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  How  far  will  this  site  be  from  existing 
utility  installations  and  other  facilities  at  this  particular  location? 

Mr.  Low.  On  page  CF  8-1  we  have  a site  plan  for  the  Houston 
facilities.  The  facility  in  question  is  within  the  overall  complex  of 
facilities.  It  is  building  No.  14,  shown  along  Second  Street  about 
halfway  between  Avenue  E and  the  next  street  up. 

Mr.  Fulton  of  Pennsylvania.  Will  you  hold  your  book  up  and 
point  that  out? 

Mr.  Low.  I think  Mr.  Lilly  has  a larger  map  here. 

Mr.  Fulton  of  Pennsylvania.  I think  I have  it,  but  can  you  show 
it  definitely?  Just  hold  it  up. 

Mr.  Diaz.  It  is  right  here,  sir. 

Mr.  Fulton  of  Pennsylvania.  It  is  the  black  one  oh  this  diagram 
in  the  book? 

Mr.  Diaz.  That  is  right,  right  here. 

Mr.  Fulton  of  Pennsylvania.  So  it  is  not  at  a remote  distance  then? 

Mr.  Diaz.  No,  sir. 

Mr.  Fulton  of  Pennsylvania.  Between  this  proposed  construction 
and  other  buildings  in  this  same  complex? 

Mr.  Low.  No,  sir,  this  was  part  of  the  overall  master  planning  for 
the  Center. 

Mr.  Fulton  of  Pennsylvania.  Why  does  it  cost  so  much  to  connect 
up  the  various  tunnels,  roadways,  and  things  of  that  type,  when  it  is 
in  so  close  to  the  other  buildings? 

Mr.  Low.  Mr.  Diaz,  do  you  want  to  speak  on  that? 

Mr.  Diaz.  These  are  normal  utility  connections  for  a structure  of 
this  type. 

Mr.  Fulton  of  Pennsylvania.  Don't  you  already  have  Second 
Street  in?  Why  do  you  need  an  access  road  at  $14,000?  Why  does 
it  cost  you  $45,000  for  a utility  tunnel  extension  when  you  already 
have  the  utilities  in  right  along  Second  Street? 

Mr.  Holmes.  Why  don’t  we  supply  a detailed  answer  for  the  record. 

Mr.  Fulton  of  Pennsylvania.  You  see  some  of  us  have  been  down 
there.  There  is  a tremendous  amount  of  land.  I want  to  see  that 
these  things  aren’t  being  put  out  like  islands. 

Secondly,  when  you  have  other  buildings  there  that  the  utilities 
have  already  been  connected  to,  it  becomes  a real  question  to  me  why 
you  need  all  this  extra  money  when  you  are  right  in  the  center  of  a 
complex. 

Mr.  Diaz.  We  can  provide  it  for  the  record  and  give  you  the  dis- 
tances in  every  case  and  the  unit  cost. 

Mr.  Fulton  of  Pennsylvania.  All  right.  That  is  all. 
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(The  information  requested  is  as  follows:)  . 

An  entrance  road  is  required  from  Second  Street,  in  order  to  provide  access  to 
the  launch  environment  and  antenna  test  facility,  also,  service  areas  are  re- 
quired in  the  vicinity  of  this  building.  The  $14,000  includes  the  cost  of  both  of 
these  items. 

The  utility  tunnel  extension  is  required  to  being  in  the  utility  lines  from  the 
mains  located  adjacent  to  Second  Street.  The  length  of  this  utility  tunnel 
extension  is  approximately  300  feet.  Based  on  actual  bid  process  for  this  item 
in  the  fiscal  year  1962  construction  at  Clear  Lake,  the  unit  cost  for;  this  extension 
was  estimated  at  $150  per  linear  foot. 

On  the  master  plan  as  approved  for  the  Manned  Spacecraft  Center,  the  major 
utility  systems  were  developed  and  designed  so  that  all  utility  expansions  and 
connections  to  the  planned  facilities  could  be  constructed  at  the  most  economical 
cost.  Distances  and  unit  costs  for  facilities  requiring  these  utility  tunnels  are  as 
follows:  ' - 


Page 

Item 

Length 
(linear  feet) 

Total 

cost 

CF  8-28. 

Launch  environment  and  test  facility 

300 

$46,000 

45.000 

16.000 
52,000 

CFS-31. 

Mission  simulation  and  antenna  training  facility ..  __  

300 

CF  8-32- 

Project  engineering  facility I - 

100 

CF8-40. 

Spacecraft  Control” Technology  Laboratory , „ - . . . - 

345 

Mr.  Daddario.  Any  further  questions? 

Colonel  Gould.  No,  sir. 

Mr.  Daddario.  Will  you  proceed,  Mr.  Low,  please. 

Mr.  Low.  The  next  facility  listed  on  page  GF  8-28  is  the  mission 
simulation  and  training  facility.  This  building  will  house  the  Gemini 
and  Apollo  mission  simulators  and  the  docking  simulator  for  both 
Gemini  and  Apollo.  The  mission  simulators,  themselves,  are  being 
procured  under  our  R.  & D.  contracts  with  McDonnell  and  North 
American  for  Gemini  and  Apollo  respectively. 

The  purpose  of  this  project  is  to  provide  a building  to  house  the 
simulators  and  to  provide  the  peripheral  equipment  that  is  needed 
with  these  simulators. 

We  are  requesting  on  page  8-31,  a total  of  $2,216,000  for  this 
building;  $167,000  for  site  development  and  utility  installations; 
$1,342,000  for  facility  construction  and  modifications,  $466,000  for 
equipment,  instrumentation,  and  support  systems,  and  $241,000  for 
design  and  engineering  services. 

Colonel  Gould.  Mr.  Low,  as  I understand  it  you  have  already 
initiated  procurement  from  prior  vears’  money  for  the  Gemini  sim- 
ulator, Gemini  translation  and  docking  simulators,  the  Apollo  mission 
simulator,  and  the  Lunar  Excursion  Module  Simulator.  What  are  the 
delivery  dates  for  these  simulators? 

Mr.  Low.  All  of  these  simulators  will  be  delivered  before  this 
building  is  ready  and  they  will  be  housed  in  temporary  buildings 
around  Houston  at  Ellington  Air  Force  Base  before  they  are  moved 
into  this  building.  I don’t  have  the  exact  delivery  dates  with  me. 

Colonel  Gould.  Are  you  going  to  be  able  to  find  temporary  build- 
ings which  have  the  necessary  environment  to  run  these  simulation 
devices? 

Mr.  Low.  Yes,  we  have  located  the  buildings  that  will  be  used 
for  these  facilities.  ' 

Colonel  Gould.  Why  wouldn’t  it  be  possible  to  continue  using 
these  temporary  buildings  for  another  year  or  more?  * 
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Mr,  Low.  At  the  time  period  that  this  building  will  come  into 
operation,  which  will  be  in  the  summer  of  1965,  the  most  intensive 
part  of  the  Apollo  training  will  start  and,  in  this  time  period,  we 
feel  that  we  must  have  the  mission  simulators  tied  in  closely  with 
the  Mission  Control  Center,  which  will  also  be  located  in  this  Houston 
complex,  for  the  overall  framing  for  the  Apollo  Earth  orbital  missions 
and  later  on  for  the  lunar  missions.  " , 

Mr.  Holmes.  I think  it  should  be  emphasized  that  we  are  operat- 
ing in  a most  inefficient  manner  now,  being  located  in  some  17  different 
locations;  we  are  wasting  money;  we  are  wasting  time.  I would  like 
to  do  everything  possible  to  consolidate^  this  total  operation  down 
there  at  dear  Lake  m soon  as  possible. 

Mr.  Daddabio.  Why  are  you  adding  to  the  problem? 

Mr.  Holmes.  We  aren't  adding  to  the  problem.  ' 

Mr.  Daddabio.  You  are  adding  to  the  problem  if  you  have  addi- 
tional simulators  which  you  are  going  to  place  in  buildings  already 
obtainable,  as  1 understand  it,  for  this  purpose.  I agree  with  you 
that  you  are  operating  inefficiently  at  the  moment.  Wouldn’t  it  be 
better  to  wait  until  this  building  is  completed  and  the  simulators 
placed  immediately  into  that  building? 

Mr.  Holmes.  No,  sir;  it  is  the  same  problem  we  are  in  today, 
where  we  must  must  carry  on  the  work,  we  must  carry  on  the  develop- 
ment—in  this  case  we  must  carry  on  the  simulation  as  early  as  possible. 
So,  as  soon  as  the  simulators  are  completed  and  ready,  we  Will  start 
using  them. 

Mr.  Daddabio.  As  inefficient  as  it  may  be. 

Mr.  Holmes.  Unfortunately  we  must  start  using  them  15  or  20 
miles  away,  with  the  transportation  problem  to  Clear  Lake;  yes,  sir. 

Mr.  Daddabio.  Do  you  really  gain  time  by  doing  that? 

Mr.  Holmes.  Oh,  very  much;  absolutely. 

Mr.  Daddabio.  Well  if  you  do,  then  go  hack  to  Colonel  Gould’s 
question.  If  you  can  operate  properly  even  at  that  distance,  why 
can’t  you  continue  for  another  year  or  so?  It  seems  to  be  self- 
defeating.  -'Tr:  * 

Mr.  Holmes.  I don’t  think  so.  I think  the  question  is,  wouldn’t 
it  be  nice  if  we  could  legally  transfer  it  on  the  1963  budget  and  start 
working  on  it  yesterday  and  get  it  done 

Mr.  Daddabio.  It  would  be  nice,  except  for  the  fact  that  in  spending 
this  rhlich  money,  you  can’t  go  hack  to  1963.  That  is  exactly  what 
we  are  talking  about.  We  would  like  to  be  able  to  spend  the  money 
efficiently  ana  put  eveiy thing  at  one  time  and  at  one  place.  The 
committee  is  always  being  asked  to  appropriate  funds  which  in  the 
final  analysis  will  be  spent  in  a very  inefficient  manner,  and  this  is  a 
very  expensive  way  to  appropriate  money. 

Mr.  Holmes.  I think  my  point  is,  which  I don’t  think  I am  doing 
very  well  in  explaining,  I think  my  point  is  that  it  is  more  efficient  to 
spend  this  $2  million  m 1965,  and  let  us  operate  with  these  simulators 
in  fiscal  1964,  than  it  is  to  wait  until  fiscal  1965  and  have  just  1 more 
year  of  less  efficient  operation.  That  was  really  the  only  point  I was 
frying  to  mpke. 

Mr.  Roudebush.  Would  you  yield  there? 

Mr.  Daddabio.  Yes. 

Mr.  Roudebtjsb.  I would  like  to  know — you  speak  of  the  difficulty 
in  transportation,  Mr.  Holmes,  what  is  the  number  of  personnel 
involved? 
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Mr.  Holmes.  I think  it  is  17.  I might  be  incorrect  in  that  num- 
ber, but  one  or  two  locations.  We  have  today  something  around 
2,600  people. 

Mr.  Roudebush.  All  right. 

Mr.  Dai^dario.  Mr.  Gurney? 

Mr.  Gurney.  Well,  why  wasn’t  this  building  started  sooner  if  the 
simulators  will  be  available? 

Mr.  Holmes.  That  is  a very  good  question.  Unless  someone  here 
knows  the  answer,  I would  like  to  give  it  to  you  for  the  record. 

Mr.  Daddario.  Would  you  please  provide  it  for  the  record?  Let’s 
not  leave  that  hanging  out  in  space. 

Mr.  Holmes.  Yes,  sir. 

(The  information  requested  is  as  follows:) 

At  the  time  of  the  fiscal  year  1963  budget  submission,  we  could  predict  the 
need  for  simulator  housing  facilities.  However,  simulator  design  details  were  too 
preliminary  to  determine  the  exact  configuration  of  such  facilities.  Since  that 
time,  simulator  designs  have  progressed  sufficiently  to  allow  us  to  determine  the 
up-  jue  facility  configuration  necessary  to  accommodate  these  simulators. 

Mr.  Fulton  of  Pennsylvania.  Your  method  of  setting  up  how  you 
are  approaching  the  construction  of  these  facilities,  site  development 
and  utility  installations,  I noticed  is  different  on  the  various  buddings 
and  facilities  you  are  speaking  about.  It  appears  that  you  have  no 
uniform  method  by  which  we  can  compare  the  buddings  and  facdities. 
For  example,  if  you  look  on  CF  8-26  you  find  the  list  under  B,  “Site 
development  and  utility  instadations.”  If  you  look  on  page  OF  8-31, 
on  another  facility  it  is  different,  and  if  you  look  back  on  the  others 
you  find  that  it  is  set  up  differently  for  each  one  of  the  buddings. 
Why  is  that? 

I think  there  should  be  an  explanation  why  on  CF  8-26,  electric 
power  and  distribution' cost  $80,000  in  that  facility,  but  on  CF  8-31, 
electrical  power  and  distribution  cost  $68,000.  Why  is  there  a dif- 
ference? 

Mr.  Low.  The  exact  number,  Mr.  Fulton,  depends  on  the  power- 
load requirements  for  the  equipment  within  the  budding  and  the 
distance  of  the  building  from  the  existing  power  tunnel.  So  in  each 
case  this  was  computed  based  on  actual  requirements. 

Mr.  Fulton  of  Pennsylvania.  When  I see  utdity  tunnel  extensions 
on  CF  8-26  at  $45,000,  and  on  CF  8-31  and  find  it  is  $45,000  again, 
it  seems  to  me  that  is  just  a very  broad-brush  estimate.  Just  exactly 
the  same  dollar  amount. 

Mr.  Low.  The  utdity  tunnel,  I am  not  sure  whether  you  saw  those, 
Mr.  Fulton,  when  you  were  at  the  site,  but  these  are  large,  under- 
ground tunnels. 

Mr.  Fulton  of  Pennsylvania.  I was  there.  I didn’t  know  whether 
it  was  a sewer  or  a tunnel. 

Mr.  Low.  Which  carry  all  of  the  utdities  and  I am  told  that  for 
the  type  of  construction  needed  in  that  area  these  major  utility  tunnels 
were  required.  The  cost  for  these  is  estimated  on  a running-foot  basis. 

I would  then  guess,  and  I have  to  provide  for  the  record  the  detailed 
answer,  that  we  need  exactly  the  '’‘vine  length  of  connecting  tunnel  to 
the  simulation  budding  on  page  8-31  as  to  the  other  building  on  page 
8-26. 

Mr.  Fulton  of  Pennsylvania.  If  you  wdl  look  at  CF  8-31,  you  will 
find  a $14,000  item  for  grading  and  erosion  control.  But  if  you  look 
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back  at  the  previous  facility,  CF  8-26,  you  find  it  is  $88,000  for  the 
same  item,  grading  and  erosion  control.  Why  this  big  difference? 
Are  you  locating  the  buildings  right  in  one  place  and  wrong  in  the 
other?-. 

Mr.  Diaz.  It  depends,  sir,  on  the  general  work  that  has  to  be  done 
in  the  particular  area,  and  the  unit  cost;  we  can  provide  you  with 
the  unit  cost  in  each  case. 

Mr.  Fulton  of  Pennsylvania.  How  does  the  rate  per  square  foot 
cost  of  construction  that  you  have  shown  on  these  various  facilities 
compare  with  construction  costs  in  this  general  area? 

Mr.  Lilly.  The  cost  index  here  at  Houston  is  0.95  compared  to 
the  Washington  area,  1. 

Mr.  Fulton  of  Pennsylvania.  Now  $33.10  per  square  foot  on  a 
building  of  40,550  square  feet  on  CF  8-31,  how  does  that  compare 
with  local  rates? 

Mr.  Diaz.  This  unit  cost— 

Mr.  Fulton  of  Pennsylvania.  Let  me  just  finish  this.  For  exam- 
ple, on  CF  8-26  you  find  a facility  of  47,600  square  feet  at  $64.43 

J>er  square  foot,  and  the  next  item  on  that  page  is  $32.80  per  square 
oot  for  a facility  of  5,800  square  feet,  - 
Mr.  Lilly.  These  depend,  Mr.  Fulton,  on  the  particular  kind  of 
structure.  The  one  that  you  referred  to  as  being  $64  a square  foot 
is  a structure  120  feet  high.  It  must  also  be  on  pilings.  This  facility 
also  has  special  requirements  for  electrical,  heating,  ventilating, 
air  conditioning,  vibration  and  noise  control  feature.  The  square 
footage  alone  is,  as  you  recognize,  not  a real  good  measure  in  many 
cases.  '■ 

Mr.  Fulton  of  Pennsylvania.  I think  we  should  have,  with  the 
chairman’s  permission,  for  the  record  the  reason  for  the  variation 
in  costs,  where  there  are  wide  differences  at  Various  facilities.  Go 
through  the  book  to  do  that,  without  going  into  it  at  this  time. 

Mr.  Daj>dabio.  Will  that  be  too  much  of  a problem  to  get  that 
together? 

Mr.  Diaz.  We  can  do  it. 

(The  information  requested  is  as  follows:) 

The  variation  in  costs,  for  similar  items  under  the  site  development  and  utility 
installation  category,  is  attributed  to  such  factors  as:  length  of  utility  connection, 
area  of  land  to  be  graded,  soil  conditions,  method  of  erosion  control,  and  special 
type  or  capacity  of  each  utility.  'Due  following  chart  is  an  example  of  two 
facilities  in  which  similar  items  appear  but  the  costs  are  different.  An  explana- 
tion of  how  the  costs  were  determined  is  included. 
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Item 

MISSION  SIMULATION  AND  TRAINING  lACTUTT 

Grading  and  erosion  control 

Access  road 


Electric  power  and  distribution 

Special  power  equipment 

Electrical  power  distribution 

Utility  connection 

Water  

Gas 

Storm  sewer 

Storm  sewer  manholes. 

Sanitary  sewer 

Sanitary  sewer  manholes 

Chilled  water  and  steam  piping.. 
Utility  tunnel  extension 
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Grading  and  erosion  control. 


Access  road 

Klee  trie  power  and  distribution 

Utility  connections 

Water 

Gas 

Storm  sewer 

Storm  sewer  manhole 

Sanitary  sewer 

Sanltai  y sewer  manhole 

Chilled  water  and  stoam  piping. . 
Utility  tunnel  extensions.. 


Quantity 


4 acres. 

2,100  square  yards. 


4,000  lineal  I 


200  feet.. 

S00 

300 

6. 


2M  feet. 

4. 

000  feet 
300  feet. 


3.4 


527  square  yards.. 
2,500  feet 


300  feet.. 

235 

500 

3 

200  feet.. 

2 

200  feet.. 
100  feet.. 


Unit  eost 

S3, 500  per  acre 

15.70  per  square  yard. 


Lump  sum 

$10  per  lineal  loot.... 


$4  per  lineal  foot 

$3.40  per  lineal  foot.. 

$10  per  lineal  foot 

$500  each 

$7  per  lineal  foot 

$650  each ......... 

$26.10  per  lineal  foot. 
$150  per  lineal  foot... 


$3,500  per  acre. 


$5.70  per  square  yard. 
$10  per  lineal  foot 


$4  per  lineal  toot 

$3.40  per  lineal  foot. 
$10  per  lineal  foot... 

(500  each 

$7  per  lineal  foot 

$650  each 

$26  10 

$150  per  lineal  foot.. 


Total  oost 

$14,000 

12.000 

68,000 
(28.000) 
(40,000) 
28.000 
(800) 
Cl.  700. 

(s.doo: 

12,500; 

11.740; 

(2.800; 

(15,800; 

46.000 

12.000 

3.000 
26,000 

16.000 


(800) 

(5.000) 

(1.000) 
(1,400) 
(1,800 
(5.200) 
16,000 


Remarks 


This  Item  Includes  grading,  tilling,  fertilising,  spot 
sodding,  and  landscaping. 

This  Item  provides  for  an  entrance  road  and  service 
hard  stand. 

The  total  Includes  oost  of  special  power  equipment 
required  for  simulator  and  computer  loads. 

This  Item  Includes  extending  water,  gas,  chilled 
water,  steam  lines,  storm,  and  sanitary  sewer  lines 
to  the  subject  building. 


This  Item  houses  steam  lines,  chilled  water  lines, 
communication  lines,  and  sewer  lines. 


This  Item  Include*  grading,  tilling,  fertilising,  spot 
sodding,  and  landscaping. 

Includes  the  interim  road  and  service  bardstand. 

Provides  power  and  distribution  from  substation. 

This  item  Includes  extending  water,  gas,  chilled 
water,  steam  lines,  storm,  and  sanitary  sewer  lines 
to  the  subject  building. 


This  Item  houses  steam  Unas,  chilled  water  lines, 
communication  lines,  and  sewer  lines. 
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Mr.  Roudebush.  Mr.  Chairman. 

Mr.  Daddario.  Yes,  sir. 

Mr.  Roudebush.  I would  like  to  repeat  a question  to  you.  I think 
you  might  have  misinterpreted  my  earlier  question  in  reference  to  the 
number  of  employees  involved  in  this  transportation  problem.  I was 
referring  only  to  this  building. 

Mr.  Holmes.  In  this  building  that  houses  our  simulators? 

Mr.  Roudebush.  That  is  right,  not  the  total  number. 

Mr.  Holmes.  I am  sorry.  Thirty,  perhaps. 

Mr.  Roudebush.  In  other  words,  this  transportation  difficulty  that 
you  spoke  about  using  temporary  buildings  involves  only  about  30 
people  rather  than  the  several  thousand  you  mentioned  a while  ago? 

Mr.  Low.  Thirty  people  running  this  facility.  In  addition  to  that 
there  are  probably  several  dozen  that  must  participate  in  various  of 
the  simulations  that  are  going  on. 

Mr.  Roudebush.  Yes;  but  the  building  won’t  be  in  constant  use. 
You  won’t  be  running  simulation  tests  every  day;  they  will  be  run 
rather  periodically  rather  than  continuously. 

Mr.  Low.  I believe.  Mr.  Roudebush,  that  in  this  time  period  where 
we  must  simulate  missions  of  1 to  2 weeks’  duration  and  train  numbers 
of  crews,  we  will  be  simulating  day  and  night,  almost  continuously. 

Mr.  Roudebush.  Yes;  but  then  there  may  be  a period  that  it  is  not 
used  for  a while;  isn’t  that  so? 

Mr.  Low.  Possibly. 

Mr.  Holmes.  The  inefficiencies  to  which  I was  referring  were  not 
the  ones  for  going  there  in  the  morning  and  going  back  at  night, 
such  as  the  people  are  located  permanently  there,  but  rather  those 
who  have  offices  at  Clear  Lake  or  the  astronauts  themselves,  will 
be  continually  leaving  there  and  having  to  go  to  Houston  to  these 
locations.  That  is  the  kind  of  inefficiencies  I was  talking  about, 
although  I did  misinterpret  your  question.  I am  sorry. 

Mr.  Roudebush.  I thought  we  better  correct  the  record. 

Mr.  Daddario.  Colonel  Gould? 

Colonel  Gould.  What  is  the  total  cost  of  the  simulators  that  you 
now  have  under  procurement? 

Mr.  Low.  I would  have  to  provide  it  for  the  record. 

Colonel  Gould.  What  is  the  rough  figure? 

Mr.  Low.  The  Apollo  simulator  itself  is  about  $10  million. 

Colonel  Gould.  Just  for  the  Apollo  mission  simulator.  Do  you 
have  any  idea  on  the  other  simulators? 

Mr.  Low.  The  numbers  I have  here  total  up  to  $33  million. 

Colonel  Gould.  In  other  words,  this  facility,  taking  into  account 
its  equipment,  is  going  to  be  a $35  million  facility,  is  this  correct? 

Mr.  Low.  Yes.  Now  the  equipment  is  R.  & D.  equipment,  it  is 
equipment  that  is  very  similar  to  Apollo  and  Gemini  spacecraft  plus 
instructor’s  consoles.  It  is  like  the  procedures  trainer  that  we  used 
in  Project  Mercury  which  you  may  have  seen  at  Cape  Canaveral. 
It  is  a mockup  of  the  spacecraft,  tied  into  the  control  center,  tied  into 
an  instructor’s  console  in  which  all  possible  normal  and  abnormal 
missions  can  be  simulated  on  the  ground. 

Colonel  Gould.  Has  the  $3?  million,  roughly,  already  been|  obli- 
gated? 

Mr.  Low.  One  specific  number  I know  about,  which  is  a subcon- 
tract from  North  American  for  the  Apollo  mission  simulator,  this 
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contract  was  just  let  1 week  ago.  The  Gemini  mission  simulator 
subcontract  was  probably  let  about  6 months  ago. 

Colonel  Gould.  Would  you  provide  for  the  record,  please,  the 
total  cost  of  the  simulators  now  under  procurement  or  intended  to 
be  procured  and  how  much  has  been  obligated  to  date? 

(The  information  referred  to  is  as  follows:) 

The  estimated  cost  of  flight  crew  training  simulators  now  under  procurement,  or 
intended  to  be  procured,  totals  $48  million  in  fiscal  years  1963,  1964,  and  1965. 
As  of  May  1,  1963,  $10,754  million  of  this  total  has  been  expended. 

What  are  the  design  and  construction  leadtimes  on  this  project, 
please? 

Mr.  Diaz.  We  expect  to  start  design  in  May.  The  design  criteria 
are  already  under  development.  Completion  of  construction  is  ex- 
pected in  May  of  1965. 

Colonel  Gould,  Apparently  you  will  use 

Mr.  Diaz.  $147,000  advance  funds. 

Colonel  Gould.  Is  that  included  in  the  241,000? 

Mr.  Diaz.  Correct. 

Mr.  Holmes.  I would  like  to  point  out,  Mr.  Chairman,  that  this 
does  not  mean  that  we  have  extra  money.  The  Corps  of  Engineers 
has  placed  a great  deal  of  pressure  on  us  indicating  that  we  are  operat- 
ing inefficiently  by  not  doing  advance  design  early  enough.  So  the 
reprograming,  such  as  it  has  been  necessary  to  get  these  funds,  doesn’t 
mean  that  then  this  engineering  money  we  are  asking  for  in  this  budget 
isn’t  needed. 

It  is  not  as  though  it  is  extra  money,  it  means  that  we  have  to 
accommodate  this  by  operating  within  our  1963  budget  in  order  to  be 
most  efficient,  but  it  doesn’t  mean  that  this  is  extra  engineering  design 
money,  which  could  be  the  conclusion  as  we  hit  each  one  of  these.  I 
would  like  to  point  that  out. 

Colonel  Gould.  As  a followup  question,  would  more  liberal  use  of 
advance  design  funds  benefit  your  program? 

Mr.  Holmes.  I think  very  much  so,  Colonel  Gould. 

Mr.  Gurney.  Mr.  Chairman? 

Mr.  Daddario.  Yes,  Mr.  Gurney. 

Mr.  Gurney.  I notice  these  are  all  separate  buildings,  mission 
simulation  and  training  facility,  et  cetera.  Is  that  necessary?  Do 
you  always  have  to  have  separate  buildings,  or  can  you  combine  these 
under  one  roof?  Is  there  any  saving  if  you  should  do  so? 

Mr.  Low.  Mr.  Gurney,  I am  certainly  not  an  expert  in  this  area. 
We  did  have  architect  and  engineering  firms  planning  in  detail  the 
Houston  site  and  the  buildings  for  the  most  economical  use  of  facilities, 
of  people  in  the  facilities,  proper  grouping  of  people  and  this  master 
plan 

Mr.  Gurney.  I am  sure  that  answers  the  question.  In  other 
words,  all  of  these  were  in  one  master  plan? 

Mr.  Diaz.  They  are  according  to  the  master  plan. 

Mr.  Gurney.  Thank  you. 

Mr.  Daddario.  May  we  proceed  to  the  Project  Engineering 
facility? 

Mr.  Low.  The  Project  Engineer  Facility  listed  on  page  CF  8-32 
through  page  8-35  is  essentially  an  office  building  to  house  the.  per- 
sonnel from  the  Gemini  and  Apollo  project  offices.  We  are  requesting 
for  this  building  sufficient  space  for  560  personnel. 
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The  total  dollar  amount  requested  for  this  building  is  $2,761,000. 

Mr.  Daddarxo.  Colonel  Gould. 

Colonel  Gould.  Yes,  sir. 

In  the  fiscal  year  1962  program,  I believe,  a Project  Management 
Building  was  authorized,  now  under  construction,  and  according  to 
the  justification  will  accommodate  930  personnel,  is  this  correct? 

Mr.  Low.  There  is  a typographical  error  here.  It  is  940. 

Colonel  Gould.  940. 

You  also  indicated  that  the  fiscal  years  1962  and  1963  items  as  now 
authorized  will  permit  you  to  release  about  282,000  square  feet  of 
leased  space,*  is  that  correct? 

Mr.  Diaz.  That  is  correct. 

Colonel  Gould.  Now  the  balance  between  this  282,000  square 
feet  to  be  released  and  the  total  under  lease  somewhere  around  360,000 
square  feet,  I believe,  will  this  building  accommodate  the  balance  of 
those  people  now  in  leased  space? 

Mr.  Diaz.  This  building  will  accommodate  560  people  and  will 
essentially  accommodate  the  balance  of  the  people  in  leased  space. 

Colonel  Gould.  In  other  words,  if  this  is  built,  you  will  be  able  to 
eliminate  all  leased  space;  is  this  correct? 

Mr.  Diaz.  I will  have  to  check  that  and  provide  it  for  the  record. 

(The  information  requested  is  as  follows:) 

When  the  MSC  Project  Engineering  Building  is  constructed,  it  will  accom- 
modate 560  people.  This  one  facility  would  not  enable  MSC  to  release  the  balance 
of  leased  space.  However,  when  all  the  buildings  requested  in  this  program  are 
constructed,  all  leased  space  could  be  terminated. 

Mr.  Low.  This  is  our  intent,  certainly. 

Colonel  Gould.  What  impact  would  occur  on  your  program  if  this 
building  were  deferred  for  a year? 

Mr.  Low.  I think  we  would  be  back  in  the  same  kind  of  inefficient 
operation  that  Mr.  Holmes  was  describing  a few  moments  ago.  It 
would  take  the  core  of  the  people,  the  project  officers,  and  leave  them 
situated  away  from  the  main  center  where  all  the  work  is  going  on. 

Colonel  Gould.  BUt  with  the  facilities  authorized  in  1962  and  1963, 
would  it  not  be  possible  after  they  are  completed,  to  accommodate  all 
of  your  personnel  at  the  Manned  Spacecraft  Center  and  at  Ellington 
Air  Force  Base  without  the  necessity  of  continuing  leased  space  in 
Houston? 

Mr.  Low.  Certainly,  we  could  accommodate  people  at  Ellington, 
but  even  so,  Ellington  is  sufficiently  far  away  that  the  operation  would 
be  an  exceedingly  inefficient  one. 

I know  from  personal  experience  that  every  time  I am  now  in 
Houston  and  Dr.  Gilruth  or  Mr.  Williams  or  Mr.  Elms  wants  to  call 
a meeting  with  any  one  of  their  people,'  they  have  to  come  from  six  or 
seven  different  locations.  It  takes  about  half  ah  hour  for  them  to 
get  there  and  this  is  a half  an  hour  cut— -for  important  people,  cut 
out  of  the  time  of  the  lunar  program.  It  is  a most  inefficient  opera- 
tion. I certainly  would  not  encourage  carrying  it  on  any  longer  than 
necessary.  .• 

Colonel  Gould.  In  developing  administrative  or  engineering  facil- 
ities of  this  nature,  what  criteria  do  you  use  for  the  size?  ; 

Mr.  Diaz.  We  use  a factor  of  120  feet  net  space  per  man.  ' 

Colonel  Gould.  What  would  the  gross  be? 

Mr.  Diaz.  Pardon? 
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Colonel  Gould.  What  would  be  the  gross? 

Mr.  Diaz.  145. 

Colonel  Gould.  145  feet  per  person. 

That  is  all  I have. 

Mr.  Daddario.  May  we  proceed  to  the  Spacecraft  Control  Tech- 
nology Laboratory,  please. 

Mr.  Low.  The  Spacecraft  Control  Technology  Laboratory  is  a 
facility  required  for  the  developmental  testing  and  evaluation  of  the 
major  electronic  subsystems  in  our  manned  spacecraft. 

In  particular,  it  will  include  a laboratory  for  inertial  components,  a 
laboratory  for  the  computer  elements  of  the  guidance  and  control 
system  and  for  the  optical  elements  of  the  guidance  and  control 
system,  a laboratory  for  the  entire  guidance  and  control  systems 
working  together  as  a system  and  finally  a laboratory  for  the  systems 
working  within  an  entire  spacecraft  module. 

On  page  CF  8-40  and  41  we  are  requesting  $6,106,000  for  this 
facility.  This  is  broken  down  into  $116,000  for  site  development  and 
utility  installations;  $1,702,000  for  facility  construction  and  modifica- 
tions; $3,897,000  for  equipment,  instrumentation,  and  support 
systems;  and  $391,000  for  design  and  engineering. 

Mr.  Daddario.  Colonel  Gould. 

Colonel  Gould.  I note  in  the  project  description  that  the  astronauts 
will  be  brought  into  this  facility  to  perform  simulated  mission  control 
operations.  It  would  appear  that  these  same  operations  could  easily 
be  conducted  in  the  mission  simulation  and  training  facility  included 
in  this  program.  Would  you  comment  on  this,  please? 

Mr.  Low.  There  is  a basic  difference  between  these  two  facilities. 
In  the  mission  simulation  facility,  we  will  have  mission  simulators 
that  duplicate  exactly  the  existing  spacecraft  and  their  display  systems 
and  their  control  systems.  If  an  astronaut  in  the  mission  simulation 
and  training  facility  makes  a certain  movement  with  his  hand  con- 
troller, for  example,  there  will  be  exactly  the  same  display  outside 
his  window  or  on  the  gages  and  dials  and  needles  as  there  would  be  in 
the  actual  spacecraft. 

The  Spacecraft  Control  Technology  Laboratory,  on  the  other  hand, 
will  be  a development  facility,  rather  than  another  training  facility. 
It  will  be  used  to  help  solve  problems  as  they  are  bound  to  arise  in  a 
program  like  Apollo.  For  example,  if,  on  the  fust  orbital  mission,  we 
find  that  the  spacecraft  does  not  react  exactly  in  space  as  we  had  hoped 
it  would,  that  the  reaction  to  a certain  control  movement  is  different, 
that  the  displays  don't  give  the  proper  information,  then  we  have  to 
go  back  to  this  facility,  which  is  a laboratory-type  facility  where  we 
can  make  changes  in  the  systems,  changes  in  displays.  It  will  have  a 
very  flexible  computer  complex  associated  with  it,  where  we  can  then 
try  out  these  changes  before  we  incorporate  them  in  the  actual  space- 
craft and  in  the  mission  simulation  and  training  facilities. 

Colonel  Gould.  Doesn’t  this  duplicate  to  a certain  extent  some 
research  along  these  lines  being  performed  at  Langley  or  at  other 
NASA  installations? 

Mr.  Low.  I don’t  believe  it  does  in  that  this  facility  is  geared  as  a 
developmental  test  facility  rather  than  a research  facility.  It  will 
take  an  existing  piece  of  hardware  and  change  it,  develop  it,  do  with 
it  what  is  necessary  to  make  it  useful,  if  it  is  not  completely  useful  at 
any  given  point  in  time. 
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The  Langley  facilities  lead  the  state  of  the  art  by  a period  of  time. 
They  research  and  develop  new  equipments  that  would  bo  used  5 or 
10  years  hence. 

Colonel  Gould.  Back  to  the  research  laboratories,  if  something 
goes  wrong  with  equipment  do  you  not  bring  it  back  and  put  it 
through  the  cycle  again  for  further  research? 

Mr.  Holmes.  Not  usually,  no.  Usually  the  research  in  these  other 
centers  is  not  that  directly  applied  to  the  development  hardware. 
In  the  manned  space  program,  we  are  not  getting  any  significant 
amount  of  development  of  hardware  from  the  other  centers,  other 
than  Houston  and  Huntsville,  and  LOC. 

Colonel  Gould.  We  were  told  that  the  function  basically  of  the 
Manned  Spacecraft  Center  was  primarily  one  of  operations  and  train- 
ing, but  there  appear  to  be  quite  a few  research  activities  being 
conducted. 

Mr.  Low.  I call  them  development  activities. 

Colonel  Gould.  Development,  not  research? 

Mr.  Holmes.  It  is  to  my  mind  the  Center  we  are  establishing  in 
the  United  States  that  has  the  U.S.  capability  to  develop  manned 
spacecraft,  and  secondary  to  that,  although  perhaps  just  as  equally 
important,  secondly  to  that  we  are  establishing  a flight  training  opera- 
tion. But  there  really  are  two  distinct  missions  and  functions  for 
Houston,  and  both  are  very  important,  I think. 

Mr.  Gurnet.  Mr.  Chairman. 

Mr.  Daddario.  Have  you  finished? 

Colonel  Gould.  Yes,  sir. 

Mr.  Daddario.  Yes,  Mr.  Gurney. 

Mr.  Gurney.  I expect  in  the  Mercury  program  we  did  a great 
deal  of  the  same  work  and  effort  which  this  Control  Technology  Labo- 
ratory is  going  to  do;  is  that  correct? 

Mr.  Low.  Not  to  nearly  the  scale  we  will  have  to  do  it  in  Apollo, 
because  Apollo  and  Gemini,  for  that  matter,  will  have  a guidance 
system  as  we  did  not  have  in  Mercury.  As  we  pointed  out  earlier, 
the  Apollo  spacecraft  and  the  Gemini  will  be  able  to  fly  through  tbeir 
own  propulsion  systems  along  guided  trajectories  that  can  be  changed 
in  the  mission,  while  Mercury  flew  along  a fixed  path,  a fixed  path  in 
space.  Tins  facility  is  geared  primarily  for  the  further  development 
of  these  guidance  and  control  systems  that  did  not  exist  in  Mercury. 

Mr.  Gurney.  And  isn’t  there  any  equipment  available  which  you 
used  in  the  Mercury  program  which  could  accomplish  this? 

Mr.  Low.  No,  sir. 

Air.  Gurney.  This  is  entirely  new? 

Mr.  Low.  There  was  no  guidance  equipment  in  the  Mercury 
program. 

Mr.  Waggonner.  This  item  of  $1.75  million  for  simulated  space 
scenery,  is  this  lor  development  of  space  scenery  or  for  purchase? 

Mr.  Low.  This  is  for  a development  contract.  I don’t  particularly 
like  the  word  “scenery.” 

Mr.  Waggonner,  That  is  what  it  says,  though. 

Mr.  Low.  I know  it  does.  That  is  a mistake  in  our  preparation. 
It  is  for  displays  of  what  astronauts  would  see  out  the  window,  the 
particular  relationship  of  the  Moon,  the  Earth  and  the  stars,  for  ex- 
ample, hy  which  he  will  navigate. 

Mr.  Waggonner.  In  other  words,  this  is  really  for  training? 


1664  NASA  AUTHORIZATION 


797 


Mr.  Low.  No,  it  is  for  the  development  of  the  guidance  equipment 
that  will  be  used  by  the  astronaut  in  making  his  navigation  corrections. 

Mr.  Waggonner.  That  is  all. 

Mr.  Daddario.  Colonel  Gould. 

Colonel  Gould.  -As  a followup  on  Mr.  Waggonner’s  question,  I 
notice  that  like  equipment  in  the  mission  simulation  and  training 
facility  is  only  $238,000.  What  is  the  difference  between  these  two 
items? 

Mr.  Low.  The  out-of-the-window  displays,  as  we  call  them,  for  the 
mission  simulation  and  training  facility  are  part  of  the  $33  million 
item  that  I mentioned  before,  the  simulators  and  trainers,  themselves. 

What  page  were  you  on  before,  Colonel  Gould,  when  you  had 
the 

Colonel  Gould.  I will  have  to  look  it  up  now.  Test  equipment 
recording  instrumentation,  which  includes  scenery,  according  to  the 
justification  on  page  CF  8-31. 

Mr.  Low.  No,  the  test  equipment  and  recording  instrumentation 
on  8-31  is  equipment  used  to  maintain  checkout,  and  so  on,  on  the 
simulator.  It  is  not  the  simulator. 

Mr.  Patten.  Why  not  take  out  the  word  “scenery”  and  call  it 
something  else  right  now? 

Mr.  Low.  Yes,  sir. 

Mr.  Patten.  You  said  you  didn't  like  it.  We  didn’t  like  it. 

Mr.  Low.  It  is  actually  simulator  space  display  equipment.  The 
word  can  be  left  out.  I will  take  it  out. 

Colonel  Gould.  Has  the  design  been  initiated  on  this  project? 

Mr.  Lilly.  No,  design  has  not  been  initiated  on  this  project. 

Colonel  Gould.  Do  you  intend  to  initiate  it  prior  to  the  end  of  the 
fiscal  year? 

Mr.  Lilly.  Yes. 

Colonel  Gould.  How  much  in  advance  design  funds  will  be  used? 

Mr.  Diaz.  $278,000. 

Mr,  Gurney.  One  further  question.  In  facilities  like  this  launch 
environment  and  mission  simulator  and  spacecraft  control — are 
we  planning  for  the  future  or  is  this  simply  a one-show  Apollo  equip- 
ment? Are  these  buildings  going  to  be  used  for  further  missions  in 
space? 

Mr.  Low.  These  buildings  will  be  able  to  be  used  for  further 
missions  in  space. 

Mr,  Gurney.  And  are  they  being  designed  with  that  in  mind? 

Mr.  Low.  Yes,  sir. 

Mr.  Gurney.  That  is  all. 

Mr.  Daddario.  Gentlemen,  those  bells  indicate  a quorum  call.  I 
have  just  one  quick  question  of  Mr.  Holmes.  Could  you  give  us  the 
present  status  of  the  Cooper  flight,  when  do  you  expect  it  will  be  going 
off? 

Mr.  Holmes.  I have  the  information,  Mr.  Chairman,  but  could  I 
do  it  privately?  NASA  has  only  announced  mid-May,  even  though 
it  has  been  reported  in  the  press  as  being  on  certain  days  like  May  7, 
and  so  forth.  If  I say  publicly  what  it  is,  I would  obviously  be  an- 
nouncing it. 

Mr.  Daddario.  We  will  leave  it  in  that  area,  somewhere  around 
mid-May. 
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Mr-  Holmes.  Yes. 

Mr.  Daddario.  The  meeting  will  adjourn  until  10  o’clock  Friday 
in  room  356  in  the  Old  House  Office  Building.  At  that  time  I would 
like  everyone  to  keep  in  mind  that  we  have  a great  number  of  items  to 
go  through,  and  we  will  try  to  proceed  with  a little  more  haste  than  we 
did  this  morning.  Thank  you,  gentlemen. 

Mr.  Holmes.  Thank  you,  sir. 

(Whereupon,  at  12:05  p.m.  the  subcommittee  adjourned,  to  recon- 
vene at  10  a.m.,  Friday,  April  26, 1963,  in  room  356,  Cannon  Building.) 
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FRIDAY,  APRIL  26,  1903 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

■ < Washington,  D.C. 

The  subcommittee  met,  pursuant  to  recess,  in  room  356,  Cannon 
Building,  at  10  a.m.,  Hon.  Olin  E.  Teague  (chairman  of  the  sub- 
committee) presiding. 

Mr.  Teague.  The  committee  will  come  to  order.  Please  proceed 
Mr.  Holmes. 

STATEMENT  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE 
ADMINISTRATOR  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 
FLIGHT,  NASA ; ACCOMPANIED  BY  WILLIAM  E.  LILLY,  DIRECTOR, 
PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT;  GEORGE 
M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS) ; R.  A.  DIAZ,  ASSIST- 
ANT DIRECTOR  FOR  FACILITIES,  PROGRAM  REVIEW  AND 
RESOURCES  MANAGEMENT,  AND  STANLEY  SMOLENSKY,  DE- 
PUTY DIRECTOR,  OFFICE  OF  LAUNCH  VEHICLES  AND  PROPUL- 
SION 

, Mr.  Holmes.  Yes,  sir.  We  are  prepared  to  start,  Mr.  Chairman. 
I believe  in  the  last  session  we  reviewed  almost  all  of  the  Facilities  for 
the  Manned  Spacecraft  Center  in  volume  IV,  part  2 of  “Construction 
of  Facilities." 

Mr.  Teague.  I think  Colonel  Gould  has  one  or  two  more  questions. 
Mr.  Holmes.  Fine.  I believe  that  we  stopped  at  CF  8-42,  the 
ultrahigh  vacuum  chamber  facility. 

Colonel  Gould.  I have  a few  more  questions,  Mr.  Holmes,  on  the 
project  for  the  Spacecraft  Control  Technology  Laboratory. 

Mr.  Holmes.  Yes,  sir. 

Colonel  Gould.  One  has  to  do  with  something  that  Mr.  Fulton 
mentioned  and  that  is  the  cost  of  the  facility  which  is  indicated  at 
$37.49  per  square  foot.  Do  you  have  any  information  with  you  that 
would  give  us  some  of  the  structural  characteristics  that  might 
support  $37.49  per  square  foot. 

Mr.  Holmes.  Yes,  I think  that  Mr.  Diaz  can  discuss  this,  Colonel 
Gould. 

Mr.  Diaz.  Yes.  The  building  i3  a three-storv  structure  45  feet 
high.  Certain  areas  within  the  building  will  have  $5-foot  clear 
ceding  heights,  other  areas  will  have  30-foot  clearance.  Special 
seismic  foundation  also  will  increase  the  cost.  These  are  some  of  the 
special  features  that  we  have  in  the  structure. 


s. 
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Colonel  Gould.  All  right.  I would  also  like  to  know  what  is 
included  in  the  Special  Projects  Laboratory  equipment  for  $646,000, 
please? 

. Mr.  Low.  The  special  projects  laboratory  is  one  of  several  labora- 

tories within  this  building.  As  we  discussed  before  the  facility  is 
used  first  for  component  testing,  then  complete  system  testing,  and 
then  complete  guidance  and  control  system  testing  within  spacecraft 
modules. 

This  total  testing  will  be  done  in  the  Special  Projects  Laboratory. 
The  equipment  witnin  this  laboratory  includes  such  things  as  static 
control  systems  test  stands,  general  purpose  electronic  test  equipment, 
control  equipment  to  tie  this  facility  in  with  the  thermochemical 
test  area,  so  that  we  can  run  hot  tests  on  reaction  control  systems, 
and  at  the  same  time  they  can  check  out  the  reaction  in  the  guidance 
system  and  similar  types  of  equipment. 

Colonel  Gould.  Has  the  design  been  started  on  this  facility? 

Mr.  Diaz.  It  will  start  next  month. 

Colonel  Gould.  What  funds  are  you  going  to  use? 

Mr.  Diaz.  $278,000  advanced  design  funds  from  fiscal  year  1903. 

Colonel  Gould.  Is  that  in  addition  to  the  $301,000? 

Mr.  Diaz.  It  is  included  therein. 

Colonel  Gould.  Included? 

Mr.  Diaz.  Yes. 

Colonel  Gould.  That  is  all  I have,  Mr.  Chairman. 

Mr.  Low.  The  next  facility,  Mr.  Chairman,  is  listed  in  volume  IV, 
part  2 of  the  budget  requests  on  pages  OF  8-42  to  8-44.  It  is  an 
ultrahigh  vacuum  space  chamber  facility  to  test  mechanical  compo- 
nents of  Apollo  spacecraft  under  higher  vacuum  conditions  than  is 
possible  in  the  larger  space  chambers.  We  are  requesting  for  this 
facility  a total  of  $2,685,000  which  includes  $68,000  for  site  develop- 
ment and  utility  installations,  $240,000  for  facility  construction  and 
modifications,  $2,051,000  for  eauipment,  instrumentation,  and  sup- 
port systems,  and  $326,000  for  design  engineering. 

The  facility  is  scheduled  to  be  ready  for  use  in  March  of  1965. 

Mr.  Teague.  Colonel  Gould. 

Colonel  Gould.  In  fiscal  year  1962,  a project  for  an  Environmental 
Testing  Laboratory  in  the  amount  of  $26.5  million  was  authorized 
which  included  a vacuum  space  chamber.  According  to  a recent 
press  release  by  NASA,  I beheve,  RCA  has  been  awarded  a contract 
lor  two  vacuum  chambers  at  Houston.  I assume  these  are  for  that 
fiscal  year  1962j>roject;  is  this  correct? 

Mr.  Low.  RCA  got  the  contract  for  the  solar  simulators  within 
‘ those  two  chambers  in  the  fiscal  1962  project. 

Colonel  Gould.  I understand  that  these  vacuum  chambers  and  the 
solar  simulators  will  be  installed  by  the  end  of  calendar  year  1964 ; 
is  this  correct? 
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Mr.  Diaz.  That  lei  correct.  . '.  * ■ 

Mr.  Lilly.  That  is  correct. 

Goloiiel  Gould.  What  is  the  relationship  between  the  Ultrahigh 
Vacuum  Space  Chamber  Facility  and  the  1962  project? 

Mr.  Low.  The  fiscal  year  1962  project  consists  of  two  large  space 
chambers  for  testing.  One  of  these  is  very  large  and  will  be  able  to 
test  the  complete  Apollo  command,  service,  and  lunar  excursion 
modules  as  a unit.  It  has  a vacuum  capability  of  10~4  millimeters  of 
mercury.  This  is  not  a very  severe  vacuum.  It  will  allow  us  to  do 
much  of  the  testing  that  has  to  be  done  for  the  Apollo  mission. 

The  smaller  chamber  in  the  fiscal  year  1962  project  has  a similar 
vacuum  capability  and  allows  additional  testing  of  men  in  the  com- 
mand module,  environmental  control  systems  testing,  and  so  on. 

The  fiscal  year  1964  request  is  for  a smaller  chamber,  only  about 
6 feet  in  diameter.  It  will  have  a capability  of  going  to  a vacuum 
that  is  about  four  times  as  high  as  the  fiscal  year  1962  project  facilities. 
We  need  this  to  test  the  mechanical  components,  for  example,  the 
landing  gear  on  the  lunar  excursion  module,  because  materials  tend 
to  change  in  these  very  high  vacuums,  and  the  new  phenomenon  that 
we  might  get  into  there  must  be  checked  out  before  we  can  accomplish 
the  mission. 

Colonel  Gould.  I noticed  recently  that  the  Bethlehem  Corp.  is 
going  to  build  a simulator  at  Goddard  in  the  near  future.  This  facility 
is  supposed  to  be  9 feet  in  diameter  by  15  feet  long,  and  with 
pressures  of  10“8.  Why  couldn’t  this  facility  at  Goddard  be  used  to 
meet  this  need? 

Mr.  Low.'  In  order  to  get  into  the  vacuum  welding  and  other 
phenomena  that  we  have  found  in  very  small  chambers  like  bell 
jars,  one  has  to  get  to  vacuum  levels  of  10““  to  10“1S,  while  the 
Goddard  chamber,  as  you  pointed  out,  only  goes  to  10“8.  I would 
like  to  point  out  that,  before  we  decided  to  request  this  facility,  we 
survevea  all  existing  facilities,  either  existing  or  being  built,  which 
included  25  chambers  within  the  Government,  77  within  industry, 
and  not  one  of  them  meets  the  criteria  that  we  must  have  for  this 
chamber. 

Colonel  Gould.  Mr  Chairman,  a recent  inventory  of  thermo- 
vacuum facilities  indicated  that  there  were  a total  of  23  in  existence 
both  in  industry  and  in  the  Government  agencies.  In  addition  to 
that,  there  are  eight  which  will  come  into  being  by  the  end  of  calendar 
year  1964,  I believe,  which  will  have  a solar  capability. 

I would  like  to  present  this  inventory  to  NASA,  and  ask  that  they 
indicate  why  these  facilities  will  not  meet  their  requirement  at 
Houston.  This  information  could  be  supplied  for  the  record.  V..'' 

ML  Teague.  Without  objection,  it  is  so  ordered. 

(The  information  requested  is  as  follows:) 


im 


802 


1094  NASA  AUTHORIZATION 


Comparison  or  Existing  ox  Plannxd  Vacuum  Cbambbxs  With  MSC  Ultra- 
Hioh-Vacuum  Spacx  Chamibbr  Facility 

Each  of  the  31  facilities  listed  in  the  attached  inventory  was  examined  with 
regard  to  its  capability  for  fulfilling  the  Apollo  spacecraft  development  require- 
ment, None  of  the  31  chambers  examined  has  the  ultra-high  vacuum  capability 
which  is  essential  for  testing  the  Apollo  spacecraft  components  under  the  extreme 
vacuum  conditions  that  will  be  encountered  during  the  Apollo  mission.  The 
testing  capability  provided  bvthe  MSC  ultra-hiigh-vacuum  space  chamber  facility 
is  absolutely  essential  in  order  to  insure  satisfactory  performance  of  the  Apollo 
spacecraft  components  under  prolonged  exposure  to  the  translunar  and  lunar 
environment. 

Inventory  of  major  thermal  vacuum  facilities  ( without  mlar  simulation) 


Location 


Site  (feet) 

(diameter  py  height) 


Operational 


Aeronutronic,  Newport  Beach,  Calif.. 
Alraaearch,  Torrance,  Calif. 


Arnold  Engineer  Development  Center,  TUlahoma,  Tenn.. 

Ball  Broe.  Research,  Boulder,  Colo 
Beach  AlrWaft, Wichita,  Kans...... 


Bell  Telephone  laboratory.  Whlppany.  N,J... 

Bendix  Systems  Division,  Ann  Arbor,  Mich 

Chance  Vought,  Dallas,  Tex ...... 


8 by  31 

18  by  IS.... .... 

7 by  13. 

lie  by  S3-... 

10  by  15..,.. — , 

10  by  30 

0 by  18 

30  by  37 

13  by  16... — 


Convatr,  San  Diego,  Calif.,  Dallas,  Tax..... 

Douglas JM88D,  Huntington  Beach,  Calif.. 

FaSSbUd.  Syosset,  N.f!! 

General  Electric,  valley  Forge,  Pa.... 

Grumman  Aircraft,  Beth  page,  N.Y — 

Hugbee  Aircraft......... — 

Lockheed,  Suaayvale,  Calif. 

McDonnell  Aircraft,  flt.  Louis,  Mo ... 


NASA,  Goddard  Space  Flight  Center,  Greenbelt,  Md. 
NASA,  JPL,  Pasadena,  Calif— 


NASA,  Langley  Beseech  Center,  Lesley.  Va — -• — ... 
, North  American  Aviation,  El  Segondo,  Calif, — .. — .. 

RCA  Space  Center,  Princeton,  NJ 

Republic  Aviation,  Farm lngd ale,  N.Y. — • ' 

Wrlght-Patterson  AFB,  Dayton,  Ohio..... 


,13  by  16. 

80-foOt  tphere 

18  by  18  by  14. .... 

(8)  80-foot  sphere — 

18  by  30...... 

16  by  38. ..... 

30  by  30-.. 

80  by  88...... 

188  by  60.. ..... 

18  by  80............. 

(13  by  18.. .... — 

7 by  13 ...... 

88  by  68. ..... 

18  by  37..-. 

36  by  30 

18  by  18.. ..... 

8 by  38 


Mid-1968. 

M Id-1868. 
1868. 


|l868. 


Mid-1868. 


Inventory  of  major  space  timulatort  (with  tolar  capability ) — tolar  timvlation  capability 


Objective  (warn  atse. 
Intensity 


2.  Omani  Electric  Co.,  Valley  Tores,  Pa. 


4 feet  by  Steal,  1J0  watte  par 


ILLY 


'■r«  ■ 


■f 


Inventory  of  major  space  simulators  ( with  solar  capability) — solar  simulation  capability 


Location  and  dimensions 

:TypeoI  system  ... 

Objective  beam  size, 
intensity  , 

At  present  site 

1.  AEDC,  Air  Force,  Tullahoma,  Teen.;  43 
feet  diameter  by  75  feet  high. 

Horizontal  beam,  modular  carbon  are 
system  bee  been  tatveetigtttod  by 
RCA  far  Air  Force. 

30  feet  wide  by  40  feet  high; 
ISO  watts  per  aqnare  toot. 

Not  built  yet 

3.  General  Electric  Co.,  Valley  Forge,  Pa.; 
33  feet  diameter  by  M feet  h igh  . 

Vertical  down  beam,  off  axis,  virtual 
source,  quadriaected  parabola,  148, 
SdcflQwatt  xenon  lamp*. 

30  feet  diameter;  130  watte 
per  square  foot. 

30  feet  diameter; 
80  watt*  per 
square  foot. 

3.  Hughe*  Aircraft,  Culver  City,  Calif.;  13  fact 
diameter  by  28  feet  high. 

Similar  O.E*  system,  off  axis,  2.5-kilo- 
watt xenon  v mercury-xenon  lamps. 

8 feet  diameter;  130  watte 
per  square  foot. 

Not  built  yet 

4.  NASA  Goddard  8FC,  Greenbeit,  Md 

Vertical  down  beam,  modnlar  pro- 
jection, about  1,351  module*  each 
3.3-kUow»tt  mercury-xenon  lamp. 

18  feet  diameter;  ISOrlus 
watts  per  square  foot. 

• ..lift.  _-T'  - - 

A NASA  Jet  Propulsicn  Laboratory,  Paeadcnt, 
1 , Call!  . • ' ■ ■ : 

6.  NASA  Manned  Spacecraft  Center,  Houston, 
Tex.,  chamber  A,  65  feet  diameter  by  130 
■ feetbigb.  : 

Vertical  down  beam,  off  axle,  virtual 
how  131  IMflowiitt  mercury- 
xenon  lamps  (modified  from  art-axis 
system). 

Vertical  down  beam  and  bcriaontal 
beam  RCA  modular  carbon  arc 
prelection  system. 

10-foot  diameter,  300  watts 
per  square  foot. 

13-toot  diameter,  13  feet  wide, 
by  40  feet  iOgb,  130  watts 
per  square  fast. 

5 feet  diameter, 

170  watte  per 
square  faot. 

Nolt  buflt  yet...- 

9 Vi  AA  UnfwaA  flemmwaft  fWifat  IlftniK'Wi 

Horiaontal  beam  and  vertical  beam 
ultimate  RCA  modular  carbon  are 
projection  system. 

Initial  beam  6-feot  diameter, 
130  watts  per  square  foot. 

Tex.,  etoaber  B,  35  feet  dfamater  by  « 
feetfifafe. 

A Space  Technology  Laboratories,  Loe  Angeles, 
CaUl 

" i'  - • ■;  : ..v  , 

Modular  carbon  arc  vyatem  with  para- 
dc  coilimate  mirrors  Inside  ebam- 

' 1MT.  ■' 

4 feet  by  8 feet,  130  watte  per 
square  toot. 

.do .... 

Status  remarks 


Baric  facility  contract  did  not  include 
solar.  Final  solar  system  has  not 
been  selected.  Estimated  avail- 
ability, calendar  year  1966. 

Flan  to  upgrade  primary  mirror  sec- 
tions to  improve  intensity  and  uni- 
formity. ^Estimated  availability, 
late  calendar  year  IMS  or  early  1064. 

Initial  Contract  terminated  with  Spec- 
tre Laboratory  because  Inability  to 
meet  performance.  Estimated  avall- 
abOity.  calendar  yearlM4. 

Becent  M~H  prototype  teeta  very  en- 
eouragiiur.  Earliest  contractors  estl- 
mate  1*  November  IMS.  Eetimited 
availability  far  operation,  calendar 
year  1MW,  let  quarter. 

Plan  to  upgrade  in  next  8 to  13  montbe 
to  obtain  390  watts  par  square  loot 
or  more  and  inereaee  also  to  g to  io 
diameter  with  ISO  to  300  watts  range. 

Contract  recently  awarded  to  RCA. 
Bring,  designed*  JmtaUaUooached- 
ule  to  December  1M4.  Estimated 
operational  scbedule  calender  year 

Same  status  as  chamber  A.  (10~* 
tore).  Note:  An  uMs»3itgii-v«®mm 
Camber  lor  10-**  to  10-*»torr  with  6- 
toot  solar  beam  fa  In  OF  flaoal  yetr 
ItMbndget. 

Dcrign  detaiiinot  released.  Awaiting 
dayafapenent  mailer  system  neSa g 
sum  principle.  EatesssttKS  swiM- 
ability  calendar  year  1664. 


sf 
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Colonel  Gould.  Has  the  contract  for  construction  of  the  Environ- 
mental Testing  Laboratory  authorized  in  fiscal  year  1962  been 
awarded?  ' • , 

Mr.  .Diaz.  The  contract  for  the  laboratory  itself  has  not  been 
awarded  as  yet. 

Colonel  Gould.  When  do  you  anticipate  that  it  will  be  awarded? 

Mr.  Diaz.  It  is  anticipated^  that  it  will  be  awarded  this  summer. 

Colonel  Gould.  What  is  the  construction  lead  time? 

Mr.  Low.  Our  scheduled  operational  date  for  fiscal  year  1962  facili- 
ties is  February  1965,  with  joint  occupancy  starting  in  September  1964. 

Colonel  Gould.  If  this  facility  is  approved  as  part  of  the  fiscal 
year  1964  program,  will  this  be  constructed  as  a modification  to  the 
fiscal  year  1962  project  or  as  a separate  contract? 

Mr.  Diaz.  That  has  not  been  determined  as  yet,  but  it  very  likely 
will  he  constructed  as  a modification  to  the  contract  for  the  fiscal  year 
1962  project  that  will  be  under  construction  at  that  time. 

Colonel  Gould.  This  is  an  addition  to  the  building? 

Mr.  Diaz.  That  is  correct. 

Colonel  Gould.  Has  design  started  on  the  fiscal  year  1964  item? 

Mr.  Diaz.  It  has  not,  We  will  start  next  month. 

Colonel  Gould.  Do  you  intend  to  use  fiscal  year  1963  advance 
design  funds? 

Mr.  Diaz.  Correct. 

Colonel  Gould.  How  much? 

, Mr.  Diaz.  $307,000. 

Colonel  Gould.  Is  that  included  in  the  total  of  $326,000  shown  on 
page  CF  8-4? 

Mr.  Diaz.  It  is  included. 

Colonel  Gould,  That  is  all  I have  on  that  project,  Mr.  Chairman. 

Mr.  Low.  The  next  facility  I would  like  to  discuss,  Mr.  Chairman, 
is  listed  under  various  locations  on  page  CF  13-36  and  following 
pages.  It  is  a lunar  excursion  module  test  facility  at  the  White  Sands 
Missile  Range. 

Mr.  Teague.  CF  13-38? 

Mr.  Fuqua.  What  book  is  that  in? 

Mr.  Low.  Volume  IV,  part  2,  CF  13-36,  under  “Various  Loca- 
tions.” 

As  you  know,  Mr.  Chairman,  using  fiscal  year  1963  funds  we  have 
started  construction  of  a facility  at  White  Sands  to  test  the  propul- 
sion system  of  the  service  module  of  the  Apollo  spacecraft.  Adjacent 
to  this  facility  in  the  same  area  we  are  requesting  funds  to  build  a 
facility  to  test  the  propulsion  systems  of  the  lunar  excursion  module. 

For  this  facility  we  are  requesting  $15  million,  including  $1,732,000 
for  site  development  and  utility  installations,  I am  now  on  page  CF 
13-41.  ~ V;.  : • ■ 

As  I mentioned  $1,732,000  for  site  development  and  utility  installa- 
tions; $6,982,300  for  facility  construction  and  modification;  $5,019,700 
for  equipment,  instrumentation,  and  support  systems  ; and  $1,266,000 
for  design  engineering,  for  a total  of  $15  million. 

This  facility  and  the  facility  in  the  1963  budget  for  the  command 
and  service  modules  are  being  constructed  under  the  auspices  of  the 
Corps  of  Engineers. 

Mr.  Teague.  Any  questions,  Colonel? 

Colonel  Gould.  Yes,  sir. 
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In  the  fiscal  year  1963  program,  a Lunar  Landing  Simulation  Facil- 
ity was  authorized  in  the  amount  of  $6.5  million.  Subsequent,  to  the 
enactment  of  the  law,  I understand,  it  was  deleted  by  NASA.  I 
assume  that  this  deletion  was  occasioned  by  your  change  from  Nova 
to  the  LOR  concept,  is  this  correct? 

Mr.  Low.  This  facility  was  planned  for  Houston  and  our  further 
planning,  including  the  lunar  orbit  rendezvous  design,  dictated  that 
we  should  delete  this  facility. 

Colonel  Gould.  Since  the  $6.5  million  that  was  justified  is  more  or 
leas  analogous  to  the  type  of  facility  that  is  proposed,  why  couldn’t 
this  previous  authorization  be  applied  against  the  $15  million  require- 
ment for  fiscal  year  1964. 

Mr.  Low.  It  was  an  entirely  different  facility.  This  is  a propulsion 
test  facility.  The  fiscal  year  1963  requirement  was  a flight  simulation 
facility  for  astronaut  training. 

Perhaps  Mr.  Lilly  would  like  to  add  to  this  answer. 

Mr.  Lilly.  As  you  know,  Colonel  Gould,  we  in  the  Office  of  Manned 
Space  Flight  were  faced  with  the  situation  of  an  authorization  from 
this  committee  of  approximately  $582  million  against  which  we  had 
cash  to  apply  of  approximately  $535  million.  The  $6.5  million  for 
this  facility  was  applied  to  other  facility  requirements  that  we  had, 
such  as  the  Mission  Control  Center,  the  S-II  stage  facilities,  and  other 
items  that  had  not  been  budgeted.  , 

Colonel  Gould.  During  a briefing  by  the  North  American  Aviation 
Go.  in  California  recently,  this  committee  learned  that  approximately 
$10  million  of  R.  & D.  funds  under  North  American’s  contract  is  being 
spent  for  the  construction  of  test  and  ancillary  facilities  at  the  White 
Sands  Proving  Grounds.  Is  this  $10  million  the  same  funds  that  you 
referred  to  as  1963? 


Mr.  Low,  Yes.  And  since  that  time  we  have  changed  our  method 
of  operation  in  that  this  facility  will  not  be  constructed  under  North 
American’s  contract,  and  North  American  supervision,  but  will  be 
constructed  under  Corps  of  Engineers  supervision,  directly  for  NASA. 

Colonel  Gould.  Well,  in  a paper  released  by  NASA  on  February  21 , 
1963,  there  was  an  indication  that  the  North  American  organization 
had  already  proceeded  with  some  of  this  construction.  How  much 
was  spent  before  you  made  the  determination  to  change  the  method  of 
getting  this  work  done? 

Mr.  Low.  The  work  that  was  done,  I will  have  to  get  the  exact 
number  for  the  record,  but  the  work  that  was  done  under  North 
American  subcontract  was  done  by  the  Parsons  Co.  Engineering 
Services.  This  contract  has  now  been  transferred  to  the  Corps  of 
Engineers, 

The  Corps  of  Engineers  is  managing  this  contract  now.  It  is  a 
continuation  of  the  same 'subcontract,  though. 

Colonel  Gould.  This  would  just  be  a change  in  contracting  officers, 
then,  rather  than  a termination  of  one  contract  and  award  to  another? 

Mr.  Diaz.  That  is  correct. 

Mr.  Low.  That  is  correct,  a change  in  the  contracting  management 
and  supervision. 

Colonel  Gould,  Are  there  any  facilities  still  included  in  the  North 
American  contract? 

Mr.  Low,  Not  at  White  Sands. 

Colonel  Gould.  Are  there  at  Downey? 
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Mr.  Low.  Yes,  At  Downey. 

Colonel  Gould.  Would  you  repeat  again,  please,  how  much  of 
these  R.  & D.  funds  are  being  transferred  for  this  construction  at 
White  Sands? 

Mr.  Lilly.  The  figure  is  $9,084,000. 

Colonel  Gould.  And  that  is  in  addition  to  this  $15  million  that  is 
being  requested  from  construction  funds  for  fiscal  year  1964? 

Mr  Diaz.  That  is  correct. 

Mr.  Low.  This  is  for  two  different  parts  of  the  facility,  though,  the 
fiscal  1963  funds  at  White  Sands  were  for  the  command  and  service 
module  test  facility.  The  fiscal  1964  funds  are  for  the  lunar  excursion 
module  test  facility. 

Colonel  Gould.  Do  you  happen  to  have  a large  blowup  of  the  site 
area  so  you  can  explain  this  to  us,  please?  It  is  a little  confusing  as 
to  what  is  to  be  done  with  the  $15  million  you  are  requesting,  and 
what  work  i»  already  underway. 

Mr.  Low.  I don’t  nave  such  a blowup  with  me. 

Mr.  Holmes.  We  can  provide  one  if  you  would  like  one.  It  would 
show  them  separately  located,  of  course,  but  I think  that  the  main 
point  is  that  in  our  present  plan  and  funding  that  is  authorised  we  are 
trying  to  test  the  service  module,  which  as  you  know  is  the  module 
which  lets  us  deboost  into  lunar  orbit  and  also  take  off  from  lunar 
orbit,  Whereas  this  facility  request  is  for  the  bug  in  the  testing  of  both, 
its  descent  and  ascent  engines. 

Colonel  Gould.  Would  you  provide  for  the  record  a statement  that 
will  show  the  relationship  of  these  two  facilities  in  detail? 

Mfc  Holmes,  Yes,  sir. 

(The  information  requested  is  as  follows:) 

Two  propulsion  testing  facilities  in  support  of  the  Apollo  lunar  landing  program 
are  planned  to  be  constructed  at  the  White  Sands  Missile  Range.  The  first,  or 
phase  I facility,  will  be  used  for  the  service  module  «s§ine  tests  and  the  second, 
or  phase  II  facility,  will  be  Used  for  the  lunar  exclusion  module  engine  and  vehicle 
hover  tests. 

These  two  facilities  are  planned  to  be  constructed  on  White  Sands  Missile 
Range  property  located  on  the  western  side  of  the  San  Andres  Mountain  Range, 
approximately  8 miles  north  of  Organ,  N.  Mex.  This  property  consists  of  an 
area  approximately  10  miles  by  8 miles  and  by  a NA8A/DOD  agreement  has  been 
assigned  to  NASA  for  use  as  a propulsion  testing  area. 

The  phase  I facility  was  funded  in  fiscal  year  1968  for  89,084,000  and  Includes 
a test  area  and  administrative  area.  The  test  area  will  include  two  teat  stands 
for  tasting  the  service  module  engine;  one  control  center  for  controlling  the  tests 
on  both  standi;  two  ground  eontrof  centers,  one  adjacent  to  each  test  stand  to 
house  certain  control  equipment;  a preparation  building  for  preparing  the  space- 
craft  modules  for  delivery  to  the  test  stands;  a propellant  and  cryogenic  storage 
area  for  efficient  storage  and  transfer  of  propellants  and  cryogenics  to  the  test 
stands;  and  supporting  utilities:  water,  sewaxe,  electrical  roads,  parking.  The 
administrative  area  wui  include  an  office  buDding  for  use  by  NASA  and  con- 
tractor personnel,  a fire  station  for  protection  of  the  entire  area,  a cafeteria,  and 
certain  other  support  buildings  for  storage  and  maintenance. 


The  phase  II  facility  is  the  proposed  fiscal  year  1964  lunar  excursion  module 
(LEM)  teat  facility  at  an  estimated  oost  of  615  million.  This  facility  wifi  be 
loeated  approximately  1 mile  from  the  phase  I facility  to  enable  simultaneous 
testing  on  both  the  phase  1 and  phase  II  test  stands.  This  facility  wifi  provide  a 
LEM  propulsion  testing  area  and  an  area  for  conducting  tethered  and  hover 
flight  test a of  the  LEM.  The  propulsion  testing  area  wifi  include  four  test  stands 
for  testing  the  lunar  touchdown  engine  and  the  lunar  takeoff  engine,  elong  with 
oombined  systems  testing  when  in  a mated  position;  a control  center  for  controlling 
the  tests  on  all  stands  and  the  flight  tests ; four  ground  control  centers,  one  adjacent 
to  each  teat  stand  to  house  certain  control  equipment:  a preparation  building  for 
preparing  the  lunar  excursion  module  for  delivery  to  the  test  stands;  flight  testing 
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area  to  be  used  for  testing  the  lunar  excursion  module  in  restrained  flight;  sup- 
porting utilities,  extension  of  the  propellent  system  and  the  cryogenic  system 
from  the  phase  I storage  area  to  the  test  stands;  additions  to  the  phase  I ad- 
ministrative area  to  accommodate  additional  phase  II  personnel;  and  requirements 
forphase  II  storage  and  maintenance. 

The  phase  I and  phase  II  test  stands  will  be  designed  for  the  specific  engines 
and  configuration  of  the  respective  modules;  that  is,  the  service  module  ana  the 
lunar  excursion  module.  The  test  stands  are  sited  to  permit  concurrent  tests  to 
be  conducted  on  all  stands.  The  total  area  and  total  operational  and  testing  re- 
quirements have  been  studied  in  determining  the  minimum  facilities  to  be  con- 
structed and  in  arriving  at  the  most  economical  arrangement.  These  studies 
have  resulted  in  a common  propellent  and  cryogenic  storage  area;  a common  ad- 
ministrative area;  common  security,  storage.  an\d  maintenance  areas;  common  fire 
protection  system;  and  minimum  integrated  road  and  utility  systems. 

Colonel  Gould.  How  many  NASA  personnel  and  how  many  con- 
tractor personnel  will  operate  these  facilities  for  which  you  are  request- 
ing $15  million  this  year? 

Mr.  Low.  The  totai  personnel  expected  to  be  in  the  White  Sands 
area  is  321  at  the  end  of  this  calendar  year,  985  at  the  end  of  calendar 
year  1964,  and  about  1,000  in  1965  and  1966.  The  NASA  comple- 
ment there  will  be  relatively  small,  70  people  in  1963,  building  up  to 
100  or  150.  The  remaining  people  will  be  contractor  people  for 
North  American,  for  Grumman,  and  from  General  Dynamics,  Uonvair 
Division,  who  will  launch  the  Little  Joe  II  launch  vehicle  in  another 
area  at  White  Sands  Missile  Range. 

Colonel  Gould.  I reviewed  this  estimate  and  it  appears  that  it  was 
very  preliminary  in  nature  when  it  was  put  into  the  book.  Do  you 
have  a mere  refined  estimate  at  this  time? 

Mr.  Lilly.  We  do  not  at  this  time.  The  criteria  for  this  facility 
will  not  be  completed  until  next  month. 

Colonel  Gould.  Have  you  started  design  on  this  $15  million 
requirement? 

Mr.  Diaz.  No,  sir,  we  have  not. 

Colonel  Gould.  Do  you  intend  toNbefore  the  fiscal  year  1964 
program  is  acted  upon? 

Mr.  Diaz.  Yes,  sir,  we  intend  to  start  design  about  the  middle  of 
June* 

Colonel  Gould.  Using  fiscal  year  1963  advance  pfenning  funds? 

Mr.  Diaz.  We  have  $500,000  advance  planning  funds  for  this 
facility. 

Colonel  Gould.  Is  that  $500,000  included  in  the  $1,266,000  shown 
on  CF  13-42? 

Mr.  Diaz.  Yes,  sir. 

Colonel  Gould.  What  is  the  latest  date  that  this  facility  is  needed? 

Mr.  Low.  October  1964, 

Colonel  Gould.  What  are  your  construction  and  design  leadtimes? 

Mr.  Low.  We  figure  on  12  months  for  construction. 

Colonel  Gould.  It  is  going  to  be  tight,  isn’t  it? 

Mr.  Low.  It  is.  Very  tight. 

Colonel  Gould.  The  Control  Center  is  estimated  at  $66  a square 
foot.  Can  you  explain  the  reason  for  that  high  cost  or  do  you  nave 
enough  information  yet  to  analyze  this  cost? 

Mr.  Diaz.  We  do  not  have  enough  information  at  the  present 
time  to — — 

Mr.  Holmes.  I would  like  to  correct  that.  If  we  are  putting  it  at 
$66  there  must  be  some  basis  for  it  and  I would  like  to  see  the  basis 
in  the  record,  either  that  or  change  the  estimate. 
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Mr.  Lilly.  The  apparent  high  cost  per  square  foot  is  due  to  the 
blast  protection  construction  that  is  required  and  the. specialized  me- 
chanical filtering  system. 

Mr.  Holmes.  Isn't  this  a thick  wall? 

Mr.  Diaz.  It  will  be  a heavy  blast  wall. 

Mr.  Fulton  of  Pennsylvania.  Before  you  leave  that,  Mr.  Chairman, 
at  our  last  meeting  I asked  NASA  to  provide  for  the  record  an  expla- 
nation of  the  costs  per  square  foot  of  all  the  buildings  and  to  justify 
the  differences.  That  should  apply  to  every  such  facility,  not  just  the 
ones  I mentioned  previously. 

Mr.  Holmes.  Yes,  Mr.  Fulton.  You  did  request  that  data  and 
we  will  provide  the  information. 

Mr.  Fulton  of  Pennsylvania.  If  we  could  have  that  for  the  record, 
I would  appreciate  it. 

(The  information  referred  to  is  contained  in  appendix  A.) 

Colonel  Goulo.  You  are  asking  for  an  addition  to  the  administra- 
tion building;  does  an  administration  building  exist  at  the  present 
time? 

Mr.  Low.  This  is  additional  door. space  to  the  administration  build-, 
ing  currently  planned  in  the  fiscal  year  1963  budget. 

Colonel  Gould.  Does  this  $15  million  requirement  constitute  the 
total  cost  of  all  known  requirements  for  this  activity? 

Mr..  Low.  To  the  best  of  my  knowledge,  yes. 

Colonel  GouLd.  In  other  words,  there  will  be  no  requirements 
beyond  fiscal  year  1964  as  you  see  it  now? 

Mr.  Low.  We  have  not  identified  any  as  yet. 

Colonel  Gould.  That  is  all,  Mr.  Chairman. 

Mr,  DaddArio.  Any  questions? 

Mr.  Fulton  of  Pennsylvania.  Yes, 

Mr.  Daddario.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  When  we  are  talking  of  construction 
costs  we  should  have  comparable  cost  figures  as  to  the  type  of  building, 
the  area,  and  the  wage  costs  for  the  area.  Likewise,  we  should  have 
comparable  cost  figures  on  fencing,  electrical  systems,  sewerlines, 
and  things  of  that  type,  so  that  we  nave  a method  of  comparison  and 
correlation  of  these  ngures. 

Mr.  Daddario.  Is  it  possible  for  you  to  take  into  consideration 
the  kind  of  buildings  involved  to  arrive  at,  these  comparisons,  so 
to  speak?  There  are  no  similar  type  buildings  in  the  area,  are  there? 

Mr.  LiLly.  This  will  be  possible  in  certain  cases  on  such  structures 
as  administration  buildings  and  warehouses,  but  I don’t  think  it  will 
be  possible  on  test  stands  and  otheOtructures  of  this  nature. 

Mr.  Daddario.  But  you  could  prepare  comparisons  probably  by 
following  Mr.  Fulton’s  suggestions  involving  wage  scales,  and  that 
kind  of  thing.  We  could  then  figure  out  pretty  well  what  the  situa- 
tion is.  Would  you  agree  with  that? 

Mr.  Fulton  of  Pennsylvania,  Yes,  that  is  fine. 

Mr.  Fuqua.  Along  the  same  lines,  here  is  one  for  a warehouse 
building  at  $15  per  square  foot.  I am  no  builder,  but  from  my 
knowledge  of  building  this  seems  to  be  a little  excessive  even  for  a 
-home.  I think  you  should  have  these  things  in  here  so  we  can  compare 
it.  It  seems  to  me  the  cost  is  a little  excessive  in  these  areas  that  I 
am  familiar  with.  V,- 

Mr.  Lilly.  We  will  be  glad  to. 
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Mr.  Fuqua.  The  administration  building  and  warehouse. 

Mr.  Lilly.  This  particular1  one  was  based  on  the  cost  of  other 
warehouses  built  at  the  White  Sands  Missile  Range.  ^ ^ : y 

Mr.  Low.  One  of  the  problems  at' many  of  these  facilities  is  that 
we  must  provide  humidity  control,  dust  control,  and  so  forth,  to 
control  the  entire  environment  and  this  makes  the  building  somewhat 
more  expensive. 

Mr.  Fulton  of  Pennsylvania.  Those  things  should  be  separated. 
Simply  to  call  it  a warehouse  building '{■■■■ 

Mr.  Holmbs.  I think  if  we  do  what  you  asked  and  justify  through- 
out the  dollars  per  square  foot,  that  it  ought  to  answer  most  of  these 
questions. 

Mr.  Fulton  of  Pennsylvania.  Yes;  I think  it  Would,  and  that  is 
why  I have  asked  for  it. 

Mr.  Teague.  Any  further  questions? 

Mr.  Bell.  No  questions. 

Mr.  Teague.  Colonel  Gould?  v 

Colonel  Gould.  No,  sir;  that  is  all. 

Mr.  Low.  Mr.  Chairman,  there  is  one  additional  facility, used  in 
the  spacecraft  testing  and  development,  and  this  is  a spacecraft 
checkout  facility  located  at  the  Launch  Operations  Center  at  Cape 
Canaveral;  I would  prefer  to  defer  discussion  of  this  facility  until  we 
cover  the  Launch  Operations  Center  complex  and  then  treat  this  as 
one  of  the  facilities  within  that  complex,  if  that  is  all  right. 

Mr.  Teague.  It  is  all  right. 

Mr. -Fulton  of  Pennsylvania.  As  a person  interested  in  mathe- 
matics, it  always  has  struck  me  as  unusual  when  you  come  up  with  so 
many  items  and  hit  an  exactly  even  figure  of  $15  million  with  six 
zeros.  Who  is  tpe  genius  that  computed  that?  Might  they  have 
started  with  the'  $15  million  and  gone  back,  or  is  it  just  a general 
estimate?  If/this  is  so,  I think  we  should  know  it. 

Mr,  Lilly.  This  particular  estimate,  as  I said  a while  ago,  was  pre- 
pared without  any  advance  design  information.  Therefore,  the  esti- 
mateis  based  on  engineering  judgment.  We  will  always  find  that  the 
last  three  numbers  m the  budget  book  are  zeros,  since  all  estimates  in 
the  budget  are  rounded  to  the  nearest  thousand. 

Mr.  Fulton  of  Pennsylvania.  Yes;  but  this  really  is  hitting  a peak 
when  you  get  six  zeros  in  so  many  figures. 

Mr.  Teague.  All  right. 

Mr.  Holmes.  I would  suggest,  Mr.  Chairman,  that  we  return  to 
the  R.  & D.  part  of  the  fiscal  year  1064  budget  book.  I believe  we 
have  finished  the  manned  spacecraft  systems,  both  R.  AD.  portion 
and  supporting  facilities,  with  the  exception  of  those  located  at  the 
Launch  Operations  Center,  and  I believe  we  are  then  at  page  RD02-1 
which  will  start  the  justification  of  the  request  for  funds  for  launch 
vehicle  and  propulsion  systems.  That  is  in  volume  II  of  our  fiscal 
year  1964  budget  book. 

Mr.  Yeager.  Mr.  Chairman,  may  I ask  a question  before  we  go 
to  that? 

Mr.  Teague.  Mr.  Yeager. 

Mr.  Yeager.  I have  a question  on  the  supporting  research  and 
technology  table  that  you  had  on  page  4 of  volume  V. 

Mr.  Holmes.  Yes,  sir. 
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Mr.  Yeager.  The  fourth  item  from  the  bottom  is  meteorites  and 
micrometeorites  and  the  figure  of  $100,000.  Now  scattered  through- 
out, in  the  other  offices  such  as  the  Office  of  Space  Science  and  Office  of 
Advanced  Research  and  Technology,  there  are  seven  or  eight  different 
items  amounting  to  around  $8  million  or  $6  million  which  also  deal 
with  meteorites  and  micrometeorites.  Can  you  explain  what  is  the 
difference  between  your  $100,000  program  and  those  being  handled 
by  t]he  other  offices?  The  day  before  yesterday  in  the  Office,  of  Space 
Sciences,  Dr.  Newell  indicated  that  this  was  something  that  they 
would  probably  take  over  and  do  for  you,  and  that  you  are  now  in 
discussion  with  them.  - 

Mr.  Holmes.  There  are  various  aspects  of  meteorites  and  micro- 
meteorites. There  is,  of  course,  the  aspect  of  determining  just  the 
density  of  meteorites  is,  their  energies,  and  we  are  doing  various 
things  to  determine  these  factors.  But  also  particularly  related  to 
the  spacecraft  technology,  and  Mr.  Low  may  want  to  add  to  this,  is 
the  study  of  what  does  one  do  to  protect  a spacecraft  against  the 
impact  of  these  micrometeorites.  There  are  techniques  such  as 
having  an  absorbent  protective  coating  that  would  absorb  the  shock 
rather  than  penetrate  the  shell. 

There  are  studies  of  making  the  protective  shell  strong  enough  so 
that  it  will  prevent  penetration.  There  are  studies  as  to  what  kind 
of  a blast  one  might  get  if  one  of  these  high-speed  particles  penetrated 
a pressure  shell  that  had  an  environment  of  oxygen. 

Would  you  like  to  add  to  that,  Mr.  Low? 

Mr.  Low.  No;  this  is  exactly  the  answer.  Under  the  supporting 
technology  tasks  we  are  carrying  specific  tasks  to  test,  in  this  case, 
Apollo  or  Gemini  spacecraft  structures  with  meteorite  impacts,  as 
opposed  to  the  general  effect  to  determine  what  is  the  meteorite 
environment. 

Mr.  Yeager.  Are  you  certain  in  your  own  mind  that  this  is  not 
something  that  is  being  handled  in  the  other  offices  under  their  micro- 
meteorite-meteorite  program? 

Mr.  Low.  Absolutely,  in  that  before  we  start  any  one  of  these 
tasks,  we  must  get  a signoff  from  the  Office  of  Advanced  Research 
and  Technology,  which  is  the  focal  point  for  all  the  meteorite  studies. 

They  are  comparing  this  with  all  other  studies. 

Mr.  Yeager.  There  are  two  other  items  on  this  page  that  I would 
like  to  ask  you  about;  that  is,  the  item  on  space  chemistry  in  the 
amount  of  $250,000,  and  also  the  item  on  geodesy  and  celestial 
mechanics  in  the  amount  of  $590,000.  The  Office  of  Space  Sciences 
is  devoting  $1,232,000  to  space  chemistry  and  something  like 
$6,500,000  to  geodesy  and  celestial  mechanics.  Can  you  describe 
how  your  activities  differ? 

Mr.  Low.  The  item  on  space  chemistry  for  $250,000  is  a study  of 
the  interaction  of  materials  in  the  Apollo  spacecraft,  or  external  to 
the  Apollo  spacecraft,  interactions  of  these  materials  with  the  space 
environment,  how  do  these  particular  materials  react?  Under  geodesy 
and  celestial  mechanics  we  nave  a number  of  contracts  for  the  prepa- 
ration of  lunar  charts  and  displays  to  be  used  by  the  astronauts  in 
the  spacecraft.  This  is  the  actual  preparation  of  the  mapping  charts, 
star  charts,  lunar  charts,  that  will  form  part  of  the  displays,  part  of 
the  map  system  that  the  astronauts  will  carry  on  the  missions. 
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We  found,  for  example,  in  Project  Mercury,  even  though  there  are 
untold  numbers  of  maps  of  the  Earth,  we  had  special  maps  prepared 
for  the  astronauts  to  carry  for  their  purposes  in  Earth  orbit.  This 
is  a similar  type  task  here. 

Mr.  Yeager.  That  is  all,  Mr.  Chairman,  thank  you. 

Mr.  Teague.  All  right.  We  go  to  RDOC-1. 

Mr.  Holmes.  Mr.  Chairman,  we  have  Mr.  Stanley  Smolensky  with 
us  here  this  morning.  He  is  the  Deputy  Director  of  our  Office  of 
Launch  Vehicles  and  Propulsion  in  the  Office  of  Manned  Space  Flight, 
and  he  is  prepared  to  testify  on  this  particular  section  of  our  request. 

(The  biography  of  Mr.  Smolensky  follows:) 

Stanlzt  M.  Smolensky 

Stanley  M.  Smolensky  has  been  Deputy  Director  of  Launch  Vehicles  and 
Propulsion,  Office  of  Manned  Space  Flight,  NASA  Headquarters,  since  August  27, 

Prior  to  joining  NASA  he  was  general  manager  pf  a division  with  Thiokol  Chemi- 
cal Carp.,  Bristol,  Pa.  From  1057  to  1959,  Mr.  Smolensky  was  Hawk  program 
coordinator  and  Hawk  field  support  manager  for  Raytheon  Co.,  Andover,  Mass. 
He  was  With  U.8.  Army  Ordnance  from  1941  to  1955  and  from  1949  to  1955 
Smolensky  was  assigned  to  guided  missile  activities  with  Army  Ordnanoe.  He 
holds  the  rank  of  lieutenant  colonel. 

Mr.  Smolensky  was  born  April  29,  1918,  in  Cleveland,  Ohio.  He  attended 
schools  at  Garfield  Heights,  Ohio,  and  studied  at  the  Massachusetts  Institute  of 
Technology  from  1938  to  1941,  receiving  a bachelor  of  science  degree  in  1941.  He 
returned  to  MIT  from  1946  to  1948  and  reoeived  a master’s  of  dsfenoe  degree. 

Mr.  Smolensky’s  military  service  includes  campaigns  in  North  Africa,  Salerno, 
Ansio,  and  southern  France.  He  holds  the  Bronse  Star  and  Commendation 
Ribbon.  His  postwar  Army  service  includes  2 yean  spent  in  Yugoslavia. 

Mr.  Smolensky  has  specialised  in  servomechanisms  and  fluid  mechanics.  He  is 
a member  of  the  Institute  of  Radio  Engineers,  American  Rocket  Society,  American 
Management  Association,  Army  Ordnance  Association,  and  Air  Force  Association. 

Mr.  Smolensky  is  married  to  the  former  Clare  Lamb.  They  have  two  children 
and  live  at  832  South  Royal  Street,  Alexandria,  Va. 

Mr.  Smolensky.  Good  morning. 

Mr.  Chairman,  prior  to  starting  this  group  I have  a chart  which 
indicates  the  configurations  of  the  various  vehicles.  Mr.  Gurney 
had  asked  for  that  at  one  time. 

Mr.  Holmes,  May  we  submit  this  as  part  of  the  record,  Mr. 
Chairman? 

Mr.  Teague.  Yes. 

Mr.  Holmes,  I think  it  would  be  interesting. 

Mr.  Teague.  Without  objection,  it  will  be  so  included. 

Mr,  Smolensky.  Mr.  Chairman,  I would  like  to  call  the  attention 
of  the  group  to  this  chart,  which  indicates  the  new  nomenclature.  It 
also  wul  serve  to  orient  you  throughout  the  hearings.  The  Saturn  I 
was  previously  designated  the  C-l ; the  Saturn  IB,  was  previously 
called  the  C-lB,  and  the  Saturn  V was  termed  the  Advanced  Saturn. 

Mr.  Fulton  of  Pennsylvania.  Will  you  say  that  again,  please? 

Mr.  Bell.  A little  slower. 

Mr.  Fulton  of  Pennsylvania.  The  Saturn  I configuration  is  what? 

Mr.  Smolensky.  The  Saturn  I on  this  chart  used  to  be  called 
t fie  G— 1. 

Mr.  Bell.  What  is  it  now? 

Mr.  Smolensky.  It  is  now  the  Saturn  I. 

Mr.  Holmes.  This  is  merely  a change  in  terminology  in  order  to, 
we  feel,  clarify  the  situation. 
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Mr.  Smolensky.  The  Saturn  IB  used  to  be  called  the  C-lB, 

Mr.  Pulton  of  Pennsylvania.  And  the  Saturn  used  to  be  what? 

Mr.  Smolensky.  The  Saturn  V used  to  be  the  C-5. 

Mr.  Holmes.  It  also  used  to  be  the  Advanced  Saturn. 

Mr.  Smolensky.  Yes;  it  was  also  called  the  Advanced  Saturn. 

Mr.  Holmes.  We  are  trying  now  to  get  people  to  drop  the  C, 
which  merely  stood  for  configuration  I and  to  use  this  simpler  termi- 
nology. By  “people."  I.  mean  the  people  in  our  own  office. 

Mr.  Smolensky.  I would  now  like  to  turn  to  page  RD02-1,  which 
will  be  presenting  the  fiscal  year  1964  estimates  for  the  launch  vehicle 
and  propulsion  systems.  The  objectives  of  the  program  are  the 
launch  vehicle  and  propulsion  systems  program  supports,  through  the 
development  of  the  required  vehicle  and  propulsion  systems. 

The  current  goal  is  to  achieve  manned  lunar  landing  and  return  in 
this  decade.  The  programmes  currently  approved,  consists  of  the 
development  of  the  three  Saturn  launch  vehicles  previously  mentioned. 

Progress  of  the  launch  vehicle  and  propulsion  program  is  indicated 
by  the  launch  of  the  fourth  Saturn  (SA-4)  on  March  28  of  1963.  The 
launch  was  completely  successful,  as  were  the  others.  The  progression 
planned  in  the  development  capabilities  of  the  vehicles  is  indicated  by 
the  weight-carrying  capabilities  of  the  vehicles. 

Saturn  I will  place  approximately  11  tons  in  Earth  orbit;  Saturn 
IB  will  place  16  tons  in  Earth  orbit,  and  the  Saturn  Y will  place  in 
excess  of  100  tons  in  Earth  orbit  and  will  have  a capability  of  over  40 
tons  on  escape  missions.  : ^ 

In  the  fiscal  year  1964  budget  estimates  we  are  requesting  $1,168,- 
500,000  in  direct  B.  & D.  costs. 

This  amount  is  broken  down  into  launch  vehicle  supporting  tech- 
nology for  $ 16,900,000 ; propulsion  supporting  technology,  $22,500,000 ; 
launch  operations  supporting  technology,  $7,600,000:  Saturn  I,  $93,- 
SOOjOOO;  Saturn  IB,  $68,600,000;  Saturn  V,  $733  million;  for  the  M-l 
engine  development,  $45  million;  the  H-l  engine,  $5,200,000 — — 

Mr.  Pulton  of  Pennsylvania.  Mr.  Smolensky,  could  we  suggest  that 


as  you  come  to  the  various  engines  you  describe  how  they  fit  into  the 
program  , so  that  we  have  them  by  designation? 

Mr.  Smolensky.  Certainly. 

Mr.  Fulton  of  Pennsylvania.  All  right. 

Mr.  Smolensky.  The  M-l  engine  program  does  not  support  any 
of  these  particular  vehicles.  It  is  a separate  engine  development 
program. 

Mr.  Fulton  of  Pennsylvania.  So  it  is  not  shown  on  your  chart  at 
all?  . .. 

Mr.  Smolensky.  It  is  not  shown  on  the  chart,  correct. 

Mr.  Daddario.  Mr.  Chairman? 

Mr.  Teague.  Mr.  Daddario. 

Mr.  Daddario.  Well,  it  did  rightfully  belong  within  the  manned 
lunar  landing  program  when  it  actually  was  a part  of  the  Nova  vehicle, 
did  it  not?  ■ • : . 

Mr.  Holmes.  I think  that  the  M-l  does,  Mr.  Daddario,  belong  as 
part  of  our  launch  vehicle  and  propulsion  system  request  in  the  Office 
of  Manned  Space  Flight.  However,  it'  does  not  appear  here  as  a part 
of  the  Apollo  program,  per  se.  We  have  in  the  past  in  our  manned 
space  flight  budgets  and  our  NASA  budgets,:  included  engine 
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dev  elopments  which  usually  precede  stage9  developments  by  several 
years. 

Mr.  Daddario.  If  you  didn't  put  it  here,  where  would  it  go,  since 
the  goal  under  this  section  is  the  achievement  of  the  manned  lunar 
landing  and  return?  If  it  vrere  placed  under  another  category,  what 
would  that  category  be? 

Mr.  Holmes.  It  is  true  that  our  budget  for  manned  space  flight 
includes  any  and  all  request!  of  NASA  for  manned  space  flight.  For 
instance  a manned  space  station,  separate  from  going  to  the  Moon, 
would  appear  within  this  budget  ana  the  engines  for  sdch  a mission 
as  the  manned  space  station  would  appear  here,  if  new  ones  were 
required.  The  only  other  placed  that  it  could  logically  go  would  be 
in  the  Office  of  Advanced  Research  and  Technology,  and  indeed,  it 
does  not  fit  that  application. 

Mr.  Daddario.  Where  did  you  have  it  last  year?  < 

« Mr.  Holmes.  Last  year  we  had  all  of  the  engines,  including  the 
F-l  and  H-l  engines,  under  the  budget  of  the  Office  of  Advanced 
Research  and  Technology.  The  reason  was  that  the  reorganization 
of  NASA  had  not  caught  up  with  the  presentation  of  the  budget  books. 

Therefore,  we  have  all  of  our  engines,  both  for  the  lunar  program 
as  well  as  other  engines  for  manned  space  flight  or  any  other  projects 
for  manned  space  flight  in  our  manned  space  flight  budget  request. 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield? 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  The  M-l  engine  is  an  upper  stage 
liquid  hydrogen  and  oxygen  engine  in  the  process  of  development; 
that  means  it  is  beyond  technical  research.  My  question  is:  What  is 
the  mission  for  the  M-l  engine?  If  it  does  not  fit  in  the  Apollo  space 
flight  programs,  where  does  it  fit? 

Mr.  Daddario.  Mr.  Fulton,  before  we  go  into  that,  I would  like 
to  ask  Mr.  Yeager  a Question  just  to  clear  something  up. 

Is  it  my  understanding,  Mr.  Yeager,  that  we  will  be  going  into  this 
particular  engine  at  greater  length  on  Wednesday  of  next  week? 

Mr.  Yeager.  I was  assuming  that  it  would  be  about  May  2.  If 
we  start  right  down  the  list  with  these  various  items  we  will  come  to 
the  M-l  engine.  It  is  about  six  items  away,  so  I assume  we  will  cover 
it  at  the  meeting  next  Wednesday. 

Mr.  Fulton  of  Pennsylvania.  I am  simply  asking  where  does  the 
M-l  enjrine  fit,  with  what  other  booster,  and  for  what  mission? 

Mr.  Holmes.  Yes.  The  M-l  fits  into  our  present  planning  for 
follow-on  programs  for  larger  boosters:  it  does  not  today  have  a 
requirement  for  a specific  launch  vehicle  stage. 

Mr.  Fulton  of  Pennsylvania.  Nor  a mission? 

Mr.  Holmes.  Nor  an  approved  mission. 

Mr.  Fulton  of  Pennsylvania.  Nor  a time  limit  when  the  M-l 
engine  must  be  ready? 

Mr.  Holmes.  That  is  correct.  I think  the  justification  for  the 
M-l  is  the  same  justification  as  we  had  for  the  F-l , started  several 
years  ago.  We  know  that  the  leadtime  required  ior  development 
of  an  engine  is  many  years  more  than  that  required  for  a booster 
stage.  If  we  wish  to  have  this  continued  growth  capability,  we  must 
be  working.on  the  engines  today. 

Mr.  Fulton  of  Pennsylvania.  Outside  of  your  in-house  develop- 
ment of  the  M-l  engine,  you  have  had  no  contract,  and  don't  have 
one  today? 
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Mr.  Holmes.  We  do  have  a contract  for  the  M-l,  which  is  a letter 
contract  with  Aerojet  General  Corp.,  to  develop  this  engine.  It 
was  to  bo  developed  as  a 1 .2-million-pound-thrust  engine  for  use  in 
the  second  and  third  stages  of  the  Nova  vehicle.  With  the  deferral 
of  Nova  development,  we  deemed  it  wise  to  achieve  a more  advanced 
concept,  not  just  a double  Saturn,  as  far  as  payload  capability  is 
concerned.  - 

Mr.  Fulton  of  Pennsylvania.  Does  the  letter  of  intent  have  within 
it  the  full  $233  million  proposed  development  expenses  on  the  M-l 
engine?  ■ ' . _ / ■ . 

Mr.  Holmes.  No;  sir;  it  does  not.  I would  have  to  obtain  the  total 
amount  authorized  in  the  letter  contract.  However,  we  are  reviewing 
the  contract  for  definitization  right  now.  - 

Mr.  Waggonner.  Mr.  Holmes,  if  we  have  no  Nova  vehicle  now 
and  we  have  no  mission  for  this  particular  engine,  why  spend  the 
money  at  this  time?  We  have  kept  the  Air  Force  out  of  the  space 
program  in  times  gone  by  because  they  didn’t  have  a mission.  So 
why  does  NASA  propose  this  expenditure  when  we  have  abandoned 
the  Nova  program  as  such?  Several  days  ago  before  this  committee 
you  testified  that  the  Nova  program  would  never  be  developed  as  it 
was  originally  planned.  If  Nova  was  pursued  further,  it  would  be  a 
1970  model1  or  1970  version  of  Nova{  rather  than  the  1963  version. 
Aren’t  we  wasting  $45  million  here  still  talking  about  a 1963  or  1964 
version  of  an  M-l  engine  which  doesn’t  have  a mission? 

Mr:  Holmes.  No,  sir:  I don’t  think  so.  We  have  reoriented  this 
contract  with  Aerojet  General  to  make  this  a more  advanced  engine 
of  a capability  of  about  1.5  million  pounds  of  thrust,  instead  of  1.2 
million,  so  that  as  we  continue  to  move  ahead  in  space  we  will  have 
the  necessary  propulsion  power. 

As  you  know,  a limitingfactor  in  our  space  operations,  as  contrasted 
to  Russia’s,  has  been  their  capability  to  accelerate  masses  at  higher 
speeds  than  we  could  by  the  order  of  about  5 to  1.  If  we  had  not 
started  the  development  of  the  F-l  engine— with  no  immediate 
mission  in  terms  of  a specific  booster— several  years  ago,  our  whole 
Apollo  mission  would  be  delayed  today  by  several  years.  Based  on 
the  concept  of  how  long  it  takes  to  develop  an  engine,  we  believe  that 
there  is  justification  in  starting  today  on  a hydrogen  fuel  engine  of 
that  power. 

Mr.  Waggonner.  When  do  you  feel  that  we  will  have  a mission 
for  this  M-l  engine?  ...  S S'  / _. 

Mr.  Holmes.  In  the  seventies.  _ 

Mr.  Waggonner,  What  has  been  the  average  engine  development 
time  on  other  engines  since  the  inception  of  this  program? 

Mr.  Holmes.  The  average  development  time  is  about  8 years. 

Mr.  Waggonner.  Haven’t  we  learned  anything  in  this  period  of 
time  which  has  shortened  the  interval  of  this  development,  and  we 
aren’t  we  able  to  apply  any  of  the  technology  to  shorten  the  develop- 
ment time? 

We  started  from  nothing,  and  with  all  that  we  have  learned,  it  still 
takes  the  8 years? 

Mr.  Holmes.  1 wish  I could  answer  that  we  had  learned  how  to 
shorten  the  cycle.  I think  we  have  learned  many  things,  but  when  you 
consider  that  we  are  now  using  an  entirely  different  fuel  (liquid  hydro- 
gen) from  kerosene,  the  concepts  are  quite  different.  This  is  a huge 
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engine,  using  hydrogen  fuel.  To  date,  we  have  only  developed  one 
hydrogen  fuel  engine  which  has  operated  effectively— the  A-3,  with 
15,000  pounds  of  thrust.  Here  we  are  talking  about  one  and  a half 
million  pounds  of  thrust.  I think  it  is  logical  to  conclude,  that  an 
engine  of  this  type  would  require  a 7-  to  8-year  development  period 
before  it  is  used  for  operational  flights. 

Mr.  Smolensky  may  want  to  comment. 

Mr,  Smolensky.  That  is  the  comment  I wanted  to  make.  We 
require  at  least  8 to  10  years  to  develop  a new  type  of  engine. 

Mr.  Waggonner.  Go  ahead. 

Mr.  Suolenbky.  1 was  just  going  to  comment  on  the  amount  of 
testing  of  the  various  components  that  have  to  go  into  a new  engine. 
We  have  not  come  to  the  point  where  we  can  come  up  with  a new 
engine  configuration  in  a much  shorter  time. 

Mr.  Teague.  Will  you  speak  a little  louder,  please? 

Mr.  Smolensky.  Yes. 

Mr.  Holmes.  I think,  Mr.  Chairman,  that  Mr.  Yeager  indicated 
that  the  committee  might  want  at  a later  date  to  explore  in  detail 
the  M-l  engine  and  I think  we  could,  if  you  would  like,  talk  about  it 
in  terms  of  our  systems  planning,  that  is  how  it  would  fit  into  the 
overall  growth  of  the  program  at  that  time  better  than  I am  qualified 
to  do  today.  Dr.  Shea,  our  Deputy  Director  for  Systems,  would 
be  happy  to  discuss  these  aspects  with  you.  It  might  give  a better 
perspective  to  the  total  discussion, 

Mr.  Teague,  We  might  do  that  next  Wednesday.  : 

Mr.  Holmes,  Whenever  you  say. 

Mr.  Teague.  Mr,  Riehlman. 

Mr.  Riehlman.  I think  that  pretty  much  answers  what  I was 
going  to  ask  about  this  project.  In  fiscal  year  1962  we  authorized 
$16  million,  in  fiscal  year  1963,  $35  million,  and  you  are  asking  for 
another  $45  million  for  fiscal  year  1964.  If  this  engine  will  not  be 
developed  before  1970,  I would  like  to  have  them  project  what  the 
development  cost  of  the  M-l  engine  will  be.  You  can  do  that  when 
we  discuss  this  next  Wednesday. 

Mr.  Holmes,  Yes,  sir. 

Mr.  Riehlman.  I think  it  is  important  to  know  what  the  projected 
cost  is  going  to  be,  Mr.  Chairman.  /t 

Mr.  Daddario.  Something  in  the  order  of  $263  million,  isn’t  it? 

Mr.  Riehlman.  It  will  be  more  than  that  if  we  continue  at  this  rate. 

Mr.  Holmes.  The  estimate  of  the  Aerojet  General  Corp.’s  definitive 
contract  is  of  that  order,  yes,  I am  not  sure  of  the  exact  figure,  but 
it  is  over  $200  million. 

Mr.  Teague,  All  right.  • •"  ' 

Mr.  Smolensky.  The  next  engine  development  program  for  which 
we  are  requesting  funds  is  the  H-l  engine.  Eight  H-l’s  are  used  in 
the  Saturn-I  first  stage  and  in  the  Saturn-IB  first  stage.  We  are 
requesting  $5,200,000  for  the  Hi-  engine  in  the  fecal  year  1964  budget 
estimates.  - ■. 

The  next  line  item  is  RL-10  engine  program,  for  thich  we  are  re- 
questing $32,600,000.  Six  RL-10  engines  are  used  in  the  second 
stage  (Sr-IV)  of  the  Saturn-I. 

Next  is  the  F-l  engine  development  program,  for  which  we  are 
requesting  $54,100,000.  As  you  recall,  five  F-l  engines  are  clustered 
in  the  first  stage  (S-IC)  of  the  Saturn  V. 
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? The  next  line  item  is  the  J-2  engine  for  which  we  are  requesting 
$48,200,000.  One  J-2  engine  of  course,  appears  in  the  S-IVB  stage 
of  the  Saturn-IB.  The  J-2  is  also  used  m Saturn  V upper  stages. 
The  second  stage  (S-II)  of  the  Saturn-V  uses  five  J-2's  and  the 
third  stage  (S-IVB)  of  the  Saturn  V uses  one  J-2  engine. 

The  next  area  is  range  instrumentation,  f<5?  the  instrumentation  at 
the  Launch  Operations  Center  of  $20  million,  and  the  next  item  is 
range  support  at  LOC  for  $21  million. 

Mr.  Waggonner.  Range  support  where?  if  > 

Mr.  Smolensky.  Range  support  at  the  Launch  Operations  Center 
for  $21  million.  The  subtotal  of  direct  K.  & D.  costs  is  $1,168,500,000. 

If  we  add  to  that  subtotal  for  personnel  costs  of  $82,243,000  and 
operation  of  installations  costs  of  $68,711,000,  we  arrive  at  this  total 
requirement  of  $1,319,454,000. 

Mr.  Waggonner.  How  much  of  this  range  support  money  will  be 
transferred  to  the  DOD? 

Mr.  Smolensky.  Are  you  referring  to  this  $20  million  figure? 

Mr.  Waggonner,  Yes,  could  you  give  some  indication  how  much 
of  it? 

Mr.  Holmes.  There  is  a breakdown  of  this  item  on  RDO  2-31. 
It  shows  Air  Force-related  expenses  of  $1  million  and  range  con- 
tractor support  of  $10  million.  Some  of  this  amount  will  probably 
go  through  DOD  for  range  contractor  support. 

Mr.  Smolensky.  Starting  with  the  breakdown  of  launch  vehicle 
supporting  technology  for  $16,900,000,  this  group  is  broken  down  into 
all  supporting  technology  studies  related  to  our  launch  vehicles.  It  is 
broken  down  into  launch  vehicle  studies  for  $2  million ; launch  vehicle 
aerothermodynamic  studies  for  $800,000:  launch  vehicle  loads  and 
structures  for  $6  million:  and  space  vehicle  design  criteria  studies  for  $2 
million. 

Mr.  Yeager.  On  page  7? 

Mr.  Smolensky.  I am  breaking  down  the  launch  vehicle  supporting 
technology  request. 

Mr.  Yeager.  On  page  7 of  volume  V? 

Mr.  Smolensky.  In  volume  V,  page  7,  you  have  a breakdown  of 
what  I am  presenting. 

Mr.  Holmes.  I would  give  them  a feel  for  what  this  does  and  then 
answer  their  questions. 

Mr.  Smolensky.  .‘This  launch  vehicle  supporting  technology  area 
covers  our  efforts  to  advance  the  technology  required  to  support  the 
design,  development,  and  manufacture  of  our  launch  vehicles  and  to 
solve  technical  problems.  It  also  includes  studies  of  advanced  design 
concepts  and  vehicle  systems.  We  conduct  a number  of  launch  vehicle 
studies.  We  have  about  three  or  four  where  we  are  devoting  effort  to 
studying  the  aspects  of  reusable  launch  vehicles  and  reusable  cargo 
carriers  which  fit  into  some  of  the  long-range  studies  that  Dr.  Shea 
will  be  talking  about.  . 

Under  the  launch  vehicle  aero  thermodynamics  portion  we  are 
continuing  our  studies  of  the  aerodynamic  heating  of  various  space 
vehicle  configurations  and  the  investigation  of  the  use  of  high  tempera- 
ture metals  as  they  may  apply  to  the  launch  vehicle  structures. 

The  next  area,  which  is  a very  important  one,  is  the  launch  vehicle 
loads  and  structures  area,  in  which  we  have  a group  of  about  25  to  30 
various  tasks  and  studies,  dealing  with  such  things  as  our  zero  leakage 
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problem.  This  is  the  problem  of  studying  all  the  flanges  and  piping 
and  tubing  to  minimize  the  leakage  problem  of  some  of  these  high- 
energy  fuels. 

We  also  study  the  important  area  of  welding  techniques  for  large 
vehicles,  and  this,  incidentally,  is  a tremendously  important  area  for 
us  to  make  sure  that  we  do  develop  the  proper  fabricating  techniques 
that  will  assure  us  the  reliable  welding  structures  for  our  large  vehicles. 

tinder  tile  space  vehicle  design  criteria,  we  have  about  12  or  13 
studies  planned,  where  we  want  to  get  into  the  aspects  of  the  cost 
relationships,  the  cost  reliability  relationships  of  some  of  our  programs. 
We  are  trying  to  arrive  at  the  costs  of  expendable  structures  versus 
the  cost  of  reusable  structures.  We  are  also  trying  to  make  com- 
parisons that  may  be  of  value  to  us  in  evaluating  proposed  future 
concepts. 

Under  the  guidance  section  are  all  studies  related  to  our  launch 
vehicles  guidance  problems?  One  particular  area  of  interest  is  the 
matter  of  high  accuracy,  long-life  gyros— that  is,  trying  to  increase 
the  accuracy  and  reliability.  We  are  investigating  the  area  of  ceramic 
bearings,  wnich,  of  course,  is  a very  interesting  and  promising  one. 

Under  the  navigation  end  of  it,  we  have  four  or  five  studies  projected. 
We  are,  for  instance,  trying  to  develop  special-purpose  devices  to  be 
used  in  the  simulation  of  some  of  our  flights.  We  also  want  to  study 
methods  of  speeding  up  our  flight  evaluation  studies. 

In  other  words,  right  now  it  takes  a considerable  length  of  time  to 
process  all  the  data  on  which  we  evaluate  /bach  one  of  our  flights.  As 
our  program  progresses  there  will  be  many  piore  launches  and  the  need 
for  automating  some  of  our  flight  evaluation  information  is  of  utmost 
importance. 

The  next  area  has  to  do  with  control  systems  related  to  the  launch 
vehicles.  One  area  in  particular  we  are  looking  at  is  the  emergency 
detection  studies  for  manned  space  flight  launch  vehicles.  We  are 
studying  all  of  the  possible  areas  that  might  cause  us  trouble.  We 
are  trying  to  develop  means  and  sensors  for  detecting  possible  incipient 
problems  and  to  develop  means  by  which  we  can  correct  any  de- 
ficiencies that  occur. 

In  the  communications  area  we  are  conducting  studies  relating  to 
communications  and  particularly  telemetering  problems  in  connection 
with  our  launch  vehicles. 

Mr.  Yeager.  Question,  Mr.  Chairman. 

Mr.  Teague.  Mr,  Yeager. 

Mr.  Yeager.  You  have  these  same  items  of  guidance  systems, 
navigation  control,  communications,  also  in  your  manned  spacecraft 
systems  breakdown,  in  the  same  supporting  item.  How  are  these 
different?  Is  it  just  that  one  applies  to  the  spacecraft  per  se  and  the 
other  to  the  launch  vehicle?  ^ 

Mr.  Low.  That  is  correct.  . 

Mr,  Smolensky.  That  is  correct.  And  I think  you  will  find- — - 

Mr.  Yeager.  There  are  different  problems  in  actually  different 
areas? 

Mr.  Smolensky.  Correct.  We  attempt  to  focus  our  attention  on 
the  problems  in  these  areas  that  relate  to  our  launch  vehicles.  You 
have  different  parameters  to  work  with,  different  designs  and  the 
studies  are  justified  as  specifically  assigned  to  the  launch  vehicle. 

Mr,  Yeager.  They  are  in  fact  entirely  different,  separate  systems? 
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Mr.  Smolensky.  Separate  systems,  yes. 

Mr.  Yeager.  Thank  you. 

Mr.  Smolensky.  This  is  also  true  of  the  micrometeorite  problem 
and  everything  else. 

The  next  area  is  the  propulsion  supporting  technology  area  for 
which  we  are  requesting  $22,500,000.  Tnat  is  broken  down  into  two 
areas,  one  for  liquid  propellant  programs  and  one  for  solid  propellant 
programs. 

We  have  about  12  or  13  different  studies  planned  under  the  booster 
propulsion  systems  in  liquid  propellants  and  we  have  7 or  8 different 
studies  planned  for  the  spacecraft  propulsion  system  studies. 

Under  the  liquid  propulsion  system  studies  we  are  looking  into  such 
things  as  the  combustion  instability  of  LOX  and  LOX-hydrogen. 
We  nave  had  this  problem  with  most  of  our  engines.  We  do  feel 
that  we  should  be  doing  quite  a bit  of  analytical  work  to  avoid  this 
problem  in  some  of  the  LOX-hydrogen  engines. 

We  are  also  looking  at  such  things  as  advanced  nozzle  developments, 
which  will  be  most  important  in  determining  the  feasibility  of  the 
type  of  nozzle  to  be  used  for  any  advanced  launch  vehicle.  In 
spacecraft  propulsion  systems,  under  liquid  technology,  we  are 
looking  into  the  cryogenic  propellant  storage  problem  for  possible 
applications  to  future  spacecraft  propulsion  systems.  We  are  looking 
into  all  the  attendant  problems  of  possible  use  of  cryogenic  fuels  at 
some  point  in  the  spacecraft  propulsion. 

The  next  area  is  solid  propellant  programs.  We  are  requesting 
$6,500,000.  In  this  area  we  are  essentially  backing  up  the  effort 
that  is  now  going  on  in  the  Air  Force.  The  Air  Force  has  conducted 
feasibility  studies  for  the  large  solid-propellant  boosters  to  meet  our 
requirements.  Our  studies  in  this  area  are  mainly  along  the  lines  of 
trying  to  determine  how  we  can  then  adapt  such  large  boosters  for 
launch  vehicles  for  manned  space  flight. 

We  have  about  25  studies  broken  down  to  categories  such  as  systems 
reliability  studies,  manufacturing  facility  requirements,  system  safety 
studies,  and  system  control  studies. 

We  also  look  into  the  hazard  classification  of  using  large  boosters 
in  our  large  launch  vehicles  and  studying  the  very  important  area  of 
acoustical  and  vibration  effects  as  they  might  affect  the  launch  vehicle 
from  the  use  of  solid  boosters. 

The  next  area  in  supporting  technology  is  that  of  launch  operations 
supporting  technology  for  which  we  are  requesting— and  this  is  on 
page  RDO  2-7  of  volume  II — a total  of  $8,621,000. 

These  studies  are  broken  down  into  three  categories  which  are 
listed  in  your  book  V:  launch  facilities,  GSE  studies,  operation 
techniques,  site  hazard,  and  space  fragment  studies. 

These  studies  are  most  important  from  the  standpoint  of  preparing 
ourselves  to  launch  larger  space  boosters.  In  the  launch  facilities 
study  we  investigate  such  problems  as  jet  impingement  on  water, 
which  is  contantly  with  us,  facilities  for  large  solid  boosters,  and  the 
solid  propellant,  jet  erosion  problems,  which  will  differ  from  the 
problems  with  the  liquid  fuels.  Under  the  launch  GSE  studies  we  have 
the  enormous  problem  of  investigating  all  of  the  attendant  ground- 
support  equipment  that  might  be  used  in  any  new  launch-vehicle 
concept. 
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I might  also  point  out  that  the  launch-site  hazards  area  is  a very 
vital  one  to  us.  We  have  a number  of  studies  to  assess  the  launch-site 
hazards  that  we  would  encounter  with  any  of  the  large,  solid  boosters 
or  any  of  the  new  booster  configurations  that  we  might  adopt. 

Acoustic  measurements  is  another  example  of  a very  important 
area.  Here  we  must  at  all  times  be  aware  of  the  acoustic  effects  of 
any  of  the  large  boosters  as  it  may  bear  upon  the  safety  of  the  people 
and  the  safety  of  the  launch  vehicle.  In  the  space  fragment  area, 
hazard  studies  are  also  of  great  significance  from  the  standpoint  of 
gaining  knowledge  as  to  what  happens  to  the  various  fragments  that 
may  be  coming  back  into  the  atmosphere  and  what  can  we  do  in  terms 
of  possible  designs  to  overcome  these  problems. 

Mr.  Yeager.  A question  here,  Mr.  Chairman. 

Mr.  Teague.  Mr.  Yeager. 

Mr.  Yeager.  On  personnel  costs,  page  2-7,  the  figures  indicate  a 
per  capita  increase  of  about  $2,200.  Isn't  that  a little  high?  Do 

}rou  have  any  ready  explanation  for  that?  You  show  25  people 
ast  year  being  paid  $177,000;  this  year  33  people  are  being  paid 
$307,000. 

Mr.  Lilly.  These  figures,  Mr.  Yeager,  are  end-year  employment 
figures.  The  25  people  were  not  employed  during  the  full  year. 

Mr.  Yeager.  They  weren't  full  time  in  1963? 

Mr.  Lilly.  Not  25  of  them;  no,  sir. 

Mr.  Smolensky.  The  next  portion  of  our  budgetary  request  is  for 
the  Saturn  I.  Here,  for  fiscal  year  1964,  we  are  requesting  a total  of 
$93,800  000  direct  K.  & D.  costs,  plus  personnel  costs  of  $32,107,000 
and  o;  a ration  of  installations  of  $32,722,000,  for  a total  cost  of 
$158,6:  h/K)0. 

The  objective  of  the  Saturn  I development  program  is  to  develop  a 
two-stage  vehicle  capable  of  22,000  pounds  in  low  Earth  orbit.  This 
payload  is  more  than  five  times  the  weight  of  the  Project  Mercury 
capsule.  Saturn  I flights  will  test  the  escapee  abort  system,  command 
module  and  service  module  in  Earth  orbit  and  during  reentry  to 
verify  the  Apollo  spacecraft  an  i subsystems  reliability. 

Saturn  I will  be  the  first  vehicle  to  orbit  a manned  Apollo  spacecraft. 
The  first  stage  of  the  Saturn  I will  also  be  used  as  a booster  for  the 
Saturn  IB  vehicle.  In  addition,  Saturn  I will  be  used  in  the  develop- 
ment tests  of  the  Saturn  Y guidance  system  and  the  initial  develop- 
ment phase  of  the  automatic  checkout  system. 

Saturn  I,  as  you  can  see  from  your  configuration  chart,  is  a two- 
stage  vehicle  using  a cluster  of  engines  for  each  stage.  The  vehicle 
stands  about  122  feet,  is  22  feet  in  diameter,  and  has  a fin  span  of 
approximately  40  feet.  It  carries  the  equivalent,  of  more  than  10  tank 
cars'  load  of  propellant. 

The  first  stage  (S-I)  is  now  under  development  at  the  Marshall 
Space  Flight  Center.  That  Center  will  produce  a total  of  eight  of 
these  stages.  Production  of  two  additional  development  stages  and 
all  the  operational  stages  is  under  contract  to  Chrysler  Corp.,  Space 
Division. 

The  Chiysler  S-I  effort  will  be  accomplished  at  the  Michoud  plant 
in  New  Orleans,  La.  These  S-I  stages  use  eight  H-l  engines,  which 
provide  1.5  million  pounds  of  thrust. 

The  second  stage  (S-IV)  is  being  developed  and  produced  by  the 
Douglas  Aircraft  Co.  in  Santa  Monica,  Calif.  This  stage  utilizes  a 
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cluster  of  six  EL-10  engines  which,  are  liquid  hydrogen-liquid  oxygen 
engines  producing  a total  of  90,000  pounds  of  thrust.  Tne  Saturn  I 
development  flight  schedule  consists  of  a total  of  10  launches  with  2 
configurations  designated  block  I and  block  II.  Four  block  I vehicles 
were  flight  tested  using  a live  first  stage  and  an  inert  upper  stage.  The 
six  block  II  flight  vehicles  will  fly  with  live  stages.  Four  loiock  I 
vehicles  have  been  flight  tested  to  date. 

Mr.  Low.  Yes,  four  block  I flight  tests  have  been  conducted  to 
date. 

Mr.  Smolensky.  In  fiscal  year  1964,  four  block  II  flights  will  take 

{>lace.  The  first  of  these  flights  (SA-5)  will  make  the  initial  use  of  a 
ox-hydrogen  engine  in  a Saturn-type  vehicle.  During  the  fiscal  year 
orbital  testing  of  the  first  Apollo  boilerplate  spacecraft  and  the  accept- 
ance firing  of  the  first  Chrysler-produced  stage  will  be  accomplished. 
Mr.  Teague.  Mr.  Daddario  has  a question. 

Mr.  Daddario.  Can  you  tell  us  how  the  two  additional  develop- 
ment stages,  and  all  operational  stages,  which  are  under  contract  to 
Chrysler  Corp.,  Space  Division,  were  brought  about?  Was  there 
competition  ana  if  so,  who  were  the  other  companies  involved? 

Mr.  Smolensky.  I am  sorry.  I missed  that  question. 

Mr.  Daddario.  On  RDO-2-9,  second  paragraph  from  the  bottom, 
you  refer  to  the  production  of  two  additional  development  stages 
and  all  operational  stages  which  are  under  contract  to  the  Chrysler 
Corporation,  Space  Division.  How  was  that  contract  brought  about, 
was  it  competitive  or  negotiated?  If  there  were  other  companies 
involved,  who  were  those  companies? 

Mr.  Smolensky.  This  was  a sole  source  evaluation  as  a logical  ex- 
tension of  the  previous  NASA  contract  with  Chiysler.  In  the  original 
contract  38  contractors  were  invited  to  bid.  Seven  responsive  bids 
were  received  from  Chrysler,  Boeing,  AVCO,  Chance  Vought,  North- 
rop, Lockheed.,  and  Ford. 

Mr.  Lilly.  I think  I might  add  to  Mr.  Smolensky’s  statement 
about  the  extension  of  Chrysler’s  contract  for  producing  S-I  stages 
for  the  Saturn  I vehicle.  The  first  contract  for  the  S-I  stage  was 
awarded  on  a competitive  basis.  Thirty-eight  companies  were 
invited  to  submit  bids  and  seven  companies  did  submit  bids. 

Mr.  Daddario.  We  are  referring  now  to  the  two  additional  develop- 
ment stages.  In  the  first  instance,  the  S-I  was  the  one  in  which  the 
other  companies  were  involved,  is  that  correct? 

Mr.  Holmes.  I think  that  I can  clarify  this  point  for  you,  Mr. 
Daddario.  The  original  contract  which  we  awarded  to  Chrysler 
provided  for  10  production  stages. 

Mr.  Daddario.  And  you  juggled  the  stages? 

Mr.  Holmes.  We  juggled  tne  stages  around  in  order  to  phase 
Chrysler  into  the  picture  earlier  at  the  Michoud  plant. 

This  adjustment  was  at  Marshall's  instigation.  We  believe  that 
it  is  a more  efficient  way  of  getting  the  contractor  into  production 
earlier.  As  a result,  we  will  be  flying  Chrysler-built  stages  prior 
to  completing  flight®  of  all  of  the  Marshall-built  stages.  In  other 
words,  it  is  not  an  increase  in  the  scope  of  the  contract;  it  is  an  ad- 
justment of  the  award  that  Chrysler  won  competitively. 

Mr.  Daddario.  We  discussed  this  in  the  past,  Mr.  Holmes. 

Mr.  Holmes.  Yes,  sir. 
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Mr.  Daddario.  And  I had  understood  this  to  be  the  case.  I 
do  think,  however,  it  is  a subject  of  inquiry  when  we  have  an  expert 
here. 

Mr.  Holmes.  Oh,  yes. 

Mr.  Daddario.  It  is  not  really  a logical  extension  of  a capability 
so  much  as  it  is  an  adjustment  within  a program  which  more  suits 
your  convenience  and  which  in  the  final  analysis,  as  I understand  it, 
telescopes  the  program  a little  bit.  Juggling  the  moneys  around 
does  not,  in  fact,  add  to  the  total  amounts  m question  in  this  instance, 
it  is  just  a question  of  taking  money  from  one  place  and  putting  it  in 
another.  That  is  correct,  isn’t  it? 

Mr.  Holmes.  I think  that  is  exactly  correct,  yes,  sir. 

Mr.  Daddario.  These  two  additional  stages  do  not  reflect  addi- 
tional money? 

Mr.  Holmes.  They  do  not  reflect  additional  money. 

Mr.  Daddario,  Just  an  adjustment  of  the  program. 

Mr.  Holmes.  Yes;  it  is  a reduction  in  the  total  production  vehicles 
by  Chrysler  by  two,  but  an  increase  from  zero  to  two  for  the  develop- 
ment vehicles  by  Chrysler. 

Mr,  Daddario.  And  a reduction  of  two  at  Marshall? 

Mr.  Holmes.  Yes.  The  total  number  stays  the  same,  just  as  you 
have  stated. 

Mr,  Daddario.  It  all  adds  up  to  the  same  total. 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  The  only  thing  is  that  Chrysler  winds  up  with  a 
little  bigger  contract? 

Mr.  Holmes.  Not  really.  Chrysler  is  producing  two  development 
stages  which  it  did  not  have  originally.  However,  Chrysler ’s  original 
contract  for  10  production  stages  has  been  reduced  to  8 production 
stages. 

Mr.  Daddario.  I see.  It  evens  itself  off  all  the  way  around. 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  Fine.  Thank  you,  Mr.  Chairman. 

Mr.  Smolensky.  As  I mentioned  before,  the  second  stage  of  the 
Saturn — the  S-IV  stage — is  being  developed  and  produced  by  the 
Douglas  Aircraft  Co.  in  Santa  Monica,  Cauf. 

Mr.  Teague.  May  we  take  about  a minute  here  and  have  a little 
conference  as  John  Daly  calls  it.  You  have  to  go  to  the  Senate  this 
afternoon,  do  you  not? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Teague.  How  about  your  other  people,  Mr.  Low  and 

Mr.  Holmes.  I plan  to  ask  Mr.  Low  ana  Mr.  Lilly  to  accompany 
me. 

Mr.  Teague.  In  that  case,  this  committee  will  not  meet  this 
afternoon. 

Mr.  Daddario.  You  can’t  break  that  combination  up,  Mr,  Teague. 

Mr.  Holmes.  Off  the  record,  please, 

(Discussion  off  the  record.) 

Mr.  Teague.  There  will  be  no  committee  meeting  this  afternoon. 
Go  right  ahead. 

Mr.  Holmes.  Where  are  you,  Mr.  Smolensky? 

Mr.  Smolensky.  I am  on  page  RDO  2-10. 

Mr.  Holmes.  Mr.  Chairman,  am  I right  in  suggesting  that  Mr. 
Smolensky  give  the  committee  a feel  for  what  is  involved  rather  than 
an  item  by  item  coverage? 
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Mr.  Teague.  That  is  right. 

Mr.  Holmes.  We  have  covered  the  S~I  stage.  Have  we  discussed 
the  S-IV  stage  development  yet? 

Mr.  Smolensky.  No,  we  have  not. 

Mr.  Holmes.  Let's  continue  with  that  area. 

Mr.  Smolensky.  We  are  requesting  $25,500,000  for  the  S-IV  stage 
in  fiscal  year  1964.  The  first  successful  hot  firing  of  the  RL-10  engine 
duster  for  the  S-IV  stage  occurred  in  August  of 1962.  Full-duration 
hot  firings  occurred  in  October  of  1962.  We  have  been  having  a series 
of  battleship  firings  all  along. 

As  of  last  week  we  had  tne  11th  successful  battleship  testing.  In 
fiscal  year  1964  the  first  live  flight  of  an  S-IV  stage,  in  the  SA-5  flight, 
will  mark  a significant  milestone  in  manned  lunar  landing.  This 
flight  test  of  the  liquid  hydrogen/liquid  oxygen-powered  stage  of  the 
Saturn  I is  the  initial  step  toward  the  development  of  large  size 
vehicles  required  for  later  mission  use. 

Design  improvement  of  the  S-IV  stage,  along  with  associated  design 
modification,  is  being  conducted  by  the  Douglas  Aircraft  Oorp. 

Component  material  and  spare  part  deliveries  for  four  stages  pro- 
duced in  fiscal  year  1964  and  procurement  for  two  stages  to  be  deliv- 
ered in  fiscal  year  1966  will  be  made.  At  the  same  time  we  will  be 


continuing  the  off-system  testing  at  the  Sacramento  field  station  and 
acceptance  testing,  as  the  S-I V stage  is  needed  for  four  vehicles. 
This  is  scheduled  tor  fiscal  year  1964. 


stage  is  needed  for  four  vehicles. 


Large  quantities  of  propellants  and  high-pressure  gases  will  be  pro- 
cured and  consumed  to  support  an  extensive  hot  firing  program.  We 
will  also  be  modifying  andreplacing  special  test  equipment,  assembly 
and  structure  fixtures,  and  other  associated  tooling  will  be  accom- 
plished. 


Center.  Assembly  and  checkout  of  two  additional  vehicles  is  to  start 
during  fiscal  year  1964. 

Mr.  Teague.  Any  questions? 

Mr,  Fuqua.  What  is  a battleship  firing  or  testing? 

Mr.  Smolensky.  Battleship  testing  is  essentially  the  propulsion 
systems  testing,  as  it  is  configured  in  the  stage.  The  battleship  stage 
is  a special  stage  that  has  heavier  tankage,  which  permits  us  to  fully 
test  out  the  propulsion  system. 

Mr.  Holmes.  We  can  start  out  much  earlier  by  not  having  the 
tooling  and  facilities  for  flight  weight  hardware.  Further,  this  ap- 
proach is  a safe  one.  Even  if  the  engine  blew  up,  the  tank  propellants 
wouldn't  come  out  and  explode. 

Mr.  Smolensky.  The  next  area  for  which  we  are  requesting  funds 
is  the  vehicle  instrument  unit.  The  instrument  unit  houses  the 
guidance  and  stabilization  systems,  telemetering  equipment,  power 
supply  batteries  and  inverters,  and  inflight  air-conditioning  equip- 
ment. 

During  fiscal  year  1963  a major  part  of  the  development  testing  will 
be  completed.  This  testing  involves  the  use  of  three  hardware  assem- 
blies— the  system  development  unit,  the  dynamic  test  unit,  and  the 
structural  test  unit. 

During  fiscal  year  1964  a major  part  of  the  fabrication  assembly 
and  checkout  of  units  for  five  Saturn  I’s  will  be  accomplished.  The 
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program  also  covers  the  development,  vibration,  and  structural  testing 
of  units  for  th/j  eight  Saturn  and  later  instrument  unit  configurations. 

Mr.  Teague.  Any  questions? 

(No  response.) 

Mr.  Smolensky.  The  next  item,  which  goes  along  right  with  the 
vehicle  instrument  unit,  is  that  of  the  guidance  system.  We  are 
requesting  $2  million  for  this  item.  Vehicles  up  to  the  seventh 
Saturn  will  use  the  ST-90  inertial  platform,  modified  Jupiter  equip- 
ment, with  the  new  ST-124  as  a passenger  on  the  third  through  the 
sixth  vehicle.  The  guidance  and  stabilization  system  for  the  seventh 
Saturn  and  later  vehicles  will  consist  primarily  of  the  new  ST-124 
inertial  platform.  The  procurement  of  additional  hardware  is 
taking  place  in  fiscal  year  1963.  The  ST-1 24 ’s  will  be  produced  for 
vehicles  through  the  10  th  Saturn.  In  fiscal  year  1964  funds  are  re- 
quested to  support  the  stage  engineering  effort  for  hardware  deliveries, 
complete  guidance  system  procurement  for  vehicles  through  the  10th, 
with  incremental  coverage  on  spare  parts,  and  funding  for  flight 
evaluation  reports. 

Mr.  Holmes.  I think  that  the  committee  understands  the  function 
of  this  guidance  system  in  the  instrument  unit.  It  is  the  device 
which  generates  signals  to  tell  the  four  gimbailed  outboard  engines 
in  the  first  stage  which  way  to  direct  their  thrust.  After  staging,  the 
guidance  system  continues  to  give  commands,  in  this  case,  the  six 
RL-10  engines  in  the  S-IV  stage  how  to  move  in  order  to  guide  the 
launch  vehicle  to  a proper  trajectory  for  Earth  orbit. 

Mr.  Teague.  Any  questions? 

(No  response.) 

Mr.  Smolensky.  The  next  item  is  for  the  H-l  engines  required  for 
the  stages  used  in  the  Saturn  I development  program.  We  are 
requesting  a total  of  $2,800,000.  All  engines  for  the  Saturn  I vehicle 
development  will  be  delivered  during  this  current  year. 

The  funding  in  fiscal  year  1964  is  required  to  provide  contract  field 
engineering,  spare  parts,  and  associated  services  to  Marshall,  Michoud 
ana  the  Launch  Operations  Center.  In  addition,  these  funds  will 
provide  for  engineering  change  modification  kits  and  will  be  necessary 
for  solution  of  development  problems  experienced  in  R.  & D.  testing 
and  improvements  generated  through  the  continued  engine  develop- 
ment pregram. 

Mr.  Teague.  Any  questions? 

Mr.  Yeager.  What  does  this  buy  for  you?  This,  and  also  your 
figure  on  the  RL-10?  It  says  “engine  procurement.” 

Mr.  Smolensky.  I must  go  back  to  fiscal  year  1963.  We  requested 
$7.9  million  for  the  H-l  engine  for  the  completion  of  47  engines. 

Mr.  Yeager.  Forty-seven? 

Mr.  Smolensky.  That  is  correct.  Eight  H-l’s  for  each  Saturn  I 
from  SA-6  through  SA-10  and  seven  spares,  plus  the  propellant,  for 
the  acceptance  testing.  The  funds  requested  in  fiscal  yc-r  1964  are 
needed  for  spare  parts  for  the  47  H-l  engines,  plus  the  field  service 
functions  that  I just  mentioned,  which  means  engineering  change 
modification  kits  and  general  field  engineering  support.  Do  you 
want  to  cover  the  RL-10  now? 

Mr.  Yeager.  You  could  cover  the  RL-10  now,  or  you  could  cover 
it  when  you  get  to  it  in  the  book. 

Mr.  Smolensky.  For  the  RL-10  engine  procurement  to  support  the 
Saturn  I development  program  we  are  asking  $3,400,000.  Ail  RL-10 
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engines  to  be  procured  lor  the  Saturn  I development  progr&m  wiU  be 
delivered  during  fiscal  year  I960,  The  funding  for  fiscal  year  1964  is 
required  for  contractor  field  engineering,  spare  parts,  and  associated 
services.  It  is  essentially  the  same  requirement  that  we  have  m the 
H-l  engine  program.  I can  give  you  those  figures  if  you  wish. 

Mr.  Yeager.  I would  be  interested  in  them. 

Mr.  Smolensky.  In  fiscal  year  1963  we  requested  $12^660,000, 
which  provided  for  the  fabrication  of  67  engines,  including  6 for  the 
S-IV  battleship  stage,  12  for  the  S-IV  all-systems  test— do  you  want 
the  breakdown?  1 

Mr.  Yeager.  No,  the  same  explanation. 

Mr.  Smolensky.  That  is  correct,  Mr.  Yeager.  Propellant  for  ac- 
ceptance testing  amounted  to  $4  million. 

Mr.  Gurney.  Question. 

Mr.  Teague.  Mr.  Gurney. 

Mr.  Gurney,  Is  Rk-10  another  designation  for  A-3? 

Mr.  Smolensky.  Yes,  it  is,  Mr.  Gurney.  RL-10A-3  is  the  modi- 
fication of  the  RL-10  engine  being  used  in  the  S-IV  stage. 

Mr.  Gurney.  Thank  you. 

Mr.  Smolensky,  The  next  area  is  that  of  systems  integration  for 
which  we  are  requesting  $30,600,000.  This  area  involves  all  of  the 
integration  testing  that  must  be  performed.  Bv  the  end  of  fiscal  year 
1963  the  major  portion  of  design  integration  and  early  system  integra- 
tion testing  will  have  been  performed.  In  fiscal  year  1964  emphasis 
will  be  placed  on  system  integration  and  testing  of  the  vehicle,  includ- 
ing both  the  S-I  and  S-IV  stages,  and  the  guidance  system  and  the 
instrument  unit,  as  well  as  the  engines  and  the  Apollo  command  and 
service  modules. 

In  focal  year  1964  the  funding  provide  for  engineering  services, 
ground  support  equipment,  replacement  and  refurbishing  of  the  firing 
accessories,  the  propellant  servicing  hardware,  the  launcher  arms  ana 
the  deflectors,  which  may  be  damaged  in  even  the  most  successful 
flights.  In  other  words,  we  do  provide  for  the  refurbishing  of  the 
launchers  at  LOO. 

Mr.  Yeager.  Question,  Mr.  Chairman. 

Mr.  Teague.  Mr.  Yeager. 

Mr.  Yeager.  Is  any  of  this  going  to  be  part  of  the  General  Electric 
integration  and  checkout  program? 

Mr.  Holmes.  No,  sir. 

Mr.  Yeager.  That  is  all  separate  from  that? 

Mr.  Holmes.  Yes,  it  is. 

Mr.  Teague.  Any  further  questions.  Proceed. 

Mr.  Smolensky.  The  next  portion  of  the  budget  is  the  develop- 
ment program  for  the  Saturn-IB  vehicle.  In  fiscal  year  1964  we  are 
asking  for  a total  of  $68,600,000,  with  additional  personnel  costs  of 
$4,457,000  and  operation  of  installations  $2,911,000,  for  a total  cost 
of  $75,968,000,  I am  referring  to  volume  II,  RDO  2-12  and  2-13. 

The  objective  of  the  Saturn-IB  development  program  is  tp  devc1  ip 
a two-stage  vehicle  capable  of  placing  approximately  32,000  pou  Is 
in  low  Earth  orbit.  That  payload  is  about  one  and  a half  times  e 
payload  capacity  of  the  Saturn.  The  Saturn-IB  will  provide  a 
rehable  launch  vehicle  to  meet  our  intermediate  Apollo  spacecraft 
development  requirements.  The  Saturn-IB  vehicle  will  be  capable 
of  placing  the  Apollo  spacecraft  in  Earth  orbit  for  systems  testing 
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and,  lor  rendezvous  testing  of  the  lunar  excursion  module  and  the 
command  modules*  The  second  objective  of  the  Satum-IB  is  to 
advance  by  approximately  14  months  flight  tests  for  the  S-IVB  stage 
and  the  Apollo  spacecraft.  • : 

We  are  requesting  the  necessary  funds  to  provide  for  the  completion 
of  criteria  and  specifications  for  the  Satum-IB  vehicle  requirements. 
Engineeringdesign  effort  will  be  completed  to  accommodate  this  stage 
to  the  S-I VB  stage  and  the  necessary  instrumentation,  electrical  net- 
works* and  other  systems.  Procurement  of  all  structural  and  electri- 
cal items  for  the  dynamic  stage  and  the  first  two  development  flight 
stages  will  be  initiated.  In  addition,  long  leadtime  structural  compo- 
nents will  be  procured  for vehicles  3 and  4. 

For  the  S-lVB  stage  we  are  requesting  a total  of  $19?100,000.  In 
fiscal  year  1964  we  plan  to  provide  for  the  design  and  development  of 
the  S-IVB  stage  and  to  complete  the  procurement  of  all  structural 
and  electrical  items  for  SA-201  and  202.  Assembly  hardware  procure- 
ment will  be  75  percent  complete  for  SA-201  and  initiated  for  SA-202. 

We  will  be  initiating  long-lead  structural  procurements  for  Satum- 
IB  vehicles  SA-203  and  204.  ■ 

Mr.  HonxcEs.  We  might  clarify  that  by  indicating  that  our  first 
Satum-IB  flight  is  called  SA-201;  the  second  one  is  SA-202.  The 
designations  follow  in  sequence.  . We  hope  on  the  fifth  one,  SA-205, 
to  have  the  Satum-IB  man-rated.  f 

Mr.  Smolensky.  In  the  case  of  the  instrument  unit  we  are  request- 
ing $6  million,  which  will  provide  for  the  procurement  of  long  leaatime 
components  for  SA-201.  The  basic  design,  major  testing,  major 
tooling,  and  specialties  equipment  come  under  th,e  Satum-V  develop- 
ment program.  In  addition,  we  are  requesting  $5,200,000  for  the 
guidance  system  for  the  procurement  of  ST-124  inertial  platforms  for 
Satum-IB  vehicles  SA-201  through  SA-204,  as  well  as  the  procure- 
ment of  guidance  computers  and  guidance  signal  processors  for 
SA-201  and  203. 

Under  H-l  engine  procurement  we  are  requesting  $3,700,000  for 
fiscal  year  1964.  This  request  represents  incremental  funding  for 
long  leadtime  hardware  for  15  flight  engines  and  2 spare  engines  to 
be  delivered  in  fiscal  year  1964. 

Included  in  the  costs  are  such  items  as  support  services,  spare 
parts,  field  engineering,  training,  ground  support  equipment,  modifica- 
tion and/or  retrograde.  A total  of  $300,000  of  that  amount  represents 
funding  required  for  the  acceptance  teats  for  the  17  engines  to  be 
delivered  in  fiscal  year  1964. 

The  next  item  is  the  J-2  engine  procurement  to  support  this  pro- 
gram. We  are  requesting  $4,200,000  in  fiscal  year  1964;  including 
$3.9  million  for  incremental  funding  of  two  J-2  test  engines  and  one 
flight  engine  to  be  delivered  in  fiscal  year  1964,  and  incremental 
funding  for  long  lead  time  hardware  for  one  test  engine,  three  flight 
engines,  and  one  spare  to  be  delivered  in  fiscal  year  1965. 

This  amount  requested  also  provides  for  spare  parts,  ground  support 
equipment,  field  services,  and  training.  The  remaining  $300,000 
represents  requirements  for  acceptance  testing. 

Under  systems  integration  we  are  requesting  $16,900,000,  which 
is  broken  down  into  hardware  procurement  of  control  computer  and 
associated  components,  range  safety  and  tracking  equipment,  telem- 
etering equipment,  electrical  network  and  power  supplies,  and 
environmental  control  equipment. 
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We  are  also  procuring  ground  support  equipment  itemt*  for  launch 
operations  to  bring  pad  A at  launch  complex  37  to  an  operationally 
ready  date  of  early  1965.  This  also  includes  funds  for  the  plan  and 
design  criteria  and  specifications  for  the  ifte  of  pad  37~A  as  a launch 
pad  for  the  vehicle. 

Mr.  Fuqua.  Mr.  Chairman. 

Mr.  Teague.  Mr.  Fuqua.  ^ 

Mr.  Fuqua.  Back  just  a hit  you  had  $30  million  for  systems 
integration;  then  you  just  mentioned  another  $16  million  for  the 
systems  integration.  Add  to  this  the  GE  contract,  from  which  this 
is  separate,  of  about  $25  million  for  this  year,  and  that  is  considerably 
more  than  $50  million  we  are  spending  just  on  integration? 

Mr.  Holmes.  Yes.  The  terminology  is  a little  misleading  in  that 
the  integration  shown  under  the  launch  vehicle  budget  requests  does 
include  that  study  and  relationship.  However,  it  also  includes  equip- 
ment and  hardware.  For  instance,  it  includes  propellant-servicing 
hardware,  launcher  arms,  and  other  devices  intimately  tied  to  the 
vehicles. 

The  General  Electric  contract^  for  which  there  was  $25  million  in 
fiscal  year  1963,  included  reliability  analyses  checkout  studies,  and 
integration  studies.  This  study  effort  covered  such  questions  as;  ? 
Do  these  various  stages  properly  mate  with  the  spacecraft?  Does 
the  spacecraft  properly  mate  with  overall  checkout  equipment  at  the 
cape?  Although  the  words  are  the  same,  the  work  is  really  quite 
different. 

Mr.  Teague.  Any  further  questions? 

I think,  Mr.  Holmes,  we  will  stop  right  there. 

Mr.  Holmes.  Yes,  sir. 

Mr.  Teague.  Unless  there  are  questions  on  the  Advance  Saturn, 

I would  like  to  ask  the  status  of  the  F-l  engine? 

Mr.  Holmes.  In  terms  of  combustion  instability  and  so  forth? 

Mr.  Teague.  Yes. 

Mr,  Holmes.  We  have  had  numerous  F-l  engine  runs  now  without 
experiencing  combustion  instability.  I am  not  certain  of  the  exact 
figure  now,  out  X would  like  to  get  it  for  you  because  I have  a paper 
that  give®  a more  detailed  report. 

We  have  a major  effort  at  the  F-l  contractor  plant,  Rocketdyne, 
in  investigating  and  resolving  the  combustion  instability  problem. 
We  also  have  experts  from  fiinceton,  experts  from  Marshall,  who 
were  in  charge  of  following  the  development,  and  experts  from  Xjewis 
devoting  an  intensive  effort  to  this  problem.  X obtain  a monthly 
status  report  and  transmit  that  report  to  my  superiors.  I think  we 
are  doing  everything  possible.  Rocketdyne  feels  very  optimistic  that 
we  can  nave  the  instability  problem  essentially  resolved  or  under 
control  by  the  end  of  this  calendar  year. 

(The  information  requested  is  as  follows:) 

As  of  May  1,  1963,  the  F-l  engine,  6 of  which  will  be  used  in  the  first  stage 
of  the  Saturn  V,  has  undergone  a total  of  305  tests.  Approximately  half  of  these 
ground  tests  were  conducted  at  the  full  thrust  of  1.5  million  pounds;  SKI  test 
runs  were  conducted  for  the  full  duration  of  2.5  minutes. 

Since  earlier  reports  to  the  committee  on  the  F-l  status,  various  steps  have 
been  taken  to  overcome  the  problem  of  combustion  instability.  We  have  been 
investigating  different  designs  for  the  injector  system,  which  feeds  the  liquid 
oxygen  and  kerosene  propellants  from  the  turbopump  into  the  combustion 
chamber.  One  of  the  several  injector  systems  that  was  designed  to  combat 
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oorahustion  instability  has  been  tested  with  greet  success.  The  aew  injector 
system  isolates  the  vibrations  in  the  turbopump  from  those  in  the  engine’s  com- 
bustion chamber.  As  a result,  the  vibrations  or  oscillations  are  not  carried 
through  to  the  combustion  chamber.  The  fact  that  combustion  instability  has 
not  been  encountered  with  the  new  injector  system  bears  out  the  thesis  that  the 
phenomenon,  although  it  tgnds  to  be  inherent,  occurs  only  when  it  is  triggered 
from  another  source,  The  new  injector  system  has  operated  successfully  25 
times  for  durations  in  excess  of  100  seconds.  Two  these  tests  were  conducted 
at  full  thrust  and  full  duriVJfen.  This  progress  increases  our  confidence  that  the 
powerful  F-l  engine  will  be  available  when  needed. 

NASA  iB  sparing  no  effort  in  overcoming  the  problem  of  F-l  combustion 
instability.  The  contractor,  Rocketdyne,  is  devoting  an  intensive  effort  to  a 
timely  solution  of  the  problem.  The  contractor  effort  is  supplemented  by  the 
analysis  and  advice  of  outstanding  propulsion  experts,  including  representatives 
from  the  Marshall  Space  Flight  Center  and  the  Lewis  Research  Center,  and 
scientists  from  universities  and  industry.  The  status  of  F-l  engine  development 
is  commanding  the  attention  of  eachjevel  of  NASA  management,  including  the 
Associate  Administrator,  the  Director  of  the  Office  of  Manned  Space  Flight,  and 
the  Director  of  the  Marshall  Space  Flight  Center. 

Mr,  Teague.  Any  other  questions? 

Mr.  Teague.  Mr.  Bell. 

Mr.  Bell.  Are  we  going  to  continue  from  this  point  at  our  next 
meeting?  _ ‘ 

Mr,  Teague.  Yes;  next  Wednesday. 

Mr,  Bell.  What  other  areas  do  we  cover? 

Mr.  Teague.  Aerospace  medicine  is  the  next  one;  we  will  go  right 
through  the  book.  - 

Mr.  Bell.  I see.  That  is  all,  Mr.  Chairman. 

Mr.  Holmes.  Shall  we  be  prepared  to  start  with  aerospace  medicine? 

Mr.  Teague.  I think  Mr.  Bell  may  have  some  questions  on  the 
Advanced  Saturn. 

Mr.  Holmes.  Start  with  the  Advanced  Saturn. 

Mr.  Teague.  If  there  are  no  questions,  we  go  right  on  to  aerospace 
medicine.  * 

Mr,  Yeager.  And  the  M-l  engine. 

Mr.  Teague.  We  will  discuss  the  M-l  engine. 

Mr.  Yeager,  Mr.  Holmes,  on  Wednesday  NASA  put  out  a press 
release  saying  that  Langley  was  requesting  studies  on  a manned 
orbiting  research  laboratory. 

Mr.  Holmes.  Yes. 

Mr.  Yeager.  Does  this  represent  a major  decision  to  go  for  the 
manned  orbiting  space  station?  The  second  part  of  the  question  is: 
How  was  this  funded  in  the  space  budget,  or  is  it  funded? 

Mr.  Holmes.  On  the  first  part  of  tne  question,  I think  the  right 
answer  is  “No.”  Langley/s  effort  is  merely  a continuation  of  the 
studies  that  we  have  been  doing  in  terms  of  feasibility,  and  the  way  in 
which  one  should  approach  a manned  space  station.  There  is  an 
existing  agreement  between  Mr.  Webb  and  Mr.  McNamara  that 
neither  the  Department  of  Defense  nor  NASA  would  inaugurate 
hardware  development  without  agreement  between  the  two  parties. 
It  will  be  a continuation  of  the  type  of  studies  that  Langley  has  done. 
These  studies  involve  the  use  of  a Saturn  vehicle  to  launch  a cylin- 
drical stage.  A space  station  capable  of  housing  four  to  six  men 
might  be  resupplied  using  the  Uemini  vehicle.  At  any  rate,  the 
studies  are  of  a conceptual  type  and  investigate  the  feasibility  of 
such  a project.  Since  a manned  space  station  is  an  advanced  study 
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effort,  it  falls  into  the  systems  engineering  area  in  the  manned  space 
flight  budget 
Mr.  Ybaqer.  Thank  you. 

Mr.  Teague.  Any  other  questions? 

(No  response.) 

Mr.  Teague.  Mr.  Holmes,  in  the  Texas  papers  yesterday  there  was 
a statement  by  Mr.  Meyer  at  Houston.  He  says  that  “A  several 
months’  delay  in  the  two-man  orbital  flights  for  Project  Gemini  has 
been  disclosed  by  the  project’s  chief  administrator.”  Then  it  quotes 
him  as  saying  that  “It  will  be  at  least  the  summer  of  1964  before  we 
can  launch  the  first  manned  Gemini  flight.” 

Would  you  care  to  comment  on  that? 

Mr.  Houses.  Who  is  the  chief? 

Mr.  Teague.  Mr.  Andre  Meyer.  Jr.,  Chief  of  Project. 

Mr.  Holmes.  Yes.  It  is  an  unfortunate  statement  because  it  has 
been  given  far  too  early  before  we  have  actually  completed  our  studies 
of  the  difficulties  we  have  in  Gemini.  We  have  not,  in  my  office, 
changed  our  official  schedule,  which  calls  for  the  first  Gemini  flight, 
a suborbital  flight,  this  December,  and  follow  it  with  a manned  flight 
in  the  first  quarter  of  next 

However,  I would  be  less  than  straightforward  if  I did  not  indicate 
that  our  evaluation  of  Gemini,  in  terms  of  where  we  stand  today,  does 
give  us  some  concern.  We  are  studying  whether  we  should  commit 
men  to  the  Gemini  spacecraft  before  we  have  had  two  unmanned 
flights — one  to  check  out  as  early  as  possible  the  structural  and  aero- 
dynamic integrity  of  the  Gemini  spacecraft  and  the  Titan  II,  and  the 
other  to  check  out  all  systems,  as  we  did  in  Project  Mercury,  without 
the  man  aboard.  V " ./ 

It  is  too  early  for  us  to  state  that  we  have  changed  the  schedule, 
since  our  evaluation  studies  have  not  been  completed. 

Mr.  Teague.  He  says  that  delay  is  caused  by  subcontractors  not 
delivering  the  hardware  and  a delay  in  the  fabrication  of  the  space- 
craft by  the  prime  contractor. 

Mr.  Holmes.  I see.  • 

Mr.  Teague.  I will  give  it  to  you: 

Mr.  Holmes. Thank  you  vesy  much.  ' 

Mr.TEAGUE.  The  committee  will  be  adjourned.  . 

(Whereupon,  at  1 1 :55  a.m.  the  subcommittee  adjourned.) 
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MONDAY,  APRIL  SO,  1863 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 
Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

EXECUTIVE  SESSION  . 

(The  following  testimony  of  Gen.  Bernard  A.  Schriever,  Com- 
mander,  Air  Force  Systems  Command,  was  taken  in  executive  session 
because  of  the  classified  nature  of  the  material  presented.  The  classi- 
fied portion  of  the  testimony  has  subsequently  been  deleted  from  the 
record  by  the  Department  of  Defense,  aiid  the  testimony  as  shown 
below  is  unclassified.) 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 
Cannon  Office  Building,  at  10:16  a.m.,  Hon.  Olin  E.  Teague  (chair- 
man of  the  subcommittee)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

Our  witness  this  morning  is  Gen.  Bernard  A.  Schriever,  Commander, 
Air  Force  Systems  Command,  Department  of  the  Air  Force. 
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Oen.  Bernard  A.  Schriever,  U.S.  An  Foaos 

Gen.  Bernard  Adolph  Schriever  was  bom  tn  Bremen,  Germany,  on  September 
14,  1910.  His  parents  emigrated  to  the  United  States  in  1917,  and  he  became 
a naturalised  citizen  ifi  1923.  He  received  his  early  schooling  in  San  Antonio, 
Tex.,  and  was  graduated  from  Texas  A.  AM.,  College  Station,  Tex.,  in  1961 
with  a bachelor  of  science  degree. 

General  Schriever’s  military  career  began  in  1981  when  he  accepted  a Reserve 
appointment  in  the  field  artillery  after  graduation  from  Texas  A AM. 

Entering  flight  training  at  Randolph  Field,  Tex.,  in  July  1932,  he  earned 
his  wings  and  commission  as  a second  lieutenant  in  the  Air  Corps  Reserve  in 
June  IMS  at  Kelly  Field,  Tex.  ^ 

First  assigned  as  a bomber  pilot  at  March  Field,  Calif.,  General  Schriever 
later  was  stationed  at  Hamilton  Field,  Calif.,  and  Albrook  Field,  C.Z.  In  Sep- 
tember 1937,  he  reverted  to  inactive  Reserve  states,  and  accepted  a position 
as  pilot  with  Northwest  Airlines. 

While  flying  for  Northwest  he  married  Dora  Brett,  daughter  of  Lfc  Gem.  and 
Mrs.  George  H.  Brett,  U.S.  Air  Force  retired,  whom  he  had  met  in  Panama, 
while  assigned  to  Albrook  Field. 

Reentering  the  service  as  a second  lieutenant  in  the  Regular  Army  in  October 
1938;  General  Schriever  was  assigned  to  the  7tb  Bomb  Group,  Hamilton  Field, 
Calif.  One  year  later,  he  was  assigned  to  test  pilot  duties  at  Wright  Field,  Ohio. 
While  at  Wright  Field,  he  attended  the  Air  Corps  Engineering  School,  specialis- 
ing in  aeronautical  engineering  subjects,  and  was  graduated  in  July  1841.  He 
then  entered  Stanford  University  to  pursue  an  advanced  course  in  aeronautical 
engineering  and  in  June  1942  was  awarded  a master’s  degree  in  mechanical  engi- 
neering (aeronautical). 
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In  July  1942,  General  Schrlever  joined  the  19th  Bomb  Group  in  the  southwest 
Pacific.  While  in  that  theater*  he  participated  in  the  Bismarck  Archipelago, 
Leyte,  Luson,  Papua,  North  Solomon,  South  Philippine,  and  Ryukyu  campaigns. 

In  January  1948,  he  became  Chief  of  the  Maintenance  and  Engineering  Divi- 
sion, Oth  Air  Force  Service  Command.  He  held  this  position  until  August  IMS 
when  he  was  appointed  Chief  of  Staff,  5th  Air  Force  Service  Command.  In 
September  1914,  he  assumed  command  of  the  Advanced  Headquarters,  Far  East 
Air  Service  Command,  and  supported  theater  operations  from  bases  in  Hollandla, 
New  Guinea,  Leyte,  Manila,  and  Okinawa. 

General  Schrlever  was  assigned  to  Air  Force  Headquarters  in  January  1946  as 
Chief,  Scientific  Liaison  Section,  Deputy  Chief  of  Staff,  Materiel.  He  held  this 
position  until  August  1949  when  he  entered  the  National  War  College.  Follow- 
ing his  graduation  in  June  I960,  he  returned  to  Headquarters,  USAF,  to  become 
Assistant  for  Evaluation,  Office  of  the  Deputy  Chief  of  Staff,  Development  His 
neat  assignment  in  January  1951  was  Assistant  for  Development  Planning  (an 
outgrowth  of  the  Evaluation  Office).  In  June  1964,  he  became  assistant  to  the 
commander.  Air  Research  and  Development  Command,  Baltimore,  Md.  In  July 
1954,  though  retained  Us  assistant  to  the  commander,  Alt  DC,  General  Schrlever 
assumed  command  of  the  Air  Force  Ballistic  Missile  Division,  ARDC,  Los 
Angeles,  Calif. 

In  this  capacity,  he  directed  the  Nation’s  highest  priority  project,  the  develop- 
ment of  an  intercontinental  ballistic  missile.  He  was  responsible  not  only  for 
pushing  forward  research  and  development  on  all  technical  phases  of  the  Atlas, 
Titan,  Thor,  and  Minuteman  ballistic  missiles,  but  for  concurrently  providing 
the  launching  sites  and  equipment,  tracking  facilities,  and  ground  support  equip- 
ment necessary  to  these  missiles.  The  propulsion,  guidance,  and  structural 
techniques  developed  for  the  Air  Force's  ballistic  missile  program  have  contrib- 
uted substantially  to  the  Nation’s  aerospace  capability. 

In  April  1959,  General  Schrlever  was  named  commander  of  the  Air  Research 
and  Development  Command  (ARDC)  with  the  rank  of  lieutenant  general. 

On  April  1, 1961,  he  became  commander  for  the  newly  created  and  expanded 
Air  Force  Systems  Command.  AFSC  is  responsible  for  research,  development, 
procurement,  and  production  actions  required  to  place  a complete  aerospace 
system  in  operational  use. 

General  Scbriever’s  management  responsibility  includes  monitorship  of  more 
than  6,400  research  and  development  contracts.  Currently,  about  1,500  major 
contractors  are  engaged  in  work  on  Air  Force  weapon  systems,  materiel,  equip- 
ment, and  special  projects. 

A.  Personal  data : 

• 1.  Bom  September  14, 1910,  Bremen,  Germany.  Father : Adolph  Schriev- 

er  (deceased).  Mother : Elisabeth  Schrlever. 

2.  Married  January  3,  1938.  Wife : Dora  Brett  Schrlever.  Children : 

Brett  Arnold,  horn  1988;  Dodie  Elisabeth,  bom  1941;  and  Barbara 
Alice,  bom  1949. 

3.  Hometown  address : San  Antonio,  Tex. 

B.  Education: 

1.  Texas  A.  ft  M.,  College  Station,  Tex.  (construction  engineer)  B.S. 

degree,  1981. 

2.  Stanford  University,  Palo  Alto,  Calif,  (aeronautical  engineering)  M.S. 

In  mechanical  enftneering  (aeronautical) , 1942. 

3.  Primary  and  Basic  Flight  School,  Randolph  Field,  Tex.,  1933. 

4.  Advanced  pilot  training,  Kelly  Field,  Tex.,  1983, 

5.  Aeronautical  engineer  (1  year),  1941. 

6.  National  War  College  (regular  course),  June  1960. 

C.  Decorations  and  medals:  Purple  Heart,  Asiatic-Pacific  Ribbon,  Unit  Citation 

(1  Oak  Leaf  Cluster),  American  Defense  Ribbon,  Air  Medal,  Legion  of 
Merit,  Distinguished  Service  Medal  (1  Cluster),  Philippine  Liberation 
Medal,  American  theater,  National  Defease  Service  Medal,  Guided  Missile 
Insignia,  Air  Force  Longevity  Service  Award  (1  Silver  Oak  Leaf  Cluster). 

D.  Promotions : Second  lieutenant,  November  28, 1931 ; first  lieutenant,  June  29, 

1963;  captain,  April  15,  1942;  major,  June  25,  1942;  lieutenant  colonel, 
August  5,  1943 ; colonel,  December  21,  1943 ; brigadier  general,  June  19, 
1963 ; major  general,  December  13, 1965 ; lieutenant  general,  April  25, 1959 ; 
and  general,  July  1, 1961. 
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seat warn  of  am.  beenabd  a. 

FOBCE  SYSTEMS  OOMHAHB, 

General  Schkovxk.  Do  you  want  me  to  read  the  statement? 

Mr. Teague.  :YV&  '■  • 

General  Schkievxb.  Mr.  Chairman  and  members  of  the  subcommit- 
tee, it  is  appropriate  to  review  past  progress  and  future  plans  period- 
ically in  oraer  to  validate  or,  when  warranted,  redirect  die  objectives 
and  path  we  have  set  for  ourselves.  Your  committee’s  keen  interest 
in  the  U.S.  space  program  mid  the  results  of  your  efforts  have  been 
extremely  beneficial  in  this  connection.  I appreciate  this  opportunity 
to  appear  before  you  and  am  happy  to  assist  your  review  in  every 
possible  way.  ..  ; # 

I believe  you  are  well  aware  of  my  feelings  regarding  the  impor- 
tance of  an  adequate  military  space  effort  as  part  of  tbs  national  space 
program.  I have  also  often  stated  my  belief  that  the  civilian  and 
military  portions  of  the  national  space  program  must  complement 
each  other,  with  closest  possible  relationships  at  all  working  levels^ 
This  is  why  I have  taken  management  and  organizational  steps  such 
as  establishing  General  Ritland  as  my  Deputy  for  Manned  Space 
Flight.  • ... 

Fbelieve  it  is  timely,  howevertto  reiterate  the  reasons  which  I have 
identified  on  various  occasions  in  support  of  an  integrated  military 
space  development  program-  Such  a military  program  necessarily 
will  differ  from  the  civilian  effort  in  certain  respects  if  our  national 
security  objectives  are  to  he  met  in  a timelyand  satisfactory  manner. 

The  fundamental  differences  are:.  First,  the  relative  urgency  of 
the  national  security  mission ; second,  the  contrast  between  many  mitt- 
tary  operating  characteristics  and  those  of  civilian  operations  ; third, 
the  technical  considerations  which  are  dictated  by  this  contrast;  ana 
fourth,  the  management  concept  which  is  necessary  if  we  are  to 
satisfy  the  military  mission  and  the  operating  requirements  which 
characterize  it.  * 

The  military  has  looked  to  space  as  an  avenue  through  which  to 
achieve  two  broad  types  of  national  security  objectives.  The  first  of 
these  is  to  provide  means  of  better  accomplishing  traditional  passive 
military  functions  such  as  communications,  observation,  warning, 
mapping,  and  meteorology.  All  of  these  are  urgent  in  that  space  offers 
significant  improvements  over  presently  available  means  of  perform- 
ingthese  tasks  which  are  important  to  our  national  security. 

The  second  category  of  activity  in  which  we  consider  military  space 
development  to  be  urgent  is  that  which  will  provide  advantageous 
means  of  cowitering  any  hostile  threat.  1 include  here  such  military 
space  operations  as  inspection  Slid  negation  of  hostile  systems,  and 
means  of  defending  or  reducing  the  vulnerability  of  our  own-space 


In  addition  to  differences  in  urgency,  military  missions  such  as 
those  which  I have  mentioned  lead  to  operating  requirements  and 
characteristics  which  can  differ  significantly  from  civilian  opera- 
tions. The  possibility  of  operating  in  a combat  environment  is  the 
most  conspicuous,  and  speaks  for  itself. 

Not  so  evident  are  the  differing  characteristics  which  are  dictated 
by  the  military  needs  for  routinely  repetitive,  fast-reacting,  and  eco- 
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nomical  operations.  It  is  this  type  of  requirement  which  has  led  us 
to  emphasize  strongly  the  need  for  a standard  launch  vehicle  such 
as  the  Titan  III  system. 

For  effective  military  space  capabilities,  we  also  will  need  maneuver- 
ing capabilities — both  in  orbit  and  during  reentry  to  recovery  sites — 
which  will  not  for  some  time  be  as  critical  a requirement  in  civilian 
operations.  Another  example  of  operatng  requirements  which  are 
unique  to  military  systems  is  the  need  for  antijamming  capabilities  and 
secure  ground  terminals  in  a military  communications  satellite. 

There  is  also  a critical  military  requirement  for  a kind  of  reliability 
which  differs  from  present  civilian  space  effort.  The  achievement  of 
reliability  in  routine,  fast-reactingj  and  economical  operations  is  a 
greatly  different  problem  than  achieving  it  for  individual  scientific 
or  exploratory  projects  or  for  civilian  missions  in  which  launch  readi- 
ness or  continuous  operation  are  not  crucial. 

The  urgency,  operating,  and  technical  considerations  which  I have 
mentioned  all  contribute  to  what  I consider  to  be  the  major  factor 
which  differentiates  the  military  from  the  civilian  space  effort.  I 
have  earlier  referred  to  this  factor  as  being  management,  and  I mean 
this  in  the  context  of  what  is  required  in  a complete  weapon  system. 

To  most  people  a weapon  system  is  the  hardware  that  flies.  The 
fact  is  that  it  represents  only  the  top  of  the  iceberg.  Military  systems 
acquisition  involves  very  much  more ; namely,  it  also  involves  training 
the  operating  and  maintenance  personnel  ; providing  training  de- 
vices; establishing  the  logistic  sources  and  pipeline  of  replenishment 
spares  f designing  and  installing  ground  facilities  and  developing  re- 
lated equipment;  and  validating  technical  procedures  and  manuals 
for  “blue-suit^  skill  levels,  and  so  forth. 

Departing  from  my  statement  a moment  here,  many  of  you  gentle- 
men are  familiar  with  the  details  of  the  development  of  the  ballistic 
missiles.  Concerning  what  I have  just  said,  one  of  our  big  problems 
today  is  getting  all  of  these  pieces  working  together  in  an  effective 
manner.  The  R.  & D.  program  that  we  see  at  Cape  Canaveral  is 
only  one  small  element  of  the  total  development  effort  that  is  involved 
in  bringing  a weapon  system  into  the  operational  inventory.  This 
is  often  overlooked  and  I have  stressed  this  quite  often  here  in  the 
Congress  in  the  past  years. 

Now  back  to  the  statement:  The  initiation  of  these  added  activities 
comprising  the  total  weapon  system  cannot  wait  for  delivery  of  hard- 
ware from  a development  and  production  agency  if  systems  are  to 
be  fully  operational  in  a reasonable  time  ana  at  least  cost.  This  is 
particularly  true  in  a period  of  technological  conflict  in  which  the 
advantage  can  lie  with  the  nation  best  able  to  compress  leadtimes 
while  not  sacrificing  significant  technological  improvement  of  its  weap- 
on systems. 

All  of  these  related  weapon  system  considerations  must  be  taken 
into  account  from  the  very  initiation  of  development  programs,  and 
must  be  more  and  more  closely  integrated  in  our  program  management 
as  development  progresses. 

With  this  background  of  concepts  and  factors  which  characterize 
the  military’s  space  missions  for  national  security,  I would  like  to 
discuss  the  current  Air  Force  program  of  military  space  development 
and  how  it  has  been  formulated. 


1964  NASA  AUTHORIZATION  835 

For  some  years  the  Air  Force  has  been  engaged  in.  numerous  de- 
velopment activities  pointed  at  various  individual  objectives.  By 
now  our  development  activities,  coupled  with  the  applicable  results 
of  NASA,  activities,  have  provided  a strong  technological  foundation 
upon  which  we  can  base  increased  development  efforts  toward  selected 
operational  capabilities  of  value  and  importance. 

Air  Force  progress  and  technical  experience  to  date  has  been  re- 
markable, particularly  when  measured  against  the  short  period  of 
time  since  entering  a field  of  such  great  challenge  and  complexity. 
You  are  aware  of  the  impressively  large  number  of  space  launches 
that  have  taken  place— roughly  200  since  the  United  States  started 
its  space  activities. 

A large  portion  of  these  have  involved  Air  Force  responsibilities. 
Reliabilities  have  been  improving,  significantly,  as  demonstrated  in 
recent  months  by  near  100  percent  successful  performance  of  Thor 
standard  launch  vehicles  and  Agena-D  upper  stages.  In  our  satellite 
development  program  in  1962  we  experienced  100  percent  success  of 
onboard  orbital  experiments  which  attained  orbit.  Only  one  launch 
attempt  failed  to  achieve  orbit,  and  we  had  approximately  an  0.800 
percent  batting  average  in  the  complex  operation  of  deorbiting  and 
recovering  the  capsules  which  were  planned  for  recovery. 

We  have  also  accumulated  valuable  experience  with  various  sensor 
devices,  auxiliary  power  supplies,  stabilization  mechanisms,  et  cetera. 
On  the  'ground,  there  has  been  a successful  record  of  large,  solid-motor 
firings  over  the  past  2 years.  In  short,  in  these  and  other  ways  we 
have  developed  a number  of  technological  building  blocks  which  are 
essential  to  the  development  of  operational  systems. 

Our  attempts  to  plan  an  integrated  space  program  for  national  se- 
curity started  shortly  after  the  first  Soviet  space  launch.  Our  plan- 
ning ha,s  been  on  a continuing  basis  ever  since.  Secretary  McNa- 
mara’s memorandum  of  February  23, 1962,  was  in  response  to  certain 
of  these  planning  efforts.  Mr.  Rubel  has  already  discussed  that 
memorandum  with  you. 

Some  of  the  more  important  elements  of  our  early  space  planning 
wore  approved  and  are  underway.  Examples  are  the  Titan  III,  the 
X-20  Dyna-Soar,  and  classified  programs  associated  with  satellite 
»>■; imunications,  inspection,  and  early  warning. 

While  conducting  these  and  other  space  development  programs  and 
projects,  we  have  continued  to  refine  our  plans  toward  more  soundly 
integrated  and  promising  objectives.  In  April  of  1962  a group  was 
convened  at  our  Space  Systems  Division  to  work  on  a new  long-range 
military  space  program  incorporating  a number  of  technical  objec- 
tives. In  June  of  1962,  a representative  Air  Force- wide  task  force 
was  established  to  translate  the  results  of  this  group’s  effort  into  the 
Air  Force  6-year  space  program. 

The  elements  or  this  program  are  aimed  at  achieving  useful  mili- 
tary capabilities  in  space,  some  of  which  can  be  realized  in  the  near 
future  and  others  of  which  are  dependent  upon  further  technological 
progress.  For  the  latter,  the  program  includes  exploratory  ana  ad- 
vanced development  projects  to  provide  the  required  technological 
advances.  This  program  was  forwarded  to  the  Secretary  of  Defense 
in  November  1962  by  the  Secretary  of  the  Air  Force,  along  with  recom- 
mendations for  approval  of  specific  programs. 
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The  Secretary  of  Defense  has  directed  the  Air  Force  to  review  its 
space  development  effort  and,  in  effect,  determine  what  revision  may 
be  warranted  to  direct  greater  attention  to  the  achievement  of  certain 
specific  military  mission  requirements.  Although  he  expressed  par- 
ticular interest  in  contributions  to  these  missions  by  the  X-20  and 
Gemini  programs,  the  Air  Force’3  current  review  necessarily  will  in- 
clude all  technological  efforts  which  are  pertinent. 

There  is  one  program  which  is  of  fundamental  importance  to  achiev- 
ing various  military  capabilities  in  space,  both  manned  and  unmanned. 
This  is  the  military  orbital  development  system  (MODS),  which 
would  build  from  the  technology  and  techniques  developed  m Dyna- 
Soar  and  Gemini.  This  program  would  provide  a space  laboratory 
which  will  greatly  assist  us  in  resolving  uncertainties  concerning  mili- 
tary applications  in  space.  Some  of  these  can  be  resolved  iii  no  other 
way,  or  only  by  expensive  and  time-consuming  techniques.  It  will  be“ 
able  to  demonstrate  the  ability  of  man  to  perform  functional  missions 
for  extended  periods  in  space,  and  to  serve  as  a test  station  for  the 
operation  of  military  equipment  and  the  development  of  operational 
techniques  in  space. 

Off  the  statement  here,  I might  say  this  is  one  of  the  things  we  are 
looking  at  very  much  in  detail  in  connection  with  the  Gemini,  how  we 
might  he  able  to  build  in  a modular  fashion  a space  station  for  con- 
ducting experiments.  Undoubtedly,  whatever  comes  out  of  this  would 
be  a joint  military-NASA  effort. 

In  closing,  I will  mention  a concept  which  the  Air  Force  believes  to 
hold  great  promise  for  military  space  applications  in  the  more  distant 
future.  Here  again,  when  I say  “distant  future”  I mean  that.  I mean 
that  we  are  talking  about  the  period  in  the  seventies,  more  likely  in 
the  latter  part  of  the  seventies,  when  I speak  of  this.  I refer  to  the 
Aerospace  plane  concept,  which  the  Air  Force  and  industry  have  been 
studying  for  some  time. 


recoverable  and  reusable  manned  vehicles  is  essential  to  our  acquiring 
the  economy  and  versatility  of  military  space  operations  which  inevi- 
tably will  be  required.  The  Air  Force  places  strong  emphasis  on  its 
research  and  development  activities  toward  these  goals. 

Gentleman,  this  concludes  my  statement,  ana  I will  be  happy  to 
answer  any  questions  you  may  have. 

Mr.  Teague.  General,  on  page  7 of  your  statement,  you  say  that  the 
Secretary  of  Defense  has  directed  the  Air  Force  to  review  its  space 
development  effort  and,  in  effect,  determine  what  revision  may  lie  war- 
ranted to  direct  greater  attention  to  the  achievement  of  certain  specific 
military  mission  requirements. 

As  far  as  I am  concerned,  that  is  merely  a delay. 

Would  you  care  to  comment  on  that  or  would  you  rather  not 
comment  I 

General  Schbiever.  Well,  it  could  be  looked  upon  in  one  way  as  a 
delay,  yes.  We  have,  of  course,  made  certain  recommendations  in  the 
past,  particularly  in  connection  with  our  5-year  program,  which  were 
not  accepted  specifically  at  that  time. 

On  the  other  hand,  1 think  it  is  fair  to  say  that  the  space  program 
is  getting  to  be  an  extremely  costly  one  from  the  standpoint  of  the 
overall  national  effort  and  every  effort  needs  to  be  made  to  bring  our 
efforts  as  closely  together  with  those  of  NASA  as  we  possibly  can. 
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The  Secretary’s  objectives  are  sound  in  that  he  is  attempting  to 
bring  the  Air  Force  together  ivith  NASA  in  the  Gemini  role.  The 
Gemini  and  Dyna-Soar  programs  will  cost  roughly  a billion  dollars 
a piece  and  although,  both  of  them  are  costed  out  at  slightly  less  than 
that  now,  I am  sure  they  will  run  about  that. 

And  both  the  programs  combined  have  a tremendous  potential  for 
advancing  technology  in  rendezvous,  docking,  transfer,  carrying  out 
experiments  in  space,  reentry  and  so  forth. 

So  from  his  position  I think  he  is  justified  in  insisting  that  we  bring 
these  things  together  as  closely  as  we  can. 

This  is  m fact  what  we  are  doing  now  and  the  Gemini  planning 
board  has  this  as  its  major  objective, 

It  might  be  perhaps  that  we  should  have  gotten  on  with  this  sooner. 
So  in  that  regard  I think  there  has  been  a delay.  But  in  terms  of  pull- 
ing it  together  now,  I think  it  is  quite  appropriate. 

Mr.  TEAotm.  Any  further  questions? 

Mr.  Fulton?  i 

Mr.  Fulton'  of  Pennsylvania.  How  much  delay  would  you  imagine 
there  has  been  in  the  Gemini  program  ? I 

General  Schriever,  Delay  in  the  Gemini  program  ? 

Mr.  Fulton  of  Pennsylvania.  Yes.  . 

General  Schriever.  Is  this  in  connection  with  the  press — - 

Mr.  Fulton  of  Pennsylvania.  I am  speaking  with  reference  to  your 
comment  that  there  has  been  a delay. 

General  Schriever.  What  I had  reference  to  when  I said  a delay,  I 
think  that  we  probably  could  have  gotten  and  should  have  gotten 
together  at  the  working  level  sooner. 

Mr.  Fulton  of  Pennsylvania.  That  is  the  Air  Force  and  NASA? 

General  Schriever.  NASA  and  ourselves.  I think  all  of  you  are 
aware  of  the  fact  that  I have  had  a continuing  effort  going  on  to  ac- 
complish this  over  the  past  several  years  and  I have  always  felt  that 
the  relationship  just  at  the  top,  the  AACB,  was  not  adequate,  and 
that  we  had  to  nave  an  across-the-board  getting  together  right  on 
down  to  the  working  level. 

The  creation  of  General  Ritland’s  office  was  a first  step.  I think 
that  we  could  have  moved  faster  in  this  regard  and  should  have  moved 
faster,  but  as  far  as  the  Gemini  program  itself  is  concerned  there  is 
no  delay  in  the  Gemini  program  associated  with  this  organizational 
matter  that  I discussed. 

Mr.  Fulton  of  Pennsylvania.  There  has  been  a delay  in  getting  the 
organizational  form  set  up  rather  than  a delay  in  any  specific  pro- 
gram?  . . 

General  Schriever.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Either  in  NASA  or  Air  Force,  is  that 
what  you  mean? 

General  Schriever.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  That  is  what  I wanted  to  make  clear. 
The  NASA  proposed  budget  for  fiscal  year  1964  is  $5.7  billion.  The 
Air  Force  proposed  budget  is  $1.65  billion,  approximately.  That 
would  make  a total  U.S.  combined  effort  in  space  for  the  coming  fiscal 
year  of  $7.35  billion.  My  questionsare : 

First,  is  this  necessary?  Should  the  people  of  the  United  States 
spend  their  hard-earned  tax  money  for  this  purpose  ? 
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Second,  is  it  enough,  or- is  it  too  much  ? 

And,  third,  concerning  the  proportionate  amount  being  spent  by 
NASA  and  the  Air  Force,  is  it  proportioned  correctly  to  give  us 
the  best,  possible  results  or*  space  efforts  so  that  the  United  States 
will  become  preeminent  in  space? 

General  Schihevbr.  Well,  that  is  a very  difficult  question  to  answer. 

I can  just 

Mr.  Fulton  of  Pennsylvania.  Is  $7.3  billion  necessary  for  the 
XJ.S.  space  effort? 

General  Schriever.  I can  give  you  my  personal  views  on  this.  I 
think  it  is  necessary  to  spend  money  in  this  order  of  magnitude  for 
space  activities.  -r- /■ 

* Mr.  Fulton  of  Pennsylvania.  If  you.  had  the  decision  to  make 
originally,  and  if  you  were  going  to  recommend  to  the  American 
people  an  amount  to  be  spent  for  space,  you  would  recommend  the 
full $7.8 billion?  ■ • . . . 

General  Schriever.  Well,  I could  not  unequivocally  say  that,  be- 
cause I have  not  had  the  opportunity  to  review  in  detail  the  program 
as  presented.  In  terms  of  an  order  of  magnitude  of  cost,  I certainly 
feel  that  in  the  light  of  the  objectives  of  our  space  program,  which 
I think  are  sound,  this  is  a figure  that  one  would  expect  to  be  spending 

I stated  this  several  years  ago;  that  I expected  the  total  space 
budget  to  build  up  into  a magnitude  of  this  order. 

Further,  that  I felt  that  the  overall  ballistic  missile  program 
dollaes  would  be  coming  down  and  they  will  be,  I think,  in  the  next 
few  years.  . ' _ . . . 

So  that  the  overall  spending  for  ballistic  missiles  and  space  com- 
bined will  not  be  much  different  than  what  it  has  been  over  the  past 
several  years.  It  will  go  up  slightly,  I think,  but  not  to  an  extent 
that  we  cannot  afford  in  this  country. 

Mr.  Fulton  of  Pennsylvania.  So  this  is  about  the  same  order  of 
magnitude  that  you  would  expect  to  find  in  the  budget  for  fiscal 
years  1965  and  1966  as  well,  not  that  the  budget  will  go  up  higher 
bufc  that  it  will  be  about  this  particular  level  ? 

General  Schriever.  Well,  I would  expect  that  it  will  probably  go 
a little  bit  higher  than  that. 

Mr.  Fulton  of  Pennsylvania.  Would  you  care  to  venture  your 
ideas  on  what  the  general  magnitude  might  be  2 or  3 years  fromnow? 

General  Schriever.  Several  years  ago  when  I attended  a meeting 
at  the  Arden  House,  I made  some  calculations  with  respect — I think 
both  of  you  were  there — - 

Mr.  Fulton  of  Pennsylvania.  Yes,  both  Mr,  Baddario  and  I were 
there  and  t alked  with  you  at  the  time  ? 

General  Schriever.  I don’t  recall  for  certain  but  my  calculations 
were  that  the  space  budget  would  probably  go  up  into  the  order  of 
$8  to  $8  billion  and  possibly  slightly  higher, 

Mr.  Fulton  of  Pennsylvania.  Is  this  manned  trip  to  the  Moon 
necessary  in  your  judgment  ? " 

General  Schriever.  I’ve  always  felt  that  a lunar  program  was  an 
essential  objective  for  the  overall  national  space  effort. 

Mr.  Fulton  of  Pennsylvania.  As  far  as  the  gain  in  our  scientific 
community  and  the  progress  of  the  United  States  in  space,  this 
Moon  trip  is  worthwhile  and  is  an  asset  rather  than  a liability? 
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General  Schriever-;  Well,  certain  of  the  assets  must  be  in  the  in- 
tangible category  now,  that  is,  the  prestige  factor.  Exactly  the  extent 
to  which  you  get  Scientific  advancement  from  this  is  a matter  of 
judgment. 

Certainly  there  will  be  a tremendous  advance  in  Science  and  tech- 
nology, but  as  you  have  seen  in  the  paper  recently,  there  is  a difference 
of  opinion  as  to  whether  or  not  this  is  good  or  bad  with  respect  to 
certain  other  areas.  ■>>-;-  ' 

Mr.  Fulton  of  Pennsylvania.  We  are  trying  to  obtain  your  overall 
judgment  based  upon  your  vast  experience  in  research  and  develop- 
ment. > ■ 

General  Schriever.  My  overall  judgment  is  that  it  definitely  will 
be  on  the  plus  side.  ^ ^ 

Mr.  Bell.  Would  the  gentleman  yield  at  that  point? 

Mr.  Fulton  of  Pennsylvania.  I>et  him  finish  and  I would  be  glad 
to  yield. 

General  Schriever.  I just  don’t  feel  that  oar  capabilities  in  this 
category  are  saturated  to  the  extent — I am  talking  about  our  scientific 
and  technological  capabilities—that  certain  of  these  people  indicate 
that  they  are.  ’’ 

Mr.  Fulton  of  Pennsylvania.  Then  there  is  both  a civilian  as  well 
as  a military  gain  or  benefit  from  this  research  and  development  for 
the  manned  lunar  landing  I ^ 

General  Schriever.  Yes,  definitely.  Here  again  it  is  a little  bit 
difficult  to  develop  a laundry  list  of  specific  items  and  say  these  all 
have  applications  to  the  military  mission.  However,  we  can  point  out 
certain  things. 

The  Gemini  program,  for  example,  certainly  has  tremendous  con- 
tributions to  make  m the  objectives  of  that  program. 

The  whole  matter  of  the  man  and  creating  an  environment  for  man 
to  operate  in  is  absolutely  essential  from  a military  point  of  view. 

The  near  Earth  activities  are  of  greater  interest  to  us  than  the  ones 
that  are  essentially  involved  with  a lunar  orbit  and  the  lunar  part  of 
the  job.  That  does  not  mean  at  some  future  date  this  will  not  also 
interest  us.  ’ 

Mr.  Fulton  of  Pennsylvania.  You  are  interested,  in  the  military,  in 
manned  space  flight,  aren’t  you? 

General  Schriever.  Absolutely. 

Mr.  Fulton  of  Pennsylvania.  Go  right  ahead,  Mr,  Bell. 

Mr.  Bell,  I think  you  answered  the  question  I was  going  to  ask 
concerning  the  military  value  of  the  manned  lunar  flight.  I believe 
that  you  said  there  would  be  some  gains  militarily? 

General  Schriever.  Yes.  • • • -’ 

Mr.  Bell.  In  the  lunar  orbital  flight? 

General  Schriever.  Yes. 

Mr.  Bell.  As  I understand,  you  believe  that  an  Earth  orbital  flight 
would  be  of  greater  value  militarily.  Therefore,  I assume  that  if  you 
were  to  select  the  mode  for  reaching  the  Moon  you  might  try  an  Earth 
orbital  flight  first? 

General  Schriever.  Well,  I hate  to  say,  because  I am  sure  they 
made  their  decision  on  very  good  reasons.  What  I said  was  that  those 
activities  associated  with  the  near-Earth  orbital  activities  are  of  more 
immediate  interest  to  us  than  those  aspects  that  relate  to  the  lunar  ac- 
tivity— that  is  the  landing  on  the  Moon,  and  the  lunar  orbit. 
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Now,  the  Gemini  end  certain  other  aspects  of Apollo  in  the  near* 
Earth  orbit  all  have  applications  to  the  military  missions  as  I have 
pointed  out. 

Mr.  Riehlman.  Mr. Chairman? 

Mr.  Daddario  (presiding).  Yes, Mr.  Riehlman? 

Mr.  Riehlman.  That  nets  into  some  of  the  questions  I wanted  to 
ask  about  the  interest  of  tne  military  in  the  Gemini  program. 

There  was  an  article  In  the  Sunday  Star  yesterday  written  by  Mr. 
William  Hines  which  deals  quite  a bit  with  this.  The  inference  that  I 
get  from  the  article,  which  concerns  an  interview  that  he  had  with  Mr. 
Webb,  is  that  there  is  a possibility  of  lack  of  interest  on  the  part  of 
NASA  in  the  Gemini  program.  My  feeling  would  be  that  NASA  is 
willing  to  turn  this  over  to  the  military,  and  that  NASA’s  great  inter- 
est is  in  the  Apollo  program  ? 

General  SoHiUBVER,  Well,  this— - 

Mr.  Fulton  of  Pennsylvania.  Have  you  seen  the  article  ? 

General  Schriever.  Yes,  I have  seen  the  article.  I think  this  could 
be  inferred  from  the  article. 

However,  in  my  associations  with  NASA  on  the  Gemini  planning 
board  there  has  been  no  lack  of  interest  in  the  Gemini  program  and  I 
can  well  understand  why  there  should  not  be  a lack  of  interest  in 
aachieving  the  objectives  that  they  have,  which  are  rendezvous,  dock- 
ing, transfer,  and  putting  a man  up  in  space  for  an  extended  period 
of  time. 

These  are  just  some  of  the  objectives  in  the  program  that  have  to 
be  achieved- 

Mr.  Riehlman.  It  certainly  is  true — 

General  Schriever  (continuing).  Before  they  can  go  to  the  Moon. 

Mr.  Riehlman.  And  have  a lunar  operation  there  ? 

General  Schriever.  NASA  has  a 12-flight  program  now  as  their 
total  Gemini  effort  and  I am  not  sure  of  what  their  interest  in  this 
program  is  beyond  that  12th  flight.  They  are  taking  a look  at  this.  We 
too  will  have  an  interest  beyond  that  and  we  also  are  working  on  that 
area.  .-..lw  ■. 

Mr.  Riehlman.  Well,  I was  keenly  interested  in  this  statement  be- 
cause the  inference  is  certainly  there  that  there  could  possibly  be  alack 
of  interest  in  the  Gemini  program  as  far  as  the  NASA  is  concerned. 
As  you  stated,  General,  the  Air  Force  has  a great  interest  in  this  type 
of  program  because  of  its  low  orbital  capability,  rendezvous  tech- 
niques, and  all  the  rest  that  is  going  to  be  a part  of  the  Gemini  pro- 
gram. ' 

General  Schriever.  That  is  right. 

Mr.  Riehlman.  I would  expect  that  this  would  be  of  tremendous 
interest  to  this  commitee.^  If  this  is  going  to  be  a completely  military 
project  and  NASA  is  going  to  support  it,  then  the  question  arises  as 
to  whether  or  not  we  can  use  some  of  this  information  when  we  go 
before  the  House  this  year  for  the  authorization  to  carry  on  this  type 
cdhgrogram.  - 

How  much  can  we  attach  to  the  military’s  interest  in  the  Gemini 
program  which  is  actually  being  financed  through  NASA,  that  is, 
outside  of  the  Titan  II  ? w 

General  Schriever.  Well,  we  have  defined  certain  experiments  that 
we  would  like  to  conduct  during  the  12-flight  program,  the  present  12- 
flight  program,  that  are  in  addition  to  what  NASA  is  going  to  do. 
This  is  still  in  the  process  of  being  shaken  down  in  detail.  We  have  to 
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submit  such  a plan  to  Mr.  Webb  and  Mr.  McNamara  by  about  the  18th 
of  May.  „ . 

Wo  are  also  looking  beyond  the  12-flight  program — at  the  direction 
of  the  Secretary-— as  to  what  can  die  Gemini  do  beyond  that  in  the 
other  areas  that  I have  talked  about  such  as  the  module  approach  to 


We  are  studying  this  very  carefully  with  NASA.  NASA  does  have 
the  overall  management  responsibility  for  Gemini.  They  have  not 
shown  a lack  of  interest  in  it  in  any  of  our  meetings.  Therefore  I was 
a little  surprised  at  Mr.  Hines’  article. 

Mr.  Ruehlman.  I am  sure,  they  may  not  have  shown  a lack  of  in- 
terest. The  point  I am  trying  to  make  is  that  here  might  be  the  op- 
portunity for  the  military  to  at  least  show  a greater  interest  as  far  as 
the  public  is  concerned  with  the  Gemini  program. 

Mr.  Teague.  Will  the  gentleman  yield  f 

Mr.  Riehlman,  Yes. 

Mr.  Teague.  In  Texas  newspapers  last  week  there  was  an  article 


many  months  because  of  the  failure  to  deliver  hardware  by  the  con- 
tractors. ' # . ){: 

Mr.  Riehlman.  This  skys  it  will  possibly  be  a year. 

Mr.  Teague.  Brainerd  Holmes  said  the  statement  was  ve/y  prema- 
ture. ■ v;/.i 

General  ScmansvEB.  WelL  based  on  our  meetings  to  date  7 think  the 
statement  is  premature.  There  is  no  question  but  that  ve  have  some 


We  nave  laid  out  a program  to  licit  tnis.  There  is  noqueeton  m my 
mind  but  that  we  can  ao  it.  I think  there  will  be  some  delay  in  the  first 
flight,  but  I think  it  is  premature  to  make  statements  such  as  that  you 
report.  - ■-  - v- 

I did  not  see  this  particular  report.  ^ 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman,  could  we  have  both 
those  article  put  in  the  record  ? 

Mr.  Teague.  I don’t  have  the  one  I mentioned  since  I gave  it  to 
Mr.  Holmes,  but  if  it  is  all  right  with  Mr.  Riehlman,  we  can  have 
this  article  put  in. ' : .... 

Mr.RiEHLMAN.  It  is  all  right.  : ^ _ 

Mr.  Daddario.  What  purpose  will  it  serve?  ^ 

Mr.  Riehlman.  I don’t  know  that  it  serves  any  real  purpose  because 
it  is  not  official;  this  is  fust  speculation  on  the  part  of  a writer  for  the 
Sunday  Star.  ..  v : 

Mr.  Teague.  I think  that  when  Mr.  Holmes  comes  here,  we  should 
clarify  this  whole  matter.  He  told  me  that  it  was  premature.  X ' 

Mr.  Riehlman.  I would  like  to  keep  the  article  and  if  it  is  neces- 
sary we  ought  to  include  it  in  the  record!  ^ ^ 

Mr.  Daddario.  I don’t  think  we  ought  to  make  the  record  a matter 
of  general  speculation.  We  have  heard  from  two  of  the  outstanding 
people  in  the  program  that  any  such  speculation  is  premature. 

Mr.  Teague.  We  will  clear  it  up  with  Mr.  Holmes  on  Wednesday. 
Mr.  Fulton  of  Pennsylvania.  Could  I just  be  heard  a minute? 

The  article  has  been  referred  to  in  the  testimony  so  anybody  reading 
the  testimony  would,  of  epura^  want  to  see  what  the  article  was. 

. ..  jmmmhi  ib* ' 1 H- .. 
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I believe  that  a person  resting  the  record  would  like  to  see  the  article 
himself  to  see  what  the  inferwioes  am  that  the  general  testified  to. 

„ I have  no  particular  feeling  about  it  one  way  or  the  other*  What- 
ever the  chairman  wants  to  do  is  fine,  but  I felt  that  If  it  were  a legal 
hearing,  we  would  certainly  have  the  article  put  in  the  record. 

MfclkaGUEt  Do  y«i  have  objection?  . 

Mr.  Riehlman.  I have  no  objection  on  the  basis  of  what  Mr.  Fulton 
kMexplame& 

Mr.  Fulton  of  Pennsylvania.  I would  indude  it  merely  for 
reference.  .......  " 

' Mr,  Daddario.  You  would  establish  a precedent  of  putting  in  the 
record  every  single  article  to  which  anybody  ever  refers. 

Mr.  Teague.  He  quotes  the  Administrator  of  NASA. 

Mr.  Fulton  of  Pennsylvania.  That  is  the  trouble. 

Mr.  Rxshlman.  Mr.  Hines  quotes  Mr.  Webb  on  two  or  three  oc- 
casions, and  he  also  refers  to  the  military.  = 

Mr.  Fulton  of  Pennsylvania.  Unless  somebody  sees  the  article  to 
it  the  inferences  we  art  talking  about,  it  becomes  meaningless  to  have 
e discussion. 

Mr.  Teague. Any  objection  ? 

Mr.  Daddario.  I withdraw  my  objection. 

Mr.  Teague.  We  will  put  it  in  the  record. 

(The  article  referred  to  is  as  follows:) 

[From  tl»  Bondar  Star.  WMhingtoo,  D.C.,  Apr.  28. 1968] 

Two-Maw  Gemini  Again  pro  Orr,  Giving  Russia  Next  Prism 
(By  William  Hines,  Star  science  writer) 

The  two-m*n  Gemini  project  has  missed  its  latest  target  date  end  will  not 
reach  the  manned  flight  stage  for  at  least  a year,  Space  Administrator  James  E, 
Webb  said  yesterday. 

In  the  meantime,  he  declared,  the  Russians  can  he  expected  “at  any  time” 
to  launch  a Vostik-type  capsule  containing  a muitlmanned  crew.  Thus,  the  So- 
viet Union  would  heat  the  United  States  to  the  next  big  space  milestone  by  at 
least  12  months. 

The  additional  delay  In  Gemini,  widely  rumored  throughout  the  space  busi- 
ness, was  conceded  by.  Mr,  Webb  in  an  interview  following  a talk  to  Princeton 
University  alumni  here.  He  ebarged  the  slippage  to  “some  difficulty  with  the 
utilisation  of  Titan  II”  and  the  fact  that  “we  have  run  into  problems"  with  the 
Gemini  capsule  itself  . 

“No  one  can  forecast  now  when  we  will  fly  Gemini,”  Mr.  Webb  said. 

' DENIES  PLANS  COMPETE  ■ 

Mr.  Webb’s  acknowledgement  of  the  additional  delay  is  certain  to  add  fuel 
to  the  Are  of  speculation  about  Gemini's  future  ss  AJPfu*t  of  the  National  Aero- 
nautics and  Space  Administration’s  program. 

NASA  cooked  up  the  two-man  program  as  a stopgap  between  the  1962-68 
one-man  Mercury  project  and  the  1966-70  three-man  Apollo  program  leading 
to  lunar  flight.  . 

The  latest  delay  in  Gemini  pushes  its  first  mission  date  back  to  within  a matter 


Mr.  Webb  denlied  that  Apollo  and  Gemini  would  be  “competing”  for  attention 
in  the  1964-66  time  period.  However,  it  is  already  widely  recognised  that  Gemini 
is  being  deemphasised,  financially  and  in  oil  other  ways  to  clear  the  decks  for 
Apollo,  Some  observers  believe  a recent  agreement  between  NASA  and  the 
Defense  Department;  cuttingtbe  Air  Force  in  on  Project  Gemini,  Is  a part  of  this 
dsamplisafs. 1 
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Hr.  Webb  and  Defense  8ccr*tiry  McNamara  lunched  together  yeetcrday  fal- 
lowing the  NASA  Chief!  appearimca  at  the  Princeton  meeting.  The  Spate  'Ad- 
ministrator took  part  in  M- panebdiactualon  on  apace,  along  with  Princetoo  Profk. 
Harry  Heea,  COurtland  Perkin*;  and  Charles  Conrad,  Jr.,  Gemtel-Apollo.!urttt>- 
irnut  trainee,  a 1968  Princeton  alumnus.  - .* 

The  first  indlcatlob  that  Hr.  Webb  Was  prepared  to  admit  a furtberaUppage 
in  the  .Gemini  flight  schedule  came  when  he  waa  aaked  by  a Princeton  alamhue 
what  dictated  the  pace  of  apace  program*  Explaining  that  both  money  - and 
trained  manpower  entered  into  the  matter,  Hr.  Webb  turned  to  the  qaeation 
of Soviet-Amerlcan competition. 

“With  their  dilating  rockets,  they  mill  probably  be  able  to  do  a multimahned 
flight  around  the  Earth  a year  before  we  will  do  that,'' he  aaid.  ' ^ - 

After  the  meeting,  a reporter  asked  what  thie  meantwwith  reepect  to  Gemini, 
officially  scheduled  to  miter  the  aanned-flightatage  in  the  flrat, quarter  of  196*. 
Hr.  Webb  aaid  auch  a target  date  cteild  not  be  met.  and  added  that  ‘'no  one  can 
forecaat”  a Gemini  flight  date  at  thia  time. 


While  acknowledging  that  the  $760  million  Gemini  program  hat  failed  to  meet 
crucial  development  milestone*,  Hr.  Webb  instated  that  reporters  quote  him  as 
saying,  “We  canjsolve  every  single  hoe  of  our  problems.”  He  added  that  the 
integrated  mission  control  center  now  bping  built  at  the  manned  spacecraft  center 
outside  Houston,  Tex.,  would  be  able  te  handle  up  to  four  flights  simultaneously, 
either  Gemini  missions,  or  Apollo  sdaiooa  or  a combination  of  both. 

The  Titan  II  trouble  Hr.  Webb  mentioned,  has  been  discovered  in  recent  launch- 
ings of  that  rocket.  Vibrations  after  takeoff,  while  regarded  as  acceptable  in  a 
weapons  system,  are  thought  to  be  excessive  for  manned  space  launchings. 

Less  is  known. about  the  trouble  in  the  Gemini  capsule  itself,  but  this  Is  oncter- 
stood  to  consist  of  a number  of  “bugs”  Of  sorts  normally  encountered  in  the 
development  cycle.  = - , 

When  Gemini  originally  waa  announced  as  a part  of  the  space  program  late 
in  1981,  NASA  officials  were  hopeful  of  first  manned  orbital  flights  in  the  fall  of 
1963,  with  more  complex  rendeavoua  missiona  starting  as  early  m mid-1964. 

Delays,  some  blamed  on  funding,  officially  threw  the  first  flight  into  1984  as 
early  as  last  November.  ;;  v 

With  an  initial  manned  flight  how  possible  no  earlier  than  Hay  or  June  of  next 
year — barring  further  slippage* — it  now  seems  highly  unlikely  that  renderroua 
missions  will  be  flown  before  1986.  Such,  missions,  bringing  together  the 
manned  Gemini  spacecraft  and  an  unmanned  Agena  propulsion  unit,  are  re- 
garded as  essential  training  flights  for  the  1968-70  Moon-landing  adventure. 

Mr.  Teague.  Any  questions*  Mr.  Daddario — excuse  me,  were  you 
through,  Mr.  Riehlman  ? : 

Mr.  RiEHLMAif,  I have  One  or  two  other  questions  but  go  ahead. 

Mr.  Daddario.  General,  there  is  no  conflict  as  to  what  we  should 
achieve  as  a nation  or  what  we  ax*  capable  of  achieving.  Rather, 
doesn’t  the  conflict  egistoverhow  we  should  achieve  it? 

General  Schribveb.  I am  not  sure  I understand  exactly. 

Mr.  Daddario.  Let  me  carry  it  through.  ... 

In  your  statement  you  referred  to  setting  up  the  initial  manage- 
ment and  organisational  steps  through  the  liaison  of  General  Ritland 
with  the  Office  of  Manned  Space  Flight;  When  you  talk  about  the 
reasons  Why  the  military  must  do  certain  things  and  why  there  is  an 
urgency  to  your  program,  doesn’t  this  boil  down  to  the  fact  that 
there  at*  in  fact  two  space  programs  ? Isn’t  it  a fact  that  we  have  a 
military  program  and  a civilian  program,  and  we  have  not  been  able  to 
reconcile  the  differences  between  them? 

General  Schhievek.  I think  it  is  true  to  say  that  there  are  two  pro- 
grams. It  is  essentially,  however,  because  of  the  overlap  in  tech-  . 
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nology  that  the  “how,"  as  you  have  mentioned,  will  be  constantly 
worked  on  to  insure  that  these  programs  are  completely  comple- 
mentary. There  is  a great  deal  that  NASA  will  do,  particularly  in 
the  tech  i tology  area,  mat  will  have  direct  application  to  military 
operations  ormilitary  development. 

, |Kr.  D adoa rio.  This  has  been  a subject  of  constant  concern  to  the 
members  of  this  committee  and,  as  I understand  your  testimony,  you 
also  have  been  conoemed.  Do  you  believe  that  we  are  taking  steps 
to  reconcile  these  differences.  Are  we  bringing  together  the  proper 
people,  and  are  we  developing  the  capabilities  so  that  we  are  molding 
one  team  to  achieve  our  objectives  f 

General  Schrwvm.  Well  I feel  that  a great  deal  of  progress  has 
been  made.  I have  stated  before  that  I felt  that  the  contact  at  the 
top  was  not  enough.  You  need  the  contact  at  the  top  from  the  stand- 
point of  policy  and  overall  program  approval,  but  when  you  get  down 
into  the  details  of  working  out  the  specifics  with  respect  to  a project 
or  specifics  with  respect  to  facilities,  technical  facilities,  for  example, 
it  is  absolutely  essential  that  you  go  clear  down  to  the  working  levels. 

It  is  only  there  that  you  cLn  really  get  the  kinds  of  information  neces- 
sary to  determine  whether  there  is  duplication  or  whether  there  is  not 
duplication. 

And  hers  I think  we  still  have  a way  to  go.  I think  one  must  remem- 
ber that  NASA  is  a new  organization.  They  have  expanded  rapidly. 
They  have  problems,  and  we  have  had  problems  in  the  space  business. 

I think  good  progress  has  been  made.  I think  the  Gemini  planning 
board  is  another  indication  of  it  because  this  does,  in  fact,  provide  the 
kind  of  grassroots,  across-the-board  activity  that  I am  talking  about  in 
this  area  of  manned  space  flight 

Now,  I think  more  of  this  in  other  areas  is  called  for. 

Mr.  Daddario.  Some  time  ago  there  was  an  indication  that  the  Air 
Force  was  losing  people  because  of  the  greater  opportunities  in  NASA 
and  in  industry.  Has  this  slowed  down  as  a result  of  the  Air  Force 
playing  a greater  part  in  the  space  program  so  that  these  people  can 
see  that  their  future  opportunities  lie  with  the  Air  Force  rather  than  , 
some  other  agency! 

General  Schruvxr.  Well,  first  of  all,  Mr.  Daddario.  I think  that 
this  concern  or  this  reported  raiding,  as  you  might  call  it,  has  bam 
somewhat  taken  out  of  perspective. 

We  have  been  keeping  very  cloee  records  on  the  people  that  we 
have  lost  to  NASA  as  well  as  to  industry,  and  I can  say  that  our  at- 
trition or  our  losses  to  NASA  have  been  what  I would  consider  to  be 
normal.  They  have  not  been  abnormal. 

NASA  has  cooperated  with  the  Defense  Department  in  this  regard. 

I can  frankly  say  I was  concerned  about  it  a couple  of  years  ago.  but 
my  concern  just  has  not  materialized.  We  have  lost  some  people  to 
NASA,  that  it  right;  but  that  is  to  be  expected  and  we  do  have  a 
normal  turnover. 

Our  normal  turnover  of  civil  service  personnel  has  not  changed 
in  the  last  several  years,  we  have  stayed  fust  about  on  the  same  per- 
centage level.  So  I cannot  complain  that  we  are  losing  people  to 
NASA  at  an  abnormal  rate. 

Mr.  Daddario.  This  would  be  a good  indication  then,  if  it  is  a normal 
situation? 
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General  Schkhver.  Yet. 

Mr.  Daddario.  It  would  show  me  at  least  that  there  is  a statement 
in  the  program  1 

General  Schribvzr.  That  is  right  Of  course,  these  people  are  not 
necessarily  just  people  in  space  technical  work — they  may  be  in  other 
areas  of  specialized  activities — in  the  procurement  field,  the  quality 
control  field,  such  things  as  that.  “ • 

So  we  have  a broad  spectrum  of  technical  and  management  people. 
We  have  lost  people  clear  across  the  board,  but,  as  I say,  I would  con- 
sider iy  ust  normal. 

Mr.  Ribhlman.  Would  the  gentleman  yield  f 

Mr  Daddario.  Yes. 

Mr.  Riehdcax.  General,  in  some  areas  there  has  been  a question 
raised  as  to  whether  or  not  we  should  go  into  the  Gemini  program  aft 
all.  * 

Some  people  feel  that  the  Gemini  program  is  not  necessary,  and  this 
probably  rests  on  the  decision  to  employ  the  EOR  or  tne  LOR  ap- 
proach. If  we  had  decided  that  we  could  have  Accomplished  the 
manned  lunar  landing  by  the  EOR  approach,  would  it  have  been  nec- 
essary to  have  both  the  Gemini  and  the  Apollo  projects  going  at  this 
time? 

General  Schrisver.  Well,  I think  this  is  a question  that  really 
NASA  needs  to  answer. 

I can  give  you  some  basic,  fundamental  reasons  why  it  is  necessary 
for  NASA  to  have  the  kind  of  information  that  they  are  going  to 
got  out  of  the  Gemini. 

Mr.  Rikhlman.  Let  me  just  back  up  a moment  so  that  yon  will  know 
what  I am  thinking  about.  Couldn’t  NASA  have  gotten  the  very 
same  inormation  out  of  the  Apollo  program  if  it  haa  decided  on  an 
EOR  approach  f 

General  Schriever.  NASA  could  have  gotten  the  same  informa- 
tion but  at  a later  date  and  at  a considerably  greater  expense,  because 
the  Apollo  costs  a great  deal  more  per  launcr  i than  will  tne  Gemini. 

They  have  got  to  have  this  basic,  fundamental  information  of  how 
does  a men  respond  to  7 days  in  Mint 

What  about  the  rendezvous  and  the  docking,  and  so  forth  ? 

So  really  this  is  aimed  at  achieving  those  steps,  those  building  block: 
steps  at  a considerably  lower  price  than  they  would  have  had  to  do  it 
in  the  Apollo.  I think  they  are  completely  justified  in  the  program. 
They  would  have  had  to  do  it,  I think,  under  either  circumstance,  but 
they  will  get  this  information  much  sooner  and  much  cheaper. 

Mr.  Daddario.  Mr.  Bdl  f 

Mr.  Bio.  General,  in  answer  to  Mr.  Daddario’s  question,  you  in- 
ferred that  you  can  compete  satisfactorily  for  personnel  with  NASA 
and  industry.  You  do  nave  a problem,  though,  do  you  not,  as  to 
salary  levels  and  benefits  as  far  as  your  personnel  are  concerned  f 

General  Schriever.  I did  not  say  we  could  successfully  compete 
with  industry.  I said  that  our  losses  had  not  been  abnormal.  We  do 
lose  a lot  of  good  people  to  industry,  more  than  I would  like  to  loee. 
And  we  cannot  oompete  with  industry  from  a salary  standpoint  or 
even,  I would  say,  a fringe  benefits  standpoint. 

Mr.  Bell.  How  about  NASA,  can  you  compete  with  them  ? 
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General  Schrikvkr.  With  NASA,  yes.  Of  course,  there  is  always 
an  advantage  whan  you  have  a growing  organization  when  people 
have  an  opportunity  to  move  vp  tne  ladder  faster,  that  sort  of  thing. 

Our  organization  is  pretty  stable.  There  has  been  some  growth 
but  it  is  a slow  growth,  whereas  NASA  is  building  up  quite  rapidly 
and  has  over  the  past  couple  of  yean. 

Mr.  Bill.  Also  in  answer  to  Mr.  Daddario’s  question,  you  men- 
tioned coordination  and  eliminating  some  of  this  duplication  which 
you  say  may  exist 

General  Sghmever.  Well,  I said  to  insure  that  we  do  a better  job. 

Mr.  Bill.  Just  visualizing  this  coordination  at  the  top  level  for  a 
minute,  and  I don't  mean  to  ask  embarrassing  questions,  but  I am 
curious  as  to  the  line  of  command.  Is  Secretary  McNamara  the  one 
that  deals,  with  Mr.  Webb  or  do  you  deal  with  Mr.  Webb,  or  do  both 
of  vou?  How  does  this  operate!  For  example,  if  you  get  into  a 
problem  as  to  what  NASA  or  the  Air  Force  does,  whom  do  you  deal 
with! 

General  Schriever.  On  all  formal  dealings  between  the  Department 
of  Defense  and  NASA,  it  is  Mr.  Webb  dealing  with  Mr.  McNamara. 
They  have  established  the  AACB,  the  Astronautics  and  Aeronautics 
Coordinating  Board. 

Mr.  Bkx.  Who  is  the  Chairman  of  that! 

General  Schriever.  Dr.  Brown  and  Dr.  Seamans  are  the  Co-Chair- 
men. They  also  have  a number  of  panels. 

The“  representatives  on  those  panels  covering  the  various  technical 
areas  of  common  interest  between  NASA  and  DOD  are  from  the 
DOD  as  well  as  the  services  and  the  NASA.  This  Board  and  the 
panels  meet  periodically. 

Mr.  Bell.  Are  the  panels  equally  divided  as  far  as  representation 
is  concerned! 

General  Schruvxx.  I think  they  are  equally  divided  between  N ASA 
and  the  Department  of  Defense. 

Mr.  Bell.  TheAir Force! 

General  Schriever.  Not  the  Air  Force. 

Mr.  Bell.  Tou  are  talking  about  Department  of  Defense  and 
NASA! 

General  Schriever.  Yes,  sir. 

Mr.  Bell.  So  actually  when  you  get  to  the  top  you  have  it  pretty 
well  evenly  divided.  If  there  were  a difference  of  opinion  between 
the  departments,  you  would  have  sort  of  a Mexican  standoff! 

General  ScHRDmm.  At  that  level 

Mr.  Fultow  of  Pennsylvania.  Whet  is  that ! 

Mr.  Bell.  Where  neither  side  can  win  nor  outvote  the  other. 

General  Scheieveb.  Well,  in  that  case  it  would  be  brought  up  to 
Mr.  Webb  on  the  part  of  NASA  and  Mr.  McNamara  on  the  part  of 
the  Department  of  Defense  for  resolution. 

Now  you  asked  me  about  dealing  at  my  level.  Actually  I have  had 
delegated  to  me  from  the  Department  of  Air  Force,  both  from  the 
Secretarial  level  and  from  the  Air  Staff,  very  considerable  authority 
for  dealing  with  NASA. 

Most  of  the  dealings  between  NASA  and  the  Air  Force  are  done  at 
the  Systems  Command  level ; in  other  words,  my  command. 
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Onr:'r!  where  policy  hat  already  been  established  and  programs 
are  un<  *.*  '/ay,  I deal  directly  with  Dr.  Seamans  and  Brainerd  Holmes 
withiv*  ■•a  to  the  resources  that  may  be  applied. 

Mr. } i But  when  it  concerned  a matter  of  which  agency  was  to 
have  a > * « ain  project  such  as  Gemini,  or  who  was  to  do  a particular 
thin*,  it.  xuld  pi  T>bably  have  to  be  resolved  between  the  Secretary  of 
Defense  d the  Administrator  of  NASA;  is  that  oorrecc? 

Genei  a Scunavn.  That  is  correct:  but  that  is  not  at  my  level. 

Mr.  Bslu  I probably  should  not  be  asking  you  this  question,  but 
has  there  been  to  vour  knowledge  any  definite  difference  of  opinion  in 
any  of  these  areas  V 

General  Sohukvhl  Well,  certainly  there  have  been  differences  of 
opinion  and  you  would  expect  that. 

Mt.Bma.  Tea. 

General  Schuevcb.  After  all,  we  are  dealing  with  tremendous  pro- 
grams, tremendous  resources,  many  people,  many  facilities,  so  there 
are  certainly  differences  arising  from  time  to  time. 

Mr.  Bill.  That  is  true. 

General  Sohkocvkr.  They  have  all  been  worked  out  to  the  beet  of  my 
knowledge. 

Mr.  Bkll.  May  I ask  one  more  question  I 

Mr.  Dadoario.  Tee. 

Mr.  Bkll.  General  Schriever,  I understand  that  the  Nuclear  Sys- 
tems Office  in  NASA  is  having  a little  trouble  with  Project  Rover. 
I also  understand  that  the  Department  of  Defense  has  budgeted  for 
nuclear  propulsion,  and  that  many  people  fed  there  has  not  been  an 
adequate  increase  to  take  c .re  of  the  leadtime  necessary  to  build  up 
nuclear  propulsion. 

Woula  you  consider  this  reasonably  accurate  f 

General  Soimsvaa.  Well,  the  development  of  nuclear  propulsion, 
that  is  the  boosters  has  been  assigned  to  the  NASA. , 

In  other  words,  the  Department  of  Defense  does  not  work  with 
AEC  in  booster  fields,  directly. 

Now  we  do  work  in  the  auxiliary  power  field.  Here  we  have  a very 
considerable  interest.  We  fund  for  it  and  work  directly  with  the 
AEC.  As  a matter  of  fact,  we  have  furnished  Air  Force  officers  who 
are  assigned  to  AEC  and  they  are  actually  the  program  directors  of 
the  SNAP  and  several  other  projects. 

Mr.  Bkll.  Orion,  SNAP,  and  two  or  three  otherprogramsf 

General  Schbxxvxb.  That  is  right.  But  in  the  Rover  program  and 
in  the  nuclear-booster  area  this  is  a NASA- AEC  tie.  We  are  inters 
esteo  in  it,  of  course,  but  we  have  not  funded  for  any  of  this  and  I can- 
not at  the  moment  give  you  any  details  as  to  the  status  of  that  project 
because  I am  just  not  up  to  data  in  this  matter  at  the  moment. 

Mr.  Bell.  Thank  you. 

Mr.  Daddauo.  It  is  your  feeling  then,  General,  that  the  line  of 
communications  between  NASA  ana  the  Air  Force  is  better  now  than 
it  has  been  before,  and  that  it  seems  to  be  improving  all  the  timef 

General  Schmkvkr.  It  is  better  and  it  has  been  improving:  yes,  sir. 

Mr.  Daddauo.  In  your  opinion,  it  is  important  tn&t  we  nave  the 
best  possible  coordination  because,  through  this  means  ot  communica- 
tion, v,’°  will  have  a more  efficient  program  and  obtain  better  dollar 


1C.  Asa  matter  of  fact,  we  have  furnished  Air  Force  officers  who 
assigned  to  AEC  and  they  are  actually  the  program  directors  of 
SNAP  and  several  other  projects. 
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effectiveness?  Consider  this  in  light  of  the  statement  you  made  that 
this  program  is  an  expensive  one. 

General  Schrjxvrr.  Yes,  sir. 

Mr.  Daddario.  I am  pleased  to  hear  that  I often  have  my  doubts, 
frankly. 

General  Schrisver.  Well  differences  do  arise,  but  then  I have  dif- 
ferences among  my  own  I have  17  commanders  and  I can 

assure  you  sometimes  I almost  tear  my  hair  out  in  frustration  because 
wherever  you  ha  ve  an  overlapping  situation  among  programs  and 
among  areas  of  responsibility,  you  are  bound  to  have  differ^oes  arise. 

So  you  can  expert  that  these  will  arise  and  there  will  continue  to 
be  problems  between  NASA  and  the  Air  Force,  but  I think  this  is 
to  be  expected. 

Mr.  Daddario.  L.  the  area  of  the  large  solid  motors  we  have  pro-  ‘ 
grams  involving  120-,  166-,  and  260-inch  motors. 

Do  we  need  all  or  these  programs  at  the  same  time  or  could  we 
gain  the  requisite  knowledge  by  going  ahead  with  just  the  smaller 
ones,  taking  into  consideration  what  you  have  said  regarding  the  oost 
per  shot  or  die  Apollo  and  Gemini  programs? 

I wonder  if  we  could  not  defer  the  260-inch  program  until  we  have 
learned  as  much  as  we  probably  can  out  of  the  120-  and  156-inch  solid 
motor  programs. 

General  Schrievrr.  Well,  I think  that  this  large  solid  motor  pro- 
gram has  probably  t under  more  scrutiny  than  any  other  program 
that  we  have  ever  taken.  It  has  been  about  2 years  in  really 
evolving  into  something  that  has  been  agreed  to  by  both  the  Depart- 
ment of  Defense  and  NASA  and  we  have  iust  selected  the  contractors. 

The  program  really  is  what  you  might  call  an  experimental  or 
technical  feasibility  program  involving  a number  of  experiments  to 
prove  the  feasibility  of  these  various  rocket  motors.  I think  it  does 
not  commit  the  Department  of  Defense  or  NASA  to  very  large-scale 
facilities  or  to  very  large-scale  testing. 

It  is  not  going  to  be  a very  expensive  program ; not  nearly  as  expen- 
sive as  visualized  earlier. 

I think  it  is  necees&ry  to  actually  carry  out  experiments  in  the 
260-inch-diameter  region  because  you  eimply  cannot  extrapolate  from 
156  to  260  with  any  degree  of  certaintv. 

The  program  has  been  very  carefully  developed.  We  have  had  our 
best  technical  people  in  it.  We  have  had  the  best  technical  people 
from  NASA  involved  and  I think  it  is  a very  sound  projrram.  It  is 
one  of  the  few  programs  thr.t.  now,  everybody,  I think,  is  in  complete 
agreement. 

Mr.  Daddario.  How  large  is  the  260-inch  program  ? When  you  say 
it  is  experimental,  how  many  firings  will  take  place? 

General  Schriever.  I will  have  to  furnish  that  for  the  record. 

The  fiscal  year  1964  budget,  I think,  is  $35  million.  I can  furnish 
this  for  the  record  for  you. 

We  hftvo  .>  very  detailed  development  plan  which  gives  exactly  the 
number  of  fi.  ings  and  precisely  wnat  is  involved  in  each  of  these. 

The  120-inch,  of  course,  is  tied  to  the  Titan  III. 

Mr.  Daddarvo.  Yes. 

General  Schkievkr.  We  are  talking  about  the  156-inch  and  the  260- 
inch. 
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Mr.  Daddakio.  Could  we  have  that,  and  would  you  project  the  costs 
for  the  future,  too  I 

General  Schrdever.  Yes;  lean  give  that  to  you. 

Mr.  Daddario.  The  reason  I go  into  this  is  because  it  has  been 
indicated  to  this  committee  that  all  the  necessary  information  could 
be  obtained  from  the  smaller  programs.  Furthermore,  to  conduct  a 
260- inch  program  would  necessitate  100  firings  to  bring  it  to  perfection 
and  these  100  firings  will  cost  millions  of  dollars? 

General  Schrdever.  Well,  I don’t  know;  you  can  probably  get  a 
number  of  different  opinions  on  this. 

All  I can  say  is  that  we  have  had  our  very  best  technical  people  on 
this.  We  have  scaled  the  program  way  down  with  objectives  that  are 
considerably  less  than  those  which  were  earlier  established  in  terms  of 
actually  achieving  a 260-inch  capability. 

The  program  now  calls  for  establishing  the  technical  feasibility  of 
such  an  engine.  We  are  not  talking  about  100  firings  or  anything  like 
that;  we  are  talking  about  just  a small  number  of  firings,  not  involving 
the  total  length  of  the  rocket. 

So  what  you  say  is  true;  if  we  went  into  a very  large-scale  pro- 
gram it  would  be  a very  expensive  one  for  the  260-inch-rocket  motor. 

You  can  get  a lot  of  people  who  will  voice  opinions  on  these  solids. 
The  fact  is,  that,  I have  to  take  the  word  of  my  technical  experts  and 
they  are  the  best  in  the  business.  We  know,  I think,  more  about  solids 
than  any  other  establishment. 

We  moved  from  the  smaller  rockets  into  the  Minuteman  based  on 
just  this  kind  of  feasibility  program  that  we  are  now  undertaking 
in  the  large  solids. 

Mr.  Daddario.  These  figures  you  provide  will  set  out  the  program 
and  its  cost? 

General  Schriever.  I will  provide  you  with  what  I think  you  want 
in  terms  of  the  magnitude  of  the  program,  both  in  dollars  and  in 
firings,  and  I will  add  a few  specifics  as  to  why  we  feel  that  we  need 
to gobcf h 166-  and  260-inch  routes. 

(The  ir,  formation  referred  to  is  classified  and  may  be  found  in  the 
committer  files.) 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield  ? 

Mr.  Daddario.  Yes. 

Mr.  Fulton  of  Pennsylvania.  To  get  more  detail,  could  you  divide 
it  between  research  and  technical  development  and  engine  develop- 
ment so  that  we  can  see  which  is  research  and  which  is  actually  engine 
development  ? Is  that  possible  ? 

General  Schriever,  I understand  that  most  of  the  expenses  of  these 

Erograms  when  they  get  to  a certain  point  are  engine  development. 

[owever  this  large  solid  program  is  not  aimed  at  engine  development 
at  all  in  terms  of  what  I think  you  have  reference  to. 

Mr.  Fulton  of  Pennsylvania.  That  is  what  I am  trying  to  get  clear. 
This  is  really  just  research  and  technical  development  on  the  program 
rather  than  engine  development. 

General  Schriever.  That  is  right. 

Mr.  Fulton  of  Pennsylvania.  Thank  you. 

(The  information  referred  to  is  classified  and  may  be  found  in  the 
committee  files.) 

Mr.  Daddario.  How  far  in  the  future  must  we  look  before  we  can 
reach  the  point  where  nuclear  engines  can  become  somewhat  smaller? 
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When  can  we  develop  a nuclear  capacity,  for  example,  while  reducing 
the  size  of  the  engine  and  still  accomplish  some  of  tneae  objectives? 


accomplish 


object  i 


It  9eems  that,  eventually,  we  must  reach  that  point  because  a 260- 
inch  motor  is  an  awful  big  piece  of  equipment.  Can  we  look  forward 
to  the  time  when  we  will  develop  a nuclear  capacity  with  a more 
efficient  engine  ? 

General  Schriever.  Well,  if  you  are  calling  for  very  high  thrust 
you  are  not  going  to  have  very  small  engines.  As  a matter  of  fact, 
the  present  nuclear  approach,  using  the  resupply  technique,  which 
uses  hydrogen ; it  is  a very,  very  large  tank.  So  I cannot  visualize  a 
small  powerplant  having  a very  large  thrust  capability.  I think  if 
you  are  talking  about  a large  thrust  capability,  you  are  going  to  talk 
about  a relatively  large  engine. 

Now,  from  a military  standpoint,  I think  we  will  move  more  slowly 
toward  these  large  engines;  that  it  is  to  our  advantage  to  stay  as  small 
as  possible  because  of  the  logistics  and  operational  aspects  involved 


toward  these  large  engines;  that  it  is  to  our  advantage  to  stay  as  small 
as  possible  because  of  the  logistics  and  operational  aspects  involved 
and  also  the  cost  involved. 

That  is  another  reason  why  we  arc  so  anxious  to  develop  the  ren- 
dezvous, docking,  and  transfer  techniques,  because  it  is  entirely  pos- 
sible that  rather  than  sending  something  up  in  one  package,  we  would 
prefer  to  send  it  up  in  several  smaller  packages  and  assemble  it  in 
space. 

These  are  some  of  the  things  that  are  still  ahead  of  us  in  our  experi- 
mental work. 

Mr.  Daddario.  Are  we  preventing  that  from  coming  about  by  not 

Sling  ahead  with  Gemini  type  programs  before  we  go  into  Apollo  and 
ova  9 

Are  we  eliminating  the  development  of  techniques  to  put  smaller 
pa vloads  into  Earth  orbit  and  then  moving  from  there  f 
General  Schriever.  No.  The  Gemini  program  will,  in  fact,  meet 
this  requirement.  We  have,  of  course,  the  satellite  inspector  program 
which  we  are  attempting  to  work  into  the  overall  Gemini-Dyna-Soar 
situation. 

There  are  specific  developments  of  sensors  and  other  equipments 
involved  and  tnere  are  certain  differences  in  techniques  of  ruidesvoua, 
such  as  with  a hostile  or  noncooperative  object  rather  than  a coopera  - 


mere  are  specinc  developments  or  sensors  and  otner  equipments 
involved  and  tnere  are  certain  differences  in  techniques  of  ruidesvoua, 
such  as  with  a hostile  or  noncooperative  object  rather  than  a coopera- 
tive target,  but  all  of  these  can  De  worked  into  an  expanded  Gemini 
type  program. 

Mr.  Teague.  Mr.  Bell  ? 

Mr.  Bell.  General,  I have  a series  of  questions  that  perhaps  have 
been  asked  you  before  but  are  somewhat  more  detailed. 

NASA  has  a Life  Science  Research  Facility  in  its  budget  for  about 
$4,800,000.  I understand  that  the  Air  Force  has  a large  facility  and 
a technical  capacity  in  the  bioastronautics  area  which  has  bean  of- 
fered several  times  to  support  NASA  programs,  but  that  NASA  has 
not  accepted  these  offers.  Are  you  a ware  or  this  Y 

General  Schriever.  Well,  we  have  discussed  with  NASA  on — when 
I sav  “we” 

Mr.  Teague.  Before  you  answer  that,  would  you  yield  for  a second  9 

Mr.  Bell.  Yes. 

Mr.  Teague  Would  you  include  the  Navy  School  of  Medicine  at 
Pensacola,  Fla.,  in  your  answer?  We  were  down  there  and  they  told 
us  something  apout  the  coordination  that  is  going  on.  Likewise,  we 
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talked  about  an  agreement  between  NASA  and  the  DOD  last  year,  and 
we  understand  that  the  agreement  has  never  hMnreachecL 
Please  review  the  whole  area  for  us  becaiMM|Hg$U  be  going  into 
this  with  NASa  one  day  soon.  Mr.  Bell  ^subcommittee 

last  year,  so  give  us  an  overall  r6sum6  of  J gpnospace  medi- 

General  Schriever.  Well,  I will  see  whsjH 
(The  information  requested  is  as  follows  :)i 

U8AF  Bioastbon  Aimes  Rssotni era 

Am  you  know  the  Air  Force  has  been  painstakingly  Investigating  the  complex 
problem  of  Injecting  human  beings  farther  and  farther  Into  the  hazardous 
reaches  of  the  aerospace  environment  since  1918.  Highlights  of  this  effort  In- 
clude the  establishment  of  the  predecessor  of  the  present  School  of  Aerospace 
Medicine  in  that  year;  the  founding  of  the  nucleus  of  the  present  Aerospace 
Medical  Research  Laboratories  at  Wrlght-Petterson  Air  Force  Base  (to  do  bio- 
engineering In  connection  with  manned  aircraft  development)  In  1966;  and  the 
creation  of  a group  of  othe~  system  design  and  test  support  groups  beginning  In 
1961,  shortly  after  the  Air  Research  and  Development  Command  was  founded  to 
bring  order  and  scientific  management  Into  the  research  and  development  busi- 
ness and  provide  the  USAF  with  qualitatively  superior  weapon  systems. 

The  word  “bioastronautics”  is  what  we  use  to  describe  the  research,  develop- 
ment, and  test  programs  needed  to  explore  the  capabilities  and  limitations  of 
man  in  space  environments  and  promote  the  safety  and  effectiveness  of  man  In 
space  flight  operations.  It  consists  not  only  of  contributions  made  by  life  scien- 
tists but  also  of  knowledge  and  skill  which  their  associates  in  the  physical, 
chemical,  and  engineering  sciences  and  technologies  can  bring  to  bear  on  the 
common  goal  of  assuring  'he  successful  protection  and  performance  of  aerospace 
crewmen. 

The  recent  establishment  of  the  Aerospace  Medical  Division  located  at  Brooks 
Air  Force  Base,  San  Antonio,  Tex.,  established  a focal  point  for  the  overall  man- 
agement and  implementation  of  the  bioastronantlcs  program.  I a prime  mission 
is  to  manage  and  direct  research  and  development  programs  in  support  of  Air 
Force  systems  development,  including  basic  and  applied  research,  advanced 
technology,  operational  support  and  direct  system  support  programs  This  is 
our  headquarters  for  our  aerospace  medicine  and  bios  strona  otic  research  and 
we  have  a large  part  of  our  research  facilities  located  there.  Under  manage- 
ment of  the  Aerospace  Medical  Division  we  have  the  research  laboratories  of  the 
School  of  Aerospace  Medicine  located  at  Brooks  AFB,  the  Aerospace  Medical 
Research  Laboratories  located  at  Wrtght-Patterson  AFB,  the  Aeromedical  Re- 
search Laboratory  located  at  Holloman  AFB,  the  Arctic  Aeromedical  Labora- 
tory located  at  Fort  Walawright  AFB,  Alaska,  and  the  Personnel  Laboratory  lo- 
cated at  Lackland  AFB.  These  laboratories  constitute  our  major  facilities  for 
bioastronautics  research  and  development 

They  are  not  only  an  Air  Force  asset  but  a unique  national  i wource  and 
represent  a considerable  Investment  In  funds  and  scientific  effort  For  example, 
the  replacement  value  for  the  real  estate  and  research  tools  of  these  organisations 
wonld  amount  In  excess  of  |60  million.  Additionally,  onr  highly  trained  scien- 
tists constitute  one  of  the  most  valuable  national  assets  in  the  race  for  space. 
Among  the  personnel  assigned  to  these  organizations  are  288  scientists,  military 
and  civilian,  owning  a doctorate  degree  In  one  or  another  of  numerous  scientific 
and  medical  specialties  and  devoting  full  time  to  such  research.  Approximately 
146  more  hold  a master's  degree  and  899  with  a bachelor's  degree  fall  In  the  same 
category. 

Now  moving  on  to  our  relationships  with  NASA — the  Secretary  of  the  Air 
Force  and  the  USAF  Chief  of  Staff  declared  In  the  summer  of  1968  that  It  would 
be  the  Air  Force  policy  to  give  full  and  enthusiastic  support  to  NASA  In  its 
space  flight  programs.  This  policy  has  been  reaffirmed  on  many  occasions  since, 
and  this  command  has  given  complete  cooperation  to  the  NASA  In  all  requests 
for  assistance.  The  following  represent  some  of  the  NASA  requests  end  Systems 
Command  cooperation  with  respect  to  research  and  development  associated 
with  bioastronantlc  research : 

(a)  Astronaut  physical  screening  and  physiological  stress  testing. 
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(ft)  Astronaut  training  and  Indoctrination  in  weightlessness,  acceleration, 
use  of  protective  equipment,  etc. 

(o)  Evaluation  of  competitive  full  preaanre  anlt  design*. 

(d)  Mercury  capsule  Impact  testing. 

(e)  Chimpansee  training  and  flight  test  support 

(/)  Chimpansee  bolding  facility  expansion,  and  baseline  data  collection. 

(#)  Radiobiological  apniiwl  research  and  instrumentation  development 

(h)  Proposed  cosmic  radiation  apace  flight  program  (Thor-Agena  B vehicles, 
highly  eccentric  Mbits) . 

(4)  Consultative  assistance  from  Air  Force  laboratory  and  staff  levels. 

General  Schriever.  We  do  not  have  an  agreement  between  NASA 
and  the  military  that  I am  aware  of  with  respect  to  the  utilization  of 
our  resources  in  support  of  the  NASA  manned  space  flight  programs. 
Nor  do  we  have  any  mechanism  for  coordinating  at  the  working  level 
on  facility  resources  that  are  being  asked  for  by  NASA  or  underway 
in  one  form  or  another  for  this  type  of  work. 

Mr.  Teague.  Why  not?  If  my  memory  is  correct,  last  year  both 
the  Air  Force  and  NASA  told  this  subcommittee  that  you  expected 
to  have  an  agreement  very  soon. 

Mr.  Daddario.  Mr.  Rubel  and  Dr.  Dryden  told  us  that  within  2 
weeks  after  the  close  of  the  hearings  they  would  come  to  that  agree- 
ment. 

Mr.  Fulton  of  Pennsylvania.  Yes. 

Mr.  Teague.  If  you  will  forgive  us  for  getting  into  your  question, 
Mr.  Bell. 

Mr.  Bell.  No,  that  is  all  right. 

General  Schriever.  There  were  communications  between  the  De- 
partment of  Defense  and  NASA  on  this  subject.  To  the  best  of  my 
knowledge  an  t greement  has  not  been  accomplished. 

Mr.  Teague.  Is  there  areason?  Is  it  a point  of  difference,  or  is  it 
a lack  of  initiative  to  have  an  agreement?  What  is  behind  it? 

General  Sckrieveil  I think  there  has  been  a point  of  difference.  I 
don’t  know  exactly  where  it  stands  at  the  moment. 

Mr.  Teague.  Thank  you. 

Mr.  Bell.  General,  I understand  that  NASA’s  Langley  Research 
Center  has  a program  costing  approximately  $1,700,000  for  a Vehicle 
Antenna  Test  Facility.  I also  understand  that  the  Air  Force  as  a capa- 
bility in  this  area  at  Wnght-Patterson  Field.  Is  that  correct? 

General  Schriever.  Yes,  we  have  certain  antenna  development 
capabilities  both  at  Rome.  N.Y.,  and  at  Wright  Field.  I am  not  able 
to  comment  specifically  on  the  need  for  the  NASA  vehicle  antenna 
test  facility  because  I am  not  familiar  with  their  requirement.  Our 
capabilities  at  the  Rome  Air  Development  Center  and  Aeronautical 
Systems  Division  are  oriented  toward  radar,  electronic  counter-mea- 
sures (ECM)  and  aircraft  communications. 

Mr.  Bell.  Has  NASA  offered  to  make  any  kind  of  arrangement 
for  your  facilities  at  either  Rome  or  Wright- Patterson? 

General  Schriever.  To  the  best  of  my  knowledge  we  have  not  made 
any  offer  of  our  test  facilities  in  these  areas  nor  have  there  been  any 
requests  made  upon  us.  But  I couldn’t  guarante  this  100  percent  be- 
cause I don’t  see  all  the  correspondence. 

Mr.  Bell.  In  the  NASA  budget  there  is  a request  for  a “Launch 
Environment  Antenna  Test  Facility”  for  $7  million.  The  Air  Force — 
I suppose  this  is  much  the  same  thing — has  a similar  facility,  again 
at  Wright-Patteraon. 
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General  Schrievxr.  We  hare  facilities  that  would  appear  similar 
to  that  description,  but  whether  or  not  they  are  necessarily  in  all  re- 
specks,  facilities  suitable  to  solve  NASA’s  needs,  or  whether  these 
facilities  with  modifications  could  be  made  to  serve  NASA,  it  would 
be  very  difficult  to  say.  The  NASA  facility  in  question  will  simulate 
the  noise,  vibration,  and  other  environments  that  would  be  character- 
istic of  a launch  she.  There  are  no  facilities  at  Wright  Field  specifi- 
cally designed  or  currently  capable  of  simulating  this  environment. 

(The  following  information  nas  been  submitted  for  the  record :) 


owing  information 


submitted  for  the  record :) 


USAF  Vibration  and  Communications  Test  Faciutim,  Wbioht-Pattxbson 

AFB,  Ohio 

1.  Vibration  facility  ( building  No.  93),  3100,000;  five  technicians.— Model  C-82 
calldyne,  12,500  pound  fores,  provides  a massive  vibration  table  for  medium  and 
high  weight  class  of  equipment. 

2.  Random  vibration  facility  (building  No.  93),  3130,000;  seven  technicians. — 
Output  force  of  5MS00  pounds,  frequency  Are — 2,000  cycles  per  second  for  equip- 
ment weighing  less  than  90  pounds. 

3.  High  intensity  acoustic  test  faculty,  3300,000. — Fifty-four  feet  long  by 
twenty-six  feet  wide  by  thirteen  feet  high.  Capable  of  subjecting  electronics, 
materials,  structures,  to  sound  pressure  levels  up  to  174  decibels.  Maximum 
frequency  range  20 — 10,000  cycles  per  second.  This  facility  is  located  at 
Cambridge. 

4.  Sonic  test  facility,  313  mtttion  (under  construction). — Seventy-foot  by  AT y- 
Rlx-fbot  by  forty-two-foot  chamber;  1 million  watt  acoustic  power;  progressive 
wave  field  174  decibels;  random  noise  field  160  decibels.  Most  advanced  and 
largest  capacity  test  facility  of  its  kind  In  existence. 

5.  Communication  receiver  facility,  3315,000;  four  technicians. — Building 
836  and  103-acre  plot  of  land  provides  an  experimental  test  site  for  communica- 
tions systems  operating  in  frequency  bands  above  2 gca  This  shares  acreage 
with  building  830  (flight  test  radar  repeater  facility)  0 miles  east  of  Wrighfc- 
Patterson  AFB. 

Mr.  Teague.  Would  you  tell  what  the  AACB  is  and  who  is  on  itt 
General  Schrievxr.  It  is  the  Aeronautics  and  Astronautics  Coordi- 
nating Board.  Dr.  Brown  and  Dr.  Seamans  are  the  co-chairmen  of 
this  and  it  consists  of  a number  of  panels. 

Mr.  Bell.  General,  getting  bade  to  the  launch  operations  again, 
there  is  a Central  Instrumentation  Facility  costing  about  $81  million  in 


the  NASA  budget.  I understand  this  facility  appears  to  provide 
NASA  with  an  excess  capability,  in  view  of  the  DOD  capability  exist- 
ing at  the  Atlantic  Missile  Range.  The  AMR  is  updatmr  the  telem- 
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etry  center  and  there  is  an  additional  amount  of  money  for  the  NASA 

£rogram;  I wonder  if  you  think  there  is  anything  that  could  be 
» coordinated  in  this  area  f 

General  Schrievxr.  Well,  this  is  one  area  in  which  I believe  de- 
tailed coordination  is  taking  place  at  Cape  Canaveral  now.  You  see  we 
have  a completely  separate  agreement  with  respect  to  the  operation  of 
the  Atlantic  Missile  Range.  This  agreement  was  some  months  in  de- 
veloping and  it  does  retrains  that  the  people  on  location  specifically 
coorainate  in  detail  on  all  technical  facilities. 

The  Atlantic  Missile  Range  is  presently  updating  the  telemetry 
center.  The  AMR  telemetry  program  for  expansion  and  updating 
was  jointly  planned  with  NASA.  However,  NASA’s  requirement 
for  additional  telemetry  was  not  made  known  at  that  time.  At  this 
point  I would  like  to  emphasize  that  complete  assessment  of  the  pos- 
sible extent  of  duplication  involved  can  De  accomplished  only  by  a 
comprehensive  study  and  comparison  of  present  and  proposed  facili- 
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ties  and  projected  workloads  by  the  operating  personnel  at  AMR.  As 
I have  said  earlier,  this  detailed  coordination  is  presently  going  cm 
now  at  the  Atlantic  Missile  Range. 

$ Mr.  Teague.  If  there  is  no  objection  from  any  member  of  the  com- 
mittee, I would  like  to  offer  you  a chance  to  revise  your  remarks  on 
thoee  questions  on  which  you  do  not  have  the  detailed  information. 
You  might  want  to  add  some  comments  later  for  the  record. 

General  Schriever.  Do  I understand  that  where  I do  not  have  the 
detailed  information,  you  are  asking  that  I fill  in  the  details  f 

Mr.  Teague.  Correct. 

Mr.  Fulton  of  Pennsylvania.  For  example,  I think  you  should 
make  some  very  definite  statements  in  regard  to  coordination. 

General  Schriever.  Well,  I would  prefer  to  do  this  because  we  are 
covering  a very  broad  field  here. 

Mr.  Teague.  I would  certainly  hope  the  record  would  not  indicate 
that  we  were  ducking  these  questions  or  bypassing  them.  That  is  the 
reason  I would  like  your  staff  to  take  the  record  and  go  through  it 
and  put  in  anything  on  which  you  would  like  to  elaborate. 

General  Schriever.  All  right,  I will  be  glad  to  do  that,  I do  not 
have  the  details  on  many  of  the  facilities  that  you  have  brought  up. 
I am  familiar  with  them  in  general,  but  I do* not  have  the  specific 
details. 

(The  following  information  has  been  submitted  for  the  record :) 

I have  appreciated  the  opportunity  to  amplify  my  description  of  the  Air  Force 
technical  facilities  and  capabilities  about  which  Mr.  Bell  has  inquired.  More 
detailed  technical  lndentillcation  of  the  Air  Force*'  resource*,  of  course,  have 
been  made  available  to  NASA.  Tbe  question  of  extent  of  NA8A/DOD  coordi- 
nation or  potential  duplication  of  fad  11  tie*,  however,  can  only  be  examined  in 
the  context  of  total  projected  workload  requirements  for  each  of  tbe  amende* 
at  each  of  the  fadlitie*  concerned.  The  specific  nature  of  the  tasks  and  objec- 
tives which  are  Involved  also  must  be  reviewed. 

In  other  words,  close  coordination  or  mutual  exchange  of  information  regard- 
ing planned  R.  A D.  efforts  is  a prerequisite  to  effective  coordination  of  planning 
of  technical  fadlitie*.  To  be  most  effective  and  timely,  this  coordination  and 
Interchange  must  be  initiated  at  the  working  levels  at  which  adequately  detailed 
technical  understanding  can  be  found  regarding  spedflc  R.  A D.  tasks.  As  the 
subcommittee  knows,  there  has  been  extensive  coordination  and  cooperation  with 
the  NASA  by  the  Air  Force,  particularly  in  the  bloastronsutics  area.  Examples 
are  listed  at  the  conclusion  of  my  discussion. 

The  total  magnitude  of  the  NASA  and  DOD  space  Research  and  development 
effort  has  almost  Inevitably  mushroomed  at  a rate  greater  than  improvement  in 
some  of  our  management  and  procedural  arrangements  for  optimum  effectiveness 
of  interagency  coordination.  This  statement  in  no  way  detracts  from  the  highly 
beneficial  results  of  work  In  many  areas  by  the  AACB  and  its  subsidiary  panels. 
The  task  of  assuring  adequate  coordination  in  the  field  of  technical  facilities 
planning  is  one  requiring  significant  further  improvement,  but,  by  the  inherent 
nature  of  such  planning,  tbe  problem  must  be  recognised  as  being  one  of  the 
most  challenging  we  face. 

Planning  and  design  of  advanced  technical  facilities  constitute  major  RAD. 
Jobs  in  themselves,  complicated  not  only  by  their  own  leadttmes  and  unforeseeable 
obstacles,  but  also  by  the  unknowns  and  variables  of  the  R.  A D.  objectives  for 
which  the  facilities  are  required.  Over  and  above  thee*  complications  are  those 
Involved  with  budgetary  and  funding  leadtinotos  and  uncertainties. 

In  view  of  these  abbreviated  summaries  of  tbe  difficulties  Involved,  it  is  evident 
that  it  is  virtually  impossible  within  a brief  time  period  for  me  to  furnish  an 
accurate  analysis  in  valid  overall  perspective  concerning  the  extent  to  which 
undesirable  duplication  may  exist  in  connection  with  planned  or  existing  tech- 
nical facilities  of  the  NASA  and  DOD. 

With  respect  to  fiscal  year  1904,  an  ad  hoc  committee  to  the  AACB  is  cur- 
rently charged  with  determination  of  appropriate  balance  between  NASA  and 
DOD  existing  and  planned  technical  facilities.  I also  understand  that  as  a 
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ranult  of  a mwit  by  tbs  8«ut»  Committee  on  Attonutkal  and  Span  Selene** 
during  hi*  appearance  on  April  29,  1968,  Deputy  Secretary  of  Defence  GUpatrlc 
baa  promised  to  furniah  the  Congress  information  on  tbla  subject 

I believe  that  at  times  tbs  great  savings  which  can  result  in  major  R.  A D. 
programs  costa  by  virtue  of  availability  of  adequate  laboratory  and  test  facili- 
ties Is  not  adequately  recognised  and  taken  Into  account.  Although  I am 
admittedly  influenced  by  my  responsibility  for  R.  A D.  matters.  I am  personally 
concerned  about  vital  accomplishments  which  may  be  missed  due  to  nonavail- 
ability of  a laboratory  or  test  capability  Just  as  much  as  I am  concerned  about 
the  extent  unwarranted  or  apparent  duplication  may  exist.  It  Is  difficult  in 
today’s  circumstance*  not  to  keep  carefully  planned  technical  facilities  fully  and 
constructively  utilised. 

i With  respect  to  later  years,  I believe  that  we  are  now  in  position  to  improve  our 
procedures  for  interagency  coordination,  commencing  earlier  in  the  cycle  and 
from  moat  knowledgeable  levels,  while  sllowlng  for  more  deliberate  sorting  and 
sifting  of  matters  which  will  require  higher  levels  of  review  and  decision. 

LIST  Or  USAT-HASA  OOOBBCTATTOV/rABTICIFATIKO  ACTIVITIES  IW  BIOASTBC  N AUTIOH 

k ^ . 7 G*  < . • . f-t 

Since  August  15, 1982,  there  has  been  a full-time  specialist  in  htoastronantics 
assigned  to  the  Deputy  to  the  Commander  AF8C,  Manned  Space  Flight,  for  inter- 
face activities  with  the  NASA  Office  of  Manned  Space  Flight.  In  addition  to  the 
Office  of  Manned  Space  Flight,  the  scope  of  his  work  with  NASA  has  Included 
the  Directorate  of  Biotechnology  and  Human  Research  in  the  NASA  Office  of 
Advanced  Research  and  Technology  and  the  Directorate  of  Blosclences  Programs 
in  the  Office  of  Space  Sciences.  These  Interface  activities  include  continuous 
liaison  with  the  above-mentioned  NABA  offices;  procurement  of  a wide  variety 
of  USaF  bioastronautics  Information  for  the  NABA ; arrangement  of  augmented 
programs  of  cooperative  research  by  the  USAF  bioastronautics  laboratories 
and  appropriate  NASA  program  offices  and  centers;  visits  to  vsrlous  NASA 
activities  outside  the  Washington  area ; participation  in  numerous  NASA  tech- 
nical and  managerial  briefings  and  conferences.  A chronological  list  of  sam- 
ples of  cooperative  NA8A-U8AF  activities  follows  and  Illustrates  typical  types 
of  Joint  undertakings  which  result  in  coordination  at  the  working  level : 

June  to  August  lHt 

The  NASA  Manned  Spacecraft  Center,  Houston,  Tex.,  requested  the  Air 
Force  to  perform  the  medical  evaluations  of  additional  astronauts  selected  for 
future  manned  space  flight  projects.  Hie  requested  evaluations  were  per- 
formed at  the  U8AF  School  of  Aerospace  Medicine,  Brooks  AFB,  Tex.,  during 
July  and  August  I960.  Each  examination  required  approximately  5 full  work- 
ing days  unless  some  finding  required  further  additional  studies.  Dr.  George 
B.  Smith,  Jr,,  from  NA8A’s  Houston  facilities,  participated  in  the  evaluation 
program  aa  the  NASA  liaison  officer  for  the  first  2 weeks  of  tbs  program.  The 
examinations  proceeded  on  schedule  with  no  apparent  complications  -ir 
difficulties. 

The  0070th  Aerospace  Medical  Research  Laboratories,  Wright- Patterson  Air 
Force  Base,  an  element  of  the  Aerospace  Medical  Division,  end  the  Manned 
Spacecraft  Center,  Houston,  of  th*  NASA,  Initiated  a Joint  research  program  to 
study  the  dynamics  of  human  restraint  and  support  systems.  Frost  Engineer- 
ing Co.  is  the  contractor  for  this  effort  Mathematical  models  developed  during 
this  program  will  be  validated  by  in-honse  experimentation,  using  human 
subjects. 

The  Aerospace  medical  evaluations  for  82  NASA  astronaut  candidates  were 
completed  in  August  10,  1962,  by  the  U8AF  School  of  Aerospace  Medicine, 
Brooks  AFB,  Tex. 

September  19€t 

The  USAF  School  of  Aeuspace  Medicine  conducted  the  aeromedlcal  exami- 
nation of  the  32  astronaut  candidates  for  Project  Gemini.  NA8A  has  in- 
formally Indicated  that  this  support  was  exceptional.  At  the  request  of  NA8A, 
the  Aerospace  Medical  Division  arranged  to  train  10  Manned  Spacecraft  Center 
personnel  in  aerospace  physiology  and  pressure  suit  indoctrination  techniques. 
The  trainees  included  engineers,  scientists,  and  contractors.  A total  of  13 
NASA  personnel  have  ahc&Ay  received  this  type  of  training.  This  was  repre- 
sentative of  support  which,  while  Important  to  NASA,  has  not  been  considered 
reimbursable. 
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Close  liaison  was  maintained  with  the  Director  of  Bioecienco  Programs, 
NASA  Office  of  Space  Sciences  with  respect  to  two  Helds  of  endeavor.  The 
likelihood  and  extent  was  examined  tor  AF8C  support  of  a research  program 
to  conduct  biological  experiments  in  orbiting  satellites,  in  which  the  Director 
of  Biosdsnce  Programs  had  a keen  Interest  Also,  AFSC's  Aerospace  Medical 
Division  was  requested  to  submit  research  proposals  to  the  Director  of  Blo- 
sdence  Programs  with  the  Intent  of  initiating  a modest  participating  program 
to  exploit  U8AF  in-house  laboratory  capabilities  for  basic  experiments  in  the 
aerospace  biomedical  sciences. 

October  1999 

Daring  the  week  of  October  14,  Capt  Neville  Clark  of  the  Aerospace  Medi- 
cal Research  Laboratories,  AMD,  presented  the  results  of  completed  lateral 
impact  studies  to  NASA  M8C.  This  was,  and  still  Is,  a part  of  a continuing, 
high  priority  acceleration  effects  aeries  which  is  being  supported  by  the  NASA 
MSC. 

Arrangements  were  made  by  the  Behavioral  Sciences  Laboratory  of  the  Aero- 
space Medical  Research  Laboratories,  AMD,  to  provide  orientation  training  for 
the  Gemini  and  Apollo  astronauts  in  certain  aspects  of  weightlessness  by  flights 
In  the  KC-18S.  Drinking  and  eating  during  weightlessness  were  parts  of  the 
program. 

A total  of  78  U8AF  Medical  Service  personnel  participated  in  the  direct 
support  of  the  Mercury  MA-8  flight  of  October  4,  1962,  on  an  additional  duty 
basis.  This  number  did  not  include  UBAF  Medical  Service  personnel  assigned 
to  the  NASA. 

AMD  submitted  14  research  proposals  in  response  to  a request  from  the  NASA 
Director  of  Biotechnology  and  Human  Research  OART.  The  Air  Force  Special 
Weapons  Center  submitted  three  research  proposals  to  NASA  Director  of 
Bloscience  Programs,  OSS,  for  inclusion  with  the  proposed  NASA  biosatellite 
program. 

Arrangements  were  made  for  interested  NASA  specialists  to  attend  the  semi- 
annual Air  Force-Navy  symposium  on  simulation  and  training  research. 

November  1999 

In  response  to  earlier  NASA  invitations,  the  Aerospace  Medical  Division  sub- 
mitted 18  sddi tonal  research  proposals  for  the  NA8A/O88  Director  of  Bio- 
science  Programs,  making  a total  of  16  and  5 additional  for  the  NAS A/O ART 
Director  of  Biotechnology  and  Human  Research,  making  a total  of  19.  Col- 
laborative effort  resulting  from  NASA  funding  of  any  of  the  proposals  repre- 
sents a form  of  USAf 1 support  of  NASA  programs. 

The  Aerospace  Medical  Research  Laboratories  understood  research  on  inte- 
grated passive  techniques  for  pnessurlsatlon  and  thermal  control  In  a apace 
worker's  garment  and  head  enclosure,  pursuant  to  NABA  Order  T-12069  re- 
ceived in  November  1962,  in  the  amount  of  $40,000. 

NASA  Order  R-48  was  augmented  by  $88,140  during  November  to  support 
additional  Aerospace  Medical  Research  Laboratories  studies  on  human  reac- 
tions to  acceleration,  emphasising  cardiovascular,  and  respiratory  systems 
effects. 

December  1999 

Daring  the  month,  the  Commander,  AMD  and  key  members  of  his  staff  paid 
a formal  visit  to  the  MSC  to  meet  members  of  Dr.  Gilruth'a  organisation  and  to 
become  more  familiar  with  MSC’a  bioastronautics  program  and  problems. 

The  Commander  and  the  Chief  Scientist  of  the  Electronic  Systems  Division's 
Operational  Applications  Laboratory  (OAL)  briefed  the  NASA/OART  Director 
of  Biotechnology  and  Human  Research  on  the  program  and  capabilities  of  tbe 
OAL  Aa  a result,  members  of  the  Directorate  of  Biotechnology  and  Human  Re- 
search scheduled  a visit  to  ESD  to  become  more  familiar  with  the  OAL  pro- 
gram and  to  consider  possible  additional  research  of  Interest  to  OART. 

January  and  February  1999 

By  invitation  of  NASA,  AF8C  submitted  experiment  and  hardware  develop- 
ment proposals  for  the  proposed  btoeatellite  program,  and  also  requested  AFSC 
members  to  serve  on  the  Biosatellite  Program  Steering  Committee. 

During  January  and  February,  the  6571st  Aermnedical  Research  Labomtory. 
Holloman  AFB,  N.  Mex.,  accomplished  « total  of  70  runs  on  the  “Daisy"  de- 
celeration track.  Twenty-seven  human  subj  vts  and  forty-threo  animals  were  de- 
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celerated  in  oblique  positions  to  study  deceleration  problems  which  may  be  en- 
countered in  Apollo. 

Daring  the  annual  educational  event,  “Lectures  Jn  Aerospace  Medicine,"  given 
from  February  4 to  8,  1908,  at  the  School  of  Aerospace  Medicine,  several  con- 
ferences and  laboratory  visits  were  held  foi  NASA  life  scientists  attending 
the  lectures.  The  conferences  served  to  familiarise  the  NASA  visitors  with 
ongoing  research  and  scientific  capabilities  of  the  Aerospace  Medical  Division, 
with  a view  toward  increasing  the  amount  of  cooperative  research  and  de- 
velopment between  the  USAF  and  the  NA8A. 

On  February  14,  1908,  the  NASA  Director  of  Aerospace  Medicine  (Office  at 
Manned  Space  Flight)  presented  a special  briefing  on  the  MA-9  aerospace 
medical  support  program  to  several  Washington,  D.C.  area  USAF  bioastro- 
nautics specialists 

The  Aerotnedical  Laboratory  at  Holloman  AFB  was  host  during  February 
for  a visit  by  a representative  of  NASA's  Office  of  Advanced  Research  and 
Thchnoiogy.  The  visit  will  probably  result  in  development  of  one  or  more 
anlman  experiments  by  the  Holloman  group  for  participation  in  the  NASA  bio- 
satellite program. 

Scientists  and  staff  officers  of  the  Aeroepace  Medical  Division  and  the  Aero- 
space Medical  Reeearch  Laboratories  visited  the  Crew  Systems  Division,  Manned 
Spacecraft  Center,  Houston,  during  the  month  to  discuss  NASA's  problems  and 
requirements  in  several  areas  of  interest  Including  oxygen  toxicity  and  space 
flight  food  technology,  and  to  report  progress  on  the  Impact  research  being  done 
at  the  Aerotnedical  Research  Laboratory  for  NASA. 

The  NASA  Director  of  Bioeclence  Programs,  Office  of  8 pace  Sciences  Initiated 
support  cf  « School  of  Aerospace  Medicine  research  task,  “A  study  of  the  ecologi- 
cal relationships  between  bacteria  and  algae  In  photosynthetic  gas  exchangers.’’ 
NA8A  support  will  be  a total  of  $85,900  for  2 years. 

The  NASA  Director  of  Bioeclence  Programs,  Office  of  Space  Sciences  invited 
the  Aerospace  Medical  Division  to  submit  a research  proposal  for  the  NASA  bio- 
satellite program  involving  comparative  studies  of  animals  In  orbit  with  and 
without  artificial  gravity. 

On  February  28,  1968,  Headquarters  AF8C  arranged  for  life  scientists  of  the 
NASA  Headquarters  to  visit  the  new  Armed  Forces  Radiobiology  Research  In- 
stitute located  at  the  National  Naval  Medical  Center,  Bethesda,  Md.  This  unique, 
triservice  facility  has  exceptional  potential  for  radiobiological  investigations  of 
Interest  to  NASA’s  space  flijfrt  programs. 

March  IMS 

Aerospace  Medical  Division  (AMD)  representatives  visited  NASA’s  Manned 
Spacecraft  Center  (MSC)  to  negotiate  specific  research  and  development  tasks 
to  be  done  with  $500,000  which  MSC' transferred  to  AMD  in  the  fourth  quarter 
of  fiscal  year  1963.  The  funds  are  tentatively  allocated  as  follows:  Approxi- 
mately $248,000  for  reeearch  and  test  on  aerospace  medical  techniques  for 
astronaut  selection ; $75,000  studies  on  habitable  atmospheres ; $82,000  on  thermal 
balance;  $110,000  on  lateral  impact  tolerance;  and  $35,000  on  vibration  effects 
in  the  supine  position. 

On  March  8,  1968,  niae  U8AF  bioastronautics  specialists  attended  a special 
briefing  presented  by  the  Director  of  Biotechnology  and  Human  Research, 
OART,  NASA.  The  purpose  of  this  half-day  session  was  to  Inform  key  USAF 
bloastronautlcs  managers  regarding  the  5-year  planned  program  so  as  to  fa- 
cilitate interagency  coordination  and  to  foster  an  increese  in  NA8A-U8AF  co- 
operative R.  A D. 

A series  of  preliminary  discussions  were  held  with  NASA  bloastronautlcs  offi- 
cials to  evaluate  possible  NASA  Interest  in  using  the  Titan  IUA  flight  tests  for 
orbiting  some  biological  payloads. 

Two  scientists  of  AMD’s  Aerospace  Medical  Research  Laboratories  partici- 
pated in  a working  conference  on  extravehicular  protective  systems  sponsored 
by  NASA’s  OART.  Four  additional  1-day  conferences  on  this  subject  are  sched- 
uled during  the  following  4 months. 

April  1963 

Three  USAF  specialists  assisted  the  NASA  Office  of  Manned  Space  Flight 
in  preparing  a list  of  measurements  and  tests  to  be  made  in  manned  space  sta- 
tions In  order  to  predict  human  responses  to  long-term  zero  gravity.  The  Hats 
will  be  used  in  contractor’s  work  statements. 
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mtoil  Division  (AF80)  nmd  to  conttaiM  during  flacal 
yenr  1004  at  no  nddltlonnl  wpniw  to  tho  NASA,  a research  project  on  the  blolog- 
Ical  effect*  at  high  energy  protone.  Fiscal  year  1008  NASA  support  of  this  proj- 
ect was  OOOOkOOa 

Taroe  Aerospace  Medical  Division  (AFSO)  scientists  visited  the  NASA 
Manned  Spacecraft  Center  to  etart  plans  for  a cooperative  study  on  the  water 
requirements  of  nan  In  the  Apollo  preesore  salt 

The  following  events  and  activities  took  place  Involving  personnel  and  facili- 
ties of  the  0070th  Aerospace  Medical  Research  Laboratories,  Wrlght-Patterson 
AFB: 

(a)  Two  representatives  of  the  Manned  Space  Flight  Center  visited  the  Bla- 
coustics  Laboratory  for  consultation  concerning  construction  of  NASA  research 
facilities  to  Investigate  acoustics  and  communication  problems  In  Apollo. 

(0)  A capsule  to  test  air  regeneration  was  built,  tested,  and  delivered  to  If  SC 
for  use  In  the  MA-10  flight. 

(e)  Nine  Gemini  astronauts  were  briefed  on  procedures  for  eating  under  aero 
gravity  conditions. 

(4)  The  same  astronauts  were  given  flight  indoctrination  In  both  the  KO-185 
and  C-181B  aircraft 

(e)  Vibration  and  Impact  studies  with  human  subjects  continued  In  support 
of  Gemini. 

(/)  The  simulated  Apollo  escape  tunnel  was  modified  to  permit  eocape  studies 
nmlor  aero  gmvity  conditions. 

(f)  The  Manned  Space  Slight  Panel  of  the  DOD-NA8A  Aeronautics  and 
Astronautics  Coordination  Board  recommended  that  the  Dynamic  escape  simu- 
lator, presently  under  construction  at  Wrlght-Patterson  AFB,  will  be  used  by 
NASA  for  a total  of  8 months  during  calendar  years  1004  and  I960. 

Mr.  Bill.  Shall  I continue  f 

Mr.  Teagttx.  Tee. 

Mr.  Bill.  There  is  a Mission  Simulation  and  Procedures  Training 
Facility  costing  $2,200,000  in  the  NASA  budget.  I understand  that 
the  Air  Force  Aerospace  Research  Pilot  School  at  Edwards  Air  Force 
Rase  has  a similar  facility.  Is  that  correct  t 

General  Scwmvn.  I don’t  believe  that  is  true.  I don’t  think  we 
have  a facility  of  that  type,  the  type  that  I am  sure  NASA  is  think- 
ing about  here.  This  is  a mission  amulator,  I would  preeume,  at 
Houston,  is  this  right  f 

Mr.  Bill.  No,  it  is  at  Edwards  Air  Force  Base  in  California  that, 
you  have,  or  are  you  speaking  of  the  one  that  NASA  has  f 

General  Schsiivik.  The  one  that  NASA  is  asking  for. 

Mr.  Bill.  I assume  «x  yes. 

General  Scranvn.  I would  assume  that  this  is  a considerably 
more  elaborate  facility  aimed  at  extended  ilighte  in  Gemini-  or  Apollo- 
type  capnolee,  whereas  our  capability  out  there  is  rather  a stick  and 
wire  affair  by  comparison  tied  in  with  high  performance  airplane 
testing  and  we  are  just  updating  it,  but  it  certainly  won’t  be  adequate 
for  the  NASA  requirements. 

Mr.  Bill.  I see.  These  are  detailed  items  and  if  you  don’t  have 
the  information.  General,  I would  appreciate  it  if  you  would  supply 
it  for  the  record. 

General  Schsiivsr.  All  right. 

Mr.  Bill.  I understand  that  the  NASA  proposes  an  Atmospheric 
Reentry  Materials  and  Structure  Evaluation  Facility  in  its  budget,  for 
$2,800,000.  The  Air  Force  has  a facility  at  Arnold  Engineering  Devel- 
opment Center,  and  I understand  there  is  a similar  facility  at  Wright - 
Patterson  Field  in  Ohio.  I have  had  the  pleasure  of  going  down  and 
seeing  the  Arnold  Engineering  Development  Center  facility.  It  is  a 
very  good,  very  well  run  operation. 

I was  wondering  if  they  could  be 
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General  Schkiivuc.  Well,  we  of  course  have  a very  outstanding 
materials  research  capability,  both  in  personnel  and  in  facilities,  but 
lie  re  again  precisely  how  this  will  be  responsive  to  the  NASA  require- 
ment I couldn’t  say. 

The  Air  Force  facilities  at  the  Arnold  Engineering  Development 
Center  and  Wright  Field  have  considerable  capability  for  research 
and  development  in  the  area  of  hvpervelocity  and  reentry.  I do  not 
recall  the  specific  details  on  these  facilities  ana  at  this  juncture  I would 
submit  this  information  for  the  record. 

(The  information  referred  to  is  as  follows :) 

U8A7  Atmosfhebic  Ribktbt  Mat— tits  and  Stsuctub—  Evaluation  Facilities 


1.  AEDC  has  several  facilities  for  research  and  development  in  the  area  of 
hypervelocity  and  reentry.  Theee  facilities  are- 
te) 50-inch  mach  8 tnnnel. 

(ft)  60-lnch mach  10 tunneL 

(«)  12-inch  hypersonic  tunnel  mach  5-8. 

(d)  00-inch  hypervelocity  tunnel  mach  20. 

(«)  100-inch  hyperveloeity  tunnel  mach  20. 

(/)  100-foot  hypervelocity  ranee  with  a capability  of  82,000  feet  per 
second  with  s %-gram  model. 

(?)  1,000-foot  hji*-r velocity  range  in  shakedown  period  now.  Can  accel- 
erate models  op  to  2%*inch  diameter  to  velocities  of  20,000  feet  per  second ; 
smaller  models  in  excess  of  90,000  feet  per  second. 

(A)  Plant  cost  of  all  shove,  $18.0  million. 

«)  Personnel.  229. 

2.  Type  of  tasks  and  research  projects; 

(•)  Drag  fore—  ware  measured  on  a nose  cone  model  for  a proponed  space 
system  operating  at  over  00  miles  Mmnlated  attitude. 

(I)  Aerodynamic  testing  in  the  50-lnch  mach  8 tunnel  <MmA  the  safe 
maneuvering  limits  for  the  Nlke-Zens  missile. 

(ft)  In  4 days’  time  from  delivery  of  the  test  model,  final  reduced  data  was 
furnished  for  a Martin-Marietta  modal  of  their  098-N  lifting  reentry  vehicle 
tested  In  the  50-lnch  mach  10  tunnel. 

WBXOHT-PATT— SON  AIB  fOBCS  BASK,  OHIO 

1.  Electron**  dynamic  JaoiUty  (i  megawatt) ; 91410,000;  87  so ienlitt*  and 
technician*. — Loceted  In  building  254.  Consists  of  one  4-msgawatt  arc-heated 
facility  and  control  room.  Facility  has  n Moot  diameter  teat  section  and  la 
capable  of  simulating  transient  or  steady  state  reentry  into  terrestrial  or  extra- 
terrestrial atmospheres.  This  facility  will  simulate  re— try  aerodynamic  and 
heating  conditions  over  a range  of  altitudes  from  100,000  to  280,000  feet  at 
velocities  op  to  26,000  feet  per  second. 

2.  Blectroga * dynamic  facility  {SO  megawatt) ; $0  million;  under  oonttme- 
tkm.—To  conduct  aerodynamic,  structural,  and  materials  testing  on  large-slse 
models  and  foil-scale  components  of  aerospace  vehicles  at  extremely  high  enthal- 
pies (15,000  British  thermal  units  per  pound)  and  velocities  (25,000  feetper 
second).  Includes  an  affective  test  section  up  to  • feet  in  diameter.  Inis 
facility  will  be  capable  of  simulating  the  hypersonic  aerodynamic  and  thermo- 
dynamic en  ’ronment  for  reentry  conditions  and  advanced  propulsion  devices. 

8.  High  temperature  hypertonic  pa*  dynamic  faeiUtiy;  fl  million;  SO  scientists 
and  technician*. — Simulates  flight  conditions  at  hypersonic  speeds  for  aero- 
dynamic Investigation  and  research.  This  is  an  Intermittent  operating  wind 
tunnel  capable  of  operation  at  mach  numbers  up  to  14,  with  stagnation  tempera- 
ture* and  pceesu res  up  to  4,000*  R.  and  40  atmospheres,  respectively.  Includes 
n test  section  24  inches  in  diameter  for  model  testing. 

Mr.  Bbl  General,  are  those  operations  like  the  Arnold  Engineer- 
ing facility,  terribly  busy  so  that  they  could  not  be  coordinated  ? Is 
the  facility  busy  with  the  Air  Force  projects  and  could  not  be  utilized 
for  other  operations) 
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General  Schkhvkk.  The  facilities  are  quite  busy.  We  put  propects 
in  there  on  a priority  basis,  particularly  in  the  tunnels.  But  we  serve 
all  of  the  Defense  Department  and  industry  there,  as  wall  as  NASA. 
We  have  supported  NASA  at  the  Arnold  Engineering  Development 
Center  on  a number  of  projects,  as  well  as  the  Navy. 

In  other  words,  it  supports  the  whole  Defense  Department*  other 
Government  agencies,  and  also  industry.  That  was  the  whole  phi* 
losophy  of  thorn  facilities.  Thevars  so  large,  so  expensive,  that  they 
are  really  a national  resource.  We  operate  them,  but  consider  them 
to  be  a national  reeource. 

Mr.  Bill.  There  is  a question  in  my  mind  whether  another  agency 
of  the  Government  should  build  such  a facility. 

General  Schusvii.  Again  I don’t  know  specifically  what  facility 
they  are  talking  about.  Just  because  one  Government  agency  has  a 


particular  facility  doesn’t  mean  that  another  Government  agency 
doesn’t  need  a similar  facility  to  support  their  activity.  Like  facili- 
ties don’t  always  mean  that  you  have  duplication.  For  instance,  in 
industry,  each  major  company  requires  facilities  of  its  own  to  operate 
because  it  is  a matter  of  having  the  resources  available  and  also,  for 
the  most  part,  the  resources  in  other  organizations  are  saturated  with 
.work  they  have  to  do  in  their  own  support. 

Mr.  Bill.  This  will  be  the  case  of  your  ultra-high  vacuum  space 
chamber  facilities,  too  f v 

General  Sohix&vsr.  Yes;  these,  of  course,  are  new  facilties.  NASA 
needs  facilities  of  this  type,  and  I think  tne  Department  of  Defense 
also  needs  facilities  of  this  type. 

Mr.  Biu*  But  you  already  have  some,  don’t  you  f 

General  S*  > Tmsvwt.  We  have  a small  one. 

Mr.  Bill.  At  AEDCf 

General  Sohubvh.  We  have  a small  facility  there  called  the  Marie 
I which  is  now  under  construction  ant.  which  will  be  completed  in  the 
summer  of  1064.  For  some  time  we  have  had  under  study  and  are 
planning  a much  larger  facility  called  Mark  II,  which  we  now  have 
requested  in  the  fiscal  year  1966  military  construction  program.  So, 
here  again,  there  isn’t  any  question  in  my  mind  that  you  are  going 
to  need  more  than  a single  facility  for  this  sort  of  thing. 

Mr.  Bill.  You  think  there  may  be  a reason  for  having  themf 

General  Scmbibver.  Yes,  sir. 

Mr.  Bill.  NASA  wants  to  build  in  the  Marshall  Space  Flight  Cen- 
ter an  Acceleration  Test  and  Calibration  Facility,  and  I understand 
you  have  considerable  facilities  again  at  Wright -Patterson,  and  Ed- 
wards Air  Force  Base  in  California,  and  at  Holloman  in  New  Mexico. 

General  Schwisvxil  They  may  be  referring  to  a sled -rack  type  of 
facility. 

Mr.  Bill.  I believe  so,  yee. 

General  Schiiivbk.  Yes,  we  have  a 

Mr.  Bill.  Can  yon  see  any  reason  why  NASA  should  not  use  the 
Air  Force  facility  or  do  you  think  NASA  should  build  their  own ! 

General  Schhikver.  Again,  I would  be  unable  to  answer  that  in  view 
of  the  fact  that  I don’t  know  what  their  requirement  is  based  on.  We 
do  have  a facility  and  it  is  U9ed  by  other  agencies.  The  AEC  and 
industry,  for  example,  operate  on  our  track  at  Holloman,  as  well  as 
the  Air  Force. 


i A* 


• ■ 


1064  NASA  AUTHORIZATION 


(The  following  information  has  been  submitted  for  the  record:) 

The  Air  Force  has  considerable  resources  in  the  acceleration  test  and  calibra- 
tion test  work  area.  A list  of  these  facilities  follows : 

U8AF  AoceunanoR  Iter  ahd  Causbation  Facility 

HOLLOMA*  ATS 

1.  Track  test  facility 

(s)  85,000-foot  test  track  provides  a component  and  system  test  bed  for  con- 
ducting tests  on  parameters  such  as  onset,  acceleration,  high  velocity,  vibration, 
and  deceleration. 

(6)  Plant  cost,  approximately  |80  million. 

(e)  Personnel,  200. 

(I)  Examples  of  past  contributions : 

(1)  Bled  testing  of  the  Thor,  Titan,  Mlnuteman  prevented  flight  test  failure. 
Minutemen  sled  guidance  system  test  disclosed  several  problems.  Among  these 
were  two  major  deficiencies  which  required  redesign : The  caging  amplifier  for 
the  redundant  gyro  and  VM-4  digital  resolver,  either  of  which  would  have  caused 
inflight  failure. 

(2)  Saturn  guidance  system  problems  defined  which  would  have  caused  inflight 
failure:  (a)  servo  power  supply  could  not  meet  all  electrical  load  requirements 
under  dynamic  conditions,  (L  accelerometer  output  electronics  had  a tendency 
to  saturate  under  extreme  dynamic  conditions,  (c)  gyros  had  a tendency  to  oscil- 
late under  very  high  vibration  output 

t.  Precision  centrifuge 

(e)  The  precision  centrifuge  is  now  under  construction  and  will  be  capable  of 
subjecting  inertial  guidance  systems  and  components  to  controlled  accelerations 
which  simulate  the  operational  environment.  Radial  accelerations  up  to  100  g.’s 
will  be  available  and  the  centrifuge  will  have  a double  glmbailed  platform.  The 
facility  can  handle  packages  up  to  600  pounds. 

(6)  Plant  cost  $1,500,000. 

(©)  Personnel,  8. 

S.  Accelerator,  100-inch  centrifugal 

(а)  This  facility  is  a precision  centrifuge  with  radium  arm  of  100  inches 
capable  of  extreme  accuracy  in  measuring  acceleration  forces  over  a range  from 
1.0  to  12J5  g.’s  with  a payload  of  400  pounds. 

(б)  Plant  cost  $165,000. 

(e)  Personnel,  2. 


1.  Centrifuge? 

(a)  Equipment  centrifuge;  $900,000  five  technician s. — Produces  80  g.  accelera- 
tion on  loads  up  to  15,000  pounds;  12  feet  in  diameter;  equipped  with  8 cubic 
feet  detachable  altitude  chamber  (stimulating  up  to  100,000  feet;  also  elec- 
tromagnetic vibrator  generating  600  pounds  force  and  frequency  up  to  2,000 
cycles  per  second. 

. (ft)  Instrument  centrifuge;  $ 90,000 ; five  technicians. — Under  radial  load  up 
to  20  pounds,  operates  with  maximum  acceleration  of  100  g.’s  and  maximum 
weight  of  100  pounds.  Horisoutal  arm  type  with  an  optical  viewing  for  observ- 
ing static  image  of  specimen  during  rotation. 

t.  Chambers 

(s)  Systems  humidity  chambers;  $ 100,000  ( building  No.  22).— Capable  of  any 
humidity  condition  between  20  and  96  percent  in  temperature  range  +850*  to 
+200*  F. 

(ft)  Altitude  chamber;  $t$5,000  (building  No.  22) . — For  altitudes  up  to  165,000 
feet ; temperature  range  —90*  to  +212*  F. 

(0)  Reach-in  environment  chambers  (four  each) ; $1$0,000  ( building  No.  22 ) . — 
Consisting  of:  Arctic  altitude  chamber;  heat,  cold,  and  altitude  chamber;  sys- 
tems and  components  climatic  humidity  chamber.  These  are  all  small  faculties. 

(d)  Environmental  chambers  (10  each)  (building  No.  46) ; $190,000. — Consist- 
ing of:  Walk-in  arid  chamber;  walk-in  fungus  chamber:  walk-in  humidity 
chambers  (two  each)  ; walk-ln  low  temperature  chamber;  walk-in  salt  fog  and 
rain  chambers ; walk-in  sunshine  chamber ; walk-ln  high-low  temperature  cham- 
ber ; reach-ln  temperature/altitude  chamber. 
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(0)  Stratosphere  chamber  ( building  Jin.  it);  $ 198,000. — Temperature  ranee 
from  —125*  to  -(-175*  F. ; altitude  ranee  up  to  120,000  feet 

(/)  Temperature  shock  test  chamber  (building  No.  it). — Temperature  range 
from  —125*  to  -f  127*  F.  Temperature  In  one-half  of  chamber  can  be  raised 
from  —75*  to  +100*  F.  In  12  minute*. 

(g)  Vibration  facilities  (building  No.  05)  ( seven  each)  9 350,000 . — Includes: 
one  each  vibration  exciter,  1 to  2,000  cycle*  per  second,  force  output  3,500 
pounds;  two  each  vibration  exciters,  1-69,  500  cycles  per  second,  force  output 
2,400  pounds;  two  each  vibration  machines,  6-00  cycles  per  second  automatic 
cycling,  maximum  acceleration  ± g.,  vertical  and  lateral;  two  each  vibration 
machines,  5-2,000  cycles  per  second  frequency  range,  medium  acceleration  ±00  g. 

GAMB&IDOE  MASS. 

t.  High  intensity  acoustic  test  facility;  $ 800,000 , four  technicians. — 54  fleet  long 

by  26  feet  wide  by  13  feet  high;  maximum  frequency  range  Is  20  to  10,000 
cycling,  maximum  acceleration  ±10  g.,  vertical  and  lateral ; two  each  vibration 

Mr.  Bell.  At  the  Mississippi  Test  Facility,  NASA  has  budgeted  for 
equipment  for  electronics  instrumentation  and  materials  laboratory  of 
over  $2  million ; I understand  that  you  have  a laboratory  of  this  type  in 
Ohio,  is  that  correct  ? 

General  Schriever.  Well,  again,  I think  that  falls  into  the  category 
of  that  type  of  facility  you  will  find  in  many  places  in  the  United 
States,  in  industry  and  in  the  Government.  I think  it  is  a question  of 
specific  need  and  workload. 

Mr.  Bell.  This  may  be  a question  of 

General  Schriever.  Specific  need  and  workload,  I am  pretty  sure. 

Mr.  Bell.  Well,  that  generally  covers  some  of  the  points  that  I had 
in  mind. 

General  Schriever.  I would  prefer  to  take  a look  at  my  comments 
here  and  correct  the  record  a little  because  I have  tried  to  be  general 
in  my  lesponses. 

Mr. Teague.  Mr. Casey? 

Mr.  Casey.  General,  I would  like  to  know  if  the  disarmament  con- 
ference is  causing  you  any  concern  for  the  future  of  your  program 
or  your  future  regarding  participation  in  the  NASA  program? 

General  Schriever.  Disarmament  talks? 

Mr.  Casey.  Yes. 

General  Schriever.  As  far  as  disarmament  talks  or  arms  control 
is  concerned,  as  a military  man  my  concern  is  simply  to  insure  that 
any  action  taken  has  enough  safeguards  that  we  are  absolutely  certain 
that  we  don’t  get  homswogglei  in  some  fashion. 

Mr.  Casey.  Of  course,  that  is  what  I am  concerned  about  too.  I just 
wondered  if  you  had  been  following  these  closely  enough  to  know 
whether  there  was  any  threat  to  the  curtailment  of  your  program  or 
your  participation  in  the  NASA  program  ? 

Mr.  Teague.  Would  the  gentleman  yield  ? 

Mr.  Casey.  Yes. 

Mr.  Teague.  May  I amend  his  request  to  include  the  meetings  in 
Rome  between  Dr.  Dryden  and  the  Russian  representatives  on  the  ex- 
change of  information  On  weather,  communications,  and  other  things  ? 

General  Schriever.  Well,  I feel  that  in  the  area  of  space  discus- 
sions that  there  is  certainly  room  for  cooperation  in  the  space  field. 
What  I am  concerned  about  is  perhaps  a misinterpretation  by  the  pub- 
lic, perhaps,  that  space  will  always  be  a domain  for  peaceful  purposes. 
I feel  very  strongly  and  I have  staged  many  times  in  the  past  that  it  is 
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also  necessary  to  develop  those  things  in  space  which  will  provide  us 
the  capability  of  keeping  the  peace,  maintaining  the  peace. 

So  I like  to  add  this  connotation,  because  I don’t  believe  that  there 
is  any  guarantee  that  the  Soviets  are  going  to  develop  only  those  things 
for  peaceful  purposes  in  space.  I have  never  believed  anything  they 
have  said  yet  anal  never  will  unless  there  is  a complete  change. 

Mr.  Caset.  Right  now,  then,  you  have  no  concern  other  than  you 
are  watching  it,  I presume? 

General  Schriever.  Well,  I have  concern ; yes,  sir.  I have  great 
concern.  I feel  that  the  only  thing  they  respect  is  strength,  and  I 
think  we  have  to  maintain  our  strength  at  the  highest  level.  The  lack 
of  information  with  respect  to  the  Soviet  Union  which  has  been 
brought  about  by  the  Iron  Curtain  and  their  constant  abrogation  of 
all  agreements  that  they  have  ever  made  gives  me  little  hope  that 
an  arms  agreement  or  disarmament  that  is  meaningful — or  let’s  say 
which  can  be  provided  with  the  proper  safeguards-— is  just  around 
the  comer.  I j ust  don’t  think  it  is. 

Mr.  Caset.  Are  you  consulted  concerning  these  discussions? 

General  Schriever.  No,  sir. 

Mr.  Casey.  You  are  r.ot? 

General  Schriever.  No,  sir.  I am  speaking  just  purely  as  a military 
man,  my  own  personal  concern. 

Mr.  Gurnet.  Will  the  gentleman  yield  ? 

Mr.  Casey.  General,  what  brought  this  to  mind  this  morning  was 
that  I heard  one  of  our  representatives  who  has  been  working  on  the 
arms' control  and  disarmament  talks,  and  his  concern  was  what  he 
could  sell  the  U.S.  Senate,  not  what  he  could  sell,  or  insist  upon  with 
Russia.  It  concerns  me  very  much. 

Mr.  Fulton  of  Pennsylvania.  Who  is  this?  I didn’t  hear  you. 

Mr.  Caset.  Jim  Boyd.  I certainly  think  it  is  very  important  that 
a man  who  holds  the  position  that  you  hold  regarding  the  defense  of 
this  country  should  be  consulted. 

General  Schriever.  Well,  I am  not  consulted,  but,  of  course,  the 
Joint  Chiefs  are.  There  is  an  arrangement  between  the  Department 
of  Defense  and  the  Arms  Control  and  Disarmament  Agency  which 
brings  the  Joint  Chiefs  of  Staff  into  the  picture.  They  are  consulted. 

Mr.  Gurnet.  Will  the  gentleman  yield  r 

Mr.  Caset.  Yes. 

Mr.  Gurnet.  That  is  the  question  I was  going  to  ask.  Does  the 
Department  of  Defense  have  men  who  are  actually  present  at  these 
disarmament  discussions,  and  know  what  is  going  on  and  report  back? 

General  Schriever.  There  are  Department  of  Defense  personnel 
actually  assigned  to  the  Arms  Control  and  Disarmament  Agency.  1 
am  not  sure  exactly  how  many.  Any  major  policy  matters  that  are 
considered  by  the  Arms  Control  and  Disarmament  Agency  do  have 
Joint  Chiefs  of  Staff  input.  I can’t  quits  give  you  tne  total  orga- 
nizational and  procedural  arrangement,  but  the  Secretary  of  Defense 
and  the  Joint  Chiefs  of  Staff  are  consulted  in  major  areas  of  policy 
and  programs  that  are  developed  by  the  Arms  Control  and  Disarma- 
ment Agency. 

Mr.  Gurney.  What  about  this  point  the  thairman  brought  up  about 
the  discussions  in  Rome  between  NASA  and  the  Soviets  so  far  as 
weather  and  communications  satellites  are  concerned?  Does  the  De- 
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partment  of  Defense  have  a representative  attending  these  meetings, 
and  do  you  know  what  is  going  on  ? 

General  Schriever.  I do  not  know  what  is  going  on  and  I am  not 
sure  whether  the  Department  of  Defense  has  a representative  at  those 
meetings  or  not. 

I believe  that  these  are  handled  through  the  United  Nations  and 
the  State  Department  is  the  official  governmental  agency  that  is  in- 
volved, other  than  the  NASA. 

Mr. Gurnet.  Doyou think 

Mr.  Fulton  of  Pennsylvania.  Can  I answer  for  you  on  that?  I 
have  been  at  several  of  the  meetings. 

General  Schrieter.  Yes;  well,  there  is  no  Defense  Department  rep- 
resentative there.  •. 

Mr.  Gurnet.  De  you  think  there  should  be  one  ? 

General  Schriever.  Well,  I think  that  the  objectives  of  these  meet- 
ings are  such  that  it  would  make  it  very  embarrassing  to  have  a De- 
fense Department  representative  there. 

Mr.  Teague.  Mr.  Fulton  in  on  that  committee. 

Mr.  Fulton  of  Pennsvlvania.  It  is  the  Committee  on  Peaceful  Uses 
of  Outer  Space  under  the  United  Nations.  The  meetings  in  Rome 
have  been  between  Dr.  Hugh  Dryden  and  Dr.  Blagonravov. 

Mr.  Teague.  Who  is  a Russian  general. 

Mr.  Fulton  of  Pennsylvania.  Who  is  quite  a high  scientist,  and 
I might  say  agreed  very  promptly  that  the  meetings  be  held  in  Rome 
rather  than  some  place  in  the  Soviet  Union,  which  was  a great  indica- 
tion to  me  that  it  was  the  scientific  approach  and  not  the  military 
approach.  These  meetings  have  been  under  the  correspondence  be- 
tween the  President  of  the  United  States  and  Premier  Khrushchev  of 
the  Soviet  Union  which  have  been  made  public. 

The  meetings  have  resulted  in  no  joint  programs  but,  rather,  in 
the  giving  of  information  from  each  side  from  their  separate  facilities. 
So  it  is  coordination  or  giving  information  rather  than  a joint  pro- 
gram. In  the  release  of  classified  information,  of  course,  the  Depart- 
ment of  Defense  as  well  as  every  other  agency  of  the  Government  has 
part  icipated,  so  there  is  that  protection. 

Mr.  Teague.  Last  year,  a few  of  us  were  interested  in  this  thing  and 
asked  to  meet  with  some  people  to  discuss  it.  Mr.  McGeorge  Bundy 
of  the  White  House  came  down,  but  we  did  not  feel  that  we  received 
a satisfactory  answer. 

Later,  Mr.  George  C.  McGhee,  Under  Secretary  of  State  for  Politi- 
cal Affairs,  appeared  and  we  asked  him  who  the  representatives  were 
from  the  Department  of  Defense  that  have  this  kind  of  a thing  as  their 
responsibility.  As  I remember,  there  was  a captain  and  a major  or 
major  and  lieutenant  colonel  sitting  in  on  a conference  with  the  very 
high-level  Assistant  Secretary  of  State.  Personally,  I wasn’t  at  all 
pleased  with  the  representation  of  the  Defense  Department  at  these 
meetings.  I thought  I sent  you  a brief  on  that. 

Mr.  Gurnet.  I read  it.  That  is  one  of  the  reasons  I asked  the 
question  now. 

Mr.  Teague.  General  Schriever  has  a slide  that  he  wants  to  show 
us.  If  we  are  going  to  get  to  it,  we  had  better  give  him  a chance  to 
show  it  now. 

General  Schriever.  I hadn’t  planned  to  show  it.  I think  it  would 
be  better  to  give  it  to  you  as  a matter  for  the  record. 
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Mr.  Teague.  All  right. 

General  Schriever.  It  gives  a listing  of  the  different  projects  in 
fiscal  year  1964  that  fall  into  the  space  area. 

(The  information  referred  to  is  classified.) 

Mr.  Teague.  All  right.  I would  like  to  have  about  a 5-minute 
executive  meeting  before  12  o’clock. 

Mr.  Riehlman.  Of  the  subcommittee  f 

Mr.  Teague.  Yes;  the  subcommittee. 

Mr.  Fulton  of  Pennsylvania.  Because  the  question  has  come  up, 
and  because  I have  been  to  the  meetings  at  Geneva  and  actually  sat  m 
on  the  negotiations  with  Dr.  Hugh  Ih-yden  and  Dr.  Blagonravov  of 
the  Soviet  Union,  I can  say  of  my  own  personal  experience  that  there 
was  nothing  done  which  would  m any  way  endanger  the  security  of 
the  United  States  of  America.  I actually  say  that  publicly. 

Mr.  Gubne'  r.  May  last  two  questions? 

Mr.  Teagul.  Yes. 

Mr.  Gurnet.  These  may  have  been  covered.  What  is  the  status  of 
Dyna-Soe  r ? Has  that  been  asked  ? 

Mr.  Teague.  No. 

General  Scheievx».  The  status  of  Dyna-Soar  is  just  as  it  has  been. 
We  have  a program,  the  level  of  effort  about  $136  million  a year. 
We  have  $131  this  year,  and  next  year  it  is  $126  million,  although  we 
hope  to  get  a little  bit  more  to  bring  it  up  to  about  a $135  million  pro- 
gram. There  h~s  been  no  change  to  the  program  over  the  past  6 or  8 
months. 

We  do  have,  under  study  at  the  present  time,  in  response  to  the 
Secretary  of  Defense’s  memorandum  of  last  month,  the  relationship 
of  Dyna-Soar  and  Gemini  for  the  accomplishment  of  certain  mission- 
oriented  jobs,  such  as  inspection  and  negation;  reducing  the  vulner- 
ability of  our  satellites;  reconnaissance  systems;  and  the  possibility 
of  offensive  systems. 

So,  therefore,  I might  say  that  the  Dyno-Soar  program  is  under 
study  and  analysis  at  this  time,  but  there  has  be^n  no  change  in  the 
program. 

Mr.  Gurney.  Is  there  any  question  about  its  being  continued  ? Is  it 
being  reevaluated  now  as  to  whether  it  should  be  continued  ? 

General  Schriever.  I think  it  is  fair  to  say  to  say  that  it  is  being 
evaluated  with  respect  to  a possible  change  in  status.  We  feel  very 
strongly  in  the  Air  Force  as  to  the  necessity  of  the  Dyna-Soar  program. 
We  have  been  supported  strongly  in  this  by  NASA. 


We  have  been  supported  strongly  in  this  by  NASA. 

We  feel  that  the  Gemini  and  Dyna-Soar  are  complementary  pro- 
grams. We  need  to  develop  the  capability  of  having  the  ability  to 
maneuver  and  it  gives  us  much  greater  flexibility  from  a military 
standpoint  in  reentry.  We  can  select  time  of  reentry.  It  gives  us 
much  greater  flexibility  because  we  can  reenter  on  a number  of  orbits, 
we  can  land  where  we  want  to  land,  we  can  achieve  great  flexibility 
because  of  the  size  of  the  footprint  area. 
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is  about  where  we  stand  now  with  the  X-15.  From  a technological 
standpoint  it  is  important,  and  from  a military  effectiveness  stand- 
point, it  is  important. 


r 


1964  NASA  AUTHORIZATION 


no  cm 

Mr 


So  we  feel  that  the  Dyna-Soar  and  the  Gemini  are  complementary. 
We  are  getting  strong  support  from  NASA  and  we  hope  that  there  is 
no  change  in  tne  status. 

Mr.  Gurnet.  As  a matter  of  fact,  if  the  Dyna-Soar  program  is  cut 
out,  it  cuts  the  heart  out  of  the  Air  Force  space  effort  for  this  coming 
year,  doesn't  it  f I mean,  isn’t  this  the  major  dollar  item  f 

General  Schriever.  Wellt  the  major  dollar  item  is  the  Titan  III. 

Mr.  Gurnet.  Dyna-Soar  is  next  t 

General  Schriever.  Dyna-Soar  would  be  next. 

Mr.  Gurnet.  How  much  money  has  been  devoted  in  your  budget 
for  the  military  orbital  development  system  f 

General  Schriever.  There  is  no  money  in  the  fiscal  year  1968  budget. 
I don’t  believe  there  is  any  in  the  fiscal  year  1964  budget  at  the  mo- 
ment. One  of  the  things  that  we  are  looking  at  now  in  connection 
with  the  Gemini  program  and  Dyna-Soar  is  tneir  application  to  the 
so-called  MODS.  We  consider  MODS  vtry  important. 

I think  the  same  is  true  at  the  Department  of  Defense  level,  but  I 
think  it  is  dear,  that  this  should  be  ana  probably  will  be  a joint  NASA- 
Air  Force  program.  We  do  not  have  anything  in  the  budget  as  of  now 
for  that  program. 

Mr.  Gurnet.  Yet  you  do,  from  your  statement,  consider  this  one  of 
the  most  important  things  you  should  be  doing;  isn’t  that  correct 9 

General  Schriever.  Yes,  sir. 

Mr.  Gurnxt.  Do  you  think  the  Department  of  Defense  or  the  Air 
Foroe  is  moving  too  slowly  on  it  f 

General  Schriever.  I would  like  to  see  k move  faster  and  I think 
that  something  will  evolve  out  of  this  present  review  to  bring  about 
some  sort  of  a program.  Again,  I think  it  will  probably  ena  up  be- 
ing a joint  effort  of  some  kina. 

Mr.  Gurnet.  Do  you  know  whether  NASA  is  looking  into  this 
concept  9 

General  Schriever.  Yes,  they  are. 

Mr.  Gurnet.  I learned  in  Florida  just  yesterday  that  NASA  was 
looking  into  it. 

General  Schriever.  Yes,  they  are. 

Mr.  Gurnet.  I talked  to  some  people  who  are  now  about  to  give  pro- 
posals on  this  sort  of  thing* 

General  Schriever.  This  is  right. 

Mr.  Gurnet.  For  NASA. 

General  Schriever.  Right 

Mr.  Gurnet.  Do  you  think  the  Air  Force  should  be  in  it,  or  NASA 
should  be  in  it  9 

General  Schriever.  I think  we  should  both  be  in  it 

Mr.  Gurnet.  Do  you  think  that  NASA  is  moving  faster  than  the 
Air  Force  is  9 

General  Schriever.  Well,  they  at  least  have  asked  for  proposals 
from  industry.  We  haven’t  gotten  quite  that  far. 

Mr.  Gurnet.  Why  is  that  9 

General  Schriever.  Well,  we  simply  haven’t  been  given  the  author- 
ity to  do  so ; we  haven’t  had  it  funded. 

Mr.  Gurnet.  That  is  all. 

Mr.  Teague.  Mr.  Fulton  mentions  i a number  of  points.  In  your 
statement  on  page  6,  for  example,  you  say  MA  group  was  convened 
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at  our  Space  Systems  Division.”  Could  we  have  who  and  what  that 
group  was? 

General  Schwevml  Tea. 

Mr.  Teagub.  uIn  June  a representative  Air  Force- wide  task  force?” 

General  Scheibver.  We  can  give  you  that. 

(The  information  referred  to  may  be  found  in  the  committee  files.) 

Mr.  Teague.  At  the  bottom  of  the  page  you  say  “along  with  recom- 
mendations for  approval  of  specific  programs,”  could  that  be 
identified? 

General  Schrizvkb.  Yes,  sir. 

Mr.  Teague.  Over  on  page  7 you  refer  to  the  “Aerospace-plane  con- 
cept, which  the  Air  Force  and  industry  have  been  studying  for  some 
time.”  Is  that  Dyna-Sosr? 

General  Scheievee.  No.  no. 

Mr.  Teague.  Would  you  let  your  staff  spell  it  out  a little  more 
clearly  for  the  record  so  that  an  ordinary  old  common  country  boy 
can  understand  it? 

General  Scheievee.  All  right 

(The  information  referred  to  is  classified  and  may  be  found  in  the 
committee  files.) 

Mr.  Teague.  Mr.  Daddario  has  one  more  question. 

Mr.  Daddaeio.  General  Schriever,  in  line  with  the  information  that 
you  are  going  to  get  together  for  some  of  Mr.  Bell’s  questions,  and 
because  of  the  fact  that  we  are  having  General.  Roadman  come  here 
to  set  out  the  aerospace  medicine  program,  I wonder  if  you  might  be 
able  to  provide  for  the  record  the  development  plan  for  the  School  of 
Aviation  Medicine  at  Brooks  Air  Force  Base,  and  if  that  plan  has  in 
any  way  been  slowed  down  in  the  last  few  years? 

General  Scheievee.  Here  are  you  talking  about  the  plan  for  the 
facilities? 

Mr.  Daddaeio.  For  the  facilities. 

General  Scheievee.  Not  the  development  program  ? 

Mr.  Daddaeio.  No,  the  plan  for  the  facilities  at  the  School  of  Avia- 
tion Medicine  at  Brooks. 

General  Scheievee.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

Development  Plan  toe  the  Rbbeaboh  Fachuttes,  Beoozi  Axa  Foecb  Base 

Hie  Initial  military  construction  program  was  approved  and  fnnds  appro- 
priated daring  1967  and  1968.  Construction  of  facilities  began  early  enough  to 
permit  occupancy  of  six  major  research  laboratories  during  1969.  The  labora- 
tories completed  and  occupied  during  1969  are  Flight  Medicine  Laboratory, 
academic  building,  research  Institute,  Altitude  Laboratory,  Research  Laboratory, 
heating  and  cooling  plant 

Additional  fnnds  were  appropriated  daring  1909-61  to  permit  construction 
and  occupancy  of  six  laboratories  during  1968.  These  new  buildings  are  profes- 
sional building,  library,  Bloaatronautice-Blodynamlcs  Laboratory,  vivarium, 
Blouucleonics  Laboratory,  176  dog  kennaia 

A toxic  materials  storage  building  tad  a Bioeystema  Laboratory  Is  now  under 
construction  with  a planned  date  of  occupancy  during  early  1964. 

The  Air  Force  Systems  Command  military  construction  review  committee  has 
recently  approved  the  following  tor  formal  presentation  In  succeeding  years. 
If  approved  by  all  authoritative  channels,  we  would  add  these  faculties  during 
the  fiscal  year  indicated : 1966 : Electronics  Science  Laboratory,  vivarium  addi- 
tion, Epidemiological  Laboratory;  1966:  Science  Laboratory,  Medical  Aero- 
modi  cal  Dynamics  Laboratory,  records  repository;  1969:  germ-free  Biological 
Laboratory. 


Figure  163a 


Mr.  Teague.  Any  further  questions  ? 

Mr.  Yeager? 

Mr.  Yeager.  I have  six  questions  which  I would  like  to  submit 
and  get  the  answers  for  the  record  ? 

Mr.  Teague.  All  right. 

Question ■ roa  General  Schkiever 

1.  Question.  Can  you  provide  a brief  summary  of  the  Air  Force  5-year  space 
program  referred  to  In  your  testimony? 

Answer.  In  April  1962,  a space  technical  objective*  task  group  was  convened 
at  Space  Systems  Division  ( AF8C),  Los  Angeles,  Cnllf.  Lieutenant  General 
Estes,  then  Deputy  Commander,  Aerosi>ace  Systems,  AF8C,  was  in  charge  of 
this  group.  Their  objective  was  to  formulate  a technical  plan  of  exploratory, 
advanced,  and  engineering  development  for  establishing  a broad  technical  base 
for  future  space  efforts.  This  technical  base  would  allow  the  timely  development 
of  space  cape*  ilitles  as  requirements  were  validated  and  approved.  The  task 
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group  tu  organised  Into  panels  which  outlined  the  technical  objective*  required 
In  the  arena  of  launch  vehicles,  in-space  propulsion  life  support,  reentry  vehicles, 
spacecraft,  space  surveillance,  weapons,  space  communications  equipment,  guid- 
ance, sensors,  space  vehicle  power,  data  processors,  and  environmental  data. 

In  June  1962  the  Air  Force  organised  a space  task  group  to  determine  what  the 
future  military  capabilities  In  space  should  be  for  the  time  period  fiscal  year 
1963-68.  This  group  used  the  results  of  the  space  technical  objectives  task  group 
and  the  desired  capabilities  of  the  Air  Force  using  commands  In  specifying  the 
exploratory,  advanced,  and  engineering  programs  needed  to  achieve  useful  mili- 
tary capabilities  In  space.  The  program  included  capabilities  which  can  be 
realised  in  the  near  term  and  outlined  the  technical  advances  or  base  required 
In  order  to  achieve  more  advanced  capabilities.  The  U8AF  5-year  space  program 
wag  published  in  October  1962.  The  program  structure  included  descriptions, 
cost  summaries,  program  milestones,  and  current  status  for  each  of  the  program 
elements  and  was  arranged  In  Hitch  line  Item  format. 

The  program  included — 

(a)  Exploratory  development. — The  total  required  cost  was  presented  for 
technical  development  and  studies  and  analysis  through  fiscal  year  1968, 

(I)  Advanced  development. — Program  dements  wars  prt— itad  for  42  Indi- 
vidual efforts  In  the  areas  of  propulsion,  flight  control,  structure*,  materials, 
aerodynamics,  nuclear  propulsion,  auxiliary  power,  in-space  propulsion,  boosters, 
guidance,  sensors,  reentry,  weapons,  command  and  control,  environmental  moni- 
toring and  mapping,  and  surveillance. 

(c)  Engineering  development. — Program  elements  were  presented  for  21 
efforts  to  achieve  useful  military  capabilities  for  near  and  far  term  time  periods. 
These  capabilities  included  warning,  satellite  Interception  and  Inspection,  stand- 
ard first  and  upper  stage  launch  vehicles,  reconnaissance,  meteorology,  communi- 
cations, military  development  and  testing,  environmental  monitoring,  stands  rd- 
ardized  components,  training,  detection,  and  tracking. 

Question  2 : In  view  of  the  Air  Force’s  Interest  In  Gemini  and  of  the  experi- 
ments which  NASA  plans  to  carry  on  In  Gemini  on  behalf  of  the  Air  Force, 
shopld  not  the  Air  Force  fund  a part  of  Project  Gemini  prior  to  fiscal  year  1965? 

Answer:  (•)  In  developing  an  axpertmental  program  for  DOD  participation 
in- Project  Gemini  the  Joint  ad  hoc  study  group  was  goverened  by  the  paramount 
guideline  that  the  program  is  to  be  conducted  “so  as  to  satisfy,  first,  the  essential 
objectives  of  the  manned  lunar  landing  urogram.”  Thus,  the  experiments  were 
designed  to  fit  in  “space  available”  not  to  Interfere  with  current  NASA  mission 
programs. 

(b)  It  is  true  that  the  results  of  the  NASA  Gemini  flights  are  regarded  as 
contributory  to  DOD  space  objectives.  It  is  also  true  that  the  experiments  pro- 
posed to  DOD  for  performance  In  that  program  are  considered  to  be  for  the  most 
part  in  support  of  NASA  objectives  as  well  The  ad  hoc  study  group  jointly 
determined  that  60  percent  of  the  proposed  Air  Force  work  was  in  direct  sup- 
port of  NASA  goals,  20  percent  was  of  interest  to  NASA  and  none  were  detri- 
mental to  the  NASA  objectives. 

(e)  As  an  additional  restriction,  the  Air  Force  experiments  are  In  the  proposal 
stage,  subject  to  approval  by  the  Manned  Spacecraft  Center  in-flisht  experiments 
panel,  and  are  therefore  subject  to  exclusion  in  deference  to  NAHA  on  any 
specific  flight. 

(<f)  In  view  of  the  above  comments  the  Air  Force  expects  to  fund  only  the 
additional  costs  resulting  from  Its  participation  in  the  program.  The  Gemini 
program  planning  board  (GPPB)  has  asked  the  Joint  DOD/NA8A  ad  hoc 
committee  to  examine  various  alternatives  for  participation  in  the  Gemini 
program.  On  May  6,  1963,  the  GPPB  decided  the  extent  of  the  participation 
by  the  Air  Force  In  the  program  would  be  limited  to  providing  experiments  on 
a “space  available”  basis  only.  The  Air  Force  would  expect  to  fund  only  the 
additional  costs  resulting  from  that  participation,  and  on  the  time-phased  basis 
required  to  cover  these  costs. 

Question  3.  The  subcommittee  has  heard  from  various  quarters  that  the 
Titan  III  appears  to  be  an  almost  untenable  scientific  and  engineering  effort — 
that  Is,  in  the  attempt  to  marry  the  complicated  solid  strapons  to  the  liquid 
storable  system.  Would  you  comment  on  this? 

Answer,  (a)  All  problems  associated  with  the  use  of  solid  rocket  booster 
stages  in  conjunction  with  liquid  stages  are  well  within  the  present  state  of  tech- . 
nology.  The  basic  physical  phenomena  are  understood  and  subject  to  rational 
engineering  methods.  The  evaluation  of  a vehicle  such  as  Titan  III  which  de- 
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pends  upon  this  combination  la  basically  a mattar  of  conducting  an 
engineering  development  program. 

(0)  Specifically  tha  nao  of  a storable  propellent  ajrstem  offers  a degree  of 
conservatism  as  oppooed  to  a cryogenic  system.  This  la  chiefly  reflected  in  the 
sensitivity  of  a cryogenic  system  to  the  local  thermal  environment  Tbs  thermal 
environment  consists  of  both  aerodynamic  beating  and  the  combination  of  con- 
duction and  radiation  for  the  exhaust  plumes  of  the  boost  stage  solid  motors. 
Of  most  significance,  however,  In  establishing  the  feasibility  of  the  Titan  III 
approach  la  recognition  of  the  history  of  successful  accomplishment#  Involving 
parallel  stAging  The  Navajo  vehicle  achieved  successful  staging  on  some  six 
flights  under  more  severe  conditions  than  those  encountered  by  Titan  III.  At 
other  guided  missiles  have  successfully  utilised  the  paralled  staging  of 
or  boosters.  Thaos  are  summarised  in  the  chert  of  attachment  2. 
British  Thunderblrd,  Bee  Blub,  Trench  Perea). 
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(o)  An  area  more  significant  and  direct  confirmation  is  aflordod  by  tho  recnat 
success  in  March  of  this  year  of  the  “Improved  Thor"  vehicle.  This  consisted  of 
a Thor  LV-2A,  a corn  stage  with  three  solid  motor  boosters  clustered  about  it 
as  a lower  stag*.  It  is  interesting  to  note  that  tbs  Thor  is  also  a cryogenic 
vehicle.  The  staging  and  separation  of  the  solid  motors  wee  eminently  successful. 
It  Is  presently  planned  to  launch  additional  Improved  Thors  which  will  provide 
additional  corroboration  and  useful  lafSrmaflim  applicable  to  the  Titan  m. 

(<)  The  Thor  euccem  highlights  two  additional  considerations.  Tbs  staging 
technique  used  depended  purely  upon  areodynamic  loads  to  achieve  separation 
under  aeore  stringent  conditions  than  thorn  encountered  by  Titan  IIL  Addi- 
tionally, toe  Thor  configuration  utilised  available  hardware  with  minimal  modi- 
fication. An  additional  handicap  aviated  In  the  use  of  a developmental  Thlokol 
solid  motor.  Demits  them  limitations,  the  scheme  was  successful. 

(e)  In  summary,  it  la  assful  to  examine  the  Titan  III  approach  which  by 
comparison  baa  had  the  advantage  of  systematic  analysis  end  integrated  design. 
In  selecting  a staging  technique,  consideration  was  carefully  given  to  simplicity, 
conservatism,  and  reliability.  The  lateral  translation  technique  being  utilised 
provides  flexibility  In  both  the  direction  end  magnitude  of  the  forces  used  to 
stage  the  motors.  Further  these  lateral  thrust  forces  ere  produced  by  small 


■olid  motors  which  sis  well  within  tbs  established  state  of  solid  motor 
technology. 

Question  4.  Is  the  Titan  III  on  schedule? 

Answer.  Tea  There  here  been  end  will  probably  bo  farther  changes  in  some 
of  the  minor  mlleetone  dates  which  is  normal  in  a program  of  this  magnitude; 
however,  the  planned  launch  schedule  is  that  established  when  the  program  was 
approved  by  the  DOD  and  progress  on  the  pacing  items  Including  development 
of  the  large  solid  motor,  the  new  liquid  engine  for  the  transtage  and  construction 
of  static  firing  and  launch  facilities  is  satisfactory  to  support  this  schedule. 

Question  5.  When  do  y>a  expect  that  Titan  III  will  be  ready  for  useful  work? 

Answer.  Configuration  A,  the  core,  can  be  ready  to  support  payloads  within 
its  performance  capability  on  pad  30  at  AMB  anytime  after  May  I960.  Titan  III 
C configuration  will  be  usefully  employed  when  it  launches  the  first  unmanned 
Dyna-Soar  glider  with  an  B.  ft  D.  launch  vehicle.  It  to  scheduled  to  launch 
the  first  manned  Dyne-Soar  glider  a few  months  later  with  a production  vehicle. 

Question  0.  Do  you  believe  that  the  Titan  III  may  be  useful  in  the  assembly 
of  tanned  orbiting  space  stations  in  the  future? 

Answer.  Yes.  War  payloads  in  the  vicinity  of  the  maximum  capability  of 
the  Titan  III  O in  low  orbit,  the  Titan  III  offers  a cost  effective  vehicle  which 
Is  extremely  competitive  with  any  vehicle  currently  programed  and  under  de- 
velopment Fo:  payloads  leas  than  the  maximum  capability  for  the  Titan  III, 
its  cost  effectiveness  in  rapid  launch  capability  will  make  it  very  competitive. 

Mr.  YxAon.  Also,  is  it  all  right  to  release  General  Schriever’s 
statement  f 

Mr.  Tsaoux.  He  said  it  wasn’t  classified. 

Mr.  Fulton  of  Pennsylvania.  Off  the  record. 


Mr.  Tkagux.  We  will  have  an  executive  subcommittee  meeting. 
Thank  you  General  Schriever;  you  have  been  very  helpful. 

(Whereupon,  at  11:52  a.m.,  the  subcommittee  proceeded  into  an 
executive  meeting.) 
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WEDNESDAY,  MAY  1,  1063 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 
Cannon  Building,  at  10  a.m.,  Hon.  Olin  E.  Teague  (chairman  of  the 
subcommittee)  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

STATEMENT  OF  D.  BRAIN  ERD  HOLMES,  DEPUTY  ASSOCIATE 

ADMINISTRATOR  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 

FLIGHT,  NASA;  ACCOMPANIED  BY  WILLIAM  E.  LILLY,  DIREC- 
TOR, PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT; 

GEORGE  M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS);  AND  DR. 

JOSEPH  F.  SHEA,  DEPUTY  DIRECTOR  (SYSTEMS);  ADELBERT  0. 

TISCHLER,  ASSISTANT  DIRECTOR  (PROPULSION);  AND  STAN- 
LEY M.  SMOLENSKY,  DEPUTY  DIRECTOR  (LAUNCH  VEHICLES 

AND  PROPULSION) 

Mr.  Teague.  I believe  that  we  were  first  going  to  discuss  the  lag 
in  the  Gemini  program. 

Mr.  Holmes.  Anything  you  wish  to  discuss. 

Mr.  Teague.  We  have  heard  everybody  discuss  it  but  you.  Let 
us  hear  your  opinion.  This  story  is  evidently  in  the  newspapers  all 
over  the  country.  It  quotes  different  sources,  including  Mr.  Webb, 
as  saying  that  the  Gemini  program  is  in  trouble,  and  that  it  is  behind 
sch«  ule  a number  of  months. 

Mi  . Holmes.  Yes,  I had  read  some  of  these  stories.  It  ia  un- 
fortunate, I think,  that  somehow  or  other  this  information  gets  into 
the  press,  in  my  mind,  prematurely.  The  program  people  who  are 
working  with  tne  problems — and  there  are  always  problems  in  a 
program  of  this  magnitude — haven’t  really  had  a chance  to  evaluate 
the  difficulties  to  the  point  where  they  can  speak  to  them. 

We  have,  however,  evaluated  these  problems  now.  In  fact,  it  is 
only  this  morning  that  I have  formal  approval  for  a new  schedule 
for  Gemini.  I don’t  think  Gemini  is  in  serious  trouble.  I think  that 
the  present  Gemini  is  a different  program  than  the  one  with  which 
we  started.  It  had  two  fundamental  purposes  originalh  , which  we 
have  not  given  up  and  which  we  still  consider  to  be  of  paramount 
importance — to  gain  experience  in  prolonged  weightlessness,  and  to 
gam  experience  in  rendezvous,  before  Apollo.  The  advantage,  as  you 
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realize,  is  that  the  results  of  Gemini  may  be  applied  as  necessary  to 
Apollo  design. 

However,  as  we  developed  the  Gemini  program,  we  found  it  was 
not  wise  to  have  only  an  updated  Mercury  spacecraft.  We  found  as 
we  developed  the  subsystems  for  Gemini  that  it  was  much  wiser  to 
incorporate  technology  known  today,  not  something  that  was  early 
developmental  technology  of  the  past.  This  concept  would  lead  us 
step  by  step  toward  Apollo,  and  we  would  reap  tremendous  benefits 
from  it.  In  addition,  fts  we  developed  the  Gemini  program  it  became 
quite  apparent  to  us  that  this  would  be  a very  usefiu  Earth  orbital 
spacecraft.  It  would  be  more  economical  than  the  Apollo  spacecraft 
would  ever  be,  since  Apollo  is  designed  for  a different  mission.  Gemini 
may  be  economically  used,  for  instance,  in  ferrying  supplies  to  a space 
vehicle  or  space  station  in  orbit,  or  for  rendezvous  oi  many  kinas. 

In  developing  the  Gemini  subsystems,  we  find  that  they  are  better 
and  more  sophisticated  than  initially  conceived,  and  that  the  space- 
craft is  much  more  sophisticated  than  anticipated.  Therefore,  the 
costs  tend  to  be  higher  and  the  time  scales  longer. 

I would  like  to  comment  on  the  Gemini  schedules,  since  it  seems  to 
me  that  we  should  place  this  in  proper  p irspective.  We  do  presently 
plan  to  launch  the  firs'  Gemini  spacecraft  at  the  end  of  this  year,  as 
previously  announced. 

Mr.  Teague.  In  December  of  1963? 

Mr.  Holmes.  Yes,  sir.  We  do  plan,  however,  to  have  this  flight 
be  primarily  an  aerodynamic  and  structural  test  of  the  launch  vehicle- 
Gemini  spacecraft  combination.  Therefore,  we  will  not  be  carrying 
some  of  the  subsystems  that  we  had  originally  planned.  We  don’t 
want  to  delay  that  flight,  because  we  have  learned  from  experience 
that  you  can’t  design  a building  block  program  and  assume  that  it 
will  work. 

As  you  recall,  we  had  aerodynamic  and  structural  failure  with  the 
Atlas  and  we  had  to  have  a thick  skin  in  order  to  carry  the  Mercury. 
We  have  learned  that  it  is  wisest  to  test  out  the  aerodynamic  and 
structural  characteristics. 

Mr.  Rxehlman.  How  does  that  differ  in  time,  Mr.  Holmes,  from 
your  specific  schedule? 

Mr.  Holmes.  Exactly  the  same  time  as  W6  have  been  saying  ever 
since  we  had  discussions  earlier  concerning  the  funds  and  the  rate  at 
which  we  should  establish  the  program. 

Mr.  Teague.  A quote  in  the  Houston  paper  said  differently,  and 
Mr.  Webb  said  differently  today  in  the  press. 

Mr.  Holmes.  1 haven’t  finished  the  whole  story,  and  I think  they 
were  probably  ief erring  to  the  part  I am  about  to  come  to,  Mr. 
Chairman. 

Mr.  Fulton  of  Pennsylvania.  Would  you  tell  us  what  subsystems 
are  left  off  this  first  Gemini  flight?  That  might  clear  it  up. 

Mr.  Holmes.  With  your  indulgence,  if  I could  continue,  it  will 
become  clearer.  Then  I can  come  back  and  answer  that  question 
specifically,  if  you  would  like.  We  had  planned  to  have  the  first 
manned  Gemini  flight,  the  second  flight,  auring  the  first  quarter  of 
1964.  Our  present  plan  is  that  the  first  manned  flight  in  the  series 
would  not  be  until  the  fourth  quarter  of  1964.  Our  current  plan 
grew  in  part  from  the  advisability  of  having  more  sophisticated 
subsystems,  which  requires  more  time,  and  in  part  from  a reorients- 
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tion  of  the  program  to  include  a second  unmanned  flight  before  the 
manned  Right. 


In  our  previous  thinking,  for  example,  we  were  going  to  fly  the 
integrated  guidance  system  of  the  spacecraft,  as  well  as  the  guidance 
•wstem  of  tne  booster,  so  that  you  could  use  either  one  in  guidance 
during  propulsion  on  the  first  manned  flight.  Now  we  don’t  think 
that  this  approach  is  a wise  one.  With  our  greater  experience,  we 
have  concluded  that  the  best  approach  is  to  have  a structural  flight 
at  the  end  of  this  year,  followed  by  a second  structural  flight,  possibly 
orbital,  with  all  systems  aboard.  These  systems  would  include  an 
integrated  guidance  system  that  would  apply  to  both  the  launch 
vehicle  and  the  spacecraft.  We  believe  that  two  qualification  flights 
are  desirable  before  we  have  a manned  mission. 

In  view  of  an  extra  structural  flight,  as  well  as  delays  in  some  of  our 
subsystems,  we  are  now  planning  to  have  our  first  manned  Gemini 
flight  about  6 months  later  than  the  original  schedule. 

i think  that  this  is  a sounder  approach.  I have  not  mentioned  the 
Titan  II,  but  it  has  had  some  developmental  problems  over  and  abo^e 
what  we  had  anticipated.  However,  the  problems  are  always  en- 
countered in  a developmental  program.  In  our  opinion  it  will  be 
safer  to  use  the  Tital  IT  for  manned  flights  if  we  have  two  structural 
missions.  We  will  have  more  time  to  eliminate  the  developmental 
problems. 

Mr.  Fulton  of  Pennsylvania.  Is  there  a second  unmanned  flight, 
or  iust  one? 

^Mr.  Holmes.  We  are  planning  an  unmanned  flight  at  the  end  of 
this  year  and  about  the  middle  of  next  year  and  we  plan  to  have  a 
manned  flight  in  the  last  quarter  of  1964. 

Mr.  Fulton  of  Pennsylvania.  Does  that  increase  the  total  number 
of  Gemini  flights  previously  planned? 

Mr.  Holmes.  No,  sir;  we  still  plan  to  have  12  Gemini  flights. 

Mr.  Fulton  of  Pennsylvania.  What  flight  are  you  leaving  off? 

Mr.  Holmes.  The  first  unmanned  flight  will  be  a boilerplate  flight. 
We  have  ordered  15  boosters  and  12  Gemini  spacecraft.  Mr.  Low, 
what  one  are  we  leaving  off? 

y»r.  Low.  In  the  rest  of  the  program  we  are  also  reevaluating  the 
mission  assignments  for  each  flight.  With  the  increase  in  the  num- 
ber of  systems  to  be  flown  in  the  unmanned  flight  just  prior  to  the 
manned  flight,  we  believe  that  we  will  achieve  our  goal  of  a long 
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duration  flight  with  a fewer  number  of  steps  leading  up  to  that  in 
the  mannea  flight  program. 

Mr.  Fulton  of  Pennsylvania.  So  you  are  not  so  brave.  You  are 
really  scheduling  13  Gemini  flights. 

Mr.  Holmes.  We  can  reuse  spacecraft,  which  is  one  reason  we  are 
purchasing  15  boosters  and  only  12  flight-article  spacecraft.  I would 
like  to  emphasize  that  while  we  are  behind  a few  months  today,  we 
are  not  behind  by  6 months  today. 

Also,  we  have  a much  more  sophisticated  Gemi  li  system  than 
originally  conceived  and  we  are  producing  a useful,  :!exible  program 
for  the  country.  The  Gemini  system  is  going  to  be  a very  operational 
vehicle. 

Mr.  Gurney.  Admitting  all  this  is  true,  why  io  it,  for  example, 
that  NASA’s  leading  witnesses  have  stated  within  the  last  few  months 
that  the  flight  schedules  on  Gemini  are:  One,  an  unmanned  craft  in 
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December,  and,  two,  a manned  flight  early  in  1964.  These  statements 
have  been  made  before  this  committee,  I think  as  recently  as  a month 

ago? 

Mr.  Holmes.  You  cannot  run  a project  involving  a large  number 
of  people  and  have  the  head  of  the  project  change  the  schedule  or 
intimate  any  weakness  in  the  schedule  until  there  has  been  a thorough 
evaluation.  I regret  this.  But  if  we  operate  in  any  different  fashion. 
I am  afraid  th*  entire  operation  would  come  ungluea,  organizationally. 

Mr.  Guk^at.  I would  simply  make  the  comment  that  it  would  be 
wise  to  try  to  alleviate  some  of  this  uncertainty  about  the:  p things 
that  are  embarrassing  both  to  you  and  to  the  committee. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman? 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Assuming  this  is  the  policy  of  NASA 
which  Mr.  Webb  made  without  explanation,  did  not  the  policy  work 
aa  a joint  policy  for  everybody  at  the  top  of  NASA?  When  these 
statements  came  out  without  explanation  by  two  of  the  top  men  in 
NASA,  certainly  it  rives  credence  to  the  reports  circulated  in  the 
newspapers.  Why  didn’t  the  word  get  to  both  Mr.  Meyer  and 
Mr.  Webb? 

Mr.  Hqlmeb.  As  you  know  from  your  experience,  Mr.  Fulton,  it  is 
sometimes  difficult  to  address  a group  and  not  become  trapped  by  a 
certain  statement  that  you  have  made.  I don’t  know  the  circum- 
stances surrounding  Mr.  Meyer’s  statement.  I can  say  that  we  are 
looking  into  the  matter. 

I do  know  in  the  case  of  the  Administrator  that  I had  briefed  Mr. 
Webb  only  a few  days  before  on  the  details  of  the  Gemini  situation. 
1 had  alerted  him  to  the  problems  a few  weeks  before  the  briefing. 

Mr.  Webb  was  at  Princeton,  talking  to  a group  about  the  program. 
I believe  that  he  was  questioned  sharply  following  his  briefing  to  this 
group,  and  I think  he  himself  felt  that  it  was  premature,  by  a few 
days,  for  any  announcement  to  appear  in  the  press.  Mr.  Webb  and 
I discussed  this  point  as  recently  as  within  the  hour. 

Mr.  Webb  has  established  in  NASA  the  fundamental  policy  that 
we  must  complete  our  evaluations  of  problems  before  we  announce 
changes.  If  a problem  is  encountered,  there  are  many  possible 
solutions,  such  aa  increasing  the  manpower  or  shifting  the  approach. 
Therefore,  we  have  to  complete  our  analysis  so  that  we  know  what 
we  are  talking  about.  Mr.  Webb  believes  very  strongly  in  this  policy. 

Mr.  Fulton  of  Pennsylvania.  We  all  should  follow  it,  shouldn’t  we? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  These  statements  by  Mr.  Webb  and 
Mr.  Meyer  corroborate  each  other  and  were  made  in  two  different 
parts  of  the  country,  even  though,  as  you  seem  to  indicate,  they  were 
made  spontaneously.  However,  statements  of  a policy  nature  which, 
as  Mr.  Gurney  has  pointed  out,  contradict  testimony  given  by  NASA 
witnesses  before  the  Manned  Space  Flight  Subcommittee,  cause  us  a 
real  concern.  We  are  likewise  concerned  about  the  aspect  this  gives 
the  program  in  the  eyes  of  the  country.  If  the  program  is  not  being 
well  managed,  and  it  is  slipping  badly,  I think  the  country  should 
know  it. 

Does  any  slip  in  the  Gemini  program  equally  or  equivalently  cause 
a shp  in  the  Apollo  program?  Wul  this  slip  in  the  Gemini  program 
now  result  in  a slip  in  the  Apollo  program? 
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Mr.  Holmes.  No,  it  will  not  affect  the  Apollo  schedules  today. 
However,  I should  add,  to  be  forthright,  tfiat  it  is  important  for  us 
to  experience  longer  duration  flight  and  to  develop  tne  rendezvous 
technique  at  the  earliest  possible  time.  If  there  are  any  negative 
aspects  that  might  affect  the  Apollo  design,  the  sooner  we  find  out, 
the  better. 

Mr.  Fulton  of  Pennsylvania.  What  portion  of  this  is  due  to  the 
Titan  II  slippage,  and  what  portion  to  the  NASA  program  slippage 
on  Gemini? 

Mr.  Holmes.  I would  say  that  about  one-half  of  the  6 months  is 
due  to  development  problems  with  the  Titan  II  and  to  delays  on  the 
Gemini  spacecraft  subsystems.  The  other  half,  in  my  opinion,  is  no 
slippage  at  all,  but  rather  a reevaluation  of  what  we  should  do  to  have 
a sound  and  better  program. 

Mr.  Teague.  Are  there  any  other  questions  concerning  Gemini? 

Mr.  Daddario.  Mr.  Holmes,  this  discussion  about  Gemini  com- 
pels me  to  ask : Do  we  have  a space  program  which  is  too  ambitious — 
not  iust  Gemini,  but  the  whole  program?  There  seems  to  be  the  same 
kind  of  slippage  in  almost  every  aspect  of  it.  I understand  that  you 
have  management  problems  tnat  you  have  to  face  as  you  go  along, 
but  are  we  in  the  first  instance,  as  a committee,  told  that  you  can 
achieve  certain  goals  which  cannot  be  achieved?  Are  you  too  ambi- 
tious in  the  first  place? 

Mr.  Holmes.  I don’t  think  so,  Mr.  Daddario.  If  we  look  at  anv 
developmental  program  of  this  nature,  many  of  the  intermediate  goals 
are  not  met,  partially  because  successful  program  management  really 
requires  optimistic  scheduling  of  milestones. 

Mr.  Daddario.  Why? 

Mr.  Holmes.  If  the  program  manager  is  not  optimistic  the  total 
group  of  people  working  with  the  schedule  won’t  work  any  faster  than 
the  established  schedule  even  though  it  would  be  possible  to  do  so.  I 
am  convinced,  going  back  to  any  one  of  the  systems  on  which  I have 
worked,  that  if  we  nad  added  a year  to  the  schedule,  we  would  have 
met  it  a year  later ; no  sooner. 

Mr.  Daddario.  It  is  this  goal  which  is  the  most  important,  not  the 
achievement  of  certain  objectives  within  the  program,  but  the  idea 
that  you  must  push  people  to  achieve  these  even  though  this  is  not 
within  a management  capability.  Is  that  your  idea? 

Mr.  Holmes.  Yes;  I think  tnat  is  particularly  well  stated,  especi- 
ally for  the  intermediate  goals.  We  are,  of  course,  working  very  nard 
to  accomplish  each  step  in  a timely  fashion.  However,  we  must  keep 
the  intermediate  goal  in  proper  perspective  and  not  react  emotionally 
if  we  complete  one  step  next  month  instead  of  this  month. 

Now,  I ought  to  interpret  that  statement.  It  is  very  important  to 
the  people  who  are  working  hard  to  finish  a job  as  soon  as  possible  to 
complete  these  milestones.  However,  the  significant  point  is  when 
do  we  get  to  the  Moon,  or  when  do  we  achieve  the  neceseary  opera- 
tional capability  to  accomplish  this  goal.  This  objective  should 
establish  our  perspective. 

Our  program  is  somewhat  unique  in  that  everyone  knows  almost 
everything  that  is  going  on.  In  view  of  this  openness  we  should 
avoid  placing  so  much  emphasis  on  each  step  or  milestone.  We 
should  keep  in  mind  the  end  dates  and  have  confidence  that  we  are 
going  to  meet  them.  I know  that  it  is  very  difficult  to  do,  but  if  we 
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look  at  the  weapons  system  programs  where  we  predicted  certain 
flights  of  missiles  and  certain  tests  of  missiles,  the  intermediate  mile- 
stones were  often  missed.  This  was  true  even  in  the  very  successful 
programs. 

Looking  at  my  recent  experience  with  the  ballistic  missile  early- 
warning  system  BMEWS,  that  program  went  into  effect  on  time,  and 
within  its  budget.  But  there  were  certainly  intermediate  milestones 
that  we  missed.  I can  recall  having  had  a group  of  people  work  ex- 
tremely hard,  in  a highly  concentrated  period  to  get  tons  of  steel  for 
antenna  fabrication  on  ships.  You  could  only  ship  to  the  Arctic, 
during  the  3-months  open  season,  otherwise  you  had  to  relv  on  air 
transportation.  After  the  steel  was  all  tagged  in  pieces  like  a big 
erector  set,  after  all  the  special-purpose  steel  was  stored  up  on  the 
site  in  the  darkness  and  under  snow,  we  discovered  that  10  percent  of 
the  steol  was  not  heattreated  properly  for  the  cold  temperatures.  In 
the  darkness  the  men  had  to  sort  out  all  this  steel,  fly  it  back,  and  heat- 
treat  it.  When  we  heattreated  the  steel,  the  welds  went  brittle  and  it 
uad  to  be  re  welded. 

But  the  end  date  was  met.  Had  BMEWS  not  been  a classified 
program,  the  trouble  would  have  been  in  all  the  papers — with  implica- 
tions that  the  program  was  not  being  well-managed. 

I cannot  draw  a direct  analogy  to  the  land  of  problems  that  we  have 
today,  but  I think  the  situation  is  similar,  and  I think  the  program  is 
well  managed  and  under  control.  I am  not  patting  myself  on  the  back. 

I am  talking  about  my  subordinates. 

Mr.  Daddario.  We  have  experience  in  the  development  ci  weapons 
systems  and  programs  of  this  kind,  and  I recognize  the  psychological 
requirement  of  having  goals  for  your  people  to  work  on.  However, 
don’t  we  learn  from  those  programs  how  to  better  manage  en  route 
to  the  achievement  of  the  final  goal,  so  we  can  avoid  the  wastefulness 
and  inefficiencies  which  are  involved? 

Mr.  Holmbs.  I think  that  we  do  learn.  I think  that  we  tend  to  be 
optimistic.  I would  like  to  point  out  that  the  initial  schedule  for 
Gemini  and  the  initial  funding  reaueet  was  introduced  about  18  months 
ago.  Yet  it  is  not  2 years  ago  that  we  flew  ths  first  suborbital  flight  - 
of  Alan  Shepard.  I think  people  lose  sight  of  the  tremendous  ma- 
turity that  this  country  has  gained  in  space  flight  in  such  a short 
period. 

Today  we  are  much  wiser  than  we  were  then.  We  are  going  to  be 
wiser  in  the  future  than  we  are  now.  I don’t  think,  personally, 
that  it  is  a negative  action  to  reorient  a program  such  as  Gemini  to 
make  it  a better  and  safer  program  at  tnis  point  in  time.  I firmly 
believe  that  we  will  have  a sounder,  safer  Gemini  program  by  deciding 
to  have  an  additional  unmanned  flight  before  our  first  manned  flight. 

Mr.  Daddario.  What  we  are  really  talking  about  is  that  you  learn 
as  you  go  along,  and  you  have  better  programs  as  a result.  You  been 
changing  those  which  you  have  originally  conceived  and  brought 
before  us — this  is  how  it  should  be.  But  in  the  process  of  doing  it. 
there  are  steps  taken  along  the  road  which  then  become  changed,  ana 
these  are  the  places  within  which  the  inefficiencies  occur.  I think  we 
are  achieving  great  things. 

At  the  same  time,  we  are  spending  a great  deal  of  money,  and  we 
seem  to  be  following  the  path  we  followed  on  many  occasions  of  setting 
goals  which  we  then  change,  and  it  is  in  these  places,  certainly,  where 
the  wastes  occur. 
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Mr.  Holmes.  Yes.  I think  that  goals  that  are  chanced  merely 
because  of  slippage  should  be  distinguished  from  goals  that  are 
changed  to  incorporate  technology  and  to  foster  procram  growth. 
As  I mentioned,  in  Gemr ' it  is  a mixture  of  these  two  factors. 

Mr.  Gurnet.  Isn’t  this  really  another  thing?  I am  sure  that  no 
one  on  this  committee  disagrees  with  the  way  you  at  going  about  this 
program,  or  the  wisdom  of  it. 

The  thing  which  troubles  me  and  which  I think  is  completely  unwise 
in  a program  of  this  sort,  particularly  where  we  are  in  competition 
with  the  Soviet  Union,  is  to  announce  that  you  are  going  to  do  a 
dramatic  thing  like  orbiting  two  men  in  space  on  a particular  day  and 
knowing  perfectly  well  that  this  schedule  may  not  be  met  because  of 
changes  that  may  be  necessary. 

To  announce  that  you  are  going  to  do  something  on  a certain  day, 
and  then  within  a month’s  time  suddenly  say  it  is  going  to  be  6 months 
later,  is  the  thing  that  I would  think  the  committee  would  agree  is 
unwise. 

It  would  be  better  to  say:  ’Tee,  we  are  going  to  have  a manned 
flight  of  Gemini  in  1964.”  Then  when  the  date  is  reasonably  ascer- 
tainable, announce  that  it  is  going  to  be  done  in  the  fourth  quarter, 
or  November,  or  December,  or  some  ^uch  thing. 

Mr.  Holmes.  I would  welcome  such  a thing,  Mr.  Gurney.  How- 
ever, in  our  program  the  total  pressures  have  boon  in  the  opposite 
direction.  That  is,  to  run  an  open  program  and  to  state  even  more 
specifically  than  the  quarter,  as  NASA  nas  been  stating,  when  these 
events  should  occur.  We  have  had  no  choice  but  to  make  these 
announcements,  given  the  ground  rules  under  which  we  have  been 
working  nationally. 

Once  having  snnounced  a date,  I think  it  would  be  very  inappro- 
priate for  anyone  in  the  project  management  to  indicate  a change 
before  comprehensive  studies  are  completed  and  a change  is  definitely 
required 

J do  think  that  the  program  could  run  more  soundly,  from  a project 
management  standpoint,  if  it  were  not  quite  so  open.  From  a 
national  standpoint,  I don’t  know  whether  that  is  true  or  not.  Our 
policy  leaders  have  felt  that  we  gain  more  by  having  it  completely 
open,  even  exposing  problems  when  we  shift  dates,  than  having  a 
closed  program. 

Mr.  Gurnet.  My  only  comment  would  be  that  I see  no  demand 
on  the  part  of  any  leaaonable  person  to  have  you  pinpoint  a year  or 
a year  and  a half  in  advance  of  when  you  are  going  to  do  something. 
No  pereon  expects  the  impossible.  I don’t  see  now  you  can  accurately 
predict  a year  in  advance  the  quarter  or  the  month  that  you  are 
going  to  do  something  in,  and  I don’t  think  you  should  be  expected  to. 

Who  would  demand  it?  Who  is  demanding  it?  Certainly  not 
this  committee,  are  they? 

Mr.  Holmes.  I am  not  so  sure  about  that. 

Mr.  Teague.  What  amazes  me  is  that  NASA  does  as  well  as  it  does. 

Mr.  Daddario? 

Mr.  Daddario.  Mr.  Holmes,  you  established  a philosophical  ap- 
proach to  this  this  morning  by  saying  that  the  important  achievement 
is  the  final  achievement,  and  the  steps  in  between  are  adjustable  in 
accordance  with  the  situation  as  it  comee  about  to  finally  effect  that 
objective.  Are  you  of  the  opinion  that  you  have  the  management 
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capability,  or  you  are  developing  the  capability,  to  see  these  changes 
in  time  to  reorganise  and  redirect  at  tne  Quickest  possible  time  in 
order  to  effect  the  greatest  savings  of  expenditures? 

Mr.  Holmes.  My  answer  is  a very  affirmative  one,  Mr.  Daddario. 
I would  like  to  point  out  that  this  is  a typical  example  of  what  I 
consider  sound  management.  We  didn't  approach  the  first  quarter 
of  1064  and  then  a month  before  say  to  the  committee  or  to  the  public. 
“We  didn’t  make  it.’’  What  we  nave  done  is  to  say  1 year  ahead 
that  we  ought  to  reorient  this  program.  In  my  opinion,  this  is  a 
straightforward  and  honest  way  to  do  it.  To  let  you  know  as  soon 
as  we  know  with  any  soundness  and  can  predict  what  we  think  we 
should  do.  We  are  telling  the  committee  as  soon  as  possible.  We 
couldn’t  do  it  any  earlier. 

Mr.  Daddario.  You  think  in  this  instance  you  caught  it  at  the 
earliest  possible  time? 

Mr.  Holmes.  Yes,  sir;  I do. 

Mr.  Daddario.  I hope  you  can  say  this  about  other  programs  as 
well. 

Mr.  Holmes.  In  terms  of  management  capability,  it  is  worthwhile 
to  note  that  a year  and  a half  ago  we  had  an  organization  that  certainly 
was  nowhere  near  the  size  it  is  today,  or  nowhere  near  the  maturity. 
The  procedures  by  which  the  organizational  entities  worked  together 
weren’t  defined.  It  has  taken  a full  year  to  establish  scheduling  and 
cost  procedures  whereby  the  responsible  people  must  approve  a 
schedule  monthly.  That  schedule  is  built  up  step-by-step,  until  you 
have  an  overall  night  program,  such  as  Apollo  ana  Gemini. 

It  is  this  kind  of  procedure  that  brings  out  what  are  real  dates  and 
what  are  fictitious.  It  was  this  kind  of  procedure  that  really  brought 
us  .to  grips  with  Gemini  earlier  than  we  would  have  without  an  effective 
scheduling  system. 

On  the  other  hand,  I wouldn’t  want  to  mislead  the  committee.  It 
is  a long  process  to  consolidate  a group  of  12,000  people  in  Government 
and  150,000  in  industry  to  work  in  concert  with  a schedule.  It  will 
probably  be  another  year  before  the  schedule  system  is  the  way  I want 
to  see  it,  but  it  is  a good  deal  better  today  than  it  was.  It  is  on  a 
sound  footing  to  predict  exactly  where  you  are  going,  and  then  have 
the  guts  to  change  the  schedule,  if  you  really  believe  it  should  be 
changed. 

Mr.  Daddario.  That  brings  us  to  another  point.  Are  you  receiving 
more  money  than  you  are  capable  of  spending,  taking  into  considera- 
tion that  in  developing  this  kind  of  a management  team  we  are  again 
learning  from  the  experience  of  the  past? 

You  nad  the  weapons  system  development  program  which  indicated 
that  you  could  not  go  too  fast.  You  do  have  to  develop  the  team  and 
management  capability. 

Now,  are  these  keeping  pace — the  development  of  the  management 
team  and  the  expenditures  of  funds  necessary  to  achieve  objectives? 
Are  these  working  hand  in  glove  in  such  an  efficient  manner  that  we 
should  continue  at  this  pace? 

Mr.  Holmes.  Yes.  In  my  opinion,  it  would  be  less  efficient  to  go 
any  slower,  but,  as  I stated  previously,  partially  I didn’t  think  we 
should  go  much  faster,  due  to  this  limitation  of  putting  people  to- 
gether to  manage  such  a large  endeavor  efficiently. 

It  is  my  considered  belief,  however,  that  to  go  any  slower  would 
lead  to  a more  expensive  and  less  efficient  program.  We  are  not 
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going  as  rapidly,  anywhere  near,  as  one  does  go  in  certain  military 
systems,  and  I think  for  a very  good  reason.  It  is  a different  kind  of 
program. 

I do  believe  we  are  going  at  a rate  that  is  efficient.  I believe  that 
we  could  go  somewhat  faster  and  still  be  efficient.  I think  to  go  slower 
we  would  start  to  lose  efficiency. 

Mr.  Wagoonner.  Mr.  Holmes,  we  have  given  considerable  thought 
in  the  last  few  days  to  a statement  which  a fellow  scientist  of  yours 
from  Carnegie  Institute  has  made  with  regard  to  the  overall  space 
program.  He  denounced  the  worth  and  value  of  the  space  program, 
and  classified  it  as  a public  works  program,  and  not  much  else. 

I would  like  to  have  your  comments  on  this  statement,  and  I would 
like  to  know  if  you  feel  his  view  represents  any  sizable  segment  of  the 
scientific  community.  Whatisyourgeneral  appraisal  of  this  statement? 

Mr.  Holmes.  I think  it  is  a completely  fallacious  statement  that 
shows  a lack  of  understanding  of  the  banc  precepts  of  the  program. 
I don't  think  that  it  is  a coincidence  that  tnese  negative  statements 
concerning;  the  space  program  usually  come  from  the  people  who  have 
made  absolutely  no  attempt  to  talk  to  us  to  learn  what  we  are  doing. 
They  make  certain  assumptions  and  believe  they  know  what  we  are 
doing.  I don’t  question  their  integrity,  but  the  fact  remains  that 
they  haven't  bothered  to  find  out  exactly  what  we  are  doing.  This 
includes  many  writers  who  have  made  negative  comments.  When 
they  talk  with  the  people  on  the  program,  and  tir  to  understand  what 
we  are  doing,  they  often  leave  with  an  entirely  different  attitude. 

Rather  than  a public  works  program,  I believe  that  this  program  is 
leading  our  Nation  away  from  falling  into  a weak  position.  It  is 
enhancing  the  ability  of  our  Nation  to  continue  in  world  leadership. 
It  is  my  personal  opinion  that  this  program,  more  than  any  other, 
stimulates  and  gives  inspiration  to  the  growth  of  America.  To  call 
it  a public  works  program  just  makes  me  plain  angry. 

Mr.  Wagoonner.  Don't  you  feel  that  maybe  His  statement  and 
those  of  others  who  have  spoken  out  on  this  subject  is  to  some  extent 
our  fault,  and  I refer  to  this  committee  as  well  as  NASA,  because  we 
have  failed  to  communicate  with  them  about  this  program?  Haven't 
we  fallen  a little  bit  short  in  actually  letting  people  imow  what  this 
program  is?  Haven't  we  been  just  a little  bit  too  smug  about  it, 
and  we  assumed  that  people  knew  about  the  program?  Haven't  we 
just  gone  in  our  own  direction  without  trying  to  really  tell  the  story 
in  layman's  language  that  the  average  individual  could  understand? 

Mr.  Holmes.  I think  it  is  a matter  of  degree.  I couldn’t  give  you 
a straight  “No."  I don't  believe  it  is  the  case.  There  is  always 
some  gray  area,  and  I am  certain  that  we  haven’t  done  ss  good  a job 
as  we  could  have  done.  However,  I do  know  that  we  have  tried  very 
hard  through  our  public  information  office  and  through  talks  to 
various  groups  to  keep  people  informed.  I might  add  that  this  com- 
mittee has  contributed  greatly  to  presenting  the  facts  about  our  pro- 
gram— both  in  giving  talks  and  bringing  out  these  facts  in  the  testi- 
mony. 

I believe  that  we  can  do  more.  As  a matter  of  fact,  we  were  dis- 
cussing this  matter  yesterday,  and  I will  indicate  some  of  the  discus- 
sion that  we  had.  We  normally  make  documentary  film  on  all 
aspects  of  our  program,  since  it  is  an  excellent  way  of  keeping  man- 
agement informed.  Usually  the  films  are  silent  and  the  appropriate 
program  director  provides  the  commentary  during  a presentation. 
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We  had  a Manned  Space  Flight  Management  Council  meeting 
yesterday  and  saw  a good  deal  of  this  film.  Our  discussion  centered 
on  whether  it  wouldn’t  be  a good  idea — and  I would  welcome  your 
oommente — to  take  a rather  inexpensive  approach  and  use  this  film, 
which  we  need  for  program  purpoMS,  to  produce  a bimonthly  presen- 
tation for  the  Congress  and  the  public,  we  would  not  just  show  the 
type**  of  pictures  on  going  to  the  Moon  which  are  seen  in  many  maga- 
zines today,  nor  just  a group  of  models.  We  would  show  spacecraft 
being  droptested  on  land  and  water;  or  we  would  show  a spacecraft 
with  its  escape  rocket  undergoing  certain  teste.  In  other  words,  the 
film  would  reflect  the  status  of  the  actual  hardware  that  America  is 
building  as  part  of  its  manned  space  program.  This  is  one  thought 
that  we  had. 

Mr.  Tbaoub.  Mr.  Roudebuah. 

Mr.  Roudbbush.  Mr.  Holmes,  I think  the  committee  will  remem- 
ber— and  it  won’t  serve  any  purpose  to  dig  into  the  record — that  I 
asked  you  a series  of  questions  about  a month  ago  in  this  same  room 
in  which  I expressed  concern  about  the  reliability  of  Titan  II.  I was 
assured  at  that  time  that  it  was  completely  reliable  in  your  opinion. 
I also  expreeMd  amazement  that  only  one  unmanned  Gemini  flight 
was  scheduled,  and  I was  assured  by  either  you  or  Mr.  Low  that  you 
had  gone  into  this  thing,  and  that  only  one  unmanned  shot  was 
necessary  in  the  case  of  Gemini. 

What  has  happened  in  the  last  30  days  that  caused  a complete 
reevaluation  of  the  program?  Do  you  re  all  that  series  of  questions 
that  I asked  at  the  time? 

Mr.  Holmes.  I recall  your  discussing  it.  I don’t  recall  the  specific 
questions,  but  I do  recall  our  discussing  it  hare. 

I didn’t  mean  to  indicate  that  we  didn’t  have  certain  development 

Froblems  with  the  Titan  II.  I did  intend  to  indicate,  however,  and 
still  feel,  that  the  Titan  II  will  be  an  extremely  reliable  launch  ve- 
hicle. But  it  does  have  these  development  problems. 

is  far  as  flying  men  on  a third  spacecraft  instead  of  a second,  all  I 
can  say  is  that  m a program  of  this  type,  one  really  cannot  be  sure 
when  a manned  mission  can  be  conducted  until  the  preceding  steps 
have  been  taken. 

If  indeed — and  God  hope  it  doesn’t  happen — at  the  end  of  the  year 
when  we  have  a structural  test,  it  should  fall  apart,  as  happened  on 
Mercury,  we  would  not  commit  men  to  go  on  the  third  one.  I have 
confidence  in  the  scheduling  we  have  laid  out  today.  However,  one 
cannot  be  completely  certain,  since  it  is  a development  program. 
Mother  Nature  often  has  a way  of  being  a little  wiser  than  the  human 
being. 

Mr.  Roudebush.  On  this  first — what  you  referred  to  as  boiler- 
plate— flight  in  December  of  1963,  the  first  Gemini  unmanned  shot, 
are  we  launching  it  at  that  time  just  to  meet  a publicly  announced 
schedule,  or  do  we  actually  need  this  shot  in  December?  Couldn’t 
you  combine  the  first  and  second  unmanned  shots  by  delaying  the 
program  a few  weeks,  which  I would  be  perfectly  compatible  to ? 

Mr.  Holmes.  No,  we  looked  into  all  the  approaches  and  studied 
the  possibilities  very  carefully.  We  believe  that  it  is  absolutely 
essential  to  check  the  aerodynamic  and  structural  compatibility  of 
the  Titan  II  and  the  Gemini  spacecraft  as  soon  as  possible.  Despite 
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all  the  simulation  on  the  ground,  we  really  won’t  know  until  we  have 
launched  it,  as  was  the  case  in.the  Mercury  program. 

Dr.  Shea  might  want  to  comment  on  this,  or  Mr.  Low,  because  they 
feel  strongly,  as  I do,  that  it  is  absolutely  essential  to  conduct  this 
test  at  the  earliest  possible  time. 

Dr.  Shka.  What  Brainerd  says  is  exactly  true.  We  began  to  find 
difficulty  in  getting  all  the  systems  aboard  the  first  flight,  and  then 
were  faced  with  two  alternatives — dropping  the  flight  back,  and 
essentially  having  the  first  flight  contain  all  the  systems  we  had 
originally  intended,  and  then  proceeding  to  a manned  shot.  That 
was  our  first  inclination.  We  studied  the  physical  configuration  of 
the  craft  itself.  The  launch  vehicle  would  be  available  to  be  fired  in 
December  and  wS  could  mate  that  launch  vehicle  with  a somewhat 
simpler  spacecraft.  We  did  want  to  get  the  launch  vehicle  test  under 
our  belts  to  verify  the  soundness  of  changes  that  have  been  made  in 
the  launch  vehicle  and  to  assure  that  there  are  not  going  to  be  prob- 
lems in  flight.  As  a result  of  our  analyses,  we  were  lea  to  conclude 
that  we  should  keep  the  launch  vehicle  shot  as  originally  scheduled. 

Mr.  Roudbbush.  My  reason  for  asking  the  question  ties  in  with 
previous  questions  asked  by  Mr.  Gurney  and  Mr.  Daddario.  We 
have  publicly  announced  that  we  intend  to  have  our  first  unmanned 
shot  in  December  of  1963,  and  I was  concerned  over  the  fact  we  might 
just  be  trying  to  meet  a schedule  for  public  consumption,  let’s  say. 

One  last  question.  We  do,  I think,  at  this  time  acknowledge  that 
slippage  has  occurred  in  the  Gemini  program  for  a multitude  of 
reasons.  Has  that  delay  in  any  way,  Mr.  Holmes,  been  caused  by 
lack  of  funds  authorised  by  this  committee? 

Mr.  Holmrs.  The  6 months’  delay  to  which  I sddweeed  my  re- 
marks today,  and  which  I split  somewhat  arbitrarily  between  develop- 
ment difficulties  and  reevaluation,  is  not  related  to  funds,  although  we 
are  tightly  pressed  for  funds. 

The  previous  adjustment  of  the  program  was  directly  related  to 
funds,  and  I think  I indicated  clearly  at  the  time — before  the  fact, 
not  after  the  fact — that  I had  no  alternative  except  to  adjust  the 
schedules  unless  we  were  going  to  spend  at  a higher  rate  in  that  fiscal 
year  than  we  were  able  to  with  the  funds  allotted. 

An  overall  decision  was  made  by  the  agency  and  by  the  Govern- 
ment that  this  was  the  reasonable  rate  at  which  to  go.  We  estab- 
lished the  program  on  that  basis. 

Mr.  Roudxbdsh.  I am  happy  to  have  that  answer.  I will  conclude 
by  saying  that  I hope  if  we  nave  further  delays  in  our  space  program 
that  no  one  gets  on  television  or  radio  and  starts  blaming  Congress 
because  we  have  reduced  funds,  and  so  forth.  I am  most  concerned 
with  the  responsibility  of  this  committee.  I don’t  want  to  bo  charged 
with  lack  of  interest,  or  incompetence,  in  the  case  of  the  space  pro- 


incompetence, in  the  case  of  the  space  pro- 


gram, and  I don’t  want  to  see  the  committee  of  which  I am  a mem- 
ber charged  in  that  way.  I am  dad  to  hear  that  any  delay  we  have 
experienced  was  not  caused  by  a lack  of  funds. 

Mr.  Holmrs.  That  is  certainly  a factual  statement,  sir. 

Mr.  Riehlman.  You  said  in  your  statement,  Mr.  Holmes,  that  this 
6 months  delay  was  partially  due  to  Titan  II  and  partly  the  Gemini 
capsule,  itself. 

The  other  day  General  Schriever  was  before  this  committee  and  I 
discussed  with  him  the  reliability  of  the  Titan  II,  and  whether  it 
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would  be  available  bj  the  time  the  Gemini  capsule  was  ready  for 
test.  We  were  assured  that  this  was  a good  possibility;  that  any 
problem  you  are  having  with  the  Titan  If  would  be  eliminated  and 
it  would  be  ready  when  the  Gemini  project  itself  is  ready. 

Mr.  Holm  as.  I wouldn't  argue  with  that  statement.  1 think  it  is 
possible.  I think  the  Air  Force  is  doing  everything  they  can  to 
eliminate  problems  they  have  with  the  Titan  II.  We  are  very  close 
to  General  Schriever  on  this,  and  I think  he  dbo  indicated  I said  it 
was  premature  to  discuss  the  schedule  at  that  time  because  we  hadn’t 
completely  established  it.  However,  the  development  program  for 
making  certain  corrections  in  Titan  II  is  nip  and  tuck  with  that  first 
flight,  and  certainly  it  is  more  conservative  to  schedule  the  way 
we  are. 

I would  like  to  make  it  perfectly  clear,  if  nothing  were  “wrong” 
with  the  Titan  II  in  its  development  program,  and  I don’t  see  anything 
wrong  other  than  normal  development  problems,  we  still  would  be 
changing  our  schedule.  I am  not  trying  to  blame  the  Titan  II. 

However,  the  Titan  II  was  one  consideration  in  our  thinking, 
because  of  certain  difficulties  we  are  having.  I would  feel  very  baa, 
for  instance,  if  it  came  out  that  NASA  was  saywg  this  is  tne  Air 
Force’s  fault  because  of  the  launch  vehicle.  That  is  not  the  case. 

Mr.  Riehlman.  How  serious  do  you  really  feel  the  problem  is  with 
the  Titan  II? 

Mr.  Holmes.  I feel  that  the  difficulties  we  are  having  do  not  affect 
the  weapons  system,  which  is  the  purpose  for  which  the  Titan  II  was 
initially  designed.  The  Air  Force  says  it  is  fine,  and  we  agree  with 
them.  For  manned  flight,  however,  tnere  are  certain  corrections  that 
must  be  made.  I have  every  confidence  in  the  present  development 
program  with  certain  testing  to  establish  modifications.  I firmly 
believe  that  we  will  have  an  extremely  reliable  and  good  vehicle  in 
the  Titan  II  when  we  need  it. 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Would  you  tell  us  what  effect  this 
change  will  have  on  the  budgeted  funds?  Will  this  delay,  or  so-called 
change  of  policy,  of  about  6 months  cause  an  increase  in  costs,  and 
therefore  an  increase  in  the  space  budget? 

Mr.  Holmes.  Yes,  sir;  it  will. 

Mr.  Fulton  of  Pennsylvania.  Could  you  estimate  how  much  that 
will  be,  and  what  this  committee  should  look  for  on  budgetary 
requirements? 

Mr.  Holmes.  It  is  my  opinion  that  the  total  Gemini  probrarn  will  be 
several  hundred  million  dollars  more  than  was  initially  anticipated. 
Now,  this  refers  jto  the  estimated  runout  cost#  and  does  not  mean 
several  hundred  million  dollars  more  than  is  bong  requested  in  our 
current  budget. 

Mr.  Fulton  of  Pennsylvania.  Give  us  the  starting  figure  originally 
expected  so  we  can  have  something  ac  a foundation  on  which  to 
add  the  $200  million. 

Mr.  Holmes.  I am  trying  to  relate  it  to  our  current  budget  request. 
To  tie  it  to  the  philosophy  of  the  fiscal  year  1904  budget  request  in 
addition  to  1963  and  what  we  anticipate  in  the  future,  the  figure  would 
have  been  somewhere  between  $700  and  $800  million.  Several 
hundred  million  dollars  more  may  be  needed. 
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Mr.  Fulton  of  Pennsylvania.  In  what  budgetary  year  can  we 
expect  the  added  costa  because  of  the  delay? 

Mr,  Holmss.  In  fiscal  1965  and  fiscal  1966. 

Mr.  Fulton  of  Pennsylvania.  Divided  pretty  equally  between 
the  2 years? 

Mr.  Holmss.  I would  think  so;  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Having  some  experience  as  a 
newspaper  publisher,  I don’t  think  we  can  blame  the  newspaper 
people  for  being  avid  on  getting  an  announcement  of  this  great 
significance  to  our  space  program,  Decause,  after  all.  we  are  in  a very 
dramatic  race  with  the  Soviet  to  get  to  the  Moon  first. 

My  own  criticism  is  that  there  was  a casual  announcement  of  neat 
significance  given  by  officials  of  NASA  at  the  highest  policy  level. 
Secondly,  that  NASA  did  not  have  the  announcement  made  in  con- 
junction with  its  public  relations  personnel.  If  I were  the  public 
relations  officer,  I would  be  running  around  with  a paddle  at  the 
present  time. 

The  third  point  is  that  these  announcements  were  made  at  two  dif- 
ferent places  under  two  different  circumstances.  One  was  made  to 
a group  of  students  during  a queetion-and-answer  period  after  an 
address  by  Mr.  Webb  at  Princeton,  and  the  other  one  was  really  on 
his  own  motion  by  Mr.  Mayer,  a prominent  official  at  Houston.  That 
doesn’t  look  like  good  agency  coordination,  and  I would  criticize  the 
method  rather  than  the  newspapers. 

Another  point  I would  like  to  make  is  this:  NASA  is  certainly  mak- 
ing the  Soviet  program  look  good,  because  the  Soviet  program  has 
already  had  a dual  launch  done  on  precision  terms,  the  second  one 
occurring  almost  exactly  24  hours  alter  the  first.  The  Soviets  have 
shown  the  capability  of  rendezvous  7 or  8 months  ago.  On  the  dual 
launch  the  orbits  were  within  one  and  a half  to  2 miles  perpendicularly 
between  the  interfaces,  and  longitudinally  about  2 to  3 miles,  so  that 
that  was  a terrific  accomplishment. 

When  would  we  have  a dual-launch  capability  such  as  the  Soviets 
accomplished  last  year? 

Mr.  Holmss.  I would  like,  before  answering  that  question,  to 
add  to  mv  comment  about  the  press.  I think  the  ladies  and  gentle- 
men of  tne  press  are  doing  just  about  what  I would  do  if  I were  in 
their  position.  All  I am  saying  is  that  they  have  a good  way  of  getting 
news,  and  if  you  are  a program  manager  only  halfway  through  your 
decision,  you  would  prefer  some  time  to  complete  your  evaluations. 
I wasn’t  being  critical  of  them,  except  to  say  that  premature  publicity 
does  complicate  your  work.  Other  than  that  I certainly  agree  with 
wh&t  you  said. 

Mr.  Fulton  of  Pennsylvania.  Why  hasn’t  an  explanation  been 
made,  or  could  I ask  for  it,  so  at  least  it  correlates  or  conforms  to 
what  you  say.  After  having  talked  within  the  hour  to  Administrator 
Webb,  you  are  certainly  leaving  both  Mr.  Webb  and  Mr.  Meyer  dear 
out  in  orbit  on  their  statements.  They  don’t  agree;  they  don’t 
correlate. 

Mr.  Holmss.  Well,  Mr.  Webb,  I think,  feds  that  anything  he 
indicated  was  consistent  with  what  I am  saying  today. 

Mr.  Fulton  of  Pennsylvania.  Well,  co  uld  I ask  for  a statement 
to  the  chairman  from  Mr.  Webb  and  Mr.  Meyer,  at  least  trying  to 
correlate  what  has  been  going  on  here  in  those  public  statements? 
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Mr.  Holmbb.  I could  get  a statement  from  Mr.  Meyer  because 
he  is  a subordinate  of  mine.  I cannot  promise  one  from  Mr.  Webb. 
He  is  my  superior. 

(Mr.  WebVs  statement  follows:) 

National  Asbonauticb  and  Spacs  Administbatiom, 

Officii  of  tub  Adminutkatob, 

Washington,  D.C. 

Memorandum  for;  Subcommittee  on  Manned  Space  Flight,  Committee  on 
Scienoj  end  Astroneutim,  House  of  Representatives,  Washington,  D.C. 
Subject : Current  status  of  Project  Gemini. 

The  statement  of  Mr.  D.  Brainerd  Holmes,  Director,  Office  of  Manned  Space 
Flight,  before  the  Subcommittee  on  Manned  Space  Flight,  May  1,  1963  (pp. 
1382-1366)  represents  the  position  of  the  National  Aeronautics  end  Space  Ad- 
ministration on  the  Gemini  program  end  its  relationship  to  the  Apollo  program. 
As  Mr.  Holmes  said,  he  had  reviewed  this  matter  the  morning  of  May  1 frith 
Dr.  Dry  den,  Dr.  Seamans,  end  myself. 

As  far  as  I am  concerned,  there  are  no  substantive  discrepancies  between  Mr. 
Holmes’  statement  and  any  comments  I have  made  regarding  this  program. 
Mr.  Holmes’  remarks  are.  of  oourae,  much  more  detailed  tnan  any  similar  state- 
ment I have  made  recently. 

The  newspaper  article  referred  to  in  your  letter  oontains  the  author’s  own 
remarks  and  predictions.  In  light  of  Mr.  Holmes’  approved  statement,  I do  not 
And  it  necessary  to  oomment  further  upon  the  article.  I'  can  only  say  that  we 


nnd  it  necessary  to  oomment 
are  continuing  work  on  Proje< 
the  goals  sat  Ter  the  program 
SHneereiy  yours, 


ry  to  oomment  further  upon  the  article.  I can  only  say  that  we 
work  on  Project  Gemini  with  Increasing  emphasis  toward  attaining 


E.  Wans,  Administrator. 


Mr.  Fulton  of  Pennsylvania.  Maybe  the  chairman  can  get  it. 

I want  to  see  how  far  we  are  behind  the  Soviets  on  our  program. 
To  me  it  looks  like  a year  and  a half  already.  Then  when  you  edd 
to  this  another  6-month  delay  in  the  Gemini  program,  it  looks  like  the 
gap  is  lengthening  rather  than  diminishing. 

Mr.  Holmbs.  No,  sir,  I don't  think  so.  To  answer  your  earlier 
question,  we  do  not  plan  to  follow  the  Eliasian  example  of  putting 


two  men  in  orbit  in  asperate  spacecraft  and  have  them  pees  dote 
together  end  not  rendezvous.  That  is  not  in  our  program. 

Mr.  Fulton  of  Pennsylvania.  When  will  you  nave  the  capability 
of  the  twin  launch  and  the  ability  to  oome  within  2 miles? 


Mr.  Holmbs.  I think  we  have  it  today,  as  long  as  one  would  say 
that  we  were  doing  it  with  a spacecraft  with  much  less  mast  than  theirs. 
If  we  compare  Mercury  orbits,  we  have  precisely  duplicated  them. 


Mr.  Fulton  of  Pennsylvania.  Of  courts,  you  haven’t  done  it  in 
timing  so  that  you  have  the  orbital  velocities  within  a range  that  you 
can  have  a possible  rendezvous.  We  haven’t  done  anything  like  tnat. 

Mr.  Holmbs.  Let  me  say  that  eut  last  launch  in  predicting  timing, 
and  so  forth,  was  such  that  we  could  have  performed  precisely  the 
same  kind  of  mianon.  Of  course,  one  can’t  really  say  that  we  would 
have  been  able  to  do  it,  and  do  H twice,  unless  we  had  done  it. 

I think  the  significant  point  is  to  remember  that  we  should  not 
necessarily  parallel  in  what  the  Russians  do  with  their  different 
booster  end  their  different  start  in  manned  apace  flight.  We  should 
concentrate  on  running  a sound  program  designed  to  achieve  efficiency 
in  space.  I think  that  we  ere  running  an  efficient,  and  sound  program 
and  I do  not  think  that  we  are  falling  behind  the  Russians. 

Mr.  Fulton  of  Pennsylvania.  Well,  how  far  in  time — 1 year,  2 
years,  and  does  this  new  6-month  delay  push  us  an  additional  6 months 
behind  the  Russians? 
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Mr.  Holmes.  I am  not  sure  that  we  aren’t  ahead  of  the  Ruaeians. 

Mr.  Daddario.  There  is  a good  possibility  that  the  Russians  hare 
some  of  these  slippage  problems  themselves,  isn’t  that  so,  Mr.  Holmes? 

Mr.  Holmes.  It  is  impossible  to  compare  the  two  programs  without 
detailed  knowledge  on  what  the  Soviet  Union  is  accomplishing  on 
the  ground  in  terms  of  developing  new  engines  and  boosters.  If  the 
Soviet  Union  is  onlv  doing  what  has  been  demonstrated  publically , 
which  I doubt,  it  is  behind  us.  That  is  why  I do  not  think  it  proper 
to  compare  what  they' have  shown  and  say  they  are  ahead.  They 
need  different  vehicles  and  different  spacecraft  to  get  to  the  Moon,  or 
to  gain  this  proficiency  in  space. 

Mr.  Fulton  of  Pennsylvania.  This  is  the  first  time  I have  ever 
heard  anyone  officially  say  that  the  Un:ted  States  is  ahead  in  the 
ipace  program  and  the  race  to  the  Moon.  As  a casual  observer  in 
space  myself,  I would  judge  that  we  were  about  a year  and  a half 
behind,  and  thie  0 months  now  makes  the  gap  2 yean.  I am  not 
placing  the  Marne  on  anyone.  I am  just  trying  to  assess  where  we 
stand  today. 

Mr.  Holmes.  I don’t  believe  that  I said  that.  What  I did  sav, 
which  I think  is  a factual  statement,  is  if  all  they  were  doing  in  tne 
development  of  equipment  is  what  they  have  demonstrated,  then  they 
are  behind  us.  i have  no  knowledge  about  what  they  are  dr  ng  on 
the  pound. 

Mr.  Fulton  of  Pennsylvania.  But  it  was  a terrific  accomplish- 
ment when  they  launched  the  two  Vostoks. 

Mr.  Holmes.  It  was  very  impressive. 

Mr.  Fulton  of  Pennsylvania.  And  within  a 24-hour  period  and 
close  enough  that  you  could  almost  call  across  and  ask  for  a sandwich. 
I think  it  was  pretty  good. 

Mr.  Holmes.  Tss,  sir,  I agree  with  you. 

Mr.  Tbaqub.  Are  there  any  questions? 

(No  response.) 

Mr.  Teague.  Good. 

If  my  memory  is  correct,  we  left  off  in  volume  2,  research  and 
development,  page  RDO  2-10. 

Mr.  Fulton  of  Pennsylvania.  Could  I have  for  the  record  later  the 
answers  to  some  of  the  questions  that  I had  spoken  about  earlier,  gc 
line  by  line? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  There  has  been  a charge  made  that 
the  space  programs  use  10  percent  of  the  scientific  ana  engineering 
talent  available  in  this  country  for  all  research  programs,  and  that 
this  is  too  much  use  of  the  natural  resource  for  this  one  area.  I 
would  like  the  agency  to  answer  that. 

Mr.  Holmes.  Yes,  sir. 

(The  information  requested  is  as  follows:) 

NASA  has  seen  no  evidenoe  to  support  the  statement  that  H is  using  10  percent 
of  the  Nation’s  scientific  and  engineering  manpower.  At  the  beginning  of  IMS 
approximately  4 percent  of  the  country’s  scientific  and  engineering  manpower 
vm  involved  in  the  space  effort.  Aooording  to  current  fietunetee.  the  percent- 
age will  reach  approximately  6 to  7 percent  by  next  year.  NASA’s  grants  to 
college  and  universities  are  aimed  at  fostering  the  graduate  training  of  both 
scientists  and  engineers.  Over  a period  of  time  this  graduate  study  support  will 
increase  the  scientific  and  technical  resources  of  this  Nation. 
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Mr.  Fulton  of  Pennsylvania.  The  other  was  a charge  that  the 
scientific  gains  now  to  be  expected  from  the  Apollo  Moon  flight  in 
the  U.S.  space  program  are  not  enough  to  warrant  this  expenditure 
of  money,  and  to  warrant  going  further  with  such  a program. 

If  you  would  answer  those  two,  I would  appreciate  it. 

Mr.  Holmes.  Yes,  I certainly  will. 

Mr.  Tbagub.  For  the  record. 

(The  information  requested  is  as  follows:) 


Pbojbct  Apoixo — Steppinqstonb  to  Bpacs 


Our  Nation  has  made  steady  progress  in  manned  spaoe  flight  since  1961,  when 
the  President  recommended,  ana  the  Congress  endorsed,  the  goal  of  manned  lunar 
landing  and  return  within  the  decade.  The  record  of  Project  Mercury  has 
confirmed  the  engineering  reliability  of  the  flight  hardware  and  the  efficiency  of 
the  launch,  flight,  and  reeovery  operations.  The  unbroken  aeries  of  successes  in 
Mercury  missions  have  pioneered  our  development  of  the  operational  skills  to 
Wrtain  man  in  space  flight.  Mercury’s  sues— or.  Project  Gemini,  will  expand 
this  base  of  knowledge  and  skills.  In  turn,  Project  Apollo  will  lead  us  to  the 
historic  objective  of  landing  highly  trained  men  on  the  Moon,  and  returning  them 
safely  to  Earth,  and  will  write  the  prolog  for  further  manned  exploration  of  space. 

The  objectives  and  benefits  of  our  program  embrace  many  fields.  To  judge  a 
program  of  this  soope  and  growth  patenual  in  narrow  terms  is  to  view  it  through 
the  wrong  end  of  the  telescope.  The jtrogram  is  designed  to  advance  the  welfare 
and  security  of  the  Nation  and  NASA  firmly  believes  that  the  results  of  the  manned 
space  flight  program,  established  and  executed  on  a sound  engineering  basis,  will 
achieve  these  goals.  The  facts  dispute  the  charge  that  the  scientific  ana  technolog- 
ical gains  from  Project  Apollo  wul  be  sh«At-  The  development  of  Saturn-class 
launch  vehicles,  for  instance,  willprovide  power  to  conduct  a variety  of  manned 
space  flight  activities,  including  Earth  orbital  and  lunar  and  planetary  missions. 
The  development  of  operational  techniques,  such  as  rendesvous  and  docking,  can 
be  applied  to  numerous  uses  in  space  night. 

Although  Project  Apollo  is  not  geared  to  scientific  ends  alone,  certain  aspects  of 
the  current  mission  plan  will  certainly  enhance  scientific  knowledge.  The  two 
Apollo  astronauts  who  descend  to  the  Moon’s  surface  will  play  an  invaluable 
scientific  role  in  this  pioneering  venture.  The  fjjst  U.S.  crew  to  land  on  the  Moon 
will  perform  vital  tasks,  which  cannot  be  accomplished  as  fully  by  any  other 
authorized  or  planned  unmanned  program.  As  examples,  after  the  Apollo 
astronauts  observe  the  lunar  surfaoe,  they  will  be  expected  to — 

(а)  Select  the  location  for  a detailed  examination  of  lunar  surfaoe  char- 
acteristics, perform  these  studies,  and  record  the  results. 

(б)  Select  the  optimum  location  fer  obtaining  sample  material  from  the 
lunar  surfaoe,  extract  samples,  and  package  them  for  return  to  Earth. 

(e)  Choose  the  location  for  implanting  scientific  instruments  into  the 
lunar  surfaoe;  insert  these  devioes  in  special  physical  or  geometrical  relation- 
ships to  the  lunar  surfaoe;  properly  adjust  or  energise  these  instruments  which 
are  designed  to  gather  data  about  the  composition  and  characteristics  at  the 
Moon’s  surface.  ^ 

Each  task  demands  the  unique  abilities  of  carefully  trained,  on-the-spot  ob- 
servers. Our  experience  to  date  has  proved  that  instruments  cannot  analyse 
or  compensate  for  the  unexpected.  Hfi  judgment  and  analytical  powers  will  be 
indispensable  in  proper  exploration  of  the  lunar  surfaoe. 

Even  the  early  stages  or  manned  lunar  exploration  will  yield  data  that  will 
increase  our  insight  into  a variety  of  unsettled  scientific  questions.  Sinoe  the 
Moon  lacks  atmosphere  and  escapes  the  erosive  effects  of  weather,  it  may  well 
provide  a key  to  the  formation  and  early  development  of  our  solar  system.  The 
scientific  data  may  also  add  significantly  to  our  knowledge  of  chemical  or  biological 
evolution. 
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urge,  which  oh»»?ed  the  faoe  of  this  Nation  from  a group  of  ooas 
to  a mighty  industrial  and  technological  force,  is  at  wo*k  in  our 
can  assume  that  the  long-range  impact  of  Apollo,  in  the  tradition 
achievement,  will  repay  many  times  over  the  energies  and  rest 
to  it.  We  can  already  point  to  the  increased  knowledge  of  new  soi 


trees  of  power 

such  as  the  fuel  cell,' and  to  the  development  of  heat-resistant  materials,  and 
microminiaturisation  that  have  come  from  spaoe  technology. 

We  started  in  second  place  in  speee  and  now  we  are  moving  ahead  with  a 
manned  space  flight  program  that  is  established  on  a sound  engineering  basis, 
with  emphasis  on  safety,  reliability,  and  judicious  use  of  resources.  Project 
Apollo,  as  well  as  its  predecessor:),  stimulates  both  the  pioneer  spirit  and  the 
economy  of  our  Nation.  It  exemplifies  our  urge  to  act,  to  discover,  and  to  excell . 

The  objectives  are  broad  and  challenging.  If  we  are  unwilling  to  continue  to 
accept  the  challenge,  we  must  be  satisfied  with  second  (dace  in  spaoe  exploration 
and,  eventually,  a secondary  role  in  world  leadership.  Project  Apollo  is  an 
effort  worthy  or  a nation  built  by  pioneers  who  were  willing  to  confront  the 
unknown.  The  program  is  designed  to  achieve  a definite  goal,  but  this  goal 
stands  as  a milestone  toward  deeper  penetration  of  spaoe  and  greater  scientific 
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knowledge.  In  pursuing  the  goal  of  Project  Apollo,  we  will  carry  many  areas 
of  knowledge  to  a higher  level  and  will  develop  operational  skills  that  can  be  ap- 
plied to  a variety  of  space  missions,  whether  scientific,  exploratory,  or  defensive. 
As  with  all  pioneer  efforts,  the  potential  is  limitless,  bounded  only  by  the  range 
of  our  vision. 


Mr.  Holmes.  Yea,  air.  Mr.  Chairman,  I believe  we  were  starting 
the  Advanced  Saturn,  which  we  now  call  the  Saturn  V,  and  we  will 
review  thia  project  in  any  manner  you  see  fit.  Aa  1 recall  from  your 
last  statement,  you  indicated  that  you  might  prefer  to  have  questions 
asked  rather  than  have  us  describe  each  item. 

Mr.  Tbaouk.  Unless  there  is  some  question,  we  will  just  insert  the 
material  from  the  budget  book  on  tne  Advanced  Saturn  into  the 
record.  The  members  may  ask  questions  on  any  item,  but  I see  no 
reason  to  just  repeat  what  is  printed  in  the  book. 

(The  information  referred  to  is  as  follows:) 


Advanced  Saturn 


1962 

1963 

1964 

S-1C  stage 

S-II  stage, 

S-IVB  stage 

Vehicle  instrument  unit 

Guidance  system 

?- 1 engine  procurement 

J-2  engine  procurement 

Support 

$22,575,000 

19,284,000 

2.500.000 

7.590.000 

3.400.000 

1.700.000 
326.000 

$144,500,000 

92 .500.000 

32.100.000 
2,600,000 

11,000,000 

21.600.000 
9,800,000 

14.500.000 

$291,600,000 

181,400,000 

82.300.000 

17.000. 000 

16.000. 000 

53.100.000 

16.600.000 
75.000.000 

Subtotal,  direct  R&D  costs. • 

$57,375,000 

$328,600,000 

$733,000,000 

Personnel  costs 

Operation  of  installations .... 

7.213.000 

4.901.000 

24.859.000 

14.906.000 

39.013.000 

27.730.000 

Total  cos 1 8 

$ 69,489,000 

$368,365,000 

» 

$799,743,000 

Total  personnel 

822 

2,524 

3,601 

The  Advanced  Saturn  la  the  most  powerful  launch  vehicle  now  under 
development.  It  will  have  capability  to  perform  manned  orbital  operations; 
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manned  circus1  <ar  navigation  and  lunar  landing;  unmmd  earth  orbital 
opera* Iona;  muA  unmanned  1 na t rune n ted  lunar  and  daap  space  exploration.  It 
la  new  being  developed  to  land  a nan  on  the  noon  In  this  decade. 

With  the  Advanced  Saturn  the  payload  capability  for  earth  orbital 
nlss lone  will  ba  Increased  nore  than  50  fold  (l.e.,  in  excess  of  100  tone), 
the  vehicle  will  also  develop  sufficient  thrust  for  achieving  escape  tra- 
jectories for  payloads  exceeding  40  tons. 

The  enormity  of  the  Advanced  Saturn  can  be  understood  by  coa^arlsoos. 

The  vehicle  Is  as  tall  as  a 35  story  building  and  weighs  as  much  as  s Navy 
destroyer.  It  Is  filled  with  100  railroad  tank  ears  of  fuel,  80  percent  of 
which  Is  consumed  In  2fc  nlnutes.  The  Advanced  Saturn  Is  being  developed  by 
a logical  extension  of  techniques  and  principle*  already  developed,  however, 
net* Is  and  Insulation  must  be  Inp roved  to  nest  Increased  heat  and  vibrations 
conditions.  New  design  of  advanced  ground  support  equipment  stops  off  from 
the  experience  gained  during  preceding  launch  vehicle  projects.  New  tooling 
Is  required  to  neet  tha  larger  also  and  weight  of  the  new  stages.  Proven 
fabrication  nethods  will  be  used  to  develop  Improved  methods  of  forming  tha 
thicker  metals  of  the  advanced  atagaa.  Altered  methods  of  assembly  are 
being  devised  since  this  mist  be  accomplished  In  the  vertical  position  to 
prevent  the  stages  from  deforming  due  to  their  own  weight.  Studies  and 
experiments  will  determine  how  the  advanced  stages  will  be  handled,  trans- 
ported, and  assembled  at  the  launch  sites.  Because  of  the  vehicle's  bulk, 
sddltlonal  safety  procedures  must  be  developed,  telenetry  stations  must  be 
expanded,  and  Improved  ways  must  be  found  to  protect  and  service  the 
vehicle  after  assenbly. 

Prior  to  the  first  nanned  vehicle  flight  a tremendous  research,  develop- 
ment and  test  effort  will  be  required  because  of  the  immense  else,  complexity, 
and  high  reliability  and  safety  requirements.  To  accomplish  this,  many  tesks 
never  before  undertaken  In  this  else  and  scope  must  be  done.  Ground  static 
firings  of  stsges  and  systems ; dynamic  testing  of  the  entire  vehicle; 
reliability  testing  of  stages,  systems,  subsystems  and  components;  and 
structural  testing  of  the  propellant  tankages  and  Interstages  are  prims 
examples. 

The  Advanced  Saturn  project  was  Initiated  In  fiscal  year  1961  through 
establishment  of  conceptual  and  preliminary  design  studies.  In  fiscal  year 
1962  all  najor  contracts  were  placed.  Outing  the  current  year  the  program 
moved  forward  with  the  establishment  of  manufacturing  and  testing  resources, 
and  the  beginning  of  fabrication  and  testing  of  cosq>onents  and  subassemblies. 
Fiscal  year  1964  activities  will  Increase  as  ground  stages  are  delivered  and 
the  testing  program  develops. 
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The  Advanced  Saturn  Is  cieslgned  as  a t‘  ree- stage  vehicle  to  support  the 
primary  mission  of  mannea  lunar  landing  and  return. 


RD0  2-17 


r 


( 


892 


1064  NASA  AUTHORIZATION 


i 


The  first  or  booster  stags,  ths  8-IC,  will  ba  138  foot  high  and  havs  a 
diameter  of  33  feet.  Vivo  F-l  anginas  will  provide  a total  saa  level  thrust 
of  7.3  million  pounds.  The  propellants  will  be  liquid  oxygen  (LOX)  oxidiser 
and  17-1  (Kerosene)  fuel.  The  anginas  will  ba  arranged  in  a square  pattern 
of  four  glaballad  outside  engines  for  vehicle  flight  control,  and  one  fixed 
angina  located  in  the  canter.  The  weight  of  the  stags  without  propellants 
will  be  about  300,000  pounds.  The  propellant  capacity  will  be  4,400,000 
pounds. 

The  Boeing  Company,  Aero-Space  Division,  was  selected  as  the  stage 
developsmnt  and  production  contractor,  and  awarded  a contract  in  February 
1942.  Marshall  Space  Flight  Center  is  developing  the  preliminary  design 
criteria  and  will  assemble  and  test  the  first  ground  tsst  articles  at 
Huntsville,  Alabama,  with  Boeing  assistance.  Boeing  la  fabricating  the 
coaponents  for  the  ground  test  and  flight  articles  and  will  assesfcle  one  of 
the  ground  test  stages.  In  addition  to  the  flight  stages,  at  the  Covernment- 
owned- contract or- operated  Mlchoud  Plant  near  Hew  Orleans,  Louisiana. 

Development  draws  heavily  upon  test  facilities  now  available  at  Marshall, 
and  upon  new  facilities  planned  for  the  Mlchoud  Plant  In  Louisiana  and  the 
Mississippi  Test  Facility  at  Pearl  River,  Mississippi. 

During  fiscal  ysar  1962  and  continuing  into  fiscal  year  1943,  prelinl- 
nary  design  concepts  were  prepared  by  Marshall  Space  Flight  Center.  Boeing's 
major  aphasia  was  on  detail  design,  facility  planning,  tooling  and  test 
equipment  acquisitions,  supporting  research  studies,  Initial  coaponent  test- 
ing cod  qualification  of  various  stage  components.  Certain  hardware  Items 
have  been  procured  for  the  ground  test  articles  and  for  the  first  and  second 
flight  test  vehicles.  Fabrication  has  commenced  for  static,  dynaadc  and 
structural  test  vehicles. 

In  fiscal  year  1964  eaphaslt  will  continue  on  the  completion  of  detail 
design  of  ground  and  first  flight  vehicles.  As  a result  of  the  tests 
performed  with  the  ground  test  stages,  redesign  and  modification  will  be 
accomplished  on  structures,  propulsion,  electrical  Instrumentation  and 
control  for  the  flight  stages.  The  static  test  stage  and  structural  test 
stage  will  be  assembled  and  testing  operations  will  be  Initiated.  Fabrica- 
tion of  the  dynamic  test  stage  will  be  complete  and  structural  assembly 
essentially  completed.  Fabrication  of  the  systems  checkout  stage  and  first 
flight  stage  will  be  nearly  complete,  end  work  on  the  second  flight  stage 
will  be  Initiated.  Hardware  procurement  for  the  third  and  fourth  flight 
stages  will  be  accomplished. 

HI  Hit 

The  second  stage,  the  S-IX,  will  be  SI. 5 feet  high  and  33  feet  in 
diameter.  Five  J-2  engines  will  provide  a total  thrust  of  one  million 
pounds  at  altitude.  The  high  energy  propellents  will  be  liquid  oxygen  (LOK) 
oxidiser  and  liquid  hydrogen  (LH2)  fuel.  The  dry  weight  of  the  S-II  stage 
will  be  approximately  73,000  pounds,  snd  the  propellant  capacity  will  be 
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930  J00  pound*.  Tho  (lm  J-2  m|1m(  will  bo  mounted  with  tholr  eontor  linen 
p^nlUl  to  tho  itt|i  eontor  line.  Four  movable  control  engines  will  bo 
arranged  concentrically  and  equally  mwi  about  a fixed  cantor  angina. 

North  American  Aviation  (tiAA),  Space  and  Information  Syatana  Division, 
waa  a* lac tad  aa  tha  aaaond  stage  aontraetor,  aad  vaa  aaariad  an  initial 
contract  In  October  1941  for  tha  S-II  at age.  NAA  will,  design,  develop, 
fabricate,  taet  and  checkout  nine  flight  stages,  1 neo- operative  (dump)  stage 
and  4 ground  teat  vehicles.  Tha  major  nanufacturlng  and  aaseafcly  activities 
for  tha  3*11  stage  are  being  conducted  at  NAA' a Seal  Beach,  California  facil- 
ity. 

1 irlng  fiscal  years  1942  aad  1943  najor  effort  related  to  preliminary 
and  octal lad  designs,  procureasnt  of  special  tooling  and  test  equipment  to 
rapport  the  aaseafcly  operations,  procurement  of  coupon  ants  to  support  the 
test  program  for  design  verification  and  qualification,  procureasnt  of  hard- 
ware aad  initiation  of  fabrication  for  all  ground  test  articles,  one  diaaqr 
flight  stage  aad  tha  first  flight  tost  vehicle. 

In  fiscal  year  1944  design,  fabrication  drawings  and  procureasnt 
specification  will  be  coapletad.  Fabrication,  assembly  and  Installation  on 
tost  stands  and  initiation  of  tasting  operations  will  be  accomplished  far 
battleship  aad  structural  tost  stage*.  Final  asaoafcly  will  ba  eeaplated  an 
the  static  test  stags  aad  dynamic  tost  stage,  with  the  latter  having  boon 
delivered  to  Marshall.  The  facilities  checkout  vehicle  and  the  second, 
third,  and  fourth  flight  vehicle  will  be  In  various  stages  of  uanufacture. 
Initiation  of  procurement  for  long  load  time  Irens  will  ba  accomplished 
through  the  sixth  flight  vehicle. 

S-IVB  itm 

The  third  stage,  the  S-ZVB,  will  be  54  feet  high  and  240  inches  In 
diameter.  One  J-2  engine  will  provide  a thrust  of  200,000  pounds  at 
altitude.  The  dry  weight  of  the  S-IVB  stage  will  be  about  21,000  pounds, 
and  the  propellant  capacity  230,000  pounds.  The  single  J-2  engine  will  be 
glmbal  mounted  to  provide  flight  control. 

Douglae  Aircraft  Cespany  (DAC)  was  selected  In  Deeeafcer  1941,  as  the 
developer  for  the  third  stage  since  the  8-XVB  was  a modification  of  tha 
8- IT  stag*,  which  was  under  contract  with  DAC.  DAC  will  furnish  eight  flight 
stages,  two  non-operative  (dusmy)  stages  and  five  ground  teat  vehicles. 

The  major  nanufacturlng  and  assembly  activities  are  being  conducted  at  DAC' a 
Santa  Monica,  California  plant. 

The  funding  In  fiscal  years  1942  and  1943  provides  for  detail  design, 
facilities  planning,  and  hardware  procurement  for  three  of  the  five  ground 
tost  articles  and  the  first  flight  test  vehicle.  Structural  testing  for 
qualification  of  cosponents  Is  being  accomplished. 
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la  flietl  jrur  1964  etructural  design  will  ba  refined,  and  the  ground 
teat  program  will  be  underway.  The  etructural  facllltie  checkout  and 
dynamic  vehiclea  will  be  coaplete,  with  the  latter  ready  for  ahlpwent  to 
Mar a ha 11  Space  Flight  Center,  Bimlc  etructural  assembly  of  the  all-systems 
vehicle  will  ba  coaplete,  with  e';ructurcl  sa> j«hly  of  the  flret  flight  vehicle 
nearing  Ita  midpoint . Fabrication  of  pazta  on  the  aecond  flight  vehicle  will 
be  complete  and  will  be  Initialed  for  third  flight  vehicle. 

Vshitls  tontwmnt  wait 

The  vehicle  lnat rumen t unit  houaea  the  guidance  and  etabilleatlon  units, 
telemetering  equipment,  power  supplies,  and  an  unpressurised  cooling  system. 

It  la  located  between  the  S-IVB  stage  and  the  payload. 

The  fiscal  year  1963  funding  provilee  for  Initial  design,  procurement, 
and  testing  efforts  on  the  Instrument  unit.  To  prove  the  design,  various 
ground  test  units  are  required,  namely  a structural  unit,  a vibration  teat 
unit,  a dynamic  teat  unit,  and  a systems  development  teat  unit.  By  the  end 
of  the  fiscal  year,  the  design  of  the  structure  will  be  completed  and  vibra- 
tion testing  of  subassemblies  started. 

The  fiscal  year  1964  effort  will  result  in  completion  of  design  of 
additional  items  such  as  the  unpreseurlsed  cooling  system,  the  electrical 
system  for  the  ground  teat  units,  and  ground  support  equipment.  Design  of 
the  electrical  system  for  the  first  flight  vehicle  will  be  approximately  73 
percent  complete.  Fabrication  of  the  structures  for  the  ground  test  units 
will  be  completed.  Installation  of  the  electrical  and  unpressurised  cooling 
systems  in  the  systems  development  test  unit  will  slso  be  completed.  Pro- 
curement of  hardware  for  the  first  flight  will  be  lnltisted  and  procurement 
of  all  tooling  and  special  test  equipment  completed  for  fabrication,  assembly, 
and  testing  of  all  Instrument  unit  components  and  systems. 

The  guidance  system  consists  primarily  of  an  inertial  platform,  a 
digital  computur,  a guidance  signal  processor,  and  a control  computer.  This 
equipment  la  housed  in  the  Instrument  unit. 

The  fiscal  year  1963  funds  provided  for  the  continuance  of  guidance 
system  research  and  development  based  on  previous  work  accomplished  under  the 
Saturn  program.  73  percent  of  the  design  changes  to  the  ST- 124  Inertial 
platform  and  thr  ASC-15  digital  computer.  Imposed  by  Advanced  Saturn  require- 
ments, will  be  accomplished  and  procurement  of  this  hardware  initiated  for 
the  ayet. as  development  test  unit.  Design,  development  and  Improvement  of 
the  function  end  reliability  of  guidance  components  such  as  a guidance 
signal  processed,  control  computer,  control  signal  processor,  atlaaith 
alignment  package,  accelerometers  and  rate  gyros  will  be  accomplished. 

The  fiscal  year  1964  program  will  result  In  completion  of  the  design 
changes  and  modifications  on  the  ST-124  Inertial  platform  dictated  by 
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Advanced  Saturn  requirements.  Design  of  the  Modified  ABC- 15  digital  computer 
will  ha  completed  ax sept  far  Bodlfleatlaoe  reeulting  frea  qvtaa  experience. 
Design,  development,  and  prototype  testing  of  guidance  eseppaamf  and  lnstru- 
mentation  will  continue.  The  Inert let  platform  and  the  digital  computer 
equipment  for  the  ayeten  dmlspae«t  test  unit  will  ha  delivered  and  tea  ted. 
Procurement  will  ha  Initiated  for  the  Inertial  platform,  the  digital  cosqputer, 
and  backup  spares  far  the  first  flight  vehicle.  Guidance  jnctrunentatlen 
components  for  the  ground  taat  unite  will  ha  procured,  and  procurement  will  he 
initiated  far  long  lead  Items  and  spares  far  the  first  Advanced  Saturn  flight. 
Procurement  of  tooling  and  epeclal  taat  equipment  will  he  completed  for  pro- 
duction and  teetlng  of  the  Inertial  platform,  guidance  computer,  guidance 
algnal  proceueor,  and  ground  eupport  equipment. 

Principal  partlclpante  la  the  program  ere  International  Buelnees  Machines 
at  Owego,  Mew  York  for  the  digital  computer  and  guidance  elgnal  processor, 
and  Bend lx  Corporation  at  Tetarboro,  Mew  Jaraey  for  the  Inertial  platform. 

P-1  enelna  procurement 

Both  the  P-1  and  J-2  engines  ate  being  developed  by  the  Bocketdyne 
Division  of  North  American  Aviation,  Inc.  under  separate  contracts  end  are 
to  be  supplied  to  Aha  respective  stage  contractors  for  the  ground  test  and 
flight  articles  as  Coveranent  furnished  equipment.  Production  facilities 
will  be  provided  at  Canoga  Park,  California. 

In  fiscal  years  1962  end  1963,  four  "hard"  mockups  were  delivered  and 
long  lead  tlsm  hardest*  procurement  for  14  engines  Initiated,  twelve  of  which 
are  In  the  process  of  fabrication.  In  fiscal  year  1964,  one  additional  "hard" 
mockup  together  with  10  engines  are  to  be  delivered.  Long  lead  time  hardware 
procurement  will  be  Initiated  for  23  additional  engines.  Twenty  7-1  engines 
will  be  la  verioms  stages  of  fabricatloa.  Also  included  la  fiscal  year  1964 
arc  costs  of  modifications  end  retro-flttlng  of  previously  delivered  engines 
es  e result  of  experience  gained  during  pre-flight  rating  tests.  Propellants 
for  engines  delivered  In  fiscal  year  1964  will  also  be  procured. 

J-i  tnilM  prMvrtwBBt 

In  fiscal  year  1964  five  "hard"  mockups  end  13  J-2  engines  will  be 
delivered,  procuresmnt  of  which  wee  Initiated  In  prior  years.  Long  lead- 
time  hardware  will  be  procured  for  10  engines.  IWenty-slx  of  the  engines 
for  which  procurement  was  Initiated  In  current  end  prior  fiscal  years  will  be 
In  various  stages  of  manufacture.  Propellants  for  engines  delivered  in 
fiscal  year  1964  will  also  be  procured. 

Support 

In  fiscal  years  1962  and  1963,  studies  and  Investigations  were  conducted 
end  herdwere  procured  to  support  experimental  test  programs.  In  fiscal  year 
1964  design  development  will  continue  for  vehicle  syetem  ground  support  equip- 
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■tnt.  Design  development  sad  prototype  tsstlag  of  teUattry  sad  rang* 
safety  equipment  will  eoatlaus.  Dsslga  of  ualvsrssl  traas porter  hardware 
will  also, be  la  process. 

Hardware  for  evaluation  sad  groua4  test  stages  will  be  procured.  Fro- 
curenent  will  be  completed  for  component  equipment  and  services  to  support 
Advanced  Saturn  aad  analytical  investigations  in  ground  test  progress. 
Equipment  will  be  secured  to  support  full*scale  dynamic  tests  at  the 
Marshall  Spsce  Flight  Center. 

A marine  vessel  will  be  procured  and  modified  for  transportation  of 
upper  stages  from  the  west  coast  to  the  Mississippi  Test  Facility,  Marshall 
Space  Flight  Center,  and  the  Launch  Operations  Center.  Transportation 
support  for  bulky  hardware  and  major  subassemblies  from  Wichita  to  Mlchoud 
and  Huntsville,  and  from  Mlchoud  to  Huntsville  will  be  required.  Marshall 
Space  FU«ht  Center  will  provide  for  local  transportation  of  ground  test 
omponents . 

Wind  tunnel  studlaa  will  continue  at  Arnold  Engineering  Development 
Center  (Tennessee),  Langley  Easearch  Center,  and  Cornell  Aeronautical 
Laboratories  (Mew  Tork)  with  specific  investigations  concentrated  on  critical 
vehicle  areas*  The  reliability  program  effort  will  continue,  as  will  product 
improvement  of  liquid  hydrogen  propulsion  components.  Studies  will  be 
initiated  for  advanced  structural  applications  and  nor.  detailed  aerodynamic 
analysla  and  follow-up  effort  will  begin  for  programs  already  established. 
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Mr.  Tragus.  Are  there  any  question*? 

Mr.  Yeager.  May  I ask  one  question  about  the  table  shown  in 
volume  V on  the  Advanced  Saturn? 

Mr.  Holmbs.  Volume  V? 

Mr.  Yeager.  Page  10  of  volume  V.  There  is  an  item  under  each 
category  for  tooling  and  special  equipment.  Could  you  give  us  a 
brief  explanation  of  that? 

Mr.  Holmbs.  Mr.  Smolensky  will  do  that. 

Mr.  Smolensky.  This  refers  to  the  tooling  and  special  equipment 
that  would  lie  going  into  the  actual  contractor’s  plant.  It  includes 
both  the  inspection,  quality  control  special  test  equipment,  as  well 
as  necessary  fixtures  and  holding  devices  required  for  the  S-II  stage. 

Mr.  Yeager.  Do  you  have  any  estimate  of  the  amount  of  R.  k D. 
money  in  this  Advanced  Saturn  which  will  be  expended  for  con- 
tractor’s facilities,  just  a rough  percentage  is  all  I am  after. 

Mr.  Lilly.  It  is  not  our  present  intent  to  put  any  of  the  R.  k D. 
funds  requested  for  fiscal  year  1964  into  contractor  brick  and  mortar 
facilities.  There  will,  no  doubt,  be  money  in  facility  contracts  be- 
cause of  procurement  practices  of  putting  certain  tooling  and  equip- 
ment in  so-called  facilities  contracts,  but  no  brick  and  mortar  facilities 
are  planned. 

Mr.  Ybagbr.  Thank  you.  That  is  all  I had. 

Mr.  Fulton  of  Pennsylvania.  I have  a question. 

Mr.  Teague.  Mr.  Fulton 

Mr.  Fulton  of  Pennsylvania.  On  the  justification  of  the  Saturn 
and  various  type',  of  vehicles,  will  you  tell  us  in  the  current  fiscal  year 
what  there  might  be  on  the  Nova  program?  Is  there  any  part  of  the 
Nova  program  listed  among  these  various  Saturn-type  vehicles? 

Mr.  Smoleneky.  The  answer  is  no,  sir. 

Mr.  Fulton  of  Pennsylvania.  Where  is  what  we  will  cal!  the  remains 
of  the  Nova  program  after  this  committee  had  done  its  work  last 
year? 

Mr.  Smolensxy.  Systems  Engineering  is  where  that  will  be  cov- 
ered when  Dr.  Shea  appears  before  the  committee. 

Mr.  Fulton  of  Pennsylvania.  That  is  not  under  your  shop  r,t  all? 

Mr.  Holmes.  Dr.  Shea  is  in  my  Systems  Engineering  office. 

Mr.  Fulton  of  Pennsylvania.  It  is  not  mixed  with  the  Saturn 
programs? 

Mr.  Holmes.  The  only  place  it  is  mixed  in  at  all,  to  my  knowledge, 
is  the  M-l  engine,  which  we  indicated  we  would  discuss  toward  the 
end  of  this  session. 

Mr.  Fulton  of  Pennsylvania.  Yes,  we  expect  that,  but  there  is  no 
other  line  item,  nor  is  there  anything  within  design  ana  development  of 
the  Saturn  type  vehicles  that  is  actually  also  Nova?  There  is  no 
mixture? 

Mr.  Holmes.  No,  sir,  to  my  knowledge,  in  our  total  manned  space 
flight  program  the  only  Nova  funds  are  the  funds  associated  with  the 
M-l  engine,  or  the  systems  studies  which  Dr.  Shea  is  doing  on  a new 
advanced  launch  vehicle. 

Mr.  Fulton  of  Pennsylvania.  They  will  appear  as  funds  under 
something  like  systems  engineering  or  design  and  development  head- 
;ngs  is  that  oovnct? 

Mr.  Low.  Mr.  Fulton,  they  will  appear  in  the  section  of  volume  II 
entitled  “Systems  Engineering”  starting  on  RDO  6-1. 
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Mr.  Fulton  of  Pennsylvania.  But  we  can  say  with  assurance 
that  every  one  of  these  funds  justified  for  the  Saturn  program  and 
vehicles  are  actually  Saturn,  and  are  not  looking  ahead  to  the  Nova 
program,  so  there  is  no  mixture  of  funds? 

Mr.  Holmes.  Absolutely  none. 

Mr.  Fulton  of  Pennsylvania.  Is  there  any  overlap  between  the 
purposes  of  «he  H-l  engine  and  the  J-2  engine?  Do  you  need  those 
two  programs? 

Mr.  Holmes.  There  is  no  overlap.  We  very  much  need  the  two 
engines.  The  H-l  is  a kerosene  engine,  which  is  used  in  the  first 
stage  of  the  Saturn  I.  The  J-2  is  a hydrogen  engine,  which  is  used  in 
the  upper  stages  of  the  Saturn  IB  and  V. 

Mr.  Fulton  of  Pennsylvania.  I think  we  want  that  on  the  record, 
that  we  are  not  duplicating. 

Does  the  M-l  engine  duplicate  the  purposes  of  either  the  H-l  or 
the  J-2? 

Mr.  Holmes.  We  will  discuss  that  in  more  detail  later,  but  it  is 
a more  powerful  engine.  The  M-l  is  a million  and  a half  pound- 
thrust  hydrogen  engine,  whereas  the  highest  hydrogen  engine  we 
are  presently  developing  is  the  J-2.  They  are  a different  category 
of  engine  so  far  as  thrust. 

Mr.  Fulton  of  Pennsylvania.  So  there  is  no  duplication  on  these 
projects.  Each  one  of  these  engines  is  necessary? 

Mr.  Holmes.  Yes,  sir,  that  is  a correct  statement. 

Mr.  Fulton  of  Pennsylvania.  On  your  hardware  procurement,  how 
is  that  done?  Is  that  done  by  public  bid,  or  is  tnat  done  just  by 
negotiation?  Is  that  components,  or  is  that  design  and  engineering 
construction? 


Mr.  Smolensky.  First  of  all,  we  have  the  various  stages  and  each 
stage  contractor  has  his  prime  contract  which  includes  development 
ana  engineering,  and  actual  hardware  procurement.  A certain 
amount  is  procured  from  various  vendors. 

Mr.  Fulton  of  Pennsylvania.  It  is  research,  as  well,  not  just 
ordinary  off-the-shelf  components? 

Mr.  Smolensky.  That  is  correct.  First  he  has  to  go  through  the 
development  program,  design  the  specifications  for  it  and  determine 


louse  for  qualification  testing  and 


what  he  wants  to  buy,  and  m many  cases  have  it  developed  by  some 
subcontractor  and  then  bring  it  inhouse  for  qualification  testing  and 
checkout. 

Mr.  Fulton  of  Pennsylvania.  In  your  fiscal  year  1963  budget  on 
design  and  development,  how  closely  are  you  coming  in  actual  met  to 
your  preliminary  estimates  for  each  item  in  the  budget?  What  is 


Mr.  Fulton  of  Pennsylvania.  In  your  fiscal  year  1963  budget  on 
Bsign  and  development,  how  closely  are  you  coming  in  actual  met  to 


design  and  development,  how  closely  are  you  coming  in  actual  fact  to 
your  preliminary  estimates  for  each  item  in  the  budget?  What  is 
your  correlation?  Are  you  close  to  your  original  figures? 

Mr.  Holmes.  Within  the  total  manned  space  flight,  any  change  of 
funds  between  those  projects  is  within  about  10  percent,  as  a total. 
There  is  some  deviation,  but  the  average  range  is  no  greater  than  10 
percent. 


Mr.  Fulton  of  Pennsylvania.  On  assembly  end  checkout,  how  do 
you  fare  on  those  funds?  Is  there  good  correlation  between  original 
estimates  so  that  we  can  gage  1964? 

Mr.  Smolensky.  I would  say  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Within  what  range  of  percentage? 

Mr.  Smolensky.  I would  say  in  that  case,  too,  we  are  on  schedule 
and  within  the  funding  that  we  had  available  for  1963. 
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Mr.  Fulton  of  Pennsylvania.  How  do  you  describe  stage  support 
as  an  item? 

Mr.  Smolensky.  These  are  all  the  studies  and  evaluations  that  have 
to  go  on  to  evaluate,  for  instance,  our  actuators  we  use  in  the  program. 

Mr.  Fulton  of  Pennsylvania.  Will  you  speak  a little  louder? 

Mr.  Smolensky.  This  is  the  stage  support  the  contractor  has  for 
the  evaluation  of  various  hardware  that  is  delivered  by  the  various 
subcontractors.  It  also  includes  studies  on  base  beating  and  radiation 
characteristics,  and  it  includes  investigations  and  tests  of  electrical 
connectors,  and  circuit  connection  techniques  under  extreme  environ- 
mental conditions. 

Mr.  Fulton  of  Pennsylvania.  Is  that  done  by  the  contractor,  by 
NASA,  or  by  the  General  Electric  Co.  under  its  contract? 

Mr.  Smolensky.  Under  each  stage,  sir,  this  is  part  of  the  prime 
contract  with  the  stage  contractor. 

Mr.  Fulton  of  Pennsylvania.  Where  does  the  General  Electric 
contract  fit  into  the  listing  that  we  have,  for  example,  on  page  10  of 
volume  V? 

Mr.  Holmes.  It  does  not,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  So  that  is 

Mr.  Holmes.  I would  like  to  address  myself  to  a statement  I made 
when  I stated  the  overall  average  of  10  percent.  I was  talking  about 
between  the  major  items,  such  as  Apollo,  or  Gemini,  not  between 
thingB  like  design  and  engineering  versus  assembly. 

Mr.  Fulton  of  Pennsylvania.  Bui  on  the  Apollo-Saturn  programs 
you  are  not  starving  the  general  programs  of  NASA  of  research  and 
development  in  order  to  do  the  design,  engineering,  and  construction 
work  that  are  necessary  in  the  Apollo  program?  I think  that  should 
be  answered,  because  there  has  been  some  charge  made  of  that. 

Mr.  Holmes.  No,  sir;  I don't  think  we  are  (starving  any  part  of 
NASA. 

Mr.  Fulton  of  Pennsylvania.  There  have  been  no  funds  transferred 
from  NASA’s  research  and  development  programs  through  repro- 
graming for  the  Apollo  and  Saturn  programs? 

Mr.  Holmes.  There  have  been  absolutely  no  dollars  flowing  through 
the  manned  •'pace  flight  programs  to  the  detriment  of  other  programs 
in  NASA,  within  my  knowledge. 

Mr.  Fulton  of  Pennsylvania.  That  is  all. 

Mr.  Teague.  Mr.  Waggonner. 

Mr.  Waggonneb.  Mr.  Holmes,  concerning  the  Advance  Saturn,  the 
S-lC  is  the  booster  stage  of  the  Advance  Saturn.  In  fiscal  year 
1964,  you  are  asking  for  more  than  twice  the  amount  of  $144  million 
requested  in  fiscal  year  1963 — $291,900,000. 

In  fiscal  year  1964,  you  sav  that  ,he  emphasis  on  this  S-lC  booster 
stage  is  going  to  be  on  completion  d detail  design  and  ground  testing. 

If  we  are  going  to  have  a cost  of  $291,600,000  in  a year  when  we 
have  placed  emphasis  on  the  detail  design  and  ground  testing,  what  is 
going  to  be  the  procurement  cost  when  we  really  start  paying  for  these 
booster  stages? 

Mr.  Holmes.  The  total  runout? 

Mr.  Waggonneb.  Yes,  what  is  the  projected  runout?  * 

Mr.  Holmes.  For  the  development  part  of  the  programs,  tL.j  funds 
shown  here,  that  runout  estimate  is  just  over  a billion  dollars  for  the 
first  stage,  the  S-lO. 
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Mr.  Wagoonnsr.  You  have  already  let  contracts  for  about  $485 
million  of  that  first  stage,  am  I correct? 

Mr.  Smolensky.  $418  million,  sir. 

Mr.  Wagoonnsr.  T*  this  a comparable  situation  to  the  S-2  stage? 
We  have  a request  this  year  for  about  twice  the  amount  of  money 
that  you  were  using  in  fiscal  year  1963,  and  I am  talking  about  the 
projected  budget  for  fiscal  year  1964. 

Are  you  going  to  use  that  money  for  the  same  p' ase  of  the  S-2 
stage  as  you  are  for  the  S~lC  stage,  and  what  is  the  projected  runout 
oftke  S*-2  stage? 

Mr.  Holmes.  I would  like  to  sa  v that  $418  million  was  followed  by 
the  contract  to  Boeing,  so  the  $480  million  is  right,  or  near  that  figure. 

The  runout  on  S-2  is  around  $630  million. 

Mr.  Wagoonnsr.  NASA  has  let  no  firm  contracts  on  the  S-2 

stage? 

Mr.  Holmbb.  We  nave  a firm  contract  with  the  North  American 
Aviation  to  build  the  S-2. 

Mr.  Wagoonnsr.  The  other  item  I am  concerned  about  is  the 
increase  in  the  support  expenditures.  In  1962  the  initial  request  was 
$326,000,  and  now  for  fiscal  year  1964  you  are  requesting  $75  million, 
and  requesting  this  when  we  are  in  the  detail  design  stage.  Where 
are  we  going  to  expend  that  amount  of  money  as  a support  item  in 
detail  design,  and  what  is  going  to  be  the  runout  of  the  support  item 
when  we  become  fully  operational? 

Mr.  Holmss.  I would  ask  Mr.  Smolensky  to  answer  that,  if  he 
would,  please. 

Mr.  Smolensky.  Certainly.  This  support  item  is  the  same  item 
that  is  involved  in  svstems  integration  on  the  other  vehicles,  for 
instance,  covered  under  Saturn  1 and  Saturn  I-B.  In  the  case  of 
Saturn  V,  it  is  caiied  support,  and  this  involves  the  whole  effort  on 
the  part  of  Marshall,  through  the  contractors  reporting  to  it,  working 
on  the  various  problems  having  to  do  with  tne  integration  of  the 
stages  for  the  large  vehicle.  In  the  case  of  Saturn  V,  this  means 
working  on  the  problems  involved  in  integrating  the  first  stage  and  the 
second  stage  and  the  third  stage. 

They  are  also  involved  here  with  paying  for  transportation  coats. 
They  are  also  involved  here  in  paying  for  the  development  of  the 
ground  support  equipment  that  they  need  in  order  to  check  out  the 
reliability  of  the  various  stages  and  the  interface  connections  that  they 
have. 

This  also  covers  wind  tunnel  studies  and  evaluation,  actually,  of  the 
various  subsystems  that  are  used  in  each  and  every  one  of  the  stages 
and  the  vehicle,  itself. 

Mr.  Wagoonnsr.  Are  there  any  outside  management  contracts  to 
further  and  speed  the  integration  of  these  different  stages  considered 
ir.  this  support  item? 

Mr.  Smolensky.  There  are  outside  contracts  that  come  under 
this  particular  area,  yes. 

Mr  Wagoonnsr.  Would  you  tell  me  what  the  fiscal  year  1964 
overall  cost  of  all  management  contracts  would  be,  or  if  it  is  a single 
contract,  what  would  be  the  proportion  in  dollars? 

Mr.  Smolensky.  I wouldn’t  want  to  say  management  contracts, 
but  engineering  support  contracts. 

Mr  \ Vaggonner.  Could  you  give  me  what  proportion  that  repre- 
sents, for  the  record? 
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Mr.  Smolensky  I will  supply  that. 

(The  information  requested  is  as  follows:) 

Forty  percent  of  the  $75  million  requested  for  Saturn  V support  in  fiscal  year 
1064  is  required  for  engineering  support,  covering  design,  development,  and 
testing. 

Mr.  Tkagub.  Mr.  Gurney. 

Mr.  Gubnby.  May  we  take  one  engine  here,  the  F-l  engine,  and 
I might  point  out  that  in  volume  V you  show  the  figure  as  $54.0 
million — one  figure  must  be  in  error. 

Can  you  give  us  in  capsule  form  how  you  got  the  figure  in  the 
budget,  what  does  it  consist  of,  when  did  you  arrive  at  it,  what 
discussions  did  you  have  to  arrive  at  that  figure  so  we  can  get  some 
idea  of  what  it  represents? 

Mr.  Smolbnskt.  In  the  1964  budget,  that  figure  of  $53.1  million 
represents  the  F-l  engine  support  that  we  are  giving  to  the  launch 
venicle  development  program.  In  other  words,  this  applies  to  engines 
that  must  be  supplied  to  the  S-lC  stage.  The  breakdown  we 
have  for  that  is  that  it  provides  the  funds  for  and  delivery  of  a hard 
mockup  so  that  people  in  the  development  program  can  work  with  a 
model  of  the  engine  as  it  may  affect  the  various  interrelationships  of 
other  systems,  and  it  completes  the  fabrication  and  delivery  of  10 
engines  under  the  1963  funding  program.  We  arc  also  ordering  long 
leaatime  items  for  23  engines  and  fabrication  work  on  20  engines. 

Mr.  Gubnby.  Does  it  include  testing? 

Mr.  Smolbnskt.  It  includes  the  cost  of  modification  and  retrofit 
of  previously  delivered  engines,  and  it  would  include  the  acceptance 
testing. 

Mr.  Gubnby.  How  many  firings  does  that  include,  and  how  much 
will  they  cost? 

Mr.  Smolbnskt.  For  each  of  these  engines  in  the  acceptance  test? 

Mr.  Gubnby.  Incidentally,  is  it  $53  million  or  $54  million? 

Mr.  Smolbnskt.  $53.1  million. 

i«lr.  Lilly.  The  figure  of  $54.1  million  is  for  the  F-l  engine  develop- 
ment  program,  not  the  procurement  of  hardware  engines  for  use  on 
the  Saturn  V. 

Mr.  Gubnby.  So  what  you  have 

Mr.  Smolbn8ky.  I am  talking  essentially  about  engines  that  must 
be  supplied  to  the  development  stages. 

Mr.  Gubnby.  Can  you  also  cover  the  engine  development  program 
and  give  us  an  idea  how  you  arrived  at  that  $54  million  figure? 

Mr.  Smolbnskt  We  are  actually  then  discussing  the  KDO  2-26 
where  we  had  a total  of  $54,100,000? 

Mr.  Gubnby.  Right. 

Mr.  Smolbnbky.  In  that  case,  we  are  talking  about  using  12  com- 
pleted engines  and  10  equivalent  engines,  that  is  all  their  components, 
which  will  be  part  of  the  research  ana  development  program,  and  these 
moneys  will  be  used,  then,  for  the  development  work  that  has  to  do 
with  developing  the  engine  system,  the  turbopumps,  the  thrust 
chambers,  the  controls,  and  the  gas  generators.  Each  and  every  one 
of  these  items  will  include  a certain  amount  of  tests,  and  we  are  pro- 
jecting about  250  engine  tests  here  in  order  to  assure  ourselves  of  the 
reliability  of  the  components  of  the  subsystems  in  this  particular 
program. 
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This  is  a separate  R.  & D.  program,  whereas  the  engines  that  we  are 
talking  about  under  the  vehicle  program  are  part  of  the  production 
contract. 

Mr.  Gurnet.  How  does  that  compare  with  this  year,  so  far  as 
tesl.ng  is  concerned? 

Mr.  Smolensky,  k 1963? 

Mr.  Gurnet.  Yes. 

Mr.  3molenskt.  I can  get  it  for  the  record,  sir. 

(The  information  requested  is  as  follows:) 

The  P-1  engine  has  undergone  143  tests  from  July  1, 1902,  through  May  1, 1903 

Mr.  Gurnet.  In  arriving  at  that  figure  for  testing,  who  makes  the 
decision?  Do  you  make  it  together  with  Rocketdyne,  or  do  you  tell 
them  how  many  to  test? 

Mr.  Smolensky.  This  is  a joint  requirement  that  is  worked  out 
among  the  technical  management  at  Marshall,  ourselves,  and  the 


contractor,  Rtckctdyne,  depending  on  what  the  problems  are,  and 
the  requirements  both  from  our  standpoint  and  theirs. 

Mr.  Holmes.  Excuse  me,  Mr.  Gurney.  We  have  Mr.  Tischler 
here  who  heads  our  engine  development  operation.  I had  hoped 
at  the  end  of  the  session  today,  with  the  chairman’s  permission,  to 
have  him  describe  this  P-1  instability  problem.  I think  he  will 
then  address  himself  to  this  testing  as  to  what  part  we  and  Marshall 
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play.  It  will  be  an  excellent  example*  I didn't  do  an  adequate  job 
in  talking  about  the  F-l  instability  at  the  last  hearing.  I didn’t 
realize  that  Mr.  Tischler  was  behind  me  then,  and  I think  it  would  be 
of  interest  to  this  committee  to  hear  about  that  significant  and 
important  element  of  the  program. 

Mr.  Gurnet.  All  right,  that  is  fine,  but  one  other  question.  You 
have  250  teste  scheduled,  and  I suppose  there  must  be  a fairly  accurate 
way  of  arriving  at  that  number.  Do  you  have  10  tests  to  test  the 
carburetor,  10  tests  for  the  nozzle,  or  how  do  you  arrive  at  the  250? 

Mr.  Holmes.  Mr.  Tischler  can  explain  that  for  you. 

Mr.  Teague.  Mr.  Tischler,  will  you  identify  yourself  for  the  record. 

Mr.  Tischler.  My  name  is  Adelbert  O.  Tischler.  I am  Assistant 
Director  for  Propulsion  in  the  Office  of  Manned  Space  Flight. 

(The  biography  of  Mr.  Tischler  follows:) 

A.  O.  Tischler,  Assistant  Director  fob  Propulsion,  Optics  or  Manned 

Space  Plight 

A.  (Adelbert)  0.  Tischler  was  Appointed  Assistant  Director  for  Propulsion, 
Office  of  Manned  Space  Flight,  National  Aeronautics  and  Space  Administration, 
in  November  1901.  He  first  joined  NASA  as  Chief,  Liquid  Rocket  Engines, 
when  NASA  was  established  on  October  1,  1958.  Before  joining  NASA,  he  was 
Head  of  the  Rocket  Combustion  Section  at  the  Lewis  Research  Center  in  Cleve- 
land, Ohio.  In  his  present  assignment  he  is  responsible  for  management  of  engine 
projects  for  both  launoh  vehicles  and  spacecraft  which  are  being  developed  for 
manned  space  flight  applications. 

Mr.  Tischler  joined  the  National  Advisory  Committee  lor  Aeronautics,  the 
predeoeeaor  of  the  NASA,  as  a chemical  engineer  on  the  staff  of  the  Leals  Labora- 
tory, in  1942.  He  remained  at  this  research  center  until  he  was  named  to  his 
position  of  Chief,  Liquid  Rocket  Engines,  in  Washington,  D.C.  Thioughout  his 
scientific  career,  he  nas  specialised  in  combustion  research,  with  particular 
emphasis  on  turbojet  and  rocket  engines. 

A native  of  Cleveland,  Mr.  Tischler  earned  a Bachelor  of  Science  degree  in 
1940  and  a Master  of  Scienoe  in  Chemical  Engineering  degree  in  1946  from  the 
Case  Institute  of  Technology. 

Mr.  Tischler  is  a fellow  member  of  the  American  Institute  for  Aeronautics  and 
Astronautics,  and  the  Combustion  Institute.  He  is  chairman  of  the  Liquid 
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Rocket  Committee  at  tbs  A. I. A. A.  He  is  the  author  of  numerous  technical 
papers,  and  has  frequently  discussed  rocket  developments  More  various  pro- 
fessional orgar' nations. 

Mr.  and  Mrs.  Tiachler  and  their  three  children,  Craig  G..  9,  Mare  A.,  7,  and 
Sandra  L.,  6,  live  at  6404  MoGruder  Mill  Court,  Bethesda,  Maryland 

Mr.  Holmes.  I would  also  like  to  introduce  Cant.  Robert  A.  Frei- 
tag,  my  Director  of  Propulsion  and  Launch  Vehicles,  who  is  also 
present. 

Mr.  Teague.  Mr.  Tiachler. 

Mr.  Tischler.  The  answer  to  your  question,  Mr.  Gurney,  1 believe 
lies  in  the  fact  that  with  the  test  stands  we  have  available  at  Edwards 
and  at  the  Santa  Susana  facility  at  Rocketdyne,  we  can  conduct  a 
limited  number  of  tests.  That  limit  is  in  the  order  of  one  test  per  day 
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on  engine  (eating.  This  is  not  the  sum  total  of  testing  by  a long  shot. 
Of  course  we  have  to  supplement  the  engine  testing  with  component 
testing,  much  of  which  is  done  in  the  Santa  Susana  facility. 

The  projection  of  260  tests  then  represents  an  aggressive  program 
approaching  the  limit  of  our  testing  capability. 

Mr.  Gurnet.  Well,  that  is  a good  answer.  In  other  words,  vou 
run  as  many  teste  as  you  can  with  the  facilities  you  have  got  available? 

Mr.  Tischler.  That  is  exactly  right. 

Mr.  Teague.  If  there  are  no  other  questions,  I believe  we  had  agreed 
to  go  to  the  detailed  disci:  don  of  the  M-l. 

Mr.  Holmes.  Yes,  sir,  and  1 would  like  Mr.  Tischler  to  comment 
on  the  F-l,  also. 

* Mr.  Teague.  All  right,  Mr.  Tischler. 

Mr.  Tischler.  With  your  permission,  I will  stand. 

J believe  two  questions  were  asked  by  this  group  last  week.  The 
first  of  these  had  to  do  with  why  we  are  developing  the  M-l  engine, 
and  I would  like  to  address  myself  to  this  question,  first. 

As  you  know,  we  are  not  presently  building  a vehicle  whioh  is 
designed  to  use  the  M-l  engine.  Funding  limitations  in  fact  prevent 
us  horn  building  such  a vehicle  at  this  time.  However,  as  Mr. 
Holmes  brought  out  in  the  discussion  last  Friday,  the  development  of 
an  engine  takes  several  years  longer  than  the  development  of  an 
airframe,  and  we  clearly  recognize  as  a matter  of  history  that  our 
paylc  id  lifting  capability  has  been  limited  bv  the  thrust  capability 
of  thj  engines  that  we  have  on  hand.  Therefore,  we  at  NASA  think 
it  is  sound  philosophical  judgment  to  develop  the  M-l  engine. 

If  I can  refer  to  this  historical  pattern  that  I have  just-nuntioned, 
the  F-l  used  in  the  first  stage  of  the  Saturn  Y vehicle  was  initiated  in 
1958  without  a clear  definition  of  a vehicle  requirement.  *The  F-l 
engine  was  based  on  existing  technology  and  conservative  design. 
Since  our  experience  at  that  time  was  largely  limited  to  the  ICBM  and 
1RBM  vehicles,  we  employed  liquid  oxygen  and  kerosene  as  the 
propellants.  That  F-l  engine  has  permitted  us  to  forge  ahead  with 
our  assault  on  the  Moon. 

The  F-l  engine,  on  the  other  hand,  is  not  a high  performance  engine. 
It  is  intended  to  be  used  ii  the  launch  stage  and  is  not  suitable  for  use 
in  the  second  stage. 

For  the  second  stage  of  the  same  Saturn  V vehicle,  we  have  initiated 
the  development  of  tne  J-2  engine,  with  which  you  are  quite  familiar. 

Again,  however,  in  1960  when  we  undertook  this  development  we 
did  not  have  a vehicle  requirement.  At  the  same  time,  we  recognize 
now  that  the  use  of  the  high  performance  J-2  makes  possible  the  land- 
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ing  on  the  Moon  in  this  lecade.  Thus,  in  spite  of  the  absence  of  a 
defined  requirement  for  e ther  the  F-l  or  J-2  at  the  time  the  engines 
were  started,  we  can  ear  in  retrospect  we  could  not  endeavor  to  land 
men  on  the  Moon  in  this  decade  had  we  not  proceeded  with  these 
developments. 

Their  initiation  was  based  on  the  philosophical  judgment  that 
engines  of  a geometrically  spaced  thrust-level  would  be  needed  in  this 
space  race.  This  building  block  concept  was  strongly  endorsed  by  the 
President's  Scientific  Advisory  Committee. 

On  June  5,  1961,  the  Ad  Hoc  Booster  Panel  of  the  President's 
Science  Advisory  Committee  issued  a report  which  recommended  in 
part: 

action  should  be  taken  immediately  to  develop  two  new  liquid  hydrogen- 


* * * 


oxygen  engines  with  thrusts  of  approximately  1 and  4 million  pounds.  These 
engines  together  with  the  J-2  would  constitute  a family  with  proper  ratios  of 
thrust  to  be  used  for  building  block  stages.  Such  engines  have  possibilities  for 
use  in  first  stage  boosters  and  are  essential  for  second  and  third  stages  for  very 
large  payload  missions. 

This  ia  the  end  of  the  quotation. 

Mr.  Fulton  of  Pennsylvania.  Ia  that  the  M-l  engine  you  are 
referring  to? 

Mr.  Tibchlxr.  This  statement  ia  in  reference  to  two  engines  that 
were  not  identified  at  that  time.  NASA  undertook  the  development 
of  the  first  of  these,  the  1-million-pound-thruat  engine  in  early  1962, 
and  this  became  known  as  the  M-l  engine. 

Mr.  Fulton  of  Pennsylvania.  And  what  is  the  other  one  known  as? 

Mr.  Tischlkr.  The  other  has  no  designation.  We  have  not  under- 
taken this  development. 

Mr.  Fulton  of  Pennsylvania.  That  is  a 4-million-pound  hydrogen 
engine? 

Mr.  1 ’ 'lkr.  Yes,  approximately. 

Mr.  I on  of  Pennsylvania.  Why  couldn't  you  get  the  same 
amount  of  thrust  by  clustering? 

Mr.  Tischllr.  That  would  be  our  intent  at  this  time. 

Mr.  Fulton  of  Pennsylvania.  Then  what  is  the  need  of  the  4- 
million-pound-thrust  engine?  If  the  M-l  is  going  to  cost  $233 
million  for  development  at  the  million-pound  level,  I would  say  it 
would  look  as  if  the  undesignated  4-million-pound-thrust  engine  would 
have  an  astronomical  cost  for  engine  production. 

Mr.  Tibchler.  It  would  undoubtedly  be  significantly  higher  in  cost. 
We  did  not  go  ahead  with  this  4-million-pound-thrust  engine  and 
have  no  plans  to  go  ahead  with  such  an  engine  immediately. 

Mr.  Fulton  of  Pennsylvania.  Why  couldn't  you  cluster  five  J-2 
engines  and  get  the  same  effect  as  an  M-l? 

Mr.  Tischler.  I think  I can  answer  that  question  in  a moment, 
if  I may. 

The  M-l  is  the  largest  of  a stable  of  three  hydrogen-oxygen  engines 
that  are  under  development  in  this  country. 

May  I have  the  first  slide  (fig.  164).  please? 

These  are  the  A-3  engines  which  develop  16,000  pounds  of  thrust, 
the  J-2  which  we  have  lust  mentioned,  ana  the  M-l  engine  which  is 
planned  to  have  one  ana  a half  million  pounds  of  thrust.  I must  say 
that  this  drawing  is  out  of  proportion. 
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The  M-l  engine  is  significantly  larger  than  it  appears  here  on  this 
slide  with  respect  to  the  other  two  engines.  My  significant  point  is 
the  fact  that  the  thrust  levels  of  these  engines  are  approximately  a 
factor  of  10  apart  from  each  other.  All  of  these  hyarogen-oxygen 
engines  will  provide  specific  impulse  values  greater  than  about  420 
seconds  per  pound  of  propellant,  which  is  approximately  one-third 
greater  than  can  be  obtained  with  oxygen  ana  kerosene.  It  is  the 


igh  specific  impulse  of  the  hydrogen-oxygen  combination  that  makes 
this  combination  attractive  in  the  upper  stages  of  our  space  vehicle. 

Mr.  Gurnky.  The  M-1  has  the  same  thrust  as  the  F-l,  is  that 
right? 

Mr.  Tischlkr.  Yee. 

Mr.  Gurnky.  Is  it  more  reliable,  or  not  quite  as  large? 

Mr.  Tischlkr.  This  engine  is  physically  bulkier  than  the  M-l. 
When  we  say  it  has  the  same  thrust  level,  there  is  a small  shade  of 
difference.  The  thrust  rating  of  the  F-i  is  a rating  at  sea  level — 
that  is  at  takeoff. 

Mr.  Kolmks.  Could  you  explain  the  difference? 

Mr.  Tischlkr.  The  M-l  s an  altitude  rating.  In  other  words, 
the  M-l  engine  is  a second  or  third  stage  engine  which  will  operate 

«■,  this  difference  is  not  the  sig- 


However, 


m a vacuum  environment, 
nificant  point. 

The  significant  point  is  that  the  M-l  is  a hydrogen-oxygen  engine 
which  has  a much  higher  specific  impulse  than  oxygen-kerosene. 
The  specific  impulse  in  this  case  is  analogous  to  miles  per  gallon.  That 
means  that  with  the  same  loading  of  propellants  in  a given  stage,  we 
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could  burn  Approximately  30  percent  longer,  and  this  has  great  sig- 
nificance in  range  and  velocity. 

Mr.  Fulton  of  Pennsylvania.  In  what  time  period  are  you  looking 
ahead  to  the  M-l  development? 

Mr.  Tischlbr.  I will  come  to  that  in  a moment,  too,  if  I may 
again  defer  your  question. 

Let's  illustrate  the  advantages  of  using  hydrogen  in  the  second 
stage,  if  I may  have  the  next  oude  (fig.  165). 


Fiouu  166 


Here  is  a completely  hypothetical  vehicle  using  the  F-l  in  the 
second  stage  and  using  an  M-l  in  the  second  stage,  the  first  stage  for 
both  vehicles  being  identical. 

As  you  can  see,  using  hydrogen  in  the  second  stage  picks  up  the 
payload  capability  by  more  than  a hundred  percent. 

Mr.  Holmbs.  Mr.  Gurney,  I think  that  answers  your  question. 

Mr.  Gurnbt.  Yes,  it  does. 

Mr.  Tibchlbb.  Now,  to  understand  the  significance  of  the  M-l 
engine  in  the  NASA  programing  thinking,  I think  we  must  turn  to 
what  Mr.  Fulton  mentioned,  our  development  schedules. 

The  next  slide  (fig.  166)  will  show  a typical  large  thrust  propulsion 
equipment  development  schedule.  It  is  in  fact  the  schedule  for  the 
F-l  which  was  initiated  in  late  1958,  and  which  will  be  flown  in  early 
1966.  The  F-l  will  be  flown  in  an  operational  status  in  1967. 

Nov,  the  principal  point  I wish  to  make  here  is  that  from  the  point 
of  initiation  to  the  point  of  operational  capability  is  nearly  9 years. 
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On  the  basis  that  the  F— 1 engine — which  we  are  pushing  very  ag- 
gressively— will  take  9 years,  I think  the  schedule  that  will  be  snown 
next  (fig.  167)  for  the  M-l  schedule  is  very  reasonable. 

We  initiated  procurement  of  the  M-l  in  January  of  1962.  Upon 
our  decision  to  go  to  the  Moon  by  lunar  orbit  rendezvous  instead  of 
direct  flight,  we  changed  the  concept  of  this  engine,  uprated  the  thrust, 
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And  made  it  a higher  performance  engine,  and  we  ou 
leaat  a year  for  this.  This  would  give  us  operational 
Mr.  Fulton  of  Pennsylvania.  That  puts  it  obvious! 
Apollo  program  or  landing  on  the  Me  n in  this  decad< 
Mr.  Tischlbr.  It  does  indeed ; yes. 

Mr.  Fulton  of  Pennsylvania.  So  this  is  not  a par 


fine,  and  we  ought  to  allow  at 
> us  operational  status  in  1072. 
puts  it  obviously  outside  of  the 
n in  this  decade. 


Mr.  Fulton  of  Pennsylvania.  So  this  is  not  a part  of  the  Apollo 
program,  nor  is  it  necessary  for  the  Apollo  program? 

Mr.  Holmes.  That  is  correct,  it  is  not  necessary  for  the  Apollo 
program. 

Mr.  Fulton  of  Pennsylvania.  It  has,  then,  no  target  date,  such  as 
a date  that  the  President  has  set  within  which  we  must  have  certain 
space  capabilities;  for  example,  the  end  of  this  decade? 

Mr.  Holmes.  That  is  correct,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  This  is  without  a mission,  without  a 
target  date,  and  actually  without  a first-stage  booster,  isn’t  that  right? 

Mr.  Holmes.  This  is  building  for  the  future,  and  it  is  quite  com- 
parable to  the  solid  propulsion  developments  such  as  we  are  doing 
with  the  cooperation  of  the  Department  of  Defense.  Indeed  a com- 
plementary vehicle  might  be  one  with  the  M-l  for  the  second  stage 
and  the  solids  for  the  mat  stage. 

Mr.  Tibchler.  Mr.  Fulton,  if  I may  turn  to  this  solid  propellant 
development  we  have  undertaken 

Mr.  Daddario.  Before  you  get  off  this,  if  you  had  shown  a com- 
parable chart  a year  ago  when  you  had  the  Nova  program  in  the 
budget,  how  would  it  differ  from  that  you  have  before  us  at  the 


moment? 


Mr.  Tischlbr.  I think  I can  answer  that  question  in  part.  I think 
that  the  M-l  engine,  which  was  part  of  the  Nova  schedule,  would  have 


been  pushed  much  more  aggressively  than  we  are  pushing  it  at  the 
present  time,  in  funding  ana  in  progress.  As  a result,  we  could  have 
shortened  this  time  period  to  operational  flight  by  several  years. 

We  would  have  had  to  do  it. 


should  we  not  take  into  consideration  that  we  will  learn  something 
between  now  and  then  which  might  divert  our  efforts  into  other  direc- 
tions rather  than  spending  the  enormous  sum  of  money  on  this 
program?  Aren’t  we  developing  greater  knowledge  about  propellants, 
vehicle  design,  thrust  chamber  modifications,  and  so  forth,  which  we 
should  incorporate  into  a new  type  of  engine  system  rather  than 
continuing  with  this  engine,  the  technologies  of  which  may  soon 
become  obsolete? 


Mr.  Tibchler.  The  answer  to  vour  question  is  that  we  are  devel- 
oping new  techniques  as  we  go  along,  and,  as  a matter  of  fact,  this 
engine  and  its  development  affords  us  an  opportunity  to  exploit 
these  techniques  in  hardware. 

Mr.  Daddario.  If  we  were  to  cut  out  this  program  and  ask  you  to 
develop  another  engine,  would  you  come  up  with  another  M-l -type 
engine  or  something  of  a different  nature?  For  example,  would  you 
use  the  new  kind  of  propellants  which  Mr.  Fulton  speaks  of? 


Would  you  develop  a program  involving  new  propellants, 
>rogram  involving  new  techniques  and  engine  designs? 

Mr.  Tischlbr.  Let’s  go  on  and  I will  cover  these  points. 


or  a 
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Mr.  Gurnet.  Let  me  ask  you  this  before  you  continue,  I don’t 
understand  your  statement  to  the  effect  that  if  you  had  more  money, 
the  time  limit  would  be  different.  It  seems  to  me  the  schedule  on 
the  M-l  engine  is  quite  similar  to  the  F-l  engine.  I understand  from 
the  testimony  on  the  F-l  engine  that  NASA  is  spending  as  much 
money  as  it  can  on  development.  To  put  it  another  wav,  if  NASA 
spent  more  money  on  the  F-l  engine,  tne  engine  wouldn’t  be  devel- 
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oped  any  faster,  and  the  time  schedule  on  the  M-l  engine  is  almost 
identical  to  the  F-l  engine. 

Mr.  Holmes.  If  I might  address  myself  to  that,  I don’t  think  it  is  a 
fair  statement  to  say  we  were  spending  money  at  a rate  that  would 
give  us  the  maximum  possible  production  of  the  F-l  engine  a few 

Sears  ago.  I think  that  part  of  tne  program  from  1958,  on,  could  have 
een  compressed  somewhat  by  higher  spending. 

Related  to  that,  but  also  related  to  Mr.  Daddario’s  question,  the 
M-l  engine  we  will  obtain  with  this  program  is  a more  sophisticated 
M-l  engine  than  if  we  had  had  to  crash  it  through  for  the  Nova 
program  on  a shorter  time  scale.  For  the  dollars  spent,  we  will  get 
more  in  this  manner  than  had  we  had  to  produce  it  for  the  Nova 
vehicle. 

Mr.  Tischler.  Indeed,  and  one  more  important  point  is  had  we 
pursued  the  Nova  concept,  we  would  have  based  tnis  .engine  on  a 
more  conservative  technique,  a somewhat  more  antiquated  engine  in 
the  light  of  our  present  concepts.  This  approach  would  have  per- 
mitted us  to  shorten  the  time  undoubtedly,  but  we  would  have  ended 
up  with  an  old-fashioned  engine. 

Mr.  Daddario.  You  are  still  not  using  high-energy  fuels  or 


developing  a high-pressure  engine. 

Mr.  Tischler.  This  engine  runs  at  a chamber  pressure  of  1,000 
pounds  per  square  inch.  It  is  the  highest  pressure  engine  being  built 


m the  country,  or  it  is  at  least  the  match  of  any  high-pressure  engine 
with  which  I am  acquainted,  and  I think  I know  them  all. 

Mr.  Daddario.  It  is  difficult  for  me  to  understand  the  criteria  you 
have  established.  To  say  that  we  should  not  be  concerned  about  the 
development  of  these  engines  because  in  the  past  we  have  developed 
engines  which  have  had  no  vehicle  concept,  and  therefore  since  we 
have  done  it  in  the  past  we  should  continue  to  do  it,  seems  to  me  to 
be  an  unhealthy  type  of  criteria.  I recognize  the  need  of  developing 
this  kind  of  engine,  but  I would  be  much  happer  if  we  knew  what  we 
were  going  to  use  it  for.  I would  also  hope  that  by  1972  or  1973. 
considering  that  it  has  been  the  habit  to  have  a certain  amount  of 
slippage,  that  we  would  have  diverted  our  efforts  in  another  direction. 
I ask  again,  if  we  were  to  scrap  this  whole  program,  aren’t  we  develop- 
ing techniques  and  new  fuel  knowledge  which  might  bring  us  to  a 
better  engine  than  the  M-l  engine? 

Mr.  Tischler.  The  answer  to  that  question  is  very  difficult,  but  I 
think  I can  try  to  answer  it  in  a moment.  I doubt  very  much  that  we 
could  change  the  fuel,  because  liquid  hydrogen  is  a fairly  expensive 
fuel,  but  nevertheless  available  in  unlimited  quantities  by  nature.  To 
use  exotic  fuel  propellants  would  run  us  into  a severe  problem  of 
propellant  supply  for  a large  thrust  engine. 

Secondly,  liquid  hydrogen  and  liquid  oxygen  is  an  excellent  specific 


se  combination,  it  is  very  difficult  to  beat, 
me  turn  briefly  to  the  solid  propellant  program. 
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Mr.  Fulton  of  Pennsylvania.  Before  you  leave  that,  I have  read 
the  NASA  technical  notice  of  February  1963,  which  mentions  the 
increased  percentage  gain  of  up  to  10  to  20  percent,  on  using  high 
energy  propellants,  and  recommending  that  there  be  further  research 
and  development  done  along  those  lines. 

I agree  with  Mr.  Daddario.  Here  we  fse  going  into  larger  and 
larger  vehicles,  which  is  simplv  engine  and  design  development  as 
distinguished  from  the  research  ana  development  of  higher  energy 
fuels.  One  is  a scientific  program,  the  hifth  energy  fuels,  and  the  other 
is  engine  development.  NASA  can  get  much  more  for  its  money  in 
research  and  development  than  it  can  in  engine  development.  To 
spend  $233  million  on  a program  that  has  no  end  result  makes  me 
question  the  necessity  of  it. 


Mr.  Tischler.  But  there  is  an  assumption  which  I must  dispute, 
and  that  is  that  this  program  has  no  end  result.  I would  point  out 
this  engine  is  available  about  5 years  after  the  operational  date  of 
Saturn  V. 

Mr.  Roudebush.  But  what  is  the  end  result?  That  is  what  we 
are  tnring  to  get  at.  What  kind  of  a mission  have  you  planned  for 
the  M-l  engine? 

Mr.  Holmes.  Let  me  address  myself  to  that.  My  feeling  is  this. 
The  way  we  are  running  the  M-l  program,  to  obtain  a more  advanced 
engine,  is  entirely  consistent  with  running  a solid  propellant  program, 
because  we  think  solid  propellants  or  larger  vehicles  are  a logical 
follow-on  to  the  present  program.  The  end  result  is  to  go  farther 
into  space,  to  go  to  the  planets,  or  make  a more  detailed  exploration 
of  the  Moon.  This  is  the  end  result.  I think  the  most  logical  one 
could  apply  to  this,  and  you  may  consider  this  in  your  judgment  of 
whether  you  think  the  funds  are  necessary  or  not,  is  that  in  any  one 
of  these  programs  that  we  are  carrying  on,  and  1 think  it  is  true  of 
a small  program  in  industry  or  of  a huge  program  such  as  this,  a 
certain  percentage  of  your  money  ought  to  be  spent  to  produce  hard- 
ware that  will  be  useful  and  usable  for  that  period  than  when  the 
present  hardware  is  becoming  obsolete. 

How  much  is  a matter  of  judgment.  It  is  our  judgment  that  this 
is  about  the  right  amount  to  spend  on  this  hydrogen  or  high-energv 
type  engine.  It  is  also  our  judgment  that  the  amount  we  are  spend- 
ing for  the  development  of  260-inch  and  156-inch  solids,  which  are 


funding  by  the  Department  of  Defense  to  carry  that  out  for  us,  is  the 
right  amount  for  that. 

I think  they  have  to  be  taken  in  that  concept,  thought  of  that  wav 
and  then  judged  as  to  whether  it  is  the  right  amount,  is  it  too  much 
or  is  it  too  little? 

Mr.  Daddario.  One  of  the  problems  here,  Mr.  Halmes,  is  that  this 
committee  was  sold  this  program  with  the  understanding  that  the 
M-l  engine  would  be  ready  in  this  decade.  That  was  considered  in 
the  first  instance  last  year  when  it  was  part  of  the  Nova  program. 

Mr.  Holmes.  Yes,  sir.  that  is  correc*.  J don’t  think  “sold”  is 
perhaps  the  right  word — but  it  was  explained  to  you  that  way;  yes.  sir. 

Mr.  Daddario.  Maybe  it  is  too  harsh  a word,  but  the  fact  remained 
I think  we  were  sold  on  it.  If  we  had  been  advised  a year  ago  that 
this  program  would  go  into  the  next  decade,  it  is  my  opinion  that  this 
committee  would  not  have  voted  to  authorize  the  funds. 

Mr.  Roundebush.  I think  that  is  true. 
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Mr.  Daddario.  When  we  look  at  it  in  the  concept  of  an  engine 
which  is  being  developed  for  some  kind  of  use,  the  nature  of  whicn  at 
the  moment  is  unknown,  I think  this  committee  has  to  shift  gears 
insofar  os  its  thinking  is  concerned. 

Mr.  Holmes.  NASA,  too,  has  had  to  shift  gears.  We  did  initiate 
the  program  in  all  sincerity  on  the  concept  that  we  hadn’t  decided 
whether  to  use  the  direct  flight  mode  and  needed  Nova  or  not.  Our 
funding  reauest  is  less,  certainly,  than  it  would  be  had  we  stayed  with 
the  original  plan  to  use  it  for  a Nova  vehicle  within  this  decade,  that 
is  true. 

Mr.  Daddario.  We  are  not  even  talking  about  a funding  request 
being  higher  or  lower.  We  are  talking  about  a better  use  of  the 
knowledge  which  we  are  developing.  The  committee  has  been  of  the 
hope  that  somewhere  along  the  line  we  would  be  getting  into  other 
phases.  For  example,  let  a say  that  somewhere  between  now  and 
1972,  or  1973,  1974,  or  1975,  that  we  develop  a nuclear  engine  capa- 
bility to  have  an  upper  stage  engine  which  can  do  more  than  anything 
we  can  conceive  of  at  this  time.  Would  we  need  an  engine  such  as  the 
M-l  7 Aren’t  we  going  to  learn  rendezvous  techniques,  perhaps  through 
the  placing  of  a space  platform  in  orbit  which  can  be  used  as  a launch- 
ing pad  to  accomplish  more  in  space.  It  just  seems  to  me  that  we  are 
cutting  out  the  possibility  of  developing  the  knowledge  which  will 
obviate  the  need  for  an  engine  of  this  tremendous  size  and  cost. 

Mr.  Holmes.  Could  I ask  Dr.  Shea,  who,  as  you  know,  heads  our 
total  system  engineering  effort  in  the  manned  space  flight  operation, 
and  who  therefore  knows  more  than  any  of  the  rest  of  us  on  this,  to 
make  a few  comments  to  your  point? 

Mr.  Roudebush.  Before  you  go  into  that,  what  is  this  $5.7  million 
being  spent  on  the  M-l  engine  for  special  test  equipment?  Spe- 
cifically, what  is  that? 

Mr.  Tischler.  The  special  test  equipment  is  the  equipment  which 
covers  instrumentation,  recording  equipment,  and  the  like,  on  the  test 
facility.  It  is  equipment  that  can  be  used  elsewhere  and  is  not  con- 
sidered part  of  the  facilities. 

Mr.  Gurnet.  During  Dr.  Shea’s  comments,  could  he  comment  on 
this?  Is  the  F-l  engine  and  the  M-l  engine  put  in  combination 
actually  sufficient  to  carry  us  on  a mission  to  Mars,  or  is  there  a 
specific  use  for  this  in  mind? 

Dr.  Shea.  The  decision  not  quite  a year  ago  to  rely  on  the  lunar 
orbit  rendezvous  technique  for  Apollo  carried  with  it  the  implicit 
decision  that  the  Saturn  V launch  vehicle  would  be  the  large  work- 
horse booster  vehicle  for  the  NASA  and  U.S.  space  program  essen- 
tially throughout  this  decade,  and  probably  on  into  the  early  part  of 
the  1970’s. 

As  we  look  at  the  future  missions  we  talk  about  doing,  whether  it 
is  a space  station  or  extended  lunar  operations  up  to  and  including 
the  lunar  base,  it  appears  that  most  01  those  programs  can  be  done 
within  the  framework  of  the  Saturn  V vehicle  itself.  Therefore,  the 
pressure  for  a new  launch  vehicle  will  really  come  about  either  when 
we  define  new  missions  as  yet  unthought  of  for  man  in  near  Earth 
space  or  military  uses  of  space,  or  will  come  about  when  we  do  the 
planetary  program.  We  can’t  say  at  this  point  in  time  what  that 
schedule  is,  or  even  what  it  should  be. 
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Mr.  Teague.  Didn't  you  tell  us  last  year  that  regardless  of  the 
approach  used  for  the  manned  lunar  landing,  that  you  had  to  have 
an  engine  of  this  kind  to  launch  heavy  space  laboratories  in  Earth 
orbit?  Wasn't  that  the  testimony  last  year? 

Dr.  Shea.  An  engine  of  this  kind  makes  sense  for  advanced  chemical 
boosters  with  payload  capabilities  to  Earth  orbit  in  the  order  of  half 
a million  pounds  to  a million  pounds — roughly  two  to  four  times  the 
size  of  the  Saturn  vehicle. 

Now,  as  I look  at  it  from  where  we  sit  trying  to  define  the  advanced 
programs  and  what  the  advanced  vehicles  ought  to  be,  it  is  going  to 
oe  several  years,  in  the  order  of  3 or  4 years,  before  we  really  under- 
stand the  missions  that  we  want  to  do  and  tne  schedule  on  which  we 
are  going  to  want  to  do  them.  Only  then  will  we  know  exactly  when  to 
bring  the  new  vehicles  into  the  national  inventory. 

Mr.  Teague.  Is  there  any  question  that  you  are  going  to  put  heavy 
laboratories  up  in  orbit? 

Dr.  Shea.  No,  sir.  We  are  going  to  do  that,  but  the  Saturn  V can 
put  up  a fairly  heavy  laboratory  with  a single  shot.  The  connection 
of  two  or  more  such  payloads  is  not  a difficult  task,  even  though  we 
didn’t  choose  to  use  Earth  orbit  rendezvous  technique  for  Apollo. 
In  that  case  we  decided  that  we  did  not  have  to  use  it  rather  than  that 
we  were  afraid  of  doing  it. 

The  point  1 would  luce  to  make  is  that  around  1965  or  1966  we  will 
face  a national  decision  as  to  what  the  next  generation  of  boosters 
will  be. 

At  this  point  in  time,  there  are  many  possibilities  that  are  com- 
petitive. Both  chemical  and  nuclear  stages  are  competitive.  We  are 
doing  extensive  study  work,  paperwork,  looking  at  recoverable  ve- 
hicles. We  are  looking  at  solid  vehicles.  When  we  come  to  the  point 
of  making  the  decision  as  to  what  the  next  generation  of  launch  vehicles 
shall  be,  we  must  have  the  necessary  data  available.  If  we  don’t 
have  available — not  just  in  chemical  technology,  but  also  in  nuclear 
technology,  in  the  understanding  of  airframes,  and  so  on — the  funda- 
mental data  that  says  we  can  in  a given  time  frame,  proceed  along 


mental  data  that  says  we  can  in  a given  time  frame,  proceed  along 
this  path  of  technology  or  that  path  of  technology,  we  will,  in  effect, 
be  limiting  ourselves  to  a much  narrower  spectrum  of  choices,  than 
would  be  the  case  if  we  keep  fundamental  developments  going  along 


in  several  areas.  We  really  look  at  the  M-l  engine  as  one  of  a series 
of  complementary  developments  that  ought  to  go  forward  in  the 
country,  so  that  when  we  come  to  defining  the  next  missions  we  will 


know  the  state  of  advanced  chemical  propulsion,  and  we  will  have 
readily  available  potential  chemical  building  blocks  that  we  can  use. 
I would  hope  that  we  would  also  have  nuclear  propulsion  available  as 


possible  competitor  for  the  advanced  vehicles. 
Mr.  Fulton  of  Pennsylvania.  NASA  first  ga\ 


Mr.  Fulton  of  Pennsylvania.  NASA  first  gave  an  estimate  of  $90 
million  for  the  overall  cost  of  the  M-l  engine  program.  Now  you  say 
that  it  is  going  to  cost  in  the  range  of  $230  to  $233  million  for  the 
same  program. 

When  I hear  that  you  have  changed  your  mind  on  timing,  on  size, 
and  on  costs,  I think  this  committee  deserves  an  explanation.  Cer- 
tainly the  $90  million  M-l  engine  program  which  we  first  looked  into 
is  not  the  same  thing  as  the  $233  million  engine  development  program 
for  the  M-l  which  you  now  estimate.  What  is  the  difference?  How 
could  you  be  that  far  off  on  your  estimates  within  a 2-year  period? 
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Mr.  Tmchler.  First,  if  I may  answer  that  question,  the  $90 
million  figure  was  the  contractors  estimate  or  proposal  of  what  it 
would  take  to  develop  an  engino  of  1.2  million  pounds  of  thrust. 
NASA’s  immediate  reaction  on  seeing  the  proposal  was  that  this 
estimate  was  not  an  adequate  development  plan,  that  it  would  take 
much  more  work  than  the  contractor  nad  proposed  to  do  this  job  and 
do  it  right.  At  no  point  did  we  really  accept  the  $90  million  figure 
as  the  real  price  of  developing  the  engine. 

Mr.  Fulton  of  Pennsylvania.  At  tnat  time  what  was  your  figure  in 
relation  to  the  $90  million? 

Mr.  Tischler.  I believe  it  was  $179  million  for  the  R.  A D.  work 
alone. 

Mr.  Fulton  of  Pennsylvania.  It  has  gone  up  tremendously  when 
it  hits  $233  million  for  engine  development. 

Mr.  Tischler.  The  $233  million  figure  includes  the  cost  of  the 
facility  development,  as  proposed  by  the  contractor  to  date. 

Mr.  Fulton  of  Pennsylvania.  Could  you  spend  that  money  better 
on  research  and  development  rather  tnan  on  engine  development, 
which  is  the  most  costly  element  of  all? 

Mr.  Tischler.  That  is  a very  difficult  question  to  answer,  because 
it  involves  the  answers  to  the  question  which  Dr.  Shea  discussed. 
These  considerations  are:  When  in  fact  are  we  going  to  have  a mission 
requirement  that  demands  the  use  of  this  engine  or  an  alternate,  and 
when  in  fact  can  we  have  such  an  alternate  available?  These  are 
very  difficult  questions  to  answer  because  they  lie  in  the  future. 

Mr.  Teague.  Mr.  Riehlman. 

Mr.  Riehlman.  Last  year  you  requested  $35  million  for  the  M-l 
engine.  How  much  of  that  has  been  obligated? 

Mr.  Tischler.  NASA  headquarters  office  has  allocated  all  of  that 
money  to  the  Lewis  Research  Center.  The  Lewis  Research  Center 
has  obligated — well,  I am  sorry  I can’t  give  the  figure. 

Mr.  Lilly.  $18  million  of  the  R.  A D.  funds  was  obligated  as  of 
March  31. 

(The  information  referred  to  is  as  follows:) 

Status  of  M-l  engine  obligations  as  of  Apr.  SO,  196S 


[In  thousands  of  dollars] 


Amount  pro- 
gramed for 
fiscal  year 

Amount 

obligated 

Fiscal  year  1083: 

Research  and  development 

16,706 

166 

16,664 

166 

Construction  of  facilities 

Total.. 

16.871 

16,860 

Fiscal  year  19B3: 

Research  and  development 

36.000 

13.000 

21.023 

6,660 

Construction  of  faculties 

Total 

48.000 

SO  AOS 

1 

Mr.  Riehlman.  This  came  in  this  morning  and  was  just  handed 
to  me,  Mr.  Chairman.  It  shows  the  amount  of  money  that  has  been 
obligated,  to  whom  it  has  been  obligated,  and  for  what  purposes. 
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The  other  question  I have  is  just  a general  one.  and  I am  sure  the 
answer  is  very  simple.  It  is  my  understanding  that  we  do  not  have 
at  the  present  time  a program  in  being,  or  planned,  for  which  we 
would  use  the  M-l  engine.  We  do  not  nave  a present  requirement 
for  the  engines.  Now,  would  the  cancellation  of  the  M-l  engine 
program  at  the  present  time  have  any  effect  whatsoever  upn:.  any 
existing  NASA  program? 

Dr.  Shea.  None  of  our  existing  programs,  that  is  right,  sir. 

Mr.  Holmes.  I think  although  that  is  correct,  if  one  goes  back 
in  the  history  of  development,  whether  it  be  an  Atlas  to  fly  a Mercury, 
or  whether  it  be  a large  plane  to  act  as  a tanker  or  jet  ai.  craft 
that  led  to  our  commercial  707,  there  wouldn't  be  any  of  these  pro- 
grams without  advance  planning. 

I don’t  say  this  to  disagree  with  you,  but  I do  disagree  with  some 
of  the  philoeopy  expressed  in  this  country  that  one  must  look  at 
things  strictly  on  a midget  ary  basis  and  shouldn’t  develop  anything 
that  doesn’t  have  a specific  mission.  I think  the  wav  one  should  look 
at  it  is  to  try  to  judge  how  much  money  should  he  spent — zero  is 
the  wrong  amount  for  this  kind  of  thing,  but  a large  amount  is  not 
the  right  level  either. 

Mr.  Riehlman.  We  have  the  national  goal  of  a manned  lunar  land- 
ing to  accomplish  in  this  decade,  and  we  nave  in  being  at  the  present 
time  the  engines  and  the  equipment  to  accomplish  that. 

Mr.  Holmes.  That  is  correct. 

Mr.  Riehlman.  Now,  what  we  are  talking  about  is  beyond  this 
decade.  I am  disturbed,  and  I am  sure  every  other  member  is, 
about  the  amount  of  money  we  are  spending  on  tnis  program.  Some- 
where we  are  going  to  have  to  curtail  expenditures,  there  is  no  question 
about  it.  We  have  to  face  this  reality.  My  feeling  is  that  between 
now  and  the  end  of  this  decade  there  may  be  some  new  concepts 
and  new  discoveries  such  as  has  been  suggested  by  other  members  of 
the  committee,  that  will  give  us  a greater  advance  than  we  could  have 
possibly  anticipated  that  we  would  have  before  the  end  of  this  decade. 
I really  feel  that  we  should  take  a very  careful  and  sharp  look  at  the 
development  of  the  M-l  engine  before  we  decide  to  continue  the 
program,  unless  we  have  some  definite  program  that  we  are  going 
to  use  it  for. 

Mr.  Tibchleb.  Mr.  Riehlman,  may  I address  myself  to  this  particu- 
lar issue,  by  running  through  a series  of  slides  here? 

Mr.  Teague.  How  long  will  it  take  you? 

Mr.  Tibchleb.  About  three  minutes. 

Mr.  Teague.  All  right,  we  will  run  through  the  slides. 

Mr.  Tibchleb.  This  slide  showing  a solid  propellant  development 
schedule  represents  an  alternate  way  of  lairching  vehicles  (fig.  168) 
We  have  not  used  solid  propellants.  You  will  notice  that  the  oper- 
ational date  for  this  possibility  is  also  1972,  which  gives  us  along  with 
the  M-l  the  complete  propulsion  equipment. 

Going  on  to  the  next  slide  (fig.  169),  here  are  some  of  the  configura- 
tions proposed  by  the  solid  propellant  contractors,  and  they  all  use 
M-l  engines  in  the  second  stage. 

Going  to  the  next  one  (fig.  170),  here  are  some  concepts  which  lie 
behind  the  M-l  engine.  On  the  right  is  the  clustered  solid  motors 
configuration  we  have  discussed,  and  I won’t  discuss  in  detail  these 
new  concepts. 


» 
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SOLID  PROPELLANT  DEVELOPMENT  SCHEDULE 


Fiqurb  160 


The  particular  point  I want  to  make  about  these  new  concepts  is 
that  we  are  not  really  ready  yet  to  start  the  design  and  development 
of  an  engine  of  this  type,  and  if  we  laid  out  a 10-year  schedule  for  that 
kind  of  development  we  would  find  ourselves  in  the  operational  period 
lying  beyond  1957  (fig.  171). 
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LARGE  ENGINE  CONCEPTS 


FOLDED  HOW  NOZZLE  PLUS  NOZZLE  CLNSTKKEI 

SINGLE  C01BUST0I  CLUSTERED  UNITS  SOLI*  MOTORS 


Figure  170 

LARGE  ENGINE  DEVELOPMENT  SCHEDULE 


DESIGN  4 DEVELOPMENT 


ENGINE  TESTING 


75 


Fiourb  171 
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If  w«  place  the  F-l,  M-l,  and  the  advanced  concept  engine  I 
just  mentioned  on  a time  schedule,  we  find  that  if  we  wait  for  this 
advanced  concept  engine  (fig.  172),  we  have  a period  of  between  9 
and  10  yea»~  in  whicn  we  have  no  greater  capability  than  we  will 
have  with  w.  ie  Saturn  V.  This  is  a long  dry  spell. 


Figcu  172 

Mr.  Fulton  of  Pennsylvania  But  it  brings  up  the  question, 
is  this  Dyna-Soar  type  necessary? 

Mr.  Tischler.  That  is  an  important  and  pertinent  question  that 
can  only  be  answered  by  looking  to  otir  mission  requirements  as  they 
define  tnemselves.  We  can’t  answer  it  right  now. 

Mr.  Fulton  of  Pennsylvania.  If  any  of  these  possibilities  develop, 
such  as  solid  propellant  engines,  advanced  research,  or  the  high- 
energy  fuels  which  your  own  technical  papers  indicate  are  successful, 
then  the  M-l  concept  h not  necessary. 

Mr.  Tischler.  Conceivably  we  have  to  grant  this,  this  is  admitted. 
On  the  other  hand,  the  most  promising  alternative  is  a nuclear  rocket, 
which  is  a hydrogen  rocket,  and  for  that  we  do  have  to  have  the  hydro- 
gen technology,  nonetheless. 

Mr.  Holmes.  We  might  learn  to  lace  it  with  boron  and  make  it 
more  efficient. 

Mr.  Fulton  of  Pennsylvania.  Boron,  beryllium,  aluminum — is  that 
right? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Gurnet.  Certainly  no  one  would  quarrel  with  the  wisdom  of 
your  going  ahead  with  the  F-l  engine.  It  is  quite  clear  that  the 
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power  of  the  F-l  engine  is  much  greater  than  we  had  before.  Can 
you  tell  ua  this,  though.  Exactly  what  greater  capacity  or  capability 
will  you  hare  with  the  M-l  engine  together  with  the  F-l,  which  I 
presume  you  will  still  use?  If  you  can  point  out  dramatically  what 
greater  capability  you  would  have,  that  might  make  some  sense  to 
the  committee.  I haven’t  heard  that  yet. 

Mr.  Holmes.  If  you  assume  solid  propellants  are  used  in  the  first 
stage,  and  assume  the  M-l  engines  are  used  in  the  upper  stages,  we 
would  have  a vehicle  with  three  to  six  times  the  power  of  the  Saturn ; 
capable  of  launching  three  to  rix  times  the  payloads  of  the  Saturn. 
Today  we  are  /ary  pressed  iust  going  to  the  Moon  and  exploring 
with  die  Saturn.  It  certainly  is  not  powerful  enough  to  go  into 
further  planetary  flight  if  we  want  to  do  that.  We  are  imtiating 
plans  which,  when  they  are  utilized,  will  give  us  the  capability  to  do 
that  in  the  future.  Tnat  would  be  the  need. 

Mr.  Gurnet.  In  what  stage  of  development  are  the  solid  propellant 
engines  that  would  be  used  with  the  M-l? 

Mr.  Holmes.  The  time  scale  indicated  to  us  is  shorter  than  the 
time  scale  for  having  a flight-ready  M-l  engine. 

Mr.  Gurnet.  That  is  all. 

Mr.  Teague.  Mr.  Daddario. 

Mr.  Daddario.  Mr.  Holmes,  both  you  and  Dr.  Shea  have  indicated 
that  one  reason  we  should  continue  with  the  development  of  the  M-l 
engine  is  to  widen  our  knowledge  and  develop  a capability  in  this 
area  for  the  future,  is  that  correct?  Even  though  we  don't  have  a 
mission  for  the  M-l  engine? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  And  yet,  as  I follow  your  arguments,  we  now  have 
a different  M-l  engine  concept  than  we  had  in  the  first  instance,  is 
that  correct? 

Mr.  Holmes.  I think  it  is  a matter  of  degree.  It  is  a matter  that 
net  having  to  rush  it,  we  are  upgrading  it  and  treating  it  in  a more 
advanced  fashion  than  we  would  have  otherwise. 

Mr.  Daddario.  If  this  is  the  case  and  if  the  M-l  engine  program 
continues  to  be  put  off  for  a bit,  and  if  a nominal  amount  of  money  is 

S*  ren  so  that  the  door  can  be  kept  open,  it  is  conceivable  that  you  will 
ange  its  design  in  the  future  so  that  you  will  have  then  a better 
engine  than  is  now  conceived?  You  have  admitted  that  the  present 
M-l  engine  is  better  than  the  first  one  which  you  brought  before  this 
committee. 

Mr.  Holmes.  Yes,  sir;  I believe  that  is  correct.  I think  we  must 
say  with  honesty  that  it  is  a matter  of  judgment  as  to  the  proper 
spending  rate  for  such  developments  when  you  don’t  have  a definite 
goal  to  meet.  This  is  our  best  judgment. 

Mr.  Daddario.  So  somewhere  within  the  broad  concept  of  the 
whole  space  program,  knowledge  is  constantly  being  generated  which 
can  be  used  to  advantage,  and  this  has  been  demonstrated  in  the 
change  of  design  of  the  M-l.  Furthermore,  it  is  conceivable  that  the 
design  will  continue  to  change  in  the  future  providing  this  knowledge 
keeps  being  reflected  and  generated  in  this  direction. 

Mr.  Holmes.  Yes,  sir. 


Mr.  Fulton  of  Pennsylvania.  This  looks  to  me  as  if  the  M-l  engine 
has  become  an  orphan.  * It  was  first  presented  as  a part  of  the  Nova 
program,  and  when  this  committee  knocked  out  the  Nova  vehicle, 
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the  M-l  became  an  orphan  because  the  mission  went  out,  isn’t  that 
right? 

Mr.  Holmes.  I don’t  consider  it  an  orphan,  no. 

Mr.  Fulton  of  Pennsylvania.  At  least  the  mission  went  out.  It 
isn't  that  you  didn’t  have  a mission,  because  with  the  M-l  engine 
you  did  originally  have  the  Nova  mission. 

Mr.  Holmes.  That  is  correct. 

Mr.  Fulton  of  Pennsylvania.  And  now  you  don’t  have  a mission 
because  NASA  doesn’t  think  the  Nova  is  a correct  Mporoach. 

Mr.  Holmes.  Well,  1 don’t  think  you  really  mer*nt  that  last  state- 
ment. The  Nova  as  we  think  of  it  today,  of  being  an  advanced 
vehicle  rather  than  a vehicle  using  the  old  state  of  the  art,  we  think 
that  is  a correct  approach. 

Mr.  Fulton  of  Pennsylvania.  Much  later  in  time. 

Mr.  Holmes.  Yes. 

Mr.  Fulton  of  Pennsylvania.  This  committee  must  present  a tight 
budget  to  the  Congress  this  year.  If  there  must  be  some  cut  in  the 
budget,  when  you  look  your  various  programs  over  that  have  specific 
missions  in  manned  space  flight,  which  would  you  rather  cut — the 
ones  with  the  cpecific  missions  or  the  ones  with  no  mission?  I think 
you  should  put  them  in  order  of  priority  for  us. 

Mr.  Teague.  If  J might  have  one  final  comment 

Mr.  Holmes.  I wish  you  would. 

Mr.  Teague.  I think  everyone  agrees  that  there  was  a period  of 
time  when  the  Soviets  were  considered  to  be  ahead  of  us  in  the  space 
race.  Would  you  agree  that  the  reason  the  Soviets  were  ahead  of  us 
was  because  we  only  built  engines  for  which  we  had  a known  mission? 
If  we  had  gone  ahead  and  built  a big  engine  even  though  at  that 
moment  we  didn’t  see  a mission  for  it,  the  Russians  wouldn’t  have 
been  ahead  of  us? 

Mr.  Holmes.  I completely  agree.  I think  the  philosophy  of  “don’t 
build  any  equipment  unless  you  have  a special  mission”  is  a di&istrous 
one  and  has  gotten  us  in  trouble  in  the  past. 

Mr.  Teague.  Isn’t  the  M-l  engine  just  one  step  up? 

Mr.  Holmes.  In  our  opinion  it  is,  and  in  our  opinion  it*  is  the 
proper  level  of  funding. 

Mr.  Teague.  You  do  not  do  yourselves  credit,  I don’t  think,  by  not 
saying  you  are  going  to  use  the  M-l  engine  to  launch  heavy  space 
laboratories  into  orbit.  There  really  is  a mission,  if  you  will  admit  it. 
T may  not  have  it  defined,  and  the  vehicle  hasn’t  been  built,  but 

;u  do  nave  a mission  for  it. 

Mr.  Fulton  of  Pennsylvania.  But  that  isn’t  quite  the  problem. 

Mr.  Teague.  Let  him  answer  that. 

Mr.  Holmes.  Yes,  sir*  we  have  a mission  for  it 

Mr.  Teague.  Then  why  do  you  say  there  isn’t  any  mission  for  it? 

Mr.  Holmes.  I thought  I said  the  mission  is  to  go  into  space  to 
the  planets,  to  put  heavier  masses 

Mr.  Teague.  And  the  M-l  is  one  step  up. 

Mr.  Holmes.  One  step  up,  supported  by  our  solid  development 


program  that  exists  today;  y<«,  sir. 

Mr  E 

to  the  past,  andj  think  it  applied  at  that  time  verywej 


bub  MMiay:  sir. 

Gurnet.  This  is  what  I was  trying  to  get. 

Mr.  Daddario.  Mr.  Holmes,  the  chairman  nas  drawn  an 
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million-and-a-half-pound-thrust  engine  program,  and  he  was  told  it 
was  unnecessary.  But  as  of  the  moment,  this  is  not  an  alternative 
to  just  one  other  engine.  We  have  other  programs  being  developed 
in  the  solid  propellant  area.  We  have  nuclear  pr«>grams.  If  we  were 
to  eliminate  the  M-l  engine,  that  would  not  leave  us  without  an 
alternate  large  thrust  possibility  for  the  future  in  many  other  ways. 
If  the  M-l  engine  were  to  be  eliminated,  it  would  not  mean  that  we 
do  not  have  programs  which  aren’t  an  advance  of  the  Saturn-type 
vehicle. 

Mr.  Holmes.  We  would  not  have  a high-energy  engine  for  second 
stage  use,  with  much  lower  energy  solids  for  first  stage  use.  Where 
the  thrust  per  pound  per  second  is  much  lower  they  are  suitable  for 
the  launch  or  first  stage,  but  not  for  the  upper  stages,  unless  me  just 
wants  to  build  a giant  vehicle,  all  solid,  like  50  million  pounds  of 
thrust.  I don’t  think  there  is  any  question  but  what  the  M-l  fits 
that  pattern  of  the  other  things  we  are  developing.  The  question 
only  involves  how  much  money  this  Nation  should  be  committing  to 
these  things  that  are  not  in  the  specific  program. 

Mr.  Daddario.  Let’s  say  we  have  a nuclear  capacity  by  the  early 
1970’s.  Would  you  use  a nuclear  rocket  engine  in  the  upper  stages 
or  would  you  use  the  M-l  engine? 

Mr.  Holmes.  Our  present  thought,  I believe,  is  that  the  nuclear 
stage  in  that  time  will  be  used  primarily  for  the  escape  stage.  And 
you  would  need  the  M-l  to  accelerate  it  as  a second  stage. 

Mr.  Fulton  of  Pennsylvania.  The  same  problem  came  up  on  the 
development  of  the  Nova  program  of  whether  at  this  point  in  time 
you  were  going  to  just  have  a bigger  and  better  Saturn, , or  whether 
you  would  p>  into  the  next  generation  of  vehicles.  I think  that  our 
concern  is  that  this  just  looks  like  a bigger  or  better  J-2  in  this  current 
generation  of  hydrogen  fueled  engines. 

Now,  there  is  a problem  as  to  alternatives.  Mr.  Daddario  has  ade- 
quately pointed  out  the  nuclear  competition,  and  we  have  had  testi- 
mony on  the  solid  fuel  competition  in  the  same  specific  impulse  and 
size.  Likewise,  we  have  the  competition  in  chemical  fuel  field,  as  I 
keep  repeating,  by  employing  high-energy  fuels.  I feel  that  rather 
than  go  into  expensive  engine  development,  probably  the  change  of 
direction  should  be  in  the  research  and  technical  development,  fuel 
development.  No  one  is  opposing  bigger  vehicles,  because  as  you 
know  on  this  committee  we  have  been  the  biggest  pushers  for  a bigger 
push — in  fact,  we  are  called  the  big  push  committee. 

Mr.  Holmes.  That  makes  you  the  big  pushers  for  more  push. 

Mr.  Fulton  of  Pennsylvania.  But  that  isn’t  the  point.  We  want 
the  most  efficient  research  and  development  without  going  into  a 
quarter  of  a billion  dollars’  worth  of  engine  development  when  there 
are  competing  systems  that  might  be  done  cheaper.  I think  you  must 
keep  an  open  mind,  don’t  you  agree? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  This  committee  will  adjourn  until  tomorrow  morn- 
ing at  10  o’clock  in  this  same  room. 

(Whereupon,  at  12:15  p.m.,  the  committee  adjourned  until  10  a.m., 
Thursday,  May  2,  1963.) 
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THUB8DAY,  KAY  3,  1068 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  recess,  in  room  356,  Old  House 
Office  Building,  at  10  a.m.,  Hon.  Emilio  Q.  Daddario  presiding. 

Mr.  Daddario.  The  meeting  will  come  to  order. 

We  will  attempt  to  finish  tne  construction-of-facilities  portion  of 
these  hearings  today  and  tomorrow.  As  a result,  if  there  are  areas 
within  which  we  have  been  unable  to  come  to  a final  determination, 
our  staff  and  yours  will  work  together  and  supply  the  additional  in- 
formation for  the  record.  We  can  take  that  into  consideration  as  we 
go  along,  and  any  place  where  you  think  it  might  be  better  and  more 
efficient  to  supply  the  information  in  that  way,  will  you  please  so 
indicate? 

Mr.  Holmes.  Yes.  sir;  we  certainly  will.  Thank  you. 

(An  additional  2 days  of  testimony  was  taken  informally  by  the 
committee  staff  on  June  6 and  7,  1963.  The  transcript  of  this  testi- 
mony is  contained  in  app.  B.) 

STATEMENT  OF  D.  BBAINEBD  HOLMES,  DEPUTY  ASSOCIATE 
ADMINISTRATOR  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 
FLIGHT,  NASA ; ACCOMPANIED  BY  WILLIAM  E.  TILLY,  DIRECTOR, 
PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT;  GEORGE 
M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS);  RODOLFO  A.  DIAZ, 
ASSISTANT  DIRECTOR  FOR  FACILITIES,  OFFICE  OF  PROGRAM 
REVIEW  AND  RESOURCES  MANAGEMENT ; STANLEY  M.  SMOLEN- 
SKY, DEPUTY  DIRECTOR  OF  LAUNCH  VEHICLES  AND  PRO- 
PULSION 

Mr.  Daddario.  If  we  could  proceed  then,  with  the  launch  systems, 
Marshall  Space  Flight  Center,  page  CF-9,  volume  IV,  part  2. 

Mr.  Holmes.  I have  asked  Mr.  Stanley  Smolensky  to  describe  for 
the  subcommittee  our  request  for  funds  for  the  Marshall  Space  Flight 
Center  1964  construction-of-facilities  program. 

Mr.  Smolessky.  Starting  on  page  ( 'F-9,  our  total  request  for 
Marshall  Space  Flight  Center  in  the  fiscal  year  1964  budget  is  for  16 
projects  that  generally  haye  to  do  with  the  expansion  and  addition  to 
the  facilities  there  to  match  our  increasing  tempo  of  testing  for  the 
Saturn  V and  the  Saturn  program  in  general.  The  total  amount  is 
$38,469,000. 
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The  firetproject  listed  there  is  the  acceleration  test  and  calibration 
facility.  We  are  requesting  11,700,000.  This  is  on  page  CF-9-2. 
This  facility  is  primarily  an  expansion  of  the  present  laboratory  facili- 
ties to  meet  requirements  in  the  Saturn  V guidance  and  control  test- 
ing program  for  a total  of  $1,700,000. 

Colonel  Gould.  The  project  description  indicates  that  this  facility 
will  provide  a capability  for  determining  the  influence  of  zero  gravity 
high-level  sound  pressure  vibration  and  extremes  in  temperature  and 
vacuum  conditions.  What  facilities  are  being  used  to  meet  this  need 
at  the  present  time? 

Mr.  Smolensky.  The  temperature  and  vacuum  chambers  are  exist- 
ing facilities  in  other  buildings  in  the  Center  and  they  will  be  moved 
into  this  facility. 

As  far  as  the  linear  acceleration  tower  is  concerned,  this  is  a unique 
and  new  facility  and  this  is  a pneumatic-operated  tower  that  has  in  it 
a cage  that  permits  us  to  develop  zero  gravity  conditions  over  what  is 
now  considered  a rather  prolonged  time,  about  4 seconds,  and  it  permits 
us  to  repeat  these  operations  and  accumulate  zero  gravity  environ- 
ment data. 

Colonel  Gould.  Has  design  been  started  on  this  project  yet? 

Mr.  Lilly.  Design  has  not  been  started. 

Colonel  Gould.  Do  you  plan  to  start  before  the  fiscal  year  1964 
program  is  acted  upon? 

Mr.  Lilly.  We  are,  as  you  know,  very  short.  We  have  already 
exceeded  our  available  funds  in  advance  design  and  planning.  We  are 
making  every  attempt  to  find  ways  we  can  either  borrow  or  reprogram 
money  to  start  design.  However,  we  have  not  started  design  for 
this  project  yet. 

Mr.  Smolensky.  The  next  project 

Mr.  Daddario.  We  would  like  to  inquire  just  a bit  further. 

Colonel  Gould.  What  will  be  done  with  the  space  that  is  going  to 
be  vacated  as  a result  of  this  project? 

Mr.  Smolensky.  I can’t  enumerate  the  uses  of  it,  but  it  is  in  labora- 
tories that  have  to  be  expanded.  We  could  supply  that  for  the  record 
as  to  which  laboratories  will  be  vacated. 

(The  information  requested  is  as  follows:) 

The  space  will  not  actually  be  vacated,  but  will  be  utilized  as  follows: 

At  present  our  environmental  testing,  hydraulic  engine  actuator  activities,  and 
flight  simulation  activities  occupy  adjacent  areas.  The  Saturn  V hydraulic 
actuator,  associated  hydraulic  pump,  control  equipment,  and  flight  simulation 
equipment  will  increase  drastically  in  physical  size  over  the  present  Saturn  I equip- 
ment. This  increase  in  hardware  size  will  require  physical  expansion  of  the  hy- 
draulic activities  simply  in  order  to  accommodate  the  larger  hardware  to  the  extent 
that  all  of  the  present  environmental  testing  area  is  required  for  this  purpose. 

Colonel  Gould.  You  have  indicated  that  you  are  going  to  move 
from  one  place  to  the  other.  Do  you  have  all  the  equipment  necessary 
for  this  facility? 

Mr.  Smolensky.  The  equipment  we  are  talking  about  is  currently 
Available.  The  rest  of  the  environmental  equipment  that  is  listed  in 
here  and  the  temperature  conditioning  chambers  and  vacuum  cham- 
bers are  currently  available  on  the  Center. 

Mr.  Gurney.  Will  this  facility  be  used  for  other  experiments  be- 
yond the  ones  presently  being  planned? 

Mr.  Smolensky.  Particularly  in  the  zero  gravity  facility  that  we 
are  providing  here  we  have  an  opportunity  to  subject  other  compo- 
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nents.  It  will  take,  I have  forgotten  the  volume,  but  it  will  take  a 
weight  of  around  350  pounds  and  be  able  to  subject  it  to  zero  gravity 
conditions.  If  there  was  a need  for  other  components  being  subjected 
to  these  conditions,  it  certainly  could  be  used  for  that.  In  addition, 
it  can  supply  a vacuum  bell  jar  over  the  cage  and  also  permit  the  items 
to  be  checked  out  under  vacuum  and  zero  gravity  conditions. 

Mr.  Roudebush.  Where  are  your  acceleration  and  calibration  tests 
being  conducted  at  the  present  time,  and  why  aren’t  your  current 
facilities  and  equipment  satisfactory  for  future  needs? 

Mr.  Smolensky.  The  current  equipment  that  we  have  is  strictly 
for  the  Saturn  I program  or  the  Saturn  IB  program,  and  the  require- 
ments for  the  Saturn  V are  much  more  precise.  I mean  the  navigation 
equipment  and  the  control  equipment  requires  a greater  degree  of 
precision  than  we  can  possibly  check  with  the  present  equipment. 

Mr.  Roudebush.  Wnen  will  the  type  of  equipment  tnat  you  will 
use  here  be  available  to  NASA? 

Mr.  Lilly.  For  this  facility  it  is  planned  to  be  available  in  Novem- 
ber and  December  1964. 

Mr.  Roudebush.  Will  you  need  it  at  that  time? 

Mr.  Smolensky.  Yes. 

Mr.  Daddario.  Are  there  any  other  linear  accelerators  in  existence 
throughout  the  country  at  the  moment? 

Mr.  Smolensky.  I am  sure  there  are.  There  are  all  types,  but  to 
our  knowledge  there  isn’t  any  that  provides  this  r.ero  gravity  condi- 
tion. We  also  have  a vibration-free  condition  here  that  to  our 
knowledge  isn't  provided  on  any  of  the  sleds  at  Any  of  the  existing 
facilities. 

Mr.  Daddario.  There  is  a linear  accelerator  at  Wright-Patterson. 
Could  you  compare  that  accelerator  with  this  one  and  give  us  the 
differences  between  the  two,  and  why  it  is  not  sufficient  to  do  this 
kind  of  work?  The  explanation  in  the  book  is  not  a very  lengthy 
one,  and  it  compels  me  to  ask  for  that  so  we  can  show  for  tne  record 
how  they  do  in  .act  differ. 

Mr.  Smolensky.  My  understanding  is  that  it  provides  vibrations 
to  the  system,  but  we  will  supply  that  for  the  record. 

Mr.  Holmes.  I think  we  should  supply  the  details  of  a comparison 
for  the  record.  I would  like  to  say  that  a facility  of  this  type  located 
in  Dayton  wouldn’t  satisfy  the  requirement  that  Marshall  has  for 
development  and  testing  of  these  new  designs  for  the  Saturn  V on  site. 
I think  they  just  must  have  facilities  for  testing  of  this  nature  right 
at  hand  as  a part  of  the  laboratory.  I think  this  has  been  precisely 
the  Air  Force’s  experience  in  locating  facilities  of  their  own  at  Wright- 
Patterson  or  other  geographic  locations. 

(The  information  requested  is  as  follows:) 

The  linear  accelerator  (SulinacJ  is  a cyclic,  pneumatic  device  which  allows  the 
testing  of  inertia-sensitive  equipment  like  guidance  and  control  systems,  sub- 
systems, and  components  for  launch  vehicles  and  spacecraft,  etc. 

By  means  of  this  vertical  linear  accelerator  it  is  possible  to  subject  test  speci- 
mens to  a great  variety  of  acceleration  and  deceleration  conditions.  There  does 
not  exist  in  this  country  a device  which  allows  the  application  of  the  following 
acceleration  profiles: 

Subjecting  the  components  in  cyclic  operation  to  smoothly  built-up  acceleration 
peaks  up  to  100  g.’s.  The  cyclic  operation  for  certain  test  specimens,  such  as 
gyros,  and  accelerometers  is  of  great  importance  for  investigations  where  the 
detrimental  effect  of  one  acceleration  application  would  not  be  ^“♦“otable. 
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Therefore,  the  integration  of  these  minute  deviations  is  essential  for  the  evaluation 
of  the  test. 

A capability  of  great  necessity  of  this  vertical  linear  accelerator  is  the  extremely 
close  approximation  of  sero-gravity  condition.  Out  of  the  multitude  of  possible 
tests  the  following  two  are  given:  Behavior  of  a gyro  under  sero-gravity  condi- 
tions, and  the  study  of  liquids  in  containers  at  the  absence  of  the  influence  of 
,Tavity.  The  sero-gravity  environment  is  produced  during  4 seconds  per  cycle  by 
continuously  controlled  compensation  of  air  drag,  cable  drag,  and  rail  friction. 
This  compensation  is  accomplished  by  means  of  a linear  induction  motor  attached 
to  the  test  specimen  carrier.  Control  of  this  condition  will  be  maintained  by  a 
closed  loop  servosystem  employing  an  accuracy  to  verify  sero-gravity  condition 
to  0.002  to  0.004  g. 

Typical  data  for  the  linear  accelerator: 

(a)  Payload  weight  for  test  specimen : up  to  350  pounds. 

lb)  Usable  cylindrical  space  in  carrier:  35-inch  diameter,  44-inch  height. 

(e)  Continuous  monitoring  of  the  test  specimen  during  operation  of  the 
simulator. 

(d)  Observation  of  sero-gravity  tests  by  TV. 

(«)  Repeatability  of  preset  exact  acceleration  characteristics.  Avoidance  of 
disturbing  vibrat'ons  in  particular  lateral  vibrations  so  frequently  prevailing 
during  sled  tests. 

(/)  Extremely  low  cost  of  testing  even  if  the  number  of  tests  is  considerable. 

lg)  Test  in  vacuum  (bell  jar)  during  subjecting  the  payload  to  acceleration  or 
sero-gravity  condition. 

(h)  Controlled  environment  for  test  specimen. 

The  proposed  MSFC  project  will  meet  these  requirements  and  the  Wright- 
Patterson  facility  is  not  suitable  for  NASA  use  for  two  basic  reasons:  (1)  it  is 
insufficient  to  perform,  for  example,  the  most  accurate  testing  required  for  inertiAl 
measuring  units  (gyro  platforms)  and  (2)  it  docs  not  provide  for  accurate  simula- 
tion of  zero  gravity.  Also,  it  is  primarily  biophysical  and  not  applicable  to 
launch  vehicle  instrumentation. 

A comparison  of  this  total  facility  with  similar  existing  facilities  is  shown  on  the 
follow  ing  chart: 

Facility  comparison 


Locution 

Zero  gravity 
capability 

Linear  accelerate* 

Acouatlc  facility 

- . 

Centrifuge 

Proposed  isfSFC 

Available  with 
this  pro)ect. 

(») 

Basic  engineer- 
ing tool  and 

Basic  engineer- 
ing tool.* 

Wright -Patterson 

Not  available... 

(*) 

economic  ad- 
vantage. 
Available  at 

Available  not 

Holloman 

do 

Sled  trot  only.*.. 
Not  available 

higher  cost. 
Not  applicable.. 

Available  and 

applicable.* 
Available  not 

Wyle  ...  . 

do 

applicable. 
Not  available. 

Available  not 

Other  Government  facilities 

• •••  •••••• 

Sled  tests  bio- 

now  being 
used. 

Not  applicable.. 

and  contractors. 

physical  at 
Ames.* 

applicable. 

> Available  with  thle  project.  Insignificant  lateral  acceleration  and  vibration.  Will  develop  pure  linear 
acceleration  which  U closely  controlled.  Gyrosystems  can  be  accurately  alined  and  thla  allnement  can  be 
controlled  and  monitored  during  and  at  completion  of  testa. 

* Biophysical — not  applicable  to  launch  vehicle  instrumentation. 

* Not  pure  linear  acceleration — disturbing  lateral  accelerations  end  vibrations.  Cannot  compere  g'.lne- 
ments  of  jryroaystem  before  and  after  test.  Poes  not  permit  integration  of  results. 

* Used  In  one  form  or  another  by  Industry  and  moat  Government  Installations. 

* Available— not  applicable.  Indicates  there  Is  no  constant  atirautb  drive  and  would  require  modifications 
t hat  would  restrict  other  work  normally  done  on  these  facilities. 

Mr.  Daddahio.  Because  the  question  of  better  use  of  facilities 
does  come  up  so  often,  it  would  seem  important  in  this  particular 
case  to  make  the  most  satisfactory  explanation  possible  so  that  we 
may  be  advised  as  to  the  need  of  the  accelerator  at  Marshall.  We 
might  have  some  concern,  Mr.  Holmes,  as  we  go  along,  not  only  in 
this  facility  but  in  others,  and  in  this  we  get  back  to  the  point  we  have 
touched  on  time  and  time  again:  As  we  build  newer  and  better  fa- 
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cilities  of  this  type,  what  are  the  opportunities  available  to  phase 
out  other  facilities  which  have  been  built  in  years  past  and  which 
might  be  replaced  by  the  newer  ones?  This  would  save  money  not 
only  on  the  maintenance  of  those  facilities  but  also  on  personnel 
costs.  In  addition,  it  would  allow  for  the  transfer  of  those  personnel 
which  have  been  trained  in  the  use  of  accelerators  of  this  kind  to  the 
newer  f acilities  which  are  being  constructed. 

Mr.  Holmes.  Yes,  I think  you  make  a very  good  point,  and  we 
certainly  can  cover  these  points  in  each  case  where  there  appears  to 
be  a question  of  that  type  in  our  request  for  facilities. 

Mr.  Daddario.  It  might  be  helpful. 

Colonel  Oould.  Your  justification  indicates  that  this  facility  will 
house  an  acoustic  chamber  for  determining  sound  pressure  wave 
effects  on  small  vehicle  components.  During  a recent  visit,  I noticed 
that  the  Wyle  Laboratory  nas  one  of  these  facilities  at  Huntsville. 
Why  couldn’t  this  work  be  done  by  contract  rather  than  by  an  in-house 
capability. 

Mr.  iSmolensky.  I don’t  have  the  answer  on  the  Wyle  Laboratory 
acoustical  test  equipment.  The  test  schedule  and  the  requirements 
we  have  for  correlating  ail  of  the  instrumentation  involved  in  test- 
ing the  precise  navigational  instrument  dictates  that  we  have  an  inte- 
grated testing  facility  wherein  we  can  calibrate  both  the  test  equip- 
ment and  the  actual  measuring  equipment  which  we  are  using  to 
evaluate  the  navigational  equipment. 

Mr.  Holmes.  I think  we  would  have  to  look  at  the  characteristics 
of  !’ie  Wyle  Laboratory  and  its  present  workload  before  we  can 
answer  that.  I think  we  can  do  that  for  the  record. 

(The  information  requested  is  as  follows :) 

Marshall  is  using  the  Wyle  facility  now  and  plans,  because  of  the  workload, 
to  continue  using  the  facility  at  least  as  much,  if  not  more,  in  the  future.  How- 
ever, this  does  not  alter  the  fact  that  it  is  essential  to  have  this  capability  in-house. 
It  is  a matter  of  the  need  for  the  in-house  capability  rather  than  a difference  in 
technical  requirements  that  calls  the  need  for  an  acoustic  chamber  at  Marshall. 
This  function  Ls  only  one  of  an  integrated  facility  in  which  guidanoe  equipment 
must  be  tested.  An  instrumented  package  can  be  subjected  to  xero-gruvity 
environment  temperatures,  high  accelerations,  and  acoustic  vibrations  with 
recording  equipment  that  will  give  comparative  data.  This  is  not  true  if  one 
portion  of  the  testing  is  done  elsewhere  on  other  instrumentation. 

Mr.  Daddario.  The  same  comparison  applies  to  this  acoustic 
chamber.  To  my  recollection  there  is  an  acoustic  chamber  at  Wright- 
Patteison  which  nas  been  recently  constructed  and  which  seems  to  be 
y well-planned  facility.  If  we  could  get  that  into  the  record  and  draw 
a comparison,  it  would  be  very  helpful. 

Mr.  Holmes.  Yes,  sir;  we  will  be  glad  to  do  that. 

(The  information  requested  is  as  follows:) 

It  is  possible  that  some  of  the  Marshall  acoustic  work  could  be  scheduled  to 
Wright- Patterson  facility. 

If  the  test  were  to  be  performed  at  Wright-Patterson’s  acoustic  facility  it 
would  require  the  test  equipment  to  be  available  for  the  preparation  and  duration 
of  the  test.  This  would  mean  that  an  extra  set  of  duplicate  operational  test 
equipment  would  be  required.  At  MSFC,  the  testing  could  be  performed  using 
an  existing  laboratory  set  of  test  equipment  which  could  be  switched  in  for  this 
purpose.  This  would  result  in  eliminating  the  need  for  a duplicate  set  of  teat 
equipment. 

It  is  a matter  of  need  for  an  in-houae  capability  and  operational  economy, 
rather  than  a difference  in  technical  requirements  that  dictates  this  facility 
should  be  st  Marshall. 
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The  equipment  and  the  instrumentation  hero  will  also  be  subjected  to  other 
types  of  testing  not  available  at  Wright- Patterson  such  as  the  aero-gravity 
test,  eto.  This  is  a facility  at  MSFC  that  integrates  several  types  of  testing 
into  one  facility  using  the  same  instrumentation  for  more  than  one  type  test 
and  makes  data  comparative. 

Mr.  Daddario.  Any  other  questions,  gentlemen? 

(No  response.) 

Mr.  Smolensky.  The  next  project  is  for  the  acoustical  model  test 
facility.  We  are  requesting;  $2  million.  Tb;>  facility  is  to  provide 
facilities  for  determining  the  acoustical  environment  generated  by 
hot  firings  of  scale  model  engines.  That  is  on  page  CF  6-6.  Primarily 
here  the  problem  is  to  prepare  ourselves  to  be  in  a position  to  test 
various  configurations  of  both  the  launch  vehicle  under  actual  hot 
firing  conditions  so  that  we  can  investigate  the  lift-off  problems  and 
the  acoustic  problems  that  might  cause  any  vibrations  in  the  structure. 
This  is  a very  critical  facility  to  us  in  the  event  we  run  into  any 
evaluations  of  proposed  changes  in  our  present  and  future  designs  of 
launch  vehicle  structures. 

Colonel  Gould.  The  construction  of  the  acoustic  building  is  esti- 
mated at  $33  per  square  foot.  Could  you  give  us  the  structural 
characteristics  of  this  building  causing  the  cost  to  be  so  high? 

Mr.  Diaz.  The  construction  is  of  reinforc  od  concrete,  blast  resistant 
structure,  with  approximately  18-inch  wails.  The  cost  is  based  on 
similar  facilities.  One  similar  to  this  just  went  out  for  $35  a square 
foot. 

Colonel  Gould.  Have  you  committed  any  advance  design  funds 
to  this  project? 

Mr.  Lilly.  No,  we  have  not. 

Colonel  Gould.  Do  you  intend  to  prior  to  the  fiscal  year  1964 
program 

Mr.  Lilly.  The  same  answer  that  I gave  a moment  ago  applies 
in  this  case,  too.  I have  not  identified  any  money  yet  for  the 
Marshall  facilities,  although  I am  attempting  to  get  some. 

Colonel  Gould.  This  project  and  the  one  preceding  both  have  to 
do  with]  acoustical  testing.  Has  any  thought  been  given  to  the  com- 
bination of  these  two  projects  into  one  facility? 

Mr.  Smolensky.  There  has  been,  but  you  are  talking  of  entirely 
different  items  that  are  being  tested.  In  the  case  of  tne  guidance 
and  control  equipment  you  are  talking  about  very  delicate  ana  precise 
instrumentation  and  systems  that  have  to  be  subjected  under  very 
precise  measurements.  In  the  case  of  this  hot  firing  of  scale  models, 
we  are  talking  about  acoustic  instrumentation  and  effects  as  they  are 
in  the  outside,  in  the  surrounding  area  to  the  test  stand.  We  do 
need  the  instrumentation  in  both  places.  I think  you  also  have  to 
consider  the  test  facilities  at  both  places. 

Mr.  Low.  Actually,  the  two  facilities  complement  each  other.  The 
second  facility  measures  the  noise  field  that  exists.  The  first  facility 
described  applies  noise  fields  like  this  once  they  have  been  identified 
to  see  what  the  effect  is  on  various  components  under  laboratory 
conditions. 

Mr.  Waggonner.  Primarily  we  are  talking  about  the  effect  of 
these  forces  on  the  space  vehicle  itself? 

Mr.  Low.  That  is  right. 

Mr.  Daddario.  Is  there  any  such  facility  now  in  existence  anywhere 
in  the  country? 
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Mr.  Diaz.  No,  sir. 

Mr.  Smolensky.  No,  sir. 

Mr.  Daddario.  This  is  an  entirely  new  and  unique  facility? 

Mr.  Diaz.  Yes,  sir. 

Mr.  Daddario.  Is  this  one  you  would  classify,  Mr.  Holmes,  as  a 
new  national  asset? 

Mr.  Holmes.  Yes,  sir.  I would  indeed.  One  of  our  grave  con- 
cerns is  the  structural  integrity  of  our  vehicles.  1 touched  on  this 
point  in  our  discussion  of  the  Gemini  spacecraft  and  the  Titan  II  for 
our  first  flight.  As  we  move  into  the  transonic  area,  we  encounter 
enormous  build-ups  of  noise  and  variations  in  pressure  of  plus  or 
minus  2 to  6 pounds  per  square  inch.  These  are  the  actual  figures 
that  the  MSC  people  report  that  we  might  have.  At  the  point  in  the 
Apollo  spacecraft  where  the  command  module  joins  the  service 
module,  this  type  of  vibration  with  the  frequencies  involved  at  the 
variations  in  acoustic  level,  can  in  a very  short  time  cause  fatigue  in 
the  parts  and  metal  and  tear  them  apart.  Many  vehicles  are  lost 
this  way.  I think  anything  we  can  do  to  £ain  knowledge  on  the 
ground  before  committing  these  expensive  vehicles  to  flight  test  would 
be  an  increase  in  our  Nation’s  capability  to  do  this  work. 

Mr.  Daddario.  It  is  a facility  which  can  be  used  by  other  agencies 
as  v eil  as  one  which  can  be  used  for  a long  period  of  time? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Low.  I believe  in  the  Mercury  program  we  had  four  flight  fail- 
ures, two  in  Little  Joe  and  two  in  Atlas.  Three  of  these  four  were 
caused  by  this  kind  of  a noise  and  vibration  problem.  At  that  time 
we  did  not  have  the  facilities  to  identify  this  on  the  ground. 

Mr.  Waggonner.  How  much  of  this  instrumentation  is  comparable 
to  that  used  during  actual  launches  at  the  Cape  so  that  it  will  give  us 
an  insight  into  the  effects  on  the  space  vehicle  and  its  components? 

Mr.  Smolensky.  The  instrumentation  under  this  project  is  the 
instrumentation  that  will  be  at  this  particular  stand.  It  will  be 
measuring  the  type  of  perimeters  that  we  would  encounter  in  any 
launch. 

Mr.  Waggonner.  Haven’t  wo  conducted  enough  actual  launches 
that  we  can  provide  the  instrumentation  at  these  stands? 

Mr.  Holmes.  No.  For  a new  vehicle  the  only  way  we  would  have, 
unless  we  simulate  on  the  ground  with  devices  of  this  type  would  be 
to  telemeter  back  or  observe  from  films. 


Mr.  Waggonner.  Then  you  think  that  to  provide  for  the  telemetry 
would  be  even  more  expensive  than  this? 

Mr.  Holmes.  We  would  lose  the  flight  article.  In  Project  Gemini, 
if  the  first  one  breaks  up,  the  schedule  is  affected  adversely  and  our 
costs  increase.  We  have  to  be  sure  we  have  designed  the  flight  article 
so  that  it  can  withstand  this  stress.  The  only  wav  we  have  found  to 
determine  its  integrity  prior  to  flight  is  by  means  of  ground  simulation 
facilities  of  this  type. 

Mr.  Smolensky.  This  instrumentation  is  for  the  research  and  de- 
velopment instrumentation  for  this  particular  model  test  facility. 

Mr.  Daddario.  Any  further  questions? 

(No  response.) 

Mr.  Daddario.  We  will  proceed. 

Mr.  Smolensky.  The  next  project  is  additions  to  the  components 
test  facilities.  We  are  requesting  $3,875,000.  The  purpose  of  this 
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facility  is  to  test  vehicle  and  propulsion  system  components.  Addi- 
tions are  required  to  conduct  full  scale  R.  & D.  tests  on  components 
and  subject  assemblies  to  support  the  Saturn  V program. 

Colonel  Gould.  I note  that  the  fiscal  year  1963  program  included 
a project  for  the  components  tost  facility  at  an  estimated  cost  of  $4 
million.  It  is  also  noted  that  $2  million  was  reprogramed  from  the 
fiscal  year  1962  authorization.  Does  this  constitute  an  addition  to 
those  facilities  that  were  previously  programed  in  fiscal  years  1962  and 
1963? 

Mr.  Smolensky.  Yes,  sir. 

Colonel  Gould.  Does  this  project  represent  the  final  increment  of 
this  test  facility? 

Mr.  Smolensky.  Yes,  sir;  for  the  Saturn  V program. 

Colonel  Gould.  Have  you  initiated  the  design  on  this  project? 

Mr.  Lilly.  No,  we  have  not  started  design  work  on  this  project 
yet.  ^ 

Colonel  Gould.  Do  you  intend  to,  prior  to  enactment  of  the  1964 
legislation? 

Mr.  Lilly.  If  we  can  possibly  find  the  money,  we  will. 

Mr.  Holmes.  Could  I comment  here?  Since  it  appears  to  be  of 
particular  interest  to  the  subcommittee  whether  or  not  we  have 
initiated  designs,  which  tends  to  imply  that  we  do  not  need  the 
design  and  engineering  money  that  we  have  requested,  I wOvJd  like  to 
repeat  what  I said  the  other  day  to  clarify  this  point.  We  are  under 

{iressure  from  the  Corps  of  Engineers,  to  provide  advance  design 
unds  in  much  greater  amounts  than  we  have  before  in  order  to  start 
construction  earlier.  The  Corps  of  Engineers  claims,  and  they  have 
shown  statistics  to  prove  it,  that  we  would  run  a much  more  efficient 
program  if  we  did  this.  We  don’t  have  these  funds.  We  are  tightly 
pressed  for  funds,  as  you  know,  for  fiscal  year  1963  just  to  meet  our 
program  obligations.  However,  if  advance  design  would  lead,  as  it 
appears  it  would,  to  a more  efficient  program,  we  can  reprogram  at 
certain  times  in  small  amounts,  on  the  basis  of  then  using  funds  in 
fiscal  year  1964  to  pay  back  the  borrowed  funds.  It  would  be 
unfortunate  for  us  to  lose  funds  requested  for  design  engineering  facil- 
ities in  fiscal  year  1964  because  we  reprogramed  funds  to  do  advance 
design  in  fiscal  year  1963.  If  this  were  necessary,  we  would  have  to 
take  a very  long  look  before  we  did  such  reprograming  and  chanced 
hurting  our  programs  in  the  future. 

Colonel  Gould.  Instead  of  building  into  your  individual  projects 
a reprograming  concept,  which  is  what  you  are  telling  us,  why  didn’t 
you  ask  for  additional  advance  design  funds  instead  of  only 
$10  million? 

Mr.  Holmes.  We  did  ask  for  $10  million.  It  was  reduced  to  $5 
million  bv  this  subcommittee. 

Colonel  Gould.  I am  speaking  of  the  fiscal  year  1964  program. 

Mr.  Holmes.  I was  referring  to  fiscal  1963. 

Colonel  Gould.  You  said  you  wanted  to  leave  these  advance  design 
funds  in  individual  projects  that  you  are  talking  about  so  you  could 
reprogram  them  later  on  for  further  advance  design  work. 

Mr.  Holmes.  I didn’t  intend  to  say  that.  What  I thought  I said 
was  that  we  were  in  some  cases  reprograming  from  our  fiscal  year 
1963  funds  in  order  to  cover  advance  design  on  these  fiscal  year  1964 
facilities.  In  doing  that,  I would  not  like  to  see  us  then  decrease  the 
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design  and  engineering  money  requested  in  the  fiscal  year  1 964  budget 
by  that  amount.  The  only  way  we  are  able  to  identify  advance 
design  funds  in  fiscal  year  1963  is  to  borrow  from  Peter  to  pay  Paul. 

Colonel  Gould.  If  you  have  already  committed  advance  design 
funds  for  a specific  project  in  which  design  funds  are  included  in  the 
fiscal  year  1964  program,  what  will  you  do  with  that  excess  money? 

Mr.  Holmes.  It  would  be  our  intent  to  restore  borrowed  funds. 
In  some  cases,  the  agency  may,  as  it  did  in  1963,  use  part  of  these 
funds  to  absorb  appropriation  reductions.  It  is  quite  obvious  from 
your  questions  on  each  one  of  these  items,  Colonel  Gould,  that  you 
believe  that  this  should  be  extra  money7  because  we  have  already 
accommodated  it  in  fiscal  1963.  The  only  way  we  could  accommodate 
it  was  by  reducing  funds  in  some  other  pari  of  the  program.  As  a 
result,  these  funds  should  be  restored. 

Mr.  Waguonner.  This  money  that  you  are  able  to  reprogram  on  a 
temporary7  basis  for  advance  design  is  actually  money  that  is  in  all 
probability,  or  at  least  in  most  of  the  cases,  available  because  of 
slippage  in  some  program  that  allows  you  to  use  that  money  a 
little  bit  longer? 

Mr.  Holmes.  There  might  be  various  reasons — it  could  be  because 
of  slippage,  because  we  did  not  have  to  obligate  the  fumls  quite  as 
soon  as  we  had  planned  to,  or  the  possibility  that  we  could  delay 
some  element  of  the  program  which  was  not  a “bottleneck”  item  a 
month  or  two.  If  the  absolute  necessity  arises,  one  has  to  balance 
these  program  elements  for  the  most  efficient  use  of  funds. 

Mr.  Gurney.  How  many  dollars  are  you  talking  about  in  the  money 
that  you  have  borrowed  from  fiscal  year  1963  for  advance  design 
funds  in  fiscal  year  1964? 

Mr.  Holmes.  About  $4  million.  I fight  every  day  to  ge*  $500,000 
or  a million  dollars  for  one  project  or  another.  The  situation  is  that 
tight,  it  spells  the  difference  between  keeping  the  job  on  schedule  or 
not  on  schedule. 

Mr.  Daddario.  You  have  some  way  or  other  always  found  the 
necessary  funds,  however,  for  advance  design,  have  you  not? 


Mr.  Low.  I think  Mr.  Lilly  pointed  out  a moment  ago  that  we 
have  not  yet  found  it  for  these  Marshall  facilities.  , 

Mr.  Daddario.  I don’t  think  he  pointed  out  to  my  way  of  thinking 
that  you  haven’t  bean  able  to  find  it.  He  indicated  that  you  were 


have  not  yet  found  it  for  these 


Mr.  Daddario.  I don’t  think  he  pointed  out  to  my  way  of  thinking 


looking  for  it  and  he  implied  that  you  would  find  it. 

Mr.  Lilly.  I am  certainly  going  to  try. 

Mr.  Daddario.  I think  that  is  a little  different.  The  committee 


understands  your  concern,  Mr.  Holmes,  and  I personally  agree  that 
this  is  a very  important  point  that  you  have  brought  up.  It  is  one 
that  we  should  address  ourselves  to,  and  I am  sure  the  committee 
will  give  considerable  thought  to  your  ability  to  plan  ahead  and  to 
get  advance  design  funds.  I quite  agree.  We  will  keep  this  in  mind 
as  we  go  along,  and  see  if  we  can  clarify  it. 

Mr.  Holmes.  Perhaps  I could  add  one  statement  to  make  my 
position  clearer.  A few  million  dollare  between  now  and  the  end  of 
this  fiscal  year  will  make  a groat  deal  of  difference  as  to  what  the  Air 
Force  can  do  in  their  problems  with  the  Titan  II.  I certainly  am  going 
to  see  to  it  that  the  Air  Force  gets  that  money  before  Mr.  Lilly  outs 
any  advance  design  money  into  these  facilities,  whether  it  delays  them 
or  not.  As  a program  manager,  I have  to  achieve  this  kind  of  balance. 
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These  relatively  small  amounts  at  the  end  of  the  fiscal  year  can  become 
quite  critical. 

Mr.  Daddario.  The  committee  recognizes  that.  Some  of  the 
questions  beintr  asked  of  you  are  those  which  we  are  asked  by  other 
Members  of  Congress.  It  is  better  to  adjust  our  thinking  on  these 
points  here  and  now  rather  than  possibly  being  unable  to  answer  their 
questions  when  the  legislation  goes  to  the  House  floor. 

Mr.  Smolensky.  The  next  project  is  on  page  CF  9-15,  it  is  entitled 
“Additions  to  the  test  support  shop.”  We  are  requesting  $1,500,000. 
This  facility  will  provide  tne  additional  support  to  the  west  test  area. 
As  we  increase  our  whole  testing  program  at  Marshall,  our  capability 
to  support  in  terms  of  maintenance  of  test  stands  and  changes  and 
machining  to  various  components  must  be  increased.  This  is  a general 
increase  in  test  support  shop  effort. 

Colonel  Gould.  What  is  the  size  of  the  existing  test  support  shop? 

Mr.  Smolensky.  The  existing  test  support  shop  consists  of  a total 
of  37,012  square  feet.  The  facilitv  consists  of  35,672  square  feet  of 
shop  space  and  1,340  square  feet  of  office  space. 

Colonel  Gould.  What  tests  are  required  on  the  Saturn  V that 
were  not  required  on  the  previous  launch  vehicles? 

Mr.  Holmes.  The  total  concept  of  Saturn  V,  if  I can  answer  the 
question,  is  almost  entirelv  different  from  the  test  concept  in  the  pre- 
vious launch  vehicles.  We  are  going  from  a manual,  analog  type  of 
test  on  the  Saturn  I in  steps  ana  stages  toward  a more  digitized  type 
of  test  in  the  Saturn  IB,  to  a fully  digitized  test  for  the  Saturn  V, 
where  we  will  be  able  to  do  a very  rapid  integrated  test  with  com- 
puters. This  means  incorporating  in  that  vehicle  sensing  devices  for 
measuring  temperature  pressure  and  so  forth  which  immediately 
change  a coded  message  into  digital  form.  The  total  test  concept 
for  the  Saturn  V is  tremendously  different.  I think  I should  answer, 
to  clarify  the  situation,  that  whether  those  differences  really  are  the 
reasons  for  the  additions  of  this  lest  support  building,  1 can’t  say. 
Someone  else  will  have  to  say.  The  approach  to  testing  is  just  vastly 
different. 

Mr.  Smolensky.  That  is  one  aspect  of  it.  Then  of  course  he 
tremendous  increase  in  components  themselves.  They  are  all  new 
components.  Each  one  has  to  be  tested  for  reliability,  for  perform- 
ance, performance  as  against  specs,  and  it  is  a general  increase  of  test 
body  that  we  have  at  tne  Marshall  Space  Flight  Center.  I think  you 
can  appreciate  the  fact  that  every  component  that  goes  into  the  Saturn 
V,  Marshall,  having  technical  management  of  it,  would  like  to  assure 
itself  through  exhaustive  tests  that  it  is  a well-qualified  and  reliable 
item.  These  are  the  sort,  of  tests  that  we  are  conducting  on  all  com- 
ponents furnished  by  the  various  vendois.  As  each  test  is  conducted, 
if  there  is  a change  indicated  or  something  goes  wrong,  or  the  test 
stands  need  modification,  this  is  the  type  oi  general  shop  support 
needed  in  any  test  area.  The  basis  for  this  is  based  on  previous  work- 
loads, and  it  is  an  extension  to  support  our  oncoming  test  period. 

Mr.  Fuqua.  You  have  an  item  of  $100,000  for  welding  equipment. 
Isn’t  that  an  awful  lot  of  welding  equipment? 

Mr.  Smolensky.  Surprisingly,  we  have  a great  deal  of  welding  to 
do  there.  These  test  stands  for  the  Saturn  V and  Saturn  I are  rather 
long,  and  things  happen  to  the  deflectors.  Really  you  are  talking 
about  armorplate  welding  in  many  instances.  There  is  an  awful  lot 
of  welding  that  has  to  be  done.  I would  not  consider  this  excessive. 


904  NAPA  AUTHORIZATION 


931 


Mr.  Holmes.  s tins  include  welding  for  flight  hardware? 

Mr.  Diaz.  No  support  the  existing  facilities,  the  facilities  that 
are  being  built. 

Mr.  Gurne\  . fc  t do  you  use  the  lathes  and  mills  for  in  testing? 

Mr.  Smolensk\  .1  any  of  the  instrumentation  or  any  of  the  fix- 
tures should  breal  uc-wn,  we  have  to  repair  them,  refurbish  them,  or 
if  there  is  any  hardware  that  is  used  that  might  be  broken,  we  have  to 
fix  it  and  repair  it  ou  the  spot,  or  if  there  is  a modification  that  we 
need  to  introduce  into  one  of  these  assemblies,  we  want  to  have  some 
close  support  facilities  that  we  can  use. 

Mr.  Daddario.  Don't  you  have  that  capability  now? 

Mr.  Smolensky.  We  have  a capability  that  is  currently  overloaded, 
sir. 

Mr.  Daddario.  Then  this  is  an  expansion  of  your  present  require- 
ment to  meet  the  future  enlargement  of  your  program? 

Mr.  Smolensky.  Yes,  sir. 

Mr.  Fuqua.  What  is  the  basic  design  of  this  building?  Is  it  just 
a hull  type  building? 

Mr.  Diaz.  There  are  three  high-bay  areas.  One  is  54  feet  high, 
the  second  one  is  35  and  the  third  one  is  25  feet  high,  sir. 

Mr.  Gurney.  What  are  you  currently  testing  m the  shop  which 
you  are  about  to  enlarge? 

Mr.  Smolensky.  This  supports  our  Saturn  I program. 

Mr.  Gurney.  How  long  will  that  be  going  on? 

Mr.  Smolensky.  That  will  be  going  on  for  the  next  several  years. 
It  will  be  a continuous  product  improvement  and  development  for 
the  Saturn  IV  program. 

Mr.  Gurney.  When  are  you  going  to  get  the  first  hardware? 

Mr.  Smolensky.  According  to  our  schedules,  we  feel  this  should  be 
operating  early  in  1964. 

Mr.  ( jURVey.  That  perhaps  answers  the  question  indirectly,  but 
what  I asked  was:  When  are  you  going  to  receive  your  first  hardware 
that  is  expected  to  be  tested  in  this  facility? 

Mr,  Smolensky.  I would  sav  the  latter  part  of  1963  some  of  the 
components  should  be  received,  and  some  of  the  actual  larger  com- 
ponents would  be  in  1964. 

Mr.  Gurney.  Won’t  there  be  any  phasing  out  of  the  Saturn 
program  which  is  presently  occupying  this  existing  building? 

Mr.  Smolensky.  Not  in  that  time  period,  sir. 

Mr.  Fuqtja.  Will  this  be  able  to  house  the  Saturn  V? 

Mr.  Smolensky.  This  reflects  the  buildup  in  Saturn  V.  We  are 
particularly  geared  to  the  S-IC  ground  test  program. 

Mr.  Fuqua.  We  won’t  have  to  build  a new  facility  for  the  Saturn  V? 

Mr.  Smolensky.  No,  sir.  This  is  in  anticipation  of  our  Saturn  V 


program. 

Mr.  Daddario.  Mr.  Holmes,  is  this  a facility  which  will  be  adapta- 
ble to  future  use? 

Mr.  Holmes.  It  is  really  a shop  facility;  it  will  be  adaptable  for 
any  use  for  doing  support  work  for  new  tests  stands  and  so  forth. 
It  will  be  extremely  flexible,  not  specialized  at  all. 

Mr.  Daddario.  No  matter  what  kind  of  a program  we  go  into  in 
the  future,  because  of  the  type  of  shop  it  is,  this  will  be  adaptable? 

Mr.  Holmes.  Yes,  it  will  nave  a general  application. 
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Mr.  Daddario.  We  can  expect  that  this  will  he  of  sufficient  size 
to  meet  the  demand  for  some  years  to  come,  is  that  right? 

Mr.  Holmes.  For  the  present  planning  at  Marshall,  yes,  sir. 

Mr.  Daddario.  Any  further  questions  on  this  point,  gentlemen? 

(No  response.) 

Mr.  Daddario.  If  not?  Mr.  Boll  has  a Question  on  the  acceleration 
teste  and  calibration  facility.  If  we  could  go  back  to  that,  you  may 
proceed,  Mr.  Bell. 

Mr.  Bell.  Mr.  Holmes,  I had  another  committee  meeting  earlier 
so  this  question  possibly  may  have  been  asked  of  you  before.  Con- 
cerning the  acceleration  test  and  calibration  facility  that  you  were 
talking  about,  I understand  that  the  Air  Force  has  at  Holloman  Air 
Force  Base,  N.  Mex.,  an  additional  35,000  test  track  capability  closely 
simulating  this  acceleration,  and  that  this  represents  an  investment  of 
$35  million  and  has  an  operating  staff  of  over  100  people  to  take  care 
of  the  workload.  Isn't  there  some  way  that  you  could  use  this  Air 
Force  capability  rather  than  duplicate  this  by  setting  up  one  of  your 
own? 

Mr.  Daddario.  Before  we  proceed  with  die  answer,  just  to  save 
time,  we  have  asked  for  comparisons  of  this  type  that  you  are  con- 
cerned about  which  will  be  included  in  the  record.  Would  you  like 
to  have  this  facility  also  included  for  the  record  rather  than  having 
it  answered  now? 

Mr.  Bell.  I would  like  to  have  that  included  for  the  record.  I 
have  some  others. 

(The  information  requested  is  as  follows :) 

The  proposed  MSFC  facility  does  rot  duplicate  the  Holloman  facility  which 
has  been  determined  to  be  unauitable  for  this  particular  NASA  application  for  the 
following  reasons: 

The  Holloman  track  is  the  best  in  the  country,  but  it  does  not  provide  simula- 
tion of  flight  conditions  required  for  lunar  missions.  The  shortcomings  for  this 
purpose  are- 

fa)  No  zero-g.  capability. 

(b)  Disturbing  lateral  accelerations  and  vibrations. 

(r)  The  difference  between  horizontal  and  vertical  accelerations  is  that  the 
horizontal  acceleration  is  always  influenced  by  gravity. 

(d)  The  linear  acceleration  levels  are  not  sufficiently  controlled. 

(e)  The  comparison  of  alinements  of  gyro  systems  before  and  after  sled 
tests  are  not  sufficient  for  our  accuracy  requirements. 

(f)  The  sled  test  does  not  permit  integration  of  results  as  on  our  requested 
cyclic  device. 

Mr.  Holmes.  I would  like  to  comment  on  that  one,  if  I may. 

Mr.  Daddario.  Certainly. 

Mr.  Holmes.  We  are  familiar  with  the  facility  at  Holloman.  In 
fact,  we  are  using  a Navy  system  for  sbd  testing  of  Gemini.  It  is 
not  a similar  facility  to  this  one.  This  is  a zero-gravity  drop  tower 
where  you  drop  something  down  with  linear  acceleration  in  a tower. 
They  are  not  comparable  facilities. 

Mr.  Lew.  At  Holloman  one  gets  high  gravities,  here  one  gets  zero 
gravity. 

Mr.  Bell.  What  was  that? 

Mr.  Holmes.  High  versus  zero  gravity. 

Mr.  Bell.  Do  you  have  occasion  to  use  that? 

Mr.  Low.  Yes,  *i & fact,  the  guidance  systems  for  the  Saturn 
are  being  tested  at  ti  iioman. 
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Mr.  Bell.  I thought  the  Air  Force  might  have  the  same  need  that 
you  have  for  the  high  gravity  as  well  aa  the  zero  gravity,  and  con- 
ceivably you  could  join  forces  in  this  area  and  combine  them. 

Might  it  not  be  cheaper  to  do  that  in  the  long  run? 

Mr.  Houcks.  I think  that  they  are  completely  different  facilities. 
One  is  a sled  that  slides  along  the  track;  the  other  is  a tower  from 
which  test  articles  are  dropped.  I am  sure  we  would  welcome  the 
Air  Force  to  make  tests  at  Marshall,  just  as  they  welcome  us. 

Mr.  Bell.  You  might  have  the  occasion  to  do  both. 

Mr.  Holmes.  Yes,  sir;  I understand. 

Mr.  Daddario.  This  follows  the  same  thing  that  we  were  discussing 
before. 

Mr  Holmes.  It  does,  Mr.  Chairman. 

Mr.  Bell.  I have  a couple  more. 

According  to  some  of  my  preliminary  inquiries  from  the  various 
Government  agencies,  I understand  there  are  other  departments  that 
have  antenna  research  facilities.  Have  you  looked  into  this? 

Mr.  Holmes.  Yes,  sir.  1 am  familiar  with  many  antenna  research 
facilities,  both  within  industry  and  within  the  other  Government 
agencies.  In  the  planning  for  our  particular  facilities,  which  are  not 
very  extensive  by  nationiu  standards,  we  have  fouud  no  duplication 
in  any  of  the  ones  we  have  reauested. 

Mr.  Bell.  There  are  none  tnat  you  can  use  in  any  way? 

Mr.  Holmes.  We  do  use  many  facilities,  if  they  meet  our  special 
needs. 

Mr.  Bell.  But  you  still  need  to  build 

Mr.  Holmes.  Facilities  of  our  own,  for  our  own  special  devices  to 
be  used  in  space;  yes,  sir. 

Mr.  Bell.  Is  that  because  these  don't  particularly  fit  your  require- 
ments. 

Mr.  Holmes.  I am  talking  in  generalities  now,  but  almost  always 
it  is  because  of  either  one  of  three  criteria:  because  the  other  facility 
doesn’t  fit  our  particular  technical  devices,  or  second,  because  the 
other  facility  is  so  overloaded  that  it  can’t  accommodate  it,  or  three, 
because  it  is  just  not  practical  from  a geographical  separation  to  use 
that  facility. 

I think  we  will  find  within  the  other  departments  this  very  same 
thing.  You  can  find  many  duplicate  facilities  in  the  Army  or  the 
Air  Force.  They  are  completely  justifiable  because  of  their  geo- 
graphical separation  or  because  of  tneir  workload. 

Mr.  Bell.  I notice  a provision  for  an  80,000-cubic-foot  test- 
chamber.  Don’t  you  have  something  like  that  at  the  Manned  Space- 
craft Center? 

Mr.  Holmes.  We  have  an  acoustic  test  facility;  yes.  However,  it 
is  a different  type  of  test  chamber.  The  one  that  we  are  requesting 
at  Marshall  is  to  deal  with  the  type  of  vibration  and  the  type  of  noise 
thut  one  gets  during  the  launch.  It  gets  so  high  that  it  could  break  a 
spacecraft  or  launch  vehicle  apart.  The  Houston  facility  is  concerned 
primarily  with  the  noises  in  the  spacecraft  systems  and  subsystems. 

Mr.  EIell.  There  is  a philosophy  in  this,  as  I am  sure  you  are  aware. 
The  taxpayers  are  getting  pretty  wTell  fed  up  with  some  of  the  expendi- 
tures in  this  country,  and  they  want  to  economize.  Whereas  it  might 
be  desirable  for  NASA  to  have  additional  facilities  of  its  own,  there 
might  be  a considerable  amount  of  money  saved,  perhaps,  if  NASA 
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were  to  use  some  of  the  facilities  that  are  available  in  other  Govern- 
ment agencies. 

I think  this  should  be  watched  a little  closer. 

Mr.  Holmes.  I couldn’t  agree  more,  Mr.  Bell.  I can  say  with 
honesty  and  sincerity  that  we  nave  tried  not  to  take  a parochial  view, 


that  we  have  tried  not  to  spend  unnecessary  money  on  facilities. 
After  the  NASA  reorganization  we  invited  the  Air  Force  to  participate 
closely  with  us.  As  a matter  of  fact,  wo  gave  General  Hitland’s  group, 
representing  the  Air  Force  Space  Systems  Command,  office  space  in 
our  building  so  they  could  be  intimately  familiar  with  what  we  are 
doing.  We  provided  the  Air  Force  with  our  budget  books  as  soon  as 
we  had  the  preliminary  data. 

I think  our  relationship  with  the  Air  Force  is  excellent,  and  the 


body  else’s.” 

I am  sure  there  is  some  of  it  in  an  organization  as  large  as  we  have 
I hope  it  is  minimum. 


1 nope  it  is  minimum. 

Mr.  Bell.  I am  going  to  take  this  up  later.  I will  not  take  your 
time  now  because  I understand  we  will  De  discussing  this  Monday  or 
Tuesday.  However,  I think  bioastronautics  is  an  area  in  which  there 


might  be  some  considerable  saving.  Would  you  like  to  comment  on 
that  briefly? 

Mr.  Holmes.  We  have  had  a great  deal  of  coordination  with  the 
Air  Force  in  this  area.  As  an  example,  approximately  a year  ago  at 
this  time  Dr.  Hugh  Dryden,  the  Deputy  Administrator  of  NASA, 
took  a trip  to  the  various  Air  Force  facilities.  I believe  that  Mr. 
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John  Rubel  of  the  Department  of  Defense  accompanied  Dr.  Dryden. 

We  had  a joint  working  group  between  Dr.  Nancy  Roman’s  office, 
my  office,  and  Col.  John  Talbot’s  group. 

This  working  group  prepared  a report  of  any  duplication  in  the 


bioastronautics  or  aerospace  medicine  area.  We  determined  that  we 
were  already  fully  utilizing  the  Air  Force  facilities.  In  fact,  the  con- 
clusions indicated  that  if  we  asked  the  Air  Force  to  do  any  more  for 
us,  it  would  have  to  add  to  its  staff.  In  some  cases  our  needs  have 
already  caused  the  Air  Force  to  add  to  its  staff.  It  appeared  to  me 
from  this  analysis  that  there  was  almost  complete  coordination  be- 
tween NASA  and  the  Air  Force.  As  I mentioned,  the  Air  Force  was 
doing  as  much  for  us  as  it  would  be  able  to  without  increasing  its  staff. 

Mr.  Daddario.  Mr.  Holmes,  you  won’t  be  here  next  week  when  we 
go  into  this.  However,  just  so  the  record  on  that  point  may  be  kept 
clear,  I have  had  an  interest  in  bioastronautics  for  some  time.  I 
believe  that  in  this  area  the  Air  Force  perhaps  ought  to  enlarge  its 
staff,  and  that  its  facilities  ought  to  be  developed  to  take  care  of  the 
NASA  requirements,  rather  than  to  build  up  a separate  bioastronautic 


capability  within  NASA. 
Mr.  Bell.  Will  the  chi 


Mr.  Bell.  Will  the  chairman  yield  on  that  point? 

Mr.  Daddario.  Yes. 

Mr.  Bell.  It  is  my  understanding  from  the  testimony  of  General 
Schriever  that  the  Air  Force  has  offered  NASA  an  opportunity  to  join 
with  them  in  bioastronautics. 

Mr.  Daddario.  We  can’t  debate  that  now,  but  I think  we  should 
look  into  it  later,  Mr.  Bell. 
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Just  one  further  point:  Dr.  Dryden’s  position  has  always  been,  as 
I understand  it,  that  the  NASA  ought  to  be  involvod  in  this  area  to 
the  maximum  degree,  whereas  the  Department  of  Defense  has  felt 
that  it  could  take  care  of  some  of  NASA’s  requirements  so  that  NASA 
could  be  involved  to  a minimum  degree. 

The  Question  is:  ‘‘Where  between  these  two  points  is  the  best 
solution?"  The  fact  that  this  committee  understood  that  there 
would  be  an  agreement,  and  that  Dr.  Dryden  and  Mr.  Rubel  said 
it  would  be  available  to  the  committee  shortly  after  the  close  of  the 
hearings  last  year,  there  remains  a great  deal  of  dissatisfaction  in  this 
committee.  Even  though  there  appeals  to  be  a better  relationship 
in  this  area  between  NASA  and  the  DOD,  this  has  not  been  spelled 
out  and  the  agreement  has  not  been  supplied  to  the  committee. 

This  really  is  not  your  problem,  Mr.  Holmes,  but  we  will  take  it  up 
at  a later  date.  Mr.  Bell,  we  agreed  that  we  would  look  into  the  spe- 
cific details  through  our  staffs,  and  that  this  would  then  be  supphed 
for  the  record  at  a later  date.  We  could  get  a complete  breakdown 
of  all  of  those  questions  that  concern  us. 

Mr.  Smolensk.-?.  On  page  CF  9-19,  the  next  project  is  "Barge, 
dock  and  loading  facilities,"  and  this  would  provide  modifications  ana 
improvements  to  the  water  landing  and  loading  facilities  for  the  Saturn 
booster  barges  on  the  Tennessee  River  at  Huntsville. 

We  are  requesting  $800,000. 

Mr.  Baddario.  Questions. 

Colonel  Gould.  In  the  fiscal  year  1963  program,  under  the  "Utili- 
ties installations  project,"  there  was  an  item  of  $240,000  for  improve- 
ments to  docks  and  channels.  What  was  accomplished  with  this 
$240,000? 

Mr.  Diaz.  These  funds  were  turned  over,  Colonel  Gould,  to  the 
Corps  of  Engineers  in  November  1962  for  the  enlargement  of  the 
approaches  to  the  dock.  The  project  in  1964  will  complement  and 
finish  the  work  that  was  started  by  the  Corps  of  Engineers. 

Colonel  Gould.  Was  any  work  done  on  tbe  existing  docks? 

Mr.  Diaz.  Not  on  the  dock  itself,  other  than  the  approaches  to  it. 

Colonel  Gould.  What  is  the  volume  of  the  present  barge  traffic 
for  the  Saturn  booster  program?  Do  you  have  any  figures  on  volume? 

Mr.  Diaz.  We  would  provide  that  for  the  record. 

(The  information  requested  is  as  follows:) 

Plans  provide  for  handling  Saturn  booaters  are  aa  follows  from  1963  to  1967: 

Calendar  year  1963,  5 stages;  calendar  year  1964,  8 stages;  calendar  year  1966 
16  stages;  calendar  year  1966,  13  stages;  and  calendar  year  1967,  10  stages. 

Additionally  15  to  20  trips  annually  will  be  required  in  transportation  of 
various  items  of  equipment. 

Mr.  Fuqua.  Is  there  any  commercial  transportation,  other  than  in 
connection  with  the  space  program,  going  on  at  this  facility? 

Mr.  Diaz.  No;  there  is  not,  sir. 

Mr.  Fuqua.  It  is  strictly  limited  to  Marshall’s  requirements? 

Mr.  Diaz.  Yes,  sir. 

Mr.  Fuqua.  Is  it  possible  that  this  could  be  used  for  commercial 
transportation?  Would  it  interfere  with  the  security  or  anything 
else? 

Mr.  Smolensky.  I would  say  it  is  a possibility.  Knowing  the  base 
down  there,  it  would  depend  on  a number  of  factors,  suen  as  local 
agreements. 
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Mr.  Gurnet.  How  long  has  the  existing  wharf  been  there? 

Mr.  Smolensky.  The  existing  wharf  was  constructed  by  the  Army 
and  completed  during  October  1960. 

Mr.  Gurney.  In  other  words,  the  existing  wharf  was  not  built  for 
the  space  program? 

Mr.  Smolensky.  Modifications  were  needed. 

Mr.  Holmes.  The  existing  wharf  required  modifications  to  handle 
traffic  for  the  enormous  Saturn  boosters.  Certainly  it  had  to  be 
modified  significantly  to  handle  shipping  of  a booster  of  the  Saturn’s 
proportions.  Qur  investment  in  the  dock  was  to  handle  boosters  for 
the  space  program. 

Mr.  Gurney.  You  are  talking  about  this  program? 

Mr.  Holmes.  I am  referring  to  the  one  tliat  we  are  using  for  the 
S-I  stage  of  the  Saturn  I.  We  ship  it  by  b^rge  down  to  the  cape  and 
have  a similar  facility  at  the  cape  to  tike  the  booster  off  the  barge. 
This  dock  is  to  handle  a larger  booster,  the  first  stage  for  the  Saturn 
V. 

Mr.  Gurney.  Have  you  made  any  large  expenditures  for  that  wharf 
recently? 

Mr.  Holmes.  Last  year  we  had  some  in  the  budget. 

Mr.  Diaz.  That  is  the  first  time  that  we  have  put  any  money  in  it. 

Mr.  Gurney.  That  is  for  this  type  program? 

Mr.  Diaz.  Yes. 

Mr.  Gurney.  The  existing  wharf  has  been  in  there  for  some  time 
and  was  not  constructed  recently  for  some  other  part  of  your  program? 

Mr.  Diaz.  Other  than  maintenance  work,  no  major  amount  of  funds 
was  put  into  it. 

Mr.  Smolensky.  The  next  project  is  on  CF  9-21,  “Expansion  and 
modernization  of  high-pressure  gas  and  propellant  systems.”  We  are 
requesting  $4  million.  This  is  to  provide  new  high-pressure  lines  to 
all  test  and  fabrication  facilities  serving  the  Saturn  V program — new 
compressor  facilities,  storage  facilities,  and  new  liquid  oxygen  transfer 
equipment;  also  leak  detection  systems.  In  our  view,  it  is  absolutely 
essential  to  support  the  facilities  becoming  operational  by  early  1965, 
and  for  the  peak  of  the  S-IC  operational  development. 

Mr.  Daddario.  Questions? 

(No  response.) 

Mr.  Smolensky.  The  next  program  is  on  page  CF-9-24,  entitled 
“Expansion  of  computation  facilities.” 

In  fiscal  year  1964  we  are  requesting  $2,315,000  for  the  construction 
of  a 43,000-square-foot  addition  to  the  computation  building  to  allow 
expansion  of  computation  facilities  at  Marshall  Center. 

Colonel  Gould.  What  is  the  size  of  the  present  computation  facility? 

Mr.  Smolensky.  May  we  provide  that  for  the  record? 

(The  information  requested  is  as  follows:) 

The  existing  building  which  wan  constructed  by  the  Army  is  55,053  square 
feet.  We  ha\e  augmented  this  facility  through  the  fiscal  year  1963  program  by 
providing  for  an  additional  41,700  square  feet.  Construction  is  scheduled  to 
start  during  June  of  this  year  for  this  increment. 

Colonel  Gould.  It  is  noted  that  this  building  will  provide  space 
for  about  90  people.  Where  are  these  personnel  presently  housea? 

Mr.  Smolensky.  At  present  personnel  are  housed  in  three  different 
locations — the  Huntsville  Industrial  Center,  which  is  located  about 
12  miles  from  MSFC,  a former  warehouse  and  office  building,  and  a 
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former  warehouse  located  at  the  Arsenal,  both  of  which  were  built 
in  1942. 

Colonel  Gould.  I note  that  as  part  of  your  cost  estimate  you  are 
purchasing  equipment  in  the  amount  of  $675,000  for  data  processing 
and  $225,000  for  data  reduction.  Can  this  particular  type  of  equip- 
ment also  be  rented  or  leased  rather  than  purchased? 

Mr.  Smolensky.  I would  say  that  this  type  of  data  processing 
equipment  certainly  can  be  rented,  but  this  data  processing  equipment 
is  designed  to  fit  into  our  whole  test  program  and  test  facilities  to  be 
used  for  the  consolidation  of  our  computer  facilities  for  more  efficient 
operation  of  those  computer  facilities. 

Colonel  Gould.  Are  not  rapid  advances  being  made  each  year 
in  the  computer  field  on  new  and  better  equipment?  If  you  are 
under  a leasing  arrangement  with  computer  manufacturers,  you  can 
take  advantage  of  newer  equipment  as  it  comes  into  being  and 
replace  existing  equipment  without  having  to  go  into  modernization 
costs  for  owned  equipment. 

Mr.  Holmes.  We  in  NASA  continuously  study  this  question  of 
whether  it  is  more  economical  to  buy  or  to  rent,  Colonel  Gould.  I 
don’t  have  the  answer  to  your  specific  question.  We  can  get  it  for  the 
record.  I am  quite  certain  in  my  own  mind  that  it  has  been  looked  at 
and  found  to  be  most  economical  to  buy. 

I can  give  you  an  example  of  the  type  of  thing  that  we  are  currently 
looking  at.  We  have  computers  for  the  Mission  Control  Center  at 
Houston.  The  break-even  point  on  “buy  versus  rent"  is  the  first 
quarter  of  1966.  We  have  to  weigh  various  factors.  We  must  study 
whether  it  is  cheaper  for  the  Government  to  buy  this  equipment. 
For  example,  we  have  to  decide  whether  or  not,  if  manufacturers  came 
out  with  better  equipment  to  rent,  we  could  afford  to  change  the 
equipment  at  that  later  time  because  of  the  great  programing  expenses. 
Certainly  if  the  date  were  1964  instead  of  1966,  you  could  say  let’s  rent 
it.  My  point  is  that  we  continually  study  the  most  efficient  way. 
You  raised  a very  good  point.  I am  quite  certain  that  the  reason  that 
we  are  requesting  funds  for  purchase  of  this  item  stems  from  the  fact 
that  it  is  the  most  economical  way.  I would  like  to  confirm  it  for 
the  record. 

(The  information  requested  is  as  follows:) 

The  equipment  can  he  leased  but  there  are  several  seriouB  disadvantages  and 
among  them  are  high  rental  fees  and  restrictions  to  configuration  change.  The 
primary  advantage  to  purchase  of  equipment  over  leasing  is  in  the  ability  to 
modify  the  machines  to  meet  constantly  changing  requirements.  The  equipment 
to  be  purchased  for  this  addition  is  of  two  basic  types;  analog  equipment  f or 
simulation  work  and  data  reduction  equipment  for  reduction  of  all  types  of  test 
and  flight  data.  The  Computation  Division  can  make  immediate  modification 
to  both  of  the  above  types  of  equipment  as  the  need  for  modification  arises.  If 
the  equipment  was  being  leased,  it  would  be  extremely  difficult  to  work  through 
the  manufacturers  to  accomplish  necessary  changes.  It  should  be  pointed  out 
that  the  above  equipment  is  set  up  to  simulate  specific  conditions  and  to  reduce 
data  from  specific  tests,  flights,  etc.  This  emphasizes  the  need  for  great  flexibility 
in  adjusting  to  changing  requirements. 

Mr.  Daddakio.  I think  Colonel  Gould’s  question  is  a good  one,  too, 
Mr.  Holmes.  This  committee  has  inspected  some  computer  plants, 
and  we  have  been  shown  the  advances  that  have  taken  place  in  just 
a few  years.  One  small  machine  now  does  the  work  of  machines  that 
at  one  time  would  fill  a room  of  this  size.  If  we  could  have  an  analysis 
in  regard  to  the  question  asked,  it  would  be  helpful. 
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Colonel  Gould.  Is  the  existing  computer  facility  mentioned  in  the 
justification  completed  and  now  in  operation  or  is  it  under  construc- 
tion? 

Mr.  Lilly.  The  existing  computer  facility  is  in  operation. 

Colonel  Gould.  What  percent  of  the  personnel  engaged  in  your 
activities  are  now  housed  in  the  existing  facility? 

Mr.  Smolensky.  May  we  furnish  that  for  tne  record? 

Mr.  Daddario.  Yes;  that  may  be  supplied  for  the  record. 

(The  information  requested  is  as  follows:) 

There  are  417  people  engaged  in  oomputer  operations  to  date  and  approximately 
55  percent  of  these  people  are  located  in  the  existing  facility. 

Mr.  Fuqua.  What  type  of  building  is  this  going  to  be?  Is  this 
going  to  be  just  an  administrative-type  building  or  is  there  any  special 
construction  requirement  that  necessitates  the  cost  of  $25  per  square 
foot? 

Mr.  Diaz.  This  is  based  on  similar  facilities  that  have  been  built 
down  at  the  Marshall  Space  Flight  Center,  sir. 

Mr.  Fuqua.  Do  you  have  gold  in  the  walls? 

Mr.  Diaz.  No,  sir.  The  cost  just  seems  to  be  running  that  way 
down  there  for  this  type  of  structure. 

Mr.  Fuqua.  Then  I am  going  to  get  into  the  building  business  in 
Alabama,  if  there  won’t  be  a conflict  of  interest. 

Mr.  Holmes.  Of  course,  this  building  has  to  have  a controlled 
environment. 

Mr.  Fuqua.  Air-conditioning? 

Mr.  Holmes.  Yes,  it  requires  air-conditioning  and  control  for 
the  computer,  and  it  also  has  to  have  a ducted  floor  so  that  cables 
can  go  under  the  floor. 

Mr.  Fuqua.  But  there  is  no  other  real  special  requirement  such  as 
18-inch  walls,  and  so  forth? 

Mr.  Holmes.  No.  We  did  agree  to  provide  a comparison  of 
these  costs  of  one  building  to  the  other  and  justify  if  for  the  record, 
and  we  will  certainly  do  it  in  this  case,  too. 

(The  information  requested  is  as  follows:) 

The  building  will  be  a concrete  frame  structure  with  masonry  block  curtain 
walls.  It  will  be  air-conditioned  to  insure  humidity  and  temperature  control 
throughout  the  facility  and  special  air  circulation  will  be  required  for  equipment 
oooling.  Raised  floors  are  being  provided  to  permit  handling  of  required  cabling. 
The  estimate  cost  of  $25  per  square  foot  is  based  on  completed  design  and  unit 
costs  developed  for  the  addition  authorised  in  fiscal  year  1963  program. 

Mr.  Daddario.  Can  wo  move  along  to  CF  9-27,  “Extension  to  the 
Load-Test  Annex”? 

Mr.  Smolensky.  We  are  asking  there  for  a total  of  $3,360,000. 
This  request  is  to  construct  an  annex  to  the  extension  of  the  east  end 
of  the  present  load-test  facility.  We  have  to  provide  expanded 
facilities  for  structural  testing  for  the  Saturn  V program.  This  is  a 
very  vital  and  important  addition,  which  will  permit  us  to  subject  the 
large  structures  to  various  static  loads  and  vibrations  testing.  This 
capacity  is  vital  to  our  testing  program. 

Colonel  Gould.  In  fiscal  year  1962,  $1,703,000  was  authorized  for 
this  project,  plus  reprograming  from  C of  F program  and  the  RD-O 
program,  bringing  the  total  available  for  this  facility  to  $4.4  million. 
What  is  the  status  of  these  prior  authorizations  and  appropriations? 
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Mr.  Smolensky.  First  of  all  that  provided  for  the  present  load-test 
annex  and  also  the  increase  occurred  as  a result  of  our  going  from  the 
C-3  program  to  the  C-5  program.  We  had  to  add  additional  facilities 
in  there.  In  addition,  there  were  some  increases  in  costs  on  the  bid 


opening  which  accounted  for  something  like  a million  dollars 

Colonel  Gould.  Has  the  previously  authorized  project  been 
completed? 

Mr.  Diaz.  No,  sir.  That  is  under  contract.  That  has  been 
designed  and  under  contract. 

Colonel  Gould.  Construction  has  started? 

Mr.  Diaz.  Yes,  sir. 

Colonel  Gould.  When  do  you  anticipate  it  will  be  finished? 

Mr.  Diaz.  The  fiscal  year  1962  project  will  be  completed  in  March 
1964. 

Colonel  Gould.  Would  you  define  for  us,  please,  what  were  the 
increases  in  scope  beyond  that  which  was  authorized  in  the  fiscal  year 
1962  program? 

Mr.  Diaz.  May  I supply  that  for  the  record,  please,  sir? 

(The  information  requested  is  as  follows:) 

The  increases  in  scope  of  the  facility  since  authorised  in  the  fiscal  year  1962 
budget  consist  largely  of  those  changes  caused  by  the  growth  from  a C-3  vehicle 
to  the  Saturn  V configuration.  This  includes  an  increase  in  the  vertical  load 
test  capability  from  20  to  30  million  pounds.  In  addition  a capability  has 
been  designed  into  the  facility  for  exerting  lateral  loads  of  1.2  million  pounds. 
This  necessitated  stiffening  of  the  structural  members  of  the  stand  and  rein- 
forcement of  foundations. 

Colonel  Gould.  On  page  30  you  indicate  that  consideration  has  been 
given  to  the  use  of  fiscal  year  1963  advance  design  funds  to  expedite 
development  of  this  project.  Since  the  budget  books  were  put  to- 
gether, has  this  determination  been  made? 

Mr.  Lilly.  No,  we  have  not  put  money  out. 

Mr.  Daddario.  Any  other  questions  on  this  point,  gentlemen? 

Mr.  Gurney.  Yes.  This  capability  of  a 2 million  pound  testing 
machine,  I take  it,  is  the  result  of  the  F-l  engine.  Are  you  or  any 
others  engaged  in  the  space  program  developing  a larger  engine  than 
this? 

Mr.  Low.  No,  sir. 

Mr.  Gurney.  How  about  soild  fuels? 

Mr.  Holmes.  Solid  fuels  would  give  a greater  thrust.  I don’t 
know  enough  about  the  details  of  the  machine  to  give  you  an  exact 
answer.  In  general,  a solid  fuel  booster  and  engine  are  inseparable, 
as  you  know.  There  is  a tank  with  a solid  propellant  in  it.  You 
don’t  have  the  problem  of  having  to  load  a steel  beam  structure  which 
is  carrying  engines  with  these  thrust  factors.  I think  that  the 
answer  is  that  a machine  of  this  type  would  not  be  necessary  for 
testing  solids.  In  the  liquid  propulsion  area,  Mr.  Low’s  statement 
is  correct,  we  don’t  have  any  higher  thrust  than  this. 

Mr.  Gurney.  What  I am  thinking  about  is  the  cost  of  the  testing 
device.  It  would  soon  become  obsolete  with  the  next  engine,  wouldn’t 
it? 

Mr.  Holmes.  You  would  have  to  extrapolate  to  make  it  work. 

Mr.  Gurney.  Do  you  think  this  is  sufficient  to  take  care  of  your 
future  requirements  in  this  testing  area? 
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Mr.  Holmes.  Yes.  I think  that  this  facility  would  accommodate 
the  engines  that  we  presently  have  under  development  or  are  plan- 
ning, including  the  M-l  engine. 

Mr.  Daddario.  Mr.  Waggonner. 

Mr.  Waggonner.  Mr.  Holmes,  when  we  were  talking  earlier  about 
the  additions  to  the  test  support  shop  beginning  *ith  CF  9-15  over  to 
CF  9-17,  you  project  the  purchase  of  three  cranes,  one  25-ton  bridge 
crane,  one  20-ton  bridge  crane  and  one  5-ton  bridge  crane  at  an  esti- 
mated cost  of  $60,000.  We  are  talking  here  about  the  extension  to  the 
Iioad  Test  Annex,  and  on  page  CF  9-31  you  project  the  cost  of  two 
20-ton  bridge  cranes  as  $180,000.  What  is  the  difference? 

Mr.  Diaz.  The  difference,  sir,  is  the  span  of  the  cranes.  The  three 
smaller  cranes  also 

Mr.  Waggonner.  Except  back  in  your  other  facilities  your  support 
for  your  crane  was  included  in  the  cost  of  your  building. 

Mr.  Diaz.  Right. 

Mr.  Waggonner.  Isn’t  the  support  for  your  crane  included  in 
your  building  cost  here  because  your  construction  cost  is  $31.90  per 
square  foot? 

Mr.  Diaz.  The  supports  would  be  included,  yes,  sir. 

Mr.  Waggonner.  Why  does  the  span  make  any  difference? 

Mr.  Diaz.  The  span  in  here — the  structure  that  holds  the  crane — 
in  here,  as  I recall,  this  would  be  about  100  feet.  The  others  are 
smaller.  Also  the  controls  for  the  smaller  cranes  are  not  as  critical  as 
these  larger  cranes  we  have  here. 

Mr.  Waggonner.  How  much  greater  is  the  span  on  these  two  20- 
ton  cranes,  and  the  20-ton  crane  and  the  25-ton  crane  in  the  other 
facilities? 

Mr.  Holmes.  I think  that  is  a very  good  question.  We  ought  to 
supply  just  what  these  higher  cranes  are  and  why  we  say  it  is  gomg  to 
cost  nearly  three  times  as  much.  I don’t  know.  I will  be  glad  to 
get  it  for  you. 

Mr.  Waggonner.  There  is  a discrepancy. 

Mr.  Holmes.  I think  it  is  a reasonable  question.  I would  like  to 
know  myself  now  that  you  have  raised  it. 

Mr.  Daddario.  That  will  be  supplied  for  the  record? 

Mr.  Holmes.  Yes,  sir. 

(The  information  referred  to  is  as  follows:) 

The  cost  of  cranes  for  the  Load  Test  Annex  were  based  on  actual  quotations 
received  from  manufacturers.  The  difference  in  crane  costs  between  the  test 
support  shop  and  the  Load  Test  Annex  is  due  to  many  significant  factors.  For 
instance  the  span  of  the  test  support  shop  is  only  60  feet  whereas  the  Load  Test 
Annex  has  a span  of  110  feet.  The  control  systems  are  also  very  different.  The 
test  support  <*hop  requires  only  the  simplest  kind  of  pendent  controls,  whereas  the 
Load  Test  Annex  requires  a complex  rheostat  control  system  which  is  suitable  for 
the  handling  of  large  expensive  components. 

Mr.  Fulton  of  Pennsylvania.  I have  a general  question.  How  do 
you  procure  these  items?  Do  you  advertise  for  them  and  obtain  them 
from  the  lowest  bidder  on  NASA  specifications  or  do  you  buy  these 
just  on  the  open  market? 

Mr.  Diaz.  This  will  be  advertised  for,  sir,  and  obtained  from  the 
lowest  bidder. 

Mr.  Fulton  of  Pennsylvania.  How  much  of  an  advertisement  do 
you  do  so  that  we  get  a broad  base  of  possible  suppliers?  Can  you 
supply  that  for  the  record? 
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(The  information  referred  to  is  as  follows:) 
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Bids  Are  usually  requested  on  equipment  and  requests  for  proposals  obtained 
from  as  many  manufacturers  as  are  available  on  large  items,  with  a minimum  of 
three  bidders. 

One  other  thing.  On  facilities  such  as  the  Ultra  High  Vacuum 
Space  Chamber  Facility  of  $2,685,000,  previously  NASA  has  been 
contracting  with  special  contractors  on  private  negotiation.  On  my 
objection  to  several  points  such  as  these,  NASA  sent  me  a telegram 
saying  that  facilities  such  as  1 he  Ultra  High  Vacuum  Space  Chamber 
Facility  will  be  procured  on  open  bid.  Is  NASA  following  this  prac- 
tice in  all  instances? 

Mr.  Holmes.  Are  you  on  page  CF-8,  “Manned  Spacecraft  Center?" 

Mr.  Fulton  of  Pennsylvania.  That  is  on  the  sheet  that  has  been 
given  to  us,  an  Ultra  High  Vacuum  Space  Chamber  Facility  on  the 
same  page  as  the  Manned  Spacecraft  Center. 

Mr.  Roudf.bush.  At  Houston. 

Mr.  Fulton  of  Pennsylvania.  I am  just  asking  your  general  prac- 
tice in  the  procurement  of  items  of  this  type. 

Mr.  Holmes.  We  will  be  glad  to  supply  that  for  the  record. 

(The  information  referred  to  is  as  follows:) 

Competitive  bid  procedures  are  followed  for  the  construction  of  our  facilities. 
On  highly  specialized  and  complex  projects,  the  capabilities  of  contractors  are 
evaluated  to  determine  their  qualifications  to  perform  the  work.  The  qualified 
contractors  are  then  invited  to  bid. 

Mr.  Fulton  of  Pennsylvania.  For  example,  on  your  Acoustic 
Model  Test  Facility  of  $2  million,  I would  like  to  know  whether  that 
is  being  let  on  public  bid,  also,  that  there  are  public  bids  on  the  barge 
dock  and  loading  facilities,  and  that  the  expansion  and  modernization 
of  the  high  pressure  gas  and  propellant  system  is  likewise  put  out  to 
public  bid.  Would  you  supply  that  for  the  record? 

Mr.  Holmes.  Yes,  sir,  we  will  supply  that  for  the  record. 

(The  information  referred  to  is  as  follows:) 

It  is  the  practice  of  NASA  to  construct  facilities  by  open,  competitive  bidding. 
Therefore,  each  of  the  projects  which  were  mentioned  will  be  advertised  and  the 
contract  will  be  awarded  to  the  lowest  responsible  and  responsive  bidder. 

Mr.  Daddario.  We  will  proceed  to  extension  to  the  Propulsion 
and  Vehicle  Engineering  Laboratory,  CF  9-32. 

Mr.  Fulton  of  Pennsylvania.  Can  you  justify  vour  $31.90? 
Are  you  going  to  do  that  in  every  instance? 

Mr.  Daddario.  They  are  going  to  do  that  in  every  instance. 

Mr.  Smolensky.  Wp  are  requesting  here  $1,900,000  for  an  exten- 
sion to  the  east  end  of  the  present  laboratory  with  cafeteria  facilities 
attached,  as  a one-storv  structure,  on  the  south  side  of  the  extension 
for  400  people  engaged  in  R.  & D.  in  the  vehicle  engineering  and  the 
propulsion  division  now  located  at  Huntsville. 

(Jolonel  Gould.  When  was  the  existing  Propulsion  and  Engineering 
Laboratory  constructed,  or  has  it  been  constructed? 

Mr.  Lilly.  It  has  been  constructed. 

Colonel  Gould.  What  was  its  size? 

Mr.  Dias.  The  overall  size  of  the  existing  facility  is  105,700 
square  feet. 

Colonel  Gould.  The  justification  indicates  that  600  of  the  personnel 
assigned  are  now  occupying  leased  space  in  Huntsville.  What  is  the 
total  strength  of  this  division? 
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Mr.  Lilly.  About  897  at  the  end  of  this  fiscal  year,  sir. 

Colonel  Gould.  How  many  personnel  will  the  existing  building 
accommodate? 

Mr.  Lilly.  It  will  accommodate  400. 

Colonel  Gould.  You  are  providing  space  for  400  more  in  this 
addition.  Despite  the  dispersed  locations,  would  the  deferral  of  this 
project  really  nave  a serious  impact  on  your  overall  program,  or 
could  you  continue  to  operate? 

Mr.  Smolensky.  In  my  opinion,  with  the  increased  testing  that 
would  be  going  on  and  with  the  increased  need  for  coordination,  I 
would  eay  it  would  be  most  inefficient  to  have  our  people  spread  as 
they  are  right  now  in  this  particular  area. 

Colonel  Gould.  Would  it  cause  any  delays  in  your  program 
actually? 

Mr.  Smolensky.  It  certainly  would  cause  some  delays,  because  it 
takes  more  time  in  terms  of  getting  people  together,  coordinating 
technical  reports  and  computations. 

Mr.  Daddario.  Any  further  questions,  gentlemen? 

Mr.  Fulton  of  Pennsylvania.  How  much  delay  would  there  be? 

Mr.  Smolensky.  I’m  not  sure  that  we  have  data  available  to 


ipply  an  estimate  of  that  type  of  delay. 
Mr.  Fulton  of  Pennsylvania.  What  is 


your  estimate  of  the  delay 


if  you  don’t  get  this  cafeteria? 

Mr.  Smolensky.  We  have  not  made  an  estimate  of  this  delay  either. 

Mr.  Holmes.  It  would  be  very  hard  to  say  without  studying  it. 
I think  if  you  wanted  us  to,  we  could  study  what  it  would  be.  When 
you  talk  about  a facility  delay,  unless  it  is  a facility  that  has  to  meet 
a certain  flight  test,  but  rather  a general  support  facility  such  as  this  is, 
it  is  difficult  to  pinpoint  whether  it  is  2 months  or  3 months  or  a year. 

Mr.  Fulton  of  Pennsylvania.  We  are  trying  to  find  out  how  neces- 
sary such  an  installation  is.  I would  like  to  have  some  means  of 
deciding  it,  rather  than  saying  it  would  be  nice  to  have  a cafeteria. 

Mr.  Holm*?  Yes,  sir.  You  are  referring  to  the  cafeteria? 

Mr.  Fulton  of  Pennsylvania.  1 use  that  as  an  example. 

Mr.  Holmes.  Why  don’t  we  get  something  for  the  record  on  that. 

(The  information  referred  to  is  as  follows:) 

It  ia  not  possible  to  evaluate  a set  time  which  the  overall  program  would  be 
delayed  by  a deferral  of  the  project  referred  to  above.  However,  it  is  a certainty 
that  continued  separation  of  the  various  branches  of  P.  & V.E.  will  hamper  the 
timely  execution  of  the  program.  The  efficiency  of  the  P.  & V.E.  Division  at 
Marshall  is  reduced  by  the  separation  of  its  closely  integrated  groups.  This 
Division  has  primarily  responsibility  for  the  vehicle  design  and  propulsion  systems 
of  Saturn  V. 

Colonel  Gould.  The  design  and  layout  of  this  building  is  very 
similar  to  the  one  at  Houston  that  we  talked  about  last  week.  I 
notice  that  the  unit  cost  per  square  foot  here  is  $21.  The  one  at 
Houston  is  estimated  at  $24.25.  Also,  I noticed  one  out  at  Ames 
Research  Center  for  $19.50.  All  three  of  these  structures  are  very, 
very  similar.  The  cost  index  at  Houston  is  0.95,  the  cost  index  at 
Marshall  is  0.9,  and  the  cost  index  at  Ames  in  California  is  1.05. 

Could  you  give  us  any  reason  why  there  is  such  a variance  in  similar 
type  facilities  throughout  the  NASA  program? 

Mr.  Daddario.  Would  you  supply  that  for  the  record,  please? 

Mr.  Holmes.  Yes,  sir. 
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3(The  information  requested  is  as  follows :) 

The  following  comparison  of  structures  is  furnished  for  the  record: 

Extension  to  the  Propulsion  and  Vehicle  Engineering  Laboratory,  Marshall  Space 
Flight  Center  ( 70,000  square  feet  at  $tl  per  square  foot). — Project  provides  for  a 
five-storv  structural  steel  frame  building  with  porcelain  steel  panel  curtain  walls 
in  aluminum  framing.  A basement  of  approximately  3,500  square  feet  is  pro- 
vided for  housing  air  handling  equipment  and  chiller  units  ana  a penthouse  for 
elevator  equipment  is  included.  Additionally  a separate  single-story  cafeteria 
with  a seating  capacity  of  about  300  people  is  provided  containing  about  7,000 
square  feet  of  area.  The  unit  cost  of  this  project  is  based  on  costs  experienced  in 
construction  of  the  five-story  addition  to  the  P.  A V.E.  building  authorized  in  the 
fiscal  year  1961  program,  adjusted  to  reflect  the  current  cost  index. 


Project  engineering  facility,  Manned  Spacecraft  Center  ( 81,600  square  feet  at 
mM  per  square  fool). — This  project  provides  for  a five-story  structured  steel 
frame  building  with  precast  exposed  aggregate  panel  curtain  walls.  A mechanical 
equipment  room  of  approximately  3,400  square  feet  is  located  on  the  ioof  for 
housing  air  handling  equipment.  The  unit  cost  of  $24.25  is  based  on  the  actual 
cost  of  construction  on  the  project  management  building  which  is  currently  under 
construction  at  MSC.  The  latter  facility  and  proposed  project  are  essentially  of 
the  same  design. 

Administration  management  buildina,  Ames  Research  Center  ( office  area,  47,100 
square  feet  at  9 19.50  per  square  foot;  basemen \ area,  17,600  square  feet  at  $15  per 
square  fool). — Project  provides  for  a single  two-story  structure  with  two  adjoining 
single-story  wings  constructed  with  reinforced  concrete  frame  and  integrated 
poured  concrete  walls  containing  approximately  47,100  square  feet  of  floor  area. 
A partial  basement  of  17,600  square  feet  is  also  provided  for  mechanical  equip- 
ment and  record  storage.  The  unit  costs  established  for  the  proposed  facility  are 
based  on  costs  experienced  on  the  data  reduction  building,  a structural  duplicate 
of  the  facility. 

As  set  forth  above  all  of  the  unit  costs  used  at  the  respective  sites  are  based  on 
actual  construction  experience.  The  cost  variations  are  attributed  to  the  differ- 
ent types  of  construction  employed  at  the  respective  locations  and  variations  in 
costs  of  material  and  labor  at  these  locations. 

Mr.  D adda  rio.  We  will  move  along  to  the  Hangar  for  Vehicle 
Components. 

Mr.  Smolensky  It  is  on  page  CF  9-35.  We  are  requesting 
$2,800,000  for  the  design  and  construct ir a of  an  industrial  type 
building,  250  feet  long,  200  feet  wide,  to  p-vpare  an  area  for  receiving, 
checking,  and  preparing  large  components  for  the  Saturn  V S-IC 
stage  program. 

The  next  item  is  on  page  CF  9-39  * Hazardous  operations” 

Mr.  Daddario.  Wait  a minute.  *Ve  thought  you  had  more  of  an 
explanation. 

Mr.  Holmes.  Didn't  you  want  give  a few  more  words  of  ex* 
planation? 

Mr.  Smolensky.  The  current  facilities  just  don’t  permit  the  han- 
dling of  large  bulkheads  and  fuel  and  oxydizer  tanks,  and  this  is  all 
in  expectation  of  the  components  coming  in  for  the  S-IC  stage.  It 
is  vital  to  receive  these  items,  store  them,  have  them  ready  for  the 
assembly  and  ground  test  program. 

Colonel  Gould.  In  the  fiscal  year  1963  program,  a Components 
and  Subassembly  Acceptance  Building  was  authorized  for  $950,000. 
This  project  was  justified  on  the  basis  of  providing  a facility  that  was 


required  for  the  receipt,  inspection,  and  testing  of  large  cumbersome 
components.  It  appears  that  the  justification  for  the  fiscal  year  1963 
building  and  the  one  supplied  here  for  fiscal  year  1964  have  similar 


justifications.  Would  you  comment,  please,  on  the  relation  between 
these  two  facilities? 

Mr.  Smolensky.  May  I supply  that  for  the  record? 
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Mr.  Daddario.  Yes,  you  may. 

(The  information  referred  to  is  as  follows:) 

The  components  and  subassembly  acceptance  building  is  required  to  provide 
the  inspection  area  for  receiving  components  and  all  required  inspection  equip- 
ment. The  hangar  for  vehicle  components  will  be  used  primarily  as  a holding 
area  for  components  received  from  Michoud  ard  the  fabrication  building  until 
they  are  required  for  final  assembly.  It  is  essential  that  those  components  be 
given  protective  storage  up  to  their  inclusion  in  final  assembly.  A large  portion 
of  the  components  and  subassembly  acceptance  building  is  used  for  electrical  and 
mechanical  inspection  of  small  components  and  for  X-raying  inspection  of  welds 
and  will  require  suitable  power  and  other  pertinent  inspection  equipment  utilities' 

Colonel  Gould.  Could  you  tell  me  whether  the  Components  and 
Subassembly  Building  has  been  completed? 

Mr.  Lilly.  It  is  not  completed.  It  is  under  construction. 

Colonel  Gould.  Do  you  have  an  estimated  completion  date? 

Mr.  Lilly.  The  estimated  completion  date  lor  this  facility  is 
April  1964. 

Colonel  Gould.  I have  one  further  question.  You  state  that  the 
exiting  Army  warehousing  in  the  area,  I assume  at  Redstone  Arse- 
nal, is  inadequate  because  of  the  lack  of  cranes,  overhead  clearance,  et 
cetera.  Would  the  Army  make  these  buildings  available  to  NASA? 
Have  you  contacted  the  Army  as  yet  with  respect  to  this  matter? 

Mr.  Diaz.  We  will  have  to  supply  that  for  the  record. 

Colonel  Gould.  It  is  my  understanding  that  there  is  some  ware- 
housing at  Redstone  which  is  in  excess  to  the  Army’s  need.  Is  it 
possible  that  these  buildings  could  be  made  available  to  NASA  and 
serve  your  purposes  in  lieu  of  constructing  the  new  facility? 

Mr.  Daddario.  If  that  is  the  case,  wTe  ought  to  have  that  informa- 
tion very  quickly.  It  ought  to  come  directly  to  the  chairman  of  this 
committee,  Mr.  Holmes,  and  not  just  be  included  in  the  record. 

Mr.  Holmes.  I have  so  much  respect  for  the  thoroughness  with 
which  Marshall  approaches  this  problem,  I am  almost  certain  in  my 
mind  that  tho  reason  that  they  are  adding  this  building  is  due  to  the 
fact  that  they  don’t  have  capacity  in  the  1963  budgeted  building 
and  it  is  impossible  to  use  the  Army  facilities.  I would  like  to  get 
this  for  you.  We  will  have  to  go  to  Marshall  to  get  it,  and  we  will 
present  it  to  you  in  2 days. 

(The  information  requested  is  as  follow*:) 

The  feasibility  of  using  existing  NASA  or  Anny  owned  facilities  for  larger 
components  was  studied  extensively  prior  to  development  of  this  project.  How- 
ever, the  height  and  access  opening  and  lack  of  overhead  cranes  are  limiting 
factors  which  preclude  general  use  or  economic  modification.  For  instance, 
bulkheads,  fuel  and  oxidizer  tanks,  skins  and  cylinders  require  high  bay  dear-span 
area  as  holding  space.  Therefore,  these  buildings,  while  available,  cannot  be  used 
for  the  large  components  common  to  the  S-IC  vehicle.  However,  NASA  has 
obtained  and  is  using  similar  structures  for  the  storage  of  smaller  components. 

Mr.  Daddario.  The  nature  of  it  should  come  directly  to  the 
chairman.  We  will  move  to  “Hazardous  Operations  Laboratory.” 

Mr.  Smolensky.  On  page  CF  9-39,  we  are  requesting  a total  of 
$500,000  for  the  construction  of  a building  in  which  environmental 
and  functional  tests  and  calibration  can  be  accomplished  which, 
because  of  their  hazardous  nature,  cannot  be  done  in  existing  facilities. 
This  was  the  result  of  a safety  survey  conducted  at  the  Center. 

Mr.  Daddario.  If  there  are  no  questions  on  this  point,  we  will  move 
to  “Modernization  of  Instrumentation  and  Control  Systems  in  the 
East  Area.” 
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Mr.  Smolensky.  This  is  on  page  CF  9-43,  and  we  are  requesting 
a total  of  $3,500,000.  The  project  covers  the  procurement  ana 
installation  of  urgently  needed  replacement  ana  modernized  equip- 
ment in  the  blockhouse  serving  the  east  test  area.  This  project  goes 
along  with  the  problem  of  trying  to  speed  up  our  whole  data  acquisi- 
tion and  data  reduction  program  and  trying  to  automate  the  acqui- 
sition of  the  results  of  tests  and  data. 

Mr.  Holmes  touched  on  that  before,  and  this  is  the  project  that 
provides  the  instrumentation  to  the  blockhouse. 

Mr.  Daddario.  Is  this  an  extension  of  existing  programs?  Do  you 
have  something  going  on  at  this  time  as  far  as  automation  is  concerned? 

Mr.  Smolensky.  Yes.  sir.  It  is  an  across-the-board  program  on 
the  whole  Saturn  V,  and  you  will  hear  that  in  the  presentation  of  our 
whole  program  facilities. 

Mr.  Daddario.  We  will  move  to  CF  9-46,  "Modification  to  the 
Vehicle  Assembly  Building.” 

Mr.  Smolensky.  Here  we  are  requesting  a total  of  $1,800,000  to 
raise  the  roof  of  the  vehicle  assembly  building  to  provide  a high  bay 
area,  approximately  141  feet  long  by  140  feet  wide  with  approximately 
1,000  sauare  feet,  to  support  the  Saturn  I-C  program. 

Mr.  Wagoonner.  Wnat  about  further  modifications?  We  have 
talked  a long  time  about  the  fact  that  NASA  is  working  on  the  M-l 
engine.  Is  this  building  being  modified  to  take  care  of  further  expan- 
sion, or  are  you  just  increasing  the  inside  clearance  of  this  building 
for  the  S-IC  stage? 

Mr.  Smolensky.  This  is  primarily  for  increasing  the  building  to 
handle  the  Saturn  V’s  S-IC  stage. 

Mr.  Wagoonner.  Just  the  S-IC  stage? 

Mr.  Smolensky.  Just  the  S-IC  stage. 

Mr.  Low.  There  may  be  a misunderstanding  here.  The  Saturn 
S-IC  is  the  booster  stage  for  the  Saturn  V vehicle.  It  is  the  biggest 
stage  contemplated  under  development. 

Mr.  Fulton  of  Pennsylvania.  Whv  can’t  that  be  done  at  Michoud? 

Mr.  Smolensky.  Marshall  has  the  responsibility  for  conducting  the 
program  and  the  development  of  certain  ground  stages  on  the  S-IC 
program.  They  must  assure  themselves  of  the  techniques  of  both 
assembling  the  single  tank  structures  and  also  of  the  assembly  of  the 
stage,  itself. 

Mr.  Daddario.  Colonel  Gould,  you  have  some  questions? 

Colonel  Gould.  The  justification  indicates  that  the  ground-test 
vehicle  which  will  be  moved  in  and  out,  repeatedly,  of  the  assembly 
building  up  until  1966.  What  is  projected  beyond  1966? 

Mr.  Smolensky.  I would  assume  that  after  1965  we  do  have  a 

Froduct  improvement  program  that  would  require  continuous  testing 
can  give  vou  more  details  on  that. 

Colonel  Ciould.  Is  this  project  being  justified  on  the  basis  of 
op  rations  between  nowr  and  1966  only,  or  do  you  have  something 
beyond  that? 

Mr.  Smolensky.  There  is  a continuous  need,  and  I would  visualize 
throughout  the  use  of  the  S-IC  stage  and  the  Saturn  V program  we 
would  have  a continuous  need  for  ground  testing  and  proving  out 
certain  new  modifications  to  the  ground  stages. 

Mr.  Holmes.  I am  sure  that  Marshall  wdll  have  S-IC  stages  at 
Huntsville  through  this  decade;  therefore,  they  will  need  buddings 
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to  be  able  to  accommodate  them.  To  put  it  in  the  perspective  that 
I like  to  look  at  it,  the  assurance  that  we  are  going  to  have  a good, 
reliable  vehicle  on  the  pad,  I think,  is  greatly  increased  by  Mareh&li 
having  the  capability  and  thrust  facilities  already  authorized  to 
develop  the  early  engineering  model,  in  the  case  of  the  S-IC,  four 
models. 

Colonel  Gould.  One  further  question.  I notice  the  cost  of  modify* 
ing  this  building  is  estimated  at  $72.35  a square  foot.  From  the  plan 
you  show  in  the  book,  it  seems  to  bo  simply  a matter  of  raising  the 
roof  some  20  feet,  as  I interpret  this,  although  it  is  not  quite  clear 
from  the  sketch.  You  coula  build  a new  structure  for  that  cost. 
Could  you  give  us  some  justification  for  the  high  cost? 

Mr.  Diaz.  Colonel  Gould,  the  contractor  willbe  required  to  seal  off 
those  areas  because  the  rest  of  the  building  will  be  in  operation. 
Also,  the  foundations  will  have  to  be  built  up  to  take  care  of  this  new 
design  work.  Consideration  is  now  being  given,  instead  of  modifying 
the  structure  the  way  it  is  shown  here,  to  just  having  an  addition  to  it. 

Colonel  Gould.  How  much  will  that  cost?  Wul  it  be  more  eco- 
nomical to  do  this? 

Mr.  Diaz.  We  haven’t  reached  that  point  yet,  to  determine 
whether  the  unit  cost  will  be  more  for  the  new  building. 

Mr.  Fulton  of  Pennsylvania.  Are  you  sure  you  need  the  money  in 
this  next  fiscal  year? 

Mr.  Diaz.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Why? 

Mr.  Waqoonner.  They  can’t  get  the  S-IC  stage  vehicle  in  here 
for  assembly;  the  roof  is  too  low. 

Mr.  Smoi  ensky.  Our  operational  date  for  that  is  October  1964. 

Colonel  Gould.  When  will  the  decision  be  made  on  whether  to 
build  an  addition  on  or  to  modify  the  existing  building? 

Mr.  Diaz.  That  has  to  be  made  very  soon,  sir.  It  is  now  under 
study.  I can’t  say  how  soon. 

Mr.  Daddario.  This  is  some  information  that  we  should  have 
quickly,  too,  and  if  there  is  any  variance  in  cost. 

Mr.  Holmes.  I would  like  to  point  out  that  you  are  getting  it 
before  I am.  I agree  with  you:  I would  like  to  have  it,  also. 

(The  information  requested  is  as  follows:) 

A final  assembly  facility  is  urgently  needed  in  support  of  the  Saturn  V program. 
To  satisfy  this  requirement  a determination  was  made  to  modify  the  existing 
vehicle  assembly  building.  This  determination  was  based  upon  manufacturing 
plans  current  during  the  period  of  project  preparation. 

These  manufacturing  plans  have  undergone  significant  changes  which  now 
indicate  that  the  vehicle  assembly  facility  will  be  totally  committed  to  fabrica- 
tion of  the  Saturn  V vehicle.  As  a consequence,  a modification  project  could 
burden  the  8-iC  manufacturing  program  with  severe  problems  of  interference. 
Our  examination  of  the  effect  of  such  possible  interference  and  studies  of  alterna- 
tive solutions  for  siting  the  final  assembly  facility  prompted  our  indication  to  the 
committee  that  alternative  plans  were  under  study. 

The  most  promising  alternative  under  consideration  calls  for  combining  this 
final  assembly  requirement  with  the  hangar  for  vehicle  component]  which  is 
also  included  in  our  fiscal  year  1964  construction  of  facilities  program.  This 
plan  would  require  approximately  7,400  square  feet  of  space  in  addition  to  the 
14,70C  square  feet  provided  in  the  modification  project.  This  space  is  necessary 
to  house  general  support  functions  such  as  officers  handling  and  visual  inspection 
of  components,  equipment,  tools,  and  fixtures.  Current  studies  do  not  indicate 
that  adoption  of  tnis  plan  would  necessitate  a funding  increase  since  there  would 
be  a reduced  cost  in  providing  the  high  bay  area. 
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Another  alternative  under  study  is  the  construction  of  an  addition,  rather  than 
a modification  of  the  existing  assembly  building.  However,  this  plan  poesessee 
a significant  disadvantage  since  the  surrounding  area  is  congested.  Therefore, 
extensive  relocation  of  roads  and  utilities  would  be  required  in  order  to  provide 
a reasonable  layout. 

In  summitry,  the  most  promising  alternative  under  consideration,  a final  assem- 
bly facility  constructed  in  conjunction  with  tne  hangar  for  vehicle  components, 
will  not  result  in  an  extensive  revision  to  the  project.  The  only  significant  re- 
vision will  be  a change  in  location. 

Mr.  Koudebubh.  As  I follow  your  plans  for  construction  and 
modifications,  I gather  that  your  requests  are  all  geared  to  the  largest 
vehicle,  the  Advance  Saturn;  isn’t  that  correct? 

Mr.  Holmes.  Yes,  sir. 

Mr.  Roudebush.  Some  of  the  clearances  are  rather  close.  If  you 
were  to  build  a slightly  larger  vehicle  than  I/he  Advance  Saturn,  none 
of  these  buildings  would  be  usable;  isn’t  that  correct? 

Mr.  Holmes.  Yes ; that  is  correct. 

Mr.  Roudebush.  If  we  did  go  into  a Nova  program  sometime  in 
the  future,  every  hangar  facility,  every  crane,  every  single  installaui  u 
you  have  would  be  unusable;  isn’t  that  true? 

Mr.  Holmes.  Of  the  type  installation  to  which  you  are  referring; 
that  is  correct. 

Mr.  Roudebush.  I just  want  to  put  that  observation  in  the  record 
at  this  point. 

Mr.  Waggonner.  The  assembly  building? 

Mr.  Holmes.  Where  you  have  the  whole  vehicle  assembled. 

Mr.  Roudebush.  Where  you  have  the  vehicle  as  an  entity;  yes. 

Mr.  Holmes.  The  problem  arises  that  we  might  allow  another  10 
or  15  feet  and  find  at  a later  date  that  it  is  a foot  too  low.  Since  the 
vehicle  isn’t  defined,  it  is  a difficult  judgment  to  make.  With  these 
vehicles  as  large  as  tney  are,  I doubt  very  much  that  it  would  be  wise 
for  us  to  make  the  buildings  any  larger  than  necessary  just  on  the 
chance  that  we  might  have  an  assembly  that  was  larger.  If  a future 
vehicle  were  solid,  it  might  be  a cluster  of  solids  that  you  wouldn’t 
assemble  in  Huntsville  at  all. 

Mr.  Roudebush.  I am  not  criticizing  your  management  decision. 
I am  just  observing  for  the  committee  that  these  buildings  have  a 
capacity  which  ends  with  the  Advance  Saturn.  If  we  go  into  any 
other  programs,  your  cranes  and  everything  else  will  have  to  be  re- 
placed. 

Mr.  Fulton  of  Pennsylvania.  With  the  M-l  engine  being  scheduled 
for  1972  production,  it  doesn’t  seem  to  be  too  immediate  a problem 
when  you  talk  about  the  Nova-type  construction,  is  that  correct? 

Mr.  Holmes.  I think  that  the  time  schedule  you  are  talking  about 
is  about  right,  yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  I read  an  article  not  too  long  ago  that 
said  the  M-l  engine  was  lagging  behind  by  3 years.  Woiud  you 
comment  on  that  for  the  record? 

Mr.  Waggonner.  He  did  that  yesterday. 

Mr.  Holmes.  1 will  be  glad  to  comment.  That  article  was  written 
by  someone  who  didn’t  know  what  he  was  talking  about,  I suspect. 

Mr.  Fulton  of  Pennsylvania.  I will  suDply  you  the  article. 

Mr.  Holmes.  The  philosophy  of  the  M-l  engine  has  changed.  It 
is  not  a slip  of  3 years  when  you  decide  to  make  a more  advanced 
engine. 


I 

948  1064  NASA  AUTHORIZATION 

Mr.  Fulton  of  Pennsylvania.  At  the  end  of  the  last  session  there 
was  a question  that  I had  asked  you  which  you  hadn’t  answered, 
and  which  I would  like  for  you  to  answer  for  the  record. 

(The  information  requested  is  as  follows:) 

M-l  Program  Status 

Since  the  inception  of  the  M-l  program,  the  following  has  been  accomplished 
from  May  1962  to  April  30,  1963. 

In  the  R.  k D.  program  Aerojet,  under  the  guidance  of  the  Lewis  Research 
Center,  has  selected  configurations  and  design  concepts  and  initiated  the  design 
of  all  components  of  the  engine.  For  major  components  initial  designs  and  pro- 
curement of  materials  have  been  completed  and  fabrication  started.  The  first 
test  of  full-scale  gas  generator  was  recently  completed.  With  hardware  now  in 

Erocese,  the  first  thrust  chamber  and  liquid  oxygen  pump  tests  are  scheduled  late 
i calendar  year  1963  with  H»  pump  testa  scheduled  in  early  calendar  year  1964. 

The  major  portion  of  facilities  funding  has  been  used  to  modify  existing  Titan 
facilities  in  E area  in  Sacramento,  Calif.,  to  provide  the  test  capabilities  for  large 
components  such  as  gas  generators,  controls,  and  injectors. 

H-8  and  C-9  large  thrust  chamber  and  gas  generator  test  stands  have  been 
designed  and  construction  essentially  completed.  Design  of  the  four  large  test 
stands  of  the  new  K area  at  Sacramento  nave  been  initiated.  For  all  of  these 
facilities  Aerojet  provides  land,  site  preparation,  and  brick  and  mortar  with  NASA 
providing  the  specialised  severable  equipment. 

When  the  lunar  orbit  rendezvous  mode  was  selected  for  the  lunar  mission 
program,  an  urgent  development  effort  for  a large  vehicle  with  a direct  flight 
capability  was  no  longer  necessary.  This  decision  allowed  the  establishing  of  a 
more  orderly  6-year  program  to  preflight  rating  test  for  the  M-l  engine  instead  of 
the  4 years  originally  contemplated.  This  action  had  two  major  effects  on  the 
program:  (1)  funds  in  initial  years  of  the  program  were  reduced,  and  (2)  the 
nominal  thrust  level  of  the  engine  was  raised  from  1.2  to  1.5  million  pounds 
and  more  advanced  state  of  the  art,  consistent  with  a post-Saturn-vehicle  flight 
date  was  incorporated. 

As  one  example  of  the  latter  effect,  a multistage  axial  flow  hydrogen  pump  and 
two-stage  turbine  were  substituted  for  the  single  stage  centrifugal  pump  and  tur- 
bine of  the  original  design. 

Since  changes  in  the  design  concept  occurred  during  the  early  design  phase  the 
impact  on  total  program  cost  is  relatively  minor.  As  mentioned  above,  the  cause 
of  the  stretched  out  program,  initial  costs  were  considerably  lower  than  programed. 

Costs  of  facilities,  which  were  designed  to  serve  a l-million-pound-plus-thrust-class 
engine  were  affected  to  an  even  lesser  extend  than  the  R.  & D.  program. 

Mr.  Daddario.  Mr.  Waggonner. 

Mr.  Waggonner.  When  we  were  talking  about  parking  facilities 
in  the  computation  facilities  expansion  a minute  ago,  you  estimated 
that  for  your  parking  facilities  expansion  cost  would  be  $4  a square 
yard.  Here  we  see  tnat  the  cost  will  be  $5  a square  yard.  You  nave 
twice  as  much  narking  facility  expansion  here,  as  we  have  over  the 
other  facility,  which  would  indicate  that  percentagewise  the  cost  would 
go  down;  however,  the  cost  goes  up  20  percent.  Would  you  comment 
on  that? 

Mr.  Diaz.  The  actual  cost  of  construction  is  running  between  $3.75 
and  $4.50.  This  is  a contract  price.  The  reason  the  facility  you  were 
talking  about  is  $4  is  because  some  of  the  grading  is  being  dfone  on  the 
site  clearing  and  development.  So  part  of  it  is  being  taken  care  of 

already.  Therefore  the  cost 

Mr.  Waggonner.  You  have  $180,000  for  site  development. 

Mr.  Holmes.  Why  don’t  you  answer  Mr.  Waggonner’s  question  for 
the  record  unless  we  have  it  available? 

Mr.  Waggonner.  That  is  fine. 

(The  information  referred  to  is  as  follows:) 
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The  actual  coet  of  eonstruetion  is  running  between  93.57  and  94.50.  This  is 
a contract  price.  The  parking  area  for  the  computation  facility  is  estimated  at 
94  per  sciuare  yard  since  grading  of  the  parking  site  1b  included  in  the  lump-sum 
coet  of  the  site  clearing  and  erosion  control  item.  The  unit  cost  of  parking  fa- 
cilities of  the  Project  Engineer  Office  on  the  other  hand  includes  the  cost  or  the 
parking  area  site  grading. 

The  9180,000  referred  to  is  for  the  total  category  at  “Site  development  and 
utilities”  and  compares  with  the  9145,000  for  the  “Computation  facility." 

Mr.  Patten.  May  I ask  one  question? 

Mr.  D adda  bio.  Yes. 

Mr.  Patten.  Mr.  Holmes,  it  seems  that  roads  and  bridges  have  to 
be  widened  every  few  years.  Do  you  feel  that  your  men  nave  given 
this  question  of  the  size  of  these  assembly  buildings  careful  considera- 
tion, and  you  have  come  up  with  your  best  judgment  to  do  it  in  this 
way? 

Mr.  Holmes.  Yes,  Mr.  Patten,  I do.  Pkimarily  because  the  size 
is  already  sc  large. 

Mr.  Patten.  These  large  boosters  have  been  criticized  frequently 
and  an  article  I read  the  other  day  said  we  are  going  too  far.  But  it 
is  your  considered  judgment  that  these  facilities  are  sufficient  for  our 
needs  even  though  you  can’t  sit  here  and  say  you  are  going  to  have 
50-foot  diameter  venicles  in  1972.  Is  that  correct? 

Mr.  Holmes.  I don’t  think  we  have  sufficient  data  to  justify  to  you 
building  a larger  building  with  the  additional  costs  required. 

Mr.  Waggonner.  I think  we  ought  to  keep  it  clear  that  we  are  not 
talking  about  all  the  facilities  which  are  being  built.  This  happens 
to  be  the  assembly  building  at  this  Marshall  Test  Facility.  That  is 
the  only  facility  that  can  be  classified  that  way. 

Mr.  Holmes.  Only  those  facilities  that  concern  the  full  assembly. 

Mr.  Patten.  You  need  new  pads,  new  instrumentation,  a different 
barge,  and  almost  everything  we  have  mentioned  for  Saturn  V.  It 
goes  a little  further  than  just  the  width  of  the  building. 

Mr.  Holmes.  Correct.  All  these  items  are  concerned  with  the 


assembled  vehicle. 


Mr.  Daddario.  This  opens  up  the  Question  again,  Mr.  Roudebush. 

Mr.  Roudebush.  Yes,  it  does,  and  I might  state  for  my  dear  friend 
from  New  Jersey’s  standpoint,  I am  looking  for  future  economies  and 
also  past  mistakes.  We  have  an  assembly  and  checkout  building  at 
Marshall  which  obviously  is  auite  capable  of  handling  the  Saturn 
I-C,  the  first  configuration  of  tne  Saturn.  We  have  had  the  concept 
of  the  Advanced  Saturn  for  several  years  now,  isn’t  that  true?  When 
we  built  the  Saturn  I-C,  was  that  tne  biggest  rocket  that  this  country 
had  ever  built? 

Mr.  Holmes.  I think  that  it  was  bigger  than  some  people  had 
intended  to  build. 

Mr.  Roudebush.  That  is  probably  true.  Of  course,  this  goes 
back  before  the  time  when  you  were  the  Director  of  the  Office  of 
Manned  Space  Flight,  but  why  wasn’t  some  thought  given  to  making 
these  facilities  larger?  Are  we  repeating  a past  mistake  now  to  build 
their  capacity  just  large  enough  to  house  the  Saturn  I-C? 

Mr.  Holmes.  As  to  the  Saturn  V,  I don’t  think  we  are  making  a 
mistake.  It  is  true  that  18  or  20  months  ago  we  didn’t  envision  the 
first  stage  of  the  Saturn  V as  a five-engine  stage.  Today  we  could 
allow  a hundred-foct  headroom  and  it  probably  would  accommodate 
anything  we  would  want  to  do  in  the  future,  but  I doubt  if  we  could 
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justify  construction  of  such  a building  to  either  ourselves  or  to  you. 
To  make  it  higher  and  find  out  later  that  it  was  not  needed  at  all 
would  be  a mistake. 

Mr.  Roudebush.  I am  not  implying  that  you  are  wrong.  1 just 
hope  that  10  years  from  now  I won’t  be  sitting  on  this  committee 
when  we  get  ready  to  go  to  Mars  or  Venus  and  have  to  raise  the  roof 
again. 

Mr.  Fuqua.  “Raising  the  roof”  can  be  taken  two  ways. 

Mr.  Roudebush.  I am  talking  about  it  in  a physical  sense. 

Mr.  Fulton  of  Pennsylvania.  May  I add  Mr.  Roudebush  to  the 
group  of  volunteers  who  want  to  go  to  Venus  or  Mars? 

Mr.  Roudebush.  I delete  my  name. 

Mr.  Daddario.  I don’t  think  we  should  involve  Mr.  Roudebush  in 
this  volunteer  business.  The  committee  has  reserved  that  for  Mr. 
Fulton. 

Mr.  Fulton  of  Pennsylvania.  I am  ready  at  any  time.  I am 
serious  about  it. 

Mr.  Daddario.  We  will  move  along  to  the  project  “Engineer 
Office,”  CF-9-50. 

Mr.  Smolensky.  Here  we  are  requesting  $2,650,000.  This  project 

•!!  _•  1 !_• WAA  _ 1 • iL  _ x__l • 1 • 1 


will  provide  working  space  for  700  personnel  in  the  technical  project 
and  supporting  offices.  At  the  present  time  these  people  are  located 
in  several  leased  areas  in  Huntsville.  This  is  the  same  problem  we  had 


on  a previous  project.  As  our  test  load  increases  in  the  next  year,  the 
need  for  coordinated  engineering  planning  and  evaluation  of  test 
results  becomes  more  and  more  paramount,  and  this  is  a question  we 
feel  is  justified. 

Mr.  Daddario.  Colonel  Gould. 

Colonel  Gould.  We  authorized,  in  the  fiscal  year  1963,  a $2.5 
million  facility  for  engineering  and  administration  purposes.  I 
understand  that  this  building  is  now  under  construction;  is  that 
correct? 

Mr.  Diaz.  That  is  right. 

Colonel  Gould.  What  is  the  estimated  completion  date  of  that 
facility? 

Mr.  Lilly.  The  Engineering  and  Administration  Building  in  the 
fiscal  year  1963  program  will  be  completed  in  May  1964. 

Colonel  Gould.  How  many  personnel  will  the  building  accommo- 
date when  it  is  finished? 

Mr.  Diaz.  It  is  presently  planned  to  house  approximately  700 
people. 

Colonel  Gould.  The  project  includes  parking  space  for  400  vehicles. 
The  1963  project  also  included  parking  space.  How  many  vehicles 
will  the  parking  areas  accommodate  when  this  facility  is  completed? 

Mr.  Diaz.  The  total  parking  space  will  accommodate  approximately 
800  cars  for  the  two  facilities. 

Mr.  Daddario.  We  will  proceed  to  “Support  Operation  Building.” 

Mr.  Smolensky.  On  page  CF  9-53,  we  are  requesting  $500,000  for 
the  construction  of  a shop-type  building  with  engineering  space  to 
house  contractors’  support  people. 

The  existing  facilities  do  not  provide  for  sufficient  engineering  space, 
administrative  office  space  and  a small  repair  and  maintenance  shop 
to  house  and  support  contractor  personnel. 

This,  again,  is  related  to  our  buildup  in  testing  that  will  be  coming 
up  in  this  next  year. 
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Basically,  the  need  of  having  contractors’  support  close  to  the  test 
sites  is  important  from  a standpoint  of  their  botn  being  able  to  service 
the  test  sites,  assess  the  data,  and  then  to  quickly,  in  engineering 
offices,  evaluate  the  data  and  recommend  in  some  cases,  changes  that 
perhaps  can  be  made  on  the  spot. 

Mr.  Daddario.  Questions,  gentlemen? 

(No  response.) 

Mr.  Daddario.  If  not,  we  will  proceed  to  “Utility  Installations,” 
CF  9-56. 

Mr.  Smolensky.  Here  we’re  requesting  $5  million  for  the  general 
extension  and  modification  of  existing  utility  systems  end  new  utility 
systems  in  support  of  the  Marshall  Space  flight  Center. 

Mr.  Daddario.  There  are  numerous  technical  questions,  which 
we  will  leave  to  the  staff,  Mr.  Holmes. 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  Are  there  any  other  questions? 

Mr.  Fulton  of  Pennsylvania.  Are  all  these  utility  installations 
needed  now? 

Mr.  Low.  They  are  in  support  of  the  building  program  that  we 
have  just  described. 

Mr.  Daddario.  We  only  have  a short  time,  gentlemen,  but  I 
would  like  to  get  into  the  Michoud  plan,  if  we  could.  Would  you 
proceed  with  the  “Additions  to  the  Production  Facilities”? 

Mr.  Smolensky.  In  1964  we  are  requesting  hero  a total  of  $6 
million  to  provide  for  support  servicing  building,  mezzanine  cafeteria, 
central  maintenance  shops,  increased  master  substation  capacity, 
and  several  test  facilities,  including  a hazardous  test  facility  for  the 
Saturn  I stage,  hydraulic  test  facilities,  and  structural  facilities,  plus 
additional  test  positions  for  the  distress  coding  facility  for  the  Saturn 
I program,  plus  functional  checkout  control  room  conditions. 

It  is  a general  buildup  that  is  required  to  meet  our  requirements  for 
the  production  of  the  ££-1  stage  at  Michoud. 

Colonel  Oould.  There  is  a new  engineering  building,  I understand, 
to  be  built  at  Michoud  which  will  be  about  500,000  square  feet.  That 
is  as  a result  of  a reprograming  action  in  the  amount  of  $10,150,000 
from  fiscal  year  1963  funds. 

My  question  is:  When  the  new  engineering  building  is  completed, 
why  can’t  the  existing  engineering  building  be  used  to  accommodate 
much  of  the  support  activities  that  you  plan  for  the  support  service 
building? 

Mr.  Diaz.  The  people  who  are  moving  into  the  engineering  building 
that  is  now  in  process  are  those  who  are  in  leased  space  in  town  or 
who  will  be  coming  in. 

Colonel  Gould.  You  have  people  in  leased  space? 

Mr.  Diaz.  These  are  the  contractors’  people. 

Mr.  Low.  The  Boeing  and  Chrysler  people.  «. 

Mr.  Holmes.  Not  only  are  they  in  leased  space,  they  are  in  leased 
space  that  is  a half  an  hour  away.  We  are  trying  to  rectify  that 
situation. 

Colonel  Gould.  You  indicate  that  the  support  service  building  is 
going  to  house  reproduction,  photographic  ana  communications  func- 
tions, and  36,000  square  feet  will  be  required.  Couldn’t  part  of  the 
administration  building  be  used  to  accommodate  part  of  tne  support 
service? 
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Mr.  Smolensky.  I think  our  buildup  for  the  use  of  that  building  is 
well  committed,  and  it  is  needed  in  aadition  to  the  other  building. 

Mr.  Diaz.  Yes,  that  is  correct.  This  is  in  line  with  the  buildup. 

Mr.  Smolensky.  This  planning  on  the  Michoud  plant  has  been 
very  thoroughly  laid  out. 

Colonel  Gould.  When  I was  down  at  Michoud  not  too  long  ago, 
it  was  indicated  that  the  plans  for  the  utilization  of  the  existing 
administration  building  had  not  really  been  firmed  up,  and  that  is  the 
reason  I am  exploring  this  point. 

If  you  do  not  have  a utilization  plan  to  fully  use  the  existing  adminis- 
tration building  when  vacated,  I think  this  should  be  done  before  a 
new  support  service  building  is  programed.  Would  you  comment  on 
that,  please? 

My.  Holmes.  Yes,  I would  be  flad  to.  I am  surprised  to  hear 
that  comment,  because,  as  I think  you  know,  we  are  presently  going 
ahead  with  plans  to  build  an  office  building  to  house  personnel  on  our 
Government-owned  land  there.  We  haven’t  anywhere  near  enough 
space  to  accommodate  the  men  necessary  to  do  this  job.  Iniustifying 
that  office  space  to  me,  they  presented  detailed  charts  of  floor  areas 
that  might  ue  available  or  might  be  modified  to  accommodate  per- 
sonnel, both  Chrysler  and  Boeing  as  well  as  our  Government 
employees.  The  plan  appeara  to  be  very  well  thought  out.  Further, 
it  drew  a very  sharp  conclusion  that  we  just  did  not  have  very  much 
space. 

Colonel  Gould.  With  the  chairman’s  permission,  all  we  would 
need  is  a utilization  plan  or  a detailed  narrative  indicating  the  con- 
templated use  of  the  existing  administration  building  after  the  new 
one  is  completed. 

(The  information  requested  is  as  folio  we:) 

The  projected  buildup  of  office-type  personnel  at  Michoud  is  such  that  both  the 
existing  administrative  building  and  the  new  engineering  and  office  building  are 
needed  to  meet  office  space  requirements  (see  office  space  requirement  chart 
attached).  At  present,  there  is  a definite  deficiency  of  office  space  for  adminis- 
trative-type personnel  at  Michoud.  The  new  building  is  needed  to  accommodate 
the  additional  personnel  that  will  be  added  bv  the  contractors  to  meet  production 
schedules. 

Michoud,  operation* — Office  space  requirements 


* Net  sres  exclude*  walla,  toilets,  stair  wells,  vaults,  equipment,  and  s|*cial  purixtse  areas. 


Facility 

Office  space  (net  square 
feet)  > 

1064  (De- 
cember) 

1065  (De- 
cember) 

Administrative  building 

Engineering  building - 

Computer  building 

Clairborne  Towers  (leased)...'. 

Allen  Towers  (leased) 

New  engineering  and  office  building 

300 

10 

' M 

k M 
2nd.  000 

60,800 

77,280 

9,000 

400.000 

Total  space  available 

304.400 

.346,780 

Office  space  requirements 

538,000 

546,760 
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With  regard  to  the  central  maintenance  shorn  which  are  included  in 
this  project,  which  contractor  is  going  to  use  these  maintenance  shops? 

Mr.  Diaz.  Mason  Rust. 

Colonel  Ooulo.  What  does  his  contract  consist  of,  please?  What 
are  his  functions? 

Mr.  Smolensky.  Mason  Rust  has  the  function  there  of  actually 
maintaining  the  complete  plant  and  providing  all  the  support  serr* 
in  terms  of  maintainance  of  utilities  and  security  and  operating  tne 
plant  as  such. 

Colonel  Could.  Is  Mason  Rust  also  a manager  of  construction  at 
this  site? 

Mr.  Holmes.  They  have  managed  some  incidental  modification- 
type  construction.  I don’t  believe  they  have  been  given  the  respon- 
sibility to  manage  any  new  additional  structures.  If  they  have,  I am 
not  aware  of  it. 

Mr.  Daddario.  How  did  Mason  Rust  receive  this  maintenance 
contract,  Mr.  Holmes? 

Mr.  Smolensky.  The  original  contract  was  based  on  a competitive 
proposal. 

Mr.  Daddario.  Would  you  get  the  details  for  us? 

Mr.  Smolensky.  Yes,  sir. 

Mr.  Holmes.  Our  philosophy  was  that  it  would  be  in  the  best 
interest  of  the  Government  to  have  a contractor  do  the  housekeeping, 
the  maintenance  and  to  provide  this  service  to  the  production  con- 
tractors, Chrysler  and  Boeing  in  this  case.  We  went  out  on  a com- 
petitive basis  to  get  such  a contractor.  The  part  I am  doubtful  about 
is  whether  there  have  been  extensions  to  this  contract  and  whether 
they  were  competitive  and  so  forth.  We  'rill  get  that  for  you. 

(The  information  referred  to  is  as  follows:) 

The  Mason-Rust  Co.  was  selected  on  open  competition  for  negotiation  based 
on  36  proposals  received  from  industry.  Tneir  selection  was  based  on  best  qualifi- 
cation for  required  services  and  the  maximum  advantage  to  the  Government  from 
the  standpoint  of  cost.  Their  function  is  to  provide  general  support  service,  plant 
engineering,  maintenance,  repair  and  alterations,  and  coordination  of  stag* 
contractors'  equipment  installation  and  necessary  plant  modification. 

Mr.  Waggonner.  Mr.  Holmes,  we  can  compare  this  hazardous  test 
laboratory  here  with  the  hazardous  operational  laboratory  that  we  are 
going  to  build  at  Huntsville? 

Mr.  Holmes.  No,  we  can’t.  The  two  facilities  are  different  types. 

Mr.  Smolensky.  Actually,  in  any  of  the  fuels  that  we  use  and  the 
components  that  are  used,  they  will  have  to  be  undergoing  tests,  and 
they  are  hazardous.  There  is  certainly  some  comparison  in  the  type  of 
hazard,  and  we  are  using  the  same  types  of  hazardous  equipment. 
This  is  for  the  Saturn  S-I  stage,  ana  the  contractor  must  nave  a 
hazardous  teststand  where  he  can  test  any  new  product  on  improve- 
ments and  where  he  can  also  conduct  quality  assurance  tests  and 
qualification  tests. 

Mr.  Holmes.  If  I can  interrupt  a moment.  The  reason  I said  they 
were  not  comparable  is  that  tne  one  at  Huntsville  was  hazardous 
because  of  firings,  explosives — pneumatics,  and  so  forth.  It  is  hazard- 
ous to  the  things  that  go  into  the  building  of  the  vehicle  and  the 
testing. 

Mr.  Fulton  of  Pennsvl vania.  When  we  hear  that  there  are  27,000 
vehicles  at  the  Marshall  Space  Flight  Center  going  in  and  out  each 
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day  and  when  we  see  the  need  for  new  Government  construction  at 
these  various  installations,  it  does  bring  up  a policy  question.  In 
industrial  management  when  there  is  too  great  a concentration,  we 
get  various  levels  of  extra  things  that  are  needed  simply  because  of 
the  concentration. 

In  the  U.S.  space  program,  one  of  the  criticisms  is  that  it  is  becoming 
too  concentrated  in  certain  areas,  and  that  activities  that  could  be 
spread  around  the  country  are  neyerthelc  js  being  concentrated.  This 
criticism  is  that  not  only  scientists  but  engineering  talent  is  being 
drawn  from  the  rest  of  the  country  at  high  rates  of  pay  from  other 
activities  of  industry  which  are  essential  to  the  economy  of  the  United 
States. 

My  question  is  this:  After  having  been  at  Marshall  Space  Flight 
Oenter  and  a number  of  these  installations,  why  isn’t  some  of  this 
research  and  testing  contracted  out  to  private  industry  so  that  there 
is  a larger  spread  of  this  work  around  the  country?  I have  seen  at 
some  of  these  installations  what  I would  call  research  of  a basic  nature 
on  tensile  strengths,  items  of  that  kind,  which  to  me  have  no  reason 
for  being  closely  allied  to  an  industrial  manufacturing  and  assembly 
process. 

Have  you  made  a review  to  see  how  you  could  spread  some  of  this 
terrific  concentration  on  research  and  development  around  the  country 
without  adding  to  the  cost  of  the  program?  Secondly,  have  you  made 
a survey  to  see  whether  private  industry  could  better  handle  many  of 
these  functions  instead  of  this  tremendous  Government  building 
program? 

I wish  you  would  put  that  in  the  record  for  us  rather  than  answer 
it  now. 

Mr.  Holmes.  Yes,  sir. 

(The  information  requested  is  as  follows:) 

NASA  has  surveyed  the  capabilities  of  industry  for  each  of  our  major  programs 
and  has  made  maximum  use  of  existing  contractor  facilities.  The  Government 
is  providing  facilities  for  contractor  use  only  where  suitable  facilities  do  not  exist. 
The  facilities  requested  at  the  NASA  centers  are  considered  minimal  to  provide 
the  technical  competence  necessary  to  administer  and  technically  direct  the 
research  and  development  projects  assigned  to  them. 

It  is  NASA’s  policy  to  perform  research  and  development  projects  through 
contracts  with  private  industry  whenever  possible.  At  the  present  time  more 
than  90  percent  of  our  current  program  funding  will  go  to  the  various  contractors 
throughout  the  country.  NASA  has  studied  and  will  continue  to  study  ways  to 
distribute  the  research  and  development  projects  throughout  the  Nation,  con* 
sistent  with  the  program  needs  and  available  funds. 

Mr.  Daddakio.  Any  further  questions? 

Mr.  Wagoonner.  Off  the  record. 

(Discussion  off  the  record.) 

Mr.  Fulton  of  Pennsylvania.  1 would  like  th  s on  the  record.  I 
think  we  must  look  at  the  overall  impact  of  this  concentration  on 
the  U.S.  economy.  We  must  consider  the  training  of  the  industrial 
management  talent,  the  scientific  and  the  research  talent  as  well  as 
the  engineering  talent  for  many  other  worthwhile  activities  in  our 
U.S.  economy.  After  all,  it  isn’t  all  just  space.  We  must  see  that, 
as  my  position  is,  since  the  space  program  is  beconiing  so  big  that  it  is 
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almost  a way  of  life,  every  U.S.  citizen  should  get  a chance  to  share 
in  it  as  well  as  every  locality.  I am  against  tne  basic  tenet  of  Mr. 
Waggo nner,  that  we  should  concentrate  the  steel  industry,  the 
aluminum  industry,  the  copper  industry,  or  space  industry. 

Mr.  Daddario.  Anv  further  comment,  Mr.  Waggonner? 

Mr.  Waqgonner.  tVe  have  got  room  to  grow. 

Mr.  Daddario.  This  committee  will  adjourn  until  tomorrow  morn- 
ing at  10  o’clock  in  the  same  room,  when  we  will  proceed  with  parking 
and  security  improvements. 

(Whereupon,  at  12:30  p.m.,  the  subcommittee  adjourned  to  re- 
convene at  10  a.m.,  Friday,  May  3,  1963.) 
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F&IDAY,  KAY  3,  1003 

House  of  Representatives, 

Committee  on  Science  and  Astoonautios, 
Subcommittee  on  Manned  Space  Flight, 

Washington,  D.O. 

The  subcommittee  met,  pursuant  to  recess,  in  room  356,  Cannon 
Building,  at  10  ajn.,  Hon.  Emilio  Q.  Daddario  presiding. 

Mr.  Daddario.  The  meeting  will  come  to  order. 

Yesterday  we  had  just  finished  the  additions  to  the  production 
facilities  at  Michoud.  We  will  begin  today  with  the  parking  and 
security  improvements. 

STATEMENT  OF  GEORGE  M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS), 
OFFICE  OF  MANNED  SPACE  FLIGHT,  NASA;  ACCOMPANIED  BY 
WILLIAM  E.  LILLY,  DIRECTOR,  PROGRAM  REVIEW  AND  RE- 
SOURCES MANAGEMENT;  RODOLFO  A.  DIAZ,  ASSISTANT  DIRECTOR 
FOR  FACILITIES,  PROGRAM  REVIEW  AND  RESOURCES  MANAGE 
MENT;  STANLEY  M SMOLENSKY,  DEPUTY  DIRECTOR  OF  LAUNCH 
VEHICLES  AND  PROPULSION;  ADELBERT  TISCHLER,  ASSISTANT 
DIRECTOR  FOR  PROPULSION;  CAPT.  ROBERT  F.  FREITAG,  DIREC- 
TOR, LAUNCH  VEHICLES  AND  PROPULSION;  AND  CAPT.  JOHN  K. 
HOLCOMB,  ASSISTANT  DIRECTOR  FOR  LAUNCH  OPERATIONS, 
LAUNCH  VEHICLES  AND  PROJ'ULSION 

Mr.  Low.  Yes;  Mr.  Chairman.  Mr.  Smolensky,  who  is  Deputy 
Director  of  the  Office  of  Launch.  Vehicles  and  Propulsion,  will  again 
handle  this  his  morning. 

Before  w.j  get  started,  I would  like  to  introduce  Capt.  Robert  F. 
Freitng,  who  is  the  Director  o4:  the  Launch  Program,  wno  has  joined 
NASA  within  the  last  month  or  so. 

Mr.  Smolensky.  We  are  on  page  CF  10-15  and  under  the  title 
“Parking  and  Security  Improvements”  we  are  requesting  $610,000 
to  provide  security  roads,  security  lighting  to  serve  the  Michoud  plant. 

Mr.  Daddarios  We  will  move  on  to  the  project — “Road  and  Airstrip 
Rehabilitation,”  CF  10-1B. 

Mr.  Smolensky.  Here  we  are  requesting  $760,000  which  provides 
for  the  rehabilitation  of  the  main  plant  roads,  a portion  of  the  run- 
way and  construction  of  an  airstrip  to  support  the  deliveries  of 
the  S-I  and  the  S-lC  stage  deliveries. 

•.  Colonel  Gould.  You  indicated  that  you  are  only  going  to  rehabili- 
tate a portion  of  the  airstrip? 
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Mr.  Smolensky.  Yes. 

Mr.  Diaz.  Ws  are  going  to  rehabilitate  the  entire  airstrip. 

Colonel  Gould.  The  justification  indicates  rehabilitation  of  the 
entire  strip.  What  types  of  aircraft  do  you  propose  to  fly  in  and 
out  of  Michoud  f 

Mr.  Smolensky.  We  are  considering  small  aircraft  to  support  the 
emergency  supply  of  critical  materials  and  small  parts  in  support  of 
the  manufacturing  contract. 

Colonel  Gould.  Do  you  have  any  estimate  of  the  volume  of  fixed- 
wing  aircraft  that  will  use  this  runway? 

Mr.  Smolensky.  No.  I might  say  that  primarily  this  airstrip  will 
be  used  to  move  the  stages  to  the  docks. 

Colonel  Gould.  This  is  from  the  plant  down  to  the  barge  loading 
dock? 

Mr.  Smolensky.  Correct. 

The  rehabilitation  of  the  strip,  must  provide  for  the  weights  of  the 
stages  to  be  moved  over  the  strip.  We  are  talking  about  a 300,000- 
pound  dry  weight  S-IC  stage,  ana  25,000-pound  S-L 

Colonel  Gould.  Most  of  the  air  shuttle  service  in  the  general  area 
such  as  from  New  Orleans  airport,  from  Slidell  and  the  Mississippi 
Test  Facility,  will  be  primarily  by  helicopter,  will  it  not? 

Mr.  Smolensky.  We  are  considering  both  helicopter  and  small-type 
aircraft. 

Mr.  Fuqua.  How  many  flights  per  day,  average  traffic,  do  you  expect 
that  this  runway  will  use  ? It  is  not  going  to  be  used  to  any  great  ex- 
tent, is  it? 

Mr.  Diaz.  It  is  anticipated  that  the  number  of  flights  will  be  rather 
limited.  We  expect  only  cargo  and  administrative  aircraft  to  use 
the  strip. 

Mr.  Faqua.  Couldn’t  you  use  the  airport  at  New  Orleans,  that  is 
only  10  miles  away,  since  there  will  not  be  a lot  of  traffic  coming  in  and 
out? 

Mr.  Diaz.  The  New  Orleans  Airpcrt  is  about  10  miles  distant  with  a 
45-minute  travel  time  each  way. 

Mr.  Fuqua.  If  you  are  not  going  to  have  much  traffic  coming  in, 
and  the  cargo  is  limited,  time  is  not  going  to  be  of  the  essence. 

Mr.  Low.  Mr.  Congressman,  one  or  the  main  features  of  an  airstrip 
like  this  one  adjacent  to  a plant  is  in  connection  with  the  last  minute 
changes,  repairs  and  so  on  on  the  launch  pad  at  Cape  Canaveral.  We 
have  found  in  our  tests  (I  know  in  the  past  for  example  at  2 o’clock 
in  the  morning  during  checkout  of  the  stage  before  a launch)  that  one 
critical  piece  has  malfunctioned  and  a check  indicates  that  back  at  the 
factory  a piece  is  available. 

It  is  in  those  cases  that  the  time  element  from  getting  to  the  plant 
down  to  the  airport  down  to  the  skid  strip  at  Cape  Canaveral  down  to 
the  missile  is  important. 

I know  it  has  happened  in  the  Saturn  program  and  in  the  Mercury 
program. 

Mr.  Fuqua.  You  are  probably  going  to  need  one  up  around  complex 
39  at  Merritt  Island.  It  is  a long  stretch  from  the  skid  strip  at  Cape 
Canaveral  to  Merritt  Island,  and  will  probably  take  you  40  minutes 
to  get  there.  . 

Mr.  Low.  It  probably  will. 
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Mr.  Daddario.  You  certainly  could  use  helicopters. 

Mr.  Low.  To  the  main  airport? 

Mr.  Daddario.  We  are  talking  about  the  rehabilitation  of  an  entire 
airiield  for  what  seems  to  be  limited  use.  Have  you  looked  at  a 
cheaper  way  to  do  this?  If  you  are  going  to  use  it  just  in  this  limited 
way,  is  there  some  way  to  rehabilitate  tne  field  for  this  kind  of  use? 


way,  is  there  some  way  to  rehabilitate  the  neia  ior  tms  Kina  or  use  i 
It  seems  quite  doubtful  to  me  that  we  should  spend  this  kind  of  money 
just  to  take  care  of  a remote  possibility.  I doubt  if  we  ought  to  gear 
up  our  whole  program  for  something  that  might  happen  at  2 o’clock 
in  the  morning. 

Mr.  Smolenbkt.  Sir,  as  I mentioned,  there  are  two  reasons  for  this 
rehabilitation,  and  I think  we  are  overlooking  the  primary  one.  We 
have  an  available  airstrip  that  needs  rehabilitation  and  will  form  part 
of  the  roadway  for  moving  these  very  heavy  stages  down  to  the  dock. 

Mr.  Diaz.  Under  any  circumstances  at  least  half  of  the  airstrip 
will  require  rehabilitation. 

Mr.  Daddario.  How  wide  is  the  airstrip  as  it  now  stands  ? 

Mr.  Diaz.  As  I recall  the  airstrip  is  about  150  feet  in  width. 

Mr.  Daddario.  How  much  would  you  need  for  a roadway?  20 
feet? 

Mr.  Smolensky.  Sir,  the  diameter  of  the  stage  is  33  feet  in  itself 
and  then  the  overhang  on  the  transporter. 

Mr.  Fuqua.  How  many  tons  does  the  stages  weigh  that  you  will  be 
moving? 

Mr.  Smolensky.  300,000  pounds,  which  is  150  tons  itself,  plus  the 
transporter,  so  you  do  have  quite  a need  for  a hard -paved  road. 

Mr.  Low.  As  Mr.  Smolensky  pointed  out  it  is  not  any  one  of  the 
reasons  that  we  have  described  that  leads  to  the  conclusion  to  request 
funds  for  the  rehabilitation  of  the  airfield,  but  the  combination  of 
the  convenience  for  passenger  transport  in  and  out  to  the  plant,  the 
emergency  providing  of  supplies,  and  the  dual  use  of  the  runway  as  a 
roadway,  has  led  us  to  the  conclusion  that  rehabilitation  of  the  field 
would  be  proper  to  request  at  this  point  in  time. 

Colonel  Gould.  That  portion  of  the  runway  which  you  are  going 
to  use  as  a ro\  ' to  move  the  launch-vehicles  to  the  loading  dock — 
could  you  not  .nud-jaek  the  sunken  slalw  into  proper  elevation  and 
patch  the  expansion  joints  and  the  cracks  as  a temporary  measure? 
Will  it  accommodate  the  loading? 

Mr.  Smolensky.  Sir,  I am  not  familiar  with  those  details. 

Mr.  Low.  Iam  sure  if  the  only  purpose  were  to  build  this  into  a 
road,  it  could  be  done  cheaper  than  tne  $760,000  that  we  are  requesting, 

Mr.  Daddario.  I think  we  ought  to  look  into  the  possibility  of  an 
alternate  and  cheaper  way  to  do  this.  You  and  the  staff  should  get 
together  on  this.  Any  further  questions,  gentlemen?  (No  response.) 

We  will  move  along  to  the  vehicle  components  supply  building, 
CF  10-21. 

Mr.  Smolensky.  Here  we  are  requesting  $2,633,000  to  provide 
storage  of  parts,  subassemblies,  production  materials  foe  the  stage 
contractors,  and  the  support  contractor  to  support  the  S- 1 and  the 
S-IC  deliveries.  The  present  plant  layouts  consistent  with  our  pro- 
duction schedules  indicate  that  the  entire  existing  building  will  be 
required  for  manufacturing  operations. 

Air.  Daddario.  Colonel  Gould. 
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Colonel  Gould.  There  ie  an  existing  large  building  located  on  the 
southwest  comer  of  the  plant  proper  which  was  formerly  used  as  a 
foundry.  Why  couldn’t  this  building  be  converted  temporarily  for 
use  as  a vehicle  component  storage  facility  9 

Mr.  Lilly.  We  have  included  this  building  in  our  plans  Colonel 
Gould,  and  I shall  be  pleased  to  provide  you  with  the  proposed  use 
of  this  facility.  Are  you  referring  to  the  structure  located  on  the  east 
side  of  the  plant! 

Colonel  Gould.  It  is  located  on  the  southwest  comer  of  the  plant. 

Mr.  Lilly.  I do  not  ha  die  details  before  me;  however,  it  is  my 
recollection  that  rehabilitation  of  this  facility  approaches  the  cost  of 
a new  facility.  As  I also  stated,  there  is  a proposed  use  for  this 
building. 

Colonel  Gouid.  What  is  the  basis  for  the  requirement  of  25,000 
square  feet,  100,000  sauare  feet,  and  76 £00  square  feet,  respectively, 
to  meet  the  contractors’  needs  9 

Mr.  Smolensky.  The  S-I  contractor  is  requesting  25,000  feet  to 
store  various  components  and  subsystems  to  support  his  delivery  sched- 
ule. These  include  the  stub  fins  and  engine  skirts  and  turbine  exhaust 
fairings  and  other  .ponents  that  he  has  coming  in  from  vendors. 

Fifty  percent  of  the  area  he  is  asking  for  must  be  controlled  for 
humidity  environment  during  the  storage  of  these  items  prior  to  his 
actual  use  of  them. 

Colonel  Gould.  You  say  that  the  contractors  have  requested  this 
much  space.  Have  you  checked  into  this  as  to  the  validity  of  the 
requirement  f 

Mr.  Diaz.  The  original  request  from  the  contractor  was  much  higher. 
NASA  reviewed  ana  reduced  the  requirements  to  what  is  now  before 
you. 

Colonel  Gould.  You  can  support  these  requirements  based  upon 
volume  of  storage  9 

Mr.  Low.  That  is  correct. 

Mr.  Lilly.  The  actual  amount  that  was  requested  for  the  S-IC  was 
200,000  square  feet,  which  was  reduced  as  a result  of  our  detail  studies. 

Mr.  Smolensky.  That  is  to  100,000. 

Colonel  Gould.  The  main  problem  that  comes  to  mind  is  that  we 
have  a main  plant  which  encompasses  some  43  acres  under  one  roof, 
and  then  suddenly  we  need  an  additional  2 00, 000-equ  are-foot  building 
to  provide  more  storage.  Is  the  main  plant  fully  committed  for  manu- 
facturing puqx>ses9 

Mr.  Smoidnsky.  Yes.  Actually,  we  have  had  an  intensive  study  of 
the  utilization  of  the  whole  plant,  including  all  of  the  production  and 
material  flow  schedules,  and  the  results  of  this  master  planning  for 
the  plant  indicates  the  need  fo;  this  particular  building. 

Mr.  Fuqua.  I might  sav,  Mr.  Chairman,  that  the  construction  cost 
of  this  building  is  a little  bit  more  in  line  than  some  of  the  other  out- 
rageous costs  that  have  come  before  us.  It  still  seems  high,  though. 

Mr.  Low.  We  will  provide  justification  of  all  construction  costs  this 
week. 

Mr.  Daddario.  Will  you  look  into  this  massive  plant  and  determine 
if  it  is  being  adequately  utilize'1 9 

Colonel  Gould.  Yes,  sir. 

Mr.  Daddario.  We  will  move  along  now  to  Mississippi  Test  Facility, 
which  begins  on  page  CF-11. 
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Mr.  Smolenskt.  The  Mississippi  Test  Facility  is  a complex  that 
will  be  used  for  the  acceptance  testing  of  the  S-IC  stages  and  for  the 
acceptance  and  developmental  testing  of  the  S-II  stages.  In  fisoal 
year  1963  our  budget  amounted  to  about  $71  million,  and  in  fiscal  year 
1964,  to  continue  the  development  of  that  facility,  we  are  requesting 
a number  of  projects  totaling  $111,690,000. 

Colonel  Gould.  The  legislative  history  for  the  Mississippi  Test  Fa- 
cility indicates  that  in  fiscal  year  1962,  $30.8  million  was  authorized. 
For  fiscal  year  1963  there  were  authorized  or  reprogramed  into  this 
facility  $122.7  million.  This  biings  the  total  authorized  and  repro- 
gramed to  date,  $153.9  million. 

How  much  of  this  prior  authorization  has  been  committed?  How 
much  has  been  obligated?  When  will  the  balance  be  obligated? 

Mr.  Lilly.  The  amounts,  Colonel  Gould,  we  would  have  to  correct 
in  detail  to  adjust  to  ycur  numbers.  In  1963,  for  instance,  our  au- 
thorization for  this  program  by  this  committee  was  $92,500,000.  This 
amount  included  $43  million,  as  I recall  it,  for  the  Nova  stage  facil- 
ities. As  you  know,  in  terms  of  our  total  availability,  all  of  tne  funds 
that  were  authorized  by  this  committee  were  not  available  to  the  Office 
of  Manned  Space  Flight. 

Our  authorization  within  NASA  as  is  stated  in  the  budget  book,  for 
the  Mississippi  Test  Facility  has  been  $71,082,000. 

The  status  of  that  money  in  terms  of  commitments  and  o?  ligations  as 
of  March  31  was  as  follows : committed,  $27,691,000 ; obligated  $21,- 
225,000.  We  expect  to  obligate  the  balance  in  the  following  manner. 
We  expect  to  obligate  $2,065,000  in  April ; $9,497,000  in  May ; $3,402,- 
000  in  June;  $13,045,000  in  July;  $11,632,000  in  August;  $6,529,000  in 
September;  and  $3,687,000  in  October. 

Colonel  Gould.  The  $21  million  that  you  show  obligated — is  this 
amount  actually  under  contract  or  is  it  a case  of  the  funds  being  com- 
mitted to  the  Corps  of  Engineers  only  ? 

Mr.  Lilly.  These  are  funds  which  have  been  obligated  to  the  Corps 
of  Engineers.  As  you  know  the  corps  normally  requires  us  to  have  the 
funds  in  their  hands  before  they  advertise  for  bids. 

Colonel  Gould.  In  your  construction  status  report  for  fiscal  year 
1963,  you  indicate  $7  million  in  construction  of  facilities  and  $19.8  mil- 
lion in  R.  & D.  reprograming  from  1963  as  part  of  the  authorization 
of  $92.5  million  tnat  you  mentioned.  What  was  the  nature  of  that 
action  ? 

Mr.  Lilly  Those  actions.  Colonel  Gould,  concern  themselves  with 
the  S-II  facilities,  which  had  not  been  previously  authorized.  Specifi- 
cally the  $20  million  was  for  the  S-II  test  stands.  The  $7.5  million 
was  for  the  utilities  required  by  putting  in  the  S-II  stands.  The  re- 
maining $2.4  million  provided  for  starting  an  electronics  instrumen- 
tation and  materials  laboratory. 

Colonel  Gould.  The  NASA  strength  for  this  site  is  included  in  the 
personnel  summaries  at  Marshall,  however  they  have  not  been  broken 
cut  for  MTF.  Would  you  give  us  the  personnel  strength  plan  for  this 
facility  ? 

Mr.  Lilly.  I do  not  have  the  actual  number  of  people  programed, 
for  MTF  proper.  The  numbers  I do  have  reflect  total  personnel  re- 
quirements through  fiscal  year  1968,  broken  down  into  numbers  re- 
quiring administrative  space,  and  so  forth. 
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The  actual  numbers  identified  for  MTF  out  of  the  total  for  the  Mar- 
shall Space  Flight  Center,  I would  have  to  supply. 

Colonel  Goxjld.  The  budget  book  does  not  break  it  out  I think  it 
should  be  provided. 

Mr.  Lillt.  There  is  a continued  shifting  of  people  from  Marshall 
Space  Flight  Center  such  as  Dr.  Heimburg’s  test  division  personnel 
relative  to  criteria  and  design  for  test  facilities.  Captain  Fortune’s 
actual  staff  there  I would  have  to  get  for  you. 

(The  information  requested  is  as  follows :) 

Within  the  M8FC,  test  division,  personnel  breakdown  in  the  fiscal  year  1964 
budget  submittal,  the  following  personnel  staffing  is  programed  for  the  Missis- 
sippi Test  Facility : 


Fiscal  year  1962 0 

Fiscal  year  1968 20 

Fiscal  year  1964 100 


Below  is  the  total  personnel  staffing  requirement  for  MTF  through  fiscal 
year  1968: 


Flsra^ycar 

Fiscal  year 
1004 

FUcaUrear 

Fiscal  year 
1000 

Fiscal^  year 

Fiscal  year 
10M 

NASA 

JO 

100 

130 

145 

100 

100 

Contractor  and  other 

IS 

J07 

1,578 

2,540 

3.300 

3.300 

Total 

S3 

307 

1,700 

J.  085 

8,400 

3.400 

Colonel  Gould.  When  you  are  programing  for  facilities  at  & given 
site,  it  must  be  based  on  a certain  number  of  people. 

Mr.  Lillt.  Colonel  Gould,  our  total  personnel  estimates,  which 
form  the  basis  for  our  facilities  requirements,  up  through  fiscal  year 
1968,  are  3,460  people.  The  total  number  requiring  housing  is  2,831. 
The  total  requiring  office  space  is  930.  The  total  amount  of  planned 
office  space  is  89,317  square  feet. 

Mr.  Daddakio.  If  we  could  proceed,  then,  to  the  Advanced  Saturn, 
(First  Stage)  the  Static  Test  Facilities  on  CF  11-2. 

Mr.  Smolensky.  Our  plans  for  this  S-  JC  complex  and  our  require- 
ments include  the  need  of  two  actual  test  stands,  which  are  dual- 
position test  stands. 

In  fiscal  year  1964  we  are  requesting  $35,983,000  to  complete  the 
first  test  position  of  one  of  these  dual-position  test  stands ; plus  the 
attendant  test  control  center,  the  stage  storage  buildings,  the  observa- 
tion bunker  and  guardhouse,  and  canal,  roads,  and  utilities. 

Colonel  Gould.  What  is  the  relationship  of  the  S-IC  test  stand 
being  built  at  Marshall  and  the  one  being  built  at  MTF  ? 

Mr.  Smolensky.  The  one  at  Marshall  is  a developmental  test  stand 
that  will  be  used  continuously  for  the  all-systems  developmental 
program  at  Marshall. 

Tne  S-IC  test  stand  being  used,  or  built,  at  MTF  will  be  for  the 
actual  acceptance  testing  of  the  stages  manufactured  by  Boeing. 

Mr.  Low.  Another  wav  to  put  it  is  an  early  version  of  the  launch 
' vehicle  will  be  tested  at  Marsnall  on  the  test  stand.  This  is  a devel- 
opmental test,  you  work  out  the  bugs  on  a stand  of  this  type.  Each 
one  of  the  stages  to  be  made  at  Michoud  will  be  acceptance  tested  or 
test  fired  before  launch  at  the  Mississippi  Test  Facility. 

Mr.  Daddakio.  They  are  the  same  type  of  facilities;  are  they  notH 
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Mr.  Low.  A.t  the  Marshall  stand  there  would  be  considerably  more 
instrumentation  and  flexibility  than  at  the  MTF  stand. 

Mr.  Smolenskt.  One  is  a K.  & D.  stand,  and  the  other  is  an  accept- 
ance testing  stand. 

Mr.  Daddario.  It  is  a label  ?hat  you  put  on  them,  but  they  both 
can  perform  the  same  function.  One  may  be  able  to  do  it  to  a greater 
degree,  but  they  fundamentally  involve  tne  same  kind  of  construction 
ana  testing  equipment ; do  they  not  f 

Mr.  Smolenskt.  The  amount  of  testing  equipment  that  is  used  in 
the  development  stand  would  be  of  a higher  order  and  more  than  you 
would  necessarily  need  for  acceptance  testing? 

Mr.  Low.  I think,  to  answer  your  question,  Mr.  Chairman,  the  work 
to  be  done  at  MTF  could  also  be  done  at  the  Marshall  stand.  The 
opposite  is  not  true,  because  the  Marshall  stand  would  be  better 
equipped,  with  more  instrumentation. 

Mr.  Daddario.  Why  isn’t  it  all  done  at  Marshall?  What  is  the 
reason  behind  the  construction  of  the  extra  facilities,  how  uoes  it  fit 
into  the  program,  and  why  is  it  necessary  ? 

Mr.  Smoi^enskt.  The  all-systems  vehicle  that  we  are  using  on  the 
S-IC  stands  at  Marshall  will  be  subjected  to  continuous  checking 
throughout  the  life  of  the  S-IC  stage.  This  is  a vehicle  that  is  pat- 
terned after  the  flight  vehicle,  and  is  a vehicle  on  which  we  test  any 
modifications  or  any  improvements.  Also,  if  we  do  run  into  prob- 
lems on  the  actual  operational  vehicle,  this  is  the  one  ground  t*:st 
stage  that  we  keep  at  Marshall  for  furthering  our  R.  & D.  program, 
ana  the  improvement  of  the  stage,  itself. 

It  will  be  continuously  tested  from  the  standpoint  of  improving 
the  reliability  of  the  components,  and  gaining  history  on  the  opera- 
tion of  the  components.  Also,  you  will  find  in  all  of  our  development- 
stage  programs,  that  we  have  an  all-systems  test  stage  that  is  used 
throughout  the  development  program,  and  also  the  production  pro- 
gram. 

Mr.  Daddario.  Maybe  I just  don’t  understand  this,  but  you  have 
given  a good  explanation  as  to  why  you  need  the  test  stand  at  Mar- 
shall. 

Why  do  you  need  this  at  MTF  and  why  can’t  it  all  be  done  at 
Marshall  ? Why,  for  example?  if  you  do  need  both  of  them,  don’t  you 
take  into  consideration  the  training  of  personnel  in  this  kind  of  busi- 
ness; why  isn’t  it  all  at  one  place? 

Mr.  Low.  We  could  have  built  additional  test  stands  at  Marshall 
for  the  acceptance  testing,  but  this  would  mean  that  the  stages  manu- 
factured at  Michoud  would  have  to  be  barged  up  the  river  to  Mar- 
shall, and  then  tested  at  Marshall,  and  then  tliey  would  have  to  be 
sent  from  Marshall  to  the  cape.  The  added  time  involved  in  this 
operation  would  actually  be  a day-by-day  delay  factor  in  the  manned 
lunar  program  itself.  A secondary  factor  is  the  amount  of  testing 
that  can  be  done  in  the  Marshall  area,  because  of  its  proximity  to 
Huntsville,  as  opposed  to  the  amount  of  testing  that  can  be  done  at 
the  MTF  where  we  have  a tremendously  large  area  which  will  be 
uninhabited  during  the  tests. 

Mr.  Daddario.  Turning  that  around  and  again  considering  the 
training  of  the  personnel,  why  isn’t  it  all  done  at  the  Mississippi  Test 
Facility  ? 
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Mr.  Low.  Two  reasons  for  that,  Mr.  Chairman. 

The  first  one  is  that  the  test  stand  at  Marshall  is  on  an  earlier 
schedule,  I believe,  than  the  one  at  MTF.  The  developmental  testing 
has  to  start  earlier  than  the  acceptance  testing.  We  could  not  have 
built  a test  stand  at  MTF  as  early  as  the  one  at  Marshall,  because 
the  land  was  not  available,  and  the  area  was  undeveloped. 

The  second  reason  there  is  that  the  type  of  testing  done  at  Marshall 
is  done  by  research  and  development  people.  They  are  the  engineers 
that,  on  a day -by -day  basis,  check  out  modifications  in  the  vehicle 
and  so  on.  The  testing  at  Mississippi  is  done  by  production  people. 
They  are  the  people  wdio  have  produced  tlie  stages,  the  Boeing  peo- 
ple ; they  now  test  fire  once  or  twice  before  shipping  to  Cape  Canaveral 
for  a launch. 

They  are  different  kinds  of  testing. 

Mr.  Daddario.  One  of  the  reasons  you  have  them  at  two  separate 
places,  then,  is  simply  because  of  the  progress  that  the  program  has 
made  over  the  past  year.  It  just  happens  that  you  have  built  one  at 
Marshall  and  have  it  there. 

Mr.  Lilly.  There  was  a very  conscious  decision  and  study  of  this 
question  at  the  time  we  decided  to  build  this  stand  at  Marshall,  Mr. 
Daddario. 


Permit  me  to  go  back  in  history.  The  Marshall  stand  was  originally 
designed  to  test  what  we  called  the  C-3  vehicle,  which  had  an  entirely 
different,  configuration  from  our  Saturn  V vehicle.  Therefore,  at  the 
time  the  decision  was  made  to  proceed  with  the  Saturn  V vehicle  the 
alternative  actions  of  proceeding  with  a Marshall  stand  as  opposed 
to  suspending  construction  at  Huntsville  and  proceeding  with  a new 
facility  at  MTF  were  analyzed  in  detail.  Our  studies  led  to  the  con- 
clusion that  time  was  an  overriding  factor.  Therefore,  the  decision 
was  made  to  proceed  with  construction  of  the  Huntsville  facility  since 
it  would  be  ready  to  accept  the  first  ground-test  article  during  the  early 
part  of  calendar  year  1964.  On  the  other  hand,  a test  stana  could  not 
be  made  available  at  MTF  within  the  same  time  frame. 

Mr.  Smolensky.  May  I add  to  that,  Mr.  Daddario.  As  I men- 
tioned before,  our  plan  here  for  this  complex  visualizes  two  dual-posi- 
tion stands,  and  at  this  point  in  time  we  are  attempting  to  complete 
this  first  test  stand.  The  overall  program  schedules  were  examined 
very  thoroughly  in  terms  of  determining  our  requirements  for  these 
test  stands,  ana  they  are  all  required,  if  we  are  to  meet  our  schedules. 

Mr.  Daddario.  I understand  it  is  the  position  of  NASA  that  they 
are  all  required.  That  is  quite  obvious,  because  you  are  asking  for 
them. 

I am  trying  to  find  out  why  they  have  to  he  in  different  places.  It 
seems  to  me,  that  the  kind  of  personnel  involved  in  this  would  perhaps 
be  better  concentrated  and  more  efficient  if  located  in  one  place.  That 
seems  to  be  the  situation  from  the  nature  of  the  answers  to  the 
questions. 

It  boils  down  to  a situation  in  which  we  find  ourselves  having  one 
facility  more  readily  available  simply  because  of  circumstances.  Isn’t 
that  about  the  size  of  it,  Mr.  Low  ? 

Mr.  Low.  Yes.  sir.  There  is,  as  you  point  out,  the  convenience  of 
time — I shouldn’t  3ay  the  convenience  of  time,  but  the  fact  of  time, 
we  needed  one  stand  early ; only  Marshall  was  available. 
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In  the  area  of  location,  it  would  not  make  sense  to  put  the  produc- 
tion stands  at  Marshall  because  of  the  distance  of  transportation  and 
because  of  the  noise  generated  by  these  tests,  and  the  continued  amount 
of  testing  that  must  be  done  in  the  acceptance  tests.  These  reasons 
together  lead  us  to  the  requests  that  we  have  made. 

Mr.  Daddario.  As  you  look  ahead  through  the  years,  and  taking 
Mr.  Lilly’s  point  of  view  on  the  adjustments  in  thinking  you  had  to 
make  in  the  development  of  the  Marshall  Test  Facility,  is  it  possible 
that  we  will  be  able  to  eventually  concentrate  this  kind  of  activity  at 
one  plant — at  MTF,  for  example^— and  have  a saving,  notwithstanding 
the  fact  that  we  do  have  the  test  facility  at  Marshall.  Aren’t  we 
eventually  going  to  give  up  some  of  these  and  concentrate  the  man- 
power in  one  place,  thereby  reducing  the  maintenance  and  other  costs? 

Mr.  Low.  C)ur  attempt  is  to  go  m that  direction  where  it  is  at  all 
possible  or  feasible. 

Mr.  Daddario.  Is  that  a imssibility  in  this  instance  ? 

Mr.  Smolensky.  I would  like  to  comment  about  the  fact  that  Mar- 
shall Spaceflight  Center  is  essentially  a research  and  development 
organization,  therefore  the  test  -tfand  we  have  there  will  be  continued 
in  support  oi  the  development  program. 

Here  you  are  talking  about  test  stands  to  support  the  production 
program  of  articles  coming  out  of  Michoud. 

Mr.  Low.  I think  to  answer  your  question  more  specifically,  Mr. 
Chairman  : That  if  the  Mississippi  Test  Facility  had  been  in  existence, 
we  probably  would  not  hpve  started  the  stand  at  Marshall. 

Your  points  would  have  been  the  overriding  factors,  and  we  prob- 
ably would  have  put  all  the  development  and  production  stands  at 
Mississippi. 

Mr.  Daddario.  The  fact  that  you  have  labels  on  these  things  as  re- 
search test  stands  and  development  test  stands  is  not  so  important 
when  you  consider  the  statement  you  have  just  made.  It  is  a Dind  in 
which  you  get  caught  occasionally. 

Mr.  Low.  It  is  a consideration,  but  it  is  not  the  most  important 
consideration. 


Mr.  Daddario.  Following  that  through  logically,  the  time  can  come 
when,  despite  these  labels  that  are  put  on  them,  we  can  concentrate 
the  activities  where  the  facilities  can  take  care  of  both  research  and 
development  ? 

Mr.  Low.  Yes,  sir. 

Colonel  Gould.  There  is  an  item  in  the  cost  estimate  for  this  p inject 
on  page  CF  11-12  indicating  “Test  Stand  Deflectors”  fr-  *1,875,000. 

There  was  an  item  in  the  1903  program  for  $1,500. tw. 

How  many  test  stand  deflectors  are  we  buying  lor  $1,875,000? 

Mr.  Smolensky.  Two. 

May  I explain  something?  We  feel  that  this  item  on  page  11-11 
should  have  been  more  appropriately  carried  in  the  1963  program 
under  the  equipment  instrumentation  and  support  systems. 

Colonel  Gould.  Could  have  been  more  appropriately  carried  ? 

Mr.  Smolensky.  Yes 

Colonel  Gould.  Do  you  mean  it  should  have  been  under  the  1963 
column? 

Mr.  Low.  Yes ; under  the  1963  column. 

He  is  talking  of  the  $1.5  million  item  in  1963,  test  stand  deflectors. 
These  are  the  same  type  of  items  that  for  fiscal  1964  are  budgeted  not 
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under  “Facility  construction  and  modification,”  but  under  “Equip- 
ment instrumentation  and  support  items.” 

Colonel  Gould.  How  many  did  you  buy  in  fiscal  year  1963  for  $1.5 
million,  and  how  many  are  you  buying  in  fiscal  year  1964? 

Mr.  Diaz.  Colonel  Gould,  we  are  programing  for  a total  of  two  de- 
flectois,  one  for  each  fiscal  year. 

Colonel  Gould.  Has  there  been  a $375,000  increase  since  fiscal  year 
1963? 

Mr.  Smolensky.  We  are  also  including  in  the  1964  the  installation 
of  both  of  them. 

Colonel  Gould.  That  answers  my  question. 

I note  you  are  asking  for  a stage  storage  building  for  $1,415,000. 

What  is  this  for? 

Mr.  Smolensky.  This  is  in  the  operation  of  the  test  stands,  the 
actual  stages  will  be  delivered  to  these  buildings.  They  will  be  stored 
here,  prior  to  the  test.  They  will  be  taken  here  after  the  test  for  any 
reexamination. 

Colonel  Gould.  Please  define  the  purpose  of  the  item  “Adaptation 
Hardware”  for  $520,000  ? 

Mr.  Smolensky.  This  is  the  equipment  to  attach  the  stage  to  the 
load  frame,  the  actual  adaptation  hardware  on  the  stand. 

Mr.  Patten.  This  fascinates  me. 

If  these  things  cost  millions  of  dollars  and  you  have  one  at  Marshall ; 
how  long  do  you  let  the  boosters  stay  on  the  stand  ? 

Say  the  one  in  Mississippi,  if  you  bring  your  first  stage  in,  you 
have  it  out  there  testing  it,  now  long  will  it  take?  A week?  Three 
weeks?  Six  weeks? 

Mr.  Low.  I think  we  could  probably  explain  that  in  terms  of  the 
stage — the  first  stage  for  the  next  Saturn  to  be  launched  this  fall. 
This  is  the  S-l  stage  for  the  fifth  Saturn  flight. 

On  the  acceptance  testing  of  that  stage,  that  was  on  the  stand  for 
about  6 or  8 weeks. 

Do  you  know  the  exact  time  of  that  ? 

Mr.  Smolensk y.  Eight  weeks. 

Mr.  Low.  So  this  is  a time  period  that  is  taken  in  the  acceptance 
testing  of  a stage. 

Mr.  Smolensky.  May  I add  something  to  that  ? 

We  are  planning  right  now  about  four  acceptance  tests  a year  which 
take  about  3 months.  First  the  stage  is  mounted  on  the  stand.  Then 
all  the  necessary  connections  are  made,  including  instrumentation 
connections,  and  checkout. 

There  are  very  elaborate  checkouts  for  each  and  every  step  we  go 
through,  and  then  finally,  prepare  it  for  the  actual  run. 

In  our  acceptance  tests,  we  are  currently  planning  to  run  two  testa, 
short  duration  firing,  and  then  followed  by  a longer  duration  firing. 

Now,  between  the  two  tests,  the  stage  would  then  have  to  lie  taken 
off  and  refurbished  and  put  back  on.  It  is  quite  an  elaborate  process. 

Colonel  Gouio.  The  next  project  is  the  Advanced  Saturn  Second 
Stage,  S-II,  Static  Test  Facilities,  CF  11—14. 

Air.  Smolensky.  Here  wa  are  requesting  $19,148,000  to  provide 
operable  two  single  stage  test  complexes  to  test  the  second  stage,  the 
S- 1 X stag©  of  th©  Saturn  V • 
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In  fiscal  year  1964  we  will  be  providing  for  the  second  test  stand 
static  servicing,  storage  buildings,  observation  bunkers,  guard  houses, 
canals,  roads,  and  utilities  for  the  second  stage. 

Colonel  Gould.  There  have  been  a total  earmarked  in  the  fiscal 
year,  1962  and  1963  programs  of  $8.4  million  for  design  and  engineer- 


ing- 

According  to  the  project  description,  the  fiscal  year  1964  increment 
will  complete  the  S-II  test  complex  at  an  estimated  cost  of  $39.2 
million. 

The  design  and  engineering  services  costs  represent  27.2  percent. 
This  is  a very  high  cost  for  engineering. 

Do  you  have  any  comment  on  that,  please,  Mr.  Lilly  ? 

Mr.  Lilly.  I don’t  quite  follow  your  figures  of  $8.4  million  for  engi- 
neering and  design. 

Colonel  Gould.  $3.4  million  and  $336,000  advanced  design  funds 
have  been  made  available  for  this  test  facility. 

In  addition  to  that,  the  1963  program  authorized  $3.4  million  for 
design  and  engineering  services,  and  the  1964  program  seeks  an  addi- 
tional $938,000. 

This  brings  the  total  to  $8.4  million  for  a $39  million  project. 

Mr.  Lilly.  The  actual  amounts  which  have  been  applied  and  are 
currently  provided  for  design  and  engineering  services  are  reflected 
in  this  book  for  fiscal  1963  which  is  $3,353,000  and  $983,000. 

The  amounts  shown  for  fiscal  year  1963  took  into  account  the  ad- 
vanced design  funds  which  were  allocated  to  this  project 

Mr.  Low.  This  means  that  the  total  percentage  is  somewhat  in  ex- 
cess of  10  and  not  27. 

Colonel  Gould.  How  much  has  been  programed  for  design  and 
engineering,  including  advanced  design  9 

Mr.  Low\  The  amounts  are  $3,353,000  and  $938,000. 

I think  that  this  averages  out  to  about  11  percent.  Colonel  Gould. 

Colonel  Gould.  I notice  that  the  deflectors  for  this  stand  cost  only 
$575,000,  whereas  the  ones  for  the  other  stand  were  $3  million  for  two 
stands. 

Why  is  there  a difference  in  these  costs? 

Mr.  Smolensky.  You  are  talking  different  stages  here.  In  the 
case  of  the  S-I  stage,  you  are  talking  liquid  oxygen,  RP  fuels,  and 
this  is  a liquid  hydrogen  stage,  there  are  different  levels  of  thrusts 
here,  and  there  are  entirely  different  requirements. 

Mr.  Low.  The  thrust  level  of  the  S-IC  stage,  which  had  the  more 
expensive  deflectors,  is  7^  times  the  thrust  level  of  the  S-II  stage. 

Therefore,  we  need  a much  firmer,  bigger,  more  solid  deflector  for  the 
S-IC  stage. 

Colonel  Gould.  Are  these  test  stand  deflectors  fabricated  on  the 
site,  or  are  they  bought  from  a manufacturer  and  shipped  in  as 
entities? 

Mr.  Diaz.  They  are  delivered  to  the  site  as  an  entity  ready  for 
installation. 

Colonel  Goui  o.  What  is  the  average  leadtime  for  a test  stand  deflec- 
tor of  this  nature  ? 

Mr.  Smolensk  r.  We  can  supply  that  for  the  record. 
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(The  information  requested  is  as  follows  r) 

Leadtime  for  procuring  and  installing  the  8-1 1 deflector  la  as  follows : 

VNtl 

Leadtime  for  procurement  (includes  design,  fabrication  and  delivery  to 

site) 82 

Leadtime  for  installation 21 

Total  time  required 58 

Mr.  Fuqua.  What  is  the  difference  in  the  test  stands  that  you  have 
in  California,  versus  the  ones  that  you  have  in  Mississippi  ? 

Mr.  Low.  For  the  S-II  stage  ? 

Mr.  Fuqua.  Yes. 

Mr.  Smolensky.  At  Santa  Susana  we  have  two  S-II  test  stands. 
One  is  a developmental  test  stand  for  what  we  call  battleship  test- 
ing. That  has  a very  high  walled  tankage  to  permit  full  duration 
firing  of  our  engines  to  test  and  prove  our  propulsion  system,  and 
you  will  find  in  the  case  of  the  liquid  hydrogen  stages  that  we  are 
making,  we  have  a battleship  stage  for  each  one  of  these,  liecause  of 
the  hazardous  conditions  of  testing  liquid  hydrogen. 

In  addition,  we  have  a developmental  test  stand  there  for  the  all- 
systems type  of  testing  we  described  under  the  S-IC  stage,  which 
is  essentially  a flight -type  stage  wherein  we  check  in  great  detail 
the  functioning  of  the  overall  system. 

At  Santa  Susana  we  do  have  the  problem  of  being  restricted  to 
a limited  amount  of  firing,  due  to  the  hazardous  condition  of  this 
testing. 

We  call  it  short  duration  firing.  We  cannot  fire  this  stand  for  its 
full  duration. 

For  that  purpose,  we  are  projecting  this  second  stand  at  MTF  to  be 
used  for  the  all-systems  testing,  which  will  be  a continuous  support  of 
our  research  and  development  program. 

Mr.  Fuqua.  Why  is  it  not  possible  to  do  all  this  in  Mississippi, 
going  back  to  the  argument  that  Mr.  Daddario  had  about  the  Marshall 
Space  flight  Center? 

Mr.  Low.  Mr.  Congressman,  it  is  exactly  the  same  problem  that  we 
had  on  the  S-IC  stage. 

We  must  start  testing  on  the  S-II  stage  before  the  Mississippi 
Test  Facility  test  stands  will  be  available.  This  is  being  done  at  the 
test  stands  at  Santa  Susana. 

As  Mr.  Smolensky  pointed  out,  there  is  one  other  important  dif- 
ference, at  Santa  Susana  we  are  limited  to  about  1-minute  duration 
running  time.  We  cannot  fill  the  stage  beyond  this  point  because 
we  cannot  have  more  than  that  amount  of  hydrogen  and  oxygen  in 
the  stage  at  any  given  time  at  Santa  Susana. 

At  Mississippi  we  will  test  the  stages  for  the  full  duration,  which 
is  about  7 minutes  running  time. 

Mr.  Gurnet.  Were  the  test  stands  at  Santa  Susana  built  especially 
for  testing  this  stage  ? 

Mr.  Smolensky.  They  were,  yes. 

Mr.  Gurnet.  Why  couldn’t  they  have  been  built  at  Mississippi? 

Mr.  Low.  It  was  again  a matter  of  time. 

The  Mississippi  test  stands  will  come  in  too  late  in  the  program  to 
allow  us  to  do  the  initial  testing  which  must  be  done  if  we  are  to 
maintain  our  schedules  for  this  program. 
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Mr.  Gurney.  The  question  I was  asking  was:  Why  didn’t  you  build 
the  test  stands  at  Mississippi  first,  so  you  could  have  done  the  test 
firing  that  you  are  doing  in  California  ? 

Mr.  Low.  It  is  my  understanding  that  the  Mississippi  facility  is 
being  developed  as  quickly  as  it  possibly  can — once  we  got  the  go- 
ahead  to  start  work  at  Mississippi. 

It  was  just  physically  impossible  to  build  the  stands  there  any 
sooner. 

Mr.  Gurney.  Is  that  because  you  hadn’t  gone  ahead  vrith  the  facility 
soon  enough  ? 

Mr.  Low.  Because  we  didn’t  develop  our  master  plan  for  the  en- 
tire Apollo  program  soon  enough.  Wnich  master  plan  includes  the 
Mississippi  test  facilities. 

Mr.  Gurney.  Had  you  been  able  to  do  that,  then  you  probably  could 
have  conducted  these  tests  at  Mississippi  and  eliminated  those  at 
California  ? 

Mr.  Low.  Yes,  sir. 

Mr.  Smolensky.  There  is  also,  Mr.  Gurney,  the  problem  that  we,  as 
a matter  of  principle,  in  trying  to  develop  these  items,  attempt  to 
have  the  engineering  function  and  the  test  functions  related  or  as 
close  as  possible. 

In  this  case  it  is  North  American,  the  engineering  is  done  at  Downey, 
Calif.,  in  Seal  Beach,  and  it  is  highly  desirable  to  have  the  test 
facilities  at  close  proximity  to  the  engineering  facilities. 

It  is  much  like  the  R.  & D.  discussion  we  had  on  the  Marshall  Space 
Flight  Center.  Our  plans  call  for  a third  test  stand  at  MTF  to  aug- 
ment our  acceptance  testing. 

Mr.  Daddario.  Is  it  so  highly  desirable  that  it  is  the  compelling 
factor  when  it  is  also  so  highly  expensive  ? 

Mr.  Smolensky.  I am  not  saying  it  is  the  compelling  factor.  You 
can,  of  course,  move  people  around. 

In  the  case  of  the  Boeing  engineering  effort  on  the  S-IC  stage,  since 
there  were  no  test  sites  near,  we  have  a joint  developmental  program 
between  Boeing  and  Marshall  Space  Flight  Center. 

Mr.  Low.  The  compelling  factor,  again,  Mr.  Chairman,  was  time. 

Mr.  Daddario.  I think  this  ought  to  he  taken  into  consideration,  be- 
cause when  we  are  talking  of  facilities  of  this  hind,  Mr.  Low,  both 
Mr.  Holmes  and  General  Schriever  hare  constantly  referred  to  them 
as  national  assets,  and  that  is  because  they  are  so  expensive.  They 
ought  to  be  in  one  place,  and  they  ought  to  be  used  by  everybody  for 
every  possible  purpose. 

It  seems  to  me  that  the  sooner  we  can  get  over  this  problem  of  time 
and  this  question  of  desirability  in  items  involving  so  much  expense, 
we  ought,  to  consider  them  as  national  assets,  and  we  ought  to  place 
them  strategically  in  such  places  that  they  can  be  efficiently  used  by  all 
agencies  and  industries  under  contract  to  Government. 

Mr.  Low.  We  are  in  complete  agreement  with  that. 

Mr.  Gurney.  I think  you  can  probably  make  a fair  statement  that 
this  particular  one  we  are  talking  about,  it  may  be  true  of  others, 
has  been  made  more  expensive  because  you  have  a crash  program 
on,  isn’t  that  correct  ? 

Mr.  Low.  We  are  in  a program  with  a definite  goal  to  reach  the 
Moon  before  the  end  of  this  decade,  and  on  these  time  scales  we  had 
to  do  the  things  we  are  now  discussing. 
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Mr.  Daddario.  What  is  the  inhibiting  factor  which  limits  the 
amount  of  test  time  at  the  Santa  Susana  plant  I Is  that  a security 
precaution,  or  what  ? 

Mr.  Low.  It  is  a hazard  precaution,  Mr.  Chairman. 

If  we  completely  filled  the  S-II  stage  at  Santa  Susana  with  hy- 
drogen, liquid  hydrogen,  liquid  oxygen,  the  explosive  equivalent  of 
that  in  case  of  a malfunction  or  in  case  of  an  accident  could  be  so 
high  as  to  endanger  adjacent  property,  inhabited  property.  By  only 
filling  the  stages  partially,  so  that  there  is  not  a complete  load  of  fuel 
in  it,  and  therefore  ihe  burning  time  is  only  a fraction  of  the  total 
burning  time,  we  can  minimize  this  explosive  hazard  and  confine  the 
hazard  to  within  the  test  area  of  the  Santa  Susana  facility. 

Mr.  Daddario.  Will  this  still  allow  you  to  use  tins  expensive  facility 
to  its  complete  extent  ? 

Mr.  Low.  As  Mr.  Smolensky  pointed  out?  we  can  use  the  facility 
at  Santa  Susana  for  complete  Dattleship  testing.  By  that  I mean  we 
use  heavy  tanks. 

There  the  explosive  hazard  is  minimized.  So  far  as  doing  develop- 
mental testing,  the  facility  at  Santa  Susana  is  definitely  limited  and 
this  will  have  to  be  done  also  at  Mississippi. 

Mr.  Daddario.  Does  this  mean  as  the  program  develops  you  will 
probably  eliminate  Santa  Susana  because  you  will  be  able  to  get 
Detter  test  use  out  of  other  facilities  ? 

Mr.  Low.  As  you  have  urged  us  before,  we  will  eliminate  the  use 
there  for  the  S-II  testing  as  soon  as  we  have  satisfied  ourselves  that 
the  initial  development  testing  that  is  being  done  there,  and  is  being 
carried  out  by  people  who  are  now  there,  is  finished. 

Mr.  Smolensky.  Our  current  plans  for  the  use  of  the  two  test 
stands  at  Santa  Susana  do  envision  continuing  battleship  testing  on 
the  S-II  stage  and  it  also  envisions  component  testing  on  the  short- 
duration  stand  that  we  have,  where  we  would  have  been  using  the 
all -systems  testing. 

The  important  thing  here  to  remember  is  that  this  is  the  liquid 
hydrogen  stage,  and  we  do  want  to  gain,  as  much  as  possible,  relia- 
bility factors  and  confidence  factors  on  this  particular  stage. 

It  is  a very  important  stage  to  us.  The  more  testing  we  can  get  on 
in  these  various  stands  is  to  our  benefit. 

Mr.  Daddario.  I understand  that,  and  I think  Mr.  Low  has  given 
us  the  answer  to  it,  because  it  does  fill  in  a gap,  and  it  does  seem  to  me 
that  we  will  get  away  as  quickly  as  possible  from  an  area  which 
involves  so  much  hazard. 

You  have  a limit  beyond  which  you  can’t  go,  and  that  must  be  a 
factor  to  be  considered  for  the  future. 

Mr.  FuQua.  Mr.  Chairman  ? 

Mr.  Daddario.  Yes. 

Mr.  Fuqua.  Was  this  facility  at  Santa  Susana  constructed  with 
the  prior  knowledge  that  you  would  only  be  able  to  do  limited  testing 
there,  only  battlesnip  firings? 

Mr.  Low.  On  the  battleship  firings,  we  can  do  full  duration  test 
runs. 

Mr.  Fuqua.  Was  the  facility  constructed  with  this  large  amount 
of  funds  expended  for  this  facility  with  the  prior  knowledge  that  you 
couldn’t  use  it  to  the  fullest? 
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Mr.  Lilly.  No  sir,  it  was  not. 

Actually,  in  our  1962  and  1963  budgets,  we  had  full  intent  of  using 
that  for  our  tests,  and  that  is  why  we  had  not  programed  in  our  1963 
facility  for  the  S-II  facility  in  Mississippi. 

In  the  meantime,  from  tlie  information  that  was  developed  in  the 
decisions  on  the  safety  distance  criteria,  it  was  determined  that  we 
could  not  do  it.  That  is  why  we  had  to  use  the  reprograming  author- 
ity in  1963  t-o  get  it  started  in  Mississippi. 

Our  fee  area  at  Mississippi  is  13,500  acres,  and  we  have  approxi- 
mately 128,000  acres  of  butter  zone  around  it. 

Mr.  Daddario.  Any  other  questions,  gentlemen? 

(No  response.) 

Mr.  Daddario  (continuing).  We  will  move  to  the  project  for  the 
Bridge  for  the  IT.S.  Interstate  Highway  No.  10,  at  a cost  of  $4,500,000. 

Mr.  Smolensky.  This  project,  which  will  provide  for  a four-lane 
highway  and  bridge,  will  also  provide  clearance  via  the  river. 

Mr.  Daddario.  We  will  move  along  to  the  project  for  the  Control 
Center  and  Data  Acquisition  and  Handling  Facilities. 

Mr.  Smolensky.  In  this  project  we  are  requesting  $4,613,000,  which 
will  provide  for  the  operable  control  and  data  processing  facilities  in 
support  of  the  Advanced  Saturn  stages  test  program  at  MTF. 

In  tiscal  year  1963,  the  structures  were  provided  for  three  facilities, 
and  in  tiscal  year  1964  we  will  be  providing  for  the  remainder  of  the 
equipment  requirements  developed  to  date. 

Mr.  Daddario.  Any  questions  on  this  item,  gentlemen  ? 

(No  response.) 

Mr.  Daddario  (continuing).  We  will  move  along  Electronics, 
Instrumentation,  and  Materials  Laboratory. 

Mr.  Smolensky.  In  this  project  we  are  requesting  $2,716,000  to  pro- 
vide facilities  for  the  Measurement  and  Standards  Laboratory,  Photo 
and  Video  Laboratory,  Electronic  and  Instrumentation  Laboratory. 

Colonel  Gouid.  The  $2,437,000  that  is  shown  in  this  project  for 
fiscal  year  1963  was  not  a specifically  authorized  it9m  in  the  fiscal 
year  1963  program;  was  it? 

Mr.  Diaz.  No,  sir.  It  was  a reprogramed  item. 

Colonel  Gould.  Did  the  funds  come  from  construction  of  facilities 
or  from  Research,  Development,  and  Operation  funds? 

Mr.  Lilly.  In  this  instance  the  required  amounts  were  transferred 
from  research,  development,  and  operation. 

Colonel  Gouij>.  Would  you  amplify  your  remarks,  Mr.  Smolensky, 
as  to  the  requirement  for  a laboratory  at  MTF  when  we  have  like 
facilities  at  Marshall  ? 


Mr.  Smolensky.  The  laboratories  here,  we  have  three  of  them 
actually,  are  related  first  to  the  Electronic  and  Instrumentation 
Equipment  Laboratory. 

This  is  to  service  all  of  the  transducer  equipment  and  test  equipment 
that  we  have  on  the  various  stands.  There  is  a tremendous  amount  of 
electronic  equipment  that  will  be  used  throughout  the  Mississippi  test 
facility  area,  and  in  order  to  service  and  repair  and  maintain  it  prop- 
erly these  are  the  laboratories  that  will  be  used. 

Mr.  Low.  These  are  meters,  oscilloscopes,  and  test  equipment  that 
must  be  adjusted,  updated,  calibrated  on  each  test  to  assure  ourselves 
of  the  test  results. 
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Colonel  Gould.  So  it  is  a repair  and  maintenance  shop,  rather  than 
a laboratory;  is  that  right? 

Mr.  Smolensky.  Yes. 

Colonel  Gould.  When  is  this  facility  actually  needed? 

Mr.  Lilly.  This  facility  is  required  to  be  complete  by  December 
of  1964. 

Mr.  Diaz.  It  must  be  operational  by  the  early  part  of  calendar 
year  1965. 

Colonel  Gouij).  Has  the  construction  been  started  yet  ? 

Mr.  Lilly.  No;  it  has  not,  Colonel  Gould. 

Colonel  Gould.  What  is  the  schedule  ? 

Mr.  Lilly.  The  schedule  date  for  contract  award  of  this  facility 
is  July  of  this  year. 

Mr.  Diaz.  July  of  1963. 

Colonel  Gould.  For  this  item? 

Mr.  Diaz.  No,  sir;  for  the  item  reprogramed  during  fiscal  year  1963. 

Colonel  Gould.  The  fiscal  year  1963  increment? 

Mr.  Lilly.  The  1963  increment. 

Mr.  Daddario.  Any  further  questions,  gentlemen? 

(No  response.) 

Mr.  Daddario  (continuing).  If  not,  we  will  move  along  to  F-l,  the 
project  for  the  F-l  Engine  Systems  Test  Stand. 

Mr.  Smolensky.  Here  we  are  requesting  a total  of  $9  million  to 
provide  an  operable  test  stand  to  support  the  tests  of  the  F-l  engines 
in  conjunction  with  the  S-IC  stage  testing. 

Colonel  Gould.  Approximately  $35  million  have  been  authorized 
for  the  construction  or  five  F-l  engine  stands,  plus  supporting  facili- 
ties at  Edwards  Air  Force  Base. 

Also,  at  Marshall,  $6  million  have  been  authorized  for  the  construc- 
tion of  an  F-l  engine  test  stand. 

These  test  stands  were  justified  as  research  and  production  test 
facilities. 

Why  can’t  the  facilities  at  Edwards  and  Marshall  be  used  to  meet 
this  need  ? 

Mr.  Smolensky.  The  test  stands  at  both  Edwards  and  at  Marshall 
are  committed  to  both  the  development  of  the  F-l  and  the  acceptance 
testing  of  the  F-l  engine,  and  this  stand  is  a requirement  to  support 
the  acceptance  testing  of  a stage. 

What  we  visualize  here  is  five  engines  per  stage.  Our  plans  call 
for  the  need  of  a nearby  test  stand  wherein  if  anything  happens  to 
any  of  the  engines  on  the  S-IC  stand  as  it  is  being  acceptance  tested, 
it  can  be  removed,  and  the  S-IC  stand  provides  for  that,  taken  to  the 
F-l  test  stand,  recalibrated,  recheeked,  and  reaccepted,  or  if  we  do 
have  to  put  on  a totally  different  engine,  we  will  be  able  to  acceptance 
test  it  right  on  the  spot  and  then  put  it  into  the  stage  itself. 

It  is  in  support  of  this  S-IC  acceptance  testing  exclusively,  Colonel 
Gould. 

Colonel  Gouid.  If  you  have  spare  engines  on  hand,  why  couldn’t 
one  that  has  been  taken  off  be  shipped  to  Marshall  to  be  checked  out 
and  recalibrated? 

Mr.  Smolensky.  We  do  also  have  the  F-l  engine  stand  at  Marshall. 

We  believe  it  will  be  fully  committed  in  support  of  the  S-IC  stage 
development  testing  that  will  be  continuing,  tne  all-systems  testing  at 
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The  tests  we  visualize  fully  utilize  the  stand  at  Mar 'nail  and  our 
requirement  for  the  stand  at  MTF  is  based  on  our  schedules  for  the 
S-IC  stage  acceptance  tests. 

Colonel  Gould.  You  say  that  the  testing  volume  is  so  great  that  the 
capacity  of  the  ones  at  Edwards  and  at  Marshall  would  not  be  able 
to  absorb  any  additional  testing. 

What  is  this  volume  ? What  is  the  schedule  ? 

Mr.  Smolensky.  I do  have  that  here. 

We  have  planned  it,  we  have  planned  the  number  of  tests  for  each 
stand,  l>oth  developmental  tests  and  acceptance  tests. 

Mr.  Gurney.  How  many  test  stands  do  you  have  at  Edwards  ? 

Mr.  Smolensky.  We  have  three  test  stands  that  we  are  building.  We 
are  using  a total  of  five  engine  test  stands  and  one  thrust  chamber  test 
stand. 

Mr.  Gurney.  You  mean  presently  you  are  ? 

Mr.  Smolensky.  We  are  presently  using  two  engine  test  stands  and 
one  thrust  chamber  test  stand.  And  we  are  building  three  engine  test 
stands. 

Mr.  Low.  We  would  be  happy  to  go  over  the  detailed  schedule  for 
this  with  Colonel  Gould. 

Mr.  Daodario.  I was  going  to  ask,  Mr.  Low,  if  you  would  be  kind 
enough  to  have  it  gone  over  with  Colonel  Gould  and  to  also  have  it 
placed  in  the  record. 

(The  information  requested  is  as  follows :) 

Utilization  of  F-l  engine  test  stands 


Numlx'r  and  type  of  engine  test* 


Location  and  stand 


Calendar 
year  1963 


Edwards  AFB: 

Thrort  chamber  stand 2A... 
Engine  stand  1A 


Engine  stand  1 B (2  position) . 
Engine  stand  1C 


Engine  stand  ID 

Engine  stand  IE 

Marshall  Space  Flight  Center: 
F-l  engine,  stage  development 
stand. 

Mississippi  test  facility:  F-l 
engine,  stage  acceptance  stand. 


197  R.  A D. 
150  R A D. 

192  R.  A D. 
+2  ACC. 


Calendar 
year  1964  • 

Calendar 
year  1965 

Calendar 
year  1966 

Calendar 
year  1967 

180  R.  A D.. 
97  R.  A D... 

15a  R.  A D.. 

39  R.  A D... 

11  ACC 

9 ACC 

180  R.  A D.. 
72  R.  A D. 

+QUAL. 
168  R.  A D.. 

68  R.  A D. 

+OUAL. 
13  ACC 

13  ACC  .... 

Continued 
number  of 
finalised. 

5 ACC  

14  ACC 

14  ACC 

testing;  actual 
tests  to  be 

12  ACC. 

12  ACC. 

12  ACC. 

8-1C  stage  development  support  effort 


S-IC  stage  production  support 1 


i S-IC  stage  development  support  to  commence  in  early  1964  and  continue  during  the  life  of  the  program 
•on  a nonscheduled  basis  as  required. 

« 8-lC  stage  production  «upport  to  commence  in  latter  part  of  1965  and  continue  during  the  life  of  the 
program  on  a nonscheduled  basis  as  required. 

Legend:  R.  A D.— Research  and  development  testing.  QUAL—  Engine  qualification  (com  Nov.  19, 
1965,  through  Feb.  19.  1966.  ACC—  Accept anne  testing:  The  present  contmrt  covers  delivery  of  the  1st 
76  engines  listed.  The  remaining  41  engines  reflect  current  estimates  for  vehicle  requirements. 

Mr.  Gurney.  Let’s  pursue  that  just  a little  further. 

Since  you  have  five  test,  stands  at  Edwards,  how  long  does  it  take 
you  to  ship  these  engines  from  California  to,  say  Mississippi? 

Mr.  Smolensky.  I don’t  have  the  exact  delivery  time.  I am  sure 
that  has  been  included. 
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Mr.  Guknsy.  It  would  seem  as  though  if  an  engine  needed  to  be 
recalibrated,  somehow  it  could  be— — 

Mr.  Low.  Hie  shipping  time  is  about  1 week. 

Mr.  Dadoario.  These  are  things  that  Colonel  Gould  will  look  into. 

Mr.  Lilly.  The  engine  trucking  time  from  the  west  coast  is  approxi- 
mately 1 week. 

Mr.  Daddario.  We  will  move  along  to  the  project — “Maintenance 
Facilities.” 

Mr.  Smolensky.  In  this  project  we  are  requesting  $5,987,000  to  pro- 
vide a test  maintenance  shop  to  maintain  specialized  facilities  to  sup- 
port the  test  schedules. 

Colonel  Gould.  There  was  a supply  and  maintenance  complex  au- 
thorized in  fiscal  year  1968.  Why  cannot  this  be  used  to  meet  this 
requirement  initially  in  lieu  of  building  a new  budding  for  supply 
and  maintenance? 

Mr.  Lilly.  Both  items  are  fully  needed,  Colonel.  The  status  of 
the  fiscal  year  1965  item  you  are  referring  to  is  as  fellows : Design 
was  completed  in  April,  the  advertising  period  will  begin  on  May  10, 
and  a contract  award  is  scheduled  to  be  made  in  June.  However,  the 
requirement  for  the  fiscal  year  1964  facility  took  into  consideration 
the  availability  of  the  fiscal  year  1963  project" 

Colonel  Gould.  How  many  vehicles  are  going  to  be  located  at  this 
site  requiring  maintenance  ? 

Mr.  Smolensky.  May  we  furnish  that  to  you.  Colonel  Gould  ? 

(The  information  requested  is  as  follows :) 

There  will  be  a total  of  600  vehicles  at  MTF  that  will  require  maintenance. 
Below  is  a breakdown  of  such  vehicles : 

Standard  sedan 

Buses 

Small  trucks  (%  to  1 ton)  — 

Large  trucks  (1ft  to  6 tons). 

Special  vehicles  (such  as  ambulances.  Are  trucks,  refuse  trucks,  wreckers,  ^ 

Semiflat  bed  trailers 10 

Tractor  crawlers 6 

Loaders 3 

Cranes — 8 

Street  eweepern 2 

Bead  grader 1 

Forklift 24 

Tractors 10 

5-ton  cranes . 5 

Miscellaneous  type  vehicles  and  equipment  ( motor  scooters,  concrete  mixers, 

air  compressors,  battery  chargers,  etc.) 141 

Colonel  Gouin.  Please  supply  that  for  the  record  and  send  me  an 
advance  copy  for  early  review. 

I notice  that  a marine  maintenance  facility  is  being  provided.  Is 

it  NASA’s  plan  to  procure  its  own  towboats  and  barges  or  will  this 
be  a contractual  effort  ? 

Mr.  Smolenskt.  We  have  a transportation  plan,  and  it  includes 
bargee  for  stage  delivery. 

Mr.  Low.  Captain  Holcomb  is  the  man  who  developed  our  trans- 
portation plan. 

Captain  Holcomb.  We  will  have  our  own  barges  for  our  stage  de- 
livery. 
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Colonel  Gouu>.  How  many  bargee  are  you  buying? 

Captain  Holcomb.  I believe  we  are  talking  about  six  at  this  time. 

Colonel  Gould.  How  about  your  towboat  fleet;  is  this  going  to  be 
contracted  for,  or  are  you  going  to  develop  your  own  towboat  fleet? 

Captain  Holcomb.  This  will  be  a contractual  operation. 

Mr.  Fuqua.  You  will  just  have  a bed 

Captain  Holcomb.  Yes,  sir;  the  barges  will  have  to  be  specially 
configured.  So  far  as  the  tug  services  are  concerned,  we  will  contract 
for  those. 

Mr.  Gurnet.  Have  we  tried  to  secure  private  barges  to  see  if  pri- 
vate companies  can  adapt  their  barges  to  handle  this? 

Captain  Holcomb.  We  have  obtained  our  barges  out  of  the  mari- 
time service  reserve  fleet,  and  these  we  will  configure  especially  for 
this  purpose;  they  have  to  have  special  shelter,  special  protection. 

Mr.  Gurney.  What  I asked  was,  have  you  contacted  private  con- 
cerns to  see  whether  they  could  meet  this  need  ? 

Captain  Holcomb.  I do  not  believe  that  they  had  contemplated 
going  out  to  a contractor  for  these  special  configured  barges  to  be 
contractor  owned. 

Mr.  Gurney.  That  ought  to  be  investigated. 

Captain  Holcomb.  However,  it  will  be  contractor  operated. 

Mr.  Daddario.  I agree,  Mr.  Gurney,  that  it  ought  to  be  looked  into- 
to  see  what  the  alternative  prospects  are.  I think  you  should  take 
that  point  up,  Colonel  Goulet. 

Captain  Holcomb.  I am  sure,  Mr.  Gurney,  that  this  was  looked  at 
initially.  I am  not  at  all  sure  why  it  was  discarded.  We  will  get  that 
answer. 

Colonel  Gould.  How  many  bargee  do  you  now  have  in  the  fleet? 

Captain  Holcomb.  I believe  w©  have  two  at  this  point. 

Colonel  Gould.  Have  they  already  been  converted  ? 

Captain  Holcomb.  Yes. 

Colonel  Gould.  What  is  the  timetable  on  the  procurement  of  the 
other  five? 

Captain  Holcomb.  I would  like  to  furnish  that  for  the  record. 
Colonel  Gould. 

(The  information  requested  is  as  follows :) 

The  barites  were  obtained  from  Army  surplus  in  Charleston,  8.C.  They  will 
be  shipped  to  New  Orleans  this  month  where  they  will  he  refurbished  and  con- 
verted to  be  able  to  transport  the  cryogenics.  The  five,  barges  will  be  operational 
January  1, 1966. 

Colonel  Gould.  Do  you  know  what  the  cost  of  the  conversion  of 
these  barges  is? 

Captain  Holcomb.  I do  not  ha^e  that  information. 

Colonel  Gould.  Would  you  supply  that  for  the  record  ? 

Captain  Holcomb.  I will,  sir. 

(The  information  requested  is  as  foiows:) 

The  coat  of  conversion  of  the  five  barges  la  as  follows : 

Propellant  storage  barges  (2  at  93,000  gallons  each) $1,100,000 

Propellant  storage  barges  (8  at  20,000  gallons  of  liquid  hydrogen 

each) 1,600,000 

Total  cost  for  conversion  of  the  five  barges 2, 600, 000- 
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Colonel  Gould.  You  have  a marine  maintenance  facility  also 
planned  for  Marshall.  Why  do  you  need  one  at  Marshall  and  one  at 
MTF? 

Mr.  Smolensky.  If  emergencies  happen,  we  would  need  mainte- 
nance service  at  both  places. 

Colonel  Gould.  We  have  all  kinds  of  contractual  effort  available 
on  practically  every  maior  river  in  the  country  that  can  do  barge  main- 
tenance and  repair  work.  The  point  is,  why  do  we  have  to  build  into 
this  system  a maintenance  capability  when  it  can  be  done  through 
contractual  effort,  and  in  view  of  the  limited  number  involved  ? 

Mr.  Low.  We  will  have  to  reexamine  the  results  of  our  studies  here 
and  discuss  them  with  you  later,  Colonel  Gould. 

Mr.  Daddario.  I think  that  is  a very  good  suggestion,  Mr.  Low,  and 
it  ought  not  be  based  upon  an  emergency.  We  cannot  be  running  this 
whole  program  by  building  the  facilities  on  the  basis  not  of  private 
industry  in  certain  areas  being  able  to  do  a job  which  it  is  already 
doing  only  because  of  the  fact  that  they  would  not  be  available  on  an 
emergency  basis.  I do  not  think  we  ought  to  operate  on  that  basis. 

Mr.  Low.  Yes,  sir.  If  we  may  move  along. 

Mr.  Smolensky.  The  next  project  is  on  page  CF  11-44  for  a navi- 
gation lock.  This  loclc  is  required  in  support  of  the  river  and  canal 
system  to  allow  transportation  of  vehicle  stages  to  and  from  MTF. 

Colonel  Gould.  The  lock  proposed  for  the  launch  operation  center 
at  Canaveral  is  90  feet  wide  by  400  feet.  The  one  proposed  here  is 
100  feet  wide  by  800  feet  long.  Would  you  comment  on  the  difference  ? 

Mr.  Diaz.  T*ne  lock  design  at  Cape  Canaveral  has  been  revised  by 
the  Corps  of  Engineers  to  provide  for  a 90-by-600-foot  structure. 
The  MTF  lock  design  has  been  based  upon  standard  lock  configura- 
tions for  the  Mississippi,  therefore  this  facility  will  be  110  feet  wide 
by  600  feet  in  length. 

Colonel  Gould.  Would  you  secure  from  the  Corps  of  Engineers, 
please,  the  reason  for  the  difference  in  design  at  LOC  and  at  Missis- 
sippi and  provide  it  for  the  record  ? 

Mr.  Diaz.  Yes. 

(The  information  requested  is  as  follows :) 

The  lock  proposed  for  the  Mississippi  test  facility  is  110  feet  wide  by  000  feet 
Iona.  The  lock  now  proposed  for  the  Launch  Operation  Outer  at  Cape  Canav- 
eral Is  90  feet  wide  by  000  feet  long. 

The  Hi se  of  the  MTF  lock  is  a standard  sise  in  the  Mississippi  River  Valley 
area.  The  size  of  the  Cape  Canaveral  lock  was  originally  bsRed  on  the  Intra- 
coastal Waterway  standard  of  56  by  400  feet.  Subsequently , because  of  NASA 
requirements,  the  width  of  the  proposed  lock  was  increased  to  90  feet.  After  the 
width  was  changed  the  Corps  of  Engineers  determined  that  the  length  should  be 
increased  to  600  f<vt  to  provide  a lock  comparable  to  the  standard  80  by  600  feet 
lock  as  proposed  in  the  cross-Florida  Canal  system.  Consequently,  the  size  of 
the  lock  being  designed  for  Cape  Canaveral  is  now  90  by  600  feet. 

Mr.  Daddario.  Security  control  facilities. 

Mr.  Smolensky.  $657,000  to  provide  security  control  facilities  for 
MTF  including  buildings  at  the  north  and  south  gates  for  control  of 
entrance  and  egress  from  the  area. 

Colonel  Gould.  What  means  of  perimeter  security  will  be  provided 
around  this  site  ? 

Mr.  Diaz.  The  perimeter  will  be  patrolled. 

Colonel  Gould.  What  are  the  construction  and  design  lendtimes 
for  this  project  f 
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Mr.  Lilly.  The  design  time  for  this  project  is  approximately  6 
months.  With  a construction  leadtime  of  about  6 months.  Our  prerv 
ent  schedule  calls  for  completion  of  these  facilities  by  November  of 
1964. 

Mr.  Daddaxio.  If  there  are  no  further  question*,  we  will  more 
along  to  the  sonic  measuring  facilities. 

Mr.  Smolensky.  We  are  requesting  he. re,  $1,760,000  to  provide 
cilities  to  analyze  and  determine  whether  the  conditions  will  allow 
for  safe  testing  of  rocket  engines  or  boosters.  This  is  CF  11-62. 

Colonel  Gould.  A sonic  measuring  facility  and  an  acoujtical  labora- 
tory, I think  it  is  c&llixi,  has  already  been  provided  at  this  site  in 
temporary  facilities  Why  cannot  these  facilities  be  continued  in 
use  for  another  y**r  t 

Mr.  Shot jsNfo* :: . May  I supply  that  for  the  record  f 

Colonel  Gould.  Yes. 

(The  info  .mation  requested  is  as  follows :) 

The  exiting  temporary  sonic  facility  cannot  be  continued  for  as?!**?  year 
for  the  flowing  reasons : 

(1)  “'  he  existing  temporary  facility  which  was  set  np  In  a mod'.^sd  lt«- 
room  lesidence  was  designed  for  the  limited  use  of  gathering  n hritory  of 
atmospheric  sound  propagation  in  the  area  for  1 year.  Hie  plannee  perma- 
nent facility  is  designed  for  mnch  wider  usee  including — 

(a)  determining  and  predicting  no^se  propagation ; 

(b)  gathering  weather  and  sound  data  to  be  used  for  scheduling  rocket 
test  firings  under  favorable  weather  conditions ; and 

( r ) checking  performance  of  equipment  at  various  sr  md  levels. 

(2)  The  existing  facility  Is  currently  housing  equipment  with  capability  of 
only  one-tenth  that  required  to  simulate  actual  test  firing  conditions.  The 
permanent  proposed  facility,  therefore,  has  different  and  larger  equipment  needed 
for  sonic  measurement  of  actual  firing  conditions  which  will  commence  in  Oc- 
tober 1964.  This  equipment,  therefore,  could  not  be  housed  in  the  existing  fa- 
cility which  is  already  overcrowded. 

Mr.  Low.  Perhaps  Mr.  Lilly  could  answer  that. 

Mr.  Lilly.  I think  we  would  have  to  supply  the  details  on  this 
item.  I believe  that  these  temporary  facilities  were  relocated  from 
the  Marshall  Space  Flight  Center  in  order  to  initiate  acoustic  atmos- 
pheric studies  which  were  required  as  a prelude  to  development  of 
a master  plan  for  the  Mississippi  Test  Facility. 

I believe  that  the  facility  is  very  preliminary.  It  is  not  the  type 
of  a facility  which  can  satisfy  a long-range  continuing  need.  If  you 
have  been  there,  Colonel  Gould,  you  will  recall  the  small  rig  and 
associated  small  buildings  which  make  up  this  facility. 

Colonel  Gould.  It  is  my  understanding  that  these  sonic  measuring 
facilities  are  required  at  the  site  where  testing  is  being  carried  on 
in  order  to  detennine  the  appropriate  time  from  a standpoint  of 
atmospheric  conditions  to  fire. 

Mr.  Low.  That  is  correct. 

Colonel  Gould.  You  couldn’t  use  the  facilities  at  Marshall  to  satisfy 
this  need  t 

Mr.  Low.  That  is  right. 

Mr.  Daddario.  Transportation  and  parking  facilities. 

Mr.  Smolensky.  This  is  page  CFll-57,  we  are  requesting  $7,585,000 
to  provide  roads,  internal  railroad  system,  and  parking  areas  at  MTF. 
It  also  includes  provision  for  relocating  State  Highway  No.  43. 
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Mr.  Daddakio.  There  are  & series  of  technical  questions  which 
Colonel  Gould  will  take  up  with  jour  staff.  We  will  move  along 
with  Utility  Additions  and  Extensions. 

Mr.  Smolensky.  In  this  project  we  are  requesting  $6,559,000  to 
provide  for  utility  and  support  requirements  for  the  Saturn  V stage 
test  program  at  MTF. 

Colonel  Gould.  The  fiscal  year  1963  program  authorized  $13.5  mil- 
lion for  utilities  and  support  facilities.  This  project  shows  in  your 
cost  estimate  only  $8.7  million  for  utilities  for  fiscal  year  1963.  What 
happened  to  the  other  $4.8  million  ? 

Mr.  Lilly.  The  $13.5  million  authorized  in  fiscal  year  1963  provided 
not  only  for  utilities  but  for  support  facilities  as  well.  The  $8.7  mil- 
lion represents  the  utilities  phase  of  the  fiscal  year  1963  project  only. 
It  is  presented  in  this  manner  in  order  to  provide  a complete  picture 
of  funds  programed  for  utilities. 

Mr.  Daddario.  Any  further  questions,  gentlemen? 

Mr.  Gurney.  I wonder  if  they  could  furnish  an  answer  for  the 
Tecord  on  that  highway?  I understand  this  facility  is  in  a remote 
area  with  a lot  of  land.  Why  couldn’t  the  site  be  pushed  farther  to 
the  east,  I think  it  is,  or  the  west,  whatever  it  is,  and  gotten  out  of 
that  State  highway  that  you  are  building  of  $2  million?  Could  you 
get  that  for  the  record  ? 

(The  information  requested  is  as  follows :) 

The  MTF  tect  facility  area  (fee  none)  coaid  not  be  moved  to  the  west  or  to 
the  east  without  costing  considerably  more  money  than  the  81,060.000  required 
to  relocate  State  Highway  No.  43.  If  the  main  test  facility  site  were  moved 
sufficiently  to  the  west  to  avoid  Highway  No.  43,  the  whole  town  of  Nicholson, 
would  have  to  be  acquired  and  its  population  removed.  Besides  the  hardship 
Inflicted  on  the  people  involved,  the  cost  of  snch  an  operation  would  be  con- 
siderably more  than  $2  million.  In  addition,  U.S.  Highway  No.  11  would  have 
tn  be  relocated  at  a considerable  cost. 

Similarly,  if  the  main  facility  site  area  were  moved  sufficiently  to  the  east  to 
Avoid  Highway  No.  43,  the  following  will  be  affected : 

(1)  The  canal  system  used  for  transporting  the  vehicle  stages  and  the  cryo- 
genics will  have  to  be  extended. 

(2)  The  buffer  zone  must  be  extended  to  include  the  town  of  Kiln,  Mies. 
The  population  of  Kiln  will  have  to  be  moved  involving  great  hardship  to  the 
inhabitants  as  well  as  additional  cost  to  the  Government. 

(3)  The  county  road  from  Santa  Rosa,  Miss.,  to  Kiln,  Miss.,  will  have  to  be 
relocated  at  a cost  of  approximately  $300,000. 

Mr.  Daddario.  This  is  one  of  the  precise  questions  which  Colonel 
Gould  has  on  his  list. 

Proceed  to  “Warehouse  additions  and  storage  facilities.” 

Mr.  Smolensky.  For  this  project  we  are  requesting  $2,318,000  to 
provide  for  warehouse  storage  facilities  to  store  flammable  materials 
and  all  supplies  except  booster  related  material. 

Mr.  Daddario.  We  will  move  along  to  “Waterways  and  docking 
facilities.” 

Mr.  Smolensky.  In  this  project  we  are  requesting  $4,442,000  to  pro- 
vide for  the  means  of  transportation  for  materials,  propellants,  and 
stages  to  and  from  MTF. 

Mr.  Daddario.  Any  questions,  gentlemen  ? 

Colonel  Gould.  Have  advanced  design  funds  from  fiscal  year  1963 
been  committed  to  this  project  ? 

Mr.  Lilly.  As  a part  of  the  statutory  reprograming  action  that  was 
forwarded  to  the  committee  we  had  intendea  and  hoped  to  identify 
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approximately  $283,000  for  this  item.  I explained  to  you  yesterday, 
Mr.  Holmes  is  withholding  actual  authorizations  to  the  center  until 
we  can  study  other  shortages  we  are  exercising,  and  thus  balance  our 
total  requirements.  We  fully  intend  and  hope  that  these  funds  can 
be  made  available  for  the  early  initiation  of  design. 

Mr.  Gurney.  What  draft  do  these  barges  require  ? 

Captain  Holcomb.  I believe  these  are  about  an  8- foot  draft.  It 
requires  about  a 10-  to  12-foot  channel. 

Mr. Gurney.  Deep? 

Captain  Holcomb.  Deep,  yes. 

Mr.  Daddario.  Gentlemen,  we  skip  over  a little  section  here  which  is 
assigned  to  one  of  the  other  subcommittees,  and  move  to  “Various 
locations.” 

Mr.  Smolensky.  The  first  project  that  pertains  to  our  program  is  on 
page  CF13-3. 

Mr.  Daddario.  In  the  interest  of  saving  some  time  in  this  whole 
area,  we  have  a series  of  questions,  and  if  it  becomes  necessary  we  will 
go  over  it  item  by  item. 

Colonel  Gould,  why  don’t  you  ask  some  questions  on  all  of  these 
various  locations? 

Colonel  Gould.  On  the  F-l  program  at  Edwards,  Canoga  Park,  and 
Santa  Susana — prior  authorization  as  shown  in  this  book  and  as 
previously  authorized  differs  by  some  $11  million.  The  total  author- 
ization ?s*$18.9  million,  and  as  shown  in  the  1964  books  is  $37.5  million, 
a difference  of  $11.4  million.  This  appears  to  be  a great  difference. 

Were  there  any  delays  in  the  F-l  program  that  caused  reprogram- 
ing of  these  funds? 

Mr.  Lilly.  Is  your  question,  Were  any  delays  incurred  in  the  F-l 
because  of  these  ? 

Colonel  Gould.  No,  did  any  delays  occur  which  caused  this  repro- 
graming? 

Mr.  Lilly.  No,  in  balancing  our  funds  we  obviously  tied  them  to 
the  scheduled  requirements.  Specifically,  I am  not  familiar  with  any 
delay  which  brought  about  this  situation,  Colonel  Gould.  It  is  true 
that  we  had  to  balance  our  fiscal  year  1962  supplemental  request 
against  the  availability  of  1963  funds,  which  as  you  know  did  not  occur 
until  October.  However,  I cannot  recall  specifically  any  delays  in 
the  F-l  program  that  caused  this  reduction. 

Colonel  Gould.  This  $11.4  million  was  reprogramed  to  other  needs? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  All  these  facilities  under  “Various  locations”  are 
primarily  for  contractor  plant,  is  this  correct  ? 

Mr.  Diaz.  That  is  correct. 

Colonel  Gould.  De  we  retain  title  to  all  these  facilities  that  we  build 
at  contractor  plants  ? 

Mr.  Lilly.  Yes,  sir;  we  do.  Wherever  construct  facilities  on  other 
than  Government-owned  land,  there  is  a requirement  that  we  have  a 
long-term  lease  with  an  option  to  buy. 

Colonel  Gould.  What  is  your  definition  of  a severable  facility  ? 

Mr.  Diaz.  All  those  components  above  the  substructure  and  founda- 
tions are  considered  to  be  severable. 

Mr.  Daddario.  You  mean  by  that  anything  that  can  be  torn  down 
and  carted  away  ? 
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'■  Mr.  Diaz.  Yes,  sir ; these  items  are  considered  severable. 

Colonel  Gould.  In  reference  to  the  H-)  engine  production  facilities 
shown  on  page  CF13-12,  does  an  agreement  exist  between  DOI)  and 
NASA  for  tne  use  of  the  Air  Force  facility  at  Neosho? 

Mr.  Diaz.  Yes,  sir;  it  does. 

Colonel  Gould.  When  this  furnace  that  you  propose  to  build  here 
is  out  in  operation  who  is  going  to  operate  it  ? 

Mr.  Tisciiler.  It  will  be  operated  by  the  contractor. 

Colonel  Gould.  Is  this  a research  and  development  facility  or  a 
manufacturing  facility  ? 

Mr.  Tischler.  It  is  a manufacturing  facility. 

Colonel  Gould.  Who  is  going  to  design  and  build  these  facilities? 

Mr.  Tischler.  I cannot  be  sure  of  that  entirely.  I believe  the  design 
would  be  by  Rocketdyne  on  the  basis  of  their  past  experience  with 
similar  facilities.  The  construction  would  lie  by  some  outside  con- 
tractor. 

Colonel  Gould.  This  is  part  of  a negotiated  contract  rather  than  & 
competit  i ve  bid  contract  ? 

Mr.  Tischler.  I am  not  sure.  I can  supply  this  for  the  record. 

(The  information  requested  is  as  follows:) 

It  Is  anticipated  that  North  American  will  do  the  engineering  design  work  and 
subcontract  oat,  on  a competitive  bid  basis,  the  construction  phase. 

Colonel  Gould.  Previously  when  we  were  talking  about  the  F-l 
stands  at  Santa  Susana  there  were  some  indications  that  there  were 
hazards  involved  in  this  area.  I note  at  Santa  Susana  this  year  we 
are  going  to  spend  an  additional  $2.2  million  in  support  of  the  F-l 
engine  program.  Are  we  furthering  a hazardous  condition  here  by 
continuing  to  build  facilities  in  a place  where  we  know  we  cannot  con- 
duct full  tests  ? 

Mr.  Tischler.  I don’t  believe  so  in  this  case.  These  facilities  at 
Santa  Susana  are  primarily  for  component  testing.  These  com- 
ponents do  not  require  the  use  of  large  quantities  of  propellants  as  do 
the  engine  testing  facilities. 

Colonel  Gould.  Are  there  like  hazards  existing  at  Canogn.  Park  ? 

Mr.  Tischler.  None  there  to  my  knowledge,  siiu*e  this  is  a manu- 
facturing and  engineering  facility  primarily.  There  is  no  testing 
work  at  Canoga  Park. 

Colonel  Gorrn.  The  chairman  brings  up  the  point  that  you  are  ex- 
panding the  liquid  oxygen  system  at  Santa  Susana,  and  that  was 
quoted  as  being  one  of  the  major  hazards,  and  we  are  going  to  spend 
another  $1.3  million  to  expand  this  system. 

Mr.  Tisciiler.  The  purpose  for  this  is  to  add  to  the  storage  supply 
in  the  general  west  coast  area.  There  is  an  oxygen  manufacturing 
plant  owned  by  the  Air  Force  on  the  Santa  Susana  property,  and  the 
intent  of  this  facility  to  expand  the  storage  capacity  at  that  plant. 

Mr.  Daddario.  Are  you  limited 

Mr.  Tischler.  The  storage  facility  does  not  involve  a hazard. 

Mr.  Daddario.  You  are  not  limited  in  the  amount  of  liquid  oxygen 
you  can  store  bees  use  of  any  hazard  ? 

Mr.  Tisciiler.  No,  sir. 

Mr.  Low.  The  hazards  I was  referring  to  earlier  was  the  testing  in 
flight  hardware  stages. 
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Colonel  Gould.  I hare  no  questions  on  the  H-l  engine.  No  ques- 
tions cm  the  J-2  engine  program.  1 have  a few  on  the  M-l  engine, 
Mr.  Chairman, 

The  history  of  the  authorizing  legislation  for  the  M-l  engine  pro- 
gram indicates  that  in  fiscal  year  1962  $13.8  million  in  R.  & D.  funds 
were  earmarked  for  construction  of  contractor  facilities,  and  in  fiscal 
year  1963,  $16  million  more  were  authorized.  This  brings  us  to  a total 
of  $29.8  million  available  already  for  the  construction  of  these 
facilities. 

Now,  it  is  my  understanding  that  Aerojet  has  been  operating  under 
letter  contract,  and  is  still  operating  under  letter  contract  pending 
signature  on  the  final  contract.  How  much  of  these  prior  funds 
authorized  have  been  obligated  ? 

Mr.  Lilly.  During  fiscal  year  1962,  we  notified  the  committees 
that  R.  & D.  funds  in  the  amount  of  $16,194,000  would  be  used  for 
the  construction  of  M-l  facilities.  However,  we  did  not  use  all  of 
this  authority.  About  $12.7  million  was  obligated,  but,  about  $7.1 
million  of  this  amount  was  budgeted  for  test  equipment  which  would 
not  normally  be  included  in  a construction  project  except  that  in  this 
instance  we  presented  a total  facilities  package  for  R.  & D.  funding. 
Of  the  $13  million  in  this  fiscal  year,  I believe  there  was  the  February 
or  March  final  figures,  where  around  $3  million  had  been  obligated  on 
it.  I would  have  to  get  you  the  exact  figures  on  that.  As  you  know,  we 
are  holding  up  on  definitizing  that  contract. 

Colonel  Gould.  The  figures  that  I have,  Mr.  Lilly,  indicate  that 
the  letter  contract  encompassed  $13.2  million  for  the  facilities,  of 
which  only  $10.7  million  have  actually  been  expended.  This  means 
that  the  authorized  $16  million  for  1963,  or  as  you  have  put  it  $13 
million,  have  not  yet  been  obligated. 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  So  it  appears  as  though  you  have  a backlog  in 
authorization  of  somewhere  between  $13  to  $16  million.  What  effect 
on  the  overall  program  would  there  be  if  this  $16  million  requested  for 
fiscal  year  1964  were  deferred  ? 

Mr.  TisciiLER.  It  would  immediately  have  an  effect  on  the  scheduling 
of  the  development  of  the  M-l  engine.  The  money  appropriated  for 
construction  of  facilities  items  in  the  1962  and  1963  budgets  covered 
the  modification  of  facilities  which  are  at  the  Aerojet  Sacramento 
site.  The  1964  money  covers  the  investment  or  the  construction  of 
engine  test  stands,  and  these  engine  test  stands  are  a limiting  item. 

Colonel  Gouid.  Are  there  no  engine  test  stands  available? 

Mr.  Tibctiler.  No  engine  test  stands  available,  per  se,  at  the  present 
time. 

Colonel  Gould.  Why  do  you  say  “per  se"  1 

Mr.  Tischlkr.  I mean  the  engine  testing  will  be  done  on  the  new 
facilities  which  will  be  constructed  specifically  for  that  purpose. 

Colonel  Gould.  Can  an  F-l  test  stand  be  used  to  test  an  M-l 
engine? 

Mr.  Tischler.  With  considerable  modification  it  could.  I can 
assure  you  that  the  F-l  test  stands  that  we  are  constructing  are  very 
much  needed  for  the  F-l  program. 

Colonel  Gould.  In  the  contract  that  has  been  negotiated  with  Aero- 
jet, how  much  is  included  for  the  construction  of  the  facilities? 
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Mr.  Tischlkr.  There  are  in  fact  two  contracts  that  have  been  re- 
negotiated, one  for  the  R.  & D.  portion  of  the  work  and  the  other 
for  the  facility  portion  of  the  work.  I believe  the  contractor’s  figure 
for  the  facilities  portion  is  $48  million  total. 

Mr.  Low.  Mr.  Chairman,  since  NASA  has  not  yet  signed  this  proj- 
ect, I don't  think  we  can  get,  in  open  session  here,  into  any  further 
details  of  these  facilities  numbers. 

Mr.  Daodario.  I think  that  is  proper. 

Mr.  Low.  Insofar  as  the  M-l  engine  facilities  are  concerned,  these 
match  the  investment  program  that  we  discussed  here  several  days 
ago.  It  is  our  best  judgment  that  this  is  a proper  program  for  tne 
future  engine  investment.  But  I think  we  discussed  with  you  here 
several  days  ago  that  this  is  a matier  of  judgment. 

Colonel  Gould.  This  is  a 60-month  program,  according  to  the  justi- 
fication. When  will  testing  reach  its  peak  in  the  program,  and  how 
long  will  that  peak  last? 

Mr.  Tisohuer.  The  testing  will  reach  its  peak  in  1965-66  era  of  time. 

That  testing  rate  will  continue  to  the  point  where  the  engine  is  used, 
of  course. 

Colonel  Gould.  The  project  for  the  facilities  for  the  S-IVB  stage 
program,  Douglas  Aircraft  in  Santa  Monica,  page  CF  13-27 — I can 
find  no  specific  authorization  for  the  $1.9  million  diown  in  this  project 
for  fiscal  year  1963.  I assume  that  these  funds  are  allocated  from 
R.D.&O.f 

Mr.  Lilly.  That  is  correct.  R.D.  & O.  funds  were  used  under  au- 
thority granted  by  section  lc  of  the  authorization  act. 

Colonel  Gould.  Just  as  a matter  of  clarification,  Mr.  Liily,  some- 
times the  construction  of  the  contractor  facilities  will  show  up  in  the 
construction  of  facilities  portion  of  the  program,  and  sometimes  they 
don’t.  Could  you  tell  us  what  yonr  policy  is? 

Mr.  Lilly.  Our  present  policy  is  that  whenever  we  can  identify  a 
facilities  requirement,  sufficiently  early  in  the  programing  cycle,  it  is 
included  in  a construction  of  fac Ilities budget . However,  if  we  do  not 
foresee  the  need  for  facilities  at  a contractors’  plant  until  late  in  the 
cycle,  we  use  section  lc  of  the  authorization  act.  If  the  cost  exceeds 
$250,000  we  must,  of  course,  notify  both  the  congressional  committees. 

As  you  know,  facilities  items  costing  over  $50,000  are  required  to 
be  included  in  a facilities  contract  which  does  not  normally  carry  a 
fee ; tiierefore,  it  is  to  our  advantage  to  classify  such  items  as  facilities, 
whenever  possible. 

Colonel  Goui-d.  In  this  project  you  show  $500,000  for  design  engi- 
neering service,  although  the  construction  part  of  the  project  is  only 
$1.3  million.  This  represents  about  40  percent  of  the  construction 
estimate  which  is  excessive.  What  is  the  basis  for  the  $500,000? 

Mr.  Lilly.  The  design  and  engineering  category  covers  not  only  the 
brick  and  mortar  but  the  equipment  and  instrumentation  as  well, 
which  musv  be  designed  into  a complete  functional  svstem. 

Colonel  Gould.  The  next  project  I would  like  to  rsk  a question  on  is 
the  “Improvements  to  the  RL-  10-A3  test  facilities,”  page  CF-13-30. 
From  the  project  description  the  existing  facilities  are  apparently 
contractor  owned  but  are  recapture-type  industrial  facilities  financed 
previously  by  the  Air  Force. 

If  this  is  the  case,  why  is  this  project  included  in  the  construction 
of  facilities  program  and  not  part  of  the  R.  & D.  program? 
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Mr.  Lilly.  This,  Colonel  Gould  goes  back  to  the  NASA  policy  I 
previously  described;  wherever  we  can  identify  an  item  in  time  to 
include  it  in  the  budget  we  do  30. 

Colonel  Gouu).  Would  you  define  for  the  committee,  please,  what 
these  test  stand  modifications,  fuser  modifications,  gas  storage  modi- 
fications, and  nitrogen  system  modifications  consist  of  in  general 
terms? 

Mr.  Tischleb.  This  is  & very  difficult  question  to  define  without  a 
considerable  lecture  on  the  facility  itself.  This  engine  needs  to  be 
tested  in  a simulated  altitude  condition  because  it  is  designed  to  be  used 
at  that  altitude,  and  to  produce  such  an  altitude  position  while  the 
engine  is  being  tested  requires  the  use  of  a defuser  and  a steam  system. 
This  is  a part  of  the  total  facility  requirement  where  we  intend  to 
improve  the  capability  of  this  altitude  simulated  condition.  We  also 
have  been  running  into  a considerable  problem  of  lack  of  adequate 
gas  storage  facilities  in  the  operation  or  the  gas  at  Pratt  & Whitney 
presently,  and  we  intend  to  expand  that.  The  total  amount  of  money 
involved  in  this  is  relatively  modest,  I should  say. 

Colonel  Gould.  Is  this  part  of  the  contract  with  Pratt  & Whitney  ? 

Mr.  Tischleb.  This  is  not  part  of  the  CPFF  work  at  Pratt  & 
Whitney. 

Colonel  Gould.  Is  this  going  to  be  let  on  a competitive  bid  basis? 

Mr.  Tischleb.  It  probably  will.  I cannot  be  sure  of  this  at  the 
moment 

Mr.  Daddabio.  Do  any  members  of  the  committee  have  any  ques- 
tions on  any  of  these  facilities  ? 

(No  response.) 

Mr.  Daddabio  (continuing).  We  will  move  along  to  launch  vehicle 
operations.  I understand  you  have  some  sort  of  a film  on  this. 

Mr.  Low.  Captain  Holcomb,  who  is  the  assistant  director  for  launch 
operations  in  Captain  Freitag  s office,  will  handle  the  presentation  on 
this,  and  I believe  he  has  a short  film  on  this,  also. 

Captain  Holcomb.  This  is  for  the  construction  of  facilities  at  the 
launch  operations  center  at  a total  of  $310,855,000.  Of  this,  two  of 
these  items,  the  deep  space  network  launch  station  and  the  satellite 
operations  facility,  nave  been  defended  before  the  subcommittees,  one 
before  Representative  Karth  and  the  other  before  Representative 
Hechler,  for  a total  of  5 8. 

The  first  item  is  the  Advanced  Saturn  launch  complex  No.  39  at 
$217,219,000.  The  fiscal  year  funding  for  launch  complex  39  pro- 
vided one  launch  pad,  vertical  assembly  building,  transporter,  and 
other  ground  support  equipment  and  utility  service. 

The  1964  increment  includes  funds  for  site  development,  utility 
installing,  the  activation  of  the  vertical  assembly  building,  the  second 
of  three  launch  pads,  the  extension  of  the  crawler  transporter  road 
wav,  ordnance  storage  facilities,  arming  tower,  propellant  service  and 
distribution  system,  launch  umbilical  towers,  and  cabling.  At  this 
point  I would  like  to  show  a 10-minute  film  which  illustrates  how  all 
these  components  of  the  complex  work  together. 

The  Narrator.  The  magnitude  of  the  manned  lunar  landing  pro- 
gram has  led  to  the  evolution  and  adoption  of  a new  launch  opera- 
tions concept.  Because  of  the  immense  size  of  the  vehicle  to  be  used 
and  the  expected  increase  in  required  launch  rate,  a mobile  concept 


V 


984 


1064  NASA  AUTHORIZATION 


which  separates  vehicle  assembly  from  launch  has  been  developed. 
Separate  stages  of  the  launch  vehicle  and  the  spacecraft  which  will 
be  received  from  barges  and  assembled  in  a central  area.  After  check- 
out the  assembled  launch  vehicle,  spacecraft  launcher,  and  umbilical 
tower  which  will  be  transported  in  a launch-ready  position  to  the 
pad.  C-5  stages  which  will  be  shipped  to  the  Merritt  Island  launch 
area  by  oceangoing  vehicles,  arriving  at  the  channel  terminal.,  stages 
which  will  be  rolled  onto  transporter  and  towed  to  the  vertical  as- 
sembly building. 

This  is  the  vertical  assembly  building  in  which  the  launch  vehicle 
and  the  spacecraft  will  be  assembled  anachecked  out. 

The  three  operational  elements  are  a high  bay  area,  a launch  con- 
trol center,  ana  a low  bay  area.  The  high  bay  area  is  52  feet  high  by 
513  feet  wide  and  432  feet  long.  It  contains  four  checkout  bays.  Each 
pair  of  bays  is  served  by  a 250-ton  crane  with  a hook  height  of  456 
feet.  Each  bay  has  four  elevators  to  provide  personnel  access  to  the 
various  levels  of  the  bay. 

Prior  to  the  arrival  of  the  first  stage  of  the  C-5  vehicle,  the  S-IC 
stage,  the  launcher  umbilical  tower  is  positioned  in  the  hign  bay  area 
of  tne  building.  The  launcher  umbilical  tower  on  which  the  space- 
craft will  be  assembled  provides  the  base  for  actual  launch  and  is 
designed  for  the  temperature,  stresses  and  vibrations  of  holddown  in 
launch. 


The  platform  is  a steel  structure,  25  feet  high,  160  feet  long,  and 
135  feet  wide.  It  rests  on  six  steel  pedestals  21  feet  high.  An  umbili- 
cal tower  extends  380  feet  above  the  deck.  The  S-IC  stage  will  then 
be  moved  into  the  high  bay  area  transfer  aisle  on  its  transporter,  up 
to  the  250-  and  175-ton  cranes  and  hoisted  to  a vertical  position.  The 
250-ton  crane  will  move  the  stage  to  the  launcher  umbilical  tower.  It 
will  be  lowered  onto  four  launcher  arms  which  are  mounted  on  the  top 
deck  of  the  launch  platform  and  will  undergo  testout. 

The  S-IC  stage  which  in  turn  is  integrated  with  the  instrumenta- 
tion in  the  launch  control  center.  A high  C data  link  is  provided 
between  the  launch  umbilical  tower  and  the  launch  control  center. 
This  link  will  connect  at  either  the  vertical  assembly  building  or  at  the 
pad  above  general  office  space  on  its  first  floor. 

The  launch  control  center  provides  telemetery  check-out  stations  on 
the  second  floor.  On  the  third  floor  are  four  firing  rooms,  one  for 
each  bay  of  the  vertical  assembly  building.  Each  firing  room  con- 
tains an  identical  set  of  controls  and  monitoring  system  so  that  launch 
of  the  vehicle  and  checkout  of  the  other  vehicles  may  take  place 
simultaneously. 

Upon  arrival  at  the  Merritt  Island  launch  area,  the  S-II  and  S-IVB 
stages  will  be  transferred  to  the  low  bay  area  for  checkout.  This  has 
eight  checkout  cells  equipped  with  systems  and  operations  in  other 
Spites.  A 175-ton  overhead  crane  serves  the  transfer  aisle  between  the 
high  bay  and  the  low  bay  areas. 

The  S-II  and  S-IVJB  stages  will  arrive  at  the  vertical  assembly 
building  in  a horizontal  position  on  a specially  constructed  trans- 
porter. They  will  be  pulled  into  a vertical  position  by  the  overhead 
crane  and  swung  into  the  waiting  base.  The  S-II  and  S-IVB  stages 
will  be  stage  tested  separately  in  the  low  bay  area.  The  electrical 
ground  support  equipment  for  stage  checkout  will  be  located  in  the 
control  room  adjacent  to  the  checkout  cells. 
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After  approximately  4 weeks  of  extensive  checkout  the  S-II  and 
S-IVB  stages  will  be  ready  for  mating  with  the  S-IC  stage;  also 
checked  out  and  waiting  in  tne  high  bay  a rea  of  the  building. 

The  S-II  stage  will  be  positioned  in  the  center  aisle  fc~  " - illation 
of  the  S-IC  interstage  adaptor.  Following  this  the  S-It  will  be 
moved  to  the  high  bay  area  and  mated  to  the  S-IC  stage.  After 
mating  the  various  stages  of  the  launch  vehicle,  the  unit  is  ready  for 
transportation  to  the  pad. 

The  key  to  the  mobile  concept  of  complex  39  is  the  crawler  trans- 
porter. This  unit  is  131  feet  long  and  114  feet  wide.  The  electric 
main  drive  systems  have  four  double  jack  crawlers. 

These  may  be  centrally  steered  or  the  front  or  rear  trucks  may  be 
steered  as  pairs.  The  crawler  can  transport  a maximum  load  of  12 
million  pounds  and  use  hydraulic  jacks  to  .lift  and  lower  its  cargo. 
The  crawler  transporter  moves  under  *he  launch  umbilical  tower,  lilts 
it  into  position  and  moves  out  of  the  building  onto  the  transport 
crawler  way.  The  crawler  transporter  can  move  the  launcher  umbili- 
cal tower  and  the  C-5  vehicle  against  constant  winds  of  40  knots  and 
can  negotiate  turns  of  a 500-foot  radius. 

The  crawler  way  is  an  especially  prepared  roadbed  which  will  take 
a total  load  of  17%  million  pounds.  Average  ground  pressure  under 
crawler  tracks  is  65  pounds  per  square  inch.  The  crawler  way  is  100 
feet  wide  and  has  a grade  of  5 percent  approaching  the  pad. 

The  launch  pad  area  is  designed  for  final  preparation  of  the  space 
vehicle  for  launching,  including  propellant  and  ordnance  loading, 
final  checkout  and  countdown.  The  pad  area  is  roughly  circular  and 
is  located  approximately  one-half  mile  from  the  ocean.  The  distance 
between  the  pads  will  allow  each  pad  to  function  independently. 

However,  it  will  be  necessary  to  clear  personnel  from  the  adjacent 
pad  during  an  actual  launch.  The  mean  level  of  the  pads  is  6 feet 
above  sea  levei.  The  center  portion  of  each  pad  is  elevated  42  feet 
above  the  grade.  A pad  terminal  connection  room  is  located  under- 
ground adjacent  to  the  pad.  It  will  house  electronic  equipment  which 
will  provide  a connecting  link  for  communication  ana  visual  data  by 
transmission  lines  from  the  launch  communications  center  to  the 
launcher  umbilical  tower.  It  will  also  serve  as  a distribution  point 
for  high-pressure  gas  and  electrical  systems. 

Arriving  at  the  launch  pad,  the  crawler  system  will  move  the  um- 
bilical tower  into  position  and  lower  it  onto  the  steel  pedestals.  The 
position  will  be  plus  or  minus  2 inches. 

After  the  launch  umbilical  tower  is  positioned  on  the  pad,  the  craw- 
ler transporter  will  move  off  the  pad  and  try  to  position  the  arming 
tower.  After  preparations  have  oeen  made  the  crawler  transporter 
will  move  the  arming  tower  into  position  beside  the  space  vehicle.  The 
structure  is  415  feet  high  and  measures  150  feet  by  125  feet  at  its  base. 
The  top  is  approximately  80  feet  square. 

The  tower  provides  360°  access  to  the  vehicle,  including  platforms 
for  ordnance  installation  and  service  access.  A mobile  2-way  steel 
frame  deflector  will  be  positioned  under  the  center  line  of  the  vehicle 
35  feet  from  the  exhaust  flame  of  the  F-l.  After  ordnance  installa- 
tion, checkout  and  simulated  test  flight,  the  space  vehicle  is  ready  to 
enter  the  countdown  stage  of  the  launch  operations.  The  tower  will 
be  withdrawn  from  the  pad  to  a safe  aistanoe.  Launch  control 
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operations  are  conducted  from  the  launch  control  center  located  more 
tnan  3 miles  from  the  launch  site. 

Propellant  loading  of  the  Apollo  spacecraft  will  be  performed  prior 
to  T-minu8-7-houre  on  launcn  day.  At  approximately  T-minus-4- 
hours  after  the  propellants  are  loaded,  the  astronauts  will  enter  the 
spacecraft  over  the  umbilical  tower.  The  S-IC  stage  will  be  ignited. 

During  thrust  buildup  of  the  F-l  engine,  the  operation  of  each  of 
these  engines  will  be  automatically  checked.  On  confirmation,  the 
mix  and  lift-off  will  occur.  When  fully  operational  the  concept  of 
separate  checkout,  assembly,  and  launch  will  give  a la  mch  range  of 
3 to  l over  present  operation  procedures. 

Captain  Holcomb.  The  moaels  that  you  see  here  along  the  side  were 
the  models  that  were  used  in  taking  the  movie.  They  come  apart  at 
the  top  so  you  can  see  how  they  operate.  The  breakdown  on  launch 
complex  39  is  at  construction  of  facilities  6-28  at  $217,219,000. 

Mr.  Daddario.  Colonel  Gould  has  some  questions. 

Colonel  Gould.  Including  supporting  facilities  previously  pro- 
gramed, there  has  been  a total  of  $444  million  maae  available  for 


this  complex.  I believe  that  about  $48  million  of  this  was  for  Ad- 
vanced Saturn  supporting  facilities.  The  justification  indicates  that 
40  percent  of  this  complex  was  programed  in  fiscal  year  1963  and 
50  percent  of  it  is  being  programed  in  fiscal  year  1964.  What  is  the 
total  cost  of  this  complex  going  to  be  ? 

Mr.  Lilly.  The  total  cost  is  still  being  refined,  as  we  get  our  more 
definitive  designs,  Colonel  Gould.  Our  current  estimate  indicates 
that  it  is  going  to  run  very  close  to  a half  billion  dollars,  $500  million. 
The  exact  figure  we  have  on  it  right  now  is  I believe  $481,576,000. 

Colonel  Gould.  How  much  of  this  is  already  under  contract  ? 

Mr.  Lilly.  In  terms  of  the  amount  on  complex  39  that  is  obligated 
as  of  the  31st  of  March  it  was  $18,881,000.  Committed  was  $38  million. 
As  you  mentioned  previously,  sometimes  when  we  turn  the  money 
over  to  the  corps,  it  is  not  necessarily  obligated  in  a contract  at  that 
point. 

Colonel  Gould.  VThen  you  say  “committed,”  do  you  mean  $38  mil- 
lion has  been  made  available  to  the  Corps  of  Engineers  ? 

Mr.  Lilly.  Yes. 

Colonel  Gould.  And  $18.8  million  has  been  actually  obligated? 

Mr.  Lilly.  Actually  obligated. 

Colonel  Gould.  Under  contract  ? 

Mr.  Lilly.  No,  I cannot  say  that. 

Colonel  Gould.  It  has  been  given  to  the  corps  ? 

Mr.  Lilly.  That  is  right. 

Mr.  Daddario.  When  this  subcommittee  first  looked  into  this,  the 
estimated  cost  in  1962  for  this  whole  complex  No.  39  was  $400  mil- 
lion. When  this  same  subcommittee  visited  Canaveral  in  January 
we  were  told  that  the  estimate  had  gone  up  to  $432  million,  as  I recall 
it.  Now  you  give  us  an  estimate  of  over  $500  million. 

WTiat  has  happened  since  this  project  was  initiated  to  bring  its 
cost  up  to  $500  million,  over  $100  million  beyond  that  originally  esti- 
mated, and  how  much  more  can  we  expect  it  to  rise  ? 

Mr.  Lilly.  Mr.  Daddario,  I don’t  recall  the  $400  million  estimate. 
I do  recall  last  year  our  estimate  of  $432  million. 

Mr.  Daddario.  Thi3  was  the  second  figure.  The  original  figure  was 
$400  million.  I think  the  record  will  indicate  that. 
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Mr.  Lilly.  In  terms  of  the  validity  at  the  time,  we  made  our  esti- 
mate last  year  we,  of  course,  did  not  have  design  criteria.  There  was 
planning  on  it,  but  the  complex  had  not  been  completely  priced 
out. 

As  you  recall,  at  the  time  our  concept  was  based  upon  a rail  transfer 
system  and  other  such  items. 

Mr.  Daddario.  That  was  a very  small  part  of  the  cost.  That  never 
was  over  $10  million,  and  that  ha3  gone  down. 

Mr.  Lilly.  That  is  right.  I was  using  that  as  an  example  of  the 
things  that  hadn’t  yet  been  decided  at  that  point  in  time.  As  I recall 
we  had  about  $8  or  $10  million  in  the  budget  for  the  rail  system  itself. 
However,  going  to  other  concepts,  such  as  the  crawler  system,  it  has 
had  other  effects  on  things  such  as  the  launch  pads.  The  height  of  the 
pads,  I believe,  was  raised  about  12  feet.  I can’t  really  give  you  a 
definitive  answer  of  why  the  difference  between  $400  million,  $482 
million,  or,  as  we  estimate  now,  approximately  $500  million.  There 
probably  have  been  many  more  technical  concept  changes. 

Perhaps  Captain  Holcomb  can  discuss  any  changes  that  have  been 
made  in  the  original  concept  which  resulted  in  increased  costs.  Our 
estimate,  of  course,  is  always  based  on  the  best  information  that  is 
available.  I could  not  say  that  the  $500  million  will  be  the  final  figure 
because  any  active  launch  complex  will  require  continuous  expendi- 
tures. As  an  example,  there  have  been  been  relatively  small  amounts 
of  funds  needed  to  modify  the  facilities  at  complexes  34  and  37  to 
provide  for  the  development  changes  in  the  vehicle. 

Do  you  have  anything  to  add,  Captain  Holcomb,  on  any  changes 
that  have  taken  place  or  the  degree  of  firmness  of  the  designs  now  that 
give  us  more  confidence  in  these  costs  ? 

Captain  Hoicomb.  The  primary  difference  is  that  now  we  know 
pretty  much  what  we  are  planning  to  do.  Now  as  a result  of  having 
actual  designs  and  having  firm  design  criteria,  we  feel  we  are  in  a 
position  where  w»*  are  quite  confident  that  the  numbers  we  have  are 
good  numbers. 

Mr.  Daddario.  Can  we  assume  then,  Captain,  that  every  time  we 
start  off  with  r concept  of  this  kind  that  tne  estimate  is  going  to  be 
25  percent  out  c f line  ? 

Captain  Holcomb.  I think  that  when  you  move  into  an  area  which 
is  so  new  and  unknown  as  this  that  you  are  bound  to  find  that  your 
estimates  are  not  always  going  to  be  entirely  accurate.  Not  all  of  these 
things  have  gone  up.  There  have  been  one  cr  two  that  have  gone 
down,  but  they  have  been  considerably  outnumbered. 

Mr.  Daddario.  If  you  consider  what  you  have  said,  you  place  this 
committee  in  an  extremely  embarrassing  position.  When  we  take  the 
information  that  you  give  us,  we  expect,  of  course,  there  will  be 
changes.  But  if  we  establish  a criterion  here  that  we  must  get  a 
program  underway  so  there  will  be  no  slippage  in  achieving  a national 
goal,  but  that  as  the  program  develops  the  cost  will  increase 
some  20  or  25  or  30  percent,  this  committee  finds  itself  then  in  the 
embarrassing  position  of  explaining  this  increase  to  the  other  Members 
of  Congress.  I doubt  that  they  will  take  the  explanation  that  you 
have  given  us  as  being  a proper  one. 

Captain  Holcomb.  Tne  people  that  made  up  the  budget  in  the  first 
instance  were  using  the  best  engineering  judgment  that  they  were  able 
to  assemble  at  the  time.  As  we  have  moved  into  the  stage  which  is 
preliminary  to  the  hardware,  we  have  found  that  we  know  more  about 
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it  and  we  have  found  that  these  things  have  actually  run  more  money 
than  we  estimated. 

Mr*  Daddabio.  What  has  happened  since  it  was  first  conceived? 
You  have  already  had  opportunity  to  look  into  it  and  have  increased 
the  estimate  from  $400  to  million  to  $432  million  in  January.  Then 
in  the  month  of  May  we  find  that  you  come  up  with  a figure  of  over 
$500  million  ? 

Captain  Holcomb.  We  have  found  in  some  of  our  engineering  de- 
signs, for  instance  in  the  vertical  assembly  building,  that  the  design 
of  this  is  very  complicated.  It  is  one  where  the  strength  of  the 
members,  the  size  of  the  members,  the  operation  of  the  building  has 
caused  it  to  go  a little  higher  than  it  originally  did. 

On  the  pad,  for  example,  we  determined  that  when  we  shifted  from 
the  rail  to  the  crawler  concept,  it  was  necessary  to  raise  the  height 
of  the  pad,  this  is  so  we  could  get  the  deflector  up  above  the  water 
table,  which  would  have  made  us  a very  difficult  problem  otherwise. 
We  have  expanded  the  size  of  the  pad  from  2,000  to  3,000  feet  in 
diameter.  These  are  engineering  necessities  that  they  have  found 
as  we  have  gone  along. 

We  are  very  conscious  of  the  taxpayers’  dollar.  We  are  trying 
to  restrict  these  to  the  minimum  and  hold  our  construction  as  low  as 
we  can.  But  in  order  to  carry  out  the  job,  we  have  found  that  these 
increases  are  necessary. 

Mr.  Daddario.  When  we  were  in  Canaveral  in  January  and  when 
the  price  of  this  was  put  at  $432  million,  the  decision  had  already  been 
made  to  go  to  the  crawler  from  the  rail.  So  I would  assume  that 
the  initial  costs  involved  in  the  determination  to  go  to  the  crawler 
had  already  been  included  in  the  increased  cost  of  $432  million. 

That  decision  having  been  made,  what  other  decisions  have  occurred 
since  January,  or  actually  since  February,  to  increase  the  costs  almost 
another  $100  million? 

Captain  Holcomb.  I don’t  think  you  can  point  to  any  specific  deci- 
sion, Mr.  Daddario. 

Mr,  Daddario.  Can  you  shed  some  light  on  this,. Mr.  Lilly? 

Mr.  Lilly.  I beg  your  pardon  ? 

Mr.  Daddario.  Can  you  add  to  this  at  all  ? 

Mr.  Lilly.  I obviously  wasn’t  at  Canaveral  during  your  hearing 
down  there  in  January.  I thought  our  $432  million  estimate  had 
been  known  a considerable  time  prior  to  January.  Possibly  some  con- 
fusion has  entered  into  this  because  of  the  number  of  pads.  We  have 
always  had  a plan  of  ijivee  pads  for  the  complex,  but  the  third  pad 
was  not  to  start  until  inter.  We  weren’t  budgeting  for  the  third  pad 
until  1965. 

I do  not  know  whether  the  figure  they  gave  you  in  January  the 
$432  million  included  or  excluded  the  third  pad. 

Mr.  Daddario.  I can’t  recall  that  item.  It  might  be  helpful  if  we 
could  get  this  into  proper  perspective. 

Mr.  Lilly.  As  Mr.  Holmes  stated  the  other  day,  NASA’s  policy  is 
to  budget  on  what  is  called  a “turnkey”  concept.  However,  when  we 
have  an  extremely  complicated  development  with  a large  outlay 
of  funds  required,  such  as  launch  complex  39,  we  budget  for  it  in- 
crementally. We  tell  you  we  are  doing  it  this  way  because  we  have 
no  basis  for  coming  up  with  a real  firm  cost  estimate. 
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Tlie  fact  that  we  came  in  to  start/with  on  an  incremental  funding 
basis  was  partly  a recognition  that  vV?i.  really  didn’t  have  a firm  cost 
estimate.  Our  best  estimate  at  that  was  $400  or  $432  million. 
The  reason  why  we  have  put  so  much  stress  on  the  need  for  advance 
design  fimds  is  to  allow  us  to  develop  aud  present  to  you  a firm  esti- 
mate as  soon  as  possible. 

Mr.  Daddario.  The  explanation  does  fall  a little  bit  apart  when 
we  break  it  down.  We  start  off  with  the  $400  million  figure  and 
then  sometime  after  that,  some  considerable  time,  have  it  go  to  $432 
million,  and.  then  within  a very  short  time,  within  just  a matter  of 
a few  months,  the  cost  increases  to  over  $500  million.  The  logic  of  the 
argument  becomes  pretty  cloudy. 

Mr.  Low.  The  only  point  that  I might  add,  Mr.  Chairman,  is  that 
this  also  happens  to  be  the  time  that  our  A.  & E.  team,  our  design 
team  is  now  working  very  hard  in  this  facility.  This  committee 
was  selected,  I think  since  we  appeared  before  you  a year  ago,  and 
started  sometime  in  the  fall;  I don’t  know  how  far  they  have  gotten, 
but  they  are  now  getting  to  the  hard  facts  on  this  design, 

Mr.  Lilly.  I would  add  one  more  point  on  cur  scheduling  system 
regarding  official  time  and  cost  estimates.  Our  procedure  provides 
a restriction  on  piecemeal  revisions  of  estimates.  On  a project  or 
facility  of  this  magnitude  proposed  changes  to  an  official  schedule 
would,  require  Mr.  Holmes’  personal  review  and  agreement. 

If  $432  million  was  the  officially  approved  estimate,  this  estimate 
would  not  be  changed,  even  though  there  may  have  been  preliminary 
indications  of  increases,  until  Mr.  Holmes  had  reviewed  and  approved 
a schedule  change.  * 

Mr.  Daddario.  I think  you  have  hit  on  a very  good  point,  and  if 
that  is  the  case,  at  the  time  you  spread  this  out  for  us,  I think  we 
should  have  an  explanation  of  that,  and  some  indication  of  what 
the  prospects  were  at  the  time.  If  there  was  a higher  figure,  why 
that  was  not  given  to  us  at  that  time.  - 

Mr.  Lilly.  I don’t  know  at  this  point  whether  or  not  $432  million 
was  the  approved  estimate  in  January. 

Mr.  Daddario.  Yes,  since  we  are  looking  for  the  key  to  this,  if 
that  was  the  situation,  it  ought  to  be  made  clear, 

Mr.  Gurney.  I understand  the  amount  expended  or  earmarked  for 
this  launch  complex  is  $38  million,  of  which  $18  million  has  been 
turned  over  to  the  Corps  of  Engineers? 

Mr.  Lilly.  $18,881,000  has  been  obligated. 

Mr.  Gurney.  This  is  out  of  a figure  in  last  year’s  budget  of  $168 
million  ? 

Mr.  Lilly.  $167,850,000,  yes. 

Mr.  Gurney.  We  have  for  this  coming  year  $217  million.  What 
I can’t  understand  is  why  do  we  need  $217  million  for  engineering 
difficulties  or  whatever  it  is  when  the  tiling  lias  been  slowed  down  so 
that  you  haven’t  even  been  able  to  scratch  the  surface  on  the  money 
earmarked  for  last  year  yet?  Why  is  it? 

Mr.  Lilly.  The  basic  delay  in  obligations  is  the  time  required  for 
design.  When  the  design  is  completed,  the  big  money  goes  out  for 
construction.  It  is  after  the  design  and  the  specifications  are  com- 
pleted that  construction  contracts  are  awarded  and  the  large  obliga- 
tion of  fimds  occurs. 

Mr.  Gurney.  This  I understand,  but  actually  what,  10  percent,  or 
15  percent  of  the  money  earmarked  for  1063,  that  hasn’t  gone  out  yet, 
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although  you  have  a place  foe  it,  and  the  year  is  nearly  up.  So  I 
return  to  the  question  why  do  you  need  $217  million  for  the  coming 
year? 

Mr.  Lilly.  Mr.  Gurney,  I think  you  will  find  that  the  money  will 
move  much  faster  from  this  point  on.  The  figures  1 gave  you  or  $18J8 
million  was  a March  31  figure.  Our  projected  schedule  on  the  balance 
of  the  $167  million,  incidentally,  is  for  $5.3  million  to  be  obligated 
in  April,  $19.8  million  in  May,  $66.7  million  in  June,  $4.6  million  in 
July,  $24.9  million  in  August.  There  is  $25.6  million  for  the  third 
package  on  the  vertical  assembly  building  which  will  be  combined 
with  an  additional  amount  in  1964  to  go  out  in  October. 

We  have  our  plans  laid  out  month  by  month  as  to  when  it  will  be 
obligated.  Our  current  estimate  is  that  the  amount  unobligated  at  the 
end  of  fiscal  year  1964  will  be  less  than  $10  million  from  the  combined 
funding  in  fiscal  years  1963  and  1964. 

Mr.  Gurney.  When  do  you  need  this  facility  ? 

Mr.  Lilly.  This  facility  is  scheduled  to  be  completed  in  November 
of  1965  and  ready  for  operational  use,  I believe,  in  January  or  Feb- 
ruary of  1966. 

Mr,  Low.  It  is  to  accept  the  first  S-IC  stage  for  checkout  and  opera- 
tion. The  schedule  is  compatible  with  the  stage  schedule. 

Mr.  Gukney.  When  you  say  the  S-IC  stage,  is  that  the  full  vehicle  ? 

Captain  Holcomb.  That  is  the  first  stage  of  the  Saturn  V launch 
vehicle. 

Mr.  Gurney.  Is  this  the  only  facility  that  can  handle  that  stage? 

Mr.  Low.  Yes,  sir. 

Mr.  Gurney.  How  about  your  complex  37? 

Mr.  Low.  Complex  37  will  handle  the  S-I  stage,  which  develops  a 
million  and  a half  pounds  of  thrust. 

Mr.  Patten.  The  figure  that  we  heard  was  $432  million.  If  we  are 
uj)  $50  million,  the  increase  would  only  be  12  percent.  If  we  take  $400 
million  into  $500  million,  then  it  is  embarrassing.  The  only  figures  I 
heard  were  $432  and  $481  million. 

Mr.  Lilly.  Mr,  Daddario  has  the  record  on  that  and  I am  sure  he 
is  correct. 

Mr.  Patten.  I came  in  after  the  exchange,  apparently. 

Mr,  Daddario.  The  testimony  this  morning  was  that  the  total  cost 
would  be  over  $500  million. 

Mr.  Low.  But  Mr.  Lilly  also  pointed  out  that  his  firm  estimate  was 
$481  million  of  that. 

Mr.  Lilly.  I think  what  I said  was  that  in  round  numbers  we  esti- 
mated it  at  $500  million  and  as  I recalled  our  mom  precise  estimate 
was  approximately  $481  million, 

Mr.  Patten.  If  it  is  $48l  million,  you  are  not  up  above  12  percent. 
It  would  make  a big  difference  to  us  when  we  have  to  explain  it  rather 
than  be  20  or  25  percent. 

Mr.  Gurnet,  The  money  is  requested  for  1964, 1 take  it,  you  have 
done  practically  all  the  engineering  on  it;  this  is  a followup  on  the 
stuff  you  started  in  1963  or  about  to  start  ? 

Captain  Holcomb.  Many  of  them  are  incremental.  There  are  a 
few  new  items,  such  as  the  arming  tower,  but  we  have  been  underway 
on  the  criteria  for  this  for  some  time, 

Mr.  Diaz.  That  is  correct  Most  of  this  is  in  process. 
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Colonel  Gould.  What  degree  of  flexibility  is  being  built  into  com- 
plex 39  that  will  enable  it  to  meet  follow-on  programs  ? 

Captain  Holcomb.  There  is  a great  deal  of  flexibility  in  the  vertical 
assembly  building  permitting  it  to  take  the  Saturn  V and  many  modi- 
fications of  the  Saturn  V,  including  the  nuclear  stage. 

It  will  also  be  to  handle  the  Saturn  IB  program. 

As  far  as  talking  about,  the  follow  on,  I assume  you  are  talking 
about  Nova  or  something  of  that  nature.  This  gets  into  the  same 
type  of  conversation,  I think  we  had  yesterday,  with  regard  to  the 
facilities  at  Marshall.  I think  you  have  to  look  back  at  something 
like  Thor,  which  has  been  a very  reliable  workhorse  as  a space  booster. 

Over  a period  of  years,  that  vehicle  has  received  one  modification 
after  another.  It  has  had  more  and  more  useful  satellite  applications. 

However,  the  payload  weight  has  been  severely  limited.  We  have 
had  to  go  to  the  ultimate  in  miniaturization. 

In  Saturn  V we  have  a space  truck  that  is  going  to  be  able  to  get 
a load  of  hardware  and  men  out  into  space  station?,  and  to  launch 
planetary  probes,  and  I anticipate  that  we  will  have  a history  of  modi- 
fications and  useful  applications  of  this  vehicle  which  will  continue 
for  many  years. 

When  the  Nova  comes  along  with  its  greater  capability  of  a half 
million  or  a million  pounds  in  orbit,  you  will  find  that  the  vertical  as- 
sembly building  and  our  launch  complex  39  is  going  to  be  saturated 
with  our  operational  programs  and  our  problem  win  be  how  will  we 
accommodate  the  workload  we  have,  and  whether  we  must  add  to 
the  complex. 

Colonel  Gould.  A recent  release  on  the  Nova  program  indicates  it 
will  be  450  feet  high  and  100  feet  in  diameter. 

Is  this  vertical  assembly  building  capable  of  accommodating  a 
vehicle  of  that  size  ? 

Mr.  Low.  Colonel  Gould,  I don’t  think  even  those  numbers  on  the 
Nova  are  firm  in  any  sense  of  the  word.  Specifically,  the  answer  to 
your  question  is  that  the  vertical  assembly  building  will  not  be  able 
to  take  any  stages  larger  than  the  Saturn  S-IC  stage.  It  will  be  able 
to  accommodate  modifications  thereof,  yes,  but  not  considerably  larger 
stages. 

Colonel  Gould.  How  about  the  launch  pads?  Are  they  going  to 
be  big  enough  to  take  anything  larger  than  Saturn? 

Mr.  Low.  Not  substantially  larger. 

Colonel  Gould.  And  the  umbilical  towers  and  arming  devices  that 
you  are  planning  will  not  need  anything  larger? 

Mr.  Low.  That  is  correct. 

Colonel  Gould.  What  is  the  construction  leadtime  for  these  fiscal 
year  1964  items,  Mr.  Lilly,  please  ? 

Mr  Lilly.  Yes.  On  the  fiscal  year  1964  items  we  expect  to  have 
a construction  leadtime  of  25  months,  completing,  as  I said,  by  No- 
vember, of  1965. 

Colonel  Gould.  November  of  1965  ? 

Does  this  coincide  with  the  advanced  Saturn  launch  schedule  ? 
Captain  Holoomb.  It  ties  right  into  it.  • 

Colonel  Gould.  Why  are  three  pads  with  supporting  facilities 
needed  to  meet  initial  phases  of  this  schedule? 
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Why  can’t  one  or  two  pads  be  provided  and  still  meet  the  initial 
phases? 

Captain  Holcomb.  We  do  not  have  throve  pads.  In  fact,  you  notice 
in  the  budget  we  call  for  one  additional  pad,  giving  us  a total  of  two. 
This  means  that  we  will  have  a capability  of  taking  care  of  our  first 
launch  on  the  first  pad,  and  on  the  second  pad.,  we  will  have  a backup  so 
that  if  we  do  have  a catastrophe  at  some  point,  the  program  will  not 
come  to  a halt. 

Colonel  Gould.  You  say  you  do  not  have  three  pads.  The  justifica- 
tion states  that  you  are  providing  supporting  facilities  and  site  devel- 
opment for  the  third  pad. 

Mr.  Lilly,  The  supporting  facilities  are  included  as  a matter  of 
economics,  based  on  our  full  Intent  of  building  three  pads.  For  ex- 
ample,, by  having  the  same  contractor  to  continue,  right  on,  with  the 
crawler  ways  until  they  are  completed  to  all  three  pads  will  result  in. 
savings.  ; ... 

Colonel  Gould,  Will  two  launch  pads  meet  the  initial  launch  sched- 
ules of  the  advanced  Saturn? 

Captain  Holcomb.  Yes. 

Colonel  Gould.  The  launch  pads  were  orginaJly  estimated  in  the 
fiscal  year  1963,  I believe,  as  costing  about  $5  million  each. 

I notice  that  the  estimate  has  now  been  increased  to  $15.9  million 
each. 

Could  you  give  us  any  explanation  for  that,  please  ? 

Captain  Holcomb.  This  ties  into  the  earlier  discussion  with  Mr. 
Daddario.  The  earlier  estimation  which  we  had  in  our  fiscal  1963 
congressional  concept,  which  was  keyed  to  the  rail  concept,  was  based 
primarily  on  extrapolation  of  the  cost  figures  which  we  were  familiar 
with  on  launch  complex  34  and  37. 

We  did  not  have  a firm  siting  of  the  pads  at  that  time.  We  had  not 
done  our  core  samplings.  In  the  meantime,  the  pads  have  been  sited. 
We  do  have  a detailed  knowledge  of  both  the  surface  and  the  subsur- 
face conditions. 

We  have  shifted  from  the  rail  transporter  to  the  crawler.  We  have 
raised  the  pad  12  feet.  We  have  expanded  the  pad  itself  to  have  a 
3,000-foot  radius,  rather  than  the  2,000-foot  radius. 

These  factors  have  all  combined  to  raise  the  cost  from  that  which 
we  originally  estimated. 

Colonel  Gould.  Some  of  the  elements  you  have  mentioned  are  not 
included  in  the  cost  of  the  pad  itself,  and  I fail  to  see  why  the  original 
estimate  has  been  increased  300  percent. 

What  is  the  difference  between  the  deflectors  that  you  plan  on  these 
pads  at  Canaveral  and  the  one  at  the  Mississippi  Test  Facility,  for 
example? 

Captain  Holcomb.  There  is  quite  a bit  of  difference,  and  you  will 
find  that  the  deflectors  that  we  have  at  the  cape  are  a little  cheaper 
than  the  ones  we  have  at  the  Mississippi  Test  Facility  for  a comparable 
size  of  booster. 

The  reason  for  this  is  at  the  Mississippi  Test  Facility  you  are  having 
repetitive  tests  which  run  full  duration,  where  the  vehicle  is  tied 
down  and  is  subjected  to  intense  heat  and  pressure  for  a long  period 
of  time. 

At  the  cape  it  is  subjected  to  these  conditions  only  momentarily 
prior  to  lift  off.  We  are  able  to  use  a dry  pad,  rather  than  a wet  pad. 
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Colonel  Gould.  At  Canaveral,  the  deflectors  included  are  estimated 
to  cost  $3.8  million,  whereas  the  ones  I am  told  at  the  Mississippi  Test 
Facility  are  $2.8  million. 

Captain  Holcomb.  There  are  four  of  them  included. 

Colonel  Gould.  I notice  that  you  are  providing  in  this  $217  million 
package  some  ordnance  facilities  and  operation  support  buildings. 

Why  can’t  this  requirement  be  provided  by  the  Advanced  Saturn 
support  complex  ? 

Captain  Holcomb.  You  must  remember  that  these  pads  are  located 
about  3 miles  away  from  the  vertical  assembly  building. 

This  type  of  facility  provides  the  close-at-hand  workspace  where 
mechanics  and  technicians  can  move  right  from  the  priming  tower 
and  from  the  pad  itself  to  a shop  aiv<_  to  do  rapid  response  work  and 
get  back  on  the  job  without  having  to  travel  3 miles  back  on  the  job 
without  having  to  travel  3 miles  back  to  the  vertical  assembly  build- 
ing. This  would  involve  a lot  of  lost  time,  which  is  a particularly 
important  consideration.  When  you  arrive  at  the  pad  you  have  a 
very  short  period  of  possibly  a week  out  in  the  pad  area,  and  time  is 
critical  at  that  point. 

Colonel  Gould.  Does  3 miles  make  that  much  difference? 

Captain  Holcomb.  Yes,  sir;  it  certainly  does. 

Colonel  Gould.  I notice  that  three  operations  support  buildings 
have  been  requested,  one  for  each  launch  pad. 

Why  can’t  these  be  combined  into  one  central  facility  ? 

Captain  Holcomb.  The  pads  themselves  are  separated  by  9,000 
feet  because  of  blast  hazard,  and  this  would  mean  traveling  3 miles 
from  pad  No.  1 to  pad  No.  3,  for  example. 

Colonel  Gould.  The  ordnance  facility  is  estimated  at  $70  per  square 
foot.  What  makes  this  cost  so  high  ? 

Mr.  Diaz.  This  cost  is  in  line  with  similar  facilities  built  by  the  Air 
Force  the  Canaveral  area. 

Mr.  Fuqua.  What  type  building  is  it? 

Mr.  Diaz.  The  facility  is  an  igloo-type  building,  that  will  be  of 
heavy-type  construction,  sir. 

Mr.  Fatten.  Your  Merritt  Island  complexes  are  all  at  sea  level, 
aren’t  they? 

Captain  Holcomb.  Just  about. 

Mr.  Patten.  How  do  you  provide  your  5 percent  incline? 

Captain  Holcomb.  How  do  we  provide  in  the  crawlerway  ? It  says 
maximum  5 percent,  and  this  is  the  incline  that,  as  you  go  from  the 
area  which  is  very  near  the  sea  level,  up  to  the  pad  elevation,  you 
reach  about  42  feet. 

I think  we  are  6 feet  above  sea  level  at  the  pad  itself.  We  use  a 
maximum  5-percent  grade  going  up  to  that, area. 

Mr.  Patten:  That  5°  wouldn’t  be  enough  so  that  you  would  need 
brakes  or  something? 

Captain  Holcomb.  Oh,  no. 

Mr.  Patten.  Is  it  a factor  in  helping  you  navigate  ? T on  wouldn’t 
want  to  go  up  against  5°.  Is  the  5°  incline  negligible  ? 

Captain  Holcomb.  It  is  negligible.  With  this  crawler,  we  should 
have  no  problem  whatsoever. 

Colonel  Gould.  How  did  you  arrive  at  the  economics  of  this  mat- 
ter? Is  it  expressible? 
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Captain  Holcomb.  I didn’t  express  it  in  terms  of  economy.  I ex- 
pressed it  in  terms  of  the  time  of  the  differential  in  moving  from  a pad 
area  back  3 miles  to  the  vertical  assembly  building,  to  get  work  done. 

Colonel  Gould.  Isn’t  this  an  economical  term  ? 

Captain  Holcomb.  Well,  if  you  are  talking  economy  of  time. 

You  are  talking  operational  problem  at  a time  when  your  count- 
down is  being  counted  in  minutes  and  hours. 

Colonel  Gould.  How  much  did  the  umbilical  towers  at  pads  Nos. 
34  and  37  cost? 

Captain  Holcomb.  The  structures  themselves  cost  about  $1  million. 

Colonel  Gould.  I notice  that  the  three  towers  in  fiscal  year  1964 
aregoing  to  cost  around  $12  million  each. 

Captain  Holcomb.  This  is  an  entirely  different  animal.  > 

They  are  not  too  comparable  unless  you  are  going  to  compare  the 
tower  that  sits  on  top  of  what  is  called  the  launch  umbilical  tower  with 
what  we  have  over  at  34  and  37. 

You  have  to  remember  that  this  launch  umbilical  tower  is  partly 
launch  pad  and  partly  umbilical  tower. 

It  has  in  it  a computer  which  runs  part  of  your  checkout  equipment, 
which  must  have  air  conditioning,  it  has  deluge  systems  in  it,  vour 
propellant  servicing  comes  through  this  area,  you  have  your  nigh 
pressure  gas  lines,  your  fuel  lines,  it  has  100  extra  feet  of  height  on  it, 
compared  to  the  launch  complex  34  and  37.  It  has  eight  swing  arms, 
as  compared  to  a maximum  of  four  which  we  will  have  over  at  launch 
complex  37. 

To  really  make  a comparison  you  would  have  to  look  at  the  total 
launch  pad,  plus  the  launch  umbilical  tower,  as  compared  to  the  launch 
pad  and  umbilical  tower  in  34  and  37, 

Mr.  Lilly.  I did  not  understand  the  figures  you  used  for  these 
towers  Colonel  Gould.  The  budget  figure  is  for  5 towers— $22.4  mil- 
lion in  fiscal  year  1963  and  $34.1  million  in  fiscal  year  1964. 

Captain  Holcomb.  In  fiscal  year  1963  we  are  procuring  two  launch 
umbilical  towers  and  the  steel  for  the  third.  In  fiscal  year  1964  we 
are  completing  that  tower  and  obtaining  two  more. 

Colonel  Gould.  Why  do  we  need  five  towers? 

Captain  Holcomb.  In  order  to  service  four  bays  in  the  vertical 
assembly  building  and  to  provide  time  for  refurbishing,  which  will 
have  to  be  done  after  every  launch,  we  will  need  five  towers. 

Colonel  Gould.  The  cabling  in  this  program  totals  $2.9  million  in 
fiscal  year  1963,  and  $1.4  million  in  fiscal  year  1964.  The  majority 
of  this  is  for  crawlerway  cabling. 

What  does  this  consist  of  that  makes  it  so  expensive  ? 

‘ Captain  Holcomb.  Cabling  is  what  you  might  call  a generic  term. 
It  includes  all  sorts  of  cabling  and  wire  types.  Budget  figures  include 
cabling  not  only  for  transmitting  data  and  information  between  loca- 
tions such  as  the  vertical  assembly  building  and  the  launch  umbilical 
towers  and  the  launch  control  centers,  it  also  includes  the  wiring 
within  these  facilities. 

Much  of  the  material  must  be  of  high  quality,  shielded  and  com- 
patible with  liquid  oxygen.  This  is  a particularly  serious  design 
requirement. 

There  are  about  four  basic  types  of  cable.  One  that  you  might  call 
“cable,”  is  60  conductor  No,  12  wire,  individually  shielded,  which  we 
lise  for  data  transmission. 
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We  have  coaxial  cable  which  is  used  for  high-frequency"  transmis- 
sion. This  runs  $12  to  $14  a foot.  We  have  communication  cables 
which  are  made  up  of  twisted  pairs.  The  estimated  cost  for  a 90  pair 
twisted  layup  runs  $14  to  $16  a foot.  And  your  TV  cable,  where  you 
have  two,  runs  you  $2  to  $3  a foot. 

As  an  example  of  the  kind  or  the  amount  of  cabling  that  we  need  be- 
tween the  vertical  assembly  building* and  pad-B,  we  will  need  ap- 
proximately 460,000  feet  of  what  I described  as  just  cable,  23,000  of 
coaxial,  23,000  communication  cable,  and  46,000  of  TV  cable. 

We  took  our  total  cable  requirements  and  we  estimated  it  against 
these  costs  to  come  up  with  this  figure. 

Mr,  Daddario.  Any  further  questions,  gentlemen? 

(No  response.) 

Captain  Holcomb.  The  next  item  is  “Advanced  Saturn  Supporting 
Facilities.” 

This  project  proposes  construction  of  additions  to  the  general  sup- 
port conditions  on  the  new  industrial  area  in  Merritt  Island  required 
to  meet  the  growing  operational  requirement.  It  includes  a three-story 
addition  to  the  LQC  headquarters  building,  an  addition  of  40,000 
square  feet,  to  the  present  central  supply  building,  80,000  to  the  ware- 
houseand  a security  building  of  2,500  square  feet. 

Colonel  Gould.  $39.1  million  was  authorized  in  fiscal  year  1963  for 
site  development,  a contractor’s  building,  an  engineering  laboratory, 
range  support  facilities,  plus  necessary  equipment. 


Mr.  Lilly.  On  the  Advanced  Saturn  supporting  facilities,  there 
have  been  obligations  as  of  March  31,  $5,685,000. 

Colonel  Gould.  As  of  March  31  ? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  When  do  you  anticipate  you  will  have  the  balance 
of  the  fiscal  year  1963  money  obligated  ? 

Mr.  Lilly.  The  balance  of  it,  to  give  it  by  month,  will  be  $3,000  in 
April,  $1,464,000  in  May,  and  $5,525,000  in  June,  $4,641,000  in  July, 
$2,725,000  in  August,  $4,929,000  in  October,  and  $243,000  in  November. 

Colonel  Gould.  The  fiscal  year  1963  authorizations  or  appropria- 
tions will  be  obligated  by  the  end  of  November,  is  that  right? 

Mr.  Lilly.  On  that  item,  yes,  sir. 

Colonel  Gould.  When  do  you  anticipate  that  the  fiscal  year  1964 
money  requested  in  the  amount  of  $9.3  million  will  be  obligated  ? 

Mr.  Lilly.  On  that  one  the  final  amount  is  planned  for  obligation 
in  March  of  1964. 

Colonel  Gould.  March  of  1964? 

Mr.  Lilly,  That  is  correct.  \ 

Colonel  Gould*  Under  the  recent  Department  of  Defense-NASA 
agreement,  will  the  range  support  facilities  be  part  of  the ‘Air  Force 
responsibilities?  * 

Captain  Holcomb.  Which  facility  are  you  referring  to?  Are  you 
speaking  to  this  in  general  ? - 

Colonel  Gould.  Yes,  sir. 

Captain  Holcomb.  Those  things  which  support  range  functions  will 
be  funded  in  the  future  by  the  range.  They  provide  instrumentation 
in  support  of  our  activities. 

For  example,  if  they  were  going  to  put  a radar  up  on  Merritt  Island 
which  was  to  support  our  operation,  the  building  to  house  that  radar 
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in  the  fiscal  1965  budget  would  appear  in  the  Air  Force  budget,  rather 
than  ours.  - / " 

Colonel  Gould.  When  was  this  agreement  consummated? 

Captain  Holcomb.  January  17, 1963. 

Colonel  Gould.  Does  the  fiscal  year  1964  program  coincide  with  the 
agreements  that  were  reached  in  the  DOD-NASA  agreement  » 

Captain  Holcomb,  In  general;  it  was  made  up,  of  course,  prior  to 
the  time  that  the  agreement  was  signed. 

Colonel  Gould.  Last  year  you  indicat  ed  that  your  requirement  for 
engineering  and  operations  space  was  65,000  square  feet.  Now  your 
requirement  is  for  an  additional  197,000  tiquare  feet.  This  represents 
a 300-percent  increase  over  your  stated  requirements  last  year.  This 
will  result  in  building  of  262,000  square  feet.  What  caused  this 
drastic  change?  . ' 

Mr.  Lilly.  Actually,  Colonel  Gould,  as  you  may  recall,  in  our  pres- 
entation last  year,  our  planning  was  based  upon  citing  certain  facili- 
ties in  the  old  cape  area.  After  development  of  criteria,  certain  build- 
ings were  moved,  from  the  old  area  into  the  new  and  combined  into 
this  building. 

For  instance,  we  have  included  in  the  launch  operations  head- 
quarters building  the  contractor’s  space,  the  engineering  laboratory 
and  operations  space. 

Colonel  Gould.  What  are  you  going  to  end  up  with  now  to  meet  this 
need  if  the  fiscal  year  1964  item  is  approved ; how  many  square  feet? 

Mr.  Lilly.  The  number  of  square  feet  in  this  total  structure  is 
358,000  souare  feet. 

Colonel  Gould.  How  many  personnel  will  this  accommodate? 

Mr.  Lilly.  I believe  the  number  of  personnel  is  2,030.  - 

Colonel  Gould.  What  basis  was  used  to  arrive  at  this  figure  ? 

Mr.  Lilly.  The  basis  in  terms  of  the  number  of  gross  square  footage 
by  person  is  145  to  150  square  feet  per  person.  Or  the  358,000  square 
feet  gross  I gave  you,  there  are  53,500  square  feet  of  space  for  special 
purpose  areas.  This  was  deducted  to  get  the  gross  area  per  person 
that  I mentioned.  The  special  purpose  areas  include  the  print  shop, 
library,  and  cafeteria. 

Mr.  Daddario,  Have  you  had  a comparable  increase  in  the  number 
of  people,  too,  or  is  this  just  a moving  of  people  into  a more  con- 
centrated area? 

Mr.  Lilly.  We  are  requesting  increases  in  terms  of  the  numbers  of 
people  we  have  now,  plus  an  estimate  of  the  number  of  people  who 
will  be  employed  at  the  end  of  this  time  frame.  We  are  providing 
space  for  contractorpersonnel  in  this  facility. 

Mr.  Daddario.  When  you  say  “increase,”  is  it  ah  increase  in  accord- 
ance with  your  original  estimate,  or  has  there  been  an  increase  in  the 
number  of  personnel  beyond  that  which  has  been  originally  planned 

for?  .MZvMri*’  V ;:vr- ■' 

Mr.  Lilly.  I would  have  to  check  specifically  to  see  what  our 
original  estimate  was  in  terms  of  total  personnel  in  comparison  to 
what  it  is  now.  I don’t  believe  there  has  been  an  increase. 

Colonel  Gould.  You  mentioned  a figure  of  2,030  personnel.  The 
personnel  summaries  indicate  that  only  1,200  personnel  will  be  as- 
signed by  the  end  of  1964. 

What  is  the  end  strength  for  LOG? 
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Mr,  Lilly;  Our  LOC  personnel,  as  such,  Government  employees? 

Colonel  Gould.  Yes. 

Mr.  Lilly.  Do  you  have  that.  Sod? 

Mr.  Diaz.  No,  I do  not  have  that  figure  here. 

Mr,  Lilly.  This  building  will  house  both  LOC  personnel,  and  other 
Government  employees,  that  are  detailed  from  Marshall  ana  Houston, 
plus  contractor  personnel. 

Colonel  Gould.  Are  we  providing  like  facilities  at  the  home  station 
also? 

Mr.  Lilly.  No,  we  are  not. 

Colonel  Gould.  If  you  are  building  facilities  at  LOC  for  them, 
then  you  don’t  build  them  at  Marshall  ? 

Mr.  Lilly.  That  is  right. 

Colonel  Gould.  On  the  Storage  and  Central  Supply  Building,  how 
much  space  was  provided  in  fiscal  year  1963  ? 

Mr.  Diaz.  In  1963  we  programed  for  33,600  square  feet  of  central 
supply  space,  Colonel  Gould. 

Colonel  Gould.  The  budget  justification  in  fiscal  year  1963  indicated 
that  73j000  square  feet  would  be  built.  Why  is  this  different  ? 

Mr.  Diaz.  I would  have  to  provide  that  for  the  record. 

The  budget  justification  in  1963  indicated  that  73,000  square  feet 
would  be  built.  Why  is  this  different  ? 

(The  information  requested  is  as  follows :) 

The  budget  Justification  has  not  changed.  The  central  supply  building  pro- 
vides 33,600  square  feet  of  73,000  square  foot  requirement.  The  central  sup- 
ply facility,  initially  planned  for  the  existing  area  and  approved  under  the  Proj- 
ect Supporting  Facilities— -Existing  Area,  Is  now  included  in  the  Advanced 
Saturn/Nova  Supporting  Facilities  project  and  sited  in  the  new  area.  The  re- 
maining approximately  40,000  square  feet,  for  the  total  of  73,000  square  feet, 
is  for  a supply  shipping  and  receiving  building  that  is  included  in  the  approved 
Project  Apollo  Mission  Support  Facilities.  The  73,000-square  feet  of  storage 
space  was  approved  as  two  separate  facilities  and  will  be  built  in  this  manner. 

Mr.  Daddario.  We  can  move  along  now.  As  to  the  balance  of  the 
items  involved,  Colonel  Gould  could  ask  specific  questions  in  those 
areas  where  we  have  some  questions,  and  then  we  can  fill  it  in  further 
with  the  staff’s  work. 

Colonel  Gould.  The  next  project — Cafeteria,  $899,000. 

Mr.  Diaz.  The  cafeteria  project  provides  for  a central  kitchen  and 
a 400-seat  cafeteria  of  15,000  square  feet  in  the  Merritt  Island  in- 
dustrial area. 

The  central  kitchen  will  have  a capacity  of  preparing  food  for  3,000 
persons  per  day. 

Colonel  Gould.  In  computing  your  requirement  for  the  warehouse 
facility,  you  used  a figure  of  6,500  personnel.  Here  you  used  half  the 
estimated  population. 

Is  there  any  reason  for  this  difference,  or  is  there  an  error  ? 

Mr.  Lilly.  No;  in  coming  up  with  this  estimate,  but  in  terms  of 
this  particular  cafeteria,  it  was  m terms  of  the  6,000  people  who  were 
to  be  taken  care  of  in  that  particular  area.  We  have  provided  fa- 
cilities for  50  percent  of  the  personnel.  Studies  made  on  the  planning 
for  this  project  indicate  that  about  half  of  the  personnel  will  use  the 
cafeteria  facilities.  . ^ 

Colonel  Gould.  How  much  capacity  do  you  have  in  existing  cafe- 
terias at  LOC  now  ? 
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Mr.  Diaz.  DO  you  mean  facilities  to  be  built  in  the  new  area? 

Colonel  Gouu>.  Existing  or  authorized. 

Mr.  Diaz.  In  the  fiscal  year  1963  program,  approximately  20,000 
square  feet  was  authorized. 

The  next  project.  Calibration  and  Standards  laboratory,  according 
to  the  DOD-NASA  agreement,  instrumentation  calibration  and 
standards  laboratory  service  is  a responsibility  of  the  Air  Force  Mis- 
sile Test  Center  | is  this  correct? 

Captain  Holcomb.  What  the  agreement  states  is  that  they  will  nor- 
mally provide  the  service  as  long  as  these  meet  our  requirements. 
However,  in  this  case,  what  we  are  talking  about  is  a secondary  stand- 
ards laboratory  which  will  be  located  closer  than  the  40-mile  distance 
down  to  Patrick  Air  Force  Base,  where  people  will  have  ready  access 
to  calibration  facilities  for  their  meters  and  their  equipment  on  a daily 
basis.  . *v„ 

Mr.  Low,  All  primary  calibration  standards  will  be  carried  out  by 
the  Air  Force  for  us  at  their  existing  facilities.  Secondary  calibration, 
the  day-to-day  adjustment  of  meters,  and  so  on,  will  be  done  at  this 
facility.;  -'  - • y ■■■.■■ 

Colonel  Gould.  What  criteria  was  used  to  come  to  the  conclusion 
that  you  needed  your  own  facility  at  LOC  when  the  Air  Force  nor- 
mally provides  this  service? 

Captain  Holcomb.  This  requirement  was  actually  placed  upon  us 
by  the  Air  Force  last  year,  and  based  on  this  we  placed  this  item  in 
our  budget. 

Colonel  Gould.  You  say  it  was  placed  upon  you  by  the  Air  Force. 
Was  this  by  consultation  or  by  direct  request,  or  how  ? 

Captain  Holcomb.  In  the  terms  of  the  Webb-Gilpatric  agreement 
which  we  had  at  that  time,  it  was  our  responsibility  to  fund  for  any- 
thing which  took  place  on  Merritt  Island  in  support  of  the  manned 
lunar  program.  • - -:' 

Colonel  Gould.  Why  couldn’t  these  services  continue  to  be  per- 
formed by  the  Air  Force  at  Patrick  Air  Force  Base? 

Captain  Holcomb.  We  are  talking  about  a different  type  of  service 
here.  The  primary  standards  will  be  down  at  Patrick,  and  the  sec- 
ondary will  be  40  miles  closer  in  our  own  backyard  in  order  to  get  at 
it  during  our  day-to-day  work. 

Colonel  Gould.  You  will  have  to  define  “primary”  and  “secondary.” 
I don’t  understand  it. 

Captain  Holcomb.  Your  primary  standards  are  your  basic  stand- 
ards to  which  you  calibrate  the  equipment  which  goes  into  your  sec- 
ondary standards  which  are  used  on  a day-to-day  basis  to  fix  the 
meters  and  equipment  that  you  must  work  with  ip  all  your  shops  and 
laboratories. 

Mr.  Daddario.  Is  it  impossible  to  put  them  in  the  same  place? 

Captain  Holcomb.  It  is  not  impossible,  but  it  would  be  extremely 
awkward  to  have  to  travel  the  40  miles  each  wav  to  get  this  done  on 
equipment  which  you  were  working  with  on  a daily  basis. 

Colonel  Gould.  We  have  learned  recently  that  the  Air  Force  is 
providing  improvements  and  an  expansion  of  their  existing,  laboratory 
at  Patrick.  What  is  the  relationship  of  this  expansion  at  Patrick  and 
the  new  facility  proposed  at  Merritt  Island? 

Captain  Holcomb.  I am  not  aware  of  that. 
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Colonel  Gould.  The  next  project  is  the  Central  Instrumentation 
Facility. 

Captain  Holcomb.  This  facility  consists  of  a 2-stage  primary  struc- 
ture, 94, 000  square  feet,  and  a small  structure  located  a mile  Away  to 
avoid  radiofrequency  interference.  It  will  be  located  in  the  Merritt 
Island  industnal  area  and  provide  the  instrumentation  capability 
needed  to  supply  all  the  launch  operations  in  the  Merritt  Island  area. 
It  is  budgeted  at  $31,508,000. 

Colonel  Gould.  Why  can’t  the  existing  Mercury  control  center  be 
modified  to  take  care  or  this  requirement  ? " . 

Captain  Holcomb.  The  Mercury  control  center  is  not  associated 
with  this  facility.  You  have  to  recognize  the  way  in  which  ranges 
normally  work.  The  whole  concept  of  a range  is  based,  on  having  in- 
strumentation and  equipment  which  is  used  repeatedly.  The  range 
provides  a range  user  ,»lth  instrumentation  services  for  the  duration 
of  a small  period  before  launch,  and  the  launch  itself,  and  then  they 
shift  to  another  range  user.  They  cannot  afford  to  tie  up  equipment 
full  time  for  one  user  to  the  exclusion  of  all  others.  In  this  particular 
case  we  are  talking  about  a process  in  which — well,  to  compare  it  to 
what  you  are  doing  now  in  the  cape  area.  You  have  your  blockhouse 
and  in  it  you  have  a minimum  amount  of  equipment  which  you  use 
for  checking  out  the  individual  equipments  on  your  space  vehicle  in 
serial  fashion,  one  at  a time.  When  you  get  these  all  to  the  point 
where  you  believe  they  are  ready,  you  must  verify  that  all  of  them 
will  work  together  in  concert. 

After  it  has  been  verified  that  all  of  the  equipment  will  work  to- 
gether, without  crosstalk,  without  interference — this  is  something  that 
takes  a period  of  2 to  3 weeks  of  constant  use  of  the  gear — then  we  are 
ready  to  switch  over  to  the  Air  Force,  verify  that  all  of  their  equip- 
ment is  tuned  up  on  the  same  frequencies,  and  then  we  are  ready  to 
go  with  a launch  in  which  the  Air  Force  primarily  gives  us  our  instru- 
mentation. Our  instrumentation  is  redundant  during  the  initial 
launch  phase,  but  this  is  a necessary  redundancy.  This  is  an  especially 
important  part  of  your  launch  because  you  cannot  afford  to  have  any 
of  the  information  dropout. 

In  the  Mercury  launch  vehicle,  for  example,  we  have  been  getting 
about  80  pieces  of  information-telemetered  back.  On  the  Saturns  we 
have  been  running  in  excess  of  600  pieces  of  information.  On  the 
Saturn  V we  will  have  approximately  2,500.  This  represents  a tre- 
mendous increase.  Really,  what  we  are  doing  with  a central  instru- 
mentation facility  is  replacing  and  augmenting  what  we  now  have  in 
hangar  D in  the  cape  area.. 

Colonel  Gould.  What  is  going  to  be  done  with  the  existing  facili- 
ties and  equipment  in  the  Mercury  control  center  when  the  manned 
space  flight  center  at  Houston  comes  into  operation  ? ^ 

Mr.  Low.  First  of  all,  the  existing  Mercury  control  center  repre- 
sents an  investment  in  equipment  which  runs  in  the  order  of  $6  mil- 
lion. Therefore,  it  does  not  compare  in  scope  with  this  facility.  To 
specifically  answer  your  question,  much  of  the  equipment  there  will  be 
used  in  the  same  sense  as  a down-range  trackings station  ia  used.  The 
flight  controllers  are  for  Project  Mercury  and  Project  Apollo  which 
will  be  located  around  the  world,  in  addition  to  those  in  the  control 
center,  must  also  be  located  at  Cape  Canaveral  for  controlling  the 
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flight  while  the  vehicle  passes  over  the  flight.  So  it  will  be  a down- 
range  flight  control  station  supporting  the  mission  on  control  center  at 
Houston,  in  the  same  sense  that  Bermuda  is  now  a down-range  station 
to  the  present  cape. 

Colonel  Gould.  What  have  we  been  using  to  control  and  track  the 
vehicle  while  it  is  going  over  the  cape  in  our  previous  flights  ? 

Hr.  Low.  We  are  using  the  tracking  equipment  at,  the  cape  for 
Mercury  flights  tied  into  the  Mercury  control  system  directly.  So  the 
Mercury  control  center  performs  two  functions,  that  of  the  overall 
control  center,  and  the  typical  function  of  a remote  site  as  well. 

Colonel  Gould.  You  say  they  perform  that  as  well? 

Mr.  Low.  Yes.  .. 

Colonel  Gould,  When  Houston  comes  into  being,  what  will  they 
perform? 

Mr.  Low.  Only  the  remote  site  function. 

Mr.  Daddario.  What  did  we  have  in  last  year’s  program  in  place  of 
the  central  instrumentation  facility,  Mr.  Low  ? 

Captain  Holcomb.  In  place  of  it?  I don’t  believe  we  had  anything 
in  place  of  it. 

Mr.  Daddario,  This  is  a new  conception? 

Captain  Holcomb.  It  is  not  a new  conception.  We  have  followed  a 
practice  throughout  of  funding  these  things  in  the  year  in  which  we 
need  to  have  them  and  at  the  time  when  we  are  technically  at  a point 
where  we  can  better  describe  what  we  do  just  to  avoid  this  situation 
we  discussed  earlier  of  coming  up  with  budgets  which  then  later  on 
turn  out  to  be  less  than  the  money  that  we  actually  require. 

We  feel  that  we  are  now  at  a point  where,  first,  we  can  technically 
describe  what  we  need,  and,  secondly,  it  is  within,  the  time  limit 
which  will  permit  us  to  get  the  equipment,  install  it,  and  have  it  in 
operation  to  meet  our  launch  schedules. 

Mr.  Daddario.  I will  have  to  doublecheck  this,  because  some  of  the 
purposes  intended  for  this  facility  involving  prelaunch  checkout,  for 
example,  seems  to  be  quite  familiar. 

Captain  Holcomb.  You  may  have  found  some  wording  similar  to 
that  under  the  vertical  assembly  building.  As  we  move  from  the  cape 
area  to  Merritt  Island,  the  function  that  we  are  doing  on  the  cape  in 
the  blockhouse  is  being  repeated  in  an  augmented  manner  in  the 
vertical  assembly  building. 

Mr.  Daddario.  Do  you  use  the  word  “prelaunch”  in  the  same  way 
as  you  use  the  word  “preflight”?  For  example,  prelaunch  checkout, 
is  that  the  same  as  preflight  testing  ? 

Captain  Holcomb.  I think  this  is  correct. 

Mr.  Daddario.  If  I am  not  mistaken,  last  year  we  were  talking  about 
preflight  testing  at  Canaveral. 

Mr.  Low.  Mr.  Chairman,  we  are  talking,  I believe  here,  about  a 
subsequent  item,  the  manned  spacecraft  facilities  at  the  Merritt  Is- 
land area.  These  also  include  preflight  checkout  facilities  for  the 
spacecraft  as  opposed  to  the  launch  vehicle.  Captain  Holcomb  has 
been  describing  the  facilities  for  the  launch  facilities. 

Mr.  Daddario.  In  order  for  us  to  finish  this  section,  I will  double- 
check it  and  I will  get  my  questions  to  Colonel  Gould.  There  is  some- 
thing familiar  about  this.  ^ 

Colonel  Gould.  The  next  project  is  the  “Launch  Equipment  Shop,” 
page  CF-6-61. 
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Captain  Holcomb.  The  launch  equipment  shop  provides  $ working 
area  of  approximately  20,750  square  feet  in  the  Merritt  Island  indus- 
trial area.  It  will  house  sheet  metal  and  machines;  maintenance  and 
repair  of  launch  equipment,  such  as  your  umbilical  tower,  swing  arm 
attachments,  communication,  and  cable  equipment. 

Colonel  Gould.  What  is  being  used  to  meet  this  need  now? 

Captain  Holcomb.  We  don’t  have  any  facility  comparable  to  this 
in  the  present  cape  area.  We  do  a small  amount  of  machine  work  in 
some  of  our  own  hangars  and  there  is  a machine  shop  as  I under- 
stand it  at  Patrick  Air  Force  Base.  ' 

Colonel  Gould.  When  will  the  first  umbilical  tower  and  arming  tow- 
er be  delivered  to  the  site  for  Complex  39  ? 

Captain  Holcomb.  I think  the  first  umbilical  tower  will  arrive  in 
January  of  1965.  Actually,  it  doesn’t  arrive  there*  It  is  erected  on 
the  spot,  and  it  will  be  completed  in  January  1965.  You  don’t  move 
that  one  down  the  highway.  5 > t: 

Colonel  Gould.  Shouldn’t  this  type  of  activity  be  incorporated  into 
the  supporting  facilities  for  complex  39  rathei*  than  as  a separate 
entity? 

Captain  Holcomb.  It  could  be.  I don’t  know  any  specific  reason 
why  it  should  not  be. 

Colonel  Gould.  The  next  project  is  “Modifications  to  Launch  Com- 
plex 34,”  and  immediately  thereafter  complex  37. 

Captain  Holcomb.  In  launch  complexes  34  and  37,  we  have  pro- 
vided for  adding  a capability  for  the  Saturn  VI  vehicle  and  providing 
a manned  capability  at  both  locations*  The  total  runs  to  $1, 310,000 
for  launch  complex  34  and  $3,435,000  for  launch  complex  37. 

Colonel  Gould.  After  complex  39  becomes  operational;  what  will 
34  and  37  be  used  for  ? I . 

Captain  Holcomb.  Saturn  1-B  flights  are  planned  to  continue  for 
some  time.  I expect  continued  use  of  both  facilities. 

Colonel  Gould.  The  justification  indicates  that  when  the  1964  modifi- 
cations have  been  completed  that  Complexes  34  and  37  will  have 
identical  capability.  Why  do  you  need  two  launch  complexes  with 
identical  capabilities  ? I: 

Captain  Holcomb.  What  we  need  out  of  these  three  pads  that  we 
have  down  there,  is  two  pads  configured  for  Saturn  I-B  because  this 
• is  our  largest  work  schedule.  We  need  one  pad  for  the  Saturn  I 
but  we  need  to  be  in  a position  if  a catastrophe  should  happen  to 
that  particular  launch  pad,  that  one  of  the  two  pads  we  have  con- 
figured for  the  Saturn  I-B  can  be  converted  back  to  accommodate 
the  Saturn  I within  a reasonably  short  period,  let  us  say  3 months; 
Thiswe  are  building  into  the  facilities. 

Colonel  Gould.  Will  you  define  for  us  the  so-called  white  room  and 
what  modifications  to  the  surface  structure  are  required  ? 

Captain  Holcomb.  The  white  room  is  a room  where  the  astronauts 
are  held  just  prior  to  entering  into  the  capsule. 

Mr.  Low.  Actually,  it  is  a clean  room  at  the  top  of  the  gantry  with 
controlled  environment  so  that  the  final  spacecraft  preparations — 
while  the  spacecraft  is  open— can  be  carried  out,  without  getting  the 
humidity  and  the  salt  spray,  and  so  on  into  the  spacecraft.  It  is 
also  the  room  in  which  the  astronauts  enter  the  spacecraft.  4 
” Colonel  Gould.  What  have  we  used  in  the  past  to  meet  this  need  ? 
ee-soi  o — 6 a — pt.  2b 14 
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Mr.  Low.  From  the  Saturn  gantries  we  have  not  yet  had  any 
manned  flights.  • At  Complex  14,  for  the  Atlas,  we  added  a white 
room  to  the  existing  Atlas  gantry.  We  are  now  modifying  the  Titan 
II  gantry  to  be  used  on  the  Gemini  flight,  itself. 

Colonel  Gould.  How  many  launches  are  contemplated  from  34  arid 
37  before  39  becomes  operational  ? 

Captain  Holcomb.  We  will  have  a total  of  about  17. 

Colonel  Gould.  The  next  project  is  “Optical  Electronics  Compo- 
nents Servicing  Facilities.” 

Captain  Holcomb.  The  optical  electronics  components  service  facili- 
ties provides  for  maintenance,  repair,  and  storage  of  optical  photo- 
graphic equipment,  an<^  m°We  instrumentation.  It  was  originally  a 
service  provided  by  the  range.  In  this  one  the  Air  Force  withdrew 
their  requirement  after  the  NA8A-DOD  agreement.  However,  under 
the  agreement,  NASA  received  the  responsibility  of  providing  all 
engineering  sequential  photography  at  NASA  launch  pads.  This  is 
a facility  where  this  equipment  will  be  serviced,  maintained,  and 
stored.  We  will  also  carry  out  our  photography  development  work. 

Colonel  Gould.  Would  it  not  be  less  costly  to  expand  the  existing 
technical  laboratory  at  Patrick  Air  Force  Base— speaking  from  an 
overall  Government  standpoint  now— wouldn’t  it  be  less  costly  to 
expand  the  existing  laboratory  at  Patrick  to  meet  this  requirement, 
and  thereby  eliminate  a probable  duplication  ? 

Captain  Holcomb,  Engineering^sequential  photography  is  a special 
requirement.  What  you  are  talking  about  doing  is  turning  the  engi- 
neering sequential  function  over  to  the  Air  Force.  The  reason  this 
was  placed  with  NASA  in  the  agreement  rather  than  with  the  De- 
partment of  Defense  is  that  this  is  the  equipment  which  is  installed 
right  in  the  pad  area.  Activity  which  takes  place  on  the  pad  must 
be  completely  under  the  control  of  the  launch  controller.  He  must 
be  able  to  make  sure  that  he  is  the  one  who  knows  where  ail  the 
cables  are  located  and  that  no  extraneous  people  can  come  into  the 
area  without  his  authorization  to  run  cable.  Many  of  the  engineering 
sequential  cameras  are  high  speed.  They  run  for  a very  short  period 
of  time  and  are  triggered  by  a fsignal  which  is  sent  from  the  launch 
control  complex  during  the  last  minute  or  two  of  the  countdown. 
Control  of  the  personnel  is  most  critical.  It  was  on  this  basis,  and 
because  this  is  really  a different  type  of  optical  coverage  than  the 
metric,  that  it  was  determined  that  NASA  should  actually  carry  out 
thisfunction,  and  this  means  that  we  must  also  service  and  take  care 
of  our  optical  equipment. 

Colonel  Gould.  Do  you  have  the  capability  of  performing  this 
service  now  within  NASA  ? 

Captain  Holcomb.  We  have  it  to  a certain  extent.  It  is  not  to  the 
extent  that  we  will  require  when  we  move  into  Merritt  Island,  but 
this  is  tine  of  many  things  that  we  are  building  up  in  the  Merritt 
Island  area. 

Colonel  Gould.  What  facilities  are  you  using  at  the  present  time? 

Captain  Holcomb.  I believe  the  Air  Force  is  providing  this  service 
down  in  the  cape  area. 

Mr.  Daddario.  Could  the  Air  Force  provide  this  service,  Captain, 
despite  the  question  of  control  ? Do  they  have  the  foundation  upon 
which  the  expansion  could  take  place  ? 
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Captain  Holcomb.  They  have  an.  optical  servicing  facility  down  at 
Patrick  Air  Force  Base.  This  is  true.  It  was  because  of  the  opera- 
tional problems  that  you  would  encounter,  which  are  recognized  by 
both  oursel  ves  and  the  Department  of  Defense,  that  it  was  determined 
that  we  need  to  go  in  this  direction. 

Colonel  Gould.  The  next  project,  please.  N' 

Mr.  Daddario.  Range  Engineering  and  Administration  Building. 

Captain  Holcomb.  This  project  for  $855,000  provides  a two-story 
25,000-square-foot  engineering  and  administration  building,  where 
150  contractor  personnel  perform  the  housekeeping  operations  at  the 
Merritt  Island  area  of  the  launch  operations  center.  This  is  one  of 
the  things  where  the  justification  writeup  changed  slightly  as  a result 
of  the  agreement  where,  by  the  terms  of  the  agreement,  we  are  to 
provide  the  service  in  this  area,  but  it  isstill  required. 

Colonel  Gould.  Isn’t  the  operation  of  the  range  the  responsibility 
of  the  Air  Force  ? 

Captain  Holcomb.  It  depends  what  you  define  as  the  range.  The 
range,  as  you  recall  from  the  agreement,  includes  Cape  Canaveral 
itself  and  the  down-range  stations  of  the  Atlantic  missile  range. 

Colonel  Gould.  Exactly  what  is  going  to  be  performed  in  this 
building? 

Captain  Holcomb.  This  will  house  the  contractors  who  perform 
the  base  operation  of  Merritt  Island. 

Mr.  Diaz.  This  facility  is  about  the  same  thing,  Colonel  Gould,  as  a 
base  engineer’s  office  building. 

Colonel  Gould.  Don’t  we  have  an  existing  base  engineering  shop 
down  there? 

Captain  Holcomb.  Not  at  Merritt  Island. 

Colonel  Gould.  Why  can’t  this  be  serviced  from  the  cape? 

Captain  Holcomb.  This  will  be  LOG, 

Colonel  Gould.  What  is  being  used  to  meet  this  need  on  the  other 
facilities  that  have  to  be  maintained  ? 

Captain  Holcomb.  Part  of  this  is  taken  care  of  by  Pan  American 
down  on  the  cape.  This  is  their  function.  I think  there  are  some 
janitorial  service  functions  by  NASA.  In  general,  it  is  carried  out 
by  Pan  American. 

Colonel  Gould.  How  many  contractual  personnel  are  we  talking 

Mr.  Lilly.  There  will  be  about  800  contractor  personnel  and  about 
150  personnel  to  perform  the  administrative  management  functions. 

Colonel  Gould.  WTiere  are  they  located  now? 

Captain  Holcomb.  They  are  not.  This  is  a function  which  is  not 
now  being  carried  out.  We  are  only  in  the  position  now  of  doing 
dredging  and  foundation  work  on  Merritt  Island.  We  have  no  facil- 
ities to  operate. 

Mr.  Low.  We  do  not  yet  have  our  maintenance  and  operations  con- 
tract for  the  Merritt  Island  area. 

Colonel  Gould.  When  do  you  anticipate  that  contract  to  be  con- 
summated? 

Captain  Holcomb.  The  policy  in  determining  how  we  will  operate 
Merritt  Island  we  anticipate  will  be  resolved  within  the  next  few 
weeks,  and  hopefully  we  should  be  under  contract  very  shortly  there- 
after. 
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Colonel  Gould.  Utility  Installations  project  in  the  amount  of  $28.8 
million;  I have  a considerable  number  of  technical  questions,  Mr. 
Chairman,  and  I think  these  can  be  resolved  between  the  staffs. 

Mr.  Daddario.  You  may  follow  that  procedure. 

Colonel  Gould.  The  next  project  is  the  “Vehicle  maintenance  and 
service  facilities,”  page  CF-114. 

Captain  Holcomb.  This  project  for  $1,561,000  will  provide  two 
facilities  for  the  maintenance  service,  dispatching*  and  parking  of  up 
to.  600  Government-owned  motor  and  wheeled  vehicles  ox  all  types.  It 
includes  body  and  overall  shops,  paint  and  fuel  dispensing  facilities. 
The  added  volume  of  work  resulting  from  increased  numbers  of 
vehicles  cannot  be  handled  by. the  existing  facilities  at  Patrick. 

Colonel  Gould.  When  will  you  reach  the  volume  of  600  vehicles? 

Captain  Holcomb.  I would  estimate  that  we  should  reach  this  by  the 
latter  part  of  1964. 

Colonel  Gould.  Are  the  vehicles  being  used  by  NASA  at  the  present 
time  procured  by  GSA? 

Captain  Holcomb.  We  have  several  categories  of  vehicles  down 
there.  We  procure  special  purpose  vehicles  (by  that  I mean  cherry- 
pickers,  heavy  equipment),  directly,  ourselves.  For  passenger  ve- 
hicles, which  have  been  procured  while  we  have  been  located  on  Cape 
Canaveral  we  have  contributed  to  the  Air  Force  budget  each  year,  and 
with  this  they  have  procured  a portion  of  the  vehicles  which  they 
feed  into  their  motorpool  and  with  which  they  provide  us  support. 

This  includes  buses  and  station  wagons;  that  type  of  operation. 

In  addition  to  this,  we  have  a lease  for  operation  of  strictly  pas- 
senger-type vehicles  with  a local  organization. 

Colonel  Gould.  Are  there  any  Air  Force  vehicles  included  in  this 
number  of  600  that  you  haye  given  usf 

Captain  Holcomb.  Negative. 

Colonel  Gould.  How  many  of  these  will  be  contractor-owned  ve- 
hicles? 

Captain  Holcomb.  Vehicles  in  the  vehicle  service  facility  will 
probably  be  largely  contractor-owned  and  leased  by  NASA  in  a sim- 
ilar arrangement  to  that  which  we  now  have. 

Colonel  Gould,  I am  sorry,  would  you  repeat  that  ? 

Captain  Holcomb.  In  the  vehicle  service  facility,  probably  quite  a 
large  quantity  of  the  vehicles  will  be  contractor-owned  and  operated 
under  lease. 

Colonel  Gould.  Why  is  it  necessary  tc  provide  separate  automotive 
maintenance  facilities  for  the  range  contractor  and  for  general 
services? 

Captain  Holcomb.  Because  you  have  two  different  contractors  in- 
volved. In  one  case  you  are  talking  about  a lease  operation  where 
you  have  a dispatcher’s  office,  filling  station  and  storage  space,  and 
in  the  other  case  you  are  talking  about  the  heavy  overhaul  of  the 
mobile  equipment  with  which  we  do  to  our  technical  job.  It  is  a 
different  type.  In  one  case  you  are  talking  passenger  vehicles,  and  in 
the  other  case  you  are  talking  heavy  equipment. 
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Colonel  Gould.  What  did  you  use  for  standards  or  space  criteria 
in  arriving  at  the  size  of  your  shops  ? .• 

Mr.  Lilly,  can  you  answer  that  question?  " ' 

Mr.  Lilly.  Mr.  .Diaz  can. 

Mr.  Diaz.  The  size  of  this  facility  was  based  on  DOD  criteria. 

Colonel  Gould.  You  did  use  DOD  criteria  ? .. 

Mr.  Diaz.  Yes,  it  was  used  as  a basis. 

Colonel  Gould.  Congratulations ; it  is  the  first  one  I have  found 
where  standards  have  been  used.  We  skipped  one  project  in  going 
through  here,  the  manned  spacecraft  facilities  on  page  CF  6-64.  Can 
you  tell  us  a little  bit  about  these  facilities;  Captain,please? 

Mr.  Low.  These  are  the  checkout  facilities  for  Gemini  and  Apollo 
spacecraft  located  in  the  Merritt  Island  area,  adjacent  to  the  launch 
operations  center  facilities.  As  you  will  recall,  we  started  these  facil- 
ities in  fiscal  year  1963  and  we  are  requesting  $6,512,000  for  additions 
in  1964.  ;':v;  ■ v 

Colonel  Gould.  There  have  been  a total  of  $25.7  million  authorized 
for  these  facilities.  1 believe  they  were  previously  called  Apollo  mis- 
sion support  facilities ; is  that  correct? 

Mr.  Low.  That  is  right. 

Colonel  Gould.  What  is  the  status  of  the  obligations  on  these  funds? 

Mr.  Diaz.  As  of  March  31,  the  obligations  were  $12.5  million.  ; 

Colonel  Gould.  Is  this  actually  under  contract  or  committed  to  the 
Corps  of  Engineers? 

Mr.  Diaz.  These  funds  were  in  the  hands  of  the  Corps  of  Engineers. 

Colonel  Gould.  Do  you  know  how  much  is  actually  under  contract  ? 

Mr,  Diaz.  I believe  most  of  this  total  is  under  contract. 

Mr.  Lew.  The  contract  was  awarded  several  months  ago  for  the 
major  portion  of  the  buildings.  > . 

Colonel  Gould.  What  is  the  relationship  between  these  facilities 
and  those  proposed  in  support  of  Complex  39  ? 

Mr.  Low.  In  these  facilities  the  Gemini  and  Apollo  spacecraft  will 
be  checked  out  and  prepared  for  flight  prior  to  mating  with  the  launch 
vehicle  in  Complex  39.  The  only  work  on  the  spacecraft  in  Complex 
39  will  be  accomplished  in  combination  with  the  launch  vehicle  or, 
in  other  words,  the  entire  space  vehicle  will  be  checked  out  in  Complex 
39,  but  all  the  preparation  of  the  spacecraft,  the  testing  and  vacuum 
chambers,  the  checking  of  the  reaction  control  systems,  the  verification 
of  the  environmental  control  system,  will  be  handled  in  the  facilities 
we  are  discussing  now. 

Colonel  Gould.  What  type  of  tests  are  going  to  be  accomplished 
here  that  can’t  be  accomplished  at  the  contractor’s  facilities  oratMSC  ? 

Mr.  Low.  There  are  no  types  of  tests  that  cannot  and  will  not  also 
be  performed  either  at  the  contractor’s  facilities  or  at  MSC.  How- 
ever, it  has  been  our  experience  in  Project  Mercury,  particularly,  that 
the  kinds  of  systems  used  in  a manned  spacecraft  must  be  checked 
out  and  verified  just  before  mating  in  the  general  location  of  the 
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launch  area.  A spacecraft  normally  spends  about  4 to  6 months  at 
the  cape  before  mating  for  this  kind  of  checkout.’ 

Colonel  Gould.  Why  isn’t  the  testing  scheduled  to  be  done  at  MSC 
rather  than  here? 

Mr.  low.  The  testing  that  is  to  be  done  at  MSC,  for  example,  in 
the  environmental  chambers  or  in  the  rest  of  the  facilities,  is  the 
developmental  testing  on  one  spacecraft,  one  of  a kind.  For  example, 
in  Apollo,  spacecraft  No.  6 is  scheduled  for  environment  testing  at 
MSC.  It  will  be  subjected  to  conditions  of  heat,  cold,  far  in  excess  of 
the  conditions  it  will  undergo  in  actual  flight.  This  kind  of  testing 
at  MSC  assures  us  the  reliability  that  we  must  have  in  all  spacecraft. 
It  is  developmental  testing.  At  the  cape  the  kind  of  testing  that  will 
be  done  is  the  final  checkout  to  make  sure  that  all  the  pieces  of  equip- 
ment in  the  spacecraft  that  will  be  launched,  operate  together;  that 
they  are  hooked  up  toge/ther;  that  the  reaction  control  jets  indeed  do 
work  when  the  astronaut  moves  his  control  stick;  that  the  guidance 
system  works  when  the  spacecraft  is  moved  a certain  way ; that  the 
- environmental  control  system  works  properly;  and  so  on.  It  is  the 
kind  of  testing  that  has  been  done  during  the  last  few  months  on 
spacecraft  20. 

Mr.  Daddario.  Do  you  need  people  of  the  same  type  at  both  places, 
or  do  you  move  the  people  around  ? 

Mr.  Low.  We  do  not  move  them  around,  because  we  have  found  that 
it  is  most  important  that  the  people  who  do  the  final  verification,  the 
final  checkout  at  the  Cape,  are  those  people  who  finally  take  the 
responsibility,  who  say,  “Yes,  the  spacecraft  is  ready  to  go.”  The 
man  who  has  breakfast  with  the  astronaut  in  the  morning  and  pats 
him  on  the  back  is  the  guy  that  is  responsible  for  the  spacecraft.  This 
personal  confidence  that  we  have  been  able  to  achieve  in  the  final 
checkout,  we  feel,  is  one  of  the  elements  in  getting  the  spacecraft 
ready.  ■ ;;7 ■'  i " v ’ ' ' ■ ' 

Mr.  Daddario.  Are  these  all  NASA  people  or  are  they  industry 
people  ? 

Mr.  Low.  They  are  both  our  people  and  industry  people.  Actually, 
the  detailed,  everyday  work  is  done  by  industrial  people  with  very 
close  and  thorough  NASA  inspection.  No  one  can  remove  a nut  or 
bolt  or  wire  from  a spacecraft  without  having  a Government  inspector 
sign  off  on  it  and  make  sure  it  goes  back  in  again. 

Colonel  Gould.  These  tests  that  you  are  referring  to,  Mr.  Low,  have 
to  be  performed  before  the  spacecraft  is  mated  with  the  launch 
vehicles? 

Mr.  Low.  That  is  correct.  Many  of  the  tests  are  performed  in  test 
cells  which  are  equipped  for  the  hazardous  propellants  used  in  the 
vehicle. 

Colonel  Gould.  Why  do  we  need  two  altitude  chambers? 

Mr.  Low.  The  requirement  for  two  came  about  from  looking  at  the 
detailed  schedules,  the  work  schedule  on  a day-by-day  basis  of  where 
the  spacecraft  goes  and  how  much  time  it  has  to  spend  in  the  altitude 
chambers.  We  will  be  checking  out  in  this  building,  as  was  actually 
recommended  by  this  committee,  both  Gemini  and  Apollo  spacecraft 
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and  the  lunar  excursion  module.  Each  one  of  these  must  be  in  the 
altitude  chamber  for  2 to  3 weeks  simulating  the  mission.  Therefore, 
we  must  have  two  chambers. 

Colonel  Goucd.  I have  found  it  difficult  to  correlate  the  previously 
authorized  items  with  the  1164  request,  r 

When  the  stalls  get  together,  I would  like  to  go  over  these  item 
by  item. 

That  is  all  I have,  Mr,  Chairman,  f 

Mr.  Dadeario.  Any  further  questions  ? 

(No response.)  , /.  ; 

Mr.  Daddario  (continuing).  If  not,  I would  like  to  thank  all  of  you 
for  staying  with  us  for  an  extra  hour. 

mi  » ^ * a i *ii  l*  . 


this  same  room. 

(Whereupon,  at  1 p.m.,  the  subcommittee  was  adjourned,  to  recon- 
vene at  10  a.m.,  Monday,  May  6, 1983.) 
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MONDAY,  HAT  6,  1963 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 
Cannon  Building,  at  10  a.m.,  Hon.  Olin  E.  Teague,  chairman  of  the 
subcommittee,  presiding.  7 

Mr.  Teague.  The  meeting  will  come  to  order.  Just  start  where 
you  left  off  on  Friday,  Mr.  Holmes. 

Mr.  Yeager.  That  would  be  volume  II,  “Aerospace  Medicine.” 

STATEMENT  OF  D.  SRAINERD  HOLMES,  DEPUTY  ASSOCIATE 
ADMINISTRATOR  AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE 
FLIGHT,  NASA;  ACCOMPANIED  BY  BRIO.  GEN.  C.  H.  ROADMAN, 
DIRECTOR,  SPACE  MEDICINE;  DR.  GEORGE  M.  HNAUF,  DEPUTY 
DIRECTOR;  GEORGE  M.  LOW,  DEPUTY  DIRECTOR  (PROGRAMS); 
AND  WILLIAM  E.  LILLY,  DIRECTOR,  PROGRAM  REVIEW  AND 
RESOURCES  MANAGEMENT 

Mr.  Holmes.  We  have  with  us  this  morning,  in  addition  to  Mr. 
Low,  General  Roadman,  who  is  the  Director  of  Space  Medicine  for  the 
Office  of  Manned  Space  Flight,  and  his  deputy,  Dr.  George  Knauf. 
General  Roadman  is  going  to  testify  on  this  subject,  with  your  permis- 
sion, Mr.  Chairman.  r 

General  Roadman.  Mr.  Chairman,  members  of  the  committee  ; it  is 
our  privilege  to  present  to  you  today  a report  on  our  accomplishments 
during  the  past  year  in  providing  medical  support  for  the  manned 
space  flight  program.  We  will  also  outline  for  you  the  effort  we  will 
engage  in  during  the  coming  year  in  pursuing  oUr  role  in  the  national 
effort  to  land  a team  of  American  astronauts  on  the  Moon  in  this 
decade.  . ■ 

You  will  remember  that  in  our  last  report  to  you  we  noted  that  we 
were  making  the  first  such  report  after  the  reorganization  of  the 
National  Aeronautics  and  Space  Administration  Office  of  Life  Sciences 
Programs  into  three  distinct  biomedical  components;  the  Office  of 
Bioscience  Programs  in  the  Office  of  Space  Sciences,  the  Directorate 
of  Biotechnology  and  Human  Research  in  the  Office  of  Advanced 
Research  and  Technology  and  the  one  we  represent,  the  Directorate 
of  Space  Medicine  m the  Office  of  Manned  Space  Flight.  Youwill 
also  remember  that  we  called  your  attention  to  the  fact  that  staffing 
of  the  other  two  offices  had  not  been  completed.  For  this  reason  our 
program,  at  that  time,  included  certain  tasks  which  would  ultimately 
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become  the  responsibility  of  either  the  Office  of  Bioscience  Programs 
or  the  Directorate  of  Biotechnology  and  Human  Research  as  soon  as 
they  were  able  to  take  over. 

We  are  indeed  pleased  to  be  able  to  report  that  considerable  prog- 
ress has  been  made  along  the  lines  of  integrating  the  efforts  of  these 
three  offices.  As  a result  we  have  today  a well-integrated  National 
Aeronautics  and  Space  Administration  Life  Sciences  Program. 

I think  it  is  very  important  that  this  committee  understand  the 
functional  responsibilities  of  these  three  offices  (fig  173)  The  Office 
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OFFICE  OF  SFACI  SCIENCfS-RESFONSIBLE  FOR  FUNDAMENTAL 

•lOiOOICAL  RESEARCH  INCLUDING  THE  SEARCH  FOR  EXTRA" 
tCXRESTRIAl  LIFE  (EXOBIOLOGY),  ENVIRONMENTAL  BIOLOGY 
AND  BEHAVIORAL  BIOLOGY;  APPLIED  RESEARCH  AND  DEVELOP- 
MENT RELATED  TO  THE  EXOBIOLOGY  PROGRAM  AND  TO  UN- 
MANNED FLIGHTS  FOR  THE  ENVIRONMENTAL  ANO  BEHAVIORAL 
BIOLOGY  PROGRAM 
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FICE  OF  ADVANCED  RESEARCH  AND  TECHNOLOGY 
RESPONSIBLE  FOR  APPLIED  ANIMAL  RESEARCH,  BASIC  HUMAN 
RESEARCH  ANO  APPLIED  HUMAN  RESEARCH  AND  TECHNOLOGY. 
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OFFICE  OF  MANNED  SPACE  FLIGHT-RESPONSIBLE  FOR  HUMAN 
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RESEARCH  AND  TECHNOLOGY  SPECIFICALLY  APPUCABLE  TO 
THE  APPROVED  MANNED  SPACE  FLIGHT  PROiECTS. 

F.SSPONSIBLI  FOR  OPERATIONAL - ^ - 

MERCURY,  GEMINI  AND  APOLLO. 


Figure  173 

of  Space  Sciences  is  responsible  primarily  for  the  search  for  extrater- 
restial life.  Thif  can  be  classified  as  a basic  biological  research  pro- 
gram. 

• The  Office  of  Advanced  Research  and  Technology  is  responsible  for 
the  advanced  considerations  over  and  beyond  those  which  constitute 
oar  current  manned  space  flight  program  in  our  area,  applied  animal 
research,  basic  human  research,  and  applied  research  and  technology. 

% 174)- 

Our  area  of  responsibility  is  for  research  and  development  specifically 
applicable  to  the  approved  manned  space  flight  projects,  as  well  as 
for  their  medical  operational  aspects.  The  currently  approved  proj- 
ects, as  you  know,  are  Mercury,  Gemini,  and  Apollo. 

In  the  Manned  Space  Flight  program,  each  office  is  charged  with 
responsibility  for  its  proper  spectrum  of  activities.  Effective  use  is 
made  of  the  overall  NASA  night  program,  both  manned  and  un- 
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Figure  174 

manned,  and  unwarranted  duplication  of  effort  has  been  eliminated. 
It  is  important  to  recognize  that  the  precise  definition  of  program 
responsibilities  makes  it  now  possible  to  fully  use  the  support  capabil- 
ities of  other  Government  agencies,  universities,  and  industry. 

It  is  perhaps  appropriate  that  we  preface  the  discussion  of  our  pro- 
gram with  some  general  comments  concerning  the  progress  we  have 
made  in  fitting  ourselves  into  the  biological  community.  The  Man- 
in-Space  Committee  of  the  Space  Science  Board  under  the  National 
Academy  of  Sciences  was  established  to  insure  that  our  program  made 
full  use  of  the  technical  talent  available  in  both  the  civilian  and  mili- 
tary community.  There  followed  a period  in  which  the  Department 
of  Defense  expressed  concern  with  our  program  planning.  It  was 
Defense  opinion  that,  given  an  opportunity,  it  could  provide  such 
bioastronautics  support  as  our  program  required.  This  problem  area 
was  approached  by  appointing  a committee  to  study  the  situation 
and  to  draft  a joint  NASA-DOD  bioastronautics  support  plan. 

During  the  months  that  followed  the  creation  of  tne  Man-in-Space 
Committee  and  the  NASA-DOD  Bioastronautics  Study  Committee 
we  resolved  many  problems.  Participation  of  our  people  in  the 
meetings  of  the  Man-in-Space  Committee  working  groups  served  to 
satisfy  the  scientific  community  that  we  were  already  seeking  the 
advice  and  counsel  of  leading  members  of  their  particular  scientific 
groups.  Frequent  meetings  with  our  people,  exchange  visits  to 
laboratories,  and  joint  briefings  on  both  program  requirements  and 
support  capabilities  resulted  in  a new  level  of  understanding  on  the 
part  of  Department  of  Defense  laboratory  heads  and  staff  agencies 
alike.  The  end  result  has  been  the  development  of  a healthy  under- 
standing and  cooperative  effort  on  the  part  of  all  concerned.  In 
January  of  this  year,  the  Chairman  of  the  Space  Science  Board  dis- 
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solved  the  Man-in-Spaee  Committee  as  being  no  longer  needed.  The 
NASA-DOD  bioastronautics agreement,  as  formulated,  did  not  come 
into  being. 

■ : Mr.  Teague.  Why?  ' 

General  Roadman.  I would  like,  if  possible,  to  address  myself  to 
that  specific  question  at  a later  moment,  if  I may,  sirs. 

Mr.  Teague.  That  is  fine. 

General  Roadman.  As  the  two  groups  developed  a better  under- 
standing of  the  interests  of  one  another,  the  list  of  things  requiring 
reduction  to  a formal  agreement  dwindled.  Last  fall  a bioastronautics 
office  was  established  in  General  Ritland’s  office  under  Col.  John 
Talbot,  an  Air  Force  medical  officer.  This  office  has  helped  materially 
to  maintain  the  improved  level  of  communications  between  ourselves 
: and  our  counterparts  in  the  military  services.  As  an  example,  he 
recently  arranged  a meeting  in  our  office  in  order  that  we  might  bring 
! Department  of  Defense,  Air  Force,  and  Navy  representatives  up  to 

date  on  our  program  requirements.  To  this  was  added,  to  assist  them 
in  their  planning  responsibilities,  a forecast  of  the  direction  we  believe 
[ our  effort  wiU  fouow. 

In  the  case  of  the  directorate  of  biotechnology  and  human  research 
! the  situation  is  different.  This  office  will  eventually  be  the  prime 

| source  of  advances  in  technology  upon  which  we  wifi  draw  in  order 

to  fashion  the  components  and  systems  for  future  missions.  We  have 
! ’ moved  to  realign  pur  space-medicine  program  accordingly. 

| I think  it  is  very  important  for  this  committee  to  understand  that 

| we  now  include  in  the  space-medicine  program  only  those  things  which 

j • . may  be  reasonably  considered  to  be  in  direct  support  of  our  approved 

t i:  manned  space  flight  program.  ; ; 

In  the.  course  of  accomplishing  necessary  research  and  development, 
while  producing  operational  components  for  Project  Mercury  missions, 
] a uniqufe  capability  has  been  created  in  selected  areas  in  the  Crew 

Systems  Division  at  the  Manned  Spacecraft  Center  (fig.  175).  ^ 

Flight  proven  competence  and  responsibility  in  these  areas  does  not 
exist  anywhere  else  in  government  (fig.  176). 

To  complete  this  picture,  we  are  presently  engaged  in  reviewing  our 
background  of  experience,  gained  in  the  conduct  of  our  current  series 
of  manned  space  flight  missions.  This  review  is  designed  to  point 
out  areas  where  future  projects  will  require  advances  in  technology, 
areas  where  new  components,  advanced  systems,  improved  fabrica- 
tion techniques,  or  new  materials  might  make  it  possible  to  conduct 
t;  future  missions  with  greater  simplicity,  economy,  and  reliability 

j-  (fig- 177) , The  result#  of  this  review  will  be  translated  into  a series  of 

f technical  requirements  to  serve  as  a planning  guide  for  future  pro- 

1 grams.  ■ 

| It  might  be  well  to  add  that  the  review  has  firmly  established  the 

fact  that  our  Project  Mercury  flights  to  date  have  shown  no  signifi- 
j.  cant  physiological  effects  on  the  crews  attributable  to  flight  in  the 

j space  environment.  Indeed,  we  feel  completely  confident  that  the 

t . biomedical  needs  of  the  currently  approved  series  of  manned  space 

* flight  projects  can  be  met  by  the  application  of  existing  technology. 

& ■ Our  flight  experience  in  Project  Mercury  has  also  adequately 

established  man’s  ability  to  perform  effectively  in  the  space  environ- 
f ment.  Weightlessness,  which  was  considered  by  some  as  a potentially 

j grave  obstacle,  has  engendered  no  serious  problems  in  manned  space 
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THIS  PROGRAM  TO  riVELOP  THE  STATE  OF  THE 
ART  IN  BIQ-TICHNOI.OGY  WHILE  CONCURRENTLY 
DEVELOPING  OPERATIONAL  HARDWARE  FOR  PRO- 
JECT MERCURY  FLIGHT  MISSIONS  HAS  BROUGHT 
INTO  BEING  CERTAIN  UNIQUE  CAPABILITIES  IN  THE 
CREW  SYSTEMS  DIVISION  IN  THE  FOLLOWING  AREAS: 


PRESSURE  SUITS 

PORTABLE  LIFE  SUPPORT  SYSTEMS 
i SURVIVAL  EQUIPMENT 


SPACE  FEEDING 

BIO-INSTRUMENTATION 

RESTRAINT  A SUPPORT  SYSTEMS 

( WASTE  MANAGEMENT  v 

ENVIRONMENTAL  CONTROL  SYSTEMS  PROVEN 
COMPETENCE  IN  THESE  AREAS  DOES  NOT  EXIST  AT  ANY 
OTHER  AGENCY  IN  GOVERNMENT. 


Figure  175 


THE  FOLLOWING  PRODUCTS  OF  CSD 
EFFORT  ARE  INCLUDED  IN  THE  MA-9 
CONFIGURATION: 

IVIVAL  EOUIPMEN1 
PRESSURE  SUIT 
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PROPOSED  GEMINI 
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Figure  176 
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flights  to  date.  While  measurably  reassured  by  our  experience  and 
that  of  others  with  the  weightless  phenomena,  we  nevertheless  will 
maintain  careful  watch  for  any  untoward  results  of  prolonged  exposure 
to  this  ingredient  of  the  space  environment.  Our  flight  experience 
in  Project  Mercury  has  provided  us  with  certain  significant  building 
blocks  in  our  program  to  develop  systems  to  sustain  man  on  prolonged 
space  flights.  The  concepts  on  which  the  design  and  development 
of  our  life  support  systems  were  predicated  have  been  validated. 
The  reliability  of  components  in  our  environmental  control  systems, 
which  early  in  the  flight  program  gave  rise  to  concern,  has  been  brought 
up  to  an  acceptable  level.  As  a result,  our  development  program  is 
able  to  proceed  optimistically  toward  providing  adequate  life  support 
for  crews  engaged  in  prolonged  space  night  missions. 

To  achieve  the  national  goal  of  a manned  lunar  landing  the  NASA 
has  established  a step-by-step  development  program.  The  next  step 
in  this  program  is  Project  Gemini.  Project  Gemini  is  an  integral 
part  of  the  overall  program  and  has  as  its  basic  objectives  increasing 
our  operational  proficiency  and  expanding  our  knowledge  of  the 
technology  of  manned  space  flight.  It  will  also  serve  as  a means  of 
developing  both  rendezvous  and  long-duration  manned  space  flight 
capabilities. 

In  the  field  of  space  medicine^  Project  Gemini  flights  give  rise  to 
problem  areas  not  encountered  in  Project  Mercury.  Some  of  these 
can  be  dealt  with  by  improvement  or  extension  of  concepts  and  sys- 
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terns  which  were  developed,  applied  and  validated  in  Mercury  mis- 
sions. In  other  instances  a need  for  new  approaches  is  foreseen. 
Questions  still  remain  with  regard  to  human  tolerance  to  specific  ac- 
celeration, deceleration  and  impact  forces.  The  effects  upon  the 
astronaut  of  vibration  in  the  newer  and  larger  vehicles  must  be  ex- 
plored further. 

Studies  are  being  conducted  in  a Gemini  two-man  cabin  simulator 
(fig.  178)  to  evaluate  components  of  the  life  support  system  being  de- 
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veloped  for  the  long-duration  Gemini  flights.  Similar  studies  are  being 
carried  out  to  explore  various  methods  of  removing  carbon  dioxide 
from  the  cabin  atmosphere  and  of  maintaining  the  desired  carbon 
dioxide  and  water  vapor  control. 

Gemini  flights  will  include  long-duration  missions  lasting  up  to  2 
weeks.  In  these,  we  will  investigate  the  physiological  effects  on  the 
crew  of  zero  gravity,  artificial  environment  and  limited  mobility  while 
carrying  out  various  work  plans  for  prolonged  periods  of  time. 

In  other  words,  this  program  does  offer  an  exploratory  and  an 
investigative  capability  with  man.  It  is  anticipated  that  the  Gemini 
flight  profile  will  require  a space  suit  which  differs  markedly  from 
that  used  in  Project  Mercury.  The  suit  construction  will  permit  the 
wearer  to  open  it  sufficiently  to  accommodate  normal  body  functions. 
This  development  program  is  well  underway.  Preprototype  suits 
have  been  evaluated  at  the  Crew  Systems  Division  and  negotiations 
are  nearing  completion  for  the  fabrication  of  a sufficient  number  of 
suits  to  meet  test  and  training  needs. 
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The  Gemini  space  suit  development  program  includes  providing  a 
capability  for  snort  duration  life  support  outside  the  spacecraft. 
This  extra-vehicular  capability  will  provide  us  with  a means  of  ex- 
ploring the  problems  to  be  encountered  in  operations  outside  the 
spacecraft  in  Project  Apollo. 

It  is  significant  to  note  here  the  progressive  flight  plan  which  pro- 
vides information  for  future  longer  ihghts — the  Apollo  mission,  as 
an  example.  In  the  coming  year  we  will  continue  the  development 
of  an  extra-vehicular  suit,  purchase  production  pressure  suits,  develop 
maintenance  techniques  and  continue  the  development  of  food  and 
waste  management  systems. 

Concurrently  with  this  effort  in  support  of  Project  Gemini  a broad 
spectrum  of  effort  is  being  applied  to  satisfying  the  medical  needs  of 
Project  Apollo. 

For  Project  Apollo,  a special  space  suit  is  being  developed  for 
lunar  surface  operations  (fh;.  80).  In  this  suit,  the  astronaut,  carrying 
his  life  support  system  in  a pack  on  his  back,  will  be  able  to  leave  the 
lunar  excursion  module  to  accomplish  scientific  and  exploratory 
tasks  on  the  surface  of  the  Moon.  In  the  area  of  space  suit  technology , 
work  is  currently  being  directed  toward  improving  structural  integ- 
rity, reliability  and  durability  while  at  the  same  time  providing 
greater  stay  time,  functional  capability,  mobility  and  comfort  for 
the  suited  astronaut.  Studies  are  being  made  of  the  problems  that 
may  result  from  micrometeorite  impact  on  the  suit  during  lunar 
surface  operations. 
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In  another  vein,  studies  are  being  conducted  to  explore  man’s 
ability  to  perform  simulated  vehicle  maintenance  functions  while 
wearing  a pressurized  Apollo  space  suit.  The  mobility  needed  to 
engage  in  such  activities  will  be  provided  by  incorporating  bellows- 
type  joints  in  the  design  of  the  space  suit.  Exhaustive  studies  are 
underway  to  improve  tlie  prototype  life-support  back  pack  to  extend 
the  ?tay  time  on  the  lunar  surf  aw. 

In  the  Apollo  lunar  mission  we  can  expect  to  face  a new'  problem 
area  in  the  manned  space  flight  program.  This  is  the  effect  of  the 
space  radiation  environment  upon  space  crews  traversing  the  cislunar 
space.  NASA  now  is  making  every  effort  to  adequately  define  this 
environment  by  means  of  data  obtained  from  unmanned  flights, 
together  with  recorded  observations  of  solar  flare  activity.  Shielding 
design  criteria  for  the  spacecraft  have  been  established  based  on  this 
information.  Applying  dose  limits  postulated  by  our  biomedical 
people,  assisted  by  the  Space  Science  Board  of  the  National  Academy 
of  Sciences,  we  feel  confident  that  adequate  shielding  can  be  provided 
for  the  flight  crew  within  the  allowable  weight  limits  of  the  Apollo 
vehicle.  Dosimeters  developed  and  tested  in  Mercury  flights  wul  be 
subjected  to  more  rigorous  testing  in  Gemini  flights  and  then  employed 
in  Project  Apollo  lunar  flights. 

Jn  addition  to  the  foregoing  highlights  of  our  development  program, 
work  is  being  carried  out  to  improve  bioinstrumentation,  to  develop 
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improved  feeding  and  waste  management  systems,  to  provide  an 
acceptable  personal  hygiene  system,  for  the  crews  on  prolonged 
space  flights,  and  to  establish  advanced  selection  criteria  to  be  used 
in  choosing  astronauts  for  future  space  missions.  The  problems  of 
emergencies  in  flight  are  being  approached  by  an  aggressive  effort 
to  develop  advanced  techniques  to  permit  in-mght  medical  care  and 
a continuing  effort  to  provide  improved  survival  gear. 

Tn  the  implementation  of  this  program  every  effort  has  been  made 
to  use  to  the  maximum  extent  possible  those  resources  available  within 
the  Department  of  Defense,  m other  Government  facilities,  in  uni- 
versities, and  in  industry.  Our  best  estimate  at  this  time  indicates 
that  approximately  12  percent  of  our  research  and  development  funds 
will  be  spent  in  Department  of  Defense  facilities,  8 percent  in  other 
Government  facilities,  10  percent  within  the  university  community, 
and  69  percent  in  various  segments  of  the  vast  pool  of  resources 
available  within  industry. 

It  should  be  borne  in  mind  that  in  large  measure  our  program  must 
take  ad  vantage  of  data  obtained  in  flight  and  must  be  so  streamlined 
as  to  make  it  possible  to  operate  within  the  short  leadtimes  dictated 
by  accelerated  flight  schedules.  We  must  be  prepared  to  provide 
continuous  monitoring  and  to  provide  needed  technical  inputs  in  a 
timely  manner.  It  can  be  readily  seen  that  such  an  effort  can  only 
be  carried  out  effectively  by  a closely  knit  team  of  people  representing 
the  several  development  interests.  The  need  for  an  on-site  team  of 
development  specialists  is  further  accentuated  by  the  necessity  of 
having  immediately  at  hand  the  people  and  facilities  required  to 
effect  the  day-to-day  solution  of  unforeseen  problems. 

To  meet  this  urgent  need  we  have  established  in  the  Grew  Systems 
Division  at  the  Manned  Spacecraft  Center  just  such  a quick  reaction 
support  organization.  Working  closely  with  project  offices,  this 
group  is  able  to  provide  the  type  of  support  not  normally  available  in 
a laboratory  conducting  a preplanned  long-range  program. 

The  Crew  Systems  Division  is  staffed  at  present  by: 


Physicians.,—— ——I.—.——*— 

Psychologists.  — — 

Biochemists. 

Biologists — — — _ — ...  _ _ 

Physiologists 

Nutritionist-  — : 

Chemists  and  chemical  engineers— 
Physicists 


7 

2 

1 

1 

7 
1 

8 
7 


Mathematicians..  

Electrical  engineers. — 
Miscellaneous  engineers.. 
Technicians.  . — — — — „ . 
Administrative  personnel 

Total../... 


3 

II 

62 

22 

15 
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This,  then,  is  a summary  of  the  activities  of  our  Crew  Systems 
Division  at  the  Manned  Spacecraft  Center.  To  better  acquaint  you 
with  the  day-to-day  work  carried  out  by  this  Division,  we  would 
like  to  show  you  a film  which  I believe  will  serve  to  clarify  my  attempt 
to  paint  a word  picture  of  their  operation. 

[A  film  was  shown.] 

General  Roadman.  I have  been  asked,  Mr.  Chairman,  to  comment 
concerning  the  g.  forces  and  the  frequency  on  that  portion  to  be 
conducted  out  at  the  Aerospace  Medical  Laboratories.  The  cycles 
per  second  were  in  the  range  of  0.5  to  1 g.  That  particular  frequency 
and  g.  area  is  a matter  of  concern  to  us  primarily  in  the  Gemini 


program, 

I nave  described  the  Crew  Systems  Division's  functions  and  respon- 
sibilities, and  hopefully  have  given  you  a word  and  picture  portrayal 
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of  their  activities,  I would  like  now  to  turn  to  the  other  half  of  our  '** 

biomedical  program  in  support  of  approved  manned  space  flight 
programs.  This  is  embodied  in  the  activities  of  the  Center  Medical 
Operations  Office  at  the  Manned  Spacecraft  Center. 

Here  we  have  a carefully  selected  group  chained  with  responsibility 
for  the  medical  portions  of  the  actual  flight  operation.  Beginning 
with  the  medical  selection  of  astronaut  candidates,  its  activities  include 
the  medical  training  of  those  candidates  selected,  a rigorous  medical 
maintenance  program  to  insure  the  continuing  physical  fitness  of 
these  men  during  training,  the  medical  preparation  of  astronaut  crews 
for  specific  flight  missions,  the  design  of  medical  experiments  to  be 
performed  in  flight,  the  medical  monitoring  of  crews  in  real  time 
during  the  flight  mission,  the  provision  of  medical  support  as  part 
of  recovery  operations,  and  the  physiological  evaluation  of  the  crew 
upon  the  completion  of  a flight  mission; 

One  of  the  most  significant  contributions  of  the  Center  Medical 
c|  Operations  Office  is  the  preparation  of  a postflight  medical  report  in 

$ which  is  summarized  all  of  the  medical  data  pertinent  to  a given 

flight.  This  includes  crew  data  acquired  during  training,  base  line 
?>■  data  obtained  immediately  prior  to  flight,  in-flight  data  developed 

t%  by  biotelemetry  relayed  to  the  ground  and  interpreted  by  medical 

monitors  at  tracking  stations  along  the  global  communications  net- 
0 work  or  recorded  on  board  the  spacecraft  and  analyzed  during  the 

4 postflight  period,  and  the  results  of  a searching  medical  examination 

■:§  conducted  during  the  period  immediately  following  completion  of  the 

flight  mission.  All  of  this,  interpreted  and  evaluated,  becomes  a 
U postflight  medical  report.  In  the  hands  of  our  own  people,  this  report 

constitutes  an  mvaluable  aid  in  planning  future  missions.  In  the  f 

hands  of  the  scientific  community,  it  guides  the  planning  of  both  . | 

> basic  and  applied  research.  Here  we  document  our  progress  toward  ? 

our  medical  goal  of  establishing  man’s  ability  to  live  safely  and  perform 
effectively  in  the  space  environment. 

The  small  group  of  National  Aeronautics  and  Space  Administration 
biomedical  specialists  making  up  the  Center  Medical  Operations  Office 
are  assisted  by  a large  number  of  carefully  screened  personnel  made 
w available  by  the  Department  of  Defense  (fig.  181).  For  an  average 

orbital  mission,  16  Department  of  Defense  specialists  function  as 
medical  monitors,  42  medical  specialists  and  technicians  assist  the 
recovery  forces,  and  a group  of  16  top-level  clinical  specialists  stand 
by  at  selected  hospitals,  alerted  for  deployment  should  an  unforeseen 
emergency  arise.  There  is  no  appreciable  change  foreseen  in  the  need 
for  Department  of  Defense  medical  support  in  early  Gemini  flight 
operations.  However,  as  the  flight  safety  problems  incident  to 
manned  space  flight  are  reduced  by  experience  and  increased  vehicle 
* reliability,  it  is  to  be  expected  that  the  need  for  extensive  emergency 

medical  support  will  be  reduced  accordingly. 

Again,  the  subject  of  medical  operational  support  of  manned 
space  flight  is  one  that  lends  itself  to  pictorial  description.  To 
this  end  we  have  prepared  a short  film  to  help  us  describe  the  activities 
of  this  group. 

[A  film  was  shown.) 

General  Roadrjan.  As  our  programs  have  taken  shape  we  have 
become  increasingly  aware  of  a pressing  need  to  safeguard  and  con- 
serve our  most  cri  tical  resource — man.  Maintenance  of  an  acceptable 
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working  environment  for  all  of  the  people  engaged  in  the  many  distinct 
facets  of  this  program  is  critically  important  to  our  success.  As 
vehicles  grow  in  size  and  hazard  potential,  as  missions  grow  in  dura- 
tion, and  as  ground  control  and  tracking  tasks  become  more  arduous, 
we  must  take  steps  to  insure  the  continued  peak  performance  of  each 
member  of  our  technical  team.  To  this  end,  we  will  establish  an 
occupational  health  program  specifically  designed  to  meet  the  needs  of 
operational  space  mght  missions.  Included  will  be  studies  of  ex- 
plosion, fire,  blast,  noise,  and  fragmentation  hazards  to  support 
personnel  in  the  test  and  launch  of  boosters.  Means  to  protect 
operating  personnel  from  such  hazards  will  be  developed.  Work/rest 
cycles  will  be  established  for  mission  control  personnel  to  insure  peak 
performance  during  all  phases  of  each  mission.  Criteria  will  be 
developed  for  the  selection  of  individuals  best  fitted  for  employment  in 
critical  duties  at  remote  stations.  Finally,  a program  of  preventive 
medical  care  will  be  instituted  to  reduce  time  lost  by  reason  of  pre- 
ventable illness  or  injury. 

From  the  foregoing,  it  can  be  seen  that  our  space  medicine  re- 
sponsibilities are  expanding.  Only  a short  time  ago,  we  were  dealing 
with  the  support  of  a single  project — Project  Mercury.  Today  we 
deal  simultaneously  with  three  projects — Mercury,  Gemini,  and 
Apollo.  Activity  in  all  three  projects  is  being  accelerated.  Since 
these  projects  are  stepping  stones  in  a vast  technical  development 
program  it  is  to  be  expected  that  they  would  increase  in  sophistication 
and  technical  complexity.  Thus,  our  developmental  responsibilities 
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are  increasing  accordingly.  This  growth,  of  course,  finds  expression 
in  the  dollar  requirements  to  meet  these  demands. 

After  exhaustive  study  of  our  requirements  to  be  certain  that  we 
have  included  only  those  things  which  in  our  best  judgment  can  be 
reasonably  expected  to  promise  essential  direct  support  of  approved 
manned  space  flight  programs,  we  believe  we  are  proposing  a spec- 
trum of  space  medicine  activity  during  the  coming  year  adequate  to 
meet  the  current  needs  of  these  programs. 

We  feel  what  we  believe  is  justifiable  pride  in  the  progress  made  by 
our  personnel  during  the  past  year.  We  look  forward  to  a year  of 
even  greater  accomplishments. 

A forecast  of  these  accomplishments  is  reflected  in  the  work  planned 
within  the  several  segments  of  our  space  medicine  program. 

At  this  point  I might  draw  your  attention  to  the  budget  books. 
In  the  area  of  experimental  studies  (fig.  182),  tasks  will  be  applied  to 
studying  human  tolerances  to  noise,  vibration,  acceleration,  and  im- 
pact as  they  pertain  to  our  specific  purpose  and  we  will  continue  our 
studies  to  determine  the  optimum  atmosphere  for  spacecraft  cabins 
during  prolonged  missions. 

Mr.  Daddario.  That  is  on  page  RDO  3-1,  volume  II,  R.  & D.? 

General  Roadman.  Yes,  sir;  I believe  that  is  correct. 

Studies  will  be  initiated  to  develop  portable  life  support  system 
components  to  increase  mission  time.  Another  major  effort  will  be 
directed  to  the  development  of  methods  to  control  temperature,  hu- 
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midity,  and  con tamin ant*,  including  carbon  dioxide,  in  the  spacecraft 
atmosphere.  Backup  technology  to  improve  the  environmental  con- 
trol systems  to  be  used  in  future  manned  spa^ocraft  programs  will,  of 
necessity,  be  continued.  Obviously,  the  radiation  problems  incident 
to  space  flight  require  additional  study.  In  this  area  NASA  will  con- 
tinue to  study  the  interactions  of  primary  protons  with  spacecraft 
materials.  Jo  the  area  of  radiobiology  a considerable  effort  will  be 
applied  to  studies  of  eye  changes,  dose  rates,  biological  subsystem 
effects,  and  methods  of  preventing  and  treating  radiation  damage  in 
astronaut  crews.  Improvrxl  radiation  bioinstrumentation,  radiation 
flux  measurements,  studies  of  metabolic  balance  in  the  weightless  state, 
analysis  of  environmental  control  rystems  by  computer  techniques, 
determination  of  orthostatic  tolerances  following  prolonged  weight- 
lessness, and  studies  of  measures  to  predict  performance  degradation 
occurring  under  conditions  similar  to  those  required  in  Apollo  missions 
are  typical  of  the  work  making  up  the  remainder  of  the  effort  in  this 
segment  of  our  space  medicine  program  for  a total  estimated  cost  of 
$8,125,000. 

In  the  crew  svstcmu  area  (fig.  183)  work  will  be  initiated  to  develop 
space-suit  assemblies  suitable  for  use  in  free  space  end  on  the  lunar 
surface,  to  improve  both  design  and  components  for  space  suits  and 
crew  support  and  restraint  systems,  and  to  improve  waste-handling 
systems.  Development  of  a space  suit  for  use  in  space  environment 
simulators,  development  of  improved  survival  gear,  tests  of  prototype 
space-suit  assemblies,  development  of  reliable  equipment  for  preflignt 
and  in-flight  checkout  of  personal  support  and  safety  equipment  for 
space  suits,  and  the  development  of  improved  space  feeding  systems 
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are  typical  of  the  tasks  that  will  be  accomplished  within  this  area  at 
an  estimated  cost  of  $3,950,000  in  fiscal  year  1964. 

The  launch  schedule  and  the  reliability  of  the  system  employed 
offer  an  opportunity  to  include  certain  experiments  as  part  of  the 
mission  objectives  for  future  flights.  Under  the  category  of  bio- 
medical in-flight  experiments  (fig.  184)  will  be  developed  instrumenta- 
tion concepts  and  Hardware  to  detect  cabin  atmosphere  leaks  and 
contaminants,  establish  potability  of  spacecraft  water  supplies,  and 
develop  specific  gas  sensors  and  measuring  techniques.  The 
development  of  sensors  and  instrumentation  systems  to  permit  space 
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flight  crews  to  be  monitored  in  flight  will  be  continued.  In-flight 
experiments  to  measure  the  physiological  cost  to  the  individual 
resulting  from  stress  induced  by  3pace  flight  activities,  for  use  in 
establishing  selection  criteria  based  on  reaction  to  stress  will  be 
carried  out.  The  establishment  of  rapid  and  standardized  data 
reduction  and  analysis  procedures  for  those  biological  systems  associ- 
ated with  manned  flight  will  be  accelerated.  It  is  estimated  that  this 
spectrum  of  work  will  cost  $3,125,000  in  fiscal  year  1964. 

In  the  area  of  met  ical  operations  (fig.  185)  work  will  be  started  to 
identify  and  define  the  toxicological  problems  incident  to  the  use  of 
new  propellants,  to  establish  the  noise  hazard  potential  of  large 
boosters  and  develop  safeguards  against  this  hazard,  to  estimate  the 
blast  hazards  associated  with  launch  operations  and  to  devise  pro- 
tective techniques  for  support  personnel  Studies  will  be  accom- 
plished to  define  optimum  work/rest  cycles  for  personnel  engaged  in 
critical  ground  control  positions  during  prolonged  space  flights. 
This  support  effort  is  estimated  to  cost  $1,500,000  in  the  year  ahead. 
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Figurk  186 

Mr.  Chairman  and  members  of  the  committee,  I am  indeed  grateful 
for  this  opportunity  to  discuss  our  plans  with  you.  We  firmly  believe 
we  have  presented  to  you  a program  which  is  sound  and  which 
reflects  both  definition  and  purpose.  We  have  attempted  to  outline 
the  plans  we  have  laid  to  insure  timely  and  effective  completion  of  the 
tasks  ahead  of  us.  We  have  attempted  to  make  clear  our  determina- 
tion to  use  to  the  maximum  extent  feasible  the  personnel  and  facilities 
available  in  the  Department  of  Defense,  in  other  Government  agencies, 
in  universities  and  in  industry  consistent  with  our  manned  space  flight 
requirements.  Finally,  we  have  pointed  out  the  steps  that  nave  been 
taken  to  integrate  our  program  with  those  of  the  other  life  sciences 
interests  in  the  National  Aeronautics  and  Space  Administration  to 
fashion  a mature  and  purposeful  approach  to  the  medical  support  of 
our  manned  space  flight  missions. 

Thank  you,  sir. 

Mr.  Daddario  (presiding).  Thank  you.  Mr.  Yeager,  do  you  have 
anv  questions? 

Mr.  Yeaoer.  Yes,  sir,  I do. 

In  volume  V,  page  14  you  have  a further  breakdown  of  some  of 
the  figures  you  have  just  given  us.  Now,  this  shows,  for  example, 
in  the  life  support  system,  a life  support  system  item  under  each  of 
the  first  three  categories.  I notice  tne  Office  of  Advanced  Research 
and  Technology  also  has  an  item  of  life  support  and  protective  systems 
in  the  amount  of  $6.8  million.  Can  you  give  us  an  idea  of  how  these 
differ,  and  why  they  ehould  not  be  all  carried  out  in  a single  office? 
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General  Roadman.  I would  like  Dr.  Knauf  to  address  himself  to 
this  question  . V : ■; 

Dr.  Knauf.  The  Office  ofAdvanced  Research  and  Technology  deal 
with  those  life  support  system  responsibilities  which  are  beyond  the 
things  we  need  in  support  of  the  current  series  of  approved  projects. 
Semantically.  the  titles  are  very  similar.  The  definition  of  the  tasks, 
however,  indicates  support  of  efforts  in  advance  of  our  approvedf 
program. ■'  . »/■ 

Mr.  Yeager.  The  same  thine  occurs  in  the  bioinstrumentation. 
The  Office  of  Manned  Space  Ffljgbt  has  several  items  for  bioinstru- 
mentation, the  Office  of  Space  Science  has  a similar  item  on  biological 
information,  control  and  communication  systems,  and  the  Office  of 
Advanced  Research  and  Technology  has  a similar  one  on  biomedical 
instrumentation.  - 

Dr.  Knauf.  The  reason  is  the  same.  By  and  large,  they  are  con- 
cerned with  advanced  systems  oyer  and  beyond  what  we  are  planning 
to  use  in  our  current  Series  of  fights. 

Mr.  Yeager.  How  about  matters  of  radiation;  the  Office  of  Manned 
Space  Flight  has  several  items  on  radiation,  and  OART  also  has 
four  different  items  listed  in  regard  to  high  energy  radiation  effects 
from  shielding.  How  would  this  differ? 

Dr.  Knauf.  I am  not  sure  that  I am  familiar  with  the  detail.  Our 
radiation  program  is  concerned  with  dosimetry.  It  includes  the 
things  we  will  be  using  in  our  program  for  the  current  plan  of  flights. 

Mr.  Yeager.  What  are  those,  sir? 

Dr.  Knauf.  The  specific  items  which  will  be  used  in  the  current 
series  of  flights. 

Mr.  Houmes.  This  is  repetitious,  but  I will  say  it  in  a different  way  : 
In  NASA's  Office  of  Advanced  Research  and  Technology  we  have 
people  who  are  studying  some  of  the  same  general  areas  that  we  are 
studying.  The  significant  difference  is  that  we  are  trying  to  solve  the 
immediate  problem;  we  are  trying  to  solve  the  radiation  problem, 
relative  to  shielding,  in  order  to  build  a safe  and  reliable  Apollo 
spacecraft  or  Gemini  spacecraft.  What  they  are  trying  to  do  is  not 
to  solve  the  immediate  problem,  but  to  examine  all  the  techniques  for 
the  future.  \ 

A certain  percentage  of  one's  effort  in  any  development  program 
ought  to  be  directed  toward  the  areas  that  are  not  an  immediate  need, 
but  will  be  involved  in  the  future.  That  is  what  OART's  objective  is. 
It  has  been  my  experience  tha,t  this  need  gets  completely  consumed 
by  the  ongoing  project  if  it  is  not  set  up  organizationally.  If  one 
does  not  investigate  these  areas,  the  result  is  a rather  sterile  future, 
r Mr,  Yeager.  There  is  not  any  duplication  of  the  same  type  of 
experiments  or  developments  that  are  going  on  in  the  Office  of  Ad- 
vanced Research  and  Technology?  . 

Mr.  Holmes.  No,  sir.  We  work  very  hard  to  see  that  there  is  not; 
There  may  be  an  occasional  small  point  of  similarity  or  duplication 
because  of  human  error.  However,  we  have  made  a very  great  effort 
to,  coordinate  dosely  with  OART — both  my  directors  and  me,  and 
Dr.  Bisplinghoff  and  his  directors.  If  there  is  any  duplication  at  all, 
it  is  a minimum.  , ■■  / J '. 

Mr.  Daddario.  General  Roadman,  to  which  of  these  sections  have 
you  been  assigned  responsibility?  Is  it  just  aerospace  medicine,  or 
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do  you  also  have  responsibility  in  the  bioscience  and  the  human 
factors  system  areas?.  ^ _ ,:7: 

General  Roadman.  Mr.  Daddario,  my  sole  responsibility  is  space 
medicine  in  the  Office  of  Manned  Space  Flight. 

Mr.  Daddario.  Will  you  give  the  committee  a little  history  as  to 
how  the  life  sciences  program  at  NASA  has  developed  into  these 
three  sections?  What  are  the  reasons  for  its  developing  the  way  it 

General  Roadman.  In  reply  to  that,  Mr.  Daddario,  I should  point 
out  first  that  within  the  hie  science  area  in  NASA  we  have  been  en- 
deavoring to  identify  those  ureas  within  the  life  sciences  that  clpsely 
aline  themselves  to  the  specific  functions  of  major  program  offices. 

Let  me  illustrate  this.  The  Office  of  Space  Sciences  has  primary 
responsibility  for  the  exploration  of  space  in  unmanned  systems.  The 
biologist  is  interested  in  the  effects  of  the  space  environment  on  bio- 
logical organisms.  We  in  Manned  Space  Flight  are  interested  from 
the  standpoint  of  man.  Space  Sciences  is  interested  primarily  in  the 
more  basic  effects  of  the  space  environment  on  biological  organisms; 
therefore,  space  biology  is  incorporated  within  the  Office  of  Space 
Sciences.  It  is  logical  that  if  exploration  of  the  space  environment  is 
a prime  responsibility,  the  interests  of  space  sciences  must  be  directed 
not  only  toward  the  physical  environment  of  space,  but  also  to  its 
interaction  with  biological  organisms. 

Mr.  Daddario.  Are  you  establishing  a criterion,  then,  that  not 
only  does  NASA  have  the  major  responsibility  in  our  space  program, 
but  that  also  within  the  venous  sections  of  NASA,  responsibilities 
have  been  assigned  to  those  sections  which  deserve  to  be  sofi  isolated 
so  that  they  have  a program  within  themselves? 

General  Kqadman.  I believe  it  is  logical  that  it  be  organized  in  that 
way,  Mr.  Daddario.  For  example,  in  the  Office  of  Advanced  Research, 
to  complement  Mr.  Holmes1  remarks,  there  are  certainly  requirements 
for  research  beyond  the  current  programs,  and  certainly  in'  the  area  of 
biotechnology.  v,  ' y:'v  ~' 

Mr.  Daddario.  When  the  program  was  first  proposed,  it  was  my 
understanding  that  there  would  be  one  section  which  would  take  over 
all  of  the  responsibilities  and  all  of  the  life  science  areas  for  NASA. 
That  has  changed  somewhat. 

General  Roadman.  Yes,  Sir. 

Mr._  Daddario.  I wonder  if  this  is  not  only  a proper  way  to  do  it, 
but  is  it  the  most  economical  way?  Does  it  gather,  together  the 

Jumper  people  in  the  most  efficient  manner  to  save  Doth  manpower  and 
acuity  costs?  - . ^ :-v.'  ^ ; 

: General  Roadman.  In  my  judgment  Mr.  Daddario,  the  functional 
. alinement  of  specific  areas  of  biological  or  medical  interests  with  the 
specific  functions  of  the  organization  is  logical.  I think  that  it  will 
provide  a better  program,  and  I further  believe  that  the  economies 
„ with  respect  to  personnel  and  dollars  are  certainly  worthwhile. 

Mr.  Daddario.  When  you  say  it  is  worthwhile,  are  you  also  say- 
ing  that  it  is  the  most  efficient  way  to  do  it?  — - 

Mr.  Holmes.  In  my  opinion,  it  is.  The  manned  space  require- 
ments are  such  that  we  should  have,  to  be  mOst  efficient,  a team  of 
medically  skilled  people  concentrating  on  what  must  be  done  to  get 
man  safely  into  space,  I don’t  think  it  would  be  efficient  to  insert 
into  that  body  of  people,  with  this  tremendous  responsibility,  the 
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are  those  who  are  interested  primarily  in  the  scientific  aspect.  Of 
course,  they  have  a general  interest  that  man  goes  up  safely  and  they 
have  a citizen’s  interest.  But  that  is  not  their  primary  responsi- 
bility. They  are  primarily  interested  in  what  happens  to  various 
specimens  in  different  environments.  They  are  studying  various 
scientific  elements  of  bioinstrumentation  not  required  for  our  imme- 
diate goal,  but  for  science  itself.  I think  that  they  are  different 
types  of  people.  :v,, 

It  is  my  belief  that  Dr.  Seaman’s  decision  to  organize  the  life 
science  program  into  three  elements  was  a wise  one.  Further,  I 
think  that  it  is  quite  consistent  with  what  has  been  done  in  the  mili- 
tary— in  the  Air  Force.  We  see  all  different  types  of  people  and  they 
are  not  all  under  one  commander.  Of  course,  there  may  be  a staff 
pulling  together,  which  is  a proper  and  good  thing.  But  the  people 
who  are  trying  to  solve  the  pilots’  problems,  as  we  look  back  over  the 
years,  are  certainly  different  from  the  research  scientist  trying  to 
solve  a longer  range  problem  of  biology. 

Mr.  Daddario.  What  is  your  answer  to  the  question? 

General  Roadman.  I agree  completely  mth  Mr.  Holmes* 

Mr.  Holmes.  You  can  certainly  say  that  we  have  an  organization. 

Mr.  Daddario.  I do  not  find  that  unusual. 

Dr.  Knauf.  I think  we  have  learned  from  the  military  that  ad- 
vanced research  and  operational  suitability  can’t  b*»  effectively 
joined  into  a single  unit.  They  must  be,  as  they  have  been  tradi- 
tionally, handled  separately. 

Mr.  Teague.  Could  you  use  the  decision  on  pure  oxygen  environ- 
ment to  tell  us  how  this  works? 

Dr.  Knauf.  That  might  be  a good  example.  Do  you  refer  to  the 
Apollo  environment?  . 

Mr.  Teague.  Yes.  ; 

Dr.  Knauf.  We  in  the  Office  of  Manned  Space  Flight  are  concerned 
with  the  suitability  of  a pure  oxygen  environment  fora  14-day  mission, 
our  present  program.  By  way  of  the  studies  that  have  been  accom- 
plished, we  are  able  to  satisfy  ourselves  that  in  fact  man  will  be  all 
right  for  14  days  in  a pure  oxygen  environment,  physiologically  with- 
out reference  to  other  things  that  might  be  considered*  I don’t 
think  that  any  of  us  at  this  point  in  tone  are  willing  to  say  that  the 
book  can  be  closed.  There  is  a need  for  further  study  with  reference 
to  the  suitability  of  a pure  oxygen  environment  for  flights  Well  in 
excess  of  14  days,  and  that  work  must  be  carried  out.  But  our  real 
and  immediate  concern  is:  Can  we  use  pure  oxygen  in  the  present 
series  of  missions? 

Mr.  Teague.  There  are  plenty  of  people  who  disagree  with  you. 
How  does  a group  that  disagrees  with  you  get  a chance  to  present  its 
ideas? 

Dr.  Knauf.  There  are  two  or  three  mechanisms.  The  manned 
Space  Committee  of  the  Space  Sciences  Board  had  a working  group 
on  this  problem  of  pure  oxygen  environment.  Here  they  heard 
comments  and  testimony  from  many  groups  of  people.  I think 
Dr.  DuBois,  who  chaired  that  working  group,  was  of  the  opinion  that 
our  position  on  a 14-day  mission  was  probably  sound.  He  cautioned, 
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and  certainly  we  recognized,  that  additional  work  would  have  to  lie 
done  to  support  a.  plan  to  go  for  prolonged  periods  of  time.  In 
addition  to  that,  last  week  at  the  Aerospace  Medical  Association 
meeting  on  the  west  coast,  we  organized  a separate  session  to  provide 
to  people  concerned  with  this  environmental  problem  the  opportunity 
to  express  themselves.  v;. 

I was  not  at  that  meeting,  but  I have  talked  with  our  people  who 
were  there.  I think  they  all  were  agreed  that  caution  should  be 
exercised  in  looking  at  a hundred  percent  oxygen  for  long  duration 
flights,  but  we  felt  there  was  no  real  disagreement  with  our  intention 
to  go  with  100  percent  oxygen  for.  14  days. 

Mr.  Holmes.  May  I comment,  Mr.  Chairman? 

It  seems  to  me  that  this  is  a good  question  and  serves  as  a good 
example  to  illustrate  our  organization,  since  you  used  it  in  that  light. 
Here  are  people  who  disagree  with  what  We  are  doing  in  the  manned 
flight  program  from  a space  medicine  standpoint.  In  my  organization 
there  is  no  confusion  about  what  group  is  responsible  for  space  medi- 
cine. There  fyone  apace  medicine  group  within  OMSF  and  it  is  con- 
cerned With  requirements  for  manned  space  flight.  It  is  not  mixed 


up  with  people  making  studies  of  animal  packs  or  future  Studies. 

If  anyone  does  not  like  our  decision,  I would  sugges  t that  they 
Write  my  superiors  or  me  and  tell  us  in  addition  to  telling  it  to  the  press. 
Frankly,  it  is  disturbing  to  me  to  find  how  many  Americans  will  stand 
on  a podium  and  talk  about  what  they  think  is  right  and  what  is 
wrong,  without  feeling  the  responsibility,  relative  to  a national  pro- 
gram of  this  nature  to  direct  their  comments  in  writing  to  the  pfeople 
in  charge  of  the  program. 

I would  suggest  that  anyone  who  doesn’t  approve  of  the  use  of  pure 
oxygen  should  get  in  contact  with  General  Koadman  tomorrow. 

Mr.  Teague.  I appreciate  your  leaving  out  the  politicians. 

Mr.  DaddaiRo.  It  is,  however,  Mr.  Holmes,  a traditional  way  for 
Americans  to  air  ideas  through  a scientific  forum.  You  wouldn’t  be 
opposed  to  scientists  and  specialists  in  any  area  getting  together  and 
coming  out  with  reports  and  putting  into  issue  items  which  ought  to 
be  debated?  ' 

No,  I don’t.  But  I think  that  if  they  are  concerned 
about  something  that  is  an  integral  part  of  an  ongoing  program,  they 
would  also  benefit  the  United  States  greatly  and  certainly  benefit  our 
program  by  communicating  with  us  directly  . 

Mr.  Fulton  of  Pennsylvania.  On  that  point,  I can  see  that  research 
scientists  or  engineers  might  not  want  to  put  their  answer  up  against 
the  whole  NASA  organization  nor  enter  into  a dispute.  Don’t  you 
think,  as  Mr.  Daddario  suggested,  that  monographs  or  papers  of  a 
scientific  nature  basSd  on  reenable  assumptions  are  worthwhile?  I 
am  surprised  that  you  complain  about  the  publication  of  technical 
documents  or  magazines  and  associated  publications.  I think  they 
Are  fine.  I read  mem  myself. 

Mr.  Holmes.  I was  addressing  myself  not  to  the  technical  publi- 
cations primarily  but  rather  to  the  news  media.  We  have  more  end 
more  scientists  and  engineers  in  the  news. , In  keeping  with  our  open 
society,  I believe  that  constructive  criticism  of  national  programs  is 
healthy,  provided  that  the  critics  also  take  the  time  to  communicate 
their  ideas  directly  to  the  people  who  are  trying  to  carry  out  the 
program.  • 7 ■ . . ■^vr- 
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Mr.  Fulton  of  Pennsylvania.  The  thing  I think  yon  are  missing  is, 
I don’t  think  everything -should  be  channeled  through  one  source. 


There  are  a variety  of  hews  media  and  the  differences  in  the  ap- 
proaches is  what  makes  this  thing  interesting.  If  NASA  had  all  the 
answers,  I would  say  that  is  right.  But  let  me  tell  you,  if  we  look  at 
science  as  approaching  the  unknown,  maybe  NASA  is  approaching 
the  unknown  too. 

Mr.  Holmes.  Let  me  say  it  this  way,  Mr.  Fulton.  It  would  help 
us  greatly  if  anyone  who  has  a reasonable  suggestion  which  would 
improve  our  program  would  take  the  trouble  to  communicate  this 
information  to  us.  i - 

Mr.  Fulton  of  Pennsylvania.  Of  course,  they  know  you  are  going  to 
read  the  Missiles  and  Rockets  magazine.  You  have  seen  this  criti- 
cism, haven't  you,  on  the  pure  oxygen  environment  approach? 

General  Roadman.  May  I comment,  sir?  I would  like  to  state, 
and  I am  sure  Mr.  Holmes  is  certainly  aware  of  this,  that  there  has 
been  no  restraint  on  people  honestly  interested  in  this  program  in 
terms  of  coming  in,  or  writing  or  talking  with  us  concerning  this  par- 
ticular matter. 

Because  our  manned  space  flight  program  is  new,  it  is  extremely 
difficult  for  many  of  us  in  responsible  positions  to  have  all  of  the  facto 
at  hand  prior  to  a particular  flight.  However,  we  have  done  every- 
thing possible  to  assure  that:  we  arc  not  compromising  or  will  not 
compromise  man’s  position,  and  in  the  area  of  100  percent  oxygen  I 
think  it  can  be  summated  this  way:  We  have  many  questions  that  we 
have  initiated  ourselves.  In  our  investigations  to  date,  we  have  no 
physiological  information  that  would  permit  us  to  say  that  100  percent 
oxygen  is  physiologically  contraindicated  in  a 2-week  mission.  This 
is  not  to  say:  that  there  are  not  many  physiologists  who  would  like 
more  information  concerning  100  percent  oxygen  over  a time  period, 
a point  of  view  which  we  thoroughly  support.  In  our  program,  we 
bays  found  no  one  who  would  come  up  and  give  us,  in  the  time  period 
required  and  within  the  engineering  considerations  involved,  any 
alternative,  nor  would  they  say  it  is  dangerous  to  go  with  that  decision. 

In  the  advanced  research  area,  for  example,  we  are  extremely 
interested  that  OART  continue  its  investigations  with  100-percent 
oxygen  over  prolonged  periods  of  time.  In  our  own  program,  with 
no'  physiological  information  that  would  say  that  we  cannot  go  with 
100-percent  oxygen  basis,  we  are  pursuing  the  problem  within  the  14- 
day  time  scale  and  feel  content  that  it  is  a decision  that  is  perfectly 
acceptable.  - :■ 

s<  Mr.  Fulton  of  Pennsylvania.  But  there  can  be  no  real  complaint 
by  NASA  when  scientists,  engineers,  technicians,  or  even  the  average 
citizens  air  their  views  in  the  daily  newspapers — the  New  York  Times, 
the  Space  Daily,  Missiles  and  Rockets.  1 don’t  believe  they  should 
all  come  into  NASA. 

Mr.  Rishlman.  I think  General  Roadman  has  answered  the  ques- 
tion that  I wanted  to  ask.  I am  satisfied  with  the  answer  he  has  given. 
- General  Roadman.  May  I make  one  other  comment.  With  refer- 
ence to  organization  and  to  program.  Perspective  is  extremely  im- 
portant. Let’s  look  at  organization.  The  biologist  who  is  interested 
in  the  effects  of  weightlessness  on  sea  urchin  eggs  and  their  fertilization 
raises  a perfectly  legitimate  question.  However,  the  biologist  might 
say  we  should  not  fly  man  in  space  until  we  conduct  all  of  the  research 
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possible  and  answer  all  biological  questions.  Our  program  is  not 
constructed  that  way. 

However,  our  organization  provides  a biosciences  basic  research 
program  in  the  Office  of  Space  Sciences.  Therefore,  Dr.  Reynolds 
can  pursue  a program  in  biosciences  which  has  a broad  scientific  re- 
quirement, and  this  is  a legitimate  requirement.  We  are  not  tied  to 
many  unknown  areas  in  manned  space  flight.  Judgment  and  experi- 
ence permits  us  to  continue  in  a hopefully  accelerated  flight  program. 
That  is  why  space  medicine  is  in  the  Office  of  Manned  Space  Fight. 
I feel  that  the  prime  requirement  in  the  support  of  manned  space 
flight  is  neither  the  biologist  nor  the  physiologist,  but  rather  those 
like  myself  who  are  trained  and  who  have  had  experience  in  an  opera- 
tional program. 

That  is  another  reason  for  the  organizational  arrangement  being 
as  it  is,  and  for  the  identification  of  specific  areas  of  scientific  or 
medical  background. 

Mr.  Daddario.  I am  pleased  to  have  your  so  wholehearted  endorse- 
ment of  the  structure.  I inquire  into  it,  however,  only  because  of  the 
number  of  times  that  this  program  has  changed  witnin  NASA,  and 
I have  concern  as  a result  For  example,  how  long  have  you  been 
with  NASA? 

General  Roadman.  Three  years,  sir. 

Mr.  Daddario.  When  you  first  came  to  NASA,  what  was  the 
structure  of  the  life  sciences  program?  * 

General  Roadman.  It  had  been  recently  developed  into  the  Office 
of  Life  Science  programs,  as  a major  program  office  similar  to  other  pro- 
gram offices  existing  at  that  time. 

Mr.  Daddario.  You  succeeded  Clark  Randt? 

General  Roadman.  Yes,  sir. 

Mr.  Daddario.  There  had  been  a different  conception  of  the  life 
sciences  program  under  Clark  Randt.  There  was  a change  of  direc- 
tion, as  I recall,  as  a result  of  inquiries  made  by  this  committee  and  as 
a result  of  conclusions,  I imagine,  reached  by  the  directors  of  NASA. 
But  hasn’t  there  been  a change  even  during  the  period  of  time  you 
have  been  with  NASA? 

General  Roadman.  Yes,  sir. 

Mr.  Daddario.  Just  following  along  on  that  line,  you  have  men- 
tioned the  aerospace  medicine  objectives  for  Project  Mercury,  and 
said  that  these.objectives  have  been  achieved.  You  have  also,  in  the 
course  of  your  testimony  this  morning,  broken  down  the  present 
percentage  of  assistance  that  you  receive  from  the  other  areas  of  the 
Government  and  industry.  What  was  the  percentage  of  assistance 
given  to  Project  Mercury  in  the  life  sciences  or  the  aerospace  medicine 
area  by  the  Department  of  Defense? 

General  Roadman.  I believe  it  is  safe  to  say  that  the  medical 
support  to  this  project  at  the  beginning  was  practically  a hundred 
percent  Department  of  Defense. 

Am  I not  correct  in  that,  Mr.  Low? 

Mr.  Low.  From  the  outset  Proieet  Mercury,  was  guided  by  NASA 
people  who  initially  were  detailed  from  the  Department  of  Defense. 
In  that  sense  it  was  100-percent  Department  of  Defense  support. 

Mr.  Daddario.  So  that  at  the  start  of  Project  Mercury,  the  De- 
partment of  Defense  was  called  upon  to  give  100-percent  assistance 
through  the  facilities  and  personnel  it  had  developed  over  a period 


1964  NASA  AUTHORIZATION  1031 

of  time,  excepting  for  some  direction  and  integration  of  activities.  At  *> 

the  present  time  in  other  programs  this  has  gone  down  to  some  12 
percent.  This  committee  has  listened  to  testimony  as  to  what  extent 
NASA  should  develop  its  capabilities  in  this  area.  There  have  been 
various  determinations  as  to  maximum  and  minimum  extents.  Last 
year  this  committee  had  Dr.  Dryden  and  Mr.  Reubel  of  the  Depart- 
ment of  Defense  before  us,  and  it  was  our  understanding  that  these 
gentlemen  would  get  together  and  come  up  with  an  agreement  which 
would  spell  out  how  the  programs  would  integrate  themselves  in  the 
future.  To  this  time,  we  have  not  heard  of  such  an  agreement.  Yet 
NASA  has  been  constantly  involved  in  all  areas  of  the  life  sciences  and 
the  biosciences,  and  something  else  that  you  now  call  unified  systems. 

Would  you  give  us  your  idea,  first  of  all,  as  to  why  this  agreement 
has  not  come  about.  Secondly,  is  NASA  now  participating  to  an 
extent  beyond  that  which  is  necessary,  taking  into  consideration  the 
Department  of  Defense  capability  which  you  used  almost  100  percent 
to  support  your  Mercury  program? 

General  Roadman.  May  I first  comment  on  your  previous  question, 

Mr.  Daddario.  I would  Uke  to  state  for  the  record  that  I personally 
made  the  recommendation  to  the  Administrator,  the  Associate  Ad- 
ministrator, and  the  Deputy  Associate  Administrator  on  the  current 
organization  configuration  of  the  life  sciences  activities. 

1 made  the  recommendation;  they  made  the  decision.  I was 
responsible  for  working  this  structure  out. 

Mr.  Holmes.  Let  me  comment  on  that  point,  too,  if  I may,.  Mr. 

Daddario.  I think  that  what  you  have  said  is  true.  The  organiza- 
tion has  changed  since  General  Roadman  joined  NASA.  But  the  facts 
are  that  the  organization  has  not  changed  since  about  6 months  after 
May  of  196 1 , when  the  President  established  manned  lunar  landing  and 
return  within  this  decade  as  a top  national  goal.  Our  present  organi- 
zation is  essentially  the  one  which  was  established  at  that  time.  I 
think  it  does  make  a difference  that  the  organization  to  take  on  the 
redefined  mission  has  not  been  one  that  has  vacillated.  It  has  been 
stable.  I thought  that  you  would  want  that  comment. 

Mr.  Low.  I would  like  to  add  for  a moment  to  my  previous  answer 
on  the  100-percent  support  by  .the  Department  of  Defense.  . It  is  true 
that  when  Project  Mercury  was  initiated  within  NASA,  NASA  had 
eg  capabilities  in  its  life  sciences-space  medicine  area,  but  we  also 
found  very  soon  that  the  Department  of  Defense  did  not  have  the 
appropriate  capabilities  to  support  the  Mercury  program. 

We  also  found  in  many  of  the  areas  that  required  support  that  this 
support  had  to  be  directly  related  on  a day-by-day  basis  in  the  same 
area  and  the  same  location  with  the  engineers  who  were  developing 
the  spacecraft  itself.  This  was  true  of  pressure  suit  development, 
of  life  support  systems  development,  of  all  the  things  that  are  tied 
into  an  integrated  system.  V 

The  capability  existed  nowhere  to  support  a manned  space  flight 
program,  and  it  had  to  be  linked  intimately  with  the  on-going  project. 

For  these  reasons,  within  the  very  first  weeks  of  the  Project  Mercury 
organization,  the  direct  support  for  Project  Mercury  was  built  up 
within  the  NASA  Spacecraft  Group,  which  was  then  located  at 
Langley  Field,  but  which  is  now  at  the  Manned  Space  Flight  Center 
at  Houston.  ' 
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Mr.  Roudebush.  You  mentioned  that  the  Department  of  Defense 
had  an  entirely  different  type  of  program  going  m this  area.  Could 
you  describe  in  more  detail  what  was  different,  and  how  it  was 
. different?  ■ 

Dr.  Knauf.  The  Department  of  Defense  program,  generally  speak-, 
mg,  has  been  an  applied-type  program,  but  not  one  operationally 
oriented  to  today’s  problem.  I wonder  a little  bit  if  we  don't  confuse 
the  issue  with  repeated  references  to  the  amount  of  our  work  which 
goes  to  the  Department  of  Defense,  leaving  the  impression  that  when 
we  move  from  100  percent  to.  say,  12  percent,  that  we  have  created  a 
vacuum  in  the  Department  of  Defense. 

Mr.  Daddario,  Nobody  has  said  that  you  have  created  a vacuum. 
Let's  get  that  straight.  I asked  the  question.  What  we  are  trying  to 
get  at  is  not  whether  we  are  creating  a vacuum,  but  how  this  program 
has  been  integrated.  Has  NASA  m fact  utilized  the  facilities  and 

Eersonnel  of  this  country  to  its  best  advantage,  or  is  NASA,  because  it 
as  been  able  to  get  the  funds  to  support  a program  which  is  much 
larger  than  originally  contemplated,  now  doing  many  more  things 
than  it  needs  to  do,  despite  the  fact  that  what  you  are"  doing  may  be 
very  nice. 

Dr.  Knauf.  Let  me  rephrase  my  position.  I think  I am  getting  at 
the  same  thing  you  have  in  mind. 

Mr.  Daddario.  You  are  not  getting  at  the  same  thing  if  you  are 
talking  about  a vacuum. 

Dr.  Knauf.  The  65  percent  of  the  space  medicine  program  which 
is  to  go  to  industry  is  going  to  the  same  contractors  that  the  Depart- 
ment of  Defense  would  use,  in  the  main,  were  they  given  that  responsi- 
bility. The  discrepancy  is  not  so  great  as  it  may  appear. 

Mr.  Daddario.  The  discrepancy  may  not  be  as  great;  yet,  it  is  a 
narrowing  down  of  Department  of  Defense  capabilities.  NASA  is 
developing  a new  capability.  I think  we  ought  to  look  into  this  as  we 
go  along;  we  have  a whole  series  of  questions  and  answers  being  mixed 
together  here.  In  this  particular  instance,  as  NASA  builds  up  its 
capability  to  deal  with  industry  in  this  area,  is  the  Department  of 
Defense  losing  its  capability,  and  is  the  national  security  being  affected 
as  a result? 

Mr.  Holmes.  Let  me  address  myself,  if  I may,  to  your  question. 
To  the  best  of  my  knowledge,  and  in  good  part  because  of  your  in- 
terest and  stimulation  to  our  thinking,  and  I say  that  with  all  sin- 
cerity, we  have  provided  enough  liaison  between  the  Department  of 
Defense  and  NASA,  particularly  in  the  manned  flight  part  of  the 
program.  It  was  my  impression  last  year,  after  numerous  meetings 
between  the  Department  of  Defense  representatives  and  ourselves, 
including  Mr.  Rubel  and  Dr.  Dryden,  that  , we  were  all  agreed  that 
the  Department  of  Defense  was  doing  for  NASA  what  it  was  logical 
for  it  to  do.  In  addition,  there  was  agreement  that  NASA  was  doing 
the  things  that  were  logical  for  it  to  do. 

It  is  true  that  there  were  statements  about  a formal  agreement.  I 
regret  that  a formal  agreement  has  not  been  reached,  but  despite  that 
fact  there  is  a very  real  agreement.  There  is  very  close  liaison. 
Colonel  Talbot,  for  instance,  working  in  the  Air  Force  for  General 
Ritland,  is  located  in  our  building.  There  is  a very  viable  agreement 
and  very  close  coordination  to  assure  the  very  things  that  so  concern 
you. 
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Mr,  Daddario.  General  Roadman,  you  have  stated  that  you  made 
these  recommendations  after  you  came  to  NASA.  Can  you  give  us 
the  reasons  behind  the  recommendations? 

General  Roadman.  Looking  at  the  organization  of  NASA  at  that 
time,  when  reorganization  was  being  considered,  it  was  my  opinion 
that  great  advantage!}  would  accrue  to  the  organization  and-  to  the 
area  of  life  sciences  »i  they  were  identified  in  terms  of  their  specific 
scientific  interests  and  placed  within  the  major  program  offices  that 
had  primary  responsibility  for  the  functional  type  of  work  involved. 

For  example,  if  advanced  research  is  required  in  space  medical 
activity,  it  seems  to  me  that  the  office  having  advanced  research 
responsibility  throughout  NASA  would  also  have  the  responsibility 
for  advanced  research  in  areas  of  space  medical  activity.  The  same 
thing  is  true  as  far  as  manned  space  flight  is  concerned.  It  seemed 
very  important  to  me  that  if  space  medicine  activity  is  required  in 
direct  support  of  manned  space  flight,  then,  space  medicine  should 
be  incorporated  within  the  Office  of  Manned  Space  Flight. 

Those  were  the  basic  reasons,  Mr.  Daddario. 

Mr.  Daddario.  Does  the  country  have  the  capacity  to  provide  the 
type  of  personnel  necessary  for  the  NASA  program  and  the  program 
within  the  Department  of  Defense? 

General  Roadman.  I believe  it  certainly  does. 

Mr.  Daddario.  Where  are  you  getting  your  people  from? 

General  Roadman.  We  have  rather  stringent  requirements  in  terms 
of  the  types  of  people  we  need  in  the  Office  of  Manned  Space  Flight, 
and  these  individuals  come  both  from  the  private  practice  of  medicine 
and  from  other  areas  within  the  civilian  community. ' We  have  also 
procured  people  with  special  abilities  on  loan  from  the  Department 
of  Defense,  specifically  the  Air  Force. 

Mr.  Daddario.  Could  you  provide  for  the  record  a breakdown  of 
the  personnel  as  to  where  you  get  them  in  the  categories  which  you 
spelled  out? 

General  Roadman.  I would  be  happy  to. 

(The  information  requested  is  as  follows:) 

Of  the  147  personnel  cited  earlier  as  being  assigned  to  the  Crew  Systems  Division 
at  the  Manned  Spacecraft  Center,  there  are:  ^ 


Assigned  Air  Force  officers.. — ... — 3 

Assigned  Public  Health  officer. .. — .....  1 

Former  Air  Force  civilian  employees.  -...- 10 

Former  Navy /civilian  employees— — — — 5 

Persons  formerly  employed  in  the  private  practice  of  medicine,  industry, 
universities,  and  the  former  NACA__  . 128 


Mr.  Daddario.  Before  I get  away  from  this,  Mr.  Holmes,  I forgot 
a very  important  question.  We  have  talked  about  this  agreement, 
and  you  have  regretted  the  fact  that  it  hasn’t  been  consummated. 
Can  you  tell  us  what  the  present  status  of  it  is? 

Mr.  Holmes.  I can  tell  you  my  knowledge  of  it.  You  might  want 
to  direct  that  question  to  Dr.  Dryden  or  Dr.  Seamans,  because  it 
covers  all  of  NASA.  It  is  my  opinion  that  although  we  have  reached 
agreement  the  matter  of  documenting  it  in  a formal  manner  may  have 
fallen  by  the  wayside.  The  fact  remains  that  we  do  have  close  co- 
ordination on  a day-to-day  basis. 

Mr.  Daddario.  We  will  look  into  it. 

@41-504  O — eS—pt.  3b — ■ — 16 
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Mr.  Gurney.  Mr.  Chairman.  ^ 

Mr.  Teague.  Yes. 

Mr.  Gurney.  Before  we  conclude  this  meeting,  I would  like  to 
ask  some  questions  on  these  figures. 

; Mr.  Teague.  We  must  have  another  meeting  on  aerospace  medi- 
cine. We  had  hoped  to  finish  today,  but  we  won't  be  able  -to.\ \ 

Mr.  Daddario.  I want  to  get  into  other  figures,  too.  — 

Mr.  Roudebush.  Will  it  be  soon,  Mr.  Chan-man? 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield  for  a question? 

Mr.  Daddario.  Yes,  I yield.  ^ 

Mr.  Fulton  of  Pennsylvania.  I was  concerned,  too,  about  the 
fields  that  NASA  Was  in,  wherein  I would  imagine  that  the  Air  Force, 
the  Army,  and  the  Navy  were  already  interested.  For  example, 
one  of  the  items  was  survival  equipment,  I imagine  the  Navy  has  done 
considerable  work  on  that.  ^ 

My  question  is:  Why  is  NASA  in  these  fields  as  well?  Other 
examples  would' be  the  raft  and  sea  survival  suit,  the  lightweight 
life  vest,  and  the  surface  radar  signal  device  I would  imagine  that  the 
Navy  and  the  Air  Force  are  certainly  interested  in  that  and  has  been 
doing  much  work  on  it.  v. 

Another  item  is  automatic  syringes  and  devices  to  eradicate  pain 
and  motion  sickness  .and  the  dry  electrode  approach  on  sensory 
devices.  Likewise  the  visor  wiper  development  would  seem  to  be 
pretty  elementary  on  anything  that  the  Air  Force  is  doing.  Another 
point  that  I would  make  is  the  yellow  dye  sea  water  markers.  Any 
developments  on  those,  it  would  seem  to  me,  should  be  adoquatehr 
covered  by  the  Navy  since  we  had  those  on  carriers  in  World  War  Ii. 
One  other  field  that  I commented  on  this  morning  was  the  investiga- 
tion of  preventable  illness  and  injury  with  respect  to  the  astronauts. 
I believe  that  was  on  film.  These  various  programs  that  are  being 
developed  in  NASA  certainly  have  seen  adequate  developments  by 
the  Department  of  Defense. 

General  Roadman.  May  I comment?  For  example,  the  develop- 
ment of  the  lifevest  was  the  result  of  the  situation  occurring  during 
Gas  Grissom’s  landing.  There  was  an  urgent  requirement  for  pro- 
viding adequate  flotation  gear  for  the  oncoming  flight. 

It  is  well  recognized  that  the  services  have  had  major  interest  in 
the  development  and  procurement  and  production  of  specific  survival 
gear.  I would  like  to  point  out  to  this  committee  that  there  is  no  one 
else  that  is  faced  with  the  particular  type  of  mission  and  support  we 
have  in  manned  space  flight.  I need  not  call  your  attention  to  the 
small  size  of  the  space  capsule.  This  presents  a different  problem 
than  providing  a liferaft  capability  for  a B-52  crew. 

Mr.  Fulton  of  Pennsylvania.  My  point  is,  why  are  you  doing  it  at 
NASA?  ; .. 

Mr.  Teague.  Will  the  gentleman  yield  to  me? 

Mr.  Fulton  of  Pennsylvania.  Yes, 

Mr.  Teague.  We  went  to  Pensacola  and  San  Antonio  last  year, 
and  you  stated  that  you  had  teams  working  on  each  one  of  these 
things.  If  that  is  your  program,  if  you  would  explain  that,  it  would 
completely  answer  Mr.  Fulton's  question-  There  is  complete  co- 
ordination between  NASA,  the  Navy,  and  the  Air  Force  on  all  of 
these,  is  that  not  correct? 
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General  Roadman.  That  is  correct,  absolutely.  - 

Mr.  Fulton  of  Pennsylvania.  In  your  work  on  the  Gemini  suit, 
you  have  62  miscellaneous  engineers,  22  technicians,  and  likewise  3 
mathematicians  working  full  time.  I was  a mathematics  fellow  in  my 
senior  year  in  college,  and  I don’t  know  how  you  use  the  time  of  three 
full-time  mathematicians  on  a Gemini  suit. 

Mr.  Teague.  There  are  a number  of  questions  on  personnel;  so 
let’s  wait  until  tomorrow  to  do  that. 

We  will  be  adjourned  until  10  o’clock  tomorrow. 

(Whereupon  at  11:55  a.m.,  the  subcommittee  adjourned,  to  recon- 
vene at  10  a.m.,  Tuesday,  May  7,  1963.) 


Page  intentionally  left  blank 
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TUESDAY,  MAY  7,  1963 

House  of  Repsesentatives, 

Committee  on  Science  and  Asthonautecs, 
Subcommittee  on  Manned  Space  Flight, 

Washington,  D.C. 

Hie  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 
Cannon  Building,  at  10  ajn  Hon.  Olin  E.  Teague  presiding. 

‘ Mr.  Teague.  Mr.  Low,  did  we  finish  the  statement  yesterday? 
Mr.Lowy  Yes,  we  had. 

Mr.  Teague.  We  were  asking  questions  bn  personnel. 

STATEMENT  OF  GEOROE  LOW,  DEPUTY  DIRECTOR  FOE  PROGRAMS, 
NASA;  ACCOMPANIED  BY  EICHAED  S.  JOHNSTON,  ASSOCIATE 
CHIEF,  CREW  SYSTEMS  DIVISION,  MANNED  SPACECRAFT  CENTER, 
HOUSTON,  TEX.;  BRIO.  GEN.  C.  XL  ROADMAN,  DIRECTOR,  SPACE 
MEDICINE,  OFFICE  OF  MANNED  SPACE  FLIGHT  AND  DB,  GEORGE 
M.  KNAUF,  DEPUTY  DIRECTOR,  SPACE  MEDICINE,  OFFICE  OF 
MANNED  SPACE  FLIGHT,  NASA 

Mr.  Low.  Today  we  brought  along  Richard  S.  Johnston  who  is  the 
Associate  Chief,  Crew  Systems  Division,  at  the  Manned  Spacecraft 
Center,  Houston,  Tex.  He  will  be  here  to  support  Doctor  Roadman 
and  Dr.  George  Knauf. 

Mr.  Teague.  I believe  when  we  stopped,  you  were  asking  questions. 
Mr.  Daddario.  I don’t  believe  I was  asking  questions. 

Mr.  Fulton  of  Pennsylvania.  The  last  one,  I believe  was  mine; 
about  this  “miscellaneous  engineers.” 

Mr.  Teague.  The  “miscellaneous  engineers”  ? 

Mi*.  Fui/ton  of  Pennsylvania.  62  of  them. 

Mr.  Low.  I thought  if  you  wanted  more  about  the  personnel  em- 
ployment in  the  Grew  Systems  Division  that  Doctor  Knauf  could  give 
that*  ...  ' 1 

Mr.  Daddabio.  Didn’t  we  have  a breakdown  of  that  on  the  chart 
yesterday?  >, ■■■' 

Dr.  Knauf.  Yes,  except  for  the  single  item,  “miscellaneous  engi- 
neers” which  raised  some  question.  Iliave  that  information,  today, 
Mr.  Fulton  of  Pennsylvania.  I love  that  heading,  “miscellaneous 
engineers.” 

Mr.  Daddario.  Why  don’t  you  clear  that  up?  ,1," 

Dr.  Knauf.  We  found  out  that  the  engineers  don’t  like  it  either^ 
The  breakdown,  however,  for  the  miscellaneous  engineers  is:  54  me- 
chanical, 1 industrial,  3 aeronautical,  1 geological,  3 textile.  V 

; •'  - ••  . . : "•  1087  ; ‘ , 
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Mr.  Teague.  Doctor,  will  you  please  speak  a little  louder  so  every- 
body in  the  room  can  hear  you  t 

Dr.  Knauf,  Yes. 

54  mechanical  engineers.  # 

One  industrial  engineer,  three  aeronautical  engineers,  one  geological, 
and  thred  textile  engineers.  e. • 

Mr.  Fui/ton  of  Pennsylvania.  How  many  physicists,  chemists,  and 
mathematicians— I think  there  are  three  mathematicians. 

Dr.  Knauf.  There  are  three  mathematicians.  ; , 

Mr.  Daddario.  This  is  the  Crew  Systems  Division? 

Dr.  Knauf.  This  is  the  Grew  Systems  Division  at  the  Manned 
Spacecraft  Center  in  Houston. 

Mr.  Daddario.  How  many  doctors  are  involved  ? 

Dr.  Knauf.  Seven  doctors  are  involved. 

Mr.  Daddario.  Seven  out  of  how  many  ? 

Dr.  Knauf.  147. 

Mr.  Daddario.  It  seems  strange  there  are  so  few  medical  people  in 
what  is  fundamentally  a medical  program.  Could  you  explain  why 
there  are  so  few  ? 

Mr.  Low.  I might  ask  Mr.  Johnston,  who  is  the  deputy  chief  of  that 
division  and  also  an  engineer  while  the  chief  of  the  division  is  a medical 
man,  to  comment. 

Mr.  Johnston.  The  predominant  part  of  our  work  in  the  Crews 
Systems  Division  is  hardware  oriented.  - 

That  is.  we  are  involved  in  developing  life  support  systems,  suits, 
and  the  like.  Our  work  in  the  medical  area  is  in  the  two  main  groups; 
environmental  and  physiological  areas.  The  physiologists  and  medical 
doctors  arrive  at  the  systems  requirements.  That  is,  how  much  oxygen 
you  need  to  breathe  and  what  the  acceleration  tolerance  elements  are. 

Mr.  Fulton  of  Pennsylvania.  Hasn’t  the  Air  Force  done  a lot  of 
thm  with  the  X-15?  „ 

Mr.  Johnston.  No,  sir,  we  are  getting  into  flight  regimes.  We  are 
talking  about  flving  men  tor  long  periods  of  time,  where  these  require- 
mentshave  not  been  fully  satisfied. 

Mr.  Teague.  The  X-15  doesn’t  use  the  pure  oxygen  environment, 
does  it?  - ■ 

Mr.  Johnston.  No,  sir.  There  are  many  physiological  requirements 
not  satisfied  by  X-15  data.  For  example,  landing  impact  load  problem 
is  typical. 

Mr.  Daddario.  Before  you  finish  answering,  I’d  like  you  to  include 
something  else  in  this. 

You  said  “No,  sir”  to  Mr.  Fulton’s  question.  I don’t  think  his  ques- 
tion applies  in  any  of  these  instances  to  the  point  the  Air  Force  or  any 
other  service  in  the  Department  of  Defense  is  at  the  present  time 
capable  of  doing  this.  The  question  is  do  they  have  the  kind  of  people 
who  have  been  working  in  this  area  and  upon  whom  the  added  re- 
sponsibility could  be  developed?  This  is  the  important  point. 

Could  you  better  develop  these  programs  on  the  existing  founda- 
tion, rather  than  start  anew  $ Isn’t  this  the  point  i : 

Mr.  Fulton  of  Pennsylvania.  Yes;  that  is  the  point. 

Mr.  Johnston.  Mr.  Fulton,  I think  in  the  programs  we  pursued 
in  the  last  fiscal  year  that  this  has  been  our  pnme  method  or  opera- 
tion in  the  area  of  environmental  physiology.  We  have  worked  with 
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the  School  of  Aviation  Medicine  at  Brooks.  We  have  worked  with 
the  Navy’s  Equipment  Laboratory  and  Johnsville  Centrifuge^  We 
have  worked  , with  the  Armed  Forces  Institute  of  Pathology.  : 

We  are  utilizing  POD.  We  are  not,  in  these  requirements,  areas, 
trying  to  duplicate.  . y*  ...  , 

For  example,  if  we  need  to  run  impact  tolerance  tests,  we  are  pot 
specialists  in  this  area.  NASA  does  not  have  this  capability.  We 
are,  in  fact,  going  to  DOB.  We  try  to  bring  together  the  people 
within  the  Department  of  Defense  who  have  the  capability.  We 
establish  a test  protocol  common  to  all  so  that  when,  say,  Wright  Field 
and  Holloman  and  the  Air  Crow  Equipment  Lab  have  completed  their 
work,  we  will  have  a common  base.  The  same  type  of  equipment  will 
have  been  used  and  the  same  measurements  taken. 

So,  for  once,  this  type  of  physiological  data  will  have  a common 
base  and  when  you  finish  the  job  you  will  have  all  the  parameters 
taken  care  of. 

I think  in  answer  to  your  question,  sir,  we  are  in  every  case  we  can, 
-frying  tomake  full  utilization  of ^DOD  capability. 

Mr.  Fulton  of  Pennsylvania.  HasnVthe  Air  Force  and  Navy  done 
work  with  water  markers  to  improve  the  kit  that  the  Navy  has  had  for 
years.  I question  what  you  are  doing.  NASA  is  supposed  to  deal 
with  space  and  here  it  is  developing  a better  die  marker  package. 

Mr.  Johnston.  I think  that  a part  of  our  program  in  providing 
crew  equipment  has  to  be  for  earth  survival  situations. 

Mr.  Fulton  of  Pennsylvania.  Hasn’t  the  Air  Force  and  Navy  done 
just  about  all  that  needs  to  be  done  in  this  area  ? :y 

Mr.  Johnston.  The  thing  we  are  involved  in  is  trying  to  tailor 
specific  pieces  of  survival  ^uipnient  to  meet  our  mission. 

If  I can  give  you  an  example,  it  takes  100  pounds  of  booster  to  put 
1 pound  of  equipment  in  orbit.  It  takes  1,000  pounds  of  booster  to 
put  1 pound  on  the  Moon  and  bring  it  back.  So  our  problem  in  all 
our  equipment  is  unique  in  that  we  are  trying  to  achieve  both  the 
minimum  weight  and  volume  we  can  achieve  in  our  rafts  and  life  vests 
and  other  pieces  of  equipment  of  this  sort*  - . # 

There  is  a need  for  increasing  the  capability  of  survival  equip- 
ment and  I think  that  our  requirements  in  many  instances  are  unique 
throughout  our  programs  in  that,  we  are  attempting  to  devise  equip- 
ment mat  is  lightweight.  _ Our  equipment  will  nave  probably  a single 
usage  as  compared  with  that  developed  by  the  Navy  or  Air  Force. 

■ They  are  trying  to  develop  something  that  is  durable,  that  can  be 
used  year  after  year.  Much  of  the  equipment  we  are  talking  about 
is  for  single  flight  use:  . ' 

Mr.  Fulton  of  Pennsylvania.  Couldn’t  the  DOD  develop  a better 
die  marker  system  for  you,  rather  than  NASA  setting  up  an  inde- 
pendent program?  . • 

Mr.  Johnston.  We  in  the  crew  systems  division  are  not  really  work- 
ing on  developing  sea  die  markers.  The  things  we  are  working  on  in  * 
the  survival  area  are  things  like  trying  to  build  a specialized  raft  for 
the  Apollo  Mission.  We  are  working  on  trying  to  build  integral 
flotation  into  the  Gemini  pressure  suit.  I ;v  r 

Mr.  Fulton  of  Pennsylvania.  I disagree.  I saw  your  die  marker 
program  in  a NASA  film. 

Mr.  Johnston.  That  was  in  a training  film. 


w 


1604  NASA  AUTHORIZATION 

Mr.  Fui/ton  of  Pennsylvania.  The  film  certainly  gave  me  the  idea 
you  were  doing  research  on  it, 

Mr.  Johnston.  Well,  perhaps  the  him  was  misleading  in  this  area. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Daddario  and  I are  not  saying 
for  you  to  stop  work.  We  are  saying  that  NASA  should  use  what- 
ever capabiUties  there  axe  in  the  Department  of  Defense  and  other 
agencies^  rather  than  instituting  individual  programs. 

I think  it’s  a very  legitimate  source  of  inqipry. 

Mr.  Low,  I think,  Mr.  Fulton,  the  fact  we  only  have  seven  physi- 
cians in  this  area  is  proof  that  we  are  making  use  of  capability  where 
it  Ousts.  A small  group  like  this  couldn’t  ao  all  the  work:  m-house 
that  has  to  be  done  for  space  projects.  v v ^ 

Mr.  Daddabio.  Could  we  apply  ourselves,  Mr.  Low,  to  this  theory? 
I think:  this  is  what  we  are  getting  back  to.  This  committee  does  not 
feel  that  NASA  shouldn’t  nave  a competence  in  this  held.  The  ques- 
tion is  what  this  competence  ought  to  amount  to. 

We  have  been  concerned  because  of  the  expense  of  these  facilities. 
We  also  have  been  concerned  about  the  expense  of  building  up  a large 
manpower  pool  and  the  effect  that  this  may  have  on  the  national 
security,  effort  within  the  Department  of  Defense,  and  the  dilution 
of  effort  in  industry  itself.  Likewise,  we  have  been  concerned  about 
the  effect  that  large  programs  within  NASA  might  have  upon  develop- 
ment of  medical  people  m our  schools. 

This  whole  question  concerns  use  of  personnel.  It  has,  at  least, 
been  admitted  in  the  past  that  this  in  an  area  in  which  there  is  a short- 
age of  supply. 

I would  like,  if  I may,  Mr.  Chairman,  to  go  back  just  a bit  to  see 
what  has  happened.  We  have  a program  today.  If  you  take  these 
three  sections,  it  encompasses  something  in  the  vicinity  of  a thousand 
people. 

The  Bioscience  Advisory  Committee,  chaired  by  Dr.  Seymour  S. 
Kety,  issued  the  basic  report  on  which  the  sciences  door  opened  for 
NASA.  .. 

Mr.  Fttlton  of  Pennsylvania.  What  was  the  date  of  the  report  ? 

Mr.  DAdoabio.  The  report  goes  back  to  1960. 

Li  June  I960,  during  a hearing  before  this  committee  on  “Space 
Medicine  Research,”  Dr.  Clark  T.  Randt,  Director  of  the  Office  of  Life 
Sciences,  NASA,  stated  that:  ‘‘The  overall  guidelines  for  this  area 
were  provided  in  the  Kety  Report.*’  He  indicated  that  this  program 
should  include  in  the  neighborhood  of  60  professionals.  Latent  Rep- 
resentative Walter  H.  Moeller  asked  if  this  might  soon  develop  to  90 
or  120.  Dr.  Randt  replied  that,  “I  sincerely  do  not  believe  so.”  \ 

In  answer  to ty question that  I Asked  him,  Dr.  Randt  replied  that : 
“We  wish  to  hftve  internal  competence  to  provide  leadership.” ^ 

Implicit  in  the  entire  discussion  was  the  idea  NASA  would  not  be 
getting  into  the  actual  development  phases  of  these  programs,  but 
rather  would  provide  the  leadership  and  the  direction  to  other  agencies 
already  involved.  u 

Brig.  Gen.  Don  Flickinger,  assistant  for  Bioastronautics  Head- 
quarters, Air  Research  and  Development  Command,  U.S.  Air  Force, 
referring  to  this,  said : 

We  bare  been  seeing  oyer  the  past  2 years  a tremendous  growth  in  oar  national 
biomedical  space  effort.  _ 


many  instancies,  without  advice  of  interested  and  knowledgeable  people.  As  a 
consequence  we  are,  in  face,  diluting  our  national  talent  to  such  an  extent  the 
future  may  not  hold  much  more  hope  for  real  success  and  understanding  thin 
the  past  and  the  record;  of  the  past  ta  not  necessarily  one  of  sound  and  rigorous 
scientific  achievement,/  . 

Now,  I bring  this  up  to  add  perspective  to  our  present  discussion 
so  we  might  be  advised  as  to  whfdmgta  happened  since  the  Ketv  Report 
was  issued  and  since  the  first  statements  were  made  by  NASA  to 
develop  a program  in  this  area.  This  program  now  involves  many 
more  people  than  was  the  original  intent  or  either  NASA  or  of  the 
committee.  NASA  is  doing  so  much  of  this  work  itself  that  I have 
the  feeling  that  it  is,  in  met,  in  conflict  with  the  Department  of 
Defense.  ;r'-  ■ >/.■ 

There  has  not  been  any  agreement  worked;  out  by  which  this  Com- 
mittee can  see  exactly  how  you  are  operating  with  the  other  agencies. 
It  is not  just  NASA  and  DOD  involved.  The  FAA  and  NIH  also  have 
work  of  a comparable  nature  going  on.  When  I say  “comparable”  I 
don’t  mean  exactly  the  same  work,  but  certainly  they  have  the  people 
who  have  the  capacity  to  do  the  same  kind  of  work. 

What  has  happened,  Dr,  Roadman,  to  bio#  this  up  to  this  size  ? 

Mr.  Fulton  of  Pennsylvania.  May  I add  something? 

When  the  budget  for  fiscal  year  1962  is  $10  million  and  the  budget 
request  for  fiscal  year  1964  is  $21  million  in  this  field,  I believe  this 
underscores  Mr.  Daddario’s  comment. 

Mr,  Low.  Mav  I make  a general  comment  first,  and  then  turn  it 
over  to  General  Roadman  ? 

Mr.  FmiTON  of  Pennsylvania.  Yes.  I 

Mr.  Low.  At  the  time  the  Kety  Report  Was  written,  I believe  in 
I960,  we  did  not  have  a major  manned  space  flight  program.  In 
fact,  Project  Mercury  was  the  only  program  we  had  at  that  time. 
Then,  for  example,  the  space  task  group,  which  was  a predecessor  of 
the  Manned  Spacecraft  Center,  had  in  the  order  of  250  or  600  people, 
including  a small  percentage  of  life  systems  people.  Since  that  time 
our  manned  space  flight  program  has  vastly  expanded.  We  have  as 
a national  goal  the  manned  lunar  landing  program.  We  have  since 
that  time  started  Project  Gemini. 

An  index  of  the  management  effort  required  to  run  this  program  is 
the  growth  of  the  Manned  Spacecraft  Center  to  a number  approach- 
ing 4,000  at  this  point  in  time.  We’ve  had  more  than  a tenfold 
growth  in  the  overall  management  force.  We  needed,  then,  also  in 
the  same  time  period  a concurrent  growth  in  managers  in  the  life 
sciences  area.  I don’t  know  what  the  total  number  of  people  in  that 
area  was  in  1960. 

Mr.  Johnston.  About  18. 

Mr.  Low;  Mr.  Johnston  says  about  18. 

Growth  to  147,  I think,  is  about  what  is  needed  to  support  the 
expanded  Manned  Spacecraft  Program.  I do  think  that  "one  more 
general  point  is  pertinent.  Insofar  as  possible  we  are  making  use  of 
an  existing  capability  both  in  DOD  ana  in  industry  to  do  the  things 
Mr.  Johnston  described — the  atmosphere  validation,  the  impact  tol- 
erance levels  and  so  forth.  This  is  why  we  need  only  so  few  people. 

There  are  other  areas  where  we  need  quick  reaction  time,  where  we 
need  a detailed  close  relationship  between  the  life  systems  people  and 
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the  project  offices  developing  the  hardware,  or  where  we  must  have  in- 
house  capability. 

Mr.  Daddario.  Mr.  Low,  when  you  say  you  use  DOD  arid  industry 
to  the  fullest  capacity,  you  are  not  saying  that  you  are  building  on 
top  of  capacities  and  facilities  and  abilities  which  already  exist,  are 
you?  . ■ ■ 

The  big  fear  that  I have  is  that  rather  than  passing  some  of  these 
requirements  that  NASA  has  to  some  of  the  other  agencies,  you  have 
built  up  a separate  laboratory  of  your  own.  For  example,  the  Ames 
Research  Center  is  already  much  larger  than  originally  contemplated. 

General  Roadman.  Mr.  Daddario,  may  I comment— and  pardon  me 
for  interrupting.  Your  question  is  certainly  cornet  in  viewing  the 
testimony  of  Dr.  Randt  and  the  record,  but  that  was  looking  at  the 
total  life  sciences  area. 

Ames,  for  example,  is  not  a consideration  in  our  program  in  sup- 
port of  manned  space  flight  as  we  are  projecting  it  to  you.  # C 

Mr.  Daddario.  I understand  that.  Dr.  Roadman.  Yet  it  is  very  dif- 
ficult for  this  committee  to  close  its  eyes  to  the  development  at  Ames, 
simply  because  Ames  is  not  directly  mvolved  in  manned  space  flight 
program.  The  people  may  be  looking  to  other  accomplishments  but 
they,  again,  are  people  you  could  be  using  in  the  manned  space  pro- 
gram. They  are  the  people  who  have  this  ability.  How  many  are 
available?  How  many  could  you  hire,  and  how  many  agencies  and 
divisions  and  departments  could  you  put  them  in  and  still  maintain  a 
competence  throughout  the  country  ? \ 

General  Roadman.  I believe  this  is  a pretty  fundamental  question  in 
the  review  of  our  program  and  in  our  total  consideration  of  manned 


space  flight.  I’ll  use  the  term  “biomedical  interests.” 

There  is  a fallacy,  at  least  in  my  judgment,  to  consider  bioastro- 
nautics in  toto.  It’s  extremely  difficult  to  define,  but  using  the  term 
“bioastronautics”  as  all  the  bits  and  pieces  that  are  required  to  manned 
space  flight;  our  program  is  much  more  selective. 

I would  like  to  attempt  to  clarify  some  of  the  basic  problems  running 
through  your  questions  and  our  answers.  v ; 

I would  like  to  read  to  this  committee  the  mission  of  the  Crew  Sys- 
tems Division.  I would  like  to  keep  in  our  minds  the  number  arid 
types  of  people  that  we  have  in  this  Division  to  support  Mercury, 


I don’tthink  there  is  anyone  in  this  room  who  underestimates  the 
responsibility  and  the  difficulties  involved  in  our  medical  area  in  the 
support  of  these  missions.  I don’t  believe  statements  made  in  the 
year  1960  are  directly  relevant. 

But  let  me  read  the  mission  of  our  Crew  Systems  Division  and  then 
look  at  the  people  we  have.  v ^ 

Mr.  Daddario.  When  you  say  they  are  not  directly  relevant,  you 
mean  that  thq  size  of  the  NASA  program  was  not  taken  into  considera- 
tion at  that  time?  - ~ 

General  Roadman.  I believe  that  to  be  true. 

Mr.  Daddario.  I believe  if  you  review  the  Kety  report  you  will  find 
that  it  did  look  to  the  future  and  that  it  took  into  consideration  the 
tremendous  enlargement  of  NASA.  Its  recommendations  were  not 
based  on  NASA  beginning  and  ending  with  the  Mercury  program. 
I personally  believe  that  it  was  a very  broadly  gaged  program  and  not 
a limited  one. 


; v Mr 
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Therefore,  if  your  premise  in  arriving  at  that  conclusion  is  that  it 
was  a narrow  program,  I would  have  to  disagree  with  your  conclusion. 

General  Roadman.  I am  speaking  primarily  as  it  reflects  support  of 
manned  space  flight.  There  was  very  little  thought  or  organiza- 
tional planning  for  a Gemini  and  an  Apollo  at  that  time,  Mr.  Daddario. 

May  I read  to  you  the  mission  oi  our  Crew  Systems  Divisions? 
First,  to  provide  technical  review  of  project  biomedical  needs.  These 
project  needs  emanate  from’Mercury,  Gemini,  and  Apollo.  # . ■*; 

Second,  to  provide  technical  assistance  by  preparing  biomedical 
specifications  and  work  statements.  In  other  woms,  a definition,  a 
determination  of  requirements,  and  identifying  these  requirements. 

Third,  to  accomplish  necessary  test  and  evaluation  programs.  I 
would  submit  to  this  group  that  we  look  at  147  people  and  look  at 
the  success  of  Mercury.  This  group  in  providing  a research,  develop- 
ment, test  and  evaluation  and  certification  in  support  of  these  proj- 
ects, has  accomplished  a rather  monumental  task  with  a rather  small 
humberbf  people.  '■  :r. 

Now  the  fourth.  To  monitor  the  effort  of  biomedical  contractors. 

Fifth,  to  accomplish  lab  and  shop  fabrication  of  selected  hardware 
specifically  required  in  otir  flight  programs. 

Sixth,  to  maintain  an  in-house  quick  reaction  capability  responsive 
to  project  needs— specifially  to  Mercury,  Gemini  and  Apollo.  I 
would  submit  that  there  is  no  One  eke  in  this  country  who  is  actually 
conducting  such  a program  and  that  we  must  have  a capability  within 
NASA  to  provide  mis  support.  :v 

Seventh,  to  Conduct  an  adequate  program  in  supporting  technology. 
Again,  realizing  that  we  are  writing  the  book,  so  to  speak,  as  we  pro- 
ceed in  this  course,  in  this  mission. 

Eighth,  to  prepare  justifications  for  medical  funding  for  inclusion 
in  project  budgets  or  overall  supporting  technology  budgets. 

Ninth,  to  manage  the  Manned  Space  Craft  Center  biomedical  fund- 
ing program,  ^Y/Y'/  ‘:Y ■ 

And,  last,  to  prepare  program  schedules  for  inclusion  in  project 
schedules.  Y \Y- ;y : 

Now,  if  you  look  in  detail  at  these  broad  areas  of  responsibility  it 
seems  to  me  that  we  have  done  very  well  in  efficient  utilization  of  num- 
bers of  people  to  achieve  efficient  management  of  a program  pf  this 
magnitude,  particularly  when  one  considers,  that  this  was  a new  type 
of  program.  By  that  I mean  a development  program  f,long  with  an 
operational  program. 

Now,  I would  like  to  divert  a minute  to  comment  on  the  program- 
ing and  our  efforts  with  the  Department  of  Defense;  specifically,  to 
give  this  committee  information  concerning  what  we  have  done  with 
the  Department  of  Defense  in  coordinating  the  program. 

On  April  20,  Mr.  Daddario,  at  the  request  of  Dr,  Seamans  and  Mr. 
RubeL  we  organized  a small  committee  which  I was  directed  to  chair 
with  Col.  John  Talbot,  who  was  then  in  the  Department  of  Defense, 
as  cochairman.  We  formed  what  was  called  the  Bioastronautic  Plan- 
ning Group,  to  look  at  the  biomedical  requirements  specifically  per- 
taining to  the  support  of  Mercury,  the  support  of  Gemini,  and  the 
support  of  Apollo. 

This  was  a joint  NASA-DOD  effort  and  reports  were  issued  in  the 
April  and  May  time  period  of  last  year.  / .':Y;r 
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Now  the  significant  point  is  that  the  Department  of  Defense  pre- 
pared a bioastronautics  program,  as  the  Department  of  Defense  bio- 
astronautics  capability  inventory,  listing  programs,  people,  and  fa- 
cilities and  NASA  did  the  same. 

The  group  rules  were  to  look  at  what  was  required  to  support  Mer- 
cury, Gemini,  Apollo  and  DynaSoar.  We  felt  it  was  appropriate  to 
view  these  programs  collectively  and  to  determine  together  the  require- 
ments to  support  this  program. 

We  immediately  identified  some  areas  that  were  not  pertinent  to 
these  particular  ground  rules. 

For  example,  animal  experiments  in  orbital  flight  were  not  con- 
sidered as  a pertinent  program  area  because,  in  fact,  our  program 
is  one  of  manned  space  flight.  s w „ 

Crew  performance  prediction,  as  such,  as  another  area,  we  did  not 
feel  was  pertinent.  . 

Training  research  and  advanced  R.  & D.  for  future  manned  space 
flights  projects  were  also  considered  beyond  the  limits  established. 

In  other  words,  we  limited  our  discussions  to  Mercury,  Gemini  and 
Apollo.  - . V 

In  the  conduct  of  this  planning  group  we  met  between  the  2d 
and  6th  of  May,  The  results  of  this  action,  primarily,  were  the  iden- 
tification of  89  tasks  within  the  Department  of  Defense  and  within 
NASA  which  were  felt  to  be  critical  to  the  1963  program  in  support 
of  these  specific  projects. 

Fifty-six  of  these  utilized  DOD  facilities  and/or  technical  per- 
sonnel. . ~ 

- Although  agreement  on  identifying  the  essential  tasks  was  com- 
plete, there  was,  however,  some  variation  in  the  estimate  of  the  magni- 
tude of  individual  tasks. 

In  other  words,  there  were  honest  differences  of  opinion  as  to  the 
amount  of  effort  required  in  a particular  program. 

...  As  we  looked  at  this  program,  we  found  that  the  program  based 
on  the  requirements  we  generated  for  the  specific  NASA  missions 
was  a $19.4  million  program. 

Of  this  $19  million  requirement,  we  agreed  on  the  fact  there  were 
approximately  $11  nullion  we  had  identified  as  specific  requirements 
for  NASA,  for  Mercury,  Gemini,  and  Apollo  in  the  1963  time  period. 

Among  the  requirements  agreed  upon  there  were  $2.1  million  worth 
of  program  in  the  Department  of  Defense  specifically  required  in  the 
suoport  of  Mercury,  Gemini,  Apollo,  and  DynaSoar. 

In  our  general  planning  and  agreement,  NASA  agreed  to  fund,  if 
possible,  that  $2.1  million  on  the  basis  of  requirements  in  our  manned 
space  flight  program. 

Although  we  were  unable  to  fund  the  entire  amount,  wherein  we  had 
the  immediate  requirement,  we  tried  to  fund  it. 

But  in  the  careful  review  of  our  program  I think  the  significant 
points  are  that  the  Department  of  Defense  is,  in  fact,  pursuing  its 
program  on  the  basis  of  Department  of  Defense  requirements  and 
wherein  we  have  a requirement  within  their  program  to  support  our 
flight  missions,  we  will  fund  it. 

This  we  have  agreed  upon.  But,  in  fact,  we  came  out  with  the 
general  recognition  that  the  Department  of  Defense  programs,  in  ef- 
fect, complemented  our  program. 
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It  was  in  this  program  effort  and  specific  requirements  to  support 
manned  space  flight  which,  in  effect,  showed  the  Department  of  De- 
fense did  hare  a broad-based  research  and  development  program. 
Not  all  of  it,  however,  directly  required  in  the  support  or  manned 
spaceflight. 

To  come  back  to  the  basic  point;  I do  not  feel  you  can  tie  onto  a 
broad  bioastronautics  program  and  say:  That  is  all  that  is  needed 
for  manned  space  flight.  The  Department  of  Defense  has  a good  pro- 
gram and  it  should  be  supported,  but  there  is  not  the  conflict,  the  in- 
roads, or  the  taking  away  of  programs  that  seem  to  worry  some  people. 
Out  of  a $28  million  initial  Department  of  Defense  program,  which 
was  labeled  bioastronautics  and  which,  in  their  view,  was  needed  to  sup- 
port manned  space  flight,  only  $2.1  million  was  identified  in  agreed- 
,upon  judgments  between  Department  of  Defense  and  NASA  as 
directly  supporting  manned  space  flight. 

Mr.  Fulton  or  Pennsylvania.  Was  the  $2,1  million  exclusively 
NASA?  Gould  that  be?  Where  and  what  was  the  agreement? 

General  Roadman.  Let  me  answer  it  this  way,  Mr.  Fulton: 

The  report  of  our  study  was  prepared  and  submitted  to  Dr.  Seamans 
and  to  Mr  RubeL  This  report  was  signed  by  mvseLf  and  by  Colonel 
Talbot  who  were  requested  to  cochair  this  committee. 

Mr.  Fulton  of  Pennsylvania.  When  was  that? 

General  Roadman.  It  was  submitted  the  10th  of  May. 

Mr.  Fulton  of  Pennsylvania.  This  year  ? 

General  Roadman.  1962. 


Mr.  Fulton  of  Pennsylvania.  Was  it  a joint  report  ? 

General  Roadman.  Yes,  sir.  • 

Mr.  Low.  You  have  the  title  ? 

General  Roadman,  “Report  of  Joint  NASA-DOD  Bioastronautic 
Planning  Group.” 

Mr.  Teague.  Is  there  objection  to  that  report  going  into  the  record? 
General  Roadm  an.  I would  certainly  have  none,  sir. 

(The  information  referred  to  is  as  follows :) 


REPORT  OF  JOINT  DOD-NASA  BIOASTRONAUTIC  PLANNING  GROUP 

On  April  20,  the  joint  DOD-NASA  bioastronautic  planning  group  presented  a 
preliminary  integrated  DOD-NASA  plan  for  the  support  of  Projects  Gemini, 
Apollo,  and  Dyna-Soar.  This  preliminary  approach  was  general  in  nature  and 
did  not  include  specific  Dyna-Soar  support  requirements. 

After  reviewing  this  preliminary  program,  Dr.  Seamans  and  Mr.  Rubel  directed 
that  steps  be  taken  to  provide  more  detailed  information  to  support  specific  areas 
in  the  general  plan.  In  point,  it  was  directed  that : 

A.  project  Dyna-Soar  bioastronautic  support  requirements  be  obtained  and 
built  into  the  integrated  plan, 

B.  Elements  of  the  program  be  presentedin  the  banner  outlined. 

The  following  elements  of  the  “DOD  preliminary  plan  for  the  support  of 
Apollo”  were  identified  as  being  outside  the  province  of  the  Director,  Aerospace 
Medicine,  Ofllce  of  Manned  Space  Plight : 

1.  Animal  experiments  in  orbital  flight. 

2.  Crew  performance  prediction; 

3.  Training  research  ; And  i 

4.  Advanced  R.  & T.  for  future  manned  space  flight  projects 

It  was  determined  that  these  areas  would  be  the  basis  for  separate  studies  to 
be  presented  at  a later  date.  ••  r 

In  addition,  the  two  controversial  items  cited  in  the  original  plan  were  con 
eurred  In  as  requiring  resolution  at  a level  other  than  this  joint  DOD-NASA 
planning  group. 
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Members  of  the  DOD-NASA  planning  group  met  at  the  Manned  Spacecraft 
Center,  Houston,  Tex,,  on  May  26  for  the  purpose  of  revising  the  original  plan  to 
include  the  data  outlined  above. 

On  the  following  pages  there  is  displayed  a graphic  outline  of  this  proposed 
integrated  DOD-NASA  program  to  provide  critical  bioastronautic  support  for 
Projects  Gemini,  Apollo,  and  Dyna-Soar.  The  support  included  in  this  presenta- 
tion ia  limited  to  that  required  in  fiscal  year  1963. 

The  program  elements  presented  were  arrived  at  by  joint  discussions  between 
the  selected  DOD  technical  area  experts  and  the  corresponding  experts  at  the 
Manned  Spacecraft  Center.  In  general,  these  discussions  evidenced  little  or  no 
difference  of  opinion  as  to  what  categories  of  support  are  critical  to  the  projects 
under  consideration.  As  might  be  expected,  the  estimates  of  required  manpower 
and  funds  do  show  differences  of  opinion.  It  should  be  noted  that,  for  the  most 
part,  these  differences  of  opinion  regarding  required  resources  fairly  well  ap- 
proximate the  divergence  that  might  be  anticipated  in  any  consumer-producer 
approach  to  a commodity  or  service  transaction. 

A summary  of  the  program  data  contained  in  the  body  of  this  report  points  up 
certain  salient  features  of  the  current  and  proposed  programs  to  provide  critical 
support  for  Projects  Gemini,  Apollo,  and  Dyna-Soar  in  fiscal  year  1963 : 

1.  Of  89  tasks  felt  to  be  critical  to  the  fiscal  year  1963  support  of  these  projects, 
56  utilize  DOD  facilities  and/or  technical  personnel.  There  is  great  variation  in 
the  magnitude  of  individual  tasks. 

2.  In  fiscal  year  1963,  the  national  pool  of  bioastronauties  resources  will  sup- 

port Gemini,  Apollo,  and  Dyna-Soar  with  about  $19,400,000  and  686  man-years  of 
professional  and  technical  talent.  Of  the  $19,400,000,  approximately  $11  million 
will  be  funded  by  NASA  and  $8  million  by  the  DOD,,  Of  the  total,  DOD  will 
disburse  about  $10,500,000,  including  $2,110,000  of  NASA  funds.  DOD  will 
supply  518  man-years,  NASA  168.  . ; , 

3.  The  remaining  NASA  program  totaling  $8,909,000  is  to  be  divided  among 
NASA  centers,  universities,  industry,  and  Federal  agencies  other  than  the  DOD. 

4.  The  DOD  has  sponsored  a $8,382,000  program  in  addition  to  that  requested 
by  NASA. 

5.  The  total  NASA-  and  DOD-sponsored  efforts  within  the  DOD  constitute  a 
$10,492,000  share  of  the  $19,400,000  total  program  to  utilize  national  resources  in 
support  of  Gemini,  Apollo,  and  Dyna-Soar  in  fiscal  year  1963. 

16.  This  DOD-NASA  program  within  DOD  then  represents  an  integrated  effort 
to  provide  56  percent  of  the  dollars  required  to  support  critical  requirements  for 
these  projects. 

7.  The  NASA  centers,  universities,  industry,  and  Federal  agencies  other  than 
the  DOD  divide  44  percent  of  the  total  fiscal  year  1963  doilars. 

8.  The  56  percent  planned  for  the  DOD  program  does  not  include  $2,512,000  in 
additional  funds  proposed  by  DOD  for  the  support  of  the  three  projects  involved. 

9.  The  additional  work  for  which  the  above  $2,512,000  of  additional  funds  are 
needed  requires  125.7  additional  man-years  of  effort  in  the  DOD.  No  increase  is 
anticipated  in  the  NASA  manpower  requirement  in  fiscal  year  1963. 

Brig.  Gen.  Ct  H.  Roadman, 

USAF,  MC,  Director,  Aerospace  Medicine,  Office  of  Manned  Space  Flight, 
National  Aeronautics  and  Space  Administration. 

Date:  May  10, 1962. 

Col.  John  M.^ 

USAF,  MC  OSC,  D.D.R.  4 E.,  Chief,  Biological  and  Medical  Sciences. 

Date : May  10, 1963. 

_ ■ ■ ' • N i ■ 

Mr.  Fulton  of  Pennsylvania.  Was  the  report  ever  acted  on  by 
NASA  and  POD  as  Government  agencies? 

General  Roadman.  This  report  was  reviewed  by  Dr.  Seamans  and 
Mr.  Rubei  and 

Mr.  Teague.  Isn’t  the  budget  the  result  of  it? 

General  Roadman.  Sir?  "7  - 

Mr.  Teague.  Isn’t  the  budget  the  result  of  what  you  are  presenting? 
General  Roadman,  Yes,  sir;  it  was  a primary  consideration  in  our 
1963  program.  So  far  as  our  efforts  are  concerned  in  fiscal  year  1964, 1 
would  like  to  point  out  the  working  relationship  between  our  Manned 
Spacecraft  Center  people  and  Department  of  Defense  individuals. 
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For  example,  General  Bedwell,  last  November  visited  the  Manned 
Spacecraft  Center.  ' ;■  : 

General  Ritland  lias  been  there,  as  has  General  Bohannon,  Deputy 
Surgeon  General  of  the  Air  Force.  They  have  personally  com- 
mented to  me  on  our  program,  the  conduct  of  it,  and  their  lack  of  con- 
cern as  to  duplication  of  Air  Force  facilities  or  programs. 

Mr.  Teague.  Mr.  Roadman,  in  your  opinion,  which  will  be  ready  to 
make  the  trip  to  the  Moon  first— the  man,  or  the  machine  ? % 

Mr.  Low.  It  s a difficult  question  to  determine,  Mr.  Chairman. 

Mr.  Teague.  Well,  is  this  program  going  to  be  ready  when  you  get 
your  machines  ready  to  got 
Mr.  Low.  Yea  sir.  ' , ; -- 

Mr.  Teague.  What  is  your  answer,  Dr.  Roadman  ? ^ 

Genera1  Roadman.  There  is  no  question  in  my  mind  regarding  our 
capability  to  support  man  in  this  missions 
No  question  at  all.  Everyone  is  entitled  to  his  opinion,  and  there 
are  many.  In  my  judgment,  however,  we’ll  be  ready  when  theequip- 
ment  is  ready. 

Mr.  Teague.  Is  it  your  opinion  that  the  program  is  as  well  coordi- 
nated between  DOD  and  NASA  as  it  is  possible  to  do  ? 

General  Roadman.  Yes,  sir. 

Mr.  Teague.  There  is  agreement  between  DOD  and  NASA? 
General  Roadman.  I can  say  from  my  personal  experience  as  Di- 
rector of  Space  Medicine,  and  as  it  relates  to  the  NASA  Manned 
Spacecraft  Center  Crew  Systems  Division  and  Center  Medical  Oper- 
ations Office,  and  our  interface  with  Colonel  Talbot — out  program  is, 
in  fact,  coordinated.  This  is  not  to  say  there  are  not  those  who  have 
differences  of  opinion. 

Mr.  Teague.  I understand. 

You  are  an  Air  Force  officer  and  will  eventually  leave  NASA,  and 
go  back  to  the  Air  Force.  However,  you  are  satisfied  that  this  pro- 
gram is  coordinated  so  far  as  DOD  ana  NASA  are  concerned? 
General  Roadman.  Yes,  I am,  as  it  pertains  to  working  level  people. 
I cannot  make  this  statement,  Mr.  Chairman,  with  respect  to  NASA- 
DOD  perse.  T can  speak  from  a specific  technical  program  level,  and 
it  is  to  that  I addiress  my  remarks. 

Mr.  Fulton  of  Pennsylvania.  That  was  the  point  of  mv  previous 
question.  At  what  level  has  this  agreement  been  reached  ? This  is  the 
first  that  I have  heard  of  a so-called  agreement. 

What  has  the  DOD  or  NASA  agreement  been  at  the  level  of  Dr. 
Seamans,  Mr.  Webb,  Mr.  Ruhel,  and  Mr.  McNamara  ? 

Mr.  Low.  Mr.  Fulton,  this  report,  as  Dr.  Roadman  pointed  out,  was 
submitted  jointly  to  Dr.  Seamans  and  Mr.  Rubel. 

Mr.  Fulton  of  Pennsylvania.  What  did  they  think  of  it  \ 

Mr.  Low.  To  the  best  of  mv  knowledge,  they  accepted  the  agreement 
and  requested  that  it  be  implemented  by  NASA  and  DOD,  and  it,  in 
fact,  forms  today  the  basis  for  the  working  arrangements  between 
NASA  and  DOD. 

Mr,  Fulton  of  Pennsylvania.  All  right.  • ..... 

Mr.  Low.  They  did  not  formally,  on  a piece  of  paper,  ratify  the 
agreement. 

Mr.  Fulton  of  Pennsylvania.  When  was  that  done,  so  we  can  get 
a point  in  time  when  this  coordination  occurred  ? 
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Mi*.  Low.  In. May  of  1962. 

Mr.  Fulton  of  Pennsylvania.  This  is  the  first  we’ve  heard  of  it. 

Mr.  Low.  Is  this  correct  ? 

General  Roadman.  That’s  right. 

Mr.  Daddarzo.  I think  the  important  point  is  that  since  everything 
\ is  so  harmonious^  and  since  all  differences  have  been  reconciled  be- 
tween NASA  ana  the  other  agencies  of  Government  ; why  lias  there 
not  been  an  agreement  signed  oy  Mr.  Rubel  and  Dr.  Dryden  as  they 
promised  this  committee  a year  or  so  ago  ? ...'■.  - • 

Mr.  Low.  The  only  answer  I can  provide  to  this,  Mr.  Daddario,  is 
V that  because  there  was  complete  agreement  on  the  working  level,  be- 
cause  there  were  no  differences,  and  because  the  two  agencies  were  in- 
deed working  together  without  any  differences  of  opmion,  there  was 
no  need  for  a formal  piece  of  paper  that  said,  “You  shall  work  together 
the  way  you  have  beeri  working  together.” 

Mr.  Daddarzo.  If  everything  is  that  harmonious,  Mr.  Low,  it  would 
have  seemed  to  be  the  easiest  thing  in  the  world  to  then  come  to  an 
agreement.  - „ ^ ..  • ■ ' • 

The  fact  remains  we  have  asked  for  that  agreement  time  and  time 
again,  and  we  keep  getting  advised,  as  the  testimony  in  the  record 
shows,  that  there  are  still  some  differences  that  have  not  been  recon- 
ciled. The  nature  of  these  differences,  however,  we  have  been  unable 
to  get  to.  ■ / . - . 

I don’t  think  any  of  you  gentlemen  can  answer  that  question.  Nei- 
ther of  you  can  speak,  of  course,  for  Dr.  Dryden  or  Mr.  Rubel.  I am 
^ taking  anything  from  NASA,  the  De- 

partment of  Defense,  or  from  FAA  or  NIH,  or  any  other  agency  of 
the  Government.  What  we  are  concerned  with  is  how  these  efforts 
can  be  best  coordinated. 

General  Roadman.  Arid  to  this,  I completely  agree  with  you,  sir. 
Mr.  Daddario.  Now  the  point  is  where  should  we  direct  our  atten- 
tion, and  this  is  an  entirely  different  thing  than  to  say  everybody  is 
in  complete  harmony.  If  Congress  appropriates  enough  money  and 
people  are  engaged  m new  experiments  throughout  the  country,  they 
may  be  happy  they  are  working  together,  but  this  does  still  not  mean 
they  are  working  efficiently. 

We  have  over  $61  million  invested  in  medical  installations  such  as 
Brooks  Air  Force  Base,  and  the  Pensacola  installations.  Going  back 
to  your  previous  statement,  do  you  believe  those  facilities  are  being 
used  by  NASA  to  100  percent  of  its  capability  ? ~ 

General  Roadman.  It’s  important  that  we  think  of  the  program  re- 
quired to  support  manned  space  flight  and  to  support  specifically 
Mercury,  Gemini,  rind  AppUo.  ; ... ^ v 

Mr.  Daddarzo.  I would  not  like  to  confine  myself  to  manned  space 
flight  but  rather  talk  about  the  entire  medical  program  in  NASA,  not 
just  aerospace  medicine  but  the  bioscience  program  and  also  the 
human  factor  systems.  T 

Take  into  consideration  the  School  of  Aviation  Medicine  and  the 
Naval  School  at  Pensacola,  Wright-Patterson  Air  Force  Base,  Hollo- 
man Air  Force  Base,  the  new  laboratories  built  by  FAA  and  NIH,  are 
all  these  now  being  used  to  their  most  efficient  extent? 

: General  Roadman.  What  was  your  question  again,  sir? 
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>AdDARio.  The  question  boils  down  to  are  the  f mlitiw' which^ 
exist  in.  the  Government  being  used  in  the  most  efficient  manner^  and 
are  the  capabilities  being  used  to  100  percent  capacity  by  NASA  ? * 

General  Roadman.  X don’t  mean  to  evade  your  question  but  let  me 
answer  it  this  way.  . * . > r ■ •- 

As  it  pertains  to  my  area  of  re^onsibijity,  I am  convinced  that  we, 
NASA,  are  utilizing  the  Departmentof  Defense  laboratories  and  capa- 
bilities consistent  with  our  requirements  to  the  maximum,  V ^ 

' Now,  I would  like  to  point  out  that  there  are  many  people  who 
develop  requirement  but  who  do  not  identify  these  requirements, 
specifically,  as  applicable  to  manned  space  flight. 

My  answer  is  yes,  in  terms  of  our  requirements  in  manned  space 

flight.  ' ; -r':' i Ji-\  ' ' s V 

Now,  I’ll  give  you  my  personal  opinion  regarding  the  utilization 
of  these  facilities  in  other  areas.  I am  not  responsible  for  them  nor 
do  I have  detailed  and  specific  information.  / 

I feel  that  in  the  area  of  advanced  research,  particularly  with  refer- 
ence to  the  utilization  of  facilities,  much  of  the  program  in  the 
Department  of  Defense  more  directly  affects  advanced  research,  in  a 
bioastronautic  sense,  than  our  manned  flight  space  program. 

To  my  knowledge,  the  other  two  offices  are  making  every  effort  to 
work  closely  to  identify  programs  and  program  capabilities  within 
the  Department  of  Defense  wherein  they  can  support  these  require- 
ments. 

Whether  we  are,  in  all  areas  of  NASA,  utilizing  the  Department  of 
Defense  to  maximum  efficiency  is  a very  difficult  question  to  answer, 
Mr.  Daddario. 

Mr.  Daddabio.  Well,  don’t  you  think  it’s  important  that  an  agree- 
ment be  spelled  out  so  that  it  can  be  shown  they  are  being  used  to  the 
maximum  efficiency  ? 

General  Roadman.  I am  speaking  personally  here. 

I am  hot  so  interested  in  formal  agreements  as'  I am  in  the  technical 
people  arraying  at  judgments  in  terms  of  requirements  and  agreeing 
upon  working  closely  together  in  a technical  sense. 

I,  personally,  am  a little  disturbed  by  agreements  at  such  high 
levels,  I am  speaking  purely  personally.  They  may  be  required.  In 
some  instances  theyare. 

I am  speaking  of  the  illustration  I gave  you  as  a far  more  effective 
means  for  getting  the  jobs  done  than  all  the  high-level  agreements  in 
the  world.  I don’t  mean  to  be  critical,  but  I.  think  we  should  look  at 
what  we  are  trying  to  do.  Are  we,  as  U.S.  citizens  getting  the  maxi- 
mum efficiency  and  benefit  for  this  country.  I think  that’s  what  is 
important. 

Mr.  Fulton  of  Pennsylvania.  Doesn’t  it  strike  you  as  important 
when  two  of  us  on  this  subcommittee  have  been  trying  to  find  out  what 
coordination  and  c orrelation  there  has  been  between  NASA  and 
the  various  elements  of  the  Department  of  Defense,  We  have  been 
told  time  after  time  that  there  was  no  agreement,  and  that  they  had 
not  come  up  with  any  measure  of  agreement  so  we  could  see  that  there 
was  a proper  correlation  in  the  use  of  these  facilities  ? 

That  brings  me  to  this  question.  The  first  I have  heard  of  an 
agreement  at  any  level,  whether  policy  or  working  agreement,  was 
when,  unfortunately,  I liad  to  cross  examine  and  ask  wwho, 
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'*"'  agreement  at  a .working  level  and  it  had  occurred  in 

Surely  riobody  in  this  committee  is  sophist  enough  to  f eelwe  must 
have  a certain  typeof  agreement  at  a certain  level  or  them  isn’t  cor- 
relation.  However,  I’m  certain  that,  for  me  as  well  as  others  on  this 
committee,  it  has  raised  a ri»l  concern  in  our  minds  as  to  whether 
there ■■■  heard  of  the  agreement' 

until  you  mentioned  your  joint  report  making  the  recommendations. 
General  Roadman.  Yes,  sir.  v 

Mr.  Teague.  Aren’t  there  imdonbtedly  hundreds  of  such  agreements 
between  NASA  and  DOD  with  the  programs  ^Ou  are  carrying  ©n 

General  Roadman.  There  certainly  are,  sir. 

Mr.  Teague.  I would  think  it  is  a very  commonplace  thing  and 
I,  for  one,  am  not  excited  about  it.  I don’t  know  how  you  could  carry 
on  your  business  without  continual  agreement  between  NASA  and 
DOD. 

Mr.  Fulton  of  Pennsylvania.  I would  be  surprised  if  there  were 
hundred  of  agreements.  This  is  the  overall  agreement  involving  87 
or  89  separate  instances  where  you  must  come  up  with  a correlation 
and  some  sort  of  a joint  planning.  Isn’t  that  correct? 

General  Roadman.  Yes,  sir.  t v . 

Mr.  Teague.  Dr.  Roadman*  will  you  ask  Mr.  Webb  to  give 
list  of  as  many  agreements  as  possible  at  this  level  that  have  been 
reached  between  MASA  and  DOD,  and  we  will  put  the  information 
in  the  record.  ' 

, Mr.  Yeager,  willyou  ask  Mr.  Webb  for  that  ? ; - 

Mr.  Fulton  of  Pennsylvania.  I’d  like  to  have  it.  That  is  what  Mr. 
Daddario  and  I are  trying  to  gSt.  .t  ■ 

Mr.  Daddario.  Dr.  Boadman,  do  you  feel  that  the  number  of  people 
coming  into  this  pregram  will  in  any  way  affect  the  overall  national 
strength  by  diluting  the  effort  within  the  Department  of  Defense  or 
within  industry  to  accomplish  other  national  objectives  by  the  size, 
scope,  and  type  of  people  involved  in  the  NASA  program  ? 

General  Boadman.  I can’t  see,  myself,  how  the  numbers  of  people 
that  we  have  can  dilute  other  organizations  to  the  point  of  criticality. 
That’s  a personal  opinion,  Mr.  Daddario. 

Mr.  Daddahio.  We  must  admit  the  program  is  much  larger  than 
originally  contemplated.  There  is  no  question  about  that.  You  must 
also  admit  that  it  includes  within  it  a great  deal  more  than  was  con- 
templated in  the  first  instance.  Isn’t  that  correct ? ; 

Mr.  Low.  Other  than  was  contemplated  before  the  lunar ? 

Mr.  Daddario.  By  the  Kety  report. 

Mr.  Low.  Yes,  sir.  ; 

Mr.  Daddario.  My  observation  is  that  the  Kety  report  did  take  into 

jrogram. 


Have  we  reached  the  point  in  the  development  of  this  program 
where  we  ought  to  combine  aU  of  our  activities  in  the  life  sciences 
bioastronautie  area— however  you  want  to  call  it,  to  develop  a central 
national  capability  t : - ^ ^ ^ 

Should  we  bind  together  Houston  and  the  School  of  Aviation  Medi- 
cine and  all  of  these  other  capabilities  ancji  facilities  and  manpower 
under  one  head,  whether  it  is  NASA  or  Department  of  Defense,  so 
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that  the  requirements  to  satisfy  each  of  these  agencies 
into  these  facilities  taking  into  consideration  the  fcmciunts  of  moneys 
already  expended  and  the  number  of  personnel  who  hate  had  long-- 
time training  in  these  areas  ? ' 1 Y-  * - 

Mr.  Low.  Mr.  Daddario,  I do  not  believe  that  such  a national  facility 
could  support  our  ongoing  programs  in  the  manner  in  which  they 
need  be  supported.  ' - * 

I can  say  this  about  the  space  medical  area  and  about  any  one  of 
our  engineering  areas.  For  example,  the  Air  Force  must  develop 
heat  shields  for  its  ballistic  missiles  and  for  Dyna-Soar.  Yet,  we 


Gemini,  and  Apollo.  In  the  same  sense  we  must  also  have  our  de- 
tailed capability  to  support  the  space  medical  area,  the  life  systems 
'area.  / - '■  ■■  YY  YY'7  ; T''  \ Y.  ‘ : " 

Perhaps,  Mr.  Johnston  could  answer  better  than  I,  by  giving  you 
a typical  example  of  the  type  of  work  his  division  does  on  a aay- 
by-day  basis.  . , . 

One  example  comes  to  my  mind,  which  he  discussed  with,  me  a year 
ago,  on  the  Schirra  flight.  There  was  the  modification  of  the  heat 
exchanger  in  the  life  support  system  for  the  Mercury  spacecraft  to 
allow  better  temperature  control  than  we  had  been  able  to  achieve 
in  Glenn’s  and  Carpenter’s  flight.  This  was  a detailed  program  which 


ston  could  speak  to  that  point  for  a minute  or  two. 

Mr.  Johnston.  A comment  I would  like  to  make  briefly  is  that  we 
are  in  the  manned  space  business  and  one  part  of  this  is  bioastronau- 
tics. Thero  am  certain  support  activities,  ad  Mr.  Low  has  indi- 
cated, that  we  do  have  to  provide. 

Now-as  an  example  in  Gordon  Cooper’s  flight — Y 

Mr.  Oaddario.  You  mean  you  have  to  provide  it  even  though  it 
may  be  possible  that  this  could  be  done  for  you  somewhere  else! 

Mr.  Johnston,  The  competence  to  do  the  task  has  to  be  included 
as  a part  of  the  team,  as  it  is  in  any  other  technical  facet  of  the 
manned  space  flight  effort. 

Mr.  Daddario.  You  mean  even  though  it  may  be  a requirement 
which  somebody  else  can  do  for  you  ? 

Mr.  Johnston.  Where  we  can  have  these- types  of  things  done,  sir, 
we  do  have  them  done. 

If  I might,  I’d  like  to  give  you  a few  examples  of  the  types  of 
things  we  are  doing  for  Gordon  Cooper’s  flight. 

I think  during  your  recent  visit  there  you  saw  we  had  a Mercury 
environmental  control  test  capsule. 

In  the  past  several  months  we  have  conducted  qualifications  tests 
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components  which  will  allow  this  34-hour  fligr 
Iishment  of  the  life  of  the  C02  removal  system.  We  have  de- 
veloped the  water  transport  systems  which  are  required  to  extend 
this  flight. ; - . ' - Y>::  :—Y-.Y.. 

These  things  are  not  something  you  can  write  down  on  a piece  of 
paper  and  say,  “Give  to  Wright  Field”  and  tell  them  “On  the  14th 
of  May  have  this  at  the  cape.” 
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The  coordination  and  the  constant  exchange  between  our  project 
office,  the  people  at  the  cape,  and  the  astronauts  themselves  are  tax- 
ing to  our  divisiori. 

It’s  a monumental  task  to  meet  these  deadlines,  even  working  right 
in  Houston  with  the  Mercury  Project  Office. 

We  are  supporting  three  projects  in  this  way  and  the  thing  that 
concerns  me  m this  whole  area  is  the  fact  that  there  are  specific 
things,  among  them  suit  development  and  life  support  development, 
which  I do  not  think  in  all  honesty — and  I’ve  heen  a part  of  the  manned 
space  flight  development  for  4 years— that  wo  can  task  to  another 
agency  and  at  the  same  time  also  be  responsible  for  flying  the  programs 
and  doing  it  in  a timely  way.  I think  our  experience  in  Project 
Mercury  well  verifies  this.  I can  assure  you  that  we  are  not  trying  to 
duplicate  things  that  are  over  and  above  the  requirements  that  are 
essential  to  our  program.  Perhaps  I shouldn't  say  this,  but  I some- 
times wonder  why  We  are  on  the  defensive  for;  say,  our  space  suit 


We  have  the  charter  to'do  these  things  and  I think  that  experience 
has  shown  that  we  need  to  do  them.  I think  that  the  money  we’ve 
expended  in  fiscal  1963,  if  you  look  at  it  in  detail,  has,  by  end.  large, 
bought  things  directly  project  oriented  and  that  is  really  our  task. 
General  ItoADF/AN.  Jjib  me  add  a few  comments,  Mr.  Daddario. 

I know  that  this  committee  in  reviewing  the  record  delayed  until  I 
arrived  discussion  of  the  question  that  we  have  in  the  medical  field 
concerning  the  possible  decalcification  of  bone  in  a prolonged  weight- 
less flight. 

J Let  me  use  that  example  to  show  you  our  program  philosophy 
requirements  and  so  forth, 

■ Uur  astronauts  are  now  assigned  to  Manned  Spacecraft  Center, 
We  must  do  a considerable  number  of  biochemical  studies  on  the 
astronauts  prior  to  their  flight  to  get  what  we  call  baseline  informa- 
tion. This  will  determine,  the  calcium  factor  for  the  past  6 months. 
We  put  him  in  a space  environment  and  measure  the  calcium  after  the 


There  is  a requirement  for  doing  more  research  in  the  problem  area 
of  demineralization  of  the  bone.  This  research  is  not  necessarily 
time  phased,  in  the  sense  that  we  have  to  do  it  right  now,  We  do  have 
to  determine  a requirement  that  work  should  be  done  and  we  have 
such  a requirement,  baseci  on  proximity  or  geographical  problems 
related  to  the  astronauts.  This  problem  is  a day-to-day  assessment 
prior  to  flight.  - 

I use  this  as  an  illustration  pertinent  to  your  question  you  asked 
concerning  a central  facility. 

We  must  provide  and  must  have  a capability  to  develop  and  utilize 
the  baseline  information  on  the  astronauts  where  they  are  working 
day  to  day,  There  is,  of  course,  a considerable  amount  of  work  being 


m 


mc  cite  one.  For  example,  studies  on  demineralization  of  bone 
being  conducted  at  the  Air  Force  hosiptal  at  Wright-Patterson,  using 
ground-base  studies  of  30  days’  duration  with  controls.  / 

This  is  a legitimate  way  to  provide  information  Telative  to  demin- 
eralization. We  donqtlhtsM  up  a capability  to  conduct  such 

studies.  ■ 
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We  will  go  out  under  contract,  or  support,  or  work  with  any  one 
who  particularly  wants  to  do  this.  This  can  be  done  any  place  m the 
United  States  and  should  be  done  by  independent  investigators.  We 
can  relate  their  research  information  to  our  analyses  of  decalcification 
in  the  astronauts  as  our  responsibility  in  conducting  space  flights. 

There  is  not,  in  my  mind,  a direct  correlation  in  this  broad  program 
area.  ''  . - 

There  is  a continuum,  however,  in  the  research,  development  test,  and 
' operations.’  .J:  : 

It  is  a continuing  program.  • 

However,  you  have  to  take  another  slice  at  it  and  realize  the  conduct 
of  research  is  one  thing,  the  operational  aspect  another. 

I don’t  think  a general  amalgamation  or  research  effort  can  meet 
all  the  requirements  in  the  type  program  we  have  developed.  We 
need  a capability  in  the  Manned  Space  Craft  Center,  and  I know  you 
agree  with  this,  Mr.  Daddario. 

We  are  not  impinging,  in  this,  oh  arty  other  area  of  research  in  the 
Department  of  Defense,  NIH,  or  other  Federal  unit.  Their  activities 
are  legitimate  in  their  own  right.  ^ „ f ' * 

; Mr.  Fulton  of  Pennsylvania.  I would  say  one  reason  why  the 
NASA  witnesses  seem  to  be  on  the  defense  this  morning,  has  been  the 
answer  to  Congressman  Moeller’s  question  in  1960.  Mr.  Moeller  was 
a real  prophet  because  within  1 year  of  his  being  told,  “No,  NASA 
would  not  build  this  group  up  by  110  or  120  personnel,”  NASA  in- 
creased the  group  to  137  personnel.  In  fiscal  year  1963,  there  were 
199,  and  in  fiscal  year  1964,  there  Were  244.  Likewise,  the  budget 
went  up  from  $10  million  in  fiscal  year  1962,  to  $10.8  million  in  fiscal 
year  1963.  In  fiscal  year  1963=  the  budget  required  is  $21.8  million. 

Now  the  question  is : Have  you  changed  yourphilosophy?  I believe 
you  have,  because  you  are  doing  performance  and  operational  matters 
since  you  answered  Congressman^ Moeller’s question.  J: 

The  second  question  is  where  does  this  progression  end?  Are 
NASA’s  plans  correlated  with  the  Department  or  Defense?  I think 
that’s  a very  legitimate  question.  What  are  you  building  for  1 Hew 
many  personnel  do  you  want  iiext  year,  ana  the  year  after?  How 
much  money  will  you  want  next  year? 

What  would  happen  this  year  if  we  didn’t  give  you  an  extra  $11 
million,  and  kept  you  at  the  $10  million  dollar  figure  you  had  in  fiscal 
year  1963.  '.■■■■-■  , ^ ■ 

Mr.  Teaous.  If  NASA  plans  to  go  to  Mars  and  Venus  andother 
places,  I would  think  your  program  would  continue  to  expand. 

General  Roadman.  I would  certainly  expect  it  to  do  so. 

Mr.  Fulton  of  Pennsylvania,  HoW  above  1965  and  1966,  what  are 
you  doing  in  personnel  and  dollars  ? 

Mr.  Low.  Projections  at  this  point  in  time,  Mr.  Fulton,  for  the 
next  2 or  3 years,  are  at  approximately  the  same  level  as  our  1964 
request. 

Mr.  Fulton  of  Pennsylvania.  So,  you  are  leveling  off? 

Mr.  Low.  Yes,  and  this  is  generally  true  in  our  whole  program. 

I think  you  noted  before  there  is  a marked  increase  in  all  of  our 
projects  in  the  Apollo  spacecraft  project  I described  several  weeks 
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Mr.  Fulton  of  Pennsylvania.  It  would  seem  difficult  for  you  to 
explain  how  you  more  than  doubled  your  budget  between  fiscal  year 
1963  and  fiscal  year  1964.  ..  — 

Mr.  Low.  This  is  in  general  proportion. 

This  is,  of  course,  not  the  way  the  budget  is  arrived  at,  but  it’s  in 
general  proportion  to  the  increase  in  the  requirement  in  our  space- 
craft funding  in  the  development  of  the  Gemini  spacecraft  and  in 
ihe  development  of  the  Apollo  spacecraft.  Our  entire  pregram  is 
reaching  in  1964  a plateau  or  level  which  is  needed  to  reach  our  goal 
before  the  end  of  this  decade. 

Mr.  Teague.  Mr.  Bell? 

Mr.  Bell.  Mr.  Low 

Mr.  Daddauio.  Mr.  Bell,  could  I just  finish  up? 

Mr.  Bell.  Yes. 

Mr.  Daddario.  I recognize,  Mr.  Johnston,  the  strength  that  NASA 
needs  to  accomplish  its  program.  When  you  say  that  this  is  a com- 
petence that  they  must  have,  I think  it  does  in  some  way  affect  the 
strength  of  this  Nation.  If  other  agencies  could  satisfy  this  require- 
ment in  the  first  instance  that  you  are  developing  manpower  and 
facilities  for,  it  means  to  me  that  we  are  not  using  to  a proper  extent 
the  capability  which  exists.  If  we  do  not  use  this  capability,  then  in 
some  way  We  do  weaken  ourselves. 

Once  again,  I go  back  to  the  statement  made  by  Admiral  Haywood, 
and  on  that  Pm  going  to  close.  Referring  to  the  amendments  of  the 
Space  Act:  Admiral  Haywood  was  asked  who  should  decide  whether 
or  not  NASA  would  also  get  into  aerospace  medicine.  He  said  : 

I would  say  they  should  not  get  into  aerospace  medicine.  The  Department  of 
Defense  will  do  any  of  the  aerospace  medicine  they  need.  There  are  people  In- 
volved, and  we  have  the  people  did  the  facilities  and  documents  Involved  and  the 
work  force  at  the  present  time  in  the  Navy  and  Army.  I think  the  decision, 
between  the  Secretary  of  Defense  and  doctors,  would  be  the  Department  of 
Defense  would  do  it,  that  NASA  Would  not  get  In  it. 


I believe  what  Admiral  Haywood  said  on  that  date  was  correct. 
I am  disturbed  by  the  fact  that  NASA  keeps  building  up  these  re- 
quirements, not  because  it’s  against  their  charter  or  because  they  do 
not  have  this  responsibility,  but  because  it  is  also  within  the  Space  Act 
that  NASA  should  use  the  scientific  capabilities  of  the  other  agencies 
of  the  Government  wherever  they  may  exist.  In  my  opinion,  in  this 
area  there  has  been  a constant  conflict,  and  I think  that  it’s  adding  to 
the  expense  oftbe  entire  space  program.  , ^ * " ~ f 

Mr.  Teague.  General  Roadman,  did  I understand  you  to  say  a while 
age  that  there  were  89  problem  areas  that  NASA  and  the  I)OD  re- 
viewed together,  and  that  you  reviewed  the  facilities  to  see  which  one 
would  make  those  decisions?  ,■ 

General  Roadman.  That  is  right. 

Mr.  Teague.  May  that  be  put  in  the  record  ? 

(The  information  requested  is  as  fouows;)  f • > 

Support  of  the  following  56  tasks,  out  of  a total  of  89  tasks  agreed  upon  by 
representatives  of  DOD  and  NASA  as  being  critically  Important  to  either  Proj- 
ects Gemini,.  Apollo,  or  Dyna-Soar,  utilized  DOD  facilities  and/or  technical 
personnel:  l,Xr  >■:  S'  .1;  i -.v/ 


>.  V ' 
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Radiation : 


Flight  dosimetry. 

Flight  doee  minimization. 
Apollo  instrument  package. 
Radiation  flux  penetration. 
Emergency  procedure* 
Material  interactions, 
Biological  research. 

Depth  doee  studies, 
life  support  systems: 
Atmosphere  selection : 


T lUUflUUUW  V.B  If  W VWWflWUM 

Validation  of  Gemini  atmosphere. 
Habitable  atmoephere. 

Inatroment  development: 


■ 0* supply.  , 

Toxic  hazard : v'.'/ 

Toxicology. 

Grew  protective  equipment  : 

Personal  protective  equipment 
Waste  management ; 


Waste  storage. 

Waste  disposal. 

Food  and  water:  , 

Nutritional  requirements  for  operating  crews  during  space  flight  - 
Sustenance. 

IghtieSsnCSs  and  acceleration: 


Tolerance  to  acoustic  stress. 
Tolerance  to  continuous  noise. 
Communication  stress.  . 
Vibration:  5- 

Vibration  tolerance  (Supine). 
Biodynamic  body  response. 
Performance  under  vibration. 
Vibration  protection,  j 
K Five  degree  motion  simulator. 
Measurement  of  vibration. 
Acceleration  tolerance. 

Effects  of  pressure  breathing. 


Astronaut  acceleration  training. 

Interaction  of  task  complexity  and  performance  techniques. 
Dynamic  test  of  equipment.  \ 


Impact: 

Model  of  man  protective  sy 
Impact  tolerance, 

Impact  protection  system. 
Escape: 

Escape  system  RA  D. 
Support  and  restraint : 

R.  & P,  testing.  . 


.U  -»M-'  ■■ 
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Weightlessness  tod; disorientation : h ■ 

*•  Disorders  ln-animAls  during  orbital  flight  ••  'A*'-:  . 

Obwrvfltlon£f  astronauts  in  flight  * •"'* 

Short  exixjstire  to  aero  gravity. 

Simulated  weightlessness.  * 

Slowly  rotating  environment  (effect*  of  rotary  motion  onpaan). 

Study  of  disorientation  and  prevention. . 

Laboratory  studies  involving  combined  stresses. 

Studies  of  combined  stresses  in  actual  space  flight. 

Grew  medical  selection  and  monitoring: 
il  Gemini  selection.  ' : 

Dyna-Soar  Selection.  , » • 

Dita  assessment  s*  selected  personnel.  >.  • 

Mr.  Bell.  Dr.  Roadman,  Mr.  psdd^tio  came  prOtfy  &Idse  to  ask- 
ing my  question.  As  yourkndw,  the  Air  Force  and  the  Navy  have  a 
long  background  |n  bioastronautics  and  aircraft  medicine.  Why 
wouldn’t  it  be  possible  to  use  some  of  the  Air  Force  facilities  like  in 
Brooks  Air  Force  Base,  rather  than  have  NASA  build  its  oWn?  For 
example,  yon  night  use  Ames,  inasmuch  as  it’s  my  own  Home  state. 

Why  wouldn’t  it  be  just  as  well  to  use  some  of  the  facilities  that 
already  exist  ? v..,.  • ■ 

Mr.  Low.  Mr.  Bell,  as  we  have  pointed  oiitherebefore,  W9,in 
the  Office  of  Manned  Space  Flight,  do  not  have  program  responsibility 
for  the  effort  at  Ames,  so  I must  disqualify  myself  from  addressing 
myself  directly  to  that  point.  I believe  this  is  being  discussed  as  part 
of  the  advancedTfesearch  program  with  another  of  the  subcommittees. 

Insofar  as  the  effort  in  Houston  is  concerned,  the  Manned  Bpaoe  ' 


ing  small  laboratories  for  them  to  do  the  detailed  support  work  that 
has  to  be  tied  in  with  the  development  on  a day-to-day  basis. 

We  do  use,  in  many  instances,  the  Air  Force,  the  Ifavy;  and  the  Army 
facilities.  Specifically,  for  instance,  the  medical  examinations  of  our 
last  group  of  astronauts  were  conducted  at  Brooks  Air  Force  Base 
at  the  School  of  Aviation  Medicine.  In  fact,  whenever  one  of  our 
astronauts  has  a major  medical  problem  or  m3jor  dental  work,  we 


I don’t  think  w©  are  duplicating  any  major  facilities  in  existence  else- 


Mr.  Bell.  Bo  you  want  to  comment  on  that  ? 

General  Roadman.  Yes,  sir.  I would  like  to  put  into  the  record  the 
BOB  support  to  our  program:  One  is  a project  titled  “Specialized 


'ordinary  layman! 

Mr.  Johnston.  If  I might  answer  that  for  Br.  Roadman,  there 
are  at  Wright  Field,  unique  thermal  test  capabilities  we  do  not  have  at 
Houston.  ? j , 

Mr.  Low.  Could  you  describe  one  of  those  facilities,  Mr.  Johnston! 

Mr.  Johnston..  Yes,  they  are  small  altitude  chambers  in  which  yon 
can  put  a man  clothed  in  a space  suit  and  take  him  to  elevated  tem- 


from  Which  the  suit  is  constructed  will  behave  in  those  environments. 
As  part  of  our  Gemini  environmental  programs,  suits  were  taken  to 


1 ■ ‘V. 
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Jxt  Fidl/hand,  were  tested-  by  the  technical  people,  atW^ght 
Field  in  this  Simulator.  ,s  , ...  ..  * , £ • k.,.  4 

They  alsohave  unique  capabilities  to  test 
tilation  system.  , For  example,  to  lest  howweUtheducts  wqrk./  These 
are  inside /the  suit,  and  assist  in  cooling  and^iandlij;  themetaholic 
load  during  stressful  periods.  V 

These  are  types  of  tnmgs  we  did  with  Wright  Field.  ^ 

M ?<?,  Teague.  What  temperature  is  this  done  at,  and  why  do-you  test 
plastic?-/  Does - it  come  apart  in,  space  or  melt  or  .change,  its  char- 
acteristics in  any  way  ? . - 

Mr.  Johnston.  For  any  component  environmental  specifications 
have  been  established,  as  for  examj^  ?,‘‘fbr  the  feehtry  pdf  1 
The  space-  suit,  like  any  hfhae  .component  in  the  sd 
to  be  tested. at  elevated  temperatures!*)  insure  they  will 
erly.  In  .Merpury  we  tested  the  suns  np  tp  lf0° 
thpught  early  in  the  .prograin  that/the  reentry  heating  pulse  wpuld 
go  up  around  150.  Theoretical  data  was  more  or  less  disproved  by 
practical  measurements.  We  aerially  find  fhe cabin.goes  up  to  105° 
Fahrenheit,  but  op  have  to  have  a safety  requix  nt. 

Mr  , Teague.  What  difficiilties  are  there?  1 
Mr.  Johnston.  150°  Fahrenheit,  and  minus  180°,  I,  was /speaking 
prittia^y  qf  the  Gemini  suit  for  fhq  tests  Dr,  Boadman  'referred  to, 

■ / Mir.T$4G^  . 

GeneraL  /RoADKAN.  In  addition  to  thi%  particular  components  of 
space  suit  development  Mr.  Johnston  may  wish  to  comment  on  that, 
if  you  wish*  in  more  detail.  We  also  had  the  carbon  dioxide  collection 
and  contaminant  control  also  at  the  Naval  Research  Lab. 

Mr.  Low.  You  want  us  to  amplify  on  each  one  of  these,  Mr.  Chair- 
man? ./  . - :-/,  . •••;::■/  ,/•■  * V-  " 

Mr,  jlpBAGHB.  I wish  you  would,  Mr,  Low,  because  soraeof  the  things 
you  mentioned  don’t  mean  anything  to  the  average  layman  reacting  the 
record/l/r;' ■ V:";.'  ■"  V„- i/;  /'..../f/' ■ 
General  Roadman.  Mr.  Johns  tonwill  comment  on  these  for  the  com 

. ■ . ir--: jL-f. • "a.  ' •.  v i.;"' 


? : 


t/iVU  W requirements,  there  are  research  interests  in  many  UWK31 
areas  related  to  this  broad  area.  This  has  generated  requirements  in 
terms  of  research  work  that’s  going  on  particularly  in  the  Department 
of  Defense,  very  legitimate  research  Work,  and  we,  in.  oiir  program,  are 
interested  that  it  be  continued.  We  are  not  funding  for  that  type  of 
research  program,  but  we  certainly  are  responsibjp  for  encouraging 
such  effort,  utilizing  personnel  and  facilities  within  the  Department  of 
Defense,  in  specific  support  of  ojijr  manned  space  flight  program. 

, I’d  just  like  to  add  one  other  WPrd. 

There  are  interests  and  requirements  in  the  bioastronautics  field 
that  go  from  J tp  Z,  and  they  are  perfectly  legitimate  in  terms  of 
nebd  or.  scientific  information.  All  of  these  are  important,  but  we*  in 
NASA  manned*  space  flight  cannot  be  responsible  for  the  total  area. 
Much  of  this  work  is  being  done  in  the  Department  of  Defense. 

I think  it’s  important  that  you,  as  a committee,  have  confidence  that 


those  who  like  to  talk  about  bioastronautics  from  A to  Z and  although 
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there  are  many  legitimate  requirements,  we  are  not  undertaking  so 
broad  a program  as  that  in  manned  space  flight.  . ‘ 

Mr.  Bell.  You  are,  are  you  not,  increasing  some  facilities  in  this 
areain  your  fiscal  year  1964  budget  request  ? 

General  Roadman.  We  have  no  facility  requirements  in  the  fiscal 
; year  1964 budget, sir.  ' . . . 

Mr.  Beix.  I thought  that  you  were  building  a laboratory  of  some 
kindatAmes.  v,  ;;  ■. 

. '#  'Jfr.  l^wThat  is  not  in  the'  maimed  space  flight  Bell, 

If  there  is  siich  a laboratory.  It  would  bo  part  of  another  program. 
We  are  not  responsible  for  a laboratory  at  Ames.  I am  not  aware 
What  is  in  the  Ames  budget,  as  a matter  or  fact. 

General  Boadman.  There  is  a stated  requirement  for  an  Ames  lab- 
oratory, sir.  This,  however,  is  under  the  combined  program  interests 
of  the  Office  of  Biosciences  and  the  Office  of  Advanced  Besearch. 

Mr.  Gurney,  You  are  hot  constructing  any  facilities  at  all?  You 
sBreSiniply  using  manpower.  Is  that  right  ? 

General  Boadmait.  Our  facilities  requirements  to  support  the  crew 
Sytems  Division  and  Center  Medical  Operations  Office  was  in  the  196? 
budget, sir.  - ;■  ■ ■ 

Mr.  Bell.  How  much  did  that  amount  to  ? 

Mr.  Low.  I did  not  bring  my  facilities  book  with  me,  Mr.  Bell.  I 
believe,  to  be  correct,  it  was  in  the  fiscal  year  1962  budget  that  we  re- 
quested $60  million  for  the  initial  buildings  in  Houston.  This  in- 
cluded million  for  large  vacuum  chambers  for  spacecraft,  which 
was  not  a biomedical  requirement.  The  remaining  $34  million  were 
for  1H  or  14  buildings  and  laboratories,  1 of  which  is  for  the  Crew 
Systems  Division  at  Houston.  r 

Mr.  Bell.  You  weren’t  in  any  way,  so  far  as  you  can  recall,  dupli- 
cating anything  of  the  other  services  by  building  these  facilities  you 
spokeofl  ; 

Mr.  Low.  This  is  a general-purpose  office  building  and  laboratory. 
I am  sure  there  is  equipment  m these  laboratories  that  exist  in  hun- 
dreds of  other  places  in  the  country,  but  it  is  general-purpose-type 
equipment.  While  we  are  on  the  subject,  in  our  fiscal  year  1963 
budget,  we  did  request  funds  for  a centrifuge  at  Houston  and  this  will 
be  used  for,  among  other  uses,  biomedical  studies  in  support  of  this 
effort.  This  was  in  the  1963  budget.  : . ? 

- We  have  recently  completed  a detailed  study  of  centrifuge  re- 

Sents  in  this  country  within  the  military  services  and  within  all’ 
organizations  and  have  determined  that  all  of  these  centri- 
fuges will  be  fully  used  at  the  time  they  become  available. 

Mr.  Bell.  What  is  the  cost  of  these  centrifuges? 

Mr.  Low.  I believe  we  budgeted  $10.8  million  for  the  Houston 
centrifuge  in  1963.  ^ 4 ^ : 

Mr.  Teague.  This  testimony  on  centrifuges  is  in  last  year’s  hearings, 
including  where  they  will  be  located,  the  way  HA  SA  expects  to  use 
them,  and  how  much  they  will  cost. 

Mr.  Daddario.  Just,  so  we  might  clarify  it  further,  Mr.  Bell,  it  is 
in  the  recoil  that  there  is  ndt  just  one  centrifuge  at  Houston.  HASA 
has  maybe  four  or  five, 

Mr.  Bell.  Do  you  believe  the  duplication  aspect  was  explained 
adequately toyonr  satisfactibh?  " 


I 
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General  Roadman.  I think  it  is  important  for  the  committee  to  have 
this  in  the  record  and  I think  it’s  important  for  the  committee  to  have 
sufficient  detail  of  the  work  being  done  by  the  Department  of  Defense 
' in  support  of  our  program.  “ " 

Mr.  Daddario.  Dr.  Roadman,  when  you  said  a moment  ago  that  the 
committee  ought  to  have  confidence  since \yoit  people  are  watchingit 
very  carefully,  we  have  more  confidence  when  we  watch  it  very 
carefully.  • . :'V  ’ .V-'  T” 

Mr.  Teague.  It  is  important  for  this  committee  to  understand  what 
. . we  have  been  discussing. 

When  one  reviews  the  record  sometimes  it  is  necessary  to  study  a 
sentence  for  5 minutes  to  make  any  sense  out  of  it.  The  technical 
terms  which  are  used  don’t  . mean  anything  to  a layman  outside  the 
committee.  - ;::U  ' .■ 

Mr.  Daddario.  Mr.  Chairman,  I don’t  want  to  talk  about  centri- 
fuges any  longer,  but  to  keep  the  record  straight;  I said  four  or 
■'  ’five.  - . 

How  many  centrifuges  did  NASA  have  inf  he  budget  last  year? 

Mr.  Low.  I believe  in  last  year’s  budget  there  were  two- centrifuges 
capable  of  man  participation. 

Mr.  Daddario.  Domt  bother  going  into  what  they  are  going  to  be 
used  for  because  this  is  always  an  argument.  ^ 

Mr.  Teague.  It  isn’t  a fair  question,  unless  you  do. 

Mr.  Low.  I’d  have  to  provide  the  number  for  the  record.  There 
are  centrifuges  at  Goddard,  I know,  for  small  scientific  payloads. 
There  is  one  at  Ames  for  manned  use  and  there’s  one  at  Houston  for 
manned  use.  ■ 

(The  information  requested  is  as  follows :)  ^ 

The  following  information  concerning  centrifuge  facilities  programed  in  the 
fiscal  year  1963  CF  budget  is  submitted  for  record  t 


Facility 

Location 

Amount 

Flight  acceleration  facility  (manned)-., 

Space  flight  guidance  faculty  (manned) 

Launch  phase  simulator  (unmanned) 

Total. , ■ ... 

Manned  Spacecraft  Center,  Houston,  Tex — 

Ames  Research  Center,  Mountain  View,  Calif.. 
Goddard  Space  Flight  Center,  Greenbelt,  Md. . 

$10,630,000 
0,790,000 
3, 918, 000 

24,336,000 

Mr.  Daddario.  Aren’t  there  two  at  Ames? 

Mr.  Teague.  Let  General  Roadman  continue. 

General  Roadman?  ^ ...... 

General  Roadman.  I would  like  to  have  Mr.  Johnston  continue  and 
give  you  specific  details,  Mr.  Chairman.  ; 

Mr.  Johnston.  The  next  item  Dr.  Roadman  has  listed  “Space- 
suit  development.”  We  have  a program  with  Wright  Field  which  in- 
volves a rather  revolutionary  approach  in  space-suit  design. 

Mr.  Teague.  This  is  Air  Foree-NASA  coordination  ? v,,,,.;;'-""" 

Mr.  Johnston.  We  jointly  funded  a contract  on  an  advanced  suit. 
The  state  of  the  art  is  such  we  do  not  feel  it  will  be  available  for 
Apollo,  but  we  are  participating  with  the  Air  Force  under  a joint 
funding  arrangement. 

I can  go  into  detail,  if  you  would  like  to  know  what  the  suits  are 
all  about. 


V 
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Mr.  Johnston.  Basically?  it  involves  a material  which  will  be 
permeable  to  air.  That  is,  it  will  allow  air  to  pass  through  it  when 
you  have  equal  pressures  on  both  sides  of  the  material.  When  there, 
exists  a high  pressure  on  the  interior  of  the  suit  and  vacuum  on  the 
outside,  the  material  has  the  capability,  we  hope,  of  swelling  and. 
forming  an  impermeable  layer.  This  way  you  get  away  from  the 
need  for  elaborate  ventilation  systems  and  suit  design  is  greatly  sim- 
plified. ,.7  ■ j ; 

' Mr.  Fulton  of  Pennsylvania.  Is  this  a suit  for  men  or  women — 
these  advanced  suits  ? ■ 

Mr.  Low.  The  materials  could  be  used  for  either. 

Mr.  Daddamo.  Mr.  Johnston,  where  in  NASA  is  , there  the  same 
kind  of  capability  to  test  these  space  suits  as  the  Air  Force  has  at 
Wright-Patterson? 

Mr.  Johnston.  At  Wright  Field. 


up  “surplus”  from  the  Air  Force.  We  used  this  for  our  altitude 
simulation  and  it  is  the  prime  thing  we  use  for  suit  testing  at  alti- 
tude. We  also  have  a series  of  mockups  which  we  use  in  our  suit 
development  program  and  testing  program. 

Mr.  Low.  These  facilities,  I believe,  are  used  to  tie  particular  Mer- 
cury, Gemini,  and  Apollo  suits  in  which  mockups  or  actual  environ- 
mental control  systems  that  are  used  in  these  programs.  The  detailed 
integration  of  the  suits,  with  their  spacecraft  hardware,  takes  place 
at  Houston. 

Mr.  Johnston.  In  the  impact  tolerance  area,  we  are  trying  to  ex- 
tend the  knowledge  of  how  much  deceleration  load  a man  can  experi- 
ence. We  are  working  with  the  Air  Medical  Field  Laboratory  at 
Holloman,  with  Wright  Field,  with  the  Navy’s  Aviation  Crew  Equip- 
ment Laboratory,  and  with  the  Armed  Forces  Institute  of  Pathology 
in  this  area.  We  expended  around  $350,000  in  this  effort  last  year. 

In  atmospheric  validation,  we  worked  extensively  with  the  School 
of  Aviation  Medicine,  with  the  Aviation  Crew  Equipment  Laboratory, 
and  with  johnsville  in  this  program. 

Currently,  we  have  a program  with  the  Food  and  Container  Group 
Institute  of  the  Armed  Forces,  which  is  our  prime,  if  you  will,  asso- 
ciate contractor  in  developing  food  packaging  and  preservation 
methods.  ■ ; 

We  have  a program  at  Wright  Field  to  better  define  man5s  toler- 
ance to  vibration  when  supine-^at  is,  in  the  launch  position  on  his 
back,  as  in  the  Mercury  system.  Thereis  avoid  on  the  literature  for 
this  type  of  information.  - - 

In  addition,  we  have  programs  now  at  Brooks.  One,  in  trying  to 
have  a better  understanding  of  man’s  metabolic  processes  in  cooling 
when  working  in  a pressure  suit.  How  to  properly  cool  the  body  b}  one 
of  the  big  problems  in  suit  design.  If  you  put  too  dry  air  through 
too  low  temperature,  you  cause  him  to  oversweat.  This  can  cause 
: problems.  ^ 


Mr.  Haddario.  l7m  sorry,  * 

Mr.  Johnston.  Bight  now,  there  is  no  existing  capability  within 
NASA  to  do  this  testing.  : ^ 

Mr.  Daddario.  Aren’t  you  developing  a capability  at  Houston? 

Mr.  Johnston.  We  have  a small  altitude  chamber  which  we  picked 
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Wealso  have  a program  we  just  initiated  to  extend  our  Ipiowledge  of 
mail’s  experiences  in  pure  oxygen  atmosphere.  These  will  be  30-day 
tests.  '\"'V vr  ' vl.'-:; 

We  have  a program  with  the  School  of  Aviation  Medicine  to  better 
define  selection  criteria,  that  is,  to  arrive  at  a better  set  of  physiological 
data  which  will  assist  us  in  screening  potential  astronauts. 

Mr.  Fulton  of  Pennsylvania.  Before  you  leave  that,  why  is  pure 
oxygen  atmosphere  necessary  ? Why  don’t  you  use  some  other  mix- 


Mr.  Johnston.  There  are  several  considerations.  I think  the  chief 
one  is  we  have  run  an  extensive  program  and  have  not  found  any 
significant  physiological  reason  why  we  cannot  go  to  it.  Now,  there 
are  many  operational  considerations  in  selecting  the  atmosphere.  The 
prime  one  is  that  the  cabin  atmosphere,  that  is  the  normal  habitable 
area  of  the  cabin,  must  be  compatible  with  pressure  suit  operations. 

If  you  run  the  cabin  to  some  elevated  pressure  and  if  decompres- 
sion occurs,  then  the  astronaut  will  be  sustained  within  his  pressure 
suit.  By  necessity  this  has  to  be  at  low  pressure  so  the  man  is 
capable  of  degrees  of  movement  while  pressurized.  This  is  one  prime 
consideration.  j: 

In  addition,  the  complexity  of  the  system  is  greatly  reduced  by 
having  to  control  a single  gas  as  opposed  to  trying  to  control  the 
partial  pressures  of  two  separate  gases.  This  means  you  can  cut 
down  the  number  of  components  in  your  system.  You  can  also  cut 
down  and  increase  the  reliability  of  the  system. 

These  are,  I would  say,  the  prime  reasons  we  have  gone  to  pure 
oxygen.  / 

Mr.  Roudebush.  Would  the  gentleman  yield,  please  ? 

Mr.  Fulton  of  Pennsylvania.  Yes.  ’ 3 

Mr.  Roudebush.  What  about  anemia  associated  with  the  breathing 
of  pure  oxygen  ? I have  read  several  articles  where  a great  deal  of 
fear  is  expressed  as  to  the  danger  of  breathing  pure  oxygen  over  a 
long  period  might  produce— — 

Mr.  Johnston.  We  had  a contract  with  Republic  Aviation  as  part 
of  our  validation  of  the  atmosphere.  In  the  course  of  these  tests 
there  was  one  subject  who  had  a marked  decrease  in  blood  hemoglobin. 
This  individual  was  found,  after  the  test  was  over,  and  Dr.  Roadman 
or  t)r,  Knauf  can  give  you  the  medical  term  for  the  condition,  to 
exhibit  a particular  type  of  anemia  characteristic  of  people  in  the 
Mediterranean  area.  There  were  findings  of  a minor  nature  in  two 
or  t hree  other  subjects,  but  they  were  not  significant.  ; • 

Mr.  Low.  Is  the  point,  Mr.  Johnston,  that  the  man  who  had  anemia 
after,  did,  indeed,  have  anemia  before?  ; 

Mr.  Roudebush.  I can’t'  imagine  why  a person  or  individual  of  this 
type  would  be  subjected  to  tests. 

Mr.  Low.  I think,  Mr.  Roudebush,  a mistake  had  been  made  in  this 
one  test.  The  man  should  not  have  been  subjected  to  it.  He  was 


Mr.  Roudebush.  My  point  is  that  if  susceptibility  exists  for  anemia, 
it  could  be  aggravated  by  the  breathing  of  pure  oxygen.  : 

That  is  the  explanation  I have  read  m the  articles  bn  the  subject; 
however,  I am  not  a practicing  doctor,  I can  assure  you. 

Mr.  Low.  General  Roadman  would  like  to  comment  on 
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General  Roadman.  This  is  one  of  the  areas  receiving  widespread  at- 
tention and  rightly  so,  sir. 

I would  like  to  state  that  in  view  of  our  program  and  planning,  it 
is  necessary  to  arrive  at  decisions  as  early  as  possible  in  the  design 
phase  of  the  development  of  a spacecraft.  This  is  typical  of  one.  At 
the  present  time,  considering  all  aspects  as  it  relates  to  weight,  volume, 
reliability,  complexity  and  requirements,  the  current  decision  is  to 
go  with  the  100  percent  oxygen  for  Apollo, 

I would  like  to  state  to  this  group  that  our  decision  on  this  was  not 
just  a NASA  judgment.  It  is  a judgment  we  have  had  a number  of  ex- 
perts look  at  and  look  at  in  terms  of  the  total  problem — which  some 
other  experts  have  not.  The  result  was  the  decision  to  go  to  the  100 
percent  oxygen. 

V"  This  does  not  mean  we  are  not  interested  in  and  will  not  continue 
research  to  get  statistics  on  the  judgment  of  other  experts.  # 

Mr.  Koudebush.  General  itoadman,  let’s  be  perfectly  candid. 
There  is  a possibility  that  individuals,  due  to  their  biological  makeup, 
could  develop  anemia  by  breathing  oxygen  for  long  periods  of  time. 
That  possibility  do^  exist,  doesn’t  it? 

General  Roadman.  That  possibility  does  exist.  As  a matter  of  fact, 
1 didn’t  have  too  much  information  to  speak  on.  We  are  very  inter- 
ested, yes,  sir.  >• 

Mr.  Fulton  of  Pennsylvania.  I fake  it  from  this  that  cigarettes 
and  cigars  are  out  for  the  Apollo  trip.  If  somebody  decides  to  light 

Up'  '-v . 'I  ■ . \V  . 

General  Roadman.  They  may  take  them  along,  but  not  smoke  them. 
Mr.  Roudebush.  That  k ail  I have. 

Mr.  Waggonner.  I don’t  know  who  would  care  to  answer  this  par- 
ticular question,  but  it  concerns  the  space  posture  hearing  held  on 
Monday,  February  25, 1963.  Mr.  Webb  made  the  statement  that: 

With  respect  to  the  manned  space  flight  activity,  the  budget  level  is  set  at 
the  lowest  level  which  would  permit  us  to  maintain  target  dates  that  give  us  a 
margin  and  still  permit  us  to  assure  the  President,  and  we  hope,  to  assure  the 
Congress,  that  we  will  do  the  manned  lunar  exploration  within  this  decade, 
barring  some  situation,  such  as  the  fact  that  zero  gravity  will  not  permit  men 
to  live  and  work  in  space  for  the  time  required. 

- Now,  I don’t  know  how  he  intended  that.  Do  you  have  any  idea 
what  Mr.  Webb  meant  by  “barring  some  situation”? 

Mr.  Low.  Mr.  Waggonner,  many  of  the  things  our  astronauts  will 
. encounter  on  the  way  to  the  Moon  we  can  and  do  simulate  on  the 
ground.  One  of  the  things  we  cannot  simulate,  on  the  ground  or  in 
airplane  flight  for  more  than  45  seconds,  is  the  effect  of  weightless- 
ness on  a human  being.  In  Mercury  we  have  gone  up  to  9 hours  of 
weightlessness  with  no  deleterious  effects  on  the  man.  A week  from 
today,  if  all  goes  well,  Astronaut  Cooper  will  start  a flight  of  34 
hours  to  get  more  physiological  data  on  the  effect  of  weightlessness. 
We  know  the  Soviets  to  date  have  flown  up  to  4 days  in  the  weightless 
environment,  without  having  reported  to  us  any  bad  effect  on  the 
- human  physical  functioning  due  to  weightlessness.  / 

The  lunar  mission  itself  will-  take  approximately  7 days.  As  of 
now  we  have  no  data  ait  hand  to  indicate  that  there  will  not  be 
any  harmful  effects  of  weightlessness  for  these  longer  missions, 

- Mr.  Waggonner,  On  the  same  tone,  do  we  have  any  information 
that  leads  us  to  believe  there  will  be  ? 
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Mr.  Low.  No,  that  was  the  point  I was  going  to  make.  All  our 
indications  are  to  the  effect  there  will  not  be  any  such  effects.  The 
first  time  we  can  get  data  for  our  long  missions  will  be  in  the  Gemini 
program  in  1964.  We  then  will  know  with  certainty  whether  there 
are  any  effects  or  not.  We  don’t  anticipate  any,  but  we  don’t  really 
know  yet,  for  sure. 

Mr.  Waggonner.  Do  I understand  you  correctly  then,  that  you  do 


Mr.  Low.  That’s  right.  - " 

Mr.  Waggonner.  And  not  anticipating  any  difficulty,  I am  led  to 
believe  that  nothing  in  our  aerospace  medicine  research  has  given 
us  any  indication  that  man  will  have  trouble  with  weightlessness  or 
any  other  physical  problem  such  as  the  report,  which  I know  must 
he  fragmentary,  that  the  Russians  issued  indicating  that  there  was  a 
calcium  bone  defect  after  the  flight  of  their  last  two  astronauts. 

Mr.  Low.  General  Roadman? 

General  Roadman.  May  I comment  on  that,  sir? 

We  do  not  have  the  detailed  information.  However,  some  sources 
allege  that  statements  were  made  that  there  was  a higher  than  normal 
calcium  excretion  in  the  urine.  That’s  considerably  different  than 


After  Schirra’s  flight  we  reported  a blood  pressure  differential 
beyond  the  baseline  information  obtained  before  the  flight.  These 
considerations  are  being  investigated  in  detail.  Conclusions  can  only 
be  reached  as  a result  of  examinations  and  a careful  observation  of 
the  astronaut  in  flight. 

We  are  certainly  looking  at  factors.  They  are  of  mainstream  con- 
sideration in  space  medicine,  but  there  have  been  no  reported  findings 
that  would  t9na  to  cause  us  to  say  we  couldn’t  go. 

There  are  those  prophets  of  doom  who  would  raise  questions,  per- 


We  may  not  know  today,  but  we  are  gaming  information  as  we  put 
more  men  in  space.  We  have  considered,  as  Mr.  Low  has  stated,  time 
periods  in  xero  gravity  which  are  greatertlian  will  be  found  in  the 
man  mission  profile  in  Apollo.  Again,  I think  there  must  be  a step- 
by-step  development,  an  orderly  sequence  of  progression  toward  the 
manned  spice  flight  goal  to  which  we  are  committed. 

Mr.  Waggonner.  The  point  I was  trying  to  make  by  reading  this 
statement  was  that  we  have  had  some  criticism  of  some  of  tiie  state- 
ments which  have  been  made  recently  and  they  were  passed  off  as, 
‘Well,  that  was  a slip,”  or  “It  was  an  error.” 

I want  to  determine  whether  this  was  a slip  or  whether  there  was 
some  basic  fact  that  was  being  withheld.  Your  answer,  as  I under- 
stand it,  indicates  that  nothing  is  being  withheld,  and  that  you  have 
every  reason  to  believe  that  man  can  survive  for  extended  periods  in 
space,  and  that  NASA  is  proceeding  on  this  basis.  ^ 

.V:  Mr.  Low.  Yes,  sir.  . “ . ■ 

Mr.  Daddario  (presiding) . Mr.  Gurney ? 

Mr.  Gurnet.  In  view  of  this  extended  discussion  we  had  about  the 
importance  of  the  in-flight  experiments,  I am  curious  about  the  $3,- 
125,000  you  asked  for  this  comingyear  for  in-flight  experiments.  Last 
year  it  was  a quarter  of  a million. 
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that’s  an  increase  of  over  12  times  last  year’s  figure.  Now,  as  I 
understand  it.  you  had  three  in-flight  experiments  last { year.  This 
year  there  will  be  two  flights;  one  next  woek,  and  the  first  Gemini 
flight  at  the  end  of  the  year,  '>  • . _ '\v  ' ’.V- 

What  is  the  explanation  for  as  great  an  increase  in  this  amount 
when,  actually,  you  are  haying  fewer  in-flight  experiments? 

: Mr.  Low.  The  general  explanation,  Mr.  Gurney,  was  that  in  fiscal 
years  1902  and  1963,  the  funds  requested  were  for  the  completion  of 
the  Mercury  program.  " / 

Most  of  the  biomedical  sensors  and  the  carbon  dioxide  sensors  to  be 
used  in  our  on-going  Mercury  program,  and  some  others,  were  de- 
veloped in  fiscal  years  1960  ana  1961.  The  increase  in  1964  is  for 
additional  effort  toward  projects  Gemini  and  Apollo.  These  will  not 
be  needed  until  fiscal  1964  funding  becomes  available.  K ^ * 

Mr.  Gurnet.  I still  don’t  understand  why  there  is  the  increase? 
Put  it  this  way,  is  your  description,  “biomedical  experimentation" 
an  accurate  one  ? Are  you  talking  about  in-flight  experiments  ? It  is 
difficult  for  me  to  understand  an  increase  of  12  times  the  money  if  you 
are  doing  less  flights.  It  doesn’t  make  sense;  v. ;; 

Mr.  Low.  General  Roadman  ? 

General  RoadMan.  Mr.  Gurney,  there  has  been  criticism  of  some  of 
our  measurements — what  we  are  measuring  and  how  we  measure  it. 


now  there  will  be  looked  upon  as  rather  crude.  Among' them,  devices- 
to  measure  blood  pressure  and  temperature  and  so  forth.  It’s  ap- 
parent to  us,  if  we  are  looking  for  the  effects  of  prolonged  space  flight 
on  man,  we  should  be  looking  at,  very  critically,  specific  systems,  for 
example  the  circulatory  system  or  the  nervous  system.  We  are  in- 
terested in  the  performance  and  in  the  survival  of  man  in  space.  In 
this  context  we  consider  it  a requirement  to  improve  and  extend  the 
techniques  of  measurement  on  man.  In-flight  experiments  fall  in  the 
category  of  extending  and  refining  physiological  and  performance 
measurements  of  man  and  his  life  support  equipment  for  the  future. 

A specific  example,  is  the  development  of  the  means  to  measure  ade- 
quately brain  wave  activity  of  man  while  in  the  space  environment. 
Mr,  Gurnet.  Now—---  *•*  ^ 

General  Roadman.  We  have  to  develop  a capability.  There  is  a dif- 
ference measuring  brain  waves  in  a doctor’s  office  ana  measuring  brain 
waves  in  a spacecraft.  It’s  in  this  area  tht  we  are  very  interested  in 
expanding  our  medical  knowledge  of  man  in  space  through  various 
types  of  experiments.  We  need  more  information  as  to  what  we 
should  measure  and  how  we  should  measure.  - 

This  is  what  we  are  trying  to  do. 

Mr.  Gurney.  Granted,  that’s  true.*  I still  ask  you  the  question  that 
you  haven’t  answered  as  yet.  When  you  speak  of  ^biomedical  ex- 
perimentation” do  you  mean  in-flight  experiments  ? 

Are  you  talking  about  money  that  is  being  directed  for  the  flights 
that  are  going  to  be  held  1 week  from  now  and  one  at  the  end  of  the 
year?  ! - . v V • 

Mr.  Low.  No,  sir  ; we  are  talking  specifically  about  equipment  that 
must  be  developed  for  in-flight  experiments,  equipment  to  be  developed 
on  the  ground  during  this  fiscal  yc^ir  for  in-flight  experiments  for 
future  years  in  Gemini  and  the  Appollo. 
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Mr.  Gubney.  That’s  <what  I was  trying  to  get  out.  I don’t  think 
the  explanation  in  your  budget  proposal,  particularly  RDQ  -3-8,  is  ac- 
curate. If1  you  read  what  you  plan  to  dp  here,  it  talks  about  your 
experimentation  and  obtaining  Knowledge  from  orbital  flights,  and 
directs  the  whole  point  of  the  matter  toward  the  weightlessness  prob- 
lem, and  that  sort  of  thing  which  you  can  only  obtain  from  the  actual 


think  you  can  expand  upon  this  explanation  for  the  record  and 
mention  what  you  are  actually  going  to  spend  this  money  on.  It 
doesn’t  make  much,  sense  if  you  direct  it  to  in-flight  experiments  and 
have  fewer  flights  this  year  than  you  did  in  the  past 
Mr.  Low.  May  I say  we  will  provide  for  the  record  a better  and 
•more  expanded  explanation.  ; -"..V  • ••*."••  1^1  7 

(The  information  referred  to  is  as  follows;) 

Iw-FUQHT  BlOEN  GUI  EERW Q Test  AlfD  EVALUATION  (FORMERLY  BIOMEDICAL  IN- 

, Flight  Experiments) 

This  area  includes  the  design  and  development  of  devices,  carried  as  ancillary 
spacecraft  equipment,  to  conduct  in-flight  experiments  required  to  obtain  infor- 
mation on  the  physiological  effects  of  space  Right,  as  well  as  in-flight  perform- 
ance, data  on  advanced  life  support  Systems  and/or  components.  Space  flight 
produces  an  environment  which  in  many  respects  cannot  be  duplicated  on  earth, 
quch  as  extended  weightlessness.  ^ ^ ; : ; = * 

In  fiscal  year  1964,  new  tasks  are  JO  be  initiated  to  obtain  current  informa- 
tion on  the  biomedical  aspects  of  Weightlessness  and  to  test  crucial  hypotheses 
regarding  weightlessness  effects  in  the  Gemini  flight  program. ' Improved  life 
support  components  designed  to  give  increased  performance  and  flexibility  will 
also  be  tested  in  Gemini  flights..  Design  and  development  of  equipment  to  be 
used  for  in-flight  VxperlmentS  during  fntnre  Gemini  flights  must  be  undertaken 
with  sufficient  lead  time  to  insure  their  availability  simultaneous  with  the  Spacer 
craft;  The  longer  mission  times  for  Geinini  will  provide  the  environments  re- 
quired to  conduct  many  more:  in-flight  experiments  than  was  the  case  for 
Mercury.  Since  Gemini  will  be  a two-man  vehicle,  more  complex  experiments 
will  be  possible.:  ; ..  ■' yt^X' 

Mr.  Daddario.  Mr.  Roudebush  ? ’■ 

Mr.  Roudebush.  Dr,  Roadman,  I ask  this  question  somewhat  in 
a humorpus  vein,  but  I noticed  an  article  that  appeared  in  one  of  the 
publications  very  recently  about  an  item  of  a $247  Buck  Rogers  chair 
m NASA  headquarters.  I wonder  if  it  was  under  your  direction  or 
your  prescription  that  these  chairs  were  purchased  for  NASA  execu- 


, General  Roadman.  I must  disclaim  all  responsibility,  sir.  * . ' 
Mr.  Roudebush.  And  all  knowledge  of  those  chairs?  ^ 

General  Roadman.  I am  not  sure  I know  which  chairs  you  are  re- 
ferring to.  I don’t  have  one*  - 

Mr.  Roudebush.  My  investigation  is  complete  at  this  point  in  the 
record  ; but  I might  say  I have  directed  inquiries  as  to  why  NASA 
executives  need  these  type  of  chairs.  It  has  been  reported  in  a num- 
ber of  publications  that  a large  amount  of  these  chairs  that  cost  $247 
each  has  been  purchased  to  improve  the  posture  of  our  NASA  execu- 
tives. I was  just  curious  whether  this  came  under  the  realm  of  aero- 
space medicine.  ""  ; 

General  Roadman.  I was  not  consulted. 

Mr  Daodario,  Mr.  Roadman,  getting  back  to  this  activity  in  telem- 
etry, is  this  coordinated  with  other  agencies  of  the  Government  also 
experimenting  in  this  field? 
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4 H Mr.  Low.  I will  referto  Mr.  Johnstonforthespecifics  of  the  work. 

Mr,  Johnston,  Coordinated  in  what  way,  sir? 

Mr.  Daddabio.  Well,  for  example.  General  Roadman  has  said  in~ 

flight  testing  of 

Mr. Low.  Brainwave. 

Mr.  Daodario.  Cardiographs,  for  example.  The  Air  Force  is  doing 
work  on  this  at  Brooks  and  other  places.  That  is  what  I m«in  “coordi- 
nating” with  other  people  operating  in  the  same  field  which  you  are 
-operatingm 

Mr.  Johnston.  Yes,  sir.  We  have  a program  in  brain  waves  at 
Brooks.  The  program  been  funded  and  the  contract  hasn’t 

heen  let,  but  it  willbe  in  this  fiscal  year. 

Mr.  Low.  The  work  then,  Mr.  Johnston,  will  be  done  by  a.  DOD 
agency  for  NASA. 

Mr.  Johnston.  They  are  obtaining  for  us  basic  control  data  on  a 
large  groupbf  healthy  individuals. 

Ithmk  that  so  far  as  our  bio-instrumehtation  and  telemetry  devel- 
* opnient^cciaicefned,tWsiscoordinated,  ; -t/: 

There  is  an  exchange  with  Wright  Field,  with  NIH,  and  with  var- 
i.  ious  university  groups.  Inf  act,  a large  percentage  of  our  effort  in 

ihisarea  Is  conducted  throught university  and  industry  ^triwts,  t 

Mr.  Low.  I might  add,  this  is  one  area  where  some  of  the  develop- 
ments of  the  Mercury  program  are  now  being  used  in  other  Govern- 
ment agencies  and  in  hospitals.  I refer  particularly  to  the  way  of 
fastening  electrodes  to  the  skin  for  electrocardi^rams.  We  found 
early  in  Mercury  that  the  ways  then  available  caused  skin  irritation. 
Because  there  was  a need  for  an  immediate  solution  to  this  prdblein, 
our  medical  people  came  up  with  a different  kind  of  paste  or  a'  dif- 
ferent way  of  mounting  the  electrodes  which,  I think,  is  now  in  general 
■ ■'  usage.  !:v : 'Vw? 

Mr.  Fuiton  of  Pennsylvania.  The  answer  has  been  given  earlier  as 
to  the  various  reasons  why  the  United  States  should  proceed  with  the 
Moon  program.  Several  of  the  witnesses  today  nave  each -given 
individual  reasons  for  the  necessity  for  the  U.S.  Moon  program. 
These  men  were  Mr.  George  M.  Low,  Deputy  Director  of  Programs, 
Office  of  Manned  Space  Flight;  Gen.  Charles  H.  Boadman,  Director 
of  Space  Medicine,  Office  of  Manned  Space  Flight ; and  Dr.  George  M. 
Khauf,  Deputy  Director  of  Space  Medicine,  Office  of  Manned  Space 
Flight.  I would  like  to,  with  the  chairman’s  permission,  ask'  this 
team  to  put  in  the  record  at  this  point  10  good  reasons  why  the  United 
States  should  proceed  on  the  moon  flight.  /,  ■ 

You  are  the  men  actively  in  the  program  and  carrying  it  forward. 

I would  like  you  practical  people  to  give  us  10  good  reasons  wire  the 
* United  States  should  continue  with  the  Manned  Space  Flight 

program.  0 , . V;'.\ 

Mr.  Low.  We’d  be  happy  to  provide  such  a statement, 

(The  in  formation  requested  is  as  follows :) 

Mach  has  been  written  on  this  subject  in  the  past,  and  it  is  difficult  to  express 
concisely  all  of  the  reasons  for  undertaking  the  manned  lunar  landing  program. 
Our  thoughts  were  recently  expressed  rather  precisely  In  a speech  made  by  Mr. 

; l>.  Bralnerd  fltdlmes.  Mr.  Hplines  said : : 

“We  believe  that  the  United  States  should  be  first  in  space  lust  as  It  is  first 
In  moat  other  things  that  matter. 

“We  believe  that  the  United  States  can  be  first  in  space,  if  we  persevere  in  our 
present  efforts. 


•:  i *' 
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“We  believe  that  economic  benefits  will  flow  to  those  who  are  among  the  first 
to  exploit  this  technology,  and  that  the  endeavors  to  master  it  will  .provide  a 
stimulus  to  national  growth. 

“We  believe  that  there  is  not  a status, quo  for  peoples  of  the  world — that  they 
grow  or  they  shrink ; and  that  the  management  skills  we  require  will  enable  the 
United  States  to  undertake  even  more  challenging  tasks  in  the  future,  - 
“We  believe  that  this  knowledge  can  be  used  for  good  or  ill,  and  that  only  U.S. 
preeminence  can  give  assurance  against  its  misuse  in  the  furtherance  of  a 
system  we  abhor,  - 

“We  believe  that  sharing  the  adventure  of  exploring  space  can  provide  Inspi- 
ration and  a sense  of  national  unity  not  normally  experienced  in  time  of  peace; 
and  that  the  achievement  of  our  goals  is  essential  not  only  to  these  national  pur- 
poses, but  to  world  leadership  and  prestige, 

“We  believe  that  we  cah  be  first  on  the  Moon,  although  this  we  cannot 
guarantee.  ■■■' 

“Finally,  there  is  one  thing  we  know.  If  we  do  not  make  these  efforts;  we  will 
not  he  first  on  the  Moon,  we  will  not  he  first  in  space  and,  one  day  soon,  we  will 
not  be  first  on  Earth.  . 

“With  the  support  of  the  American  people,  and  with  the  help  of  God,  we  will 
not  be  second  ."  < . ' 

All  of  us  involved  In  NA8A*s  manned' space  flight  program  fully  subscribe  to 
these  thoughts.  ■ V ' ':v. 


Mr.  Patton.  Mr.  Chairman,  I noticed  an  interesting  editorial  in 
this  morning^  Washington  Post.  : - ; 1 .-«*■  ~ 

Mr.  Low.  Yes.  ■ 

Mr.  Patten.  We  may  not  give  you  specialists  or  scientists  as  much 
credit  as  Mr.  Fulton  just  suggested  as  to  whether  we  might  go  to  the 
Moon.  Maybe  there  are  menln  Congress  who  may  have  a better  idea 
of  whether  we  should  go  to  the  Moon  or  not.  You  are  in  the  science 
field,  but  we  are  back  with  the  people  and  there  Is  a big  difference. 
You  may  not  be  able  to  judge  what  the  public  wants.  The  Washington 
Post  brings  it  out  in  a wonderful  editorial  this  morning.  You  ought 
toread  it.  ^ v-  ' \ 

- Mr,  low,  yes,  I saw  that,  ;H%aveiy^g^ 

Mr.  Gurney,  Mr.  Chairman,  that  is  a good  question  and  certainly 
the  answer  to  it  is  useful  not  only  for  us,'but  to  orient  this  national 


puyjgrfun.  . ■ 

I wonder  if  it  could  be  amplified  to  give  the  reason  why  it  is  more 
important  to  spend  the  larger  amount  of  money  on  the  lunar  landing 
program  than  we  are  spending,  for  example,  developing  an  effective 
space  platform.  Could  we  have  that  also  f 

(The  information  requested  is  as  follows :)  •: 

The  President  established  manned  lunar  landing  find  return  as  a national  goal 
within  this  decade  in  May  1961.  The  Congress  endorsed  the  President's  recom- 
mendation. The  skills  and  operational  techniques  developed  in  Project  Apollo 
will  have  multiple  uses  in  space,  including  manned  space  stations.  NASA  is 
currently  conducting  studies  to  determine  the  feasibility  of  a manned  space 
station.  ■ -v,  - 


Mr.  Fulton  of  Pennsylvania.  I’d  be  glad  if  you  would  fetM  that  on, 
because  I,  too,  have  wondered  why  NASA  does  not  have  a space  plat- 
form in  its  current  budget. 

Mr,  Patton.  Are  you  familiar  with  the  Harvard  University  in- 
miiry  which  is  being  mailed  out  asking  the  questions  that  Mr, 
Fulton——  H 

Mr.  Fulton  of  Pennsylvania.  Repeat  tha  t again  ? < 

Mr.  Patten,  Harvard  University  has  sent  out  a questionnaire  rais- 
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Mr.  Low.  No,  I’m  not  familiar  with  that. 

Mr.  Pat*en.  That  might  be  the  answer  to  the  Question  Mr.  Fulton 


Mr*  Fuiton  of  Pennsylvania.  Having  gone  to  Harvard  myself,  I 
don’t  think  we  need  that  adjunct  of  the  Democratic  Party  answered. 

Mr.  Patten.  You  know,  we  think' we  have  as  many  Princeton  men 
in  government  as  Harvard.  \ ^ 

Mr.GuBNEr.  As  a matter  of  fact  there  are  more.  ^ 

Mr.  Roudebush.  I think  it  is  time  for  us  to  adjourn. 

Mr.  Daddario.  General  Roadman,  the  Bioscience  Advisory  Com- 
mittee which  I referred  to  earlier  and which  shelled  out  the  life 
sciences  needs  for  NASA  in  the  first  instances  is  no  longer  in  existence. 
What  has  replaced  it  as  of  the  moment? 

General  Roadman.  Which  committee  are  you  referring  to,  Mr.  Dad- 
dario? . < / 

Mr.  Daddario.  Bioscience  Advisory  Committee  which  was  appointed 
by  the  NASA  Administrator  in  1959. 

General  Roadman.  The  Kety  Committee. 

Mr.  Daddario.  That  is  the  official  name  of  the  Committee  which 
came  to  be  known  as  the  Kety  Committee. : 
b General  Roadman.  Yes,  sir. 

I understand  that  its  purpose  was  to  provide  recommendations 
to  the  Administrator  of  NASA  pertaining  to  the  administration  of 
life  sciences  activity. 

That  committee  made  its  report,  with  which  you  are  familiar,  and 
Was  then  abolished,  after  having  completed  its  mission. 

No  committee,  to  my  knowledge,  has  supplanted  it,  sir.  / 

; Mr.  Daddario.  Wasn’t  there  a Space  Science  Board  which  was 
established  sometime  after  that? 

Mr.  Low.  The  Space  Science  Board,  Mr.  Daddario,  is  an  element 
of  the  National  Academy  of  Sciences.  I believe.  It  is  a body  that  is 
still  in  being  and  it  does  advise  NASA  in  all  areas  on  a continuing 
basis,  including  the  biomedical  area. 

Mr.  Daddario.  As  of  the  moment,  NASA  has  no  committee  of  its 
own?  ■ V ••  , 

General  Roadmant.  To  my  knowledge  it  does  not,  sir* 

Mr.  Daddario.  Any  further  questions,  gentlemen?  Yes,  Mr. 
Yeager?  ,,  \ : : 

Mr.  Yeager.  General  Roadman,  last  fall,  I believe  it  was,  there  was 
a meeting  of  the  International  Academy  of  Astronautics  which  dealt  in 
astroscience  and  biospace  areas.  I think  several  NASA  people  at- 
tended it  and  also  a Humber  of  Russian  doctors.  Did  you  ^rn*  any- 
thing from  that  meeting  about  what- Soviets  may  be  doing? 

Was  there  any  interchange  of  information1  on  the  results  of  the 
flights  of  the  Russian  cosmonauts  ? : , 

General  Roadmak.  I think  any  information  that  weget  even  though 
scanty,  is  important  information.  We  do,  in  fact,  get  some  informa- 
tion through  our  personal  contacts  with  people  interested  and  capable 
in  our  program.  v’v  ::T- v "W-,  ■■  * ; 

We  do  not  get  all  the  information  that  we  would  like,  as  you  well! 
know.  ' 1 

Mr.  Yeager.  You  do  feel  that  you  get  some  of  it?  v 
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mafcions  they  want  to  give  us.  •*. 

Mr!  Gurnet.  hHow  much  do  we  give  tnem  m return  ? 


‘Otir- entire  program,  as  it  is being  conducted-today,  is  in 
the  open,  with  published  reports  contairiingall  the  results  of  our  flights 
to  date.  ; v-..  ^.v/'  :V' 

Mr.  Daddario.,  General  Roadman,  could  ybu  provide^  f or  the  recoreL 
the  number  of people  you  have'hired  outof  the  241  you  are  ^ing  for  f 
We  would  Rl^e  td  nave  a breakdown  as  to^here  you'  stand  so  iar  as 
personnel  are  .concerned  ? , " •'  * ""L  V'.  , : .,V 

General Roadman.  We  will  supply  that  if  dr  the  recodd. , * 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman, 

■ Mr.  Daddario.  Yes.  -*v- 

Mr.  Fulton  of  Pennsylvania. ' Oh  R1>0 12-1  there  is  the  figure  398 
personnel  for  bioscience,  and  on  page  RDO  IT-1  there  is  the  fi^re.388 
iot  human  factor  systems  for  the  fiscal  year  1964..  Would  you  kindly 
correlate  the  three  figures,  the  one  Mr.  Daddario  said  and  also  the 
t wo  that  I’Ve  mentioned  and.,  break  them  down  and  show  their 
necessity?.  t ■■  . : ' „C; 

Mr,  Daddario.  Can  you  analyze  that,  Mr.  Low  ? - x " 

Mr.  Low.  Mr.  Fulton,  the  latter  two  figures  are  hot  the  responsi- 
bility of  the  OflSceof  Manned  Space  Flight. 

We  would  be  liappy  to  get  the  other  offices  to  provide  information 
though. 

(The  information  requested  is  as  follows :) 

Out  of  a total  of  1,022  personnel  required  by  the  end  of  fiscal  year  1964  in 
support  of  the  above  life  science  programs,  302  personnel  will  be  serving  in  a 
support  capacity.  The  remaining  660  direct  personnel  will  be  directly  occupied 
In  the  various  research  and  development  projects  under  these  three  programs. 
A correlation  of  the  660  direct,  personnel  and  the  necessity  for  these  spaces, 


1.  Aerospace  medicine.— The  149  direct  personnel  in  this  program  will  fen* 
erally  be  occupied  in  developing  and  monitoring  biomedical  knowledge  and  equip- 
ment for  accomplishing  successful  manned  space  flights,  and  for  developing 
aerospace  medicine  and  technology  for  approved  manned  missions.  In.  addi- 
tion,  these  Personnel  wiU  monitor  development  contracts,  under  the  cognizance 
of  the  Ofltao.  of  Manned  Space,  Slight,  and  develop  life  support  and  protection 
systems.  The  increases  requested  In  fiscal  year  ,1964  are  required  to  resolve 
ne#  problems  specifically  associated  with  the  Gemini  and  Apollo  manned 
space  flights.  Essentially,  these  problems  include:  (1)  Increased  radiation 
associated  with  long-range  flights;  (2)  more  extensive  periods  of  weightless- 
ness; (3)  greater  vibration  and  acceleration  tolerances ; and  (4)  long-term 
Isolation  and  confinement.  Finally,  other  increases  will  be  required:  (1)  To 
provide  & timely  analysis  of  final  Mercury  and  1-day  mission  data  and  to  adapt 
to  early  follow-on  needs  of  the  Gemini  and  Apollo  flights;  (2)  to  cope  with 
complex  problems  of  the  first  multimanned  flights;  and  (8)  to  evaluate  and 
monitor  medical  aspects  of  the  Gemini  and  Apollo  projects  prior  to  and  daring 

•flights, 

2.  Bioscience. — The  274  direct  personnel  in  this  program  are  required  to 
develop,  direct,  and  execute  programs  to  study  the  effects  tt  the  space  environ- 
ment and  separation  from  the  terrestrial  diurnal  cycle  on  biological  processes 
and  organisms.  The  additional  personnel  requirements  in  fiscal  year  1964 
reflect  fulfilling  the  effort  planned  on  the  development  of  the  orbiting  hlosatellite. 
and  increases  general  level  of  effect  in  supporting  research  and  technology,  em- 
phasizing laboratory  research  in  the  general  life  sciences  and  processes,  as  well 
ns  studies  on  extraterrestrial  life-detection  methods  and  problems. 

3.  Human  factor  systems.— The  237  direct  personnel  will  be  utilized  to  plan, 
direct,  execute,  and  evaluate  the  advanced  research  and  technology  program 
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accomplishment.  The  efforts  of  this  program  are  concentrated  on  the  under- 
standing of  man,  his  support  equipment,  and  his  utilisation  in  space  and  atmos- 
pheric flight,  and  other  operations  in  future  aerospace  missions.  The  fiscal 
year  1964  personnel  needs  reflect  increased  effort  in  the  study  of  the  functions 
of  human-body  systems  in  relation  to  the  aerospace  environment  during  longer 
missions.  Additional  work  is  required  to  establish  the  limitations  and  capa- 
bilities of  the  human  under  environmental  conditions  which  will  oe  encountered 
in  advanced  missions.  Increased  effort  is  also  required  in  extending  the  capa- 
bilities of  the  present  life  support  and  protective  systems  to  80  days,  6 months, 
and  beyond.  This  involves  research  and  development  of  advanced  pressure 
suits,  oxygen  regeneration,  water  reclamation,  etc.  Additional  effort  is  re- 
quired in  simulation  and  testing  to  ascertain  if  the  advanced  equipment  will 
function  as  designed.  Human  requirements  must  be  integrated  with  the  life 
support  and  protective  equipment  Into  an  advanced  tj  stem.  This  necessitates 

extending  the  program^  t ground  and  flight  testing  of  complete  systems. 

.1 

Manpower  requirement  in  fiscal  year  1964  fot  aerospace  medicine , bioeoiencr, 

and  human  factor  systems 

ProaraM/ Personnel  Ifmtmlcr 


Aerospace  medicine: 

Direct  personnel 149 

Support  personnel .... ..... 92 


Total  personnel  fiscal  year  1964 241 

Estimated  on-board  May  S,  1963 188 

Additional  requirements  June  90, 1904 58 

Bloaclence : 

Direct  personnel 274 

Support  personnel 119 

Total  personnel  fiscal  year  1964 398 

Estimated  on-board  May  3.  1968 275 

Additional  requirements  June  30, 1964 118 

Human  factor  systems : 

Direct  personnel 287 

Support  personnel 151 


Total  persoune!  fiscal  year  1964 888 

Estimated  on-!»oard  May  3,  1968 276 

Additional  requirements  June  90, 1964 112 


Mr.  Daddahio.  Yes,  we’d  like  you  to  do  that  because,  as  I said  earlier, 
they  have  importance  to  this  committee  in  that  they  are  a breakdown 
of  the  life  sciences  program  as  originally  contemplated.  They  are  in 
different  areas  but  they  still  fall  within  the  category  of  interest. 

This  committee  will  adjourn  until  tomorrow  morning  at  !0  o’clock 
in  the  same  room. 

^ (Whereupon  at  12  K)5  the  subcommittee  was  adjourned  until  10 
o’clock  the  following  day.) 
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WEDNESDAY,  MAY  8,  1963 

House  or  Peprebentatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

WachiruJton,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment^  in  room  356,  Can- 
non  Building,  at  10  ajm.,  Hon.  Clin  E.  Teague  presiding. 

Mr.  Teague.  The  meeting  will  come  to  order. 

Mr.  Yeager.  I believe  we  start  on  RDO  5-1.  Then  we  go  back  to 
the  previous  section  which  is  RDO  4. 

M**.  Teagupl  Mr.  Holmes,  we  hope  you  had  a good  trip  to  St  Louis 
and  Texas. 

We  start  with  section  RDO  5-1,  “Systems  engineering.” 

Mr.  Holmes.  Sir,  1 would  like  to  make  an  opening  statement,  if  I 
may,  Mr.  Chairman. 


STATEMENT  OF  D.  BRAIMERP  HOLMES,  DEPUTY  ASSOCIATE  AD- 

MUnSTBATOB  AMD  DIRECTOR,  OITTGE  OF  MARKED  SPACE 

FLIGHT,  RASA;  ACCOMPAKIED  BY  DB.  JOSEPH  F.  SHEA,  DEPUTY 

DIRECTOR  (SYSTEMS) 

Mr.  Holmes.  I hare  here  with  me  this  momingthe  Deputy  Director 
for  Systems,  Office  of  Manned  fyr&c*  Flight,  Dr.  Joseph  F.  Shea. 
With  your  permission  he  will  handle  the  majority  of  the  testimony 
this  morning. 

(The  biography  of  Dr.  Shea  follows ;) 

Da  Joseph  F.  Shea 

Dr.  Joseph  F.  Shea  was  appointed  Deputy  Director  for  Systems  of  the  Office 
of  Manned  Space  Flight,  National  Aeronautics  and  Space  Administration,  on 
January  8,  1982.  Dr.  Shea  la  In  charge  of  the  entire  systems  engineering  effort 
for  the  manned  space  flight  program.  He  came  to  NASA  from  the  Space  Tech- 
nology Laboratories,  Los  Angeles,  Calif.,  where  he  bad  been  Space  Program 
Director. 

Dr.  Shea  was  born  In  New  York  City  on  September  S,  1926.  He  attended  the 
University  of  Michigan,  receiving  his  bachelor  of  science  degree  in  mathematics 
in  1949,  master  of  science  degree  In  engineering  mechanics  In  1960,  and  doctor 
of  philosophy  degree  In  engineering  mechanics  in  1956. 

From  January  1969  to  August  1961,  Dr.  Shea  was  with  the  AC.  Spark  Ping 
Divinise  of  General  Motors,  Milwaukee,  WIs.,  where  he  served  as  director  of 
tbo  advanced  system  research  and  development  division  and  manager  of  the 
Titan  Inertial  guidance  program.  Prior  to  that  he  was  employed  by  Bell  Tel- 
ephone Laboratories,  Whippany.  N.J.,  as  military  development  engineer.  He 
has  also  served  as  an  Instructor  in  engineering  mechanics  at  the  University  of 
Michigan, 

His  military  service  was  an  ensign  with  the  U.S.  Navy  from  1944  to  1947. 
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I)r.  Shea  Is  a member  of  the  American  Institute  of  Aeronautics  & Astronautics, 
the  Society  of  Mechanical  Engineers,  and  the  Institute  of  Radio  Engineers. 

Dr.  Shea  and  his  wife,  the  former  Beverly  Price,  and  their  live  children  live 
at  7300  Nevis  Road,  Bethesda,  Md. 

However,  I would  like  to  say  a few  words  about  systems  engineering 
and,  if  I may,  about  integration  and  checkout.  Then  Dr.  Shea  will 
discuss  the  two  areas  in  turn. 

In  running  the  manned  space  flight  program  and,  more  specifically, 
the  program  of  taking  this  country  to  the  Moon  and  back  within  this 
decade,  the  most  significant  organizational  changes  of  all  have  been 
those  of  initiating  both  systems  engineering  and  integration,  checkout, 
and  reliability  organizations,  both  supported  competently  by  industry. 

If  one  looks  at  the  NASA  organization — and  I don’t  consider  it  to 
he  particularly  different  or  unique  from  other  Government  organiza- 
tions, particularly  the  Department  of  Defense,  in  the  way  that  it  is 
organized,  it  would  have  been  very  difficult  to  pull  together  an  inte- 
grated effort  of  analyzing  how  one  should  go  to  the  Moon,  in  detail, 
and  then  to  monitor  the  progress  of  that  program,  as  well  as  the  entire 
manned  space  program,  from  a technical  or  systems  engineering  stand- 
point without  one  central  engineering  organization  with  botli  the  re- 
sponsibility and  the  authority  to  do  that.  job. 

In  view  "of  this  situation,  Very  early  in  the  program,  after  NASA’s 
reorganization  of  November  1, 1961,  we  established  Dr.  Shea’s  organ- 
ization for  systems  engineering.  The  responsibility  of  this  group  is 
to  decide  just  how  one  should  undertake  these  missions ; what,  method 
should  be  used  in  going  to  the  Moon  or  into  space;  how  should  one  im- 
plement the  decision  insofar  as  equipment  and  other  requirements  are 
concerned.  It  is  to  this  subject  that  Dr.  Shea  will  address  himself. 

Further,  after  considerable  study  it  became  apparent,  that  it  would 
not  be  possible,  within  the  structure  of  Government  salary  levels,  to 
build  an  in-house  competence  in  systems  engineering  that  could  carry 
this  vital  responsibility.  It  did,  however,  appear  to  be  possible,  within 
these  limitations  to  build  a competent  group,  capable  of  making  the 
final  decisions  on  how  one  carries  out  this  program  of  systems  engineer- 
ing, and  then  to  support  such  a group  with  an  equally  competent 
technical  organization  outside  the  Government. 

After  savveying  the  field  which  was,  of  course,  industry,  we  ap- 
proached fcb/*  American  Telephone  & Telegraph  Co.  and  asked  it  to 
establish  B.dlcomm  to  support  this  systems  engineering  operation. 
A.T.  & T.  responded  as  much  in  the  interests  of  national  sendee  as  for 
any  other  reason.  In  fact,  it  had  grave  doubts  as  to  whether  it  should 
undertake  this  work. 

Now,  I think  that  it  is  worthwhile  to  point  out,  and  clearly  establish 
that  this  arrangement  is  unique.  It  is  a different  arrangement  than 
has  lieen  established  in  the  past,  where  we  have  gone  to  either  a profit 
or  nonprofit  contractor  and  had  them  support  an  administrative  office 
with  a technical  body. 

In  the  case  of  my  office,  that  would  have  been  similar,  for  instance, 
to  establishing  Dr.  Shea’s  operation  outside  the  Government,  to  estab- 
lishing an  outside  technical  group  as  the  technical  directors  for  the 
program.  Tin's  has  happened  in  Government  in  the  past. 

I am  not  critical  of  this  practice.  I’m  just  saying  the  NASA  ar- 
rangement is  different.  We  have  the  in-house  technical  competence, 
T believe,  to  make  the  decisions  for  this  Government  in  our  great  en- 
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deavor,  and  that  in-house  group  is  supported  by  technical  analysis  and 
technical  competence  to  contribute  to  and  give  information  upon  which 
these  judgments  can  bo  made.  We  have  established  in  industry  the 
people  who  will  contribute  information,  leaving  the  decisions  for  in- 
liouse  Government  people. 

Turning  to  integration,  checkout,  and  reliability  area  as  distinct 
from  systems  engineering  but  it  is  one  which  equally  needs  this  overall 
management  approach  if  we  are  going  to  go  into  this  program  in  an 
efficient  and  meaningful  way.  We  have  a central  integration  and 
checkout  operation,  once  again,  built  in-house,  and  supported  by  the 
General  Electric  Go.,  to  say : “Yes,  we  sire  effecting  the  program  in  the 
way  this  conceptual  design  was  established.” 

Let  me  repeat.,  to  make  that  difference  dear:  On  one  hand,  we 
have  the  systems  activity  supported  by  Bellcomm,  concerned  with 
conception.' 

On  the  other  hand,  we  have  the  integration,  checkout,  and  relia- 
bility operation  supported  by  GE,  concerned  with  monitoring  smd 
integrating  the  praet leal  implementation  of  the  operat ion . 

There  are  three  major  portions  of  tl  *s  job;  first,  establishing  an 
integrated  checkout  approach.  This  involves  testing  the  equipment 
that,  has  been  built  to  this  overall  system  plan;  testing  to  see  that,  it 
is  reliable  and  that  it  does  meet  the  specifications,  and  building  com- 
plex test  equipment  so  that  it  can  so  do. 

If  you  are  going  to  check  out  the  entire  system,  if  you  are  going 
to  check  out  the  designers  of  this  equipment  of  many  thousands  of 
parts:  then  vou  are  in  an  excellent  position  to  do  the  other  things. 

The  second  function  in  this  general  area  > to  establish  what  relia- 
bility does  one  really  have.  Once  again,  there  is  a contrast  with 
related  work  on  the  systems  engineering  side  where  we  ask:  What 
reliability  must  one  achieved  What  redundancy  must  one  have? 

On  the  integration  and  checkout  side  we  ask,  Do  we  have  it? 
What  is  the  needed  reliability  of  this  specific  item  of  hardware  and 
this  equipment?  What  are  the  mean-time  failures?  How  do  we 
establish  this  on  a statistical  basis  across  the  entire  program  working 
with  the  centers? 

The  third  thing — or  the  second  additional  thing — one  is  in  posi- 
tion to  do,  if  one  does  check  out  is  integration  as  we  have  called  it. 

All  these  tasks  are  a form  of  integration,  but  this  specific  integra- 
tion task  is  to  be  in  a position  to  see  to  it— as  we  have  described  to 
this  committee  before— that  the  interfaces  are  thoroughly  analyzed 
and,  indeed,  we  do  not  have  interconnections  that  marry  in  a sterile 
fashion. 

If  one  brings  together  two  different  equipments,  two  different 
operations,  as  they  are  brought  together— they  bolt  together.  3fot 
only  that,  but  they  fit  the  panel,  the  electrical  connections,  the  same 
size  wiring  or  the  same  “impetus  levels'5  or  the  hydraulics  line  going 
across  properly  or  any  mechanical  signals  might  go  across  the  inter- 
face. Anyone'  who  does  the  checkout  has  to  go  into  each  element  of 
the  equipment  and  is  then  in  an  excellent  position  to  know  where  all 
these  interfaces  are. 

This  is  the  job  we  have  established,  once  again,  under  Dr.  Shea,  but 
headed  up  more  specifically  by  Mr.  Sloan  in  my  organization,  called 
integration,  checkout,  and'  reliability.  My  presentation  was  not  in 
that  order.  I hope  that  the  order  does  not  confuse  you. 
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Mr,  ^Chairman,  I would  like  to  ask  Doctor  Shea  to  address  him- 
self to  the  systems  engineering  aspect,  including  what  we  are  doing  in 
that  organization,  and  what  the  funaing  levels  are  to  carry  out  that 
program. 

The  following  information  is  submitted  for  the  record  in  order  to  provide 
u better  understanding  of  the  General  Electric  (GE)  role  in  the  ureas  in  which 
they  are  working  for  NASA  under  contract  NASw-dlO. 

CHECKOUT 

The  checkout  system  can  be  eonsidertid  a special  information  processing  sys- 
tem which  performs  functions  such  as  controlling,  displaying,  routing,  retriev- 
ing, warning,  evaluating,  and  compiling.  The  checkout  system  Is  to  give  accurate 
and  consistent  results  and  provide  for  rapid  testing  and  evaluation  of  the  space 
vehicle.  It  will  also  provide  basic  growth  capability  to  meet  future  mission 
requirements.  This  will  be  accomplished  by  the  checkout  equipment  which  will 
be  used  at  the  Merritt  Island  launch  area  and  called  the  Integra  ted  launch  cen- 
tre! and  checkout  system  (ILCCS).  GJO’s  main  role  In  the  checkout  area  is  to 
supply  (engineering  support)  design,  display,  fabrication,  installation,  main- 
tenance and  operation,  and  logistics  provisioning  for  the  ILCCS  at  the  Merritt 
Island  launch  area  and  for  ILCCS  related  equipments  at  contractor  plants. 
GE  also  has  a responsibility  in  the  checkout  standards  area  through  which  will 
he  achieved  better  reliability  and  maintainability  and  cost  savings. 

INTEGRATION 

The  integration  function  is  to  insure  compatibility  of  major  system  elements 
with  each  other  and  insure  that  the  system  specifications  are  implemented  dur- 
ing the  design.  Integration  also  requires  initiation  of  rapid  corrective  actions 
and  positive  communications  procedures  to  assure  that  necessary  corrective 
actions  are  taken.  Integration  activities  are  concerned  with  detailed  inter- 
face requirements,  specifications,  designs,  fabrication,  training,  tests,  and  opera- 
tions. In  the  integration  area  GE  provides  assistance  in  interface  integration, 
configuration  control,  documentation,  and  data  handling.  Many  of  these  activi- 
ties are  produced  in  direct  support  of  the  NASA  centers  by  GE  working  directly 
with  them.  Some  specific  examples  of  the  type  assistance  which  they  perform 
have  been ; formulation  of  system  descriptions,  terminology  standards,  interface 
books,  and  functional  line  diagrams.  In  the  interface  integration  area  they  have 
developed  an  interface  control  plan  which  insures  identification  of  the  interface, 
records  the  assignment  of  responsibility  for  the  interface  and  establishes  a 
procedure  which  insures  proper  documentation,  reporting  and  timely  solution  of 
problems.  Plans  such  as  the  interface  control  plan  preserve  the  technical  author- 
ity of  the  NASA  centers  which  have  responsibility  for  the  equipment  (stages 
and  spacecraft  modules).  In  configuration  control,  GE  has  studied  other  missile 
and  space  programs,  including  current  NASA  systems,  and  is  developing  plans 
and  nrocedures  for  adoption  by  NASA  and  its  Apollo  contractors. 

GE  is  developing  and  implementing  an  integration  engineering  documentation 
system  that  will  improve-  communications  and  reduce  time,  errors,  and  costs. 
“This  program  documentation  system  will  minimize  the  amount  of  documentation 
required  and  maximize  the  usefulness  of  that  documentation  which  is  pre- 
pared. In  accomplishing  this  task  for  NASA,  GE  is  developing  a documentation 
model  based  on  the  experience  of  past  programs  and  studies.  Existing  docu- 
ments may  be  modified  and  where  there  are  voids  new  ones  will  be  developed. 

In  support  of  their  coordinating  functions.  GE  provides  support  in  the  prepara- 
tion of  contract  data  requirements,  drafing  manuals,  standard  qualified  parts 
lists,  drawing  specifications,  test  methods  and  procedures. 

KET.IAHII.TTT 

In  reliahilitv,  GE  emphasis  Is  placet!  on  mission  reliability  and  safetv  assess- 
ment, reliability  program  plans  and  procedures  assessment,  assistance  to  NASA 
Centers  for  reliability  tasks  and  pyramiding  reliability  estimates  of  the  Apollo 
program. 

In  mission  reliability  and  safety  assessment.  GE  is  developing  a reliability 
model  which  includes  defining  of  terms  and  mission  phases  and  events.  They 
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study  functional  flow  charts,  alternate  mission*  and  aborts,  and  phases  and 
events. 

GE  is  also  conducting  mission  failure  effects  analysis  to  define  the  effects  of 
equipment  failure  or  performance  degradation  and  system  interactions  on  mis- 
sion reliability  and  flight  safety.  Through  this  effort  NASA  will  obtain  the 
probabilities  of  mission  and  safety  success,  trade-off  considerations  and  identifi- 
cation of  critical  problems  and  areas  where  improvements  should  be  effected. 

The  reliability  and  failure  data  system  being  developed  by  GE  will  be  used 
In  conjunction  with  NASA  center  and  NASA  contractor  data  systems.  As  part 
of  this  effort,  standard  reporting  procedures  will  be  effected  to  collect,  con- 
solidate. and  process  data  to  be  used  in  the  reliability  models  to  generate  the 
estimate*.  It  will  consolidate  and  process  center  and  contractor  model  estimates 
for  use  in  mission  reliability  safety  studies  and  will  provide  status  information 
useful  for  both  management  guidance  and  for  program  improvement. 

In  the  design,  manufacturing,  test,  and  operations  area,  GE  has  been  develop- 
ing survey  techniques,  check  lists  and  scoring  methods  which  can  be  used  by 
NASA  in  the  review  and  assessment  of  the  NASA  contractor  reliability  and 
quality  programs  in  these  areas.  Special  analysis  will  be  cor  ducted  by  the 
equipment  builder  on  critical  and  major  failures.  The  methods  and  techniques 
developed  by  GE  such  as  the  failure  analysis  system  will  provide  for  control 
of  discrepancies,  parts  and  components  which  require  further  analysis  and  cor- 
rective action.  This  tool,  it  is  expected,  will  highlight  areas  where  possible 
improvement  can  be  achieved. 

SUMMARY 

In  summary,  the  original  conceptual  decisions  in  all  three  areas  of  work- 
checkout,  integration,  and  reliability  assessment — are  being  made  by  NASA, 
drawing  upon  in-house  NASA  technical  support.  Supporting  conceptual  studies 
are  accomplished  by  Bellcomm.  Implementation  of  specific  NASA  decisions  is 
carried  out  by  the  General  Electric  Co.  Across-the-board  efforts  performed  by 
GE  are  directed  by  the  Office  of  Manned  Space  Flight.  GE’s  work  in  the  three 
areas  discussed,  that  is  closely  associated  with  the  NASA  centers*  responsibilities. 
Is  directed  by  the  appropriate  NASA  center. 

Dr.  Shea.  I am  not  sure  there’s  much  left  to  say,  Mr.  Holmes,  but  I 
will  start.  I think,  as  Mr.  Holmes  pointed  out,  the  systems  engineer- 
ing: role  is  as  we  define  it,  somewhat  different  than  tlie  approach  used 
in  the  ballistics  missile  program. 

We  do  what  we  call  systems  engineering,  but  we  don’t  engage  in  the 
technical  direction  of  the  contractors  themselves. 

We  have  the  centers  with  NASA,  centers  possessing  very  competent 
technical  staffs  and  the  large  amount  of  manpower  required  to  monitor, 
day-by-day,  the  activity  of  the  contractors  to  see  that  things  are  in- 
deed being  done  in  accordance  with  the  over-all  systems  concept. 

This  lets  us  concentrate  on  what  you  might  call  the  basic  require- 
ments and  the  major  flow,  the  concept  of  the  mission ; therefore,  we  do 
not  get  into  the  very  heavy  manpower  levels  required  to  physically 
direct  the  contractors. 

We  do  systems  engineering,  but  not  technical  direction. 

Now,  it  might  help  if  I illustrated  a few  of  the  things  that  we  do, 
the  kind  of  activities  that  we  focus  on. 

I think  the  first  of  the.se,  and  in  fact  the  first  job  thrust  upon  us 
when  we  started  the  program,  was  the  mission  inode  decision  for  Pro- 
ject Apollo.  I think  you  are  all  familiar  with  the  background  of  this. 
A little  more  than  a year  ago  there  had  been  a large  amount  of  study 
work  done  and  there  were  still  three  competitive  ways  of  going  to  the 
Moon  under  consideration : one,  called  earth  orbit  rendezvous;  the  sec- 
ond, Lunar  orbit  rendezvous;  and  a third,  direct  flight. 

There  were  strong  protagonists  within  NASA  and  within  other 
parts  o'  the  Government  for  each  of  these  approaches.  What  we  pro- 
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vided  was  a way  to  focus  the  study  activity  and  to  provide  what  you 
might  call  an  impartial  study  activity,  which  is  the  key  to  a successful 
Systems  Engineering  function. 

Engineers  and  even  scientists  are  basically  like  everyone  else  in 
the  world.  If  they  have  a particular  idea,  they  tend  to  become  very 
strong  protagonists  of  this  idea.  You  can’t  always  prove  that  one 
way  is  better  than  another  way  strictly  by  equations,  or  mathematics, 
or  analysis,  or  anything  else.  You  wind  up  in  a situation  where  tech- 
nical judgment  very  often  has  to  come  into  play  in  making  the  final 
decisions.  You  just  can’t  solve  the  problem  with  equations  alone. 

I think  the  thing  we  provided  in  the  case  >f  the  mode  decisions  and 
the  thing  we  tend  to  provide  in  the  execution  of  the  overall  manned 
space  flight  program,  is  a group  that  is  technically  impartial.  We  are 
not  committed  very  heavily  to  any  particular  approach.  We  have 
strong,  competent,  people  from  a wide  variety  of  technical  back- 
grounds. We  are  trying  to  meld  together  this  competence  so  that  no 
single  background  is  predominant.  These  individuals  are  in  a posi- 
tion to  judge  how  a given  task  the  thing  ought  to  be  done  independent 
of  any  preconceived  notions. 

Mr.  Dadoario.  Mr.  Shea,  when  you  say  a group  “technically  im- 
partial,” what  are  you  referring  to  ? 

Pr.  Shea.  Mv  own  in-house,  groups,  the  Directorates  who  report  to 
me;  one  is  called  systems  engineering  under  Mr.  John  Gautraud;  the 
other  is  systems  studies  under  Pr.  William  Lee ; that  program  is  sup- 
ported by  the  Bellcomm  operation  under  Pr.  Hombeck. 

Mr.  Paodahto.  Tt  is  a combination  of  the  civil  service  people  to 
whom  Mr,  Holmes  has  referred  to? 

Pr.  Shea.  And  Bellcomm  personnel. 

Mr.  Daddamo.  The  outside  companv,  Bellcomm,  but  not  including 
GE? 

Pr.  Shea.  GE  is  another  consideration  which  I’ll  explain  when  we 
examine  the  overall  GE  operation. 

Mr.  Daddario.  When  you  say  “group,”  would  you  please  mention 
to  whom  you  are  referring.  Tt  is  important,  at  least  in  my  way  of 
thinking,  that  we  know  how  these  various  groups  effect  the  final  con- 
clusions  reached,  or  the  effort  being  made. 

Dr.  Shea.  Let  me  talk  a little  bit  about  this  relationship,  because 
I’m  sure  it  has  been 

Mr.  Teague.  For  the  benefit  of  the  committee,  we  are  going  into 
systems  engineering,  Bellcomm,  and  then  the  Aerospace  Corp. 

Dr.  Shea.  Mr.  Teague,  Aerospace  works  for  the  Air  Force. 

Mr.  Teague.  I know.  We  want  to  know  whether  you  are  familiar 
with  the  corporation. 

Pr.  Shea.  I am  acquainted  with  Aerospace,  sir. 

Mr.  Fui/ton  of  Pennsylvania.  Where  does  Mr.  Sloan  fit  into  this 
picture? 

Dr.  Shea.  Mr.  Sloan  reports  to  me  as  Director  of  Integration, 
Checkout  and  Reliability,  and  that  is  the  GE-supported  part  of  the 
overall  system  activity  that  Mr.  Holmes  described  previously. 

I might,  just  for  a minute,  try  to  draw  up  the  thing  in  perspective 
and  talk  about  the  system.  In  effect,  what  we  do  in  systems  engineer- 
ing, as  distinct  from  the  integration  r-nd  checkout  activity,  is  try  to 
define  broadly  what  needs  t©  be  done.  I’ll  give  you  some  examples 
of  how  we  do  this  in  a minute. 
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In  the  integration,  checkout  and  reliability  areas,  we  do  a lot  of 
things  that  are  defined  by  systems  engineering,  and  we  also  provide 
It1  *^e  program  what  you  might  call  a check  and  balance  to  be  sure 
that  the  things  which  are  being  done  are,  indeed,  being  done  cor- 
rectly. 

In  a program  as  vast  as  Apollo  there  are  many  opportunities  for 
mistakes.  As  Mr.  Holmes  said,  a contractor  or  even  a center  can 
design  an  interface  with  a plug  that  contains  seven  wires ; if  you  are 
not  careful,  another  contractor  who  may  be  working  for  another 
center  can  design  the  mate  to  that  plug  with  eight  wires.  Or,  what’s 
even  more  subtle,  when  they  connect  the  wires  into  the  back  of  the 
plug  you  may  wind  up  with  right  wires  going  to  the  wrong  terminals, 
and  when  these  plugs  are  assembled  you  wind  up  doing  what  we  call  a 
smoke  test  the  first  time  you  hook  the  things  together,  electrical  con- 
nections being  such  that  things  might  bum  out. 

What  we  are  trying  to  do  is  to  prevent  that  kind  of  occurrence,  and 
a large  part  of  the  GE  activity  in  the  integration  area  is  associated 
with  checking  and  double-checking  to  see  that  everything,  indeed,  is 
going  to  go  together  properly.  That’s  over  and  above,  the  checkout 
responsibility,  which  is  essentially  a part  of  the  reliability  verification 
of  the  overall  system ; and  then,  the  reliability  activities  are  again  a 
check  on  the  program,  if  you  will. 

It’s  an  attempt  to  identify  every  failure  that  exists  or  that,  is  ex- 
perienced in  the  entire  test  program,  measure  that  failure,  understand 
why  it  happened,  be  sure  what  corrective  action  has  been  taken  so 
that,  cause  of  failure  is  removed  from  the  program  and  at  the  same 
time  sort  of  “bookkeep”  on  how  well  we  are  doing  so  any  instant  in 
time  we  know  how  reliable  the  system  is. 

Now,  to  go  on  then  with  the  Apollo  mode  decision  discussion,  As 
we  got  deeper  into  the  study  on  the  mode  decision,  it  turned  out  that 
many  of  the  arguments  were  as  emotional  as  they  were  technical,  par- 
ticularly with  respect  to  the  lunar  orbit  rendezvous  mode. 

The  key  question  was  how  difficult  would  rendezvous  be  in  the  vicin- 
ity of  the  Moon.  You  may  remember  back  about  a year  ago  that  this 
was  a hotly  debated  technical  issue,  and  there  were  some  arguments 
made,  for  example  that  it  was  much  easier  and  much  safer  to  rendez- 
vous in  the  vicinity  of  the  Earth  because  you  can  use  all  the  help  avail- 
able from  the  Earth.  You  have  ground  tracking  stations  close  by. 
In  the  vicinity  of  the  Earth  it  is  easy  to  abort,  and  so  on. 

When  we  went  through  ail  analysis,  step  by  step,  of  how  you  rendez- 
vous in  Earth  orbit,  and,  step  by  step,  how  you  rendezvous  in  lunar 
orbit,  it  turns  out  to  be  essentially  the  same  kind  of  maneuver.  The 
ground  tracking  stations  didn’t  play  a determining  part  in  the  Earth 
orbit  rendezvous  nor  would  they  play  much  of  a role  in  lunar  orbit 
rendezvous.  We  were  able  to  deduct,  subsequently,  that  it  was  no 
more  difficult  to  rendezvous  in  the  vicinity  of  the  Moon  than  it  was 
to  rendezvous  in  the  vicinity  of  the  Earth. 

In  addition,  when  we  broke  down  rendezvous  maneuvers  into  con- 
stituent parts,  we  found  the  things  that  would  have  to  operate  for  ren- 
dezvous would  be  the  things  that  had  to  operate  for  a successful  mis- 
sion in  any  case.  In  other  words,  the  propulsion  system  had  to  be  able 
to  bum  so  you  could  adjust  the  flight  path.  The  attitude  control  sys- 
tem had  to  operate  so  you  could  control  orientation  of  spacecraft. 
The  guidance  system  had  to  operate  to  get  back  home  again. 
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As  a matter  of  fact,  the  guidance  requirements  for  lunar  orbit  ren- 
dezvous, when  you  came  off  the  lunar  surface  to  meet  the  other  ship  in 
orbit,  proved  to  be  a lot  simpler  than  anticipated.  You  didn’t  have  to 
work  the  guidance  system  quite  so  hard.  It  is  a good  deal  simpler  to 
rendezvous  than  to  come  all  the  way  back  home  again  with  the  single 
pass. 

All  those  things,  when  you  put  them  together,  indicated  that  ren- 
dezvous was  one  more  step  in  a very  complex  overall  mission.  We 
broke  the  mission  down  into  some  40  individual,  identifiable  steps  in 
which  combinations  of  all  these  systems  had  to  work.  The  adding- 
of  one  more  step,  rendezvous,  would  only  change  the  reliability  esti- 
mate by  a very  small  amount— 1 part  in  40,  or  in  the  order  of  2 percent. 

We  traded  off  that  additional  small  complexity  against  the  prob- 
lem,  for  example,  of  launching  two  complete  Saturn  V vehicles  from 
the  Earth,  and  doing  a tanking  operation  in  Earth  orbit  to  transfer- 
fuel  from  a previously-launched  tanker  to  the  injection  vehicle,  the 
Saturn’s  rVr-B  stage,  which  would  have  been  in  orbit  with  the  space- 
craft, These  looked  like  much  more  complex  operations  than  the 
lunar  orbit  rendezvous  maneuver.  The  net  result  of  all  this  was  the 
verification  of  the  fact  that  there  were  no  insurmountable  technical 
difficulties  in  the  lunar  orbit  rendezvous  mode  (LOR) . 

The  LOR  mission  required  only  a single  launch  and,  therefore, 
was  a much  simpler  overall  mission.  We  were  able  to  say  in  addition 
to  those  considerations  that  indicated,  in  effect,  that  it  wasn’t  a more 
complex  or  less  safe  mission,  it  also  would  turn  out  to  give  us  a some- 
what less  expensive  program,  our  competitive  study  showed  this 
mode  to  be  on  the  order  of  12  to  15  percent  less  expensive,  and  further 
that  a lunar  rendezvous  mission  could  also  be  accomplished  in  a short- 
er time. 

A third  part  of  that  study  looked  at  the  direct  flight  mission.  You 
remember  when  we  had  the  Nova  vehicle  in  the  plan.  We  found 
that  the  requirements  for  the  Nova  vehicle,  and  the  length  of  time 
it  would  take  for  design,  would  delay  us  in  the  order  of  iy2  to  2 
years  in  the  accomplishment  of  the  lunar  landing  mission.  In  addi- 
tion, it  would  be  a more  expensive  program. 

After  the  detailed  analysis  had  gone  on  regarding  lunar  orbit  ren- 
dezvous itself,  we  were  also  able  to  say  that  there  were  no  major  tech- 
nical uncertainties  in  the  program  and  that,  for  example,  you  didn’t 
need  to  carry  on  the  approaches  discussed  previously — earth  rendez- 
vous and  direct  flight. 

Because  there  were  no  technical  flaws  in  the  lunar  orbit  approach, 
we  certified  the  fact  that  you  didn’t  need  the  Nova  vehicle  and  there- 
fore didn’t  require  a direct  flight  operation.  This,  I think,  simplified 
the  overall  program  and  I suspect  saved  you  gentlemen  a little  bit  of 
additional  monetary  concern  this  year. 

Mr.  Gurney.  As  a matter  of  interest,  how  many  people  worked  on 
this!  How  long  did  it  take  for  you  to  arrive  at  your  decision  ? 

Dr.  Siiea.  The  historic  studies  which  started  just  after  President 
Kennedy  announced  manned  lunar  landing  as  a national  goal,  began 
about  May  of  1961.  When  we  came  aboard — our  office  was  formed 
in  January  of  1962— we  had  at  that  time  several  studies  done  both 
within  NASA  and  within  industry.  There  were  some  “holes”  in  these 
studies?  some  of  the  estimates  looked  optimistic,  and  we  really  hadn’t 
gotten  into  details  of  rendezvous  yet.  We  conducted  some  additional 
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studies;  both  in-house,  within  my  own  organization,  which  was  form- 
ing at  that  time,  and  within  the  Centers — both  Marshall  and  Hous- 
ton—and  at  one  contractor,  Chance-Vought  Corp. 

By  about  June  of  that  year,  we  assembled  substudies,  made  com- 
parisons, reliability  estimates,  cost  estimates,  and  technology  est  imates, 
if  you  will.  At  that  time  there  had  possibly  been  close  to  a million 
hours  of  competent  engineering  study  put  into  the  overall  project. 

You  probably  recall  there  was  a little  bit  of  perturbation  on  the 
decision  about  that  time.  We  did  some  additional  studies  through 
the  summer.  By  last  fall,  when  the  decision  was  finally  certified,  it 
represented  the  concentrated  activity  of  a large  number  of  people- 
over  about  a year’s  period  of  time. 

The  mode  decision  was  really  just  the  first  of  the  areas  into  which 
we  have  pushed.  Once  the  mode  decision  was  made,  we  had  developed 
then,  a nominal,  rough-cut  mission  profile  for  Project  Apollo. 

The  problem  then  was  to  go  back  and  certify,  in  the  light  of  that 
decision,  the  design  approach  we  were  taking  for  Apollo  in  order  to 
define  the  specifications  for  the  lunar  excursion  module  and  to  say, 
in  an  overall  way,  how  we  wanted  the  program  run. 

One  of  the  first  documents  that  we  developed  was  the  “Apollo  Sys- 
tem Specification  Ground  Rules.”  This  was  prior  to  the  actual  issu- 
ance of  the  overall  Apollo  specification.  Perhaps  I might  leaf  through 
this  document  to  give  you  a feel  for  the  kinu?,  of  things  we  had  to 
consider. 


The  first  item  was  what  we  call  a technical  policy  sta:ement,  if  you 
will.  I think  you  are  aware  that  in  an  engineering  program,  as  with 
a budget  or  anything  else,  you  have  to  balance  things  off,  and  normally 
these  things  are  somewhat  competitive,  one  against  the  other. 

Wo  developed,  therefore,  an  ordering  of  the  impo  rtance  to  us  of  the 
various  technical  criteria  in  the  program  and  of  the  three  things  that 
we  selected  as  being  most  essential ; the  first  was  crew  safety  and  mis- 
sion success  and  that  the  system  should  be  designed  in  such  a way  to 
maximize  both.  It  turns  out  you  can  handle  this  consideration  mathe- 
matically in  the  system  design;  it  should  be  designed  in  such  a way 
ns  to  maximize  the  number  of  mission  successes  per  fatality. 

Perhaps  it  sounds  a little  gory  to  talk  about  fatalities.  When  we 
talk  about  the  mission  we  are  trading  off  how  successful  the  mission 
itself  is  versus  how  safe  it’s  going  to  be  for  the  astronauts.  To  give 
you  an  example,  in  the  limiting  case.  You  could  have  a very,  very, 
safe  mission,  one  in  which  all  the  abort  systems  work  and  so  on;  but 
you  might  never  get  off  the  pad,  so  you  have  a 100  percent  safety 
record,  but  you’d  have  a pretty  poor  mission  success  record. 

As  you  design  the  systems  for  the  various  duplicate  components — 
what  we  call  ‘^redundant  elements” — that  exist  within  the  spacecraft, 
different  decisions  must  be  made,  for  instance,  if  you  have  a failure  in 
a particular  system  such  as  one  of  the  spacecraft’s  fuel  cells.  We 
have  three  fuel  cells  aboard  the  Apollo  spacecraft,  any  one  of  which 
can  provide  sufficient  electrical  power  for  the  mission.  If,  as  you 
design  your  mission  profile,  it  turns  out  you  have  & failure  in  one  of 
those  fuel  cells  you  have  to  make  a decision — depending  on  where 
you  are  in  the  mission— whether  you  are  going  to  continue  with  the 
mission  or  whether  you  are  going  to  come  back  home  again. 
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Using  this  criteria  of  success  per  fatality  you  can  make  some  de- 
cisions on  just  what  your  mission  ground  rules  ought  to  be,  and  in 
certain  cases  how  many  “redundant  elements”  you  ought  to  carry 
with  you. 

jjjow  the  second— 

Mr.  ihjLTON  of  Pennsylvania.  Could  I just  comment  on  that  ? 

Dr.  Shea.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Some  people  measure  the  number 
of  bad  apples  in  the  barrel  and  others  comment  pn  the  number  of 
good  apples  in  the  barrel.  To  me,  I do  not  think  it  is  productive  to 
comment  on  the  number  of  successful  missions  per  fatality.  I think 
it’s  a bad  approach  and  I think  you  iust  ought  to  talk  about  the 
constructive  and  the  successful  ratner  than  measure  it  the  other  way 
around. 

Dr.  Shea.  The  point  here  is  that  you  must  balance  your  system  de- 
sign to  account  for  not  just  the  straightforward  way  of  going  to  the 
Moon  in  the  case  where  everything  works  properly;  you  also  have 
to  have  the  abort  systems  that  are  capable  of  taking  care  of  the  astro- 
nauts in  the  event"  that  some  problem  exists  in  the  overall  system. 

Mr.  Fulton  of  Pennsylvania.  People  don’t  sell  automobiles  on  the 
number  of  casualties  a year. 

Dr.  Siiea.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  We  are  trying  to  put  forward  a con- 
structive program,  and  I think  it’s  better  to  have  ns  high  a reliability 
and  a safety  factor  as  you  can  even  if  you  lose  mission  after  misssion, 
rather  than  have  any  injury  or  fatality.* 

Mr.  Holmes.  I think  that’s  right,  Mr.  Fulton.  I think  I)r.  Shea’s 
point,  however,  wns  we  must  address  ourselves  to,  at  least,  a failure 
in  the  vehicle  and  what  we  do  in  order  to  abort  so  that  we  will  not 
have  any  fatalities. 

Mr.  Fulton  of  Pennsylvania.  That’s  what  I like  to  hear,  but  I don’t 
like  missions  and  fatalities  geared  together.  T think  that  is  the  point. 

Dr.  Siiea.  Yes,  sir.  The  next  criteria,  after  mission  safety  and  suc- 
cess is  the  schedule  of  the  program  and  the  fact  that,  next'fo  safety, 
this  is  the  most  important  element  we  have;  the  third  and  last  one  is 
what  you  might  call  “growth  potential”— -the  other  things  that  the 
Apollo  spacecraft  and  the  launch  vehicles  may  be  able  to  do  as  a part 
of  the  national  space  program  itself. 

The  design  policy  that  was  stated  with  respect  to  crow  safety  was 
the  fact  that  we  would  like  as  a design  goal — since  you  always  have 
to  lie  ready  to  accept  a failure  in  an  individual  element,  cven’tliough 
you  check  it  and  test  it  and  do  everything  vou  possibly  can  to  be  sure 
it  won’t  fail-  -the  ground  rule,  if  you  will,  was  < hat*  if  we  can  pos- 
sibly do  it,  no  single  failure  of  any  element,  in  the  system  will  cause 
us  to  have  to  abort  the  mission.  That’s  a difficult  design  goal  to  meet. 

For  example,  you  can’t:  have  two  separate  vehicle  structures,  and  if 
a structure  got  punctured  by  a micrometeorite  you’d  be  in  some  element 
of  difficulty;  therefore,  those  structures  or  those  elements  of  the  sys- 
tem that  can’t-  lx*,  made  redundant  are  made  that  much  safer.  That 
is,  they  operate  with  a larger  margin  of  safety. 

Again  the  final  ground  rule— -which  is  an  absolute  one — is  that  no 
single  failure  of  any  single  element  in  the  system  could  cause  an  abort, 
so  that  the  astronauts  can  always  get  back  from  a single  failure. 
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In  the  area  of  rendezvous,  which  is  one  of  the  aspects  we  paid  par- 
ticular attention  to,  we  were  able  to  design  the  mission  in  such  a 
way  there  is  sufficient  fuel  aboard  the  lunar  excursion  module  (LEM) 
to  execute  ihe  rendezvous  in  the  normal  course  of  events. 

We  designed  the  system  so  that  there  are  two  guidance  systems 
aboard  the  LEM ; if  one  guidance  system  fails,  the  second  one  can 
take  over  with  the  help  of  the  astronauts  arid  actually  execute  the 
rendezvous  maneuver. 

In  addition,  because  this  was  such  a critical  maneuver,  we  found 
we  could  balance  the  svstem  design  in  such  a way  that  we  could  put 
sufficient  fuel  aboard  the  service  module  so  that  it  could  go  down,  if 
neededj  and  complete  the  rendezvous. 

For  instance,  after  the  LEM  comes  off  the  lunar  surface  and  is  on 
a trajectory  to  coast  up  with  the  command  and  service  modules,  if  at 
that  time  there’s  any  problem  you  can’t  handle — if  the  control  goes  out, 
or  both  LEM  guidance  systems  fail — there  is  sufficient  propulsion 
capability  aboard  the  command  and  service  modules,  and  ./he  design 
of  controls  are  such  that  the  single  astronaut  up  there  can  handle  the 
command  and  service  modules  and  it  can  come  down  to  the  trajectory 
the  LEM  is  on  and  complete  the  rendezvous. 

These  are  the  things  we  have  been  able  to  determine  and  know  that 
they  fit  within  the  overall  program. 

The  Apollo  system  specification  itself— I am  holding  the  first  draft 
here — is  about  60  percent  complete  at  this  time.  Perhaps  I might 
give  you  a feel  for  what  it  contains.  In  addition  to  the  general  pro- 
gram policy,  which  I mentioned,  it  specifies  the  mission  command  and 
control.  The  fact  that  command  control  resides  on  the  ground  at  the 
mission  control  center  at  Houston,  and  that  we  delegate  to  the  astro- 
nauts what  you  might  call  “tactical  command”  of  the  spacecraft,  they 
are  always  tied  back  to  the  ground. 

Tlie  mission  profile,  which  as  I mentioned  during  the  time  of  the 
mode  decision,  consisted  of  some  40  steps,  has  now  been  expanded  to 
about  04  steps.  We  have  defined  each  of  the  critical  events  that  hap- 
pen throughout  the  mission,  in  the  program,  and  examined  each  of 
these  to  determine  what  requirements  they  place  on  such  systems  as 
the  attitude  control  system,  the  propulsion  system,  the  life  support 
system,  the  communications  systems,  the  guidance  system,  and  others. 

Once  this  nominal  mission  profile  has  been  defined,  we  move  into 
the  calculation  of  the  trajectories  themselves. 

This  is  what  you  might  call  a nominal  designs  trajectory — it  tells 
us  when  you  can  launch  from  the  surface  of  the  Earth,  at  what  angles, 
how  long  it’s  going  to  take  to  fly  to  the  Moon,  how  much  fuel  you 
have  to  provide  for  each  step  along  the  way,  how  much  contingency 
fuel  you  need  in  order  to  ‘‘open  up”  your  launch  window,  and  then 
the  entire  class  of  what  we  call  abort  trajectories. 

I think  you  can  realize  that  once,  for  instance,  you  are  injected  on 
the  way  to  the  Moon,  you  have  a tremendously  nigh  velocity;  and 
you  don’t  have  sufficient  fuel  in  the  service  module  to  slow  yourself 
down  immediately  and  come  right  back. 

What  we  are  doing  here  involves  making  computer  nina  to  deter- 
mine how  far  out  you  should  const  before  you  turn  yourself  around, 
light,  the  engine,  and  kick  yourself  back  to  the  Earth  again.  We  are 
also  studying  the  circumstances:  What  sort  of  a trajectory  do  you 
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come  back  to  the  Barth  on?  Where  are  you  liable  to  land?  Where 
do  we  have  to  locate  tracking  stations  ? What  sort  of  recovery  opera- 
tions are  likely  to  be  involved  in  things  like  a mission  abort  f These 
are  some  of  the  factors  that  we  have  to  determine. 

We  then  go  down  tlirough  m£h  of  the  subsystems  in  the  launch 
vehicle  and  in  the  spacecraft  a fid  define,  in  effect,  the  requirements 
on  those  subsystems. 

As  an  example  in  the  guidance  area,  there  is  aboard  the  spacecraft 
what’s  called  an  “inertial  platform.”  It’s  a self-contained  measuring 
device,  consisting  of  three  gyroscopes  which  maintain  the  platform 
stable  in  space,  and  some  pendulums  on  this  which  measure  tile  ac- 
celeration of  the  vehicle.  That  information  is  sent  back  into  a digital 
computer,  also  aboard  the  spacecraft,  that  can  calculate  where  the 
vehicle  is  at  any  point  in  time. 

When  the  service  module’s  engine  is  burning  and  generating  thrust, 
you  particularly  need  this  guidance  system  to  maintain  “real  time” 
control  to  define  the  direction  in  which  you  want  the  thrust  vector 
pointed,  and  the  length  of  time  you  want  the  engine  to  bum. 

We  can  specify  the  requirements  for  this  component}  for  example, 
how  accurate  the  platform  gyros  and  the  accelerometers  have  to  be  in 
order  to  give  us  the  proper  amount  of  control.  We  also  analyze  the 
relationship  between  the  on-board  guidance  system  and  the  ground 
control  stations,  because  you  are  also  tracking  the  spacecraft  from 
the  ground.  Although  the  ground  stations  can’t  control  the  actual 
burning  of  the  spacecraft’s  engines,  they  can,  soon  after  the  burning, 
reestablish  the  trajectory  on  which  the  spacecraft  is  going,  and  so 
there  is  a tradeoff  then  between  the  accuracy  of  the  ground  system 
and  the  accuracy  required  in  the  flight  system. 

It’s  a similar  tradeoff  between  the  size  of  the  flight  computer,  how 
much  computation  it  can  place  aboard  the  spacecraft,  and  how  much 
computation  you  wrant  on  the  ground.  Again,  we  balanced  this  off, 
and  nave  determined  that  if  you  have  too  much  computation  on  the 

ground  you  have  a very  heavy  data  length  requirement  and  have  to 
ave  what  we  call  a wide  bandwidth  and  in  essence  a lot  of  power  to 
go  from  the  ground  up  to  the  spacecraft.  If  you  have  too  much  com- 
putation done  abroad  the  spacecraft,  you  wind  up  complicating  the 
computer  and  the  computer  turns  out  to  be  too  large. 

There  is  system  balance  here  on  what  you  do  on  the  ground  and 
what  you  do  m space.  These  are  the  kinds  of  things  that  are  involved. 

Ordinarily  you  can  analyze  these  points  independently,  knowing 
what  the  exact  configuration  is.  For  instance,  with  the  digital  com- 
puter, we  know  from  just,  past  experience  if  we  need  to  store  25,000 
words  in  the  computers  memory  and  if  we  have  to  compu  te  at  a certain 
speed,  that  this  is  going  to  turn  out  to  be  such  and  such  a size  of 
computer,  almost  independent  of  exactly  how  it’s  designed,  which 
isn’t  too  important. 

Another  consideration  is  the  kind  of  radiating  power  required  to 
get  information  from  the  ground  to  the  spacecraft.  These  are  the 
kind  of  things  we  can  study  before  you  decide  to  commit  systems  to 
the  actual  designers,  so  that  we  know  what  we  are  doing,  balanced 
within  the  current  state  of  the  art. 

There  are  other  things  we  do.  I think  somebody  noted  at  one  time 
that  for  Apollo  itself  we  will  probably  generate  sufficient  paper  that 
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if  we  piled  ifc  up  it  would  get  to  the  moon  before  the  Apollo  spacecraft 
did  and  we  are  on  our  way — as  you  can  see. 

Actually  we  thought  that  was  a good  idea  but  it  turns  out  the  struc- 
ture was  a little  unstable.  That  is  one  of  the  “modes”  we  abandoned 
earlier. 

Mr.  IIolmks.  I didn't  agree. 

I)r.  Suba.  Just  off  the  record — one  of  the  men  in  our  group  said 
we  couldn’t  use  astronauts  on  the  Apollo,  we’d  have  to  use  pageboys. 

Mr.  Fulton  of  Pennsylvania.  The  way  it’s  going,  the  $1,000  bills 
being  spent  will  reach  from  here  to  the  Moon  before  the  Apollo  space- 
craft. 

I)r.  Shea.  That’s  a very  unstable  structure.  New,  continuing  with 
some  of  our  tasks,  we  are  also  involved  in  the  definition  of  what  the 
Apollo  reliability  program  ought  to  be. 

We  are  studying  what  the  effects  of  radiation,  meteorites,  and  so  on 
will  be;  what  the  design  ought  to  be  to  cope  with  the  environment,  as 
wo  understand  it ; what  the  lunar  characterist  ics  are,  pulling  together 
the  best  information  from  the  best  scientists  around  the  country, 
based  on  the  observations  and  experiments  that  have  been  made. 

We  have  a strong  tie  with  NASA’s  Office  of  Space  Sciences  to  deter- 
mine what  things  we  need  from  these  unmanned  programs  in  order  to 
certify  the  Apollo  design  and  let  us  pick  a landing  site. 

We  are  looking  at  some  of  the  advanced  considered  ns,  such  as 
what  we  need  on  the  Moon,  and  what  scientific  missions  Avail  Apollo 
itself  accomplish. 

In  fact,  once  the  Apollo  specification  has  been  completed,  Ave  turn 
out.  to  be  something  like  a team  of  technical  troubleshooters  on  the 
project.  When  special  problems  come  up,  related  to  the  Apollo  mis- 
sion itself  or  to  the  capability  to  do  the  mission,  Mr.  Holmes  Avould 
ordinarily  turn  to  us  to  provide  him  Avith  the  analyses  to  say  what  the 
solution  is. 

I think  you  recognized  that  our  programs  are  extremely  com- 
plex and,  as  a result,  we  really  exist  to  resolve  problems.  You  ex- 
pect these  problems,  and  what  you  need,  really,  is  a competent  team 
of  people  who  can  solve  the  problems  as  expeditiously  as  possible. 
Although  it  seems  impossible  to  think  of  everything,  we  try ; we’ve 
learned  that  you  have  to  understand  the  system  as  completely  as  pos- 
sible in  order  to  know  what  to  do  when  any  particular  problems 
occur. 

Mr.  Gurney.  What  kind  of  system  do  you  have  to  put  the  in- 
formation together?  To  whom  does  it  go?  Is  it  a set  list? 

Dr.  Shea.  It  is  a set  list  and  in  general  involves  all  the  Center 
people  in  key  spots  working  on  the  program.  It’s  made  available 
to  their  contractors  and  distributed  fairly  widely  throughout  the 
Office  of  Manned  Space  Flight. 

Mr,  Fulton  of  Pennsylvania.  You  know  that  stack  of  paper  you 
are  speaking  of  is  really  no  joke,  because  a $1  billion  stack  of  $1,000 
bills  is  100  feet  higher  than  the  Washington  Monument  The  monu- 
ment is  655,6  feet.  So,  that’s  665.6  feet  and  for  $20  billion  would  be 
about  131,000  feet,  or  26  miles  of  $1,000  bills  stacked  up;  as  the  cost  of 
this  Moon  program. 

So,  if  you  are  talking  of  piling  your  papers  up,  we  have  to  think, 
too,  of  piling  the  taxpayers’  papers  up  and  the  taxnavers’  burdens. 
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Br.  Shea.  Yes,  sir. 

Mr.  Teague.  Go  ahead,  Doctor. 

Dr.  Shea.  I think  we  might  get  into  the  budget,  if  I have  given 
you  some  idea  of  what  we  do. 

Mr.  Teague.  Any  question  before  we  get  into  the  budget? 

We  have  a long  way  to  go  this  morning.  I hope  the  members 
will  limit  their  questions  to  things  which  are  pertinent  because  we 
will  not  get  very  nr  unless  we  do, 

Mr.  Yeager.  May  I bring  one  thing  up?  You  mentioned  the 
possible  contamination  of  extraterrestrial  bodies  and  converse  con- 
tamination of  the  Earth  from  such  planets  as  the  Moon.  Could  you 
dive  us  some  information  to  fill  us  in  on  what  NASA  is  doing  on 
this,  and  what  t*u  are  going  to  coordinate  with  other  scientists  in 
this  area! 

Dr.  Shea.  Yes.  The  problem  of  contamination  of  the  Moon  it- 
self, or  of  back  contamination  from  the  Moon,  does  not  seem  to  be 
a major  technical  problem  now.  In  the  design  of  the  spacecraft  and 
in  the  handling  that  we  give  the  spacecraft  at  the  cape,  we  take  as 
many  precautions  as  we  can  without  damaging  the  equipment,  with- 
out subjecting  the  equipment  to  too  severe  an  environment  simply 
in  order  to  keep  the  contamination  level  down. 

If  you  really  talk  about  sterilizing  the  spacecraft,  however,  the 
nominal  way  of  doing  this  is  to  subject  the  spacecraft  to  tempera- 
tures of  250  to  300  degrees  fahrenheife  for  long  periods  of  time,  in 
the  order  of  24  hours  or  so,  and  wash  it  down  nrsfc  with  a gas  which 
is  composed  of  ethylene  oxide  and  later  with  a gas  called  Freon. 
The  gas  wash  isn’t  too  bec^  but  the  temperature  t%o*tk,n  with  the  kind 
of  components  we  are  using  today  in  our  electronic  systems,  for 
example  our  valves  and  so  on,  turns  out  to  be  detrimental  to  the  re- 
liability of  the  equipment  ana  so  we  are  not  subjecting  the  Apollo 
hardware  itself  to  any  sterilization  projects. 

We  are  taking  particular  care  that  human  contamination  remains 
inside  the  spacecraft  during  the  time  the  astronauts  are  on  the  lunar 
surface,  although  there  is  probably  a small  leakage  of  air  which 
undoubtedly  contains  biological  organisms  from  the  astronauts’  suits. 
We  keep  this  down  to  the  absolute  minimum  we  can  get  away  with. 
That  is  about  the  way  we  are  handling  this  problem  for  Apollo. 

I think  the  problem  of  sterilization  for  the  planetary  missions  is 
somewhat  different ; we  need  some  design  work,  and  to  actually  design 
and  do  development  testing  on  components  that  indeed  can  be  truly 
sterilized.  I don’t  think  tor  the  Apollo  mission  we  can  afford  to 
compromise  mission  safety  by  any  rigorous  sterilization  of  the  space- 
craft. 

Mr.  Holmes.  I think  we  might  add  that  it’s  literally  impossible  to 
sterilize  man  completely,  since  he  carries  many,  many,  bacteria.  In 
addition  to  the  problem  of  having  them  operate  in  a space  suit  there 
and  not  contaminate  the  Moon,  should  there  be  an  aeciaent— and  God 
hope  there  is  not— you  certainly  are  going  to  contaminate  the  Moon. 
It’s  a most  difficult  problem  to  go  there  and  expect  to  really  assure 
you  are  going  to  go  in  a sterilized  approach. 

Mr.  Yeager.  Mr.  Chairman. 

Mr.  Teague.  Yes,  Mr.  Yeager. 
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Mr.  Yeager.  May  I,  at  this  time,  ask  permission  to  file  for  the  record 
10  questions  and  the  witness’  answers  when  submitted,  and  also  incor- 
porate a brief  staff  memorandum  on  the  problems  involved  ? 

Mr.  Teague.  Very  well. 

("The  information  referred  to  is  as  follows:) 

Questions  Regarding  Possible  Contamination  of  Extra . xrrkstkiai,  Bodies 

Question  1.  Please  identify  those  persons  within  the  Government  who  are 
working  on  problems  of  preventing  « ontaininntion  by  sterilisation  of  space 
vehicles.  Scientists?  Engineers?  Administrative  officials?  Those  in  NASA,  the 
Department  of  Defense,  the  Department  of  State  (space  law)  or  other  agencies? 

Answer.  The  following  is  a representative  list  of  key  individuals  who  are 
working  on  this  problem : 

Scientists : 

NASA ; 

Headquarters : Dr.  John  Clark. 

Centers:  Dr.  Leonard  Jaffee  (JPL),  George  Hobby  (JPL),  Dr.  Lawrence 
Reed  (.TPL),  Norman  MacLeod  (GSFG),  and  Ralph  Hastrup  (JPL). 
Department  of  Defense:  Dr.  Charles  Phillips  (Army),  Dr.  Briggs  Phillips 
(Army),  Dr.  B.  Staten  Wynne  (Air  Force),  Dr.  R.  Mitchell  (Air  Force), 
and  Joseph  Cordaro  (Air  Force) . 

Engineers : 

NASA: 

Headquarters:  David  Liberman. 

Centers:  L.  E.  Rtchtmyer  (OSFC).  E.  Rich  (GSFC),  E.  MneKannan 
CMSFC),  Dr.  W.  Lucas  (MSFC),  J.  Maclay  (JPL),  W.  I^ckyear 
( JTL) , and  W.  Shipley  (JPL) . 

Administrative  officials: 

NASA: 

Headquarters;  Dr.  Homer  Newell.  E.  Cortright,  Dr.  Orr  Reynolds, 
Dr.  Freeman  Qultnby,  Oran  Nicks.  .Tames  Miles,  and  Paul  Tarver. 
Centers:  Dr.  Harry  Hoett  (GSFC),  William  Stroud  (GSFC),  Robert 
Parks  (JPL),  Dr.  Frank  Goddard  (JPL),  Paul  McGiven  (JPL),  Dr. 
Erast  Stuhliager  (MSFC),  and  Thomas  Kinser  (MSFC). 

Question  2.  Who  are  the  nongovernmental  specialists  involved  with  this  prob- 
lem? In  the  National  Academy  of  Sciences-Space  Science  Board?  In  univer- 
sities and  laboratories? 

Answer — 

Industry:  A.  M„  Nowitsky  (Lockheed),  Dr.  H.  W.  Rose  (Lockheed),  and 
Dr. Martin  Koesterer  (Wilmot-Castle  Co.). 

Universities:  Dr  Gerald  Silverman  (MIT). 

Space  Science  Board:  Harry  H.  Hess  (Chairman),  Lloyd  V.  Berlcner, 
Allan  H.  Brown,  Harison  S.  Brown,  John  W.  Findlay,  Herbert  Friedman, 
Leo  Goldberg,  William  W.  Kellogg.  Hugh  Odibhaw  (Executive  Director), 
Gordon  J.  F.  MacDonald,  Richard  W,  Porter,  Bruno  B,  Rossi,  John  A.  Simp- 
son, James  A.  Van  Allen,  and  George  P.  Wollard 
Working  Subgroup  on  Space  Probe  Sterilization : 

A.  H.  Brown,  Chairman,  University  of  Minnesota. 

C.  W.  Bruch,  Schwarz  Labs.,  Mount  Vernon,  N.Y. 

A.  Chorkin,  Don  Baxter,  Inc.,  Glendale,  Calif. 

H.  J.  Curtis',,  Brookhaven  National  Laboratory. 

A.  Dessier,  30 AS,  Dallas,  Tex. 

H.  M.  El-Bisl,  University  of  Massachusetts. 

S.  W.  Fox,  Florida  State  University. 

H.  D.  Hedberg,  Princeton  University. 

0.  R.  Phillips,  U.S  Army  Biological  Laboratories,  Fort  Detrick. 

O.  B.  Sagan,  University  of  California. 

E,  W.  Six,  State  University  of  Iowa. 

Wolf  Vishniac,  University  of  Rochester. 

G.  Derbyshire,  Space  Science  Board  Secretariat. 

J.  Y.  Roshal,  Space  Science  Board  Secretariat. 

In  addition,  nongovernmental  experimenters  from  universities,  research  lab- 
oratories, etc.,  will,  at  a later  date,  be  invited  to  develop  and  supply  sterUixaMe 
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instruments  for  measuring  scientific  attributes  of  space  (luring  the  interplanetary 
journey  and  of  the  planets  Mars  and  Venus  after  arrival  there. 

Question.  3.  Has  the  Space  Science  Bosrd  iurnished  a report  on  sterilisa- 
tion of  space  vehicles  to  the  National  Aeronautics  and  Space  Administration 
or  any  other  agency  of  the  Government?  If  so,  will  you  please  furnish  the  com- 
mittee with  a copy  of  the  report. 

Answer.  The  Space  Science  Board  conducted  an  Intensive  review  of  this 
topic  during  June,  July,  and  August  of  last  year  (3862).  A copy  of  their  re- 
port, “A  Review  of  Space  Research,”  NAS-NRC  Publication  No.  1079,  is  at- 
tached, Attention  is  invited  to  chapter  9,  in  which  the  purposes  of  the  ex- 
obiology program  and  the  necessity  for  sterilising  lunar  and  planetary  space- 
craft are  discussed,  and  to  chapter  10,  in  which  techniques  and  problems  of  space 
probe  sterilization  are  described. 

Question.  4.  Do  all  the  different  groups  working  on  this  problem,  or  af- 
fected by  it,  know  of  other  activities  in  the  same  area?  Do  the  scientists  and 
engineers  know  about  the  discussions  and  commitments  made  In  the  United 
Nations?  Do  they  know  of  commitments  made  by  the  U.S.  scientific  community 
in  participation  with  COSPAR’s  Consultative  Group  on  Potentially  Harmful 
Effects  of  Space  Exploration  ? 

Answer.  One  cannot  presume  that  all  members  of  all  groups  working  on  this 
problem  know  ail  of  its  aspects.  However,  from  our  contacts,  we  are  sure  that 
common  and  functional  knowledge  is  available  to  representatives  of  all  groups. 

Representatives  of  these  groups  are  familiar  with  COSPAR’s  Consultative 
Group  on  Potentially  Harmful  Asi>ects  of  Space.  Representatives  of  NASA 
will  attend  a f'OSPAR  meeting  at  Warsaw,  Poland,  in  June  of  this  year. 

Ail  groups  who  are  working  within  or  for  NASA  are  aware  of  what  the 
others  are  doing.  In  addition,  a NASA-wide  committee  of  those  involved  has 
been  meeting  and  will  continue  to  meet  regularly  and  frequently  to  exchange 
Information,  uud  to  formulate  and  reshape  the  program  as  necessary.  The 
engineers  and  scientists  not  only  know  about  the  extra-NASA  discussions  and 
commitments,  but,  in  most  cases,  they  participate  in  them. 

Question.  3.  Is  there  any  conflict  between  U.S.  national  policy  on  the  steriliza- 
tion-contamination problem  and  U.S.  international  policy  as  conducted  through 
the  United  Nat  ion<? 

Answer.  No. 

Question  6.  If  the  impression  given  by  recent  publicity  5s  that  vve  have 
shifted  from  maximum  sterilization  of  lunar  space  vehicles  to  no  sterilization, 
is  it  possible  to  present  the  technical  facts  so  that  the  degree  of  sterlbzation 
will  be  established? 

Answer.  We  have  never  really  had  a policy  of  “maximum  sterilization”  for 
lunar  spacecraft,  although  there  is  a set  of  procedures  being  developed  and 
studies  being  made  in  this  direction.  The  procedures  that  have  now  been 
adopted  for  lunar  missions  are  not  to  achieve  sterility,  hat  are  to  accomplish 
a degree  of  decontamination  by  means  of  ultra-clean-room  assembly. 

The  exact  degree  of  sterilisation  is  difficult  to  establish  on  any  single  com- 
plex solid  object  such  as  a spacecraft  no  matter  what  assay  techniques  or 
methods  of  killing  bacteria  are  utilized. 

Clean-room  procedures  on  some  parts  have  yielded  sterile  surfaces.  Internal 
decontamination  can  be  accomplished  only  with  the  application  of  dry  heat  at 
or  in  excess  of  133°  C.  at  24  hours. 

Question  7.  Is  there  any  truth  in  the  implication  that  “nonscientide  con- 
siderations” have  been  responsible  for  reducing  sterilization  procedures  for 
lunar  landings? 

Answer.  It  is  true  that  “nonscientifie  considerations'*  have  affected  the  pro- 
cedures for  sterilizing  lunar  probes.  The  nonscientifie  considerations  involved 
may  be  summarized  in  the  single  phrase  “er  "inhering  reliability  after  being 
subjected  to  heat  sterilization.”  Dry  heat  is  ‘qe  only  technique  of  sterilizing 
now  known  to  be  biologically  satisfactory  for  complete  sterility  and  at  the 
same  time  to  offer  adequate  promise  of  technological  feasibility.  The  current 
state  of  this  technology  is  now  inadequate,  but  a full-scale  effort  to  develop  heat- 
sterilizable,  technologically  reliable  hardwere  is  being  mounted  and  appears  to 
be  an  attainable  objective  in  time  for  the  1966  Mars  mission. 

To  illustrate  some  of  the  problems  that  must  be  resolved,  consider  the  follow- 
ing. One  of  the  instruments  intended  for  the  detection  of  life  on  the  surface 
of  Mars  contains  a liquid  (a  culture  medium)  that  boils  at  a temperature  below 
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that  which  would  sterilize  that  instrument.  Current  versions  of  television 
tebes  fail  at  temperatures  that  would  kill  bio-organisms.  The  electrolyte 
solutions  within  spacecraft  batteries  boil  and  the  case  leaks  at  these  tempera- 
tures. 

Rangers  III,  IV,  and  V were  not  sterilized  in  the  strict  sense  of  the  term, 
but  they  were  decontaminated ; that  is,  the  total  number  of  terrestrial  micro- 
organisms was  substantially  reduced  to  a minimum  believed  to  be  consistent 
with  mission  success. 

The  International  Council  of  Scientific  Unions  set  up  a Committee  on  the 
Exploration  of  Extraterrestrial  Space  (CETEX)  in  March  1959.  CETEX 
held  its  first  meeting  in  May  1958,  and  its  second  meeting  in  March  1959,  The 
Committee  took  the  position  “that  the  presence  of  life  of  any  type  on  the  Moon 
Is  extremely  unlikely  and  decided,  as  well,  that  the  possibility  that  free  radicals 
in  explosive  amounts  exist  on  the  Moon  is  remote.*' 

The  Committee  also  stated,  “that  it  may  not  be  possible  to  avoid  all  types 
of  contamination.” 

A CETEX  report  in  IOSU  Review,  volume  I,  1959,  stated  that  “there  is  no 
possibility  of  the  introduction  of  cells  such  as  spores  or  bacteria  might  give 
rise  to  life  on  the  Moon  of  the  same  type  (that  is  containing  DNA)  as  on  Earth 
which  might  confuse  later  investigations.  There  are  no  ceils  on  Earth  which 
grow  or  multiply  in  the  absence  of  water  and  at  the  high  vacuum  of  the  Moon 
no  W’ater  can  exist.” 

In  the  connection  with  the  matter  of  dead  contaminants  on  the  Moon,  that  is 
extraterrestrial  macromolecules,  the  Committee's  recommendation  is  that  “a 
simple  precaution  against  endangering  future  studies  is  to  limit  the  areas  of 
landing  on  the  Moon  and  thereby  localize  the  effects — if  any — of  terrestrial 
templates.” 

Dr.  Carl  Sagan,  in  proceedings  of  the  Nattotal  Academy  of  Sciences,  volume 
46,  I960,  calculated  that  if  a Spacecraft  of  10*  kilograms  were  contaminated  with 
iff*  micro-organisms  per  kilogram  fa  total  of  100  trillion  micro-organ], "sms) , there 
would  ultimately  result  an  average  of  only  1 viable  micro-organism  per  100 
square  meters  on  the  Moon.  This  organism  would  he  undetectable  either  on  the 
Moon  or  on  the  Earth  by  any  known  method  (unless  this  or  these  organisms 
multiplied,  which  it  or  they  could  not  do  on  the  lunar  surface).  He  further  states 
that  the  amount  of  organic  matter  deposited  as  micro-organisms  by  impacting 
vehicles  is  completely  negligible  compared  to  the  amount  of  indigenous  organic 
matter  which  has  already  survived  from  the  early  history  of  the  Moon. 

This  latter  organic  matter  is  probably  at  a depth  of  tens  of  meters  and  would 
be  contaminated  only  if  terrestrial  microbes  reach  this  level,  which  he  regards 
as  a remote  probability  only  in  the  event  of  the  impacted  deposition  of  large 
populations  t!0“)  one  or  more  members  of  which  might  reach  such  depths. 

Dr.  Sagan  also  concludes  “that  the  probability  Is  very  low  tnat  deposited 
terrestrial  ndcro-organlsms  and  organic  matter  will  be  confused  with  indigenous 
lunar  organisms  or  organic  matter.”  He  suggest*  that  explosive  reproduction  of 
terrestrial  organisms  at  depths  where  loner  organic  matter  may  exist,  is  “re- 
mote but  nmmegligible.  ” 

Present  plans  for  lunar  spacecraft  are  to  use  assembly  techniques  in  dean 
rooms  and  under  enviromaeata!  conditions  similar  to  surgical  operating  facili- 
ties. These  procedures  win  sot  make  the  spacecraft  sterile  but  are  expected  to 
seduce  the  total  propuistoa.  of  viable  organisms  by  order  of  magnitude  below 
otherwise  expected  quantities.  As  stated  earlier,  the  natural  environment  of 
the  Moon  i*  believed  suitably  hostile  to  the  propagation  of  Barth-like  organisms 
to  such  an  extent  that  any  contamination  will  be  contained  in  very  local  areas. 

No  plans  are  envisaged  for  storiiixJEag  manned  vehicles  to  the  Moon.  There 
js-c  tour  reasoas  for  this:  Cl)  Although  man’s  microbial  population  can  be  re- 
duce* ©y  appropriate  antibiotics  end  although  Ms  space  suit  can  constitute  a 
j/tmn  •• . .fiy  effective  •■'^ustaialnatton  barrier,  he  kt  not  in  a practical  sense  a sterilixa- 
W’  part  «f  any  system.  (2)  Sterilization  in  the  overall  Apollo  configuration 
?:  .axfdu««  an  additional  challenge  to  reliability  which  cannot  be  tolerated 
where  man  Is  concerned,  (S)  Reliability,  which  is  an  absolute  must  in  manned 
lunar  missions.  Is  an  effective  way  of  preventing  lunar  contamination,  since  a 
properly  operating  “bug”  and  space  suit  would  be  “self-sterilized,’’  or  nearly  so. 
by  lunar  ssv^oumental  conditions.  (4)  Contamination  of  the  Moon  from  the 
“bag”  and  air  leaks  from  the  pressure  suit  would  he  temporary  and  inotmeje- 
qaentiaL  It  is  folly  expected  that  the  Apollo  crew  and  any  subsequent  success- 
fully lauded  man  on  the  Moon  can  obtain  lunar  soil  sampler  from  known  areas 
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and  known  depths  which  will  be  considerably  less  “containing  ted"  than  any  kind 
of  sample  obtained  anywhere  on  our  own  Earth. 

Question.  8.  Have  sterilization  procedures  been  relaxed  for  protecting  the 
Ea  th  from  contamination  of  Moon  substances? 

Answer.  The  problem  of  preventing  contamination  of  the  Earth  on  Teturn 
trips  from  the  Moon  is  believed  to  be  entirely  separate  and  unrelated  to  the 
question  of  lunar  contamination.  Studies  will  be  made  of  the  possibilities  of 
back-contamination  and  appropriate  actions  taken  on  the  basis  of  these  studies. 
It  does  not  appear  obvious  at  the  moment,  however,  that  early  return  flights 
from  the  Moon  would  represent  hazards  to  Earth  because  of  the  superficial  con- 
tact with  the  Moon  and  the  unlikely  probability  that  organisms  exist  of  a nature 
which  might  thrive  in  the  Earth  environment. 

Question.  9.  Could  effective  sterilization  procedures  be  developed  for  the  lunar 
program  if  the  target  date  for  reaching  the  Moon  was  not  set  for  this  decade? 

Answer,  The  procedures  described  above,  for  sterilizing  lunar  probes  are  con- 
sidered “effective.”  They  conform  to  the  NASA  policy  and,  as  stated  above,  are 
considered  to  comply  with  both  the  biological  objectives  and  technological 
constraints. 

If  complete  decontamination  ( absolute  sterility)  were  required,  the  present 
schedule  for  lunar  missions  would  be  seriously  affected,  though  probably  not  to 
the  extent  of  preventing  lunar  exploration  in  this  decade. 

A delay  in  the  landing  of  a spacecraft  on  the  Moon  consistent  wish  the  develop- 
ment of  technology  for  the  more  rigorous  sterilization  policy  for  Mars  exploration 
would  permit  the  use  of  the  rigorous  sterilization  procedures  for  lunar  space- 
craft However,  as  noted  above,  these  rigorous  procedures  are  not  necessary  for 
lunar  spacecraft 

Question.  10.  How  does  the  contamination-sterilization  problem  for  lunar 
landings  affect  future  scientific  development  plans  for  investigating  Mars? 

Answer.  The  program  of  developing  sterillxable,  reliable  capsules  for  the  Mars 
1966  and  complete  spacecraft  for  later  missions  is  underway  and  is  expected  to 
be  accomplished  on  time.  A substantial  background  in  this  was  achieved  during 
the  Ranger  program.  Our  resolve  Is  to  accomplish  the  necessary  developments 
to  assure  the  launch  of  spacecraft  capsules  that  are  both  sterile  and  technologi- 
cally reliable  for  the  1966  Mars  opportunity.  This  is  to  be  the  first  U.SL-Iatmchpd 
spacecraf  t that  will  enter  and  /or  land  on  the  surface  of  Mars. 


Staff  Memo  as  SiairrncAxeE  or  ParreimNs  Ccwtamix ation  or  the  Ejmcth  and 
Moon  nr  the  I.hnae  ExF&oaxnow  Pjkwmum 

Sterilisation  of  space  vehicles  designed  for  manned  and  unmanned  lunar  land- 
ings and  return  to  Earth  is  significant  because  of  several  interrelated  factors : 
(1)  the  protection  of  the  Earth  from  any  contamination  brought  from  the  Moon, 
as  well  as  the  protection  of  the  original  Moon  environment  for  purposes  of 
scientific  investigation;  {2)  the  relation  of  Government  to  the  scientific  com- 
munity in  the  decisionmaking  process;  and  (3)  the  impact  of  science  on  foreign 
policy  In  the  United  Nations  and  other  international  bodies. 

The  possibility  that  the  Earth  might  be  contaminated  by  substances  brought 
from  the  Moon  and  outer  space,  as  well  as  the  necessity  of  protecting  the  Moon 
from  harmful  earth-originated  organisms,  was  recognized  as  a problem  during 
the  International  Geophysical  Year  and  became  the  subject  of  study  by  the  Com- 
mittee cm  Contamination  at  Extra-Terrestrial  Exploration  (CETEX)  which  was 
created  by  the  International  Council  of  Scientific  Unions  (ICSU).  CETEX 
ceased  to  function  in  1959,  largely  because  of  the  difficulty  of  dealing  with  the 
problem  which  next  arose  specifically  In  connection  with  objections  to  Project 
West  Ford,  tho  orbiting  of  copper  needles  by  the  United  States. 

In  May  1962  the  Committee  on  Space  Research  (COSPAR),  established  by 
ICSU  in  October  1358,  created  the  Consultative  Group  cm  Potentially  Harmful 
Effects  of  Space  Exploration.  This  committee  of  six  broadly  representative 
scientists,  operates  in  accordance  with  the  following  resolution ; 

“It  is  expected  that,  this  consultative  group  will  act  ns  a fecal  pilot  In  ICSU 
for  consideration  of  all  questions  regarding  potentially  harmful  effects  of  space 
experiments  on  scientific  activities  and  ooservatloi  <*,  and  that  in  this  capacity 
it  would  (1)  examine  in  a preliminary  way  all  questions  relating  to  possibly 
harmful  effects  of  proposed  space  experiments,  including  but  not  rest  ricted  to 
questions  referred  to  it  by  any  of  the  ICSU  Unions*  (2)  detemvfia  whether 
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or  not  any  serious  possibility  of  harmful  effects  would  indeed  result  from  the 
proposed  experiment;  (3)  in  consultation  with  appropriate  Unions,  appoint 
and  Arrange  for  convening  an  ad  hoc  working  group  or  groups  to  study  any  ex- 
pected effects  which  are  considered  to  be  potentially  harmful,  such  working 
group  or  groups  to  include  competent  scientists  in  the  appropriate  specialised 
disciplines;  (4)  receive  and  consider  conclusions  or  recommendations  of  these 
ad  hoc  working  groups  in  a timely  manner ; and  (5)  prepare  final  recommen- 
dations to  the  COSPAR  Executive  Connell  for  its  farther  action. 

“Positive  or  negative  recommendations  or  studies  considered  appropriate  by 
the  Council  for  dissemination  would  then  be  made  available  to  all  COSPAR 
adherents,  the  1CSC  Bureau,  the  appropriate  Unions  of  ICSU,  and  to  appropri- 
ate bodies  of  the  United  Nations  or  its  specialised  agencies.1 

The  United  States  works  with  COSPAR  through  the  National  Academy  of 
Sciences,  and  particularly  the  Space  Science  Board,  which  is  often  consulted  by 
the  Government  with  regard  to  space  policy.  All  the  literature  from  the  be- 
ginning of  the  space  age  has  emphasized  that  public  health  and  safety  require 
protection  against  contamination  from  outer  space,  and  until  quite  recently 
there  has  been  no  question  but  that  the  U.S.  scientific  and  technical  programs 
have  been  conducted  so  that  space  vehicles  are  sterilized  to  avoid  contamina- 
tion. It  was  reported  on  September  30,  1958,  for  example,  that  the  United 
States  had  agreed  to  CETEX  recommendations  to  control  contamination.  * 

U.S.  scientists  contributed  toward  identifying  the  contamination  problem 
when  the  report  was  being  written  by  the  United  Nations  Ad  Hoc  Committee  on 
the  Pea'-efui  Uses  of  Outer  Space.  The  following  paragraph  of  the  report 
describes  the  scientific  problem  and  is  significant  because  it  became  the  basis 
for  identifying  one  of  the  legal  problems  arising  from  space  exploration : 

“a.  PROTECTION  OF  PCtlXJC  HEALTH  AND  SAFETY ; SAFEGUARDS  AGAINST  CONTAMINA- 
TION OF  OK  FK0M  OUTER  SPACE 

“29.  The  Committee  took  note  of  the  apprehensions  that  have  been  expressed 
that  activltes  in  outer  space  might  bring  to  these  regions,  by  inadvertence, 
living  or  other  matter  from  the  Earth  capable  of  interfering  with  orderly 
scientific  research.  It  was  agreed  that  further  study  should  be  encouraged 
under  appropriate  auspices  to  specify  the  types  of  risks,  the  gravity  of  dangers, 
and  the  technical  possibility,  as  well  as  the  cost,  of  preventive  measures.  Such 
a study  should  also  cover  safeguards  against  similar  contamination  of  the  Earth 
as  a result  of  space  activities  as  well  as  protection  against  other  hazards  to  health 
and  safety  that  might  be  created  by  the  carrying  out  of  programs  to  explore 
outer  space.  These  studies  could  be  undertaken  with  a view  to  the  possible 
formulation  of  appropriate  international  standards.” a 

As  recently  as  December  3,  1962,  Senator  Albert  Gore,  appointed  U.S.  Repre- 
sentative to  the  General  Assembly,  made  a speech  on  “United  States  Policy 
on  Outer  Space”  containing  the  following  commitment: 

“We  encourage  prior  international  discussion  concerning  experimental  activi- 
ties in  space  which  may  have  undesirable  effects,  and  we  are  prepared  in  the 
future,  as  in  the  past,  to  consult  with  scientists  of  other  countries  as  well  as 
U.S.  scientists  wherever  practicable  and  consistent  with  our  national  security. 

“The  problems  of  possible  harmful  effects  of  space  experiments  are  difficult 
at  best.  Thoy  must  be  studied  by  competent  and  objective  scientific  bodies.  To 
thie  end  we  welcome  the  creation  of  a consultative  group  for  this  purpose  by  the 
interactional  Committee  on  Space  Research,  COSPAR.  The  United  States  will 
continue  to  conduct  its  space  program,  with  a high  sense  of  responsibility  In 
this  respect,  making  available  to  the  world  scientific  community,  both  before  and 
after  the  experiments  which  it  conducts,  as  much  scientific  data  as  is  possiblbe. 
We  trust  that  other  nations  will  do  the  same.”  4 

A prominent  astronomer.  Dr.  Carl  Sagan,  formerly  of  the  University  of  Chi- 
cago and  more  reoeaily  with  the  University  of  California,  Berkeley,  pointed  out 
that — 

**•  * * any  biological  contamination  would  be  an  'unparalleled  scientific  disas- 
ter.’ It  could  wipe  out  important  chances  to  study  the  early  history  of  the  solar 

1 Committee  on  Space  Research,  “Report  of  the  Fifth  COSPAR  Meeting,”  Washington, 
D.C..  Apr.  20~85ay  9,  18S2,  pp.  19,  20,  91. 

1 SulliTan,  Walter,  “U.3.  To  Sterilize  Lunar  Vehicle*,”  New  York  Times,  Sept.  80,  1958, 

p.  1&2*. 

* United  Nations  Document  A/4141,  July  14. 1959. 

* Department  of  State  Bulletin,  Jar..  7,  1968,  p.  24. 
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system  and  the  origin  of  life  on  Earth,  and  even  to  assess  the  possibilities  of  life 
beyond  Earth.”  * 

In  August  1962  when  a conference  of  leading  space  physicists  on  lunar  ex- 
ploration was  held  at  Virginia  Polytechnic  Institute,  Dr.  Sagan  again  pointed 
out  the  “tragic  possibility”  that  lunar  germs  might  be  brought  back  to  contami- 
nate the  Earth. 

“Mr.  Sagan  told  a lunar  exploration  conference  here  that,  unless  proper  safe- 
guard*? ore  taken,  hardy  microorganisms  that  have  survived  throughout  the  ages 
on  the  Moon  might  multiply  and  spread  rapidly  in  the  rich  environment  of  the 
Earth. 

“He  compared  the  results  to  the  violence  of  the  venereal  disease  epidemics  that 
raged  through  Europe  in  the  Middle  Ages,  or  to  the  measles  that  took  a heavy 
death  toll  when  it  was  introduced  into  Polynesia. 

“He  said  that  both  the  Soviet  rocket  Lunik  II  and  the  U.S.  Ranger  IV  carried 
germs  to  the  Moon  when  they  smashed  into  its  surface.”  * 

On  April  25,  1963,  Dr.  Colin  S.  Pittendrigh,  professor  of  Biology  at  Princeton 
University,  and  a member  of  the  Space  Science  Board  of  the  National  Academy 
of  Sciences,  said  that  sterilization  of  lunar  vehicles  was  being  relaxed  in  view 
of  the  “prestige  race.”  Dr.  Pittendrigh  was  quoted  as  saying  that : 

“Big  science,  including  the  vast  machinery  of  our  space  program,  plus  political 
considerations  have  produced  an  almost  irresistible  thrive  to  reach  the  Moon 
first.”  ‘ 

Speaking  as  an  individual  rather  than  consultant  to  the  Space  Science  Board, 
Dr.  Pittendrigh  did  not  criticize  NASA. 

“In  fact,  he  approved  the  decision  to  relax  procedures  for  sterilization  of  Ran- 
ger vehicles  that  are  to  crash  on  the  Moon.  One  must  recognise,  he  said,  the 
‘political  facts  of  life.’  ” ■ 

Perhaps  something  of  the  tone  of  the  atmosphere  in  which  the  decisions  were 
made  Is  revealed  by  the  findings  of  the  scientists  who  worked  on  the  subject  of 
"Space  Probe  Sterilization”  at  the  summer  study  group  held  from  Jane  17  to 
August  10,  1962,  at  the  State  University  of  Iowa.  This  "Review  of  Space  Re- 
search” was  sponsored  by  the  National  Academy  of  Sciences’  Space  Science 
Board.  The  two  pertinent  findings  are  as  follows : 

“Finding:  Because  of  the  program  schedule  imposed  on  the  lunar  program 
by  nonscientifie  considerations,  time  probably  will  not  permit  development  and 
incorporation  of  certain  advanced  sterilization  concepts.  Waivers  have  been  pro- 
vided for  critical  components  which  could  not  be  made  sterile  Internally  with- 
out serious  degradation  of  their  performance.  Such  waivers  should  continue  to 
be  Issued  where  necessary.  In  general  the  lunar  sterilization  program  should 
continue  in  force  in  order  to  keep  contamination  of  the  Moon  low  and  thus  to  in- 
terfere as  little  as  possible  with  future  biological  study  and  only  secondarily  in 
order  to  advance  the  state  of  the  art  of  sterilization. 

“Finding:  At  the  present  state  of  the  art  It  is  not  possible  to  assign  a quan- 
titative measure  of  the  degree  of  degradation  in  reiiablltiy  of  a spacecraft  that 
results  from  sterilization  procedures.  Opinions  differ  on  this  point,  but  they  are 
only  opinions ; to  a large  extent  the  matter  probably  will  remain  a topic  for  specu- 
lation.” * 

Dr.  Shea.  If  I may  go  ahead  with  the  items  listed  under  “System 
Engineering”  on  page  16,  the  first  one  is  “General  Mission  Support.” 
This  is 

Mr.  Teague.  Which  page  was  that  ? 

Dr.  Shea.  Page  16,  sir. 

Mr.  Holmes,  v olume  II  has  the  overall  presentation  and  then  the 
breakdown  for  that  into  several  elements  is  found  in  volume  V. 

Mr.  Fuqua.  Where  in  volume  V,  Mr.  Holmes? 

Dr.  Shea.  Page  16,  in  volume  Y. 

* Scbmeck,  Harold  M.,  Jr.,  “Moon’a  Organisms : Preventing  Contamination  Poses  Prob- 
lems In  Lunar  Landings."’  New  Tork  Times,  May  1, 1040,  p.  E9. 

* “Scientists  Sees  Pern  in  Geras  From  Moon.”  New  Tork  Times,  Any.  18, 1062,  p.  6L. 

* Snllivaa,  Walter,  "Moon  *Raee'  Held  To  Ignore  Geras,”  New  Tork  Times,  Apr.  25, 
p.  12L. 

«/&«. 

.•“A  Review  of  Space  Research,”  National  Academy  of  Sciences — National  Research 
Connell.  Peblication  1070, 1062.  Ch.  30,  p.  5. 
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Mr.  Holmes.  EDO  5-1  in  volume  II  is  for  the  total  description.  A 
more  detailed  breakdown  of  EDO  5-1  is  on  page  16  of  volume  V. 

Dr.  Shea.  Sir  if,  I go  down  through  that,  the  total  requirement  is 
$37  million.  This  is  broken  down  into  what  we  call  “General  Mission 
Support.”  This  is  basically  the  Bellcomm  operation  itself,  for  $12.7 
million.  I think  we  have  described  how  Bellcomm  works  with  ns  in 
this  activity.  In  addition,  in  the  systems  engineering  area— - and  that's 
the  direct  support  of  Apollo  itself— we  budgeted  another  $2  million 
for  additional  special  studies  over  and  above  those  that  Bellcomm  or 
ourselves  would  have  manpower  to  do.  We  have  conducted  several 
of  these  this  year.  The  study  by  Chance  Vought,  for  example,  on 
the  lunar  orbit  rendezvous  moda,  was  primarily  a preliminary  design 
of  the  LEM  itself.  We  also  have  a contract  with  the  Hand  Corp.  for 
additional  studies  on  checkout  systems  and  how  you  can  actually 
measure  the  effectiveness  of  checkout  systems.  This  type  of  activity 
is  termed  “Special  study,”  in  that  some  particular  contractor  in  the 
country  would  have  a specialized  capability. 

I didn’t  talk  much  about  the  advance  studies  area  in  my  preamble. 
The  advance  studies  area  is  essentially  our  commitment  to  the  future 
so  far  as  manned  space  systems  are  concerned.  I think  we  all  recog- 
nize that  the  very  heavy  commitment  we  have  made  to  our  present 
programs  means  that  new  programs  are  going  to  be  slow  to  start.  We 
do  feel,  however,  that  we  can’t  ignore  the  new  programs  that  are  com- 
ing along. 

We  knowr,  generally,  what  they  may  be,  the  space  station ; a possible 
lunar  base ; the  lunar  logistic  system,  which  would  be  in  direct  support 
of  Apollo  after  the  initial  landings;  and  the  planetary  programs. 
These  are  all  things  that  are  coming  down  the  pike. 

What  we  are  doing  in  this  area,  with  the  $11.3  million  indicated,  is 
to  study  these  missions  in  detail  so  that  when  the  Nation  decides  to 
make  a commitment  to  new  space  programs  we  will  have  available  a 
much  sounder  set  of  information,  including  how  to  accomplish  that 
program,  what  mode  to  go  with,  what  the  general  system  specifications 
are,  what  the  approximate  costs  will  be,  and  what  the  schedule  will 
be,  than  we’ve  been  able  to  develop  in  the  past.  As  you  know,  require- 
ments have  been  thrust  upon  us  so  quickly  in  the  past  that  advanced 
planning  was  not  possible. 

Mr.  Holmes.  I**t  me  add  a few  words  here.  There  is,  in  my  opinion, 
nothing  more  important  than  doing  effective  advanced  planning  if 
we  expect  to  gain  preeminence  in  space  and  to  go  deeper  into  space. 
Indeed,  if  our  foresight  had  been  as  clear  as  our  nindsight,  we  would 
have  saved  a great  deal  of  time  and  money,  if  we  had  done  preliminary 
advanced  studies  on  the  systems  for  Apollo  2 years  before  we  actually 
initiated  them. 

Mr.  Ribhlman.  Will  these  be  done  in-house  or  be  contracted  with 
a company  such  as  Bellcomm? 

Dr.  Shea.  They  will  be  done  in  two  ways : A small  part  would  be 
spent  with  L Jl^omm.  Most  of  the  money,  however,  would  be  spent, 
either  directly  from  our  office  or  through  the  centers,  with  contractors 
doing  what  are  conventional  advanced  study  programs. 

We  are  trying  to  provide  a much  tighter  control  of  the  advanced 
study  programs  than  I think  has  been  the  case  in  the  past  so  that — for 
instance,  in  terms  of  the  planetary  mission  which  we  are  not  going  to 
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get  around  to  deciding  on  for  perhaps  4 or  5 years — year  by  year  we 
block  out  additional  areas  of  study. 

The  first  year  is  primarily  trajectory  work  to  get  rough  estimates 
of  trajectory  and  to  determine  what  the  radiation  effects  are.  The 
following  year  we  would  take  up  the  problems  that  showed  up  in  the 
previous  year’s  study,  ami  analyze  them  in  more  detail.  In  effect,  over 
the  course  of  4 or  5 years,  we  would  do  die  analog  of  the  studies  we 
had  to  do  following  the  decision  to  go  to  the  Moon,  so  far  as  Apollo 
was  concerned.  We  must  make  the  mode  decisions  before  we  go — 
before  we  commit  ourselves  to  the  program. 

Mr.  RmHnMAN.  You  do  not  have  capability  in-house  to  do  this  job  f 

You  have  listed  here  $11,300, 000,  and  you  must  have  some  idea  who 
the  others  are  going  to  be  that  will  participate. 

Are  portions  going  to  be  given  to  Bellcomm  ? 

Dr.  Shea.  No,  we  don’t  actually  know  at  this  time.  We  have  our 
people  block  out  the  areas  we  want  investigated.  For  example,  we 
want  trajectory  studies  run  of  missions  between  the  Earth  and  Mars. 
Fq*?  the  time  period  1970  to  1980,  we  can  pretty  well  define  what  we 
want.  Then,  we  would  normally  conduct  a competitive  evaluation; 
industry  is  made  aware  of  the  proposal. 

Mr.  Holmes.  I think  that  is  Mr.  Riehhnan’s  point. 

We  do  go  out  for  the  request  of  quotations.  We  don’t  know  the 
extent  it  will  be,  Mr.  Chairman. 

Mr.  Riehlman.  You  have  to  have  something  to  base  the  cost  on. 

Mr.  Daddaiuo.  Dr.  Shea,  would  we  have  saved  this  time  and  money 
on  Apollo  by  having  a stronger  advanced  study  program  2 or  8 years 
ago?  Stretch  that  analogy  out  a little  bit  and  tell  us  if  there  are 
programs  underway  that  ought  to  be  deferred  pending  a closer  exami- 
nation by  your  advanced  studies  division? 

Mr.  Holmes.  No;  I don’t  think  there  are,  Mr.  Baddario.  My  re- 
marks were  addressed  to  the  fact  that,  as  you  know,  a year  ago  we  came 
before  your  committee  giving  you  the  best  information  we  had,  which 
was  not  really  very  definitive,  and  said,  “We  are  going  to  the  Moon. 
We  have  let  many  contracts,  but  we  don’t  know  which  method  of  flight 
we  will  use  to  go.”  We  assumed  that  we  were  going  by  the  Earth  orbi- 
tal rendezvous  or  direct-flight  mode.  I am  certain  that  the  cost  of 
such  studies  2 years  earlier  would  have  been  a very  small  percentage  of 
what  one  spends  carrying  out  such  a program.  If  we  had  been  able  to 
have  these  advanced  studies,  we  would  lie  in  a much  better  position  to 
say  what  we  wanted  and  there  would  have  been  less  reprograming  of 
funds.  There  would  have  been  more  timely  contracting  and,  in  gen- 
eral, greater  efficiency. 

However,  I do  think  that  with  what  we  had  in  the  way  of  informa- 
tion the  space  agency  aggressively  pursued  letting  contracts  it  knew  it 
could  adapt  or  apply  to  any  one  of  these  mission  modes.  Certainly, 
tliat’s  not  as  good  as  if  one  had  a whole  plan  to  start  with  before  initi- 
ating action. 

Mr.  Daddario.  You  had  had  changes  in  programs  including  the 
Nova,  the  last  item  on  the  list.  Should  that  properly  fall  under  ad- 
vance studies  ? Especially  since  we  know  the  M-l  engine  which  we 
talked  about  the  other  day  has  been  changed  considerably  in  design 
and  capability? 

Mr.  Holmes.  It’s  somewhat— — 
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Mr.  Daddario,  As  a result  of  the  information  you  have,  where  does 
this  belong? 

Should  Nova  be  separate  and  apart  or  should  it  be  included  under 
“future  activity”  to  be  studied  by  tne  ad vanced  studies  division  ? 

Mr.  Holmes.  Nova,  as  used  here,  is  a little  misleading  in  that  it  does 
not  any  longer  define  this  large  vehicle  which  we  were  talking  afoot  5 
last  year  when  we  discussed  the  direct-flight  mode  for  Apollo.  In  this 
instance,  Nova  defines  the  next  generation  of  vehicles  for  which  we 
are  now  doing  work  as  you  described  with  the  M-4  engine. 

I think  Nova,  since  it  represents  the  next  generation  of  launch  ve- 
hicles, does  belong  in  Dr.  Shea’s  organization.  I think,  further^  it 
should  be  noted  that  much  of  the  support  for  Dr.  Sheas  organization 
comes  from  our  groups  at  the  Marshall  Space  Flight  Center  at  Hunts- 
ville, and  the  Manned  Spacecraft  Center  at  Houston. 

The  whole  manned  spaced  flight  operation  participates,  more  often 
than  not.  In  fact,  in  the  large  majority  of  eases,  such  as  the  Nova,  the 
work  is  done  at  these  centers.  I think  it  does  belong  here,  but  I think 
it  describes  -and  Dr.  Shea  will  comment  too— -the  next  general  ion  ve- 
hicle which  we  have  not  defined. 

Mr.  Daddario.  Nova,  as  used  here,  does  not  mean  what  we  under- 
stood “Nova”  to  mean  a year  ago  ? 

Mr.  Holmes.  Yes,  sir;  that  Is  correct. 

Dr.  Siixa.  The  term  “Nova”  is  really  a historic  term  as  we  under- 
stand it  now,  a terra  representing  the  studies  leading  to  the  definition 
of  the  next  generation  of  launch  vehicles.  It’s  not  the  Nova  that  we 
talked  about  last  year. 

Mr.  Daddario.  The  word  “historic”  is  a mild  term. 

Dr.  rinEA.  I beg  vour  pardon! 

Mr.  Daddario.  The  word  “historic”  is  a mild  term. 

Dr.  Shisa.  There  is  a wonderful  definition  that  comes  from  science 
about  Nova.  I have  forgotten  .exactly  how  it  goes,  but  I think  it  says, 
“Nova  is  often  the  brightest  object  in  the  sky  for  a short  period  of  time, 
and  then  it  wanes.” 

Mr.  Fulton  of  Pennsylvania.  This  committee  helped  put  that  par- 
ticular Nova  program  into  history.  It  went  into  history  around  this 
table. 

Dr.  Shea.  >s,  sir. 

Mr.  Teague.  Mr,  Gurney? 

Mr.  Gurney,  How  do  you  break  down  this  $11,300,000?  How  do 
you  propose  to  spend  it? 

Dr.  Shea.  We  nave  it  broken  down  as  follows 

The  orbital  systems  studies,  essentially  those  studies  relative  to 
space  stations  and  other  operations  in  Earth  orbit,  but  primarily 
space  stations,  and  the  uses  and  design  of  space  stations,  will  take 
about  $1  million. 

We  are  studying  lunar  bases  to  see  what’s  involved  in  being  able 
to  keep  men  on  the  Moon  indefinitely.  The  studies  will  involve  lunar 
transportation  systems,  the  design  of  the  base  itself,  and  the  use  of 
li.&genous  lunar  materials;  this  effort  totals  about  $3  million. 

We  plan  to  commit  $2  million  to  planetary  missions  next  year;  and, 
for  wnaf  we  call  general  program  support— really  additional  studies 
oyer  aid  above  these  we  have  in  mind  at  the  present  time— about 
$2.3  m Uion. 
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All  of  this  totals  $11.3  million. 

Mi*.  Gurney.  Of  that,  how  much  do  y«u  plan  to  spend  on  per- 
sonnel ? 

Dr.SiiRA.  In-house? 

Mr.  Gurney*  In-house. 

I)p.  Shea-  I'd  say  about  TO  petwnt  of  this  will  lie  contracted  by 
the  centers  to  industry;  the  rest  of  it  will  lie  contracted  directly  from 
the  Office  of  Manned  Space  Flight  to  industry. 

All  the  money  that  is  listed  here,  I tliink  you  recognize,  is  money 
outside  of  our  own  salaries  and  internal  expenses  which  are  handled 

i tfprontly* 

Mr.  Gurney.  How  do  you  arrive  at  the  breakdown  of  $1  million 
for  space  stations,  and  $3  million  for  a Moon  base? 

Some  people  might  think  that,  it  may  lie  more  important  to  study 
and  spend  more  money  for  space  stations  and  proceed  more  quickly 
to  determining  whn*  ingredients  go  into  a space  station. 

Dr.  Shkv.  Tint  i«  in  the  wnw  of  the  level  of  effort  here,  Mr. 
Gurney.  It  docs  represent  the  urgency  of  tlie  program  as  well  is  the 
degree^  of  diffienlty  involved;  the  .mace  station  money  listed  here  is 
sufficient  so  that  by  the  *»nd  of  fiscal  year  1964  we  will  have  available 
a preliminary  de^iirn  r«f  nn  Earth-orbiting  laboratory  or  station 
capable  of  Stabling  four  to  six:  men  in  orbit  for  prolonged  periods 
of  time,  and  which  ^euld  lie  launched  with  a .Saturn  I or  Saturn  I B 
vehicle. 

Mr.  Gurney.  What  you  are  saying  is  that  the  funds  which  are  ear- 
marked are  about  ns  ample  aayou  need  to  conduct  these  studies? 

Dr.  Shea.  That  a right.  Tne  target  of  study  of  the  space  station 
studies  is,  by  the  enn  of  fiscal  year  1964,  to  have  a well-defined  pro- 
gram available.  I realize  there's  no  commitment  to  the  ongoing  pro- 
gram as  vet. 

Mr.  Hot  kiss.  I’d  like  to  fay  when  we  put  into  the  record  figures 
for  advanced  studies,  I would  not  want  us  to  review  this  area  next 
year  and  .have  it  considered  reprograming  because  that’s  impossible 
In  industry  and  mo?r  impossible  in  government.  That’s  one  reason 
why  we  haven’t  broken  it  down  further. 

Dr.  Shea.  These  are  first-cut  figures.  The  study  is  still  in  the 
process  of  being  redefined. 

Mr.  Holmes,  May  I comment  on  that?  I think  one  way  one  can 
look  at  it,  just  as  you  are  getting  at  it,  Mr.  Gurney,  is  on  a level-of- 
effort  basis.  It  is  difficult  jto  say  what  the  continuous  level  of  effort 
will  be.  It  is  difficult  in  this  level  to  say  whether  or  not  it's  going  to  be 
$3  million  or  $3.2  million. 

Dr.  Shea.  We  have  to  have  some  contingency  to  pursue  good  ideas 
tlmt  come  up,  either  from  industry  or  from  on  reives.  We  are  very 
much  involved  in  an  evolving  technology.  The  difference  between  a 
“brute  force”  systems  approach  and  a sophisticated  approach  may  la* 
the  ideas  generated  in  tne  next  several  years. 

Mr.  Teague,  Mr,  Fuqua? 

Mr.  Fuqua.  Mr.  Shea,  the  $7.9  million  program  you  have  in  1963, 
how  are  you  spending  this  money?  In  what  type  of  research  are 
you  spending  it? 

Dr.  Shea.  Essentially  in  the  same  area. 

Mr.  Fuqua.  This  is  what  I want  to  know.  Is  it  in  the  same  area 
vou  orooose  to  spend  the  $11.3  million  ? 
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Is  it  a continuation  of  that  typo  of  work  ? 

Dr.  Shea.  Yes,  sir.  That’s  right. 

Mr.  Fuqua.  How  soon  do  you  plan  to  have  the  $11,3  million  under 
contract? 

Dr.  Shea.  The  $11.3  million  will  get  out  under  contract  during  the 
end  of  fiscal  year  1964,  Some  of  the  studies  will  not  be  defined  until 
the  fiscal  year  1963  studies  are  completed,  and  I would  say  there 
would  be  a relatively  uniform  distribution  for  contracting  of  those 
funds  during  the  entire  fiscal  year  1964  period. 

Mr.  Fuqua.  In  other  words,,  you  are  going  to  be  spending  about 
$18  million  then  in  this  field. 

Dr.  Shea.  It  is  a continuing  commitment.  In  1965  the  level  would 
he  probably  again  about  $11.3  million.  What  we  are  doing  here  is 
continuing* to  Took  ahead.  Certain  things  are  not  well  defined  rela- 
tive to  the  things  we  are  currently  looking  at. 

Mr.  Fuqua.  Are  you  using  all  the  $7.9  million  in  fiscal  year  1968? 

Dr.  Shea.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  How  much  have  you  obligated  of  the 
$7.9  million  in  fiscal  year  1963  ? 

Dr.  Siiea.  Let  me  refer  to  my  advanced  studies  book. 

Mr.  Holmes.  As,  of  the  20th  of  March  in  total  systems  engineering 
we  had  obligated  $11.8  million. 

Mr.  Fulton  of  Pennsylvania.  I didn’t  hear  you. 

Mr.  Holmes.  We  had  obligated  $11.8  million  of  the  $26.5  million  as 
of  the  20th  of  March.  We  don’t  have  a final  breakdown  of  that  here. 

I could  update  that  figure  for  you. 

Mr.  Fulton  of  Pennsylvania.  I notice  for  fiscal  year  1963  “Nova 
study,"’  $3,005,000.  What,  to  date,  has  been  committed  or  obligated  on 
that  money? 

Mr.  Holmes.  The  only  figures  we  have  here  with  us,  Mr.  Fulton — 
and  I could  get  you  the  other  for  the  record*— is  of  the  total.  We  have 
obligated  some  $11.8  million  and  that’s  out  of  $26.5  million  authorized 
in  fiscalyear  1963. 

Mr.  Fulton  of  Pennsylvania.  When  you  look  at  an  advanced 
studies,  generally,  and  advance  Nova  study,  they  ufe  both  in  the  realm 
of  the  quite  distant  future. 

Dr,  Shea.  Yes,  sir. 

Mr,  Fulton  of  Pennsylvania.  Secondly,  they  are  in  the  early  stage 
of  idea. 

Dr.  Shea.  They  are  in  the  early  stages. 

Mr,  Fulton  of  Pennsylvania.  Likewise,  they  are  not  in  the  develop- 
ment'' of  hardware  or  even  advanced  technology,  are  they  ? 

Dr.  Shea.  They  are,  in  effect,  in  the  area  ox  advanced  technology 
because  what  we  do  with  the***  studies  is  to  examine  things  that  are 
becoming  available  in  advanced  technology  to  determine  now  appli- 
cable they  are  to  the  missions  of  interest,  or  to  the  particular  vehicle 
design  we  are  talking  about.  Beally,  this  area  we  are  discussing  is 
the  one — the  means  by  which  things  become  available  in  advanced 
technology  that  arc  introduced  in  our  program. 

Mr.  Fulton  of  Pennsylvania.  The  $3,005,000  has  no  part  in  it 
for  the  development  of  the  M-l  engine  ? 

Dr.  Shea.  No,  sir;  it  does  not. 

Mr.  Fusr/roN  of  Pennsylvania.  The  proposed  $5  million  for  fiscal 
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yew  1964  has  no  part  in  it  for  the  development  of  the  M~1  engine? 

Dr.  Shea.  No,  siruiot  the  hardware. 

Mr.  Fulton  of  Pennsylvania.  What  is  the  study  on  the  Nova? 
Is  it  simply  concept?  Is  it  systems  engineering,  or  does  it  get  much 
more  in  detail? 

Dr,  Shea.  It  goes  through  what  I would  call  preliminary  design 
in  certain  cases.  In  the  Nova  area,  for  the  next  fiscal  year,  we’ll  he 
studying  not  just  the  application,  for  instance,  of  the  M-l  or  F-l 
engines  as  advanced  chemical  propulsion  systems,  We’ll  also  be  look- 
ing at  the  application  of  the  solid  booster,  a development  program 
which  has  started.  We’d  examine  where  we  would  use  the  solid  vehicle, 
how  you’d  size  the  vehicle,  what  the  facilities  would  be,  what  the 
transportation  problem  ■would  be,  what  the  payload  capabilities  would 
be,  and,  in  general,  what  missions  you  could  perform  with  this  par- 
ticular vehicle.  In  addition,  we  would  be  looking  at  the  extension  of 
what  I’d  call  our  present  approach  versus  the  problems  of  bringing  in 
a reusable  booster,  the  problems  of  nuclear  propulsion  and  whom  it 
would  apply,  how  big  the  gains  could  be  realized  from  these  types 
of  things. 

Mr.  Fulton  of  Pennsylvania.  You  could  go  ahead  with  develop- 
ment of  the  M-l  engine  without  the  developments  for  1964  for  Nova 
because  that  has  no  part  on  it, 

Dr.  Shea,  That  is  right. 

Mr.  Fulton  of  Pennsylvania.  If  you  were  cut  the  $3,005,000  for 
fiscal  year  1964  would  it  hold  you  back  on  the  development  of  the  sec- 
ond-stage booster  for  Nova? 

Mr.  Holmes.  To  my  mind  if  you  aren’t  going  to  spend  this  kind  of 
money  in  advanced  technology  systems,  you  might  as  well  not  do  any 
development  on  the  engine. 

Mr,  Fulto  n of  Pennsylvania.  If  we  did  this,  how  much  of  the  $45 
million  should  be  cut  then  for  1964  ? 

Mr.  Holmes.  Let  me  say  it  this  way.  We  had  Nova  funds  for  1963. 
It  is  my  opinion,  in  trying  to  run  this  program  for  the  country  and 
for  you,  that  it  was  absolutely  essential  to  form  a systems  engineering 
group  and  fund  it  this  way.  Those  dollars  came  out  of  other  parts  of 
the  program,  very  badly  needed.  Yet  we  haven’t  spent  a single  dollar 
in  the  maimed  space  program  that  has  been  more  important  than  the 
manned  space  flight  systems  engineering  effort.  If  you  cut  money 
like  this  we  would  be  forced  to  cut  out  the  program  or  not  do  the 
job  for  you. 

Mr.  3 Fulton  of  Pennsylvania,  We  are  not  cutting  money,  for  ex- 
ample, on  the  advanced  study  of  $7,900,000  j or  $11,300,000  for  1964 

Mr.  Holmes.  I SCO. 

Mr.  Fulton  of  Pennsylvania.  Rather  on  the  concept  of  the  Nova. 

When  you  were  up  hens  last  vear,  there  was  every  urgency  for  the 
Nova  and  you  felt  you  couldn’t  get  along  without  it  You  needed 
the  money.  You  must  have  it,  and  it  was  absolutely  necessary. 

This  committee  cut  the  funds  and  my  feeling  is  that  if  we  are  going 
to  do  the  study  on  the  components  that’s  fine,  but  when  we  come  to 
design  and  advanced  technology,  it  is  a case  where  we  must  look  at 
Nova  closely  this  year. 

Dr.  Shea.  Mr,  Fulton,  may  I answer  here?  You  recall  when  I 
broke  down  the  advanced  studies  area,  I did  not  include  any  vehicle 
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studies.  The  reason  for  that  is  because  the  vehicle  studies  are  essen- 
tially lumped  under  the  term  “Nova.”  I tliink  the  terminology  in 
the  book  is  probably  a bit  unfortunate,  but  we  cannot  guide — — 

Mr.  Fulton  of  Pennsylvania.  You  mean  the  vehicle  studies  on 
Nova  ? 

Dr,  Shis  a.  When  we  say  Nova  study  here,  what  we  mean  are  those 
studies  which  will  help  us  define  what  the  next  generation  of  launch 
vehicles  will  be. 

It  is  not  the  Nova  launch  vehicle  in  the  conventional  sense  not  as 
we  understood  Nova  a year  ago.  If  we  don’t  accomplish  studies  such 
as  the  Nova  studies,  we  don’t  know  how  to  best  direct  the  advanced 
technology  area. 

Mr.  Fit/ton  of  Pennsylvania.  Page  EDO  3-1  you  have  the  M-l 
engine  set  out  specifically  for  $45  million. 

Dr.  Shea.  That’s  right.  The  M-l  engine  is  one  of  the  components 
that  may  be  used  in  Nova.  This  is  a point  we  went  over  last  week. 

Mr.  Fttltox  of  Pennsylvania.  That’s  all. 

Mr.  Holmes.  I do  regret  that  this  entry  says  “Nova.”  I tliink  Mr. 
Fulton’s  point  is  well  taken.  I think  it  is  misleading.  It  does  say 
“advanced  Nova  studies.”  We  all  know  how  tardy  we  have  been  in 
this  country  in  developing  advanced  boosters  and  thrnsts.  If  it  stated 
that  fact,  it  would  be  a lot  clearer. 

Mr.  Daddario,  This  problem  doesn’t  include  the  M-l  does  it? 

Mr.  Holmes.  No,  it  does  not. 

Mr.  Daddario.  So  it’s  even  more  misleading. 

Mr,  Teague.  Now  these  people  have  traveled  thousands  of  miles  to 
be  at  this  hearing  this  morning.  We  can  go  back  to  this  point  at  any 
time.  We  shouldliave  stopped  15  minutes  ago. 

I understand,  Mr.  Holmes,  that  you  have  a statement  involving 
Bellcomm  and  General  Electric,  Are  you  familiar  with  the  letter 
I have  from  Mr.  Paul  Dembling  ? 

Mr,  Holmes.  We  prepared  that  letter  in  my  office.  I didn’t  have 
any  prepared  statement  concerning  them,  other  than  that  which  1 in- 
cluded in  my  introductory  remarks. 

Mr.  Teague.  Then  I believe  you  should  read  this  letter  into  the 
record. 

Mr.  Holmes.  Yes,  Mr.  Chairman. 

Mr,  Teague.  I understand  that  the  representatives  of  General  Elec- 
* trie  and  the  representatives  of  Bellcomm  are  here.  If  any  wish  to  ask 
questions,  we  will  accommodate  you. 

Mr.  Holmes.  Mr.  Chairman,  may  I submit  this  letter  which  was 
addressed  to  the  Subcommittee  on  Manned  Space  Flight  April  26  and 
signed  by  Mr.  Paul  Dembling,  Director  of  the  Office  of  Legislative 
Affairs  for  NASA  ? 

Mr,  Teague,  I think  you  should  rend  it  into  the  record. 

Dr.  Shea,  you  say  that  the  Aerospace  Corp.  works  for  the  Air  Force. 
Wo  went  to  California  and  listened  to  Aerospace  Corp.  and  we  come 
away  with  the  impression  that  the  -Air  Force  has  given  them  the  same 
problem  which  NA  SA  has  given  to  Bellcomm. 

That  is  the  point  we  are  interested  in  since  both  NASA  and  the  Air 
Force  are  interested  in  Gemini.  Bellcomm  is  solving  problems  for 
NASA,  and  Aerospace  is  solving  problems  for  the  Air  Force.  They 
testified  here  and  intimated  that  they  didn’t  even  know  about  it. 
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Dr.  Shea.  Yee,  sir, 

Mr.  Teague.  I think  you  ought  to  read  this  letter. 

Dr.  Shea.  Do  you  want  it  read  aloud  ? 

Mr.  Teague.  Nobody  has  seen  it  except  myself.  You  better  read 
it  aloud. 

Dr.  Shea.  Dear  Mr.  Chairman,  this  is  in  response  to  your  recent  re- 
quest of  Mr.  D.  Brainerd  Holmes,  Director,  Office  of  Manned  Space 
Flight,  for  information  concerning  a description  of  the  work  Bell- 
comra,  Inc.,  the  General  Electric  Co.,  and  the  Aerospace  Corp.  are  do- 
ing in  providing  technical  assistance  for  the  manned  space  flight  pro- 
gram in  the  fields  or  systems  engineering  and  checkout,  reliability 
assessment,  and  integration. 

In  responding  to  your  request,  it  might  be  appropriate  to  review 
briefly  the  Bellcomm  an  General  Electric  efforts  in  support  of  Project 
Apollo.  The  Aerospace  Corp.,  a contractor  of  the  Air  Force,  is  differ- 
ent in  concept  than  either  Bellcomm  or  General  Electric.  In  addition 
to  providing  systems  support,  as  is  the  case  of  Bellcomm  and  General 
Electric,  Aerospace  is  providing  actual  technical  direction  to  the  space 
program  of  the  Air  Force.  Inasmuch  as  Aerospace  is  an  Air  Force 
contractor,  you  may  wish  to  refer  any  questions  regardingthe  contract 
to  the  Department  of  the  Air  Force. 

The  systems  engineering  function  includes  the  determination  of  sys- 
tem specifications  and  conceptual  designs  of  major  elements  of  the 
program ; the  review  of  ongoing  programs  to  identify  and  evaluate 
possible  alternative  courses  of  actions;  study  of  the  impact  of  funding, 
schedule,  and  technical  changes  on  the  overall  program;  development 
of  the  overall  reliability  wm  system  test  plans,  and  preparation  of 
long-range  plans;  implementation  of  long-range  studies,  and  partici- 
pation in  project  development  plans  for  future  manned  space  flight 
projects. 

Typical  of  this  type  of  activity  was  the  selection  of  the  mode  of 
flight  for  the  first  manned  lunar  landing,  in  which  the  Office  of 
Systems  occupied  a central  role.  As  the  subcommittee  knows,  three 
possible  ways  of  implementing  the  program  were  studied  in  great 
detail — direct  ascent,  Earth  orbit  rendezvous,  and  lunar  orbit 
rendezvous. 

The  Office  of  Systems  reviewed  the  data  available  and — -- 

I would  suggest  that  we  slap  that  for  a minute,  because  that’s  really 
what  we  covered  a minute  ago. 

Mr.  Holmes,  Perhaps  you  ought  to  read  the  whole  letter. 

Dr,  Shea.  The  Office  of  Systems  reviewed  the  data  available  and 
defined  the  additional  studies  required  to  provide  mission  data.  These 
studies  were  onducted  both  at  NASA  centers  and  by  contractors 
under  the  direction  of  the  Office  of  Systems.  By  June  1902,  the 
results  of  all  the  previous  study  activity  had  been  analyzed  against 
the  criteria  of  mission  success,  safety,  schedule,  cost,  complexity,  and 
growth  potential.  The  analysis  of  more  than  a million  man-hours 
of  technical  work  showed  that  lunar  orbit  rendezvous  was  the  most 
desirable  mode  of  flight. 

The  Office  of  Systems  now  has  about  half  of  its  planned  total  com- 
plement of  125  members  of  the  technical  staff  on  board.  In  February 
1962,  NASA  requested  the  American  Telephone  A Telegraph  Co.  to 
assist  in  this  systems  engineering  effort.  NASA  asked  A.T.  & T.  to 
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provide  an  organization  of  experienced  men  able  to  employ  the  most 
advanced  analytical  procedures  necessary  to  develop  the  factual  bases 
needed  by  responsible  NASA  officials  to  make  the  wide  range  of  deci- 
sions required  for  the  successful  execution  of  the  manned  space  flight 
program. 

A.T.  & T.  responded  to  inquest  by  forming  Bellcomm,  Inc., 
in  March  1962. 

As  of  tills  date,  Bellcomm  waists  of  97  technical  people  and  a sup- 
porting staff  of  6*1.  In  term1:  I*  educational  background  of  the  tech- 
nical staff,  24  percent  have  a ')/%.  I>.  degree,  46  percent  hare  an  M.S. 
degree,  and  29  percent  have  a ? >.&>  degree. 

That  is,  parenthetically,  a vf  ey  high  percentage  of  advanced  degrees. 

NASA  anticipates  that  by  the  end  of  this  year  the  Bellcomm  organi- 
zation will  comprise  about  250  people — two-thirds  technical  personnel 
and  the  balance  administrative  staffing  level. 

For  the  18-month  period  ending  September  30, 1963,  the  estimated 
amount  of  the  NASA  contract  with  Bellcomm  is  approximately  $8.5 
million.  Bellcomm  provides  skilled  and  experienced  assistance  to  en- 
able NASA  systems  engineering  to  exercise  its  responsibility  and  au- 
thority in  an  effective,  manner. 

It  is  important  to  note  that  Bellcomm,  Inc.,  assists  and  supports  a 
technical  office  within  the  Government  rather  than  an  administrative 
office.  This  important  distinction  makes  it  possible  for  the  Govern- 
ment to  carry  out  properly  its  total  technical  responsibility,  utilizing 
a contractor  for  assistance,  but  maintaining  the  final  technical,  engi- 
neering, andprocurement  judgments  within  the  Government  itself,  to 
be  made  by  Government  employees. 

The  capital  stock  of  Bellcomm,  Inc.,  which  at  present  is  $700,000, 
is  owned  jointly  in  equal  amounts  by  A.T'.  & T.  and  the  Western  Elec- 
tric Co. 

The  board  of  directors  is  comprised  of  a chairman.  Mr.  li.  R.  Hough, 
vice  president,  engineering,  A.T,  & T.  and  eight  others — two  from 
A.T.  & T«  two  from  the  Weriern  Electric  Co.,  two  from  tl  a Bell  Tele- 
phone Laboratories,  and  two  from  Bellcomm,  Inc.  It  was  intended  at 
the  outset  that  the  board  be  a working  board  in  both  a technical  and 
business  sense.  For  this  reason  it  contains  highly  qualified  technical 
people  and  people  with  extensive  business  experience. 

The  president  of  Bellcomm,  John  A,  limbeck,  and  the  heads  of  its 
two  technical  divirions  came  from  Beh  Telephone  Laboratories. 

Its  vice  president  and  general  manager  came  from  the  long  lines  de- 
partment of  A.T.  Sc,  T.  The  other  officers  are  a comptroller  and  a sec- 
retaiy-treasurer,  the  former  from  A.T.  & T.  and  the  latter  from  the 
Western  Electric  Co. 

In  February  1962,  NASA  selected  the  General  Electric  Co.  to  play 
a supporting  role  in  Project  Apollo-— to  concentrate  on  checkout,  re- 
liability assessment,  and  integration. 

It  is  appropriate  to  indicate  some  of  the  reasons  why  such  support 
is  required.^  To  carry  out  a manned  lunar  landing  mission,  it  is  neces- 
sary to  verify  the  readiness  of  all  of  the  needed  system  elements  to 
properly  perform.  In  order  to  develop  high  confidence  in  NASA's 
readiness  to  take  the  next  step  in  a mission,  each  piece,  part,  unit,  sub- 
system, stage,  spacecraft  module,  space  vehicle,  and  ground  facility 
must  be  checkedout  most  carefully. 
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Within  the  framework  of  organization  for  the  Apollo  project,  no 
single  contractor  could  do  the  entire  job  of  developing  checkout  equip- 
ment and  procedures  and  supplying  the  equipment  for  a uniiorm 
prograiiiwide  approach.  Therefore,  NASA  asked  General  Electric 
Co.  to  begin  this  work  under  Letter  Contract  NASw-410. 

The  knowledge  gained  in  the  uniform  design  of  checkout,  equipment 
and  procedures  is  the  same  information  required  to  insure  detailed  in- 
tegration of  major  systems,  such  ns  the  electronic,  electrical,  and  me- 
chanical linkages.  The  checkout  process  of  necessity  delves  into  al- 
most every  system  in  great  detail.  Consequently,  it  was  decided  to 
combine  the  integrarion  assignment  with  that  of  checkout. 

Another  related  task  is  reliability  assessment.  The  ^recess  of 
Apollo  will  require  detailed  knowledge  concerning  the  present  and 
projected  reliability  of  the  critical  system  components.  This  knowl- 
edge must  be  continuously  acquired  throughout  the  design,  manufac- 
turing. test  and  operational  phases  of  the  program  to  enable  NASA 
to  make  an  informed  judgment  about  system  reliability  and  safety 
levels.  ^ ... 

The  first  phase  of  the  work  consisted  of  a series  of  studies  aimed 
at  more  specifically  analyzing  and  defining  the*scope  and  content  of 
the  work.  The  study  phase  was  completed  last  fall.  The  implementa- 
tion phase  of  work  was  begun  immediately  and  continues.  Negotia- 
tions on  a definitive  contract  have  proceeded,  and  NASA  is  confident 
that  agreement  on  all  of  the  provisions  of  this  definitive  contract  will 
be  reached  in  the  near  future. 

In  the  implementation  phase.  General  Electric's  work  will  be  in  two 
broad  categories.  There  will  be  continuing  engineering  support,  which 
will  be  required  by  the  Office  of  Manned  Space  Flight  and  the  NASA 
centers  in  their  respective  areas  of  responsibility  for  integration,  re- 
liability assessment,  and  checkout.  Secondly,  General  Electric  will 
furnish  specially  designed  checkout  hardware,  including  that  which 
Will  provide  for  the  integrated  launch  control  and  checkout  system. 

General  Electric  engineering  support  is  now  building  up  as  needed 
at  the  Manned  Spacecraft  Center,  the  George  C.  Marshall  Space  Flight 
Center,  and  the  Launch  Operations  Center.  The  organizations  at  each 
center  call  upon  the  Apollo  Support  Department  at  Daytona  Beach, 
Fla.,  when*  a staff  has  been  established  to  support  across-the-board 
tasks.  Common  use  of  the  Daytona  Beach  services  assures  a common 
approach  to  checkout,  reliability  assessment,  and  integration. 

As  the  program  progresses.  General  Electric  will  gradually  increase 
the  proportionate  scope  of  the  Daytona  Beach  effort  as  the  engineer- 
ing center  of  gravity  shifts  from  concept  and  design  to  the  production 
of  checkout  equipment.  As  the  reliability  and  quality  data  begin  to 
build  up,  the  General  Electric  central  data  effort  will  also  grow.  In- 
tegration support  effort  by  General  Electric  will  continue  at  f he  NASA 
centers  and  at  the  GeneralElectric  headquarters  to  provide  assistance 
to  NASA  throughout  the  life  of  the  program. 

It  is  important  to  note  the  difference  between  systems  engineering, 
an  activity  that  requires  a relatively  small  organization  of  very  highly 
qualified  individuals,  and  checkout,  reliability  assessment,  and  in- 
tegration. which,  because  of  the  massive  amount  of  technical  detail 
which  must  he  handled,  require  large  manpower  efforts. 

In  systems  engineering,  NASA  has  developed  the  system  concept 
and  is  now  writing  the  overall  specifications  for  Proiect  Apollo.  A 
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portion  of  these  specifications  will  include  the  general  requirements 
on  the  checkout  system,  definition  of  the  requirements  for  reliability 
assessment,  and  technical  monitoring  of  the  program.  Belleomm  sup- 
ports NASA  in  this  work. 

NASA  has  asked  General  Electric  to  provide  support  in  areas  in 
which  the  details  require  many  people.  General  Electric  is  imple- 
menting the  checkout  system,  beginning  hardware  production,  and 
undertaking  comprehensive  work  in  integration  and  related  data  gath- 
ering and  process  mg,  which  will  help  to  insure  that  the  overall  systems 
engineering  requirements  are  being  met  in  detail. 

Annex  A and  annex  B attached  are  copies  of  the  statements  of  work 
contained  in  the  Belleomm  and  General  Electric  contracts. 

We  believe  that  the  above  supplements  and  summarizes  the  previous 
testimony  given  to  your  subcommittee  on  these  subjects  by  Mr.  Holmes 
on  March  6,  T,  and  April  9, 1963,  by  Dr.  John  A.  Hornbeck,  president 
of  Belleomm,  Inc.,  and  Mr,  Richard  L.  Shetler,  general  manager  of 
the  Command  Systems  Division  of  General  Electric  and  acting  gen- 
eral manager  of  the  General  Electric  Apollo  Support  Department, 
on  March  20, 1963.  and  by  Dr.  Robert  C-.  Seamans,  Jr.,  Associate  Ad- 
ministrator of  NASA,  on  April  9, 1963. 

It  is  our  understanding  that  the  transcript  of  the  briefing  given  by 
members  of  the  Apollo  Support  Department.  General  Electric  Co. 
Daytona  Beach,  Fla.,  on  March  29, 1963,  has  been  transmitted  to  yon 
and  will  be  made  a part  of  the  record  of  your  subcommittee  hearings. 

Mr.  Teague.  Without  objection,  the  transcript  will  be  incorporated 
in  the  record.  (The  transcript,  referred  to  is  shown  in  app.  C.) 

Likewi.se  the  letter  from  Mr.  Dembling  with  enclosures  will  also  be 
incorporated  in  the  record.  (The  letter  with  enclosures  is  shown  in 
app.  D.) 

Mr.  Teague.  It  is  my  understanding  that  the  people  from  General 
Electric  have  come  a considerable  distance.  I would  like  to  entertain 
questions  concerning  General  Electric.  Do  you  have  any  questions, 
Mr.  Daddario? 

Mr.  Daddario.  Can  you  tell  us,  Dr.  Shea,  what  the  overall  amount 
of  money  is  likely  to  be  that  General  Electric  will  receive  during  the 
course  of  this  entire  contract? 

Dr.  Shea.  It  is  likely  to  be  about  $635  million  for  the  entire  contract, 
Mr.  Daddario. 

Mr.  Daddario.  $635  million. 

Dr.  Shea.  That's  the  current  round  estimate. 

__  Mr.  Daddarto.  Does  that  include  just  General  Electric’s  participa- 
tion in  this  part  of  the  program  or  does  it  include  other  activities  that 
GE  is  involved  in?  For  example,  GE  does  other  work  for  NASA, 
does  it  not,  at  the  Mississippi  test  facility,  Mr.  Holmes  ? 

__  Mr.  Holmes.  This  estimate  does  not  include  General  Electric  par- 
ticipation, either  in  elements  of  the  program  or  at  Mississippi  test 
facility.  It  is  a rounded  estimate  over  the  period  through  this  decade 
what  the  reliability  assessment,  integration,  and  checkout  might 
amount  to. 

Mr.  Daddario.  How  much  is  the  contract  that  GE  has  at  Mississippi? 
What  is  that  likely  to  amount  to  over  the  course  of  the  program  as 
yon  conceive  it  at  the  moment  ? 
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Mr  Holmes.  General  Electric  does  not  have  a contract  there.  We 
aie  negotiating  with  GE  for  a contract.  It  is  a support  services  con- 
tract both  in  tne  technical  and  administrative  support  areas.  In  its 
present  throught  and  scope,  it  includes  very  little,  if  any.  equipment. 
The  dollar  values  are  considerably  less  than  this.  I can-t  really  tell 
you  what  the  dollar  values  are  imtil  we  have  both  defined  the  contract 
further  and  had  General  Electric  Co.  estimates  on  it.  Indeed,  that  h 
flv>  stage  it  is  in  right  now. 

Mr.  Dajddario.  Even  though  it  is  still  being  negotiated,  it  will,  most 
likely,  be  consummated  and  once  consummated  will  extend  itself  over 
the  coarse  of  many  years  and  will  involve  many  millions  of  dollars 
in  addition  to  General  Electric’s  participation  in  this  program  ? 

Mr.  Holmes.  That  is  true.  It  is  our  present  plan  to  establish  a 5-year 
contract  in  which  we  plan  to  operate,  but-  negotiate  yearly  fee  and  work 
scope  for  the  following  years  and,  of  course,  it  would  he  subject  tc 
normal  termination  if  that  should  be  to  the  benefit  of  the  Government. 

Mr.  Daddakio.  Do  you  have  the  same  type  of  service  contract  with 
other  independent  contractors  at  all  the  other  NASA  centers? 

Mr.  Holmes.  Yes,  in  doing  services.  In  this  case,  General  Electric 
would  be  the  contractor  to  run  the  Mississippi  test  facility  for  the 
Government  in  a manner  analogous  to  the  way  Pan-American  is 
servicing  the  Air  Force  at  Cape  Canaveral.  _ 

Mr.  Daddario.  Yet,  despite  the  fact  General  Electric  has  a contract 
of  this  magnitude  in  systems  engineering  and  is  going  to  be  in  charge 
for  a period  of  probably  not  less  than  5 years,  most  likely  many 
more  years  at  Mississippi,  it  still  negotiates  with  JN  AS  A as  an  inde- 
pendent contract  or  by  offering  its  services  for  bid  in  many  other  ways, 
does  it  not! 

Mr.  Holmes.  Yes,  it  does. 

Mi*.  Daddario.  How  do  you  keep  General  Electric  apart?  How  do 
yon  prevent  GE  from  supervising  its  own  bid,  and  how  do  you  prevent 
it  from  gaining  advanced  knowledge  which  will  be  beneficial  to  it 
when  it  does  put  forward  bids  or  when  it  negotiates  with  NASA  ? 

Mr.  Holmes.  Well,  we  have  given  that  matter  a great  deal  of 
thought. 

I would  like  to  first  make  it  completely  clear,  we  don’t  have  a con- 
tract with  General  Electric  at  the  MTF.  In  the  discussion  we  are 
talking  about,  I don’t  think  that  matters. 

Mr.  Daddario.  We  can  assume  you  will  have. 

Mr.  Holmes.  We  can  assume  we  will  have.  We  have  a clause  in 
this  contract  we  are  negotiating  for  integration,  checkout,  and  reliabil- 
ity that  would  make  General  Electric  ineligible  to  bid  on  the  Apollo 
system  either  as  prime  contractor  for  the  hardware  for  Apollo-de- 
fined as  the  manned  lunar  mission  as  presently  conceived,  or  for  major 
Apollo  subsystems.  Exceptions  to  this  could  be  made  either  by  the 
Administrator  or  the  Deputy  Administrator  for  the  interests  of  the 
Government. 

Examples  of  this  have  been  General  Electric  Co.’s  declining  to  bid 
on  the  lunar  excursion  module  where  indeed  they  had  thought  they 
were  going  to  make  arrangements  for  a joint  bid  with  the  Aerospace 
Co.  They  declined  because  it  would  not  have  been  consistent  with 
their  working  under  these  contracts  under  the  arrangements  or  agree- 
ments we  had. 
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Mr,  Dabdabio.  Did  they  decline  voluntarily  or  was  it  suggested? 

Mr.  Holmes.  There  was  discussion,  but  they  declined  voluntarily. 

Mr.DADDARio.  After  the  discussion! 

Mr.  Holmes.  After  the  discussion.  Whether  they  would  have  be- 
fore the  discussion,  I can’t  say.  If  we  look  at  another  example— -I 
want  to  be  fair  with  the  General  Electric  Co. — I feel  that  in  the  last 
year,  if  anything,  our  strict  adherence  to  this  rule  has  been  to  the 
detriment  of  that  company,  certainly  not  to  its  advantage.  Let  me 
give  you  a good  example. 

They  certainly  would  under  a normal  situation  be  a qualified  com- 
pany to  bid  on  the  Mission  Control  Center  in  Houston. 

However,  we  felt  this  was  borderline  under  the  policy ; therefore,  we 
did  not  say,  “You  cannot  bid.”  We  indicated,  however,  we  felt  there 
would  be  more  difficulties  for  us  In  managing  that  contract  with  Gen- 
eral Electric  than  there  would  be  with  someone  who  didn’t  have  this 
other  job.  As  it  turned  out,  GE  just  declined  to  bid  on  its  own  ini- 
tiative. 

I do  believe  that  if  one  man  can  examine  how  this  has  operated  to 
avoid  giving  the  General  Electric  unfair  advantage,  we  will  observe 
that  it  has  operated  very  well  from  that  standpoint  and,  perhaps,  gone 
just  a little  bit  on  the  other  side  of  the  line. 

Mr.  Dadoario.  Mr.  Holmes,  with  such  a complicated  arrangement, 
do  you  think  the  people  in  charge  of  NASA’s  centers  know  what  Gen- 
eral Electric’s  function  is  at  each  of  those  centers? 

Mr.  Holmes.  Yes,  sir ; I think  they  do. 

The  integration,  of  this very  large  program  is  a complicated  arrange- 
ment in  many  ways.  We  have  discussed  this  particular  contract  and 
arrangements  at  numerous  times  in  the  Manned  Space  Flight  Man- 
agement Council,  where  as  you  know,  we  have  as  members  the  heads  of 
each  of  these  centers  most  intimately  involved  in  the  program.  Those 
discussions,  supplemented  by  NASA’s  circular  from  the  procurement 
offices  to  all  centers  establishing  this,  have  made  communications  such 
that  I think  it  is  clearly  understood  by  all  our  centers  how  this  is  to 
operate. 

Mr.  Dabdario.  When  this  committee  visited  the  North  American 
Aviation  plant,  this  confusion  was  quite  obvious  and  it’s  unfortunate 
we  didn’t  make  arrangements  to  have  that  meeting  recorded.  As  I 
recall,  it  went  something  like  this ; North  American  had  a list  of  sub- 
contractors for  the  Apollo  pregram  and  they  had  listed  GE  as  one 
of  the  subcontractors.  Some  or  the  NASA  people  there  gave  conflict- 
ing testimony  as  to  whether  General  Electric  was  a subcontractor  or 
part  of  the  management  integrating  the  whole  program  or  both. 
When  the  meeting  was  over,  no  one  had  been  able  to  definitely  ascertain 
in  what  particular  category  General  Electric  was  involved.  To  this 
day,  I don’t  think  the  committee  has  been  able  to  get  to  that  point 
to  "decide  just  what  part  General  Electric  played.  I am  sure  that 
there  is  no  intention  to  have  General  Electric’s  work  conflict  in  any  of 
these  programs,  but  it  was  obvious  f«  t that  time  that  there  was  con- 
fusion and  I think  it  is  important  for  < SHE  and  NASA  to  avoid  as  quick- 
ly as  possible  the  problems  which  may  arise  because  of  this  conflict. 

Mr.  Holmes.  I certainly  agree  with  you. 

Mr.  Daddario.  Can  you  offer  any  suggestion  as  to  how  this  might 
be  done! 
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Mr.  Holmes.  I really  think  that  it  is  today  clear  in  the  centers.  I 
regret  that  there  weren’t  people  at  that  particular  meeting  who  were 
informed  and,  certainly  they  should  have  been  informed,  if  they  were 
responsible  NASA  officials  dealing  with  North  American,  as  to  the  role 
General  Electric  Co.  is  playing.  I think  we  have  gone  a long  way  in 
trying  to  establish  definitively  with  the  centers  and  in  turn  with"  the 
other  contractors  with  whom  we  are  doing  business,  just  what  GE’s  role 
in  assisting  us  in  integration  checkout  and  reliability  is.  It  is  true 
that  over  the  past  months  there  have  been  questions  and  so  forth. 

However,  I feel  that  these  questions  have  been  fairly  well  answered 
now,  and  in  the  last  quarter  of  the  year  very  much  fewer  questions 
have  been  directed  to  my  office  from,  industry  and  other  people  con- 
cerned, about  just  what  this  arrangement  is— how  we  do  business  with 
General  Electric— and  so  forth. 

Mr.  Daddario.  Perhaps  we  could  help  clarify  it  here,  Mr.  Holmes. 

A chart  that  North  American  showed  us  included  Ge«*ral  Electric 
as  a subcontractor  as  well  as,  as  I recall,  Pratt  and  Whitney,  Grumman, 
and  couple  of  others.  Since  the  chart  did  show  this,  can  you  tell  us 
what  part  General  Electric  olays  in  the  Apollo  program  as  related 
to  North  American?  Should  It  be  listed  as  a subcontractor  to  North 
American  or  should  it  be  listed  somewhere  else  and,  if  so,  where? 
Furthermore,  what  are  its  functions  in  the  Apollo  program,  specifical- 
ly, those  in  reference  to  North  American  ? 

Mr.  Holmes.  General  Electric  Co.  does  not  have  any  subsystem  that 
I know  of  and  they  are  not  a subcontractor  of  North  American  that 
I know  of,  nor  is  Grumman  for  that  matter.  But  they  may  be,  and 
are  allowed  to  be,  a vendor  of  supplies  to  North  American.  If  they 
are  shown  as  a subcontractor,  Mr.  Daddario,  J can’t  understand  it, 
since  the  exclusion  clause  prohibits  this  situation.  I am  sure  that 
GE  is  not  a subcontractor  to  North  American.  I think  I’d  have  to 
know  in  what  area  they  are  shown  in  order  to  discuss  this  intelligently. 

Their  relationship  now,  addressing  myself  to  the  other  broader  part 
of  your  question — their  relationship  to  North  American  as  to  all  of 
our  contractors  in  the  Apollo  program  is  that  of  being  responsible  for 
overall  integration;  A'hat  is,  the  interfaces;  overall  checkout  of  the 
equipment  made  by  North  American  or  the  other  contractors;  or  re- 
liability assessments  of  these  pieces,  including  what  North  American 
makes.  I don’t  believe  they  are  a subcontractor  for  North  American. 
I believe  you  were  misinformed  at  that  meeting. 

Mr.  Daddario.  We  were  definitely  misinformed  then.  I think  we 
could  supply  the  names  of  your  people  who  were  there  if  you  would 
like. 

Mr.  Holmes.  I would  enjoy  haying  them. 

Mr.  Daddario.  You  could  get  in  touch  with  North  American  and 
ask  them  for  a list  of  the  charts  they  showed  us  that  day. 

Mr.  Holmes.  We  will  do  that 

Mr.  Daddario.  And  that  chart,  I am  sure,  wifi  bear  out  what  I 
said  about  General  Electric  being  listed  as  a subcontractor. 

Mr.  Holmes.  I am  sure  that  is  the  case  and,  with  your  permission, 
I would  like  to  get  that  chart  and  discuss  it  further  with  you,  and 
perhaps  I can  talk  in  a more  intelligent  maimer  about  it 

Mr.  Daddario.  I wish  you  would. 

You  have  something  more  to  say.  Dr.  Shea? 
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Dr.  Shea.  No. 

Mr.  Daddario.  Yes,  Mr.  Riehlman? 

Mr.  Riehlman.  To  get  a specific  illustration,  Mr.  Holmes,  why 
don’t  vou  tell  the  committee  what  your  experience  has  been  with  Gen- 
eral Electric,  say,  at  Cape  Canaveral  or  Marshall!  How  has  their 
work  been  integrated  with  NASA  in  those  two  areas! 

Mr.  Holmes.  I’d  be  glad  to,  Mr.  Riehlman. 

Mr.  Riehlman,  the  question  has  arisen  whether  this  work  has  taken 
place  in  an  orderly  manner  and  whether  or  not  NASA  employees  as- 
sociated themselves  with  General  Electric’s  activities  and  responsi- 
bilities. 

I think  it  would  he  well  for  the  committee  to  know,  in  those  two 
* areas,  what  the  experience  has  been. 

Mr.  Fulton  of  Pennsylvania.  Could  I add  a pleasant  note  at  this 
point?  On  my  experience  with  Daytona  Beach,  I thought  General 
Electric  was  making  a good  start  on  the  contract. 

Mr.  Riehlman.  Let’s  have  what  Mr.  Holmes  has  to  say. 

Mr.  Holmes.  I think  there  has  been  difficulty  as  in  any  new  or^rani- 
zation  in  the  very  early  days,  such  as  in  the  period  of  establishing 
General  Electric  Co.’s  relationship  with,  our  centers.  They  would 
say  that.  I certainly  think  it’s  true. 

I think  it  is  true  General  Electric  Co.’s  efforts  integrated  with  our 
efforts  through  the  centers  makes  for  a very  valuable  working  rela- 
tionship. I think  that  GE’s  Daytona  establishment  is  going.  I 
think  establishment  of  the  procedures  by  which  we  managed  that 
helped. 

For  the  operation  at  Huntsville,  for  example,  we  have  a large  num- 
ber of  General  Electric  Co.  engineers  working  intimately  with  the 
Marshall  staff  in  the  development  of  the  checkout  equipment;  in  this 
case  for  the  launch  vehicles.  They  will  carry  out  final  engineering 
design  and  a good  part  of  the  fabrication  at  the  Daytona  plant. 
There  are  similar  activities  in  different  areas  occurring  with  the 
Manned  Spacecraft  Center  representatives.  Their  representatives 
for  this  service  also  handle  fabrication  at  the  cape  with  the  Launch 
Operations  Center  representatives.  I believe  that  it  is  proceeding  in 
an  orderly  fashion  and  is  going  to  make  a major  contribution  to  the 
efficient  accomplishment  of  this  job. 

Mr.  Riehlman.  I think  it  was  important  to  have  on  the  record 
what  has  been  accomplished  to  the  present  time  and  how  successful  it 
has  been. 

Mr.  Daddario.  Mr.  Roudebush. 

Mr.  Roudebush.  I would  like  to  continue  this  line  of  questioning. 

You  used  the  words.  Mr.  Holmes,  "vendors  of  supplies”  to  us. 
Could  you  tell  me,  briefly,  the  nature  of  these  supplies!  Would  they 
be  j ust  General  Electric  equipment  and  so  forth  ! 

Mr.  Holmes.  I was  distinguishing  between  a subcontractor  who 
we  think  has  a subcontract  and  somebody  who  sells  components.  I 
could  get  you  a list  of  that;  I couldn’t  tell  you  off  the  top  of  my 
head.  It  would  be  light  bulbs  to  circuitry,  I’m  sure,  and  probably  to 
more  major  components.  I would  think,  primarily,  there  would  be 
off-the-shelf-type  items. 

Mr.  Roudebush.  In  other  words,  it  would  not  be  any  item  that 
would  be  unique?  Many  companies  would  make  off-the-shelf  items? 
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Mr.  Holmes.  I would  t)iink  that  would  be  true  in  the  majority  of 
cases.  I think  in  some  cases  GE  would  be  in  a vendor  class  for  these 
off-the-shelf  items,  but  I’d  have  to  get  you  the  specifics. 

Mr.  Roudebush.  Would  these  supplies  you  mentioned,  the  off-the- 
shelf  items,  be  purchased  on  open  bid  or  advertised  bid? 

Mr.  Holmes.  In  general,  competitively,  yes.  In  specific  cases,  I am 
sure  there  are  exceptions  to  that. 

Mr.  Rqcdebus ir.  I see.  Mr.  Chairman,  it  might  be  interesting  to 
note  the  type  of  equipment  that  North  American  is  buying  from  Gen- 
eral Electric  in  the  way  of  supplies ; just  in  a general  sense,  Mr. 
Holmes.  I don’t  want  to  know  the  number  of  100-watt  bulbs  you 
purchased,  but  I think  it  would  be  helpful  for  the  committee  to  know 
some  of  the  general  items  in  this  area. 

Mr.  Holmes.  Yes,  for  the  record,  I will  try  to  get  that.  Generally 
they  are  bought  competitively.  It  would  be  a normal  practice  but, 
when  one  gets  to  small  parts,  you  don’t  necessarily  have  competitive 
bills  unless  it’s  large  numbers.  It  depends  on  the  operation. 

(The  information  requested  is  as  follows :) 

North  American  Aviation  will  atilire,  as  Government-furnished  equipment, 
automatic  checkout  equipment  built  by  General  Electric  for  In-plant  spacecraft 
checkout  Direct  purchases  by  North  American  Aviation  from  General  Electric 
for  the  Apollo  project;  other  than  incidental  items  such  as  light  bulbs,  switches, 
and  rimtiar  Item*,  have  been  rim  following: 

Television  and  relay  equipment - — $21, 065 

Test  services—^ — — — 10, 000 

Engineering  service*. . . — — — 18, 43© 

Experimental  heat  shield  material 30, 7T2 

Mr.  Kocuekcsh.  That’s  all  I have. 

Mr.  Daddarto.  There  is  another  question  that  comes  to  minou  I 
wonder  if  you  might  reconcile  this  kind  of  situation.  General  Elec- 
tric, finds  itself  in  this  situation  with  you.  NASA  has  a company , say 
for  example  Avco,  which  worked  on  reentry  problems.  Is  General 
Electric  in  a position  where  Avco  would  have  to  turn  over  its  knowl- 
edge and  know-how  to  General  Electric  so  that  General  Electric 
could  perform  its  integration  and  checkout  function  properly? 

If  it  does,  how  do  you  protect  Avco’s  propriety  rights  and  knowledge 
in  this  area  from  sometime  in  the  future  when  General  Electric  could 
be  involved  in  a contract  where  it  could  usurp  some  of  Avco’s  knowl- 
edge and  divert  it  to  its  own  use  ? 

Mr.  Holmes.  It  is  my  opinion  that  the  General  Electric  Co.  in  a 
large  percentage,  over  $0  percent  of  the  activities  in  which  it  is  in- 
volved, would  not  gain  any  additional  knowledge  which  would  be  to 
their  advantage  and  to  the  detriment  of  the  contractor.  There  is  very 
little  proprietary  information  in  the  program.  Companies  claim 
proprietary  but  to  my  mind  if  all  the  work  done  has  been  used  by  the 
Government  and  it  is  paid  for  by  the  Government  there’s  nothing 
proprietary  and  we’ll  use  it  as  we  see  fit.  I’ve  been  on  the  other  side 
of  the  fence  and  claimed  proprietary  and  I’ve  been  overruled. 

Mr.  Daddario.  Let’s  not  go  into  that;  there’s  a lot  of  disagree- 
ment on  that  point. 

Mr.  Holmes.  There  are  some  cases  in  which  companies  have  done 
development  on  their  own  funds  and  it  is  theirs.  We  have  made 
this  clear,  that  they  should  bring  this  to  the  attention  of  the  respon- 
sible Government  operation.  In  this  case  it  would  be  one  of  our 
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Centers  or  my  office,  W hen  I my:  “my  office1’-^ robebly  to  Dr, 
Shea — and  not  submit  tie  information  to  General  Electric  Co.  t Wc 
will  make  a determination.  We  haven’t  had  a single  cause  of  this  to 
date. 

I do  not  think  that  a real  problem  exists.  I believe  that  our  major 
contractors  who  have  prime  contracts,  such  as  North  American  or 
Grumman  or  Boeing  or  Douglas,  all  have  some  information  of  this 
very  same  nature:  just  because  they  are  working  in  detail  in  the  pro- 
gram. General  Electric  is  perhaps  in  a more  sensitive  position  be- 
cause they  do  go  aeroes-the-board. 

To  date,  it  hasn’t  been  such  a problem  that  any  single  company, 
to  my  knowledge,  has  brought  to  our  attention  that  it  is  living  to 
General  Electric  proprietary  information  *u  order  that  General  Elec- 
tric Co.  can  carry  out  the  program. 

Mr.  Dajjoario.  It  would  seem  to  me,  if  that  is  not  the  case  today, 
it  could  very  well  be  in  the  future. 

Going  back  to  our  previous  discussion,  I would  think  it  would  be 
wise  ii  GE’s  position  could  be  spelled  out,  and  I wonder  if  some 
thought  might  not  be  given  to  eliminating  it  from  any  competitive 
position  at  aU  in  this  program,  taking  into  consideration  its  man- 
agement position! 

Mr.  Holmxs.  I think,  Mr.  Daddario,  that  we  have  essentially  elimi- 
nated the  General  Electric  Co,  from  competition  in  the  overall  Apollo 
Program  either  ms  a prime  or  a subsystem  contractor.  Since  our 
agreement  on  this  point,  General  Electric  has  been  excluded  from 
bidding  or  has  ceased  and  desisted  from  bidding  in  any  of  these 
areas. 

Mr.TBAOux.  Mr.  Wagflpnncr? 

Mr.  Waggonner.  Mr,  Holmes,  I think  you  have  gone  a long  way 
down  that  road.  but  how  are  you  going  to  disseminate  this  informa- 
tion to  people  who  don’t  believe  that’s  the  case  ? 

How  are  you  going  to  erase  the  doubt  from  the  minds  of  these 
other  companies  ? 

Mr.  Holmes.  Our  attempt  to  do  this,  Mr.  W&ggonner,  has  been  to 
circularize  the  agreement  w©  have  with  the  General  Electric  Co., 
where  we  expect  them  to  work  where  we  expect  them  to  be  excluded 
from  the  Apollo  Program.  We  have  made  this  information  avail- 
able through  all  our  Centers,  to  all  the  major  contractors  we  are 
doing  business.  We  haven’t  gone  farther  than  that.  Any  sugges- 
tions ongoing  farther  than  that  would  be  certainly  welcome. 

Mr.  Waggonneb.  Mr.  Holmes,  jt  was  stated  that  the  GE  “40”  con- 
tract would  probably  be  in  the  vicinity  of  $635  million.  How  many 
other  Apollo  contracts  will  exceed  this  total  figure  ? 

Mr.  Holmes.  I prefer  to  give  you  that  information  in  executive 
session,  Mr.  Waggonner.  I’m  not  dodging  the  question,  I feel  that  it 
would  be  wiser  to  give  that  to  you  in  executive  session.  I could  give 
you  that  data  for  several  contracts  such  as  the  North  American  con- 
tract, now  but  if  I gave  it  to  you  for  other  contracts  in  which  we  have 
contract  prices  presenter  from  contractors  that  are  less  than  this  but 
the  Government  thinks  it’s  either  going  to  add  scope  or  it  didn’t  be- 
lieve the  figure  negotiated.  I’m  afraid  that  I’d  put  the  Government 
in  an  embarrassing  situation. 
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Mr.  WAoacwjnm.  We  can  aay  at  this  point,  there  would  be  few  in- 
deed, wouldn’t  there! 

Mr.  Hqoijs.  I would  think  there  would  be  under  a dozen. 

Mr.  Teague,  Mr.  Gurney! 

Mr.  Gurnet.  Mr.  Holmes,  we  have  discussed  this  a good  deal  in- 
dicating that  there  may  be  a problem.  In  an  attempt  to  resolve  it,  I 
think  there  is  another  consideration.  Have  there  been  instances  in 


General  Electric’s  program  where  the  other  contractors  working  on 
the  Apollo  program  have  either  refused  to  give  General  Electric  in- 
formation or  have  given  it  with  reluctance?  Has  that  happened? 

Mr.  Holmes.  To  ray  knowledge,  Mr.  Gurney,  it  has  not  happened. 

Mr.  Gurnet.  My  recollection  is  that  General  Electric  said  either 
that  there  is  that  problem  or  that  there  might  be  that  problem. 

Do  other  members  of  the  committee  recall  that  ? 

Mr.  Teague.  Yes. 

Mr.  Holmes.  It’s  not  a problem  that  has  come  to  my  attention. 
Yon  might  ask  Mr.  Shetler ; he  is  here. 

Mr.  Gurney.  I assume  it  probably  would  not  come  to  your  attent  ion 
since  there  may  be  a reluctance  on  the  part  of  contractors  to  go  directly 
to  NASA. 


Mr.  Holmes.  I hadn’t  noticed  it  in  the  past,  Mr.  Gurney. 

Mr.  Gurney,  Well,  put  it  this  way,  there  is  a problem,  at  least  the 
General  Electric  people  told  us  there  was. 

I simply  throw  that  out,  thinking,  as  you  get  further  along  that  you 
might  take  this  into  consideration.  I know  this  is  just  beginning,  but 
it  is  certainly  something  you  might  need  to  resolve, 

Mr.  Holmes.  Yee,  Dr.  Shea  would  like  to  comment,  Mr.  Gurney. 

Dr,  Shea.  My  comment  would  be  a general  one.  Each  time  that 
you  introduce  a new  management  concept  of  the  type  we  talked  about 
here  with  Bellcomm,  you  implicitly,  and  sometimes  explicitly,  take 
away  from  other  individuals— be  it  contractors  or  even  our  own  center 
people— some  of  the  prerogatives  they  had  or  thought  they  had  in 
the  past.  There’s  no  way  of  getting  around  the  fact  that  doing  so 
results  in  a difficult  operation ; pec  pie  drag  their  feet.  Occasionally, 
it’s  a kind  of  resentment.  It’s  a management  problem  for  us  to  get 
over  this.  Frankly,  in  the  last  year  we  have  had  to  educate  people 
in  what  we  meant  by  the  program.  We  have  tried  to  accommodate 
it  to  the  structure  that  existed.  During  the  early  phases  there  was, 
indeed,  on  the  part  of  the  contractors  and  our  center  people,  a type 
of  resentment. 

I think  now  we  understand  and  General  Electric  understands  what 
is  entailed.  Our  contractors  know  who  is  doing  what  and  who  has 
what  responsibility.  The  working  relationship  is  now  finally  easing 
itself  out,  but  again  it  can  only  come  about  f-om  contacts  on  the 
working  level,  technical  contacts  between  the  GE  people,  the  Bellcomm 
people,  and  both  centers  and  their  contractors,  so  that  you  finally 
establish  a technical  respect  to  make  these  contracts  go. 

. We  had,  in  the  ballistic  missile  program,  the  same  thing  when  STL 
was  the  technical  director.  I happened  to  be  on  the  receiving  end 
of  their  technical  direction  and  I said,  in  effect,  “Go  away.  Don’t 
bother  us” ; until  we  finally  developed  a mutual  respect  and  could 
work  on  problems  jointly. 

After  a couple  of  years  we  all  worked  as  members  of  the  same  team, 
all  trying  to  do  the  program  job.  The  relationship  is  very  viable. 
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W«  hare  to  realize  that  people  are  people,  whether  those  people  are 
businessmen,  scientist*,  or  Representative*. 

Mr.  Gurney.  I think  we  have  gotten  the  feeling  in  talking  about 
this  particular  phase  of  the  program  that  there  is  a problem,  and  you 
can't  sweep  it  under  the  rug. 

Mr.  Holmes.  Since  you  raised  that  question^  which  I very  much 
appreciate,  I certainly  expect  to  find  out  who  said  what,  and  what  the 
problem  is,  and  if  we  can  do  something  to  alleviate  it.  I would  like 
to  say  something  to  correct  the  record  to  correct  an  erroneous  impres- 
sion on  the  GE  contract  I may  have  given. 

When  I referred  to  a rough  estimate  of  $635  million  through  the 
decade,  that  estimate  should  be  distinguished  from  any  contract  that 
exists  or  that  we  intend  to  write.  It’s  a very  broad  estimate. 

Even  now,  I’m  rather  sorry  to  give  this  because  General  Electric 
Co.  may  feel  this  is  a very  definitive  type  of  thinking  on  NASA’s  part 
and  it’s  not. 

The  definitive  part  of  the  General  Electric  contract  in  fiscal  year 
1063  will  bo  an  estimated  $30  million  out  of  the  total  $38.5  million  for 
“Integration  and  checkout.”  In  fiscal  year  1964  the  requirements 
for  this  GE  effort  will  be  in  the  order  of  $100~$125  million. 

They  are  not  plans  for  the  future  years.  It  certainly  is  going  to 
run  in  fiscal  year  1965  something  like  fiscal  year  1964;  but  this  other 
rough  figure  is  a broad  guess  through  the  decade,  Whether  or  not 
we  actually  definitive  a contract  with  General  Electric  for  this 
amo.uic,  I just  want  to  make  that  clear.  It’s  different  than  any  of 
these  dollars  which  we  have  in  definitive  contracts.  There  will  be 
a number  of  contracts  less  than  635. 

Mr.  Daddakio,  It’s  difficult  coming  to  such  a conclusion  because 
once  you  take  the  first  steps  in  the  next  2 or  3 years,  you  are  com- 
mitted to  General  Electric  for  the  life  of  the  program ; even  though 
it’s  a large  figure  and  even  though  it  may  come  in  amounts  of  $80 
or  $10  million  a year.  Nevertheless,  the  committee  must  take  into 
consideration  the  fact  that  once  committed  it  will  be  NASA’s  obliga- 
tion to  fulfill  this  contract  over  the  course  of  the  years.  I think  this 
is  specially  important.  We  can  save  millions  of  dollars  with  studies 
being  made  now  and  by  proper  management  techniques  being  brought 
into  play.  We  must  take  into  consideration  the  cloudy  atmosphere 
that  has  been  created  and  sec  if  we  can  in  some  way  or  other  elimi- 
nate the  confusion  and  come  to  some  kind  of  definitive  understanding 
as  to  what  the  overall  relationships  are. 

It  seems  to  me  that  as  difficult  as  this  is,  it  can  be  done;  and  liecause 
of  tho  confusion  that  exists  in  everyone’s  mind,  including  your  own 
representatives  who  have  not  been  able  to  explain  it,  some  study  ought 
to  he  made  and  some  understanding  be  arrived  at. 

Mr.  Holmes.  I agree,  Mr.  Daddario. 

My  only  reasons  for  remarking  about  $635  million  is  we  do  not 
have  a contract  with  anyone  that  extends  out  through  fiscal  1969  and 
I didn’t  want  to  bo  misleading  with  respect  to  these  other  contracts 
that  are  for  much  shorter  periods  of  time. 

Mr,  Daddario.  I understand  that.  Is  it  very  difficult  for  you? 
Wo  have  the  manned  lunar  landing  program  and  we  are  not  going' 
to  stop  it  between  now  and  its  accomplishment. 

Mr.  Waggonner? 
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Mr,  Waoqonnsr.  Of  course,  I meed  the  point  about  the  eventual 
amount  of  the  GE  contract  simply  to  show  for  the  record  that  GE 
is  not  being  discriminated  against,  and  will  not  be  denied  too  much 
of  mi  opportunity  if  they  get  somewhere  in  the  vicinity  of  $000 
million  out  of  a total  program  costing  about  $20  billion.  They  are 
going  to  get  a fair  share  m their  phawi  of  industry  of  this  overall 
money. 

Mr.  Holmes.  I think  tills  is  a fine  contract  for  the  GE  Co. 

Mr.  Teague,  Mr,  Holmes,  if  I understand  the  contract  with  General 
Electric,  they  are  going  to,  in  effect,  write  the  textbooks  about  every 
problem  involved  in  the  space  system! 

Mr. Holmes.  “Task” books? 

Mr.  Teague.  Textbooks. 

Mr.  Holmes.  On  all  the  problems  in  the  pregram  f 

You  were  probably  told  this  and  probably  it  is  a true  statement,  but 
in  the  light  I am  thinking  of  it  I can’t  agree.  Maybe  you  can  clarify 
it,  Mr.  Chairman. 

Mr,  Teague.  For  example,  General  Electric  will  collect  all  the  in- 
formation available  from  all  over  the  world  concerning  the  surface  of 
the  Moon.  That  will  go  into  a textbook  or  a book. 

Mr.  Fulton  of  Pennsylvania.  I have  already  read  the  book.  It’s 
already  there. 

Mr.  Teague,  Isn’t  the  same  thing  going  to  happen  on  every  major 
problem  in  the  space  program  ? 

What  I am  getting  at  is  that  if  General  Electric  is  going  to  do  this, 
the  only  way  to  do  an  adequate  job  is  have  all  the  available  informa- 
tion. we  were  in  California  and  asked  a company  about  certain  new 
concepts  or  new  ideas,  and  if  this  was  going  to  be  passer!  on.  They 
said,  “Certainly  not  by  us.,  Maybe  the  company  who  builds  our  ma- 
chines will  sell  this  or  try  to  build  their  own  machines.  We  are  not 
going  to  pass  this  on.” 

If  this  is  what  GE  is  going  to  do,  did  NASA  consider  setting  up  in- 
house  capabilities  to  write  the  specification  on  all  those  problems  we 
are  going  to  run  into  ? 

Mr.  Holmes.  We  have  not  given  the  General  Electric  Co.  an  assign- 
ment of  writing  books  on  the  Moon,  that  I know  of.  Certainly  not  of 
publishing  data  as  compilations  about  the  system  lunar  environment 
or  going  to  the  Moon.  They  will  have  certain  areas  of  reporting  both 
in  reliability  and  the  equipment. 

The  primary  responsibility  for  establishing  what  we  think  that  in- 
formation is  doesn't  exist  with  us  at  all,  except  in  Dr.  Shea’s  office, 
supported  by  Bellcomm.  I am  not  clear  on  this. 

I don’t  expect  General  Electric  Co.  to  become  the  publishing  outfit 
for  all  the  data  of  the  space  program. 

Dr,  Shea.  That  particular  textbook  was  really  a bibliography  of 
reference  materials  that  exist,  and  I don’t  think  there  was  a large 
amount  of  editing  in  it,  it  was  more  of  a collection. 

Mr.  Fulton  of  Pennsylvania.  The  problem  is  that  when  you  have 
such  a tremendously  complicated  program,  how  do  you  “ride  herd” 
on  the  integration,  automatic  checkout  and  the  reliability  factors? 

As  a matter  of  fact,  I believe  it  should  be  under  one  head,  because 
these  various  facets  are  all  interrelated.  Secondly,  there  are  suppliers 
of  every  kind  and  variety  in  these  various  fields  that  the  space  indus- 
try is  interested  in.  In  most  cases  the  components  and  hardware  are 
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off-thc-dbalf  and  over- the-roim  ter  sales  of  regularly  manufactured 
equipment  *o  that  in  this  tremendously  large  field,  1 do  not  see  that 
there  is  any  competition  of  a nature  which  would  be  called  adverse. 

The  systems  engineering  port  ion  of  the  Apollo  program  is  where 
the  new  concepts  and  new  hardware  or  any  “trade  secrets’’  are  de- 
veloped. Actually  I would  have  thought  you  would  say  that  in  that 
relation  Bellcomm  would  be  the  company  that  the  first-  information 
would  be  given  to,  rather  than  the  firm  which  is  doing  the  practical 
work  of  integration , checkout,  and  reliability.  I think  from  your  own 
point  of  view  it  might  be  better  for  you,  on  your  management  concept, 
to  relate  it  on  these  advance  systems  and  new  ideas,  to  systems  man- 
agement so  that  within  your  own  management  area  you,  by  your  own 
administrative  procedures,  can  say  there  is  no  practical  problem. 

Mr.  Holmes.  jBellcomra — — 

Mr.  Fulton  of  Pennsylvania.  If  I can  make  this  suggestion,  hav- 
ing been  in  the  corporate  law  business,  maybe  your  problem  is  that 
they  have  to  pass  the  word  down  to  some  of  your  other  people,  and 
these  people  haven’t  got  the  word  on  the  extent  of  this  tremendous 
contract  or  the  context  of  these  divisions, 

Mr.  Holmes.  I think  that’s  an  excellent  way  to  state  it  and  I’m  go- 
ing to  restate  the  word. 

Now,  Bellcomm,,  as  I think  you  know,  Mr,  Pulton,  was  picked  be- 
cause of  its  great  background  of  technical  competence. 

Mr.  Fulton  of  Pennsylvania.  If  NASA’s  procedures  are  quickly 
disseminated  to  the  industry  the  practices  can  be  solved  within  your 
own  management  levels, 

Dr.  Siika.  GE  is  limited  in  their  area  of  activity  to  the  present 
Apollo  program  and  those  things  that  bear  on  Apollo.  They  are  not 
involved  in  any  of  our  advanced  program  planning  at  all.  A matter 
of  sober  truth,  because  of  the  exclusions  which  would  result  in  the 
advanced  studies  areas,  I don’t  think  they  want  to  be. 

Mr.  Fulton  of  Pennsylvania.  I think  that  very  well  solves  the 
problem. 

Mr.  Teague.  Does  the  committee  want  to  hear  more  about  General 
Electric  or  Bellcomm  ? 

Mr.  Daddajuo.  I’d  like  to  hear  more  on  Bellcomm. 

Mr.  Teague.  The  Bellcomm  people  were  here  this  morning.  Could 
you  come  back  at  10  a.m.  tomorrow,  Mr.  Holmes,  so  that  we  might 
have  the  opportunity  to  hear  the  people  from  Bellcomm  ? I believe 
we  are  finished  with  General  Electric  and  they  may  go  back  to  Florida 
if  they  wish. 

Mr.  Holmes.  Yes, 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman,  could  I make  a request 
at  this  time? 

I would  like  the  General  Counsel  of  NASA  to  submit  to  the  com- 
mittee a short  statement  for  the  record.  This  does  touch  upon  legal 
problems  and  I think  we  should  have  that  incorporated. 

Mr.  Holmes.  Pardon  me? 

Mr,  Fulton  of  Pennsylvania.  I would  like  Mr,  Johnson,  NASA’s 
General  Counsel,  to  outline  where  this  touches  on  legal  problems. 

Mr.  Holmes.  In  reference  to  GE  and  Bellcomm  ? 

Mr.  Fulton  of  Pennsylvania.  In  reference  to  GE  and  Bellcomm, 
specially  in  the  nrea  of  unfair  competition  or  adverse  competition  to 
NASA's  other  activities. 
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(The  information  requested  is  as  follows :) 

STAiKtnurr  Swua  m tmk  Bscoau  tx  limroRtc  to  CoxessMxax  Fultok’s 
Baqtnarr  vm  a Swowr  STAmoeirr  tm  twc  Lcqaz.  Aswan*  or  tike  GB  ax» 
Jtauooxx  ttowraacrs  <m  m S vrtum  «f  Joatx  A.  Jtmxnox,  Gknmlu.  Cooxsix, 
NASA 


In  rapoase  to  to*  rsqtmt  bgr  Cfcmgree-saiai:  Fulton  tor  4ntono*tion  on  toi* 
snbjsct,  to*  toOnwiag  i*fom*tia*i  is  prtMatad  to  toe  oeaunittoe  concerning  toe 
Iscn*  of  poeulble  compellGve  nivantag*  Acerotof  to  BoUcooun,  Inc.,  end  toe 
General  Kkctrk  Co.  A*  a result  of  toelr  pertomumce  of  contract*  NASw-417 
and  NASw-41%  reqpectirely. 

At  toe  time  toeee  contract*  were  tret  coatempiatwl,  it  was  recognised  that  in 
each  case  toe  remitting  dose  retatknafelp  between  the  contractor  and  NASA 
would  mean  that  toe  contractor  might  well  receive  Information  regarding  current 
and  future  plans  and  programs  of  NASA  that  could  give  it  a competitive  advan- 
tage on  other  NASA  procurejm  .nts.  Accordingly,  by  exchange  of  correspondence 
between  toe  Administrator  of  NASA  and  toe  president  of  each  company,  and 
by  farther  more  detailed  negotiation  in  the  case  of  General  Electric,  appropriate 
restrictions  were  agreed  upon  in  each  case.  SpedQcaily,  each  contractor  is  pre- 
cluded from  competing  for  other  NASA  contracts  in  those  instances  in  which 
under  toil  contract  it  has  acquired  toe  kind  of  information  which  might  give  it 
a competitive  advantage,  such  as  information  concerning  design  requirements, 
program  planning  or  scheduling,  procurement  planning,  or  budgeting  and  flnandai 
operating  plans  of  NASA  In  toe  case  of  Bellcomm,  because  of  its  close  affiliation 
with  other  companies  in  the  Bell  S ystem,  these  restrictions  were  made  applicable 
to  toe  entire  Bell  System. 

In  certain  types  of  procurements  in  which  competitive  advantage  was  deemed 
likely  to  occur,  the  contractor  is  precluded  from  competing,  irrespective  of 
whether  competitive  advantage  can  be  actually  pinpointed.  In  other  types  of 
procurements  for  which  competitive  advantage  is  less  likely  to  occur,  the  con- 
tractor may  participate  only  upon  a clear  showing  that  no  information  has  been 
obtained  which  would  give  it  a competitive  advantage. 

It  is  not  intended,  however,  to  deny  unnecessarily  to  the  space  program  the 
unique  resources  and  talents  of  the  above  companies.  Such  a course  of  action 
would  be  contrary  to  the  national  interest.  Accordingly,  provision  has  been 
made  to  allow  both  contractors  to  compete  for  and  participate  In  Individual  NASA 
procurements  where  toe  Administrator  or  Deputy  Administrator  determines  that 
the  contractor  possesses  a unique  capability,  toe  utilization  of  which  is  required 
in  the  national  interest 

The  above  restrictions  regarding  both  Belleomm  and  General  Electric  have 
been  set  forth  in  NASA's  regulations. 

Mr.  Teague.  Dr.  Hornbeck,  you  cannot  come  back  tomorrow,  can 
yon? 

Dr.  Hornbeck.  No,  sir.  I am  performing  one  of  the  duties  of 
speaking  in  Chicago  at  the  Space  Conference  as  requested  by  NASA, 

Mr.  Te  ague.  There  must  be  someone  else. 

Dr.  Hornbeck.  All  things  being  equal,  I would  prefer  to  do  it. 

Mr.  Teague.  We  would  like  to  nave  you,  too.  I’m  sorry  it  worked 
out  this  way,  but  we  couldn’t  help  it. 

Mr.  Patten.  Well,  could  we  continue  for  another  half  hour?  Is 
that  possible? 

# Mr.  Teague.  General  Electric  may  wish  to  submit  some  informa- 
tion for  the  record.  If  you  would  like  to,  you  are  quite  welcome. 

Mr.  Riehlman.  Do  you  want  to  make  any  statement  ? 

Mr.  Shetler.  Mr.  Chairman,  I don’t  think  we  have  a statement  to 
add  to  the  record  this  morning.  We  would  like  to  have  the  opportunity, 
perhaps,  to  3ay  something  at  a later  time. 

Mr.  Teague.  That  is  acceptable  to  the  committee.  The  committee 
will  be  adjourned  until  tomorrow  morning  at  10. 

(Whereupon  at  12:09  p.m.  the  subcommittee  was  adjourned  until 
10  a.m,  May  9, 1968.) 
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THURSDAY,  KAY  9,  1SSS 

Hors*  or  Representatives, 

Committee  ok  Science  \nd  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

Waahijigton,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  356, 
Cannon  Building,  at  10  Am.,  Hon.  Olin  E.  Teague  presiding. 

Mr.  Teague.  The  committee  will  come  to  order. 

Mr.  Daddario? 

Mr.  Daddario.  Dr.  Hombeck,  would  you  explain  to  us  Bell- 
comin’s  position  in  regard  to  NASA  and  General  Electric  Co.?  What 
is  your  function,  and  how  do  you  operate? 

STATEMENT  OF  DB.  JOHN  A.  HORNBECK,  PRESIDENT, 

, BKLLCOKM,  INC. 

m. 

Dr.  Hornbeck.  Well,  Mr.  Daddario^  with  respect  to  NASA  our 
obligation  is  to  support  the  systems  engineering  work  in  Mr.  Holmes' 
and  Dr.  Shea’s  office  by  doing  technical  studies  of  a broad  variety  and 
kind  and  giving  the  results  of  these  studies  to  them.  So  we  are  in 
the  nature  of  a technical  support  group  to  Dr.  Shea. 

With  respect  to  GE,  I think  our  relationship  to  GE  is  basically 
that  of  any  systems  engineering  group  or  support  group  to  another 
part  of  the  program.  Namely,  we  are  concerned  with  the  broader 
systems  aspect  whereas  GE  is  concerned,  as  I understand  it,  with 
implementation  of  more  specific  phases  of  the  program. 

Mr.  Daddaiuo.  Do  you  make  the  decisions  aa  to  what  technical 
studies  ought  to  be  made,  or  does  Dr.  Shea  or  Mr.  Holmes  do  that? 

Dr.  Hornbeck.  I think  it  frequently  comes  from  both.  Dr.  Shea 
frequently  suggests  what  we  do  and  often  these  suggestions  are  put 
in  written  form  and  actually  become  a part  of  our  contract. 

I don’t  think  it  is  their  desire — they  are  here  to  speak  for  them- 
selves— that  we  not  undertake  some  studies  of  our  own,  studies  that 
we  think  can  contribute  to  the  program. 

Mr.  Daddario.  When  you  say  it  is  put  into  the  contract,  do  you 
mean  that  your  relationship  with  NASA  can  fluctuate  from  time  to 
time,  and  that  it  is  a flexible  working  arrangement  which  you  have 
with  them? 

Dr.  Hornbeck.  These  specific  tasks  we  are  working  on  will  change 
from  time  to  time  or  wifi  be  increased  from  time  to  time. 

Mr.  Daddario.  And  that  means  that  the  number  of  personnel  you 
will  assign  to  these  responsibilities  can  fluctuate,  as  well? 

Dr.  Hornbeck.  On  specific  tasks;  yes,  sir. 
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Mr.  Daddario.  In  the  letter  which  Mr.  Dembling  sent  to  the 
chairman  of  the  subcommittee,  he  refers  to  building  your  organization 
up  to  250  people? 

Dr.  Hornbeck.  Yes,  sir.  It  could  say  vlitu.  I haven't 

Dr.  Shea.  It  does  say  that. 

Mr.  Daddario.  Yes.  It  states  that — 

NASA  anticipates  by  the  end  of  this  year,  the  Belkomm  organization  mil 
comprise  about  250  people. 

Is  that  your  own  estimate,  as  well? 

Dr.  Hornbeck.  Yes,  sir. 

Mr.  Daddario.  Mr.  Yeager,  do  you  have  the  annexes  to  the  report? 
In  one  of  the  annexes,  it  refers  to  the  fact  that,  through  special  arrange- 
ments to  be  made  with  NASA,  people  from  A.T.  & >T.  can  be  assigned 
to  certain  studies,  we  will  say,  which  Bellcomm  undertakes.  There- 
fore, we  can  expect  that  on  occasion  you  will  lie  using  over  250  people 
and  that  these  will  be  a mixture  of  both  Bellcomm  people  and  others 
assigned  bv  special  contract  through  this  special  arrangement  with 
A.T.  & T.f 

Dr.  Hornbeck.  Yes,  sir;  could  I clarify  that  slightly? 

Air.  Daddario.  Yes,  I wish  you  would. 

Dr.  Hornbeck.  It  was  contemplated  from  the  beginning  that  the 
Bell  System  would  support  NASA  in  this  effort  and  the  instrument, 
Bellcomm,  was  chosen  as  a means  for  doing  this.  It  was  not  con- 
templated this  would  exclude  getting  help  from  otlu>r  parts  of  the 
Bell  System,  other  than  Bellcomm.  * 

As  a part  of  our  contract  with  NASA,  there  is  a provision  that  we 
can  ask  Bell  Laboratories  to  help  us.  If  they  consent,  this  would 
take  place  without  the  approval  of  the  contracting  office. 

We  do  have  now,  and  have,  had  for  some  time,  additional  support 
from  the  Bell  Laboratories  on  three  tasks  which  we  are  now  carrying 
out.  So  we  have  a working  relationship  with  Bell  Laboratories  and 
we  expect  that  this  is  a profitable  one  and  that  it  will  continue — by 
“profitable/'  I mean,  that  it  will  aid  in  the  carrying  out  of  the  project. 

Air.  Daddario.  Then,  even  though  you  have  not  reached  the  full 
complement  of  250  people,  you  already  are  using  this  other  ability 
that’s  written  into  the  contract  to  assign,  under  separate  contract. 
Bell  System  personnel  to  NASA  problems? 

Dr. 'Hornbeck.  Yes,  sir;  except  it’s  not  under  a separate  contract. 

Mr.  Daddario.  It  is  under  a separate  arrangement  of  the  original 
contract. 

Dr.  Hornbeck.  Yes,  sir. 

Mr.  Daddario.  Could  you.  Dr.  Hornbeck,  discuss  how  Belleomm. 
Inc.,  was  formed,  who  owns  the  stocks,  and  hew  lliose  stocks  can  he 
transferred  from  the  people  who  are  now  the  owners  of  them? 

Dr.  Hornbeck.  Sir,  I think  you  will  find  most  of  that  in  the  rec- 
ord already.  Our  stock  is  owned  jointly  in  equal  amounts  by  the 
American  Telephone  & Telegraph  people  and  by  the  Western  Electric 
Co. 

Mr.  Daddario.,  All  right.  Now  what  arrangements  are  there,  or 
how  is  the  corporation  established  so  far  as  transfer  of  ownership  of 
the  stock  is  concerned?  What  are  the  prospects  there? 

Dr.  Hornbeck.  There  is  no  intent,  that  I know  of,  to  transfer  the 
ownership  of  the  stock  to  any  other  parties. 
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Mr.  Daddario.  Well.  I’m  not  so  much  interested  in  the  present 
intent  as  I am  in  whether  it  is  possible  under  the  corporate  structure 
for  this  to  come  about.  Is  there  any  inhibiting  language  in  the  char- 
ter of  incorporation  which  prevents  it? 

Dr.  Horxbeck.  Which  would  prevent  A.T.  & T.  from  selling  a 
part  ownership  in  tins? 

Mr.  Daddario.  Yes. 

Dr.  Horxbeck.  I know  of  no  restraint  that  would  prohibit  them 
from  doing  so,  hut  I can  assure  you  its  not  their  intent. 

I might  point  out,  sir,  that  our  stockownership  situation  is  identical 
to  that  of  Bell  Telephone  Laboratories  which  is  50  percent  owned 
A.T.  & T.  and  50  percent  by  the  Western  Electric  Co.  and  I believe 
that  is  the  reason — I mean  following  the  Bell  Laboratories’  pattern — 
that  Beilcomm  arrangements  were  set  up  as  they  were.  We  are  a 
Bell  System  Co.  and  there  is  no  real  possibility,  I think,  of  the  owner- 
ship going  to  other  parties. 

Mr.  Daddario.  Well  there  is  no  possibility  only  because  it  hasn’t 
been  done  before,  but  there  is  no  language  which  so  limits  the 
possibility? 

Dr.  Horxbeck.  That  is  correct. 

Mr.  Daddario.  Ix>oking  to  the  years,  ahead  when  we  have  accom- 
plished certain  of  our  objectives  in  space  and  the  time  comes  when 
this  contract  will  be  terminated,  what  will  then  happen  to  Beilcomm, 
Inc.? 

Dr.  Horxbeck.  Sir,  I have  stated  before  and  will  state  again,  here, 
that  when  the  Space  Agency  has  no  longer  any  need  for  Beilcomm 
services  then  we  and  A.T.  & T.  want  to  terminate  our  services  with 
the  Government.  In  other  words,  we  have  no  interest  in  staying 
here  any  longer  than  we  are  needed. 

Then  there  is  a separate  question  as  to,  if  and  when  our  services 
are  terminated,  what  would  become  of  Beilcomm. 

Beilcomm.  being  a Bell  System  Co.  and  having  as  owners  A.T.  & T. 
and  Western  Electric,  the  decision  as  to  what  uses  our  owners  wish  to 
make  of  Bell  comm,  presumably,  would  be  made  at  that  time  or  before 
that  time,  seeing  the  termination  coming  up. 

They  may  well  have  other  needs  for  the  corporation  than  just 
supporting  NASA. 

Mr.  Daddario.  Even  though  Beilcomm  has  been  formed  for  this 
particular  purpose  and  although  it  may,  over  the  course  of  years, 

Sain  experience  in  this  field,  when  the  time  comes  for  the  contract  to 
e terminated,  the  corporation  would  not  be  disbanded.  It  would 
most  likely  continue  in  some  form  or  other,  depending  upon  the  Bell 
Co.’s  desires? 

Dr.  Horxbeck.  It  would  depend  on  the  Bell  Co.’s  desires.  It 
might  or  it  might  not  be  dismantled. 

Sir.  Daddario.  Although  it  is  not  contemplated  at  the  present 
time,  as  I understand  it,  that  there  will  be  many  tangible  assets  pur- 
chased by  Beilcomm,  Ine.,  let’s  suppose  this  changes  and  Beilcomm 
does  purchase  equipment  and  other  facilities,  to  whom  would  these 
belong? 

Dr.  Horxbeck.  The  facilities  purchased  by  BeUcomm  through 
moneys  furnished  from  our  capitalisation  would  belong  to  the  com- 
pany.' Anything  that  is  purchased  in  the  nature  of  supplies  and 
so  on  that"  are  paid  for  by  the  Government  would,  the  ownership 
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in  that  would,  reside  in  the  Government  aid  they  would  be  given  to 
the  Government. 

Mr.  Daddario.  Is  there  language  which  specifically  sets  that  forth, 
or  is  this  an  informal  working  arrangement  or  your  understanding? 
Dr.  Hornbeck.  I think  it’s  a matter  of  normal  Justness  practice. 


STATEMENT  OF  D.  B2AINERD  HOLMES,  UlaECTOR,  OFFICE  OF 

MANNED  SPACE  FLIGHT,  NASA,  ACCOMPANIED  BY  BE.  JOSEPH 
F.  SHEA,  DEPUTY  DIRECTOR  (SYSTEMS) 

Mr.  Holmes.  I believe  that  this  provision  is  in  NASA’s  contract 
with  Bellcomm.  I’m  sure  it’s  in  our  Government  contract  that  what 
belongs  to  the  Government  remains  within  Government  ownership. 

Mr.  Daddario.  Can  you  explain  that,  Mr.  Holmes? 

Mr.  Holmes.  Yes,  Mr.  Daddario.  In  our  normal  contractual 
procedure,  it  is  customary  to  include  clauses  which  state  that  facilities 
and  other  equipment  often  classified  as  capital  equipment  which  is 
purchased  at  the  expense  of  the  Government,  returns  to  the  Govern- 
ment for  its  disposal  at  the  termination  of  the  contract. 

Mr.  Daddario.  As  I understand  it,  the  Aerospace  Corp.’s  con- 
tractual assets  that  it  develops  of  any  nature,  kind,  or  deacrlpthmi 
would,  when  the  contract  terminates  and  the  company  disbands,  revert 
to  the  Government.  The  idea  behind  this  is  that  all  the  assets  which 
were  developed,  were  developed  as  a result  of  the  Government  activity 
and  the  nature  of  the  contract  itself,  and  there  is  no  division  of  what 
belongs  to  Aerospace  and  what  belongs  to  the  Government. 

I recognize  there  is  a difference  here,  NASA  has  asked  that  thus 
corporation  be  formed,  but  there  will  develop  certain  assets,  m I 
understand  your  testimony,  which  will  require  some  determination 
at  the  end  of  the  contract  as  to  whether  it  belongs  to  the  Government 
or  belongs  to  BeJlcomm. 

It  will  not  all  fall  into  the  Government’s  lap  automatically. 

Mr.  Holmes.  That’s  probably  true,  although  I think  it  would  be 
to  a minor  degree.  Certainly  the  facilities  provided  by  BeD  System 
capital  as  an  organization  or  by  Bellcomm  capital  would  be  their 
equipment.  ThiB  would  be  true  with  all  the  rnnifwrtws  with  whom 
we  do  business.  If  Aerospace  had  any  capif-alixatkm  other  than 
Government  binds,  I would  think  that  the  same  rule  would  apply. 
As  far  as  I know,  the  Aerospace  structure  is  such  that  the  entire 
source  of  funding  is  from  the  Government. 

Dr.  Shea.  I might  comment  on  that  point,  Mr.  Daddario. 

Mr.  Daddario.  Yes,  Dr.  Shea. 

Dr.  Shea.  I think  that  the  way  in  which  Aerospace  got  their 
capitalization — I’m  not  sure,  hut  I think  this  is  right — was  by  ad- 
vanced payments  against  their  contract.  Therefore,  In  essence, 
everything  that  Aerospace  has  in  terms  of  assets,  working  capital,  and 
so.  on,  was  furnished  by  the  Government.  There  is  a fairly  detailed 
discussion  of  this  in  one  of  the  Holifield  subcommittee  reports  which 
delves  into  the  whole  nature^  of  the  capitalization  of  Aerospace. 

Mr.  Daddario.  I recognize  that.  This  is  one  of  the  reasons  I 
haye  some  concern  and  want  to  develop  for  the  record  exactly  what 
the  intentions  of  all  parties  concerned  are.  When  we  look  back  on 
it  sometime  in  the  future,  we  will  know  exactly  what  the  agreement 
was  in  the  first  instance. 
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Dr.  Hornbeck,  how  do  you  control  the  hiring  of  people  within  this 
contemplated  figure  of  250?  How  do  you  decide  who  will  be  working 
for  Belicomm  and  who  you  will  hire  under  the  special  arrangement 
of  the  contract,  who  will  be  doing  work  for  NASA  but  will  not  be 
Belicomm  p<»ple,  but  rather  Bell  people? 

Dr.  Hornbeck.  Sir,  that  isn’t  really  a problem  we  run  into.  Beli- 
comm, as  a separate  corporation,  does  its  own  hiring.  Therefore, 
the  people  that  we  hire  are  totally  working  on  this  contract.  When 
we  asked  the  Bell  Telephone  Laboratories  to  assist  us  on  specific 
tasks,  they  agreed  to  do  this  knowing  the  people  are  on  their  payroll 
and  can  be  freed  to  do  this  work. 

Mr.  Daddario.  It  may  not  offer  a problem  to  Belicomm  or  to 
the  Bell  Co.  but 

Dr.  Hornbeck.  Might  I— — 

Mr.  Daddario.  Why  wouldn’t  these  people  be  hired  by  Belicomm 
rather  than  under  this  special  arrangement? 

How  do  you  determine  what  is  in  the  best  interest  of  Belicomm  and 
NASA — or  rather,  how  do  you  determine  what  is  in  the  brat  interests 
of  NASA? 

Dr.  Hornbeck.  To  clarify  the  matter,  sir,  I think  you’d  find 
that  the  Bell  Telephone  Laboratories  would  not,  itself,  hire  people 
especially  to  work  on  the  jobs  which  Belicomm  has  assigned  to  the 
Bell  Telephone  Laboratories. 

Dr.  Shea.  I might  comment 

Mr.  Daddario.  I don’t  understand  that. 

Dr.  Hornjrck.  Perhaps  I don’t  understand  your  question;  but 
theft,  are  several  thousand  engineers  in  Bell  Telephone  Laboratories 
and  there  are,  perhaps,  20  or  30  engineers  working  on  Belicomm  work 
in  Bell  Telephone  laboratories,  so  it  would  not  even  occur  to  them 
to  hire  additional  people  just  on  account  of  Bellcomm’s  drawing  on 
their  people. 

Dr.  Shea.  Air.  Daddario,  could  I comment? 

Mr,  Daddario.  Yes,  Dr.  Shea. 

Dr.  Shea,  I think  we  might  place  this  in  proper  perspective.  The 
intention  is  to  have  Belicomm  develop  it&  own  technical  staff  and  In 
our  original  sizing  studies  we  determined  that  Belicomm ’s  technical 
staff  ought  to  be  m the  order  of  170  to  200  people.  The  rest  of  this 
total  of  250  is  made  up  of  overhead  supporting  personnel.  Because 
of  the  nature  of  our  work,  we  wind  up  having  special  workloads  at 
particular  periods  of  time.  For  instance,  a difficult  problem  may 
arise  or  a study  may  be  required  in  which  the  total  number  of  people 
that  we  have  on  board  just  isn’t  sufficient  to  handle  the  job.  In 
addition,  we  may  not  have  on  board  the  exact,  specialized  competence 
we  desire  to  do  the  job.  If  such  a situation  arises,  there  is  a large 
body  of  talent  at  Bell  Telephone  Laboratories.  The  arrangement  with 
BTL  is  essentially  one  of  helping  us  ride  through  the  peaks  or  els© 
providing  us  with  a specialized  kind  of  study  capability.  As  a result, 
it  is  actually  complementary  to  the  Belicomm  operation  and  does  not 
affect  their  mainline  staffing. 

Mr.  Daddario.  Then  what  you  are  saying,  Dr.  Shea,  is  that  you 
have  established  Belicomm  to  provide  a service  to  NASA  which 
NASA  could  not  really  provide  for  itself,  taking  into  consideration 
the  kind  of  people  that  you  need  and  that  over  and  above  that,  you 
still  need  additional  assistance. 
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Dr.  Shjca.  Tub,  «ir.  That  k correct. 

Mr.  Dabbarto.  It  really  boik  down  to  the  feet  that  yon  do  not 
have  within  BeDcoram  a complete  unit  that  can  take  care  of  all  these 
reamoMibilitie*,  and  yon  will  be  getting  constant  assistance  from  the 
Beil  people  under  ink  special  arrangement  over  the  course  of  the 
years  ahead  whenever  you  teach  a peak. 

Dr*  Shxa.  It  k not  a constant  amount.  There  will  be  occasional 
studies  for  one  or  two  things  put  into  the  Bell  Telephone  Laboratories. 
The  purpose  will  be  to  ride  through  a peak  or  to  take  advantage  of 
readily  available  competence  winch  the  BTL  people  might  have  in 
a specialised  field. 

Mr.  Dadjjabio.  In  those  instances  Dr.  Shea,  how  would  you  de- 
termine that  Bell  Co.  ought  to  provide  the  service  rather  than  some- 
body eke? 

Dr.  HohnbBck.  If  the  job  were  assigned  to  Bell  comm  from  the 
Government,  then  we  have  options  of  doing  the  job  totally  within 
Bell  comm  or  asking  Bell  Telephone  Laboratories  for  assistance  if  that 
k the  desirable  course. 

It  could  be  that  some  skills  within  the  Long  Lines  Department  "of 
A.T.  & T.  are  needed  o a occasion,  and  we  might  go  to  them  and  ask 
for  their  assistance  in  carrying  out  a task. 

What  I’m  trying  to  say  here  is  that  Mr.  Webb  and  NASA  have 
asked  the  Bell  System  for  support  and  we  are  not  restricting  that 
support  just  to  the  number  of  people  in  Bellcomm,  but  that  we  have 
the  freedom  to  call  on  other  parts  of  the  Bell  System  when  they  are 
needed  in  carrying  out  a problem. 

Mr.  Daudakio.  Doesn’t  this  put  the  Bell  System  into  a favorable 
position?  Although  Bellcomm  was  established  for  certain  purposes, 
if  Bellcomm  k unable  to  handle  a certain  problem,  it  automatically 
goes  to  the  Bell  System  rather  than  to  some  other  company  which 
may  be  competent. 

Aren’t  you  creating  a monopoly  of  knowledge  in  this  area  by  this 
arrangement?  Bellcomm  k a separate  company;  even  though  it  is 
owned  by  A.T.  & T.  and  Western  Electric  in  equal  parts,  why  does 
that  prevent  yon  from  going  to  other  places  for  assistance? 

Dr.  Hobnbeck.  Sir,  it  doesn’t  prevent  ns  from  going  to  other 
places  for  assistance  and  we  have,  in  fact,  done  this.  I think  it's 
natural  for  us,  if  we  are  asked  to  carry  out  a job  and  we  agree  to  do 
it,  to  do  it  within  the  framework  of  the  people  we  have.  It  is  natural 
we  try  this. 

If  there  is  a special  contribution  or  competence  some  other  organi- 
zation can  make,  we  go  to  them  immediately.  We  have,  in  fact, 
done  tbk.  We  have  gone  to  Space  Technology  Laboratory  and 
gained  their  assistance  and  help  in  some  trajectory  computations. 
They  gave  very  fine  help  and  have  done  a good  job. 

Mr.  Daddabxo.  I think  it  is  the  natural,  and  maybe  the  easiest 
method  to  go  to  Bell  System,  but  the  question  arises  whether  it  is  the 
best  method.  I am  pleased  to  know  that  you  already  have  gone  to  other 
companies.  The  record  should  show  tnat  you  have,  and  it  is  your 
intention  to  do  so  in  the  future  in  the  event  this  possibility  arises. 

Dr.  Hobnbeck.  That  k correct,  sir. 

Mr.  Daddabio.  Mr.  Shea? 

Dr.  Shea.  Mr.  Daddario,  I might  add  another  point  here.  Since 
my  office  assigns  these  tasks,  we  make  a determination  as  to  whether 
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A particular  task  will  be  riven  to  Briicomm  to  execute  for  us,  either 
in-house  end  within  the  Bell  System  or  by  subcontracting,  or  we  de- 
cide that  we  will  actually  contract  for  particular  tasks  directly  from 
NASA. 

I think  you  noticed  yesterday  a line  item  in  the  budget  of  something 
like  $2  million  which  are  funds  for  special  studies  which  we  require 
over  and  above  those  which  we  wish  to  assign  to  Bell  comm.  We  have 
two  or  three  such  studies  out  at  the  present  time.  One  is  placed  with 
the  Rand  Corp„  and  one  with  the  Bissctt-Bennan  firm  in  California 
to  take  advantage  of  special  competencies  which  those  firms  have. 

Mr.  Holmes.  Mr.  Daddario,  could  I comment? 

Mr.  Daddario.  Yes,  I wish  you  would. 

Mr.  Holmes.  It  appears  to  me  that  we  have  inaugurated  a unique 
and  useful  management  concept.  With  Bellcomm  we  do  have  the 
support  of  this  on-board  systems  engineering  competence;  we  can 
contract  directly  to  industry  and  are  contracting  to  industry  for 
special  support  studies  when  it  is  not  economical  to  have  a full-time 
staff  on  the  payroll  but  special  talents  are  needed  for  short  periods  of 
time;  in  addition,  we  have  the  tremendous  advantage  of  being  able 
to  call  on  other  talents  in  the  Bell  System. 

If,  indeed,  if  we  wished  to  go,  on  a task  basis,  to  the  Bel!  Telephone 
Laboratories,  which  I consider  certainly  one  of  the  strongest  ana  most 
fully  equipped  laboratories  this  country  has  in  industry,  we  probably 
would  not  be  able  to  do  it.  They  are  not  interested  in  doing  business 
on  a task  basis,  since  it  is  not  to  their  advantage.  However,  under  our 
existing  arrangement,  we  can,  through  Bellcomm,  have  that  specialized 
assistance  for  short  periods  of  time  to  solve  unique  problems.  There 
are  areas  in  which  the  Bell  Laboratories  are  not  the  best  qualified  and 
I think  would  be  far  from  the  intention  of  Bellcomm — Dr.  Hombeck 
may  want  to  comment — and  certainly,  the  intention  of  NASA,  to 
turn  to  them  for  rocket  engine  studies  or  something  of  that  type. 

As  I mentioned  before,  it  is  very  much  to  the  advantage  of  the  Gov- 
ernment to  be  able  to  call  on  BTL's  recognized  competence  when  its 
special  talents  are  necessary  to  support  Bellcomm. 

Mr.  Daddario.  I don’t  think  there  is  any  question,  Mr.  Holmes, 
but  that  you  made  a good  case  for  establishment  of  Bellcomm.  As 
I read  that  particular  section,  it  makes  great  sense,  too,  that  you 
leave  the  door  open  so  you  can  use  the  special  talents  of  Bellcomm. 

This  is  one  of  the  reasons  why  I and  other  members  of  the  com- 
mittee supported  this  program  that  you  established  last  year.  But 
I do  not  think  that  because  it  is  natural  and  because  there  is  this  tie, 
that  when  there  might  be  an  opportunity  for  someone  else  to  compete, 
that  the  best  thing  would  be  to  go  to  the  Bell  System.  It  seems  to  me 
that  NASA  should  take  a special  interest  to  see  that  where  there  is 
the  possibility  of  competition,  that  the  competitive  system  be  utilized 
in  every  possible  occasion.  I am  pleased  to  hear  testimony  this 
morning  which  indicates  that  this  is  the  case,  or  that  it  is  your  inten- 
tion that  it  will  be  the  case,  and  I would  hope  that  Dr.  Hombeck 
would  overcome  the  natural  impulse  in  this  situation  to  turn  immedi- 
ately to  the  parent  company.  I think  it’s  important  that  Dr.  Hom- 
beck be  as  objective  as  possible  in  this  particular  area. 

I remember  last  year  when  we  talked  about  this,  Mr.  Fulton 
brought  up  a question  that  has  stuck  in  my  mind  ever  since.  Mr. 
Fulton  asked  how  long  Bellcomm  would  keep  the  people  it  had  hired 
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He  also*  asked  if  there  is  the  danger  that  Belicomm  will  um  this  as  a 
training  ground  at  the  Government’s  expense,  and  then  put  the 
people  back  into  the  Bell  System  where  they  will  have  additional  and 
special  knowledge  as  a result  of  this  unique  contract  with  the  Govern- 
ment; thereby  putting  your  company  in  an  even  better  position 
than  it  now  finds  itself. 

.Dr.  Hornbeck.  Sir,  we  have  brought  a number  of  experienced 
people  down  from  Bell  Telephone  Laboratories  and  other  parte  of  the 
Bell  System  into  Belicomm  so  that  it  has  initially  some  technical 
competence  of  its  own  and  ability  to  solve  problems  we  are  asked  to 
solve.  So  we  are  starting  out  with  a reservoir  of  technical  knowledge 
and  experience. 

Now,  the  Government  didn’t  pay  for  this  training  that  all  these 
people  had,  but  rather,  in  the  mam,  the  Bell  System  did.  So  I think 
the  Government  is  starling  out  and  is  paying  for  these  services  in  a 
natural  sort  of  way. 

To  the  extent  we  augment  our  staff 

Mr.  Daddario.  Could  you  explain  that  “paying  for  these  services 
in  a natural  way’’? 

Do  you  mean  by  paying  Belicomm  or  by  paying  the  Beil  System? 

Dr.  Hornbeck.  raying  Belicomm — it’s  current  expenses. 

Mr.  Daddario.  These  are  people  who  now  are  Belicomm  people 
and  not  Bell  System  people? 

Dr.  Hornbeck;.  They  are  Bell  System  people  and  Belicomm  people, 
and  they  e&me  from  other  parte  of  the  Bell  System,  the  reservoir  I am 
talking  about,  primarily  Bell  Telephone  Laboratories  we  start  with 
some  experience  and  technical  competence. 

If  some  of  them,  one  or  -more,  should  go  back  to  Bell  Laboratories 
as  we  contemplate  from  time  to  time,  they  will  carry  with  them  any 
new  experiences  they  have  learned  down  here. 

We  have  also  hired  some  people  from  outside  the  Bell  System  and 
they  will  be  getting  experience  and  at  the  same  time  they  will  be  con- 
tributing to  the  job,  but  the  only  people  we  have  hired  from  the  out- 
side have  been  experienced  people.  We  have  not  hired  people  iresh 
out  of  college — engineers,  for  example.  Our  need  is  to  have  experi- 
enced people  who  can  contribute  immediately. 

So  I’m  trying  to  address  myself  to  your  point  about  a training  pro- 
gram and  I don’t  think  it’s  our  intent  nor  does  it,  in  fact,  work  out 
that  way  that  we  are  training  people  at  Government  expense  to  help 
the  Bell  System. 

Mr.  Daddario.  How  many  people  do  you  have  on  board  now, 
Dr.  Hornbeck? 

Dr.  Hornbeck.  We  have  about  a hundred  technical  people  and 
about  sixty-five  supporting. 

Mr.  Daddario.  When  you  said  you  had  both  Belicomm  and  Bell 
System  people  providing  the  nucleus  of  talent,  how  many  Bell  System 
people  are  involved  at  the  moment  helping  to  put  the  talents  together 
which  will  eventually  amount  to  250  people  in  Belicomm,  Inc.? 

Dr.  Hornbeck.  Sir,  two-thirds  of  our  present  staff  came  from  other 
parts  of  the  Bell  System. 

Mr.  Daddario.  How  many  of  those  are  still  Bell  System  people? 

Dr.  Hornbeck.  By  definition,  any  employee  of  Belicomm  is  a Bell 
System  person,  just  the  way  anybody  who  is  a member  of  Bell  Tele- 
phone Laboratories  or  Long  Lines  or 
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Mr.  Daddario.  They  never  km  their  idmt&ty? 

Dr.  Hornbeck.  As  Bell  Sjjatsm  people? 

Mr.  Daddario,  Ye*. 

Dr.  Hornbeck.  Not  a*  Jong  mi  they  ire  on  th*  payroll;  no,  sir. 

Dr.  Shea.  This  Applies  to  nil  the  operating  companies  of  tbe  Bell 
System,  as  well. 

Mr.  Waggonner.  It  Is  simply  because  it  is  a wholly  owned  sub- 
sidiary. 

Dr.  Hornbeck.  That  is  right. 

Mr.  Daddabio,  How  do  you  determine  which  one®  will  he  paid 
by  Bellcomm  through  its  contract  with  NASA,  and  those  who  you 
will  pay  for  doing  special  studies  for  NASA?  Ones  who  never  come 
to  Washington  but  who  rather  stay  st  their  own  desks  in  the  Bell 
System  laboratories? 

Mr.  Holmes.  Could  I comment  on  this?  I think  that  it  is  a Httl© 
confusing,  although  accurate,  to  state  categorically  that  the  Bellcomm 
people  ore  “Bell  System  people.”  They  are  Bell  System  people  and 
Bellcomm  people  in  the  sense  that  Bellcomm  is  owned  bv  the  Bell 
System  and  they  enjoy  th®  benefits  of  belonging  to  overall  Bell  Sys- 
tem. However — and  it  is  important  to  make  this  distinction — the 
Bellcomm  people  clearly  though  are  on  the  Bellcomm  payroll.  It  is 
understood  that  Bellcomm  is  an  organization  to  support  NASA. 

Mr.  Daddario.  This,  I think,  ought  to  he  spelled  out.  The  ques- 
tion of  identity  is  important. 

Mr.  Holmes.  That  is  correct.  I think  the  identityis  really  dear. 
The  primary  responsibility  of  Bellcomm — and  Dr.  Hornbeck  may 
want  to  comment — is  to  support  NASA.  They  further  have  a 
responsibility  to  NASA  and  to  the  Government,  that  we  can  deal 
with  them  on  matters  completely,  freely,  and  openly,  in  a different 
way  than  we  would  deal  with,  for  instance,  the  Western  Electric  Co., 
which  is  also  part  of  the  Bell  System. 

Mr.  Daddario.  How  can  we  spell  this  out  since  Dr.  Hornbeck  feels 
they  don’t  lose  their  identity,  and  you  feel  they  do?  How  can  we 
know  when  a break  has  taken  place?  Can  a Bellcomm  man  become 
a Bell  System  man  by  Dr.  Hornbeck's  deciding  this  to  be  the  case? 

Mr.  Holmes.  No,  that  is  not  the  case. 

Dr.  Hornbeck.  No. 

Mr.  Holmes.  I think  what  we  meant  to  say,  Mr.  Daddario — and 
I certainly  can  understand  the  confusion — is  that  a Bellcomm  man 
is  a Bellcomm  man.  However,  the  whole  Bellcomm  Co.  is  a part 
of  the  Bell  System  and  in  that  sense  they  are  Bell  System  people,  not 
in  the  sense  that  they  are  worrying  about  the  telephone  business. 

Dr.  Shea.  I think  what  you  did  was  touch  Dr.  Hornbeck’s 
“esprit  de  corps”  button  so  far  as  the  Bell  System  is  concerned, 

Mr.  Daddario.  It  is  a fact  that  Bellcomm  people  are  Bell  System 
people  at  the  same  time  in  a purely  technical  sense,  but  when  one  of 
these  people  comes  into  Bellcomm  he's  on  the  Bellcomm  payroll,  is 
he  not? 

Dr.  Hornbeck.  Readily  identified  and  only  responsible  to  assist 
NASA. 


Mr.  Daddario.  And  beyond  that,  there  are  people  in  the  Bell 
System  whom  you  hire  under  this  special  arrangement,  and  who  will 
be  paid  not  by  Bellcomm,  but  by  NASA? 
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Dr,  Hokkbbck.  TO m.  you  are  speaking  of  the  Bel  Lahore  tones 
people  working  on  a task  ssrignment  from  Bdlcomm,  they  get  their 
•alary  check  from  the  Bell  Telephone  Laboratories  ana  the  Bell 
Telephone  Laboratories  HHa  Belicomm  and  we  pay  them. 

Mr,  D adda  rio.  Belloomm  bills  NASA  through  that  special  — 

Dr,  Hornbbck.  As  part  of  our  regular  monthly  bili 

Mr,  Daddario.  But  it's  a separate  fluctuating  kind  of  arrangement? 

Dr,  Horkbsctk.  Identifiable. 

Mr.  Daddario.  And  identified,  as-  such? 

Dr.  Sbea.  We  might  talk  about  the  level  of  effort  involved  here, 
too. 

Mr,  Daddario.  Would  you? 

Dr,  Shea.  It  in  our  intention  that  this  kind  of  support  that  Bril 
Telephone  laboratories  would  provide,  or  the  Bel!  System  might  pro- 
vide, would  be  in  the  order  of  30  technical  staff  members,  compared  to 
the  roughly  170  to  200  members  of  the  technical  staff  that  Rellcomm 
will  have  m their  steady-stats  organization. 

Mr.  Daddabio.  I am  not  concerned  whether  it  be  30  or  20  or  50, 
because  I think  that  Mr.  Holmes  has  spelled  out  one  of  the  important 
features  of  this  program  in  that  you  can  call  on  the  Bell  System  to 
solve  a problem  as  It  comes  up;  notwithstanding,  the  number  of 
people  involved,  and  whether  it  is  30  or  50,  or  more,  depending  upon 
how  serious  the  problem  might  be. 

I think  that  when  you  do  it,  we  ought  to  know  what  the  bill  is  and 
how  this  bill  is  arrived  at  since  the  bill  comes  to  a certain  amount 
of  money  for  these  special  reasons,  and  that  it  is  separate  and  apart 
from  the  overall  Befieorara  arrangement*  We  should  lie  able  to  see 
how  the  company  works  on  a day-to-day  basis,  and  how  you  use 
Bell  Svstem  to  help  out  when  you  run  into  a unique  problem.  As 
Air,  Holmes  said,  it  is  important  that  Bdlcomm  has  this  capability, 
but  this  committee  should  be  aware  of  what  it  entails. 

Mr.  Holmes,  Yes,  sir;  I agree  with  you  completely,  Mr.  Daddario 
and  I do  think  we  have  a responsibility  in  Dr.  Shea's  office,  specifically 
to  see  to  it  that  contracting  from  a NASA  standpoint  with  the  rest 
of  the  Bell  System  is  done  on  an  objective  basis.  Not  that  I have 
any  doubts,  but  I think  we  have  that  responsibility.  Further,  I 
think  it  is  well  understood  within  Belicomm  and  within  NASA  that 
Bellcomm  is  a clear-cut,  different,  and  separate  organization  from  the 
rest  of  the  Bell  System  arid,  indeed,  we  can  feel  free  within  NASA 
to  look  to  people  like  Dr.  Hombeek  and  his  key  people  to  consult 
with  us  on  the  detailed  parts  and  planning  of  the  systems  engineering 
for  the  Government  to  a degree  that  we  couldn't  possibly  do,  despite 
our  respect,  with  any  outside  company  or  corporation,  and  I include 
“outside”  meaning  “other  parts  of  the  Bell  System,” 

Does  that  help  any,  Mr,  Daddario? 

Mr.  Daddario.  Yes,  sir;  it  is  very  helpful  so  far  as  I am  concerned. 
I amee  with  one  of  Mr.  Ilornbeck's  earlier  statements  in  which  he 
said  that  the  Bell  System  has  trained  people  over  the  course  of  time, 
and  that  the  Government  is  taking  advantage  of  this.  This  is  very 
important.  It’s  important  under  our  system  of  government  that  this 
be  the  case  so  that  this  capability  within,  private  industry  may  be 
allowed  to  grow  rather  than  to  be  inhibited  by  government  activity 
of  one  nature  or  another.  This  is  certainly  a step  in  the  right  direction. 

It  is,  however,  important  from  a contractual  point  of  view  to  keep 
the  lines  dear  and  mow  exactly  what  we  are  doing,  and  to  spell  out 
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here  and  now  how  it's  going  to  work.  We  mint  make  certain  that 
we  do  not  allow  one  company  to  be  placed  in  a position  where  it  can 
develop  an  unfair  competitive  advantage,  taking  into  consideration 
other  companies  which  would  like  to  participate,  simply  because  of 
this  special  and  unique  contract.  This,  I think,  places  a greater 
burden  on  all  of  you,  and  specially  Dr.  Horabeck,  to  make  the  decisions 
in  the  future  which  will  allow  other  companies  to  competitively 
participate. 

Mr.  Houcks.  Yes,  air. 

Mr.  Daddario,  Thank  you,  Mr.  Chairman. 

Mr.  Teague.  Mr  Fulton? 

Mr.  Fulton  of  Pennsylvania.  The  present  contract  expires  in 
September  of  1963,  doesn’t  it? 

Dr.  Hornbkck.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  That  is  an  18-nionfch  contract  in  the 
amount  of  $8.5  million? 

Dr.  Hornbkck.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  What  is  the  estimate  of  NASA  and 
Bellcomm,  Mr.  Hornbook,  as  to  the  amount  of  money  required  for  the 
coining  12  months? 

You  have  previously  stated  that  the  next  contract  is  expected  to 
be  for  about  a 12-month  period;  but  you  were  not  able  to  give  any 
estimate  of  the  amount  of  funds  required  when  you  appeared  before 
this  subcommittee  in  March. 

Dr.  Hornbkck.  Are  you  addressing  your  question — «— 

Mr.  Fulton  of  Pennsylvania.  To  both  of  you. 

I would  like  to  know  the  present  status  of  the  negotiations  on  the 
new  contract* 

Dr,  Hornbkck.  They  have  not  started,  sir. 

Mr.  Fulton  of  Pennsylvania.  When  will  they  start? 

Dr.  Hornbkck.  Next  month, 

Mr.  Fulton  of  Pennsylvania.  What  funding  does  NASA  have 
within  the  present  budget  request  for  the  oncoming  contract  with 
Bellcomm? 

Dr.  Shea,  Approximately  *12.7  million,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  So,  you  are  actually  increasing  the 
total  amount  by  a third,  and  reducing  the  total  time  by  a third? 

Dr.  Shea.  Yes,  sir,  bat  I think  you  do  recognize  that  the  current 
18-month  contracting  period  in  the  past  was  the  buildup  time  for 
Bellcomm  and  the  organizational  staffing  plan  is  pretty  much  a 
straight-line  function,  trying  to  add  between  10  and  15  members  of 
technical  staff  per  month. 

We  are  now  at  a point  of  about  100  technical  people  on  board. 
Growth  will  continue  throughout  the  rest  of  this  year,  and  we'd  expect 
to  peak  out  at  approximately  170  people  by  about  January  or  Feb- 
ruary. Is  that  right.  Dr*  Hornbeck? 

Dr.  Hornbkck.  Yes. 

Dr.  Shea.  You  can  see  what  we  are  doing  now,  as  we  budget  for 
the  next  fiscal  year,  to  approach  the  steady-state  condition  of  Bell- 
comm. 

Mr.  Fulton  of  Pennsylvania.  If  my  mathematics  is  correct, 
you  are  then  increasing  tne  rate  at  about  a 33K  percent;  applying 
that  monthly,  the  contract  with  Bellcomm  will  increase  from  about 
*750,000  a month  to  about  a million  dollars.  Is  that  not  right? 
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Mr,  Holmes.  T m,  that’s  right,  Mr.  Fulton;  but  it  didn’t  go  in  a 
linear  Itshion.  In  the  first  few  weeks  of  Lelloomm,  the  bill  was 
comparatively  small  because  we  only  had  a few  people,  a dozen  or  so, 
on  board.  As  we  added  people,  ike  bill  rose  accordingly. 

Mr.  Fulton  of  Pennsylvania.  That  brings  up  my  next  question. 
What  is  the  rate  of  the  flow  of  funds  for  the  100  technical  people  and 
65  supporting  Bellcomm?  What  is  your  current  rate  and  now  is  the 
buildup? 

Dr,  Hornbeck.  The  current  rate  is  1450,000  to  $500,000  per 
month. 

Mr.  Fulton  of  Pennsylvania.  Then  why  would  you  increase,  in 
the  year  beginning  September  1063,  to  the  rate  of  a million  dollars  a 
month,  which  is  about  double  your  current  rate,  as  distinguished 
from  your  average  arithmetical  rate  during  the  period  of  the  previous 
contract? 

Dr.  Shea.  I might  comment  on  your  question,  Mr.  Fulton.  There 
are  two  factors.  In  addition  to  the  increase  in  personnel  which  is 
almost  a factor  of  70  percent  over  what  we  presently  have,  we  will 
be  bringing  into  being  a computational  facility  during  the  fall  and 
early  part  of  next — - 

Mr.  Fulton  of  Pennsylvania.  A what? 

Dr,  Shea.  A,  computational  facility,  a fairly  large  digital  com* 
puter,  capable  to  do  trajectory  analyses. 

Mr.  Fulton  of  Pennsylvania,  Isn’t  that  NASA  and  not  Bellcomm? 

This  is  the  first  I have  heard  NASA  was  supplying  anything  like 
laboratories  or  equipment.  A*  a matter  of  fact,  in  previous  testi- 
mony, they  specifically  said  they  had  no  laboratories  or  practical 
equipment  ana  would  use  the  equipment  of  the  Bell  Telephone  System 
when  they  needed  it;  such  as  the  20  people  at  the  Bell  Telephone 
Laboratories  at  New'  Jersey. 

Mr.  Holmes,  I think  it  must  have  been  a misunderstanding.  From 
the  very  initiation  of  this  systems  engineering  contract,  we  had  antici- 
pated that  a computer  would  be  necessary,  located  in  an  office  build- 
ing—not  really  a laboratory.  In  today's  systems  engineering,  or  any 
engineering,  as  I know  you  are  well  aware,  Mr.  Fulton,  the  tasks  are 
far  too  complicated  to  rdy  on  a slide  rule  or  tables.  Today’s  engi- 
neers are  trained  to  use  computers  and  the  moat  efficient  way  to  use 
such  systems  engineers  is  to  have  computing  facilities  available  at 
their  physical  location. 

Therefore,  the  coinputer  we  are  talking  about  would  be  located  in 
Washington,  in  the  office  building  in  which  Dr.  Hornbeck’s  Bellcomm 
organization  is  boused. 

Mr.  Fulton  of  Pennsylvania.  It  isn't  a question  of  whether  they 
need  computers  or  not.  It  is  a question  of  whether  or  not  we  have, 
in  other  Government  agencies,  computers  and  facilities  that  could  be 
used  on  a part-time  basis.  Is  Bellcomm  going  to  have  equipment  and 
items  of  that  type  beyond  general  office  supplies  and  furniture?  IIow 
far  as  you  going  on  that  type  of  equipment?1 

My  Ming  is  this;  You  are  working  on  systems  engineering  in 
Bellcomm  which  would  put  you  on  the  level  of  a combination  of 
accountants,  technical  engineering,  and  attorney-type  professional 
work.  Coming  from  a large  corporation  law  office  in  Pittsburgh 
which  represents  banks  with  37  branches,  I would  be  surprised  if  they 
put  a computer  system  of  one  of  the  companies  in  your  office.  I am 
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very  turpriaed  that  within  the  professional  range  of  the  advice  being 

S’ven,  we  are  now  going  to  build  up  a computer  lyatem,  I thought 
csllcomm  waa  giving  the  advice  while  NASA  was  doing  what  I 
would  call  the  enginetoring,  drawing,  specification*,  and  layout  work. 

Mr.  Holmes.  No,  Mr.  Pulton,  It  has  always  been  our  intention 
that  Beficomm  would  have  a computer  in  residence.  It’s  Absolutely 
necessary  for  Bell  comm  to  have  available  a computational  facility  to 
do  the  technical  analyses  which  support  our  mission  judgments,  such 
as  the  muNuon  profile  analysis  and  other  studies. 

We  have  looked  at  the  possibility  of  using  other  computers  in 
NAKj*  for  this  purpose  or  even  using  computers  in  the  Bell  System. 

It  appears  to  us  to  be  the  most  economical  approach  and  the  most 
efficient  approach  for  Bellcomm  to  have  a computer  which  can  be 
used  by  their  personnel  and  by  NASA's  systems  personnel  for  the 
systems  engineering  studies  as  contrasted  to  studies  of  design  of  hard- 
ware and  equipment  which  is  done  primarily  in  the  field,  as  you  have 
noted. 

Mr.  Fulton  of  Pennsylvania.  Once  NASA  gives  Bellcomm  a 
computer,  aren’t  you  therefore  putting  them  in  business  permanently 
so  that  instead  of  a 1-yoftr  contract  ending  in  September  1964,  you 
are  really  contemplating  a permanent  installation  over  which  NASA 
has  no  control,  either  of-tbe  computer,  its  use,  or  the  furniture,  or  the 
hooks,  or.tlie  equipment,  or  the  personnel? 

Mr.  Holmes.  No,  I don’t  think  that  we  are.  It's  our  anticipation 
that  this  contract  has  to  run  over  a period  of  several  years.  The 
length  of  time  will  depend  materially  on  the  ability  of  the  Government 
to  build  a systems  engineering  organization  and  the  legislation  that 
affects  this  which,  of  course,  is,  as  you  know  better  than  If  a broad 
program  involving  all  departments  of  Government  and  the  salaries 
we  pay  people. 

Mr.  Fulton  of  Pennsylvania.  Let’s  go  ahead  on  that. 

We  have  been1  around  computers  long  enough  to  know  that  the 
programing  is  the  main  thing,  and  that  an  engineer  doesn’t  sit  and 
watch  while  a girl  feeds  the  information  into  the  computer.  It’s 
outlined  ahead.  Why  can’t  we  do  that  in  this  instance?  Why  do 
we  need  another  installation  with  computers? 

Dr.  Hornbeck.  Sir,  it  might  help  if  I comment;  this  computing 
facility  wo  are  talking  about  is  a leased  facility.  It  is  not  owned  by 
Belcomm. 

Mr,  Fulton  of  Pennsylvania,  How  much  you  paying  for  it? 

Dr,  Horn  heck.  We  have  not  got  it  installed  yet,  but  my  recollec- 
tion is  it  will  be  hi  the  amount  of  $100,000  per  year.  We  are  now 
using  other  computing  facilities  around  Washington,  several  off  them. 

Mr,  Fulton  of  Pennsylvania.  What  kind  of  equipment  are  you 
talking  about?  What  type  of  computer? 

Dr.  Hornbeck.  Excuse  mo,  sir.  There  was  some  question  about 
my  estimate.  The  yearly  rate  is  nearer  a million  dollars.  I’m  sorry. 

I was  thinking  in  terms  of  the  monthly  rate. 

Mr.  Fulton  of  Pennsylvania.  Tour  rental  cost  will  be  a million 
dollars? 

Dr.  Hornbeck.  $900,000. 

Mr.  Fulton  of  Pennsylvania.  On  the  computer? 

Dr.  Hornbeck.  Yes,  sir. 
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Mr.  Fulton  of  Pennsylvania,.  That  certainly  brings  up  & question 
as  to  the  full  use  of  the  computer.  This  is  the  ',ir»t  time  we  have 
heard  anything  of  thk  nature  going  beyond  the  technical  and  engi- 
neering advice  on  a. systems  engineering  basis. 

Mr.  Holmes.  This  ia  the  only  efficient  way  they  can  give  us  tech- 
nical and  engineering  advice.  We  couldn't  possibly  have  systems 
engineering  going  to  the  Moon  or  going  into  space  without  a computer 
for  full-time  use. 

Mr.  Fulton  of  Pennsylvania,  I certainly  agree,  but  the  question 
is,  Where  shall  you  have  the  computer,  and  who  will  use  it,  and  who 
has  the  use  of  it  in  the  spare  time?  Is  it  being  adequately  used? 
Are  we  duplicating  an  existing  Government  function? 

I am  willing  to  go  to  the  Moon,  but  I certainly  don't  want  to 
produce  a computer.  I’ll  tell  you  that. 

Mr.  Holmes.  We  looked  into  this  matter  very  carefully.  We 
analyzed  the  advantages  of  an  onsite  computer  versus  NASA  com- 
puters. All  your  questions,  which  are  completely  logical,  were  re- 
viewed in  detail.  We  came  to  the  conclusion  that  this  was  the  most 
economical  method  for  the  Government. 

Mr.  Fulton  of  Pennsylvania.  If  you  will  look  through  the  testi- 
mony previously  given,  and  if  you  find  any  reference  fco  a cost  of  a 
million  dollars  a year  for  a computer  in  BeUcomm,  I would  like  to 
see  it. 

Concerning  the  20  technical  people  at  the  labo’  «tory  in  New  Jersey, 
who  monitors  their  time  since  they  are  working  part  of  the  time  for 
BeUcomm,  and  part  of  the  time  for  Bell  Telephone. 

How  is  their  time  computed,  and  what  rate  is  charged  to  NASA? 
What  is  the  overhead?  Would  you  supply  that  for  the  record? 

Mr.  Holmes.  We’ll  submit  that  information  for  the  rocord. 

(The  information  requested  is  as  follows:) 

I.  SUPERVISION,  TIME  CHARGING  AND  AUDITING 

Of  the  20  technical  employees  at  Bell  Telephone  Laboratories  (BTL)  in  New 
Jersey,  most  are  assumed  full  time  to  BeUcomm  work,  and  are  not  devoting  time 
to  other  projects.  The  work  off  these  employees  is  governed  by  the  technical 
direction  which  is  issued  by  their  immediate  BTL  supervisors.  These  supervisors 
are  included  in  the  number  20.  BTL’s  work  is  reviewed  and  discussed  at  frequent 
intervals  with  the  Bellcomm  task  managers  responsible  for  these  projects. 

With  respect  to  accounting  for  time  worked,  each  Bell  Telephone  Laboratories' 
employee  submits  on  the  first  working  day  of  every  week  a timecard  recording 
the  number  of  hours  worked  each  business  day  of  the  previous  week  on  the  project 
(or  projects)  to  which  he  is  assigned.  These  timecards  are  reviewed  and  signed 
each  week  by  the  employee’s  immediate  supervisor.  The  BeUcomm  task  managers 
review  each  month  the  man-hours  of  effort  charged  by  the  workers  at  Bell  Tele- 
phone Laboratories. 

Under  Bellcomra's  prime  contract,  the  timecards  referred  to,  as  well  as  other 
cost  records,  are  avaUable  for  audit  by  NASA  representatives.  We  are  advised 
that  NASA  has  arranged  with  the  cognisant  Government  Hgency  (Army)  to 
have  the  resident  auditors  at  BTL  verify  that  proper  accounting  treatment 
of  time  charges  has  been  followed.  These  auditors  make  spot  floor  checks  of 
time  utilisation  and  charging. 

It,  DIRECT  SALARY  AND  OVERHEAD  RATES 

Under  Bellcomm’s  prime  contract  with  NASA,  Bellcomm’s  payments  of  tho 
Bell  Telephone  Laboratories’  charges  for  work  performed  arc  allowable  to  the 
extent  that  thnir  charges  are  not  In  excess  of  allowable  cost,  as  determined  in 
accordance  with  part  2,  section  XV  of  A8PR,  with  indirect  costs  established  by 
the  application  of  final  overhead  rates  which  have  been  negotiated  with  the 
contracting  oflicxsr. 
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Hours  worked  on  BeHoomm  orders  are  charged  at  the  Actual- hourly  rate  d 
of  pay  of  the  individual  performing  the  work.  Ponding  the  negotiation  of  flnaf 
overhead  rates,  the  contract  provides  that  provisional  overhead  rate*  may  be 
used  for  billing  purposes.  These  provisional  rates  arc  agreed  to  by  the  oognixant 
Government  agency  and  require  contracting  officer  approval  for  each  of  the 
different  departments  of  Bell  Telephone  Laboratories.  The  average  of  the 
various  BTL  departmental  rates  applicable  to  Bellcomm’*  work  is  currently 
running  at  about  120  percent  of  direct  salary. 

Mr.  Fulton  of  Pennsylvania.  The  next  point  is  this:  In  the  Bell 
Telephone  System  there  is  a method  of  profit  rating  which  is  super- 
vised by  various  States. 

I)r.  Hornbeck.  would  you  put  in  the  record  Bellconim's  rate  of  profit- 
on  this  particular  capital  contribution.  Do  it  on  a cost  basis.  I 
think  we  should  nave  at  some  point,  the  method  of  fixing  the  fixed 
fee  for  the  Bellcomm  contract. 

(The  information  requested  is  as  follows:) 

I.  RATE  or  FHOriT  ON  CAPITAL  CONTRIBUTION 

The  Bellcomm  contract  is  a service-type  contract  under  which  NASA  is  pur- 
chasing experienced  technical  judgment  and  advice.  In  such  a contract, -capital 
investment  requirements  are  extremely  low  and  the  fee  bears  no  meaningful 
relationship  to  the  dollar  investment,  but  is  rather  related  to  the  value  of  the 
service  performed. 

However,  the  capital  contribution  involved  in  the  performance  of  the  Bellcomm 
contract  can  be  broadly  Identified  and  It  consists  of  three  principal  elements: 

1.  The  capital  investment  in  Bellcomm. — At  present,  this  is  6700,000  and  it  is 
expected  that  this  will  be  increased  to  $1  million  in  the  near  future. 

2.  Tkn  investment  in  Bell  Telephone  Laboratories  {BTL)  applicable  to  the  effort 
of  those  technical  employees  engaged  in  BcUcomm  trorfc.— -The  overall  investment  of 
the  Bell  System  for  the  Beil  Telephone  Laboratories  is  well  over  $100  million. 
It  is  not  practicable  to  allocate  to  Bellcomm  work  the  appropriate  portion  of  that 
total  investment. 

3.  Thi.  investment  underlying  the  Iromtn#  and  experience  of  the  individuals  who 
have  transferred  from  the  lojorat<ries  and  other  Bell  System  companies  to  Bellcomm 
and  who  are  now  solely  engaged  in  performing  the  work  for  NASA, — It  is  from  these 
people*  that  the  experienced  technical  judgment  and  advice  is  reset ved.  There  is 
no  satisfactory  way  of  computing  the  amount  of  this  investment  and  it  would  be 
impractical  to  make  an  t-nihuato. 

n.  KATE  OF  PROFIT  ON  COSTS 

In  the  present  Bellcomm  contract,  the  fixed  fee  amounts  tc  7.87  percent  of  the 
estimated  costs.  The  actual  determination  of  Bellcomm 'a  proft with  respect  to 
the  actual  costs,  must  await  both  the  completion  of  the  contract  period,  plus  any 
results  forthcoming  under  the  fee  adjustment  provision  of  the  contract. 

Mr.  Fulton  of  Pennsylvania.  I would  like  to  have  from  NASA  the 
perimeters  and  basis  of  knowledge  on  which  the  fee  was  fixed  and 
whether  it  is  relevant  to  other  people  working  in  a systems  engineers 
advisory  capacity. 

Mr.  Dadpario.  Isn’t  that  spelled  out  in  the  contract,  Mr.  Holmes? 

Mr.  Holmes.  Yes,  sir;  for  the  present  contract*  it’s  spelled  out. 

Mr.  Fulton  of  Pennsylvania.  I want  the  basis  of  their  judgments. 

Air.  Holmes.  It  goes  in  for  each  contract  period. 

Mr.  Fulton  of  Pennsylvania.  J am  asking  for  the  bask  of  your 
judgments. 

Mr,  Holmes.  The  basis  is  not  spelled  out.  The  fee  itself  is  spelled 
out. 

Mr,  Fulton  of  Pennsylvania.  And  the  comparisons  for  similar 
work  in  this  field. 
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Mr.  Holmes.  It  is  a very  modest  fee  for  what  has  been  paid  for  this 
type  of  work  in  the  past. 

Air.  Fulton  of  Pennsylvania.  In  addition  I would  like  to  have  the 
necessity  for  the  increase  above  the  165  personnel  presently  at  Bell- 
cornm.  Why  must  that,  within  a year,  increase  to  250  people? 

Mr.  Holmes.  Do  you  want  that  for  the  record? 

Mr.  Fulton  of  Pennsylvania.  This  is  for  the  record. 

We  should  also  have  in  the  record  the  programs  that  will  be  re- 
quired to  be  furnished  for  the  Apollo  contract  that  Belleomm  will  be 
required  to  work  on. 

Likewise,  we  should  have  for  the  record  the  accomplishments  under 
this  contract;  what  work  has  been  given  to  Belleomm,  what  have  been 
the  results  to  NASA,  and  what  are  the  benefits  to  the  various  pro- 
grams. either  in  time,  money,  or  efficiency;  that  NASA  has  been 
able  to  obtain  U*mugh  this  contract. 

(The  information  requested  is  as  follows:) 


NASA  originally  estimated  that  Belleomm 's  effort  would  require  in  the  order 
of  200  technical  personnel.  Subsequent  experience  has  confirmed  the  validity  of 
the  initial  estimate.  The  fiscal  year  1964  requirement  of  250  total  personnel, 
including  technical  and  administrative  personnel,  is  baaed  on  the  level  of  effort 
necessary  to  provide  systems  engineering  support  for  the  Office  of  Manned  Space 
Flight.  The  fact  that  Belleomm  has  not  yet  completed  its  planned  staffing  is 
due  to  its  deliberate  selection  of  the  best  scientific  and  enmn  wringtalent  available. 

Under  the  technical  direction  of  the  Office  of  Manned  Space  Flight,  Belleomm 
has  accomplished  or  is  working  on  important  studies  related  to  Project  Apollo. 
The  follow  i'  ,;'  list  reflects  Bell co mm’s  major  assigned  studies  (analyses)  in  support 
of  Project  polio: 

1.  Support  in  the  preparation  of  documentation  defining  the  Apollo  mission 
and  specifying  system  characteristics.  The  first  Apollo  system  specification  has 
been  issued.  Estimated  completion  date,  September'  30,  1963._ 

2.  Preliminary'  study  of  checkout  and  launch  from  the  lunar  surface.  Com- 
pleted January  31,  1963. 

3.  Study  leading  to  the  classification  and  characterisation  of  the  natural  en- 
vironmental hazards  to  Apollo  mission  success.  Completed  January  31,  1963. 

4.  Support  in  the  development  of  a mission  assurance  program  for  Apollo. 
Completed:  February  15,  1963. 

5.  Formulation  of  the  systems  requirements  and  development  of  a broad 
im^ementation  plan  for  the  Apollo  communications  and  tracking  system.  Esti- 
mated completion  date:  September  30,  1963. 

6.  Apollo  trajectory  analysis  and  coordination.  Estimated  completion  date: 
September  36,  1963. 

7.  Assistance  in  evaluating  an  in-flight  test  system.  Estimated  completion 
date:  September  30,  1963. 

In  addition  to  these  examples,  Belleomm  has  been  and  will  continue  to  be 
engaged  in  supporting  the  Office  of  Manned  Space  Flight  in  many  varied  systems 
analysis  and  engineering  activities.  To  date,  it  has  provided  support  on  such 
subjects  as  guidance  and  navigation  systems,  radiation  and  meteorite  effects, 
mission  assurance  techniques,  logistics  support  to  Apollo,  mission  mode  compari- 
sons, flight  simulation  by  computer  programing,  and  crew  performance  in  space 
missions. 

As  a result  of  Belicoitim’s  support,  the  manned  space  flight  program  is  gaining 
the  immediate  benefit  of  m highly  qualified  and  experienced  team  of  scientists  and 
engineers.  The  availability  of  this  specialised  scientific  and  technical  talent  in 
the  formative  stages  of  the  program  has  been  of  invaluable  assistance.  The 
studies  mentioned  above  will  contribute  immeasurably  to  the  efficiency  and 
engineering  soundness  of  the  program.  The  quality  of  this  relatively  small  but 
extremely  vital  systems  engineering  effort  Is  a key  factor  in  the  effectiveness  of  the 
overall  program. 

Mr.  Fulton  of  Pennsylvania.  Now  that  we  have  ascertained  the 
fact  that  there  is  equipment,  I think  we  should  have  a list  of  all  of  the 
equipment  that  Belleomm  is  obtaining  to  set  up  this  contract  so  that 
we  can  see  the  extent  of  it. 
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(The  information  requested  is  as  follows:) 

The  only  equipment  Belleornm  has  acquired  (other  than  the  computer  con- 
figuration which  is  on  order  and  general  office  supplies  and  furniture  which  waa. 
mentioned  previously)  is  comprised  of  ordinary  business  machines,  such  as 
typewriters,  copy  machines,  calculators  and  the  like. 

Mr.  F ulton"  of  Pennsylvania.  Likewise,  we  should  have  a com- 
parison of  the  rental  charges  on  this  particular  type  computer  equip- 
ment at  a cost  of  a million  dollars  a year  to  see  that,  ift  is  an  ordinary, 
fair  and  just  expenditure. 

(The  information  requested  is  as  follows:) 


Rental  chargee  for  specific  items 

throughout  industry*  The  rentals  MUMV  IfVMWMIMI  IFW  AM  ^ *'**)|y 

ment  to  support  the  manned  space  flight  program  are  identical  to  those  equip- 
ment rentals  that  would  have  been  paid  by  any  Government  organisation.  Be- 
fore the  $|  ' 
these  costs 

rentals  of  identical  equipment. 


Mr.  Fulton  of  Pennsylvania.  Likewise  on  the  rent,  we  should 
know  what  rent  Bellcomm  is  paying  on  the  premises  because  the  cost 
will  eventually  fall  on  the  Government  when  there  is  a cost-plus-fixed- 
fee  contract. 

(The  information  requested  is  as  follows:) 


The  monthly  rental  for  Bellcomm's  premises  at  1100  17th  Street  NW.,  Wash- 
ington. D.C..  & $25,335.  The  rate  on  an  annual  basis  is  $5.99  per  square  foot, 
whHs  is  average  for  comparable  space  in  the  area  according  to  an  appraisal  made 
bv  H.  G.  Smith v Co.,  an  experienced  Washington  realtor,  under  date  of  June  11, 
1962. 

Mr.  Fulton  of  Pennsylvania.  Also,  Mr.  Koudebush,  I’m  sure  you 
would  like  to  know  if  they  bought  any  $247  chairs,  or  was  it  $257? 

Mr.  Roudebush.  $247. 

Mr.  Fulton  of  Pennsylvania.  $247  chairs  and,  if  so,  the  number. 

Dr.  Horxbeck.  The  furniture,  sir,  was  purchased  by  Bellcomm 
out  of  its  own  funds. 

(The  information  requested  is  as  follows:) 


No  office  chairs  at  or  in  excess  of  $247  have  been  purchased  by  Bdj^snm. 
A review  of  our  purchase  orders  indicates  that  the  average  price  paid  for  office 
chairs  is  about  $62. 


Mr.  Fri/rox  of  Pennsylvania.  Sure — but  we  want  to  know  what 
price  you  are  paying  for  your  furniture,’ 

We  don’t  want  you  to  get  into  any  of  these  NASA  chairs.  I’m  aura 
Mr.  Brainerd  Holmes  doesn’t  have  one. 

Mr.  Holmes.  I have  a stool,  Mr.  Fulton. 

Mr,  Fulton  of  Pennsylvania.  I am  very  glad  that  when  the  t^j ca- 
tion first  came  up,  Mr.  Holmes  said:  “What  chairs?” 

Now  then,  on  page  404  of  the  transcript  of  the  hearing  on  Mfsch  20, 
on  behalf  of  Bellcomm,  there  was  the  statement: 


I hope  we  will  be  able  to  make  contributions  of  a general  nature  In  tsrma  of 
reliability,  quality  control,  and  such  important  things. 

“We  don’t  have  any  control  over  the”— I am  just  quoting  from 
memory  now — “awarding  of  the  contracts  or  the  judgments  of 
NASA.”  Briefly,  that  isnow  the  statement  finished. 

Under  those  circumstances,  the  question  comes  up.  What  is?  the 
difference  between  the  Bellcomm  contract  and  the  General  Electric 
contract?  It  has  been  my  feeling  that  the  General  Electric  contract 
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was  not  on  tills  basis  of  systems  engineering  and  that  Bellcomm  was 
not  in  the  field  of  integration,  checkout,  and  reliability,  and  quality 
control.  The  two  should  be  kept  separate.  I'd  like  that  carefully 
in  for  the  record,  not  just  answered  here. 

(The  information  requested  is  as  follows:) 

The  Bellcomm  and  General  Electric  contracts  in  support  of  the  manned  lunar 
landing  program  are  distinguishable  from  one  another  in  the  following  manner. 
Bellcomm,  under  the  technical  direction  and  supervision  of  the  Deputy  Director 
of  Manned  Space  Flight  (Systems),  provides  systems  engineering  support  to* 
develop  the  factual  basis  which  responsible  NASA  officials  require  to  reach  a wide- 
range  of  decisions  on  the  definition  and  specification  of  technical  programs.  In 
contrast,  the  General  Electric  Co.,  following  the  established  systems  definitions 
And  specifications,  verifies  the  readiness  of  all  fabricated  systems  elements  to. 
perform  effectively.  General  Electric,  therefore,  implements  the  detailed  integra- 
tion of  major  systems,  such  as  the  electronic,  electrical,  a ad  mechanical  linkages; 
insure#  a checkout  process  which  examines  every  component  of  the  system  in 
detail  to  manure  proper  functioning;  and  provides  continuing  reliability  assessment 
of  the  critical  system  components. 

Bellcomm  and  General  Electric  activities  are  separate  and  distinct.  Bellcomm 
Is  involved  in  the  determination  of  mission  profiles,  svstems  specifications  and 
other  systems  engineering  functions;  whereas  General  Electric  is  involved  in  the- 
implementation  of  standards  to  assure  proper  integration,  reliability,  and  checkout 
of  hardware. 

Mr.  F CT/rox  of  Pennsylvania.  The  question  has  come  up  of  how  you 
were  given  the  perimeters  of  your  work  in  Bellcoimu.  Who  is  it  that 
sets  them?  How  are  they  set?  How  are  the  requirement  sheets, 
given  So  you,  and  how  do  you  report  back,  and  through  whom? 

The  question  hae  come  up — I ask  this  of  Mr.  Holmes — of  the  Office 
of  “Assistance”  of  NASA.  Can  you  put  in  the  record  what  that  is 
and  how  that  works?  Who  uses  the  Office  of  “Assistance”? 

Hr.  Shiea.  I think  that  is  the  Office  of  “Systems.” 

Mr.  Fouton  of  Pennsylvania.  In  the  Office  of  “Assistance.”  I 
hadn't  heard  of  it. 

Dr.  Sitka.  There  is  no  Office  of  “Assistance.”  I think  that’s, 
probably  a mistake  in  the  record.  It  refers,  of  course,  to  the  OMSF 
Systems  group. 

Mr.  F cltox  of  Pennsylvania.  The  Bellcomm  contact  is  with  the- 
“Office  of  Systems.”  I’d  like  you  to  proceed  to  lay  out  just  how  it 
works. 

(The  mfor&-iatkwi  requested  is  as  follows:) 

A pciacspal  technical  contact  between  Bellcomm  and  the  “Office  of  Systems" 
is  the  Deputy  Director  ^Systems!  Dr.  Joseph  F.  Shea,  Assignments  of  work  are* 
transmitted  *to  Bellcomm  by  Dr.  Shea,  or  a specifically  designated  NASA 
representative.  BeScouim’s  progress  and  results  are  reported  regularly.  Tfae- 
arork  entails  special  studies  of  a continuing  nature  and  informal  discussions  and 
coofealtatioo*  oc  the  variety  of  technical  subjects  that  are  encountered  in  day-to- 
day  systems  engineering  activities.  In  this  relationship  Bellcomm  provides 
technical  staff  assastaisee,  ou  which  the  Deputy  Director  (Systems)  and  other 
NASA  officials  responsible  for  manned  space  flight  can  make  sound  decisions. 
Management  responsibility  rests  dearly  with  NASA 

Mr.  Fulton  of  Pennsylvania.  Then,  with  Belleomin  or  any  Bell 
Svsfcem,  I’d  like  a list  of  the  contracts  with  the  Government  above* 
$25,000. 

Dr.  Hokxbeck.  Bellcomm  has  only  one  contract. 

Mr.  Fulton  of  Pennsylvania.  No,  but  the  Bell  Telephone  System 
does.  What  contracts  do  you  have  with  the  Government,  otherwise? 

Your  employees  think  they  work  for  the  BeE  Telephone  System 

Mr.  Riehlman.  I don’t  think  we  can  ask  that  question,  of  the* 
gentleman  with  Bellcomm. 
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Mr.  Waggqnner.  Certainly,  we  can’t  ask  that  question  and  expect 
him  to  be  responsive,  unless  we  place  a time  we  expect  this  to  be 
effective. 

Mr.  Fulton  of  Pennsylvania.  Well,  we  have  to  look  here  for  diverse 
interests.  I would  like  to  see  what  there  might  be  by  way  of  diverse 
interests,  such  as  the  Bell  System  supplying  equipment  which  Bell- 
comm  recommends  be  used. 

Dr.  Hornbeck.  There  is  no  such  instance. 

Mr.  Fulton  of  Pennsylvania.  I want  to  make  sure  there  isn’t.  If 
you  want  the  amount  higher  than  $25,000,  I’d  be  very  glad  to  do  it. 

Mr.  Riehlman.  Mr.  Chairman? 

Mr.  Daddario.  Yes,  Mr.  Riehlman. 

Mr.  Riehlman.  May  I ask  if  this  line  of  questioning  is  confined  to 
Bellcomm?  I think  we  must  confine  the  questions  to  Bellcomm. 
That  is  what  we  are  talking  about,  and  whether  Bellcomm  has  con- 
tracts with  other  agencies. 

I just  don’t  see  now  we  can  go  in  the  background  of  the  other 
companies  of  the  Bell  System.  If  we  did,  we  would  have  to  ask  the 
very  same  thing  of  General  Electric. 

Mr.  Fulton  of  Pennsylvania.  There  seems  to  be  disagreement  on 
the  committee.  I would  like  to  have,  within  reason,  a statement 
from  the  Bellcomm  people,  and  the  Bell  Telephone  System,  so  that 
we  can  judge  that  there  are  no  adverse  interests.  Second,  I would 
like  a statement  that  Bellcomm  is  not  making  judgments  on  engi- 
neering systems  which  then  require  the  use  of  certain  equipment  of 
the  Bell  Telephone  System. 

Mr.  Holmes.  I think,  Mr.  Fulton — — 

Mr.  Daddario.  Mr.  Holmes,  since  there  is  some  question  as  to 
what  this  amounts  to,  if  the  committee  could  take  that  up  by  itself 
in  executive  session,  we  can  discuss  it  then  and  make  a determination. 

Mr.  Riehlman.  May  I get  this  in  the  record.  I have  no  objection 
to  getting  every  bit  of  information  that  is  necessary  for  this  committee 
to  pass  judgment  on  the  activity  of  Bellcomm,  but  I think  this  is 
something  which  we  ought  to  consider  further  before  we  ask  Bellcomm 
and  NASA  to  try  togive  us  information  that  I don’t  think  is  possible. 

Mr.  Daddario.  We  will  come  to  the  determination  of  that  within 
the  committee  itself,  and  then  decide  if  the  question  should  be  asked. 

Mr.  Fulton  of  Pennsylvania.  The  question  can  be  asked. 

The  question  is  whether  they  shall  be  required  to  answer.  The 
question  has  been  asked,  which  I,  representing  my  district,  have  the 
full  right  to  ask  because  the  taxpayers  in  our  area  pay  $1,250  million 
a year  to  the  Federal  Government.  I am  certainly  very  interested 
in  seeing  how  our  money  goes  on  this  type  of  contract  an<I 

Mr.  Riehlman.  Mr.  Chairman,  that 

Mr.  Fulton  of  Pennsylvania.  I haven’t  yielded— if  there  is  any 
case  where  a company  in  an  advisory  capacity  recommends  the  use 
of  equipment  manufactured  by  subsidiaries  without  outside  bidding 
and  without  outside  design  and  engineering  I want  to  make  sure 
that  we  are  not  running  into  such  a case  here.  One  of  the  charges 
against  this  program  is  that  certain  companies  are  being  given  the 
inside  track.  I would  rather  not  have  that.  We  are  not  going  into 
it,  and  I am  prevented  from  even  asking  the  question. 

The  other  point  I want  to  say  is  this 

Dr.  Hornbeck.  May  I make  a comment  that  might  ease  your 
problem? 
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Mr.  Kiehlman.  Before  we  go  further,  Mr.  Chaimtan,  I -want  the 
record  to  show  that  there  is  no  implication  by  the  gentleman  from 
Pennsylvania  that  we  don’t  have  an  interest  in  the  people  in  our 
district,  just  as  he  has. 

No  one  is  trying  to  protect  anyone,  or  to  keep  from  this  committee 
the  knowledge  that  it  needs  to  act  in  good  judgment  on  these  matters. 

Mr.  Waqgonneb.  Would  the  gentleman  yield,  for  one  brief 
.statement? 

Mr.  Fulton  of  Pennsylvania.  Could  I just  say,  before  we  get  into 
an  argument  among  ourselves;  in  answer  to  this,  because  my  name 
has  come  up,  that  each  of  us  has  the  full  responsibility  for  the  tax- 
payers’ money.  We  simply  look  at  it  differently. 

I look  at  tms  particular  issue  as  a major  point  which  perhaps  others 
would  not,  and  I do  not  mention  any  other  person  on  the  committee. 
I speak  only  of  my  own  responsibility.  Of  course,  it  is  natural  that 
we  vary  as  to  our  points  of  emphasis.  I want  to  make  sure  that 
there  is  no  company  in  an  advisory  capacity  which  is  able,  by  the 
advice  it  gives  on  engineering  systems  or  design,  to  even  have  a 
tendency  toward  that  company’s  specific  products,  components,  or 
hardware  of  any  type,  without  giving  everybody  in  the  industry  an 
adequate  chance  to  compete. 

Mr.  Holmes.  We  would  like  to  make  a statement  for  the  record  in 
response  to  that  point.  I think  we  can  tell  you  about  NASA  contracts 
and  about.  Bellcomm  contracts.  I don’t  think  it’s  within  our  respon- 
sibility to  teh  you  about  anything  except  NASA  contracts.  We  can 
certaimy  indicate  in  a statement  how  we  operate  so  that  Bellcomm 
is  not  in  a position  to  do  this  work. 

Mr.  Fulton  of  Pennsylvania,  That’s  what  I want  to  hear. 

Mr.  Daddario.  That  is  exactly  the  point  to  which  I made  my 
suggestion  that  we  confine  the  question  to  that  area  within  whicn 
NASA  has  the  responsibility  and  the  knowledge  to  spell  out  an 
answer  to  the  question  made  by  the  gentleman  from  Pennsylvania. 

Mr.  Fulton  of  Pennsylvania.  We  are  not  too  far  apart. 

Mr.  Daddario.  We  are  not  apart  at  all. 

Dr.  Hqrnreck.  May  I make  a comment,  sir? 

Mr.  Daddario.  Tes,  sir. 

Dr.  Hornbeck.  In  the  hope  that  this  might  ease  your  problem,  I 
would  volunteer  to  submit  for  the  record  the  contracts  of  Western 
Electric,  which  I think  are  as  pertinent  as  any  other  thing,  with  NASA 
since  Bellcomm  was  formed.  I would  willingly  offer  tms,  if  it  would 
help  solve  your  problem. 

Mr.  Holmes.  I think  if  any  contracts  for  NASA  are  given,  they 
should  be  given  by  NASA.  We  can  cover  a broader  scope. 

Mr.  Fulton  of  Pennsylvania.  I agree  to  that. 

Mr.  Daddario.  I think  this  is  the  extent  to  which  the  question 
should  be  confined. 

Mr.  Fulton  of  Pennsylvania.  We  do  want  any  other  contracts  of 
the  Bell  Telephone  System  with  NASA. 

Mr.  Daddario.  This  will  be  given,  “with  NASA,’’  and  I under- 
stand that  is  perfectly  agreeable  with  you,  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  Fine. 

(The  information  requested  is  as  follows:) 

With  the  exception  of  normal  communications  services,  the  following  tfgfc 
reflects  prime  contracts  in  excess  of  $25,000  released  by  NASA  to  A.T.  & T. 
divisions  and/or  subsidiaries  since  the  formation  of  Bellcomm,  Inc.: 
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Cortnc.  No. 

Contract  date 

Ctamzialfva 

award 

“W 

Description 

NAS  A-MS8- 

Sept.  27, 1982 
Mat.  29.1983 
Oat.  8,1982 
Nor.  21,1982 

MM,  000 

42,  MO 
84731 
883,368 

Vurpiaii  radiation  pucka**  and  analyse  date. 
Special  purpose  data  traosmlwkxi  terminal. 
Cover  panda.  cabinets,  etc. 

Communication  oomp^tenta. 

NA8  5-48HU 

NAS  9-4142  - - 

NAS  IMIMM 

Mr.  Daddahio.  Let’s  get  on  with  the  next  cuestion. 

Mr.  Fulton  of  Pennsylvania.  What  would  happen  if  yon  kept  the 
personnel  at  the  same  rate  in  fiscal  year  1964,  as  you  now  have  in  the 
work  you  are  doing  at  Bellcomm? 

Dr.  Hornreck.  I believe  that  we  were  already  asked  that  question 
in  slightly  different  words  and  the  answer  is  in  the  record . The  simple 
answer  is  that  we  wouldn’t  be  able  to  do  the  job  which  NASA  expects 
us  to  do. 

Dr.  Shea.  X think  that  we  ought  to  realize  that  we  are  in  the  process 
of  building  the  organization.  The  reason  that  it’s  at  the  current  level 
is  that  we  are  strengthening  it  as  fast  as  we  can  without  diluting  the 
present  high  quality  and  standards. 

Mr.  Fulton  of  Pennsylvania.  There  is  one  point  I don't  under- 
stand. Wiiy  is  Bellcomm  hiring  people  from  the  outside  in  competi- 
tion with  NASA?  At  least  one-third  of  the  personnel  of  Belicomm  are 
from  the  outside.  Why  don't  you  have  people  of  that  nature  hired 
by  NASA? 

Mr.  Holmes.  We  do,  within  the  limitations  of  salary  and  govern- 
ment employment  that  we  have.  I think  the  direct  answer  is  that  we 
cannot  build  this  full  strength  in  Government  for  several  reasons. 

I don’t  know  of  any  case  where  we  compete  directly  for  people  with 
Bellcomm.  Certainly,  indirectly  one  does.  Nor  do  1 know  of  a single 
case  where  there  has  been  any  proselyting  or  transferring  of  people 
from  our  payroll  at  NASA  to  Bellcomm.  We  have  been  very  careful 
to  take  action  to  guard  against  such  a situation. 

Mr.  Daddabio.  Certainly,  it  is  encouraging  that  you  have  been 
building  Bellcomm  in  that  way. 

Mr.  Waggonner? 

Mr.  Waggon  xer.  I personally  concur  with  the  idea  of  not  building 
an  in-house  capability  within  NASA  to  do  the  work  Bellcomm  is 
doing.  I think  we  ought  to  utilize  industry  in  the  best  way  possible 
as  we  are  doing  with  Bellcomm  and  as  we  are  doing  with  General 
Electric. 

The  idea  is  sound,  and  I think  the  only  thing  that  remains  for  us 
to  do  is  to  define  clearly  the  limitations  of  this  contract.  A contract 
must  be  written  which  will  preclude  the  possibility  of  anything 
happening  along  the  way  which  can  be  subject  to  question  by  other 
people  in  industry,  or  which  will  reflect  on  everyone  concerned  and  Will, 
m the  end,  disrupt  our  program. 

X agree  completely  that  some  equipment  in  the  way  of  computers  is 
needed  for  Bellcomm  or  for  anyone  else  to  do  this  job.  Bellcomm 
needs  something  other  than  a slide  rule,  adding  machine,  and  cal- 
culator, the  same  as  General  Electric  does. 
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In  situations  with  regard  to  procurement  of  computers  m^cases 
which  involve  either  a subcontractor  or  a prime  contractor,  does 
NASA  employ  the  competitive  bidding  principle  in  procuring  these 
•computers  or  does  it  negotiate  lease  contracts  for  these  computers. 

Mr.  Holmes.  Wherever  possible,  in  these  areas,  we  do  use  com- 
petitive bidding.  More  often  than  not,  in  today’s  computer  business 
there  are  machines  that  are  of  known  requirements  that  are  rented 
pretty  much  off  the  shelf  at  a known  rate.  In  that  case,  I imagine 
one  might  say  that  one  is  negotiating  by  knowing  these  facts  and 
obtaining  the  necessary  machines. 

That’s  pretty  much  like  buying  off-the-shelf  equipment  or  renting 
off-the-shelf  equipment  when  one  does  that. 

Mr.  Waggonner.  You  would  say  it  is  the  practice,  wherever 
possible,  to  use  the  bid  procedure? 

Mr.  Holmes.  Yes;  Mr.  Waggonner,  it  is  the  practice  in  any  case 
where  it  appears  to  be  in  the  best  interests  of  the  Government,  which 
is  most  cases,  to  proceed  by  the  bid  pifocedure. 

Mr.  Waggonner.  I believe  last  year  we  beard  testimony  to  the 
effect  that  seven  or  eight  companies  furnish  computers  to  the  Govern- 
ment. Is  that  still  the  case?  Are  we  still  doing  business  with  a 
number  of  suppliers? 

Mr.  Holmes.  With  a number  of  suppliers;  yes.  I don’t  know  the 
total  number,  but  I would  think  it  would  be  at  least  seven  or  eight. 

Mr.  Waggonner.  Could  you,Mr.  Holmes,  furnish  for  the  record 
the  names  of  the  companies  which  are  doing  the  contract  work  or 
selling  computers  to  NASA? 

Mr.  Holmes.  Yes;  Mr.  Waggonner,  we  can  do  that. 

(The  information  requested  is  as  follows:) 

Principal  suppliers  of  Computer  and  computer  services  to  NASA  at  the  present 
time  include  the  following: 

Hemmgtan-ILsmd  Coarp.  fSperry  Baud)  Computron,  Inc. 

General  Electric  Co.  Computer,  Products 

BCA  Computer,  Laboratories,  Inc. 

Burroughs  Corp,  Computer  Dynamics 

IBM  Corp.  Computer  Control  Co. 

International  Data  Systems  Computer  Applications 

Mr.  Waggonner.  I think  that  is  a matter  on  which  we  can  agree 
that  we  are  following  a double  standard  in  some  respects,  although  I 
don’t  think  it  is  quite  as  extensive  as  some  would  believe  with  regard 
to  computer  procurement  policies.  We  are  buying  some  computers, 
and!  we  are  leasing  some  computers. 

I believe  that  Mr.  Holmes  or  Mr.  Low  testified  the  other  day  that 
c.  study  was  being  conducted  by  NASA  and  the  General  Accounting 
Office  to  determine  what  the  best  policy  would  he  with  regard  to  future 
computer  procurement.  Could  yon  give  us  any  idea  what  the  status 
of  that  survey  or  study  is? 

Not  only  what  the  present  status  is,  but  when  you  expect  to 
complete  such  a study  and  have  a firm  policy  to  follow?  I personally 
believe  that  we  are  going  to  find  that  in  the  end  it  is  better  to  buy  in 
some  cases  and  better  to  lease  in  some  cases  Could  you  tell  us  what 
the  status  of  that  overall  study  is? 

Mr.  Holmes.  I think  that  your  conclusion  is  correct;  a specific  case 
will  govern  more  than  anything  else  the  decision  whether  to  buy  or  to 
lease.  Certainly,  for  many  of  our  installations  we  expect  to  update 
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continually  the  installation  or  we  expect  to  vary  the  program  mate- 
rially for  the  particular  computer  and  wish  to  have  the  basic  program 
element*  be  such  that  it  can  be  used  in  the  future.  Therefore,  we 
would  want  to  assure  ourselves  either  by  purchase  of  the  computer  or 
by  renting  the  computer  that  it  wouldn't  be  made  obsolete  in  the  near 
future. 

Now,  the  specific  ease  which  I mentioned  the  other  day  was  the 
Integrated  Mission  Control  Center  at  Houston;  we  are  using  com- 
putet* there  in  considerable  number  and  magnitude.  We  actually 
need  four  very  powerful  machines,  and  we  have  conducted  a study 
t&  determine  where  the  cost  break-even  point  would  be  in  terms  of 
purchase  versus  rent. 

In  this  case,  it  appears  to  be  somewhere  in  the  year  1966.  That  is 
to  say,  if  we  purchased  the  computers,  we’d  be  ahead  by  1966;  whereas 
if  we  rented  the  computers  and  used  them  beyond  1966,  we’d  be  losing 
money  by  paying  more  out  in  rent.  I think  that  study,  howevc. , is 
going  to  indicate  that  it  is  better  to  rent  than  it  is  to  purchase. 

It  would  be  better  to  rent  over  this  period  of  time  and  then  be  able 
to  update  by  changing  the  machines  and  not  keeping  the  same  ones 
and  being  forced  to  rent  new  ones.  It  will  be  more  economical  for 
the  Government. 

But  this  conclusion  could  change  from  situation  to  situation. 

Mr.  Waggonner.  Could  you  give  us  any  information  as  to  what 
you  believe  the  turning  point  is  with  regard  to  buying  or  leasing? 

What  computers  do  you  fed  that  we  should  now  lease,  and  should 
'continue  to  lease  in  the  future? 

Mr.  Holmes.  I think  I can  answer  it  in  a general  way,  I can't 
answer  in  a specific  way, 

Mr.  Waggonner,  Just  general. 

Mr,  Holmes.  In  a general  way,  if  we  have  an  operation  where  we 
can  buy  a computer  that  will  do  the  job  properly  and  won't  require 
updating  for  a number  of  years,  it’s  certainly  going  to  be  cheaper  to 
buy  the  computer  and  pay  only  for  maintenance  contracts. 

If  the  reverse  is  the  case,  if  we  want  to  keep  it  up  to  the  latest 
state-of-the-art  of  computers  and  we  believe  this  capability  would  be 
changed  in  a few  years,  capital  investment  would  be  the  foolish  way 
to  go  and  it  would  be  better  to  rent  it. 

Mr.  Waggonner.  You  believe  the  state-of-the-art  in  computers 
is  such  that  NASA  could  now  enter  into  an  arrangement  for  computers 
that  would  be  sufficient  to  meet  the  needs  of  the  Apollo  program 
through  to  a successful  conclusion,  or  is  it  more  probable  that  we  are 
going  to  have  to  continue  to  update  these  computers  as  this  Apollo 
program  draws  to  a climax. 

Mr.  Holmes.  In  many  cases  the  demands  on  the  computers  are  so 
great  that  we  would  wish  them  to  do  more  either  by  a higher  rate  of 
speed  or  greater  memory  and  it  would  probably  be  better  to  upgrade 
them  as  improvements  are  made. 

I think  m relatively  few  cases,  the  computer  requirements  are 
going  to  be  so  static  that  it  would  be  more  efficient  to  buy  the  machine 
and  keep  it  over  a long  period  of  time. 

Mr.  Teague.  Doesn’t  the  Bureau  of  the  Budget  have  an  established 
policy  which  NAS/  must  follow  insofar  as  electronic  equipment  is 
concerned? 
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I«  there  a general  policy  throughout  the  Government,  or  is  it  left 
to  each  agency  to  decide? 

Mr.  Holmes,  Are  you  referring  to  a policy  of  purchase  versus 
rent? 

Dr.  Hornbbck.  There  is  a general  policy. 

Mr.  Teague.  That  answers  the  question. 

Mr.  Holmes.  On  what?  On  what  subject — purchase  versus  rent? 

Dr.  Hornbbck.  On  that  subject.  On  the  acquisition. 

Mr.  Holmes.  I don’t  understand  either  the  statement  or  the 
question. 

Mr,  Teague.  I assume  that  with  regard  to  all  the  electrical  equip* 
meat  within  our  Government  there  is  a general  policy  to  give  you 
some  guidelines  as  to  how  you  are  to  handle  your  electronic  problems, 
whether  you  purchase  or  whether  you  rent? 

Dr.  Hornbbck.  On  the  acquisition. 

Mr,  Teague,  Mr.  Yeager,  will  you  try  to  obtain  that  information 
for  the  record  from  the  Bureau  of  the  Budget? 

Mr.  Yeager.  Yes,  sir. 

(The  information  referred  to  is  shown  in  app,  E.  See  also  app,  F, 
report  to  the  Congress  of  the  United  States  entitled  “Study  of  Finan- 
cial Advantages  of  Purchasing  Over  Leasing  of  Electronic  Data 
Processing  Equipment  in  the  Federal  Government,”  by  the  Comp- 
troller General  of  the  United  States,  dated  March  196.3.) 

Mr.  Waggonner.  Just  one  other  craestion  and  this  is  in  line  with 
the  question  the  chairman  has  just  asked. 

Do  we  have  a disposition  poliev  with  regard  to  purchased  computers? 
Are  there  guidelines  from  the  Bureau  of  the  Budget  which  dictate 
the  disposition  policy? 

In  other  words,  is  *he  trade-in  value  so  extremely  low  that  actually 
w®  lose  money  by  training  the  men  and  could  profit  more,  for  example, 
by  having  a"  reasonable  surplus  property  disposal  procedure  which 
would  allow  us  to  place  these  in  our  institutions  of  higher  learning 
and  other  areas  from  which  we  could  *dl  benefit? 

Mr.  Holmes,  May  we  get  that  for  th©  record,  Mr.  Waggonner? 
I don’t  really  know. 

Mr.  Waggonner.  Yes. 

(See  app.  E and  F mentioned  above.) 

Mr.  Teague.  Mr.  Riehlman? 

Mr.  Riehlman.  I have  no  question?,  Mr.  Chairman,  but  I would 
like  to  say  that  I think  our  distinguished  gentlemen,  Mr.  Fulton  and 
Mr.  Daddario,  L^ve  gone  to  great  depth  in  this  Bellcornm  contract 
which  I think  will  resound  in  very  useful  and  valuable  information 
for  the  committee  in  the  future. 

Mr,  Fulton  of  Pennsylvania.  That  is  very  kind. 

Mr.  Teague.  I agree  with  the  gentleman  from  Ne.w  York  and  I 
wuuld  like*  to  say  to  the  witnesses  that  these  facts  will  be  very  helpful 
when  we  take  this  bill  to  the  floor  of  the  House.  The  Members  of 
Cod  gross  can’t  say  that  these  contracts  hare  just  been  glanced  over 
and  hut  covered  in  detail. 

Mr.  Gurney? 

Mr.  Gurney.  Everyone  is  making  a statement  here,  ar*d  I would 
liku  to  make  one  also. 

I concur  wholeheartedly  in  what  Mr.  Waggonner  saitl  in  his  opening 
statement.  I think  in  this  day  of  big  government  it’s  certainly  re- 


1004  NASA  AUTHORIZATION 


X137 


freshing  to  sue  to  see  NASA,  a Government  organization,  using  private 
enterprise  in  this  fashion  by  means  of  this  Bellcomm  contract. 

I think  this  committee  should  certainly  examine  the  extent  of  the 
contract  as  it  has  today.  Sock  examination  might  show;  one,  that 
other  businesses  in  tiiis  scientific  endeavor  are  not  being  frozen  out 
and  are,  in  fact,  given  equal  opportunity.  It  can  be  extended  to  them. 
I tbink  the  thing  that  we  really  haven't  gone  into  at  all  today,  and  I 
would  like  to  ask  a question  or  two  about  this,  is  whether  there  is  any 
duplication  in  the  BeUcoram  contract  and  in  the  General  Electric 
•contract, 

I believe  this  was  mentioned  when  we  first  began  the  testimony 
this  morning,  but  I tbink  we  ought  to  go  into  it  a fit  tie  furthe*.  For 
example,  we  have  developed  the  fact  that  a part  of  BeUeomm's  effort 
is  to  establish  systems  requirements,  establish  a uniform  set  of  design 
data,  and  define  the  technical  approach.  Yesterday,  we  also  learned 
from  examining  the  General  Electric  contract  that  it  had  something 
to  do  with  conception  and  design  of  systems  that  go  into  the  lunar 
landing  program. 

Well,  I don't  quite  understand  that.  I wonder  if  you  could  define 
more  specifically  where  the  Bellcomm  people  are  working  and  where 
the  General  Electric  people  are  working.  For  example,  take  the  on- 
board guidance  system  which  you  talked  about  yesterday.  I hesitate 
to  bring  in  the  word  computer  again  because  we  certainly  settled  that 
hash  today,  but  we  did  talk  yesterday  about  a computer  aboard  the 
command  module,  I believe,  and  then  we  also  talked  yesterday  about 
the  fuel  system  of  the  LEM,  All  of  these  are  design  requirements  as 
I understand  it.  What  does  Bellcomm  do  in  these  fields,  and  what  does 
General  Electric  do  in  these  fields? 

Mr,  Holmes.  Could  I present  a hypothetical  case  for  a moment? 
I think  that  it  might  help  to  clarify  Beficomm’s  role  and  General 
Electric’s  role  m support  of  our  program. 

If  we  talk  about  building  an  automobile  which  is  to  run  not  on  the 
Moon  but  on  a little  known,  unmapped  part  of  the  Earth — suppose 
we  say  that  it  has  to  run  on  a hypothetical  area  in  Africa,  which  was 
not  studied  in  great  depth.  Our  objective,  then,  is  to  build  an  auto- 
mobile that  will  operate  in  this  environment. 

In  this  hypothetical  ease,  the  Bellcomm  people  are  going  to  work 
with  Dr.  Shea  in  order  to  determine  various  concepts:  What  is  the 
environment?  Is  it  muddy?  Is  it  wet?  Is  it  dry?  Is  it  cold? 
All  these  factors  have  to  be  investigated.  As  part  of  its  assigned  tasks, 
Bellcomm  is  going  to  study  what  speed  is  involved  and  what  loads  are 
required,  and  other  factors,  which  are  involved  in  carrying  out  the 
mission  of  making  this  automobile  work  in  the  environment;  then  Dr. 
Shea’s  group,  supported  by  Bellcomm,  will  specify  what  the  automobile 
will  be,  what  type  of  roads  it  will  be  using,  whether  or  not  it  should 
have  wheels,  or  what  type  of  power  or  type  of  fuel  capacity  it  will 
have.  All  these  general  concepts  will  have  to  be  established* 

Then  the  General  Electric  role  comes  into  the  picture,  G.E.'a 
function  is  to  implement  these  concepts,  to  assist  us  in  seeing  that 
the  contractor  parts  function  well,  together  and  separately.  Pieces 
and  parts  have  to  be  carefully  tested  and,  of  course,  specialized  test 
equipment  has  to  be  built  to  accomplish  this.  G.E.’s  effort  will  also 
include  reliability  analyses,  to  take  tests  and  data  on  sparkplugs,  if 
that’s  the  way  the  engine  is  being  run,  on  tires,  on  all  the  parts— to 
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study  *11  parts  of  it  ao  that  we  can  assure  that  this  machine  is  going 
to  operate  reliably  when  ail  the  parts  are  assembled. 

Further  are  the  interfaces;  How  these  pieces  fit  together.  Are 
the  windows  going  to  fit?  Will  the  windshield  fit?  All  these  ques- 
tions have  to  be  answered. 

On  one  hand  you  have  the  concepts  and  on  the  other  you  have 
monitoring  and  testing  as  these  concepts  are  brc.Vnt  into  reality. 

Mr.  Gurney.  Thank  you.  That  means  a good  deal  to  me,  and  I 
understand  it  much  better.  Take  the  specific  instance  I mentioned 
on  the  fuel  systems  of  LEM;  I take  it  that  you  would  come  up  with  a 
figure  that  you  need  so  much  thrust,  or  that  the  engine  must,  hum  for  so 
long  a period  of  time,  and  then  General  Electric  designs  where  the 
fuel  tank  is  going  to  be  and  how  big  it  will  be.  Is  that  it? 

Dr.  Shea.  No,  sir.  That's  not  quite  it,  because  the  General 
Electric  people  don't  physically  do  the  design.  The  design  is  assigned 
to  the  contractor  through  one  of  our  centers.  In  the  case  of  the  I JEM, 
through  the  Manned  Spacecraft  Center  in  Houston  to  Grumman. 
Grumman  carries  out  the  design. 

The  G.E.  people  would,  in  effect,  in  this  instance,  review  the  test 
procedures  that  are  going  to  be  implemented  with  respect  to  the  engine 
to  bo  sure  that  those  test  procedures  reflect  tile  over-all  requirements 
in  terms  of  thrust  level,  number  of  times  the  engine  has  to  be  able  to 
operate,  the  ability  to  tlirottie  the  engine  over  a certain  range,  and 
related  areas. 

They  would  assure  that  the  test  procedures  are  proper  and  when 
the  tests  are  run,  we’d  expect  them  to  get  the  data  in  parallel  with 
Grumman  and  Houston  and  again  examine  the  data  to  be  sure  the  tests 
as  run,  did  indeed,  conform  with  the  overall  specifications. 

In  addition,  they’d  get  data  on  every  engine  test  and  from  that 
data  would  be  able  to  estimate  the  reliability  of  the  overall  engine 
and  feed  that  particular  estimation  of  reliability  back  into  our  overall 
calculation  for  the  entire  mission.  Now,  it  turns  out  that  an  engine 
doesn’t  have  much  of  an  interface  with  the  rest  of  the  overall  system. 
It's  pretty  well  contained. 

If  I might  take  another  2 minutes,  I might  address  myself  %&  your 
first  example,  which  T think  is  a good  ono,  and  which  will  illustrate 
how  G.E.  works  on  the  interfaces  as  well. 

The  guidance  system  has  a computer  but  I hasten  to  add  a special- 
purpose  computer  for  flight  purposes.  It's  really  a special  develop- 
ment job.  That  computer  must  be  able  to  guide  the  spacecraft  and 
then,  in  effect,  send  signals  to  the  control  system  and  the  engine 
aboard  the  spacecraft.  But  it  also,  for  redundant  purposes,  has  to 
be  able  to  guide  the  launch  vehicle. 

The  kina  of  analyses  that  Belleomm  would  do  would  bo  to  say 
how  fast  the  computer  has  to  operate,  how  much  memory  capacity 
is  needed — in  other  words,  how  many  different  things  it  has  to  bo 
able  to  do  and  what  signals  it  should  send.  The  kind  of  thing  that 
would  come  out  of  Belleomm  would  say  the  guidance  computer 
ought  to  send  pitch,  roll,  and  yaw  steering  signals  to  the  spacecraft 
guidance  system  and  to  the  launch  vehicle  guidance  signals.  It  ought 
to  be  able  to  send  signals  to  the  engines  to  cut  off  the  engines  at  a 
precise  instant.  Belleomm  might  say:  You  have  to  send  the  signal 
so  fast. 
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Tlw  next  problem  is  one  of  design.  The  people  who  design  the 
guidance  computer  might  come  up  with  whet  you  might  call  the  first 
cut  of  the  design. 

Now,  you  have  the  problem  that  the  output  of  the  computer  has 
to  go  into  an  automatic  control  system  in  order  to  be  able  to  control 
the  vehicle.  It  actually  has  to  go  into  two  systems.  One  is  in  the 
spacecraft  and  the  other  is  in  the  launch  vehicle.  Now  tile  launch 
vehicle  people  and  the  space  vehicle  design  people  would  have  been 
working  together  trying  to  design  what  you  cal  a common  interface. 

What  do  they  mean  by  this?  The  voltage  that  comes  out  of  the 
computer — in  order  to  give  a certain  roll  command,  we  might  have  to 
control  it  bv  the  voltage  or  the  magnitude  of  the  voltage — would  he 
proportional  to  the  signal  you  want  to  give. 

The  GE  people  M ould  check  that  interface  to  be  suto  the  voltage 
coming  out  of  the  computer,  the  things  you  want  to  define,  such  as 
the  wavelength,  etc.,  will  feed  both  the  spacecraft  and  the  launch 
vehicle  so  that  they  get  down  to  what  we  call,  in  our  jargon,  a mech- 
anization level. 

Then  there’s  still  another  level  to  which  they  have  to  go.  This  is 
what  you  call  tne  detailed  design  level.  Finally,  out  of  the  computer 
you  como  up  with  a terminal  board  and  on  the  terminal  board!  there  is 
a multitude  of  wires.  Certain  signals  are  supposed  to  appear  on  these 
wires.  Another  related  terminal  board  would  exist  elsewhere  in  the 
spacecraft,  in  the  attitude  control  system,  for  example,  and  in  the 
launch  vehicle’s  attitude  control  system. 

Whon  drawings  of  these  boards  are  made,  GE  will  get  a copy  of 
those  drawings  and  check  them  to  be  sure  that  each  wire  comes  from 
the  right  place  and  goes  to  the  right  place.  Does  that  help  to  clarify 
the  roles  of  Bellcomm  and  GE? 

Mr,  Gurney.  Yes. 

Mr.  Riehlman.  In  that  area,  would  they  not  also  have  the  re- 
sponsibility to  bring  into  being  new  designs  for  consideration? 

Dr.  Shea.  In  general,  no,  sir. 

Mr.  Riehlman.  They  u’ouldn’t? 

Dr.  Shea.  Their  responsibility  is  one  of  checking.  When  they 
find  the  problem,  they  bring  it  to  the  attention  of  either  the  NASA 
center  involved  or  to  our  office. 

They  may  suggest  a solution  to  the  particular  problem  that  exists. 
In  general,"  we  don’t  look  to  GE  to  solve  those  problems  as  much  as 
we  look  to  them  to  check  that  everything  is,  indeed,  proper. 

Mr.  Riehlman.  I see. 

Dr.  Shea.  It  is  a check  and  balance  function  rather  than  a matter 
of  original  design. 

Mr.  Patten.  Mr.  Chairman,  the  research  centers,  the  men  asso- 
ciated with  Bellcomm,  are  located  in  my  state  and  I have  visited  both 
of  them.  I was  always  under  the  impression  that  Murray  Hill  was 
the  first,  the  biggest,  and  the  best  in  the  whole  world.  They  operate 
that  in  Monmouth  County  in  Homedale,  and  both  institutions  dwarfed 
anything  I have  seen  in  NASA  in  this  same  line  of  communications. 

Mr.  Fulton  of  Pennsylvania.  That  is  really  saying  something,  too. 

Mr.  Patten.  Now  in  New  Jersey,  Bell  Telephone  gives  us  the  serv- 
ice of  their  people  continuously  and  for  free.  Bell  has  always  lent 
us  their  top  people  to  survey  the  State  every  year  to  check  our  cost 
and  everything,  and  they  never  got  a penny  for  it.  They  gave  us*. 
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beautiful  reports.  They  surveyed  our  buskeas  methods  in  operating 
the  treasury.  They  sent  their  top  people  to  make  the  surrey  a*  a 
result  of  which  we  installed  some  computers  and  things  of  that 
type.  I ait  here  as  we  talk  of  Beilcomm  and  1 feel  like  you  can  hare 
a hundred  doctors  around,  but  if  one  of  them  had  gall  bladder  trouble, 
he  always  knows  a better  doctor  he  wants  to  go  to.  When  you  want 
to  meet  the  better  men  in  communications,  you  hare  to  go  to  the 
people  from  where  Dr.  John  Hornbeck  came  from.  They  really 
know  what  they  are  doing.  It  is  reallr  thrilling.  They  are  the 
beet  citizens  wo  have,  and  I hare  every  faith  that  NASA  acted  wisely 
in  using  their  know-how  and  their  facilities. 

This  contract  strikes  me  as  very  logiml  and  in  the  long  run  NASA 
is  going  to  get  a lot  of  know-how  that  it  couldn’t  get  any  other  place. 

I’d  like  to  say  that  for  the  record. 

Mr.  Fulton  of  Pennsylvania.  Would  the  gentleman  from  New 
Jersey  yield? 

Mr.  Teague.  I was  going  to  tell  him  he  sounded  like  someone 
from  Texas  talking  over  there. 

Mr.  Yeager,  if  it's  all  right  with  you,  Mr.  Chairman,  I have  a 
few  questions  which  I would  like  to  submit  to  Dr.  Shea. 

(The  information  referred  to  is  as  follows*.) 

Questions  Regarding  the  General  Electric  Contract 

Question  1.  Relative  to  the  ’‘Integration  and  checkout.”  budget  request  for 
fiscal  year  1964,  how  much  of  the  direct  research  and  development  cost  represents 
the  General  Electric  contract? 

Answer.  The  “Integration  and  checkout”  budget  request  for  fiscal  year  1964 
is  estimated  at  $153  million,  At  this  time,  the  GE  portion  of  this  program  Is 
estimated  to  be  approximately  $1G0*-$125  million. 

Question  2.  If  there  is  a balance  of  direct  R.  A D.  money,  what  will  this  money 
be  used  for? 

Answer.  The  balance  of  the  direct  R.  A D.  money  will  be  used  to  fund  work 
performed  by  other  contractors  or  by  the  NASA  centers.  The  exact  amount  of 
funds  required  for  this  effort  will  be  determined  as  the  program  progresses  and 
decisions  are  made  regarding  whether  GE  makes  or  buys  certain  parts  of  the  pro- 
gram or  whether  these  items  are  furnished  to  General  Electric  by  NASA  through 
its  field  centers  or  other  prime  contractors. 

Question  8.  Are  the  personnel  listed  for  this  part  of  the  budget  concretely 
identifiable  or  is  this  a proration  of  the  total  operating  budget? 

Answer.  The  personnel  figures  listed  were  arrived  at  through  a proration  of 
the  total  operating  budget. 

Question  4.  If  the  personnel  can  be  identified,  exactly  what  will  they  be  doing? 

Answer,  Not  applicable,  see  answer  to  question  3, 

Question  5.  Is  \he  figure  of  $2,6  million  given  for  the  operation  of  installations 
a prorated  figure  ns  NASA  officials  have  explained  regarding  some  other  portions 
of  tho  1^63  fiscal  year  budget? 

Answer.  Yea;  it  is  a prorated  figure. 

Mr.  Teague.  We  can  do  that. 

Lota  of  good  luck,  and  we  will  hope  for  the  best  of  success  between 
now  and  next  Thursday. 

The  committee  will  stand  adjourned. 

(Whereupon  at  11:40  a.m,  the  committee  was  adjourned  to  neet 
at  the  call  of  the  Chair.) 
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TUESDAY,  MAY  SI,  1063 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Joint  Meeting  or  the  Subcommittee  on  Manned 

Space  Flight,  and  the  Subcommi'itee  on 

Space  Sciences  and  Advanced  Research  and  Technology, 

Washington,  D.C. 

EXECUTIVE  SESSION 

(The  following  testimony  was  taken  in  executive  session  because  of 
the  possible  classified  nature  of  the  material  presented.  The  testimony 
as  shown  below  is  unclassified.) 

The  subcommittees  met  in  joint  session  at  10  turn.,  the  Hon.  Olin  E. 
Teazle  presiding. 

Mr.  Teague,  The  committee  will  come  to  order. 

This  morning  the  committee  will  hear  Maj.  Gen.  Theodore  0.  Red- 
well,  Jr.,  commander  of  the  Acromedical  Division  of  the  Air  Force 
Systems  Command,  Brooks  Air  Force  Base,  and  Csipt.  Clifford  P. 
Phoebus,  commanding  officer,  Naval  School  of  Aviation  Medicine  at 
the  Naval  Aviation  Medical  Center,  Pensacola,  Fla. 

General  Bedwell,  will  yon  introduce  the  colonel  with  you? 

General  Bedwell.  T have  Col.  John  E.  Pickering,  Deputy  Chief  of 
Staff  for  Research  and  Development 

(The  biographical  sketches  of  General  Bedwell  and  Col.  John  E. 
Pickering  are  as  follows :) 

Maj.  Gen.  Theodore  C.  Bedwell,  Jit.,  U.S.  An  Force,  Medical  Coup# 

Maj,  Geu.  Theodore  C.  Bedwell,  Jr.,  son  of  Mr.  T.  C.  Bedwell,  Sr*  Greenville, 
Tex.,  was  bom  March  31, 1006,  and  now  calls  Dallas,  Tex,  Ida  home.  He  grsdur 
nted  from  Southern  Methodist  University  with  a bachelor  o£  science  degree,  and 
from  Baylor  University  Medical  College,  in  Jane  1033,  where  he  received  a doctor 
of  medicine  degree. 

He  practiced  medicine  and  surgery  at  a clinic  hospital  in  Longview,  Tex.,  prior 
to  entering  active  duty  in  1955.  Hia  first  assignment  wag  with  Fitxsimons  Gen- 
eral Hospital,  Denver,  where  he  served  until  November  1039. 

He  attended  a postgraduate  course  in  industrial  medicine  at  Harvard  School  of 
Public  Health  in  1041.  During  the  following  18  months  he  was  Chief  of  Indus- 
trial Medicine  in  the  Preventive  Medicine  Division  in  the  Office  of  the  Army 
Surgeon  General. 

His  first  Air  Force  duty  was  as  a student  in  the  flight  surgeon's  course  at 
Handel;  h Field,  Tex.  Upon  graduation,  he  was  assigned  to  McClellan  Field, 
Calif-,  In  December  1042,  for  duty  as  base  surgeon  and  hospital  commanding 
officer. 

During  World  War  II  General  Bedwell  served  as  hospital  commander,  base 
surgeon,  and  command  surgeon  for  the  Air  Materiel  Command,  HU1  Field,  Utah ; 
and  as  commanding  officer  of  the  regional  hospital  and  area  surgeon  for  the 
Warner  Robins  air  materiel  area.  During  this  time  he  also  served  on  temporary 
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duty  to  organise  ttta  6th  Central  Medical  Establishment  assigned  to  SH»  Air  Force 
<m  Okinawa. 

From  Fcbraary  1M8  until  March  1948  he  was  assigned  to  Headquarters,  Air 
Materiel  Command,  Wright  Field,  Ohio,  where  he  served  first  a*  deputy  surgeon 
and  chief  of  industrial  medicine  and  later  as  command  surgeon. 

In  April  I 948  he  was  assigned  to  Far  East  Air  Forces  as  staff  surgeon  for 
■5th  Air  Force  at  Nagoya,  Japan. 

In  June  1951,  he  was  awarded  the  master  of  public  health  degree  upon  comple- 
tion of  postgraduate  course  at  the  Johns  Hopkins  School  of  Hygiene  and  Public 
Health,  Baltimore^  Md. 

In  October  1951,  he  received  certification  from  the  American  Board  of  Preven- 
tive Medicine  and  Public  Health.  F'om  July  1951  and  1952  he  attended  the 
Air  War  College,  Maxwell  Air  Force  Base,  Ala.  He  was  certified  as  a specialist 
In  aviation  medicine  In  1953  and  in  occupational  medicine  in  3956. 

Following  graduation  from  Air  War  College,  he  was  assigned  as  a staff  member 
to  the  assistant  for  health  and  medicine  in  the  Office  of  the  Secretary  of  Defense. 
Later  he  served  as  Chief  of  Preventive  Medicine,  Office  of  the  Surgeon  General, 
Headquarters,  USAF. 

On  August  1, 1956,  he  was  assigned  as  deputy  surgeon  for  the  Strategic  Air 
Command  with  headquarters  at  Offutt  Air  Force  Base,  Ncbr.  He  was  named 
command  surgeon  September  1,  1959.  On  February  1,  1961,  he  was  named 
commander  of  the  CSAF  Aerospace  Medical  Center  (A.TC),  Brooks  Air  Force 
Base,  Tex.  The  Aerospace  Medical  Center  was  reorganised  into  the  Aerospace 
Medical  Division  of  AFSC  on  November  1, 1961.  At  that  time  the  Aeromedicfti 
Research  Laboratory  of  Holloman  Air  Force  Base,  N.  Mex.,  and  She  Aerospace 
Medical  Research  Laboratory  of  WrightPatterson  Air  Force  Base,  Ohio,  came 
under  jurisdiction  of  the  Aerospace  Medical  Division. 

He  holds  the  rating  of  chief  flight  surgeon.  His  decorations  include  the  Air 
Force  Commendation  Ribbon  with  Oak  Leaf  Cluster,  World  War  II  Victory 
Medal,  Republic  of  Korea  Presidential  Unit  Citation  Emblem,  and  Occupation 
Medal  {Japan). 

He  is  a fellow  of  the  Aerospace  Medical  Association,  toe  American  College  of 
Preventive  Medline,  and  the  Royal  Society  of  Health.  He  holds  membership 
in  the  Association  of  Military  Surgeons,  Industrial  Medical  Association,  Ameri- 
can Medical  Association,  and  the  American  Public  Health  Association. 

From  1957  to  1959,  he  was  a member  of  the  Executive  Council  of  the  Aero- 
space Medicine  Association  and  in  1960  he  served  on  the  executive  committee 
of  that  organisation  and  now  is  president-elect  of  the  association.  Also,  in  I960 
he  was  vice  president  for  Aviation  Medicine  of  the  American  College  of  Preven- 
tive Medicine. 

He  married  the  former  Blanche  Elizabeth  Harper  on  June  L 198 5,  in  Dallas, 
Tex.  They  have  a daughter,  Geverly  Anne,  who  is  a graduate  of  Bucknell 
University. 

He  was  promoted  to  first  lieutenant,  November  17, 1935;  captain,  June  1, 1937 ; 
major  (temporary),  February  JL  1932;  lieutenant  colonel  (temporary),  June  23, 
1944;  brigadier  general  (temporary),  June  5,  1956,  permanent,  March  23, 1960; 
major  general  (permanent),  February  2S,  1963. 

The  most  recent  papers  published  by  Genera?  BedweR  are  'Medical  and  Public 
Health  Aspects  of  Nuclear  Weapons  Incidents  in  Peacetime,”  Armed  Forces 
Medical  Journal,  September  i960;  “Medical  Service  to  the  Strategic  Air  Com- 
mand,” Medical  Service  Digest,  January  1961;  “Medical  Support  of  ICBM 
Operations,”  in  press.  Aerospace  Medicine. 


Con.  Johx  E,  Picsaanro,  ‘Deputy  Chief  of  Staff  iok  Seseabch  xsd  Beveeopmest 

Born  April  27,  191S,  BIsbee,  Ariz.  Universities  attended  and  degrees  re- 
ceived: University  of  Arizona,  1936-40,  B.S.;  University  of  Arizona,  1MO-43, 
M.S. ; 1945,  M.S.,  meteorology.  University  of  Chicago ; 3947-48,  Pre-Ph.  D.,  Uni- 
versity of  Chicago.  Postgraduate  training:  University  of  Chicago  Institute  of 
Nuclear  Studies,  13  mouths:  nuclear  weapons  course,  Los  Alamos,  N.  Mex.; 
nuclear  weapons  course,  Sandia  Base,  N.  Mex. ; USAF  Radiation.  Laboratory, 
University  of  Chicago — meteorology.  Major  assignments:  1942-45,  navigation, 
navigation  instructor,  flight  commander,  and  squadron  commander;  1945-46, 
meteorology  training;  1946-47,  weather  research;  1947-48  nuclear  chemistry 
and  nuclear  physics.  University  of  Chicago;  3948  to  present.  School  of  Aviation 
Medicine,  Randolph  Air  Force  B/ise  and  Brooks  Air  Force  Base,  Tex.  Pro- 
fessional societies;  director.  Health  Physics  Society,  Phi  Lambda  UpsRoa  (eliera- 


1**4  NASA  AJHHCRXZATTON 


1143 


fatxy  boMCijy),  ami  Aewapaes  Mr  ileal  Association.  ClvUmn  occupations : 
jni»**g  e«*i»*er  mat  ehersteiL  Voxeaing  Ap^intraents : chemistry  end  metal- 
UMvscafcty  at  AxSmam.  WO*,  19*9;  2941  (student  and  graduate  assistant) ; 
1S68-6L  »i*s«t*r  at  Memm ®ck,  U8AF  School  of  Aviation  M-tUrine,  Brooks  AFB, 
Tex.;  1*41,  DCS/1L  A XL  Araw ipawe Medical  Dirlrion,  recipient  of  the  University 
of  Aria mm  7®bh  aw*i«*»Bgy  M*A«M«b  >f  Merit  foe  distinguished  service  In 
research,  Fabraxsy  HP*.  JflWtwry  awards;  Legion  of  Merit  (for  nuclear  radix* 
lion  these#-  «x  *XBSgashM*hwa3>.  CJsrtiied  by  American  Board  of  Health 
Phjddra«. 

Mam wcwnr 

X Pickering,  X M»  X X.  TSJbat*  and  IL  O.  Richey,  “Airborne  Dosimetry  Labo- 
Scfeesi  ad  AviaBsa  Mediae  project  So.  21-44-001,  Report  Ho.  1 

ruwi>* 

.2  Pick  vriait  J.K.1A  Talfcafc.  and  EL  O,  Ekhey,  “DMadttaneter  for  Airborne 
Zkttimetiy  UaM,"  Scdwai  of  AtlxtiMi  Medicine  project  No.  21-41-002,  Re- 
port. No.  1 (1*30). 

A Pickering;  <J*  X,  “Handfassk  oil  Weather,’*  Air  Training  Command  Manual 
<1946). 

A PldKtby,  J.  E,  “Evaluation  of  the  Lund  Seif-Dereioplax  Yllm  Badge  Uotdn^ 
eter,“3tcjxi>I  ot  Arlatioa  Medicine  Special  .Report  (1951). 

5.  Pickering,  J.  tL,  and  J.  M.  TXIbot,  “Some  Practical  Considerations  in  the 
Use  of  Radioisotope*."  School  of  Aviation  Medicine  Special  Report  (1951). 
4i.  Ritter,  O.  h„  K O.  Richey,  X EL  PkSrering,  and  X M.  TWbot.  “Development 
of  a Radioactive  Dm  Filter  for  Aircraft  Oxygen  Systems,"  School  of 
AvLtion  Medicine  Special  Repeat  (3*51), 

7.  Ritter,  O.  L,  and  X E.  Pkkeriag,  “Operational  Hazards  in  Hying  Through 

an  Atomic  Ckrad „**  School  of  Aviation  Fedidne  project  No.  21-3501-0006* 
Report  No.  19  (1955). 

8.  ?XspUn,  M.  X,  W.  H.  Langham,  X EL  Pickering,  et  aL,  "‘The  Effect  of  Rap h? 

Massive  Doses  of  Gamout  Radiation  on  the  Behavior  of  Subhuman  Pri- 
mates," School  of  Aviation  Medicine  project  No.  21-3501-0006,  Report  No. 
12(1953)  cmienotriasstfled). 

9-  Pickering,  X EL,  and  W.  A.  RambacL  “Incapacitation  From  Massive  Doses 
of  High  Dose  Rate  Gamma  Radiation."  School  of  Aviation  Medicine  proj- 
ect No.  21-3501-0005,  Report  No,  16  (1954>  (title  not  classified). 

10.  Pickering,  X EL,  and  G.  EL  Tboma,  Jr.,  “Acromedical  Problems  for  Nuclear 

Propelled  Aircraft"  Aeronautical  Engineering  Review,  voL  12,  No.  4 
(1953 1. 

11.  Gerstnes*.  II.  B..  J.  E.  Pickering,  and  A.  Dngi,  “Sequelae  Following  High 

Intensity,  X-Radiation  to  the  Head  of  Babbits.”  School  of  Aviation  Medi- 
cine project  No.  21-3501-0005,  Report  No.  15  (1954) . 

12.  Tboma.  G.  EL,  Jr.,  X E.  Pickering,  and  R.  B.  Payne,  “Status  Summary  No. 

1 of  ANP  Biomedical  Research  Program,”  School  of  Aviation  Medicine 
project  No.  21-3501-0003,  Report  No.  15  (1951)  (title  not  classified). 

13.  Pickering,  J.  EL,  and  D.  V.  L.  Brown.  "Status  Summary  Report  No.  2 of  ANP 

Biomedical  Research  Program.”  School  of  Aviation  Medicine  Report  No. 
55-50  ( 1955)  { title  not  classified) . 

14.  Pickering,  J.  E.,  and  W.  H.  Langham,  “Exposure  of  Monkeys  to  High  Doees 

of  Fission  Neutron  From  Godiva,”  School  of  Aviation  Medicine  Report  No. 
55-51  ( 1955)  < title  not  classified). 

15.  Pickering,  J.  S.,  W.  H.  Langham,  and  ML  A.  Rambach,  “The  Effects  From 

Massive  Doses  of  High  Dose  Rate  Gamma  Radiation  on  Monkeys,”  School 
of  Aviation  Medicine  Report  No.  55-77  (1956)  (title  not  classified). 

16.  Pickering,  J.  E.  D.  V.  X Brown,  F-  B.  Ownby,  et  aL  “Biologic  Effects  From 

Massive  Doses  of  Neutron-Gamma  Radiation,”  School  of  Aviation  Medi- 
cine Report  No.  55-106  (1955)  (title  not  classified) . 

17.  Brown.  D.  V.  L,  P.  A.  Oibis.  and  J.  E.  Pickering,  “Radiation  Studies  on 

(he  Monkey  Eve : I.  Effects  of  Mixed  Neutron-Gamma  on  the  Retina,” 
Archives  of  Ophthalmology,  vbL  54;  219-256  (1955). 

18.  Ellis,  J.  P.,  Jr.,  W.  A llambaeh.  J.  E.  Pickering,  and  B.  T.  Clark,  Jr., 

“Radiation  Effects  on  Carbohydrate  and  Protein  Metabolism.”  American 
Journal  of  Physiology,  rol.  179,  No.  3,  December  1954. 

19.  Brooks.  P.  M.,  EL  O.  Richey,  and  J.  EL  Pickering,  “Prompt  Pulmonary 

Ventilation  and  Oxygen  Consumption  Changes  in  Rhesus  Monkeys  As- 
sociated With  Whole-Body  Gamma  Irradiation,”  Radiation  Research,  vol. 
6,  No.  4,  April  1957. 


1144  1964  NASA  AUTHORIZATION 


20.  Vessel,  F.  S.,  nod  J.  K Pickering,  “DerayeSinixatfon  Induced  In  the  Brains 

of  Monkeys  by  Means  of  Fast  Neitrons,”  “Pathogenesis  of  the  Lesion  and 
Comparison  With  the  Lesions  of  Multiple  Sclerosis  and  Schllder’s  Disease," 
Journal  Experimental  Medicine,  v**}.  104,  No.  3,  pp  455-552,  September  1966. 

21.  Pickering.  J.  EL,  D.  V.  L.  Brown,  R B.  Payne,  and  F„  S,  Vogel,  “Aircraft 
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25.  Slgoloff,  S.  C.,  H.  M,  Borella,  L.  C.  Logie,  and  J.  E.  Pickering.  Operation 

Redwing  ITR-1500,  “Chemical  Dosimetry-Gsmina  Ray  Dosimetry,”  (1957) 
(title  not  classified). 

26.  Pickering,  J.  E.,  R.  W.  Zellmer,  R.  E.  Benson,  and  Q.  L.  Hartwig.  Opera- 

tion Plumbbob.  WT-1505,  ‘Biological  Effects  of  Neutron  Radiation  on 
Radiation  on  the  Monkey”  (1957)  (title  not  classified). 

27.  Kent,  S.  P.,  and  J.  E.  Pickering,  ’’Neoplasms  in  Monkeys : Spontaneous  and 

Irradiation-Induced,”  School  of  Aviation  Medicine  Report  No-  57-110- 
(1967) — Cancer,  voL  11,  Ko.  1,  pp.  138-147  (January-Febrnary  1958). 

28.  Pickering,  J.  E.,  and  D.  V.  L.  Brown,  “Nuclear  Propulsion  Cataraetogenic- 

Effects  From  Fast  Neutron,’*  Texas  State  Medical  Journal,  vol.  55,  No.  4, 
pp,  264-266  (1959). 

29.  Pickering,  J.  E,  “Biological  Aspects  of  Nuclear  Propulsion,”  Jobn  Wylie  & 

Sons  (in  press). 

, SO.  Pickering,  J.  E.,  et  al.  Operation  Hardtack  ITR-1633,  “Effects  on  Eyes  From 
Exposure  to  Very-High-Altitude  Bursts,”  (195S)  (title  not  classified). 

31.  Pickering,  J,  E„  and  G.  L.  Hekhnls.  Chapter  on  “Biological  Effect  of  Mas- 

sive Doses  Of  Penetrating  Radiation,”  in  Medical  Physics,  edited  by  O. 
Glaaaer,  the  Tear  Book  Publishers,  Inc.,  Chicago,  UL  (1960). 
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Winter.  1959,  pps.  167-171. 

33.  Ellis,  J.  P„  It.  T.  dark,  Jr.,  W.  A.  Sambach,  J.  E.  Pickering,  “Prompt  Ef- 

fects of  High-Level  Irradiation  on  Animal  Metabolism,”  School  of  Avia- 
tion Medicine  Report  No.  60-17,  January  1960. 

34.  Pickering.  J.  E.,  D.  B.  Williams.  G.  L.  Keith  uis,  '“Status,  Summary  Report  on 

Phase  1IA  of  the  Aircraft  Nuclear  Propulsion  Biomedical  Research  Pro- 
gram,” School  of  Aviation  Medicine  Report  No.  7,  January  1960. 

35.  Pickering,  John  E„  “Biological  and  Environmental  Effects  o£  Nuclear  War,” 

hearings  before  the  Special  Subcommittee  on  Radiation  of  the  Joint  Com- 
mittee on  Atomic  Energy,  Congress  of  the  United  States,  June  22,  23,  24,  • 
25,  and  26, 1959,  pps.  286-294. 

36.  Pickering,  J.  E.,  and  G.  L.  Mekhuis,  “Radiation  Biology : Relative  Biological 

Effectiveness  (REIS),”  In  Medical  Physics,  edited  by  O.  G la  seer,  the  Year 
Book  Publishers,  Inc.,  Chicago,  III.  (I960) . 

37.  Pickering  J.  E.  Research  programs:  Future  problems.  Lectures  In  aero- 

space medicine,  January  11-15, 1960. 

38.  Pickering,  J.  E.,  and  B.  W-  Bellmer,  “Biological  Effects  of  Nuclear  Radia- 

tion in  Primates,”  School  of  Aviation  Medicine  Report  No.  60-66  (being 
prepared  for  the  press). 

39.  Pickering,  John  E.,  and  G.  L Hekhnis.  "Radiobiological  Aspects  of  Aircraft 

Nuclear  Propulsion.”  Nuclear  Fligh  t Dnell  Sloane  A Pearce  Co.  of  New 
York. 
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of  Aviation  Medicine  Report  No.  00-57  (55-77) . 

Mr.  Teague.  And  Captain  xvho  do  yon  ha  ve  with  you  ? 

Captain  Phoebus.  Capt.  Walton  Jones,  Aviation  Medicine  Tech- 
nical Division,  Bureau  of  Medicine  and  Surgery. 
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(The  biographical  sketches  of  Captain  Phoebus  and  Captain  Jtfixn 
are  as  follows:) 

Caty.  Gumn  P.  Phoebus,  Iftwcu.  Comm,  U.S.  Nm 

Clifford  Presto#  Phoebus  was  boro  la  Baltimore,  MflL,  an  May  11, 1910,  non  of 
Charles  P and  Bemfe  D.  (Wilson)  Phoebus.  He  resided  In  Baltimore  for  only 
a few  weeks,  moved  to  Rtoaisfield,  NX,  where  lie  remained  natil  aye  ft  thna  moved 
to  the  Brooklyn Queens  area  of  New  York  City.  He  completed  high  school  at  the 
James  Madison  High  School,  Brooklyn,  N.Y,  graduated  com  land*  in  192*.  Dar- 
in* these  years  be  was  active  la  swimming  on  high  school  teams,  and  in  scontisg 
where  be  achieved  the  stats*  of  an  Eagle  Scoot. 

He  entered  Lafayette  College,  Easton,  Pa.,  in  the  fall  of  1928,  There  he  ma- 
jored In  chemistry  and  biology,  pursuing  a premedical  course,  and  received  a 
bachelor  of  science  degree  In  Jane  19*2.  While  In  college  -be  whs  a member  of 
Delta  Tan  Delta,  Alpha  Chi  Sigma  honorary  chemivni  fraternity,  junior  manager 
of  the  football  team,  captain  of  the  mrfmmVng  msm,  nod  active  in  ether  campon 
societies  and  organisations.  Entering  JcJSssion  Medical  College,  Philadelphia, 
Pa,,  in  the  fall  of  1832,  be  was  srx&rmtwi  with  the  degree  of  doctor  of  medicine 
in  June  1836.  There  be  became  & member  of  the  Alpha  Kappa  Kappa  medical 
fraternity,  and  was  active  to  various  local  ijeholastlc  medical  societies. 

After  serving  his  tatenasMp  at  the  George  P.  Geisisger  Memorial  Hospital, 
Danville,  Pa.,  July  1888  t®  August  1937,  he  entered  the  U.S.  Navy  Medical  Corps 
In  the  rank  of  lieutenant  (junior  grade)  on  August  19, 1837.  Through  subsequent 
promotions  henttbf^#  the  rank  of  captain,  his  date  of  rank  Jane  1, 1963. 

Reporting  toy  active,  duty  at  the  U.S.  Naval  Medical  School,  Washington  D.C„ 
on  August  21,  $m,  he  completed  the  basic  course  at  the  U.S.  Navy  Medical  School 
(including  the  field  medical  school  course  at  the  Marine  Corps  School,  Quantico, 
Va.)  in  April  1938.  He  attended  the  U.S.  Army  Chemical  Warfare  School,  Edge- 
wood  Arsenal,  Md.,  in  May-June  1938,  and  the  U.S.  Army  Air  Force  School  of 
Aviation  Medicine,  Randolph  Field,  Tex.,  July  to  November  1938.  Designated 
U.S.  naval  Sight  examiner  upon  Completion  of  that  course,  he  reported  to  the  U.S. 
Naval  Air  Station,  Pensacola,  Fla.,  tor  the  flight  phases,  completing  this  training 
in  May  1839,  with  designation  as  U.S.  naval  flight  surgeon. 

In  June  1939  he  reported  to  the  U.S.S.  Enterprise  (CV-6)  tor  duty  as  flight 
surgeon  to  that  ship's  air  group.  The  Enterprise  cruised  during  that  period  be- 
tween the  west  coast  of  the  United  States  and  Hawaii,  and  he  served  as  junior 
medical  officer  of  that  aircraft  carrier  during  the  latter  8 months  of  this  tour  of  sea 
duty  which  terminated  in  April  1941. 

He  was  next  attached  to  the  Marine  Corps  Air  Station,  Quantico,  Ya.  This  tour 
of  shore  duty  was  marked  by  bis  leadership  in  the  Installation  and  initial  opera- 
tion of  the  first  of  the  Navy’s  small,  low-pressure-  Chambers.  During  this  same 
period  he  played  the  leading  role  In  the  design  and  construction  of  the  present 
aviation  dispensary  at  Quantico.  He  was  detached  on  December  7, 1942,  for  duty 
with  Fleet  Air  Wing  15. 

Fleet  Air  Wing  15  was  formed  at  NorfoFif,  Va.,  ia  December  1942  and  immedi- 
ately embarked  tor  dnty  In  antisubmarine  warfare  at  Port  Lyautey,  French 
Morocco.  Dr.  Phoebus  served  as  wing  flight  surgeon  in  this  area  until  March 
of  1944.  He  was  instrumental  In  the  development  of  this  base  and  led  the  major 
effort  which  was  necessary  from  an  epidemiological  viewpoint  for  the  survival 
of  the  wing  personnel  in  this  area  of  highly  endemic  diseases  such  as  malaria, 
typhus,  smallpox,  the  dysenteries,  etc.  In  April  1944  he  returned  to  the  United 
States  for  duty  on  the  staff  of  commander,  Air  Force,  Atlantic  Fleet,  as  assistant 
staff  saediesl  officer. 

In  October  1944  he  was  ordered  to  the  Naval  Air  Station,  Ottumwa,  Iowa,  for 
flight  training.  He  completed  the  preliminary  training  in  March  1945  and 
reported  to  the  Naval  Air  Station,  Pensacola,  Fla.,  for  the  basic  and  advanced1 
phases  of  flight  training.  He  was  designated  naval  aviator  on  September  20, 
1945,  and  was  detached  a few  days  later.  He  joined  the  U.S.S.  8kimtrrt°La 
(CV-38)  in  October  1945,  for  duty  as  senior  medical  officer  until  February  1947/ 
The  ship  operated  in  the  Pacific  off  the  coast  of  California,  and  in  the  Hawaiian 
area,  with  the  exception  of  the  period  April  through  August  1946,  when  the 
ship’s  VX-1  (Air  Development  Squadron)  participated  in  the  Crossroads  opera- 
tion at  Bikini. 

Assigned  to  the  Naval  Air  Auxiliary  Station,  Cedi  Field,  Jacksonville,  Fla., 
in  March  1947,  he  served  there  for  4 months  as  senior  medical  officer.  This  tour 
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of  duty  with  the  tfittoinc  command  at  a field  where  advanced  operational 
fighter  instruction  was  siren,  was  brief  and  marked  principally  by  his  efforts, 
in  Instruction  and  training  of  students  in  the  physiological  problems  of  flight. 

Bo  nest  had  duty  at  the  dispensary  of  the  Naval  Air  Station,  Norfolk,  Va.,  m 
medical  executive  oC tear.  During  this  tour  of  duty  he  played  an  active  role 
in  the  many  administrative  and  clinical  problems  confronting  such  an  activity. 
As  a naval  aviator  he  was  frequently  called  upon  to  fly  various  types  of  transport 
aircraft  engaged  in  the  evacuation  of  naval  sick  and  injured  perscomd  from 
outlying  area  hospitals,  both  naval  and  civilian  to  the  Naval  Hospital,  Ports- 
mouth, Va.,  and  to  fly  an  appreciable  number  of  patients  from  that  hospital  to 
other  specialty  naval  and\  civilian  medical  institutions.  The  combination  of 
medical  officer  and  naval  aviator  in  the  one  man  was  moat  useful  in  this  type 
of  air  evacuation  mission. 

In  August  1950  he  reported  aboard  the  U.S.S.  Coral  Sea  (CVB-43)  for  duty 
as  senior  medical  officer.  Daring  this  tour  of  duty  ending  in  October  1951.  jtbe 
ship  was  employed  principally  as  a unit  of  the  6th  fleet  in  Mediterranean  wateip: 
This  assignment  provided  ample  opportunity  for  experience  not  only  with  & 
modern  air  group  which  included  jet  fighters,  but  the  operation  of  a large  ship 
independent  of  any  other  medical  facility.  In  this  respect,  the  Coral  Sea,  to  a 
large  degree,  acted  as  the  hospital  ship  for  the  6th  fleet.  The  contacts  established' 
with  foreign  medical  personnel  and  institutions  in  the  Mediterranean  area  were 
most  valuable.  He  became  Interested  in  research  as  it  related  to  venereal  disease 
among  naval  personnel  and  submitted  a report  on  the  utilisation  ol'  bexachioro- 
phene  soap  for  prophylaxis.  Be  also  organized  a safety  board  for  shipboard  safety 
aboard  the  Coral  Sea  with  excellent  results  insofar  as  accident  reduction  was 
concerned. 

He  reported  in  November  1951  to  the  Bureau  of  Medicine  and  Surgery  as  the 
head  of  the  Aviation  Medicine  Branch  of  the  Research  Division.  In  that  ca- 
pacity he  visited  numerous  service  and  civilian  research  activities  in  the  field 
of  aviation  medicine  and  was  deputy  member  of  the  Committee  on  Medical 
Sciences,  RDB ; member  of  the  Homan  Engineering  Panel  of  the  Committee  on 
Human  Resources,  RDB;  the  Armed  Forces  Vision  Committee  of  the  National 
Research  Council ; and  the  Armed  Forces-NRC  Committee  on  Hearing  and  Bio- 
acoustics. He  also  had  additional  duty  with  the  Air  Branch  of  the  Office  of  Naval 
Research  as  aeromedical  officer  from  May  1952. 

In  June  1953  Captain  Phoebus  was  made  Special  Assistant  for  Bio-Sciences  in 
the  Office  of  Naval  Research.  In  this  duty  he  was  adviser  to  the  Assistant  Chief  , 
for  Research  and  the  Science  Director  concerning  the  programs  in  the  medical, 
biological,  and  psychological  sciences  and  was  responsible  for  the  external  rela- 
tions of  ONE  in  these  areas.  He  had  responsibility  for  all  ONE  sponsorship  of 
research  in  these  fields,  particularly  as  to  the  adequacy  of  support  given  to  Navy 
requirements  through  the  contract  programs  of  these  two  divisions  in  medical 
and  personnel  fields. 

Captain  Phoebus  served  in  a close  liaison  capacity  between  ONR  and  the  Bu- 
reau of  Medicine  and  Surgery,  and  maintained  the  relationship  of  ONR  with  the 
Bureau  of  Naval  Personnel  as  well  as  coordination  with  other  agencies  engaged 
in  medical  research.  He  was  a member  of  the  Committee  on  Medical  Sciences, 
RDB,  and  a deputy  member  of  the  Committee  on  Human  Resources,  RDB.  He 
was  appointed  the  Navy  member  of  the  Division  of  Medical  Sciences  of  the  Na- 
tional Research  Council  and  continued  in  his  capacity  as  Navy  member  of  both 
the  Armed  Forces-NRC  Vision  Committee  and  the  Armed  Forces-NRC  Committee 
on  Hearing  and  Bio-Acoustics. 

He  was  a student  at  the  Naval  War  College,  Newport,  R.I.,  from  September 
1958  to  June  1959,  then  reported  to  the  Bnrean  of  Medicine  and  Surgery,  where 
he  currently  serves  as  Director  of  the  Astronautical  Division. 

Captain  Phoebus  has  the  American  Defense  Service  Medal ; the  American  Cam- 
paign Medal ; the  European-Afrlcan-Middle  Eastern  Campaign  Medal ; the  World 
War  H Victory  Medal ; and  the  Navy  Occupation  Service  Medal,  Europe  Clasp. 

His  present  home  address  is  210  Hazelton  Street,  Falls  Church,  Va.  On  March 
12.  1938,  he  married  Miss  Bemadine  Shultz,  of  Millville,  Pa.,  a former  nurse  at 
the  Geisinger  Memorial  Hospital. 
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Caw.  Waltox  L.  Jokes,  J*.,  Medical.  Coots,  U.S.  Navy 

Walton  Linton  Jones,  Jr;  was  born  in  MeCsyicviUe,  Giu,  on  December  4, 1918, 
son  of  William  I*.  and  Pearl  (Gilliam)  Janes.  He  attended  Emory  University, 
Atlanta,  Ga.,  from  which  be  received  the  degrees  of  bachelor  of  science  in  1969 
and  doctor  of  medicine  in  1042.  On  Jane  22, 1942,  he  was  commissioned  lieuten- 
ant (junior  grade)  in  the  Medical  Corps  of  the  U.S.  Navy  and  subsequently  ad- 
vanced In  rank,  attaining  that  of  captain,  to  date  from  July  1, 1908. 

After  receiving  Ms  appointment  in  the  Medical  Corps  of  the  Navy  in  1942,  he 
served  his  internship  at  the  U.S.  Naval  Hospital,  Charleston,  S.G,  In  August 
1943  he  reported  as  medical  officer  at  the  Navy  Construction  Training  Center, 
Williamsburg,  Va.,  and  in  November  of  that  year  was  assigned  as  junior  medical 
officer  at  the  Navy  Construction  Training  Center,  Camp  Lejune,  N.C.  He  re- 
mained there  until  February  1944,  after  which  he  was  a student  in  aviation  med- 
icine at  the  School  cf  Aviation  Medicine,  Pensacola,  Fla.  He  was  designated 
aviation  medical  examiner  in  April  1944. 

Attached  to  the  9th  Marine  Air  Wing  at  the  Marine  Corps  Air  Station,  Cherry 
Point,  N,C.,  and  outlying  fields,  he  served  as  squadron  medical  officer  with  Ma- 
rine Fighter  Squadron  522,  and  with  Headquarters,  9th  Marine  Air  Wing  from 
May  1944  to  June  1947.  During  the  last  year  and  a half  in  that  assignment  he 
conducted  research  on  bailouts.  He  was  designated  flight  surgeon  in  October 
1914.  He  was  next  assigned  to  the  Bureau  of  Medicine  and  Surgery,  Navy 
Department,  Washington,  D.C.,  for  duty  as  liaison  medical  officer  to  the  Chief  of 
Naval  Operations  and  also  served  in  the  Aviation  Safety  and  Aviation  Training 
Sections  of  the  Bureau  of  Medicine  ABd  Surgery. 

In  June  1953  he  joined  the  U.S.S.  Randolph  as  senior  medical  officer.  That 
attack  aircraft  carrier  was  deployed  with  the  6th  Fleet  in  the  Mediterranean  for 
two  tours.  While  there  he  also  served  as  staff  medical  officer  on  the  staff  of 
Commander  Cruiser  Division  4.  In  October  1955  he  returned  to  the  Bureau  of 
Medicine  and  Surgery,  where  he  currently  serves  as  head  of  the  Aviation  Medical 
Equipment  Branch,  with  additional  duty  as  aeromedical  assistant  in  the  Air- 
borne Equipment  Division,  Bureau  of  Naval  Weapons,  Navy  Department. 

Captain  Jones  has  the  American  Campaign  Medal;  World  War  II  Victory 
Medal ; Navy  Occupation  Service  Medal,  Europe  Clasp ; and  the  National  De- 
fense Service  Medal. 

He  is  married  to  the  former  Caroline  Schachto  of  Charleston,  S.C.,  and  they 
have  three  children,  Walton  Linton  Jones,  III,  Frauds  Stephen  Jones,  and 
Kathleen  Caroline  Jones.  Their  usual  home  address  is  131  South  Battery, 
Charleston,  S.C.,  bat  they  presently  reside  at  1309  Beech  Tree  Lane,  Falls 
Church,  Va. 

Dr.  Jones  was  certified  by  the  American  Board  of  Aviation  Medicine  in  1954. 
He  is  a member  of  the  American  Medical  Association,  the  Aero  Medical  Associa- 
tion, and  the  Space  Medicine  Association. 

Mr.  Teague.  As  I am  sure  you  are  aware,  this  is  a rather  informal 
meeting  this  morning.  Did  either  of  you  come  with  a prepared  state- 
ment? 

Captain  Phoebus.  I did  not,  sir. 

General  Bedwell.  No,  sir. 

Mr.  Teague.  All  right.  What  the  committee  is  interested  in  is  the 
work  going  on  to  coordinate  the  biosciences  effort  between  the  Navy, 
the  Air  Force,  and  NASA.  We  are  interested  in  what  is  happening 
in  San  Antonio  and  what  is  happening  in  Florida. 

Some  of  us  have  been  to  San  Antonio  and  some  to  Florida,  and  we 
discussed  the  work  going  on  within  the  services.  The  person  that  has 
taken  the  greatest  interest  in  this  problem  has  been  Congressman  Dad- 
d&rio  of  Connecticut. 

Mr.  Daddario,  do  you  have  any  questions  or  comments?  We  are 
glad  to  recognize  you. 

Mr.  Daddario.  Thank  you,  Mr.  Chairman. 

Could  we  have  a statement  from  each  of  you  gentlemen  concerning 
the  growth  problems  at  your  respective  institutions  and  how  they  have 
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l?eea  affected,  either  in  a positive  or  a negative  way,  through  the  coop- 
erative activities  that  you  have  with  NASA? 

was,  for  example,  your  program  for  the  future  when  the 
NASA  program  began  f Has  that  growth  potential  been  affected  by 
the  life  sciences  activities  as  it  has  developed  within  NASA?  Has  it 
grown  along  with  it!  Has  it  been  affected  either  in  a positive  or  nega- 
tive way  ? 

General  Bedwz&l.  Shall  I start  first? 

Mr.  Fulton  of  Fennsylyania.  One  more  thing.  Would  you  also 
Indicate  any  possible  duplication  of  facilities  of  Die  Aimed  Services 
and  NASA! 

Mr.  Daddaeio.  I think  if  we  start  with  a general  statement  from 
•each  of  you,  we  could  then  get  into  more  specific  questions. 

TESTIMONY  OF  HAJ.  OUT.  THEODORE  C.  I'EDWELL,  m,  COMMANDER 

0?  THE  AEROSPACE  MEDICAL  DIVISION,  AIR  FORCE  SYSTEMS 

COMMAND,  BROOKS  AIR  FORCE  RASE,  SAN  ANTONIO,  TEX.;  AC- 

COMPANIES  BY  COL.  JOHN  E.  PICKERING,  DEPUTY  CHIEF  OF 

STAFF  FOR  RESEARCH  AND  DEVELOPMENT 

General  Bxdwell.  I do  not  have  a prepared  statement  to  present  to 
the  committee,  but  would  like  to  make-  some  introductory  remarks 
concerning  the  overall  subject  in  order  to  place  the  committee  into  a 
better  perspective.  In  so  doing,  I would  ask  the  privilege  of  refer- 
ringto  my  notes. 

When  we  consider  the  problems  that  arise  from  the  effort  to  estab- 
lish man  in  space— -particularly  those  problems  relating  to  the  magni- 
tude of  the  effort,  its  urgency,  and  its  cost-— 1 believe  it  is  useful  to 
begin  with  a brief  review  of  the  knowledge  and  facilities  which  had 
been  accumulated  before  the  present  space  program  wi  -j  adopted. 

We  tend  to  think  of  the  current  drive  toward  space  as  if  it  were  a 
totally  new  kind  of  human  activity — one  that  came  into  existence  after 
the  launching  of  the  first  orbital  satellite  in  1937,  without  any  previous 
background  of  study  or  experience. 

If  that  were  so,  nothing  whatever  would  foe  known  about  the  ability 
of  man  to  survive  in  space.  We  would  surely  not  have  risked  the  life 
of  a single  astronaut,  until  every  circumstance  connected  with  the 
safety  of  the  flyer  had  been  made  the  subject  of  exhaustive  research 
by  medical  science. 

Instead,  we  have  already  seen  a total  of  eight  astronauts  lifted  into 
orbit  around  the  Earth  and  recovered  safely,  four  by  the  United 
States  and  four  by  the  Soviet  Union.  At  the  same  time,  elaborate 
research  programs  are  still  being  formulated,  to  examine  the  physio* 
logical  factors  on  which  their  lives  depend 

The  fact  is  that  this  perationak  effort,  which  is  now  so  weii  ad- 
vanced, has  evolved  out  of  medical  concepts  and  experiments  that  go 
back  several  decades,  to  World  War  1 or  earlier.  Otherwise,  it  harcuy 
could  have  come  so  far  so  fast. 

Essentially,  as  General  Schriever  fold  the  subcommittee  several 
weeks  ago,  space  flight  is  an  extension  of  the  normal  flight  environ- 
ment above  and  beyond  the  lower  levels  of  the  atmosphere.  With 
very  few  exceptions,  the  problems  involved  in  medical  support  for 
the  astronaut  differ  only  m degree  from  those  affecting  a nigh-alti- 
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tude  balloonist  or  a jet-aircraft  pilot  Before  orbital  flights  became 
practical,  many  of  the  problems  were  studied  intensively  in  such 
earthbound  veliicles,  as  well  as  in  laboratory  devices. 

The  U.S.  Air  Force  launched  a systematic  investigation  of  these 
problems  as  long  ago  as  1918,  when  the  School  of  Aerospace  Medicine 
was  founded.  Over  the  past  45  years,  many  hundreds  of  detailed 
studies  have  been  made  on  the  reactions  of  the  flyer  to  decreasing 
amounts  of  atmospheric  oxygen,  to  reduced  air  pressures,  radiation 
exposure  at  great  altitudes,  rapid  acceleration  or  deceleration,  and  the 
various  other  difficulties  whim  an  astronaut  may  encounter  in  their 
full  severity. 

In  1934,  the  Aerospace  Medical  Research  Laboratories  were  opened 
at  Wright-Patierson  Air  Force  Base,  Ohio.  Their  aim  was  to  develop 
equipment  which  would  enable  the  flyer  to  overcome  these  environ* 
mental  difficulties. 

The  laboratories  in  Dayton  have  provided  basic  research  which  con- 
tributed to  the  development  of  the  space  suits  worn  by  astronauts  to- 
day. They  have  contributed  systems  which  are  still  used  to  supply 
oxygen;  ejection  seats  that  led  to  the  complex  mechanisms  for  escape 
from  a damaged  spacecraft,  and  a wide  range  of  protective  devices 


which  have  been  adapted  to  the  requirements  of  space  flight. 

The  first  biological  experiments  with  small  animals  in  rocket  vehi- 
cles were  conducts-/!  by  the  Aeromedical  Research  Laboratory  at  Hol- 
loman Air  Force  Base  in  1948. 

In  1949  the  first  Department  of  Space  Medicine  was  organized  at  the 
School  of  Aerospace  Medicine  in  Texas.  During  the  decade  before 
sputnik,  the  Department  not  only  made  the  first  comprehensive  sur- 
vey of  conditions  that  b fleet  a human  flyer  in  space,  it  also  conducted 
practical  experiments  in  the  first  laboratory  prototype  of  a space 
capsule,  with  its  life-support  systems  and  communication  equipment. 

The  Air  Force  at  that  time  had  no  mission  to  prepare  for  the  pos- 
sibility of  military  operations  in  space.  Yet  if  all  this  prelminary 
research  and  development  had  not  been  done,  I wonder  libw  much 
progress  would  have  been  made  by  our  national  space  effort  up  to  now  ? 

The  work  was  done  because  the  Air  Force  had  these  medical  re- 
search facilities,  already  staffed  by  talented  scientists,  and  because  the 
advanced  ideas  which  they  were  pursuing  grew  naturally  out  of  the 
routine  studies  they  had  been  canning  forward  in  support  of  military 
aviation. 

The  same  facilities  exist  today.  In  fact,  they  have  grown  substan- 
tially  with  the  progress  of  the  space  effort.  The  three  outstanding 
laboratories  that  I have  mentioned  are  now  consolidated  into  the  Aero- 
space Medical  Division  of  the  Air  Force  Systems  Command.  The 
Division  also  includes  the  large  Wilford  Hall  Hospital,  at  Lackland 
Air  Force  Base,  and  several  smaller  laboratories  offering  specialized 
services  in  the  human  sectors  of  aerospace  research. 

The  School  of  Aerospace  Medicine  occupies  a modem  plant  at 
Brooks  Air  Force  Base,  completed  within  the  past  4 years.  Since  the 
krt  visit  of  the  committee  five  new  professional  buildings  are  now 
ready  for  occupancy  at  Brooks,  and  ground  has  been  broken  for  one 
more.  Together,  these  facilities  more  than  double  the  school’s  labora- 
tory area. 

During  this  past  fiscal  year,  the  Aerospace  Medical  Division  has 
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within  the  Department  of  Defense.  We  are  now  a singular  part  of  the 
Air  Force  Systems  Command  and,  as  a consequence,  are  bringing  our 
programs  into  a sharper  focus,  identifying  laboratories  more  speci- 
fically wnli  their  capability  in  terns  of  personnel,  talent,  and  unique 
facilities. 

If  you  will,  we  are  endeavoring  to  develop  along  the  line  of  the 
“lead  laboratory”  concept;  that  is  to  say,  each  laboratory  is  becoming 
the  fecal  point  for  an  area  of  responsibility.  In  this  way  we  feel  we 
can  more  closely  control  programs  and  avoid  unwarranted  duplica- 
tion. Similarly,  if  other  agencies  of  Government  recognize  these  lab- 
oratories for  their  specific  capabilities,  an  immediate  contact  and  lo- 
calization of  responsibility  can  accrue. 

To  more  approprafcely  support  the  National  Aeronautics  and  Space 
Administration  in  the  area  of  bioastronautics,  I and  members  of  my 
staff  have  on  several  occasions  visited  the  Manned  Spacecraft  Center 
/ to  effect  a mutual  exchange  of  ideas,  to  discuss  problem  areas,  and  to 
ascertain  wherein  we  may  reorient  specific  of  our  programs  to  the 
basic  support  of  Mercury,  Gemini,  and/or  Apollo. 

Looking  to  future  programs,  we  have  had  exchange  visits  with 
members  of  the  Office  of  Advanced  Research  and  Technology,  and 
only  recently  accomplished  an  onsite  visit  to  the  Ames  Laboratory. 
Since  much  of  our  work  is  geared  to  the  possibility  of  military  man  in 
space  and  of  necessity  points  to  the  future,  portions  of  our  research 
will  parallel  the  requirements  within  the  Office  of  Advanced  Research 
and  Technology  and  in  the  Ames  Laboratory.  Working  closely 
with  these  organizations  permits  the  development  of  programs  that 
have  continuity  as  well  as  breadth  and  depth. 

It  is  my  f ueling,  following  the  outline  of  work  developed  in  the 
NASA-DuD  Planning  Committee,  which  parenthetically  was  made 
up  from  the  DOD  point  of  view  by  members  of  my  staff,  that  we  must 
very  carefully  donve  the  proper  “mix”  of  D03*>  work  and  NASA 
work:  Particularly  if  we  are  to  retain  our  capable  people  over  an 
extended  period  of  time,  they  must  find  application  to  their  scientific 
pursuits.  Yet  at  the  same  time,  they  cannot  become  so  engrossed 
with  NASA  requirements  that  responsiveness  to  the  Air  Force  is  lost. 

As  you  know,  our  responsibilities  are  not  limited  to  the  space  pro- 
gram. We  are  supporting  fhe  aeronautics  program  of  the  Air 
Force,  B/C  operations,  counterinsurgency  efforts,  weapons  effects, 
toxicology,  and  must  similarly  be  alert  to  any  gaps  in  our  program 
for  future  applications  such  as  biomagnetics  and  geophysical 
warfare. 

Perhaps  the  clearest  limiting  factor  in  all  of  our  work  is  that  man 
is  the  focal  point,  and  because  of  this  it  is  only  of  limited  significance 
whether  he  be  a man  assigned  to  a NASA  program  or  to  a military 
program.  Bv  and  large  his  requirements  are  identical  and  only  the 
thi ngs  he,  is  asked  to  do  are  va riables. 

The  SAM  buildings,  designed  against  Air  Force  requirements, 
fortuitously  enhance  a capability  for  NASA  problems,  particularly 
in  the  area  of  hazards — be  they  space  radiation,  nuclear  propulsion, 
biological  and/or  toxicological.  Similarly,  they  enhance  our  Air 
Force  capability  in  B/C  operations,  microbiology,  counterinsurgency, 
and  medical^ selection.  As  I stated  previously,  the  full  utilization  of 
thpsa  facilities  and  personnel  must  come  from  a careful  yet  proper 
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“mixing”  of  both  NASA  and  DOB  programs  in  tupport  of  the  na- 
tional interest  and  objective,  . 

At  the  present  time,  about  15  percent  of  our  inhouse  tasks  are 
formal  agreements  directly  responsive  to  NASA,  while  over  50  per- 
cent of  our  tasks  support  both  BOB  requirements  and  those  of  NASA. 
They  are  aimed  at  an  orbital  space  station,  medical  selection  and 
monitoring,  rendezvous  docking  and  transfer  problems,  long-term 
radiation  effects,  protection,  visual  problems,  and  others.  This  per- 
centage in  support  of  NASA  could  be  significantly  increased  if  the 
BOD  were  brought  in  on  a coordinating  basis  before  the  NASA  pro- 
gram is  firm. 

The  remainder  of  the  work  shades  to  Air  Force  requiinmeats: 
B/C  operations,  weapons  effects,  occupational  and  clinical  medicine, 
personnel  selection  and  classification,  systems  support  and  integra- 
tion, 

I have  with  me  today  Col,  John  E.  Pickering,  my  Director  of  lie- 
search  and  one  of  my  leading  scientists.  We  are  anxious  to  answer 
any  questions  that  you  may  have  concerning  the  bioastronantics  pro- 
grams now  in  being  and  planned  for  the  future. 

Mr.  Gurney.  May  I interject  a question  now? 

Mr.  Teague.  Mr.  Gurney  ? 

Mr.  Gurney.  Does  the  Air  Force,  today,  have  a military  mission 
in  space  ? 

General  Bedweeb.  We  have  a mission  in  aerospace  medicine.  It  is 
not  a military  mission  in  spare,  as  such,  no. 

Mr.  Gurney.  What  is  your  mission  in  medicine  ? 

General  Beowele.  Our  mission  in  medicine  is  to  support  the  air 
crews  at  whatever  mission  they  have  been  given. 

Mr.  Gurney.  If  we  have  no  program  in  space  for  the  air  crews,  how 
can  you  have  a mission  ? 

General  Bed  well.  We  have  a medical  mission  to  support  the  pilots 
in  the  X-15  aircraft,  for  example,  that  are  flying  at  extreme  altitudes. 

M>.  Gurney.  But,  as  such,  you  have  no  definite  military  mission  ex- 
cept to  back  up  the  X-15  program  ? 

Gener  al  Bedwkll.  I am  supporting  the  medical  requirements  of 
the  Air  Force  only,  sir. 

Mr.  Teague.  Mr,  Roudebush? 

Mr.  Boudebush.  General,  one  statement  you  made  there  interested 
me  very  much.  You  mentioned  the  studies  you  made  on  the  prototype 
of  the  space  capsule  in  1949. 

General  Beowell.  Yes,  sir. 

Mr,  Roudebustt.  Was  your  study  turned  over  to  NASA  when  they 
developed  their  space  capsule? 

General  Bedweix.  I might  say,  sir,  all  the  work  that  has  been  done 
in  the  facilities  of  the  Air  Force  has  been  reported  in  technical  reports 
available  to  the  scientific  community  throughout  the  world. 

Mr.  Boudebusii.  Now  they  are  available,  I know. 

General  Bebwell.  Yes,  sir, 

Mr.  Boudebush.  Were  they  turned  over  to  NASA?  Do  you  know 
if  NASA  requested  them  ? 

General  Bed  well.  I am  not  aware  of  them  making  any  specific  re- 
quest for  any  particular  item. 
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Mr.  Teague.  General,  in  answer  to  Mr.  Gurney’s  question,  isn’t  it 
true  that,  you  have  been  given  a medical  mission  in  space  to  support 
NASA  because  of  the  very  capabilities  you  have  in  this  field ? 

General  Bfjowell.  Yes,  sir. 

Mr.  Teague.  The  mission  does  not  necessarily  support  the  Air 
Force  alone,  but  rather  it  is  a medical  mission  as  far  as  astronauts  are 
concerned. 

General  Exdwezx.  Colonel  Pickering  ha©  something  on  this. 

Colonel  Picketing.  May  I,  sir? 

Mr,  Teague.  Yes,  sir. 

Colonel  Pickering.  I think  the  Air  Force  has  been  used,  sir,  in 
going  along  with  the  selection  of  the  seven  original  astronauts  as  we 
presently  know  them. 

Subsequently,  there  have  been  selected  and  medically  screened,  82 
that  are  to  be  the  potential  astronauts. 

Each  of  the  medical  monitors  around  the  world  were  trained  at' 
the  School  of  Medicine.  1 think  the  mason  for  this  was  to  take  advan- 
tage of  the  research  data  that  has  been  available  over  the  past  20-some 
odd  years,  particularly  in  terms  of  the  physiological  and  cardio- 
vascular responses. 

This  data  is  on  flying  personnel  and  the  individuals  concerned  are 
also  flying  personnel. 

So,  X think  in  that  regard,  the  medical  aspect  of  the  mission  is  one 
which  was  used, 

Mr.  Gurnit.  Did  the  Air  Force  work  with  the  last  Mercury  flight 
this  past  week  * 

Colonel  Pickering,  Well,  sir,  we  had  medical—2 — 

Mr.  Gurnet.  X am  thinking  only  insofar  as  medicine  is  concerned, 

Colonel  Pickering.  All  right,  sir.  From  our  own  institution,  now* 
first,  we  had  medical  monitors  at  Canton  Island,  Port  Arguello,  in 
Australia,  debriefing  team  at  Cape  Canaveral,  psychiatrists  and  tech- 
nical people,  and  a surgical  component  to  the  team  if  it  be  necessary. 

About  half  the  Aerospace  Medicine  Branch  at  the  Cape  are  military 
medical  officers  on  duty  with  the  Space  Agency, 

I think  the  total  is  about  4T  medical  officers  from  the  Air  Force  and 
Captain  Phoebus?  I know,  has  some. 

Captain  Phoebus.  Yes, 

Mr.  Gurnet,  Would  it  be  f&ir  to  say  that  the  Air  Force  obtained 
as  much  knowledge  medically  from  the  flight  this  week  as  NASA? 

Colonel  Pickering.  From  the  displays  on  the  scope,  I would  assume. 
I was  not  there  to  see  the  type  data  that  was  returned.  I think  that 
answer  is,  ttYes.” 

Mr.  Teague.  Colonel,  is  it  true  that  all  the  information  that  came 
in  is  available  to  all,  the  Navy,  Air  Force,  Public  Health  Service,  or 
anyone  else  that  wants  it? 

Colonel  Pickering.  Bight 

Mr,  Teague.  Mr.  Kaitn? 

Mr.  Kahth.  Mr.  Chairman, , I have  a question  to  ask  the  General. 
On  June  16,  1960,  General  Flickinger  testified  before  a Special  Sub- 
committee of  the  Committee  on  Science  and  Astronautics  that  it  was 
the  understanding  of  the  armed  services  that  the  bulk  of  NASA’s  bio- 
medical requirements  for  manned  spaceflight  would  be  done  by  the 
armed  services.  Has  fh«,t  mi ierstanding  changed? 
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Hkto  you  been  notified  by  NASA  their  requirement*  for  the  Air 
Force  no  longer  exist  in  thl*  field  of  cooperation  f 
General  Bkdwsuu  Sir,  I can  state,  about  15  percent  of  mxr  work 
today  is  in  direct  support  of  NASA* 

Mr,  Ka*th.  How  modi,  sir! 

General  Bkowxuu  About  15  percent  of  our  total  effort 
Mr.  Karth.  At  that  time,  General,  the  bulk  of  NASA’s  bionfodica! 
requirements  for  manned  spineflight  were  done  by  the  armed  service*. 
I question  whether  or  not  that  is  true  today  inasmuch  as  the  SABA9* 
request  for  “Aerospace  medicine,”  for  example,  sine©  that 
grown  from*  a $7  million  budget  to  $16,5  million.  In  bioscience  the 
budget  has  grown  from  $3  million  to  $33  million.  In  the  human  fac* 
tor  systems  it  has  grown  from  $2,5  million  to  more  than  $18  mfOlotiu 
Have  NASA’s  requirements  quadrupled  and  quintupled*  or  what- 
ever these  figures  indicate  they  have  done;  so  that  the  Air  Force  is 
no  longer  capable  of  supplying  NASA  with  the  requirement  it  hail 
General  Bisowexju  I’d  like  to  state  that  over  50  percent  of  our  tasks® 
support  both  BOB  and  NASA,  These  tasks  are  aimed  at  the  orbital 
space  stations,  medical  selection,  rendezvous,  docking,  tracking,  and 
transfer  problems.  This  work,  in  support  of  the  Air  Force,  m my 
opinion,  could  be  significantly  increased  within  the  Aerospace  Medical 
Division  and  the  Air  Force  if  the  BOB  were  brought  in  on  a cooperat- 
ing and  coordinating  basis  before  NASA  has  a firm  program. 

In  other  words,  we  have  an  added  capability  within  the  expanded 
School  of  Aerospace  Medicine,  Brooks  Air  Force  Base  which  many 
of  you  have  visited. 

We  have  five  new  buildings  that  will  be  open  within  the  next  month 
and  we  will  have  the  capability  of  supporting  NASA  to  a much  larger 
degree  if  we  are  afforded  the  opportunity;  but  I do  feel  it  is  necessary 
the  BOB  agencies  be  brought  in  at  an  early  time  in  the  planning  phase 
so  that  we  can  determine  the  type  of  research  that  is  necessary. 

Mr,  Kahth.  General,  when  you  talk  about  “opportunity,”  you  indi- 
cate that  NASA  has  not  requested  the  type  of  assistance  that  the  mili- 
tary services,  in  1960,  understood  they  would  request  in  this  field  of 
biomedical  research.  Isn’t  that  correct! 

General  Bfowell.  That  is  essentially  true.  However,  I might  add 
one  statement  to  that.  About  6 months  ago  we  were  asked  by  NASA 
to  submit  research  tasks,  certain  areas  that  they  swelled  out  and  we 
did  submit  research  tasks  to  NASA;  some  of  which  they  approved 
and  will  fund  for  us  to  pursue,  some  of  which  they  turned  down. 
Others  are  still  in  study. 

Mr,  Kartii.  Just  one  more  question.  I understand  a Senate  report 
issued  some  years  back,  perhaps  in  1960  or  so;  stated  that  the  mo- 
medical  research  projects  as'  of  that  time  numbered  some  30,600. 
Wouldn’t  you  feel  that  some  place  along  the  line  these  30,000  projects 
should  take  care  of  most  of  NASA’s  requirements  along  with  the  Air 
Force’s  and  the  Navy’s  requirements  ? 

How  many  projects  do  we  need  to  take  care  of  whatever  require- 
ments wehavef 

General  Bkdwkix.  I think  a careful  review  of  the  projects  would 
lead  you  to  believe  you  may  have  30,000  or  40,000  or  maybe  20,000 
might  be  essential— enough. 


1154 


1964  NASA  AUTHORIZATION 


On  tiie  other  hand.  I think  the  successful  flight  of  Major  Cooper, 
recently,  indicates  a lot  of  these  tasks  may  not  need  to  be  developed 
because  the  basic  groundwork  has  been  laid  by  the  work  that's  been 
done  in  the  Air  Force  and  Navy  over  the  years. 

Answers  to  many  of  these  potential  problems  are  already  known. 
I mean,  the  potential  problems  are  already  known  and  it's  con- 
ceivable 20,000  research  tasks  are  not  necessary. 

Mr.  Karth.  So,  what  you  are  saying  is  that  because  we  are  further 
down  the  road,  our  requirements  should  be  more  focalized! 

General  Ban  well.  Yes, 

Mr,  Karth.  This  can  be  more  easily  done  today,  probably,  than 
8 or  4 years  ago  when  you  didn't  know  what  the  requirement  was 
going  to  be? 

General  Bedwell.  This  is  true. 

Mr.  Daddario.  Mr.  Chairman,  I think  we  are  getting  to  tita  problem 
that  should  concern  us,  and  that  is  how  the  cooperative  effort  can  be 
put  together. 

As  I understand  some  of  your  answers  to  Mr.  Karth’s  questions, 
General^  NASA  has  asked  you  to  submit  your  qualifications  or  capa- 
bility to  undertake  certain  of  their  tasks  for  them.  This  would  he 
almost  on  a contractor  basis,  rather  than  as  a full  cooperative  partner; 
isn't  that  what  it  boils  down  to  ? 

General  Bedwell,  Yes,  sir. 

Mr.  Daddario.  So,  in  those  areas  where  NASA  has  requested  as- 
sistance you  have  had  an  opportunity  to  participate,  but  in  other  areas 
where  you  have  a capability  you  have  not  had  the  opportunity  to  either 
set  out  a plan  or  to  enter  into  a cooperative  venture. 

General  Bedwell.  This  is  so ; yes,  sir. 

Mr.  Daddario.  Mr.  Karth  touched  upon  a very  important  point. 
Taking  into  consideration  the  enlargement  of  NASA  m the  field  of 
life  sciences  and  the  development  of  Air  Force  capabilities  at  San 
Antonio,  where  you  say  there  are  five  new  buildings  now  being  opened, 
do  we  have  the  manpower  in  this  country  to  staff  all  of  these  facilities 
and  to  keep  them  all  going  at  full  speed  and  in  the  most  efficient  man- 
ner unless  we  have  a full  cooperative  venture? 

Mr.  Teague.  May  I make  one  comment  there. 

Mr.  Daddario.  Certainly. 

Mr.  Teague.  General,  I would  like  you  and  Captain  Phoebus  to  un- 
derstand that  we  know  how  you  are  in  your  assignments.  If  the 
committee  asks  questions  which  should  be  answered  at  an  echelon 
above  you,  and  you  do  not  wish  to  comment  on  it ; just  say  so. 

General  Bedwell.  Yes,  sir. 

Mr.  Teague.  Perhaps  some  of  the  questions  you  would  rather  have 
answered  by  somebody  higher  up. 

General  Bedwell.  Yes,  sir. 

Mr.  Teague.  The  understanding  was  that  when  you  came  before 
this  committee  the  questions  would  pertain  to  your  assignment. 

General  Bedwell.  We  have  approximately  2,100  experienced  people 
within  aerospace  medicine  and  life  sciences. 

We  have  815  highly  trained  professionals  that  constitute  the 
Nation's  most  valuable  asset  in  the  race  for  space. 
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Now,  those  people  have  been  with  the  Air  Force  for  some  time,  in 
the  of  course,  some  of  them  are  new.  but  are  trained  and  ex- 
perienced research  people.  Among  them,  279  scientists,  military  and 
civilian  personnel,  hold  a doctorate  degree  in  one  or  another  of  the 
numerous  scientific  specialties;  about  142  hold  master’s  degrees  and 
304  with  bachelor’s  degrees,  fall  in  the  same  category. 

These  people  occupy  and  use  thejphysical  plant  in  existence  j with 
that  under  construction,  and  counting  the  equipment  that  is  in  the 
buildings  at  Brooks,  the  property  evaluation  approximates  $30 
million. 

In  my  opinion,  if  we  do  not  use  these  people  effectively  in  the  long 
run  we  are  liable  to  lose  them  to  some  other  agency.  Though  X 
haven't,  been  concerned  about  it  up  to  now,  I am  concerned  about  the 
future  impact  there  may  be  on  our  scientific  staff  if  we  are  not  able 
to  use  them  completely  in  the  support  of  the  national  goal. 

Mr.  Daddario.  What  plan  do  you  have  to  use  these  research  people  ? 

General  Bedwell,  We  have  a certain  capability  in  the  aviation 
sciences  we  can  expand  on  in  cooperation  with  NASA* 

We  have,  for  example  microbiology,  cellular,  physiology,  classified 
as  “basic  research.”  Of  course,  we  can  expand  this  in  support  of 
NASA’s  program  if  given  an  opportunity. 

Radiobiology — we have  new  buildings  in  radiobiology  that  will  have 
an  extensive  capability  and,  in  my  opinion,  we  can  increase  our  work 
in  support  of  the  NASA’s  objective  if  we  are  given  appropriate 
opportunity. 

We  have  now',  I’d  like  also  to  say,  we  have  visited — several  of  my 
staff  and  I,  have  visited  the  Manned  Spacecraft  Center  in  Houston, 
and  we  at  the  working  level  have  been  cooperating  and  coordinating 
our  efforts. 

We  have  trained  several  of  their  people  in  the  operation  of  pres- 
su  i*e  chambers.  We  have  run  many  experiments  with  them. 

We  visited  the  laboratory  at  Ames  last  week,  and  went  over  the 
program  with  them  and  there  is  a great,  deal  of  work  there  if  we  were 
allowed  to  cooperate  and  coordinate  with  them,  we  could,  I think,  use 
our  one  facility  at  Brooks  in  complete  support  of  some  of  the  work 
that’s  planned  for  Ames. 

Mr.  ICarth.  Mr.  Daddario*  will  you  yield  ? 

Mr.  Damjario.  Yes,  Mr.  Karth, 

Mr,  Karth.  General,  are  you  saying  that  the  Air  Force  at  this 
point  could  almost  meet  NASA’s  total  requirement  without  NASA 
duplicating  existing  facilities  that  the  Air  Force  already  has  in  this 
biomedicine  field  ? 

General  Bedwell.  I don’t  believe  I could  say  we  could  duplicate 
it — support  it  completely,  without  knowing  some  of  their  specific 
program  requirements. 

I do  think  that — — 

Mr.  Karth.  If  NASA  submitted  its  specific,  overall  requirements 
to  you,  how  long  would  it  take  you  to  evaluate  those  requirements, 
and  then  make  a determination  as  to  whether  or  not  the  Air  Force 
could  fulfill  all  of  them,  most  of  them,  some  of  them,  or  perhaps  just 
a few  of  them? 

General  Bedwfjx.  I think  if  we  were  given  an  opportunity  to  re- 
view the  file  within  2 months’  time — 2 to  3 months— we  could  make 
a determination  of  how  much  of  it  we  could  do. 
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Mr.  Karth.  This  is  indicative,  Mr*  Chairman,  that  the  Air  Force 
has  not  been  allowed  to  make  this  determination. 

Mr,  Rikhlman.  Would  the  gentleman  ask  the  same  question  of  the 
representatives  from  the  Navy? 

Mr.  Daddario.  Y 3,  we  intend  to  do  that,  Mr.  Rirhlman.  I have 
one  further  question,  General  Bedwell.  At  the  present  time,  even 
though  the  Air  Force  has  this  capability,  the  only  way  in  which  it 
ooula  be  of  help  to  NASA  would  be  under  those  instances  when  NASA 
specifically  requests  the  Air  Force  to  set  forth  a program  for  NASA 
to  initiate.  Beyond  that,  there  is  no  further  opportunity  f 

General  Bedwelt.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  Would  the  gentleman  yield  at  that 
point? 

Mr.  Daddario.  Yes. 

Mr.  Fulton  of  Pennsylvania.  One  agency  in  the  Government  must 
have  the  responsibility  fen*  particular  research  programs.  In  this 
instance,  NASA  has  the  jurisdiction  and  the  responsibility  for  the 
Mercury  program.  That  means  that  NASA  has  had  to  set  the  param- 
eters of  the  programs  and  the  requirements. 

When  NASA  called  upon  you  to  fulfill  requirements  for  them,  I 
believe  the  Air  Force,  as  well  as  the  Navy,  have  been  cooperative, 
haven’t  you? 

General  Bedwell.  Yes,  sir 

Mr.  Fulton  of  Pennsylvania.  So  that  the  question  you  should  be 
answering  here  is  whether  th  >re  is  a duplication  of  facilities,  scien- 
tific and  research  personnel,  or  of  research  programs,  or  is  there  a 
lack  of  correlation  and  cooperation  between  tne  Air  Force,  the  Navy, 
and  NASA,  that  causes  a loss  of  efficiency  in  an  overall  U.S  aero- 
medical  or  space  medical  prog  ms  ? 

Mr.  Daddario.  Mr.  Chain  .'.  '< 

Mr.  Teague.  Mr.  Daddark 

Mr.  Daddario.  Mr.  Fulton,  if  we  could  develop  the  question  a bit 
farther,  we  could  come  to  certain  conclusions  respecting  that.  I11  a 
way,  your  question  is  heading  in  the  same  direction  as  some  of  the 
questions  which  I have  asked. 

Mr.  Fulton  of  Pennsylvania.  That’s  why  I’m  following  it  up.  I 
think  he  should  answer  whether  there  is  duplication  or  not. 

Mr.  Teague.  General  Bedwell^  would  you  care  to  comment? 

General  Bedwell.  In  my  opinion,  I am  forced  to  say,  I feel  there 
is  duplies  tion. 

Mr.  Fulton  of  Pennsylvania.  Is  there  a lack  of  cooperation  or  cor- 
relation between  the  programs  of  the  Air  Force,  the  Navy,  and 
NASA? 

General  Bedwell.  I think  this  is  true  to  a degree. 

Now,  we  have  at  the  working  level — w©  have  been  trying  to  cooper- 
ate and  coordinate  our  programs. 

Mr.  Fulton  of  Pennsylvania.  On  these  basic  biomedical  research 
programs,  such  as  you  were  speaking  of  on  cellular  structure,  are  you 
correlating  with  the  National  Institutes  of  Health  on  their  programs  as 
well? 

Are  all  the  agencies  such  as  National  Science  Foundation  and  the 
National  Institutes  of  Health  working  together  on  one  program  in 
aerospace  medicine  ? 
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General  Bedwell.  There  is  continual  communication  in  the  scien- 
tific community ; yes,  sir. 

When  you  compare  scientific  programs,  specifically  investigating 
research  programs,  we  are  not  directly  checking  our  program  against 
the  one  that  is  developed  at  the  National  Institutes  or  Health,  as  such. 

Mr.  Fui/ton  of  Pennsylvania.  At  a later  time,  I would  like  to  ask 
you  to  comment  further  on  your  statement  regarding  duplication,, 
where  it  might  be,  and  w Vat  remedies  you  might  suggest.  I don’t  want 
to  take  the  committee’s  time  now  unless  the  chairman  would  care  to- 
go  into  it. 

Mr.  Teague.  I wish  you  would  elaborate  a little  bit  further,  General 
Bed  well,  on  where  you  think  there  is  duplication. 

Mr.  Guhney.  Mr.  Chairman,  I wonder  if  we  could,  perhaps,  con- 
sider a specific  example  by  taking  the  Mercury  program  f 

Mr.  Fulton  of  Pennsylvania.  I would  rather  cover  it  just  gen- 
erally. 

Mr.  Teague.  Answer  the  general  question  first,  General  Bedwell, 
and  we  will  go  into  the  specifics. 

General  Bedwell.  Wellj  sir,  if  I may  refer  to  Ames,  we  visited 
there  last  week,  Colonel  Pickering  and  several  other  members  of  my 
staff. 

Mr.  Teague.  Would  you  speak  a little  louder,  please! 

General  Bedwell.  We  found  evidence — I shouldn’t  say  “evidence.” 
We  found  work  going  on  there  we  have  had  in  being  at  the  School  of 
Aerospace  Medicine  for  some  time.  I specifically  refer  to  one  area; 
that  is,  in  the  field  of  audiologv.  We  have  a specially  designed  room 
at  the  School  of  Aerospace  Meaicine  at  San  Antonio  and  also  Wright 
Field,  for  checking  on  nearing. 

We  have  been  studying  hearing  loss  of  aircrew  members  for  many 
years  in  the  Air  Force  and  have  developed  a rather  extensive  program 
of  audiograms  on  our  aircrew  members  for  protection  against  hearing 
loss  and  we  have  this  capability  within  the  Air  Force  and  yet  I saw 
evidence  of  a program  oi  basic  audiology  program  at  Ames. 

In  the  field  of  microbiology  and  cellular  physiology,  the  same  is 
true  and  I understand  also  they,  are  planning  on  developing  a depart- 
ment of  cardiology  for  basic  studies  in  regard  to  circulation  and 
cardiology. 

We  have  had  this  going  on  for  some  time. 

I know  the  Navy  has  had  a similar  program  on  their  aircrew 
members. 

These  are  evidences  I consider  in  my  personal  opinion  that  are  a 
duplication.  Furthermore,  I’d  like  to  say,  we  have  had  experienced 
people  in  these  areas  and  we  would  like  to  take  advantage — I think 
the  Nation  should  take  advantage  of  their  research  capabilities  and 
experience. 

Mr.  Dadoahio.  Captain  Phoebus,  could  you  give  us  a breakdown 
about  the  same  way  General  Bedwell  has?  Would  you  tell  us  the 
number  of  people  you  have,  their  background,  the  estimated  cost  of 
your  physical  plant,  rud  its  capabilities! 


1168 


1864*  NASA  AUTHORIZATION 


STATEMENT  OP  CAPT.  C.  P.  PHOEBUS,  COMMANDING  OFFICER, 

SCHOOL  OF  AVIATION  MEDICINE,  PENSACOLA,  FLA.;  ACCOM- 
PANIED BT  CAPT.  WALTON  JONES,  AVIATION  MEDICINE  TECH- 
NICAL DIVISION,  BUREAU  OF  MEDICINE  AND  SURGERY 

Captain  Phoebus.  If  I may,  Mr.  Daddario,  I would  prefer  to  make 
a general  statement  about  the  Navy’s  relationship  with  NASA  in  our 
biomedical  program,  first.. 

As  far  as  we  are  concerned,  our  relationships  with  NASA  have 
been  very,  very  happy.  NASA  has  enabled  us  in  the  Navy  to  pursue 
programs  which  we  wanted  to  pursue  for  aviation  medical  reasons 
within  the  Navy  itself,  that  without  NASA’s  support  we  would  never 
have  been  able  to  move  ahead  a3  fast  and  as  far  and  as  adequately  as 
we  are  now  doing. 

At  my  own  institution,  the  Navy  School  of  Aviation  Medicine,  in 
Pensacola,  I think  we  have  an  outstanding  example  of  this  in  that 
within  the  last  few  years  since  NASA  started  its  program  in  this  area 
we  have  had  a great  deal  of  support  from  them,  money  wise — something 
over  $2  million  at  this  stage  of  the  game. 

We  have  submitted  a number  of  proposals  to  NASA  for  work  in  our 
mutual  interests  and  it’s  gone  along  very  beautifully.  We  have  similar 
cooperative  efforts  going  on  in  a number  of  our  other  Navy  labora- 
tories, notably  at  our  Air  Crew  Equipment  Laboratory,  Philadelphia ; 
at  Johnsville,  the  Human  Centrifuge  Lab ; the  Navy  Medical  Research 
Institute  at  Bethesda ; at  the  facility  at  El  Centro,  and  possibly  other 
places. 

I am  not  quite  up  to  date  on  it  any  longer,  because  I’m  now  at  Pensa- 
cola, rather  than  at  the  Washington  level  here. 

On  this  question  of  duplication,  if  I may  comment,  I don’t  believe 
that  there  is  any  serious  or  unjustified  or  undesirable  duplication  of 
effort  going  on  in  the  biomedical  area;  specifically  the  aerospace  area, 
in  any  of  the  agencies  of  Government. 

To  use  General  Bed  well’s  example  of  audiology — sure,  we  are  all 
working  on  this;  but  from  different  angles  and  this  is  the  very  nature 
of  research,  “different  investigators  take  different  approaches”  to 
things.  ' 

The  problems  are  broad  and  they  need  to  be  attacked  on  a broad 
front. 

We  are  doing  audiology  work  in  Pensacola  in  the  interests  of  the 
Navy  and  in  the  interests  of  a broad  program  of  research. 

I think  NASA  is  almost  compelled  to  get  into  this  area  as  well ; to, 
if  you  will,  bring  it  all  together  and  focus  it  in  arrias  of  their  own  pe- 
culiar interest. 

As  far  as  we  are  concerned,  we  feel  that  this  sort  of  nationwide  effort 
going  on  with  many  people  getting  in  the  act,  is  producing  more  scien- 
tists, more  skills  and  enhancing  our  knowledge  all  the  way  up  and 
down  the  line  whether  it  is  applicable  to  space  or  aviation  medicine  or 
just  medicine. 

Now  as  to  the  question  of  the  people  that  we  have,  compared  to  the 
Air  Force,  we  are  relatively  small.  I don’t  know  precisely  what  kind 
of  figures  the  general  was  using  here,  but  I can  only  talk  about  our  in- 
house  effort  rather  than  any  contractor  effort. 
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At  Pensacola,  I have  a total  staff  of  approximately  200  people.  Per- 
haps, 50  of  these  are  of  the  scientific  type  with  another  50  or  the  tech- 
nical type. 

We  are  pursuing  a number  of  programs  of  our  interests  which  we 
have  been  interested  in  for  a long  time  and  we  intend  to  continue 
doing  so. 

Notably,  our  largest  program  in  support  of  NASA  is  in  the  area  of 
disorientation,  and  I think  it  is  utilizing  facilities  which  we  have,  as 
well  as  “savvy”  and  know-how,  which  I’m  sure  are  not  duplicated 
any  place  else  and  I think  unmatched  any  place.  When  NASA  recog- 
nized the  potential,  and  the  serious  nature  of  this  problem  a few  years 
ago,  we  were  in  the  best  position  with  the  tools  and  people  and  so  forth 
to  pursue  this  research  area ; and  this  is  why  they  have  poured  qu^e 
a bit  of  money  into  us. 

Dr.  Shaffer  at  our  place,  working  in  the  area  of  radiation  effects, 
I think  is  recognized  as  one  of  the  outstanding  authorities  in  this 
area.  He  started  working  in  it  17  years  ago,  not  when  sputnik  went 
up.  , 

Dr.  Beicher  that  we  have  there  has  been  working  in  another  area 
now  of  very  great  interest  to  NASA ; namely,  the  efforts  of  magnetism, 
rather  high  intensity  of  magnetism,  or  the  lack  of  it,  on  man.  I 
think  he  is  probably  unique  in  working  in  this  area,  and  the  leader 
at  this  point.  He  has  been  invited  by  NASA  to  expand  his  program 
here. 

We  have  worked  in  close  cooperation  with  the  Air  Force,  for  exam- 
ple, in  the  cardiology  area.  We  have  had  a large  program  going  here 
for  many,  many  years;  and  now  it  has  been  linked  to  some  degree  at 
least  with  the  NASA  program — notably  and  recently,  again  Doctor 
Beicher,  has  for  the  first  time  been  able  to  get  what  we  cell  a base- 
line ballistocardiograph.  Scientists  who  have  been  interested  in  this 
area  for  years  have  always  wanted  to  have  one  in  the  absence  of 
gravity,  a true  baseline  against  which  you  can  measure  everything 
else.  At  W right-Patterson,  where  they  can  fly  planes  through  a 
weightless  trajectory  for  a few  seconds,  we  were  able  to  put  a man 
in  the  weightless  state  and  measure  his  ballistocardiograph,  and  now 
they  do  have  something  to  measure  against.  It  may  prove  to  be  one 
of  the  more  important  ways  to  measure  a man’s  heart  function  in 
space  in  the  future. 

I think  that  covers  it,  but  if  you  care  to  ask  any  more  questions,  I 
can  go  on. 

Mr.  Dadoario.  Captain,  what  you  say  is  extremely  important  and 
it’s  not  my  intention,  and  I’m  sure  it  is  not  the  intention  of  any  other 
member  of  this  committee,  to  do  anything  other  than  that  which 
must  lie  done.  But  there  is  some  question  as  to  how  much  we  can  do 
since  these  programs  are  extremely  costly. 

Captain  Phoebus.  Yes,  sir. 

Mr.  Daddakio.  Inasmuch  as  we  would  like  to  have  basic  research 
going  on  in  as  many  areas  as  possible,  people  shooting  at  different 
targets;  the  Question  nevertheless  does  come  down  to  wnat  this  coun- 
try can  afford. 

Captain  Phoebus.  I understand. 

Mr.  Daddakio.  It  is  to  this  point  that  the  committee  is  directing  its 
effort.  We  must  ascertain  how  we  can  most  efficiently  contain  the  cost 
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of  a program  which,  in  the  civilian  area  alone,  this  year  is  approach- 
ing $5.7  Million. 

Captain  Phoebus.  Yes,  sir. 

Mr.  Daddario.  I would  like  you  to  take  that  into  consideration 
when  you  consider  this  subject  For  example,  you  have  m ationed  the 
auditory  experimentation.  I think  that  it  is  fine.  The  Navy  has  it; 
NASA  nas  it;  the  Air  Force  has  it;  and  other  agencies  have  it  The 
question  is,  however,  can  the  country  afford  all  or  this  and  still  afford 
all  of  the  other  experiments  but  not  affect  our  national  goals. 

Do  we  have  enough  scientists?  Do  we  have  sufficient  capability  in 
this  field  to  expand  these  programs  without  in  some  way  affecting  the 
mission  of  the  Navy,  NASA?  or  the  Air  Force,  and  maintain  our  scien- 
tific competence  in  private  industry  f We  must  look  at  this  from  an 
overall  point  of  view. 

What  is  your  observation  as  to  the  availability  of  manpower  in  the 
biomedical  field  t 

Captain  Phoebus.  My  own  feeling  is  it  is  only  through  a program 
of  rapid  expansion  such  as  we  are  undergoing  now  in  this  whole  bio- 
medical area  that  we  are  ever  going  to  get  adequate  manpower  to  sup- 
port the  effort  necessary  for  our  space  goals. 

Sure,  we  are  having  trouble  recruiting  the  topnotch  people  we  would 
like  to  have;  but  we  are  recruiting,  we  are  expanding  and  they  are 
doing  a capable  job. 

This  is  true  all  over  the  country,  I’m  very  certain;  but  if  you  don’t 
give  people  the  opportunity,  and  something  to  attract  them  into  this 
area,  you  are  never  going  to  train  them  ana  we  will  never  achieve  our 
goals. 

Mr.  Daddario.  The  opportunity  is  certainly  available.  We  have 
programs  in  military  as  well  as  in  som  of  the  civilian  agencies.  It 
is  disturbing  to  me  that  you  do  have  trouble  recruiting.  This  com- 
mittee is  not  trying  to  inhibit  the  program  by  refusing  to  give  the  sup- 
port. that  it  needs,  but  rather  we  are  trying  to  force  the  program  into  a 
pattern  of  efficient  cooperation.  How  can  we  do  the  job  better  than 
we  are  doing  it? 

I would  like  to  give  yon  some  figures. 

On  August  11,  1960,  Senator  Hubert  Humphrey's  committee,  the 
Committee  on  Government  Operations,  published  a report  stating  that 
at  that  time  there  were  10  agencies  with  biomedical  research  programs. 

The  total  number  of  Federal  personnel,  including  scientific,  profes- 
sional, and  technical,  engaged  in  full-time  or  part-time  biomedical 
research  was  estimated  at  5,900  people.  This  was  in  1960. 

At  that  time  the  largest  agencies  were : the  Department  of  Health, 
Education,  and  Welfare,  $291  million;  Atomic  Energy  Commission, 
$53.2  million;  Department  of  Defense,  $48.6  million ; National  Science 
Foundation,  $24.4  million;  Veterans’  Administration,  $17.8  million; 
Dep  artment.  of  Agriculture  $16.1  million. 

Then  NASA  and  the  smaller  agencies  at  that  time  with  $1.8  million. 

Mr.  Karth  has  already  indicated  that  NASA  has  grown  to  the  point 
where  the  total  sum  of"  money  has  £ one  from  $1.8  million  to  the  $21 
million,  $41  million,  and  $23  million,  or  some  $80-plus  million  re- 
quested for  fiscal  year  1964. 
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Now,  Colonel  Pickering,  who  happens  to  be  here  this  morning,  put 
it  into  perspective.  This  is,  again,  back  in  1960  and  I quote  him : 

We  have  seen  over  the  past  2 years  a tremendous  growth  in  our  national 
biomedical  space  effort  Nearly  every  institution  and  industrial  organisation 
has  some  facet  of  a space  medicine  research  effort  Additionally,  practically 
everyone  in  this  audience  has  a personal  Interest  in  space  research  or  is  a 
member  of  one  or  more  space  ‘committees.  Yet  with  all  of  this  we  are  still 
witbont  a central  coordinated  space  biology  research  team. 

Programs  are  being  pursuit  on  a near  Individual  basis  without  benefit  many 
instances  without  advice  of  Interested  snd  knowledgeable  people.  As  a con- 
sequence we  are,  in  fact  diluting  our  national  talent  to  such  an  extent  the 
future  may  not  bold  much  more  hope  for  real  success  and  understanding  than 
the  past  and  the  record  of  the  past  is  not  one  of  sound  and  rigorous  scientific 
achievement 

This  is  what  we  are  trying  to  accomplish,  and  what  we  have  been 
concerned  about  in  the  past  4 or  5 years.  How  do  we  bind  this  effort 
together  and  how  may  it  best  be  coordinated  so  that  the  full  talents, 
and  abilities  of  all  these  organizations  can  be  concentrated?  We  are 
concerned  when  NASA  starts  off  with  a life  sciences  section,  which 
was  expected  to  consist  of  a team  of  60  people  and  now  within  a 
matter  of  just  a few  years’  time  it  has  grown  to  almost  a thousand 
people.  Tnis  is  a growth  which  would  indicate  there  is  somewhat  of 
a strain  in  this  area  where  an  expert  such  as  Colonel  Pickering  3 
years  ago  was  concerned  about  the  dilution  of  effort. 

Has  this  country  created  a greater  capacity  in  the  past  3 years  so 
that  we  should  not  be  concerned  about  diluting  our  effort? 

Captain  Phoebus.  In  my  opinion,  sir,  NASA  has  done  a very  fine 
; ob  of  stimulating  attention,  framing,  effort,  in  this  area  by  the  mere 
'act  of  their  existence  and  the  fact  of  the  problems  which  they  have 
irought  forward ; perhaps,  not  independently  of  the  military  forces, 
>ut  certainly  they  nave  provided  a great  deal  of  incentive  for  this. , 

People,  biomeaically  trained  people,  who  were  working  in  many 
other  areas  in  the  past  have  been  attracted  to  the  national  space  pro- 
gram and  there  are  more  of  them  coming  all  the  time. 

I see  this  for  example,  in  my  students  coming  to  the  School  of  Avia- 
tion Medicine  (and  I interview  them  all)  I ask  them,  “Why  are  yon 
here  ?”  and  one  of  the  more  common  answers  I get  is  because  they  have 
been  stimulated  by  this  program ; and  I know  there  are  a great  many 
men  in  the  human  factors  area  in  industry  and  the  Armed  Forces, 
who  a few  years  ago  would  never  have  contemplated  coming  into  this 
if  it  weren’t  for  the  challenge  of  space. 

Mr.  Karth.  Captain,  may  I interrupt  you  at  this  point  ? 

You  are  not  saying  that  because  of  NASA’s  interest  in  this,  every- 
one else  is  becoming  interested,  are  you  ? 

Captain  Phoebus.  No,  it  is  not  just  NASA’s  interest.  It’s  the 
Nation’s  interest. 

Mr.  Karth.  I understood  you  to  say  that  because  of  the  stimulation 
that  has  been  added 

Captain  Phoebus.  The  monetary  stimulation  NASA  has  provided 
has  helped  a great  deal. 

We  certaimy  have  many  more  people  working  in  this  area,  due  to 
the  assistance  we  have  had  from  NASA,  than  we’d  ever  have  been 
able  to  do  if  we’d  been  dependent  on  Navy  resources  alone. 

Mr.  Karth.  Captain,  the  military  and  other  agencies  of  the  Gov- 
ernment, whether  it  be  NASA  or  the  National  Institutes  of  Health, 
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have  got  to  take  into  consideration  one  thing,  and  that  is  the  general 
public.  We  happen  to  be  facing  a shortage  of  medical  and  tech- 
nically trained  people.  It  seems  to  me  that  an  overly  ambitious  ef- 
fort on  the  part  of  the  Government  agencies  caused  this  problem  to 
become  increasingly  acute 

Captain  Phoebus.  Sir.  the  more  one  looks  at  this  overall  space  prob- 
lem and  our  national  goals  as  stated  by  the  President ; the  greater  these 
problems  become  and  the  more  work  is  required  to  be  done  upon  them. 

Now  if  the  policy  of  the  country  is  to  go  ahead  in  this  area  and  put 
men  in  space  and  put  them  on  the  Moon,  then  there’s  a certain  amount 
of  work  that  must  be  done  and  people  must  be  attracted  to  do  it. 

If  this  is  not  the  policy 

Mr.  Karth.  Captain,  do  you  think  that  this  national  goal  that  has 
been  set  forth  by  the  President  of  landing  a man  on  the  Moon  and 
returning  him  safely  to  the  Earth,  requires  10,000  or  so  people  working 
specifically  in  the  biosciences  area  ? Is  that  what  you  are  saying  ? 

Captain  Phoebus.  Yes,  sir. 

Mr.  Kartii.  The  biosciences  area  ? 

Captain  Phoebus.  I think  there  are  many  problems  that  can  attract 
amply  at  least  that  many  people. 

Mr.  Karth.  If  it  takes  that  many  people  to  work  out  the  answers 
to  our  biomedical  problems  in  getting  a man  to  the  Moon  and  back; 
I want  to  tell  you  that  we  can’t  afford  the  Moon  program. 

Mr.  Fulton  of  Pennsylvania.  There  is  a difference  of  opinion. 

Mr.  Daddario.  Captain  Phoebus,  let  us  pursue  that  a moment. 
You  are  not  saying,  are  you,  that  we  shouldn’t  do  this  as  efficiently  as 
possible  ? 

Captain  Phoebus.  Not  at  all. 

Mr.  Daddario.  Take  the  auditory  experiments,  for  example,  that  you 
wfire  talking  about.  Is  it  your  opinion  that  we  have  within  the  De- 
partment of  Defense,  either  in  the  Navy,  the  Air  Force,  or  the  Army, 
the  capability  to  accomplish  NASA’s  requirements  without  NASA 
building  up  an  auditory  capability  of  its  own,  even  though  it  might 
be  nice  for  NASA  to  have  it  ? 

Captain  Phoebus.  This  is  a very  difficult  question  to  answer  unless 
I know,  specifically,  what  NASA  is  building  up  their  auditory  capabil- 
ity for.  This,  I don’t  happen  to  know  at  the  moment. 

Mr.  Waooonner.  Would  the  gentleman  yield  ? 

Mr.  Daddario.  If  you  don’t  know  that,  how  can  you  answer  Mr. 
Karth’s  question  and  Ray  we  should  build  up  to  10,000  people? 

Captain  Phoebus.  I am  not  thinking  entirely  of  the  auditory  area, 
but  many  others. 

Mr.  Daddario.  Of  anything.  If  you  don’t  have  the  full  and  com- 
plete knowledge  to  be  able  to  come  to  a conclusion  in  any  of  these 
areas  unless  you  know  every  particular  facet  of  the  program,  how  can 
you  say  it  ought  to  be  so  expanded  ? 

Captain  Phoebus.  May  I put  it  this  way  ? 

Mr.  Daddario.  Isn’t  this  one  of  the  failings  with  this  program  ? It 
is  not  tied  together  so  that  the  existing  capabilities,  knowledge,  and 
overall  experience  have  not  been  keyed  into  the  operation,  and  you 
have  not  been  able  to  offer  your  best  abilities,  personnel,  and  equip- 
ment to  satisfy  this  effort? 

Captain  Phoebus.  Sir,  I think  we  have  been  keyed  into  it  to  this  de- 
gree. We  know  what  the  NASA  requirements  are.  They  promul- 
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gated  them  to  us  and  when  we  find  an  area  of  interest  to  us  and  one 
which  we  feel  we  are  capable  of  working  in  and  we  need  some  support, 
we  go  to  NASA  and  see  if  we  can  work  out  something  together. 

Mr.  Waggonner.  Would  the  gentleman  yield? 

Mr.  Daddario.  Yes,  I yield. 

Mr.  Wagoonner.  Captain  Phoebus,  are  you  saying  that  when 
NASA  promulgated  their  requirements  to  you.  you  have  participated 
to  the  fullest  extent  of  your  capability  in  every  instance  and  that  you 
do  not  have  capabilities  in  those  areas  in  which  other  people  are 
working  ? 

Captain  Phoebus.  I wouldn’t  say  we  participate  to  the  full  extent 
of  our  capability  in  every  instance ; no,  sir.  But  we  are  trying  to  par- 
ticipate— I am  speaking  of  my  own  organization  now,  to  the  utmost 
of  our  capabilities. 

Mr.  Wagoonner.  Speaking  of  your  own  organization,  has  NASA 
been  to  you  to  see  what  the  Navy  is  doing  or  to  see  whether  or  not 
NASA  is  duplicating  anything  that  you  are  doing? 

Captain  Phoebus.  Yes,  sir;  they  very  specifically  have  been  down 
there,  not  once,  but  on  a number  of  occasions,  and  have  had  very  com- 
plete briefings  on  what  we  are  doing  and  they  have  encouraged  us  to 
join  with  them  in  pursuing  programs  of  joint  interest. 

Mr.  Wagoonner.  General,  could  I ask  you  the  same  question  ? 

General  Bedwkix.  I’ll  answer  that  this  way,  sir. 

Dr.  Dryden  and  members  of  his  staff  visited  Brooks  Air  Force  Base 
in  April  of  1962,  I believe  it  was;  and  we  gave  him  a briefing  on  our 
capabilities  and  what  we  have.  We  showed  him  our  buildings  and  told 
him  of  our  capabilities.  From  then  on,  we  have  coordinated  some  ef- 
forts with  them  and  in  every  instance  we  have  been  asked  to  do  things 
for  them  we  have  supported  them  to  our  greatest  capability.  There 
are  areas  in  which  we  are  capable  of  doing  things  they  have  not  asked 
us  to  do. 

Mr.  Wagijonneb.  Areas  in  which  you  now  lielieve  that  NASA  is 
doing  in-house  research  with  their  own  capabilities? 

General  Bedweix.  I’ll  answer  that  this  way : They  are  planning  to 
do  tliese  things  with  new  construction  and  also  some  of  them  are  under 
contract.  For  example.,  in  the  radiobiology  field. 

Mr.  Gurney.  Would  the  gent  leman  yield  ? 

Mr.  Wagoonner.  I think  the  gentleman’s  statement  there,  illustrates 
a very  pointed  duplication. 

Mr.  Gurnet.  Would  the  gentleman  yield  ? 

Mr.  Teague.  Mr.  Daddario  has  the  floor. 

Mr.  Daddario.  I’ll  yield. 

Mr.  Gurney.  Captain,  can  you  tell  us  in  what  respect  NASA  has 
sought  your  services? 

Captain  Phoebus.  Yes,  sir.  Specifically,  they  have  sought  our  serv- 
ices in  three  major  areas.  The  one  I mentioned  before  in  disorienta- 
tion, in  radiation,  and  in  the  studies  of  magnetism.  These  are  the 
three  big  ones  we  have  beer  working  in. 

There  have  been  several  other  smaller  efforts  which  we  have  gen- 
erally participated  in  as  well. 

Mr.  Gurney.  Now,  I would  ask  you,  General,  are  you  capable  of 
supporting  NASA  in  these  areas? 

General  Bedwell.  We  are  doing  radiation  studies  in  support  of 
NASA  now ; yes,  sir. 
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Mr.  Gurnet.  Then,  do  you  feel  that  you  are  capable  of  supporting 
NASA  in  the  same  areas  that  NASA  is  asking  the  Navy  to  do  work 
for  them  f Here,  again,  we  are  not  trying,  General,  to  pit  one  service 
against  the  other  but  actually  to  find  out  what  capabilities  do  exist. 

General  Bedwell.  I would  like  Colonel  Pickering  to  answer. 

Colonel  Pickering.  Gentlemen.  I think  just  using  the  word  “radia- 
tion” is  too  broad.  Dr.  Shaffer  oi  the  Navy  is  very  confident  in  heavy 
primaries,  in  looking  at  “hits”  in  nuclear  emulsions.  He  has  done  this 
work  with  the  Mercury  project.  This  is  one  aspect  in  which  radiation 
is  involved. 

One  of  the  unique  facilities  that  exists  in  the  Air  Force  is  the  large 
monkey  colony  wliich  has  been  used  for  the  study  of  long  term  biologi- 
cal-radiation effects.  There  are  about  1,000  animals  in  a long  term 
study  that  exists  essentially  nowhere  else  in  the  free  world. 

This  is  of  interest  to  the  entire  Nation,  and  that  is  the  contribution, 
which  the  School  of  Medicine  is  making. 

Similarly,  there  are  shielding  studies  and  specific  accelerator  studies 
've  do  around  the  country  in  conjunction  with  the  Atomic  Energy 
Commission. 

Having  said  this,  I’d  like  to  dwell  on  a word — when  you  take  a word, 
it  is  difficult — and  I think  this  is  the  problem  we  face  in  the  word 
“duplication.” 

We  have  to  look  at  programs,  the  actual  task  that  an  individual 
wishes  to  pursue. 

Very  frequently  the  research  task  titles  as  you  gentlemen,  and  we 
would  review  it,  are  dissimilar.  When  you  look  at  what  the  men 
propose  to  specifically  do,  the  tasks  are  essentially  the  same. 

I can  assure  you  as  a “for  instance,”  of  having  canceled  seven 
contracts,  in  four  of  these  instances  they  were  programs  with  the  same 
contractor  who  was  doing  work  for  two  agencies. 

I would  assume  it  natural  he  would  choose  the  larger  financial  grant 
which  was  not  ours,  for  doing  the  came  kind  of  research ; there  is  an 
obligation  somewhere  to  stop  this;  and  at  least  in  our  small  way,, 
we  aid. 

Secondly,  if  you  look  at  programs  again,  it’s  not  a question  of  titles, 
but  rather  when  you  are  talking  about  doing  a broad  program  of 
research,  you  need  people ; you  need  buildings ; you  need  support. 

It  takes  2 or  8 years  to  get  this — maybe  5 years,  Dut  if  that  capability 
already  exists,  in  part,  perhaps,  even  not  at  the  hundred-percent  level, 
you  are  2 or  3 years  ahead. 

Secondly,  if  it  takes  150  people  at  a laboratory  you  are  going  to 
build  and  you  have  the  ingredients  of  that  capability  in  an  existent 
laboratory,  you  may  save  as  many  as  75  people. 

These  people  are  precious  in  America.  The  people  that  have  10, 15 
years’  experience  in  research,  be  they  university,  military,  industrial, 
civil  employees — they  are  precious.  They  are  hard  to  come  by. 

They  only  got  these  10  years’  experiences  because  *hev  worked  for 
10  years,  so  the  man  you  train  today  is  not  necessarily  the  most  quali- 
fied to  go  into  this  new  building,  i think  in  our  visits,  there  has  been 
an  attempt  to  1 nestly  say,  “What  do  you  specifically  want  to  do”; 
not  the  broad  citle  of  algae,  for  example,  or  space  genetics,  or  space 
radiation. 

What  specifically  are  you  doing  to  dot 
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Are  you  going  to  use  the  same  kinds  of  subjects,  the  same  kinds 
of  endpoints  that  wo  aro  using — or  that  someone  else  is  using,  and  if 
so,  should  you  do  this  or  be  about  doing  something  else) 

Mr.  Daddario.  Colonel  Pickering,  following  that  line  of  thought, 
this  committee  has  asked  time  and  time  again  whether  under  these 
circumstances  we  should  develop  our  capability  in  this  area  on  the 
foundation  which  already  exists,  or  whether  we  should  start  from 
scratch.  It  has  been  constantly  reiterated  that  the  intention  of  all  con- 
cerned was  to  work  close  together,  and  that  facilities  would  not  be 
built  in  such  a way  that  manpower  shortages  would  occur  or  so  that 
manpower  would  be  used  in  an  inefficient  way. 

This  is  the  point  to  which  we  have  now  arrived  because  NASA  is 
building  up  a capacity  in  manpower  which  already  is  reaching  a 
thousand  or  so,  and  will  most  likely  keep  increasing.  If  I understand 
your  last  statement  correctly,  this  means  that  since  NASA  is  starting 
from  scratch  in  this  area,  it  will  be  using  much  more  manpower  than  it 
would  if  it  utilized  them  in  existing  facilities. 

Colonel  Pickering.  That  is  my  personal  opinion,  yes,  sir ; that 

Mr.  Daddario.  Now,  while  NASA  is  spending  this  amount  of 
money,  the  School  of  Aerospace  Medicine  at  Brooks  is  also  just  finish- 
ing up  more  than  $6  million  of  construction  to  increase  a capability 
which  already  exists  in  accordance  with,  I presume,  a pre-thought-out 
plan.  This  would  appear,  following  your  theory  again,  that  the  pro- 
grams are  in  conflict  with  each  other  from  that  point  of  view  alone. 

Colonel  Pickering.  It  appears  to  me  that  there  are  several  points  of 
conflict.  Yes,8’r. 

Mr.  Teague.  May  I ask  one  question,  then  I must  leave  for  a 
moment  ? 

Mr.  Daddario.  Yes,  sir. 

Mr.  Teaoce.  General,  last  year  we  visited  San  Antonio  and  Pensa- 
cola and  after  our  discussion  with  you,  1 left,  with  the  inmression  that 
there  was  a planned  p-ogram  of  cooperation  on  different  problems 
between  the  IX)D  and  NASA  where  teams  would  be  working  on  dif- 
ferent phases  of  radiation,  and  so  forth. 

Recently,  Dr.  Roadman  testified  before  this  committee  that  he,  in 
conjunction  with  someone  from  DOD,  who  I assume  was  an  Air  Force 
officer,  sat  down  and  listed  about  89  different  problem  areas  in  this 
field.  They  decided  how,  within  their  capabilities,  they  would  try  to 
solve  these  problems  and  he  intimated  satisfaction  as  to  how  it  has 
worked  out. 

Now,  are  you  saying  that  this  didn’t  work  out  and  that  there  is  not 
enough  coordination  and  that  there  is  enough  duplication  so  that  this 
committee  should  be  concerned  about  the  money  we  are  asked  to 
authorize  for  the  NASA  medical  program? 

General  Bedwkll.  Sir,  I’d  like  Colonel  Pickering  to  answer  that, 
if  I may. 

He  was  the  member  of  that  Panel  working  with  Dr.  Roadman. 

Mr.  Teague.  First,  Colonel,  would  you  mention  our  discussion  there 
as  to  how  you  were  going  to  form  teams  to  deal  with  the  different 
problem  areas. 

Colonel  Pickering.  Yes,  sir. 

Mr.  Teague.  Was  I correct  in  my  assumption  when  I left  there 
that  this  was  going  to  happen? 
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Colonel  Dickering.  You  were  correct,  sir. 

The  space  agency  and  the  Department  of  Defense,  as  you  mentioned, 
under  General  Roadman  and  Col.  John  Talbot  who  is  in  tho  audience 
this  morning,  were  representatives  of  a working  group. 

The  major  objective  which  we  had  at  the  time,  was  to  develop  a 
DOD-NASA  10-year  program  in  bioastronautics.  We  were  charged 
with  reviewing  all  of  the  existing  programs,  the  existing  facilities, 
the  capital  investment  of  equipment,  our  contract  programs,  our  man- 
years  of  in-house  research. 

The  initial  outline  was  developed  in  about  January  and  February. 

simultaneously,  all  three  serv- 


iu  me  (uui  uj  imiHiuuiii  mui.u  wiring  this  time  period  the  indi- 
viduals were  called  team  lenders,  1 was  the  radiation  team  leader: 
Dr.  Shaffer  of  Pensacola  joined  me  also. 

Dr.  Alpen,  of  the  Naval  Radiological  Defense  Laboratory,  Inter 
substituted  by  Mr.  Tochlin  and  Colonel  Brennan,  from  the  Army. 

We  went  through  the  total  of  programs  and  tried  to  arrive  at*  a 
course  of  action  which  would  lie  most  oeneficial  to  the  total  program. 
A document  was  prepared.  As  General  Roadman  testified,  it  was 
signed  off  by  him  ami  Colonel  Talbot.  I think  on  May  8.  Certain 
programs  grew  as  a result  of  this  in  the  DOD-NASA  relationship. 

Now,  as  General  Roadman  indicated  in  his  testimony,  what  hap- 
pened to  the  document  and  the  subsequent  working  relationships  are 
not  in  my  purview  to  answer.  This  is  not  at  our  level.  Many  of  the 
programs. however,  have  been  used,  not  in  the  context  of  this  coopera- 
tive coordinated  program.  They  liave,  in  fact,  been  used  at  various 
institutions  and  lalioratories.  The  work  still  needs  to  lie  done. 

Again.  I personally  contend  that  a great  deal  of  this  wTork  could,  in 
fact,  be  clone  by  the  services.  After  all,  they  proposed  it  as  on-going 

firograms  which  they,  in  fact,  did  have,  and  we  gave  to  you  that  out 
ine  of  program  and  gave  it  to  vou  in  the  way  of  forecasting  buildings 
and  personnel  accumulation.  To  some  degree,  this  has  obtained — but 
has  not  in  its  entirety. 

’ Mr.  Kaktii.  What  you  are  saying,  Colonel,  is  that  it  is  not  working 
in  practice  1 ike  it  worked  on  paper.  Is  that  right  ? 

Colonel  Pickering.  In  my  opinion,  in  my  area,  it  is  not  working 
in  practice  as  it  worked  on  paper. 

Mr.  Teague.  It  probably  would  not  work  that  way  to  the  satisfac- 
tion of  any  person  involved. 

Coionel  Pickering.  No,  sir. 

Mr.  Teague.  But  it  is  not  working  to  the  degree  that  we  < lould 
not  be  concerned  about  it  ? 

Colonel  Pickering.  There  again,  Mr.  Teague,  I think  there  are 
specific  areas  wherein  it  is  working  so  you  should  not  have  a concern. 
In  other  areas,  I personally  do  have  a concern. 

It  just  is  difficult  to  hire  people  when  they  have  five  different 
choices  of  places  for  employment  and  you  are  the  lowest  bidder. 

Mr.  Teague.  In  other  words,  the  government  is  competing  with 
itself  for  this  capability. 

Is  there  duplication  to  the  degree  the  Government  ought  to  try  to 
cut  some  money  out  to  stop  some  of  the  duplication  going  on?  Is  the 
duplication  that  serious? 
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General  Bedwkll.  Well,  I think  an  answer  to  that  would  be  con- 
tingent upon  a review  of  the  research  tasks  and  programs  that  NASA 
would  propose,  for  example. 

In  my  opinion  in  looking  over  some  of  the  work — and  this  is  just 
my  personal  opinion,  there  are  many  basic  research  tasks  that  are 
being  conducted  that  are  not  in  direct  support  of  the  space  program. 

For  example,  the  fact  that  we  did  orbit  Major  Cooper  successfully 
without  the  Dasic  research  being  done  on  many  areas,  there  are  some 
areas  that  need  to  be  concentrated  on,  but  I do  not  feel  many  of  the 
research  tasks  that  are  proposed  are  necessary  to  this  specific  pur- 
pose. I don’t  mean  to  infer  that  research  isn’t  necessary  but  for  that 
program. 

(Whereupon  Hon.  Joseph  E.  Karth  assumed  the  chair.) 

Mr.  Karth.  General,  would  you  list  these  areas  you  feel  rather 
strongly  about  and  submit  it  to  the  committee  for  the  record  ? 

General  Bedwell.  I think  1 could,  in  general  terms,  yes.  In  gen- 
eral terms. 

Mr.  Karth.  I don’t  mean  right  now,  but  later  on,  in  the  work- 
papers. 

(The  information  requested  is  as  follows:) 

Notwithstanding  the  jurisdictional  responsibility  retained  by  NASA  in  the 
National  Space  Act  of  1958  for  the  conduct  of  basic  research,  there  appears  to- 
be  a rightful  concern  that  certain  of  the  work  seemingly  unrelated  to  the  space 
program  is  the  heritage  of  universities  and  the  Nati  nal  Science  Foundation — 
for  instance,  studying  the  effect  of  X-radiation  on  the  web-building  activities 
of  spiders.  Though  of  itself  perhaps  interesting,  results  obtained  could,  only 
with  extended  imagination,  enhance  a space  program  already  in  the  manned 
orbital  stage.  In  a similar  vein,  though  not  to  list  extensively  but  rather  to 
illustrate,  there  is  concern  among  scientists  for  such  tasks  as:  Inclosure  con- 
trol of  fibrinolysis,  electron  microscopic  studies  on  squirrel  monkeys,  molecular 
biology  of  nitrogen-fixing  nodules  in  common  legumes,  effects  of  ionizing  radia- 
tion on  the  canine  ovary,  localized  effects  of  ionizing  radiation,  etc.  The  point 
being,  though  these  studies  in  themselves  contribute  to  science  on  a national 
basis,  other  organizations  have  for  many  years  evinced  this  kind  of  interest 
and  capability  with  existing  facilities  and  ongoing  programs. 

I further  stated  a con 'em  for  certain  research  projects  and  tasks  as  they  apply 
to  the  manned  program,  and  more  specifically  to  the  manned  lunar  program. 
Here,  though  more  difficult  to  differentiate,  questions  can  still  appropriately  be 
asked  pending  program  review  and  understanding.  For  instance,  “Auditory 
perception  during  space  mission”  is  a mix  of  highly  applied  and  fundamental 
invest igations.  Basic  parts  of  it  include  studies  of  basic  anditory  processes  and 
extension  of  knowledge  of  man’s  auditory  capabilities  and  limitations  during 
influences  by  space  flight.  A factor  to  consider  is  that  facilities  already  exist  for 
this  type  of  work  to  the  extent  that  It  is  significant  to  the  manned  program  and/or 
Other  programs.  As  a consequence,  establishment  of  separate  additional  Govern- 
ment facilities  and  procurement  of  additional  investigators  does  not  appear  essen- 
tial to  the  national  interest.  As  another  example,  “Visual  perception  during 
*i>nco  mission”  in  its  task  description  suggests  that  it  is  in  a category  similar  to 
the  auditory  perception  task  mentioned  above.  Visual  problems  have  been  of 
longstaudng  interest  in  DOI)  research,  as  significant,  in  fact,  as  auditory  func- 
tions As  a consequence,  an  enormous  imount  of  baseline  information  data 
under  operational,  including  even  combat  situations,  is  available  and  would 
appear  to  be  highly  relevant  and  extremely  Important  in  analyzing  experimental 
projects  for  new  and  future  work.  Closer  coordination  and  understanding  at  the 
task  level  may  eliminate  the  need  for  additional  facilities  and  personnel  in  such 
areas.  As  final  example,  there  are  programs  In  pituitary  chemistry — -research  to 
determine  the  nature  of  chemical  and  physiological  mechanisms  for  biosynthesis, 
storage,  and  secretion  of  pit  hormone,  with  special  reference  to  effects  and 
stresses  such  as  may  be  encountered  during  manned  space  flight.  Again,  pitui- 
tary chemistry  hormonal  studies  as  related  to  stress  are  programs  that  have  been 
conducted  in  DOD  laboratories,  medical  schools  and  physiological  laboratories- 
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for  many  years.  Stress  reaction  and  its  implications  to  flight  with  high-perform- 
ance aircraft  under  combat  conditions  and/or  X-15  research  have  been  and  will 
•continue  to  be  extensively  investigated.  To  establish  this  as  an  additional  ln- 
house  capability  does  not  appear  essential  in  my  judgment. 

General  Bedwell.  Yes,  sir.  May  I make  one  further  comment. 

The  A.ir  Force  and  the  Air  Force  Systems  Command,  General 
Schriever,  was  concerned  about  duplication  within  the  Air  Force 
of  the  medical  research  propyam  and  on  the  first  of  November  1961, 
the  Aerospace  Medical  Division  was  formed,  which  I head,  for  *he 
purpose  of  trying  to  prevent  unwarranted  duplication  within  the 
medical  research  laboratories  of  the  Air  Force. 

As  you  know,  you  visited  Brooks  and  our  Wright-Patterson  Lab 
and  the  Lab  in  New  Mexico  and  in  our  formative  stages  we  have  visited 
our  laboratories  and  we  have  tried  to  determine  the  capability  of  each 
laboratory  and  to  prevent  unwarranted — I admit,  defining  “unwar- 
ranted duplication”  is  a little  difficult;  but  we  are  trying  to  conserve 
our  limited,  qualified  research  people  and  give  the  various  laboratories 
the  specific  task  that  is  in  consonance  with  their  training  and  we  have, 
by  direction,  changed  some  rerearch  tasks  and  research  areas  from 
one  laboratory  to  another  to  take  advantage  of  the  facilities  that  we 
have  in  being  and  the  research  people. 

In  other  words,  we  are  preventing  what  we  call  unwarranted  dupli- 
cation w’ithin  our  own  command. 

Mr.  Kaoth.  Thank  you,  sir.  You  yield  to  Mr.  Fulton? 

Mr.  Daddario.  Yes,  I yield  to  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  The  problem  comes  up  as  to  the  juris- 
diction of  the  various  Government  agencies  such  as  the  Air  Force, 
the  Navy,  the  Army,  and  NASA  as  well  as  the  National  Science 
Foundation  and  the  National  Institutes  of  Health. 

The  purposes  of  the  various  agencies  are  different  and,  of  course, 
their  requirements  are  different. 

Therefore,  I think  that  it  is  unwise  for  the  Air  Fox  ce  to  comment  on 
the  requirements  of  NASA  in  its  own  programs,  or  whether  the  pro- 
grams should  necessarily  be  within  NASA.  If  that  is  done,  tnen 
NASA  should  be  given  the  opportunity  to  reply  to  the  Air  Force  and 
say  what  Air  Force  programs  NASA  feels  could  well  be  done  without 
the  Air  Force,  and  without  the  money  in  the  coming  budget.  That 
puts  us  into  a problem  of  competition  between  agencies  for  jurisdic- 
tion. 

I feel  that  this  committee  should  not  get  into  such  an  area.  Where 
the  Space  Act  specifically  giv  is  NASA  jurisdiction  of  research  on  a 
broad  base  as  well  as  the  man-in-space  programs  such  as  Mercury, 
Gemini,  and  Apollo.  We  should  look  to  see  that  there  is  a proper 
correlation  between  the  agencies  rather  than  trying  to  say  which 
agency  should  be  doing  a specific  program.  Under  that  concept  we 
are  not  jousting  and  disputing  between  agencies,  but  we  are,  raLier, 
trying  to  get  a correlation  and  make  sure  there  is  no  dup!icat:on. 

Dr.  Roadman  is  an  Air  Force  general.  He  is  now  with  NASA. 
He  said  that  he  had  the  89  various  projects  at  the  working  lovel, 
which  were  looked  at  by  NASA  and  the  Air  Force  and  that  correla- 
tion is  going  along  well.  Of  course:  you  always  find  these  agreements 
but  I took  tnat  to  be  a very  authoritative  statement. 

My  questions  are : Don’t  you  think  that  NASA  should  have  a broad 
basic  research  and  development  program  as  well  as  the  programs  for 
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Mercury  and  Gtemini  and  Apollo?  Secondly,  don’t  you  think  NASA 
should  set  the  requirements  for  its  own  program  and  call  on  other 
Government  agencies  to  help  satisfy  these  requirements?  Thirdly, 
do  you  disagree  with  General  Roadman’s  previous  statement  before 
this  committee? 

General  Bed  will..  Well,  sir.  in  reply  to  jour  question:  I think 
there’s  no  question  in  my  mind  out  what  tV  Air  Force,  in  the  medical 
field,  is  attempting  to  coordinate  and  coordinate  fully  with  NASA. 
We  want  our  facilities  to  be  utilized  in  the  interest  of  the  national  ob- 
jective and  I certainly  would  not  quibble  with  the  requirement  of 
NASA  to  have  their  own  research  urogram. 

It  was  my  personal  opinion  when  1 stated  many  of  these  research 
tasks  are  r ot  effential  to  orbiting  a man  safely  and  I don’t  meah  to* 
downgrade  research  at  all. 

Mr.  Fulton  of  Pennsylvania.  But,  of  course,  that  is  not  the  limit 
of  NASA’s  jurisd'^tion.  It  is  the  exploration  of  space  and  research 
in  respect  to  space,  basic  applied  research,  as  well  as  technical  de- 
velopment in  aviation.  NASA  is  different  from  the  military  in  that 
the  military  must  have  a military  mission  possibly  ending  up  in  an 
operational  weaponry  system. 

Don’t  you  think  there  is  that  difference? 

General  Bedwell.  I agree,  there  is  a difference.  Yes,  sir;  no  ques- 
tion. 

Mr.  Fulton  of  Pennsylvania.  Do  you  disagree  with  General  Road- 
man? 

Gen.  Bedwell.  I am  not  in  a position  to  say  that  we  have  89  research 
tasks  that  are  completely  coordinated. 

Mr.  Fulton  of  Pennsylvania.  Rather  than  take  the  committee’s 
time,  at  this  point,  would  you  and  Colonel  Pickering  each  please  put 
a statement  in  the  record  as  to  your  position  on  General  Roadman’s 
testimony? 

(The  information  requested  is  as  follows:) 

Comments  on  General  Roadman’s  Testimony  by 
Maj.  Gen.  Theodore  C.  Bedwell 

There  Is  no  question  that  NASA  is  uniquely  experienced  In  selected  areas  as- 
sociated with  launch,  flight,  and  recovery  phases  of  Project  Mercury.  How- 
ever, from  General  Roadman's  testimony,  the  mistaken  impression  could  be 
gained  that  all  aerospace  medicine  competence  for  space  flight  is  to  be  found 
within  NASA.  I don’t  believe  General  Roadman  intended  this  implication. 
That  he  did  not  is  borne  out  by  his  later  elaboration.  However,  I would  like 
to  point  out  the  following . 

Continuing  medical  evaluation  of  the  Mercury  crewmen  is  performed  at  the 
SAM  (School  of  Aviation  Medicine)  and  Wilford  Hall  USAF  Hospital.  The 
medical  monitors  for  the  Project  Mercury  tracking  stations  were  trained  at  the 
RAM.  Over  the  entire  period  of  the  various  Mercury  flights  the  Air  Force, 
Navy,  and  the  Army  supplied  medical  monitors  for  tracking  stations  throughout 
the  world.  The  DO D supplied  highly  skilled  medical  support  personnel  for  the 
Mercury  recovery  teams.  After  each  Mercury  flight,  the  astronaut  was  med- 
ically evaluated  and  debriefed  by  flight  surgeons  of  the  schools  of  aerospace 
medicine  of  the  Air  Force  and  Navy.  In  addition,  the  Air  Force  and  Navy 
have  been  an  important  source  of  scientific  manpower  to  staff  key  positions  in 
the  NASA  organization  as.  for  example,  General  Roadman  and  many  others. 

In  any  program  as  large  and  complex  as  that  of  aerospace  medicine,  in  sup- 
port of  DOB*  activities  and  in  NASA,  it  is  obvious  that  it  will  be  difficult,  if 
not  Impossible,  to  get  uniform  and  complete  agreements  on  the  solutions.  It  Is, 
however,  the  desire  of  the  Aerospace  Medical  Division  laboratories  to  cooperate 
fully  and  completely  with  NASA.  It  is  believed,  in  order  to  take  full  advantage 
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«rf  the  capabilities  existing  within  our  Division,  that  early  coordination  should 
he  effected  before  a program  is  finalised.  This  would  afford  an  opportunity 
to  prevent  any  unwarranted  duplication  either  in  the  in-house  type  of  research 
or  thct  done  by  contract.  Since  there  is  a relative  shortage  of  qualified  i>er- 
sonnel  to  conduct  research  in  the  overall  field  of  aerospace  medicine,  this  would 
afford  an  opportunity  to  properly  utilize  the  capabilities  of  existing  laboratories 
and  personnel. 


. Comments  on  Genebal  Roadman’s  Testimony,  by  Col.  John  E.  Pickebing 

A careful  review  of  the  comments  of  Gen.  Charles  H.  Roadman  in  testimony 
before  the  Teague  and  Karth  committees  prompts  the  following  comments : 

1.  The  description  of  the  DOD-NASA  bioastronautics  working  group,  its  or- 
ganisation and  its  objectives  are  quite  factual,  and  in  my  opinion  this  was  a 
logical  scientific  approach  to  program  coordination  with  the  possibility  of  mutual 
implementation. 

2.  In  this  respect,  I do  not  completely  ag rsi  with  the  statement  “As  the  two 
groups  developed  a better  understanding  of  the  interests  of  one  another,  the 
list  of  things  requiring  reduction  to  a formal  agreement  dwindled.”  The  proj- 
ects identified  by  the  working  group  considered  critical  to  the  Gemini,  Apollo, 
and  Dyna-Sour  programs  still  remain.  They  will  dwindle  only  as  solutions 
to  these  iwograms  are  attained,  proven  satisfactory,  and  applied  to  the  systems 
involved.  It  is  my  firm  conviction  that  continuing  coordination,  discussion  of 
the  research  projects  underway,  by  the  working  level  scientists  involved,  must 
continue  it  the  total  program  is  to  be  pursued  in  the  most  efficient  and  respon- 
sive manner  consistent  with  a national  program,  particularly  if  one  accepts  as 
an  objective  conservation  of  scientific  manpower,  funding,  and  additional  facil- 
ities. Otherwise,  total  cognizance  is  not  maintained  and  duplication  in  one 
.form  or  another  will  accrue.  To  not  use  facilities,  personnel,  and  programs 
already  in  being,  eventuates  the  need  to  duplicate  if  the  problem  is  to  be  solved. 

3.  The  early  attempts  at  coordination,  programing,  and  implementation 
unequivocally  demonstrate  existing  facilities  and  peoples  within  the  Depart- 
ment of  Defense  could  effectively  pursue  certain  of  the  NASA  objectives  while 
simultaneously  contributing  to  DOD  objectives.  Thus  several  requirements 
could  be  simultaneously  answered.  This  conservation  in  itself  enhances  our 
national  space  capability,  insures  utilization  of  scientists  of  longstanding  expe- 
rience and  satisfies  essentially  identical  research  of  closely  related  programs. 

4.  Without  this  formal  agreement,  coordination  is  at  best  only  superficial 
and  even  then  in  the  rather  large  program  areas.  Specific  details  that  pertain 
to  a given  task:  what  is  to  be  done,  what  Is  already  known,  what  need  not  be 
done,  where  it  is  to  be  done,  and  who  has  the*  resimnsibiiity  for  the  answers,  is 
the  way  to  insure  a sound,  scientifically,  well-coordinated  program. 

5.  In  terms  of  the  organization  which  the  NASA  now  has  in  life  sciences,  it 
is  my  opinion  again  that  this  is  basically  sound  and  represent*  (1)  systems 
research  in  the  Manned  Spacecraft  Center,  (2)  exploratory  research  In  the 
Office  of  Advanced  Research  and  Technology  and  fundamental  research  In 
biosclences  of  the  Office  of  Space  Sciences.  This  flexibility  iiermlts  differentia- 
tion of  problem  areas  of  Immediate  importance,  of  long-range  importance,  and 
research  in  the  interplanetary  environment  for  the  enhancement  of  the  science*. 

Mr.  Waooonnth.  I think  General  Bed  well  would  be  interested  in 
seeing  what  General  Roadman’s  testimony  is  after  General  Roadman 
goes  back  to  the  Air  Force,  too. 

Mr.  Karth.  I would  like  to  follow  the  question  Mr.  Fulton  started 
a few  moments  ago.  Whether  a man  is  manning  a weapons  system  in 
space  or  whether  he  is  flying  in  a peaceful-type  capsule  really  does  not 
make  much  difference  insofar  as  aerospace  medicine  is  concerned,  does 
it? 

General  Bedwfll.  None  whatsoever. 

Mr.  Karth.  The  problems  of  keeping  the  man  alive  are  identical? 
General  Bedwell.  Yes. 

Mr.  Karth.  If  you  are  working  on  problems  to  keep  a man  alive  in 
space  while  he  is,  in  fact,  manning  a weapon  system,  that  is  pretty 
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much  identical  with  what  NASA  might  be  doing  insofar  as  answering 
problems  to  keep  a man  alive  in  a peaceful  capsuie.  Isn’t  that  correct  i 

General  Bedwell.  That  is  true. 

Actually,  our  problems  are  to  support  the  man  and  his  mission 
regardless  of  what  his  mission  is. 

Mr.  Karth.  I agree  with  Mr.  Fulton  I think  we  are  doing  exactly 
as  he  said  we  should  be  doing.  I am  not,  for  example,  saving  that 
the  Air  Force  should  be  doing  all  of  the  aerospace  medical  research 
work. 

General  Bedwell.  No,  sir. 

Mr.  Karth.  All  I am  saying  is  that  where  the  physical  buildings 
now  exist,  and  where  the  professional  expertise  now  exists,  and  where 
the  technicians  now  exist,  and  where  the  facilities  now  exist,  that  if 
NASA  decides  it  must  do  research  in  the  aerospace  medical  field — and 
I am  one  of  those  who  feel  it  must — the  only  point  I make  is  that 
NASA  should  contact  those  agencies  of  Government  who  now  have 
the  physical  facilities  and  the  professional  staff  for  doing  the  research. 

Is  this  what  you  are  saying,  gentlemen  ? Are  we  on  the  same  wave- 
length ? 

General  Bedwell.  I think  so. 

Mr.  Karth.  I don’t  particularly  care  whether  it  is  the  Air  Force, 
the  Navy,  the  National  Institutes  of  Health,  or  some  other  agency  of 
Government  where  the  capability  exists,  my  point  is  that  we  should 
use  it  instead  of  duplicating. 

Mr.  Fulton  of  Pennsylvania.  I thoroughly  agree  with  that. 

General  Bedwell.  This  is  my  point. 

Mr.  Karth.  This  is  the  ( ffort  the  committee  is  making  to  find  out 
whether  or  not  this  situation  does  exist,  where  it  exists,  and  if  we 
should  attempt  to  utilize  it. 

General  Bedwell.  I believe  we  have  a great  capability  within  the 
Air  Force  and  Navy  both  and  where  it  exists  it  should  be  utilized, 
fully. 

Mr.  Daddario.  I think  we  ought  to  remember  too,  in  line  with  the 

Questions  which  Mr.  Fulton  has  opened  up,  that  although  NASA 
oes  have  the  responsibility  by  law,  it  also  has  the  responsibility  to 
use  facilities  in  scientific  and  technical  areas  wherever  they  are  located, 
and  it  is  incumbent  upon  them  to  use  these  rather  than  build  up  their 
own.  This  is  the  area  within  which  the  problem  has  developed. 

Mr.  Fulton  of  Pennsylvania.  Would  you  yield  ? 

Mr.  Daddario.  Yes;  I do. 

Mr.  Fulton  of  Pennsylvania.  This  is  a remarkable  position  where 
a member  of  the  opposition  is  defending  NASA,  and,  I think,  also 
defending  the  correlation  and  cooperation. 

Mr.  Daddario.  It’s  not  a question  of  defending  NASA  or  defending 
the  Air  Force  or  anyone  else. 

Mr.  Karth  has  put  it,  I think,  in  the  most  concise  terms;  that  is, 
that  it  shouldn’t  make  any  difference  where  this  work  is  done  so  long 
as  it  is  done  in  the  most  efficient  manner.  We  have  seen  a tremendous 
buildup  in  NASA.  A buildup  which,  in  the  first  instance  was  justi- 
fied, not  because  this  could  not  have  been  handed  over  to  existing 
agencies,  but  because  NASA  had  to  develop  a competence  in  this  field. 
This  competence  was  spelled  out  to  be  one  by  which  NASA  would 
build  up  to  not  over  60  professional  people  in  the  next  4 or  6 years. 
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This  has  now  grown  to  the  point  where  NASA  has  over  a thousand 
people  and  the  end  not  in  sight.  This  should  cause  us  all  concern, 
and  Mr.  Karth,  again,  has  pointed  out  a very  important  point. 

We  don’t  have  enough  medical  schools  and  technical  schools  to 
graduate  the  kind  of  people  we  need  to  take  care  of  the  civilian  prob- 
lems, let  alone  some  of  the  military  ones.  This  can  put  a great  stress 
and  strain  on  the  country  in  its  other  goals,  and  if  we  establish  a break- 
ing point  in  one  place,  it  can  affect  us  m a harmful  way  in  many  others. 
This  is  what  causes  me  concern,  and  I think  it  is  important  we  spell 
it  out  as  closely  as  we  can. 

Captain  Phoebus,  you  have  talked  about  the  necessity  of  duplica- 
tion. You  touched  on  centrifuges,  for  example,  and  you  have  a great 
competence  at  Johnsville. 

We  went  into  this  at  some  length  Iasi,  year,  and  what  we  were  trying 
to  do  was  get  the  moneys  diverted  from  within  NASA.  Instead  of 
building  centrifuges  all  over  the  country,  we  thought  it  might  be 
better  to  develop  a further  competence  in  a place  where  there  already 
was  a core  of  skilled  personnel  upon  which  further  capabilities  could 
be  developed. 

Now,  wouldn’t  that  have  been  a cheaper  and  more  efficient  way  to 
develop  a national  centrifuge  capability? 

Captain  Phoebus.  It  may  very  well  have  been,  sir. 

I don’t  know  the  extent  and  nature  of  the  program  that  was  pro- 
posed to  you  at  that  time.  Certainly  it  makes  sense  to  build  around 
an  existing  capability  and  that  we  certainly  have  at  Johnsville;  and 
NASA  has  utilized  that  capability  to  some  aegree,  at  least.  We  have 
enjoyed  quite  nice  relationships. 

The  question  of  whether  NASA  should  have  utilized  that  capability 
and  expanded  it  even  further  is  not  for  me  to  say.  Tins  is  NASA’s 
business. 

Mr.  Daddabio.  Well,  it  probably  is  NASA’s  business,  but  it  is  also 
our  business  since  we  authorize  the  funds.  If  it  can  be  done  cheaper 
and  more  efficiently,  we  would  like  to  find  out  how. 

" You  say  NASA  has  used  this  to  some  extent 

Captain  Phoebus.  Yestsir. 

Mr.  Daddabio.  NASA  is  presently  constructing  centrifuges  of  their 
own.  Can  we  then  conclude  that  when  these  centri  f uges  a re  developed , 
NASA  will  be  using  Johnsville  even  to  a lesser  extent  than  it  now  is? 

Captain  Phoebus.  I am  not  at  all  certain  that  the  statement  is  neces- 
sarily true,  sir,  because  centrifuges  have  different  capability  and  dif- 
ferent kinds  of  equipment  to  do  different  jobs. 

I feel  rather  certain  newer  and  modem  equipment  can  do  certain 
jobs  our  centrifuges  cannot. 

It  happens  at  the  moment,  I think  I am  correct  when  I say,  Johns- 
ville is  the  one  having  the  greatest  capability  in  the  country  and  it  has 
been  used  extensively  by  NASA 

Mr.  Daddabio.  It  is  recognized  that  centrifuges  have  various  func- 
tions and  can  be  used  for  various  purposes,  but  the  people  who  are 
trained  in  the  use  of  centrifuges  can  be  used  to  work  various  kinds  of 
centrifuges. 

Captain  Phoebus.  Yes,  sir. 

Mr.  Daddabio.  Because  of  this,  it  seemed  that  it  would  make  some 
armse  to  develop  this  capability  at  Johnsville. 
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Captain  Phoebus.  W©  certainly  would  have  no  objection  to  this. 

Mr.  Daddario.  So,  somewhere  along  the  line  this  committee  must 
come  to  a determination  whether  or  not  to  support  the  new  centrifuges 
and  there  jy cut  the  personnel  available  to  those  which  already  exist. 

Colonel  Pickering  has  spoken  of  the  monkey  colony  that  is  so  im- 
portant. Last  year,  despite  the  fact  that  this  existed  and  even  though 
it  had  been  called  to  the  attention  of  NASA,  they  attemped  to  put  in 
a similar  operation  which  would  have  cost  some  $2.5  million  and  which 
we  were  able  to  show  was  a duplication  and  therefore  cut 

But  many  of  these  are  not  as  apparent  as  that,  and  Colonel  Picker- 
ing causes  me  further  concern  when  he  says  that  even  though  you 
have  different  titles,  many  of  these  programs  „o  in  the  same  direction. 
That  must  apply  in  many,  many  places  throughout  this  whole  pro- 
gram. 

Isn’t  that  so,  Colonel  Pickering? 

Colonel  r'iCKESiMO.  Ones  I have  looked  at  sir,  it  does.  Yes,  sir. 

Mr.  Karth.  I wonder  if  I could  interrupt  the  proceedings  at  this 
point  to  announoe  to  the  joint  subcommittee  that  we  would  like  to 
•continue  this  discussion  this  afternoon  if  the  witnesses  could  make 
themselves  available. 

Mr.  Daddario.  Yes.  Mr.  Teague  said  it  is  all  right. 

Mr.  Karth.  The  reason  1 make  the  announcement  at  this  time,  and 
I hope  the  witnesses  will  understand,  is  that  a number  of  the  members 
of  the  committee  have  to  be  somewhere  at  noon.  It  might  be  necessary 
to  recess  at  11 :30  a.m.,  if  this  is  entirely  acceptable  to  the  witnesses. 

I would  then  advise  the  committee  members  to  proceed  until 
11 :30  a.m. 

Mr.  Daddario.  I had  touched,  gentlemen,  upon  the  number  of  per- 
sonnel involved  in  programs  of  this  kind.  Taking  into  consideration 
that  in  1960  the  estimated  number  was  5,900  involved  in  this  program, 
and  the  fact  that  it  has  grown  sinoe  that  time,  the  number  is  now  prob- 
ably somewhere  in  the  vicinity  of  7,500  people.  Have  we  reached  the 
point  where  all  of  these  programs  ought  to  ne  bound  together  in  some 
kind  of  a national  facility  so  that  it,  os  a national  facility,  could  be 
called  upon  by  all  of  the  agencies  of  Government  to  perform  experi- 
mentation? 

Captain  Phoebus.  I am  not  at  all  sure  that  I understand  your  ques- 
tion, sir. 

When  you  say  “national  facility”  you  don’t  mean  in  any  one  place, 
but  a total  capability  of  the  country  ? 

Mr.  Daddario.  Total  capability,  yes. 

Captain  Phoebus.  To  be  coordinated  to  do  a task  together  ? 

Mr.  Daddario.  Total  capability  under  one  head  to  which  all  the 
agencies  of  Government  could  go. 

Captain  Phoebus.  I don’t  personally  think  this  would  work. 

Mr.  Daddario.  Then  we  get  to  the  next  point.  Does  there  need  to  be 
a lietter  cooperative  effort  worked  out  so  that  all  of  these  people,  and 
all  of  these  facilities,  and  all  of  these  capabilities  can  be  used.  Take 
into  consideration  the  extreme  cost  of  this  program  and  the  possibility 
we  will  dilute  our  effort  not  only  ir*  space,  but  in  other  areas  as  well, 
as  a result  of  the  growth  of  the  program  and  the  number  of  people  who 
are  now  being  called  to  participate  in  it  ? 

Captain  Phoebus.  Obviously,  this  would  help  matters,  if  it  were 
possible  fcu  work  it  out  this  way. 
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Mr.  Daddario.  Why  isn’t  it  possible, Captain?  j 

Captain  Phoebus.  I don’t  know  that  it  isn’t,  sir.  ^ 

, Mr.  Daddario.  You  have  said  earlier  that  even  though  there  is  du- 
plication, that  we  ought  not  be  concerned  about  it  because  in  a basic 
area  there  should  be  duplication. 

How  do  you  justify  a program  as  extensive  and  as  large  as  this  one  ? 

Captain  Phoebus.  Sir,  I make  no  attempt  to  justify  it  in  every 
area ; hut  I do  know  of  many  areas  wherein  different  investigators  tak- 
ing different  approaches  to  problems  come  up,  shall  we  say,  with  dif- 
ferent answers — all  of  which  are  valid. 

Mr.  Daddario.  I can  recall  talking  to  one  of  the  top  British  scien- 
tists a few  years  ago  about  our  scientific  program.  One  of  the  things 
that  amazed  him  was  that  we  were  running  off  in  so  many  directions 
at  the  same  time.  He  said,  “Of  course,  a lot  of  it  is  unnecessary,  but 
you  are  so  affluent  a nation  you  can  stand  the  cost.” 

But,  cost  does  become  important  and  don’t  you  think  we  ought  to 
avoid  as  much  unnecessary  duplication  as  we  possibly  can.  If  you 
could  perform  a function  for  NASA  with  a buildup  of  existing  facili- 
ties and  personnel,  isn’t  this  the  best  way  to  do  it  ? 

Captain  Phoebus.  I can’t  quarrel  with  that,  sir. 

General  Bedwell.  May  I comment  on  that,  sir  ? 

I think  this  would  be  a good  approach  and  thinking,  as  an  individual 
and  not  my  official  position,  because  this  has  not  been  cleared  with  the 
Air  Force  or  DOD ; but  it  would  seem  reasonable  to  me,  the  question  of 
joint  staffing  within  our  facilities  might  be  of  value  and,  for  ex- 
ample, in  our  new  buildings  at  Brooks  we  could  take  on  a segment  of 
NASA  and  assign  them  space  and  have  a joint  program  and  a joint 
solution  of  a program  within  our  existing  capability  with  the  addition 
of  a few  scientists.  This  would  cut  down  on  duplication  of  effort. 

Mr.  Daddario.  You  would  have  sufficient  space  and  equipment  for 
NASA  to  come  in  and  develop  certain  of  these  programs  together  with 
the  Air  Force? 

General  Bedwell.  I would  not  want  to  say  I would  give  them  so 
many  square  feet  of  space.  I think  it  would  be  based  on  the  integra- 
tion of  the  tasks  or  the  research  programs  and  with  the  coordinated 
effort  on  the  research  program  this  could  be  worked  out,  rather  than 
just  say,  “We  will  give  them  one  or  two  or  three  buildings.” 

Mr.  Waooonner.  General,  are  you  not  saying  at  the  same  time  you 
have  facilities  that  you  don’t  need  and  which  are  in  excess  of  your 
requirements? 

General  Bedwell.  No,  sir;  this  is  the  reason  I say  we  wouldn’t  give 
them  so  many  square  feet  of  space  but  I think  a program  in  the  re- 
search field 

Mr.  Waooonner.  You  are  saying  you  could  tighten  your  belt  and 
make  room  for  somebody  else? 

General  Bedwell.  No,  sir;  1 am  going  to  say  we  will  double  up  on 
the  assignment  of  space  per  man. 

Mr.  Karth.  If  there  are  no  objections,  we  will  recess  at  this  point 
until  this  afternoon. 

(Whereupon  at  11 :30  ajn.  the  subcommittee  recessed.) 
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Afternoon  Executive  Session 

Mr.  Daddario  (presiding).  This  meeting  will  come  to  order. 

Colonel  Pickering,  this  morning  I read  a quote  of  yours  from  & 
speech  you  gave  back  in  1960,  I think. 

I wonder  if  you  might,  taking  that  into  consideration,  comment  on. 
how  we  might  better  approach  a method  of  procedure  through  which 
there  could  be  stronger  coordination  in  this  field  of  biosciences. 

Colonel  Pickering.  Yes,  sir.  The  comments  I made  were  at  that 
time  about  an  effort  which  was  not  well  coordinated.  The  time  was 
1960-61. 

This  morning  at  the  questioning  of  Mr.  Teague,  I made  reference  to 
a NASA-DOD  working  book,  also  referenced,  I believe,  in  General 
Roadman’s  testimony. 

Mr.  Daddario,  in  the  development  of  that  book,  the  programs,  the 
tasks  of  interest  in  a national  space  program  in  aerospace  medicine 
were  discussed  and  developed  by  the  three  services  and  representatives 
of  the  then  Life  Sciences  Office  of  the  National  Aeronautics  and  Space 
Administration. 

The  leaders  of  this  group  met  and  I would  like  to  refer  to  them  as 
task  scientists,  people  at  the  working  level.  They  discussed  the  pro- 
grams, the  facilities  that  were  available,  the  kinds  of  work  that 
NASA  had  programed  and  proposed,  the  kinds  of  work  that  DOD 
had  programed  and  proposed,  the  individuals  who  were  responsible 
for  this  work.  This  was  then  related  to  the  three  programs  of  interest, 
Gemini,  Apollo,  and  Dyna-Soar.  The  tasks  were  referred  to  them  in 
a context  of  those  which  we  consider  to  be  most  vital  in  the  pursuit 
of  these  programs,  those  which  are  of  less  significance  and  perhaps 
could  have  a lower  priority,  and  those  which  perhaps  one  could  defer 
in  the  interest  of  manpower,  facilities  and  so  forth. 

I further  stated  that  approximately  May  8,  after  this  type  of  co- 
ordination had  taken  place  and  the  program  appeared  to  be  under- 
way, there  was  no  further  face-to-face  working  level  coordination  on 
this  total  program. 

In  answer  now  to  your  question  as  an  individual  who  was  a part  of 
that  and,  as  my  opinion,  that  this  kind  of  coordination  that  discusses 
the  task,  what  is  to  be  done,  what  need  not  be  done,  where  it  is  to  be 
done,  and  who  has  that  responsibility,  is  the  way  to  assure  a better 
coordinated  program. 

I would  not  Tike  to  imply  that  nothing  has  come  since  my  1960 
statement.  I think  certain  progress  has  been  made.  This  brown  book 
represents— this  NASA-DOD  book  represents  progress,  an  attempt  at 
coordination. 

Furthermore,  I think  it  served  at  least  as  a reference,  if  you  will, 
a baseline  reference,  for  many  programs,  and.  as  I stated  this  morn- 
ing. some  of  them  have  been  implemented  perhaps  with  less  than  the 
desired  amount  of  coordination,  but  nevertheless  used  as  a baseline. 

Mr.  Daddario.  Then  we  were  getting  off  on  the  right  foot? 

Colonel  Pickering.  In  my  judgment  we  were ; yes. 

Mr.  Daddario.  When  these  task  scientists  met,  as  you  put  it,  how 
can  we  get  back  on  that  track  ? 
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Colonel  Pickering.  Well,  we  were  directed  to  do  this  at  one  point  in 
time  and  I think  in  the  minds  of  the  scientists  this  was  the  right  thing 
to  do. 

I don't  mean  one  has  to  direct  that  it  now  be  done.  It  should  be 
•done.  There  needs  to  be  this  kind  of  a coordination  arrangement  by 
working-level  people. 

You  can  only  effect  k as  an  individual  to  a very  limited  degree,  but 
when  you  have  representatives  of  the  services  and  the  agency  meet 
at  a common  time,  which  was  done,  both  here  in  the  Washington  area 
and  subsequently  at  the  Manned  Spacecraft  Center  in  Houston,  the 
specific  problems  are  more  readily  discussed. 

I haven’t  answered  as  to  how.  I am  certain,  by  mutual  agreement 
of  the  parties,  this  is  the  way  to  do  it 

Mr.  Daddario.  Mutual  agreement  of  the  parties,  the  opportunity 
for  them  to  get  together  at  the  working  level  to  discuss  the  programs  ? 

Colonel  Pickering.  Yes.  sir. 

Mr.  Daddario.  The  kina  of  coordination  that  you  need  to  put  this 
type  of  program  together  in  the  way  that  you  hoped,  as  I understand 
it,  would  have  developed  from  the  time  the  task  scientists  set  this 
program  out. 

Colonel  Pickering.  Yes.  I think  too,  it  is  the  kind  of  program  that 
\iad  to  be  done  against  a deadline.  Renewed  coordination  serves  now 
as  a better  review  for  the  validity  of  that  program.  By  doing  it 
again  it  should  be  improved  upon. 

Mr.  Gurney.  Will  the  gentleman  yield? 

Mr.  Daddario.  Yes. 

Mr.  Gurney.  How  did  you  leave  that.  Colonel,  when  you  finished 
this  task  force  report,  if  that  is  what  it  wa3.  Were  you  ready  to  take 
another  step  and  go  further  than  that? 

Colonel  Pickering.  Yes,  Mr.  Gurney.  I think  the  intent  was  that 
those  programs  which  could  be  implemented  at  that  point  in  time 
would  be  undertaken  by  the  respective  agencies.  Additional  work, 
as  facilities  came  along — at  that  time  there  were  facilities  in  the 
report  that  were  under  construction  at  various  sites — would  give  an 
additional  opportunity  to  implement  more  of  the  program,  and  I 
would  be  wrong  to  imply  that  certain  of  these  programs  were  not 
implemented.  They,  in  fact,  were. 

The  total  implementation  in  my  judgment  did  not  occur  and,  as  a 
consequence,  I have  the  personal  fee’ing  in  looking  at  our  research 
program  that  there  has  been  a suffering  by  not  continuing  this. 

Mr.  Gurnf.y.  Was  there  a continuing  committee  set  up?  Was  that 
contemplated  ? 

Colonel  Pickering.  I would  have  assumed  it  was  contemplated. 

Mr.  Gurney.  But  it  actually  was  not  carried  out? 

Colonel  Pickering.  No,  sir.  If  I may  make  the  assumption — I was 
a standing  member  of  that  committee — we  have  not  been  asked  to 
reconvene.  It  is  conceivable  we  were  looked  upon  simply  as  an  ad  hoc 
committee  and  after  the  report  was  signed  off,  dismissed. 

Mr.  Daddario.  Colonel  Pickering,  when  you  say  there  has  not  been 
total  implementation,  you  still  lend  an  encouraging  note  by  stating 
that  there  has  been  some  progress. 

Colonel  Pickering.  Yes,  sir. 

Mr.  Daddario.  I would  hope  that  you  feel  that  we  should  strive  for 
total  implementation? 
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Colonel  Pickerino.  Yes,  I do.  I think  this 

Mr.  Daddario.  Now 

Colonel  Pickerino.  Excuse  me. 

Mr.  Daddario.  Go  ahead;  please. 

Colonel  Pickerino.  I think  this  represents,  if  I may,  at  that  point 
in  time,  the  l>est  judgment  that  could  oe  simulated  over  this  period  of 
preparatory  time  to  develop  a program. 

Now,  as  time  goes  on  ana  more  and  more  people  become  an  integral 
part  of  this,  it  should  obviously  improve.  1 am  not  saying  that 
nook  should  be  the  finality,  but  it  is  certainly  a good  wiring  diagram, 
if  I may  use  that,  as  the  beginnings  of  a program. 

Mr.  Roudebush.  Mr.  Chairman. 

Mr.  Daddario.  Yes,  Mr.  Roudebush. 

Mr.  Roudebush.  Before  we  get  away  from  this,  when  did  the  ad 
hoc  committee  last  meet?  When  did  you  last  get  together?  Do  you 
recall,  just  roughly  ? 

Colonel  Pickerino.  June,  if  you  will  give  me  that  roughness. 

Mr.  Roudebush.  Yes.  June  this  year? 

Colonel  Pickerino.  No,  sir,  June  of  last  year;  1962. 

Mr.  Roudebush.  I meant  the  past  year. 

Colonel  Pickerino.  On  approximately  May  8 I would  say  the 
scientific  efforts  of  the  book  were  satisfactory  in  their  development. 
We  then  want,  after  NASA  and  DOD  review,  to  the  Manned 
Spacecraft  Center,  and  it  is  here  I think  where  this  number  89  comes 
up;  there  were  certain  programs  that  were  perhaps  not  of  immediate 
interest  to  NASA,  and  perhaps  properly  so,  in  the  context  of  Gemini 
and  Apollo.  I am  going  to  use  another  rough  number. 

There  were  about  123  specific  tasks  in  this  book.  Eighty-nine,  how- 
ever, did  seemingly  satisfy  the  totality  of  this  objective,  and  maybe 
there  were  59  or  60  that  could  get  underway  right  away.  My  encour- 
agement, Mr.  Daddario,  is  there  are  some  25  tasks  that  were  an  integral 
part  of  this  that  to  my  knowledge  have  been  implemented.  Maybe 
we  are  talking  about  11  percent. 

Mr.  Roudebubh.  That  would  be  25  out  of  a total  of  89. 

Colonel  Pickerino.  Out  of  the  total  of  89. 

Mr.  Roudfbush.  I see. 

Colonel  Pic  ^ring.  These  are  the  ones  for  which  I would  have  an 
Air  Force  awareness. 

Mr.  Roudebush.  One  other  question  if  I might,  Mr.  Chairman. 
You  speak  of  mutual  agreement  and  I can  see  the  necessity  of  this. 
However,  who  makes  the  decision  when  you  don’t  have  this,  as  the 
lawyers  say,  “meeting  of  the  minds”?  Who  would  resolve  the  dif- 
ferences? For  example,  here  is  a facility  to  construct  for  a certain 
type  of  testing.  The  \ir  Force  says,  “We  need  this  badly.”  Then 
NASA  says,  “Wc  need  it  badly.”  Perhaps  the  Navy  says  the  same 
thing.  Who  makes  the  decision  as  to  which  agency  gets  the  facility 
under  this  arrangement,  or  who  is  supposed  to  make  the  decision? 
Colonel  Pickerino.  It  wasn’t  made  at  my  level. 

Mr.  Roudedu8H.  It  was  not  ? 

Colonel  Pickerino.  No,  sir,  this  was  not  a part  of  our  charge. 
Mr.  Roudebush.  Were  there  many  cases  where  you  were  unable  to 
resolve  a question  that  came  before  your  committee  when  it  was 
operating? 
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Colonel  Pickering.  I don’t  think  so. 

Mr.  Roudebush.  In  most  cases  you  were  able  to  work  it  out  ? 

Colonel  Pickering.  I think  we  were. 

Mr.  Roudebush.  In  other  words,  this  committee  was  working  very 

well? 

Colonel  Pickering.  Well,  it  was  oegiuning  in  the  right  direction. 
We  weren’t  meeting  often  enough,  in  my  judgment,  to  say  it  was 
working  real  well. 

Mr.  Roudebush.  W as  the  >i  a vy  represented  on  the  committee  ? 

Colonel  Pickering.  Yes,  sir. 

Mr.  Roudebush.  Were  all  the  departments  of  the  DOD  represented  ? 

Colonel  Pickering.  Yes,  sir,  one  of  the  team  captains  was  Captain 
Graybiel  and  I had  two  naval  representatives  on  the  Radiation  Com- 
mittee. Captain  Graybiel  had  other  services  represented  on  his  com 
mittee  and  conversely  on  down  the  line. 

Mr.  Roudebush.  I think,  Mr.  Chairman,  that  satisfies  me. 

Captam  Phoebus.  Mr.  Chairman. 

Mr.  Daddario.  Yes. 

Captain  Phoebus.  If  I may  express  an  opinion  here,  I will  say 
that  1 agree  with  the  colonel  completely  in  his  account,  the  reasoning 
and  the  events  that  occurred.  I would  just  like  to  point  out  that 
there  was  one  thing  missing  in  this  get-together  of  the  minds. 

As  he  pointed  out,  this  program  was  directed  specifically  toward 
Gemini,  Apollo  and  Dyna-Soar.  One  must  not  forget  in  the  planning 
of  a long-range  program  to  go  beyond  that. 

Mr.  Roudebush.  Broaden  it? 

Captain  Phoebus.  Broaden  it,  yes.  This  is  the  one  point  I would 
make,  that  such  a coordinating  effort  should  be  broadened  beyond  those 
programs  which  are  currently  funded  or  contemplated. 

Mr.  Roudebush.  Would  it  be  fair  to  ask  you  to  express  an  opinion, 
or  if  you  don’t  care  to  answer,  I will  understand,  as  to  why  this  agree- 
ment failed  to  function  further  ? 

It  was  successful  according  to  each  of  your  testimonies;  a lot  of  good 
was  coming  from  it,  apparently  money  was  being  saved,  and  duplica- 
tion was  being  done  away  with.  Why  did  it  fail  to  function  further? 
What  stopped  it  ? 

Captain  Phoebus.  I am  afraid  I don’t  know  the  answer  to  this,  or 
even  that  it  was,  shall  we  say,  stopped,  perhaps  it  just  died  because  no 
one  was  pushing  it.  I don*t  know  any  better  answer  to  it  than  that. 

I know  the  men  who  met  were  working  scientists  who  had  a common 
agreement  on  what  was  imponant  or  unimportant  and  there  were 
virtually  no  conflicts  that  I am  aware  of. 

It  is  just  the  sort  of  thing  that  you  would  expect  out  of  a group 
of  this  sort,  but  then  someone — and  I would  imagine  this  would  take 
higher  level  people  in  both  the  Department  of  Defense  and  NASA  to 
make  a decision  tc  proceed  in  this  direction  or  iri  the  other  direction, 
and  I don’t  know  what  happened  any  more  than  does  Colonel 
Pickering. 

Mr.  Daddario.  The  agreement,  Mr.  Roudebush,  is  neither  dead  nor 
is  it  incapable  of  being  brought  to  life.  It  is  hibernating  somewhere. 

Mr.  Roudebush.  I would  say  it  is  withering  at  least. 

Colonel  Pickering,  do  you  have  any  opinion  on  that,  as  to  why  the 
state  it  is  now  in  occurred  ? 
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Colonel  Pickerino.  No,  sir;  I truly  don’t. 

Mr.  Roudebush.  Thank  vou  very  much,  Mr.  Chairman. 

Mr.  Daddakio.  I think  Mr.  Roudebush’s  questions  are  important 
and  I am  happy  they  are  on  the  record.  This  committee  has  had  Dr. 
Dryden  of  NASA  and  Mr.  Rubel  of  the  Department  of  Defense  before 
us,  and  it  was  our  understanding  that  they  would  come  to  an  agive- 
ment  which  was  based  on  the  preliminary  work  being  done  by  this 
group  of  scientists.  It  was  this  activity  that  was  so  apparent  at  the 
time  Congressman  Riehlman,  Chairman  Teague  and  I,  as  well  as 
others,  visited  the  School  of  Aviation  Medicine. 

Now,  Mr.  Gurney  has  pushed  this  a little  bit  closer  to  a point  which 
we  would  discuss  nirther. 

Captain  Phoebus,  you  pointed  out  the  fact  that  this  program  that 
Colonel  Pickering  has  talked  about  ought  to  be  broadened  somewhat. 

Captain  Phoebus.  Yes,  sir. 

Mr.  Daddario.  I think  we  all  agree  that  it  has  to  be  broadened 
since  there  has  been  so  much  difficulty  in  jetting  a method  through 
which  this  coordination  can  be  satisfied.  Is  the  answer  to  the  prob- 
lem reactivating  the  committees  and  seeing  if  we  can  stimulate  that 
same  kind  of  thinking,  taking  into  consideration  that  we  have  ad- 
vanced the  program  somewhat  and  considering  present-day  circum- 
stances, should  we  see  if  we  can  get  that  same  kind  of  activity  going 
again  ? 

Captain  Phoebus.  Mr.  Daddario,  I think  possibly  one  thing  of 
which  I am  reasonably  sure — you  can  check  the  dates  with  me,  some 
of  you  know  better  than  I — that  may  have  changed  this  picture  some- 
what is  a change  in  the  organization  of  the  life  sciences  group  in 
NASA  itself. 

You  havfe  the  one  group  under  General  Roadman,  who  are  respon- 
sible for  manned  space  flight ; . another  group  under  Dr.  Konecci 
for  the  biotechnology,  and  a third  group  under  Orr  Reynolds,  who 
are  interested  in  the  oiosciences  in  space,  if  you  will. 

I think  their  program  planning,  although  I am  very  certain  it  took 
into  consideration  some  of  the  recommendations  of  that  committee, 
may  be  going  in,  shall  we  say,  further  directions? 

I think  that  this  is  a factor  in  the  thing,  a reorganization  within 
NASA  itself. 

Mr.  Daddario.  Thi&  of  cource,  is  not  the  first  time  that  NASA  has 
shifted  gears  in  the  lire  sciences  programs  and  this  may  be  one  of  the 
problems.  We  are  concerned  because  of  what  the  Kety  report  recom- 
mended as  a life  sciences  section.  Although  we  have  gone  over  this 
ground  before,  it  might  be  well  for  us  just  to  refer  to  this  again.  Dr. 
Randt  indicated  that  what  NASA  needed  in  this  program  was  60 
professionals  and  a facility  requirement  of  90,000  square  feet  at  an 
approximate  cost  of  $3  million. 

When  Mr.  Moeller,  who  was  then  on  this  committee,  asked  whether 
or  not  the  60  would  be  increased,  Dr.  Randt  said  that  it  would  not 
be,  and  in  fact  it  wouldn’t  be  getting  to  the  60  until  5 or  6 years  had 
passed.  It  was  also  spelled  out  that  what  they  wanted  was  internal 
confidence  to  provide  leadership.  Now,  NASA  has  gone  far  beyond 
that. 

Mr.  Riehlman.  Would  the  chairman  yield  for  a comment  f 

Mr.  Daddario.  Yes,  sir. 
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Mr.  Rieiilmax.  I think  you  are  getting  right  to  it,  but  I want  to 
be  sure  it  is  on  the  record.  The  witnesses  told  this  committee  at  that 
time,  and  I want  to  verify  this  by  you,  Mr.  Chairman,  if  you  will,  that 
they  wanted  the  competence  within  NASA  to  judge  the  needs  for  this 
type  of  program.  They  wanted  to  coordinate  the  program  with 
the  other  activities  carried  on  by  the  Navy  and  by  the  Air  Force,  and 
that  there  would  not  be  the  buildup ; we  were  assured  of  that. 

Today  we  find  we  are  now*  faced  with  a proposition  of  authorizing 
this  great  expansion,  not  alone  for  facilities,  but  permission  to  procure 
up  to  a thousand  people.  This  is  where  I think  that  we,  before  we  do 
anything  else,  Mr.  Chairman,  must  take  another  look  at  this  with  the 
NASA  peopK 

Mr.  Daddario.  Mr.  Riehlman  has  pointed  out  some  of  the  back- 
ground of  this  very  well. 

Colonel  Pickering,  this  morning  when  you  referred  to  the  develop- 
ment of  programs  of  this  kind,  you  said  that  you  could  save  people  by 
using  them  in  existing  facilities,  and  that  by  so  doing  you  could  ac- 
complish a greater  job.  As  time  goes  on  and  as  this  program  broadens 
out,  we  can  expect  that  oven  more  people  will  be  brought  into  it  than 
are  in  it  today,  is  that  not  so? 

Colonel  Pickering.  Yes,  sir. 

Mr.  Daddario.  If  that  is  so,  the  question  of  coordination  becomes  a 
critical  one. 

Colonel  Pickering.  I think  you  have  to  have  this  point  in  mind : If 
I have  a laboratory  and  a senior  scientist,  I must  support  him  with 
technical  help,  with  logistics  and  all  that  goes  with  keeping  business 
as  usual.  If  I build  two  labs,  I essentially  double  that. 

If,  however,  I take  my  existing  facility  and  its  logistics  and  its  sup- 
port and  move  in  a few  more  scientists,  I certainly  don’t  double  this  re- 
quirement. I am  not  even  certain  that  I increase  it  by  a factor  of  83 
percent,  so  there  has  to  be  a saving. 

Mr.  Daddario.  This  being  the  case 

Colonel  Pickerixo.  That  is  my  judgment. 

Mr.  Daddario.  This  being  the  ease,  Colonel,  as  this  program  enlarges 
and  if  coordination  is  not  brought  about,  because  of  the  strain  that  will 
be  on  facilities  and  manpower,  could  it  have  some  effect  on  the  Air 
Force’s  capability  to  handle  its  security  mission? 

Colonel  Pickering.  This  obviously  has  to  lie  a personal  opinion. 

Mr.  Daddario.  Yes. 

Colonel  Pickering.  It  is  my  concern  that  as  Director  of  Research, 
General  Bedwell  knows  this — we  have  talked  about  it — as  programs 

frow,  as  facilities  grow,  each  organization  needs  its  best  competence. 

know  General  Schriever  has  testified  the  attrition  to  date  is  not  one 
of  great  alarm.  Yet  there  is  some  attrition.  As  more  and  more  fa- 
cilities come  into  being,  there  will  be  a greater  attrition,  and  the  com- 
petence is  disappearing,  could  disappear,  I will  correct  that  to  say,  it 
could  disappear. 

I think  that  a scientist  wants  to  lie  associated  with  a program  in 
which  his  work  is  used.  There  is  no  benefit  if  he  just  writes  papers. 
His  benefit  is  being  an  integral  part  of  an  ongoing  program  so  that 
he  can  feel  “What  I have  done  has  made  a significant  contribution.” 
This  is  real  and  people  are  going  to  go  wherein  there  is  an  on- 
going program.  If  they  leave  for  lack  of  a program  or  a participa- 
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Hon  in  a* program,  then  yes— we  lose  people  on  whose  competence  we 
rely,  to  answer  your  question. 

Mr.  Waggonner.  1 think  that  is  the  fundamental  reason  that  NASA 
has  had  the  success  they  have  had  in  recruiting  personnel  in  all  amis. 
They  have  a program  that  is' doing  something. 

Mr.  Gurney.  On  just  that  point,  is  there  any  vast  difference 
between  the  NASA  program  and  that  of  the  Air  Force  ? 

When  Mercury  began,  who  was  doing  the  aerospace  medicine  and 
bioscience  part  of  the  first  Mercury  program?  Was  it  the  Air  Force 
or  was  it  NASA,  or  both  ? 

Colonel  Pickering.  Are  you  asking  me  ? 

Mr.  Gurney.  Yes. 

Colonel  Pickering.  Sir,  I think  in  the  l»eginning  of  Mercury — 
and  I think  most  people  would  atrree  with  thus — it  was  done  by  the 
Department  of  Defense  personnel.  This  is  the  way  in  which  they 
got  their  start. 

Mr.  Gurnf.y.  Now,  are  ve  talking  about  1959, 1960, 1961  ? 

Colonel  Pickering.  Well,  you  can  go  back  to  1949,  you  can  go 
back  to  when  ballistic  probes,  if  you  will,  started  using  animals,  and 
was  accomplished  by  the  DOD.  This  was  lie  fore  NASA  came  into 
existence. 

Mr.  Gurney.  But  when  NASA  came  into  existence,  and  particu- 
larly with  regard  to  the  Mercury  program,  who  was  doing  the  bio- 
sciences work  then,  the  Air  Force  or  NASA  ? 

Colonel  Pickering.  The  services  were. 

Mr.  Gurney.  This  was  in  1960  ( 

Colonel  Pickering.  The  services  were  still  doing  a part  of  it,  yes, 

sir. 

Mr.  Gurney.  When  did  the  change  occur  and  how’  did  it  come 
about  ? We  are  talking  about  ongoing  programs.  This  would  appear 
to  me  to  be  an  ongoing  program,  the  Mercury  program  of  NASA,  a 
place  w here  you  could  support  it. 

Where  did  the  break  come  ? 

Captain  Phoebus.  Sir,  may  I speak  to  this  point? 

Mr.  Gurney.  Anybodv  that  can  shed  light  on  it. 

Captain  Phoebus.  I don’t  really  believe  that  any  real  break  ever 
occurred.  We  in  the  Navy  certainly  have  been  working  in  this  area 
with  increasing  intensity  with  NASA.  I am  very  certain  that  the 
Air  Force,  and  I can’t  speak  for  them,  haven’t  slowed  down  their 
efforts. 

I am  quite  certain  they  have  increased  them. 

Mr.  Gurney.  When  did  the  Navy  start  to  work  or  the  Mercury 
program  ? 

Captain  Phoebus.  Right  at  the  very  beginning  of  it. 

Mr.  Gurney.  What  year? 

Captain  Phoebus.  1959  or  1960,  around  thnt  period. 

Mr.  Gurney.  What  were  you  doing  then  ? What  was  the  Navy’s 
role  in  the  Mercury  program  f 

Captain  Phoebus.  I think  probably  one  of  the  earliest  efforts  in  the 
Mercury  program  was  getting  life  support  equipment  assembled  and 
checked  out  to  see  whether  it  was  feasible  to  use  the  existing  pieces  of 
hardware  in  the  Mercury  program.  For  example,  the  suit  wliich  our 
astronauts  have  worn  was  developed  by  the  Navy  primarily  as  an  op- 
erational suit  and  modified  for  Mercury. 
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Similarly,  other  pieces  of  equipment  which  had  been  developed  by 
the  Armed  Forces  were  modified  to  suit  the  peculiar  requirements  of 
Mercury. 

Mr.  Gurney.  Now,  Colonel,  would  you  like  to  answer  that  same 
question  ? 

Colonel  Pickering.  Sir,  in  rny  opinion  again,  I think  what  Captain 
Phoebus  has  said,  the  Department  of  Defense  furnished  the  aerospace 
medicine  support  on  the  centrifuges,  both  at  Wright- Patteraon  and 
Johnsville,  used  at  that  time  if  you  will,  to  man-rate  or  missile-rate 
various  components  of  not  only  life  support,  but  the  restrain!,  the  seat, 
the  configuration  of  the  seat,  various  instruments,  sensors  which  had 
been  U9ea,  if  you  will,  as  in  tne  X-l,  X-2  aircraft  for  making  sensing 
measurements  at  higher  speed  and  higher  altitude  continued  in  their 
development;  they  were  being  miniaturized.  The  need  to  develop 
equipment,  that  is  miniaturized,  equipment  for,  blood  pressure,  respi- 
ration, for  keeping  track  of  heart  measurements  on  the  astronauts,  tne 
best  way  in  which  this  could  be  done,  the  newer  methods  were  con- 
tinued, and  they  as  a matter  of  fact  are  still  continuing. 

The  sampling  of  atmospheres,  the  development  of  an  atmosphere  in 
which  the  astronaut  might  properly  be  supported,  these,  too,  are  con- 
tinuing. 

Mercury,  I think,  is  still  dependent  upon  the  Department  of  Defense 
personnel.  Perhaps  the  word  “break"  is  not  the  choice  of  word  I 
would  use,  but  when  Gemini  and  Apollo,  as  programs,  more  clearly 
evolved,  there,  in  my  judgment  and  my  limited  experience  in  one  of 
the  areas,  there  was  then  less  of  an  interplay  of  the  services’  con- 
tribution. 

Mr.  Gurney.  Would  you  say  that  as  the  program  got  larger,  that 
the  Air  Force  continued  to  do  many  of  the  same  things,  but  as  possible 
new  functions  or  larger  functions  were  taken  on.  then  the  Air  Force 
was  not  called  upon  to  do  the  job,  but  rather  NASA  did  it  itself?  Is 
that  generally  the  idea? 

Colonel  Pickering.  Well,  it  is  more  than  this,  I believe,  because  of 
the  industrial  interplay;  other  assets  of  life  sciences,  if  one  wants  to 
describe  it  that  way,  did  evolve  and  develop  out  of  necessity — so  that 
as  more  and  more  individuals  became  a part  of  this  total  program,  and 
I think  your  statement  i.nd  question,  as  it  grew  and  grew,  yes,  there  is 
less,  to  me,  of  a direct  affiliation  in  the  aspects  of  this  program  which  I 
sincerely  believe  represent  a competence  within  the  Department  of 
Defense. 

Mr.  Gurney.  Is  it  your  feeling,  though,  that  had  you  been  ca^cd 
upon,  you  could  have  continued  to  support  the  program  completely? 

Colonel  Pickering.  In  the  areas  for  which  I nave  a responsibility, 
yes,  sir. 

Mr.  Gurney.  Thank  you. 

Mr.  Riehlman.  I notice  the  captain  is  eager  to  make  a statement,  or 
at  least  he  appears  to  be.  In  respect  to  the  Navy,  what  haw  happened 
as  far  ns  you  are  concerned,  Captain  Phoebus? 

Captain  Phoebus.  As  far  as  we  are  concerned,  the  stimulus  that  we 
have  received  in  our  ongoing  programs  from  NASA  has  been  verv. 
very  welcome  Our  programs  have  grown  .n  si^e;  we  have  hi-ed  ad- 
ditional people  and  put  in  additional  facilities  to  work  specifically  in 
problems  of  our  mutual  interest.  We  don’t  feel  that  we  have  been 
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neglected  by  NASA  in  any  way,  manner,  shape  or  form,  at  the  activity 
I am  speaking  for,  the  School  of  Aviation  Meoicine. 

I ^rppen  to  know  that  in  a number  of  w other  naval  medical  ac- 
tivities they  also  have  benefited  consider  -y  from  NASA  assistance, 
and  are  working  also  in  problems  of  out  ompetence  and  of  NASA 
interest. 

Also  I might  say  that  NASA — and  I think  rightfully  so — has  not 
bought  every  proposal  that  the  Navy  has  sent  in  to  them.  They  uave 
to  fit  them  into  theirprogram. 

Mr.  Riehlman.  The  Navy  has  sent  in  proposals  pertaining  to  the 
Gemini  program  and  to  the  Apollo  program? 

Captain  Phoebus.  No,  sir.  It  happens  that  at  the  School  of  Avia- 
tion Medicine  our  work  is  on  a much  more  broad  and  fundamental 
basis,  and  is  only  occasionally  directly  related  to  an  ongoing,  practical, 
hardware-type  program. 

Mr.  Gurnet.  Will  the  gentleman  yield  ? 

Mr.  Riehlman.  Yes. 

Mr.  Gurney.  Captain,  wTere  you  in  this  aerospace  or  bioscience  field, 
as  it  pertains  to  space  program,  actually  before  NASA  called  upon 
you? 

Captain  Phoebus.  I would  put  it  this  way:  That  there  is  a con- 
tinuum between  aviation  medicine  and  space  medicine,  and  the  areas 
in  which  we  had  over  the  years  built  up  competences  primarily  for 
our  aviation  medical  interests  were  quickened,  shall  we  say,  by  the 
space  program.  They  have  been  enlarged,  we  are  doing  more  work 
on  them,  and  it  is  working  out  quite  nicely  from  our  viewpoint. 

Mr.  Gurney.  That  is  to  say,  where  the  Navy  had  a specialty  that 
NASA  could  draw  upon  and  did  so,  this  naturally  augmented  what 
you  were  doing? 

Captain  Phoebus.  Exactly. 

Mr.  Gurney.  Going  back  to  what  I stated  before,  as  far  as  the  Air 
Force  is  concerned,  it  was  really  in  the  ae.nspace  medicine  field,  and 
the  Navy  really  was  not,  is  that  a fair  statement?  I am  speaking  of 
the  beginning  of  the  program,  and  not  when  NASA  came  on  the  scene. 

Captain  Phoebus.  No,  sir;  I don’t  believe  that  is  a fair  statement. 

Mr.  Gurney.  Then  I ask  you  again,  in  what  way  was  the  Navy 
interested  in  space  medicine? 

Captain  Phoebus.  Well,  I guess  probably  I could  describe  it  as 
being  a fundamental  program  looking  forward  to  the  future  for  avia- 
tion and  space  medicine  in  several  rather  important  areas;  in  the  ra- 
diation area,  in  the  disorientation  area;  at  other  organizations,  in 
acceleration,  in  vibration,  in  heat  studies,  in  oxygen  and  support  equip- 
ment-type things.  All  of  these  are  a continuing  process  of  develop- 
ing the  state  of  the  art,  as  we  go  ever  higher  and  raster,  whether  in  a 
plane  or  spacecraft. 

Mr.  Gurney.  True,  but  most  of  those  were  in  connection  with  air- 
craft, weren’t  they  ? 

Captain  Phoebus.  Yes,  sir. 

Mr.  Gurney.  Rather  than  space  ? 

Captain  Phoebus.  The  Navy  has  never  had  any  specific  program 
in  space,  space  medicine. 
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Mr.  Gurnet.  That  is  what  I was  getting  at.  whereas  the  Air  Force, 
I think,  had  a little  different  picture  because  it  was  in  the  space  busi- 
ness at  the  beginning. 

Mr.  Daddario.  Mr.  Waggonner. 

Mr.  Waggonner.  Captain,  you  stated  that  as  far  as  the  Mercury 
program  was  concerned,  there  was  never  any  real  breaking  point  in 
the  knowledge  of  life  sciences  that  you  could  identify  as  such? 

Captain  Phoebus.  Yes,  sir, 

Mr.  Waggonner.  Isn’t  it  a fact  that  we  don’t  need  any  breakthrough 
in  the  life  sciences  field  for  either  the  Gemini  or  the  Apollo  program  ? 

Captain  Phoebus.  I don’t  believe  anyone  knows  the  answer  to  it 
as  yet.  Our  experience  up  until  now  is  limited  to  a man  in  space 
for  a few  days  and,  incidentally,  at  relatively  k * altitudes.  I think 
we  are  all  anticipating  problems  that  we  just  don’t  know  the  extent 
and  nature  of,  but  which  we  are  working  toward  being  in  a position 
to  bo  able  to  handle. 

Mr.  Waggonner.  Are  you  aware,  Captain,  of  the  fact  that  NASA 
has  on  repeated  occasions  made  the  statement  that  ve  need  no  great 
breakthroughs  for  the  Apollo  program  ? 

Captain  Phoebus.  I would  think,  myself,  speaking  as  a medical 
man,  that  they  are  referring  largely  to  the  state  of  hardware  that 
need  be  assembled  for  those  vehicles.  Whether  the  man,  himself,  i9 
going  to  be  able  to  carry  out  his  functions,  with  the  present  state 
of  the  art,  against  radiation,  for  example,  and  weightlessness  and  a 
number  of  others — long  periods  of  time  are  involved  here  now,  and 
I don’t  think  one  can  talk  about  the  extent,  and  nature  of  any  of  these 
problems  without  looking  at  the  time  factor. 

There  is  a world  of  difference  between  exposure  to  stresses  of  last- 
ing a few  hours,  or  days,  or  weeks,  and  so  forth ; and  they  change  the 
whole  ball  park  of  the  problem  you  are  studying  when  you  add  these 
increments  of  time.  We  don’t  know,  for  example,  right  now  for  how 
long  a man  can  stand  the  weightless  state.  So  tar  the  results  are  very 
gratifying,  but  is  there  a breakoff  point?  We  just  don’t  know.  No 
one  knows. 

Mr.  Waggonner.  No  further  questions,  Mr.  Chairman. 

Mr.  Teague.  Mr.  Roudebush. 

Mr.  Roudebush.  This  question  is  for  either  Col  jnel  Pickering  or 
Captain  Phoebus.  Are  you  aware  of  any  case  where  NASA  enters 
into  contracts  with  either  private  companies,  private  laboratories  or 
universities  to  carry  on  basic  research,  that  either  the  Navy  or  the  Air 
Force  havo  the  capability  of  carrying  it  out  ? 

Captain  Phoebus.  I can  talk  to  one  point  of  this.  I don’t  know 
the  entire  picture  of  NASA,  but  I do  know  that  in  a number  of  in- 
stances we  nave  suggested  and  recommended  to  NASA  that  the  com- 
petence of  certain  industrial  organizations  and  universities  be  utilized 
in  coordination  with  thv  programs  which  we  have,  and  which  we  do 
not  feel  we  should  develop  a competency  for  when  it  already  exists 
elsewhere. 

So  we  have  recommended,  in  fact,  had  NASA  withdrawn  funds  al- 
ready allocated  to  us,  in  order  to  effect  contracts  with  various  univer- 
sities and  industrial  organizations 

Mr.  Roudebush.  Ikies  the  Air  Fcxoe  have  any  capabilities  where 
you  feel.  Colonel,  that  certain  research  could  have  been  carried  out 
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by  the  Air  Force  instead  of  NASA  entering  into  contracts  with  uni- 
versities or  private  laboratories  ? 

Colonel  Pickering.  In  my  opinion,  Mr.  Roudebush,  the  answer  is 
yes;  there  are  certain  areas  that  were  being  done  in  balloon  fl,  . in 
certain  of  the  tissue  culture  areas  aboard  satellite  vehicles,  where  the 
work  was  ongoing  in  the  laboratory  that  could  just  as  easily  have 
been  continued. 

I don’t  say  this  is  the  ultimate  answer.  As  Captain  Phoebus  said, 
certain  checlcs— what  I prefer  to  call  checks  rather  than  just  outright 
duplicative  endeavors — are  the  only  way  to  validate  scientific  infor- 
mation. But  when  individuals  have  the  identical  program  this  need 
not  exist.  And  as  a consequence,  as  I stated  this  morning,  there  were 
programs  we  felt  required  to  terminate,  since  they  were  identical. 

Mr.  Roudebush.  Now  getting  back  to  this  NASA-DOD  Committee 
that  we  discussed  a few  minutes  ago,  in  any  case  was  the  National 
Science  Foundation  brought  into  this  since  they  handle  grants  for 
studies  and  so  forth  in  auite  large  numbers? 

My  question  specifically  is:  Was  there  ever  a case  that  you  know  of 
where  NASA  or  the  Air  Force  asked  the  National  Science  Foundation 
to  make  an  award  of  a certain  tyj>e  to  carry  out  certain  basic  research  ? 

Colonel  Pickering.  During  this  NASA-DOD  Committee  program- 
ing, to  mv  knowledge  the  answer  is,  “no.”  There  were  no  National 
Science  Foundation  grants. 

Mr.  Roudebush.  Do  von  feel  that  would  be  wise  for  our  committee 
to  consider  the  possibility  of  utilizing  the  facilities  of  National 
Science  Foundation  for  some  basic  research;  that  is,  through  their 
grants  and  fellowships  program? 

Colonel  Pickering.  Well,  I think  the  National  Science  Founda- 
tion, in  part,  is  set  up  to  do  just  that. 

Mr.  Roudebush.  But  you  do  not  feel,  then,  Colonel,  it  has  been  doing 
that? 

Colonel  Pickering.  Yes,  sir;  I think  it  has,  but  I am  not  aware  of 
the  NASA-National  Science  Foundation  relationship  on  these  grants. 

Mr.  Roudebush.  I SCO. 

Colonel  Pickering.  I wouldn’t  3ay  they  do  or  they  don’t,  I don’t 
know. 

Mr.  Teague.  Do  any  of  you  have  any  serious  doubts  that  medically 
speaking,  tho  man  will  be  ready  to  go  to  the  Moon  by  the  time  the 
hardware  is,  according  to  the  schedule  that  has  been  published. 

General  Bedwell.  I think  I can  answer  that,  sir.  I discussed  that 
at  quite  some  length  with  Dr.  Strugold  whom  all  of  you  know. 

In  fact  just  the  other  day  I wanted  to  get  an  up-to-date  opinion  and 
appraisal  from  him. 

He  has  the  opinion  that  the  medical  aspects  are  reasonably  well 
under  control  and  that  when  the  hardware  is  fabricated  that  the 
medical  aspects  will  be  such  that  he  can  travel  safely  and  then  return. 

Mr.  Teague.  Captain  Phoebus,  do  you  have  any  comments? 

Captain  Piioebus.  I would  make  this  comment,  sir,  and  in  support 
of  the  general  to  this  degree : If  anybody,  I think,  had  told  us  5 years 
ago  that  we  would  have  achieved  the  feat  which  we  did  last  week  with 
Cooper,  many  of  us  no  matter  how  optimistic  we  were  at  that  time, 
would  have  had  serious  doubts;  and  particularly  that  we  should  have 
been  able  to  run  through  the  Mercury  program  as  we  have  now  with- 
out any  failures  and  really  nasty  accidents. 
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I don’t  think  many  of  us  believed  that  this  was  impossible  within 
the  state  of  the  art.  I have  the  same  high  hopes  for  our  Moon  pro- 
gram. While  at  the  same  time  I am  not  quite  so  sure  in  my  own  mind 
that,  all  of  the  medical  problems  have,  by  any  means,  been  satisfac- 
torily solved  already.  I think  those  that  we  know  about  have  been 
thought  about,  and  work  is  progressing  on  them,  that  gives  promise 
of  solving  them,  so  that  we  will  attain  this  objective. 

Whether  this  will  come  about  on  any  kind  of  a timetable  or  not,  I 
don't  think  anyone  can  say.  But  the  scale  of  effort  is  constantly  going 
up  and  the  results  are  starting  to  fit  together,  and  so  as  I say,  I am 
optimistic. 

Mr.  Teague.  General  Bedwell. 

General  Bedwell.  I didn’t  mean  to  give  the  impression  that  all  the 
medical  problems  had  been  solved,  as  Captain  Phoebus  stated. 

My  inference  is  that  by  the  time  the  hardware  is  developed,  I think 
it  is  far  enough  downstream  that  the  medical  problems  will  be  reason- 
ably solved.  However,  it  is  going  to  be  necessary  to  do  some  further 
work  to  make  sure  of  this. 

Mr.  Teague.  There  is  discussion  going  on  right  now  about  a future 
Mercury  flight.  There  are  capsules  available,  a booster  is  available, 
and  the  man  is  available.  Would  there  be,  as  far  as  you  know,  a lot 
to  be  gained,  medically,  by  another  flight? 

Is  it.  possible  another  Mercury  flight  could  contribute  considerable 
medical  knowledge? 

General  Bedwell.  Sir,  I would  like  to  evaluate  the  data  before  I 
answer  that.  However,  I might  give  an  opinion,  that  the  medical  data, 
if  it  is  as  good  as  has  been  reported,  and  all  I have  seen  so  far  is  what 
I have  seen  on  the  television  and  in  the  papers,  I don’t  believe  it  would 
be  significantly  enlightening  to  extend  the  flight  from  a medical  point 
of  view. 

I am  not  talking  about  the  hardware,  just  the  medical  point  of  view’. 
I don’t  believe  an  extended  flight  would  add  greatly  to  our  knowledge. 

Mr.  Gurnet.  You  mean  extended  for  several  days,  or  longer  than 
the  22  hours. 

General  Bedwell.  Yes. 

Mr.  Teague.  Along  that  same  line,  I have  a little  daughter  that  has 
just  started  driving  a car,  and  I notice  that  she  is  much  more  com- 
fortable driving  to  town  the  second  time  than  she  was  the  first  time. 
How  much  do  wg  get  from  a man  having  this  additional  experience 
of  having  made  a flight  ? 

Does  our  country  gain  something  from  such  a flight,  not  necessarily 
medically,  but  it  is  still  a human  factor? 

General  Bedwell.  Well,  if  you  are  thinking  of  ha  ving  the  man  gain 
confidence  in  his  ability  to  do  this,  I think  there  is  no  question  but  what 
he  would ; yes. 

Mr.  Teague.  That  is  what  I was  speaking  of ; yes. 

Captain  Phoebus.  May  I make  one  point  here  ? 

Mr.  Teague.  Yes. 

Captain  Phoebus.  Even  though  the  data  that  we  know  of  so  far 
from  these  flights  has  all  been  quite  encouraging,  may  I point  out 
that,  from  the  scientific  viewpoint  one  can  never  get  too  many  cross 
checks  and  enough  data. 

A few  samples  of  the  performance  on  one  occasion,  under  a given 
set  of  circumstances,  and  perhaps  even  with  a given  individual,  may 
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not  stand  up  over  the  long  run,  and/from  that  viewpoint  alone  I think, 
[>ersonally,  that  it  would  be  a good  idea  to  have  another  Mercury 
flight. 

There  are  many  other  reasons  for  doing  it,  too;  but  the  more  data 
we  have,  the  more  statistics,  and  the  more  validity  we  have. 

It  is  j ust  that  simple. 

Mr.  Riehlman.  May  I make  this  comment,  Mr.  Chairman  ? 

Mr.  Teague.  Mr.  Riehlman. 

Mr.  Riehlman.  We  would  all  like  to  continue  these  operations,  if 
we  possibly  could,  to  get  more  data  and  more  information.  But 
somewhere  along  the  line  we  have  to  cut  off  some  of  these  experiments 
and  some  of  these  expenditures  so  that  we  will  have  money  enough 
to  go  on  to  another  program.  They  are  all  desirable,  Captain,  and 
we  all  agree  with  you,  but  unless  we  can  get  significant  information 
there  is  the  question  of  whether  it  is  worth  tne  cost  involved. 

Captain  Phoebus.  I thoroughly  appreciate  this. 

Mr.  Teague  My  wife  came  home  and  said  we  can  save  half  the 
price  if  we  can  get  it  up.  We  still  have  the  capsule,  we  have  the 
capability.  We  can  save  some  money. 

Mr.  Riehlman.  I am  perfectly  willing  to  consider  saving  some 
money,  but  just  because  we  have  the  capsule  and  the  capability,  I am 
not  sure  that  what  we  will  gain  in  the  field  of  advanced  medicine  and 
other  accomplishments  is  going  to  offset  the  cost. 

Mr.  Daddario.  It  is  not  even  a bargain  at  half  the  cost. 

Mr.  Riehlman.  No,  I am  not  looking  for  bargains,  either.  If  you 
can’t  use  them  to  some  great  advantage,  they  are  not  bargains  as  far 
as  I am  concerned. 

Mr.  Teague.  Any  other  questions. 

Mr.  Gurney.  Yes,  Mr.  Chairman.  In  trying  to  find  out  if  there 
is  duplication  in  this  effort,  particularly  in  NASA  and  the  Air  Force, 
could  anything  be  gained  by  your  submitting  for  the  record  what 
programs  you  are  going  to  have  in  the  next  year  in  this  field  ? 

Could  you  state  for  the  record  those  projects  you  have  underway 
with  a brief  descriptive  sentence  or  two  about  each  one  ? 

Then  we  could  get  the  same  information  from  NASA  and  come  up 
with  a picture  or  possible  duplication  that  we  could  understand? 
Would  this  be  possible  ? 

General  Bedwell.  Yes,  sir,  we  have  quite  a bit  of  the  information 
on  this  and  if  I may  I w’ould  like  to  submit  this  for  the  record,  and 
which  I can  very  briefly  refer  to  it. 

We  have  tasks  that  we  have  offered  to  NASA,  ones  that  they  have 
accepted  and  ones  they  have  rejected  and  ones  that  are  still  under 
study. 

These  are  outlined  by  subject  matter. 

Mr.  Teague.  Without  objection,  we  will  put  that  information  in  the 
record. 

You  can  revise  and  extend  your  remarks,  you  don’t  have  to  do  that 
now. 

General  Bedwell.  Yes,  sir. 

(The  information  requested  is  shown  in  appendix  G.) 

Mr.  Gurney.  I wonder  if  we  could  get  the  same  information  through 
our  Committee  Chairman  from  NASA. 

Mr.  Teague.  Yes,  sir. 
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Mr.  Gurney.  Maybe  we  could  get  some  kind  of  a comparison  on 
them. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman  ? 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  There  lias  been  the  comment  of  the 
list  of  89  items  of  various  elements  or  programs  which  have  been 
under  discussion  and  which  are  being,  shall  we  say,  worked  on  be- 
tween NASA  and  the  Air  Force.  Would  you  give  us  for  the  record, 
with  the  chairman’s  permission,  your  point  ot  view  on  the  89  items 
and  the  standing  of  them  ? 

General  Bedwell.  Sir,  if  I may,  that  was  covered  previously  by 
Colonel  Pickering  in  quite  some  detail. 

Mr.  Teague.  Well,  read  it  to  him. 

General  Bedwell.  Would  it  be  all  right  for  Colonel  Pickering  to 
give  a resume  of  it ? 

Mr.  Fulton  of  Pennsylvania.  Please  do  it  for  the  record  and  in  a 
considered  manner. 

Mr.  Teague.  I think  this  work  was  done  at  a different  level  than 
yours.  Wasn’t  it  done  by  a DOD  representative  ? 

Mr.  Fulton  of  Pennsylvania.  If  you  put  the  89  items  in  some  detail 
in  the  record 

General  Bedwell.  No  sir,  they  were  not  itemized. 

Mr.  Fulton  of  Pennsylvania.  I would  like  you  to  go  through  them. 
General  Roadman  said  they  are  working  satisfactorily  cn  89  different 
items.  I think  we  should  have  the  answer  for  the  record. 

Mr.  Teague.  Before  you  leave  that,  is  it  not  true  that  the  89  items 
are  at  a different  level  than  yours  ? 

General  Bedwell.  Yes,  sir. 

Mr.  Teague.  It  should  come  from  a different  source. 

Mr.  Fulton  of  Pennsylvania.  I see. 

Mr.  Teague.  The  Colonel  is  here,  is  he  not,  who  worked  with  Gen- 
eral Roadman  ? 

General  Bedwell.  Colonel  Pickering  worked  with  him  and  also 
Colonel  Talbot  of  DOD  at  that  time. 

Mr.  Fulton  of  Pennsylvania.  Whoever  it  is  I would  like  to  have  it 
in  the  record.  It  should  be  cleared  up. 

Colonel  Pickering.  I was  under  the  impression  that  General  Road- 
man made  this  a matter  of  record  according  to  his  testimony. 

Mr.  Teague.  He  gave  us  the  list,  but  there  was  no  discussion  of  it. 
It  was  just  a list  of  the  different  items  they  had  worked  on.  I think  if 
there  is  disagreement  we  would  like  to  know  it. 

Mr.  Fulton  of  Pennsylvania.  On  these  Mercury  flights  at  this 
particular  stage  of  development  of  both  hardware,  boosters,  and  check- 
out, the  question,  of  course,  comes  up  of  the  safety  of  the  person  in  the 
capsule.  Mv  feeling  has  been  that  we  should  wait  for  automatic 
checkout  before  we  have  another  manned  space  flight.  To  me,  that 
would  not  only  be  on  the  ba*»is  of  economy  but  also  on  the  ground  of 
safety. 

Would  you  comment  on  that  ? 

General  Bedwell.  Sir,  if  I understand  you  correctly,  you  mean 
automatic  checkout  of  the  capsule  prior  to  flight? 

Mr.  Fulton  of  Pennsylvania.  That  is  right,  an  automatic  checkout 
through  flight,  probably  for  150  miles. 
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General  Bedwell.  No  question  but  what  we  are  all  interested  in 
safety,  naturally. 

Mr.  Fulton  of  Pennsylvania.  Say  that  again. 

General  Bedwell.  No  question  but  what  we  are  all  interested  in 
safety  of  the  man. 

However,  I think  Major  Cooper  demonstrated  that  if  the  automatic 
equipment  does  not  work  and  a man  on  board  can  return  the  craft 
without  the  benefit  of  automatic  pilot,  now  as  far  as  automatic  check- 
out on  the  ground  is  concerned  I think  this  would  be — is,  I am  sure, 
a factor  that  we  all  would  rely  upon. 

Mr.  Fulton  of  Pennsylvania.  That  is  a real  advance  in  safety  for 
the  astronaut  when  we  have  automatic  checkout. 

General  Bedwell.  Yes,  sir.  However  I think 

Mr.  Fulton  of  Pennsylvania.  So  we  had  better  wait  for  that  before 
we  subject  another  astronaut  to  the  risk  of  flight  without  automatic 
checkout  ? ' 

General  Bedwell.  I would  like  to  defer  answering  this  to  NASA 
because  we  have  not  been  in  the  direct  chain  of  events  here  and  I am 
not  in  a position  to  answer  this  one. 

Mr.  Fulton  of  Pennsylvania.  That  is  all,  thank  you. 

Mr.  Teague.  General  Bedwell,  Captain  Phoebus,  the  committee 
certainly  appreciates  you  gentlemen  coming  up  here. 

General  Bedwell.  Sir,  may  I extend  an  invitation  to  you  and  all 
the  members  of  both  committees  to  visit  us  at  your  convenience. 

Mr.  Teague.  Yes,  we  have  been  working  on  that,  but  we  just  haven’t 
been  able  to  find  the  time.  We  almost  worked  it  out  a week  ago.  I 
would  certainly  1 ike  to  have  the  members  visit  Pensacola  also.  We  will 
keen  working  on  it. 

( 'aptain  Phoebus.  Thank  you. 

Mr.  Gurney.  May  1 have  one  more  question  ? 

Mr.  Teague.  Mr.  Gurney. 

Mr.  Gurney.  I suppose  your  division  has  given  some  thought  to 
manned  space  platforms  orbiting  the  earth  ? 

General  Bedwell.  Yes,  sir. 

Mr.  Gurney.  The  medical  aspects  of  this,  I would  suspect,  would 
be  pretty  important,  wouldn’t  they? 

General  Bedwell.  Yes,  sir. 

Mr.  Gurney.  What  work  have  you  done  on  this  ? 

General  Bedwell.  We  have  done  a lot  of  preliminary  planning  and 
discussion  so  far,  Mr.  Gurney.  We  have  not  been  given  a specific 
research  task,  as  such.  We  have,  within  Colonel  Pickering’s  research 
directorate,  wen  trying  to  lay  some  groundwork  in  which  we 
could  pursue  some  tasks  if  we  are  given  this  mission. 

Mr.  Gurney.  Do  you  think  this  is  a pretty  important  mission  for 
you  to  increase  the  state  of  the  art  and  tne  knowledge  of  this  field? 

General  Bedwell.  I think  in  the  interest  of  the  national  objective  it 
is,  yes:  if  this  is  the  mission  that  is  going  to  be  given  either  to  NASA 
or  to  the  Air  Force,  I think  it  is  an  area  that  needs  extensive  work. 
Captain  Phoebus.  If  I may  comment,  Mr.  Gurney? 

Mr.  Gurney.  Yes. 

Captain  Phoebus.  In  one  of  our  programs  at  Pensacola  we  have 
been  working  specifically  in  this  area.  As  you  know,  one  of  the  sug- 
gestions, more  than  a suggestion,  a proposal,  for  restoring  weight* 
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gravity  to  a man  in  space,  is  to  spin  the  space  stations.  The  spuming, 
itself,  can  have  very  deleterious  effects  upon  a man,  physiologically, 
and  we  have  been  working  in  this  area  in  conjunction  with  our  other 
disorientation  work. 

To  give  you  an  idea  as  to  some  of  the  practical  importance  of  this, 
we  have  discovered  with  our  slow  rotation  room  that  there  is  a world 
of  difference  in  the  affects  on  a man  from  the  different  rates  of  speed 
at  which  you  spin  him.  And  this,  in  turn,  can  dictate  the  size  of  the 
space  station.  If  you  can  only  spin  a man,  we  will  say,  at  3 r.p.m., 
tnen  the  radius  of  your  space  station  must  be  considerably  larger  than 
if  you  are  going  to  spin  him  at  10  r.p.m.  So  this  has  a direct  roaring 
on  the  overall  magnitude  of  the  task  of  putting  a space  station  up  there, 
how  large  it  is  going  to  be  and  what  the  engineering  problems  are,  to 
know  whether  the  man  can  take  it  or  not.  We  have  the  answers  to 
this  problem,  incidentally. 

Mr.  Gurney.  Is  there  exchange  of  information  between  you  and 
the  Air  Force  in  that  field  ? 

Captain  Phoebus.  The  information  is  contained  in  our  publications 
which  they  receive ; yes,  sir. 

Mr.  Gurnet.  No  further  questions. 

Mr.  Teague.  Thank  you,  gentlomen. 

The  committee  will  meet  tomorrow  morning  at  10  o’clock  in  room 
354  in  executive  session. 

Mr.  Rlehlman  . Will  the  chairman  be  there  I 

Mr.  Teague.  He  will  be  there  at  that  time. 

(Whereupon,  at  5 :04  pjn.,  the  subcommittee  adjourned.) 
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THURSDAY,  JUNE  0,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Manned  Space  Flight, 

W ashing  ton,  D.C. 

EXECUTIVE  SESSION 

♦ 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  354,  Can- 
non Building,  at  10  a.m..  Hon.  Olin  E.  Teague  presiding. 

Mr.  Teague.  I would  like  to  say  to  the  committee  members  that  Mr. 
Holmes  and  his  people  have  been  told  the  major  areas  where  there 
may  lie  cuts  or  postponements,  whatever  you  want  to  call  it.  We  will 
ask  them  to  start  with  the  M-l  engine,  and  then  we  will  cover  the  con- 
struction of  facilities  and  the  research  and  development. 

I would  hope  that  the  committee  will  give  them  a chance  to  say 
what  thev  want  to  say.  I see  no  reason  for  a lot  of  questions.  We 
will  finish  this  aspect  of  the  hearings  and  this  afternoon  mark  up  the 
bill  and  get  it  finalized  for  the  full  committee. 

Mr.  Roudebush.  When  do  you  intend  to  go  into  an  executive  sub- 
committee meeting? 

Mr.  Teague.  As  soon  as  they  have  finished. 

Mr.  Roudebush.  Thank  you.  sir. 

Mr.  Teague.  Now,  Mr.  Holmes,  we  have  argued  for  hours  about 
the  M-l  engine  and  have  considered  cutting  the  whole  thing  out,  facili- 
ties and  everything.  We  also  liave  considered  a reasonable  continu- 
ance of  the  engine  at  some  level  that  keeps  it  going,  and  doesn’t  de- 
stroy the  program. 

I think  that  is  the  feeling  of  the  majority  of  the  committee  at  the 
moment.  What  figure  would  continue  the  program  without  harm- 
ing it  too  much  ? 

I think  the  point  is  that  after  NASA  discontinued  Nova,  or  delayed 
it,  there  have  been  improvements  in  the  vehicle.  Perhaps  if  you  went 
a little  slower  with  the  M-l  engine,  there  might  be  new  improvements 
you  would  want  to  make.  It  would  still  not  stop  the  program. 

Would  you  take  it  from  there  ? 
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TESTIMONY  OF  D.  BRAINERD  HOLMES,  DEPUTY  ASSOCIATE  ADMIN- 
ISTRATOR AND  DIRECTOR,  OFFICE  OF  MANNED  SPACE  FLIGHT, 

NASA;  ACCOMPANIED  BY  GEORGE  M.  LOW,  DEPUTY  DIRECTOR, 

(PROGRAMS)  OFFICE  OF  MANNED  SPACE  FLIGHT;  DR.  JOSEPH  F. 

SHEA,  DEPUTY  DIRECTOR  FOR  SYSTEMS;  WILLIAM  E LILLY, 

DIRECTOR,  PROGRAM  REVIEW  AND  RESOURCES  MANAGEMENT; 

AND  DONALD  J.  KEUCH,  OFFICE  OF  MANNED  SPACE  FLIGHT,  PRO- 
GRAM REVIEW  AND  RESOURCES  MANAGEMENT 

Mr.  Holmes.  Yes,  I will  comment  in  general  on  it.  1 would  like 
to  have  both  Mr.  Low  and  Dr.  Shea  comment  also. 

As  you  know,  we  considered  carefully  what  level  of  elfort  should 
go  into  the  M-l  engine  on  the  very  basis  on  which  it  is  lading  re- 
quested; that  is,  on  the  basis  that  would  lie  developed  for  use  in  fu- 
ture launch  vehicles  of  the  post-Saturn  class.  The  engine  would  be 
used  in  a high  efficiency  manner  in  upper  stages  to  Ik*  consistent  and 
compatible  with  developments  which  we  are  presently  carrying  on 
for  solid  boosters  in  the  first  stage.  It  is  our  considered  lielief  that 
the  current  budget  request  represents  the  proper  lwel  of  funding 
for  carrying  on  this  worlc  in  the  most  efficient  manner. 

These  matters  are  all  a matter  of  seasoned  judgment.  It  is  our 
judgment  and  belief  that  any  reduction  at  all  in  the  M-l  budget 
request  would  not  l>e  in  the  best  interest  of  the  national  space  pro- 
gram. I think  deleting  it  entirely,  which,  you  say,  the  committee 
is  not  suggesting  would  have  very  serious  consequences.  In  my 
opinion,  it  would  be  inconsistent  with  our  carrying  on  future  devel- 
opments, for  instance,  for  very  large  solid  boosters.  It  would  l>e 
inconsistent  with  our  saying  that  we  are  going  deeper  into  space. 

Therefore  when  one  has  to  reach  a judgment  between  the  funding 
requested  and  lesser  funding,  I think  mv  position  is  one  that  we  care- 
fully consider  all  of  these  implications  before  making  the  r quest  and 
we  think  that  the  funds  we  requested  would  provide  the  proper  level 
to  continue  this  technology. 

Mr.  Low,  would  you  like  to  comment  ? 

Mr.  Teague.  Would  you  comment  on  “facilities”  versus  “R.  & D.”? 

Mr.  Low.  Yes,  Mr.  Teague. 

It  is  my  understanding  that  there  is  a tentatively  proposed  cut  of 
$40  million  in  R.  & D.  and  a complete  cut  of  facilities. 

We  had  requested  $45  million  in  R.  & D.  We  will  have  obligated 
by  the  end  of  this  fiscal  year;  that  is,  the  end  of  this  month,  all  of  the 
1963  funds  available  in  the  M-l  project. 

This  means  then  that  a cut  or  $40  million  would  leave  us  $5  million 
for  1964  and  this,  we  believe,  would  be  tantamount  to  killing  the  proj- 
ect completely. 

We  are  spending  right  now  at  Aerojet  General  Corp.  between  $3 
and  $3i/o  million  per  month 

Mr.  rfoLMES.  In  R.  & D. 

Mr.  Low.  In  R.  & D.  We  plan  to  maintain  the  spending  rate,  main- 
tain the  same  level  of  engineering  and  production  level  throughout 
1964.  We  had  not  planned  on  an  increase,  1964. 

The  additional  funds  beyond  that  for  1964  were  for  propellants 
and  some  special  test  equipment  in  the  plant. 
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We  have  examined  the  facilities  also  and  have  come  to  the  firm  con- 
clusion that  the  facilities  are  the  longest  leadtime  items,  the  most 
critical  path  in  the  M-l  program,  so  that  if  any  cut  must  he  taken,  our 
first  recommendation  would  be  to  reduce  the  R.  & D.  and  leave  the 
facilities  completely  alone. 

Mr.  Teaoue.  What  is  the  status  of  facilities  now  ? 

Mr.  Low.  With  1902  and  1963  funding,  we  have  under  construction, 
all  of  the  component  tost  facilities  and,  well  underway,  the  first  major 
test  stand  for  full  engine  testing.  This  test  stand  called,  K-l,  I be- 
lieve, is  for  short  duration,  15-second  tests  of  a complete  engine. 

. We  have  also  started  with  fiscal  i963  funds,  a second  test  stand 
which  is  for  the  altitude  testing  of  the  engine. 

We  are  requesting  funds  in  fiscal  year  1964  for  the  completion  of  the 
second  test  stand  and  the  beginning  of  a third  test  stand. 

Dr.  Shea.  The  altitude  test  stand  is  not  for  full-duration  run, 
whereas  the  third  test  stand  is. 

Mr.  Teaoue.  Anv  more  questions  before  we  leave? 

Mr.  Daddario.  What  is  tne  third  test  stand  used  for? 

Dr.  Shea.  The  third  test  stand  is  required  for  full-duration  ground 
tests  of  the  engine,  Mr.  Daddario.  Full  duration  on  the  M-l  engine 
is  about  530  seconds.  The  K-2  test  stand  can  be  used  for  runs  of  ap- 
proximately 300  seconds. 

Mr.  Hoi.mes.  I’d  like,  Mr.  Chairman,  if  Dr.  Shea  might  say  a few’ 
words  about  the  system  aspects  of  the  M-l  engine. 

Dr.  Shea.  We  discussed  this  area  in  previous  testimony.  I think 
that  the  M-l  engine  is  part  of  our  investment  in  the  next  generation 
of  launch  vehicles.  Most  of  the  studies  which  we  have  done  on  ad- 
vanced vehicle  concepts  still  tell  us  that  if  we  are  to  have  a new  vehicle 
in  the  1970  time  frame — this  w’ould  be  particularly  the  first  half  of 
the  1970's — the  vehicle  will  undoubtedly  require  an  engine  of  the  M-l 

^VTe  don’t  think  that  nuclear  propulsion  is  going  to  come  along  fast 
enough,  nor  would  we  want  to  use  nuclear  propulsion  in  the  lower 
stages  of  the  booster.  The  M-l  engine  can  be  usea  both  in  base  booster 
anti  will  undoubtedly  be  used  in  the  second  stage  of  the  next  large 
vehicles  over  and  above  the  Saturn  V. 

Unless  we  maintain  a reasonable  pace  on  the  program  we  will  be 
in  a position  where  we  really  can’t  start  a new  booster  because  we  won’t 
have  a suitable  man-rated  engine  available. 

I think  you  are  all  familiar  with  the  length  of  time  it  takes  to  de- 
velop an  engine  into  maturity.  This  is  going  to  rake  as  long  as  or 
longer  than  the  F-l  because  of  the  difficulty  of  tne  task.  It  is  a tougher 
engine  job. 

Mr.  Teaoue.  Then,  to  summarize,  Mr.  Holmes,  you  think  that  it 
is  most  important  to  continue  the  engine. 

You  are  spending  $3  to  $3Vfe  million  a month.  If  there  is  to  lie 
any  postponement  or  cut,  you  would  prefer  that  it  is  made  in  R.  & I). 
portion  of  the  program  and  not  in  the  construction  of  facilities. 

Does  that  summarize  it  correctly? 

Mr.  Hoi.mes.  I think  that’s  a good  summary.  We  feel  it  should 
go  to  about  this  level. 

Mr.  Daddario.  Mr.  Chairman,  we  have  had  some  evidence  that 
would  lead  us  to  believe  that  the  C-5  stage  can  do  for  the  next  period 
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of  time  until  other  engines  are  developed.  Everything  that  NASA 
could  do  or  needs  to  do  to  carry  out  its  program,  including  deep  probes 
into  space,  could  be  accomplished  using  the  Saturn  C-5  stage,  is  this 
not  so? 

Mr.  Holmes.  I think  it’s  a question  that  really  can’t  be  answered 
specifically  “yes”  or  “no”  until  we  know  what  difficulties  we  will  get 
into  with  rendezvous.  I believe  we  all  think  that  it  is  feasible.  On 
the  other  hand,  there  will  be  certain  deficiencies  particularly  with 
meteorites  or  very  large  masses.  I assume  this  is  what  you  mean. 

We  will  use  the  Saturn  V to  go  deeper  into  space.  However,  it  will 
be  far  more  economical  and  efficient  to  use  a larger  booster  for  in- 
creasingly deeper  penetrations  into  space.  I think  here  we  feel  as 
time  goes  by  we  are  going  to  need  a more  powerful  booster  than  the 
Saturn  V.  Therefore,  we  are  doing  these  large  solid  developments. 
We  feel  that  this  engine  development  and  technology — not  having  a 
hurry-up  program  to  produce  the  engine  in  the  minimum  time  and 
learning  how  to  produce  it — is  consistent  with  our  approach.  Dr. 
Shea  may  wish  to  comment  further. 

Dr.  Shea.  I think  the  true  situation,  as  Mr.  Holmes  said,  is  that 
we  don’t  honestly  know  at  this  point  in  time  what  payloads  are  going 
to  be  required  to  do  more  advanced  missions  beyona  the  manned  lunar 
program.  We  also  don’t  know  the  time  period  in  which  the  country 
is  going  to  want  to  do  such  missions.  I am  sure  the  payloads  are 
going  to  be  large  and  if  they  require  more  than  three  or  four  rendez- 
vous in  Earth  orbit,  it  will  be  a situation  where  the  operational  prob- 
lems will  be  quite  complex.  My  personal  feeling — and  I started  to 
put  a quantitative  argument  on  this — but,  my  personal  feeling  is  that 
we  probably  will  never  rendezvous  more  than  four  or  five  payloads 
for  one  operational  kind  of  mission.  As  a matter  of  fact  the  econo- 
mies, in  terms  of  booster  cost — not  just  operational  problems — begin 
to  break  over  at  the  point  of  four  or  five  Saturn  V kinds  of  payload, 
something  that  might  be  done  more  efficiently  and  economically  with 
a larger  booster.  Now,  the  pure  and  simple  fact  is  that  if  engines  are 
not  available,  we  either  won’t  be  able  to  do  the  missions  if  the  coun- 
try wants  to  do  them  or  we  will  be  constrained  to  do  them  on  a very 
complex  operation.  In  a sense,  what  we  are  saying  to  you  is  that  the 
M-l  engine  and  several  other  elements  of  advanced  technology  are 
really  an  investment  that  we  require  in  this  country  not  for  the  space 
program  in  the  1960’s  but  really  for  the  space  program  in  the  1970’s. 
We  are  not  able  to  identify  exactly  what  the  missions  are  going  to  be 
and  exactly  how  we  are  going  to  put  them  together,  but  we  do  Know, 
essentially,  by  historical  analogy  that  these  types  of  engines  and  these 
types  of  systems  have  to  be  brought  along  if  we  are  going  to  do  more 
complex  operations.  The  history  of  our  business  so  far  has  been  one 
of  continuous  assignments  of  more  and  more  complex  operations. 
I think  all  you  can  do  is  what  we’ve  done — go  back  and  look  again  at 
the  historical  analogy.  If  we  had  not  initiated  the  F-l  engine  pro- 

Cm  back  in  the  1950’s  wTe  literally  wouldn’t  be  doing  the  manned 
ar  program  today,  in  my  view. 

Mr.  jDaddario.  If  I can  review  that.  The  C-5  stage  will  do  every- 
thing we  have  on  the  board  at  the  moment  but  the  M-l  engine  will  do 
some  of  the  things  you  expect  will  be  necessary  sometime  after  the 
first  phase  of  our  space  program,  as  we  now  understand  it,  comes  to 
an  end. 
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Dr.  Shea.  I think  that’s  right  and  presumes  that  there  are  no  re- 
quirements on  us  now- -and  this  is  literally  the  case — to  go  beyond 
either  Earth  orbit  or  the  Moon  and  there  is  no  requirement  on  us  to 
do  an  extensive  lunar  base  program. 

Mr.  Teague.  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  There  is  listed  $15  million  for  the 
proposed  facilities  for  the  M-l  engine  in  fiscal  vear  1964.  The  ques- 
tion is : Do  you  need  all  three  test  stands  in  this  fiscal  year,  or  could  we 
fund  some  of  them  in  the  next  fiscal  year? 

Mr.  Low.  Mr.  Fulton,  we  have  looked  into  this  as  carefully  as  pos- 
sible. Matter  of  fact,  yesterday  we  had  Dr.  Silverstein  and  his  people 
into  Washington  to  discuss  this,  since  the  M-l  engine  is  being  de- 
veloped by  the  Lewis  facility,  and  Dr.  Silverstein  stated  that  he  knows 
that  the  facilities  are  the  long  leadtime  items  he  must  have  as  early  as 
jxissible  in  order  to  develop  the  engine  at  all. 

Mr.  Fulton  of  Pennsylvania.  Then  on  the  rate  of  expenditure  for 
R.  & D. ; that,  of  course,  is  dependent  on  the  number  of  firings  and 
how  fast  you  set  up  the  engine  test  stands. 

At  what  rate  of  firing  is  the  $3%  million  a month  and  why  do  you 
set  this  particular  flow  of  research  and  development  ? 

Mr.  Low.  It  is  a level  of  effort  that  was  started  during  the  current 
year.  It’s  a leveling  year,  during  the  next  year.  We  would  have  to 
continue  at  this  level,  or  decrease  the  people  involved — the  program 
that  is  currently  in  existence.  If  we  went  to  a lowTer  level,  it  would 
lead  to  great  inefficiencies  immediately.  It  would,  of  course,  stretch 
out  the  program. 

Mr.  Fulton  of  Pennsylvania.  On  the  $13.6  million  still  available  in 
fiscal  year  1963  as  of  May  1,  1963;  what  do  you  intend  to  spend  that 
for  ? What  are  vou  going  to  obligate  it  for  by  the  end  of  June  30* 
Is  it  facilities  or  (sit  R.  & I).  ? 

Mr.  Low.  This  is  R.  & D. 

Mr.  Lilly  can  address  himself  to  that. 

Mr.  Lilly.  Out  of  the  $35  million  available  R.  & D.  funds./  we  had 
obligated  $21.2  million  as  of  May  l,  1963.  The  current  funding  for 
Aerojet  will  run  to  $30  million  at  the  end  of  this  fiscal  year.  As  you 
know,  we  have  not  definitized  the  contract  with  Aerojet.  In  other 
words,  the  company  is  working  on  a letter  contract,,  which  we  are 
funding  on  a month-to-month  basis  to  stay  ahead  of  their  accrued 
costs.  We  are  just  staying  ahead  of  their  billings. 

Mr.  Fulton  of  Pennsylvania.  When  you  add  the  $7,  or  $3.5  million 
per  month,  to  the  $21  million  you  have  already  obligated  in  fiscal  year 
1963  for  research  and  development  on  the  M-l  engine;  you  get  $29 
million  out  of  the  $35  million  which  had  been  authorized  for  R.  & D, 
in  fiscal  year  1963. 

My  question  is:  You  have  a balance  of  $6  million  left  over;  is  this 
going  to  be  used  for  facilities? 

Mr.  Lilly.  I was  just  coming  to  .mat.  The  $30  million  figure  I 

” " funding  for  Aerojet.  In  addition, 
buy  propellants  from  Aerojet.  The 
$2  million,  in  addition  to  tm;j.  We 
d fee  for  definitization  of  the  contract. 
When  the  contractor  is  working  on  a letter  contract,  he  is,  of  course, 
paid  no  fee.  That  is  lielp  up  until  the  contract  is  definitized ; however, 
we  must  anticipate  a fee  ana  earmark  funds  for  this  purpose. 


was  taiKing  aoout  was  n.  & jj 
we  buy  projiellants.  We  don’t 
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Mr.  Fulton  of  Pennsylvania.  What  percentage  would  that  be  of  the 
total  contract? 

Mr.  Lilly.  Of  the  amount  that  we  have  set  aside  for  the  potential 
fee 

Mr.  Holmes.  Has  that  been  negot  iated  yet  ? 

Mr.  Lilly.  The  fee  has  been  negotiated,  up  to  the  point  of  definitiza- 
tion — the  signing  off  at  NASA  Headquarters. 

Mr.  Fulton  of  Pennsylvania.  My  final  question  is  this : Suppose  you 
had  to  have  a cut  somewhere.  Would  you  rather  have  a cut  on  the 
M-l  engine,  with  a possible  delay  but,  ns  the  chairman  says,  still  have 
a reasonable  continuance  of  the  program:  or  wou’u  you  rather  have 
a cut  in  either  the  Gemini  or  the  Apollo  program  ? 

Mr.  Holmes.  I will  answer  that.  We’d  rather  have  it  out  of  the 
M-l  engine,  although  we  believe  that  the  M-l  engine  is  justified  for 
future  requirements  that  we  discussed. 

We  have  actual,  established  schedule  requirements  in  Apollo  and 
Gemini  to  do  which  we  cannot  meet  if  those  funds  for  these  two 
programs  are  cut. 

I would  have  to  say  clearly  that  if  it  had  to  be  one  or  the  other  if 
that  is  the  question,  it  would  have  to  lie  the  M-l  engine. 

Mr.  Fulton  of  Pennsylvania.  It  is  a balance  of  judgment. 

When  you  are  saying  $5  million  for  a vehicle  of  a Nova  type,  and 
$5  million  for  the  M-l  engine,  and  you  are  spending  the  remainder  of 
the  R.  & D.  money  up  to  the  first  of  the  fiscal  year:  that  would  only 
give  von  $10  million  for  your  M-l  engine  program,  including  the 
vehicle. 

Is  that  clearly  not  enough  so  that  it  would  cripple  the  development 
of  the  engine  ? 

Mr.  Holmes.  Yes,  sir:  it  would  cripple  the  development  of  that 
engine. 

Mr.  Fulton  of  Pennsylvania.  So  you  could  not  possibly  get  along 
on  $10  million  plus  the  additional  $l6  million  for  the  facility? 

Mr.  Holmes.  We  could  not  run  a reasonable  development  program 
for  the  M-l  under  those  conditions. 

Mr.  Fulton  of  Pennsylvania.  That  is  all,  Mr.  Chairman. 

Dr.  Shea.  There  is  a difference  in  what  we  do  with  the  Nova  money 
and  the  M-l  money,  recognizing  that  the  Nova  money  I talked  about 
when  I testified  before,  is  really  advanced  design  money.  Paper  de- 
sign can  be  adequately  done  in  the  low'  millions  of  dollars.  You  get 
good  feasibility  studies.  You  can  do  trade-off  studv.  A*  long  as  you 
stay  in  the  “paper’’  or  study  stage,  $3,  $4,  or  $5  million  is  adequate  to 
do  very  good,  definitive  studies  on  the  advanced  vehicles.  Nova,  in- 
cidentally, is  a misnomer  here — we  are  really  talking  alout  the  ad- 
vanced vehicle  study  program.  The  advanced  vehicles,  beyond  the 
Saturn  V,  are  only  in  the  study  stage.  In  contrast,  the  M-l  engine 
is  in  the  preliminary  stage  of  hardware  development.  As  soon  as  you 
start,  to  cut  hardware,  because  of  the  detailed  hardware  design — run- 
ning up  tests  and  so  on — your  costs  obviously  go  up.  Remembering 
again  that  the  engines  have  to  precede  the  vehicle,  you  can’t  really 
start  a vehicle,  just  as  we  couldn’t  ever  start  an  airplane,  without  a 
good  existing  engine,  a well-tested  engine,  an  engine  in  advanced  de- 
velopment. In  fact,  most  of  the  specifications  for  an  airplane  start 
out  saying,  “These  are  the  engines  you  should  consider.” 
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Mr.  Fulton  of  Pennsylvania.  On  that  point,  one  thing  that  has 
caused  this  committee  some  concern  has  been  the  complete  change  in 
the  requirements  and  specifications  for  the  M-l  engine  within  the  last 
year,  and  also  the  change  in  the  time  schedule  bv  about  2 or  3 years. 

Are  you  sure  that  this  program  is  now  headed  in  the  direction, 
and  that  you  have  the  proper  specifications  and  requirements? 
Should  we  put  the  money  into  it  now  or  should  we  wait? 

Mr.  Holmes.  1 think  that’s  a very  good  point,  Mr.  Fulton,  and  I 
think  that  we  changed  for  the  very  reason  that  this  committee  is 
concerned,  and  properly  so.  We  had  to  assess  the  M-l  engine  fund- 
ing in  terms  of  the  rate  at  which  one  should  proceed. 

If  we  continued  at  the  highest  rate  to  support  development  of  an 
early  Nova  vehicle,  I think  we  would  have  lieen  wrong;  therefore,  we 
cut  back  from  that  level  of  effort  and  stretched  the  development 
time.  We  felt  that  it  was  vitally  important  to  continue  at  the  proper 
level  of  funding  necessary  to  develop  this  engine,  but  not  to  proceed 
at  the  rate  of  funding  that  we  had  previously  planned  when  we 
thought  we  had  to  have  this  on-coming  Nova  vehicle  immediately. 

Dr.  Shea? 

Dr.  Shea.  That’s  right,  and  the  second  point  is  that,  in  our  thinking 
on  advanced  vehicles — I still  think  we  keep  tripping  over  the  term 
“Nova” — we  have,  in  effect,  said  that  the  capability  originally  planned 
for  Nova,  which  was  in  the  order  of  twice  the  Saturn  V vehicle  capa- 
bility, really,  is  not  a large  enough  step  forward.  The  capability 
originally  planned  could  be  justified,  just  as  it  was  justified  a year 
and  a half  ago,  liecause  it  was  really  trying  to  aim  for  the  manned 
lunar  mission  in  parallel  with  the  Earth  orbital  rendezvous  technique. 
When  we  decided  that  we  could  accomplish  the  mission  with  the 
Saturn  V,  using  the  lunar  orbital  rendezvous  technique,  w*e  essentially 
agreed  on  the  advanced  vehicle  design.  If  you  look  at  it  from  a 
national  view,  it  is  quite  clear  that  the  next  generation  of  launch 
vehicles  should  be  a larger  step  than  *2  to  1 over  the  vehicles  we 
presently  have  or  would  have  in  the  national  inventory  at  that  time. 

Mr.  Fulton  of  Pennsylvania.  That  is  all. 

Mr.  Teague.  Mr.  Gurney. 

Mr.  Gurney.  I also  was  going  to  ask  about  the  $60  million.  It 
has  been  partially  answered.  Since  the  feeling  of  the  committee  is 
that  the  program  ought  to  be  stretched  out,  I don’t  understand  why 
you  need  four  test  stands  instead  of  two.  I realize  you  can  do  a 
much  better  job  with  four,  but  can’t  you  do  some  job  with  two? 

The  next  question  is  along  the  same  line.  You  have  a large  amount 
budgeted  for  instrumentation  and  testing  equipment.  Is  leadtime 
needed  for  this  equipment,  or  are  these  items  you  can  readily  procure 
when  you  need  them  later  on  ? 

I am  speaking  about  the  facilities  now. 

Mr.  Holmes.  I think  Mr.  Low  is  probably  best  qualified  to  answer 
that. 

Mr.  Low.  To  answer  your  questions  on  the  facilities,  each  one  of 
the  four  facilities  has  a different  function,  of  course,  as  Dr.  Shea 
pointed  out.  Now,  the  first  test  stand,  the  K-l  stand,  will  be  activated 
late  in  calendar  year  1064  and  it  is  well  under  construction  now.  Its 
purpose  is,  essentially,  starting  tests  of  the  complete  engine.  It  can 
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only  support  engine  operations  for  about  15  seconds.  The  second 
test  stana  which  will  come  into  operation  about  half  a year  kter 

Mr.  Fulton  of  Pennsylvania.  When  is  that  I 

Mr.  Low.  In  1965. 

Mr.  Gurney.  You  are  now  committing  the  money  for  this  from 
your  last  year’s  budget.  Is  that  right  7 

Mr.  Low.  I believe  that’s  right. 

Mr.  Lilly.  That  is  correct. 

Mr.  Gurney.  Have  you  signed  contracts  on  it  ? 

Mr.  Lilly.  There  is  a letter  contract,  Mr.  Gurney. 

Mr.  Low.  For  simulated  altitude  testing,  and  testing  up  to  300 
seconds  running  time. 

The  third  test,  the  KP-2  test,  will  test  the  engine  for  full  duration 
time.  It  is  scheduled  for  late  in  1965.  The  last  test  stand,  which  is 
another  test  stand  for  full  duration  testing,  will  probably  not  come 
until  1967. 

We  are  not  requesting  any  funds  for  the  last  test  stand  now;  so  it 
is  a phased  program  to  go  along  with  the  10-year  development  pro- 
gram Dr.  Shea  mentioned  before. 

Mr.  Gurney.  Can’t  you  use  one  test  stand  for  all  three  miss’  -ns,  or 
two  of  the  missions? 

Mr.  Low.  Well,  you  cannot  use  a short  duration  test  stand  ror  the 
long  duration  test  because  it  does  not  have  the  propellant  capability, 
handling  capabilities,  the  tankage,  and  so  on. 

Mr.  Gurney.  Dr.  Shea  ? 

Mr.  Low.  You  want  to  add  to  that? 

Dr.  Shea.  I might  comment  on  that.  The  stands  are  designed  for 
specialized  types  of  testing.  Recognize  that  the  main  cost  of  these 
stands  relates  to  both  the  name  deflector,  and  how  you  want  to  protect 
this  kind  of  thing,  and  the  tankage  required  to  hold  the  fuel.  The 
short-duration  stand  is  the  least  expensive  of  the  stands  because  it  has 
small  tanks  and  essentially  requires  a minimal  type  flame  deflector. 
It  has  a total  running  time  ‘of  about  16  seconds. 

This  is  a relatively  inexpensive  facility  and  is  one  we  use  a great 
deal  to  jget  over  the  extensive  “start-stop”  testing  necessary  to  qualify 
the  engines. 

The  intermediate  length  facility  and  the  one  that  works  with  the 
vacuum  or  altitude  simulation  has  tanks  that  are  sized  for  roughly 
half  the  total  load  of  propellant  needed  for  the  fuel  system.  This 
stand  lets  us  test  another  element  of  the  overall  program  without 
having  to  build  the  final  full-sized  facility  required  for  true  qualifica- 
tion of  the  engine  and  full-duration  testing.  There  really  are  econ- 
omies in  the  design  of  the  facilities  and  essentially  we  use  the  three 
different  types  in  order  to  maximize  the  utilization  of  a particular 
type  of  test  and  at  the  same  time  not  duplicate  or  triplicate  the  total 
facility. 

Mr.  Gurney.  What  about  the  instrumentation  and  test  equipment  ? 

Dr.  Shea.  You  can’t  develop  this  type  of  program  without  making 
detailed  measurements  of  what  s going  on. 

Mr.  Gurney.  No;  I realize  that.  I am  talking  about  the  leadtime 
involved. 

In  other  words,  if  you  can  buy  an  instrument  off  the  shelf,  no  lead- 
time  is  required.  You  have  $2  million  in  the  budget  request  for  test 
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equipment,  and  almost  $2  million  for  instrumentation.  My  question  is : 
Do  you  need  that,  or  could  you  get  that  quickly  next  year  ? 

What  we  are  trying  to  do  is  to  keep  the  program  going,  and  at  the 
same  time,  we  are  trying  to  get  this  budget  where  people  will  accept  it 

Mr.  Low.  I believe  that  tne  instrumentation  that  we  are  requesting 
this  year  is  for  the  nrst  test  stand  and  that  in  future  years’  budgets 
we  will  be  requesting  instrumentation  for  the  later  years’  test  stand, 
so  this  is  phased  with  the  test  stand  schedule. 

Mr.  Holmes.  Why  don’t  we  get  a statement  for  the  record  that 
spells  out  the  requirement  ? I don’t  think  we  have  it  right  here,  and 
that’s  a very  reasonable  question. 

(The  information  requested  is  as  follows :) 

IUHtrun  entatlon  equipment  la  one  of  the  pacing  activities  in  the  acquisition  of 
a test  stand  because  of  the  aggregate  timespan  required  for  procurement,  installa- 
tion. and  checkout  of  the  instrumentation  system.  The  majority  of  instruments 
used  in  the  operation  of  rocket  test  stands  are  designed  for  specific  applications. 
They  are  not  available  for  immediate  delivery  because  of  the  need  to  meet  re- 
quirements on  range,  capacity,  accuracy,  and  response  dictated  by  the  test  article. 
Instrumentation  is  one  of  the  earlier  actions  to  be  initiated  and  one  of  the  last 
to  be  completed.  Therefore,  a delay  in  funding  would  have  an  adverse  effect  on 
the  schedule. 

Mr.  Gurney.  That  is  all. 

Mr.  Teague.  Mr.  Roudebush. 

Mr.  Roudebush.  I waivi-io  ask  something  in  line  with  Mr.  Gurney’s 
question. 

Why  can’t  NASA  build  a test  stand,  the  more  expensive  type,  ad- 
mittedly, that  will  handle  the  full  duration  test,  and  also  use  it  for 
the  short  duration  tests  by  udng  less  fuel  tanks  and  so  forth  ? 

Why  is  it  necessary  to  build  three  or  four  or  five  different  types  of 
test  stands  to  test  the  different  lengths  of  time  or  different  functions  of 
the  engine  ? Why  can’t  you  use  one  test  stand  and,  let’s  say,  partially 
fill  the  tanks  witn  fuel  and  so  forth? 

Mr.  Low.  In  order  to  qualify  one  of  these  engines  to  get  it  through 
its  preflight  rating  tests,  one  must  go  through  a schedule  of  hundreds 
of  tests  and  to  do  all  of  these,  one  needs  more  than  one  test  tfand  by 
the  time  one  completes  it. 

Now  we  are  talking  about  completing  this  qualification  in  the  vary 
late  sixties  and  we  are  phasing  in  the  various  test  stands  to  go  along 
with  this  qualification  date. 

To  complete  the  point  then,  one  could  build  by  that  time,  four  test 
stands  to  do  the  whole  job,  but  this  would  be  far  more  expensive  than 
four  test  stands,  each  one  of  which  only  does  part  of  the  job. 

Mr.  Holmes.  I think  I could  say  the  same  thing. 

Mr.  Roudebush.  I do  not  get  your  point,  Mr.  Low.  How  you  can 
build  four  test  stands  cheaper  than  you  can  build  one. 

Mr.  Low.  No 

Dr.  Shea.  The  point  is  that  one  test  stand  isn’t  adequate.  In  order 
to  conduct  the  required  number  of  tests,  we  will  wind  up  in  the  1965  to 
1968, 1969  time  frame  doing  testing  on  all  three  stands  simultaneously. 

Mr.  Roudebush.  Admittedly  true,  Dr.  Shea.  I agree  with  you 
there,  but  we  are  not  in  any  tremendous  race,  I don’t  think,  to  develop 
the  M- 1.  We  don’t  even  have  a mission  for  this  engine. 

Mr.  Holmes.  I agree  that  we  don’t  consider  the  M-l  development 
a race.  However,  another  point  to  consider,  along  with  what  Mr.  Low 
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and  Dr.  Shea  have  said  (and  we  can  get  the  people  working  on  hard- 
ware to  come  and  talk  in  more  detail)  is  that  our  experience  has  proved 
that  this  number  of  facilities  goes  along  with  this  type  of  development 
and  comprises  a smooth  program.  It  is  still  rather  leisurely  compared 
to  any  true  crash  program. 

If  you  have  a development  of  this  kind  actually  in  production  of  test 
hardware,  with  engineering  people  tied  up,  but  you  don’t  have  enough 
test  facilities  supporting  that  activity,  you  operate  in  a more  restricted 
manner  than  if  those  facilities  are  available. 

Although  we  are  so  vitally  concerned  about  funds  here,  and  our 
primary  emphasis  is  on  the  Apollo  program,  we  think  that  this 
M-l  development  is  necessary:  we  have  carefully  scrutinized  it 
with  our  people  at  the  Lewis  Research  Center. 

Lewis  Research  Center  has  as  much  experience  in  propulsion  as 
anv  research  laboratory  in  the  world.  It  is  their  very  liest  and  con- 
sidered opinion,  including  that  of  the  director.  Dr.  Silverstein,  that 
these  are  the  minimum  facilities  requirements  to  carry  out  an  efficient 
program. 

Mr.  Teague.  How  many  actual  M-l  engines  are  we  talking  about? 

Mr.  Holmes.  Only  the  M-l,  as  far  as  types,  pieces,  and  parts,  and 
so  forth  are  concerned,  and  this  kind  of  thing.  I don’t  have  the 
actual  numlier.  Perhaps  Mr.  Low  does. 

Mr.  Low.  I don’t  know  the  number  of  engines.  In  this  10-to-  12- 
year  development  program.  We  are  planning  now  about  a hundred 
engine  tests  for  calendar  year  1065.  About  220  engine  tests  are 
planned  for  calendar  year  1966 — and  so  on.  To  do  this  amount 
of  testing  requires  a considerable  number  of  engines,  more  than 
10  I’m  sure,  nut  I don’t  have  the  precise  figure  here. 

Mr.  Holmes.  We  can  get  that  for  the  record,  Mr.  Chairman. 

(The  information  referred  to  is  as  follows:) 

From  the  present  until  June  1964  only  engine  components  (subassemblies) 
will  be  undergoing  tests.  For  example,  by  June  1964  11  thrust  chamber  assem- 
blies. 81  gas  generator  assemblies,  10  liquid  oxygen  tart  -'.pumps,  and  8 fuel 
turbopumps  will  be  undergoing  tests.  These  numbers  will  increase  as  the  pro- 
gram continues. 

The  delivery  of  the  fl  st  engine  assembly  is  scheduled  for  the  third  quarter  of 
calendar  year  1964.  By  the  fourth  quarter  of  calendar  year  1964  there  will  be 
3;  the  total  will  Increase  to  6 engines  in  the  first  quarter  of  calendar  year 
1965,  10  in  the  second  quarter  of  calendar  year  1965,  14  In  the  third  quarter, 
and  19  In  the  fourth  quarter  of  that  year.  The  total  will  build  In  this  fashion 
until  36  engines  in  the  R.  & D.  program  are  obtained  by  the  end  of  the  present 
PFRT  plan. 

Mr.  Teaoue.  The  point  is,  there  are  a number  of  M-l  engines  l>eing 
tested  on  test  stands  as  they  go  through  different  stages  of  comple- 
tion. Is  that  correct? 

Mr.  Low.  Yes. 

Dr.  Shea.  Yes. 

Mr.  Rouderush.  I think  the  judge  had  a question. 

Mr.  Casey.  That  is  what  I wanted  to  know.  Is  NASA  going  to 
have  just  one  engine  in  existence  and  move  it  from  stand  to  stand, 
or  is  it  going  to  test  four  engines  at  once,  or  four  different,  phases  at 
one  time? 

Mr.  Holmes.  In  order  to  do  that  number  of  tests  we  have  to  have 
multiple  engine  tests  going  on,  yes,  without  taking  the  time  to  pull 
a given  engine  off  the  stand,  move  it,  and  so  on. 
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We  will  furnish  the  planned  number  of  engines,  parts,  et  cetera, 
for  you. 

Mr.  Teague.  Mr.  Waggonner  has  not  asked  a question. 

Mr.  Waggonner.  To  rurther  extend  the  questioning  of  the  chair- 
man. Mr.  Holmes,  when  he  speaks  cf  the  number  of  engines  we  can 
identify. 

What  other  engines  can  we  identify  that  are  under  development 
and  which  will  utilize  the  test  stands? 

Mr.  Holmes.  No  others,  sir. 

Mr.  Waogonner.  No  others? 

Mr.  Holmes.  No,  sir. 

Mr.  T^oue.  There  are  a number  of  M-l  engines. 

Mr.  Holmes.  A number  of  M-l  engines  will  be  involved,  but  no 
other  type  of  engine  is  presently  planned  for  these  test  stands. 

Mr.  Waggonner.  Are  there  other  engines  under  consideration,  now, 
other  than  the  M-l  engines? 

Mr.  Holmes.  No,  sir.  No  other  engines  are  under  consideration 
for  these  test  stands. 

Mr.  Waggonner.  Other  than  for  these  test  stands. 

Mr.  Holmes.  There  is  the  solid  engine  which  the  Defense  Depart- 
ment is  developing  in  a separate  program.  There  is  the  nuclear  en- 
gine, called  the  NERVA  engine,  and  the  Rover  program.  The  first 
reactor-in-flight  vehicle  combination  will  be  called  the  RIFT. 
Of  course,  we  have  engines  under  development  for  the  ongoing 
Apollo  program,  including  the  F-l,  H-l,  J-2,  and  A-3.  These  are 
the  only  engines  that  we  have  currently  in  development  and  test. 

Mr.  Teague.  Mr.  Daddario  has  a question. 

Mr.  Daddario.  You  said  that  if  we  have  a lunar  base  program  we 
couldn’t  do  without  the  M-l  engine.  We  had  testimony  before  us 
which  indicates  that  the  Saturn  V would  be  capable  of  establishing  a 
lunar  base  of  about  six  people  on  the  moon  and  keeping  it  supplied. 

Is  this  a conflict  of  technical  and  scientific  opinion  ? 

Dr.  Shea.  I think  I said  that  I am  confident  the  Saturn  V can 
handle  all  the  early  phases  of  the  lunar  program  and  all  the  Earth- 
orbiting missions  we  envision. 

We  aon’t  yet  know  about  the  lunar  base.  I don’t  think  we  have  done 
enough  sizing  work  on  it  yet  to  say  whether  the  Saturn  V can  or  can’t 
fulfill  this  requirement. 

Mr.  Daddario.  Is  there  the  possibility  that  the  Saturn  V could  es- 
tablish, as  ha**  been  testified  to  before  this  committee,  a lunar  base 
colony  of  about  six  people  and  maintain  them  ? 

Dr.  Shea.  The  Saturn  V can  “direct  land”  approximately  30,000 
pounds  of  payload  on  the  lunar  surface. 

Mr.  Holmes.  Or  two  people. 

Dr.  Shea.  Or  two  people  in  our  present  mode  of  operation.  You 
can  work  out  a logistic  operation  where  those  30,000  pounds,  or  incre- 
ments of  that  payload,  and  two  people  at  a time,  can  be  built  up  to 
a base  colony  of  about  six  people. 

Mr.  Daddario.  Your  answer  is  “Yes”  ? 

Dr.  Shea.  The  answer  is,  “Yes — that  size — that  size  vehicle.” 

Mr.  Daddario.  Mr.  Holmes,  one  other  problem  bothers  me  in  this 
matter  of  financing. 
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Last  year  we  authorized  money  for  the  M-l  engine,  out  of  which  $15 
million  was  reprogramed  into  another  program.  This  is,  frankly,  one 
of  the  problems  that  faces  the  committee  in  its  attitude  toward  this 
program.  * 

What  assurance  do  we  have  it  is  not  going  to  happen  again  ? Actu- 
ally, all  we  are  doing  this  year  is  reauthorizing  the  money  we  author- 
ized last  year,  and  which  you  spent  for  other  purposes. 

Mr.  Holmes.  Yes,  sir. 

Mr.  Daddario.  It  is  a very  embarrassing  position  for  the  committee. 

Mr.  Holmes.  Yes;  I think  that’s  certainly  a very  good  question. 
Once  again,  however,  I think  the  reason  for  our  reprograming  is  ex- 
actly the  reason  the  committee  is  concerned  about  the  M-l  engine 
and,  quite  properly,  looking  at  it  very  carefully,  we  felt  we  should 
not  go  ahead  on  the  M-l  engine  at  a faster  rate  than  was  necessary 
to  assure  us  of  this  capability  in  the  future. 

When  we  asked  for  the  M-l  authorization,  we  had  planned  the 
M-l  engine  for  an  early  Nova  vehicle,  and  it  was  funded  at  that  rate. 
As  soon  as  we  knew  we  were  not  going  to  use  the  Nova  vehicle  to  go  to 
the  Moon,  and  that  we  should  have  a more  advanced  vehicle,  to  come 
along  later,  we  cut  down  the  expenditure  on  the  M-l  and,  consistent 
with  our  request,  this  year,  we  minimized  M-l  expenses  at  a rate  we 
think  will  develop  the  technology  of  this  engine  toward  the  end  of 
the  decade. 

Had  it  been  a different  decision,  a decision  to  go  via  direct  flight, 
we  would  not  have  reprogramed  these  funds.  We  would  probably 
have  programed  money  into  it,  and  we  would  have  an  ongoing  Nova 
program  today. 

I think  it  is  all  consistent  and  fits  into  the  present  mode  for  going 
to  the  moon  using  a satellite  Apollo  vehicle  and  the  lunar  orbital 
rendezvous  technique. 

Mr.  Low.  I miglit  add  that  we  would  have  requested  $70  million 
instead  of  $75  million  in  fiscal  1964,  had  there  been  an  ongoing  pro- 
gram. 

Mr.  Daddario.  I understand  the  explanation.  It  is  a good  one 
from  your  point  of  view.  It  is  a very  poor  one  from  a legislative  point 
of  view. 

It  poses  other  problems  to  us,  serious  problems. 

Mr.  Teague.  Shall  we  leave  the  M-l  engine? 

Mr.  Fulton  of  Pennsylvania.  Mr.  Teague,  just  one  more  point. 

You  have  spoken  of  a 10-  to  12-year  development,  program  on  the 
M-l  engine.  Now  that,  to  me,  shows  a 2-year  leeway  in  your  thinking 
and  if  there  is  that  2-year  leeway,  it  brings  up  the  question  of  a 
stretchout  even  of  your  own  figures  oy  one-sixth,  or  16  percent.  The 
question  then  is:  Why  can’t  there  be  a similar  variation  within  the 
fiscal  year?  Why  do  you  need  all  the  money  in  a particular  fiscal 
year? 

Mr.  Holmes.  I think  the  answer  to  that  is  that  we  are  requesting 
this  vear  what  we  think  is  a minimum  but  efficient  funding  rate  in 
vde*  ft)  have  an  engine  for  a longer  period  of  time.  The  only  reason 
cnere  is  any  flexibility  is  dependent  on  how  much  one  intends  to  speed 
up  development  in  later  years. 

Mr.  Fulton  of  Pennsylvania.  Actually,  if  you  clustered  the  J-2 
engines  at  this  time,  you  could  probably  get  along  with  a second  stage 
that  would  do  everything  the  M-l  would  do? 
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Mr.  Holmes.  If  you  could  make  the  J-2  engine  reliable  enough, 
you  might  do  that.*  When  you  consider  using  8 J-2  engines  instead 
of  a single  M-l  engine^  the  statistical  probability  of  having  a reliable 
vehicle  decreases,  particularly  when  you  say  you  are  going  to  have 
4 M-l’s  and  32  J-2’s.  I wanted  to  draw  a comparison.  It  is  unlikely 
that  you  would  get  a statistical  probability  that  the  vehicle  would  work 
very  well,  and  have  sufficient  reliability. 

Mr.  Fulton  of  Pennsylvania.  There  is  a comparable  result  by 
clustering  a J-2  engine. 

As  a matter  of  fact,  you  are  now  moving  ahead  with  the  J-3  engine, 
improving  the  J-2.  So,  don’t  you  think  you  should  be  doing  that  as 

Mr.  Holmes.  I am  not  aware  of  the  J-3  engine,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Aren’t  you  improving  the  J-2  engine 
so  that  it  gives  above  a 200,000- pound  thrust  ? 

Mr.  Holmes.  Not  today. 

Mr.  Wagoonnee.  188,  isn’t  it  ? 

Mr.  Holmes.  I think  that 
oxygen  engine,  which  is  used  m tne  hrst  stage  < 
and  lias  a thrust  of  165,000  pounds,  which  will  be  increased  to  188,000. 
The  J-2  liquid  oxygen-liquid  hydrogen  engine  has  a thrust  of  200,000 
pounds.  I do  not  know  of  any  current  program  to  increase  that  level 
of  thrust. 

Mr.  Waooonne*.  Hasn’t  clustering  proved  practical  in  upper 
stages? 

Mr,  Holmls.  It  has,  but  when  you  consider  more  than  the  five 
J-2  engines  which  we  are  using  in  the  second  stage  of  the  Saturn  V, 
the  reliability  bocomes  questionable. 

Mr.  Fulton  of  Pennsylvania.  NASA  has  no  alternative  on  clus- 
tering the  J-2  engine,  as  it  now  is;  nor  are  you  in  a development 
program  to  increase  the  200,000-pound  thrust  of  the  J-2  engine. 

Mr.  Holmes.  That  is  correct. 


LV  AW  LIV.  A 10*1  l II  i 

:s.  I think  that  you  are  referring  to  the  H-l  kerosene- 
8,  which  is  used  m the  first  stage  of  the  Saturn  I and  IB, 


Mr.  Teague.  Let’s  go  to  RDO  1-5,  Gemini. 

Mr.  low,  were  you  told  what  the  cut  would  be  here,  and  where  it 
would  lie  ? 

Mr.  Low.  I was  told  there  was  a proposed  cut  of  16.9  million.  I 
don’t  know,  specifically,  where  it  was. 

Mr.  Teague.  Mr.  Fulton,  can  you  tell  them  what  the  cut  will  be  on 
RDO  1-5.  volume  2. 

While  ne  is  finding  that,  ca  ' vou  tell  us  a little  bit  about  Gemini? 
Are  there  some  problems  we  don’t  know'  about?  Is  the  upatient 
sick”? 

Mr.  Holmes.  I don’t  think  the  '‘patient”  is  sick,  Mr.  Chairman. 
It  is  my  opinion  that  we  have  new,  with  this  reestablishment  of  the 
Gemini  schedule  for  two  unmanned  qualification  flights  before  the 
first  manned  flight  a plan  allowing  us  to  proceed  in  development  and 
to  come  to  grips  with  the  real  problems.  It  is  a different  type  of 
problem,  but  one  tuat  can  be  me*. 

Mr.  Teague.  Are  vou  considering  a third  unmanned  Gemini  flight? 

Mr.  Holmes.  Pardon? 

Mr.  Teague.  Are  you  considering  a third  unmanned  Gemini  flight? 

Mr.  Holmes.  No;  not  in  the  sense,  I am  sure,  you  are  asking  the 
question.  If  we  had  difficulty  with  the  Titan  II  booster — ana  we 
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don’t  anticipate  any — we  might  consider  an  additional  unmanned 
flight;  but  there  is  no  present  scheduling  for  three  unmanned  flights 
in  that  sense.  There  are  vehicle  problems,  and  you  might  want  to 
check  these  out  structurally  with  a boilerplate  Gemini  sitting  on  the 
Titan  II.  All  in  all,  I think  the  program  is  faming  up.  The  equip- 
ment is  so  impressive  that  I would  welcome  a visit  oy  the  committee 
to  the  McDonnell  Aircraft  plant. 

Mr.  Teague.  We  are  trying  to  go,  but  we  have  not  been  able  to  find 
the  time. 

Mr.  Holmes.  Gemini  is  an  entirely  different  concept  from  Mercury ; 
I think  you  will  agree  when  you  look  at  it.  In  that  sense  I think  we  can 
see,  for  the  first  time  in  this  country,  an  operational-type  spacecraft, 
one  built  like  an  operational  aircraft.  Just  looking  at  it  makes  you 

?roud.  It  is  true  that  I preferred  we  meet  our  initial  schedules,  but 
think  they  were  somewhat  optimistic;  I think  if  we  had  to  do  it 
again,  we  would  still  take  the  present  route  to  make  Gemini  much 
more  than  a big,  overgrown  Mercury.  It  is  a wise  decision,  and  we  will 
have  developed  a much  better  spacecraft  for  the  country. 

Mr.  Fulton  of  Pennsylvania.  On  RIX)  1-5  in  volume  2,  if  you 
look  at  the  $306,300,000  figure,  we  have  discussed  having  12  Gemini 
flights  instead  of  15.  That  was  the  first  thing.  Then  there  was  ft 
prorated  cut,  down  to  $16,900,000. 

Mr.  Roudebush.  Three  of  the  fl  ights  are  backups. 

Mr.  Fulton  of  Pennsylvania.  Yes.  Actually,  there  are  12  flights, 
so  what  we  are  doing  is  cutting  off  the  equivalent  of  your  3 backup 
flights. 

Mr.  Low.  Mr.  Chairman,  if  we 

Mr.  Fuqua.  That  is,  we  are  postponing  it  until  next  vear. 

Mr.  Fulton  of  Pennsylvania.  “Postponing  it,”  would  be  better. 
Mr.  Low.  If  we  propose  to  cut  the  launch  vehicles,  we’d  have  to  cut 
the  last  three;  if  we  cut  the  launch  vehicles  now,  it  would  dels”  the 

^am  by,  at  least,  a year.  These  last  three  launch  vehicles  will  not 
ivered  until  calendar  year  1966,  and  there  are  no  fiscal  year  1965 
funds  requested  for  those  last  three  launch  vehicles. 

Mr.  Fulton  of  Pennsylvania.  Yes,  but  you  have  only  seven  Gemini 
shots  scheduled  in  calendar  year  1965,  therefore  you  have  eight 
Gemini  shots  that  come  after  calendar  year  1965.  What  this  commit- 
tee is  saying  that  on  this  overall  figure  of  $306, 300, (XX),  that  we  are 
asking  you  to  postpone,  or  back  up  on  your  procurement.  With  ade- 
quate leadtime,  you  could  procure  the  vehicles  without  putting  it  into 
this  year’s  budget. 

As  Mr.  Fuqua  said,  it  is  a postponement  rather  than  a cut. 

Mr.  Daddario.  Would  you  yield,  Mr.  Fulton  ? 

Mr.  Fulton  of  Pennsylvania.  Gladly. 

Mr.  Daddario.  As  I understand  your  point  of  view,  the  last  three 
vehicles  will  not  be  delivered  until  1966,  and  you  are  not  going  to  re- 
quest the  funds  for  them  until  next  year.  Is  that  correct  ? 

Mr.  Low.  That  is  right. 

Mr.  Daddario.  If  we  cut  out  3,  we  are  not  going  from  15  to  12,  but 
from  12  to  9 1 
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Mr.  Low.  Or  more  than  that,  because  of  the  leadtime  necessary — 

I don’t  have  the  exact  leadtime  with  me. 

Mr.  Daddario.  Would  you  spell  out  what  effect  this  would  have? 

Mr.  Low.  If  we  eliminated  three  launch  vehicles  at  this  point  in 
time,  we  would  be  cutting  launch  vehicles  which  would  fly,  at  the 
latest,  in  calendar  year  1965,  because  there  is  about  a 16-month  lead- 
time  on  the  launch  vehicles. 

Mr.  Fuqua.  IIow  many  launches  do  you  plan  in  this  coming  fiscal 
year? 

Mr.  Low.  In  the  fiscal  year  itself  ? 

Mr.  Fuqua.  Right. 

Mr.  Low.  Three. 

Mr.  Fui.ton  of  Pennsylvania.  Is  my  figure  correct,  you  are  only 
planning  seven  shots  through  calendar  year  1965  ? 

Mr.  Low.  That  is  correct. 

Mr.  Waogonner.  There  would  be  four  launches  then  in  1965. 

Mr.  Teaoue.  Mr.  Low,  why  do  you  plan  to  reuse  three  of  the  space- 
craft? 

Why  don't  you  reuse  all  of  them,  or  none  of  them  ? 

Mr.  Low.  Currently,  we  are  programing  12  spacecraft  and  15  launch 
vehicles.  The  thought  is  this:  if  we  have  an  early  abort  on  any  of 
the  flights,  we  would  not  accomplish  our  mission.  We  would,  however, 
be  able  to  reuse  the  space  craft  because  it  will  not  have  been  in  orbit; 
it  will  not  have  reentered  at  very  high  speeds.  But  a launch  vehicle 
would  have  been  expended. 

Our  best  estimate,  based  on  projected  reliability  members,  is  that 
there  might  be  3 failures  during  the  launching  of  the  12  vehicles  so 
we  have  backup  boosters  for  this.  We  would  reuse  these  spacecraft. 
Any  spacecraft  that  has  completed  a mission,  we  feel  we  could  not 
reuse,  because  of  the  much  harder  use  it  will  have  had  going  into  orbit 
and  rentering  the  Earth’s  atmosphere. 

Mr.  Holmes.  I think  that  I should  make  a statement  here,  Mr. 
Chairman.  It’s  only  in  fairness  to  the  committee;  you  ought  to  know 
the  facts.  If  you  look  at  our  overall  program  that  we  have  scheduled 
for  fiscal  1964,  and  you  look  at  our  present  funding  problems,  you 
will  note  that  we  are  struggling  with  a deficit  of  well  over  a hundred 
million  dollars.  What  we  are  trying  to  do.  desperately,  is  to  take  a 
look  at  this  problem  and  attempt  to  alleviate  it.  I’m  not  sure  if  there’s 
any  help  available  from  Gemini;  I think,  probably  not,  because  part 
of  the  overall  shortage  is  in  Gemini.  We  are  desperately  trying  to 
hold  the  schedule  with  the  funds  that  we  have.  I tell  you  this  with 
complete  honesty,  because  the  committee  must  know  these  facts.  Any 
cut  in  the  Apollo  R.  & D.  funds  is  going  to  result  in  schedule  slippages. 
There  is  absolutely  no  part  of  those  funds  that  can  he  cut  because  of 
redundant  items.  We  are  so  hard  pressed  now,  and  short,  that  it’s  go- 
ing to  take  all  our  skill  and  ingenuity — with  small  amounts  of 
reprograming  here  and  there — to  keep  this  program  going  on  schedule. 

We  have  already  been  through  a very  stringent  exercise  with  the 
Bureau  of  the  Budget  and  the  President,  because,  as  you  know,  they 
are  very  much  concerned  about  whether  we  should  ask  for  these 
large  sums  of  money.  I can  assure  you  that  it’s  just  about  as  tight  as 
we  know  how  to  make  it. 

I 
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Mr.  Teague.  Suppose  you  were  resubmitting  this  budget  today; 
would  it  be  the  same  f 

Mr.  Holmes.  If  we  were  resubmitting  this  budget  today,  it  would 
be  higher — provided  my  superiors  would  agree  to  it.  As  I say,  there 
has  been  tremendous  pressure  from  the  Bureau  of  the  Budget.  Quite 
properly  the  Bureau  of  the  Budget’s  attitude  is : Run  the  program,  yes. 
But  don’t  be  wasting  money. 

Mr.  Teague.  Any  other  question  on  the  Gemini  program?  Mr. 
Waggonner? 

Mr.  Waggonner.  This  $100  million  deficit  you  spoke  of  is  in  the 
Gemini  program  ? 

Mr.  Holmes.  No,  sir;  the  deficit  refers  to  R.  & D.  funds  for  the 
total  manned  program. 

Mr.  Waggonner.  The  total  manned  research  and  development  pro- 
gram, it  is  not  in  the  construction  facilities  ? 

Mr.  Holmes.  I was  addressing  myself  to  the  research  and  develop- 
ment ; the  deficit  is  over  a hundred  million  dollars.  Though  “deficit” 
is  usually  the  proper  word,  I haven't  faced  up  to  that  term  yet  because 
I’m  sure  we  are  going  to  find  some  way  to  shiff  small  amounts  around 
to  hold  the  fort.  I certainly  hope  so. 

Mr.  Waggonner.  This  deficit  exists  as  a insult  of  underestimated 
costs  in  the  manned  space  flight  program  ? 

Mr.  Holmes.  Yes,  I think  that  certainly  is  accurate.  Another  way 
to  say  it,  the  way  it  appears  to  me,  is  that  if  one  looks  at  the  funding 
requirements — and,  certainly,  there  have  l>een  some  underestimates — 
ana  one  sees  what  we  have  available  for  our  present  scheduled  rate, 
but  one  talks  about  $3  billion  which  is  our  R.  & D.  request  for  a 
manned  program — then  the  problem  of  a hundred  million  deficit  takes 
a different  perspective.  I couldn’t  be  worth  my  salt  as  a program 
manager  if  I haa  given  up  on  that  one.  Part  of  tne  responsibilities  of 
a program  manager  is  to  oalance  these  requirements  somehow. 

Mr.  Fuqua.  Mr.  Holmes,  on  the  change  of  flights  from  15  to  12.  we 
are  not  cutting  out  3 and  asking  you  to  operate  with  12  instead  of  15. 
You  can  still  operate  on  15,  but  postpone  funding  3 of  them  until  fiscal 
year  1965. 

Mr.  Low.  But  if  we  do  that 

Mr.  Teague.  The  last  flights  are  not  in  this  year's  budget. 

Mr.  Low.  The  flights — the  last  three  flights — are  not  in  the  fiscal 
year  1964  budget.  I 

Mr.  Teague.  They  will  be  in  next  year’s  budget. 

Mr.  Holmes.  Not  only  that;  it  looks  at  the  present  time  as  if  that 
Gemini  funds  are  tight.  But  if  we  could  identify  any  funds,  we  need 
them  in  other  areas.  We  have  to  balance  this  whole  program  so  that  it 
goes  forwp  rd  together. 

Mr.  Fulton  of  Pennsylvania.  Have  you  reprogramed  any  money 
from  fiscal  year  1963  out  of  the  Gemini  program  ? 

Mr.  Ix>w.  No,  sir. 

Mr.  Holmes  No,  sir;  we  haven’t. 

Mr.  Fulton  of  Pennsylvania.  Will  you  have  any  unobligated  funds 
as  of  June  30, 1963  ? 

Mr.  Holmes.  In  the  last  few  months,  I,  and  all  key  members  of  my 
staff  and  the  key  members  of  the  Manned  Spacecraft  Center  have  been 
involved  in  identifying  additional  funds  for  Gemini. 
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Mr.  Fulton  of  Pennsylvania.  Do  you  have  any  money  in  the  Mer- 
cury program  that  you  could  use  for  Gemini  ? 

Mr.  1 iolmes.  No,  sir. 

Mr.  Fulton  of  Pennsylvania.  Where  would  you  get  the  money  for 
nn  extra  Mercury  flight  then  ? 

Mr.  Holmes.  If  we  have  an  extra  Mercury  flight,  it  is  going  to 
mean  from  $10  to  $15  million,  depending  on  now  one  approaches  it, 
“out  of  our  hide.”  Certainly  that  amount  will  hurt  the  rest  of  the 
program.  That’s  one  of  the  reasons  why  T have  some  feeling  of  oppo- 
sition about  the  flight. 

Mr.  Fulton  of  Pennsylvania.  You  are  virtually  stating  that  no 
money  can  come  out  of  the  Gemini  program? 

Mr.  Holies.  I can  state  that  no  money  can  come  out  of  Gemini, 
Saturn,  or  Apollo  without  delaying  the  respective  programs. 

Mr.  Teague.  Mr.  Roudebush. 

Mr.  Roudebush.  You  mentioned  the  number  of  vehicles  is  15.  Is 
it  true  you  are  buying  15,  but  isn’t  it  also  true  that  you  are  buying  8 
Atlas  and  8 Agenas?  Those  are  for  your 

Mr.  Holmes.  The  Atlas/ Agenas  are  required  for  rendezvous. 

Mr.  Roudebush.  Rendezvous  techniques  only? 

Mr.  Molmes.  Yes. 

Mr.  Roudebush.  Am  I mistaken  in  my  assumption  that  you  have  a 
total  of  23  launch  vehicles,  rather  than  15? 

Mr.  Holmes.  You  need  the  Titan  II  to  launch  the  Gemini  space- 
craft and  the  Atlas  for  the  Agena  target  vehicle.  Two  launch  vehicles 
are  required. 

Mr.  Roudebush.  I see.  That  answers  it. 

Mr.  Teague.  Mr.  Waggonner? 

Mr.  Waggonner.  Did!  understand  you  to  say  this  $10,  $12,  or  $15 
million  to  make  an  additional  Mercury  flight  is  money  that  w-ould 
come  “out  of  your  hide,”  and  is  one  of  the  reasons  why  you  oppose  the 
Mercury  flight? 

Mr.  floLMEs.  Yes,  sir. 

Mr.  Waggonner.  Is  that  the  primary  reason  ? 

Mi-.  Holmes.  It  is  one  of  two  key  reasons.  The  primary  reason  is 
that  I would  like  to  see  the  present  Mercury  people,  such  as  Preston 
at  the  cape,  and  Kleinknecht  at  MSC  put  on  Gemini.  Now,  to  be 
fair,  if  tnere  were  sufficient  doubts  from  a space-knowledge  stand- 
point, it  would  lie  worth  the  price  of  another  Mercury  mission ; but 
indications  are  very  strong  against  it. 

Mr.  Teague.  Let’s  go  to  RDO  1-10,  Apollo. 

Mr.  Holmes,  you  heard  the  story  before.  We  went  out  and  talked 
to  North  American.  If  they  would  have  been  before  the  committee 
to  ask  for  money.  I don’t  think  they  would  have  received  enough  to 
buy  a cup  of  coffee.  I think  the  postponement  cut  there,  whatever 
you  call  it,  was  just  an  arbitrary  figure  of  10  percent. 

You  already  answered  the  question,  any  cut  in  the  Apollo  program 
delays  the  program. 

Mr.  Holmes.  I know  of  no  other  choice. 

Mr.  Teague.  This  budget  process  started  18  months  ago ; if  you  were 
resubmitting  it  today,  what  would  the  figure  be  ? 

Mr.  Holmes.  I’m  sorry.  I didn’t  hear  you. 

Mr.  Teague.  If  you  were  resubmitting  this  budget  today,  instead 
of  $1,287  billion,  what  would  the  figure  be? 
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Mr.  Holmes.  I think  that  the  total  budget  of  $3  billion  is  a reason- 
able, good,  sum.  As  a program  manager,  I would  say  that  we  could 
have  used  between  $100  and  $150  million  above  the  total  budget 
request. 

Mr.  Teague.  Take  North  American,  for  example.  They  say  that 
they  are  negotiating  with  NASA,  and  you  say  that  you  are  negotiating 
with  North  American.  Where  did  this  $661  million  come  from? 
There  must  have  been  some  consultation  back  and  forth  to  arrive  at 
this  figure. 

Mr.  Holmes.  I at  me  comment  first,  and  then  T think  Mr.  Low  may 
want  to  comment  on  it.  We  only  have  a few  routes  to  follow  in  order 
to  save  monev. 

One  is  a schedule  “stretchout”;  another  is  cutting  out  hardware;  and 
as  I say,  there  is  no  redundant  hardware  to  cut  out.  The  third  is  to 
operate  more  efficiently.  WTe  are  trying  desperately  to  do  that.  As 
I mentioned  in  earlier  testimony,  we  have  a set  of  detailed  program 
schedules,  which  list  all  the  key  milestones  for  the  effort  down  through 
the  sub-sub-system  level.  In  addition,  the  scheduling  system  shows 
the  estimated  and  actual  contractor  costs  and  man|>ower  related  to  the 
effort. 

Here  is  a stack  of  these  schedules — quite  a great  clerical  job,  but  the 
scheduling  system  does  tell  us  where  we  are  and  where  we  are  going. 
[ Indicating  documents.] 

To  answer  vour  question  directly,  the  requirements  come  from  an 
integration  of  these  separate  estimates  of  what  funds  are  needed  to 
accomplish  the  job  in  a certain  amount  of  time  with  so  many  engineers. 

The  requirements  are  plotted  for  each  contractor;  the  entire  pro- 
ganrn  is  finally  plotted  so  that  the  requirements  are  established. 

This  detailed  scheduling  system  is  one  reason  why  we  feel  we  can 
speak  with  a great  deal  more  confidence  than  a year  ago  about  our 
present  and  future  costs. 

I want  to  have  Mr.  Low  address  himself  to  this. 

Mr.  Low.  I want  to  speak  particularly  regarding  North  American. 
We  received  in  October  of  last  year — before  the  budget  i>ook  was 
finally  put  to  bed — a firm  cost  proposal  from  North  American,  which 
formed  a basis  for  the  negotiations  with  North  American.  These 
negotiations  have  now  been  completed. 

This  cost  proposal  was  analyzed  in  detail  by  our  people  in  Houston. 
There  were  some  places  where  we  cut  them,  and  other  places  where 
we  found  we  had  to  increase.  This  analysis  was  then  used  by  our 
people  in  the  negotiations,  and  this  is  the  way  the  negotiations  finally 
came  out — just  a few  weeks  ago. 

We  did,  therefore,  base  the  number  in  this  book  on  a firm  estimate 
of  North  American,  as  analyzed  and  adjusted  by  our  jieople;  it  was 
so  good  an  estimate  and  analysis  that  this  number  was  agreed  to  when 
we  finally  shook  hands  with  North  American  on  the  contract. 

I would  like  to  make  another  point.  I brought  along  a number  of 
charts  that  give  a number  of  breakdowns  on  this  as  to  divisions  of  con- 
tracts, divisions  of  effort  in-house,  and  so  on. 

I would  be  happy  to  discuss  these  with  the  members,  now  or  later. 

Mr.  Teague.  Tvhat  is  the  wish  of  the  committee  ? 

Mr.  Waggonner.  If  we  are  going  to  discuss  it,  we  might  as  well  do 
it  now. 
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(The  information  referred  to  is  proprietary  and  may  be  found  in  the 
committee  files.) 

Mr.  Fulton  of  Pennsylvania.  Why  is  it  North  American  could  not 
come  within  a certain  specific  amount  on  what  their  requirements 
would  be  for  their  operations  in  fiscal  year  1964  ? 

Mr.  Holmes.  I think  they  could  have.  However,  two  problems  did 
exist.  First,  and  1 think  that  I’ll  have  to  take  the  responsibility  for 
this  difficulty.  I don’t  think  that  the  people  involved  were  properly 
informed  and  experienced  enough  to  hanale  themselves  before  a con- 
gressional subcommittee.  The  second  point  was  that  they  were  in  the 
middle  of  negotiating  the  definitive  contract.  As  a result,  the  people 
were  probably  in  a difficult  position  with  regard  to  what  information 
they  could  and  could  not  talk  about.  I am  very  sorry  that  the  trip 
turned  out  that  way  and  I hope  we  can  arrange  for  another  visit  by 
the  committee;  I would  like  to  be  there  personally.  That  would  hie 
much  more  satisfactory. 

Mr.  Ftti.ton  of  Pennsylvania.  How  can  one  company  get  this  sum 
of  money  ? 

Mr.  Holmes.  I think  the  answer  to  that  question  concerns  the  ex- 
tremely large  number  of  companies  involved.  As  you  know,  if  you 
consider  the  subcontractors  involved  and  if  you  estimate  the  man- 
power, purchase  material,  and  various  other  equipment  for  each  pro- 
gram element  and  add  them  together,  this  is  the  level  of  effort  required. 

Mr.  Fulton  of  Pennsylvania.  Would  a $50  or  $100  million  cut 
cripple  this  particular  portion  of  the  Apollo  program  ? 

Mr.  Waooonner.  Mr.  Holmes  already  testified  to  that. 

Mr.  Holmes.  It  would  delay  the  schedule. 

Mr.  Fulton  of  Pennsylvania.  Which  cut  would  delay  the  schedule! 

Mr.  Holmes.  Either  $50  or  $100  million  cut  would  endanger  the 
schedule. 

Mr.  Fulton  of  Pennsylvania.  How  much  would  each  delay  the 
schedule  ? 

Mr.  I Iolmes.  I can’t  answer  that,  precisely ; if,  for  instance,  the  com- 
mittee saw  fit  to  cut  out  of  Apollo  any  sum  of  money — say  a hypo- 
thetical $50  million— then  the  responsibility  would  rest  with  me  to 
put  the  program  in  bn  lance.  We  would  have  to  say:  “Is  it  coming 
out  at  the  same  time  an  the  Saturn  booster?”  and  you  probably  would 
delay  this  a little  and  that  a little,  and  tnke  a part  from  each  to  keep 
the  total  program  in  balance. 

Mr.  Fulton  of  Pennsylvania.  Have  you  reprogramed  any  money 
out  of  Apollo  program  duri  tg  fiscal  year  1963  ? 

Mr.  Holmes,  No,  sir,  not  to  my  knowledge.  Do  you  know  of  any, 
George  ? 

Mr.  Ixiw.  I believe  we  have  recently  reprogramed 

Mr.  Holmes.  Mr.  Low  knows  the  details  more  than  I do. 

Mr.  Fulton  of  Pennsylvania.  Have  you  programed  any  construc- 
tion of  facilities  money  out  of  the  Apollo  program  ? 

Mr.  Holmes.  No.  We  have,  as  1 mentioned  earlier;  scraped  every 
place  we  could  to  help  Gemini  in  the  last  few  months,  and  we  may  have 
taken  some  Apollo  research  and  development  funds  to  assist  Gemini. 
Is  this  what  you  are  referring  to,  Mr.  Low  ? 
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Mr.  Low.  Yes,  sir. 

Mr.  Holmes.  But  it  would  be  a relatively  small  amount. 

\'t.  Fulton  of  Pennsylvania.  If  North  American  is  so  uncertain 
as  to  their  plans,  why  is  this  figure  so  specific  when  North  American 
obviously,  regardless  of  their  experience  in  dealing  with  a congres- 
sional subcommittee,  was  not  specific  in  their  own  mind  as  to  their 
industrial  programing  either  as  a prime  contractor  or  in  dealing  with 
a sill  contractor  ? 

Mr.  Holmes.  There  were  books  of  extremely  detailed  data  during 
the  negotiation  of  the  contract,  which  we  recently  definitized.  I just 
think  that  they  inadvertently  gave  the  wrong  impression. 

Mr.  Fulton  of  Pennsylvania.  How  do  you  account  for  the  impres- 
sion given  to  several  menders  of  the  subcommittee  that  were  there? 

Mr.  IIolmeh.  As  I mentioned,  I can  account  for  it  only  two  ways. 
The  individuals  involved  probably  didn’t  recognize  what  their  posi- 
tion was  and  what  their  responsibilities  were  to  the  committee,  versus 
their  own  management.  Also,  they  were  in  the  midst  of  negotiating 
a major  contract  and  did  not  make  that  position  clear;  thus  they  did 
not  disems  in  a full  and  open  way  with  you  the  extent  to  which  they 
actually  had  programed  the  funds  they  needed. 

Mr.  Tf.agu*.  Mr.  Fulton,  we  have  covered  that.  That  is  the  sec- 
ond time  Mr.  Holmes  has  answered  that  question. 

We  have  a long  way  to  go.  Any  other  questions? 

Next  is  Aerospace  Medicine  on  RIX)  3-1.  We  ought  to  have  Mr. 
Daddario  here  for  this. 

Suppose  we  move  on  to  RDO  4-1,  Integration  and  Checkout. 

Mr.  Holmes.  Dr.  Shea’s  program. 

?.fr.  Teague.  Dr.  Shea,  we  were  considering  cutting  $28  or  $30  mil- 
lion out  of  the  $153  million. 

What  if  you  were  resubmitting  this  budget  today?  Surely  you 
have  come  along  way  on  integration  checkout. 

Dr.  Shea.  Yes,  sir.  we  have,  and  again  I think  that  just  as  in  the 
spacecraft  area  the  final  development  of  these  figures  turned  out  to 
lie  very  close  to  what  the  present  program  is.  The  way  I understood 
the  discussion  of  the  $28  million  figure  was  that  it  would  come  out 
of  the  “Non-GE”  part  of  the  overall  effort,  and  I think  there  is  a 
little  bit  of  confusion  on  this  particular  point.  If  you  look  at  the  way 
the  fiscal  year  19(14  budget  request  for  the  integration  and  checkout 
area  is  broken  down,  there's  about  $101  million  worth  of  checkout 

Mr.  Teague.  That  is  hardware. 

Dr.  Shea.  The  $101  million  are  in  the  checkout  area.  It’s  not  all 
hardware.  Some  $47  million  are  for  hardware;  some  $54  million  are 
for  engineering  services  ; and,  in  addition,  there  are  approximately  $20 
million  for  the  overall  integration  effort,  which  GE  explained  to  t! 
committee.  The  remaining  $26  million  are  for  the  reliability  assess- 
ment area. 

Now\  when  I testified  the  last  time,  a comment  wns  made  that  the 
total  GE  requirement  would  probably  be  ’oetween  $100  and  $125  mil- 
lion, and  this  related  to  the  fact  that  in  the  hardware  checkout  area 
itself  we  don’t  intend  to  buy  all  of  the  hardware  from  GE.  The  rea- 
son is  that  some  of  the  hardware  is  what  you  might  call  common 
equipment.  It’s  been  developed  in  some  instances  bv  stage  contractors, 
but  more  particularly  it’s  general-purpose  equipment,  such  as  the 
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KC  10-1  digital  computer,  developed  independently  of  the  contractor. 
It's  our  intention  to  take  those  types  of  equipment — as  we  identify 
them — and  buy  them  through  the  Centers  rather  than  through  the 
General  Electric  Co.  The  equip]  ent  will  be  Government-furnished 
equipment  to  GE. 

There  is  really  no  identifiable  “non-G.Pk”  chunk  of  this  program 
that  is  not  specified.  As  a matter  of  fact,  we  are  in  the  process  right 
now  of  identifying  t lie  equipment  that  the  centers  are  going  to  buy, 
determining  what  we  are  going  to  procure  and  furnish  ro  G.E.,  and 
what  hardware  we  are  going  to  buy  directly  through  G.E.  , 

l can  give  3011  detailed  breakdowns  on  the  equipment  racks,  the* 
kind  of  gear  we  will  be  buying  that  constitutes  the  total  of  $101  mil-, 
lion  in  the  checkout  area;  my  summary  comment  is  that  I can’t  identif3* 
any  large  chunk  of  money  here  winch  is  not  specifically  committed 
either  to  the  management  tasks  that  we  are  asking  G.E.  to  do  either 
in  the  integration  and  reliability  areas  or  in  checkout  hardware  pro- 
curement. If  we  don’t  procure  the  hardware  equipment  in  parallel 
with  the  development  of  the  stages,  it’s  going  to  be  a little  embarrass- 
ing when  we  get  to  the  cape  and  can’t  fire. 

Mr.  Teague.  Yes,  sir. 

Mr.  Waggonner.  What  is  the  funding  on  the  G.E.  contract  for 
fiscal  year  1904? 

1 )r.  Shea’.  It  has  not  yet  lieen  definitized. 

Mr.  Waggonner.  What  are  the  expenditures  for  fiscal  year  1963? 

I >i . Shea.  You  have 

Mr.  Keucii.  $21  million  has  already  been  put  in  to  the  contract.  In 
addition,  some  funds  have  gone  to  the  field  centers  for  obligation  into 
the  contract. 

I)r.  Shea.  A total  of  $21  million  has  been  obligated  already,  and  we 
are  expecting  to  obligate  approximately  $10  million  more  into  the  con- 
t rnct  prior  to  the  end  of  this  fiscal  3Tear. 

Mr.  Fuqua.  This  year? 

Dr.  Shea.  It  is  incremental  funding. 

Mr.  IjIi.lt.  The  G.E.  contract  is  Iteing  funded  incrementally. 

Mr.  Holmes.  Something  over  $20  million  actually,  has  gone  to 
G.E.  for  their  opemt  ions,  isn't  that  correct? 

Mr.  Lilly.  That  is  correct 

Dr.  Shea.  We  are  in  the  last  stages  of  checking  overall  systems. 
Once  the  checkout  siiecification  is  completed,  we  can  ask  for  actual 
detail  hardware.  We  are  in  a position  where  we  are  working  051  our 
own  internal  estimates,  in  terms  of  total  number  of  equipment  nicks, 
and  so  on.  We  laid  these  requirements  out  and  know  about  what  these 
t ypes  of  nicks  cost.  This  is  the  basis  of  our  figures. 

Mr.  Teague.  Mr.  Roudebush? 

Mr.  Ronihitr an . Dr.  Shea,  your  particular  jwirtion  of  the  NASA 
budget  represents  the  most  rapid  increase.  In  fiscal  year  1962  vou 
had  just  $1.25  million. 

In  fiscal  year  1963  we  authorized  $38.5  million,  and  next  year  you 
are  asking  for  $153  million. 

Now,  is  that  all  due  to  the  Apollo  and  Gemini  programs,  or  princi- 
pally the  Apollo  program  ? 

Dr.  Shea.  It  is  due  principally  to  the  Apollo  program,  sir;  the1 
reason  that  it  looks  like  such  rapid  buildup  is  due  essentially  to  the 
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organizational  structure  within  NASA.  There  was  a deliberate  choice 
made  at  the  beginning  of  the  program  that  in  the  checkout  area,  in 
particular,  and  in  the  overall  management  area  associated  with  Office 
of  Manned  Space  Flight,  certain  functions  would  be  centralized;  it’s 
that  centralization  of  tnis  function  that  you  are  seeing  here. 

Checkout  hardware  is  going  to  cost  the  same,  and  would  liave  oost 
the  same  whether  we  procured  it  through  the  field  centers  or  whether 
we  procured  it  in  a central!  1 fashion  through  the  Office  of  Manned 
Space  Flight. 

This  $47  million  portion  of  the  $158  million  integration  and  check- 
out budget  request  for  fiscal  year  1964,  is  that  hardware  procure- 
ment. It’s  almost  a budgetary  breakdown,  rather  than  any  buildup 
of  a particular  element  of  the  organization. 

Mr.  Roudebush.  You  feel  that  integration  and  checkout — the  task 
involved — is  four  times  as  much  as  it  was  last  year? 

Dr.  Shea.  Yes,  sir,  and  the  reason  for  this  again  is  the  fact  that  the 
task  is  a combined  hardware  and  management  task.  I think  that  in 
both  the  systems  engir  ring  area  and  in  the  integration  area,  we  have 
been  in  a process  oi  building  a competent  organization;  we  just 
couldn’t  bring  it  into  being  overnight.  We  frequently  say  to  our- 
selves that  we  wish  we  had  teen  in  existence  2 years  before  we  actually 
were,  and  completely  staffed  to  accept  all  the  responsibilities  that  have 
subsequently  been  tfirust  upon  us.  There  is  a question  as  to  how  fast 
you  can  build  the  organization,  set  the  standards,  and  get  to  doing  the 
]ob  we  are  supposed  to  do. 

Mr.  Roudebush.  That  is  my  question,  exactly.  Can  you  build  an 
organization  that  fast  ? 

Can  you  spend  money  that  fast,  four  times  the  rate  you  spent  last 
year  ? 

Dr.  Shea.  Yes,  I think  we  can,  because  of  the  particular  way  in 
which  we  chose  to  do  it.  We  are  not  starting  organizations  com- 
pletely from  scratch;  rather,  we  are  relying  on  the  competence  of 
industrial  firms  to  give  us  teams  of  people  who  are  used  to  working 
together  and  who  can  provide  us  with  the  strength,  if  you  will,  to 
get  the  job  done.  These  are  very  important  jobs.  Both  the  systems 
job  and  the  integration  job,  we  believe  are  keys  to  the  overall  effective 
operation  of  the  program.  These  vital  areas  represent  a small  per- 
centage of  the  total  program,  but  they  are,  in  effect,  the  management 
check  and  balance  tnat  Mr.  Holmes,  Mr.  Low,  and  myself  feel  are 
essential,  if  we  are  to  maintain  control  of  the  program  and  to  assure 
both  ourselves  and  the  committee  that  the  program  is  being  run  effi- 
ciently and  that  all  facets  of  the  program  are  going  together  properly. 

Mr.  Roudebush.  You  are  asking  for  a total  of  $77  million  in  engi- 
neering under  integration  and  checkout.  That  is  a tremendous  jump. 

How  much  of  this  $77  million  will  be  in  contract,  we  will  say,  to 
GE  ? I think  Bellcomm  is  under  .iiis  also,  are  they  not  ? 

Dr.  Shea.  No,  Bellcomm  is  supporting  us  in  the  systems  engineer 
ing  area,  not  in  the  integration  area,  sir. 

Mr.  Roudebush.  They  are  not. 

What  companies  or  universities  and  so  forth  are  involved  here? 

I)r.  Shea.  Essentially  all  the  funds  requested  for  engineering  serv- 
ices in  the  integration  budget  is  G.E.  money.  There  are  a couple  of 
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very  small  subcontract* ; but  they  are  down  in  the  hundred-thousand* 
dollar  bracket.  The  bulk  of  all  that  is  G.E. 

Mr.  Roudebush.  The  bulk  is  G.E. 

Mr.  Holmes.  I think  I’d  say  just  what  Dr.  Shea  said,  that  is,  how 
fast  the  program  is  going — and  I still  maintain  that  it  is  very  tight. 
If  one  considers  that  this  is  one  of  the  elements,  as  we  explained  Tost 
year,  that  we  were  just  getting  started,  the  fact  that  it  has  gone  up 
about  four  times  is  not  inconsistent. 

The  whole  program  has  doubled;,  we  have  developed  our  strength 
and  have  an  on  going  program.  This  is  a program  which  was  creeping 
and  there  is  no  doubt  in  my  mind  that  we  will  need  to  spend  this  kina 
of  money  for  this  critical  work. 

Mr.  Fulton  of  Pennsylvania.  You  feel  that  to  get  highly  reliable 
integration  and  checkout,  we  should  not  cut  this  particular  item? 

Mr.  IIolmes.  Yes,  sir,  I feel  that  we  must  have  these  funds  to  con- 
duct an  efficient  and  reliable  program. 

Mr.  Fulton  of  Pennsylvania.  It  is  important. 

Mr.  Holmes.  Very  important. 

Mr.  Teague.  Could  you  take  a particular  problem  and  trace  it 
through,  explaining  how  integration,  checkout,  and  reliability,  are 
all  tied  together? 

Dr.  Shea.  Right  now  ? 

Mr.  Teaoue.  Right  now. 

Mr.  Waqgonnek.  Mr.  Chairman,  do  you  mean  utilizing  the  ma 
chinerv  set  up  through  the  G.E.  contract? 

Mr.  Teaoue.  Yes. 

Dr.  Shea.  I think  I can,  sir. 

In  effect,  there  are  three  things  we  are  planning  to  do  with  the  Gen- 
eral Electric  contract. 

One  of  these  is  to  provide  integrated  checkout  systems.  We  realized 
very  early  in  the  program  that  the  vehicle  that  we  intended  to  launch 
with  Saturn  V,  trie  Apollo  Spacecraft,  was  by  far  the  most  complex 
system  that  the  country  had  been  fared  with  in  terms  of  being  able  to 
assess  its  state  of  readiness  to  do  the  mission. 

We  concluded  that  we  could  not  continue  to  use  purely  manual 
methods,  as  we  have  been  doing  at  the  cape  up  to  the  present  time. 
We  evolved  the  concept  of  taking  all  the  normally  monitored  sensors 
and  handling  them  in  a digital,  automated  fashion. 

This  system  turns  out  to  he,  in  effect,  a very  intricate,  complex,  spe- 
cial-purpose computing  system,  which  will  provide  us  with  the  ca- 
pability in  a faster  time  than  we  could  do  with  manual  countdown 
techniques. 

Mr.  Holmes.  Mr.  Chairman,  would  you  excuse  me  a moment  ? 

Mr.  Teaoue.  Yes. 

Dr.  Shea.  It’s  all  part  of  the  use  of  the  vertical  assembly  building 
at  the  cape,  and  the  short  time  down  on  the  pad.  We  felt,  frankly, 
that  the  in  house  competence  in  electronics  and  digital  systems  of  this 
kind  needed  to  be  augmented  by  industrial  contractors  who  had  experi- 
ence in  this  field.  This  conclusion  then  led  to  the  first  impetus  toward 
the  General  Electric  operation.  They  have  the  experience  and  capa- 
bility to  do  it  for  us.  We  also  had  requirements  for  two  other  things : 
One,  as  an  overall  monitoring  of  the  reliability  of  the  program  and 
an  ability  to  assess  at  any  instant  in  time,  that,  indeed,  the  state  of 
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the  program  was  proper.  Now,  what  do  we  mean  by  thio?  We  mean 
two  things,  really.  First,  an  ability  to  analyze  problem  areas,  to 
analyze  designs  to  counter  potential  problem  areas  and  to  pick  out 

Sroblems  before  they  exist.  Secondly,  an  ability  to  watch  in  great 
etail  all  through  the  system — for  any  failure  that  occurs,  no  matter 
where  it  occurs.  Any  such  failure  is  spotted,  properly  recorded,  and 
the  proper  action  taken  to  fix  the  failure.  Although  we  talk  about 
statistical  failures,  random  failures,  and  so  on  in  our  systems,  the 
only  reason  we  do  that  is  because  there  are  frequently  so  many  failures 
that  you  can’t  think  about  them  individually. 

As  we  go  back  and  do  a ‘‘post  mortem”  any  particular  problem,  I 
have  never  seen  one  that  didn’t  have  an  assignable  cause,  which  could 
not  be  corrected  by  quick,  logical  action.  Sometimes  it  means  chang- 
ing a design.  Sometimes  it  means  changing  the  manufacturing  pro- 
cedure. Sometimes  it  means  tightening  up  certain  procedures  or 
tightening  up  on  the  manufacturer. 

T'he  key  to  Apollo  wai  developing  the  management  disciplines  so 
that  every  one  of  those  failures  is  studied  and  analyzed  to  determine 
the  cause  and  the  necessary  corrective  action.  We  have  established 
the  management  system  to  assure  that  these  actions  are  done.  In  ad- 
dition, because  all  this  test  data  has  been  carefully  recorded,  we  lmve 
a means  of  measuring  how  well  we  m re  doing  at  any  particular  instant 
in  time.  * 

Mr.  Rouoebvsh.  May  I interrupt  you  there.  Doctor? 

* Dr.  Shea.  Yes,  sir. 

Mr.  Roudebubh.  In  1962,  as  I pointed  out,  you  had  a million  and 
a quarter  dollars  for  integration  and  checkout.  We  were  going  for- 
ward with  the  Mercury  program,  and  we  were  in  a field  of  the  un- 
known. We  were  trying  to  manage  a program  of  a new  and  tre- 
mendous scope. 

Why  does  it  cost  so  much  money,  $153  million  to  be  exact,  to  man- 
age the  Apollo  integration  and  checkout  when  it  only  cost  $1.25 
million  to  manage  the  Mercury  program  or  weren’t  we  managing 
it  carefully,  gentlemen? 

Dr.  Shea.  No,  sir.  The  situation  in  Mercury  w'as  quite  different,  and 
it  might  help  to  talk  about  how  I believe  we  achieved  reliability  in 
the  Mercury  program.  Reliability  was  not  pulled  out  in  as  special  a 
way  in  Mercury  as  we  pulled  it  out  here,  and  a million  and  a quarter 
in  1962  did  not  really  relate  to  the  Mercury  program  at  all;  it  was, 
really,  related  to  the  buildup  of  our  reliability  effort  for  Apollo. 

Tlie  way  we  have  gotten  reliability  for  Mercury  is  through  the  team 
of  people  at  the  cape,  Walt  Williams  and  his  Checkout  and  Pre- 
Flight  Operations  Division.  We  have  literally  bought  those  people 
and  the  people  at  Houston,  who  coml>ed  both  the  spacecraft  and  the 
launch  vehicle  to  completely  wring  them  out  at  the  cape  and  to  put 
them  through  os  rigorous  or  more  rigorous  a test  at  the  cape  than 
they  have  at  the  factory. 

'the  people  down  there  are  sufficiently  well-trained  so  that  no  de- 
ficiency goes  unexplained  prior  to  a launch.  This  is  the  reason  why 
the  launch  sometimes  is  postponed. 

During  the  last  shot,  MA-9,  they  noticed  an  anomaly  in  the  gyro 
package ; in  digging  into  this,  found  out  there  was,  in  effect,  a process 
deficiency  which  allowed  solder  balls  to  float  potentially  around  in 
the  gyro  can. 
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This  type  of  situation  has  cropped  up  during  the  Mercury/ Atlas 
program.  Here  was  something  that  the  rigorous  check  of  these  peo- 
ple at  the  cape  turned  up. 

Mr.  Fulton  of  Pennsylvania.  That  is  a recurring  trouble  because 
it  was  the  cause  of  the  Vanguard  failure. 

Dr.  Shea.  It  may  well  have  been,  sir;  I am  not  familiar  with  that 
program.  It  slowed  down  the  MA-9  launch,  however,  to  get  it  fixed. 
If  we  hadn't  fixed  it  we  might  have  had  an  abort  on  tnat  ilight. 

Let  me  make  another  point.  I am  saying  that  somewhere  in  the 
operations  prior  to  getting  that  Atlas  down  to  the  cape  there  had  been 
some  anomolies  in  the  test  keys;  and,  perhaps,  some  failures  elsewhere. 
Perhaps,  at  one  of  the  other  Atlas  launches  someone  said  . “Okay  that 
failure  is  a random  affair.  It  hasn’t  happened  very  often,  ana  this 
part  icular  part  is  meeting  its  reliability  goal.” 

The  error  got  through  because  in  effect  nobody  La  the  overall  or- 
ganization went  back  and  had  the  rigor,  essentially,  to  examine  the 
system  and  find  the  fault. 

Now,  what  we  are  saying  is  that  we  can’t  afford,  in  the  Apollo  pro- 

fram,  to  find  out  these  problems  at  the  cape.  The  vehicle  will  be  too 
ig.  The  sv  stem  will  be  too  big.  We  are  not  going  to  have  enough 
people  at  tne  cape  to  lie  able  to  take  enough  time  to  iron  out  these 
problems  there,  as  we  have  been  doing  for  Mercury /Atlas. 

As  a result,  we  rrrist  get  back  to  the  Centers ; and  through  the  Cen- 
ters, back  to  the  contractors,  in  order  to  apply  these  rigors  all  the  way 
down  the  program.  Thus,  we  are  taking  preventive  action  in  the 
early  phases  of  design  and  test,  at  the  factory,  rather  than  watching 
for  these  things  at  thecape. 

We  will  still  have  a rigorous  examination  at  the  cape,  but  if  we 
had,  for  Appollo,  the  percentage  of  failures  at  the  cape  that  we  have 
discovered  on  the  Mercury  program,  we’d  sit  down  there  for  a year 
and  a half  before  we  ever  got  a shot  off. 

This  is  the  whole  point : It’s  a much  bigger  and  more  complex 
’management  effort,  and  it’s  a firm  requirement  to  have  rigorous  ex- 
aminations at  the  contractor  level  and  not  to  have  Government  people, 
in  effect,  do  it  all  down  at  the  cape.  It  turns  out  that  such  a massive 
amount  of  data  has  to  be  analyzed,  that  it  just  costs  a good  deal  of 
money. 

Mr.  Holmes.  I couldn’t  agree  with  Doctor  Shea  more.  I would 
just  like  to  add  something  from  the  very  practical  standpoints  of 
prestige  and  economics.  Assume  that  it  is  1968,  and  a Saturn  V and 
Apollo  spacecraft  are  sitting  on  the  launch  pad — just  moved  out — and 
the  three  crewmen  are  on  l>oard.  We  have  there — not  counting  the 
development — three  lives  and  probably  a $150  Million  investment. 

Now  one  says,  “How  much  effort  should  we  put  into  this  area?” 
“How  much  effort  should  be  put  in  this  or  that  element  to  assure 
everything  is  going  to  function  as  planned  ? 

You  can  see  that  from  the  vantage  point  of  human  safety,  economics, 
and  the  pride  of  the  Nation  that  we  certainly  can  afford  to  spend 
quite  a good  deal.  We  think  what  we  are  estimating  is  about  the 
right  amount. 

Mr.  Teague.  That  amount  for  this  next  year  ? 

Mr.  Holmes.  Yes, si*. 
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Mr.  Tkaoub.  Any  questions? 

(No  response.) 

Mr.  Teague.  Let’s  go  back  to  RDO  3-1,  Aerospace  Medicine.  Mr. 
Daddario. 

Mr.  Daddario.  I personally  have  enough  evidence  on  it.  If  Holmes 
or  anyone  else  has  something  to  say  shout  this  section,  over  and  beyond 
and  waive  what  has  already  been  said,  I would  be  happy  to  hear  it. 

Mr.  Teague.  Anybody  want  to  ask  any  questions  on  aerospace  medi- 
cine? 

Mr.  Fulton  of  Pennsylvania.  What  would  a $10  million  cut  do 
to  you? 

Mr.  Holmes.  Mr.  Low? 

Mr.  Low.  A hypothetical  reduction  of  $10  million  would  cut  our 
R.  & D.  direct  down  to  $6.7  million,  since  we  are  requesting  $16.7. 

The  $21,840,000  includes  peruonnel  and  institutional  costs,  pointed 
out  before,  that  are  prorated  through  the  entire  programs.  A cut  in 
space  medicine  to  a specific  amount  would  be  against  the  R.  & D. 
airect  cost.  In  this  case,  a $10  million  reduction  would  leave  only 
$6.7  million. 

Mr.  Fulton  of  Pennsylvania.  That  would  be  the  equivalent  of  the 
same  amount  you  had  in  fiscal  year  1963— $10.8  million  ¥ 

Mr.  Low.  Including  institutional  support  and  operations — includ- 
ing personnel  costs  and  operations  of  installation. 

Mr.  Fulton  of  Pennsylvania.  That  is  correct. 

What  would  it  do  to  you  if  you  had  the  same  figure  for  fiscal  year 
1964  that  you  had  in  fiscal  year  1963  ? 

Mr.  Low.  The  space  medicine  program,  as  with  the  rest  of  our  pro- 
gram, is  an  expanding  program.  In  this  program  we  are  developing 
and  manufacturing  the  space  suits,  for  example,  for  Gemini  and  Apol- 
lo. These  developments  are  coming  into  the  hardware  phase,  if  you 
will,  in  1964.  In  addition  to  that,  the  experimental  studies  of  the 
reactions  of  man  to  impact  and  landing  accelerations  and  so  on  are 
proceeding,  for  Apollo  and  Gemini,  from  the  paper  phase  into  test 

Shases.  All  of  these  things  are  going  to  cost  us  more  in  1964  than  they 
id  in  1963.  I think,  in  line  with  what  Mr.  Holmes  said  before,  that 
if  we  were  faced  with  a cut  of  $10  million  in  space  medicine,  we  would 
have  to  reprogram  funds  from  the  rest  of  the  program  to  balance  it 
again  to  bring  these  developments  along  with  the  rest  of  them. 

Mr.  Holmes.  At  least  to  balance  some  of  the  developments — you 
wouldn’t  balance  the  whole  effort. 

Mr.  Daddario.  What  did  you  say  ? 

Mr.  Holmes.  I’m  not  saying  that  a cut  of  $10  million  could  be  bal- 
anced. If  you  take  away  funds  from  any  element,  unless  we  deter- 
mined that  we  didn’t  need  it,  you  have  to  put  something  in  to  equalize 
the  effect  on  the  overall  effort. 

We  do  have  space  medicine  problems  resulting  from  the  last  Mer- 
curv  flight.  We  have  a great  deal  to  do  in  the  development  of  suits 
and  the  transfer  of  bodv  wastes  so  that  the  astronaut  can  carry  out 
the  flight  assignments  for  extended  periods.  It  was  quite  obvious 
from  this  last  flight,  MA-9.  The  committee  might  be  interested  in 
having  Dr.  Charles  Berry  discuss  these  aspects  sometime. 

Mr.  Teague.  Is  Dr.  Berrv  in  Houston  ? 

Mr.  Holmes.  Yes,  sir,  lie  is  in  Houston.  We  have  a long  way 
to  go  in  developing  plumbing,  space  suits,  and  so  forth. 
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Mr.  Teague.  Does  that  pertain  to  tliis,  or  does  Ames  do  it  ? 

Mr.  Holmes.  This  is  the  money  that  pertains  to  these  problems. 

Mr.  Teague.  This  money  is  for  that  kind  of  work? 

Mr.  Holmes.  Yes.  and  for  the  development  of  space  suits. 

Mr.  Daddabio.  Tliis  has  been  a long  struggle  and  one  in  which 
I wonder  how  much  progress  we  have  made.  When  we  first  began 
to  look  into  this,  Dr.  Glenn  said : 

This  is  not  a large  buildup,  nlthough  I realise  ibe  fear,  and  the  fear  I share 
with  you ; once  you  start  something,  it  begtus  to  grow. 

At  that  time  NASA  was  talking  about  building  up  a professional 
staff  of  60  people,  divided  into  3 sections  of  20  each.  You  would 
support  another  120  or  180  people.  This  was  not  supposed  to  be 
developed  until  1064  or  1966,  ana  the  cost  was  to  be  alxmt  $1.8  mil- 
lion a year. 

NASA  would  be  developing  this  to  build  up  a leadership  com- 
petence. As  of  the  moment,  the  three  sections  involved  in  tne  life 
sciences  which  have  developed  from  that  point  have  a budget  request 
of  almost  $90  million  and  employ  about  a thousand  people. 

Taking  into  consideration  that  the  program  has  grown.,  there  are 
other  aspects  of  it  which  cause  me  concern.  We  have  had  testimony 
that  the  aerospace  medicine  aspect,  which  is  w hat  we  are  talking  about 
here  for  the  manned  spacecraft,  is  a bioengineering  problem. 

In  the  first  instance,  NASA  was  allowed  to  go  into  uiis  because  of  the 
fact  that  there  was  evidence  in  the  record  that  the  only  capacity  the 
Department  of  Defense  had  was  a bioengineering  field.  Much  more 
than  that  was  necessary,  and  therefore  NASA  had  to  build  up  its  own 
capability.  I just  wonder  where  this  is  all  going  to  end. 

I have  no  question  to  ask  because  we  nave  gone  into  this  in  some 
detail.  But  l am  concerned  about  the  fact  that  NASA  keeps  growing 
and  growing  in  an  area  where  there  was  no  intention  that  it  would  in 
the  first  instance,  and  where,  admittedly,  we  are  dealing  with  person- 
nel whose  talents  are  in  short  supply. 

Senator  Hubert  Humphrey  had  a stu^y  made  in  1960  which  shows 
that  there  are  over  5,000  people  involved  in  the  life  sciences  area,  some 
$81  million  in  facilities,  and  thousands  of  contracts. 

We  just  keep  adding  to  it,  and  it  seems  to  me  that  tliis  is  an  area  in 
which  we  have  done  very  poor  integration  of  activity. 

Mr.  IIolme8.  Mr.  Daadario,  I would  like  to  comment,  in  broad 
terms,  only  on  the  part  I am  qualified  to  comment  on ; and  that  is  our 
fiscal  year  1964  budget  request.  It  sec.as  to  me  that  it's  not  unreason- 
able to  expect  to  expend  this  percentage  of  R.  & D.  funds  for  the 
manned  flight  program  on  the  man  himself,  on  his  suit,  his  instrumen- 
tation. If  we  do  look  at  it  in  this  way:  tne  whole  focus  is  on  man, 
trying  to  get  man  into  space.  However,  the  whole  R.  & D.  budget 
for  manned  space  flight  does  not  deal  with  the  man  himself,  or  with 
the  spacesuit,  et  cetera.  That  doesn’t  direct  itself  to  your  question  or 
the  broader  issue.  It  directs  itself  to  the  only  part  I am  qualified 
to  talk  about. 

Mr.  Daddario.  If  we  take  it  away  from  other  two  life  sciences  areas 
and  get  it  within  the  jurisdiction  of  this  subcommittee,  it  is  not  much, 
but  it  is  very  difficult  for  us  to  close  our  mind  to  the  testimony  we  have 
had  in  the  past,  ar  * which  still  remains  our  responsibility  to  the  full 
■committee. 
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Mr.  Holmes.  I can  understand  that.  I do  feel,  within  the  manned 
space  flight  program,  that  we  have  very  close  and  direct  coordination 
with  the  Air  Force,  particularly,  and  with  the  Departmentof  De- 
fense in  general. 

No  specific  criticisms  of  lack  of  coordination,  either  in  the  astronaut 
selection  program  or  pertaining  to  medical  examinations,  has  been 
brought  to  my  attention  over  the  past  many  months.  In  this  program, 
unfortunately,  I am  nut  qualified  to  deal  with  the  broader  issue  which, 
I agree,  you  should  be  concerned  with.  When  I say  thi.‘,  I don't 
imply  that  there’s  anything  wrong  with  it}  I don’t  have  that  much 
ersonal  knowledge.  But  I agree,  you  certainly  have  a broad  interest. 
Mr.  Daddario.  Well,  it  is  impossible  for  us  to  come  to  any  conclu- 
sions about  it,  and  I really  did  not  want  to  ask  you  any  questions  about 
it,  but  it  is  an  observation. 

Mr.  Teague.  Any  other  questions? 

iNo  response.) 

fr.  Teague.  Mr.  Holmes,  suppose  we  talk  about  the  construction  of 
facilities  this  afternoon  at  1 :30  o’clock. 

Mr.  Holmes.  Yes,  sir.  I have  a 2 :30  appointment  that  will  be  very 
hard  for  me  to  break,  because  people  are  coming  from  out  of  town. 
If  it  would  be  permissible,  I’d  personally  like  to  be  excused  and  have 
my  people  here.  I’ll  be  here  at  1 :30. 

Mr.  Teague.  That  will  be  satisfactory.  The  subcommittee  will  be 
recessed  until  1 :30  p.m. 

(Whereupon  at  12  noon  the  subcommittee  was  recessed  until  1 :30 
p.m.) 

AFTERNOON  SESSION 

Mr.  Teague.  The  committee  will  come  to  order. 

We  will  start  with  the  support  facilities;  that  is,  the  cafeteria  and 
the  number  of  parking  areas  at  the  Manned  Spacecraft  Center. 

Mr.  Holmes,  Yes. 

Mr.  Teague.  You  have  $5,162,000  ? 

Mr.  Holmes.  Yes.  Mr.  Low  will  testify  on  that,  with  your  per- 
mission. 

Mr.  Low.  It  is  my  understanding,  Mr.  Chairman,  that  there  is  a 
proposed  cut  here  in  the  cafeteria.  Insofar  as  the  cafeteria  is  con- 
cerned, I have  reaxamined  over  the  past  several  weeks  the  number  of 
people  who  will  be  at  the  Center  in  Houston  on  a normal  daytime 
shift  in  fiscal  year  1966,  which  is  about  the  time  this  additional* cafe- 
teria would  come  into  being.  We  come  up  with  an  average  number 
of  5,910  people.  There  is  a peak  of  6,100.  This  includes  the  Manned 
Spacecraft  Center  permanent  personnel,  temporary  personnel,  con- 
tractor employees,  and  visitor  traffic. 

Based  on  this  number  being  there  on  an  average  day,  I think  it  is 
essential  that  we  add  to  the  existing  cafeteria  with  this  second 
cafeteria. 

Insofar  as  the  parking  space,  ditches,  roads,  and  so  forth,  I would 
like  to  have  Mr.  Lilly  answer  that. 

Mr.  Lilly.  There  are  800  additional  parking  spaces  included  in 
this  fiscal  year  1964  project.  These  additional  spaces  will  increase 
the  existing  capacity  to  3,300.  We  had  calculated  on  the  basis  of 
handling  about  6,000  people,  including  visitor  traffic.  This  is  about 
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one  parking  space  for  two  people,  which  we  think  is  a minimum 
requirement  with  the  traffic  at  the  Manned  Spacecraft  Center. 

Mr.  Low.  If  I can  add  one  other  point,  we  are  examining  at  all 
centers,  the  proposed  personnel  complement  for  the  fiscal  years  19(54, 
1965,  and  1966  against  our  projections  made  several  months  ago.  We 
find  in  general  in  the  manned  spaceflight  centers,  Marshall,  Houston, 
and  the  launch  operation  centers,  that  we  have  a much  smaller  number 
of  people  per  program  or  per  dollar  spent  than  in  any  of  the  other 
NASA  centers,  and  that  probably  will  not  be  able  to  carry  on  the 
program  of  the  scope  that  we  have  tucing  us  without  requesting  addi- 
tional spots,  more  people,  and  will  probably  have  considerably  mere 
people,  at  each  of  those  centers  than  used  in  the  projection  for  the 
1964  budget 

Mr.  Teague.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  They  have  answered  ray  question. 

Mr.  Teague.  The  backup  book  mentions  serving  about  3,500  people 
in  the  cafeteria  based  on  a half  hour  eating  time. 

Mr.  Lilly.  At  present,  we  feed  about  500  people  in  30  minutes. 
On  this  basis,  within  2*/4hours  you  could  feed  2,500  people  in  a 500- 
seat  cafeteria!  1 don’t  think  that  you  can  cut  it  any  closer  than  that. 

Mr.  Traoue.  I jet's  go  to  the  project  engineering  facility  at  Houston, 
$2,761,000. 

Mr.  Low’.  This  is  an  office  building  to  take  care  of  the  people  in  the 
Gemini  and  Apollo  offices.  The  only  point  I would  like  to  make  here 
is  that  today  our  Houston  operation,  the  Manned  Spacecraft  Center 
operat ion,  is  the  most  inefficient  operation  of  all  of  our  centers.  People 
are  scattered  around  town  in  13  different  locations.  It  cut3  into  their 
work,  makes  it  inefficient.  I think  that  all  of  us  want  t<>  be  able  to 
get  them  all  down  at  Clear  Lake  at  the  earliest  possible  time. 

Mr.  Teague.  The  leased  space  w ill  be  released  when  the  building  is 
completed? 

Mr.  Low.  Yes,  sir. 

Mr.  Tkauve.  In  NASA  we  frequently  find  that  even  though  we  build 
additional  buildings,  your  leased  property  will  still  be  mided. 

Here  at  Houston,  it  will  be  released  ? 

Mr.  TjII.lt.  As  a result  of  this  1964  bidding  program  it  will  l>e 
released. 

Mr.  Holmes.  This  leased  space  will  be  released,  unless  of  course, 
we  increase  the  ceilings  for  personnel. 

Mr.  Lilly.  Our  experience  to  date  in  converting  space  at  Elling- 
ton has  mn  between  $5J/2  to  $6i/£  l>er  square  foot  for  renovating  that 
area. 

Mr.  Teague.  Any  questions? 

Colonel  Gould.  The  cost  of  annual  leasing  at  the  present  time  is 
$1,117,084. 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  IIow  much  of  that  will  be  released  ns  the  result  of 
1962  ar.d  1963  projects? 

Mr.  Low.  One  specific  number  I can  give  is,  the  1964  project  man- 
agement facility  would  take  the  place  of  about  a third  of  a million 
dollars  worth  of  leased  space  per  year. 

Mr.  Lilly.  I don't  have  the  exact  number  on  the  1962  and  1963. 

Colonel  Gould.  Based  on  the  construction  authorized  in  1962  and 
1963,  and  on  the  space  which  you  have  already  modified,  could  you 
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accor  modate  all  of  your  personnel  at  Ellington  and  at  the  Center? 

Mr.  Lilly.  The  figure  as  I recall  it,  Colonel  Gould,  is  that  through 
the  fiscal  year  1963  building  program  and  our  forecast  of  number  of 
people  aboard  at  that  time,  we  would  have  to  continue  to  keep  the 
space  at  Ellington,  which  is  316,671  square  feet. 

Colonel  Gould.  The  figures  given  us  before  were  at  Ellington.  You 
have  now  316,671,  square  feet  of  rpace  modified  and  in  use,  and  you 
have  an  agreement  with  the  Air  Force  for  an  additional  98,576  square 
feet,  and  if  this  is  not  modified  the  1962  and  1963  items  will  provide 
for  348,800  square  feet  at  the  Center. 

On  an  arithmetical  basis  there  is  enough  square  footage. 

Mr.  Lilly.  There  is  approximately  364,000  square  feet  of  leased 
space,  plus  the  316,000  square  feet  at  Ellington  and  the  additional 
99.000  square  feet  if  required  in  the  future  at  Ellington. 

Colonel  Gould.  It  would  take  a major  shift  in  personnel  and  or- 
ganization to  accommodate  them. 

Mr.  Low.  For  the  1963  complement.  I am  not  sure  of  the  1964 
and  1965  complement. 

Mr.  Lilly.  The  space  at  Ellington  Air  Force  Base  is  not  adequate 
to  provide  any  kind  of  laboratory  area.  It  is  strictly  office  space. 

Colonel  Gould.  These  are  primarily  World  War  II  barracks? 

Mr.  Lilly.  Yes. 

Mr.  Teague.  Mr.  Casey,  any  questions  on  Houston? 

Mr.  Low,  do  you  care  to  comment  on  this  advanced  design  money  ? 

Mr.  Low.  One  question  first,  Mr.  Chairman. 

I understood  last  night  that  the  Mission  Simulation  and  Training 
Facility  was  included.  Shall  I comment  on  that? 

Mr.  Teague.  Yes. 

Mr.  Low.  This  facility  will  house  the  Gemini  and  Apollo  flight 
simulators.  Initially  these  simulators  that  we  discussed  before  w ill 
be  built  under  our  ft.  & D.  contracts.  They  will  be  located  initially 
in  other  facilities.  We  plan  in  early  1965  to  move  them  into  the  Mis- 
sion Simulation  and  Training  Facility.  I have  examined  whether 
or  not  we  could  delay  this  another  year  and  while  I was  making  this 
examination  I found  Houston  had  accelerated  the  schedule  for  this 
facility  by  5 months  because  to  them  it  is  one  of  the  more  critical 
facilities. 

The  reason  for  it  being  critical  is  that  in  the  temporary  facility 
we  will  not  have  two  of  the  important  elements  of  the  mission  simu- 
lators. The  first  of  these  is  the  so-called  out-of -the- window  displays. 
It  is  a wing  of  the  facility,  which  will  be  constructed  so  that  the 
Moon,  Earth,  and  star  background  can  be  projected  into  the  walls  of 
this  almost  planetarium-like  wing.  This  is  an  essential  part  of 
simulations  in  preparing  for  the  lunar  mission.  We  don’t  need  it,  of 
course,  for  the  Gemini  or  the  orbital  Apollo  flights.  But  to  get  this 
part  of  the  training  early  enough  the  people  in  Houston  are  accelerat- 
ing the  schedule  for  this  facility  and  have  urgently  requested  that 
we  do  the  paper  work  as  quickly  as  possible  after  the  1964  funds  be- 
come available  for  this  particular  facility.  The  tie-in  with  Mission 
Control  Center  will  not  De  complete  and  that  has  to  be  for  a complete 
simulation.  So  rather  than  getting  an  answer  that  “Yes,  we  can 
slow  it  down  without  hurting  the  program,”  I found  that  plans  liad 
already  been  made  to  accelerate  it,  ii  possible. 
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Mr.  Teague.  Any  questions!  , w* 

Mr.  Holmes.  Mr.  Ohairman,  if  one  looks  at  the  office  facilities  and, 
to  some  extent,  the  simulation  facilities  at  Houston,  the  Manned 
Spacecraft  Center  -will  be  monitoring  quite  a bit  over  a million  dollars 
in  R.  & D.  funds  for  fiscal  year  11)64.  If  the  Manned  Spacecraft 
Center  staff  is  one-tenth  of  1 percent  more  efficient  because  they  are 
provided  with  the  necessary  tools,  we  will  save  a million  dollars  in 
that  year.  To  my  mind  you  will  find  no  better  place  to  achieve  greater 
efficiency  than  to  bring  these  people  together  in  reasonable  office  space, 

I think  that  it  i9  just  plain  economy. 

Mr.  Casey.  I am  convinced  we  should  go  ahead  with  this  project.  I 
hope  everyone  else  has  all  the  information  they  want. 

Mr.  Fulton  of  Pennsylvania.  I would  agree-  with  you,  Mr.  Casey. 

Mr.  Teague.  Do  you  want  to  talk  about  advance  design  now? 

Mr.  Lilly.  Yes.  We  have  discussed  all  the  way  through  our  hear- 
ings the  importance  of  advanced  design  funds. 

Our  facilities  requirements  and  tight  time  schedules  make  advanced 
design  funds  a critical  item.  I think  that  tliey  are  the  most  impor- 
tant money  that  can  be  spent  on  a project  in  order  to  carry  it  out  in 
an  efficient  and  timely  way.  Not-  only  does  it  allow  us  to  save  6 to  8 
months  of  time  getting  started  but  it  also  allows  us  to  provide  much 
better  estimates  and  construction  costs  when  we  come  before  the  com- 
mittee. 

Mr.  Teague.  This  is  advance  design  money  ? 

M r.  Lilly.  It  has  been  borrowed.  It  is  not  all  spent. 

Mr.  Daddario.  You  have  the  money  ? 

Mr.  Lilly.  Yes. 

Mr.  Daddario.  You  have  been  able  to  accomplish  what  you  say  is 
so  important,  that  is,  to  spend  the  money  at  the  right  time  to  get  the 
design  for  the  planned  construction  ? 

Mr.  Lilly.  Yes. 

Mr.  Holmes.  We  had  to  rob  Peter  to  pay  Paul. 

Mr.  Daddario.  Rut  for  the  subject  we  are  talking  about,  this  has 
been  accomplished  ? 

Mr.  Holmes.  Yes.  Howevor,  we  could  only  respond  to  the  need 
for  advanced  design  funds  by  borrowing  funds  from  other  proiects,  in 
accordance  with  our  reprograming  authority.  In  other  words,  we 
deferred  obligations  in  other  projects  to  prevent  schedule  slippage,  we 
must  return  the  borrowed  funds. 

Mr.  Lilly.  At  the  time  we  appeared  before,  we  had  obtained  some 
advance  design  funds  out  of  the  relatively  small  amount  that  was  ap- 
propriated in  NASA’s  fiscal  voar  1903  budget.  We  had  released  some 
at  Houston  in  January.  When  we  appeared  before  you  we  had  no- 
tified the  Bureau  of  the  Budget  and  the  Congress  that  we  had  repro- 
graming actions.  I believe  that  part  of  this  amount  went  out  in  the 
latter  part  of  April. 

I can  give  an  example  of  this  process.  We  borrowed  $2  million 
from  the  Mississippi  i>st  Facility  in  order  to  fund  part  of  the  ad- 
vanced design  requirements.  Our  planning  had  been  on  the  basis  of 
having  that  $2  million  to  pay  back  the  borrowed  funds. 

Mr.  Daddario.  I think  this  committee  was  aware  of  the  importance 
of  providing  funds  for  the  facility  planning  and  design.  Last  year 
we  put  in  $10  million  for  facility  planning  and  design  not  otherwise 
provided  for. 
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Mr.  Lilly.  I believe  that  NASA  as  a whole  requested  $10  million  in 
advanced  design  funds  for  fiscal  year  1963.  However^  the  House  cut 
the  request  to  $5  million.  The  Senate  restored  $3  million,  bringing 
the  total  advanced  design  funds  for  N ASA  to  $8  million. 

Mr.  Fulton  of  Pennsylvania.  That  is  correct. 

Mr.  Daddario.  1'he  fact  that  there  was  $8  million  for 

Mr.  Lilly.  $8  million  in  advanced  design  funds  were  available  for 
the  total  agency.  That  is  correct. 

Mr.  Holmes.  But  the  advanced  design  funds  that  we  were  discus- 
sing came  out  of  our  hide,  didn’t  they  ? 

Mr.  Lilly.  Yee. 

Mr.  Teague.  As  far  as  advance  design  is  concerned,  what  you  are 
saying  applies  to  every  other  facility  ? 

Mr.  Lilly.  Yes. 


Mr.  Daddario.  The  pressure  may  be  on  Mr.  Holmes  and  his  group, 
but  the  fact  is  that  over  and  above  the  rest  of  the  funds  for  construc- 
tion of  facilities  last  year,  there  was  another  $8  million  for  planning. 

I imagine  we  will  have  some  this  year. 

Mr.  Yeager.  Yes. 

Mr.  Daddario.  Last  year  we  had  $8  million,  now  we  are  talking 
about  $10  million. 

Mr.  Teague.  Any  other  questions  concerning  Houston? 

Mr.  Roudebusii.  Mr.  Holmes,  I think  you  mentioned  laboratory 
space.  It  was  my  understanding  that  the  Project  Engineering  Fa- 
cility was  mostly  office  space.  I was  not  aware  you  were  going  to  put 
anv  laboratories  in  down  there. 

Mr.  Holmes.  I think  that  you  misunderstood.  I meant  that  one 
has  to  consider  the  laboratories,  in  addition  to  the  Project  Engineer- 
ing Facility.  It  was  not  related  directly  to  my  point  of  efficiency 
in  management. 

Mr.  Roudebuhh.  Thank  you. 

Mr.  Fulton  of  Pennsylvania.  There  was  something  about  a ware- 
house which  Colonel  Gould  had  mentioned,  the  necessity  of  construct- 
ing a warehouse. 

Mr.  Teague.  Yes.  Let’s  move  on  to  White  Sands  and  talk  about 
the  Lunar  Test  Facility  there. 

Mr.  Low.  Of  all  the  special  purpose  Apollo  facilities  I consider  this 
the  most  important.  The  reason  is  that  at  White  Sands,  particularly 
with  the  funds  requested  in  1904,  we  will  be  testing  the  engines  for 
the  lunar  excursion  module.  One  of  these  engines,  namely,  the  take- 
off engine,  is  the  one  single  component  in  the  Apollo  mission  that 
must  work.  Everything  else  has  been  and  can  lie  backed  up.  Even 
if  the  lunar  landing  engine  fails  one  could  still  abort  with  a takeoff 
engine.  If  the  lunar  takeoff  engines  fail  to  light  off,  or  fails  while 
burning,  there  is  no  way  for  the  men  to  get  back  from  the  moon. 

The  engine  test  program  then  for  this  engine 

Mr.  Teague.  Why  is  this  so  ? 

Aren’t  you  considering  alternatives  in  this  area  ? 

Mr.  Low.  We  have  studied  it,  we  have  looked  at  different  ways  of 
doing  it,  and  we  felt  that  the  best  wav  of  doing  this  was  to  build  an 
engine  with  the  highest  possible  reliability.  But  this  means  testing 
and  retesting,  qualification  testing,  that  will  }>e  done  at  White  P.  nds. 
For  this  reason,  as  I stated,  this  is  one  of  our  more  important  faciK- 
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ties.  Any  delay  in  this  facility  will  delay  the  engine  test  program 
and  will  in  turn  delay  the  Apollo  program. 

Mr.  Teague.  There  has  been  a delay,  hasn’t  there  ? Didn’t  some- 
body have  a contract  and  it  was  taken  away  ? 

Mr.  Low.  I don’t  believe  that  this  caused  a delay  in  the  program. 
There  were  to  be  two  separate  facilities.  We  have  a desien  engineer- 
ing contract  with  the  Parsons  Co.  for  designing  the  North  American 
portion  of  this.  After  we  selected  Grumman,  we  felt  it  would  be 
better  if  we  could  give  Parsons  the  total  job  of  designing  both  facili- 
ties and  integrating  them  into  a single  facility,  and  because  this  meant 
two  contractors,  we  decided  to  let  the  Corps  of  Engineers  manage 
this.  We  transferred  an  existing  contract  from  North  American 
to  the  Corps  of  Engineers.  The  same  people  went  on  with  the  work. 
I don’t  think  the  j was  a delay. 

Mr.  Lilly.  There  was  no  delay. 

Mr.  Low.  We  thought  it  was  a better  way  of  doing  business,  to 
combine  these  two  and  do  it  with  the  corps  rather  than  with  the  two 
separate  companies. 

Mr.  Teaoue.  Any  questions  ? 

Colonel  Gould.  Taking  into  account  the  $9.5  million  that  was  in 
the  North  American  contract  originally  plus  this  $15  million,  what 
is  your  schedule  of  obligations,  please,  Mr.  Lilly  ? 

'Mr.  Lilly.  I don’t  believe  I have  the  complete  obligation  schedule 
with  me.  I will  furnish  that  information.  The  amount  available  in 
fiscal  year  1963  was  $9,084  million,  which  will  be  fully  obligated  in 
early  fiscal  year,  1964.  In  terms  of  phasing  the  lunar  excursion 
module  test  facility,  it  is  due  to  go  to  construction  contract  in  Sep- 
tember 1963.  On  this  basis,  I expect  to  have  those  funds  fully  obli- 
gated in  early  calendar  year  1964. 

Colonel  Gould.  That  is  all. 

(The  information  requested  is  as  follows:) 

Of  the  $9,084,000  available  for  the  service  propulsion  system  test  facility  at 
the  White  Sands  Missile  Range,  a total  of  $7,418,000  has  been  obligated  to  date. 
The  remaining  $1,606,000  is  scheduled  to  be  obligated  in  the  first  quarter  of 
fiscnl  year  1964. 

The  schedule  of  obligations  for  the  Lunar  Excursion  Module  Test  Facility  is : 

October  1963 $10,000,000 

November  1963 2, 000,  000 

December  1963 2, 000,  000 

January  1964 1,  000,  000 

Total „ 15, 000,  000 

Mr.  Teague.  Where  did  I get  the  idea  that  a cut  of  $5  million  might 
delay  our  first  LEM  flights  by  a year? 

Mr.  Low.  A delay  of  something  like  $5  million  for  this  facility 
would  push  completion  a year  later.  The  engine  development  pro- 
gram for  the  LEM  is  now  tied  to  the  Saturn  I-B  flights  so  that  a 
$5  million  delay  would  delay  the  flight  test  program  on  the  Saturn 
I-B,  and  therefore  would  delay  the  manned  landing. 

Mr.  Teague.  Any  other  questions? 

Mr.  V eager.  Ma  y I ask  one  question  ? 

Mr.  Teague.  Yes. 

Mr.  Yeager.  Mr.  Holmes,  we  read  a lot  lately  about  the  possibility 
of  a lunar  reconnaissance  module.  Is  there  a decision  pending  in  this 
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regard  and  is  it  something  that  is  apt  to  have  an  impact  on  the  fiscal 
year  1964  budget  ? 

Mr.  Holmes.  Not  an  impact.  We  are  studying  the  possibility. 
Studies  will  probably  l>e  conducted  during  the  next  fiscal  year  and 
would  involve  perhaps  a few  million  dollars.  Most  of  that  would  be 
in  the  systems  engineering  area,  where  we  already  have  requested 
funds.  Advance  planning  has  enormous  value.  We  proceed  very 
carefully  and  work  very  closely  with  DOD,  which  has  had  a great  deal 
of  experience  in  that  area. 

Mr.  Teague.  Are  there  any  other  aspects  of  this  that  we  do  not 
know  about,  any  possible  big  changes  in  the  budget  for  the  coming 
year? 

Mr.  Holmes.  No,  sir:  not  to  my  knowledge.  Mr.  Webb  has  not  au- 
thorized a lunar  reconnaissance  vehicle.  There  is  no  indication  that 
we  will  do  any  development  work  on  it  during  fiscal  year  1964. 

The  work  would  be  limited  to  a study  effort. 

Mr.  ThagUE.  Are  there  any  other  questions  before  Mr.  Holmes 
leaves  ? 

Mr.  Roudebusii.  Mr.  Holmes,  I want  to  ask  about  the  hangar  for 
vehicle  components  and  also  the  modification  of  the  vertical  assembly 
building  at  the  Marshall  Spacecraft  Center.  It  is  my  understanding 
that  you  would  do  some  rethinking  on  this  and  might  combine  the 
two.  It  that  correct?  What  is  your  present  thinking  on  it? 

Mr.  Holmes.  Mr.  Lilly  would  be  glad  to  dicuss  that  question. 

Mr.  Lilly.  When  we  proposed  this  project  in  the  fiscal  year  1964 
budget  request,  it  was  based  uixrn  our  manufacturing  plans  at  that 
time.  These  plans  indicated  tlmt  it  would  be  more  desirable  to  go 
ahead  and  raise  the  roof  of  the  building  and  that  it  would  not  inter- 
fere with  manufacturing. 

Schedule.  Since  that  time  the  circumstances  have  changed.  The 
manufacturing  plans  are  such  at.  this  point  that  the  previous  approach 
would  interfere.  The  cost,  in  terms  of  the  time  involved  in  sealing  off 
other  parts  of  the  building,  and  raising  the  roof,  runs  to  a compara- 
tively nigh  price. 

We  have  considered  several  alternatives;  one  was  extendng  the 
building.  The  major  disadvantage  of  this  approach  was  the  very 
limited  space  available  to  extend  the  building.  It  would  entail  mov- 
ing many  utilities  and  roads,  et  cetera. 

As  a result,  we  turned  to  other  alternatives,  such  as  the  hangar. 
We  have  examined  this  approach  very  carefully.  A decision  has  not 
been  made.  I have  a feeling  that  it  will  be  our  judgment  of  where  it 
would  fit  best.  Now  the  trade-offs  in  our  studies  are  that  we  would 
require,  as  I recollect  the  figures  of  the  space  we  were  providing  on 
this  building,  about  14,700  square  feet.  We  would  have  to  provide 
a hangar  for  additional  support  facilities  that  would  have  been  avail- 
able for  the  other  building.  Our  cost  estimates  on  this,  at  least  with- 
out design,  have  indicated  that  it  is  within  $150,000  of  the  original 
cost  estimate  for  the  two  separate  projects.  In  other  words,  combin- 
ing the  two  estimates,  $*2.8  million  plus  $1.8  million,  there  is  a possi- 
bility, according  to  our  estimates,  of  saving  in  the  order  of  $150,000. 

Mr.  Roitdkbush.  Instead  of  having  two  items,  the  budget  will  have 
one  and  it  will  be  called  hangar  for  vehicle  components  and  vertical 
assembly  building? 
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Mr.  Lilly.  I wish  that  I could  give  you  a final  determination  on  it. 
I have  talked  to  Colonel  Gould  about  this  subject.  1 think  that  we 
both  agreed  that  it  was  not  advisable  to  force  us  into  making  a pre- 
mature engineering  judgment  on  it.  We  really  are  not  in  a position  to 
make  an  engineering  judgment  at  this  point  in  time. 

Mr.  Teague.  There  is  presently  $2.8  million  and  $1.8  million  in  the 
budget  for  this. 

"V  ou  don’t  have  an  answer  to  it  now  ? 

Mr.  Lilly.  In  terms  of  specifics,  I feel,  and  the  recommendation 
of  the  staff  is,  that  it  will  be  combined.  My  estimate  is  that  combining 
the  two  projects  would  require  an  estimated  $4.5  million,  give  or  take 
a little,  instead  of  the  total  $4.6  million  estimated  for  the  two  separate 
proposed  projects.  I can’t  give  you  a precise  figure. 

Mr.  Teague.  Are  there  any  questions? 

Mr.  Fulton  of  Pennsylvania.  At  Michoud  you  have  about  43  acres 
of  buildings  which  you  are  going  to  fill  with  personnel  and  equipment. 
This  vehicle  component  supply  building  supplies  200,000  square  feet 
of  storage  space. 

The  feeling  of  some  of  us  was  that  you  ought  to  have  some  avail- 
able space  in  the  building  as  you  gradually  fill  it  up.  So  why  couldn’t 
you  postpone  the  vehicle  component  supply  building  at  this  time? 
Likewise,  the  other  question  is  whether  you  actua  ly  need  an  airstrip 
there, or  could  you  just  rebuild  the  road  that  runs  along  the  airstrip. 
Of  course,  then  you  have  the  cafeteria. 

Mr.  Holmes.  I can  discuss  the  airstrip  rehabilitation,  having  driven 
from  the  Michoud  plant  to  the  airstrip.  It  is  all  the  way  across  New 
Orleans.  We  have  a great  deal  of  traffic  between  the  Marshall  Space 
Flight  Center  at  Huntsville  and  the  Michoud  plant.  It  is  our  feeling 
that  rehabilitation  of  the  airstrip  would  be  a worthwhile  expenditure 
from  an  economy  standpoint,  since  these  people’s  talents  can  be  fully 
applied  with  the  minimum  expenditure  of  time. 

Mr.  Fulton  of  Pennsylvania.  Could  you  prop  up  some  of  the  slabs 
and  repair  it  instead  of  resurfacing  the  airstrip  ? 

Mr.  Low.  Colonel  Gould  might  be  able  to  answer  that. 

Colonel  Gould.  I think  it  could  be  done  for  a temporary  thing; 
yes,  sir. 

Mr.  Roudebush.  This  is  more  than  adequate  for  an  air  command. 
We  land  those  in  cornfields  at  home. 

Mr.  Holmes.  We  don’t  have  that  courage,  sir. 

Colonel  Gould.  Pecause  of  the  foundation  conditions,  some  of  the 
slabs  have  buckled.  On  a temporary  basis,  you  could  mud-jack  these 
slabs  back  up  and  use  it  as  is  without  heavy  aircraft  load. 

Mr.  Holmes.  My  feeling  is  that  we  have  recommended  the  most 
economic  ‘ to  make  the  airstrip  safe  for  an  aircraft  to  land. 

Mr.  Lilly.  That  space  has  been  fully  analyzed  in  terms  of  any  avail- 
able space  for  storage  and  there  just  is  not  any  there.  We  are  talking 
about  some  huge  components  here. 

Mr.  Fulton  of  Pennsylvania.  You  are  going  to  build  a full  43  acres 
of  the  plant  right  away  ? Don't  you  have  some  extra  room  in  there? 

We  are  trying  to  make  some  cuts  that  are  not  directly  related  to 
slowing  down  the  Moon  program. 

Mr.  Holmes.  That  is  a good  question.  Perhaps  Mr.  Lilly  can  add 
to  his  statements.  I know  that  Marshall  is  very  careful  in  conducting 
its  studies. 
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Mr.  Lilly.  I would  be  glad  to.  In  terms  of  the  phasing,  what  you 
say  is  correct : in  terms  of  buildup  there  would  be  some  now.  But  in 
terms  of  phasing,  by  the  time  this  storage  building  comes  into  being, 
our  manufacturing  will  be  at  its  peak. 

Mr.  Holmes.  Excuse  me,  I must  go. 

Mr.  Teague.  All  right. 

Mr.  Lilly.  I will  supply  you  a trend  on  that,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  Give  it  to  Colonel  Gould. 

Mr.  Lilly.  Yes. 

Mr.  Fulton  of  Pennsylvania.  There  is  $300,000  for  the  cafeteria 
construction  and  $10,000  for  equipment. 

Could  you  comment  on  that  ? 

Mr.  Lilly.  At  Michoud  ? Yes.  sir. 

Mr.  Fulton  of  Pennsylvania.  There  is  a $6  million  figure. 

Mr.  Lilly.  There  is  underway  a 740-seat  cafeteria,  which  will  serve 
2,000  people.  In  the  new  engineering  building  that  w-e  are  building, 
there  is  a cafeteria  which  will  take  care  of  1,800  people.  The  proposed 
mezzanine  cafeteria  is  based  upon  serving  3,200  people.  This  comes 
out  to  7,000  spaces  available. 

I should  point  out  that  the  engineering  building,  about  a half  mile 
away  from  the  manufacturing  plant,  can  not  take  any  overflow.  For 
safety  reasons  pe;.x>ns  carrying  their  lunches  cannot  eat  in  the  manu- 
facturing plant.  They  have  to  eat  in  the  cafeteria.  I definitely  think 
that  the  cafeteria  space  is  fully  needed,  Mr.  Fulton. 

Mr.  Fulton  of  Pennsylvania.  That  is  all. 

Mr.  Teague.  That  covers  Michoud;  let’s  go  back  to  the  Marshall 
Space  Flight  Center. 

Mr.  Roudeoush,  do  you  have  any  questions  about  the  hangnr  for 
veh  icle  components  ? 

Mr.  Roudebush.  No.  I think  that  has  been  answered. 

Mr.  Teague.  We  had  some  questions  about  the  acceleration  test 
and  calibration  facility.  I believe  we  were  told  that  the  names  were 
similar  but  that  they  were  different  type  facilities.  Is  there  any  pos- 
sibility of  using  the  same  one  for  all  the  operat  ions  ? 

Mr.  Low.  Lewis  is  requesting  a bigger  one  in  the  19f>4  budget. 
But  they  are  essentially  different  kinds  of  facilities.  The  Lewis 
facility  is,  I believe,  a 400-foot  drop  tower.  It  is  a big  pipe  which 
can  be  evacuated  and  in  this  pipe  the  people  at  Lewis  will  drop  sam- 

{iles  of  fluid  equipment  valves  and  tanks,  to  get  the  effects  of  weight- 
essness  on  fluid  flow. 

The  Marshall  facility  lias  two  major  pieces  of  equipment  in  it. 
One  is  a constant  linear  acceleration  facility.  This  is  also  a vertical 
tower  like  the  one  at  Lewis.  But  it  will  have  a hydraulic  jack  in 
it  and  will  be  able  to  move  different  kinds  of  equipment,  the  kind 
of  equipment  used  for  guidance  systems,  and  have  well  prescribed 
the  loss  of  these  accelerations  up  and  down  this  facility. 

Why  is  this  necessary  ? 

The  heart  of  all  of  our  guidance  systems,  the  brains,  if  you  want  to 
call  it  that,  are  the  gyroscopes.  These,  as  you  know,  maintain  a stable 
attitude.  If  you  turn  the  launch  vehicle  around,  the  gyroscope  will 
keep  the  same  frame  of  reference,  it  won’t  move  with  the  vehicle. 
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From  this,  one  can  calculate  exactly  what  the  flight  path  of  the  vehicle 
is. 

These  gyroscopes  have  one  major  failing,  or  fault.  When  thevare 
subjected  to  sharp  motions  of  a launch  vehicle,  they  tend  to  drift  off 
a little  bit.  One  has  to  determine  pTOciseiy  on  the  ground  just  how  un- 
stable they  become,  how  easily  they  are  subjected  to  this  kind  of  drift. 

The  Marshall  facility  is  being  designed  to  determine  these  drift 
rates  under  weightlessness  in  this  ■»  ertical  tower,  under  small  accelera- 
tions, accelerations  of  less  than  1--G  and  under  accelerations  of  1-G  or 
more.  There  will  be  also  a veiy  special  kind  of  centrifuge,  a so-called 
centrifuge  where  the  gondola  it  the  end  of  the  arm  swings  around 
with  the  arm,  but  it  will  stay  ii*  one  orientation  like  the  can  does  on 
the  Ferris  wheel,  so  that  it  will  always  be  oriented  in  the  same  direc- 
tion relative  to  the  fixed  axis.  This  again  is  used  in  testing  gyroscopes 
and  determining  their  drift  rates  under  every  kind  of  acceleration. 

Mr.  Teague.  Any  questions? 

Mr.  Fulton  of  Pennsylvania.  Could  you  build  this  acceleration 
test  and  calibration  facility  for  ninety  or  a hundred  thousand  dollars 
less? 

Colonel  Gould.  That  $90,000  is  advance  design. 

Mr.  L*rw.  I think  we  have  covered  the  advance  design  question,  Mr. 
Chairman. 

Mr.  Fulton  of  Pennsylvania.  It  is  already  in  there. 

Mr.  Low.  Specifically,  I think  we  have  to  state  that,  if  the  $90,000 
were  not  in  design  but  in  construction,  until  the  design  is  completed, 
we  don’t  really  know  the  numbers  that  closely. 

Mr.  Fulton  of  Pennsylvania.  The  question  is:  Can  you  then  build 
the  building  for  maybe  a hundred  thousand  dollars  less? 

Mr.  Teaguf..  May  they  can  not.  They  say  their  best  guess  is  this 
amount.  They  will  tell  you  a definite  figure  when  the  design  is  com- 
pleted. 

Mr.  Fulton  of  Pennsylvania.  This  is  not  now  a firm  figure? 

Mr.  Teague.  No. 

Mr.  Fulton  of  Pennsylvania.  All  right. 

Mr.  Low.  Our  experience  has  been  in  the  past  year  that  the  bids 
for  9ome  facilities  have  come  in  up  to  5 percent  less  and  9ome  5 percent 
more  than  we  initially  estimated  and  it  pretty  well  averages  out. 

Mr.  Teague.  IIow  close  was  your  estimate  in  Houston?  There  was 
a loud  hue  and  cry  about  labor  prices  in  Houston  about  a year  ago. 

Mr.  Lilly.  What  happened  was  that  the  design  criteria  that  first 
came  in,  after  it  was  priced  out,  were  considerably  in  excess  of  what 
we  could  build,  and  we  had  to  fit  it  in.  The  original  estimate  was 
around  $60  milJ'on  to  start  a facility  and  not  even  a location  had  been 
selected  at  that  point  in  time. 

Mr.  Teague.  The  next  item  Ls  the  “High  Pressure  Gas  Propollant 
8ystem.” 

Mr.  Low.  I h«ve  some  interesting  numbers  on  that,  Mr.  Chairman. 

Mr.  Teague.  Could  you  get  along  on  $2  million  next  year? 

Mr.  Low.  I could  only  give  a general  answer.  We  did  recently 
examine,  in  connection  with  :v  hydrogen  production  facility  for  Mis- 
sissippi. whether  we  should  build  a larger  size  facility  immediately 
or  phase  it  into  a smaller  size  and  expand  it  later  on.  The  prelimi- 
nary’ answer  was  that  if  you  build  tne  smallest  size  to  make  it  ex- 
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{mndable  into  the  larger  size,  it  would  cost  you  almost  as  much  us  the 
nrger  size,  because  vou  need  all  the  facilities  for  the  larger  size  imme- 
diately. So  generally  this  is  the  kind  of  facility  that  cannot  be  built 
to  a certain  size  and  expanded  later  on.  Perhaps  Mr.  Lilly  would 
like  to  add  to  that. 


Mr.  Lilly.  This  has  been  phased,  Mr.  Teague,  to  meet  the  peak  test- 
ing of  the  big  engines  and  boosters  there.  It  is  also  interest  ing  to  note 
the  differences  between  present  requirements  and  requirements  for  the 
larger  vehicles.  For  instance,  present  requirements  for  gaseous 
helium  are  now  3 million  cubic  feet.  It  goes  to  12  million  cubic  feet. 
The  quantities  used  in  the  larger  boosters  are  about  five  times  a«  much. 

Now  we  are  using  mostly  mobile  equipment  there.  It  is  a safety 
problem  now  and  it  is  a safety  problem  1 don’t  think  we  would  wont 
to  live  with,  considering  these  magnitudes. 

Mr.  Low.  We  are  talking  about  going  from  3 million  cubic  feet  to  12 
million  cubic  feet  in  helium,  1%  to  5 million  cubic  feet  in  nitrogen, 
and  so  forth.  Major  increases  are  required  for  a major  booster. 

Mr.  Holcomb.  We  expect  to  have  it  ready  in  early  calendar  1965, 
which  will  about  hit  the  peak  of  our  testing. 

Mr.  Roudebush.  You  are  speaking  of  the  actual  storage  capacity, 
but  not  any  of  the  handling  facilities  f 

Mr.  Low.  That  would  be  the  case. 

Mr.  Teaoue.  The  next  item  is  the  “Expansion  of  Computation 
Facilities.” 

Colonel  Gould  t 

Colonel  Gould.  This  is  an  expansion  to  an  existing  facility  for  this 
purpose.  It  is  primarily  to  combine  all  of  your  activities  now  being 
carried  on  in  leased  space  and  in  some  scattered  locations  on  the  prop- 
erty. Is  that  correct? 

Mr.  Lilly.  The  project  growth  is  also  considered.  There  is  a total 
personnel  complement  of  417.  By  July  1965  the  personnel  planning 
is  for  518.  Tne  current  computation  building,  as  you  know,  is  ap- 
proximately 44,000  net  square  feet;  22,000  of  this  space  is  for  tne 
computers.  The  number  of  people  in  that  building  is  232  in  the  main 
facility — about  55  percent  are  in  the  main  facility. 

The  requested  addition  is  based  upon  33,000  plus  9,000,  or  42,000 
square  feet;  33,000  square  feet  of  this  space  is  for  equipment,  and  9,000 
square  feet  is  for  the  personnel  requirement,  whicn  will  take  care  of 
approximately  90  people. 

Mr.  Teaoue.  Any  questions. 

The  next  item  is  the  “Extension  of  the  Propidsion  of  Vehicle  Engi- 
neering Laboratory”  for  $1 ,900,000. 

Mr.  Low.  This  is  a facility  to  allow  us  to  consolidate  the  people 
working  in  a single  facility  rather  than  having  a large  number  of  them 
in  leased  space  in  Huntsville. 

Mr.  IIolcomh.  I have  a recent  chart  which  plots  the  space  needed 
versus  what  they  actually  have  available.  This  lower  line  below 
your  colored  portion  is  what  is  available.  This  is  their  need.  Here 
on  your  fiscal  years  1964,  1965,  and  1966.  The  bar  across  the  bottom 
is  leased  space  where  we  have  now  about  1,650  people,  and  we  have 
just,  about  run  out  of  available  leased  space. 

Funds  for  this  and  another  facility  which  was  questioned  here  at 
Marshall  will  go  to  provide  new  facilities  because  we  have  run  out  of 
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leased  space.  This  will  not  release  any  of  the  leased  space  we  hare. 
We  donx  anticipate  getting  any  relief  on  that  until  fiscal  1965. 

Mr.  Teague.  Are  there  any  questions? 

Mr.  Low.  I think  the  same  comments  apply  also,  Mr.  Chairman,  to 
the  “Project  Engineering  Office”  on  page  2 of  Colonel  Gould’s  list. 

Colonel  Gould.  What  is  the  annual  leasing  cost! 

Mr.  Lilly.  We  have  264,000  gross  square  feet  L~»ed,  and  the  cost 
is  $764,200  per  year. 

Mr.  Teague.  Are  there  any  other  questions? 

That  completes  the  Marshall  Spaceflight  Center. 

Mr.  Holcomb.  There  is  one  item  having  to  do  with  the  barge  dock 
and  loading  facility  and  deletion  of  one  pier,  that  I think  was  ques- 
tioned. The  reason  for  having  two  piers  is  because  our  Corps  of  En- 
gineers records  indicate  that  we  have  a spread  between  our  high  water 
and  low  water  of  abiiuc  7 feet. 

With  our  bar*.*  our  ballast  is  about  4 feet.  To  have  year-rrond 
•capability,  with  the  roll-on  roll-off  capability,  we  have  to  have  the  two 
piers,  or  we  ran  into  a dead  spot,  wnere  we  can’t  move  the  vehicle. 

Colonel  Gould.  I think  we  liave  that. 

Mr.  Te/  sue.  Wre  will  cover  the  Mississippi  Test  Facility  next. 

'What  is  the  question  there,  Colonel  Goula  ? 

Colonel  Gould.  This  is  reduction,  sir,  for  shorter  leadtime  items 
that  could  be  slipped  into  fiscal  year  1965. 

Mr.  Teague.  How  much  of  the  $35.7  million  could  be  deferred 
until  next  year? 

Mr.  Holcomb.  In  looking  at  that  we  felt  we  had  budgeted  what  we 
need  to  take  care  of  the  facility  this  year.  We  are  putting  in  the 
foundation  and  putting  in  one  test  position.  Next  year  we  plan  to 
complete  the  second  test  position.  These  efforts  are  scheduled  so  we 
will  nave  the  facility  at  the  time  to  meet  our  test  program.  I have  the 
schedule  here. 

This  provides  for  tike  first  test  stand  having  a readiness  date  of  the 
end  of  A ugust  1965,  but  during  that  time  we  are  installing  equipment 
beginning  hack  in  1964.  Meanwhile  we  have  a leadtime  on  procure- 
ment of  this  equipment,  with  anticipated  availability  of  money  in 
October.  We  have  practically  no  leaatime  for  the  procurement  of  the 
equipment  to  be  installed  unless  we  buy  it  with  1964  money. 

Colonel  Gould.  What  is  the  leadtima  on  the  high  pressure  water 
pumps  costing  $22,600,000  ? 

Mr.  Lilly.  On  the  high  pressure  water  pumps  item,  let  me  give  the 
leadtime  in  two  phases,  tying  in  both  the  S-IC  facility  and  S-II.  For 
phase  1,  we  had  criteria  developed  in  February  of  this  year;  we 
started  drawing  specifications  in  March,  and  completed  them  at  the 
end  of  May.  We  go  out  for  invitations  to  bid  on  the  first  phase  in 
June  1963  and  complete  the  manufacture  in  April  1964.  Going  back, 
the  leadtime  is  about  a year,  slightly  over  a year. 

Colonel  Gould.  Will  these  propellent  storage  barges  be  manufac- 
tured new  or  will  they  be  converted? 

Mr.  Holcomb.  That  is  conversion. 

Colonel  Gould.  What  is  the  leadtime  on  those  conversions  ? 

Mr.  Holcomb.  That  is  a misprint. 

Colonel  Gould.  Twenty. 

Mr.  HoijComb.  It  should  be  two. 
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Mr.  Lilly.  The  figure  of  20  is  incorrect.  It  should  be  2.  They  cost 
$550,000  apiece. 

Colonel  Gould.  What  is  the  leadtime  on  the  conversion  ? 

Mr.  Lilly.  On  the  barges,  from  the  start  in  the  drawings  and  speci- 
fications, to  the  completion,  it  is  almost  21.  months. 

Colonel  Gould.  Do  you  have  the  barges  now  ? 

Mr.  Holcomb.  The  barges  have  been  reserved.  They  are  available. 

Mr.  Gurney.  Can’t  you  get  the  water  pumps  immediately? 

Mr.  IIoloomb.  These  are  high-capacity  pumps  which  are  essential 
for  our  test  operation.  They  require  special  design.  They  are  not  an 
off-the-shelf  item. 

Mr.  Gurney.  They  arc  not  immediately  available  ? 

Mr.  Holcomb.  Not  to  the  criteria  that  we  have  to  have. 

Mr.  Teague.  That  explanation,  I assume,  would  apply  to  the  next 
item,  “Advanced  Saturn  Second  Stage?”  Is  there  any  part  of  that 
$19  million  that  you  could  defer  until  the  next  fiscal  year  ? 

Mr.  Low.  No.  That  is  our  most  critical  facility. 

Mr.  Holcomb.  This  is  true.  We  have  a very  urgent  test  schedule 
requirement  to  meet  the  Saturn  launch  schedule.  Our  facilities  at 
Santa  Susana  will  lie  loaded  with  our  early  all-systems  tests.  It  looks 
like  our  first  S-II  test  stand  at  MTO  mav  have  to  accept  some  later 
tests  because  of  not  being  able  to  get  relief  on  some  hazard  criteria  at 
Santa  Susana.  This  means  this  test  stand  at  MTO  will  be  an  absolute 
necessity  to  meet  our  planned  program. 

Colonel  Gould.  In  a recent  report  it  was  indicated  that  $2,925,000 
from  fiscal  year  1963  money  was  committed  for  advanced  design.  In 
your  project  estimate,  does  that  amount  show  up  in  the  fiscal  year  3963 
column  on  OF  1-21,  Mr.  Lilly  ? 

Mr.  Lilly.  Yes.  When  you  add  the  $17, 800-plus  to  the  $2,925,000, 
you  come  to  the  figure  in  the  book. 

Mr.  'i f.agits.  Are  there  any  other  questions?  The  next  item  is  the 
“Engine  Test  Stand,”  What  was  the  question  there? 

Mr.  Fulton  of  Pennsylvania.  Whether  they  should  have  that  done 
at  Marshall. 

Mr.  Holcomb.  It  is  going  to  be  fully  occupied  in  doing  the  all-sys- 
tems tests.  The  other  tests  at  Edwards  are  involved  in  the  engine  de- 
velopment and  acceptance  test  schedule. 

This  particular  test  stage  is  tied  in  with  the  acceptance  test  of  the 
stage  itself.  In  the  course  of  our  stage  testing,  if  we  encounter  prob- 
lems where  one  engine  is  high  and  one  low,  they  have  to  pull  the 
engine,  work  out  their  problems  and  get  it  back  into  the  stage.  They 
can’t  afford  the  time  necessary  to  send  the  engine  back  somewhere  else 
for  test  particularly  if  the  problem  is  associated  with  valves  and 
piping  which  are  a part  of  the  attachments  to  it  rather  than  the  engine 
itself. 

Mr . T eague.  Quest  ions  ? 

Mr.  Gurney.  How  often  does  this  happen  ? 

Mr.  Holcomb.  It  is  something  that  can  hapjien  at  anytime. 

Mr.  Gurney.  But  how  often  does  it  happen  ? 

Mr.  Holcomb.  It  is  not  a thing  you  can  predict. 

Mr.  Gurney.  Have  you  had  any  experience  on  it? 

Mr.  Ix>w.  We  nave  in  the  first  stage  of  the  Saturn  I at  Huntsville. 

Mr.  Gurney.  How  many  times  does  it  happen  then  ? 
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Mr.  Low.  Especially  every  static  tiring.  You  have  to  pull  the  en- 
gines and  test  them  separately. 

Mr.  Gurney.  That  doesn’t  tell  me  anything.  How  many  times  will 
you  use  this  facility?  We  ought  to  be  able  to  get  some  information 
instead  of  just  the  shoveoff  that  it  can  happen  any  time. 

Mr.  Teaoue.  Are  you  talking  about  the  whole  test  stand? 

Mr.  Gurney.  I am  talking  about  how  many  times  you  have  to  use 
this  thing.  We  are  talking  about  $9  million  tl  at  we  may  bo  able  to 
take  out  of  the  program. 

Mr.  Holcomb.  In  your  early  development  pluses,  you  run  engine 
tests  further  apart  because  you  find  more  problems  that  must  be 
solved.  Initially  you  may  have  3 months  Detween  firings.  I>ater 
you  may  lie  running  your  test  firings  as  often  as  two  or  three  times 
a month,  and  it  takes  a great  deal  of  preparation.  You  then  have  to 
have  the  data  you  collect  reduced,  analyzed  to  determine  what  your 
problems  are,  and  in  the  case  of  one  of  your  engines  which  is  not 
working,  you  have  to  pull  it  and  wring  your  problems  out  of  that  en- 
gine before  you  can  run  your  next  stage  test.  So  these  things  are 
dependent  upon  each  other. 

Together  they  have  a very*  direct  effect  on  the  delivery  capability  for 
your  stage. 

Mr.  Fulton  of  Pennsylvania.  There  is  another  point  that  I would 
like  to  mention  when  you  are  finished. 

Mr.  Teague.  Y es. 

Mr.  Fulton  of  Pennsylvania.  On  the  first  two  items,  “Advance 
Saturn  First  Stage,”  and  “Static  Test  Facilities,”  I understand  that 
there  is  a 2-year  leadtime,  and  that  this  is  only  to  be  used  if  some- 
thing goes  wrong.  Aren’t  you  getting  it  too  soon?  Couldn’t  that  $9 
million  be  postponed?  Why  does  it  have  to  be  in  this  particular 
budget  ? 

Mr.  Holcomb.  First  test  stand  for  the  S-lC  has  a readiness  date  at 
the  end  of  August  1965. 

Mr.  Fulton  of  Pennsylvania.  As  of  what  date  ? 

Mr.  Holcomb.  End  of  August  1965. 

Mr.  Fulton  of  Pennsylvania.  What  is  that  date  ? 

Mr.  Holcomb.  That  is  the  date  on  which  we  are  ready  to  accept 
the  facility  checkout  vehicle  on  the  stand  itself,  the  point  at  whicli  we 
have  installed  our  checkout  equipment,  we  have  checked  the  equip- 
ment, we  bring  in  the  dynamic  test  vehicle,  set  it  up,  and  at  this  j>oint 
we  are  ready  to  run  through  a eonyplete  simulated  operation. 

Mr.  Fulton  of  Pennsylvania.  So  you  do  have  a 2-year  leadtime 
because  it  is  to  be  used  in  August  1965  and  this  is  June  1963. 

Mr.  Holcomb.  That  is  right.  On  the  F-l  engine  test  stand  we 
have  a date  of  the  first  of  July  1965. 

Mr.  Fulton  of  Pennsylvania.  Why  do  you  need  the  F-l  test  stand 
if  you  are  only  going  to  use  it  if  something  goes  wrong  on  the  S-IC 
stage  vehicle. 

Mr.  Holcomb.  They  need  to  be  ready  at  the  same  time.  When  you 
run  into  problems  on  the  testing  of  the  stage,  you  need  the  F-l  engine 
test,  stand  available. 

Mr.  Teague.  The  S-lC  stage  is  lowered  with  the  F-l  engine. 

. Mr*  Holcomb.  They  are  timed  90  they  both  wind  up  at  the  same 
time. 
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Mr.  Fulton  of  Pennsylvania.  We  are  trying  to  get  your  timing. 

Mr.  Hof  .comb.  There  is  only  30  days’  difference  between  them.  We 
run  into  a problem  on  one  stand  and  we  work  out  our  problems  on 
the  other. 

Mr.  Fulton  of  Pennsylvania.  You  couldn’t  do  that  at  Marshall? 

Mr.  Holcomb.  Marshall  facilities  will  be  saturated  at  the  time  sup- 
porting our  all-systems  tests. 

Mr.  Fulton  of  Pennsylvania.  All  right. 

Mr.  Teagthe.  Any  questions? 

Mr.  Fulton  of  Pennsylvania.  Does  that  satisfy  Colonel  Gould? 

Colonel  Gouuv.  I have  one  other  question  that  probably  should  be 
answered.  The  test  stand  at  Marshall  costg?  I think,  $7.6  million. 
Why  is  there  a difference  in  this  one  at  the  Mississippi  Test  Facility, 
other  than  soil  conditions? 

Mr.  Teaoue.  Is  it  that  Marshall  tests  the  single  engine  and  the  one 
at  Mississippi  tests  the  whole  S-lC  stage? 

Mr.  Holcomb.  No. 

Mr.  Roudebusii.  They  siould  be  comparable. 

Mr.  Low.  Could  we  get  to  that,  afterward  ? 

(The  information  referred  to  is  as  follows :) 

The  P-1  test  stand  at  the  Mississippi  Test  Facility  is  more  costly  than  the 
F-l  test  stand  at  the  Marshall  Space  Flight  Center  for  the  following  reasons: 

The  foundation  for  the  MTF  stand  will  require  more  funds  because  of  the 
difference  in  subsurface  conditions  at  the  two  legations.  At  Marshall  bedrock 
was  encountered  at  approximately  40  feet  below  the  surface.  At  MTF  no  bed- 
rock was  encountered  at  a reasonable  depth.  Therefore,  It  Is  necessary  to  build 
an  extensive  system  of  piling  and  piling  cap  to  support  the  test  stand  and 
superstructure.  In  addition,  the  water  table  was  close  to  the  ground  surface 
at  MTF  which  necessitated  dewatering  and  incurred  additional  cost. 

MTF  is  a virgin  territory  and  thus  requires  extensive  systems  to  support  the 
test  stands.  Examples  are  the  water  supply  and  the  electrical  systems.  At 
Marshall  only  extensions  or  additions  to  existing  systems  were  required. 

Mr.  Teague.  Yes.  The  next  item  is  Maintenance  Facilities  costing 
$5  million.  Could  that  be  deferred  for  a year? 

Mr.  Holcomb.  These  are  maintenance  facilities.  They  need  to  be 
timed  to  be  complete  at  the  same  time  as  your  other  facilities.  There 
is  also  in  this  same  budget  line  item  vehicle  maintenance  facilities. 
We  have  no  other  facilities  available  in  the  area  for  a number  of  miles 
wnere  any  kind  of  maintenance  could  be  done  on  vehicles. 

Mr.  Lilly.  As  to  the  timing  of  the  facilities  we  have,  the  test 
maintenance  shop  is  tied  specifically  to  the  beneficial  occupancy  date 
of  the  S-II  test  stand,  which  is  Novemter  1064.  The  test  mainte- 
nance shop  is  scheduled  to  be  completed  in  the  last  of  December  1964; 
the  automotive  maintenance  shop  is  tied  in  to  be  ready  in  the  last  of 
October  1964,  again  tied  in  to  the  activity  on  the  S-II  test  stand. 
The  marine  terminal  facilities  are  scheduled  to  be  ready  in  the  last 
of  December  1964  to  meet  the  first  stage  delivery  of  the  S-II  ground 
test  stage  in  April  of  1965. 

Mr  Teague.  Are  there  any  questions? 

Mr.  Casey.  How  many  vehicles  will  you  have  to  maintain  down 
there? 

Mr.  Teague.  We  have  a figure  from  somewhere,  Captain,  of  600. 

Mr.  Low.  That  is  the  number  I have. 

Colonel  Gouij>.  When  do  you  reach  that  number  of  vehicles  in 
your  buildup? 

Mr.  Holcomb.  I would  have  to  provide  that. 
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(The  information  requested  is  as  follows:) 

The  buildup  of  vehicles  at  the  Mississippi  Test  Facility  ia  planned  as  follows : 


Date 

December  1968  

March  1964 

June  1984 

September  1964 

Dccpmhpr  1964 

— 

Total  number 
of  vehicles 

25 

85 

250 

485 

646 

Mar<"ti  1966 

...  600 

Mr.  Teague.  The  next  item  is  “Security  Control  Facilities”  costing 
$675,000. 

Mr.  Fulton  of  Pennsylvania.  $675,000.  North  and  south  gate- 
houses. 

Mr.  Holcomb.  These  facilities  are  scheduled  to  be  completed  about 
mid-1964.  About  this  time  our  testing  facilities  will  be  well  along. 
We  will  have  a lot  of  money  that  will  be  invested  in  the  Mississippi 
facility.  Some  of  our  office  buildings  will  he  near  to  completion. 

We  need  provision  for  controlling  entry  into  the  area.  We  need 
some  'n  ay  to  provide  security. 

Air.  Fulton  of  Pennsylvania.  Four  guard  shacks  at  $16,000,  aren’t 
they  pretty  plush  guard  shacks? 

Mr.  Fuqua.  You  could  build  a nice  home  for  that. 

Colonel  Gould.  I think  you  estimated  four  of  these. 

Mr.  Low.  Four  of  them,  $16,000. 

Mr.  Fulton  of  Pennsylvania.  $16,000  for  four  guards  shacks.  Go 
ahead.  If  that  is  the  price,  I iust  wanted  to  hear  it. 

Mr.  Holcomb.  $13,000  is  what  is  listed  here  in  the  budget. 

Mr.  Fulton  of  Pennsylvania.  That  is  all. 

Mr.  Teague.  Gentlemen,  we  have  to  travel  fast. 

Mr.  Fulton  of  Pennsylvania.  Don’t  you  have  an  existing  temporary 
facility? 

Mr.  Holcomb.  Yes.  But  the  existing  temporary  facility  is  for  re- 
search in  this  area  only.  It  is  finding  out  in  advance  an  indication 
of  what  kind  of  meteorological  conditions  we  have  there  which  will 
affect  the  propagation  of  acoustic  noise  in  the  local  populated  area. 

Mr.  Fulton  of  Pennsylvania.  You  say  you  cannot  use  the  present 
facilities,  and  that  it  might  b',  dangerous  to  the  local  area  if  you  do 
not  have  the  sonar  test  facility  ? 

Mr.  Holcomb.  Yes.  On  every  test  you  must  have  this  information 
available.  If  you  get  a temperature  inversion  fading  to  acoustic 
hazard  in  some  place,  it  would  nave  a very  dangerous  result. 

Mr.  Lilly.  It  is  not  just  a matter  of  whether  you  could  or  could 
not,  use  it.  It  is  also  the  location.  It  in  located  m a farmhouse,  in 
the  middle  of  which  the  construction  is  going.  Ail  this  would  have 
to  be  picked  up  and  moved  some  way.  i don’t  know  how  you  would 
move  it. 

Mr.  Teague.  What  was  the  question  on  the  Transportation  Depart- 
ment facilities? 

Colonel  Gould.  The  project  provides  for  70  miles  of  road,  5 miles 
of  paved  road,  2,800  parking  spaces,  and  relocation  of  Mississippi 
State  Highway  43.  Based  upon  our  review,  it  looked  as  though  the 
Mississippi  highway  should  be  relocated  and  the  balance  of  the  road- 
way should  be  programed  over  a 2-year  period. 
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Mr.  Teague.  Can  you  do  that  ? 

Mr.  Lilly.  I doii  t really  know  how  to  answer  this  specifically.  I 
can't  relate  it  readily  to  the  schedule,  as  I can  the  test  stands. 

All  I cun  say  is  that  these  facilities  were  laid  out  in  accordance  with 
the  total  master  plan  and  their  need  to  take  care  of  the  area.  The 
patrol  roads  just  can’t  lie  put  off.  Parking  space  is  necessary.  I just 
can’t  say  how  it  would  affect  the  program  if  you  tried  to  phase  it. 

Mr.  F*ulton  of  Pennsylvania.  Next? 

Mr.  Casey.  Is  that  a divided  highway  ? 

Mr.  Lilly.  Two-lane. 

Mr.  Casey.  Do  you  have  to  have  a four-lane  road  there? 

Mr.  Lilly.  Yes,  sir.  These  requirements  were  substantiated  by 
traffic  studies.  All  the  studies  we  have  had  on  it  come  up  with  this 
conclusion. 

Mr.  Casey.  This  is  on  the  site? 

Mr.  Lilly.  Yes. 

Mr.  Teague.  The  next  item  is  “Warehouse  and  Storage  Facilities.” 

Mr.  Fulton  of  Pennsylvania.  In  19(53  you  were  authorized  a build- 
ing of  66,000  feet,  I believe.  This  is  three  new  buildings. 

Can  you  delay  it  a year  or  do  you  have  to  have  it  in  this  budget  ? 

Suppose  we  cut  $1 ,382,000,  what  would  ha ppen  then  ? 

Mr.  Holcomb.  These  are  the  facilities  in  which  we  will  not  only 
store  some  of  our  consumables  and  final  material,  but  also  in  whicn 
we  will  store  some  of  the  stage  components  during  the  time  that  we 
are  between  tests  or  taking  them  down  from  the  stand. 

Mr.  Fulton  of  Pennsylvania.  Do  you  actually  need  just  this  extra 
storage  facility  in  addition  to  the  66,000  feet  you  got  in  the  fiscal  year 
1963  authorization  for  storage  ? 

Mr.  Holcomb.  Yes.  This  facility  will  be  completed  probably  in 
late  summer  of  calendar  year  1964.  By  the  time  that  you  could  pro- 
vide similar  facilities  in  fiscal  year  1965  you  will  lie  at  the  point 
where  we  will  be  operating  our  first  S-II  stand  there,  beginning  in 
April  1965. 

Mr.  Fulton  of  Pennsylvania.  That  is  all. 

Mr.  Teague.  The  next  item  is  Various  Locations,  $14  million.  This 
is  in  California. 

Did  someone  have  a ouestion  there  ? 

Mr.  Roudebush.  I think  the  question  was  should  we  invest  more 
money  in  an  area  that  was  so  highly  populated,  and  in  a facility  we 
could  not  adequately  use  because  of  the  danger  of  explosions. 

Mr.  Lilly.  I think  there  is  some  confusion  here.  The  Santa  Sus- 
ana  facility  is  for  the  F-l  engines — strictly  for  battleship  or  com- 
ponents testing.  The  sound  levels  are  not  the  same.  This  is  where 
we  are  current  ly  doing  component  testing. 

Mr.  Low.  We  will  certainly  continue  to  use  Santa  Susana.  There 
is  no  plan  to  phase  it  out.  We  cannot  do  full  stage  testing  with  hydro- 
gen and  flight  weight  hardware  there. 

Mr.  Holcomb.  There  is  no  problem  at,  Santa  Susana  in  battleship 
or  in  component  test. 

Mr.  Teague.  Any. questions? 

Let’s  go  to  Cape  Canaveral  and  the  Advance  Saturn  Complex. 
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- Mr.  Fulton  of  Pennsylvania.  There  is  a $10  million  slippage  factor 
in  the  first  figure  of  $217,219,000.  That  is  an  unidentified  slippage 
factor.  It  is  not  for  any  particular  purpose  other  than  as  an  insur- 
ance, is  it  ? 

Mr.  Low.  I don’t  follow  the  question. 

Mr.  Teague.  Could  I ask  the  question  this  way : 

Suppose  you  got  a total  of  $300,663,000.  What  would  a $32  or  $33 
million  cut  do  to  the  whole  Launch  Operation  Center! 

Mr.  Low.  If  we  had  a single  line  item  for  the  Launch  Operation 
Centers,  one  single  facility  and  complete  freedom  of  putting  the 
money  where  it  ever  was  needed,  without  having  it  assigned  to  various 
buildings,  various  pockets,  various  departments,  something  like  a 
10  percent  reduction  would  probably  be  OK,  but 

Mr.  Fulton  of  Pennsylvania.  I am  ready  to  fall  over. 

Mr.  Low.  I would  like  to  emphasize  this  point  though:  If  you  look 
at  the  total  Launch  Operation  Center’s  dollars,  it  will  not  be  all  ob- 
ligated at  the  end  of  the  fiscal  year.  On  the  other  hand,  having  to 
fund  this  program,  for  individual  facilities,  really  individual  pieces 
of  facilities,  I don’t  know  how  many  separate  projects  are  represented 
hen*,  we  know  also  that  we  will  on  a large  majority  of  these  obligate 
all  of  the  funds.  Without  complete  flexibility  of  being  able  to  put 
the  money  every  place  and  any  place,  I think  we  need  all  the  money 
requested. 

Mr.  Fulton  of  Pennsylvania.  Don’t  you  iiave  that  under  the  statute, 
because  it  is  all  facilities? 

Mr.  Lilly.  Mr.  Fulton,  I have  to  compare  this  to  the  Department 
of  Defense  type  of  authorization  in  which  complete  facilities  are 
authorized  for  the  total  cost. 

They  obtain  authorization  for  the  total  scope  of  the  facility.  The 
appropriation  is  not  tied  in  a specific  year  to  the  given  authorization. 
This  procedure  allows  them  to  come  in  with  a budget  based  on  their 
phasing  of  total  obligations  in  these  areas. 

Our  appropriation  bill  is  tied  specifically  to  the  authorization  by 
budget  line  item  and  location.  If  your  report  indicated  that  the 
basis  of  a reduction  was  to  cut  back  certain  of  these  facilities,  I 
would  not  be  allowed  to  use  reprograming  authority  to  move  any 
money  from  one  facility  to  the  other. 

Mr.  Fulton  of  Pennsylvania.  That  is  not  the  authorization  act. 
That  is  the  appropriation  act. 

Mr.  Lilly.  Xo.  Previous  authorization  bills  state  no  funds  may  be 
used  for  any  facility  budget  line  item  for  which  the  Congress  has  pre- 
viously denied  authorization. 

Mr.  Fulton  of  Pennsylvania.  ‘‘Denied.”  But  we  are  authorizing 
it  in  whole,  which  would  give  you  the  right  to  reprogram  because 
we  have  not  previously  denied  any  of  the  items  you  asked  for. 

Mr.  Lilly.  If  1 had  X facility,  estimated  at  $5  million  and  you 
decide  that  in  your  judgment  $3  million  is  all  that  is  needed  at  this 
point  in  time,  then  the  report  states  that  in  your  judgment  $3  million 
is  adequate  and  limits  the  scope  to  $3  million. 

Mr.  Fulton  of  Pennsylvania.  What  the  chairman  said  is  much  dif- 
ferent. 

Mr.  Teague  said  that  supj>ose  we  give  you  an  overall  figure  minus 
10  percent  reduction,  and  in  the  report  we  give  you  the  opportunity 
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to  put  it  where  you  want  it,  then  it  would  take  an  appropriation  bill 
to  limit  your  actions. 

Mr.  Lillt.  That  is  correct.  If  your  report  and  the  authorization 
bill  are  in  the  terms  which  you  described. 

That  ties  in  with  what  Mr.  Low  said.  My  obligation  plans  right 
now*  for  this  toe  a!  area  of  launch  operations  ar«  laid  out  on  the  basis 
of  having  the  fu.;ds  obligated.  I believe  less  th;in  $10  million  would 
not  be  obligated  by  July  1.  Statistically  it  will  be  more  than  that. 
The  figui  o that  George  used,  somewhere  around  10  percent,  is  a good 
figure.  If  I had  the  flexibility  to  shift  between  facilities,  I think 
I can  make  my  cash  flow  follow  the  patterns  and  the  bid  packages 
of  the  obligation. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Yeager  could  handle  that  for  us. 

Mr.  Teague.  I think  this  is  the  best  place  for  us  to  stop  for  the 
afternoon. 

(Whereupon,  at  3 p.m.,  the  subcommittee  adjourned. ) 


4 


t 

je! 


APPENDIXES 


APPENDIX  A 

CONSTRUCTION  COST  ■ ST  1 1CA  TBS 

Section  I.  Derivation  of  construction  coat  estimates. 

Section  II.  Construction  coot  Index. 

Section  III.  A comparlaon  of  building  unit  costa. 

Section  IV.  Baal*  of  coat  estimate  for  fiscal  year  1944  facilities. 

Section  I.  Derivation  or  Construction  Cost  Estimates 

Cost  estimates  are  usually  prepared  by  engineers  in  ibe  field  in  conjunction 
-with  the  planning  of  a facility  project  and  are  based  on  preliminary  design  (when 
available),  design  criteria,  or  engineering  estimates  relating  the  planned  facility 
to  similar  previous  facilities  or  construction  standards  developed  by  other  Gov- 
eminent  agencies. 

TYPES  OP  ESTIMATES 

In  general  we  use  two  types  of  estimates,  preliminary  and  final.  Preliminary 
estimates  are  usually  prepared  before  construction  drawings  and  specifications 
are  initiated.  They  are  based  on  available  project  information,  such  as  design 
criteria,  schematic  drawings,  or  descriptions  of  the  scope  of  the  work  and  the 
basic  material  to  be  used.  Final  estimates  are  firm  estimates  based  on  construc- 
tion drawings  and  specifications.  In  the  preparation  of  final  estimates  many 
factors  affecting  the  ultimate  cost  of  the  project  are  considered.  These  include 
the  construction  methods  to  be  used,  access  to  the  site,  prevailing  climatic  con- 
ditions, and  the  availability  of  materials  and  labor. 

UNIT  COSTS 

Basic  construction  estimates  are  normally  based  on  units  of  cost,  such  as  cubic 
yards  of  concrete,  squares  of  roofing,  square  feet  of  floor  area,  or  cubic  feet  of 
enclosed  space.  A unit  of  cost,  then,  would  be  the  installed  cost  of  a cubic  yard 
of  concrete.  Each  unit  represents  the  sum  of  four  elements : material,  labor, 
overhead,  and  profit. 

To  establish  the  units  of  cost  initially,  quantity  surveys  are  made  to  determine 
a material  and  labor  base  to  which  unit  cost  can  be  applied.  Material  unit  costs 
are  determined  from  current  cost  data  or  by  contact  with  suppliers  and  manu- 
facturers. Labor  unit  costs  applicable  to  material  items  are  ascertained  from 
■current  usage  and  cost  data,  or  from  the  estimator's  experience.  Overhead  is 
treated  by  adding  a percentage  of  the  material  and  labor  cost,  the  percentage 
varying  with  the  type  and  extent  of  the  construction,  location,  and  other  factors. 
Profit,  like  overhead  is  provided  by  adding  a percentage  of  the  total  of  the  other 
elements. 

Unit  costs  are  also  obtained  by  reference  to  known  costs  of  comparable  struc- 
tures and  facilities  and  used  in  preparing  estimates  but  are  constantly  checked 
and  adjustments  mede  for  variables  such  as  price  of  materials  and  wages. 
Additional  modification  to  unit  costs  are  necessary  to  adjust  differences  fn  time 
and  geographical  locations.  These  adjustments  are  accomplished  by  applying 
index  factors  to  the  unit  costs. 

Standard  construction  costs  to  provide  utility  services  are  available  from  in- 
dustry sources,  other  Government  ageucles  and  from  NASA’s  own  records  of 
previous  utility  installations. 

The  cost  of  a utility  service  is  determined  by — 

1.  The  capacity  of  the  service  required, 

2.  The  distance  of  supply  runs  from  the  service  source, 

3.  The  size  of  the  transmission  lines,  and 

4.  Any  unusual  construction  features  such  as:  overhead  suspended  systems 
versus  underground  Installation. 
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Section  II.  Construction  Cost  Index 

The  Office  of  Assistant  Secretary  of  Defense  for  Installations  and  Logletica 
and  the  Bureau  of  Yards  and  Docks  publish  an  “Index  of  Construction  Area 
Costs”  for  each  State  as  well  as  most  foreign  countries.  The  Index  is  a cost 
analysis  of  the  various  contracts  issued  by  these  agencies  and  take  Into  considera- 
tion such  factors  as : wage  rates,  cost  of  living  index,  material,  and  distribution 
costs. 

BASE  CITIES 

The  Office  of  the  Assistant  Secretary  of  Defense  for  Installations  and  Logistics 
selected  Washington,  D.C.,  as  the  base  city  while  the  Bureau  of  Yards  and  Docks 
selected  Philadelphia,  I*n.  Each  city  is  assigned  an  index  value  of  1 and  con- 
struction costs  in  American  cities,  the  States  and  foreign  countries  are  compared 
to  these  index  cities. 

Section  III.  A Comparison  or  Buiu>no  Unit  Costs 

There  is  no  basis  which  will  allow  a reasonable  comparison  of  construction 
costs  of  the  specialized  facilities  requested  in  the  fiscal  year  10(54  construction 
of  facilities  budget.  Facilities,  such  as  test  stands,  are  unique  to  the  particular 
system  being  tested  and  bear  no  common  base  for  comparing  the  cost  of  one  to 
another.  A complete  rundown  of  each  individual  facility  has  been  listed  in  sec- 
tion IV  and  the  basis  of  the  cost  estimate  has  been  indicated  for  each  line  item. 

Other  facilities,  whose  estimated  costs  can  be  logically  compared  within  cate- 
gories are  shown  below.  This  section  categorizes  the  buildings  into  seven  general 
classification  and  explains  the  reasons  why  the  estimated  costs  for  similar  struc- 
tures vary. 

Summary  comparison  of  building  costs,  fiscal  year  t9G\  construction  of  facilities 


CateR<:i  y 

Number  of 
buildings 

Total  cost 

Area  In 
square  left 

1.  Cafeteria  buildlnR 

2 

ThuiisaniU 

$725 

30,  400 

2.  Laboratory  building . . 

3.  Instrumentation  building.  . 

14 

10.  K40 

277.  627 

5 

5,  43.7 

1 12,  250 

4.  Operation  and  checkout  buildlnR 

5 

3,  207 

90.025 

5.  Administration  buildlnR.. 

<1 

9.  SMI 

451, 000 

6.  Utility  buildlnR.. 

1 

'AW 

8. 200 

7.  Storage  buildlns 

12 

i 

11,073 

637, 210 

Category  1. — Cafeteria  buildings 


Center 

Page 

Project 

Total 

cost 

Area  In 
square 
feet 

Cost  per 
square 
foot 

LOC 

C F6-45 

C F8-18 

Cafeteria 

$370, 000 
354.  500 

15,000 

15.400 

$24.70 
23. 02 

MAC.  

do .. 

It  should  be  noted  that  the  cafeteria  at  MSC  does  not  provide  a central  kitchen. 
It  will  service  food  prepared  from  the  cafeteria  Included  In  the  fiscal  year  1962 
construction  of  fa  ilities  budget  Therefore,  the  higher  unit  cost  for  the  cafeteria 
at  LOO  is  attributed  to  the  inclusion  of  a central  kitchen.  The  Office  of  Assistant 
Secretary  of  Defense  for  Installations  and  Logistics  indicates  an  average  unit 
cost  of  $24.50  for  messhalls  which  are  similar  in  size  to  the  cafeterias  being  con- 
structed at  MSC  and  LOO. 
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Category  2. — laboratory  building* 


Center 

Pa*e 

LOC  

CFtV-28 

LOC  

CF6-S0 

LOC  

CF6-74 

MSC 

CF8-26 

MSC 

c Fa-io 

MSC 

C F8-44 

MSFC 

C F9-6 

MSFC 

CFO-6.... 

MSFC 

CFO-11 

MSFC 

C F9-80 

MSFC 

CFO-86 

MSFC 

CKO-42  ... 

MTF 

CFll-66 
CF 11-55. . 

MTF 

Project 


Ordnance  Laboratory 

Calibration  and  Standards  Labora- 
tory. 

Ordnance  Field  Test  Laboratory 

Launch  environmental  facility  

Spacecraft  Control  Technology  Lab- 
oratory. 

Ultrahigh  vacuum  space  chamber 

Laboratory  building  

Linear  acceleration  tower 

Control  and  acoustic  instrumentation 
building. 

Extension  to  load  test  annex  building  . 
Extension  to  1 •repulsion  and  Vehicle 
Engineering  Lairoratory. 

Hazardous  Operations  Laboratory 

Acoustic  laboratory ...... 

Meteorology  budding. 


) 

Total  cost 

Area  In 
*9  wire 
leet 

Cost  i>er 
square 
foot 

$700,000 

10,600 

$70.00 

700,000 

15,000 

46.65 

30,800 

1,32'*. 

30.00 

3.  067,  iX» 

47.600 

64  43 

1,702,000 

45,400 

37.  4# 

240.000 

3,200 

75.00 

470.000 

13, 300 

35  33 

330, 000 

7, 300 

43.20 

60,009 

2,000 

83.00 

1,404,000 

41,000 

31.95 

1, 470,  000 

70,000 

2:.oo 

102.  000 

6,400 

30.00 

305.0(H) 

7,  WO 

38.00 

160,000 

4, 113 

30.00 

There  are  14  laboratories  in  the  fiscal  year  1964  manned  sjaiee  flight  con- 
struction of  facilities  program  at  the  several  centers.  The  lowest  cost  i>er  square 
foot  is  $21  for  the  extension  to  the  Propulsion  and  Vehicle  Engineering  Labora- 
tory at  MSEC  and  the  highest  cost  j»er  square  foot  is  $75  for  the  ultrahigh  vacuum 
space  chamber  laboratory  at  MSC. 

The  variance  in  cost  for  laboratories  is  determined  by — 

( a ) Specific  functions  to  be  housed. 

(ft)  Type  of  construction  required  (architectural  requirements:  struc- 
ture, material,  etc. ). 

(c)  Degree  of  safety  required  and  the  degree  of  hazards  in  the  functions 
to  be  performed. 

( (I ) “Oleur”  work  area  required. 


AN  EXAMPLE  OF  HOW  COSTS  VAKY  FOR  LABORATORY  BUILDINGS 

The  extension  to  the  propulsion  and  vehicle  laboratory  is  a normally  sized 
structure  and  is  estimated  to  cost  $21  per  sauare  foot.  The  basic  building:  is 
already  in  existence.  Utility  installations  need  only  be  expanded  to  handle  the 
additional  load.  The  unit  cost  is  thus  significantly  lower. 

The  launch  environment  facility  is  estimated  to  cost  $64.43  a square  foot.  This 
structure  will  be  approximately  140  feet  wide.  2~2  feet  long  and  120  feet  high 
to  house  u vibration  laboratory,  an  acoustic  laboratory,  and  ar, echoic  chamber. 
The  high  unit,  cost  is  due  to  the  fact  that  the  facility  must  meet  sjiecinl  features 
for  testing  the  Apollo  Spacecraft  such  as  an  extreme  clear  ceiling  height  and 
reinforced  concrete  walls  approximately  18  inches  thick. 


Category  3. — Instrument  building * 


Center 

-’age 

Project 

Total  cost 

Area  In 
square 
feet 

Cost  per 
square 
loot 

LOC 

CF6-28 

Instrumentation  facility  . 

$120. 000 
90,000 

4,000 

2,800 

*30. 00 
32.  15 

LOC 

CF6-28 

I'atalink  terminal  and  repeater  build- 
ings. 

LOC.. 

C F6-67 

Central  Instrumentation  facility  pri 
m irj  b.uildlngs 

4,  700,  000 

94,000 

50.00 

LOC 

CF6-57 

Central  instrumentation  facility  aux- 
iliary building. 

390.000 

7,800 

50.00 

LOC 

CF6-98 

Air  surveillance  radar  building 

135,000 

S.  650 

37.00 
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There  are  fire  facilittiM,  proposed  for  construction  in  the  fiscal  year  1064  con- 
struction of  facilities  program,  which  fall  Into  this  category.  These  facilities 
are  all  located  at  LCXi.  The  unit  cost  varies  from  $30  per  square  foot  to  $50  per 
square  foot  The  variance  is  attributed  to  several  design  and  construction  fac- 
tors peculiar  to  each  facility.  For  example,  the  instrumentation  facility  on 
CF6-28  la  a one-story  structure  whereas  that  on  CF6-57  la  a two-story  structure 
with  special  features  The  latter  facility  wiU  have  a dropped  acoustic  cell- 
ing, special  flooring  Irj  certain  areas  for  extensive  cabling,  and  a high  order 
of  humidity  control  and  air-conditioning.  This  facility  wUl  require  special 
foundation  for  certain  equipment  and  apodal  power  requirements. 


Catigokt  4.  — Operation s and  checkout  buildings 


Center 

Page 

Project 

Total  coat 

Area  in 
scuare 
foot 

Copper 

square 

LOC 

LOC.............. 

LOC 

MTF 

Various  (W8MR). 

CF6-M... 

CF6-48... 

CP6-74... 

CFtl-11.. 

CF13-41.. 

Operatic  is  vtpport  buildings 

Opera tlons  building 

Addition  to  spacecraft  operation  and 
check  out  building. 

Tost  control  « a ter 

Control  oenter 

<740.000 

48.000 

948.000 

1,008.000 

390.000 

20,000 

2.400 

81,028 

30.000 

6,000 

312.80 
20  00 

30.00 

38.80 

86.00 

The  five  operations  and  checkout  buildings  contained  in  the  fiscal  year  1064 
construction  of  faclUty  program  vary  from  a low  of  $12.56  to  a high  of  $66. 

The  higher  unit  cost  for  the  MTF  facility  in  contrast  to  the  LOC  operations 
support  building  is  attributed  to  the  structural  differences  between  the  two 
facilities.  The  test  control  center  will  be  of  reinforced  concrete,  flat  slab  floor 
construction  on  a raft  foundation.  It  will  contain  a basement  and  will  furnish 
special  power  and  electrical  and  instrumentation  cables  to  and  from  the  installed 
equipment.  In  addition,  instrumentation  tunnels  requiring  “blast  walls”  will 
conm  Jt  to  his  building  from  the  test  positions.  In  contrast,  the  LOC  operations 
support  buildings  are  single-story,  prefabricated-type  buildings  without  special 
foundations,  power,  or  electrical  requirements. 


CategOHT  5. — Administration  buildings 


Center 

Page 

Project 

Total  coat 

Area  in 
square 

Coat  por 
square 
root 

LOC 

LOC 

CFO-40  .. 

cro-4i  .. 

CFO-91. 

CF8-33 

CFfr-52. 
CF13-41  .. 

Addition  to  LOC  headquarters  

Security  headquarters  

34, 334.  000 

80.000 

440.000 

2.050.000 
X 21C.  000 

876.000 

197.000 
2,800 

20,000 

84.800 

112.000 
38,000 

822.00 

20.00 

22.00 

24.26 
19.76 
25  00 

LOC 

M8C  

M3FC. ...  . 

Variour  (W8MR). 

Range  Engineering  and  Administra- 
tion bu  lding. 

Project  engineering  facility  building... 
Project  engineer  office  building 
Additions  to  administration  building  . 

There  are  six  administration  buildings  requested  in  the  fiscal  ” ar  1U64  con- 
struction of  facility  budget.  These  unit  prices  compare  favorably  with  the 
construction  cost  of  a similar  type  Air  Force  administration  building,  as  shown 
in  AF88-008-1,  where  cost  standards  are  listed  as  $25.50. 

The  rate  for  the  proposed  buildings  ranges  from  $19.75  a square  foot  at 
M8FC  to  $25  a square  foot  at  the  White  Sands  Missile  Range.  Costs  vary 
; between  locations  due  to — 

(а)  Siting  comparisons. 

(б)  Vertical  elevation  comparisons. 

(c)  Materials  utilized  dictated  by  existing  architectural  patterns. 

(d)  Special  purpose  areas  such  as  conference,  reception,  display  areas, 
at  ' computer  rooms. 

i e)  Ability  to  utilize  existing  services  and  utilities. 
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CATEGORY  6.  UTILITY  BUILDING 


The  central  heating  plant  addition  requested  In  the  program  at  the  Manned 
Spacecraft  Center  will  provide  an  8,200-square-foot  addition  to  the  central  plant 
existing  and/or  under  construction.  The  unit  cost  reflected  for  this  addition 
is  $25.50  per  square  foot.  As  such,  this  is  an  extrapolation  of  the  unit  costs 
exiK*rienced  from  the  coulract  costs  of  the  basic  facility  upproved  in  the  fiscal 
year  1902  program  and  the  additional  increment  approved  in  the  fiscal  year 
1963  program. 

Category  7. — Storage  building* 


Center 

Page 

LOC. 

CF6H0 

LOC  

C MHO  . 

MSEC 

OF9-20-... 

CF9-38. 

MSFC 

Mlchoud  

CFlO-23... 

OFll-11... 

CFu-ao— 

MTF 

MTF.  

MTF  

CFll-73... 

MTF 

OFll-78... 

CFll-73... 

CFll-73... 

CF13-42... 

MTF  

Various 

Project 

Total  cost 

Area  In 
square 
feci 

Cost  per 
square 
root 

Addition  to  central  supply  facility  .. 

mi.  ooo 

40,000 

*9.00 

Additions  to  wre chouse 

800.000 

80,  000 

10.00 

Storage  building  

0,400 

400 

16.00 

Hangar  for  vehicle  components 

1 . 600, 000 

50,000 

33.20 

Vehicle  component  support  building 

2, 200, 000 

200.  000 

11.00 

Stage  storage  building 

1 . 41 C.  000 

53.  450 

26.50 

Stage  sen  ice  and  storage  building 

2,  8Q0. 000 

68,900 

36.00 

Warehouse..  

1,260.000 

1.086,000 

11.60 

Flammable  materials  storage  building. 

288,000 

18,500 

15.35 

Compressed  gas  cylinder  storage 

35,000 

6.460 

6.56 

Salvage  materials  storage 

Addition  to  warehouse  

35.000 

4, 100 

8.60 

117,000 

7,800 

1 

16.00 

The  cost  of  a storage  building  varies  with  the  function  to  be  housed  and 
s;>eciul  requirements  such  as:  Overheud  bridge  systems,  environmental  control, 
lateral  span  required,  clear  overhead  height  specified,  and  other  functions 
that  ire  ' be  performed  in  the  building  in  addition  to  storage. 

There  ure  12  storage  buildings  requested  in  the  fiscal  year  1964  construction 
of  facility  budget,  with  a range  from  $9  to  $36  a square  foot. 

The  $36  a square  foot  building  is  the  proposed  stage  service  and  storage 
building  at  the  Mississippi  test  facility.  The  building  will  provide  storage 
and  servicing  capabilities  for  stages  before  and  after  test  firings.  It  will 
have  a 68-foot  clearance  providing  three  high  bay  areas  each  equipped  with  a 
150  ton  bridge  crane.  The  building  will  be  heated  throughout  and  have  some 
areas  that  are  air  conditioned.  It  will  be  protected  with  a wet  pipe  sprinkler 
system  and  will  provide  the  various  services  required  to  service  the  stages. 

The  $9  a square  foot  building  at  the  Launch  Operations  Center  is  an  addition 
to  a basic  building  approved  in  the  fiscal  year  1963  construction  of  facility  budget. 
It  will  be  a simple  storage  building  and  some  of  its  basic  utility  requirements 
will  have  been  provided  in  the  basic  warehouse.  This  unit  cost  compares 
favorably  with  standards  published  by  the  U8AF  Office  of  Civil  Engineering. 


Volume  IV 

Launch  Operations  Center 


Page  No.  (vol.  IV, 
pt.  1) 


C6-28  to  30. 


Project 


Advanced  Saturn  Launch 
Complex  No.  39. 


C6H0-U 

CF6-43.. 


Advanoed  Saturn  support- 
ing facilities. 

Barge  lock  and  eham_.I 


Basis  of  cost  estimate 


1.  There  was  an  overall  study  of  the  ertth-e  complex 

made  by  the  architec1  -engineer  firms  of  Urhahn, 
Roberts,  Sealye  A Moran:  and  Reynolds, 
Smith  A Hills.  Criteria  was  developed  and 
served  as  the  basis  for  their  estimate. 

2.  The  Corps  of  Engineers  assisted  in  developing 

budgetary  estimates  based  on  their  experience 
with  similar  type  facilities. 

?.  The  NASA  engineers  coordinated  the  overall  de- 
velopment of  the  eetl  nates  and  contributed  esti- 
mates, as  well,  based  ou  thetr  own  experience 
with  similar  type  facilities. 

Estimate  w»3  based  on  similar  type  facilities  already 
constructed  at  LOC. 

1.  Estimate  prepared  by  Chief  of  Engineers  Office, 
based  mi  engineering  studies. 


96-504 — 6S— pt  2b 
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Launch  Operations  Center — Continued 


Pane  Xo.  (vol.  IV,  Project  Basis  of  cost  estimate 

pt.  1) 


CF 6-45  -4 7 Cafeteria Estimate  based  on  similar  facilities  cost  as  developed 

by  the  Air  Force  Civil  Engineering  Office  and  the 
Office  of  the  Assistant  Secretary  of  Defense  for 
Installations  and  Logistics. 

CFfi-50 Calibrations  and  Standards  Estimate  was  derived  by  first  establishing  basic  costs 

Laboratory.  for  a similar  structure  usinr  Corps  of  Engineers 

construction  standards.  This  basic  estimate  wits 
then  revised  to  reflect  unique  requirements  of 
special  foundations,  additional  air  conditioning, 
and  exceptional  cleanliness. 

CF8-57-58 Central  instrumentation  fa-  This  estimate  was  < eveloped  on  the  basis  of  similar 

ciltty.  facilities  already  c instructed  at  LOC  and  refined  to 

reflect  the  estimated  cost  of  its  unique  requirement. 

CF6-93 Launch  equipment  Shop Based  on  actual  unit  cost  of  constructing  similar 

industrial-type  facilities  at  AMR. 

CF6-73-74-7B Manned  spacecraft  facilities-  Design  and  cost  studies  developed  by  architect- 

engineer  firms:  Hardeman,  Morrison  & Kuudsen; 
and  the  Tampa  Bay  Engineering  Co. 

CFft-79-80 Modifications  to  Saturn  This  type  of  modification  has  been  accomplished 

Launol:  Complex  No.  34.  under  the  supervision  of  the  corps  many  times 

within  the  past  several  years.  The  figures  on 
previous  similar  construction  were  revised  to  allow 
for  the  particular  requirements  of  Complex  34. 

CF8- 84-85 Modifications  to  Saturn  This  type  of  modification  has  been  accomplished 

Launch  Complex  No.  37.  under  the  supervision  of  the  corps  many  times 

within  the  part  several  years.  The  flguies  on 
previous  similar  construction  were  revised  to  allow 
for  the  particular  requirements  of  Compter  XI. 

CF8-88 Optical  and  electronic  com-  Based  on  unit  cost  of  Air  Force  definitive  construc- 

ponent  servicing  facility,  tion  of  this  type  of  facility  at  AMR. 

CF6-80-91... Range  engineering  and  ad-  Based  on  unit  covt  of  Air  Force  definitive  construction 

ministration  building.  of  this  type  of  facility  at  AMR.  This  Is  a standard 

building  and  there  are  many  professional  references 
readily  available. 

CF6-98 Range  Instrumentation  sites.  Bared  on  unit  cost  of  Air  Force  construction  of 

similar  type  radar  structures  and  towers  built  at 
AMR. 

CFft-lll-112-113 Utility  Installations— new  Based  on  actual  bid  price  and  completed  construction 

area.  costs  for  roads  and  utilities  already  under  construr- 

t.on  at  AMR.  Estimate  was  adjusted  to  reflect 
any  variations  In  the  planned  construction  with 
that  of  simiini  wort  previously  completed 

CF8-U8-119 Vehicle  maintenance  and  Based  on  unit  cost  of  prefabricated  buildings  con- 

service  faculties.  constructed  at  AMR. 


Manned,  Spacecraft  Center 


Project 


Basis  of  cost  estimates 


CF8-6-7-8.. 


CF8-11. 


CF8-18-19. 


Additions  to  the  Mission 
Control  Center. 

Atmospheric  reentry  mate- 
rials and  structures  evalu- 
ation facility. 

Center  support  facilities 


CF8-2S-27. 


Launch  environment  and 
antenna  test  facility. 


CF8-81 


Mission  simulation  and 
training  facility. 


CF 8-32- 55. ! Project  engineering  faculty.. 


Only  cost  of  equipment  is  Included  In  this  project. 
Estimate  derived  from  preliminary  bids  based  on 
equipment  specifications  developed  for  this  facility. 

Major  cost  is  for  equipment.  Estimate  Is  based  on 
manufacturer’s  list  prices. 

Estimate  based  on  previous  experience  with  the 
same  type  of  facUtt>  now  under  construction  at 
M8C 

Basic  estimate  for  this  facility  was  derived  from 
standards  developed  by  DOD.  Estimate  was 
modified  to  reflect  the  following  special  features: 

1 12&  foot-high  structure  which  requires  pilings 
for  the  foundation. 

2.  Special  electrical  power  for  the  equipment. 

3.  Precise  humidity  control. 

4.  Large  air -conditioning  requirements. 

8.  Special  acoustic  treatment  for  sound  control. 

fl.  Vibration  control  design  features 

Basic  estimate  was  derived  from  sta.  x ds  de  .eloped 
by  DOD.  Estimate  was  modified  to  reflect  the 
following  special  features: 

1.  M feet  of  clear  ceiling  height. 

2.  Special  heading,  electrical,  air-conditioning 

requirements. 

Estimate  based  on  experience  with  the  project  man- 
agement offioe  building  now  under  construction  at 
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Mourned  Spacecraft  Center — Ocnttnuad 


I’age  No.  (vol.  IV, 
pt.  ?.) 


Spacecraft  Control 
nology  Laboratory. 


Cl  tra-h  lKh- vncuiim 
chamber  facility. 


Basis  of  cost  estimates 


Basic  estimate  was  derived  from  standards  developed 
by  DOD.  Estimate  was  modified  to  reflect  the 
following  special  features: 

1.  4fi  feet  and  30  feet  ceiling  height  requirements. 

2.  Temperature,  humidity,  noise,  and  vibration 

control  design  features. 

Basic  estimate  was  derived  from  standards  developed 
by  DOD.  Estimate  was  modified  to  leflect  the 
following  siiecta]  features: 

1.  Semi  Clean  (sterile-type  facility)  dedgn  with 

special  requirements  such  as  positive  pres- 
sure system  and  dust  control. 

2.  80  feet  clear  ceiling  height. 


Mortholl  Space  Flight  Center 


Pags  No.  Project  ' Basis  of  cost  estimate 

(vol.  IV.,  pt.  2) 


CF0--5... Acceleration  test  and  call-  Estimate  was  based  on  completed  design  criteria  and 

bration  facility.  reflected  experience  on  similar  type  facilities  pre- 

viously constructed  at  MSEC. 

CF9-11 Acoustic  model  test  facility  Estimate  was  based  on  costs  for  similar  type  stre-.  - 

'urcs  erected  at  MSFO  and  other  installations 
throughout  the  country.  These  costs  were  adjusted 
to  reflect  rhanges  in  the  Construction  Cost  Index 
and  local  conditions  in  the  Huntsville  area. 

CFV-14........ Additions  to  the  cotnpo  Estimate  for  this  addition  was  baaed  on  costs  of  tile 

nents  test  facility.  previously  constructed  basic  facility  with  adjust- 

ments made  for  unique  requirements  of  the  addition 
and  also  to  reflect  changes  in  the  index. 

rFO-15-17 Addition  to  test  support  Estimate  for  this  addition  was  baaed  on  costs  of  the 

shop.  previously  constructed  basic  fraotlity  with  adjust- 

ments made  tor  unique  requirements  of  the  addi- 
tion and  also  to  reflect  changes  in  the  index. 

C FV-20 Barge  dock  and  loading  fa-  Estimate  was  developed  by  the  Corps  of  Engineers 

ditties.  representative  besed  on  previous  extensive  ex- 

perience for  similar  type  facilities  in  the  general 
geographic  urea  of  the  Mobile  district. 

CFU-23 Expansion  and  mo'Vmlxa-  Based  on  costs  of  construction  of  existing  systems 

tion  of  the  high-pressure  at  the  Huntsville  installation  with  adjustments  to 

gas  and  propellant  sys-  reflect  the  current  hi>tex. 

terns. 

CFV-28 Expansion  of  computation  The  estimated  costs  of  this  additlor  were  I sued  on 

facilities.  the  actual  construction  costs  of  the  basic  facility 

with  adjustments  made  to  reflect  the  unique  re- 
quirements of  the  addition  and  changes  in  the  cur- 
rent index. 

CF9-27 Extension  to  load  test  annex.  The  estimate  was  based  on  the  bid  prices  and  the 

actual  cost  of  completed  construction  of  the  twee 
building  which  was  underway  at  the  time  the 
estimate  was  prepared.  There  Is  a direct  correla- 
tion between  the  basic  building  and  the  proposed 
, extension. 

CFM4 Extension  to  the  Propulsion  The  actual  construction  ousts  of  the  basic  building 

and  Vehicle  Engineering  were  adjusted  to  reflect  the  unique  requirements  of 
Laboratory.  the  extension  and  adjustments  to  correlate  current 

index  costs. 


Mmm.  Michouj  plant 


Mississippi  Test  Facility 


Project 


Basis  of  cost  estimates 


Completed  design  criteria  servted  os  the  basis  of  the 
architect-engineer  cost  estimates.  The  Corps  of 
Engineers  assisted  In  developing  budgetary  esti- 
mates based  on  their  experience  with  similar  type 
facilities. 

1.  Completed  design  criteria  served  as  the  basis  of  the 

construct  Inn  and  equipment  cost  estimates  pre- 
pared by  the  architect -engineer  firm  of  Sverdrup 
and  Parcel. 

2.  The  Corps  of  Engineers  assisted  in  developing 

budgetary  estimates  based  on  their  experience 
with  similar-type  facilities. 

3.  The  NASA  engineers  coordinated  the  overall  de- 

velopment of  the  estimates  and  contributed  esti- 
mates, based  on  their  own  experience  with  slml- 
lar-type  fac'Uftes. 

Based  on  cost  estimates  prepared  by  the  Bureau  of 
Public  Roads. 

Estimate  developed  on  the  basis  of  somewhat  similar 
facilities  at  LOC  and  M8FC  ind  refined  to  meet 
unique  requirements  reflect  'd  in  completed  design 
criteria 

Construction  and  equipment  cost  estimates  prepared 
by  architect-engineer  based  on  completed  design 
criteria. 

Estimates  based  upon  tb*  construction  of  a similar 
stand  at  Huntsville,  Ala.;  these  plans  were  adjusted 
to  suit  the  rondiuoiM  at  MUausipn!  test  facility  and 
to  reflect  current  construction  costs  in  the  revion. 

Based  on  experience  with  similar-type  facilities  at 
MSEC  and  LOC  and  adlusted  to  reflect  require- 
ments contained  In  the  completed  design  criteria. 

Comnleted  design  criteria  served  os  the  basis  of  the 
architect-engineer  cost  estimates.  The  Corps  of 
Engineers  assisted  In  developing  budgetary  esti- 
mates based  on  their  extensive  exjierlence  with 
similar-type  facilities. 

Baaed  on  similar  construction  at  other  NASA  loca- 
tions and  on  completed  design  criteria. 

Construction  and  eoulpinmt  cost  estimates  pre- 
pared by  A-E  based  on  completed  design  criteria. 

Based  on  similar  construction  at  other  NASA  loca- 
tions and  on  completed  design  criteria. 

Based  on  similar  construction  at  LOC  and  MSEC. 

Warehouse  additions  and  storage  facilities  baaed  on 
similar  construction  at  LOC  and  M8FC,  and  oo 
completed  design  criteria. 

Estimates  were  based  on  Corps  of  Engineers  exten- 
sive experience  with  similar  facilities  and  on  com- 
pleted design  criteria. 


Advance  Saturn  flrst-sti 
(8-IC)  static  test  fac 
ties. 


Saturn  V second-stage  (,9~ 
III  static  test,  facilities. 


Bridge  for  U.8.  Interstate 
Highway  No.  in. 

Control  center  and  data  ac- 
qulslth  n and  handling 
facilities. 


Electronics,  Instrumenta- 
tion, and  Materials  Labo- 
ratory. 

F-1  engine  systems  test 
stand. 


CFll-33-3* 


Maintenance  facilities 


CF1IH2-43. 


CFlt-M. 


Navigation  lock 


Security  control  facilities 

Sonic  measuring  facilities.... 

Transixwtatlon  uad  park- 
ing facilities. 

Utility  additions  and  ex- 
tensions. 

Warehouse  additions  and 
storage  facilities. 

Waterways  and  docking 
lng  facilities. 


CFU-SA-od 


CFI1-89-80. 


CFU-oOtofB 


Page  No. 
(vol.  rv.,pt.  21 

Project 

Basts  of  cost  estimate 

CF10-UM4 

Additions  to  production  fa- 
cilities. 

Based  on  experience  with  similar  type  of  work  at 
M8FC.  Equipment  cost  estimates  are  baaed  on 
current  manufacturer's  list  prices. 

CF 10-17.. 

Parking  and  security  im- 
provements. 

Based  on  experience  with  similar  work  at  this  loca- 
tion. 

CFUM8-20 

Road  and  airstrip  rehabili- 
tation. 

Estimate  based  on  experience  of  other  Oovemment 
agencies  and  adjusted  to  conditions  in  the  New  Or- 
leaas  area. 

CF10-23 

Vehicle  com  inent  supply 
building. 

Based  on  experience  with  similar  construction  In  the 
New  Orleans  area.  Criteria  and  standards  avail- 
able from  DOD  were  adjusted  for  local  conditions 
In  estimating  this  construction. 
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Various  locations 


Pago  No. 
(vol.  TV.,  pt.  2) 


Project 


Basis  ol  cost  estimates 


CF13-8  to  *1. 


CF13-12-1S.. 


CF13-20 


CF12-27  to  29 


CF13-30-31 


CF13-41-42.. 


Facilities  foi 

prtjrsw. 

F-l 

engine 

Facilities  for 
production. 

H-l 

engine 

Facilities  for 
program. 

J-2 

eng'^s 

Facilities  for 
program. 

M-l 

engine 

Facilities  for 
program. 

8-IVB  stage 

Improvements  to  the  RL-lo 
A -3  engine  test  facility. 

Lunar  excursion  module  test 

Edwards  test  facilities:  Estimated  costs  were  based 
on  bid  experience  (or  similar  work  under  construc- 
tion. 

Canoga  Park  and  Santa  Susans  development  and 

Coduct  ion  facilities:  Estimated  costs  for  tiic  niann- 
'turlng  quality  control  and  test  equipment  are 
Irosed  on  vendors'  catalog  prices  and  quotations 
for  equipment  Including  installation  costs. 
Estimated  cost  is  based  on  completed  construction 
costs  of  similar  facilities  at  M8FC  Huntsville. 
Ala.  These  actual  costs  were  adjusted  to  reflect 
the  particular  characteristics  of  tlds  program  and 
consideration  was  given  to  the  current  index. 
Canoga  Park  development  and  production  equip- 
ment: The  estimated  costs  for  the  development, 
production  and  test  equipment  which  made  up 
the  major  porttou  of  this  facility  are  based  on  the 
purchase  and  Installation  costs  for  the  equipment 
derived  from  vendors'  catalog  prices  and  quota- 
tions. 

Construction  estimates  based  on  extrapolation  of 
costs  of  comparable  existing  test  facilities  at  Ed- 
wards AFB  and  Huntsville.  These  actua  costs 
were  adjusted  to  reflect  the  unique  requirements  of 
this  facility  and  ■xlso  to  reflect  the  current  Index. 
Estimated  costa  for  machinery  and  equipment  were 
based  on  Catalog  listings  and  quotations  from 
manufacturers  tor  delivery  and  installation  thereo 
The  estimated  costs  of  the  Improvements  tor  this 
facility  at  West  Palm  lieaeh  were  develojred  by  the 
contractor,  Pratt-Whitney,  and  reviewed  by  engi- 
neers from  the  Huntsville  Center  with  prior  exiierl- 
ence  in  this  type  of  work  iroth  at  MSEC  and  AMR. 
Estimated  costs  based  on: 

(a)  Construction  costs  of  similar  facilities  under 
construction  at  the  White  Sands  location. 

16)  Blast  protection  construction, 
e)  Special  air  lock  and  dust  free  requirements. 

<l)  Specialised  mechanical  filtering  system. 

«)  Current  Index  costs. 


Page  intentionally  left  blank 


Appendix  B 
Executive  Session 


STAFF  CONFERENCE,  MANNED  SPACE  FLIGHT  PROGRAM — CONSTRUCTION  OF  FACILITIES 

The  conference  met  pursuant  to  notice,  in  room  214-  B,  Lougworth  Building, 
at  1 :80  p.m.,  May  6, 1063. 

Presiding:  Lt.  CoL  Harold  A.  Gould,  Technical  Consultant,  Committee  on 
Science  and  Astronautics,  U.3.  House  of  Representatives. 

Representing  the  Nationn  Aeronautics  and  Space  Administration : William 
E.  Lilly,  Director,  Program  Review  and  Resources  Management,  Office  of  Manned 
Space  Flight ; Rodolfo  A.  Diaz,  Assistant  Director  for  facilities.  Office  of  Program 
Review  and  Resources  Management;  S.  M.  Smolensky,  Deputy  Director  Launch 
Vehicles  and  Propulsion,  Office  of  Manned  Space  Flight ; A.  O.  Tischler,  Assistant 
Director  for  Propulsion,  Office  of  Manned  Space  Flight;  John  R.  Wilhelm, 
Launch  Operations,  Office  of  Manned  Space  Flight;  G.  A.  D’Onofrio,  Launch  Op- 
erations, Office  of  Manned  Space  Flight;  John  A.  Grahara,  Launch  Operations, 
Office  of  Manned  Space  Flight;  M.  Joseph  Simoes,  Facilities  Engineer,  Office 
of  Manned  Space  Flight;  I.  Jerry  H’.ass,  Facilities  Engineer,  Office  of  Manned 
Space  flight ; Harry  Mitchel,  Facilities  Engineer,  Office  of  Manned  Space  Flight ; 
X.  A.  Crone,  Launch  Vehicle  Facilities,  Planning  and  Requirements,  Manager ; 
W.  T.  Ashley,  Executive  Assistant,  Launch  Vehicle  and  Propulsion,  Office  of 
Manned  Space  Flight;  Captain  J K.  Holcomb,  U.S.  Navy,  Assistant  Director  for 
Launch  Operations ; Theodore  S.  Toppen,  Chief,  Launch  Operations  and  Space- 
craft Branch. 

Colonel  Gould.  In  accordance  with  the  instructions  of  the  chairman,  Sob- 
eommiiiee  on  Manned  Space  Flight,  this  conference  is  convened  for  the  purpose 
of  further  discussions  regarding  the  requirements  for  facilities  in  support  of 
manned  space  flight  as  requested  by  NASA  in  the  fiscal  year  1964  authorization 
request. 

MARSHALL  SPACE  FLIGHT  CENTER 

The  legislative  history  of  this  Center  indicates  a total  of  $68,678,500  has  been 
authorized  in  fiscal  years  1962  and  1963. 

Of  tills  $68.7  million,  which  includes  reprograming,  how  much  has  l»een  ob- 
ligated to  date? 

Mr.  Lilly,  of  the  amount  authorized  in  fiscal  year  l'.:02,  obligations  as  of 
March  31  were  $25,872,000. 

Of  the  authorized  program  in  fiscal  yenr  1963,  the  obligations  as  of  March  31 
totaled  $24,324,000. 

Colonel  (loui-D.  When  will  the  balance  be  obligated? 

.Mr.  Diaz.  It  will  be  completed  by  Septemiier  of  this  calendar  year. 

Colonel  Gould.  Wliat  is  the  value  of  the  existing  plant  at  this  site? 

Mr.  Lilly.  Building  and  structures,  $45  million.  Equipment  and  instrumenta- 
tion, $50  million.  Total,  $95  million. 

Colonel  Gould.  The  NASA  construction  status  report  of  February  28,  1963, 
indicates  *325,000  in  fiscal  year  1!>63  advance  design  funds  have  been  committed 
to  a project  known  as  “Grounds  Support  Equipment  Test  Facilities."  To  which 
fiscal  year  1964  project  does  this  relate? 

Mr.  Diaz.  That  is  a complete  project  in  itself. 

Colonel  Gould.  Ic  it  a 1964  item  or  Is  this  a reprograming  action? 

Mr.  Diaz.  It  is  a 1963  reprograming. 

Colonel  Gould.  What  is  the  total  amount  of  construction  included  in  this 
facility? 

Mr.  Diaz.  The  total  project  is  $5,328,000. 

Colonel  Gould.  What  is  the  scope  of  the  work  involved  *n  this  project? 

Mr.  Diaz.  This  facility  is  required  to  develop  and  test  swing  arm  elements 
which  will  be  used  in  providing  structural  support  and  mobility  for  servicing 
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lines  linking  the  Advance  Saturn  Vehicle  ( C— T* > with  appropriate  ground  sup- 
port equipment  daring  launch  period.  Each  owing  arm  must  be  subjected  to  full- 
scale  functional  test  at  Marshall  before  shipment  to  the  cape. 

ACCELERATION  TEST  AND  CALIBRATION  VACUITY 

Colonel  Gould.  Where  are  the  personnel  to  occupy  the  laboratory  building  now 
being  housed? 

Mr.  Smolensky.  The  people  that  are  to  occupy  this  are  presently  in  various 
facilities  on  the  center  itself,  in  other  buildings. 

Colonel  Gould.  Are  any  of  these  personnel  in  leased  space  off  the  site? 

Mr.  Diaz.  Not  the  jieople  who  will  occupy  this  facility. 

Colonel  Gould.  The  justification  states  that  the  capability  does  not  exist  for 
some  types  of  environmental  tests.  What  tyjies  «<f  environmental  tests  are  we 
talking  about? 

Mr.  Crone.  Zeroing  capability  does  not  exist  here  or  in  auy  of  the  other  places. 
The  ultra-linear  acceleration  capability  does  not  exist  anywhere  in  the  country 
that  we  are  after. 

Colonel  Gould.  It  le  noted  that  the  laboratory  building  will  cob!  $35.33  per 
square  foot,  and  the  linear  accelerator  toweir  cost  $4.1.20  a square  foot.  What 
stiuctural  characteristics  causes  the  cost  of  these  buildings  to  be  so  high? 

Mr.  Dias.  !n  building  we  require  specinl  electrical  power,  cranes,  heating, 
ventilating  and  air  conditioning  to  supi>ort  sevens  environmental  conditioning. 

The  basic  structure  itself  runs  about  $17  j»er  square  foot,  and  is  baaed  on  the 
going  price  of  similar  projects  in  Marshall  Center. 

Colonel  Gould.  The  justification  states  that  environmental  test  equipment  will 
be  relocated.  When  this  occurs,  will  this  vacate  existing  space  that  can  be  used 
for  other  purposes? 

Mr.  Cbone.  The  answer  Is  very  small  areas  will  be  vacated  from  various  spots. 
It  will  be  a relocation  and  reassignment  facility. 

THE  ACOUSTIC  MODEL  TEST  FACILITY 

Colonel  Gould.  Why  can't  other  model  lest  facilities  at  Marshall  be  modified 
or  expanded  to  meet  this  requirement,  rather  than  build  a new  facility? 

Mr.  Crone.  The  location  for  the  acoustic  test  facility  was  selected  because  of 
the  freedom  from  reflected  sound  waves  that  interfere  with  our  instrumented 
data. 

There  is  no  facility  currently  being  used  that  does  not  have  these  reflection 
problems. 

Mr.  Diaz.  You  will  also  have  a problem  here  of  doing  hot  firings.  These  tests 
cannot  be  done  in  existing  facilities  without  major  modifications. 

Mr.  Crone.  Yes. 

THE  ADDITIONS  TO  THE  COMPONENTS  TEST  FACILITY 

Colonel  Gould.  Those  projects  which  have  been  previously  authorized  in  fiscal 
years  1962  and  1963  in  the  amount  of  ?-6  million,  have  all  of  the  funds  previously 
authorized  been  obligated  for  this  project? 

Mr.  Diaz.  Yes. 

Colonel  Gould.  Has  the  construction  been  started? 

Mr.  Diaz.  Most  of  the  construction  has  started. 

Colonel  Gould.  What  are  the  scheduled  completion  dates? 

Mr.  Dlaz.  The  status  of  completion  for  the  fiscal  year  1962  and  fiscal  year 
1963  increments  are : 

Support  facilities,  complete;  turbopump  test  stand  to  be  completed  January 
1964 ; test  position  and  control  center  modifications,  under  design ; construction 
to  be  completed  November  1964 ; Instrumentation  controls,  under  design ; to  be 
completed  November  1964. 

Colonel  Gould.  Has  the  design  for  these  additions  been  initiated? 

Mr.  Lilly.  The  criteria  has  been  developed.  We  have  Identified  a requirement 
of  approximately  $200,000  to  start  design  in  this  fiscal  year.  It  has  not  been 
started  at  this  point  in  time. 

Colonel  Gould.  Is  this  another  project  where  the  jKwsibility  exists  that  you 
may  start  design  from  fiscal  year  1963  funds,  if  you  can  find  sufficient  money? 

Mr.  Ln.LT.  That  is  correct 

Colonel  Gould.  I notice  that  you  have  $450,000  included  for  design  and  engi- 
neering services.  Could  yon  tell  me  what  the  basis  for  this  estimate  is,  please? 
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Mr.  Lilly.  TLe  design  and  engineering  services  cost  is  approximately  11% 
percent  of  the  total  cost  to  the  project.  Although  the  facility  construction  and 
modification  portion  of  the  project  is  a relatively  small  amount,  design  and 
engineering  is  required  on  the  equipment,  instrumentation  and  the  support 
systems. 

Colonel  Gould.  So  that  the  basis  for  the  design  engineering  service  is  predi- 
cated on  the  total  costs  Involved  in  items  (b),  (c),  and  (d)  of  this  project? 
Is  this  correct? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  The  reason  that  it  comes  out  to  $450, 000  is  because  of  the  $2.5 
million  requirement  in  equipment  and  instrumentation  and  support  systems,  all 
of  which  has  to  be  designed  ? 

Mr.  Lilly.  All  of  which  either  has  to  be  designed  or  incorporated  into  the 
design  of  a complete  system. 

addition  to  the  test  support  shop 

Colonel  Gould.  The  Justification  indicates  that  an  increase  in  work  capacity 
is  required.  Why  is  this  necessary,  please? 

Mr.  Smolensky.  Is  this  the  test  support  shop? 

Colonel  Gould.  Yes. 

Mr.  Smolensky.  This  is  for  the  8-IC  ground  test  program.  That  is  the  in- 
crease that  this  is  to  be  supporting  and  must  support  the  west  test  area. 

Colonei  Gould.  I understand  that,  Mr.  Smolensky,  but  do  you  have  any  figures 
to  Indicate  the  volume  of  testing  that  will  occur  that  cannot  be  accommodated 
in  the  existing  facilities  and  therefore  requires  an  addition  to  the  support  shop? 

Mr.  Crone.  The  total  test  work  growth  that  is  coming  up  now  and  will  at 
this  time  when  this  facility  is  ready,  approximately  70  percent  of  the  total  will 
be  new.  Some  of  the  old  work  will  be  no  longer  needed,  but  the  remaining 
amount  added  to  the  new  increase  will  just  about  absorb  or  will  absorb  the  full 
size  of  this  plant  with  this  addition. 

This  is  difficult  to  tell  you  in  numbers  other  than  mnylte  70  percent  of  the  total 
will  be  all  new. 

Mr.  Smolensky.  The  existing  shop  facilities  are  fully  utilized  now.  We  need 
the  addition  to  support  the  new  work. 

Colonel  Gould.  Are  you  saying  there  will  be  a 70-percent  Increase  in  testing 
requirements  that  necessitates  this  addition  to  the  shop? 

Mr.  Crone.  No,  because  that  means  then — I am  reading  it  backward.  Let  me 
see  If  I can  rephrase  this. 

There  should  be  about  150  percent  over  what  we  are  doing  today,  total.  The 
resultant  increase  is  about  50  percent. 

Colonel  Gould.  In  other  words,  the  rate  of  testing,  the  testing  load  will  In- 
crease by  50  percent?  This  is  what  I was  trying  to  get,  is  some  term  of  measure- 
ment here. 

Mr.  Crone.  This  is  about  it. 

Colonel  Gould.  Since  this  Is  an  addition  to  an  existing  facility,  the  cost  of 
utility  connections  appear  to  be  rather  high —$120,000 — including  $50,000  for 
utility  connections.  Would  you  explain  the  reason  for  this  apparent  high  cost? 

Mr.  Diaz.  One  of  the  main  things,  of  opurse.  is  the  relocation  of  roads  and 
parking  areas.  There  is  also  the  distance  from  the  proposed  structure  to  the 
main  utility  systems. 

Colonel  Gould.  But  you  are  Just  adding  on  an  extension  to  an  existing  bund- 
ing. Won’t  the  mains  now  serving  the  existing  building  satisfy  the  connected 
load  that  you  anticipate  in  this  new  facility?  Would  you  like  to  provide  some- 
thing for  the  record  on  that,  please? 

Mr.  I)iaz.  The  existing  electrical  substation  is  being  used  to  capacity  and 
must  be  enlarged.  Additional  water  must  also  be  provided. 

Colonel  Gould.  To  follow  up  on  Mr.  Fuqua’s  question ; it  Is  noted  thnt  the  proj- 
ect includes  $-100,000  for  umchiue  tools,  $100,000  for  welding  equipment,  and  an- 
other $100,000  for  shop  equipment.  Siuce  this  is  an  addition  to  an  existing  shop, 
completely  equipped  with  these  tools  at  the  present  time,  it  would  appear  that 
further  justification  is  required  to  substantiate  the  requirement  for  $600,000 
for  new  shop  equipment.  Would  you  care  to  comment  on  that,  please? 

Mr.  Ckone.  The  additional  tools  and  equipment  are  to  make  the  addition  to 
this  building  usable.  In  other  words,  if  a machine  shop  Is  to  be  expanded, 
I add  more  tools  also,  to  do  the  Increased  workload. 


1250 


1964  NASA  AUTHORIZATION 


Colonel  Gould.  The  reason  I am  asking  this  question  is  that  I visited  the 
t«*»t  support  shop  not  too  long  ago  and  they  have  a very  elaborate  machine 
shop  in  existence  already. 

Mr.  Cbohf,  Correct. 

Colonel  Gould.  It  would  appear  that  you  are  Just  about  doubling  the  capacity. 

Mr.  Cbone.  Earlier  when  we  mentioned  the  50-percont  Increase,  I would  like 
to  correct  that  right  nn-.v — It  Is  actually  doubled.  What  I mean  to  say  is  the 
Lew  area  cover*  So  percent  of  the  load.  It  is  doubling  the  capacity  and  vve 
are  doubling  the  capacity  of  this  shop. 

Colonel  Goui.d.  So  then  the  workload  will  increase  by  100  percent  Instead 
of  00  percent. 

Mr.  Cbone.  We  expect  it  to. 

Colonel  Gould.  Therefore  you  need  to  double  your  shop  capacity? 

Mr.  Cbone.  Fight. 

Colonel  Gould.  How  many  shifts  do  the  crews  work  at  the  present  time  in 
this  support  activity? 

Mr.  Smolenjky  At  the  present  time  one  shift  is  being  used. 

Colonel  Gould.  I would  like  to  ask  you  to  supply  it  for  the  record,  and  at 
the  same  time  supply  an  Indication  aa  to  why  a multiple-shift  operation  might 
not  be  employed  to  meet  these  schedules  without  the  requirement  for  an  added 
facility. 

Mr.  Smolensky.  Use  of  a multishift  operation  will  not  help  since  the  existing 
structure  does  not  Licet  the  requirements  imposed  by  the  Saturn  V.  The 
structure  does  not  have  sufficient  area,  clear  height  or  the  equipment  necessary 
to  handle  ihe  larger  elements  of  hardware. 

Colonel  Gould.  What  is  the  actual  date  that  this  facility  is  needed  to  meet 
this  100-percent  increase  In  test  activities? 

Mr.  Lilly.  Our  current  schedule  for  required  operational  date  is  December 
1964. 

Colonel  Gould.  Does  that  coincide  with  the  100- percent  increase  in  test 
activities? 

Mr.  Lilly.  Yes,  it  does. 

BAKGE  AND  LOADING  FACILITIES 

Colonel  Gould.  How  much  dredging  is  included  in  this  project  for  an  estimated 
cost  of  $41,200? 

Mr.  Diaz.  Approximately  50,000  cubic  yards  of  dredging  are  included. 

Colonel  Gould.  Also,  to  you  happen  to  know  how  much  sheet  piling  is  involved 
for  $277,600? 

Mr.  Diaz.  Approximately  500  tons  of  sheet  piling  are  involved. 

Colonel  Gould.  There  is  an  indication  that  two  docks  are  required  to  support 
the  anticipated  barge  traffic.  Do  you  have  with  you  any  indication  of  this  volume 
in  tons  of  goods  shippe  d or  numbers  of  barges  per  week  or  anything  of  that  nature 
against  which  we  can  evaluate  this  project? 

Mr.  Cbone.  The  tv  o dock  piers  are  required  to  insure  continuous  utilization  of 
the  dock  under  all  conditions  of  river  stage  (high  or  low  Water). 

Anticipated  Saturn  booster  traffic  from  1963  to  1967  is  as  follows : 

Stage* 


Calendar  year  1963 5 

Calendar  year  19G4 8 

Calendar  year  1965 15 

Calendar  year  1960 13 

Calendar  year  1967 10 


These  stages  vary  in  weight  from  approximately  70  to  200  tons  each  detrending 
upon  the  vehicle  being  transported. 

In  addition.  15  to  20  trips  annually  will  be  required  in  transporting  various 
items  of  equipment.  Barge  loadings  for  these  trips  will  vary  considerably  up  to 
a maximum  of  approximately  400  tons  each. 
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EXPANSION  AND  MODERNIZATION  OF  THE  HIGH-PRESSURE  GAS  AND  PROPEIXANT 

SYSTEMS 

Colonel  Gould.  Certain  modifications  have  been  accomplished  during  recent 
years  to  the  existing  system.  Ilow  much  has  been  spent  (or  these  modifications  to 
date  ? I ar  tailing  this  statement  out  of  your  justification. 

Mr.  Diaz.  Are  you  referrinj1'  to  fhls  project? 

Colonel  Got? ld.  Expansion  and  modernization  of  the  high-pressure  gas  system, 
yes. 

Mr.  Lilly.  The  statement  to  which  you  refer  in  our  justification.  Colonel  Gould, 
that  is  that  portions  of  these  systems  have  been  upgraded  and  modified  In  support 
of  the  Saturn  program  in  previous  years  refers  to  a number  of  different  projects 
and  jairts  of  projects.  I would  have  to  provide  for  you  a consolidation  of  these 
amounts. 

Colonel  Gouiji.  Would  you  provide  that  for  the  record,  please? 

Mr.  Lilly.  Mod)  fi<-at  ions  accomplished  during  recent  years  Include  the  provi- 
sion of  gaseous  nitrogen  (GX2)  vaporizers,  gaseous  nitrogen  (LX2)  storage  tanks, 
liquid  oxygen  storage  tanks  and  associated  piping.  These  modifications  were 
provided  by  the  Army  (prior  to  being  turned  over  to  NASA)  and  subsequently  by 
NASA.  The  cost  was  approximately  three-quarters  of  a million  dollars.  The 
facilities  were  acquired  in  connection  with  the  Redstone.  Jupiter,  and  Saturn  I 
programs. 

Colonel  Gould.  The  justlfl<  ation  indicates  that  existing  facilities  having  their 
own  storage  and  transfer  systems  are  being  serviced  by  mobile  equipment  at  the 
present  time.  Why  can’t  this  procedure  be  continued  in  effect? 

Mr.  Smolensky.  The  Increased  test  schedule  that  we  have  projected  here  and 
the  increased  quantities  of  the  propellants  that  are  to  be  used  make  the  present 
mobile  facilities  Inadequate.  In  addition  to  that,  we  have  the  problem  of  up- 
grading the  existing  facilities  to  provide  for  the  safe  transfer  of  wh&t  we  con- 
sider to  be  hazardous  materials. 

Colonel  Gould.  You  do  consider  the  present  system  to  be  hazardous  and  in- 
efficient ; is  this  correct? 

Mr.  Smolensky.  Yes. 

Colonel  Gould.  We  talk  about  increased  demands  placed  upon  the  systems. 
Do  we  have  any  method  of  measurement  that  we  could  apply  to  this  project? 
What  are  the  Increased  demands  and  what  are  the  present  capacities? 

Mr.  Smolensky.  The  Increased  demands  that  we  are  faced  with  is  the  forth- 
coming S-IC  stage  development  program  testing  that  will  be  reaching  a i>euk, 
of  course,  this  is  our  largest  booster  stage  that  will  be  coming  into  increased 
development  and  test  schedules. 

( ’olonel  Gould.  But  do  we  have  any  measure  of  the  number  of  gallons  of  pro- 
pcllants  or  pounds  of  air  or  something  that  we  can  use  to  Justify  the  requirement 
for  an  expansion  to  the  system  ? 

Mr.  Crone.  The  exact  figures  I do  not  have.  It  is  a ratio  of  approximately  5 
to  1 in  many  of  the  tests  that  we  are  now  doing. 

Colonel  Gould.  Five  to  one? 

Mr.  Crone.  Aoout  5 to  1. 

Colonel  Gould.  Could  you  provide  without  too  many  statistical  gyrations,  a 
comparison  of  the  present  capq^ity  and  demands  versns  the  future  capacity  and 
demands? 

Mr.  Smolensky.  A comparison  of  present  and  future  requiremeuts  is  as 
follows : 


Product 

Present  requirements 

Estimated  future  requirements 

Oaaeoua  helium 

3, OOO.uuu  square  cubic  feet  per  year. 
1,300,000  square  cubic  feet  per  day 

12.000. 000  square  cubic  feet  per 

5,00o|obo  square  cubic  feet  per  day. 

1 .640.000. 000  square  cubic  feet  per 
year. 

1.000. 000.000  square  cubic  feet  per 
year. 

360,000  pounds  per  year. 

1.000. 000  gallons  per  year. 

Ottieous  nitrogen  

Liquid  nitrogen 

246,000,000*  square  cubic  feet  per 
/ear. 

300,T00,d00  square  cubic  feet  per 
yeir. 

1)0,000  pounds  per  year 

Liquid  oxygen 

Liquid  hydrogen . 

K P-1  fuel  - . 

346,000  gallons  per  year 
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Facilities  available  are  not  adequate  to  meet  present  requirements.  The  re- 
quirements are  being  met  in  many  instances  by  use  of  temporary  tankage  and 
“jerry-rig”  installations. 

Colonel  Gould.  Since  there  are  no  sketches  provided  for  the  buildings  to  be 
constructed  as  part  of  this  project,  it  is  not  clear  as  to  the  type  of  facilities  that 
will  be  built.  Could  you  define,  please,  the  types  of  structures  that  will  be  erected 
to  provide  the  addition  to  the  air  compressor  building,  the  addition  to  the 
gaseous  nitrogen  and  helium  compressor  building,  and  a propellant  facility  main- 
tenance building? 

Mr.  Diaz.  The  buildings  will  require  heavy  foundations,  with  clearance  for 
moving  large  pieces  of  equipment  in  and  out.  The  construction  will  be  pre- 
fabricated metal. 

Colonel  Gould  The  cost  of  these  facilities,  tlnce  they  are  prefabricated  struc- 
tures, appears  to  be  pretty  high.  The  air  compressor  building  Is  estimated  at 
$20  a square  foot  as  well  as  the  gaseous  nitrogen  and  helium  building,  and  the 
propellant  facility  maintenance  building  is  estimated  at  $25  per  square  foot 
Prefabricated-type  structures  usually  run  about  $15  a square  foot;  that  Is, 
for  a structural  steel  building  with  metal  siding,  which  I assume  these  will  he. 
Would  you  look  into  these  individual  cost  estimates,  please,  and  provide  for  the 
record  a statement  as  to  what  makes  the  costs  so  high? 

Mr.  Lilly.  The  unit  cost  of  these  buildings  is  based  on  experience  in  con- 
struction of  buildings  of  this  type  at  Huntsville.  It  should  be  noted  that  esti- 
mated contingencies  and  overhead  costs  are  included  in  the  unit  cost  figures. 
The  $25  per  square  foot  cost  of  the  propellant  facility  maintenance  building 
includes  an  overhead  crane,  pressure  checking  equipment,  a deionized  water 
system  and  air  conditioning  which  accounts  for  the  higher  unit  cost  of  this 
facility. 

Colonel  Gould.  I notice  that  $180,000  1b  requested  for  clearing  and  grubbing 
for  the  three  buildingH.  This  area,  the  total  area  for  the  three  buildings  only 
totals  12.000  square  feet  and  assuming  normal  clearance  of  20  to  26  feet  around 
the  outside  of  these  buildings,  this  also  appears  to  be  a very  high  cost.  Do 
von  have  any  reasons  for  this,  please? 

Mr.  Diaz.  You  are  referring  to  clearing,  grubbing,  that  we  have  shown  for 
three  buildings.  This  is  an  error.  The  figure  refers  to  the  complete  project 
which  is  w’dely  scattered  over  a large  area.  That  is  the  reason  for  the  high 
cost. 

Colonel  GovTLd.  That  satisfies  the  requirement.  I notice  that  you  have  asked 
for  $400,000  for  design  and  engineering  services.  I assume  the  majority  of  these 
design  costs  are  going  into  equipment,  since  these  buildings  probably  will 
require  very  little  design. 

Mr.  Lilly.  That  Is  correct 

EXPANSION  OF  COMPUTATION  FACILITIES 

Colonel  Gould.  O*  the  42,000  square  feet  involved  in  this  expansion,  how 
much  space  is  being  designated  for  equipment  and  how  much  for  personnel? 

Mr.  Lilly.  The  personnel  space  will  accommodate  approximately  DO  people. 
Approximately  11,000  square  feet  will  be  provided  for  this  purpose. 

Colonel  Gould.  How  mu.^h  space  in  the  existing  building  is  devoted  to  com- 
puter activities? 

Mr.  Lilly.  Approximately  50  j^rcent  of  the  space  or  about.  22,000  square 
feet  is  devoted  to  computer  activities. 

Colonel  Gould.  To  what  extent  Is  real  time  computation  effected  at  this 
ceuter? 

Mr.  Smolensk-?.  Our  whole  concept  in  developing  the  computation  facilities 
here  is  to  provide  real  time  computation  capabilities  for  this  development  «-enter. 
With  the  Increased  amount  of  testing  that  we  expect  and  the  multitudes  of 
tests  that  we  expect,  we  have  decided  that  we  have  a requirement  and  must 
have  real  computation  capabilities  at  both  Marshall  and  at  our  other  centers 
to  he  able  to  react  to  the  test  program  and  to  be  able  to  effect  appropriate 
modification  of  the  test  programs. 

Colonel  Gould.  Your  objective  then  at  Marshall  at  least  is  to  develop  a 100- 
percent  capability  for  real  ti qie  computation ; is  that  correct? 

Mr.  Smolensky.  Yes. 

Colonel  Gould.  I note  in  the  project  that  there  iH  to  be  provid(-d  8,250  square 
yards  of  additional  parking.  IIow  much  parking  space  was  included  in  the 
original  project  for  the  computation  center? 
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Mr.  Lilly  rrhe  original  computation  center  was  built  by  the  Army  and  wag 
provided  to  NASA  in  the  transfer  agreement.  This  project  provides  for  H.250 
square  yards  rather  than  8,250.  A total  of  7,280  square  yards  had  been  provided 
with  the  original  building.  Approximately  8,500  square  yards  are  l»eing  provided 
under  fiscal  year  1963  bringing  the  total  to  21,830  square  yards. 

Colonel  Gould.  What  criteria  were  used  in  developing  the  requirement  for 
additional  parking'/ 

Mr.  Lilly.  The  ratio  that  was  used  is  the  same  as  we  have  used  In  the  other 
projects  at  Marshall  which  is  approximately  1 to  2. 

Colonel  Gould.  One  parking  space  for  every  two  persons  assigned? 

Mr.  Lilly.  That  Is  correct. 

Colonel  Gould.  Do  not  personnel  at  the  Marshall  Center  participate  in  car 
itoois? 

Mr.  Ln,»^.  I am  certain  that  many  of  them  do  participate  in  car  pools.  How- 
ever, tb-j  xtent  of  car  pooling  has  been  taken  into  consideration  in  the  develop- 
ment o t this  ratio  and  this  requirement. 

Colonel  Gould.  Is  there  adequate  public  transportation  available  to  service 
this  center? 

Mr.  Liaz.  No,  sir,  there  is  not. 

Colonel  Gould.  Have  your  requirements  been  made  known  to  the  local  trans- 
portation company  in  the  city  of  Huntsville? 

Mr.  Lill*".  Yes.  Requirements  have  been  made  known  to  local  transportation 
companies.  However  a plan  to  use  public  truns|K>rtatiou  companies  appears 
economically  unsound  from  the  standpoint  of  diversification  in  locations  of 
people  employed  at  the  arsenal  and  from  the  standpoint  of  load  peaks.  Trans- 
portation would  be  heavy  during  peak  hours  aud  equipment  comparatively  idle 
during  the  balance  of  the  working  day. 

Colonel  Gould.  But  you  state  that  the  availability  of  public  trans|>ortation  Is 
inadequate  to  meet  your  needs? 

Mr.  Luay.  That  is  correct. 

EXTENSION  TO  LOAD  TEST  ANNEX 

Colonel  Gould.  Are  there  any  facilities  available  at  other  NASA  installations 
or  at  any  Department  of  Defense  Installation  that  could  be  used  to  meet  this 
need?  I am  referring  specifically  to  the  heavy-duty  universal  testing  machines. 

Mr.  Smolensky.  To  our  knowledge  there  are  no  existing  facilities  that  fit  our 
requirements  for  the  testing,  the  structural  testing  of  these  large  vehicles. 

Colonel  Gould.  The  reason  I ask  this  question  Is  that  I have  been  informed 
that  the  Titan  components  were  tested  at  the  U.S.  Naval  Air  Materiel  Command 
at  Philadelphia,  Pa.,  where  a 5-million-pound  universal  testing  machine  exists. 

The  Air  Force  seemed  to  bo  satisfied  with  the  results  of  comj>onent  testing  at 
this  site.  My  question  is,  why  couldn’t  the  Naval  Air  Materiel  Command  facili- 
ties be  used  to  meet  your  needs  also? 

Mr.  Smolensky.  We  have  found  In  projecting  our  schedule  tests  here  that 
It  would  be  uneconomical  and  Inefficient  to  be  transferring  these  components 
during  a very  critical  test  jteriod  to  different  localities  for  specific  tests. 

Colonel  Gould,  lias  any  study  of  the  economics  of  such  a procedure  been  made 

within  ''ASA? 

Mr.  Smolensky.  We  have  made  this  type  of  study  on  other  projects.  I would 
assume  that  in  this  case  the  Center  has.  too. 

Colonel  Gould.  Are  there  no  commercial  facilities  tliat  could  meet  this  need 
in  the  vicinity  of  Marshall? 

Mr.  Smolensky.  There  are  none,  sir. 

Colonel  Gould.  1 notice  that  the  cost  of  the  2-milllon-pound  universal  hydraulic 
testing  machine  is  estimated  at  $500,000.  Is  this  purely  an  estimate  on  your 
part  or  do  you  ha\e  some  figures  to  substantiate  this  estimate? 

Mr.  Diaz,  Colonel  Gould,  this  figure  was  based  on  actual  preliminary  quotes 
from  manufacturers. 

Colonel  Gould.  You  do  have  a quote  from  u manufacturer? 

Mr.  Diaz.  Yes.  sir. 

Mr.  Lilly.  A preliminary  estimate  was  obtained  from  the  Baldwin  Co.  on  a 
machine  of  this  capacity.  Its  estimated  cost  wax  $.509,000  to  $600,000  at  that 
time.  No  other  quotations  have  been  obtained  from  the  potential  manufacturers. 

Colonel  Goum.  Since  this  extension  is  immediately  adjacent  to  the  existing 
test  load  facilities,  why  are  the  utilities  extensions  in  the  amount  of  $47,000 
so  high  / 
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Mr.  Diaz.  The  fiscal  year  1962  project  did  not  provide  extensions  of  utilities 
to  the  area  of  proposed  facility.  Although  connections  points  are  near,  then*  is 
u requb  ement  to  tie  into  and  extend  util  (tit's  within  the  limits  of  the  project. 
Further  unforeseen  increased  demands  have  necessitated  larger  sizing  of  the 
utilities  ties. 

Colonel  Gould.  Could  you  explain  the  relationship  between  the  load  ballast 
system  for  $360,000  and  the  two  testing  machines,  please  / 

Mr.  Chunk.  The  loud  ballast  system  will  be  used  consisting  of  lead  shot  which 
will  distribute  Itself  when  loaded  inside  of  a section  of  a tank  for  testing  the 
iuiiight  G loadings  that  will  I**  exi*erieuced  near  cutoff,  which  seems  to  he  the 
critical  point. 

Colonel  Gould.  What  does  the  special  power  supply  which  is  categorised  as 
"elevated  temperature  testing”  consist  of,  please? 

Mr.  Diaz.  The  $70,000  line  item  involves  the  relocation  of  a 3,000-kilovolt- 
ampere transformer  and  associated  controls  and  equipment  to  power  an  Infrared 
beating  facility  used  to  simulate  aerodynamic  and  solar  heating  conditions. 
Structures  are  load  tested  under  heat  conditions. 

Colonel  Gould.  The  reason  I am  concerned  is  that  we  are  talking  about  re- 
location of  special  power  supply.  However,  the  justification  does  not  state  what 
type  of  power  supply  this  is.  Is  this  a generator  or  transformer  block,  or 
what  type  of  method  are  you  going  to  use,  and  specifically  what  does  it  do? 

What  is  the  basis  of  your  $3H5,000  estimate  for  design  and  engineering?  The 
reason  I ask  this  question  Is  that  it  would  appear  that  a great  deal  of  the 
equipment  will  be  purchased  wldch  will  probably  need  no  design,  and  conse- 
quently the  $865,000  is  predicated  only  on  the  construction  part  of  this  project 
which  works  out  to  about  23  percent.  Can  you  comment  on  that,  please? 

Mr.  Lilly.  The  $365,000  estimated  for  design  and  engineering  is  for  more  than 
the  facility  construction  and  modification.  It  also  provides  for  design  and  engi- 
neering required  on  the  load  ballast  system,  the  high  force,  low-frequency  vibra- 
tiou  systems,  and  the  signal  circuits  and  di'/ital  data  acquisition  systems. 

The  total  design  required  Is  estimated  at  less  than  10  percent  of  the  total 
project. 

Colonel  Gould.  That  is  for  design,  supervision,  and  Inspection,  or  just  design? 

Mr.  Lilty  Design,  supervision,  inspection  and  engineering  required. 

Colonel  Gould.  The  building  is  estimated  at  $81.90  per  square  foot  I imagine 
this  high  -coat  4s  attributable  to  heavy-duty  foundations;  is  that  correct? 

Mr.  Diaz.  That  is  correct. 

EXTENSION  TO  THE  PROPULSION  AND  VEHICLE  ENGINEERING  LABORATORY 

Colonel  Gould.  The  project  description  mentions  a cafeteria  and  the  sketch 
indicates  a lunchroom.  Which  is  it,  a cafeteria  or  lunchroom? 

Mr.  Diaz.  It  is  & cafeteria 

Colonel  Gould.  In  other  words,  it  will  be  completely  equipped  with  kitchen 
and  serving  equipment;  Is  that  correct? 

Mr.  Lilly.  That  Is  correct. 

Colonel  Gould.  »Vhat  is  the  size  and  the  cost  of  the  cafeteria? 

Mr.  Lilly.  The  cafeteria  is  7 000  square  feet. 

Colonel  Gould.  And  the-  cost? 

Mr.  Lilly.  Using  the  same  factor  of  $21  a square  foot,  the  cost  of  the  cafeteria 
would  be  approximately  $250,000. 

Colonel  Gould.  Then  the  size  of  the  cafeteria  and  the  cost  of  the  cafeteria  is 
included  in  the  70,0(0  square  feet  you  show  for  the  building  projer? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould,  respite  the  fact  that  it  is  a separate  building? 

What  is  the  penthouse  required  for  on  this  building? 

Mr.  Diaz.  The  penthouse  is  required  to  house  the  mechanical  equipment  to 
be  used  in  connection  with  this  building. 

Colonel  Gould.  By  “mechani'**!  equipment”  1 assume  you  mean  the  cooling 
towers  for  the  air-conditioning  system? 

Mr.  Diaz.  That  is  right. 

Colonel  Gould.  Going  back  to  the  cafeteria  again,  how  much  cafeteria  capacity 
exists  at  the  present  time  at  this  Center? 

Mr.  Diaz.  Through  July  1963,  we  will  have  5 cafeterias,  with  a total  serving 
capacity  of  740  h|micoh.  To  July  1964  we  will  have  8 cafeterias  with  a seating 
capacity  of  1.260.  By  July  1965  wc  will  end  up  with  9 cafeterias  with  a total 
seating  capacity  of  1,700,  which  will  serve  approximately  3,000  people.  That  is 
in  the  entire  complex. 
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Colonel  Gould.  This  Is  by  the  end  of ► 

Mr.  Diaz.  .1  uly  1065. 

Colonel  Gould.  Fiscal  year  1904,  is  that  correct? 

Mr.  Diaz.  That  is  right. 

Colonel  Gould.  What  criteria  did  you  use  in  arriving  at  the  seating  capacity 
for  the  cafeteria? 

Mr.  Diaz.  We  use  a criteria  of  feeding  period  of  2 hours  with  a turnover  two 
and  a half  times  i»er  hour. 

Colonel  Gould.  A turnover  of  two  and  a half  times  per  hour? 

Mr.  Diaz.  That  is  correct. 

Colonel  Gould.  So  that  would  he  a turnover  rate  of  five  for  the  2-hour  period? 

Mr.  Diaz.  Right. 

Colonel  Gould.  You  state  that  you  are  going  to  buy  cafeteria  equipment  in 
the  amount  of  *80,000,  which  seems  a little  reasonable  as  compared  to  other 
cafeterias  included  In  the  program.  Could  you  give  me  the  basis  for  this  esti- 
mate,' please? 

Mr.  Diaz.  We  will  use  existing  equipment  to  furnish  a part  of  this  cafeteria. 

Colonel  Gould.  Does  this  mein  you  are  going  to  close  down  an  existing 
cafeteria? 

Mr.  Diaz.  We  will  close  down  one  existing  cafeteria;  yes,  sir. 

Colonel  Gould.  I*ut  you  will  still  be  providing  a total  of  8 cafeterias  with  a 
capacity  of  8,(500  jtersons  by  the  end  of  fiscal  year  1964? 

Mr.  Diaz.  With  a capacity  of  1,700  to  support  8,000. 

Colonel  Gould.  The  justification  for  this  facility  indicates  an  R.  & D.  mission 
for  launch  and  space  vehicles.  To  what  extent  is  Marshnll  Involved  in  research 
on  space  vehicles? 

Mr.  Smolensk*'.  The  Marshall  Space  Flight  Center  is  responsible  for  the 
research  and  the  development  and  the  technic*  1 management  of  the  launch 
vehicle  programs  that  come  under  Its  mission.  It  has  a very  extensive  research 
mission  and  capability.  This  project  is  aimed  at  extending  its  laboratory  capabili- 
ties in  support  of  the  present  programs  being  developed. 

Colonel  Gould.  Is  this  extension  primarily  for  work  in  the  research  area, 
or  is  it  both  for  research  and  development  activities? 

Mr.  Smolensky.  It  is  moetly  for  development  but  it  is  for  both  applications, 
research  and  development 

Colonel  Gould.  Is  this  a duplication  of  a like  capability  being  developed 
at  Houston? 

Mr.  Smolensky.  No,  sir. 

Colonel  Gould.  The  justification  indicates  that  you  are  presently  occupying 
leased  space  for  the  personnel  that  will  occupy  the  extension  to  this  facility 
at  some  subsequent  date.  What  is  the  annual  leasing  cost  and  will  the  tease 
space  be  released  when  this  addition  is  completed? 

Mr.  Diaz.  The  lease  space  amounts  to  264,000  square  feet,  at  a cost  of  $755,200 
a year. 

Colonel  Gould.  This  is  the  total  space  now  being  leased  to  meet  oil  require- 
ments at  Marshall ; is  that  correct? 

Mr.  Smolensky.  Yes,  sir.  However,  no  leased  space  will  be  released  ns 
a result  of  the  construction  of  this  facility. 

Colonel  Gould.  In  other  words,  even  after  we  build  this  extension  you  will 
release  no  leased  space  for  this  facility  ? 

Mr.  Smolensky.  That  is  correct. 

Colonel  Gould.  Why  is  that? 

Mr.  Mitchell.  Our  total  requirement  for  space,  administrative  space,  that 
is,  will  not  have  been  satisfied  through  the  fiscal  year  1964  program.  We  are 
contemplating  additional  projects  in  future  programs  primarily  through  the 
1965  program  which  will  at  that  time  enable  us  to  give  up  much  of  our  leased 
space. 

Colonel  Gould.  You  are  telling  us  there  will  be  no  leased  space  released  as  a 
result  of  any  project  in  the  fiscal  year  1964  program? 

Mr.  Diaz.  Yes.  sir. 

Colonel  Gould.  Since  this  addition  is  immediately  adjacent  to  the  existing 
facility,  can  you  give  further  justification  for  the  $90,000  requested  to  extend 
utilities? 

Mr.  Lilly.  No  provision  was  made  in  the  fiscal  year  1961  project  for  extension 
of  utilities  to  the  area  of  the  proposed  project.  A requirement  therefore  exists  for 
tying  in  and  extending  necessary  utilities  to  service  the  fiscal  year  1964  projects. 
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A forced  main  sewer  Is  needed  to  service  the  facility  and  necessary  pumping 
equipment  must  be  provided  for  this  purpose. 

HANGAR  rOB  VEHICLE  COM  PON  ENTfJ 

Colonel  Gould.  The  fiscal  year  J9G8  components  i.nd  subassembly  accepts  ne'e 
building  was  authorized  at  an  estimated  cost  of  $050,000.  Has  this  facility  been 
completed  ? 

Mr.  Lilly.  That  project  has  not  been  completed. 

Colonel  Gould.  What  will  'lie  fiscal  year  1968  item  oe  used  for? 

Mr.  Crone.  The  1963  item  witl  be  used  to  receive  riost  of  the  components  com- 
ing in  for  the  S-IC  stage  and  other  S-IB  work  that,  is  being  done  there.  This 
was  to  bring  together  a central  receiving  point  for  all  of  these  components. 
Today  we  have  no  such  place.  It  was  designed  at.  that  time  to  cover  a good 
number  of  the  larger  components.  The  new  facility  in  11*64  goes  into  much  larger 
components,  and  actually  houses  a completely  assembled  stage. 

Colonel  Gould.  You  say  will  house  a completely  assembled  stage? 

Mr.  Crone.  That  is  right. 

Colonel  Goiy.d.  I thought  that  the  completely  assembled  stages  were  going 
to  be  housed  in  your  test  shop? 

Mr.  Crone.  Sir,  the  test  shop  for  the  assembly  of  a stage.  We  will  have 
fire  ground  test  vehicles  on  the  base;  we  will  have  the  dynamic  test  vehicle, 
which  is  one  which  will  be  serviced,  tested  and  used  in  the  dynamic  test  facil- 
ities; the  static  firing  vehicle  will  also  be  serviced  here.  We  will  have  to  re- 
furbish those  vehicles  arriving  from  Michoud  before  and  after  testing. 

One  high  bay  area  Will  take  care  of  the  assembly  portion — I believe  it  is 
building  4706 — and  this  will  house  the  major  large  components  such  as  toil 
assemblies,  et  cetera,  while  they  are  awaiting  assembly,  and  will  house  the 
extra  portions  of  these  ground  test  vehicles. 

Colonel  Gould.  Of  all  of  the  facilities  that  are  being  built  and  proposed  to  be 
built  how  many  completely  assembled  vehicles  could  you  accommodate  at  any- 
one time? 

Mr.  Rafel.  There  will  be  five  of  the  S-IC  stages  that  we  can  envision  being  at 
one  time  in  a fully  assembled  condition.  In  addition  to  this,  there  will  be  the 
S-II  stage  and  8-IVB,  an  instrument  unit  for  the  dynamics  vehicle,  which  will 
all  be  there  at  the  same  time. 

Colonel  Gould.  So  you  have  a capacity  in  existing  buildings  of  accommodating 
five  vehicles  at  one  time,  is  that  correct? 

Mr.  Rafel.  This  is  not  five  of  the  complete  vehicle  components.  It  is  the 
S-IC  stages  only.  We  will  not  have  five  complete  vehicles  at  one  time. 

Colonel  Gould.  This  facility,  including  the  cost  of  bridge  cranes,  was  estimated 
at  $25  per  square  foot  I am  referring  here  now  to  the  fiscal  196?.  Item.  The 
fiscal  year  1964  hangar  is  estimated  at  $33.20  per  square  foot,  excluding  bridge 
cranes. 

Could  you  please  explaiu  the  difference  in  these  costs? 

Mr.  Lilly.  The  fiscal  year  1963  project  “Components  and  subassembly 
acceptance  building,”  cost  at  $25  per  square  fo  rt,  was  based  on  an  average  price 
for  a high  l>ay  area  (10,000  square  feet)  and  an  office  and  low  bay  area  (10,000 
square  feet).  The  fiscal  year  1964  hangar  for  vehicle  components  project  pro- 
vides for  a high  bay  area  throughout  with  a hook  height  clearance  of  70  feet. 
On  e cubic  foot  basis  the  unit  costs  of  the  two  buildings  are  approximately 
the  same. 

Colonel  Gould.  Has  the  design  been  started  on  this  proposed  hangar  yet? 

Mr.  Lilly.  No  ; it  has  not. 

Colonel  Gould.  What  are  the  construction  and  design  leadttmes,  please? 

Mr.  Lilly.  The  design  leadtime  is  approximately  4 months,  construction  lead- 
time  approximately  13  months. 

Colonel  Gould.  When  do  you  anticipate  design  will  he  initiated? 

Mr.  Lilly.  This  project  falls  into  the  same  category  as  the  others  that  we 
have  discussed.  We  have  identified  a requirement  to  start  design  on  this  facility 
in  the  amount  of  approximately  $150,000,  and  will  he  undertaken  in  this  fiscal 
year  if  the  funds  can  he  identified  for  the  project. 

HAZARDOUS  OPERATIONS  LABORATORY 

Colonel  Gould.  How  is  this  requirement  being  met  now? 

Mr.  Crone.  The  requirement  has  not  reached  its  peak  at  this  time.  We  are 
doing  some  of  this  testing  under  hazardous  conditions,  unsafe  conditions,  and 
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the  major  purpose  here  ia  to  meet  the  increased  workload  and  to  solve  the 
hazard  problem. 

Colonel  Gould.  The  reason  I ask  this  question  is  because  most  of  the  equip- 
ment required  for  this  facility  Is  already  available  at  the  Center  and  apparently 
in  use.  Why  can’t  the  present  facilities  be  continued  In  use? 

Mr.  Crone.  Proximity  to  inhabited  areas  where  other  work  is  going  on,  which 
has  to  be  vacated  when  we  do  this.  It  Is  a result  of  a safety  survey. 

MODERNIZATION  OF  INSTRUMENTATION  AND  CONTROL  SYSTEMS  IN  THE  EASTERN  AREA 

Colonel  Gould.  When  was  the  present  equipment  installed? 

Mr.  Lilly.  The  present  equipment  was  Installed  1960-67  and  in  I960.  The 
cost  of  the  in-place  requirement  is  approximately  $3.5  million.  Practically  all 
of  this  equipment  will  be  modernised  or  replaced.  Approximately  60  percent 
of  the  displaced  equipment  will  be  utilized  on  less  critical  projects  at  the  eenter. 
The  balance  will  be  salvaged. 

When  we  speak  of  “inherent  delays”  in  ike  evaluation  of  test  runs,  occasioned 
by  the  necessity  of  manual  readings,  bow  much  delay  are  we  actually  talking 
about,  Mr.  Smolensky? 

Mr.  Smolensky.  The  present  manual  readout  of  data  requires  iu  many  cases 

weeks  of  evaluation  to  properly  determine  what  our  test  results  are  and  he  able 
to  incorporate  them  into  new  designs. 

With  the  increased  workload  and  the  test  load  that  we  have,  and  the  necessity 
of  speedy  and  accelerated  analysis  of  data  and  feedback  Into  the  development 
program,  it  necessitates  the  updating  and  automatic  data  analysis  equipment 
to  support  our  test  programs. 

Colonel  Gould.  The  weeks  of  work  now  experienced  in  readouts  by  the  manual 
method  will  then  be  reduced  to  what  period  of  time,  with  automated  equipment? 

Mr.  Smolensk*.  Hours,  possibly  days  at  the  most. 

Colonel  Gould.  The  present  instrumentation,  could  it  l»e  continued  in  effect 
without  seriously  jeopardizing  the  Advanced  Saturn  program? 

Mr  Smolensky.  No,  sir. 

MODIFICATIONS  TO  THE  VEHICLE  ASSEMBLY  BUILDING 

Colonel  Gould.  You  state  that  the  static  testing  of  vehicles  from  the  Michoud 
plant  will  be  effected  at  Marshall.  Please  define  the  extent  of  testing  of  vehicles 
from  Michoud  to  be  done  at  Marshall  and  what  will  be  accomplished  at  MTF. 

Mr.  Ravel.  The  static  testing  of  the  S-IC  stages  will  la?  accomplished  up 
through  vehicle  502  of  the  Saturn  V.  All  subsequent  stages  will  be  static  tested 
at  the  Mississippi  Test  Facility. 

Colouel  Gould.  When  you  say  “vehicle  502,”  what  do  you  mean? 

Mr.  Rakkl.  This  is  the  second  flight  vehicle. 

Colonel  Gould.  You  speak  of  the  "next  generation  of  vehicles”  in  the  justifica- 
tion. Are  we  far  enough  along  in  our  studies  to  know  what  the  couflguration  of 
the  next  generation  of  vehicles  will  be  beyond  the  Advanced  Saturn,  aud  are 
we  relatively  certain  that  the  large  diameters  planned  for  the  Advanced  Saturn 
will  prevail  In  the  future  booster  vehicles? 

Mr.  Smolensky.  Studies  to  date  indicate  that  the  first  stage  of  fu'.urv.  vehicles 
may  well  be  larger  thun  that  of  the  Advauml  Saturn,  unless  a major  break- 
through occurs  for  propulsion  systems.  However,  this  building  may  readily 
accommodate  upper  stages  of  such  a vehicle. 

Colonel  Gould.  On  page  CF  9-48,  a requirement  for  early  approval  of  this 
project  is  lml  lea  ted. 

What  time  frame  are  we  talking  about? 

Mr.  Lilly.  The  planned  operational  requirement  date  for  this  facility  is 
October  1964, 

Colonel  Gould.  Have  advanced  design  funds  been  committed  or  eurmarked  for 
this  project? 

Mr.  Lilly.  We  have  identified  a requirement  for  approximately  $86,000  to  start 
design  in  this  fiscal  year.  If  we  locate  the  funds  for  this  requirement,  the  design 
will  be  started. 

Colonel  Gould.  Id  view  of  the  limited  number  of  Advance  Saturn  vehicles  to 
be  manufactured  at  Marshall — four,  I believe — could  existing  facilities  be  used 
in  lieu  of  this  modification  if  a certain  amount  of  Inconvenience  were  accepted? 

Mr.  Cbone.  The  head  clearance  in  the  existing  building  for  assembly  of  this 

vehicle  S-IC  stage,  Is  not  adequate  to  allow  a crane  to  pass  over  the  vehicle. 

86-804— 63— pt.  2b 80 
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This  means  that  we  hare  hazardous  operations  in  lifting  and  assembling 
and  lining  these  tanks  to  this  t-tage.  There  is  no  other  place  on  the  station 
w/'We  this  can  be  done  at  the  present  time. 

Jolonel  Gorui.  Instead  of  raising  the  elevation  of  this  building,  would  it  not 
be  possible  to  modify  the  carrier  or  the  carriage  that  is  used  to  wheel  the  vehicle 
in  on  tracks? 

Mr.  Rafel.  The  carriage  which  is  proposed  for  the  JMC  will  provide  a mini- 
mum ground  clearance.  There  is  no  way  to  lower  it. 

Colonel  Gould.  Not  even  by  lowering  the  trackage? 

Mr.  Rafel.  I can’t  see  how  you  could  lower  anything  and  still  be  able  to 
maintain  an  adequate — I htnk  that  they  are  planning  something  >f  about  0 Inches 
to  1 foot  clearance  between  the  bottom  of  the  stage  and  the  ground. 

Colonel  Gould.  Again,  back  to  the  cost  per  square  foot  of  raising  the  roof  on 
this  building,  it  might  be  that  more  economical  modifications  could  be  made. 

Mr.  Lilly.  As  we  Indicated  to  you  the  other  day.  Colonel  Gould,  this  problem 
is  under  study  and  you  will  so  be  notified  as  to  the  results. 

Colonel  Gould.  How  much  pavement  is  going  to  be  placed  for  $23,600,  and 
how  many  motor  vehicle  parking  spaces  will  be  provided? 

Mr.  Dlaz.  The  parking  area,  as  shown  in  this  case.  Is  access  roads  around 
the  structure  and  a parking  area  for  the  vehicle  Itself.  It  is  not  automobile 
parking,  as  such. 

PROJECT  KNOI.NKEB  OFFICE 

Colonel  Gould.  The  project  description  states  that  the  design  of  this  facility 
will  be  adapted  from  the  design  of  the  fiscal  year  1963  facility. 

How  much  of  the  $160,000  requested  for  design  and  engineering  services  is 
for  site  adaptation? 

Mr.  Lilly.  Although  the  project  description  states  that  design  of  this  facility 
will  be  adapted  from  the  design  of  the  fiscal  year  1963  facility,  design  will  not 
be  an  adaptation  in  the  strict  sense  since  the  layout  of  the  proposed  project  in- 
cludes the  layout  and  design  of  a cafeteria.  It  is  estimated  that  approximately 
*70,000  of  the  $160,000  requested  for  design  and  engineering  services  will  be 
required  for  design  of  this  project. 

Colonel  Gould.  This  is  a very  favorable  estimate  and  I wanted  to  bring  into 
the  record  that  wherever  possible  NASA  is  trying  to  use  existing  design  that  they 
have,  to  lower  the  cost  of  engineering. 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  I note  that  this  project  also  includes  a 300-seat  cafeteria. 

What  provisions  for  cafeteria  service  are  being  made  to  accommodate  the  850 
personnel  that  will  occupy  the  engineering  and  administrative  building  which  is 
now  under  construction  ? 

Mr.  Diaz.  That  is  part  of  the  complete  study  that  I mentioned  a while  ago. 

Mr.  Lilly.  As  you  are  aware,  Colonel  Goulds  in  our  description  of  the  project 
In  1063.  we  did  not  include  provision  at  that  time  for  a cafeteria. 

Upon  definitization  of  criteria  and  design,  It  was  determined  that  a cafeteria 
was  required  In  it,  and  was  provided  in  the  final  design  for  the  building. 

This  building  will  be  equipped  with  a snack  bar  and  small  serving  counter  to 
be  served  from  the  central  cafeteria.  It  will  primarily  serve  the  light  lunch  group 
and  lunch  carriers,  and  thus  relieve  the  load  on  existing  facilities. 

Colonel  Gould.  Would  you  provide  also  the  size  and  capacity  of  the  cafeteria 
being  incorjiorated  Into  the  fiscal  year  1963  item? 

Mr.  Lilly.  Yes;  we  will. 

(The  information,  when  submitted,  may  be  found  in  the  committee  files.) 

Colonel  Gould.  This  project  Includes  parking  spaces  for  400  vehicles.  The 
fiscal  year  1963  project  also  included  parking  facilities  to  accommodate  an  un- 
known number  of  vehicles. 

How  many  vehicles  will  the  combined  parking  lots  accommodate,  sir? 

Mr.  Lilly.  The  fiscal  year  1963  engineering  and  administration  building  will 
include  a 400-vehicle  parking  lot  for  a total  population  of  850  itersons. 

The  fiscal  year  1964  project  engineer  office  will  Include  a 400- vehicle  parking  lot 
for  a total  population  of  700  people. 

Thus  the  combined  total  will  provide  parking  facilities  for  800  cars  to  accom- 
modate a total  population  of  1,550  persons. 

Colonel  Gould.  You  indicated  before  that  no  leased  space  will  be  released  as  a 
result  of  any  of  the  1964  Items. 

I note  in  the  Justification  for  this  project  that  leased  space  is  now  being  used 
to  meet  the  needs  that  will  be  provided  as  a result  of  this  project. 
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lx  tliis  another  instance  where  you  will  not  release  any  leased  space? 

Mr.  Lilly.  Our  present  plans  do  not  allow  us  to  release  any  total  lease  space 
in  fiscal  year  1964,  or  us  a result  of  fiscal  year  1964  building  programs. 

However,  there  will  be  a reallnement  of  personnel  assigned  to  the  leased  space. 
Colonel  Gould.  I notice  that  you  are  only  asking  for  $100,000  for  office  and  cafe- 
teria furniture. 

There  is  no  provision  being  made  in  this  estimate  for  cafeteria  equipment  of  any 
great  magnitude. 

Are  you  planning  to  relocate  existing  kitchen  equipment  into  this  facility,  and 
what  is  the  breakdown  of  the  $100,000  between  office  and  cafeteria  furniture? 

Mr.  Diaz.  The  breakdown  on  that  $100,000  is  for  the  cafeteria,  such  things 
as  tables  and  chairs,  is  $35,000.  The  balance  of  $65,000  is  office  equipment  for 
the  building. 

Colonel  Gould.  Do  not  the  personnel  that  are  going  to  occupy  this  building 
already  have  office  furniture? 

Mr.  Diaz.  The  office  equipment  that  we  are  talking  about.  Colonel  Gould,  is 
such  things  as  conference  room  equipment  and  special  purpose  type  of  office 
equipment. 

Colonel  Gould.  Such  as  what? 

Mr.  Diaz.  Conference  tables,  lobby  furniture  and  this  type  of  thing,  and  a 
certain  amount  of  desks  and  chairs. 

Colonel  Gould.  Is  this  new  engineer  office  going  to  provide  another  foyer  or 
lobby  similar  to  the  one  that  is  going  into  the  building  now  under  construction? 
Mr.  Diaz.  Not  as  such,  no,  sir. 

Colonel  Gould.  You  Just  mentioned  lobby  equipment.  I was  wondering  whether 
another  lobby  was  going  to  be  provided  similar  to  the  fiscal  year  1963  project. 

Mr.  Lilly.  There  will  be  a small  reception  area,  Colonel  Gould,  that  wiil  in 
no  way  compare  to  the  lobby  which  is  being  provided  in  the  central  office 
building. 

Colonel  Gould.  Would  the  deferral  of  this  project  for  one  year  cause  the  Ad- 
vanced Saturn  program  to  slip? 

Mr.  Smolensky.  Yes,  sir.  The  answe-  to  your  question,  Colonel  Gould,  is 
“Yes.”  it  would  cause  a slippage  in  that  Te  would  not  be  able  to  have  timely 
and  on  schedule  operation  of  all  of  the  engineering  personnel  Involved,  in  this 
development  effort.  It  would  be  difficult  to  estimate  days,  but  it  is  obvious  that 
if  they  couldn’t  work  at  their  top  efficiency,  there  would  very  definitely  be  delays 
in  the  program. 

SUPPORT  OPERATIONS  BUILDING 

Colonel  Gould.  What  is  being  used  now  to  meet  this  need? 

Mr.  Crone.  The  answer,  Colonel,  is  that  moat  of  this  work  has  not  yet  begun 
regarding  the  Saturn  S-IC  stage. 

The  small  amount  that  is  underw.y  is  not  fully  turned  over  to  contractors  yet. 
Colonel  Gould.  The  Justification  Indicates  that  80  contractor  personnel  to 
support  Government  operations  a**e  necessary  in  fiscal  year  1963  and  that  this 
requirement  will  increase  in  fiscal  year  1964. 

Now,  you  tell  me  that  the  contractors  are  not  fully  entrenched  at  the  present 
time  in  this  mission,  is  this  correct? 

Mr.  Obone.  That  is  correct. 

Colonel  Gould.  Fiscal  year  1963  is  going  to  expire  in  Just  60  days. 

Mr.  Crone.  The  80  personnel  approximately,  are  on  board. 

Colonel  Gould.  How  much  of  an  increase  is  anticipated  in  the  contractor  per- 
sonnel between  fiscal  year  1963  and  1964?  The  reason  I ask  this,  you  say  in 
your  Justification  that  the  requirement  for  contractor  personnel  will  increase 
in  1964 

Mr.  Smolensky.  The  number  of  contractor  personnel  planned  for  fiscal  year 
1964  is  approximately  200,  representing  an  increase  of  about  120  over  fiscal  year 
1963  figures. 

Colonel  Gould.  What  is  the  nature  of  the  work  that  these  contractors  will 
perform  ? 

Mr.  Crone.  The  contractors  will  be  operating  the  S-IC  testing  in  conjunction 
with  Marshall.  They  will  be  operating  the  S-I  stand,  the  Chrysler  Oorp.,  in  ac- 
ceptance testing  of  the  8-1  stages  at  Marshall.  They  will  be  participating  in 
considerably  varied  other  tests  that  will  be  conducted  there. 

Colonel  Gould.  How  many  different  contracting  firms  are  involved  in  this 
activity-required  facility? 
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Mr.  Cronc.  I cob  list  the  two  major,  which  I Just  did,  Boeing  and  Chrysler. 
There  will  be  others.  I cannot  give  you  a total  or  how  many. 

Colonel  Gould.  The  description  indicates  that  shop  space  is  required  for  the 
maintenance  of  mobile  equipment.  Is  this  equipment  Government  or  contractor 

owned? 

Mr.  CRONE.  This  is  Government-owned  equipment. 

Colonel  Gould.  On  mobile  equipment,  has  the  possibility  of  a cross-servicing 
agreement  with  the  Army  been  considered?  As  I understand  it,  the  Army  has 
a considerable  amount  of  shop  space  available  at  Redstone.  Have  they  been 
queried  as  to  availability  of  shop  space  to  meet  this  need? 

Mr.  Smolenlky.  Maintenance  and  servicing  of  mobile  equipment,  as  planned 
for  the  support  operations  building  involves  such  things  as  maintenance  and  re- 
l»lr  of  high  pressure  bottles,  instrumentation  of  mobile  GSE,  and  so  forth.  This 
is  not  an  automotive  shop. 

This  type  of  support  is  not  available  within  the  Army  shop  capability. 

Mr.  Lilly.  This  requirement  was  discussed  with  the  Army  prior  to  the  prepa- 
ration of  this  project. 

UTILITY  INSTALLATIONS 

Colonel  Gould.  $420,000  was  authorized  iu  fiscal  year  1902  for  the  extension  of 
primary  utilities,  iu  fiscal  year  1963,  another  $2,817,000  was  authorized  for 
utility  extensions  at  this  site. 

What  was  accomplished  with  the  $3  million  previously  authorized  at  Marshall? 

Mr.  Lilly.  Items  provided  in  fiscal  year  1962  and  fiscal  year  1963  for  utilities 
projects  are  as  follows  ;• 


(a)  10,000  kilovolt-ampere  substation  and  4,160-volt  transmission 
lines  for  additional  electrical  demands  in  the  vehicle  assembly 

and  quality  inspection  areas $200,000 

(ft)  Secondary  roads  for  the  Increased  traffic  at  MSFC 18c, 000 

(c)  Additional  potable  water  filter  capacity  at  water  treatment  plant  3 

to  meet  Increased  demands 133,000 

( d ) Additional  steam  lines  in  the  western  part  of  MSFC  to  support 

new  facilities-  and  increased  loads 204. 000 

(e)  Construction  of  Saturn  V Road  for  movement  of  rhe  Saturn  V 

through  from  fabrication  and  assembly  areas,  test  areas,  and  to 
the  dock  at  the  Tennessee  River.  This  road  is  60  feet  wide  for 
component  transporter  and  48  feet  wide  over  the  remaining 

length  of  7.5  miles 1,  700.  000 

(/)  New  sewerline  and  force  main  pumping  station 15,000 

( g)  Additional  sev'ondary  substation  capacity  to  provide  for  new 

electrical  demands  in  new  and  modified  buildings 62,000 

(ft  ) New  waterlines  both  potable  and  industrial  to  new  areas  of  con- 
struction including  an  additional  30-lnch  waterline  to  support 

vehicle  tests  in  components  test  area — * .. 193, 000 

(i)  New  telephone  cables,  cornn.  micatiou  ducts,  and  multjpui  Tose 

communication  cable 250,  000 

Total - 2,937.000 


Colonel  <;oui.d.  The  costs  shown  i.i  this  estimate  appear  to  be  rather  high. 

As  Mr.  Fulton  has  previously  pointed  out,  the  cost  estimates  for  facilities 
seem  to  be  well  rounded.  Tills  project,  for  example,  is  a “round”  $5  million. 
Would  you  define  for  the  committee,  please,  the  basis  for  this  estimate?  It  is 
based  upon  definitive-type  plans,  rule  of  thumb  costs,  or  just  generalized 
estimating? 

Mr.  Lilly.  As  you  are  aware.  Colonel  Gould,  we  did  not  have  detailed  desigus 
or  preliminary  designs  for  this  project.  Therefore,  it  was  based  upon  the  best 
engineering  judgment  of  the  facilities  engineers  at  Marshall. 

Colonel  Gould.  I would  like  to  know  a little  bit  more  about  these  requirements 
for  the  record,  please,  and  a little  more  than  is  shown  in  the  budget  data 
presented. 

The  following  questions  which  are  technical  in  nature,  If  you  dq  not  have  the 
answers,  please  provide  them  for  the  record  as  we  go  ••long. 

First  of  all,  the  steamplant ; What  are  the  average  ^ak  demands? 

Mr.  Diaz.  At  present  the  average  peak  demand  amounts  to  182,000  pounds 
I>er  hour.  This  reduces  to  a demand  of  100,000  pounds  per  hour  for  the  summer 
months  when  processed  steam  requirements  are  the  only  loads. 


1984  NASA  AUTHORIZATION 


1261 


Colonel  Gould.  In  addition  there  to  the  249, 000-pouud -per-bour  existing  steam- 
plant,  what  is  the  total  combined  capacity  of  all  standby  equipment  tied  into 
the  main  system? 

Mr.  Diaz.  The  total  combined  capacity  of  the  system,  including  the  main  plant, 
is  331,000  pounds  per  hour. 

Colonel  Gould.  At  what  percent  overload  do  you  consider  maximum  efficiency 
can  be  achieved  with  the  present  system? 

Mr.  Diaz.  It  is  150  percent  overload. 

Colonel  Gould.  What  percent  of  overload  is  being  need  as  criteria  for  the 
design  of  the  new  plan.? 

Mr.  Diaz.  150  percent  over,  Colonel  Gould. 

Colonel  Gould.  As  far  as  the  electrical  distribution  is  concerned,  do  you  buy 
power  directly  from  the  local  electric  power  concern,  or  is  it  allocated  and 
prorated  from  the  power  blocks  purchased  by  the  Army  at  Redstone? 

Mr.  Lilly.  Power  is  supplied  to  Redstone  Arsenal  from  the  Gunte’-sville  and 
Wheeler  Dams,  part  of  the  TVA  system.  Marshall  Center  purchases  power  from 
the  Army  Missile  Support  Command  at  Redstone  Arsenal  at  a cost  of  $0.0825 
per  kilowatt-hour. 

Colonel  Gould.  I note  that  the  Redstone  Arsenal  is  going  to  add  25,000  kilo- 
volt-amperes to  the  primary  substation,  bringing  the  total  capacity  to  80,000 
kilovolt-amperes.  How  much  demand  is  placed  on  this  primary  substation  by 
the  Marshall  Center '! 

Mr.  Duz.  Our  total  demand  is  13,000  kilowatts. 

Colonel  Gould.  What  secondary  substation  capacity  exists  at  the  present  time 
at  Marshall? 

Mr.  Lilly.  At  the  present  time,  the  secondary  substation  capacity  at  Marshall 
is  40,000  kilovolt-amperes. 

Colonel  Gould.  What  Is  the  estimated  connected  load  through  1964  including 
facilities  planned  in  this  year’s  budget? 

Mr.  Diaz.  The  estimated  connection  load  is  approximately  18,000  kilowatts. 

Colonel  Gould.  The  justification  indicates  that  the  present  pumping  is  in- 
adequate. Is  this  correct,  speaking  of  the  water  system  now? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  The  fiscal  year  1963  program  Included  a water  filtration  plant 
for  $50,000,  a water  reservoir  for  $65,000,  and  water  mains  in  the  amount  of 
$85,000,  or  a total  of  $200,000.  Have  these  additions  anJ  improvements  been 
accomplished,  and.  if  not,  have  the  funds  been  obligated,  or  when  will  they  be 
obligated? 

Mr.  Lilly.  As  of  the  31st  of  March,  $1,792,000  has  been  obligated,  the  balance 
of  funds  are  expected  to  be  obligated  in  May  of  this  year. 

Colonel  Gould.  Are  you  possibly  speaking  of  the  overall  utilities  extension 
that  was  previously  authorized?  How  much  of  that  pe-tains  to  the  water  supply 
system  authorized  in  fiscal  year  1963  ir  ths  amount  of  $200,000? 

Mr.  Lilly.  I don’t  have  those  details  with  me,  Colonel  Gould.  I have  only 
the  total  project  obligations.  I will  supply  the  amount  for  the  specific  item  to 
you. 

Colonel  Gould.  What  was  the  caj>acity  of  the  reservoir  which  was  authorized 
in  fiscal  year  1903? 

Mr.  Lilly.  The  water  reservoir  in  fls<*al  year  1963  was  programed  for  $65,000: 
however,  that  reservoir  was  in  support  of  the  special  vehicle  tests,  not  for  the 
general  water  distribution.  Detailed  criteria  indicated  that  an  additional  30- 
inch  waterline  was  required  In  lieu  of  the  reservoir  In  support  of  test  facilities : 
consequently,  the  reservoir  was  never  constructed. 

Colonel  Gould.  Would  you  also  provide  with  that  figure  the  amount  of  ca- 
pacity, reservoir  capacity,  that  is,  that  was  existing  prior  to  the  fiscal  year  1903 
Item,  coming  up  with  a total  reservoir  capacity,  including  the  project  in  fiscal 
year  1963? 

The  pump  outage  which  occurred  in  July  1962,  according  to  your  Justification, 
was  of  how  long  a duration? 

Mr.  Lilly.  Reservoir  capacity  existing  prior  to  fiscal  year  1963  'ncluded : 

Gallon* 

Domestic * 1, 950, 000 

Industrial 8. 500,  000 

Test  area 1, 000,  000 


Total 


11.  450.  000 
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The  pumps  were  out  for  10  hours. 

Colonel  Gould.  What  is  the  minimum  capacity  required  at  this  station  to 
meet  the  Are  reserve  level? 

Mr.  Lilly.  To  meet  firefighting  reauiiwnests  except  for  special  systems  on 
static  test  stands,  approximately  3,000  gallons  per  minute  are  required  for  a 4- 
hour  duration  at  any  one  location. 

Colonel  Gould.  1 notice  that  the  cost  of  widening  of  existing  roads  and  con- 
structing a new  one  are  both  priced  at  $100,000  per  mile.  This  is  a little  unusual. 
Would  you  please  explain  this  budgetary  phenomenon,  please? 

Mr.  Diaz.  Colonel  Gould,  these  roads  must  actually  be  rebuilt  as  well  as  wid- 
ened. 

Colonel  Gould.  But  isn’t  the  existing  base  adequate  to  meet  the  binding  re- 
quirements planned? 

Mr.  Diaz.  No,  sir ; it  Is  not.  It  will  have  to  be  ripped  up. 

Colonel  Gould.  Would  you  describe,  please,  the  overpnss  to  be  constructed  for 
$240,000? 

Mr.  Diaz.  The  overpass  we  are  talking  about  is  at  the  main  entrance  to  the 
Marshall  Center.  The  overpass  will  be  approximately  80  feet  long  with  earth 
embankment  approaches  to  pass  over  Rideout  Road. 

Colonel  Gould.  Is  it  on  the  post? 

Mr.  Diaz.  It  is  within  the  Installation ; yes,  sir. 

Colonel  Gould.  Does  it  tie  into  a public  highway  ? 

Mr.  Diaz.  It  does. 

Colonel  Gould.  If  so,  is  the  Bureau  of  Public  Roads,  or  has  the  Bureau  of 
Public  Roads  been  contacted  and  will  they  contribute  any  toward  the  total  coat 
of  this  project?  Would  you  provide  for  the  record  the  agreements  reached 
with  the  Bureau  of  Public  Roads  with  regard  to  this  project,  and  provide  also 
the  agency  who  will  be  responsible  for  the  construction? 

Mr.  Diaz.  The  Bureau  of  Public  Roads  was  advised  of  the  road  requirement 
and  current  Redstone  Arsenal  require  lent  by  letter  in  October  1962.  As  a re- 
sult of  past  agreements  the  Bureau  has  been  active  in  improving  access  to  the 
arsenal  Installation.  However,  either  the  Army  or  Marshall  has  improved  the 
internal  road  net  through  their  own  construction  programs.  The  Mobile  Dis- 
trict Corps  of  Engineers  will  be  responsible  for  construction  on  the  arsenal. 

Colonel  Gould.  Turning  to  communications ; your  cost  estimate  calls  for  a data 
transmission  system,  a utilities  monitoring  system,  an  anti-intrusion  system, 
and  a coded  Are  alarm  system.  In  each  of  these  instances  would  you  define  what 
is  being  used  to  meet  the  need  now  and  state  why  the  present  systems  cannot 
be  continued  in  effect. 

Mr.  Lilly.  Data  transmission  system : There  is  presently  none  in  effect.  The 
existing  telephone  systems  are  not  designed  to  transmit  data. 

Utilities  monitoring  system  : There  is  presently  none  in  existence. 

Anti-instrusion  system : There  is  presently  none  in  existence. 

Coded  fire  alarm  system : Only  manual  alarms  are  in  the  buildings  with  no  tie 
in  to  a central  fire  alarm  system. 

MICHOUD  PLANT 

Colonel  Gould.  How  much  has  been  spent  to  date  in  renovations  to  the  Miehoud 
plant  since  NASA  took  it  over? 

Mr.  Lilly.  We  have  provided  authorization  in  fiscal  year  1962  and  in  1963. 
approximately  $18  million.  As  of  March  31,  1963,  $6,386,000  of  fiscal  year  1962 
funds  have  been  obligated  against  rehabilitations  and  modifications  to  the 
Miehoud  plant  There  remains  $1,876,000  of  fiscal  year  1962  rehabilitation  and 
modifications  fund  to  be  obligated.  These  funds  will  be  obligated  before  the 
end  of  June  1963. 

Of  the  fiscal  year  1963  funds,  $14,171,000,  for  rehabilitation  and  modification, 
$5,653,000  has  been  obligated  as  of  March  31.  1963.  The  schedule  for  the  remain 
ing  obligations  is  as  follows:  April,  $6.1X11,000:  June  $400,000;  August,  $400,000; 
October,  $400,000 ; December,  $417,009. 

Colonel  Gould.  The  authoilzatlon  and  appropriation  history  of  this  plant,  as 
I reconstruct  the  past  legislation,  indicates  that  in  fiscal  year  1962  basically  as 
a result  of  reprograming  actions.  $9,763,000  were  authorized.  In  addition  to  this, 
fiscal  year  1962  advance  design  funds  in  the  amount  of  $960,000  were  made 
available  for  a total  of  $10.7  million  from  fiscal  year  1962. 

In  fiscal  year  1963  there  were  authorized  $18.4  million  for  new  facilities. 
There  were  reprogramed  $6.6  million  for  plant  modifications.  These  funds  came 
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from  within  the  construction  of  facilities  program,  and  $10.2  million  for  an 
engineering  building,  the  funds  for  which  came  from  the  R.  & D.  appropriation. 
In  addition  to  this,  advance  design  funds  in  fiscal  year  1963  in  the  amount  of 
$350,000  were  made  available  for  the  engineering  building.  This  bringB  the  fiscal 
year  1963  total  to  $35.5  million,  or  a total  for  2 fiscal  years  of  $46.2  million. 

Could  you  tell  me,  please,  what  the  status  of  obligations  are  for  these 
facilities  that  have  been  previously  authorized  and  when  all  work  will  be 
completed  ? 

Mr.  Lilly.  I believe  that  we  have  a slight  difference  in  the  total  amounts  of 
money  which  have  been  made  available  at  the  Mlchoud  plant.  I believe  our 
discrepancy  comes  primarily  between  the  split  of  funding  on  these  t rojects 
between  the  2 years.  The  total  amount  of  funds  that  we  have  actually  authorized 
for  the  Michoud  plant  betweeu  the  2 years  is  slightly  over  $39  million.  The 
basic  difference  is  in  the  fiscal  year  1963  amount,  into  which  apparently  we 
did  not  fund  all  of  the  authority  that  was  given  to  us.  The  status  of  the  obli- 
gations as  of  March  31  were,  against  the  fiscal  year  1962  funds,  $7,748,000.  and 
the  obligations  against  the  authorized  amount  in  fiscal  year  1963  were  $8,685,000. 

Colonel  Gould.  Mr.  Lilly,  I will  provide  you  with  a breakdown  of  the  author- 
izing legislation  and  construction  status  data  that  have  been  provided  by  NASA, 
and  apparent  differences  between  the  figures  which  yon  have  presented  and  the 
ones  that  we  have  reconstructed  here,  I think  should  be  compared  and  explained 
in  the  record. 

Of  the  fiscal  year  1963  money,  you  indicate  that  $8.7  million  only  has  been 
obligated.  When  will  the  balance  of  these  funds  be  obligated? 

Mr.  Lilly.  The  balance  of  these  funds  will  be  obligated  prior  to  the  end  of 
this  calendar  year.  The  total  fiscal  year  1962  and  fiscal  year  1963  program  at 
Michond  amounts  to  $39,517,000.  The  breakdown  of  the  total  program  is  as 
follows : 


Fiscal  year  1962 : 

Funds  allocated $9.  763,  000 

Advanced  design 060. 000 


Total  fiscal  year  1962 10.  723. 000 


Fiscal  year  1963: 

Funds  allocated 28,  444, 000 

Advanced  design 350,  000 


Total  fiscal  year  1963 28.794,000 


Total  funds  allocated  fiscal  year  1962  and  fiscal  year  1963 39.  517, 000 

Total  fnnds  obligated  against  the  fiscal  year  1962  program  amount  to  $7,748,000 
and  $8,685,000  against  the  fiscal  year  1963  program  as  of  Maroh  31.  1968.  The  re- 
maining $2,975,000  of  the  fiscal  year  1962  program  will  be  obligated  by  the  end 
of  June  1963.  The  schedule  of  obligations  for  the  remaining  $21,525,000  against 
the  fiscal  year  1963  program  is  as  follows  : 


April— 

May 

June... 
July— . 
August 


$7,051,000  September $300,000 

1, 294, 000  October 550, 000 

10,  620, 000  November 300, 000 

300,  000  December 560, 000 

550,000 


Colonel  Gould.  What  is  the  estimated  cost  o?  all  known  requirements  for  this 
plant  beyond  fiscal  year  1964? 

Mr.  Lilly.  We  do  not  have  a definitive  layout  of  requirements  as  yet.  How- 
ever, we  ran  anticipate  that  there  will  be  in  future  years  requirements  for  addi- 
tions to  production  equipment  and  facilities.  I would  estimate  this  to  run  some- 
where between  $7  million  and  $12  million  a year. 

Colonel  Gould.  For  how  many  years? 

Mr.  Lilly.  For  the  number  of  years  that  the  plant  is  in  production. 

Colonel  Gould.  You  mean  the  new  construction  and  modification  costs  are 
going  to  run  $7  million  to  $12  million  per  year,  indefinitely? 

Mr  Lilly.  No;  I didn’t  mean  to  imply  that.  I meant  that  there  will  be  a 
continuing  cost  associated  with  the  production  in  the  plant,  a requirement  for 
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new  production  equipment  and  modifications  that  are  always  associated  with 
the  operation  of  a production  facility. 

Colonel  Gould.  Has  a firm  master  plan  for  this  site  been  developed? 

Mr.  Lii.lt.  Yes ; It  has. 

Colonel  Gould.  The  one  that  I saw  recently  only  projected  requirements 
through  fiscal  year  1964.  Have  there  been  any  projections  beyond  fiscal  year 
1064  for  construction  requirements? 

Mr.  Lilly.  Ah  I indicated  previously,  of  known  requirement,  Colonel  Gould, 
we  do  not  at  this  time  foresee  new  facilities  or  new  construction  requirements, 
as  such.  The  indicated  requirements  that  I spoke  of  relate  to  the  uormal  produc- 
tion equipment  and  modification  costs. 

Colonel  Gould.  How  are  the  design  and  construction  accomplished  at  this 
activity? 

Mr.  Lilly.  The  design  of  the  facilities  at  Mlchoud  have  been  and  are  accom- 
plished by  the  facilities  engineering  organization  at  Marshall ; the  supervision 
of  the  construction  at  the  plant  Is  accomplished  under  the  contract  with  Mason- 
Rust. 

Colonel  Gould.  Is  this  contract  with  Mason-Rust  a CPFF  tyj>e  of  contract? 

.'dr.  Lilly.  The  current  contract  with  Mason-Rust  Co.  to  supj>ort  services  at 
Michoud  facility  is  a cost-plus-flxed-fee  contract,  currently  running  through 
June  30  1963. 

Colonel  Gould.  When  you  say  that  this  contract  is  a CPFF  contract,  is  the 
construction  accomplished  on  a CPFF  basis? 

Mr.  Lilly.  No.  sir,  it  is  not.  It  is  accomplished,  like  all  other  construction 
projects  we  have,  on  a fixed-price  contract. 

Colonel  Gould.  In  other  words,  the  management  of  the  cone, miction  is  on  a 
CPF1*  basis,  but  the  actual  construction  is  put  out  on  a competitive  bid  basis? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  Are  the  contractor  management  modifications  included  in  the 
CPFF  program,  that  is  to  say,  It.  & I),  facilities  projects  or  repairs  and  altera- 
tion projects? 

Mr.  Lilly.  Yes,  it  does. 

Colonel  Gould.  What  is  the  volume  of  R.  & A.  funded  work  at  this  facility? 

Mr.  Lilly.  Essentially  all  of  our  work  at  Michoud  today  has  been  under  the 
projects  previously  mentioned  as  construction  facilities  projects,  modifications 
to  the  Michoud  plant.  The  one  exception  to  this  to  my  knowledge  is  the  roof 
repair  at  Michoud  which  was  around  $1  million. 

Colonel  Gould.  The  reason  I ask  this  question,  Mr.  Lilly,  la  thnt  many  of  the 
construction  requirements  indicated  in  the  fiscnl  year  1964  program,  particularly 
as  regards  the  additions  to  production  facilities,  are  of  a minor  modification 
nature  and  it  would  appear  that  with  the  2-  to  2%-year  programing  cycle  for  a 
C.  of  R.  project  that  many  of  these  modi  flea  ti  tons  would  lend  themselves  to 
being  financed  out  of  your  operating  money  as  R.  & A.  items. 

Would  you  care  to  comment  on  that,  please? 

Mr.  Lilly.  I would  agree  with  you,  Colonel  Gould,  that  the  type  of  modifica- 
tions that  are  done  at  Michoud  would  be  in  normal  contractor-owned  plants  be 
considered  as  repairs  and  alterations.  In  many  respects  such  determination 
would  make  the  job  easier  for  us  to  administer. 

However,  the  NASA  policy  has  been,  in  presenting  requirements  for  such  a 
facility,  to  make  full  disclosure  of  all  of  our  anticipated  or  known  requirements 
at  a given  location. 

Therefore,  all  of  our  known  requirements  in  this  area  have  been  included  in 
these  facilities  projects  for  modification. 

Colonel  Gould.  Does  the  Mason-Rust  contract  Include  plant  maintenance  for 
this  activity? 

Mr.  Lilly.  Yes,  it  provides  those  services  which  are  common  to  both  con- 
tractors. 

Colonel  Gould.  Mr.  Lilly,  do  yon  have  available  with  you  a fee  schedule  for 
this  contract? 

Mr.  Lilly.  The  original  contract  with  Mason-Rust  provides  for  those  “house- 
keeping” and  managerial  functions  which  are  required  for  the  common  use  of 
the  Michoud  facility  by  Boeing  and  Chrysler  (for  example,  food  service,  cus- 
todial service,  fire  protection,  et  cetera)  and  to  keep  such  premises  In  good  usable 
condition  by  iterforming  all  minor  plant  repairs,  alterations  and  maintenance 
in  such  common-use  areas.  In  addition,  Mason-Rust  is  responsible  for  reviewing 
on-site  installation  and  construction  work  conducted  by  the  tenant  stage  con- 
tractors and  is  charged  with  coordinating  the  performance  of  such  work  to  avoid 
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conflict  between  tho  respective  operations  of  t he  tenants.  Mason  Rust's  fee 
for  these  services  h as  been  established  at  3.0  percent. 

A supplement  v/as  later  awarded  to  Mason-Rust  as  an  add-on  to  the  basis 
contract  on  a CVFF  basis  to  provide  construction  managerial  services.  For 
these  services  \iason-Ruat  is  to  receive  a fee  of  .8  percent. 

Colonel  Gould.  Does  the  Mason- Rust  contract  also  include  the  Slidell  facility  ? 
Mr.  Lillt.  Yes,  the  Mason-Rust  contract  doeB  include  the  Slidell  facility. 
(Whereupon,  at  4 p.tn.,  the  Investigation  was  recessed,  to  reconvene  at  1:30 
p.ui.,  Tuesday,  May  7, 1903.) 


Executive  Session 

8TAFF  CONFERENCE,  MANNED  8PACE  FLIGHT  PROGRAM — CONSTRUCTION  OF 

FACILITIES 

The  conference  continued,  pursuant  to  notice,  in.  room  214-B,  Longworth 
Building,  at  1 :35  p.m.,  May  7, 1063. 

ADDITIONS  TO  PRODUCTION  FACILITIES  (MICHOUD) 

Colonel  Gould.  Mr.  Dias,  you  stated  that  certain  personnel  at  Michoud  arc 
now  occupying  leased  facilities  offsite.  I believe  you  said  that  the.-*  were 
Boeing  and  Chrysler  personnel.  How  much  space  are  they  occupying  offsite  and 

Mr.  L’alt.  Colonel  Gould,  the  leased  space  that  is  being  occupied  by  Boeing 
and  Ch.ysler  Is  In  a number  of  buildings  In  the  New  Orleans  area.  The  principal 
facilities  in  which  they  are  located  is  the  Barone  Building  in  which  there  is 
leased  space  of  240,000  net  square  feet,  the  Clayburne  Towers  of  45,000  uet  square 
feet ; the  Lowitz,  75,000  net  square  feet,  and  the  Masonic  Temple  with  approxi- 
mately 60,000  net  square  feet. 

Colonel  Gould.  Are  there  any  of  the  permanent  Government  employees  occu- 
pying leased  space  at  the  present  time? 

Mr.  Lilly.  No,  sir ; there  are  not. 

Colonel  Gould.  These  contractor  personnel  that  are  occupying  leased  space  are 
they  primarily  administrative  and  engineering-type  personnel? 

Mr.  Lilly.  Primarily  engineering  design  type. 

Colonel  Gould.  What  is  your  schedule  for  relocating  these  people  into  plant 
facilities? 

Mr.  Lilly.  The  primary  time  in  which  the  majority  of  them  will  be  relocated 
Into  Government  space  will  be  approximately  the  middle  of  1964. 

Colonel  Gould.  What  Is  the  present  strength  of  Michond  broken  down  between 
contractor  and  Government  employees,  and  what  will  be  the  end  fiscal  year  1964 
strengths,  please? 

Mr.  Lilly.  The  present  and  projected  strength  at  Michoud  is  as  follows : 


Present 

strenrtb 

Fiscally  ear 

3. 035 

8.400 

Chrysler 

2. 313 

044 

4,200 

800 

Mason- Rost - 

NASA  

186 

380 

Total 

6,181 

10,780 

Colonel  Gould.  During  previous  testimony  I believe  there  was  an  indication 
that  toial  contractor  personnel  at  this  facility  would  be  about  3,200.  I believe 
this  was  in  the  opening  hearings  before  the  full  committee.  Can  you  verify  that 
figure,  please? 

Mr.  Lilly.  I don’t  recognize  the  figure  of  3,200,  Colonel  Gou’d. 

Colonel  Gould.  With  regard  to  the  cafeteria  included  as  part  of  this  project, 
a cafeteria  In  the  plant  proper  already  exists.  What  Is  tb«.  size  and  capacity 
of  this  cafeteria? 

Mr.  Lilly.  The  capacity  of  the  present  cafeteria  is  approximately  740  seats 
serving  approximately  2,000  people. 
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Colonel  Gould.  You  stated  yesterday  that  your  criteria  for  cafeteria  projects 
was  predicated  on  a 2’4-hour  feeding  time  and  a turnover  of  five  person a in  the 
lieriod.  This  figure  you  have  just  quoted  differs  from  that  criteria.  Is  there 
any  reason  for  this? 

Mr.  Lilly.  The  present  cafeteria  must  be  considered  along  with  the  total 
which  is  planned  for  the  entire  complex.  Existing  space,  that  is,  the  current 
cafeteria,  will  handle  approximately  2,000.  The  proposed  cafeteria  on  the  mex- 
zanlne  will  handle  approximately  3,200,  and  the  one  in  the  new  engineering 
building  will  handle  approximately  1,800,  giving  us  a total  of  about  7,000  spaces 
for  people  to  be  fed. 

This  is  based  upon  a total  estimated  strength  of  approximately  10,000  persons 
in  the  complex.  The  actual  ratios  are  in  some  of  the  spaces  somewhat  different 
than  the  ratio  you  figured,  principally  because  the  production  personnel  in  the 
main  plant  are  required  to  use  the  cafeteria  for  lunch  even  if  they  carry  their 
lunch,  primarily  for  safety  reasons. 

The  cafeteria  which  will  be  provided  in  the  engineering  building  will  not  be 
readily  available  to  the  personnel  in  the  manufacturing  space  because  of  its 
distance  of  approximately  a third  of  a mile  away  from  the  building. 

Colonel  Gould.  How  many  shifts  operation  will  this  plant  operate? 

Mr.  Rafel.  It  will  be  somewhere  between  a single  shift  and  a double  shift 
basis  depending  on  the  areas  of  work  involved. 

Colonel  Gould.  Are  you  telling  me  that  all  the  personnel  at  this  plant  will  not 
all  be  employed  during  the  same  time  in  any  given  day? 

Mr.  Rat-el.  Yes. 

Colonel  Gould.  What  will  be  the  normal  strength  of  a single  shift  operation 
at  this  plant? 

Mr.  Lilly.  The  normal  single  shift  plan  during  fiscal  year  and  earlier  1965 
will  be  approximately  8,400  people. 

Colonel  Gould.  Is  the  cafeteria  and  other  support  requirements  predicated 
upon  8.400  people  working  in  the  plant  at  any  given  point  in  time? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  Included  in  this  project  is  also  a requirement  for  central  main- 
tenance Shops.  Which  contractor  will  use  these  facilities? 

M.\  Lilly.  These  facilities  will  be  used  by  the  Mason  Rust  Co. 

Colonel  Gould.  How  many  personnel  will  be  employed? 

Mr.  Lilly.  The  total  strength  of  Mason  Rust  will  be  approximately  850. 

They  will  have  approximately  710  people  by  July  1,  1968.  This  is  made  up  of 
approximately  490  shop  personnel,  220  office-type  personnel. 

Colonel  Gould.  What  is  being  used  to  mee„  this  need  now? 

Mr.  Lilly.  At  the  present  time  the  Mason  Rust  personnel  are  scattered 
throughout  the  plant. 

Colonel  Gould.  Where  will  the  offices  for  th's  contractor  be  located  eventually? 

Mr.  Lillt.  The  office  personnel  for  Mason  Rust  will  be  located  in  the  present 
administration  building. 

Colonel  Gould.  How  long  do  you  anticipate  the  production  will  be  at  peak 
capacity  in  the  main  plant? 

Mr.  Smolensky.  Our  current  production  rates  for  approved  programs  will  be 
reached  in  1964  for  the  Saturn  I and  I-B  program  and  in  1965  for  the  Saturn  V 
program.  This  will  continue  in  the  case  of  the  Saturn  I and  I-R  program  for 
about  1 to  2 years,  1%  to  2 years  for  our  current  approved  requirement*.  Be- 
yond that  period  we  are  also  planning  for  Increased  requirements  which  will 
Increase  the  rate  for  both  the  Saturn  I and  the  Saturn  I-B  and  the  Saturn  V 
to  be  prolonged  for  an  indefinite  period. 

Colonel  Gould.  This  project  also  includes  a requirement  for  hazardous  test 
facilities.  In  fiscal  year  1963  a high  pressure  test  facility  was  authorized  at  an 
estimated  cost  of  $1  million.  What  is  the  relationship  between  the  previously  au- 
thorized facility  and  this  one? 

Mr.  Lilly.  The  facility  that  you  refer  to  is  the  high  pressure  test  facility  which 
is  being  provided  for  testing  fuel  tanks  and  high  pressure  tubings  of  the  3-IC 
booster.  The  type  of  tests  that  will  be  conducted  are  high  pressure  hydrostatic 
proof  testing  and  pneumatic  leak  testing  as  required  on  gaseous  nitrogen  and 
helium  tanks  and  tubing. 

The  facility  that  we  are  proposing — the  hazardous  test  facility— Is  in  support 
of  the  S-l  stage.  It  will  provide  Increased  capacity  for  improvement  in  engi- 
neering testing.  Work  will  include  repetitive  environmental  test  in  pneumatics, 
cryogenics,  vacuum,  thermoshock  and  impact  tests. 
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The  first  facility,  that  la,  the  high  pressure  facility,  is  for  the  S--IC.  The 
a^coud  one  la  for  the  S-I  stage. 

Colonel  Gould.  Apparently  then  there  is  no  duplication  in  the  1963  and  1964 
item? 

Mr.  Lilly.  No,  air,  there  la  no  dupl'cation. 

Colonel  Gould.  Ab  to  the  structural  test  facility  Included  in  tidy  proj-ct ; 
similar  facilities  for  the  Saturn  I arc  available  or  programed  at  Marshall.  Why 
do  you  need  facilitie*  *x>tn  sites? 

Mr.  Smoletvsxy.  present  structural  teat  facility  is  for  the  S-I  program. 
This  laboratory  wi  ncrease  the  capacity  and  flexibility  for  production 
improvement 

The  vibration  and  si.,  tic  load  capabilities  will  be  provided.  Also  we  are  un- 
dertaking a very  aggressive  weight  reduction  program  which  will  be  used  to 
increase  our  payload  capabilities.  The  present  structural  test  area  will  not  be 
able  to  handle  the  Increased  heating,  vibration,  and  loading  requirements  for 
the  new  structures. 

Colonel  Gould.  This  project  also  includes  a requirement  for  manufacturing 
area  offices.  IIow  many  i>ersoi?nel  will  use  the  administrative  and  laboratory 
space  being  provided? 

Mr.  Lilly.  This  administrative  space  for  the  manufacturing  office  area  is 
approximately  12,500  square  feet.  The  criteria  that  was  used  in  establishing  the 
office  space  requirement  was  130  square  feet  per  person  Total  number  of  per- 
sonnel are  approximately  98  people  These  people  are  primarily  for  plant  su- 
I>ervisory,  plant  supervisory  type  personnel  such  as  safety,  quality  control,  ma- 
terial control,  production  control 

Presently  they  are  located  in  the  open  manufacturing  area  So  what  we  will 
be  doing  is  enclosing  the  space  they  are  presently  using. 

Colonel  Gould.  What  are  they  using  for  office  equipment  at  the  present  time? 

Mr  Diaz.  They  are  using  desks  and  equipment  and  they  are  sitting  out  in 
the  open. 

Colonel  Gould.  You  have  asked  for  $155,000  for  new  office  equipment  for  these 
offices.  Are  you  telling  me  they  have  no  office  furniture  at  the  present  time? 

Mr.  Lilly.  All  of  the  people  aren’t  on  board  at  this  point  in  time.  The  new 
ones  will  require  it.  This  requirement  was  based  upon  the  additional  people 
and  the  equipment  that  would  be  required  to  support  them. 

Colonel  Gould.  The  modifications  to  the  plant  proper  shown  on  page  CF  10-13 
or  such  minor  modifications  as  the  master  substation,  the  boiler  plant,  test 
facility,  structural  test  facility,  assembly  station  frames,  and  even  the  manu- 
facturing areas  offices  all  appear  to  come  within  the  purview  that  is  provided 
in  your  operating  funds  for  minor  alterations,  additions,  extensions  and  new 
construction. 

I know  we  discussed  this  yesterday,  but  I would  note  in  the  record  here  that 
the  amount  within  the  NASA  budget  for  this  purpose  has  increased  from  $13.4 
million  in  fiscal  year  1962  to  $20.9  million  in  fiscal  year  1964.  VTiile  it  is  recog- 
nized that  the  total  plant  available  within  NASA  la  expanding  every  year,  it 
would  appear  that  many  of  these  minor  modifications  to  existing  facilities  could 
be  made  within  this  authority. 

Furthermore,  by  using  this  authority,  you  would  eliminate  the  two  to  two 
and  a half  year  programing  time  that  you  have  In  your  normal  construction 
of  facilities  programing  system. 

Would  you  care  to  provide  further  comment  on  this,  please? 

Mr.  Lilly.  The  category  to  which  you  refer.  Colonel  Gould,  refers  to  the 
maintenance  alterations  and  minor  new  construction  at  NASA’s  Governmenf- 
owned  installations  such  as  the  Marshall  Space  Flight  Center,  the  Manned 
Spacecraft  Center  and  others. 

It  does  not  include  the  normal  maintenance,  alterations,  repairs,  minor  new 
constructions  that  are  carried  out  in  contractors’  plants  which  are  funded  un- 
der R.  A D.  .contracts. 

The  estimates  that  have  been  provided  are  those  required  to  maintain  our 
own  facilities.  As  we  discussed  yesterday,  I would  have  no  objection  and  see 
considerable  advantages  to  funding  such  items  under  the  “Research  and  de- 
velopment operations”  appropriation. 

However,  the  NASA  policy  has  been  in  this  case  to  consider  the  Mlcboud 
plant  ns  a government  facility  funding  all  of  these  items  as  if  they  mad?  up 
one  single  project  which  obviously  then  exceeds  our  $250,000  limitation. 

I would  certainly  not  object  to  using  the  research  and  development  author- 
ity if  this  were  possible,  however. 
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Colonel  Gould.  Mr.  Lilly,  this  is  not  a research  and  development  author  <ty 
as  I read  the  NASA  program.  This  is  purely  operational  money.  I wa*  not 
of  the  opinion  that  the  Michoud  plant  was  classed  as  a contractor's  faculty. 

Mr.  Lilly.  It  is  not  class'-.:  as  a contractor's  facility,  Colonel  Gould,  out 
it  is  classed  as  a NA8A  Installation,  Therefore,  when  costs  hi  total  exceed 
$250,000  for  modifications  or  alterations,  the  NASA  policy  has  been  to  classify 
this  as  a construction  facility  project  as  opposed  to  repair,  alteration,  and 
improvement 

Colonel  Gould.  Have  we  sp?nt  er.y  fiscal  year  1963  money  for  minor  altera- 
tions, additions,  and  extension ; for  new  construction  at  Mlcboud? 

Mr.  Lilly.  There  was  one  ease  I believe  we  mentioned  yesterday  which  was 
the  roof  repair  at  Michoud  which  was  classed  as  a repair  cost  as  opposed  to 
construction  and  facility  cost. 

Colonel  Gould.  Projects  in  this  category  out  of  operating  funds,  what  is  the 
approval  authority  of  the  directors  at  the  field  installations? 

Mr.  Lilly.  Tbe  authorities  for  approving  minor  construction,  operations,  and 
improvement  projects  less  than  $250,000  are  delegated  to  the  program  directors 
on  the  following  basis — all  projects  below  $50,000  which  are  not.  considered 
to  be  extensive  new  structures,  may  be  approved  by  the  program  directors. 

In  the  ease  of  the  manned  space  flight  centers,  this  authority  has  been  redele- 
gated to  the  Centers.  Therefore,  the  Centers — Marshall,  Houston,  and  the  launch 
operation  center  have  authority  up  to  $50,000. 

Colonel  Gould.  So  tha  ...thin  available  operating  funds  at  a given  installa- 
tion, the  director  may  expend  up  to  $50,000  for  minor  modifications  and  new 
construction  ? 

Mr.  Lilly.  That  is  ct  rect,  with  certain  limitations  as  I expressed. 

Colonel  Gould.  You  are  asking  for  $320,000,  I note  here  in  communications, 
photographic,  and  reproduction  equipment.  What  is  being  used  to  meet  that 
need  at  the  present  time? 

Mr.  Lilly.  There  are  certain  equipments;  principally  makeshift  equipment 
that  is  presently  on  hand.  The  funds  requested  here  are  to  provide  a cen- 
tralized duplicating  and  reproduction  capability.  The  equipment  to  be  pur- 
chased with  these  funds  are  nine  duplicating  machines,  photocamera,  two 
Diazo  machines,  one  240  Xerox  machine,  one  microfilm  ainera,  and  support- 
type  equipment,  such  as  collators,  binders,  et  cetera. 

PARKING  AND  SECURITY  IMPROVEMENTS 

Colonel  Golld.  In  addition  to  the  rehabilitation  to  the  airstrip  that  we  dis- 
cussed on  May  3,  1963,  I notice  tl  it  additional  parking  space  is  going  to  be  pro- 
vided. How  many  vehicles  can  be  accommodated  in  the  existing  temporary 
parking  lot? 

Mr.  Lilly.  The  existing  temporary  parking  spaces  provide  space  for  approxi- 
mately 2,476  vehicles. 

Colonel  Gouin.  What  1r  the  nature  of  this  temporary  parking  lot?  What  is 
its  surface? 

Mr.  Diaz.  The  surface  of  the  parking  lot  now  is  shell  type. 

Colonel  Gould.  Are  your  requirements  for  the  additional  parking  sjwioes  plus 
improvement  to  the  existing  temimrary  parking  lot  predicated  on  tin*  same  cri- 
teria of  one  space  for  every  two  personnel? 

Mr.  Lilly.  That,  is  correct. 

Colonel  Gould.  This  is  based  npon  thp  ultimate  strength  of  this  plant? 

Mr.  Lilly.  That  is  correct.  Colonel  Gould.  The  parking  spaces  with  the  ap- 
proximately 8,000  spaces  available  with  this  new  and  reconditioned  space  and 
2,000  spaces  at  the  engineering  building  will  bring  as  to  approximately  5,000 
spaces  for  a peak  estimated  strength  of  around  10,000. 

Colonel  Gould.  The  personnel  are  not  all  going  to  be  working  nt  the  same  time 
as  previously  testified. 

Mr.  Lilly.  That  Is  correct.  This  also  provides  parking  spaces  for  visitors  and 
vendors. 

Colonel  Gould.  Are  there  any  commercial  bus  systems  serving  this  plant? 

Mr.  Lilly.  I do  not  know  the  exact  sen  lce  that  is  provided,  but.  It  is  my  under- 
standing that  what  is  there  is  completely  inadequate  to  provide  adequate  trans- 
portation. 

Colonel  Gould.  1 notice  that  this  project  includes  security  fencing,  n patrol 
road  and  lighting.  How  is  this  need  being  met  at  the  present  time? 
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Mr.  Lilly.  There  does  exist  some  security  fencing  (here  in  certain  areas. 
There  is  at  the  present  time  no  protection  on  the  canal  side.  What  fencing  does 
exist  is  in  poor  condition  and  must  be  replaced. 

Colonel  Gould.  What  type  of  security  road  is  being  provided? 

Mr.  Diaz.  It  will  be  a shell-type  road. 

VEHICLE  COMPONENT  AND  SUPPLY  BUILDING 

Colonel  Gould.  Many  of  the  support  Items  shown  as  requiring  covered  storage 
lend  themselves  to  outside  storage  such  as  lumber,  piping,  structural  steel  and 
roofing.  Why  do  you  need  covered  storage  for  items  of  this  nature? 

Mr.  Lilly.  The  space  that  we  are  requiring  for  this  particular  area  for  the 
support  contractor,  Colonel  Gould,  la  not  intended  to,  as  the  Justification  may 
have  indicated,  to  place  all  of  these  items  under  storage. 

We  do  need  storage  areas  for  such  support  functions  in  such  things  as  Diazo- 
type  papers,  storage  of  bond  reproduction  p«i*ers,  and  several  of  the  other  kinds 
of  items  that  we  mention.  However,  we  do  not  intend  to  provide  space  for  all 
of  the  lumber  and  the  other  items  that  you  mentioned. 

This  question  was  answered  during  the  May  3 hearings. 

Colonel  Gould.  Will  the  8-1  and  8-IO  stage  components  be  received  in  boxes 
or  crates  or  unpacked?  If  they  are  received  in  boxes  and  crates,  It  would  appear 
possible  that  outside  storage  might  serve  this  need. 

Mr.  Lilly.  The  majority  of  these  items  will  not  be  in  boxes  or  crates,  Colonel 

Gould. 

MISSISSIPPI  TEST  FACILITY 

ADVANCED  SATURN  FIRST  STAGE  (8-1)  STATIC  TEST  FACILITIES 

Colonel  Gould.  Why  is  a stage  storage  building  at  an  estimated  cost  of 
$1,415*000  requested? 

Mr.  Lilly.  This  stage  storage  building  would  provide  facilities  for  pre-test 
or  post-test  storage  of  the  advanced  Saturn  S-IO  stage*,  service  modification 

and  repair  of  booster  vehicles  while  mounted  on  their  transporters. 

Colonel  Gould.  What  equipment  will  go  into  this  building  for  $200,000? 

Mr.  Lilly.  Principally  stage  handling  equipment. 

Colonel  Gould.  What  does  this  consist  of? 

Mr.  Diaz.  It  consists  of  cranes  and  other  special  handling  devices  for  the 
particular  vehicle. 

Colonel  Gould.  I notice1  that  you  call  for  canopies  over  the  entering  and  leaving 
roads.  Why  1h  this  necessary  and  and  what  are  the  costs  of  these  items? 

Mr.  Lilly.  Tbe  canopies  are  designed  to  afford  a measnre  of  protection  from 
the  elements  for  guards,  visitors,  vendors,  and  others  seeking  admission  to  MTF. 
Rainfall  exceeds  00  inches  per  year  and  summer  sun  is  intense.  The  cost  of 
the  canopies  is  estimated  to  be  $4,000. 

Colonel  Gould.  What  is  the  special  power  supply  in  the  amount  of  $865,000? 
Wlmt  docs  that  consist  of? 

Mr.  Ltij.y.  The  pertinent  features  of  the  sjtecial  power  system  are  one  480-volt 
distribution  panel,  two  fi00  static  rectifiers,  two  hermetically  sealed  30-volt  nickel 
cadmium  storage  batteries,  one  5-kllovolt-ampere  40O-»ycles  per  second  3-volt 
i >elta-connected  generator  driven  by  440-volt  80  phase  synchronomous  motor. 
Six  15-kllovolt-ampere  regulators,  connected  into  120/208  configuration.  One 
30-kilovoJt-ampere  set  for  the  digital  computer.  Remote  control  circuit  protected 
devices,  circuit  conductors  and  grounding. 

Colonel  Gould.  It  seems  to  be  a pretty  complete  list,  Mr.  Lilly. 

During  a recent  trip  to  this  site  it  was  learned  that  certain  of  the  fiscal  year 
1904  items  are  already  under  design. 

Could  you  Identify  these  in  the  cost  estimate,  please? 

Mr.  Lilly.  All  items  in  fiscal  year  1904  that  had  increments  in  fiscal  year 
1903,  are  currently  under  design.  Included  are:  Advanced  Suturn  (8-10)  static 
test  facilities.  Advanced  Saturn  (S-II)  static  test  facilities,  control  center  and 
data  acquisition  and  handling  facilities,  the  navigation  lock,  transportation 
and  parking  facilities,  utility  additions  and  extensions  and  warehouse  addition 
and  storage  facilities. 

Design  and  engineering  services  funds  requested  in  fiscal  year  19<V4  were 
determined  after  taking  Into  full  account  fiscal  year  1903  allocations  for  these 
services.  In  most  instances  the  fiscal  year  1904  increments  are  required  for 
supervision  and  inspection. 
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Colonel  Gould.  Were  they  taken  Into  account  In  establishing  the  requirement 
(or  $2,418,000  for  design  and  engineering  services  shown  in  this  estimate? 

Mr.  Lilly.  Yes.  To  answer  your  question  specifically  these  were  taken  into 
account  since  it  was  started  prior  to  the  preparation  of  this. 

AD  VAN  OE  SATURN  SECOND  STAGE  (S-Il)  STATIC  TEST  FACILITY 

Colonel  Gould.  For  this  project,  NASA  reprogramed  $7  million  from  wit  hit. 
the  construction  of  the  facilities  program  in  fiscal  year  1963  and  .517.3  million 
from  R.D.  & O.  funds  for  the  S-!I  complex.  How  much  of  this  V24.3  million 
has  been  obligated? 

Mr.  Lilly.  Obligations  as  of  the  31st  of  March  are  approximately  $6,450,000. 

Colonel  Gould.  Are  these  funds  actually  under  contract  or  are  they  merely 
committed  to  the  Corps  of  Engineers? 

Mr.  Lilly.  These  funds  are  obligated  to  the  Corps  of  Engineers. 

Colonel  Gould.  Do  you  know  how  much  is  under  contract  at  the  present  time? 

Mr.  Lilly.  I do  not  have  s list,  but  it  is  principally  the  design  work. 

Colonel  Gould.  When  will  the  balance  of  these  funds  be  obligated? 

Mr.  Lilly.  We  expect  all  of  these  funds  to  be  obligated  by  September  ot  this 
year. 

Colonel  Gould.  What  is  included  In  the  item,  “Stage  service  and  storage 
building  equipment"  for  $1,800,000? 

Mr.  Lilly.  A prefiring  and  postfiring  check  will  be  made  of  all  systems.  This 
will  require  computer  checkout  equipment.  This  amounts  to  about  a million 
dollars  worth  of  equipment.  The  $800,000  will  include  handling  equipment  for 
the  vehicles  such  as  motorized  crane.  If  you  would  like  I can  give  you  the  break- 
down of  this  equipment. 

Colonel  Gould.  It  is  not  necessary,  but  I note  that  the  equipment  for  the  stage 
storage  building  in  the  S~I  side  only  cost  $200,000.  Why  this  difference? 

Mr.  Lilly.  The  S-IC  checkout  will  be  performed  at  Mlchoud  whereas  the 
S-II  will  be  accomplished  at  MTF. 

Colonel  Gould.  Have  advance  design  funds  been  committed  for  the  balance 
of  the  work  to  be  done? 

Mr.  Lilly.  This  again  is  an  incrementally  funded  project  into  which  design 
was  started  under  1962  funds,  continued  in  1963,  so  I cannot  readily  separate 
the  design  applicable  to  the  particular  1964  portion.  However,  all  of  this  was 
taken  into  consideration  in  the  development  of  the  investment 

BRIDGE  FOK  U.S.  INTERSTATE  HIGHWAY  NO.  10 

Colonel  Gould.  Has  the  agreement  between  NA.'IA  and  the  Bureau  of  Public 
Roads  with  reference  to  this  requirement  for  a new  bridge  been  reduced  to 
writing? 

Mr.  Lilly.  Mr.  Webb  has  written  a letter  to  the  Bureau  of  Public  Roads  in- 
forming them  that  we  were  budgeting  $4,500,000  for  this  item  and  requested  the 
Bureau  of  Public  Roads  to  take  the  necessary  action. 

Colonel  Gould.  It  is  my  understanding  that  the  original  bridge  that  was 
planned  by  the  Bureau  of  Public  Roads  was  estimated  to  cost  $800,000.  As  s 
result  of  the  requirement  for  a high-level  bridge,  the  Bureau  of  Public  Roads 
revised  their  estimate  to  $5.3  million,  of  which  NASA  is  expected  to  fond  $4.5 
million.  Is  this  the  correct  story  ? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  To  the  best  of  your  knowledge,  is  this  estimate  on  the  part  of 
the  Bureau  of  Public  Roads  a firm  estimate  or  is  it  preliminary  in  nature? 

Mr.  Lilly.  To  the  best  of  our  knowledge,  this  is  a firm  estimate  by  the  Bureau 
of  Public  Roads. 

Colonel  Gould.  At  some  future  date  when  the  operating  machinery  is  required 
to  be  installed  on  this  bridge,  who  will  finance  the  $150,000  required? 

Mr.  Diaz.  NASA  will  finance  it. 
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ORE  ENGINE  SYSTEMS  TESTING 

Colonel  Could.  What  stage  contract  are  -we  speaking  of  at  the  top  of  page 
CF 11-35? 

Mr.  Lilly.  Stage  contractor  referred  to  here  la  Boeing  for  the  S-IC. 

MAINTENANCE  facilities 

• 

Colonel  Gould.  Will  this  vehicle  ahop  have  a rebuild  capability? 

Mr.  Smolensky.  It  will  not  have  a rebuild  capability. 

Colonel  Gould.  As  a matter  of  interest,  to  what  standard  does  NASA  maintain 
their  mobile  equipment? 

Do  you  use  GSA  standards  for  this  purpose? 

Mr.  Lilly.  In  general,  NASA  uses  a combination  of  GSA  standards  and  the 
manufacturer's  maintenance  guide  for  maintaining  mobile  equipment. 

Colonel  Gould.  The  cost  of  the  test  maintenance  shop  included  in  this  project 
appears  excessive. 

It  shows  $27.50  per  square  foot 

Can  you  tel)  me  what  the  basis  of  this  estimate  is,  please? 

Mr.  Diaz.  Colonel  Gould,  this  shop  will  have  a high  bay  area.  That,  essen- 
tially, is  what  causes  the  cost,  a little  bit  higher  than  normal  for  this  type  of 
structure. 

Mr.  Lilly.  I might  point  out  also  that  the  cost  estimate  for  this  facility  was 
based  upon  the  construction  and  equipment  cost#  estimates  prepared  by  Sverdrup 
& Parcel. 

SECURITY  CONTROL  FACILITIES 

Colonel  Gould.  When  will  MTF  be  fully  operational? 

Mr.  Smolensky.  We  will  reach  our  full  capability  for  the  testing  activities 
there  by  late  1.965. 

Colonel  Gould.  When  will  full  security  measures  have  to  be  in  effect? 

Mr.  Lilly.  Our  plans  for  having  these  facilities  complete  is  in  November 
1964.  There  will  be  a considerable  amount  of  materials  and  equipment  which 
must  have  full  protection  prior  to  the  time  that  the  full  testing  capability  is 
available. 

Colonel  Gould.  I notice  that  the  north  and  south  control  centers  will  cost 
$26.10  per  square  foot  and  $28.35  per  square  foot,  respectively. 

Why  is  there  a difference  of  $2.25  per  square  foot  difference  between  these  two 
control  centers? 

Mr.  Diaz.  The  design  criteria  for  these  two  buildings  as  well  as  the  estimated 
cost  of  construction  were  developed  by  Everdrup  & Parcel,  an  architect-engineer 
Arm  under  contract  with  NASA  on  the  basis  of  the  requirements  for  each 
facility  and  acceptable  architectural  practices. 

Summary  of  construction  cost  estimate  for  the  south  entrance  reception 


building : 

Architectural $60,  200 

Structural 22,  600 

Mechanical 60, 100 

Plumbing 12, 100 

Fire  protection 200 

Heating,  ventilating,  and  air  conditioning 47.  800 

Electrical 31,  500 

Subtotal - 174,400 

Contingency 17,  400 

Total  building  construction  cost 191,  800 
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Summary  of  construction  cost  for  the  north  entrance  reception  building : 


Architectural $38,500 

Structural 10,  800 

Mechanical 28, 000 

Plumblng.-t 7, 100 

Fire  protection 100 

Heating,  ventilating,  and  air  conditioning 20.  800 

Electrical 17,600 

Subtotal 89,  900 

Contingency 9, 000 

Total  building  construction  cost 98,  900 


Colonel  Oould.  Why  does  one  have  a high  ceiling  and  the  other  not? 

Mr.  Ln.LT.  Building  construction  cost:  $98,900  divided  by  3,790  square  feet 
is  $20.10  per  square  foot. 

In  summary,  the  south  entrance  control  building  is  located  at  the  main  gate 
and  thus  Is  designed  to  provide  waiting  space  for  50  guests  as  compared  to  30 
guests  In  the  north  building.  Consequently,  the  ceiling  clearance  In  the  waiting 
room  of  the  south  building  is  higher  to  provide  better  air  circulation.  In  addi- 
tion, there  is  more  mechanical  heating  and  air-conditioning  equipment  In  the 
south  building  as  shown  in  the  estimate  to  accommodate  the  larger  number 
of  guests. 

Colonel  Oould.  Has  any  fiscal  year  1903  advance  design  funds  been  committed 
to  this  project? 

Mr.  Lilly.  Yes.  $45,000  was  released  to  this  project  in  January  of  this  year. 

SONIC  MEASURING  FACILITIES 

Colonel  Gould.  A sonic  measuring  facility  which  I believe  Is  also  called  an 
acoustical  laboratory  has  already  been  provided  at  this  site  and  U housed  in  an 
existing  dwelling  that  has  been  modified  at  a cost  of  $19,600. 

Why  can’t  this  facility  be  continued  in  use? 

Mr.  Crone.  The  existing  facility  at  MTF  is  set  up  to  study  the  atmospheric 
acoustic  conditions  In  that  area. 

They  are  presently  using  a recording  of  a firing  made  at  Marshall  which  ia 
30  decibels  below  the  actual  level  of  an  8-1  stage. 

The  S-II  and  the  S-IC  stages  will  have  different  characteristics. 

This  facility  provides  for  more  accurate  daily  study  of  the  conditions  just 
before  firing.  This  is  done  in  order  to  predict  where  the  concentration  of  this 
sound  will  occur. 

The  current  facilities  are  Inadequate  for  this  study  on  a day-to-day  basis.  (A 
detailed  analysis  of  the  present  equipment  as  compared  to  the  proposed  equip- 
ment was  made  a matter  of  record  during  the  May  3 committee  hearing.) 

Colonel  Gould.  The  test  stand  at  Marshall  for  the  S-I  or  the  S-IC  will  be 
completed  before  the  ones  at  MTF. 

Couldn’t  further  recordings  be  made  of  the  Initial  tests  at  Marshall  and  used 
In  this  temporary  facility? 

Mr.  Crone.  The  equipment  that  Is  available  there  now  will  not  handle  the 
power  output  that  we  want  to  use  tor  this  study. 

Colonel  Gould.  Couldn’t  we  Increase  the  power  output  on  a temporary  basis? 

Mr.  Chone.  It  will  require  all  new  equipment. 

Colonel  Gould.  What  Is  the  status  of  design  on  this  project? 

Mr.  Lilly.  The  design  Is  not  started  on  that  project,  Colonel  Oould. 

Colonel  Gould.  When  do  you  Intend  to  start  the  design? 

Mr.  Lilly.  We  Intend  to  start  design  on  this  facility  In  September. 

Colonel  Gould.  What  are  the  design  and  construction  lendtlmes  for  the  project, 
please? 

Mr.  Lilly.  The  design  time  is  estimated  at  approximately  6 months  with  con- 
struction leadtime  approximately  12  months. 

Colonel  Gould.  Eighteen  months  total  leadtime? 

Mr.  Lilly.  That  Is  correct. 

Colonel  Gould.  When  are  the  first  tests  scheduled  to  he  conducted  at  MTF? 
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Mr.  Smolensky.  In  midcalendar  year  1066. 

Colonel  Gould.  You  plan  to  complete  this  facility  about  0 months  in  advance 
of  your  first  tests ; Is  that  correct? 

Mr.  Smolensky.  That  Is  correct. 

Colonel  Gould.  I know  all  new  equipment  will  be  procured  for  this  facility. 

What  disposal  will  be  made  of  the  equipment  now  existing  in  the  temporary 
building? 

Mr.  Smolensky.  The  equipment  In  the  existing  temporary  building  will  oe  dis- 
posed of  In  the  following  manner  after  the  new  facility  Is  completed : 

(а)  Equipment  which  can  be  Incorporated  economically  Into  the  new  facility 
will  be  retained  and  used  accordingly. 

(б)  All  remaining  equipment  will  be  returned  to  the  Marshall  Space  Flight 
Center  for  use  In  connection  with  other  facilities  or  turned  over  to  salvage  for 
disposition. 

TRANSPORTATION  AND  PARKING  FACILITIES 

Colonel  Gould.  The  narrative  portion  of  this  request  is  specific  as  to  the  extent 
or  total  scope  of  the  roads  to  be  constructed.  However,  the  budget  sketch  pro- 
vided is  difficult  to  decipher  as  to  the  specific  location  of  roadways  previously 
authorized  and  those  proposed  in  fiscal  year  1964. 

If  you  have  a site  plan  with  you.  please  display  it  and  define  specifically  the 
scope  and  location  of  the  primary,  secondary,  tertiary  and  patrol  roads  to  be 
provided,  identifying  each  with  the  1963  program  and  the  1964  program. 

Mr.  Lilly.  This  is  a breakdown  for  the  70  miles  of  roads  requested  In  fiscal 
year  1964  budget : 


Type  of  roed 

■as?' 

Number  of 

lanes 

Lane  width, 
feet  per  lane 

Shoulder 
width,  feet 

Coat  per 
mile 

Primer* 

6 

4 

12 

8 

1800,000 

180,000 

126,000 

8,000 

Primary  

10 

2 

12 

8 

Secondary - 

8 

2 

10 

8 

Patrol.  

80 

1 

10 

2 

The  currently  authorised  funding  for  roads  In  fiscal  year  1S163  is  $300,000 
which  is  being  used  to  construct  2 miles  of  primary  two-lane  road. 

Colonel  Gould.  Each  project  at  MTF  has  an  item  for  roads  and  parking  «rea 
included  as  part  of  the  project.  This  specific  project  provides  for  2.H00  more 
parking  spaces.  Taking  all  previously  authorised  projects  and  those  in  the 
1964  program  plus  this  project  how  many  vehicles  can  be  accommodated? 

Mr.  Lilly.  At  MTF  there  will  be  a total  of  2,800  parking  spaces  programed 
for  personnel  vehicles  at  the  ratio  of  1 to  1.6  persons.  These  parking  facilities 
are  all  requested  under  the  transportation  and  parking  facilities  project  in  the 
fiscal  year  1664  budget  submittal. 

Parking  facilities  requested  previously  and  those  requested  under  other  proj- 
ects in  the  fiscal  year  1964  budget  submittal  provide  for  the  following: 

1.  Paved  aprons  to  provide  access  ramps  to  docking  facilities.  The  access 
ramp  at  the  warehouse  is  a good  example. 

2.  Parking  for  operational-type  vehicles  such  as  trucks,  cranes,  tractors, 
loaders,  and  so  forth.  There  will  be  approximately  600  such  vehicles  requiring 
parking  at  MTF. 

3.  Paved  areas  for  accommodating  equipment  and  supplies  that  do  not  require 
inside  storage. 

4.  Parking  facilities  for  visitors  buses,  and  personnel  checking  in  and  out  at 
the  security  control  building. 

6.  Employees  parking  In  areas  other  than  their  normal  duty  stations.  Park- 
ing is  provided  here  only  when  the  distance  involved  is  too  far  to  walk  for  effi- 
cient operation. 

Colonel  Owns.  Who  is  going  to  build  the  alternate  Route  48  shown  In  the  cost 
ost.  i m s ? 

Mr.  Dias.  Highway  43  will  be  built  by  the  State  of  Mississippi. 

Colonel  Gould.  Hus  the  Mississippi  Highway  Department  been  requested  to 
design  the  alternate  road? 

Mr.  Diaz.  They  have.  They  have  been  requested  to  do  so. 

Colonel  Gould.  What  funds  are  being  used  for  the  design  of  the  alternate 
road? 
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Mr.  Dias.  Construction  of  facilities  funds  will  be  given. 

Colonel  Gould.  There  have  been  no  funds  committed  to  the  State  of  Missis- 
sippi for  the  design  of  this  alternate  road? 

Mr.  Dias.  That  is  correct. 

Colonel  Gould.  Why  !■  it  necessary  to  have  primary  dual-lane  highways  with- 
in the  site? 

Mr.  Dias.  The  decision  to  build  a four-lane  road  within  the  site  area  was  based 
on  a traffic  study  and  analysis  by  the  architect-engineer  firm  of  Sverdrup  & 
Parcel.  The  road  in  question  Is  5 miles  long  and  runs  from  the  south  entrance 
north  through  the  test  area  to  the  north  entrance.  All  the  rest  of  the  roads 
in  the  test  area  are  two  lanes  or  one-lane  roads. 

The  traffic  survey  revealed  that  the  estimated  peek  hourly  traffic  which  will 
occur  in  the  morning  for  the  major  shift  is  1,610  cars  at  the  south  entrance  and 
1,080  cars  at  the  north  entrance. 

The  A-B  recommendation  to  build  a four-lane  road  to  handle  this  estimated 
traffic  volume  Is  consistent  with  accepted  practice  as  contained  in  the  Bureau 
of  Public  Roads  “Highway  Capacity  Manual,”  1950  edition  and  American  Associa- 
tion of  State  Highway  Officials,  AA8HO  publications  “A  Policy  on  Geometric 
Design  of  Rural  Highways,”  1955  edition,  and  “A  Policy  on  Arterial  Highways  in 
Urban  Areas,”  1957  edition. 

Colonel  Goulh.  What  type  of  a road  is  planned  for  the  alternate  State  High- 
way No.  43?  Is  it  a dual-lane  road  or  a single-lane  road? 

Mr.  Diaz.  Highway  43  will  be  34-foot  pavement  with  10-foot  shoulders. 

It  is  classified  as  a dual-lane  road. 

Colonel  Gould.  Would  you  please  explain  why  it  Is  going  to  cost  $300,000 
a mile  to  build  dual-lane  roads  on  the  site  and  only  $100,000  a mile  off  the  site? 

Mr.  Lilly.  The  off-site  road  refers  to  relocation  of  State  Highway  No.  43. 
This  mad  is  a primary  two-lane  road  with  an  estimated  cost  of  $160,000  per  mile. 
The  primary  roads  on  site  that  will  cost  $300,000  per  mile  are  four-lane  roads. 

WAREHOUSE  ADDITION  AMD  STORAGE  FACILITIES 

Colonel  Gould.  The  project  description  mentions  a warehouse  authorized  In 
fiscal  year  1963.  In  my  review  of  the  1963  testimony  presented  I fail  to  identify 
this  item  in  the  amount  of  $630,000. 

Would  you  tell  us  which  project  It  was  Included  under  and  what  the  fiscal 
year  1963  estimate  was? 

Mr.  Lilly.  The  project  was  included  under  utilities.  Installation,  and  support 
lacilities. 

Colonel  Gould.  Would  you  please  define  the  size  of  the  fiscal  year  1963 
increment? 

Mr.  Lilly.  The  size  of  the  1963  increment  is  66,800  square  feet. 

Colonel  Gould.  The  fiscal  year  1964  increment  requests  an  additional  108,200 
square  feet.  This,  when  added  to  the  1963  Increment,  will  give  you  a total  of 
174,500  square  feet  for  inside  storage.  What  is  the  basis  far  this  requirement? 

Mr.  Lilly.  The  planning  for  this  facility  was  based  upon  the  extensive  ex- 
perience that  we  had  at  the  Marshall  Space  Flight  Center  which  showed  the 
extent  of  warehouse  facilities  required  to  support  testing  operations. 

Colonel  Gould.  Will  this  be  one  of  the  facilities  that  will  be  operated  under 
the  GE  contract? 

Mr.  Lilly.  That  contract  has  not  been  definitlzed  yet  and  I could  not  spe- 
cifically give  you  an  answer  to  that  at  this  time. 

Colonel  Gould.  According  to  your  recent  press  release  however,  negotiations 
are  going  to  be  entered  into  with  GE  to  take  over  the  housekeeping  type  of  ac- 
tivities in  addition  to  their  normal  support  contract ; le  that  correct? 

Mr.  Lilly.  That  is  correct. 

Colonel  Gould.  This  would  include  storage  anu  distribution  of  various  sup- 
port requirements  for  the  site ; is  this  not  correct? 

Mr.  Lilly.  That  Is  correct. 

Colonel  Gould.  When  will  the  GE  contract  be  In  full  force,  based  on  present 
planning? 

Mr.  Lilly.  It  is  expected  that  General  Electric  will  be  phased  in  with  a grad- 
ual buildup  of  personnel  reaching  a peak  in  1965  with  full  strength  in  1966. 

Colonel  Gould.  I note  ibat  this  project  Includes  a flammable  material  storage 
building  Justified  as  required  for  drum  storage,  paint  storage  and  acid  storage. 

What  type  of  drum  storage  are  you  going  to  use  here  that  requires  covered 
storage  facilities? 
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Mr.  Smolensky.  For  the  record,  a detailed  analysis  and  breakdown  of  the 
drum  storage  and  (he  tiitiimiuule  material  will  be  supplied 

Colonel  Gould.  The  Justification  for  the  salvage  material  storage  building 
indicates  that  certain  salvage  materials  must  be  protected  from  the  elements. 
What  types  of  materials  would  these  be? 

Mr.  Lilly.  This  material  Is  electric  and  electronic  components  although  they 
are  classified  as  salvage.  They  have  continuing  value  and  could  be  reclaimed. 

LAUNCH  OPERATIONS  CENTER  (GENERAL) 

Colonel  Gould.  Captain  Holcomb,  would  you  outline  for  the  record  please,  the 
general  responsibilities  for  programing,  budgeting,  constructing  and  managing 
the  A8IR  and  the  Merritt  Island  launching  area  as  consummated  in  the  recent 
agreement  between  NASA  and  the  Depart  men  ( of  Defense  under  date  of  Janu- 
ary 17.  lbSS? 

Captain  Holcomb.  This  division  of  responsibility  is  made  on  the  basis  of  the 
operational  responsibility  for  a particular  facility.  The  agency  having  respon- 
sibility for  a particular  function  will  be  responsible  for  managing  the  acqui- 
sition or  modification  of  the  facilities  and  equipment  to  perform  the  function. 

This  Includes  the  construction,  development  procurement  installation,  check- 
out calibration,  spare  parts  provisioning  and  other  services  required  to  place 
the  facility  or  equipment  into  operation  and  maintain  it 

Mr.  Gould.  What  provisions  are  made  in  the  agreement  for  Jointly  operated 
facilities? 

Captain  Holcomb.  The  only  Jointly  operated  facilities  that  I believe  will  exist 
in  this  context  are  actual  launch  complexes  where  the  same  launch  complex 
may  support  launches  of  either  agency. 

Colonel  Gould.  Under  this  agreement 

Captain  Holcomb.  The  accountability  and  the  operating  responsibility  for 
launch  vehicle  checkout  facilities  and  launch  complexes  will  rest  with  the  agency 
conducting  the  launch  vehicle  function  regardless  of  which  agency  is  responsible 
for  the  payload  and  the  flight  mission  being  served. 

I think  that  you  will  find  that  we  do  not  have  any  launch  complex  in  which 
two  different  launch  crews  from  different  agencies  come  in  to  operate. 

If  one  agency  is  operating,  It  may  launch  a payload  of  either  agency.  But 
the  one  responsible  for  the  budgeting,  the  modification,  the  upkeep  of  the  facility 
will  be  the  one  that  actually  operates  the  launch  vehicle. 

Colonel  Gould.  Under  this  arrangement  the  DOD  is  designated  as  the  single 
manager  for  the  range  facilities ; is  this  correct? 

Oaptain  Holcomb.  That  is  correct. 

Colonel  Gould.  The  Merritt  Island  launch  area  is  considered  to  be  a NASA 
installation  and  according  to  NASA  has  the  full  responsibility  for  programing, 
budgeting,  and  accountability  for  equipment;  Is  this  correct? 

Captain  Holcomb.  This  is  true  for  all  NASA  funded  facilities.  However,  the 
range  has  a responsibility  as  a range  for  providing  Instrumentation  and  specific 
range-type  services  in  the  Merritt  Island  area. 

For  example,  If  a radar  were  to  be  required  to  support  launches  of  either 
DOD  or  NASA  which  would  be  located  in  Merritt  Island,  the  range  would  budget 
for  this  item,  construct  it  and  operate  it. 

Colonel  Gould.  Although  the  agreement  was  consummated  tn  January  of  this 
year  it  is  my  understanding  that  for  fiscal  years  1963  and  1964  the  current  budget 
and  funding  arrangements  would  remain  in  effect;  is  this  correct? 

Captain  Holcomb.  Let  me  quote  from  the  agreement : 

“Each  agency  will  budget  and  fund  for  the  acquisition  of  facilities  and  equip- 
ment necessary  to  perform  the  functions  for  which  it  is  responsible.  However, 
for  fiscal  years  1963  and  1964  current  budget  and  funding  arrangements  will 
remain  In  effect.” 

ADVANCE  SATURN  LAUNCH  COMPLEX  NO.  S» 

Colonel  Gould.  Has  the  design  been  started  on  any  of  the  fiscal  year  1964 
items? 

Mr.  Lilly.  Yes.  design  for  such  items  as  the  arming  tower,  propellant  services, 
site  development  and  outfitting  the  vertical  assembly  building  have  been  started. 

Colonel  Gould.  Taking  all  funds  previously  authorised  and  appropriated  and 
reprogramed  for  this  facility  it  looks  like  the  design  and  engineering  costs  for 
complex  39  will  be  in  the  order  of  $37.6  million ; is  this  roughly  correct? 

Mr.  Lilly.  That  is  roughly  correct 
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Colonel  Could.  What  percent  of  the  1964  increment  la  presently  under  design? 

Mr.  Lilly.  Approximately  30  percent  of  the  1964  Increment  la  presently  under 
design. 

Colonel  Gould.  What  Is  the  operational  target  date  for  this  complex  ? 

Captain  Holcomb.  The  first  operational  availability  of  bay  No.  1 and  pad  No.  1 
Is  the  first  of  December  1966. 

Colonel  Gouu>.  What  la  the  construction  leadtime  for  the  fiscal  year  1964 
items? 

Mr.  Lilly.  Construction  leadtime  on  the  1964  items  is  approximately  25 
months. 

Colonel  Gould.  A comparison  of  the  fiscal  year  1963  cost  estimate  as  shown  In 
the  fiscal  year  1963  justification  books  and  as  shown  in  the  fiscal  year  1964  books 
differs  to  a considerable  extent. 

Aside  from  the  individual  differences  of  the  line  Items  involved,  the  total  in 
the  1963  books  was  $176,500,000. 

The  total  In  the  fiscal  year  1964  books  Indicates  $167,850,0^0. 

Why  did  this  difference  of  $9  million  occur? 

Mr.  Lilly.  The  amount  that  we  requested  for  fiscal  year  1963  of  $176  million 
was  reduced  as  yon  recall  by  this  committee  by  approximately  $3  million. 

The  difference  therefore  becomes  $173  million  reduced  to  approximately  $168 
million. 

Colonel  Gould.  Wonld  you  please  compare  the  fiscal  year  1963  items  as  pre- 
sented last  year  and  the  fiscal  year  1963  items  as  shown  iu  this  book  and  define 
the  reasons  for  the  variances? 

Mr.  Lilly.  The  explanation  of  the  variances  will  be  by  categories : 

1.  Site  development  and  utility  Installations : $4,000,000  in  the  fiscal  year  1963 
book  versus  $4,780,000  in  the  fiscal  year  1964  book. 

The  1964  estimate  is  based  on  better  criteria.  The  1963  estimate  was  sub- 
mitted before  field  investigations  were  completed. 

2.  Facility  construction  and  modifications : $106,870,000  In  the  fiscal  year  1963 
book  versus  $93,019,000  In  the  fiscal  year  1964  book. 

The  revised  figure  is  based  on  the  selection  of  a crawler  transfer  system  in  lieu 
of  a rail  transfer  system.  Also  the  fiscal  year  1964  estimate  for  the  vertical 
assembly  building  (VAB)  is  based  on  a more  comprehensive  analysis  of  the 
operational  requirements  of  this  facility. 

3.  Equipment,  instrumentation,  and  support  systems : $48,875,000  in  the  fiscal 
year  1963  book  versus  $53,551,000  In  the  fiscal  year  1964  book. 

The  fiscal  year  1964  estimate  is  based  on  completed  engineering  studies  in 
this  area. 

4.  Engineering  services : $16,755,000  in  the  fiscal  year  1963  book  versus  $16,- 
500,000  in  the  fiscal  year  1964  book. 

The  fiscal  year  1964  estimate  was  revised  to  reflect  the  refinements  made  In 
the  major  categories  which  engineering  services  support. 

Colonel  Gould.  Would  you  define  the  functions  of  the  Instrumentation  facility 
and  Its  relationship  to  the  range  operations  facility,  Dlease? 

Captain  Holcomb.  Actually  this  instrumentation  facility  will  be  used  to  house 
antenna  which  is  nsea  In  conjunction  with  the  vertical  assembly  building  In- 
strumentation In  connection  with  your  RF  tie-in  to  the  pad  and  to  the  central 
instrumentation  facility.  Because  your  RF  signal  has  to  be  remote  from  your 
operating  equipment,  it  Is  necessary  to  separate  this  building  from  the  vertical 
assembly  building. 

Colonel  Gould.  What  Is  the  cost  per  mile  of  crawler  roadway? 

Mr.  Lilly.  The  cost  per  mile  is  approximately  $1,580,000. 

Colonel  Gould.  Per  mile? 

Mr.  Lilly.  Per  mile. 

Colonel  Gould.  The  transfer  system  Including  the  fiscal  year  1963  and  1964 
increments  will  cost  $12.6  million. 

Would  you  define  the  scope  of  this  work,  please? 

Mr.  Lilly.  This  will  provide  approximately  8 miles  of  transfer  system  from 
the  vertical  assembly  to  three  pads. 

Colonel  Gould.  I note  that  the  cost  of  the  data  link  terminal  and  repeater 
buildings  is  $32.15  per  square  foot. 

Could  you  explain  the  structural  characteristics  of  this  building  which  make 
the  cost  so  high,  please? 

Mr.  Lilly.  These  facilities  will  be  constructed  of  reinforced  concrete  and 
those  buildings  near  the  launch  pads  will  have  blast  protection.  Extensive  bu- 
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midity  and  temperature  controls  will  also  be  provided  to  satisfy  the  requirements 
of  the  equipment  that  will  be  housed  In  these  buildings. 

Colonel  Gould.  How  many  personnel  will  be  provided  office  furnishings  for 
$600,000? 

Mr.  Lilly.  There  will  be  about  2,000  people  operating  out  of  the  vertical 
assembly  building  complex.  Approximately  1,200  of  these  people  will  need  office 
furniture  and  of  this  number  some  £00  persons  will  require  only  minimum  type 
furnishings. 

Colonel  Gould.  What  type  of  special  power  supply  are  we  going  to  provide 
In  this  complex  that  will  cost  $9.2  million? 

Mr.  Lilly.  Although  these  funds  are  listed  for  the  vertical  assembly  buildings 
they  will  be  for  the  hi,  h and  low  bay  area  and  the  control  areas  of  the  launch 
complex,  the  pads  and  the  lox. 

The  equipment  procured  will  provide  isolation  against  feedback  and  dose- 
tolerance  frequency  control,  synchronisation  and  wave  form  control. 

Colonel  Gould.  I note  the  cost  estimate  Includes  $1.2  million  for  shop  equip- 
ment, special  handling  equipment  in  the  amount  of  $2.1  million,  and  mechanical 
equipment  costing  $1.9  million. 

Have  you  compiled  a list  of  the  specific  equipment  which  is  going  to  be  pur- 
chased for  this  $5.8  million  or  is  this  Just  a very  preliminary  estimate? 

Mr.  Lilly.  The  estimate  is  more  than  just  a preliminary  estimate,  Colonel 
Guild. 

The  basis  of  the  cost  estimate  la  for  like  equipment  installed  In  existing 
complexes. 

We  do  have  lists  of  equipment.  It  Includes  such  Items  as  a Siberian  test  stand, 
supply  platform,  supply  test  stands,  recorders,  theodolites,  voltmeters,  oscillo- 
scopes, strip  recorders,  lab  equipment,  rale  tables,  frequency  stands,  weight  re- 
corders, cranes,  and  dollies 

Colonel  Gould.  Most  of  the  things  that  you  read  of  probably  have  a procure- 
ment leadtime  of  12  months  or  less. 

The  construction  leadtime  for  this  facility  is  25  months. 

Why  couldn’t  this  equipment  be  deferred  until  fiscal  year  1905? 

Captain  Holcomb.  When  we  speak,  Colonel  Gould,  of  having  an  operational 
date  of  the  end  ot  November  or  the  first  of  December  1965,  this  means  that  the 
facility  has  actually  been  completely  done  as  far  as  bay  No.  1 is  concerned  in 
construction,  and  in  Initial  outfitting  by  the  end  of  May. 

During  this  period  from  May  to  December  we  are  going  through  an  extensive 
checkout  of  the  complete  facility,  Including  bringing  In  a dynamic  facility  check- 
out vehicle  and  ringing  it  out  Just  ns  If  It  were  a flight  article  in  every  respect. 

When  we  say  that  we  have  an  operational  capability  then  beginning  tn  De- 
cember we  mean  at  that  point  we  are  able  to  bring  in  the  first  flight  article,  put 
It  on  the  launcher  umbilical  tower  in  the  building  and  check  it  out  for  our  first 
launch  in  early  1966. 

Therefore  our  requirement  for  this  type  of  eqvipment  Is  actually  a requirement 
for  delivery  In  installation  during  the  first  part  of  calendar  year  1965. 

The  leadtime  would  preclude  delaying  this  until  a later  fiscal  year. 

Colonel  Gould.  When  are  the  transporters  scheduled  to  be  delivered? 

Captain  Holcomb.  Are  you  talking  about  the  crawlers? 

Colonel  Gould.  Yes. 

Captain  Holcomb.  The  first  transporter  is  delivered  In  November  of  1904  and 
the  second  one  in  March  of  1965. 

ADVANCED  SATUHN  SUPPORTING  FACILITIES 

Colonel  Gould.  Was  there  any  change  In  the  scope  of  work  authorized  In  the 
fiscal  year  1963  program  and  that  which  is  now  planned  from  1963  funds? 

Mr.  Lilly.  There  was  no  change  in  the  scope  of  facilities  required  to  sup- 
port the  program  as  originally  planned  for  the  lunar  landing  mission  at  the  launch 
operation  center. 

The  fiscal  1963  facilities  were  planned  to  support  the  first  phase  of  the  build- 
up of  this  area. 

The  1964  facilities  are  a continuation  of  the  support  facilities  required  as  a 
buildup  of  the  personnel  and  as  the  mission  increases. 

Colonel  Gould.  What  is  being  used  now  to  meet  these  requirements  and  why 
can’t  the  1962  facilities  when  completed  plus  existing  facilities  be  continued  in 
use? 
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Captain  Holcomb.  There  are  no  exlatini;  facilities  at  this  time  on  Merritt 
Island.  The  only  existing  faculties  are  these  which  are  in  the  cape  area. 

As  the  center  of  gravity  of  operation  moves  to  Merritt  Island  In  support  of 
the  Saturn  V operations,  the  facilities  which  are  currently  in  use  in  the  cape 
area  will  be  filled  up  as  rapidly  as  we  emptf  them  by  our  contractor  personnel 
who  will  be  conducting  a large  percentage  of  our  actual  launches  with  the 
Saturn  1 and  the  Saturn  I-B. 

Colonel  Gould.  How  much  storage  space  .n  the  central  supply  building  was 
provided  in  the  fisccl  year  1983  program? 

Mr.  Dias.  Fiscal  year  1963,  33,600  square  feet  was  provided  as  part  of  the 
central  supply. 

Colonel  Gould.  In  last  year's  testimony  you  indicated  a requirement  for  73,000 
square  feet. 

What  change  in  plans  brought  about  this  change  in  scope? 

Mr.  Lilly.  The  scope  stated  In  the  fiscal  year  1968  budget  has  not  changed. 
The  central  supply  building  provides  38,600  square  feet  of  73, 000- square- foot 
requirement.  This  facility  was  Initially  planned  for  the  existing  area  and 
approved  under  the  project  supporting  faculties — existing  area,  it  ia  now  included 
in  the  Advanced  Saturn/Nova  supporting  facilities  project  and  sited  In  the  new 
a reft.  The  remaining  approximately  40,000  square  feet,  for  the  total  of  73,000 
square  feet,  is  for  a supply  shipping  and  receiving  buUding  that  ia  included  in 
the  approved  project  Apollo  mission  support  facilities.  The  73,000  square  feet 
of  storage  space  was  approved  as  two  separate  facilities  and  will  be  built  in  this 
manner. 

■Colonel  Gould.  I also  note  that  you  hars  36,000  square  feet  existing  In  the 
existing  industrial  area. 

What  criteria  was  used  in  arriving  at  a total  requirement  of  109,600  square 
feet  of  covered  storage? 

Would  you  provide  an  answer  to  that  question  for  the  record,  too? 

Mr.  Lilly.  Included  in  the  central  supply  requirement  of  109,600  square  feet 
are  36,000  square  feet  of  space  located  In  the  existing  area.  These  facilities  are 
for  £he  support  of  the  Saturn  I and  Saturn  I-B  programs.  The  remaining 
73,600  square  feet  will  be  constructed  In  the  new  area.  This  space  will  be  used 
to  support  the  Saturn  V program.  The  criteria  used  in  arriving  at  this  require- 
ment was  baaed  on  the  experience  gained  during  the  Saturn  I program  cor- 
related to  the  needs  of  the  Saturn  V program. 

Colonel  Gould.  What  do  you  have  to  store  to  support  the  contractor  personnel? 

Mr.  Lilly.  This  is  nsed  for  storing  material  for  the  Saturn  I program,  the 
6,000  square  feet  in  the  old  area. 

Colonel  Gould.  The  addition  to  plant  maintenance  facilities  will  provide  an 
additional  46,000  square  feet  of  maintenance  space. 

How  much  do  you  have  at  the  present  time? 

Mr.  Lilly.  We  have  authorising  plans  for  15,000  square  feet. 

Colonel  Gould.  That  is  from  the  1963  program? 

Mr.  Lilly.  Yes. 

Colonel  Gould.  How  is  the  stated  deficit  In  maintenance  space  being  met  now? 

Captain  Holcomb.  This  is  a question  of  Merritt  Island  facilities  which  are 
not  yet  constructed. 

This  plant  maintenance  facility  is  to  support  the  operations  in  the  Merritt 
Island  area. 

Colonel  Gould.  When  you  complete  the  16, 000- square-foot  facility,  will  you 
have  enough  plant  maintenance  facilities  to  meet  yonr  requirements? 

Captain  Holcomb.  That  la  correct. 

However,  it  is  phased  to  meet  the  buildup  of  the  rest  of  the  facilities  in  the 
Industrial  complex  and  the  launch  complex  39. 

Mr.  Lilly.  I could  add  to  that  that  the  maintenance  facilities  that  are  now 
under  construction  in  fiscal  year  1963  plan  to  be  operational  in  November  1963 
and  will  be  nsed  initially  to  maintain  the  facilities  in  this  time  period. 

We  require  the  additional  scope  because  the  construction  of  the  buildings  and 
grounds,  roads,  and  utilities  will  be  at  peak  in  this  new  area  at  which  time  the 
workload  on  these  facilities  will  increase  and  the  1963  scope  was  planned  for 
the  maintenance  work  required  in  that  time  frame. 

Colonel  Gould.  I notice  you  call  for  an  addition  to  the  central  supply  building 
and  addition  to  warehouse  facilities. 

Would  you  define  the  difference  in  requirement  for  these  two  types  of  storage 
facilities,  please? 
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Hr.  Graham.  This  central  supply  building  will  be  used  to  store  items  that  are 
requirem  ents  for  NASA  end  ita  supporting  contractors. 

The  warehouse  facilities  will  store  hardware,  small  electrical  items,  paint,  oil, 
and  lubricant  Items,  lumber,  and  building  and  bulky  construction  material!,  and 
It  will  also  include  a humidity  controlled  area  for  storage  of  electrical  supplies. 

Colonel  Gould.  Was  there  a previous  increment  to  this  phase  of  the  project v 

Mr.  Graham.  There  was  a previous  increment  for  both  of  these  facilities. 

Colonel  Gould.  What  Is  the  else  of  the  previous  Increment  for  warehouse 
facilities? 

Mr.  Lilly.  We  have  authorized  20,000  square  feet  in  the  fiscal  year  i963  pro- 
gram as  the  first  increment. 

Colonel  Gould.  This  80,000  additional  square  feet  that  you  are  asking  for  will 
bring  you  to  a total  availability  of  100,000  square  feet? 

Mr.  Lilly.  That  Is  correct 

Colonel  Gould.  How  about  open  storage  area? 

Was  any  previous  Increment  included  in  1963? 

Mr.  Lilly.  No. 

Colonel  Gould.  The  1964  item  constitutes  the  total  requirement  for  open  stor- 
age of  6,700  square  feet? 

Mr.  Lilly.  That  Is  correct 

Colonel  Gould.  Are  there  any  facilities  existing  which  could  be  used  to  accom- 
modate tho  security  forces? 

Mr.  Diaz.  No,  sir. 

Mr.  Lilly.  No  security  forces  will  be  used  in  the  new  area  until  the  buildup 
of  facilities  of  the  new  area  is  sufficient  to  warrant  tbelr  use. 

This  facility  is  timed  so  it  will  be  available  at  the  time  the  security  forces 
are  required  In  this  area. 

LOCK  CHANNEL 

Colonel  Gould.  Has  there  been  any  previous  NASA  authorization  for  this 
project? 

Captain  Holcomb.  No. 

Colonel  Gould.  Any  reprograming? 

Mr.  Diaz.  No. 

Colonel  Gould.  I assume  this  is  part  of  the  civil  works  project  now  being 
programed  by  the  U.8.  Army  engineers? 

Mr.  Lilly.  That  Is  correct. 

Colonel  Gould.  I reviewed  the  civil  works  project  recently  and  it  Indicates  a 
total  of  $700,000  reimbursement  from  NASA  required  to  meet  the  larger  lock 
dimensions  which  have  been  specified. 

Also  the  civil  works  project  in  the  amount  of  $700,000  includes  the  operations 
building  and  the  lock  operations  equipment. 

Consequently  it  appears  as  though  a dual  funding  might  be  evident  here. 

Could  you  comment  on  that  please? 

Mr.  Lilly.  Colonel  Gould,  the  estimate  that  we  have  included  in  our  budget 
for  this  project,  based  upon  the  requirements  supplied  to  us,  are  from  the  esti- 
mates supplied  by  the  Corps  of  Engineers. 

If  upon  checking  with  the  Corps  of  Engineers  they  are  providing  this  facility 
I would  agree  with  you  that  we  would  have  no  use  for  double  budgeting  here. 

Colonel  Gould.  The  $15,000  requested  for  design  and  engineering  services  is 
for  what? 

Mr.  Diaz.  That  $15,000  was  for  the  dredging,  the  site  preparation  and  con- 
struction. 

Colonel  Gould.  Again,  the  $700,00  includes  the  design  of  tl>e  lock,  to  Include 
site  preparation  and  utilities  connection.  Where  or  what  is  the  cost  of  engineer- 
ing for  the  channel  dredging  alone? 

Mr.  Lilly.  The  estimate  on  this,  Colonel  Gould,  Is  about  $12,000. 

LAUNCH  EQUIPMENT  SHOP 

Colonel  Gould.  Are  there  no  facilities  at  the  industrial  area  existing  that 
could  be  used  » j meet  this  need? 

Captain  Holcomb.  There  are  no  facilities  cr>  the  cape  area  which  will  provide 
the  capability  which  this  shop  will  have  of  handling  items  of  the  size  and  weight 
of  such  things  as  your  umbilical  tower  swing-arm  attachments,  your  holddown 
for  the  launch  vehicle,  things  of  this  size  and  scope. 
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MODIFICATIONS  TO  SATURN  LAUNCH  COMPLEX  NO.  84  AND  SATURN  LAUNCH  COMPLEX 

NO.  »T 

Coir  >.el  Gould.  It  Is  my  understanding  that  complex  34  was  originally  an  Army 
facility  turned  over  to  NASA,  is  this  correct? 

Captain  Holcomb.  That  is  correct. 

Colonel  Gould.  Since  being  turned  over,  it  is  also  my  understanding  that  addi- 
tions and  modlflcat'ons  have  been  programed  in  the  amount  of  $13.5  million  for 
this  facility. 

Have  all  of  these  modifications  been  made? 

Captain  Holcomb.  Not  all  the  modifications  have  been  made.  Some  of  them 
are  underway  at  this  time  scheduled  to  be  completed  the  latter  part  of  this  year. 

Colonel  Gould.  This  would  be  basically  the  fiscal  year  1963  iucretnent  of 

modification? 

Captain  Holcomb.  That  is  correct. 

Colonel  Gould.  What  is  the  equivalent  history  of  complex  87? 

Mr.  Lilly.  Complex  37  was  budgeted  for  one  pad  in  the  fiscal  year  1961. 
The  amount  of  money  that  was  originally  provided  was  $18,967,000,  and  in 
1962  an  additional  $22,951,000  was  provided. 

In  fiscal  year  1963  we  have  programed  $1,150,000  for  certain  modifications. 
This  complex,  as  distinguished  from  complex  34,  provides  two  pads. 

UTILITIES  INSTALLATIONS 

Colonel  Gould.  Before  getting  into  the  fiscal  year  1964  item,  I would  like  to 
explore  for  the  committee  a recent  reprograming  action  having  to  do  with  a 
water  supply  system  from  Cocoa  Beach  to  serve  the  Merritt  Island  area. 

Under  date  of  February  21,  1963,  NASA  notified  the  Congress  of  a reprogram- 
ing action  in  the  amount  of  $1.1  million  from  fiscal  year  1963  funds  for  the  con- 
struction of  municipal  water  facilities  in  the  city  of  Cocoa  Beach.  This  was 
justified  on  the  basis  of  a 2.5  million  gallon-per-day  requirement  to  support  the 
Merritt  Islan.  area  and  the  fact  that  the  city  of  Cocoa  was  unable  to  finance 
the  necessary  expansion. 

Under  this  reprograming  action,  NASA  proposes  to  build  three  new  wells, 
the  construction  of  and  additions  to  booster  pumping  stations  and  water  treat- 
ment plant,  piping  from  the  well  field  and  the  treatment  plant,  and  a 2 million 
gallon  water  tank. 

These  facilities,  as  I understand  it,  will  bo  built  on  municipal  property  in  the 
city  of  Cocoa  Beach.  I also  understand  th;\t  NASA  proposes  to  amortise  this 
investment  by  reduced  water  rates  over  the  next  35-year  period. 

The  first  question  is.  What  was  the  source  o).'  these  funds? 

Mr.  Lilly.  The  $1.1  million  was  provided  through  reprograming  authority 
using  the  authority  to  transfer  R.  A D.  funds  to  construction  of  facilities. 

Colonel  Gould.  These  were  R.D.  & O.  funds  then. 

Mr.  ljlly.  In  the  first  instance. 

Colonel  Gould.  Does  the  entire  Canaveral  complex  draw  water  from  Cocoa 
or  are  there  any  Government  water  plants  existing? 

Mr.  Diaz.  They  draw  water  from  Cocoa. 

Colonel  Gould.  How  about  Patrick  Air  Force  Base? 

Mr.  Diaz.  Cocoa. 

Colonel  Gould.  Has  the  agreement  with  the  city  of  Cocoa  been  onsumated? 

Mr.  Lilly.  Yes,  it  has. 

Colonel  Gould.  Has  construction  been  initiated  on  the  proposed  municipal 
expansion? 

Mr.  Lilly.  No,  sir,  just  design. 

Colonel  Gould.  Who  will  supervise  this  work,  NASA  or  the  city  of  Cocoa? 

Mr.  Lilly.  The  Air  Force  will  actually  supervise  this  work  for  the  Government. 

Colonel  Gould.  Who  is  going  to  accomplish  the  design  work? 

Mr.  Lilly.  A company  by  the  name  of  G.  Jensen  from  West  Palm  Beach,  Fla., 
is  doing  the  design  on  this. 

Colonel  Gould.  Under  the  supervision  of  the  Air  Force  AIO? 

Mr.  Lilly.  Actually  they  will  be  working  for  the  city. 

Colonel  Gould.  After  construction  who  holds  title  to  the  capital  improvements? 

Mr.  Lilly.  The  city  will  hold  title  to  that  property  in  the  city  of  Cocoa. 

Colonel  Gould.  Will  all  these  facilities  be  located  on  other  than  Federal  land? 

Mr.  Graham.  The  mains  will  be  the  property  of  the  city  of  Cocoa  to  gate 
No.  2 at  the  Merritt  Island  area. 
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Colonel  Gould.  Wbat  Is  the  difference  In  the  previous  water  rates  and  those 
that  will  be  in  effect  after  this  expansion  has  been  accomplished? 

Mr.  Lilly.  The  normal  rate  is  17%  cents  per  thousand  gallons.  Our  rate 
under  the  provisions  of  amortisation  will  be  10%  cents  per  thousand  gallons. 

Colonel  Gould.  In  other  words,  you  are  going  to  nave  7 cents  per  thousand 
gallons  for  the  purposes  of  amortisation  which  works  out  to  $1,700  per  day. 
On  this  basis  why  are  you  amortising  this  work  over  a 30-year  period? 

Mr.  Lilly.  The  actual  amortisation  time  was  originally  as  you  stated  esti- 
mated at  35  years.  However,  in  the  completion  of  the  negotiations  and  the 
revisions  of  the  water  rate  usage,  it  is  estimated  that  the  Government  will 
amortise  Its  Investment  in  a period  of  24  years. 

In  terms  of  the  actual  credit,  I believe  the  agreement  calls  for  a delivery 
charge  refund,  a credit  of  7 cents  per  thousand  gallons  on  each  monthly  bill 
not  to  exceed  50  percent  of  the  net  earnings. 

Colonel  Gould.  The  normal  amortization  period  for  improvements  to  non- 
Federal  properties  while  not  a matter  of  law,  is  usually,  on  a rule  of  thumb 
basis,  10  years.  The  24-year  period  of  amortization  in  this  case  Is  u little 
excessive. 

Would  you  define  briefly  for  us,  please,  the  scope  of  the  work  Involved  in 
the  utilities  installations  for  the  new  area? 

Captain  Holcomb.  This  project  provides  additional  primary  interior  and 
industrial  area  roads,  water,  eletric,  and  telephone  system  extensions  and  site 
Improvements  needed  to  complement  the  development  of  the  new  Merritt  Island 
area  proposed  for  the  fiscal  year  1984. 

It  supplements  the  fiscal  year  1963  project  and  Includes  items  which  did 
not  require  an  early  completion  date. 

Additional  utilities  will  be  required  In  the  future  to  support  subsequent  years’ 
construction  programs. 

Colonel  Gould.  How  much  was  authorised  In  fiscal  year  1963  program  for  these 
utilities  and  how  much  has  been  obligated  to  date? 

Mr.  Lilly.  $39,068,000  including  $360,000  for  advance  design,  $4,250,000  for 
relocation  of  the  Intracoastal  Waterway  is  authorised.  As  of  March  31, 
$23,897,000  was  obligated  for  site  roads,  access  reads,  causeways,  utilities  and 
communications  facilities. 

Colonel  Gould.  I noticed  that  you  are  calling  for  9 miles  of  new  two-lane  road 
and  bridges  between  Orsino  and  Wilson.  It  works  out  to  about  $296,000  a mile. 
Would  you  compare  this  with  the  roadwork  being  done  in  Mississippi,  please? 

Mr.  Lilly.  I believe  you  refer,  Colonel  Gould,  to  the  estimate  we  had  on  the 
Mississippi  highway  of  $160,000  a mile  compared  to  this  one.  I believe,  however, 
in  arriving  at  your  figure  of  $296,000  you  use  the  total  of  $2,675,000  for  this  9 
miles  of  road.  Approximately  $500,000  of  this  is  for  bridge  construction. 
Eliminating  the  bridge  construction,  the  average  works  down  to  about  $200,000 
or  $210,000  per  mile.  The  basic  difference  between  this  figure  and  that  in 
Mississippi,  is  due  to  the  soil  conditions,  the  large  quantities  of  muck  in  this 
area  which  must  be  excavated  and  replaced  with  borrowed  material  and  in  order 
to  properly  drain  the  swampy  area,  an  unusually  extensive  drainage  system  is 
needed. 

Colonel  Gould.  Is  this  a blacktop  highway? 

Mr.  Lilly.  Yes,  sir. 

Colonel  Gould.  Would  you  define  the  extent  of  the  water  mains  portion  of 
this  project  for  $700,000,  please? 

Mr.  Lilly.  It  Includes  2%  miles  of  16-lnch  pipe,  5 miles  of  10-lnch  pipe. 

Colonel  Gould.  I notice  that  you  request  $140,000  for  a sewage  collection 
system.  What  does  this  consist  of? 

Mr.  Lilly.  The  Merritt  Island  launch  area  will  have  a sewage  treatment 
plant.  This  facility  with  mains  to  the  industrial  area  was  funded  in  fiscal 
year  1963.  The  $140,000  Included  in  the  1964  program  Is  for  service  line*  to 
serve  the  facilities  included  in  this  program. 

Colonel  Gould.  Under  the  item  of  communications,  what  Is  the  $160,000  for 
miscellaneous  system  items  to  be  used  for? 

Mr.  Lilly.  This  is  to  provide  the  service  connections  to  the  main  system. 

Colonel  Gould.  Specifically  what  will  be  done  in  the  area  improvements  proj- 
ect for  the  30  square  miles  of  shoreline  estimated  at  $1.2  million? 

Mr.  Lu  ly.  This  item  Includes  the  work  to  clear  and  drain  those  low,  swampy 
lands  «n  the  vicinity  of  the  shoreline  of  the  river  and  creeks.  The  cost  is 
based  on  similar  work  that  was  done  in  the  AMR  area. 
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Colonel  Gould.  Is  any  construction  to  be  accomplish  Hi  on  the  lands  thus 
reclaimed  ? 

Mr.  Lilly.  No  construction  Is  planned  in  this  area. 

Colonel  Gould.  Specifically  how  deep  Inland  from  the  shoreline  v 'ill  this  area 
Improvement  encompass  on  an  average? 

Mr.  Dias.  It  will  be  approximately  a half  mile. 

Colonel  Gould.  Specifically  what  wil>  be  done  in  the  way  of  area  Improve- 
ments for  the  5 square  miles  of  Intel  ....  land  at  $30,000  per  square  mile? 

Mr.  Lilly.  This  Is  essentially  the  sam,  as  along  tbe  coastline  with  the  excep- 
tion that  not  as  much  drainage  work  will  lie  required. 

Colonel  Gould.  On  the  Improvements  co  the  shoreline,  does  this  Include  break- 
waters? 

Mr.  Lilly.  No,  sir. 

Colonel  Gould.  I notice  that  two  additional  1, 500-square- foot  pumping  stations 
are  being  provided.  What,  relationship  do  these  stations  have  to  the  ones  being 
provided  in  the  Cocoa  City  municipal  system? 

Mr.  Lilly.  These  stations  we  art*  providing  will  be  on  site.  The  city  of  Cocoa 
furnishes  water  at  40  pounds  per  square  inch.  On  the  long  lines  of  mains  within 
the  Merritt  Island  launch  area  It  is  necessary  to  have  a booster  pump  to  overcome 
the  pressure  loss. 

Co'onel  Gould.  How  many  pumps  are  being  purchased  for  $50,000? 

Mr.  Lilly.  Two. 

Colonel  Gould.  Cider  communications  equipment  and  cable  system  I note  a 
requirement  for  5f>0  miles  of  outside  plant  cable  at  a cost  of  $8.7  million.  Would 
you  please  give  us  a detailed  Justification  for  the  requirement  of  that  much  cable. 

Mr.  Lilly.  This  item  Includes  audio,  teletype,  data  transmission  and  remote 
control  cabling  in  most  Instances,  multiple  cables  are  installed  between  specific 
points  to  provide  essential  backup.  The  general  areas  connected  by  this  cabling 
are: 

(1)  The  existing  industrial  area  and  the  new  industrial  area.  These  areas 
are  approximately  7 miles  apart. 

(2)  The  new  industrial  area  and  the  Launch  Complex  39  area.  These 
areas  are  about  5 miles  apart. 

(3)  The  range  instrumentation  sites  and  the  Launch  Complex  39  area,  the 
new  industrial  area  and  the  existing  industrial  area. 

(4 > There  are  some  23  instrumentation  sites  and  the  majority  of  these  fa- 
cilities are  located  in  remote  ar*  as  an  example  a high  resolution  tracking 
radar  site  Is  about  20  miles  from  the  new  industrial  area. 

Colonel  Govld  I also  note  a requirement  for  a video  switching  system.  Would 
ybu  please  explain  what  this  consists  of? 

Mr.  Lilly.  This  system  will  consist  of  switching  equipment  similar  to  commu- 
nications type  sv'itchlng  gear.  The  equipment  will  channel  incoming  video  signals 
to  various  points  as  may  be  necessary  in  connection  with  launch  operations. 

Colonel  Gouli.  Included  in  this  project  estimate  is  a requirement  for  $200,000 
for  operating  spare  parts.  Isn’t  it  a little  unusual  to  include  operating  stocks  in  a 
construction  prcject? 

Mr.  Lilly.  It  is  unusual,  I think,  Colonel  Gould,  in  comparison  with  the  major 
construction  programs  that  have  gone  on  in  most  other  Government  agencies  such 
as  the  Department  of  Defense.  However,  NA8A  has  operated  under  a turnkey 
concept  which  means  we  include  all  such  costs  identified 

Colonel  Gouid.  Since  spare  'arts  and  stock  items  of  this  type  are  normally  one 
of  operating  expense,  and  sir.ee  many  of  the  other  projects  in  the  NASA  budget 
this  year  do  not  include  spare  parts,  my  question  is  why  are  they  included  in  this 
project  and  not  in  others? 

Mr.  Lilly.  I will  certainly  check  Into  any  inconsistencies  in  here.  Our  policy 
has  been  to  identify  them  wherever  they  could  be  identified  and  where  we  knew 
them  in  advance. 

Colonel  Gould.  Will  the  public  address  systenc  requested  as  part  of  this  project 
serve  the  entire  Merritt  Island  area? 

Mr.  Lilly.  Yes. 

Colonel  Goiru).  The  intercom  system  for  $128,400,  what  is  that  specifically  for? 

Mr.  Lilly.  The  Intercom  system  will  provide  for  communications  between  key 
offices.  This  means  of  communication  will  prevent  the  overloading  of  the  tele- 
phone system  in  these  areas  of  heavy  tra  ffle. 

This  requirement  becomes  very  critical  during  major  tests  and  launches. 
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VEHICLE  MAINTENANCE  AND  SERVICE  FACILITIES 

Colonel  Gould.  What  facilities  are  being  used  now  and  why  can’t  they  be  con- 
tinued in  effect? 

Mr.  Lilly.  The  current  faculties  being  used  are  those  located  in  the  old  cape 
area.  These  existing  facilities  are  Inadequate  to  support  the  increased  number 
of  vehicles  we  will  be  servicing. 

MANNED  SPACECRAFT  FACILITIES 

Colonel  Gould.  In  fiscal  year  1963  there  was  am  .lorized  a spacecraft  opera- 
tions and  checkout  facility,  control  systems  facility,  environmental  test  and  service 
facility,  supply,  shipping  and  receiving  facility,  a pyrotechnic  test  facility  and  a 
weights  and  balance  facility. 

Has  construction  been  initiated  on  these  facilities  as  authorized? 

Mr.  Lilly.  Construction  has  started  on  the  spacecraft  operation  checkout 
building  and  the  supply  facility.  Design  ic  underway  on  the  pyrotechnic  test 
and  weights  and  balance  facility.  Construction  is  expected  to  start  on  these 
facilities  in  July  of  this  year. 

Colonel  Gouio.  Has  there  been  any  change  in  scope  or  intended  use  of  funds 
subsequent  to  the  1963  authorization? 

Mr.  Lilly.  The  intended  use  of  the  facilities  hasn't  changed.  The  additional 
areas  are  required  to  support  the  Gen  ini  program  whicfa  was  not  envisoned 
when  the  1963  program  was  submitted. 

Colonel  Gould.  Since  the  1963  project  Included  if?  million  for  site  development, 
it  would  appear  that  most  of  the  site  development  ba»  been  programed,  partic- 
ularly In  view  of  the  fact  that  the  majority  of  the  facilities  In  the  1964  program 
are  additions  to  other  buildings. 

Would  you  provide  furher  Justification  as  to  the  need  for  an  additional  $143,600 
for  site  preparation  in  fiscal  year  1964? 

Mr.  Lilly.  The  funds  required  are  for  the  additional  site  development  required 
for  an  addition  to  the  facilities,  the  parking  lot,  service  roeds,  clearing  the  area 
and  extension  of  utility  lines. 

Colonel  Gould.  What  makes  the  cost  of  the  addition  to  the  checkout  building 
so  high,  $30  per  square  foot? 

Mr.  Lilly.  This  cost  is  based  on  the  bid  prices  we  received  for  the  initial  con- 
struction on  the  building  and  is  tb*  same  amount  we  are  using  for  this  addition. 

Colonel  Gould.  Have  any  advance  design  funds  been  committed  for  these  addi- 
tional facilities? 

Mr.  Lilly.  We  had  identified  a requirement  for  $225,000  for  advanced  design 
on  these  facilities.  These  details  were  given  to  your  committee,  I believe,  in  the 
reprograming  action.  The  funding,  I believe,  has  been  authorized  by  the  Admin- 
istrator. I am  noc  certain  at  this  point  whether  it  has  actually  been  released  to 
the  Center. 

Colonel  Gould.  That  will  he  all  for  the  <lay. 

( Whereupon,  at  5 p.m.,  the  investigation  was  recessed. ) 
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Meeting  of  Subcommittee  on  Manned  Space  Flight  of  the  Committee  on  Sci- 
ence and  Astronautics  of  the  United  States  of  America,  House  of  Representatives, 
held  on  the  29th  day  of  March,  1903,  commencing  at  9:46  a.m.,  in  the  city  of 
Daytona  Beach,  Fla.,  on  Route  No.  92  at  the  General  Electric  facilities  in  the 
conference  room. 

There  were  present  at  that  time  and  place  the  following  members  of  the 
subcommittee : 

Hon.  Olin  E.  Teague,  Chairman. 

Hon.  Joe  D.  Waggonner,  Jr. 

Hon.  Edward  J.  Patten. 

Hon.  Don  Fuqua. 

Hon.  James  G.  Fulton. 

Hon.  R.  Walter  Riehlman. 

Hon.  Richard  L.  Roudebush. 

Hon.  Edward  J.  Gurney. 

And  also  present  on  behalf  of  the  Genera!  Electric  Co.  were : 

Mr.  Richard  L.  Shetler,  general  manager,  Command  Systems  Division. 

Mr.  J.  K.  Records,  director,  NASA  support  program. 

Dr.  L.  E.  Saline. 

Mr.  Henry  Lenmann. 

Mr.  R.  S.  C.risetti. 

Mr.  E.  T.  daher. 

And  also  present  the  following  NASA  personnel : 

Dr.  Joseph  Shea,  Deputy  Director,  Systenis,  Office  of  Manned  Space  Flight. 

Mr.  James  Sloan,  director,  integration  and  checkout.  Office  of  Manned 
Space  Flight. 

Gail  S.  Lynch  and  Associates,  official  court  reporters,  Halifax  Law  Center, 
Daytona  Beach,  Fla. 

Mr.  Shetuer.  Good  morning,  Mr.  Chairman,  and  members  of  the  committee. 

It  is  a pHeasure  to  have  you  here  at  Daytona  Beach.  We  are  very  much 
aware  of  the  demands  on  your  time,  and  feel  quite  for'unate  to  have  this  op- 
portunity to  discuss  our  work  in  support  of  the  Space  Administration’s  Apollo 
program  with  you. 

If  it  is  agreeable,  we  will  have  presentations  in  each  of  the  major  areas  of  our 
activity  on  this  program — checkout,  integration,  and  reliability  assessment.  1 
will  ask  several  of  my  associates  to  lead  these  discussions  in  some  detail,  and 
we  will  get  on  with  this  program  in  a moment. 

In  addition  to  your  committee  and  the  General  Electric  personnel,  we  are 
fortunate  in  also  having  with  us  this  morning  a number  of  representatives  of 
the  Space  Administration.  Particularly,  we  welcome  the  presence  of  Dr.  Joseph 
Shea,  Deputy  Director  for  Systems  of  the  Office  of  Manned  Si»ace  Flight,  and 
Mr.  James  Sloan,  Director  of  Integration  and  Checkout  for  that  Office,  who  are 
in  the  audience.  Let  me  make  clear  that  we  will  not  look  to  these  gentlemen 
to  participate.  We  look  on  this  as  our  opportunity — and  responsibility-  to 
explain  our  work  to  you  in  some  detail. 

And  now  to  the  work  at  hand.  Let  me  open  by  recalling  a statement  Mr. 
Holmes  made  to  your  committee  In  a hearing  a short  time  ago.  I think  it  may 
explain  In  part— perhaps  or  suggest — why  we  are  here  today.  He  characterised 
the  integration  and  checkout  areas  of  the  Apollo  program  as  less  tangible  than 
some  others.  And  so  they  are,  or  at  first  glance  seem  to  he. 

They  are  not  as  readily  visible  as  a discrete  part  of  the  Apollo  system  ma- 
chinery— like  the  spacecraft,  a launch  vehicle,  the  lunar  excursion  module,  or  the 
mammoth  umbilical  tower.  And  yet  after  considerable  study  and  analysis  we 
have  come  to  realize  that  these  aspects  of  the  Apollo  program  have  quite  as  much 
substance  as  these  other  things.  The  reason  for  this  is  that  the  integrated 
launch  control  and  checkout  equipment  will  be  very  much  a major  part  of  the 
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Apollo  operational  machinery.  We  would  like,  In  our  presentations  today,  to 
impart  this  sense  of  the  very  tangible  qualities  of  our  work.  Our  presentations 
have  been  framed  with  that  object!  ve  in  mind. 

Jn  addition,  our  discussions  today  will  focus  on  the  particular  areas  of  interest 
that  developed  in  the  hearing  in  which  our  work  was  reviewed  last  week.  The 
principal  points  developed  then — and  they  are  very  fundamental  (mints.  Indeed  — 
related  to  the  relationship  of  our  work  to  the  reliability  of  Apollo  system  com- 
ponents; our  working  relations  with  other  Apollo  contractors;  the  question 
whether  this  work  would  be  more  effectively  done  in-house  by  the  Government ; 
and  the  costs  of  this  work— whether  this  is  a tight  program. 

I am  happy  to  see  that  the  members  of  the  committee  who  expressed  interest 
in  these  areas  are  with  us  today. 

To  get  the  program  started,  Mr.  John  K.  Records,  Director  of  our  NASA  sup- 
port program,  will  give  a brief  introduction  to  explain  the  Apollo  Support  De- 
partment organization  and  staff.  lie  will  be  followed  by  Linde  Saline,  Hank 
Lehmann,  and  Bob  Grisetti,  who  will  respectively  review  the  .checkout,  integra- 
tion, and  reliability  assessment  work  areas  In  some  Uepth.  I will  conclude  with 
a short  discussion  of  the  last  two  points  I mentioned.  I think  that  due  to  the 
time  it  would  make  for  a more  effective  discussion  for  questions  to  be  put  at 
the  conclusion  of  each  of  the  presentations,  but  we  will  try  to  answer  questions 
as  they  are  asked. 

Jack. 

Mr.  Records.  Thank  you,  Dick. 

I want  to  start  off  by  briefly  reviewing  our  history  on  the  program,  from  my 
vantage  point  at  least.  In  February  of  1962  we  undertook  work  against  our 
contract.  As  you  recall,  the  first  phase  of  this  was  a 6-month  study  to  see  how 
we  would  relate  to  the  Apollo  program.  During  this  time  we  also  addressed 
ourselves  to  the  organizational  problem  to  see  how  we  might  best  organize  the 
work  and  where  we  might  best  be  located.  We  did  that  kind  of  thing  as  well  as 
the  technical  work. 

The  first  conclusion  we  reached  was  that  a separate  department  within  the 
General  Electric  Co.  should  be  formed  to  more  adequately  focus  our  activity  on 
the  program.  In  our  theory  of  organization,  we  quickly  recognized  that  the 
three  major  areas  of  responsibility  we  had  would  necessarily  be  performed  in 
four  major  locations,  at  Cape  Canaveral,  wherever  we  elected  to  put  our  head- 
quarters, which  turned  out  to  be  Daytona  Beach,  at  Houston  rnd  at  Huntsville, 
wherein  the  center  support  managers,  our  people,  would  also  be  responsible  for 
that  aspect  of  checkout,  integration,  and  reliability  assessment  for  the  particular 
Apollo  system  elements  represented  at  that  center. 

Now,  it  turns  out  that  all  three  areas  of  this  work  slice  across  the  major  sys- 
tem elements  of  Apollo  in  much  the  same  manner. 

With  that  quick  background,  let  me  take  a quick  look  at  our  organizational 
chart  1 for  the  department  as  It  has  evolved  to  date. 

We  have  here  In  Daytona  Beach  the  three  program  offices  and  you  will  be 
hearing  from  those  fellows  so  I won’t  say  much  about  their  qualifications  for 
their  Jobs.  You  can  make  your  own  judgments,  as  you  hear  them.  I think  they 
are  well  qualified. 

I do  want  to  mention  in  particular  our  three  center  support  managers.  We 
have  Lade  Warzeeha,  our  manager  for  MSC  support  operations  at  Houston. 
Lade  came  with  us  from  the  Philadelphia  operation,  the  Missile  and  Space 
Division,  and  Is  eminently  qualified  for  our  manned  spacecraft  work.  Jim 
Keister  is  our  manager  of  Southeast  support  operations  at  Huntsville.  He  is,  of 
course,  supporting  LOC  as  well  as  the  preflight. Division  out  of  Houston.  Jim 
has  had  a wide  variety  of  responsible  engineering  managerial  assignments  dur- 
ing his  long  years  with  us. 
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Gene  Wright,  who  heads  op  our  Marshall  Space  Flight  Center  support  opera- 
tion came  to  us  from  the  Malta  Test  Station.  He  has  a great  deal  of  back- 
ground In  missiles  and  particularly  In  the  propulsion  and  engine  field. 

It  appears  that  we  also  have  the  classical  kind  of  general  support,  the  general 
kinds  of  support  operations  that  are  required  for  a business  of  this  sort, 
financial,  and  so  forth. 

Gus  Henry  heads  up  our  program  operations  section  and  supplies,  in  addition 
to  the  contracting  negotiations  and  operations  functions  in  general,  what  I 
would  call  program-oriented  services.  For  example,  in  pregram  administra- 
tion he  maintains  the  documented  data  control  system  wherein  the  data  for 
these  three  operations,  reports,  drawings,  et  cetera,  are  made  available  on  call. 
This  turns  out  to  be  an  efficient  way  to  operate  in  a program  of  this  type,  par- 
ticularly since  each  of  these  three  areas  need  to  call  for  the  same  kind  of  data 
out  of  the  program. 

The  three  program  managers  are  going  to  talk  in  some  detail  in  the  amount 
of  time  that  we  are  going  to  have  available  today  to  give  you  our  understanding 
of  the  work  that  we  are  doing.  I just  want  to  make  one  further  point  before 
introducing  Dr.  Saline.  We  are  very  proud  of  the  people  that  we  have  been 
able  to  bring  together  on  this  program.  We  have  drawn  from  the  various  ele- 
ments of  technology  within  the  General  Electric  Co.  and  we  certainly  haven’t 
stinted  the  quality  of  the  people  that  we  are  putting  on  this  job,  even  though 
we  had  & tremendous  buildup.  Last  fall  when  we  completed  the  study  we  had 
a staff  of  approximately  200  people.  As  Mr.  Shetler  remarked  last  week,  we 
have  about  1.2S0  on  board  now,  but  we  have  not  stinted  on  the  quality  of  the 
people. 

Now,  Linde  Saline  is  going  to  talk  to  you  about  the  Integrated  launch  control 
and  checkout  systems  and  other  aspects  of  checkout.  IJnde. 

Dr.  Saline.  Thanks,  Jack. 

Gentlemen,  checkout  is  the  process  for  assessing  the  readiness  of  a system  to 
achieve  its  mission.  When  we  talk  about  checkout  in  relationship  to  equipment, 
we  usually  refer  to  certain  tests  that  are  performed  in  a given  sequence  on  that 
equipment  Now,  these  tests,  which  are  usually  operational  and  calibrational 
are  said  to  indicate  a positive  result  if  the  results  of  those  tests  fall  within  some 
prescribed  limits.  On  the  other  hand,  when  checkout  is  used  in  conjunction 
with  people,  the  checkout  process  consists  of  tests  and  inquiries  to  ascertain 
if  the  people  are  available  and  that  they  are  capable  and  ready  to  proceed  with 
the  preparation  for  and  the  performance  of  that  mission.  We  are  going  to  take 
a look  today  at  checkout  in  view  of  the  definitions  that  I have  given  for  check- 
out and  we  are  going  to  look  at  checkout  particularly  as  it  applies  to  the  Apollo 
program. 

Now,  to  get  the  proper  focus  from  this  checkout  point  of  view,  we  are  going 
to  be  a little  parochial.  I am  sure  that  the  spacecraft  people  have  their  view 
and  the  launch  people  have  their  view  and  we  have  our  view  of  the  Apollo 
system  (chart  3).  The  important  system  elements  that  we  look  at  are  the 
spacecraft,  the  launch  vehicle,  the  ground  support  equipment,  the  flight  and 
ground  crews.  Checkout  for  the  Apollo  program  goes  over  the  whole  duration 
of  the  Apollo  mission  from  the  time  the  equipment  is  assembled  in  the  con- 
tractor’s factories  through  the  recovery  phase  of  the  program.  However,  today 
our  particular  attention  is  going  to  be  given  to  checkout  through  the  launch 
phase  of  the  Apollo  mission. 

Now,  when  we  take  that  view  of  checkout  and  when  we  look  particularly  at 
checkout  through  the  launch  phase,  the  purpose  that  we  have  in  checkout  is  to 
supi>ort  the  launch  director  in  making  the  launch  decision  with  maximum  cob- 
fidence  of  achieving  the  mission  success  and  flight  safety. 

Now,  with  those  general  ground  rules,  we  are  going  to  look  in  a lot  more 
detail  at  what  constitutes  the  checkout  process.  Now,  to  do  this  we  are  going 
to  use  a number  of  charts  that  we  will  explain  in  some  detail  to  give  you  a 
feeling  for  what  the  checkout  process  really  is. 
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This  particular  chart  that  I am  putting  up  here  (chart  4)  describes  this  whole 
process  from  the  contractor’s  factory  which  is  labeled  here  as  “Pre-Mila,”  the 
Merritt  Island  launch  area,  operations  through  the  entire  process,  the  entire 
Apollo  mission,  until  we  get  down  to  this  box  which  is  tile  recovery  stage  of  the 
Apollo  mission. 

Now,  I am  going  to  point  out  some  of  the  things  that  take  place  in  the  check- 
out operation  to  give  you  a feel  for  what  this  Job  is.  That  will  form  a basis 
for  how  we  are  going  about  designing  the  system  and  what  some  of  the  problems 
and  challenges  are  in  accomplishing  this  kind  of  work. 

First  of  all,  the  general  area  of  spacecraft.  We  have  here  arriving  at  Mila 
certain  elements  of  the  spacecraft  system,  the  lunar  excursion  module,  the 
command  module,  the  service  module,  the  adapter,  the  parachute  and  the 
launch  escape  system.  When  these  arrive  at  the  operations  and  checkout  build- 
ing, which  is  part  of  the  industrial  complex  of  Mila,  these  go  through  certain 
visual  inspections.  Certain  assembly  work  Is  done  on  them.  There  are  certain 
checkout  tests  and  other  kinds  of  operations  |>erfonned  in  preparation  for  the 
launch.  These  go  through  such  things  as  an  assembly  area,  a cleaning  area, 
where  they  are  tumbled  and  vacuum  cleaned.  They  go  Into  certain  areas  where 
the  weight  distributions  of  the  various  systems  are  determined  and  checked  out. 

Certain  of  these  modules,  such  as  the  command  module,  and  the  lunar 
excursion  module,  have  to  be  taken  out  of  the  O.  & C.  building  and  they  are  sent 
off  to  remote  facilities  that  have  to  do  with  the  hypergolic  tests  and  the  cryo- 
genic tests  to  ascertain  if  the  propulsion  systems  are  in  a state  of  readiness. 

Mr.  Fulton  of  Pennsylvania.  Could  I suggest  that  you  use  the  names  rather 
than  thv  initials? 

Dr.  Saline.  What  is  that  now,  sir? 

Mr.  Fulton  of  Pennsylvania.  By  the  (),  & C.  building,  and  Pre-Mila  if  you  will 
say  it  out  for  us,  it  will  make  it  a little  easier. 

Dr.  8aline.  Fine,  sir ; I will  certainly  do  that. 

Then  after  they  have  gone  through  some  of  these  tests  in  certain  remote 
facilities  these  various  modules  are  again  returned  to  the  operations  and 
checkout  building  for  the  final  kinds  of  checkout  tests  and  assembly  tests  that 
take  place  prior  to  the  mating  with  the  launch  vehicle.  These  other  kind  of 
tests  at  tuat  stage  of  the  operation  concern  altitude  chambers,  vibration  tests 
areas  and  such  tests  as  that. 

Now,  let’s  take  a very  quick  look  at  what  happens  with  the  launch  vehicle. 
These  stages  of  the  launch  vehicle  arrive  at  Merritt  Island  and  are  put  into 
the  vertical  assembly  building.  The  8-IV-B  and  the  8-II  are  sent  immediately 
to  the  low  bay  areas  of  the  vertical  assembly  building.  The  8-IC  and  the 
instrument  unit  are  sent  to  the  high  bay  areas.  The  S-IC  is  mounted  immediately 
on  the  launch  umbilical  tower  where  it  stays  throughout  the  whole  process  down 
at  Merritt  Island. 

Now,  these  stages  again  go  through  the  visal  inspections  and  certain  basic 
subsystems  tests  and  various  visual  inspections,  preparations  and  so  forth  for 
the  various  stages  of  the  launch  preparation. 

We  then  start  going  through  the  mating  process  where  the  8-2,  for  example, 
is  mated  to  the  8-IC  and  at  that  stage  when  they  are  put  together  there  are  more 
tests  to  see  they  are  working  in  the  proper  manner  as  an  integrated  two-stage 
group  as  compared  with  the  one-stage  group.  Then  we  go  through  additional 
mating  processes  where  the  S-1V-B  is  added  and  the  instrument  unit  is  added. 

Finally  we  get  down  to  the  stage  where  the  spacecraft  Is  moved  the  5 miles 
from  the  operations  and  checkout  building  to  the  vertical  assembly  building  and 
here  we  have  the  complete  space  vehicle  assembled  for  the  first  time. 

Now,  at  this  particular  stage  of  the  preparation,  the  entire  space  vehicle  system 
is  put  through  simulated  countdown  and  other  preparations  prior  to  its  movement 
out  to  the  launch  pad  and  this,  as  you  know,  Is  a goodly  distance,  somewhere  be- 
tween 3 and  6 miles,  depending  on  which  launch  pad  is  going  to  be  used. 

When  we  get  out  to  the  launch  pad  area,  we  have  the  mating  of  the  launch 
umbilical  tower  to  the  launch  pad  itself  and  all  of  the  attendant  checks  to  be 
sure  that  that  part  of  it  is  ri.tht.  We  have  certain  preparations  that  have  to  do 
with  purging  the  propulsion  systems,  and  adding  the  ordnance  work,  and  so 
forth,  to  the  overall  system  in  nrepa ration  for  the  launch  and  flnnlly  we  get 
down  to  the  point  where  we  are  in  the  actual  countdown  operations  that  start 
a couple  of  days  before  the  actual  launch  is  planned. 

After  the  launch  we  go  through  more  checkout  nitrations  in  each  of  these 
various  phases.  For  example,  in  the  Earth  parking,  orbit,  when  we  get  on  the 
Moon,  and  when  we  are  starting  back  into  the  reentry  phases,  and  so  forth. 
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Now,  again,  I r mid  like  to  einphusize  that  what  we  are  going  to  be  talking  about 
today  concerns  primarily  the  work  up  to  this  point  on  tbis  flow  diagram  through 
the  launch  phase  of  the  Apollo  mission. 

I would  like  to  take  Just  a moment  now  and  go  into  a little  more  detail  about 
what  would  happen  typically  at  this  stage  for  example,  of  the  checkous  pi'mess 
and  then  how  that  might  vary  as  we  get  closer  to  the  actunl  launch  time,  and  I 
am  f.  Ing  to  use  for  an  example  here  the  test  on  the  instrument  unit  In  par- 
ticular here,  when  we  look  at  the  Instrument  ui’ft  which  contains  the  guidance 
equipment  and  certain  communications  equipment,  and  so  forth,  we  will  1 >ok 
at  one  subsystem  that  would  be  called  a transponder.  At  this  particular  point 
n typical  test  on  a transponder  would  be  conducted  from  a manual  test  bench. 
The  transponder  would  be  mated  with  this  test  bench  and  certain  functional  tests 
would  be  performed.  The  typical  test  that  I have  in  mind  is  one  that  would  take 
16  minutes  for  twTo  men  operating  the  test  bench  to  perform.  They  would  meas- 
ure certain  things  to  see  that  this  transponder  w.ae  indeed  operating  as  a func- 
tional unit. 

Well  now,  as  this  instrument  unit  gets  mated  into  the  whole  system  it  is  no 
longer  very  convenient  to  conduct  the  test  on  that  basis  and  so  rather  than  to 
make  sure,  say,  after  3 or  6 or  7 weeks  after  that  initial  test,  to  make  sure  that 
that  transponder  in  still  operating  properly,  we  have  to  figure  out  some  better 
way  of  ascertaining  that  it  Is  in  an  operational  mode. 

Here,  then,  the  experts  that  understand  the  transponder  in  intricate  detail 
have  devised  whnt  are  called  a number  of  test  points  that  could  be  measured 
in  some  functional  way  to  ascertain  with  the  greatest  probability  that  If  the 
readings  on  those  test  points  are  right  then  the  whole  ranaponder  would,  indeed, 
be  working  properly. 

For  example,  we  might  choose  a test  point  that  would,  say,  measure  the  power 
supply  voltage  for  the  transponder  and  if  that  fell  within  certain  prescribed 
limits,  we  would  say  that  we  should  continue  In  the  preparation  of  the  count- 
down procedure  and  that  indeed  it  is  highly  likely,  very  close  to  certainty,  that 
everything  would  be  all  right  as  far  as  that  transponder  is  concerned  I want 
to  give  you  the  feel  here  that  we  have  to  go  from  tests  that  are  almost  certainty 
to  things  that  are  somewhat  less  than  certainty  because  of  the  time  element 
involved,  the  tremendous  complexity  of  the  system,  with  all  of  its  midions  of 
parts,  that  would  actually  preclude,  as  we  get  closer  and  clos'v  to  the  launch 
countdown,  repeating  these  tests  as  frequently  as  we  need  to  have  the  assurance 
that  we  are  In  a go  position. 

Now,  the  next  thing  that  we  are  going  to  look  at  Is  a little  bit  about  the  actual 
kind  of  details  of  these  tests  descriptions,  that  are  needed  to  plan  and  to  execute 
this  kind  of  a responsibility  In  the  whole  Apollo  program. 

What  we  are  going  to  do  here  (chart  5),  Is  to  look  at  a symbolic  chart  that 
indicates  the  procedures  and  tests  that  must  be  conducted. 

Now,  this  is  a hierarchial  chart  because  that  Is  what  checkout  Is  when  we 
look  at  all  of  the  tests  and  procedures.  You  have  looked  at  one  flow  diagram 
here  that  gives  the  overall  test  flow  and  checkout  flow  for  this  operation.  Now, 
I have  got  here  IDr.  Saline  picked  up  a book]  something  that  I don’t  expect  yon 
to  look  at  in  detail  but  I want  to  just  walk  you  through  this  thing  quickly 
because  it  will  give  you  the  kind  of  feeling  of  understanding  that  I think  you  are 
Interested  in.  This  particular  block  diagram,  If  you  will  just  look  at  it  here, 
is  effectively  a one-to-one  correspondence  with  that  big  diagram  I had  here. 

If,  for  example,  we  talk  about  the  instrument  unit  and  the  transponder  in 
particular  to  And  out  how  we  get  from  saying  we  want  to  test  something  func- 
tionally early  fn  the  checkout  game  to  what  Is  the  specific  test  that  is  conducted, 
we  take  this  particular  block  here  which  says  the  launch  vehicle  preassemhly 
and  assembly  flow  and  this  gives  a little  number.  It  happens  to  be  8.K.  1.10— 
that  isn’t  very  important.  The  point  is  here  that  one  block  becomes  blown  up 
into  another  stage  of  blocks.  We  can  then  look  into  another  block  here  and 
we  can  go  down  farther  into  the  detail  and  we  continue  as  we  go  farther  Into 
the  actual  hierarchy  of  the  testing  where  we  get  dowrn  to  the  (mint  where  we 
have  got  a word  description  that  says,  "transponder  test,"  and  It  gives  several 
steps  under  this. 

Now,  the  actual  description  that  comes  out  is  documented  at  that  level  of  the 
heirarchy.  A test  description  includes  what  actually  occurs,  what  are  the  con- 
ditions, an  estimate  of  the  time  involved  and  some  of  the  technical  details  that 
have  to  be  met  before  this  test  can  be  conducted. 

Mr.  Gurney.  I hare  a question. 

Dr.  Haline.  Yes,  sir. 
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CHART  6 


Mr.  Gurnet.  Are  these  charts  done  here  tc  Daytona  Beach  ? 

Dr.  Saline.  Yes  sir,  we  are  working  on  the  description  of  these  flows.  How- 
ever, a little  bit  later  in  my  presentation  I will  show  some  of  the  information 
flow  that  it  takes  to  derive  these  kind  of  charts.  I would  hasten  to  add,  also, 
that  we  are  just  getting  started  on  this  kind  of  work,  really.  We  will  end  up 
with  literally  many  volumes  of  this  kind  of  information  to  describe  all  of  the 
details  that  are  necessary  to  conduct  these  tests.  That  is  one  of  the  pieces  of 
work  that  we  are  doing. 

Mr.  Fulton  of  Pennsylvania.  Why  doesn’t  NASA  do  that  originally  as  an 
administrative  and  management  function? 

Dr.  Saline.  Why  doesn’t  NASA  do  that  originally? 

Mr.  Fulton  of  Pennsylvania.  Yes ; as  a management  function  on  their  own 
plannLig? 

Dr.  Saline.  They  are  contributing,  of  course,  very  heavily  to  this  kind  of 
work.  This  is  really  a Joint  process  between  NASA,  its  prime  contractors,  and 
ourselves.  For  example,  take  this  particular  unit  here,  this  transponder.  The 
prime  contractor  on  the  transponder,  just  like  the  prime  contractor  on  the 
space  vehicle,  must  be  the  technical  expert  who  says  if  we  measure  theae  points 
and  the  readings  come  out  right,  that  particular  part  of  the  overall  system  is  in 
a go  position. 


w i'whw 


C/O  TESTS 


“ZV&igSSfl 


rme/u  m wnern  Mit/sre/tf 


mzoo° 

-am  mTmutlOOO 


1964  NASA  AUTHORIZATION 


CHART  « 


We  don’t  believe  that  Genera!  Electric  or  any  other  organisation  could  be  the 
expert  to  determine  every  aspect  of  the  technical  detail  of  a system  of  this  kind. 
This  is  a joint  effort  that  Is  underway  and  we  are  the  ones  who  arc  documenting 
this  and  are  going  to  work  it  out  as  I will  show  here.  It  is  the  overall  program 
to  a.Y.'omplish  the  detailed  procedures  and  tests  that  are  necessary. 

I would  like  to  just  say  that  we  are  in  the  procecs  of  doing  tbit,  now.  It  is  our 
estimate  that  there  will  be  somewhere  in  the  order  of  2,000  or  more  of  this  kind 
of  descriptive  documents  to  detail  exactly  what  has  to  happen  along  the  way. 

Well,  now  ; I have  indicated  that  some  of  these  kinds  of  documents  are  to  use 
a manual  test  set,  for  example,  to  check  out  some  small  subsystems.  Well  now, 
as  we  go  farther  down  the  pike,  I indicated  that  we  had  to  have  more  specific 
test  points  that  could  be  checked  out  lu  lieu  of  the  opportunity  to  do  it  In  a more 
detailed  basis. 

It  is  our  estimate  now  (chart  0),  from  the  knowledge  that  we  have,  that  the 
number  of  total  test  points  that  are  going  to  be  needed  to  check  out  the  Apollo 
system  In  its  launch  operation  are  going  to  number  7,000.  They  will  be  roughly 
divided  as  follows:  1,400  in  the  spacecraft,  300  in  the  instrument  unit,  1,000, 
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1,100,  and  1,200  In  the  respective  stages  of  the  launch  vehicle,  and  abont  2,000  for 
the  supporting  subsystem  at  the  Merritt  Island  complex. 

I think  you  can  get  the  idea  that  what  is  necessary  here  is  a means  for  handling 
a great  deal  of  information  (chart  7).  We  are  sensing  information.  We  are 
communicating  it.  We  are  comparing  it,  we  are  storing  it  and  we  have  to  re- 
trieve it  We  have  to  manipulate  it  in  various  ways,  what  it  really  ends  up 
with  is  that  checkout  Is  a very  special  case  of  an  information  system. 

Well  now  then,  we  are  getting  a little  feel  at  this  point  in  our  discussion  this 
morning  about  what  the  overall  Job  of  checkout  is,  but  we  still  have  to  get  into 
how  it  is  really  going  to  be  accomplished. 
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CHART  7 

There  a re  four  design  goals  (chart  8)  for  the  checkout  of  the  Apollo  program. 
The  first  of  these,  of  course,  is  that  we  must  bave  accuracy  and  consistency 
of  results  as  we  proceed  through  the  checkout  process. 

Secondly,  we  must  provide  a means  for  rapidly  testing  and  evaluating  the  in- 
formation that  we  get  as  we  progrese  with  these  tests. 

The  third  is  that  we  must  provide  be  sic  growth  capability  and  flexibility  to 
meet  future  mission  requirements. 

Fourth,  we  must  have  early  experience  in  the  operational  environment  We 
know  what  we  are  trying  to  do  now.  We  know  some  of  the  design  goals.  We 
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CHART  8 

can  then  ask  ourselves : What  is  the  design  approach  that  Is  going  to  be  used  to 
implement  this  work? 

The  first  of  these  is  that  checkout  is  going  to  be  performed  in  an  integrated 
system  (chart  9).  We  are  not  going  to  have  one  kind  of  system  that  does  some- 

hPOLLO  cJo  DE9ICN  APPROACH 
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thing  for  spacecraft  and  then  something  else  that  does  something  almost  inde- 
pendently for  launch  vehicles  and  something  Independently  for  ground  support 
equipment.  What  we  are  going  to  do  is  to  have  an  integrated  launch  control 
and  checkout  system  and  this  Is  referred  to  generlcally  by  the  acronym  ILCC8 
and  If  I slip  in  using  that  It’s  because  it's  like  changing  the  color  of  my  eyes 
to  say  anything  else,  but  I will  try  to  refer  to  it  as  the  Integrated  launch  con- 
trol and  checkout  system. 

Now,  the  second  design  approach  is  that  we  are  going  to  use  an  automated, 
general  purpose  type  of  checkout  system  and  the  third  part  of  the  design  ap- 
proach is  that  we  are  going  to  provide  a backup  manual  mode  for  that  automated 
system. 

I want  to  give  you  a feel  now  for  what  this  IL008  is  going  to  consist  of.  I 
am  not  going  to  show  anything  that  Is  going  to  resemble  a great  big  detailed 
diagram  connecting  all  of  the  various  pieces  of  hardware  together  (chart  10). 
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CHART  10 

I am  going  to  explain  here,  though,  what  the  basic  building  block  is.  There  are 
various  ways  to  show  this  but  I think  this  will  be  one  that  will  be  meaningful 
and  helpful  to  you. 

First  of  all,  we  have  automatic  and  manual  control  functions  that  we  use  to 
initiate  the  checkout  operation.  We  send  a command  through  the  digital  data 
processer,  and  transmit  that  command  through  the  up-link  to  the  stimuli  gen- 
erators. The  stimuli  generators  cause  some  element  or  arrangement  of  elements 
in  the  operational  system  to  do  something.  You  may  measure  a voltage,  j -u  may 
test  a position  of  some  mechanical  linkage,  or  some  other  indication  of  that  kind. 
Whatever  happens  In  those  operational  elements  or  arrangement  of  elements  is 
detected  by  these  sensors. 

The  sensed  information  is  then  transmitted  through  tbe  down-link  to  receivers 
and  decoders  that  prepare  this  information  for  use  in  the  digital  data  processer. 

Now,  the  digital  data  processer  performs  some  arithmetic  manipulation,  it 
may  compare  this  information  with  the  previous  Information  and  best  it  to  find 


1984  NASA  AUTHORIZATION 


1297 


out  If  it  in  within  certain  limits.  Then  if  it  is  within  them'  certain  limits  either 
of  several  things  can.  happen.  If  it  is  in  an  automatic  mode  of  operation,  the 
system  may  say  go  on  to  the  next  step  in  your  sequence  of  operations  and  send 
some  other  commands  to  do  something  else,  and  so  forth.  If  it  is  in  a manual 
mode,  it  may  be  desirable  to  have  this  information  displayed  for  the  test  opera- 
tor so  that  he  can  get  a feel  for  what  is  happening  with  the  overall  performance 
and  readiness  of  this  system  or  it  may  be  that  both  of  these  things  occur 
simultaneously. 

Nevertheless,  we  can  get  the  feWing  here,  we  have  someone  in  command  that 
is  aking  questions  effectively  of  the  readiness  of  this  system  and  within  the 
planned  program  of  the  whole  system  we  can  then  proceed  with  the  inquiries 
and  the  information  that  we  need  to  assess  the  readiness  of  this  system. 

Now,  at  the  present  time,  we  ah?  at  the  state  in  the  description  of  the  IIXXJS, 
the  integrated  launch  control  and  checkout  system,  where  this  has  neen  fairly 
well  documented  in  a general  way.  I am  going  to  explain  to  you  what  this 
general  way  is. 

We  have  here  again  some  of  the  main  geographic  locations  (chart  1;).  The 
operations  and  checkout  building,  the  vertical  assembly  building,  the  launch 
control  center,  the  launch  pad,  and  certain  kinds  of  remote  facilities  that  are 
needed  at  Merritt  Island  for  the  overall  launch  preparation. 


ILCC  8 RELATED  FACILITIES  FOR  MILA 
CHART  11 

We  have  listed  and  put  down  various  groups  of  pieces  of  equipment  and,  when 
I talk  equipment  here,  I am  also  talking  about  certain  soft  ware  aspects,  and  the 
people  that  go  with  this  equipment.  I will  > talk  about  this  a little  bit  more  a 
little  later  in  the  presentation.  We  have  shown  these  groups  of  equipment  and 
have  related  them  one  to  the  other  and  have  described  them  in  a little  booklet 
that  we  call  the  integrated  launch  control  and  checkout  center  specifications 
although  really  it’s  more  of  a technical  description  than  a specification  at  its 
current  state  of  development. 

If  we  look  at  the  colors,  the  blue  area  on  the  chart  signifies  those  areas  that 
are  particularly  associated  with  the  spacecraft  checkout. 

For  example,  we  have  here  the  PA(TE  ground  station — PACE  is  an  acronym 
for  preflight  automatic  checkout  equipment — and  this  part  of  It  relates  particu- 
larly to  spacecraft.  Now,  the  other  blue  parts  that  you  see  here  are  related  pieces 
of  equipment  that  are  going  to  be  physically  located  in  the  launch  control  center. 

Still  you  will  see  other  bits  of  blue  that  are  out  on  the  launch  umbilical  tower 
and  that  are  In  some  of  these  remote  facilities  that  I alluded  to  earlier  in  the 
presentation. 

Now.  similarly  the  green  color  indicates  the  equipment  that  is  primarily  re- 
lated to  the  launch  vehicle  checkout.  The  red  equipment  is  that  most  closely 
associated  with  the  launch  operation  center  kind  of  activity.  The  yellow  outlines 
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indicate  that  kind  of  equipment  related  very  closely  to  but  not  a part  of  the 
ILCC8.  Now  to  approach  this  kind  of  a system  specification  requires  a great 
deal  of  infomiation  so  far  as  what  is  going  to  hap{>en,  what  has  happened,  what 
alre  some  of  the  design  g:wls,  what  is  the  overall  approach  that  I mentioned  to 
you  earlier.  To  arrive  at  this  kind  of  a description  or  specification  we  are  using 
both  a bottom-up  approach  and  a top-down  approach. 

Let  me  describe  what  I mean  by  that.  Already  NASA  and  other  contractors 
that  have  been  participating  in  various  space  programs  have  done  a great  deal 
of  work  and  have  developed  a great  deal  of  experience  in  this  kind  of  activity. 
We  are  building  on  the  work  that  has  already  been  accomplished  to  derive  what 
this  kind  of  a system  should  look  like  We  are  not  going  to  go  out  and  Invent 
a lot  of  new  ideas  that  have  not  been  tried  or  reinvent  old  ones.  We  are  not 
• going  to  go  out  and  try  to  theorize  about  what  an  ideal  system  would  look  like. 

The  time  constraint  and  urgency  of  the  program  do  not  permit  that  kind  of 
academic  luxury. 

On  the  other  hand,  we  are  not  Just  going  to  take  the  three  building  blocks, 
namely,  the  work  for  spacecraft,  the  work  for  launch  vehicles,  and  the  work  for 
the  launch  operation  center,  and  Just  set  them  side  by  side  and  say,  “We’ll  put 
them  down  there  and  that  is  the  way  it  will  go.”  This  is  where  the  top-down 
look  comes  from.  We  are  looking  at  it  as  an  overall  system,  also,  with  systems 
engineering  studies,  and  so  forth,  to  make  sure  that  we  are  getting  the  proper 
tradeoffs  wherever  appropriate  among  the  various  hardware  and  software  so 
that  they  are  related  together  in  a sensible,  reasonable,  manner  to  accomplish 
the  overall  Job  that  is  needed  for  Apollo  checkout  in  an  economic  and  timely 
manner. 

For  example,  one  of  the  kinds  of  specific  pieces  of  work  that  you  may  be  in- 
terested in  is  an  effectiveness  model  that  we  are  deriving  here  in  Daytona 
Beach  for  the  overall  integrated  launch  control  and  checkout  system.  This  effec- 
tiveness model  depc-ribes  this  particular  system  from  the  mathematical  and 
logical  viewpoint  in  the  precise  ways  that  all  of  this  equipment  and  the  actual 
procedures  and  methodology  and  people  relate  together  to  achieve  the  checkout 
objectives. 

That  is  whit  we  are  going  to  use  this  model  for  after  It  becomes  developed  and 
It  is  another  one  of  these  things  that  is  getting  underway  in  good  shape. 

We  don’t  have  the  total  model  written  by  any  manner  of  means.  We  are  still 
a ways  off.  What  we  are  going  to  be  able  to  use  this  for  is  to  assess  the  validity 
of  certain  trade  off  and  the  effectiveness  of  the  overall  performance  of  the  check- 
out system. 

Well  now,  up  to  this  point  we  have  been  describing  essentially  what  the  Apollo 
checkout  program  is,  from  the  viewpoint  of  our  company  at  any  rate,  and  this  is 
basic  general  information,  to  give  you  a feel  for  what  our  overall  sphere  of  check- 
out activity  Ir. 

Specifically,  General  Electric's  role  as  far  as  checkout  is  concerned  (chart  12) 
is  to  supply  Iht  design,  fabrication,  installation,  maintenance  and  operation,  and 
logistic  provisioning  for  the  integrated  launch  control  and  checkout  system  at 
the  Merritt  Island  launch  area  and  for  the  integrated  launch  control  and  check- 
out system-related  equipments  at  contractors  plants. 

Now,  what  I am  going  to  do  is  to  tell  you  about  what  this  entails  in  the  way  of 
specific  work  and  outputs. 

Mr.  Roupebush.  Before  you  leave  that  I would  like  to  ask  a question.  Who 
originally  determined  the  need  and  method  of  checkout  incorporated  in  a vertical 
assembly  building?  Was  that  your  suggestion  to  NASA? 

Dr.  Saline.  That  actually  was  derived  by  NASA  and  was  set  down  as  a gen- 
eral guideline  for  the  approach  to  checkout. 

Mr.  Roupebush.  Did  you  develop  it  after  you  received  the  general  guideline? 

Dr.  Saline.  Yes,  sir.  The  general  guideline  came  from  NASA. 

Mr.  Roudebdsh.  Then  the  design  of  the  building  and  the  need  for  the  building 
was  your  suggestion? 

Dr.  Saline.  No,  we  had  nothing  to  do  with  the  design  of  the  facility  at  Merritt 
Island 

Mr.  Roudejubh.  I was  speaking  of  the  test  facility. 
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Dr.  Saline.  Not  of  the  test  facility  either ; no.  We  have  not  contributed  to  that 
work.  I think  you  can  get  an  idea  from  this  particular  chart  (chart  13)  about 
the  tangibility  of  checkout  system  for  Apollo  program.  This  is  our  best  estimate 
at  this  stage  of  the  program  as  to  the  actual  hardware  that  is  going  to  be  required 
to  implement  the  integrated  launch  control  and  checkout  system. 

The  total  number  of  cabinets  is  4,150.  Let  me  describe  to  you  what  we  mean 
by  a cabinet.  We  have  chosen  to  describe  this  in  the  terms  of  an  equivalent 
cabinet,  when  obviously  there  are  many  kinds  of  electronic  cabinets  used.  We 
have  chosen  as  a basic  unit  of  measure  a typical  19-ineh-wide,  0-foot-high  relay 
rack  that  Is  full  of  electronic  gear,  instrumentation,  and  recording  apparatus  of 
the  typical  kind  that  we  have  been  using.  This  varies  anywhere  from  large  screen 
displays  down  to  consoles  that  operators  actually  use  to  control  the  system  and 
operate  the  system  to  the  actual  racks  of  the  kind  that  I have  described. 

I would  like  to  mention  very  briefly  where  we  are  at  the  present  time  in  each  of 
these  main  areas  of  work. 

We  currently  have  underway  in  the  spacecraft  area  the  engineering  work  for 
the  PACE  system.  This  is  the  preflight  automatic  checkout  equipment.  We  have 
the  engineering  work  well  underway,  and  we  are  currently  expecting  the  go-ahead 
on  certain  parts  of  the  hardware  procurement  sometime  within  the  next  2 or  4 
weeks.  As  you  walked  through  the  building  coming  here  you  might  have  noticed 
an  empty  floor.  It  looks  empty  as  far  as  actual  in-line  production  is  concerned, 
and  this  is  correct.  We  moved  into  this  building  less  than  a month  and  a half  ago 
and  we  are  currently  in  the  state  of  setting  up  the  factory  so  that  we  can  start 
the  actual  production  of  this  gear  in  very  short  order. 

In  the  launch  area,  we  are  currently  writing  a detailed  program  plan  which 
will  describe  the  overall  approach  to  the  launch  vehicle  checkout  area  includ- 
ing the  fabrication  plans,  the  design  plans  and  all  the  other  kind  of  supporting 
activities. 

In  the  launch  operation  center,  we  expect  that  we  will  be  starting  to  write  our 
program  plan  within  the  next  2 months  and  as  you  notice  here,  I mentioned  con- 
tractors’ plants.  Some  of  this  equipment  comes  out  of  these  spacecraft  areas 
and  other  areas;  It  is  related  functionally  and  actually  physically  very  strong- 
ly to  the  same  equipment  that  we  are  designing  and  fabricating  for  the  Merritt 
Island  complex. 
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ESTIMATED  CM  CABINET  COUNT 

s/C  c/0  .450 

(3  STATIONS  AND  PFLATEP  (ROUPS) 

L/V  /3Q0 

(4  FIRING  ROOMS  HUCC,  5 LUTS) 


LOC 

(VAB,  4 CONTROL  ROOMS  IN  ICC, 
5 LUTS,  3 RAPS,  OTHER 
RELATED  EQUIPMENT  ) 

PULA 

CONTRACTORS  PLANTS 


6mU  TOTAL 
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The  grand  total  of  this  <d  of  equipment  Is  over  4,000  cabinets.  To  give  you 
an  idea  of  something  that  might  be  representative  of  the  type  of  things  that  we 
are  going  to  be  doing,  this  is  at  least  symbolic  of  it  (chart  14).  I think  that 
all  of  you  have  been  exposed  to  this  kind  of  control  In  blockhouses  and  o forth. 
This  happens  to  be  an  artist’s  conception  of  a launch  control  center.  vVe  have 
large-screen  displays.  There  are  consoles,  there  are  computer  controls,  and  you'll 
see,  off  at  the  side,  banks  of  electronic  gear  and  this  Is  the  kind  of  equipment 
that  we  will  be  designing  and  fabricating  here. 

Some  people  may  regard  it.  as  somewhat  Intangible;  I hardly  regard  It  as  that, 
when  I think  of  the  number  of  racks  and  the  kind  of  facilities,  that  we  are  talk- 
ing about 

Mr.  Rieiilman.  May  I ask  a question,  please? 

Dr.  Saline.  Certainly,  sir. 

Mr.  Rikhlman.  There  Is  a lot  of  equipment  displayed  there  that  looks  quite 
s»  nilar  to  the  equipment  that  is  presently  being  used  for  this  purpose.  Will 
there  be  any  duplication  of  the  type  of  equipment  that  is  already  available? 

Dr.  Saline.  I would  hesitate  to  say  that  there  won’t  be  some  duplication  be- 
cause to  run  a complex  of  the  Cape  Canaveral  variety  one  must  have  some  dupli- 
cation of  equipment.  Let  me  hasten  to  say  that  there  is  going  to  be  a minimum 
amount  of  reinventing  the  wheel,  however.  We  are  not  Just  going  to  put  in  a lot 
of  equipment  In  each  site  for  the  sake  of  the  equipment.  This  is  part  of  the 
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trade-offs  that  have  to  be  studied  that  relate  to  launch  schedules  and  plan  and  use 
of  the  equipment  and  so  forth. 

Mr.  Riehlman.  Well,  Isn’t  there  already  equipment  available  to  carry  out 
this  type  of  program? 

Dr.  Saline  You  mean  available  down  at  the  cape,  for  example? 

Mr.  Riehlman.  Yes;  has  some  other  company  already  designed  this  type  of 
equipment? 

Mr.  Teague.  Would  It  get  to  the  heart  of  your  question  If  he  told  us  what 
will  be  the  difference? 

Mr.  Riehlman.  That  is  a better  way  to  put  it. 

Mr.  Teague.  We  fired  a Saturn  yesterday.  Surely  the  same  work  was  done 
for  the  checkout  on  that  Saturn.  What  will  be  the  difference  when  you.  are  ac- 
tually operating;  what  happens  in  the  future,  and  what  happened  on  tbe  Saturn 
yesterday  ? Would  that  be  your  question  ? 

Mr.  Riehlman.  That  would  be  about  it. 

Dr.  Saline.  I will  take  a stab  at  this  although  1 will  hasten  to  add  I am  not 
an  expert  on  the  checkout  equipment  that  was  used  for  the  Saturn  flight. 

Mr.  Teague  I was  thinking  not  of  the  equipment  but  who  did  the  work? 
Who  did  the  work  on  the  Saturn  yesterday,  and  when  you  really  become  opera- 
tive who  Is  going  to  do  the  work?  Obviously  you  will  but  what  will  happen  to 
the  checkout  system  that  was  used  on  the  Saturn  yesterday? 

I)r.  Saline  I believe  that  a lot  of  the  checkout  equipment  that  was  used 
on  the  Saturn  yesterday  was  fabricated  within  the  facility  of  MSFC  at  Hunts- 
ville. 

Mr.  Teague  I am  not  as  interested  in  the  equipment  as  who  d.d  the  work. 
When  General  Electric  begins  operating,  you  will  do  the  work  that  someone 
else  did  on  the  checkout  yesterday,  either  NASA,  a private  contractor,  or 

Dr.  Saline  You  say  you  are  not  interested  in  the  equipment.  Do  you  mean 
operating  the  equipment  then? 

Mr.  Teague.  Yes,  sir.  Who  doee  the  work? 

Di.  Saline.  The  actual  operation  of  the  equipment  will  be  done  by  NASA 
as  far  as  the  responsibility  for  making  the  decision  that  the  system  is  ready 
to  go.  Now,  General  Electric  will  provide  in  this  whole  area  maintenance  people 
and  operators  to  work  at  NA8A’s  direction  on  our  portion  of  tbe  equipment. 

Mr.  Teague  In  other  words,  NASA  wi.l  use  equipment  that  General  Electric 
has  created,  and  will  use  your  people  in  that  blockhouse  to  whatever  degree 
ne**essary  to  check  out  the  Saturns  of  the  future? 

Dr.  Saline  What  do  you  mean  by  “future”? 
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>Jr.  'Teague.  I mean  when  General  Electric  really  gets  Into  It 

Dr.  8a  line.  When  we  get  Into  it — I will  hasten  to  add,  though,  that  It  is  my 
understanding  that  the  plan  is  that  the  people  sitting  at  the  test  consoles  and 
operating  and  managing  that  actual  checkout  procedure  will  be  NASA  per- 
sonnel, they  will  not  be  our  personnel. 

Mr.  Waqoonner.  NASA  personnel  that  will  be  following  your  prescribed  pro- 
cedures as  given  to  you  In  detail  by  the  subco'itractors  that  provided  the  overall 
integral  part  of  the  program  ? 

Dr.  Saline.  This  is  right.  This  is  a Joint  program*  to  develop  what  ftose 
procedures  are. 

Mr.  Roudebush.  At  this  stage  of  the  game,  do  you  anticipate  being  able  to 
use  some  of  the  equipment  already  on  hand  at  Cape  Canaveral  for  checkout? 

Dr.  Saijne.  I would  doubt  very  much  that  we  will  be  physically  able  to 
use  very  much  of  the  equipment  that  you  can  see  down  at  Cane  Canaveral 
today. 

Mr.  Roudebush.  Why? 

Dr.  Saunl  Because  I don’t  believe  it  will  meet  the  requirements  of  this 
system  to  accomplish  the  actual  checkout  procedures  in  the  right  time  frame 
of  reference  and  because  much  of  the  checkout  equipment  that  is  down  there 
today  I believe  is  a lot  more  special  purposed  than  what  we  need  to  accomplish 
this  mission. 

Mr.  Roudebush.  lias  any  thought  been  given  to  redesigning  the  checkout  so 
that  we  could  utilize  some  of  the  equipment  that  we  already  have  on  hand? 

Dr.  Saline.  There  has  been  much  thought  given  to  this  but  the  actual  degree 
of  automaticity,  for  example,  of  the  checkout  equipment  that  is  down  at  the 
cape  right  now  is  not  sufficient  to  meet  the  degree  of  automation  that  we 
visualize  necessary  at  this  time. 

Dr.  Shea.  Mr.  Roudebush,  if  I could  interject  a word. 

Mr.  Roudebush.  Yes,  go  ahead. 

Dr.  Shea.  The  checkout  equipment  at  NASA  complex  No.  34 — I think  that  is 
where  you  were  yesterday? 

Mr.  Roudebush.  Right. 

Dr.  Shea.  And  that  at  complex  No.  37  are  not  specifically  part  of  the  GE 
contracts.  Those  facilities,  however,  will  continue  in  existence  after  the  Apollo 
program  has  started.  They  will  be  launching  either  the  C-l  or  the  D-I  launch 
vehicle  and  all  of  thut  equipment  that  is  peculiar  to  the  Saturn  I program,  the 
Saturn  1-D  program  and  particularly  the  Saturn  V will  continue  in  existence. 

Now,  obviously  there  are  detailed  changes  between  the  equipment  used  to 
check  out  Saturn  I and  the  equipment  used  to  check  out  Saturn  V and  the 
changes  exist  both  In  the  drawings  themselves,  which  is  the  design  of  the 
circuits,  and  in  the  overall  approach  where  we  are  really  evolving  from  a manual 
type  of  approach  that  we  had  on  Saturn  I to  the  automatic  approach  that  Dr. 
Saline  has  been  describing  as  used  on  Saturn  V. 

Mr.  Teague.  Doctor,  you  are  saying  we  are  going  from  the  Pord-type  checkout 
system  to  the  Cadillac  system? 

Dr.  Saline.  I don’t  like  to  think  of  It  in  that  way,  sir.  I like  to  think  that  both 
provide  adequate  means  of  transportation,  to  use  your  analogy.  I think  of  It 
as  Instead  of  using  a Ford  to  get  from  here  to  there  I must  use  something  like 
a jet  aircraft  because  the  distance  is  a lot  greater  and  the  time  constraint  in 
which  I have  to  get  from  hero  to  there  is  a lot  different.  Both  ways  have  their 
very  appropriate  applications  but  in  the  3l>plicatlon  here  It  must  be  recognized 
that  we  are  not  just  designing  something  that  is  fun  to  do,  although  it  has  been 
a lot  of  fun  I can  assure  you  because  it  Is  a very  challenging  program.  But 
from  our  l?st  technical  judgment,  this  Is  absolutely  necessary  if  this  program  is 
going  to  go. 

Mr.  Fulton  of  Pennsylvania.  Could  I comment?  Isn’t  the  General  Electric 
Co.  becoming  systems  manager  for  tue  Saturn  and  not  Juat  doing  the  checkout 
and  inapectlon  work.  You  are  really  operating  and  putting  systems  together? 

Dr.  Saijne.  I have  to  answer  that  question  in  two  levels.  If  you  are  talking 
about  systems  manager  for  the  Apollc  system,  the  answer  Is  negative.  General 
Electric  is  not  in  the  role  of  being  systems  manager  for  that  kind  of  activity.  On 
the  other  hand,  I will  answer  that  for  the  Implementation,  and  that  Includes  the 
design,  fabrication,  installation,  and  these  other  things  to  meet  the  requirements 
that  NASA  has  Imposed  on  us  in  the  system  performance  specification  that  they 
have  given  us,  General  Electric  has  indeed  that  responsibility  aa  systems 
manager. 
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Mr.  Fulton  of  Pennsylvania.  Then  why  shouldn't  your  employees  operate  the 
panels  and  the  equipment  at  the  time  of  launch?  Why  is  there  the  division  of 
responsibility  If  you  are  doing  all  of  this  other  work  right  with  NASA  as  a 

partner? 

I)r.  Saline.  I think  that  that  is  a question  that  NASA  has  to  decide.  They 
are  the  overall  system  manager  for  the  Apollo  program  and  whenever  one 
approaches  a complex  problem  of  this  kind,  it  is  customary  to  divide  the  work 
into  various  discrete  packages  that  the  systems  manager  can  handle  and  they 
have  chosen  to  divide  it  up  In  this  way. 

I personally  would  concur  wholeheartedly  that,  as  the  overa11  ystems  man- 
agers for  Apollo,  NA8A  should  reserve  that  particular  operate*  responsibility 
for  itself. 

Mr.  Fulton  of  Pennsylvania.  Why  shouldn't  GE,  at  the  time  of  launch,  merely 
move  into  an  Inflection  level  so  that  it  can  certify  that  everything  is  ready  for 
operation,  rather  than  be  sitting  up  .here  with  another  steering  wheel  In  the 
automobile? 

Dr.  Saline.  I don’t  unri^'  tand  your  analogy,  sir. 

Mr.  Fulton  of  Penr  «yivan!a.  Well,  obviously  you  are  taking  an  effective  part 
at  the  time  of  ljunen  by  supplying  the  checkout,  and  actually  participating  with 
NASA  employees  who  are  operating  the  panels  and  equipment.  It  would  seem  to 
be  mud.  more  of  a partnership  than  if  you  were  in  a position  of  Inspection. 

Dr.  Saline.  What  do  you  mean  by  inspection?  I am  afraid  I don’t  understand 
tho  role  of  inspection  that  you  refer  to  as  you  go  Into  the  countdown  phase. 

Mr.  Fulton  of  Pennsylvania.  Well,  didn’t  you  previously  have  to  Inspect  for 
reliability? 

Dr.  Saline.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  You  had  to  inspect  to  get  the  merchantability 
for  the  particular  use  to  which  the  equipment  was  to  be  put,  as  well  as  to  Its 
usability  over  a certain  period. 

Dr.  Saline.  Yes 

Mr.  Fulton  of  Pennsylvania.  Likewise,  General  Eleetric  had  to  inspect  to  see 
that  the  costs  are  within  reason  to  protect  the  American  taxpayer;  that  there 
is  no  overlapping  or  duplication  : that  the  systems  are  well  integrated,  efficient, 
and  reliable.  When  you  come  to  the  launch  GE  is  also  there  operating  the 
panels,  and  operating  checkout  equipment  together  with  NASA  employees  which 
is  a divlsiou  of  management.  My  question  was,  Should  there  be  this  divided 
management  at  the  time  of  launch  ? 

We  have  had  some  experience  on  the  Atlas-Agena  where  there  has  been 
divided  management  between  the  Air  Force  and  NASA,  and  they  have  had  some 
failures.  It  seems  that  where  there  is  direct  resiKuislKlity  and  single  manage- 
ment, there  are  often  bette;  results. 

Dr.  Saline.  Yes,  sir. 

Mr.  Fulton  of  Pennsylvania.  That  is  my  question : Should  there  be  a single 
manager  at  time  of  launch  so  that  your  function  is  dearly  defined  in  respect 
to  NASA? 

Mr.  Subtle*.  May  I try  that  from  an  overall  vantage  point  for  Congressman 
Fulton  ? 

What  we  are  providing  NASA  in  this  case  is  a tool,  a very  complex  tool, 
which  they  will  use  and  operate.  After  we  have  furnished  that  tool,  our  ,wr- 
ticipation  In  Its  use  will  be  in  the  role  of  a repairman,  If  you  will,  to  say  that 
If  It.  Is  not  <>|>erating  projierly  these  are  the  things  that  an*  not  properly  operat- 
ing as  relates  to  our  tool  alone.  But  the  management  of  the  single,  overall 
system  must  he  retained  by  NASA  and  we  are  simply  servants  of  them  during 
this  countdown.  So  that  If  something  in  the  checkout  system  is  not  functioning 
properly  our  people  are  available  to  say,  “When  these  kinds  of  symptoms  develop, 
then  this  is  the  ixart  that  should  be  modified.”  But  when  the  data  shows  the 
total  system  has  certain  tolerances,  NASA  must  make  the  management  decisions 
as  to  the  probability  <>f  success  of  the  total  mission.  You  can’t  split  that  man- 
agement responsibility. 

Mr.  WAoooNNFi.  Your  people  are  available  under  the  same  circumstances  In 
the  overall  program,  for  example,  that  IBM  personnel  would  be  available  to  you 
In  the  Instrument  program  at  the  checkout  period? 

Mr.  Shetlia:.  That  Is  precisely  rigd 

Mr.  Fulton  of  Pennsylvania.  You  are  replacing  the  present  system  of  check- 
out whereby  certain  contractors  are  there  with  their  people  checking  out  indi- 
vidually. You  have  the  sole  responsibility? 


1304 


1964  NASA  AUTHORIZATION 


Mr.  Sheti.er.  Yes,  I think  one  of  the  things  we  have  to  look  at,  is  that  the 
current  system  we  Hre  talking  about  is,  in  contrast  to  the  total  program,  a very 
small  piece.  It  looks  big  and  it  does  many  complex  things,  but  when  you  begin 
to  stack  all  of  the  Apollo  system  elements  up  and  put  a man-rated  capsule  on 
top,  then  you  have  a requirement  to  be  able  to  look  at  the  whole,  a very  complex 
whole.  The  reason  for  doing  an  Integrated  checkout  system  is  so  that  you  can 
do  It — look  at  it — in  a timely  fashion.  If  you  were  to  do  each  one  of  these 
pieces  a:;  they  are  now  being  done,  and  they  are  being  done  well,  each  Hingle 
piece  as  a nonintegrated  piece,  you  probably  could  never  walk  down  this  road 
iu  « predictable  fashion. 

Mr.  FVi.ton  of  Pennsylvania.  What  Is  your  relation  to  the  individual  con- 
t ractor  whose  system  you  are  working  on  V 

Mr.  Kikki.man.  Before  we  get  away  from  this  I waut  to  get  back  to  that 
chart  ami  clarify  my  position.  The  one  down  here  that  you  have  on  the  floor 
[indicating  chart  14]. 

You  showed  us  a picture  of  all  of  the  new  types  of  equipment  that  are  going 
to  be  used,  and  you  referred  previously  to  4,100  different  types  of  cabinets. 

Dr.  Saijne.  I didn’t  say  “different  types  of  cabinets.” 

Mr.  Rikiii.man.  All  right,  then,  cabinets. 

Now,  the  point  that  I want  to  make  is,  are  you  following  this  type  of  equip- 
ment to  make  sure  that  you  are  not  designing  new  Ui  equipment  when  equip- 
ment Is  already  available  to  carry  out  this  type  of  responsibility? 

Dr.  Samne.  This,  of  course,  Is  part  of  our  responsibility.  There  are  a num- 
ber of  considerations  that  have  to  be  taken  Into  the  overall  evaluation  of  this 
thing.  For  example,  there  is  cost,  there  is  delivery,  there  is  the  maintainability, 
there  Is  the  reliability  of  the  equipment,  and  so  forth.  There  are  many  con- 
siderations that  go  into  a decision  that  one  should  buy  from  company  A or 
company  B or  make  it  in  General  Electric  because  it  would  be  better  for  the 
program  to  do  so. 

Mr.  Shetixe.  I think  that  Linde  Is  hitting  at  the  nub  of  the  problem  that  you 
suggested.  There  are  really  two  steps  In  this  approach.  One  Is  after  the  system 
is  designed  in  raw  detail,  and  there  are  4,100  cabinets,  let’s  say,  as  an  example. 
Each  one  of  these  cabinets  has  certain  panels.  When  you  describe  those  panels 
you  have  to  make  a decision.  Are  those  panels  available  in  previous  space  work, 
in  complete  detail?  If  th«y  are  you  make  the  decision  to  use  those  previous 
things  because  you  have  a reliability  history  on  them,  or  you  make  a decision 
not  to  use  them  because  the  reliability  history  has  been  inadequate.  Many  of 
these  things  will  become  then  what  we  call  off-the-shelf  components  or  off-the- 
shelf  cabinets.  It  is  simply  that  time,  money,  and  availability  of  technical 
manpower  would  not  i>ermit  you  to  redesign  the  whole  system,  nor  would  It  be 
good  judgment  to  do  that.  Then,  when  you  decide  that  this  is  an  off-the-shelf 
item,  you  have  to  make  the  next  decision  as  to  whether  you  buy  it  from  the 
source  that  has  it  on  the  shelf.  Many  times  these  off-the-shelf  items  can  be 
available  from  two  or  three  different  sources  and  as  part  of  our  responsibility 
we  must  necessarily  have  competition  to  see  who  can  furnish  it  most  reliably  and 
most  economically. 

Mr.  Riehlman.  And  that  is  your  responsibility? 

Mr.  Sheti.er.  Yes,  sir. 

Now,  I must  add  one  other  thing  as  is  normal  in  all  our  contracts  with  the 
Government.  We  have  a Government  agency  sitting  over  us.  Before  we  place  a 
contract  with  some  outside  supplier,  there  are  usually  fixed  requirements,  for 
all  purchases  over  x dollars  which  must  be  not  only  justified  by  us  as  to  the 
supplier — that  we  have  indeed  made  a source  evaluation  on  these  points  that  I 
have  mentioned — but  before  we  actually  place  the  contract  the  agency  for  which 
we  are  prime  contractor  signs  off,  indicating  that  indeed  we  have  been  diligent 
in  this  matter. 

There  is  a two-step  approach  there  which  protects  the  interests  of  the  Gov- 
ernment. 

Mr.  Riehlman.  Mr.  Chairman.  I think  that  this  is  very  Important  because 
we  are  going  to  be  faced  with  the  responsibility  of  furnishing  the  money  for 
these  programs.  We  frequently  herr  that  there  is  a great  possibility  of  dupli- 
cation of  equipment  and  effort  on  the  part  of  NASA  contractors.  In  a project 
as  costly  as  this,  our  committee  should  be  well  Informed  that  there  isn’t  a lot 
of  duplication.  We  must  assure  ourselves  that  there  is  coordination  in  the 
procurement  of  equipment,  and  that  new  equipment  is  uot  designed  unless  It 
is  absolutely  necessary. 
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Mr.  Shetler.  A great  share  of  oar  design  effort  Is  spent  in  looking  at  the 
state  of  the  art  and  the  availability  of  exi  ting  equipment.  I think  In  as  vast 
a program  as  this  you  simply  cannot  afford  either  on  a time  basis,  as  Linde  says, 
to  reinvent  the  wheel  or  not  use  what  Is  available  and  what  fits  both  reliability 
and  economic  standards. 

As  I aaid,  there  is  a two-step  approach  to  Insure  that  we  are  properly  imple- 
menting our  responsibilities  and  this  Is  one  of  the  things  that  we  watch  very, 
very  carefully.  Design  people  being  what  they  are,  people  being  what  they  are, 
we  have  a very  diligent  program  to  do  that  We  have  a “make  or  buy”  structure 
with  NASA  looking  over  our  shoulder  to  make  sure  that  we  are  in  order. 

Mr.  Gurney.  How  do  you  know  that  something  hasn’t  been  done  before  in  the 
way  of  an  idea  or  a piece  of  equipment? 

Mr.  Shetler.  This  is  a very  good  question,  because  no  matter  how  you  answer 
it  you  may  get  into  trouble.  It  is  difficult  to  get  enough  knowledge  of  what  has 
been  done.  But  I must  say  this.  With  hardware  it  is  less  difficult  to  determine 
what  has  been  done,  but  the  ideas  that  are  in  peoples’s  minds  are  somewhat  more 
difficult  to  uncover.  We  have  tried  to  solve  this  problem.  In  this  case,  we  tried 
to  solve  this  problem  by  getting  a very  broad  cross-section  of  people  in  the 
company  who  have  been,  over  many  years,  involved  in  space  and  weapons  pro- 
grams, if  you  will,  missile  programs,  to  be  sure  we  have  a vital  and  up-to-date 
technical  base. 

I feel  that  it  stands  on  the  people  and  we  have  the  quality  of  people  to  be  sure 
that  we  are  Indeed  up  to  date.  I don't  think  we  are  behind. 

Mr.  Riehlman.  Let  me  ask  just  owe  more  question,  Mr.  Chairman.  I think 
this  will  clarify  it  for  myself  and,  I hope,  for  the  committee. 

When  you  make  a decision  that  new  equipment  must  be  designed,  NASA  still 
has  an  opportunity  to  take  a look  at  that  before  you  go  ahead ; is  that  correct? 

Mr.  Shetler.  Oh,  yes,  indeed. 

Mr.  Riehi.man.  Aud  NASA  can  make  a final  decision  and  judgment  as  to 
whether  or  not  it  is  proper? 

Mr.  Subtler.  Yes,  I must  sp.y  that  we  don’t  bring  these  problems  lightly  un 
considered  to  NASA’s  attention.  In  the  organizational  hierarchy  we  review  this 
very  carefully  as  we  go  up  the  line  before  we  come  to  the  requirements  view- 
point as  to  whether  a new  piece  and  a new  design  is  required. 

Mr.  Fulton  of  Pennsylvania.  With  your  later  description,  of  your  activities 
and  resiiousibllity,  Mr.  Shetler,  it  strikes  me  that  this  is  a contract  with  tre- 
mendous responsibilities  and  not  just  a supply  of  IBM  equipment  type  of  thing. 

Mr.  Shetler.  I know  that. 

Mr.  Fulton  of  Pennsylvania.  I would  respectfully  disagree  with  that  particu- 
lar statement.  Could  I ask  you  this : Who  in  NASA  checks  you  to  see  that  you 
are  dong  a good  job? 

Mr.  Subtler.  It  is  the  Office  Manned  Space  Flight  that  has  the  responsibil- 
ity to  make  sure  that  we  are  fulfilling  our  contract  competently. 

Mr.  Fulton  of  Pennsylvania.  Does  NASA  have  liaison  method  to  oversee  you, 
or  how  does  NASA  do  it? 

Mr.  Shetler.  Yes,  they  have.  I wouldn’t  call  it  a liaison  arrangement.  They 
have  a contractual  control  over  us  I consider  liaison  control  one  without  basic 
authority.  The  Office  of  Manned  Space  Flight  has  set  up  an  organization  to 
review  our  programs  to  insure  we  do  what  is  necessary,  in  time  and  economically 
for  the  total  integrated  launch  control  and  checkout  system. 

Mr.  Fulton  of  Pennsylvania.  As  general  manager  of  Commands  System  Divi- 
sion of  General  Electric,  w’ho  is  your  counterpart  in  NASA? 

Mr.  Shetler.  My  counterpart  in  NASA  would  be  Joe  Shea.  The  man  who  is 
the  opposite  number  of  Jack  Records  would  be  Jim  Sloan  wbo  is  here  this 
morning. 

Mr.  FVlton  of  Pennsylvania.  And  their  titles? 

Mr.  Teague.  They  are  already  in  the  record. 

Mr.  Gurney.  Let  me  ask  you  one  other  question.  I understand  there  is  some- 
thing called  ASTIA,  which  is  sort  of  a bank  or  a library  of  technical  informa- 
tion. Do  you  use  this  at  all? 

Mr.  Shetler.  Yes,  indeed. 

Could  I call  on  Henry  Lehmann?  Henry,  would  you  give  the  best  answer 
as  to  our  use  of  ASTIA  ? 

Mr.  Lehmann  ASTIA  is  the  basic  Government  (armed  services)  technical 
library  service  which  we  call  on  very  heavily.  It  is  utilized  by  both  Govern- 
ment and  industry  in  this  program.  We  are  on  the  mailing  list  and  we  receive 
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automatic  distribution  of  much  information  and  we  uise  It  aa  well  for  specific 
requests  for  official  documents. 

Mr.  Roudbbush.  Mr.  Chairman,  can  I ask  one  other  question? 

We  are  being  asked  to  authorise  many  millions  of  dollars  for  construction  of 
new  facilities  and  the  purchase  of  various  types  of  test  equipment,  and  so  forth. 
If  during  your  studies  you  determined  that  some  of  these  things  could  be  rede- 
signed or  integrated  thereby  making  some  of  this  construction  unnecessary,  do 
you  feel  free  to  report  this  to  NASA? 

Mr.  Shictler.  We  certainly  would. 

Mr.  Rouobbush.  Do  you  anticipate  that  some  of  the  systems  that  you  have 
outlined  can  be  redesigned  or  integrated?  Do  you  anticipate  finding  some  short- 
cuts of  testing  and  checkout? 

Dr.  Saline.  Our  continuing  goal  in  checkout  is  not  to  expand  the  number  of  test 
points,  for  example,  that  are  necessary  to  carry  this  out.  We  hope  that  the  sys- 
tems engineering  studies  may  be  able  to  show  us  where  we  need  fewer  test  points. 
I don’t  believe  I can  stand  here  today,  sir,  and  tell  you  that  there  are  dramatic 
cost  savings  that  we  are  going  to  propose,  and  I can’t  say  that  there  are  not  going 
to  be.  We  are  still  in  the  stage  of  the  program  where  we  are  formulating  our 
technical  approach  and  our  technical  studies  and  we  are  continually  trying  to 
simplify  the  overall  system  which  would  then,  of  course,  if  we  achieve*  true  sim- 
plification, cause  certain  cost  savings. 

Mr.  Roumebush.  It  looks  as  if  one  of  our  big  problems  is  that  to  many  of  these 
things  require  a long  leadtimo  such  as  the  construction-  of  facilities.  One  of  the 
difficulties  is  to  make  these  discoveries  and  shortcuts  in  time  so  that  maybe  we 
can  reprogram  and  change  some  of  those? 

Dr.  Saline.  ThiB  is  part  of  the  basic  design  of  the  kind  of  system  that  we  are 
contemplating  here.  If  we  were  designing  what  I will  call  a special  purpose  sys- 
tem that  is  only  good  for  checking  out  the  second  stage  of  the  launch  vehicle, 
we  might  have  real  problems  if  the  launch  vehicle  people  discovered,  something 
a little  bit  later  on  that  had  to  be  modified.  This  is  one  of  our  reasons  for  ap- 
proaching it  in  the  general  purpose  way.  So  that  It  will  have  the  inherent  flexi- 
bility to  meet  such  changes  as  would  develop  as  the  program  matures. 

Mr.  Teague.  Mr.  Shctlcr,  how  far  are  we  behind  schedule? 

Mr.  Subtler.  On  this  morning’s  meeting,  we  are  a half  hour  behind. 

Mr.  Teaoue.  It  is  a most  interesting  meeting.  I wish  we  had  all  day,  but  I 
think  the  members  should  restrict  their  questions  to  as  few  as  possible.  I would 
certainly  like  yon  to  cover  the  subjects  you  have  outlined  to  ub. 

There  are  a number  of  charts  that  I wish  could  be  in  the  bearing.  I don’t 
think  all  of  them  are  necessary,  but  there  are  a number  that  we  should  include  if 
we  possibly  can  get  them  into  the  hearing. 

Mr.  Maher.  Mr.  Chairman,  we  will  iry  to  supply  them  all  and  leave  it  to  your 
staff  to  select  those  that  you  think  arc  most  desirable. 

Dr.  Saline.  I’d  like  to  make  one  comment.  We  had  a start  of  a discussion  on 
the  particular  chart  ( 15)  relating  to  standardization.  We  are,  for  example,  devel- 
oping what  we  call  our  Project  Data  Book  which  is  specifically  for  this  project 
in  which  we  have  engineering  design  standards  and  so  forth.  Now,  we  are  not 
reinventing  these  standards,  we  are  probing  the  depth  of  General  Electric’s 
experience  to  take  out  the  standards  that  have  been  developed  on  previous 
programs. 

Also,  for  example,  we  are  using  as  a basic  library  for  <>ur  engineering  designers 
what  we  call  our  Mistran  card  library  which  has  some  300  basic  circuits  in  it 
that  have  already  been  proved  and  developed  on  other  programs  that  we  have 
run.  This  is  a typical  kind  of  a card  that  would  be  used  from  that  card  library. 
We  estimate  very,  very  conservatively  and  w?  can’t  really  say  how  much  it 
would  cost  to  start  from  scratch  because  so  much  has  gone  into  the  whole  pro- 
gram of  standards  and  so  forth,  but  Just  through  our  General  Electric  Co.  bac  k- 
ground from  a design  viewpoint  we  feel  that  this  has  saved  $5  million  to  this 
point  on  this  particular  program  to  have  these  standards  and  this  card  library 
awUl&bae. 

Now,  also  from  a standard  program  of  costs,  we  believe  that  we  are  going  to 
enhance  the  basic  reliability  of  the  checkout  equipment  because  we  have  a lot 
of  operating  experience  on  cards  of  this  kind  that  are  going  to  be  useful  in 
developing  our  overall  system  and  then,  for  example,  the  cost  saving  of  the 
standard  program  as  It  relates  to  the  maintainability  of  a system  of  this  magni- 
tude is  quite  considerable. 
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For  example,  If  there  weren't  some  standardization  throughout  a program  of 
this  kind  the  logistic  provisioning  for  all  of  the  spare  parts  and  other  kinds  of 
teat  gear  that  are  needed  would  be  quite  horrendous.  But  we  believe  It  is  going 
to  become  a manageable  program  because  of  the  way  we  can,  by  using  the  Inte- 
grated approach  to  launch  control  and  checkout,  effect  economies  both  in  dollars 
and  operational  time. 

I wanted  to  mention  another  very  Important  aspect  of  this  kind  of  work  and 
that  Is  the  programing  of  the  digital  data  processors  or  con  ,«rs  for  the  opera- 
tion of  thl.-t  system  (chart  16). 

There  are  a number  of  steps  that  have  to  be  gone  through.  I mentioned  earlier 
a couple  of  thousand  descriptive  documents  that,  till  in  very  fine-grain  detail 
which  has  to  be  accomplished.  These  have  to  be  translated  Into  computer-type 
flow  cha  ts  to  show  what  the  interrelationship  is  and  the  specific  tasks  that 
must  be  undertaken  to  perform  these  tests. 

This  then  has  to  be  translated  into  computer  language  and  computer  instruc- 
tions and  we  estimate,  that  to  run  one  of  these  checkout  flows  and  preparations 
down  at  Merritt  Island,  will  require  over  a million  instructions  to  the  various 
computers. 

Then,  finally,  we  have  to  prepare  them  for  entry  into  the  computer  itself. 
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Another  aspect  of  this  work  Is  what  we  call  field  operations  work  (chart  17). 
This  is  the  work  of  actually  Installing  and  checking  out  the  checkout  etjutament. 
There  is  a considerable  amount  of  this  kind  of  activity.  There  is  the  malnte- 
nance  operation  and  modification  of  both  hardway  and  software  for  this  kind 
of  program,  logistic  support.  There  is  a preparation  of  technical  manuals  that 
describe  the  operation  of  the  equipment  and  the  maintenance  procedure.  There 
is  the  training  of  maintenance  people  and  operators  and  then  there  is  the  con- 
tinual data-gathering  activity  on  the  performance  of  this  information  in  the  field 
so  that  we  can  improve  the  overall  performance  of  some  of  this  equipment. 

I also  want  to  show  you  very  briefly  the  checkout  interphases  that  we  have 
with  NASA  and  some  of  these  other  prime  con tr>:-  tors  because  we  know  you  have 
interest  in  this  (chart  18).  NASA  has,  of  course,  the  direct  contractual  control, 
management  control  of  General  Electric.  Also  for  the  prime  contractors  and  for 
Belleomm.  Belleomm  has  in  turn  a subcontract  to  Rand  Corp.  These  are  the 
formal  contractual  channels  that  NASA  has  established  for  ns  and  there  are  what 
I will  call  the  informal  communication  channels  so  that  we  have  relations  with 
Belleomm,  with  Rand,  and  with  the  prime  contractors. 
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There  are  a number  of  different  kinds  of  interfaces  that  we  have  to  concern 
ourselves  with  (chart  19).  There  are  equipment  interfaces  that  have  to  be 
treated  slightly  differently.  There  are  different  mechanisms  that  we  use  to 
accomplish  this. 

I won’t  go  into  the  details  at  this  particular  time  but  the  machinery  is  w?ell 
In  gear  so  that  we  are  getting  to  the  point  where  the  information  Is  flowing  at  a 
better  rate  as  far  as  we  are  concerned. 

Finally,  then,  I will  summarize  it  by  saying  what  are  our  primary  challenges 
that  I see  from  the  checkout  viewpoint  (chart  20).  There  are  three  of  them: 

The  technological  complexity  of  the  work  itself,  the  time  urgency,  and,  of 
course,  the  continual  problem  of  how  to  do  a Job  of  this  magnitude  on  dollars 
that  are  somewhat  restricted. 

In  spite  of  these  challenges  we  have  assembled  a real  good  team  and  we  are 
confident  that  we  are  going  to  meet  the  schedule  and  provide  the  capability  that 
is  going  to  be  necessary  to  achieve  the  Apollo  program. 

Mr.  Records.  One  point  I w’ould  like  to  check  with  Linde.  I believe  that  Rand 
is  a prime  contractor  and  not  a sutwontractor  for  Bellcomm? 

( Discussion  off  the  record. ) 
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Mr.  Lehmann.  I would  like  to  spend  Just  a few  minuter  to  Rive  you  a brief 
description  (chart  21)  of  my  understanding  of  the  total  integration  Job  that 
has  to  be  done  on  this  program  and  spend  most  of  the  time  in  describing  our 
particular  activities  ir,  support  of  NASA’s  role  in  this  integration  area. 
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I have  tried  here  to  summarize  what  in  my  estimation  is  the  overriding  integra- 
tion problem  (chart  22).  We  see  a map  of  the  United  Statea  and  look  at  the 
black  dots  which  are  NASA  installations  and  at  the  triangles  which  are  bomc  of 
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the  key  contractor*  involved  and  we  nee  that,  a*  this  program  progresses  through 
tiers  of  contractors  and  vendors,  there  will  probably  be  in 'excess  cf  half  a million 
people  involved. 

It  la  the  communication  between  these  people  and  these  various  groui>s  which 
is  the  overriding  integration  problem. 

We  have  defined  this  as  that  effort  to  assure  the  compatibility  of  the  major 
system  elements  with  each  other  and  with  the  system  objective  (chart.  28).  This 
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has  been  the  key  definition  that  we  have  used.  We  feei  that  it  must  be  imple- 
mented mostly  through  the  first  item,  which  is  the  normal  design  activity ; engi- 
neers in  one  portion  of  an  organization  having  free  access  to  talk  to  other 
engineers  in  another  portion  of  the  organization  or  in  another  organization  to 
solve  normal  day-to-day  problems  of  achieving  compatibility  between  their 
designs. 

In  addition  to  this,  there  is  a need  for  a central  coordinating  function  which 
I>erforms  the  elements  indicated  here  to  assure  that  the  various  steps  are  being 
taken  that  will  result  in  an  integrated  system ; to  initiate  new  action  in  those 
areas  where  insufficient  action  is  t>eing  taken;  and  to  develop  the  procedures  to 
bring  about  this  integrated  action.  As  I mentioned  before,  the  overall  problem  is 
to  enhance  the  communication  between  all  the  participants. 

From  a gross  standpoint,  we  can  look  at  integration  as  shown  in  this  multi- 
dimensional chart  (chart  24).  We  have  In  one  dimension  the  major  elements 


patability  mast  be  achieved  from  the  early  stages  of  the  requirements  all  the 
way  through ; through  design  and  fabrication  to  the  operational  level.  It  is  in- 
sufficient to  expect  compatibility  at  the  equipment  level  unless  you  are  first 
assured  of  the  compatibility  at  the  requirements  and  specifications  level. 

On  top  of  this  multidimensional  chart  we  have  external  forces  acting  on  a 
time  varying  basis;  variations  in  the  objective  improvement,  in  the  state  of  the 
art,  changes  of  our  knowledge  of  the  environment,  and.  of  course,  variations  in 
the  budget, 

It  is  the  continuous  solution  of  this  problem  which  is  NASA’s  role  in  the  over- 
all integration  effort.  Now,  our  objective  in  support  of  NASA  In  thi#  total 
Integration  effort  is  summarised  here  (chart  25).  One  of  our  major  areas  of 
activity  la  an  attempt  to  cross-fertilize  information ; to  make  certain  that  people 
over  on  one  side  know  what  has  been  done  in  another  area.  The  other  c’  jectlves 
are  to  support  NASA  in  the  development  of  procedures  and  methodology  for 
their  management  control  of  the  entire  program,  and  to  continuously  search  for 
specific  problems  that  are  not  receiving  sufficient  attention,  to  point  these  ont 
and  to  make  sure  that  they  are  slven  the  adequate  attention  which  they  need. 
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The  approach  to  this  integration  te  a threefold  approach  (chart  26).  There 
la  a top  down  Integration  in  the  form  of  directions  from  NASA  headquarters  to 
the  participating  agencies.  Most  of  the  integration,  as  I mentioned  before,  is 
the  relationship  within  the  centers  and  their  contractors  directly  with  each 
other.  The  particular  aspect  that  we  are  addressing  ourselves  to  and  to  which 
the  rest  of  my  discussion  will  bear  thi#  morning,  is  an  integration  support  con- 
tractor, in  this  case,  the  General,  Electric  Co.,  working  and  having  personnel 
stationed  both  to  support  the  headquarters  organization  as  well  as  each  of  the 
major  contributing  centers. 

Through  performance  of  similar  kinds  of  tasks  for  every  portion  of  the  or- 
ganization-tasks which  are  closely  related  to  each  other — we  hope  to  bring 
about  integration  and  to  support  NASA  in  bringing  about  integration  of  this 
program.  A very  excellent  example  of  this  is  the  development  of  a segment  of 
an  engineering  documentation  system,  a common  drafting  method.  We  have 
been  asked  by  the  various  centers  to  support  them  in  the  development  of  a com- 
mon drafting  methodology.  We  have  been  working  with  the  various  personnel 
at  eat*  of  the  centers  and  look  at  their  particular  problems  and  have  been  work- 
ing directly  with  the  Office  of  Manned  Space  flight  to  develop  a common  method- 
ology and  in  this  way  we  Are  working  throughout  the  organization1  to  develop 
a common  drafting  system. 
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The  specific  activities  to  which  we  have  addressed  ourselves  are  listed  here 
(chart  27),  One,  the  area  of  integration  assistance;  two,  the  major  problem  of 
tlie  compatibility  of  the  physical  and  functional  interface  of  the  major  system 
elements  ; three,  the  area  of  configuration  control ; four,  the  total  engineering 
documentation  system ; five,  the  area  of  data  handling  and ; six,  some  additional 
support  for  the  centers  which  cannot  be  logically  categorized  in  the  (above  areas. 

I would  now  like  to  discuss  each  of  these  individually  (chart  28) . One  of,  the 
prime  activities  in  the  integration  assistance  area  has  been  the  writing  of  a sys- 
tems description.  Back  at  the  start,  of  the  contract  it  was  NASA's  recommenda- 
tion that  a total  systems  description  should  be  issued.  This  is  a complimentary 
document  that  follows  the  systems  specification  which  was  written  by  the  Office 
of  Manned  Space  Plight  with  the  assistance  of  Bellcomm.  This  description  de- 
scribes the  equipment  as  it  Is  actually  being  designed  and  hence  it  serves  as  a 
very  excellent  vehicle  to  exchange  information  between  all  of  the  participants,  so 
that  one  group  knows  what  the  other  equipment  looks  like  and  can  make  sure 
that  what  it  is  designing  is  compatible  with  it, 

It  also  serves  as  a document,  if  you  wish,  which  will  determine  if  the  equip- 
ment as  designed  really  satisfies  the  objectives  of  the  overall  systems  specifica- 
tions. 

These  three  volumes  here  were  first  the  edition  of  this  systems  description  and 
you  can  get  a feeling  of  the  depth  of  information  which  went  into  it  It  is  cur- 
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rently  being  revised  and  we  are  working  very  closely  with  each  of  the  NASA 
centers  to  make  sure  that  the  information  In  here  is  truly  authentic  and  accurate. 

An  additional  small  study  that  we  have  been  performing  for  the  Office  of 
Manned  Space  Flight  is  an  examination  of  the  problems  that  may  arise  in  con- 
n^tion  with  the  lunar  excursion  module.  This  is  one  example  of  what  I men-; 
tk^ed.  before:  unattended  problems  that  should  be  brought  to  people’s  attention. 

In  the  area  of  enhancing  communication  between  all  of  the  parties  contributing 
to  the  system,  we  started  an  effort  going  quite  early  in  the  program  to  develop 
a common  terminology.  There  have  been  many  efforts  going  on  in  the  area  of 
terminology.  We  are  working  very  closely  with  other  people  who  are  currently 
doing  this  type  of  work.  We  have  accumulated  practically  every  aerospace  ter- 
minology book  and  we  are  extracting  from  them  those  terms  not  for  general  usage 
but  which  have  special  meaning  in  the  Apollo  context,  so  that  when  somebody 
speaks  of  an  attitude  control  system  in  one  part  of  the  Apollo  project  It  has  the 
same  meaning  in  another  part.  Admittedly  it  may  have  some  different  meaning 
in  another  program,  but  at  least  within  the  total  Apollo  program  we  want  to 
make  sure  that  we  minimize  the  semantic  difficulties. 

We  have  just  published  a document  which  is  really  a compilation,  or  a library 
search,  if  you  wish,  on  the  environment  of  the  moon  as  the  experts  around  the 
world  know  It.  It  Is  not  represented  as  any  original  work  as  such  but  is  a com- 
pilation in  a fairly  convenient  reference  form  of  data  that  has  been  accumulated 
over  many  years  in  numerous  professional  journals  by  astronomers  and  scientists 
throughout  the  world.  This  document  has  been  given  very  wide  distribution  to 
the  various  contractors  working  on  this  program  and  it  is  a common  and  handy 
reference  for  the  information. 

In  addition  we  are  supporting  a variety  of  small  studies  as  NASA  and  the  con- 
tractors may  request  us  to  do  sv . 


1318  1964  NASA  AUTHORIZATION 

nmeimio#  Ase/jrjtMffs 

swkm  aesew/mo# 


LEM  EW7?/VfiEM?y 


u/a/»e  EEmavMEvr 


OMSE  Jt/AWr 

CHART  28 

One  of  the  major  aetiivties  that  we  have  been  undertaking  Is  the  area  of  the 
interface  compatibility  and  interface  integration  between  the  spacecraft  launch 
vehicles,  and  -so  forth  (chart  29.)  We  have  developed  a sample  interface  book 
with  a sample  interface  description.  The  description  used  as  a model  the 
SAB  vehicle.  The  Intent  here  primarily  was  one  to  develop  the  methodology, 
the  content  and  the  format  as  a sample  which  could  then  be  used  for  the  official 
interface  documentation  for  subsequent  shots.  We  have  done  the  same  thing 
in  the  area  of  what  we  call  functional  line  diagrams.  These  turn  out  to  be 
drawings  which  actually  trace  through  the  signals,  not  within  one  capsule  or  one 
stage  but  across  the  stages  to  perform  one  function.  This  one  happens  to  be  the 
destruct  system.  The  destruct  system  crosses  various  stages  and  you  can  trace 
it  all  through  here  and  make  sure  all  of  the  interfaces  are  adequately  compatible. 

We  have  worked  very  closely  in  direct  support  of  the  Office  of  Manned  Space 
Flight  in  the  last  few  months  to  develop  an  interface  control  plan.  This  plan 
is  intended  to  insure,  first  of  all,  that  all  the  key  interfaces  are  properly  iden- 
tified. I think  the  No.  1 problem  is  to  assure  that  they  are  known  and  duly 
recorded. 

Secondly,  th&t  adequate  responsibility  is  assigned  by  NASA  for  the  solution 
of  these  particular  interface  problems  and  a time  schedule  is  established  which 
will  insure  the  solution  in  a time  that  is  compatible  with  the  overall  program 
schedule. 
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The  plan  further  Insures  that  once  the  solution  of  an  interface  has  been 
reached  it  is  properly  documented  and  properly  distributed  to  all  the  par- 
ticipants (chart  30). 

It  has  a provision,  in  it  to  enable  NASA  to  generate  status  reports  at  various 
levels  of  management  to  define  where  the  status  of  resolution  of  an  interface 
stands  at  any  one  time.  It  preserves,  throughout,  the  technical  authority  of  the 
centers  to  actually  solve  the  technical  problems,  5 

The  reason  we  feel  very  strongly  about  this,  If  I may  digress  for  just  a moment, 
is  that  we  believe  that,  in  any  kind  of  an  organizational  structure,  if  an  orga- 
nization has  been  delegated  responsibility  for  a given  design,  the  higher  level  or- 
ganization can  only  establish  the  external  parameters  (chart  31),  Whatever 
decisions  are  made  within  this  organization  which  are  strikingly  internal  is 
their  design  prerogative.  However,  any  changes  which  they  may  wish  to  make 
which  would  affect  external  considerations  have  got  to  go  hack  and  be  thoroughly 
Integrated  to  make  sure  that  any  change  which  is  done  in  one  area  affecting 
another  group  is  properly  reflected. 
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The  area  of  configuration  control  (chart  32)  is  basically  the  process  of 
knowing  exactly  what  the  configuration  is  of  each  one  of  these  vehicles,  and 
recognising  that  each  one  is  somewhat  different  from  the  previous  one.  The 
effort  to  date  has  been  primarily  to  study  what  has  been  done  in  other  missile 
and  space  programs.  We  have  talked  extensively  with  people  in  the  aerospace 
industries  who  have  worked  on  ballistic  missile  programs  and  space  programs. 
The  conclusion  from  these  talks  has  generally  been  that  we  have  had  configura- 
tion control  systems  and  that  they  should  have  been  even  tighter  to  solve  the 
problems  more  adequately. 
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We  have  worked  with  various  groups  within  NASA  to  understand  what  they 
are  currently  doing  and  we  are  in  the  process  right  now  of  developing,  again, 
what  I call  tiered  plan  and  procedures.  By  tiered  plan  I paean  what  I have 
indicated  in  the  previous  chart.  Configuration  control  cannot  be  exercised  at 
any  one  particular  point  in  the  organization  for  it  would  become  a paper  bottle- 
neck, but  it  must  be  performed  at  the  various  levels  at  which  responsibility  for 
equipment  exists  and  passed  on  up  through  the  chain  in  ever  diminishing  granu- 
larity. This  plan  is  being  worked  on  and  will  be  developed  with  NASA  for  adop- 
tion by  the  centers  and  their  contractors. 

We  have  touched  briefly  on  the  question  of  the  data  handling  area  and  Jack 
Records  mentioned  that  very  early  in  the  program  (chart  33).  We  recognized 
the  fact  that  the  overall  aspect  of  checkout,  integration,  and  reliability  required 
a great  number  of  documents  and  we  wanted  to  make  sure  that  we  had  convient 
and  rapid  access  to  this  documentation  to  minimize  the  number  of  individual  re- 
quests for  such  information. 

At  the  start  of  our  activities  on  this  contract  we  established  what  we  call  a 
documented  data  control  system.  A central  repository  of  information  from  which 
individual  technical  people  draw  the  information  which  they  need.  Since  then 
we  have  conducted  a study  to  examine  with  more  care  how  many  documents  we 
have  to  have,  what  kind  of  services  this  group  has  to  perform,  and  with  what 
speed  access  to  information  must  be  available. 

We  have  drawn  very  heavily  upon  knowledge  of  these  kinds  of  systems  which 
have  been  developed  by  the  Armed  Services  Technical  Information  Agency  and 
various  other  major  libraries  throughout  the  country.  We  have  completed 
Improvement  studies  on  this  system  and  are  currently  planning  the  implementa- 
tion to  determine  just  what  is  necessary,  if  automation  equipment  is  needed  to  do 
this,  and  so  forth. 

96-504  O — 63 — pt.  2b— 34 
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We  are  also  currently  studying  an  additional  aspect  of  this  problem  of  infor- 
mation handling,  which  is  how  we  adequately  tie  in  the  virious  physical  locations 
that  we  have  so  that  we  don’t  have  to  duplicate  the  information  at  the  various 
centers. 

In  the  held  of  enginering  documentation,  the  overall  intent  is  to  work  toward 
a very  long-range  objective;  to  develop  and  implement  an  integrated  enginering 
documentation  system  (chart  34).  This  has  received  a great  deal  of  attention. 
We  have  gone  through  studies  which  have  been  made  by  the  Air  Force  and  very 
excellent,  study  has  been  sponsored  by  Senator  Sma+hers  In  this  area.  The  gen- 
eral results  of  these  studies  are  that  we  must  improve  communications.  Engi- 
neering documentation  is  one  means  of  doing  this.  We  need  to  know  what  should 
* be  written  down  and  in  what  form.  A good  engineering  documentation  system 

can  reduce  the  time  by  having  documentation  available  when  it  is  needed  in  the 
form  that  i:  is  needed.  It  will  reduce  the  errors  and  most  certainly  reduce  costs. 
Numerous  studies  have  been  made  which  show  that  there  is  a 4-  or  5-to-l  return 
for  every  dollar  spent  on  developing  good  documentation  systems  in  resultant 
savings  in  the  total  program. 

The  objective  which  we  have  is  to  minimize  the  amount  of  documentation. 
Numerous  studies  have  indicated  that  too  much  paper  is  being  required  or  that 
the  requirements  are  obsolete.  If  people  cannot  And  what  is  required  they  will 
generate  more  specification  and  procedures  of  their  own,  further  contributing  to 
the  confusion.  Maximizing  the  usefulness  of  the  documentation  is  required. 
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When  you  talk  about  a total  engineering  documentation  system,  the  first  thing 
you  should  look  at  is  a model  and  this  is  an  across-the-board  picture  (chart  35) 
of  what  we  can  visualise  as  a total  engineering  documentation  system  for  any 
program.  It  Includes  a specifications  system,  technical  manuals  test  methods 
and  procedures,  the  actual  contract  documentation  requirements,  the  configura- 
tion control,  the  change  control,  standard  drawing  systems  and  so  forth.  This 
is  an  integrated  approach  Which  we  are  trying  to  develop.  The  areas  which 
are  sheded  In  red  are  the  areas  which  we  are  currently  working  on.  I think 
it  will  be  a long-term  process  to  try  and  complete  this  entire  chart.  I think 
we  have  charted  the  road  map  as  to  where  we  want  to  head  and  we  are  making 
diligent  progress  to  get  there. 

The  first  thing  that  we  have  to  do  is  to  develop  a model  {chart  30),  and  then 
review  the  past  programs  and  studies  which  we  are  presently  doing.  The  tough 
part  of  the  job  comes  in  filling  out  the  model.  What  we  want  to  do  is  select 
existing  documents,  specifications  and  procedures  and  absolutely  hot  reinvent 
any  when  they  are  not  applicable.  We  have  been  working  very  closely  with 
NASA  and  some  of  the  contractors,  and  objections  have  been  raised  when 
son.  v'ody  rewrites  a specification  to  change  a couple  of  words  because  you  now 
have  to  read  through  both  of  them  and  convert  careful  comparison  to  determine 
the  changes. 
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We  developed  a method  where  we  use  the  old  one  with  a simple  cover  sheet 
defining  the  changes.  These  simplifications  have  resulted  in  a great  deal  of 
time  saving.  In  some  areas  we  have  to  develop  a new  documentation  that 
doesn’t  exist. 

These  specific  activities  have  been  conducted  in  support  of  Apollo  Engineering 
Documentation  Board  which  is  an  across-the-board  NASA  organization,  which 
the  General  Electric  Co.  has  been  supporting  in  the  area  of  these  methods  and 
procedures  (chart  37).  We  have  looked  at  the  contract  data  and  requirements, 
and  have  just  published  a report  which  analyzed  the  major  contracts  in  light  of 
their  requirements  in  the  engineering  documentation  field.  We  are  trying  to 
generate  some  common  language  that  can  be  incorporated  in  all  of  the  work 
statements  to  establish  uniform  requirements. 

We  have  been  working  on  the  area  of  drawing  systems.  There  is  a meeting 
today,  as  a matter  of  fact,  where  we  hope  that  all  of  the  major  NASA  centers 
Will  agree  to  a common  drafting  specification  which  Is  a modification  of  the 
Department  of  Defense  specifications  and  is  a great  simplification. 

To  give  you  an  example,  the  current  specification  contains  over  400  specifica- 
tions referenced  in  It  and  the  total  number  of  references  is  over  4,000.  We  have 
reduced  this  and  simplified  it  without  changing  the  basic  content  or  the  basic 
quality  to  some  30  individual  references  to  subspecifications.  I think  it  is  this 
kind  of  simplification  that  will  help  expedite  the  program. 

We  are  currently  working  first  with  NASA  and  again  with  the  contractors  to 
develop  listings  of  standard  and  qualified  parts.  These  are  listings  for  the  sake 
of  cross  fertilization  of  information.  We  are  not  in  this  aspect  attempting  to 
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qualify  or  exercise  any  judgment  on  the  acceptability  of  those  parts,  but  merely 
to  make  available  information  from  one  part  of  an  organisation  to  another  as 
to  what  parts  exist  and  hence  to  avoid  the  time,  cost,  and  expense  of  having  to 
go  through  and  redevelop  a part  which  somebody  else  already  has. 

We  have,  in  addition  to  these  broad  activities,  a series  of  tasks  at  the  various 
centers,  many  of  which  tie  in  directly  to  the  above  areas  and  others  which  are 
in  direct  support  of  specific  needs  under  the  integration  activities  which  a par- 
ticular center  may  have. 

This  briefly  summarizes  our  activities  in  the  integration  area. 

Mr.  Teague.  Would  you  take  a couple  of  minutes  to  tell  us  how  you  coordi- 
nate with  the  contractor  to  prevent  duplication?  Take  your  abort  study,  for 
example,  what  part  do  you  contribute  and  what  part  does  the  contractor  who 
is  making  the  abort  systems  contribute?  Do  you  actually  draw  the  plans  and 
specifications? 

Mr.  Lehmann.  No,  sir;  this  particular  study  wag  one  which  we  were  asked 
to  perform  by  the  Manned  Spacecraft  Center  in  terms  of  their  activity  to  inte* 
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grate  the  total  spacecraft.  They  told  us  specifically  What  studies  they  wanted 
us  to  make  and  we  did  this  study  and  submitted  it  as  a report  to  them.  We 
have  had  no  responsibility  in  developing  specifications  and  in  a case  like  this 
similar  studies  are  probably  going  on  by  several  groups.  I think  that  this  is 
wise  so  as  to  make  sure  that  there  are  independent  approaches  to  assure  that 
the  analysis  that  have  been  made  are  actually  correct  This  is  a very  small 
effort.  It  lasted  only  a matter  of  a few  weeks. 

Mr.  Gurney,  Following  that  further,  let’s  take  the  LEM.  Do  you  work  with 
Grumman? 

Mr.  Lehmann.  Not  directly.  We  have  no  direct  responsibility  for  LEM, 
so  that  we  would  not  directly  be  working  with  Grummhn.  These  activities  that 
I described  are  going  across  the  board.  We  hope,  for  example,  that  activities 
such  as  Grumman’s  effort  on  the  LEM  Will  tie  in  directly  to  our  interface  and 
configuration  plan  and  in  that  manner  and  we  hope  to  develop  the  methodology 
which  will  bring  about  a compatible,  uniform  approach  to  the  program.  From 
a design  standpoint,  and  performance  and  specifications  standpoint,  we  have 
no  responsibility  for  LEM. 

Mr,  Patten.  Mr.  Lehmann. 

Mr.  Lehmann.  Yes,  sir.  c 

Mr.  Patten.  Every  contractor  we  visit  we  get  pin  buttons  and  are  told  every- 
thing is  secret.  On  your  integration  and  checkout,  if  everything  is  classified 
how  do  you  tie  it  all.  In?  What  does  General  Electric  tell  Westinghouse? 

Mr,  Lehmann.  We  have  been  working  with  both  the  NASA  centers  and, 
with  the  consent  of  NASA,  with  some  of  the  key  contractors.  It  has  pleased 
me  personally  to  set  how  receptive  the  contractors  have  been  to  this  approach. 
For  example,  In  this  area  of  standard  and  qualified  parts,  we  discussed  this 
with  North  American  and  Douglas  and  they  were  very  receptive.  They  feel 
that  this  can  result  in  savings  of  time  and  money,  and  they  are  perfectly  willing 
to  make  available  their  list  of  standard  parts  If  in  return  they  receive  the  other 
people’s.  This  is  the  approach  we  are  taking  and  I believe  it  will  be  reasonably 
successful.  We  recognize  as  I indicated  in  my  first  chart  that  the  problem  is 
one  of  people  and  whenever  we  deal  with  people  there  are  going  to  be  problems 
In  convincing  them  that  this  is  the  best  approach. 

We  have  also  been  very  careful  not  to  interfere  with  their  prerogatives  in 
doing  their  job  but  rather  develop  the  methods  and  procedures  which  would 
help  them  to  do  their  job  better  and  to  ask  fr  their  suggestions  and  to  in- 
corporate their  methods  and  suggestions  so  that  they  have  partly  helped  create 
this  system  and  have  voluntarily  accepted  it.  Thus  *hey  are  willing  to  live 
with  it. 

Mr.  Teague.  Take  a company  that  does  work  similar  to  General  Electric; 
do  they  furnish  sufficient  information  to  a competitive  company  for  you  to 
accomplish  your  mission,  or  do  they  just  tell  you  that  they  are  not  going  to 
furnish  the  information?  One  company  told  me  that  they  will  not  give  you 
the  information  -Gnat  you  have  asked  for.  This  is  a company  that  does  a lot 
of  the  same  work  General  Electric  does. 

Mr.  Lehmann.  Well,  the  approach  that  we  have  been  taking  is  to  request  the 
information  from  NASA,  NASA  generally  has  the  information  if  the  work  has 
been  done  on  a contract  for  NASA  and  If  they  believe  that  we  need  this  informa- 
tion they  will  make  It  available  to  us.  Right  now  I don't  know  of  a single  case 
in  the  integration  area  that  we  have  not  had  access  from  the  particular  contrac- 
tors when  we  have  requested  the- contractor . to  „./e  us  the  information. 

Mr.  Fuqua.  I have  a question  that  may  not  be  directly  related  to  the  subject 
of  integration.  Can  GE  still  bid  on  some  of  the  other  projects  within  the  Apollo 
program?  In  other  words,  can  General  Electric  set  up  specifications  in  such  a 
way  that  it  would  be  the  only  company  that  could  produce  the  item  ? 

Mr.  Shetler.  May  I answer  that  question? 

Mr.  Fuqua.  Certainly. 

Mr.  Shetler.  We  have  over  the  past  year  in  which  we  have  been  working  on 
this  contract  agreed  With  NASA  that  we  would  not  participate  in  those  competi- 
tive arrangements  where  we  had  received  advance  information  through  this  con- 
tract. This  position,  I think,  is  somewhat  of  a safeguard.  Most,  if  not  all,  of  the 
major  contracts  have  already  been  let  in  this  area. 

Mr.  Fuqua.  In  other  words,  you  would  not  be  in  the  position  whereby  GE  Is 
supposed  to  check  on  GE? 

Mr.  Shetler,  That  Is  correct. 
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We  voluntarily,  in  the  case  of  two  items  that  I can  think  of,  did  not  hid  where 
our  talents  and  experience  were  very  great  even  though  we  did  not  have  advance 
information,  nor  did  we  participate  in  the  establishment  of  the  specifications.  In 
an  attempt  to  insure  that  good  f«ita  was  maintained  in  this  area,  we  voluntarily 
did  not  bid  on  the  two  Items.  One  related  to  guidance  and  one  related  to  the 
control  center  at.  Houston. 

Mr.  Fulton  of  Pennsylvania,  Obviously  in  the  Mercury  and  in  the  Saturn  pro- 
grams so  far,  there  has  been  NASA  personnel  performing  the  integration  and 
checkout  functions.  Now  what  will  happen?  Will  GE  still  keep  the  NASA 
people  on,  or  do  you  replace  them,  or  do  you  use  them? 

Mr.  Shetler,  The  vastness  of  this  program  requires  additional  emphasis  and 
we  do  not  replace  those  NASA  people  in  the  area  of  integration,  We  are  in 
support  of  NASA  tether  than  responsible  for  the  integration.  We  supply  the 
many  hands  and  arms  and  head  and  ideas  that  are  required  for  the  reports  they 
need  to  enable  them  to  do  their  jobs. 

Mr.  Fulton  of  Pennsylvania.  Therefore,  NASA  should  keep  all  its  integration 
and  checkout  personnel  becauseGE  will  be  supporting  them.  The  next  ques- 
tion is,  if  they  should  not  he  replaced,  do  they  now  need  morein  NASA? 

Mr,  Shetler,  I really  could  not  and  should  not  answer  that  question.  I believe 
that  answer  should  come  from  NASA  In  relation  to  integration  problems.  In 
the  checkout  areas,  which  is  a complex  hardware  system,  I do  not  believe  that 
NASA,  has  performed  this  operation  on  previous  space  programs,  other  than  to 
establish  the  design  requirements  and  the  performance  requirements.  It  hag 
been  found  practical  in  this  area  for  industry  at  large  to  supply  the  hardware 
and  to  couple  the  hardware  together  so  that  it  indeed  acts  as  a hardware  system, 

Mr.  Fulton  of  Pennsylvania.  It  concerns  me  how  through  General  Electric’s 
efforts  and  organisation,  that  the  major  contractors  will  now  transfer  among 
each  other  or  through  NASA  these  standard  parts  and  their  information. 
Obviously  k has  not  been  done  previously  if  it  has  to  be  done  now  and  there- 
fore, it  has  cost  more  time  and  money  by  not  having  a system  of  thlB  Kind  in 
operation  before  this.  r' 

Mr.  Subtler.  I don’t  believe  that  X could  agree  that  It  has  not  been  done 
before,  We  are  really  talking  through  time  frames.  What  has  been  to  date 
and  what  needs  to  be  done  out  through  the  period  when  we  actually  land  a man 
on  the  Moon  is  quite  a stretch.  The  complexity  and  the  added  attention  to  the 
man  rated  space  vehicle  specifically  for  K-pace  flight  and  space  environment  is 
going  to  be  quite  a bigger  job  than  what  has  been  done  in  the  past.  The  develop- 
ment of  the  booster  which  carried  the  space  capsules  that  we  have  so  far  was 
quite  different,  and  they  are  quite  less  complicated  from  those  we  will  need  to 
carry  a man  to  the  Moon. 

Mr.  I ulton  of  Pennsylvania.  While  carrying  on  your  particular  contract 
function,  does  General  Electric  expect  to  sell  hardware  and  equipment  to  NASA 
or  to  other  contractors  in  this  program?  Are  you  going  to  be  dealing  in  the 
hardware  business  as  well  as  doing  the  monitoring  and  the  organising  of  these 
systems  within  the  Apollo  program.  If  so,  don’t  you  think  that  might  be  an 
adverse  Interest? 

Mr.  Shetler,  I would  like  to  say  that  we  are  not  monitoring  or  managing  the 
prime  contractors  who  are  associated  with  the  whole  Apollo  program. 

Mr,  Fulton  of  Pennsylvania.  No;  I don’t  mean  to  infer  that.  You  are  cer- 
tainly setting  up  systems. 

Mr.  Shetler,  Systems  which  ean  be  followed.  In  the  normal  practice  of 
doing  such  a complex  program  we  would  expect  to  sell  those  new  pieces  of 
hardware  which  are  developed  under  the  checkout  system  to  NASA  and  to  the 
prime  contractors  in  the  Interest  of  performance  in  the  total  system,  and  in  the 
interest  of  economy. 

Mr.  Fulton  of  Pennsylvania,  Does  that  give  GE  an  advantage  by  having 
done  the  development  work? 

Mr.  Shetler.  My  answer  to  this  would  be  that  any  time  you  are  under  prime 
contract  to  do  something  unique  which  requires  development,  and  when  you 
have  accomplished  this  development,  then  you  do,  Indeed,  have  an  advantage  in 
building  that  hardware  because  you  have  that  background  in  the  development 
area. 

I think  that's  part  of  the  private  enterprise  system.  When  you  have  a con- 
tract for  hardware,  you,  indeed,  expect  to  get  the  hardware  delivered. 
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Hr.  Fuetgk  of  Pennsylvania.  Then  conversely,  la  GE  going  to  nuke  available 
to  the  Industry  at  large  what  these  developments  are  as  well  as  your  shop  prac- 
tices, trade  secrets,  and  patents? 

Mr.  Maher,  I think  there  may  be  two  separate  questions  here,  Mr.  Fulton. 
The  410  contract  is  a contract  for  General  Electric  to  supply  the  integrated- 
launch-control  checkout  system,  to  design,  fabricate,  and  build  it,  Now,  this 
will  entail  our  supplying  a very  considerable  amount  of  that  hardware,  and  it 
will  also  entail  us  buying  certain  portions  of  it  from  our  suppliers.  Outside 
of  the  iuiegrated-launch-control  system,  and  that  would  embrace  all  of  the 
many,  many  other  procurements  that  NASA  will  make,  General  Electric  would 
assume  that  it  would  participate  in  these  procurements  the  same  as  any  other 
supplier  w ould  participate  In  them  except  in  those  cases,  as  Mr,  Shatter  has 
said,  In  which  we  agreed  not  to  participate  because  our  performance  of  the  410 
contract  would  entail  some  possible  unfair  competitive  advantage.  Against  that 
background,  the  knowhow  which  is  developed  in  the  fabrication  of  this  hard- 
ware  is  governed  as  in  the  normal  case  by  our  obligation  to  furnish  specified 
data  to  the  Government  This  is  the  normal  contract  practice  and  we  will 
furnish  th&t  data  to  the  Government  for  the  Government  to  use  as  it  sees  fit 
under  the  contract  provisions. 

Mr.  Subtler.  Next  on  the  program  I would  like  to  introduce  Mr,  Robert 
Grisetti. 

Mr.  GsuMom.  Gentlemen,  I would  like  to  review  with  you  (chart  38)  some  of 
our  sctivities  in  the  support  of  the  NASA  Apollo  reliability  assessment  program. 


ASSESSMENT 


CHART  38 

I would  like  to  review  first  the  emphasis  that  has  been  given  to  the  program 
activities  to  date.  We  have  been  in  support  of  two  basic  activities  for  the  Office 
of  Manned  Space  Flight,  The  first  has  to  do  with  mission  reliability  and  safety 
assessment  (chart  39).  Our  prime  interest  to  date  has  been  in  the  development 
of  the  techniques  and  methods  for  use  in  mission  reliability  and  safety  assess- 
ment. This  a technical  or  more  nearly  scientific  kind  of  an  activity,  as  opposed 
to  the  next  area  of  activity  involving  reliability  and  quality  programs  and  plans 
and  procedures,  et  cetera.  Emphasis  to  date  baa  been  on  techniques  and 
methods  for  use  by  NASA  in  the  assessment  of  the  reliability  and  quality  pro- 
grams plans  of  the  contractors.  St  is  a two-stage  approach ; a technical  approach, 
and  a reliability  and  quality  program  support  approach.  In  addition  to  this,  we 
have  been  assisting  the  NASA  centers ; Marshall,  the  Manned  Spacecraft  Center, 
and  the  Launch  Operation  Center  on  those  reliability  tasks  which  are  responsive 
to  their  most  urgent  needs.  We  feci  that  this  has  been  extremely  important,  and 
has  enabled  us  to  become  acquainted  with  and  to  develop  a mutual  regard  and 
respect  as  well  as  solving  some  very  important  problems  for  these  people  at  the 
NASA  centers. 

We  feel  that  this  background  of  the  development  of  techniques  and  methodology 
plus  the  development  of  relationships  will  enable  us  to  build  toward  an  integrated 
Apollo  reliability  assessment. 


• MISSION  RELIABILITY  AND  SAFETY 
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RESPONSIVE  TO  THEIR  MOST  URGENT  NEEDS 

• BUILD  TOWARD  AN  INTEGRATED  APOLLO 
RELIABILITY  ASSESSMENT  PROGRAM 

CHART  39 

I would  like  to  review  with  you  the  characteristic  of  the  tasks  in  support  of 
, the  Office  of.  Manned  Space  Flight  (chart  40).  As  I mentioned  earlier  there  are 
/two  basic  categories:  mission  reliability  and  the  safety  assessment  activity,  and 
the  reliability  and  quality  programs  and  procedures  assessment  activity. 

In  the  former,  in  the  mission  and  safety  assessment  activities,  we  have  been 
engaged  in  three  basic  task  areas.  First  of  all,  in  the  development  of  techniques 
and  methods  for  the  estimation  of  the  mission  success  and  flight  safety  prob- 
abilities, We  have  In  addition  been  supporting  efforts  in  the  development  of 
techniques  and  methods  for  what  we  might  call  mission  failure  effects  analysis. 
We  have  in  addition  been  developing  a reliability  and  failure  data  system  ap- 
proach compatible  with  our  documented  data  control^  system,  actually  to  serve 
the  total  activities  underway  in  the  areas,  these  are,  if  you  will,  technical  areas. 

In  the  area  of  reliability  and  quality  programs  and  plans  assessment,  we  have 
been  underway  in  the  development  of  check  lists  and  scoring  methods  for  use  by 
NASA  in  the  review  of  reliability  and  quality  program  planning. 
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CHAHT  40 

Now,  I would  like  to  give  you  a feeling  for  the  emphasis  timewise  (chart  41), 
As  I stated,  the  emphasis  to  date  in  all  of  these  areas  has  been  in  the  develop- 
ment of  techniques  and  methods  for  use  in  the  operation  of  the  NASA  Apollo  reli- 
ability assessment  program.  I would  like  to  discuss  with  you  and  give  you  a feel 
for  some  of  the  problems  entailed  (chart  42),  I will  discuss  first  the  mission  suc- 
cess and  flight-safety  estimation  area. 
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CHART  41 
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What  do  we  mean  by  this?  First  of  all,  let’s  have  some  definitions  of  terms 
(chart  43),  What  is  meant  by  mission  success?  The  interpretation  that  we 
have  been  using  in  the  development  of  our  techniques  is  the  landing  of  the 
astronaut  crew  of  two  on  the  surface  of  the  Moon  with  scientific  instrumentation ; 
the  gathering  of  scientific  data  and  samples ; and  the  successful  recovery  of  the 
three  astronauts  and  of  those  samples  on  the  surface  of  the  Earth. 


A.  DEFINITION  OF  TERMS 


C.  ESTIMATION  PROCESS 


CHART  43 

What  do  we  mean  by  flight  safety  ? Here  we  are  concerned  with  the  process  of 
saving  the  crew  at  all  costs.  This  certainly  can  be  done  by  achieving  a successful 
mission  itself.  That  indeed  is  a flight-safety  capability.  But  in  addition  con- 
sideration is  being  given  to  alternate  missions. 


■«****' 
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What  do  we  mean  by  an  alternate  mission?  An  alternate  mission  is  still  a 
scientific  exploratory  mission  but  it  may  involve  relaxed  goals  as  the  progress 
of  the  mission  proceeds.  Much  as  in  the  early  Mercury  program,  as  you  will 
recall,  the  designated  mission  consisted  of  three  orbits.  However,  decision  was 
retained  by  Mercury  control  to  shorten  the  mission  duration  to  two  orbits,  or 
possibly  to  one  orbit  if  there  were  any  unforeseen  events  that  made  such  a change 
desirable  in  the  interest  of  flight  safety. 

However,  there  may  bf  circumstances  as  a result  of  malfunction  that  have 
a direct  threat  to  the  safety  of  the  crew  when  you  want  to  recover  the  crew  in 
the  minimum  possible  and  most  reliable  fashion,  that  is,  the  minimum  time  and 
most  reliable  fashion. 

This  is  how  we  designate  an  abort  sequence,  wherein  immediate  initiation  of 
recovery  is  undertaken  and  no  concern  for  gathering  additional  mission  Informa- 
tion Is  deemed  appropriate. 

Njw,  in  the  area  of  mission  reliability  and  flight-safety  estimation,  we  get 
involved  in  the  development  of  models  for  mission  success  and  flight  safety. 
What  basically  are  these  models?  They  are  analytical  teds  and  methods  using 
block  diagrams  which  enable  us  to  logically  think  through  the  system  from  a 
period  before  lift-off  to  the  time  of  successful  recovery  on  Earth,  taking  into 
account  the  functional  performance  that  must  be  provided  by  each  of  the  ele- 
ments in  the  system  throughout  the  entire  mission  duration. 

You  will  see  in  the  back  of  the  room  We  have  given  examples  of  what  these 
models  In  part  look  like.  We  see  represented  in  the  extreme  rear  the  first  phase 
of  the  launch  operation  and  pi  eflighfc  checkout.  The  block  diagram  essentially 
summarizes  and  represents  the  functions  performed  by  the  equipment  during 
each  of  the  key  events  daring  the  mission. 

Wre  see  the  launch  operation  here  and  we  follow  around  the  room  to  the  right 
and  go  across  the  room  and  complete  the  mission  down  at  the  end.  I will  touch 
on  this  a moment  later  in  more  detail. 

Making  use  of  the  models  of  this  type  we  then  proceed  to  develop  the  techniques 
for  the  estimation  process  for  the  NASA  Apollo  reliability  program  (chart  44) . 
For  the  purpose  of  the  development  of  the  estimation  techniques  and  the  assess- 
ment techniques,  we  have  developed  a mission  model  which  is  drawn  from  the 
mission  description  in  profile  information  much  of  which  came  from  Henry 
Lehmann’s  system  description  which  was  a very  valuable  guide  to  us. 

We  then  proceeded  to  take  the  mission  profile  and  breakit  into  some  13  phases, 
such  as  the  launch  phase,  Earth  orbital  flight  phase,  thfe.transiunar  trajectory 
phase,  and  the  lunar  orbital  operation  phases. 

Each  of  these  phases  we  broke  into  a number  of  events,  like  the  staging  of  the 
Saturn  S-V  first  stage.  There  are  some  112  key  events  during  the  progress  of 
the  iplseion-  We  then  took  these  phases  and  events  and  developed  what  we 
call  a functional  flow  chart.  This  Is  a functional  flow  chart  for  the  currently 
assembled.  (Exhibit  on  wall.) 

I might  mention  before  I go  on  that  the  functional  flow  chart  that  you  see 
back  there  essentially  represents  the  primary  mission  Itself ; namely,  the  actual 
mission  to  the  lunar  surface  and  return. 

Now,  in  additon  to  the  consideration  of  the  primary  mission  itself,  we  must 
somehow  in  the  development  of  our  techniques  and  methods  provide  a capability 
for  handling  the  several  alternate  missions  and  the  number  of  aborts  that 
might  be  established  as  the  program  progresses  and  specifically  we  are  under- 
way in  developing  a model  which  includes  some  7 alternate  missions  and  some 
17  aborts  (chart  45).  Those  photo-reduced  functional  flow  charts  are  40  feet 
long.  It  is  envisioned  that  the  functional  flow  charts  for  the  overall  missions, 
including  the  alternate  missions,  may  ran  about  500  feet  This  is  to  give  you 
a feel  for  the  complexity  of  events  that  occur  during  the  progress  of  the  flight 
Itself. 


CHART *4 


These  are  some  examples  of  alternate  missions  that  were  used  during  the 
process  of  developing  this  methodology  of  these  techniques  (chart  46).  For 
example,  an  Earth  orbital  mission  might  be  an  alternate  mission,  very  compar- 
able to  Mercury.  A dmimlunar  flyby  in  which  you  go  around  the  lunar  surface, 
gather  useful  scientific  information,  reconnaissance  information  and  what  have 
you.  We  may  have  a lunar  orbital  reconnaissance  In  which  you  actually  go  into 
orbit  around  the  Moon,  or  a lunar  excursion  module  low  flyby;  where  instead  of 
slowing  down  sufficiently  to  land  on  the  Modi  you  Mow  down  sufficiently  to 
approach  the  Moon  to  gather  more  detailed  reconnaissance  Information  than 
could  be  ichieved  safely  by  the  lunar  orbital  operation. 

I dox/t  want  to  go  Into  these  in  greeter  detail.  These  are  not  formal  NASA 
alternate  Apollo  missions.  We  have  used  these,  however,  as  a means  of  siting 
to  be  sure  that  the  techniques  and  methods  developed  were  adequate  to  handle 
the  many  alternate  missions  and  abort  sequences  that  may  be  selected  by  NASA 
for  possible  use.  y 
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Here  are  some  of  the  abort  considerations  that  we  have  i|sed  (chart.  47).  The 
launch  escape  tower  ejection  in  the  event  of  some  difficulty  before  liftoff ; the 
suborbital  velocity  reentry.  If  there  was  a malfunction  before  orbital  velocity 
had  been  achieved  and  it  was  necessary  to  immediately  recover  the  crew,  a 
reentry  would  be  achieved  similar  to  the  early  Redstone-Mereu ry  flight  An 
orbital  velocity  reentry  would  be  more  similar  to  a Mercury  recovery. 

An  upper  orbital  velocity  recovery  would  he  similar  to  the  kind  of  recovery 
techniques  being  employed  in  Project  Fire,  for  example. 

Again  these  are  not  formal  NASA  abort  designations,  but  rather  they  are 
those  that  we  used  in  sizing  these  capabilities. 
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/ Now,  in  developing  the  models  that  have  beta  used  In  the  systems  technique 

work,  one  of  the  first  things  that  is  done  is  to  relate  the  equipment  of  the  over- 
all Apollo  system  to  the  mission  phases  and  the  mission  events  and  the  environ-  ? 
ment,  by  the  functions  that  are  performed  (chart  48) . w 
For  example,  attitude  stabilisation  equipment  obviously  performs  the  fune- 
. tions  of  stabilization  during  portions  of  the  Sight.  The  attitude  Stylization 

gear  In  the  command  module  may  be  active  following  lunar  Injection  or  it  may 
be  standby  such  as  in  the  situation  where  we  are  in  launch-powered  flights  when 
the  attitude  stabilisation  of  the  Saturn  S-V  launch  vehicle  provides  the  sta- 
bilization. ,Or  the  equipment  may  be  operating  continuously,  such  as  the  environ- 
ment control,  or  the  life  support  system  which  operates  throughout  the  entire 
flight  or  intermittently  as  the  case  may  be. 
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CHART  48 

These  factors  must  be  taken  into  consideration  in  the  development  of  the 
model  structure.  The  first  step  in  this  is  on  these  charts  that  you  see  to  your 
'left  [referring  to  wall  charts!  in  which  the  mission  phases  and  events  are 
scheduled  and  the  various  functional  equipments  are  laid  out  against  those 
events.  So  that  for  every  single  event  in  the  mission  there  is  an  indication 
of  a function  to  be  performed  by  the  specific  equipment  in  the  system. 
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The  next  step  Is  to  go  from  this  set  of  charts  to  the  functional  Row  charts 
themselves.  Now,  we  have  linked  these  equipments  into  what  we  call  func- 
tional systems  groups  such  as  reaction  control,  or  environment  control  or 
propulsion  because  many  redundancies  do  exist  throughout  the  system.  Should 
one  item  fail  it  may  be  possible  to  use  functionally  that  system  from  one  of 
the  other  modules.  We  have,  grouped  equipment  in  this  fashion  rather  than 
by  individual  modules  so  that  you  can  see  the  reactions  and  interfaces. 

Now,  the  next  step  in  this  reliability  estimation  process  is  the  translation  of 
the  functional  flow  and  a hardware  configuration  into  what  we  call  the  func- 
tional system  reliability  diagram  (chart  49).  In  this  case  we  show  a func- 
tional system  reliability  diagram  for  a single  specific  event  Now,  these  little 
blocks  represent  the  functional  elements  of  the  system  for  a single  event.  We 
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CHART  49 

look  down  here  and  we  look  at  the  hardware  organisation  of  the  system.  We 
have  taken,  for  example,  the  instrument  unit  of  the  Saturn  S-V  launch  vehicle 
family  and  the  service  module  just  to  give  you  a feeling  for  this  and  we  show 
by  the  Indenture,  the  level  of  Indenture,,  the  various  equipments  that  are  In 
this  hardware  organisation. 
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These,  for  example,  might  be  two  batteries.  This  might  be  the  entire  service 
module,  propulsion  system. 

In  this  modeling  effort,  the  depth  of  detail  needed  and  thus  the  level  of 
indenture  In.  the  module,  is  primarily  dependent  on  the  degree  of  interaction 
and  redundancy  involved  and  the  contribution  of  a given  equipment  to  flight 
safety. 

Now;  the  meaning  of  this  reliability  kind  of  diagram  is  this.  It  is  what  we 
call  a probabilistic  block  diagram.  But  yon  can  get  a physical  picture  for  it 
In  this  way ; For  a given  single  event  to  be  performed  it  is  necessary  that  equip- 
ment (1)  the  functional  system,  (2)  and  systems  (8)  and  (9)  all  operate 
successfully.  It  is  necessary,  however,  that  only  equipment  (3)  or  (4)  or 
both  function  so  that  we  have  redundancy.  In  the  case  of  (5),  (6),  and  (7), 
this  event  can  occur  reliably  if  only  one  of  these  equipments  performs  satis- 
factorily. 

Now,  the  process  of  estimation  then  is  taking  the  reliability  estimate  for 
the  equipments  for  these  events  and  combining  these  probabilities  together  ap- 
propriately to  come  up  with  a probability  for  this  event  taking  place  properly. 

Then  when  the_overall  system  is  put  together,  composed  of  all  of  these  many 
events,  in  this  case  112  events  for  the  current  system,  we  are  then  able  to  pro- 
vide a capability  and  technique  by  which  NASA  can  estimate  the  probability  of 
mission  success. 

Now,  we  hfcve  developed  a digital  computer  program  using  a technique  com- 
monly called  Monte  Carlo  simulation.  This  technique  has  been  used  as  a means 
for  developing  the  capability  for  making  mission  success  and  flight  safety  esti- 
mates. The  current  model  is  composed  of  over  600  separate  hardware  Items.  As 
we  go  later  into  the  flight  safety  model,  including  the  alternate  missions,  these 
hardware  items  will  be  used  over  and  over  again,  with  multiplicity  (chart  50)  . 

Now,  I have  talked  a little  bit  about  the  process  of  the  estimation  of  the  proba- 
bility of  mission  success  of  flight  safety- (chart  51).  This  is  the  methodology, 


CHART  90 


1064  NASA  AUTHORIZATION  1341 

t b technique  involved  in  mission  success  and  flight  safety  estimation.  And  cer- 
tainly this  is  one  of  the  major  goals  in  the  reliability  assessment  program. 

Later  1 will  discuss  briefly  some  of  the  considerations  involved  in  the  data 
systems  that  serve  this  process  of  mission  success  and  the  flight  safety  estimation. 

We  feel  very  strongly  that  dealing  with  these  numbers  alone  will  not  give 
credibility  to  the  reliability  assessment  effort.  We  feel  that  it  is  essential  that 
an  understanding  indeed  be  provided  to  support  what  might  be  called  the  “num- 
l>erg  game, ’’  and  it  ~ been  many  times  called  the  numbers  game,  by  an  under- 

standing of  the  nr  .on  phases  and  events,  and  the  systems  making  up  the  mis- 
sion. We  think  ai  important  tool  for  this,  integral  with  the  reliability  assess- 
ment program  is  v .mt  has  been  called  mission  failure  effects  analysis. 

Now,  what  does  this  involve?  It  Involves  the  single  thread  of  thinking  through 
the  effects  of  an  equipment  failure.  Suppose  a propulsion  system  fails.  What 
effect  does  that  have  on  the  stage  loss?  What  effect  does  it  have  on  mission  loss? 
What  effect  does  that  have  on  our  ability  to  recover  the  crew  safely  ? This  has 
been  called,  if  you  will,  a single-thread  failure  effect  analysis. 
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Now,  in  addition,  perhaps  a nastier  problem  in  many  respects  is  the  problem  of 
dealing  with  failures  that  aren’t  nice  and  discrete,  that  don’t  involve  an  abortive 
failure  of  a package,  but  rather  result  in  an  out-of-tolerance  performance  or  a 
marginal  performance,  such  as  excessive  drift  In  a gyroscope  or  many,  many 
others  that  could  be  envisioned.  When  these  kinds  of  situations  arise  there  are 
interactions  with  other  equipment 

Now,  for  example,  if  the  launch  vehicle  thrust  was  below  tolerance  so  that  the 
insertion  velocity  into  transUmar  trajectory  was  below  the  nominal  plan.  This 
is  very  unlikely  with  the  kind  of  reliable  launch  vehicle  developed  by  the  Mar- 
shall Space  Flight  Center  but  X think  it  is  an  example.  Do  the  guidance  and 
navigation  system  and  the»  service  module  have  sufficient  latitude  and  flexibility 
to  make  adjustment  for  this  out-of-tolerance  behavior  of  the  launch  vehicle,  this 
new  trajectory.  We  feel  that  this  kind  of  a tolerance  failure  effect  analysis  is  a 
very  important  element  In  the  reliability  assessment  program. 

The  kind  of  activity  underway  in  this  area  bes  involved  the  development  of 
dynamic  models  and  then  makes  use  of  system  and  equipment  dynamics  as  op- 
posed to  probabilistic  models  (chart  52),  Here  v/e  are  interested  in  the  actual 
performance  variations  involved. 
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CHART  52 

Then  the  problem  is  to  analyze  the  effects  of  the  equipment  failure,  the  per- 
formance degradation  kind  of  failures  and  the  system  Interaction  that  results 
throughout,  and  assess  their  effects  on  mission  reliability  and  flight  safety. 

Now,  we  may  draw  some  conclusions  about  this  area  of  work  involved  in  the 
estimation  of  the  probability  of  mission  success  and  flight  safety  NASA  is 
undertaking  (chart  63)  to  derive  from  a program  of  this  nature  a measure  of 
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the  probability  of  minion  success  and  flight  safety.  This  in  itself  is  certainly 
important,  to  get  a feeling  for  where  the  program  stands. 

Perhaps  equally  important  is  the  capability  to  use  these  techniques  to 
evaluate  trade-off  considerations*  For  example,  what  happens  if  it  has  been 
decided  to  do  something  a little  different,  to  change  the  mission  or  the  system 
in  some  way?  What  effect  does  that  have  on  the  “odd.”  Also,  we  feel  that  the 
kind  of  effort  involved;  that  is,  logically  thinking  through  the  mission,  gives  a 
guideline  for  Identifying  insufficiencies  in  critical  problem  areas.  This  we  feel 
also  Is  very  important. 
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4.  I would  like  to  now  talk  about  another  Important  element  ( chart  54) ; namely, 

the  reliability  and  failure  data  system.  And  here  are  some  of  the  objectives 
outlined  for  us  on  the  program. 

First,  the  review  of  NASA  Center  and  contractor  data  in  the  category  of  not 
reinventing  the  wheel,  In  the  process  of  this  activity,  we  have  reviewed  many 
of  the  reliability  programs  of  the  Department  of  Defense  and  NASA  for  data 
that  is  applicable  to  these  areas. 

Another  objective  is  to  develop  a reliability  and  failure  data  system  as  part 
of  the  documented  data  control  system  that  Hank  Lehmann  spoke  of  and  to 
4^  develop  standard  reporting  procedures  such  that  when  the  data  is  incorporated 

into  the  data  system  you  don’t  have  a lot  of  data  conversion  problems.  And 
4a  then  the  objective  is  to  collect,  consolidate,  store,  and  process  data  for  reliability 
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CHART  54 

models  and  estimates  and  Anally  to  consolidate  and  process  center  and  contractor 
models  and  reliability  estimates  and  failure  effects  analysis  fo^  use  in  the  reli- 
ability and  safety  studies  activities. 

I think  another  very  important  objective  of  the  reliability  and  failure  data 
system  is  to  provide  a capability  for  summarizing  reliability  and  failure  status 
for  NASA  management  guidance,  on  specific  problems  that  exist  within  the  pro- 
gram. 

Now,  what  are  the  data  sources  involved  here  (chart  55)  ? Certainly  the 
Office  of  Manned  Space  Plight  has  provided  us  with  a good  deal  of  data.  To  do 
a credible  job  It  is  essential  that  specific  data  be  provided  by  the  NASA  centers, 
contractors^,  and  subcontractors  such  as  the  Marshall  Space  Flight  Center,  and 
so  forth. 

Certainly  the  Department  of  Defense  and  other  NASA  activities  and  their 
many  contractors  are  an  important  source  of  reliability  and  failure  data.  Why  ? 
Because  such  data  banks  represent  the  sum  and  substance  of  the  state  of  the 
art.  This  is  the  technology  In  this  country  with  regard  to  such  things  as  mean 
time  between  failures,  state  of  the  art  of  guidance  computers,  propulsion  sys- 
tems, environment  control  systems,  as  guidlines  for  the  overall  assessments.  As 
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part  of  onr  activities  we  have  explored  a good  manyof  these  programs— Mercury 
among  them. 

We  envisioned  the  Apollo  reliability  assessment  program  to  involve  the  sub- 
mission of  functional  subsystem  data,  first  of  all  the  models,  the  kind  of  models 
we  have  talked  about  (chart  50),  we  will  need  reliability  estimates  from  the 
miters  and  their  contractors.  Maintainability  estimates.  One  such  main- 
tainability estimate  is  defined  as  the  mean  time  to  detect  a failure.  Certainly 
you  cannot  maintain  or  correct  a malfunction  unless  you  can  detect  that  the 
malfunction  occurred.  Another  is  the  estimates  of  the  mean  time  to  repair. 
How  long  does  it  take  to  repair  the  device  after  a malfunction  has  been  detected, 
and  so  forth?  Other  estimates  concern  the  feasibility  of  in-flight  maintenance 
on  many  of  the  critical  subsystems. 

The  failure  effects  analysis  that  have  been  performed  by  the.  contractors,  the 
functional  block  diagrams  and  so  forth,  all  will  be  needed. 

Now,  in  the  mission  area  much  of  the  data  comes  from  the  Office  of  Manned 
Space  Flight.  The  profile,  the  mission  profile  and  flight  objectives,  environment, 
operating  times,  aborts,  and  alternate  missions  must  be  obtained,  and  also 
occasionally  specific,  in-depth  data  to  deal  with  critical  problem  areas  such  as 
failure  summaries  on  the  various  competent  parts. 
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Now  for  the  status  today  (chart  57).  We  hare  reviewed  various  data  systems 
in  NASA  in  industry  and  a number  within  the  General  Electric  Co.  We  have 
developed  a manual  data  system  and  it  is  currently  being  used  in  the  develop- 
ment ot  these  estimation  techniques  that  we  have  been  talking  about.  It  is  being 
used  to  provide  the  data  with  which  these  techniques  are  being  developed.  It  is 
a manual  system  but  it  does  incorporate  coding  techniques  which  will  enable 
later  mechanization.  We  feel  that  it  is  better  to  walk  before  you  run  to  make 
dam  sure  that  you  have  a system  that  is  efficient  and  does  not  involve  excessive 
documentation.  As  such  this  effort  is  a combined  part  of  the  data  studies  in 
which  we  have  been  cooperating  very  closely  with  Henry  Lehmann  and  his 
people  in  the  development  of  this  system. 

We  have  collected,  a great  deal  of  Department  of  Defense  state  of  the  art 
reliability  data,  such  as  the  mean  to  failure  and  the  mean  time  to  repair. 

We  have  collected  a good  deal  o*.  information  on  Project  Mercury  and  it  has 
been  very  applicable  and  very  helpful  to  us.  We  have  developed  several  pro- 
cedural handbooks.  We  have  recommended  the  techniques  within  them  and  these 
have  gone  through  a number  of  reviews  with  NASA  and  are  currently  under 
review  at  headquarters. 

This  Is  a reliability  modeling  estimation  procedure.  Here  we  review  and 
delineate  the  techniques  and  methods,  recommended  for  program  use.  The  re- 
liability data  system  and  the  failure  data  system  highlighting  procedures  and  the 
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formats  and  the  techniques  for  the  submission  and  the  handling  of  the  vast 
quantities  of  data  involved  in  the  program. 

I would  like  now  to  talk  about  the  other  basic  area  of  work  in  which  we  have 
been  supporting  the  Apollo  reliability  assessment  program  (chart  68).  Three 
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anas,  design,  manufacturing,  test,  and  operation.  The  effort*  in  these  areas 
have  been  to  the  development  of  survey  techniques,  check  lists  and  scoring 
methods  Which  gftay  be  used  by  NASA  in  the  review  and  in  the  assessment  of  the 
NASA  contractor's  reliability  and  quality  programs  in  these  areas. 

In  a vast  program  of  the  type  that  we  are  dealing  with  it  ha*  been  mentioned 
that  something  like  a half  million  people  are  involved.  It  would  be  impossible 
for  one  organisation,  any  organisation,  to  keep  track  of  ail  of  the  details,  specific 
problems  involving  many  millions  of  component  parts  In  the  program.  There  is 
no  accurate  estimate  1 am  sure  at  this  point.  Some  have  estimated  that  10  to 
15  million  component  parts  are  involved  in  the  whole  program.  I think  that  It  is 
a very  important  function  for  the  reliability  assessment  program  that  means  be 
established  for  developing  the  techniques  for  providing  adequate  reliability  con- 
trols in  the  program. 

Bach  contractor  must  be  responsible  for  the  reliability  assurance  of  the  hard- 
ware he  develops. 

Now,  what  are  some  of  the  key  techniques  involved?  We  have  talked  about 
the  check  lists.  The  check  list*  consist  of  some  1>OO0  statements  or  questions 
that  have  aa  guidelines  the  important  elements  of  a reliability  and  quality  pro- 
gram. In  this  case,  for  example,  we  have  a statement.  “The  published  pro- 
cedures state  that  signature  approval  is  required  for  proper  control  of  deviations 
from  the  requirements  of  the  Standard  practices  manual”  (chart  50).  What 

PUBLISHED  PROCEDURES  STATE 
THE  SIGNATURE  APPROVALS  REQUIRED 
FOR  PROPER  CONTROL  OF  DEVIATIONS 
FROM  THE  REQUIREMENTS  OF  THE 
STANDARD  PRACTICES  MANUAL. 

CHART  59 

does  this  imply?  It  implies  that  a good  reliability  program  involves  the  de- 
velopment of  a standard  practices  manual.  It  involves  as  well,  certainly,  pro- 
visions for  variation  from  standardisation,  but  that  there  should  be  a reason 
for  it.  1 think  it  would  be  impossible  for  any  detailed  assessment  in  all  of  the 
activities  and  in  all  of  the  contractor's  areas  to  insure  compliance  but  the 
important  thing  Is  that  they  do  have  these  control  and  they  do  have  these 
methods  and  are  using  them. 

I think  it  will  be  dearly  the  function  of  NASA,  and  the  Government  inspec- 
tion agencies,  to  perform  these  assessments  in  general.  We  are  merely  de- 
veloping the  techniques  and  methods. 

Another  example  of  a question  or  a statement  in  these  check  lists  (chart  00) 
is  the  statement,  “Maximum  use  is  made  of  standard  parts,  modules,  com- 
ponents, circuits  and  accessories  to  achieve  a high  degree  of  interchangeability,” 
I think  this  is  important  especially  from  the  maintainability  point  of  view. 

I recall  a story  about  General  Clark  at  Pusan  during  the  Korean  war.  It  in- 
volved certain  support  handling  equipment.  At  one  time  he  could  not  assemble 
from  scavenged  parts  one  working  functional  material  handling  system  for  a 
particular  type  of  truck.  This  seriously  impeded  ships  unloading  at  the  beach- 
head. 

I think  this  again  points  np  the  need  for  a basic  approach  in  the  contractor’s 
reliability  and  quality  program  activities. 
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MAXIMUM  USE  IS  MADE  OF 
STANDARD  PARTS,  MODULES 
COMPONENTS,  CIRCUITS,  AND 
ACCESSARIES  TO  ACHIEVE  A HIGH 
DECREE  OF  INTERCHANGEABILITY. 

.*'  * CHART  60 

I have  several  others  that  may  be  of  interest  This  (chart  61)  in  particular 
I think  is  important.  “Special  analysis  is  conducted  on  each  critical  and  major 

SPECIAL  ANALYSIS  IS  CONDUCTED 
ON  EACH  CRITICAL  AND  MAJOR 
FAILURE  BY  THE  RELIABILITY 
FUNCTION  v chart  «i 

failure  by  the  reliability  function”  of  the  contractor.  Another  is  (chart  62) ; 
“The  failure  analysis  system  provides  methods  for  control  of  discrepant  parts 

THE  FAILURE  ANALYSIS  SYSTEM 
PROVIDES  METHODS  FOR  CONTROL 
OF  DISCREPANT  PARTS  AND 
COMPONENTS  WHICH  REQUIRE 
FURTHER  ANALYSIS  AND 
CORRECTIVE  ACTION  . 

: CHART  62 

and  components  which  require  farther  analysis  and  corrective  action.”  It  Is 
important,  for  example,  that  discrepant  parts  which  work  partially  aren’t  fed 
hade  into  the  spare  parts  Inventory.  This  has  on  occasion  happened,  of  coarse. 
It  is  certainly  no  way  to  achieve  adequate  reliability.  It  is  Important,  further- 
more, that  when  a failure  occurs  that  a means  be  explored  to  find  out  what 
caused  the  failure  to  determine  what  corrective  action  must  be  taken  to  correct 
that  failure.  I think  in  most  cases  the  contractor  is  in  the  best  position  to  make 
these  corrections.  We  have  also  been  developing,  gentlemen  (chart  68),  tech- 
niques that  NASA  may  use  in  scoring  and  evaluating  the  various  reliability 
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SURVEY  REPORT 
CONTRACTOR  XYZ  CO^ 


DESIGN  90% 

MANUFACTURING  92% 

TEST  * OPERATIONS  80% 


CHART  63 


and  quality  program*  In  nae.  This  reviews  the  guidelines  (chart  61)  that  were 
used  in  the  development  of  the  manufacturing  reliability  assessment  checklists. 
These  are  the  various  kinds  of  reliability  and  quality  control  elements  that  are 
felt  to  be  important  to  the  program. 

These  techniques  should  provide  NASA  a tool  for  highlighting  areaB  where 
possible  improvements  could  be  achieved. 

Gentlemen,  my  time  is  up.  I would  be  glad  to  answer  any  questions. 

Mr.  Tkaoite.  I guess  you  can  go  ahead  then,  Mr.  Shetler,  since  nobody  has  any 
questions. 

Mr.  Shetues.  There  are  two  question^  which  I promised  to  address  myself  to 
which  came  up  In  our  previous  discussions.  One  had  to  do  with  the  in-house 
versus  the  contractor  approach  to  the  total  problem  that  we  are  attacking  tinder 
our  contract  410. 

We  see  in  this  contract  a reason  for  industrial  support  for  several  reasons, 
first,  this  contract  enables  the  National  Government  to  call  on  the  entire  capa- 
bility of  a very  diverse  element  of  the  Industry,  We  have  collected  here  many 
kinds  of  capabilities.  It  is  a team  that  has  had  experience  in  this  area,  both 
in  the  software  and  in  the  hardware  areas.  And  we  feel  very  strongly  that  it 
would  not  be  in  the  public  Interest  for  the  Government  to  attempt  to  assemble 
a duplicate  t^am  in-house  for  the  purposes  for  which  this  contract  has  been 
written, 

Second,  the  central  feature  of  our  contract  is  the  integrated  launch  control 
and  checkout  system,  which  is  a major  pert  of  the  whole  Apollo  system.  This 
Involves  the  detail  design,  manufacturing,  installation,  and  logistic  support  of 
complex  hardware  system.  The  Government  traditionally,  and  we  feel  very 
properly,  looks  to  Industry,  particularly  in  the  rapidly  developing  electronics 
technology  area,  for  support  for  the  supply  of  such  equipment. 

We  feel  that  there  Is  no  reason  why  this  practice  should  change  for  Apollo 
or  for  the  integrated  launch  control  and  checkout  system  any  more  than  it  should 
for  other  major  Apollo  equipment  systems  such  as  the  launch  vehicle,  the  space- 
craft, or  the  lunar  excursion  module. 
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BASIC  REQUIREMENTS 
MANAGEMENT 

DESIGN  AND  DEVELOPMENT  CONTROL 

CONTROL  OF  CONTRACTOR-  PROCURED  MATERIAL 

CONTROL  OF  GOVT  FURNISHED  PROPERTY  (g\p) 

CONTROL  OF  CONTRACTOR-FAflWOTED  ARTICLI 

NONCONFORMING  MATEI 

INSPECTION,  MEASURING^  ANlXlEST  EQUIPMENT; 

INSPECTION  STAMPS 

PRESERVATION,  PACKAGING.  HANDLING. 
STORAGE  AND  SHIPPING 


STATISTICAL  PLANNING.  ANALYSIS  AND 
QUALITY  CONTROL 

TRAINING  AND  CERTIFICATION  OF  PERSONNEL 

DATA  REPORTING  AND  CORRECTIVE  ACTION 

AUDIT  OF  QUALITY  PROGRAM  PERFORMANCE 

CHART  64 


Finally,  what  we  have  tried  to  show  this  morning  is  that  our  contract  is  an 
integral  whole.  Integration  and  reliability  assessment  are  logical  and  proper 
corollaries  of  the  integrated  launch  control  and  checkout  system. 

Those  things  you  need  to  know  for  one  are  required  for  the  other  one.  We 
feel  that  it  would  make  for  only  inefficiency  and  poor  economy  for  either  or 
both  of  these  integration  and  reliability  assessments  to  be  separated  from  the 
checkout  contract  and  done  in-house  by  the  Government. 

I have  also  indicated  that  I would  make  a point  on  the  costs  which  we  have 
currently  incurred  in  this  program.  Up  to  the  end  of  1962  our  costs  were  slightly 
in  excess  of  $8  million.  Through  February  1963,  we  had  costs  of  approximately 
$12*6  million.  By  June  30,  the  end  of  this  fiscal  year  we  visualize  the  costa  to 
be  approximately  $25  million,  without  taking  into  account  the  hardware  which 
Dr.  Saline  mentioned  earlier  relating  to  the  integrated  launch  control  and  check- 
out system. 

For  fiscal  1964,  as  I indicated  earlier,  we  are  predicting  costs  of  approximately 
$150  million  as  our  forecast. 
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Mr.  Waggonneb.  What  do  you  expect  the  total  cost  of  the  project  will  be  op 
to  the  time  of  the  lunar  landing? 

Mr.  Shetus.,1  do  not  have  that.  We  are  In  the  very  formative  8tageaf  par- 
ticularly on  this  hardware  part  of  the  program.  Some  of  the  things  that  Dr. 
Saline  mentioned  relating  to  capability  to  use  things  in  conjunction  with  one 
another  may  have  some  grave  effects  on  it.  But  I do  not  have  it  at  this  par- 
ticular time. 

We  feel,  from  our  standpoint,  that  this  has  been  a tight  program,  tightly 
handled,  both  from  a control  and  a cost  standpoint.  We  feel  that  we  have 
performed  efficiently  and  well  to  date. 

Are  there  any  other  general  questions  on  this  subject  or  anything  else  that 
we  have  talked  about  this  morning? 

Mr.  Patten.  Overriding  this  program  and  one  thing  that  distinguishes  this 
from  all  others,  especially  watching  those  people  yesterday  at  the  firing  of  the 
Saturn  IV,  is  the  feeling  that  this  isn't  business  as  usual.  There  is  a higher 
objective  which  motivates  all  of  us  to  take  additional  interest  in  the  success  of 
the  project.  Even  though  we  don't  speak  of  the  military  aspects  of  this  program, 
when  that  thing  went  off  yesterday  I said  to  myself : "Well,  I hope  Mr.  K.  sees 
that  one.”  Later  I picked  up  the  paper  and  read  that  Mr.  Oastro  is  going  to 
rattle  some  rockets.  Do  you  consider  it  a part  of  your  job,  or  a part  of  NASA's 
job,  to  do  as  the  services  do  and  indoctrinate  and  appeal  to  the  patriotism  of 
these  half  a million  people  to  do  a better  job  or  the  like?  Is  that  being  done,  to 
your  knowledge? 

I think  it  is  a tremendous  motivation.  I know  you  all  have  it.  You  can  sense 
it  from  all  of  the  intelligent  and  informed  people  In  the  program.  Do  you  think 
that  it  carries  down  to  every  worker,  and  would  it  be  of  some  value? 

Mr.  Shetueb.  Yes,  indeed, 

I would  like  to  talk  on  this  at  great  length.  I have  had  20  years’  experience 
in  the  electronic  business,  all  in  Government  business,  and  this  is  a program  in 
which  good  technical  people  just  rally  around.  We  have  here  approximately  a 
group  of  600  people  in  Daytona  and  you  can  hardly  turn  them  off  nights. 

I don’t  believe  the  difficulty  is  with  the  half  a million  people  in  Government 
and  in  industry  who  are  working  on  this  program.  As  far  as  I am  able  to  see 
these  people  are  dedicated  well  beyond  anything  I even  saw  in  World  War  II 
when  it  comes  to  systems  development,  design,  and  production,  and  to  the  care 
and  the  efforts  that  these  people  are  putting  in.  I know  of  no  one,  for  example, 
that  only  works  a 40-hour  week.  Most  of  the  people  I see  work  60  and  80  hours 
giving  up  all  kinds  of  personal  time  in  sheer  dedication  to  the  program. 

My  basic  fear  on  this  is  not  with  those  half  a million  people,  who  in  my  opinion 
are  very  highly  dedicated.  You  could  hardly  get  these  people  off  the  pro- 
gram if  you  tried.  The  vast  group  of  people  who  are  not  working  on  the  pro- 
gram and  who  are  contributing  to  it  only  through  tax  dollars  are  the  problem 
that  it  is  so  difficult  to  measure.  As  a nation  we  may  get  m tired  before  196JT 
comes  that  we  may  push  the  button  and  try  to  get  to  the  Moon  on  the  first 
attempt.  The  real  problem  is  to  sustain  the  enthusiasm  across  this  whole 
country. 

Pardon  me,  Mr.  Chairman,  if  I am  giving  a speech  but  this  is  where  I really 
feel  we  may  have  difficulty.  And  the  biggest  difficulty  we  will  have  to  face  is 
when  we  have  a major  failure  of  some  test  vehicle  like  that  one  yesterday. 

I want  to  tell  you  that  I lived  in  considerable  fear  that  that  one  might  fail 
yesterday  and  I was  a little  bit  worried  about  your  sense  of  humor  this  morn- 
ing if  it  had.  We  have  got  to  prepare,  and  I am  sure  it  won’t  be  very  easy,  but 
we  have  got  to  prepare  the  entire  American  public  for  normal  test  failures. 

You  know  when  we  design  a small  piece  of  electronic  equipment  and  take  it 
into  the  lab  and  turn  it  on  and  have  a smoke  test  and  the  whole  thing  goes  to 
pot  you  never  hear  about  it.  But  when  you  take  out  one  of  these  big  vehicles 
in  what  is  really  a laboratory  test  and  put  it  on  the  pad  and  count  it  down  and 
it  explodes,  it  is  going  to  be  hard  to  explain,  I will  say,  to  the  man  on  the  street. 
A « ySL^hls  ls  a nonnal  thing  to  happen  in  a vast  program  of  this  character. 

Mr.  PunTONof  Pennsylvania.  Don’t  leave  out  any  minus  signs  like  they  did  on 
Mariner  I.  That  kind  of  mistake  is  hard  to  explain,  and  I think  it  Is 
unnecessary. 

Mr.  Shetlkb,  I certainly  agree  with  you,  sir, 

(Thereupon  there  was  an  off-the-record  discussion  and  the  meeting  was  ad- 
journed at  12 :40  o’clock,  p.m.) 
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National  Aeronautics  and  Space  Administration, 

Office  op  tee  Administrator, 
Washington,  D.C.,  April  t6,  19tiS. 

Hon.  Olin  E.  Teaoue, 

Chairman,  Subcommittee  on  Manned  Space  Flight,  Committee  on  Science  and 
Astronautics,  House  of  Representatives,  Washington,  D.C. 

Dear  Mr.  Chairman:  This  is  in  response  to  your  recent  request  of  Mr.  D. 
Brainerd  Holmes.  Director,  Office  of  Manned  Space  Flight,  for  information 
concerning  a description  of  the  work  Bellcomm,  Inc.,  the  General  Electric  Co., 
and  the  Aerospace  Corp.,  are  doing  in  providing  technical  assistance  for  the 
manned  space  flight  program  in  the  fields  of  systems  engineering  and  checkout, 
reliability  assessment,  and  integration. 

In  responding  to  your  request,  it  might  be  appropriate  to. review  briefly  the  , 
Bellcomm  and  General  Electrio  efforts  in  support  of  Project  Apollo.  The  Aero* 
space  Corp.,  a contractor  of  the  Air  Force,  is  different  in  concept  than  either 
Bellcomm  or  General  Electric.  In  addition  to  providing  systems  support,  .as  is 
the  case  of  Bellcomm  and  General  Electric,  Aerospace  is  providing  actual  technical 
direction  to  the  space  program  of  the  Air  Force.  Inasmuch  as  Aerospace  is  an 
Air  Force  contractor,  you  may  wish  to  refer  any  questions  regarding  the  contract 
to  the  Department  of  the  Air  Force. 

The  systems  engineering  function  includes  the  determination  of  system  speci- 
fications and  conceptual  designs  of  major  elements  of  the  program;  the  review  of 
ongoing  programs  to  identify  and  evaluate  possible  alternative  oourses  of  actions: 
study  of  the  impact  of  funding,  schedule,  and  technical  changes  on  the  over&’j 
program;  devlopment  of  the  overall  reliability  and  system  test  plans,  and  prepara- 
tion of  long-range  plans;  implementation  of  long-range  studies,  and  participation 
in  project  development  plans  for  future  manned  space  flight  projects. 

Typical  of  this  type  of  activity  was  the  selection  of  the  mode  of  flight  for  the 
first  manned  lunar  landing,  in  which  the  Office  of  Systems  occupied  a central 
role.  As  the  subcommittee  knows,  three  possible  ways  of  implementing  the 
program  were  studied  in  great  detail — direct  ascent,  Earth  orbit  rendezvous, 
and  lunar  orbit  rendezvous. 

The  Office  of  Systems  reviewed  the  data  available  and  defined  the  additional 
studies  required  to  provide  mission  data.  These  studies  were  conducted  both 
at  NASA  centers  ana  by  contractors  under  the  direction  of  the  Office  of  Systems, 
By  June  1962,  the  results  of  all  the  previous  study  activity  had  been  analyzed 
against  the  criteria  of  mission  success,  safety,  schedule,  cost,  complexity,  and 
growth  potential.  The  analysis  of  more  than  a million  man-hours  of  technical 
work  showed  that  lunar  orbit  rendezvous  was  the  most  desirable  mode  of  flight. 

The  Office  of  Systems  now  has  about  half  of  its  planned  total  complement  of 
125  members  of  the  technical  staff  on  board.  In  February  1962,  NASA  requested 
the  American  Telephone  A Telegraph  Co.  to  assist  in  this  systems  engineering 
effort.  NASA  asked  A.T.  A T.  to  provide  an  organization  of  experienced  men 
able  to  employ  the  most  advanced  analytical  procedures  necessary  to  develop 
the  factual  bases  needed  by  responsible  NASA  officials  to  make  the  wide  range  of 
decisions  required  for  the  successful  execution  of  the  manned  space  flight  program. 

A.T.  A T.  responded  to  this  request  by  forming  Bellcomm,  Inc.,  in  March  1902. 

As  of  this  date,  Bellcomm  consists  of  97  technical  people  and  a supporting 
staff  of  64.  In  terms  of  educational  background  of  the  technical  staff,  24  percent 
have  a Ph.  D.  degree,  46  percent  have  an  M.S.  degree,  and  29  percent  have  a 
B.S.  degree. 

NASA  anticipates  that  by  the  end  of  this  year  the  Bellcomm  organization 
will  comprise  about  250  people — two-thirds  technical  personnel  and  the  balance 
administrative  staffing  level. 

For  the  18-month  period  ending  September  30,  1963,  the  estimated  amount 
of  the  NASA  contract  with  Bellcomm  is  approximately  $8.5  million.  Bellcomm 
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provided  skilled  aDd  experienced  assistance  to  enable  NASA  systems  engineering 
to  exercise  its  responsibility  and  authority  in  an  effective  manner. 

It  is  important  to  note  that  Bellcomm,  Inc.,  assists  and  supports  a technical 
office  within  the  Government  rather  than  an  Administrative  office;  This  impor- 
tant distinction  makes  it  possible  for  the  Government  to  carry  out  properly  its 
total  technical  responsibility,  utilizing  a contractor  for  assistance,  but  maintaining 
the  final  technical,  engineering,  and  procurement  judgments  within  the  Govern- 
ment itself,  to  be  made  by  Government  employees. 

The  capital  stock  of  Bellcomm,  Inc.,  which  at  present  is  $700,000,  is  owned 
jointly  in  equal  amounts  by  A.  T,  A T.  and  the  Western  Electric  Co. 

The  board  of  directors  is  comprised  of  a chairman,  Mr.  R R.  Hough,  vice 

Jiresident  (engineering),  A.  T.  A T.,  and  eight  others — two  from  A,  T.  A T.,  two 
rom  the  Western  Electric  Co.,  two  from  the  Bell  Telephone  Laboratories,  and 
two  from  Bellcomm,  Inc.  It  was  Intended  at  the  outset  that  the  board  be  a 
working  board  in  both  a technical  and  business  sense.  i?or  this  reason  it  con- 
tains highly  qualified  technical  people  and  people  with  extensive  business  ex- 
perience. 

The  president  of  Bellcomm,  John  A.  Hornbeck,  and  the  heads  of  its  two  tech- 
nical divisions  came  from  Bell  Telephone  Laboratories. 

Its  vice  president  and  general  manager  came  from  the  Long  Lines  Department 
of  A.  T.  A T.  The  other  officers  are  a comptroller  and  a secretary-treasurer,  the 
former  from  A.  T.  A T.  and  the  latter  from  the  Western  Electric  Co. 

In  February  1962,  NASA  selected  the  General  Electric  Co.  to  play  a supporting 
role  in  Project  Apollo — to  concentrate  on  checkout,  reliability  assessment,  ana 
integration. 

It  is  appropriate  to  indicate  some  of  the  reasons  why  such  support  is  required. 
To  carry  out  a manned  lunar  landing  mission,  it  is  necessary  to  verify  the  readiness 
of  all  of  the  needed  system  elements  to  properly  perform.  In  order  to  develop 
high  confidence  in  NASA’s  readiness  to  take  the  next  step  in  a mission,  each  piece, 
part,  unit,  subsystem,  stage/spacecraft  module,  space  vehicle,  and  ground  facility 
must  be  checked  out  most  carefully. 

Within  the  framework  of  organization  for  the  Apollo  project,  no  single  contractor 
could  do  the  entire  job  of  developing  checkout  equipment  and  procedures  and  sup- 
plying the  equipment  for  a uniform  program  wide  approach.  Therefore,  NASA 
askedthe  General  Electric  Co.  to  begin  this  work  under  letter  contract  NASw-410. 

The  knowledge  gained  in  the  uniform  design  of  checkout « nipment  and  pro- 
cedures is  the  same  information  required  to  insure  detailed  I.  cegration  of  major 
systems,  such  as  the  electronic,  electrical,  and  mechanical  linkages.  The  checkout 

Srocess  of  necessity  delves  into  almost  every  system  in  great  detail.  Consequently, 
was  decided  to  combine  the  integration  assignment  with  that  of  checkout. 
Another  related  task  is  reliability  assessment.  The  success  of  Apollo  will  require 
detailed  knowledge  concerning  the  present  and  projected  reliability  of  the  critical 
system  components.  This  knowledge  must  be  continuously  acquired  throughout 
the  design,  manufacturing,  test  and  operational  phases  of  the  program  to  enable 
NASA  to  make  an  informed  judgment  about  system  reliability  and  safety  levels. 

The  first  phase  of  the  work  consisted  of  a series  of  studies  aimed  at  more  specifi- 
cally analyzing  and  defining  the  scope  and  content  of  the  work.  The  study  phas- 
was  completed  last  fall.  The  implementation  phase  of  work  was  begun  immedi- 
ately and  continues.  Negotiations  on  a definitive  contract  have  proceeded, 
and  NASA  is  confident  that  agreement  on  all  of  the  provisions  of  this  definitive 
contract  will!  be  reached  in  the  near  future. 

In  the  implementation  phase.  General  Electric’s  work  will  be  in  two  broad 
categories.  There  will  be  continuing  engineering  support,  which  will  be  required 
by  the  Office  of  Manned  Space  Flight  and  the  NASA  centers  in  their  respective 
areas  of  responsibility  for  integration,  reliability  assessment,  and  checkout. 
Secondly,  General  Electric  will  furnish  specially  designed  checkout  hardware, 
including  that  which  will  provide  for  the  integrated  launch  control  and  checkout 
system. 

General  Electric  engineering  support  is  now  building  up  as  needed  at  the 
Manned  Spacecraft  Center,  the  George  C.  Marshall  Space  Flight  Center,  and  the 
Launch  Operations  Center.  The  organizations  at  each  center  call  upon  the 
Apollo  Support  Department  at  Daytona  Beach,  Fla.,  where  a staff  has  been 
established  to  support  across-the-board  tasks.  Common  use  of  the  Daytona 
Beach  services  assures  a common  approach  to  checkout,  reliability  assessment,  and 
integration. 
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Ah  the  program  progresses,  General  Electric  will  gradually  increase  the  propor- 
tionate scope  of  the  Daytona  Beach  effort  as  the  engineering  center  of  gravity 
shifts  from  concept  and  design  to  the  production  of  checkout  equipment.  As  the 
reliability  and  quality  data  Degin  to  build  up,  the  General  Electric  central  data 
effort  will  also  grow.  Integration  support  effort  by  General  Electric  will  continue, 
at  the  NASA  centers  and  at  the  General  Electric  headquarters  to  provide  assistance 
to  NASA  throughout  the  life  of  the  program. 

It  is  important  to  note  the  difference  between  systems  engineering,  an  activity 
that  requires  a relatively  small  organization  of  very  highly  qualified  individuals, 
and  checkout,  reliability  assessment,  and  integration,  which,  because  of  the 
massive  amount  of  technical  detail  which  must  be  Dandled,  require  large  manpower 
efforts. 

In  systems  engineering,  NASA  has  developed  the  system  concept  and  is  now 
writing  the  overall  specifications  for  Project  Apollo.  A portion  of  these  specifica- 
tions will  include  the  general  requirements  on  the  checkout  system,  definition  of 
the  requirements  for  reliability  assessment,  and  technical  monitoring  of  the 
program.  Bellcomm  supports  NASA  in  this  work. 

NASA  has  asked  General  Eleotric  to  provide  support  iii  areas  in  which  the 
details  require  many  people.  General  Electric  is  implementing  the  checkout 
system,  beginning  hardware  production,  and  undertaking  comprehensive  work  in 
integration  and  related  data  gathering  and  processing,  which  will  help  to  insure 
that  the  overall  systems  engineering  requirements  are  being  met  in  detail. 

Annex  A and  annex  B attached  are  copies  of  the  statements  of  work  contained 
in  the  Bellcomm  and  General  Electric  contracts. 

We  believe  that  the  above  supplements  and  summarizes  the  previous  testimony 
given  to  your  subcommittee  on  these  subjects  by  Mr.  Holmes  on  March  6-7  and 
April  9,  1963,  by  Dr.  John  A.  Hornbeck,  president  of  Bellcomm,  Inc.,  and  Mr. 
Richard  L.  Shetler,  general  manager  of  the  Command  Systems  Division  of 
General  Eleotric  and  acting  general  manager  c?  the  General  Electric  Apollo 
Support  Department,  on  March  20,  1963,  and  by  Dr.  Robert  C.  Seamans,  Jr., 
Associate  Administrator  of  NASA,  on  April  9,  1963,  It  is  our  understanding  that 
the  transcript  of  the  briefing  given  by  members  of  the  Apollo  Support  Department, 
General  Electric  Co.,  Daytona  Beach,  Fla.,  on  March  29,  1963,  has  been  trans- 
mitted to  you  and  will  be  made  a part  of  the  record  of  your  subcommittee  hearings. 

Sincerely  yours, 

Paul  G.  Dembling, 
Director,  Office  of  Legislative  Affairs. 
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ANNEX  A 

3ELLC0M4  STATEMENT  0?  WORK 


ARTICUB  II.  STATEMENT  OF  WORK 

The  Contractor,  aa  an  Independent  contractor  and  not  as  an  agent  of  the 
Government  and  in  accordance  with  the  terms  and  conditions  hereinafter  more 
particularly  described,  shall  perform  the  following: 

(1)  General  Mission.  The  Contractor  Bhall  utilize  its  personnel, 

' facilities,  materials,  equipment  and  services  on  a continuing 

basis  to  perform  studies,  technical  fact  finding  and  evaluation, 
analytical  investigations,  consulting  effort  and  related  profes- 
sional activities  in  support  of  manned  space  flight  and  related 
programs  of  NASA.  Such  work  may  include  but  is  not  limited  to  the 
following  activities: 

1.  Studies  of  mission  objectives. 

2.  Studies  of  method^1 by  which  mission  objectives  can  be 

achieved.  . 

3*  Recommendations  concerning  broad  specifications  and 
conceptual  design  of  major  subsystems. 

4.  Objective  evaluation  of  the  technological  states-of-the-art 
to  assess  the  developmental  potential  of  various  system 
elements.  . 

5 • Objective  evaluation  of ; the  technical  status  of  programs 
in  light  of  Bystems  objectives . 

6.  Trade  off  studies  to  provide  data  required  to  reach  manage- 
ment decision  on  technical  problems. 

7-  Conduct  of  detailed  and  fundamental  analyses  of  systems. 

8 . Definition  of  reliability  studies . 

Quarterly  technical  reports  are  to  be  furnished  by  Contractor  as  well  as  special 
reports  as  may  be  specified  by  the  Contracting  Officer . 

(2)  Special  Tasks.  In  addition  to  performing  the  continuing  general 
activities  described  in  (l)  above,  Contractor,  at  the  request  of  NASA, 
will  perform  other  special  tasks  as  agreed  upon  which  may  or  may  not 
fall  within  the  activities  referred  to  in  (l)  above.  It  is  contemplated 
that  such  tasks  will  occur  in  instances  where  particular  emphasis  is 
required  for  some  segment  of  work  because  of  the  nature  of  the  subject 
matter,  the  timing  or  the  level  of  activity  involved. 

(3)  Task  Orders.  The  special  tasks  referred  to  in  (2)  above  that  are 
required  by  NASA  from  time  to  time  shall  each  be  evidenced  by  a "Task 
Order"  to  be  issued  by  the  Contracting  Officer  in  writing,  dated,  and 
serially  numbered.  Each  Task  Order  Bhall  set  forth  and  define  the 
work  to  be  performed,  reporting  requirements  and  the  estimated  com- 
pletion date.  Amendments  to  Task  Orders  shall  be  issued  in  acco”danc 
with  the  procedures  for  original  Task  Orders . Upon  written  acceptance 
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of  a Task  Order  by  Contractor,  the  subject  task  is  thereupon  a part 
of  this  contract  and  Contractor  shall  use  its  best  efforts  to  perform 
the  same . Personnel  assigned  to  the  general  mission  and  each  Task 
Order  shall  be  under  the  direct  management  and  supervision  of  the 
Contractor.  After  completion  Of  each  Task  Order,  the  Contractor 
shall  either  (i)  furnish  a technical  report  giving  full  disclosure 
of  all  work  done  in  the  number  of  copies  specified  by  the  Contract- 
ing Officer,  or,  if  not  required,  (ii)  furnish  the  Contracting 
Officer  a certificate  of  completion  substantially  in  form  as  follows: 


"I  certify  that  the  work  called  for  in  Task  Order  number 

has  been  completed  in  accordance  with  instructions  in  the 
order. 

BELICOMM,  Inc. 


(4)  Interim  Status  Reports . In  addition  to  the  reporting  requirements 
Set  out  above  in  this  Article  II  and  of  Article  VIII,  Reporting, 
hereof,  once  each  month  as  part  of  the  Financial  Management  Report 
referred  to  in  Article  VIII,  Contractor  shall  submit  a report  of  (i) 
the  technical  effort  expended  in  the  previous  month,  and  the  cumula- 
tive total  through  that  month,  for  each  undertaking  under  the  general 
mission  and  each  special  task,  and,  (ii)  t_ie  technical  effort  fore-, 
cast  to  be  expended  under  the  general  mission  and  each  special  task 
for  the  balance  of  the  current  quarter  and  for  succeeding  quarters 
to  the  end  of  the  concerned  contract  period.  This  report  shall 
identify  any  significant  changes  (either  increase  or  decrease)  in 
any  estimate  previously  made  respecting  the  amount  of  technical 
effort  required  to  complete  a special  task  or  to  be  applied  to 
general  mission  undertakings  during  the  contract  period. 


ARTICLE  III.  WORK  UP  BELL  TELEPHONE  LABORATORIES  AMD  SERVICES  OF  OTHER 
BELL  SYSTEM  COMPANIES 

(l)  The  work  called  for  by  this  contract  may,  if  the  Contractor  so 

determines,  be  performed  in  part  by  or  through  Contractor's  associated 
company,  the  Bell  Telephone  Laboratories,  Incorporated  (hereinafter 
called  the  "Laboratories").  The  Laboratories  has  agreed  with 
Contractor  that  in  the  performance  of  w *-k  hereunder  it  will  comply 
with  all  duties  and  obligations  impose/-  n Contractor  pursuant  to 
Article  IV,  Term  of  Contract  and  Option  o Extend,  Article  XII, 
Release  of  News  Information,  Article  XI?".  Visits  to  Associated 
Companies'  and  Subcontractors ' Plants,  Article  XVI,  Bata  and  the 
General  Provisions  hereof  (other  than  claur-cs  4 and  22  of  said 
General  Provisions),  as  such  duties  and  obligations  relate  to  the 
work  to  he  performed  by  the  Laboratories  shall  not  be  subject  to 
further  approval  hereunder. 


0 
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(2)  Without  further  approval  hereunder.  Contractor  may  enter  into  agree- 
ments with  any  company  of  the  Bell  System  covering  arrangements  (i) 
respecting  leave  of  absence  personnel  of  such  company  employed  by 
Contractor,  (il)  for  the  services  of  employees  to  be  made  available 
to  Contractor  on  a temporary  basis  ("Loaned  Employees"),  and,  (lii) 
for  the  furnishing  of  administrative  staff  services,  such  as  account 
Ing,  legal,  personnel,  public  relations  and  similar  services . 


xii!Wi-«!»«» mmmmm  M**..-:  — . - » 
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ANNEX  B IIP 

ttSDOML  aercwwbics  aid  snuas  AuaxzsxRAZEOi 

I Latter  Contract  1*8*430 
[ Aunflnant  lto.  lA 

Date:  December  31,  1962  I 


Contractor:  general  Electric  Papacy 

Boat  Office  Box  2500 
Daytona  Beach,  Florida 


Subject:  Berlaed  Work  Staton ant 


1.  Exhibit  "A”  entitled  "Work  Statonaat  - 1*8*430”  dated  October  12,  1962 
to  Latter  Contract  K*Sw4l0  la  hereby  delated  In  lto  entirety  and  the  attached 
Exhibit  "A”  entitled,  "Work  stateaant  - 1*8*420"  dated  December  31.  3962  la 
hereby  substituted  In  Ueu  thereof. 

2.  Paragraph  2.b.  of  the  Letter  Contract  la  deleted  In  lto  entirety  end 
the  following  le  hereby  aubotltuted  In  lieu  thereof: 

"b.  Baferenoe  in  any  of  the  clauses  In  (a)  above  or  In  any  portion  of 
the  Letter  Contract  to  (l)  eotiaated  cooto,  eotlaated  coat  and  fixed 
fee,  or  delivery  schedule  (a),  or  (11)  edjuotaente  to  any  at  the  above, 
to  the  extent  the  it— e under  (i)  above  are  not  specifically  Included 
In  thle  Letter  Contract,  shall  be  Inapplicable,  except  that  eny  ad- 
just—nt  required  by  aay  auch  danse  in  Mounts  to  be  paid  to  the 
Contractor,  or  in  tine  of  yerforeance  shall  be  aada  either  at  the  tlae 
of  eettlenant  of  contractor' a teradnatlon  clala  or  Shall  bo  taken  into 
account  at  the  tins  of  execution  of  the  definitive  contract  coat— - 
platod  herein.” 

3.  Except  as  hereby  aodlfled,  ell  the  tanas,  covenants  and  conditions  of 
Mdd  contract  as  heretofore  andlfled  or  —ended  shall  re— in  in  full  force  end 
effects 

II  W1BRAB8  max*,  the  partlea  hereto  have  executed  thle  s— nd— nt  as  of 
the  day  end  year  first  Wei— bore  Written.  ' 

BBS  CUBED  STABS  Ct  r'JXXCA 

. 


~ (Contracting  Officer) 
Contractor 


(la—  of  faapany  or  Individual) 

If ' 

(Sigiature) 


(lSrped  Ks—T 
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Daosnber  31,  1962 

IMhrJUO 

M-V  I 6000.002 

gJIWTT  -A" 

MMMMB  Cg  IsOK 


SKizoer  i - soon  or  wok 

1.0  Introduction 

9m  Contractor  shall  furnish  all  labor,  nterlal,  tools,  equips* at  and 
services  (except  rack  as  the  Oaremmt  my  elect  to  furnish  under  this  con- 
tract) as  herein  directed  to  assist  USA  In  tha  per-termno  of  Checkout, 
BcHaiillty  Assesssemt  Support  and  Integration  Support  of  aASA’s  program 
for  landing  nan  on  the  soon  and  returning  the*  to  earth,  currently  known  as 
. the  Apollo  irograa,  as  herein  provided. 

Bhie  Section  I of  the  Steteasnt  of  Work  (hereinafter  referred  to  as 
Section  I)  expresses  the  gneral  scope  of  the  work  to  he  perform!  and  the 
general  aanaar  in  which  It  ahail  ha  parfoneed  by  the  contractor  under  this 
contract.  Section  XI  of  the  Stetsnent  of  Work  (hereinafter  referred  to  as 
Section  n)  sets  forth  only  those  portions  of  the  total  work  (l.e.  those 
tasks)  which  the  contractor  has  been  ordered  to  perform  and  for  which  the 
estimated  cost  and  fixed  fee  are  included  in  the  contract.  Section  H will 
he  —waded  from  tins  to  time  until  all  work  provided  for  In  Section  1 is 
contained  In  Section  XX. 

She  contractor  shall  not  co— wee  any  portion  of  the  work  provided  for 
la  Section  I until  ordered  to  do  so  by  Section  XX  or  by  Bask  Orders  under 
- Section  XX.  9m  contractor  shall  he  obligated  to  proaptly  accept  and  pro- 
ceed with  tasks  within  the  general  scope  of  Section  X which  are  ordered 
either  (l)  by  Seek  Order  under  Section  XX  or  (li)  by  section  XX.  XaCh  Beak 
Order*  shall  be  Issued  In  writing  by  the  Contracting  Officer,  shall  be  dated, 
unbared  consecutively  under  this  contract,  shall  describe  the  work  to  be 
pexf oxmed  end  the*  performance  perlod(s),  and  shell  state  a dollar  figure, 
which  shall  be  the  limitation  on  the.  government*#  obligation  under  such  ' 
Bask  Order,  lech  Bask  Order  will  be  later  superseded  In  entirety  by  enend- 
apzst  to  the  contract  which  will:  (l)  revise  Section  XX  to  Incorporate  the, 
taudc(s)'  detailed  In- the  Bede'  Order,  (11)  Identify  the  Beak  Order(s)  sup eft 
eeded,  and  (111)  appropriately  mdliy  the  estimated  cost  end  fixed  fee  and 
any  other  portion  of  the  oontraet  affected. 

Shis  Oentraetor  shall  perform  the  work  as  -defined  herein  In  two  phases 
these  X study,  sad  these  XX  lsplenezrtstlon.  9m.  these  >X  study  shell  be 
Hmitad  to . the  ’efforts  described ' In  paragraphs  2.1#  3.1,  'and  h.l. 
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1.1  In  the  performance  of  this  contract,  the  contrlSEor^ shall 
work  under  tho  over-all  dlroetlon  of  the  Director  Of  Integration  end  Check- 
out (MI),  Office  of  Manned  Space  Flight,  NASA  Headquarters.  The  contractor 
shall  also  work  under  the  direction  of, the  NASA  Centers,  as  specified  herein. 
Such  direction  shall  be  exercised  In  the  Banner  detailed  In  Clause  46  of 
this  contract,  "Direction  Af  Effort." 

1.1.1  The  Contractor  shall  prepare  and' submit  to  the  Director  of 
Integration  and  Checkout  a final  Program  Planning  Study  Report  for  the 
Phase  I Study  Program  of  this  Contract.  This  report  shall  describe  the 
proposed  method  of  Implementation  of  the  study  phase*  This  planning  study 
shall  describe  the  recommended  Contractor  organisation,  schedules  for  com- 
pletion of  tasks  and  other  information  as  deemed  appropriate  by  the  Con- 
tractor pertaining  to  the  conduct  of  the  study  phase.  When  approved  tflT 
the  Director  of  Integration  and  Checkout,  this  preliminary  study  report  shall 
be  used  by  the  Contractor  as  a guide  in  performing  the  detailed  Study 
(Phase  I). 
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1*2  In  order  to  enable  MASA  to  fully  utilise  the  contractor’* 
capabilities  in  Chackout',  Reliability  kmmg*mt'6appor\i  a»d- Integration 
Alport  areas,  the  Contractor  shall  also  provide  such  services  as 
required  in  support  of  the  wosh  described  in  paragraph  2.0,  3.0, 
and  4.0  below  as  are  required  to  adequately  manage  this  progress. 

2.0  Checkout 

Successful  achieveamnt  of  the  objectives  of  the  Apollo  program 
requires  (1)  Checkout  equipment  for  all  elements  and  phases  of  the 
program,  designed  to  a cctmsoe  set  of  ground  rules  wherever  practicable; 

(2)  a continuing  study  of  Mine  to  attain  a capable  checkout  philosophy 
for  the  couplets  program. 

2.1  System  Checkout  Study 

The  Contractor  shall  conduct  a study  based  on  current 
developments  as  well  as  concepts  developed  by  the  Contractor. 

2.2  Syetaa  Checkout  Engineering  Support 

The  Contractor  shall  be  responsible  for  providing  Systeas 
Checkout  engineering  support. 

2.2.1  Under  the  direction  of  the  Manned  Spacecraft  Center 
(herein  after  referred  to  as  MSC  both  at  MSC  and  the  Pre-F Light 
Operation  Division  of  MSC  - herein  after  referred  to  as  POD),  the 
contractor  shall  be  responsible  for  providing  systems  Checkout  Engineering 
support. 

2.2.2  Under  the  direction  of  the  Marshall  Space  Flight 
Center  (herein  after  referred  to  ae  MSFC)  the  Contractor  shall  he 
responsible  for  providing  systems  Checkout  engineering  support. 

2.2.3  Under  the  direction  of  the  Launch  Operations  Canter 
(herein  after  referred  to  as  LQC)  the  Contractor  shall  he  responsible 
for  providing  systems  Checkout  engineering  support. 

i - • , ' ' * .. . ' 

2.2.4  Under*  the  direction  of  the  Office  of  Manned  Space  Flight 
(herein  after  referred  to  as  GMSF)  the  Contractor  shall  be  responsible 
for  providing  systems  Checkout  engineering  support. 
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9»  Contractor  shall  supply  tha  equlpasmt  (except  that  equipment 
which  the  Gtoverneent  elects  to  furnish  to  contractor  as  Qorannmut  furnished 
(wpiipuent)  defined  as  the  integrated  Launch  Control  and  Checkout  83m tan 
(aoos)  at  launch  Caspian  39  and  the  MSA  Msvrltlsland  industrial  Complex 
(both  at  Cape  Canaveral,  Florida).  '9*e  contractor  shall  Maintain  all  rash 
oquljnent  both  contractor  supplied  and  ®X*  sad  shall  provide  such  logistics 
and  field  support  as  XASA  esgr,  at  Its  discretion,  order  In  Section  SC.  She 
ILSCS  consists  of  display,  control,  data  and  signal  processing^  simulator, 
cowsamicstlon  and  other  stellar  equipment*  The  ILCCS  consists  of  three 
aajor  sub-systnss  as  follows: 

2.3.1  Pref  light  Automatic  Checkout  agpdpsMot/Spacecraft  (PACX-8/C) 
Qround  Statlan(s)  for  the  Spacecraft  to  he  supplied  hgr  the  Contractor  under 
the  direction  of  MSC/fOD. 

2.3.2  Sgulpaant  reflecting  the  requirements  of  the  MSFC  .alterna- 
tion plan,  to  he  supplied  by  the  Contractor  und/er  the  direction,  of  MSVC. 

2.3-3  Tacillty  Checkout  Iqulpnent  and  Displays  for  the  Launch 
Control  Center  (ICC)  to  he  supplied  hr  the  Contractor  under  the  direction  of 
ICC.  '•  ;•  ' '• 

2.4  Checkout  gculaaent  and  Support  Services  tor  Other  then  the  IICCS 

ftccept  for  that  -which  the  Ocrmrownt  any  elect  to  furnish,  the 
Contractor  as  set  forth  below  shall  supply  additional  items  of  dheckout  ’and 
control  equivalent  identical  or  suhstsntlally  similar  to  those  supplied  as 
part  of  the  ILCCS.  Hie  Contractor  shall  he  responsible  for  installing  and 
maintaining  all  such  equipment,  both  Contractor  supplied  and  G.7.X.,  and 
. shall  provide  such  logistics  sad  field  support  as  IttSA  may,  act  its  discretion* 
order  under  Section  n. 

2.4.1  Under  the  direction  of  MBC,  the  Contractor  shall  supply 
partial  or  complete  preleunch  automatic  checkout  equipment  (PACK)  Ckound 
Stations  for  the  spacecraft  at  locations  sad  contractor  sites  as  deslgiated 
“by  NSC. 

2.4.2  Uhder  the  direction  of  MSTC,  the  Contractor  shall  supply 
equipment  reflecting  the  requirements  of  the  >BFC  automation  plan  at  locations 
and  contractor  sites  as  designated  ty  MSFC. 


The  successful  achievement  of  the  objectives  of  the  Apollo  Program 
requires  an  extremely  high  probability  of  crew  survival  and  mission 
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accomplishment  and  thus  a highlyreliALle  system.  A continuing  knowledge 
of  attained  reliability  and  safety  levels  and  related  practices  ia 
required  by  NASA  throughout  the  design,  namufacturing,  test  and  operational 
phases  of  the  program  by  all  NASA  organizational  units  with  regard  to 
the  proportions  and  phases  of  the  Apollo  program  for  -which  they  have 
responsibility.  Further,  It  la  necessary  that  such  reliability  assessments, 
be  based  on  compatible  procedures  and  programs  throughout  the  Apollo 
program.  ■ 

RASA  end  the  Contractor  recognize  and  agree  that  the  establishment 
of  appropriate  reliability  and  safety  requirements  of  the  Apollo  system 
end  of  lte  elements  are-  and  must  remain  the  sole  responsibility  of  RASA. 

The  Contractor  shall  support  NASA's  reliability  program  by  providing 
technical  and  engineering  services.  The  contractor  shall  not  be 
responsible  for  advertising  or  directing  ether  contractors  net  under  sub- 
contract to  the  Contractor. 

3.1  Reliability  Assessment  Study 

The  Contractor  shall  conduct  a study  based  on  current  NASA 
programs  and  procedures  as  veil  as  concepts  developed  by  the  Contractor. 

3.2  Reliability  Assessment  Engineering  Support 

The  Contractor  shall  be  responsible  for  providing  reliability 
assessment  engineering  support. 

3.2.1  Under  the  direction  of  MSC  (both  at  MSC  and  FOR)  the 
Contractor  thall  be  responsible  for  providing  Reliability  Assessment 
engineering  support. 

3.2.2  Wader  the  direction  of  M5FC  the  Contractor  shall  be 
responsible  for  providing  Reliability  Assessment  engineering  support.  , 

3*^.3  Under  the  direction  of  LOC  the  Contractor  shall  be 
responsible  for.  providing  Reliability  Assessment  engineering  support. 

3. 2.  if  Under  the  direction  of  OMSF  the  Contractor  shall  be 
responsible  for  providing  Reliability  Assessment  engineering  support. 

lf.0  Integration  Support 

The  successful  achievement  of  objectives  of  the  Apollo  program 
requires  that  the  major  system  elements  be  conceived,  designed,  assembled, 
tested  and  documented  so  that  they' are  compatible  with  each  other  and 
meet  the  objectives  of  the  program.  The  Contractor  shall  support  each 
cf  the  NASA  Centers  responsible  for  the  major  Apollo  system  elements  and 
the  Office  of  Manned  Space  Flight  in  the  execution  of  NASA's  responsibilities 
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4.1 

Th*  Contractor  shall  conduct  a study  bassd  on  currant  NASA 
dpvplopments  as  wall  as  concepts  dereloped  by  the  Contractor. 

4.2  Int^fct^onJ^  IRfl,  gWPUff 

The  Contractor  shall  provide  Integration  Support  Engineering 
services  as  set  forth  below.  Except  for  equipment  which  the  Oovemsent 
may  elect  to  furnish,  under  this  contract  the  Contractor  shall  furnish 
integration  support  supplies  as  set  forth  below. 

4.2.1  Under  the  direction  of  M8C  the  Contractor  shall  provide 
Integration  support  engineering  services  and  supplies. 

4.2.2  Under  the  direction  of  HSfC  the  Contractor  shall  provide 
Integration  support  engineering  services  and  supplies. 

4.2*3  Under  the  direction  of  LOG  the  Contractor  shall  provide 
Integration  support  engineering  services  and  supplies. 

4.2.4  Under  the  direction  of  CM5F  the  Contractor  shall  provide 
Integration  support  engineering  services  and  supplies. 


/ 
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SECTION  tt  - VttRX  PUN 

1.0  Introduction 

1.1  The  Contractor  shall  proceed  with  the  Phara  Z requirements  speci- 
fied in  paragraph  2.1  of  Section  II  hereof  for  the  Period  of  February  26, 

1962  to  October  12,  1962;  paragraph  3.1  of  Section  II  hereof  for  the  period 
of  February  26,  1962  to  September  30,  1962;  and  p&rag.  ph  4,1  of  Section  II 
hereof  for  the  period  of  February  26,  1952  to  October  2,  1962. 

1.1.1  The  Contractor  shall  preparo  a find  Program  Planning  Study  . 

Report  for  the  Phase  I Study  Program  of  this  Contract.  This  Report  shall 
describe  the  proposed  method  of  implementation  of  the  study  phase.  This 
planning  study  shall  describe  the  recommended  Contractor  organization,  schedules 
for  completion  of  tasks  and  other  information  as  deemed  appropriate  by  the 
Contractor  pertaining  to  the  conduct  of  the  study  phase".  When  approved  by  RASA, 
this  preliminary  study  report  shall  be  used  by  the  Contractor  as  a guide  in 
performing  the  detailed  study  (Phase  I).  I 

I 

Delivery  Bvi  During  July,  1952  ' 

' • • . i 

1.2  The  Contractor  shall  proceed  with  the  Phase  II  requirements  speci- 
fied In  paragraphs  2.2  and  2.3  of  Section  H hereof  for  the  period  of 
October  13,  1962  to  September  3^>  1963>  paragraph  3.2  of  Sectional!  hereof 
for  the  period  of  October  1,  1962  to  September  3G>  1963;  end  paragraph  4.2 
of  Section  II  hereof  for  the  period  of  October  13,  19  62.  through  September  30, 
1963. 

• i 

2.0  Checkout  , 

General 

The  Contractor  shall  provide  the  services  and  supplies  set  forth  in  the 
following  paragraphs: 

2.1  System  Checkout  Study 

The  Contractor  shall  prepare  a study  based  on  current  NASA  develop- 
ments as  well  as  concepts  developed  by  the  Contractor. 

2.1.1  This  study  shall  be  generated  in  conjunction  with  the  appro- 
priate NASA  centers.  Current  devoloprr.cn-  efforts  by  the  NASA  centers  end  by 
the  Apollo  Program  contractors  shall  be  documented  in  the'  study  by  the  Con- 
tractor, and  a report  is  to  be  provided  to  NASA  by  the  Contractor  based  on 
thi3  effort.  This  study  will  be  based  on  current  NASA  developments  at  NASA 
centers,  as  well  as  concepts  developed  by  the  Contractor. 

2.1. 1.1  This  integrated  system  checkout  study  shall  include: 
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2.1. 1.1.1  A comprehensive  description  of  the 
current  development  effort  at  the  Marshall  Spec#  Flight  Center  for  the 
Saturn  automation  project. 

> 2.1. 1.1.2  A comprehensive  description' of  the 
current  development  effort  at  the  Manned  Spacecraft  Center  for  the  spacecraft 
checkout  equipment. 

2.1.1.1.3  A study  of  the  checkout  concepts  currently 
under  development  by  each  center  which  will  include  analysis  of: 

1.  Basic  operational  philosophy. 

2.  Compatibility  of"  equipment  design  concepts 

3»  Compatibility  of  specific  hardware  designs 

2.1.1.!.^  A recommended  checkout  eo.uipoent  design 
and  development  program  which  considers. 


developments. 

the  checkout  equipment. 


1.  Maximum  utilization  of  existing  Center 

2.  Feasible  operational  integration  of 


3*  Current  operational  schedules  for. the 
RAD  as  well  as  operational  manned  lunar  space  flights. 


launch  vehicle  and  spacecraft. 


k.  Anticipated  developmental  status  of  the 


5.  The  relationship  of  the  QOSS  and  its 
checkout  requirements  to  the  development  of  an  integrated  system  checkout 
equipment. 


2, 1.1. 2 In  order  to  prepare  the  study  referenced  in  paragraph 

2.1  of  this  work  statement,  the  Contractor's  effort  3hall  include,  but  not  be 
limited  to  the  following  study  elements. 

2.1.1. 2.1  Ground  Operational  Support  Systems  (herein  - 
aft'a'r"'re'rerrdd"to'  as  GOSS)  Relationships  ■ 

1.  Study  present  GOSS  functions  and 

associated  equipment  characteristics. 


and  procedures. 


2.  Study  present  GOSS  checkout  Equipment 
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3*  Recommend  design  criteria  for  GOSS 
cheokout  equipment  insofar  u such  equipment  Is  related  to  the  integrated  system 
ohsokout  facility. 

2.1.2  Launch  Vehicle  and  Spacecraft  Checkout  Guidelines  and  Criteria 

These  guidelines  shall  be  generated  in  conjunction  with  the 
appropriate  NASA  centers.  These  guidelines  shall  be  provided  to  NASA  by  the 
Contractor  and  shall  be  based  on  the  current  development  programs  of  NASA  and 
its  Apollo  contractors  to  ths  maximum  practicable  extent.  The  application  of 
these  guidelines  to  the  Apollo  program  and  the  Apollo  Contractor  shall  be 
determined  by  NASA.  These  guidelines  and  criteria  shall  include  such  items  as: 

2.1. 2.1  Methods  and  <*ian titles  of  measurement. 

2.1. 2. 2 Methods  of  signal  conditioning. 

2.1. 2. 3 Standards  of  data  transmission. 

2.1. 2.4  Analog  signal  standards. 

2.1. 2. 5 Digital  signal  standards. 

2.1. 2. 6 Methods  of  data  display,  recording  and  retrieval. 


2.1.3  In  order  to  prepare  the  recommended  stage  checkout  design 
ground  rules,  the  Contractor's  effort  shall  considar  but  not  be  limited  to 
the  following  study  elements: 

2.1. 3.1  Spacecraft  Guidelines  and  Criteria 


flow  charts. 


2.1. 3.1.1  Prepare  spacecraft  assembly  and  checkout 


2.1. 3.1. 2 Study  and  document  existing  checkout 
approaches  and  responsibility. 

2.1. 3.1.3  Study  general  guidelines  for  spacecraft 

2.1. 3.1.4  Study  detailed  checkout  requirements. 

2.1. 3.1.5  Study  checkout  operational  criteria, 

2.1. 3.1.6  Study  the  relationships  between  spacecraft 
checkout  and  a standardised  test  philosophy. 
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2.1. 3. 4.2  Study  present  subsystem  checkout 

•qulpeumt  and  procedures. 

2.1. 3.4. 3 Recommend  general  equipment  criteria 
for  integrated  checkout  equipment. 


checkout  equipment. 


philosophy. 


2.1. 3. 4.4  Recommend  design  criteria  for  integrated 


2.1. 3*4.5  Recommend  a checkout  equipment  maintenance 


2*1. 3*5  Checkout  and  Checkout  Related  Countdown  Procedures 

2.1. 3. 5.1  Study  the  standardisation  of  procedures. 

2.1. 3.5.2  Study,  and  develop  a plan  for  optimizing 
use  of  cororan  factory-field  procedures. 

2.1. 3. 5.3  Study  and.  develop  a plan  for  establishing 
and  controlling  appropriate  factory-field  test  tolerances  and  suitable  margins 
through  each  successive  phase  of , assembly  and  checkout. 

2.1.3. 5.4  Study  and  develop -a' checkout  approach  to 
insure  proper  mechanical  and  electric  integrity. 

2.1. 3.5.5  Study  and  develop  a plan  for  establishing 
common  test  equipment  utilization  between  factory  and  field. 


of  repetitive  teste. 


2.1. 3. 5*  6 Study  and  develop  approach  to  minimization 


...  2.1. 3.5.7  Study  and  develop  an  approach  to  a 

simplified  countdown  as  related  to  checkout. 


by  NASA. 


2. 1.3. 5- 8 Study  countdown  sequencing  as  established 


2.1.3.5.9  Study  and  develop  a plan  to  related  check- 
out approach  to  the  fulfillment  of  mission  success  probability  requirements 

2.1.3.5.10  Study  the  optimization  of  end-to-end 
testing  during'  the  checkout. 


- % 
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2.1.3.5*11  study  and  develop  an  approaoh  to 
minimization  of  tosta  during  integration  of  tho  launch  site,  rapid  replace-  ' 
ment  of  spares,  and  independence  of  elements. 

2.1. 3*6  Information  Processing  Requirements 
♦ • • 

2.1. 3. 6.1  Study  tha  problam  of  test  data  storage 
and  retriaval  as  it  pertains  to  tha  integrated  checkout  system. 

2.1. 3.6.2  study  the  problem  of  data  display  for 
the  integrated  checkout  system.  ' 

2. 1.3. 6. 3 Study  the  data  analysis  problem  associated 
with  tha  use  and  evaluation  of  Integrated'  checkout  system  data. 

2.1. 3. 6.4  Study  the  computational  and  data-processing 
requirements  pertinent  to  the  design  and  development  of  the  integrated  checkout 
system. 

2.1. 3.6.5  Prepare  criteria  for  checkout  test  data 
storage  and  retrieval,  processing,  computation,  and  display. 

2 

2.1.3.6.6  Study  and  develop  a plan  to  related  Apollo 
mission  data  to  the  data  obtained  during  integrated  checkout. 

2.1. 3. 6.7  Study  data-handling,  data -format,  and 
aata-processing  techniques  for  uniformity,  compatibility,  and  standardization 
and  appropriate  tradeoffs. 

2.1. 3. 6.8  Develop  a plan  for  collecting,  cataloging, 
processing,  and  dissemination  of  data  from  the  Apollo  missions  as  por tir.au t to 
the  integrated  checkout  system. 

2. 1.3.7  Checkout  Requirements  After  Lift-Off 

2.1. 3*7.1  Study  effect  of  rendezvous  requirements 

on  checkout  requirements. 

2.1. 3.7.2  Study  the  support  required  from  GOSS  during 
rendezvous  checkout  as  related  to  the  integrated  checkout  of  the  3ps.ee  vehicle 
system. 

2.1. 3.7. 3 Study  the  results  obtained  from  the 
Gemini  rendezvous  program  in  the  area  of  checkout. 

2.1. 3.7.4  Study  the  checkout  related  countdown  and 
the  Checkout  requirements  for  the  Apollo  return  flight. 

Delivery  bvi  October  12,  1962 
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2.1.4  Under  the  direction  of  MSEC,  the  Contractor  (hell  be  responsible 
for  providing: 

2. 1.4. 1 Support  assistance  for  the  design  end  docvmntetlon  of  the 
Saturn-I  end  St  tvirn-V  Launch  Site  Electrical  Support  Equipment  (MSEC  Teak  #3). 

2.1. 4. 2 Liaison  engineering  and  fabrication  of  electrical  ground 
support  equipment  for  the  Saturn  V launch; Vehicle  Program  (KSFC  TaSk  #4).'  ho- fabrica- 

cation  is  authorised  under  this  task, 

- • - 

2.1. 4. 3.  Engineering  assistance  in  Digital  Data  Acquisition  Syatees 
Design,  Developeent  and  Documentation  (MSEC  Task  #10).  No  fabrication  ia  authorised 
under  this  teak. 

2. 1.4. 4 Engineering- support  for  Control  System  end  Programming  for 
Automatic  Checkout  at  Static  Test  Facility  (MSEC  Task  #1|). 

2. 1.4.3  Data  Analysis  and  Evaluation  far  Automatic  Date  Processing 
Center  (MSFC  Tank  #13). 

2. 1.4. 6 Support  Assistance  in  Checkout  Equipment  Design  Review  of 
stage  contractor  set  and  checkout  equipment  for  the  Saturn  stages,  (MSEC  Task  #13), 

2. 1.4. 7 Engineering  support  assistance  for  Review  of  Stage  Contractors 
Documentation  and  Checkout  (MSEC.  Task  #16). 

PERIOD  OF  PERFORMANCE c September  23,  1962  through  October  12,  1962 

2.1.5  Under  the  direction  of  MSC  (both  at  MSC  end  POD),  the  Contractor 
shall  be  responsible  for  providing: 

2. 1.5.1  Engineering  Studies  of  Subsystems  Checkout  and  Acceptance 
Test  Plans  (MSC  Teak). 

PERIOD  OF  PERFORMANCE:  July  16,  1962  through  October  12,  1962 

2. 1.5. 2 Electrical  Malfunction  Excitation  Study  (POD  Task  #7). 

PERIOD  OF  PERFORMANCE:  July  30,  1962  through  October  12,  1962 

2. 1.5. 3 Bench  Checkout  end  Calibration  of  Instrumentation  and 
TelecoMunicatlon  Study  (POD  Taek  #8). 

PERIOD  OF  PERFORMANCE:  July  30,  1962  through  October  12,  1962 


-'•■**:  as sm*s 
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2. 1.5.4  Statistical  Analysis  of  Mercury  Data  Pre-flight  Checkout 
Procedures  (POT  Task  #2). 

PERIOD  or  PERFORMANCE:  July  16,  1962  through  October  12,  1962 

2.1.6  Under  the  direction  of  LOC,  the  Contractor  shall  be  responsible  for 

providing: 

2. 1.6.1  RF  Telemetry  and  Measuring  Subsystems  Checkout  Philosophy 

(LOC  Task  #3). 

2. 1.6. 2 Data  Processing,  Display,  Dissemination. and  Transmission 
Temnlques  (LOC  Task  #4). 


2. 1.6. 3 Study  of  Hardwire  Voice  Communication  (LOC  Task  #6). 

2. 1.6. 4 Study  of  Past,  Present  and  future  Test  Planning  and  Philfc 
osophy  (LOC  Task  #5). 

PERIOD  OP  PERFORMANCE:  July  30,  1962  through  October  12,  1962 

2.2  System  Checkout  Enslneerins  Support 

The  Contractor  shall  be  responsible  for  providing  systems  checkout  engineer- 
ing support  activities  called  for  under  paragraph  2.2.  for  the  period  of  October  13, 
1962  through  September  30,  1963,  except  for  those  paragraphs  marked  separately. 

2.2.1  Under  the  direction  of  MSC,  (both  at  MSC  and  POD,  the  Contractor 
shall  be  responsible  for  providing  for  systems  checkout  engineering  support  as  de- 
tailed below: 

2.2. 1.1  Enalneerina  Studies  of  Subsystem  Checkout  end  Acceptance 
Test  Plans  (MSC  Task) 


The  Contractor  shall  perform  studies  of  subsystems  checkout 
and  acceptance  test  plans  for  factory  through  complete  checkout  and  acceptance  to 
ascertain  that  equivalent  levels  of  test  and  checkout  validation  are  maintained 
across  the  board  from  subcontractor  through  associate  contractors  to  final  checkout. 
Ibis  will  Include  study  of  the  comparability  of  test  methods  and  GSE  from  subsystems 
through  complete  spacecraft  final  checkout,  The  specific  effort  will  include: 

2. 2. 1.1.1  Assistance  in  the  formulation,  review,  and  eval- 
uation of  checkout  procedures  and  Ground  Support  Equipment  requirements  for  all  elec- 
trical and  electronic  systems  on  the  spacecraft  modules. 


leal  Systems. 


2, 2. 1.1. 2 Performance  of  similar  tasks  (above)  for  Meehan- 
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2*2.1. 1.3  Performance  of  similar  tub  (as  above) 
for  Navigation  and  Qeidanoe  Systems.  V 

2>  2.1. 1.4  Performance  of  similar  talks  (as  above) 

for  Propulsion  Systems. 

2. 2.1.1. 5 Fsrformance  of  similar  tasks  (as  abors) 
to'hslp  formulate,  review,  and  evaluate  checkout  procedures  and  oqnipunt 
require— nts  for  Pyro  technical  67a tana; 

This  off ort  will  bo  conducted  under  the 
direction  of  HBC/Houston  Apollo  Project  personnel.  * 


unm*  m mm  r r,  nr?  * ; ; \ ^ *a  .in  * 1 ■ 


The  Contractor  shall  perform  an  analysis  of  Project 
Mercury  Capsule  preparation  and  checkout  at  Cape  Canaveral.  Florida.  This 
effort  consists  of  a review,  tabulation,.,  and  analysis  of  existing  Mercury  pre- 
paration and  checkout  documents  on  four  Mercury  flic  it  capsules.  The  data 
to  be  used  will  include!  mission  preparation  sheets > unsatisfactory  report*.  / 
discrepancy  reports,  Cape  Canaveral  request#  for  eng  mooring  changes,  and  7 
calibration  records.  . 


2.2.1.3  g»«4-tstion  Study  (PCp  Teak  47), 

The  Contractor  shall  perform  the  following  work  under 
this  study  through  the  SA-9  launch.  ; 


ranges  required. 


2.2.1. 3.1  Define 


frequenqi 


and  level  of  excitation 


2.2.1.3.2  Study  Sorth  American  Aviation  Spacecraft 
structural  vibration  test  to  detanihe  input  locations. 


2.2.1. 3. 3 Determine  excitation  « 


it  requirements. 


2*2.1. 3.4  Develop  specifications.  | 

2.2.1. 3.5  . Supervise  inat  illation. 

2, 2.1. 3*6  Consult  on  initial  tost  operation. 


*»*' 
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2.2.1,k  Bench  Checkout  and  Calibration  of  Instrumentation 
and  Telecocmunlcatlon  Study  (POD  ]!mK 

The  Contractor  shall  investigate  the  problem  in- 
volved in  automatic  bench  checkout  and  calibration  of  spacecraft,  instru- 
mentation and  telecommunication  systems  and  components  and  will  develop  an 
approach  to  universal  automatic  checkout  equipment  that  can  he  used  as 
design  guides  for  bench  checkout  and  calibration  equipment  for  IM/ftt  and  PCM 
systems.  Period-’. of  performance  October  13,  1962  through  April  31,  1963. 

2. 2.1. 5 Engineering  Assistance  to  MSC/POD  in  conjunction 
wlch  Checkout  Performed  by  Spacecraft  Contractors  and  other  kASA  Centers  . 

The  Contractor  shall-  provide  engineering  service  to 
analyze  systems  checkout  performed,  by  other  spacecraft  contractors  and  to 
assist  POD  in  such  effort.  The  Contractor ■ shall  also  provide  engineering 
assistance  for  the  analysis  of  interface  requirements  of  apace  with  checkout 
equipment  provided  by  other  RASA  centers.  Period  of  performance  November  16,  1962 
through  September  30 j 1963. 

2.2.1. 6 Engineering  Checkout  Support  Related  Manned  Space 
Programs  and.  State-of-the-Art  Advances 

The  Contractor  shall  monitor  SSASA  Lead-in  programs 
to  Apollo,  such  as  Gemini,  and  provide  engineering  support  to  POD  to  Insure 
operations!  readiness  of  checkout  equipment  used  in  such  programs.  In 
addition,  the  Contractor  shall  revLev  state-of-the-art  advances  in  checkout 
techniques  to  enable  increased  operational  effectiveness  and  capability  in 
space.  Period  of  performance  November  1 6,  .1962  through  September  30,  1963. 

2.2. 1.7  Engineering  Studies  of  Complex  Facilities 

The  Contractor  shall  perform  detailed  "Complex 
Engineering"  studies  which  will  include,  but  not  be  limited  to,  engineering 
studies  in  such  areas  as  determining  total  building  requirements  end 
supporting  utilities,  hardline  distances,  cabling,  microwave  lines  and 
rj^m>t<^^splay  sites . Period  of  performance  November  16,  "1962  'through  September 

2,2.2  (Aider  the  direction  of  MSEC,  the  Contractor  shall  be 
responsible  for  providing  systems  checkout  engineering  support  as  detailed 
below: 


Checkout  Syst 


2, 2.2.1  Support  Assistance  for 
Facility,  Saturn- Y (MSFC  -Task 


ifi 


ration  of  Automation 


The  Contractor  shall,  provide  assistance  in  the 
operation,  maintenance,  modification,  and  documentation  of  Saturn-V’ Automatic 
Checkout  System  Facility  which  Includes  the  following: 


* 

i 
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1.  S-IC  Slaulaeor 

2.  $-11  Simulator 

3.  S-IVB  simulator 
Saturn-V  Instrument  Unit 


The  Contractor  shall  assist  in  the  design  and  documents- 
tlon  of  launch  aita  alactrlcal  support  aqulpmart  for  the  integrated  launch  vehicle ; 
and  Ita  associated  equipment  relattng-to  tha  Satum-1  and  Sattirn-V  prop  rami. 


ort  Assistance  eo  Das  lan.  Doc  want  and 


Tha  Contractor  aha 11  provide  engineering  and  drafting 
support  required  to  design,  document  and  up-date  various  stage  simulator#  as 
required  to  equip  the  Satum-V  automation  breadboard  facility  at  MSFC, 


2.2.2. 4 Control  System  and  Promrammlna  for  Automatic  Checkout 
at  Static  Test  facility  (MSFC  Task  ff  111  ” ' 


if 


Tha  Contractor  ahall  provide  technical  assistance  in  the 
Control  Systta  and  Programming  for  the  automatic  checkout  area  at  tha  Static  Test 
Facility' to  include  the  following: 


1.  Assistance  ingathering,  collating,  reviewing  and 
disseminating  pertinent  information  for  utilisation  in  planning,  design,  procurement, 
installation,  checkout”  and  operation  of  automatic  checkout  and  associated  equipment. 

2.  Performance  of  detailed  design  ss  required  for  devel- 
opawnt  of  specialised  checkout  equipment  peculiar  go  the  static  test;  operations  and 
for  Integration  of  stage  contractor  furnished  equlysMnt  inge  the  test  facility, 

3.  Assistance  in  developing  specifications,  standards, 
and  documentation  for  approved  hardware  and  equipment  utilised  in  the  checkout 
function  and  the  procedure  for  operation  of  that  eguipaMne. 
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Performance  of  soeeiallsed  studies  on 

existing  and  planned  facilities  and  equipment  required  to  eliminate  •» 

prevent  extraneoue  interference  with  tha  proper  ep« ration  of  sbookout  . 

equipment.  . 


5»  Asaistanee  in  performing  specialised  opera- 
tlonaX  functions  peculiar  to  tha  automtlo  checkout  equipment  in  otatio 
tost  facilities. 


Tha  Contractor  shall  provide  technical  assistance 
In  tha  Instrumentation  and  Data  Acquisition  for  tha  Autonatie  Checkout  area 
at  tha  Static  Test  Facility  to  include  tha  following* 

‘ ' 1.  Assistance  in  Catherine,  collating,  reviewing 

and  disseminating  pertinent  information  for  utilisation  in  planning,  design, 
procurement,  installation,  ohackout  and  operation  of  automatic  checkout  and 
associated  aquipaent. 

2.  -Performance  of  detailed  design  as  required  for’ 
development  of  specialised  checkout  equipment  peculiar  to  the  static  test  : 
measuring . and  instrumentation  operations  and  for  integration  of  stage 
contractor  furnished  aquipaent  into  the'  test  facility,  \ ' 

3#  Assistance  in  developing  specifications, 
standards,  and  documentation  of  approved  hardware  and  equipment  utilised 
in  the  measuring  and  instrumentation  portion  of  the  checkout  function  and 
the  procedure  for  operation  of  that  aquipaent. 

4.  Parfoznanoe  of  specialised  studies  on  existing 
and  planned  facilities  and,  equipment  required  to  eliminate  or  prevent  extrane- 
ous interference  with  the  proper  operation  of  data  acquisition  and  checkout 
equipeient. 

5.  Assistance  in  performing  specialised  measuring 
and  instrumentation  operational  functions  peculiar  to  the  automatic  checkout 
equipment  in  static  test  facilities. 


The  Contractor  shall  provide  technical  assistance 
at  the  Autonatie  Data  Processing  Center  to  include  the  following: 
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• • 1.  Collection  end  consolidation  of  test  data 

throughout  MSFC  and  the  making  of  a statistical  analysis  of  sane  as  necessary. 

2.  Investigation  of  such  test  data  to  the 
extent  necessary  to  determine  standardization,  date  formats,  and  similar 
considerations*' 

3.  Performance  of  studies  and  the  submission  of 
recommendations  with  regard  to. test  data  with  the  objective  of  allowing 
such  studies  to  mesh  with  the  over-all  Data  Center  plans. 

h.  Submission  of  recommendations  with  regard  to 
test  data  coding  systems  to  be  used  by  the  various  MSFC  test  data  generating 
divisions. 

5*  Performance  of  a study  and  submission  of  recom- 
mendations as  to  which  supplemental  information  should  be  made  available  with 
the  test  results  for  identification  purposes. 

2.2. 2.7  Support  Assistance  in  Checkout  Equipment  Design 

Review  (MSFC  Task 

The  Contractor  shall  provide  technical  assistance 
to  the  MSFC  Checkout  Projact  Office  in  its  mission  of  detailed  design  review 
of  stage  contractor  test  and  chockout  equipment  for  Saturn  stages.  The 
personnel  will  be  grouped  into  four  teams,  associated  with  particular  stages. 

They  will  review  and  furnish  comments,  ideas,  information,  and  recommendations 
on  technical  documents,  preliminary  design  approaches,  preliminary  and  final 
designs,  schematics,  logic  circuits  and  equipment, 

2.2. 2.8  Support  Assistance  for  Review  of  Stace  Contractors 

Documentation  (MSFC  Task  #16)  ' 

The  Contractor  shall  provide  technical  assistance  to 
the  Performance  Test  Branch  of  MSFC  in  the  checkout  area.  This  will  include  review  of 
test  procedures  and  documentation  issued  by  stage  constructors,  and  origination 
of  test  procedures  for  system  test  of  Satura-V. stages. 

2.2.3  Under  the  direction  of  LOC,  the  Contractor  shall  be  responsible 
for  providing  systems  checkout  engineering  supporv  us  detailed  below: 

2. 2. 3*1  (For  record  purposes  only) 

2.2. 3»-  Saturn  and  Advanced  Saturn  launch  Support  Electrical 
Interfaces  (LOC  Task  £9) 

The  Contractor  shall  provide  technics!  assistaoe  in 
the  definition  of  the  Saturn  ana  Advanced  Saturn  electrical  interfaces  with 
the  launch  support  equipments 


- . "'5f  '•  ’ ' . ••  ‘ .. 

■1  ■ ' : ■ ■ • 
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*2. 2. 3. 3 (For  record  purposes  only) 

• I , 

2.2.4  Under  th#  direction  at  GK3F,  tho  Contractor  ahall  bo 
responsible  for  providing  system*  chackout  engineoring  support  as  detailed 
below;  j 

2.2.4.1  Over-all  Checkout  Systems  Studies 

Tho  Contractor  shall  conduct  engineering  studies 
sr.H  analyses  required  for  tho  support  of  the  Apollo  Checkout  effort  at  NASA. 
These  will  include  but  not  be  limited  to  analysis  of  tho  adequacy  and. 
compatibility  of  checkout  philosophy  and  chackout  instrumentation  and  program- 
ming throughout  the  Apollo  program  as  the  various  elements  of  the  Apollo  system 
get. assembled  culminating  in  the  Space  Vehicle  assembly  and  checkout  at  Cape 
Canaveral,  as  well  as  the  post  launch  checkout  through-lunar  landing  and  return. 
The  effect  of  experience  gained  in  early  spacecraft  and  vehicle  programs  (such 
as  Gemini  and  Satum-l)  on  checkout  philosophy  will  be  considered  as  well  as 
applicable  experience  on  various  U.  3.  military  missile  and  space  programs. 

' 2.2.4.2  Integrated  Space  Vehicle  Chackout  System  Specification 

4 The  Contractor  ahall  develop  a description  of  the 

Integrated  Space  Vehicle  Checkout  System  which  will  define  a recommended  Inte- 
grated Space  Vehicle  Checkout  System  for  Complex  39  at  Cape  Canaveral  and  its 
interfaces  with  all  other  equipment  that  will  be  present  there.  This  effort 
will  include  but  not  be  limited  to  preparation  of  test  requirements,  flow  dia-  ~ 
grams,  operational  philosophy,  equipment  descriptions  and.  interfaces,  facility 
requirements,  data  storage  and  evaluation  requirements,  programming  requirements, 
checkout  equipment  reliability  models  and  maintenance,  logistics,  and  training 
plans. 

2.2.4. 3 . Test  Procedures  vs  Effectiveness  Studies 

The  Contractor  shall  conduct  studies  to  determine  and 
recommend  the  optimum  trade  offs  in  tost  procedure  versus  checkout  effective- 
ness throughout  the  Apollo  program.  These  studies  will  consider  at 'least  the 
following  factors: 

1.  Mathematical  techniques  which  have  been  developed 
to  evaluate  effectiveness  of  Checkout  Systems, 

2.  The  relation  of  the  level  and  frequency  of  tests 
to  tha  anticipated  reliability  of  the  various  portions  of  the  Apollo  system. 

3.  The  relation  of  the  level  of  testing  to  the 
decision  and  maintenance  action  available  at  various  points  where  checkout  is 
performed  on  the  Apollo  Program. 
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4,  The  relative  desirability  of  m*nu*l  versus 

• automatic  checkout  techniques  at  various  point*  where  checkout  la  performed 
on  the  Apollo  Program. 

5»  The  relative  dosirability  of  static,  dynamic, 
and  "and  to  and**  testing  and  monitoring  at  Tarioua  point*  where  checkout  is 
performed  on  the  Apollo  program. 

2.2  A A Checkout  -Standardization  Studlea 

The  Contractor  ahall  conduct  atudiaa  to  determine 
and  recommend  optimum  method*  and  level*  of  standardisation  of  checkout 
equipment  and  procedure*  throughout  the  Apollo  Program.  These  atudiaa  will 
oonaider  at  least  the  following  factors! 

1.  Consistency  and  adequacy  of  procedures  for 
setting  of  the  test  tolerances,  and  plana  for  continuously  Identifying, 
specifying  and  controlling  factory-field  test  tolerances. 

2.  Consistency  and  adequacy  of  standardization  of 
Checkout  Data  Processors,  computer  language,  programming  procedures,  and 
plans  for  controlling  and  updating  teat  programs  as  changes  ere  made  in  the 
Space  Vehicle. 

3.  Consistency  and  adequacy  of  guidelines  estab- 
lishing the  nature,  level  and  accessibility  of  test  signal#  from  various 
portions  of  the  Space  Vehicle  end  their  compatibility  with  the  checkout  in- 
strumentation at  all  point#  where  checkout  ia  performed  on  the  Apollo  program. 

4.  Consistency  and  adequacy  of  standardisation  of 
checkout  equipment  Items  (other  than  Checkout  Data  Processors}  such  as  dis- 
plays, printouts,  stimulus  generators,  adaptors,  and  commonly  used  measuring 
devices  throughout  the  Apollo  Program. 

2, 2.4. 5 Studies  of  Application  of  Advanced  Checkout 

IgPhnaas««..in‘*  Sratfram 

• The  Contractor  shall  conduct  studies  to  determine 

tha  applicability  of  advanced  checkout  techniques  and  procedures  to  the 
Apollo  Program.  These  studies  shall  include  consideration  of  at  least  the 
following!  . /. 

X*  The  Crew  Chief  ooneepte  of  operation  in  the 

Apollo  checkout  effort. 


inn  i — i irni".T-rrf~r— mntMoit.n--'iri--innn  i-  ■ -— ■- — «m 
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2,  Ad  van cod  fault  location  and  pradiction 
techniques,  devices,  and  programs. 

. 3«  Hovel  tost,  measuring,  monitoring  and 

_ maintananoo  techniques  (such  as  single  parameter  testing). 

4.  Special  techniques  and  procedures  required 
for  checkout  and  maintenance  during  the  "in  flight11  portion  of  the 
Apollo  mission. 

5.  Special  techniques  and  procedures 
required  for  checkout  and  maintenance  during  the  portion  of  the  Apollo 
mission  which  takes  place  on  the  lunar  surface. 

2.3  Checkout  Equipment  for  the  Integrated  Launch  Control  and 
Checkout  System  (iLSCS)  Wot  Hacord  Purnoeea  Onir 

2.3.1  For  record  purposes  only 

2.3.2  For  record  purposes  only 

2,3,3.  For  record  purposes  only 

2.4  Checkout  Equipment  and  Supporting  Services  for  Other  than  the  UCCS 

The  Contractor  shall  provide  design  services  as  described  in 
this  paragraph  (2,4),  No  equipment  covered  by  the  design  shall  be  fabricated 
or  procured  by  the  Contractor  until  ordered  by  amendment  to  this  paragraph  or 
by  task  order  thereunder. 

2.4.1’  Under  the  direction  of  MSC/POD  the  Contractor  shall  be 
responsible  for  providing: 

2.4.1.1  Design  of  PACE-S/C  Ground  Support  Equipment 

The  Contractor  shall  assist’  in  the  preparation  of 
performance  specifications  for  ground  components  of  the  Prelaunch  Automatic 
Checkout  Equipment  Spacecraft  (PACE-S/C)  and  perform  detailed  design  of  the 
ground  station  equipment.  Period  of  performance  November  16,  1962  through 
September  3°>  1963. 

2.4.1. 2 Design  of  Instrumentation  for  PACE  s/C  Control  Room 

The  Contractor  3hall  assist  in  the  preparation  of 
performance  specifications  for  the  necessary  instrumentation  required  in  the 
PACE  S/C  Control  Room  and  perform  detailed  design  of  such  equipment.  Period 
of  performance  November  16,  1962  through  September  30,  1963. 


# 


* 

. 


i*  - 


V 
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2.V.2  Under  the  direction  of  MSFCc  the  Contractor  shall  toe 
responsible  for  providing: 

2.%. 2.1  Hectrical  Ground  Bupoort  Eoulunent  for  the 
Suturc-T  tenech  tthlcle  ~ 

the  Contractor  etaell  work,  with  MBFC  in  order 
to  eetablleh  procedures  and  was*  out  equlpaent  design  details  prior  to 
start  of  actual  fabrication  (vfcich  trill  toe  specifically  authorised  toy' the 
Coat  r act  lay  Officer)  and  she.il  nairtaia  llaleoa  with  MBFC  throughout  this 
effort  to  laaure  proper  coordlaatiae  of  reqalrnaents.  Period  of 
porfonaaace  October  13,  1962  through  September  30,  1963. 

g.b.2.2  Dl|ltal_Peta  Acquleltlos  gystsns  (HUB) 

Dcsiga,  Daveloaneat.  (MPMC  task  #1A) 

#•  v . ••• . ■*  . 

the  Contractor  shall  provide  technical  assistance 
la  DM3  design,  devslopsent,  docuneatatloo  of: 


hoard  KAS. 


1.  Xqulpecat  for  updating  of  Satura-I  toread- 


2.  Satura-Y  breadboard  BOAS. 


3.  DBAS  receiving  equijaeat  for  Complex  39. 

Period  of  Ferfoxaaace  October  13,  1962  through  Sept  saber  30,  1963. 

3.0  Reliability  Asssssneat 

the  Coatractor  shall  provide  the  aerrlcee  aad  supplies  set  forth  la  the 
following  paragraphs. 


3.1  Reliability  Assessaeat  Study 

3.1.1  the  Coatractor  aball  prepare  re  11  ability  assessaeat 
N studies  covering  the  followiag  areas.  These  studies  shall  be  delivered  by 
September  30,  19&. 

3. 1.1.1  Reliability  aad  Melntalaablllty  Prosreas 

3. 1.1. 2 Reliability  Assessaeat  Inplanaatation  Plea 

3. 1.1. 3 Data  Flow  Procedures  for  Reliability  Assessaeat 
3.1.1.%  Reliability  Assessaeat  Data  Systea 

3. 1.1. 5 Test  aad  Operations  Reliability  Susnanr 


# 


*'**>/' JAR 
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3.1.2  Under  the  direction  of  HSC  (both-  at  M3C  end  POD),  the 
. 'Contractor  shall  be  responsible  for  providing  the  following  services  for  the 
period  February  26,  1962  through  September  30,  1962. 

3.1.2. 1 Support  Engineering  Assistance  in  the  evaluation 
of  Contractor  Reliability  Programs  and  la  the  Analysis  of  Mission  Reliability 
Programs 

3«1«2. 2 Fault  Function  Coding  System  Study  (POD  Task  #1) 
3.1.2. 3 Perform  Materials  and  Malfunction  Study  (POD  Task  f4) 
3*1.2. 4 Perform  Spacecraft  Expendable  Materials  Study 

(POD  Task  #6) 

3*1*3  Under  the  direction  of  DOC,  the  Contractor  shall  be 
responsible  for  providing  the  following  services  for  the  period  February  26, 
1962  through  September  30,  1962. 


i 
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3.1.  3*1 


••  $.2 

Tto  Contractor  ahull  to  raaponaUAa  for  prorldlag  raUaMlitr 

•*•*■?*  “'T 


5.2.1  Mr  tho  dirootlon  of  MO  (both  at  MKf  wd  POO)  tto  Con- 
traotor  shall  to  raapowoitla  far  providing  ral&aMlltgr  wnitot  angina  win* 

' aopporb  la  Ilia  following  groan.  • 

>.2.1.1 

Aaaoaa  failure  ndda  and  affaotadbayatan  analyaae 
of  KK  ooatraotora  aad  auboontraoton. 

3.2.1. 2 &ato£t  .frfrgitm./ilittrt  aahunt  msl  ImItiw 

Conduct  failure  node  and  affaot  aaalpaaa  on  oritioal 
autogratam  of  mo  aontraotora.  this  task  nagr  lacflLi  da  aaaaa— nt  of  daalfsa  of 
MBO  contractors  la  tto  following  areas i , 

' " ' - • : / 

1*  tolwhawWl  Oontro^  ayito— 

2.  Esoapi  aotor 

3*  Tovar  Jettinon  aotor 

...  -****- 

5.  Parachute  landing  agrgtaa 

6.  Spaoacraft  tala  no— nnioation  ayatana 

7.  Otter  on-board  qratana  of  Ocqatnds  gerrloe  * and 

Lanar  KxosralQn  Kodulan.  . — — - 

3. 2.1.5  imanti  ?f  nun  iiek 

Oondaot  fallura  analyses  of  foiled  parts  upon  raquaat 
from  Apollo  Spacecraft  Project  Offloa.  Also  assess  parti  standardisation 
of  MBC  oontraotors  and  auboontraetora  as  directed. 

totltnr  Contractor 

Bariev  and  prorida  ooimnts  aa  dlraetad  tgr  tto  Apollo 
Spaoacraft  Project  Offloa  on  WO  oontraotora  raliaU111«r  and  quality  oontrol  ~ 
program  and  rtnnnnirti  Aaaaaa  laplamatatlan  of  onto  prognrea,  including 
notarial  and  praoaaa  prooaromnt  ppaeifLoatloaa. 


f. 


1964  NASA  AUTHORIZATION  1385 


3.2.1.$  Develop  Bsliabjlitr  and  qualify  8dbgjtalln§  Systcam 

Assist  tbs  Apollo  Spacecraft  Project  Office  ss 
directed  In  tbs  davslopamnt  of  s reliability  and  quality  program  scheduling 
systsn.  The  sebedule  should  reflect  major  reliability  and  quality  control 
milestones  coordinated  to  the  mi  le stones  of  the  over-all  Apollo  program 
scheduling  plan. 

3.2.1.6  Bariev  Contractor  Reliability  Models  and  Teat  Plans 

i Bsvlaw  and  assess  as  directed  by  the  Apollo  Project 

Office,  reliability  models,  qualification  and  reliability  test  plans  for  HOC 
centimeters  mad  'subcontractors. 


3.2.1.7  Determine  Reliability  Data  BsautreaeirU 

Assist  the  Apollo  Spacecraft  Project  Office  as 
directed  in  determining  data  requirements  for  reliability  data  centos  use. 

3.2.1.8  Develop  Fault  function  Coding  System  (POP  Task  #1) 

Study  sad  formulate  s fault  function  coding  system 
and  identification  mad  Isolation  of  discrepancies  requiring  engineering  action. 
This  will  include  but  not  be  limited  to  IXto,  NPSs,  into,  Squawks,  MPHRa,  end 
EURs.  Bariev  this  coding  system  to  assess  the  efficiency  of  the  system.  during 
actual  capsule  chad  out.  Included  for  this  purpose,  but  not  limited  to  these 
capsules,  will  be  discrepancies  for  capeules  13,  In,  18,  and  20. 


3.2.1.9  Perform  Materials  mad  Malfunction  Investigations 
(POD  Task  J4)  *“““  “ ‘ ■ r: 

Provide  technical  support  of  chemical,  metallurgical, 
and  structural  Investigations  of  materials  anomalies  vhlch  vlll  Include  the 


following  areas:  ' Racccmmndstion  for.  analytical  equipment  instrumentation  and 
facilities  required;  Study  to  include  inventory  of  present  AMI  vicinity 


laboratories.  Reparation  of  specifications  and  installation  of  additional 
equipment  required.  Implementation  of  Investigations  to  determine  the  nature 
and  origin  oof  amomnloue  materials  and  the  malfunction  of  ecmponsnta  due  to 


materials  defects. 


3.2.1.10  Parform  Spacecraft  Expendable  Materials  Study 

POD  Thak  46) 

Bevlev  sad  analyze  current  procurement  and 
operational  specifications,  sampling  technique*,  analytical  methods,  stock 
level  control,  storage  transfer  and  quality  control  of  expendable  spacecraft 
materials  end  recommend  modification  of  procedures  and  practices.  Monitor 
(inspect  and  observe)  criteria  for  procuring,  saeplicg,  analyzing,  stocking 
mod  maintaining  adequate  stocks  of  high  quality  expendable  materials  and 


monitor  such  test  programs  sad  studies  as  are  necessary  to  the  maintenance 
of  high  reliability  and  purity  of  expendable  spacecraft  fluids. 


98-504  O — 63 — pt.  2b*  • 3*8 
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$.2*2  Under  the  direction  of  M8P6,  the  Contractor  shell  be  respon- 
sible for  providing  reliability  aeseaanent  engineering  support  in  the  f el  laving 


Breakdown  launch  vehicle  opereticne  into  n synbolic 
logic  diagonal  that  can  be  progressed  for  conputer  celculetion  to  provide  rapid, 
tine lp  reliability  eesesenent. 


!&!& 


1. 3. 3. 2 assigning  g Saturn  Launch  Vehicle  Pete  Collect  ; s'. 

3.2.2.  B Saturn  Launch  Vehicle  Pete  CoUecticn 

Collection  of  date  fron: 

S' 

1.  Peat  and  currant  nieeile  and  apaoe  progress  date 

2.  Qualified  and  other  pertinent  parte  listings i 
inspection  testing  and  checkout  date 

3.  Design  end  design  evaluation  date 

*.  Manufacturing  data 

S.  Launch  operations  data 

312.2. *  Saturn  Launch  Vehicle  Reliability  Data  Reduction 

and  Analysis 

Treat  the  data  obtained  by  statistical  techniques 
and  coebine  the  resulting  reliability  aaeeesnent  nusbers  in  the  nethenaticel 
nodal  to  provide  launch  vehicle  reliability  osseaaswnts.  Reliability  assess- 
nant  rasulta  will  be  forwarded  for  incorporation  into  niaaion  reliability  and 
■dasioH  safety  eesesenent  node la  for  Apollo  ni felons. 

3.2*2. 5 8-1  Reliability  Prediction 

Based  on  reliability  prediction  techniques  developed 
under  3. 2. *.1.3  update  reliability  prediction  for  Saturn  S-I  Stag#,  as  follows: 
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design  data, 
figuration. 


a.  Predict  structural  reliability,  using  Satum  8-1 

b.  Predict  electronic  reliability  for  revised  ecm- 


e.  Ii-isaise  propulsion  reliability  in  light  of 
static  and  flight-test  data  collected  since  previous  study. 

d.  te-evsluste  engine-out  capability. 

The  above  items  shall  be  baaed  on  Block  1 design 
boosters  (8A- 1 ftlr,w>ugh  SA-4)  and  subsequent  configurations  depending  on  avail- 
ability of  desip>  i'M  test  data. 

. 3. 2. 2.8  8- IT  ?eat  Program 

Devise  reliability  test  program  for  8-XY  stage; 

specifically* 

a.  Analyse  static-firing  teat  results  for  RL1QA-3 
engine  singly  and  in  dusters,  and  propose  additional  taste  to  uncover  possible 
failure  nechanli 


b.  Propose  a structural  reliability  test  program 
aimed  at  providing  high  assurance  of  reliability  under  flight  conditions. 

c.  Propose  a reliability  test  program  for  the 
electronics  system  under  simulated  flight  conditions. 


3.2.2.?  C-l 


Reliability  Prediction 


Baaed  on  prediction  techniques  developed  under 
3. 2. 4.1. 3 predict  the  reliability  of  the  overall  C-l  launch  vehicle  (lees 

payload);  specifically* 

a.  Analyse  staging  problems 

b.  Make  a reliability  prediction  analysis  of  the 
combined  3-1  plus  3-1V  stages,  Including  stage  separation,  with  allova  tree  for 
various  engine-out  combinations  In  either  or  both  stages  (as  allowed  by  mission 
requirements). 

c.  Baaed  on  an  overall  reliability  goal,  to  be  speci- 
fied by  KA8A,  allocate  reliability  goals  among  the  various  C-l  systems 
and  subsyate 
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3. 2.2.8  B-l  pest  Proems 

Apply  results  of  ttao  Sctum  S-l  reliability 
tsst  program  study  specifically': 

a.  Review  eospleted  sad  current  toot  programs 

at  MSK  and  X0D. 

b.  Assist  Marc  In  joj^awiifeiag  toot#  rscaammnadvd 
previously  and  la  analysing  results  thereof. 

c.  Select  and  carry through  a practical  Illus- 
tration of  tbe  methodology  developed. 

3*2.3  Uhdar  the  direction  of  IOC  (DTOB  where  noted)  tbo  Contractor 
shall  bo  responsible  for  providing  reliability  assassacat  sngineoring  support 
in  the  following  areas: 

3.2.3.  i ’ Ballabllltar  Program  Bsqui/’—nto  (LOC  Task  #15) 

Frovii*  sagl  rearing  assistance  to  review  I£)C  docu- 
ments to  aas wr*  that  reliability  requirements  have  been  Incorporated.  Assist 
In  evaluating  .ellHtbillty  program  submittals. 

3.2. 3*2  asilaMJltr  Programs  aa'lstf.ttals  (IOC  Vuk  #16) 

Assist  in  evaluating  contractor  reliability  pvogra* 
sad  dasiga  review  submittals  as  required.  Sslp  resolve  specific  probleS,  sress 
as  requested,  a.g*,  assist  In  plant  surveys. 

3.2.3*3  OBI  Failure  Hodo  sad  gffeets  Analyses  (IOC  Bsak  #17) 

Porfora  failure  moS*  and  effects  analyses  on  C-l 
and  C-5  Ground  Support  Ssatpsent  under  the  cognisance  of  the  launch  support 
equipment' office. 

3.2.4  Under  the  direction  of  CUBE,  the  Contractor  shall  he 
responsible  for  providing  reliability  assessment  engineering  support  in  the 
following  arena: 


Procedures 


3.2. 4.1  Mission  Reliability  sad  Safety  Assessnent 


3. 2.4. 1.1  Publish  preliminary  mission  reli- 
ability end  safety  assessment  procedures  for  CMhP  coordination  and  Center 
review.  Develop  related  ccequter  programs  and  trial  runs.  Support  0N7  In 
arriving  at  “state -of -ths-art"  mission  reliability  and  safety  estimates. 
Submit  Apollo  estimates  based  on  Center  sub- system  eubmlttsls.  Maintain  sad 
update  quarterly. 
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3.2.4.1U2  Develop  Methodology  report  for  CMSP 
coordination  sad  center  iaple— ntatlon  in  developing  subeysten  eetlantea. 
Maintain  «*d  update  awrUiwiaHy. 

3.2. 4.1.3  Develop  reliability  prediction  procedures 
appropriate  to  the  Apollo  Progren  in  tba  following  araaa: 

a.  Propulsion  reliability 

b.  Klectroalc  reliability 
e.  Structural  reliability 

3>2.4.2  aubewten  Reliability  Aiaai— nt  Prooaduraa 

3.2.4. 2.1  Istshlish  reliability  and  Maintainability 
fozaat  and  procadura  at  tba  sub-«ystsn  level  and  sutadt  for  OMBF  00 -ordination 
and  center  rarlav  and  leplatentsfctqn.  Consolidate  subsystem  reliability  Models 
and  failure  effects  analyses  cased  on  center  sUkadttals.  OuHMurlse  quarterly 
Apollo  auteyataa  reliability  and  Maintainability  estimates  (for  use  in  Mission 
reliability  and  safety  estlaetloa)  baaed  on  Canter  suberlttals. 

3. 2. 4. 2. 2 Review  Cantar/oontracto r reliability  and 
failure  date  eystsns,  Datazvln*  CMSF  reliability  and  failure  data  system 
equipment  raquiraaanta.  Subatt  related  reliability  and  failura  data  ayataa 
flow  charts  and  procedures  for  (M3?  coordination  tad  tenter  review. 


3.2.4. 3.1  Review  RASA  and  industry  design  reliability 
checklists.  Develop  deetgt  reliability  asaessaant  checklists,  procedures,  and 
scoring  Methods.  ■ Pplmt  design  reliability  ssseseaant  surveys  under  tenter 
direction.  Publish  survey  reports  for  Center  utilisation.  Publish  comparative 
reports  based  on  eurvey  results  for  tenter  utilisation. 

3.2.4. 3.2  Consolidate  design  problama  reports  based 
on  Canter  submittals.  Publish  design  reliability  problea  susnaries  for  tenter 
utilisation. 

3.2. 4. 4 Manufacturing  Reliability  Assessment  Procedures 

3.2.4. 4 Review  RA8A  end  industry  manufacturing 
reliability  checklists,.  Develop  antnu'seturing  reliability  asseeawnt  check- 
lists, procedures  and  scoring  Methods.  Sspleamt  Manufacturing  reliability 
aseeeaaeat  surveys  under  tester  direction.  Publish  survey  reports  for  Center 
utilisation.  Publish  cooperative  reports  based  on  survey  results  for  Center 
utilisation. 
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3. 2. 4. 4.2  Consolidate  manufacturing  reliability  problem 
reports  based  on  Center  submittals.  ° 

Publish  manufacturing  reliability  problem 

summaries  for  Center  utilization. 

3.2.4.5  Teat  and  Operations  Reliability  Assessment  Procedures 

3. 2.4.5. 1 Review  NASA  and  industry  test  and  operations 
reliability  checklist,,  procedures  and  searing  methods.  Implement  test  and 
operations  assessment  surveys  under  Center  direction.  Publish  survey  reports 
for  CSnter  utilization.  Publish  comparative  reports  based  on  survey  results 
for  Center  utilization. 

3. 2.4.5. 2 Consolidate  test  and  operations  reliability 
problem  reports  based  on  Center  submittals.  Publish  test  and  operations 
problem  summaries  for  Center  utilization. 

4.Q  integration  Support 

General 

. 4 ' 

The  Contractor  shall  provide  the  services  and  supplies  set  forth  in  the 
following  paragraphs: 

4*1  Integration  Support  Study 

The  Contractor  shall  conduct  integration' studies  and  shall  prepare  an 
Integration  Support  Implementation  Plan  recommending  a program  of  integration 
support  to  1SASA.  The  jfcriod  of  performance  is  from  February- 26.  1962  through 
October  12,  19 62. 

4.1.1  The  Integration  Support  Implementation  Plan  shall  include: 

4. 1.1.1  A summary  system  description 

4.1. 1.2  A description  of  the  major  functional  system  and 
equipment  interfaces  between  launch  vehicle  and  Spacecraft  and  GOSS 

4.1.1. 3 A recommended  configuration  control  system  plan 

4.1.1 .4  A current  standard  program  terminology  summary 

4. 1.1. 5 A recommended  drawing  and  specification  handling  system 

4. 1.1. 6 A plan  for  establishing  current  "one  line"  electrical, 
hydraulic,  and  mechanical  space  vehicle  system  functional  diagrams 

4 *1.1. 7 A plan  describing  means  by  which  collected  data  may 
be  retrieved  upon  request  by  NASA  and  Apollo  contractors. 


% 


t 
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4.1.2  In  order  to  prepare  the  Integration  Support  Implementation 
Plan,  the  Contractor's  effort  shall  consider  but  not  be, Halted  to  the  following 
study  elements  insofar  as  effort  related  to  the  Checkout  (paragraph  2*1)  and 
the  Reliability  Assessment  (paragraph  3.1)  areas  is  not  duplicated. 

4*1 .2.1  Collect  system  performance  specifications 

4.1. 2. 2 Collect  system  design  specifications 

4.1. 2. 3 Collect  functional  interface  data 

4-1 .2.4  Collect  equipment  interface  data 

4.1* 2.5  Collect  and  suwarlae  program  documentation 
requirements  aqd  standards  ' 

4.1.2. 6 Collect  and  sumarise  standard  program  terminology 

4.1.3  Under  the  direction  of  HSC  (both  at  MSG  and  at  POD),  the 
Contractor  shall  be  responsible  for  providing*  . 

4.1.3 .1  Support  Engineering  Assistance  on  System  Integra- 
tion Problems  apd  Definition  of  Major  Interfaces  and  General  Systems. 

4.1.4  Under  the  direction  of  LOG,  the  Contractor  shall  be  respon- 
sible for  providing* 

4*1. 4.1  Descriptions  of  the  Saturn-I,  Saturn-IB  and 
Satura>-V  Ordnance  Systems  ,(L0C  Task  #1). 

4.1. 4. 2 LOC  Drawing  and  Design  Standards  Study  (LOC  Task  #?) . 

4.2  latagyafrloa  Sarawft  Bogjaaesiag 

■ 4 

The  Contractor  shall  be  responsible  for  providing  integration  support 
engineering  during  the  period  of  October  13,  1962,  through  September  30,  1963. 

4.2.1  Under  the  direction  of  MSC  (including  Preflight  Operations 
Division)  the  contractor  shall  provide  Integration  support  engineering  in  the 
areas  of: 

" , t ^ •'  • 

4.2.1 .1  Review  an£  assess  documentation  of  the  riajor  functional 
system  and  equipment  interfaces  betw t%ais  launch  vehicle  LEM  and  spacecraft  and 
GOSS.  r 


7 

f 
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4. 2. 1.2  Develop  « plan  under  the  supervision  of  the  Apollo 
Spacecraft  Project  Office  for  logging  In  detail , all  functional  and  equipment 
interfaces  between  launch  vehicle,  spacecraft  1CM  and  GOSS. 

4.2. 1.3  Collect  and  maintain  interface  data  on  networks  and 

power  sources. 

4.2.1.4  Collect  and  maintain  interface  data  on  instrumentation 
and  guidance  and  control. 

4* 2.1. 5 Collect  and  maintain  interface  data  on  structures  and, 

power  plants. 

4.2.1. 6 Collect  and  maintain  Interface  data  on  ground  support 
equipment  and  on  GOSS. 

4.2.iU7  General  engineering  support  for  system*  integration 
taaka.  * - 

4.2.1.8  Study  tha  miaalon  abort  problem  in  the  Region  from 
injection  into  lunar  orbit  to  injection  into  the  tranaearth  trajectory. 

4*2,1. 9 Document  the  latest  known  data  on  lunar  environment 
and  cislunar  space. 

4.2.1.10  Study  the  operational  consequences  and  effect  on 
crew  safety  If  lunar  logistics  supplies  are  situated  too  far  from  the  landing 
post  of  the  lunar  excursion  vehicle. 

4.2.1.11  Conduct  a time,  motion  and  error  analysis  of  data 
transmission  by  voles  (only)  fro*  tha  ground  to  ths  spacecraft  during  the 
more  critical  phases  of  the  mission. 

. 4.2.1.12  Conduct  a time  and  workload  analysis  of  the  crew 
operations  in  lunar  orbit,  lunar  landing  and  lqnar  launch  operations. 

4.2.1.13  Mechanical  Design  layout  (POD  Task  #5). 

i 

Ths  Contractor  shall  provide  mechanical  design  layout 
support  to  assist  in  the  evaluation  of  field  design  changes  to  spacecraft  ground 
support  equipment  in  the  mechanical  engineering  area, 

4.2.2  Under  the  dlaaction  of  MSEC- the  Contractor  shall  be  responsible  : 
for  providing  integration  support  engineering  in  the  areas  oft 
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4.2.2.1  Systems  Integration  of  Saturn  Launch  Vehicle, 
Sleoirical  Support  equipment  (MSFC  Task  #5) . 

Tha  Contractor  shall  perform  work  relative  to  tha 
establishment,  documentation,  and  implementation  of  design  atandarda  and 
spaeifloatlona  to  ba  uaad  in  tha  design  of  Saturn  launch  vehicls  alactrlcal 
support  equipment.  This  effort  will  include  tha  followings  iaaiat  in 
doc mentation  of  standard  hardware  Hats;  review  and  establish  qualification 
of  such  hardwares  eatabllah  atandard  electrical  aymbols  and  electrical 
documentation  foraata  for  aohaatatioa,  change  order a , and  waivers  from 
standard  hardware  lists j review  drawings  to  anaure  co^atibillty  with  the 
over-all  vehicle  system  integration  effort. 

4. 2.2. 2 Standards  end  apecifioationa  for  documenting 
electrical  design  practices  end  procedures  (MSFC  Task  #S) . 

The  Contractor  shaU  provide  engineering  aupport 
necessary  to  eetehliah  and  maintain  tha  required  atandarda  and  specifications 
to  adequately  document  the  electrical  dkeign  practices  and  procadurea 
utilised  by  MSFC.  The  atandarda  and  apecifioationa  will  be  primarily  in  tha 
following  areas:  Cable  harness,  alactrlcal  symbols  for  drafting,  component 
purchase  descriptions,  stags  electrical  installation,  taat  method,  and 
system  description. 

4. 2. 2. 3 Formulating,  documenting,  publishing  and  maintaining 
Saturn  V alactrlcal  interface  documents  (MSFC  Task  #9) • 

The  Contractor  shall  provide  engineering  support 
required  to  formulate,  document,  publish  and  maintain  Saturn  V electrical 
interfacs  documents  defining  the  electrical  interface  between  stages  and  between 
launch  vehicle  end  payload. 

i 4.2. 2. 4 Systems  Integration  for  the  Saturn-Jpollo  Family  of 

Launch  Vehicles.  (MSFC  Task  #17) . 

The  Contractor  shall  assist  in  gathering,  collating 
and  revealing  of  electrical,  Mechanical  and  aerodynamic  criteria  which  relates 
to  tha  launch  vehicle/payload  interface.  The  Contractor  ahall  also  perform 
specialised  studies  in  tha  field  of  man-rating  and  emergency  detection. 

4.2.2. 5 Support  Assistance  to  Design  Document  end  Test 
Subsystem*  of  the  Saturn  V Vehicle  (KSFC  Task  #18) 


Ai 


* 


/ 
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The  Contractorshall  provide  engineering  support 
required  to  perform  detailed  deeign,  inveetigetion,  docuaentation  and  tasting 
of  various  area a of  teehaleal  interest  of  the  Saturn  V vehicle  electrical 
ay a tea  su4h  ae  exploding  bridgevire  ays  teas, 'solid  state  relay"  logic,  dis- 
tributor concepts  and  design  and  component  listing. 

4.2,3  Under  the  direction  of  LOC,  the  Contractor  shall  be  responsi- 
ble for  providing  integration  support  engineering  in  the  areas  oft 

4.2.3.1  Docuaentation  of  Ordnance  System  for  complete  vehicles, 
including  operational  aspects.  (LOC  Task  fl) . 

4.2.3. 2 Standardisation  of  drawing  and  design  specifications. 

(LOC  Task  #7)  ♦ 

4- 2.3. 3 Pneumatic,  hydraulic  and  electrical  firing  accessorise. 

(LOC  Task  #10). 

4.2.3 .4  Automatic  Propellant  transfer,  pneuaatic  supply  and 
environmental  control  systems.  (LOC  Task  #11) 

4.2.3. 5 Launcher,  uabilical  tower  and  transporter.  (LOC 

Task  #12)'  ’ 

4.2*3. 6 LOC  Light  ni  ng  Protection  Problems  (LOC  Task  #8) . , 

The  Contractor  shall  evaluate  aethods  of  providing 
lightning  protection  at  LOC  and  shall  recommend  protective  aethods  to  minimize 
the  chances  of  lightning  damage  at  and  between  the  asseably  area,  the  checkout 
facility  and  the  launch  area.  Upon  completion  of  the  study  and  the  delivery  of 
a preliminary  study  report  to  LOC,  by  December  31,  1962,  the  Contractor  shall 
await  NASA  approval  before  proceeding  with  any  implementation . 

4. 2. 3. 7 RF  Inter  jeimnce Study  (LOC  Task  #2) 

The  Contractor  shall  provide  support  of  the  Launch 
Operations  Center  by  studying  the  effect  of  radio  frequency  interference  oa 
electrical  equipment. 

4.2.3.5  Investigation  of  Cosnunications  and  Tracking 
Systems  for  Operation  Flight  Control  (LOC  Task  #18) 

The  Contractor  shall  conduct  an  investigation  to 
determine  in  what  manner  and  to  what  extent  existing  and  programed  worldwide 
coasunlcations  and  tracking  systems  can  be  applied  and  integrated  into  the 
Operation  Flight  Control  (CJFC)  concept.  The  Investigation  shall  include 
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determination  of  what  additional  cuiuilcationa  and  tracking  systams  would  be 
required  to  meet  the  needs  of  CPC  as  well  as  specification  of  equipment  input/ 
output  requirements  and  an  estimate  of  the  cost  of  new  equipment  required. 

4.2.4  Ohder  the  direction  of  the  GHSF,  the  Contractor  shall  be  / 
responsible  for  providing  integration  export  engineering  in  the  areas  -of  i 

4. 2.4.1  8«t«i  JOtKfflBtiflB  ItctolauM 

. ' Study  methods  and  techniquea  to  Increase  the 

contribution  of  the  System  Description  to  the  Apollo  Program. 

4.2.4.2  Configuration  Control  Methods  Study 

Conduct  studies  towards  improving  the  methods  and 
techniques  of  accomplishing  configuration  control.  Collect  information  on 
methods  presently  employed  in  the  ipollo  Program  and  in  other  appropriate 
technical  programs.  Submit  reports  covering  the  studies. 

4. 2.4.3  PBBUMntgtton  Rtwlrf  ntf 

, Collect,  study  and  summarise  contractual  require- 

ment# for  engineering  documentation  under  NASA  contracts  with  ipollo  Program 
participants.  Study  practices  snd  requirements  associated  with  other  appli- 
cable programs.  Recommend  standards  for  contractual  requirements  for 
ipollo  Program  documentation,  with  consideration  given  to  placing  the  minimum 
necessary  requirements  on  participants. 

4. 2.4.4  towing  apsciflcgiisa  anti  Stmnriarti 

Locate,  study  and  summarize  existing  methods,  for 
the  preparation  and  utilization  of  drawings,  specifications, ■'standards,  and 
procedures  as  used  by  ipollo  Program  participants.  Prepare  and  submit 
recommend ad  standards,  specifications,  and  procedures,  based  on  existing 
documentation  to  the  maximum  extent  possibla,  for  NASA  review  and  approval. 

4. 2.4. 5 T trains logy  Standards 

Locate,  collect,  and  catalogue  applicable  in- 
formation. Recommend  terminology  standards  for  use  by  Apollo  Program  parti- 
cipants. Prepara  documentation  of  standard  terminology.  Documentation  shall 
be  maintained  and  updated. 
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■ , < • ■. ' Puri*  Qualification  Docasentstion 

' Collect  and  study  data  and  information  on 
parts  standardization,  gualification  testing,  and  provisioning  procedures 
currently  in  us*  for  applicability  to-  the  Apo’lo  Progrtm.  Prepare  documenta- 
tion ocf  ,*HPropri#.tr*  falMsd;  tasted,  end/or  standard  parts,  together  with 
suitable  t«*t  data  references.  Rscoamend  unified  and  standardised  methods 
for  accomplishing  parts  standardisation  and  provisioning  standardisation. 

V.2.1.7  laBlpawnt  Interfaces 

- locate  and  collect  spplicabls  information. 
Identify  and  document  tbs  physical,  functional  and  enviromental  equipnsnt 
interfaces  of  operational  and  support  equipment  e*«ocisted  tilth  two  or  store  • 
cf  the  fc&lowiagt  launch  rehlcle,  spacecraft  launch  and  control  couples, 
and  ground  support  systsns.  Documentation  shill  ba  nslntalnsd  and  updatsd. 
Documentation  shall  lncluds  -the  following: 

k.2.k. 7,1  Interface  description,  which 

shall  daaerlha  equipment  interface* by  words,  sketches,  photographs,  dlagraas,  • 
or  othsr  appropriate  naans,  and 

4.2.1*.  7.2  Interface  identification,  which 
shall  contain  Inforaatlon  relative  to  equipment  interface  drawings,  models,  , 
siauletors  status,  responsible,  activities  and.  other  appropriate  information.-  • 

4.2. 4.8  Procedure  Intarfacss 

Locate  and  collect  applicable  inforemtioa. 
Identify  and  documant  procedural  interfaces  of  assembly,  operation,  servicing, 
maintenance,  and  handling  associated  with  two  or  mors  of  the  following: 
Spacecraft,  launch  vehicle,  launch'  and  control  complex,  -and  ground  support.  • 
systems.  Documentation  shall  be  Maintained  and  updated. 

4.2.4.9  Functional  line  Diagrema 

* Locate  and  collect  applicable  information. 

Prepare  an?  publish  over-all  system  functional  line  diagrams  representing  the 
Apollo  system.  Documentation  shall  be  maintained  and  updated. 

4.2.4.10  Data  Handling  Support 

Review  and  analyte  the  Contractor's  Apollo 
support  requirements,  methods,  and  procedures  of  data  handling;  submit 
recommendations  for  Improving  data  handling. 
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APPENDIX  E 

KXBCtJTIVE  OFFICE  OF  THI  FMGMMNT 
BUfUMI  OF  THK  SODOKT 
WA0MHMTON M> tt>C> 

BULUT2X  VO.  6o-6  March  IB,  i960 


TO  ms  HSAD6  or  nVOOTZVK  OEBU^SCBTS  AMD  ismsuanttixs 

0OBJICT:  Autcnatic  Data  Processing  (ASP)  Program  at  tha  Executive 

Breach:  Studies  preceding  tha  acquisition  at  AMP  nrfi—mt 


1.  Purpoao.  Halt  Bulletin  traaaalts  "Guidelines  for  8tu&l«a  to 
Precede  tha  utilisation  of  Autcnatic  Data  Processing  Bqulpnwat,*  easy 
attached. 

2.  Bectksrcund  and  statue  of  the  resort.  She  attached  resort  vna 
prepared  by  a xaak  force  at  the  wS&S&SB&f  PcMitttee  on  Automatic  Data  : 
Processing,  aooepted  by  the  Conaittee  and  sitaitted  to  the  Bureau  of  the 
Budaet  vith  the  reooamndatlon  that  it  he  published  for  the  guidance  of 
all  concerned. 

Sxperlanoe  to  date  ha  the  acquisition  and  utilisation  of  ASP  equip- 
sMQt  has  d— rostrated  that  a thorough  analytical  study  should  he  conducted 
before  decisions  are  nade  relative  to  the  eoononio  and  operational  feast- 
bility  of  any  ATP  application.  For  use  in  studies  of  this  kind,,  tbs 
attaohed  report  provide?  useful  guidelines  ehieh  hare  been  developed  fron 
tbs  experience  of  the  people  la  the  egenelee  who  hare  been  directly 
involved  in  ASP  analytical  studies. 


MAURICE  H.  8SUB 
Director 


\V 


13W) 


1964  NASA  AUTHORISATION 


(mmmam  por  studies  to  mscsm 

•m  ACQUISITION  OF  AUTOMATIC  DATA  PROCXSSDfG  EQUIPHEMT 

AX  ATTACMHT  90 

BUREAU  OP  THE  BUDGET  BUU2TZX  60-6 
BAUD  MARCH  18,  I960 


At  Its  meeting  In  February  1959#  the  Interagency 
Committee  on  Automatic  Data  Processing  approved  the 
establishment  of  a task  force  to  determine  and  review 
current  practices  sad  viewpoints  relative  to  studies 
made  by  Government  agencies  prior  to  reaching  decisions 
to  acquire  and  "use  automatic  data  processing  equipment  . 
Members  of  the  task  force  were: 

Mr.  Nicholas  F.  Schauer,  Department  of  the  Treasury 

{Cfaali*mn>  ; .-—v 

Mr*  Robert  V.  Coggeshall,  Department,  of  the  Interior 
Mr.  Robert  A.  Fernsler,  Department  it  the  Any 
Mr.  Leonard  Sokolover,  Veterans  kL  nlstratlon 
Mr.  Eric  G.  Stewart,  Department  of  ate 
Mr.  Ernest  Weiss,  M r.  William  P.  Legge,  Interstate 
Commerce  Commission  'j- 

The  task  force  in  May  1959  submitted  to  the  Com- 
mittee a preliminary  draft  of  its  findings.  Ike  prelim- 
inary draft  was  discussed  at  the  June  1959  meeting.  A 
revised  draft  was  presented  to  the  Committee  at  Its 
October  1959  meeting,  at  which  time  it  was  accepted  by 
the  Conmittee  and  Approved  for  submission  to  the  Bureau 
of  the  Budget.  The  report  appears  In  the  following 
pages  as  approved  by  the  Committee. 

The  Bureau  of  the  Budget  believes  that  this  report 
by  the  Interagency  Committee  will  provide  valuable 
guidelines  for  all  agencies  contemplating  or  planning 
to  use  ADP  systems. 
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/Am  following  report  wi  prepared  by  • Thai  Faroe  of 
tbs  Interagency  Camdtte*  cm  Autoaatlc  Data  Prooesslng, 
approved  by  the  Interagency  Cwelttes  and  submitted  to 
the  bureau  of  the  Budget,  November  19527" 


ATTACHMENT  TO  BUREAU  OF  IBS  BUDGET  BULLETIN  NO.  60-6 
DATED  MAKE  10,  I960 


SUBJECT:  Ouldellnee  for  Studies  to  Precede  the  Utilisation  of  Autoaatlc 
Data  ?roceselng  Equlpaent  2/ 


I.  Purpose  and  Scope 

Tbe  purpose  of  this  report  Is  to  provide  guidelines  to  all  govenamt 
agencies  as  a basis  for  planning  and  conducting  studies  (excluding  those  Milch 
have  military  tactical  Objectives)  preceding  a decision  to  utilise  autcentlc 
data  processing  equlpaent. 

Studies  se  described  herein  Include  complete  systems  analyses  and 
functional  surveys  of  areas  subject  to  possible  autoaatlc  data  praoe&slag 
application. 

II.  Selecting  Areas  for  Study 

1.  A knowledge  of  the  missions,  functions  and  system  of  an  agency  pins 
an  orientation  In  the  capabilities  of  autoaatlc  data  processing  will  My 
permit  a determination  to  be  made  as  to  those  areas  north  exploring. 

In  general,  such  areas  are  characterised  by  one  or  aora  at  the  following: 

a.  Large  volume  repetitive  operations. 

b.  High  clerical  costs . 

o.  Complex  computational  problems . 

d.  Urgent  time  scheduling  factors. 

2.  Sane  of  tbe  acre  effective  applications  have  been  In: 

a.  Statistical  data  processing  and  analysis. 

b.  Traffic  analysis. 

e.  Account  maintenance. 

d.  Supply  activities. 

e.  Ihyroll  activities. 

f.  Personnel  activities. 

g.  Engineering  cut-and-flll  computations. 

h.  Load  scheduling. 

This  Is  not  a definitive  list  - many  other  areas  have  been  exploited. 


ij  Studies  of  this  nature  have  In  the  past  been  referred  to  as  feasibility 
studies.  Tbsse  guidelines  provide  for  system  analysis  to  follow  a 
preliminary  analysis  or  "feasibility  study."  (See  IV). 
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3.  the  tnu  for  e-tody  be  selected  by  one  knovVdgsable  individual 
or  a wry  noil  troop.  The  object  Is  to  select  tbs  geneiul  ana  for  a study. 

Bm  selection  may  cover  s vide  rouge  of  activities  cutting  across  easy 
organisational  lines  or  It  aay  be  Halted  to  a specific  operation. 

XII . Planning  the  Study 

1.  Problea  Definition.  When  the  organisation  or  area  to  be  studied  has 
been  selected  the  objective  aad  scope  of  the  study  should  be  clearly  defined. 

A tine  schedule  aad  an  order  at  priority  should  also  be  established.  A 
directive  or  authorisation  froa  an  official  having  hl#>  level  responsibility 
should  have  sufficient  Inf  Croatian  sad  the  necessary  authority  to  explore  and 
review  all  pertinent  activities. 

2.  Obtaining  Top  tfaaaasnsnt  Support.  0ns  of  tbs  aost  vital  prellalnary 
steps  la  planning  an  automatic  daia  processing  study,  as  In  the  case  of  aay 
significant  undertaking,  is  to  dbtain  top  aasageaant  support.  To  &cccag>llsb 
this,  suitable  presentations,  orientations,  and  briefings  have  proved  to  be 

of  considerable  value.  Mansgrawnt  support  nust  be  insured  because  at  tbs  tins 
Involved  la  gathering  facts,  and  tbs  systons  analysis  involved  In  t*-»  study. 
Import  is  also  required  to  offset  organisational  aad  procedural  adjustments 
vhleh  nay  be  necessary  to  Improve  tbs  sslactad  system  prior  to  caaneacenant  of 
a study.  It  nust,  therefor* , be  nada  clear  to  all  concerned  that  aanagensnt  is 
daefrous  of  effective  results  from  tbs  study. 

3.  iaploarse  delations.  The  initiation  of  ADP  studies  scswtlmes  results 
la  alam  an  the  part  of  the  staff  aad  wort  lag  fores  because  of  a concept  that 
nodsrn  machines  displace  peopla  • tnployses  should  be  completely  Informed  so 
ns  to  obtain  their  full  cooperation.  Sons  agencies  have  adopted  a policy  vhleh 
provides  that  aay  resultant  personnel  adjustments  nay  be  accomplished  by 
attrition  or  minimised  by  reassignment  in  preference  to  reductlon-lm-forcc 
procedures. 

I V.  Preliminary  Analysis 

An  ASP  study  can  be  a lengthy,  carglax,  and  costly  undertaking.  For  these 
reasons,  a preliminary  analysis  or  "feasibility  study"  should  be  nada  to  determine 
the  overall  soundness  of  applying  AW  to  the  operations  of  an  orpnlsatlan. 
lbs  following  actions  are  suggested* 

1.  Informational  requirements . establish  an  Inventory  at  data  processing 
by  aajor  functional  areas  such  "Those  described  la  Section  IX,  paragraph  2. 
Additionally,  It  la  necessary  to  secure  or  develop  a distribution  of  nan-hour 
effort  aad  other  significant  coot  elements  to  be  used  in  Identifying  costs  by 
nejor  operation,  function  and/or  organisation . 

2.  Analysis,  lbs  analysis  of  data  developed  should  be  wdertahaa  la  a 
logical  sequence . Several  starting  olnts  axe  suggested,  namely,  unmanageable 
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a.  Panlltarlty  with  tha  systans  and  operational  and  auaftMot 
naads  of  tha  organisation. 

b.  Qenarsl  understanding  at  tbe  theory,  operation,  capabilities, 
and  limitation*  of  eamputars,  punched  card  equipment,  and 
conventional  office  Machines. 

c.  Background  In  managmmnt  engineering  techniques , ays  teas 
analysis  and  design. 

2.  Responsibility  to  Management . the  7*ek  farce  should  be  orpnlsed 
and  condnetei  so  as  to  keep  top  nans genant  folly  Informed  of  tbe  following: 

a.  Justification  for  the  expenditure  of  Manpower  and  funds  to 
continue  or  extend  the  study. 

b.  Problems  which  nay  require  poll  y decisions  at  a higher  level 
of  authority. 

e.  Management  Improvements  which  nay  be  made  during  the  course  of 
the  study  or  at  n later  date  depending  upon  the  benefits  to  be 
derived  from  improvements . 

d.  Circumstances  end  Justification  for  a decision  that  AutcMtlo 
Data  Processing  would  not  be  applicable  and  that  further 
cons  Ids  ration  for  tha  procurement  at  ADP  equipment  would  not 
'oe  necessary. 

a.  The  Identification  at  processes  which  can  be  laproved  without 
resorting  to  ATP. 

VI.  The  Systems  Study 

Tbe  principles  of  systems  annlysis  and  other  sane  cement  engineering 
techniques  are  essential  to  tha  successful  accosgil  lshment  at  tbe  systems 
study.  The  basic  elements  of  a systems  study  are  discussed  below: 

1.  Recording  the  Fhcte.  Bata!  hlng  the  relationship  of  docvnmnts, 
one  to  the  other,  and  to~E5e  organizational  elements  imaged  in  processing 
such  docuaeata,  la  the  starting  point  In  reflecting  tha  detailed  descrip- 
tion of  tha  present  system.  Strang  emphasis  Is  placed  on  tha  l^ortaace 
of  documenting  In  detail  what  1a  being  dene,  where  it  Is  dons,  uses  and# 
of  It,  the  frequency  required,  end  an  accurate  reflection  of  bow  it  is 
dona  and  the  ea^laxlty  of  tbe  process.  Tha  use  of  flow  charts,  sequence 
and  process  charts,  and  organisational  tables  will  facilitate  recording 
the  facts. 


2.  Prei  ^"*nr  tmluatlon.  An  over -all  examination  and  evaluation 
of  the  facie  and  thii  flow  process  charts  should  be  made  to  aatabllah 
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the  tail*  for  eliminating  duplication,  combining  details,  rearranging 
Mq-oence s,  validating  records  and  reporting  requirement* , or  eliminating 
a process  or  processes  which  are  not  necessary.  Conversely,  this  would 
result  in  the  addition  of  a process  not  now  being  performed  but  which 
should  be  performed  so  as  to  provide  essential  records  and  reports  not 
heretofore  established. 

3.  Basic  Systems  Design.  The  success  of  the  systems  design  will 
depend  largely  upon  the  degree  to  which  certain  basic  principles  are 
applied.  Some  of  the  more  important  basic  principles  are  described  as 
follows: 

a.  Adopt  a uniform  approach.  Effective  results  in  the  review 
and  analysis  of  information  developed  In  the  fact-finding 
phase  require  that  personnel  assigned  to  the  study  accomplish 
their  findings  In  the  sane  manner,  and  record  their  results 
uniformly;  otherwise,  the  findings  will  be  of  little  value. 

To  Insure  a ccenon  approach,  it  is  necessary  that  a well- 
planned  program  be  developed. 

b.  Apply  machine  logic  when  recording  fact*  about  current  systeme. 
The  meticulous,  detailed  programing  of  Instruction*  is  the 
largest  single  task  in  converting  an  operation  to  automatic 
data  processing  equipment . If  machine  logic  and  the  language 
of  the  computer  were  applied  during  the  design  of  the  system,  e 
tremendous  step  toward  ultimata  machine  progressing  would  be 
awarded. 

c.  Capitalize  on  the  capabilities  of  the  equipment.  The  ability 
to  store  reference  data  internally,  with  rapid  access  time.  Is 
ana  of  the  principal  advantages  of  electronic  digital  computers. 
This  advantage  usually  eliminates  the  need  for  intermediate 
doc-iawn  ta  and  mem  ml  data  manipulation.  An  additional  advantage 
lies  in  the  flexibility  of  the  equipment,  through  programing, 
which  can  produce  an  end  product  in  multiple  formats.  These 
and  many  other  capabilities  provide  the  basis  for  integrated 
data  processing  to  an  extent  not  heretofore  possible  with 
conventional  type  equlpsetnt. 

d.  Convert  to  each ins  langimge  at  the  earliest  possible  processing 
stage . The  early  conversion  of  source  document  Information  to 
machine  language  if  an  laq>ortan+  factor  in  designing  an  optimum 
autoemtle  data  processing  systea.  The  ideal  process  would  be  the 
simultaneous  preparation  of  t hr.  source  document  and  Input  data 

in  machine  intelligible  language. 

e.  Integrate  date  processing  to  the  maximum  extent.  Whenever 
source  documents  are  used  far  multiple  purposes,  thorough 
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consideration  must  be  given  to  the  possibility  at  Integrating 
the  systems  Involved.  Tor  example,  a source  document  used  for 
lten  accounting  is  also  used  in  accowttng  for  dollars.  An 
Integrated  system  would  permit  the  vxpdati.’vg  of  Item  and  dollar 
accounting  from  one  entry  at  the  source  document  data  Into 
the  eye  ten. 

f.  Ikqtloy  the  exception  principle.  ADP  can  produce  cimplete  reports 
for  reference,  audit  and  record.  However,  whenever  poselble, 
—a#— at  reports  should  contain  only  those  its*'*  of  lnfotma- 
tlon  which  vary  significantly  firon  the  no  real  arid  require  the 
attention  of  aanafwnen t . 


An  understanding  of  the  general  capabilities  and  limitations  of  these 
aqulpamats  (including  basic  progressing)  will  provide  e proper  background  to 
date  reins  whether  desirable  end-products  are  possible,  and  bow  the  systems 
eust  be  designed  to  produce  desired  results  end  a veil -balanced  system.  The 
new  systea  must  be  constructed  In  the  fora  of  scbsnatic  end  flow  process 
charts  and  source  docueent  designs.  Also,  organisational,  euparrlslcnal  and 
clerical  requirements  aust  be  restated  In  view  of  the  new  procedures. 

U.  Development  of  systems  specifications . During  the  deslgs  of  the 
new  systen,  specifications  should  be  developed  io  provide  a sufficient  base 
to  relate  and  evaluate  th*  various  equlpnent  potentials.  The  following 
ijetmn  specif loatlons  represent  the  einlan  Infooneatlon  for  this  purpose: 

a.  Input.  A description  of  all  known  Input,  Including: 

(1)  Method  or  nsdivm  by  which  data  will  bo  received  or 
developed. 

(2)  Format,  message  length,  alpha -numeric  or  other  Identifying 
characteristics . 

(3)  Daily  volume,  including  cyclical  peaks. 

(k)  Hourly  rate  at  which  equipment  should  receive  data. 

b.  Maintenance  of  Information . A description  of  the  Information 

to  be  maintained,  including: 

(l)  Volume  of  records. 

(2)  Methods  of  file  ualnteaance. 

(3)  Proposed  record  lengths. 

(k)  Alpha -numerical  requirements. 

(5)  Requirements  for  interrupt tlcn . 


i 
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e.  Data  bandUac.  A <1* tailed  description  of  wefe  type  at 

action  or  confutation  to  pendt  a proper  assaaaneut  of  tba 
problem.  It  la  not  desirable,  necessarily,  at  this  point,  to 
prescribe  specifically  bow  each  transaction  will  be  processed 
because  different  types  of  equipment  ary  require  deviations 
In  procedural  steps  while  accomplishing  the  sane  results. 

d.  Output.  A description  of  output  needs.  Including: 

(1)  Kind  of  output  and  distribution  there if , l.e.,  punched  card, 
paper  tape,  printed  copy,  etc. 

(2)  Dally  to  lines  by  type  of  output. 

(3)  Required  foruats. 

(*0  Tina  after  cutoff  vlthln  which  output  should  be  produced. 

(5)  Tine  cycle  to  accomplish  each  transaction, 
c . Other  requirements . 

(1)  Date  for  equipment  delivery  end  installation. 

(2)  Arrangements  for  nalnteaaace  of  equipment. 

(3)  Requirements  tar  caspatlblllty  with  other  equipment. 

(k)  Expandability  to  accomplish  added  workloads. 

(5)  Other  requirements  peculiar  to  the  application . 


5.  Equlpswnt  evaluation  and  selection.  Selection  of  equipment  within 
the  fraaework  of  the  systene  specifications  developed  nay  be  accoeplished 
through: 


a.  Analysis  of  Manufacturers ' brochures  and 
schedules. 


at  contract 


b.  Consideration  of  knowledge  of  personnel  concerned  with  the  study 
end  information  obtained  from  users . 


e.  negotiations  with  or  solicitations  of  proposals  from  nenufacturwre . 

Qualified  sources  of  supply  should  be  considered  end  equal  Information 
opportunity  and  faculties  be  nada  available  to  each  potential  supplier.  There 
la  no  requirement,  however,  to  consider  any  equipment  that  does  not  exist 
in  at  least  prototype  focm  but  there  le  no  restriction  spinet  considering 
such  equipment.  Analysis  of  equipment  should  proceed  so  ns  to  develop  equip- 
ment costs.  Including  anks,  model  and  quantity  of  caaqponeats  and  any  support- 
ing conventional  punched  card  equipment.  The  Inability  or  reluctance  of  a 
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qualified  Manufacturer  to  sake  a ■ pacific  proposal' does  not  absolve  tba 
agency  free  Its  responsibility,  la  Its  own  lntsrast  far  cans ldsr log  that 
particular  equipment.  Coos  Ida  ration  should  also  ba  (Iran  to  psrsaaasl 
requirements  ralatad  to  ths  various  Models  and  kind  of  aqulpasot  available. 
Othar  costs  idiieb  should  b«  Include*  In  this  consideration  are  space  and 
a lr -conditioning,  site  preparation,  Maintenance , power,  and  Miscellaneous 
electrical  Installation. 

Evaluation  and  selection  of  equipment  requires  a detailed  analysis  of 
ths  following: 

a.  Capabilities  of  the  aaehlne  to  do  the  Job. 

(1)  Acceptance  of  Input  documents  and  data. 

(2)  Sufficiency  of  storage  and  processing  capacity. 

(3)  Adequacy  of  data  handling. 

(k)  Production  of  output  In  required  fora. 

(3)  Adequacy  of  controls  and  accuracy. 

(6)  Adaptability  to  long-range  plans. 

b.  Tine  taken  to  do  the  Job. 

(l)  Hours  of  use  In  relationship  to  potential  hours. 

(2)  Capability  to  achieve  processing  and  Interrogation  cycles. 

(3)  Potential  for  expansion. 

c.  Acceptability. 

(1)  Availability. 

(2)  Adequacy  of  Maintenance  and  training  services. 

d.  Advantages  of  use. 

(1)  Ttnellness  of  data  production. 

(2)  Production  of  data  desired  but  previously  not  available. 

(3)  *conoay. 

(k)  Other  tangible  or  Intangible  benefits  to  be  ^Ined. 
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following: 

a.  Definitive  Indications  of  the  benefits  that  art  expected  to 
accrue  trc*  the  proposed  qntM  that  caaaot  otharvlM  ha  attained, 
and  Justification  for  these  benefits  In  terns  of  economic  gains 
or  Improved  nanagenent  effectiveness . 

b.  A general  description  of  the  data  processing  needs  of  the 
activity  In  relation  to  the  basic  Mission  of  the  activity. 

c.  Workload  and  eaploynent  statistics  describing  the  Magnitude 
of  the  activity's  p rob lea. 

d.  A chart  depicting  the  organisational  effect  of  ADP  on  the 
activity  as  veil  as  shoving  the  location  of  the  proposed  data 
processing  function. 

e.  Plow  charts  ouppleaented  by  clear  and  precise  narrative 
Indications  of  the  nature  and  scope  of  each  application.  There 
should  be  Included  for  each  application  the  following: 

(1)  A description  of  the  contents  and  purpose  of  proposed 
outputs. 

(2)  A description  of  the  content  and  source  of  all  Input  data. 

(3)  Record  lengths  and  nurtwr  at  records. 

(A)  Processing  frequencies 

f.  Barra  tire  descriptions  of  those  present  systems  vblch  correspond 
to  the  proposed  applications. 

g.  Detailed  caaparatlve  cost  data  for  the  proposed  eye  ten  and 
the  present  eye  tea,  adjusted  by  Improvements  developed  in 
the  course  of  the  study. 

h.  Indication  of  personnel  Implications  in  terns  of  reduced  or 
alimented  staffing  needs. 

I.  Indications  of  the  availability  of  and  expected  costs  of 
site  preparations. 

J.  Projected  schedule  should  be  provided  covering  plans  for 
squlpewnt  selection,  detailed  application  development, 
personnel  training  and  orientation,  site  preparation. 

Installation,  transition  end  attainment  at  nomal  operations. 
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k,  bUMtlau  that  c ana  iteration  ana  given  to  looatlng  or 
(Attaining  equipment  which  oould  be  shared  with  otter  bureaus 
In  toot  m ancy,  or  with  otter  agencies. 

l.  Ail  factors  which  m-ght  haws  a bearing  upon  top  macsgnMnt's 
decision,  including  problana  or  disadvantages . 

VH.  Evaluating  tte  ADP  Systems  Study 

Results  of  tte  ADP  systems  study  should  ba  awaluatad  in  tte  light  of 
tte  following: 

1.  Iaproved  operational  effectiveness,  economy,  and  efficiency  ara 

tte  prtneipai  objective*.  • 

2.  Integration  of  Data  Processing.  Planning  for  ADP  abould  taka  Into 
account  the  Interrelations  (both  horizontal  and  wart  leal)  aaong  tte  naada  of 
managnent  for  information . 

3 . 8ysttme  improvement.  Mechanization  of  exlating  aathoda  nay  merely 
compound  exlrtlng  inafficfmclas . Speeding  up  existing  procedures  la  not 
enough;  tte  real  ala  la  not  to  spaed  up  an  old  Job,  but  to  do  a batter  Job. 
Adequate  planning  should  start  with  tte  end  product  or  final  progran 
requirements  of  tte  whole  activity,  with  minimi  regard  for  prevailing 
organization,  methods,  and  equipment. 

k.  Operational  benefits.  Emphasis  should  be  directed  toward  thoee 
areas  with  tte  greatest  potential  "before  and  after'  difference  In  effective* 
ness,  efficiency,  or  economy  of  tte  entire  operation  or  entire  sequence  of 
information  flow  within  which  an  ADP  eye  tern  can  be  only  a segment.  Thus, 
earns  Installations  may  produce  large  over-all  savings  by  increasing  tte 
effectiveness  of  progran  operations  eve  a though  direct  date  processing  costs 
are  increase!. 

5.  Management  by  exception.  Planning  for  ADP  should  provide  for  using 
tte  computer  to  make  routine  logical  decisions  and  to  print-out  for  detailed 
analysis  only  those  exceptions  to  established  routines  which  require  human 
Judgment • 


6.  Reorganization . ADP  planning  should  anticipate  and  reflect 
possible  changes  in  organization  and  procedural  concepts  to  utilize  tte 
capabilities  of  ADP  systems  as  management  tools. 

7.  Alternative  ADP  organizations!  placement.  At  tte  bureau  or 
departmental  level  consideration  should  be  given  to: 

a.  the  possibility  of  obtaining  equipment  capable  of  combining  tte 
propo&ed  ADP  application  with  one  or  more  applications  at  a 
higher  organisational  lnvel; 
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a.  Was  the  composition  of  the  Teak  Fores  such  that  they  could  bs 
reaa cnahly  expected  to  maha  aa  adequate  and  objective  study? 

b.  Was  tbs  approach  of  t ta  Task  Fores  the  —re  desirable  ana 
of  reviewing  and  redesigning  procedures,  or  merely  of  using 
tha  proposed  equip— nt  to  do  man  rapidly  what  already  Is 
balng  dam?  Was  a functional  surrey  nada  and  a careful  and 
critical  study  of  existing  data  processing  Methods  and 
reporting  require— nts  conducted? 

c.  Was  consideration  given  to  results  of  studies  of  ADP  aade  at 
a lailar  segments  of  the  sa—  agency  or  at  other  agencies? 

d.  Were  block-diagram  flow  charts  prepared? 

e.  Were  architectural  and  engineering  require— nts  fully  considered? 


(1)  Space  layout, 

(2)  vloor  factors, 

(3)  Power  requirements, 

(li)  Air  conditioning,  humidity  and  duet  control, 

($)  Lighting  and  accoustlcs . 

f . Was  too  much  reliance  placed  an  data  from  o—  manufacturer? 
Before  specific  equipment  is  selected,  tha  characteristics  of 
various  —chines  should  be  studied  and  compared. 

g.  Ware  the  relative  merit#  of  purchasing  and  renting  equipment 
considered? 

h.  Wee  full  consideration  given  to  the  economic  advantages  and 
disadvantages  of  acquiring  an  A DP  system?  The  cost  of  an 
ADP  system  should  be  weighed  spinet  the  anticipated  benefits 
of  clerical  and  other  savings  and  the  value  of  greater  speed 
and  accuracy. 

1.  If  savings  are  forecast  in  the  study,  was  provision  aade 

to  review  the  estl— tee  for  reasonableness  and  to  relate  the 
actual  experience  of  the  installation  to  these  predicted 
— vlngs? 

j.  Did  the  Thsk  Force  review  reports  an  other  studies  far 

ADP  equipment  used  in  similar  types  of  progress  in  order  to 
ascertain  vbether  any  lte—  requiring  consideration  might 
have  been  overlooked  In  the  study? 


Vi 
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9m  ibon  suggestions  are  not  Intended  la  tajr  say  to  restrict  tbs 
rerlsvlng  authority's  Ingenuity  la  rerlewlag  atrtaaatlo  data  processing 
systcn  studios.  Booh  rerlsvlng  authorities  nay  contact  the  ADO  staffs  at 
tbs  Bureau  of  tbs  Budast  or  the  Osasral  Accounting  Offlos  for  consultation 
or  suggestions  as  to  nsthod*  of  reviewing  studies.  Honour,  It  should  he 
understood  that  la  all  cases  the  decision  to  acquire  and  utilise  A UP  equl]  • 
asnrt  rests  solely  with  the  agency  involved,  subject  to  Its  internal 
deyartasntal  or  other  controls. 
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EXECUTIVE  OFFICE  OF  THE  PRESIDENT 

BURtAU  Or  THE  BUDOCT 
Bmirtwroii  a aft 

October  lk,  1961  OUBOUIAH  10.  A-5^ 


to  thz  beasf  or  kxkvtxvi  ukpardobrb  aid  bubldbiob 

SUBJECT:  Policies  00  selection  and  acquisition  of  automatic  data 

processing  (ASF)  equipment 


1.  Purrose . This  Circular  prescribes  policies  on  (a)  making  selec- 
tions at  sqnlpnent  to  be  acquired  for  use  In  the  automatic  data 
prcossNing  (ASF)  program  of  the  executive  branch,  and  (b)  asking 
deteiril nations  as  to  vhethar  the  ASF  equipment  to  be  acquired  will 
be  leased.,  purchased,  or  leased  with  an  option  to  purchase. 

2.  8oods.  The  ASF  equipment  affected  by  the  policies  stated  herein 
Includes: 

a.  Electronic  digital  computers,  irrespective  of  use,  else, 
capacity,  or  price; 

b.  All  peripheral  or  auxiliary  equipment  used  In  support  of 
electronic  computers,  whether  or  not  oable-oonneoted  and 
whether  selected  and  aoquired  with  the  oenputer  or 
separately; 

e.  Punched-card  equipment,  vhether  used  in  conjunction  with 
or  independent  of  an  electronic  computer;  and- 

d.  Data  transmission  or  o>s— ini  cations  equipment  that  is 
selected  and  acquired  solely  or  prlaarily  for  use  vith 
a configuration  of  ASF  equipment  which  Includes  an 
electronic  computer . 

Analog  computers  are  covered  only  vfaen  computers  of  this  type  are 
being  used  ss  equipment  peripheral  to  s digital  oomputer . 

Items  of  AIV  equipment  that  are  (a)  physically  incorporated  In  a 
weapon,  or  (b)  manufactured  for  the  Cl  errs  meant  under  a developmental 
contract,  are  not  affected  by  the  policies  stated  herein. 

3.  Aroll**^  j\  t V The  policies  herein  apply  **>  ASP  equlymsnt 
acquired  by  the  Government  and  to  that  ASF  equipment  which  is  acquired 
and  operated  by  Government  contractors  solely  to  proosss  Government 
data  at  Government  expense  (e.g.,  Government-owned,  contractor- 
operated  facilities).  These  policies  do  not  apply  to  ASF  equipment 
acquired  by  universities  end  similar  institutions  with  financial 
assistance  through  grants -in -aid  at  Government  funds. 

(Mo.  A- 5*0 
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fb*  policy  provision*  of  this  Circular  btocM  applicable  vhen  a 
determination  has  been  made  that  tha  utilisation  of  AW  equipment 
it  essential.  It  la  assumed  that  rub  determinations  hara  baan 
preceded  by  and  art  baaad  upon  tha  xcsul'a  of  weU-dooumnted  studlaa 
which  provld*  an  adequate  factual  basis  for  oonolndlng  (a)  that  tha 
functions  or  prooassas  for  which  the  A IF  aquipnant  oan  ba  us  ad  arc 
assantlal  to  perfocm,  and  (b)  that  tha  system,  prooaduras , and 
asthods  to  be  employed  In  performing  thaaa  functions  or  prooassas 
hara  baan  dea'.giert  to  achieve  tha  highest  practicable  degree  of 
effectiveness  with  optima*  efficiency  and  operational  aeonony.  Oulde- 
yw—  for  planning  and  studies  praoadlxm  a decision  to 

utilise  ASP  aquipnant,  for  tha  davalopnsnt  of  a:  stsn  spaoif icatlons , 
and  for  aquipnant  evaluation  and  selection  am  contained  in  bureau 
of  tha  Budget  Bulletin  lo.  60-6,  "Automatic  Cate  Processing  (ASP) 
rrogxam  of  tha  Zxeoutiv*  Branoh:  Studies  praosdlnc  tbs  acquisition 
of  ASP  equipment,"  dated  March  Id,  i960. 

k.  Policies  on  equlsnent  selection.  The  selection  of  ASP  aquipnant 
Include#  the  initial  selection  of  ASP  aquipnant,  tbs  selection  of 
ASP  aquipnant  additional  to  that  on  hand,  tha  salsction  of  ASP 
aquipnant  to  replaoa  ASP  aquipnant  on  hand,  tha  nod  lfl  oat  Ion  of 
aquipnant  on  hand,  usually  for  ths  purpose  of  increasing  antory 
capacity,  computational  capability,  or  spaed  of  input  or  output, 
or  oonM nations  of  ths  foregoing.  In  all  thaaa  olrouantanoaa,  tha 
following  poll  das  apply: 

a.  Ths  select  loo  of  AW  aquipnant  will  not  ba  aada  until 
aystan  specifications  are  available  to  serve  as  a basis  for  salee- 
tlon.  For  purposes  of  this  Circular,  tha  tarn  "aystan  specifica- 
tions" naans  (l)  ths  delineation  of  ths  objectives  whioh  tha 
aystan  is  Intended  to  aooonplish;  (2)  tha  data  processing  require - 
wants  underlying  that  aooonpliahnant,  l.e.,  a description  of  tha 
data  output  and  Its  intended  uses,  the  data  input,  data  files, 
volunas  of  data,  processing  frequencies  and  timing;  and  (3)  suoh 
ASP  equipment  capabilities  as  nay  need  to  ba  identified . System 
specifications  will  be  designed  to  Insure  free  ocepetition  among 
aquipnant  manufacturers . 

b.  1 he  officials  responsible  for  Baking  decisions  on  tha 
selection  of  ASP  equip— nt  will  assure  that  the  selection  process 
aeoords  equal  opportunity  ad  appropriate  oons  Ids  ration  to  all 
— nufaoturers  who  offer  equipment  capable  of  muting  the  ayaten 
specifications.  In  this  connection,  the  selection  process  may  be 
facilitated  by  written  invitations  to  manufacturers  to  submit 
proposals  as  a mans  for  obtaining  information  regarding  the 
capabilities  of  AW  aquipnant  to  met  the  system  specif ioatioas . 
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c.  Two  prlM  factor*  will  be  considered  in  the  selection  of 
equipment:  (l'  Its  capability  to  fulfill  tbs  system  specif 1 cations, 

and  (2)  It*  overall  costs,  in  terns  of  acquisition,  preparation  for 
use,  and  operation.  The  tern  overall  costs,  as  used  in  this  para- 
graph, will  be  Interpreted  to  include  such  oost  elements  as 
personnel,  purchase  price  or  rentals,  salntenance  of  purchased 
equipment,  site  preparation  and  installation,  programing  and 
training.  When  ADP  equipment  of  two  or  more  manufacturers  meets 
the  system  specifications,  the  equlpsmnt  which  represents  the  least 
overall  cost  to  the  Govt ramsnt  will  be  selected,  factors  which  do 
not  relate  directly  or  indirectly  to  the  capability  of  ADP  equlpmer.t 
to  meet  system  specifications  or  overall  coets  normally  will  not  be 
included  in  the  considerations  unless  a conclusive  Judgment  cannot 
be  made  on  the  basis  of  tbs  two  prims  factors. 

5.  Policies  on  equipment  acquisition.  Most  commercially  available 
ADP  equipment  can  be  acquired  by  purchase  or  by  lease,  with  or 
without  an  option  t.o  purchase.  The  General  Services  Administration 
has  contracts  with  principal  manufacturers,  listed  in  federal  Supply 
Schedules  (7SS),  for  the  rental  of  ADP  equipment.  OSA  currently 
is  negotiating  contracts  for  the  purchase  (including  provisions 
for  trade-in  allowances)  and  maintenance  of  ADP  equipment.  Until 
such  time  as  these  contracts  appear  on  the  Federal  Supply  Schedule, 
it  will  be  necessary  for  departments  and  agencies  to  negotiate 
purchase  and  maintenance  transactions.  All  ADP  equipment  acquisi- 
tion transactions  are  subject  to  prevailing  policies,  laws  and 
regulations  governing  procurement  by  Federal  Government  agencies. 

In  addition,  except  for  equipment  that  oah  be  acquired  by  the 
purchase  method  only,  the  following  policies  are  applicable: 

a.  The  method  of  acquiring  ADP  equipment  will  be  determined 
after  careful  consideration  of  the  relative  merits  of  all  methods 
available  (l.e.,  purchase,  lease,  or  lease - wi th- opt ion- to-purchase) . 
The  method  chosen  will  be  that  which  offers  the  greatest  advantage 
to  the  Government  under  the  circumstances  which  pertain  to  each 
situation.  In  this  connection,  the  following  general  guidelines  will 
be  taken  into  account: 

(l)  The  purchase  method  is  preferred  when  all  of  the 
following  conditions  exist: 

(a)  The  system  study  which  preceded  the  selection 
of  the  equipment  has  established  a reasonable  expectancy  tl*t  the 
ADP  equipment  under  consideration  can  be  successfully  and  advan- 
tageously used. 
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(b)  A cocr*rc.tiTB  coat  analysis  at  tbb  alternative 
methods  at  acquisition,  " ne  types  Illustrated  by  Attachments 
A and  B,  indicates  that  <*  « .at  advantage  can  be  obtained  by  the 
purchase  asthod  In  six  yr*  or  lees  after  the  date  of  delivery. 

This  analysis  usually  will  Delude  the  following  cost  eleaente 
under  each  asthod;  fur  the  JLiaee  eetbod— rental  costs,  law  lading 
maintenance;  for  the  purchase  nethot^-purehaee  costs,  including 
purchase  price,  aalntenanoe,  and  other  one-tine  costs  applicable 
only  to  purchaae;  tar  the  lease- with- option- 1<>  purchase  asthod— 
rental  costs,  and  purchase  costs  less  credits  applicable  upon 
purchase.  In  addition  to  the  oost  eleaente  described  aberre,  the 
residual  value  of  oqulpaent  to  the  Federal  Quveruaa nt  will  be 
considered  as  a factor  in  a comparative  cost  analysis.  Tbada-ln 
allowances  quoted  by  aanufaoturers  nay  be  used  as  a representation 
of  the  residual  value. 

(e)  The  capabilities  of  tbs  AEF  equipment  vlll 
continue  to  be  needed  and  vlll  be  sufficient  to  satisfy  the  systen 
requirements,  current  and  projected,  for  a period  beyond  the  point 
in  tlao  at  vhlch  the  purchase  asthed  begins  to  provide  a oost 
advantage,  lbs  possibility  that  future  technological  advances  vlll 
render  the  selected  equlpasnt  comparatively  obsolete  before  the  cost 
advantage  point  is  reached  should  not  rule  out  purchase  if  the 
selected  equlpasnt  is  expected  to  be  able  to  satisfy  the  systea 
requlreaonts. 

(2)  lbs  lease- vl tb-opt ion- to- purchase  asthod  is  indicated 
vhsn  it  is  necessary  or  advantageous  to  proceed  vlth  the  acquisition 
of  the  equlpasnt  that  neete  systen  specifications,  but  it  is  desir- 
able to  defer  temporarily  a decision  on  purchaae  because  clreiam 
stances  do  not  fully  satisfy  the  conditions  vhlch  would  Indicate 
purchase.  This  situation  night  arise  vben  It  Is  determined  that  a 
short  period  of  operational  experience  is  desirable  to  prove  the 
validity  at  a systen  design  on  vhlch  there  Is  no  previous  experience, 
or  where  decisions  vulch  night  substantially  alter  the  systea 
specifications  are  lealnent. 

(3)  The  lease  method,  without  option  to  purchase,  is 
indicated  only  when  it  is  necessary  or  advantageous  to  proceed 
vlth  the  acquisition  at  equipment  that  aeets  systea  specifications 

and  it  has  been  established  conclusively  that  any  one  of  the  conditions 
under  vhlch  purchase  is  indicated  is  not  attainable. 

b.  Negotiations  or  renegotiations  of  equipment  delivery  dates 
vlll  be  conducted  In  a wanner  vhlch  insures  that  firm  and  final 
ncutl  taunts  by  the  government  to  accept  delivery  of  AVP  equipment 
on  a specific  date  vlll  not  be  aade  until  it  baa  been  determined 
through  a readiness  review  that  the  using  agency  vlll  be  prepared 
m use  the  equlpasnt  productively  as  soon  as  It  bee  cams  operational 
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6.  Review  of  current  or  pending  leaae  transaction*. 

a.  Leaae  or  loaae-vith-  -u-cbaae-qptlon  transactions  in  effect 
at  the  time  this  Circular  is  issued,  and  which  are  expected  to  remain 
in  effect  until  fiscal  year  1964,  will  be  reviewed  in  the  light  of 
the  provisions  of  paragraph  5 • If  it  Is  found  to  be  to  the  advantage 
of  the  Government  to  purchase  leased  AH’  equipment  in  this  category, 
steps  will  be  taken  to  make  such  purchases  during  the  earliest  fiscal 
year  in  which  funds  fur  this  purpose  are  available  to  the  agency. 
Reviews  of  current  lease  transactions  should  be  undertaken  as  soon 

as  practicable  and  completed  by  June  30,  1962. 

b.  The  method  of  acquisition  of  ADP  equipment  selected  but 
not  yet  accepted  for  delivery  at  the  time  this  Circular  la  Issued 
will  be  reviewed  for  adherence  to  the  policies  herein  stated,  and, 
when  indicated,  the  basis  of  acquisition  will  be  changed  to  conform 
if  permitted  by  the  terms  of  the  contract  or  agreement. 

7*  Documentation.  System  studies  (sometimes  referred  to  as  appli- 
cations studies,  feaslbl l:'+y  studies,  and  oy  other  terms),  system 
specifications,  and  readiness  reviews  will  he  fully  documented. 
Decisions  on  the  selection  of  ADP  equipment,  on  the  method  of 
acquisition,  and  on  thr  review  of  the  current  status  of  the  method 
of  acquisition  also  will  be  documented  to  reflect  adequately  the 
considerations  token  into  account  and  the  basis  for  the  decisions. 

8.  Administration  of  policies.  The  head  of  each  executive  department 
and  establishment  will  establish  the  necessary  framework  of  procedures, 
including  appropriate  reviews  and  controls,  that  will  assure  compliance 
with  the  policies  herein  stated. 

By  direction  of  the  President: 


DAVID  g.  BELL 
Director 


Attachments  2 


(Mo.  A-54) 


nn Tirr-"TT - ~v""  - ~ *•  ••- 


CIRCULAR  »0.  A-$h 


LEASE  VS.  PURCHASE 

TOMBern  adp  mran  srarat 
BASED  CH  WO- SHIFT  USE 


COSTS  BT  FISCAL  TEAR 


not  or  cost 

1962* 

1963 

1964 

Purchase  baa la: 

♦ 

♦ 

♦ 

a.  Purebaae  costa. 

b.  Maintenance,  emulative. 

600,000 

45.000 

0 

90.000 

0 

135.000 

c.  Cuaulatlve,  purchase  basis. 

645,000 

690,000 

T35,000 

Lease  basis,  cuaulatlve  (including 
maintenance ) . 

200,000 

400,000 

600,000 

Purchase  bails  exceeds  lease  basis. 

445,000 

290,000 

135,000 

4.  Tease  hall  exceeds  purchase  basis. 


* Tttr  acquired,  utilised  full  year. 
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CTSCUIA*.  BO.  A- 54 


LEASE  VS.  UASB-WHB- 
OPTICM-TO-FOTCHAS1 
IWMCT1  AH>  COMPUTER  STSlBf 
BASED  CM  CBE-SHPT  DBS 


COSTS  HT  FISCAL  TSAR 

rax  op  coot 

1962* 

1963 

1964 

1965 

19 66 

1967 

1.  Leeee  baala,  vl  th- option -to- 
purchase:  (Option  exercised  at 

end  of  first  year). 

♦ 

♦ 

♦ 

♦ 

* 

$ 

As  IMI6  a 

b.  Less,  credit  upon  purchase. 

c.  Purchase  costs. 

d.  Maintenance,  cumulative , 

150,000 

-75,000 

600,000 

26.000 

mm 

0 

52,000 

0 

78,000 

0 

106.000 

0- 

130,000 

0 

168.000 

e.  Cwulatlee,  leass/optlon  basis. 

701,000 

727,000 

753,000 

783,000 

8i3,ooo 

"8*37665 

2.  Lease  basis,  aemlatlvs  (including 
maintenance). 

150,000 

300,000 

450,000 

600,000 

750,000 

900,000 

3.  Leass/optlon  exceeds  lease  basis. 

551,000 

427,000 

303,000 

163,000 

63,000 

mm 

4.  Lease  basis  exceeds  leass/optlon 
basis. 

•• 

•*• 

as* 

-J. 

57,000 

* Tear  acquired,  utilized  full  year. 
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APPENDIX  F 

REPORT  TO  THE  CONGRESS  OF  THE  UNITED  STATES 

Study  or  Financial  Advantages  or  PusoHAsnve  Over  Leasing  or  Eixctbonio 
Data  Processing  Equipment  in  the  federal  Government 

(By  the  Comptroller  General  of  the  United  States,  March  1968) 

Oomptsouxr  General  or  the  United  States, 

Washington,  March  6, 1963, 

To  the  President  of  the  Senate  and  the  Speaker  of  the  House  of  Representatives: 

Herewith  for  the  information  of  the  Oongrees  Is  the  report  on  onr  study  of 
the  relative  financial  advantages  of  purchasing  over  leasing  of  electronic  data 
processing  equipment  In  the  Federal  Government. 

The  Federal  Government  is  a large  user  of  data  processing  equipment  in  its 
operations,  but  most  of  the  equipment  is  leased.  Of  a total  of  1,006  electronic 
computers  installed  In  the  Government  at  June  30,  1962,  867,  or  86  percent,  were 
leased.  Rental  payments  for  the  fiscal  year  1962  on  such  equipment  were  about 
$146  million.  These  statistics  exclude  equipment  used  in  certain  classified  mili- 
tary, intelligence,  and  surveillance  operations. 

Our  study  shows  that  very  substantial  amounts  of  money  could  be  sav3d  if 
the  Federal  Government  purchased  more  of  Its  data  processing  equipment  needs. 
The  detailed  cost  comparisons  of  16  different  electronic  machine  models,  which 
constituted  the  principal  part  of  our  study,  Indicate  potential  savings  of  about 
$148  million  over  a 6-year  period.  These  significant  possible  savings  apply  to 
only  628  of  approximately  1,000  electronic  data  processing  systems  installed  or 
planned  for  Installation  on  a lease  basis  by  June  80,  1966.  For  additional  use 
of  the  628  machines  after  6 years,  there  would  be  further  savings  at  the  rata 
of  over  $100  million  annually. 

We  believe  that,  to  fully  realise  savings  of  such  magnitude,  basic  changes 
in  the  Government’s  overall  management  system  will  be  necessary.  Decisions 
as  to  the  financial  advantages  of  purchasing  will  have  to  be  made  from  the 
standpoint  of  the  Government  as  a whole,  and  not  primarily  from  the  standpoint, 
of  Individual  using  agencies  as  has  been  the  practice  in  the  past.  In  addition, 
more  attention  needs  to  be  given  to  obtaining  more  complete  utilisation  of  the 
equipment  acquired.  We  believe  that  the  only  practicable  way  in  which  the 
kind  of  coordinated  management  can  be  practiced  to  achieve  the  possible  finan- 
cial savings  cited  is  through  the  establishment  of  a small,  highly  placed  central 
management  office  in  the  executive  branch  of  the  Government.  Accordingly, 
we  are  recommending  to  the  President  of  the  United  States  that  be  establish 
such  an  office  in  his  organisation. 

The  report  also  contains  a general  recommendation  to  the  heads  of  all  using 
departments  and  agencies  that  they  arrange  for  a prompt  and  complete  reap- 
prafrii  of  their  current  plans  to  lease  data  processing  equipment  and  take  such 
action  as  Is  possible  to  realise  the  financial  savings  that  may  be  available  from 
purchasing  such  equipment  and  fully  utilising  it. 

Oopiea  of  this  report  are  being  sent  to  the  President  of  the  United  States,  to 
the  Director,  Bureau  of  the  Budget,  and  to  the  heads  of  all  departments  and 
agencies  that  use  electronic  data  processing  equipment. 

Joseth  Campbell, 

Comptroller  General  of  the  United  States. 
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Exhibit  A. — Estimated  savings  available  to  the  Government  through  purchasing  828  of  the 
1,006  electronic  computer  systems  scheduled  to  be  leased  as  of  June  80,  1963. 

Exhibit  B. — Summary  of  comparison  of  lease  versus  purchase  costa  of  selected  EDP 
systems  over  a 6-year  period. 

Exhibit  C. — Comparison  at  lease  and  purchase  costs  over  a 5-year  period  for  18  selected 
systems. 
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Appendix  I- A. — Report  to  Committee  on  Post  Office  and  Civil  Service,  House  of  Repre- 
sentatives. Subcommittee  on  Census  and  Government  Statistics,  lease  versus  purchase  of 
ADP  equipment  (Interim  report)  August  26,  1060  (B-115886). 

Appendix  I-B. — Report  to  Committee  on  Post  Office  and  Civil  Service,  House  of  Repre- 
sentatives, Subcommittee  on  Cersus  and  Government  Statistics,  lease  versus  purchase 
of  ADP  equipment  November  8. 1061  (B-1J 538(0. 

Appendix  I-C. — Bureau  of  the  Budget  Circular  No.  A--64,  policies 
sltion  of  automatic  data  processing  (ADP)  equipment. 
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Rgpoarr  on  Study  or  Financial  Advantages  oh  Pubchasing  Ovm  Leasing 
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INTRODUCTION 

In  the  period  of  a little  over  10  year*  since  the  introduction  of  the  first  general- 
purpose  electronic  coni  pa  ter  at  the  Bureau  of  the  Census  In  the  Department  of 
Commerce,  the  use  of  electronic  computing  devices  has  expanded  widely  through- 
out the  Federal  Government.  This  equipment  is  being  used  in  a great  variety  of 
Government  operations  and  for  many  different  purposes. 
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As  of  Jane  80,  1062,  there  were  approximately  1,006  electronic  computers1 
installed  In  Federal  Government  agencies.  Of  this  total,  867,  or  86  percent,  were 
leased  and  only  139  bad  been  purchased  by  the  Government  Rental  payments 
for  the  use  of  leased  equipment  were  approximately  $140  million  for  the  fiscal 
year  1962. 

The  General  Accounting  Office  has  made  a study  of  the  relative  financial  ad- 
vantages of  purchasing  the  electronic  data  process  (EDP)  equipment  used 
by  the  Federal  Government  over  the  practice  of  leasing  such  equipment  This 
study  was  prompted  in  the  first  in'jtanoe  by  the  Subcommittee  on  Census  and 
Government  Statistics  of  the  Committee  on  Poet  Office  and  Civil  Service,  House 
of  Representatives,  which  conducted  hearings  in  1960  on  the  use  of  electronic 
data  processing  equipment  In  the  Federal  Government 

At  that  time,  members  of  the  subcommittee  raised  a question  as  to  the  economic 
aspects  of  the  apparently  predominant  practice  in  the  Federal  Government  of  leas- 
ing electronic  data  procMslng  equipment  rather  than  purchasing  it  The  sug- 
gestion was  made  that  the  General  Accounting  Office  and  the  Bureau  of  the 
Budget  inquire  Into  thia  policy.  Other  congressional  committees  have  also  ex- 
pressed interest  in  this  problem. 

Federal  agency  policies  ar  d practices  In  the  procurement  of  EDP  equipment 
were  studied  by  both  our  Office  and  the  Bureau  of  the  Budget.  On  August  26, 
1900,  and  November  8,  1961,  our  Office  submitted  to  the  subcommittee  two  short 
reports  on  the  results  of  these  Joint  studies.  The  second  of  these  reports  trans- 
mitted a copy  of  Bureau  of  the  Budget  Circular  No.  A-54,  which  had  been  leaned 
In  October  1961  to  prescribe  policies  on  selection  and  acquisition  of  automatic 
data  processing  equipment  to  be  observed  by  Federal  agencies  and  contractors  op- 
erating Government-owned  facilities.  These  reports  and  the  Circular  A -64 
summarise  the  principal  factors  requiring  consideration  In  management  decisions 
as  to  the  method  of  acquiring  ADP  equipment  and  are  accordingly  included  in 
this  report  as  appendix  I. 

In  the  meantime,  the  General  Accounting  Office  undertook  a more  compre- 
hensive study  of  the  relative  financial  advantages  of  the  two  basic  methods  of 
procuring  the  use  of  EDP  equipment,  and  the  results  of  this  extended  work  is 
the  sobject  of  this  report. 

General  trope  of  ttudjf 

The  principal  part  of  our  additional  study  consisted  of  selecting  18  electronic 
data  processing  ayatem  models,  which  we  consider  to  be  f 'nerally  representative, 
and  computing  the  comparative  coats  over  a 5-year  period  of  use  of  such  ma- 
chines by  leasing  and  by  purchasing. 

The  factors  considered  In  making  these  computations  are  described  on  pages 
16  to  18,  and  the  results  of  these  computations  are  summarised  in  exhibits  A, 
B.  and  C. 

Daring  this  study,  we  also  reviewed  selected  Instances  as  to  individual 
Federal  agency  action  on  price  reductions  announced  by  manufacturers  for  the 
purchase  of  data  processing  equipment 

(UMUAIT  or  CONCLUSIONS  AND  UDOOlf  If  ENDATION 

The  cost  comparisons  made  in  our  study  demonstrate  that  very  substantial 
amounts  of  money  can  be  saved  by  the  Federal  Government  in  the  years  to 
come  if,  In  acquiring  the  use  of  needed  data  processing  equipment,  proper  cost  com- 
parisons are  made  In  advance,  action  is  taken  to  purchase  equipment  when  such 
comparisons  indicate  the  financial  advantage  of  such  action,  and  effective  pro- 
cedures exist  to  obtain  the  fullest,  practicable  utilisation  of  snch  equipment 
by  Government  agencies. 

The  cost  comparisons  with  respect  to  16  jf  the  18  machine  models  studied 
during  our  review  indicate  potential  savings  of  approximately  $148  million 
over  a 6year  period  (see  exhibit  A).  The  16  different  electronic  machine 
models  used  for  our  study  represent  623  of  the  approximately  1,000  electronic 
data  processing  systems  installed  or  planned  for  Installation  on  a lease  basis  by 
June  80,  1968.  For  additional  use  of  tho  623  machines  after  5 years,  there 
would  be  further  savings  at  the  rate  of  over  $100  million  annually. 

1 Electronic  data  proceed  ms  machine*  estimated  to  be  Installed  In  Federal  Government 
operation*,  exclusive  of  those  used  for  military  tactical  operations,  Intelligence,  surveil- 
lance ayatem*.  and  certain  other  military  program*.  The  source  of  these  statistics  la  the 
Inventory  of  Automatic  Data  Processing  (ADP)  Equipment  In  the  Federal  Government 
published  by  the  Bureau  of  the  Budget,  August  1062. 
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Hie  general  conclusion*  which  we  lure  reached  on  the  basis  of  oar  study  are 
as  follows : 

1.  If  possible  snd  substantial  savings  are  to  be  folly  realised,  manage- 
ment decisions  as  to  whether  data  processing  equipment  should  be  pur- 
chased or  leased  should  be  made  from  the  standpoint  of  advantage  to  the 
Government  as  a whole  and  not  from  the  standpoint  of  the  Individual  using 
agencies. 

2.  Because  of  the  substantial  savings  that  may  be  available,  all  decisions 
to  acquire  the  use  of  data  processing  equipment  should  be  ru ported  by 
specific  computations  showing  the  comparative  costs  of  acquiring  by 
lease  and  by  purchase. 

S.  Where  purchasing  is  financially  advantageous,  the  realisable  savings 
Increase  In  proportion  with  the  Increase  in  utilisation  of  the  machines. 

4.  The  savings  possible  through  purchasing  are  more  pronounced  for  the 
larger  and  more  complex  machine  systems. 

5.  While  significant  savings  may  be  realisable  In  many  Instances  through 
purchasing  rather  than  leasing,  for  some  types  of  electromechanical  equip- 
ment, it  is  more  advantageous  financially  to  lease  rather  than  to  purchase. 

With  the  present  system  of  decentallsed  management  in  the  Federal  Govern- 
ment under  which  each  agency  makes  Its  own  decisions  as  to  whether  the  use 
of  data  processing  equipment  should  be  acquired  by  lease  or  by  purchase,  there 
is  no  effective  coordinating  machinery  at  work  to  give  consideration  to  these 
alternatives  from  the  standpoint  of  benefit  to  the  Government  as  a whole. 
Because  of  the  very  substantial  financial  savings  that  can  be  realised  through 
more  extensive  purchasing  of  such  equipment  and  the  related  need  for  directing 
and  coordinating  Its  utilisation  throughout  the  Government,  we  are  recom- 
mending to  the  President  of  the  United  States  that  a central  management  office 
suitably  empowered  to  perform  these  functions  be  established  in  his  organisa- 
tion. We  are  convinced  that  the  establishment  of  such  an  office  is  the  only 
practicable  way  to  provide  the  kind  of  management  that  will  make  possible 
the  realization  of  savings  of  hundreds  of  millions  of  dollars  in  the  years  to 
come. 


EXPANDING  USE  OF  ELECTRONIC  DATA  PROCESSING  SYSTEMS  IN  THE  FEDERAL 

GOVERNMENT 

In  our  report  to  the  Congress  on  “Review  of  Automatic  Data  Processing  De- 
velopments in  the  Federal  Government”  (B-115868,  Dec.  80,  1900),  we  stated 
that  there  had  been  a continuous,  upward  trend  in  both  the  quantity  and  com- 
plexity of  electronic  data  processing  equipment  being  used  in  Government  opera- 
tions. This  trend  continues.  New  areas  of  computer  use  are  being  pioneered 
In  such  fields  as  automatic  retrieval  of  Information  and  in  communication  sys- 
tems where  electronic  computers  seem  destined  to  play  an  Increasing  role.  Also, 
the  application  of  many  new  scientific  management  techniques  depends  on  com- 
puters to  process  the  enormous  number  of  calculations  that  are  required  to  carry 
out  such  advanced  techniques. 

Evolution  of  equipment 

During  fiscal  year  1960,  Federal  agencies  began  receiving  deliveries  of  the 
more  advanced  solid-state  equipment  This  new  equipment  was  brought  about 
through  the  development  of  the  transistor  and  r-lner  solid-state  devices  which 
are  used  In  place  of  the  vacuum  tube  found  In  earlier  computer  models.  Tran- 
sistors are  but  a fraction  of  the  size  of  vacuum  tubes,  require  less  power,  generate 
less  heat  and  are  generally  more  reliable.  The  diminutive  size  of  transistors  has 
led  to  miniaturisation  of  circuitry  so  that  whole  circuits  can  be  placed  on  small 
card  forms.  In  contrast  to  the  vacuum  tube  systems,  the  solid-state  systems  are 
more  compact  require  less  floor  space  and  reinforced  flooring,  require  less  special 
power  and  air-conditioning  facilities,  are  more  easily  maintained,  and  operate 
at  faster  speeds  and  with  greater  versatility.  Today  suppliers  offer  a broad 
range  of  solid-state  equipment  that  can  be  applied  to  many  operations  through- 
out Government  as  well  as  business  and  industry. 

Number  of  systems  in  use  or  planned 

For  the  past  several  years,  the  Bureau  of  the  Budget  has  published  an  inventory 
report  setting  forth  statistics  on  the  Federal  Government's  use  of  automatic  data 
process! Dg  equipment  These  reports  are  based  on  data  submitted  by  ail  Fed- 
eral agencies.  They  exclude  Information  on  data  processing  systems  used  for  mil- 
itary tactical  operations,  intelligence,  surveillance  systems,  and  certain  other 
military  programs. 
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Statistic*  on  electronic  systems  set  forth  In  these  reports  show 


TUB  PRACTICE  or  LBASIIfO 

The  Federal  Government’s  practice  of  leasing  data  processing  equipment 
originated  prior  to  the  development  of  electronic  computers,  at  a time  when 
mechanised  data  processing  systems  consisted  primarily  of  electric  accounting 
machines  (EAM).  Most  of  these  machines  were  supplied  by  the  International 
Business  Machines  Corp.  (IBM),  whose  policy  w*»  to  lease  rather  than  to 
sell  this  type  of  equipment.  In  view  of  this  policy,  as  well  as  certain  conditions 
considered  to  be  of  a monopolistic  nature,  the  Attorney  General  of  the  United 
States,  on  January  21,  1062,  entered  a complaint  against  this  company  In  the 
District  Court  of  the  United  States  for  the  Southern  District  of  New  York, 
charging  violations  of  sections  1 and  2 of  the  "act  to  protect  trade  and  commerce 
against  unlawful  restraints  and  monoprues"  (commonly  known  as  the  Sherman 
Anti-Trust  Act). 

Final  judgment  was  .tied  and  entered  in  a consent  decree  4 years  later  on 
January  25,  1066,  by  trhlch  time  IBM  was  also  manufacturing  electronic  data 
processing  equipment  Among  other  provisions,  the  judgment  provided  that 
IBM  offer  data  process' ng  equipment  for  sale  as  well  as  for  lease.  In  accordance 
with  this  decree,  IBM  h.is  since  offered  Its  equipment  for  lease  or  for  sale. 

This  change  in  policy  lid  not  have  any ' Immediate  effect  on  the  practice  of 
Government  agencies  of  lousing  this  kind  of  equipment  and  it  has  not  sub- 
sequently had  any  material  effect  on  the  practice.  For  example,  at  the  present 
time,  more  than  7 years  after  the  equipment  was  offered  for  sale,  most  EAM 
equipment  manufactured  by  IBM  Is  leased  and,  of  the  670  EDP  machines  manu- 
factured by  IBM  and  reported  U.  be  on  hand  at  the  close  of  fiscal  year  1062,  only 
37,  or  6 percent  had  been  purchased. 

In  addition  to  the  International  Busies*  Machines  Corp.,  about  20  other 
manufacturers  supply  the  Government  with  electronic  data  processing  equipment 
All  of  these  manufacturers  offer  equipment  on  a purchase  as  well  as  on  a lease 
basis.  The  following  tabulation  lists  the  manufacturers  furnishing  such  equip- 
ment to  the  Federal  Government  as  of  June  90,  1962,  and  shows  the  total 
number  of  systems  In  use,  the  number  leased  and  purchased,  and  the  percentage 
the  purchased  systems  bear  to  the  total  number  of  systems.  This  information 
Is  summarised  from  the  "Inventory  of  Automatic  Data  Processing  Equipment  In 
the  Federal  Government,”  published  by  the  Bureau  of  the  Budget,  August  1962. 


Total  numb* 
of  systems 


Number 


Advanced  Scientific  Instruments,  Inc 

Bendll  Computer  Division,  Bendlx  Corp 

Burroughs  Coin.. 

Control  Data  Corp. 

Alwac  Computer  Division,  El-Tronics,  Inc 

General  Electric  Corp 

General  Mills 

Libraerope  Division,  General  Precision,  Inc 

Minneapolis-Honey  well  Regulator  Co 

International  Business  Machines  Corp 

Monroe  Calculating  Macb'm  Co 

Autonetlcs  Division,  North  American  Avia 

tk*u,  Inc 

The  National  Cash  Register  Co 

Packard  Bell  Electronics  Corp 

Phllco  Corp 

Radio  Corporation  of  America 

Unlvac,  Division  of  Sperry  Rand  Corp 


■ Manufacturers  that  furnish  computer  systems  built  specifically  for  a particular  application.  Generally 
they  are  not  easily  adapted  to  other  applications. 


Number  of 
systems 

Number 

Number 

porohawd 

Ml 

433 

M 

730 

013 

117 

1,000 

*07 

138 

1, 108 

1,000 

103 
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Inareared  uee  0/  electronic  data  processing  n mtamt 

The  following  tabulation  shows  as  of  the  dose  of  fiscal  year  1962  the  number 
of  computer  systems  used  by  cadi  department  or  agency,  the  number  leased, 
the  number  purchased,  and  the  percentage  those  purchased  bear  to  the  total. 


Bureau  of  the  Budget  Circular  No.  AS 4 

After  studying  the  various  factors  affecting  lease-purchase  decisions,  the  Bu- 
reau of  the  Budget  Issued  Circular  No.  A-04,  in  October  1961,  prescribing  poll- 
dee  to  be  observed  by  Federal  agendas  in  acquiring  automatic  data  processing 
equipment  This  circular  requires  that  agencies  use  a 6-year  factor  in  ascer- 
taining which  method  is  most  favorable  from  the  standpoint  of  expenditures. 
In  other  words,  if  rental  chargee  over  a 6-year  period  exceed  purchase  and  related 
malntenarce  costs,  the  decision  to  purchase  should  be  made.  Normally,  most 
systems  would  be  purchased  under  this  policy.  However,  the  application  of  the 
policy  is  dependent  upon  the  user’s  having  a continued  need  for  the  particular 
equipment  throughout  the  6-year  period.  If  a user  anticipates  changes  in  data 
processing  requirements  which  might  necessitate  equipment  changes  prior  to  the 
expiration  of  the  amortisation  period,  be  need  not  purchase. 

As  indicated  by  the  statistics  on  computers  in  use  or  planned  (see  p.  7),  the 
Bureau’s  circular  has  apparently  had  little  effect  so  far  on  lease-purchase  de- 
cisions by  individual  agencies. 

ixarncr  perspective  used  nr  detesminimo  ths  usefulness  or  data  psoc eas- 
ing EQUIPMENT  TO  THE  GOVEENMENT 

With  more  than  1,000  systems  now  in  use — exclusive  of  certain  military  tacti- 
cal, Intelligence,  and  surveillance  systems — the  Federal  Government  is  the  world’s 
largest  user  of  electronic  data  processing  equipment.  For  the  most  part,  the 
equipment  is  general  purpose  in  nature ; that  is,  it  can  be  used  to  perform  nu- 
merous different  kinds  of  tasks  once  programed  to  do  so.  Because  of  the  wide 
variety  of  Government  equipment  needs,  most  equipment  Installed  can  be  con- 
sidered to  be  useful  to  the  extent  that,  if  purchased  and  no  longer  needed  for 
its  originally  Intended  purpose,  it  can  be  placed  in  use  for  other  purposes  in 
other  activities. 

Government  applications  range  from  critical  scientific  and  defense  operations 
to  many  less  demanding  administrative  functions.  In  making  lease  versus  pur- 
chase determinations,  each  Federal  agency  considers  only  the  various  factors 
involved  from  its  own  standpoint,  and  this  practice  Las  had  much  to  do  with  the 
fact  that  86  percent  of  the  systems  now  in  use  are  leased.  If,  however,  the 
usefulness  of  equipment  is  considered  from  the  standpoint  of  advantage  to  the 
Government  as  a whole,  including  consideration  of  use  for  subsequent  or  less 
demanding  task  a *s  well  as  for  the  primary  or  originally  Intended  purposes,  the 
economic  advantage  of  purchasing  becomes  more  evident  Hsd  this  viewpoint 
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been  need  In  making  leeee  versus  pnrctieae  decisions  in  the  pant  end  if  an  effective 
procedure  had  existed  for  transferring  equipment  within  the  Government,  the 
rears  of  a loss  of  flexibility  through  purchasing,  which  has  to  some  extent  in- 
fluenced individual  agency  decisions  to  learn,  should  have  been  overcome. 

In  some  cases,  because  of  defense  or  other  critical  national  needs,  it  is  neces- 
sary to  use  the  latest  models  of  equipment  However,  most  electronic  data 
proceeaing  equipment  is  general  purpoee  in  nature  and  it  could  fulfill  data  proc- 
essing needs  in  less  demanding  anas  for  a number  of  yean  after  it  has  outlived 
its  usefulness  for  the  o’-iglnal  task. 

Economic  obsolescr  toe  verius  technological  obtoleecenoe 

Development  of  new  equipment  has  been  so  rapid  that  much  electronic  equip- 
ment is  technologically  surpassed  , by  more  advanced  models  by  the  time  it  is 
Installed.  However,  from  an  economic  point  of  view,  considering  overall  Govern- 
ment needs,  most  equipment  can  be  considered  as  having  a useful  life  of  at  least 
6 yean.  The  physical  life  of  such  equipment  may  extend  well  beyond  a 6-year 
period  after  which  maintenance  and  upkeep  charges  become  the  main  cost 
f acton  to  be  considered.  If  the  originally  installed  equipment  can  be  produc- 
tively and  satisfactorily  used  at  a lower  cost  than  newly  developed  equipment, 
it  would  seem  that,  unless  timeliness  of  data  processing  or  some  other  feature 
becomes  the  overriding  factor,  the  older  equipment  should  be  retained  in  use 
until  the  cost  advantage  favors  conversion  to  the  technically  superior  equipment 


orraiutD  cost  comparisons 

During  our  study,  we  selected  18  electronic  data  processing  models  and  deter- 
mined for  each  component  the  costs  of  leasing,  purchasing,  and  maintenance  and 
the  interest  applicable  to  these  costa  For  each  component  we  then  compared 
the  total  cost  of  rental  over  a 6-year  period  with  the  cost  of  o aright  purchase 
plus  the  cost  of  maintenance.  All  comparisons  were  made  for  one-,  two-,  and 
three-shift  operations.  These  comparisons  »-e  summarised  in  exhibit  B and  are 
set  forth  in  detail  for  each  machine  system  in  exhibit  C. 

A condensed  summary  of  the  results  of  these  comparisons  is  shown  below. 
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• Card  and  tape  system  operated  as  off-line  equipment  to  a larger  system. 

* Card  and  tape  system. 

» Card  system. 


Factor • considered  in  making  cost  comparison* 

The  factors  considered  in  our  computations  were : 

Time  period:  5 years. 

Lease : Rentals  and  interest  on  rentals. 

Purchase : Purchase  price,  Interest  on  purchase  price,  maintenance  costs, 
and  Interest  on  maintenance  costs. 
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Those  factors  are  described  more  fully  In  the  following  sections.  Other  coats 
related  to  the  acquisition  and  use  of  data  processing  systems,  such  aa  transpor- 
tations, site  preparation,  and  training  costs,  are  Identical  finder  either  lease  or 
purchase  arrangements  and  consequently  for  comparison  purposes  can  be 
excluded. 

Five-year  period. — Federal  Government  experience  with  electronic  data  pro- 
erasing  devices  over  the  past  12  years  has  shown  that  with  proper  maintenance 
this  type  o t equipment  has  a useful  life  span  of  at  least  5 to  10  years.  Some  of 
the  machines  installed  in  Federal  agencies  in  the  early  and  mld-lOMKa  are  still 
In  sendee.  Generally  speaking,  the  older  machines  that  are  «till  In  use  are 
those  which  were  purchased  outright  by  the  Government  Also,  despite  the 
rapid  changes  that  have  taken  place  in  'equipment  design,  a large  number  of 
machines  that  were  rented  were  used  for  periods  of  5 years  or  more  before  being 
replaced  by  more  modern  equipment 

It  is  generally  agreed  that  the  new  “second  generation”  solid-state  machines 
will  have  a considerably  longer  useful  life  than  the  “first  generation”  vacuum 
tube  type  of  machines.  The  question  of  economic  obsolescence  versos  techno- 
logical obsolescence  related  to  the  useful  life  of  electronic  equipment  Is  dis- 
cussed briefly  on  page  18. 

We  selected  0 years  as  being  a conservative  estimate  of  the  economic  useful 
life  of  electronic  data  processing  machines  for  purposes  of  making  comparisons 
of  lease  cotes  with  purchase  costa  It  should  be  noted  that  to  the  extent  that 
this  period  is  less  than  the  actual  useful  life  of  the  equipment,  the  computed 
saving  are  understated. 

Rental t. — Each  year  since  fiscal  year  1908,  the  General  Services  Administra- 
tion on  behalf  of  the  Federal  Government  has  entered  Into  contracts  with  equip- 
ment suppliers  for  the  rental  of  BDP  equipment.  In  fiscal  year  *902,  17  rental 
contracts  were  In  effect  Through  January  15, 1903, 10  contracts  had  been  writ- 
ten covering  fiscal  year  1903. 

Basically  these  contracts  are  concerned  with  rental  rates  and  the  terms  and 
conditions  that  bear  upon  the  application  of  these  rates.  The  rates  are  estab- 
lished by  the  supplier  and  are  the  same  as  those  charged  commercial  user*  of 
this  equipment  These  rates  are  accepted  by  the  General  Services  Administra- 
tion for  use  throughout  the  Government  without  further  negotiation.  The  terms 
and  conditions,  however,  are  negotiated.  The  rental  rates  appearing  in  these 
contracts  for  use  of  equipment  are  the  rates  used  In  our  computations. 

Purchase  price. — For  fiscal  year  1962,  for  the  first  time,  two  of  these  contracts 
contained  purchase  and  maintenance  sections  as  well  as  sections  on  rental 
arrangements.  In  fiscal  year  1963,  14  contracts  containing  purchase  sections 
and  IS  containing  maintenance  sections  had  been  written  through  January  10, 
1968.  As  In  the  case  of  rental  prices,  purchase  prices  are  set  by  the  suppliers 
and  are  not  further  negotiated  by  the  General  Services  Administration.  Terms 
and  conditions  relating  to  purchasing  are,  however,  negotiated. 

Where  purchase  contracts  had  been  established,  the  contract  prices  werp  used 
in  our  computations.  In  those  cases  where  no  purchase  contract  was  in  effect, 
purchase  price  information  was  obtained  directly  from  the  supplier. 

Purchase  price  data  used  In  our  computations  relate  to  new  equipment.  Most 
Installed  equipment  is  offered  for  sale  to  users  at  reduced  prices,  usually  depend- 
ing on  the  length  of  time  that  the  equipment  has  been  Installed.  On  the  other 
hand,  In  almost  all  cases,  rental  prices  do  not  decrease  with  the  aging  of  the 
equipment  To  the  extent  that  used  equipment  *as  Included  In  our  determina- 
tions of  projected  savings,  the  cost  of  purchasing  Is  overstated  and  estimated 
savings  from  purchasing  are  understated. 

Maintenance  costs. — As  mentioned  previously,  contracts  providing  for  the 
maintenance  of  purchased  equipment  have  been  written  with  equipment  suppliers 
for  fiscal  years  1962  and  1963.  For  these  contracts,  as  for  the  rental  and  pur- 
chase contracts,  rates  proposed  by  the  suppliers  are  accepted  and  the  terms  and 
conditions  are  negotiated. 

Interest. — It  is  our  position  that  interest  is  a cost  which  is  related  to  all  Gov- 
ernment expenditures.  In  our  calculations  of  applicable  Interest  costs,  we  used 
the  average  rate  of  marketable  obligations  of  the  outstanding  public  debt  as  of 
December  31, 1961  (3.146  percent). 

Significance  of  oomputed  ravings  on  individual  systems 

Am  indicated  in  the  condensed  summary  on  page  14, 14  of  the  18  systems  com- 
pared for  the  O-year  base  period  show  a purchase  advantage  on  a one-shift  basis. 
AU 18  systems  show  a purchase  advantage  on  a two-  cud  three-shift  basis.  These 
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comparisons  show  clearly  that  purchase,  rather  than  lease,  of  electronic  data 
processing  equipment  can  result  In  substantial  sarlnis.  Some  widely  used 
models  of  electronic  data  processing  equipment  offer  the  greatest  purchase 
advantages. 

For  example,  the  purchase  of  a represents  tire  IBM  7000  system  could  result  in 
savings  of  1644,000  if  operated  on  a one-shift  basis,  $2484,000  if  operated  on  a 
full  two-shift  basis,  and  $3,724,000  if  operated  on  a three-shift  basis.  Continued 
use  of  the  system  past  the  8-year  period  would  produce  additional  savings  of 
from  $772,000  to  $1,512,000  annually  depending  upon  the  extent  of  use.  (These 
additional  savings  are  measured  by  equipment  rentals  ' ' ;.  r.  1 less  estimated 
maintenance  costs.) 

According  to  tbs  inventory  of  automatic  data  processing  equipment  In  the 
Federal  Government,  Issued  by  the  Bureau  of  the  Budget  In  August  1962,  there 
will  be  42  IBM  7090  and  7094  systems  in  use  by  June  1968.  Of  these,  6 ere  to 
be  purchased  and  86  are  to  be  leased.  To  Illustrate  the  magnitude  of  savings 
available  through  purchasing,  the  following  tabulation  projects  the  estimated 
amount  of  savings  that  could  be  realised  over  a 6-year  period  for  the  86  systems 
if  they  were  purchased  rather  than  leased  and  the  estimated  amount  of  annual 
savings  for  each  year  of  continued  use  beyond  the  initial  5 years.  These  pro- 
jected savings  are  based  on  the  computed  savings  applicable  to  the  representative 
IBM  7090  system  shown  in  exhibit  O and  on  the  planned  use  per  month  as 
reported  by  the  respective  agencies  to  the  Bureau  of  the  Budget 

Betimated  ravings  available  to  the  Government  through  pur  shoeing  86  IBM  7090 
and  7004  epeteme  scheduled  to  be  leased  bp  Jut  SO,  1968 
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The  foregoing  tabulation  shown*  that  total  estimated  sewings  of  $87,449,000 
could  be  achieved  over  an  Initial  5-yaar  period  of  use  through  purchasing  rather 
than  leasing  these  86  systems.  It  shows  also  that  estimated  sawings  Tor  each 
year  of  continued  use  past  this  period  would  be  $84,878,000.  (These  annual 
sawings  represent  tbs  amount  of  rental  costa  not  Incurred  leas  maintenance 
costs.)  Thoa,  If  thaae  systems  were  pm^hased,  rather  than  rented,  and  used 
for  7 years,  the  Gowemment  would  realise  sawings  of  approximately  $128^200,000. 

Another  example  of  sawings  awallabla  through  purchasing  Is  offered  by  the 
IBM  7060  system.  The  purchase  of  this  model  would  produce  sawings  of  $888,000 
when  the  system  is  operated  on  a one-shift  basis.  Operation  on  a two-shift  basis 
would  produce  sawings  of  $1,897,000.  On  a three-shift  basis,  the  sawings  would 
ba  $2,401,000.  Continued  use  past  the  Initial  5-yes  r period  would  produce 
additional  annual  sawings  of  from  $887,000  to  $948,000  depending  on  the  extent 
of  use  of  the  equipment 

According  to  the  Bureau  of  the  Budget  inventory  published  In  August  1962, 
there  wrill  be  16  IBM  7060  system*  In  use  In  the  Gowemment  by  June  80,  1968. 
One  of  theee  is  to  be  purchased  and  18  are  to  be  leased.  Based  on  the  computed 
sawings  applicable  to  the  representative  IBM  7060  system,  shown  in  exhibit  G, 
and  on  the  planned  monthly  use  as  reported  by  the  respective  agencies  to  the 
Bureau  of  the  Budget  estimated  sawings  available  through  purchase,  rathe? 
than  lease,  of  the  18  IBM  7060  systems  would  be  aa  shown  In  the  following 
tabulation : 
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This  tabulation  shows  that,  through  purchasing  rather  than  leasing,  esti- 
mated sawings  of  $24,418,000  could  be  realised  over  an  initial  5-year  period  of  use 
and  that  these  would  be  additional  sawings  of  $11,778,000  for  each  year  of  con- 
tinued use  past  this  period.  If  used  for  a total  of  7 years,  the  purchase  of  tbe 
16  systems  would  produce  estimated  aa  wings  of  $47,969,000. 

These  projections  of  estimated  sawings  applicable  to  the  IBM  7000,  7094,  and 
7060  systems  and  similar  projections  applicable  to  14  systems  * of  the  remaining 
16  involved  in  our  study  atoow  that  the  possible  total  sawings  available  over  a 
6-year  period  would  approximate  $148  million.  These  projections  are  summar- 
ised in  exhibit  A.  For  additional  use  after  the  initial  5-year  period,  there  would 
be  further  sewings  at  the  rate  of  over  $100  million  a year. 

These  significant  possible  sawings  apply  to  only  828  of  the  approximately  1,000 
systems  that  will  be  leaaed  throughout  the  Federal!  Government  by  Jane  80, 
1968.  The  fall  potential  of  the  possible  sawings  that  could  be  realised  through 


• Two  of  the  aystema  {Burroughs  B-6000  and  Sperry-Hand  Uni  vac  HI)  for  which  we 
made  coat  coapamoaa  are  new,  and  the  Bureau  of  thn  Budget  Inventory  report  showed 
nose  of  them  two  systems  scheduled  to  be  under  learn  by  Jens  SO,  1008. 


practicable  utilisation  bp  all  Federal  agencies  of  data  prdcasrinr  systems 
Noed  to  ootuider  separately  each  component  for  lease  or  purchase 
The  detailed  coat  comparison*  of  the  18  system*  set  forth  In  exhibit  C demon- 
strate that  each  component  of  a system  should  be  considered  separately  for  lease 
or  purchase.  Those  computations  show  that  the  coet  advantage  of  purchasing 
some  electromechanical  components,  each  as  printers,  card  readers,  and  card 
punches,  la  not  ae  great  aa  the  erst  advantage  available  through  the  purchase  of 
electric  components.  In  some  cases  It  Is  clearly  disadvantageous  to  purchase 
electromechanical  components  This  la  due  In  part  to  pricing  policies  of  equip 
inert  suppliers  and  to  the  greater  need  for  maintenance  on  electromechanical 
components  bees  use  of  the  Inherent  wearing  characteristics  of  mechanical  parts. 
These  factors  would  have  to  be  weighed  heavily  In  eonstr 


the  purchase 

of  these  components.  It  might  writ  he  that,  for  the  email  coet  advantage  avail- 
able. it  would  not  be  worth  the  risk  of  purchasing  a component  that  may  cause 
a serious  maintenance  problem  or  one  that  may  have  to  be  completely  replaced 
because  of  constantly  increasing  maintenance  requirements. 

Because  of  these  factors,  detailed  computations  such  as  those  shown  in  exhibit 
C should  be  made  in  order  to  provide  the  financial  Information  necessary  for 
deciding  which  components  should  be  purchased  and  which  ones  should  be  leased. 

Bmvk sgs  available  through  full  uoo  of  Gotfonumout-ownod  facilities 
Our  comparison*  demonstrate  two  additional  points  that  should  be  emphasised. 
First,  the  larger  or  more  sophisticated  a system,  the  greater  the  rate  of  purchase 
advantage.  This  point  la  illustrated  in  the  following  tabulation  of  selected  IBM 
systems  analysed.  The  rate  of  purchase  advantage  may  be  expressed  as  the 
percentage  the  purchase  advantage  (savings)  bean  to  the  total  coet  of  por- 
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On  a one-#*-  ft  basis,  title  percentage  of  purchase  advantage  steadily  Increases 
with  each  more  costly  system — from  minus  8 percent  for  the  least  costly  system 
to  18  percent  for  the  most  costly.  On  a two-shift  basis,  these  rates  run  from  20 
to  57  percent,  and  for  three  shifts,  they  run  from  42  to  94  percent 
A second  important  point  la  that  the  more  use  made  of  equipment,  the  greater 
the  rate  of  purchase  advantage.  This  factor  is  also  Illustrated  by  the  foregoing 
tabulation  which  shows  In  each  case  that  the  rate- of -purchase  advantage  in- 
creases with  greater  use  of  the  system.  For  example,  the  IBM  7000  system 
shows  an  Increase  In  the  rate  from  18  percent  for  a one-shift  operation  to  57 
percent  for  two  shifts  and  04  percent  for  three  shifts 
When  considered  together,  these  two  points  demonstrate  that  significant 
economies  are  available  through  purchase  and  Joint  or  multiple  use  of  large  data 
processing  facilities  The  Bureau  of  the  Budget’s  published  Inventory  of  auto- 
matic data  processing  equipment  shows  that  a number  of  electronic  data  proc- 
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easing  systems  are  schedule*  for  operation  on  a ore-  or  two-shift  basis.  For 
example,  22  of  the  23  IBM  7070,  7072,  and  7074  systems  tb  will  be  leased  by 
June  1063  are  scheduled  to  be  operated  for  less  than  two  shir  -»  Twelve  of  these 
systems  will  be  operate  for  one  shift  or  less.  The  low  utilisation  scheduled  for 
these  machines  Is  a result  of  individual  agency  planning  and,  since  the  potential 
savings  available  from  purchasing  Increases  with  additional  idc  of  the  equip- 
ment, It  seems  evident  that  more  effective  procedures  are  needed  to  coordinate 
throughout  the  Government  the  use  of  large  data  processing  facilities.  This 
kind  of  management  action  should  help  to  significantly  reduce  the  Government’s 
overall  data  processing  costs. 

FAILURE  TO  TAKE  PROMPT  ADVANTAGE  OF  REDUCED  SALES  PRICES 

During  our  study  we  noted  a number  of  Instances  where  savings  could  appar- 
ently have  been  realized  If  prompt  action  had  been  taken  to  purchase  Installed 
data  proceming  equipment  at  reduced  sales  prices  offered  by  the  manufacturers. 
In  these  instances,  the  possible  savings  are  based  on  considering  the  action  from 
the  standpoint  of  advantage  to  the  Government  overall  and  not  from  the  stand- 
point solely  of  the  Individual  using  agencies. 

IBM  model  704  systems 

On  September  19,  1960,  the  International  Business  Machines  Corp.  announced 
that  It  would  sell  certain  components  of  IBM  704  systems  at  30  percent  of  the 
original  price.  This  significant  reduction  In  purchase  price  was  not  accom- 
panied by  a corresponding  reduction  In  the  rental  charges  for  the  particular 
components.  According  to  the  Bureau  of  the  Budget  Inventory  as  of  June  30, 
1960,  the  Government  had  on  hand  30  IBM  704  systems  of  which  4 had  been 
purchased  and  26  were  leased.  Had  prompt  action  !>een  taken  by  using  agencies 
to  purchase  such  equipment,  the  possible  savings  to  the  Government  would  have 
been  relatively  significant.  Following  are  some  examples : 

Federal  Aviation  Agency. — The  Federal  Aviation  Agency  in  December  1969 
leased  an  IBM  704  system  for  use  at  Oklahoma  City,  OkJ: ..  *or  use  In  the  control 
of  aircraft  in  flight  and  in  the  flight  inspection  of  ground  navigational  aids. 
Under  the  discounted  pricing  policy,  components  of  tills  system  renting  fpi 
$23,400  per  month  and  originally  priced  at  $1,116,800  became  available  for  pur- 
chase for  $335,000.  The  Agency  decided  not  to  buy  this  system,  however. 

Had  these  components  been  purchased  in  December  1960,  the  Government  would 
have  saved  $87,500  through  June  1962,  and  would  be  adding  to  these  savings  at 
the  rate  of  $21,800  for  each  month  of  use  after  that  date.  These  estimates  of 
savings  take  Into  consideration  the  cost  of  maintaining  purchased  equipment 
under  a manufacturer’s  maintenance  service  contract. 

In  this  case.  If  the  Federal  Aviation  Agency  had  purchased  rather  than  con- 
tinued to  lease  the  components  subject  to  the  discount  prices,  it  would  have 
saved  $349,000  through  June  1963,  the  anticipated  replacement  date.  At  that 
time,  the  Goyernment  would  own  the  equipment  and  could  relocate  it  in  a less 
critical  area  In  place  of  other  leased  equipment  and  this  procedure  would  create 
additional  monthly  savings  to  the  extent  that  the  rental  of  the  replaced  equip- 
ment would  exceed  the  cost  of  maintaining  the  Government-owned  equipment. 

Atomic  Energy  Commission. — The  Atomic  Energy  CommlE^on  leased  an  IBM 
704  system  for  use  in  research  and  development  work  at  the  Argonne  National 
Laboratory  in  Argonne,  111.  The  equipment  was  installed  in  November  1967,  at 
a monthly  rental  of  $47,240.  If  the  system  had  been  purchased  originally  rather 
than  leased,  it  would  have  cost  approximately  $2  million. 

On  March  1,  1961,  6 months  after  IBM  offered  to  sell  the  system  at  the  dis- 
counted purchase  price,  the  Atomic  Energy  Commission  purchased  certain  com- 
monents  of  the  system  for  $596,000  for  which  it  had  been  paying  monthly  rentals 
of  $41,290.  Had  this  equipment  been  pu remised  In  October  1960,  when  it  was 
first  offered  for  sale  at  the  discounted  price,  the  Government  would  have  saved 
over  $200,000  ( 5 months’  rental  charges  at  $41,290  less  estimated  maintenance 
costs). 

In  this  case,  the  agency  attributed  the  delay  in  purchasing  to  fund  limitations 
but  has  stated  that  it  will  give  special  attention  to  future  situations  where  delays 
may  cause  the  incurrence  of  otherwise  avoidable  expenditures  of  Government 
funds.* 


* This  transaction  la  also  described  lb  our  report  to  the  Congress  on  “Review  of  Selected 
Automatic  Data  Processing  Activities  Under  Atomic  Energy  Commission  Cost-Type  Con- 
tracts With  University  or  Chicago  and  Midwestern  Universities  Research  Association” 
(B-146768  Fob.  T,  IMS). 
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IBM  model  650  systems 

On  May  12,  1961,  the  IBM  Corp.  established  an  accelerated  discount  purchase 
plan  on  component*  of  IBM  model  060  systems.  At  that  time,  186  of  these 
systems  were  in  use  throughout  the  Government,  5 of  which  had  been  purshased 
and  181  were  leased.  Under  the  accelerated  discount  purchase  plan,  com- 
ponents were  discounted  15  jiercent  for  each  year  used  up  to  a maximum  of  5 
years  or  75  jiercent.  Consequently,  com|K>nents  that  had  been  in  use  for  5 years 
could  be  purchased  for  as  little  as  25  jiercent  of  the  original  selling  price.  Ex- 
amples of  possible  sa  vings  follow. 

Air  Force  Logistics  Command. — At  the  time  of  the  announced  price  change, 
the  Air  Force  Logistics  Command  of  the  Department  of  the  Air  Force  was  leas- 
ing 36  IBM  650  systems.  The  rentals  for  these  machines  range  from  $4,200 
to  $23,000  per  month.  Purchase  of  some  of  this  equipment  under  the  accelerated 
discount  plan  could  have  resulted  in  significant  savings.  For  example,  eight 
of  the  nine  components  that  made  up  three  of  this  Command's  small-scale  systems 
could  have  been  purchased  at  apj>roximately  the  cost  of  1 year's  rental;  pur- 
chasing would  have  produced  savings  of  about  $146,000  over  the  intended 
period  of  use. 

Air  materiel  area,  Hill  Air  Force  Base,  Ogden,  Utah:  At  this  location,  two  of 
the  three  comixments  of  a small-scale  650  system  originally  priced  at  $107,540 
could  have  been  purchased  under  the  accelerated  discount  plan  in  July  1961 
for  31  percent  of  the  original  price  or  $52,000.  This  amount  was  less  than  1 
year's  rental  for  these  components.  If  these  components  had  been  purchased  at 
the  time  of  the  announcement  and  taking  into  account  the  cost  of  maintaining 
purchased  equipment  under  a manufacturer’s  maintenance  service  contract, 
the  Government  could  have  realised  savings  through  June  1962  of  $600.  Begin- 
ning in  July  1962,  recurring  monthly  savings  of  $4,300  would  have  accrued  to 
the  Government.  We  have  been  advised  that  this  system  is  to  be  replaced  in 
Aj>ril  1963;  however,  savings  to  the  Government  at  $51,000  could  have  been 
realized  up  to  that  date  had  these  two  components  been  purchased  under  the 
accelerated  discount  purchase  plan.  In  addition,  this  equipment  would  be  Gov- 
ernment owned  at  that  jsiint  in  time  and  would  be  available  for  transfer  to 
another  Government  electronic  data  processing  facility  for  use  in  lieu  of  other 
identical  equijunent  being  rented. 

Air  materl> ! rrea,  Oklahoma  City,  Okla.:  At  this  location,  all  three  compo- 
nents of  the  system  could  have  been  purchased  under  this  plan  in  July  1901  for 
$68, 000— less  than  1 year’s  rental.  This  action  would  have  produced  savings 
of  $1,500  through  June  1962,  plus  recurring  monthly  savings,  beginning  July 
1962,  of  $5,500.  This  system  also  is  scheduled  to  be  replaced  in  April  1963; 
however,  the  iiurchase  of  these  components  under  the  discount  plan  would  have 
produced  total  savings  to  the  Government  of  $56,500. 

2709th  Air  Force  Vehicle  Group,  Memphis,  Tenn. : At  this  location,  all  three 
components  of  the  system  could  have  been  purchased  in  July  1961  at  25  percent 
of  the  original  price  of  $209,000,  or  $52,000.  The  purchase  of  this  system  would 
have  produced  savings  of  $2,100  through  Toly  1962,  and  beginning  in  August 
1962  recurring  monthly  savings  of  $4,000  would  have  accrued  to  the  Govern- 
ment. The  purchase  of  this  system,  scheduled  to  be  leplaced  in  June  1963, 
would  have  produced  total  savings  of  $46,100. 

At  these  three  Air  Force  installations,  for  each  month  after  the  replacement 
dates  that  the  eight  components  could  be  productively  used,  additional  savings 
to  the  Government  of  at  least  $10,750  would  be  obtained. 

The  Department  of  the  Air  Force  bas  Informed  us  of  its  awareness  that 
"had  the  selected  650’s  in  the  Air  Force  Logistics  Command  been  purchased 
at  the  time  the  discount  was  announced,  a savings  in  equipment  cost  would 
have  resulted.”  This  agency  also  informed  us  that  it  was  not  noticed  by 
the  manufacturer  of  the  price  reduction  for  the  IBM  mobei  050. 

Post  Office  Department. — In  the  Post  Office  Department  18  small-scale  IBM 
model  650  systems  have  been  leased  for  use  in  a number  of  Post  Office  regional 
offices.  These  machines  were  installed  over  a period  of  4 years  beginning  in 
September  1966. 

Under  the  accelerated  discount  plan,  two  of  the  three  components  of  the 
system  operated  in  the  Richmond  office,  originally  priced  at  $161,000,  could 
have  been  purchased  In  July  1961  at  26  percent  of  the  original  price  or  $42,000. 
If  these  two  components  had  been  purchased  at  that  time,  the  Government 
would  have  realized  savings  of  $500  through  the  end  of  August  1962.  Then, 
beginning  with  September  1962  recurring  savings  of  $3,000  would  be  realised 
#6-804—  63 -pt.  2b 41 
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for  each  month  that  the  Poet  Office  Department  need  the  equipment  productively, 
either  at  the  original  location  or  at  other  locations  to  replace  the  660-type 
equipment  being  rented. 

At  Minneapolis,  all  three  components  of  a similar  system,  originally  priced 
a*t  9199,000,  could  have  been  purchased  in  July  1961  at  29  percent  of  the  original 
price  or  $67,000  Had  this  system  been  purchased,  the  Government  would  have 
realised  savings  of  $8,000  to  October  1962  and  in  November  1962  would  have 
started  realising  recurring  monthly  savings  of  $3,700. 

Other  model  660  components  in  use  in  the  Post  Office  Department  could  also 
have  been  purchased  at  greatly  reduced  prices.  The  percentage  of  the  original 
sales  prices  at  which  these  components  could  have  been  purchased  as  of  July 
1, 1962,  is  shown  below : 


(In  percent] 


In  November  1062,  an  IBM  1401  system  was  Installed  in  the  Richmond  office 
to  replace  the  existing  IBM  660  system.  Current  poet  office  plans  call  for  the 
replacement  of  the  remaining  12  IBM  650  systems  with  10  IBM  1401  systems. 
It  is  anticipated  that  this  conversion  will  be  completed  prior  to  December  1968. 
As  in  the  case  of  the  IBM  704  systems,  saving  could  have  been  realised  had 
some  components  of  the  660  equipment  been  purchased  when  the  accelerated 
discount  plan  was  announced.  For  example,  If  the  two  components  at  the 
Richmond  office  had  been  purchased  at  the  discounted  price  In  July  1961,  savings 
of  $151500  would  have  been  realised  through  January  31,  1963;  additional  sav- 
ings would  be  realised  at  the  rate  of  $3, GOO  for  each  month  that  the  components 
could  be  productively  used  at  either  Richmond  or  some  other  post  office  regional 
office. 

If  the  system  at  Minneapolis  had  been  purchased  in  July  1961,  savings  of 
$14,100  would  have  been  realised  through  January  1963.  Also,  additional 
savings  would  be  realisable  at  the  rate  of  $3,700  for  each  month  past  that 
date  during  which  there  was  productive  use  of  the  system  st  either  Minneapolis 
or  some  other  poet  office  regional  office.  Upon  replacement,  these  five  com- 
ponents would  contribute  further  savings  at  the  rate  of  $6,700  for  each  month 
that  they  could  be  used  productively  elsewhere  in  the  Government  in  lieu 
of  rented  equipment. 

The  Poet  Office  Department  lias  expressed  disagreement  with  these  observa- 
tions on  the  basis  that  funds  were  not  available  to  it  for  purchasing  such 
equipment  at  the  time  the  reduced  prices  were  announced  and  that  by  the  time 
funding  authority  could  have  been  obtained  pnrchaae  action  would  have  re- 
sulted in  losses  rather  than  savings. 

The  Department's  views  are  expressed  primarily  from  the  standpoint  of 
its  own  management  problem.  We  recognize  that  the  availability  of  funds  is 
an  important  problem.  However,  our  observations  concerning  the  acquisition 
of  such  equipment  and  the  possible  savings  from  such  action  are  based  on 
the  advantage  to  the  Government  overall  rather  than  the  advantage  to  an 
individual  agency. 

POSSIBLE  EFFECTS  OP  INCBJCASKD  GOVEBRMElfT  PUBCHASING 

The  cost  comparisons  made  in  onr  study  as  to  the  relative  financial  advantage 
of  purchasing  or  of  leasing  data  processing  equipment  are  based  on  the  pricing 
terms  of  existing  contracts  between  the  Government  and  the  manufacturers 
or  on  pricing  information  obtained  directly  from  the  manufacturers. 

The  possibility  that  prices  would  be  increased  if  the  Government  purchased 
more  equipment  is  a factor  that  cannot  be  fully  evaluated  at  this  time.  We 
believe  that  there  Is  some  protection  against  increased  purchase  prices  under 
the  terms  of  the  consent  decree  filed  and  entered  in  1966  by  the  United  States 
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of  America  against  the  International  Business  Machines  Oorp.  Paragraph 
(a)  of  section  IV  of  this  Judgment,  identified  as  Oivil  Action  No.  72-644,  states: 
“(a)  It  la  the  purpose  of  this  section  IY  of  this  final  Judgment  to  asuuiti 
to  users  and  prospective  users  of  IBM  tabulating  and  electronic  data  processing 
machines  at  any  time  being  offered  by  IBM  for  lease  and  a ale  an  opportunity 
to  purchase  and  osm  such  machines  at  prices  and  upon  terms  and  conditions 
which  shall  not  be  substantially  more  advantageous  to  IBM  than  the  Isaac 
charges,  terms  and  cooditiona  for  such  machines” 

Aa  IBM  is  the  Government's  largest  supplier  of  BDP  equipment,  with  67 
percent  of  the  numerical  relume,  this  provision  should  give  some  protection 
against  unwarranted  price  increases. 

Maintenance 

The  purchase  of  equipment  carries  with  it  the  responsibility  for  maintaining 
it  in  efficient  working  order.  Maintenance  service  may  either  be  provided  by 
employees  of  the  Government  or  be  obtained  by  contract  with  manufacturers. 
For  our  cost  comparison*!,  we  used  the  quoted  maintenance  price  terms  of  the 
manufacturers  under  their  maintenance  contracts. 

Throughout  our  study,  wa  could  find  no  indication  that  the  quality  of  main- 
tenance provided  under  the  terms  of  manufacturers’  maintenance  service  con- 
tracts was  not  aa  good  as  that  provided  under  lease  agreements.  As  in  the  case 
of  prices,  the  possibility  that  the  quality  of  maintenance  provided  for  purchased 
equipment  might  suffer  if  the  Government  were  to  adopt  a purchase  policy  can- 
not be  fully  evaluated  at  this  time.  Hero  again,  however,  we  believe  that  the 
interests  of  the  Government  are  reasonably  well  protected  by  the  terms  of  the 
above-mentioned  final  Judgment.  Section  VI  provides  aa  follows : 

“IBM  is  hereby  ordered  and  directed : 

“(a)  to  offer  to  render,  without  separate  charge,  to  purchasers  from  it  of  tab- 
ulating or  electronic  data  processing  machines  the  same  type  of  services,  other 
than  maintenance  and  repair  services,  which  it  renders  without  separate  charge 
to  lessees  of  the  same  types  of  machines ; 

“(b)  to  offer,  commencing  I year  after  the  entry  of  this  final  Judgment  and 
so  long  thereafter  an  IBM  shall  continue  to  render  repair  and  maintenance 
service,  to  maintain  and  repair  at  reasonable  and  nondiscriminatory  prices  and 
terms  IBM  tabulating  and  electronic  data  processing  machines  for  the  owners 
of  such  machines ; provided  that,  if  any  such  machine  shall  be  altered,  or  con- 
nected by  mechanical  or  electrical  means  to  another  machine,  in  such  a manner 
as  to  render  its  maintcnace  and  repair  impractical  for  IBM  personnel  having 
had  the  standard  training  and  Instruction  provided  by  IBM  to  such  maintenance 
and  repair  personnel,  then  IBM  shall  not  be  required  by  this  final  Judgment  to 
render  maintenance  and  repair  service  for  such  IBM  machine ; and 
“(c)  to  offer  to  sell  at  reasonable  and  nondiscriminatory  prices  and  terms, 
to  owners  of  IBM  tabulating  or  electronic  data  processing  machines  (whether 
or  not  the  purchaser  receives  IBM  repair  and  maintenance  service)  and  to 
persons  engaged  in  the  business  of  maintaining  and  retiring  such  machines 
and  during  the  period  whe?  IBM  has  such  parts  and  subassemblies  available 
for  use  in  Its  leased  machines,  repair  and  replacement  parts  and  subassemblies 
for  any  tabulating  machines  or  electronic  data  processing  machines  manu- 
factured by  IBM.”  ( Italic  supplied. ) 

It  la  of  interest  to  note  that.  In  addition  to  the  maintenance  services  covered 
in  paragraphs  (b)  and  (c),  the  services,  such  as  machine  time  to  test  programs, 
training,  systema  analysts,  counseling,  and  software,  which  are  extended  without 
charge  to  lessees  of  equipment  are  guaranteed  to  purchasers  of  equipment  under 
paragraph  (a). 

conclusions 

On  the  basis  of  our  study,  we  conclude  that  the  Government  can  save  very 
substantial  amounts  of  money  through  more  extensive  purchasing  of  data  proces- 
sing equipment.  We  have  also  reached  the  following  general  conclusions: 

1.  If  posaible  and  substantial  savings  are  to  be  fully  realized,  management 
decisions  as  to  whether  data  processing  equipment  should  lx*  purchased  or  leased 
should  be  made  from  the  standpoint  of  advantage  to  the  Government  as  a whole 
and  not  from  the  standpoint  of  the  individual  using  agencies. 

2.  Because  of  the  substantial  savings  that  may  he  available,  all  decisions  to 
acquire  the  use  of  data  processing  equipment  should  be  supported  by  specific 
computations  showing  the  comparative  costs  of  acquiring  by  base  and  by 
purchase. 
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5.  Where  purchasing  la  financially  advantageous,  the  realisable  savings  in- 
crease In  proportion  with  the  increase  In  utilisation  of  the  machines. 

4.  The  savings  possible  through  purchasing  are  more  pronounced  for  the 
larger  and  more  complex  machine  systems. 

6.  While  significant  savings  may  be  realisable  in  many  Instances  through 
purchasing  rather  than  leasing,  for  some  types  of  electromechanical  equipment. 
It  Is  more  advantageous  financially  to  lease  rather  than  to  purchase. 


FOB  KOBE  EFFECTIVE  MANAGEMENT  Of  THE  PBOCUBEMENT  AND  UTILISATION 

or  data  rmocrssiNo  EQUIPMENT  in  the  federal  government 


In  our  report  to  the  Congress  on  review  of  automatic  data  processing  develop- 
ments in  the  Federal  Government  (B-115868,  Dec.  30, 1000).  we  stated  that — 

“Generally,  the  practice  o2  each  Government  agency  is  to  procure  equipment 
for  ita  own  needs  (on  either  a purchase  or  a rental  basis)  and  to  trade  tn  pur- 
chased equipment  or  exchange  older  rented  equipment  for  newer  models  In 
accordance  with  Its  own  particular  needs.  Possible  needs  of  other  agencies  for 
the  traded-ln  or  exchanged  equipment  are  generally  not  considered.  However, 
It  is  possible  that  such  equipment  can  be  used  to  serve  the  needs  of  other  Gov- 
ernment agencies. 

“At  least  one  major  equipment  supplier  offers  terms  under  which  used  equip- 
ment can  be  purchased  at  a reduced  price  depending  on  the  period  of  time  the 
equipment,  has  been  in  use.  However,  we  believe  that  a Government-wide 
approach  is  needed  to  determine  which  machines  should  be  purchased  at  the 
reduced  prices  and  retained  for  Government  nse  in  lien  of  new  procurement. 
Likewise,  before  trading  in  purchased  equipment  which  Is  no  longer  suitable 
for  the  original  using  organisation,  efforts  should  be  made  to  determine  the 
possibility  of  transferring  the  purchased  equipment  to  other  Government  organi- 
sations requiring  such  equipment  tn  lieu  of  new  procurement.  ^ 

“We  believe  that  a mechanism  should  be  established  In  tne  Government  to 
provide  the  necessary  arrangements  whereby  the  procurement  and  transfer  of 
data  processing  equipment  between  Government  activities  would  be  fully  coordi- 
nated so  as  to  keep  costs  as  low  as  possible  consistent  with  obtaining  needed 
processing  facilities.” 

We  are  aware  of  no  significant  progress  toward  an  effective  coordinating 
mechanism  in  the  Federal  Government  for  achieving  the  Interrelated  objectives 
cited. 

Our  current  study  of  the  financial  advantages  of  purchasing  data  processing 
equipment  over  leasing  it  further  emphasises  the  great  need  in  the  Federal 
Government  for  a better  coordinated  and  integrated  management  system  for 
achieving  the  fullest  degree  of  economy  and  efficiency  in  acquiring  and  utilising 
this  kind  of  equipment. 

Under  the  present  system  of  decentralised  management,  each  agency  makes  Its 
own  decision  as  to  the  method  of  acquiring  this  equipment.  There  Is  no  effective 
coordinating  machinery  at  work  to  give  proper  consideration  to  lease-purchase 
decisions  from  the  standpoint  of  advantage  to  the  Government  as  a whole.  Un- 
less adequate  measures  am  taken  to  provide  a stronger  management  system,  mil- 
lions of  dollars  of  unnecessary  expenditures  will  continue  to  be  made.  We  are 
convinced  that  the  establishment  of  a strong  centra!  management  office  in  the 
executive  branch  of  the  Federal  Government  is  essential  to  bring  about  the  kind 
of  management  improvement  that  Is  needed  to  minimise  such  wasteful  expendi- 
tures. 

Recommendation  to  the  President  of  the  United  fltotea. — In  view  of  the  need 
for  more  effective  and  coordinated  management  of  the  procurement  and  utilisa- 
tion of  data  processing  equipment  In  the  Federal  Government  and  the  substantial 
financial  savings  that  can  be  realised  through  Improved  management  of  this 
function,  we  recommend  that  the  President  of  the  United  States  establish  In  his 
organisation  a central  management  office  suitably  empowered  with  authority  and 
responsibility  to  make  decisions  on  the  procurement  and  utilization  of  data  proc- 
essing equipment  with  the  objective  of  obtaining  and  utilizing  all  needed  facili- 
ties at  least  coat  to  the  Government. 

Recommendcton  to  heoda  of  uaing  departmenta  on d ogencie*. — In  view  of  the 
substantial  savings  that  may  be  realised  from  more  extensive  purchasing,  we 
recommend  that  the  heads  of  all  using  departments  and  agencies,  as  an  interim 
measure  pending  action  on  the  above  recommendation,  arrange  for  a prompt 
and  complete  reappraisal  of  their  current  plans  to  lease  data  processing  equip- 
ment and  take  such  action  as  is  possible  to  realize  the  financial  savings  that  may 
be  available  from  purchasing  such  equipment  and  fully  utilizing  it 


APPENDIX  G 


AMD  research  tasks  by  title  and  brief  description  broken  down  Into  4 broad 

areas: 

I.  Life  support 

II.  Aerospace  medicine. 

III.  Radioblology. 

IV.  Human  performance. 

i.  ur*  suFFoar 

Task  630101,  physical  protection  of  man  against  ionising  radiation. — To  In- 
vestigate and  establish  new  methods  of  protection  and  design  criteria  for  per- 
sonal protective  equipment  which  will  attenuate  the  multiple  ha  sards  of  proton, 
electron,  and  neutron  energies ; the  energies  of  other  particulates  and  of  gamma 
and  X-ray  energies  all  of  which  are  associated  with  the  Van  Allen  Belts,  nuclear 
power  sources,  the  “Bremastrahlung”  generated  within  the  vehicle  Itself,  and 
minor  solar  flares.  Attenuation  of  the  ha  sards  associated  with  the  energies 
of  relativistic  solar  flares,  and  primary  cosmic  radiation  fields,  will  be  attempted 
insofar  as  It  is  feasible  to  do  so. 

Task  830102,  personnel  protection  in  aerospace  systems. — To  establish  design 
criteria  tor  personnel  protection  against  aerospace  systems  environmental  haz- 
ards of  abrupt  and  short  period  acceleration,  toxic  atmospheres,  and  extreme 
thermal  conditions. 

Task  630193,  vision  enhancement  and  protection  in  aerospace  environments. — 
The  objective  of  this  task  is  to  establish  design  criteria  and  demonstrate  the 
technical  feasibility  of  methods,  devices,  and/or  systems  for  the  protection  and/or 
enhancement  of  the  human  visual  system  In  all  conditions  which  may  be  en- 
countered in  aerospace  systems  and  extraterrestrial  environments.  The  objec- 
tive will  result  In  proven  design  criteria  for  protection  dovice  development  and 
furnish  measures  for  augmenting  the  visual  functions  of  aerospace  systems  per- 
sonnel. 

Task  637302,  respiratory  support  caui'Hnent. — Studies  will  be  made  to  deter- 
mine the  technical  feasibility  of  various  processes  methods,  and  equipment 
necessary  to  sustain  man  in  closed-space  environments.  Combinations  of  physico- 
chemical methods  of  atmosphere  control  are  planned  and  various  supplies  of 
oxygen  will  be  Investigated.  The  intent  Is  to  provide  the  moat  efficient  breathing 
atmosphere  for  each  anticipated  mission  profile.  This  will  consist  of  recirculat- 
ing atmospheres  for  short-duration  missions  and  the  reduction  of  carbon  dioxide 
and  the  electrolysis  of  water  for  longer  missions.  Investigation  of  the  possible 
buildup  of  byproducts  and  tract  materials  from  the  various  life  support  com- 
ponents will  be  carried  out  and  techniques  for  control  of  these  materials  will 
be  considered. 

Task  637303,  nutritional  support  equipment. — Manned  aerospace  missions  of 
more  than  a few  day’s  duration  will  require  provisions  for  the  storage,  refriger- 
ation, processing,  heating,  and  containing  and  dispensing  of  foodstuffs  if  optimal 
acceptability  of  the  feeding  program  is  to  be  realized.  Data  and  technical  in- 
formation resulting  from  this  task  will  be  applicable  to  the  design  of  food  storage 
and  preparation  equipment,  a water  system,  and  methods  for  containing  items 
of  food  that  will  be  capable  of  operating  In  various  pressure,  temperature,  humid- 
ity, and  vibration  levels,  and  in  a weightless  environment,  and  which  require 
minimum  space,  weight,  and  power.  Investigation  Involving  the  application  of 
solar  radiation,  electric  ovens  that  will  accept  canned  foodstuffs,  types  of  blanket 
heaters  for  cans  and  tubes,  and  other  unique  methods,  have  shown  promise  as 
techniques  for  food  preparation.  A combination  freezer  and  chiller  that  re- 
quires no  power  and  uses  superinsulation  and  the  food  aa  the  heat  sink  has 
developed  high  hopes  of  a real  advance  in  the  state-of-the-art  In  refrigeration 
of  foodstuffs  during  aerospace  missions. 

Task  637305,  life  support  accommodations,  integration,  and  analysis. — The 
objective  of  this  task  Is  to  establish  and  continuously  refine  design  criteria,  to 
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design,  and  to  demonstrate  the  technical  feasibility  of  sealed  environmental  life 
support  systems  of  various  types  for  aerospace  missions  of  different  durations 
and  crew  sises,  and  to  combine  all  systems  and  equipment  Into  one  complex. 
Kfforts  of  this  task  will  Include  the  acquisition  of  new  knowledge  and  techniques 
related  to  the  requirements  and  to  the  development  of  aerospace  vehicle  cabin 
furnishings  and  personal  accommodations,  the  evaluation  of  life-support  systems 
and  system  components,  and  the  study  and  analysis  of  proposed  aerospace 
weapons  systems  for  the  formulation  of  life-support  system  requirements. 

Task  8770,  biosciences  studies  in  advanced  space  vehicles,  bioastronautios  — 
The  overall  objective  is  the  development  of  a system  capable  of  supporting 
biological  rubjects  In  space  of  the  slse  and  weight  characteristics  which  render 
them  practical  for  securing  meaningful  results.  Although  not  planned  for 
operational  systems,  development  stages  will  require  means  to  measure  the 
psychophysiologlcai  response  of  the  biological  component  to  the  space  environ- 
ments and  must  provide  methods  of  collecting  the  resulting  meaningful  Infor- 
mation for  evaluation.  The  end  product  must  provide,  during  all  mission  phases, 
complete  biological  support  compatible  with  the  psychophysiologlcai  requirements 
at  man.  * 

i Task  689901,  biological  specimen  support  (Biospecimen  support ) .—Zoological 
specimen ts  In  rdequAte  numbers  and  types  are  provided  for  premission  tests  and 
actual  missions.  Original  baseline  biological  data  on  all  colony  specimens  are 
obtained  for  premission  selection  of  proper  test  subjects  and  to  improve  post- 
mission  evaluation.  New  handling  and  restraint  techniques,  Improved  hus- 
bandry, and  dlnlcal  treatment  methods  are  under  constant  development  and 
investigation. 

Task  689606,  altered  environments  for  biological  specimens. — These  studies  will 
determine  whst  tolerance  levels  are  safe  for  con  tin  ons  exposure  of  the  animal 
subject.  In  addition,  an  attempt  will  be  made  to  extend  the  tolerance  limits 
br  protective  methods.  Furthermore,  the  feasibility  o t telemetering  specific 
physiological  parameters,  based  upon  the  selection  of  those  parameters  which 
are  the  most  Indicative  of  each  stress  as  well  as  mnltlple  stress,  will  be  deter- 
mined. 

Task  689608,  positnission  analyses  of  biological  specimens. — The  objective  of 
this  task  is  the  detection  of  postmlssion  change*  In  biological  subjects  which  are 
attributable  to  simulated  or  actual  space  flights.  Postmlssion  diagnosis  and  treat- 
ment will  depend  on  these  findings. 

Task  689601,  biomedical  capsule  evaluation. — The  objective  of  this  task  is  to 
tost  Inhabited  space  vehicle  life-support  systems  by  subjecting  them  to  the 
gravity  forces,  vibration  spectra,  acoustic  noise,  pressures  and  temperature*,  as 
functions  of  time,  that  they  will  encounter  during  actual  operations.  Data  ob- 
tained during  tests  are  analysed  to  determine  If  a physiological  habitable  environ- 
ment can  be  maintained  by  the  systems.  Failures  or  Inadequacies  of  the  systems 
are  Identified  by  analyses  of  test  data.  Preparation  (countdown)  procedures 
for  the  systems  are  devised  or  modified  If  necessary  during  these  tests. 

Task  689608,  biophysical  measurements. — Measurement  techniques  and  In- 
struments are  developed  to  detect,  record  and  analyse  the  various  parameters 
relating  to  the  biological  subject  and  Its  environment.  An  inventory  of  special- 
ised electronic  device*  and  off-the-shelf  Instruments  for  bloeciencer,  R.  & D.  Is 
maintained.  This  effort  and  these  Items  are  for  the  use  and  support  of  the 
other  tasks  of  this  and  other  projects  of  the  Laboratory. 

Task  116101,  advisory  capability  for  bioastronautics  research. — The  objective 
of  this  task  Is  to  provide,  on  a qniek  reaction  basts,  a consultant  advisory  capa- 
bility In  the  bioastronautics  research  area. 

Task  1 16106,  neurophysiological  measures  of  performance. — Plana  for  manned 
space  vehicles  call  for  extensive  animal  experiments.  One  of  the  ways  to  moni- 
tor an  animal’s  reaction  to  his  environment  is  by  electrophyaiologlral  measures 
of  nervous  function.  These  men  sn  res  may,  In  the  case  of  animals,  he  from  Im- 
planted electrodes  or  they  may  lead  from  the  scalp  and  other  surfaces  of  the 
body.  The  techniques  for  using  such  measures  Is  advancing  rapidly,  and  It  ap- 
pears to  be  certain  that  they  can  be  combined  with  modern  telemetry  develop- 
ments and  computer  techniques  to  make  greet  advances  In  onr  ability  to  moni- 
tor either  human  or  animal  performance  at  greet  distances  and  to  make  ac- 
curate interpretations  of  the  degree  of  physiological  deviations  from  the  normal. 

Task  116108,  environmental  biology. — The  specific  objective  of  this  task  was 
to  provide  physiological  and  biochemical  knowledge,  data,  criteria  and  param- 
eters to  establish  scientific  principles  concerning  all  living  organisms  or  their 
processes  for  the  biological  maintenance  ns  food  systems  of  single  and  nmltimau 
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crew*  in  obi  ting  space  vehicle*,  permanent  apace  stations,  end  extraterrestrial 
colonies. 

Task  716405,  nutrition  and  suit*,  nonce. — The  objectives  of  this  task  are  U.  pro- 
vide the  data  and  criteria  related  to  the  biochemical,  metabolic,  and  physiologi- 
cal requirements  of  man  for  nutrients  under  conditions  of  long-  and  short-time 
Aerospace  flights  and  extraterrestrial  habitation.  Also,  biomedical  criteria  and 
data  will  be  established  and  provided  for  the  development  of  techniques  and 
equipment  far  water  recovery,  personal  hygiene,  waste  management,  and  sanita- 
tion, and  will  include  water  potability  criteria  for  application  to  water  recovery 
systems. 

Task  7164,  syst intimation  of  bioloffieai  knowledge. — To  present  authentic  nu- 
merical data  of  medicine  and  biology  In  convenient  and  accessible  form  for  ready 
reference.  It  will  standardise  accepted  constants  as  a basis  for  correlation, 
establish  common  standards  for  statistical  studies,  and  provide  normal  values 
and  tolerances  for  research,  diagnostic,  and  therapeutic  purposes.  A second  ob- 
jective of  this  task  is  to  provide  high-level  scientific  expert  advice  in  the  Held 
of  biophysics,  physiology,  psychology,  and  other  selected  sreas  which  are  rele- 
vant to  the  Aeorspaee  Medical  Research  Laboratories’  studies  of  the  human 
factors  In  high  altitude  flights. 

Task  695601,  psychophysiology  of  flight. — To  investigate  the  stresses  and  effects 
of  unusual  environments  encountered  in  aerospace  flight  on  human  functional 
capabilities;  devise  means  for  assessing  and  predicting  Individual  capabilities 
for  adaptation  to  or  tolerance  of  multiple  stresses.  The  full  potential  of  the 
program  is  to  provide  techniques  and  methodology  for  assessing  stress  resist- 
ance. 

Task  722902,  acceleration  in  flight  and  esoape. — To  delineate  man’s  physiologic 
reactions  to  and  tolerance  of  all  types  of  simple  and  complex  accelerative  forces, 
with  the  exception  of  landing  impact  and  wind  blast  (there  aspects  to  be  corre- 
lated with  projects  7281  and  3301),  that  may  result  from  both  normal  aerospace 
fi  ght  sequences  and  emergency  escape.  This  includes  the  responsibility  for 
establishing  the  design  and  development  criteria  1 for  protecting  man  from  such 
forces. 

Task  799903,  bioinstmmentation. — The  following  separate  objectives  are  nec- 
essary to  meet  the  requirements  referenced  above:  (1)  Determine  and  stabilise 
Air  Force  luterests  in  bioinstrumentation;  (2)  advance  the  atate  of  the  art  in 
support  of  these  Air  Forte  interests;  and  (8)  produce  prototype  instrumenta- 
tion for  special  application  to  experimental  aircraft,  balloon,  and  space  flights 
and  experimental  research  leading  to  the  flight  mission. 

Task  No.  729204,  human  thermal  stress. — To  determine  the  physiological 
changes  that  occur  in  man  when  exposed  to  the  varying  thermal  environments 
anticipated  during  advanced  aerospace  explorations,  establish  human  ’inittr.  of 
tolerance  and  iierformnne*  and  devise  means  of  protecting  against  thermal 
stresses. 

Task  723101,  effects  of  vibration  and  impact. — To  study  the  physical,  physio- 
logical, and  psychological  properties  and  response*  of  the  human  body  to  mechan- 
ical vibrations,  buffetings,  and  Impacts  as  sre  predicted  In  space  vehicle  environ- 
ments during  normal  and  emergency  operation;  to  provide  data  necessary  for 
formulating  criteria  and  tolerance  limits  to  these  stresses;  to  develop  prin- 
ciples, methods,  procedures  and  devices  for  providing'  protection  and  maintain- 
ing performance  capability. 

Task  723102,  response  of  the  nervous  system  to  emtemat  dynamic  forces. — 
Air  Force  future  objectives  place  man  in  new  dynamic  environments.  The  pur- 
pose of  this  task  is  to  define  the  effects  of  these  environments  on  the  nervous 
system. 

Task  723103,  biological  acoustics  in  aerospace  environments. — Major  objec- 
tive is  to  assure  no  impairment  of  performance,  health  and  safety  among  aero- 
space ground  and  flight  crews  resulting  from  acoustical  stress  and  to  provide 
adequate  communications  capability  despite  acoustical  and  other  environmental 
conditions  peculiar  to  the  missions.  Secondary  objective  is  to  determine  com 
mnnlty  responses  to  aerospace  vehicle  noise  sources  and  develop  tolerance 
crlteila. 

Task  728104,  biodynamic  environment  of  aerospace  flight  operations.—' To 
define  and  quantitate  the  biodynatnic  environment  of  aerospace  vehicles  during 
static  firing,  launch,  Inflight  operations,  reentry,  and  recovery  phases;  to 
investigate  and  evaluate  methods,  procedures,  and  devices  used  to  simulate. 
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modify  and/or  control  the  biodynamic  environment  generated  by  aerospace 
vehicles  and  their  auxiliary  equipment. 

Task  Hi  105,  theory  of  interaction  of  men  and  mechanical  energy. — To  develop 
mathematical  methods,  models,  and  procedures  for  predicting  new  blodynamic 
aerospace  flight  environments  and  the  respoaaes  of  biological  systems  to  blo- 
dynamic environmental  factors. 

Took  79499/,  biological  mechanisms  for  signal  analysis. — The  task  is  to 
analyse  and  study  the  principles  and  methods  by  which  living  organisms  ere 
so  successful  In  £be  recognition  and  the  processing  of  signals  received  through 
the  receptors. 

Task  728502,  biological  servomechanisms. — This  task  is  to  study  the  techniques 
employed  by  living  servomechanisms  and  to  compare  them  with  those  currently 
employed  in  manufactured  servomechanisms.  The  study  of  the  living  systems 
will  stimulate  the  development  at  new  theoretical  and  mathematical  methods  for 
the  treatment  of  servotnechanical  problems.  These  techniques  will  then  pro- 
vide the  design  engineer  with  new  concepts  and  methods  for  the  solution  of  his 
design  problems. 

Task  794404,  biological  components.— Thla  task  is  to  extract  from  the  study  and 
the  analysis  of  biological  components  those  principles,  techniques,  and  theories 
which  are  suitable  to  the  design  of  technical  components  for  engineering 
applications. 

Task  794404,  neural  networks. — The  objective  of  this  task  is  to  provide  knowl- 
edge necessary  for  the  design  of  Information-processing  networks.  The  solution 
of  this  task  has  three  phases : analysis,  theory,  and  synthesis.  Analysis  Includes 
direct  observation  of  the  biological  structures  and  functions  to  provide  data  to  be 
ordered  and  integrated  by  theory  and  tested  by  synthesis. 

Task  794405,  theory  of  information  handling. — The  purpose  of  this  task  Is  to 
develop  and  formulate  theories  of  the  higher  functions  of  the  nervous  system, 
covering  such  features  as  perception,  learning,  associative  memory,  thinking,  and 
recognition  of  categories  or  patterns  in  a sufficiently  clear  manner  to  permit 
testing  and  model  construction.  It  is  the  ultimate  goal  of  these  theories  to  aid  in 
the  development  of  highly  advanced  Information-processing  devices. 

Task  775801,  fundamental  mechanism a and  tolerance  limits  In  aerospace  physi- 
ology.— The  objective  at  this  task  1m  to  determine  tolerance  limits  in  order  to 
define  optimal  environmental  conditions  tor  aerospace  cvewa.  Associated  with 
this  is  an  objective  to  develop  methods  whereby  the  range  of  acceptable  environ- 
mental conditions  can  be  extended,  either  by  preventing  adverae  physiological 
conditions  from  prevailing,  or  by  counteracting  them  through  artificial  devices, 
both  mechanical  and  chemical. 

Task  775802,  development  of  statistical  methods,  mathematical  models,  and 
computing  procedures  for  analysis  of  aerospace  physiological  data.—  The  objec- 
tive of  this  task  is  to  develop  more  optimal  statistical  procedures  for  statistically 
analysing  dynamic  physiological  data,  when  usual  assumption  of  normality  and 
independence  are  not  valid,  to  develop  more  realistic  mathematical  models  to 
describe  biological  processes,  and  to  develop  faster  and  more  objective  ways  of 
handling  continuous  curves  (analog  data). 

Task  795001,  biological  regenerative  systems  for  spaoe  applications. — The  pur- 
pose of  this  task  Is  the  selection  and  evaluation  of  compatible  biological  species 
which  can  be  Integrated  into  s reliable  steady-state  ecology  in  extraterrestrial 
environments.  Involved  will  be  the  selection,  evaluation,  and  stabilisation  of 
biological  species  and  subsystems  and  development  of  equipment  and  instru- 
mentation to  maintain  the  ecological  environment  within  predetermined  limits 
of  steady-state  regenerative  performance. 

Task  798002,  investigation  of  parameters  essential  for  manned  space  flight 
operations. — The  objectives  of  this  teak  are  to  define  the  optimum  space  vehicle 
atmosphere  consistent  with  mission  duration  and  profile;  to  investigate  the 
physiological  and  psychological  effects  of  simulated  apace  flight  experiments  on 
man ; to  determine  man’s  metabolic  requirements  and  investigate'  techniques  for 
fulfilling  these  requirements ; tc  develop  techniques  of  atmospheric  monitoring 
and  to  Investigate  the  physiological  effects  of  chronic  exposure  to  various  gaseous 
environments  at  reduced  pressures. 

Task  793005,  biodynamics/ biomedical  aspects  of  manned  space  fight  opera- 
tion.— The  specific  objective  of  this  task  is  to  Investigate  the  physiological  re- 
sponses of  both  animals  and  man  when  unusual  environments  are  Imposed  on  them 
in  a controlled  or  uncontrolled  manner.  In  order  to  accomplish  this  objective, 
unknown  or  untried  bioins  tram  entation  moat  be  developed  and  evaluated  in  both 
the  laboratory  and  In  the  near-space  environment. 
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Task  030201,  toxicology.— The  specific  objective  of  this  task  is  to  screen  new 
materials  need  by  Air  Force  personnel  engaged  In  the  development,  test,  and 
operational  phases  of  new  aircraft  missile  and  orbital  weapon  systems  for  toxic 
properties.  Tolerance  criteria  most  be  established  for  these  materials  to  ade- 
quately protect  the  health  of  Air  Force  personnel. 

Took  630202,  pharmacology-biochemistry. — The  specific  objective  of  this  task 
is  to  Investigate  absorption,  metabolism,  excretion,  and  site  and  mechanism  of  ac- 
tion of  the  toxic  chemicals  that  are  approaching  large-scale  system  application 
and  present  exposure  hazards.  Once  this  knowledge  has  been  gained,  suitable 
methods  of  diagnosis  and  adequate  therapeutic  techniques  will  be  developed. 

• Task  630203,  identification  of  toxic  materials. — The  specific  objective  of  this 
task  is  to  develop  and  evaluate  analytical  techniques  and  Instrumentation  prin- 
ciples for  the  detection  and  measurement  of  new  toxic  materials  for  the  evalua- 
tion of  their  toxic  hazards.  This  will  expedite  all  phases  of  R.  A D.  efforts  by 
reducing  the  fear  of  unknown  toxic  materials,  and  the  use  of  unnecessarily  cum- 
bersome overprotection.  In  addition  to  providing  criteria  for  protecting  Air  Force 
personnel  from  undue  exposure  to  toxic  materials. 

Task  630204,  environmental  pollution.—1 The  specific  objective  of  this  task  Is  to 
determine  the  exact  environmental  pollution  profile  of  propellants  approaching 
large-scale  use,  and  to  establish  safe  distances  as  they  apply  to  the  toxic  prop- 
erties and  quantities  used.  Further,  specific  emphasis  Is  placed  upon  the  pollu- 
tion effects  of  toxic  combustion  products,  which  In  some  instances  are  as  haz- 
ardous as  the  propellants. 

Task  630205,  toxic  hasards  evaluation. — The  specific  objective  of  this  task  is 
to  make  certain  that  no  pertinent  medical  information  is  lost  during  any  con- 
tractual R.  A D.  Air  Force  effort  Further,  It  Is  necessary  to  stimulate  Industry 
to  develop  and  sustain  an  occupational  medicine  program  commensurate  with  the 
state  of  the  art  in  toxicology.  The  ultimate  objective  is  to  *Hng  Into  focus  all 
pertinent  health  hazard  experience  as  it  applies  to  a particular  system. 

Task  630206,  toxicological  support. — The  primary  objective  of  this  task  is  to 
provide  medical  consultation  as  well  as  facilities  In  histology,  histochemistry, 
hematology,  clinical  chemistry,  and  other  usual  diagnostic  laboratory  areas  as 
they  apply  to  toxicological  research. 

Task  TI5001,  physit  Ijgloal  responses  to  protective  equipment. — This  task  will 
analyse  the  effectlvenes  of  personal  protective  equipment  under  simulated  aero- 
space conditions,  using  as  an  endpoint  the  physiological  response  of  human 
subjects. 

The  protection  conferred  by  items  of  personal  equipment  as  well  as  stresses  In- 
herent in  the  equipment  itself  require  definition. 

Task  T15101,  visual  problems  in  Air  Force  operations. — The  objective  of  this  task 
is  to  conduct  research  programs  that  will  enable  the  analysis  and  evaluation  of 
biological  phenomena  which  Influence  visual  perception  In  aerospace  operations. 

This  will  include  electromyographic  evaluation  of  neuromuscular  ocular  mecha- 
nisms, development  of  methods  for  properly  integrating  headgear  eyewear  In 
problem  situations,  evaluation  of  ophthalmic  filters  under  laboratory  and  field 
conditions,  evaluation  of  oxygen  toxicity  on  ocular  structures,  evaluation  of  visual 
perception  following  dazzling  flashes  of  light,  development  of  a repository  to 
study  ocular  problems  of  aging.  Including  vascular  changes,  refractive  changes, 
and  changes  In  aqueous  physiology. 

Task  776102,  mechanisms  of  operational  stress.—1 The  objectives  of  this  task 
are  to  apply  the  physiological  monitoring  techniques  which  have  been  developed 
to  measure  In-flights  stress  In  normal  individuals  to  those  aerospace  crewmen 
who  have  been  diagnosed  as  having  or  suspected  of  having  a condition  which  is 
considered  Incompatible  with  flying  safety.  It  Is  expected  to  identify  those 
aberrations  In  physiological  response  which  characterise  their  disease  or  illness. 

Ultimately,  comparison  of  the  responses  of  the  normal  and  abnormal  populations 
may  lead  to  improved  selection  and  maintenance  procedures. 

Task  775103,  adverse  effects  of  variations  in  oxygen  partial  pressure. — The 
objective  of  this  task  Is  to  clearly  define  the  hazardous  effects.  If  any,  of  human 
exposure  to  atmospheres  containing  varying  percentages  of  oxygen,  under  those 
partial  pressures  deemed  feasible  for  utilisation  in  space  vehicles.  Chroni; 
studies  are  indicated,  to  elucidate  the  long-term  effects  with  the  task  goal  to 
establish  the  ideal  space  cabin  atmosphere  In  terms  of  prevention  of  hypoxia  and 
any  adverse  effects  Induced  by  breathing  oxygen  under  conditions  different  from 
those  at  sea  leveL 
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Task  775/04,  identification,  measurement,  and  control  of  aerospace  crew  fa- 
tigue.— The  objective  of  this  task  is  to  obtain  Information  on  the  basic  per- 
formance characteristics  of  mao  as  an  operator  of  complex  systems,  to  identify 
task  and  environmental  variables  which  Interact  significantly  with  these  per- 
formance modes,  to  develop  procedures  for  assessing  man's  functional  state*  In 
these  complex  systems  environments,  and  to  develop  procedures  to  mitigate  or 
otherwise  control  potential  performance  and  functional  degradation. 

Tusk  115105,  the  pathophysiology,  prevention,  and  treatment  of  neurocircula- 
tory  dysbarism. — The  objective  of  this  task  Is  to  investigate  the  pathophysiologic 
aspects  of  neurocirculatory  shock  ns  seen  In  decompression  sickness  so  that  a 
rational  mode  of  prevention  aril  therapy  can  be  outlined. 

Task  175201,  disturbances  of  consciousness. — The  objective  of  this  task  is  to 
obtain  a better  understanding  of  syncope  and  other  disturbances  of  conscious- 
ness as  the-  tccur  In  a healthy  population.  Primary  aims  will  be  to  learn  means 
by  which  tL  ae  disturbances  can  be  prevented  and  to  Improve  the  ability  to  predict 
their  occurrence.  Decrements  of  performance  brought  about  by  Impaired  con- 
sciousness, In  contrast  to  complete  loss  of  consciousness,  will  also  be  studied. 

Task  115202,  drug  effects  in  aerospace  personm'l. — The  purpose  of  this  task  is 
to  Investigate  the  effects  of  various  drugs  upon  the  physiological  and  psychologi- 
cal capabilities  required  tn  the  operation  of  Air  Force  systems. 

Task  115205,  pathophysiology  of  spatial  disorientation. — The  primary  objec- 
tive of  this  research  is  the  understanding  and  control  of  spatial  disorientation. 
This  research  will  contribute  to  the  efficacy  of  present  and  proposed  weapons 
systems  and  to  the  safety  of  conventional  and  space  flight,  and  to  the  diagnosis 
of  complaints  of  labyrinthine  origin. 

Task  715204,  human  reliability  in  personnel  having  access  to  nuclear  weapons, 
weapons  syslem*,  or  nuclear  devices. — The  puriwee  of  this  task  Is  to  utilize 
every  medical,  psychiatric,  statistical,  and  Investigative  method  possible  to  char- 
acterize the  individual  who  may.  In  any  manner,  effect  unwar-anted  use  of  a 
nuclear  weapon  or  nuclear  device. 

Task  115501,  prevention  of  noninfectious  and  degenerative  disease. — The  ob- 
jectives of  this  task  are  to  explore  fundamental  biochemical  processes  Involved 
In  noninfectious  and  degenerative  diseases,  to  determine  the  standard  values  for 
these  processes  and  the  significance  of  Individual  variation,  to  determine  the 
reliability  of  changes  in  these  physiological  systems  as  Indcators  of  development 
of  specific  noninfectious  or  degenerative  diseases,  and  to  assist  in  evaluation 
of  proposed  measures  for  preventing  these  diseases. 

Task  115502,  control  of  infectious  diseases. — The  objective  of  this  task  Is  to 
ascertain  the  effects  of  the  aerospace  environment  on  man's  response  to  micro- 
bial Infection.  This  will  be  accomplished  by  otudying  the  effect  of  selected  en- 
vironment factors,  both  alone  and  in  combination,  on  all  aspects  of  the  host- 
parasite  relationship. 

Task  115305,  control  of  chemically  induced  biomedical  disorders. — This  task 
Is  concerned  with  those  chemically  induced  biomedical  disturbances  which  are 
untune  to  the  Air  Force  operational  environment  but  do  not  fall  within  the  classi- 
cal definition  of  “disease.”  Information  and  principles  derive  from  this  task 
arc  essential  for  the  development  of  practical  occupational  and  preventive  medi- 
cine principles. 

It  la  directed  toward  Investigation  of  the  fundamental  biochemical,  biophysi- 
cal, cytological,  and  blodynamical  mechanisms  and  changes  Induced  by  these 
chemical  environmental  factors. 

Task  T75501,  evaluation  of  cardiovascular  status. — The  objective  of  this  task  Is 
to  search  for,  investigate  and  validate  new  techniques  and  refinements  of  estab- 
lished techniques  of  cardiovascular  evalutlon.  Emphasis  will  be  directed  to 
methods  of  functional  evaluation  under  dynamic  situations  wl  lch  are  adaptable 
to  and  useful  In  the  selection  of  candidates  best  qualified  physh  ally  for  advanced 
aerospace  missions.  Validation  of  methods  for  their  diagnostic  or  ttrognostir 
utility  will  necessarily  Involve  longitudinal  studies. 

. Task  715502,  maintenance  of  physical  lltness  of  Air  Force  personnel. — TW 
objective  of  this  task  Is  to  evaluate  current  physical  conditioning  programs  la  re- 
spect to  Air  Fo»^v  »equlrements  and  investigate  new  approaches  to  the  main- 
tenance of  physical  fitness.  One  aspect  of  the  effort  Is  to  investigate  obesity  and 
its  relationship  to  i hysical  fitness. 

Task  775503,  auditory  function  of  Air  Force  personnel. — The  objectives  are  to 
develop  Improved  procedures  for  determining  existing  and  potential  bearing 
pathology  and  to  assess  the  effects  of  noise  exposure.  Those  procedures  will  ha 
applied  to  identify  individuals  evidencing  adverse  effects.  Research  will  aim  at 
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establishing  unproved  criteria  and  standards  that  will  assure  maximum  safety 
and  performance  In  the  aerospace  environment. 

Task  775604,  neuropsychiatric  assessment  techniques. — The  objective  of  this 
task  Is  to  develop  and  evaluate  methods,  techniques  and  devices  which  will  en- 
able Interested  personnel  such  as  flight  surgeons,  psychiatrists,  psychologists,  and 
neurologists  to  Identify  those  Individuals  who  should  not  participate  in  aerospace 
crew  duties,  to  identify  such  duties.  It  Is  further  desired  to  be  able  to  assess  any 
changes  in  such  capabilities  that  may  occur  with  the  passage  of  Ume.  The  pri- 
mary problem  Is  to  be  able  to  Identify  Individuals  who,  throughout  their  career, 
will  have  minimum  Impairment  in  functioning  from  mental  factors  whether  such 
factors  are  organic,  lntrapeychlc  or  environmental. 

Task  775601,  improved  medical  surgical  techniques  and  procedures. — The  ob- 
jective of  this  task  is  to  establish  methods  for  the  diagnosis  of  incipient  disease 
and  to  determine  the  most  effective  therapeutic  regimens  to  prevent  or  mitigate 
the  effects  of  a variety  of  medical  and  surgical  conditions. 

The  development  of  new  techniques  In  w-i  early  diagnosis  and  more  effective 
therapy  of  a variety  of  medical  and  surgical  diseases  will  continue  to  be  essen- 
tial to  meet  the  goals  of  applied  research  and  for  the  continued  medical  care  of 
aerospace  crew  members. 

Task  775602,  dental  problem  studies  of  the  DBAP. — The  objective  of  this  task 
is  to  conduct  research  programs,  the  product  of  which  muct  prcrldfe  the  USAF 
Dental  Service  with  the  best  possible  means  for  a desirable  operational  posture 
and  to  support  the  medical  programs  of  space  flight. 

Task  776910,  casualty  et equation  in  aerospace  flight. — The  object  of  this  task 
is  to  anticipate  and  evaluate  new  problems  In  patient  evacuation  with  association 
with  engineering  advances  In  aircraft  resulting  In  higher  performance  and 
greater  physiologicstresses.  Extension  of  the  currently  accepted  air  evacuation 
techniques  and  reorientation  of  our  Ideas  will  be  necessary  In  the  planned  evacua- 
tion of  ill  or  Injured  space  crewmen.  In  this  area  evacuation  capabilities,  opera- 
tional requirements  and  the  design  of  specialized  medical  equipment  consistent 
with  the  space-imposed  weight  limitation  will  be  a continuing,  combined,  medical- 
engineering effort  for  this  task. 

Task  775902,  emergency  care  of  the  incapacitated  aerospace  crewman. — It  is 
assumed  that  the  crews  of  early  space  exploration  and  vehicles  will  not  include 
medical  professional  personnel.  Therefore,  the  objective  of  this  task  is  to 
provide  means,  equipment  and  methods  for  self-aid. 

Task  7996,  medical  equipment  development  laboratory. — This  project  will  con- 
tinue to  support  the  research  and  development  of  medical  equipment  required 
by  the  Army,  Navy,  and  Air  Force.  The  program  will  include  research  of  new 
approaches  and  techniques  leading  to  the  standardization  and  adoption  of  medi- 
cal, dental  and  veterinarian  equipment  and  supplies  required  by  the  three 
services.  Items  proposed  for  development  will  he  coordinated  with  the  three 
military  Departments  by  the  Armed  Forces  Medical  Materiel  Coordination 
Committee. 

Task  825701,  physiological  effects  and  psychological  effects  of  acute  exposure 
to  the  arctic  environment. — The  objectives  of  the  research  accomplished  under 
this  task  are  to  describe  the  general  as  well  as  the  specific  physiological  and 
psychological  alterations  that  accompany  acute  exposure  to  an  arctic  environ- 
ment, to  define  those  areas  of  bodily  and  mental  function  where  impairment  or 
failure  is  likely  to  occur,  and  to  point  up  the  nature  of  the  protective  or  other 
measures  that  must  be  taken  to  assure  that  maximum  performance  at  the  individ- 
ual is  achieved. 

Task  823  02,  physiological  and  psychitlogicol  effects  of  chronic  exposure  in  an 
arctic  envi>  mtnent. — It  is  the  objective  of  this  task  to  delineate  those  arctic  en- 
vironmental factors  that  produce  semipermanent  changes  In  the  physiology  and 
mental  state  of  the  Individual ; to  describe  In  detail  the  nature  of  these  changes 
and  to  develop  procedures  and  techniques  to  minimize  the  deleterious  effects  of 
the  environment  and  to  promote  those  physiological  alterations  and  psychological 
adjustments  that  would  be  beneficial. 

Task  825703,  physical,  chemical,  and  physiological  effects  of  tissue  cooling. — 
The  research  effort  of  this  task  falls  In  three  general  subject  areas:  the  physi- 
ological effects  of  local  or  general  body  cooling ; the  chemical  and  physical  alter- 
ations that  accompany  such  cooling  and  the  relationship  of  these  alterations  to 
tissue  dysfunction  at  low  temperatures;  and  the  comparative  physiology  and 
physicochemistry  of  certain  species  (l.e.,  hibernators)  that  are  able  to  maintain 
effective  tissue  function  at  extremely  low,  but  above  freezing,  temperatur  . 
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Task  893704,  evaluation  of  research  In  arctic  biology  and  medicine*— The  pur- 
pose of  tills  task  to  compile  information  on  the  current  statue  of  knowledge  la 
•elected  areas  of  arctic  biology  and  medicine,  pointing  up  those  areas  where 
existing  knowledge  may  be  applied  to  the  Improvement  of  the  Air  Force  capa- 
bility In  the  Arctic  as  well  as  those  areas  requiring  future  research  efforts. 

Task  89880 1,  development  an*  evaluation  of  clothing  for  use  in  the  Arc.io. — 
The  objectives  of  this  task  are  the  development  of  clothing  which  will  permit 
the  wearer  to  perform  the  normal  duties  of  ills  Air  Force  Job  In  an  effective  man- 
ner for  an  indefinite  period  of  time  In  an  arctic  environment,  and  the  develop- 
ment of  clothing  which  will  permit  the  physically  active  but  otherwise  unprotected 
wearer  to  work  Indefinitely  out  of  doors  under  the  most  extreme  weather 
conditions. 

Task  833803,  development  and  evaluation  of  personal  and  survival  equipment 
and  procedures  for  use  in  the  arctic.—1 The  objectives  of  this  task  are:  the  de- 
velopment of  persona]  protective  equipment  and  procedures  which  will  permit  the 
properly  clothed  but  otherwise  unprotected  Individual  to  survive  and  to  con- 
tinue to  perform  necessary  duties  effectively  while  exposed  to  the  natural  arctic 
environment  following  destruction  of  his  living  quarters,  duty  station,  or  vehi- 
cle ; and  the  development  or  improvement  of  items  of  personal  equipment  which 
will  enhance  tM  quality  of  Job  performance  In  the  normal  Air  Force  arctic 
environment. 

Tatk  833803,  nutritional  interactions  during  subsist aroe  in  the  arctic  en- 
vironment.— The  objective  of  this  task  Is  to  define  th<$  effects  of  nutritional 
stress,  both  quantitative  and  qualitative,  upon  the  pe»?rt*-'.^ince  and  physio- 
logical status  of  men  In  the  Arctic,  and  to  determine  what.  If  any,  dietary  ma- 
nipulations can  be  recommended  for  increased  efficiency  of  aircrews  and  support 
personnel  during  arctic  operations. 

Task  834101,  relationship  of  the  arctic  environment  to  the  infectious  disease 
state. — The  objective  of  this  task  Is  to  determine  the  relationship  of  the  arctic 
environment  to  the  etiology,  epidemiology,  pathogenesis,  prevention  and  treat- 
ment of  lr  Actions  disease.  To  accomplish  this,  all  of  the  many  facets  of  the 
host-parasite  relationship  must  be  Identified  and  evalua  ad. 

Task  834103,  relationship  of  the  arctic  environment  to  the  noninfectiovs  disease 
state. — Studies  In  this  area  are  directed  toward  the  Investigation  of  the  rela- 
tionship of  the  arctic  environment  either  alone  or  in  combination  with  other 
factors  to  the  etiology,  pathogenesis,  prevention,  and  treatment  of  nonlnfectlous 
disease  states  such  as  fretblte,  trenchfoot,  snow  blindness,  hypersensitivities 
(allergies,  asthma,  etc.),  aaock  due  to  trauma,  drug  action,  and  others. 

Task  834103,  toxic  chemical  and  radioactive  substances  in  the  arctic  environ- 
ment.— The  objectives  of  this  task  are  to  survey  existing  problems  and  to 
evaluate  and/or  develop  methods  of  handling,  controlling,  and  protecting  person- 
nel against  toxic  chemical  agents  and  radiation  fan  the  arctic  environment 

Task  834104,  arctio  sanitation. — The  objective  of  this  task  will  be  Identify,  de- 
fine, evaluate,  and  solve  those  problems  which,  when  grouped  together,  are 
categorised  in  the  general  study  area  of  arctic  sanitary  problems.  Examples 
of  the  problem  to  be  considered  can  be  grouped  as  water  and  food  sanitation, 
waste  disposal,  and  Internal  and  external  esthetic  sanitation. 

HI.  EADIOBIOUMT 

Task  534501,  studies  of  biological  effects  of  electronic  radiating  equipment 
(radar). — The  Investigation  of  modifying  influences  of  microwave  energy  on 
mammalian  responses  to  Ionising  radiation;  the  identification  of  mechanisms 
contributing  to  such  effects  and  the  specification  of  optimal  microwave  fields 
for  exploiting  enhancement  of  recovery  possibilities. 

To  determine  the  effect  of  frequency,  power  density,  waveform  character- 
istics and  relevant  environmental  conditions  on  biological  responses  to  micro- 
wave  radiation. 

To  meet  theee  objectives,  it  Is  necessary  to  Investigate  tne  nature  and  mecha- 
nisms of  the  biological  effects  by  means  of  controlled  exposures  of  animals 
to  the  various  fields  produced  by  electronic  generators. 

Task  554503,  studies  of  microwave  induced  lenticular  opacities. — To  make 
quantitative  determinations  of  the  cataractogenic  effects  of  microwave  energy. 
This  study  Includes  the  Investigation  of  Isolated  and  combined  Influences  of 
such  microwave  parameters  as  power  density,  frequency  and  waveform  char- 
acteristics including  cw  If  Indicated.  Special  emphasis  will  be  placed  on  the 
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determination  of  lenticular  damage  potentials  of  power  densities  in  the  range  of 
10  mrr/cm*  to  100  mw/cm*. 

Tntk  5877,  Investigations  of  ionising  space  radiations. — The  following  meas- 
urements must  he  accurately  accomplished  in  natural  and  artificial  radiation 
belts  and  In  solar  flare  radiation  environments : 

Spectral  measurement  of  ambient  environment  outside  and  within  the  space 
capsule  or  space  capsule  simulant 

Surface  dose  and  depth  dose  dmtrlSutlon  through  the  use  of  manikins  or 
other  configurations  of  simulated  tissue.  These  measurements  should  be 
accomplished  both  within  the  space  capsule  simulant  and  without  capsular 
shielding. 

Linear  energy  transfer  spectral  measurements  In  simulated  tissue.  These 
measurements  will  be  made  at  depths  corresponding  to  the  depth  dose  deter- 
mination. It  is  hoped  that  present  studies  will  result  In  development  of  a 
single  sensor  which  will  provide  both  measurements  (LET  spectra  and  depth 
dose). 

Specific  vehicles  are  now  designated  for  (a)  the  outer  Van  Allen  belt;  (6) 
a long  duration  subsatellite  package  w*th  a polar  highly  eccentric  orbit  with 
apogee  approximately  2,500  nautical  miles;  (o)  a passive  solar  flare  satellite 
in  a 800- nautical-mile  circular  polar  orbit;  and  (d)  two  highly  eccentric  orbital 
satellites,  one  polar  and  one  equatorial. 

Task  7757,  definition  of  potentially  hasardous  sources  of  radiation  in  Air 
Force  operations. — Research  is  being,  and  will  continue  to  be,  conducted  in  the 
Interactions  of  radiation  with  matter  and  the  physical  lurameters  of  radiation 
sources  which  may  modify  the  type,  flux  or  energy  spectra  of  the  eroaratlng 
radiation.  Instruments  and  methods  are  being  devised  to  measure  more  accu- 
rately and  quickly  these  physical  parameters  of  radiation,  to  record  and  trans- 
mit. the  data  and,  finally,  to  analyse  the  results  In  a manner  amenable  to  vxtrap- 
olatlon  to  biomedical  parameters  of  Interest.  To  accomplish  this,  many  radi- 
ation sources  are  used  in  this  laboratory  utilising  various  dose  schedules.  In 
addition,  cooperative  research  Is  done  with  many  university  laboratories  and 
with  the  national  laboratories  of  the  A EC,  where  unique  radiation  sources 
(cyclotrons  and  linear  accelerations)  may  be  available.  Contractual  research 
supplements  the  ln-hous  capabilities  of  this  laboratory. 

The  study  of  radiation-induced  radicals  in  chemical  and  biological 
systems. 

A compressive  map  of  space  radiations. 

Research  on  triplet  states  and  photochronlsm. 

Investigations  of  physical  response  of  various  types  of  detectors. 

Development  of  an  apparatus  for  localised  bombardment  of  specific  areas 
of  living  biological  cells  with  high-energy  protons. 

Development  of  special  lithium  drift  detectors  for  medical  applications. 

Dosimetry  for  laboratory  Irradiations  of  primates. 

Procedures  for  whole-body  exposure  of  primates  to  proton  beams. 

Whole-body  counting  of  radioactivity  In  primates  exposed  to  protons. 

Neutron  f*  Section  and  dosimetry. 

Task  No.  77 6 <02,  biological  effects  of  radiation  exposure. — Suitable  research 
programs  will  include  evaluation  of  damage  by  various  types  of  ionising  radia- 
tions to  biochemical  systems,  snbcellular  structures,  cells,  tissues  and  organs 
in  human  and  suitable  laboratory  animals.  Changes  and  damage  by  Ionising 
radiations  at  many  levels  will  be  tested  and  reevaluated  for  correlation  with 
available  human  data  in  order  that  recommendations  for  human  application 
can  be  made.  This  laboratory  Is  In  a unique  position  in  that  it  has  several 
groups  of  primates  that  have  been  irradiated  chronically  and  some  acutely  as 
long  ago  as  10  years.  This  provides  an  unusual  opportunity  to  study  late  effects 
of  radiation  In  a suitable  laboratory  animal  and  logically  will  be  applied  to 
the  study  of  late  developments  In  the  human. 

Biological  and  medical  aspects  of  ionizing  radiation. 

Radiation  breakage  of  human  chromosomes  in  vivo  and  in  vitro. 

The  effect  of  radiation  on  the  DNA  binding  capacity  of  hemoglobin. 

Effects  of  radiat.'on  on  neurons  and  glial  cells  by  tissue  culture  methods. 

To  study  In  man  the  effect  of  250-300  r total  body  irradiation. 

Chronic  exposure  to  gamma  Irradiation  and  its  effects  on  serum  isoen- 
zymes systems. 

In  vitro  studies  on  the  human  cell’s  physiology  under  proton  bombard- 
ment 
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The  effect  of  radiation  on  cytoplasmic  regeneration  in  acetabularis. 

Studies  on  the  effect  of  radiation  on  the  submicroseopie  structure  of  the 
sympathetic  neurone. 

Normative  values  and  observations  on  the  laboratory  primate. 

Metabolic  pathways  and  the  fate  of  isotopes  in  man. 

Biochemical  assays  of  irradiated  eye  lens  hem oge nates. 

Effects  of  radiation  on  trace  metals  in  the  serum  of  irradiated  animals. 

The  effects  of  radiation  and  radioactive  compounds  on  erythropoiesis. 

Effect  of  radiation  on  various  transport  systems  of  the  intestine. 

Microbiological  radiation  dosimetry. 

Cytokinetic  responses  to  ionizing  radiation. 

Task  7757 OS,  modification  of  radiation  effects. — The  study  of  potential  chemical 
protective  agents  involves  utilization  of  those  methods  common  to  the  disciplines 
of  chemistry,  pharmacology,  and  biology.  The  general  approach  is  as  follows : 
A screening  program  designed  to  rapidly  evaluate  agents  which  may  afford  protec- 
tion based  on  known  chemical  structure  and/or  pharmacologic  actions  is  estab- 
lished. Usi  rodents  first,  agents  are  screened  by  employing  various  drug  dos- 
ages and  radiation  patterns.  The  toxic  side  effects  of  the  administered  agents 
are  simultaneously  evaluated.  I he  effects  of  irradiation  on  these  agents  also 
aids  in  the  isolation  of  more  active  tractions  and  to  remove  those  With  undesir- 
able side  effects.  By  this  means  mechanisms  of  action  may  be  studied. 

Chemical  protection  against  chronic,  sublethal,  and  fractionated  doses  of 
radiation. 

Studies  of  the  effect  of  radiation  on  the  gastrointestinal  tract  and  modi- 
fication by  protective  agents  and  postlrradiatiou  therapy. 

Studies  of  the  effect  of  radiation  on  hematopoiesis  and  modification  by 
chemical  protection  and  postirradiation  therapy. 

Mollification  of  biological  effects  by  postirradiation  therapy. 

Long-term  latent  or  chronic  effects  of  ionizing  radiation. 

Effects  of  ionizing  radiation  upon  physiological  and  psychological  func- 
tions of  various  species. 

The  mechanism  of  action  of  the  tbiouronlum  class  of  radiation  protective 
agents. 

Radiation  immunology  in  the  pygmy  marmoset. 

Antibody  formation  by  the  hymphocytes  and  its  role  in  the  homograft  re- 
action. 

Task  7757.  significance  if  radiation  hazards  in  aerospace  operations. — For  al- 
most 11  years  the  USAF  School  of  Aerospace  Medicine  has  been  engaged  in  re- 
search which  has  characterized  the  acute  radiation  syndrome  in  the  Macaca 
mulatta  primate.  The  use  of  a full  range  of  ionizing  radiations  such  as  bomb 
spectrum  radiation  (both  low  and  high  neutron  to  gamma  ratios),  Co"  gamma, 
high  energy  X-rays,  Po-Be  neutrons,  fast  and  slow  neutrons,  and  mixed  reactor 
radiation  has  facilitated  the  establishment  of  RBE’s  for  many  endpoints.  In 
addition,  some  aspects  of  the  acute  radiation  syndrome  in  the  primate  have  been 
compared  with  that  in  man  under  similar  conditions.  Much  of  these  data  have 
been  utilized  in  estimating  hazards  to  crew  members  of  nuclear-propelled  air- 
craft and  in  establishing  training  and  combat  mission  schedules  for  such  air- 
craft. It  is  a logical  extension  to  expose  animals  to  whole-body  irradiation  of 
very  high  energy  protons  in  an  effort  to  establish  RBE’s  for  such  protons.  It 
is  felt  that  the  data  accrued  from  such  a study  would  enable  one  to  more  ac- 
curatel>  predict  the  dose-effect  relationships  resulting  from  exposure  to  the  very 
high  energy  protons  of  space,  especially  those  trapped  in  the  Van  Allen  radiation 
belts  and  those  associated  with  solar  flares.  Serious  consideration  must  also  be 
given  to  the  biological  hazards  of  existing  electron  belts. 

Ocular  effects  resulting  from  exposure  to  high  energy  protons. 

Biological  effects  of  whole  body  exposure  to  high  ene-gy  protons  in  pri- 
mates. 

Biological  effects  of  chronic  whole-body  neutron  expo. u re  in  the  primate. 

Task  180102,  radiobiological  aspects  of  reactor  hazards  — Hazards  analysis  fol- 
lowed by  operational  safety  studies  must  precede  I’HoK  employment  of  any 
nuclear  power  system.  The  hazard  may  exist  in  the  fo*m  of  direct  radiation 
from  the  system  or  distribution  of  radioactivity  through  accidental  destruction 
of  the  system,  e.g.,  reactor  effluent  and/or  reentry  burnup  prodr»cta.  In  any  event 
and  for  each  specific  system,  the  hazard  must  be  defined  and  th  * radiobiological 
consequences  of  personnel  exposure  determined.  The  research  performed  under 
this  task  is  designed  to  ig-ovide  this  information  with  data  to  Ik*  obtained  through 
field  release  tests  which  simulate  accidental  situations,  the  use  of  sampling  and 
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mennuring  grids  during  AF  ' testing  of  reactors  and  the  exposure  of  biological 
specimens  to  the  operational  environment  of  operating  systems.  This  research 
is  supplemented  by  exposure  of  large  animals  to  radiation  environments  produced 
in  the  laboratory.  The  effort  is  primarily  in-house;  however,  portions  of  It 
which  are  l**yond  **ie  capability  of  the  AJfWL  to  perform  are  contracted  for. 

Task  7 80104,  health  and  safety. — The  ever-increasing  use  of  Isotopes  for  civilian 
•O''  military  purposes  increases  the  chances  of  accidental  ingestion  und/or  in- 
to' stb*n  of  radioactivities.  While  the  amounts  may  be  relatively  low,  medlco- 
1 ,•  .si  implications  are  such  that  the  isotope  must  be  identified,  if  possible,  and  an 
/itimate  of  body  burden  determined.  This  will  be  accomplished  by  use  of  the 
*hole  body  counter  and  gamma  ray  spectrometer.  In  evaluating  certain  ingestion 
or  Inhalation  hazard*  by  use  of  experimental  animals,  whole  body  counting  is 
required  to  relate  effect  to  dose.  The  whole  body  counting  facility  of  this  labora- 
tory supiM»rts  Lovelace  Foundation,  Sandia  Corp.,  AFWL,  and  other  DOD  and 
NASA  agencies.  In  vivo  dosimetry  will  increase  in  importance  as  techniques  are 
refined.  Animals  will  be  instrumented  with  appropriate  detectors  for  all  ex- 
I>o«ures  done  by  this  laltoratory.  Depth  dose  measurements  are  very  significant 
if  the  damage  produced  by  various  forms  of  radiation  is  to  be  projterly  evaluated 
and  protective  measures  are  to  be  established. 

IV.  HUMAN  PERFORMANCE 

Task  moot,  design  of  behavioral  measurement  instrumentation  for  aerospace 
vehicles. — The  specific  objective  of  this  task  is  to  accomplish  all  developmental 
efforts  necessary  to  provide  u buttery  of  psychological  kioinstruiuentation  devices 
capable  of  measuring  and  evaluating  human  operator  perforinan«*e  and  psycho- 
logical respouse  during  aerospace  missions.  The  eud  result  of  this  task  will  be 
u prototype  model  and  a complete  set  of  engineering  si*ecifications  for  the  design 
of  a standard  battery  of  psychological  measurement  devices  of  demonstrated 
feasibility  and  high  leliabillty. 

Task  111002.  performance  effects  of  environmental  stress. — The  types  and  ex- 
tents of  individual  and  crew  performance  effects  of  environmental  stresses  (such 
ns  temperature  extremes,  unsual  g-forces  and  vibration)  and  prolonged  confine- 
ment will  be  determined.  Possible  procedures  for  counteracting  performance  dec- 
rements will  be  developed  and  specified.  The  end  results  will  be  design  and 
procedural  recommendations  with  respect  to  aerospace  vehicles. 

Task  111003,  human  factors  in  the  design  of  systems  for  operator  training  and 
evaluation. — The  objective  of  this  task  is  the  development  of  an  improved  tech- 
nology for  the  design  of  operator  training  systems  with  sjiecial  attention  to  criti- 
cal problems  in  training  for  manned  space  operations,  the  design  uud  utilization 
of  training  equipment,  uud  the  automation  of  training.  Application  of  the  princi- 
ples formulated  under  this  task  by  weapon  system  contractors,  human  factors 
engineers  in  AFSC,  and  training  groupti  and  planners  throughout  the  Air  Force 
will  facilitate  the  development  of  training  equipment  and  facilities  which  are 
optimally  efficient,  valid,  and  economical. 

Task  11100\,  techniques  for  training,  aiding,  and  evaluating  the  performance, 
of  technical  tasks. — The  objects  of  this  task  is  to  generate,  interpret,  and  organ- 
ize human  factors  information  pertinent  to  the  development  of  devices  and 
techniques  for  developing,  sustaining,  and  evaluating  proficiency  of  personnel  in 
the  i*erformance  of  technical  tasks.  Such  devices  and  techniques  will  be  applica- 
ble to  both  present  and  future  Air  Force  problems  of  providing  skilled  technical 
personnel. 

Task  111 000,  personnel,  training,  and  manning  factors  in  the  conception  and 
design  of  aerospace  systems. — The  objective  of  this  task  is  to  develop  the  tech- 
nical basis  for  efficient  and  timely  consideration  and  effective  handling  of  per- 
sonnel, trainiug.  and  manning  factors  In  the  conception,  design,  and  development 
of  aerospace  systems.  Systems  must  be  designed  with  greater  systematic  con- 
sideration of  these  factors  or  it  will  be  Increasingly  difficult  or  impossible  for 
the  Air  Force  to  develop  the  human  resources  posture  required  to  support  the 
future  technological  force  structure.  The  end  result  of  efforts  under  this  task 
will  be  techniques  and  data  for  use  in  the  integration  and/or  trade-off  of  human 
factors  related  to  personnel,  training,  and  manpower  with  engineering  and 
oi>e rational  factors  during  the  conceptual,  design  and  development  phases  of 
weapon  systems. 

Task  11  tOOl,  automated  training  and  programed  instruction — The  objective 
of  this  task  is  to  develop  principles  for  the  design  of  highly  effective  and  eco- 
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Domical  system*  of  automated  training  and  programed  Instruction.  Such  prin- 
ciples can  be  widely  applied  to  Air  Force  training  efforts  for  conventional  oper- 
ations, advanced  aerospace  operations,  and  activities  associated  with  limited  war 
and  counterinsurgency. 

Task  557701,  advanced  sysle pi  display*. — The  objective  of  this  task  Is  to : deter- 
mine methods  of  presenting  data  which  will  satisfy  advanced  system  require- 
ments; provide  detailed  performance  specification*  for  displays  for  advanced 
systems ; determine  principles  for  efficiently  determining  the  roles  and  informa- 
tional requirements  of  personnel  in  advanced  systems;  and  developing  tech- 
niques for  satisfying  these  identical  display  requirements. 

Tatk  557704,  display  standard*. — This  task  has  been  established  to  consolidate 
and  direct  the  conduct  of  research  designed  to:  provide  verification  of  the  visual 
display  standards  which  are  currently  accepted  and  applied  In  the  field  of  human 
engineering ; determine,  measure,  and  specify  the  contrast  and  brightness  levels 
required  for  adequate  performance  in  displays  of  colored  symbols  on  color  back- 
grounds ; and  effects  of  display  update  rates  on  the  perception  of  information. 
The  visual  display  standards  in  current  use  are  based  on  threshold  determina- 
tions, and,  as  such,  may  not  be  completely  appropriate  as  criteria  in  the  design 
of  complex  visual  displays. 

Task  557708,  information  transfer. — Recent  developments  in  the  application  of 
probability  theory  to  both  detection  and  decisionmaking  problems  appear  to  have 
value  for  Inclusion  into  an  approach  designed  to  identify  criteria  and  develop 
a measure  for  evaluating  the  potential  Information  transfer  capability  of  large- 
scale  displays. 

Task  557709,  display  decision  interaction. — Displays  are  a management  deci- 
sion tool  and,  as  such,  should  represent  an  optimal  transducer  between  man  and 
machine  in  the  command-control  system.  To  achieve  this,  the  display  must  be 
utilized  under  conditions  in  which  the  data  are  presented,  in  the  best  possible 
manner,  to  allow  quick  meaningful  perception  on  the  part  of  the  human 
observer. 

Task  611402,  energy  management  simulation. — The  objectives  of  this  task  are  to 
develop  equations  to  simulate  the  energy  management  computation  In  full  mis- 
sion simulation  of  hypervelocity  boost  glide,  rendezvous,  orbital,  and  reentry 
vehicles,  and  to  develop  techniques  which  can  implement  these  equations  into 
practical  hardware  capable  of  simulating  control  of  vehicle  energy. 

Task  611405,  visual  simulation  techniques  for  manned  space  vehicles. — The 
specific  objective  of  the  task  is  to  provide  techniques  to  simulate  the  visual  en- 
vironment under  the  following  conditions : fully  unprograroed  orbital  flight  with 
the  Earth,  star  field,  other  vehicles,  and  the  Sun  in  view  singly  or  in  combina- 
tion; the  landing  maneuver  from  post-reentry  to  touchdown;  the  takeoff  cov- 
ering the  same  general  boundaries  as  the  landing.  The  technique  will  be  ex- 
tended to  visual  reconnaissance  problems  and  to  fully  computer  activated  land- 
ing simulation  upon  completion  of  the  orbital  flight  problem. 

Task  611407,  mathematical  models. — The  objective  of  this  task  is  to  develop 
techniques  for  writing  equations,  analysing  variables,  and  developing  data  for 
simulating  conventional  aircraft,  hypervelocity,  rendezvous,  orbital,  and  re- 
entry vehicles. 

Task  611408,  simulation  computers. — The  objective  of  this  task  Is  to  develop 
or  adapt  as  appropriate  the  techniques  required  for  the  development  of  com- 
puters for  flight  simulators  for  advanced  weapon  systems. 

Task  611409,  systems  synthesis. — The  objective  of  the  task  is  to  develop  tech- 
niques tor  representing  systems  in  a language  which  consists  of  mathematic, 
flow  charts,  logical  expressions,  and  others  typical  of  operations  research ; and 
mechanize  these  systems  representation  with  computers.  The  systems  consid- 
ered will  be  typict  1 subsystems  such  as  propulsion,  electrical  systems,  radar,  Infra- 
red, fuel  management,  and  man-machine  systems. 

Task  611410,  display  synthesis. — The  objectives  of  this  task  are  to  develop 
techniques  for:  instrumentation  which  is  modular  and  operates  directly  from 
computer  signals;  and  generation  and  displaying  of  information  on  cathode  ray 
tubes. 

Task  611412,  monitoring  and  scoring. — The  objectives  of  this  task  are  to:  de- 
velop or  identify  principles  by  which  student  performance  in  training  devices 
can  be  measured  and  evaluated ; and  develop  design  techniques  to  implement 
these  principles  in  practical  hardware. 
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Task  675501,  the  effect  of  personnel  policies  upon  officer  carter  plant. — Air 
Force  policies  pertaining  to  career  management  procedures  have  a strong  effect 
upon  the  capabilities,  motivation  and  re ta inability  of  Air  Force  officers.  The 
purpose  of  this  task  is  to  obtain  information  and  to  develop  methods  by  which 
insights  can  be  gained  into  the  reactions  toward  such  policies.  Information 
about  how  officers  perceive  and  interpret  policies  in  terms  of  their  own  careers 
will  be  obtained. 

Task  67550t,  education  as  an  indicator  of  officer  effectiveness. — This  task  is 
directed  at  stuay  of  the  relationships  between  education  and  measure#  of  officer 
effectiveness.  The  goal  is  an  evaluation  of  educational  requirements  as  a 
necessary  prerequisite  of  success  as  an  Air  Force  officer. 

Task  675504,  identification  of  loert  tcith  scientific  and  engineering  potential. — 

The  Air  Force  needs  officers  trained  in  engineering  or  scientific  areas.  How- 
ever, many  officers  hesitate  to  apply  for  such  training  because  they  are  unaware 
of,  or  are  doubtful  of,  their  ability  to  succeed  in  such  endeavors.  Because  of 
this  the  A'r  Force  would  benefit  by  having  procedures  which  will  identify  In- 
dividuals ..ho  possess  the  capabilities  of  succeeding  in  science  and  engineering 
career  fields.  The  purpose  of  the  study  will  be  to  try  out  aptitude  tests,  bio- 
graphical information,  and  measures  of  Interest  as  possible  indicators  of  po- 
tential for  scientific  and  engineering  training. 

Task  675505,  prediction  of  retirement  trends. — An  Increasingly  larger  propor- 
tion of  officers  will  become  eligible  to  retire  within  tho  next  few  years.  Because 
of  this,  a major  consideration  of  the  Systems  Command  personnel  planning  is 
having  enough  replacements  for  officers  who  retire.  To  meet  this  requirement, 
it  is  necessary  to  have  prior  information  as  to  how  many  and  what  types  of 
officers  will  be  leaving  the  Air  Force.  The  purpose  of  this  task  is  to  try  out  one 
possible  means  of  'stimating  trends  iu  retirement  of  Systems  Command  officers. 
It  will  develop  procedures  to  Identify  officers  who  are  likely  to  retire  as  soon  as 
they  become  eligible  as  compared  to  those  who  will  remain  in  service. 

Task  675506,  application  of  automated  procedures  in  the  assignment  of  scienti- 
fic and  engineering  personnel. — The  purpose  of  this  task  is  to  apply  a computer- 
ised mathematical  model  which  will  determine  the  factors  relevant  to  assign- 
ment policymaking  and  then  reproduce  this  policy  as  closely  as  possible,  and, 
having  decided  upon  a specific  assignment  policy,  will  maximise  the  goodness 
of  allocations  of  individuals  to  Jobs.  Such  procedures  should  be  applicable  to 
AFSC  assignment  activities  provided  that  the  necessary  information  about  people 
and  Jobs  is  available  and  the  program  is  refined  to  handle  a larger  amount  of 
Information. 

Task  689301,  animal  performance  equipment  development. — The  work  on  this 
task  is  required  to  provide  a capability  for  psychological  measurement#  on 
animals  participating  in  experiments  conducted  under  standard  laboratory  condi- 
tions and  almnlated  and  actual  space-flight  conditions.  To  do  this  standard  com- 
mercial laboratory  apparatus  will  be  used  along  with  nonstandard  apparatus 
which  will  be  designed,  developed,  and  tested. 

Task  68930t,  animal  behavior  research  in  space  environments. — Work  on  tbl# 
task  will  be  directed  toward  developing  research  techniques  and  methodology 
of  manipulating  and  controlling  behavior  which  will  enhance  the  general  area 
of  animal  training  and  the  ability  to  evaluate  the  effects  of  space  enciromnent, 
psychopharmacologlcal  reactions,  acceleration,  reduced  sensory  Input,  and  other 
stressful  situations  that  may  be  encountered  in  the  aerospace  environment 

Task  718401,  criteria  for  the  design  and  arrangement  of  displays. — The  objec- 
tive of  this  task  Is  to  specify  the  design  requirements  for  visual,  tactual,  and 
anditory  displays  so  that  the  information  required  by  operator  and  support  per- 
sonnel associated  with  advanced  weapon  systems  is  readily  perceived,  correctly 
Interpreted,  and  acted  upon  with  maximum  efficiency.  Research  on  man’s  visual 
and  perceptual  capabilities  In  space  will  provide  information  concerning  his 
performance  capabilities  and  limitations,  and  will  lead  to  design  criteria  for 
future  systems  which  have  requirements  for  rendesvous  in  space. 

Task  7 18402,  criteria  for  the  design  and  arrangement  of  controls  and  control 
systems. — The  objective  of  this  task  is  to  establish  human  factors  criteria  for 
the  design  of  controls,  control  systems,  and  crew  stations  for  aeronautical  and 
astronautical  weapon  systems.  More  compatible  control  system  designs  and  con- 
trol linkages  between  the  operator  and  the  system  be  controls  will  result  from 
this  task. 
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Task  718403,  man-machine  systems  research. — Fundamentally,  this  task 
focuses  upon  human  behavior  that  is  complexly  Integrated  with  machines  and/or 
with  other  humans.  Thus,  the  task  is  simultaneously  concerned  with  the  be- 
havior of  human?  in  men-machine  systems,  and  with  the  behavior  of  systems  of 
which  major  components  are  men. 

Task  718404,  advanced  systems  human  engineering  design  criteria. — The  ob- 
jectives of  this  task  are  to  provide  a fast  reaction,  applleg  research  capability 
for  the  solution  of  human  performance  problems  associated  with  the  develop- 
ment of  a wide  variety  of  Air  Force  Hystems.  In  addition,  a more  general  re- 
search program  is  conducted  to  develop  human  engineering  design  criteria  and 
procedures  to  facilitate  systems  design. 

Task  718405,  design  criteria  for  crew  stations  in  advanced  systems. — The  pri- 
mary purpose  of  this  task  is  to  provide  human  engineering  design  criteria  for 
orbital  systems  ranging  from  boost-glide  vehicles  to  personal  propulsion  units  for 
extra-vehicular  operations.  The  specific  area  of  Interest  is  the  assessment  of 
human  performance  and  tolerances  under  conditions  of  weightlessness,  partial 
gravity,  and  the  Coriolis  forces  present  in  rotating  space  vehicles. 

Task  718406,  the  development  of  human  engineering  maintainability  design 
criteria. — The  immediate  objective  of  this  task  is  to  provide  human  engineering 
information,  principles,  and  criteria  for  design  of  advanced  vehicle  systems  and 
associated  equipment  for  easy,  efficient,  and  effective  maintenance.  The  ultimate 
objective  is  improvement  in  operational  efficiency  and  utility  of  such  equipment 

Task  718407,  design  criteria  for  nuclear  systems  support  equipment. — The  ob- 
jective of  this  task  Is  to  establish  human  engineering  design  criteria  for  support 
equipment  associated  with  nuclear  systems.  Such  criteria  will  make  possible 
more  efficient  and  less  hazardous  operation  and  maintenance  of  nuclear  systems. 

Task  718408,  anthropology  for  design. — The  objective  of  this  task  is  to  provide 
the  anthropological  data  necessary  to  insure  the  safety,  efficiency,  and  comfort 
of  man  operating  existing  and  advanced  Air  Force  systems. 

Task  768201,  da* a presentation  ami  human  data  processing. — Displays  tor 
future  command  and  control  systems  must  provide  optimally  relevant  informa- 
tion to  users  with  a minimum  delay  and  confusion.  As  the  complexity  of  display 
features  is  increased,  as  what  the  operator  must  monitor  and  perceive  becomes 
more  dense,  a significant  decrement  in  performance  becomes  apparent.  It  is  a 
major  objective  of  the  research  planned  under  this  task  to  isolate  those  variables 
influencing  the  operator,  so  that  reliable  human  performance  may  be  realized. 

Task  768202,  eitmmunieution. — The  object  of  this  task  is  to  Identify  and  de- 
scribe the  features  of  auditory  and  vibrotaetlle  signals  which  can  be  utilized 
for  rapid,  efficient,  and  unambiguous  communication  among  operators  and  deci- 
sion makers  in  Air  Force  systems.  Two  end  products  are  anticipated:  In  voice 
communication,  knowledge  abont  and  prediction  capability  for  the  effects  of 
language  and  system  variable*  on  speech  transmission,  and  the  value  of  extra- 
intelligibHity  information  contained  in  the  human  voice:  In  communication 
through  the  sense  of  touch,  knowledge  about  the  characteristics  of  vibrotaetlle 
signals  most  suitable  for  communication  in  system  operations. 

Task  768203,  decision  making  in  computer  environments. — The  objective  of  this 
task  is  to  provide  the  Air  Force  with  design  information  and  methodology  to 
assist  the  development  of  superior  man-computer  decision-making  environments. 

Task  768204,  automated  training  for  information  systems. — The  overall  objec- 
tive of  this  task  is  to  develop  and  test  specifications  for  automated,  programed 
Instruction  subsystems  for  Information  Systems.  Generalized  techniques  and 
programed  instruction  principles  are  required  which  have  across-systems  appli- 
cability to  the  class  of  complex  Intellectual  and  perceptual  skills  called  for  in 
these  systems. 

Task  771702,  specialty  knowledge  tests. — The  objective  of  this  task  is  to  develop 
and/or  revise  specialty  knowledge  tests : to  develop  TJ8AF  study  reference  lists 
to  assist,  airmen  to  prepare  for  specialty  knowledge  tests;  to  revise  the  TT8AF 
supervisory  examination  on  an  annual  basis;  and  to  score  specialty  knowledge 
tests  (five- and  seven-level)  and  supervisory  examinations. 

“Adaptability”  covers  the  areas  of  emotional  adjustment  to  the  military  life 
and  motivation  to  perform  effectively  in  military  Jobs  and  activities.  Specific 
objectives  of  adaptability  research  include  the  development  of  general  procedures 
for  screening  in  career  fields  where  the  reliability  and  emotional  stability  of 
personnel  is  of  particular  importance ; for  example,  personnel  assigned  to  high- 
risk  jobs  in  special  weapons  maintenance  and  assembly. 
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Task  111903,  development  of  procedure*  for  the  telectlve  retention  of  Air 
Force  personnel. — The  objective  of  this  task  le  to  provide  standardized  proce- 
dures for  the  selective  retention  of  Air  Force  personnel.  The  procedures  and 
techniques  will  aid  In  the  Identification  of  Air  Force  personnel  who  are  successful 
In  the  career  field  in  which  they  have  been  trained,  adaptable  to  future  skill 
requirements,  and  morally  and  socially  acceptable  in  the  Air  Force  environment. 

Task  111904,  development,  analysis,  and  improvement  of  tools  and  techniques 
for  officer  performance,  evaluation,  and  measurement. — This  task  requires  the 
study  of  existing  criteria  of  performance  and  expansion  of  data  on  empirical 
criteria,  development  of  new  performance  measures,  and  techniques  for  predict- 
ing various  measures  of  officer  performance.  The  goal  is:  the  objective, 
quantitative  and  reliable  evaluation  of  how  well  individual  officers  perform 
assigned  tasks  and  duties;  the  effective  prediction  of  Job  performance:  and 
defining  through  research  the  potential  influence  of  officer  performance  measures 
on  aspects  of  Air  Force  personnel  policies. 

Task  111905,  development,  analysis,  and  improvement  of  tools  and  techniques 
for  airman  performance  evaluation  and  measurement. — This  task  is  directed  at 
the  study  of  existing  criteria  of  performance  and  the  development  of  new  per- 
formance measures  for  airmen.  The  goal  is:  the  objective,  quantitative,  and 
reliable  evaluation  of  how  well  individuals  perform  assigned  tasks  and  duties; 
and  the  effective  prediction  of  job  performance. 

Task  711704,  Armed  Forces  operational  selection  tests. — The  goal  of  this  task 
is  to  revise  and  improve  Armed  Forces  women’s  selection  test  (AFWST)  and 
women’s  enlistment  screening  test  (WEST),  and  provide  spatial  items  for  Armed 
Forces  qualification  test  (AFQT). 

Task  111105,  selection  and  classification  instruments  for  airman  personnel 
proyrams. — The  purpose  of  this  task  is  to  provide  on  a timely  basiB  tests  and 
measurement  devices  having  maximum  efficiency  as  required  for  the  various  Air 
Force  enlisted  personnel  procurement  and  screening  programs. 

Task  771706,  selection  and  classification  instruments  for  officer  personnel  pro- 
grams.— The  objective  of  this  task  is  to  provide  on  a timely  basis  tests  and  meas- 
urement devices  having  maximum  efficiency  as  required  for  the  various  Air 
Force  officer  personnel  procurement  and  screening  programs. 

Task  171107,  psychological  screening  of  V8AF  special  projects  candidates. — 
The  objective  of  this  task  is  to  select  those  individuals  from  available  candidates 
who  have  personality  characteristics  required  for  adequate  performance  in  a 
special  assignment. 

Task  111901,  development  of  mathematical  models  and  techniques  to  facilitate 
research  in  the  selection,  classification,  and  utilization  of  Air  Force  personnel. — 
The  objective  of  this  task  is  to  provide  mathematical  models  and  more  powerful 
statistical  and  computer  techniques  which  will  enable  the  advancement  of  per- 
sonnel selection,  classification,  planning,  and  utilization. 

Task  711902,  research  on  prediction  and  assessment  of  adaptability  to  Air 
Force  life. — The  objective  of  this  task  is  to  develop  procedures  for  predicting  and 
assessing  adaptability  to  Air  Force  life. 

Task  111906,  improvement  of  present,  and  development  of  new,  selection  and 
classification  procedures. — The  objective  of  this  task  is  continual  improvement 
of  selection  and  assignment  pueedures  by  revising  existing  practices  and  develop- 
ing new  ones. 

Task  111907,  relation  of  aptitude  tests  ic  programed  learning  outcomes. — The 
objective  of  this  task  is  to  determine  the  relationship  of  aptitude  and  other  tests 
of  indlvidnal  differences  to  the  results  of  programed  learning. 

Task  113401,  development  of  methods  for  collecting,  analyzing,  and  reporting 
information  describing  Air  Force  specialties. — The  objective  of  this  task  is  to  de- 
velop procedures  for  collecting  occupational  Information  for  all  Air  Force  special- 
ties so  as  to  provide  reliable,  accurate,  and  current  data  in  quantitative  forms  of 
maximum  utility  to  using  agencies. 

Task  113402,  development  and  appraisal  of  methods  for  Job  evaluation. — The 
primary  objectives  of  this  task  are:  to  Identify  and  define  Job  requirement  fac- 
tors which  discriminate  among  officer  and  airman  jobs  or  specialties  in  terms  of 
merited  compensation,  which  possess  face  v alidity,  and  which  can  be  used  as  a 
basis  for  evaluating  Jobs ; to  develop  techniques  of  determining  suitable  factor 
weights;  to  develop  appropriate  methods  for  combining  weighted  factor  values 
Into  Job-  and  specialty -evaluation  scores;  and  to  develop  operationally  feasible 
plans  for  obtaining  reliable  and  meaningftil  < -alntions  of  officer  and  airman  joba 
or  specialties. 
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Task  778403,  development  and  evaluation  of  methods  for  grouping  work  activ- 
ities into  positions,  specialties,  and  career  fields. — The  objective  of  this  task  Is  to 
develop  and  evaluate  methods  of  grouping  work  activities  into  positions,  special- 
ties, and  larger  management  units  such  as  career  fields.  The  goal  is  to  develop 
methods  to  determine  the  most  appropriate  number  and  type  of  Air  Force  special- 
ties and  to  provide  flexible  procedures  for  modifying  personnel  structures  to  al- 
low for  the  Integration  of  new  jobs  or  for  changes  in  existing  jobs. 

Task  773404 , development  of  methods  for  establishing  Job-oriented  criteria. — 
The  purpose  of  this  task  is  to  develop  and  evaluate  job-oriented  criterion  meas- 
ures which  are  suitable  for  use  in  validating  personnel  qualifications  require- 
ments such  as  selection  and  classification  test  scores,  training  grades,  specialty 
knowledge  test  scores,  education,  and  experience  data. 


APPENDIX  H 

Misoei.lanhoub  Lrntu  to  thb  Suscommxttee  oh  Manned  Space  Flight 

National  Aeronautics  and  Stack  Administration, 

Office  or  the  Administrator, 
Washington.  D.O.,  May  t9,  1969. 

Hon.  Oun  E.  Teague, 

House  of  Representatives, 

Washington,  D.O. 

Dear  Mr.  Teacue  : This  letter  Is  In  response  to  yonr  recent  Inquiry  concerning 
NASA's  nuclear  program. 

The  work  on  nuclear  systems  for  space  application  is  contained  In  two  cate- 
gories in  the  NASA  budget.  These  are  the  nuclear  rocket  and  the  nuclear  electric 
systems  programs.  Much  of  this  work  is  conducted  Jointly  with  the  Atomic 
Energy  Commission.  The  AEO  is  responsible  for  the  development  of  the  nuclear 
reactors  that  are  used  In  all  of  these  systems.  NASA  is  responsible  for  develop- 
ment of  nonnuclear  components  such  as  pumps,  turbines,  nozzles,  heat  exchangers, 
radiators,  and  for  the  Integration  and  assembly  of  the  nuclear  reactors  and  non- 
nuclear components  into  operational  systems.  NASA  is  also  responsible  for 
applying  these  systems  in  space  missions.  The  overall  budget  for  nuclear  systems 
is  borne  by  both  NASA  and  the  ABC  with  each  agency  budgeting  for  and 
Justifying  to  the  Congress  work  falling  within  its  area  of  responsibility. 

We  have  adopted  an  organization  and  management  structure  which  we  believe 
leads  to  an  absolute  minimum  possibility  of  any  duplication  in  funding  and 
effort.  In  the  nuclear  rocket  program,  Eover,  NASA  and  the  ABC  have  estab- 
lished a single  office  called  the  Space  Nuclear  Propulsion  Office  to  manage  all 
aspects  of  the  development  of  nuclear  rocket  propulsion  regardless  of  agency 
responsibility.  The  manager  of  this  Office  reports  to  NASA  and  the  AEO.  He 
exercises  the  responsibilities,  spends  the  funds,  and  directs  the  work  of  both 
agencies  in  nuclear  rocket  propulsion  development.  The  program  Is  planned  and 
operated  as  a single  program  even  though  NASA  and  ABC  have  distinct  respon- 
sibilities and  funds  in  It. 

The  manager  of  the  Space  Nuclear  Propulsion  Office  is  also  NASA's  Director 
of  Nuclear  Systems.  In  this  capacity  he  manages  and  directs  all  of  NASA’s 
work  on  nuclear  system  development  for  space  application.  This  assures  a 
single  line  of  coordination  from  NASA  to  the  ABO  on  system  research  and  de- 
velopment. We  have  assured  oursel  res  that  this  organisational  approach  is,  in 
fact,  effecting  good  coordination  and  cooperation  between  NASA  and  the  ABO 
on  nuclear  system  developments.  In  addition,  in  those  areas  where  the  De- 
partment of  Defense  has  related  work,  this  organizational  structure  provides  a 
single,  clearly  defined  point  of  communication. 

Our  work  on  the  nuclear  rocket  recognises  that  it  is  the  next  logical  type  of 
rocket  propulsion  system  capable  of  providing  higher  specific  Impulse  and  higher 
performance  than  is  possible  with  any  of  ,ur  chemical  rocket  systems.  The 
nuclear  rocket  systems  rely  heavily  on  the  nonnuclear  technology  being  developed 
and  used  in  chemical  rockets.  Therefore,  a lthough  it  is  necessary  to  learn  how 
to  extend  the  operating  range  of  the  components  such  as  turbopumps,  m zzles. 
controls,  gimbal  bearings,  etc.,  to  new  environmental  conditions  including  nuclear 
radiation,  much  of  the  basic  technology  and  design  information  is  available  from 
chemical  rocket  practice.  In  addition,  it  is  necessary  to  develop  a suitable  nu- 
clear reactor  which  does  require  new  research,  technology,  and  hardware.  This 
is  a difficult  development  since  it  is  necessary  to  operate  materials  close  to  their 
temperature  limits  in  order  to  achieve  the  full  potential  of  the  system.  The 
responsibility  for  this  reactor  work  rests  with  the  ABC.  NASA  funds  for  and 
manages  the  development  of  the  necessary  nonnuclear  components  and  provides 
the  hydrogen  for  the  reactor  tests.  In  addition,  NASA  la  conducting  some  con- 
ceptual studies  and  materials  and  physics  work  in  the  reactor  area  under  BNPO 
review  and  management. 
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As  you  are  aware,  there  have  been  many  problems  to  be  overcome  in  the 
mechanical  design  of  the  Kiwi  graphite  reactors.  Changes  have  been  initiated 
in  the  program  so  as  to  emphasize  more  extensive  component  subassembly  de- 
velopment and  simulated  testing  of  all  parts  that  will  go  into  the  reactor  in 
order  to  solve  the  problems  that  have  been  encountered.  The  results  that  have 
been  obtained  to  date  on  this  new  approach  are  leading  to  a better  understand- 
ing and  more  assured  development  of  the  nuclear  rocket  system. 

We  believe  these  nuclear  rocket  systems  will  be  required  and  will  be  used  ex- 
tensively in  missions  to  be  performed  beyond  the  first  manned  lunar  landing 
mission.  They  offer  potential  payload  improvements  for  both  unmanned  and 
manned  flight  into  deep  space,  as  well  as  for  transport  of  heavy  payloads  between 
the  Earth  and  the  Moon.  Because  they  involve  logical  extension  of  much  of  the 
technology  of  chemical  ssytems  and.  when  suitable  reactors  are  available,  will 
provide  high  impulse,  we  are  convinced  that  these  systems  are  the  logical  follow- 
on  propulsion  systems  for  use  in  extensive  space  missions.  We  believe  that 
vehicles  beyond  the  all  chemical  Saturn  V (now  being  developed  for  Apollo) 
will  utilize  these  stages  as  soon  as  they  are  available. 

Turning  to  our  Nuclear  Electric  Systems,  our  work  is  aimed  at  providing 
power  for  two  applications.  First,  we  recof'nize  that  it  will  be  necessary  to  pro- 
vide large  amounts  of  power  in  the  many  kilowatts,  and  perhaps  in  the  megawatt 
range,  for  on-board  services  to  provide  pow  *r  for  communications,  data  collection, 
data  transmission,  life  support,  etc.  In  addition,  we  recognize  the  performance 
potential  that  could  be  realized  from  ele<  tile  propulsion  if  high  power  (megawatt 
range),  light  weight  systems  were  available.  It  is  apparent  that  both  of  these 
applications  requiring  high  power  levels  operating  for  long  iwrlods  of  time  must 
rely  on  the  use  of  nuclear  energy  cs  the  source  of  this  electric  power. 

The  SNAP-8  is  the  only  nuclear  reactor  system  development  that  NASA  is  now 
conducting.  This  project  is  a Joint  one  with  the  Atomic  Energy  Commission. 
This  system  will  provide  30  kilowatts  of  electric  power  and  will  be  used  for 
on-board  power  applications.  Other  on-board  power  applications  that  are  of 
Interest  to  NASA  are  those  low  values  of  power  (hundreds  of  watts)  that  may 
be  provided  with  isotope  power  supplies.  Requests  have  been  submitted  to  the 
AEC  to  initiate  the  first  phase  of  analysis  and  development  of  Isotope  power 
supplies  for  such  applications  as  Surveyor,  the  Interplanetary  Monitoring  Probe, 
the  Orbiting  Astronomical  Observatory. 

With  regard  to  nuclear  systems  for  high  powers,  NASA  is  conducting  an  ex- 
tensive research  and  nonnuclear  technology  development  program  aimed  at  as- 
suring that  the  light  weight  that  is  necessary  to  fully  realize  the  potential 
of  electric  propulsion  for  transporting  high  payloads  on  different  space  missions 
can,  in  fact,  be  achieved.  At  the  pr.*sent  time,  it  is  not  known  whether  it  is 
feasible  to  operate  liquid  metal  systems  at  2,000*  F.  with  over  a year  of  reliable 
life.  Such  conditions  are  necessary  iu  order  to  achieve  the  system  weights  of 
10  to  20  pounds  per  kilowatt  that  are  required  for  efficient,  competitive  electric 
propulsion  systems.  Electric  propulsion  is,  therefore,  a longer  range  and  more 
advanced  development  that  offers  potential  performance  advantages  if  the 
performance  requirements  can,  In  fact,  be  achieved. 

In  conclusion,  it  is  our  strong  opinion  that  this  country  must  conduct  research 
and  advanced  technology  on  those  systems  which  appear  to  offer  the  kind  of 
feasible  performance  potential  that  will  be  required  for  advanced  missions  that 
are  not  yet  firmly  programed.  Only  through  such  advanced  research  and  tech- 
nology programs  will  this  country  develop  the  capability  to  explore  and  operate 
in  space  in  any  manner  and  on  any  mission  that  our  national  interest  may 
require. 

Sincerely  yours. 


Robebt  C.  Seamans,  Jr., 

Associate  Administrator. 
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National  Aeronautics  and  Space  Administration, 

Office  of  the  Administrator, 

Washington,  D.C.,  June  26, 1963. 

Mr.  Philip  B.  Yeager, 

Counsel,  Committee  on  Science  and  Astronautics, 

House  of  Representatives,  Washington,  D.C. 

Dear  Mr.  Yeagf.h:  The  accompanying  tabulation  provides  information  on  the 
current  status  of  major  items  proposed  for  funding  in  the  Office  of  Manned 
Space  Flight  K.  & D.  program. 

At  the  time  the  fiscal  year  1964  budget  estimate  was  finalized,  we  were  still 
negotiating  the  McDonnell  contract  for  the  Gemini  bid  proposal  from  the  con- 
tractor. This  proposal,  however,  was  modified  before  the  contract  was  deflnitized 
In  March  1968  to  encompass  results  of  studies  to  assure  that  the  Gemini  pro- 
gram was  configured  to  provide  the  best  possible  testing  and  training  base  for 
the  Apollo  program. 

The  Grumman  contract  for  the  lunar  excursion  module  wTas  not  deflnitized. 
However,  the  bid  proposal  that  was  used  as  the  basis  for  the  estimated  require- 
ments was  essentially  in  line  with  the  work  agreed  to  under  the  deflnitized  con- 
tract 

The  NAA  contract  for  the  Apollo  spacecraft  is  not  yet  deflnitized.  In  October 
1962,  the  NAA  Co.  submitted  a definitive  cost  proposal  for  the  scope  of  work  as 
deflnied  prior  to  that  time.  The  NAHA  fiscal  year  1964  budget  estimate  was 
based  on  Government  assessment  of  this  definitive  cost  proposal  with  provisions 
for  engineering  changes  and  additions  which  were  not  yet  defined  to  the  con- 
tractor or  provided  for  in  his  proposal. 

The  Chrysler  and  Douglas  effort  on  the  Saturn  I-B  has  not  been  deflnitized. 
The  Douglas  Corp.  is  proceeding  on  a letter  of  intent  and  negotiations  with  the 
Chrysler  Corp.  are  now  underway.  The  estimated  requirements  were  based  on 
an  extrapolation  of  existing  contracts  with  both  companies  for  the  8--I  stage 
and  for  the  S-IV  and  S-I\B  stages  of  the  Saturn  I and  Saturn  V vehicles. 

The  Boeing  contract  was  not  deflnitized.  However,  the  bid  proposal  furnished 
August  1902,  and  the  negotiated  position  of  late  November  1962,  were  used  to 
develop  the  estimate.  This  contract  was  deflnitized  in  February  1963. 

The  Bellcomm  contract  was  not  deflnitized  until  December  1962.  However, 
since  the  level  of  effort  was  understood  by  both  parties,  the  range  of  negotia- 
tion was  not  broad. 

NAHA  is  operating  under  a letter  contract  with  General  Electric.  However, 
the  scope  of  work  has  been  established.  This  planned  scope  was  used  as  i he  basis 
for  developing  the  fiscal  year  1964  dollar  requirements. 

Sincerely  yours, 


J.  S.  Brown, 

Assistant  Director,  Offiee  of  Legislative  Affairs. 
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WEDNESDAY,  XABCH  6,  1963 

House  of  Representatives, 

COMMITTEE  ON  SCIENCE  AND  ASTRONAUTICS, 

Subcommittee  on  Space  Sciences, 
and  Advanced  Research  and  Technology, 

Washington,  D.G. 

Tlie  committee  met  at  10  a.m.,  pursuant  to  call,  in  room  214r-B,  New 
House  Office  Building,  Hon.  Joseph  E.  Karth  presiding. 

The  Chairman.  Tne  meeting  will  be  in  order. 

Our  witnesses  this  morning  are  Dr.  Homer  Newell  and  Mr.  Edgar 
Cortright  of  NASA’s  Office  of  Space  Sciences.  We  want  to  welcome 
you  to  the  subcommittee.  This,  of  course,  is  the  first  day  of  our  sub- 
committee hearings  on  the  budget  request  of  the  Office  of  Space  Sci- 
ences for  fiscal  year  1964. 

I see  that  you  have  a long  prepared  statement,  Dr.  Newell.  If  you 
don’t  mind,  I think  I shall  ask  the  members  to  interrupt  whenever 
they  might  have  a question.  With  a long  prepared  statement  such  as 
this,  if  they  hold  their  questions  until  completion  of  the  statement,  I 
think  it  is  possible  they  may  forget  what  they  had  in  mind. 

If  this  is  all  right  with  you,  we  will  proceed  on  that  basis. 

Dr.  Newell.  It’s  quite  acceptable. 

The  Chairman.  I don’t  know  how  long  these  hearings  are  going  to 
take.  From  my  own  personal  standpoint,  I feel  the  subcommittee 
members  must  be  as  well  informed  as  they  can  possibly  be,  in  order  to 
defend  this  budget  on  the  floor  of  the  House. 

How  well  we  do  depends  on  how  much  information  we  get  from  the 
people  who  represent  the  NASA.  So,  it  could  well  be  we  will  be  calling 
you  back  again  and  again  to  answer  questions  that  members  of  the 
subcommittee  may  have. 

Dr.  Newell.  It  will  be  our  pleasure. 

The  Chairman.  Would  you  want  to  start  now,  Dr.  Newell  ? 

STATEMENT  OF  DR.  HOMER  E NEWELL,  DIRECTOR,  OFFICE  OF 

SPACE  SCIENCES,  NASA,  ACCOMPANIED  BT  EDGAR  M.  CORTRIGHT, 

DEPUTY  DIRECTOR 

Dr.  Newell.  Thank  you,  Mr.  Chairman,  and  members  of  the  sub- 
committee. 

The  NASA  space  sciences  program  encompasses  the  total  national 
effort  to  explore  the  solar  system  and  beyond  with  unmanned  instru- 
mented spacecraft.  There  is  nothing  esoteric  about  it.  It  is  an  explo- 
ration in  the  most  understandable  and  romantic  sense.  It  makes  use  of 
men,  rockets,  and  spacecraft.  The  men  remain  on  earth  and  reach  out 
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throughout  the  solar  system  with  their  instrument  eyes,  ears,  and 
hands.  They  reach  spots  now  inaccessible  to  them,  but  some  of  which 
someday  man  himself  will  visit. 

This  past  year  has  been  an  important  one  for  our  program.  We 
launched  6 scientific  satellites,  5 lunar  and  planetary  probes,  and  78 
sounding  rockets.  We  are  in  high  gear.  We  are  setting  a pace  de- 
signed to  insure  the  preeminence  of  this  country  in  unmanned  space 
exploration  in  the  face  of  a very  determined  Soviet  effort  to  capture 
the  initiative  in  this  area.  Russia  launched  at  least  15  unmanned 
satellites  and  space  probes  last  year,  which  were  identified  as  scien- 
tific in  nature. 

I would  like  to  begin  this  year’s  testimony  with  a filmed  history  of 
our  Mariner  II  project.  I ask  your  indulgence  if  the  film  seems  a little 
melodramatic  in  spots.  It  was  made  for  popular  consumption.  I as- 
sure you,  however,  that  it  accurately  reflects  the  feeling:  and  emotion 
of  those  connected  with  the  project.  It  conveys  the  spirit,  the  motives, 
and  the  complexities  of  this  fantastic  challenge  of  space  exploration. 

Withjyour  permission,  Mr.  Chairman,  I’d  like  to  show  this  film. 

The  Chairman.  Of  course,  Doctor.  Proceed. 

TFilm,  30  minutes.] 

The  Chairman.  Thank  you  very  much  Dr.  Newell.  That  was  very 
interesting.  You  are  the  most  photogenic  of  the  group  that  appeared 
in  the  film. 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

The  Chairman.  Are  there  any  questions  on  the  part  of  the  members 
of  the  committee? 

If  not,  Dr.  Newell,  will  you  proceed,  please. 

PART  I 

Scientific  Results  and  Objectives 

Dr.  Newell.  Space  science  embraces  a broad  range  of  important 
problems.  Because  of  the  range  and  significance  of  these  problems, 
it  is  essential  that  the  United  States  have  a vigorous  space  science  pro- 
gram if  it  intends  to  maintain  world  leadership  in  today’s  most  im- 
portant areas  of  science. 

The  tremendous  sweep  of  space  science  shows  on  the  first  chart 
(fig.  1,  Space  Science  Areas)  in  which  various  space  science  areas 
of  research  are  listed.  The  program  presented  which  the  committee 
endorsed  last  year  included  projects  to  attack  a large  number  of  im- 
portant problems  in  these  areas.  In  our  presentation  this  year,  we 
wish  to  report  on  progress  during  the  past  year  and  to  describe  im- 
portant problems  that  remain  to  be  solved. 

One  of  the  most  remarkable  features  of  the  space  science  program 
is  the  great  number  of  disciplines  that  are  called  into  play  in  attack- 
ing the  problems  that  confront  us.  Some  of  these  are  listed  in  the 
next  chart  (fig.  2,  Space  Science  Disciplines).  The  drawing  to- 

§ ether  of  astronomers,  geophysicists,  and  physicists  in  a great  multi- 
isciplinary  attack  on  solar  system  problems  is  one  of  the  most  valu- 
able benefits  of  the  space  science  program.  In  space  science,  as  in  all 
science,  advancing:  knowledge  in  one  area  sheds  light  in  unexpected 
ways  on  entirely  different  areas.  For  example,  as  we  shall  see  in  more 
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detail  later,  the  investigation  of  activity  on  the  surface  of  the  sun 
provides  clues  as  to  the  causes  of  atmospheric,  auroral,  magnetic,  and 
communications  disturbances  on  Earth.  The  investigation  oi  the 
Moon  bids  fair  to  shed  light  on  the  origin  of  the  solar  system,  hence 
of  the  Earth.  There  are  strong  indicat  ions  that  the  influence  of  the 
Moon  on  dust  particles  and  fields  in  space  may  somehow  be  con- 
nected with  periodic  weather  effects  at  the  surface  of  the  Earth. 

It  is,  therefore,  important  to  move  ahead  with  a broad  space  science 
program  such  as  the  one  that  NASA  has  established  with  your  sup- 
port, and  for  which  we  seek  your  continuing  support. 

The  program  that  we  present  to  you  today  represents  a careful 
selection  of  important  problems  to  attack  from  among  the  many  more 
that  could  be  tackled.  Our  aim  is  to  move  ahead  in  an  orderly  fashion, 
focusing  upon  the  most  important  problems  that  our  present  state  of 
advancement  in  both  science  and  technology  permits  us  to  attack, 
while  at  the  same  time  maintaining  a satisfactory  breadth  to  the 
program. 

In  the  second  part  of  this  presentation,  we  shall  review  for  you  in 
a systematic  way  our  progress  in  launchings  of  satellites  and  space 
probes,  the  development  of  launch  vehicles,  and  relating  supporting 
activities,  as  well  as  the  plans  for  which  we  ask  your  support.  Before 
that,  however,  I should  like  to  dwell  on  some  of  the  scientific  results 
obtained  from  our  past  efforts,  and  on  some  of  the  intriguing  prob- 
lems that  face  us  today. 

We  shall  begin  with  the  Sun,  which  is  our  primary  source  of  energy, 
and  also  a major  source  of  hazard  to  maimed  space  flight  because  of 
the  cosmic  rays  it  generates.  Then  we  shall  discuss  the  medium  of 
interplanetary  space,  and  thereafter  the  Earth’s  magnetosphere  and 
atmosphere.  We  shall  see  that  the  Sun  exerts  a controlling  influence 
on  all  three  of  these  regions.  After  discussing  the  Earth,  we  shall 
move  outward  again  to  the  Moon,  Yenus,  and  Mars.  Lastly,  we  shall 
touch  briefly  on  the  important  subject  of  galactic  space. 

THE  SUN 

The  next  chart  (fig.  3,  Diagram  of  Sun)  shows  a schematic  dia- 
gram of  the  Sun.  The  picture  presented  here  is  that  which  the 
theorists  now  believe  to  be  correct.  Our  investigations  of  the  Sun 
are  designed  to  acquire  as  much  factual  information  about  solar 
activity  as  we  can.  Whether  the  experimental  results  will  substan- 
tiate our  present  concepts  or  call  for  revising  them  remains  to  be 
seen. 

As  shown  in  the  picture,  it  is  believed  that  in  the  central  core  of 
the  Sun  hydrogen  is  converted  into  helium  by  a series  of  nuclear  reac- 
tions. This  burning  of  hydrogen  to  form  helium  generates  very  large 
amounts  of  energy  in  the  form  of  gamma  rays  which  are  similar  to 
X-rays,  but  much  more  energetic.  This  radiant  energy  moves  out- 
ward from  the  solar  interior — escaping  through  the  surface  largely 
in  the  form  of  the  visible  light  that  we  see  coming  from  the  Sun. 

Near  the  outer  surface  of  the  Sun,  solar  gases  become  turbulent, 
boiling  and  churning  constantly.  It  is  this  region  that  we  now  think 
produces  the  solar  storms  that  have  important  effects  on  the  Earth 
and  its  environment,  and  on  manned  space  flight  and  space  applica- 
tions. 


1964  NASA  AUTHORIZATION 


1461 


WOT  DSPHfPf; 


DIAGRAM  OF;  SUN 


CH*fOM.gsPHfPE- 
"OP  >f </•  i ■ 


m 


NiU 


J»1 


Figure  3 

It  would  be  natural  to  suppose  that  temperature  would  decrease 
steadily  the  fart  her  one  movea  away  from  the  center  of  the  Sun.  Sur- 
prisingly, this  is  not  the  case.  The  region  labeled  “chromosphere” 
on  the  diagram  turns  out  to  be  the  coolest  part  of  the  Sun.  The 
corona  lying  above  it  and  extending  far  out  into  the  space  around 
the  Sun  is  a thousand  times  hotter  than  the  chromosphere.  Here  is 
a real  puzzle  to  which  we  are  trying  to  find  the  answer  in  the  space 
science  program.  The  riddle  is  important  in  that  it  is  thought  to  be 
related  to  the  question  of  what  happens  in  solar  flares,  some  of  which 
produce  great  quantities  of  high  energy  particles. 

Sunspots  are  of  great  importance  in  the  study  of  the  Sun.  They 
have  been  investigated  for  about  two  centuries,  while  solar  flares  whicn 
occur  in  the  vicinity  of  sunspots  have  been  under  investigation  for 
several  decades.  Nevertheless,  the  causes  of  these  forms  of  solar 
activity  have  so  far  defied  theoretical  interpretation.  This  is  unfor- 
tunate as  far  as  manned  space  flight  is  concerned,  because  much  of  the 
radiation  hazard  in  space  is  associated  with  the  occurrence  of  solar 
flares.  It  would  be  extremely  valuable  to  the  manned  space  flight 
program  to  be  able  to  predict  when  hazardous  flares  will  occur. 

The  accompanying  chart  (fig.  4,  Soiar  Activity)  shows  a graph 
of  the  number  of  sunspot  groups  appearing  on  the  face  of  the  Sun 
over  the  interval  from  1900  to  the  present  time  together  with  a pre- 
dicted extension  of  the  curve  to  1971.  At  the  bottom  of  the  graph  is 
shown  schematically  a quiet  Sun  which  is  associated  with  the  valleys 
of  the  sunspot  gr&Dh,  as  indicated,  for  example,  by  the  arrow  point- 
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ing  downward  from  the  minimum  in  the  sunspot  curve  in  the  1943 
time  period. 

Mr.  Staebler.  Let  me  ask  one  question  off  the  record. 

(Discussion  off  the  record.) 

The  Chairman.  I think  all  questions  involved  in  the  subject  we 
are  here  to  explore,  Mr.  Staebler,  should  l>e  on  the  record.  Don’t 
worry  about  expressing  your  ignorance;  these  are  highly  technical 
matters,  and  we  are  all  faced  with  the  same  problem. 

Please,  let’s  be  on  the  record. 

Mr.  Staebler.  The  surface  phenomena  then  are  in  the  nature  of 
seme  reflections  of  these  recurrent  stages  of  contraction  and  expansion? 

Dr.  Newell.  That  is  correct.  The  surface  phenomena  we  see  are 
in  some  way  a product  of  the  tremendous  energies  produced  by  the 
nuclear  burning  processes  in  the  interior. 

The  Chairman.  Mr.  Randall  ? 

Mr.  Randall.  Mr.  Chairman,  I would  hope  that  Dr.  Newell  could 
repeat  that,  or  provide  us  with  that  for  the  recorJ,  because  I’ve  cer- 
tainly never  heard  anything  as  compact  and  complete  and  as  informa- 
tive as  his  explanation.  I hope  it  will  be  put  on  the  record  in  very 
much  the  same  terminology. 

The  Chairman.  If  you  would  do  that,  Doctor,  we  will  insert  it  at 
this  point  in  the  record. 
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(The  information  is  as  follows:) 

This-  is  an  answer  to  Mr.  Staebier’s  question  posed  during  th©  hearings  on 
March  6,  1963.  Mr.  Staebier’s  question  was,  “What  is  the  burning  process  in- 
side the  sun?’’  My  answer  goes  as  follows:  The  burning  inside  the  Sun,  to 
whidli  I referred  earlier,  is  a nuclear  process  in  which  hydrogen  fuses  with  hy- 
drogen to  form  helium.  It  is  not  the  usual  chemical  process  in  which,  for  ex- 
ample, wood  or  coal  burns  in  air. 

There  is  a fascinating  story  associated  with  these  processes  inside  stars.  It 
is  now  believed  generally  by  scientists  that  stars  are  formed  out  of  dust,  gases,  and 
materials  strewn  throughout  space.  In  such  a cloud  of  dust,  extending  over 
gigantic  dimensions,  there  occurs  by  accident  an  eddy,  or  whirlpool,  which 
amounts  to  a somewhat  denser  accumulation  of  material  than  in  the  rest  of  the 
cloud.  This  slight  accumulation  of  dust  has  a gravitational  attraction  for 
other  material  in  the  surrounding  regions,  and  that  other  material  tends  to  fall 
In  toward  the  initial  region  of  increased  density. 

At  first  this  process  is  quite  slow,  since  gravitational  forces  are  intrinsically 
very  weak.  However,  as  the  size  of  the  accumulating  material  grows,  its  gravi- 
tational attraction  grows  and  the  process  becomes  more  and  more  rapid.  Eventu- 
ally, out  of  the  gases  and  dust  spread  throughout  the  surrounding  region,  a huge 
ball  of  material  has  assembled  which  is  the  newly  bom  star.  At  first  the  star 
is  cool  and  dark.  But  as  the  material  of  the  star  is  pulled  in  under  gravitational 
attraction,  tremendous  pressure  is  built  up  in  the  interior,  and  the  heat  generated 
by  these  pressures  builds  up  the  temperature  in  the  interior  of  the  growing  star. 
These  temperatures  increase  steadily  until  eventually  they  become  so  high,  about 
20,000,000°  C.,  that  the  hydrogen,  which  is  the  predominant  constituent  in  the 
star,  begins  to  fuse  to  form  helium. 

During  this  process  of  fusion,  great  amounts  of  energy  are  emitted  in  the  form 
of  gamma  rays.  The  radiation  pressure  from  this  gamma  radiation  balances 
the  gravitational  attraction  which  was  causing  the  star  to  contract.  The  con- 
traction under  gravitational  forces  then  stops  for  the  time  being,  and  a state 
of  equilibrium  is  reached  in  which  hydrogen  goes  on  fusing  to  form  helium. 

After  some  long  period  of  time,  amounting  to  billions  of  years,  the  fusing  of 
the  hydrogen  causes  a helium  core  to  build  up  in  the  star.  Eventually,  when 
most  of  the  hydrogen  has  burned  up  to  form  this  helium,  the  fusion  process 
declines,  and  the  radiation  pressure  of  the  gamma  rays  created  by  the  fusion 
is  no  longer  able  to  counterbalance  the  gravitational  forces.  The  star  then  begins 
to  contract  again  under  gravity.  Once  again  the  temperatures  in  the  interior 
of  the  star  increase  until  they  become  so  great  that  the  helium  begins  to  burn. 
In  this  burning  process,  which  it  must  be  reemphasized  is  a nuclear  process  and 
not  a chemical  one,  the  helium  fuses  to  form  carbon. 

Once  again  the  radiation  emitted  during  this  fusion  process  balances  the 
gravitational  forces  and  the  contraction  of  the  star  again  comes  to  an  end.  For 
a period  then,  there  is  once  more  equilibrium  in  the  star  with  the  helium  fusing 
to  form  carbon. 

Eventually,  the  helium  is  used  up  and  the  star  has  acquired  a core  of  gaseous 
high-temperature  carbon.  At  this  point,  the  process  repeats  itself.  Under  gravi- 
tational attraction  the  star  again  begins  to  contract,  again  raising  the  tempera- 
tures in  the  center  of  the  star.  As  these  temperatures  rise,  they  approach  a 
point  where  carbon  begins  to  burn — this  time  forming  oxygen. 

Such  a process  goes  on  repeatedly  with  elements  of  higher  and  higher  atomic 
weight  being  formed  until  the  star  has  become  basically  a star  of  iron.  At  this 
point,  the  process  comes  to  a halt  because  iron  cannot  be  burned  to  form  either 
elements  of  lighter  atomic  weight  or  of  heavier  atomic  weight.  In  a sense,  then, 
iron  is  a dead  ash  of  this  stellar  burning. 

At  this  stage  the  gravitational  forces  take  over  and  the  star  suddenly  col- 
lapses. Although  the  process  described  in  the  preceding  paragraphs  has  taken 
many,  many  billions  of  yen rs,  the  collapse  of  the  star  is  a matter  of  seconds. 
In  this  very  brief  time,  the  star  collapses  to  a very  tight,  dense  ball  of  material. 
This  pulling  together  of  the  material  then  results  in  a rebound  which  amounts 
to  a tremendous  explosion  of  the  star,  giving  rise  to  wta.  astronomers  call  a 
supernova.  In  exploding,  the  star  then  casts  ail  of  its  material,  the  elements 
that  were  formed  during  its  previous  history,  out  into  space.  In  addition,  the 
very  high  temperatures  that  are  created  during  this  process  cause  the  creation 
of  elements  of  higher  atomic  weight  than  iron. 

Thus,  it  is  that  all  the  materials  that  we  know  of  in  the  universe  are  formed 
inside  a star.  This  is  true  of  the  materials  that  comprise  our  Earth  and  every- 
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thing  we  see  in  this  room  including  our  own  bodies.  Thus,  if  this  theory  of 
the  birth,  evolution,  and  demise  of  a star  is  correct,  each  of  us  may  say  that,  at 
one  time,  he  was  part  of  a star. 

Mr.  Chenoweth.  When  we  see  falling  stars  and  particles  coming 
to  Earth,  is  that  the  result  of  stars  disintegrating? 

Dr.  Newell.  No,  falling  stars  are  meteors  in  our  Earth’s  atmos- 
phere. When  the  star  disintegrates  in  this  tremendous  explosion, 
that’s  when  we  see  in  the  sky  what  is  called  a nova  or  supernova,  sud- 
denly a great  flareup,  a bright  star. 

These  occur  at  about  the  rate  of  three  per  100  years  in  a galaxy  the 
size  of  ours. 

Mr.  Chenoweth.  They  are  visible  from  the  Earth,  are  they  ? 

Dr.  Newell.  They  are  visible  from  the  Earth.  There  was  an  ex- 
tremely bright  one  back  in  the  year  1054,  which  is  now  observed  as 
the  crab  nebula  by  astronomers.  The  crab  nebula  just  appears  to  be 
a constantly  expanding  glob  of  gas.  It’s  the  exploded  remnants  of 
what  was  once  a star. 

The  Chairman.  And  we  see  these  things  at  a date  substantially 
later  than  when  the  explosions  actually  occur,  Doctor? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  How  far  away  are  these  stars? 

For  example,  this  occurrence  in  1910  ? 

Dr.  Newell.  The  one  in  1910  was  in  our  galaxy.  Now,  the  distance 
across  our  galaxy  is  about  100,000  light  years.  A light  year  is  the 
distance  traveled  by  light  in  1 year  and  that  is 

The  Chairman.  Doesn’t  light  travel  at  186,000  miles  a second? 

Dr.  Newell.  At  186,000  miles  a second,  that  is  6 trillion  miles.  So 
the  distance  across  our  galaxy  is  100,000  times  6 trillion  miles. 

Our  sun  is  at  30,000  light  years  from  the  center  of  our  galaxy,  so 
any  of  the  supernovas  that  occur  in  our  galaxy  will  be  within  this  re- 
gion 100,000  light  years  across. 

The  supernovas  that  we  see  in  other  galaxies,  however,  may  be  mil- 
lions of  light  years  away,  depending  on  how  far  the  galaxy  is  away 
from  us. 

The  Chairman.  Excuse  me,  Dr.  Newell,  Chairman  Miller  just  joined 
us.  Mr.  Chairman,  we  are  very  happy  to  have  you  with  us. 

Chairman  Miller.  Thartk  you,  I just  dropped  in  to  hear  Dr.  Newell. 

I’m  very  happy  to  see  you  again,  Dr.  Newell. 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

The  Chairman.  Dr.  Newell,  if  you’d  like  to  proceed. 

Dr.  Newell.  Thank  you. 

The  peaks  of  the  sunspot  curve,  like  the  one  occurring  in  the  1946 
time  period,  are  associated  with  a highly  active  Sun  exhibiting  many 
sunspot  groups,  as  shown  diagrammatically  at  the  top  of  the  chart. 
You  can  see  that  periods  of  high  solar  activity  are  associated  with 
large  numbers  of  sunspots,  and  they  occur  at  intervals  of  about  11 
years. 

The  Sun  has  just  passed  through  its  most  active  period  on  record 
and  is  now  rapidly  approaching  a period  of  quiet  in  1964.  Even  dur- 
ing the  quiet  periods,  however,  the  Sun  is  not  completely  free  of  the 
signs  of  solar  activity.  For  only  a few  days  during  any  solar  cycle 
is  the  face  of  the  Sun  completely  free  of  spots.  Moreover,  the  amount 
of  activity  in  the  Sun  can  change  quite  rapidly.  In  April  of  last  year, 
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while  OSO  I — the  first  Orbiting  Solar  Observatory — was  trained  on 
the  Sun,  there  was  a short  period  when  no  sunspots  were  visible. 
Nevertheless,  within  a few  weeks,  a very  intense  solar  flare  occurred. 
Since  flares  occur  only  in  regions  where  sunspots  are  present,  and 
usuallv  only  near  large  spots  with  complex  magnetic  fields,  the  absence 
o'i  sucli  spots  appears  to  be  a reliable  guarantee  that  a solar  flare  will 
not  occur  within  a period  of  at  least  a few  days.  However,  as  already 
indicated,  such  periods  are  too  rare  to  be  of  much  use  for  long-term 
prediction  purposes. 

We  cannot,  as  yet.  predict  which  active  regions  on  the  Sun  are  likely 
to  produce  flares  emitting  solar  protons.  Even  worse,  after  having 
observed  a solar  flare  in  a visible  wavelength  region,  we  are  not  yet 
able  to  state  whether  or  not  a strong  flux  of  9olar  protons,  proton 
being  a hydrogen  nucleus,  was  produced  at  the  same  time  as  the  flare. 

The  latter  ability  would  give  us  a few  hours  at  least  in  which  to 
warn  any  astronauts  who  might  be  outside  of  a protected  area. 
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Figure  5 

The  next  chart  (fig.  5,  Sun  Earth  Relationships)  summarizes  the 
major  aspects  of  our  present  knowledge  of  such  flares  and  particle 
fluxes-  At  the  time  of  a flare  we  observe  that  a small  region  of  the 
solar  disk  emits  light  more  brightly,  the  red  light  characteristic  of 
hydrogen.  At  the  same  time  the  Sun  increases  its  outpouring  of 
radiation  in  the  radio  wavelengths.  These  are  called  “radio  bursts/* 
Great  geysers  of  brilliantly  illuminated  gases  erupt  from  the  surface 
of  the  Sun.  Most  of  this  gas  falls  back  into  the  Sun.  However,  we 
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have  learned  from  such  space  prol>es  as  Pioneer  V and  Mariner  II 
and  from  Earth-orbiting  satellites  that  a portion  of  this  gas  leaves 
the  Sun.  It  is  projected  through  interplanetary  space,  often  reach- 
ing the  Earth,  and  sometimes  beyond  the  Earth.  This  triggers  a 
number  of  changes  in  the  environment  of  the  Earth.  The  number 
of  particles  striking  a satellite  mav  increase  by  several  factors  of  10. 
The  enhanced  radiation  sometimes  lasts  several  days,  and  is  sufficiently 
intense  to  cause  the  death  of  any  unprotected  astronaut. 

The  Van  Allen  ladts  are  affected  by  the  new  particles  reaching  the 
Earth,  and  appear  to  dip  farther  than  usual  into  the  atmosphere  to 
cause  aurorae. 

At  times  of  solar  flares,  our  satellites  have  reported  the  presence 
of  intense  and  high  energy  ultraviolet  and  X-ray  radiation.  Little 
of  this  reaches  the  Earth's  surface;  yet.  at  these  times,  the  Earth’s 
ionosphere  is  considerably  disturbed  and  our  radio  communications 
frequently  are  disrupted.  Uppermost  regions  of  the  atmosphere 
become  warmer  and  more  dense  and  this  increases  their  drag  on 
satellites.  An  accompanying  disturbance  of  the  Earth's  magnetic 
field  sometimes  is  so  severe  that  it  leads  magnetic  compasses  astray, 
while  northern  transatlantic  telecommunications  via  cable  are 
suddenly  interrupted. 

Our  first  Orbiting  Solar  Observatory  has  given  us  new  and  valuable 
information  about  the  Sun  (fig.  6,  Orbiting  Solar  Observatory  Re- 
sults). Since  its  launch  last  March  it  accumulated  at  least  1,200  hours 
of  data  on  solar  X-ray  and  ultraviolet  radiation,  which  is  about  1,000 
times  the  amount  of  this  type  of  information  gleaned  from  previous 
rocket  and  satellite  experiments.  Excellent  spectrograms  of  tne  Sun’s 
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radiation  in  the  far  ultraviolet  region  have  been  obtained.  The 
spectral  lines — which  are  the  fingerprints  of  chemical  elements — are 
of  bewildering  complexity  and  most  have  not  yet  been  identified. 
However,  the  presence  of  ionized  helium  and  of  highly  ionized  iron 
is  clearly  indicated.  A sound  knowledge  of  the  variety,  distribution, 
amounts,  and  state  of  the  gases  that  constitute  the  Sun’s  turbulent 
exterior  would  bring  the  day  when  we  can  predict  solar  events  much 
closer  at  hand. 

Mr.  Staebi.er.  I)r.  Newell,  does  this  suggest  that  there  are  elements 
in  the  Sun  that  are  not  present  in  the  Earth  ? 

I)r.  Newell.  There  have  been  no  elements  discovered  in  the  Sun 
that  are  not  present  in  the  Earth. 

Mr.  Staebi.er.  These  lines— the  spectrogram  lines,  what  do  these 
mean  ? 

Dr.  Newell.  What  that  means  is  that  they  observe  iron,  for  ex- 
ample, in  a high  state  of  excitation,  a highly  energetic  state  or  to  put 
it  another  way,  in  a very'  high  temperature  state,  and  similarly  with 
the  helium. 

Mr.  Staebler.  It’s  in  new  forms.  That  doesn’t  extend  the  table 
elements  then. 

Dr.  Newell.  No,  it’s  the  same  element,  but  in  a different  physical 
state. 

I wish  to  stress  once  more  that  intensive  research  in  solar  phenomena 
is  vital  to  many  scientific  inquiries. 

It  is  also  of  crucial  importance  to  the  manned  space  flight  program. 

It  is  in  this  area  that  our  future  unmanned  orbiting  solar  observa- 
tories will  lie  set  to  work.  The  next  chart  (fig.  7,  Solar  Detail)  il- 
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lustrates  why  we  must  develop  an  improved  pointing  accuracy  for 
future  orbiting  solar  observatories.  The  left  side  of  the  diagram 
shows  the  Sun  with  several  large  sunspot  groups.  You  recall  that 
these  are  the  active  regions  that  produce  solar  flares.  One  of  these 
sunspot  groups  is  enlarged  in  the  middle  diagram.  This  is  an  actual 
photograph.  It  was  taken  by  a telescope  designed  by  Prof.  Martin 
Schwarzschild,  of  Princeton  University.  The  telescope  was  raised 
above  most  of  the  Earth’s  atmosphere  by  a giant  balloon.  Pictures 
thus  obtained  provided  us  with  a much  improved  view  of  the  solar  sur- 
face. Note  the  structure  of  the  sunspot  group  and  the  cellular  struc- 
ture over  the  rest  of  the  solar  surface.  We  believe  that  these  structures 
are  related  and  that  somehow  an  understanding  of  the  cellular  structure 
will  hold  important  clues  to  the  beginnings  of  solar  flares.  The  dashed 
line  square  around  the  stratoscope  photograph  represents  the  present 
limit  within  which  we  can  keep  our  present  orbiting  solar  observa- 
tories pointed.  Within  this  limit  our  instruments  are  free  to  wander 
over  an  area  which  you  see  that  is  even  larger  than  the  area  covered 
by  the  stratoscope  photograph.  The  principal  advantage  then  of  the 
present  OSO  is  that  it  does  orbit  in  space,  thus  raising  our  telescopes 
above  that  portion  of  the  upper  atmosphere  that  must  always  remain 
between  any  balloon-borne  observation  device  and  the  Sun,  stars,  or 
planets.  While  this  is  a very  slight  layer  of  atmospheric  gases,  it  is 
sufficient  to  deprive  us  of  valuable  information  carried  by  ultraviolet 
and  X-ray  radiation. 

A more  precise  study  of  the  details  of  sunspots  and  of  the  cellular 
structure  of  the  solar  surface  is  essential  to  our  understanding  of  the 
occurrence  of  solar  flares.  We  surmise  that  the  cellular  structure  is 
caused  by  the  motions  of  the  gas  in  the  solar  atmosphere  and  that  sim- 
ilar mechanisms  underlie  the  solar  flares.  In  order  to  concentrate 
our  study  upon  the  small  region  of  the  cellular  structure  we  must  con- 
siderably improve  the  precision  with  which  we  can  point  our  orbiting 
solar  observatories  and  the  instruments  that  they  hold.  The  right 
side  of  the  chart  illustrates  this.  Here,  a section  of  Professor  Schwarz- 
schild’s  photograph  has  been  enlarged.  The  small  dashed  line  square 
defines  the  limits  within  which  we  must  be  to  study  this  cellular  struc- 
ture and  to  observe  the  birth  of  a flare. 

We  have  had  design  studies  conducted  for  these  improvements  dur- 
ing the  past  year,  and  are  requesting  money  this  year  to  start  the 
necessary  developments. 

Our  studies  show  that  the  present  state-of-the-art  just  permits  us  to 
achieve  the  200-mile-square  pointing  accuracy  required. 

Not  only  must  future  Orbiting  Solar  Observatories  have  a high 
pointing  accuracy  but  also  they  must  be  able  to  store  great  amounts  of 
information,  in  order  that  we  may  be  able  to  study  in  detail  rapid 
changes  on  the  surface  of  the  Sun  and  the  distribution  of  radiation  in- 
tensities over  the  solar  surface. 

Since  it  is  necessary  to  investigate  solar  radiations  in  a large  number 
of  wavelengths,  the  future  observatories  must  be  able  to  point  a num- 
ber of  instruments  at  the  Sun  continuously.  At  the  present,  Orbiting 
Solar  Observatory  is  able  to  direct  only  two  instruments  at  the  Sun 
at  a given  time. 


1964  NASA  AUTHORIZATION 


1469 


INTERPLANETARY  SPACE 

By  far  the  greater  distance  traversed  by  men  going  to  the  Moon  or 
to  the  planets  will  be  through  interplanetary  space.  This  inter- 
planetary space  in  the  vicinity  of  our  Earth  and  other  inner  planets 
is  dominated  by  the  Sun.  We  have  already  referred  to  the  clouds 
of  charged  particles  that  are  emitted  from  the  Sun.  At  times  of  solar 
activity,  such  clouds  of  particles  moving  away  from  the  Sun  pull 
with  them  magnetic  field  lines  which,  however,  remain  rooted  in  the 
Sun  (fig.  8,  Solar  Magnetic  Effects).  This  process  generates  a huge 
tongue  of  expanding  gas  and  magnetic  field  as  shown  in  the  diagram 
on  the  left  side  of  the  picture.  Although  it  does  not  look  much  like 
one,  the  region  of  space  enveloped  by  these  solar  magnetic  field  line6 
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Figure  8 

has  come  to  be  referred  to  as  a magnetic  bottle.  The  reason  for  the 
term  “bottle”  stems  from  the  fact  that  the  magnetic  field  lines  serve 
to  trap  th(  clouds  of  charged  particles  from  the  Sun  that  find  them- 
selves in  the  interior  of  this  region  of  space.  Such  particles,  are 
therefore,  confined  as  though  they  were  indeed  in  a bottle. 

Particles  from  the  solar  regions  where  the  magnetic  field  lines  of 
the  bottle  have  their  roots  in  the  solar  surface  have  relatively  easy 
access  to  the  interior  of  the  bottle.  As  a consequence,  the  bottle  may 
be  expected  to  contain  a high  density  of  particle  radiations.  Thus, 
when  such  a magnetic  bottle  has  reached  out  to  envelop  the  Earth, 
the  regions  of  space  surrounding  the  Earth  are  more  exposed  to 
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solar  particle  radiations  than  at  other  times.  In  particular,  at  this 
time  solar  proton  beams  injected  into  the  bottle  will  quickly  make 
their  presence  felt  at  the  Earth.  Since  these  solar  proton  beams 
constitute  the  principal  radiation  hazard  in  interplanetary  space,  it 
becomes  of  importance  to  maimed  space  flight  to  be  able  to  determine 
when  the  Earth  is  enveloped  in  a magnetic  bottle  and  to  be  able  to 
predict  the  occurrence  of  solar  proton  events. 

During  the  past  year,  Explorer  XII  provided  valuable  information 
on  solar  proton  events,  while  the  highly  successful  flight  of  Mariner  II 
yielded  valuable  data  on  the  interplanetary  medium.  Explorer  XII 
showed  that  the  radiation  level  in  solar  proton  events  is  lower  than 
earlier  estimates  had  indicated,  opening  up  the  possibility  of  design- 
ing enough  shielding  into  the  Apollo  spacecraft  to  protect  an  astro- 
naut during  a solar  event.  The  exact  amount  of  the  shielding  required 
is  yet  to  be  determined. 

I would  like  to  interpolate  here,  Mr.  Chairman,  one  must  keep  in 
mind  these  observations  are  functions  of  time  and  these  Explorer  XII 
observations  were  made  during  the  decline  of  solar  activity  so  this  is 
not  an  absolute  statement  that  the  solar  proton  events  are  necessarily 
always  of  lower  intensity  than  had  been  previously  thought.  It’s  just 
in  this  period  of  time  they  turned  out  to  be  lower  than  nad  been  pre- 
viously thought. 

It  will  be  important  for  us  in  the  next  solar  maximum  to  double 
check  this  to  see  whether  in  the  period  of  solar  maximum 

The  Chairman.  Even  at  this  time  the  information' we  received  from 
Mariner  was  rather  startling,  was  it  not  ? 

Dr.  Newell,.  That  is  correct. 

The  Chairman.  We  did  suspect  it  would  be  substantially  higher 
than  it  was. 

Dr.  Newell.  We  thought  it  might  well  be,  and  you  know  we  found 
the  radiation  in  interplanetary  space  is  in  the  nature  of  a solar  wind, 
rather  than  a solar  storm. 

The  Mariner  II  measurements  of  the  wind  of  charged  particles,  or 
plasma,  blowing  outward  from  the  Sun  show  that  the  wind  always 
exists,  although  it  was  found  to  be  quite  variable  in  density  and 
velocity.  This  spacecraft  also  measured  the  interplanetary  magnetic 
field.  While  this  field  turned  out  to  be  a small  fraction  of  the  Earth’s 
field  intensity,  the  measurement  did  give  numerical  values  of  the 
strength  and  time  variations  of  some  of  the  forces  that  affect  inter- 
planetary' particles. 

These  data  permit  the  theorist  to  make  some  additional  advances  in 
understanding  the  normal  medium  of  interplanetary  space,  and  the 
influences  of  solar  activity.  There  remain,  however,  numerous  un- 
answered questions.  How  large  a region  of  space  does  the  proton 
beam  from  a solar  event  fill?  How  large  a region  of  space  does  a 
magnetic  bottle  eventually  cover  ? What  happens  to  a magnetic  bottle 
with  the  passage  of  time?  Does  it  become  separated  from  the  Sun? 
Do  shock  waves  produced  by  plasma  clouds  from  the  Sun  introduce 
kinks  in  the  magnetic  field  lines  of  these  magnetic  bottles,  as  shown  in 
the  diagram  on  the  right  side  of  the  picture?  If  so,  then  particles 
spiraling  along  these  field  lines  of  the  bottle  will  be  reflected  when 
they  strike  the  kink.  For  a period,  then,  there  will  not  be  a direct 
path  from  the  Sun  to  the  Earth,  and  the  Earth  will  be,  in  effect, 
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shielded  from  many  of  the  solar  particles  until  after  the  shock  wave 
has  passed  beyond  the  earth. 

In  order  to  answer  some  of  these  problems,  we  are  developing  an 
interplanetary  monitor  satellite,  which  will  be  described  in  the  latter 
half  of  this  presentation.  Also,  to  conduct  similar  measurements  in 
far-distant  interplanetary  space,  we  are  instrumenting  Pioneer-type 
spacecraft  to  be  launched  during  the  International  Year  of  the  Quiet 
Sun.  This  spacecraft,  and  the  experiments  to  be  carried  on  it,  will 
also  be  described  later.  The  interplanetary  monitor  satellite  and  the 
deep  space  Pioneer  will  provide  us  with  a powerful  double-punch 
attack  on  these  very  important  problems  of  interplanetary  radiations 
and  fields.  They  will  permit  us  to  obtain  some  of  the  answers  to  the 
questions  put  forth  in  the  previous  paragraph. 

Mr.  Staebler.  Doctor,  may  I ask  now  a question  which  you  may  an- 
swer in  your  statement  later ; and  if  so,  stop  me. 

The  relevance  now  as  to  future  operations  here  is  that  we  could 
not  go  much  beyond  the  Moon  without  having  answers  to  these  ques- 
tions. Is  that  right? 

Dr.  Newell.  That  is  one  of  the  relevances,  Mr.  Staebler. 

The  importance  of  some  of  these  questions  is  to  determine  how  large 
a region  such  a magnetic  bottle  covers  so  as  to  know  when  we  start 
out,  let’s  say  from  the  Earth,  how  long  we  will  be  in  a region  of  high 
particle  activity  and  on  this,  of  course,  will  depend  the  amount  of 
shielding  you  must  introduce  into  the  spacecraft,  the  amount  of  pro- 
tection you  must  provide  for  equipment  or  crews. 

Mr.  Staebler.  This  is  important,  even  on  the  Moon  probe. 

Dr.  Newell.  This  is  important  even  in  the  case  of  the  Moon  probe. 

The  Chairman.  Doctor,  was  this  interplanetary  monitor  satellite 
a project  that  came  up  as  an  afterthought?  Why  is  it  that  although 
no  request  for  funds  was  made  during  the  last  fiscal  year,  substantial 
funds  were  spent  on  the  project? 

Dr.  Newell.  The  interplanetary  satellite  came  up  ,in  the  course  of 
our  learning  about  the  conditions  of  outer  space.  As  a matter  of 
fact,  in  the  next  couple  slides  we  will  illustrate  why  it  was  important 
to  introduce  this  into  the  program. 

Our  previously  described  collection  of  satellites  was  directed  toward 
studying  the  Earth’s  magnetic  field  as  scientists  then  thought  it  was. 

Now,  it  has  turned  out  in  the  course  of  our  investigations  that  the 
shape  of  the  Earth’s  magnetic  field  is  quite  different  from  what  had 
been  thought ; it  extends  in  some  directions  much  farther  from  the 
surface  of  the  Earth  than  had  been  thought. 

It  was  therefore  necessary  to  introduce  a satellite  with  a more  eccen- 
tric orbit  even  than  the  Eccentric  Geophysical  Observatory  which  was 
described  last  year. 

The  Chairman.  What  are  you  asking,  $11.4  million  ? 

Dr.  Newell.  $11.4  million. 

The  Chairman.  What  will  be  the  magnitude  of  the  program,  let’s 
say,  over  the  remainder  of  the  decade  ? WTiat  are  we  talking  about 
in  terms  of  total  dollars  for  this  program  ? 

Dr.  Newell.  In  the  interplanetary  monitoring  satellite  program  we 
are  thinking  of  one  every  6 months  for  the  next  several  years  and — 
do  you  have  the  cost  ? 

Mr.  Cortright.  No,  I don’t. 
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Dr.  Newell.  I don’t  have  at  my  fingertips,  the  cost  per  shot  of 
this  device. 

The  Chairman.  What  do  you  plan  to  use  as  a booster  ? 

Dr.  Newell.  This  will  be  launched  with  the  Delta  rocket. 

The  Chairman.  I wonder  if  you  could  give  us  a pretty  good  esti- 
mate of  the  cost  of  this  total  program  for  the  record  ? 

Dr.  Newell.  We  will  be  glad  to. 

Mr.  Randall.  Mr.  Chairman,  one  question. 

Following  the  line  of  questioning  of  Mr.  Staebler — isn’t  it  impor- 
tant that  since  we  have  found  that  this  magnetic  field  creates  a possible 
shielding  problem — shouldn’t. we  get  on  with  that  as  soon  as  possible? 

I mean,  you  talk  about  11  years  here.  You  didn’t  say  the  number 
of  shots,  did  you?  One  every  6 months  for  how  many  years? 

Dr.  Newell.  We  plan  to  use  this  satellite  for  the  next  several  years 
through  the  interval  of  the  quiet  Sun  and  into  the  interval  of  the 
active  Sun. 

I may  say  that  in  this  area  of  fields  and  particles  in  space,  I believe 
we  are  in  a very  strong  position  to  move  ahead  and  get  the  needed 
measurements. 

Our  earliest  measurements  in  space  were  made  by  Van  Allen  on 
the  radiation  belts  and  these  have  been  continued  by  him,  Simpson, 
Winckler,  MacDonald,  and  others,  so  that  we  are  in  pretty  good  shape 
here.  We  are  continuing  our  measurements  with  flights  like  the 
Pioneer  I mentioned  and  with  flights  on  the  interplanetary  monitor- 
ing satellite  right  through  this  period  of  the  quiet  Sun  and  into  the 
next  sunspot  maximum  period. 

Mr.  Randall.  I’d  just  like  to  observe,  it  seems  to  me  it’s  vitally  im- 
portant. You  say  the  findings  of  Mariner  and  some  of  the  others  show 
that  the  intensity  of  the  magnetic  and  interplanetary  forces  is  not  as 
great  as  maybe  we  believe,  but,  I think,  you  also  said  it  is  a question  of 
timing  and  there  may  be  further  experiments. 

It  seems  to  me  we  should  have  that  information  as  early  as  possible 
for  a lunar  flight  to  determine  shielding  and  design  and  all  these 
things. 

Dr.  Newell.  I agree  with  you,  Congressman  Randall. 

Mr.  Mosher.  Mr.  Chairman,  just  a question  concerning  procedure — 
do  I assume  correctly  that  what  we  are  doing  now  is  sort  of  a general 
survey,  and  that  we  will  get  back  in  dollars  and  cents  terms  to  some 
of  the  details  of  this  ? 

The  Chairman.  Each  one  of  the  budget  items. 

Mr.  Mosher.  In  the  yellow  books,  later? 

The  Chairman.  Yes. 

Dr.  Newell.  Mr.  Chairman,  with  regard  to  the  question  you  asked 
earlier,  the  cost  for  seven  flights  of  the  interplanetary  monitoring 
satellite,  which  is  our  present  projection,  will  be  $30  million  total, 
approximately. 

The  Chairman.  Thank  you,  Doctor.  How  much  information  do 
you  get  from  one  of  these  interplanetary  monitor  satellites  that  you 
do  not  get  from  the  Pioneer? 

Dr.  Newell.  The  purpose  of  the  interplanetary  monitor  satellite  is 
to  remain  within  the  Earth-Moon  system.  The  purpose  of  the  Pioneer 
type  spacecraft  is  to  go  out  from  the  Earth  to  distances  of  up  to  50 
million  miles.  Between  the  two  types  of  spacecraft,  we  can  measure 
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conditions  at  different  points  in  space,  so  that  one  can  time  the  passage 
of,  let’s  say,  an  event  by  Pioneer  and  then  time  its  arrival  in  the 
vicinity  of  the  Earth  on  the  interplanetary  satellite. 

So,  they  do  different  jobs.  The  one  does  one  thing.  The  other, 
another. 

The  Chairman.  When  do  you  plan  the  first  flight,  Doctor? 

Dr.  Newell.  The  first  interplanetary  monitoring  satellite  is  sched- 
uled for  late  this  year. 

Mr.  Cortright.  Pioneer  starts  at  least  a year  later  which  is  one 
of  the  differences.  They  are  staggered. ' 

Dr.  Newell.  The  Earth’s  magnetic  field  both  affects  and  is  affected 
by  these  magnetic  bottles  just  discussed.  The  general  shape  of  the 
field  is  shown  in  this  chart  (fig.  9,  Earth’s  Magnetic  Field). 


EARTH’S  MAGNETIC  FIELD 


Figure  9 

I should  interpolate,  this  is  the  general  shape  one  should  expect  if 
nothing  were  happening  co  it.  It’s  the  shape  that  a bar  magnet  has 
and  is  theoretically  the  shape  to  be  expected  of  the  Earth’s  magnetic 

However,  the  solar  wind  mentioned  earlier  compresses  the  field 
lines  on  the  sunlit  side  of  the  Earth  and  passes  in  a long  wake  on  the 
dark  side  as  shown  in  this  chart  here  (fig.  10,  Shape  of  Magneto- 
sphere). This  cavity  formed  in  the  solar  wind  by  the  Earth’s  mag- 
netic field  is  called  the  magnetosphere.  As  the  solar  wind  fluctuates, 
occasionally  erupting  in  great  gusts  from  solar  flares,  the  magneto- 
sphere boundary  moves  in  and  out  on  the  sunlit  side  of  the  Earth. 
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SHAPE  OF  MAGNETOSPHERE 


Results  obtained  during  1962  from  Explorer  X,  XII,  and  XIV 
have  been  consistent  with  this  shape.  However,  we  have  not  been 
able  to  map  out  the  boundary  of  the  magnetosphere  over  large  regions 
of  space.  Two  of  the  satellites  scheduled  tor  launch  during  1963 
will  contribute  materially  to  the  mapping  of  this  boundary.  First, 
the  Eccentric  Geophysical  Observatory  (EGO)  will  be  making  a 
large  number  of  coordinated  measurements  of  the  magnetic  field  and 
the  energetic  particle  population  from  a highly  eccentric  orbit  ex- 
tending some  60,000  miles  from  the  center  of  the  Earth. 

The  Chairman.  Doctor,  may  I interrupt  you  right  there.  What  is 
the  importance  of  completely  mapping  the  magnetosphere? 

Dr.  Newell.  The  magnetosphere  contains  the  trapped  particles  that 
have  been  put  in  there  by  various  solar  activities  and  constitute  a 
radiation  belt  around  the  Earth. 

The  mechanisms  of  how  these  particles  get  trapped  in  the  region — 
in  the  magnetosphere,  of  how  they  arrive  at  the  energies  that  we  ob- 
serve them  to  have,  particularly  during  auroral  disturbances  and 
magnetic  storms,  and  how  they  are  lost  into  the  Earth’s  atmosphere 
or  wherever  they  go,  are  not  understood. 

These  are  important  to  understand  because  they  have  a bearing  on 
what  happens  to  the  magnetosphere  when  you  introduce  such  par- 
ticles through  nuclear  explosions,  for  example. 

They  will  have  a bearing  on  how  long  such  artificial  radiation  belts 
last  and,  therefore,  on  what  effects  such  belts  have  on  space  stations 
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or  spacecraft  put  into  these  regions,  and  on  how  long  these  effects 
will  endure. 

The  Chairman.  What  you  are  saying,  really,  is  that  to  get  all  the 
answers  we  want,  we  will  need  a continuous  mapping  program.  Isn’t 
that  correct  ? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  And  it  amounts  to  more  than  just  scientific 
curiosity  ? 

Dr.  Newell.  It  amounts  to  more  than  just  scientific  curiosity.  It’s 
a practical  matter  of  being  able  to  operate  and  do  what  one  may  want 
to  do  in  this  region  of  space. 

Mr.  Staebler.  Dr.  Newell,  is  the  effect  of  the  magnetosphere  felt 
only  in  communications  or  are  there  other  effects  % 

Dr.  Newell.  There  are  other  effects,  Congressman  Staebler,  than 
just  communications. 

There  are  effects  on  sensitive  materials — for  example,  solar  cells 
used  in  power  supplies  or  possibly  on  transistors  used  in  the  electronics 
of  spacecraft  in  this  region. 

Also  the  radiation  bmt  is  sufficiently  intense  that  as  of  the  present 
time  we  know  of  no  way  to  shield  a manned  space  station  adequately 
to  permit  it  to  orbit  through  this  region  continually  without  damage 
to  the  crew.  In  a very  short  time,  in  a matter  of  a few  days  or  so,  crews 
of  any  sort  of  space  station  we  see  how  to  build  at  the  present  time, 
would  have  been  overexposed  to  harmful  radiations. 

Mr.  Staebler.  So  this  is  a rather  crucial  point  ? 

Dr.  Newell.  It  is,  indeed. 

Since  the  angular  position  of  the  EGO  orbit  is  fixed  in  inertial  space, 
penetration  of  different  portions  of  the  magnetosphere  will  be  ac- 
complished a3  the  Earth  revolves  around  the  Sun. 

By  “inertial  space,”  for  practical  purposes,  I mean  “fixed  relative 
to  the  stars.” 

The  interplanetary  monitor  satellite  will  carry  out  a more  compact 
group  of  measurements,  carrying  a considerably  smaller  payload  to 
the  much  greater  distances  required  to  plot  out  the  shape  of  the  boun- 
dary of  the  magnetosphere  on  the  dark  side  of  the  Earth.  Here,  if 
the  theoretical  picture  is  correct,  these  outermost  contours  extend  out 
at  least  to  150,000  miles,  which  is  2y2  times  the  apogee  of  EGO. 

Perhaps  I ought  to  explain  that  there  is  a little  intricate  geometry 
here. 

My  fist  designates  the  Earth  and  the  Sun  is  over  in  the  direction  of 
the  wall  to  my  left  and  we  think  of  the  orbit  of  the  geophysical  obser- 
vatory as  lying  in  this  plane  [indicating  around  wrist] . 

What  I have  said  is  that  the  plane  of  that  orbit  remains  essentially 
fixed  in  space. 

However,  as  the  Earth  moves  around  the  Sun,  the  EGO  orbit  will 
in  effect  have  drifted  through  the  magnetosphere  and  in  that  way  the 
Earth  helps  us  to  explore  the  magnetosphere. 

To  say  this  again,  if  the  orbit  were  like  this  [indicating  slanting 
position]  as  the  Earth  goes  around  the  Sun,  this,  in  effect,  pulls  the 
magnetosphere  around  through  the  plane  of  the  orbit  of  the  satellite 
bo  the  satellite  gets  a chance  to  scan  through  the  magnetic  field. 

The  Chairman.  It  has  the  same  effect  as  if  the  satellite  orbit  were 
changing  constantly  ? 
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Dr.  Newell.  For  all  practical  purposes  that  is  the  same  effect. 
And,  which,  Mr.  Chairman,  is  the  reason  why  we  felt  we  had  to  in- 
troduce the  interplanetary  monitoring  satellite  into  the  program. 

Within  the  boundary  of  the  magnetosphere  lie  the  trapped  particle 
belts  (tig.  11,  Magnetosphere).  Protons  and  electrons  populate  the 
belt  in  equal  numbers  but  with  large  spatial  * ariations  of  energy.  In 
some  regions  electrons  are  more  energetic,  and  more  easily  detected; 
in  others  the  protons  are  more  energetic.  Closest  to  the  Earth  lies  a 
belt  characterized  by  energetic  protons.  Superimposed  on  this  belt  is 
a decaying  belt  of  energetic  electrons  contributed  by  a high-altitude 
nuclear  blast  last  summer.  Beyond  this  is  a belt  of  protons  of  mod- 
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erate  energy  that  exhibits  considerable  changes  in  intensity  with  time. 
The  outermost  belt  is  characterized  by  energetic  electrons.  This  belt 
fluctuates  by  many  factors  of  10  with  solar  activity.  Auroral  activity 
and  precipitation  of  electrons  into  the  atmosphere  at  high  altitudes  are 
thought  to  be  related  to  these  fluctuations. 

Mr.  Chairman,  this  slide  we  have  drawn  to  as  nearly  correct  scale 
as  we  could,  so  that  you  do  get  a feeling  for  the  size  and  extent  of 
these  belts  with  respect  to  the  size  of  the  Earth. 

The  Chairman.  Doctor,  where  did  we  find  the  $5  million  that  we 
channeled  into  the  interplanetary  monitoring  probe  satellite?  Where 
did* we  ^et  that  $5  million  ? 

Dr.  Newell.  We  will  look  this  up  for  you. 
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To  complete  my  last  remark,  this  is  the  side  facing  the  Sun  so  this 
is  to  correct  scale,  the  size  of  the  magneto  section  that  is  in  the  direc- 
tion toward  the  Sun. 

Would  you  like  me  to  wait  for  this  or  continue  ? 

The  Chairman.  You  can  insert  it  in  the  record  any  time  you  find  it. 

Dr.  Newell.  In  our  total  reprograming  of  the  Geophysics  and  As- 
tronomy Program,  we  wound  up  with  a net  reduction. 

In  this  reprograming,  we  were  able  to  cover  the  $5  million  about 
which  you  have  inquired. 

The  Chairman.  You  mean  you  ended  up  with  a net  reduction  ? A 
net  reduction  from  what? 

Dr.  Newell.  A net  reduction  of  funding  applied  to  geophysics  and 
astronomy  over  what  we  had  discussed 

The  Chairman.  You  spent  less  than  you  got,  Doctor?  Is  that 
what  you  are  saying? 

Dr.  Newell.  In  geophysics  and  astronomy  we  spent  less  than  we 
had  asked  for  last  year. 

The  Chairman.  Where  did  you  put  what  you  had  left?  Where 
did  you  program  it  to? 

Dr.  Newell.  Mr.  Chairman,  this  goes  into  an  involved  set  of  figures 
in  detail.  We  have  a piece  of  paper  here  which  describes  these 
changes  and  where  the  moneys  went.  We  will  be  glad  to  furnish  this 
to  the  committee  for  its  study. 

The  Chairman.  Well,  we  are  very  interested,  Doctor,  in  finding 
out  where  moneys  were  reprogramed  to  and  where  they  came  from, 
and  how  much  moneys  are  involved  in  dollars  and  cents  value. 

Dtr.  Newell.  Well,  may  I suggest  that  we  supply  this  outline  of 
these  figures  and  give  the  committee  an  opportunity  to  study  these  and 
then  we’ll  be  glad  to  answer  questions  on  them. 

The  Chairman.  OK,  I had  previously  made  a request  for  this  in- 
formation. I am  not  sure  I can  understand  the  information  I re- 
ceived, and  as  a result,  I again  make  the  request,  so  it  becomes  a part 
of  the  record. 

Dr.  Newell.  Fine. 

Mr.  Randall.  We  all  know  that  every  member  of  the  committee 
receives,  every  week  and  sometimes  daily,  the  mimeographed  or  the 
reproduced  letters  to  the  speaker. 

Now,  I know  that  this  subcommittee  couldn’t  follow  through  on  all 
of  the  manned  space  flight  program,  or  applications,  or  tracking  and 
data  acquisition,  but  I think  the  subcommittee  should  have  a compila- 
tion of  those  requests  as  to  the  area  of  its  inquiry;  that  is,  space 
sciences  and  advanced  research  and  technology.  I assume  that  is 
what  you  were  requesting,  Mr.  Chairman. 

The  Chairman.  Yes,  sir ; that  is  correct. 

Mr.  Cortright.  Mr.  Chairman,  I’d  like  to  comment  on  that. 

Your  staff  did  ask  NASA  to  submit  a history  or  summation  of  our 
reprograming  actions,  not  only  within  Geophysics  and  Astronomy,  but 
all  the  Office  of  Space  Sciences. 

This  list  has  been  submitted  and  it  will  identify,  for  example,  the 
fact  there  was  a net  reduction  of  $7.4  million  in  what  we  had 
initially  intended  to  expend  in  geophysics  and  astronomy  although 
the  total  expenditure  within  the  Office  of  Space  Sciences  is  up. 
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In  other  words,  the  various  reprogramings  throughout  the  course  of 
the  year  to  meet  contingencies  and  other  problems,  resulted  in  num- 
bers being  allocated  which  are  slightly  different  from  what  was  in  the 
budget  book  last  year. 

We  have  submitted  these  data  to  your  staff. 

The  Chairman.  Let  me  just  pass  this  over  to  you,  Mr.  Cortright, 
and  ask  you  to  identify  this  as  the  submission  you  are  talking  about. 

If  it  is,  I think  it  deserves  an  explanation. 

Mr.  Cortright.  That  is  the  information. 

The  Chairman.  Perhaps  it’s  because  it  was  just  submitted  to  the 
staff  late  yesterday  afternoon  and  I didn’t  have  a chance  to  look  at  it 
until  this  morning  a few  brief  minutes  before  the  committee  meeting 
started,  but  it  doesn’t  really  tell  me  how  funds  were  reprogramed; 
that  is,  from  what  project  to  what  project,  from  what  area  to  what 
area. 

Mr.  Cortright.  We  are  prepared  to  discuss  that. 

Dr.  Newell;  Perhaps  I could  run  through  a brief  summary  of  the 
overall  reprograming  to  give  an  overall  picture  of  what  has  happened. 

The  total  R.  & D.  budget  for  space  sciences  to  be  the  sum  of  $479,- 
493,000  for  fiscal  1963. 

The  Chairman.  This  was  your  budget  request  ? 

Dr.  Newell.  That  was  the  budget  request. 

Mr.  Mosher.  What  was  that  total  ? 

Dr.  Newell.  That  was  $479,493,000  for  the  research  and  develop- 
ment portion  of  our  budget. 

The  Chairman.  Doctor,  may  I interrupt  to  ask  if  you  have  some 
more  of  these? 

Dr.  Newell.  I am  sure  I do. 

The  Chair,  .an.  Could  we  have  one  for  each  member  of  the  sub- 
committee, and  put  it  in  the  record,  too,  please  ? 

Dr.  Newell.  Certainly. 

(The  information  requested  follows :) 
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Office  of  Space  Sciences,  fiscal  year  196S  reprograming  status  of  OSS  research 
and  development  funding  through  January  1963 


[Thousands  of  dollars] 


Program/project 

Fiscal  year 
1063  budget 

Fiscal  year 

1963  column, 
fiscal  year 

1964  budget 

Commit- 

ments 

Obligations 

Total,  Office  of  Space  Sciences 

Geophysics  and  astronomy 

8.R.  ti  T 

Energetic  particles 

Interplanetary  monitor 

Atmospheric  structure 

Topside  sounder  (S-48) 

Ionosphere  monitor 

$479, 493 

$525,279 

$361,556 

$269,119 

151,900 

144,500 

98,646 

79,377 

16,500 

200 

200 
200 
2,000 
55, 100 
13,600 
42,700 
5,400 
16,000 

13,700 

10,500 

5.000 

4.000 

1.000 

9,600 

8,067 

4,714 

3,072 

514 

5,658 

7,547 

3,983 

2,909 

436 

OQO - 

38.500 
11,350 
36, 100 
12,850 

11.500 

23,238 

7,028 

29,317 

6,876 

6,220 

19,590 

4,942 

27,311 

4,644 

2,357 

OSO 

OAO 

International ...  - 

Sounding  rockets  and  geoprobes 

Lunar  and  planetary.. 

246,300 

221, 179 

156,196 

148,529 

8.R.  AT 

Ranger 

10,760 

42,022 

95,678 

10,000 

9,240 

20,244 

78,970 

61,696 

13,409 

69,481 

42,100 

10,895 

59,406 

39,800 

Surveyor 

Prospector 

Mariner  (Venus  flyhyl _ . _ _ _ 

Mariner  (Mars  flyby) 

9,096 

29,400 

18,273 

9,006 

24,320 

5,000 

9,096 

24,320 

5,000 

Mariner  (lander) 

Voyager 

72, 166 
6,600 

Pioneer. 

3,500 

2,792 

10 

Bloscience 

7,093 

21,000 

6,161 

2,911 

S.R.  AT 

Flight  program 

Launch  vehicle  development 

3,000 

4,093 

10,050 

10,950 

5,861 

300 

2,890 

21 

64,200 

108,000 

81,776 

38,134 

S.R.  AT 

2,000 

4,200 

92,900 

8,900 

600 

2.-821 

78,355 

Scout 

4,200 

60,000 

1,251 

36,883 

Centaur 

Operational  support 

Sustaining  university  program 

10,000 

30,600 

18,776 

168 

Dr.  Newell.  If  you  look  at  the  yellow  books  in  our  budget  submis- 
sions this  year,  you  will  observe  we  are  actually  operating  in  the 
fiscal  year  1963  on  the  budget  of  $525,279,000,  which  is  an  increase 
of  $45,786,000. 

Now,  this  comes  about  as  follows : 

We  initiated  a flight  program  in  biosciences  and  began  developing 
experiments  to  support  this  at  an  increase  of  $13,907,000. 

This  is  a program  that  was  in  its  very  formative  stages  as  a result 
of  the  reorganization  of  NASA  at  the  time  we  appeared  before  the 
committee  last  year. 

The  Chairman.  That  was  in  biosciences.  Doctor? 

Dr.  Newell.  That  is  in  fundamental  oiosciences,  that  is  correct. 

We  increased  our  effort  on  Centaur,  in  order  to  hold  an  operational 
date  of  1964.  Including  an  increase  in  operational  ground  support 
to  the  Centaur  program  mis  added  up  to  $43,800,000. 

The  Chairman.  I thought  it  was  $32  million  here,  according  to  the 
chart  I have. 

Mr.  Cortright.  That  is  $32  million,  plus  the  operational  support 
item. 
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Dr.  Newell.  My  figure  said,  “including  an  increase  in  operational 
ground  support,”  this  increased  the  budget  by  $43,800,000. 

The  Chairman.  Then  you  see  what  we  have  is  only  part  of  the 
picture,  don’t  we?  What  does  $92,900,000,  for  example,  represent? 
If  it  doesn’t  include  operational  support,  what  does  it  include?  Sal- 
aries and  expenses,  hardware  ? 

, Mr.  Cortwright.  It  includes  research  and  development  costs — yes, 
sir ; all  of  that. 

The  Chairman.  Every  thing  but  operational  support  ? 

Mr.  Cortright.  The  operational  support  brings  it  up  to  the  full 
$101  million. 

Dr.  Newell.  You  have  the  operational  support  figure  there  ? It  is 
the  eight  point  something 

The  Chairman.  Eight — nine 

Dr.  Newell.  Below  there.  If  you  add  those. 

The  Chairman.  That  is  operational  support  vehicle  program. 

I don’t  know  if  that  is  applied  specifically  and  entirely  to  Centaur 
or  whether  it’s  scattered  around. 

Mr.  Cortright.  Almost  entirely  to  Centaur.  One  thing  that  we 
would  be  happy  to  do,  Mr.  Chairman,  because  we  recognize  that  a 
simple  listing  of  numbers  like  this  cannot  be  entirely  meaningful,  is 
to  have  our  people  meet  with  your  staff  and  fully  brief  them  on  how 
these  numbers  were  arrived  at. 

The  Chairman.  Well,  no  reflection  on  the  staff,  Mr.  Cortright,  but 
I’m  not  sure  that  necessarily  benefits  the  members  of  the  subcommittee 
to  the  extent  I’d  like  to  have  it. 

On  many  occasions  this  information  doesn’t  get  from  the  staff 
to  all  of  the  members  of  the  subcommittee.  Might  get  to  me,  for  ex- 
ample, or  some  other  members  of  the  subcommittee ; but  I would  pre- 
fer each  member  of  the  subcommittee  would  be  as  completely  informed 
as  he  can  be. 

So  if  you  could — maybe  as  we  go  along  these  things  will  be  ex- 
plained and,  if  so,  we’ll  need  no  further  information. 

Mr.  Mosher.  This  reference  to  an  increase  of  $49  million ; is  that 
fiscal  year  1963  or  fiscal  year  1964?  Which  are  you  talking  about? 

Dr.  Newell.  I beg  your  pardon  ? 

Mr.  Mosher.  You  referred  to  an  increase  of  $49  million  plus.  Were 
you  talking  about  fiscal  year  1963  or  fiscal  year  1964  ? 

Dr.  Newell.  We  are  talking  about  fiscal  year  1963  in  the  figures 
I have  been  giving  out. 

Mr.  Mosher.  This  $49  million  was  in  addition  to  your  original  R. 
& D.,  in  the  space  sciences  ? 

Dr.  Newell.  The  increase  of  $45,786,000  was  an  increase  in  our 
budget  for  space  sciences. 

Mr.  Mosher.  Over  and  above  the  original  479  ? 

Dr.  Newell.  That  is  correct ; yes.  Perhaps  I should  continue  with 
this  overall  summary. 

I should  like  to  emphasize  we  will  be  pleased  to  speak  to  each  in- 
dividual item  as  it  comes  uj>,  but  it  may  be  worth  while  to  have  this 
summary  to  integrate  it  at  this  time. 

The  CJhairman.  Yes,  I think  so,  Doctor. 

Dr.  Newell.  We  also  increased  our  sustaining  university  program 
by  $20,600,000  from  its  original  $10  million  figure.  Now,  these  major 
increases  totaled  $78,307,000. 
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Mr.  Mosher.  What  was  that  again? 

Dr.  Newell.  The  sum  of  the  major  increases,  the  biosciences,  Cen- 
taur, and  the  sustaining  university  program  increases  is  $78,307,000. 

Now,  in  order  to  partially  offset  these  increases,,  we  reprogramed 
within  the  Office  of  Space  Sciences  in  the  geophysics  and  astronomy 
area,  decreasing  the  total  by  $7.4  million  and  in  the  lunar  and  plane- 
tairy  area,  decreasing  the  total  by  $25,121  million. 

The  Chairman.  And  how  did  you  effectuate  this  decrease  in  the 
lunar  and  planetary  programs?  What  items,  Doctor?  Could  you  be 
more  specific  ? 

Dr.  Newell.  I’ll  be  glad  to  go  into  that. 

You  will  note  the  sum  of  these  decreases  when  subtracted  from  the 
$78,307  million  figure  gives  the  net  reduction  of  $45,876,000,  the  figure 
that  I quoted  earlier. 

Now  in  the  geophysics  and  astronomy  area  we  had  a number  of 
things  that  influenced  our  programing  and  resulted  in  reprograming. 

First,  there  were  the  hign-altitude  nuclear  tests.  Immediately  fol- 
lowing the  detection  of  tne  increased  trapped  radiation  surrounding 
the  earthy  we  initiated  a project  to  investigate  it.  This  was  an 
opportunity  that  could  not  have  been  anticipated. 

By  using  existing  parts  and  technology  and  rescheduling  a Delta 
launch  vehicle,  we  were  ready  to  launch  about  2 months  after  “go 
ahead.” 

The  cost  was  about  $10  million.  This  was  a cost  we  had  to  cover 
that  had  not  been  planned  on. 

Also  during  the  past  year  it  was  determined  that  we  needed  more 
data  on  solar  radiation,  to  prepare  for  manned  flight  to  the  Moon. 
We  thus  initiated  a series  of  tnree  small  Delta  launched  spacecraft 
called  interplanetary  monitor.  This  is  the  interplanetary  monitoring 
satellite  we  have  already  mentioned.  This  project,  which  will  have 
its  first  flight  this  year,  required  $5  million  in  fiscal  1963.  It  also  was 
a project  not  covered  in  our  planning  at  the  beginning  of  last  year. 

In  addition,  there  w as  an  opportunity  to  cooperate  with  the  Italian 
Government  on  atmospheric  research  by  means  of  equatorially 
launched  satellites  and  our  part  in  this  program  required  $6  million 
in  fiscal  year  1963. 

Now  these  constitute  increases  required  in  the  area  of  geophysics 
and  astronomy. 

Decreases,  in  order  to  take  care  of  this,  and  to  help  counterbalance 
the  total  Office  of  Space  Sciences  increases,  went  as  follows : 

The  supporting  research  and  technology  effort  was  reduced  by  $2.8 
million. 

We  saved  $2  million  on  an  ionosphere  satellite  by  virtue  of  the  fact 
the  Canadians  have  indicated  they  will  build  this  satellite  and  pay 
for  it. 

We  reduced  the  orbiting  geophysical  observatory  costs  by  resched- 
uling the  follow-on  launches  after  the  first  launch  for  a slower  rate 
at  a rate  of  three  per  year,  rather  than  four  per  year. 

This  resulted  in  a reduction  of  fiscal  1963  fund  requirements  of 
$16.6  million. 

Because  of  the  success  of  the  Orbiting  Solar  Observatory  No.  1,  we 
were  able  to  defer  the  second  launch,  thus  reducing  the  fiscal  1963 
requirements  by  another  $2.2  million.  OSO  I is  still  operating,  as 
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the  committee  may  know,  although  at  the  present  time  it’s  just  limp- 
ingalong. 

The  Orbiting  Astronomical  Observatory  has  slipped  due  to  tech- 
nical difficulties  and  we  have  rescheduled  the  follow-on  launches  so 
as  to  have  one  every  9 months  instead  of  one  every  6 months  as  we 
told  the  committee  last  year,  hoping  therefore,  to  obtain  a reduction 
of  $6.6  million  in  the  fiscal  1963  requirements. 

Lastly,  we  reduced  the  sounding  rocket  and  geoprobe  costs  by  $4% 
million  by  eliminating  Scout-sized  rockets. 

The  Chairman.  Eliminating  what? 

Dr.  Newell.  Scout-sized  rockets.  Scout,  you  see,  gets  to  be  a rather 
large  sounding  rocket;  it  is  costly,  and  is  the  “tail  that  wags  the  dog” 
in  the  sounding  rbc^et  and  geoprobe  program,  so  we  have  pulled 
that  out  of  this  area  for  this  year. 

Also,  the  Office  of  Applications  is  conducting  a meteorological 
sounding  rocket  program,  so  that  we  in  OSS  do  not  have  to. 

In  the  lunar  and  planetary  area,  as  I mentioned,  the  net  reduction 
was  $25,121,000.  We  have  had  to  increase  supporting  research  and 
technology  by  $9,484,000  to  permit  additional  study  effort  on  advanced 
programs  before  we  plunge  into  hardware  funding  on  such  programs, 

Tne  Chairman.  What  programs,  specifically,  Doctor  ? 

Dr.  Newell.  Voyager  would  be  an  example  of  one  such. 

The  Chairman.  How  about  the  Banger  ? 

Dr.  Newell.  Operating  funds  for  JPL  also  constitute  a function 
of  this  money,  because  their  general  supporting  funds  support  all  of 
their  programs  for  Banger,  Surveyor,  ana  others. 

Project  Banger  was  increased  by  $36,948,000  to  provide  initial  fund- 
ing for  5 additional  flights  bringing  the  total  of  approved  flights  to 
14,  with  5 of  them  already  complete. 

The  Chairman.  Let  me  ask  you,  Doctor. 

Why  did  we  decide  we  needed  five  additional  Banger  flights,  because 
the  first  five  weren’t  very  successful  ? 

Is  that  the  reason  ? 

Dr.  Newell.  Well,  we  feel  we  must  get  data  on  the  lunar  surface 
as  soon  as  possible  and  in  order  to  do  this,  we  wish  to  make  full  Hse 
of  the  Banger  vehicle.  . 

The  Surveyor,  as  you  know,  is  designed  to  initiate  our  first  really 
all-out  attack  on  this  problem,  but  the  Banger  is  capable,  when  it 
gets  to  operating — of  giving  us  very  valuable  initial  information. 

We  feel  that  we  must  make  full  use  of  this  approach  while  we  are 
developing  the  Surveyor  approach. 

The  Chairman.  How  much  of  this  additional  $37  million  for  the 
Banger  program  is  going  into  redesigning  the  spacecraft?  Is  this 
just  for  the  five  additional  Bangers,  or  is  a certain  percentage  of  this 
money  going  into  redesigning? 

Dr.  Newell.  This  is  primarily  for  the  five  additional  flights. 

Much  of  the  redesign  involved  in  these  funds  is  to  do  different 
things  with  the  Banger  spacecraft — to  make  different  measurements, 
rather  than  redesigning  the  basic  spacecraft. 

For  example,  the  Banger  can  be  used  for  taking  television  pictures. 
We  plan  to  do  that,  in  the  next  block  of  Bangers. 

It  can  be  used  for  making  measurements  oi  the  radioactivity  of  the 
planet,  and  the  magnetic  field  of  the  Moon. 
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It  can  be  used  for  implanting  such  things  as  seismographs  on  the 
planetary  surface. 

We  even  have  a scheme  in  mind  that  has  been  proposed  to  us  for 
taking  very  high  resolution  pictures  of  the  Moon  from  a landed 
capsule. 

The  Ranger,  you  see,  can  be  used  for  all  of  these. 

The  Chairman.  We  are  not  saying  we  don’t  have  this  program  set 
in  concrete,  are  we,  Doctor? 

Dr.  Newell.  No,  we  are  not. 

The  Chairman.  You  said  we  “could”  use  this  kind  of  experiment, 
or  there  is  a “possibility”  we  may  have  this  kind  of  experiment. 

We  are  not  floating  around  here,  very  loosely,  just  attempting  to 
settle  on  the  experiments  we  should  fly  on  these  Rangers,  are  we? 

Dr.  Newell.  No,  the  situation  is  as  follows : 

With  respect  to  the  next  block  of  Rangers,  this  is  already  set  in 
concrete. 

The  instrumentation  is  designed  and  built. 

The  hardware  is  ready,  and  a prototype  is  undergoing  a series  of 
tests  to  validate  it  for  flight. 

The  next  block  of  Rangers  will  carry  a set  of  experiments  to  be 
selected  in  the  near  future. 

The  Chairman.  That  is  the  five  additional  ones  you  are  talking 
about? 

Dr.  Newell.  No,  that’s  preceding  the  five  additional. 

The  Chairman.  Preceding  or r 

Dr.  Newell.  That  is  the  five  additional. 

The  Chairman.  That  is  the  five  additional  ? 

Dr.  Newell,  when  vou  talk  about  this  next  block,  what  does  that 
mean  on  the  calendar  ? 

Dr.  Newell.  The  next  block  of  Rangers  consists  of  a group  starting 
toward  the  end  of  1968. 

Mr.  Mosher.  Of  this  year? 

Dr.  Newell.  Of  this  year. 

Mr.  Mosher.  It’s  in  fiscal  year  1964  then  ? 

Dr.  Newell.  Yes. 

The  Chairman.  For  which  we  are  now  funding  because  of  the  lead- 
time  involved,  right,  Doctor? 

Dr.  Newell.  Yes. 

Mr.  Mosher.  You  are  satisfied  with  the  Ranger;  it  is  a basic,  useful 
vehicle,  even  though  you  have  had  some  problems  ? 

Dr.  Newell.  We  are  satisfied  the  basic  design  is  valid  and  that  it 
will  be  a useful  vehicle. 

The  problem  that  faces  us  is  to  do  the  right  things  to  make  it  work 
and  these  things  can  be  done  and  we  intend  to. 

The  Chairman.  OK,  do  you  want  to  go  to  Surveyor,  now  ? 

Dr.  Newell.  Project  Surveyor  was  decreased  $33,982,000. 

Mr.  Randall.  Would  you  repeat  that  again  ? 

Dr.  Newell.  Project  Surveyor  was  decreased  by  $33,982,000. 

However,  it  does  continue  as  a high  priority  project. 

About  two-thirds  of  this  decrease  resulted  from  deferral  to  fiscal 
year  1964  of  the  lunar  orbiter. 

The  balance  resulted  from  the  fact  that  Centaur  slipped  which  post- 
poned the  date  on  which  Surveyor  operational  projects  would  buy 
their  own  launch  vehicles  and  be  charged  for  them. 

96*504  O'  ■ rpt.  8&  1 *8 
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The  Chairman  doctor,  I wonder  if  we  could  bring  our  hearing 
for  today  to  a conclusion  at  this  point. 

Dr.  Newell.  Surely. 

The  Chairman.  We  do  not  have  permission  to  sit  during  a session 
of  the  Congress,  and  I notice  that  some  of  our  members  have  had  to 
leave  for  various  reasons. 

Could  we  continue  this  at  10  o’clock  tomorrow  morning,  and  then 
we  can  get  on  with  your  prepared  statement. 

Dr.  Newell.  Be  glad  to  do  it. 

Mr.  Randall.  Before  we  adjourn,  one  question. 

I think  what  I am  going  to  say  is  probably  true  of  some  of  the  other 
members. 

I don’t  know  whether  it  is  possible  to  have  a transcript  of  the  testi- 
mony; I’m  sort  of  lost,  without  any  back-up  figures,  unless  we  can 
get  them  from  the  recora  here. 

I have  tried  to  follow,  as  best  I could,  these  pluses  and  minuses,  but 
I am  considerably  far  behind.  I would  like  Mr.  Chairman,  either 
permission  to  have  the  record  or  something  to  proceed  on  tomorrow. 

The  Chairman.  I have  asked  Dr.  Newell  for  additional  copies,  and 
I understand  we  will  be  supplied  with  them  and  have  them  on  your 
desk  tomorrow  morning. 

Mr.  Randall.  All  right,  thank  you. 

The  Chairman.  Thank  you  very  much,  Dr.  Newell. 

Dr.  Newell.  You  are  welcome,  Mr.  Chairman. 

The  Chairman.  The  meeting  is  adjourned  until  10  a.m.  tomorrow. 

(Whereupon,  at  12:02  p.m.,  the  subcommittee  adjourned  until  10 
a.m.,  Thursday,  March  7, 1963.) 
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THURSDAY,  MARCH  7,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

W ashington,  D.G. 

The  committee  met  at  10  a.m.,  pursuant  to  call,  in  room  214-B,  New 
House  Office  Building,  the  Hon.  Joseph  E.  Karth  presiding. 

The  Chairman.  The  meeting  will  come  to  order. 

Dr.  Newell,  yesterday,  if  I recall  correctly  at  the  time  we  adjourned, 
you  were  explaining  to  us  the  reprograming  of  funds  on  Project 
Surveyor.  Would  you  like  to  continue  with  that,  and  then  we  can 
go  back  to  your  statement. 

FURTHER  STATEMENT  OF  DR.  HOMER  E.  NEWELL,  DIRECTOR, 

OFFICE  OF  SPACE  SCIENCES,  NASA,  ACCOMPANIED  BY  EDGAR  M. 

CORTRIGHT,  DEPUTY  DIRECTOR 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

I believe  all  members  of  the  subcommittee  now  have  a copy  of  the 
summary  portion  of  my  posture  hearing  testimony  with  numbers  in- 
serted into  it. 

I thought  before  I continued,  I might  explain  the  meaning  of 
those  numbers. 

It  was  this  piece  of  paper  that  I was  looking  at  when  I was  discuss- 
ing the  numbers  on  the  other  piece  of  paper,  that  doesn’t  have  the  text. 
You  will  note  that  wherever  there  is  a number  such  as  in  the  second 
line,  on  the  first  page,  $479,493,000  that  there  is  also  another  number  in 
parentheses. 

I was  giving  you  the  first  number  which  is  research  and  develop- 
ment. The  second  number,  for  the  sake  of  completeness,  is  research, 
development,  and  operations,  the  expenses  of  salaries,  operating 
centers,  and  so  on. 

We  had  gotten  down  to  page  three,  the  bottom  of  the  first  paragraph 
in  Lunar  and  Planetary,  and  I was  about  to  say,  as  the  committee 
recommended  last  year,  we  eliminated  Project  Prospector  which  saves 
$10  million  in  R.  & D. 

Then  in  the  area  of  planetary  projects,  the  total  funds  were  decreased 
about  $27%  million  in  R.  & D.  and  this  came  about  as  follows : 

Centaur  delays  forced  us  to  rely  on  the  Atlas-Agena  for  the  1964 
flybys  rather  than  using  Centaur  for  landers.  We  therefore  deferred 
Centaur  launched  landers  until  1965.  Also,  Mariner  II  was  so  suc- 
cessful that  the  1964  Venus  flyby  was  canceled.  The  purpose  here 
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was  to  prepare  for  more  sophisticated  Venus  experiments  before  we 
gQ  ahead  with  another  Venus  attempt.  But,  we  are  continuing  with 
the  Mars  flyby  in  1964  under  high  priority. 

Also,  the  Voyager  project  did  not  go  into  hardware  stage.  This 
has  been  deferred,  at  least  another  year,  to  continue  with  a study 
phase  in  fiscal  1964. 

We  have  one  new  start  in  the  Lunar  and  Planetary  area ; one  that 
I mentioned  in  my  prepared  testimony  yesterday.  This  is  to  use  Pio- 
neer type  deep  space  probes  during  the  International  Year  of  the 
Quiet  Sun.  This  costs  $3%  million  m R.  & X>.  in  fiscal  year  1963,  and 
is  to  provide  radiation  and  field  measurements  from  distances  up 
to  50  million  miles  from  the  Earth  throughout  the  International  Year 
of  the  Quiet  Sun. 

Mr.  Randall.  What  calendar  year  is  that,  Doctor  ? 

Dr.  Newell.  That  covers  1964  and  1965. 

Mr.  Randall.  Thank  you. 

Dr.  Newell.  Although  they  call  it  the  Year  of  the  Quiet  Sun,  it’s 
really  a several-year  time  period  spanning  the  minimum  of  the  sun- 
spot cycle. 

Mr.  Randall.  I see,  thank  you. 

The  Chairman.  Doctor,  I think  unless  there  are  specific  questions 
the  members  have  in  mind  they  would  like  to  ask  at  this  time,  we  will 
just  defer  on  becoming  more  specific  in  this  dollar  and  cent  area.  So, 
finish  your  prepared  statement. 

Would  you  like  to  do  it  that  way  ? 

Dr.  Newell.  Surely. 

Then  should  I submit  this  for  the  record  ? 

The  Chairman.  Yes,  please. 

Dr.  Newell.  I believe  I’ve  already  pointed  out  that  this  is  the  same 
as  the  summary  portion  of  my  posture  hearing  but  with  the  numbers 
inserted. 

The  Chairman.  Correct.  I think  it  might  be  a good  idea  to  insert 
this  summary  sheet  at  this  point  in  the  record. 

(The  information  referred  to  is  as  follows :) 

Summary 

To  first  summarize  the  reprograming,  the  total  R.  & D.  budget  for  OSS  was  sub- 
mitted as  $479,493,000  ($535,427,000)  for  fiscal  year  1963.  Our  budget  sub- 
mission this  year  shows  that  we  are  actually  operating  in  fiscal  year  1963  on  a 
budget  of  $525,279,000  ($578,874,000),  an  increase  of  $45,786,000  ($43,447,000). 
What  caused  this  increase?  We  initiated  a flight  program  in  Biosciences  and 
began  developing  the  experiments  to  support  it  at  a new  increase  of  $13,907,000 
($18,019,000) . We  increased  our  effort  on  the  Centaur  in  order  to  hold  an  opera- 
tional date  of  1964.  Including  an  increase  in  operational  ground  support  this 
increased  our  budget  by  $43,800,000  ($45,616,000).  Lastly,  we  increased  our 
Sustaining  University  Program  by  $20,600,000  ($21,666,000)  from  its  original 
$10  million  figure.  These  major  increases  totaled  $78,307,000  ($85,301,000). 

To  partially  offset  these  increases,  the  Geophysics  and  Astronomy  Program 
was  decreased  by  $7,400,000  ($15,691,000)  and  the  Lunar  and  Planetary  program 
by  $25,121,000  ($26,163,000).  These  reductions  left  a new  requirement  of  $45,- 
786,000- ($43,447,000)  which  was  added  to  the  Space  Science  program. 

Within  the  individual  elements  of  our  programs,  other  reprograming  actions 
were  required  and  they  fall  within  these  gross  changes. 

Geophysics  and.  Astronomy. — A significant  event  which  influenced  our  pro- 
graming this  year  was  the  high  altitude  nuclear  tests.  Immedicately  following 
the  detection  of  significantly  increased  trapped  radiation  surrounding  the  Earth, 
we  initiated  a project  to  investigate  it.  By  using  existing  parts  and  technology 
and  rescheduling  the  Delta  launch  vehicle,  we  were  able  to  launch  about  2 months 
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after  go-ahead.  The  flight  was  highly  successful  in  determining  the  nature, 
extent,  and  probable  lifetime  of  the  artificial  belt.  Its  cost  was  about  $10  million 
($11,975,000)  for  two  flights,  the  second  of  which  has  now  been  deferred. 

During  the  past  year,  it  was  determined  that  we  needed  more  data  on  solar 
radiation  to  prepare  for  manned  flight  to  the  Moon.  Solar  monitoring  should 
be  nearly  continuous  until  we  understand  the  Sun  and  its  disturbances  much 
better  than  we  do  now.  We  thus  instituted  a series  of  three  small  Delta- 
launched  spacecraft  called  Interplanetary  Monitors,  which  will  orbit  the  Earth 
in  highly  eccentric  orbits.  This  project,  which  will  have  its  first  flight  this 
year,  required  $5  million  ($7,410,000)  in  fiscal  year  1963. 

In  addition  we  have  completed  negotiations  with  the  Italian  Government  and 
are  underway  with  a cooperative  program  which  will  culminate  in  an  equatorial 
launch  by  a Scout  of  an  Italian  satellite.  The  launch  will  take  place  from  a 
platform  in  the  Indian  Ocean  off  the  east  coast  of  Africa  in  1964.  Our  part  of 
this  program  is  $6  million  ($6,712,000)  in  fiscal  year  1963. 

These  constitute  most  of  the  increases  within  Geophysics  and  Astronomy  in 
fiscal  year  1963.  Decreases  in  other  projects  have  more  than  counterbalanced 
this.  The  S.  R.  & T.  effort  has  been  reduced  thereby  permitting  a reprograming 
of  $2.8  million  ($11,768,000).  $2  million  ($2,983,000)  was  saved  on  the  Iono- 
sphere Monitor  by  the  decision  of  the  Canadians  to  develop  this  satellite  as  they 
did  the  highly  successful  Alouette.  We  will  again  provide  the  launch  services. 
It  was  possible  to  reduce  the  OGO  project  costs  by  rescheduling  the  follow-on 
launches  for  a later  start  and  a launch  rate  of  three  per  year  rather  than  four. 
This  resulted  in  a reduction  of  fiscal  year  1963  fund  requirements  of  $16.6 
million  ($15,428,000).  The  success  of  OSO-I  permitted  us  to  defer  the  second 
launch  while  making  some  improvements,  thus  reducing  fiscal  year  1963  require- 
ments by  $2.2  million  ($2,671,000) . OAO  has  slipped  due  to  technical  difficulties. 
We  also  rescheduled  the  follow-on  launch  and  reduced  the  rate  from  every  6 
months  to  every  9 months,  thus  hoping  to  operate  at  $6.6  million  ($6,288,000) 
less  in  1963.  The  last  saving  in  G.  & A.  is  the  $4.5  million  ($8,413,000)  in  sound- 
ing rockets  and  geoprobes.  This  was  made  possible  by  eliminating  Scout-sized 
rockets,  and  by  the  fact  that  meteorological  sounding  rockets  were  funded 
by  the  Office  of  Applications. 

Lunar  and  Planetary. — A number  of  important  changes  accompanied  the  net 
reduction  of  $25,121,000  ($26,163,000)  in  the  L.  & P.  program.  The  increase  in 
S.  R.  & T.  was  necessary  to  permit  additional  study  effort  on  advanced  programs 
such  as  Voyager  in  lieu  of  hardware  funding.  Operating  funds  for  JPL 
research  constitute  a major  function:  of  this  money.  Project  Ranger  was  in- 
creased $36,948,000  ($35,797,000)  to  provide  initial  funding  for  five  additional 
flights,  bringing  the  total  of  approved  flights  to  14,  with  5 already  complete. 
This  increase  reflects  the  urgency  of  getting  some  early  information  about  the 
lunar  surface  in  support  of  Apollo.  Project  Surveyor  was  decreased  by  $33,- 
982,000  ($34,746,000)  although  it  continues  as  a high  priority  project.  About 
two-thirds  of  this  resulted  from  deferral  to  fiscal  year  1964  of  the  lunar  orbiter. 
The  balance  resulted  from  the  Centaur  slippage  which  postponed  the  date  on 
which  operational  projects,  such  as  Surveyor,  will  be  charged  for  developed 
launch  vehicles.  Project  Prospector  was  eliminated  with  a saving  of  $10  million 
($10,400,000). 

In  the  area  of  planetary  projects,  the  total  funds  were  decreased  about  $27.5 
million  ($27,265,000).  This  occurred  as  follows.  Delays  in  the  Centaur  forced 
us  to  rely  on  the  Atlas-Agena  in  1964  for  fly-bys  rather  than  landers.  The 
Centaur-launched  lander  was  thus  deferred  to  1965.  Mariner  II  was  so  success- 
ful that  the  1964  Venus  fly-by  was  canceled.  The  Mars  fly-by  in  1964  is  proceed- 
ing under  high  priority.  The  Voyager  project  has  been  deferred  at  least  another 
year  and  will  continue  with  additional  studies  in  fiscal  year  1964. 

We  did  have  one  new  start  In  the  L.  & P.  area.  Project  Pioneer,  costing  $3.5 
million  ($4,070,000)  in  fiscal  year  1963,  will  provide  radiation  and  field  meas- 
urements from  distances  up  to  50  million  miles  throughout  the  International 
Year  of  the  Quiet  Sun.  These  measurements  will  support  our  national  participa- 
tion in  the  worldwide  program  as  well  as  support  our  own  efforts  to  understand 
the  Sun  and  its  disturbances. 

Biosciences. — For  several  years  we  have  been  carefully  studying  the  need  to 
conduct  fundamental  experiments  in  the  biological  sciences  in  the  radiation 
and  weightless  environment  of  space.  The  Soviets  decided  early  and  have  con- 
ducted short  duration  flights.  We  have  now  determined  that  the  need  is  for 
flights  of  very  long  duration,  i.e.,  2 weeks  up  to  a year  or  more.  These  tests  will 
Initially  be  exploratory  and  will  serve  to  determine  the  most  promising  areas  for 
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future  studies.  The  longest  duration  flights  will  answer  questions  posed  by 
manned  planetary  flights  which  will  exceed  1 year.  This  program  will  cost  an 
additional  $13,907,000  ($18,019,000)  in  fiscal  year  1933,  equally  divided  between 
the  flight  programs  and  the  supporting  experiments. 

Sustaining  University  Program. — This  program  is  designed  to  enable  our  uni- 
versities to  develop  their  full  potential  in  support  of  the  national  space  program. 
Where  outstanding  research  teams  exist  and  can  help  if  funded,  or  where  such 
teams  can  be  built  up  with  funds,  such  supporting  research  funds  are  provided. 
Where  these  groups  are  in  dire  need  for  facilities,  they  are  provided.  And  where 
outstanding  faculty  groups  are  available  to  train  more  young  men  in  graduate 
work,  fellowships  are  provided  to  encourage  such  advanced  study.  The  increase 
of  $20.6  million  ($21,666,000)  in  fiscal  year  1963  over  that  amount  programed 
in  our  first  submission  provides  for  a total  of  $15  million  for  training  grants, 
$5.6  million  for  multidisciplinary  research  in  support  of  our  total  program,  and 
$10  million  for  needed  facilities. 

Launch  Vehicle  Development. — The  need  to  increase  our  launch  vehicle  develop- 
ment funds  was  known  and  discussed  with  you  last  year.  Nearly  all  of  this 
$43.8  million  ($45,616,000)  increase  was  required  to  rectify  technical  problems, 
in  the  Centaur  development.  These  steps,  which  I will  discuss  with  you  at  a 
later  hearing,  are  well  underway  and  we  now  feel  that  we  are  coming  out  of 
the  woods  on  this  project — although  much  remains  to  be  done.  Among  the  major 
requirements  for  these  additional  funds  were  increased  ground  testing  of  the  total 
system  and  its  major  subsystems;  structural  improvements;  insulation  panel 
improvements ; and  stage  separation  improvements.  In  general  we  are  rugged- 
izing  this  vehicle  and  simplifying  its  mission  profile  to  reach  operational  status 
late  next  year. 

Dr.  Newell.  I believe  we  had  arrived  at  page  28,  the  top  of  the  page 
in  my  prepared  testimony.  We  had  been  talking  about  the  Earth’s 
magnetosphere  and  I was  about  to  point  out  that  in  the  magnetosphere 
some  of  the  electrons  can  be  stopped  by  a few  thousandths  of  an  inch 
of  glass ; others  more  energetic  will  penetrate  one-half  inch  of  alumi- 
num. Some  electrons  arising  from  the  nuclear  blasts  can  penetrate 
several  inches  of  aluminum.  Further,  they  are  damaging  to  unpro- 
tected solar  cells  which  have  only  thin  shielding. 

There  are  many  questions  about  both  the  natural  and  artificial  radia- 
tion belts  still  to  be  answered.  What  are  the  sources  of  the  trapped 
particles  in  the  magnetosphere?  How  do  the  particles  acquire  their 
tremendous  energies  ? What  are  their  lifetimes  in  the  magnetosphere  ? 
What  is  the  role,  if  any,  of  hydromagnedc  waves  or  shock  fronts,  and 
radio  weaves,  in  accelerating  the  trapped  particles  to  their  energies? 
What  is  the  relationship  between  the  magnetosphere  and  such  phe- 
nomena as  magnetic  storms,  the  aurora,  and  communications 
blackouts  ? 

We  are  attacking  these  and  other  similar  problems  by  flying  a coordi- 
nated set  of  experiments  on  the  Orbiting  Geophysical  Observatory 
later  this  year.  One  hundred  and  fifty  pounds  of  experiments,  includ- 
ing magnetometers,  plasma  detectors,  and  very  low  frequency  radio 
propagation  experiments,  are  being  flown  in  the  highly  eccentric  orbit 
that  will  range  from  well  below  the  trapped  radiation  out  through  the 
boundary  of  the  magnetosphere  and  into  interplanetary  space  in  the 
sunward  direction. 

THE  IONOSPHERE 

The  Earth’s  ionosphere,  which  ranges  from  80  to  several  hundred 
miles  in  altitude,  is  produced  by  the  ionizing  action  of  solar  electro- 
magnetic and  particle  radiations  (fig.  12,  Ionosphere)  that  is,  light 
and  particles.  These  electrified  regions  of  the  upper  atmosphere  act 
as  mirrors  to  radio  waves  shorter  than  15  meters  m wavelength,  thus 
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making  possible  shortwave  radio  communications  beyond  the  horizon 
as  indicated  on  the  chart.  Because  of  the  high  variability  of  the 
ionosphere  with  solar  and  magnetic  activity,  however,  the  mirror  is 
not  a very  reliable  one. 

Radio  waves  that  are  not  reflected  or  perhaps  absorbed  by  the 
ionosphere  mav  be  bent  in  passing  through  this  region.  As  shown  in 
the  lower  left-hand  comer  of  the  slide,  radio  waves  used  to  guide  and  / 

control  a flying  vehicle  are  bent,  thus  affecting  the  accuracy  with 
which  such  an  operation  can  be  carried  out. 

Similarly,  as  shown  in  the  upper  middle  of  the  slide,  the  tracking 
of  a spacecraft  to  determine  its  position  is  affected  by  the  influence  or 
the  ionosphere  on  the  tracking  signals.  One  of  the  first  steps  required 
in  making  the  transit  satellite  useful  as  a navigational  device  was 
to  remove  ionospheric  refraction  errors  from  the  determination  of 
the  satellite’s  position.  Likewise,  the  determination  of  the  position  of 
an  outgoing  space  vehicle  or  perhaps  an  incoming  enemy  missile  can 
be  made  with  accuracy  only  if  the  ionospheric  refraction  errors  are 
taken  into  account  and  corrected. 

The  lower  portions  of  the  ionosphere  below  150  to  200  miles  can 
be  investigated  by  means  of  radio  signals  from  the  ground,  but  the 
uppermost  regions  are  inaccessible  to  ground-based  probing.  For  this 
reason  they  must  be  studied  by  means  of  rocket-Dome  or  satellite 
instruments.  One  of  the  most  interesting  and  successful  satellites  to 
be  launched  during  1962  was  the  Alouette  swept- frequency  topside 
sounder  satellite.  This  was  launched  in  a cooperative  program,  in 
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which  the  satellite  was  built  by  Canada,  while  the  United  States  fur- 
nished the  launch  vehicle  and  conducted  the  launching  operation. 
This  satellite,  which  has  worked  perfectly,  uses  radio  signals  to  look 
down  on  the  ionosphere  from  above,  thereby  measuring  the  electron 
content  of  the  ionosphere  above  the  altitudes  that  can  be  examined 
with  ground-based  techniques. 

Alouette  has  produced  excellent  data,  some  of  which  has  already 
been  analyzed.  As  so  often  happens,  these  measurements  have  revealed 
an  unexpected  structure  in  the  ionosphere,  particularly  in  the  equator- 
ial regions.  Other  satellites  are  now  required  to  study  these  new  fea- 
tures. In  association  with  sounding  rockets  measuring  properties  of 
the  ionosphere  below  120  miles,  such  satellites  are  advancing  our 
understanding  of  this  important  region  to  a degree  absolutely  im- 
possible when  man  and  instrument  were  both  confined  to  the  surface 
of  the  Earth. 

THE  EARTH’S  ATMOSPHERE 

Contrary  to  supposition  of  half  a century  ago,  the  Earth’s  upper 
atmosphere  is  an  exceedingly  complex  system.  The  next  chart  (fig.  13, 
Characteristics  of  the  Earth’s  Atmosphere) , which  I do  not  intend  to 
discuss  in  detail,  presents  schematically  only  a small  fraction  of  the 
tremendous  body  of  information  that  has  been  acquired  about  the 
upper  atmosphere,  much  of  it  from  sounding  rockets  and  Earth  satel- 
lites. Involved  in  a study  of  the  Earth’s  upper  atmosphere  are  its 
pressure,*  temperature,  density,  composition,  motions,  the  ionosphere, 
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the  aurora,  airglow,  the  magnetic  field,  separation  processes,  absorp- 
tions of  solar  radiations,  micrometeors,  and  solar  and  lunar  tides.  The 
student  of  the  atmosphere  very  quickly  finds  himself  concerned  with 
the  very  complicated  subject  of  solar  terrestrial  relationships. 

I wish  to  present  now  a few  of  the  more  recent  important  results 
of  atmospheric  research,  and  to  indicate  to  you  our  plans  for  further 
investigation  of  this  important  subject. 

Satellite  observations  have  now  demonstrated  clearly  that  there 
exists  a distinct  helium  layer  in  the  upper  atmosphere  beginning  at 
about  600  miles.  At  still  higher  altitudes  this  helium  gives  way  to  a 
region  in  which  hydrogen  predominates. 

The  average  temperature  during  the  past  2 years  in  these  upper- 
most portions  of  the  atmosphere  has  been  found  to  be  2,000°  F.  There 
is,  however,  a diurnal  variation  in  temperature.  During  the  1959 
time  period  this  variation  ran  from  about  2,800°  F.  in  midafternoon, 
down  to  about  1,850°  F.  in  the  hours  just  before  dawn.  Moreover,  all 
three  of  these  temperature  values — minimum,  maximum,  and  aver- 
age— have  been  shown  by  Dr.  Priester,  who  recently  spent  some  time 
with  the  Goddard  Institute  for  Space  Studies  in  Xew  York,  to  have 
a definite  correlation  with  solar  activity.  For  example,  Dr.  Priester 
predicts  that  at  the  low  point  of  the  present  solar  cycle  in  1964,  the 
predawn  temperatures  in  the  upper  atmosphere  will  be  440°  F.,  as 
compared  to  almost  2,250°  F.  for  times  near  the  solar  maximum. 

Temperature  variations  in  the  upper  atmosphere  have  an  important 
and  substantial  effect  on  the  orbits  of  artificial  satellites.  With  in- 
creasing temperature,  the  height  of  the  atmosphere  also  increases, 
raising  the  atmospheric  density  at  the  higher  altitudes.  This  thicken- 
ing of  the  Earth’s  atmosphere  increases  the  a t mospheric  drag  on  artifi- 
cial satellites,  markedly  affecting  their  velocity  below  about  620  miles 
altitude  and  decreasing  their  lifetime  in  orbit.  Such  effects  would, 
of  course,  be  felt  by  any  object  falling  through  these  regions,  as  for 
example,  manned  spacecraft,  reentry  vehicles,  and  winged  vehicles. 

The  winds  and  turbulence  in  the  atmosphere  also  are  of  importance 
to  the  design  engineer  because  of  their  pronounced  affect  upon  air- 
craft, rockets,  and  missiles,  particularly  at  the  lower  altitude  levels. 

A considerable  amount  of  information  has  been  obtained  in  the 
space  science  program  concerning  motions  of  the  atmosphere  from 
about  50  miles  to  110  miles  altitude.  These  data  come  from  observa- 
tion of  meteors  and  from  sounding  rocket  experiments.  Strong  turbu- 
lence is  usually  found  in  the  region  below  65  miles.  Wind  shears, 
that  is,  regions  in  which  winds  of  very  different  velocities  and  direc- 
tions are  found  very  close  together,  appear  in  the  altitude  range  from 
62  to  67  miles.  The  strength  of  these  wind  shears  is  sometimes  amaz- 
ingly great,  being  equivalent  on  occasions  to  a change  in  wind  speed 
of  220  miles  per  hour  in  less  than  a 1-mile  change  in  altitude. 

In  the  latter  portion  of  this  presentation  we  shall  describe  an 
atmospheric  structure  satellite  especially  designed  to  continue  and 
extend  these  atmospheric  researches.  This  satellite,  in  conjunction 
with  sounding  rocket  investigations,  will  provide  a powerful  double- 
pronged attack  on  problems  of  importance  both  to  the  atmospheric 
scientist  and  to  the  design  engineer. 
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THE  EARTH 

Detailed  study  of  the  orbits  of  artificial  satellites  has  yielded  a 
considerable  amoun  of  information  about  the  internal  structure  of 
the  Earth.  Let  us  i ssume  that  the  satellite  shown  on  the  accompany- 
ing chart  (fig.  14,  ( ravitational  Effects  on  Orbital  Computation)  has 
been  in  orbit  1 week  since  its  position  was  last  determined.  One  of  the 
positions  shown  is  that  that  would  be  computed  on  the  basis  of  gravi- 
tational field  data  existing  before  the  launching  of  Vanguard  I.  The 
other  position  is  that  that  would  be  computed  using  the  better  gravita- 
tional data  that  have  been  obtained  from  artificial  satellites.  As  indi- 
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Figure  14 

cated,  the  uncertainty  in  position  using  data  available  before  the 
International  Geophysical  Year  amounts  to  at  least  45  miles. 

It  is  clear  that  the  availability  of  more  accurate  gravitational  data 
has  removed  an  appreciable  constraint  from  tracking,  or  even  ren- 
dezvous operations  that  one  might  wish  to  carry  out  in  the  vicinity 
of  the  Earth. 

The  present  inaccuracies  in  determining  the  precise  trajectories  of 
space  probes  such  as  Mariner  and  the  miss  distances  of  such  space 

E robes  from  their  targets  are  the  result  of  a lack  of  sufficiently  accurate 
nowledge  of  the  mass  of  the  Earth  and  of  the  position  of  the  tracking 
stations.  It  would  be  desirable  to  know  the  mass  of  the  Earth  approx, 
mately  10  times  better  than  it  is  known  at  present,  and  the  positions  of 
the  specs  t racking  stations  at  Goldstone,  Woomera,  and  Johannesburg, 
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to  an  accuracy  of  perhaps  5 times  that  with  which  they  are  known  at 
present. 

Mr.  Staebler.  Pardon  me.  Would  you  give  me  some  notion  of  the 
order  of  uncertainty  ? 

Dr.  Newell.  In  the  mass  of  the  Earth  ? 

Mr.  Staebler.  Yes.  Oh — just  rough. 

Dr.  Newell.  I really  don’t  have  it  in  hand,  but  I’d  be  glad  to  get 
that  for  you. 

Mr.  Staebler.  Any  kind  of  approximation  now,  if  you 

Mr.  Randall.  Percentage,  perhaps,  Doctor. 

What  are  we  off  in  decimal  points? 

Is  that  what  you  are  speaking  of  ? 

Mr.  Staebler.  Yes,  and  is  it  100  to  1 or 

Dr.'  Newell.  It’s  on  the  order  of  1 part  in  10,000,  as  I recall  it. 

Mr.  Staebler.  So  this  is  a very  great  refinement  that  needs  to  be 
made? 

Dr.  Newell.  Yes. 

The  Chairman.  Doctor,  we  might  accomplish  part  of  this  refine- 
ment with  Project  Anna. 

Dr.  Newell.  We  hope  to  do  so. 

The  Chairman.  Is  not  that  one  of  the  purposes  ? 

Dr.  Newell.  That  is  one  of  the  purposes  of  Project  Anna. 

The  Chairman.  How  well  can  we  expect  to  get  that,  10  times  this 
factor  of  10  ? 

Dr.  Newell.  Ten  times  this  factor  of  ten,  yes. 

The  Chairman.  I think  it’s  very  important  that  the  record  include 
mention  of  Project  Anna  at  this  point. 

While  we  are  at  it,  what  do  you  plan  for  Project  Anna  during  fiscal 
year  1964? 

Dr.  Newell.  We  are  getting  underway  for  the  preparation  of  the 
first  firing  of  a Project  Anna  satellite.  There  have  already  been 
firings  by  the  Department  of  Defense,  you  know,  and  we  hope  to  have 
a satellite  prepared  for  launching  in  the  first  part  of  the  next  calendar 
year. 

The  Chairman.  J ohns  Hopkins  Research  Laboratory  is  making  this 
for  NASA? 

Dr.  Newell.  They  will  work  with  us,  yes. 

We  will  continue  to  use  the  people  who  have  been  working  on  the 
project  in  the  past.  W e also 

The  Chairman.  NASA  people  working  on  Project  Anna  are  at 
Goddard  ? 

Dr.  Newell.  Goddard  Space  Flight  Center  has  been  assigned  the 
management  responsibility  for  this  project  and  a policy  board  is 
being  established  with  membership  from  NASA,  the  Department 
of  Defense,  and  the  Department  of  Commerce — because  of  the  Coast 
and  Geodetic  Survey’s  interest. 

This  policy  board  will  determine  what  are  the  important  things  to 
measure  and  give  policy  guidance  to  the  Project  Manager,  Goddard 
Space  Flight  Center.  They  will  carry  out  the  project  using  a work- 
ing group  with  membership  from  the  interested  agencies. 

The  Chairman.  Is  NASA  funding  this  project  in  total  ? 

Dr.  Newell.  NASA  will  budget  for  the  portion  of  the  project  that 
pertains  to  NASA,  but  the  other  agencies  may  be  putting  in  budgets 
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of  their  own  for  their  own  peculiar  interests  and  applications  of  the 
satellite. 

The  Chairman.  In  the  total  Anna  program,  how  many  satellites 
do  we  have  planned,  Doctor  ? 

Dr.  Newell.  On  our  present  planned  schedule,  we  have  three  in- 
dicated, but  part  of  the  task  of  this  policy  group  will  be  to  determine 
whether  that  is  adequate. 

The  Chairman.  And  what  is  the  average  cost  of  each  satellite? 

Mr.  Cortright.  The  requirement  is  $6.2  million  in  fiscal  1964. 

I think  I can  get  the  average  cost. 

Dr.  Newell.  We  will  consult  our  notes  on  this  and  get  that  for  you. 

The  Chairman.  Are  we  still  getting  data  from  the  Anna  satellite 
that’s  now  in  operation  ? 

Mr.  Cortright.  Mr.  Chairman,  the  cost  you  inquired  about  is  a 
little  more  than  $5  million  per  launch  of  an  Anna-type  satellite  in- 
cluding the  launch  vehicle. 

Dr.  Newell.  I don’t  know  the  answer  to  your  question  as  to  whether 
we  are  still  getting  data  from  the  previous  Anna  satellite. 

The  Chairman.  Well,  if  data  is  being  accumulated,  what  agency 
of  Government  is  receiving  this  information  ? 

NASA  or  the  Department  of  Defense  ? 

Dr.  Newell.  The  data  being  accumulated,  is  being  accumulated 
by  the  Department  of  Defense  and  its  contractors,  but  the  informa- 
tion is  being  made  available  to  NASA  and  to  other  agencies  who 
are  interested. 

The  Chairman.  But  you  are  not  aware  of  whether  we  are  getting 
any  data  from  it  ? 

Dr.  Newell.  I am  not  aware  of  whether  we  are  continuing  to  get 
data. 

The  Chairman.  There  was  some  testimony  before  our  committee 
last  year,  Doctor,  when  the  Panel  on  Science  and  Technology  met 
with  the  committee,  to  the  effect  that  we  would  probably  need  six 
Anna  type  satellites  to  properly  do  the  job ; but  you  said  something 
about  “three.” 

Has  there  been  a change  in  NASA’s  thinking  on  the  magnitude  of 
the  program  that’s  necessary  ? 

Dr.  Newell.  What  I say  is  there  are  three  in  our  planned  schedule, 
and  the  policy  board  has  as  one  of  its  first  tasks,  to  determine  the 
extent  of  the  program  that  is  required. 

The  Chairman.  Mr.  Randall? 

Mr.  Randall.  I thought  I heard  you  say  in  connection  with  Dr. 
Priester,  that  the  temperature  studies — there  was  some  kind  of  an 
office  or  unit  in  New  York  ? 

Dr.  Newell.  The  Goddard  Space  Flight  Center  has  an  Institute 
for  Space  Studies  which  is  located  in  New  York  City. 

Mr.  Randall.  It’s  a subdivision  of  Goddard  ? 

Dr.  Newell.  A subdivision  of  Goddard.  Dr.  Robert  Jastrow  is 
Director  of  this  Institute — reports  directly  to  Dr.  Harry  Goett,  the 
Director  of  Goddard  Space  Flight  Center. 

Mr.  Randall.  It  has  to  do  with  space  sciences  ? 

Dr.  Newell.  Yes,  it’s  a theoretical  group. 

The  Chairman.  Do  we  budget  for  this  group,  Dr.  Newell  ? 

Dr.  Newell.  We  do,  in  support  of  the  Goddard  Space  Flight  Center. 
It’s  a civil  service  group. 
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The  Chairman.  Mr.  Mosher? 

Mr.  Mosher.  Could  we  go  back  a second  to  Alouette. 

How  do  these  arrangements  come  about?  Do  we  go  to  Canada 
and  suggest  here’s  something  we’d  like  to  have  your  support  on  or  do 
they  come  to  us  asking  for  help  because  they  are  interested  in  this, 
or  how  does  this  arrangement  come  about  ? 

Dr.  Newell.  The  arrangements  for  such  cooperative  programs  grow 
up  in  several  ways.  In  the  case  of  the  Canadian  satellite  Alouette,  the 
Canadians  came  to  us  with  an  interest  in  working  in  the  ionospheric 
area. 

We  had,  as  a matter  of  fact,  indicated  a general  interest  to  the 
scientific  community  in  having  satellites  prepared  for  exploring  the 
ionosphere  and  we  received  proposals  from  a number  of  agencies 
around  the  country,  including  the  Central  Radio  Propagation  Labora- 
tory of  the  Bureau  of  Standards,  and  others. 

Among  these  proposals  was  one  from  the  Canadians.  The  Ca- 
nadian proposal  was  excellent  technically  and  also  afforded  an  op- 
portunity for  the  United  States  to  benefit  in  that  the  Canadians 
offered  to  pay  for  preparing  the  satellite. 

This  meant  we  would  not  have  to  pay  for  it.  Because  of  its  excel- 
lence and  because  of  its  additional  features,  we  were  pleased  to  accept 
the  proposal. 

Mr.  Mosher.  Do  the  Canadians  have  the  equivalent  of  NASA  up 
there  in  any  form  at  all  ? 

Dr.  Newell.  They  have  a space  committee  and  this  space  committee 
draws  together  the  activities  of  a number  of  agencies,  the  National 
Research  Council  and  their-  Defence  Research  Establishment. 

Alouette  was  actually  carried  out  by  a laboratory  of  the  Defence 
Research  Establishment. 

Mr.  Mosher.  Proportionally  what  share  did  we  pay  to  that  whole 
project,  would  you  guess? 

Dr.  Newell.  I think  we  can  pin  that  down  for  you. 

I’d  rather  check  my  notes  on  that. 

Mr.  Mosher.  We  can  get  that  later,  if  it’s  not  convenient  for  you 
now. 

Mr.  Cortright.  We  paid  approximately  $184,000  in  support  of  their 
spacecraft  work,  which  was  very  nominal  on  our  part,  and  $13,100,000 
for  the  launch  vehicles. 

Mr.  Mosher.  What  would  be  their  part  in  dollars  and  cents? 

Mr.  Cortright.  I don’t  know. 

Dr.  Newell.  We  don’t  know,  but  it  must  have  been  many  millions 
of  dollars. 

Mr.  Mosher.  In  other  words — this  was  an  example  of  very  useful 
and  very  effective  cooperation  between  the  two  nations? 

Dr.  Newell.  Extremely  so. 

Mr.  Mosher.  You  invited  support  in  this  area ; but  then  they  initi- 
ated their  project. 

It  was  their  plan  ? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  Mr.  Hammill? 

Mr.  Hammill.  I wonder,  Doctor,  if  you  would  put  something  in 
the  record  regarding  the  present  status  of  the  first  Anna  satellite; 
whether  any  of  the  tnree  systems  are  working  and,  if  not,  when  they 
discontinued  operation. 
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Dr.  Newell.  Be  glad  to  do  so. 

The  Chairman.  Might  give  us  some  kind  of  a wrap-up  for  the 
record,  Doctor ; what  general  information  or  specific  information  that 
has  been  of  value  that  we  have  been  able  to  get  from  Anna  I. 

Dr.  Newell.  From  Project  Anna? 

The  Chairman.  Yes. 

Dr.  Newell.  We’ll  be  glad  to  do  that  also. 

(The  information  referred  to  follows :) 

'Status  of  Anna  I 

In  response  to  your  questions  concerning  the  status  of  Anna  I,  the  Department 
of  Defense  geodetic  satellite,  the  following  information  is  provided : 

Are  any  of  the  three  systems  working?  At  the  present  time  'both  the  optical 
beacon  and  the  Transit  electronic  tracking  system  are  still  operating.  The 
satellite  is  now  operating  at  60  percent  of  its  previous  level.  Due  to  a failure 
in  the  capacitor  bank  the  light  output  has  been  reduced  to  approximately  one- 
fourth  to  one-half  of  its  full  output.  There  has  also  been  a degradation  of  the 
solar  cells  which  reduces  the  available  power  to  the  satellite  experiments.  This 
degradation  had  been  predicted  the  SECOR  electronic  tracking  system 
remained  in  operation  from  October  31,  1962,  when  the  satellite  was  launched, 
until  November  23,  1962.  It  appears  that  the  SECOR  system  did  not  respond 
to  commands  given  from  the  ground  and  therefore,  the  batteries  were  exhausted. 

Are  we  still  getting  any  kind  of  data  from  Anna  I?  Yes,  Doppler  information 
is  still  being  received  on  the  Transit  electronic  tracking  system.  The  light  flashes 
from  the  optical  beacon  are  so  weak  that  very  little  information  is  being  obtained 
at  the  present  time. 

What  data  of  value  has  been  obtained  from  Anna  I?  Approximately  400  obser- 
vations have  been  made  of  the  light  flashes,  and  60  to  80  days  of  good  doppler 
data  have  been  received  and  reduced  from  the  Transit  electronic  tracking  system. 
Both  the  photographic  plates  and  the  doppler  data  will  be  analyzed.  Their  value 
is  expected  to  consist  primarily  as  a means  to  calibrate  the  Anna  satellite  system. 
However,  not  enough  data  has  yet  been  analyzed  to  determine  whether  the 
calibration  phase  has  been  completed. 

Dr.  Newell.  Similarly,  there  are  uncertainties  about  the  shape, 
mass,  and  mass  distribution  of  the  Moon  that  will  appreciably  affect 
the  precise  determination  of  orbits  of  objects  about  the  Moon.  Re- 
moval of  these  uncertainties  is  one  objective  of  our  program  to  investi- 
gate the  Moon. 

THE  MOON 

The  Moon  will  play  a special  role  in  the  investigation  of  the  origin 
of  the  solar  system,  hence  also  the  origin  of  the  Earth,  because  it  is 
a body  whose  surface  has  preserved  the  record  of  its  history  for  a 
much  longer  period  than  the  Earth,  and  probably  much  longer  than 
Mars  and  Venus  as  well.  Until  we  land  instruments,  and  later  men, 
on  the  Moon,  however,  our  investigations  of  that  body  must  continue 
to  be  conducted  from  the  distance  of  238,000  miles  lying  between  us. 

Mr.  Staebler.  Pardon  me.  Could  you  give  a simple  explanation 
of  why  this  is  so?  Why  the  Moon  has  preserved  a record  of  its 
history  ? 

Dr.  Newell.  This  is  another  fascinating  story  that  space  science 
has  an  opportunity  to  try  to  unravel. 

There  was,  a number  of  centuries  ago,  put  forth  the  hypothesis  that 
the  planets  of  the  solar  system  were  formed  when  a star  came  near  to 
collision  with  our  Sun ; and  in  passing  by  our  Sim,  the  tides  that  were 
raised  on  the  Sun,  pulled  out  great  globs  of  material  and  these  globs 
of  material  circling  around  the  Sun  eventually  cooled  to  form  the 
planets. 
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This  is  a hypothesis  put  forth  by  the  Philosopher  Kant,  and  has 
been  espoused  by  scientists  at  various  times  since  then. 

However,  more  recently  it  has  been  felt  that  this  is  not  the  most 
plausible  explanation  of  how  the  solar  system  was  formed. 

It  has  been  felt  that  the  planets  might  well  be  formed  out  of  con- 
densations of  the  gaseous  material  that  existed  in  space  at  the  time 
the  Sun  was  forming  in  much  the  same  way  the  Sun  was  formed,  as 
I explained  yesterday. 

As  the  material  from  some  giant  cloud  condensed  to  form  the  Sun, 
leftover  material  condensed  in  little  pockets  around  the  Sun  to  form 
the  planets. 

Now,  if  the  collision  theory  were  correct,  then,  you  see,  the  planets, 
when  they  were  originally  formed,  would  have  been  molten  right  at 
the  start  of  their  careers.  Well,  the  molten  material  would  include 
molten  iron  and  the  iron  being  heavier  than  the  other  material  of  the 
planets,  settles  to  the  center  to  form  an  iron  core  and  this  would  be 
true  of  all  the  bodies  of  the  solar  system  including  the  Moon,  Mercury, 
the  small  bodies,  as  well  as  the  large  bodies. 

However,  if  the  other  hypothesis  were  correct,  and  the  bodies  of  the 
solar  system  were  formed  by  the  accumulation  of  material  from  a 
cold  gas  and  dust  of  the  universe ; then  these  bodies  were  originally 
cool. 

That  means  that  the  lumps  of  iron  and  rock  and  other  material  were 
just  scattered  in  random  fashion  throughout  these  bodies. 

The  larger  bodies,  however,  have  enough  radioactivity  in  them  as 
they  accumulate,  so  that  the  combination  of  gravitational  pressures 
and  the  heating  from  the  radioactivity,  is  sufficient  to  melt  them  so 
that  even  though  they  started  as  cool  bodies  with  a random  distribution 
of  iron  and  rocks  and  so  forth,  at  some  point  in  their  careers  they 
became  molten  and,  again,  acquired  central  cores  of  the  heavier  iron. 

So  that  by  looking  at  a body  like  the  Earth  or  Mars  or  Venus,  you 
could  not  tell  whether  the  one  origin  or  the  other  was  the  true  one. 

The  Chairman.  Does  it  really  make  much  difference,  Doctor,  which 
hypothesis  is  correct  ? 

Dr.  Newell.  Well,  it  does,  and  I’d  like  to  wind  up  this  story  with 
that  difference. 

The  Chairman.  Yes,  surely. 

Dr.  Newell.  In  the  case  of  the  Moon  which  is  a small  body,  the 
ratio  of  the  surface  of  the  Moon  to  the  total  volume  is  much  larger 
than  in  the  case  of  the  Earth. 

The  surface  of  the  Moon  is  the  area  out  of  which  heat  is  radiated 
away  from  the  Moon  as  it  is  built  up  in  the  interior. 

That  means  that  even  though  the  Moon  did  generate  heat  from  the 
gravitational  compression  and  radioactivity,  presumably,  in  the  Moon, 
the  temperatures  never  rose  high  enough  to  melt  the  body  and  there- 
fore the  Moon  may  not  have  ever  built  up  an  iron  core. 

It  may  still  be  in  this  “gingerbread”  form  with  materials  scattered 
throughout  it. 

So,  when  we  get  to  the  Moon,  we  will  look  to  determine  the  structure 
of  the  Moon  by  drilling,  by  using  seismometers  and  so  on,  to  decide 
which  of  these  origins  is  the  correct  one. 

Now  all  of  this  has  tremendous  philosophical  import.  The  collision 
hypothesis  requires  a very  rare  event. 
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To  give  you  some  idea  of  the  emptiness  of  our  galaxy,  if  the  Sun  is 
an  orange,  to  borrow  an  analogy  put  forth  by  someone  else,  then  the 
nearest  star  to  our  Sun  is  another  orange  in  Chicago. 

Well,  with  such  emptiness  in  space,  the  collision  hypothesis  requires 
an  event  to  occur  that  has  probability  of  appearing,  maybe,  a few 
times  in  many  billions  of  years. 

On  the  other  hand,  if  the  cold  gas  accumulation  hypothesis  is  cor- 
rect, this  is  a very  probable  event  and  has  happened  in  the  case  of 
almost  every  star  in  the  galaxy. 

There  are  a hundred  billion  stars  in  our  galaxy,  so  there  must  be 
billions  or  tens  of  billions  of  stars  that  have  formed  planetary  systems 
around  them  and  there  must  be  billions  or  at  least  millions  of  them 
in  which  one  of  these  planets  is  located  at  a proper  distance  from  its 
star  to  have  just  the  right  conditions  for  the  formation  of  life  and; 
therefore,  the  probability  of  life  existing  elsewhere  in  the  universe,  is 
very  great  in  this  case,  and  we  are  probably  not  alone  in  the  universe. 
Tn  the  near  collision  case,  however,  the  probability  that  there  is  an- 
other planetary  system  is  almost  zero  and  we  are  probably  alone  in  the 
Universe. 

This,  I think,  is  one  of  the  most  exciting  reasons  why  we’d  like  to 
find  out. 

The  Chairman.  Which  one  of  those  two  have  the  greatest  number 
of  supporters  ? 

Dr.  Newell.  The  second  one.  The  formation  from  the  cold  gaseous 
clouds  is  now  the  generally  accepted  one. 

The  Chairman.  By  a ratio  of  what?  Four  or  five  to  one,  Doctor? 

Dr.  Newell.  1 would  say  almost  all  scientists  now  believe  that  is 
the  true  one  simply  because  of  the  low  probability  of  the  other.  Never- 
theless, they  can’t  exlude  the  other  until  they  have  some  way  of 
cheeking  it. 

The  Chairman.  And  when  we  get  to  the  Moon,  we  will  prove  one 
or  the  other  is  correct.  Is  that  my  understanding  ? 

Dr.  Newell.  We  hope  to,  yes. 

The  Chairman.  That’s  good  enough  reason  for  getting  there, 
wouldn’t  you  say,  so,  Mr.  Staebler  ? 

Mr.  Staebler.  Particularly  since  it  throws  a little  light  on  that 
figure  that  people  are  bandying  around  about  the  possibility  of  there 
being  a hundred  billion  other  places  where  life  may  exist. 

Dr.  Newell.  Yes. 

The  Chairman.  I thought  it  was  a hundred  million,  but  I won’t 
argue  with  you. 

Mr.  Randall.  Hundred  billion. 

Dr.  Newell.  There  are  a hundred  billion  stars  and  some  large  frac- 
tion of  these  stars  in  our  galaxy  must  have  planetary  systems  at  which 
there  is  a planet  just  at  the  right  distance. 

The  Chairman.  So  the  speculation  of  the  number  that  could  support 
life,  is  what? 

Dr.  Newell.  Some  tens  of  millions  to  maybe  a billion. 

Mr.  Hammill.  In  our  galaxy  ? 

Mr.  Cortright.  In  our  galaxy. 

Dr.  Newell.  J ust  the  one  galaxy,  yes,  sir. 

The  Chairman.  How  many  galaxies  are  there  ? 

Mr.  Newell.  Unknown  numbers,  but  there  are  billions  of  those  al- 
ready known. 
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Mr.  Staebler.  I can’t  help  being  impressed  with  what  a big  ques- 
tion our  research  is  nibbling  at  here. 

Mr.  Cortright.  I think  there  are  a billion  trillion  stars  within  the 
range  of  our  telescopes. 

Mr.  Staebler.  Say  that  again? 

Mr.  Cortright.  A billion  trillion  stars  within  the  range  of  our  tele- 
scopes, and  our  telescopes  are  of  limited  capability,  of  course. 

Dr.  Newell.  Our  telescopes  can  see  out  to  about— -well,  I was  going 
to  put  it  in  light  years — 10  billion  trillion  miles. 

That’s  about  right,  yes. 

Mr.  Staebler.  Don’t  put  the  next  point  down. 

(Off  the  record.) 

The  Chairman.  Go  ahead,  Doctor.  It’s  very  interesting. 

Mr.  Randall.  I thought  maybe  after  that,  we  ought  to  rest  a little 
while. 

Dr.  Newell.  Our  lunar  program  so  far  has  been  one  of  preparation 
for  the  time  when  Rangers  ana  Surveyors  will  have  come  into  success- 
ful operation.  Available  data  from  groundbased  observation  and 
researches  are  being  assembled  and  put  to  use  in  both  current  engi- 
neering design  for  Apollo  and  in  the  planning  of  scientific  observa- 
tions in  support  of  the  manned  lunar  mission.  In  addition,  the 
NASA  space  science  program  is  supporting  both  laboratory  and  theo- 
retical investigations  into  lunar  mapping,  the  chemical  properties 
of  the  Moon’s  surface,  radio  and  radar  reflection  characteristics  of 
the  Moon’s  surface,  ana  properties  of  lunar-type  materials  under  sim- 
ulated lunar  conditions.  I should  like  now  to  review  some  of  the 
results  obtained  in  these  ground-based  activities. 

As  you  know,  we  try  to  get  all  the  information  we  can  about  the 
Moon  by  photographing  it  from  ground-based  observatories.  These 
pictures  are  taken  with  telescopes  in  various  locations  because  viewing 
conditions  vary  from  time  to  time. 

The  limits  of  accuracy  obtainable  from  photographs  with  present 
telescopes  are  approximately  two-thirds  of  a mile  on  the  lunar  surface, 
both  in  horizontal  and  vertical  directions.  It  is  believed  that  improve- 
ments in  methods  of  photography  can  reduce  this  limit  to  800  feet. 
This  improvement  is  deemed  necessary  for  mission  planning,  for  in- 
flight navigation,  and  approach  to  landing  for  the  manned  lunar 
program,  Apollo.  Obviously,  any  improvement  gained  here  will  be 
useful  also  for  scientific  data.  We  are  expediting  this  phase  of  work 
by  supporting  additional  telescopic  work  and  are  considering  whether 
additional  telescope  installations  are  required. 

The  Chairman.  Doctor,  if  I may  interrupt  there — if  our  photog- 
raphy can  reduce  this  limit  to  800  feet  and  from  that  we  are  able  to 
establish  pretty  well  what  the  surface  of  the  Moon  is  like,  do  we  need 
all  of  the  programs  that  we’ve  planned  for  assisting  the  manned  lunar- 
landing  program  ? 

I mean,  we  have  so  many  now.  We  have  the  Ranger  and  we’ve  got 
the  Surveyor  Orbiter  and  the  Surveyor  Soft  Lander  and  so  on. 

Are  all  these  programs  necessary  ? 

Dr.  Newell.  I believe  the  programs  are  necessary. 

Reducing  the  limit  to  800  feet  will  not  tell  us  what  the  lunar  surface 
is  like.  It  will  not  tell  us  the  physical  characteristics  of  the  lunar 
surface  to  an  accuracy  sufficient  for  insuring  a safe  landing  on  the  sur- 
face or  sufficient  for  picking  out  the  actual  landing  area. 
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The  Chairman.  Any  one  of  the  three  programs  I mentioned  would 
give  us  a better  resolution  than  the  800  feet,  will  it  not  ? 

Dr.  Newell.  That  is  true ; any  one  of  tne  other  programs  will  give 
you  resolution  down  to  numbers  of  feet,  rather  than  hundreds  of  feet, 
ae  indicated  here,  and  this  is  what  is  required  in  order  to  be  able  to  get 
a feeling  for  what  areas  are  acceptable  as  landing  areas  and  what 
are  not. 

But  by  the  combination  of  the  ground-based  observations,  where 
you  have  a limited  resolution  on  tne  ground  and  high  resolution  in 
your  Ranger  andj  Surveyor  programs,  you  will  be  able  to  do  the  job 
less  expensively  than  if  you  try  to  do  it  all  with  the  Rangers  and 
Surveyors.  With  the  combination,  the  high  resolution  pictures  will 
develop  a feeling  for  what  you  are  seeing  with  the  lower  resolution,  and 
you  will  be  better  able  to  pick  areas  to  go  to,  to  look  at. 

You  will  say — Well,  we  looked  with  Surveyor  at  this  one  area,  and 
from  Earth  with  a lower  resolution  you  can  now  attempt  to  identify 
similar  spots  to  be  rejected  if  Surveyor  data  indicated  they  wjere 
forbidding,  or  to  be  investigated  further  if  Surveyor  showed  stich 
spots  to  have  promise  for  landings. 

By  the  combination,  you  do  the  job  much  more  cheaply  than  if  you 
try  to  do  it  all  with  space  probes  that  land  in  a limited  number  of 
spots. 

The  Chairman.  Well,  the  only  thought  that  occurred  to  me,  was  if 
we  are  going  to  land  a man  on  the  Moon,  how  much  of  this  informa- 
tion do  we  need  before  we  actually  do  it. 

Dr.  Newell.  Well,  I feel  you  need  quite 

The  Chairman.  And  must  we  have  generally  surveyed  the  surface 
of  the  Moon  or  a substantial  portion  of  it,  prior  to  that  landing? 

Dr.  Newell.  I think  perhaps  it  might  be  of  interest  to  the  subcom- 
mittee to  review  some  of  the  discussions  that  have  been  going  on  at 
NASA  headquarters  on  this  very  subject. 

One  interest  in  making  these  observations  on  the  Moon  is  to  be  as 
effective  as  we  can  with  the  Ranger  and  Surveyor  spacecraft  in  solv- 
ing the  scientific  problems  and  providing  the  data  needed  for  the 
manned  lunar  landing  project. 

In  order  to  sharpen  our  thinking,  the  thinking  of  the  scientists  and 
engineers  working  on  these  problems,  this  very  week,  we  have  had  at 
NASA  headquarters,  the  leading  experts  in  the  world  on  the  charac- 
teristics of  the  lunar  surface.  We  have  had  Professor  Gold  of  Cornell ; 
Professor  Whitaker,  of  the  University  of  Arizona ; Dr.  Pettengill,  ox 
Massachusetts  Institute  of  Technology ; Dr.  Shoemaker,  of  the  U.S. 
Geological  Survey,  who  is  working  with  NASA  for  the  current  year; 
Prof.  Audouin  Dollfus,  who  is  the  professor  of  astronomy  with  the 
University  of  Paris  Observatory ; and  a number  of  other  experts  who 
have  met  with  NASA  scientists  and  engineers  to  review  what  they 
thought  the  lunar  surface  looked  like. 

Professor  Gold,  with  NASA  support,  has  been  performing  experi- 
ments in  the  laboratory  to  try  and  determine  what  type  of  surface  gives 
exactly  the  same  type  of  reflections  of  electromagnetic  radiation  as  we 
observe  from  the  Moon  here  at  the  surface  of  the  Earth.  He  has  found 
that  the  only  type  of  material  that  he  can  invent  theoretically  or  con- 
struct in  the  laboratory,  is  a material  that  is  built  up  in  the  random 
fashion  by  just  dropping  finely  powdered  material  in  a vacuum  so 
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that  it  builds  up  “tree  like,”  but  very  underdense  materials  that  he 
and  his  co workers  have  come  to  call  fairy  castles. 

Looked  at  through  microscopes  this  material  is  just  filled  with  cav- 
erns, with  intricate  branches.  The  empty  spaces  in  these  caverns  is 
most  of  the  volume  of  the  material. 

Now,  he  theorizes  from  the  fact  that  this  type  of  material  gives  ex- 
actly the  same  type  of  reflection  of  light  as  does  the  Moon ; that  the 
Moon  must  be  covered  with  this  sort  of  material,  and  considering  the 
tremendous  times  that  have  been  available  to  the  Moon  to  accumulate 
this  sort  of  material  from  meteor  impacts,  and  from  wearing  away  of 
craters  and  so  forth  under  bombardment  of  solar  radiations  and  me- 
teors, that  the  Moon  must  be  just  covered  with  this  sort  of  material. 

The  Chairman.  I thought  the  Moon  was  pretty  much  in  its  original 
state ; that  it  hadn’t  been  disturbed  by  atmosphere  and  rain  or  wind 
and  wha*  have  you. 

Dr.  Newell.  It  hasn’t  been  disturbed  by  atmosphere  or  rain  or  wind, 
but  Dr.  Gold  has  proposed  there  is  another  type  of  erosion  that’s  going 
on  that  we  don’t  experience  here  on  the  surface  of  the  Earth,  and, 
therefore,  he  says  you  may  find  in  areas  like  the  maria  of  the  Moon 
many  meters,  perhaps  30  meters  of  this  underdense  material. 

So,  he  says  you  may  be  in  for  surprises.  Spacecraft,  may  come  in 
for  landing  and  may  just  sink  right  out  of  sight  in  this  underdense 
material. 

Well,  Dr.  Gold  tells  a very  convincing  story,  and  he  backs  it  up  with 
laboratory  measurements  and  with  good  theory. 

At  the  same  time  the  geologists  look  at  the  Moon  from  their  point  of 
view,  and  people  like  Dr.  Gene  Shoemaker  say  that  in  looking  at  the 
Moon  they  see  that  the  very  oldest  craters  that  they  can  observe  there, 
don’t  appear  to  have  been  worn  away,  and  they  wonder  how  Gold’s 
theory  can  stand  up,  and  yet  the  very  oldest  craters  seem  to  look  just 
about  the  same  as  the  very  newest  craters. 

What  you  arrive  at  here  is  a conflict — a very  reputable  and  compe- 
tent group  of  scientists  differing  with  another  reputable  and  compe- 
tent group  of  scientists,  and  both  of  them  having  convincing 
arguments. 

If  you  sit  in  the  room  with  one  group,  you  go  away  convinced  they 
are  right,  until  you  have  an  opportunity  to  sit  in  the  room  with  the 
other  group,  and  then  you  go  away  convinced  they  are  right. 

The  Chairman.  That  is  the  trouble  with  me  and  you,  Doctor.  You 
convince  me  you  need  every  penny. 

Dr.  Newell.  Well,  I am  about  to  put  in  my  sales  pitch. 

This  means  we  just  have  to  go  there  and  find  out. 

The  Chairman.  My  question  would  be,  Doctor : Which  one  of  the 
experiments  we  have  planned  would  prove  or  disprove  either  of  these 
two  theories? 

Dr.  Newell.  The  collection  of  experiments. 

The  Chairman.  Neither  one  would  prove  or  disprove  either  one 
of  the  two  theories  ? 

Dr.  Newell.  You  can’t  build  up  a sound  scientific  theory  in  general 
on  just  one  observation. 

You  have  to  have  an  integrated  series  of  observations  and  this  is 
what  we  have  built  up  in  our  program. 
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The  Chairman.  Won’t  Ranger  tell  us  whether  or  not  the  Moon 
surface  actually  is  an  accumulation  of  this  “talcum  powder,”  if  I may 
put  it  in  those  terms,  or  is  a hard  surface  as  the  geologists  say  it  may  be  ? 

Dr.  Newell.  They  may  not.  At  least,  the  early  Rangel’s. 

The  Chairman.  Will  the  Surveyor  Lander  tell  us? 

Dr.  Newell.  Now  we  are  getting  to  it 

The  Surveyor  Lander  will  be  instrumented  to  get  to  this  information. 

The  Chairman.  The  Surveyor  Orbiter  might  not  tell  us? 

Dr.  Newell.  The  Surveyor  Orbiter  alone  might  not  tell  us,  but 
there  again,  the  combination  of  Surveyor  Orbiter  and  Surveyor  Lan- 
der, we  think  will  be  the  most  efficient  way  and  the  least  expensive 
way  of  getting  to  the  problem. 

The  Chairman.  You  are  not  suggesting  that  Ranger  is  no  longer 
very  important,  are  you? 

Dr.  Newell.  No  ; I’m  not,  because  Ranger  will  give  us  some  initial 
information  in  advance  of  going  ahead  with  the  Surveyor  Lander  and 
we  will  be  doing  our  best  to  get  our  answer  from  what  we  see  from  the 
Ranger  pictures.  We  will  be  doing  our  best  with  the  Rangers  to  glean 
some  information  on  these  layers  of  the  lunar  surface  and  hope  that 
with  the  advance  information  from  the  Ranger  we  will  have  sharpened 
up  the  Surveyor  instruments  so  as  to  get  the  most  complete  and  most 
satisfactory  answers  possible. 

Mr.  Cortright.  Mr.  Chairman,  just  one  comment  on  that. 

One  of  the  major  questions  remaining  to  be  answered  is,  How  rough 
is  the  lunar  surface?  What  is  the  Apollo  going  to  have  to  cope  with 
in  terms  of  protuberances? 

The  Ranger  flights  which  are  coming  up  are  designed  to  get  at  that 
answer  in  an  early  time  frame  so  that  the  knowledge  can  be  cranked 
into  both  our  scientific  planning  as  to  where  to  put  Surveyors  down 
and  not  have  them  topple  over;  and  how  to  design  the  landing  gear  on 
the  Apollo. 

Most  of  the  scientists  at  the  meeting  Dr.  Newell  was  referring  to, 
seem  to  believe  the  Moon  is  not  apt  to  be  a very  nice  place  to  land ; that 
if  it  isn’t  covered  by  dust  that  will  support  very  low  pressures  only, 
it  will  at  least  have  a rugged  surface.  We  can  only  design  so  much 
flexibility  into  our  Apollo  spacecraft  to  cope  with  contingencies. 

The  Chairman.  Now,  in  that  regard,  Mr.  Cortright,  when  do  we 
expect  to  have  the  design  of  Apollo  well  on  down  the  road  in  the  de- 
velopment of  hardware  in  relation  to  when  we’ll  get  this  information 
from  any  one  of  the  three  programs  we  are  talking  about — Ranger, 
Surveyor  Lander,  or  Surveyor  Orbiter? 

Mr.  Cortright.  The  landing  gear  design  on  the  lunar  excursion 
module  being  built  by  Grumman,  if  my  memory  serves  me  correctly, 
will  be  firmed  up  next  year — say  late  in  the  year. 

The  Chairman.  What  do  we  have  between  now  and  then  in  terms 
of  Rangers  and  Surveyors  that  will  give  us  the  information  we  need 
to  properly  design  the  module? 

Mr.  Cortright.  Seven  Ranger  flights  and 

The  Chairman.  Are  these  all  past  flights? 

Mr.  Cortright.  They  are  impact  flights  with  the  high  resolution 
television.  Also  the  Surveyors  will  just  be  beginning  late  in  1964  to 
make  their  landings  which  will  determine  such  parameters  as  surface 
bearing  strength  and  the  detail  structure  of  the  protuberances. 
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The  Chairman.  Can't  we  get  this  information  from  Ranger  impact 
shots? 

Mr.  Cortrigiit.  No,  sir,  we  can’t. 

The  Chairman.  We  absolutely  cannot? 

Mr.  Cortright.  We  have  wrestled  with  that  problem  for  2 to  8 
years  and  have  not  come  up  with  a good  way  to  get  that  information 
until  recently. 

I should  have  qualified  my  remark. 

We  now  have  in  the  mill  a backup  program  of  capsules  which  can 
be  flown  on  the  Rangers  in  1965,  in  the  same  time  period  that  we  will 
be  trying  to  wring  the  bugs  out  of  our  Surveyors. 

These  capsules  would  be  capable  of  taking  one  or  two  very  high 
resolution  pictures  in  the  immediate  vicinity  of  where  the  capsule 
lands. 

Now,  from  what  von  see  of  the  lunar  surface  and  the  imprint  of  the 
capsule  on  the  surface,  you  could  draw  some  conclusions  as  to  what 
that  surface  is  like,  provided  the  capsule  doesn’t  bury  itself. 

The  Chairman.  Now,  what  is  the  Surveyor  impact  shot  going  to 
give  us  that  Ranger  won’t  give  us? 

Mr.  Cortright.  The  Surveyor  has  a higher  probability  of  landing. 
It  lands  at.  a low  velocity — 5 feet  per  second  instead  of  200  feet  per 
second. 

It  gathers  not  only  better  television  data  of  the  surroundings,  but 
much  other  information  as  well,  including  the  bearing  strength  of  the 
surface  as  measured  by  instruments  which  press  down  on  the  surface 
and  determine  how  much  the  surface  compacts  under  various  loadings. 

The  Chairman.  Then  why  do  we  need  Ranger  ? 

Mr.  Cortright.  The  Ranger  at  the  moment,  is  our  “bird  in  the 
hand.” 

We  have  some  flight  experience  wTith  the  Ranger  spacecraft.  We 
have  learned  some  things  about  it  and  are  working  as  hard  as  we  can 
to  get  it  to  work. 

We’d  like  to  be  in  a position  to  extract  everything  out  of  it  that 
we  can  in  the  way  of  lunar  surface  intelligence. 

We  are  providing  an  overlapping  program  where  we  do  not  rely 
on  a new  spacecraft  working  immediately;  but  rather  carry  on  with 
the  old  one  for  about  a year’s  overlap,  and  perhaps  even  more  if  we 
are  getting  very  good  information  from  it. 

The  Chairman.  Any  other  questions? 

Mr.  Randall.  Yes,  Mr.  Chairman. 

The  Chairman.  Mr.  Randall? 

Mr.  Randall.  Our  objective  is,  of  course,  a question  of  costs  or 
money — the  possible  elimination  of  some  of  the  Ranger  shots;  but 
last  year  we  had  an  extended  discussion  of  Prospector,  and,  you  recall, 
we  put  it  out  of  the  program. 

Is  it  possible  that  a good  Prospector  project,  and  I don’t  know 
where  we  are  so  far  as  the  state-of-the-art  is  concerned,  or  how  far 
advanced  it  is  or  whether  we  could  pick  it  up ; but  might  it  not  be  a 
saving  of  money  to  go  back  to  Prospector? 

In  other  words,  you  are  talking  about  a capsule  buried  in  the  dust 
on  the  Moon’s  surface,  and  you  are  talking  about  impacting  the  lunar 
surface  at  200  feet  a second  for  Ranger,  and  5 feet  a second  for 
Surveyor. 
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Now,  is  it  possible  that  Prospector,  which  will  move  about  on  the 
surface  of  the  Moon,  while  expensive  in  the  first  instance,  may  be  an 
economy  in  the  long  run  ? 

Would  you  explore  that  ? 

Dr.  Newell.  Well,  I think  it’s  our  feeling,  our  judgment  based  on 
experience  and  studies  of  these  problems;  that  if  you  attempt  to  take 
too  big  a jump  from  where  you  are  now  to  where  you  want  to  be  that 
you  don’t  save  money  in  the  long  run.  You  lose.  In  our  approach 
to  the  Moon  we  felt  that  a Ranger  step  was  a reasonable  step  to  take 
in  order  to  gain  the  experience  of  all  the  operations  that  go  on  in  get- 
ting something  onto  the  Moon  which  involves  not  only  the  launching 
into  orbit  about  the  Earth,  but  then  the  progress  from  the  Earth  to 
the  Moon  with  midcourse  corrections  ana  with  terminal  maneuvers, 
with  the  landing,  with  telemetry  from  the  spacecraft  in  approaching 
the  Moon,  telemetry  after  landing,  and  a first  look  at  what  happens  to 
these  things  after  they  land — that  this  was  the  wise  and  efficient  and 
economical  way  of  going  about  this  first  step  before  we  committed  a 
tremendously  expensive  Surveyor  to  the  study  of  the  Moon. 

What  we  will  nave  learned  from  Ranger  will  constantly  be  fed  over 
into  what  we  are  doing  and  will  do  with  Surveyor. 

Likewise,  we  feel  that  we  have  to  go  through  the  process  of  a soft 
landing  on  the  Moon  which  Surveyor  is  designed  to  do,  and  conduct 
operations  after  that  soft  landing  with  equipment  which  has  not  been 
damaged,  and  functions  properly,  and  use  a fixed  piece  of  equipment 
like  the  Surveyor  by  remote  command  before  we  go  to  the  much  more 
difficult  matter  of  trying  to  run  a remotely  controlled  vehicle  about  the 
lunar  surface. 


Mr.  Randall.  One  more  question.  You  say  we  are  not  ready  for 
Prospector  yet.  Is  that  it? 

Dr.  Newell.  We  are  saying  Surveyor  is  a sensible  step  to  take  be- 
fore you  go  after  Prospector. 

Mr.  Randall.  I don’t  know  whether  all  of  you  remember  it ; we  were 
invited  over  to  the  Congressional  Hotel  one  time  last  summer  for  a 
briefing  on  a poor  man’s  version  of  Prospector — Project  Green  Cheese. 

Have  you  explored  that?  That  was  a fraction  of  the  cost  of 
Prospector. 

Have  you  gone  into  that  ? 

Dr.  Newell.  We  have  looked  at  all  schemes  that  have  come  to  our 


attention  that  show  promise  or  even  a hint  of  being  cheaper,  more 
economical,  a quicker,  better  way  of  getting  at  these  things. 

I would  like  to  ask  Mr.  Cortright  to  carry  on  with  the  answer  to 
your  question  here. 

Mr.  Cortright.  The  only  point  I would  wish  to  add  is,  we  are 
examining  more  carefully  or  more  thoroughly  now,  the  utilization  of 
the  Surveyor  to  land  a mobile  craft  which  would  travel  around  on  the 
lunar  surface. 


We  think  that  it’s  feasible  that  an  uprated  Surveyor  on  a slightly 
uprated  Centaur  can  do  this  job ; perhaps  in  the  1966  time  period. 

It  would  not  be  as  elaborate  as  the  original  Prospector  which  we 
talked  to  you  about,  but  it  looks  as  though  it  could  extend  the  survey 
capability  of  the  Surveyor  quite  a bit. 

Mr.  Randall.  In  other  words,  a Surveyor  that  will  have  some 
mobility  ? 


1964  NASA  AUTHORIZATION 


1505 


Mr.  Cortriomt.  A Surveyor  which  would  carry  a device  on  it  which 
would  have  mobility,  hut  a small  lightweight  device  rather  than  the 
heavier  one  we  talked  about  earlier. 

Mr.  Randall.  Thank  you. 

Mr.  Mosher.  Mr.  Chairman? 

The  Chairman.  Mr.  Mosher. 

Mr.  Mosher.  Thinking  in  terms  of  cutting  the  cost  as  much  as  pos- 
sible, I judge  you  are  arguing  Ranger  is  your  “bird  in  the  hand” 
and  you  might  as  well  make  as  much  use  of  it  as  possible.  Making 
good  use  of  it,  you  are  going  to  cut  the  costs  of  Surveyor;  that  is,  you 
are  going  to  gain  enough  knowledge  so  that  you  will  materially  lower 
the  costs  of  Surveyor. 

Dr.  Newell.  That  our  ex]>erience  will  pay  off  in  a more  economical 
Surveyor  program,  yes. 

Mr.  Cortright.  In  a major  way  that  would  help  in  the  utilization 
of  the  Surveyor. 

One  wasted  Surveyor  by  landing  it  in  an  impossible  terrain  is  a 
large  waste. 

We  want  to  use  them  effectively. 

The  Chairman.  You'll  probably  convince  us  again.  Doctor.  I’m 
not  sure.  Go  ahead.  Proceed. 

Dr.  Newell.  The  information  obtained  is  also  used  for  geological 
mapping  of  the  Moon.  This  picture  (fig.  15,  Lunar  Geology)  shows 
a small  |>ortion  of  the  Moon’s  surface,  with  an  indication  of  its  actual 
location  on  the  Moon.  In  the  chart  at  the  lower  left  is  a topographic 
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map  which  show?  the  location  and  shape  of  the  major  land  forms  by 
means  of  contou?-.  On  the  right  side  is  an  example  of  a geological  map 
giving  not  only  contour  information,  but  also  using  colors  to  classify 
the  lunar  surface  into  different  types  of  terrain. 

Mr.  Chairman,  these  maps  are  most  fascinating,  particularly  to  peo- 
ple like  me  who  like  maps  anyway.  I thought  perhaps  the  members 
of  the  committee  might  like  to  have  copies  of  the  actual  map  from 
which  this  chart  was  made.  They  make  good  decorations,  they  are 
interesting  to  look  at,  and  this  particular  one  is  highly  informative 
about  the  characteristics  of  the  moon’s  surface  as  we  see  it  from  the 
Earth. 

The  Chairman.  Thank  you  very  much,  Doctor. 

Dr.  Newell.  The  initial  Apollo*  program  requires  that  this  mapping 
program  be  extended  to  cover  the  equatorial  region  of  the  Moon  to  at 
least  300  miles  on  both  sides  of  the  lunar  equator.  This  is  a tre- 
mendous amount  of  work,  and  to  complete  the  job  in  time,  we  are 
considering  the  use  of  automatic  computing  facilities. 

The  above  information,  particularly  if  the  improvements  of  current 
resolutions  by  a factor  of  four  is  realized,  is  adequate  for  the  present 
engineering  design  and  mission  planning.  For  the  final  stages  of 
preparation,  however,  it  is  deemed  necessary  to  improve  the  resolution 
by  another  factor  of  ten.  Such  an  improvement  can  be  obtained  only 
by  means  of  the  Surveyor  spacecraft  orbiting  the  Moon  at  an  altitude 
of  approximately  60  miles. 

The  Chairman.  Doctor,  am  I correct  in  recalling  that  during  our 
posture  hearings  you  said  a decision  would  be  made  about  the  middle 
of  this  week  on  whether  or  not  the  Surveyor  Orbiter  will  be  necessary  ? 

Dr.  Newell.  That  is  correct,  and  the  decision  has  been  made. 

We  feel  on  the  basis  of  our  very  careful  review  that  the  Surveyor 
Orbiter,  combined  with  the  Surveyor  Lander,  will  give  us  the  most 
economical  and  efficient  way  of  meeting  these  various  requirements. 

The  Surveyor  Orbiter  will  also  assist  us  in  greatly  improving  the 
probability  of  success  with  each  Surveyor  landing  as  we  go  along.  So, 
on  the  basis  of  these  considerations,  we  are  asking  the  committee  for 
its  support  of  the  Surveyor  Orbiter  program  as  well  as  the  Surveyor 
Lander  program. 

The  Chairman.  What’s  the  time  schedule  on  the  Orbiter,  compared 
to  the  Lander? 

Dr.  Newell.  The  first  Surveyor  missions  will  be  Landers,  but  after 
the  first  several,  we  will  introduce  Orbiter  into  the  program. 

The  Chairman.  Orbiter  won’t  save  much  money  by  providing  much 
information  for  the  Lander  missions  if  the  Lander  is  first,  Doctor. 

Dr.  Newell.  Well,  it  will,  in  that  when  it  has  been  introduced  into 
the  program,  it  will  greatly  increase  the  probability  of  choosing  ac- 
ceptable landing  sites. 

We  estimate  improvements  by  factors  of  four  or  five  or  more,  being 
able  to  choose,  for  the  next  Surveyor  Lander,  an  acceptable  landing 
site. 

The  Chairman,  Your  first  Lander  should  do  that  for  you,  shouldn’t 
it? 

Dr.  Newell.  No,  the  first  Lander  will  have  picked  on  only  one  site. 
The  advantage  of  the  Orbiter  is  that  you  survey  large  areas  of  the 
whole  lunar  surface. 
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The  Chairman.  Shouldn’t  that  come  before  any  Landers  ? I mean, 
if  the  Orbiter  really  will  produce  what  you  say  it’s  going  to,  it  should 
be  first. 

Dr.  Newell.  It  would  be  desirable,  and  we  would  like  to  do  it  that 
way,  but  from  the  point  of  view  of  the  engineering  constraints  and  the 

§roject  as  it’s  now  developing,  we  can’t  do  it  without  delaying  the  first 
urveyor. 

The  Chairman.  You  see,  it  almost  looks  as  though  it’s  a squeezed-in 
project  which  we  thought  of  a little  late,  and  decided  somewhere  along 
the  way  it  might  have  some  value,  so  we  are  therefore  going  ahead 
with  it. 

Dr.  Newell.  The  project  is  squeezed  in.  to  the  extent  we  are  at- 
tempting to  do  a job  with  the  technology  oi  Surveyor,  rather  than  do 
it  with  some  other  rather  costly  approach. 

The  Chairman.  Did  I understand  you  to  say  there  would  be  two 
Landers  before  the  first  Orbiter  shot  ? 

Dr.  Newell.  I believe  I said  a “few.” 

Mr.  Cortrigkt.  It’s  not  that  well  pinned  down,  but  a “few”  is  a 
good  answer. 

The  Orbiter  could  fly  and  is  planned  to  fty  in  the  first  half  of  1965. 
The  Chairman.  How  many  Surveyors  do  you  have  planned  in  the 
whole  program,  Mr.  Cortright  ? 

Mr.  Cortright.  There  is  a rate  of  approximately  5 to  7 per  year 
planned,  until  they  cease  to  pay  off. 

That  could  be  quite  a few  years. 

Mr.  Staebler.  Mr.  Chairman,  how  much  money  are  we  talking 
about  for  the  O rb  i terprogram  ? 

The  Chairman.  Well,  now  much? 

Dr.  Newell.  For  this  year  it’s  about  $30  million 
Mr.  Cortright.  I looked  that  up  the  other  day. 

The  Chairman.  I think  there  are  several  figures  you  would  be 
interested  in  having,  Mr.  Staebler. 

No.  1,  what  is  the  budget  request  for  1964  and  then  how  much  are 
we  talking  about  as  a total  program  ? 

Mr.  Cortright.  It’s  $28.4  million  in  the  fiscal  1964  budget,  and  if 
we  ran  a six-shot  program,  which  would  give  us  a very  high  probability 
of  getting  several  successes,  at  least  two  successes,  the  cost  would  run 
in  the  neighborhood  of  $150  million. 

Mr.  Randall.  Overall  ? 

Mr.  Cortright.  Overall. 

Mr.  Mosher.  Mr.  Chairman,  do  I understand  that  if  you  had 
thought  of  it  in  time,  your  preference  would  be  to  have  some  Orbiter 
flights  first  and  then  Lander  flights?  If  that  is  true,  how  much  time 
lag  would  there  be?  How  much  postponement  would  there  be  in 
waiting  until  you  could  do  Orbiter  first  ? 

Dr.  Newell.  It  isn’t  a question  of  if  we  had  thought  of  it  in  time. 
We  have  thought  about  this  ever  since  the  very  early  stages  of 
NASA.  It  is  a question  of  tradeoffs  in  total  cost  of  the  program  of 
one  way  of  doing  this  to  other  ways  of  doing  it. 

Our  efforts  have  been  to  keep  the  number  of  different  spacecrafts 
in  our  program  to  a minimum,  although  sometimes  it  may  not  appear 
that  we  are  doing  that. 
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In  the  present  case,  we  could  have  introduced  into  the  program 
another  type  of  spacecraft,  and  just  gone  ahead  with  this  and  gotten 
the  pictures  of  the  moon  or,  at  least,  scheduled  the  beginning  of  pho- 
tographing the  moon  in  an  earlier  Orbiter  effort. 

The  way  the  tradeoffs  have  worked  out,  however,  is  we  are  trying 
to  make  use  of  as  much  of  the  Surveyor  technology  as  we  can  to  do 
this,  and  in  order  to  use  the  Surveyor  technology,  we  have  to  wait 
until  we  have  gone  a certain  distance  down  the  road  with  Surveyor. 

In  this  way  the  cost  of  the  Orbiter  program  will  be  considerably 
lees  than  the  cost  of  another  entirely  separate  Orbiter  program  would 
have  been. 

Mr.  Mosher.  Is  Orbiter  farther  down  the  road  than  Lander  ? 

Dr.  Newell.  Orbiter  goes  down  the  road  together  with  the  Lander, 
inasmuch  as  they  are  both  Surveyors. 

Mr.  Mosher.  Mr.  Chairman,  just  another  question. 

Is  the  first  Lander  shot  to  be  sort  of  a random  shot  ? 

Will  you  have  any  selectivity  at  all  as  to  where  you  land  ? 

Dr.  Newell.  We  will  select  the  spot  on  the  basis  of  our  best  esti- 
mates of  a good  landing  site  from  tne  information  we  will  have  had 
from  Banger  and  from  continued  observations  from  the  surface  of 
the  Earth. 

Mr.  Mosher.  And  having  an  Orbiter  flight  first,  wouldn’t  give  you 
much  greater  selectivity  ? 

Dr.  Newell.  It  would  be  better,  yes,  but  if  you  are  suggesting  an 
entirely  separate  Orbiter  program,  m order  to  do  this  it  is  not  clear 
that  the  cost  wouldn’t  be  greater  than  the  possible  losses  by  this 
approach. 

Mr.  Mosher.  When  you  select  a site,  how  large  an  area  is  this? 

How  close  do  you  come  to  hitting  the  spot?  the  exact  spot  ? 

Dr.  Newell.  The  estimate  is  about  a 50-mile  diameter  circle. 

Mr.  Staebler.  Mr.  Chairman,  may  I pursue  this  line  of  thought  a 
little  further? 

You  have  told  us  that  the  cost  of  the  Orbiter  program  will  total 
about  $150  million. 

What  will  be  the  cost  of  the  Surveyor  Lander  program  ? 

Dr.  Newell.  We  will  loo. . this  up  for  you. 

Mr.  Cortwright.  If  we  were  to  carry  that  program  through  a full 
17  missions,  the  total  cost  would  be  about  $500  million,  including 
launch  vehicles. 

Mr.  Staebler.  Each  one,  therefore,  would  be  something  like  $30 
million.  The  first  one  will  be,  as  Mr.  Mosher  has  indicated  and  you 
have  somewhat  verified,  more  or  less  at  random,  a shot  not  in  the 
dark — but  kind  of  a rough  approximation  of  what  you’d  like  to  do? 

Then  after  that,  the  Orbiter  program  will  help  to  make  the  Surveyor 
landings  more  carefully  approximate  what  you  feel  is  a good  location.  5 

Is  that  a fair  statement  ? 

Mr.  Cortright.  Yes,  si).'. 

Mr.  Staebler.  So  that  $150  million  is  kind  of  insurance  on  the  $500 
million nprogram  ? 

Mr.  Cortright.  It  is  an  insurance  and  it’s  a technique  of  extend- 
ing the  information  we  get  from  the  $500  million  program  to  cover 
vast  areas  of  the  Moon,  rather  than  the  specific  selected  points. 
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Mr.  Staebler.  You  have  both  improved  the  Lander  program  and 
you  gain  a lot  of  independent  information  that  will  add  to  your  knowl- 
edge of  the  Moon  ? 

Mr.  Cortright.  Yes,  sir. 

Dr.  Newell.  It  might  be  of  interest,  Mr.  Chairman,  to  go  through 
some  of  the  statistics  that  we  have  asked  some  of  our  lunar  experts 
to  go  through  on  the  gains  to  be  expected  from  having  an  Orbiter  in 
the  program. 

It  you  assume  that  the  Surveyor  spacecraft  and  the  launching  will 
be  100  percent  reliable,  just  as  a starting  assumption,  and  that  80  per- 
cent of  the  Moon’s  surface  is  sufficiently  smooth  and  firm  to  permit  a 
successful  landing  of  the  spacecraft;  then  the  expected  number  of 
Surveyors  required  for  getting  one  successful  landing  would  be  two 
flights,  with  a 90  percent  confidence. 

This  would  be  very  greatly  modified  if  only  50  percent  of  the  Moon 
was  smooth  enough,  in  which  case  four  flights  would  be  required. 

If  only  10  percent  of  the  lunar  surface  was  good  enough  for  Sur- 
veyor landing,  then  22  flights  of  Surveyor  would  be  required  to  expect 
one  real  success. 

Well,  these  probabilities  are  getting  so  poor  that  you  simply  don’t 
want  to  operate  on  that  basis,  so  you  then  try  to  estimate  what  an 
Orbiter  will  do  for  you  in  attempting  to  reduce  these  probabilities  to 
something  that  you’d  like  to  live  with.  We  have  had  our  geologists 
estimating  how  well  they  feel  they  could  use  Orbiter  photographs  of 
the  Moon  in  order  to  pick  out  acceptable  landing  sites  and  their  esti- 
mate is,  for  example,  that  if  only  20  percent  of  the  lunar  surface  is 
smooth  enough  for  Surveyor  landing,  the  number  of  flights  required 
for  one  success — now  using  the  Orbiter  pictures,  could  be  reduced 
from  11  to  1 or  2. 

The  Chairman.  Our  chance  for  success  is  becoming  so  far  reduced, 
I’m  not  sure  it’s  worth  the  effort,  Doctor. 

Dr.  Newell.  No,  but  with  the  Orbiter,  you  bring  the  chances  of 
success  right  back  to  the  point  where  it  makes  good  sense. 

The  Chairman.  Well,  we  are  going  to  have  a circumlunar  Apollo 
flight  in  1966. 

Dr.  Newell.  You  guarantee  that? 

The  Chairman.  Well,  I can  guarantee  it  just  about  as  well  as  you 
can  guarantee  your  flight,  I think. 

It’s  only  the  information  we  have  from  people  like  you  who  are 
active  in  the  program. 

Mr.  Staebler.  Mr.  Chairman,  I note  the  word  “if”  preceding  these. 

“If”  the  chances  of  the  Moon  surface  being  10  percent  or  20  percent 
favorable. 

This  is  what  we  don’t  know  at  the  moment  and  that’s  why  the  ratio 
becomes  so  forbidding.  But  then  I notice  that  as  the  hypothesis  for 
a bad  area  increases,  the  need  for  the  Orbiter  rises. 

The  worse  the  situation,  the  more  we  need  the  information. 

Do  I interpret  this  correctly  ? 

Dr.  Newell.  That  is  correct. 

Mr.  Cortright.  This  is,  of  course,  a simplified  analysis.  It  defines 
a bad  area,  I believe,  as  one  where  the  spacecraft  wilt  certainly  fail. 

The  Chairman.  Of  course,  this  is  assuming  we  are  getting  no  in- 
formation from  any  other  source,  and  I hesitate  to  forget  about  all 
the  Rangers  that  we  are  sending  up  there. 
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Dr.  Newell.  But  you  recognize  when  we  send  up  the  Ranger  we 
will  get  information  on  a limited  number  of  spots  and  what  we  need 
to  do  is  to  tie  together  that  information  so  you  get  as  much  of  a pic- 
ture of  the  total  lunar  area  as  possible  for  the  Apollo  people  to  con- 
sider for  landing  sites. 

The  Orbiter  not  only  permits  us  to  make  advance  surveys  to  be  used 
in  the  landing  of  Surveyor,  but  to  tie  together  the  Ranger  informa- 
tion and  the  Surveyor  information  so  as  to  give  the  Apollo  people 
a broad  picture  of  what  the  Moon  is  like. 

Mr.  Mosher.  How  limited  is  the  information  from  a Ranger  flight? 
I suppose  it  depends  on  what  instruments  you  have  on. 

Dr.  Newell.  It’s  limited  in  the  number  of  instruments  that  can  be 
carried.  It’s  also  limited  in  the  size  of  the  region  that  can  be  viewed. 

Mr.  Mosher.  Tell  me  again,  what  a Ranger  is?  What  do  we 
expect  to  do  with  the  Ranger? 

Dr.  Newell.  This  will  be  covered  in  detail  in  the  next  slide, 
actually — shows  the  size  of  the  Ranger  picture.  Can  we  have  the  next 
slide  ? (Fig.  16,  Ranger  TV  Photos,  p.  1514.) 

The  first  Ranger  picture  will  show  you  a region  125  miles  on  the 
side,  but  at  a distance  at  which  the  resolution  won’t  be  much  better 
than  what  we  get  from  the  Earth.  The  last  picture  will  actually  be 
the  same  size  as  the  first  picture  but  will  cover  a very  much  smaller 
area  of  the  lunar  surface  so  that  it  will  be  60  feet  on  a side  and  will 
have  3-foot  resolution  and  we  will  be  able  to  see  whether  there  are 
boulders  there  or  not. 

The  Chairman.  This  is  the  impact? 

Dr.  Newell.  This  is  the  impact  of  the  next  Ranger  to  go. 

The  Chairman.  How  many  Ranger  impact  shots  do  we  have 
planned  in  the  overall  schedule? 

Dr.  Newell.  We  have  right  now 

Mr.  Cortright.  Seven. 

Dr.  Newell.  Seven  more. 

Mr.  Cortright.  Plus  the  option  of  using  the  1965  Rangers  that  way, 
should  it  appear  desirable. 

The  Chairman.  I’m  not  sure  I understand  that  answer. 

Dr.  Newell.  Well,  the  next  seven  have  planned  for  them  television 
pictures. 

Whether  or  not  television  is  the  best  thing  to  put  into  any  Rangers 
after  the  next  seven,  is  something  we  will  wait  on  to  see  what  our 
results  from  these  Rangers  tell  us. 

The  Chairman.  Oh,  my  question  was  not  how  many  shots  do  we 
have  planned  for  fiscal  year  1964,  but  how  many  Ranger  shots  do  we 
have  planned  “period,”  for  this  whole  program,  or  don’t  we  have  any 
such  plans? 

Dr.  Newell.  We  have  a total  of  14  approved  including  the  5 that 
have  gone  and  a total  of  10  more  “planned.” 

By  “approved,”  I mean  the  NASA  Administration  has  given  the  go- 
ahead  to  proceed  with  hardware  development  and  launches. 

By  “planned,”  I mean  the  NASA  Administration  has  indicated 
willingness  to  consider  as  tentatively  in  the  program,  depending  how 
the  currently  approved  part  works  out. 

The  Chairman.  If  the  on-going  Rangers  didn’t  have  television  what 
would  be  their  most  valuable  experiment  ? 
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Dr.  Newell.  The  experiments  that  are  being  prepared  for  the 
Ranger  program  include  seismometers,  and  landing-type  television 
which  Mr.  Cortright  referred  to,  in  which  you  take  pictures  after 
landing  instead  of  just  pictures  taken  while  approaching  landing. 
Penetrometer  measurements  are  being  considered,  although  no  work 
is  going  on  on  them  as  yet. 

Radioactivity  measurements  are  being  worked  on,  and  there  is 
instrumentation  available. 

There  are  other  experiments  for  studying  the  interplanetary  medium 
on  the  way  to  the  Moon. 

The  radioactivity  measurements,  as  you  may  guess,  are  extremely 
important  because  of  the  fact  that  if  the  lunar  surface  is  highly  radio- 
active, something  has  to  be  done  to  protect  the  people  and  equipment 
from  that.  They  are  also  important  in  determining  the  composition 
of  the  lunar  surface  because  the  radioactivity  will  be  characteristic 
of  the  material  of  the  lunar  surface. 

We  are  also  looking  into  the  measurements  of  the  micrometeor  prob- 
lem on  the  lunar  surface.  If  the  surface  is  being  constantly  bom- 
barded by  exceedingly  high-speed  meteoritic  particles,  this  means  they 
are  producing  splashes  and  laboratory  observations  indicate  the  num- 
bers of  particles  in  the  splashes  are  tremendously  great — that  the 
phenomena  at  the.  very  high  meteoritic  speed  is  entirely  different  from 
the  impact,  say,  of  high-speed  rifle  bullets. 

This  could  mean  then  that  the  surface  environment  of  the  Moon 
is  one  in  which  you  have  got  very  high-speed  particles  moving  around 
in  all  directions — particles  that  would  penetrate  suits  of  the  astro- 
naut^ for  example. 

This  sort  of  experiment  is  definitely  included  in  our  Surveyor  pro- 
gram, but  might  be  one  type  of  experiment  to  include  in  the  Ranger 
program  and  we  are  keeping  this  in  mind. 

The  Chairman.  Doctor,  last  week  it  seemed  to  me  you  were  some- 
what doubtful  about  the  value  of  the  Surveyor  Orbiter  because  it 
would  become  available  very  close  to  the  time  we  would  have  the 
Apollo  circumlunar  flight.  It  is  your  opinion  we  are  not  going  to 
have  that  shot  quite  as  soon  as  we  had  anticipated ; or  is  it  your  feeling 
this  Orbiter  shot  can  be  made  sooner  than  you  felt  it  could  be  made 
last  week? 

Dr.  Newell.  Experience  has  shown  that  your  very  difficult  pro- 
grams take  longer  than  you  expect  them  to  take.  The  Orbiter  can 
contribute  much  of  value. 

On  the  schedule  that  we  have  indicated  for  Orbiter,  we  will  get  in- 
formation that  will  be  of  value  both  to  our  Surveyor  program  and 
to  the  manned  lunar  effort. 

It  is  our  judgment,  after  considering  all  these  factors,  that  it’is  not 
wise  to  delay  the  Orbiter  program  simply  by  saying,  that  a year  or 
so  later  you  will  be  able  to  get  these  data  from  Apollo,  because  the 
Apollo  program  is  going  to  be  subject  to  the  same  difficulties  that  any 
other  program  of  this  type  is  subject  to. 

The  wise  approach  is  to  cover  your  bets  here. 

The  Chairman.  Any  further  questions  ? Mr.  Randall  ? 

Mr.  Randall.  This  Ranger  starts  out,  of  course,  with  the  TV  photo- 
graphs. I understand  the  shell  is  made  out  of  balsa  wood.  Td  like 
to  knowT  what  sort  of  survival  possibility  does  it  have  ? 
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It  comes  into  the  lunar  surface  at  200  feet  a second,  and  you  are 
hoping  that  Surveyor  can  come  in  at  5 feet  a second. 

Isn’t  that  true  ? What  is  Ranger’s  possibility  of  survival  ? 

Dr.  Newell.  These  television  pictures  will  be  taken  as  the  spacecraft 
approaches  the  lunar  surface,  so  it  doesn’t  have  to  survive.  Your 
pictures  will  be  taken  and  transmitted  back  to  Earth  before  the  impact. 

The  Chairman.  In  other  words,  you  expect  nothing  from  Ranger  on 
the  surf  ace  of  the  Moon  ? 

Dr.  Newell.  Not  from  the  series  we  are  illustrating  here. 

Mr.  Randall.  What  is  the  difference  of  the  cost  between  Ranger 
and  Surveyor  ? 

Mr.  Cortright.  The  Rangers  will  cost,  with  the  improvements  we 
are  having  to  put  into  them  now,  approximately  $18  million  per  shot 
including  the  launch  vehicle. 

The  Surveyors  will  cost  closer  to  $30  million  per  shot,  all  develop- 
ment cost  prorated  over  that  series  I mentioned. 

Now,  if  I’m  a little  off  on  those  numbers,  with  your  permission  I’ll 
correct  it  in  the  record. 

Mr.  Randall.  Not  quite  twice  as  much. 

Mr.  Cortright.  That  is  right. 

Mr.  Randall.  But  we  are  not  ready  for  Surveyor.  Isn’t  that  the 
answer? 

That’s  why  you  used  the  expression  “cover  our  bets”  ? 

Mr.  Cortright.  We  won’t  start  our  first  Surveyor  test  flights  until 
late  1964  and  we  hope  to  have  an  operational  Surveyor  launch  de- 
signed to  do  the  full  touchdown  and  gather  data  by  mid-1965*. 

Mr.  Randall.  Now,  I thought  I heard,  back  here  a moment  ago 
that  we  are  going  ahead  with  one,  or  at  least  contemplating  one,  Sur- 
veyor Lander  before  we  do  the  Orbiters. 

Dr.  Newell.  My  phrase  was  “there  would  be  a few.” 

The  Chairman.  A “few.” 

Mr.  Randall.  A “few.” 

The  Chairman.  Can  you  define  that  a little  more  specifically,  Doc- 
tor ? What  would  you  say  in  this  case  a “few”  is  ? 

Dr.  Newell.  I always  use  “few”  in  a situation  of  this  case  to  mean 
something  around  three — two  to  six. 

Mr.  Randall.  Two  to  six  ? 

Dr.  Newell.  Yes. 

Mr.  Randall.  There  is  some  suggestion  to  the  effect  that  some  of 
the  Surveyor  flights  can  be  dispensed  with  by  the  Apollo  circumlunar 
flight. 

In  all  due  respect  to  our  chairman,  I don’t  know  that  I agree  with 
him.  How  can  we  get  the  same  information  ? We  are  talking  about 
Surveyor  here  orbiting  at  60  miles  down  close  to  the  surface  of  the 
Moon.  Isn’t  that  true? 

Dr.  Newell.  That  is  correct. 

Mr.  Randall.  This  manned  circumlunar  orbit  will  not  be  anywhere 
near  that  distance,  will  it? 

Mr.  Cortright.  I don’t  know  what  mission  the  manned  space  people 
described.  I didn’t  hear  their  testimony. 

Mr.  Randall.  In  order  to  provide  for  the  safety  of  astronauts  I 
understood  it  would  be  a much  greater  distance  than  that. 
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The  Chairman.  I am  going  to  arrange  a private  conference  for 
Mr.  Randall  and  some  of  the  manned  lunar  people  and  I think  they 
can  give  you  that  idea. 

Mr.  Randall.  All  right.  I have  several  other  questions.  We  will 
let  it  go  at  this  time. 

Mr.  Mosher.  As  a matter  of  curiosity,  do  you  folks  assume,  or  do 
you  have  better  information  than  just  an  assumption,  that  the  Russians 
are  going  through  somewhat  the  same  series  or  are  planning  a some- 
what similar  series  of  flights  ? 

Dr.  Newell.  Well,  we  know  that  they  have  already  launched  space- 
craft to  the  Moon.  They  have  taken  pictures  on  the  other  side  of  the 
Moon  and  they  have  had  a successful  impactor.  We  assume  that  they 
are  continuing  with  this  program.  Having  made  a good  start,  and 
gotten  some  good  early  results,  it  wouldn’t  make  sense  for  them  not 
to  continue  with  it. 

Mr.  Mosher.  This  impactor  that  they  have,  can  we  assume  it  is 
somewhat  similar  to  the  Ranger? 

Dr.  Newell.  The  mission  was  similar  to  Ranger,  although  it  did 
not  carry  television;  but  it  was  not  designed  to  operate  after  impact. 

It  was  designed  to  make  measurements  on  the  way  to  the  Moon  and 
during  the  approach 

Mr.  Mosher.  What  results  of  this  have  they  published  ? 

Dr.  Newell.  As  far  as  we  know,  they  have  published  all  those 
results. 

Mr.  Mosher.  From  those  results,  have  you  found  any  useful  infor- 
mation? 

Dr.  Newell.  Yes,  scientifically,  they  have  been  very  useful.  They 
didn’t  tell  very  mttch  about  the  lunar  surface,  but  they  did  tell  about 
the  Moan’s  magnetic  field  and  a bit  about  the  particle  radiations  in 
the  vicinity  of  the  Moon. 

Mr.  Mosher.  Is  there  any  expectation  that  over  the  next  few  years, 
some  of  our  cost  can  be  cut  and  some  of  their  costs  cut  by  the  mutual 
publication  of  information? 

Dr.  Newell.  I don’t  expect  that  in  the  next  several  years,  no. 

Mr.  Mosher.  In  other  words^  you  don’t  think  they  are  going  to  make 
any  flights  that  will  do  away  with  the  necessity  of  our  series  of  flights? 

Dr.  Newell.  I don’t  feel  the  Russians  are  going  to  publish  informa- 
tion that  we  are  not  in  the  position  to  get. 

I think  they  will  play  the  game  that  way. 

Mr.  Mosher.  Is  that  the  way  we  are  playing  the  game? 

Dr.  Newell.  No,  we  are  playing  it  open. 

Mr.  Mosher.  In  other  words,  a series  of  seven  Ranger  shots  may 
result  in  public  information  which  will  save  them  some  cost  perhaps 
by  not  having  to  do  this? 

Dr.  Newell.  Well,  it  can  be  played  so  that  it  may  save  them  some 
costs. 

Our  interest,  however,  is  in  relations  with  the  rest  of  the  world. 

Mr.  Mosher.  Yes,  it  is. 

I am  not  objecting  to  this.  Iam  just  curious. 

Dr.  Newell.  Yes.  I think  the  Soviets  have  an  advantage  from 
this  point  of  view. 

Mr.  Staebler.  Mr.  Chairman,  guessing  that  the  Russian  strategy 
on  the  Moon  may  be  like  some  of  their  others  where  they  disregard 
human  safety  a bit  and  take  more  chances  than  we  are  incline!  to 


1514 


196  4 NASA  AUTHORIZATION 


take;  I)r.  Newell,  do  you  visualize  the  possibility  of  their  short  circuit- 
ing some  of  these  steps  we  are  taking  and  putting  a man  on  the  Moon 
several  years  earlier,  several  stages  earlier,  taking  a chance  on  having 
their  craft  buried  in  this  quicksand  or  however  you  would  describe  the 
possible  surface  of  the  Moon  ? 

I)r.  Newell.  I don't  really  have  all  the  information  on  the  Russian 
program,  but  everything  that  I have  seen  indicates  that  they  aie  being 
just  as  careful  with  their  astronauts  as  we  are  with  ours. 

I don't  visualize  their  flying  jieople  to  the  Moon  and  landing  them 
there  and  leaving  them  deserted  or  taking  the  very  high  risk  on  a 
mission  when  they  could  reduce  the  risk. 

Rut  I'm  not  the  exjiert  in  this  area  and  I could  be  wrong. 

Mr.  Staeblek.  At  least,  we  are  contemplating  these  possibilities,  I 
presume  ? 

The  Chairman.  Doctor,  would  you  like  to  proceed? 

Dr.  Newell.  This  chart  shown  here  (fig.  16,  Ranger  TV  Photosi 
shows  the  manner  in  which  we  exjiect  the  photographs  to  lie  nested, 
or  arranged,  as  the  spacecraft  approaches  the  Moon.  The  first  picture 
will  encompass  an  area  of  approximately  125  miles  on  a side.  As  the 
spacecraft  gets  closer  to  the  surface,  the  pictures  will  necessarily 
cover  a smaller  area ; however,  the  resolution  will  be  steadily  increased. 

This  is  because  the  size  of  the  actual  photograph  you  get  is  the 
same. 

The  last  picture  to  lie  taken  will  enable  us  to  obtain  a resolution  of 
approximately  3 feet ; that  is  to  say,  we  would  be  able  to  see  rocks 
larger  than  3 feet  in  diameter  that  are  separated  by  that  distance. 


Figure  16 
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The  Surveyor  Lander  will  also  obtain  some  TV  pictures  during  its 
final  descent  to  the  Moon;  however,  its  greatest  contribution  from 
the  standpoint  of  pictures  will  come  after  Surveyor  is  safely  down  on 
the  lunar  surface.  Its  television  system  will  provide  eye-level  view- 
ing of  the  local  lunar  landscape,  the  topography  in  the  vicinity  of  the 
spacecraft,  and  the  visual  examination  of  the  texture  and  form  of  the 
material  comprising  the  lunar  surface.  These  missions  .will  be  dis- 
cussed later  in  more  detail. 

At  the  present  time,  radio,  radar,  and  infrared  observations  of  the 
lunar  surface  provide  the  best  information  available.  Considerable 
controversy  rages  over  the  interpretation  of  these  data.  One  interpre- 
tation, espoused  by  Professor  Gold  of  Cornell  under  contract  to 
NASA,  indicates  that  the  lunar  surface  may  be  covered  by  deep 
layers  of  underdense  material  into  which  any  landing  vehicle  might 
well  sink  out  of  sight. 

Because  it  is  so  difficult  to  learn  about  the  surface  of  the  Moon 
directly,  NASA  is  supporting  measurements  of  simulated  lunar  sur- 
faces in  the  laboratory.  There,  experiments  are  underway  to  determine 
the  effect  of  radiation  and  fast-moving  meteoroids  impacting  on  layers 
of  loose  particles.  Dust  particles  disturbed  in  this  manner  settle  down 
into  rough,  highly  diffuse  surfaces.  Rock  or  mineral  surfaces  ex- 
posed to  intense  radiation  break  down  into  fine  particles  of  dust  which 
may  coagulate  into  larger  dense  clumps.  Charges  accumulated  on 
these  particles  may  act  so  as  to  transport  the  dust  along  the  surface 
of  the  Moon.  This  same  effect  would  serve  to  cause  lunar  dust  to 
envelop  any  spacecraft  that  landed  on  the  lunar  surface.  Studies 
show  that  intense  proton  bombardment  may  cause  cementing  of  these 
particles  so  as  to  give  layers  of  them  some  bearing  strength. 

Professor  Gold  has  examined  a large  number  of  materials  and 
compared  these  with  the  observed  reflection  coefficient  of  the  lunar  sur- 
face. It  turns  out  that  the  material  shown  in  the  next  chart  (fig.  17, 
Artificial  Lunar  Surface)  matches  the  observed  characteristics  of  the 
Moon.  The  material  has  a cobweb-like  structure  and  is  composed  of 
cement  powder  which  has  a chemical  composition  similar  to  that 
which  might  be  expected  on  the  lunar  surface.  The  two  graphs  at 
the  bottom  of  the  chart  show  the  similarity  of  the  reflection  proper- 
ties of  the  substance  with  the  observed  reflection  characteristics  of  the 
Moon’s  surface  at  two  angles  of  observation.  If  the  Moon’s  surface 
is  covered  by  a deep  layer  of  this  cobweb-like  material,  the  worst  fears 
expressed  by  Dr.  Gold  may  indeed  be  realized  when  the  first  lunar 
spacecraft  attempts  a landing.  It  is  clear  that  the  capabilities  of 
Ranger  and  Surveyor  must  be  brought  to  bear  upon  this  problem  at 
the  earliest  possible  date. 

It  has  been  known  for  some  time  that  the  surface  of  the  Moon  is 
hot  when  illuminated  by  the  Sun  and  cold  when  it  is  not  This  past 
year  with  an  infrared  telescope.  Dr.  Murray  of  the  California  Insti- 
tute of  Technology,  under  NASA  contract,  has  been  examining  the 
cooling  characteristics  of  a portion  of  the  Moon’s  surface  as  it  passes 
from  daytime  to  nighttime.  He  has  observed  that  four  areas  shown 
in  the  next  picture  (fig.  18,  Hot  Spots  on  the  Moon)  have  a markedly 
slower  cooling  rate  than  the  general  lunar  surface.  The  curve  at  the 
right  illustrates  the  temperatures  observed  in  scanning  across  an  area 
of  the  crater  Copernicus. 
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As  can  l>e  seen  from  the  curve,  the  temperatures  are  considerably 
hotter  in  some  spots  than  in  others,  indicating  that  the  hotter  areas 
must  be  composed  of  either  rock  formations  with  a high  heat  capacity 
so  that  they  cool  slowly,  or  of  some  other  unusual  material  we  don’t 
know  about,  which  emits  heat  at  a much  lower  rate  than  the  other 
lunar  material. 

VENUS 

Our  nearest  planetary  neighbor,  Venus,  continues  to  arouse  a great 
deal  of  curiosity,  satisfied  only  in  part  by  the  recent  spectacular  night 
of  Mariner  II.  Most  of  our  information  about  this  planet  has  been 
obtained  from  the  ground  using  optical  and  radio  telescopes  and 
radar.  The  effort  to  glean  information  from  these  ground-based 


techniques  is  a struggle  against  great  odds,  liecause  of  the  great  dis- 
tance of  the  planet  from  us,  because  of  the  fact  that  while  it  is  nearest 
to  us,  most  of  the  surface  toward  us  is  not  illuminated  by  the  Sun,  and 


because  of  the  mysterious  cloud  cover  enveloping  the  entire  planet. 
Nevertheless,  a sizable  amount  of  information  has  been  assembled  on 
our  twin  planet,  all  of  it  intriguing  but  much  of  it  ambiguous. 

This  chart  (fig.  19,  Venus  by  Telescope)  shows  you  how  Venus  ap- 
|>ears  to  us  as  observed  through  a telescope  with  the  same  degree  of 
magnification,  but  at  different  distances.  You  see  that  when  it  is 
nearest,  to  the  Earth,  and  hence,  largest?  we  can  “see”  only  the  dark 
portion  of  the  planet.  When  the  illuminated  side  is  facing  us,  it  is 
more  than  150  million  miles  away. 
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Because  of  this  unfavorable  illumination,  together  with  the  clouds 
which  perpetually  envelop  the  planet’s  surface,  it  has  not  been  pos- 
sible to  determine  for  sure  whether  the  planet  rotates  about  its  own 
axis.  The  use  of  ground-based  radar  measurements  has  offered  the 
most  promise  for  resolving  this  question  but  has  not  yet  provided  a 
specific  answer. 

The  composition  of  the  Venus  clouds  remains  a mystery,  although 
they  may  be  composed  largely  of  ice  crystals.  Large  amounts  of  car- 
bon dioxide  have  been  detected  in  the  Venus  atmosphere.  Professor 
Kuiper  of  Arizona  has  shown  spectroscopically  that  the  ratio  of  the 
isotopes  of  oxygen  and  of  carbon  in  the  carbon  dioxide  in  the  Venus 
atmosphere  is  identical  to  the  ratios  found  in  the  Earth’s  atmosphere 
within  the  limits  of  experimental  error.  This  strongly  suggests  that 
the  materials  in  Venus  and  Earth  had  identical  origins. 

Infrared  measurements  of  the  Venus  atmosphere  indicates  that  its 
temperature  is  approximately  — S5°  F.  Microwave  radar  measure- 
ments indicate  that  the  planet’s  temperature  is  approximately  600° 
F.  It  is  obvious  that  these  two  techniques  are  measuring  tempera- 
tures of  two  different  portions  of  Venus.  In  fact,  it  is  believed  that 
the  600°  temperature  may  correspond  to  the  surface  of  the  planet. 

I should  interpolate  here,  Mr.  Chairman,  this  portion  was  written 
before  the  final  data  from  Mariner  was  in,  so  now  the  next  paragraphs 
bring  this  up  to  date. 

The  Chairman.  Doctor,  these  microwave  measurements  were  taken 
from  where? 

Dr.  Newell.  They  were  taken  from  the  surface  of  the  Earth  and 
were  obtained  by  the  Naval  Research  Laboratory,  Harvard,  and 
others. 

The  Chairman.  Doctor,  I wonder  if  we  can  close  on  this  note  inas- 
much as  the  House  is  going  into  session  and  we  do  not  have  permis- 
sion to  sit  during  the  session  this  afternoon. 

Dr.  Newell.  Very  well. 

The  Chairman.  I wonder — off  the  record 

(Discussion  off  the  record.) 

The  Chairman.  Unless  you  receive  notification  to  the  contrary 
we  would  meet  here  at  9 o’clock  Monday  morning.  Depending  on 
what  kind  of  response  I get  from  the  membership  of  the  subcommittee, 
Doctor,  we  may  also  meet  here  at  9 a.m.  tomorrow.  I’ll  make  sure 
you  are  contacted  sometime  this  afternoon. 

Dr.  Newell.  Thank  you.  Very  good. 

(Whereupon,  at  12:02  p.m.,  the  subcommittee  adjourned  until  a 
time  to  be  determined.) 
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House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.C. 

The  subcommittee  met  at  9 a.m.,  pursuant  to  call,  in  room  214 -B, 
New  House  Office  Building,  Hon.  Joseph  E.  Karth  (chairman  of  the 
subcommittee)  presiding. 

The  Chairman.  The  meeting  will  come  to  order. 

Dr.  Newell,  we  were  on  page  41, 1 believe,  when  we  adjourned  yes- 
terday. You  may  proceed. 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

FURTHER  STATEMENT  OF  DR.  HOMER  E.  NEWELL,  DIRECTOR, 

OFFICE  OF  SPACE  SCIENCES,  NASA,  ACCOMPANIED  BY  EDGAR  M. 

CORTRIGHT,  DEPUTY  DIRECTOR 

* 

Instruments  were  carried  aboard  Mariner  II  to  resolve  the  question 
of  temperature  and  obtain  accurate  measurements  of  the  surface 
temperature  of  the  planet  and  information  concerning  its  atmospheric 
composition  (fig.  20,  Mariner  Results) . These  measurements  showed 
that  tfye  /atmospheric  temperature  of  Venus,  presumably  in  the  vicinity 
of  the  douds,  is  about  —33°  to  —70°.  The  microwave  radiometer 
measurements  gave  temperatures  of  700°  to  800°,  confirming  those  de- 
duced by  radar  measurements  from  the  Earth.  It  is  npw  up  to  the 
theorist  to  explain  this  high  temperature. 

The  Mariner  instruments  detected  no  radiation  belt,  nor  any 
planetary  magnetic  field.  From  the  data  it  is  estimated  that  the 
Venus  magnetic  field  must  be  less  than  one-twentieth  to  one-tenth  that 
of  the  Earth  (fig.  21  j Exploring  Mars).  • ! 

At  this  point  in  time,  it  seems  obvious  that  it  will  be  ’considerably 
longer  than  another  decade  before  we  can  be  as  successful  as  was 
Edgar  Rice  Burroughs  in  getting  man  on  the  surface  of  Mars.  We 
do,  however,  know  quite  a few  things  about  this  fourth  planet  of  the 
Sun.  For  observations  from  the  Earth’s  surface,  the  favorable  il- 
lumination from  the  Sun  and  the  absence  of  a cloud  cover  more  than 
compensate  for  the  somewhat  greater  distance  to  this  planet  as  com- 
pared to  Venus.  Consequently,  the  surface  features  of  Mars  are 
known  in  a gross  fashion.  Some  of  these  features  vary  as  a function 
of  the  time  of  year,  the  most  notable  such  variation  being  that  of  the 
appearance  and  disappearance  of  the  polar  ice  caps. 
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The  best  value  we  have  for  the  atmospheric  pressure  on  the  surface 
of  Mars  is  that  it  is  about  the.,  same  as  that  at  55,000  feet  above  the 
Earth.  While  this  atmosphere  could  not  sustain  the  mammalian  life 
as  we  know  it  on  the  Earth’s  surface,  it  is  quite  conceivable  that 
some  other  forms  of  life  can  exist,  particularly  lower  forms. 

Bioscientists  are  virtually  unanimous  in  their  feeling  that  the  ques- 
tion of  whether  or  not  indigenous  life  exists  on  Mars  is  the  most 
important  question  that  space  science  can  answer,  and  considerable 
ingenuity  is  being  demonstrated  to  glean  every  scrap  of  information 
possible  from  the  surface  of  the  Earth,  and  from  experiments  car- 
ried out  on  rockets,  to  learn  all  that  we  can  prior  to  actually  penetrat- 
ing the  Martian  atmosphere  and  touching  its  surface. 

Without  question,  spectroscopic  ana  television  techniques  from 
spacecraft  flying  by  the  planet  will  provide  a very  large  increment 
indeed  in  existing  knowledge  of  the  surface  features  of  the  Red  Planet. 

The  next  opportunity  for  a flight  to  Mars  will  occur  slightly  less 
than  2 years  from  now.  The  time  between  now  and  then  will  be  used 
for  a careful  selection  and  preparation  of  experiments  to  make  the 
most  valuable  use  of  this  exciting  opportunity. 

During  the  same  interval,  we  are  planning  to  have  a closer  look  at 
ourselves  as  others  see  us.  By  this  I mean  that  if  we  are  to  under- 
stand and  interpret  the  data  we  obtain  about  other  planets,  we  need  to 
look  at  the  Earth  from  a distance  of  a few  thousand  or  a few  hundred 
miles  to  assist  us  in  interpreting  the  more  difficult  measurements  from 
the  other  planets. 

DUST  IN  SPACE 

The  large  bodies  in  the  solar  system  hold  a special  interest  for  us 
because  we  live  on  one  of  them.  But  the  tiny  bodies  of  dust  particles, 
often  called  micrometeors,  also  have  their  importance. 

There  is  a group  of  scientists  who  contend  that  meteoroid  dust  fall- 
ing on  the  Earth  has  appreciable  effect  on  the  Earth’s  weather,  pro- 
viding nuclei  for  the  condensation  of  water  vapor  in  the  lower 
atmosphere,  and  thus  influencing  the  formation  of  rain.  If  further 
studies  confirm  this,  then  measurements  of  these  particles  in  space 
will  add  to  our  understanding  of  the  conditions  that  create  our 
weather. 

Of  more  direct  concern  in  the  space  program  is  the  effect  of  these 
particles  on  objects  sent  out  into  space.  Because  of  their  extremely 
nigh  velocity,  they  may  be  very  damaging  to  exposed  surfaces  and 
thm  structures,  such  as  large  radiator  systems  for  solar  or  nuclear 
power  supplies,  and  large  antenna  systems. 

To  assess  the  seriousness  of  this  problem,  one  needs  to  know  about 
the  numbers,  sizes,  velocities,  and  distribution  in  space  of  these 
particles. 

The  next  chart  (fig.  22,  Micrometeorite  Spatial  Distribution)  gives 
a plot  of  micrometeor  counting  rate  as  a function  of  increasing  dis- 
tance from  the  Earth.  These  data  were  obtained  from  observations 
made  in  near-Earth  satellites  and  deep  space  probes,  including 
Mariner  II. 

Mariner  carried  an  acoustical-type  detector  capable  of  responding  to 
particles  as  small  as  one  hundred  billionth  of  an  ounce  in  mass.  As 
may  be  seen  from  the  curve,  the  flux  rate  of  small  particles  in  deep 
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space  is  approximately  10,000  times  smaller  than  that  found  in  the 
vicinity  or  the  Earth. 

While  these  observations  in  space  are  underway,  there  are  numer- 
ous laboratory  investigations  going  on  to  develop  an  understanding 
of  the  penetration  capabilities  of  fast-moving  srnail  particles  into  ma- 
terials used  in  constructing  spacecraft  (fig.  23,  Hypervelocity  Impact 
Craters) . 

The  craters  shown  in  the  chart  were  created  by  particles  only  a 
surprisingly  small  fraction  of  the  size  of  the  craters  they  dug.  Such 
studies  enable  the  designer  to  determine  more  accurately  the  weight 
of  material  needed  to  provide  protection  of  spacecraft  against  mi- 
cromeiteors,  which  is  very  important  since  weight  is  at  a premium  in 
the  design  and  construction  of  both  manned  and  unmanned  space- 
craft. 

We  plan  to  continue  these  measurements,  and  to  carry  micro- 
meteor  counters  on  a number  of  the  satellites  and  deep  space  probes 
that  will  be  descril>ed  in  the  latter  half  of  this  presentation. 
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STARS  AND  GALAXIES 

As  you  know,  our  solar  system  is  part  of  a much  larger  stellar  sys- 
tem called  the  Galaxy.  Astronomers  tell  us  that  our  own  Milky  W ay 
galactic  system  must  look  very’  much  like  the  Andromeda  Nebula 
when  seen  from  the  outside,  as  shown  on  this  picture  (fig.  24, 
Andromeda) . 

The  chemical  composition  of  stars  seems  to  vary  markedly  from 
our  own,  having  different  ratios  of  isotopes  of  the  chemical  elements. 
Some  galaxies  appear  to  lie  surrounded  by  very  large  and  veiy  thin 
halos  of  rapidly  moving  electrons,  which  give  rise  to  the  radiation 
studied  by  radio  astronomy. 

These  observations  have  led  us  to  a number  of  questions  which 
astronomers  are  anxious  to  answer.  Why  does  the  Galaxy  have  a 
halo  of  fast  electrons?  What  supplies  the  energy  ? Is  this  as  it  seems 
to  be  related  to  the  problem  of  the  origin  of  cosmic  rr.y  particles? 
How  are  the  elements  formed?  Why  do  they  occur  with  different 
abundances  in  different  stars?  Do  galaxies  age?  If  so,  how  can  we 
find  sequences  of  galaxies  at  different  ages?  Does  the  universe  as  a 
whole  age  ? 

The  theorists  have  propounded  answers  to  many  of  these  questions. 
However,  the  theorists  often  do  not  agree  with  each  other.  Moreover, 
no  single  theory  simultaneously  answers  all  the  questions  and  iemains 
consistent  with  all  known  observational  data. 
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Figure  24 

Indeed,  last  year  we  presented  to  the  committee  some  sounding 
rocket  results  obtained  by  the  Goddard  Space  Flight  Center  which 
showed  that  the  amount  of  ultraviolet  light  emitted  by  very  hot  stars 
is  very'  different  from  what  theory  hn<l  predicted.  It  is  clear  that 
theory  built  only  on  observations  taken  in  the  visible  wavelengths  is 
built  on  a very  unsura  foundation. 

For  example,  the  Orion  Nebula  shown  in  the  next  chart  (fig.  26, 
Orion  Nebula)  poses  a wealth  of  problems  that  can  be  investigated 
adequately  only  by  means  of  observations  in  the  ultraviolet  and 
infrared  wavelengths. 

In  the  Orion  region,  there  are  very  hot  stars  illuminating  very 
dense  gaseous  nebulae  and  dense  interstellar  dust.  We  have  already 
seen  that  the  very  hot  stars  must  be  investigated  in  the  ultraviolet 
wavelengths  if  we  are  to  obtain  a full  understanding  of  them. 

But,  in  the  dust  near  the  hot  stars  there  are  objects  which  are  be- 
lieved to  be  young  stars  that  have  just  been  bom.  Much  of  their 
radiation  lies  far  in  the  infrared,  which  also  can  be  observed  only 
above  the  Earth’s  atmosphere.  These  new  stars  are  highly  variable. 
Already  there  is  evidence  in  this  spectrum  of  the  presence  of  elements 
such  as  lithium,  which  normally  canno.  survive  in  stellar  interiors. 
Investigation  of  these  objects  should  yield  some  very  fundamental 
results. 

Mr.  Staebler.  Mr.  Chairman,  may  I inject  a question  ? 

The  Chairman.  Surely. 

Mr.  Staebler.  Can  you  relate  the  significance  of  findings  regarding 
other  galactic  systems?  Will  it  have  any  significance  for  travel  to 
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the  Moon?  Will  it  have  significance  in  interplanetary  travel? 
Where  do  these  other  findings  begin  to  have  significance  for  us? 

Dr.  Newell.  The  findings  in  the  studies  of  the  galaxies  will  not 
have  particular  significance  in  our  lunar  landing  project  or  even  in 
future  planetary  expeditions,  say  to  Venus  or  Mars.  These  findings 
will  be  of  great  importance  in  studies  of  the  fundamental  laws  of  our 
universe,  the  fundamental  behavior  of  matter,  and  how  the  different 
elements  are  created. 

You  recall  the  other  day  I described  one  theory  as  to  how  all  our 
different  elements  are  created  and  how  objects  such  as  our  Sun  are 
originated  and  then  go  through  an  evolutionary  process  to  their  final 
destruction. 

The  study  of  the  galaxy  and  these  fundamental  laws,  which  include 
relativity  matters,  wfill  be  of  concern  if  some  day  man  thinks  about 
travel  from  here  perhaps  to  another  star.  This  is  where  they  would 
come  in  as  far  as  space  travel  is  concerned,  but  for  travel  in  our  own 
solar  system  these  do  not  have  .any  special  bearing. 

Mr.  Staebler.  If  then  we  are  planning  any  expenditures  just  for 
the  purpose  of  obtaining  information  of  this  more  fundamental  sort, 
it  could  be  postponed  without  any  impact  on  our  immediate  programs? 

Dr.  Newell.  It  depends  on  what  your  immediate  program  should 
be.  The  study  of  the  stars  and  galaxies,  as  I said,  is  an  investigation 
into  the  very  fundamentals  of  our  universe,  the  physics  of  the  mater- 
ials and  energy  with  which  we  deal  at  all  times. 

If  your  program  is  to  further  this  sort  of  understanding  of  the 
universe,  then  one  wants  to  continue  with  this  on  a broad  front.  If, 
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on  the  other  hand,  you  say  that  your  program  is  going  to  be  confined 
just  to,  let  us  say,  the  lunar-landing  project,  then  the  answer  to  your 
question  is  that  these  could  be  postponed. 

Mr.  Staebler.  The  committee  then  needs  to  adopt  some  conclusion 
about  the  strategy  of  research  here. 

Dr.  Newell.  Yes. 

Mr.  Staebler.  In  connection  with  the  research  of  these  funda- 
mental questions  is  there  a point  about  their  traveling  piggyback  on 
other  items  of  research  ? Are  we  conducting  the  thing  you  are  now 
going  to  refer  to  here — well,  you  are  going  to  talk  about  the  astro- 
nomical observatories,  and  as  I remember  they  were  going  to  tell  us 
other  things  about  our  galactic  system  and  indeed  about  the  Sun  and 
the  Sun  spots,  and  so  forth. 

What  you  are  now  talking  about,  this  fundamental  research  in  other 
galactic  systems  would  come  as  another  part  of  the  Orbiting  Astro- 
nomical Observatories,  right  ? 

Dr.  Newell.  This  would  be  part  of  the  satellite  observatory  pro- 
gram, that  is  right. 

Mr.  Staebler.  So  that  this  is  not  the  only  reason  you  are  having 
the  observatory  program,  am  I correct  in  this? 

Dr.  Newell.  That  is  correct,  the  observatory  program  as  you  will 
see  in  Mr.  Cortright’s  part  of  this  presentation,  involves  three  types 
of  spacecraft : the  geopnysieal  observatory,  the  solar  observatory,  and 
the  astronomical  observatory. 

The  one  I am  about  to  mention  is  the  astronomical  observatory  de- 
signed to  carry  large  telescopes  to  above  the  Earth’s  atmosphere  and, 
as  I have  indicated,  it  is  only  from  above  the  Earth’s  atmosphere 
that  you  can  obtain  the  fundamental  information  on  stellar  processes, 
on  their  birth,  evolution,  and  related  processes  because  that  informa- 
tion is  contained  in  the  ultraviolet,  X-ray,  and  infrared  wavelengths 
that  just  don’t  get  through  our  atmosphere  to  the  ground. 

The  astronomer  has  built  up  his  tremendously  remarkable  theory 
of  the  universe  on  the  basis  of  a very  small  window  in  the  total  spec- 
trum, the  visible  region,  and  more  recently  a portion  of  the  radio 
region.  It  is  remarkable  that  his  theory  has  been  able  to  go  as  far 
as  it  has,  but  it  also  turns  out  that  his  theory  is  not  completely  correct, 
because  the  observing  in  the  ultraviolet  that  we  have  been  able  to  do 
with  sounding  rockets  has  shown  that  in  very  important  respects  the 
theory  is  not  correct. 

Mr.  Staebler.  Would  it  be  possible,  as  you  describe  the  next  project, 
to  indicate  whether  any  part  of  it  is  attributable  just  to  research  in 
the  galaxies  so  that  as  we  are  considering  the  cost  of  these  projects 
it  would  be  possible  to  determine  whether  any  part  of  it  could  be 
deferred  ? 

I am  not  saying  that  it  is  desirable  to  defer  it,  but  whether  it  could 
be  deferred  without  an  impact  on  the  shorter  range  projects,  the  lunar 
landing,  the  interplanetary  travel. 

Dr.  Newell.  I would  tie  glad  to  do  that. 

The  Orbiting  Astronomical  Observatories,  to  be  described  to  you 
later,  are  designed  to  carry  telescopes  to  a vantage  point  above  the 
Eartn’s  atmosphere  where  improved  measurements  can  be  made  in 
the  optical  wavelengths,  and  where  observations  can  be  carried  out  in 
the  X-ray,  ultraviolet,  infrared,  and  radio  wavelengths  that  do  not 
reach  the  astronomer  on  the  ground  because  of  the  Earth’s  atmosphere. 
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We  solicit  your  strong  support  of  these  very  fundamental  researches. 

Now  with  regard  to  the  question  which  Mr.  Staebler  has  just  asked, 
the  Orbiting  Astronomical  Observatory  will  be  used  to  observe  stars, 
galaxies,  and  to  make  some  observations  from  the  vicinity  of  the 
Earth  on  the  planets  of  our  own  solar  system. 

As  far  as  the  observations  of  the  stars  and  galaxies  are  concerned, 
these  at  the  present  time  are  in  the  nature  of  fundamental  researches. 
They  could  proceed  more  slowly  without  having  a delaying  effect 
on  our  lunar  landing  and  interplanetary  travel  projects. 

However,  the  observations  of  the  planets  will  have  importance  to 
the  later  flights  to  the  planets  and  these  observations  taken  in  con- 
junction with  those  made  by  spacecraft  that  are  sent  to  the  planets 
will  be  of  value  to  us. 

In  order  to  do  both  of  these  you  do  have  to  construct  the  orbiting 
observatory.  You  can’t  get  the  one  without  being  able  to  do  the 
other  and  as  you  may  know,  we  are  well  into  the  project  of  building 
the  Orbiting  Astronomical  Observatory,  the  prototype  model  is  in 
existence,  and  we  are  well  down  the  road  toward  getting  it. 

Mr.  Staebler.  May  I raise  another  question,  Mr.  Chairman? 

Since  the  Orbiting  Astronomical  Observatories  are  being  con- 
structed in  any  event  to  take  a look  at  the  planets,  does  the  additional 
work  that  they  will  be  doing  on  the  galaxies  add  anything  to  their  cost 
of  operation  or  cost  of  construction  ? 

Dr.  Newell.  I think  I had  better  make  clear  that  the  Orbiting 
Astronomical  Observatories  are  being  built  primarily  to  observe  the 
stars  and  galaxies  and  secondarily,  tne  planets.  The  major  require- 
ments on  them,  the  major  specifications,  come  from  the  need  to  observe 
the  stars  and  galaxies. 

These  are  the  high  pointing  accuracies,  the  capability  of  carrying 
large  telescopes,  36-inch  mirrors,  and  the  capability  of  being  slewed 
around  to  observe  any  part  of  the  sky  that  the  astronomer  may 
wish  to  observe. 

Mr.  Staebler.  Then  we  should  face  up  to  the  question  right  away  of 
whether  the  appropriation  for  them  is  postponable  or  whether  we 
ought  to  think  of  it  now. 

Am  I right  in  saying  that  you  are  asking  for  $52  million  this  coming 
year? 

Dr.  Newell.  That  sounds  about  right. 

Let  us  check  that. 

Mr.  Cortright.  52.9 ; yes,  sir. 

Dr.  Newell.  $52.9  million. 

Now  you  recognize  that  the  question  of  how  much  you  can  save  in  a 
project  that  is  so  far  along  as  this  one  is  a difficult  one  to  answer. 

You  do  in  effect  generate  a larger  total  cost  if  you  delay  something 
of  this  sort. 

Your  saving  comes  primarily  in  a reduced  cost  rate,  but  it  is  offset 
by  a larger  total  cost. 

Mr.  Downing.  Would  the  gentleman  yield  ? 

Mr.  Staebler.  Surely. 

Mr.  Downing.  Doctor,  how  important  is  that  in  relation  to  our 
attempts  to  make  a lunar  landing  ? 

Dr.  Newell.  The  Orbiting  Astronomical  Observatory  has  very  lit- 
tle bearing  on  our  attempts  to  make  a lunar  landing. 
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I think  I ought  to  point  out  that  the  space  science  program  has  as 
its  main  objective  the  advancement  of  knowledge  in  a number  of  very 
important  areas  and  it  would  be  very  unfortunate  indeed  if  we  thought 
of  the  space  science  program  only  m terms  of  whether  or  not  it  con- 
tributed to  the  lunar  landing. 

There  is  much  more  to  be  gained  from  it  than  just  the  support  of 
lunar  landing. 

Mr.  Downing.  I agree.  I was  thinking  in  terms  of  postponable 
items  in  the  budget. 

Is  that  an  important  program  ? 

Dr.  Newell,  The  Orbital  Astronomical  Observatory  from  the  scien- 
tific point  of  view  is  one  of  the  most  important  that  we  have. 

As  Mr.  Webb  mentioned  in  his  introductory  remarks,,  the  space 
science  program  has  already  been  reviewed  from  the  point  of  view 
of  the  optimum  pace  considering  costs,  needs  to  support  other  pro- 
grams, and  so  on,  and  the  funding  requests  are  geared  to  moving  it 
ahead  at  the  sort  of  pace  that  is  consistent  with  the  same  pace  in  other 
research  programs  in  other  agencies. 

In  other  words,  the  space  science  budget  we  have  presented  is  not 
constructed  on  the  same  ground  rules  as  that  of  the  lunar  landing 
project.  It  is  the  program  that  we  feel  the  country  should  have  in 
order  to  maintain  preeminence  across  the  board  in  important  areas  of 
science. 

Mr.  Downing.  I won’t  say  anything  further  about  that. 

Thank  you  very  much,  Doctor. 

The  Chairman.  Mr.  Hammill? 

Mr.  Hammill.  Dr.  Newell,  you  may  recall  that  when  Dr.  Seamans 
was  before  the  full  committee  we  tola  him  that  a couple  of  members 
of  our  Panel  on  Science  and  Technology,  which  as  you  know  is  com- 
prised of  some  of  the  most  distinguished  men  in  the  country  repre- 
senting many  of  the  scientific  disciplines,  had  said  that  they  were 
concerned  about  the  emphasis  that  had  been  placed  on  the  manned 
lunar  landing  program ; they  felt  that  there  was  a real  danger  that 
programs  such  as  space  sciences  might  suffer,  that  sufficient  emphasis 
would  not  be  placed  upon  them,  and  that  too  great  a portion  of  the 
available  funds  would  be  shifted  over  to  support  manned  space  flight, 
a very  expensive  undertaking.  I am  sure  that  their  concern  was 
genuine. 

Their  comments  were  unsolicited.  They  brought  this  matter  up 
quite  voluntarily  and  spontaneously. 

I wonder  if  you  would  comment  on  that. 

Dr.  Newell.  I think  that  this  is  an  ever-present  danger.  It  is  the 
sort  of  difficulty  one  runs  into  when  one  has  an  urgent  program  that 
has  engineering  deadlines  to  meet,  that  is  extremely  difficult,  and  in 
which,  when  you  do  run  into  difficulties  you  have  to  bear  down  on 
them  and  do  everything  possible  to  resolve  them  in  order  to  go  ahead 
with  the  total  program. 

I would  say  eternal  vigilance  is  therefore  required  in  order  that  the 
national  program  not  be  skewed  so  as  to  lose  the  benefits  of  other 
aspects  of  the  program  such  as  advanced  research  and  technology, 
applications,  and  space  science. 

As  I mentioned  a little  earlier,  Mr.  Webb,  and  Dr.  Dryden,  and  Dr. 
Seamans  have  all  been  very  much  concerned  with  maintaining  this 
balance  in  our  program. 
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The  budget  that  has  been  put  forth  for  the  space  science  effort 
is  one  which  is  designed  to  maintain  a proper  balance,  the  objective 
being  to  preserve  the  preeminence  of  the  united  States  in  this  very 
important  field. 

1 might  point  out  that  many  of  the  scientists  who  were  on  the 
Panel  you  referred  to,  participated  in  a summer  study  for  the  Acad- 
emy of  Science  at  the  request  of  NASA,  and  they  conducted  a review 
of  space  research.  Copies  of  their  report  have  been  made  available 
to  the  committee. 

This  review  of  space  research  was  designed  to  look  into  what  are 
the  important  things  to  do  in  the  space  science  area  and  we  have  used 
this  material  in  our  deliberations  to  doublecheck  what  we  have  put 
into  our  program  and  what  we  are  trying  to  achieve. 

Mr.  Hammill.  Is  your  program  consistent  with  the  recommenda- 
tions which  appear  in  that  report,  would  you  say  ? 

Dr.  Newell.  Our  program  is  consistent  with  the  recommendations 
in  this  report. 

Mr.  Hammill.  In  his  answer  to  a similar  question,  Dr.  Seamans 
said  he  supposed  that  some  of  the  directors  of  the  other  NASA  offices, 
other  than  manned  space  flight,  may  not  be  entirely  satisfied  with 
their  budgets. 

Was  he  talking  about  you,  by  any  chance? 

Dr.  Newell.  Well,  it  is  eternally  true  that  we  could  always  use 
more  money,  but  the  program  that  is  represented  by  the  budget  that 
is  being  presented  to  you,  is  a sound  program,  it  is  one  with  which  we 
are  very  much  satisfied. 

We  think  it  is  a worthwhile  program  and  we  feel  that  if  we  get 
the  funds  that  are  requested  in  this  budget,  we  will  produce  for  the 
committee  a program  of  which  it  can  be  proud. 

The  Chairman.  But  you  are  not  sure  that  Dr.  Seamans  was  refer- 
ring to  the  Office  of  Space  Sciences,  Dr.  Newell,  is  that  correct? 

Dr.  Newell.  No;  I would  suspect  that  that  was  just  a general 
remark. 

The  Chairman.  In  the  report  that  you  briefly  referred  to  just  a 
moment  ago,  do  those  recommendations  go  beyond  the  program  that 
has  been  adopted  by  the  Office  of  Space  Sciences  or  do  they  stop  short 
of  the  program  which  has  been  adopted  by  the  Office? 

Dr.  Newell.  These  recommendations  go  beyond  the  program  we 
have  developed.  We  have  felt  that  we  would  like  to  do  all  of  the 
things  that  are  represented  here  but  that  we  have  to  establish  a list  of 
priorities. 

The  Chairman.  Well,  is  it  a reasonable  program,  in  the  same 
time  frame  that  the  Office  of  Space  Sciences  is  making  proposals  ? 

Dr.  Newell.  I beg  your  pardon? 

The  Chairman.  Are  the  proposals  that  you  find  in  that  report  in 
the  same  time  frame  as  the  proposals  that  the  Office  of  Space  Sciences 
is  today  making  to  the  Congress  ? 

Dr.  Newell.  In  general,  yes. 

The  Chairman.  I assume  that  you  have  a composite  of  proposals 
there  for  an  on-going  program  that  the  Office  of  Space  Sciences  should 
continue  to  conduct,  perhaps  for  the  next  20  years,  and  this  is  what  my 
question  is  intended  to  ascertain. 

Are  we  pretty  much  in  line  with  what  they  are  suggesting  we  do, 
or  does  the  report  make  suggestions  above  and  beyond  what  our  pro- 
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gram  now  involves,  or  does  it  stop  short  of  what  our  program  now 
involves  in  the  present  time  frame  ? 

Dr.  Newell.  This  review  looks  ahead,  in  some  areas  up  to  as  much 
as  10  years  ahead,  and  reviews  the  NASA  program  as  we  described  it 
to  this  group  so  they  would  have  that  background  information,  makes 
suggestions  as  to  where  there  are  additional  problems  to  work  on, 
valuable  areas  in  which  to  work,  and  recommendations  as  to  how  to 
go  about  it. 

Our  program  is  in  general  consistent  with  these  recommendations. 

The  Chairman.  Dr.  Newell,  I suppose  you  have  noticed  that  there 
is  greater  interest  in  the  manned  lunar  flight  program  than  there  is 
in  the  space  sciences  program  and  as  a result  of  that  often  the  question 
occurs,  does  this  problem  in  the  Office  of  Space  Sciences,  for  example, 
tend  to  answer  questions  we  need  answered  for  the  manned  lunar  flight 
program  or  doesn’t  it.  While  I feel  that  this  is  a reasonably  good  ques- 
tion, I do  feel  that  on  occasion  we  may  overemphasize  the  one  road 
that  so  many  people  look  at  and  look  at  only  in  the  overall  space  pro- 
gram. Maybe  it  might  be  worth  while  if  you  would  just  take  5 or  10 
minutes  or  whatever  amount  of  time  you  think  you  need  to  call  this 
committee’s  attention  to  reasons  why  we  need  a program,  at  least  a 
space  sciences  program. 

As  I understand  it,  this  is  basic,  this  activity  in  space  sciences  is 
the  beginning  of  future  space  programs. 

Here  is  where  we  determine  which  direction  we  will  go  in  the  future. 
It  might  be  well  worth  while  for  this  committee  to  have  it  in  the  record, 
for  the  benefit  of  the  full  committee  and  for  the  Congress,  so  will  you 
address  yourself  to  why  we  must  have  programs  in  addition  to  those 
that  have  a direct  effect  upon  the  manned  flight  program? 

Dr.  Newell.  I would  be  delighted  to  speak  to  that  point. 

The  Chairman.  I thought  you  would,  Doctor. 

Dr.  Newell.  The  space  science  program  is  part  of  our  total  national 
effort  in  what  may  be  called  fundamental  science. 

It  is  this  effort  that  brings  forth  new  ideas,  new  facts,  new  princi- 
ples, new  laws,  that  are  used  in  furthering  science,  in  applications  in 
the  development  of  technology,  in  supporting  operations  that  one  may 
wish  to  undertake. 

These  new  laws  and  new  facts  are,  one  might  say,  the  basis,  the 
foundation  on  vhich  our  technology  and  engineering  and  applica- 
tions accomplishments  rest. 

It  is  important  co  have  a broad  program  of  fundamental  research 
going  on  because  the  tendency  to  try  to  direct  such  a program  along 
the  lines  where  you  think  the  best  applications  will  come  from  may 
veiy  well  lead  you  away  from  the  best. 

The  best  applications  very  often  are  completely  unanticipated  and 
come  from  comers  of  this  research  that  you  never  expected  they  would 
come  from. 

I can  bring  this  very  close  to  home,  for  example,  in  the  area  of  space 
flight,  since  one  always  comes  back  to  this  by  pointing  out  that  in  1956 
and  early  1957,  before  satellites  had  been  put  into  orbit,  some  of  our 
leading  scientists  when  questioned  as  to  what  were  the  real  radiation 
hazards  out  in  space,  would  say  there  are  not  any  very  great  radiation 
hazards;  the  primary  difficulty  would  be  with  galactic  cosmic  rays, 
and  the  radiation  from  galactic  cosmic  rays  is  simply  not  serious. 
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In  fact,  I have  heard  some  of  our  leading  scientists  say  this  in  answer 
to  questions  posed  to  them  during  scientific  meetings. 

Well,  now,  in  the  very  earliest  satellites  in  our  space  program  the 
radiation  belt  was  discovered  and  this  radiation  belt  turns  out  to  be  a 
region  of  very  intense  radiation. 

If  we  had  gone  ahead  with  a manned  orbiting  satellite  program  in 
which  the  satellite  was  put  through  the  region  occupied  by  this  radia- 
tion belt,  we  would  have  killed  the  man,  because  even  now  we  don’t 
know  how  to  shield  such  a satellite  against  these  radiations  for  periods 
of  many  days  or  a week. 

We  would  have  run  into,  therefore,  a very  nasty  surprise. 

Well,  now  following  the  discovery  of  the  radiation  belt  one  was 
then  inclined  to  say : Well,  this  is  the  major  radiation  hazard,  but  if 
we  fly  objects  below  the  radiation  belt  or  beyond  the  radiation  belt 
then  we  would  have  no  trouble. 

But  again  nature  had  a surprise  in  store  because  it  was  not  too  long 
after  the  discovery  of  the  radiation  belt  that  people  began  to  observe 
very  intense  cosmic  ray  beams  coming  from  the  Sun,  beams  of  solar 
protons,  and  these  beams  which  are  ejected  at  the  time  of  solar  flares 
are  sometimes  so  intense  as  to  be  lethal  to  anyone  exposed  to  them  who 
is  not  properly  shielded. 

Here  again  is  a surprise,  something  that  was  not  anticipated  and  if 
one  had  gone  along  blithely  under  the  assumption  that  the  only  radia- 
tion hazard  that  existed  out  in  space  was  confined  to  the  radiation 
belts  of  the  Earth,  he  could  have  killed  someone  by  sending  a crew  out 
during  a period  when  these  solar  beams  were  in  interplanetary  space. 

So  again  I say  that  in  addition  to  moving  ahead  in  the  collection  of 
scientific  facts,  new  ideas,  learning  of  new  fundamental  laws,  and  so 
on,  one  must  be  exploring  to  uncover  the  surprises  that  may  be  in 
store  for  us. 

The  Chairman.  Doctor,  what  has  the  Office  of  Space  Sciences  pro- 
gram contributed  to  the  national  security  as  a result  of  its  programs? 
Has  valuable  information  been  made  available  to  the  military  services  ? 
Could  you  address  yourself  to  any  programs  that  have  offered  this 
kind  of  information  that  has  been  very  valuable? 

Dr.  Newell.  I think  in  order  to  answer  this  question  one  must  first 
recognize  that  the  rapidity  with  which  information  and  data  feed  into 
actual  applications  is  perhaps  less  than  one  would  desire  because  these 
ideas  and  new  knowledge  have  to  sort  of  be  molded ; a general  under- 
standing has  to  grow  for  what  they  really  mean  before  they  really 
get  into  applications. 

The  Chairman.  But  the  discovery  of  the  Van  Allen  radiation  belt, 
for  example,  has  a tremendous  effect  upon  satellite  communications 
systems,  doesn’t  it?  As  I understand  it,  the  radiation  does  affect  the 
very  heart  of  a satellite  communications  system,  including  the  elec- 
tronic equipment  inside,  is  that  correct  ? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  So  doesn’t  this  provide  us  with  valuable  informa- 
tion to  make  better  the  instrumentation  that  goes  into  a package,  for 
example? 

Dr.  Newell.  It  certainly  does. 

The  Chairman.  Well,  this  was  the  thought  that  I had  in  mind. 

Are  there  any  other  such  areas  ? 

90-504  O — 63 — pt.  3a 0 


1532 


1964  NASA  AUTHORIZATION 


Dr.  Newell.  Well,  there  are  other  areas  and  this  is  what  I was 
leading  up  to  in  my  first  examples. 

Our  space  program  actually  extends  back  to  the  end  of  World  War 
II  at  the  time  when  sounding  rockets  were  first  put  to  use  to  explore 
the  upper  atmosphere. 

As  a result  oi  measurements  and  observations  with  these  sounding 
rockets  then  followed  on  by  measurements  with  satellites  in  the  NASA 
program,  we  have  learned  a tremendous  amount  about  the  upper 
atmosphere,  about  its  pressures,  its  temperatures,  its  density,  and 
variations  with  solar  behavior. 

Now  all  of  these  enter  into  the  designing  of  high-speed,  high-alti- 
tude craft. 

This  will  include  the  supersonic  transport  that  one  is  considering 
right  now.  It  has  included  airplanes  that  are  now  flying,  both  civilian 
and  military.  It  certainly  includes  the  launching  vehicles  that  are 
used  to  put  our  spacecraft  into  orbit. 

It  certainly  includes  the  missiles  that  we  use,  affecting  the  accura- 
cies with  which  they  can  be  fired,  influencing  their  design  so  that  they 
will  be  able  to  withstand  the  high  pressures  and  temperatures  that 
are  generated  in  their  high-speed  night. 

So  although  this  accumulation  of  information  and  later  application 
to  vehicles  is  a slow  and  gentle  process,  nevertheless,  it  is  a very  real 
one. 

In  addition,  there  is  a steady  hacking  away  at  our  ignorance  about 
the  meteorology  of  the  Earth’s  atmosphere  that  comes  from  a joint 
attack  on  problems  of  the  lower  atmosphere  and  the  upper  atmosphere. 
I think  that  it  is  quite  plain  that  the  more  we  know  about  the 
prediction  of  weather,  the  better  off  we  are  in  matters  of  national 
security. 

Military  operations  are  certainly  dependent  on  this,  but  so  also  are 
matters  of  commerce  and  industry,  marine  activity,  mining  operations, 
agriculture,  and  so  on. 

So  here  again  is  an  area  in  which  advances  are  being  made  because 
of  the  basic  scientific  research. 

Again  this  is  a gentle,  slow  process  that  is  apt  to  be  missed,  if  you 
really  are  not  looking  for  it,  but  nevertheless  it  is  real. 

Then  there  is  the  more  immediate  application  that  you  have  men- 
tioned, Mr.  Chairman,  of  the  impact  of  our  knowledge  about  radiation 
belts  on  things  that  we  want  to  do  in  space.  If  we  don’t  protect  our 
spacecraft  against  the  radiations  in  the  radiation  belt,  then  we  find 
that  their  lifetimes  are  limited. 

Solar  power  supplies  are  affected  and  destroyed.  But  with  knowl- 
edge of  the  radiation  belts  they  can  be  adequately  protected  and  long 
lifetimes  can  be  achieved. 

The  Chairman.  By  what  means  have  we  gained  most  of  our  in- 
formation about  the  radiation  belts,  Doctor,  sounding  rockets,  satel- 
lites, or  what  specific  program  ? 

Dr.  Newell.  We  nave  gained  most  of  our  information  about  the 
radiation  belts  from  artificial  Earth  satellites. 

Another  area  in  which  our  general  program  of  research  on  the  at- 
mosphere has  very  great  and  very  valuable  practical  application  is  in 
the  study  of  the  Earth’s  ionosphere. 
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The  ionosphere  is  that  portion  of  the  upper  atmosphere  which  con- 
tains large  numbers  of  charged  particles,  electrons  and  charged  atoms 
of  oxygen,  nitrogen  oxide,  and  soon. 

The  ionosphere  acts  as  a mirror  to  radio  waves  that  are  sent  up  to- 
ward the  ionosphere  and  thus  permits  us  to  send  radio  waves  around 
the  Earth. 

The  investigations  of  the  ionosphere  that  began  back  in  the  late 
forties  and  have  continued  have  steadily  improved  our  knowledge 
of  this  region  to  the  point  where  we  know  enough  about  it  to  predict 
fairly  accurately  what  its  conditions  will  be  like. 

Now  this  is  important  practically  because  communications  sched- 
ules, both  military  and  commercial,  are  based  on  the  prediction  of 
when  one  can  use  the  ionosphere  with  given  frequencies,  sometimes  to 
to  choose  a frequency  that  can  be  a security  frequency. 

I have  heard  the  estimate  that  the  improvement  in  this  prediction 
accuracy  amounts  now  to  a saving  of  a couple  of  million  dollars  a year 
in  schedules  that  were  actually  carried  through  instead  of  being 
scrapped  because  the  ionosphere  started  to  do  something  that  had  been 
unanticipated. 

If  this  value  is  true,  and  I know  of  no  reason  why  it  should  not  be 
accurate,  the  saving  more  than  pays  for  that  particular  set  of  re- 
searches. 

Mr.  Downing.  Mr.  Chairman  ? 

The  Chairman.  Mr.  Downing. 

Mr.  Downing.  Doctor,  I don’t  want  you  to  think  that  I am  critical 
of  the  program,  I am  not;  I probably  am  your  most  vigorous  sup- 
porter, but  we  have  got  to  look  at  this  thing  in  relation  to  a reasonable 
budget  and  what  the  general  public  is  willing  to  bear  and  the  results 
that  you  obtain  from  this  program. 

Now  did  we  discover  the  effects  of  the  radiation  belt  by  the  Orbiting 
Astronomical  Observatory? 

Dr.  Newell.  No ; the  Orbiting  Astronomical  Observatory  has  not  yet 
been  flown.  It  is  being  constructed.  We  discovered  the  radiation  belt 
by  means  of  the  early  satellites,  the  early  Explorers  and  here  again  is 
an  interesting  story:  Professor  Van  Allen  was  intending  to  study 
galactic  cosmic  rays  with  the  instruments  that  he  had  in  that  satellite. 

He  was  not  looking  for  the  radiation  belt,  so  his  observations  of  a 
very  fundamental  nature  led  him  to  a very  important  discovery. 

Now  if  you  had  constrained  him  to  looking  for  something  of  this 
sort,  something  that  you  vaguely  might  have  had  in  mind  as  being  im- 
portant, he  might  never  have  done  the  right  thing  to  make  this 
discovery. 

There  is  a classical  example  that  has  often  been  quoted  that  I think 
brings  out  this  point  very  emphatically. 

If  back  in  the  days  when  Roentgen  was  playing  around  with  his 
evacuated  tubes  and  electrical  discharges  someone  had  come  around 
and  said  now  I want  you  to  work  on  something  that  will  be  of  great 
value  to  medical  science,  it  is  almost  certain  that  he  would  have  put 
aside  these  tubes  and  have  started  to  work  on  some  other  thing.  But 
his  work  with  these  tubes  led  to  the  discovery  of  X-rays  which  has 
been  very  important  to  medical  science,  and  not  only  to  medical  science 
but  to  industry  and  to  many  other  applications. 
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Mr.  Downing.  You  come  upon  those  things  by  accident.  I know 
Mr.  Edison  accidently  invented  the  Victrola  when  he  was  working 
toward  some  other  end. 

Is  this  the  first  time  we  have  funded  the  OAO  program  ? 

Dr.  Newell.  No,  sir;  this  has  been  funded  tor  a number  of  years. 

Mr.  Downing.  How  much  in  total  has  been  appropriated  for  that? 

Dr.  Newell.  Let  us  check  our  notes  on  that. 

I think  as  you  say  you  come  upon  these  things  by  accident  but  you 
come  upon  them  accidentally  only  if  you  are  carrying  on  the  type  of 
activity  which  permits  you  to  come  upon  them  by  accident,  and  this 
type  °™ivity 1S  * b.road  program. 

Mr.  Downing.  Is  it  necessary? 

Dr.  Newell.  In  order  to  come  upon  such,  discoveries  it  is  necessary 
to  have  such  a broad  scientific  program. 

Mr.  Staebler.  Will  the  gentleman  yield  ? 

Isn’t  the  situation  something  like  this,  Doctor : In  order  to  have  a 
flow  of  practical  findings  that  keep  us  protected  and  in  line  with 
what  other  people  know  in  the  practical  fields  we  have  to  have  an 
advancing  front  of  what  appears  to  be  a kind  of  pure  and  unrelated 
research  going  off  in  some  more  or  less  selected  direction  but  never- 
theless with  the  assurance  that  we  are  going  in  all  of  the  directions 
we  ought  to  be  going  in. 

Is  this  the  kind  of  thing  you  are  suggesting  here?  This  is  the 
advancing  front  of  pure  research  and  the  findings  from  it  will  guide 
us  into  taking  more  specific  inquiries  into  practical  directions  in  the 
years  to  come? 

Dr.  Newell.  That  is  a precisely  correct  statement  of  the  situation. 

Mr.  Staebler.  Then  the  question  arises:  Is  this  the  only  field  of 
pure  research — let  me  put  all  of  my  questions  together — the  only  field 
of  pure  research  in  the  galaxies  and  interstellar  field  ? 

Second,  is  this  a rate  of  spending  in  that  research  which  we  need 
to  maintain  in  order  to  keep  us  consistent  with  the  rate  at  which  we 
need  practical  findings  to  follow  up  ? 

Dr.  Newell.  I believe  that  this  is  a reasonable  rate,  a rate  that  is 
paced  for  us  to  move'  ahead  in  a reasonable  fashion  in  this  particular 
area  of  fundamental  research. 

Mr.  Staebler.  How  can  you  get  nonscientifie  people  like  us  to  un- 
derstand that  need  ? What  will  make  it  intelligible  ? 

The  Chairman.  Lengthy  hearings  like  this  ? 

Mr.  Downing.  That  is  a good  question. 

We  are  entirely — not  entirely,  but  we  are  at  your  mercy.  You 
say  that  this  is  necessary  now.  It  may  be  that  we  don’t  need  to  do 
this  until  10  years  from  now. 

Dr.  Newell.  I take  the  following  approach  to  this  problem,  which 
is  a veiy  difficult  one,  and  is  just  as  difficult  for  us  as  it  is  for  you, 
one  with  which  we  struggle  constantly.  The  approach  that  I have 
devised  which  I think  is  a reasonable  one  is  the  following : 

In  the  Office  of  Space  Sciences  we  constantly  survey  the  entire 
area  that  we  are  concerned  with,  which  is  a broad  area,  as  you  have 
seen.  It  covers  the  Earth’s  atmosphere,  and  the  solar  system  and 
the  galaxy  and  biosciences.  In  this  survey  we  attempt  to  isolate  the 
problems  of  major  scientific  importance. 

Now  you  may  ask  how  do  we  determine  when  they  are  of  major 
scientific  importance.  The  best  set  of  criteria  I think  is  to  get  a con- 
census of  the  leading  experts  in  the  business.  They  have  a feeling  for 
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which  areas  are  about  to  produce  some  of  the  most  fundamental  dis- 
coveries, and  it  is  their  educated  intuition,  their  experience,  the  evalu- 
ations derived  from  working  in  the  area  tnat  we  apply  to  determining 
what  are  the  most  important  areas  and  the  most  important  problems 
to  tackle. 

We  then  build  up  a program  in  which  we  attack,  not  all  of  these 
problems,  because  we  can’t  afford  it,  we  understand  this,  but  enough 
in  each  area  so  that  we  do  have  a broad  enough  approach  along  this 
frontier  to  permit  these  valuable  discoveries,  to  permit  an  interaction 
among  the  areas. 

The  Chairman.  Dr.  Newell,  perhaps  you  should  tell  us  sometime 
about  the  total  program  you  would  like  to  follow  as  a scientist,  or 
that  the  scientists  would  like  to  follow. 

Now  quite  frankly  I agree  with  my  colleague  that  we  are  completely 
at  the  mercy  of  the  people  who  are  expert  in  these  scientific  fields.  We 
are  laymen  attempting  to  do  the  best  possible  job  under  very  trying 
circumstances,  quite  frankly.  I hope  that  you  appreciate  our  position. 

Dr.  Newell.  I do  understand  this. 


The  Chairman.  And  I do  feel  that  on  occasion  it  might  be  that 
those  of  you  who  are  interested  in  science  and  scientific  exploration 
are  somewhat  overzealous.  You  are  veiy  enthusiastic  about  your 
program.  If  you  weren’t,  you  wouldn’t  be  what  you  are.  And  as 
a result  of  that,  lengthy  meetings  such  as  this  committee  hearing 
could  tend  to  make  us  brainwashed — if  I may  use  that  term,  rather 
than,  as  I put  it  a little  while  ago,  being  informed. 

We  have  the  responsibility  of  picking  the  right  niche  that  we 
hope  we  can  find  for  the  benefit  of  all  mankind,  and  that  includes  the 
taxpayer  at  present,  as  well  as  the  man  who  is  going  to  follow  us 
in  tne  next  generation  or  two. 

I do  agree,  of  course,  that  scientific  investigation,  and  the  techno- 
logical advancement  which  is  normally  brought  about  as  a result  of 
scientific  investigation  of  one  sort  or  another,  is  the  real  reason  that 
we  live  the  good  life  today  that  we  live. 

This  is  why  we  have  the  highest  standard  of  living  ever  known  to 
mankind.  There  is  no  question  about  it.  This  didn’t  just  happen  by 
accident.  This  happened  because  we  were  willing  to  spend  money 
to  do  scientific  and  technological  research,  similar  to  what  we  are 
doing  now. 

So  I understand  that,  too,  and  I am  sure  that  my  colleagues  do. 
On  occasion  the  witness  may  even  feel  that  we  are  abusive.  We  don’t 
intend  to  be  that  way.  On  the  other  hand,  we  must  try  to  prevent 
being  brainwashed;  rather  we  must  try  to  get  as  much  information 
as  we  can  so  that  we  can  be  rational  enough  to  make  the  proper 
decision. 

Dr.  Newell.  I understand  this  problem  thoroughly,  Mr.  Chairman, 
and  the  problem  weighs  heavily  on  our  consciences,  too.  We  could, 
for  example,  present  to  the  committee  a scientific  program  that  would 
cost  many  times  the  budget  that  is  being  presented. 

In  fact,  when  we  put  together  all  of  the  things  that  we  can  regard 
as  important  and  very  valuable  to  do,  they  do  add  up  to  many  times 
the  present  budget;  yet  we  have  gone  through  the  process  of  cutting 
this  down  and  whittling  it  down  to  the  present  budget. 

We  feel  in  good  conscience  that  the  present  budget  will  support 
what  the  country  should  regard  as  a minimum  program  in  the  space 
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science  area  to  move  ahead  on  the  necessary  broad  front,  and  to  meet 
the  competition  in  today’s  world  in  which  we  are  not  alone,  and  in 
which  our  preeminence  m science  is  an  important  factor  in  maintain- 
ing our  strength. 

Mr.  Downing.  That  is  certainly  true.  Of  course  the  biggest  chal- 
lenge I guess  we  have  before  us  is  the  preservation  of  peace,  but  the 
preservation  of  peace  is  completely  and  entirely  dependent  upon  the 
economy,  because  if  we  go  broke  you  just  give  up.  The  reason  we  are 
at  peace  is  we  have  tremendous  armies  and  nuclear  potentials  and 
things  like  that.  We  have  to  keep  it  in  balance. 

Dr.  Newell.  This  program,  however,  is  in  the  nature  of  an  invest- 
ment. It  isn’t  a program  into  which  you  put  your  money  and  nothing 
comes  out.  ! 

Mr.  Downing.  Well,  now  I was  asking  about  the  total  cost  of  the 
OAO  program. 

Dr.  Newell.  Through  1963  the  total  cost  is  $81  million. 

Mr.  Downing.  Now  what  have  we  gotten  from  that,  what  results? 

Dr.  Newell.  This  will  be  described  m Mr.  Cortright’s  presentation. 
He  will  show  you  the  present  status  of  the  Orbiting  Solar  Observatory. 

Mr.  Downing.  All  right.  Thank  you,  Doctor. 

The  Chairman.  At  this  point,  would  you  insert  in  the  record  how 
much  we  have  spent  on  the  three  observatory  programs,  the  OGO, 
the  OSO,  and  the  OAO  ? 

Dr.  Newell.  I would  be  glad  to. 

Mr.  Cortright.  Do  you  want  it  right  now,  or  do  you  want  it  sup- 
plied for  the  record  ? 

The  Chairman.  If  we  could  just  have  it  now  ; I think  it  is  well  to 
find  out  what  our  total  commitment  is  up  to  this  point  and  how  far 
down  the  road  we  are. 

Dr.  Newell.  I think,  Mr.  Chairman,  it  might  be  of  interest  to  re- 
emphasize the  fact  that  the  Orbiting  Solar  Observatory,  and  the  Orbit- 
ing Geophysical  Observatory,  in  addition  to  pressing  forward  with  the 
fundamental  research  as  we  have  just  been  discussing,  provide  basic 
information  on  solar  activity  in  the  interplanetary  medium,  on  the 
radiations  there  that  are  important  to  anything  we  do  in  manned 
flight  in  space,  including  the  lunar  landing  project. 

It  is  because  we  have  had  a broad  program  in  this  solar  and  particles 
area  that  we  are  in  such  a good  position  right  now  to  continue  with 
the  researches  that  are  needed  for  this  particular  application. 

They  also  have  bearing,  as  the  Chairman  has  brought  out,  on  such 
things  as  communications  satellites  and  any  other  satellites  that  use 
transistors  and  solar  cells  for  power  supplies. 

Mr.  Coetright.  Through  1963  we  have  expended,  in  addition  to 
the  $81  million  on  the  Orbiting  Astronomical  Observatory,  $69  million 
on  the  Orbiting  Geophysical  Observatory,  which  covers  both  the  ver- 
sions to  fly  in  low-altitude  polar  orbits  and  highly  elliptical-inclined 
orbits.  These  are  the  same  spacecraft  instrumented  slightly  differently. 
On  the  Orbiting  Solar  Observatory  , one  of  which  we  have  flown  suc- 
cessfully J and  are  still  operating,  we  have  spent  $23  million. 

Mr.  Downing.  Is  there  any  possibility  of  combining  them  into 
one  operation  at  lesser  expense! 

Dr.  Newell.  We  looked  at  that  very  carefully,  and  it  turned  out 
not  to  be  possible  when  considered  from  all  points  of  view.  The 
Orbiting  Geophysical  Observatory  does  not  require  the  accuracy  of 
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the  Orbiting  Solav  Observatory  and  carries  a different  set  of  experi- 
ments, different  types  of  experiments,  with  different  requirements. 

Therefore  it  turned  out  that  if  you  attempted  to  make  a spacecraft 
that  would  satisfy  both  groups,  it  would  be  too  costly.  Each  set  of 
experiments  that  you  would  be  flying  you  would  be  paying  more 
for  than  you  ought  to,  you  would  be  using  too  costly  a vehicle  for  it. 

Mr.  Staebler.  Mr.  Chairman,  I suppose  most  questions  ought  to  be 
deferred  until  after  we  have  heard  Dr.  Cortright’s  information,  but 
one  more  question  seems  in  order  here. 

Prior  to  this  time  I suppose  our  pure  research  has  been  done  by 
educational  institutions  through  ground  observatories,  foundations 
and  so  forth.  I presume  now  that  we  have  gone  beyond  the  point 
where  this  is  anywhere  near  sufficient  to  answer  our  questions,  and 
fortunately  we  have  many  more  new  devices  through  rockets  and 
these  orbiting  observatories  to  get  at  information  above  our  atmos- 
phere, I suppose  there  is  no  other  agency  except  the  Federal  Govern- 
ment, through  NASA  that  can  do  this.  ' 

Is  this  a fair  statement  of  the  situation  ? 

Dr.  Newell.  That  is  a fair  statement. 

Mr.  Staebler.  So  what  has  come  to  us  heretofore  through  many 
sources^  from  research  in  many  institutions,  much  of  which  we  have 
taken  for  granted,  isn’t  adequate  any  more  to  supply  us  with  this  ad- 
vancing front  ofpure  research ; is  that  right  ? 

Dr.  Newell.  That  is  correct. 

It  also  ought  to  be  added  that  even  many  of  the  ground-based  re- 
searches are  becoming  very  costly,  those,  tor  example,  that  use  the 
high-energy  accelerators  that  cost  a hundred  million  dollars  or  so,  and 
those  that  use  the  most  advanced  ground-based  upper-atmosphere 
ground  stations,  ionosphere  ground  stations,  cost  $10  to  $20  million 
per  station,  and  the  scientists  tell  us  in  order  to  make  use  of  these  they 
nave  to  have  networks  of  them. 

If  a network  involves,  say,  six  of  these  ground  stations,  you  are  talk- 
ing about  $60  million  for  doing  this  from  the  ground.  On  the  other 
hand,  a satellite  to  do  some  of  these  ionospheric  researches  would 
cost  you  $5  million  or  so,  so  it  turns  out  that  sometimes  these  space 
researches  are  not  more  costly  than  the  ground-based  researches  to 
do  the  same  thing.  In  many  other  cases  the  research  just  cannot  be 
done  from  the  ground,  and  the  satellite  and  space  probe  approach  is 
the  only  way  to  do  it. 

Mr.  Staebler.  It  sounds  as  though  we  were  at  one  of  those  great 
turning  points  in  knowledge  where  we  are  moving  from  one  kind  or 
order  of  inquiry  into  another,  sort  of  a change  from  Ben  Franklin  and 
the  kite  to  a totally  different  kind  of  research. 

Dr.  Newell.  That  is  correct. 

The  truly  exciting  phase  of  the  space  biology  program,  when  we 
shall  place  instruments  on  Mars  in  search  of  life  on  the  Red  Planet,  is 
yet  to  come.  Up  to  now  our  activity  has  been  largely  one  of  prepara- 
tion. Nevertheless,  many  fascinating,  and  some  fundamental,  results 
have  been  obtained. 

As  of  a year  ago,  it  was  not  known  whether  micro-organisms  existed 
in  the  Earth’s  upper  atmosphere.  In  J uly  and  October,  NASA  carried 
large  sterile  sampling  devices  to  altitudes  between  65,000  and  90,000 
feet,  using  the  128-ioot-diameter  balloon  shown  on  the  next  slide 
(fig.  26,  Balloon  Observatory). 
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Fiuumi  26 

Samples  of  as  much  as  140,000  cubic  feet  of  ambient  air  were 
processed  to  determine  whether  the  upper  air  did  contain  micro- 
organisms. It  was  learned  that  at  times  the  stratosphere  does  con- 
tain large  numbers  of  micro-organisms,  while  at  other  times  it  appears 
to  be  relatively  free  of  them,  perhaps  depending  on  meteorological 
conditions. 

Investigations  such  as  these  may  have  a number  of  important  con- 
sequences. First,  if  it  is  found  that  there  are  micro-organisms  that 
can  live  out  their  entire  life  cycle  at  high  altitude,  one  may  then  con- 
clude that  the  question  of  whether  life  exists  on  Venus  is  not  neces- 
sarily settled  by  the  very  high  surface  temperatures  that  appear  to 
exist  there. 

Secondly,  we  may  learn  quite  a bit  about  the  migration  of  living 
matter  from  one  place  to  another. 

Thirdly,  it  is  of  great  value  to  compile  a list  of  micro-organisms  that 
have  high  endurance  capabilities.  Such  organisms  would  be  likely 
candidates  to  look  for  under  the  hostile  conditions  known  to  exist 
on  other  bodies  of  the  solar  system. 

Not  long  ago  a report  from  industry  indicated  that  bacterial  s^jores 
would  be  destroyed  in  space  within  5 days  of  exposu/e  to  a hard 
vacuum.  Subsequent  studies  by  NASA  showed  that  lifi  in  this  rela- 
tively simple  form  can  survive  exposure  to  vacuum  up  to  32  days  at 
least. 

More  recent  preliminary  results  suggest,  however,  that  90  to  100 
days  of  space  vacuum  may  be  too  much  for  these  forms  of  life.  If 
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this  is  confirmed,  our  immense  problem  of  keeping  terrestrial  organ-  s* 

isms  off  from  Mars  during  its  biological  exploration  may  be  greatly 
simplified. 

In  early  1962  the  possibility  of  synthesizing  living  matter  seemed 
at  a standstill.  Suddenly,  however,  unexpected  breakthroughs  have 
emerged  (fig.  27,  Laboratory  Experiments  With  Lifelike  Cells). 

Prof.  Sidney  Fox,  a NASA  grantee,  has  shown  that  protein  syn- 
thesized from  amino  acids  has  catalytic  activity  typical  of  living 
cells.  In  the  picture  you  see  some  of  Professor  Fox’s  synthesized 
protein  spheres.  The  similarity  to  actual  cells  is  obvious.  One  even 
sees  some  of  these  cells  in  various  stages  of  dividing  in  two. 


Figure  27 

The  NASA  Ames  Research  Center  has  synthesized  fundamental 
biological  materials  from  mixtures  of  gases  that  may  have  character- 
ized the  primitive  Earth  atmosphere.  One  biochemist  has  recently 
gone  through  a series  of  steps  leading  ill  the  way  to  the  polynucleo- 
tides that  are  the  structural  units  of  '.lie  hereditary  genes. 

Does  life  actually  exist  elsewhere  than  on  Earth  ? Speculation  about 
this  exciting  and  fundamental  question  is  a common  pastime.  We 
hope  in  the  neay  future  to  gather  additional  facts  to  shea  light  on  this 
question. 

NASA  contributed  to  the  support  of  the  flight  of  a high-altitude 
balloon  in  February  1963  to  conauct  spectroscopic  analyses  of  radia- 
tions from  Mars,  looking  for  the  se  radiations  that  are  characteristic 
of  biological  materials.  In  1964,  a deep  space  probe  flying  by  Mars, 
and  in  1966  a capsule  landing  on  Mars,  may  provide  definitive  answers. 
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A life  detecting  device  ready  to  go  on  a Martian  mission  was  de- 
veloped to  a high  degree  of  reliability  in  1962  by  a NASA  grantee 
(fig.  28,  A Planetary  Life  Detector).  Named  “Gulliver,”  a prelimi- 
nary version  of  this  device  was  described  to  the  committee  last  year. 
It  is  designed  to  detect  radioactive  carbon  dioxide  produced  by  biologi- 
cal activities  of  living  material  pulled  into  the  device  by  means  of 
a stickv  string  drawn  over  the  Martian  surface. 

Still  another  instrument,  called  the  multivator,  has  been  built,  using 
as  a principle  the  fact  that  the  phosphatase  enzyme,  a fundamental 


A PLANETARY  LIFE  DETECTOR 


Figure  28 

component  of  all  known  living  systems,  exists  virtually  everywhere. 
This  multivator  has  been  miniaturized,  and  fabricate,  and  is  ready 
for  field  tests.  Six  other  remote  life-detecting  instruments  are  under 
laboratory  feasibility  study. 

The  Chairman.  Doctor,  under  what  program  were  these  funded  ? 
Dr.  Newell.  These  were  funded  under  the  Office  of  Space  Sciences 

Srogram.  In  the  budgeting  last  year  the  funding  for  them  was  not 
rawn  out  into  a separate  line  item,  but  they  were  included  under 
various  items  throughout  the  space  science  program. 

In  the  next  part  of  this  presentation,  we  shall  describe  to  you  the 
supporting  research  and  flight  missions  necessary  to  move  forward  in 
this  important  area  of  space  science.  We  ask  your  endorsement  of 
these  space  bioscience  investigations  that  may  eventually  produce  some 
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of  the  most  fundamental  discoveries  and  breakthroughs  of  the  space 
science  program. 

At  this  point,  Mr.  Chairman,  I would  like  to  ask  Mr.  Cortright  to 
present  a review  of  our  present  program  status. 

The  Chairman.  Thank  you  very  much,  Doctor. 

Mr.  Downing.  May  I ask  one  question  ? 

The  Chairman.  Yes,  Mr.  Downing. 

Mr.  Downing.  Did  I understand  you  to  say  that  they  had  syn- 
thesized living  matter?  Was  that  synthetic  protein  I saw  on  the 
screen? 

Dr.  Newell.  The  figure  that  you  saw  showed  little  protein  spheres. 
The  protein  spheres  were  not  living  matter 

Mr.  Downing.  But  if  bifurcated  they  would  be? 

Dr.  Newell.  Except  that  they  bifurcated  under  specially  applied 
conditions  of  heat  and  temperature  and  chemical  material  that  brought 
about  this  bifurcation.  But  one  hasn’t  got  quite  to  the  point  where 
living  matter  has  been  synthesized,  rather  to  the  point  where  the  ac- 
tivity under  special  conditions  is  similar  to  the  enzymatic  activity 
of  living  material.  One  is  tantalizingly  close  but  not  there. 

Mr.  Downing.  Was  that  program  funded  under  the  Office  of  Space 
Sciences? 

Dr/  Newell.  Yes. 

Mr.  Downing.  Well,  there  is  not  a specific  funding  for  synthesizing 
living  matter? 

Dr.  Newell.  No,  there  is  not.  The  funding  of  this  research  is  to 
give  us  a firmer  background  for  our  searches  for  biological  materials 
and  living  matter  on  Mars  and  the  other  planets. 

Mr.  Downing.  Thank  you. 

The  Chairman.  Mr.  Cortright. 

Mr.  Cortright.  During  1962,  the  NASA  space  exploration  program 
has  entered  a new  phase  of  its  evolution.  We  have  passed  beyond  the 
relatively  simple  satellites  and  probes  which  characterized  our  early 
years  and  are  heavily  engaged  in  the  development  of  advanced  space- 
craft and  launch  vehicles  to  accomplish  the  more  rewarding,  but  more 
difficult  missions.  In  doing  so,  we  have  met  with  both  dramatic  suc- 
cesses as  well  as  some  temporary  delays. 

In  general,  however,  tne  year  has  been  one  of  intense  activity  and 
excellent  progress.  The  following  discussion  will  attempt  to  present 
a concise  statement  of  the  program  and  the  progress  which  has*  been 
made  during  the  past  year. 


missions  accomplished 

As  a prelude,  let  us  review  the  record  of  missions  accomplished 
since  the  beginning  of  the  national  space  program.  The  next  chart 
(fig.  29,  Scientific  Satellites)  illustrates  the  scientific  satellite  flights 
from  1950  through  1962. 

Several  important  observations  may  be  drawn  from  this  chart.  In 
1962,  we  have  had  100  percent  successes  with  our  scientific  satellites, 
whereas  prior  to  1962,  the  successes  did  not  exceed  50  percent  in  any 
year. 

This  dramatic  improvement  is  due  to  two  factors:  first,  we  have 
learned  how  to  design  and  develop  reliable  spin-stabilized  satellites; 
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Figure  29 

second,  we  have  capitalized  on  launch  vehicles  for  satellite  injection 
which  are  highly  reliable,  such  as  the  Thor- Delta. 

Another  observation  to  be  made  is  that  the  nature  of  our  satellite 
missions  has  changed.  In  1962,  we  flew  our  first  solar  observatory, 
which  heralded  a new  era  of  astronomical  observation.  In  addition, 
1962  saw  the  successful  commencement  of  a cooperative  flight  program 
for  space  exploration  with  Canada  and  England.  The  Ariel  satellite 
was  instrumented  by  British  scientists,  and  the  Alouette  satellite 
Was  developed  entirely  by  the  Canadians. 

In  the  area  of  space  probes,  we  are  at  a development  stage  com- 
parable with  that  of  scientific  satellites  in  previous  years.  As  indi- 
cated in  the  next  chart  (fig.  30,  Deep  Space  Probes) , we  attempted  five 
lunar  and  planetary  missions  in  1962. 

Of  these  rive,  only  one  mission  can  be  counted  a complete  scientific 
success.  This  was  the  Mariner  II  which,  on  December  14,  1962,  made 
history  by  flying  on  a predetermined  trajectory  close  by  the  planet 
Venus. 

The  Chairman.  May  I interrupt  briefly,  Mr.  Cort  right,  to  welcome 
the  chairman  of  the  full  committee  who  has  just  joined  us. 

If  you  have  any  questions,  Mr.  Chairman,  as  we  go,  feel  free  to 
interrupt  at  will. 

Chairman  Miller.  Thank  you. 

Mr.  Cortright.  Shall  I proceed  ? 

The  Chairman.  Yes,  please. 
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Fioitbe  30 

Mr.  C outright.  Suffice  it  to  point  out  here  that  these  space  probes 
have  called  upon  the  most  advanced  technology  in  launch  vehicles  and 
unmanned  spacecraft  which  the  country  has  yet  attempted.  Initial 
development  problems  have  been  encountered,  both  with  the  launch 
vehicles  and  the  spacecraft,  and  strenuous  efforts  are  underway  to 
solve  these  problems.  These  will  be  the  subject  of  further  discussion 
herein. 

The  next  chart  (fig.  31,  Sounding  Rockets)  summarizes  the  history 
of  sounding  rocket  launches  in  this  country  since  1956.  As  can  be 
9een,  the  activity  was  very  high  during  the  period  of  the  International 
Geophysical  Year*  that  is,  1957-58,  following  which  launchings 
dropped  off  markedly.  Since  1959,  however,  the  activity  has  built  up 
steadily  and  it  is  important  that  this  build  up  continue. 

One  of  the  prime  reasons  for  the  dramatic  success  and  high  reliabil- 
ity which  we  enjoy  in  the  scientific  satellite  field  is  the  fact  that  as 
many  instruments  and  components  of  our  satellites  as  can  be  accom- 
modated are  tested  on  sounding  rockets  before  ’hey  are  committed  to 
the  more  expensive  satellite  programs. 
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Figure  31 

PROGRAM  SUMMARY 

I will  next  summarize  our  current  propram  and  our  plans  for  the 
future.  Consider  first  the  Geophysics  and  Astronomy  Propram  shown 
in  the  next  chart  (fig.  32,  Geophysics  and  Astronomy  Programs). 
The  explorers  and  monitors,  and  the  international  satellites,  which 
programs  have  been  very  active  in  196*?,  are  planned  to  continue  at 
about  the  same  rate  throughout  tho  time  period  shown  in  this  chart. 

Sounding  rocket  activity  will  increase  somewhat.  In  addition, 
it  is  planned  to  continue  our  launchings  of  the  highly  successful  orbit- 
ing solar  observatories  at  two  a year  until  1966  or  1967,  at  which  time 
the  rate  should  increase  to  about  four  a year. 

Significantly  this  increased  launching  rate  in  the  1967  time  period 
coincides  with  the  advent  of  maximum  solar  activity.  The  first  use  of 
an  OSO  with  increased  observational  capability  will  occur  at  this 
time. 

Much  of  our  effort  during  the  past  year  in  the  area  of  geophysics 
and  astronomy  has  been  directed  toward  the  development  of  two 
large  observatories — the  orbiting  geophysical  observatory  and  the 
orbiting  astronomical  observatory. 

The  geophysical  observatory  will  make  its  first  flight  in  1963.  It 
is  planned  for  launch  rates  of  approximately  3 per  year  thereafter, 
covering  2 important  orbits  with  well -integrated  payloads  of  20 
or  more  advanced  experiments. 
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GEOPHYSICS  AND  ASTRONOMY  PROGRAMS 
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Figure  32 

The  Chairman.  If  I may  interrupt,  what  is  the  lifetime  of  the 
geophysical  observatory,  or  for  that  matter  any  one  of  them?  Does 
it  mean,  for  example,  if  they  have  a 2-  or  8-year  lifetime  that  we 
may  have  as  high  as  eight  or  nine  in  orbit  at  one  time  ? 

Mr.  Cohtright.  No,  we  would  be  very  happy  to  reach  a reliability 
which  would  permit  us  to  reduce  the  launch  rate.  We  are  initially 
shooting  at  about  a 6-month  life,  and  later  striving  for  a 1-year  life. 
Assuming  reliability  of  launch  vehicles  to  go  up  somewhat,  but  allow- 
ing for  the  initial  problems  we  will  probably  have  with  these  space- 
craft because  they  are  complicated,  we  have  scheduled  enough  ob- 
servatories to  keep  approximately  two  in  the  air  all  of  the  time,  one 
in  the  polar  orbit  and  one  in  the  inclined-elliptical  orbit.  We  have 
allocated  only  three  per  year  to  keep  t wo  up  virtually  all  of  the  time, 
so  we  are  counting  on  getting  high  reliability  early. 

The  Chairman.  What  are  the  components  in  the  observatory  tlmt 
cause  them  to  have  only  a 6-month  lifetime?  Is  it  electronic  equip- 
ment failure  that  causes  the  limited  lifetime,  or  what  is  it? 

Mr.  Cortrioht.  Primarily  our  electronic  equipment  and  possdbly 
some  electromechanical  equipment  will  probably  fail  in  this  order  of 
time. 

The  Chairman.  These  all  get  their  power  supply  from  solar  cells, 
is  that  correct? 

Mr.  Cortrioht.  That  is  correct. 

The  Chairman.  And  is  this  one  of  the  components  where  deteriora- 
tion takes  place  fairly  rapidly? 

Mr.  Cortrioht.  We  are  protecting  the  solar  nils  with  a film 
covering  to  permit  the  length  of  operation  that  we  are  designing  for. 
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That  should  not  be  a limitation,  no.  Statistically  it  will  be  some- 
thing else  in  the  electronic  systems  that  won’t  last  beyond  those  time 
periods. 

We  can  provide  for  you,  if  you  are  interested,  the  record  of  the 
satellites  launched  during  the  past  year  in  terms  of  time  to  initial 
failure  and  useful  life.  By  and  large,  all  of  them  operated  at  least 
2 months  before  they  encountered  any  failure,  and  they  then  con- 
tinued to  operate  with  some  degraded  ability. 

We  are  not  at  the  point  in  this  country  where  we  can  design  com- 
plex satellite  systems  that  will  consistently  last  a year  from  the  outset. 

Reliability 

Enclosed  is  a summary  of  the  past  year’s  operating  experience  with  automated 
spacecraft  and  the  vehicles  used  to  launch  them.  It  is  limited  to  missions  of  the 
Office  of  Space  Sciences,  the  Office  of  Applications,  and  the  Office  of  Advanced 
Research  and  Technology.  A cursory  examination  will  indicate  that  only  one 
satellite  failed  to  operate  successfully  for  more  than  2 months  before  some  type 
of  failure  occurred.  These  initial  failures  have  not  put  the  satellites  out  of 
operation,  and  all  but  1 of  the  11  satellites  are  still  operating.  The  most  com- 
plicated of  the  satellites  was  the  OSO-I  which  has  now  completed  1 year  of 
operation,  fully  stabilized  to  one-tenth  of  1°  pointing  accuracy.  This  satellite 
must  reacquire  the  Sun  and  establish  this  pointing  once  each  orbit. 

Four  Ranger  and  Mariner  spacecraft  were  successfully  launched  last  year 
with  the  Mariner  functioning  properly  for  129  days.  One  Ranger  functioned  for 
about  the  66  hours  required  to  get  to  the  Moon  and  the  other  two  failed  early 
within  the  first  day.  Thus  Mariner  was  our  only  completely  successful  deep- 
space  flight  last  year.  It  might  be  worth  recalling,  however,  that  Rangers  I and 
II  appeared  to  operate  properly  for  the  several  days  they  were  in  orbit  and  that 
the  earlier  Pioneer  V operated  quite  well  to  a distance  of  22%  million  miles  and 
for  a time  period  of  Several  months.  The  increased  difficulty  with  our  lunar  and 
planetary  series  undoubtedly  reflects  the  second  generation  nature  of  these  rela- 
tively complex  systems.  All  in  all,  we  did  achieve  about  80  percent  reliability 
with  our  unmanned  spacecraft  last  year  and  our  reliability  analyses  indicate 
that  the  advanced  systems  should  reaeh  reliabilities  of  80  percent  fairly  early 
in  their  flight  history. 

The  launch  vehicle  performance  Is  summarized  and  indicates  excellent  per- 
formance with  the  Scout  and  Delta  and  Thor-Agena. 

This  listing  for  1962  does  not  include  military  flights  with  the  Scout  and  Thor- 
Agena  which  were  quite  successful.  Scout,  although  only  15  have  been  launched, 
has  been  successful  in  its  last  4 attempts  to  orbit  satellites.  The  Atlaa-Agena 
is  a real  headache,  however,  having  less  than  50  percent  reliability  to  date.  Our 
overall  launch  vehicle  reliability  was  over  8C  percent  last  year. 

This  memorandum  has  no  particular  purpose  other  than  to  generally  acquaint 
you  with  the  state  of  the  art  in  automated  spacecraft  We  will  be  happy  to 
elaborate  on  any  specific  area  or  to  provide  on-site  briefings  to  members  of  your 
staff  interested  in  this  equipment.  I think  there  is  a lot  to  be  learned  from  the 
experience  we  and  our  contractors  have  had  which  may  materially  help  a pro- 
gram such  as  yours  wherein  you  are  planning  for  nearly  100  percent  reliability 
at  the  outset,  something  which  has  really  never  been  done  by  our  aerospace 
industry. 
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Performance  record — Spacecraft 
I.  SATELLITES 
A.  Omen  or  Space  Sciences 


Name 

1962 

launch 

date 

Weight 
in  pounds 

Days  to 
first 
failure 

Useful 
life,  days 

Remarks  and  major  cause  of  failure 

080  II.... 

Mar.  7 

440 

69 

0)  69. 

(2)  290 

(1, 2)  77 

(3)  260 

(1)  Loss  of  2d  tape  recorder. 
v2)  Real  time  operation  only. 

[(1)  Radiation  damage  from  atomic 
< tests. 

Ariel* 

Apr.  26 

Sept.  29 
Oct.  2 

132 

77 

Alouette* 

320 

1(2)  Tape  recorder. 

(3)  Real  time  operation  only. 

Explorer  XIV  * 

89 

Explorer  XV  1 

Oct.  27 

100 

(»)  0 

(0  0 

(1)  Despin. 

B.  Other  Than  OSS 


Tiros  IV 

Feb.  8 

285 

84 

(1)  120 

(1)  Useful  TV  days— tape  recorder 

No.  1. 

(2)  266 

(2)  Last  TV  days — delay  circuit  (turns 

on  camera)  No.  2. 

Tiros  V * 

Jan.  19 

283 

18 

(1)  195 

(1)  Open  filament  in  camera  No.  2. 

Telstar  I* 

July  10 

170 

129 

(1)  129 

(1)  Command  encoder. 

(2)  170 

(2)  Energetic  particle  experiments. 

Tiros  VI 3 ] 

Sept.  18 

285 

72 

(1)  105 

(1)  Vidicon  filament  and  focus  circuit 

No.  2. 

Relay  I* 

Dec.  13 

172 

Explorer  XVI » j 

Dec.  16 

! 

159 

II.  SPACE  PROBES 


Ranger  III 

Jan.  26 

727 

3 

3 

Computer  failure  during  terminal 

maneuver. 

Ranger  IV 

Apr.  23 

730 

>1 

Unknown,  probably  computer. 

Mariner  I 

July 

447 

Launch  failure. 

Mariner  II 

Aug.  27 

447 

129 

129 

No  malfunctions  that  SC  was  not 

designed  to  cope  with. 

Ranger  V 

Oct.  18 

755 

>1 

Power  failure. 

1 Still  operating  with  attitude  control. 
1 Still  operating. 

1 At  launch. 
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Performance  record — Launch  vehicles 
1.  SCOUT 


IMS 

Mission 

Result 

Remarks 

March  • 

Reentry  _ _ 

flnneeas  ... 

Improved  3d  stage  perform- 
ance. 

4th -stage  ignition  problem. 

March 

Probe.. 

flneeem  

August - 

Reentry.  . ... 

Failure . 

December 

Orbit..' 

Success 

2.  DELTA 


■February  

Tima  TV 

Success _ .... 

Improved  performance  capac- 
ity (+60  percent). 

March 

nsnr  __ 

do 

April.  .. 

Ariel  1 

do 

Jiine  . . 

Tiros  V . 

.do 

July  . 

Telstar  T 

do 

September 

Tiros  VI 

do 

October . . 

Explorer  YTV 

do 

October.  _ 

Explorer  XV  . 

, , do  . , , , 

December 

Relay  I 

do 

February  (1063V 

Hyncnm  T . _ 

do  

3.  THOR-AGENA 

September 

Alouette 

Success ...  _ 

4.  ATLAS-AGENA 


January 

April 

July 

August 

October. 


Ranger  TIT 

Failure 

Ranger  IV 

Success ..  _ . 

Mariner  I 

Failure.....  _ . 

Mariner  TT 

Success  

Ranger. 

do 

Atlas  guidance  failure  (near 
miss). 

Atlas  guidance,  off  course, 
safety  dea  tract. 

Lucky  launch,  mission  accom- 
plished. 


The  Chairman.  Is  it  due  primarily  to  the  fact  that  we  are  always 
pushing  the  state-of-the-art,  that  we  really  don’t  have  the  metals  or 
other  materials  developed  to  a state  where  tnese  can  withstand  the  hos- 
tility of  space,  or  is  it  a matter  of  little  plumbing  failures  which  occur 
as  time  goes  on,  which  all  goes  back  to  quality  control  ? Which  one  of 
those  two  areas  are  we  talking  about  ? 

Mr.  Cortright.  We  push  the  state-of-the-art  in  this  equipment. 
We  don’t  think  that  we  push  it  excessively,  but  we  are  trying  to  get  out 
of  American  industry  what  it  is  capable  of  doing. 

The  Chairman.  So  although  the  lifetimes  of  these  observatories 
normally  is  from  6 to  9 months,  let  us  say,  it  is  because  of  the  state- 
of-the-art  rather  than  because  of  the  lack  of  good  quality  control 
which  contributes  to  some  plumbing  failure  of  an  off-the-slielf  piece, 
or  something  like  that ; is  that  right  ? 

Mr.  Cortright.  Quality  control  is  a part  of  the  state-of-the-art  in 
this  country.  I know  what  you  are  driving  at,  and  I think  that  both 
factors  enter  into  it.  I think  quality  control  is  just  as  much  state- 
of-the-art,  however,  as  whether  or  not  we  know  how  to  design  a tran- 
sistor to  carry  a certain  electrical  load  and  so  forth.  Quality  control 
involves  the  organization  and  control  of  thousands  of  people  making 
thousands  of  parts  which  go  into  this  equipment.  The  accomplish- 
ment of  high  reliability  early  in  the  program  is  a major  goal  and  a 
major  challenge  to  this  country. 


m 


* >*■ 


1964  NASA  AUTHORIZATION 


1549 


% 


We  certainly  hope  that  the  space  program  will  pace  the  country 
in  this  area  and  that  we  will  all  benefit,  even  beyond  space  systems. 

Mr.  Staebler.  Mr.  Chairman,  I notice  that  the  rate  of  develop- 
ment of  the  several  different  instruments  is  for  the  most  part  sta- 
tionary except  for  sounding  rockets.  Does  that  mean  that  the  present 
amount  of  expenditure  is  likely  to  continue,  or  do  you  anticipate  if 
this  rate  of  development  is  continued  that  there  will  be  further  in- 
creases? 

Mr.  Cortright.  I am  not  certain  I understand  your  question  en- 
tirely. 

Mr.  Staebler.  If  this  rate  of  development  that  you  projected  here 
is  continued,  do  you  anticipate  the  present  budget  level  will  be  con- 
tinued? 

Mr.  Cortright.  We  anticipate  that  a modest  increase  even  beyond 
the  budget  of  this  year  will  be  required  to  support  this  program. 

Mr.  Staebler.  This  goes  back  to  the  question  we  were  raising  with 
Dr.  Newell,  whether  we  have  reached  a kind  of  plateau  for  the  pure 
science  exploration.  I take  it  we  haven’t  quite  reached  a level  of 
spending  yet. 

Mi*.  Cortright.  We  think  we  are  within  a year  or  two  of  it,  based 
on  the  present  economy  and  the  competitive  situation  and  the  scientific 
needs,  but  not  this  year. 

Mr.  Staebler.  Thank  you. 

Mr.  Downing.  Mr.  Chairman. 

The  Chairman.  Mr.  Downing. 

Mr.  Downing.  That  is  interesting.  What  do  you  mean  by  a 
plateau,  is  that  where  we  stop  ? 

Mr.  S taebler.  I am  sure  this  is  my  term  and  not  his. 

Mr.  Cortright.  No,  I recognize  the  term  I hope,  and  that  is  the 
point  at  which  the  space  sciences  program  may  be  expected  to  level 
off  and  run  at  that  level,  at  least  for  some  years. 

Mr.  Downing.  It  won’t  be  a level  cf  technology  which  we  won’t 
go  beyond  ? 

Mr.  .Cortright.  No,  sir. 

Dr.  Newell.  It  would  be  a funding  level. 

Mr.  Downing.  A funding  level? 

Dr.  Newell.  Yes. 

Mr.  Downing.  That  is  what  I wanted  to  know. 

The  Chairman..  Mr.  Cortright,  one  more  question,  if  you  don’t 
mind,  and  then  we  will  allow  you  to  proceed  with  your  prepared 
statement. 

Are  we  desirous  of  having  two  or  three  a year  of  these  observa  Ties 
injected  into  orbit  because  we  have  different  scientific  experiments 
aboard,  or  merely  because  those  aboard  wear  out  and  we  have  got  to 
replace  them  ? 

The  reason  I ask  the  question  is  that  it  would  seem  that  if  we  in- 
crease reliability  we  might  reduce  the  number  of  launches. 

Obviously,  if  one  satellite  could  stay  up  there  for  years,  then  we 
wouldn’t  need  three  in  1966  and  four  in  1967. 

Mr.  Cortright.  That  is  a very  good  question. 

The  Chairman.  So  what  is  the  purpose  of  your  numbers  here  ? Is 
it  to  get  different  experiments  up,  so  that  even  if  you  had  high  relia- 
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bility  and  one  i atellite  would  last  for  a year,  you  would  still  have  a 
need  for  three  and  four  a year? 

Mr.  Cortright.  I think  that  it  is  both.  Yes,  we  learn  from  the  ex- 
periments we  conduct,  and  this  stimulates  thinking  throughout  all  of 
our  scientific  community  which  then  comes  up  with  new  ideas.  This 
means  we  like  to  give  them  an  opportunity  to  flv  as  part  of  an  inte- 
grated payload  within  some  reasonable  period  of  time. 

On  tne  other  hand,  there  are  certain  types  of  experiments  which 
don’t  necessarily  have  to  be  changed  for  a period  of  years.  We  would 
like  them  up  there  and  operating  and  monitoring  the  vicinity  of  the 
Earth  for  solar  radiation  and  trapped  radiation.  So  both  of  these 
motivations  are  present,  and  this  particular  satellite  is  designed  to 
meet  those  needs. 

It  is  designed  to  have  the  life,  and  it  is  also  designed  so  that  we  can 
put  one  up  with  relatively  short  leadtimes  and  can  accommodate  com- 
pletely new  experiment*;,  ones  that  we  haven’t  thought  of  yet.  We 
sometimes  call  this  th<>  streetcar  satellite  because  it  has  a rack  in  it 
to  accommodate  experiments  and  a rather  flexible  data-conditioning 
system  which  can  pick  up  various  types  of  instruments. 

The  Chairman.  Well,  I wasn’t  sure  that  we  were  attempting  to 
build  into  the  satellite  greater  lifetime  expectancy,  and  I am  still 
not  sure.  I guess  it  depends  upon  the  nature  of  the  experiment.  For 
some  experiments  you  don’t  care  to  have  them  last  more  than  6 months, 
because  you  get  all  of  the  information  that  you  need,  and  others  you 
would  like  to  have  last  for  several  years.  Is  this  correct? 

So  really  what  you  need  is  an  on  going  program  with  additional 
observatories  just  because  you  have  different  experiments  coming  up. 

Dr.  Newell.  If  I may  comment  on  this,  Mr.  Chairman,  in  the  case 
of  the  solar  observatory  and  the  geophysical  observatory,  it  is  par- 
ticularly true  that  there  will  be  new  experiments  coming  along  because 
of  the  complexities  of  the  studies  and  the  variety  of  instrumentations 
needed  to  study  the  different  things  that  are  being  measured. 

In  the  case  of  the  Orbiting  Astronomical  Observatory,  we  come  to 
what  may  be  compared  to,  say,  a facility  like  Mount  Palomar  with  its 
200-inch  telescope.  Here  it  is  our  hope  that  we  can  arrive  at  a point 
where  we  will  have  put  up  a very  versatile  instrument  that  then  can 
be  used  by  different  experimenters.  When  one  experimenter  has 
finished  his  observation,  another  one  can  move  in  and  use  this  instru- 
mentation to  perform  a different  experiment. 

At  the  present  time  we  are  using  the  first  three  observatories  to 
develop  our  abilities  to  put  a highly  accurate  astronomical  observa- 
tory into  orbit  and  at  the  same  time  to  perform  different  experiments 
in  the  three. 

Hopefully  in  this  process  we  will  learn  how  to  construct  a facility 
of  useful  applicability  so  that  if  we  can  get  the  lifetime  we  can  con- 
tinue to  use  it  as  long  as  it  is  there. 

The  Chairman.  Thank  you  very  much. 

Mr.  Cortright.  Well,  to  continue,  Mr.  Chairman,  and  members  of 
the  committee,  the  astronomical  observatory  will  not  be  flown  until 
1965  and  will  continue  at  approximately  9-month  intervals.  This 
satellite  will  constitute  a major  milestone  in  the  science  of  astronomy. 

Turning  now  to  the  Lunar  and  Planetary  Programs  (as  illustrated 
in  the  next  chart  (fig.  33,  Lunar  and  Planetary  Programs) , we  see  that 
our  current  active  flight  projects  are  Ranger  and  Mariner. 
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Figure  33 

Ranger  has  had  five  launchings  to  date.  This  project,  which  is  de- 
signed to  obtain  our  first  detailed  information  about  the  lunar  surface 
by  means  of  approach  photography  and  landing  capsules,  has  resulted 
in  many  technological  developments  and  an  impact  on  the  lunar 
surface. 

Following  a series  of  improvements,  Ranger  will  continue  on  into 
1966.  The  Ranger  will  be  followed  by  a considerably  more  advanced 
spacecraft,  the  Surveyor.  The  Surveyor  will  commence  its  test  flights 
in  1964  and  should  result  in  an  instrumented  soft  landing  on  the  Moon 
in  1965. 

In  addition,  an  orbiting  version  of  the  Surveyor  is  planned  for  late 
1965  or  early  1966. 

Current  planning  since  this  document  was  prepared  indicates  mid- 
1965.  I should  have  corrected  that. 

This  team  of  spacecraft,  the  Surveyor  Lander  and  Orbiter  will  pro- 
vide us  with  our  most  extensive  knowledge  about  the  Moon  prior  to 
manned  landing,  and  will  probably  be  utilized  well  beyond  the  first 
manned  mission. 

The  Chairman.  Mr.  Cortright,  I wonder  if  you  would  give  to  us 
the  pros  and  the  cons  for  the  Surveyor  Orbiter? 

Now  there  must  be  some  cons  as  well  as  some  pros  because  the  Of- 
fice of  Space  Sciences  was  debating  the  question  as  to  whether  or  not 
to  continue  the  program,  and  I understand  only  this  week  made  the 
decision  to  go  ahead  w ith  the  Orbiter  program. 
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Would  you  list  for  the  record  the  reasons  why  we  should  have 
it,  and  then  those  reasons  that  were  advanced  which  indicated 
we  may  not  need  it  ? 

Mr.  Cortright.  Yes,  Mr.  Chapman,  I will  attempt  to  do  that.  The 
Surveyor  Lander  is  technically  capable  of  landing  within  approxi- 
mately a 50-mile  circle. 

We  plan  to  utilize  this  spacecraft  by  selecting,  on  the  basis  of 
Ranger  photographs  and  Earth-based  photographs,  potential  landing 
sites  and  directing  the  Surveyor  to  those  sites. 

In  a sense  we  are  taking  a chance  that  these  sites  may  or  may  not 
be  suitable  for  landing  a surveyor. 

Now  as  you  will  see  later,  the  Surveyor  is  designed  to  land  under 
some  pretty  unfavorable  conditions  and  survive  and  get  the  data  it  is 
supposed  to  get,  but  I would  like  to  reemphasize  the  fact  that  we 
simply  don’t  know  what  the  surface  of  the  Moon  is  like. 

Now  in  order  to  make  much  better  use  of  the  Surveyors  and  direct 
them  into  areas  that  will  pay  off  in  terms  of  both  data  return  and 
probability  of  a successful  landing,  we  want  to  use  an  Orbiter  to  do 
area  surveys,  sort  of  photoreconnaissanc  from  an  orbiting  position. 

The  Orbiter  will  greatly  extend  the  advanced  knowledge  which  we 
will  have  from  the  Rangers  which  approach  impact  with  a decreasing 
size  picture. 

In  addition — and  I am  not  sure  we  made  this  clear  yesterday,  but 
I would  like  to  make  it  clear  now — once  we  get  to  selected  spots 
of  the  Moon  with  the  Surveyor  Lander,  we  would  like  to  be  able  to  say 
that  the  local  surface  characteristic  is  probably  also  present  at  other 
identifiable  areas  that  are  likely  landing  sites  for  man,  for  example. 

Now  we  can  extrapolate  the  point  information  on  the  basis  of  the 
orbiter  which  sees  the  Surveyor  and  the  terrain  itself  and  then  goes  on 
' to  look  at  other  spots  of  the  Moon. 

The  Moon  is  a big  place  and  it  is  important  that  we  look  at  more 
of  it  than  just  where  the  Surveyors  can  sit  down. 

Mr.  Chenoweth.  May  I ask  a question,  Mr.  Chairman? 

The  Chairman.  Yes,  sir. 

Mr.  Chenoweth.  You  are  going  to  land  a Surveyor  on  the  Moon  in 
1965,  you  indicate. 

Now  is  it  possible  that  you  might  get  such  information  from  that 
landing  that  would  cause  us  to  take  another  look  at  this  manned  lunar 
flight?  Is  it  possible  that  conditions  might  be  so  adverse  and  so  dif- 
ficult that  you  might  want  to  reconsider  whether  or  not  you  are  going 
to  put  a man  on  the  lunar  surface  at  all  ? 

Mr.  Cortright.  Insofar  as  that  single  sampling  would  be  indicative 
of  large  areas,  it  is  certainly  possible. 

Mr.  Chenoweth.  That  is  possible  ? 

Mr.  Cortright.  Yes,  it  is. 

Mr.  Chenoweth.  Then  we  would  be  spending  all  of  the  money  on 
the  manned  lunar  program  later  to  find  it  is  not  feasible  at  all. 

Is  that  a possibility  ? 

Mr.  Cortright.  That  is  a possibility  and  that  is  the  reason  we  are 
so  anxious  to  pursue  this  unmanned  program. 

As  a nation  we  simply  do  not  want  to  arrive  at  some  point  in  history, 
several  years  from  now,  having  invested  billions  of  dollars 

Mr.  Chenoweth.  That  is  the  point  I am  coming  to : Would  it  be  a 
part  of  wisdom  to  slow  up  on  the  manned  lunar  program  until  you 
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get  this  information  and  are  sure  just  what  conditions  man  is  going 
to  encounter  there?  Would  that  be  a wise  decision  to  make  nows 
We  are  going  full  steam  ahead  on  the  Apollo  as  I get  it.  They  are 
not  waiting  xor  what  you  will  find  out  in  your  program.  They  are 
going  ahead  regardless. 

Mr.  Cortright.  We  don’t  think  we  should  slow  up  Apollo  for  two 
reasons : First,  we  are  designing  the  Apollo  landing  craft  to  cope  with 
some  reasonably  bad  situations  and  the  pilot  will  be  there  to  make 
final  judgments,  such  as  maneuvering  a landing  gear  20°  to  the  left 
to  avoid  a boulder,  which  will  be  helpful. 

In  addition,  the  program  for  which  we  are  asking  support  is  de- 
signed to  get  the  data  which  are  required  to  give  us  this  feeling  of 
confidence  that  we  are  not  risking  too  m~<eh  in  time. 

Mr.  Chenoweth.  Well,  you  feel  you  should  have  that  data  before 
we  take  the  risk  of  sending  him  there  ? 

Mr.  Cortright.  Yes,  sir. 

Mr.  Chenoweth.  There  is  the  possibility — it  may  be  remote — but 
you  may  decide  not  to  send  him  at  all  if  it  is  too  adverse. 

Mr.  Cortright.  I think  that  there  is  no  one  in  the  world  capable 
of  answering  that  question  until  we  get  some  data. 

Mr.  Chenoweth.  I appreciate  that.  Thank  you  very  much. 

Mr.  Cortright.  Continuing  on,  I think  that  I have  really  completed 
the  arguments  for  why  this  is  a valuable  project,  when  I say  that  we 
can  extrapolate  to  large  areas  the  data  that  we  get  from  small  spot 
samples. 

When  I am  through  I will  ask  Dr.  Newell  to  add  his  thoughts  to 
this.  In  the  con  column,  which  you  asked  for,  certainly  the  two 
items  that  come  to  mind  are  the  additional  technical  effort  and  man- 
power required  to  do  the  job,  and  the  money. 

It  is  not  a cheap  project. 

The  Chairman.  How  much  are  we  talking  about  in  terms  of  dollars 
and  cents,  Mr.  Cortright  ? 

Mr.  Cortright.  We  are  talking  about  $150  million  for  a six-launch 
program. 

The  Chairman.  Is  this  the  normal  estimate  that  we  can  assume 
would  be  off  by  50  percent  or  maybe  75  percent,  or  is  this  a really  good 
“set  in  concrete”  type  estimate  ? 

It  is  difficult  to  make,  I know. 

Mr.  Cortright.  I am  not  certain  that  we  are  smart  enough  to  tell 
you  what  a good  “set  in  concrete”  estimate  is. 

It  is  the  best  estimate  that  we  can  make  at  this  time.  It  has  been 
increased  slightly  from  the  contractor’s  estimate  by  about  25  percent 
to  allow  for  the  types  of  overruns  and  design  changes  that  we  fre- 
quently have  to  accommodate. 

The  Chairman.  I suppose  when  this  decision  was  being  made  or  at 
least  when  it  was  being  discussed  or  debated,  you  sat  through  most 
of  the  meetings ; is  that  a fair  assumption  on  my  part  ? 

Mr.  Cortright.  I sat  through  the  major  critical  meetings. 

The  Chairman.  Do  you  recall  any  other  cons  that  were  considered 
by  those  who  expressed  some  concern  as  to  why  we  should  not  have 
the  Surveyor  Obiter,  and  if  so,  what  were  they  ? 

Mr.  Cortright.  Yes,  sir.  We  discussed  the  possibility  that  the 
manned  system  could  be  placed  into  orbit  about  the  Moon  and  do 
photo  reconnaissance  in  advance  of  the  manned  landing. 
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There  are  several  factors  to  consider  in  evaluating  the  pros  and 
cons  of  this  approach.  One  is : When  do  you  judge  that  this  could  be 
done? 

The  national  commitment  is  to  get  man  to  the  Moon  by  the  end  of 
this  decade,  and  I don’t  think  anyone  is  certain  just  when  he  is  going 
to  get  there  within  this  decade,  but  we  feel  confident  we  can  do  it  within 
the  decade.  Now,  it  would  be  possible  to  develop  a system,  a photo- 
reconnaissance module  to  be  attached  to  the  Apollo  spacecraft  m lieu 
of  the  landing  module,  for  example,  with  which  man  could  go  to  the 
Moon  and  do  large  area  photo  reconnaissance  and  bring  the  film  back 
with  him  without  a lunar  landing. 

The  present  Apollo  program  is  not  designed  to  do  that.  That  would 
delay  the  program.  They  are  examining  this  possibility. 

Now  to  go  on  a little  bit  more,  the  cons  of  that  approach  include  the 
fact  that  it  gives  .you  the  photography  only  a short  time  in  advance  of 
the  manned  landing  and  hence  does  not  enable  you  to  guide  your  Sur- 
veyor program  with  these  films. 

However,  from  a scientific  point  of  view  it  would  enable  us  to 
extrapolate  the  data  as  I have  been  discussing  and  project  what  other 
parts  of  the  Moon  are  like  without  actually  putting  a Surveyor  down 
in  each  area. 

Another  con  is  that  it  does  complicate  the  manned  program,  it  does 
delay  it,  it  requires  a development  all  of  its  own ; namely,  the  photo- 
reconnaissance module  to  attach  to  the  Apollo  spacecraft. 

The  Chairman.  Why  do  they  need  a photo-recoraiaissance  module 
attached  to  the  Apollo  spacecraft  when  the  Surveyor  Orbiter  would 
apparently  be  nothing  more  than  a capsule  similar  to  Apollo  but  much 
smaller  which  orbits  the  Moon  for  the  purpose  of  taking  photographs? 

Mr.  Oortright.  It  would  be  to  get  more  data. 

You  see,  with  the  unmanned  spacecraft  we  can  select  the  orbit  you 
need  for  photo-reconnaissance  purposes  and  thus  get  by  with  limited 
film. 

The  Chairman.  Do  you  mean  the  manned  Orbiter  cannot  take 
photographs  without  building  a new  module  that  you  referred  to  as 
a photo-reconnaissance  module? 

Mr.  Cortriqht.  That  is  being  studied,  but  it  is  complicated  by  the 
space,  weight,  and  volume  requirements  of  the  Apollo  spacecraft  itself 
and  the  need  to  return  the  film. 

Well,  we  have  to  return  the  film  anyway.  Mr.  Chairman,  these 
studies  are  now  underway.  It  is  difficult  for  me  to  give  you  much  ad- 
ditional information,  but  I think  it  is  important  to  bring  out  the  fact 
that  should  this  be  injected  as  part  of  the  Apollo  program  it  is  phased 
several  years  later  depending  on  how  Apollo  progresses,  than  the 
program  we  are  proposing  to  do  with  automated  equipment  to  comple- 
ment our  Surveyor  Lander  program. 

Mr.  Hammill.  Would  the  photographs  that  a Surveyor  Orbiter 
would  take  be  of  the  same  quality  as  those  which  a maimed  orbiter 
would  make? 

Mr.  Cortright.  Our  current  estimate  of  the  resolution  potential  of 
the  automated  orbiter  is  between  1%  and  3-foot  resolution  on  the  lunar 
surface,  comparable  to  the  Ranger  impacter. 

It  does  this  by  virtue  of  using  a developed  film  system  with  a photo- 
cell scan  technique  which  is  available  in  this  country. 
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The  photographs  obtained  with  a manned  system  could  be  better 
than  those  obtained  with  the  unmanned  system  because  you  are  bring- 
ing the  film  back  to  Earth  and  you  can  examine  it  microscopically. 
It  also  depends  on  the  optical  system  that  you  would  put  on  board,  but 
I think  it  is  an  honest  statement  to  say  that  it  could  be  better. 

Mr.  Hammex.  It  could  be  better  than  what  ? 

Mr.  Cortright.  The  film  returned  to  Earth  will  be  better  than  the 
pictures  we  can  telemeter  to  Earth,  but  not  by  a tremendous  margin. 

The  Chairman.  But  if  we  get  pictures  that  gave  us  a resolution  of 
iy2  to  3 feet,  this  certainly  would  be  good  enough,  would  it  not? 

Mr.  Cortright.  It  is  right  on  the  border.  Yes,  it  is  good  enough 
in  this  sense : the  Apollo  landing  spacecraft,  if  I remember  my  num- 
ber correctly,  and  if  I don’t  I will  correct  the  record — is  designed  to 
cope  with  a 2-foot  boulder  on  the  lunar  surface. 

It  is  not  required  to  maneuver  out  of  the  way  of  that  order  of 
roughness. 

The  Chairman.  Are  there  any  more  cons  that  you  can  think  of  that 
were  expressed  during  the  meetings  or  sessions  held  prior  to  the  deci- 
sion on  the  Surveyor  Orbiter? 

Mr.  Cortright.  We  discussed  the  potential  reliability  of  the  sys- 
tem ; that  is,  how  many  successful  flights  could  we  hope  to  get  with 
the  six-vehicle  series. 

The  Chairman.  What  was  the  best  judgment  of  the  group  on  that? 

Mr.  Cortright.  The  best  judgment  was  two  to  three. 

The  Chairman.  Out  of  six? 

What  was  the  worst  estimate? 

Mr.  Cortright.  I can’t  give  you  the  worst  estimate,  Mr.  Chairman. 

We  have  had  programs  in  this  country  that  have  gone  many  launches 
without  a success  and  it  always  can  happen  to  you,  no  matter  how 
good  your  intentions  are.  We  analyzed  the  reliability  on  the  basis 
not  so  much  of  theoretical  considerations  but  of  experience  we  have 
had  with  flight  equipment.  We  took  each  subsystem  within  the  space- 
craft and  compared  it  with  similar  subsystems  that  we  are  now  build- 
ing and  for  which  we  know  the  reliability.  Putting  that  together,  we 
were  able  to  come  up  with  spacecraft  reliability  in  excess  of  80  percent. 
Assuming  launch  vehicle  reliabilities  approaching  70  percent,  you 
would  get  the  50-percent  reliability  for  the  total  mission  which  would 
give  you  three  out  of  six. 

It  could  be  better,  it  could  be  worse. 

The  Chairman.  Mr.  Cortright,  the  thing  that  really  bothers  me 
about  the  Surveyor  Orbiter  is  that,  first,  we  are  going  to  fire  it  after 
we  have  had  three  Surveyor  Landers,  a minimum  of  three  I think, 
probably  from  three  to  six. 

Just  looking  at  your  chart,  if  the  first  Surveyor  Orbiters  would  be 
launched  the  latter  part  of  1965  or  early  1966,  it  means  that  possibly 
all  of  1966  would  go  by  before  you  would  have  a successful  Surveyor 
Orbiter,  isn’t  this  correct  ? 

Mr.  Cortright.  I would  like  to  comment  on  that  if  I may,  please. 

One  thing  I would  like  to  do  is  elaborate  a little  bit  on  the  Surveyor 
program  schedule. 

'file  first  two  Surveyors  which  will  be  launched  in  1964,  if  we  hold 
our  schedule,  are  test  spacecraft.  They  are  designed  to  test  all  systems 
through  the  midcourse  maneuver  and  hence  should  impact  on  the 
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Moon  at  a preselected  point.  We  will  equip  that  spacecraft  with 
engineering  instrumentation  to  determine  what  goes  wrong,  if  some- 
thing goes  wrong,  and  how  to  correct  it. 

The  next  two  Surveyors  are  also  test  spacecraft  and  they  are  de- 
signed to  go  all  the  way  to  the  lunar  surface. 

They  will  not  carry  the  full  complement  of  scientific  equipment  that 
the  Surveyor  is  capaole  of  and  is  planned  to  carry  at  a later  phase. 

They  will  be  instrumented  to  determine  the  cause  of  potential  mal- 
functions during  the  retro  maneuver  and  radar-guided  descent  to  the 
lunar  surface. 

Now  this  carries  us  through  the  first  two  launches  in  1965. 

The  first  Surveyor  planned  to  do  a complete  mission  with  full  com- 
plement of  scientific  instruments  is,  if  I recall  correctly,  planned  in 
mid-1965. 

Now  it  is  possible,  we  feel,  to  start  flying  the  Orbiters  at  about  this 
same  time  period,  and  that  is  why  we  feel  that  the  timing  is  reasonable 
and  it  is  not  coming  in  too  late. 

It  is  a simpler  spacecraft  and  a simpler  mission  than  the  landing 
mission  and  we  have  some  technical  justification  for  believing  we  can 
achieve  good  reliabilities  early. 

Dr.  Newell.  Mr.  Chairman,  if  I may,  I would  like  to  add  to  the 
list  of  pros  for  the  Orbiter. 

. The  Chairman.  Can  you  add  something  to  both  the  pros  and  the 
cons  for  the  record  ? 

Dr.  Newell.  I think  Mr.  Cortright  has  done  very  well  on  the  cons. 

The  Chairman.  Proceed. 

Dr.  Newell.  Mr.  Cortright  has  mentioned  the  gross  survey  of  the 
lunar  surface  which  can  be  made  which  would  tie  together  the  observa- 
tions made  by  Ranger  and  by  Surveyor. 

In  addition  to  such  measurements,  one  can  measure  the  radioactivity 
of  the  lunar  surface.  Much  of  this  radioactivity,  it  is  expected,  would 
be  gamma  ray  activity  and,  therefore,  would  fill  the  region  surround- 
ing the  Moon;  it  is,  therefore,  important  practically  to  know  this. 

Also  scientifically  the  gamma  radiation  will  be  characteristic  of  the 
materials  on  the  lunar  surface. 

The  orbiter  will  also  provide  us  with  an  object  to  observe  for  obtain- 
ing the  geodetic  characteristics  of  the  Moon.  The  geodetic  character- 
ictics  are  important  to  any  maneuvers  you  make  in  the  vicinity  of  the 
Moon,  whether  rendezvous  maneuvers  or  landing  maneuvers,  because 
these  geodetic  characteristics  pertain  to  the  gravitational  properties 
of  the  Moon. 

In  addition,  if  the  Moon  is  being  peppered  by  micrometeors,  the 
splash  particles  from  these  micrometeor  impacts  will  set  up  a field 
of  fast-moving  material  particles  in  the  vicinity  of  the  Moon  and  it  is 
important  to  make  observations  of  these.  One  will  be  able  to  do  this 
on  an  orbiting  satellite. 

The  Chairman.  You  could  do  that  with  a Lander,  too,  couldn’t  you  ? 

Dr.  Newell.  Well,  with  the  lander  you  will  fmd  out  what  is  in 
existence  on  the  surface  of  the  Moon  but  with  the  Orbiter  you  will  find 
out  if  these  splash  particles  are  also  existing  in  appreciable  numbers 
far  out  from  the  Moon  so  that  they  have  to  be  taken  into  account  when 
you  are  making  approaches  to  the  Moon. 

The  Chairman.  Well,  the  Lander  will  begin  taking  pictures  from 
what  point  above  the  surface  of  the  Moon  f 
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Mr.  Cortright.  The  Surveyor  Lander? 

The  Chairman.  Yes ; didn’t  you  say  yesterday  it  would  have  a reso- 
lution of  125  miles  down  to- — 

Dr.  Newell.  That  is  the  Ranger  impactor. 

The  Chairman.  Well,  then,  won’t  we  get  that  information,  Doctor, 
or  a certain  portion  of  it  from  Ranger  ? 

Dr.  Newell.  On  the  micrometeor  studies  we  will  get  some  of  that 
information  from  the  Surveyor  as  it  approaches,  but  again  since  the 
Surveyor  Lander  approaches  one  area,  we  will  not  get  a picture  of 
the  total  field  around  the  Moon. 

The  Surveyor  Lander  gives  ym  a measurement  along  an  approach 
trajectory  and  at  a single  spot  on  the  Moon,  where  it  lands. 

One  advantage  of  the  Surveyor  Orbiter  is  that  it  then  permits  you 
to  tie  together  these  spot  measurements,  both  the  measurements  along 
the  trajectories  and  at  the  landing  point. 

The  Chairman.  What  about  all  the  Ranger  flights? 

It  seems  to  me  that  we  are  going  to  take  a lot  of  photographs  and 
have  use  for  a very  few  of  them. 

Maybe  this  is  not  an  accurate  statement,  hilt  I would  think  we  will 
have  use  for  substantially  less  than  we  take.  Are  we  going  to  be  tak- 
ing pictures  with  the  Ranger,  are  we  going  to  be  taking  pictures  with 
the  Surveyor  Lander  and  are  we  going  to  be  taking  pictures  with  the 
Surveyor  Orbiter  ? 

It  just  seems  to  me,  Doctor,  that  we  are  going  to  have  a lot  of  pic- 
tures that  we  don’t  need  because  we  are  going  to  get  information 
from  several  that  gives  us  about  all  I guess  that  we  really  do  need. 

Now  can  we  do  something  with  Ranger,  for  example,  to  eliminate 
a very,  very  costly  project  like  Surveyor  Orbiter? 

Dr.  Newell.  Well,  I think  that  you  recognize  that  a picture  of  one 
region  on  the  Earth’s  surface  does  not  give  you  the  whole  story  about 
the  surface  of  the  Earth. 

The  same  thing  is  true  about  the  Moon,  a picture  at  one  or  even  a 
few  spots  does  not  give  you  the  whole  story  about  the  Moon. 

The  Chairman.  Well,  I appreciate  that,  but  you  are  not  going  to 
get  all  of  that  information  with  all  of  your  Rangers  and  all  of  your 
Surveyors,  so  I suppose  what  you  are  saying  really  is  how  far  down 
the  road  should  we  go  to  getting  a percentage  of  the  total. 

I don’t  know  how  much  we  add  by  Surveyor  Orbiter. 

I would  say  that  if  this  is  your  argument,  comparing  Earth  to  the 
Moon,  generally  speaking  if  you  can  stay  off  the  Rocky  Mountains 
you  could  probably  land  almost  any  place  in  this  United  States,  if 
you  were  not  worried  about  the  people  who  live  here.  If  you  had  the 
capability  of  landing  something,  the  situation  may  be  the  same  on  the 
Moon.  I am  not  sure,  but  if  we  find  out  the  composition  of  the  surface 
of  the  Moon,  then  really  we  are  not  as  hamstrung  in  selecting  a land- 
ing site,  are  we,  as  we  might  be  led  to  believe  V 

Dr.  Newell.  Well,  if  it  turns  out  that  much  of  the  Moon’s  surface 
is  like  the  very  rugged  areas  of  the  craters  of  the  Moon  National 
Monument  in  Idaho  or  the  very  rugged  terrain  of  parts  of  Utah,  or  is 
of  a quicksand  type,  then  we  are  in  real  trouble. 

I think  one  of  the  major  points  about  the  Orbiter  is  that  if  we  have 
had  spot  checks  with  the  Surveyors  and  Rangers  so  that  we  know 
what  certain  spots  are  like  and  we  can  tie  that  information  in  with 
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other  observations  such  as  the  optical  appearance,  reflection  charac- 
teristics, and  so  forth,  then  with  the  Surveyor  Orbiter  pictures  we 
can  extrapolate  and  interpolate  effectively  from  the  spot  cnecks  made 
by  Ranger  and  Surveyor  Lander  and  determine  whether  we  have  a 
real  problem  or  not. 

Mr.  Cortright.  Although  the  Ranger  takes  many  pictures,  it  takes 
them  along  a single  axis,  starting  from  the  original  hundred  mile 
picture  down  to  a very  small  one. 

The  Orbiter  takes  hundreds  of  square  miles  of  pictures  along  se- 
lected strips,  and  we  can  select  them  while  it  is  in  orbit.  Think  of  the 
Moon  as  a checkerboard  with  each  square  having  something  different  in 
it,  and  assume  that  we  can  only  sample  maybe  four  or  five  of  these 
before  man  goes  to  the  Moon. 

Orbital  photographs  will  enable  us  to  create  the  potential  checker- 
board in  advance  and  then,  on  the  basis  of  a few  samples,  make  up  a 
mosaic  of  probable  lunar  surface  conditions  over  the  whole  desired 
landing  area  of  the  Moon. 

Now  we  are  not  trying  to  map  the  whole  Moon. 

The  Chairman.  Even  at  that,  it  will  be  like  putting  postage  stamps 
on  that  wall,  won’t  it,  Mr.  Cortright? 

Mr.  Cortright.  I think  it  is  better  than  that  but  it  is  far  from  a 
complete  lunar  mapping  job,, 

Mr.  Downing.  This  present  picture  of  the  Moon  that  you  have  here, 
it  looks  like  it  may  be  composed  of  rocks  1,000  miles  in  length  or 
something. 

Is  that  a reasonable  interpretation? 

Dr.  Newell.  The  photographs  of  the  Moon  show  very  little  colora- 
tion. The  Moon  appears  to  be  mostly  gray  which  would  indicate 
rocky  type  surface:  the  radio  observations  from  the  surface  of  the 
Earth  show  that  the  Moon  looks  relatively  smooth  which  means  that 
the  boulders  and  materials  strewn  about  the  Moon  would  probably  be 
less  than,  on  the  average,  some  yards  in  diameter. 

We  are  therefore  reduced  to  determining  whether  or  not  the  Moon 
is  strewn  with  boulders  of  many  feet  in  diameter,  as  compared  to  many 
yards. 

The  Chairman.  Dr.  Newell,  really  the  only  thing  that  we  must 
know  about  the  surface  of  the  Moon  is  whether  or  not  it  will  sustain 
the  weight  of  an  LEM. 

Isn’t  that  right  ? 

Dr.  Newell.  No;  that  is  not  quite  correct. 

The  Chairman.  Well,  perhaps  not  quite,  but  this  is  the  really  im- 
portant thing,  isn’t  it? 

I mean  we  want  to  make  sure  that  we  have  ascertained  before  the 
manned  landing  that  the  surface  will  support  the  weight  of  the  man 
in  the  module,  isn’t  that  right?  We  want  to  determine  that  it  is  not 
sponge-like  substance  such  as  you  described  yesterday. 

Dr.  Newell.  It  is  not  only  a question  of  the  weight,  but  also  whether 
the  Moon  is  so  rough  that  the  capsule  could  not  find  a level  enough 
spot,  or  even  enough  space  on  which  to  land.  It  might  be  toppled  over 
and  damaged  because  of  the  fact  that  there  are  boulders  and  cracks  and 
crevices,  even  though  the  material  might  support  the  weight. 

The  Chairman.  Well,  first  of  all  we  have  to  establish  what  the  com- 
position is,  and  then  we’ll  try  to  pick  out  a fairly  level  spot,  but  how 
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accurately  is  the  astronaut  going  to  toe  atole  to  maneuver  this  thing  and 
with  what  kind  of  map  are  you  going  to  be  able  to  equip  him  ? Will 
he  be  able  to  maneuver  this  thing  to  a precise  point  on  the  Moon  the 
size  of  this  room  or  the  size  of  this  building,  or  the  size  of  Washing- 
ton, D.C. 

I am  not  sure  you  see  that  all  of  the  information  wo  are  going  to 
have  is  going  to  do  him  much  good  unless  this  thing  is  extremely 
maneuverable;  and  if  it  is  extremely  maneuverable,  he  can  pick  out 
his  own  landing  spot,  he  does  not  need  a map  to  guide  him  to  a par- 
ticular section  of  the  Moon  as  indicated  by  our  photographs. 

Dr.  Newell.  Well,  in  order  to  go  ahead  with  this  project,  he  wants 
to  know,  as  you  say,  whether  or  not  there  are  areas  in  which  he  can  set 
his  landing  module  down  and  not  be  toppled  over  by  the  presence  of 
boulders,  or  the  existence  of  cracks,  and  know  that  he  is  not  going  to 
sink  into  a mass  of  dust. 

The  combination  of  the  Surveyor  Landers  and  the  previous  Rangers 
together  with  the  Surveyor  Orbiter  is  designed  to  map  enough  of  the 
Moon  so  that  with  the  scientists  studying  this  they  will  be  able  to  tell 
him  whether  or  not  such  and  such  an  area  is  an  acceptable  one  for  him 
to  attempt  a landing  in. 

These  scientists  will  combine  the  optical  appearance  on  the  photo- 
graphs with  the  physical  characteristics  actually  measured  by  means  of 
the  Surveyor  landing  craft. 

The  Chairman.  What  you  seem  to  be  saying  is  that  all  of  the  Sur- 
veyor Landers  may  land  in  one  spot,  and  so  you  just  won’t  get  a 
checkerboard  effect  like  what  you  might  need  to  ascertain  the  composi- 
tion of  the  various  sections  of  the  Moon’s  surface;  is  that  right? 

Dr.  Newell.  What  I am  saying  is  all  of  the  Surveyor  Landers,  even 
if  they  don’t  land  in  one  spot,  will  give  you  only  a sampling,  and  you 
have  to  have  a further  check  to  see  whether  that  sampling  is  a good 
sampling. 

The  Chairman.  Can  we  direct  the  Surveyor  Lander  to  a precise  spot 
on  the  Moon  or  within  a certain  small  given  area  ? 

Dr.  Newell.  We  can  direct  it  to  within  about  50  miles  on  the  lunar 
surface. 

Mr.  Cortright.  Any  50  miles  on  the  left-hand  side  of  the  Moon  as 
you  look  at  it. 

The  Chairman.  Using  this  thing  [indicating],  as  a somewhat  ac- 
curate description  of  wnat  the  lunar  surface  looks  like,  we  could 
undoubtedly  hit  this  area  [indicating] , couldn’t  we,  with  a Surveyor 
Lander? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  Or  hit  this  area  ? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  So  if  we  hit  any  one  of  these  areas  I guess  we  could 
be  pretty  much  of  the  opinion  that  what  it  is  like  here  [indicating] 
it  is  like  over  here;  isn’t  that  right?  And  what  it  is  like  here  it  is 
probably  like  all  over  here ; isn’t  that  a fair  statement  ? 

Dr.  Newell.  To  the  extent  that  you  are  willing  to  rely  on  the 
limited  observations  from  which  that  model  was  drawn. 

That  resolution,  corresponding  to  telescope  observations  from  the 
Earth,  is  something  like  three-fifths  of  a mile,  and  as  that  picture  has 
been  drawn  the  artist  has  said  to  himself  where  it  all  looks  alike  it  is 
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alike.  So  he  lias  covered  one  set  of  areas  with  blue,  and  he  has  drawn 
up  another  set  with  that  structure  that  you  see  in  the  mountainous 
area. 

Now  we  say  in  order  to  be  sure  that  you  are  not  committing  some- 
body to  a suicide  mission  we  have  to  obtain  this  same  information  to 
a better  resolution. 

The  Chairman.  Our  telescopic  resolution  today  is  what,  sir? 

Dr.  Newell.  Three-fifths  of  a mile. 

The  Chairman.  What  do  you  think  this  is,  what  would  this  be? 

Dr.  Newell.  That  is  based  on  three-fifths-mile  resolution,  and 
hence  hides  just  the  questions  that  you  need  to  know:  Are  there 
boulders  of  several  feet  to  several  meters?  Is  there  this  fairy  castle 
dust  layer  on  the  Moon?  Does  this  fairy  castle  layer  cover  not  only 
the  maria  but  the  mountains,  as  Dr.  Tom  Gold  thinks? 

I for  one  would  not  like  to  go  on  such  a mission  without  knowing 
the  answers  to  these  questions. 

The  Chairman.  I am  not  sure  that  we  are  going  to  get  anything 
more  than  we  will  already  have  by  the  Surveyor  Lander;  this  is  my 
point,  Doctor. 

I certainly  agree  we  should  have  as  much  information  as  we  can 
possibly  get.  Sophisticated  redundancy  does  not  necessarily  appeal 
tome. 

Dr.  Newell.  You  look  with  our  telescopes  and  you  get  a resolution 
of  three-fifths  of  a mile,  that  is  a pretty  big  distance  actually,  and 
you  say  within  this  resolution  there  are  big  areas  that  look  as  though 
they  are  all  the  same,  over  those  whole  areas  of  the  maria,  for  example. 
But  you  don’t  know  that  they  are  really  uniform,  and  in  order  to  be 
sure  about  it  you  ought  to  get  observations  over  that  total  area  and 
with  a resolution  of  a few  feet  as  we  are  proposing  to  do. 

Now,  with  our  Surveyor  Landers  we  will  have  spot  checks  in  the 
various  maria,  and  spot  checks  in  other  types  of  locality. 

The  Chairman.  Yes,  but  we  will  have  more  than  a spot  check. 
When  the  Surveyor  Lander  is  approaching  the  Moon  it  takes  pictures 
at  what  distance  from  the  surface  ? 

Mr.  Cortright.  It  is  not  really  designed  to  get  high  resolution 
surface'  photography,  it  is  designed  to  get  a series  of  nested  pictures 
so  we  can  reconstruct  where  the  Surveyor  landed. 

The  Chairman.  Except  that  you  will  get  a pretty  good  idea  of 
what  a large  area  of  the  surface  of  the  Moon  appears  to  be  like  in  that 
area  in  which  it  lands,  isn’t  that  correct  ? 

Mr.  Cortright.  Not  a high  resolution. 

The  Chairman.  No;  except  that  you  will  be  able  to  tell,  won’t 
you,  from  even  its  non-high-resolution  pictures  as  it  approaches 
whether  or  not  that  whole  area  is  pretty  generally  the  same  as  the  area 
that  it  landed  on.  Won’t  you  lie  able  to  tell  that  ? 

Dr.  Newell.  When  it  is  at  high  altitude  its  resolution  will  be  com- 
parable to  what  we  already  get  from  Earthbound  telescopes.  When 
it  gets  low  enough  so  that  its  improved  resolution  is  giving  you  better 
information  its  area  of  view  will  have  become  limited  so  that  again 
you  are  in  the  same  bind  that  you  are  seeing  only  one  restricted  spot. 

You  know  that  with  low  resolution  a total  area  looks  very  much 
like  what  that  restricted  spot  did  with  that  low  resolution,  out  you 
do  not  know  that  with  the  high  resolution  that  total  area  is  all  the 
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same.  Prudence  dictates  that  we  know  more  about  the  Moon  before 
we  send  some  men  there. 

The  Chairman.  Yes,  the  only  point  that  I want  to  make  is,  if  we 
were  so  imprudent  as  to  have  waited  until  this  time  in  our  manned 
lunar  landing  effort  to  decide  that  we  need  a Surveyor  Orbiter,  then 
I am  not  so  sure  that  we  have  as  fine  a program  as  we  think  we  have, 
you  see.  I agree  with  you  insofar  as  your  opinion  on  prudence  is 
concerned.  I think  that  is  true. 

Dr.  Newell.  It  is  true,  Mr.  Chairman,  that  a basic  science  program 
of  limited  scope  can  very  often  get  you  into  binds  like  this  where  you 
only  wish  you  had  done  it  earlier.  This  is  why  I keep  pleading  for 
the  broadest  possible  program  to  keep  us  protected  against  the  un- 
expected and  to  cover  all  our  bets. 

The  Chairman.  Now  there  is  a program  in  the  manned  lunar 
landing  program  that  actually  sends  some  kind  of  a module  to  the 
Moon,  isn’t  there,  which  lands  on  the  Moon,  or  takes  a look-see  and 
makes  some  analyses  and  sends  th8  information  back  to  Earth  ? Isn’t 
there  some  kind  of  program  like  this  in  the  manned  lunar  landing 
program  ? 

Mr.  Cortright.  As  you  recall,  last  year  when  this  committee  and 
the  main  committee  recommended  that  Project  Prospector  not  be 
carried  forward,  this  was  about  the  same  time  when  we  transferred 
responsibility  for  any  large  logistics  vehicle  which  was  one  of  the 
functions  of  the  Prospector,  to  the  Office  of  Manned  Space  Flight. 

They  have  taken  this  past  year  as  an  opportunity  to  study  a num- 
ber of  such  systems,  and  these  systems  have  varied  all  of  the  way  from 
automating  the  lunar  excursion  module  so  that  it  can  land  remotely, 
to  building  a separate  logistics  vehicle.  f 

These  systems  are  still  under  study,  and  to  the  best  of  my  knowledge 
none  of  them  are  approved  by  the  NASA  A dministration. 

The  Chairman.  Well,  what  if  they  decide  to  go  ahead  with  one  of 
those  and  then  we  decide  to  go  ahead  with  the  Orbiter  and  the 
Lander  and  the  Ranger?  Then  how  many  programs  too  many  will 
we  have,  would  you  say  ? We  must  have  one  too  many. 

Mr.  Cortright.  Well,  Mr.  Chairman,  we  are  not  uncoordinated  in 
that  sense.  We  work  together  on  a weekly  basis.  In  fact,  we  have 
set  up  a special  group  under  Dr.  Shoemaker  just  to  insure  that  the 
programs  that  we  start,  which  have  both  scientific  value  and  value 
m support  of  the  manned  mission,  are  projects  which  are  needed  and 
are  traded  off  against  possible  things  that  could  be  done  as  part  of 
their  program.  This  is  reviewed  by  Dr.  Seamans  and  Dr.  Dry  den  and 
Mr.  Webb,  and  they  make  the  final  judgments. 

Now,  in  the  case  of  a lunar  logistics  vehicle,  an  entirely  new  one 
of  the  C-5  size,  this  is  an  end-of-the-decade  sort  of  operation  designed 
to  support  extensive  lunar  exploration  by  man  after  the  initial  landing. 

An  automated  lunar  excursion  module  could  come  in  earlier,  but 
anything  you  put  in  earlier  of  that  sort  of  nature  may  detract  from  the 
current  Apollo  schedule,  which  is  tailored  to  get  man  on  the  Moon  at 
the  earliest  possible  date. 

I am  not  sure  that  answers  your  question,  but  I am  trying  to  give 
you  the  status  of  the  total  deliberation. 

Mr.  Hammill.  If  I recall  Dr.  Newell’s  testimony  during  the  posture 
hearings  when  he  was  asked  about  the  reevaluation  of  the  Surveyor 
Orbiter  which  was  then  underway,  he  indicated  that  the  Surveyor 
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Orbiter  pictures  would  be  available  in  the  1965-66  time  frame,  and 
that  this  would  probably  only  be  a year  or  so  before  the  first  manned 
flight  to  the  Moon ; referring  not  necessarily  to  a landing  on  the  Moon, 
but  a manned  flight  in  the  vicinity  of  the  Moon.  Presumably  all  of 
the  objectives  of  the  Orbiter  could  be  carried  out  by  a man  in  the 
vicinity  of  the  Moon. 

Is  that  a correct  statement  of  your  testimony  or  not  ? 

Dr.  Newell.  Yes.  The  point  was  made  that  we  wanted  to  consider 
all  different  approaches  to  getting  this  information. 

Now,  our  decision  to  go  ahead  with  the  lunar  Orbiter  included  the 
thought  that  we  needed  these  data  as  early  as  possible  and  as  far  as 
possible  in  advance  of  the  lunar  landing,  and  that  the  chances  of 
getting  it  with  the  lunar  Orbiter  at  the  planned  time  period  were 
greater  than  the  chances  of  getting  them  in  the  manned  flight  prog"  m 
in  the.  designated  time  period,  because  again  that  program  is  going  to 
be  subject  to  the  same  difficulties  that  we  all  have  in  getting  on  with  a 
very  complicated  and  extremely  difficult  program,  and  there  will  be 
delays  there. 

So,  on  balance  it  seems,  to  us  a better  way  of  covering  our  bets  to 
go  ahead  with  the  lunar  Orbiter. 

The  Chairman.  Any  other  questions  ? 

Mr.  Chenoweth. 

Mr.  Chenoweth.  I would  just  like  to  ask  one  more  question. 

Following  up  the  line  of  questioning  of  the  chairman,  do  I get  the  im- 
pression now  that  the  data  whi^  you  are  going  to  obtain  from  this 
Orbiter  is  essential  and  absolutely  necessary  to  the  manned  lunar 
flight;  in  other  words,  the  flight  will  depend  upon  the  data  which  you 
get? 

Dr.  Newell.  We  feel  that,  yes. 

Mr.  Chenoweth.  Now,  should  we  go  ahead  with  other  preparations 
for  this  manned  flight  program  until  you  have  completed  your  pro- 
gram? Suppose  you  come  up  with’ a very  unfavorable  or  impossible 
situation  there,  what  are  we  going  to  do  with  the  manned  flight  then  ? 

Dr.  Newell.  Well,  our  best  estimate  at  the  present  time  is  that  there 
will  be  found  places  where  the  landing  can  take  place.  Our  problem 
is  to  find  those  areas.  We  don’t  know  right  now  where  they  are. 

Mr.  Chenoweth.  You  don’t  know  whether  there  are  any,  do  you, 
Doctor  ? 

Dr.  Newell.  We  do  not. 

Mr.  Chenoweth.  Then  the  whole  thing  is  a matter  of  conjecture. 

Dr.  Newell.  Yes.  It  is  not  a matter  of  just  guessing,  however,  it  is 
a matter  of  educated  conjecture. 

Mi*.  Chenoweth.  You  hope  you  can  find  a place  ? 

Mr.  Cortright.  There  are  reasons  to  expect  that  there  would  be 
places,  because  gravity  tends  to  pull  everything  to  a uniform  surface 
and  is  only  resisted  by  materials  which  have  structural  strength  in 
themselves,  like  boulders.  Lava  flows  tend  to  flow  flat,  although 
rough,  and  from  our  experience  on  Earth  the  geologists  feel  thait  there 
will  be  places,  but  we  don’t  know  where. 

Mr.  Chenoweth.  It  is  possible  that  the  decision  will  be  made  as  to 
the  lunar  flight  that  man  will  make  his  flight  and  come  back  without 
landing  because  the  conditions  would  be  so  adverse  that  he  might  not 
want  to  run  that  risk. 
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Mr.  Cortright.  He  has  that  option  all  of  the  way  up  until  the  final 
instance  before  touchdown. 

I might  say  that  one  such  aborted  mission  saved,  pays  for  a program 
like  the  lunar  Orbiter. 

Mr.  Chenoweth.  Well,  he  would  have  the  benefit  from  this  before 
he  leaves,  and  surely  would  be  guided  by  that,  I think. 

The  Chairman.  I would  like  to  have  some  answers  for  the  record  as 
to  how  maneuverable  this  capsule  is  going  to  be, 

Now  let  us  say  that  we  get  some  really  good  pictures  from  the  Sur- 
veyor Orbiter  and  putting  them  together  with  pictures  that  we  receive 
from  the  Surveyor  Lander  and  from  the  Ranger  program  and  others 
that  might  be  involved,  we  decide  that  man  should  land  in  a specific 
region  on  the  Moon.  Now,  how  possible  is  this  going  to  be  ? Can  we 
direct  him  to  an  area  of  tne  Moon  the  size  of  Washington,  D.C.,  for 
example? 

This  is  what  we  are  going  to  have  to  do  if  the  value  of  these  pictures 
is  to  be  anything  at  all.  We  are  going  to  have  to  design  this  kind  of 
capability  into  tne  craft ; right  ? 

Then  it  seems  to  me  if  we  have  this  capability  an  astronaut  would 
probably  be  a better  judge  of  where  he  should  land  when  he  gets  close 
to  the  surface  than  what  the  map  which  you  have  prepared  would  tell 
him  about  where  he  should  land. 

I don’t  know.  I am  just  speculating  here,  but  it  seems  to  me  that 
if  I were  that  pilot  I would  probably  want  to  take  a look  for  myself 
if  I had  this  kind  of  vehicle  and  I assume  we  are  going  to  have  that 
kind  of  vehicle. 

This  is  going  to  be  a pretty  maneuverable  piece  of  machinery,  and 
if  it  looks  like  the  surface  of  the  Moon  is  made  of  putty,  I assume  that 
the  astronaut  is  going  to  have  the  capability  built  into  the  vehicle  so 
that  he  doesn’t  really  land.  He  might  just  hover  there  for  a minute 
over  the  surface  and  then  go  back  to  rendezvousing  with  the  command 
module. 

Isn’t  that  correct,  Dr.  Newell? 

Dr.  Newell.  Mr.  Cortright  has  the  information  on  the  numbers 
that  you  have  asked  about,  but  before  he  gives  them  I would  like  to 
point  out  that  what  we  are  trying  to  do  is  to  put  the  operator  of  that 
module  into  the  best  possible  position  to  avoid  a catastrophe. 

Now,  you  think  of  this  object  as  hovering  over  a spot  and  deciding 
whether  or  not  that  is  a good  spot  to  land  in,  but  suppose  that  the 
lunar  surface  is  covered  with  these  tremendous  layers  of  dust  that 
Tom  Gold  speaks  about,  and  that  the  jet  from  this  hovering  craft 
simply  builds  up  clouds  of  these  particles  that  then  envelop  the  space- 
craft and  cover  it  with  a layer  of  dust  because  of  the  fact  that  out 
there  in  a vacuum  being  electrostatically  charged  by  solar  radiations 
the  dust  sticks  to  the  spacecraft.  The  man  is  then  in  trouble. 

In  other  words,  he  gets  in  trouble  in  what  on  Earth  would  just  be 
a normal  type  operation,  but  in  the  vicinity  of  the  Moon  is  a dan- 
gerous thing  to  do. 

So  when  we  say  we  want  to  survey  the  Moon  to  pick  out  the  best 
landing  spot  and  so  forth,  we  say  that  we  are  trying  to  study  all  of 
these  pictures  in  perspective  and  that  perspective  relates  to  conditions 
on  the  Moon,  the  properties  of  lunar  material,  what  it  will  do  under 
blast  by  the  lunar  vehicle,  and  so  forth. 
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We  are  trying  to  guess  what  surprises  may  be  in  store  for  the  man 
and  to  acquaint  him  with  these  and  to  give  him  the  ability  to  detect 
danger. 

With  this  introduction,  Mr.  Cortright  I think  has  the  answer  that 
you  asked  for. 

Mr.  Cortright.  I have  only  approximate  numbers,  but  I think  you' 
might  want  them  to  have  this  whole  thing  considered  in  the  proper 
context. 

The  lunar  excursion  module  will  have  the  option  of  maneuvering 
several  hundred  feet  in  any  direction  during  the  final  descent,  a cur- 
rent nominal  translation  range  of  1,000  feet  m 2 minutes  while  hover- 
ing just  above  the  lunar  surfs  re. 

You  have  to  be  directed  to  a pretty  good  spot  to  start  with,  and 
then  you  do  have  the  man’s  judgment,  which  is  a very  vital  and  critical 
factor  in  the  success  of  the  mission,  which  can  be  applied  at  the  final 
moments,  and  will  be,  no  doubt. 

Mr.  Randall.  Mr.  Chairman. 

The  Chairman.  Mr.  Randall. 

Mr.  Randall.  Just  a suggestion,  not  detracting  from  anything  Mr. 
Cortright  has  said,  but  I would  suggest  on  this  matter  that  at  some 
time  next  week  we  have  someone  from  the  Office  of  Manned  Space 
Flight  as  a witness  to  give  us  more  detail  on  it. 

The  Chairman.  This  might  be  a possibility. 

Mr.  Randall.  At  some  later  time  to  tie  in  with  the  suggestion  of 
the  chairman  and  the  others. 

The  Chairman.  Just  one  more  question,  Mr.  Cortright. 

If  geologists  are  correct  and  gravity  has  the  effect  that  you  alluded 
to  some  time  ago,  then  the  Moon  would  have  a hard  surface.  Just 
by  virtue  of  the-fact  that  it  is  round,  it  must  have  a fairly  hard  surface, 
isn’t  this  correct,  or  a fairly  firm  one? 

Mr.  Cortright.  Not  necessarily,  if  you  believe  Dr.  Gold’s  hypothe- 
sis. You  could  have  a large  dust  layer,  for  example,  20  feet.  I believe 
that  for  one  model  that  he  built  up  in  the  laboratory,  you  could  sink 
over  10  feet  before  you  would  reach  a bearing  strength  of  1 pound 
per  square  inch,  and  this  would  be  disastrous. 

The  Chairman.  But  he  doesn’t  agree  with  the  geologists,  does  he? 

Dr.  Newell.  No,  the  geologists  disagree  with  him. 

On  the  other  hand,  the  geologists  present  just  as  forbidding  an  area 
and  they  show  us  pictures  of  lava  flows  that  have  jagged  and  very 
sharp  projections,  and  even  though  the  bearing  strength  of  this 
material  is  very  high  nobody  would  want  to  land  in  it  because  the 
spacecraft  would  be  cut  to  pieces. 

The  Chairman.  Any  further  questions? 

Go  ahead. 

Mr.  Cortright.  In  the  planetary  program — and  by  the  way,  I 
would  like  to  introduce  a remark  here  simply  to  tell  you  that  I will 
be  coming  back  to  each  of  these  areas  in  some  detail,  so  that  if  you 
would  like  to  defer  detailed  questions  to  when  I get  to  the  specific 
items,  it  might  be  appropriate. 

The  Chairman.  Fine.  Thank  you  very  much. 

Mr.  Cortright.  In  the  planetary  program,"  our  active  flights  began 
with  the  highly  successful  Mariner  in  1962  and  will  pick  up  again 
in  late  1964  with  the  next  opportunities  to  fly  to  Mars. 
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Beyond  1964,  it  is  planned  to  launch  a minimum  of  two  flights  at 
each  opportunity  for  the  Mars  and  Venus  missions.  The  Mariner 
series,  which  began  with  the  capability  of  observing  the  planet  during 
close  flyby,  will  culminate  with  the  landing  of  instrumented  capsules 
on  the  planetary  surfaces.  Exploration  of  the  planets  constitutes 
what  may  be  the  next  greatest  national  challenge  in  space  beyond 
manned  exploration  of  the  Moon. 

Accordingly,  planning  is  continuing  toward  a large  spacecraft  to 
make  use  of  the  Saturn  launch  vehicle  capabilities.  This  project, 
known  as  Project  Voyager,  will  be  continued  into  preliminary  design 
studies  in  1964. 

The  Pioneer  series  of  flights  shown  at  the  bottom  of  the  chart  has 
been  added  since  we  last  haa  an  opportunity  to  describe  our  program  to 
you.  This  project  is  designed  to  capitalize  on  the  high  reliability  of 
the  Thor-Delta  launch  vehicle  and  the  simplicity  of  a light  spinning 
spacecraft  reminiscent  of  the  successful  Pioneer  V. 

The  Pioneer  program  will  provide  a series  of  deep  space  probes 
in  the  1964  through  1967  time  period  which  will  help  us  monitor  solar 
radiations,  both  as  a contribution  to  the  International  Quiet  Sun  Year 
and  in  preparation  for  solar  flare  prediction  at  the  time  of  the  manned 
lunar  mission. 

The  bioscience  flight  program  is  shown  in  the  next  chart  (fig.  34 
Bioscience  Programs).  This  program,  which  was  in  its  formulative 
stages  last  year,  is  now  beginning  to  accelerate. 

An  the  upper  part  of  tne  chart,  our  balloon-borne  program  is  illus- 
trated. This  program  is  currently  concentrating  on  two  objectives. 
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The  first  of  these  is  to  obtain  biological  samples  from  the  upper  strato- 
sphere, and  the  second  is  to  obtain  infrarea  spectra  of  the  planets  by 
carrying  a telescope  to  high  altitudes  for  observations  of  Mars  and 
Venus. 

You  will  recall  a successful  flight  to  observe  the  planets  was  just 
made. 

The  Chairman.  Is  this  going  to  be  done  by  the  observatories  also? 

Mr.  Cortright.  Yes,  the  observatories  will  get  above  all  of  the 
atmosphere  whereas  the  stratoscope  can  get  above  most  of  it. 

The  Chairman.  And  what  is  the  time  frame  for  each  of  these? 

Mr.  Cortright.  For  the  observatories? 

The  Chairman.  How  does  that  fit  into  the  time  schedule  ? 

Mr.  Cortright.  The  Orbiting  Astronomical  Observatory  will  fly  for 
the  first  time  in  1965.  We  are  doing  what  we  can  with  balloons,  now. 

The  Chairman.  The  one  that  you  are  scheduling  with  the  tele- 
scopic capability,  when  do  you  expect  to  launch  that  ? 

I see  none  for  1964,  one  for  1963.  Does  the  one  for  1963  have  the 
telescope  in  it,  or  are  you  planning  that  for  the  1965  observation? 

Mr.  Cortright.  I think  we  may  be  mixed  up  here,  Mr.  Chairman. 
The  Orbiting-  Astronomical  Observatory  carries  large  optical  equip- 
ment and  spectrographs  to  study  stars  and  look  at  the  planets.  It  is 
capable  of  looking  at  the  planets. 

This  schedule  does  not  snow  the  flights  of  the  Orbiting  Astronomical 
Observatory.  This  shows  at  the  top,  our  balloon  flights  both  with 
atmospheric  or  stratospheric  samplers  and  with  telescopes. 

The  Chairman.  That  was  the  object  of  my  question.  When  do  you 
expect  to  launch  the  balloon  that  will  carry  the  telescope  that  will 
do  somewhat  the  same  thing  as  the  observatory  will  do  ? 

Mr.  Cortright.  We  just  did  it. 

The  Chairman.  That  is  the  1963  shot? 

Mr.  Cortright.  We  just  had  a flight  within  the  past  2 weeks,  which 
was  successful. 

The  Chairman.  I see. 

Mr.  Cortright.  The  balloon  does  not  have  the  capabilities  of  the 
Orbiting  Astronomical  Observatory  but  it  has  advantages  over  Earth- 
based  telescopes  which  make  it  worthwhile  to  do  this  work. 

The  Chairman.  Maybe  when  we  get  into  these  specifics,  Mr.  Cort- 
right, you  could  give  us  kind  of  a nice  rundown  on  what  we  did  get 
from  this  balloon  launch. 

Mr.  Cortright.  I will  be  glad  to  do  that. 

Results  of  Stbatobcope  II 

Stratoscope  II  was  launched  (after  numerous  delays  due  to  weather)  at  5:41 
p.m.  on  March  1,  1963,  from  the  Scientific  Balloon  Station  (National  Center  for 
Atmospheric  Research),  Palestine,  Tex.  Operations  and  guidance  were  carried 
out  from  a control  van  located  about  200  miles  from  the  launch  site  near 
Alexandria,  La.  Preparations  for  the  launch  started  the  night  before;  the 
balloon  was  laid  out  in  the  morning  and  inflated  by  noon.  Preparations  were 
completed  by  4 p.m. ; meteorological  conditions  were  favorable  and  the  launch 
accomplished  at  5 :41  p.m. 

The  balloon  ascended  to  an  altitude  of  lietween  78,000  and  79,000  feet,  above 
most  of  the  Barth’s  moisture.  The  payload,  which  included  a 36-inch  mirror, 
telescope,  TV  camera,  and  spectroscope,  weighed  6,300  pounds.  The  balloon 
drifted  easterly  with  the  wind  currents.  At  about  8 p.m.  operations  were  begun 
to  orient  the  telescope.  A coarse  vision  TV  camera  “finder”  was  turned  on  to 
pick  up  guide  points  (stars,  Moon,  etc.).  The  telescope  with  its  18-foot  tube 
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was  balanced  and  pointed.  Aiming  the  telescope  was  accomplished  by  deter- 
mining the  azimuth  and  elevations  for  required  position.  A compass  on  the 
telescope  relayed  information  as  to  the  direction  in  which  it  was  pointing  to 
the  ground  station.  The  coarse  TV  camera  or  “finder”  relayed  the  telescopic 
picture  and  then  a more  sensitive  TV  camera  took  over  by  remote  control. 

The  telescope  was  aimed  carefully,  centering  on  Mars.  An  automatic  guiding 
device  took  over,  locking  the  telescope  on  the  planet.  This  remained  fixed, 
despite  the  balloon’s  movements.  The  spectroscope  measured  the  frequency 
spectra  emitted  from  Mars  in  the  infrared  range.  In  this  case  the  frequency 
spectra  from  1 to  7 microns  were  scrutinized. 

Five  scans  were  made  of  Mars  by  the  telescope,  and  data  from  the  spectrom- 
eter were  sent  back  via  the  TV  camera  and  also  recorded  on  board  simultaneously. 
Two  of  the  scans  were  slow,  and  the  other  three  fast.  Observations  were  made 
of  00*  and  water  vapor  on  Mars.  Tracings  in  the  1.8-micron  region  and  is  the 
2.7-micron  region  indicated  the  presence  of  water  and  CO*.  This  is  the  first 
time  that  a positive  indication  of  the  presence  of  water  has  been  obtained  on  an 
object  outside  of  the  Earth. 

The  carbon  dioxide  and  water  tracings  were  quite  definite,  although  the 
amount  of  water  indicated  was  small.  It  was  surprising  that  the  water  was  so 
easily  measurable.  While  the  scientists  at  the  University  of  California  and 
Princeton  University  have  data  which  clearly  indicate  the  presence  of  these 
compounds,  it  must  be  emphasized  that  the  exact  quantities  have  not  yet  been 
determined.  The  analysis  is  still  underway ; the  analysis  of  these  data  should 
be  completed  about  mid-April. 

The  balloon  drifted  easterly  for  about  700  miles  and  descended  just  north  of 
Huntsville,  Ala.,  in  an  open  field  near  Paluski,  Tenn.  The  descent  was  made  at 
about  6 a.m.  by  parachute  from  40,000  feet.  A local  man  saw  the  descent  and 
notified  the  sheriff,  who  guarded  the  balloon  until  the  crew  of  the  chase  planes 
arrived  and  took  charge  of  the  instrument.  Very  little  damage  occurred  as  a 
result  of  the  descent. 

At  the  beginning  of  the  experiment  there  were  some  difficulties  associated  with 
an  unexpected  temperature  of  —70°  C.  Although  a low  temperature  was  antici- 
pated, it  was  not  expected  to  be  at  this  low  a level.  The  difficulty  was  corrected 
prior  to  the  scientific  determinations. 

The  Chairman.  Fine.  Thanks. 

Mr.  Cortright.  In  addition,  the  biosciences  flight  program  is  en- 
tering into  the  satellite  flight  phase.  In  late  1964,  it  is  planned  to 
launch  the  first  of  a series  of  recoverable  satellites  which  will  carry 
multiple  experiments  in  fundamental  biology. 

Beyond  these  early  exploratory  flights,  we  are  planning  to  eventually 
use  manned  spacecraft  for  the  conduct  of  more  complex  biological 
experiments  in  space. 

And  I might  inject  here  the  information  that  we  now  have  a request 
for  proposals  of  this  simple  recoverable  satellite  capable  of  bringing 
biological  samples  back.  The  industry  is  now  preparing  its  bids  on 
that  system. 

In  support  of  this  space  sciences  flight  program,  we  are  continuing 
with  the  launch  vehicles  which  were  described  to  this  committee  last 
year,  namely,  the  Scout,  Delta,  Thor-Agena,  Atlas- Agena,  and  the 
Atlas-Centaur. 

In  addition,  we  are  examining  closely  the  use  of  the  Saturn  launch 
vehicle  series  in  our  advanced  planetary  program. 

THE  ORGANIZATIONAL  BUILDUP 

The  breadth  of  the  space  sciences  program  has  required  an  equally 
broad  organization  to  carry  it  forward.  This  organization  is  il- 
lustrated in  the  next  chart  (fig.  35,  The  Organization  To  Do  the  Job) . 

The  Office  of  Space  Sciences  contracts  project  management  and 
project  support  to  the  eight  NASA  field  organizations  listed.  These 
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organizations,  in  turn,  contract  the  major  portion  of  the  indicated 
project  work  to  industry. 

Scientific  support  is  provided  primarily  by  NASA  Centers  and  by 
universities.  This  large  Government,  industry,  university  team  has 
become  well  integrated  into  an  efficient  orgamzation  during  the  past 
few  years,  an  organization  which  is  capable  of  executing  the  complex 
tasks  which  have  been  laid  upon  it. 

The  key  individuals  responsible  for  the  overall  management  of  this 
effort  are  the  Directors  of  the  Office  of  Space  Sciences  and  the  Directors 
of  the  NASA  field  installations.  I would  like  to  identify  them  for  you 
at  this  time. 

NASA  Headquarters,  Office  of  Space  Sciences 

Dr.  Homer  E.  Newell,  Director, 
v Edgar  M.  Cortright,  Deputy  Director. 

Dr.  John  F.  Clark,  Associate  Director  and  Chief  Scientist. 

Dr.  Richard  B.  Morrison,  Director,  Launch  Vehicle  and  Propulsion 
Program. 

Dr.  John  E.  N angle,  Director,  Geophysics  and  Astronomy  Programs. 

Oran  W.  Nicks?  Director,  Lunar  and  Planetary  Programs. 

John  D.  Nicolaides,  Director,  Program  Review  and  Resources  Man- 
\ agement. 

Dr.  Orr  Reynolds,  Director*  Biosciences  Programs, 

} Dr.  T.  L.  K.  Smull,  Director,  Office  of  Research  Grants  and 

i Contracts. 
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NASA  Field  Installations 

Dr.  Smith  J.  DeFrance,  Director,  Ames  Research  Center. 

Dr.  Harry  J.  Goett,  Director,  Goddard  Space  Flight  Center. 

Dr.  Abe  Silverstein,  Director,  Lewis  Research  Center. 

Dr.  Floyd  Thompson,  Director,  Langley  Research  Center. 

Dr.  Kurt  Debus,  Director,  Launch  Operations  Center. 

Robert  Krieger,  Director,  Wallops  Station. 

William  H.  Evans,  Director,  Pacific  Launch  Operations. 

• Jet  Propulsion  Laboratory 

Dr.  William  H.  Pickering,  Director. 

These  key  men  gather  bimonthly  for  1 or  2 days  at  a senior  council 
meeting  at  which  we  discuss  our  program  planning,  project  progress, 
technical  and  management  problems,  hew  management  tools,  budget- 
ing, contracting,  coordination,  and  the  host  of  other  areas  which  must 
be  dealt  with. 

This  management  technique  brings  to  bear  on  our  toughest  problems 
the  best  collective  thinking  we  can  muster.  It  is  but  one  of  the  tech- 
niques we  employ  to  insure  good  management,  without  which  a pro- 
gram of  this  magnitude  would  founder. 

PROBLEMS  WHICH  HAVE  BEEN  ENCOUNTERED 

As  I mentioned  earlier,  the  advance  scientific  missions  which  we 
have  undertaken  have  pressed  the  state  of  the  art  in  many  areas.  As  a 
result,  we  have  been  confronted  with  a number  of  difficult  problems 
which  must  be  solved  before  we  can  count  our  program  satisfactory 
in  all  respects. 

These  problems  are  summarized  in  the  next  chart  (fig.  36,  Problems 
We  Have  Encountered) . 

The  first  of  these  problems  is  that  of  reliability.  The  systems 
with  which  we  work  are,  of  necessity,  highly  complex.  They  require 
the  ultimate  in  design  concept,  engineering,  craftsmanship,  and  quality 
control.  These  qualities  are  not  easy  to  achieve. 

The  difficulty  in  achieving  early  systems  reliability  is  illustrated  by 
the  average  curve  of  reliability  versus  flights  for  several  major  mili- 
tary flight  systems. 

And,  incidentally,  I would  have  been  very  happy  to  use  NASA 
flight  systems  if  we  had  enough  experience  with  our  systems  to  plot 
them  to  this  curve.  We  don’t  in  most  cases. 

On  the  average,  it  took  about  20  flights  to  achieve  50  percent  re- 
liability. The  more  advanced  civilian  and  military  spacecraft  are 
comparable  in  complexity  to  these  illustrative  systems.  Some  are 
showing  signs  of  similar  “bugs”  early  in  their  development  cycles. 
We  must  radically  improve  this  situation  and  strive  for  reliabilities 
approaching  100  percent  at  the  outset. 

We  are  working  closely  with  the  Department  of  Defense  in  this 
effort. 

Another  type  of  problem  which  we  have  encountered  is  that  of 
maintaining  schedules  in  the  face  of  unforeseen  technical  problems 
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encountered  in  attempting  to  advance  the  state  of  the  art  in  launch 
vehicles  and  spacecraft. 

A third  type  of  problem  which  confronts  us  is  that  of  holding  down 
costs.  Overruns  on  contracts  are  a constant  hazard  in  research  and 
development  projects  and  require  continuous  and  diligent  effort  to 
keep  to  a minimum. 

All  of  the  problems  which  have  been  listed  in  this  chart  are  being 
attacked  with  determination  and  imagination.  Improved  reliability 
is  being  sought  by  increased  attention  to  basic  design,  by  tighter  speci- 
fications, by  improved  inspection  and  quality  control  procedures,  and 
by  more  rigorous  test  and  checkout  procedures. 

We  are  pressing  this  attack  from  the  Government  laboratories, 
through  the  prime  contractors,  and  down  to  the  smallest  vendors 
of  parts. 

In  addition,  contractural  techniques  are  being  actively  sought  to 
provide  incentives  for  those  contractors  who  produce  reliable  equip- 
ment, on  schedule,  and  within  estimated  costs.  We  are  endeavoring 
to  improve  our  initial  specifications  and  to  minimize  changes  within 
the  course  of  the  project  which  will  alter  schedules  and  increase  costs. 

Mr.  Randall.  May  I intei  .’upt,  Mr.  Chairman  ? 

These  incentives,  I think,  are  important. 

In  the  posture  hearings  of  the  full  committee  we  discussed  the 
displeasure  of  certain  members  that  the  percentage  of  failures  had 
mounted  up,  and  the  question  of  penalties  was  brought  up. 

We  did  not  go  into  penalties  but  we  mentioned  incentives. 

What  are  some  of  those  incentives,  could  you  spell  that  out? 
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Mr.  Cortright.  I can  submit  a,  complete  report  to  you  later  but 
for  today  I can  say,  for  example,  that  with  the  Space  Technology 
Laboratory  on  the  Orbiting  Geophysical  Observatory  we  had  incen- 
tives based  on  keeping  overhead  down  on  the  contract.  With  the 
Grumman  Aircraft  Engineering  Corp.  on  the  Orbiting  Astronomical 
Observatory  we  had  incentives  in  our  contract  based  on  meeting 
schedules. 

We  are  working  with  our  contractors  to  provide  incentives  based 
on  meeting  schedules,  costs,  and  reliabilities,  and  penalties  based 
on  not  doing  so. 

These  penalties  are  conceived  of  as  loss  of  fee. 

We  don’t  have  in  our  program  at  the  moment  to  my  knowledge 
actual  penalty  clauses  but  I am  going  to  have  to  look  into  this  for  yoii 
a little  bit  more. 

Mr.  Randall.  By  your  program  you  mean  the  Office  of  Space 
Sciences? 

Mr.  Cortright.  Yes,  the  Office  of  Space  Sciences. 

Mr.  Randall.  Well,  have  you  had  any  experience,  if  you  put  strict 
penalties  in  the  contracts?  Well,  of  course,  you  say  you  nave  not 
yet  had  that  experience  so  you  could  not  answer  that  question. 

Mr.  Cortright.  I would  really  like  to  say  I am  not  certain.  There 
may  have  been  a penalty  clause  in  the  Grumman  contract  which  re- 
sulted in  a cost  sharing  above  a certain  point  but  I am  going  to 
have  to 

Mr.  Randall.  Well,  that  is  back  on  the  incentive  side. 

Mr.  Cortright.  No;  because  overruns  then  result  in  penalties,  but 
with  your  permission  I will  beg  off  on  that  question  today. 

Mr.  Randall.  All  right. 

The  Chairman.  Would  you  submit  it  for  the  record  ? 

Mr.  Cortright.  Yes,  I will. 

The  Chairman.  As  much.inf duration  as  you  can  get  on  that  ? 

Mr.  Cortright.  I will  submit  a statement  for  the  record  summariz- 
ing the  Office  of  Space  Sciences  experiences  with  incentive  contracts 
and  whether  or  not  penalty  clauses  were  involved. 

(The  information  requested  is  as  follows :) 

There  are  three  incentive  contracts  currently  being  utilized  for  projects  under 
the  program  management  cognizance  of  the  Office  of  Space  Sciences. 

They  are: 

I.  Contractor,  location:  Space  Technology  Labs,  Inc.,  Los  Angeles,  Calif. 

Number  and  date  executed:  NAS  5-899,  July  31, 1962. 

Project:  OGO  Spacecraft  Development 

Type : Cost  plus  fixed  fee  with  incentive  revision  on  indirect  cost 

Incentive  features  and  penalties  involved:  Contract  and  plantwide  targets 
were  established  on  indirect  costs  for  calendar  year  1962,  based  on  labor  over- 
head and  related  general  and  administrative  expense.  On  the  contract  basis  the 
difference  between  target  and  actuals  at  the  end  of  the  period  calendar  year  1962 
was  to  be  considered  for  sharing  at  a ratio  of  50 : 50.  On  a plantwide  basis, 
10  percent  of  the  difference  between  the  established  target  and  actuals  would 
be  considered  for  sharing  at  the  same  ratio.  In  other  words,  any  savings 
effected  by  the  contractor  on  indirect  costs  would  be  shared  as  outlined  above. 
Conversely,  the  contractor  assumes  risk  in  the  sharing  of  excessive  indirect  costs. 

Remarks : It  should  be  noted  that  the  contractor  has  _ot  submitted  his  formal 
report  on  this  incentive  arrangement  but  it  is  generally  believed  that  it  has 
resulted  in  some  efficiencies  at  the  contractor’s  plant 

II.  Contractor,  location:  Aerojet-General  Corp.,  Azusa,  Calif. 

Number  and  date  executed : NAS  5-2252,  June  30, 1962. 

Project : Development  and  procurement  of  Aerobee  350  rocket  systems. 

Type : Fixed  fee  with  incentive  revision. 
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Incentive  features  and  penalties  involved:  Target  cost  and  profit  amounts 
were  established  on  this  contract.  Target  profit  represents  9.6  percent  of  target 
costs.  Profit  parameters  range  from  0-  to  15-percent  A ceiling  on  costs  was  also 
established.  A sharing  ratio  of  75:25,  Goernment : contractor,  was  agreed 
upon.  If  the  contractor  effects  savings  against  the  target  costs,  he  receives  the 
benefit  of  25  percent  of  the  savings  not  to  exceed  15  percent  of  target  cost.  If, 
however,  he  exceeds  the  target  costs,  he  absorbs  25  percent  of  the  excess  up 
to  the  established  ceiling  on  costs.  Any  costs  above  the  ceiling  are  incurred 
exclusively  by  the  contractor. 

III.  Contractor,  location : Grumman  Aircraft  Engineering  Corp.,  Bethpage,  N.Y. 

Number  and  date  executed : NAS  5-814,  January  8, 1963. 

Project:  OAO  spacecraft. 

Type:  Cost,  plus  Incentive  fee. 

Incentive  features  and  penalties  involved : A target  cost  was  set  on  this  con- 
tract and  incentive  fee  for  scheduled  performance  was  provided  for.  The  con- 
tractor must  meet  six  technical  milestones  on  schedule  to  receive  a total  of 
$300,000  in  incentive  fee.  If  the  target  cost  is  exceeded  oh  the  contract,  the 
contractor  will  lose  8%  percent  of  the  increased  costs  from  cJeflnltized  fee.  There 
is  a ceiling  of  $3  million  and  floor  of  $2,300,000  on  fee.  Contractor  could  lose  a 
total  of  $700,000  in  fee. 

NASA  has  not  actively  collaborated  with  DOD  in  the  negotiation  of  incentive 
contracts  for  the  procurement  of  launch  vehicles  under  the  management  cog- 
nizance of  the  Office  of  Space  Sciences.  All  NASA  Atlas-D  space  boosters  have 
been  procured  under  Incentive  contracts  with  GD/A.  However,  these  contracts 
were  negotiated  and  administered  exclusively  by  the  Air  Force.  The  incentive 
provisions  of  the  Air  Force  negotiated  contract  with  GD/A  for  the  standard  Atlas 
SLB3B  are  on  cost  and  reliability.  The  target  fee  of  7%  percent  is  split  as 
follows : 

(a)  Three  percent  based  on  meeting  target  costs. 

(b)  Four  and  a half  percent  for  meeting  target  reliability. 

Penalties  are  that  if  contract  is  overrun  25  percent  or  more,  all  fee  relative  to 
cost  is  eliminated.  Loss  of  fee  is  also  incurred  if  contractor  fails  to  perform 
within  the  reliability  target  of  65  to  90  percent  There  are  no  cost-sharing 
provisions  under  the  terms  of  the  current  contract  with  GD/A. 

The  Chairman.  And  what  the  incentives  are  or  were  as  the  case 
may  be? 

Mr.  Cortright.  Yes. 

One  point  I would  like  to  throw  in  here  if  I may. 

We  collaborated  with  the  Department  of  Defense  some  time  ago  in 
arriving  at  incentive-type  contracts  with  our  launch  vehicle  produc- 
ers, and  I will  get  that  information  also  as  part  of  the  total  picture 
since  it  reflected  our  own  desires  even  though  the  contract  was  finally 
implemented  by  the  Department  of  Defense. 

In  addition,  we  are  utilizing  throughout  our  program  the  most 
modem  techniques  of  program  control  and  project  management,  such 
as  the  PERT  system. 

Although  it  will  never  be  possible  in  a research  and  development 
program  to  eliminate  all  unforeseen  contingencies,  we  are  confident 
that  our  attempts  to  establish  the  best  possible  management  practices 
will  materially  reduce  our  problems  in  future  years. 

To  this  point,  I have  summarized  the  broad  elements  of  the  space 
sciences  flight  program.  I would  like  now  to  turn  to  the  individual 
areas  and  discuss  in  some  detail  the  progress  which  has  been  achieved 
on  the  various  projects  and  that  which  is  projected  for  the  immediate 
future. 

Program  review — Geophysics  and  Astronomy : 

Consider  first  the  area  of  geophysics  and  astronomy.  The  Explorer 
and  Monitor  satellites  which  were  launched  during  1962  are  shown  in 
the  next  chart  (fig.  37,  Explorers  and  Monitors,  1962  Launchings). 
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Explorer  XIV  and  Explorer  XV  were  designed  to  study  both  the 
natural  and  manmade* radiation  belts  surrounding  the  Earth  and  to 
map  out  the  magnetic  field  through  which  they  flew. 

Explorer  Xvl  is  measuring  the  micrometeoroid  concentration 
around  the  Earth. 

Ariel  I was  our  first  satellite  in  the  cooperative  international  pro- 
gram. The  experiments  on  Ariel  I were  developed  entirely  by 
scientists  of  the  United  Kingdom  to  primarily  study  the  Earth’s  iono- 
sphere by  direct  measurements. 

Alouette  was  an  ionospheric  monitoring  satellite  using  the  topside 
sounding  technique.  Alouette  was  developed  entirely  by  the  Cana- 
dians as  the  second  launching  in  the  international  program.  This 
satellite  was  particularly  interesting  inasmuch  as  it  was  the  first  scien- 
tific satellite  launched  by  N ASA  from  the  Pacific  Missile  Range  into 
a polar  orbit,  and  our  first  use  of  a Tbor-Agena  launch  vehicle. 

We  were  very  gratified,  I might  say,  by  its  performance. 

In  addition  to  these  5 successful  satellites,  a successful  electron 
density  profile  probe  was  launched  and  some  78  sounding  rockets. 

In  1963,  as  illustrated  in  the  next  chart  ( fig.  38,  Explorers  and  Moni- 
tors, Planned  1963  Launchings),  we  plan  to  launch  seven  additional 
satellities  in  this  category  of  Explorers  and  Monitors  and  interna- 
tional satellites. 

One  of  these  is  the  interplanetary  monitor,  which  is  designed  to 
provide  monitoring  of  solar  flares. 
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Projects  of  this  type  may  some  day  lead  to  the  timely  prediction  of 
such  flares  as  a safeguard  to  extended  manned  space  flight.  Also 
shown  are  three  satellites  designed  to  study  the  ionosphere  as  well  as 
particles  and  fields  in  the  space  immediately  surrounding  the  Earth. 

The  signals  from  the  polar  ionosphere  beacon  satellite  will  be  moni- 
tored by  scientists  throughout  the  world  in  a large  cooperative  study. 

The  second  United  Kingdom  satellite  also  will  be  launched  in  1963, 
and,  in  addition,  an  ionosphere  Explorer  developed  by  this  country. 

Also  in  1963,  we  will  launch  our  first  Explorer  satellite  to  study 
the  chemical  structure  of  the  outer  atmosphere  of  the  Earth.  This 
launch  will  occur  shortly. 

Some  of  the  more  important  and  interesting  characteristics  of  our 
first  Solar  Observatory  are  illustrated  in  the  next  chart  (fig.  39,  The 
First  Solar  Observatory). 

Thi9  450-pound  satellite  is  in  many  ways  the  most  ambitious  and 
successful  satellite  ever  launched.  The  OSO  was  placed  into  a nearly 
perfect  circular  orbit  by  a Delta  launch  vehicle  in  March  1962. 

This  satellite  operated  for  almost  1 year  with  the  2 y2  months’  opera- 
tion being  virtually  perfect. 

It  is  still  delivering  useful  data  although  it  is  beginning  to  run  out 
of  gas. 

I don’t  mean  that  literally,  it  is  just  wearing  out. 

In  addition  to  the  scientific  importance  of  these  results,  which  were 
discussed  earlier,  this  satellite  has  demonstrated  that  it  is  possible 
to  attain  a high  degree  of  reliability  in  an  unmanned  orbiting  space- 
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craft,  particularly  in  the  stability  and  control  system,  while  main- 
taining simplicity  of  design  concepts. 

It  has  also  demonstrated  without  doubt  that  machine  elements  such 
as  bearings  and  sliprings  can  lie  operated  successfully  in  actual  space 
environment  for  periods  of  up  to  a year. 

The  Chairman.  I wonder  if  we  could  conclude  our  hearings  today 
on  that  note. 

The  last  remaining  member  of  the  minority  side  has  left  and  we 
cannot  continue  to  sit  without  representation  on  both  sides. 

So  if  you  and  Dr.  Newell  are  disposed  to  returning  on  Monday 
morning,  you  can  continue  at  that  time. 

I would  like  to  start  at  1)  o'clock  Monday  if  it  is  acceptable  to  both 
you  and  the  membership  of  the  committee. 

( Discussion  off  the  record.) 

The  Chairman.  We  will  adjourn  until  9 o’clock  on  Monday  mom- 
ing  unless  you  hear  from  Mr.  Hammill. 

Dr.  Newell.  Thank  you,  sir. 

(Whereupon,  at  11 :55  a.m.,  the  subcommittee  adjourned,  to  recon- 
vene at  9 a.m.,  Monday,  Mar.  11,  1963.) 
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MONDAY,  MARCH  11,  1063 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

W ashing  ton,  D.C. 

The  subcommittee  met  at  9:23  a.m.,  pursuant  to  adjournment,  in 
room  214r-B,  New  House  Office  Building,  Hon.  Joseph  E.  Karth 
(chairman  of  the  subcommittee)  presiding. 

Mr.  Karth.  The  meeting  will  be  in  order. 

We  had  reached  page  71  of  your  prepared  statement,  as  I recall, 
Mr.  Cortright. 

While  we  are  waiting  for  the  arrival  of  other  members  you  may 
continue  with  your  prepared  testimony.  Later  on,  when  some  of 
the  other  member?  come  in,  we  may  have  some  questions  we  would 
like  to  ask. 

Mr.  Cortright.  Thank  you,  Mr.  Chairman. 

FURTHER  STATEMENT  OF  DR  HOMER  E.  NEWELL,  DIRECTOR 

OFFICE  OF  SPACE  SCIENCES,  NASA;  ACCOMPANIED  BY  EDGAR  M. 

CORTRIGHT,  DEPUTY  DIRECTOR 

Mr.  Cortright.  The  next  observatory -type  satellite  which  I would 
like  to  discuss  is  the  Orbiting  Geophysical  Observatory  shown  in  the 
next  chart  (fig.  40,  Orbiting  Geophysical  Observatory).  This  ad- 
vanced satellite  is  designed  to  obtain  integrated  simultaneous  measure- 
ments of  a large  number  of  geophysical  and  solar  phenomena  to  pro- 
vide a better  understanding  of  the  Earth-Sun  relationships.  Twenty 
correlated  scientific  experiments  are  now  being  tested  for  the  first 
OGO  mission  and  19  experiments  were  selected  during  1962  for  the 
second  OGO  mission.  This  spacecraft  weighs  slightly  over  1,000 
pounds  including  a scientific  payload  of  150  pounds.  The  OGO 
satellite  is  designed  to  fly  with  complete  attitude  control  maintained 
by  a combination  of  gas  jets  and  inertia  wheels.  This  control  pro- 
vides the  required  satellite  orientation  or  positioning  for  Earth  and 
space  pointing  experiments  as  well  as  Sun  pointing  of  the  experiments 
and  the  32, 000  power  generating  cells  mounted  on  the  solar  panels 
toward  the  Sun.  Ths  satellite  carries  an  advanced  high  bandwidth 
data  system  capable  of  stored  and  direct  data  transmission  which 
will  be  monitored  by  a series  of  ground  stations  in  the  Northern  and 
Southern  Hemispheres. 

OGO  will  be  launched  with  a Thor-Agena  into  a circular  polar 
orbit  at  relatively  low  altitudes.  That  is  one  of  the  two  orbits  I men- 
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Figure  40 

tioned  the  other  day  we  use  this  spacecraft  in — and  by  an  Atlas- 
Agena  into  a highly  elliptical  orbit  with  apogee  exceeding  50,000 
miles. 

During  1962  considerable  progress  has  been  made  in  the  develop- 
ment, fabrication,  and  test  of  the  OGO  bv  the  Space  Technology 
Laboratories  under  the  direction  of  the  Goddard  Space  Flight  Cen- 
ter. This  chart  (fig.  41,  OGO — Spacecraft  Progress)  illustrates  a 
small  portion  of  the  spacecraft  hardware  and  test  equipment  that  has 
been  completed,  or  is  near  completion,  by  STL.  At  this  time,  the  pro- 
totype or  prooftest  observatory  is  assembled  and  nearly  ready  fcr  nnal 
checkout.  The  first  flight  observatory  will  follow  in  2 to  3 months 
for  launch  in  lbte  1963.  In  order  to  continue  the  geophysical  explo- 
ration of  near  space  through  a complete  solar  cycle  of  11  years,  it  is 
planned  to  maintai'  two  OGO’s  witn  different  orbits  in  space  during 
this  period. 

If  you  will  recall,  I mentioned  that  we  have  three  per  year  pro- 
gramed in  an  attempt  to  keep  two  per  year  in  orbit. 

Throughout  history,  astronomers  have  been  constrained  to  view 
the  heavens  through  the  filtering  Earth’s  atmosphere.  As  discussed 
earlier,  the  radiations  which  are  prevented  from  reaching  the  Earth’s 
surface  by  the  atmosphere  are  important  to  the  understanding  of  the 
universe  and  the  stars  and  interstellar  gases  of  which  it  is  comprised. 
In  recent  years,  techniques  have  been  developed  to  carry  large  tele- 
scopes to  high  altitude  by  means  of  gas-filled  balloons.  This  tech- 
nique has  resulted  in  spectacular  astronomical  studies,  such  els  those  of 
Dr.  Martin  Schwarzschild  which  were  mentioned  earlier. 
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However,  the  gases  which  remain  above  balloon  altitudes  are  still 
a serious  hindrance  to  the  astronomer.  For  example,  ultraviolet  ra- 
diation does  not  penetrate  even  these  tenuous  gases.  To  surmount 
these  difficulties  and  take  a giant  stride  forward  in  the  science  of  as- 
tronomy, the  NASA  is  developing  an  Orbiting  Astronomical  Observa- 
tory which  is  pictured  in  the  following  chart  (fig.  42,  Orbiting  Astro- 
nomical Observatory).  The  Orbiting  Astronomical  Observatory  is  a 
3,600-pound  spacecraft  to  be  launched  into  500-mile  circular  orbit  by 
the  Atlas- Agena  launch  vehicle,  early  in  1965.  A number  of  important 
experiments  are  being  developed  for  this  satellite.  They  include  four 
12-inch  telescopes  to  map  the  skv  in  ultraviolet,  which  are  being  devel- 
oped by  the  Smithsonian  Institution;  four  8-inch  and  one  16-inch 
telescopes  being  developed  by  the  University  of  Wisconsin  to  study 
selected  bright  stars  and  nebulae;  a 3- foot  Goddard  telescope  for  de- 
tailed studies  of  5,000  stars  and  nebulae,  approximately,  and  a 32- 
inch  Princeton  telescope  for  detailed  studies  of  interstellar  matter. 
In  order  to  make  full  utilization  of  these  advanced  instruments,  we 
are  solving  a series  of  very  difficult  technological  problems.  These 
include  the  problem  of  maintaining  a precisely  alined  structure  fol- 
lowing the  rigors  of  launch  and  in  the  heating  and  cooling  conditions 
which  prevail  in  Earth  orbit.  In  addition,  the  attitude  control  system 
will  have  an  eventual  capability  of  pointing  the  OAO  to  an  accuracy 
of  one-thirty  six  thousandths  of  a degree,  and  registering  where  that 
point  is,  I might  add. 

The  spacecraft  computer  and  its  data-handling  system  represent 
significant  advancements  in  the  state-of-the-art. 

96-804  0—63 — pt.  34 -9 
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Figure  42 

Orbiting  Astronomical  Observatories  will  be  launched  at  9-month 
intervals,  and  we  are  taking  every  precaution  to  insure  a high  prob- 
ability of  successful  launch  and  a long  lifetime  in  orbit.  To  do  this, 
an  elaborate  qualification,  test,  and  checkout  program  has  been  devel- 
oped. This  chart  (fig.  43,  OAO  Current  Testing  and  Fabrication) 
indicates  some  of  the  progress  during  the  past  year,  both  in  the  fabri- 
cation, assembly,  and  test  of  the  spacecraft,  and  in  the  development  of 
its  ground  control  equipment. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  Where  is  this  work  being  done?  Who  has  the 
contract  ? 

Mr.  Cortright.  Grumman  Aircraft  Engineering  Co.  on  the  OAO. 

Mr.  Randall.  On  the  OGO  ? 

Mr.  Cortright.  Space  Technology  Laboratories. 

Mr.  Randall.  Where  is  that? 

Mr.  Cortright.  That  is  in  Los  Angeles,  Calif. 

Mr.  Randall.  That  is  a private  contractor? 

Mr.  Cortright.  That  is  correct. 

Mr.  Randall.  Space  Technological  Laboratory  ? 

Mr.  Cortright.  Space  Technology  Laboratories. 

Mr.  Randall.  Thank  you. 

Mr.  Cortright.  The  Grumman  Corp.  is  located  in  Bethpage,  Long 
Island. 

Mr.  Randall.  That  is  all. 
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FldUBE  43 

Mr.  Cortright.  Both  of  these  projects  are  monitored  by  the  God- 
dard Space  Flight  Center. 

Program  Review — Lunar  and  Planetary  Programs 

Since  the  national  decision  to  proceed  with  the  manned  lunar  land- 
ing project,  NASA  intensified  its  efforts  in  the  area  of  unmanned 
lunar  exploration.  This  step  was  taken  in  order  to  obtain  significant 
data  about  the  Moon  and  its  environment  prior  to  the  manned  mission 
and  in  support  of  the  manned  mission.  In  acknowledging  this  fact, 
however,  it  is  important  to  recognize  that  the  program  to  explore 
the  Moon  by  means  of  automated  spacecraft  has  great  scientific  value 
ir^  its  own  right.  There  is  little  doubt  that  it  will  precede  by  some 
years  the  manned  exploration,  and  for  many  years  after  initial 
manned  exploration,  tne  unmanned  spacecraft  will  remain  the  only 
means  of  sampling  the  more  remote  and  inaccessible  areas  of  the 
lunar  surface. 

The  Chairman.  Mr.  Cortright,  it  seems  that  almost  every  program 
has  some  value  or  some  orientation  toward  the  manned  lunar  landing 
program.  Would  vou,  for  the  benefit  of  the  committee,  tell  us  about 
what  percentage  of  the  Office  of  Space  Sciences’  program  is  oriented 
toward  a successful  manned  lunar  landing  program  ? 

Mr.  Cortright.  I can  tell  vou  the  projects  which  will  be  of  major 
benefit  to  the  manned  lunar  landing  program,  and  I will  do  that,  in 
just  a moment.  But  if  we  did  not  have  a maimed  lunar  landing  pro- 


v„  > 

T 


S' 


\ 


1582 


1064  NASA  AUTHORIZATION 


gram,  virtually  all  of  the  flight  projects  we  have  would  be  going  for- 
ward on  the  basis  of  their  own  scientific  value. 

The  projects  that  do  support  the  manned  lunar  landing  program 
include  the  Ranger  and  the  Surveyor. 

Mr.  Karth.  Excuse  me,  Chairman  Miller  of  the  full  committee  just 
came  in.  Good  morning,  Mr.  Chairman. 

Chairman  Miller.  Good  morning. 

Mr.  Karth.  We  are  glad  to  have  you  here. 

Chairman  Miller.  Thank  you. 

Mr.  Cortright.  Good  morning. 

The  Ranger  and  Surveyor  in  the  lunar  and  planetary  segment  are 
in  direct  support,  as  well  as  having  their  own  scientific  value. 

The  Orbiting  Geophysical  Observatory,  which  I just  mentioned,  will 
be  gathering  important  solar  radiation  data  and  additional  data  on  the 
radiation  hazard  in  the  Van  Allen  belts.  The  interplanetary  moni- 
toring satellite,  which  we  initiated  last  year,  will  gather  radiation 
data  outside  of  the  magnetosphere,  which  we  mentioned  the  other  day 
is  a disturbance  to  solar  radiations.  If  you  make  the  measurements 
within  the  magnetosphere  it  is  more  difficult  to  interpret  the  solar 
flare  radiations. 

The  Pioneer,  which  I will  be  mentioning  again  in  a moment,  but 
I think  Dr.  Newell  introduced  it,  will  be  monitoring  these  solar  flares 
at  distances  well  removed  from  the  Earth.  Thus,  we  can  correlate 
the  lateral  or  circumferential  extent  of  solar  flares,  and  learn  a little 
bit  more  of  just  how  they  propagate  out  from  the  Sun,  which  will 
help  us  in  our  prediction  process. 

The  Orbiting  Solar  Observatory  is  a direct  benefit,  inasmuch  as  it 
monitors  the  solar  activity  and  provides  measurements  which  we  can’t 
otherwise  get  in  an  effort  to  analyze  the  nature  and  origin  of  the  solar 
flares.  I mink  that  is  at  least  the  bulk  of  the  direct  support.  Maybe 
Dr.  Newell  would  like  to  elaborate  on  that. 

Dr.  Newell.  In  addition,  there  are  the  Explorers  and  Monitors,  all 
of  which  gather  information  on  the  radiation  belt,  and  the  outer  por- 
tions of  the  Earth’s  atmosphere. 

Mr.  Karth.  Thank  you,  Doctor. 

Chairman  Miller.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Chairman. 

Chairman  Miller.  Dr.  Newell,  Dr.  Van  Allen  is  credited  with  hav- 
ing discovered  the  radiation  belts  which  bear  his  name.  But  isn’t  it 
true  that  to  do  this  he  had  to  extrapolate  information  from  all  available 
sources.  Have  we  learned  a great  deal  about  these  belts,  or  are  we 
just  scratching  the  surface?  Are  we  just  beginning  to  really  learn 
what  they  are  and  their  hazards,  or  do  we  know  enough  about  them 
to  be  able  to  dispense  with  these  projects  that  are  designed  primarily 
to  explore  them  ? 

Dr.  Newell.  At  this  stage  and  time,  although  we  have  collected  a 
great  deal  of  information  about  the  belts,  we  have  not  arrived  at  the 
point  where  we  fully  understand  them.  There  are  many  questions 
yet  that  remain  to  be  answered.  For  example,  we  are  not  yet  able 
to  determine  precisely  what  are  the  lifetimes  of  particles  injected  into 
the  Van  Allen  belts.  This  is  important,  not  only  in  connection  with 
the  natural  belts,  but  also  in  connection  with  artificial  belts  that  may 
be  created. 
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Also,  we  are  not  yet  in  a position  to  understand  how  the  particles 
in  the  belt,  in  the  natural  belt,  get  their  tremendous  energies.  It  is 
clear,  from  measurements  that  have  been  made  so  far,  that  there  is  a 
relationship  between  solar  activity  and  very  marked,  variations  by 
factors  of  as  much  as  a thousand  or  more  in  the  intensity  of  the  belt, 
but  it  is  not  clear  how  these  variations  are  brought  about,  what  the 
mechanism  is. 

Also,  it  is  clear  that  there  is  some  relationship  between  the  radiation 
belt  and  magnetic  storms  and  auroral  displays,  which  have  their  im- 
pact on  radio  communications.  But  again,  the  understanding  of 
what  this  connection  is  is  not  yet  at  hand. 

In  addition,  it  has  become  clear  during  the  past  year  that  the  radia- 
tion belts  extend  very  far  out  in  the  antisolar  direction  to  as  much  as 
20  or  more  Earth  radii  from  the  center  of  the  Earth,  whereas  in 
the  solar  direction  they  extend  only  half  that  distance. 

Now,  we  have  been  unable  to  explore  the  belts  in  this  antisolar  di- 
rection fully,  which  is  one  of  the  reasons  why  the  interplanetary  moni- 
toring satellite  was  introduced  into  the  program. 

In  addition  to  this,  there  is  the  11-year  solar  cycle  over  which  the 
activity  of  the  Sun  varies  markedly  from  high  activity  during  the 
sunspot  maximum  to  very  low  activity  during  sunspot  minimum,  and 
we  have  not  yet  been  able  to  observe  the  relations  between  the  Sun 
and  these  belts  throughout  an  entire  solar  period. 

I think  this  gives  you  a picture,  Mr.  Chairman,  of  the  number  of 
problems  that  still  exist  in  connection  with  the  radiation  belts.  They 
turn  out  to  be  an  exceedingly  complex  region  about  the  Earth  which 
is  important  to  continue  to  study. 

Chairman  Miller.  Well,  do  the  belts  revolve  around  the  Earth,  or 
are  they  stationary,  and  does  the  Earth  revolve  in  them?  From  what 
you  say,  they  apparently  point  away  from  the  Sun  ? 

Dr.  Newell.  Yes,  the  Earth  revolves  around  the  Sun.  The  portion 
of  the  radiation  belts  that  extends  in  the  opposite  direction  from  the 
Sun  is  the  elongated  portion,  so  there  is  this  change  in  the  shape  of 
radiation  belts  during  the  course  of  the  year.  In  addition  to 
which 

Chairman  Miller.  Not  daily  ? 

Dr.  Newell.  It  is  not  daily.  The  Earth  slips  inside  the  belts,  as 
far  as  that  shape  is  concerned.  But  in  addition,  there  are  circulations 
of  the  particles  within  the  belt’  We  know  that  these  oscillate  from 
magnetic  pole  to  magnetic  pole  along  the  magnetic  field  line.  We  also 
know  that  there  are  drifts  of  these  particles  around  the  Earth  in  a 
longitudinal  direction,  but  these  drifts  are  not  completely  understood, 
and  there  is  at  the  present  time  considerable  controversy  as  to  whether 
there  really  exist  sizable  electric  currents  due  to  these  drifts,  that 
would  be  associated  with  magnetic  effects  that  are  observed  at  the 
ground. 

Chairman  Miller.  Then  a knowledge  of  these  belts  is  essential  if  we 
are  going  to  understand  our  own  form  of  radial  communication ; and 
then  we  get  into  the  matter  of  communication  by  satellites.  It  is 
essential  that  they  know  the  forces  within  these  celts,  is  it  not  ? 

Dr.  Newell.  That  is  correct. 

Chairman  Miller.  Besides  the  necessity  for  knowing  them  in  the 
manned  effort  ? 
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Dr.  Newell.  That  is  correct. 

Chairman  Miller.  Thank  you. 

Mr.  Karth.  Dr.  Newell,  what  association  have  we  been  able  to  find 
existing  between  the  Van  Allen  radiation  belts  and  weather  changes? 
Is  there  a direct  relationship,  or  don’t  we  really  know  ? 

Dr.  Newell.  We  don’t  really  know,  but  there  are  indications  that 
there  may  be  some  important  relationship.  I believe  last  year  we 
presented  to  the  committee  some  evidence  that  indicates  that  when 
there  are  great  changes  in  the  radiation  belt,  these  may  be  associated 
with  changes  in  the  weather  pattern  at  the  surface  of  the  Earth. 

For  example,  some  time  ago  it  was  noted  that  when  there  was  a 
large  auroral  display  and  radio  communications  blackouts,  accom- 
panied by  magnetic  storms  and  ionospheric  disturbances,  the  weather 
pattern  in  the  polar  regions  was  greatly  disturbed,  and  was  accom- 

ganied  by  related  disturbances  over  the  southern  portion  of  the  United 
tates  which  experienced  unseasonably  cold  weather,  including 
snowstorms. 

Now,  we  don’t  really  understand  this  connection  yet.  There  is  a 
considerable  amount  of  research  yet  to  be  done  to  determine  just 
what  this  connection  is,  and  what  its  significance  is. 

Mr.  Karth.  So  in  this  one  area  alone,  Doctor,  I suppose  we  could 
say  continued  research  is  extremely  important,  as  far  as  weather 
prediction  is  concerned,  perhaps  ? 

Dr.  Newell.  Yes;,  both  weather  prediction  and  climate  prediction — 
long-term  weather  prediction. 

Mr.  Karth.  Is  there  any  evidence  of  a direct  or  indirect  associa- 
tion between  changes  in  weather  and  artificial  radiation  belt  centers? 

Dr.  Newell.  We  have  no  data  that  establishes  any  such  connection 
up  to  now. 

Mr.  Karth.  Thank  you. 

Mr.  Staebler.  Dr.  Newell,  are  we  dependent  wholly  upon  rockets, 
orbiting  observatories,  and  so  forth,  for  new  information  about  these 
belts,  or  is  it  possible  to  collect  some  data  from  observation  on  the 
surface  of  the  Earth  ? 

Dr.  Newell.  We  must  rely  completely  on  rockets  and  satellites  to 
study  these  belts.  The  only  related  effects  that  we  can  study  at  the 
surface  of  the  Earth  are  the  magnetic  storms  and  radio  blackouts  that 
were  really  not  completely  understood  until  we  had  gotten  equipment 
into  the  radiation  belt  and  had  begun  to  study  the  effects  of  the  Sun 
upon  these  belts. 

Mr.  Staebler.  So  any  advance  in  understanding  is  dependent  upon 
efforts  of  NAS  A ? 

Dr.  Newell.  That  is  correct. 

Mr.  Randall.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  I don’t  know  whether  I understood  your  ineaning 
of  the  expression  “antisolar  direction.”  You  said  it  was  20  Earth 
diameters? 

Dr.  Newell.  By  antisolar  direction  I mean  the  direction  opposite 
to  the  direction  of  the  Sun. 

Mr.  Randall.  In  other  words,  an  axis  between  the  Earth  and  the 
Sun,  on  the  other  side  of  the  Sun  ? 

Dr.  Newell.  The  other  side  of  the  Earth. 
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Mr.  Randall.  The  other  side  of  the  Earth,  I see. 

Dr.  Newell.  From  the  Sun. 

Mr.  Randall.  I could  hardly  see  how  it  would  be  the  other  way. 

Now,  you  mentioned  this  slippage  of  the  Earth  within  the  Van  Allen 
belts,  which  you  say  exist.  I thought  the  charts  you  showed  us  earlier 
show  those  pretty  much  constant.  Is  there  a relationship  between — 
speaking  of  the  Van  Allen  belts  now — well,  you  have  a slide  up  there 
now,  the  shape  of  magnetosphere  (see  fig.  10,  p.  1474,  Shape  of 
Magnetosphere) . Where  is  the  Van  Allen  belt  with  relation  to  that  ? 

Dr.  Newell.  The  Van  Allen  belts  are  the  charged  particles  that  are 
trapped  in  between  these  magnetic  field  lines  [indicating].  If  there 
were  no  wind  of  charged  particles  from  the  Sun,  these  field  lines  would 
have  a perfectly  symmetrical  shape — would  be  the  same  size  in  both 
directions,  both  toward  the  Sun  and  away  from  the  Sun.  Now, 
there  is  a solar  wind.  Mariner  II  has  shown  this?  for  example.  And 
this  solar  wind  compresses  the  field  lines,  flattening  them  out  on  the 
side  toward  the  Sim,  but  blowing  them  out  on  the  side  away  from  the 
Sun. 

Now,  this  dotted  region  here  [indicating]  is  the  region  virtually 
unexplored,  whereas  we  have  done  quite  a bit  of  exploring  of  the 
opposite  portion  of  the  belt.  The  remote  parts  are  those  for  which  we 
need  the  interplanetary  monitoring  satellite. 

Mr.  Randall.  I follow  you.  Contrary  to  at  least  some  slides  we 
have  seen,  there  is  nothing  constant  or  spherical  about  the  Van  Allen 
radiation  belts  ? 

Dr.  Newell.  There  appears  to  be  very  little  constant  about  the 
belts. 

Mr.  Randall.  Yet  there  were  some  earlier  slides  which  seemed  to 
show  it  circular  and  fairly  uniform. 

Dr.  Newell.  That  is  correct. 

Mr.  Randall.  And  it  is  a true  statement  or  an  accurate  statement 
to  say  the  Van  Allen  radiation  belts  are  really  a part  of  the  overall 
magnetosphere? 

Dr.  Newell.  They  are  a part  of  the  magnetosphere,  yes. 

Mr.  Randall.  Thank  you. 

Dr.  Newell.  The  magnetosphere  is  defined  as  the  cavity  in  the 
solar  wind  that  is  carved  out  by  the  magnetic  field  lines  of  the  Earth. 

Mr.  Randall.  Thank  you. 

Chairman  Miller.  How  do  you  define  this  solar  wind?  We  look 
upon  wind  as  a current  of  air.  This  is  not  a current  of  air,  because 
there  is  no  air  there. 

Dr.  Newell.  No,  but  it  is  a current  of  material  particles,  in  this 
case  electrons  and  protons,  blowing  out  from  the  Sun.  It  is,  of  course, 
much  less  dense  than  our  atmosphere.  There  are  maybe  15  to  20 
particles  per  cubic  inch,  but  they  do  constitute  a wind  of  sorts. 

Chairman  Miller.  As  I remember  it,  when  this  was  first  brought  up, 
didn’t  they  tell  us  they  thought  it  was  the  light  that  compressed  the 
belt  on  the  side  of  the  Sun  ? 

Dr.  Newell.  There  is  solar  radiation  pressure,  but  the  solar  wind 
contains  much  more  energy  than  the  solar  radiation  pressure. 

Mr.  Karth.  Dr.  Newell,  I think  the  fourth  illustration  in  the  book 
that  Mr.  Cortright  and  you  have  been  giving  your  prepared  state- 
ment from,  which  shows  the  level  of  activity  during  a sunspot  cycle 
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increasing  since  1900.  In  your  opinion,  is  this  because  we  have  been 
better  able  to  measure  it,  or  is  this  really  part  of  the  phenomena  we 
don’t  understand  ? 

Dr.  Newell.  This  is  part  of  the  whole  phenomenon  we  don’t  un- 
derstand. . It  has  been  observed  that  not  only  do  you  have  an  11-year 
cycle  in  which  the  numbers  of  sunspots  vary  from  a ma  limum  to  a 
minimum  and  back  to  a maximum,  but  you  also  have  a 22-year  cycle 
in  which  the  direction  of  the  magnetic  fields  is  reversed. 

Sunspots  appear  in  pairs,  and  in  these  pairs,  during  one  sunspot 
maximum,  the  leading  spot  of  a pair  will  have  a north  pole,  and  the 
following  spot  a south  pole.  At  the  next  sunspot  maximum  this  is 
reversed,  and  the  leading  spot  will  have  a south  pole  and  the  follow- 
ing spot  a north  pole.  So  m addition  to  an  11-year  cycle  you  have  a 
22-year  cycle. 

in  addition  to  that,  it  is  observed  the  sunspot  maximum  intensity 
increases,  so  that  you  run  from  very  low  sunspot  maximums  up  to  very 
high  sunspot  maximums.  The  recent  maximum  is  just  one  such  case 
that  has  been  observed.  Other  cases  have  been  observed  where  there 
is  a growth  lik;e  this,  and  then  a fall-off. 

Now,  the  prediction  here  is  that  there  will  be  a falloff.  We  don’t 
know  that  that  will  happen.  It  may  well  be  that  the  next  sunspot 
maximum  will  be  even  higher  than  this  latest  one,  which  turns  out 
to  be  the  highest  maximum  on  record.  In  that  case,  the  intensity  of 
radiation  in  space  may  be  very  severe  indeed  during  that  period. 

Mr.  Karth.  And  if  it  is,  Doctor,  let’s  say  that  it  is  higher  than  the 
1960  part  of  the  cycle  that  you  see  there;  what  effect  is  that  going  to 
have  on  our  manned  lunar  shot,  if  any  ? 

Dr.  Newell.  In  that  case,  that  makes  it  very  important  that  we 
do  everything  we  can  to  learn  about  predicting  the  occurrence  of  these 
solar  flares  and  the  solar  proton  beams  from  them  so  that  we  can  pick 
out  the  times  when  it  will  be  safe  to  be  out  in  space. 

Mr.  Karth.  If  the  solar  activity  is  substantially  heavier,  might  it 
mean  that  we  have  got  to  provide  additional  shielding  ? 

Dr.  Newell.  If  we  are  unable  to  lick  the  problem  of  predicting  the 
occurrence  of  these  solar  beams,  then  increased  shielding  would  nave 
to  be  the  answer. 

Mr.  Karth.  How  much  higher,  or  how  much  more  active  would 
this  period  have  to  be,  Doctor,  before  we  would  have  to  reschedule  the 
lunar  shot?  Or  don’t  you  foresee  that  it  could  possibly  reach  that 
maximum? 

Dr.  Newell.  At  the  present  time  we  don’t  foresee  that  you  would 
have  to  reschedule  the  shot.  The  choice  is  either  between  going  ahead 
with  increased  shielding  or  going  ahead  with  better  prediction  meth- 
ods. But  it  does  not  appear  that  you  will  have  to  postpone  these  plans. 

Mr.  Karth.  Is  there  a possibility  you  might  have  to  ? 

Dr.  Newell.  There  is  always  tnat  possibility,  but  the  bets  are  that 
you  would  not  have  to. 

Mr.  Karth.  I see.  When  is  your  predicted  peak,  Doctor? 

Dr.  Newell.  It  is  in  the  1967  time  period — 1967  or  1968,  somewhere 
around  there. 

Mr.  Karth.  I thought  you  said  that  the  predicted  peak  will  be  lower 
than  the  1955  through  1960  peak. 

Dr.  Newell.  That  is  correct.  This  peak  [indicating]  is  the  highest 
on  record  so  far. 
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Mr.  Karth.  The  peak  during  this  decade  will  be  reached  about  1967 
or  1968,  is  that  correct  ? 

Dr.  Newell.  No;  I misunderstood  your  question,  then.  The  next 
maximum  is  for  1967  or  1968,  and  the  guessing  is  that  that  will  be 
lower  than  the  peak  for  the  1955-56  time  period. 

Mr.  Karth.  But  it  will  be  the  maximum  during  the  1960  to  1970 
decade? 

Dr.  Newell.  That  is  correct. 

Mr.  Karth.  That  will  be  the  peak  ? 

Dr.  Newell.  That  is  correct. 

Mr.  Karth.  Thank  you  very  much,  Doctor. 

Mr.  Cortright.  The  exploration  of  the  Moon  is  proceeding  in  a 
series  of  logical  steps  as  shown  in  the  next  chart  (fig.  45,  Lunar  Ex- 
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Figure  45 


ploration).  The  first  step  is  being  carried  out  with  Project  Ranger. 
Hanger  will  result  in  impacts  and  rough  landings  in  the  area  indicated 


by  the  small  ellipse.  In  addition,  the  Ranger  may  be  programed  to 
stray  from  this  area  of  vertical  descent  in  order  to  extend  its  television 
sampling  of  the  lunar  surface.  *Vith  the  advent  of  the  Surveyor  soft 
landing  spacecraft,  the  area  of  the  Moon  accessible  to  us  will  be  in- 
creased to  over  one-half  of  the  visible  lunar  surface.  The  lunar  Or- 
biter  then  will  not  obtain  such  derailed  information  as  the  lan  ling 
spacecraft,  but  it  will  permit  complete  photo- reconnaissance  of  the 


spacecratt,  but  it  will  permit  comnetc 
Moon  within  any  selected  latitude  range. 
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Thus,  these  three  missions  combine  to  provide  a well-integmted 
assault  on  the  secrets  of  the  Moon.  Some  of  the  questions  which  we 
hope  to  answer  are  also  indicated  in  this  chart.  They  include:  “Where 
can  men  land?”;  “Are  there  large  Hat  areas?”;  “Is  it  covered  with 
deep  dust  ?” ; “Is  it  radioactive  ?” ; “What  is  the  origin  of  the  craters  ?” ; 
“Was  it  formed  like  the  Earth?”;  “What  is  its  composition?”;  “What 
is  its  temperature?”;  “Are  there  boulders  or  cracks?”;  and  “What  is 
its  gravity  field?” 

Mr.  Staebler.  May  I raise  one  other  elementary  question?  Is  it 
dark  on  the  side  of  the  Moon  away  from  the  Earth? 

Mr.  Cortrioht.  It  varies,  depending  on  the  phase  of  the  Moon. 
You  see,  sometimes  the  far  side  of  the  Moon  is  light  and  the  near 
side  is  dark,  depending  on  the  Earth-Moon  relationship  relative  to 
the  Sun. 

Mr.  Staebler.  But  the  Moon  would  be  as  dark  as  the  Earth  is  dark 
under  similar  circumstances  ? 

Mr.  Cortrioht.  It  is  just  that  a Moon  day  is  28  days,  and  an  Earth 
day  is  one  day.  When  the  near  side  is  all  lighted,  the  far  side  is  dark, 
and  when  the  near  side  is  half  lighted  the  far  side  is  half  lighted. 

The  Ranger  program,  which  constitutes  our  first  attempt  to  explore 
the  lunar  surface,  has  now  resulted  in  five  launchings  which  are  sum- 
marized in  this  chart  (fig.  46,  Five  Rangers  Launched).  Rangers  I 
and  II  were  launched  in  1961  to  test  the  spacecraft  itself  and  were  not 
directed  at  the  Moon.  Failure  of  the  Agena  stage  of  the  Atlas- Agena 
resulted  in  these  two  Rangers  being  injected  into  low-Earth  orbits. 
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You  may  recall  that  this  type  of  failure  has  occurred  in  the  Soviet 
program  in  a number  of  instances. 

Although  the  Ranger  was  not  designed  to  function  well  in  this  low 
altitude  orbit,  it  did  function  well  enough  to  indicate  that  the  basic 
systems  were  working  properly,  before  the  spacecraft  came  back  into 
the  Earth’s  atmosphere. 

The  third  Ranger  was  launched  in  January  1962  in  our  first  attempt 
to  hard-land  an  instrumented  capsule,  and  to  do  the  photographic 
work  on  the  way  in.  A malfunction  of  the  Atlas  guidance  system, 
however,  resulted  in  an  excessive  velocity  at  injection  and  the  space- 
craft passed  well  ahead  of  the  Moon.  During  its  flight  to  the  Moon, 
the  spacecraft  functioned  properly  and  performed  all  commands  as 
directed,  including  the  first  miacourse  maneuver  ever  attempted.  An 
attempt  at  a terminal  maneuver  in  order  to  take  photographs  of  the 
Moon  while  passing  ahead  of  it  failed,  however,  due  to  a malfunction 
in  the  spacecraft  control  system.  The  Atlas-Agena  launch  vehicle 
performed  properly  during  the  launch  of  Rangers  V and  VI  in 
April  and  October  of  1962,  respectively,  resulting  in  our  first  lunar 
impact.  However,  in  both  of  these  launches,  the  spacecraft  experi- 
enced early  failures. 

The  Ranger  spacecraft  performance  to  date  is  very  similar  to  that 
of  the  typical  major  flight  systems  developments  which  I illustrated 
earlier.  Our  task  is  to  find  ways  and  means  of  bettering  these  “normal” 
development  cycles.  An  intensive  review  of  the  Ranger  project  was 
recently  completed  by  the  Office  of  Space  Sciences  and  the  Jet  Propul- 
sion Laboratory.  This  review  identified  a number  of  areas  in  the  de- 
sign, fabrication,  auality  control,  and  testing  of  the  Ranger  in  which 
improvements  could  be  made  to  increase  the  potential  reliability  of 
the  spacecraft.  Steps  have  been  taken  to  implement  these  recommen- 
dations of  our  review  teams.  Some  of  these  steps  are  as  follows : the 
sixth  Ranger  spacecraft,  that  is,  the  fourth  model  designed  for  flight 
to  the  Moon,  has  been  removed  from  the  flight  program  for  an  intensi- 
fied series  of  engineering  qualification  tests.  This  has  delayed  the 
flight  program  several  months  but  may  actually  advance  the  date  for 
a completely  successful  mission,  more  than  the  several  months  indi- 
cated here. 

Our  next  flight  is  scheduled  for  December.  We  hope  the  improve- 
ments we  are  injecting  in  the  program  will  actually  advance  the  date 
when  we  achieve  a completely  successful  mission. 

Mr.  Karth.  Would  you  yield  at  this  point  ? 

Mr.  Cortright.  Certainly,  sir. 

. Mr.  Randall.  I observe  the  slide.  It  is  a question  in  connection 
with  the  slide.  We  know  I and  II  were  complete  failures,  and  III — 
that  was  the  one  there  was  some  kind  of  a guidance  failure.  Now, 
IV,  you  show  an  impact,  and  yet  I don’t  recall  any  testimony  either 
here  or  in  the  press  release  as  to  what  we  accomplished  from  that. 
What  were  the  findings?  Are  the  findings  those  which  we  have  been 
discussing  earlier,  these  charts  or  maps,  tne  geological  charts?  What 
happened  after  the  success  of  it? 

Mr.  Cortright.  From  a scientific  point  of  view,  Rangers  IV  and 
V did  nothing. 

Mr.  Randall.  You  mean  after  a successful  head  in  the  impact,  there 
was  no  successful  results? 
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Mr.  Cortright.  That  is  because  the  spacecraft  itself  failed  within 
20  minutes  after  launch  on  Ranger  IV. 

Mr.  Randall.  It  was  the  capsule  itself,  and  nothing  else;  it  was 
just  the  spacecraft? 

Mr.  Corthight.  It  was  the  spacecraft,  and  not  the  launch  vehicle. 
The1  launch  vehicle  performed  very  well  in  both  Rangers  IV  and  V. 
That  dispersion  is  normal  dispersion  for  the  Atlas- Agena.  We  have 
to  correct  trajectories  with  our  midcourse  maneuver  to  be  more 
accurate. 

Mr.  Randall.  Yes,  I understand  there  was  a successful  correction 
and  that  is  a midcourse  correction. 

Mr.  Cortright.  That  was  on  Ranger  III.  We  didn’t  have  enough 
correction  capability  to  get  to  the  Moon  on  Ranger  III,  so  as  we  flew 
by  ahead  of  the  Moon  we  attempted  to  maneuver  to  turn  around  and 
look  at  the  Moon,  and  there  our  computer  failed. 

Mr.  Randall.  The  point  I wanted  to  get  was,  what  happened  after 
the  apparent  success,  by  the  chart,  of  Ranger  IV  ? 

Mr.  Cortright.  It  was  not  a success. 

In  addition,  a complete  engineering  design  review  was  undertaken 
and  recently  completed.  A number  of  critical  subsystems  within  the 
Ranger  are  being  modified.  One  thing  we  are  doing,  for  example,  is 
to  greatly  increase  the  redundancy  in  our  various  subsystems.  Com- 
ponents which  have  been  sterilized  by  heating  are  being  replaced 
wherever  possible  inasmuch  as  heat  sterilization  is  suspect  as  a possible 
detriment  to  high  reliability  of  electronic  components. 

We  are  confident  that  the  Ranger  spacecraft  series  will  succeed 
and  will  yield  valuable  data  to  science  and  in  support  of  the  manned 
program.  This  confidence  is,  in  part,  based  on  the  fact  that  the  team 
which  developed  the  highly  successful  Mariner  at  JPL  is  also  hard 
at  work  on  improving  the  Ranger.  Also,  the  successful  Mariner  was 
a direct  evolution  from  the  Ranger  spacecraft  and  utilized  many  of 
its  subsystems  and  parts,  as  I will  discuss  later.  ' 

I might  point  out,  however,  the  Mariner  was  designed  some  time 
after  experience  had  been  gained  with  the  Ranger,  and  incorporated 
several  improvements  which  are  now  being  fed  back  into  the  Ranger 
program. 

The  Ranger  project  has  contributed  importantly  to  spacecraft  tech- 
nology as  illustrated  in  this  chart  (fig.  47,  Technology  Developed  by 
Ranger) . Ranger  first  demonstrated  an  ability  to  receive  and  execute 
a midcourse  trajectory  correction.  This  system  was  later  used  by 
the  Mariner  spacecraft  in  order  to  correct  its  flyby  distance  from 
233,000  miles  to  21,600  miles.  In  addition,  the  Ranger  developed 
the  attitude  stabilization  system  utilizing  Earth-Sun  reference  lines, 
which  was  also  used  on  the  Mariner.  In  addition,  the  Ranger  was  the 
first  spacecraft  to  make  use  of  and  hence  help  develop  the  injection- 
from-parking-orbit  technique  with  the  Atlas- Agena  B launch  vehicle. 

I mentioned  earlier,  I believe,  that  the  Ranger  utilized  the  second 
Atlas- Agena  B flown  in  this  country. 

Mr.  Karth.  Mr.  Cortright,  would  you  like  to  discuss  with  us  at 
this  time  the  contractual  changes  that  have  been  made  in  the  Ranger 
program,  if  any? 

Mr.  Cortright.  I will  be  glad  to  do  that. 
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NASA  announced  on  Friday  that  it  was  contracting  with  the  North- 
rop Corp.  to  provide  assistance  to  the  Jet  Propulsion  Laboratory  on 
the  Ranger  project.  This  assistance  will  take  the  form  of  the  fol- 
lowing initial  aids: 

Northrop  will  provide  qualified  manpower  to  review  and  assist  in 
updating  existing  drawings,  specifications,  tost  procedures,  and  manu- 
facturing plans  to  insure  adequacy  and  completeness  They  will  pro- 
vide qualified  manpower  to  review’  and  assist  in  implementing  quality 
control  and  quality  assurance  requirements  compatible  with  the  over- 


all program  objectives. 

They  will  provide  manpower  at  JPL  to  support  a test  program  for 
design  evaluation  and  live  testing  of  Ranger  spacecraft.  They  will 
provide  appropriate  support  to  the  Jet  Propulsion  Laboratory  tech- 


nical divisions  to  accomplish  system  and  subsystem  integration. 


win  provide  qualified  manpower  to  support  the  JPL  technical  divi- 
sions in  system  testing  of  flight  spacecraft  at  JPL. 

They  will  provide  qualified  manpower  to  support  the  Jet  Propulsion 
Laboratory  technical  divisions  in  spacecraft  tests,  and  launch  opera- 
tions at  AMR — at  Atlantic  Missile  Range.  They  will  perform  other 
designated  supporting  tasks  to  gain  a complete  familiarity  with  the 
Ranger  spacecraft,  and  thev  will  provide  Qualified  manpower  to  sud- 


support 


J 
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Now,  in  addition,  after  what  we  call  Block  IV,  which  are  the  last 
of  our  1964  launchingB,  if  this  corporation  has  done  the  good  job  we 
anticipate — — 

Mr.  Karth.  Excuse  me,  what  corporation  is  this? 

Mr.  Cortright.  Northrop. 

Mr. Karth.  Northrop; yes. sir. 

Mr.  Cortright.  They  will  build  the  spacecraft  for  1965  launchings. 
They  will  be  what  we  call  the  spacecraft  systems  manager. 

Mr.  Karth.  This  is  a very  substantial  change  in  managemeht  of 
the- Ranger  program  to  a point  where  JPL  will  have  nothing  to  do 
with  it  by  1965,  if  I understand  you  correctly,  or  at  least  very  little? 

Mr.  Cortright.  They  will  still  be  the  project  manager.  There  is 
a lot  to  Ranger  besides  building  the  spacecraft.  The  Ranger  has  to 
be  pulled  together  with  the  launch  vehicle,  launched,  tracked,  data 
recovered 

Mr.  Karth.  But  there  is  no  more  to  it  now  than  there  has  been  ini- 
tiated, is  there? 

Mr.  Cortright.  That  is  correct.  This  is  a major  transfer  over  a 
period  of  time. 

Mr.  Karth.  There  is  a substantial  transfer  of  responsibility  and 
activity.  What  is  the  reason  for  this  transfer  of  responsibility  and 
activity,  or  is  there  any  ? 

Mr.  Cortright.  There  are  two  reasons  I think  I could  comment  on. 
One  is  to  supplement  the  technical  ability  of  the  Jet  Propulsion  Lab- 
oratory to  insure  better  performance  of  the  Ranger  project.  The  sec- 
ond is  to  gradually  unload  the  Jet  Propulsion  Laboratory  from  the  re- 
quirement to  run  a production-type  operation,  onto  a corporation 
which  is  used  to  this  type  of  operation.  The  Jet  Propulsion  Labora- 
tory, then,  would  be  me  to  work  on  the  more  advanced  concepts  that 
are  yet  to  be  developed,  such  as  our  Mariner  C ind  advanced  Mariner 
planetary  spacecraft  beyond  that. 

The  combination  of  the  JPL  creativity  and  imagination  and  the 
industrial  know-how  in  reproducing  equipment  to  uniform  quality 
standards  will  be  a very  potent  factor  in  making  this  project  go,  we 
think. 

Mr.  Karth.  Is  there  a report  on  this  overall  study  that  took  place? 
I suppose  it  was  responsible  for  the  action  that  you  took  on  Friday  ? 

Mr.  Cortright.  Yes,  sir;  there  was.  It  was  partly  responsible 
for  the  action.  It  was  a report  authored  by 

Mr.  Karth.  Who  instigated  this  study,  Mr.  Cortright  ? 

Mr.  Cortright.  Dr.  Newell. 

Mr.  Earth.  It  was  an  in-house  initiation  ? 

Mr.  Cortright.  Yes,  sir. 

Mr.  Earth.  Maybe  Dr.  Newell  could  answer  this  question:  This 
was  after  you  became  dissatisfied,  Dr.  Newell,  with  the  progress  that 
was  being  made  on  Ranger,  or  lack  of  it  ? 

Dr.  Neweix.  This  was  after  the  Ranger  V firing  had  failed  to  pro- 
duce a success.  We  felt  that  we  simply  had  to  dig  into  this  in  order 
to  maximize  our  efforts  to  produce  a successful  Ranger. 

Mr.  Earth.  What  kind  of  an  organization  is  the  Jet  Propulsion 
Laboratory  ? 

Mr.  Cortright.  The  present  organization  of  the  Jet  Propulsion 
Laboratory — well,  let  me  ask  a question  before  I answer  it.  Do  you 
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want  me  to  describe  the  structural  arrangement  of  the  various  groups 
within  the  Jet  Propulsion  Laboratory  ? Is  that  the  question,  Mr. 
Chairman? 

Mr.  Karth.  I think  it  would  be  worthwhile  describing  that  for  the 
record  so  that  the  members  later  on  can  take  a good  look  in  the  event 
they  have  a question  relative  to  the  organizational  structure ; how  is 
JPL  set  up  ? Is  it  a nonprofit  organization,  and  if  so,  does  it  operate 
under  the  auspices  of  Cal  Tech  ? 

Mr. Cortrioht.  CalTech. 

Mr.  Karth.  Would  you  explain  this  for  the  benefit  of  the  committee  ? 

Mr.  Morris.  Could  you  tell  us  the  corporate  structure  of  the  JPL  ? 

Mr.  Cortrioht.  The  Jet  Propulsion  Laboratory  does  work  under 
the  corporate  structure  of  the  California  Institute  of  Technology,  and 
in  contractual  matters  it  is  the  California  Institute  of  Technology 
that  is  contractually  bound.  We  have  a contract  with  the  California 
Institute  of  Technology- — 

Mr.  Morris.  That  is  a nonprofit  organization? 

Mr.  Cortrioht.  Yes,  the  Jet  Propulsion  Laboratory  is  a nonprofit 
organization. 

Mr.  Morris.  Supposedly,  that  is? 

Mr.  Cortrioht.  Pardon  me? 

Mr.  Morris.  Supposedly  it  is  a nonprofit  organization  ? 

Mr.  Cortrioht.  It  is  a nonprofit  organization,  sir. 

Mr.  Morris.  Under  the  laws  of  the  State  of  California? 

Mr.  Cortrioht.  Yes,  sir.  The  Laboratory  operates  on  Government- 
owned  land,  with  Government-owned  facilities,  but  the  employees  are 
not  civil  servants. 

Mr.  Karth.  Their  salaries  are  paid  by  Cal  Tech,  who  in  turn  are 
reimbursed  as  a result  of  the  contract  between  Cal  Tech  and  NASA; 
this  is  pretty  well  the  indirect  method  by  which  these  people  work; 
is  that  correct? 

Mr.  Cortrioht.  I would  like  to  consult  on  that  question. 

(Discussion  off  the  record.) 

Mr.  Cortrioht.  Yes,  sir,  that  is  correct;  the  contract  is  with  the 
California  Institute  of  Technology  to  operate  the  Laboratory,  and 
they  hire  and  pay  the  salaries  of  the  employees. 

Mr.  Karth.  How  do  we  arrive  at  a figure  of  reimbursement  to 
Cal  Tech  by  project?  This  must  be  a rather  difficult  job.  Or  is  this 
a prenegotiated  figure,  Mr.  Cortright?  Has  the  contract  been  so 
drafted  that  every  6 months,  for  example,  they  inform  NASA  of 
their  financial  stability  as  a result  of  the  numbers  of  people  they  have 
assigned  to  a project,  and  then  we  reimburse  them  for  that,  or  is  the 
specified  amount  predetermined  ? I am  not  sure  I understand  at  all 
how  we  operate. 

Mr.  Cortrioht.  I can  explain  that.  At  the  outset  of  the  year; 
that  is,  when  we  begin  our  normal  development  of  our  budgets  and 
our  financial  operating  plans  for  the  coming  year,  we  work  with  the 
Jet  Propulsion  Laboratory  directly  in  much  the  same  way  as  we 
work  with  our  own  research  centers.  We  review  in  depth  each  project 
that  the  Jet  Propulsion  Laboratory  is  handling  for  us,  whether  they 
are  building  the  equipment  in-house,  or  procuring  it.  We  make  oost 
estimates  or  what  this  project  is  going  to  cost  during  the  coming 
year,  and  arrive  at  a figure  which  we  agree  upon. 
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The  funds  are  then  transferred  from  NASA  headquarters  to  the 
Western  Operations  Office,  which  is  our  arm  in  the  Los  Angeles  area 
to  handle  matters  like  this.  These  funds  are  in  turn  transferred  to 
Cal  Tech  on  a quarterly  basis,  nominally  30  days  before  the  end  of 
each  financial  quarter.  We  transfer  funds  to  the  Institute  to  carry 
on  with  the  funding  of  JPL  tasks  for  the  next  quarter. 

During  the  course  of  the  year,  normally  on  a quarterly  basis,  we 
review  the  financial  status  of  the  Laboratory  and  the  projects  to  see 
how  they  are  going,  and  at  that  time  review  whether  we  have  the 
proper  allotment  of  funds. 

Now,  this  outlines  the  mechanics  of  how  the  funds  are  gotten  out 
there  and  how  they  are  controlled.  Does  that  answer  your  question  ? 

Mr.  Karth.  I think  so;  yes. 

Mr.  Staebler.  Mr.  Chairman. 


Mr.  Karth.  Before  we  have  any  further  questions^  I would  like  to 
mention  the  fact  that  the  majority  leader,  Mr.  Albert,  is  here.  Thanks 
for  stopping  in,  Mr.  Albert. 

Mr.  Staebler. 

Mr.  Staebler.  I would  like  to  pursue  the  description  a little  further. 

Has  the  Jet  Propulsion  Laboratory  followed  the  procedure  in  the 
past  of  producing  tne  components  or  some  substantial  part  of  the  com- 
ponents of  the  Ranger,  or  has  it  confined  its  activities  to  assembly  of 
parts  produr  id  elsewhere? 

• Mr.  Cortright.  They  produce  some  parts.  The  procedure  has  been 
roughly  as  follows:  During  the  early  conceptual  design  phase,  the 
Jet  Propulsion  Laboratory  designs  parts  and  breadboards  them,  which 
means  they  put  them  on  a flat  board  in  their  Laboratory  and  try  to  get 
them  functioning  to  a point  where  they  know  they  can  go  out  on 
contract. 

They  do  then  go  out  on  contract,  and  I believe  they  contract  out  at 
least  80  percent  of  the  parts.  I don’t  have  with  me,  although  Mr. 
Taylor  may,  the  exact  breakdown  of  how  much  of  this  money  we  send 
to  Cal  Tech  goes  to  industry  on  an  overall  basis.  About  91  percent 
of  the  total  Office  of  Space  Science  funds  are  spent  in  industry  on 
what  would  be  considered  non-in-house  procurements.  It  is  about 
80  to  85  at  JPL.  They  are  a little  bit  lower  than  the  average. 

Mr.  Staebler.  As  systems  manager,  then,  Northrop  will  be  taking 
over  a substantial  part  of  this  last  20  percent  of  the  operation? 

Mr.  Cortright.  Starting  with  the  1965  spacecraft,  they  will,  that 
is  correct.  However,  that  work,  I might  add,  will  begin  this  year, 
this  calendar  year.  They  will  have  to  start  the  procurements  for  the 
1965  spacecraft. 

Mr.  Staebler.  Has  there  been  generally  in  the  past  the  policy  of 
maintaining  systems  managements  within  the  various  parts  of  NASA  ? 
Does  this  represent  a departure  from  the  past  course  ? 

Mr.  Cortright.  We  have  examples  of  spacecraft  systems  manage- 
ment being  largely  with  a contractor.  The  Surveyor  is  such  a case. 
We  have  the  practice  of  maintaining  project  management  responsi- 
bility within  the  Government  in  all  cases. 

Mr.  Staebler.  NASA  has  had  flexibility,  then,  at  the  systems  man- 
agement level  and  at  levels  of  smaller  subdivisions  of  a system  of  doing 
some  work  itself,  subcontracting  or  contracting  out  parts  of  it;  this 
is  not  a departure,  then,  from  past  policy  ? 
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Mr.  Cortright.  This  is  not  a departure.  There  are  other  examples 
besides  Surveyor.  I just  didn’t  go  through  the  recounting  of  them. 

Mr.  Karth.  Mr.  Cortright,  I wonder  if  you  would  give  us  the  bene- 
fit of  your  thinking  as  to  the  areas  of  weakness  within  JPL?  Now, 
I believe  I have  read  some  veiled  editorial  criticism,  if  I may  refer 
to  it  as  such,  of  JPL  in  the  past.  I suppose  the  stock  answer  is : “Well, 
they  are  no  better  or  no  worse  than  other  general  contractors,”  but 
I doubt  if  this  is  the  kind  of  an  answer  the  committee  would  like  to 
have.  Rather,  if  you  can,  give  for  us  the  weaknesses,  as  you  see  them, 
that  existed  at  JPL  which  caused  NASA  to  take  the  action  it  just 
recently  has  taken. 

Mr.  Cortright.  Mr.  Chairman,  I will  be  glad  to  answer  your  ques- 
tion, although  it  always  pains  me  to  discuss  this  question  from  the 
negative  side  only,  inasmuch  as  the  virtues  and  strengths  of  the  Jet 
Propulsion  Laboratory  are  very  considerable. 

Mr.  Karth.  I think  you  can  give  us  the  strengths  too,  if  you  like, 
Mr.  Cortright,  but  we  would  like  to  have  both  sides  of  the  argument 
too,  you  see.  It  is  extremely  difficult  for  the  committee  to  keep  things 
in  proper  perspective,  I think,  without  hearing  both  sides. 

Mr.  Randall. 

Mr.  Randall.  This  is  not  along  this  line.  When  was  this  announce- 
ment made  ? Our  desk  is  flooded  with  announcements,  but  so  far  as  I 
know,  I haven’t  received  any  announcement.  You  say  it  was  done 
Friday  ? 

Mr.  Cortright.  Friday  at  5 p.m.,  the  press  release  was  made,  and 
we  notified  the  chairman  of  this  committee  in  the  morning. 

Mr.  Randall.  Thank  you.  I didn’t  want  to  interrupt  you,  but  I 
wondered  why  we  didn’t  hear  about  it. 

Mr.  Karth.  Dr.  Newell  and  Mr.  Cortright  on  Friday  called  this  to 
my  attention,  the  fact  they  were  going  to  take  this  action,  and  asked 
whether  or  not  they  could  talk  about  it  in  front  of  the  committee  on 
Monday — that  is,  today — hoping  that  this  would  be  the  day  that  we 
would  talk  about  the  Ranger  project,  and  it  happens  we  are  on  page 
81,  and  we  are  talking  about  the  Ranger  project.  I think  it  is  appro- 
priate we  talk  about  it  now. 

Mr.  Cortright.  Very  well,  Mr.  Chairman,  I will  answer  your  ques- 
tion to  the  best  of  my  ability  I will  begin  with  a summary  statement 
of  the  virtues  of  the  Jet  Propulsion  Laboratory.  The  Jet  Propulsion 
Laboratory  is  comprised  of  a highly  talented,  creative  group  of  en- 
gineers and  technicians.  This  talent  resulted  in  such  imaginative 
concepts  as  the  Mariner  and  the  Ranger. 

I might  point  out  that  had  the  Ranger  functioned  properly,  it  too 
would  have  provided  an  important  scientific  and  technological  “first” 
for  this  country.  This  group  has  developed  from  a research  labora- 
tory, and  hence  has  had  some  teething  problems  with  getting  geared 
up  to  an  industrial-type  operation,  wherein  one  has  to  produce  a 
series  of  spacecraft  to  uniform  standards  with  tight  quality  control, 
and  with  a great  deal  of  internal  discipline  in  order  to  achieve  this. 

Mr.  Karth.  Hasn’t  this  been  evident  over  the  years,  Mr.  Cortright, 
they  really  were  not  tooled  up  to  do  this  kind  of  in-house  industrial 
work,  if  you  wish  to  refer  to  it  as  such  ? 

Mr.  Cortright.  Not  entirely,  because  they  did  develop  the  Sergeant 
Army  rocket,  which  is  a short-range  weapons  system 
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Mr.  Karth.  Although  it  wasn’t  evident  to  begin  with,  it  is  now 
evident  they  are  not  set  .up  properly  to  do  this  type  of  work  ? 

Mr.  Cortright.  It  is  now  evident  they  would  benefit  materially 
from  help  of  the  type  they  will  get  from  Northrop.  Incidentally,  in 
the  case  of  the  Sergeant,  they  did  turn  over  the  production  of  those 
vehicles  to  Sperry,  I believe,  after  they  had  done  a few  themselves 
and  developed  the  concepts  on  the  system. 

We  are  developing  major  steps  with  them  within  the  Laboratory 
to  tighten  up  their  quality  control,  their  standards,  specifications, 
drawings,  and  so  forth,  which  do  contribute  to — in  fact,  which  are 
necessaiy  to  the  production  of  this  type  of  complex  electromechanical 
equipment  in  a reliable  fashion. 

I think  they  have  responded  very  well  to  the  problem,  and  we  are 
quite  pleased. 

Mr.  Karth.  Now  the  Kelley  report,  as  I understand  it,  was  quite 
critical  of  JPL.  Would  you  for  the  record  give  us  those  major  points 
of  criticism? 

Mr.  Cortright.  Mr.  Chairman,  I think  the  letter  I sent  you  would 
be  suitable  for  insertion  in  the  record,  with  your  permission,  to  answer 
that  question.  Basically  the  major. points  of  criticism  were  the  same 
I have  just  been  going  through;  namely,  that  the  quality  control  was 
spotty.  The  uniformity  of  standards  from  technical  division  to 
technical  division  varied  considerably.  The  monitoring  of  their  sub- 
contractors varied  considerably  from  division  to  division.  They 
simply  were  going  through  many  of  the  same  problems  that  all  large 
engineering  groups  go  through  when  they  undertake  a new  project. 

(The  information  referred  to  is  as  follows:) 

December  28, 1962. 

The  Honorable  Joseph  E.  Karth, 

Chairman,  Subcommittee  No.  S,  Committee  on  Science  and  Astronautics, 

House  of  Representatives,  Washington,  D.C. 

Dear  Mr.  Karth  : As  a result  of  your  call  last  week,  I agreed  to  transmit 
to  yon  additional  information  on  the  status  of  the  Banger  project  and  the  find- 
ings and  recommendations  of  the  technical  team  which  reviewed  the  project 
for  us.  Subsequently,  I called  you  and  read  to  yon  over  the  phone  the  press 
release  which  NASA  was  making  on  the  subject.  The  purpose  of  this  letter 
is  to  provide  additional  background  information. 

The  report  submitted  to  the  Office  of  Space  Sciences  by  the  review,  team  is 
classified  secret  and  is  considered  an  internal  working  document  The  classifi- 
cation is  based  on  material  contained  within  the  report  which  was  supplied  by 
the  Air  Force  under  secret  classification  and  which  we  are  honoring  as  c-^dh. 
In  general,  this  material  relates  to' launch  vehicle  performance.  The  basis  for 
oonsMering  the  report  an  internal  working  document  stems  from  the  belief 
that  when  individuals  are  called  together  to  review  and  critique  our  own  opera- 
tions for  the  purpose  of  improving  said  operations,  they  should  do  so  with  the 
feeling  that  whatever  they  say  or  write  will  not  later  be  subject  to  release  to 
the  press  and  a completely  public  airing.  I believe  this  to  be  a sound  policy. 

On  the  other  hand,  I recognise  that  this  policy  should  not  be  misused  to  cover 
up  facts  purely  to  avoid  embarrassing  NASA  or  its  contractors.  We  have 
always  conducted  our  operations  openly  and  frankly  and  intend  to  continue 
to  do  so.  Accordingly,  in  response  to  queries  from  Members  of  Congress,  we 
are  proposing  to  abstract  in  some  detail  the  results  of  our  review  and  to  submit 
this  along  with  a statement  of  measures  being  adopted  to  improve  the  reliability 
of  the  Ranger  spacecraft.  This  material  will  precede  our  regular  authorization 
request  presentations  which  will  also  Include  discussions  of  Project  Banger. 

As  an  interim  measure,  and  to  fulfill  my  oral  commitment  to  you,  I am 
enclosing  a summary  of  the  findings  and  recommendations  of  the  review  team. 
This  material*  has  not  been  released  to  the  press,  although  I have  discussed 
some  of  it  with  Mr.  Hines  of  the  Washington  Evening  Star  in  order  to  clarify 
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his  understanding  of  the  technical  problems  we  face  in  Project  Ranger.  I 
would  appreciate  your  using  the  enclosed  material  primarily  as  background 
information. 

I was  somewhat  concerned  by  your  indication  that  you  received  no  notifi- 
cation of  the  formation  of  the  technical  team  to  review  Project  Ranger.  Your 
name  has  been  on  the  mailing  list  for  all  NASA  press  releases  for  the  past  year 
or  so. 

Should  we  be  able  to  provide  any  additional  help  to  you  or  your  staff,  we 
will  be  happy  to  do  so. 

Sincerely  yours, 


Edgar  M.  Gobtbioht, 

Deputy  Director,  Office  of  Space  Sciences. 


Ranges  Program 


On  October  29,  1962,  Dr.  Homer  E.  Newell,  Director,  Office  of  Space  Sciences, 
establish  a Board  of  Inquiry  to  review  the  Ranger  Program  including  the 
spacecraft,  launch  vehicle,  tracking  network,  space  flight  operations,  and  launch 
operation.  With  Dr.  Albert  J.  Kelley  of  NASA  Headquarters  as  Chairman,  the 
Board  was  composed  of  the  additional  following  members,  all  top  men  in  their 
respective  fields : 

Mr.  Frederick  J.  Bailey,  Manned  Spacecraft  Center. 

Mr.  John  Foster,  Ames  Research  Center. 

Dr.  John  Hornbeck,  Bellcomm,  Inc. 

Mr.  James  Koppenhaver,  NASA  Headquarters,  Office  of  Programs. 

Mr.  Herman  Lagow,  Goddard  Space  Flight  Center. 

Dr.  Arthur  H.  Rudolph,  Office  of  Systems  (Huntsville),  Office  of  Manned 
Space  Flight. 

Mr.  Francis  B.  Smith,  Langley  Research  Center. 

Dr.  John  Walker,  Secretary,  NASA  Headquarters,  Office  of  Advanced  Re- 
search and  Technology. 

Mr.  Newton  W.  Cunningham,  Chief,  Ranger  Program,  NASA  headquarters, 
and  Mr.  Walter  Jakobowski,  Ranger  Program  Engineer,  NASA  headquarters, 
were  appointed  ex  officio  to  assist  the  Board. 

In  his  original  memorandum  to  the  Chairman,  Dr.  Newell  asked  that  the 
Board  review  the  history  of  the  Ranger  spacecraft  and  its  present  status  and 
recommend  to  the  Office  of  Space  Sciences  steps  it  deems  necessary  to  achieve 
early  successful  Ranger  operation,  including  but  not  limited  to  recommended 
changes  in  management  procedures*  systems,  components,  testing,  quality  con- 
trol, reliability  assurance  procedures,  and  operation  procedures.  In  addition, 
the  Board  was  asked  to.  prepare  its  recommendations  in  time  to  determine 
whether  or  not  the  next  Ranger  firing  should  proceed  as  presently  scheduled 
or  should  be  delayed  in  order  to  introduce  necessary  changes. 

During  the  intensive  1-month  survey,  the  Board  held  detailed  discussions, 
including  onsite  inspection  of  Ranger  associated  hardware  and  operations,  where 
applicable,  with  the  following  organizations : 

Jet  Propulsion  Laboratory. 

Aeronutronics  Division,  Ford  Motor  Co. 

Lockheed  Missiles  A Space  Co. 

Nortronics  Division  of  Northrop  Corp. 

RCA,  Astro-Electronics  Division. 

NASA  Western  Operations  Office. 

Marshall  Space  Flight  Center. 

NASA  Headquarters : 

Office  of  Manned  Space  Flight. 

Office  of  Tracking  and  Data  Acquisition. 

Office  of  Space  Sciences. 

USAF  Space  Systems  Division. 

NASA  Launch  Operations  Center. 

USAF  6655th  Test  Wing. 

Upon  completing  the  discussion  and  inspection  portion  of  its  investigation, 
the  Board  met  in  executive  session  at  NASA  Headquarters  to  arrive  at  findings 
and  to  prepare  the  final  report.  This  report  was  completed  on  November  30, 
1962,  and  submitted  to  the  Director,  Office  of  Space  Sciences,  on  December 
4,  1962. 

In  general,  it  was  found  that  the  Ranger  spacecraft  design  concept  is  basically 
sound  as  evidenced  by  the  recent  flight  of  Mariner  II  whose  design  evolved 
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directly  from  Ranger  and  which  made  extensive  use  of  Ranger  components 
and  technology.  The  Board  did  find,  however,  that  improvements  could  be 
made  which  could  increase  Sight  reliability.  The  Board’s  recommendations^ may 
be  summarized  as  follows : 

TECHNICAL 

(а)  Initiate  a combined  testing  and  design  review  program  for  Rangers  6-9 
which  will  provide  the  basis  for  the  correction  of  any  deficiencies  which  may 
exist  in  the  present  design.  This  effort  should  be  conducted  by  review  teams 
which  include  personnel  not  directly  assigned  to  the  Ranger  project.  In  addi- 
tion, it  was  recommended  that  an  outside  industrial  contractor  possessing  the 
type  of  skill  required  for  this  type  of  effort  be  recruited  to  assist  in  these 
reviews. 

(б)  Abandon  heat  sterilization  of  all  materials  for  the  Ranger  Program  imme- 
diately and  reexamine  other  presently  used  methods  of  sterilization  to  determine 
their  effectiveness.  Heat  sterilized  components  already  assigned  to  Rangers  6-9 
should  be  replaced  wherever  possible  with  unsterilized  components. 

(c)  Apply  stricter  quality  control  and  quality  assurance  procedures  and 
methods  to  all  material  fabricated  inhouse  or  procured  via  subcontract  and  main- 
tain quality  surveillance  and  quality  control  of  all  material  through  launch. 

(d)  Halt  fabrication  of  assemblies  for  Ranger  19  and  subsequent  spacecraft 
until  the  implications  of  the  review  and  test,  program  are  clearly  understood 
and  necessary  design  improvements  are  incorporated. 

MANAGEMENT 

(a)  Strengthen  the  Ranger  project  management  at  JPL  by  providing  increased 
staffing  and  more  clear-cut  lines  of  responsibility  and  authority. 

(ft)  Augment  the  Office  of  Space  Sciences  headquarters  staff  to  enable  closer 
monitoring  of  the  Ranger  project,  and  assign  a NASA  headquarters  technical 
representative  to  JPL. 

(c)  Bring  to  bear  on  Ranger  Atlas  boosters  the  knowledge  and  experience  of 
the  Aerospace  technical  teams  that  have  been  monitoring  the  factory  rollout 
inspection  and  AMR  prelaunch  preparations  of  the  Mercury  Atlas  boosters.  In 
addition,  it  was  recommended  that  the  complete  responsibility  for  Atlas-Agena 
checkout  and  launch  operations  at  AMR  be  either  retained  completely  by  NASA 
or  delegated  completely  to  the  Air  I'orce,  rather  than  the  current  joint  sharing 
of  responsibility. 

, Plans  have  been  formulated  to  implement  the  above  recommendations.  An 
extensive  design  review  and  test  program  is  being  initiated.  The  Ranger  6 space- 
craft which  was  being  readied  for  launch  early  next  year  will  not  be  flown  but 
will  be  subjected  to  an  exhaustive  test  program.  The  sterilization  or  germ-free 
requirement  under  which  electronic  components  must  be  heat  baked  has  been 
abandoned.  Procedures  governing  reliability  and  quality  assurance  are  in  the 
process  of  being  improved.  Efforts  to  increase  the  reliability  of  the  launch 
vehicle  have  been  active  for  the  past  18  months  and  will  continue.  Positive 
steps  are  being  taken  to  strengthen  both  the  JPL  project  management  staff  and 
the  NASA  headquarters  Ranger  staff. 

Modifications  resulting  from  the  improvement  program  will  be  incorporated  in 
future  Rangers.  It  is  anticipated  that  this  will  delay  the  launch  of  the  next 
Ranger  to  mid-1963,  but  that  the  lost  time  will  be  subsequently  recovered. 

I think  that  if  we  went  back  and  examined  each  of  the  systems  that 
I used  to  get  my  average  reliability  versus  flight  curve,  which  is  on 
an  earlier  figure,  you  would  find  that  every  single  one  of  those  com- 
panies that  had  initial  bugs  with  their  equipment — and  they  all  did — 
suffered  from  the  same  sort  of  teething  problems  that  the  Jet  Propul- 
sion Laboratory  has.  I think  they  had  to  solve  the  same  management 
and  technical  problems  that  we  are  now  solving  at  JPL. 

Mr.  Karth.  Over  the  years,  JPL  has  been  provided  with  equipment, 
I suppose,  at  NASA’s  request,  along  with  their  funding.  Now  that 
most  of  this  work  will  be  done  by  someone  else,  what  happens  to  the 
equipment,  the  moneys  that  we  have  invested,  to  bring  JPL’s  qualifica- 
tions up  to  a point  where  they,  up  until  Friday,  at  least,  were  ex- 
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pected  to  do  this  work?  What  happens  to  all  that  money  that  has 
been  spent? 

Mr.  Cortright.  That  money  is  well  spent,  in  our  opinion,  Mr.  Chair- 
man. The  Jet  Propulsion  Laboratory  will  continue  to  be  a major — 
the  major  arm  of  the  NASA,  in  executing  the  unmanned  lunar  and 
planetary  program.  The  equipment  that  they  don’t  build  in-house 
they  will  havebuilt  out-of -house,  and  will  provide  the  technical  direc- 
tion for  those  contractors,  such  as  they  are  now  doing  on  Surveyor. 

Mr.  Karth.  What  other  programs  does  JPL  head  up  for  NASA  ? 

Mr.  Cortright.  Mariner.  Our  current  Mariner  project  is  the 
Mariner-Mars,  which  you  will  see  in  just  a moment.  It  will  be 
launched  in  1964.  And  beyond  that,  JPL  promises  to  play  an  im- 
portant role  in  our  advanced  planetary  exploration,  such  as  the 
Mariner  B,  and  Voyager  projects. 

We  are  counting  on  JPL  to  continue  to  be  a mainstay  in  that  area. 
The  equipment  which  we  have  put  in  there  will  be  utilized  100  per- 
cent. The  facilities  in  terms  of  housing,  which  are  still  inadequate 
and  must  be  improved,  will  be  well  occupied. 

The  Surveyor  project,  which  you  are  well  acquainted  with,  is  man- 
aged by  and  technically  directed  by  the  Jet  Propulsion  Laboratory. 

What  we  should  say  about  the  arrangement  with  the  Northrop  Co. 
is  that  they  will  unload  the  Laboratory  beyond  1964  of  the  requirement 
to  produce  carbon  copy  spacecraft  of  the  Ranger  type.  Prior  to  that 
they  will  provide  needed  technical  assistance. 

Mr.  Karth.  I can  appreciate,  Mr.  Cortright,  where  any  firm, 
regardless  of  the  name,  may  have  trouble  with  technical  problems,  be- 
cause almost  all  of  these  programs  are  pushing  the  state  of  the  art, 
but  technical  problems  and  management  problems  are  two  different 
things.  I am  somewhat  of  the  opinion  JPL’s  problem  is  probably  as 
much  management  as  technical.  1 wonder  if  you  would  care  to  address 
yourself  to  some  of  the  management  problems  that  you  are  aware 
of,  that  were  brought  to  your  attention  by  the  Kelley  report,  as  far 
as  JPL  is  concerned,  and  what  has  been  done  about  it. 

Mr.  Cortright.  I think,  Mr.  Chairman,  it  is  a popular  misconcep- 
tion that  technical  and  management  problems  have  a clean  cleavage. 
Frequently  technical  problems  arise  from  management  problems,  and 
are  very  closely  interrelated,  and  vice  versa.  You  have  to  organize 
and  manage  in  different  ways  to  do  different  technical  jobs. 

Mr.  Karth.  Just  use  your  own  judgment,  then,  in  each  instance 
where  you  think  they  were  interrelated.  You  give  us  the  benefit  of 
your  thoughts,  and  we  will  decide  whether  they  were  management  or 
technical  or  whether  they  were  engineering. 

Mr.  Cortright.  The  problem  of  maintaining  uniformity  of  stand- 
ards, both  on  in-house  equipment  and  procurements  from  contractors, 
is  both  a technical  and  a management  problem.  The  way  in  which 
the  management  approaches  that  problem  has  a vital  bearing  on  how 
successful  a company  is  in  doing  these  advanced  technical  projects. 

The  Kelley  report  pointed  out  to  us  some  problems  in  this  area  of 
which  we  were  generally  aware  and  were  trying  to  do  something  about 
with  JPL.  The  standards  were  spotty,  as  I mentioned  earlier,  and 
required  a closer  knit  team  effort  in  the  upper  echelons  of  the  JPL 
management,  say  the  division  chiefs  on  up. 

Mr.  Karth.  How  do  you  plan  to  e ' ninate  that  problem  in  the 
future?  This  will  probably  be  of  inte  -st  to  the  committee. 
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Mr.  Cortright.  A number  of  things  have  been  done.  The  lunar 
and  planetary  programs  had  been  separated  at  the  Laboratory  under 
two  directors.  They  have  now  been  pulled  together  under  one.  All 
of  the  supporting  research  and  technology  work  at  JPL  has  been 
pulled  together  under  another  man,  and  all  of  the  tracking  and  data 
acquisition  effort  is  pulled  together  under  another  man.  These  men, 
by  the  way,  are  Mr.  Parks,  for  lunar  and  planetary  programs;  Dr. 
Goddard  for  supporting  research  and  technology;  and  Dr.  Rechtin, 
for  tracking  and  data  acquisition. 

These  three  men  meet  much  more  frequently  than  they  used  to 
with  the  Director,  Dr.  Pickering,  and  the  Deputy  Director,  Mr.  Sparks, 
and  with  the  Director  of  Business  Administration,  Mr.  Larson,  in  a 
senior  council  effort  to  maintain  close  integration. 

Mr.  Karth.  Substantive  management  changes  have  been  made  in 
the  organization  structure ; is  that  correct  ? 

Mr.  Cortright.  They  certainly  have,  and  within  the  divisions  them- 
selves. The  division  chiefs  are  pulling  together  much  tighter  team 
efforts  down,  through  their  own  divisions  in  order  to  see  that  the  com- 
ponents for  which  they  are  charged  are  handled  in  a maimer  that 
is  entirely  acceptable  to  everyone  concerned. 

Mr.  Karth.  Is  anyone  on  unemployment  compensation,  Mr.  Cort- 
right? 

Mr.  Cortright.  I don’t  believe  I understand  that  question. 

Mr.  Karth.  Has  anyone  been  dismissed  for  anything? 

Mr.  Cortright.  Not  to  my  knowledge.  There  has  been  some  shift- 


Mr.  Karth.  Have  there  been  some  replacements? 

Mr.  Cortright.  The  manager  of  the  Ranger  project  is  now  Mr. 
Schurmeier,  who  formerly  was  Chief  of  the  Systems  Division,  and  had 
much  to  do  with  the  technical  design  and  development  of  the  Ranger. 
He  has  moved  up  to  manage  that  project.  As  I mentioned  earlier, 
the  lunar  and  planetary  projects  have  now  been  pulled  together  under 
Mr.  Parks,  who  was  in  charge,  with  Mr.  J ames,  of  the  Mariner  project. 

We  have  great  confidence  in  these  individuals.  It  is  a very  fine 
group  of  men.  They  can  do  this  job,  if  anyone  can.  It  is  a tough 
job. 

Mr.  Karth.  Are  there  any  questions?  Mr.  Morris. 

Mr.  Morris.  Well,  when  did  you  ask  for  proposals  when  you  se- 
lected Northrop  ? 

Mr.  Cortright.  Northrop  was  a sole  source  procurement.  Although 
the  concept  of  bringing  in  an  industrial  contractor  has  been  under  seri- 
ous consideration  for  1 or  2 months,  it  has  sort  of  been  on  the  back 
burner  while  we  handled  more  immediate  problems,  such  as  design 
changes  that  had  to  be  made  immediately  for  the  launches  beginning 
in  December.  In  addition,  some  of  the  internal  organizational  ana 
procedural  changes  within  the  laboratory,  had  to  be  solved  first. 

The  decision  to  bring  a contractor  in  was  onlv  made  about  a week 
and  a half  ago — and  we  then  decided  within  the  agency  that  speed 
was  of  the  essence.  The  Northrop  Corp.  was  very  eminently  qualified 
to  do  this  job,  largely  by  virtue  of  the  fact  that  they  are  already  an 
important  contractor  on  two  of  the  most  critical  systems  within  the 
Ranger  spacecraft ; namely,  the  attitude  control  system  and  the  cen- 
tral computer  and  sequencer. 
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Mr.  Morris.  The  answer  to  my  question  I asked  you,  Mr.  Cortright, 
is  that  Northrop  was  the  only  contractor  that  you  contacted,  and 
others  did  not  submit  proposals  ? 

Mr.  Cortright.  Yes,  sir.  We  did  not  go  out  and  request  proposals. 

Mr.  Morris.  Who  made  this  so-called  Kelley  report?  Is  this  the 
name  of  the  individual  who  made  the  report  ? 

Mr.  Cortright.  Yes,  Dr.  A1  Kelley,  and  a group  of  about  six  highly 
skilled  technical  people. 

Mr.  Morris.  When  did  they  start  on  this  project  which  led  to  this 
report? 

Mr.  Cortright.  I will  get  that  answer  in  just  a second. 

They  were  directed  to  form  on  about  the  18th  of  October,  a day  or 
two  after  the  Ranger  V launch. 

Mr.  Morris.  The  19th  of  October,  in  1962  ? 

Mr.  Cortright.  Yes. 

Mr.  Morris.  When  did  you  receive  their  report  ? 

Mr.  Cortright.  About  30  days  later. 

Mr.  Morris.  That  would  be  the  19th  of  November  of  1962.  Then 
you  only  made  uy  your  mind  2 weeks  ago  that  you  needed  to  bring  in 
an  industrial  contractor  ? 

Mr.  Cortright.  We  only  made  up  our  minds  that  we  would.  We 
thought  seriously  that  we  would  have  to  do  this  during  that  interven- 
ing time,  but  we  took  the  course  of  first  things  first,  and  the  first  thing 
we  had  to  do  was  to  determine  what  to  do  with  the  next  batch  of  Rang- 
ers, which  were  largely  on  hand  as  far  as  their  subsystems  were  con- 
cerned. We  went  into  intensive  technical  reviews. 

Mr.  Morris.  Mr.  Chairman,  I think  it  would  be  pertinent  to  the 
subcommittee’s  deliberations  if  we  had  at  least  one  copy  of  the  so- 
called  Kelley  report  so  that  either  our  staff  or  someone  else  could 
review  it. 

Mr.  Karth.  Does  the  gentleman  make  the  request  ? 

Mr.  Morris.  I make  the  request. 

Mr.  Randall.  I would  like  to  join  in  the  request. 

Mr.  Morris.  We  make  the  request  of  NASA  that  the  Kelley  report 
be  furnished  to  the  subcommittee. 

Mr.  Randall.  I don’t  know  how  we  can  discuss  this  until  we  know  a 
little  more  about  the  Kelley  report.  I want  to  pursue  this  quite  a 
little  bit  further,  Mr.  Chairman.  This  timelag  in  here,  you  said 
something  on  the  back  burner,  you  couldn’t  get  around  to  it.  That 
was  these  Rangers  you  are  talking  about.  There  is  quite  a timelag  here. 
We  talk  quite  a lot  about  time,  now  we  are  trying  to  push  ahead  in 
crash  programs,  but  here  is  something  that  hasn’t  been  going  too  well, 
it  seems  to  me. 

Mr.  Morris.  Mr.  Chairman,  I would  request  this  first  by  unanimous 
consent. 

Mr.  K!arth.  Are  there  any  objections  to  the  request  made  by  the 
gentleman  ? 

Would  you  supply  to  the  committee  staff  one  copy  ? 

Mr.  Cortright.  Yes,  sir;  you  are  aware  this  is  a classified  docu- 
ment. 

Mr.  Karth.  I wasn’t  aware  it  is.  Can  you  tell  us  why  it  is  classified  \ 

Mr.  Cortright.  Yes,  sir,  I will  discuss  that. 

Mr.  Karth.  Does  it  have  anything  to  do  with  the  national  security  ? 
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Mr.  Morris.  Mr.  Chairman,  why  don’t  we  have  a special  committee 
of  the  Government  Operations  Committee,  headed  by  Congressman 
John  Moss  of  Calif omiaj  Who  looks  into  matters  of  classification — why 
don’t  we  just  turn  the  thing  over  to  him  to  look  into  it  ? He  has  a pro- 
fessional staff  that  does  nothing  but  look  into  these  kinds  of  matters. 
It  would  be  nice  for  the  record  if  they  would  tell  us  their  reason,  but 
then  I think  we  should  turn  it  over  to  the  Government  Operations  Sub- 
committee. 

Mr.  Karth.  I understand  that.  I would  like,  first,  however,  to  find 
out  why  NASA  feels  this  document  should  be  classified. 

Mr.  Cortright.  There  are  discussions  within  it  of  the  launch  vehi- 
cle, referring  to  material  which  the  Air  Force  has  defined  as  classified, 
and  hence  we.  are  bound  to  honor  their  classification. 

Mr.  Karth.  I wonder,  then,  if  you  would  indicate,  by  letter  to  the 
committee  staff,  those  areas  that  are  classified  for  reasons  of  national 
security  ? 

Mr.  Cortright.  I would  be  glad  to  do  that. 

Mr.  Karth.  And  then  any  other  areas  classified  for  any  other  rea- 
sons in  the  opinion  of  NASA  that  deserves  classification  ? 

Mr.  Cortright.  Yes,  sir.  Mr.  Chairman,  if  I may,  please,  the  ab- 
stract which  we  have  submitted  to  the  committee  a month  or  so  ago 
is  an  accurate  summary  of  the  Kelley  report  and  we  have  indicated 
that  it  might  be  desirable  for  a man  of  your  choosing  to  read  the  orig- 
inal and  confirm  the  authenticity  and  completeness  of  the  abstract  of 
the  technical  and  management  findings  of  this  committee.  That  is 
an  unclassified  version,  and  could  be  made  available  tomorrow,  or  this 
afternoon,  to  every  member  of  this  committee. 

Mr.  Karth.  I think  it  would  be  good  if  each  member  of  the  subcom- 
mittee were  furnished  -with  the  public,  unclassified  compilation  of  the 
report,  but  then,  in  addition  to  that,  I guess  the  request  has  been  made 
and  approved  that  the  committee  staff  be  furnished  with  one  copy. 

For  the  benefit  of  each  individual  subcommittee  member,  if  he  wants 
to  avail  himself  of  the  information  that  is  in  it,  the  report  should  be 
available.  With  that  in  mind,  I suppose  we  will  later  pursue  the  sub- 
ject, if  any  committee  member  so  chooses. 

Mr.  Cortright.  Mr.  Chairman,  I would  like  to  address  myself  to 
a statement  by  Mr.  Randall  which  indicates  that  I have  left  an  ex- 
tremely erroneous  impression  in  his  mind.  And  that  is,  that  the  last 
2 months  have  not  been  filled  with  70-hour  workweeks  trying  to  im- 
prove our  situation  on  the  Ranger  project,  for  they  have. 

This  included  very  intensive  examinations  of  how  an  industrial  con- 
tractor would  be  brought  in  and  what  he  might  do.  It  is  not  a simple 
matter  just  to  say  “Well,  we  will  bring  in  this  company  and  he  will  do 
this  job  for  us.”  We  have  been  working  very  hard  on  this  problem  in 
NASA  and  at  the  Jet  Propulsion  Laboratory  since  the  submission 
of  the  Kelley  report.  My  choice  of  the  words  “back  burner”  was 
unfortunate,  but  it  wasn’t  the  first  thing  we  had  to  do. 

The  first  thing  we  had  to  do  was  pin  down  the  technical  difficulties 
within  the  Ranger  spacecraft.  Although  all  corrective  measures  were 
studied  simultaneously,  there  wasa  priority. 

Mr.  Randall.  Mr.  Chairman,  I didn’t  want  to  be  unduly  critical. 
If  there  was  anything  that  sounded  so,  I thought  we  had  come  upon 
an  area  of  inquiry  here  that  was  most  important,  and  I resubmit  there 
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was  a report  on  November  19, 1962,  and  apparently  this  Kelley  report 
was  acted  on  only  Friday. 

Mr.  Cortrigiit.  No,  all  the  other  recommendations  have  been  acted 
on  by  now.  We  have  been  working  on  them  as  fast  as  we  could  resolve 
the  action  items. 

Dr.  Newell.  Mr.  Chairman,  if  I may  make  a comment  here? 

Mr.  Karth.  Dr.  Newell. 

Dr.  Newell.  You  will  recall  that  the  Hangers  have  now  been  set 
aside  into  the  form  of  several  different  blocks  of  Rangers,  and  as  Mr. 
Cortright  has  mentioned,  it  is  our  estimate  that  the  contractor  can  be 
brought  in  in  full  measure  on.  this  project  only  in  Block  Y.  That 
would  be  the  point  where  he  could  pick  up  and  be  the  full  systems  con- 
tractor for  the  Ranger. 

Now,  we  can’t  wait  until  Block  5 to  have  a success.  We  must  make 
sure  that  the  Rangers  we  are  going  to  fire  toward  the  end  of  this  year, 
and  the  Rangers  of  Block  4,  are  successful  also,  and  therefore  our  first 
problem  has  been  to  make  sure  the  right  things  are  done,  the  right  tests 
are  conducted,  the  right  quality  control  introduced  into  the  program, 
the  right  design  changes  made,  if  any,  so  that  these  Rangers  between 
now  and  when  the  contractor  picks  up  in  full  measure,  also  are  success- 
ful. This  is  what  is  being  done. 

Mr.  Karth.  Doctor,  are  you  recommending  design  changes? 

Dr.  Newell.  Do  you  want  to  answer  that  ? 

Mr.  Cortright.  Yes,  there  are  design  changes  being  made. 

Mr.  Karth.  Really,  are  we  coming  up  with  a brand  new  spacecraft? 

Mr.  Cortright.  No,  sir,  these  are  improved  components.  These  are 
the  design  changes.  For  example,  the  central  computer  and  sequencer, 
in  Block  III,  which  is  the  next  series,  is  being  built  by  Nortronics,  of 
Northrop,  and  it  has  improvements  in  it  which  we  have  evolved  as  a 
result  of  the  experience  we  have  had.  The  Block  IY  computer  and 
sequencer  is  being  redesigned  to  provide  more  stability  in  the  circuits. 
To  provide  redundancy,  cae  television  equipment,  where  we  have  six 
cameras  on  the  impacting  TV  systems,  are  being  separated  completely, 
three  and  three,  so  that  one  system  can  fail  and  the  other  will  work ; it 
wasn’t  quite  that  clean  a separation  in  the  earlier  design.  That  is  the 
sort  of  work  we  are  completely  enmeshed  in  now,  trying  to  maximize 
the  probability  of  success. 

Another  thing  we  are  doing,  the  gyros  in  the  old  design  had  to 
run  all  the  66  hours  to  the  Moon.  We  are  now  putting  in  the  Mariner- 
type  system  where  you  turn  the  gyros  off,  except  when  you  want  to 
use  them,  which  of  course  was  mandatory  for  Mariner,  since  it  had  to 
fly  for  109  days.  It  is  less  mandatory,  but  desirable  for  the  lunar 
mission. 

Mr.  Karth.  The  heart  of  this  whole  Ranger  program,  however,  is 
electronics  and  guidance,  is  it  not  % 

Mr.  Cortright.  Electro-mechanical  systems. 

Mr.  Karth.  We  are  really  redesigning  the  Ranger  spacecraft,  aren’t 
we,  Mr.  Cortright? 

Mr.  Cortright.  I don’t  think  that  I would  say  it  that  way.  I think 
that  we  are  making  design  improvements.  The  basic  functions  that 
these  systems  are  to  perform  and  the  manner  in  which  they  perform 
them  will  be  the  same,  or  very  similar.  But' there  are  circuit  improve- 
ments which  can  be  made,  which  will  make  a better  piece  of  equipment. 
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Mr.  Karth.  Who  proposed  these  redesign  changes  in  guidance  and 
electronics?  Was  this  proposed  inhouse  within  JPL,  or  within 
NASA,  outside  of  JPL,  or  by  some  other  contractor  who  studied  the 
Ranger? 


Mr.  Cortbight.  This  is  the  result  of  a combined  NASA-JPL  effort 
to  make  a better  piece  of  equipment,  and  it  goes  back  beyond  Ranger 
V,  actually.  After  Ranger  Hi,  we  thought  we  had  a good  piece  of 
equipment,  because  on  the  first  two  Ranger  flights  the  spacecraft 
appeared  to  function  properly,  as  best  it  could  in  the  low-altitude 
orbit.  .On  flight  3 it  opc  &ted  the  66  hours  to  the  Moon  properly. 
After  Ranger  IV,  where  we  had  an  early  failure,  we  had  Nortronics 
conduct  a design  review  of  the  central  computer  and  sequencer,  which 
we  felt  was  the  cause  of  the  Ranger  IV  failure. 

Mr.  Kabth.  What  kind  of  a contract  do  we  have  with  Nortronics 
on  this?  Is  it  a cost  plus  incentive,  cost  plus  fixed  fee,  or  what  is  it? 

Mr.  Cohtright.  As  of  today,  it  is  a letter  contract  to  be  definitized 
into  a hard  cost-plus-fixed-fee  contract  within  2 weeks  for  Phase  I, 
and  should  a Phase  II  contract  be  negotiated  with  Northrop  a cost- 
type  contract  with  an  incentive  clause  would  be  considered. 

I cannot  answer  you  at  this  time,  but  I would  be  glad  to  provide  the 
answer  to  whether' this  will  be  cost  plus  incentive  or  cost  plus  fixed 
fee. 


Mr.  Karth.  But  in  any  event,  it  has  not  been  let  for  bid,  there  has 
been  no  competition  for  this  ? 

Mr.  Cohtright.  That  is  correct. 

Mr.  Karth.  No  submissions  have  been  made,  no  proposals? 

Mr.  Cohtright.  This  is  correct. 

Mr.  Karth.  Are  there  any  other  questions? 

Mr.  Randall.  Yes. 


You  mentioned  Dr.  Kelley  and  six  men,  Dr.  A1  Kelley  ? 

Mr.  Cohtright.  Yes. 

Mr.  Randall.  Who  is  he?  Where  does  he  fit  in? 

Mr.  Cohtright.  He  is  the  Director  of  Electronics  and  Control  in  the 
Office  of  Advance  Research  and  Technology  in  NASA  headquarters. 

The  staff  that  he  used  was  gathered  from  our  various  field  centers, 
and  this  total  procedure  followed  the  directive  by  Dr.  Newell  to 
utilize  men  who  were  not  personally  involved  in  the  Eanger  project. 
So  there  were  no  members  on  this  group  that  had  any  personal  in- 
volvement in  the  Ranger.  And  there  were  no  members  from  the 
Office  of  Space  Sciences  on  the  group.  This  was  deliberate. 

Mr.  Randall.  The  review,  however,  took  place  during  the  1 month 
from  October  to  N ovember  1062  ? 

Mr.  Cohtright.  Yes,  sir. 

Mr.  Randall.  I don’t  know  whether  I got  the  full  answer  to  the 
question,  Mr.  Chairman,  about  the  Northrop  proposal. 

You  say  there  was  a proposal  by  Northrop.  He  asked  a question, 
I think,  about  the  incentive-type  contract.  Was  there  a type  of  con- 
tract to  Northrop  of  that  type  ? 

Mr.  Cohtright.  The  contract  is  not  definitized  yet  for  this  new 
work.  I just  don’t  know  the  type  of  contract  that  will  be.  I imagine 
it  will  be  either  cost  plus  incentive  fee  or  cost  plus  fixed  fee. 

Mr.  Randall.  Do  you  have  any  estimate  at  this  time  as  to  the 
amount  of  that  contract  ? 
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Mr.  Cortright.  Excuse  me  a moment. 

(Discussion  off  the  record.) 

Mr.  Cortright.  I think  the  Phase  I portion  of  it  is  $2  million.  The 
Phase  II,  which  would  be  a much  heavier  involvement  in  hardware, 
will  be  larger.  For  example,  Rangers  built  by  Northrop,  if  they  cost 
about  what  they  have  cost  at  JPL,  or  a little  bit  more,  will  run  in  the 
neighborhood  of  $11  million  apiece.  This  price  is  up  a little  bit  from 
what  we  initially  figured  the  carbon  copy  cost  would  be  because  of  the 
improvements  we  are  having  to  make. 

Mr.  Randall.  How  many  doyou  intend  to  build? 

Mr.  Cortright.  The  Block  V,  in  1965,  will  contain  five. 

Mr.  Randall.  That  raises  the  question,  Mr.  Chairman,  I think  it  will 
be  helpful  to  all  members  of  the  committee  if  we  could  get  a description 
of  what  is  contained  in  the  different  blocks.  We  have  heard  of  Block 
IV  and  Block  V over  here.  You  make  some  reference  to  Nortronics,  at 
Block  III,  while  Northrop  itself  is  at  the  head  of  Block  IV.  Now  you 
refer  to  Block  V.  Can  you  break  that  down  ? When  it  gets  buried  in 
the  record  there  we  have  to  turn  through  pages  and  pages.  Can’t  you 
give  us  a memorandum  when  you  come  back  the  next  time? 

Mr.  Cortright.  It  is  very  easy  to  do.  I can  do  it  by  memo. 

Mr.  Karth.  Fine. 

(The  information  requested  is  as  follows :) 

A.  DEFINITION  OF  BANGEB  BLOCK  CONCEPT 

Block  I : The  first  two  Bangers  (Rangers  1 and  2)  launched  in  1961  had  the 
objective  of  carrying  out  engineering  tests  of  the  spacecraft  and  obtaining  inter- 
planetary scientific  data. 

Block  II : The  next  three  Bangers  (Rangers  3-5)  were  launched  in  1962.  The 
objective  of  these  missions  was  to  obtain  medium-resolution  television  pictures 
of  the  lunar  surface  and  to  determine  the  presence  of  radioactive  elements  in 
the  lunar  crust  by  means  of  a gamma  ray  spectrometer.  In  addition,  a survivable 
capsule  containing  a single-axis  seismometer  was  to  be  hard  landed  on  the 
surface.. 

Block  III : Four  Bangers  (Rangers  6-9)  will  be  launched  in  this  block  which 
is  scheduled  to  begin  in  late  1963.  The  objective  of  these  flights  will  be  to  obtain 
high-resolution  television  pictures  of  the  lunar  surface  while  the  spacecraft  is 
approaching  the  Moon. 

Block  IV;  The  next  three  Bangers  (Rangers  16-12)  will  be  launched  in  the 
second  half  of  1964.  As  presently  planned,  these  flights  will  carry  an  improved 
version  of  the  television  cameras  used  in  Block  III  plus  some  nonvisual  experi- 
ments designed  to  yield  information  about  the  lunar  environment. 

Block  V : The  Bangers  beyond  No.  12  (the  program  is  tentatively  planned  to 
extend  through  Banger  24)  will  be  launched  in  the  1965-66  time  period.  It  is 
planned  to  use  the  hard-landing  technology  developed  for  the  Block  II  Rangers  to 
land  different  types  of  payloads  on  the  lunar  surface. 

B.  CONTRACT  TYPES  REGARDING  NORTHROP 

(а)  Existing  contracts  with  Nortronics  (a  division  of  Northrop)  for  the 
Banger  attitude  control  system  and  the  central  computer  and  sequencer  are  of 
the  cost-plus-flxed-fee  type. 

(б)  The  new  Phase  I contract  with  Northrop  for  assistance  to  JPL  on  the 
Block  III  and  IV  Rangers  will  be  cost  plus  fixed  fee. 

(o)  Should  a Phase  II  contract  be  negotiated  with  Northrop,  a cost-type  con- 
tract with  an  incentive  clause  would  be  considered.  Under  Phase  II,  Northrop 
would  assume  system  responsibility  for  the  Banger  spacecraft  for  the  Block  V 
missions. 
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C.  RANG5R  BOARD  OF  INQUIRY  CHRONOLOGY 

October  19,  1962:  Dr.  Newell’s  memo  directing  establishment  of  a Board  of 
Inquiry. 

October  29, 1962 : Started  investigation. 

November  23, 1962 : Completed  investigation. 

December  4, 1962 : Oral  briefing  to  Office  of  Space  Sciences. 

December  5, 1962 : Written  report  submitted. 

D.  JPL  ORGANIZATION  CHART 

The  type  of  organization  chart  which  was  requested  is  not  available  at  the 
present  time.  We  will  make  every  effort  to  get  such  a chart  to  you  within 
the  next  week. 

Mr.  Randall.  We  can  go  back  now  to  jet  propulsion.  In  the  first 
place  it  is  a part  of  the  State  of  California.  It  is  a university  char- 
tered by  the  State  ? 

Mr.  Cortright.  No,  sir,  California  Institute  of  Technology  is 
privately  endowed. 

Mr.  Randall.  How  have  you  classified  this  contract  with  JPL? 
Would  you  classify  it  as  a contract  with  private  enterprise,  then  ? Is 
it  like  you  would  another  corporation  ? 

Mr.  Cortright.  A contract  with  a university.  We  have  hundreds 
of  them — although  none  like  this. 

Mr.  Randall.  All  right,  Mr.  Chairman. 

Mr.  Karth.  Mr.  Staebler. 

Mr.  Staebler.  Mr.  Chairman,  supplementing  the  very  appropriate 
inquiries  that  have  been  made  here  into  the  details  of  this  change,  I 
think  we  ought  to  note  the  larger  aspect  of  it,  which  pleases  me  very 
much,  that  the  evidence  of  flexibility  is  shown  in  the  operation  of  our 
system.  When  I think  of  how  our  opposite  numbers  other  side  of 
the  curtain  deal  with  problems  like  this,  I see  in  this  kind  of  competi- 
tion between  different  methods  of  production  and  research  a very  good 
demonstration  of  one  of  our  assets  m this  country. 

In  fact,  we  can  do  things  in  different  ways  and  have  a choice  of 
alternatives. 

Mr.  Karth.  Well,  I would  say  this  for  the  record,  that  certainly 
I want  to  compliment  Dr.  Newell  and  the  Office  of  Space  Sciences  for 
looking  into  their  own  backyard,  so  to  speak,  when  they  feel  a pro- 
gram is  not  proceeding  as  they  would  like  to  see  it  proceed.  In  effect, 
I guess  you  would  say,  investigate  themselves.  I appreciate  this 
sometimes  runs  the  limit  of  the  decisionmaking  process. 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

Mr.  Karth.  It  normally  is  something  that  is  well  hidden  and  not 
very  highly  regarded  by  those  who  are  in  charge,  so  I do  want  to  com- 
pliment you,  Dr.  Newell.  I think  it  is  very  good  that  you  took  the 
initiative. 

Dr.  Newell.  Thank  you. 

Mr.  Karth.  But,  on  the  other  hand,  I know  that  you  agree  the 
committee  wants  to  be  properly  informed  as  to  why  this  action  was 
necessary,  why  in  your  opinion  it  had  to  be  done,  and  what  the  results 
are. 

All  right,  Mr.  Cortright,  would  you  like  to  proceed  ? 

Mr,  Cortright.  Yes,  sir. 

We  plan  to  continue  an  active  program  with  the  Rangers  and  to 
conduct  a number  of  important  lunar  measurements.  This  is  pos- 
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sible  because  of  the  versatility  of  the  basic  spacecraft  as  illustrated 
in  the  next  chart  (fie.  48,  Ranger  Capabilities).  The  upper  part  of 
the  chart  shows  the  high-resolution  television  package  which  will  be 
flown  in  the  next  Ranger  series.  There  are  actually  seven  of  these 
planned,  I might  add. 

This  package  provides  up  to  3,250  Futures  of  the  surface  during  the 
final  descent  of  the  spacecraft.  Tin,  resolution  of  the  final  pictures 
before  impact  may  approach  1 foot,  although  it  will  not  be  possible 
to  identify  objects  quite  that  small,  in  all  likelihood.  From  these  pic- 
tures we  hope  to  learn  much  about  the  topography  of  the  landing 
area,  the  surface  texture,  and  to  utilize  the  data  to  evaluate  potential 
landing  sites.  In  addition,  we  are  developing  a small  capsule  which 
could  be  landed  by  the  same  technique  planned  for  the  first  three 
Rangers;  namely,  a rough  landing  with  instrument  protection  by 
means  of  a l>alsa  wood  shell  on  the  capsule. 

This  particular  system  would  provide  a full  panoramic  photo- 
graph of  the  local  lunar  surface  with  resolution  of  one-tenth  of  an 
inch  in  the  immediate  vicinity  of  the  capsule.  In  addition,  of  course, 
we  have  yet  to  land  the  seismometer  capsule  which  has  already  been 
developed,  and  this  payload  remains  a serious  contender  for  future 
flights.  Tben,  in  essence,  we  are  not  yet  certain  of  what  payloads  will 
fly  on  the  1965  Rangers,  whether  they  will  be  the  television,  the  high- 
resolution  facsimile  capsule,  or  perhaps  even  the  seismometer. 

Mr.  Kahth.  Mr.  Cortright,  let  me  interrupt  to  ask  you  a question 
at  this  point.  The  photofacsimile  capsule,  as  I understand  your  chart, 
is  the  capsule  that  will  give  us  360°  panoramic  pictures,  is  that  right  ? 

Mr.  Cortright.  Yes,  that  is  right. 
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RANGER  CAPABILITIES 


PHOT  Of  ACSIMIll  CAPSULE 


►3,250  PICTURES  Of  SURFACE 
WITH  A FINAL  RESOLUTION 
APPROACHING  ONE  FOOT 

AREA  TOPOGRAPHY 
SURFACE  TEXTURE 
EXPLORATORY  UNDING 
AREA  RECONNAISSANCE 

►360°  PANORAMIC  PICTURE 
Of  SURFACE  WITH  A 
RESOLUTION  OF  0.1  INCH. 

FINE  DETAIL  OF  SMALL  AREA 
SURFACE  MATERIALS 
SURFACE  HARDNESS 
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Mr.  Karth.  Would  you  explain  what  a 360°  panoramic  picture  is? 

Mr.  Cortright.  I would  be  glad  to.  The  approach  is  as  follows: 
When  the  capsule  lands,  the  balsa  wood  shell  absorbs  the  impact,  and 
we  have  demonstrated  that  we  can  do  this,  both  with  our  seismometer 
and  with  this  other  type  of  equipment.  We  have  a righting  system 
inside  the  capsule  which  uses  a fluid  suspension  and  a low  center 
of  gravity  or  the  instruments  floated  within  the  fluid  in  such  a way 
that  it  rights  itself,  no  matter  which  way  the  capsule  lands. 

Having  righted  itself?  with  this  design,  a hole  is  blown  out  of 
of  the  top,  and  through  it  erects  an  antenna — this  is  an  inflatable  an- 
tenna — a little  plastic  container  with  a fine,  foil-type,  spiral  antenna. 
When  inflated  it  holds  its  shape  from  then  on. 

Mr.  Karth.  The  panoramic  picture  then  is  taken  after  it  has  hit 
the  surface  of  the  Moon,  is  that  correct  ? 

Mr.  Cobtright.  Right  out  of  this  shaft  [indicating] . 

Mr.  Kabth.  I see. 

Mr.  Cortright.  There  is  a little  photocell. 

Mr.  Kabth.  That  is  after  it  is  effected? 

Mr.  Cobtright.  Yes.  This  photocell  continually  rotates  and 
changes  its  look  angle  slightly,  and  it  measures  the  light  strength 
from  each  direction.  This  is  radioed  and  put  together  on  Earth  to 
give  a high-resolution  picture.  We  have  examples  of  pictures  de- 
veloped with  this  particular  system  which  are  very,  very  good. 

Mr.  Kabth.  Thank  you  very  much. 

Mr.  Cortright.  Project  Surveyor  is  designed  to  make  a giant  stride 
in  lunar  exploration  technology  beyond  that  of  the  Ranger.  Surveyor 
will  demonstrate  soft-landing  technology,  will  survey  various  landing 
areas  on  the  lunar  surface,  and  will  measure  physical-chemical  prop- 
erties of  the  lunar  surface  in  the  immediate  vicinity  of  the  spacecraft. 
This  chart  (fig.  49,  Surveyor  Spacecraft)  shows  the  “hard”  mockup 
of  the  Surveyor  spacecraft  as  it  is  being  fabricated  at  the  Hughes 
Aircraft,  Co. 

Surveyor  is  fitted  with  multiple  television  cameras  to  survey  the 
lunar  surface  as  it  approaches  and  following  landing. 

I might  interject  nere,  these  cameras  are  capable  of  taking  stereo 
photography,  and  they  also  cover  a 360°  panoramic  field.  In  addi- 
tion, it  carries  devices  to  sample  the  lunar  surface  and  to  analyze  it, 
as  well  as  instruments  to  measure  the  local  mechanical  properties  of 
the  lunar  surface.  Good  progress  has  been  made  on  the  Surveyor 
during  the  past  year  with  important  milestones  having  been  passed  in 
the  design  of  all  of  the  subsystems  and  of  the  integrated  spacecraft 
itself.  The  next  chart  (fig.  50,  Surveyor  Spacecraft  Progress)  indi- 
cates some  of  the  activity  in  this  project,  including  full-scale  drop 
tests  of  a dynamically  equivalent  spacecraft,  and  the  mating  of  the 
Surveyor  and  the  Centaur. 

Final  design  changes  have  been  worked  out  on  the  engineering 
mockup  shown.  The  main  retro  and  vernier  propulsion  systems  have 
been  developed  and  tested.  In  a short  time,  landing  tests  under  rocket 
power  will  be  conducted  at  Holloman  Field,  N.  Mex. 

Mr.  Karth.  Have  any  of  the  Prospector  developments  been  built 
into  the  Surveyor  this  past  year  ? 

Mr.  Cortright.  Actually,  at  the  time  we  were  considering  doing 
project  Prospector,  much  of  the  scientific  instrumentation  was  envi- 
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sioned  similar  to  the  Surveyor.  In  more  direct  answer  to  your  ques- 
tion, the  Prospector  originally  was  to  have  a roving  capability. 

We  are  now  seriously  engaged  in  a design  study  to  upgrade  the 
Surveyor  to  where  it  can  carry  a small  rover,  weighing  between  100 
and  200  pounds,  which  can  cover  several  miles  from  the  spacecraft, 
and  provide  photographic  coverage  as  well  as  surface-bearing 
strength. 

Mr.  Karth.  Have  you  made  any  request  for  funds  in  this  budget 
for  that  program  ? 

Mr.  Cortright.  No,  we  haven’t.  That  is  in  the  low-level  study 
phase. 

Mr.  Morris.  What  kind  of  a powerplant  would  you  consider  for 
this  roving  vehicle? 

Mr.  Cortright.  There  have  been  many  proposals,  including  solar 
power,  fuel  cells,  and  radioisotopes.  We  have  not  determined  the 
answer  to  that. 

Mr.  Morris.  I wondered  if  you  were  considering  isotopes. 

Mr.  Cortright.  Yes,  sir;  we  have  a radioisotope  system  for  devel- 
opment under  the  AEC  for  use  on  the  Surveyor  in  the  2,500-pound 
version.  The  2,100-pound  version  is  better  with  the  solar  cells. 

Mr.  Karth.  As  you  envision  it  today,  however,  the  Surveyor  space- 
craft has  the  same  experiments  on  it  that  it  had  last  year.  Is  that  a 
fair  observation? 

Mr.  Cortright.  But  fewer  of  them.  It  now  has  about  100  to  115 
pounds  of  experiments,  whereas  in  the  full  2,500-pound  configuration 
this  would  have  been  in  excess  of  200  pounds  of  instruments. 

Mr.  Karth.  Thank  you. 

Mr.  Cortright.  A photograph  is  shown  of  a test  of  a recovery 
system  used  in  the  development  of  an  aerodynamieally  stable  configu- 
ration for  the  drop  and  landingtests. 

I would  like  to  interject.  When  you  are  flying  a tethered  Surveyor 
on  its  own  vernier  propulsion  system,  as  we  have  it  hanging  from  a 
rope,  if  things  go  wrong  we  won’t  lose  it.  It  is  flying  on  its  own 
landing  rockets,  and  we  are  getting  close  to  the  point  where  we  will  be 
attempting  to  land  a Surveyor  on  Earth,  on  its  own  power,  something 
which  has  never  been  done  by  an  untethered  rocket. 

In  addition,  this  spring  a test  model  of  the  spacecraft  will  be  sub- 
jected to  simulated  lunar  operations  in  the  desert  at  Goldstone,  Calif. 
These  tests  will  exercise  the  remote  control  operation  of  the  experi- 
ments by  telemetered  commands,  which  is  the  manner  in  which  they 
will  be  operated  on  the  Moon.’ 

The  Surveyor  is  not  entirely  automated,  where  it  goes  through  its 
exercises  according  to  a program  we  put  into  it  on  Earth,  but  a scien- 
tist can  sit  in  a control  room  on  Earth  and  instruct  the  Surveyor  what 
to  do  next.  We  think  this  feature  will  add  considerably  to  the 
Surveyor  reliability. 

Developments  of  the  Surveyor  Orbiter  were  restricted  during 
fiscal  year  1963  to  permit  reprograming  of  funds  into  more  critical 
areas  in  the  Ranger  and  Surveyor  landing  programs.  Design  work 
has  proceeded,  however,  and  has  resulted  m the  system  shown  in  this 
chart  (fig.  51,  Surveyor  Orbiter).  This  system  makes  extensive  use 
of  Surveyor  Lander  components.  In  fiscal  year  1964  we  will  begin 
work  on  the  flight  hardware.  The  lunar  Orbiter  will  provide  com- 
plete photo  reconnaissance  coverage  which  will  permit  us  to  extrap- 
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Figure  51 

I 

olate  to  other  areas  our  knowledge  about  local  spots  in  which  we  have 
landed  with  Ranger  and  Surveyor.  We  will  then  be  able  to  make 
selections  of  potential  manned  lunar  landing  sites.  In  addition,  the 
Orbiter  will  enable  us  to  determine  the  gravity  field  of  the  Moon  which 
will  affect  the  Apollo  orbits,  in  the  manner  in  which  the  excursion 
module  rendezvous  with  the  basic  Apollo  capsule. 

Mr.  Morris.  That  will  affect  also  the  touchdown  characteristics  of 
the  lunar  landing,  this  information  that  you  will  derive  ? 

Mr.  Cortrioht.  Yes,  sir.  The  information  about  the  lunar  surface 
will  be  allowed  for  in  the  excursion  module.  / 

Mr.  Karth.  What  about  the  gravity  field;  wouldn’t  that  have  some 
effect  on  how  you  are  going  to  build  it  ? 

Mr.  Cortrioht.  The  gravitv  field  may  play  a role  in  the  detailed 
trajectory,  which  the  Lem  follows  in  leaving  the  lunar  orbit  in  going 
down  to  the  surface.  The  actual  touchdown  will  probably  not  be 
affected  by  these  measurements,  because  we  know  the  lunar  gravity 
close  enough  to  accurately  predict  and  simulate  on  Earth  wnat  the 
actual  touchdown  dynamics  are  apt  to  be. 

Mr.  Karth.  I see. 

Mr.  Cortrioht.  The  exploration  of  the  planets  is  proceeding  in  an 
evolutionary’  manner  as  is  the  exploration  of  the  Moon.  This  is  il- 
lustrated in  the  next  chart  (fig.  52,  Steps  in  Planetary  Exploration). 

The  Mariner  II  flyby  constituted  our  first  step  toward  planetary  ex- 
ploration. This  type  of  mission  will  be  repeated  for  Mars  in  1964. 

The  next  milestone  will  be  the  landing  of  instrumented  capsules  on 
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Venus  and  Mars  to  telemeter  back  to  Earth  the  data  about  the  plan- 
etary surfaces  and  possible  life  forms  which  may  exist  there.  The 
development  of  this  landing  technology  will  thus  be  the  next  b;^  tech- 
nological step  in  the  Mariner  program.  Beyond  this,  however,  ’t  is 
important  that  this  country  proceed  with  the  development  of  plan- 


year,  win  continue  to  oe  intensively  studied  throughout  nscai  year 

1964. 

In  Dr.  Newell’s  discussion,  he  covered  rather  completely  the  scien- 
tific results  from  the  Mariner  II  mission.  This  chart  ( fig.  53,  Mariner 
II)  shows  the  Mariner  spacecraft  configuration  and  lists  a few  of  tie 
vital  statistics. 

I won’t  dwell  on  these,  because  this  is  a much -publicized  mission 
andyou  are  all  familiar  with  it. 

The  Mariner  flight  history  is  summarized  in  the  next  chart  ( fig.  54, 


throughout 


year 


i he  Manner  night  history  is  summanzed  in  the  next  chart  ( hg.  04, 
Mariner  II  Flight).  The  science  has  been  reviewed  earlier,  now- 
ever,  I would  like  to  highlight  the  technological  achievements  of  this 
mission.  The  Mariner  functioned  properly  for  109  days  before  leach- 
ing Venus  and  at  the  planelt  all  subsystems  and  instruments  func- 
tioned properly,  except  I am  forced  to  interject  here  that  the  system  to 
automatically  turn  on  the  instruments  did  not  function  properly,  and 
we  had  to  use  a backup  command  to  turn  them  on.  As  a note  of  inter- 
est, that  backup  command  was  added  after  a Ranger  failure,  because  we 
would  have  liked  the  backup  command  in  the  Ranger  mission. 
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During  the  entire  180-million-mile  flight  to  Venus,  the  Mariner 
maintained  precise  attitude  control  with  the  utilization  of  only  a few 
pounds  of  attitude  control  gas.  Telemetery  was  transmitted  and  re- 
ceived from  a distance  of  54  million  miles  with  only  a 3-watt  trans- 
mitter before  contact  was  lost. 

Mr.  Morris.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  There  is  one  question  I would  like  to  ask. 

You  covered  something  we  are  working  on  in  some  other  matters 
involving  another  committee.  Now,  would  this  telemetry  received 
from  54  million  miles  be  accurate? 

Mr.  Cortright.  High  quality,  right  to  the  end. 

Mr.  Morris.  That  is  all,  Mr.  Chairman. 

Mr.  Karth.  Thank  you. 

Mr.  Cortright.  We  used  only  a 3-watt  transmitter,  but  because  we 
had  a directional  antenna  on  the  spacecraft  pointed  to  the  Earth, 
and  very  excellent  antennas  and  amplifiers  on  Earth,  we  were  able  to 
pick  up  a signal  strength  of  less  than  one  billionth  of  a billionth  of  a 
watt  in  power.  That  is  all  we  had. 

Do  you  have  a question,  Mr.  Morris  ? 

Mr.  Morris.  Yes.  Can  you  break  that  down  for  me?  How  would 
that  compare  with  a background  noise,  say,  from  solar  radiation  ? 

Mr.  Cortright.  Well,  we  weren’t  looking  at  the  Sun,  so  we  didn’t 
have  to  worry  about  that.  But  we  had  background  space  radiation, 
and  I don’t  know  what  the  signal-to-noise  ratio  was,  frankly. 

Mr.  Morris.  Could  you  find  out  ? 

Mr.  Cortright.  Certainly. 

Mr.  Morris.  I wish  you  would,  I would  like  to  know.  And  if  so, 
could  I ask  unanimous  consent  to  put  it  in  the  record  at  this  point? 

Mr.  Karth.  No  objection,  we  will  put  it  in  the  record  at  this  point. 

i 

MARINE®  II  COMMUNICATIONS  DATA 

On  January  3,  1963,  the  DSIP  station  at  Johannesburg  acquired  the  space- 
craft at  0354  G.m.t.  iWith  the  telemetry  signal  at  threshold,  the  demodulator 
was  not  locked  until  0430  G.m.t.  and  then  went  out  of  lock  at  0521  G.m.t  and 
remained  out  of  lock  for  the  duration  of  the  tracking  period.  At  this  time 
the  received  carrier  power  was  —157  dbm  or  approximately  10  pentillionth 
(HH8)  of  a watt,  and  the  data  channel  signal-to-noise  ratio  was  about  —2  db. 

Mr.  Cortright.  The  midcourse  maneuver  feature  of  the  Mariner 
enabled  us  to  make  a flight  of  unprecedented  accuracy  wherein  the 
initial  miss-distance  of  233,000  miles  was  reduced  to  approximately 
21,600  miles,  which  compares  very  favorably  with  the  aim  point  of 

11.000  miles. 

Incidentally,  the  Mariner  was  designed  to  operate  properly  out  to 

40.000  miles  from  Venus.  This  is  a,  matter  of  whether  you  hit  the 
middle  of  the  10-ring  or  the  edge  of  the  10-ring,  if  you  are  a marks- 
man. 

The  Mariner  U was  made  possible  only  by  the  technology  and 
developments  of  the  Banger  program  and  the  Mariner  A program 
(fig.  55,  Evolution  of  Mariner  II).  From  the  Mariner  A program, 
the  Mariner  n borrowed  a long-range  Earth  sensor  development,  a 
gyro  pack,  a transponder,  and  a thermal  control  system.  From  the 
Banger  program,  the  Mariner  II  borrowed  the  midcourse  maneuver 
motor,  the  antenna,  the  Sun  sensor  system,  and  the  structure,  as  well 
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Figure  55 

as  solar  panels,  a backup  command  system,  and  the  flight  operation 
procedures,  which  are  a major  portion  of  a successful  mission. 

It  was  only  by  this  melding  of  developments  that  it  was  possible 
to  do  a spacecraft  of  this  complexity  in  1 year’s  time,  and  achieve 
complete  success  on  its  first  mission. 

Now  that  we  have  successfully  developed  the  technique  of  getting 
to  our  neighboring  planets,  we  will  exploit  this  technique  in  1964  for 
additional  flyby  missions.  The  year  1964  will  see  our  first  missions 
to  the  planet  Mars,  on  which  missions  we  will  attempt  to  obtain  high 
quality  television  photography  of  the  planet  and  to  conduct  initial  ex- 
periments in  infrared  spectroscopy  to  evaluate  the  possibilities  of  life 
on  the  planet’s  surface.  The  spacecraft  design  for  the  Mars  mission 
is  shown  in  this  chart  (fig.  56,  Mariner  to  Mars — 1964). 

Mr.  Staebler.  Mr.  Chairman,  may  I ask  a question? 

Mr.  Karth.  Mr.  Staebler. 

Mr.  Staebler.  Do  I remember  correctly  that  the  Russians  have  the 
vehicle  on  the  way  to  Mars  now  ? Have  they  a probe  on  the  way  to 
Mars? 

Mr.  Cortrig  ht.  Yes,  they  do. 

Mr.  Staebler.  Do  we  know  anything  about  it? 

Mr.  Cortright.  The  only  thing  we  know  about  it  is  the  newspaper 
reports  that  they  release.  They  have  reported  it  was  functioning 
properly. 

Mr.  Staebler.  Is  this  announced  as  a probe  that  will  land? 

Mr.  Cortright.  No,  sir;  it  has  been  announced  as  a probe  that  will 
fly  close  by  the  planet  by  virtue  of  a midcourse  maneuver.  To  the 
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Figure  56 

best  of  my  knowledge,  they  have  not  announced  a successful  mid- 
course maneuver  yet;  however,  and  it  is  getting  sort  of  late,  accord- 
ing to  the  way  we  would  have  done  a midcourse  maneuver  and  did 
our  own. 

They  have  announced  that  they  will  obtain  photographs  of  the 
planet,  and  radio  them  to  Earth.  But  the  exact  manner  in  which 
they  intend  to  do  this  is  not  described. 

Mr.  Stakblf.il  Thank  you. 

Mr.  Randall.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  Have  we  been  making  an  effort  to  track  or  check  on 
this  ourselves? 

Mr.  Cortright.  We  tried,  but  they  don’t  communicate  with  their 
spacecraft  like  we  did  ours. 

Mr.  Randall.  Is  it  in  code  ? 

Mr.  Cortright.  WelL  it  would  be  in  code,  yes,  but  we  know  the 
transmitter  frequency,  I believe.  I think  they  announced  that.  But 
it  is  very  hard,  first  of  all,  to  point  at  it,  and  you  never  know  when 
they  are  going  to  interrogate  it.  That  means  we  would  have  to  run 
a 24-hour  watch  on  where  we  think  that  spacecraft  is,  in  the  hope  that 
we  would  be  looking  at  it  just  at  the  same  time  they  turned  it  on,  and 
it  just  isn’t  worth  the  effort. 

Mr.  Karth.  That  would  employ  one  of  our  facilities  full  time;  is 
that  correct  ? 
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Mr.  Cortright.  It  would  be  worse  than  that.  It  would  interfere 
with  the  operation  of  all  three  of  our  deep  space  instrumentation  facili- 
ties. It  isn’t  worth  the  effort,  because  the  Soviets  will  release  their 
data  when  they  get  it.  They  don’t  communicate,  except  about  once  a 
week,  whereas  we  kept  24-hoiir  contact  with  our  spacecraft. 

Mr.  Randall.  According  to  Time  magazine,  much  of  the  data  re- 
layed back  gets  back  to  all  of  us.  Mariner  II  was  in  code,  but  it  was 
no  secret  code,  was  it?  It  was  open  to  the  world? 

Mr.  Cortright.  You  would  have  to  have  a demodulator  and  know 
what  the  system  was,  what  the  telemetry  system  was,  to  make  sense 
out  of  the  data.  You  do  that  simply  to  make  it  convenient  to  send  and 
receive  your  data.  But  it  is  possible  to  take  raw  data  like  that  and 
have  a stranger  make  something  out  of  it  sometimes. 

Mr.  Randall.  One  of  the  great  difficulties  of  their  checking  on  our 
Mariner,  or  ourselves  upon  their  project  to  Mars,  whatever  it  is,  is 
not  simply  the  tying  up  of  a tracking  unit,  but  there  are  still  a lot  of 
technological  difficulties  being  able  to  lock  onto  it;  isn’t  that  right? 

Mr.  Cortright.  We  have  to  modify  all  of  our  receiving  equipment; 
that  is  right.  Actually,  you  bring  in  a jerry-rigged  receiver  setup  and 
adjust  to  their  frequency. 

Mr.  Randall.  Thank  you,  Mr.  Chairman. 

Mr.  Karth.  Does  the  Russian  effort  to  communicate  with  their 
probe  only  once  a week  indicate  they  have  a very  limited  power  source 
for  it? 

Mr.  Cortright.  It  could  mean  a number  of  things,  but  I think  it 
means  that  their  power  system  probably  is  suited  to  bursts  of  data 
and  then  recharging.  There  is  another  possible  interpretation,  and 
that  is  that  they  are  cruising  in  a mode  whereby  their  antenna  is  not 
normally  pointing  at  the  Earth,  and  they  have  to  go  through  a maneu- 
ver to  point  the  antenna. 

I don’t  think  they  do  that,  but  if  they  were  doing  that,  they  wouldn’t 
want  to  do  it  every  day.  There  is  j ust  that  much  chance  of  introducing 
a failure. 

Mr.  Karth.  But  does  this  indicate  a solar-cell-type  powerplant,  or 
what? 

Mr.  Cortright.  It  has  solar  cells  on  it.  They  have  released  a photo- 


graph of  their  spacecraft.  You  may  have  seen  it. 

Mr.  Karth.  I don’t  remember  that  I did.  Thank  you  very  much. 
Mr.  Cortright.  Although  this  system  does  not  Iook  much  like  Mari- 


ner II,  it  is  a direct  development  and  uses  many  of  the  subsystems  as 
well  as  the  general  technology. 

Beyond  1964,  we  plan  to  make  our  first  flights  with  Mariner  space- 
craft designed  to  deposit  instrumented  capsules  on  the  planetary  sur- 
faces. The  next  chart  (fig.  57,  Mariner  Flyby  and  Land  Capsule) 
illustrates  one  of  our  advanced  designs  which  would  be  capaole  of 
executing  this  maneuver.  This  particular  spacecraft — which,  inci- 
dentally, was  designed  by  the  Jet  Propulsion  Laboratory — is  designed 
to  be  launched  with  the  Atlas-Centaur  vehicle.  Intensive  exploration 
of  Mars  and  Venus  must  await  the  entrance  of  the  Saturn  launch 
vehicle  into  the  space  sciences  program.  Project  Voyager,  which  is 
now  in  the  preliminary  design  phase  and  which  will  continue  in  that 
status  in  fiscal  year  1964,  is  being  designed  to  make  use  of  the  Saturn 
capability.  The  spacecraft  on  Voyager  would  be  capable  of  executing 
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MARINER 

FLYBY  AND  LAND  CAPSULE 

* 


Figure  57 

a planetary  orbit  as  well  as  landing  a capsule  on  a single  mission  or, 
in  an  alternate  mode,  could  land  a very  heavy  instrumented  capsule  on 
the  planetary  surface  during  a flyby  mission. 

Program  Review — Biosciences 

Turning  now  to  the  area  of  biosciences. 

Mr.  ICarth.  Let  me  ask  a question.  How  far  down  the  road  are  we 
on  the  Voyager  project? 

Mr.  CoimuoHT.  Not  too  far,  actually,  Mr.  Chairman.  We  are  still 
studying  it  intensively.  There  are  a number  of  contractors  studying 
it  with  their  own  funds,  and  have  been  for  up  to  2 years. 

We  are  contracting  for  two  industrial  design  studies  during  this 
fiscal  year  to  help  firm  up  in  our  minds  what  the  best  possible  mission 
would  be,  since  there  are  so  many  different  modes  that  you  can  use. 
We  are  still  thinking  and  studying. 

Mr.  Karth.  How  much  money  has  been  budgeted  for  this  project 
up  to  this  1964  budget  request? 

Mr.  Cortright.  $330,000  in  1962;  $701,000  in  1963;  and  $900,000  in 
1964,  plus  miscellaneous  advanced  research  on  concepts  that  would  be 
applicable,  but  are  not  identified  with  any  particular  project.  We  will  - 
have  to  draw  on  the  advanced  research  and  technology. 

Mr.  Kabth.  Yes.  What  kind  of  a timetable  are  we  talking  about 
for  Voyager? 

Mr.  Coktright.  The  end  of  this  decade,  1969,  for  example. 
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Mr.  Karth.  That  is  about  as  “end”  as  you  can  get,  isn’t  it  ? 

Mr.  Cortright.  Just  about. 

Mr.  Karth.  Wouldn’t  some  of  this  program  be  controlled  by  the 
availability  of  Saturn  boosters  ? 

Mr.  Cortright.  It  is. 

Mr.  Karth.  Completely  ? 

Mr.  Cortright.  Well,  that  is  a major  pacing  item,  because  we  need 
a three-stage  Saturn  for  this  mission. 

Mr.  Karth.  We  are  not  likely  to  get  one  for  this  purpose  until  after 
the  manned  flight  program  people  can  spare  one  without  feeling  that 
they  have  in  any  shape,  maimer,  or  form  hurt  their  own  program;  is 
that  right? 

Mr.  Cortright.  There  is  no  3-stage  Saturn  in  the  Saturn  program, 
other  than  the  big  Saturn  V for  the  Apollo  mission,  that  is  right.  And 
these  are  heavily  programed. 

Mr.  Karth.  Well,  what  kind  of  a Saturn  are  we  talking  about  for 
the  Voyager  program  ? 

Mr.  Cortright.  We  will  either  have  to  use  the  Saturn  V,  which  is  a 
giant  rocket,  or  will  have  to  do  a third  stage  for  Saturn  I-B,  sir. 

Mr.  Karth.  Could  Centaur  be  the  third  stage? 

Mr.  Cortright.  Centaur  is  a candidate  for  that  stage. 

Mr.  Karth.  What  other  candidates  are  there? 

Mr.  Cortright.  A new  stage. 

Mr.  Karth.  I see. 

Mr.  Cortright.  But  this  has  no  status.  These  are  just  the  things 
we  are  looking  at. 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  What  is  the  configuration  you  are  looking  at  now  ? 

Mr.  Cortright.  One  of  the  configurations  that  has  been  proposed — 
and  these,  I might  say,  are  merely  proposed  at  working  meetings, 
within-house. 

Mr.  Morris.  We  understand  that.  The  only  thing  we  found  out, 
when  these  things  are  down  in  the  lower  working  level,  the  first  thing 
you  know  it  is  on  a high  working  level,  we  don’t  know  how  it  got 
there  or  what  it  is  about.  This  is  a very  interesting  program. 

Mr.  Cortright.  Yes,  sir;  I will  be  glad  to  describe  it  for  you.  The 
lunar  logistics  vehicle  study  conducted  by  the  Office  of  Manned  Space 
Flight  yielded  as  part  of  its  results  a system  which  would  be  launched 
to  the  Moon  with  the  C~5,  and  would  land  in  an  automated  fashion, 
large,  logistic  payloads  of  up  to  20,000  to  30,000  pounds  of  equipment. 
One  of  the  retro-rocket  stages  of  this  system  is  a good  “fit”  to  the 
Saturn  I-B,  and  we  are  looking  at  that  to  see  if  it  makes  sense  to 
combine  forces  here  and  see  if  this  is  something  the  country  should 
do.  It  has  another  feature,  in  that  it  is  a flexible  stage,  it  can  be 
stretched  into  various  sizes  to  serve  a number  of  missions. 

Mr.  Morris.  The  first  stage  of  the  Saturn  1-B,  is  that  3 F-l  engine 
thrusters  ? 

Mr.  Cortright.  The  first  3tage  of  the  I-B  has  eight  engines. 

Mr.  Morris.  Eight  F-l  engines? 

Mr.  Cortright.  Not  F-l’s.  They  are  H-l’s. 

Mr.  Morris.  Then  in  the  second  stage  ? 

Mr.  Cortright.  There  are  two  second  stages  for  the  Saturn  I.  The 
first  one  is  the  S-4  stage  which  has  a cluster  of  six  RL-110-A3  en- 
gines of  the  type  we  are  using  on  Centaur.  That  will  be  replaced  by 
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a larger  S-4B  stage  using  one  J-2,  which  is  a 200,000-pound  thrust 
hydrogen-oxygen  engine  now  being  developed.  - 

Mr.  Morris.  The  third  stage  would  be  the  Centaur  f 

Mr.  Cortrigkt.  That  is  one  candidate ; yes,  sir. 

Mr.  Randall.  What  are  the  other  candidates? 

Mr.  Cortright,  I mentioned  the  only  other  one  we  are  looking  at 
now  is  the  one  that  is  an  outgrowth  of  the  lunar  logistics  vehicle 
study.  Whether  NASA  will  propose  to  do  this  is  undetermined. 
We  have  not  proposed  to  them  and  it  is  not  included  in  the  budget. 

Mr.  Karth.  Wnat  are  we  talking  about  in  terms  of  money  for  the 
Voyager  program? 

Mr.  Cortright.  What  would  it  cost  to  do  a Voyager  program? 

Mr.  Karth.  Yes. 

Mr.  Cortright.  We  have  not  costed  that  out,  Mr.  Chairman.  We 
have  the  top-of -the-head  estimates. 

Mr.  Karth.  I suppose  it  is  safe  to  say — at  least  for  the  benefit  of 
this  committee — that  the  Voyager  program  would  be  an  extremely 
costly  program? 

Mr.  Cortright.  That  is  very  accurate. 

Mr.  Karth  . And  in  short  order  I suppose  the  cost  estimate  would 
need  to  be  made  by  NASA  so  that  they  can  inform  this  committee 
as  to  whether  or  not  they  are  going  to  level  of?  or  ask  for  increased 
funding  in  the  years  to  come ; isn’t  that  correct  ? 

Mr.  Cortright.  We  will  have  to  make  it  as  part  of  the  fiscal  1965 
budget,  which  we  are  now  starting  to  work  on,  if  we  are  to  begin  in 
fiscal  1965.  And  I think  that  we  may  have  to  begin  in  fiscal  1965, 
if  we  are  to  meet  the  1969  flight  date.  This  will  Tie  a national  de- 
cision. 

Mr.  Chenoweth.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Chenoweth. 

Mr.  Chenoweth.  I would  like  to  follow  briefly,  Mr.  Cortright,  what 
the  chairman  started  to  ask;  that  is,  the  cost.  What  is  the  function 
of  the  Voyager?  Is  that  an  integral,  essential,  indispensable  part 
of  the  manned  lunar  landing  program  ? 

Mr.  Cortright.  No,  sir;  it  is  not  related  to  the  manned  lunar  flight 
at  all.  The  Voyager  is  predicated  on  the  fact  that  this  country  is 
serious  in  exploring  planets  in  detail  prior  to  eventual  manned  flight 
to  the  planets. 

Mr.  Chenoweth.  You  have  gone  beyond  the  Moon,  now  you  are 
going  to  other  planets? 

Mr.  Cortrigrt.  Yes,  sir;  this  is  Mars  and  Venus. 

Mr.  Chenoweth.  Do  we  find  ourselves  so  short  of  funds  we  can’t 
take  on  everything ; is  this  one  of  the  items  that  can  be  set  aside  tempo- 
rarily while  we  are  going  ahead  with  the  manned  lunar  flight? 

Mr.  Cortright.  Depending  on  the  national  posture ; yes. 

Mr.  Chenoweth.  What  do  you  mean,  now  ? 

Mr.  Cortright.  I mean  the  country  can  decide  at  what  time  in  his- 
tory it  wants  to  go  to  the  planets  with  heavyweight  spacecraft  and  put 
heavyweight  equipment  on  the  surface  of  the  planets. 

Mr.  Chenoweth.  Right  now  the  concentration  seems  to  be  to  get  to 
the  Moon.  As  I understand  it,  you  are  concentrating  all  of  your 
efforts  to  that  objective.  Now,  then,  couldn’t  we  postpone  this  con- 
templated visit  to  the  other  planets  for  a little  while,  while  we  accom- 
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plish  the  No.  1 objective,  which  seems  to  be  the  Moon  program  at  the 
moment? 

Mr.  Karth.  Mr.  Chenoweth  probably  wasn’t  here  when  we  explored 
how  much  money  has  been  spent  on  this  program.  Incidentally,  the 
record  will  show  I think  approximately  $1  million  in  total. 

Mr.  Chenoweth.  I heard  him  say  it  is  going  up  every  year.  I 
heard  the  figures. 

Mr.  Cortright.  It  is  up  to  $900,000  now. 

Mr.  Chenoweth.  Is  that  an  item  which  we  could  eliminate  without 
any  great  damage  being  don©  for  next  year?  I am  just  curious  to 
have  your  observations  because  there  are  some  places  we  are  going  to 
have  to  curtail.  I wondered  if  this  was  one  of  them. 

Mr.  Cortright.  Mr.  Chenoweth,  I think  study  efforts  of  that  level 
are  the  best  investment  that  the  Agency  can  make. 

Mr.  Chenoweth.  This  is  just  a study  effort  up  to  now  ? 

Mr.  Cortright.  That  is  all,  and  it  is  insurance  that  we  will  make  a 
good  decision  when  we  make  the  Voyager  decision.  We  have  to  do 
this,  otherwise  we  will  find  ourselves  in  a position  of  having  to  rush 
a decision  through,  and  we  may  not  like  it  some  years  hence. 

Mr.  Chenoweth.  This  is  a million  dollars,  then,  that  we  should 
spend? 

Mr.  Cortright.  Very  well  spent ; yes,  sir. 

Mr.  Chenoweth.  You  are  not  in  a crash  program  on  this  as  on  some 
of  the  others? 

Mr.  Cortright.  Absolutely  not. 

Mr.  Chenoweth.  This  is  a rather  leisurely  project  you  are  engaged 
in  here:  you  are  taking  your  time  and  exploring  all  avenues? 

Mr.  Cortright.  That  is  a fair  statement. 

Mr.  Chenoweth.  Thank  you  very  much,  Mr.  Chairman. 

Mr.  Staebler.  Mr.  Chairman,  you  said  we  ought  to  be  prepared  to 
view  this  as  a very  costly  program.  How  costly? 

Mr.  Karth.  Well,  there  has  been  no  estimate  made,  apparently,  but 
probably  there  has  been  a “guesstimate”  made.  I wonder  it  Mr. 
Cortright  would  care  to  explore  that  ? 

Mr.  Cortright.  To  develop  a spacecraft  of  this  complexity,  and 
build  and  fly  four  of  them,  for  example — and  I could  be  off  30  per- 
cent here — would  probably  cost  in  the  neighborhood  of  $300  million. 

Mr.  Karth.  This  does  not  include  the  launch  vehicle? 

Mr.  Cortright.  And  to  develop  the  launch  vehicle  on  top  of  that 
would  cost  an  additional  sum  or  money,  which  could  vary  widely 
depending  on  the  number  of  test  flights  we  needed  for  the  stage.  If 
we  could  nnd  a cheap  way  of  flight  testing  the  third  stage,  that  would 
reduce  the  cost.  But  that  still  would  be  measured  in  terms  of  a couple 
hundred  million  dollars.  So  I think  you  can  say  that  to  develop  a 
new  third  stage,  if  you  did  that,  and  the  spacecraft,  and  make  four 
flights  to  the  planets,  would  be  a $500  million  program. 

Mr.  Karth.  Really,  this  program,  and  programs  like  it,  constitute 
the  U.S.  future  space  program,  isn’t  mat  correct  ? 

Mr.  Cortright.  This  is  the  future,  Mr.  Karth,  this  is  the  future. 

Mr.  Karth.  That  is  right.  I personally  feel  we  put  too  much 
emphasis  on  the  manned  lunar  program,  and  not  enough  emphasis  in 
some  of  the  other  areas  of  space  exploration  we  have  got  to  engage 
in.  That  is  one  reason  why  I think  we  should  look  very  closely  at  a 
redundancy  which  I think  we  are  providing  for,  the  manned  lunar 
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landing  program.  I would  much  rather  put  money  in  a project  like 
this,  for  example,  than  to  have  three  or  four  or  five  ongoing,  unmanned 
lunar  programs  such  as  we  have,  Orbiter,  Surveyor,  and  Hanger. 

I think  mavbe  it’s  my  inquisitive  mind,  but  I think  something  like 
this  over  the  long  haul  is  much  more  important  to  our  space  program 
than  to  put  “all  of  our  eggs  in  one  basket." 

Mr.  Cortright.  I think  we  certainly  welcome  that  expression  of 
opinion.  We  feel  strongly  ourselves  the  future  lies  in  tnis  type  of 
exploration.  On  the  other  hand,  having  undertaken  to  explore  the 
Moon  with  men,  we  also  feel  that  we  have  to  do  it  in  a careful  manner, 
and  minimize  the  risk. 

During  the  past  several  years,  the  NASA  program  in  biosciences  in 
space  has  concentrated  on  Earth-based  research  as  was  discussed  in 
the  first  part  of  this  presentation.  In  addition,  we  have  entered  into 
balloon-borne  experiments  such  as  those  summarized  in  this  chart 
(fig-  58,  Balloon  Borne  Observatories).  In  one  type  of  equipment. 
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Figure  58 

we  utilize  balloons  to  carry  the  Princeton  stratoscope  to  high  altitudes 
in  order  to  measure  infrared  spectra  of  the  planets.  This  type  of  meas- 
urement, while  perhaps  not  as  good  as  that  which  would  be  made  from 
a close  planetary  flyby,  may  well  give  us  an  indication  of  the  presence 
of  lifelike  organic  molecules  on  the  planet  Mars.  And  as  I mentioned 
earlier,  there  was  a successful  flight  of  this  in  the  past  few  weeks — last 
few  weeks. 

In  addition,  we  have  been  conducting  experiments  on  sampling  the 
upper  atmosphere  for  the  presence  of  life  forms  and,  as  was  discussed 
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earlier,  this  has  produced  some  very  interesting  scientific  results,  the 
full  significance  of  which  is  not  yet  fully  appreciated. 

This  year  we  are  initiating  a series  of  fundamental  biological  experi- 
ments in  Earth  orbit.  This  Biosatellite  project,  which  was  introduced 
earlier,  is  now  completing  an  intensive  system  study  phase.  Following 
this  phase,  contracts  will  be  let  leading  to  a simple  recoverable  satellite 
capable  of  flights  of  at  least  1 month.  Biosatellite  v .il  make  extensive 
use  of  systems  already  under  development,  such  as  that  shown  in  this 
chart  (fig.  59,  Biosatellite  Experiments)  for  illustrative  purposes. 


Figure  59 

The  satellite  will  be  launched  with  the  Thor-Delta.  One  proposed 
is  shown  in  this  chart  for  illustrative  purposes.  The  satellite  could  be 
launched  with  either  the  Thor-Delta,  or  Thor-Agena,  and  our  people 
are  looking  at  all  systems. 

The  funds  requested  in  fiscal  year  1964  will  be  required  to  continue 
this  project. 

Turning  now  to  light  and  medium  launch  vehicles : Since  the  begin- 
ning of  the  national  space  program,  one  serious  problem  which  has 
confronted  us  has  been  obtaining  high  reliability  in  our  launch  ve- 
hicles. This  is  particularly  important  when  one  considers  that  the 
spacecraft  which  we  are  not  attempting  to  develop  are  as  difficult 
as  the  development  of  a launch  vehicle  itself. 

This  is  a fact  that  is  not  generally  appreciated.  One  cannot  really 
begin  to  iron  out  the  “bugs”  in  the  spacecraft  until  they  can  be 
launched  with  consistent  success.  The  next  chart  (fig.  60,  Improved 
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Figure  60 


Launch  Vehicle  Reliability)  summarizes  the  history  of  major  NASA 
space  launchings  insofar  as  the  vehicle  performance  is  concerned.  1 
think  this  is  a highly  significant  chart.  We  are  beginning  to  ap- 

f roach  the  reliability  required  to  conduct  a successful  space  program. 

'or  example,  the  percentage  of  launches  which  achieved  complete 
vehicle  success  has  increased  from  40  percent  in  1959  to  47  percent  in 
1960,  to  59  percent  in  1961,  and  to  82  percent  in  1962. 

This  record  stands  despite  the  problem  we  have  had  with  the  Atlas- 
Agena.  It  now  appears  to  us  that  the  Scout,  Delta,  and  Thor-Agena 
have  reached  the  state  where  we  can  count  on  high  reliability  from 
them.  Every  effort  is  being  made  to  obtain  equally  high  reliability 
from  the  Atlas- Agena  and  Centaur. 

This  chart  (fig.  61,  Scout  Progress)  summarizes  the  status  and 
>rogres3  of  the  Scout  launch  vehicle.  The  Scout,  as  you  recall  from 
ast  year’s  testimony,  is  this  country’s  only  solid  propellant  satellite 
aunch  vehicle.  It  ’S  programed  for  heavy  use  by  both  NASA  and  the 
Department  of  Defense. 

Mr.  Morris.  Just  one  thing.  You  indicated  the  Scout  is  a very 
highly  reliable  piece  of  equipment. 

Mr.  Cortrioiit.  I said  bade  in  the  middle  of  page  92,  the  Scout  has 
now  reached  the  stage  where  we  can  count  on  high  reliability.  I will 
have  a little  more  to  say  about  that  in  discussing  this  chart. 

Mr.  Morris.  Fine. 

Mr.  Cortright.  During  its  developmental  series  of  eight  launches, 
the  Scout  achieved  a success  record  of  about  60  percent.  More  re- 
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cently,  the  last  four  attempts  to  launch  satellites  with  the  iScout  have 
been  completely  successful,  and  we  now  feel  it  is  fully  operational,  and 
we  have  great  nopes  that  we  can  achieve  a very  high  reliability  record 
with  it. 

As  the  development  series  has  progressed,  the  Scout  launch  vehicle 
has  been  improved  by  uprating  the  various  stages.  This  has  been 
done  primarily  by  loaaing  and  qualifying  them  with  a higher  perform- 
ance solid  propellant.  As  of  this  month,  the  Scout  will  be  qualified 
for  a 250-pound  payload  into  a 300-mile  circular  orbit,  compared 
with  its  initial  capability  of  slightly  over  150  pounds.  A last  step, 
then,  will  be  to  uprate  tne  second  stage  to  a total  payload  capability 
from  280  to  300  pounds.  Its  $1  million  price  tag  makes  the  Scout 
the  least  expensive  of  all  space  launch  vehicles. 

The  work  horse  of  our  space  sciences  program  has  been  the  Thor- 
Delta.  Performance  of  this  vehicle  is  summarized  in  this  chart  (fig. 
62,  Delta  Progress).  After  an  unsuccessful  first  launch,  the  Thor- 
Delta  has  performed  successfully  on  15  consecutive  missions.  These 
missions  have  included  communications  satellites,  meteorological  satel- 
lites, and  a long  series  of  explorers  and  monitors.  The  December  13 
launch  of  the  Relay  satellite  constituted  the  first  flight  of  the  uprated 
version  of  the  Delta.  The  Delta  improvement  program  which  cul- 
minated in  this  uprating  is  shown  in  the  next  chart  (fig.  63,  Delta 
Improvement  Program). 

The  last  flight,  which  was  the  Syncom,  was  the  second  launch  of  this 
uprated  Delta,  and  the  Delta  performed  very  well  in  both  cases.  We 
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DELTA  PROGRESS 


DELTA 

NO 

EXPERIMENT 

POPULAR 

NAME 

LAUNCH 

DATE 

REMARKS 

1 

PASSIVE  COMMUNICATIONS 

ECHO 

MAY  13.  1960 

UNSUCCESSFUL 

2 

PASSIVE  COMMUNICATIONS 

ECHO 

AUG  12,  1960 

SUCCESSFUL 

3 

WEATHER  -INFRARED 

TIROS  II 

NOV. 23,1960 

li 

4 

MAGNETIC  FIELD 

EXPLORER  X 

MAR.  25, 1961 

li 

5 

WEATHER-INFRARED 

TIROS  III 

JULY  12, 1961 

1 1 

6 

ENERGETIC  PARTICLES 
AN  ELECTROMAGNETIC 
RADIATION 

EXPLORER  XII 

AUG. IS,  1961 

1 1 

7 

WEATHER-INFRARED 

TIROS  IV 

FEB.  8.  1962 

1 1 

8 

SOLAR  OBSERVATORY 

OSO  1 

MAR. 7, 1962 

1 1 

9 

IONOSPHERE 

ARIEL  1 

APR. 26, 1962 

1 1 

10 

WEATHER 

TIROS  V 

JUN.19, 1962 

1 1 

11 

ACTIVE  COMMUNICATIONS 

TELSTAR  1 

JULY  10,1962 

1 1 

12 

WEATHER 

TIROS  VI 

SEPT.  18, 1962 

1 1 

13 

ENERGETIC  PARTICLES 

EXPLORER  XIV 

OCT.2, 1962 

1 1 

14 

ENERGETIC  PARTICLES 

EXPLORER  XV 

OCT.27, 1962 

1 1 

13 

ACTIVE  COMMUNICATIONS 

RELAY  1 

DEC. 13. 1962 

SUCCESSFUL 

(IMPROVED 

DELTA) 

MAS*  1*1115 

16 

ACTIVE  COMMUNICATIONS 

SYNCOM  1 

FEB  14  1963 

Figure  62 
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think  we  accomplished  the  improvement  program  without  detriment 
to  reliability. 

I will  have  a slide  pn  the  extent  of  the  improvement  program  now. 

Prior  to  the  15fch  launch,  the  Delta  had  a capability  of  500  poimds 
and  a 350-mile  circular  orbit  with  an  eastward  launch.  Its  payload 
capability  for  escape-type  missions  was  approximately  60  pounds. 
Because  a number  of  missions  needed  somewhat  improved  performance, 
we  undertook  to  increase  the  size  of  the  Delta  second  stage  and  to 
effect  various  reductions  in  the  weight  of  some  of  its  components,  in- 
cluding the  guidance  system,  I might  interject. 

The  net  effect  of  this  has  been  to  increase  the  escape  payload  to 
120  pounds,  which  has  made  the  new  Pioneer  series  of  interplanetary 
probes  possible.  In  addition,  the  Delta  is  now  capable  of  the  130- 
pound  interplanetary  monitoring  satellite  designed  to  achieve  an 
apogee  of  160,000  nai’+ical  miles?  and  get  outside  the  magnetosphere. 
The  145-pound  Syncom  communications  satellite  is  also  launched  with 
this  uprated  Delta,  as  was  the  Relay.  The  basic  payload  in  a 350- 
mile  circular  orbit  is  now  800  pounds  compared  with  the  initial  500 
pounds,  with  a potential  increase  to  over  1,000  pounds  merely  by 
stiffening  the  structure.  The  total  energy  is  there  to  do  a thousand 
pounds  with  the  Delta. 

During  the  development  of  the  improved  Delta,  every  effort  was 
made  not  to  jeopardize  its  inherent  reliability  and  it  would  appear  ht 
this  time  that  this  effort  has  been  successful.  This  performance  in- 
crease of  the  Delta  vehicle  was  obtained  with  no  increase  in  the  $2,- 
500,000  unit  price  for  the  Delta. 

The  Atlas- Agena  launch  vehicle  is  utilized  for  our  lunar  and  plane- 
tar}7 probes  and  for  the  heavy  observatory  Earth  satellites.  Its  per- 
formance to  date  is  summarized  in  the  next  chart  (fig.  64,  Agena 
Launch  Summary ) . The  second  Atlas- Agena  B flown  was  utilized  for 
a NASA  launch  of  a Ranger  test  spacecraft  in  August  1961.  Following 
this  period,  both  the  Air  Force  and  NASA  have  utilized  the  Atlas- 
Agena  extensively.  Of  seven  Atlas-Agena  launches  from  the  Atlantic 
Missile  Range?  only  two  have  achieved  complete  vehicle  success,  how- 
ever. In  addition,  however,  the  Mariner  II  launch  was  a qualified 
success  inasmuch  as  the  desired  trajectory  was  achieved  even  though 
the  launch  vehicle  malfunctioned  during  the  boost  phase. 

Mr.  Earth.  Who  was  the  prime  contractor  on  Delta  ? 

Mr.  Cortright.  Delta — Douglas. 

Mr.  Earth.  How  about  Thor- Agena,  who  is  the  contractor  on  that? 

Mr.  Cortright.  The  Lockheed  Corp.  is  contractor  for  Agena,  and 
the  Douglas  Corp.  is  the  contractor  for  Thor.  The  systems  integra- 
tion is  done  by  the  Air  Force  Space  Systems  Division. 

Mr.  Earth.  Mr.  Morris. 

Mr.  Morris.  Would  it  be  practical  to  use  any  of  these  Jupiters 
which  we  are  in  the  process  of  dismantling,  in  the  NASA  program? 

Mr.  Cortright.  We  have  looked  into  that  recently  and  have  come  up 
with  the  following  conclusion  with  regard  to  both  the  Thor  and  the 
Jupiter.  The  only  launch  vehicles  we  are  now  using  which  utilize 
either  the  Thor  or  the  Jupiter  are  the  Thor-Delta  and  the  Thor- Agena. 

In  order  to  make  a space  booster  out  of  the  Thor  we  have  had  to 
modify  it,  both  structurally,  and  in  the  guidance  system.  And  there 
are  some  other  modifications  I am  not  personally  acquainted  with.  In 
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Figure  64 

order  to  take  the  military  Thors  and  renovate  them,  modify  them,  re- 
qualify them,  tho  cost  comes  to  within  about  $150,000  of  the  price  of  a 
new  bird,  if  I remember  those  figures  correctly. 

If  we  were  to  suffer  any  degradation  of  our  present  very  high  relia- 
bility and  lose  one  flight,  it  would  make  the  effort  not  pay  off,  because 
you  see,  we  have  spacecraft  on  the  upper  ends  of  these  which  are  equal 
in  cost  to  the  launch  vehicles. 

Mr.  Morris.  Yes,  I understand  that. 

Mr.  Cortriqht.  Considering  the  total  cost,  we  can’t  risk  losing  one, 
we  don’t  think  for  that  difference  it  is  worth  risking.  We  have,  how- 
ever, indicated  that  we  would  like  several  Thors  delivered  to  NASA 
for  experimental  work. 

Mr.  Morris.  What  about  the  Jupiters  ? 

Mr.  Cortrioht.  The  Jupiter  is  even  a more  clear-cut  case.  Our  only 
Jupiter-based  launch  vehicle  was  Juno  II.  The  Juno  II  did  not  per- 
form well  in  terms  of  reliability.  Its  accuracy  is  not  good  ana  its 
payload  is  low.  It  is  not  an  attractive  vehicle.  Therefore,  to  take  the 
Jupiter  and  build  a new  launch  vehicle  around  it,  with  new  upper 
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Mr.  Morris.  But  you  have  looked  at  it? 
Mr.  Cortrioht.  Yes,  we  have. 

Mr.  Karth.  What  do 
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Mr.  Cobtright.  I think  you  will  have  to  ask  the  Department  of  De- 
fense that  question,  Mr.  Chairman. 

Mr.  Karth.  You  don’t  suppose  we  will  have  to  pay  rent  for  these 
to  the  New  Mexican  Government  if  we  do  park  them  out  there,  do  you  ? 

Mr.  Cobtright.  I think  you  would  know  more  about  that  than  I 
would. 

Mr,  Karth.  I was  thinking  of  past  history  and  how  much  it  costs  to 
park  our  obsolete  aircraft  out  them. 

Mr.  Cobtright.  There  is  a possibility  some  of  the  test  flights  that 
merely  lob  a payload  out  200  or  300  miles  can  utilize  these  vehicles. 
I think  this  will  continue  to  be  looked  into.  Suborbital  launches — 
you  recall  we  have  done  them  with  the  Echo,  when  we  were  trying 
to  develop  the  inflation  technique. 

Mr.  Morris.  I also  noticed  on  the  Surveyor,  or  didn’t  you  have  some 
type  of  a drop  test  for  the  Surveyor  in  mind,  too  ? 

Mr.  Cobtright.  Yes,  sir;  we  will  drop  Surveyors  from  balloons. 

Mr.  Morris.  I suppose  neither  of  those  vehicles  could  be  made  struc- 
turally adequate  to  accommodate  such  spacecraft  in  a suborbital 
flight? 

Mr.  Cobtright.  They  wouldn’t  fit. 

Mr.  Morris.  If  you  needed  them  to  do  such  a thing  ? 

Mr.  Cortright.  No?  sir,  they  wouldn’t  We  don’t  want  to  lob  the 
Surveyors  up  that  high.  They  are  not  aerodynamically  suited  to 
that.  We  want  to  land  them  from  1,000  feet,  that  sort  oi  thing. 

Mr.  Morris.  That  is  all. 

Mr.  Cortright.  Our  single  experience  with  the  Thor-Agena  was 
completely  successful.  As  a result  of  the  unsatisfactory  performance 
of  the  Atlas-Agenas,  NASA  and  the  Air  Force,  which  has  served  as  the 
NASA  agent  m the  procurement,  modification,  and  launch  of  our 
Atlas- Agenas,  have  jointly  undertaken  an  intensive  quality  improve- 
ment program.  The  Agena  B upper  stage  is  being  standardized  into 
the  Agena  D configuration  which  features  simplicity  and  standardiza- 
tion. In  addition,  the  Atlas  D is  being  standardized  into  the  stand- 
ard Atlas  space  booster  which  also  features  design  changes  for 
improved  reliability.  In  addition,  we  are  undertaking  an  inten- 
sive program  to  control  the  quality  of  components  issuing  from  all  sub- 
contractors and  the  quality  of  the  total  vehicle  assembly  and  checkout 
procedures. 

The  largest  vehicle  under  development  by  the  Office  of  Space 
Sciences  is  the  Atlas-Centaur.  This  vehicle  utilizes  a hydrogen- 
fueled  upper  stage  which  was  begun  in  1958.  By  virtue  of  this  very 
high  energy  upper  stage,  the  Atlas-Centaur  will  make  possible  high 
velocity  missions  which  we  cannot  now  undertake  with  the  existing 
family  of  launch  vehicles.  These  missions  include  the  very  important 
lunar  Surveyor  project,  as  well  as  the  launching  of  advanced  Mariner 
series  of  spacecraft  to  the  planets.  At  our  hearings  last  year,  the 
Atlas-Centaur  project  was  reviewed  in  great  detail.  Because  of  thiSj 
I will  merely  summarize  here  the  most  important  events  and  progress 
of  1962. 

Following  the  failure  of  the  first  Centaur  in  May  1962,  an  intensive 
design  review  was  undertaken  by  the  Marshall  Space  Flight  Center. 
This  review  highlighted  a number  of  problem  areas  which  required 
increased  attention  for  their  effective  solution.  In  order  to  get  this 
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attention  without  interfering  with  the  development  of  the  vital  Saturn 
aeries  of  launch  vehicles,  the  Atlas-Centaur  management  was  trans- 
ferred to  the  Lewis  Research  Center  in  Cleveland,  01. io.  This  transfer 
was  accomplished  and  the  Lewis  Center  undertook  to  determine  with 
the  contractors  and  the  consulting  of  Marshall,  the  approaches  to  be 
taken  in  the  solution  of  the  various  engineering  problems  which  have 
been  encountered. 

The  design  decisions  which  have  been  made  in  the  past  6 months  are 
highlighted  in  the  next  chart  (fig.  65,  Atlas-Centaur  Design  Deci- 
sions). In  summary,  our  confidence  is  running  strong.  The  ability 
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of  the  Centaur  to  handle  the  Surveyor  and  Mariner  missions  without 
major  redesign  was  confirmed.  In  addition,  we  now  plan  to  use  single 
bum  launches  of  the  Surveyor  wherever  possible  in  order  to  simplify 
the  mission  and  increase  the  reliability.  What  I mean  by  that,  since 
it  may  be  a confusing  term,  is  simply  that  we  ignite  the  Centaur 
engines  once  and  go  straight  on  a lunar  trajectory  rather  than  shut 
them  down  and  coast,  as  we  have  to  do  with  the  Atlas- Agena  and 
then  go. 

Some  of  the  engineering  spadework  which  has  taken  place  is  high- 
lighted by  the  next  two  charts  (fig.  66,  Centaur  Special  Ground  Tests) . 

T’he  first  Centaur,  despite  the  failure  in  flight,  did  demonstrate  our 
abilitv  to  service  and  launch  the  world’s  first  hydrogen- fueled  space' 
vehicle.  A thermal  test  chamber  was  constructed  to  complete  develop- 
ment of  the  intermediate  bulkhead  which  separates  the  liquid  hydrogen 
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Figure  60 

and  liquid  oxygen.  At  one  time,  as  you  may  recall,  this  bulkhead  was 
found  to  leak  due  to  fabrication  problems,  which  destroyed  its  insulat- 
ing properties.  In  fact,  it  was  speculated  this  type  of  bulkhead  might 
not  De  feasible.  Corrective  measures  were  tahm  with  the  result  that 
the  bulkhead  is  now  fully  qualified  and  performs  better  than  the  design 
specification.  Both  the  structural  integrity  and  the  separation  of  tne 
large  insulation  panels  which  surround  the  liquid  hydrogen  tank  have 
been  reviewed  and  subjected  to  intensive  test.  In  addition,  the  type 
of  stainless  steel  utilized  in  the  hydogen  tanks  has  been  subjected  to  a 
series  of  laboratory  tests  which  indicated  a desired  change  in  material 
to  one  having  greater  strength  at  liquid  hydrogen  temperatures.  The 
review  of  the  guidance  system  has  indicated  that,  although  the  system 
represents  the  most  accurate  lightweight  guidance  system  in  existence, 
it  requires  a greatly  increased  program  of  testing  to  insure  sufficient 
reliability.  This  is  now  being  done. 

The  next  chart  (fig.  67,  Centaur  Development  Testing)  illustrates 
some  additional  engineering  measures  which  have  been  undertaken  or 
are  planned  for  the  immediate  future.  The  Centaur  stage,  which  had 
been  planned  for  the  second  launch  early  in  1963,  has  now  been  diverted 
for  test  and  evaluation  as  a spacecraft  in  the  large  space  power  cham- 
ber at  the  Lewis  Research  Center.  These  tests  will  check  out  the 
guidance  and  attitude  control  system  as  well  as  all  the  electrical  cir- 
cuitry under  vacuum  conditions.  Tests  of  this  type  have  never  been 
performed  before  on  a launch  vehicle  stage  of  this  size.  In  addition, 
the  Lewis  Research  Center  will  conduct  dynamic  test3  of  the  entire 
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Figure  67 


Atlas-Centaur  vehicle  in  its  E-5  dynamic  test  stand  at  the  Plumbrook 
facii't , . The  separation  mechanism  is  being  redesigned  and  tested  to 
insure  m separation  of  the  stages  after  Atlas  burnout  prior  to 
Centaur  ignition. 

The  Centaur  has  to  come  out  of  a hole,  and  you  have  to  make  sure 
they  don’t  l it  during  that  time  period.  We  found  that  we  could 
profitably  make  some  improvements  in  that. 

The  S-4  static  test  stand  at  Sycamore  Canyon,  Calif.,  will  be  used 
for  intensive  propulsion  testing  of  Centaur  test  vehicles. 

Mr.  Morris.  In  the  1964  budget,  is  there  anything  in  the  budget  for 
that? 


Mr.  Cortright.  The  1964  budget  ? Y es,  sir ; there  is. 

Mr.  Morris.  Was  there  any  money  in  the  1963  budget  ? 

Mr.  Cortright.  Yes,  we  reprogramed  to  increase  the  entire  Centaur 
budget  for  1963.  as  Dr.  Newell  mentioned  the  other  day. 

Mr.  Karth.  I might  say  at  this  point  that,  in  my  opinion,  we  should 
have  Dr.  Silverstein  appear  before  the  committee  for  1 day,  at  least, 
to  go  into  detail  on  the  Centaur  program,  so  if  you  feel  you  would 
like  to  ask  questions  at  this  point,  why,  fine,  but  I can  assure  you  we 
will  have  at  least  1 day  set  aside  for  Dr.  Silverstein,  to  make  an  ex- 
haustive investigation  of  the  Centaur  program. 

Mr.  Randall.  In  the  first  place,  the  dynamic  test,  that  is  in  Ohio, 
that  is  simply  a shape  test,  isnT  it,  that  is  about  all  it  adds  up  to? 

Mr.  Cortright.  Yes,  sir,  but  this  is  rather  unique,  with  a vehicle 
with  all  its  stages. 
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Mr.  Randall.  The  static  test  then  in  California?  will  be  a firing, 
but  it  will  be  held  down.  You  used  the  expression  “the  Centaur 
would  be  held  in  a hole."’  Is  that  the  word  you  used  ? 

Mr.  Cortright.  No,  sir.  I did  use  words  like  that.  It  is  confusing. 
The  Centaur  fits  into  an  adapter  on  top  of  the  Atlas,  and  its  engines 
and  rear  equipment  section  project  down  into  this  adapter.  When 
you  burn  out  tne  Atlas  and  separate  the  Centaur  before  ignition,  you 
have  to  shove  it  free.  Now,  sometimes  the  expression  is  used  “flying 
it  out  of  the  hole.”  We  don  t do  that.  We  are  now  backing  the  Atlas 
away  with  retro  rockets,  pulling  it  out  of  the  way. 

We  had  been  flying  the  Centaur  out  of  the  hole  with  very  small 
rockets,  and  it  took  too  long,  so  we  weren’t  satisfied  with  the  proba- 
bilities of  getting  clear. 

Mr.  Randall.  All  of  that  terminology  is  at  the  time  of  the  separa- 
tion ? 

Mr.  Cortright.  Yes.  sir,  it  is  jargon,  I am  afraid.  To  answer  your 
question,  Mr.  Morris,  the  S-4  stand  is  going  to  be  used  and  will  re- 
quire some  relatively  minor  modifications  with  which  I am  not  fa- 
miliar. Dr.  Silverstein  can  tcil  you  about  it.  It  is  not  in  the  budget 
as  a construction  item. 

These  steps,  and  others,  are  being  aggressively  pursued  to  insure 
availability  of  an  operational  Centaur  launch  vehicle  by  the  end  of 
19f>4.  Surveyor  test  missions  will  be  flown  in  1964  and  the  full  Sur- 
veyor lunar  landing  mission  is  now  planned  for  mid-1965.  The  next 
two  Centaur  development  flights  will  be  conducted  this  year,  begin- 
ning in  the  third  quarter. 

I would  like  to  summarize  in  the  last  chart  (fig.  68,  Launch  Vehicle 
Capabilities),  the  performance  of  the  family  of  launch  vehicles  con- 
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templated  foi;  use  in  the  NASA  national  space  science  program. 
First  of  all,  let  me  say,  I wanted  you  to  have  this  chart  for  your  rec- 
ords. I am  not  going  to  discuss  it  in  detail. 

The  prime  observation  to  be  made  from  this  chart  is  that  each  of 
the  launch  vehicles  which  remains  in  the  basic  family  serves  a unique 
purpose.  The  small  explorers  and  monitors  are  well  suited  to  the 
Scout  and  Delta  launch  vehicles.  The  intermediate-to-heavy  Earth 
satellites  require  the  Thor-Agena  or  Atlas- Agena.  The  lightweight 
lunar  and  planetary  missions  require  the  Atlas- Agena.  These  were 
the  missions  we  could  get  started  early. 

The  intermediate  weight  lunar  and  planetary  missions  require  the 
Centaur.  Lastly,  the  very  heavyweight  planetary  missions  can  be 
accomplished  only  with  utilization  of  the  Saturn  launch  vehicle. 

Also  it  is  worthy  to  note  the  effectiveness  of  hydrogen-oxygen  as  a 
propellant  combination  is  clearly  illustrated  by  comparing  the  Atlas- 
Centaur  with  the  Atlas-Agena.  The  large  increase  in  payload  for  the 
high  velocity  missions  is  due  primarily  to  this  high  impulse  propellant 
combination ; since  that  is  a logarithmic  scale,  I think  the  best  way  of 
saying  that  ds  we  have  800  pounds  to  the  Moon  with  Atlas-Agena, 
and  2,300  pounds  with  Atlas-Centaur. 

In  summary,  I have  attempted  to  make  clear  the  extent  of  the  tech- 
nological challenge  to  the  space  sciences  program.  It  requires  all  of 
man’s  skill  and  ingenuity  to  cope  with  the  nost  of  launch  vehicle,  space- 
craft, and  scientific  instrumentation  problems  which  must  be  solved 
in  the  conduct  of  this  program.  I am  convinced  that  we  are  making 
excellent  progress  on  all  fronts. 

Mr.  Earth.  Thank  yon  very  much,  Mr.  Cortright 

I think,  if  there  is  no  objection  at  this  point  from  the  committee 
members,  we  will  adjourn  until  tomorrow  morning.  It  may  be  10 
o’clock.  I think  we  could  get  through  all  the  preliminaries  tomorrow 
morning  without  going  into  specifics  on  individual  programs.  Or,  if 
we  have  time  during  the  2-hour  period,  we  can  begin  that  too.  There 
has  been  some  objection  to  the  9 o’clock  starting  time.  So  we  will  begin 
tomorrow  at  10  o’clock,  in  room  304  of  the  Old  House  Office  Building. 

Mr.  Chenoweth.  Which  is  that,  Mr.  Chairman  ? 

Mr.  Karth.  It  is  a committee  hearing  room  belonging  to  the  Aimed 
Services  Committee.  . 

Mr.  Chenoweth.  No.  304? 

Mr.  Karth.  Yes. 

If  there  are  no  further  questions  at  this  time,  we  will  adjourn  until 
tomorrow  morning  at  10  a.m. 

Thank  you  very  much. 

Mr.  Cortright.  Thank  you. 

(Whereupon,  at  11 :58  a.m.,  the  subcommittee  adjourned,  to  recon- 
vene at  10  a.m.,  Tuesday,  March  12, 1963,  in  room  304  of  the  Old  House 
Office  Building,  Washington,  D.C. ) 
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TUESDAY,  MARCH  12,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences  and 
Advanced  Research  and  Technology, 

Washington , D.O. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in  room 
304,  Cannon  Building,  Hon.  Joseph  E.  Karth  (chairman  of  the  sub- 
committee) presiding. 

The  Chairman.  The  meeting  will  be  in  order. 

Dr.  Newell,  you  may  begin  at  this  point  and  complete  the  prepared 
statement  that  you  and  Mr.  Cortright  have  been  making  to  the  com- 
mittee. Would  you  introduce  the  other  witnesses  who  are  with  you 
today  to  the  committee ? 

FURTHER  STATEMENT  OF  DR.  HOMER  E.  NEWELL,  DIRECTOR, 

OFFICE  OF  SPACE  SCIENCES,  NASA,  ACCOMPANIED  BY  EDGAR  M. 

CORTRIGHT 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

I would  like  to  introduce  to  the  committee  Dr.  John  T.  Holloway, 
who  is  chief  of  our  university  programs. 

We  have  asked  him  to  be  with  us  this  morning  because  we  proceed 
now  to  discuss  our  sustaining  university  pregram. 

The  Chairman.  We  are  very  happy  to  have  you,  Dr.  Holloway. 

Dr.  Holloway.  Thank  you,  sir. 

Dr.  Newell.  Mr.  Chairman,  with  your  permission,  when  we  com- 
plete this  testimony  I would  like  to  insert  a few  additional  comments 
on  the  overall  space  science  program,  if  I may. 

The  Chairman.  Yes,  sir ; please  do. 

Dr.  Newell.  Since  its  inception,  NASA  lias  encouraged  and  spon- 
sored significant  amounts  of  research  in  universities,  nonprofit  insti- 
tutions, and  industrial  laboratories,  to  provide  a substantial  base  upon 
which  to  build  a new  and  highly  sophisticated  technology  directed 
toward  a better  understanding  and  the  eventual  conquest  of  space. 

With  the  decision  to  expand  and  accelerate  the  national  space  effort, 
it  immediately  became  apparent  that  neither  the  magnitude  nor  the 
usual  mechanism  of  the  sponsored  research  program  was  adequate  to 
utilize  fully  the  unique  capabilities  of  universities  to  help  preserve  and 
advance  the  role  of  the  United  States  as  a world  leader  m aeronautical 
and  space  science  and  technology. 

Accordingly,  the  sustaining  university  program  was  initiated  in  fis- 
cal year  1962  to  enlarge  university  participation  in  aeronautical  and 
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space  science  and  engineering  endeavors  and  to  complement  NASA’s 
sponsored  research  activities  by — 

Increasing  the  future  supply  of  scientists  and  engineers  re- 
quired in  space-related  science  and  technology ; 

Helping  universities  provide  facilities  urgently  needed  for 
space  research ; and 

Enabling  universities  to  increase  their  role  in  support  of 
NASA’s  program  through  encouragement  of  creative  multi- 
disciplinary investigations,  development  of  new  capabilities,  and 
consolidation  of  space-oriented  activities. 

The  greatest  source  of  scientific  research  talent  in  the  country  re- 
sides in  the  university  community.  Many  of  the  ideas  upon  which 
our  accomplishments  in  space  are  based  have  originated  there. 

NASA  is  determined  to  work  within  the  existing  university  struc- 
ture rather  than  foster  activities  tending  to  weaken  the  university,  or 
pull  the  university  researcher  away  from  teaching. 

In  such  a partnership  N ASA  expects  to  encourage  research,  advance 
the  training  of  talent  to  conduct  that  research,  and  assist  in  the  provi- 
sion of  research  facilities  which  will  allow  American  scientists  to  do 
the  first-class  job  of  which  they  are  capable. 

A rapidly  growing  space  program  will  place  increasingly  severe 
demands  on  the  already  limited  supply  or  highly  trained  people. 
The  national  demand  is  growing  for  two  general  types  of  technical 
personnel — those  required  to  solve  immediate  space  problems  and  those 
required  to  conduct  long-range  research,  teach  new  students,  and 
evaluate  vast  amounts  of  hew  scientific  data. 

During  the  summer  of  1962,  a group  of  senior  scientists  and  engi- 
neers from  universities,  Government,  and  industry,  assembled  by  the 
National  Academy  of  Sciences  for  an  8-week  space  science  study, 
gave  wholehearted  endorsement  to  the  NASA  research  training 
program. 

Further,  the  President’s  Scientific  Advisory  Committee  has  just 
completed  a study  indicating  thet  qualified  students  are  available 
who  will  not  enter  graduate  research  training  unless  new  opportuni- 
ties become  available  and  that  an  immediate  increase  of  8,000  “new 
starts”  should  be  made  in  the  number  of  federally  assisted  graduate 
students  in  engineering,  mathematics,  and  the  physical  sciences. 

NASA  initiated  its  graduate  training  program  in  1962  with  grants 
to  10  universities  for  tne  supportgof  10  graduate  students  at  each  uni- 
versity for  a period  of  3 years.  The  total  cost  of  this  program  was  ap- 
proximately $2  million. 

In  fiscal  year  1963,  NASA  is  increasing  this  program  by  approxi- 
mately 800  trainees  at  about  90  universities.  Thus  by  the  fall  of  1963, 
900  graduate  students  will  be  in  this  type  of  training. 

The  first  trainees  will  not  complete  their  work  until  the  spring  of 
1965.  The  next  chart  (fig.  69,  Training)  shows  the  emphasis  being 
given  the  training  program  in  fiscal  year  1963  and  fiscal  year  1964 
in  order  to  establish  an  equilibrium  level  of  1,000  students  graduating 
per  year  by  the  spring  of  1967.  This  training  process  is  impervious 
to  “crash”  treatment. 

Practically  every  student  who  could  obtain  a doctorate  by  1970  has 
already  entered  college.  No  amount  of  money  injected  at  some  late 
date  will  produce  scientists  or  engineers  in  6 months  to  ease  some 
suddenly  recognized  manpower  crisis. 
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Figure  69 

The  mail  element  of  the  training  program  provides  3-year  predoc- 
toral  training  opportunities  to  selected  graduate  students  at  qualified 
universities  offering  Ph.  D.  degrees  in  space-related  areas. 

As  recipients  of  these  traineeships,  young  scientists  and  engineers 
will  conduct  research  in  space-related  fields  while  acquiring  a high 
level  of  individual  competence. 

Those  universities  which  participate  in  the  program  are  selected  by 
NASA  on  the  basis  of  proposals  which  they  submit. 

Individual  trainees  are  selected  by  senior  members  of  the  faculty 
who  know  their  capabilities,  who  may  supervise  their  research  train- 
ing, and  who  in  many  cases  are  directly  engaged  in  research  activity 
supported  by  NASA. 

Such  close  ties  with  NASA  provide  additional  motivation  for  the 
trainee  to  continue  work  in  this  area  and  participate  directly  in  the 
space  program. 

The  predoctoral  training  grants  are  aimed  directly  at  alleviation  of 
the  most  critical  manpower  deficiency. 

In  addition,  the  training  program  includes  a small  number  of  related 
training  activities  such  as  post  doctoral  conversion  of  scientists  who 
wish  to  enter  space-related  fields,  enhancement  of  unique  individual 
capabilities,  ana  summer  seminars  for  carefully  selected  students  with 
outstanding  potential. 

In  selected  institutions,  where  additional  laboratory  facilities' are 
urgently  needed  for  the  conduct  of  space  research,  and  the  university 
has  declared  its  intent  to  seek  > ays  in  which  the  benefits  of  the  research 
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can  be  applied  to  the  social,  business,  and  economic  structure  of  the 
United  States,  NASA  may  provide  funds  for  research  facilities. 

NASA’s  enabling  legislation  and  subsequent  appropriation  acts 
reflect  a clear  appreciation  of  the  need  for  such  activities.  Before 
acting,  NASA  must  be  assured  that  its  assistance  is  required  and  that 
other  sources  of  funds  such  as  university  endowments,  grants  from 
philanthropic  organizations,  individual  bequests,  and  State  appropria- 
tions have  been  explored. 

These  other  sources  simply  have  not  kept  pace  with  the  rapidly 
increasing  demands  for  adequate  laboratory  research  space.  The  next 
chart  (fig.  70,  University  Research  Facilities)  shows  the  magnitude 
of  the  NASA  effort. 
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Figure  70 

In  1961,  research  laboratories  in  colleges  and  universities  were  occu- 
pied by  the  equivalent  of  about  80,000  full-time  scientific  and  engi- 
neering personnel,  faculty  and  staff,  professionals,  research  felloes, 
and  graduate  students,  and  supporting  technicians,  machinists  etc. 

This  figure  is  expected  to  reach  150,000  by  1970. 

Major  criteria  for  selecting  the  recipients  of  these  facilities  are  the 
relative  importance  to  the  national  space  program  of  the  particular 
fields  of  research  involved,  the  university’s  commitment  to  work  in 
the  space  sciences,  and  its  demonstrable  competence,  achievements,  and 
potential  for  further  contribution  to  the  space  program. 

More  flexibility  than  that  allowed  by  usual  project-type  research  is 
required  to  accommodate  broad  NASA  requirements  for  cooperative 
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efforts  of  biologists,  geologists,  physicists,  chemists,  electronic  special- 
ists, metallurgists,  engineers,  and  many  others. 

Part  of  the  sustaining  university  program  concerns  itself  with  those 
universities  possessing  multidisciplinary  research  capabilities  who 
wish  to  respond  to  those  requirements.  Encouragement  is  given  the 
consolidation  of  related  research  projects,  initiation  of  new  investiga- 
tions to  fill  existing  gaps,  and  participation  of  promising  new  groups 
with  high  potential. 

The  next  cha”t.  (fig.  7!,  University  Research)  shows  the  magnitude 
of  our  university  research  endeavors. 

Establishment  of  able  research  groups  at  presently  nonparticipat- 
ing institutions  provides  new  incentives  for  scientists  to  remain  there 


Figure  71 


and  reduces  the  excessive  drift  of  skilled  manpower  from  growing 
institutions  to  those  few  universities  with  already  heavily  supported 
programs. 

Further,  it  can  increase  appreciably  the  number  of  universities  in- 
terested in  investigating  the  problems  facing  NASA's  scientific  pro- 
grams and  broaden  the  oase  of  the  Nation’s  university  space  research 
capability  both  intellectually  and  geographically. 

Thus,  through  the  sustaining  university  program,  NASA  devotes 
specific  attention  to  approaches  which  utilize  all  the  flexibility  and 
inventiveness  that  entire  universities  can  display  and  which  mobilize 
their  total  capabilities  for  space  research  in  pursuit  of  mutually  bene- 
ficial objectives. 


1640 


1964  NASA  AUTHORIZATION 


% : 


Mr.  Chairman,  at  this  point  I would  like  to  interpolate  a few  re- 
marks on  the  overall  space  science  program. 

In  looking  back  upon  the  testimony  of  the  past  week,  one  cannot 
help  but  be  struck  by  the  fact  that  a lot  of  the  questioning  by  the  com- 
mittee has  been  directed  toward  the  support  that  space  sciences  can 
give  to  the  manned  lunar  landing  effort. 

It  is  possible  that  the  discussion  developed  by  these  questions  might 
give  the  impression  that  the  space  science  program  should  be  justified 
solely  in  terms  of  its  support  to  the  manned  flight  program. 

I would  hope  that  the  committee  members  do  not  feel  this  way.  It 
is  not  a conclusion  that  we  would  want  to  put  forward. 

The  space  science  program  that  we  have  described  to  you  is,  we 
contend,  entirely  justifiable  on  its  own  merits  as  a sound  basic  research 
program  designed  to  advance  our  basic  knowledge  in  a broad,  im- 
portant, and  challenging  area  of  science.  It  is  directed  toward  solv- 
ing an  impressive  array  of  some  of  the  most  important  problems 
discerned  by  today’s  leading  scientists. 

Some  of  our  best  scientists  are  engaged  in  the  program.  Indeed, 
the  program  is  built  on  their  ideas  and  on  their  participation  in  car- 
rying it  out. 

The  scope,  imaginativeness,  and  quality  of  the  program  is  designed 
to  establish  and  maintain  our  Nation’s  preeminence  in  space  research. 
The  pace  that  we  recommend  is  needed  to  keep  us  in  the  lead. 

The  scientific  investigation  and  exploration  of  space  is  a worthy 
thing  for  this  Nation  to  be  devoting  an  appreciable  share  of  its  re- 
sources and  talent  to. 

It  also  is  a worthwhile  investment,  because  basic  research  programs 
such  as  this  one  are  the  fountainhead  of  knowledge,  ideas,  skills,  and 
capabilities  that  we  put  to  use  in  making  this  world  a better  place  for 
humanity. 

Pick  at  random  anything  that  our  engineers  are  trying  to  design 
and  build.  You  will  find  that  they  call  upon  facts,  principles,  and 
experience  derived  from  past  basic  research. 

But  you  will  also  quite  often  find  a tendency  to  forget  that  this 
stockpile  of  human  knowledge  actually  stemmed  from  research  that 
at  one  time  was  nothing  more  than  the  inquisitive  probings  of  the 
scientist  who,  more  likely  than  not,  had  no  particular  practical  appli- 
cation in  mind. 

So  it  is  with  space  science.  While  tackling  some  of  the  most  funda- 
mental problems  in  the  investigation  of  our  universe,  as  its  principal 
aim,  space  science  also  provides  us  with  the  information  that  is  essen- 
tial to  the  space  engineer,  both  for  what  he  is  trying  to  do  now,  and 
for  what  he  will  want  to  do  in  the  more  distant  future. 

The  principle  I wish  to  state  is  that  a broad  and  well-balanced  space 
science  program  is  exactly  the  thing  that  the  engineer  does  need  to 
support  properly  his  requirements  for  data.  The  reason  he  has  as 
much  data  available  as  he  now  has  is  that  there  was  a broad  scientific 
effort  in  the  past  in  the  areas  in  which  he  now  needs  the  information. 

The  reason  he  is  able  to  pinpoint  areas  where  he  needs  additional 
data  is  very  often  due  to  the  fact  that  the  scientist  himself  is  telling 
him  that  he  needs  those  data  and  showing  him  why. 

The  reason  he  needs  a well-balanced  approach  to  future  scientific 
investigations  is  that  no  one  has  any  way  of  knowing  what  future 
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needs  for  data  will  be,  and  the  best  insurance  is  to  move  ahead  scien- 
tifically on  a broad  front. 

And  the  engineer  is  and  should  be  sufficiently  wary  of  the  unex- 
pected, especially  out  in  the  hostile  and  unfamiliar  environment  of 
space,  to  want  the  protection  afforded  by  an  imaginative  scientific 
program.  This  is  the  only  way  to  avoid  going  from  one  scientific  fire 
drill  to  another,  which,  in  addition  to  precluding  the  doing  of  good 
science,  would  not  render  maximum  service  to  the  engineer. 

Another  important  point  that  we  would  like  to  emphasize  is  that 
quite  often  the  engineer  and  scientist  both  need  to  know  the  same 
things. 

The  scientist  who  is  trying  to  understand  the  complex  system  we 
call  our  atmosphere,  needs  to  know  about  its  temperature,  pressure, 
density,  composition,  and  winds.  But  so  does  the  engineer  wno  is  de- 
signing high  speed  airplanes,  or  missiles,  or  space  rockets,  or  artificial 
satellites. 

The  scientist  who  is  trying  to  unravel  the  mysteries  of  the  Earth’s 
magnetosphere  and  the  radiation  belts,  must  know  about  the  particles 
that  are  trapped  in  the  belts,  about  their  sources  of  energy,  their 
fluctuations  with  solar  and  magnetic  activity,  their  lifetimes  in  the 
magnetosphere,  and  their  distribution  in  space. 

But  so  must  the  engineer  who  wishes  to  design  communications 
satellites  to  operate  in  these  regions,  or  to  design  and  build  space  sta- 
tions, or  to  design  spacecraft  to  traverse  the  magnetosphere. 

The  scientist  who  is  trying  to  understand  the  causes  and  nature  of 
solar  activity  and  its  relation  to  interplanetary  space  and  to  terrestrial 
phenomena,  must  know  about  solar  flares,  particles  and  fields  in  space, 
their  effect  on  the  magnetosphere,  and  in  general  the  behavior  of  mat- 
ter under  the  extremely  high  vacuum  conditions  of  space.  But  so  must 
the  engineer  who  has  to  shield  spacecraft  against  these  conditions  of 
outer  space,  or  alternatively  has  to  devise  ways  of  predicting  safe 
periods  of  operating  in  space. 

The  scientist  who  is  interested  in  exploring  the  origin  of  the  solar 
system,  with  its  tremendously  important  bearing  on  whether  or  not 
we  are  alone  in  the  universe,  finds  in  the  Moon  a means  of  exploring 
these  questions.  For  this  purpose,  he  wishes  to  know  about  the  struc- 
ture and  properties  of  the  Moon. 

He  will  be  assisted  in  this  quest  by  investigating  the  physical  prop- 
erties of  the  lunar  surface,  especially  its  radioactivity,  the  heat  flow 
from  the  interior  of  the  Moon,  its  seismic  properties,  its  gravitational 
field.  But  all  these  measurements  are  also  important  to  the  engineer 
who  is  going  to  try  to  land  a man  on  the  Moon. 

The  scientist  who  studies  the  history  of  the  Moon,  must  measure 
the  present  lunar  environment,  the  radiations  to  which  the  Moon  is 
exposed,  the  micrometeors  that  bombard  it  together  with  their  effect 
on  the  lunar  surface,  and  the  behavior  of  the  materials  of  the  lunar 
surface  under  the  extreme  conditions  of  temperature,  vacuum,  and 
electrostatic  charging. 

But  this  is  exactly  the  information  about  the  lunar  environment 
that  those  who  are  going  to  design  spacesuits,  shelters,  lunar  logistics 
operations,  etc.,  must  know  in  order  to  do  their  j obs. 

The  scientists  who  explore  the  planets  in  order  to  delve  further  into 
the  origin  of  the  solar  system,  to  search  for  extraterrestrial  life,  and  to 
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make  comparative  studies  of  these  bodies  with  the  Earth,  are  pressing 
forward  with  some  of  the  most  exciting  and  philosophically  important 
investigations  of  the  space  science  program.  But  they  are  also  laying 
thegroundwork  for  future  manned  expeditions  to  the  planets. 

Thus,  space  science  has  a wealth  or  important  and  fundamental 
problems  to  solve,  to  advance  our  understanding  of  the  universe  in 
which  we  live. 

The  fundamental  and  far-reaching  nature  of  these  problems  fully 
justifies  a broad  and  vigorous  national  space  science  program. 

In  addition,  the  returns  from  a good  space  science  program  sup- 
port the  other  things  we  wish  to  do  in  space,  in  our  applications  and 
manned  space  flight  programs. 

Incidentally,  one  of  the  important  reasons  for  putting  man  in 
space,  or  on  the  Moon,  or  on  the  planets,  is  so  that  he  can  do  science 
there. 

Thank  you,  Mr.  Chairman. 

The  Chairman.  Thank  you  very  much,  Dr.  Newell. 

I am  quite  happy  that  you  added  this  statement  to  the  record. 

I cannot  speak  for  the  committee,  but  speaking  for  myself  I was 
somewhat  of  the  opinion  that  a major  portion  of  the  Office  of  Space 
Sciences’  program  was  being  justified  on  the  basis  that  it  had  some 
manned  lunar  landing  orientation,  and  that  programs  not  so  oriented 
were  probably  considered  not  to  be  important. 

I don’t  know  who  makes  these  decisions,  but  speaking  for  myself, 
I would  like  to  see  the  Office  of  Space  Sciences  be  what  I think  it 
should  be,  and  that  is,  a real  scientific  program  of  scientific  investiga- 
tion. If  we  are  going  to  make  a given  program  in  effect  an  adjunct 
to  the  manned  lunar  landing  program,  then  it  seems  to  me  we  may  as 
well  transfer  that  program  to  the  Office  of  Manned  Space  Flight. 

I am  very  happy  that  you  added  this  statement  this  morning, . nd 
I hope  that  as  time  goes  on  the  Office  of  Space  Sciences  will  be  allowed 
to  proceed  with  a program  that  is  a truly  scientific  investigative  pro- 
gram and  which  is  not  oriented  to  the  manned  lunar  landing  program 

I wonder,  Doctor,  inasmuch  as  you  did  prepare  the  follow-on  state- 
ment, whether  you  could  inform  the  committee  as  to  what  programs 
the  Office  of  Space  Sciences  may  have  in  mind  for  the  future,  which 
would,  in  your  opinion,  really  give  us  preeminence  in  space  as  the 
President  has  stated  we  should  have  ? 

Dr.  Newell.  I will  be  glad  to  do  that. 

As  I mentioned  earlier  in  our  testimony,  one  of  the  fundamental 
processes  in  the  Office  of  Space  Sciences  is  to  develop  an  apprecia- 
tion for  the  major  scientific  problems  of  importance  that  face  the  space 
scientist,  and  out  of  this  list  of  important  problems  to  pick  those  that 
we  tackle  in  the  space  science  program. 

This  means  that  at  any  stage  in  our  program  we  are  looking  far 
ahead  to  see  what  we  ought  to  do  next. 

In  the  case  of  the  astronomical  observations,  we  have  described  to 
you  the  orbiting  astronomical  observatory  and  its  capabilities  for 
investigating  the  galaxies,  the  stars,  and  closer  at  hand  the  planets. 

We  have  been  studying  the  usefulness  of  the  orbiting  astronomical 
observatory  for  future  researches,  and  particularly  asked  the  partici- 
pants in  the  space  science  summer  stuay  to  tell  us  their  thoughts  on 
this  idea. 
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Tlieir  feeling  is  that  there  will  come  a day  about  the  end  of  this 
decade  when  a facility  of  higher  capability  will  be  required  to  con- 
tinue our  investigations  in  this  very  fundamental  field. 

Their  statement  was  accompanied  by  the  opinion  that  the  present 
orbiting  observatory  would  be  a satisfactory  device  for  the  remainder 
of  this  decade. 

But  in  the  course  of  time,  it  will  be  necessary  to  have  a larger  mirror, 
more  precise  instrumentation,  what  one  might  call  a second  genera- 
tion or  third  generation  set  of  experiments  on  the  properties  of  our 
galaxy  and,  in  particular,  on  studies  of  other  galaxies  than  our  own. 

In  this  area,  then,  we  are  in  the  fortunate  position  that  we  approach 
this  far  enough  in  advance  to  think  through  what  the  real  needs 
are — to  have  some  of  the  best  scientists  in  our  country  explore  these 
problems. 

We  will  be  assembling  such  a group  of  scientists  in  the  course  of 
the  next  year  or  so  to  study  whether  the  next  facility  required  in  this 
important  program  is  an  advanced  orbiting  observatory  of  the  un- 
manned type,  or  perhaps  an  observatory  attached  to  a manned  orbit- 
ing observatory,  or  perhaps  an  observatory  created  on  the  Moon, 
which  might  be  manned  or  unmanned. 

We  are  thinking  quite  seriously  and  quite  deeply  into  this  area. 

Closer  at  home,  we  have,  as  you  know,  a very  intensive  program  of 
studying  the  Sun  and  the  interplanetary  medium,  and  the  relation- 
ships between  the  Sun  and  the  interplanetary  medium. 

We  can  see,  as  advances  beyond  the  present  program,  the  need  for 
sending  probes  close  to  the  Sun.  It  turns  out  that  many  of  the  physi- 
cists who  are  struggling  with  the  problem  of  magnetic  fields  and 
particles  in  space  feel  mat  the  solution  to  some  of  these  problems 
will  not  be  obtained  until  we  get  space  probes  that  go  in  very  close 
to  the  solar  surface.  Some  have  suggested  that  there  is  very  likely  a 
tangled  area  of  solar  generated  magnetic  fields  surrounding  the  Sun 
somewhere,  perhaps  between  the  solar  surface  and  the  planet  Mercury. 

Investigations  of  these,  then,  require  that  we  design  spacecraft 
and  send  them  very  close  to  the  solar  surface. 

We  are  considering  this  very  seriously. 

It  is  also  thought  that  there  is  some  boundary  to  the  solar  magnetic 
field,  that  is,  the  boundary  between  the  interplanetary  field  and  the 
galactic  magnetic  field,  somewhere  out  beyond  the  Earth’s  orbit. 

In  order  to  iiivestigate  this,  in  other  words,  to  reach  out  of  the 
domain  completely  dominated  by  the  Sun  in  the  interplanetary  me- 
dium, one  will  need  to  send  a spacecraft  out  away  from  the  Sun,  in 
the  direction  opposite  to  the  Sun,  to  great  enough  distances  to  cross 
this  boundary. 

Some  estimates  place  the  boundary  at  five  astronomical  units,  that 
is,  five  times  the  distance  from  the  Earth  to  the  Sun. 

I believe,  also,  that  I mentioned  that  some  physicists  feel  that  this 
boundary  between  the  interplanetary  magnetic  field  and  the  galactic 
field  may  move  in  and  out  in  the  course  of  a solar  sunspot  cycle,  and 
possibly  might  move  inside  the  orbit  of  the  Earth. 

We  will  want  to  look  for  this  and  to  investigate  this  with  our  cur- 
rent space  probes,  like  the  Interplanetary  Monitoring  Satellite  and  the 
Pioneer  for  the  International  Year  of  the  Quiet  Sun. 
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Another  topic  of  great  interest  is  to  continue  to  explore  the  origin 
of  the  solar  system  by  investigating  other  bodies  in  the  solar  system 
than  the  Earth,  Moon,  and  the  near  planets. 

This  means  that  we  will  want  to  investigate  the  planet  Mercury 
and  the  planets  J upiter  and  Saturn  in  the  course  of  our  program. 

Jupiter  and  Saturn  will  be  of  particular  interest  because  it  seems 
clear  from  Earth-based  observations  that  their  comnosition  is  quite 
different  from  the  composition  of  the  Earth,  Mars,  and  Venus. 
Whereas  Earth,  Mars,  and  Venus  are  primarily  solid  bodies,  with  a 
surrounding  atmosphere,  Jupiter  and  Saturn  are  primarily  composed 
of  gaseous  constituents,  perhaps  with  frozen  cores. 

They  are,  of  course,  considerably  larger  than  the  Earth,  and  show 
us,  through  their  radiowave  emission  and  other  emissions  that  there 
are  many  fascinating  and  puzzling  activities  going  on  in  these  bodies. 

The  Chairman.  Doctor,  what  group  within  NASA  has  the  responsi- 
bility of  working  on  oncoming  manned  space  programs  ? 

Is  it  quite  the  responsibility  of  the  Office  of  Space  Sciences  to  work 
out  future  programs  in  this  area,  as  well  as  purely  scientific 
investigations  ? 

Dr.  Newell.  The  Office  of  Space  Sciences  has  responsibility  for  the 
space  sciences  programs. 

The  Office  of  Manned  Space  Flight  will  have  responsibility  for 
manned  missions. 

The  Chairman.  You  are  referring  to  all  manned  misisons  ? 

The  Office  of  Manned  Space  Flight  has  been  set  up  not  only  to  take 
care  of  the  lunar  landing  and  return  program,  but  all  manned  space 
flights,  is  that  correct  ? 

Dr.  Newell.  For  the  present,  that  is  correct.  But  this  means  that 
the  Office  of  Space  Sciences  and  the  Office  of  Manned  Space  Flight  are 
going  to  have  to  work  together  very  closely  in  order  that  as  the  capa- 
bility of  man  to  do  science  in  space  grows,  the  space  science  contri- 
bution to  this  program  will  be  the  proper  one. 

The  Chairman.  What  do  you  see  in  the  future  for  our  space  pro- 
gram, the  major  portion  of  it  being  manned,  or  instrumented,  or  is  it 
a safe  bet  to  say  it  will  be  about  half  of  each  ? 

Dr.  Newell.  I would  say  that  at  this  time  it  is  a safe  bet  to  say 
that  both  the  unmanned  and  manned  programs  will  for  some  time  to 
come  contribute  to  comparable  efforts  to  the  total. 

The  Chairman.  But  manned  programs,  after  the  lunar  landing, 
will  probably  be  Earth  orbit  or  lunar  programs  rather  than  going  out 
to  the  other  planets,  isn’t  that  correct  ? 

Won’t  planet  investigative  programs  be  instrumented  or  unmanned  ? 

Dr.  Newell.  Well,  you  posed  a problem  on  which  a national  decision 
has  to  made. 

One  has  to  decide  after  the  completion  of  the  lunar  manned  landing 
effort,  whether  one  then  goes  on  with  an  intensive  manned  explora- 
tion of  the  Moon,  whether  one  goes  on  to  building  a manned  laboratory 
or  observing  station  on  the  Moon,  or  to  the  development  of  a large 
manned  orbiting  laboratory  in  the  vicinity  of  the  Earth,  or  whether 
one  sets  out  to  make  deep  space  expeditions  into  the  far  reaches  of  the 
solar  system,  which  would  include  expeditions  to  the  planets. 

We  are  approaching  the  time  when  some  decisions  of  this  sort  will 
have  to  be  made. 
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The  Chairman.  There  would  be  a good  deal  more  study,  Doctor, 
over  a long  period  of  time,  which  will  have  to  be  made  on  the  effects 
of  prolonged,  weightlessness,  isn’t  that  a fair  statement  to  make? 

Dr.  Newell.  I think  it  is,  yes. 

The  Chairman.  When  you  are  talking  about  being  gone  for  several 
months,  it  is  considerably  different  than  talking  about  being  gone  for 
a week  or  a week  and  a half. 

Dr.  Newell.  Yes. 

The  Chairman.  You  have  had  some  experiments,  isn’t  it  true,  which 
indicate  some  major  biological  breakdowns  of  a sort,  I suppose  you 
could  say,  as  a result  of  prolonged  weightlessness  ? 

Haven’t  we  had  some  animal  tests  over  long  periods  of  time,  some 
form  of  living  matter,  that  has  been  adversely  affected  through  pro- 
longed weightlessness  s 

Dr.  Newell.  The  biologists  tell  us  that  there  are  indications  that 
this  could  be  a problem. 

At  the  same  time  they  admit  at  the  present  stage  they  cannot  be 
sure  it  will  be  a problem,  but  they  point  to  such  things  as  the  fact  that 
a man  who  is  a bedridden  patient  for  a long  period  of  time  shows  a 
progressive  decalcification  of  the  bones  of  the  body,  and  they  point 
to  the  fact  that  prolonged  weightlessness  without  adequate  and  prop- 
erly designed  exercise  to  maintain  muscle  tone,  may  be  a real  problem. 

This  means  to  me  that  we  should  have  a research  program  to  look 
into  problems  such  as  this. 

The  manned  space  flight  program,  as  I understand  it,  is  being  so 
designed  and  carried  out  that  attention  will  be  paid  to  these  problems, 
and  the  moment  there  are  signs  that  difficulties  are  cropping  up,  these 
problems  will  be  looked  into  and  taken  care  of. 

The  Chairman.  The  reason  for  my  asking  the  questions,  Doctor,  is 
to  get  from  you,  if  I can,  an  opinion  as  to  whether  or  not  a good  deal 
of  intensive  investigation  must  be  made  in  this  area  before  we  plan 
any  future  mamied  space  flight  programs  to  one  of  the  farther-off 
planets. 

Dr.  Newell.  I think  so. 

And  as  I was  about  to  point  out,  both  the  Office  of  Advanced  Re- 
search and  Technology  and  the  Office  of  Space  Sciences  have  an  exten- 
sive program  of  fundamental  researches  in  just  such  areas  as  the  one 
you  mentioned. 

The  Chairman.  So  as  far  as  manned  space  flight  is  concerned  for  the 
next  decade  or  two,  perhaps  it  will  be  pretty  well  confined,  will  it  not, 
to  Earth  orbits,  and  Earth-lunar  programs  ? 

Dr.  Newell.  Well,  again,  I say  this  is  a matter  of  national  decision. 

One  will  have  to  look  into  all  factors,  such  as  those  you  just  brought 
up,  in  making  such  a decision. 

But  to  say  that  the  program  will  be  confined  to  Earth  orbit,  is  pre- 
judging that  decision. 

The  Chairman.  Well,  Earth-orbit,  or  lunar  programs. 

Dr.  Newell.  Well,  again,  the  comment  still  applies. 

The  Chairman.  What  does  a round  trip  to  the  Moon  take,  about  a 
week  or  more? 

Dr,  Newell.  A round  trip  to  the  Moon  is  a matter  of  a week  or  so, 
yes. 
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Ti  3 Chairman.  How  long  would  a round  trip  to  the  nearest  planet 
take, . doctor? 

Dr.  Newell.  There  you  get  into  a time  period  of  a year  or  so. 

The  'h airman.  So  you  jump  from  a week  to  a year. 

Then  what  is  the  next  jump,  2 years  ? 

Dr.  N "well.  No;  if  you  go  to  the  more  distant  planets,  then  you  get 
to  man  years.  For  example,  to  Jupiter  or  Saturn,  then  you  get  to 
very  m ,ny  years. 

The  Chairman.  How  about  Mars  ? 

Dr.  Newell.  In  the  case  of  Mars,  you  would  go  to  a couple  of  years. 

The  Chairman.  So  we  are  talking  about  a whole  year’s  jump  from 
the  Moon  flight  to  a Venus  flight,  and  then  another  year’s  jump  from 
a V enus  flight  to  a Mars  flight,  isn’t  that  right  ? 

Dr.  Newell.  That  is  correct.  And  it  poses  very  serious  problems. 
It  poses  problems,  not  only  in  the  matter  of  weightlessness  that  you 
brought  up,  but  also  in  the  matter  of  providing  food,  air  supply,  tem- 
perature control,  and  all  the  needs  for  the  man  over  that  long  period  of 
time,  plus  the  problem  of  providing  radiation  protection  over  that 
long  period  of  time. 

The  Chairman.  It  seems  to  me  that  after  the  manned  lunar  landing 
program  has  been  completed,  our  job  then  becomes  one  of  an  unmanned 
nature,  doesn’t  it  ? 

Dr.  Newell.  Yes. 

The  Chairman.  A space  sciences  program,  rather  than  a manned 
program,  Doctor  ? 

Dr.  Newell.  Well,  I would  like  to  phrase  it  that  our  continuing  job 
is  one  of  unmanned  space  science. 

We  have  a continuing  need  for  this  sort  of  investigation  to  support 
the  variety  of  things  that  we  might  want  to  do  out  in  space,  whether 
thev  be  maimed  or  unmanned. 

The  Chairman.  Is  there  anything  else  you  would  like  to  add,  Doctor, 
on  this  subject,  before  we  continue  ? 

Dr.  Newell.  Well,  I was  going  on  to  say  that  one  of  the  very  im- 
portant areas  in  space  science  that  we  are  now  approaching  is  that  of 
fundamental  biological  researches  in  space. 

We  are,  as  we  described  to  the  committee,  going  ahead  with  studies 
of  a relatively  simple  recoverable  Earth  satellite  to  initiate  these 
studies,  but  it  is  already  becoming  clear  to  the  Office  of  Space  Sciences, 
and  the  Office  of  Advanced  Research  and  Technology,  that  there  will  be 
a future  need  for  a manned  laboratory  to  carry  out  researches  of  this 
type. 

Therefore,  we  are  looking  into  this  problem.  This  is  one  of  the 
decision  questions  facing  us,  as  you  have  just  brought  out,  in  our  im- 
mediately past  discussion. 

The  Giiairman.  Will  it  become  a program  for  the  Office  of  Manned 
Space  Flight  or  for  the  Office  of  Space  Sciences  ? 

Dr.  Newell.  That,  too,  wilt  have  to  be  a decision  as  to  which  has  the 
major  requirement  in  establishing  responsibility  for  it. 

The  Chairman.  There  is  no  reason  why  we  should  have  such  clear 
cleavage  between  the  two  groups,  that  one  should  have  nothing  to  do 
in  the  manned  area,  and  the  other  has  nothing  to  do  in  the  unmanned 
‘area.  This  is  pretty  much  what  you  are  saying,  isn’t  it? 
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Dr.  Newell.  Quite  the  contrary.  I think  it  is  becoming  quite  clear 
that  all  of  these  offices  must  work  closely  together,  because  their  in- 
terests and  needs  come  together  at  so  very  many  points. 

The  Chairman,  The  reason  I asked  is  that  I wanted  a little  clari- 
fication as  to  what  the  jurisdiction  will  be  among  these  various  offices 
in  NASA. 

' Dr.  Newell.  I think  the  pattern  may  well  be  that  for  a long  time 
to  come  the  Office  of  Manned  Space  Flight  will  have  to  be  in  (marge 
of  maimed  missions,  because  of  the  difficulty  of  executing  those  mis- 
sions. 

This  is  a pattern  that  we  have  followed  in  the  past  in  which  during 
the  developmental  phase  of,  say,  a large  space  vehicle,  the  rocket  peo- 
ple are  in  charge  of  the  missions  until  they  have  developed  the  launch 
vehicle  to  an  acceptable  degree  of  reliability.  ■" 

• Onpe  that  vehicle  becomes  sufficiently  reliable,  then  the  mission  con- 
trol p|sses  over  to  the  user,  whether  it  be  the  Office  of  Space  Sciences, 
or  the^Dffice  of  Applications,  or  some  other  office.  . ' ’ ; 

Again,  here,  oi.e  may  look  down  the  road  to  a time  when  the  ability 
of  man  to  place  in  orbit  a manned  orbiting  laboratory  and  to  operate- 
that  laboratory  has  been  so  well  established  that  mission  control  would 
be  in  the  hands  of,  say,  the  Office  of  Advanced  Research  and  Technol- 
ogy. But  that  is,  I feel,  probably  quite  a way  down  the  road. 

For  the  time  being,  the  accomplishment  of  a maimed  flight  mission 
will  require  that  the  manned  space  flight  people  be  in  charge  of  the 
mission,  and  that  the  other  offices  be  participants  in  it. 

The  Chairman.  Thank  you. 

I would  like  to  ask  Dr.  Holloway  a question  or  two,  if  you  have 
concluded,  Dr.  Newell. 

Dr.  Newell.  Mr.  Chairman,  may  I ask  Mr.  Cortright  whether  he 
has  anything  to  add  to  the  list  of  tilings  we  are  talking  about  ? 

The  Chairman.  Yes,  Mr.  Cortright. 

Mr.  Cortright.  I think  Dr.  Newell  has  covered  it  quite  well,  as  a 
matter  of  fact. 

The  only  additional  statement  I would  like  to  make  is  that  the  un- 
manned spacecraft  enjoy  a peculiar  advantage  that  I think  we  should 
all  recognize;  the  advantage  is  that  no  life  is  involved  that  need  be 
sustained  or  protected.  Thus  the  weights  can  be  smaller,  and  they 
can  be  sent  to  far  more  different  places  throughout  the  solar  system 
than  man  can  be  sent.  This  can  be  done  many  years  in  advance  of 
man.  Therefore,  this  gives  a great  flexibility  to  the  automated  space- 
craft exploration  program. 

I think  that  the  variety  of  scientific  explorations  that  we  are  con- 
sidering, and  which  Dr.  Newell  has  outlined,  attest  to  this,  and  therein 
lies  the  strength  of  the  unmanned  scientific  program. 

The  Chairman.  What  are  the  competing  costs  program  per  pro- 
gram, Mr.  Cortright — 10  to  1,  5 to  1,  20  to  1— what  would  you  say 
would  be  a good  estimate  ? 

I realize  that  some  of  the  manned  programs  as  opposed  to  unmanned 
programs  are  designed  to  achieve  similar  objectives.  However,  I 
realize  you  will  get  bits  of  different  information  from  each;  that  is 
the  instrument  probably  cannot  duplicate  precisely  what  the  human 
can,  and  vice  versa.  But  those  differences  being  what  they  are,  and 
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what  they  will  continue  to  be,  what  is  the  difference  in  cost  between 
the  two  programs  ? 

Mr.  Cortright.  Well,  the  costs  of  the  various  programs  are  a matter 
of  record. 

I don’t  think  they  are  competing  in  that  sense.  The  automated  pro- 
gram is  designed  to  provide  the  forerunners  of  eventual  manned  ex- 
ploration. When  the  man  eventually  gets  there  he  can  do  things  that 
instruments  cannot  really  be  designed  to  do.  He  can  apply  the  judg- 
ment that  a human  being  has  to  the  problem. 

So  I don’t  think  it  is  fair  to  consider  them  competitive  in  a strict 
sense. 

Dr.  Newell.  I would  like  to  amplify  that. 

The  Chairman.  Let’s  consider  them  competitive  only  in  terms  of 

cost ; this  is  my  point. 

I recognize  there  are  specific  jobs  that  must  be  done,  and  in  certain 
instances  only  man  can  probably  do  them,  or  at  least  do  them  better 
than  instruments. 

In  other  cases,  man  is  not  able  to  do  certain  things,  for  many  reasons 
of  limitations. 

Could  you  give  me  an  estimate  of  what  the  cost  factor  would  be  ? 

Dr.  Newell.  Are  you  looking  for  the  ratio  of  the  manned — 

The  Chairman.  Let’s  say  an  instrumented  landing  on  the  Moon  as 
opposed  to  a manned  landing  on  the  Moon;  what  is  the  difference 
in  the  cost  between  these  two  programs?  Obviously,  in  the  latter  you 
are  going  to  get  the  judgment  of  the  human  in  addition  to  what  you 
get  from  the  instrumentation. 

Mr.  Cortright.  I believe  we  quoted  a cost  for  17  Surveyor  flights — 
I will  ask  Mr.  Taylor  to  check  this — of  something  like  $496  million, 
and  I guess  you  could  compare  that  with  the  costs  of  the  Apollo 
program,  which  is  estimated  at  something  less  than  $20  billion,  for 
the  first  manned  landing. 

The  Chairman.  Thank  you. 

Dr.  Newell.  If  I might,  I would  like  to  expand  upon  one  point  Mr. 
Cortright  brought  out—by  pointing  out,  as  I am  sure  you  recognize, 
that  there  is  no  such  thing  as  unmanned  science.  In  past  history  we 
have  seen  man  carrying  out  his  science  on  the  surface  of  the  Earth 
with  his  instruments  right  along  with  him,  but  the  man,  his  thinking, 
his  consciousness  and  awareness,  is  the  crucial  part  of  that  science. 

When  we  talk  about  unmanned  exploration  of  the  solar  system, 
we  are  really  talking  about  umnanned  satellites,  instruments  sent 
out  into  space,  but  the  man  remains  an  integral  part  of  that  program. 

So  again,  when  man  gets  to  the  Moon,  he  will,  of  course,  be  an  im- 
portant part  of  the  exploration  of  the  Moon,  but  he  will  also  have  to 
take  instruments  with  him  to  extend  his  senses,  to  be  able  to  observe 
things  that  he  himself  cannot  observe,  because  his  senses  are  not  up 
to  it. 

It  is  simply  a question  of  where  the  man  is  in  the  system,  is  he  at 
home  on  Earth  with  his  instruments  out  in  space,  or  did  he  go  out  in 
space  with  his  instruments? 

The  Chairman.  The  farther  we  go,  the  more  we  are  going  to  have 
to  be  dependent  upon  instruments;  isn’t  that  right? 

Dr.  Newell.  The  farther  we  go  the  more  we  will  have  to  be  depend- 
ent on  instruments,  but  also,  the  farther  we  go  the  more  limited  will 
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be  the  capability  of  those  instalments  to  respond  to  surprises  and 
the  need  for  a quick  change  of  orders. 

In  the  vicinity  of  the  Earth,  we  can  quickly  command  instruments 
in  an  orbiting  satellite  to  turn  on  and  look  at  the  Sun,  if  something  has 
happened  that  is  of  great  interest. 

When  we  go  to  the  Moon,  then  we  have  a delay  time;  it  is  appreci- 
able, but  probably  can  be  overcome  by  anticipating  and  so  on. 

But  when  we  go  out  to  the  planets,  there  is  a serious  question  in  the 
minds  of  people  that  have  been  thinking  about  this  as  to  whether  the 
delay  times  won’t  be  such  that  we  can’t  follow  up  on  happenings 
rapidly  enough  to  find  out  completely  what  did  happen. 

The  Chairman.  Of  course,  if  you  built  the  package  as  big  as  the 
Apollo,  that  is,  a package  made  up  exclusively  of  instruments,  you 
would  have  a pretty  sophisticated  package ; wouldn’t  you  ? 

Dr.  Newell.  It  could  be  pretty  sophisticated. 

But  the  judgment  is,  when  you  get  too  far  away,  the  efficient  way 
is  to  put  the  man  there.  In  the  unmanned  approach. 

You  have  to  do  as  much  and  more  in  order  to  build  a sufficiently 
sophisticated  package  to  handle  these  unanticipated  occurrences. 

The  Chairman.  I see. 

Dr.  Newell.  The  man  is  the  better  way  to  do  it. 

The  Chairman.  Doctor  Holloway,  on  the  university  program,  I 
was  somewhat  surprised,  but  on  the  occasion  when  the  Panel  on 
Science  and  Technology  of  this  committee  met  with  the  committee  in 
January,  Dr.  Albert  Noyes  presented  a paper  to  the  committee. 

The  sense  of  that  paper  was  that  the  university  program  that  is 
being  conducted  by  NASA  really  is  not  a well-thought-out  program, 
is  not  doing  the  job  that  it  is  intended  to  do,  and  is  not  effective,  be- 
cause in  effect,  we  are  scraping  the  bottom  of  the  barrel  for  talent 
even  without  that  program ; that  is,  scraping  the  bottom  of  the  barrel 
in  candidates  for  fellows,  and  doctors,  and  so  on  and  so  forth. 

I might  say  I disagreed  with  him,  but  I would  like  to  have  you  ad- 
dress yourself  to  his  viewpoint. 

Perhaps  you  have  already  read  it  in  the  record. 

I wonder  if  you  would  address  yourself  to  that?  Inasmuch  as  we 
have  a more  ambitious  program  that  we  had  when  we  started,  with 
the  10-square  program,  I would  like  your  views.  Hopefully,  at  least 
on  my  part,  we  are  going  to  continue  to  add  to  it. 

Maybe  you  could  take  10  or  15  minutes,  or  as  much  time  as  you  need, 
to  cross  swords  with  Dr.  Noyes,  and  point  out  to  the  committee  where 
he  may  have  been  in  error. 

STATEMENT  OF  DR.  JOHN  T.  HOLLOWAY,  CHIEF  OF  UNIVERSITY 

PROGRAMS,  OFFICE  OF  GRANTS  AND  RESEARCH  CONTRACTS, 

OFFICE  OF  SPACE  SCIENCES,  NASA 

Dr.  Holloway.  It  might  be  presumptuous  of  me,  Mr.  Chairman, 
to  point  out  how  Dr.  Noyes  may  have  been  in  error  as  an  individual, 
but  I was  surprised  by  the  statement.  This  may  be  one  of  the  sur- 
prises in  space  that  Dr.  Newell  speaks  of  that  you  need  a man  to 
respond  to  and  not  instruments. 

The  Chairman.  We  have  him  right  here. 
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Dr.  Holloway.  Obviously,  we  do  not  agree  with  the  statement  of 
Dr.  Noyes.  The  evidence  which  we  offer  to  substantiate  our  position 
is  the  expanded  program. 

Our  analysis  of  the  available  manpower  and  the  analvsis  reported 
by  the  President’s  Science  Advisory  Committee,  contradict  his  state- 
ment. 

The  University  of  Rochester  administration  alss  does  not  agree 
with  the  statement,  but  Dr.  Noyes  was  presumably  speaking  as  an 
individual,  which  right  I cheerfully  concede  him. 

The  Chairman.  Let  me  ask  you  this,  does  the  University  of  Roches- 
terparticpate  in  this  program  ? 

Dr.  Holloway.  Yes,  sir. 

The  Chairman.  Were  they  1 of  the  original  10  ? 

Dr.  Holloway.  No,  sir.  There  was,  on  our  desk,  at  the  time  Dr. 
Noyes  was  speaking,  a proposal,  however,  for  participation  in  the  pre- 
doetoral  training  program. 

The  Chairman.  Oh,  before  his  statement  they  did  not  participate? 

Dr.  Holloway.  They  were  not  in  the  first  10,  no,  sir. 

The  Chairman.  I see. 

Dr.  Holloway.  But  they  had  proposed  participation  in  this  year’s 
program,  and  had  been  advised  that  their  proposal  was  well  received, 
and  that  we  would  proceed  with  the  negotiation  of  a grant  to  provide 
them  with  the  traineeships. 

The  Chairman.  They  had  made  that  proposal  to  NASA  about  the 
time  that  Dr.  Noyes  was 

Dr.  Holloway.  Before. 

Dr.  Newell.  Well  before. 

Dr,  Holloway.  Well  before. 

The  Chairman.  Before  he  presented  his  statement? 

Dr.  Holloway.  Yes. 

The  Chairman.  He  is  the  president  of  the  university  ? 

Dr.  Holloway.  I beg  your  pardon  ? 

The  Chairman.  What  is  Dr.  Noyes’  position  ? I have  forgotten. 

Dr.  Holloway.  He  is  a professor  of  chemistry,  I believe 

, Mr.  Hammhl.  The  head  of  the  department. 

Dr.  Newell.  Head  of  the  chemistry  department,  I believe. 

Dr.  Holloway.  Head  of  the  chemistry  department. 

The  Chairman.  So  the  proposal  to  NASA  was  made  by  the  uni- 
versity heads ; is  that  right  ? 

Dr.  Holloway.  Yes,  sir.  We  have  asked  the  university  officially  if 
this  is  the  position  of  the  university,  and  they  have  denied  it.  They 
have  said  that  they  wished  Us  to  continue  with  the  negotiation  of  the 
training  grant. 

The  Chairman.  You  are  familiar  with  the  Noyes’  statement  then; 
are  you  not? 

Dr.  Holloway.  Yes,  sir. 

The  Chairman.  Would  you  care,  then— I will  try  not  to  interrupt 
you  again— would  you  care,  then,  to  give  us  the  benefit  of  your  dis- 
agreement— why  we  are  not  scraping  the  bottom  of  the  barrel  ? 

Dr.  Holloway.  I think  Dr.  Noyes’  comment  is  based  on  a belief 
which  he  himself  holds,  that  an  increase  in  training  opportunities  for 
graduate  students  would  not  increase  the  number  of  graduate  students 
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■who  enter  training  and  who  continue  that  training  to  the  degree  that 
they  wish  to  pursue.  This  is  an' opinion  which  I do  no  hold.  I did  not 
see  in  the  report  of  Dr.  Noyes’,  statement  any  evidence  to  this  effect.^ 

I believe  that  the  most  recent  and  relevant  data  concerning  the  avail- 
able manpower  which  might  be  touched  by  a training  program  are 
those  contained  in  the  President’s  Science  Advisory  Committee  report. 

I would  be  glad  to  discuss  or  debate  the  issue  with  him,  if  I had  evi- 
dence for  his  opinion.  We  can  cite  the  numbers  which  have  been 
gathered  on  available  students  in  the  post-baccalaureate  region,  those 
who,  on  the  basis  of  past  statistics,  have  the  inclination  and  the  ability 
to  proceed  to  an  advanced  degree.  W e have  from  a number  of  univer- 
sities rather  strong  statements  of  their  belief  that  new  training  oppor- 
tunities will  indeed  encourage  an  increase.  They  have  stated  that  they 
disagree  with  the  position  taken  by  Dr.  Noyes  and  in  general  sub- 
stantiate our  position,  that  without  training  programs  of  this  kind  for 
space  scientists  and  engineers,  and  those  of  other  Federal  agencies  who 
have  other  “customer”  requirements,  the  graduate  training  capability 
of  the  universities  would  be  seriously  depleted. 

We  feel  that  the  numbers  , which  we  speak  of  in  our  training  pro- 
gram do  not  approach  saturation  of  the  available  manpower  reservoir. 

I think  that  if  you  watch  our  program,  and  any  other  new  program 
which  arises,  you  will  see  a clear  indication  when  this  saturation  be- 
gins to  appear.  Last  year  there  were  some  number  of  training  oppor- 
tunities in  the  graduate  schools,  in  engineering,  physical  sciences,  life 
sciences,  and  the  social  sciences,  which  relate  to  the  activities  of  various 
Federal  agencies.  All  of  those  opportunities,  or  substantially  all  of 
them,  were  accepted. 

There  are  not,  in  the  major  universities,  training  opportunities  and 
fellowships  under  the  National  Science  Foundation,  Office  of  Educa- 
tion, NIH,  and  so  forth,  going  to  waste. 

When  you  see  them  begin  to  go  wanting,  then  you  have  seen  the  dan- 
ger signal,  and  obviously  a saturation  effect  of  some  sort  is  occurring. 
That  has  not  occurred.  We  don’t  believe  that  it  will  occur  a?  a result 
of  our  program  or  even  a much  larger  program  than  we  anticipate. 

Mr.  Mosher.  Mr.  Chairman,  could  I ask  a question  ? 

The  Chairman.  Mr.  Mosher,  yes. 

Mr.  Mosher,  The  danger  must  certainly  exist  here,  though,  doesn’t 
it?  * 

When  there  is  a sudden  increase  in  the  opportunities  for  such  a need 
for  doctoral  programs,  creating,  in  effect,  a demand  for  more  doctoral 
candidates,  thedanger  must  exist  that  the  caliber  of  the  candidates  will 
decrease.  ' , 

You  will  attract  a lot  of  people  who  are  not  of  a caliber  that  you 
would  like  to  have. 

Ho  w do  you  control  this  ? 

I should  think  you  would  have  to  depend  almost  entirely  on  the  in- 
tegrity of  the  universities  and  their  standards^  and  at  the  same  time, 
here,  don’t  you  create  temptations  for  the  universities,  too,  who  are 
hungry  for  money— don’t  you  strain  their  integrity,  perhaps,  in  the 
caliber  of  candidates  they  are  willing  to  accept? 

How  soon  are  you  going  to  come  to  the  point  where  you  have  got 
money  available  to  give  the  universities  and  the  universities  are  going 
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to  say,  well,  we  cannot  use  this  money,  because  we  have  not  got  candi- 
dates whom  we  consider  qualified.  We  have  a lot  of  candidates,  but 
we  don’t  think  they  are  capable. 

Isn’t  there  a danger  this  whole  process  can  take  place  ? 

Dr.  Holloway.  This  is  a question  which  I am  particularly  pleased 
to  have  an  opportunity  to  answer.  The  danger  is  real;  it  does  exist. 
We  anticipated  it  at  the  outset,  and  I would  like  to  describe  the  steps 
we  have  taken  to  prevent  it. 

If  a training  grant  is  made  to  a university  with  much  of  the  dis- 
cretion for  its  administration  resting  in  the  hands  of  the  university 
administration,  as  ours  are,  then  there  is  presumably  nothing  y ou  can 
do  to  prevent  a corrupt  university  administration  from  deforming 
its  standards  and  stretching  its  acceptability  criteria  to  accommodate 
a few  students  who  might  otherwise  not  pass  muster.  But  this  is 
not  easy  to  do  in  a major  university  today. 

Universities  operate  by  and  large  in  “fishbowls.”  The  treatment 
received  by  a student  on  one  of  these  traineeships  must  be  comparable 
with  that  received  by  a student  who  is  not  on  one,  and  our  trainees 
will  be  in  very  large  minority  in  an  institution.  We  will,  in  this 
year’s  program,  have  no  more  than  15  at  any  university. 

At  one  major  State  university,  we  have  been  told  by  a vice  president 
that  there  were  2,000  qualified  applicants  at  the  time  the  selection  was 
begun  for  12  NASA  trainees. 

We  have  left— — 

Mr.  Mosher.  Can  I interrupt  you  a second  ? 

Dr.  Holloway.  Yes,  sir. 

Mr.  Mosher.  How  many  of  the  universities  are  participating  in 
your  program  this  year  ? 

Dr.  Holloway.  Eighty-eight. 

Mr.  Mosher.  Eighty-eight  ? 

Dr.  Holloway.  Yes,  sir, 

Mr„  Morris.  Mr.  Chairman  ? 

May  I ask  that  he  furnish  the  list  of  the  universities  to  be  inserted 
in  the  record  at  this  point. 

The  Chairman.  If  there  is  no  objection  it  is  so  ordered. 

I think  it  would  be  wise  indeed  if  we  had  inserted  in  the  record 
at  this  point,  Dr.  Holloway,  such  pertinent  information  as  it  relates 
to  this  program  in  NASA. 

Mr.  Morris.  Also,  Mr.  Chairman,  how  much  money  is  allocated  to 
each  university  ? 

Dr.  Holloway.  We  will  provide  a list  of  the  universities,  Mr. 
Chairman  and  Mr.  Morris. 

The  exact  number  of  dollars  is  not  determined  to  the  cent  at  this 
moment.  These  grants  are  in  the  process  of  negotiation,  and  so  I 
should  prefer  at  this  instant  to  deliver  to  you  a list  of  the  universities 
which  have  been  advised  that  they  will  receive  grants. 

The  amounts  may  change  at  the  time  they  are  executed,  and  to  an- 
nounce the  dollar  value  now  ties  the  hands  of  the  negotiators  in  the 
negotiation  process. 

(The  information  requested  is  as  follows :) 
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1’niccmity  Trainees 

Alabama,  University  of 10 

Arizona  State  University 6 

Arizona,  University  of 10 

Arkansas,  University  of 8 

Auburn  University 10 

Brooklyn,  Polytechnic  Institute  of_  12 
California  Institute  of  Technology-  15 
California,  University  of,  at  Los 

Angeles 10 

Carnegie  Institute  of  Technology—  10 

Case  Institute  of  Technology 10 

Catholic  University 10 

Chicago,  University  of 15 

Cincinnati,  University  of 8 

Clemson  College 4 

Colorado,  University  of 10 

Colorado  State  University 6 

Columbia  University 12 

Connecticut,  University  of- 6 

Cornell  University 10 

Delaware,  University  of 6 

Denver,  University  of 6 

Duke  University 10 

Florida  State  University 8 

Florida,  University  of 10 

George  Washington  University 6 

Georgia  Institute  of  Technology—  12 

Houston,  University  of 10 

Illinois  Institute  of  Technology 10 

Illinois,  University  of 12 

Indiana  University 10 

Iowa,  State  University  of 10 

Iowa  State  University 10 

Johns  Hopkins  University 8 

Kansas  State  University 8 

Kansas,  University  of 8 

Kent  State  University 2 

Lehigh  University 8 

Louisiana  State  University , 8 

Maryland,  University  of 10 

Massachusetts  Institute  of  Tech- 
nology  15 

Michigan  State  University 8 

Michigan,  University  of 15 

Minnesota,  University  of - 15 

Missouri,  University  of 8 

Missouri  School  of  Mines  and  Met- 
allurgy-  4 


1653 


University  Trainees 

Nevada,  University  of 3 

New  Mexico,  University  of 6 

New  Tork  University 12 

North  Carolina,  University  of 10 

North  Carolina  State  College 10 

Northeastern  University — 3 

Northwestern  University 10 

Notre  Dame,  University  of 8 

Ohio  State  University 8 

Oklahoma  State  University 10 

Oklahoma,  University  of 10 

Oregon  State  University 8 

Pennsylvania  State  University — 10 

Pennsylvania,  University  of 10 

Pittsburgh,  University  of 10 

Princeton  University 12 

Purdue  University 12 

Rensselaer  Polytechnic  Institute 10 

Rhode  Island,  University  of 4 

Rice  University 10 

Rochester,  University  of - 10 

Saint  Louis  University 8 

Southern  California,  University  of-  8 

Stanford  University 12 

Stevens  Institute  of  Technology 6 

Syracuse  University  Research  In- 
stitute  8 

Tennessee,  University  of 8 

Texas,  Agricultural  and  Mechani- 
cal College  of 10 

Texas  Technological  College 0 

Texas,  University  of 10 

Tulane  University— 8 

Utah  State  University 4 

Utah,  University  of 8 

Vanderbilt  University 8 

Vermont,  University  of 3 

Virginia  Polytechnic  Institute 10 

Virginia,  University  of 10 

Washington  University  (St. 

Louis) 8 

Washington,  University  of 10 

West  Virginia  University 8 

Western  Reserve  University 8 

Wisconsin,  University  of-, 10 

Tale  University . 10 


Total 786 


The  Chairman.  Well,  the  programs  that  are  in  effect,  you  can 
furnish  the  dollar  amounts  for  those. 

Dr.  Holloway.  Yes,  sir.  I can  give  you  a total  amount  of  the  1963 
program,  also. 

The  Chairman.  The  committee  can  then  assume,,  I suppose,  that  the 
cost  will  he  nearly  the  same 

Dr.  Holloway.  Y es,  sir ; it  will  be  nearly  the  same. 

This  is  a very  small  error. 

The  Chairman.  Mr.  Morris,  is  there  something  else  you  want! 

Mr.  Morris.  How  much  money  would  be  involved  ? 

Dr.  Holloway.  For  the  88! 

Mr.  Morris.  In  terms  of  dollars  what  are  we  speaking  of,  in  terms 
of  what  they  might  get  and  what  they  have  been  granted  already. 
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You  said  it  ties  the  hands  of  the  negotiators.  It  might  tie  the 
hands  of  the  people  who  are  going  to  get  this  money  appropriated  in 
the  first  place,  too.  We  may  decide  since  we  do  not  know  where  the 
money  is  going,  there  isn’t  any  use  in  authorizing  it,  authorizing  the 
appropriation. 

Dr.  Holloway.  Oh,  I will  be  delighted  to  provide  you  with  the 
numbers,  then. 

This  is  simply  an  attempt  to  prevent  a grant  for  $196,000  being 
nailed  to  196,  and  not  being  possibly  negotiated  down  to  194. 

We  are  talking  about  very  small 

Mr.  Morris.  I see,  You  are  not  talking  about  any  significant 
amount  of  money.  When  I say  “significant,”  I mean  significant  to 
the  total  cost. 

Dr.  Holloway.  We  are  talking  about  less  than  5 percent,  a small 
adjustment,  which  is  important  only  in  the  individual  negotiation, 
and  may  be  insignificant  in  the  overall. 

Dr.  Newell.  On  the  other  hand,  it  is  not  insignificant  in  the  overall, 
because  if  you  make  a saving  of  a few  thousand  dollars  in  each  of  88 
universities,  you  can  pick  up  a few  additional  universities  with  what 
you  save. 

The  Chairman.  Mr.  Mosher  ? 

Mr.  Mosher.  Dr.  Holloway,  the  nature  of  the  training  grants. 
Once  you  have  entered  into  a contract  with  the  universities,  do  you 
approve  the  individual  training  grants  or  does  the  university  have 
complete  control  ? 

Dr.  Holloway.  The  grant  is  to  the  university.  The  selection  of 
the  individual  students  is  the  responsibility  of  the  university.  We 
require  that  the  university  report  to  us  its  method  of  selection,  the 
qualification  which  these  students  possess 

Mr.  Mosher.  Do  you  have  a veto  power  over  any  one  student  ? 

Dr.  Holloway.  Before  he  is  selected ; no,  He  may  be  selected  and 
may  enter  training  without  prior  submission  of  his  name  to  us.  How- 
ever, after  his  first  quarter’s  performance,  or  his  first  semester’s  per- 
formance, the  university  reports  to  us  on  his  performance,  and  if  it  is 
substandard,  we  then  may  point  out  to  the  university  that  this  is  not 
in  conformity  with  the  terms  of  the  grant,  which  require  outstanding 
students  to  participate. 

The  Chairman.  Will  the  gentleman  yield  at  this  point  ? 

Are  you  familiar  with  the  Yellin  case  ? 

Dr.  Holloway.  The  E-l-l-e-n  case? 

The  Chairman.  The  Y-e-l-l-i-n  case. 

Dr.  Holloway.  No,  sir ; not  by  name. 

The  Chairman.  Well,  this  is  a case  that  involved  a fellowship 
grant  from  the  National  Science  Foundation.'  A fellow  by  the  name 
of  Yellin  was  granted  a fellowship  and  was  taking  his  training,  but 
he  had  previously  been  found  by  some  Members  of  Congress  to  be 
a Communist. 

Dr.  Holloway.  I do  remember. 

The  CHAiRMAN,  Or  a sympathizer,  if  I recall  correctly,  and  one  who 
had  been  known  to  the  National  Science  Foundation  as  having  had 
these  communistic  sympathies — — 
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Mr.  Hammill.  They  did  not  know  it. 

The  Chairman.  Once  it  was  brought  to  their  attention,  they  were 
rather  hamstrung,  or  hand  bound  to  do  anything  about  it. 

I was  wondering  if  what  you  say  is  true,  this  also  might  happen  to 
one  of  the  NASA  trainees ; is  that  possible  ? 

I mean,  if  you  have  no  initial  veto  power,  could  that  happen? 

Certainly  it  seems  to  me  they  should  submit  the  names. 

Dr.  Holloway.  My  knowledge  of  that  case  is  so  superficial  that  I 
am  not  sure  whether  the  Science  Foundation  had  the  veto  power  in 
that  case. 

The  Chairman.  I see. 

Dr.  Holloway.  And  if  they  did,  whether  they  exercised  it  or  not. 
I just  don’t  know. 

The  Chairman.  Well,  if  I recall  correctly,  they  did  have  the  veto 
power,  but  they  did  not  choose  to  exercise  it. 

I may  be  incorrect  in  my  recollection. 

Mr.  Mosher.  "When  I mentioned  the  veto.  I was  thinking  more  of 
vetoing,  as  applied  to  the  individual  student’s  qualifications,  and  the 
sub j ect  matter  of  the  research  he  proposes  to  pursue. 

Do  you  have  any  supervision  over  that  at  all,  or  do  you  leave  it  up 
to  the  university  ? 

Dr.  Holloway.  We  have  left  the  choice  of  student,  and  therefore 
the  choice  of  field  of  endeavor,  up  to  the  University. 

I did  not  complete  the  answer  to  your  question  before,  I apologize- 
One  interesting  aspect  of  this,  which  discourages  or  prevents  the 
effect  that  you  describe,  in  which  a university -’may  try  to  maintain  a 
substandard  or  borderline  student  in  a qualified  status  in  order  to 
protect  its  own  interest  in  that  part  of  the  training  grant,  I think,  is 
our  provision  that  the  traineeship  provided  for  any  given  student 
within  the  grant  rests  with  the  university,  and  does  not  attach  to  a 
particular  student.  If  that  student  falls  below  standard,  he  may  be 
excused  from  the  program  and  another  student  inserted  in  his  place, 
so  that  it  avails  the  university  nothing  to  maintain  a substandard  stu- 
dent in  one  of  these  slots. 

It  is  always  to  the  advantage  of  the  university  to  produce  high 
quality  students.  No  university  can  gain  by  intentionally  degrading 
the  quality  of  the  students  involved  in  any  such  program. 

Mr.  Mosher.  How  often  do  you  review  what  they  have  done? 

Dr.  Holloway.  We  will,  review  what  they  have  done  at  the  end 
of  each  term.  I have,  as  a matter  of  fact,  with  regard  to  the  areas  of 
selection,  a breakdown  of  the  disciplines  in  which  students  were  se- 
lected in  the  first  100,  which  went  in  last  year. 

The  Chairman.  I think,  Doctor,  I would"  like  to  have  you  submit 
that  for  the  record  also. 

Dr.  Holloway.  I would  be  glad  to. 

(The  information  requested  is  as  follows^)  ,rui  • . . 
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Distribution  of  1st  100  NASA  trainees  by  disciplines 


Physics 

flhejnistrv 

— 

31 

14 

Space  law — 

Chemical  engineering 

1 

5 

Mathematics 

R 

Mechanical  engineering 

9 

Astronomy 

_ 4 

Electrical  engineering 

5 

Meteorology 

1 

Engineering  mechanics 

1 

Geology 

2 

Aeronautical  engineering 

6 

Computer  science 

1 

Nijolear  engineering  ...... 

_ _ 3 

Physiology  _ 

2 

Materials  engineering  ... 

— _ 2, 

Psychology  . 

a 

Instrumentation  engineering- 

1* 

Biochemistry 

— 

3 

SUMMARY 

Physical  sciences 

an 

Space  law 

1 

Engineering 

32 

Biological  sciences 

8 

Total 

100 

Geosciences. 

4 

The  Chairman.  Certainly  there  are  a limited  number  of  disciplines 
that  NASA  is  interested  in. 

Dr.  Holloway.  There  are,  and  I thought  the  committee  might  be 
interested  in  the  consequences  of  letting  this  decision  rest  with  the 
university  administration. 

The  Chairman.  I wonder  if  you  would  just  say  that  again. 

Dr.  Holloway.  Well,  we  did  not  tell  the  university  it  must  put,  of 
its  10  students,  3 in  the  physical  sciences,  3 in  engineering,  and  4 some 
place  else. 

The  Chairman.  No,  but  you  do  tell  them  they  can’t  send  them  to 
art  school,  don’t  you  ? 

Dr.  Holloway.  Yes,  sir.  We  have  suggested  that  sending  their 
trainees  to  art  school  might  be  damaging  to  future  relationships  in  the 
program. 

But  having  left  this 

The  Chairman.  Don’t  you  give  them  a list  of  disciplines  in  which 
they  can  grant  their  fellowships,  sir  ? 

Dr.  Holloway.  We  tell  them  in  fields  of  space  and  related  science 
and  engineering. 

The  Chairman.  I see. 

Dr.  Holloway.  And  do  not  try  to  define  scientific  disciplines.  These 
have  a way  of  changing  with  time. 

. The  Chairman.  I understand. 

Dr.  Holloway.  Such  a list  is  of  little  benefit. 

The  Chairman.  But  you  give  them  this  rather  broad  area  in  which 
to  operate  ? 

Dr.  Holloway.  Right.. 

The  Chairman.  They  cannot  operate  without  operating  within 
the  confines  of  that  area,  isn’t  that  correct  ? 

Dr.  Holloway.  Right.  On  their  own  last  year,  they  distributed 
these  100  students  as  follows : 

Physical  sciences,  55,  engineering  32,  biological  sciences,  8,  geo- 
sciences 4,  and  others,  specifically  space  law,  1 — which  we  feel  is  a re- 
markable conformity  with  the  interests  of  NASA.  They  have  done 
this  in  good  conscience,  and  without  constraint  in  their  first  “try.” 

Mr.  Mosher.  Mr.  Chairman? 

The  Chairman.  Mr.  Mosher. 
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Mr.  Mosher.  NASA  has  at  least  given  “lipservice”  to  an  interest 
in  the  social  sciences,  to  the  social  implications  of  the  whole  NASA 
program. 

For  that  reason,  and  because  of  your  emphasis  on  a multidisciplinary 
approach,  would  you  accept  some  doctoral  programs  in  the  social 
sciences  ? 

Dr.  Holloway.  Yes,  sir;  we  will  have  a few  this  year;  in  the  new 
and  larger  list  there  will  be  some  trainees  in  those  fields. 

Mr.  Mosher.  But  you  would  assume  that  these  would  have  some 
bearing  on  the  training  of  people  who  could  be  useful  in  the  long  rim 
to  NASA’s  interests  in  the  social  education  field  ? 

Dr.  Holloway.  That  is  correct. 

Mr.  Staebler.  Mr.  Chairman,  before  we  leave  (his  general  field, 
could  I pursue  a question  along  the  same  line  ? 

At  the  time  Dr.  Noyes  gave  us  liis  opinion,  there  was  other  discus- 
sion along  the  same  line  to  the  effect  that  at  the  present  time  all  the 
highly  competent  candidates  for  doctoral  degrees  were  getting  all  the 
facilities  that  they  could  utilize.  That  disturbed  me  at  the  time,  and 
1 would  like  to  see  it  pursued  a little  further. 

The  implication,  of  it  was  that  only  the  top  1 or  2 percent  of  the 
people  were  useful,  were  worth  training,  and  that  only  these  would 
make  the  great  contributions  in  the  field  of  science  that  would  ad- 
vance the  interests  of  the  country. 

What  evidence  have  you  on  the  subject  either  way  ? 

Dr.  Holloway.  The  two  best  pieces  of  evidence  which  I might  men- 
tion now  are,  first  the  proposals  which  we  have  received  rrom  the 
universities.  There  is  no  reason  to  believe  a university  will  propose 
accommodation  of  this  many  students  if,  in  fact,  these  students  are 
not  available  and  of  high  quality,  when  they  know  we  will  examine 
the  records  finally. 

Secondly,  explicit  statements  have  been  received  from  the  univer- 
sities in  the  form  of  correspondence  to  the  effect  this  is  not  true. 
When  we  have  asked  if  this  is  true  at  their  institutions,  they  replied 
categorically  “No.” 

These  are  the  statements  of  responsible  people  with  long  experience 
in  the  university  community.  There  is  no  obvious  motivation  for  any 
falsification  of* any  such  answer.  They  stand  to  gain  nothing  by 
falsifying  it. 

Mr.  Staebler.  You  are  saying,  then,  that  there  are  people  worthy 
of  doctoral  training  who  are  not  under  present  circumstances  secur- 
ing the  training? 

Dr.  Holloway.  Yes,  sir. 

Mr.  Staebler.  Could  you  give  us  any  illustrations  in  any  univer- 
sities? 

Dr.  Holloway.  Yes,  sir;  the  vice  president  of  a major  State  uni- 
versity— 

The  Chairman . I wonder  if  we  could  put  it  this  way,  Mr.  Staeb- 
ler : Are  there  any  universities  that  have  indicated  they  are  in  agree- 
ment with  Dr.  Noyes’ statement? 

Dr.  Holloway.  No,  sir,  none 

The  Chairman.  Every  university  that  participates  in  this  pro- 
gram has  given  you  indication  that  they  have  a number  of  students 
whom  they  would  like  to  qualify  in  this  program;  is  that  correct? 
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Dr.  Holloway.  That  is  correct.  Almost  every  participant  in  this 
year’s  program  proposed  quite  a few  more  trainees  than  we  were  able 
to  provide  them.  We  cut  essentially  every  request. 

The  one  that  I mentioned  a while  ago  may  be  worth  repeating,  in 
which  the  university  preparing  to  select  12  trainees  under  our  pro- 
gram had  2,000  applicants  on  hand. 

The  Chairman.  What  university  was  that,  Doctor  ? 

Dr.  Holloway.  That  was  the  University  of  Michigan. 

The  Chairman.  That  is  a pretty  poor  State,  no  wonder  there  are 
several  thousand  there  waiting  to  get  educated. 

Mr.  Staebler.  I am  glad  to  see  we  have  such  confidence. 

Dr.  Holloway.  It  is  a good  school.  Obviously  the  demand  is  high 
for  training  there. 

The  Chairman.  Yes,  it  is. 

Mr.  Mosher.  That  ratio  would  be  high,  wouldn’t  it  ? 

Dr.  Holloway.  I think  that  is  unusually  high.  I think  that  is 
an  outstanding  high  ratio,  but  the  students  obviously  regard  it  as  an 
outstandingly  good  place  to  get  the  kind  of  training  they  want  in 
graduate  school. 

Mr.  Staebler.  Could  I pursue  a parallel  question  a little  that 
bothered  me  at  the  same  time  that  Dr.  Noyes  and  several  other  mem- 
bers of  the  panel  talked  on  this  subject  ? 

They  were  suggesting  that  anyone  who  did  not  have  the  doctor’s 
training  was  not  in  the — well,  let  me  start  over  again,  I want  to  quote 
this  as  accurately  as  my  memory  permits — it  was  to  the  effect  that  the 
facilities  at  the  universities  in  the  process  of  selection  were  such  that 
any  highly  competent  person  would  surely  find  it  possible  to  get  a 
doctor's  degree,  and  that  in  the  absence  of  the  doctor’s  degree,  one 
would  assume  that  one  had  a different  order  of  competence,  in  the 
individual. 

In  your  opinion,  is  that  conclusion  warranted  ? 

Dr.  Holloway.  Categorically,  no,  sir,  as  far  as  the  latter  statement 
is  concerned. 

If  the  latter  statement  were  true,  then  I should  be  forced  to  con- 
clude, as  Dr.  Noyes  has  concluded,  that  we  had  scraped  the  bottom  of 
the  barrel,  but  knowing  so  many  people  in  science,  in  engineering,  and 
in  fields  quite  apart  from  these,  with  competence  equal  to  that  of  those 
holding  doctor's  degrees  that  I have  associated  with,  it  simply  is  not 
true  that  all  those  capable  of  doing  so  and  desirous  of  doing  so  have 
done  so. 

I am  aware,  as  my  colleagues  are,  of  individuals  who  have  desired 
to  continue  their  education,  and  for  reasons  frequently  involving 
modest  financial  assistance,  simply  could  not  and  did  not  continue. 
They  dropped  out  at  a master’s  level,  and  continued  to  make  a 
definite  contribution  to  the  field  that  they  chose,  but  they  were 
deprived,  if  yon  wish,  of  the  opportunity  to  engage  in  creative, 
Original  research,  which  goes  along  with  the  work  toward  a Ph.  D. 
degree,  which  we  think  equips  them  for  the  thing  that  we  will  need 
most  in  the  rest  of  this  decade,  and  in  the  coming  decades ; namely, 
imagination  and  creativity.  , 

Some  manage  without  it  in  the  fields  of  pure  science.  Many  more 
manage  without  it  in  engineering  ana  in  nonscientific  pursuits,  but  we 
are  attempting;  in  this  part  of  NASA’s  program,  to  solve  problems 
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which  not  only  are  unsolved  but  which  we  do  not  know  the  existence  of. 

The  problems  that  these  men  will  solve  are  problems  which  will  not 
a,-%e  for  another  5 or  10  years.  If  they  have  a vestige  of  creativity 
v Jiink  we  should  develop  it.  We  will  need  all  we  can  get. 

r.  Staebler.  So  that  you  would  say  a doctor’s  degree  is  a device 
for  enhancing  the  person’s  capacities,  but  not  an  exclusive  test  of 
their  credit? 

Dr.  Holloway.  Yes,  sir;  I could  not  have  put  it  that  well. 

Mr.  Staebler.  I have  another  set  of  inquiries  I would  like  to  pur- 
sue, but  I should  defer  for  the  moment. 

The  Chairman.  Mr.  Morris? 

Mr.  Morris.  No. 

The  Chairman.  Go  ahead,  Mr.  Staebler. 

Mr.  Staebler.  I would  like  to  pursue  the  question  of  relation  of 
dollars  and  motives  in  scientific  inquiry. 

I think  it  is  one  of  the  tough  problems  with  which  we  on  the  com- 
mittee have  to  cope. 

Under  what  circumstances  can  we  justify  the  expenditure  of  public 
funds  for  research? 

And  I thought  possibly  looking  at  some  of  the  broad  questions  might 
help  to  give  us — give  me  at  least,  some  illumination. 

First,  let  me  see  if  this  statement  is  warranted. 

We  have  talked  about  research  as  being  desirable  on  a number  of 
grounds,  on  the  grounds  first  of  real  military  defense. 

Second,  on  the  grounds  of  national  scientific  prestige,  which  also 
has  some  international  connotations. 

Third,  on  the  grounds  of  utility. 

This  will  be  a very  important  source  of  development  for  industry 
in  our  way  of  life. 

Then  we  come  to  a fourth  motivation,  and  that  is  pure  research,  the 
area  where  there  is  no  specified  consequence. 

But,  as  I hear  the  discussion  of  this,  and  think  about  it,  I wonder 
whether  there  is  any  such  thing  as  pure  research,  and  whether  when 
we  give  this  as  a justification,  we  are  not  understating  our  motivations  ? 

That  there  is  nothing  you  may  be  doing,  as  you  described  it,  that  does 
not  have  an  ultimate  relation  to  one  of  the  other  three  purposes. 

The  only  difference,  as  I see  it,  is  that  you  cannot  tell  which  of  the 
purposes  will  be  served.  You  can’t  even  tell  whether  they  will  be 
served.  But  you  are  not  doing  it  for  any  other  reason  except  ulti- 
mately to  have  some  bearing  on  one  of  the  other  three. 

Is  that  a fair  statement? 

Dr.  Newell.  That  is  a fair  statement,  and  brings  us  to  a very  im- 
portant point. 

In  the  matter  of  fundamental  researches,  if  you  entered  a labora- 
tory in  which  such  research  was  going  on,  and  the  experimenter,  or 
theorist,  reviewed  for  you  what  he  was  doing,  but  no  one  told  you 
what  his  motivations  were,  in  many,  many  cases  you  would  never  be 
able  to  tell  whether  it  was  applied  research  or  pure  research,  because 
they  turn  out  to  be  the  same. 

It  is  the  motivation  that  makes  the  difference. 

You  have  an  applied  research  laboratory,  and  you  call  it  an  applied 
research  laboratory,  because  you  are  aiming  your  researches  at  some 
specific  application  that  you  wish  to  make. 
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Nevertheless,  the  fundamental  researches  that  are  made  are  the 
same  sorts  of  researches  as  if  you  had  say  a pure  research  laboratory, 
where  the  idea  was  simply  to  extend  knowledge,  to  follow  up  on  the 
important  problems  that  exist  in  the  minds  of  the  scientists. 

However,  there  is  an  important  point  here  to  recognize,  and  that  is, 
that  it  is  essential  for  this  country  to  have  a substantial  pure  research 
program  in  which  the  motivation  of  the  research  is  to  advance  the 
frontiers  of  knowledge  in  distinction  to  the  applied  research  program 
in  which  the  end  result  is  prescribed. 

The  reason  for  this  is  as  follows : If  you  think  of  our  body  of  knowl- 
edge as  let’s  say  a circle  or  roughly  a circular  area  here,  where  inside 
of  that  area  are  contained  the  known  facts,  and  principles,  and  so 
on — where  the  boundary  is  the  frontier  of  knowledge,  and  if  you  think 
that  off  up  here  some  distance  away  from  this  area  there  is  another 
little  target  area  that  you  want  to  get  to  in  an  applied  research  pro- 
gram, the  scientist  who  is  participating  in  that  applied  research  pro- 
gram, even  though  he  may  be  domg  fundamental  researches,  will  al- 
ways have  that  target  in  mind,  and  as  he  proceeds  along  the  path 
from  the  known,  through  the  unknown,  to  the  goal,  he  will  very  often 
throw  away  researches  and  opportunities  to  explore,  because  they 
don’t  seem  to  him  to  advance  him  along  that  prescribed  path  to  the 
prescribed  goal. 

The  pure  researcher,  however,  is  simply  trying  to  advance  in  the 
scientifically  most  promising  directions  from  this  area  of  the  known 
to  the  unknown,  and  as  he  goes  along,  he  feels  free  to  zig  and  zag  as  im- 
portant problems  appear  to  him. 

He  is  not  constrained.  He  does  not  ha  ;e  the  blinders. 

This  unconstrained  basic  research  is  very  important  to  have  as  a 
substantial  part  of  your  total  national  program,  because  this  creates 
the  climate,  sets  the  stage  for  those  very  happy  accidents  we  call  dis- 
coveries, or  some  times  even  breakthroughs. 

This  is  why  we  are  urging  that  a substantial  part  of  our  space  science 
program  be  this  pure  research,  as  opposed  to  applied  research. 

Mr.  Staebler.  Could  I as  a businessman  apply  a business  term  to 
this,  that  in  order  to  get  applied  research  in  adequate  quantities,  one 
needs  an  inventory,  or  a pipeline  of  pure  research 

The  Chairoiax.  You  can  if  your  money  holds  out. 

Mr.  Staebler.  This  is  precisely  why  I am  raising  the  question  here. 

Isn’t  it  as  important  to  be  keeping  the  future  stockpile  of  pure  re- 
search built  up,  so  that  there  is  a constant  flow  available  to  come  in  to 
the  sphere  of  applied  research  as  it  is  to  do  the  applied  research  ? 

If  you  are  cutting,  is  it  any  more  sensible  to  cut  the  immediate  than 
it  is  the  remote  ? 


You  were  shaking  your  head,  yes,  but  I am  not  giving  you  an  ade- 
quate chance  to  answer. 

What  kind  of  relation  do  you  think  ought  to  be  maintained  here 
between  the  inventory  of  the  pure  research  and  the  immediate? 

What  kind  of  judgment  can  be  applied  here  ? 

Must  we  always  take  this  on  the  advice  of  scientists,  and  on  whose 
advice,  and  what  kind  of  optimism  and  what  kind  of  desire  to  pile  up 
an  mv entory  must  we  take  into  account  ? 

Dr.  NVvell.  That  is  probably  the  most  difficult  question  that  you 
could  pose  in  this  area. 
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I think  a good  rule  of  thumb  is  to  say  that  our  Nation  should  have 
a significant  program  in  each  important  area  of  science. 

We  cannot  afford  to  let  any  area  go  completely  ignored. 

If  you  have  some  significant  research  going  on  in  each  area,  you 
will  be  protected  against  the  surprises  and  loss  of  progress  in  the 
fundamental  research  areas. 

This  means,  in  our  day  and  age,  we  must  have  good  researchers 
going  on  in  nuclear  physics,  in  classical  physics,  in  the  fundamental 
biosciences,  as  well  as  clinical  medicine,  and — we  claim — in  space 
sciences  also. 

Mr.  Staebler.  By  keeping  a program  in  each  one  of  these,  which 
might  some  times  be  “thin,”  and  other  times  get  further  in  advance 
of  the  practical,  but  by  keeping  some  sort  of  program  going  there,  we 
would  be  in  a position  to  make  continuing  progress  in  each  field  ? 

Dr.  Newell.  Yes,  and  that  has  to  be  a significant  program.  It 
cannot  be  superficial  or  trivial,  or  you  really  are  not  doing  enough  in 
that  area. 

You  should  be  tackling,  trying  to  solve,  at  least  one  of  the  major 
important  problems  as  discerned  by  the  scientists  in  each  of  these  im- 
portant areas — with  a determination  to  solve  them. 

The  Chairman.  Dr.  Newell,  we  have  to  depend  pretty  much  on  the 
scientists  to  come  up  with  this  determination,  do  we  not  ? 

Just  as  we  depend  on  the  automobile  manufacturer  to  determine 
how  many  retail  outlets  he  needs  to  make  the  product  available  to  the 
public? 

Dr.  Newell.  We  do. 

The  Chairman.  As  long  as  we  have  to  depend  on  someone  to  make 
the  judgment,  doesn’t  it  almost  go  without  saying  that  we  have  got  to 
depend  upon  the  man  who  knows  the  most  about  the  problem? 

Dr.  Newell.  We  do.  In  fact  in  the  Office  of  Space  Science  we 
have  to  depend  upon  the  scientists  in  the  universities  and  those  who 
are  working  right  at  the  frontiers  of  their  specialties. 

Mr.  Staebler.  Mr.  Chairman,  how  do  members  of  this  committee 
satisfy  themselves  that  the  scientists  haven’t  gotten  overenthusiastic, 
and  decided  that  a lot  more  work  in  a given  direction  is  needed,  when 
in  the  minds  of  the  members  of  this  committee  we  are  finding  diffi- 
culty— I am  stating  this  only  hypothetically  here — finding  difficulty 
in  justifying  the  program,  and  something  ought  to  give. 

What  grounds  are  there  for  judgment? 

Dr.  Newell.  Well,  we  in  NASA  do  our  best  to  act  as  your  repre- 
sentatives in  this  respect,  as  we  also  act  as  the  representatives  of  the 
scientists  in  presenting  the  program  here  to  you. 

The  scientists  will  tell  you,  in  almost  every  area,  that  we  are  not 
doing  enopgh  in  that  area. 

You  will  find,  for  example,  that  the  nonspace  scientists,  will  tell 
you  that  we  are  not  doing  enough  in  thei  r areas. 

In  the  space  area,  you  will  find  that  the  astronomers  will  tell  you  we 
are  not  doing  enough  in  astronomy. 

The  atmospheric  scientists  will  tell  you  we  are  not  doing  enough  in 
Atmospheric  researches. 

The  lunar  scientists  will  tell  you  we  are  not  doing  enough  in  the 
lunar  sciences. 
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What  we  are  attempting  to  do  in  NASA  in  putting  this  program 
together  is  to  build  up  a program  that  is  properly  paced  to  maintain 
our  leadership,  does  tackle  one  or  a few  important  problems  in  each 
significant  area,  and  is  a sound  investment  from  the  point  of  view  of 
balance  relative  to  the  development  and  applied  research  parts  of  our 
program. 

Mr.  Staebler.  Then,  he  presumably  represents  only  a part  of  the 
proposals  that  have  been  presented  to  you  ? And  which  may  have 
some  merit  % 

Dr.  Newell.  Yes. 

Mr.  Staebler.  You  have  held  them  down  in  presenting  them  to  us  ? 

Dr.  Newell.  As  a matter  of  fact,  it  represents  a small  part.  The 
total  program  that  we  could  in  good  conscience  say  is  a worthwhile,, 
sound,  scientific  program,  -would  be  a factor  many  times  the  present 
budget  that  is  being  presented  to  the  committee. 

The  Chairman.  Speaking  as  a scientist  now,  Doct or  ? 

Dr.  Newell.  I am  speaking  as  a scientist,  that  is  right. 

Dr.  Holloway.  May  I speak  briefly  to  Mr.  Staebler’s  question,  and 
offer  for  his  consideration  one  guide  by  which  a nonscientist  may,  by 
questioning,  reach  at  least  a partial  understanding  of  whether  the 
fundamental  research  or  the  applied  and  developmental  and  engineer- 
ing component  has  gone  out  of  balance  ? 

Let  us  say  the  engineer  represents  the  application  of  the  information 
to  a job  that  is  to  be  done,  and  let  us  say  that  the  fundamental  re- 
searcher represents  the  other  category. 

When  you  have  reached  the  point  where  the  engineer  has  several 
choices  ox  fundamental  information  by  which  he  may  solve  a given 
problem,  and  it  is  his  worry  as  to  which  one  he  uses,  then,  in  my  opinion, 
you  have  an  indication  that  that  particular  field  of  basic  research  is 
rather  well-equipped. 

On  the  other  hand,  if  it  is  the  researcher  who  is  being  constantly 
pressed  by  the  engineer  to  provide  new  information — the  engineer  says 
we  do  not  have  the  necessary  fundamental  information — then  you 
have  at  least  a gross  indication  that  that  particular  part  of  funda- 
mental science  has  been  undernourished. 

It  resolves  itself  sometimes  into  a question  of  who  is  doing  the  worry- 
ing, the  engineer  because  he  must  make  a choice  among  known  solu- 
tions to  his  problem,  or  the  scientist  who  is  pressured  by  the  engineer 
that  needs  an  answer. 

Mr.  Staebler.  That  is  a very  helpful  statement. 

The  Chairman.  Of  course,  you  see,  Dr.  Holloway,  this  committee, 
I think,  is  in  a rather  unique  position. 

As  I have  said  before,  I think  none  of  us  really  are  qualified  to  in- 
terrogate scientists,  because  we  ourselves  are  not  scientists.  I would 
say  in  tne  field  of  science  we  are  probably  less  informed  than  other 
members  of  other  committees  are  informed  on  the  subjects  before  their 
committees. 

Another  real  problem  that  I see  which  makes  it  difficult  for  this 
committee  to  function  properly  is  that  we  never  get  two  sides  of  the 
argument.  It  is  fairly  easy  for  me  to  make  up  my  mind  as  to  who  is 
right  or  ^rong,  for  example,  on  the  question  of  medicare,  or  tax  reduc- 
tion, or  tax  revision,  or  any  one  of  the  other  highly  controversial 
matters  of  the  day,  because  I have  someone  else  doing  my  research  for 
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me.  I mean  there  are  those  who  are  opposed  and  who  will  mention  all 
of  the  reasons  why  this  act  should  not  he  allowed,  and  then  there  are 
those  on  the  other  side  who  give  all  the  reasons  why  it  should  be  al- 
lowed— and  have  done  a tremendous  amount  of  research  in  order  to 
substantiate  their  arguments. 

The  committee  member  becomes  the  beneficiary,  you  see,  of  all  of  this 
prepared  knowledge. 

There  are  very  few,  if  any,  witnesses  who  ever  appear  before  this 
committee  in  opposition  to  any  one  of  Dr.  Newell’s  programs,  for 
example. 

We  don’t  have  people  appearing  before  this  committee  in  opposition 
to  the  manned  lunar  landing  program,  or  the  Orbiting  Geophysical 
Observatory,  or  the  Surveyor  program,  or  whatever  it  is. 

You  name  it,  and  I am  probably  correct  in  saying  to  you  that  no  one 
has  ever  appeared  before  the  committee  in  opposition  to  that  program, 
giving  us  the  reasons  why  we  should  not  allow  the  budgetary  request. 

So  you  see  this  committee  is  at  a real  disadvantage,  a serious  dis- 
advantage, as  compared  to  other  committees  of  the  Congress,  and 
"therefore,  if  on  occasions  we  appear  to  be  critical  in  our  pursuit  of 
getting  information,  or  in  the  manner  in  which  we  ask  questons,  it  is 
only  because  I feel  more  often  than  not  we  feel  frustrated  for  lack  of 
having  the  information  with  which  to  properly  compete  with  those 
who  are  sitting  on  the  other  side  of  the  table. 

And  it  may  be  because  of  this  we  ask  for  more  information  than 
the  witnesses  would  like  to  supply,  or  which  in  their  own  personal 
•opinions  they  feel  is  not  necessary  for  us  to  judge  the  final  verdict. 

So  I hope  that  those  who  are  here  today,  and  those  who  will  appear 
before  the  committee  in  the  future,  just  bear  this  in  mind,  and  try  to 
make  our  job  a little  easier,  if  possible,  even  though  it  means  that  by 
making  that  job  easier  we  may  nave  some  legitimate  reason  to  curb,  or 
bridle,  or  even  eliminate,  on  occasion,  a program  that  is  not  absolutely 
essential,  or  a project  within  the  program  that  is  not  absolutely 
•essential. 

Mr.  Downing.  Supplementing  that,  Mr.  Chairman,  I would  like 
to  say  all  of  these  witnesses  have  to  have  patience.  We  are  propound- 
ing questions  to  them,  that  I am  sure,  to  them,  were  not  too  significant. 

I think  all  of  us  here  appreciate  that. 

Dr.  Newell.  Thank  you,  Mr.  Downing.  We  do  understand  this 
problem,  and  we  do  want  to  give  you  the  information  that  you  need  to 
have. 

The  thing  that  worries  you,  as  I said  before,  also  weighs  on  our  con- 
science very  heavily  when  we  are  building  up  this  program. 

When  we  come  to  you,  we  believe  in  it,  and  we  believe  that  we  have 
thought  through  these  matters  in  a responsible  and  conscientious  way. 

Mr.  Downing.  You  all  do  pay  taxes,  don’t  you? 

Dr.  Newell.  We  do. 

The  Chairman.  I am  not  sure  I get  the  significance  of  that. 

Mr.  Downing.  They  are  like  every  other  taxpayer,  they  want  dol- 
lar for  dollar. 

The  Chairman.  I will  say  this,  Dr.  Newell,  and  not  at  all  in  a 
critical  sense,  because  I think  the  Office  of  Space  Sciences  has  been 
extremely  cooperative,  and  on  occasion  has  volunteered  information 
that  probably  on  a temporary  basis  at  least  they  would  have  been 
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better  off  had  they  not  volunteered  it,  although  I would  not  care  to 
debate  that  with  anyone. 

I am  sure  I am  correct. 

But  I would  like  to  just  call  this  to  NASA’s  attention. 

I think  it  is  well  worth  their  while  to  be  completely  candid  and 
scrupulously  honest  in  their  presentations,  because  it  is  only  going 
to  take  one  time,  I think,  for  some  major  program,  or  substantive  por- 
tion of  a major  program,  not  to  work  properly,  or  not  do  the  thing 
that  it  was  designed  to  do,  or  not  do  what  the  witness  said  it  was  going 
to  do,  and  you  might  have  to  stretch  your  imagination  there  to  follow 
me  in  the  line  of  thought  or  the  line  of  reasoning  I am  attempting  to 
make  here,  but  once  I think  the  committee  should  lose  confidence  in 
the  judgment  or  in  the  veracity  of  the  statements  or  testimony  that  is 
being  given,  I think,  then,  just  because  of  the  nature  of  the  beast  that 
we  do  face — I think  probably  it  would  be  extremely  disastrous.  So 
from  that  standpoint  I would  just  like  to  say  that  we  appreciate  any- 
thing you  can  do  to  help  us,  even  though  on  a temporary  basis  it  may 
appear  to  you  that  it  is  not  helpful  to  your  cause.  I think  we  are  all 
attempting  to  reach  the  same  objective,  really. 

Our  objectives  are  the  same,  namely,  to  do  the  most  good  for  the 
most  people  in  this  great  country.  In  many  of  these  cases,  I have  a feel- 
ing, it  amounts  to  doing  the  most  good  for  all  of  the  people. 

This  space  program,  like  the  national  defense  program,  I think  is 
a matter  of  the  most  good  for  all  of  the  people. 

It  applies  to  this  area  more  than  any  other  program  before  the  Con- 
gress, m my  opinion. 

Mr.  Staebler.  Mr.  Chairman,  as  a foothote  to  what  you  just  said, 
wouldn’t  you  want  to  add  one  more  point  perhaps  ? 

In  our  questioning,  I notice  that  we  frequently  get  quite  exercised 
about  programs  that  were  changed,  or  programs  that  were  tried  out 
and  found  unsatisfactory,  and  we  quite  properly  looked  into  these  and 
asked  for  reasons,  and  so  forth. 

But  wouldn’t  you  want  to  add  that  we  would  not  want  to  discour- 
age NASA’s  inclination  to  take  chances,  and  to  try,  and  to  experi- 
ment, and  we  would  not  want  to  contribute  to  any  rigidity  of  attitude 
or  of  thought;  the  scientific  process  needs  that  flexibility  and  willing- 
ness to  assume  risks,  and  without  it  we  could  introduce  a kind  of 
bureaucratic  rigidity  which  would  be  quite  harmful  ? 

The  Chairman.  If  I gave  any  such  indication  in  anything  I said, 
of  course,  I certainly  retract  it,  because  this  was  not  my  intention. 

What  I was  trying  to  say,  I guess,  without  being  so  candid  or  so 
blunt  about  it,  is  that  if  we  should  find  that  the  Agency  appears  before 
this  committee  requesting  funds  for  programs  that  are  not  necessary, 
but  merely  for  the  purpose  of  having  funds  available  to  do  other 
things  at  a later  date,  then  I think  thisbecomes  a very  serious  matter, 
and  one  that  would  cause  this  committee  to  look  with  considerable 
doubt  upon  every  single  program  that  should  be  presented  by  NASA 
to  the  committee. 

This  was  what  I was  thinking  about,  rather  than  giving  any  indica- 
tion mat  NASA  should  not  use  the  kind  of  courage  we  know  they 
have  got  to  use;  otherwise  this  program  just  cannotbe  successful,  be- 
cause they  are  always  working  in  the  field  of  the  unknown.  I guess 
you  could  say,  Dr.  Newell. 

Dr.  Newell.  Yes. 
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The  Ohaimiaw.  We-have  never  gone  to  the  Moon  before,  and  we 
have  never  had  an  orbiting  geophysical  observatory  before,  or  sur- 
veyor programs,  or  all  of  the  things  we  have  been  talking  about  ever 
since  these  hearings  began. 

So  we  know  that  you  have  got  to  have  courage,  and  we  hope  and 
we  trust  the  greater  the  courage  the  greater  the  benefit,  and  the  greater 
our  success. 

So  I hope  I am  not  being  misunderstood. 

Mr.  Staebler.  I think  that  is  a very  eloquent  statement  of  the 
situation. 

The  Chairman.  Dr.  Newell,  I wonder  if  it  would  be  possible  for  us 
to  meet  again  tomorrow  morning  and  begin  to  take  the  individual 
budget  items  one  at  a time.  As  we  go  through,  committee  members 
may  have  questions  that  they  would  like  to  ask. 

I guess  we  have  now  made  arrangements  for  Dr.  Silverstein  to  be 
here  on  Tuesday  next  to  discuss  the  Centaur  program? 

Dr.  Newell.  Wednesday,  I believe. 

The  Chairman.  Wednesday  next. 

He  will  cover  the  Centaur  program. 

Other  than  that,  I cannot  think  of  anything  that  we  have  got  to  do,, 
or  any  further  information  we  need  from  the  Office  of  Space  Sciences. 
If  we  should  run  into  a problem  area,  Dr.  Newell,  as  we  discuss  this 
program  among  ourselves  in  executive  session  later  on,  it  may  be  that 
we  would  again  want  either  you  or  one  of  your  staff,  to  appear  before 
the  subcommittee  to  give  further  explanation  or  clarifications  of  a par- 
ticular request. 

Dr.  Newell.  We  will  be  glad  to  be  at  your  call. 

The  Chairman.  If  I can  encourage  the  subcommittee  members  to  be 
here  at  10  sharp,  we  could  get  through  the  budget  items  tomorrow 
morning. 

Dr.  Newell.  Very  good. 

The  Chairman.  If  there  is  nothing  else  today,  we  will  adjourn  until’ 
10  o’clock  tomorrow  morning. 

(Whereupon,  at  11 :50  a.m.,  the  committee  was  recessed,  to  recon- 
vene at  10  a.m.,  Wednesday,  March  13, 1963.) 
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WEDNESDAY,  MARCH  13,  1963 

House  of  Representatives* 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.O. 

The  subcommittee  met  at  10  a,m.,  pursuant  to  adjournment,  in1 
room  304,  Cannon  Building,  Hon.  Joseph  E.  Karth  (chairman  of  the 
subcommittee)  presiding. 

The  Chairman.  The  meeting  will  come  to  order. 

Dr.  Newell,  today  we  had  set  aside  for  the  backup  book  review,  if 
I may  call  it  that,  and  I see  the  committee  has  been  presented  with  a 
new  volume  desigated  as  volume  No.  5 on  budget  estimates,  and  as 
closely  as  I can  tell,  this  is  a detailed  breakdown  of  all  of  the  items 
in  the  two  volumes  of  backup  books  that  are  assigned  to  the  sub- 
committee. Now  is  that  correct? 

FURTHER  STATEMENT  OF  DR.  HOMER  E.  NEWELL,  DIRECTOR, 

OFFICE  OF  SPACE  SCIENCES,  NASA  ACCOMPANIED  BY  EDGAR  M. 

OORTRIGHT,  DEPUTY  DIRECTOR 

Dr.  Newell.  That  is  correct,  yes. 

The  Chairman.  Do  you  care  to  proceed,  Doctor,  and  if  you  have 
any  other  witnesses  who  are  here  today,  you  may  introduce  them  as 
you  proceed. 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

I would  like  to  introduce  to  the  committee  Mr.  Eldon  Taylor,  on 
my  left,  who  is  Resources  Management  Officer,  and  has  been  with  us  for 
some  time  and  has  recently  taken  the  position  of  Director  of  our  Office 
of  Program  Review  and  Resources  Management. 

We  are  prepared,  Mr.  Chairman,  to  review  with  you  the  presenta- 
tion in  the  yellow  books,  and  to  answer  any  questions  that  you  might 
have. 

The  Chairman.  Doctor,  volume  V that  we  were  given  this  morning 
is  exactly  the  same  as  the  backup  books,  with  the  exception  that  it  does 
not  have  the  supporting  language  as  it  relates  to  each  program,  but 
merely  gives  us  the  figures  and  the  budget  estimates,  is  this  right? 

Dr.  Newell.  But  it  gives  you  more. 

The  Chairman.  More  detailed  breakdown  ? 

Dr.  Newell.  It  is  a more  detailed  breakdown. 

The  Chairman.  I see.  Fine ; why  don’t  we  use  the  volume  V 
backup  book  for  today’s  hearing  ? 

Mr.  Taylor,  are  you  going  to  present  this  ? 
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Mr.  Taylor.  I am  only  going  to  act  as  supporting  witness  as 
needed,  sir. 

The  Chairman.  Dr.  Newell,  if  you  would  like  to  begin  then,  with 
the  first  insertion,  under  Office  of  Space  Sciences,  I think  we  may 
as  well  take  it  in  that  order. 

Dr.  Newell.  All  right. 

The  first  insertion  under  the  Office  of  Space  Sciences  is  Geophysics 
and  astronomy,  and  as  we  have  stated  in  our  overall  program  review, 
the  geophysics  and  astronomy  area  covers  the  use  of  explorers,  moni- 
tors, orbiting  solar  observatories,  orbiting  astronomical  observatories, 
orbiting  geophysical  observatories  for  carrying  out  researches  at  the 
edge  of  the  Earth’s  atmosphere  and  beyond. 

It  also  uses  sounding  rockets  and  what  we  call  “geoprobes,”  which 
are  really  large-size  sounding  rockets,  for  exploring  tne  atmosphere 
and  conducting  measurements  below  those  altitudes  at  which  you  can 
use  satellites. 

The  first  detail  is  on  geophysics  supporting  research  and  technology, 
which,  in  general,  provides  for  the  laboratory  work,  computer  type 
work,  development  of  instrumentation,  and  so  forth,  that  goes  on  m 
advance  of  specific  projects,  of  the  type  I have  just  described. 

As  shown  m the  new  book  that  was  just  given  to  you,  the  total  geo- 
physics supporting  research  and  technology  requested  for  1964  is  $9.5 
million,  which  is  approximately  the  same  as  last  year — slightly  less — 
while  the  total  for  solar  physics  is  $2  million,  which  is  somewhat  more 
than  requested  last  year. 

In  the  astronomy  area,  the  total  is  $3  million,  which  is  about  twice 
what  was  asked  for  last  year. 

There  is  an  item  for  interrelated  studies,  interdisciplinary  space 
science,  amounting  to  $700,000,  which  is  about  the  same  as  last  year. 

The  total,  then,  comes  out  to  $15.2  million  as  compared  to  a total  of 
$13.7  million  for  1963. 

The  Chairman.  What,  Doctor,  could  we  expect  in  this  area  for  next 
year? 

Have  we  reached  a plateau  now  on  these  explorers  and  monitors,  and 
the  OSO,  O AO  and  OGO  programs  ? 

Dr.  Newell.  I think  in  the  area  of  sounding  rockets  we  are  witness- 
ing a leveling  off.  In  the  area  of  explorers  and  monitors,  we  are  pretty 
close  to  the  plateau. 

In  the  use  of  the  advanced  type  satellites,  however,  I expect  we  will 
not  be  leveling  off  for  a few  years  yet. 

The  Chairman.  Are  you  speaking  of  the  orbiting  astronomical  ob- 
servatory, for  example  ? 

Dr.  Newell.  Yes,  and  the  geophysical  observatory. 

The  Chairman.  Are  there  any  questions  ? 

Mr.  Staebler.  Yes,  Mr.  Chairman. 

The  Chairman.  Mr.  Staebler? 

Mr.  Staebler.  I would  like  to  ask  Dr.  Newell  the  connection  between 
'some  of  the  things  that  you  do  here  and  some  of  the  things  done  else- 
where. 

For  example,  in  the  study  of  micrometeorites  I believe  there  is  a 
probe  now  going  on,  or  has  just  been  authorized. 

How  does  that  operation  fit  in  with  what  you  are  doing,  and  what 
part  of  NASA  is  conducting  the  probe  ? 
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Dr.  Newell.  The  micrometeorite  program  has  in  NASA  two  as- 
pects : One,  the  basic  research  aspect  in  which  we  try  to  learn  about  the 
distribution  of  material  particles  in  the  solar  system,  and  to  understand 
where  they  came  from,  and  the  astronomical  implications. 

The  other  aspect  is  that  of  a practical  need  to  know  about  these 
particles,  because  of  their  high  speeds  and  potentially  damaging 
effects  on  sensitive  surfaces  such  as  solar  cells,  and  to  thin  structures 
such  as  radiator  systems  for  power  supplies  in  space,  or  large  an- 
tennas. 

The  first  aspect,  the  fundamental  research  aspect,  is  carried  out 
by  the  Office  of  Space  Sciences.  In  this  respect  we  conduct  measure- 
ments and  observations  on  our  deep  space  probes  and  research 
satellites. 

The  second  aspect  is  carried  out  by  the  Office  of  Advanced  Research 
and  Technology.  For  this  purpose  they  conduct  experiments  that 
are  slanted  toward  the  ultimate  application.  For  example,  they  ex- 
pose surfaces  to  the  pitting  effects  of  these  particles  and  thin-walled 
containers  to  observe  their  penetration  effects. 

The  two  programs  are  closely  integrated,  and  we  work  very  closely 
together,  because  the  information  that  we  find  provides  them  with 
basic  design  information  for  designing  their  engineering-type  and 
applied- research-type  experiments. 

At  the  same  time,  their  engineering  experiments  add  data  to  the 
fundamental  research  mill. 

Mr.  Staebler.  There  must  be  many  fields  in  which  the  research  is 
divided  between  several  parts  of  NASA. 

What  means  do  you  use  to  coordinate  information  and  to  make 
sure  that  there  is  not  duplication  of  effort? 

Dr.  Newell.  The  general  procedure  is  to  name  an  office  as  responsi- 
ble in  an  assigned  area. 

For  example,  in  the  fundamental  space  sciences,  the  Office  of  Space 
Sciences  is  the  general  watchdog  for  NASA. 

In  advanced  research  and  technology,  the  Office  of  Advanced  Re- 
search and  Technology  is  the  watchdog  for  NASA. 

The  supporting  research  and  technology  that  we  have  described  to 
you  here,  tor  example,  has  been  carefully  reviewed  with  the  Office  of 
Advanced  Research  and  Technology,  and  they  have  assured  them- 
selves that  the  total  NASA  program  is  not  duplicative,  that  what  is 
done  in  OSS  complements  the  general  advanced  research  and  tech- 
nology work  that  they  are  responsible  for  and  are  carrying  out. 

Likewise,  they  do  the  same  for  all  the  other  offices ; for  example, 
the  Offices  of  Tracking  and  Data  Acquisition,  Manned  Space  Flight, 
and  Applications. 

Mr.  Staebler.  Is  there  a similar  clearance  with  the  Armed  Forces 
in  their  research  efforts,  and  how  does  that  operate  ? 

Dr.  Newell.  There  is  a process  for  comparing  notes  on  the  pro- 
grams of  the  Department  of  Defense  and  NASA. 

There  has  been  established  what  is  called  the  Aeronautics  and 
Astronautics  Coordinating  Board. 

The  original  Chairmen  of  this  Board  were  Dr.  York  and  Dr.  Dry- 
den.  The  present  eo-Chairmen  are  Dr.  Brown  and  Dr.  Seamans. 

The  Board  is  comprised  of  members  who  have  high-level  positions 
in  the  Department  of  Defense  and  in  NASA. 
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The  members  ate  chosen  so  that  when  decisions  have  been  arrived 
at — or  agreements  have  been  arrived  at — they  are  then  in  a position 
to  go  back  to  their  respective  agencies  and  put  these  into  effect.' 

The  operating  rules  of  the  Board  are  that  there  may  be  no  substi- 
tutes. A member  of  the  Board  must  attend.  This  is  to  avoid  the  all- 
too- frequent  tendency  of  committees  having  the  members  send  sub- 
stitutes and  then  sending  substitutes  for  them,  until  the  effectiveness  of 
the  committee  or  board  is  lost. 

The  Aeronautics  and  Astronautics  Coordinating  Board  has  six 
panels  in  appropriate  areas  of  interest.  These  panels  cover  unmanned 
spacecraft,  manned  flight,  aeronautics,  ground  support  systems,  launch 
vehicles,  and  advanced  research  and  technology.  Again,  the  member- 
ship on  the  panels  is  at  the  appropriate  level  in  what  we  call  the 
forking  levels  so  that  when  problems  are  brought  up  the  agreements 
can  then  be  put  right  quickly.  So  that  you  avoid  the  process  of 
sending  a recommendation  up  the  line  on  one  side,  and  then  down 
the  line,  where  it  goes  around  for  a while,  over  to  the  other  agency, 
comes  back  up  and  goes  over  and  back  down,  and  the  changes  are  not 
concurred  in,  so  it  goes  through  the  process  again.  This  is  avoided 
so  that  once  an  agreement  is  arrived  at,  it  can  go  into  effect  immedi- 
ately. 

Now,  examples  of  agreements  that  have  been  arrived  at  include,  for 
example,  the  national  launch  vehicle  program.  The  launch  vehicle 
panel  arrived  at  an  agreement  on  the  vehicles  that  were  needed  by  both 
the  Department  of  Defense  and  NASA,  and  have  also  agreed 
that  neither  agency  shall  start  a large  vehicle  development  program 
without  the  concurrence  of  the  other  agency.  This  agreement  has  been 
adopted  by  the  Administraitor  of  NASA  and  the  Secretary  of  Defense. 

Another  example  came  up  in  the  area  of  meteorological  satellites, 
which  was  under  the  purview  of  the  unmanned  spacecraft  panel,  and 
the  programs  of  the  two  agencies  were  reviewed  and  a combined 
program  agreed  on. 

Another  example:  It  was  discovered  that  in  the  Department  of 
Defense  there  was  an  ionospheric  research  program  that  appeared  to 
duplicate  the  NASA  program.  The  two  were  then  reviewed.  It  was 
found  that  the  two  programs  were  duplicative,  with  the  outcome  that 
the  Department  of  Defense  agreed  to  drop  their  program. 

So  you  see  it  is  not  the  case  of  “you  scratch  my  back  and  I will 
scratch  yours.” 

This  process  is  effective  in  weeding  out  duplication. 

Mr.  Staebler.  Is  it  sufficiently  inclusive  and  sufficiently  specific  so 
that  you  can  be  assured  that  there  is  no  duplication  ? 

Dr.  Newell.  We  feel  that  it  is  effective,  in  that  there  is  no  gross 
duplication.  No  one  can  ever  say  there  is  no  duplication.  But  it  is 
kept  within  reasonable  proportions,  we  feel. 

The  Chairman.  Isn’t  it  true,  Dr.  Newell,  that  sometimes  you  have 
duplication  on  purpose  ? 

Dr.  Newell.  That  is  true,  but  then  the  duplication  is  a desirable 
duplication  for  attaining  either  a comparison  of  different  techniques 
for  getting  the  same  data,  or  for  getting  a total  amount  of  data  that 
one  agency  alone  would  find  difficult  to  get. 

The  Chairman.  What  are  these  areas  where  duplication  is 
desirable? 
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Dr.  Newell.  Well,  in  the  exploration  of  the  atmosphere,  for  ex- 
ample, the  combined  sounding  rocket  programs  of  NASA  and  the 
Department  of  Defense  make  for  a better  total  program  than  if  one 
agency  alone  were  doing  it.  But,  even  there  we  are  careful  not  to 
have  useless  duplication.  The  programs  are  compared  on  the  work- 
ing level,  and  are  reviewed  periodically  in  panels  like  the  Unmanned 
Spacecraft  Panel,  or  at  the  Interdepartmental  Committee  on  Atmos- 
pheric Sciences. 

The  Chairman.  How  often  do  these  panels  meet,  Dr.  Newell  ? Is 
this  a regular  tiling,  or  kind  of  a spotchecking  thing,  or  are  meetings 
called  at  the  direction  of  the  Chairman,  or  what  ? 

Dr.  Newell.  They  meet  periodically.  The  typical  interval  is  every 
2 months. 

The  Chairman.  If  they  have  differences  of  opinion,  who  settles 
the  differences  ? 

Dr.  Newell.  The  differences  of  opinion  have  to  be  either  resolved 
between  the  cochairmen,  or  if  they  camiot  resolve  it,  then  it  has  to 
go  up  to  the  Administrator  of  NASA  and  Mr.  McNamara. 

As  far  as  I know,  this  has  never  had  to  be  resorted  to  yet. 

The  Chairman.  Dr.  Weaver  ? 

Dr.  Weaver.  Dr.  Newell,  I noticed  the  main  increase  in  the  budget 
for  this  coming  year  is  in  the  field  of  astronomy. 

Do  you  feel  that  the  benefits  justify  an  increase  from  $1.2  to  $2.8 
million  ? If  we  held  the  line  on  that,  our  budget  would  be  about  the 
same  as  it  was  in  fiscal  year  1963. 

Do  you  feel  we  need  this  additional  boost  in  astronomy  ? 

Dr.  Newell.  Well,  astronomy  is  one  of  the  challenging  fields  in 
basic  research,  and  as  we  approach  the  time  when  the  orbiting  astro- 
nomical observatory  will  go  into  operation,  you  do  need  a strengthen- 
ing of  the  supporting  research  and  technology  program. 

I feel  this  is  an  important  element  of  this  program. 

Dr.  Weaver.  Could  we  do  the  job  in  space  sciences  while  holding 
the  line  at  $1.3  or  $1.4  million  ? 

Dr.  Newell.  Not  in  our  view.  It  would  be  a lesser  job  and  would 
not  be  an  adequate  job. 

Dr.  Weaver.  Is  this  basically  equipment  for  the  orbiting  astro- 
nomical laboratory  ? 

Dr.  Newell.  It  is  advanced  work  on  instrumentation,  development 
of  techniques,  development  of  the  experiments  for  the  observatory. 

Dr.  Weaver.  A cut  of  $1.6,  or  $1.5  million  would  handicap  the 
program  in  your  opinion  % 

Dr.  Newell.  Yes,  it  would,  and  actually,  as  you  will  observe,  as  • 
we  go  through  these  numbers,  the  cost  of  the  experiments  is  in  many 
cases  a small  fraction  of  the  total  cost  of  the  building  of  the  observa- 
tory and  launching  it.  " . 

in  this  case,  the  work  going  into  developing  experiments  is  a, small 
fraction  of  the  cost  of  the  orbiting  astronomical  observatory. 

Dr.  Weaver.  There  is  no  private  research  or  private  foundation 
work  in  this  field  that  can  be  relied  ujMat*to  do  some  of  this  basic  re- 
search for  you,  such  as  a university  ? 

Dr.  Newell,  Well,  the  universities  participate  here,  but  their  re- 
search has  to  be  paid  for,  and  they  do  not  find  themselves  in  a position 
to  do  this  Work  unless  we  pay  for  it. 
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Dr.  Weaver.  Thank  you. 

Dr.  Newell.  I should  point  out  that  in  work  of  this  type  in  addition 
to  preparation  for  the  immediate  satellites,  those  that  are  forthcoming 
immediately,  there  is  always  work  going  on  looking  toward  the  future. 
For  example,  I mentioned  that  in  the  ultraviolet  region,  we  have  the 
most  important  area  to  study  for  learning  about  the  evolutionary  proc- 
esses in  stars. 

This  is  a region  we  cannot  see  from  the  surface  of  the  Earth. 

The  first  three  orbiting  astronomical  observatories  are  devoted  to 
this  ultraviolet  area,  and  some  of  the  work  on  that  area  is  covered  by 
this  $2.8  million. 

Dr.  Weaver.  Would  that  be  the  three  observatories,  or  two,  or  one, 
included  in  that  for  fiscal  year  1964  ? 

How  many  observatories  are  involved  in  that  ? 

Dr.  Newell.  There  are  three  definitely  in  the  program  right  now. 

Now  in  addition,  I also  pointed  out  that  the  information  on  the 
early  birth  processes  of  stars  is  to  be  found  in  the  infrared  region,  and 
some  of  this  funding  here  is  being  used  to  develop  infrared  instru- 
mentation and  experiments. 

Dr.  Weaver.  This  is  all  new  ? 

Dr.  Newell.  Yes,  this  is  all  new. 

Dr.  Weaver.  Thank  you. 

The  Chairman.  Are  there  any  further  questions  ? Mr.  Staebler  ? 

Mr.  Staebler.  No  questions. 

The  Chairman.  For  the  record,  how  much  money,  Dr.  Newell,  was 
reprogramed  in  this  area  during  fiscal  year  1963  ? 

Dr.  Newell.  For  the  geophysics  and  astronomy  area  total  there 
was  a $7,4  million  reduction,  of  which  $2.8  million  was  a reduction  in 
supporting  research  and  technology . 

The  Chairman.  I am  not  sure  I understand. 

Dr.  N Ewell.  Well,  we  are  looking 

The  Chairman.  That  is  the  total  for  research  and  technology — that 
is  the  total,  you  say,  was  reduced  $7.4  million,  but  $2.8  million  was  in 
research  and  technology. 

Dr.  Newell.  The  total  in  geophysics  and  astronomy — this  whole 
section  here — which  will  include  flight  projects,  and  so  on,  was  $7.4 
million  reduction. 

However,  of  that,  $2.8  million  was  a reduction  in  supporting  re- 
search and  technology. 

The  Chairman.  Mr.  Hammill. 

Mr.  Hammill.  Dr.  Newell,  may  I return  for  a moment  to  this  ques- 
tion of  NASA-DOD  coordination,  to  which  you  addressed  yourself 
a few  moments  ago  ? 

How  many  military  personnel  are  assigned  to  the  Office  of  Space 
Sciences  now? 

Dr.  Newell.  Two. 

Mr.  Hammill.  To  your  knowledge,  are  there  any  NASA  personnel 
from  anv  of  the  NASA  offices  assigned  either  to  OSD,  D.D.R.  & E.,  or 
to  the  Air  Force? 

Dr.  Newell.  To  my  knowledge  there  are  none. 

There  is,  as  you  well  know,  an  interagency  set  of  mutual  assignments 
between  the  AEC  and  NASA,  but  I do  not  know  of  any  with  DOD. 

Mr.  Hammill.  I wonder  if  it  might  not  be  a good  wing  to  have 
some  sort  of  mutual  arrangement? 
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Now  we  understand  that  there  are  over  200  military  officers  assigned 
to  NASA  at  the  present  time ; I am  not  sure  of  that  figure,  however. 

Wouldn’t  it  be  a good  thing  to  have  some — perhaps  not  that  many — 
but  some  NASA  personnel  actually  working  with  the  Department  of 
Defense  on  DOD  programs;  a sort  of  mutual  arrangement;  if  it  is  a 
good  thing  from  the  standpoint  of  coordination  to  have  military  offi- 
cers in  NASA,  might  it  not  he  good  to  have  it  the  other  way  ? 

Dr.  Newell.  That  is  a very  interesting  suggestion. 

I must  reemphasize  that  in  my  answer  to  the  question,  I said  to 
my  knowledge  there  is  no  such  assignment. 

In  the  Office  of  Space  Sciences  we  do  not'  see  the  same  sort  of  need 
as  might  be  seen  in  the  developmental  areas. 

We  do  work  very  closely  with  the  Department  of  Defense,  for 
example,  the  Naval  Research  Laboratory  ana  the  Air  Force  Cambridge 
Center  participate  in  our  program,  and  it  is  in  such  cooperations  m 
carrying  out  the  Office  of  Space  Sciences’  program  that  we  have 
effected  the  ties. 

Mr.  Hammill.  Well,  we  were  told  that  originally  the  main  reason 
for  assigning  military  personnel  to  NASA  was  because  NASA  was  in  a 
formative  stage,  and  while  building  its  own  competence,  NASA  simply 
had  to  rely  upon  the  expertise  that  existed  elsewhere,  particularly  in 
the  military. 

Now  the  rationale  has  changed,  and  we  are  told  that  it  aids  in  coordi- 
nation. NASA  is  beyond  the  point  where  it  really  has  to  rely  upon 
technical  help  from  tne  military. 

I wonder  if  you  would  be  good  enough  to  explore  this,  and  perhaps 
submit  for  the  record  your  observations  on  this  question. 

Dr.  Newell.  I would  be  glad  to  do  that. 

Mr.  Hammill.  Thank  you. 

(The  information  is  as  follows:) 

In  response  to  the  committee’s  request,  I have  considered  the  value  of  possibly 
having  Office  of  Space  Sciences  personnel  temporarily  assigned  to  duty  with 
military  offices  and  installations.  As  a general  observation,  it  appears  to  OSS 
that  the  close  working  relationship  we  have  established  with  our  counterparts 
in  the  Department  of  Defense  in  space  science  areas  precludes  the  need  for  hav- 
ing NASA  Space  Science  people  assigned  to  positions  in  the  Department  of 
Defense.  For  one  thing,  the  work  of  the  Space  Sciences  people  is  best  done  in 
the  NASA  setting,  and  is  not  of  the  same  nature  as  the  Department  of  Defense 
weapons  systems  development  activities.  Secondly,  the  NASA  results  are  readily 
available  to  the  Department  of  Defense,  both  through  informal  communications 
channels  and  through  formal  publications  and  reporting  processes. 

There  is.  however,  one  possible  exception.  It  could  be  of  value  to  the  Office 
of  Space  Sciences  to  have  one  or  two  men  in  the  launch  vehicle  area  on  detail  to 
appropriate  rocket  activities.  Since  our  work  on  advanced  launch  vehicles,  for 
example,  the  Centaur,  can  be  of  considerable  value  to  the  Department  of  Defense, 
it  may  be  that  the  DOD  would  find  such  an  arrangement  useful,  also.  The 
Department  of  Defense  would,  however,  have  to  make  that  determination. 

Dr.  Staebler.  Mr.  Chairman,  I have  a question. 

The  Chairman.  Mr.  Staebler? 

Mr.  Staebler.  Dr.  Newell,  I don’t  recollect  what  was  said  about 
space  chemistry,  and  I don’t  understand  if  it  might  be  included  in 
your  research  in  celestial  mechanics. 

Can  you  indicate  those  two  fields  ? 

Dr.  Newell.  I would  be  glad  to  do  so. 

Space  chemistry  is  under  the  area  of  geophysics,  so  it  applies  to  the 
geophysical  aspects  of  the  field  of  chemistry. 
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For  example,  in  the  Earth’s  upper  atmosphere  some  of  the  most 
intricate  and  important  processes  are  chemical  in  nature. 

The  Sun’s  radiation  m the  ultraviolet  and  X-ray  region,  for  ex- 
ample, impacting  on  the  Earth’s  atmosphere,  causes  the  molecules  of 
oxygen  and  nitrogen  to  become  disassociated,  and  in  so  doing  deposits 
energy  in  these  atoms  and  molecules. 

The  process  gives  rise  to  the  ionosphere.  It  gives  rise  to  radiations 
from  the  upper  atmosphere,  which  we  call  the  airglow. 

The  auroras  are  a process  in  which  chemical  activity  takes  place. 
So  the  study  of  the  auroras  involves  space  chemistry. 

When  we  get  to  the  other  planets,  Venus  and  Mars,  with  equipment 
we  can  insert  into  the  atmosphere  of  these  planets,  instead  of  just 
flying  by  them,  we  will  then  be  in  a position  to  study  the  chemistry 
of  atmospheres  other  than  the  Earth,  and  then  make  comparative 
studies  between  those  atmospheres  and  our  Earth’s  atmosphere. 

When  we  get  to  landings  on  the  Moon,  and  landings  on  the  other 
planets,  then  we  will  be  able  to  study  the  chemistry  of  the  surfaces 
of  these  bodies. 

Now,  actually,  much  of  the  support  for  this  will  come  under  the 
lunar  and  planetary  line  item  rather  than  the  geophysics  line  item. 

However,  the  two  are  closely  associated,  and  for  this  reason  I 
thought  I should  mention  it  here. 

In  the  area  of  celestial  mechanics,  one  principal  interest  in  the 
space  sciences  area  is  in  the  effect  of  the  gravitational  fields  of  bodies 
like  the  Earth,  the  Moon,  and  the  planets,  on  the  orbits  of  satellites 
or  the  trajectories  of  space  probes. 

A second  principal  interest  is  in  the  interpretation  of  these  effects 
to  tell  us  what  they  can  about  the  internal  structure  of  these  bodies. 

For  example,  from  the  study  of  satellites  that  have  been  put  in 
orbit  about  the  Earth,  we  have  been  able  to  determine  that  the  mantle 
of  the  Earth,  which  is  the  section  of  the  Earth  below  what  we  call  the 
crust,  is  of  strength  equivalent  to  an  ordinary  brick  wall.  It  is  not 
molten.  The  molten  portion  is  farther  in  the  interior.  And  we  have 
been  able  to  determine  that  this  more  or  less  solid  mantle  has  a slight 
plasticity  so  that  the  response  to  changing  stresses  on  it  is  in  the  order 
of  about  50  million  years. 

For  example,  the  Earth’s  rotation  rate  is  slowing  down.  As  it  slows 
•down,  the  centrifugal  force  operating  cn  the  Earth’s  mantle  is 
reduced. 

You  would  expect,  if  the  Earth  were  perfectly  plastic,  that  as  the 
.stresses  on  the  Earth  reduced,  the  bulge  would  reduce  right  with  it, 
but  it  does  not.  It  lags.  This  bulge  stays  there  and  the  decrease  in 
the  bulge  lags  by  about  50  million  years. 

We  have  been  able,  from  the  study  of  these  Earth  satellites,  to  de- 
termine that  the  bulge  in  the  Earth  is  not  the  only  distortion  in  its 
shape,  or  in  its  gravitational  field.  There  are  higher  components. 
These  higher  components  have  important  effects  on  satellites  and 
space  probes. 

So  this  in  general  is  what  is  covered  by  celestial  mechanics. 

Mr.  Staebler.  Thank  you. 

The  Chairman.  Dr.  Newell,  for  my  own  benefit,  although  I think 
I understand  it,  I wonder  if  you  would  just  briefly  explain  the 
analysis  of  OSS. 
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On  the  top  line  there,  Dr.  Newell,  geophysics  and  astronomy,  you 
will  notice  the  first  column  is  fiscal  year  1963  request. 

Dr.  Newell.  Yes. 

The  Chairman.  Then  we  go  along  the  horizontal,  and  you  will 
notice  the  third  and  fourth  column  items,  NASA  allocation  of  appro- 
priation adjustment  in  1963  budget. 

Dr.  Newell.  Yes. 

The  Chairman.  Will  you  explain  that  minus  18  million,  sir  ? 

Dr.  Newell.  This  is  an  overall  NASA  adjustment  to  accommodate 
a new  estimate  of  personnel  operating  costs,  and  the  adjustment  to 
the  new  organization. 

You  recall  that  when  the  Office  of  Space  Sciences  was  created,  it 
took  with  it  part  of  what  was  the  Office  of  Space  Flight  Programs,  and 
took  into  it  part  of  what  was  in  the  Life  Sciences  Office,  and  assumed 
responsibility  for  grants  and  research  contracts. 

This  is  an  overall  NASA  adjustment  to  take  into  account  all  of 
those. 

The  Chairman.  So  the  $151,900,000  is  the  amount  that  NASA  them- 
selves adjusted  to  for  the  geophysics  and  astronomy  programs,  is  that 
correct  ? 

Dr.  Newell.  In  research  and  development,  yes. 

The  Chairman.  And  then  in  addition  to  that,  NAS  A reprogramed 
another  $7y2  million  ? 

Dr.  Newell.  In  addition  to  that,  then,  the  Office  of  Space  Sciences 
recommended  a reprograming  of  $7.4  million. 

The  Chairman.  Who  recommended  the  $18.5  million,  Doctor,  the 
Office  of  Space  Sciences,  or  was  this  an  automatic  adjustment  from 
the  top  administrative  office  in  NASA  ? 

Dr.  Newell.  This  was  an  adjustment  by  the  top  administrative 
office  based  on  our  own  recommendations  and  recommendations  from 
other  offices  to  meet  the  total  needs  of  the  agency. 

The  Chairman.  But  your  recommendation  was  $18.5  million  less 
than  we  gave  you. 

Dr.  Newell.  What  I say  is  that  this  adjustment  is  based  on  combi- 
nation of  our  recommendations  and  those  of  Manned  Space  Flight, 
Advanced  Besearch  and  Technology,  Applications,  and  Tracking 
and  Data  Acquisition. 

This  is  top  management’s  best  adjustment  to  meeting  all  the  needs 
that  were  expressed. 

The  Chairman.  Was  this  done  immediately  after  the  appropria- 
tion bill  was  passed,  or  when  was  it  done  ? 

Mr.  Taylor.  Let  me  see  if  I can  suggest  a partial  explanation  of 
this  problem.  There  is  a combination  of  things  here  which  tends  to 
make  a net  number  like  this  confusing. 

In  the  Office  of  Space  Sciences  our  primary  responsibility  is  in  the 
research  and  development  area. 

Now,  as  we  discussed  with  the  committee  last  year,  our  many  Centers 
have  personnel  and  overhead  costs  that  are  associated  with  the 
projects. 

Now,  as  of  last  year,  our  initial  conversion  was  made  from  a salaries 
and  expense  presentation  to  a research  and  development  presentation, 
where  these  costs  were  associated  with  the  projects. 

This  initial  conversion  was  rather  arbitrary,  and  the  amounts  esti- 
mated in  December,  last  year,  to  be  associated  with  these  projects,  were 
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not  as  good  as  our  experience  has  taught  us  they  should  be,  so  there 
is  some  reassociation,  some  readjustment  of  the  personnel  and  opera- 
tions figures  here. 

This  adjustment  process  is  in  an  area  in  which  we  have  no  budgeting 
control,  it  is  an  accumulation  of  costs,  you  see,  by  the  Centers,  and 
their  proportionate  assessment  to  projects. 

The  Chairman.  Is  it  because  of  their  instability  in  personnel — that 
is,  instability  in  numbers? 

Mr.  Taylor.  No,  sir. 

The  Chairman.  They  give  an  estimate  at  the  beginning  of  the  year 
how  many  personnel  they  are  going  to  have  working  and  then  that 
estimate  does  not  hold  true  for  any  number  of  reasons  ? 

Mr.  Taylor.  No,  sir;  it  is  not  that. 

The  estimate  given  for  personnel  as  a total  for  a Center  for  any 
given  year  is  very  good. 

The  determination  of  those  costs  to  specific  projects,  like  OAO, 
Ranger,  OGO,  was  initially  attempted  within  NASA  last  year  in  the 
December  time  period.  "We  had  not  previously  made  this  association. 

So  it  is  not  the  question  of  whether  we  have  altered  this  association 
during  the  year. 

The  question  really  is  that  at  the  time  we  made  this  association  last 
year  we  were  not  nearly  as  good  at  determining  these  costs  as  we  are 
at  this  point  in  time. 

There  is  a net  reduction  of  some  amount  in  the  personnel  and 
maintenance  area  reported  against  the  geophysics  and  astronomy 
programs. 

The  Chairman.  What  you  are  saying  is  that  your  second  estimate 
was  $18.5  million  more  accurate  than  your  first  one;  aren’t  you ? 

Mr.  Taylor.  In  this  particular  area,  the  total  of  maintenance  and 
operation  within  NASA,  has  not  changed  drastically,  but  we  have 
grown  smarter  since  we  tried  to  make  this  association  last  year,  and 
m trying  to  present  to  you  an  honest  representation  of  what  projects 
really  cost.  # / 

There  is  a reduction  in  this  area. 

The  Chairman.  How  much  smarter  this  year  are  you  than  you 
were  last  year-— $15  million  worth,  or  $10  million  worth? 

Mr.  Taylor.  I don’t  want  to  leave  the  impression 

The  Chairman.  This  is  hardly  a fair  question,  I suppose. 

Mr.  Taylor.  It  requires  a subjective  conclusion,  sir. 

The  Chairman.  I am  not  sure  it  is  fair,  but  I would  like  to  have 
something  on  that. 

What  (manges  have  you  made ; what  makes  you  more  sure  today  that 
you  are  more  accurate  this  year  than  you  were  last  year? 

What  have  you  done  to  improve  the  situation  ? 

Mr.  Taylor.  One  thing  that  makes  us  more  confident  is  that  we 
have  worked  with  our  Centers  in  the  intervening  time  period  to  get 
them  on  a basis  to  accumulate  costs  in  this  manner,  whereas  in  the 
past  there  was  not  a good  accounting  basis  for  doing  so. 

Under  the  old  NACA  organizational  structure,  and  the  Centers 
associated  with  this  type  of  accounting  system,  we  really  did  not  have 
the  best  mechanisms  for  making  this  association. 

I think  we  are  improving  and  we  may  have  to  improve  some  more. 

However,  I will  go  back  to  a point. 
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This  net  reduction  does  not  affect  the  total  NASA  requirements  for 
running  Centers  and  for  paying  the  people. 

It  is  just  a better  estimate  of  what  that  total  requirement  is  in  this 
particular  area. 

The  Chairman.  Dr.  Newell,  I assumed  that  substantial  amount  of 
this  was  done  for  you  by  competent  administrative  officers  in  NASA. 

So  let  me  ask  you  this  question : Have  the  programs  of  the  Office 
of  Space  Sciences  suffered  as  a result  of  any  priorities  that  might  have 
been  given  some  other  program  ? 

Dr.  Newell.  The  overall  program  of  the  Office  of  Space  Sciences 
actually  came  out  somewhat  ahead  in  this  adjustment  hy  about  $45 
million  overall. 

The  total  readjustments  within  NASA  enabled  OSS  to  initiate  a 
biosciences  program,  and  to  get  well  into  the  sustaining  university 
program  which  we  described  yesterday,  and  also  to 

The  Chairman.  So  these  two  areas  are  the  areas  where  most  of  the 
funds  that  were  reprogramed,  or  rescheduled  to  OSS 

Dr.  Newell.  These  along  with  Centaur. 

The  Chairman.  These  along  with  Centaur,  yes. 

Dr.  Newell.  Yes. 

The  Chairman.  All  right.  Thank  you. 

Doctor,  I was  asking  Mr.  Hammill  earlier  this  morning  whether  or 
not  he  was  aware  of  the  biosciences  program  being  split  up  within 
NASA,  and  whether  or  not  therefore  it  would  differentiate  groups 
within  NASA  if  it  had  partial  responsibility  for  the  overall  program. 

Is  all  of  the  biosciences  program,  including  animal  experimentation, 
et  cetera,  et  cetera,  is  all  of  this  now  under  the  Office  of  Space  Sci- 
ences or  is  some  of  it  under  some  other  office  ? 

Dr.  Newell.  No  ; there  is  a division  within  NASA. 

The  Office  of  Manned  Space  Flight  handles  the  medical  aspects  that 
are  directly  associated  with  carrying  out  the  Mercury,  Gemini,  and 
Apollo  missions.  This  is  basically  direct  application-type  program 
for  their  mission. 

The  Office  of  Space  Sciences  is  responsible  for  what  is  called  funda- 
mental space  biosciences — fundamental  research  into  the  effects  of 
the  space  environment  on  life  processes,  effects  such  as  weightlessness, 
radiation,  the  change  in  rhythms.  If  you  remove  objects  from  the  24- 
hour  day  periodicity,  what  happens  to  them  ? And  for  the  so-c&lled 
exobiology,  the  search  for  and  study  of  life  on  other  bodies  of  the  solar 
system. 

The  Office  of  Advanced  Research  and  Technology  is  responsible  for 
what  might  be  called  the  applied  research  and  initial  development 
work  in  bioscienees,  that  is,  for  studies  of  human  factors,  man-machine 
relationships,  the  problem  of  supporting  men  and  living  organisms 
for  long  periods  of  time  in  orbit,  or  on  trajectories  to  the  planets.  The 
work  that  has  to  go  into  the  development  of  life-support  systems  is 
involved. 

The  Chairman.  This  is  fine,  Doctor,  but  why  can’t  we  put  them 
under  one  or  the  other  of  the  two  offices  ? 

Don’t  you  have  some  duplication  some  place  along  the  line  ? 

I mean  you  have  got  to  have  a certain  number  of  supervisors  I sup- 
pose, let  me  call  them  that  for  lack  of  a better  word;  some  type  of 
administration. 
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II  we  put  them  all  under  one  office,  couldn’t  we  eliminate  personnel  ? 

Dr.  Newell.  I think  not. 

The  Chairman.  Not  that  I want  to  increase  the  number  of  unem- 
ployed in  this  country,  but  it  seems  to  me  this  is  a rather  bad  manage- 
ment structure. 

Dr.  Newell.  I think  not. 

The  previous  organization  of  NASA  had  all  of  these  under  one 
office,  and  that  experiment  did  not  work  too  well  because  of  the  fact 
that  the  requirements  for  the  fundamental  research  are  quite  different 
from  those  for  the  application  to  Apollo,  for  example. 

The  Chairman.  I understand  the  requirements  will  be  different, 
there  is  no  question  about  it. 

Dr.  Newell.  The  requirements  are  different  in  such  a way  that  it 
was  a natural  to  place  the  fundamental  work  under  OSS,  because  of 
the  tilings  we  were  doing 

The  Chairman.  Each  experiment  you  are  conducting,  Dr.  Newell, 
has  a different  requirement.  I mean,  for  example,  you  are  studying 
the  effects  of  prolonged  weightlessness. 

This  is  one  requirement  that  you  have,  and  you  are  doing  extensive 
/experimental  work  on  it.  . 

What  is  the  effect  on  the  human  being  when  he  is  changed  from  the 
Tegular  24-hour  day,  you  know,  to  three  or  four  of  these  within  that 
period  of  time,  or  more? 

That  is  another  requirement,  so  you  ha  ve  another  experimental  pro- 
gram there. 

These  are  two  different  requirements,  but  they  are  all  under  the 
Office  of  Space  Sciences,  and  you  have  many  other  different  require- 
ments and  many  other  different  experiments. 

So  you  have  one  under  the  manned  space  flight  program.  I can’t 
understand  why  just  because  it  has  a little  different  requirement,  it 
could  not  all  be  under  the  same  head. 

Dr.  Newell.  It  is  not  a little  different  requirement.  Perhaps  the 
word  “requirement”  is  the  wrong  word  to  use. 

What  I am  trying  to  get  at  is  that  the  suggestion  that  you  put  it 
all  under  one  office  will  tend  to  build  up  a duplication  in  the  personnel 
staffing  and  the  building  of  facilities  for  carrying  this  out. 

The  Chairman.  That  would  tend  to  build  up  a duplication? 

Dr.  Newell.  Yes. 

The  Chairman.  I thought  it  would  tend  to  eliminate  a duplication. 

Dr.  Newell,.  This  is  a paradox  we  are  faced  with. 

The  basic  research  type  of  activity  is  the  activity  the  Office  of  Space 
Sciences  is  dealing  with. 

We  have  the, staffing  of  this  type  of  individual  in  the  Office  of 
Space  Sciences. 

Now  if  you  should  undertake  to  move  this  fundamental  research 
over  to  the  Office  of  Advanced  Research  and  Technology,  then  they 
would  have  to  build  up  a different  type  of  activity  in  their  Office 
which  would  duplicate  what  we  are  carrying  on,  or  vice  versa. 

The  Chairman.  Let’s  say  we  just  transfer  what  they  are  doing  to 
your  Office,  transfer  the  requirement,  the  people,  the  work,  the  experi- 
ment. 
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Dr.  Newell.  There  again,  the  human  factors  research,  the  applied 
research  and  development  work,  is  something  that  is  natural  to  their 

activity.  ...  lV 

The  Chairman.  You  can  assure  this  committee  the  way  you  are 
doing  it  actually  tends  to  reduce  the  personnel?  _ . 

Dr.  Newell.  This  is  our  belief,  and  we  feel  this  is  the  most  effective 
way  to  do  it. 

It  was  arrived  at  after  trying  the  approach  that  you  suggest.  That 
approach  was  not  successful  in  getting  an  adequate  applied  research 
or  fundamental  research  program  underway. 

The  Chairman.  Do  both  Offices,  for  example,  have  need  for  animal 
experimentation? 

Dr.  Newell.  They  both  have  need  for  animal  experiments,  but 
they  both  work  very  closely  together  in  developing  this  program. 

For  example,  I described  to  you  studies  that  we  are  making  now  of 
a satellite  system  to  be  used  for  supporting  our  fundamental  bio- 
sciences program. 

The  Chairman.  Let  me  ask  you  this,  Do  you  have  one  kennel  for 
all  of  the  animals — I don’t  know  whether  “kennel”  is  the  correct 
word — do  you  have  one  laboratory  area  for  the  animals,  or  do  you 
have  two  of  these,  one  for  the  Office  of  Space  Sciences  and  one  for 
the  other? 

Dr.  Newell.  We  will  not  duplicate  them,  we  will  use  them  together. 

The  Chairman.  Are  they  both  at  Ames  ? 

Are  both  of  your  people  doing  experimental  work  in  this  area,  the 
OSS,  and  the  manned  group,  are  they  both  at  Ames  ? 

Dr.  Newell.  Ames  research  Center  supports  both  Offices,  yes. 

And  as  I was  about  to  say,  this  satellite  that  we  are  studying  is  or 
will  be  developed  if  we  go  into  the  development  of  it  according  to 
specifications  from  both  Offices,  so  there  will  be  only  one  facility  de- 
veloped for  the  use  of  NASA. 

The  specifications  for  the  study  were  drawn  up  by  both  Offices. 
As  a matter  of  fact,  the  directors  of  the  life  sciences  programs 
in  the  three  Offices  meet  periodically  at  least  once  a month,  and  some- 
times more  frequently,  comparing  notes  on  what  they  are  doing,  to 
make  sure  there  is  not  duplication,  to  make  sure  that  if  a facility  is 
being  developed  by  one  Office  it  will  be  useful  to  all  three,  and  will 
be  used  in  the  programs  of  all  three. 

The  Chairman.  It  might  be  easier  for  you,  Dr.  Newell.  I would 
hesitate  to  agree  on  whether  it  would  be  easier  for  the  Congress  to 
keep  track  of  an  area  such  as  this  that  is  broken  up  and  segmented 
through  provision  and  control  of  two  different  Offices. 

I think  it  is  rather  difficult  for  anyone  really  to  keep  track  of  the 
program  from  A to  Z,  when  they  only  responsibility  from  A 
to  D,  you  see. 

Then  someone  else  has  responsibility  fr^m  E to  X,  and  a third  for 
Y and  Z. 

It  makes  it  difficult  for  us.  It  may  be  what  you  say  is  true — I as- 
sume that  it  is.  You  tried  it  both  ways,  and  feel  confident  this  is 
the  better. 

Would  you  care  to  proceed,  Doctor  ? 

Mr.  Staebler.  Mr.  Chairman,  may  I ask  a somewhat  extraneous 
question? 
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The  Chairman.  Mr.  Staebler. 

Mr.  Staebler.  This  question  is  in  connection  with  the  biosciences 
activities. 

You  mentioned  the  animal  experiments. 

There  is  a growing  interest  in  the  humane  treatment  of  animals, 

particularly — — 

Dr.  Newell.  We  have  the  very  best  laboratory. 

Mr.  Staebler.  Is  there  some  attention  to  the  standards  of  humane 
treatment  of  the  animals  experimented  on  ? 

Dr.  Newell.  Oh,  yes,  this  is  given  very  careful  attention. 

The  Chairman.  Are  the  quarters  air-conditioned,  Doctor,  as  some 
people  are  suggesting  they  be! 

Dr.  Newell.  I assume  they  are  properly  conditioned  for  the  health 
of  the  animals.  It  is  a necessity. 

' The  Chairman.  I was  not  hieing  facetious,  really. 

Dr.  Newell.  I don’t  know. 

The  Chairman.  This  has  caused  quite  a storm.  I know  what  Mr. 
Staebler  is  speaking  of,  because  I have  a stack  of  letters  in  my  office 
from  people  who  live  in  my  State,  and  are  very  much  excited  about 
whether  or  not  these  animals  are  being  treated  properly,  whether  or 
not  they  have  proper  accommodations,  and  they  speak  at  great  length 
about  tne  need  for  air-conditioned  kennels,  for  example,  when  talking 
about  housing  of  the  animals  that  need  kennels.  There  is  no  question 
about  it. 

Dr.  Newell.  As  time  goes  on,  each  animal  becomes  an  extremely 
valuable  animal,  becomes  an  investment  not  only  of  money,  but  of  the 
time  of  the  experimenter. 

It  is  in  the  nature  of  the  setup  that  the  experimenter  will  take  good 
care  of  his  animal. 

The  Chairman.  That  is  a very  different  answer. 

I had  not  thought  of  that,  Doctor ; we  will  be  using  that  answer. 
Thank  you. 

Would  you  care  to  proceed,  Dr.  Newell  ? 

Dr.  Newell.  We  come  now  then  to  the  flight  projects  in  the  geo- 
physics and  astronomy  area. 

The  Chairman.  What  page  are  you  on? 

Dr.  Newell.  We  are  on  page  26  of  volume  5. 

First,  in  the  geophysics  area,  the  explorers  and  monitors.  The  ex- 
plorers and  monitors,  to  refresh  your  memory,  are  the  smaller-sized 
satellites,  those  launchable  by  the  Scout  and  Delta-type  launch  vehi- 
cles, primarily. 

In  the  case  of  the  explorers  and  monitors,  we  are  asking  for  a total 
spacecraft  and  supporting  budget  of  $800,000  for  energetic  particles 
explorers  this  year.  The  Delta  launch  vehicles,  to  launch  them, 
were  paid  for  last  year,  so  that  the  total  is  the  spacecraft  and  general 
support. 

xiiis  pays  primarily  for  the  wind-up  of  the  energetic  particles  ex- 
plorers described  here,  the  data  reduction,  and  the  obtaining  of  the 
information  for  which  the  program  was  instituted  in  the  first  place. 

The  Chairman.  What  will  happen  to  that  for  the  following  fiscal 
year? 

That  I suppose  is  the  end  of  the  program,  Doctor  ? 

Dr.  Newell.  Of  that  particular  item,  yes. 

The  Chairman.  Thank  you. 
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Dr.  Newell.  The  next  is  the  interplanetary  monitoring  satellite, 
which  the  Goddard  Space  Flight  Center  has  named  interplanetary 
monitoring  platform. 

This  is  designed  to  go  into  a highly  eccentric  orbit  in  order  to  inves- 
tigate the  geomagnetic  field,  the  magnetosphere,  out  through  the 
boundary,  even  in  the  antisolar  direction,  the  direction  in  which  the 
boundary  is  blown  out  to  more  than  20  Earth  radii  from  the  surface 
of  the  Earth. 

Here  the  total  that  we  are  asking  for  is  $2.8  million  for  spacecraft, 
$1.2  million  for  experiments. 

Ground  operations,  and  test  and  support  amounts  to  about  three- 
quarters  of  a million  dollars,  for  a total  of  $4.1  million. 

The  Delta  launch  vehicles,  $7.3  million  for  a total  of  $11.4  million 
for  the  interplanetary  monitoring  satellite. 

Here  we  are  asking  for  $2.3  million  for  spacecraft,  $1.2  million  for 
experiments,  and  about  three-quarters  of  a million  dollars  for  ground 
operations,  and  test  and  support,  for  a total  of  $4.1  million ; plus  $7.3 
million  for  the  Delta  launch  vehicles  for  a grand  total  of  $11.4  million 
for  the  interplanetary  monitoring  satellite. 

The  Chairman.  How  much  money  was  reprogramed  in  these  two 
areas  during  this  fiscal  year,  Doctor  ? 

Dr.  Newell.  In  order  to  pick  up  primarily  what  we  called  Explorer 
XV,  which  was  to  study  the  effects  of  the  nuclear  tests  last  summer, 
we  had  to  add  to  this  program  $10.3  million. 

That  is  the  energetic  particles  area. 

The  Chairman.  That  was  the  total  program. 

Dr.  Newell.  Almost,  yes.  This  was  an  added  satellite  that  we  had 
not  planned  on. 

We  had  planned  on  Explorer  XIV,  which  went  right  before  it, 
which  was  similarly  instrumented  but  not  quite  properly  instrumented 
to  studv  the  artificial  particles. 

Explorer  XIV  did  go,  as  you  know. 

In  order  to  add  an  additional  satellite  to  study  the  artificial  belt,  we 
had  to  add  $10.3  million. 

The  Chairman.  How  about  the  interplanetary  monitoring? 

Dr.  Newell.  For  the  interplanetary  monitoring,  we  had  to  add 
$5  million.  This  was  a new  start. 

The  Chairman.  That  was  all  new? 

Dr.  Newell.  Yes,  that  was  a new  start. 

The  Chairman.  How  far  down  the  road  is  that  ? 

Dr„  Newell.  The  experiments  are  well  underway. 

Equipment  from  most  of  the  experimenters  is  at  hand. 

The  satellite  structure  is  in  good  shape. 

We  are  planning  a launching  of  it  the  third  quarter  of  this  year. 

The  Chairman.  How  many  total  interplanetary  monitor  probes  are 
you  thinking  about  at  the  present  time  ? 

Dr.  Newell.  We  are  thinking  of  one  every  half  year  through  the 
solar  minimum,  and  into  the  next  solar  maximum. 

The  Chairman.  Is  it  a fair  estimate  for  me  to  make,  if  I added  up 
these  figures,  and  said  that  each  one  of  these  interplanetary  monitor^ 
costs  in  the  neighborhood  of  $16  or $17  million? 

Dr.  Newell.  For  a total  of  seven  shots  it  would  be  about  $30  million. 

The  Chairman.  What  we  have  done  really  is  we  have  funded  for 
half  of  the  program. 
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Mr.  Cortright.  This  was  for  two. 

The  Chairman.  For  almost  half  of  the  program. 

Dr.  Newell.  Well,  this  was  for  two,  or  two-plus  of  the  shots,  a total 
of  seven  will  be  $30  million. 

The  Chairman.  We  have  already  funded  $17  million. 

Dr.  Newell.  Yes,  with  this  year’s  funds.  I was  looking  at  the  $11.4. 

The  Chairman.  How  many  shots  are  you  talking  about  this  total 
will  take  care  of  ? 

Dr.  Newell.  The  total  of  30  would  take  care  of  7 shots. 

The  Chairman.  The  17  that  we  see  in  the  backup  book  here,  how 
many  do  you  have  planned  through  1964  ? 

Dr.  Newell.  Through  1964,  three  or  four. 

There  are  three  firings  on  the  schedule,  and  we  would,  of  course, 
have  been  preparing  for  the  follow-on  firings  in  1965. 

The  Chairman,  Continue,  please. 

Dr,  Newell.  The  next  flight  program  involves  the  atmosphere  ex- 
plorers and  monitors. 

These  are  spacecraft  to  study  our  Earth’s  atmosphere. 

For  spacecraft  experiments,  ground  operations,  test  and  support, 
we  ask  a total  of  $3.2  million,  and  completion  of  funding  on  Delta 
launch  vehicles  of  $500,000,  for  a total  of  $3.7  million. 

The  Chairman.  This  is  less  than  you  requested  last  fiscal  year? 

Dr.  Newell,  That  is  correct. 

The  Chairman.  How  much  did  we  reprogram  on  this  item  last  year  ? 

Dr.  Newell.  We  added  $3.8  million  to  the  program  in  1963. 

The  Chairman.  OK. 

Dr.  Newell.  The  addition  of  those  funds  was  required  because  of 
technical  difficulties  in  developing  this  spacecraft. 

Although  the  atmospheric  research  sounds  like  a very  simple  and 
direct  sort  of  thing,  we  are  attempting,  in  this  satellite,  to  make  mea- 
surements to  much  lower  pressures  than  have  ever  been  attempted 
before. 

The  next  are  the  ionosphere  explorers. 

Here,  for  the  spacecraft  and  experiments,  ground  operations,  test 
and  support,  we  ask  a total  of  $700,000  in  fiscal  1964  as  compared  to 
$1  million  in  fiscal  1963. 

And  we  ask  for  the  funding  of  the  Scout  launch  vehicle  at  $1 
million,  which  is  complete  funding  for  the  vehicle. 

Tie  Chairman.  So  your  program  really  is  less,  but  the  addition  of 
the  vehicle  to  launch  it  is  causing  it  to  be  slightly  higher  than  last  year  ? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  How  much  was  reprogramed  last  year,  Doctor  ? 

Dr.  Newell.  $800,000. 

The  Chairman.  Plus  or  minus? 

Dr.  Newell.  Plus— added. 

The  Chairman.  This  is  kind  of  a small  program  to  begin  with. 
Any  particular  reason  why  $800,000  should  have  been  reprogramed  ? 

. Dr.  Newell.  This  ionosphere  explorer  is  the  fixed  frequency  top- 
side sounder,  which,  as  we  mentioned  to  the  committee,  we  have 
delaved  because  of  the  success  of  the  Alouette  topside  sounder. 

This  pennitted  us  to  delay  this  and  also  to  improve  the  instrumen- 
tation in  it,  to  take  advantage  of  what  the  Canadians  have  learned 
with  Alouette.  • 
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The  Chairman.  All  right;  proceed*  < 

Dr;  Newell.  Under  ionosphere  monitors,  which  you  will  see  we  are 
introducing  in  fiscal  1964,  we  are  asking  for  the  spacecraft  experi- 
ments, ground  operations,  test  and  support)  a total  of  $3  million. 

. The  total  for  ionosphere  monitors,  then,  will  be  $3  million. 

This  is  the  satellite  which  we  mentioned  earlier  in  our  testimony  as 
the  satellite  we  are  discussing  with  Canada.  The  Canadians  have 
indicated  that  they  would  like  to  undertake  the  preparation  of  this 
satellite  and,  if  they  do,  would  pay  for  the  preparation  of  the  satellite. 

If  they  do  that,  we  will  have  to  support  the  launching  of  it,  so  that 
these  funds,  although  they  are  listed  here  as  support  of  development  of 
the  spacecraft,  may  have  to  be  transferred  to  paying  for  the  launch 
vehicle  instead  of  the  spacecraft. 

That  will  be  a case  where  we  gain  because  Canada  pays  for  the 
development  of  the  spacecraft. 

Mr.  Staebler.  Mr.  Chairman,  may  I proceed  on  that  point  a little 
further! 

The  Chairman.  Yes,  Mr  . Staebler. 

Mr.  Staebler.  Do  I understand  that  the  spacecraft  is  included  in 
the  item  of  $3  million  ? 

Dr.  Neweli  As  of  the  present  listing,  the  spacecraft — the  item  $3 
million  is  labeled  “Spacecraft  and  Support.” 

If  our  negotiations  with  Canada  go  as  we  hope  they  will,  then 
Canada  will  pay  for  the  spacecraft,  and  we  will  have  to  pay  only  for 
the  support  and  the  launch  vehicle. 

Mr.  Staebler.  There  will  be  a reduction  then  in  the  total  cost  ? 

Dr.  Newell.  Yes. 

Mr.  Cortright.  It  will  be  a reduction  in  the  total  cost  of  the  project 
to  the  United  States. 

Dr.  Newell.  Yes. 

Mr.  Staebler.  Wouldn’t  there  be  a reduction  in  the  $3  million?, 

Mr.  Taylor.  I think  not;  in  that  this  program  was  predicated  on 
a launch  in  1965. 

Mr.  Cortright.  1965.  V 

Mr.  Taylor.  At  that  time,  that  involved  the  United  States  making 
the  spacecraft  and  launching  it  on  a Delta  launch  vehicle. 

Our  discussions  with  the  Canadians  now  indicate  we  may  have  to 
go  to  the  Thor-Agena  launch  vehicle,  which  is  a heavier  and  more 
costly  vehicle,  ana  also  the  launchings  we  are  discussing  will  be  at 
an  earlier  date,  so  we  are  almost  sure,  no  matter  how  the  negotiations 
turn  out,  to  require  this  amount  Of  funds  to  support  this  cooperative 
agreement. 

But  in  the  terms  of  the  total  overall,  over  time,  the  savings  to  the 
United  States  would  he  substantial.  . 

Mr.  Staebler.  Then  it  is  evident  from  the  uncertainties  in  the 
ultimate  disposition  of  the  program,  why  you  have  to  have  some 
leeway  in  your  estimate  ? 

Dr.  Newell.  Yes. 

The  Chairman.  Mr.  Hammill  ? 

Mr.  Hammhl.  Dr.  Newell,  how  do  you  distinguish  ionosphere  ex- 
plorers from  ionosphere  monitors  ? • 

Dr.  Newell.  An  explorer  primarily  a discovery-type  research 
vehicle  in  which  you  are  att  npting  to  make  measurements  of  and 
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observe  phenomena  that  you  do  not  yet  completely  understand,  to  look 
for  things  that  perhaps  you  do  not  even,  know  aiwthereyet. 

Whereas  the  monitor  is  a satellite  devoted  to  continuous  collection 
of  data  that  are  heeded  for  setting  basic  data  lines,  and  against 
which  to  reflect  the  discovery-type  research. 

For  example,  a monitor  might  be  used  to  keep  a check  on  the  be- 
havior of  the  geomagnetic  field,  so  that  you  can  get  a picture  of 
its  normal  steady  state,  and  against  that  be  able  to  study  changes 
in  the  field  during  magnetic  storms.  Or  a monitor  might  be  a satel- 
lite designed  to  keep  a Steady  check  on  cosmic  radiation  against  which 
then  you  could  study  the  cosmic  ray  storms,  and  so  on.  Or  a monitor 
might  be  to  keep  a check  on  solar  activity,  to  know  at  all  times  what 
the  Sun  is  doing. 

Mr.  Hamhux.  The  monitors  will  be  most  effective  if  there  is  long 
lifetime  built  in  them  ? 

Dr.  Newell.  Long  lifetime  is  a primary  requirement  of  the  monitor- 
type  satellite. 

Mr.  Hammill.  Have  we  reached  the  place  where  we  have  achieved 
what  is  considered  a satisfactory  length  of  life  ? 

Dr.  Newell.  We  feel  we  can  do  fairly  well  with  the  smaller  type 
satellites,  but  we  are  not  by  any  means  satisfied.  We  are  going  to 
continue  to  work  on  the  problem  of  long  lifetime. 

The  Chairman.  Proceed,  Doctor. 

Dr.  Newell.  The  total,  then,  for  explorers  and  monitors  in  the 
geophysics  program  comes  out  to  be,  for  spacecraft,  $11.8  million,  for 
launch  vehicles,  $8.8  million,  for  a sum  total  of  $20.6  million. 

In  the  orbiting  geophysical  observatories  area,  for  spacecraft,  for 
system  development,  and  for  integration  with  the  basic  spacecraft  sys- 
tem, a total  of  $14.9  million  is  required. 

The  Chairman.  How  many  spacecraft  is  that  for,  Dr.  Newell? 

Dr.  Newell.  The  1964  number  covers  payments  on  the  second  group 
of  three  satellites  of  a program  in  which  we  have  a total  of  nine 
planned. 

The  Chairman.  What  reprograming  action  did  you  take  in  this 
area  last  year! 

Dr.  Newell.  In  the  orbiting  geophysical  observatory  program,  we 
stretched  the  schedule  beyond  the  launching  of  the  first,  so  as  to  re- 
duce the  fiscal  year  1963  requirement  by  $16.6  million. 

Mr. Staebler.  Mr. Chairman? 

Hie  Chairman.  Mr.  Staebler.  May  I ask  that  we  go  back  to  the 
preceding  item. 

Would  you  clear  me  up  as  to  which  items  are  included  in  the  total 
of  $20,600,000? 

I am  trying  to  relate  that  to  the  preceding  figures,  and  I don’t 
seem  to  understand  which  are  which. 

Mr,  Staebler.  That  is  the  explorers  and  the  monitors  under  the 
geophysics  flight  projects. 

Dr.  Newell.  Under  interplanetary  monitor,  there  is  a 7.3  million 
figure  for  launch  vehicles,  and  under  atmosphere  explorers  and  moni- 
tors a half  a million  dollar  figure,  and  imder  ionosphere  explorers,  a 
Scout  launch  vehicle  for  $1  million- — 

Mr.  Staebler.  These  were  not  included  previously  ? 

Dr.  Newell.  These  were  not  included  previously. 
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Mr.  Staebler.  In  this  $20  million,  thez%i%og*  Motfd  ofwytfciug 
that  goes  before? 

Dr.  Newell.  No;  this  is  just  fiscal  1964,  and  the  subtotal  for  ex- 
plorers and  monitors. 

Mr.  Staebler.  I was  trying  to  relate  this  to  some  of  the  previous 
items  in  1964.  That  is  incorrect.  This  is  a new  item  ? 

Mr.  Cohtright.  No. 

Dr.  Newell.  It  is  a subtotal  for  all  the  items  under  explorers  and 
monitors  under  geophysics. 

So  it  should  be  the  correct  total  for  those  vehicles  I just  listed — 
8.8  million  is  the  total  for  launch  vehicles — plus  the  spacecraft  work. 

Mr.  Taylor.  Sir,  it  is  not  additive.  It  is  just  an  accumulation  of 
the  parts  we  have  been  dijcussing. 

Mr.  Staebler.  Yes,  and  I am  trying  to  relate  it  to  which  parts  we 
have  been  discussing. 

Dr.  Newell.  Let  me  run  through  the  list  again. 

The  $8.8  million  of  that  subtotal  of  $20.6  million  is  the  total  of  the 
following  numbers- 

The  Chairmax.  Doctor,  to  make  it  clearer,  I think,  Mr.  Staebler, 
if  you  start  on  page  26,  the  second  item  there,  flight  project,  do  you 
notice  that  in  the  middle  of  the  page  ? 

Mr.  Staebler.  Yes. 

The  Chairmax.  Geophysics.  You  add  those  figures  and  all  of  those 
on  page  27,  and  you  come  up  with  $20.6  million,  shown  on  page  28. 

Mr.  Staebler.  All  right. 

So  that  the  $20.6  million,  then,  is  the  sum  of  everything  beginning 
with  flight  projects  on  page  26,  and  all  of  page  27 

The  Ciiairmax.  As  I understand  it — — 

Mr.  Staebler.  OK.  , 

Dr.  Newell.  So  far,  but  now  you  should  recognize  it  is  the  subtotal 
for  explorers  and  monitors. 

We  will  come  up  with  a new  subtotal  shortly  for  orbiting  geophysical 
observatories. 

The  Chairmax.  Which  is  the  next  item  on  your  page  28  ? 

Doctor,  let  me  make  this  observation. 

I have  noticed  that  using  the  other  backup  book  now  for  a moment, 
that  for  supporting  research  and  technology  under  the  geophysics, 
solar  physics,  and  astronomy  programs,  the  personnel  costs,  for  ex- 
ample, are  15  percent  of  the  total  and  the  operation  of  installation 
costs  are  15,  or  more  than  that. 

It  amounts  to  almost  35  percent  of  the  total  cost  of  these  programs. 

Dr.  Newell.  For  supporting  research  and  technology. 

The  Chairmax.  Yes  in  personnel  costs  and  operation  of  installation 
costs. 

Isn’t  that  rather  high? 

Dr.  Newell.  This  is  because  of  the  in-house  character  of  a large 
part  of  the  supporting  research  and  technology. 

The  Chairmax.  OK. 

Dr.  Newell.  The  orbiting  geophysical  observatory  is,  as  the  com- 
mittee knows,  one  of  the  larger  type  observatories,  and  is,  therefore, 
designed  to  carry  a large’  number  or  experiments. 

For  example,  the  first  one  will  carry  about  20  different  experiments. 

The  experiments  for  this  spacecraft  require  $14.9506  million  in 
1964. 
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SWfc  Chairman.  Dr.’  WAtH-f  «*  ’ 

Dr.  Weaver.  1 would  like  to  ask  Dr.  Newell  this:  Are  these  experi- 
ments keyed  to  the  manned  space  flight,  or  for  general  knowledge! 

Dr.  Newell.  These  are  keyed  primarily  to  extending  our  general 
knowledge  of  the  environment  around  us— the  radiation  belts,  the  in- 
terplanetary medium. 

However,  in  being  so  keyed,  they  obtain  data  that  are  fundamental 
•to  the  applications  program,  and  the  other  programs,  including  the 
manned  night  program. 

Dr.  Weaver.  We  should  try  to  limit  ourselves,  again  coming  back 
to  this  item,  to  the  fiscal  year  1963.  Limiting  ourselves  just  to,  say, 
national  security  and  iust  to  our  preliminary  for  manned  lunar  space 
flight,  would  we  be  able  to  cut  back  or  not — be  able  to  accomplish  the 
same  goals? 

If  we  cut  out  we  will  say  the  general  knowledge  that  we  are  getting 
from  some  of  these  experiments,  and  just  stick  with  experiments  re- 
lated to  our  manned  space  flight  or  national  security,  would  we  get  it 
hack  to  7 or  8 million  ? 

Yr.  Newell.  This  depends  on  how  you  define  what  is  important  to 
ou.  national  security. 

The  point  I would  like  to  emphasize  is  that  no  one  really  knows  when 
what  you  described  as  general  knowledge  will  become  a vital  element 
in  maintaining  our  national  security. 

This  program  that  we  are  describing  to  you  is,  we  feel,  the  properly 
paced  program  to  keep  us  advancing  in  the  areas  of  geophysics  and 
astronomy  at  the  rate  necessary  to  maintain  our  strength  in  science  and 
in  the  things  that  we  can  do  with  science. 

In  addition,  since  we  are  well  down  the  track  on  this  program,  we 
are  not  in  a position  to  cut  back  without  costing  more  to  the  overall 
program. 

Our  slowdown,  we  feel,  was  about  the  maximum  stretchout  thii 
one  should  reasonably  tr  y to  make. 

Dr.  Weaver.  Well,  the  answers  we  get  through  our  experiments  are 
available  to  all  nations,  isn’t  that  correct  ? 

Dr.  Newell.  That  is  correct. 

Dr.  Weaver.  In  other  words,  anything  we  gain  from  this  will  be 
available  to  the  Russians  ? 

Dr.  Newell.  That  is  correct. 

Dr.  Weaver.  The  Russians  do  not  have  to  be  carrying  on  these  kinds 
of  experiments  and  spend  this  kind  of  money  f 

Dr.  Newell.  But  they  are. 

Dr.  Weaver.  We  are  not  gaining  from  their  experiments  at  all, 
are  we? 

Dr.  Newell.  I would  say  not  to  the  same  degree  they  are  from  ours. 

However,  this  is  the  type  of  race,  if  you  wish  to  call  it  a race,  in 
which  yon  are  safe  onlv  if  vou  keep  running. 

You  are  not  safe  if  you  let  someone  else  do  the  running  for  yon. 
You  are  not  in  a position  to  understand  thoroughly  what  he  is  doing  if 
vrri  are  not  also  doing  a substantial  part  of  it. 

Dr.  Weaver.  If  you  are  giving  him  the  information  you  are  also 
making  it  possible  for  him  to  go  ahead  with  all  of  the  extra  cost  we 
have  involved  in  the  program  ? 

Dr.  Newell.  He  is  in  a better  position  to  plrty  the  game  that  way, 
than  we  are,  that  is  true. 
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But  we  are.  not  in  a position  to  gain  by  not  doing  it. 

Tiie  Chairman.  Dr.  Weaver,  will  you  yield  for  just  a moment  ? 

Dr.  Weaver.  Yes,  sir*  ■.  v . . ; 

The  Chairman.  Do  you  arrive  at  this  conclusion  because  the  United 
States  is  doing  more  in  the  field  of  space  sciences  than  the  Russians  ? 
Det.me  ask : How  does  our  program  compare  with  the  Soviet  program 
in  this  area  ? 

Dr.  Newell,  In  these  areas  of  fundamental  research,  I feel  that  our 
program  is  considerably  better  than  the  Russian  program. 

, The  Chairman.  Are  we  doing  twice  as  much? 

Is  there  anv  wav  vou  can  comnare  this  and  be  fairlv  accurate  ? 

I know  it  is  difficult,  but  it  would  help  us. 

Dr.  Newell.  We  could  give  launch  numbers,  perhaps,  but  that  is' 
not  a real  comparison. 

I would  say  the  strength  of  our . / 

The  Chairman.  Haven’t  they  stepped  up  this  part  of  their  pn>* 
gram  here  the  last  6 or  8 months  ? 

Haven’t  I properly  assessed  this,  when  I read  in  the  newspaper  they 
have  gone  into  the  explorers,  or  at  least  the  Explorer-type  spacecraft, 
such  as  we  are  discussing  now  ? . 

Dr,  Newell,  They  have  had  a large  number  of  what  they  call  scien- 
tific firings  during  the  past  year. 

The  Chairman.  How  many,  Doctor  ? ; * 

Mr,  Cobtright.  Using  Soviet-announced  information,  plus  two 
Venus  shots  which  were  not  announced  by  the  Russians,'  they  launched 
15  satellites  and  deep  space  probes  which  they  classified  as  scientific 
last  year.  We  launched  11.  This  does  not  include  any  failures  they 
might  have  had  and  did  not  announce,  or  any  launchings  that  we 
may  not  know  about.  • • ‘ v • 

Dr.  Weaver.  They  stand  to  benefit  by  all  of  our  experiments,  and 
we  do  not  by  theirs,  is  that  correct  ? 

Mr.  Cortright.  We  publish  more  than  they  do,  and  probably  our 
data  are  more  rapidly  and  more  readily  available. 

Dr.  Weaver.  Is  this  one  of  the  fields  where  we  are- trying  to  get 
joint  international  action,  shall  we  say,  in  scientific  exchange  of  ideas! 

Dr.  Newell.  Yes,  it  is.  • 

Dr.  Weaver.  We  have  not  succeeded  ? 

We  have  succeeded  partially.  But  this  is  the  field'  we  are  ttying  to> 
press  on  forward  in,  sharing  the  costs  of  this  type  of  program! 

Dr.  Newell.  This  is  an  area  in  which  we  have  succeeded  in  getting* 
the  Russians  to  agree  in  principle  to  develop  a cooperative  pfOgram, 
which  includes  sharing  of  information-  and  the  conduct  of  related^ 
operations. 

That  is  to  say,  we  would  launch  a satellite  in  -a  program,  they 
would  launch  a satellite,  and  the  two  satellites  together,  then,  make 
a combined  program  that  is  more  effective  than  the  one  nation  doing- 
only  itspart. 

One  fundamental  requirement  of  this  program  is  that  the  databe" 
shared  completely.  • 

Another  fundamental  requirement  is  that  the  United  States  not' 
enter  into  a direct  exchange  of  data  with  Russia  until  they  are  in.;*' 
position  to  send  back  to  us  directly  an  equivalent  amount  of  equivalents 
information.  ‘ ' ' 7 
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The  Russians  have  agreed  in  principle  to  this  approach  to  the 
problem. 

The  Chairman.  How  recently  was  that  agreement  reached? 

Dr.  Newell.  That  agreement  was  the  basic  agreement  arrived  at  in 
Geneva  last  spring. 

, The  Chairman.  Why  are  they  getting  more  information  than  we 
are,  then? 

When  their  launches  have  been  15  as  compared  to  our  11  in  the  past 
year? 

Dr.  Newell.  Are  you  asking  why  is  their  program  larger  than  our 
program? 

I don’t  really  know  the  answer  to  that. 

The  Chairman.  I am  asking  why  they  are  getting  more  informa- 
tion from  us  than  we  are  getting  from  them,  when  their  launches, 
their  scientific  satellite  experiments,  have  been  greater  in  number  than 
ours? 

Dr.  Newell.  Their  publications  in  the  open  literature  have  not 
been  as  extensive  as  ours,  or  as  rapid. 

The  Chairman.  Do  you  feel  that  this  agreement  is  being  violated 
in  any  sense  of  She  word  ? 

Dr.  Newell.  The  agreement  is  to  work  toward  a cooperative'pro- 
gram  in  which  those  will  be  the  basic  elements  of  the  program. 

The  Chairman.  Thank  you. 

Mr.  Hammell.  Along  Dr.  Weaver’s  line  of  questioning,  can  you 
explain  why  the  Soviets  bother  to  go  into  these  areas  at  all  when  we 
publish  the  results  of  all  of  our  experiments  in  the  open  literature? 
It  appears  they  could  divert  those  funds  to  other  areas  in  their  space 
program.  ■ 

Dr.  Newell.  It  is  my  belief  that  they  recognize  that  in  order  to 
make  most  effective  use  of  information  that  comes  out  of  programs 
like  this,  they  also  have  to  be  in  the  running,  they  have  to  be  doing 
some  of  this. 

Their  scientists  are  not  in  a strong  position  if  they  are  told  all  you 
can  do  is  look,  see  what  the  United  States  is  doing,  and  make  use  of 
that  data. 

Mr.  Hammill.  That  is  what  our  scientists  do  with  our  own  data, 
isn’t  it? 

In  other  words,  the  Data  and  Tracking  Acquisition  people  come 
up  with  the  information  and  they  hand  it  over  to  others  who  analyze 
it? 

Dr.  Newell.  Oh,  no,  no. 

The  people  who  analyze  and  interpret  these  data  are  the  people 
who  designed  the  experiments  and  followed  very  closely  the  develop- 
ment of  the  instruments  and  worked  with  the  centers  that  were  pre- 
paring the  satellite,  right  through  to  the  end,  where  they  finally 
reduced  the  data  and  interpreted  it. 

In  fact,  it  sometimes  becomes  almost  impossible  to  interpret  the 
data  if  you  are  not  right  in  with  it. 

An  example  is  that  of  the  Mariner  temperature  data,  wherein  a 
little  problem  crept  up  about  the  interaction  between  the  radiometer 
measurements  and  the  infrared  measurements,  which  could  be  under- 
stood only  by  the  people  who  were  living  with  that  experiment. 

The  Chairman.  Let  me  see  if  this  is  a fair  statement  to  make. 
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Tou  may  have  a very  complicated  problem  when  you  put  it  on  the 
blackboard.  You  provide  along  with  it  a very  complicated  formula 
to  solve  the  problem,  and  then  iust  give  the  answer?  but  don’t  go 
through  the  working  of  the  problem,  to  tell  the  individual  how  you 
arrived  at  the  answers. 

Is  this  fairly  comparable,  Doctor  ? 

Dr.  Newell.  That  is  a very  £?ood  analogy. 

The  student  who  just  sits  in  the  class,  say  as  an  auditor,  and  just 
watches,  but  does  not  do  the  work 

The  Chairman.  He  does  not  get  anything  out  of  it. 

He  does  not  know  how  he  got  the  answer,  does  he  ? 

Dr.  Newell.  That  is  right. 

Dr.  Weaver.  Mr.  Chairman,  on  the  other  hand,  we  spend  millions 
of  dollars  on  the  reseach  experiments,  and  if  they  benefit  with  the 
subsequent  knowledge,  it  seems  to  me  we  are  giving  them  a chance  to 
demonstrate  communistic  superiority  in  contrast  with  our  superiority. 

The  Chairman.  In  the  analogy  that  I drew,  if  you  put  the  problem 
on  the  blackboard,  and  put  the  answer  alongside  of  it,  the  student 
knows  what  the  answer  is  to  the  problem,  but  does  not  Know  how  to 
arrive  at  it.  He  does  not  know  how  to  work  the  problem  to  get  the 
answer. 

My  question  was:  How  valuable  is  this  information?  That  is,  the 
answer  we  get  from  the  experiment,  to  the  Soviets,  compared  to  the 
value  that  we  get  by  knowing  how  we  arrived  at  tne  answer?  This 
was  my  question. 

Dr.  Newell.  Your  analogy  was  a good  one. 

The  Chairman.  The  fact  of  the  matter  is,  the  answer  is  not  nearly 
as  important,  then,  is  it,  Doctor,  as  the  way  you  arrived  at  the  answer  : 
working  the  problem  ? 

Dr.  Newell.  It  is  not  nearly  as  important  as  the  understanding  of 
how  you  got  at  the  answer  and  the  perspective  in  which  that  answer 
sits. 

The  Chairman.  So  though  they  get  some  information,  this  is  really 
not  valuable  unless  they  go  through  the  process.  It  may  help  them 
in  working  out  an  experiment  of  their  own  that  is  similar,  but  before 
they  really  benefit,  they  must  almost  go  through  the  whole  process. 

Is  that  what  you  are  saying  ? 

Dr.  Newell.  They  must  go  through  a large  portion  of  that  process. 

The  Chairman.  I would  say  this  probably  accounts  for  the  reason 
why  they  are  now  embarking  upon  an  extensive  scientific  program 
when,  if  the  answers  were  of  any  great  value,  they  could  take  the 
answers  from  our  program,  and  not  have  any  scientific  program. 

Dr.  Newell.  I suspect  that  may  well  be  true. 

Also,  there  is  another  point  one  should  recognize,  and  that  is  that 
the  total  product  of  a program  like  the  space  sciences  program  is  not 
just  the  papers  that  come  directly  from  the  funded  program. 

It  is  also  the  papers  that  come  from  other  people,  in  other  areas, 
who  watch  this,  and  then  insert  these  products  into  their  researches 
and  come  out  with  new  ideas  in  other  corners  of  the  total  research 
activity. 

We  want  that  product  not  only  from  our  own  people  but  also  from 
other  countries  around  the  world  who  work  along  with  us. 

I think  a good  example  of  how  this  works  is  given  by  the  carbon 
dating  technique  that  has  become  so  familiar  nowadays,  in  which 
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radioactivity  of  materials  contained  in,  say  wood  or  stone,  and  so 
forth,  can  be  used  to  determine  how  old  that  object  is,  whether  it  is  a 
huhiari  artifact,  or  perhaps  natural  deposit. 

The  techniques  of  using  radioactivity  were  known  to  the  physicists. ' 

The'tieed  to  know  the  age  of  old  deposits,  paleontologic  deposits, ' 
and  so  forth,  was  known  to  the  bioscientists. 

It  was  not  until  a couple  of  them  got  together  in  an  open,  unclassi- 
fied meeting,  that  their  coriibined  knowledge  was  brought"  together 
to  develop  this  new  And  very  powerful  technique. 

Now  if  we  had  attempted  to  classify  both  of  these  into,  say,  only 
those  that  have  a need  to  know  will  know  about  these  techniques,  we 
would  have  kept  the  nuclear  techniques  and  bioscience  techniques 
apart,  and  you  would  not  have  had  fhi?  combined  result. 

Another  example  was  given  some  time  ago  by,  I am  afraid  I have 
forgotten  who  provided  it,  but  it  is  in  the  nuclear  field. 

In  the  early  1930’s,  a paper  was  published  by  Fermi  on  the  subject 
of  nuclear  energy. 

This  paper  was  published  in  the  open  literature.  The  following 
year  several  papers  were  published  on  the  subject. 

The  following  year  more.  Until  in  the  late  thirties  there  were 
large  numbers  of  papers  being  written  on  this  subject  by  people  in 
various  countries. 

Out  of  this  whole  process  came  the  ability  to  develop  the  nuclear 
bomb,  and  reactors,  and  so  on. 

If  you  had  classified  Fermi’s  paper,  you  would  not  have  gotten 
the  input  from  all  of  these  other  people,  including  those  in  the  other 
countries.  And  furthermore,  you  would  have  been  in  trouble,  be- 
cause Fermi’s  first  paper  was  wrong,  but  it  stimulated  a process  that 
led  to  the  right  results. 

And  then  there  is  a third  point  that  I think  one  should  keep  in 
mind,  and  that  is,  that  there  are  not  really  any  secrets  of  nature. 

If  you  attempt  to  classify  secrets  of  nature,  you  penalize  yourself 
more  than  the  other  country,  because  nature  is  just  as  ready  to  reveal 
its  secrets  to  others  as  to  you. 

There  are,  however,  secrets  of  technology.  These  are  inventions  of 
man,  equipments,  processes,  and  so  forth. 

So  that  if  you  wish  to  increase  your  position  relative  to  the  enemy’s 
position,  you  should  concentrate  on  classifying  those  inventions  that 
you  have  made,  and  make  him  work  at  guessing  what  they  were  and 
also  producing  the  invention.  But  in  order  to  benefit  by  the  process 
of  exploring  nature,  and  learning  the  facts  of  nature,  the  best  way  to 
do  it  is  to  keep  that  open  and  unclassified. 

Dr.  Weaver.  Mr.  Chairman? 

The  Chairman.  Yes. 

Dr.  Weaver.  My  concern  has  been  the  application  of  this  knowl- 
edge by  the  Russians  is  not  the  same  application  we  are  applying. 

Their  application  is  to  demonstrate  the  communistic  superiority. 

We  are  doing  it  for  other  purposes.  We  can  spend  money  on  de- 
veloping products^  or  as  the  English  did,  penicillin,  but  if  you  don’t 
apply  it  we  are  going  to  have  trouble. 

It  seems  to  me  they  can  take  this  knowledge  and  are  taking  it  to 
apply  to  their  superiority  and  to  their  attempts  at  superiority  in  com- 
munistic philosophy. 
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'i  ■/  • "■■■  ' ‘ •.  » : • • ’ 

This  is  my  basic  concern.  _ ■ 

* Mr.  Cortright.  Dri-  Weaver/ 1 woufiTlike'  to  make  a conunent.iiv 
response  to  that.  ; : ‘ * ; •/  ' . . 

It  seems  clear  to  me  that  theS,Qvietshave  made  a national  deterjni- 
nation  to  be  a major  “spacefaring,Jf>  nation.  , 4 ' 

They  recognize  the  stakes  are  high,1  world  technological  leadership- 
in  their  judgment.  - . . 

I think  it  is  inconceivable  they  would  make  this  determination  and, 
then  rely  on  fundamental  data  obtained  from  a competitor  to  make  it 
all  possible.  They  recognize  that  fundamental  data  and  knowledge  of 
space  is  absolutely  necessary  for  success. 

It  is  a prerequisite  to  carry  on  with  the  space  exploration  they  have 
in  mind.  ... 

I think  the  same  applies  to  us.  . . , - 

The  Chairman.  Could  I make  another  analogy,  and  see  if  this  will 
help  the  situation?  - 

For  example,  was  it  during  the  Korean  war  the  Sidewinder  was., 
developed — yes,  it  was:  Wasn’t  it?  . 

Mr.  Hammill.  Yes.  r 

The  Chairman.  Here  is  another  situation.  They  were  the  unhappy, 
target.  When  the  first  Sidewinder  was  fired  they  knew  we  had  it,. 
Dr.  Weaver.  I say,  it  homed  in  on  the  target,  and  the  principle 
was  there  for  everybody  to  see  it,  an  infrared  sensor  seeking  type  ve- 
hicle, and  went  up  the  tail  pipe  of  the  airplane. 

But  for  them  to  develop  one,  or  make  one,  that  did  the  same  thing, 

I suppose  it  was  substantially  different  from  knowing  that  there  was 
one  that  actually  had  this  effect,  or  did  this  kind  Of  a job. 

Is  this  fairly  close  to  what 'you  are  saying?  . - 
Dr.  Newell.  This  is  a very  good  example. 

The  Chairman.  That  if  the  Soviets  really  do  not  conduct  these  ex- 
periments, so  that  they  know  how  and  why  they  arrived  at  the  answer,, 
indeed  they  get  very  little  value  from  the  answers  that  we  supply  as 
a result  of  our  experiment  ? 

Is  this  correct  or  not?  ' . • . , 

Dr.  Newell.  That  is  correct.  They  do  not  develop  the  experts  who  * 
then,  working  along  with  their  engineers,  can  produce  things  of  the, 
sort  as  a Sidewinder.  V.  . .. 

Mr.  Cortrtght.  You  would  end  up  intellectually  tagging  along  all 
the  time,  rather  than  leading.  ; 

There  is  no  substitute  for  leading.  . . : 

Dr.  Newell.  Take  the  distinction  between  what  one  calls  a scholar,, 
and  a man  who  is  really  in  there,  with  bis  sleeves  rolled  up  doing 
something.  -r  , 

The  scholar  can  be  very  learned,  .spending  all  his-. time  reading 
books,  and  knowing  what  other  people  have  done,  but  may  make  no 
contribution,  ...  . . . 

We  don’t  want  to  tend  that  way.  We  want  to  be  in  there  contribut- 
ing, and,  in  order  to  make  the  maximum  contribution,,  we  have  got  to  - 
make  our  results  available  to  the  total  scientific  community,  - 
We  have  got  to  be  carrying  out  these- researches.  An$  the  payoff" 
more  than  offsets  the  disadvantages  that  Dr.  Weaver  brings  out. 

The  Chairman.  Let  me  ask  either  one  of.  you  this  question. 

As  long  as  we  are  talking  about  the  Nation’s  security,  how  can  this 
program  be  applied  to  answer  some  of  the  questions  we  face  from  the  • 
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standpoint  of  national  security?  How  much  of  the  Office  of  Space 
lienees  program  is  valuable  to  the  Nation’s  security?  Mr.  Cart- 
right,  or  Dr.  Newell  ? 

Dr.  Newell.  I would  say  that  the  Office  of  Space  Sciences  program 
is  an  essential  part  of  our  overall  national  program  to  maintain  na- 
tional security. 

It  is  true  that  our  program  is  a peaceful  one.  It  is  true  that  our 
results  are  published  in  the  open  literature. 

It  is  true  that  we  do  not  develop  weaifons.  But,  we  do  gather  basic 


data  and  develop  the  understanding  of  our  space  environment  that  is 
encountered  by  space  weapons  systems,  and  these  data  and  principles 
have  to  be  used  in  the  development  of  those  space  weapons  systems. 

For  example,  we  gather  tne  information  needed  to  protect  against 
radiation  damage.  We  obtain  data  on  geodetic  effects  and  atmos- 

nhamA  4-1-*  r*  4*  n irfAAV\AVl^o  A AAtiWAAt? 


ace  weapons  systems,  and  these  data  and  pnncip 
the  development  of  those  space  weapons  systems, 
e gather  tne  information  needed  to  protect  against 


pheric  effects  that  influence  a weapon’s  accuracy. 

We  provide  data  on  the  radiation  hazard  to  man  in  space.  And, 
as  you  know,  the  Department  of  Defense  is  very  much  concerned  about 
being  able  to  use  the  man  in  space  capability  for  national  security. 

We  gather  information  about  solar  effects  on  weather  and  climate, 
both  of  which  are  important  to  military  operations  and  military 
preparations. 

And  we  develop  technology  that  is  important  in  these  areas  when 
we  carry  out  our  researches ; the  instruments,  the  spacecraft,  the  proc- 
esses that  we  develop  are  then  important  to  the  inventors  who  develop 
military  space  systems. 

Then,  finally,  and  this  is  most  important,  we  develop  the  experts 
who  then  can  work  with  the  Department  of  Defense,  who  have  the 
knowledge,  experience,  and  feeling  for  what  these  mean,  to  make  these 
data  usable  to  the  Department  of  Defense^  and  our  people  are  con- 
stantly consulting  with  the  Department  of  Defense  people  on  what 
we  have  learned  and  how  it  can  be  applied. 

The  Chairman.  Dr.  Weaver? 

Dr.  Weaver.  The  chief  area  where  I am  a little  hit  concerned  again, 
too,  is  the  fact  that  if  the  Russians  have  as  their  goal  military  superi- 
ority in  space,  and  we  have  as  our  goal  a manned  lunar  landing,  are 
we  not  perhaps  dissipating  some  of  our  resources  and  our  finances 
into  that  particular  phase  to  the  detriment  of  our  national  security? 

Dr.  Newell.  I think  we  have  as  our  goal  the  national  preeminence 
in  science  and  technology. 

That  is  the  overall  goal.  And  we  have  as  a supporting  endeavor  the 
manned  lunar  landing  effort,  because  that  manned  lunar  landing 
effort  will  contribute  to  the  overall  goal  in  several  ways. 

First.  If  we  achieve  it  and  do  a good  job  of  it,  it  will  be  a good 
advertisement  for  our  science  and  technology. 

Second.  It  makes  our  engineers  and  scientists  work  on  an  exceed- 
ingly difficult  problem  and,  in  the  process,  makes  them  develop  tech- 
niques and  skills  and  abilities  and  accumulate  facts  and  knowledge 
and  ideas  that  are  then  available  to  our  whole  national  economy  and 
to  our  whole  research  and  engineering  complex,  to  do  all  the  other 
things  that  can  he  done  with  that. 

It  is  like  an  exercise  that  is  given  to  a man  who  is  working  toward 
a degree.  He  is  working  toward  a degree  as  his  main  objective  at 


1964  NASA  AUTHORIZATION 


1693 


the  moment,  but  the  byproduct  that  he  really  wants  is  the  ability  to 
go  out  in  the  world  ana  ao  things,  get  a job. 

This  is  the  sort  of  byproduct  we  are  after. 

This  lunar  landing  project  then  serves  as  a focus  for  obtaining  that 


byproduct  in  a very  effective  way. 
The  Chairman.  Thank  vou  ver 


The  Chairman.  Thank  you  very  much. 

Dr.  Weaver,  do  you  have  something  else? 

Dr.  Weaver.  That  is  all  at  this  time. 

The  Chairman.  I wonder  if  we  could  adjourn  for  the  day  on  that 
note.  Doctor?. 

We  don’t  have  authority  to  sit  while  the  House  is  in  session.  Hope- 
fully we  will  get  through  the  backup  book  tomorrow. 

Dr.  Newell.  All  right,  sir. 

The  Chairman.  We  will  adjourn  until  10  o’clock  tomorrow 
morning. 

Thank  you  very  much. 

(Whereupon,  at  12:07  p.m.,  the  subcommittee  was  adjourned,  to 
reconvene  at  10  a.m.,  Thursday,  March  14, 1963.) 
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THUB8DAY,  MABCH  14,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
, and  Advance*)  Research  and  Technology, 

Washington,  D.O. 

. The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in  room 
304,  Cannon  Building,  Hon.  Joseph  E.  Karfch  (chairman  of  the  sub- 
committee) presiding. 

The  Chairman.  The  meeting  will  be  in  order. 

Dr.  Newell,  I think  that  yesterday  when  we  adjourned,  we  had  just 
completed  the  discussion  of  the  orbiting  geophysical  observatory;  is 
that  correct? 

Dr.  Newell.  We  had  completed  the  experiments  portion  of  the 
orbiting  geophysical  observatory. 

The  Chairman.  Would  you  care  to  proceed,  Dr.  Newell? 

FURTHER  STATEMENT  OF  DR.  HOMER  E.  NEWELL,  DIRECTOR, 
OFFICE  OF  SPACE  SCIENCES,  NASA,  ACCOMPANIED  BY  EDGAR  M. 
CORTRIGHT,  DEPUTY  DIRECTOR,  AND  ELDON  D.  TAYLOR,  RE- 
SOURCES MANAGEMENT  OFFICER 


Dr.  Newell.  Thank  you,  Mr.  Chairman. 

We  have  been  looking  at  the  numbers  that  the  committee  gave  us 
yesterday  on  comparison  of  present  operating  plans  for  the  fiscal 
year  1963  with  the  request,  and  are  in  a position,  if  the  chairman  wishes, 
to  provide  a more  complete  answer  to  the  questions  you  gave  us 
yesterday. 

If  you  would  wish  us  to  do  so,  I would  like  to  ask  Mr.  Taylor  ;to 
give  that  to  you. 

The  Chairman.  Yes,  please  proceed.  _ * “ . 

Mr.  Taylor.  Mr.  Chairman,  after  reviewing  the  material  that  we 
were  provided  yesterday,  I would  like  to  say  just  a few  things  to 
olarify  our  testimony  of  yesterday. 

As  we  mentioned  to  you,  there  are  three  things  which  cun  affect  the 
numbers  presented  to  you  last  year  in  1963,  ana  the  number  that  you 
see  in  the  1963  column  this  year. 

One  of  these  things  that  can  affect  it  is  the  application  of  salaries 
and  other  overhead  expenses.  ' 

I discussed  part  of  this  at  some  length  yesterday.  ; 

So  that  it  won’t  be  a misrepresentation,  this  segment  is  a very  small 
part  of  the  total.  It  is  only  about  $3^  million.  ^ * ' 
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lu  other  words,  last  year  our  total  salaries  and  support  amounted  to 
$57  million  in  space  sciences. 

This  year  the  same  application  of  salaries  and  support  amount  to 
about  $53.5  million. 

So  that  portion  of  our  discussion  was  addressed  to  this  $3.5  million 
adjustment,  or  this  $3.5  millipp  better  estimating. 

Another  thing  that*  can  affect  the  budget,  or  affect  the  comparison 
of  them,  are  re-structurings,  and-we-have  had  some  re-structurings 
from  last  year  to  this  year. 

The  third  thing  that  can  affect  it  are  the  reprogramings,  which 
we  have  been  discussing  item  by  item  as  we  go  through  the  book. 

The  Chairman.  l#hat  was,the  second  one  f 
Mr.  Taylor.  I^slructurjng. 

The  Chairman.  Do  you  care  to  clarify  that  ? 

Mr.  Taylor.  Yee,  sir.  As  an  example,  the  effort  that  we  presented 
to  you  last  year  in  our  supporting  research  and  technology.  When  we 
completed  our  reorganization,  it  was  obvious  that  some  of  this  effort 
should  be  monitored  by  the  Office  of  Advanced  Research  and  Tech- 
nology. 

So  about  $14.3  million  that  was  included  in  our  program  as  basic 
work  was  transferred  to  the  cognizance  of  the  Office  of  Advanced  Re- 
search and  Technology. 

A third  thing  that  can  affect  this  are  the  reprogramings  we  have 
been  going  over. 

If  you  would  allow  me  just  to  summarize  in  total,  the  total  sheet 
that  you  have,  I think  it  will  become  very  clear  what  these  differences 
^ere,  : 

"When  we  make  some  minor  adjustments  in  the  first  column  to  make 
this  the  true  research  development  and  operation  amounts  in  our 
budget  last  year,  this  adds  up  to  about  $550.6  million. 

If  we  compare  that  R.D.  & O.,  including  salaries  and  support,  with 
* the  column  you  have  called  Original  Budget,  which  would  be  the 
conversion  to  R.  & D.,  as  opposed  to  R.D.  & O.,  there  is  a difference  of 
$71.1  million,  aad  this  is  the  area  in  which  you  were  interested.  What 
are  these  differences  ? 

Now,  that  difference  of  $71.1  million- 

The  Chairman.  That  $11  million  differs  quite  substantially  from 
what  we  have,  is  that  correct  ? 

Mr.  Taylor.  Yes,  sir.  We  made  some  adjustments  in  the  1963 
request. 

The  Chairman.  In  other  words,  your  figure  is  double  what  I have 
here. 

Mr.  Taylor.  Approximately,  yes,  sir. 

The  Chairman.  Your  budget  request  was  about  $25  million  more 
than  I have  on  my  sheet. 

Mr.  Taylor.  Yes,  sir.  There  are  certain  discrepancies  in  this  sheet. 
For  instance,  the  sounding  rocket  line,  on  your  first  page,  was  omitted 
completely  from  the  sheet,  and  this  is  $19.1  million. 

The  Chairman.  I see. 

Mr.  Taylor.  So  there  are  discrepancies  like  this,  sir. 

. The  Chairman.  The  sounding  rockets  and  geoprobes,  I guess,  are 
what  you  are  . referring  to  here  on  page  1 f 

Mr.  Taylor.  Yes,  sir. 
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The  Chairman.  All  we  have  on  our  sheet  is  the  $4.3  million  for  the 
Geo  program? 

Mr. Taylor.  Yes,sir. 

The  Chairman.  The  sounding  rockets  was  10- what? 

Mr.  Taylor.  $19,157,000. 

When  you  adjust  for  thesis  types  of  discrepancies  the  total  (tomes  to 
$550.6  million. 

The  difference  is  $71.1  million.  Fifty-seven  million  of  that  differ- 
ence is  just  personnel  and  support.  We  were  comparing  apples  and 
oranges  before,  the  apples  being  R.D.  & O.,  which  includes  personnel 
and  support  and  the  other  column  being  just  the  R.  & D.  So  $57 
million  of  that  difference  is  just  our  pereonnel  and  support  effort  that 
we  submitted  to  you  last  year. 

The  other  difference  is  the  $14.3  [million  that  I just  discussed  with 
you,  transfers  of  effort  to  the  Office!  of  Advanced  Research  and  Tech- 
nology. 

The  Chairman.  Any  other  explanation  you  would  like  to  give? 

Mr.  Taylor.  No,  sir;  I think  that  will  clarify  our  testimony  for  the 
record. 

The  Chairman.  Thank  you  very  much , Mr.  Taylor. 

Dr.  Newell  ? 

Dr.  Newell.  For  the  Orbiting  Geophysical  Observatories,  in  addi- 
tion to  the  fund  which  we  have  discussed  for  spacecraft  and  experi- 
ments, there  are  requirements  for  ground  operations,  totaling  $8  mil- 
lion, and  for  test  and  support,  totaling  $1.6  million,  brings  the  total 
for  spacecraft  support,  testing,  and  so  forth,  to  $39.6  million,  at  the 
bottom  of  page  28.  This  compares  with  $27.5  million  for  1963. 

The  Chairman.  Mr.  Morris? 

Mr.  Morris.  How  much  of  your  1963  money  is  unobligated  ? Do 
you  have  that? 

Dr.  Newell.  Slightly  less  than  half  remains  unobligated,  sir. 

Mr.  Morris.  Thank  you. 

The  Chairman.  Slightly  less  than  half  of  what,.  Doctor — of  the 
$27.5  million  ? 

Dr.  Newell.  Of  the  total,  in  fact,  it  is  quite  a bit  less  than  half.  Let 
me  give  you  the  numbers.  The  obligations  are  $19.59  million,  so  we 
have  to  subtract  that  from  the  27.5,  so  it  is  quite  a bit  less  than  half 
which  remains  unobligated. 

Mr.  Morris.  Unobligated  is  about  $8  million  of  the  1963  money. 

The  Chairman.  $19  million  is  obligated  ? 

Dr.  Newell.  Yes. 

The  Chairman.  So  there  is  about  nine  unobligated? 

' Dr.  Newell.  Yes ; quite  a bit  less  than  half  remains  unobligated. 

Mr.  Morris.  Under  your  program,  as  it  looks  now,  this  w ill  be  obli- 
gated by  the  time  the  1964  budget  money  is  available? 

Dr.  Newell.  Yes,  it  is  quite  clear.  The  numbers  we  have  are 
through  January,  so  we  have  the  month  of  February  and  part  of 
March  behind  us  also. 

The  Chairman.  Well,  most  of  these  funds,  if  not  all  of  them,  in  all 
of  the  project  areas,  are  contracted  for,  aren’t  they  ? 

That  is,  these  contracts  have  been  let  to  cover  the  dollar  amounts  of 
money  that  you  received  for  fiscal  1963.  Or  are  we  going  to  have  a 
nice  healthy-looking  balance  sheet  at  the  end  of  the  fiscal  year? 
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Dr.  Newell,  Toil  mean  by  “healthy  looking  balance  sheets,”  money 
leftover? 

The  Chairman.  Surplus,  yes. 

Dr.  Newell.  No  ; we  will  not  have'any  surplus.  A large  fraction  of 
these  moneys  go  into  contract. 

For  example,  the  amount  to  the  systems  contractor,  the  space  tech- 
nology laboratories,  is  $13.6  million. 

The  Chairman.  The  point  is,  all  of  your  funds  are  in  effect  obli- 
gated, aren’t  they,  or  will  be  as  of  the  30th  day  of  J une? 

. Dr.  Newell.  They  will  be,  yes.  The  commitments  as  you  know  run 
well  ahead  of  the  obligations,  and  the  commitments  are  almost  up  to 
the  $27  million. 

Mr.  Morris.  Doctor,  do  you  issue  a letter  of  commitment? 

The  different  agencies,  and  even  within  agencies,  it  seems  to  me 
they  use  different  terminology  and  the  different  procedure. 

When  you  say  “committed,”  does  that  mean  that  you  have  issued  a 
letter  of  commitment  to  someone  for  this  money  ? 

Dr.  Newell.  That  means  that  within  the  agency 

Mr.  Morris.  Or  is  it  a verbal  commitment  or  just  a plan  ? 

Dr.  Newell.  No;  this  means  within  the  agency,  the  moneys  are 
assigned  to  this  project  and  the  process  of  bringing  this  to  obligation  is 
underway. 

Mr.  Morris.  This  is  just  an  intra-agency  commitment? 

Dr.  Newell.  An  internal  agency  commitment,  yes. 

Mr.  Morris.  When  I think  of  an  obligation,  and  when  I was  ask- 
ing the  question  I was  thinking  of  it  as  something  whereby  you  had 
obligated  your  agency  to  spend  that  money. 

In  other  words,  you  had  signed  a contract  for  that  much  money? 

Dr.  Newell.  We  use  that  the  same  way. 

Mr.  Morris.  You  think  of  it  the  same  way? 

Dr.  Newell.  When  we  make  a commitment  we  have  set  those 
moneys  aside,  they  cannot  be  used  by  anyone  else  for  anything  because 
we  are  in  the  process  of  working  out  a contract,  negotiating  with  the 
contractor,  obligations  necessarily  lag  these  commitments. 

Mr.  Morris.  Suppose  you  have  money  committed  and  they  just 
reprogram  it.  . ‘ . 

Dr.  Newell.  They  cannot.  That  is  the  agency’s  protection  against 
that  happening.  When  these  are  committed,  they  are  nailed  down  so 
when  the  negotiation  is  complete  the  moneys  are  there.  When  the 
negotiation  is  complete,  these  become  an  obligation. 

The  Chairman.  What  is  the  difference  in  amount  between  the  com- 
mitted funds  and  the  obligated,  Doctor? 

Dr.  Newell.  At  the  present  time,  the  commitments  are  $23.2  million 
and  the  obligations  are  $19.6  million., 

The  Chairman,  Mr.  Morris  ? 

Mr.  Morris.  This  brings  up  a question. 

What  has  the  agency  indicated  they  are  going  to  do  with  the  differ- 
ence between  the  $23  and  the  $27  million  which  the  committee  author- 
ized for  this  project? 

Is  this  part  of  the  reprograming  “kitty,” . that  may  be  used  to 
reprogram? 

Dr.  Newell.  Nq,  These  are  to  continue  our  work  on  the  geophysical 
observatory,  and  these  funds  will  be  committed  in  the  process  of  this 
year,  and  will  be  obligated,  also,  in  the  process  of  this  year. 
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Mr.  Morris.  But  they  could,  Doctor,  since  they  have  only  committed 
to  your  office  $23  million  of  the  $27  million  which  the  committee  au- 
thorized for  this  project — this  $4  million  could  be  subject  to  repro- 
graming? 

Dr.  Newell.  It  could  be,  technically,  yes,  but  we  have  the  funds 
assigned  to  the  program. 

It  would  not  be  good  business  to  pull  the  funds  away,  unless  our 
expenses  or  anticipated  requirements  did  not  . need  it,  but  that  is  not 
true. 

Mr.  Morris.  Wouldn’t  it  make  it  easier  for  you  to  run  a project  if 
the  committee  authorized  $27  million  and  then  that  was  a commitment 

.the 
and 

was  committed  when  authorized?  . 

Dr.  Newell.  These  moneys  are  in  the  hands  of  the  Office  of  Space 
Sciences.  Commitments  are  made  upon  our  recommendation  that  we 
are  now  in  a position  to  go  forward  with  negotiation  of  the  contract. 

These  funds  are  then  committed,  and  we  go  ahead  with  negotiating 
the  contract. 

These  $4  million  you  are  referring  to  are  in  our  hands  to  use  on  thin 
project.  It  is  our  intention  to  do  so. 

Mr.  Cortright.  They  are  actually  in  the  hands  of  the  project 
manager  at  Goddard  Space  Flight  Center  but  he  has  not  started 
processing  papers  through  the  pipeline  to  commit  that  money  to  the 
contractor,  or  other  procurements. 

So  it  is  not  sitting  in  a pool  someplace  waiting  to  be  reprogramed^ 
It  is  set  aside  and  assigned  to  this  project. 

Mr.  Morris.  All  right.  That  is  all  I have. 

The  Chairman.  Following  that  just  one  step  further : What  if  some- 
superior  should  say  to  you,  Dr.  Newell.,  that  he  thinks  they  need  that 
$4 y2  million  somewhere  else  ? What  do  you  do  about  it  ? Does  someone 
else  have  that  veto  power,  if  I may  call  it  that  ? 

Dr.  Newell.  The  top  management,  of  course,  has  complete  control 
of  the  NASA  funds.  If  they  should  say  to  us  they  need  that  $4  million, 
then  we  will  have  to  show  to  them  what  we  need  it  for. 

The  Chairman.  Are  you  saying  to  us  that  no  matter  what  we 
authorize  for  an  individual  program,  the  Congress  1ms  not  any  control 
over  that?  That  really  the  Administrator  in  this  case  can  shift  and 
reprogram  and  spend  those  funds  as  he  sees  fit? 

Dr.  Newell.  I am  saying  that  the  legislation  which  the  Congress 
passed  gave  the  Administrator  that  reprograming  authority  within 
the  R.D.  & O.  appropriation. 

The  Chairman.  Well,  yes,  some  authority. 

Dr.  Newell.  With  certain  limitations. 

, The,  Chairman.  But  within  a project  area,  there  is  no  limitation, 
is  there? 

I mean  only  3 percent  of  the  OSS  funds,  for  example,  can  be  re- 
programed in  the  manned  space  flight,  or  vice  versa ; isn’t  that,  it? 

Dr.  Newell.  There  is  no  limitation  on  the  transfer  of  funds  be- 
tween pro  jects  in  the  R.D.  & O.  appropriation.  * . 

The  Chairman.  Mr.  Hammill  informs  me  that  the  percentage  fig- 
ure I was  thinking  of  is  not  3,  it  is  5;  5 percent  of  one  appropriation 


to  that  project  ? 

Wouldn’t  it  be  a little  bit  easier  for  you  to  plan  your  work  for 
next  12  months  if  you  knew  that  money  was  going  to  be  there, 
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may  be  transferred  to  another  appropriation.  I thought  we  had 
changed  that  to  three,  but  apparently  not. 

Br.  Newell.  The  reallocation  authority  within  R.D.  & O.  is  not 
so  limited. 

The  Chairman.  Yes.  Some  funds  may  be  transferred  from  con- 
struction of  facilities  to  research  and  development,  or  vice  versa. 

Br.  Newell.  It  is  vice  versa,  subject  to  the  reprograming  author- 
ity in  the  authorization  act. 

The  Chairman.  Let’s  talk  about  research  and  development.  What 
limitation  is  there? 

Br.  Newell.  From  project  to  project  there  is  no  limitation. 

The  Chairman.  What  about  within  construction  of  facilities;  is 
there  no  limitation  there  either? 

Br.  Newell.  There  is  a whole  series  of  limitations  on  the  repro- 
graming of  construction  funds  which  we  will  be  glad  to  discuss  in 
detail  at  you  r convenience. 

The  Chairman.  Mr.  Hammill? 

Mr.  Hammill.  Mr.  Cortright  mentioned  earlier  that  this  $4  million 
was  not  sitting  in  a pool  someplace  to  be  reprogramed  in  connection 
with  this  particular  item  we  are  talking  about. 

Now,  is  the  implication  of  your  remark  that  there  is  a pool  some- 
place waiting  to  be  used  ? 

Mr.  Cortright.  Absolutely  not. 

What  I meant  was  the  following:  The  way  we  develop  our  finan- 
cial planning  for  the  year  is  as  follows:  we  write  what  are  called 
project  approval  documents  with  the  Associate  Administrator.  When 
he  and  Br.  Newell  sign  this  document,  it  constitutes  an  internal  con- 
tract between  the  Office  of  Space  Sciences  and  general  management 
to  carry  out  a specific  project. 

For  example,  in  this  case,  the  OGO,  the  project  approval  document 
tells  us  that  the  Associate  Administrator  has  set  aside  so  many  dollars 
for  OGO.  This  money  is  made  available  for  the  Office  of  Space 
Sciences,  and  we,  in  turn,  transfer  it  to  the  Goddard  Space  Flight 
Center. 

The  money  is  inviolate  unless  the  general  management  makes  a de- 
termination that  there  is  an  overriding  emergency  which  would  re- 
quire us  all  to  reexamine  our  project  approval  documents  and  our 
plans  for  expenditures  that  year. 

The  Chairman.  Yes;  but  that  overriding  emergency  may  be  only 
in  his  mind.  He  does  not  have  to  prove  to  anyone,  including  the 
subagency  within  the  agency.  When  he  intends  to  transfer  money 
from  project  X to  project  Y,  he  docs  not  have  to  prove  to  anyone 
that  there  is  an  overriding  emergency;  does  he? 

^Dr.  Newell.  Except  in  the  case  of  facilities,  he  must  notify  the 

T^^Chairman.  But  really,  in  fact,  Mr.  Cortright,  I guess  we 
could  say  it  would  he  just  as  accurate  as  you  are,  that  this  money  goes 
into  one  great  big  pool,  subject  to  transfer  at  the  discretion  of  the 
Administrator. 

Mr.  Cortright.  In  the  sense  that  the  Administrator  has  the  legal 
authority  granted  by  Congress  to  reallocate  funds  within  the  over- 
all R.B.  AO.  appropriation. 


1964  NASA  AUTHORIZATION 


\ 


1701 


The  Chairman.  Subject  to  the  limitations  spelled  out  in  the  legis- 
lative authority ; is  that  correct  i 

Mr.  Cortjhght.  Yes;  that  is  correct.  I don’t  think  it  is  accurate 
terminology  to  refer  to  it  as  a “pool,”  because  we  do,  in  fact,  attempt 
to  adhere  to  the  program  whicn  we  present  to  you  and  which  you 
authorize. 

The  Chairman.  I am  just  using  your  word. 

Mr.  Ccrtrigkt.  I will  try  to  think  of  a different  one. 

The  Chairman.  I agree  with  Mi*.  Morris.  It  seems  to  me  that  Dr. 
Newell,  for  example,  who  is  head  of  the  Office  of  Space  Sciences,  could 
be  in  a very  embarrassing  position,  if  not  a very  critical  one,  if  for 
some  reason  the  Administrator  decided  Dr.  Newell  did  not  need  the 
$14,950,000  for  the  OGO  experiment,  as  much  as  the  Administrator 
decided  he  needed  it  for  something  else. 

Mr.  Cortright.  He  has  that  authority. 

The  Chairman.  And  so  all  of  the  reasons  why  we  need  OGO,  as 
you  have  very  ably  explained  to  this  committee,  could  go  for  naught; 
isn’t  that  correct,  Doctor  ? 

Dr.  Newell.  Technically,  yes.  Of  course  the  Administrator  and 
Associate  Administrator  iiave  the  responsibility  of  managing  the 
total  program  so  as  to  come  forth  with  the  most  effective  total  pro- 
gram for  the  countnr. 

The  Chairman.  Yes;  there  is  no  doubt  in  my  mind  but  what  this 
is  not  going  to  be  done  promiscuously. 

The  point  I am  sure  you  are  attempting  to  make  is  that  the  Ad- 
ministrator does  have  this  authority. 

Dr.  Newell.  That  is  correct. 

The  Chairman.  And  there  are  no  limitations  one  way  or  the  other, 
except  for  those  spelled  out  in  the  organic  act  limiting  him  to  transfer 
of  funds  for  reprograming. 

Dr,  Newell.  That  is  correct  with  respect  to  the  reprograming  of 
the  funds  within  the  R.D.  & O.  appropriation. 

The  Chairman.  As  Director  of  OSS,  have  you  had  any  problems 
with  tills? 

Dr.  Newell.  Well,  as  a matter  of  fact,  as  the  numbers  show  this 
year,  the  Office  of  Space  Sciences  came  out  ahead  with  $45  million  to 
shore  up  the  Centaur  project  and  make  two  new  starts. 

Mr.  Morris.  In  the  reprograming  and  reshuffling  of  money  around 
in  NASA,  how  did  the  Office  of  Space  Sciences  come  out  in  total? 

Did  you  get  less  money  than  the  committee  extended  to  you  last  time  ? 

Dr.  Newell.  We  got  $45  million  more  than  we  had  presented  to  the 
committee. 

Mr.  Morris.  Maybe  this  is  where  the  manned  space  flight  program 
was  affected— we  can  say  a part  of  their  money  went  to  your  office. 

I was  down  there  and  they  were  complaining  that  they  were  reduced 
about  $200-and-some-odd  million. 

Dr.  Newell.  I heard  tell  they  said  that.  - 

Mr.  Morris.  This  is  what  brought  this  whole  thing  to  mind, "because 
it  looks  to  me,  Mr.  Chairman,  there  is  quite  a bit  of  room  for  shifting 
around,  maybe  too  much. 

For  instance,  the  Department  of  Defense  can  only  reprogram  $2 
million  at  each  command. 


r 


3 


1964  NASA  AUTHORIZATION 


Mr.  Randall.  There  seems  to  be  some  difference  here. 

You  talk  about  3 percent  and  5 percent,  and  then  within  certain 
limitations  R.D.  & O.  funds  can  be  used  for  the  construction  of 
facilities.  Could  we  go  around  the  track  on  that  again? 

• Dr.  Newell.  The  story  is  that  in  terms  of  overall  reallocation  within 
the  R.D.  & O.  appropriation  there  is  no  limitation.  There  are  speci- 
fic limitations  in  the  authorization  act  with  respect  to  the  use  of 
R.D,  & O.  funds  for  facility  construction. 

Mr.  Randall.  No  limitation  within  R.D.  & O.  ? 

Dr.  Newell.  That  is  right. 

Now,  in  the  transfer  of  fluids  from  R.D.  & O.  to  the  “construction 
of  facilities”  appropriation,  there  is  a limitation  of  3 percent  on  the 
amount  that  can  oe  used  for  new  facility  projects. 

Mr.  Randall.  Either  route  ? 

Dr.  Newell.  No,  the  3-percent  is  from  R.  & D.  to  “Construction.” 

Mr.  Randall.  Is  there  any  other  limitation? 

Dr.  Newell.  Mr.  Taylor? 

Mr.  Taylor.  You  may  transfer  within  the  construction  appropri- 
ation. , 

Mr.  Randall.  Without  any  limitation? 

Mr.  Taylor.  No,  sir;  the  authorization  for  a particular  location 
may  be  increased  by  not  to  exceed  5 percent. 

The  Chairman.  Would  you  say  that  once  more? 

Mr.  Taylor.  Yes,  sir. 

There  are  several  types  of  appropriation  transfer  and  reprogram- 
ing authorities,  and  I realize  that  they  may  get  confusing  at  times. 

Perhaps  we  could  run  down  these  for  the  record. 

Dr.  Newell.  The  reprograming  within  R.D.  & O.  is  without  limita- 
tion. 

The  Chairman.  I think  that  is  right.  That  is  why  I was  confused, 
Doctor. 

We  will  have  the  staff  check  it  and  make  sure  the  committee  mem- 
bers are  informed  as  to  the  precise  authority  that  the  Administrator 
has  in  transfer  or  reprograming  of  funds. 

I think  we  will  let  it  go  at  that. 

Mr.  Randall.  Thank  you. 

Mr.  Chenoweth.  What  is  this  5 percent  you  are  talking  about? 

Mr.  Taylor.  There  is  authority  that  allows  the  Administrator  to 
transfer  3 percent  of  the  R.D.  & O.  funds  to  the  construction  ap- 
propriation, for  unanticipated  facility  items. 

Mr.  Chenoweth.  Who  fixed  t) is  3 percent? 

Mr.  Taylor.  The  Congress. 

Mr.  Chenoweth.  Statutory  limitation? 

. Mr.  Taylor.  Yes,  sir. 

Mr.  Chenoweth.  You  can  take  not  more  than  3 percent  out  of 
R.  & D.  funds  for  construction  on  any  appropriation. 

Mr.  Taylor.  Yes,  sir;  for  new  projects.  An  additional  2 percent 
of  the  R.D.  & O.  appropriation  can  be  transferred  to  the  CoF  ap- 
propriation to  fund  authorized  but  unfunded  construction  projects. 

Mr.  Chenoweth.  That  is  a total  of  5 percent? 

Mr,  Taylor.  Yes.  There  is  also  within  the  construction  appropria- 
tion, the  authority  to  provide  a minimal  flexibility  of  5 percent  for 
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the  transfer  of  funds  between  NASA  installations  to  meet  unusual 
cost  variations. 

Mr.  Chenoweth.  The  R.D.  & O.  appropriation  has  nothing  to  do 
with  that? 

Mr.  Taylor.  No,  sir. 

Mr.  Chenoweth,  The  3 percent  is  what  you  are  concerned  with. 
They  can’t  take  more  than  3 percent  away  from  you. 

Mr.  Taylor.  Out  of  R.D.  & O.  into  construction  for  new  projects; 
yes,  sir.  The  total  transfer  authority  from  R.D.  & O.  to  tne  “Con- 
struction” appropriation  is  5 percent  of  which  only  3 percent  can  be 
used  for  unauthorized  or  new  projects,. 

Mr.  Cortright.  Regarding  the  point  Mr.  Taylor  was  making  on 
the  R.D.  & O.  appropriation,  the  Administrator  can  move  R.D.  & O. 
funds  as  he  sees  fit,  without  limitation,  as  long  as  it  stays  within 
R.D.  & O. 

Mr.  Chenoweth.  He  determines  where  the  R.D.  & O.  funds  go  ? 

Mr.  Cortright.  That  is  correct. 

Mr.  Chenoweth.  That  is  the  decision  for  the  Administrator  to 
make? 

Dr.  Newell.  That  is  true. 

Mr.  Chenoweth.  He  does  not  do  it  arbitrarily  and  capriciously,  of 
course.  Has  your  office  run  into  difficulty  because  of  such  transfers  ? 

Dr.  Newell.  No  ; as  I said,  we  came  out  very  welL 

Mr.  Chenoweth.  Do  you  have  anything  left  over  at  the  end  of  the 
year  ? 

Dr.  Newell.  We  never  have  funds  left  over  at  the  end  of  the  year 
we  don’t  need. 

Mr.  Cortright.  What  wras  our  obligation  rate  last  year,  Mr.  Tavlor  ? 

Mr.  Taylor.  I don’t  remember  the  exact  number,  but  it  was  within — 
our  unobligated  amounts  were  approximately  1 percent  or  less  of  the 
total.  They  were  very  close  to  the  legal  limitation  of  obligations  last 
year. 

The  Chairman.  Dr.  Newell,  I wonder  if  you  would  supply  for  the 
record  so  I won’t  have  to  continue  asking  you  at  the  end  of  each  projeet 
item — if  you  would  supply  for  the  record  the  amount  of  moneys  re- 
programed in  each  one  of  the  areas  that  I have  been  asking  you  for  the 
figure  throughout  the  entire  program? 

Dr.  Newell.  We  would  be  glad  to  do  that. 

The  Chairman.  Would  you  do  that? 

Dr.  Newell.  Yes. 

(The  information  requested  is  as  follows :)  * 
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Office  of  Space  Sciences 

Fiscal  year  196S  reprograming — Summary  of  research  and  developmen  t 

[In  thousands] 


Progmn/project 


Fiscal  year 
1963  budget 


Fiscal  year 

1963  column, 
of  fiscal  year 

1964  budget 


Plus  or  minus 
difference 


Total*  R-  A D.,  Office  of  Space  ScjCnees - 


$479,493 


Geophysics  ajad  astronomy. 


151,990 


8.R.  A T.  , 

Energetic  particle*.. — 

Interplanetary  monitor 

Atmosph^lc  structure.. 

Topside  sounder  (3-48) 

Ionosphere  monitor. - 

OGO— - — 

080 — 

OAO— .... 

International 

Sounding  rockets  and  geoprobes. 


16,500 

900 


300 

200 

2,000 

55,100 

13,600 

42,700 

5,400 

16,000 


Lunar  and  plane  tary. 


246,300 


S.R.&T. 

Ranger 

Surveyor; .... 

Prospector 

Mariner  (V  SSSSS^wyv 
Mariner  (Mars  flyby. 
Mariner  (Lander) 

Voyager.... 

Pioneer— ... 


10.760 

42,022 

95,678 

10,000 

9,240 


72,100 

6,500 


Bioscience. 


7.093 


S.B.  & T 

Flight  program. 


3,000 

4,093 


Launch  vehicle  development.. 


64,200 


S.R.  & T. .... 

Scout.. 

Centaur... ...... 

Operational!  support. 


4,200 

60,000 


Sustaining  university  program. 


10,000 


$525,279 


144,600 


13,700 

10,500 

5.000 

4.000 

1.000 


38.500 
11,350 
36,100 
12,850 

11.500 


221, 179 


20,244 

78,970 

61,696 


9,096 

29,400 

18,273 


3,500 


21,000 


10,050 

10,950 


108,000 


2,000 

4,200 

92,900 

8,900 


30,600 


+$45,786 


-7,400 


-2,800 

+10,300 

+5,000 

+3,800 

+800 

-2,000 

-16,600 

-2,250 

-6.600 

+7,450 

-4,500 


-25,121 


+9,484 

+36.948 

-33,982 

-10,000 

-144 

+2>M00 

-53,827 

-6.500 

+3.500 


+13,907 


+7,050 

+6,857 


+43,800 


+2.000 


+32,900 

+8,900 


+30,600 


Mr.  Morris.  Mr.  Chairman,  could  I ask  a question  at  that  point? 

The  Chairman.  Yes. 

Mr.  Morris.  How  are  you  going  to  have  this  ? 

What  form  will  it  be  in,  in  what  form  are  you  asking  for  it? 

Are  you  going  to  have  the  amount  of  money  reprogramed  within 
the  whole  agency,  or  is  it  going  to  be  broken  down  ? 

Dr.  Newell.  On  each  project  item. 

The  Chairman.  Yes.  I am  sure  the  Doctpr  understands  it  to  be 
that. 

Dr.  Newell,  Just  to  clarify  this,  we  ^ave  provided  a piece  of  paper 
which  shows  the  fiscal  year  1963  budget  number,  then  the  fiscal  1963 
column  in  the  fiscal  1964  budget  books,  and  between  these  two,  then, 
yeugefe  the  amount  of  reprograming  that  occurred. 

Tne  Chairman.  I see. 

Dr.  Newell,  In  addition,  as  of  January,  the  end  of  January,  1963, 
our  commitments  and  obligations  are  shown. 

Mr.  Morris.  Do  you  have  an  extra  copy  of  that  so  the  rest  of  us 
might  have  one? 

Dr,  Newell.  These  were  supplied. 


' * 
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Mr.  Morris.  Why  weren’t  they  given  to  the  rest  of  the  committee? 

Mr.  Randall.  I would  like  to  Know  that  question  also,  and  Mr. 
Chairman,  I would  like  to  say  for  the  record  we  are  asked  here  to 
do  some  computing,  some  subtraction  and  so  forth. 

I wrote  a letter  to  your  office  yesterday,  because  I was  not  able  to 
be  here  because  of  another  committee,  in  which  I asked  for  a list  of 
these  reprograming  items,  the  amount,  when  it  occurred,  and  the 
purpose. 

I hope  we  can  get  that. 

Dr.  Newell.  This  list 

Mr.  Randall.  Doesn’t  this  require  some  computation  to  arrive 
at  the  figure  as  to  exactly  what  was  reprogramed? 

The  Cii  airman.  Very  little. 

Mr.  Randall.  By  your  testimony  I thought  you  said  you  had  to 
subtract  this  from  that,  in  each  case. 

The  Chairman.  I might  say  to  the  committee  members,  the  reason 
they  may  not  have  the  tabulation  that  Dr.  Newell  is  now  quoting 
fvrna.  is  because  the  day  they  supplied  them  to  the  committee,  you 
probably  w ere  not  in  attendance,  and  the  staff  did  not  give  them  to  you 
the  next  meeting  you  came  to.  This  is  the  reason . 

But  there  is  certainly  no  effort  on  the  part  of  the  committee  chair- 
man to  withhold  from  the  committee  members  any  material. 

Mr.  Randall.  I was  not  making  that  suggestion. 

Mr.  Chairman,  I don’t  know  how  many  of  these  things  are  in- 
volved, but  it  appeal’s  to  me  it  should  not  be  too  big  a job. 

The  Chairman.  It  is  all  right  here,  I guess. 

Dr.  Newell  is  correct  when  he  says  this  is  prepared.  The  only  thing 
we  must  do  here  to  get  the  answer  that  I requested  is  to  subtract  one 
number  from  the  other,  and  then  you  have  the  amount  of  money  that 
was  reprogramed  in  dollars  and  cents. 

Mr.  Cortright.  The  rationale  that  went  into  these  reprogramings 
has  been  supplied  in  the  posture  hearings  and  in  a subsequent  reading 
also. 

Dr.  Newell.  There  was  a piece  of  paper  which  I submitted  to  you, 
Mr.  Chairman,  which  gave  the  rationale  for  these  items. 

The  Chairman.  Yes. 

Dr.  Newell.  We  started  through  it  and  then  left  it  for  later.  It 
is  now  part  of  the  record.  It  is  this  piece  of  paper  labeled  “Summary.” 

The  Chairman.  Yes,  I recall  it. 

(The  information  requested  is  as  follows :) 

Office  of  Space  Sciences 

FISCAL  TEAR  1963  REPROGRAMING — SUMMARY  OF  RESEARCH  AND  DEVELOPMENT 

To  first  summarize  the  reprograming,  the  total  B.  & D.  budget  for  OSS  was 
submitted  as  $479,493,000  for  fiscal  year  1963.  Our  budget  submission  this  year 
shows  that  we  are  actually  operating  in  fiscal  year  1963  on  a budget  of  $525,- 
279,000,  an  Increase  of  $45,786,000.  What  caused  this  increase?  We  initiated 
a flight  program  In  biosciences  and  began  developing  the  experiments  to  support 
it  at  a new  increase  of  $13,907,000.  We  increased  our  effort  on  the  Centaur  in 
order  to  hold  an  operational  date  of  1964.  Including  an  increase  in  operational 
ground  support  this  increased  our  budget  by  $43,800,000.  Lastly,  we  increased 
our  sustaining  university  program  by  $20,600,000  from  Its  original  $10  million 
figure.  These  major  increases  totaled  $78,307,000. 

To  partially  offset  these  increases,  the  geophysics  and  astronomy  program  was 
decreased  by  $7,460,000  and  the  lunar  and  planetary  program  by  $25,121,000. 
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These  reductions  left  a new  requirement  of  $45,786,000  which  was  added  to  the 
space  science  program. 

Within  the  individual  elements  of  our  programs,  other  reprograming  actions 
were  required  and  they  fall  within  these  gross  changes. 

Geophysics  and  astronomy. — A significant  event  which  influenced  our  pro- 
graming this  year  was  the  high  altitude  nuclear  tests.  Immediately  following 
the  detection  of  significantly  increased  trapped  radiation  surrounding  the 
earth,  we  initiated  a project  to  investigate  it.  By  using  existing  parts  and 
technology  and  rescheduling  the  Delta  launch  vehicle,  we  were  able  to  launch 
about  2 months  after  go-ahead.  The  flight  was  highly  successful  in  determining 
the  nature,  extent,  and  probable  lifetime  of  the  artificial  belt.  Its  cost  was  about 
$10  million  for  two  flights,  the  second  of  which  has  now  been  deferred. 

During  the  past  year,  it  was  determined  that  we  needed  more  data  on  solar 
radiation  to  prepare  for  manned  flight  to  the  moon.  Solar  monitoring  should  be 
nearly  continuous  untlil  we  understand  the  sun  and  its  disturbances  much  better 
than  we  do  now.  We  thus  instituted  a series  of  three  small  Delta  launched 
spacecraft  called  interplanetray  monitors  (which  will  orbit  the  earth  in  highly 
eccentric  orbits.  This  project,  which  will  have  its  first  flight  this  year,  re- 
quired $5  million  in  fiscal  year  1963. 

In  addition,  we  have  completed  negotiations  with  the  Italian  Government  and 
are  underway  with  a.  cooperative  program  which  will  culminate  in  an  equatorial 
launch  by  a Scout  of  an  Italian  satellite.  The  launch  will  take  place  from  a 
platform  In  the  Indian  Ocean  off  the  east  coast  of  Africa  in  1964.  Our  part  of 
this  program  is  $6  million  in  fiscal  year  1963. 

These  constitute  most  of  the  increases  within  geophysics  and  astronomy  in 
fiscal  year  1963.  Decreases  in  other  projects  have  more  than  counterbalanced 
this.  The  S.R.  & T.  effort  has  been  reduced,  thereby  permitting  a reprograming 
of  $2.8  million ; $2  million  was  saved  on  the  Ionosphere  Monitor  by  the  decision 
of  the  Canadians  to  develop  this  satellite  as  they  did  the  highly  successful 
Alouette.  We  will  again  provide  the  launch  services.  It  was  possible  to  reduce 
the  OGO  project  costs  by  rescheduling  the  follow-on  launches  for  a later  start 
and  a launch  rate  of  three  per  year  rather  than  four.  This  resulted  in  a reduc- 
tion of  fiseal  year  1963  fund  requirements  of  $16.6  million.  The  success  of 
OSO-I  permitted  us  to  defer  the  second  launch  while  making  some  improvements, 
thus  reducing  fiscal  year  1963  requirements  by  $2.2  million,  OAO  has  slipped  due 
to  technical  difficulties.  We  also  rescheduled  the  follow-on  launch  and  reduced 
the  rate  from  every  6 months  to  every  9 months,  thus  hoping  to  operate  at  $6.6 
million  less  in  1963,  The  last  saving  in  G.  & A.  is  the  $4.5  million  in  sounding 
rockets  and  geoprobes.  This  was  made  possible  by  eliminating  Scout-sized 
rockets,  and  by  the  fact  that  meteorological  sounding  rockets  were  funded  by 
the  Office  of  Applications. 

Lunar  and  planetary. — A m_Jber  of  important  changes  accompanied  the  net 
reduction  of  $25,121,000  in  the  L,  & P.  program.  The  Increase  in  S.R.  & T.  was 
necessary  to  permit  additional  study  effort  on  advanced  programs  such  as 
Voyager  in  lieu  of  hardware  funding.  Operating  funds  for  JPL  research  consti- 
tute a major  function  of  this  money.  Project  Ranger  was  increased  $36,948,000 
to  provide  initial  funding  for  five  additional  flights,  bringing  the  total  of 
approved  flights  to  14,  with  5 already  complete.  This  increase  reflects  the 
urgency  of  getting  some  early  information  about  the  lunar  surface  in  support 
of  Apollo.  Project  Surveyor  was  decreased  by  $33,982,000,  although  it  continues 
as  a high  priority  project  About  two-thirds  of  this  resulted  from  deferral  to 
fiscal  year  1964  of  the  lunar  orbiter.  The  balance  resulted  from  the  Centaur 
slippage  which  postponed  the  date  on  which  operational  projects,  such  as  Sur- 
veyor, will  be  charged  for  developed  launch  vehicles.  Project  Prospector  was 
eliminated  with  a saving  of  $10  million. 

In  the  area  of  planetary  projects,  the  total  funds  were  decreased  about  $27.5 
million.  This  occurred  as  follows : Delays  in  the  Centaur  forced  us  to  rely  on  the 
Atlas-Agena  in  1964  for  fly-bys  rather  than  landers.  The  Centaur-launched 
lander  was  thus  deferred  to  1965.  Mariner  II  was  so  successful  that  the  1964 
Venus  fly-by  was  canceled.  The  Mars  fly-by  in  1964  is  proceeding  under  high 
priority.  The  Voyager  project  has  been  deferred  at  least  another  year  and  will 
continue  with  additional  studies  in  fiscal  year  1964. 

We  did  have  one  new  start  in  the  L.  & P.  area.  Project  Pioneer,  costing  $3.5 
million  in  fiscal  year  1963,  will  provide  radiation  and  field  measurements  from 
distances  up  to  50  million  miles  throughout  the  International  Year  of  the  Quiet 
Sun.  These  measurements  will  support  our  national  participation  in  the  world- 
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wide  program  as  well  as  support  our  own  efforts  to  understand  the  sun  and  its 
disturbances. 

Biosciences. — For  several  years,  we  have  been  carefully  studying  the  need  to 
conduct  fundamental  experiments  in  the  biological  sciences  in  the  radiation 
and  weightless  environment  of  space.  The  Soviets  decided  early  and  have 
conducted  short  duration  flights.  We  have  now  determined  that  the  need  is  for 
flights  of  very  long  duration,  i.e.,  2 weeks  up  to  a year  or  more.  These  tests 
will  initially  be  exploratory  and  will  serve  to  determine  the  most  promising 
areas  for  future  studies.  The  longest  duration  flights  will  answer  questions 
posed  by  manned  planetary  flights  which  will  exceed  1 year.  This  program  will 
cost  an  additional  $13,907,000  in  fiscal  year  1963,  equally  divided  between  the 
flight  programs  and  the  supporting  experiments. 

Sustaining  university  program. — This  program  is  designed  to  enable  our  uni- 
versities to  develop  their  full  potential  in  support  of  the  national  space  program. 
Where  outstanding  research  teams  exist  and  can  help  if  funded,  or  where  such 
teams  can  be  built  up  with  funds,  such  supporting  research  funds  are  provided. 
Where  these  groups  are  in  dire  need  for  facilities,  they  are  provided.  And  where 
outstanding  faculty  groups  are  available  to  train  more  young  men  in  graduate 
work,  fellowships  are  provided  to  encourage  such  advanced  study.  The  increase 
of  $20.6  million  in  fiscal  year  1963  over  that  amount  programed  in  our  first  sub- 
mission provides  for  a total  of  $15  million  for  training  grants,  $5.6  million  for 
multidisciplinary  research  in  support  of  our  total  program,  and  $10  million  for 
needed  facilities. 

Launch  vehicle  development. — The  need  to  increase  our  launch  vehicle  de- 
velopment funds  was  known  and  discussed  with  you  last  year  Nearly  all  of  this 
$43.8  increase  was  required  to  rectify  technical  problems  in  the  Centaur  develop- 
ment. These  steps,  which  I will  discuss  with  you  at  a later  hearing,  are  well 
underway,  and  we  now  feel  that  we  are  coming  out  of  the  woods  on  this  proj- 
ect— although  much  remains  to  be  done.  Among  the  major  requirements  for  these 
additional  funds  were:  increased  ground  testing  of  the  total  system  and  its 
major  subsystems;  structural  improvements;  insulation  panel  improvements; 
and  stage  separation  improvements.  In  general,  we  are  ruggedizing  this  vehicle 
and  simplifying  its  mission  profile  to  reach  operational  status  late  next  year. 

The  Chairman.  While  this  is  being  done,  Doctor,  I think  we  can 
just  continue  through  the  budget  items,  then. 

Dr.  Newell.  If  we  add  the  total  for  launch  vehicles  at  the  top  of 
page  29,  of  $22.2  million  to  the  total  for  spacecraft  and  support, 
we  get  the  total  figure  for  orbiting  geophysical  observatories  of  $61.8 
million  in  1964  as  compared  to  $38.5  million  for  1963. 

Mr.  Randall.  What  page  is  that,  Doctor  ? 

Dr.  Newell.  At  the  top  of  page  29. 

The  Chairman.  About  half  of  that  is  for  additional  launch  vehicles, 
as  I view  it. 

Dr.  Newell.  $22.2  million  is  the  total  for 

The  Chairman.  I mean  half  of  the  addition,  Doctor — about  half  of 
the  increased  amount,  64  over  63,  is  for  additional  launch  vehicles. 

Is  that  correct? 

Dr.  Newell.  That  is  correct. 

The  Chairman.  There  is  no  way  of  reducing  this,  unless  you  don’t 
want  to  fly  the  experiments  after  they  have  been  prepared. 

Dr.  Newell.  That  is  correct. 

The  Chairman.  Do  you  care  to  go  to  geodesv  ? 

Dr.  Newell.  In  geodesy,  which  refers  to  Project  ANNA,  the  geo- 
detic satellite  project  started  by  the  Department  of  Defense  has  been 
transferred  now  to  NASA  for  management. 

We  have  requested  a funding  of  $3,4  million  for  spacecraft  and  sup- 
port, and  funding  of  Delta  launch  vehicles  to  the  amount  of  $2.8  mil- 
lion, totaling  $6.2  million. 

And  if  we  then  add  up  the  totals  for  geophysics,  add  up  the  sub- 
totals, we  get  $88.6  million  for  the  geophysics  program. 
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The  Chairman.  Are  there  any  questions  ? 

Mr.  Morris.  Yes. 

The  Chairman.  Mr.  Morris? 

Mr.  Morris.  On  the  geodesy  program,  you  say  it  was  transferred 
fromDOD  to  NASA? 

Dr.  Newell.  That  is  correct. 

Mr.  Morris.  Was  it  funded  in  DOD  in  1963  ? 

Dr.  Newell.  That  is  correct. 

Mr.  Morris.  What  was  the  level  of  funding  ? 

Dr.  Newell.  I don’t  know. 

The  Chairman.  I am  not  sure  what  it  was,  either. 

I might  just  say  for  the  benefit  of  Mr.  Morris,  it  was  this  subcom- 
mittee last  year  that  looked  into  Project  ANNA,  on  the  basis  of  a sug- 
gestion that  was  made  by  Dr.  Whipple 

Mr.  Hammill.  Correct. 

The  Chairman  (continuing) . When  the  Scientific*  Advisory  Com- 
mittee appeared  before  the  full  committee  earlier  in  the  year. 

And  he  suggested  that  the  ANNA  project,  which  means  Army, 
Navy,  NASA,  Air  Force,  Geodetic  Satellite,  be  declassified,  I believe. 

At  that  time  it  was  classified  as  secret.  And  as  a result  of  his  sug- 
gestion, the  chairman  of  the  full  committee  felt  it  might  be  appropriate 
for  the  subcommittee  to  look  at  it  at  least. 

We  did  that,  and  the  Department  of  Defense,  I think  shortly  before 
we  had  our  hearings,  d;  lassified  the  project. 

Mr.  Hammill.  Yes. 

The  Chairman.  And  every  one  agreed  that  probably  it  should  be  in 
NASA,  rather  than  the  Department  of  Defense,  just  be  iause  of  the 
nature  of  the  experiment. 

How  much  money  was  funded  at  that  time,  Mr.  Morris,  for  it,  by 
the  Department  of  Defense,  I just  don’t  recall. 

The  fact  of  the  matter  is  I am  not  sure  we  tried  to  find  out. 

Mr.  Hammill.  No,  we  did  not. 

The  Chairman.  I think  it  was  substantially  more  than  what  is 
being  funded  for  here. 

Mr.  Morris.  It  might  not  be  pertinent  to  the  record,  but  it  would  be 
interesting  to  know  what  level  they  were  funding  it  at,  and  then  what 
level  NASA  is  funding  it  at. 

The  Chairman.  I will  ask  for  that. 

Mr.  Morris.  I think  we  might  find  out. 

(The  information  requested  is  as  follows : ) 
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Office  of  the  Dibbctob  or  Defense  Reseabch  aitd  Ehoineebihg 

WASHINGTON,  D.C. 

Ann.  10,  1963. 

Memorandum  for  the  Executive  Assistant,  Research  and  Engineering. 

Subject:  ANNA  funding. 

I have  been  requested  by  Colonel  Coe  in  Legislative  Affairs  to  submit,  through 
you,  information  on  DOD  funding  for  Project  ANNA  to  date.  The  following 
is  a summary  through  fiscal  year  1963 : 

Million 


Air  Force $3. 2 

Army - 2. 1 

Navy *8.2 


Total 13.5 


1 Does  not  include  $300,000  fiscal  year  1963  emergency  funding  for  which  Bureau  of 
Budget  appioval  ia  pending. 


I consider  these  totals  to  be  unclassified. 


F.  W.  Amur, 

Captain  U.8.  Navy, 
Office  of  Special  Assistant  for  Space. 


The  Chairman.  Doctor,  solar  physics. 

Dr.  Newell.  We  go  on  to  solar  physics. 

The  orbiting  solar  observatories,  which  are  the  observatories  we 
have  launched  and  are  about  to  launch,  we  need  for  spacecraft  experi-  . 
ments,  operations,  test  and  support,  a total  of  $10.1  million,  and  for 
Delta  launch  vehicles,  $4.8  million,  giving  a total  of  $14.9  million. 

The  Chairman.  Now,  what  is  the  reason  for  the  increase  in  the 
spacecraft  amount,  Doctor? 

Does  this  mean  you  are  providing  additional  spacecraft,  or  the 
experiment  is  farther  down  the  road,  eo  you  are  reaching  peak  funding, 
or  what  is  this,  you  are  getting  closer  to  it  ? 

Dr.  Newell.  Providing  additional  spacecraft  and  additional  experi- 
ments for  follow-on  observatories. 

The  program  is  a continuing  one  in  which  we  will  use  solar  observa- 
tories for  a number  of  years  yet  to  come,  and  these  additional  funds 
provide  for  the  continuing  construction  of  spacecraft  and  experiments. 

The  Chairman.  My  question  was  really,  are  you  funding  for  the 
same  spacecraft  in  the  1964  budget  request,  or  is  it  for  additional 
spacecraft? 

Dr.  Newell.  This  is  for  additional  ones. 

The  Chairman.  How  many  orbiting  solar  observatories  do  we  have 
in  the  total  program  at  this  time,  Doctor  ? 

Dr.  Newell.  Eight. 

The  Chairman.  Eight  ? 

The  funding  that  has  been  made  for  this  program,  plus  the  budget 
requested  this  year,  will  fund  how  many  of  the  eight? 

Do  you  have  an  estimated  cost  per  bird,  on  this? 

Mr.  Cortright.  The  total  cost  per  launch  of  an  OSO,  including 
la  unch  vehicle,  is  about  $8  million. 

The  Chairman.  And  this  was  first  funded  for  at  the  1962  budget, 
is  that  correct,  or  were  there  some  funds  prior  to  that  ? 

Mr.  Cortright.  There  may  have  been. 

The  Chairman.  If  so,  I suppose  they  are-f  airly  minor. 

Dr.  Newell.  It  is  one  of  our  early  projects,  but  I also  think  you 
are  right,  that  the  1961  funding  was  minor. 
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Mr.  Cortright.  There  was  $5,583  million  funded  before  fiscal  1962, 
total. 

The  Chairman.  How  much? 

Mr.  Cortright.  $5,523,000. 

The  Chairman.  Thank  you. 

So  with  this  request,  we  will  have  funded  for  about  two  of  the  eight, 
is  that  the  kind  of  arithmetic  you  would  agree  with  ? 

Mr.  Cortright.  Yes.  This  will  essentially  complete  the  funding 
of  the  first  three  and  provide  for  initiation  of  the  follow-on  series. 

The  Chairman.  Any  other  questions  ? 

Doctor,  would  you  care  to  go  to  the  advanced  orbiting  solar 
observatory  ? 

Dr.  Newell.  As  we  described  in  the  general  part  of  our  testimony, 
it  has  become  plain  that  the  pointing  accuracy  of  the  current  version 
of  the  orbiting  solar  observatory  must  be  improved  by  a considerable 
amount  in  order  to  conduct  the  advanced  researches  that  our  astrono- 
mers now  have  in  mind. 

Therefore  we  are  proceeding  at  the  present  time  with  the  design 
and  plans  for  an  improved  orbiting  solar  observatory  which  is  labeled 
here  “Advanced  Orbiting  Solar  Observatory.” 

The  requirements  for  fiscal  1964  for  spacecraft  and  support  are 
$2 y2  million,  which,  at  this  time,  is  the  total.  The  requirements  for 
launch  vehicles  would  be  picked  up  in  later  budgets. 

The  Chairman.  How  many  advanced  orbiting  solar  observatories 
does  the  Office  of  Space  Sciences  have  in  mind  in  the  program  ? 

Dr.  Newell.  At  the  present  time  we  have  four  in  mind. 

The  Chairman.  What  will  be  the  cost  of  each  approximately,  sir? 

Dr.  Newell.  This  is  not  yet  determined,  because  at  the  present 
stage  we  are  in  the  early  study  phase. 

The  Chairman.  When  do  you  expect  to  have  the  first  one,  Doctor? 

Dr.  Newell.  In  1966. 

The  Chairman.  When  do  you  expect  to  complete  the  eight  orbit- 
ingsolar  observatory  experiments ? 

Dr.  Newell.  In  tne  1966  time  frame. 

The  first  advanced  observatory  l:  ay  appear  in  1966. 

The  Chairman.  There  will  be  an  overlap? 

Dr.  Newell,  Of  about  that  year. 

The  Chairm  an.  How  many  of  the  orbiting  solar  observatories  do 
you  expect  to  launch  in  1966  f 

Dr.  Newell,  Of  orbiting  solar  observatories? 

The  Chairman.  Yes. 

Dr.  Newell.  We  have  in  mind  a couple  of  attempts  of  both  the 
present  version  and  the  advanced  version,  with  the  hope  we  will  have 
one  of  each  in  orbit. 

The  Chairman.  Do  you  call  the  advanced  orbiting  observatory  a 
second  generation  experiment? 

Dr.  Newell.  It  is  a second  generation  facility.  Our  space  science 
summer  study  showed  that  in  order  to  continue  with  the  researches 
of  the  Sun,  the  accuracy  of  the  present  observatory  would  not  be 
sufficient  after  a couple  of  years  from  now. 

Therefore  we  had  need  to  put  the  improved  accuracy  into  the 
observatories. 

Mr.  Randall.  Mr.  Chairman? 
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The  Chairman.  Mr.  Randall. 

Mr.  Randall.  I don’t  know  that  you  said  what  the  improvements 
were,  but  I just  fail  to  follow  you,  why  we  have  to  have  this  overlap 
here?  What  is  the  improvement?  What  is  entailed  here? 

Dr.  Newell.  Well,  as  we  showed  you  on  one  of  the  charts  that  we 
presented,  the  present  orbiting  solar  observatory  has  a pointing  accu- 
racy of  a few  minutes  of  arc. 

Now  what  this  means  is  that  the  detail  of  the  solar  surface,  which 
we  need  to  study  in  order  to  understand  what  processes  are  going  on 
in  the  solar  atmosphere  and  in  the  vicinity  of  sunspots  and  solar  flares, 
is  completely  missed  by  the  resolution  of  the  present  observatory. 

We  must  improve  this  pointing  accuracy  to  some  seconds  of  arc, 
in  order  to  study  these  aetails.  Without  this  improved  pointing 
accuracy,  we  simply  cannot  continue  with  the  solar  researches. 

Mr.  Randall.  Well  do  you  know  how  to  improve  this  resolution 
now?  Do  you  have  that  accomplishment? 

Dr.  Newell.  We  are  in  a position,  within  the  time  period  that 
we  have  indicated,  to  achieve  this.  The  state-of-the-art  is  such  that 
we  know  we  can  do  it. 

Mr.  Randall.  It  seems  to  me,  Mr.  Chairman,  that  this  might  be  a 
case  where  reprograming  would  have  some  very  definite  validity  here, 
to  hold  up  on  a few  of  these. 

You  said  there  were  eight  of  the  regulars — if  we  call  call  them  that — 
orbiting  satellites? 

Dr.  Newell.  That  is  correct. 

Mr.  Randall.  I don’t  know  if  we  ha  ve  any  control  over  it,  if  that 
money  is  already  committed  or  pooled  or  whatever  it  is.  But  it  occurs 
to  me  here  is  a place  where  it  would  be  a very  worthwhile 
reprograming. 

Dr.  Newell.  But  then  you  would  stop  your  solar  researches. 

Mr.  Randall.  Not  all  ot  it — excuse  me,  I am  sorry? 

Dr.  Newell.  The  orbiting  solar  observatory  is  our  basic  solar  re- 
search facility,  and  this  is  an  important  thing  for  us  to  continue  to 
work  on  during  the  International  Year  of  the  Quiet  Sun. 

Again,  you  have  an  operating  facility  here. 

The  Chairman.  I think,  Doctor,  it  is  pretty  much  like  the  lunar 
program ; isn’t  it  ? 

We  have  got  several  configurations  of  Saturn  vehicles.  One  or 
two  of  which  is  incapable  of  sending  a man  to  the  Moon,  but  we  are 
building  these  vehicles  so  that  we  increase  our  ability  to  build  the 
one  that  ultimately  we  hope  will  take  the  man  to  the  Moon,  and  we 
know  at  least  that  it  will  have  the  thrust  capability  to  take  us  to  the 
Moon. 

So  I think,  Mr.  Randall^  this  is  pretty  much  the  same  kind  of  thing. 

I would  ask  the  committee  to  take  a look  at  this  thing  from  the 
standpoint  that  this  is  one  of  the  few  pure  scientific  experiments  that 
the  Office  of  Space  Sciences  has  in  their  whole  program,  and  I think 
it  should  be  involved  more  heavily,  if  anything,  m this  kind  of  a 
program. 

I personally  think  that  this  is  a normal  sequence  of  events.  I sup- 
pose we  could  hold  up  with  any  such  experimentation  until  1975,  when 
we  would  probably  even  have  the  advanced  orbiting  solar  observa- 
tory considerably  increased  in  capability,  and  go  from  there. 
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But  it  seems  to  me  we  have  just  got  to  work  out  these  experiments 
on  a one-,  two-,  three-step  basis.  We  can’t  skip  any  intermediate 
steps.  Isn’t  this  true  ? 

You  can’t  go  right  to  phase  4 in  the  program,  without  working  our 
way  through  phases  1, 2,  and  3. 

Dr.  Newell.  That  is  correct. 

The  Chairman.  We  learn  in  1,  2,  and  3,  which  is  applied  to  4, 
otherwise  the  knowledge  cannot  be  applied  to  4. 

Dr.  Newell.  That  is  correct. 

Mr.  Randall.  That  is  why  I was  trying  to  bring  out  the  point 
whether  we  had  the  ability  to  build  one  of  the  advanced,  orbiting 
solar  observatories? 

Dr.  Newell.  We  have  the  ability  to  go  forward  with  the  develop- 
ment work  to  have  one  some  years  after  starting. 

You  should  not  interpret  such  ability  as  ability  to  substitute  one 
of  these  right  now  for  the  current  model  of  the  orbiting  solar  ob- 
servatory. There  is  a delayperiod.  . •:  , . 

The  delay  period  involves  going  through  the  advanced  techniques, 
to  the  point  where  you  can  launch  a new  observatory  and  use  it. 

As  I have  indicated  this  will  not  be  available  to  us  to  use  until  the 
1966  time  period. 

The  Chairman.  The  first  orbiting  solar  observatories  will  give  us 
a great  deal  of  information  we  need  about  the  Sun ; won’t  they,  Doctor  ? 

Dr.  Newell.  That  is  correct,  in  fact  the  first  orbiting  solar  observa- 
tory which  was  launched  last  year  has  given  us  a great  deal  of  infor- 
mation about  the  Sun. 

The  Chairman.  And  the  advanced  model  will  give  us  additional 
information ; isn’t  that  right  ? 

Dr.  Newell.  Will  give  us  additional  information  of  a different 
kind,  with  more  detail. 

The  Chairman.  Just  as  the  Saturn  gives  us  additional  thrust  over 
earlier  boosters? 

Dr.  Newell.  This  is  correct.  As  you  progress  with  the  researches 
that  you  can  do  today,  and  to  the  limits  of  resolution  and  detail  you 
can  achieve  today,  you  are  always  aware  of  the  fact  that  better  things 
could  be  done  if  you  had  better  equipment,  better  resolution,  and 
so  forth,  and  you  always  are  in  a position  of  having  to  decide  whether 
it  is  important  to  go  on  to  this  next  step,  or  whether  you  have 
reached  the  point  of  diminishing  returns. 

In  the  case  of  solar  researches,  the  astronomers  tell  us  we  have 
by  no  means  reached  the  point  of  diminishing  returns. 

They  tell  us  we  should  continue  with  the  present  orbiting  solar  ob- 
servatory for  the  next  several  years,  because  there  are  many  good 
researches  to  be  done  with  that  vehicle  to  the  limits  of  its  capabilities, 
but  that  after  the  next  several  years  there  will  be  a need  for  an  in- 
creased resolution,  and  increased  capability. 

It  is  for  this  reason  that  w©  have  recommended  going  ahead  with 
the  development  of  the  improved  capability.  This  recommendation 
also  includes  continuing  to  use  the  facility  we  now  have  available, 
that  we  now  know  how  to  fly — in  fact,  have  flown. 

What  we  are  recommending  is  a continuing  research  program. 
This  is  a fundamental  research  program.  To  do  this  continuing 
research  program,  we  say,  use  the  technique  we  now  have  available. 
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But,  we  also  recognize  that  a few  years  later  we  are  going  to  have  to 
have  better  instruments,  a better  way  of  doing  this  research.  . 

Mr.  Randall.  Yet  you  know  now  you  have  to  do  it.  I mean  if  you 
found  it  out  along  the  line,  your  testimony  is  you  now  know  there  has 
to  be  an  advanced  version. 

Dr.  Newell.  That  is  correct,  and  it  is  a good  position  to  be  in,  that 
you  know  enough  in  advance  that  you  can  get  to  work  on  this  facility 
so  that  a few  years  down  the  road  when  the  astronomers  say  you 
have  got  to  have  this  increased  resolution  to  cany  on  in  a sensible 
fashion,  you  will  have  developed  the  capability. 

Mr.  Randall.  The  implication  is,  the  other  is  not  ready,  and  we 
have  to  go  ahead  because  of  the  Year  of  the  Quiet  Sun,  is  that  what 
we  come  back  to? 

Dr.  Newell.  The  justification  is  we  have  to  go  ahead  for  the  Year 
of  the  Quiet  Sun,  and  that  we  are  doing  good  researches  with  the 
present  observatory.  The  astronomers  tell  us  the  present  observatory 
is  a useful  tool,  and  the  researches  that  come  out  of  it  will  be  worth 
the  effort  and  the  funding. 

The  Chairman.  Mr.  Staebler? 

Mr.  Staebler.  Mr.  Chairman,  may  I ask  whether  there  is  an 
analogy  here  with  a business  that  is  very  familar  to  us  in  Michigan, 
the  automobile  business. 

While  we  are  producing  the  1963  model,  we  are  engineering  the 
1964,  and  designing  the  1965.  We  know  the  better  things  that  are 
going  to  be  put  in  the  1965  model,  but  we  don’t  put  them  in  1963, 
Because  they  nave  not  been  engineered  yet. 

So  we  are  in  all  these  different  stages  of  development  at  the  same 
time.  If  we  waited  to  get  a perfect  car,  it  would  never  be  produced. 

Dr.  Newell.  That  is  correct ; that  is  a good  analogy. 

The  Chairman.  I am  not  sure  they  are  making  better  cars. 

[Laughter.] 

Mr.  Randall.  I am  not  either. 

The  Chairman.  Michigan  would  disagree  very  vigorously. 

Mr.  Chenoweth? 

Mr.  Chenoweth.  I want  to  commend  my  colleague  for  his  very 
diligent  inquiry  into  these  figures  and  this  program.  It  raises  some 
fundamental  questions  in  my  mind  as  to  what  our  role  is  in  this, 
Doctor,  what  the  role  of  Congress  is  in  this  whole  picture. 

We  are  not  scientists,  we  are  not  engineers,  we  cannot  discuss  and 
debate  with  you  whether  this  program  should  go  ahead  or  whether 
you  are  using  good  judgment  on  this  and  that.  It  is  obvious  we  are 
completely  handicapped  to  engage  in  that  type  of  colloquy  with  you. 

Is  there  any  sphere  in  here,  any  place  where  Congress  has  any 
role  or  function  to  perform,  except  merely  to  approve  what  budgets 
you  have  prepared?  Is  there  any  place  where  we  have  any  discre- 
tion, where  we  should  exercise  any  of  our  own  ideas  ? 

The  gentleman  from  Missouri  has  some  ideas  of  his  own  concern- 
ing this,  and  perhaps  some  of  the  rest  of  us  do  too. 

Are  we  going  to  destroy  the  whole  program,  if  we  seek  to  inject 
some  of  these  ideas  in  this  program,  which  might  be  contrary  to  what 
you  think? 

What  is  our  role,  what  is  our  function  here?  Why  do  we  take  this 
time  to  go  over  all  these  figures?  Is  it  just  so  that  we  may  approve 
them,  or  should  we  have  some  challenge  here  ? 
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Maybe  we  can  change  some  of  them.  Maybe  some  of  it  is  not  exactly 
necessary  right  now,  maybe  it  can  be  postponed  without  doing  vio- 
lence to  our  whole  space  research  program. 

Those  are  fundamental  “ifs”  in  my  mind.  I am  jmre  they  will  be 
asked  on  the  floor  of  the  House  when  we  get  there.  What  will  we  tell 
them?  The  other  Members  won’t  have  the  advantage  of  all  of  this 
information  you  are  giving  us.  I want  to  say  I have  been  very,  very 
much  impressed  with  you,  Doctor.  I think  you  and  Mr.  Cortright 
made  a very  splendid  presentation. 

I have  confidence  in  what  you  are  doing.  I don’t  know  that  all  of 
it  is  necessary,  I really  don’t  know.  Maybe  some  of  it  could  be  post- 
poned, in  view  of  some  of  our  budgetary  problems.  So,  I repeat  the 
question : What  is  the  function  of  this  committee  as  we  sit  here  today, 
as  you  see  it,  Doctor? 

Dr.  Newell,.  Well,  you  pose  a very  challenging  question. 

Mr.  Chenoweth.  I wanted  it  to  be  that.  I would  like  your  ob- 
servations, Doctor.  You  see  the  situation  we  are  in  as  elected  repre- 
sentatives of  the  people.  We  have  some  responsibilities  too,  you  know, 
regarding  the  budget.  They  expect  us  to  protect  their  interests. 

Maybe  some  say  we  are  not  going  fast  enough,  some  say  we  are 
going  too  fast. 

Some  may  say  we  ought  to  keep  our  present  pace. 

Dr.  Newell.  I think  an  answer  I can  give  to  this  question  can  per- 
haps be  based  on  what  we  feel  we  are  doing  in  presenting  this  pro- 
gram to  you. 

We  are  presenting  to  you  a program  that  we,  who  participate  in  it, 
are  convinced  is  of  value  to  the  country.  And  so  in  presenting  it  to 
you  we  are  trying  to  show  you  why  we  think  it  is  of  value,  what  we 
think  the  output  of  the  program  will  be,  what  the  returns  will  be  for 
your  investment,  and  we  try  to  give  you — in  addition  to  convincing 
you — the  ammunition  you  need  to  fight  for  it  for  us,  because  you  do 
have  to  carry  the  battle  for  us. 

As  I said  before,  when  we  build  up  this  program,  we  recognize  very 
clearly  that  the  country  cannot  afford  to  do  everything  that  the  scien- 
tists would  like  to  do,  that  there  has  to  be  a balance  between  this 
program  and  agrarian  programs,  medical  programs,  defense  efforts, 
and  so  on.  That  balance  has  to  be  achieved  by  doing  the  right  amount 
in  each  one  of  the  programs. 

So  as  we  build  up  this  program  we  try  to  develop  criteria  for  the 
total  amount  of  effort  that  we  recommend  to  you  in  each  area.  And 
our  criteria  have  shaped  up  in  the  following  way : 

We  feel  that  this  country  should  support  a scientific  research 
effort,  a total  scientific  research  effort,  in  which,  in  each  significant 
area  we  are  tackling  at  least  one  important  problem  with  a resolution 
to  solve  it.  This  is  a minimum  adequate  program  to  maintain  our 
growth  in  science  and  technology,  to  maintain  our  preeminence  in  this 
field  in  the  eyes  of  the  world. 

In  addition,  we  feel  that  in  the  field  of  science  there  are  sufficiently 
few  good  scientists  in  the  country  doing  scientific  research  that  this 
country  can  afford  to  support  all  of  them.  We  ought  to  keep  all  of 
these  good  scientists  busy. 

I am  not  talking  iust  about  the  space  science  program  here,  I am 
talking  about  science  in  general,  across  the  board.  The  Congress 
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should  ask  itself:  “Are  good  scientists  working  on  this?”  “Are  we 
keeping  them  busy  at  a reasonable  pace  ? ” 

Mr.  Chenoweth.  One  of  your  main  problems,  Doctor — it  is  not 
a question  altogether  of  dollars.  Dollars,  unless  translated  into  some 
production,  some  advantageous  research,  or  some  other  reason,  don’t 
mean  anything. 

Suppose  we  give  you  another  billion  ? Suppose  we  increase  your 
figures  a billion,  it  would  not  mean  much  to  you,  would  it?  What 
would  you  do  with  it  ? 

You  can’t  find  the  scientists  today,  if  you  had  that  money  here. 
There  is  a shortage  of  scientists.  We  are  not  training  enough  scien- 
tists. Where  are  we  going  to  spend  all  of  this  money? 

Dr.  Newell.  That  gives  one  of  the  criteria  you  can  apply  to  deter- 
mine when  you  have  reached  a point  of  diminishing  returns.  The 
country  should  not  support  a program  beyond  keeping  the  good  scien- 
tists busy.  It  is  a waste  of  money  to  push  the  program  to  the  extent 
you  are  drawing  in  just  anyone  including  those  who  do  not  have  real 
talent  and  competence. 

Mr.  Chenoweth.  NASA  is  practically  doubling  its  requests  over 
last  year.  Do  you  have  enough  scientists  you  can  profitably  employ  ? 

Dr.  Newell.  Our  program  is  based  on  our  estir  ate.  We  will  be 
using  only  good  scientists : yes. 

Mr.  Chenoweth.  They  are  available  ? 

Dr.  Newell.  Yes. 

Mr.  Chenoweth.  Now,  then,  it  is  a question  of  what  theao  programs 
and  which  ones  to  pursue.  You  have  given  it  a great  deal  of  study.  I 
assume  you  want  to  go  ahead  with  the  entire  program. 

Dr.  Newell.  Yes. 

Mr.  Chenoweth.  Some  of  your  group  feel  some  parts  are  more  im- 
portant than  others  ? 

Dr.  Newell.  That  is  the  nature  of  science;  yes. 

Mr.  Chenoweth.  Do  you  recognize  we  have  any  responsibility, 
Doctor,  here,  in  this  picture  ? 

Should  we  challenge  any  of  these  programs,  should  we  be  belligerent, 
or  should  we  raise  any  questions  about  them,  or  is  our  present  duty 
to  go  along  without  some  of  these,  or  postpone  them,  without  com- 
pletely upsetting  your  whole  space  effort?  Is  that  possible  here  or 
not? 

Dr.  Newell.  I think  you  should  do  as  you  are  doing,  challenge  us  to 
explain  to  you  why  we  think  these  are  important,  and  try  to  give  you 
a feeling  for  why  the  scientific  community  is  interested  in  doing  these 
things,  and  what  the  returns  will  be,  and  on  the  basis  of  this,  tnen,  to 
make  your  decisions  as  to  how  much  of  it  you  feel  you  should  fight  for 
on  the  floor  of  the  House. 

Mr.  Chenoweth.  You  are  very  able,  very  capable,  Doctor,  in  pre- 
senting this  program.  You  have  done  a very  splendid  job. 

Mr.  Mosher.  Will  the  gentleman  yield? 

Mr.  Chenoweth.  Yes. 

Mr.  Mosher.  Would  you  say  this  whole  exercise — where  you  spend 
innumerable  hours  of  your  valuable  time  before  our  committee  accom- 
panied by  a lot  of  excellent  staff  people— -would  you  say  this  whole 
exercise  is  of  value  to  you,  to  NASA,  in  that,  preparing  for  it,  the 
actual  doing  of  it,  the  necessity  you  have  of  justifying  your  program 
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to  Congress,  helps  clarify  your  own  thinking  on  it,  helps  minimize 
the  possibilities  of  waste  and  duplication,  and  so  forth? 

Can  this  exercise  be*  justified  in  part  on  that  basis  ? 

Dr.  Newell.  I think  very  much  so. 

Mr.  Mosher.  Is  it  a discipline  you  find  valuable? 

Dr.  Newell.  We  do.  I think,  furthermore,  reporting  to  the  com- 
mittee on  the  results  from  this  program,  as  they  come  out,  is  of  value. 

This  is  one  of  the  reasons  why  in  my  part  of  the  testimony  I tried 
to  present  to  you  some  of  the  things  that  have  come  from  the  program 
in  the  past.  As  we  go  along  in  the  future  there  will  be  more  and  more 
of  this. 

Mr.  Mosher.  Is  the  fact  that  even  though  we  are  laymen — and  per- 
haps are  only  lucky  if  we  ask  a pertinent  question— is  that  mere  fact, 
the  possibility  that  now  and  then  we  might  ask  a pertinent  question, 
one  which  keeps  you  on  your  toes,  and  is  valuable  to  the  country  in 
that  respect? 

Dr.  Newell.  Gentlemen,  it  has  been  our  feeling  you  ask  most  search- 
ing and  pertinent  questions.  We  are  gratified  to  hear  such  questions 
asked.  We  like  to  have  the  opportunity  to  answer  them. 

I might  also  point  out  that  it  is  our  feeling  that  we  have  arrived  at 
a point  in  our  civilization  when  there  are  not,  as  E.  P.  Snow  says, 
really  two  cultures,  the  humanities  and  the  sciences.  It  is  our  feeling 
that  the  sciences  have  become  a part  of  the  humanities. 

There  is  almost  no  avenue  of  life  today  that  is  not  touched  by  science 
and  the  doing  of  science,  and  the  accomplishments  of  science. 

We  feel,  therefore,  it  is  important  for  our  citizens  to  know  about 
science  and  have  a feeling  for  it  and  an  appreciation  of  it. 

I think  perhaps  the  Congress  is  in  even  a better  position  than  the 
scientists  are  to  try  to  get  some  of  that  feeling  to  the  rest  of  the  country. 
Because  what  is  done  by  the  Congress,  the  support  that  is  given  to 
programs  like  this,  is  clearly  in  the  eyes  of  the  constituencies,  and  I 
am  sure  is  discussed  with  them,  when  you  go  back  and  talk  with  them. 

This  I think  is  one  of  the  most  important  things  you  can  do  in 
connection  with  this  sort  of  program. 

Mr.  Chenoweth.  I appreciate  that,  Doctor. 

Just  one  observation,  and  then  I won’t  take  further  time.  I notice 
now  that  in  practically  all  of  these  programs  there  is  a substantial 
increase  in  the  amounts  you  are  asking  for  over  last  year.  You  are 
familiar  I am  sure  with  the  problems  we  are  facing  here  in  the 
budget — taxes,  fiscal  responsibilities. 

In  the  event  that  Congress  comes  to  a point  they  feel  they  just 
cannot  go  along  with  everything,  there  has  to  be  some  reduction  some- 
where, would  it  be  possible  for  some  reduction  to  be  made  here? 

Would  you  revise  your  thinking?  No  one  ever  gets  everything  he 
wants  in  this,  there  is  going  to  have  to  be  some  compromise,  or  give  and 
take  in  it,  and  I am  sure  you  recognize  that  and  would  be  willing  to 
cooperate  in  that. 

Dr.  Newell.  We  would  have  to — if  a reduction  were  made  in  the 
appropriation— we  would  have  to  go  over  this  total  program  and  try 
to  achieve  the  best  possible  selection  of  the  important  scientific  prob- 
lem*? to  tackle. 

Mr.  CmwowETH.  You  would  select  those  programs  you  consider 
the  most  important  and  most  essential  right  now  ? 
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Dr.  Newell.  Yes,  and  the  most  likely  to  be  productive  of  good 
answers. 

Mr.  Chenoweth.  Thank  you  very  much,  Doctor;  I did  not  mean  to 
take  this  much  time.  I appreciate  your  answers. 

The  Chairman.  I think  the  questioning  was  very  good,  and  I 
want  to  compliment  you.  It  was  a very  appropriate  line  of  inquiry. 

Mr.  Chenoweth.  Thank  you. 

The  Chairman.  As  a matter  of  fact,  that  is  why  we  are  here. 

Mr.  Mosher? 

Mr.  Mosher.  Dr.  Newell,  you  do  consider  the  program  you  pre- 
sented to  us,  as  a minimum  program,  carefully  considered,  one  that 
you  can  justify  as  a minimum  program  ? 

Dr.  Newell.  It  is  that.  • 

As  I have  mentioned,  it  is  a program  that  we  have  arrived  at  after 
weeding  out  a lot  of  other  things  that  we  could  do,  and  after  slowing 
down  the  pace  that  a lot  of  our  scientists  would  like  us  to  follow.  I 
might  point  out  that  a large  part  of  it  is  actually  a continuation  of  the 
previous  program.  There  are  not  too  many  new  starts  in  here. 

Mr.  Mosher.  Mr.  Chairman,  I don’t  suppose  it  would  be  a fair  ques- 
tion for  us  to  ask  Dr.  Newell  if  he  were  on  this  side  of  the  table,  de- 
termined that  we  had  to  cut  something,  what  would  he  cut? 

The  Chairman.  I think  it  is  a fair  question.  I am  not  sure  you  are 
going  to  get  an  answer.  [Laughter.] 

Mr.  Randall.  Not  in  three  words. 

Dr.  Newell.  Well,  my  position  here  is  to  defend  this  budget. 

Mr.  Mosher.  I did  not  feel  it  was  a fair  question. 

The  Chairman.  The  reason  I did  not  think  you  would  get  much  of 
an  answer,  is  that  I asked  that  question  last  year.  Dr.  Newell  gave  me 
the  same  answer  he  gave  you  today. 

Mr:  Staebler.  Mr.  Chairman,  Dr.  Newell  gave  us  an  answer  several 
days  ago  when  some  of  the  members  were  not  present,  that  meant  a 
great  deal  in  my  thinking  about  this,  and  I would  like  to  have  him 
repeat  it. 

It  was  in  response  to  a question  dealing  with  pure  research,  some- 
thing to  the  effect  that  a vast  amount  of  pure  research  is  needed. 

How  can  you  tell  when  we  are  doing  enough,  or  how  can  laymen 
tell  when  we  are  doing  enough,  and  what  guidelines  can  we  find  as  to 
when  we  are  going  overboard,  when  the  pure  research  becomes  an  end 
in  itself  ? We  get  too  excited  about  it. 

You  gave  an  answer  at  that  time  that  seemed  to  me  to  provide  a 
rule-of-thumb  guide  for  us  laymen.  Do  you  remember  it? 

Dr.  Newell.  There  are  two  points,  two  parts  to  that  answer.  The 
first  one  is,  a test  to  apply  broadly.  The  test  fails  if  you  try  to  apply 
it  too  narrowly.  But  broadly,  if  you  are  trying  to  develop  a rule  of 
thumb  for  how  vigorously  should  the  country  push  a total  basic  re- 
search program,  you  find  that  the  people  who  are.  trying  to  make 
applications,  in  the  case  of  space  sciences  to,  say,  weather  satellites, 
communication  satellites,  or  navigation,  or  in  the  case  of  medical 
sciences,  to  specific  clinical  problems,  or  in  the  case  of  the  geophysical 
sciences  to,  say,  mining,  petroleum  exploration,  and  so  forth — if  you 
find  that  these  people  are  constantly  asking  for  more  basic  data, 
indicating  they  do  not  have  enough  to  get  on  with  the  problems,  the 
engineering  problems  they  are  facing,  then,  in  general,  you  are  not 
supporting  an  adequate  basic  research  program. 
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On  the  other  hand,  if  you  find  that  they  are  enjoying  a situation 
in  which  there  are  a great  number  of  choices  of  how  to  solve  their 
problem,  then  you  can  feel  that  you  are  supporting  an  adequate  basic 
research  program,  and  you  can  then  try  to  feel  your  way  toward 
whether  you  can  perhaps  afford  less  of  the  basic  research  and  go 
more  to  the  applied  research. 

The  second  part  to  this  answer  is  to  recognize  that  in  any  total 
program  you  should  have  a pure  research  component. 

You  should  not  try  to  apply  the  test  of  what  specific  applied  goal 
will  this  give  me  to  everything  that  you  do  in  this  type  of  activity. 

The  reason  is  as  follows : As  an  applied  research  man  moves  from 
the  area  of  known  facts  and  principles  to  his  target,  his  specific  target, 
he  moves  directly  toward  that. 

He  has  on  blinders?  so  to  speak,  so  as  he  moves  along  the  line  from 
the  known  toward  his  goal,  if  he  finds  that  certain  interesting  and 
important  researches  are  leading  him  off  that  track,  he  dispenses  with 
them,  and  goes  back  to  the  track. 

Whereas  the  pure  researcher  simply  attempts  to  move  from  the 
known  into  the  unknown,  to  advance  the  frontiers  of  knowledge,  and 
as  he  goes  he  feels  free  to  zig-zag,  to  follow  those  lines  of  attack  that 
seem  to  be  the  most  promising,  the  most  fruitful  scientifically,  and 
he  therefore  moves  ahead  in  an  atmosphere  that  sets  the  stage  for 
discovery  and  for  breakthrough  in  a way  that  the  applied  researcher 
does  not. 

So  these  two  criteria,  I think,  are  ones  that  can  be  applied  in  trying 
to  determine  whether  or  not  you  have  enough  fundamental  research 
going  in  the  country! 

Mr.  Ciienoweth.  Will  my  colleague  yield? 

Mr.  Staebler.  Certainly. 

Mr.  Chenoweth.  I would  like  to  ask  you  this,  Doctor. 

Except  for  this  race  we  are  in  now  with  our  Russian  opponents,  to 
get  the  man  to  the  Moon  first,  and  the  military  significance  involved, 
would  you  say  that  there  is  much  of  this  that  we  would  not  be  as 
vitally  interested  in  as  we  are  today  if  it  were  not  for  that? 

We  have  lived  many  years  without  having  this  information  which 
we  are  getting  here,  and  probably  could  go  on  for  some  time  to  come 
without  the  knowledge. 

Would  you  say  that  all  of  this  is  absolutely  essential  and  pertinent 
to  our  survival?  We  would  like  to  have  it,  of  course,  it  is  nice  to  have 
it;  if  we  could  afford  to  buy  it  and  pay  for  it. 

Sometime  we  may  some  interest  m it,  though  not  immediately — 
isn’t  there  a twilight  zone  in  here? 

We  are  going  into  a lot  of  things  we  never  thought  of  going  into 
in  the  last  15  years,  even  the  last  2 or  3 years. 

The  scientists  think  pretty  fast  too,  they  move  in  fast,  they  have  a 
lot  of  ideas. 

It  is  a question  of  how  many  we  can  finance,  how  far  we  can  go, 
that  occurs  to  me  now. 

Dr.  Newell.  I think  it  is  unquestionably  true  that  the  pace  of  the 
program  is  set  to  a great  extent  by  competition  with  the  Russians,  the 
need  to  maintain  preeminence  in  the  eyes  of  the  rest  of  the  world  in 
the  light  of  that  competition  with  the  Russians,  the  need  to  feed  into 
those  who  are  developing  military  systems  for  our  defense  basic  in- 
formation rapidly  enough  for  them  to  keep  ahead. 
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If  we  were  not  in  such  a situation,  science  could  move  ahead  more 
gently.  In  fact  the  nature  of  science  is  that  it  moves  at  a more  leisurely 
pace  than  sometimes  we  do  today. 

The  fact  of  the  matter  is  we  are  in  a different  situation,  and  there- 
fore we  do  recommend  a more  rapid  pace  than  we  woula  otherwise 
recommend. 

Mr.  Chenoweth.  This  is  sort  of  a crash  program  we  are  in  now, 
in  this  effort  to  beat  the  Russians  to  the  Moon;  isn’t  that  what  we  are 
in  ? We  cannot  get  the  same  value  for  money  spent  in  this  program, 
as  we  would  in  a leisurely  program. 

I think  that  is  very  fundamental,  and  recognized  in  not  only  your  ' 
program  or  any  other  program.  In  haste  there  is  going  to  be  waste, 
there  is  no  question  about  that.  Not  that  you  are  deliberately  wasting 
money,  but  there  is  bound  to  be  some  waste  in  a crash  program. 

Dr.  Newell.  It  costs  you  more,  but  I question  whether  you  call  it 
waste.  I think  you  call  it  increased  cost  to  do  the  thing  on  a deadline 
basis. 

In  the  case  of  the  space  science  program — and  this  is  true  in  the  case 
of  the  other  programs  in  NASA — I would  not  call  them  crash  pro- 
grams in  the  sense  that  you  have  set  such  rigid  deadlines  that  you 
have  to  set  up  many  different  lines  of  attack,  cover  all  your  bets,  in 
the  development  of  engines,  vehicles,  landing  modules,  and  so  forth, 
which  would  be  the  nature  of  a crash  program. 

It  is  a tight  program,  but  we  have  set  it  up  so  that  you  have  essen- 
tially one  line  of  attack  with  perhaps  a few  backups  here  and  there. 
In  this  sense,  it  is  different  from  a crash  program.  In  the  case  of 
space  science,  I would  say  it  is  not  at  all  a crash  program.  It  is  a 
fast  program. 

Mr.  Chenoweth.  I think  it  has  very  many  characteristics  of  a 
crash  program,  wiiere  you  have  a deadline,  or  are  trying  for  a dead- 
line. You  are  increasing  all  of  your  figures  here.  I assume  you  did  a 
pretty  good  job  this  last  year,  I think  you  have  done  a competent  and 
efficient  job,  and  now  you  are  moving  it  up  very  substantially. 

Call  it  crash  or  whatever  you  want  to  call  it,  it  is  obvious  you  are 
moving  ahead  fast,  much  faster  than  you  would  ordinarily,  I am  sure. 
The  incentive  is  obvious,  someone  is  causing  you  to  do  that. 

Dr.  Newell.  We  are  moving  up,  the  total  cost  is  moving  up,  but 
we  are  also  moving  into  an  area  where  the  tools  that  we  have  to  use 
to  do  some  of  the  jobs  are  more  costly. 

Mr.  Chenoweth.  I recognize  that.  That  is  what  causes  this  drive 
to  meet  this  target  date  which  we  fixed  on  this  program  to  put  a man 
on  the  Moon  in  this  decade,  isn’t  that  it?  Isn’t  that  a good  part  of  it? 
Maybe  I am  wrong. 

The  Chairman.  Isn’t  it  true,  Doctor,  that  you  are  buying  some  of 
the  tools  in  fiscal  year  1964,  and  you  will  be  buying  more  of  the  tools 
in  fiscal  1965,  that  we  completed  feasibility  studies  for  and  did  some 
other  preliminary  work  for  in  fiscal  1963.  Isn’t  this  true? 

The  reason  I say  this  is  because  Mr.  Chenoweth  was  not  a member 
of  this  subcommittee  last  year,  and  I can  assure  the  gentleman  that  we 
took  a very  close  look  at  this.  The  fact  of  the  matter  is 

Mr.  Chenoweth.  I am  sure  you  did. 

The  Chairman  (continuing).  The  subcommittee  reduced  by  a sub- 
stantially '’Tvater  percentage  the  budget  request  from  the  Office  of 
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Space  Sciences  than  all  of  the  other  subcommittees  combined.  I am 
not  sure  of  that,  but  I think  this  will  probably  stand  the  test. 

Mr.  Chenoweth.  I have  full  confidence  in  you  as  chairman  of  the 
subcommittee. 

The  Chairman.  I would  like  to  join  the  witness  on  the  other  side 
of  the  table,  and  answer  questions  propounded  by  the  committee. 

Let  me  say  this  at  this  point,  so  at  least  my  position  is  clear  for  the 
record:  I think  since  1940,  or  ^hereabouts,  we  probably  have  advanced 
scientifically  and  technologically  to  a greater  degree  than  we  have  ad- 
vanced in  those  two  very  important  areas  in  the  last  50,  75,  or  even 
100  years. 

I think  it  is  well  that  we  did.  I would  hesitate  to  make  a guess 
as  to  whether  or  not  we  would  be  sitting  here  as  citizens  or  the 
greatest  Nation  in  the  world  if  we  had  not  advanced  at  the  rate  that 
we  have  advanced  in  these  two  areas  in  the  last  20  years.  I would 
just  hesitate  to  guess  whether  or  not  we  would  be  here  under  other 
circumstances. 

I think  it  might  be  true  that  we  have  got  to  advance  at  an  even  more 
rapid  rate.  I think  this  pretty  generally  follows,  because  we  have 
advanced  at  a more  rapid  rate  in  the  last  20  than  the  previous  75 
years. 

So  with  this  kind  of  a speedup,  I guess  you  almost  become  part  of 
the  treadmill.  You  can’t  stop,  because  if  you  do  something  very 
serious  is  going  to  happen. 

The  question  is,  How  much  more  rapidly  should  you ‘move  the 
treadmill,  if  at  all  ? 

I think  this  is  probably  the  question.  While  I may  disagree  with 
Dr,  Newell  and  Mr.  Cortright  on  some  parts  of  this  program,  I will 
say,  Doctor,  for  the  record,  that  at  least  at  the  moment  1 am  in  dis- 
agreement with  you,  either  on  part  of  your  Ranger  program  or  on 
part  of  your  Surveyor  orbiter  program.  I think  this  committee  is 
going  to  have  the  opportunity  to  very  seriously  consider  these  two 
areas. 

I would  disagree  on  the  other  hand  with  those  who  say : “Well,  as 
far  as  the  pure  scientific  research  areas  are  concerned,  let’s  cut  these 
out  because  maybe  it  is  not  important  that  we  proceed  along  these 
lines  ju$t  because  next  year  might  not  be  the  crucial  year  when  the 
decision  is  made.”  Are  we  going  to  stay  alive  or  are  we  going  to  be 
dead  because  we  did  not  advance  rapidly  enough  in  the  pure  scientific 
area? 

I feel  that  these  three  orbiting  observatory  requests  on  the  part  of 
NASA  are  really  the  only  pure  research  programs.  I suppose  there 
could  certainly  be  a difference  of  opinion  as  to  the  word  “pure”  here. 
Isn’t  it  true  that  this  is  really  the  only  pure  or  semipure  scientific  area 
or  program  that  is  being  conducted  by  the  Office  of  Space  Sciences, 
where  we  are  going  to  get  some  of  the  answers  that  we  really  need  to 
get  into  the  applied  research  areas  later  on  ? 

Dr.  Newell.  These  are  pure  research,  but  so  are  planetary  re- 
searches. and  so  are  the  lunar  researches  that  I keep  scrapping  for. 

I think  in  the  case  of  the  lunar  discussion,  it  is  unfortunate  that  we 
always  turn  back  to  saying,  “Well,  will  this  support  the  manned  lunar 
landing  effort?”  because,  as  we  have  indicated,  the  Moon  has  a partic- 
ular role  to  play  in  the  investigation  of  the  origin  of  our  solar  system, 
which  is  one  of  the  major  scientific  problems  of  today. 
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Th9  combination  that  we  described  to  you  of  the  Ranger,  Surveyor 
lander,  and  Surveyor  orbiter,  we  feel  is  the  most  effective  way  of  get- 
ting a total  investigation  of  the  Moon  in  hand. 

As  we  have  explained,  it  is  through  the  combination  of  the  Ranger 
impacters  and  Surveyor  landers,  and  the  correlating  features  of  the 
Surveyor  orbiter  that  we  will  learn  about  the  structure  of  the  Moon. 
In  the  case  of  the  orbiter,  however,  one  keeps  forgetting 

The  Chairman.  Doctor,  let  me  ask  this : We  know  more  about  the 
surface  of  the  Moon  today  from  just  what  viewing  we  have  had  from 
Earth  than  we  know  about  Mars  or  Venus,  or  will  probably  know 
about  those  two  planets  during  the  next  decade,  despite  our  far-out 
experiments ; isn’t  this  true  ? 

Dr.  Newell.  That  is  absolutely  true.  But  in  knowing  more  about 
the  Moon,  we  have  developed  more  questions  that  the  scientists  can- 
not agree  on  than  we  have  developed  in  the  case  of  Mars. 

The  Chairman.  My  only  point  is,  Doctor,  you  get  a long  way  away 
from  pure  research  when  you  follow  down  a program  that  is  designed 
to  give  you  almost  as  much  knowledge  about  the  Moon  as  you  have 
about  Earth. 

This  is  stretching  this  thing  to  be  true,  but  my  point  is  that  when 
we  are  talking  about  these  supporting  lunar  programs,  if  I may 
designate  them  as  such,  we  are  not  really  talking  about  pure  science 
any  longer,  even  if  you  want  to  stretch  your  imagination  in  those 
areas? 

Dr.  Newell.  Yes,  I am.  I insist  I am. 

The  Chairman.  I beg  to  disagree. 

Dr.  Newell.  We  have  in  the  minds  of  leading  scientists  like  Dr. 
Gold,  Dr.  Pettingill,  Bruce  Murray,  Harold  Urey,  some  of  them  Nobel 
Prize  winners,  questions  about  the  Moon  that  they  regard  as  of  basic 
importance  in  this  basic  research  area.  Questions  that  we  want  to 
follow  up,  that  they  can’t  answer  from  the  Earth  on  the  basis  of  ob- 
servations made  with  telescopes  and  radars.  They  want  to  answer 
these. 

Now,  in  our  discussion  of  the  lunar  orbiter,  people  keep  forgetting 
this  orbiter  will  do  more  than  just  take  pictures.  It  will  provide  us 
with  a way  of  studying  the  radioactivity  of  the  Moon,  the  geodetic 
properties  of  the  Moon,  and  with  a means  of  observing  the  local 
particle  environment  of  the  Moon,  including  micrometeorities,  and 
micrometeor  splashes — a much  more  effective  way  of  getting  at  these 
than  we  can  obtain  from  a lander. 

A lander  does  a different  job.  So  in  order  to  do  the  complete,  basic 
research,  scientific  job,  we  feel  we  need  the  combination. 

The  scientists  are  urging  us  to  get  on  with  the  orbiter,  and  we 
agree  with  them  that  we  should. 

Mr.  Chenoweth.  Mr.  Chairman,  will  you  yield  ? 

The  Chairman.  Yes. 

Mr.  Chenoweth.  Why  is  it  so  important  to  get  all  this  information 
on  the  Moon?  What  is  involved?  After  we  get  all  of  it,  what  are 
we  going  to  do  with  it  ? 

Dr.  Newell.  Let  us  stepr  away  from  bringing  in  the  question  of 
support  to  the  manned  lunar  landing. 

Mr.  Chenoweth.  Yes ; leave  that  out. 
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Dr.  Newell.  It  is  important,  becaus?.  the  scientists  who  have  been 
studying  the  Moon  say  they  have  some  challenging  problems  to  study. 
This  is  one  of  their  great  tests. 

If  we  ask  them  now  searching  are  these,  we  find  that  they  say,  if 
we  can  find  out  about  the  origin  of  the  solar  system^  if  we  can  de- 
termine, for  example,  that  the  solar  system  really  was  formed  by  the 
collision  of  two  stars,  then  we  can  say  that  it  is  almost  certain  that 
we  are  alone  in  the  universe,  at  least  in  our  galaxy,  because  the  col- 
lision of  two  stars  is  a very  rare  event.  It  can  happen,  on  the  basis 
of  probabilities,  only  a few  times  in  many  billions  of  years. 

On  the  other  hand,  they  say  if  our  investigation  of  the  Moon  shows 
that  the  Moon  was  formed  m>m  cold  materials,  and  therefore,  very 
likely  the  Earth  and  the  other  planets  were  formed  from  cold  ma- 
terials, this  then  says  that  the  process  of  formation  of  systems  like 
the  solar  system  is  a very  likely  process,  and  that  there  are  very  likely 
similar  solar  systems  around  millions  or  perhaps  billions  of  other  stars 
in  our  galaxy,  and  that  many  of  these  millions  or  perhaps  billions 
of  them  will  have  planets  that  are  located  j ust,  at  the  right  distance 
with  respect  to  their  sun  that  conditions  lor  formation  of  life  are 
just  right,  and  it  is  very  likely  that  life  has  formed.  Therefore,  the 
probability  is  very  high  that  we  are  not  alone  in  the  universe. 

This  philosophically  is  a very  intriguing  and  challenging  scientific 

Eroblem.  I don’t  know  what  you  are  going  to  do  with  it  practically, 
ut  it  is  the  sort  of  problem  our  scientists  tackle,  it  is  the  sort  of 
problem  they  should  be  tackling,  so  that  we  do  get  the  practical 
products  later  on. 

The  Chairman.  Doctor,  that  is  a beautiful  explanation.  But 
answer  this  question,  if  you  will.  Why  do  we  have  to  go  to  the  Moon 
to  find  out  whether  or  not  the  universe  was  formed  after  the  collision 
of  two  stare,  or  whether  it  was  formed  from  cold  materials?  Why 
can’t  we  make  those  scientific  experiments  on  Earth,  and  make  that 
same  determination? 

Why  can’t  we  do  it  here  ? 

Dr.  Newell.  The  Earth,  it  turns  out,  is  too  big  a body  to  do  that. 
When  materials  conglomerate  into  a body  the  size  of  the  Earth,  the 
ratio  of  the  surface  area  of  the  planet  to  the  volume  is  sufficiently 
small  that  the  rate  of  escape  of  heat  generated  in  the  interior  across 
the  surface  and  out  into  space  is  slowed  down  to  the  point  where  the 
interior  melts,  as  in  the  case  of  the  Earth. 

Badioactivity  and  the  heat  generated  by  the  pressures  developed  in 
the  interior  of  the  Earth  built  up  heat  sufficiently  rapidly,  and  heat 
was  lost  across  the  surface  of  the  planet  sufficiently  slowly  that  the 
heat  rose  above  the  melting  point  of  the  materials  in  the  interior  of 
the  Earth. 

As  a result,  the  iron  melted  and  drifted  to  the  center  of  the  Earth. 
This  means  that  the  original  structure  was  lost,  and  we  cannot  tell 
whether  it  was  formed  from  cold  materials  or  from  the  molten 
material  pulled  out  from  the  Sun. 

The  Chairman.  Doctor,  are  there  any  scientists  that  disagree  with 
your  theory,  what  you  j ust  said  ? 

Dr.  Newell.  There  are  disagreements  with  the  theory,  but  some  of 
our  leading  scientists  feel  that  it  is  true.  One,  for  example,  is  Gordon 
McDonald,  who  is  one  of  the  leading  geophysicists  in  the  country 
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today.  He  and  others  feel  that  thiB  is  a correct  explanation  of  what 
is  going  on.  Indeed,  I think  perhaps  most  scientists  agree  with  Dr. 
M&onald. 

But  now  in  the  case  of  the  Moon,  if  the  Moon  was  formed  from 
cold  materials,  it  is  sufficiently  small  that  the  ratio  of  its  surface 
area  to  its  volume  is  large  enough  so  that  heat  leaks  out  through  the 
surface  sufficiently  rapidly  that  the  Moon  may  never  become  molten, 
and  therefore  is  in  the  same  gingerbread,  or  fruitcake  form  that  it  was 
when  it  was  first  formed. 

If  we  find  it  is  in  that  form,  then  we  can  conclude  that  bodies  of  a 
planetary  system  like  the  solar  system  are  formed  from  the  accumula- 
tion of  cold  materials,  and  we  can  conclude  that  we  are  very  likely  not 
alone  in  the  galaxy. 

The  Chairman.  Mr.  Chenoweth. 

Mr.  Chenoweth.  I will  be  through  with  this,  Mr.  Chairman. 

Suppose  we  do  come  to  one  conclusion  or  the  otner  ? What  practical 
importance  is  it? 

Dr.  Newell.  I am  not  going  to  attempt  to  justify  this  on  the  basis 
of  practical  importance.  It  is  one  of  the  challenging  scientific 
problems. 

From  the  practical  point  of  view  it  is  important  for  us  to  keep 
tackling  these  scientific  problems,  keep  our  scientists  working  on  the 
things  that  they  regard  as  challenging,  so  that  we  are  in  a position  for 
those  who  are  practical  people  to  nave  the  data,  information,  princi- 
ples, and  so  forth,  to  make  their  inventions  and  their  applications. 

Mr.  Chenoweth.  I must  confess,  Doctor,  I can’t  follow  you  in  all 
of  the  reasoning,  and  scientific  terms  you  are  using  here.  I can’t  see 
any  practical  value  whatever  to  it,  except  to  satisfy  the  inquiry  of  some 
scientists  who  have  been  studying  this  problem. 

Dr.  Newell.  Well,  now,  if  you  had  asked  me  back  at  the  end  of  the 
last  century  what  practical  value  it  was  for  Roentgen  to  be  playing 
around  with  these  little  evacuated  tubes  and  electrical  discharges,  I 
would  never  have  said  he  was  going  to  discover  X-rays.  My  answer 
could  not  have  been  that.  But  X-rays  have  turned  out  to  be  of  practi- 
cal importance  in  medicine,  in  research,  and  in  industry  in  the  exami- 
nation of  castings,  for  example,  to  find  flaw  s. 

One  could  haraly  have  thought  of  anything  of  greater  value  than 
X-rays,  from  a practical  point  of  view,  but  if  we  had  decided  that 
these  esoteric  researches  of  Roentgen  were  not  worthwhile,  and  we 
had  decided  we  should  tell  him  to  go  off  and  do  something  practical, 
that  would  have  been  lost. 

Mr.  Chenoweth.  I think  there  is  a limit,  frankly,  Doctor. 

I think  probably  some  are  taking  advantage  of  this  present  lunar 
flight  to  do  some  things  that  otherwise  would  be  rather  frowned  upon, 
or  perhaps  openly  discouraged. 

I say  that  without  any  criticism  of  you,  of  course.  I think  I can 
see  the  picture  of  what  is  going  on. 

Mr.  Staebler.  Will  the  gentleman  yield  ? 

Mr.  Chenoweth.  Yes,  certainly. 

Mr.  Staebler.  I have  been  asking  that  same  question,  Mr.  Chair- 
man, every  time  we  get  together. 

I sorted  out  four  orders  of  priority  I would  like  to  try  on  Dr. 
Newell. 

06-504  Ox-66— pt.  8a — -18 
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it seems,  to  me  that  what  we  are  talking  about  falls  rather  clearly 
under  these  four  divisions. 

First,  research  conhected  with  the  Moon  landing.  That  is  almost 
applied  research,  though  it  is  pretty  pure  in  the  abstraction  of  it. 

Second,  the  research  dealing  with  the  Moon  without  application  to 
the  Moon  landing.  This  adds  to  our  stock  of  knowledge  without 
having  an  immediate  discernible  practicality,  but  this,  almost  all  of  it, 
rides  along  with  the  first. 

This  is  kind  of  a bonus  that  we  get  in  connection  with  our  first  re- 
search. Perhaps  we  would  not  do  it  this  fast  if  we  were  not  doing 
the  first  category,  but  having  the  instruments  you  just  add  on  a few 
more  and  you  get  the  second  one  almost  free,  at  least  at  a cut  price. 

The  third  collection  seems  to  be  in  connection  with  planetary  ques- 
tions, and  here  there  is  a different  order  of  urgency,  but  still  some 
urgency,  because  we  can  see  a little  element  of  defense  and  perhaps 
planetary  travel,  maybe  in  somebody’s  lifetime,  the  younger  people 
here,  in  connection  with  the  planets. 

And  then  fourth,  the  galactic  research.  That  seems  to  me  to  be 
almost  pure  research  in  terms  of  no  discernible  use  we  are  going  to 
make  oi  it.  ‘ * 

But  we  have  always  done  that  pure  research.  The  reason  that  it 
looks  so  different  to  us  now  is  that,  whereas  the  observatories  have 
always  searched  the  heavens,  and  hundreds  of  people  have  done  this, 
they  have  done  it  in  small  ways. 

Now  all  of  a sudden  it  is  costing  us  $10  million  or  $20  million  a 
look  to  get  those  observatories  out  into  outer  space. 

The  question  on  that  point  of  pure  research  seems  to  be  now  that  it 
cannot  be  done  from  a terrestrial  point,  should  the  Government  under- 
take this  and  do  that  degree  of  pure  research  that  heretofore  lots  of 
other  individuals  have  done  ? 

And  even  that,  however,  seems  to  be  intermixed  with  the  other  be- 
cause apart  of  it  we  get  piggyback  on  these  other  forms  of  research. 

Mr.  Chenoweth.  They  are  doing  a pretty  good  job  of  mixing  all 
of  these  up  together.  It  is  hard  to  separate  them. 

Mr.  Staebler.  I would  like  to  ask  about  this  research,  however. 
Are  there  more  than  these  four  you  are  talking  about  ? 

Dr.  Newell.  I think  you  covered  it  pretty  well,  in  the  space  sciences 
area. 

You  should  include  in  the  basic  researches,  with  perhaps  more  im- 
mediate practical  applications,  the  Earth  researches  on  our  atmosphere 
and  the  radiation  belt,  because  these  will  have  direct  applications  to 
better  understanding  of  weather,  communication  satellites,  satellites 
for  navigation*  the  U9e  of  satellites  say  for  military  applications,  and 
soon,  \ 

So  that  one  category  of  Earth  investigation  should  be  added  to  the 
total. 

Mr.  Hammill.  Dr.  Newell,  I have  one  question. 

If  we  did  not  have  a maimed  lunar  landing  program,  and  we  could 
consider  the  Surveyor  orbiter  as  a strictly  scientific  endeavor,  you 
probably  would  not  have  any  problem  convincing  the  members  of  the 
committee  that  it  is  really  essential,  but  based  upon  your  earlier  testi- 
mony I believe  there  is  some  question  in  Mr.  Karth’s  mind  and  other 
members  as  to  whether  or  not  the  scientific  data  which  the  Office  of 
Space  Sciences  would  like  to  develop  and  should  develop  cannot  be 
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got,  for  all  intents  and  purposes,  and  virtually  in  the  same  time, 
frame  by  the  manned  endeavor,  you  see  ? 

I believe  that  is  the  reason  that  there  have  been  reservations  ex- 
pressed about  the  Surveyor  orbiter  program. 

Dr.  Newell.  As  I have  stated,  we  have  very  carefully  reviewed 
that  question  as  one  of  the  questions  that  should  be  looked  into  before 
making  a decision,  and  have  decided  on  balance  we  need  the  orbiter, 
because  we  are  not  going  to  fly  men  all  over  the  Moon.  They  will 
come  along  later.  They  do  face  tremendous  problems  of  engineering 
which  we  think  will  inevitably  show  up  as  schedule  problems,  and 
that  in  applying  these  judgment  factors,  then,  it  comes  out  better  to  in- 
clude the  orbiter  in  the  total  program. 

The  Chairman.  One  o£  tne  things  that  bothers  me  is  getting  into 
the  hands  of  those  who  need  it  the  information  that  we  get  as  a re- 
sult of  our  experiments. 

I don’t  think  that  we  have  enough,  if  I may,  of  a central  focal 

r>int,  where  k we  accumulate  and  disseminate  all  of  this  information. 

can  see  why  it  is  important  to  have  it.  I agree  with  the  scientist 
that  for  too  many  years  we  neglected  science.  This  is  our  prob- 
lem. I think  we  neglected  it  so  long  that  now  we  are  probably  mov- 
ing at  a pace  that  is  probably  a little  too  rapid  for  some. 

If  we  had  done  our  chores  in  this  area  during  the  last  100-year 
period  we  probably  would  not  have  to  do  it  today. 

But  I am  concerned  that  we  are  not  really  getting  this'  information 
into  the  hands  of  all  of  the  people  who  can  use  it  as  rapidly  as  it 
should  be  put  into  their  hands. 

Now,  I wonder  if  you  could  just  think  about  this  until  the  next  time 
we  have  you  before  the  committee — and  probably  help  us  by  telling 
us  how  you  think  we  might  be  able  to  do  this. 

I think  it  is  appropriate,  because  this  committee  does  have  a re- 
sponsibility, in  my  opinion,  other  than  merely  approving  or  disapprov- 
ing what  you  are  here  to  support  in  the  torn)  of  a budget  request. 

If  we  can  add  something  in  addition  to  evaluating  whether  or  not 
you  are  correct  or  incorrect  in  making  your  presentations*  and  I think 
we  are  dutybound  to  do  this,  and  if  we  can,  through  your  suggestions, 
and  others,  who  understand  science  a lot  better  than  we  do  and  know 
how  important  it  is  to  get  it  in  the  hands  of  those  who  can  put  it 
to  good  use  all  over  the  Nation,  not  only  in  Government,  but  in  every 
agency  of  Government  and  in  private  industry,  in  so  many. different 
industries,  then  I think  that  we  will  all  have  made  a very  worthwhile 
contribution. 

I just  don’t  think  we  are  doing  it  today. 

Dr.  Newell.  I would  be  glad  to  address  myself  to  that. 

The  Chairman.  I hate  to  ask  you  to  take  it  upon  yourself  to  accept 
another  chore,  because  I know  you  have  plenty. 

But  if  you  and  your  staff — Mr.  Cortright  could  probably  wrestle 
with  this  problem  a half  hour  sometime — to  see  if  you  could  not  help 
this  committee  write  some  legislation  that  would  set  up  a central  re- 
trieval office,  and  a dissemination  office  for  this  kind  of  information. 

I know  we  have  the  Department  of  Defense  retrieving  and  dissem- 
inating information  to  the  services,  and  to  anyone  else  in  Government 
I guess  who  wants  the  information,  but  it  seems  to  me  these  people  have 
to  request  it. 
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If  they  don’t  know  anything  about  what  DOD  has  got,  how  do  they 
request  it! 

This  is  the  thing  that  bothers  me. 

It  js  like  looking  for  a needle  in  a haystack  when  you  don’t  know 
that  the  needle  is  mere. 

You  have  to  know  why  you  are  there  in  the  first  place. 

Then  NASA,  I guess,  has  some  kind  of  a retrieval  and  dissemina- 
tion program. 

Dr.  Newell.  Yes. 

The  Chairman.  But  I am  not  sure  I understand  the  extent  to  which 
we  retrieve  and  disseminate  information  to  industry  and  to  all  other 
agencies  of  Government  who  might  find  some  use  of  it — maybe  90 
percent  of  them  don’t.  So,  it  is  10  percent  that  are  important,  not 
the  90  percent  that  have  no  use  for  it. 

Mr.  Mosher.  Mr.  Chairman? 

The  Chairman.  Mr.  Mosher. 

Mr.  Mosher.  I have  heard  librarians  indicate  this  is  perhaps  the 
most  critical  problem  they  face  today.  Not  only  in  space  sciences,  but 
the  whole  problem  of  how  the  Library  of  Congress,  or  the  New  York 
Public  Library,  how  can  they  conceivably  make  available  the  vast 
amount  of  information,  cross  indexed,  readily  available  to  all 
scientists. 

. You  struck  a very  difficult  problem. 

The  Chairman.  How  many  people  do  we  have  in  NASA  doing  this, 
Dr.  Newell? 

Dr.  Newell.  I would  have  to  check  on  that. 

We  are  doing  a lot  of  thinking  about  it. 

I have  a number  of  people  in  the  Office  of  Space  Sciences  alone 
working  on  this  problem.  But  I ought  to  wait  until  I have  a chance 
to  work  this  up  for  you. 

The  Chairman.  It  seems  to  me.  with  the  almost  fantastic  amount 
of  information  we  are  deriving  from  our  whole  effort  in  space — it 
seems  to  me  if  NASA  came  to  this  committee  and  said,  Look,  we  need 
$50  million  to  make  use  of  this  information,  net  just  to  our  own  people 
within  NASA,  but  to  every  one  within  the  United  States  who  may 
have  use  for  it  in  private  industry  as  well  as  other  agencies  of  the 
Government,  you  would  sell  me,  liecause  I just  think  we  waste  it — 
not  in  the  true  sense  of  the  word,  but  we  don’t  use  it  nearly  as  rapidly 
or  to  the  extent  that  we  could.  I would  be  pleased  to  have  your  ideas 
for  the  record. 

- Statement  or  Homes  E.  Newell,  Director,  Office  of  Space  Sciences,  National 

Aeronautics  and  Space  Administahon 

I would  like  to  review  the  procedures-  and  programs  by  which  the  scientific 
data  which  we  acquire  in  the  OSS  program  are  disseminated  into  and  used  by 
the  scientific  and  technical  community.  I will  discuss  the  mechanisms  by  which 
the  data  from  an  energetic  particle  detector  on  a typical  satellite,  say  Explorer 
XIV,  is  translated  into  the  proper  format  to  be  of  use  to  an  engineer  designing 
the  shielding  for  Apollo.  I will  trace  a datum  point  from  the  time  it  is  measured 
on  a satellite,  through  its  scientific  analysis,  to  its  engineering  application.  In 
the  process,  I will  use  various  reports,  publications,  bibliographies,  data  storage, 
and  data  retrieval  techniques  which  NASA  has  established  to  insure  that  space 
science  results  will  be  available  to  those  who  need  them,  promptly  and  accurately. 

Let  us  return  to  the  experiments  which  are  sending  information  earthward 
from  the  satellite.  This  encoded  information  is  received  and  recorded  on  tape 
by  a telemetry  receiving  station  operated  by  the  NASA  Office  of  Tracking  and 
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Data  Acquisition.  The  tape  is  then  shipped  to  the  cognizant  NASA  field  center ; 
in  the  case  of  Explorer  XIV,  this  is  the  Goddard  Space  Flight  Center.  Here 
duplicate  tapes  are  made  and  the  originals  placed  in  archives  for  permanent 
storage.  The  duplicate  tapes  are  processed  by  a computer.  This  processing 
includes  the  decoding  and  calibration  of  the  telemetry  data  and  uses  the  most 
modern  electronic  computers.  The  information  from  the  particular  experiment 
of  interest,  together  with  considerable  other  pertinent  information  such  as  the 
time,  the  location,  and  the  orientation  of  the  satellite,  are  transferred  to  another 
tape  which  is  shipped  to  the  scientist  who  is  responsible  for  this  particular 
experiment.  This  scientist  is  the  man  who  thought  up  this  experiment  and 
who  designed  and  calibrated  the  instrument.  He  is  the  man  to  Vtrhom  NASA 
has  assigned  the  responsibility  for  the  analysis,  interpretation,  and  publication  of 
the  data  from  this  experiment.  He  is  probably  associated  with  a university, 
but  he  may  be  an  employee  of  NASA  or  of  some  other  Government  laboratory. 

At  this  point  I would  like  to  insert  in  the  record  the  NASA  management 
instruction  which  defines  the  rights  and  responsibilities  of  an  experimenter  with 
respect  to  the  data  from  his  experiment. 

( See  app.  1 at  end  of  statement. ) 

The  experimenter  then  begins  the  analysis  of  the  data  from  his  experiment 
For  the  Explorer  XIV  energetic  particle  detector,  the  telemetered  data  axe  con- 
verted into  numbers  which  tell  him  the  number  of  particles  within  each  par- 
ticular velocity  range  which  struck  his  detector.  If  he  is  studying  the  trapped 
radiation  he  will  find  that  these  numbers  vary  with  the  location  and  orientation 
of  the  satellite.  At  the  same  location  and  orientation  they  will  probably  vary 
with  time.  The  experimenter  must  collect  data  over  many  orbits  and  for  many 
days  before  he  begins  to  understand  in  any  detail  what  is  happening. 

Three  or  four  month's  after  a satellite  has  been  launched  a working  group  of 
all  the  experimenters  is  usually  convened  by  NASA  to  discuss  their  data.  The 
purpose  of  this  is  to  correlate  results  from  different  instruments  such  as  a 
magnetometer  and  an  energetic  particle  detector.  This  correlation  may  on 
occasion  show  that  some  results  are  spurious  because  of  interference  from  an- 
other instrument  on  the  spacecraft.  More  frequently  it  will  lead  to  the  under- 
standing of  some  phenomena  which  were  confusing  or  even  incomprehensible 
when  looked  at  by  the  two  experimenters  separately.  The  important  thing  is 
that  this  is  a part  of  the  process  by  which  the  experimenter  validates  his  results 
and  assures  himself  that  they  are  accurate. 

You  will  note  that  so  far  there  has  been  no  public  disclosure  of  the  results. 
The  reason  that  we  must  be  so  deliberate  about  this  is  that  introduction  into 
the  literature  of  inaccurate  results  must  be  avoided,  because  once  such  results 
are  introduced  it  is  very  difficult  to  eradicate  them. 

Shortly  after  such  a working  group  session,  the  experimenter  will  present 
those  results  whose  validity  he  considers  established,  either  at  a scientific  meet- 
ing of  a national  organization  such  as  the  American  Physical  Society,  or  as  a 
brief  article  in  a technical  journal  such  as  the  Journal  of  Geophysical  Research. 
At  this  point,  if  the  results  are  newsworthy,  NASA  will  issue  an  official  press  re- 
lease. We  do  not  make  a news  release  until  the  experimenter  has  either  had 
this  material  accepted  for  publication  in  an  established  scientific  journal  or  has 
presented  it  at  a major  scientific  meeting.  This  procedure  capitalizes  on  the 
critical  technical  reviews  conducted  by  journals  before  acceptance,  or  on  critical 
technical  examination  by  one’s  peers  in  an  open  meeting  and  is  a part  of  our  effort 
to  assure  that  as  much  scientific  data  as  possible  is  published  as  soon,  as  it  can  be 
considered  to  be  valid.  We  know  that  when  a scientist  is  prepared  to  present  his 
data  before  his  scientific  peers  he  will  have  taken  all  possible  steps  to  assure  him- 
self that  he  has  not  made  any  errors.  I should  emphasize  that  during  the  time 
prior  to  this  public  announcement  we  do  not  discourage  him  from  talking  to  his 
colleagues  about  the  data,  nor  do  we  prohibit  him  from  talking  to  the  press  as  an 
individual  scientist  However,  we  do  not  make  an  official  NASA  public  an- 
nouncement until  his  results  have  been  accepted  for  scientific  publication. 

The  publication  of  the  results  in  a scientific  journal  matins  the  introduction 
of  the  results  Into  the  scientific  and  technical  information  (OSTI)  program 
of  NASA. 

At  this  point  I would  like  to  insert  into  the  record  a document  which  describes 
this  program  and  which  was  originally  prepared  for  the  Committee  on  Govern- 
ment Operations. 

(Seeapp.  2 at  end  of  statement) 
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In  tke  NASA  OSTI  program,  an  abstract  of  the  article  or  talk  will  appear  first 
in  the  International  Aerospace  Abstracts  (IAA).  This  is  a document  which  is 
prepared  under  a contract  with  the  OSTI  of  NASA.  From  here  on  the  informa- 
tion from  our  satellite  will  go  several  ways.  It  will  be  incorporated  into  a com- 
prehensive article  on  the  trapped  radiation  and  be  published  in  a review  journal 
such  as  Space  Science  Reviews.  An  Apollo  engineer  will  pick  it  up  and  write  a 
contractor  report  concerning  its  effect  on  the  shielding  of  Apollo.  An  abstract  of 
this  report  will  appear  in  the  Scientific  and  Technical  Aerospace  Reports 
(STAR),  the  companion  document  to  the  International  Aerospace  Abstracts 
which  covers  information  which  is  vt  t published  in  the  scientific  and  technical 
Journals  covered  by  International  Ac/ospace  Abstracts.  A summary  of  the  Im- 
portant results  will  be  published  in  the  semiannual  report  to  Congress.  A sum- 
mary will  be  contained  in  an  annual  report  to  the  Committee  on  Space  Research. 

The  scientific  data  will  also  be  compared  to  that  from  other  experiments. 
Finally,  the  data  will  be  sufficiently  reliable  and  well  understood  so  that  we  can 
prepare  a handbook  on  the  radiation  belt  such  as  this  Handbook  on  the  Standard 
Atmosphere  which  NASA  has  just  published  jointly  with  the  Air  Force  and  the 
Weather  Bureau.  We  have  published  such  a preliminary  “Handbook  on  the 
Radiation  Belt.”  However,  it  is  already  outdated  by  new  data  and  will  have  to 
be  revised.  With  their  incorporation  into  a handbook,  these  particular  data  are 
available  for  general  use  by  anyone  with  an  interest  in  the  subject. 

I would  like  to  return  for  a moment  to  the  original  data  tapes  which  were  put 
into  an  archive — what  happens  to  them  and  how  long  do  we  keep  them.  At  pres- 
ent we  are  keeping  these  indefinitely.  They  are  stored  at  the  NASA  field  center 
together  with  the  necessary  calibrations  to  decode  them.  At  the  conclusion  of 
the  time  during  which  NASA  gives  the  experimenter  primary  access  to  the  data, 
we  place  these  data  in  the  public  domain,  available  to  anyone  who  can  make 
worthwhile  use  of  them,  by  transmitting  to  the  world  data  centers  a bibliography 
of  the  tapes  and  their  location.  A potential  user  can  then  ascertain  what  data 
are  available  and  obtain  copies  of  the  original  tapes. 

Now  I would  like  to  review  the  functions  of  OSTI  and  some  of  the  programs 
which  are  underway  to  insure  that  scientific  results  are  disseminated  promptly 
and  accurately  to  the  scientific  community. 

The  NASA  scientific  and  technical  information  program  is  based  upon  the 
following  five  operating  principles,  which  are  explained  in  detail  in  the  intro- 
duction of  appendix  2 : Service  designed  for  the  ultimate  consumer;  timeliness — 
an  essential ; reliance  on  existing  systems ; centralization  only  when  necessary ; 
and  a variety  of  products  and  tools  for  a variety  of  “publics.” 

Ip  order  to  satisfy  efficiently  and  economically  the  widest  variety  of  needs  with 
the  widest  practicable  variety  of  products,  tools,  and  services,  OSTI  has  estab- 
lished the  Scientific  and  Technical  Aerospace  Reports  (STAR)  shown  in  the 
next  slide  (slide  2).  The  complete  texts  of  all  the  reports  abstracted  in  STAR 
are  reproduced  on  microform  cards  such  as  these.  The  information  in  STAR  is 
Stored  on  magnetic  tape  for  computer  storage  and  retrieval.  The  STAR  indexes 
are  actually  computer  printouts.  We  distribute  the  journal  or  the  microform 
or  the  tape,  whichever  is  more  suitable,  to  NASA  centers,  NASA  contractors, 
and  to  a large  number  of  libraries  and  regional  report  centers.  In  addition, 
NASA  reports  are  automatically  provided  to  U.S.  universities  and  colleges.  As  I 
have  mentioned  before,  we  use  in  STAR  the  identical  indexing  techniques,  in- 
dexing terms,  and  formats  which  are  used  to  cover  the  scientific  journals  in 
International  Aerospace  Abstracts. 

In  addition  to  the  handbooks  which  I have  shown  yon  we  have  the  following 
in  preparation  r “Vacuum  Technology,”  “Bearing  Technology,”  “Earth  Orbital 
Manual,”  “Lunar  Flight  Manual,”  “Planetary  Trajectory  Manual,”  “Artificial 
Earth  Satellites,”  “Spacecraft.” 

We  do  have  a fundamental  problem  in  the  preparation  of  these  handbooks. 
They  must  be  prepared  by  people  who  know  the  field,  who  know  which  data  are 
current  and  reliable  and  which  are  outdated  or  unreliable.  In  short,  they  should 
be  written  by  the  scientists  themselves,  since  they  are  the  ones  who  have  this 
knowledge.  These  people  are  in  short  supply ; they  are  not  particularly  interested 
in  this  type  of  chore ; they  would  much  prefer  to  spend  their  time  tackling  new 
problem*  and  we  prefer  to  have  them  do  Just  that.  If  all  the  scientists  sat  down 
and  started  to  prepate  handbooks,  we  would  rapidly  fall  behind  in  the  race  to 
understand  nature.  On  the  other  hand,  if  the  scientific  results  are  not  promptly 
translated  into  terms  of  use  to  the  engineers,  oar  technology  will  fall  behind 
and  ultimately  this  will  slow  onr  scientific  investigations. 
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We  recognize  and  understand  the  problem.  We  think  we  are  maintaining  the 
proper  balance  between  undertaking  new  research  and  converting  research  results 
into  appropriate  engineering  handbooks. 

While  we  believe  we  have  developed  and  have  in  operation  a good  system  for 
techn'cdi  information  documentation,  retrieval,  and  dissemination,  we  are  con- 
Niuntly  striving  to  expand  and  improve  its  speed  of  dissemination  and  respon- 
siveness to  the  needs  of  the  users.  We  are  grateful  for  the  keen  interest  of  the 
subcommittee  in  this  important  aspect  of  our  space  program. 

Appendix  1 
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OFFICE  OF  SPACE  SCIENCES 

EFFECTIVE  DATE 

TECHNICAL  MANAGEMENT  INSTRUCTIONS 

April  27,  1962 

SUBJECT : POLICY  FOR  RELEASE  OF  DATA  ACQUIRED  ON  NASA  SOUNDING 
ROCKETS,  SATELLITES  AND  SPACE  PROBES 


1.  PURPOSE 


This  Instruction  defines  the  procedures  to  be  followed  in  relations  with  the 
individual  scientists  or  groups  participating  in  the  NASA  Space  Sciences 
Program  with  regard  to  release  and  publication  of  experimental  data  obtained 
in  NASA  sounding  rockets,  satellites,  space  probes  or  other  spacecraft 
operations , 

2.  BACKGROUND 

a . An  important  goal  of  the  National  Aeronautics  and  Space  Administration 
is  the  encouragement  of  the  widest  possible  participation  in  the  Space 
Sciences  Program . Within  the  scientific  community  the  individual 
scientist  is  of  prime  importance  to  the  Space  Sciences  Program . He  is 

• responsible  for  the  conception  of  experiment,  for  carrying  out  the 
experiment,  and  for  interpreting  its  results.  To  support  the  Space 
Sciences  Program,  NASA  makes  available  vehicles  and  funds  for  re- 
search in  space  and  assists  in  the  dissemination  of  the  resulting  ex- 
perimental information. 

b.  In  assigning  the  use  of  its  facilities  for  space  research  NASA  endeavors 
to  choose  the  best  experiments  and  experimenters  available.  In  order 
that  new  knowledge  in  the  space  sciences  may  be  disseminated  as  widely 
and  as  rapidly  as  possible  and  to  satisfy  the  requirements  of  the  National 
Aeronautics  and  Space  Act  of  1958  (42  U.S.C.  2451  et.  seq.),  it  is  es- 
sential that  the  experimenters  publish  their  findings  as  soon  as  they  can. 

3.  DEFINITIONS 

For  the  purpose  of  this  Instruction,  the  following  definitions  will  apply: 

a.  Original  data  records— Those  records  made  by  the  various  telemetering 
and/or  tracking  stations  as  part  of  the  basic  field  operations . These 
recordings  will  generally  require  editing  for  the  removal  of  useless 
segments,  playback  to  introduce  calibration  factors,  correlation  with 
related  recordings  and  the  application  of  specialized  processing  tech- 
niques to  recover  weak  signals  from  noisy  recordings. 
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Reduced  data  records — Those  records  prepared  from  the  original  data 
records  by  editing,  introduction  of  calibration  factors  and  inter-record 
correlations.  They  will  contain  a minimum  of  extraneous  information 
and/or  noise  and  generally  will  present  the  value  of  the  physical 
quantity  measured  as  a function  of  time  and  position.  It  is  from  these 
records  or  the  tabulations  or  graphs  prepared  directly  therefrom  that  the 
responsible  scientist  will  form  his  analysis  and  conclusions. 

Analyzed  data — Those  data  which  have  been  reviewed  and  correlated 
by  either  the  original  experimenter  or  another  scientist  so  as  to  form 
the  experimental  basis  for  a technical  paper  submitted  for  publication 
to  either  NASA  or  a scientific  Journal. 


4.  SCOPE 


Scientists  as  a group  feel  a responsibility  for  making  the  results  of 
their  efforts  known  to  the  worldwide  scientific  community.  - Scien- 
tists have  been  the  most  vigorous  proponents  of  free  dissemination  of 
the  knowledge  gained  from  their. investigations  and,  in  general,  can  be 
expected  to  release  experimental  scientific  information  rapidly. 

In  the  usual  case,  an  agreement  that  will  assign  the  responsibility  for 
the  analysis  and  publication  of  the  data  to  the  scientist  will  exist 
between  NASA  and  the  scientist.  In  the  period  before  the  publication 
of  the  results  of  the  experiment,  it  may  happen  that  another  scientist 
may  wish  to  have  access  to  the  experimental  data  in  its  preliminary 
form.  This  is  generally  arranged  informally  by  a request  made  directly 
to  the  experimenter. 

Occasions  may  arise  when  it  will  be  necessary  for  NASA  to  release  the 
results  of  experimental  investigations  made  under  its  sponsorship 
without  waiting  for  publication  by  the  cognizant  scientist.  It  is  ex- 
pected that  this  will  happen  only  when  the  responsible  scientist  is 
unable  to  meet  his  commitments  within  a reasonable  time. 

In  many  instances  the  data  acquired  from  space  vehicles,  like  the 
observations  made  in  astronomy,  will  have  a cumulative  value.  When- 
ever this  is  the  case,  it  is  desirable  that  such  data  be  made  available 
for  the  general  use  of  the  scientific  community. 

The  original  data  received  from  a satellite  or  space  probe  is  meaning- 
less until  the  various  channels  are  separated  or  demultiplexed,  the 
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calibration  of  the  instrumentation  is  introduced,  and  the  data  put  in  chrono- 
logical order.  Provisions  for  these  operations  must  be  included  in  the 
arrangements  made  for  supporting  the  applicable  experiments. 

POLICY 

a.  The  original  data  recordings  received  from  a satellite  or  probe  shall  be 
stored  at  the  cognizant  NASA  field  installation. 

b„  Secondary  records  containing  reduced  data  shall  be  prepared  under  the 
cognizance  of  the  responsible  NASA  field  installation.  On  occasion  this 
operation  may  take  place  at  the  contractor's  or  experimenter's  establish- 
ments. In  the  secondary  records  all  extraneous  material  and  all  confusion 
of  data  will  be  removed  to  the  fullest  extent  possible.  The  records  will  be 
prepared  by  the  NASA  field  installation  or  contractor  with  the  cooperation  of 
the  experimenter  so  as  to  satisfy  the  needs  of  the  experimenter  and  NASA 
for  reduced  data. 

c.  The  experimenter  shall  be  given  whatever  original  or  reduced  data  from  his 
experiment  that  his  agreement  with  NASA  cdlls  for  as  soon  as  possible 
after  they  are  received.  The  cognizant  NASA  field  installation  will  retain 
copies  of  the  reduced  data  furnished  the  experimenter.  The  experimenter 
will  have  sole  use  of  the  reduced  data  for  study  for  a period  previously 
decided  upon  between  him  and- Office  of  Space  Sciences,  NASA  Head- 
quarters. 

d.  No  general  fixed  time  shall  be  set  for  the  period  of  exclusive  use  of  re- 
duced data  by  experimenters.  Each  case  shall  be  considered  individually 
and  no  general  rule  shall  be  established. 

e.  If,  during  the  period  in  which  the  experimenter  has  not  reported  the  results 
of  his  experiment,  information  on  the  progress  of  the  experiment  or  portions 
of  the  reduced  data  are  requested  by  another  scientist  for  designing  space 
science  experiments  or  for  the  preparation  of  a technical  paper,  informal 
arrangements  for  the  release  of  the  needed  data  will  be  made  by  the  experi- 
menter concerned.  Both  the  cognizant  NASA  field  installation  and  the 
Office  of  Space  Sciences,  NASA  Headquarters,  will  be  informed  of  these 
arrangements. 

f.  At  the  end  of  the  agreed-upon  period  during  which  the  experimenter  will 
have  the  opportunity  to  analyze  and  report  on  the  reduced  data,  the  re- 
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duced  data  may  be  released  for  general  use  if  such  a course  seems  best 
for  developing  the  space  sciences.  An  extension  of  the  period  of  sole 
use  requested  by  the  experimenter  will  require  the  approval  of  the  Office 
of  Space  Sciences,  NASA  Headquarters. 

s 

All  releases  of  the  reduced  data  by  NASA  field  Installations  to  other  than 
the  original  experimenter  must  be  approved  by  the  Office  of  Space  Sciences, 
NASA  Headquarters. 


Director,  Office  of  Space  Sciences 


PAOE. 
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Appendix  2 

THE  SCIENTIFIC  AND  TECHNICAL  INFORMATION  PROGRAM  OF  THE 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION,  OCTOBER 

1962 

Preface 

All  scientific  and  technical  programs  of  the  National  Aeronautics  and  Space 
Administration,  whatever  their  specific  objectives  and  accomplishments,  have 
one  common  requirement  and  one  principal  product : knowledge.  This  knowledge 
is  clearly  vital  to  continued  progress  in  the  aeronautical  and  space  sciences.  It  is 
equally,  if  less  obviously,  vital  to  all  elements  of  society  that  in  any  way  con- 
tribute to,  or  rely  upon,  technological  advancement.  In  a very  real  sense,  the 
scientific  information  deriving  from  NASA’s  endeavors  is  a critical  national 
resource. 

Information  requirements  internal  to  the  NASA  community  can  only  be  satis- 
fied through  an  integrated,  comprehensive  system  that  provides  ready  access  to 
any  recorded  knowledge  that  will  assist  or  improve  its  technical  programs.  In 
the  same  way,  the  external  information  requirements  which  NASA  must  satisfy 
can  only  be  met  by  a system  that  insures  ready  access — for  science,  for  industry, 
for  the  educational  world,  and  for  the  general  public — to  NASA-sponsored  scien- 
tific knowledge  appropriate  to  a given  need. 

The  extent  to  which  such  information  is  made  usefully  available  IS  {he  several 
“publics”  which  NASA  serves  is  therefore  a major  measure  of  NASA’’*  effective- 
ness. The  key  word  here,  of  course,  is  “usefully.”  Mere  availability  vf  a vast 
and  varied  collection  of  data  is  plainly  not  enough  at  a time  when  the  com- 
munication of  scientific  knowledge  is,  in  itself,  a most  pressing  scientific  prob- 
lem. To  fulfill  the  functions  assigned  by  Space  Act  of  1968,  and  to  meet  its 
responsibility  to  the  Nation,  NASA  must  insure  that  its  work -and  its  findings 
are  reported  both  comprehensively  and  selectively,  that  nil  suitable  information 
is  provided  to  organizations  and  interests  that  can  properly  utilize  it,  and  that 
any  of  its  scientific  information  can  be  identified  and  made  available,  in  a mean- 
ingful form,  to  specialized  endeavors  that  in  any  way  promote  the  national 
aeronautics  and  space  programs. 

Finally,  to  avoid  further  compounding  the  scientific  communication  problem, 
the  NASA  program  for  meeting  the  foregoing  goals  must  be  coherently  related 
to  the  many  other  existing  scientific  information  systems,  both  inside  and  outside 
the  Government. 

Introduction 

The  NASA  scientific  and  technical  information  program  is  based  upon  five 
operating  principles,  which  merit  identification  and  explanation  as  background 
for  subsequent  discussion  of  the  organization,  program  elements,  and  operating 
details  of  the  NASA  system. 

Service  designed  for  the  ultimate  consumer. — All  products,  tools,  and  services 
provided  by  the  NASA  program  have  as  a primary  design  consideration  their 
usefulness  to  the  ultimate  consumer  of  scientific  information — the  scientist,  the 
technician,  the  laboratory  worker.  They  can  also,  of  course,  be  utilized 
by  intermediate  services — by  technical  libraries,  or  by  information  cen- 
ters— wherever  this  is  desirable,  but  the  intent  is  to  give  the  scientist  and  tech- 
nician a free  choice : to  maintain  his  own  current  literature  awareness,  to  make 
his  own.  literature  searches,  and  to  obtain  his  own  information,  or  to  refer  his 
requirements  to  information  specialists  or  librarians  whenever  circumstances  so 
dictate. 

Timeliness — An  essential. — With  the  current  pace  of  technological  progress,  in 
which  today’s  critical  breakthrough  is  frequently  tomorrow’s  commonly  accepted 
fact,  such  a general  principle  probably  needs  no  emphasis.  It  should  be  em- 
phasized, however,  that  the  NASA  program  is  designed  to  insure  maximum  time- 
liness in  all  aspects  of  scientific  information  service:  in  the  preparation  and 
publication  of  reports  on  NASA  undertakings ; in  the  acquisition  and  processing 
of  non-NASA  information  bearing  on  aeronautical  and  space  programs ; in  the 
announcement  of  all  materials  produced  by  or  flowing  into  the  NASA  scientific 
information  system;  and  in  the  response  to  specific  document  requests  or  to 
bibliographic  inquiries.  It  is  in  support  of  this  principle  that  the  NASA  program 
is  designed  on  an  active  rather  than  a passive  footing — that  is,  available  ma- 
terials will  in  all  possible  cases  be  provided  to  NASA  installations,  major  con- 


1734 


1964  NASA  AUTHORIZATION 


tractors,  and  other  participating  organizations,  either  as  original  documents  or 
in  microform,  concurrently  with  their  announcement.  This  will  permit  a scientist 
or  technician,  noting  an  entry  in  a NASA  announcement  journal,  to  consult  the 
document  or  documents  concerned  in  his  local  reference  facility  without  having  to 
request  the  material  from  a central  Government  agency  service  point. 

Reliance  on  existing  systems. — The  NASA  program  must  profit  from,  not  com- 
pete with  or  displace,  other  existing  information  systems  and  services.  In  the 
field  of  report  literature,  upon  which  NASA’s  internal  bibliographic  efforts  must 
concentrate,  this  requires  coordination,  collaboration,  and  wherever  possible 
system  compatibility  with  all  other  major  systems  sharing  this  report-literature 
orientation.  These  are  primarily  Government  or  Government-sponsored  ac- 
tivities such  as  the  Armed  Services  Technical  Information  Agency  of  the  De- 
partment of  Defense ; the  Technical  Information  Division  of  the  Atomic  Energy 
Commission;  the  Office  of  Technical  Services  in  the  Department  of  Commerce; 
other  agency  information  systems  such  as  those  in  the  Federal  Aviation  Agency 
and  the  National  Institutes  of  Health ; and  major  Government  libraries,  including 
the  library  of  the  Department  of  Agriculture,  the  Library  of  Congress,  and  the 
National  Library  of  Medicine.  Through  general  collaboration  under  the  aegis  of 
the  National  Science  Foundation,  and  through  specific  collaboration  with  agencies 
whose  information  systems  are  directly  related  to  NASA’s,  the  policies  and 
procedures  of  the  NASA  program  are  being  keyed  as  directly  as  possible  to  those 
of  all  complementary  systems.  In  most  cases,  this  direct  tie-in,  and  the  resulting 
operational  compatibility,  will  even  permit  direct  interchange  of  machine-proc- 
essed information  between  the  NASA  and  related  information  systems. 

Similar  collaboration  has  already  been  established  in  many  cases  with  ab- 
stracting, indexing,  and  related  services  that  concentrate  on  the  vast  bulk  of 
formally  published  journal  literature.  Through  contact  with  professional  socie- 
ties such  as  the  Institute  of  the  Aerospace  Sciences,  and  with  other  members  of 
the  National  Federation  of  Science  Abstracting  and  Indexing  Services,  arrange- 
ments are  being  made  to  promote  and  where  possible  improve  existing  coverage 
of  journal  literature  through  abstracting  and  indexing  services  in  fields  of  con- 
cern to  NASA.  NASA  support  already  extended  to  the  American  Meteorological 
Society  and  the  Aerospace  Medical  Association  provides  a pattern  for  similar 
encouragement  in  other  areas  of  NASA  interest  with  the  end  aim  of  completely 
complementary  services  to  cover  today’s  vast  bulk  of  aeronautical  and  space 
literature  with  maximum  comprehensiveness  and  minimum  overlap. 

Centralization  only  when  necessary. — In  any  large-scale  information  system, 
the  concept  of  centralized  processing  and  control  is  at  least  superficially  attrac- 
tive. More  economical  production-line  operations,  more  effective  control  over 
the  myriad  details  of  a documentation  service — these  and  other  factors  can  be 
cited  in  support  of  a strongly  centralized  system.  To  do  so,  however,  runs 
the  hazard  of  rating  the  needs  of  the  system,  per  se,  above  those  of  its  customers, 
since  no  completely  centralized  system  can  ever  be  as  rapidly  and  as  flexibly 
responsive  to  local  needs  as  those  of  a decentralized  oi>eration.  The  NASA 
program,  in  keeping  with  its  first  principle  of  customer  orientation,  is  designed 
to  restrict  centralization  to  those  areas  where  it  is  mandatory  on  economic  or 
functional  grounds — examples  are  in  the  preparation  of  indexes,  the  maintenance 
of  distribution  authority  records,  operation  of  the  agency  translation  clearing- 
house. In  other  respects,  decentralization  is  the  guiding  premise  of  the  NASA 
program.  Even  in  the  area  of  machine-search  capability,  computer  tapes  are 
being  made  available  to  cooperative  activities,  such  as  NASA  field  centers,  so  that 
machine  searches  can  be  carried  out  onsite  at  the  point  of  actual  need.  As 
previously  emphasized,  all  document  materials  in  the  NASA  system  are  being 
made  similarly  available  within  the  NASA  community.  Through  arrangements 
with  other  information  systems  and  through  a major  depository  library  program, 
the  same  principle  is  being  applied  to  information  requirements  external  to  the 
NASA  community. 

A variety  of  products  and  tools  for  a variety  of  “publics” — As  a principle  unto 
itself,  and  in  support  of  those  outlined  in  the  preceding  paragraphs,  the  NASA 
program  recognizes  that  no  one  type  of  service,  no  one  reference  tool,  and  no 
one  bibliographic  pattern  can  ever  satisfy  the  multiple  “publics” — the  multiple 
needs  of  thousands  of  organizations  and  hundreds  of  thousands  of  individual 
scientists  and  technicians — which  the  NASA  scientific  and  technical  information 
program  must  serve.  The  NASA  publication  program  must  obviously  produce 
technical  reiwrts  as  primary  records  of  NASA  undertakings,  but  it  must  also 
produce  many  other  secondary  publications  which  collate,  resynthesize,  integrate, 
or  repackage  the  mass  of  material  contained  in  such  basic  records.  Its  bibli- 
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ographie  services  must  provide  announcement  journals  and  indexes  to  serve 
the  widest  possible  need,  but  there  must  also  be  provided  a wide  range  of 
continuing  and  demand  bibliographies,  an  extensive  and  flexible  reference  service, 
and  a machine-search  capability  to  satisfy  specific  requirements  in  the  greatest 
depth  possible.  The  NASA  dissemination  program  must  satisfy  in  advance, 
wherever  possible,  known  requirements  of  participants  in  the  NASA  aeronautics 
and  space  programs ; but  provision  must  also  be  made  for  rapid  satisfaction  of 
additional  or  new  requirements  on  a request  basis,  for  the  same  audience  or 
for  other  audiences.  In  all  these  ways,  and  others,  the  NASA  program  must 
continually  strive  to  satisfy  efficiently  and  economically  the  widest  variety  of 
needs  with  the  widest  practicable  variety  of  products,  tools,  and  services. 

ORGANIZATION 

As  illustrated  in  the  accompanying  organization  chart,  the  NASA  Office  of 
Scientific  and  Technical  Information  is  responsible  to  the  Assistant  Admin- 
istrator for  Public  Affairs,  who,  in  turn,  is  directly  responsible  to  the  Admin- 
istrator of  NASA.  Normal  staff  relationships  between  the  Office  of  Scientific 
and  Technical  Information  and  the  technical,  managerial,  and  administrative 
elements  of  NASA  Headquarters  are  supplemented  by  a system  of  technical 
information  coordinators — individuals  designated  by  the  other  headquarters 
elements  to  act  as  focal  points  for  the  effective  handling  of  all  technical  infor- 
mation considerations  that  are  of  direct  concern  to  the  office  represented.  Sim- 
ilarly, relationships  with  NASA  field  elements  are  handled  either  through 
usual  command  channels  or — on  operating  and  procedural  questions — directly 
with  personnel  in  the  scientific  and  technical  information  function  maintained 
at  each  of  the  major  field  installations. 

Through  these  staff  arrangements,  and  through  the  establishment  of  a con- 
tractor operated  facility  (Scientific  and  Technical  Information  Facility),  it  is 
lKissible  for  the  Office  of  Scientific  and  Technical  Information  to  concentrate 
its  in-house  efforts  and  resources  on  program  planning,  management,  and 
administration,  rather  than  building  up  the  large  operationally  oriented  staff 
that  would  otherwise  be  required. 

The  following  outline  summarizes  the  major  functions  of  the  three  principal 
divisions  of  the  office — the  Technical  Services  Division,  the  Documentation  Divi- 
sion, and  the  Technical  Publications  Division — and  the  branches  established  in 
each : 

TECHNICAL  SERVICES  DIVISION 

In  general,  this  division  has  the  responsibility  for  planning,  managing,  and 
monitoring  the  input  and  output  aspects  of  the  NASA  scientific  and  technical 
information  program. 

Library  Programs  Branch. — This  Branch  is  responsible  for  operating  the  NASA 
Headquarters  Library — a specialized  technical  reference  facility  responsive  to 
both  the  scientific  and  the  managerial  information  requirements  of  the  Head- 
quarters staff.  In  extension  of  this  facility,  the  Branch  is  also  resporsible 
for  providing  actual  literature  research  assistance  to  Headquarters  elements 
in  three  broad  areas:  life  sciences,  physical  sciences,  and  applied  sciences  or 
engineering.  Finally,  the  technical  personnel  who  provide  this  research  assist- 
ance are  also  responsible  for  monitoring  and  evaluating  all  products,  tools,  and 
services  of  the  NASA  scientific  and  technical  information  program.  Through 
their  own  technical  capabilities,  and  through  direct  and  continuing  liaison  with 
the  user  areas  which  they  represent,  they  provide  a feedback  mechanism  to  insure 
that  all  of  the  programs  efforts  are  consumer  oriented  in  practice  as  well  as 
in  principle. 

Acquisition  and  Dissemination  Branch. — Responsibilities  assigned  here  include 
the  establishment  and  maintenance  of  acquisition  criteria  which  govern  the 
selection  of  material  to  be  included  in  the  program,  and  the  establishment  and 
maintenance  of  the  standards  and  procedures  under  which  materials  in  the 
system  are  distributed  within  the  NASA  community  as  well  as  to  activities 
and  interests  external  to  NASA.  In  specific  support  of  these  responsibilities, 
the  Branch  directs  NASA’s  comprehensive  exchange  program — through  which 
NASA  information  materials  are  traded  on  a worldwide  basis  for  materials 
produced  by  other  aeronautical  and  space  activities — and  the  NASA  depository 
library  program,  which  insures  the  availability  of  reference  collections  of 
NASA  publications  wherever  necessary  to  satisfy  recognized  needs. 
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Translations  Branch. — This  Branch  maintains  a clearinghouse  for  NASA 
translation  requirements,  providing  close  liaison  with  other  translation  activities 
to  guard  against  any  unnecessary  duplication  in  NASA’s  efforts,  and  provides 
translation  capability  to  meet  NASA  requirements  not  satisfied  elsewhere.  The 
in-house  capability  is  small,  concentrating  on  correspondence  and  other  matters 
of  immediate  concern,  but  is  supplemented  through  contracts  with  translating 
activities  known  to  have  special  competence  in  the  scientific  and  technical  areas 
of  primary  concern  to  NASA. 


DOCUMKNTATION  DIVISION 

This  Division,  generally,  is  responsible  for  information  processing  and  related 
capabilities  within  the  NASA  program. 

Project  Information  Branch. — This  Branch  is  responsible  for  establishing  and 
maintaining  a system  whereby  information  regarding  current  NASA  research 
and  development  activities  is  identified  and  recorded  before  the  activities  reach 
the  stage  of  documentary  reports.  Information  on  who  is  doing  what  work 
where  must  be  obtained  from  management  and  administrative  reporting  systems, 
and  then  organized,  stored,  and  retrieved  at  need.  This  storage  and  retrieval 
process  has  to  be  integrally  related  to  the  documentary  retrieval  system,  to  the 
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end  that  the  total  response  to  any  information  inquiry  will  include  both  citations 
of  all  known  documents  that  may  be  pertinent  as  well  as  all  citations  of  current 
or  projected  research  and  development  activities.  (A  further  function  of  the 
project  information  system  is  to  provide  an  acquisition  control  mechanism  to 
insure  receipt  of  all  NASA  scientific  and  technical  reports  on  current  research 
activities  as  soon  as  they  are  available.) 

Information  Systems  Branch. — Here  is  assigned  responsibility  for  identifying, 
analyzing,  and  evaluating  all  new  methods,  systems,  techniques,  and  equipment 
in  the  field  of  scientific  communication.  Based  upon  such  investigation  and 
evaluation,  the  Branch  is  responsible  for  recommending  the  adoption  or  adapta- 
tion, wherever  appropriate,  of  new  equipment  or  techniques  that  may  in  any  way 
aid  any  aspect  of  the  overall  NASA  scientific  and  technical  information  program ; 
in  terms  of  efficiency,  economy,  and  effectiveness. 

Operations  Branch. — This  element  has  as  its  central  responsibility  the  admin- 
istration and  management  of  NASA’s  contract-operated  scientific  and  technical 
information  facility.  Branch  personnel  provide  or  monitor  all  administrative 
and  functional  liaison  between  NASA  and  the  contractor  to  insure  effective 
satisfaction  of  all  recognized  requirements  in  terms  of  the  criteria,  standards, 
and  procedures  determined  by  NASA.  (Details  of  this  contract  operation  are 
presented  in  a later  section  of  this  report. ) 

TECHNICAL  PUBLICATIONS  DIVISION 

The  responsibilities  of  this  Division  fall  into  two  quite  distinct  categories : 
the  processing  for  publication  of  the  technical  report  literature  which  comprises 
NASA’s  primary  information  material,  and  the  preparation  and  publication  of 
a wide  variety  of  so-called  secondary  publications  designed  to  integrate,  or 
resynthesize,  the  information  contained  in  basic  NASA  publications. 

Publications  Standards  Branch. — One  of  the  two  major  functions  of  this 
Branch  comprises  the  establishment  and  maintenance  of  the  editorial  and 
related  standards  under  with  all  NASA  technical  publications  are  prepared. 
The  second  function  involves  the  control — from  administrative  and  logistic 
standpoints — of  NASA’s  basic  technical  report  output.  This  function  includes 
responsibility  for  assuring  proper  technical  approval  of  all  such  NASA  products, 
but  specifically  excludes  approval  authority  as  such,  since  this  resides  with  the 
NASA  technical  program  offices  or,  in  the  case  of  contract  reports,  the  technical 
project  offices. 

Special  Publications  Branch.*-* This  Branch  is  responsible  for  the  preparation 
of  all  secondary  publications  which  are  of  a continuing  or  serial  nature,  as 
well  as  such  one-time  publishing  products  as  symposium  proceedings  and  the 
like.  Other  examples  of  the  Branch’s  responsibilities  includes  periodic  tech- 
nical reviews,  and  continuing  state-of-the-art  summaries.  (Both  this  Branch 
and  the  Book  and  Monograph  Branch  will  have  limited  in-house  capability  for 
the  preparation  of  appropriate  publications,  and  must  depend  largely  upon 
contract  efforts  through  the  professional  societies,  universities  and  research 
groups,  and  commercial  activities. ) 

Book  and  Monograph  Branch. — Basically,  the  functions  performed  here  are 
similar  to  those  in  the  Special  Publications  Branch,  except  that  they  cover  a 
periodic,  or  monographic,  publication,  such  as  handbooks  and  data  compilations, 
state-of -knowledge  compendiums,  and  the  like. 

One  essential  publications  function,  not  yet  assigned  to  the  Technical  Publi- 
cations Division,  is  being  handled  as  a staff  function  of  the  Office  of  Scientific 
and  Technical  Information  itself,  primarily  because  of  the  developing  nature 
of  the  initial  effort.  This  function  concerns  the  identification,  collation,  and 
appropriate  publication  of  information  deriving  from  NASA’s  scientific  and 
technical  program  which  is  particularly  susceptible  to  industrial  or  coinmerical 
application.  This  function  must  of  necessity  be  carried  out  in  close  coordination 
with  NASA’s  Office  of  Applications. 
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Program  Elements 


The  preceding  section  has  treated  responsibilities  and  functions  of  NASA’s 
scientific  and  technical  information  program  in  organizational  terms.  At  risk 
of  repetition,  the  chart  headings  and  notes  on  this  and  succeeding  pages  treat 
the  same  functions  as  component  parts  of  basic  program  elements : 


1.  Publication. 

2.  Collection  and  Bibliographic  Control. 

3.  Dissemination. 

4.  Project  Information. 


These  headings  pertain  to  the  docu- 
mentary portion  of  the  program.  While 
each  represents  a relatively  well  de- 
fined area  of  endeavor,  it  should  be 
clearly  recognized  that  in  practice  they 
interlock  and  interact  at  too  many 
points  to  permit  their  consideration  as 
truly  discrete  entities. 

This  element  of  the  program,  still  in 
initial  stages  of  its  development,  con- 
cerns the  records  of  current  research — 
research  in  progress,  or  projected. 


PUBLICATION 


1.  NASA’s  technical  results  and  find- 

ings: 

NASA  technical  reports. 

NASA  technical  notes. 

NASA  technical  reprints. 

NASA  technical  memorandums. 
Contractor  reports. 

2.  Related  information  and  “repack- 

aged” products : 

Conference  and  symposium  pro- 
ceedings. 

State-of-art  monographs. 

Technical  reviews. 

Technical  translations. 

Handbooks  and  data  compila- 
tions. 

Dictionaries. 


This  part  of  the  publications  effort 
comprises  basic  reporting,  in  approxi- 
mately the  forms  indicated,  of  work 
performed  under  NASA  technical  pro- 
grams. Reports  and  notes  are,  respec- 
tively, interim  and  final  statements  of 
results  and  findings ; memorandums  car- 
ry distribution  limitations,  for  security 
reasons ; reprints  present  NASA  infor- 
mation published  in  journals;  contrac- 
tor reports  record  the  results  of  extra- 
mural effort.  Emphasis  is  on  high  tech- 
nical quality,  but  also  speedy  publica- 
tion and  distribution.  To  overcome  the 
limitations  inherent  in  the  extreme 
specialization  of  such  reports,  they  are 
thereafter  used  as  Input  for  the  “second- 
ary” publications  described  below. 

Publications  of  th  jeneral  types  indi- 
cated here  are  designed  to  Integrate  and 
resynthesize  information  derived  from 
NASA  programs  and  related  activities. 
The  effort  will  eventually  involve  a 
variety  of  forms  to  insure  the  widest 
possible  utility  of  the  information  pre- 
sented. Preparation  of  these  materials 
is  being  very  largely  handled  through 
contracts  or  other  external  arrange- 
ments to  insure  the  highest  degree  of 
technical  competence  in  the  publica- 
tions. With  the  exception  of  symposium 
proceedings  and  technical  translations, 
periodicty  of  publication  will  be  deter- 
mined by  the  level  of  activity  in  par- 
ticular subject  areas  of  coverage. 
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COLLECTION  AND  BIBLIOGRAPHIC  CONTROL — INPUT 


1.  Acquisition : 

All  NASA  publications. 

Report  inflow  from  non-NASA 
R.  & D.  activities: 

Interagency  agreements. 
Exchange  arrangements. 

Books. 

Journal  subscriptions. 

2.  Evaluation : 

Check  for  duplicates. 

Review  for  relevancy. 

Coverage  of  given  subjec-s. 

Scanning  for  special  treatment 
(express  announcement,  bibli- 
ography entries). 

Exchange  benefits. 

3.  Abstracting: 

Review  and  editing  of  author 
abstracts. 

Preparation  of  abstracts  where 
necessary. 

Precise  translation. 

4.  Indexing: 

Preparation  of  descriptive  entry. 

Preparation  of  subject  entry. 

Selection  of  subject ' terms  for 
journal  index. 

Selection  of  subject  terms  for 
machine  retrieval. 


These  headings  identify,  in  self- ' 
explanatory  detail,  the  input  functions 
of  the  documentation  system.  How- 
ever, in  the  acquisition  phase  it  is  im- 
portant to  note  that  the  system  will 
concentrate  almost  entirely  upon  report 
literature;  books  and  journals  will  be 
obtained  for  reference  use,  but  will  not 
be  included  in  subsequent  processing. 
All  four  phases  are  the  operational  re- 
sponsibility of  the  scientific  and  techni- 
cal information  facility,  but  all  are 
being  conducted  under  precise  NASA 
guidance  and  control  in  terms  of  the 
standards  on  procedures  to  be  observed. 
Under  acquisition,  particularly,  NASA 
itself  will  act  in  making  all  contacts  and 
arrangements  necessary  to  insure  ade- 
quate receipt.  In  the  first  year  of 
operation,  it  is  estimated  that  some 
20,000  reports  will  flow  into  the  system. 
A final  point  worthy  of  note  is  to  be 
found  in  the  indexing  phase.  Here, 
under  the  selection  of  subject  terms,  ap- 
pears the  two-level  search  capability 
which  the  documentation  system  will 
provide : one  level  for  direct  use  by  con- 
sumers in  the  journal  index,  and  a sec- 
ond level — in  far  greater  depth  than  the 
first — for  literature  searching  and  bib- 
liographic preparation  by  the  computer 
system.  (The  first,  or  journal  index 
level,  will  provide  an  average  of  four 
access  points  per  item  because  of  the 
size  limitations  inherent  in  a printed 
index:  for  machine  retrieval,  where 
greater  depth  of  indexing  and  retrieval 
is  optimized  by  the  machine  capacity, 
the  average  will  be  20  or  even  more 
access  points.) 
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COLLECTION  AND  BIBLIOGRAPHIC  CONTROL — OUTPUT 


1.  Reference  and  retrieval : 

Identification  of  requested  items. 
Performance  of  literature  searches. 
Provision  of  specific  data. 


2.  Abstract  journals  and  indexes : 
Categorization  of  abstracts. 
Assembly  and  publication  of  jour- 
nal sections. 

Preparation  of  indexes — Subject, 
author,  source. 

Publication  of  cumulated  indexes. 


3.  Bibliographies  : 

Preparation  and  publication  of  con- 
tinuing bibliographies. 

Preparation  of  demand  bibliogra- 
phies. 

Provision  of  “express”  announce- 
ments. 


These  “Output”  headings  are  again 
largely  self-explanatory,  but  certain 
items  justify  particular  mention.  Un- 
der Reference  and  retrieval,  the  identi- 
fication and  literature  search  functions 
are  performed  by  machine  in  most  cases 
(except  for  special  search  requirements, 
such  as  for  reports  under  a given  con- 
tract, where  manual  methods  are  far 
more  effective).  The  provision  of  spe- 
cific data  requires  human  endeavor  to 
provide  factual  answers  until  such  time 
as  the  system  can  be  refined  to  permit 
actual  data  storage,  either  comprehen- 
sively or  In  particularly  susceptible 
fields.  Under  Abstract  journals  and  in- 
dexes, the  time  cycle  is  of  particular 
interest.  The  journals  are  published 
semimonthly,  complete  with  four  in- 
dexes, with  a maximum  4-  to  d-week 
time  lag  between  receipt  of  reports  and 
their  announcement.  Cumulated  in- 
dexes are  prepared  quarterly,  semian- 
nually, and  annually,  with  a lag  of  no 
more  than  4 weeks  after  the  conclusion 
of  the  period  covered.  Two  items  in  the 
bibliographic  area  deserve  mention. 
First  is  the  fact  that  continuing  bibli- 
ographies in  selected  subject  areas  per- 
mit a form  of  specialized  reference  and 
announcement  service  in  any  terms  that 
NASA’s  interests  dictate,  whether  dis- 
ciplinary, programatic,  or  other;  this 
provides  flexible  bibliographic  service 
that  can  be  tailored  to  any  specific  need. 
The  second  point  concerns  “express”  an- 
nouncements : geared  to  the  continuing 
bibliographies,  or  to  other  identifiable 
requirements,  receipts  can  be  identified 
and  circulated  as  frequently  as  neces- 
sary (weekly,  or  even  daily)  to  those 
with  pressing  interests  in  particularly 
active  fields. 
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DISSEMINATION 


1.  NASA  publications  to  widest  , pos- 
sible audience : 

Depository  libraries. 

Exchange  programs. 

Other  systems:  OTS  (public), 
ASTIA  (DOD),  AEG. 
Automatic  distribution. 

Request  distribution. 


2.  Non-NASA  reports  in  the  system 
NASA  and  its  contractors : 

Request  distribution. 
Automatic  distribution. 
Microform. 


Two  distribution  systems,  as  indi- 
cated, are  provided : one  to  disseminate 
NASA  publications,  the  other  to  dis- 
seminate non-NASA  reports.  In  the 
first  category,  the  depository  library 
entry  includes  both  the  Government  Re- 
search Reports  Regional  Reference 
Centers  being  established  by  the  Na- 
tional Science  Foundation  and  the 
Office  of  Technical  Services,  as  well  as 
complementary  depository  libraries 
established  by  NASA  Itself.  Both  the 
depository  and  exchange  programs  are 
international  in  scope.  Dissemination 
to  other  systems,  of  course,  includes  not 
only  those  specifically  identified  here 
but  others  with  comprehensive  or  selec- 
tive interests  in  NASA  publications. 
Automatic  distribution  to  satisfy  the 
foregoing  requirements  is  supplemented 
by  satisfaction  of  specific  requests 
wherever  necessary.  Automatic  dis- 
tribution and  request  distribution  also 
form  a part  of  the  system  whereby  non- 
NASA  materials  are  disseminated  with- 
in the  NASA  community  itself.  Either 
microform  copies  of  such  reports,  or 
full-size  copies  if  available,  are  being 
distributed  to  NASA  Centers  and  con- 
tractors shortly  before  their  announce- 
ment. This  is  to  insure  availability,  on 
a decentralized  basis,  of  all  materials 
needed  by  any  user  at  the  earliest  pos- 
sible time.  Although  not  so  indicated 
in  the  headings  as  given,  microform 
copies  of  NASA  publications  are  avail- 
able to  any  recipient  who  has  a need 
for  such  a medium  for  reference  or 
reproduction. 
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PROJECT  INFORMATION 


1.  Collection  and  bibliographic  control : 

Acquisition  : From  all  NASA  ac- 
tivities. 

Evaluation : For  relevancy,  ade- 
quacy, clarity. 

Abstracting:  Extracting  neces- 
sary data  from  reporting 
forms. 

Indexing:  Coding  data  for  ma- 
chine input  and  search. 

Reference  and  retrieval:  Ma- 
chine search  *•  : technical, 

managerial,  or  analytical  pur- 
IHhses. 


2.  Dissemination: 

Compilation : Preparation  of 

printouts  on  continuing  or  de- 
mand basis. 

Distribution  of  selected  compi- 
lations. 

Provisions  of  machine  records  to 
cooperating  systems. 


These  headings  identify  the  functions 
necessary  to  the  centralized  processing 
of  the  records  of  current  research.  Al- 
though there  are  minor  differences  be- 
tween procedures  identified  here  and 
those  of  the  related  portions  of  the  doc- 
umentary program,  basically  similar 
procedures  are  involved,  and  they  have 
been  stated  in  common  terms  to  illus- 
trate the  integral  relationship  between 
the  two  portions  of  the  NASA  scientific 
and  technical  information  program. 
The  two  principal  aims  of  the  project 
information  program  are,  first,  to  pro- 
vide a capability  of  identifying  and  col- 
lating the  who-what-where  data  on 
current  research  in  response  to  any  in- 
formational inquiry;  and,  second,  to 
provide  a ready  means  of  identifying 
and  acquiring  all  relevant  NASA  docu- 
mentary reports  as  soon  as  they  emerge 
from  current  research  efforts.  The  in- 
dexing, as  well  as  the  reference  and 
retrieval  aspects  .of  this  program  ele- 
ment, are  as  nearly  identical  as  possible 
to  their  counterparts  in  the  documen- 
tary system,  subject  only  to  the  possibly 
more  stringent  requirement  for  con- 
trolled output  of  information  to  suit 
the  varying  needs  of  technical  or  man- 
agerial customers,  within  or  outside 
NASA. 


Contract  Efforts 


As  indicated  elsewhere  in  this  report,  the  NASA  scientific  and  technical  in- 
formation program  is  designed  to  rely  heavily  on  external  assistance,  obtained 
through  contracts,  rather  than  trying  to  develop  a large  in-house  operational 
capability.  Contractual  efforts  in  these  terms  are  required  in  several  areas 
of  the  program — translations,  preparation  of  publications,  information  re- 
search, and  documentation. 

The  most  significant  single  contract  now  existing  or  contemplated  is  one  in  the 
documentation  area.  Since  this  contract  provides  for  products  and  services 
that  underlie  and  support  all  phases  of  the  program,  it  deserves  description  in 
some  detail  before  proceeding  to  more  general  description  of  the  contract  arrange- 
ments being  made  or  planned  for  other  portions  of  the  program. 


SCIENTIFIC  AND  TECHNICAL  INFORMATION  FACILITY 

To  provide  assistance  in  collecting  information  and  developing  bibliographic 
controls,  NASA  has  contracted  for  the  operation  of  a central  scientific  and 
technical  information  facility  in  the  Washington  metropolitan  area.  The 
contractor  is  Documentation,  Inc.,  Bethesda,  Md.,  an  information  system  organiza- 
tion with  wide  experience  in  the  abstracting  and  indexing  of  scientific  documents. 
Under  the  close  technical  direction  of  NASA  and  employing  special  facilities  for 
processing  information  by  advanced  techniques,  the  contractor  acquiree  and 
selects  documentary  materials  to  be  added  to  the  NASA  collection,  abstracts  and 
indexes  these  materials  as  appropriate,  prepares  announcements  and  in- 
dexes for  the  newly  acquired  materials,  provides  concurrent  and  continuing 
dissemination  service,  provides  a supporting  reference  service,  and  compiles 
bibliographies  in  specialized  subject  areas.  These  activities  are  described  in 
the  following  paragraphs. 

Acquisition  and  selection. — The  facility  automatically  receives  all  significant 
scientific  and  technical  documents  that  result  from  NASA-supported  investiga- 
tions. Such  documents,  which  include  those  written  at  NASA  Centers  as  well 
as  those  by  NASA  contractors,  subcontractors,  and  grantees,  are  cataloged. 
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The  facility  also  receives  documents  derived  from  NASA  interagency  agree- 
ments and  from  NASA  exchange  arrangements  with  domestic  and  foreign  or- 
ganizations. In  this  regard,  it  is  sufficient  to  note  that  the  facility  provides 
assistance  both  in  requesting  documents  or  exchanges  and  in  locating  organiza- 
tions that  may  be  engaged  in  work  related  to  NASA’s  space  and  aeronautical 
programs.  Generally,  the  process  of  locating  such  information  consists  of  auto- 
matically scr  .u  3ng  current  literature  and  reports  for  references  to  those  po- 
tential source?’  Every  document  received  is  reviewed  for  relevancy  to  NASA 
programs.  Ti  .);  e of  potential  use  to  a scientist  or  engineer  working  in  NASA 
related  fields  er  > selected  for  cataloging  and  announcing.  Individual  exchange 
arrangments  are  periodically  reviewed  for  possible  termination  in  the  event 
no  useful  material  has  resulted. 

Abstracting  and  indexing. — The  facility  utilizes  the  accepted  medium  of  a 
short  abstract  to  communicate  scientific  information  in  a convenient  and  eco- 
nomical form.  Abstracts  of  an  informative  and  specific  nature  are  provided 
insofar  as  possible.  Those  received  with  the  documents  are  frequently  suitable 
for  this  purpose,  but  if  not,  they  serve  as  a basis  for  the  preparation  of  a proper 
abstract. 

To  provide  for  subsequent  retrieval  of  the  abstracts  and  the  information  which 
they  describe,  all  documents  selected  for  the  collection  are  indexed  in  depth. 
A printed  index  is  prepared  as  part  of  the  abstract  journal  to  permit  retrieval  of 
the  information  on  a broadly  decentralized  basis.  At  the  same  time,  magnetic 
tapes  are  prepared  to  permit  more  effective  computer-based  retrieval  at  the 
facility  and  at  field  locations  having  access  to  computer  equipment. 

Indexing  is  provided  at  two  levels  so  that  both  retrieval  systems  may  be  used 
at  maximum  efficiency.  In  the  case  of  the  printed  index,  documents  are  analyzed 
to  determine  the  four  or  five  most  significant  index  points — the  limitation  is 
necessitated  by  the  sheer  bulk  and  awkwardness  of  the  index  if  it  carries  a 
greater  number  of  index  entries.  In  the  case  of  a computer  tape,  the  funda- 
mental manipulative  ability  of  the  computer  permits  an  almost  unlimited  number 
of  index  entries — the  number  to  fully  characterize  a document  is  usually  in 
the  range  of  20. 

The  indexing  language  or  vocabulary  for  both  purposes  is  carefully  controlled. 
Special  attention  is  given  to  providing  enough  flexibility  for  the  vocabulary  to 
grow  with  scientific  and  technological  advances,  while  at  the  same  time  placing 
the  index  terms  in  an  ordered  system  so  that  all  users — indexers,  documentalists, 
librarians,  and  scientists  alike — may  receive  full  benefit  from  the  retrieval  de- 
vices. 

Announcements  and  indexes. — Abstracts  prepared  by  the  facility  are  published 
biweekly  in  an  announcement  journal.  The  publication  cycle  is  such  that  all 
items  received  within  any  2-week  period  are  announced  within  4 to  6 weeks. 
While  the  basic  announcement  journal  is  unclassified,  a classified  version  is 
published  on  the  same  schedule  to  list  all  receipts  which  require  security 
classification. 

For  the  present,  the  announcement  journal  is  a continuation  of  Technical 
Publications  Announcements  (TPA) — the  publication  used  heretofore  by  NASA 
to  announce  new  NASA  publications  and  a few  other  selected  report  categories. 
TPA  has  been  greatly  expanded  so  as  to  provide  adequate  coverage  for  the 
thousands  of  NASA  and  non-NASA  technical  reports  now  being  issued  in  the 
aerospace  areas.  TPA  has  also  been  revised  in  format  and  typography  to  in- 
sure greater  ease  of  use. 

The  facility  prepares  four  indexes  to  Technical  Publications  Announcements : 
subject,  corporate  source,  personal  author,  and  report  number.  All  four  indexes 
appear  in  each  issue  of  the  journal,  and  are  being  cumulated  quarterly,  semi- 
annually, and  annually.  The  cumulations  are  within  2 weeks  after  the  close 
of  the  period  covered  by  the  cumulation.  Each  item  announced  is  given  a special- 
ly prepared  notation  of  content  which  the  computer  manipulates  and  reproduces 
at  appropriate  points  In  the  indexes. 

For  an  initial  period,  NASA  is  issuing  a single  announcement  journal,  with 
the  abstracts  appearing  in  each  issue  categorized  by  general  subjects  to  simplify 
scanning  and  location.  This  does  produce  an  effective  but  rather  bulky  journal. 
Future  plans,  therefore,  call  for  separation  of  the  single  journal  into  several 
sections,  each  one  designed  to  cover  a discrete  area  within  the  broad  field  of 
aeronautical  and  space  sciences.  Indexes  and  their  cumulations  will  cover  all 
sections  and  will  thus  serve  as  a unified  reference  mechanism  for  the  entire 
series. 
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Dissemination  service. — The  facility  is  responsible  for  automatic  dissemina- 
tion of  all  documents  accepted  into  the  collection  to  official  users,  including 
NASA  field  installations,  contractors,  and  grantees,  to  other  Government  agen- 
cies and  their  contractors,  and  to  any  other  recognized  participants  in  the  NASA 
scientific  and  technical  information  program.  This  automatic  dissemination  is 
being  accomplished  within  10  days  after  new  materials  are  received.  It  is  either 
comprehensive  or  selective,  according  to  subject  categories,  depending  upon  the 
stated  needs  and  interests  of  individual  recipients. 

The  dissemination  program  is  designed  to  assure  availability  of  documents 
on  a broadly  decentralized  basis  concurrent  with  the  announcement  of  these 
documents.  Its  objective  is  to  provide  immediate  access  to  reports  of  interest 
to  any  user  without  the  delays  imposed  by  having  to  request  them  from  geo- 
graphically removed  points  of  service.  Documents  are  being  disseminated  in 
full-sized  copies  when  supplies  permit.  All  documents,  however,  are  also  available 
for  distribution  in  microform. 

After  initial  automatic  dissemination,  the  facility  is  responsible  for  satisfying 
specific  requests.  Individual  documents — again  in  full  size  or  microform — are 
provided  to  qualified  requestors. 

The  microform  dissemination  employs  a 5-  by  8-inch  diazo  transparency  which 
represents  a departure  from,  and  a compromise  with,  other  existing  microform 
programs.  The  5-  by  8-inch  transparency  was  selected  because  it  embodies  a 
high  degree  of  compatibility  with  other  programs  and  because  it  provides  a 
unitized  record  with  extremely  high  readability  and  reproducibility  qualities. 
Each  microform,  using  a reduction  ratio  of  15.4  to  1,  may  record  up  to  75  standard 
page  images.  An  estimated  80  percent  of  the  documents  in  NASA’s  collection 
comprise  fewer  than  75  pages  each  and  so  can  fit  on  a single  microform  unit ; all 
but  an  insignificant  portion  of  the  remaining  20  percent  can  fit  on  2 units.  The 
microform  can  be  viewed  in  most  existing  film  readers,  and  can  be  reproduced 
on  almost  all  available  reader  printers.  Although  the  basic  microform  selected 
is  a 5-  by  8-inch  film  sheet,  it  has  been  engineered  to  permit  easy  conversion  to 
a tab-card  microform  size  should  future  developments  render  this  desirable. 

Reference  service. — The  facility  provides  three  categories  of  reference  service. 
One  of  these  satisfies  a requirement  to  identify  specific  documents  requested  by 
users  who  do  not  know — or  do  not  use — a precise  title  or  number  for  the  docu- 
ment they  need.  A second  type  of  service  provides  literature  search  reference 
assistance  to  satisfy  requests  for  documents  bearing  on  a given  subject,  produced 
under  a given  contract,  written  by  a given  author,  etc.  The  third  type  is 
designed  to  provide  factual  answers — instead  of  bibliographic  citations — 
wherever  the  nature  of  the  question  ana  the  capabilities  of  the  facility’s  staff 
permit. 

Computer  techniques  provide  the  basis  for  literature  searches  that  require 
more  than  a simple  look  up  in  a manual  file.  Use  is  made  of  the  indexing-in- 
depth described  previously.  This  information,  recorded  in  computer  language 
on  magnetic  tape,  is  manipulated  by  the  computer  to  provide  the  necessary 
coordinations.  As  the  computer  also  manipulates  descriptive  information  already 
recorded  on  tapes,  the  product  is  a rapidly  prepared  literature  search  that 
requires  no  additional  labor  over  that  which  went  initially  into  the  key  punching 
of  the  document  citations  and  descriptive  entries  for  Technical  Publications 
Announcements. 

Bibliographies. — Using  computer  techniques,  the  facility  prepares  continuing 
bibliographies  in  selected  subject  areas.  As  noted  elsewhere  in  this  report,  the 
preparation  and  publication  of  such  bibliographies  provides  specialized  reference 
tools  which  can  also  be  used  as  a current  awareness  announcement  mechanism. 

Where  activity  in  any  given  area  or  known  needs  on  the  part  of  any  participant 
in  the  program  require  it,  the  continuing  bibliographies  prepared  by  the  facility 
also  provide  a capability  for  “express”  announcement  service.  In  other  words, 
new  items  identified  as  appropriate  to  a bibliography  are  flagged  for  special 
dissemination  in  advance  of  the  announcement  journal. 

Supplementing  the  continuing  bibliographies  are  bibliographies  prepared  on 
demand.  Again,  the  computer  capability  is  utilized  to  the  greatest  possible 
extent  so  as  to  insure  timely  response. 

OTHER  (XINTRAOTU An  AREAS 

As  previously  noted,  contractual  assistance  is  required  for  translations,  for  the 
preparation  of  publications,  and  for  information  systems  research.  In  all  these 
areas,  scientiiSe  and  technical  competence  as  well  as  economy  and  speed  are  the 
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primary  requirements.  While  each  contract  for  information  systems  research 
and  development  is  tailored  to  the  individual  project  because  of  the  diverse 
nature  of  activities  of  this  type,  a basic  pattern  has  been  adapted  for  translations 
and  publications  undertakings. 

Using  the  translations  field  as  an  example,  NASA  prepared  and  circulated  a 
request  for  proposal  (RFP)  identifying  seven  broad  subject  areas  of  primary 
interest.  Rather  than  relying  upon  a single  “generalist”  contract  for  across-the- 
board  coverage,  this  approach  permitted  the  selection  of  as  many  contractors  as 
necessary  to  insure  the  highest  degree  of  competence,  both  technical  and  linguistic, 
in  these  principal  fields.  Cost  was,  of  course,  a factor  in  selection,  but  chief 
stress  will  be  placed  upon  the  prospective  contractor’s  demonstrated  competence, 
preferably  with  in-house  talent,  to  provide  high  quality  service. 

A similar  approach  is  being  developed  for  the  preparation  of  publications.  In 
this  "field,  however,  unlike  translations,  every  reliance  can  be  placed  upon  the 
professional  societies.  In  many  cases,  they  represent  a concentration  of  scien- 
tific and  technical  talent  that  cannot  be  matched  by  any  commercial  organization 
or  service.  The  types  of  direct  publications  desired — source  books,  technical  re- 
views, state-of-the-art  monographs,  etc. — are  described  elsewhere  in  this  report, 
but  two  other  areas  should  be  mentioned. 

One  concerns  contract  assistance  to  abstracting  and  indexing  services  main- 
tained by  professional  societies.  The  second  contract  approach  concerns  possible 
support  to  new,  and  possibly  novel  publications  by  professional  societies  or  other 
substantive  groups  which  might  expedite  or  broaden  the  dissemination  of  infor- 
mation of  concern  to  aeronautical  and  space  programs. 

Relationships 

Like  the  space  program  itself,  NASA’s  scientific  and  technical  information  pro- 
gram is  so  broad  that  it  necessarily  cuts  across  all  normal  dividing  lines — organi- 
zational, disciplinary,  and  geographic.  This  condition  requires  direct  or  indi- 
rect contact  and  working  arrangements  with  a wide  variety  of  other  information 
services  and  interests,  both  domestic  and  international. 

The  following  sections  outline  major  relationships  of  this  nature  as  they  now 
exist  or  are  being  developed.  First,  however,  it  may  be  well  to  explain  at  least 
the  general  categories  into  which  these  relationships  fall.  One  such  category 
involves  merely  coordination,  in  an  Informational  sense,  to  the  end  that  NASA 
and  some  other  activity  keep  each  other  fully  and  mutually  informed  of  policies 
and  operations  to  avoid  duplication  or  conflict  and  to  insure  maximum  joint  bene- 
fits. A second  category  involves  outright  collaboration — where  NASA  and  some 
other  activity  actually  work  together  in  developing  or  refining  their  operations 
to  achieve  the  closest  possible  degree  of  working  compatibility.  A third  cate- 
gory involves  the  exchange  of  informational  materials — either  technical  docu- 
ments or  the  bibliographic  tools  and  products  concerned  with  such  documents. 
A fourth  category  deals  with  dissemination — that  is,  some  other  activity  adcepts 
NASA  information  for  the  purpose  of  disseminating  it,  or  making  it  available, 
to  a wider  audience  than  NASA  itself  can  reach.  A fifth  and  final  category  in- 
volves relationships  in  which  NASA  provides  actual  monetary  support  to  an- 
other activity  to  develop  or  assist  in  information  programs  that  relate  directly 
to  NASA’s  interests. 

As  the  following  discussion  and  the  accompanying  chart  demonstrates,  these 
categories  frequently  overlap ; relationships  with  any  one  agency  or  activity  may 
involve  two,  or  three,  or  all  of  the  cited  categories  with  varying  degrees  of 
emphasis  on  each.  It  should  also  be  noted  that  this  brief  presentation  does  not 
comprehensively  cover  the  exchange  and  dissemination  of  information,  which 
involves  scores  of  organizations  in  this  country  and  abroad. 

Finally,  it  is  important  to  recognize  that  the  relationships  described  here  are 
only  those  in  which  a definite  technical-information  linkage  exists  as  such. 
There  has  been  no  attempt  made  to  identify  or  enumerate  activities  with  which 
technical  elements  of  NASA  maintain  constant  working  contacts — even  though 
such  contacts  almost  always  involve  the  exchange  of  technical  data.  Examples 
of  these— given  only  for  illustration — include  the  Interagency  Committee  on 
Radiological  Assistance;  the  NASA-DOD  Aeronautics  and  Astronautics  Coor- 
dinating Board  ; the  Telecommunications  Coordinating  Committee  of  the  Depart- 
ment of  State ; the  Joint  Meteorological  Satellite  Advisory  Committee ; and  sev- 
eral committees  of  the  Space  Science  Board. 
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The  chart  displays  only  relationships  that 
currently  exist  in  formal  or  substantial 
terms.  It  does  not  list  routine  or 
potential  relationships;  exchange  cf 
materials,  for  example,  routinely  takes 
place  in  some  degree  with  almost  all 
other  Government  agencies,  and  informal 
coordination  is  widespread. 


DOMESTIC 

Government  agencies 

Of  primary  concern  in  the  domestic  field  are  NASA’s  working  arrangements 
with  other  Government  agencies  active  in  the  aeronautical  and  space  sciences 
or  in  related  scientific  areas,  as  well  as  with  those  Government  organizations 
concerned  with  all  aspects  of  scientific  communications.  These  include: 
National  Science  Foundation. — Beyond  general  coordination  on  all  aspects  of 
the  NASA  information  program,  present  arrangements  include  specific  collabora- 
tion in  efforts  to  improve  the  coordination  of  multiple-agency  funding  of  ab- 
stracting and  indexing  services,  such  as  those  provided  by  the  American  Meteoro- 
logical Society  and,  in  the  field  of  aerospace  medicine,  by  the  Library  of  Congress. 
NASA  is  a primary  participant  in  the  Federal  System  of  Regional  Technical 
Report  Centers  sponsored  by  NSF  and  being  implemented  through  the  Office  of 
Technical  Services.  Similarly,  NASA  will  be  a primary  contributor  to  the  new 
program,  also  being  implemented  through  the  Office  of  Technical  Services,  ae- 
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signed  to  provide  a central  permuted-title  index  to  all  Government  research  and 
development  reports.  On  a less  direct  operational  level,  NASA  participates  in 
the  NSE’-sponsored  effort  carried  on  by  the  National  Bureau  of  Standards  in  the 
coordination  of  machine  storage  and  retrieval  developments.  Other  areas  of 
direct  NASA-NSF  collaboration  include  foreign  translations;  publications  policy 
(particularly  with  respect  to  such  questions  as  page  charges  to  professional 
journals  and  reprint  procedures)  : and  ad  hoc  joint  review  of  unsolicited  pro- 
posals for  information  research  or  services. 

Office  of  Technical  Services. — In  addition  to  the  arrangements  outlined  im- 
mediately above,  which  involve  both  general  coordination  and  specific  collabora- 
tion with  OTS,  NASA  provides  its  unclassified  publications  (except  those 
necessarily  handled  through  the  Superintendent  of  Documents)  to  OTS  for 
public  announcement  and  sale.  Documents  are  provided  in  multiple  copies, 
through  initial  print  overruns,  to  make  them  available  at  the  lowest  possible 
cost  to  the  public.  Under  the  developing  NASA  documentation  program,  all 
appropriate  documents  are  being  provided  in  microform  for  use  by  OTS  as  well 
as  directly  to  the  12  libraries  initially  identified  as  Federal  Regional  Technical 
Report  Centers.  In  contributing  to  the  new  central  premuted-title  index,  NASA 
is  providing  basic  cataloging  information  direct  to  OTS  to  avoid  any  duplicative 
processing  costs.  On  a more  general  level,  NASA  is  maintaining  coordination 
with  OTS  and  the  Small  Business  Administration  in  developing  new  methods  of 
identifying  and  disseminating  information  deriving  from  NASA  programs  which 
may  have  direct  or  potential  industrial  applications. 

Armed  Services  Technical  Information  Agency. — Because  of  the  similar  nature 
of  the  NASA  and  ASTIA  programs,  and  because  of  the  broad  commonality  of 
interests  between  NASA  and  the  Department  of  Defense,  the  closest  possible 
degree  of  coordination  and  collaboration  is  maintained  with  ASTIA.  Completely 
reciprocal  service  is  maintained.  ASTIA  services  are  available  to  and  used  by 
NASA  installations,  contractors,  and  grantees.  Department  of  Defense  installa- 
tions, contractors,  and  grantees  can  and  do  receive  similar  service  from  the 
NASA  scientific  and  technical  information  program.  This  reciprocal  service,  of 
course,  supplements  the  interlocking  primary  distribution  mechanisms  of  NASA 
and  the  three  military  departments,  by  which  originating  agencies  contribute 
technical  reports  directly  to  other  interested  activities,  regardless  of  their  agency 
affiliations.  The  developing  NASA  documentation  program  is  being  geared  very 
closely  to  the  existing  ASTIA  system  at  all  operational  levels — from  basic 
cataloging  through  specialized  dissemination  techniques  such  as  microform 
or  microfilm — to  insure  the  greatest  degree  of  compatibility  throughout  the  two 
programs.  NASA  is  participating  directly  in  the  present  cooperative  revision 
of  the  ASTIA  Thesaurus,  and  is  using  the  experience  thus  gained  to  assure  the 
highest  possible  degree  of  compatibility  in  the  essential  area  of  retrieval  vocabu- 
lary. Since  all  NASA  reports  feed  into  the  ASTIA  system,  and  since  many 
military  reports  will  of  necessity  feed  into  both  systems,  all  possible  steps  are 
being  taken  to  permit  the  utilization  by  either  agency  of  the  machined  products 
of  the  other;  with  the  exchange  of  abstracts  and  indexing  information  and 
with  machine  output  from  one  being  direct  input  to  the  other,  duplicative  process- 
ing of  common  materials  is  minimal. 

Atomic  Energy  Commission. — Again,  because  of  common  interests  and  pro- 
cedures, close  working  relationships  are  maintained  between  the  NASA  scien- 
tific and  technical  information  program  and  its  counterparts  in  the  AEC.  Re- 
ciprocal document  and  bibliographic  service  is  maintained,  and  the  NASA 
documentation  system  is  recognizing  points  requiring  compatibility  wherever 
possible.  Here  also  all  possible  steps  are  being  taken  to  permit  the  utilization 
by  either  agency  of  the  working  materials  of  the  other  in  order  to  eliminate 
duplicate  processing. 

Library  of  Congress. — Relationships  with  the  Library  of  Congress,  maintained 
primarily  through  the  Library’s  Science  and  Technology  Division,  include  both 
general  coordination  and  specific  collaboration.  Aside  from  the  provision  of 
all  unclassified  NASA  publications  to  the  Library,  specific  arrangements  include 
NASA  funding  for  the  preparation,  by  Library  personnel,  of  both  current  ab- 
stracts and  retrospective  bibliographies  in  the  field  of  aerospace  medicine.  The 
bibliographies  resulting  from  this  continuing  effort  are  published  by  NASA;  the 
current  abstracts  are  published  in  the  journal  of  the  Aerospace  Medical  Society. 
NASA  has  also  supported  the  Library’s  preparation  of  a biographical  compen- 
dium of  individuals  publishing  papers  in  the  space  sciences. 

Science  Information  Exchange. — NASA  is  represented  on  the  SIE  Board  of 
Governors,  and,  with  the  other  agencies  concerned,  contributes  financially  to 
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the  support  of  SIE.  Up  to  the  present,  NASA  contributions  of  information  to 
the  SIE  system  have  been  largely  limited  to  published  listings  of  NASA  research 
grants  and  contracts.  It  is  recognized,  however,  that  the  breadth  of  NASA's 
research  and  development  effort  requires  a substantial  expansion  of  its  con- 
tribution to  the  SIE  program.  This  is  being  accomplished  by  the  provision  to 
SIE  of  output  from  the  project-information  system  established  as  an  integral 
part  of  the  overall  NASA  scientific  and  technical  information  system.  As  SIE’a 
collections  and  capabilities  expand  through  this  and  other  contributions,  increased 
utilization  of  SIE  by  NASA  should  result. 

National  Library  of  Medicine. — Principal  emphasis  in  the  NASA-NLM  rela- 
tionship rests  on  coordination.  This  is  because  the  NASA  scientific  and  technical 
information  program — particularly  in  its  documentation  aspects — is  still  in  the 
process  of  development,  while  the  same  condition  is  true  for  NLM,  through 
MEDLARS  and  associated  efforts.  Since  both  systems  will  rely  heavily  upon 
machine  processing  of  information,  every  effort  is  being  made  through  reciprocal 
briefings  and  consultations  to  maintain  mutual  awareness  of  all  developments 
in  either  of  the  two  systems.  One  area  of  particular  joint  interest  is  in  the 
evolution  or  development  of  printing  output  devices  designed  to  provide  accepta- 
ble bibliographic  products  directly  from  machine-processing  systems. 

Federal  Aviation  Agency. — Like  NASA,  the  PAA  is  in  the  midst  of  developing 
a new  and  expanded  scientific  and  technical  information  program.  While  recip- 
rocal document  and  bibliographic  service  is  off  course  maintained,  chief  emphasis 
is  placed  upon  coordination  and  collaboration  as  the  two  systems  develop.  As 
examples  of  this  effort,  the  NASA  microform  program  has  been  presented  to 
FAA  officials  in  detail  for  their  adoption  or  adaptation  as  desired,  and  arrange- 
ments have  been  made  for  direct  working  interchange  in  the  development  of 
NASA  and  FAA  retrieval  vocabularies. 

Other  Government  agencies. — Liaison  in  some  degree  is  maintained  with  sev- 
eral other  Government  agencies,  either  directly  or  through  interagency  efforts 
such  as  those  of  the  National  Science  Foundation  and  the  National  Bureau  of 
Standards.  These  agencies  include  the  Department  of  Agriculture,  the  Patent 
Office,  the  Veterans’  Administration  (which  has  been  of  direct  assistance  to  NASA 
on  several  aspects  of  its  microform  system),  as  well  as  many  elements  of  the 
Department  of  Defense,  the  Air  Force  Office  of  Scientific  Research,  the  Army's 
Office  of  Research  and  Development,  etc. 

GOVERNMENT- SUPPORTED  INFORMATION  ACTIVITIES 

A variety  of  specialized  technical  information  centers  or  activities  are  sup- 
ported, in  whole  or  in  part,  by  the  different  Government  agencies.  Where  the 
subject  or  services  of  these  specialized  activities  pertain  directly  to  the  NASA 
program,  working  arrangements  ranging  from  coordination  through  actual  fund- 
ing support  are  maintained.  Major  examples  are : 

Power  Information  Center  (at  the  University  of  Pennsylvania)  may  be  con- 
sidered as  the  secretariat  of  the  Interagency  Advanced  Power  Group  of  which 
a member  of  the  NASA  staff  is  chairman  for  1962.  The  Army,  Navy,  Air  Force, 
Advanced  Research  Projects  Agency,  Atomic  Energy  Commission,  and  NASA 
jointly  contribute  to  the  support  of  this  activity  which  supplies  information  on 
new  power  concepts. 

Radiation  Effects  Information  Center  ( at  Battelle  Memorial  Institute)  which 
serves  designers  of  nuclear-powered  equipment,  is  another  group  with  which 
the  NASA  is  cooperating,  and  to  which  funds  were  contributed  by  NASA  in 
1962. 

NASA,  together  with  the  Army,  Navy,  Air  Force,  and  Advanced  Research 
Projects  Agency  share  equally  in  the  technical  management  and  financial  sup- 
port of  the  Liquid  Propellant  Information  Agency  (at  Johns  Hopkins  Applied 
Physics  Laboratory).  This  group  collects  and  disseminates  material  of  interest 
to  those  concerned  with  liquid-fueled  rockets.  The  Solid  Propellant  Information 
Agency  (also  at  the  Applied  Physics  Laboratory)  is  a similar  organization  in 
the  field  of  solid  propellants. 

NON-GOVERNMENT  ACTIVITIES 

The  National  Federation  of  Science  Abstracting  and  Indexing  Services  rep- 
resents a point  of  focus  for  many  of  the  informational  relationships  which  NASA 
maintains  or  contemplates  with  nongovernmental  activities.  Aside  from  ex- 
change and  depository  agreements — which,  as  already  noted,  are  too  numerous 
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to  be  discussed  in  detail  here — these  relationships  are  designed  to  concentrate 
on  two  objectives : the  first  is  the  achievement  of  the  best  possible  coverage,  in 
a bibliographic  sense,  of  journal  literature  in  the  aeronautical  and  space  sciences ; 
the  second  is  to  develop  input  from  professional  societies  and  other  qualified 
organizations  for  the  “repackaging”  portion  of  the  NASA  publication  program. 

Although  primary  emphasis  has  been  placed  on  development  of  the  NASA  doc- 
umentation system  and  its  esssential  intragovernment  relationships,  definite 
arrangements  in  the  nongovernmental  area  have  already  been  achieved  and 
several  others  are  under  active  discussion. 

Of  those  that  do  exist,  one — with  the  American  Meteorological  Society — 
exemplifies  the  first  of  the  two  cited  objectives.  In  this  relationship,  NASA 
contributes — along  with  six  other  Government  activities — to  the  financial  sup- 
port of  “Meteorological  and  Geoastrophysical  Abstracts.”  By  carefully  specify- 
ing its  own  subject  requirements,  and  in  cooperation  with  the  other  Government 
agencies  concerned,  NASA  hopes  to  relate  the  coverage  of  this  publication  to 
that  of  others  which  may  merit  NASA  support  in  a pattern  that  will  insure 
maximum  comprehensivity  and  minimum  overlap. 

A recent  agreement  between  NASA  and  the  Institute  of  the  Aerospace  Sciences 
illustrates  that  coordination  and  collaboration  necessary  for  full  coverage  of  the 
expanding  body  of  information  in  the  airspace  sciences.  Historically,  the  IAS 
published  a monthly  abstract  journal  which  provided  partial  coverage  of  the 
report  and  published  literature.  With  the  vast  expansion  in  published  litera- 
ture both  at  home  and  abroad,  it  was  recognized  that  this  mass  of  information 
must  be  intelligently  divided  if  comprehensive  coverage  and  service  requirements 
were  to  be  achieved.  Therefore,  beginning  in  January  1963,. the  IAS  will  ex- 
tend its  efforts  to  provide  coverage  in  depth  of  the  published  literature  while 
the  NASA  program  will  concentrate  on  similar  coverage  of  the  vast  report  litera- 
ture. Both  the  NA^A  and  the.  IAS  journals  will  utilize  the  same  indexing  sys- 
tem and  will  be  issuer  twice  a month  on  alternate  weeks. 

Another  somewhat  similar  arrangement  has  already  been  indirectly  identi- 
fied— that  involving  NASA  support  of  the  publication  of  current  abstracts  by 
the  journal  of  the  Aerospace  Medical  Society.  Here,  again,  NASA  intends  to 
promote  defined  coverage  for  optimum  relationship  with  other  abstracting  or 
Indexing  services  in  medical  or  bioscience  fields. 

As  a preliminary  step  toward  obtaining  guidance  and  input  for  the  "repaefej;- 
ing”  publications  program,  NASA  has  initiated  study  grants  with  the  Midwest 
Research  Institute,  and  with  the  Association  of  Rocky  Mountain  Universities, 
which  include  in  their  requirements  the  exploration  of  informational  needs  in  the 
geographic  areas  in  which  the  two  organizations  are  located.  One  particular 
aim  of  these  efforts  is  to  identify  actual  or  potential  need  for  informational 
materials  of  industrial  significance,  and  to  determine  methods  of  publication  or 
dissemination  of  this  information, 

INTERNATIONAL 

The  keystone  of  NASA’s  international  relationships  in  the  field  of  scientific 
and  technical  information  is  to  be  found  in  the  agency’s  exchange  and  depository 
library,  programs.  These  programs  assume  far  more  importance  in  foreign 
countries  than  they  do  domestically  because,  in  many  cases,  they  represent  the 
only  feasible  means  of  insuring  ready  availability  of  NASA  materials  to  scien- 
tists abroad,  as  well  as  the  only  means  of  insuring  NASA  acquisition  of  much 
unpublished  or  unpubUcized  scientific  information  of  foreign  origin. 

As  explained  elsewhere  in  this  report,  exchange  agreements  are  negotiated 
with  any  scientific  or  technical  activity  which  can  properly  utilize  NASA  publi- 
cations and  which  in  turn  can  contribute  similar  materials  of  interest  and  value 
to  NASA’s  technical  programs.  Depository  library  agreements  are  negotiated 
with  organizations  which  undertake  to  receive  NASA  publications  and  thereafter 
make  them  freely  available  to  the  scientific  and  technical  community  in  the  geo- 
graphic area  concerned.  Exchange  arrangements  are  very  frequently  specialized 
as  to  subject,  whereas  depository  library  arrangements  involve  the  full  scope  of 
NASA  publications. 

Either  exchange  or  depository  arrangements  can  be,  and  are,  negotiated  with 
organizations  in  any  foreign  country  recognized  by  the  U.S.  Government.  At  the 
present  time,  there  are  approximately  155  exchange  arrangements  with  organiza- 
tions in  33  countries,  and  approximately  12  depository  arrangements  with  orga- 
nizations in  12  countries.  In  both  categories,  comprehensive  review  and  evalua- 
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tion  is  in  process,  both  to  insure  maximum  utility  of  existing  agreements  and  to 
permit  major  expansion  as  rapidly  as  possible. 

Supplementing  this  broad  foundation,  several  special  relationships  exist: 

Space  commissions. — Arrangements  have  been  made  to  provide  to  the  national 
space  commissions,  or  their  counterpart  organizations  that  have  been  established 
in  seven  foreign  countries,  NASA  technical  reports  and  bibliographic  tools  perti- 
nent to  their  official  concerns.  Although  exchange  and  depository  considerations 
are  implicit  in  the  initial  arrangement,  it  is  NASA’s  intent  to  formalize  these 
considerations  in  all  possible  cases.  As  rapidly  as  other  nations  establish  coun- 
terpart organizations,  also,  NASA,  intends  to  extend  this  pattern  of  direct  infor- 
mational linkage. 

Advisory  Group  -for  Aeronautical  Research  and  Development  ( AGARD ). — 
Through  representation  on  the  Documentation  Committee  of  AGARD,  NASA 
maintains  close  working  relationships  with  the  AGARD  organization  itself,  as 
well  as  with  the  major  technical  information  activities  of  all  other  member 
nations.  By  long-standing  agreement,  NASA  acts  as  the  central  U.S.  depository, 
and  distributor,  of  AGARD  publications. 

Euratom  and  Eurospace. — Collaborative  arrangements  have  been  made  with 
Euratom,  the  cooperative  European  center  for  atomic  energy  programs,  and  with 
Eurospace,  a cooperative  group  for  space  research  studies.  Initial  discussions 
have  been  held  with  officials  responsible  for  Euratom’s  developing  documentation 
program,  and  with  the  Eurospace  documentation  panel,  looking  toward  the 
establishment  of  common  or  related  procedures  to  permit  maximum  interchange 
of  information. 

RESOURCES 

The  accompanying  table  provides  a general  indication  of  the  dollar  resources 
allocated  by  NASA  to  its  scientific  and  technical  information  requirements. 
The  indication  cannot  be  precise,  because  of  the  number  of  unknowns  involved 
in  any  calculation  of  technical  information  functions  in  their  broad  sense, 
and  because  of  the  difficulty  of  compiling  meaningful  data,  on  completely  con- 
gruent bases,  across  the  broad  scope  of  a program  as  large,  as  varied,  and  as 
rapidly  expanding  as  NASA’s. 

The  table  shows  estimated  obligations,  for  NASA  Headquarters  and  its  major 
field  installations,  for  technical  information  services  in  fiscal  year  1962  and 
fiscal  year  1963.  For  the  convenience  of  this  presentation,  the  three  categories 
used — primary  production  and  distribution,  bibliography  and  reference  services, 
and  scientific  symposia  and  technical  meetings — are  comparable  to  those  used 
in  the  annual  reporting  to  the  National  Science  Foundation  for  its  publication 
“Federal  Funds  for  Science.”  These  categories  do  not  necessarily  correspond  to 
the  budget  schedules  used  in  NASA’s  formal  fiscal  reporting.  (A  fourth  NSF 
category — research  and  development  in  scientific  communication  and  documen- 
tation— has  not  been  used  in  the  table.  Rather,  the  1963  planned  activity  has 
been  subsumed  under  “Bibliographic  and  reference  services  of  headquarters,” 
since  present  study  plans  are  more  related  to  improvement- of  bibliographic  and 
reference  services  than  to  the  furthering  of  fundamental  knowledge.) 

The  figures  present  only  the  direct  costs  identified  with  scientific  and  tech- 
nical information  services  per  se.  No  attempt  has  been  made  to  include  the 
tremendous  indirect  cost  of  information  gathering  and  assimilation  inherent  in 
the  research  and  development  activities  of  the  agency  and  its  contractors. 
(For  example,  the  figures  do  not  take  into  account  the  time  of  technical  pro- 
gram personnel  w-ho  write  or  review  technical  reports.) 

The  Chairman.  Mr.  Hammill  has  another  question,  Doctor,  then  I 
think  we  will  adjourn  until  Tuesday  next. 

Mr.  Hammill.  J ust  one  short  question. 

I know  your  responsibility  is  not  in  the  manned  area  but  the  un- 
manned area. 

But  I noticed  something  in  one  of  the  trade  publications  that  struck 
my  interest. 

Dr.  von  Braun  was  quoted  as  having  said  something  to  the  effect 
that  if  we  were  to  place  on  the  surface  of  the  Moon  a highly  trained 
chemist  or  physicist  or  some  other  type  scientist,  that  such  a person 
could  find  out  an  enormous  amount  or  information  and  data  of  a basic 
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nature  which  would  be  of  special  interest  to  your  space  sciences  pro- 
gram. I wonder  if  you  have  any  views  on  the  question  of  how  well 
the  astronauts  who  will  participate  in  the  Apollo  program  should  be 
trained  in  science? 

I think  the  implication  of  Dr.  von  Braun’s  statement  was  that  there 
really  is  not  v&y  much  a test  pilot  can  do  once  he  gets  to  the  Moon, 
except  roam  around  perhaps,  and  make  some  very  superficial  observa- 
tions, and  then  bring  back  inconclusive  information. 

Put  another  way:  why  not  send  somebody  who  really  knows  his 
stuff? 

Dr.  Newell.  This  is  a very  difficult  question. 

It  is  awfully  easy  to  give  a superficial  answer  and  say,  of  course  you 
have  got  to  get  a scientist  there  right  away,  but  it  does  not  work  out 
that  easily. 

We  are  working  with  the  manned  space  flight  people  to  try  to  de- 
velop the  best  approach  to  this  problem.  Questions  that  we  have 
to  consider  are : 

Should  the  first  crews  to  the  Moon  include  a scientist,  or  should 
they  be  composed  only  of  astronauts  who  develop  the  technique  of 
getting  men  on  the  Moon  ? 

If  they  are  composed  only  of  astronauts,  should  one  or  more  of 
those  astronauts  be  given  scientific  training  to  do  as  much  as  he  can; 
or  should  scientist-astronaut  teams  be  developed  in  which  the  astro- 
naut carries  along  with  him  television  and  radio  to  communicate  to 
the  scientist  back  on  the  Earth?  Or  should  one  wait  until  later  and 
carry  a scientist  along  as  a passenger  after  the  technique  of  flying 
men  to  the  Moon  has  been  developed  to  the  point  where  you  need 
only  two  fully  qualified  astronauts.  The  scientist  could  then  help 
out  but  not  to  be  relied  on  as  an  astronaut. 

The  scientist  then  would  do  his  job  after  he  has  been  conveyed  to 
the  Moon. 

All  of  these  things  we  have  to  work  out.  They  are  not  easy  to  work 
out,  because  just,  as  the  astronauts  have  a job  that  requires  a tremen- 
dous amount  of  training,  past  experience,  development  of  reaction 
times,  and  trained  judgment  in  the  face  of  emergencies,  so  the  scien- 
tist needs  a tremendous  amount  of  training  to  understand  what  he 
is  looking  at. 

It  is  not  easy  to  bring  the  two  together. 

We  are  working  on  it  as  one  of  the  major  problems  we  have  to 
solve. 

The  Chairman.  Are  there  any  further  questions? 

If  not,  we  will  adjourn  until  Tuesday  at  10  o’clock. 

(Whereupon,  at  12:05  p.m.,  the  committee  was  adjourned,  to  re- 
convene at  10  a.m.,  on  Tuesday,  March  19, 1963.) 
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TUESDAY,  MARCS  19,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcomwittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.G. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in  room 
304,  Cannon  Building,  Hon.  Joseph  E.  Karth  (chairman  of  the  sub- 
committee) presiding. 

The  Chairman.  The  meeting  will  be  in  order,  gentlemen. 

Mr.  Brackett,  we  want  to  welcome  you  before  the  subcommittee,  and 
we  are  anxious  to  learn  more  about  now  NASA  goes  about  procuring 
the  items  they  need. 

I see  that  you  have  a prepared  statement  ? 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  Would  you  proceed,  please.  At  the  conclusion  of 
your  statement  the  members  of  the  committee  may  have  some  ques- 
tions they  would  like  to  pose. 

STATEMENT  OF  ERNEST  W.  BRACKETT,  DIRECTOR,  PROCUREMENT 

AND  SUPPLY,  NATIONAL  AERONAUTICS  AND  SPACE  ADMINIS- 
TRATION 

Mr.  Brackett.  Mr.  Chairman  and  members  of  the  subcommittee, 
since  NASA  became  an  operating  agency  its  procurement  functions 
have  become  increasingly  important.  During  fiscal  year  1962,  approxi- 
mately 90  percent  of  funds  appropriated  by  the  Congress  were  spent 
by  contracts,  as  compared  to  64  percent  in  fiscal  year  1960.  In  fiscal 
year  1964,  the  percentage  of  funds  going  to  contractors  may  increase 
further.  NASA  appreciates  its  responsibility  to  see  that  this  money 
is  spent  prudently,  economically,  and  in  accordance  with  the  intent 
and  policies  laid  down  by  the  Congress  and  the  President. 

decentralization  of  nasa’s  procurement  operations 

Each  of  NASA’s  centers  places  contracts  in  support  of  the  projects 
assigned  to  their  cognizance.  Four  other  NASA  offices  also  do  con- 
tracting for  the  agency.  In  addition,  the  Jet  Propulsion  Laboratory, 
which  is  operated  under  a contract  by  the  California  Institute  of 
Technology,  spent  over  60  percent  of  tne  dollars  provided  by  NASA 
in  fiscal  year  1962  on  contracts  with  business  firms. 

Procurement  policies  and  procedures  are  issued  by  NASA  head- 
quarters. These  follow  quite  closely  those  promulgated  by  the  Armed 
Services  Procurement  Regulation.  We  are  facing  many  of  the  same 
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procurement  problems  faced  by  the  military  departments,  our  basic 
statutory  authority  is  the  same  as  theirs — the  Armed  Service  Procure- 
ment Act  of  1947 — and  we  are  dealing  with  much  of  the  same  seg- 
ments of  industry.  This  uniformity  is  advantageous  to  industry  as ’ 
it  simplifies  contract  systems  and  contractual  provisions. 

Major  contracts  are  reviewed  and  approved  by  NASA  headquarters. 
This  includes  a review  by  the  Office  of  General  Counsel  for  legal  suf- 
ficiency. Authority  is  delegated  to  the  Marshall  Space  Flight  Center, 
the  Manned  Spacecraft  Center,  and  the  Western  Operations  Office, 
those  being  the  procurement  offices  which  place  most  of  the  larger 
contracts,  to  issue  contracts  up  to  $1  million  without  headquarters 
approval.  The  other  procurement  offices  have  lower  maximum  con- 
tracting authority  without  headquarters  approval.  The  reasons  for 
review  and  approval  by  headquarters  is  to  assure  compliance  with 
NASA’s  procurement  policies,  contractual  provisions,  and  sound  busi- 
ness principles.  The  reason  for  the  different  limitation  amounts  is  to 
assure  a review  of  a representative  number  of  contracts  from  each 
procurement  office. 

METHODS  OF  COMPETITION 

The  most  difficult  part  of  procurement  is  the  selection  of  contractors. 
It  is  our  policy  to  advertise  formally  for  items  we  procure  whenever 
this  is  possible.  This  is  where  there  are  adequate  detailed  technical 
or  performance  specifications  available  so  that  all  bidders  will  under- 
stand and  bid  on  the  same  thing. 

However,  NASA  is  predominantly  procuring  research  and  develop- 
ment items,  things  which  have  never  been  made  before  such  as  the 
Apollo  spacecraft,  where  there  are  no  specifications  and  various  en- 
gineering designs  should  be  considered.  For  this  reason  most  of  our 
contract  dollars  go  into  contracts  which  must  be  negotiated.  In  fiscal 
year  1962,  64  percent  of  our  contracts  were  negotiated  under  the  au- 
thority of  10  u.S.  Code  2304(a)  (11),  which  authorizes  procurement 
by  negotiation  for  research  and  development.  Fourteen  percent  of 
our  contracts  were  negotiated  with  educational  institutions  under  the 
authority  of  10  U.S.  Code  2304  (a)  (5) . This  includes  the  contract  for 
operation  of  the  Jet  Propulsion  Laboratory. 

When  a contract  is  negotiated  it  does  not  mean  that  competition  is 
waived;  usually  it  is  just  as  possible  to  get  competition  by  negotiation 
as  it  is  by  formal  advertising.  Our  policy  is  to  obtain  competition 
whenever  it  is  feasible  and  possible  under  a negotiated  procurement. 
There  are  instances  when  clearly  one  company  should  be  chosen,  and 
it  would  be  a disservice  to  other  companies  to  invite  competition.  An 
example  is  the  contract  for  development  of  the  Gemini  spacecraft 
which  is  a follow-on  to  the  Mercury  spacecraft.  In  this  case  the  con- 
tract was  let  to  the  same  contractor  because  of  similarity  in  design, 
the  technical  experience  of  the  contractor  on  the  Mercury  project,  and 
toeanse  the  Gemini  project  is  planned  to  follow  the  Mercury  flights 
with  little  intermittent  time  delay.  However,  it  should  be  noted  that 
this  contractor  secured  the  Mercury  contract  competitively. 

NASA  procurements  for  research  and  development  of  over  $100,- 
000  start  with  a procurement  plan  which  sets  up  the  method,  steps 
to  be  taken,  type  of  contract  which  will  be  used,  and  other  details. 
In  instances  where  the  estimated  cost  is  over  $5  million  the  plan  is 
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submitted  to  the  NASA  Associate  Administrator  for  approval;  if 
under  that  amount,  the  center  director  approves  the  plan. 

SOURCE  EVALUATION  PROCEDURES 

In  nearly  all  of  the  competitive  research  and  development  pro- 
| curements,  a Source  Evaluation  Board  is  appointed  to  evaluate  the 

f proposals  submitted.  The  Board  is  made  up  predominantly  of  tech- 

* nical  members  with  representat  ives  from  business  management  offices. 

| This  Board  determines  the  criteria  which  will  be  used  in  the  evalua- 

| tion,  and  these  points  are  then  set  forth  in  the  requests  for  pro- 

posals.  Usually  a technical  and  a business  committee  are  appointed 
! by  the  Board  who  do  much  of  the  detailed  examination  of  proposals. 

The  Board  makes  its  report  to  the  director  of  the  center,  it  the  esti- 
mated cost  is  under  $5  million,  who  selects  the  company  with  which 
a contract  will  be  placed  if  satisfactory  terms  can  be  negotiated.  If 
the  estimated  cost  is  over  $5  million,  NASA’s  general  management 
, at  headquarters  makes  the  choice. 

Companies  which  are  considered  to  have  the  capability  to  perform 
the  work  are  invited  to  submit  proposals;  however,  any  company 
may  submit  a proposal  which  will  be  evaluated  on  the  same  basis  as 
those  invited.  During  evaluation  companies  which  submit  proposals 
are  checked  to  determine  their  performance  on  work  done  for  other 
Government  agencies  and  in  some  instances  for  commercial  customers. 
The  results  of  this  system  are  competition,  which  gives  all  interested 
companies  an  equal  opportunity,  impartial  evaluations,  and  selection 
by  high-level  responsible  officials  within  NASA  of  contractors  who 
are  considered  to  have  the  best  chance  of  successfully  accomplishing 
the  work  at  a reasonable  cost. 

TYPES  OF  CONTRACTS  . 

NASA  uses  the  fixed-price  form  of  contract  whenever  it  is  possible 
to  fairly  determine  what  the  cost  should  be.  This  can  be  done  where 
standard  items  are  purchased  or  there  is  a basis  for  determining  price. 
However,  in  most  research  and  development  projects,  this  is  not  the 
case  and  cost-plus-fixed-fee  contracts  are  usually  made.  The  fee  for 
the  work  is  fixed  in  advance,  but  the  contractor’s  actual  costs  necessary 
to  perform  the  work  are  paid  as  they  accrue.  The  fees  on  our  con- 
tracts in  fiscal  year  1962  ranged  from  1.85  percent  to  9.65  percent, 
with  the  average  being  6.33  percent,  which  is  slightly  less  than  the 
year  before  when  fees  averaged  6.65  percent.  Forty  percent  of  the 
fees  are  between  6 and  7 percent. 

The  cost  type  contract  does  not  give  a contractor  a real  incentive 
to  hold  down  costs,  and  NASA  is  trying  to  find  other  ways  of  con- 
tracting which  will  encourage  economy.  One  way  is  to  enter  into 
a design  contract,  and  when  the  design  is  completed  and  detailed 
specifications  are  known,  to  enter  into  a fiixed  price  contract  for  pro-  , 
auction  of  the  end  item.  A second  way  is  to  place  provisions  in  re- 
search and  development  contracts  which  give  contractors  a financial 
incentive  to  reduce  costs  and  to  produce  articles  which  will  perform 
in  a superior  manner.  The  conventional  incentive  type  contracts  have 
a formula  by  which  the  fee  or  profit  is  computed.  This  formula  sets 
the  fixed  cost  or  performance  targets  with  a premium  fee  or  profit 
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paid  for  completion  of  work  below  the  target  cost  or  for  performance 
of  the  article  better  than  the  target  specification.  I might  add  that 
a lower  fee  or  profit  is  paid  if  the  costs  exceed  the  target  or  perform- 
ance does  not  meet  the  target.  The  difficulty  NASA  is  experiencing 
with  this  type  of  incentive  contract  is  that  our  projects  are  so  new 
that  there  is  no  history  of  cost  or  performance  on  which  to  base  a 
fair  target. 

On  the  other  hand,  NASA  is  trying  a new  contract  system  which 
we  hope  will  accomplish  the  incentive  objectives.  The  base  fee  in 
the  contract  will  be  lower  than  the  usual  fee.  Criteria  will  be  set  up 
in  the  contract  for  evaluation  of  the  contractor’s  performance.  These 
criteria  may  include  reduction  and  control  of  costs,  excellence  of  per- 
formance, delivery  on  schedule,  and  other  points.  Periodically,  a 
NASA  board,  also  specified  in  the  contract,  will  evaluate  the  con- 
tractor’s performance  and  may  award  some  higher  fee,  up  to  a set 
maximum,  if  the  facts  justify  an  increase. 

CONTRACT  ADMINISTRATION 

After  a contract  is  placed  it  must  be  managed  and  monitored  dur- 
ing its  performance.  There  must  be  close  technical  checks  maintained 
to  assure  quality  control  and  to  obtain  the  best  possible  performance. 
Much  of  this  is  done  by  NASA  engineers  assigned  to  the  contractor’s 
plant.  Also,  such  things  as  audit  of  vouchers,  keeping  accountability 
of  Government  property  in  the  hands  of  the  contractor,  approval  of 
overtime,  and  other  contract  administration  work  must  be  performed. 
NASA  has  an  agreement  with  each  of  the  military  departments  to 
do  a major  part  of  this  work  for  us.  , These  agreements  save  the 
Government  the  cost  of  setting  up  duplicate  organizations,  and 
efficiency  is  obtained  by  having  the  contractor  transacting  this  type 
of  day-to-day  business  with  one  Government  agent.  In  plants  where 
NASA  has  all  or  substantially  all  of  the  contract  work,  its  administers 
its  own  contracts. 

CONTRACTS  MADE  BY  OTHER  AGENCIES  FOR  NASA 

Other  Government  agencies,  largely  the  military,  contract  for  some 
of  NASA’s  requirements  where  they  are  contracting  for  the  same  items 
or  services  for  their  own  requirements.  For  instance,  the  Air  Force 
bought  the  Atlas  boosters  used  in  Project  Mercury.  In  the  last  fiscal 
year  approximately  21  percent  of  NASA’s  contract  dollars  were  ex- 
pended through  other  Government  agencies.  These  contracts  are 
the  contracts  of  the  procuring  agent,  including  such  details  as  selection 
of  source,  pricing,  and  contract  provisions. 

DOLLAR  DISTRIBUTION  OF  NASA  CONTRACTS  AND  SUBCONTRACTS 

NASA  appreciates  the  increasing  impact  of  its  contracts  on  the  na- 
tional economy,  and  is  attempting  to  see  that  consideration  is  given 
in  placing  its  contracts  so  that  they  will  aid  the  economy  while  at  the 
same  time  bearing  in  mind  its  duty  to  carry  out  the  civil  space  program 
in  a timely,  efficient,  and  economical  manner.  It  is  the  judgment  of 
management  throughout  NASA  that  the  ultimate  success  of  the  pro- 
gram depends  to  a large  extent  on  placing  contracts  with  companies 
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which  are  found  best  qualified  to  perform  the  work.  It  should  be  rec- 
ognized that  certain  companies  have  successfully  performed  similar  '%■ 

work  and  have  acquired  unique  technical  experience,  facilities,  and 
equipment,  which  would  cost  hundreds  of  millions  of  dollars  to  dupli- 
cate. It  is  technically  and  economically  advisable  to  utilize  the  serv- 
ices of  such  companies  wherever  they  are  located-  or  whatever  their 
size. 

However,  the  fact  that  one  of  these  companies  receives  a prime  con- 
tract does  not  mean  that  the  money  obligated  on  the  contract  is  spent 
in  that  company’s  plants.  We  estimate  that  at  least  half,  on  the  aver- 
age, is  spent  in  subcontracts.  We  requested  nine  of  the  largest  NASA 
prime  contractors  to  report  on  the  volume  and  place  of  their  first  tier 
subcontracts.  They  reported  that  they  had  subcontracted  50  percent 
of  the  dollars  to  approximately  10,000  first  tier  subcontractors  in  46 
States. 

By  permission  of  the  Bureau  of  the  Budget,  we  have  recently  ini- 
tiated a simple  report  by  postal  card  of  the  placement  of  the  larger 
first  and  second  tier  subcontracts  placed  by  12  of  our  larger  prime 
contractors.  Reports  are  starting  to  come  in  and  the  early  returns 
already  show  2,172  subcontracts  totaling  $427,196,444  placed  in  37 
States.  It  is  interesting  to  note  that  during  the  last  fiscal  year,  40  per- 
cent of  NASA  prime  contracts,  by  dollars,  were  placed  in  labor  surplus 
areas. 

In  order  to  assist  companies,  both  large  and  small  business  concerns, 
in  knowing  where  to  solicit  subcontract  work,  NASA  synopsizes  in 
the  Department  of  Commerce  Business  Daily  all  pending  procure- 
ments for  research  and  development  where  the  estimated  cost  is 
$100,000  or  more,  listing  the  names  and  addresses  of  the  companies 
which  are  being  invited  to  submit  proposals.  f 

SMALL  BUSINESS  PARTICIPATION 

Small  business  concerns  also  have  participated  substantially  in 
NASA’s  prime  contracts.  They  received  16  percent  in  dollars  of  new 
contracts  placed  in  fiscal  year  1962.  Of  a total  of  approximately  118,- 
000  contractual  transactions,  large  and  small,  small  business  companies 
received  66  percent.  In  procurements  where  small  business  companies 
bid  for  prime  contracts  they  were  successful  in  obtaining  contracts  for 
57  percent  of  the  dollars.  Of  the  100  companies  which  received  the 
largest  dollar  amount  of  NASA  contracts  in  fiscal  year  1962,  24  were 
small  business  concerns.  The  above  facts  apply  only  to  prime  contracts 
and  it  is  probable  the  participation  of  small  business  concerns  in  NASA 
subcontracts  is  somewhat  larger. 

IMPROVEMENT  IN  CONTRACT  SYSTEM 

We  are  constantly  trying  to  further  improve  our  procurement  prac- 
tices and  procedures.  The  Administrator  has  appointed  a committee 
to  study  NASA’s  source  selection  procedures,  means  of  using  incen- 
tive-type contracts,  and  a system  of  evaluating  contractor  perform- 
ance. It  is  anticipated  that  constructive  innovations  will  he  made 
as  a result  of  its  efforts.  NASA  recognizes  its  responsibility  in  the 
expenditure  of  the  money  appropriated  by  the  Congress  and  will  con- 
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tinue  to  exert  its  best  efforts  to  see  this  trust  is  properly  earned  out. 

The  Chairman.  Does  that  conclude  your  statement  at  this  time, 
Mr.  Brackett? 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  Thank  you  very  much,  Mr.  Brackett. 

On  page  No.  1,  Mr.  Brackett,  the  first  sentence  under  “Decentraliza- 
tion of  NASA’s  Procurement  Operations,”  states : “Each  of  NASA’s 
Centers  places  contracts  in  support  of  the  projects  assigned  to  their 
cognizance.” 

Who,  specifically,  within  the  Center,  has  this  authority,  or  this 
responsibility  ? 

Mr.  Brackett.  The  contracting  officer  has  the  authority  to  enter 
into  the  contract. 

The  Chairman.  There  is  a contracting  officer  at  each  one  of  these 
centers  ? 

Mr.  Brackett.  That  is  correct,  sir. 

The  Chairman.  And  what  liaison  is  there  between  that  contracting 
officer  and  you  as  director  of  procurement,  or  the  top  administrative 
officers  of  NASA  ? 

Mr.  Brackett.  We  are,  according  to  our  regulations,  the  functional 
managers  of  procurement,  and  they  have  direct  access  to  our  office, 
and  we  to  them,  on  questions  of  policy  or  questions  of  contract  pro- 
visions. For  instance,  we  have  a standard  set  of  contract  clauses 
and  provisions  which  are  supposed  to  go  in  each  contract,  or  in  selected 
contracts.  In  case  they  want  to  deviate  from  these  clauses  they  have 
to  come  to  our  office  for  authority. 

If  they  wish  to  enter  into  a letter  contract  they  must  come  to  our 
office  for  authority  to  do  so. 

The  Chairman.  So,  unless  they  wrant  to  go  outside  the  authority 
that  has  been  specifically  stated  in  that  contract  procedure,  they  have 
complete  authority  to  make  and  enter  contracts;  is  that  right? 

Mr.  Brackett.  Yes,  that’s  right. 

The  Chairman.  Without  coming  to  you  ? 

Mr.  Brackett.  Yes,  within  the  regulations. 

The  Chairman.  Unless  it  is  over  $5  million  ? 

Mr.  Brackett.  Well  no,  $5  million  is  for  approval  of  the  procure- 
ment plan.  This  is  before  the  contract  or  the  procurement  has  started. 

The  Chairman.  But  this  is  after  the  negotiations  have  been  con- 
ducted, is  it  not  ? 

Mr.  Brackett.  Well,  they  have  authority,  without  our  approval, 
for  the  three  centers,  the  Manned  Space  Flight  Center,  the  Marshall 
Center,  and  the  Western  Operations  Office,  up  to  $1  million.  Any- 
thing over  a million  dollars  has  to  come  into  our  office  for  review  and 
approval. 

The  Chairman.  I see. 

Mr.  Brackett.  Now,  the  Lewis  Center,  the  Langley  Center,  and  the 
Goddard  Center,  also  have  $1  million  and  anything  beyond  that  has 
to  come  in  to  our  office  for  approval. 

The  Chairman.  How  many  of  these  Centers  do  we  have  now  ? 

Mr.  Brackett.  We  have  eight  Centers. 

The  Chairman.  Eight.  Would  you  care  to  list  them,  for  the  record  i' 

Mr.  Brackett.  Yes,  sir.  There  is  the  Goddard  Space  Flight  Center 
at  Greenbelt,  Md.,  the  Launch  Operations  Center  at  Cape  Canaveral. 
Fla. 
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Mr.  Morris.  What  about  the  Launch  Operations  Center  at  Cape 
Canaveral — is  this  a $1  million  ceiling  ? 

Mr.  Brackett.  They  have  authority  up  to  $250,000,  sir,  and  any- 
thing above  that  has  to  come  to  our  office. 

Mr.  Morris.  Well,  don’t  they  have  the  same  authority  as  Goddard  ? 
They  are  a very  important  installation.  More  important  than  God- 
dard, are  they  not  ? 

Mr.  Brackett.  Well,  they  are  not  making  as  many  contracts,  or  as 
large  contracts,  sir.  And  one  of  the  purposes  of  having  the  contracts 
come  in  for  review  is  so  that  we  will  get  a representative  number  of 
contracts  from  each  Center. 

The  Chairman.  Would  you  give  us  the  eight,  then,  so  that  we  will 
have  it  for  the  record  ? 

Mr.  Brackett.  Yes,  sir. 

There  is  the  Langley  Research  Center,  at  Hampton,  Va.,  the  Mar- 
shall Space  Flight  Center  at  Huntsville,  Ala.,  the  Manned  Spacecraft 
Center,  at  Houston,  Tex.,  then  we  have  the  Western  Operations  Office, 
and  we  have  a small  office  at  headquarters  that  makes  contracts  where 
a project  will  be  monitored  by  headquarters  people. 

Then  we  have  the  Ames  Research  Center,  at  Moffett  Field,  in  Cali- 
fornia and  the  Lewis  Research  Center,  at  Cleveland,  Ohio,  and  Flight 
Research  Center,  Edwards,  Calif. 

Then  there  is  the  Jet  Propulsion  Laboratory,  which  is  operated  for 
NASA  by  the  California  Institute  of  Technology. 

The  Chairman.  Now  I have  nine. 

Mr.  Brackett.  Well,  I don’t  consider  the  Jet  Propulsion  Laboratory 
technically  as  a center  because  they  are  under  contract  to  Cal  Tech. 

The  Chairman.  What  do  they  come  under  ? 

Mr.  Brackett.  Well,  sir,  they  report  directly  to  Dr.  Seamans,  the 
Associate  Administrator. 

The  Chairman.  Do  they  have  authority  to  enter  into  and  negotiate 
contracts? 

Mr.  Brackett.  So  far,  from  a contracting  point  of  view,  it  is  noth- 
ing over  $25,000,  and  subject  to  approval  of  the  Western  Operations 
Office. 

The  Chairman.  Well,  the  JPL  is  a part  of  NASA,  is  it  not  ? 

Mr.  Brackett.  It  is  a NASA  installation,  but  it  is  operated  for 
NASA  under  a cost -type  contract,  by  the  California  Institute  of  Tech- 
nology. 

The  Chairman.  But  they  do  have  certain  contracting  authority? 

Mr.  Brackett.  They  do.  They  make  some  subcontracts,  just  as 
NASA  made  a contract  for  the  lunar  excursion  module.  A contract 
has  j ust  been  received  for  LEM. 

The  Chairman.  So,  to  that  extent,  they  have  contracting  authority, 
is  that  correct? 

Mr.  Brackett.  That  is  correct. 

The  Chairman.  Is  there  anything  else,  other  than  the  NASA  cen- 
ters that  have  this  authority — namely,  the  authority  to  go  out  and  con- 
tract with  private  contractors  ? . 

Mr.  Brackett.  Not  a Govern,  ment  contract. 

The  Chairman.  Other  than  on  a subcontract  basis. 

Mr.  Brackett.  No,  sir. 

The  Chairman.  The  eight  centers,  then,  are  the  only  NASA  instal- 
lations who  have  this  authority  ? 
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Mr.  Brackett.  No,  sir,  there  is  the  Western  Operations  Office,  which 
is  not  a center,  and  headquarters. 

Then,  we  do  have  a joint  office  with  the  Atomic  Energy  Commission, 
located  physically  at  the  Lewis  Research  Center  in  Cleveland,  Ohio, 
which  does  make  some  contracts  for  the  joint  projects,  such  as  the 
Rover  and  the  Nerva  projects,  under  which  NASA  is  developing  a 
nuclear  rocket  engine,  and  they  have  authority  there. 

The  Chairman.  I think  Mr.  Morris  has  a point. 

Mr.  Morris.  I just  have  a question  about  this  Launch  Center  at  Cape 
Canaveral. 

You  only  have  $250,000,  for  the  Launch  Center  in  Florida,  and  yet 
Greenbelt  has  a million  dollars. 

Mr.  Brackett.  Well,  the  reason  is  that  their  contracts,  for  the  most 
part,  Mr.  Morris,  are  smaller,  at  the  Launch  Operations  Center. 

Mr.  Morris.  What  about  this  $450  million  project  at  Launching 
Operations?  That  is  a pretty  good  sized  project,  is  it  not? 

Mr.  Brackett.  I think,  sir,  that  you  would  want  to  know  that  that  is 
under  the  Corps  of  Engineers,  and  NASA  wouldn’t  have  anything  to 
do  with  that. 

If  we  ask  another  Government  agency  to  make  a procurement  for  us, 
they  would  make  the  contract. 

Mr.  Morris.  The  Corps  of  Engineers  is  handling  all  of  the  facilities 
at  the  Launching  Operations  Center  ? 

Mr.  Brackett.  That’s  right.  Practically  all  of  them. 

Mr.  Morris.  Yes,  I see. 

Mr,  Brackett.  There  may  'be  some  minor  exceptions. 

Mr.  Morris.  Yes.  On  the  interpretation  I have  made — and  I beg 
your  pardon  for  interrupting  you 

Mr.  Brackett.  That’s  all  right,  sir. 

Mr.  Morris.  I am  confused  about  another  matter  and  I would  like 
you  to  answer  this  question : 

Would  you  just  run  through  for  me  again,  the  Launching  Opera- 
tions Center  authority,  and  why  it  does  not  have  a larger  authority  ? 

Mr.  Brackett.  Yes,  sir. 

Part  of  the  reason  for  our  review  and  approval  at  headquarters  is 
to  monitor  operations  of  the  field  centers,  as  to  whether  they  are  ap- 
plying the  directions  and  complying  with  our  regulations,  and  that 
their  contracts  are  adequately  priced.  And  in  other  words,  that  they 
are  doing  a good  procurement  job. 

Part  of  the  way  we  can  evaluate  this  is  to  see  a representative  number 
of  contracts.  We  can’t  see  them  all,  but  we  can  see  a representative 
number  of  them. 

I believe  in  the  last  year,  from  all  the  centers  that  have  sent  us  con- 
tract for  reviews  and  approval,  there  have  been  less  than  300,  but 
this  gives  us  a picture  of  how  things  are  being  done  in  the  field. 
And,  in  order  to  get  a representative  picture,  we  nave  different  levels 
of  approval. 

Now,  we  will  see  more  contracts  from  Marshall  at  the  minimum 
level  of  a million  dollars  than  we  will  see  from  Launch  Operations  Cen- 
ter at  $250,000.  This  latter,  of  course,  is  just  coming  into  being,  and 
we  wanted  to  be  sure  that  they  are  capable  of  doing  a good  job. 

Mr.  Morris.  I am  very  happy  to  hear  that. 

I haven’t  visited  all  of  the  NAS  A installations,  but  I have  visited 
some  of  them,  and  the  ones  I have  visited  included  the  Launch  Opera- 
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tions  Center  at  Cape  Canaveral,  which  impressed  me  as  having  the 
best  people  and  the  best  management,  and  running  a more  economical 
and  better  operation  then  any  of  your  other  Centers. 

Now,  that  may  be  just  an  impression  that  I got,  and  it  may  not  be 
accurate.  However,  it  was  my  impression. 

Mr.  Brackett.  Well,  I don’t  question  it  at  all,  sir,  but  we  will  still 
like  to  see  a representative  number  of  these  contracts  from  down  there. 
That  is  the  way  we  do  it,  and  we  won’t  see  too  many  from  the  $250,000 
Centers. 

Mr.  Morris.  You  could,  though,  as  head  of  the  procurement  divi- 
sion, just  say  to  any  center,  or  any  contractual  authority  in  NASA, 
that  you  wanted  to  see  the  contract  that  is  being  let? 

Mr.  Brackett.  Oh,  yes,  sir,  we  can. 

Mr.  Morris.  And  you  can  say  to  them:  “Bring  it  up  here”? 

Mr.  Brackett.  Yes.  But  this  makes  for  a more  or  less  uniform 
system. 

Now,  as  the  quality  of  this  procurement  goes  up,  and  as  their  dollars 
get  more  under  these  contracts,  we  have,  and  we  will  continue,  to  raise 
the  level  and  quite  possibly  the  next  time  that  there  is  a change,  and 
we  made  one  this  last  year,  the  Launch  Operations  Center  will  be  one 
where  the  authority  will  be  increased. 

Mr.  Morris.  Well,  I am  not  questioning  whether  it  is  right  or  wrong, 
at  the  Launch  Operations  Center,  but  it  seems  to  me  that  uniformity  is 
not  what  you  want  in  checking  on  contracts. 

You  still  have  a set  pattern  of  checking  on  contracts,  and  I am 
wondering  whether  or  not  this  is  the  best  method.  I am  not  at  all 
certain  that  it  is. 

Mr.  Brackett.  Well,  we  also  have  other  methods  of  checking,  sir. 

We  send  out  teams ; we  go  out  to  the  various  Centers  and  work  with 
them  on  particular  projects,  to  check  to  see  how  they  are  coming. 

As  a matter  of  fact,  I was  down  a week  ago  yesterday,  at  Launch 
Operations  Center  myself,  and  I worked  all  day  with  the  procurement 
people. 

The  Chairman.  I have  one  question  on  these  eight  r enters  that  you 
have  listed  for  the  record. 

Could  you  tell  us  the  maximum  authority  at  er.  h one  of  those 
Centers  ? 

Mr.  Brackett.  Surely. 

Two  hundred  and  fifty  thousand  dollars  for  ’Launch  Operations 
Center. 

One  million  dollars  for  Goddard. 

One  million  for  Lewis. 

One  million  for  Langley. 

One  million  for  Western  Operations  Office. 

And  we  have  two  places  that  I have  failed  to  mention;  Wallops 
Island  Test  Site,  which  has  $100,000  limitation,  and  the  other  one  is  a 
research  center  at  Edwards  Air  Force  Base  at  California,  which  has 
$100,000  limitation. 

Then  there  is  the  headquarters  office  which  has  $1  million  limitation. 

Lewis  has$l  million,  and  Ames  has  $500,000. 

The  Chairman.  And  would  you  give  us  Marshall  ? 

Mr.  Brackett.  Marshall  Spacecraft  Center,  and  Western  Opera- 
tions have  one  million,  each. 
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The  Chairman.  And  Ames — could  you  give  me  that — I am  sorry, 
but  I missed  it. 

Mr.  Brackett.  I think  Ames  has  $250,000— no,  one-half  million,  I 
am  sony. 

I may  have  misstated  the  Launch  Operations  Center.  That ‘has 
$500,000  instead  of  $250,000.  It  formerly  had  $250,000. 

Mr.  Mosher.  Mr.  Chairman,  may  I ask  a question  ? 

The  Chairman.  Yes,  certainly,  Mr.  Mosher. 

Mr.  Mosher.  Do  you  know  ot  any  tendency  on  the  part  of  the  field 
centers  to  attempt  to  avoid  the  trouble  of  being  monitored  by  the 
central  office  by  using  some  techniques  of  breaking  contracts  up  to  get 
them  within  the  limits,  so  that,  instead  of  having  one  contract  which 
would  be  more  than  the  limit,  they  can  break  it  up  and  have  two 
contracts? 

Mr.  Brackett.  I know  what  you  mean.  I have  seen  it  done. 

Mr.  Mosher.  Yes. 

Mr.  Brackett.  But  I am  pleased  to  say,  Mr.  Mosher,  that  we  have 
not  noticed  that  happening  in  NASA.  I would  not  say  it  has  not 
happened,  but  we  don’t  run  into  it. 

Mr.  Mosher.  Well,  in  local  governments  and  city  councils  where 
they  have  a limit,  within  which  they  can  make  a contract  they  fre- 
quently do  this,  and  I wonder  if  it  were  true  here.  You  do  not  notice 
this  tendency,  however,  sir? 

Mr.  Brackett.  We  have  not  noticed  it,  sir. 

In  fact,  I sort  of  feel  that  our  relationship  with  the  Centers,  be- 
tween our  Office  and  the  Centers,  is  pretty  good,  and  they  sort  of  wel- 
come our  assistance. 

Mr.  Mosher.  So  this  would  be  a matter  of  integrity  to  a degree? 

Mr.  Brackett.  Yes. 

Mr.  Mosher  And  you  have  no  reason  to  suspect  such  a thing? 

Mr.  Brackett.  No. 

Mr.  Mosher.  Although  there  may  be  a temptation,  not  so  much 
based  on  integrity,  but  there  may  be  a temptation  to  try  to  get  on 
with  the  job  as  quickly  as  possible. 

Mr.  Brackett.  Or  perhaps  just  making  a contract  just  under  the 
ceiling  amount. 

Mr.  Mosher  Yes,  to  avoid  red  tape.  But  you  don’t  see  this? 

Mr.  Brackett.  I haven’t  seen  it,  Mr.  Mosher. 

Mr.  Staebler.  May  I ask  a question,  Mr.  Chairman  ? 

The  Chairman.  Yes,  certainly,  Mr.  Staebler. 

Mr.  Staebler.  I would  like  to  explore  this  question  of  changes  in 
the  contract  and  overruns. 

Mr.  Brackett.  Yes? 

Mr.  Staebler.  Are  changes  frequent  on  your  contracts  ? 

I am  thinking  as  of  in  the  case  of  many  military  procurement 
contracts.  What  is  the  policy  on  changes? 

Mr.  Brackett.  Well,  when  a change  may  be  made,  sir — is  that 
what  you  mean,  or  the  pricing,  or  what? 

Mr.  Staebler.  Well,  pricing  changes  and  approval. 

Mr.  Brackett.  Well,  the  system  is  that  when  the  engineer,  the 
technical  man,  determines  that  a change  is  necessary,  he  directs  our 
contracting  officer,  asks  him  to  direct  the  change,  and  then  the  change 
may  be  made. 
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Or,  the  change  may  be  one  which  the  engineer,  our  NASA  engineer, 
thinks  is  necessary,  or  it  may  be  a change  that  the  contractor  has 
recommended.  But  it  is  never  directed  until  our  NASA  engineer  so 
directs  the  contracting  officer. 

When  he  tells  our  contracting  officer:  “You  direct  this  change,”  a 
direction  in  writing  is  given  to  the  company  to  start  to  make  that 
change.  The  company  has  a period  of  60  days  in  which  to  submit  its 
claim  for  an  adjustment  in  the  contract  amount. 

One  more  thing : There  is  an  estimated  cost  of  what  this  change  will 
amount  to. 

Mr.  Staebler.  Who  makes  the  estimate  ? 

Mr.  Brackett.  If  the  contractor  comes  in  with  his  suggestion,  he 
estimates  it.  This  is  not  accepted  by  us,  however,  unless  our  engineer 
concurs. 

Our  engineers  also  make  an  estimate.  And,  as  when  one  of  the  mili- 
tary departments  is  doing  inplant  work,  the  contract  administration 
work  for  us,  our  engineers  might  request  the  pricing  people  in  the 
military  department  to  come  up  with  their  estimate. 

Now,  again,  this  is  before  the  change  is  made. 

After  the  change  is  authorized,  the  contractor  has,  in  most  of  our 
contract  provisions,  as  I say,  60  days  to  come  in  with  a detailed  break- 
down of  what  this  change  will  cost.  This  cost  is  analyzed.  Fre- 
quently we  send — NASA  has  the  military  administer  these  contracts 
under  agreements  with  the  military — the  figures  to  the  military  con- 
tract administrator,  and  a detailed  audit,  or  analysis,  is  made,  and  it 
comes  back  with  a recommendation. 

Then  a supplemental  agreement  is  negotiated  formalizing  this 
change  in  the  contract,  and  the  additional  amount  of  money  is  added 
to  the  contract  to  cover  the  cost  of  the  change. 

Mi*.  Staebler.  Now,  you  are  describing  the  changes  where  the  au- 
thorization precedes  the  actual  physical  incorporation  of  the  change  in 
the  contract? 

Mr.  Brackett.  That’s  right. 

Mr.  Staebler.  Will  there  not  be  frequent  instances  also  where  the 
change  is  authorized  before  the  price  is  agreed  upon  ? 

Mr.  Brackett.  This  is  the  case,  sir. 

This  is  where  we  have  estimated  what  we  expect  the  cost  of  the 
change  will  be.  Our  own  people,  usually  with  the  help  of  the  military, 
have  determined  that  this  probably  is  going  to  be  the  amount.  Al- 
though it  is  not  fixed  and  the  contractor  has  not  agreed  to  it,  the 
change  is  immediately  ordered  so  as  not  to  hold  up  the  project. 

The  Chairman.  But  an  estimate  is  given  ? 

Mr.  Brackett.  The  estimate  is  given,  and  this  money  is  available 
before  we  order  the  change.  One  of  the  factors  is  that  we  have  to  be 
sure  we  have  the  money  to  cover  it. 

The  Chairman.  If  the  gentleman  will  yield 

Mr.  Staebler.  Yes,  Mr.  Chairman. 

The  Chairman.  Say  the  actual  cost  exceeds  the  estimate  by  300  or 
400  percent,  and  you  don’t  have  the  money.  Is  this  where  a repro- 
graming system  comes  into  effect  ? 

Mr.  Brackett.  This  usually  doesn’t  happen,  sir. 

The  Chairman.  But  what  if  it  did  happen  ? 

Mr.  Brackett.  Well,  sometimes  it  does  exceed  the  estimate,  and 
sometimes  it  is  less. 
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The  Chairman.  But  if  it  does  this  would  really  necessitate  re- 
programing? 

Mr.  Brackett.  It  would  all  depend  on  the  amount. 

Usually  if  it  is  a change  of  that  magnitude,  it  would  not  be  di- 
rected ahead  of  fund  avaflability ; perhaps,  it  would  be  included  for 
the  first  time  in  an  amendment  to  the  contract. 

Then  there  are  some  minor  types  of  changes,  which  we  call  within 
the  scope  of  the  contract,  and  these  changes  are  the  ones  I have  been 
describing,  and  usually  bear  a fee.  This  may  not  be  the  same  fee 
•as  the  basic  contract  bears,  but  the  contractor  is  entitled  to  ask  a fee, 
which  is  negotiated. 

The  Chairman.  Well,  these  changes,  on  many  occasions,  really  keep 
the  contractor  alive;  do  they  not? 

Mr.  Brackett.  Well,  they  amount  to  a substantial  amount  during 
the  performance  of  a contract^  quite  frequently. 

Mr.  Staebler.  Just  pursuing  that  point,  on  the  substantial  amounts 
involved.  Do  vou  haye  any  compilation  of  the  number  of  instances 
in  which  the  cnanges  concerned  materially  affect  the  amount  of  the 
contract,  say,  exceeding  10  percent  of  the  value,  the  total  value  of  the 
original  contract?  Is  that  readily  available? 

Mr.  Brackett.  I don’t  have  any  figures,  sir — no  definite  statistics 
on  it — but  I think  that  we  will  find  that  in  most  of  these  major  de- 
velopment contracts,  particularly  something  that  has  never  been  made 
before,  that  they  will  go  much  higher  than  10  percent.  Sometimes  a 
great  deal  higher. 

Mr.  Staebler.  Well,  what  I am  trying  to  get  at,  without  requiring  a 
special  study  to  be  made,  is  whether  we  have  any  off-the-cuff  estimates 
of  the  number  of  instances  in  which  such  changes  occur.  Does  it  oc- 
cur in  the  case  of  half  the  contracts? 

Mr.  Brackett.  Well,  this  is  again  an  estimate,  but  I would  think, 
Mr.  Staebler,  this  would  happen  in  almost  every  one  of  these  large 
development  contracts. 

Mr.  Staebler.  So  that  the  changes  are  an  almost  inevitable  oc- 
currence in  contracts  ? 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  On  this  very  point,  Mr.  Brackett,  is  this  not  one 
way  that  the  companies  who  severely  underestimate  the  cost  of  a 
program  when  they  make  their  bids  are  able  to  justify  substantially 
greater  costs  than  they  originallv  estimated,  by  later  on  saying : “Well, 
there  were  so  many  changes  tnat  had  to  be  made.”  How  are  you 
going  to  keep  these  people  nonest  ? 

Mr.  Brackett.  Well,  part  of  our  job  in  procurement  is  to  analyze 
the  cost  of  these  changes,  and  to  see  whether  the  amount  that  is  added 
to  the  contract  represents  no  more  than  the  cost  of  making  that  change. 

Now,  there  are  changes  that  are  made  that  will  decrease  the  cost, 
also. 

The  Chairman.  What  has  our  experience  been  with  overestimating 
in  contract  bidding  ? 

Mr.  Brackett.  We  have  not  yet  completed — and  I assume  that  you 
are  talking  about  a comparison  of  the  original  amount  when  we  start 
the  contract  out,  with  what  it  costs  when  completed. 

The  Chairman.  Yes ; what  has  our  experience  been  in  those  circum- 
stances? 
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Mr.  Brackett.  We  have  not  yet  completed  airy  of  our  major  con- 
tracts— very  few  of  them,  anyway — even  the  Mercury  contract  has 
not  been  completed  yet. 

The  Chairman.  How  about  Mercury;  that  has  been  a major  one? 

Mr.  Brackett.  That  is  not  completed  yet,  so  we  have  not  accumu- 
lated in  NASA  statistics  on  this,  but  I think  we  are  going  to  find  that, 
as  compared  with  the  original  cost,  the  ultimate  cost  is  going  to  be 
considerably  more. 

The  Chairman.  I see.  I would  like  you  to  do  this,  then,  for  the 
record. 

Would  you  provide  for  the  record  as  much  information  as  you 
do  have  on  this  point,  on  these  major  contracts,  and  the  overages  that 
you  are  estimating  at  this  point  in  the  contract. 

We  may  want  to  take  a look  at  that  sometime  this  year. 

(The  information  requested  is  as  follows :) 

Attached  hereto  are  tables  summarizing  by  NASA  installations  increases  in 
the  contract  amounts  of  major  contracts  from  date  of  award  to  approximately 
March  31,  1963.  Major  contracts  have  been  generally  defined  for  this  purpose 
as  those  which  at  the  time  of  award  had  a contract  amount  of  $5  million  or 
more.  Increases  in  contract  amounts  since  award  are  set  forth  in  two  cate- 
gories, namely,  (a)  those  due  to  the  inclusion  in  the  contract  of  additional 
work,  which  for  the  purposes  of  this  presentation  include  increases  due  to 
changes  within  the  existing  scope  of  work  as  well  as  those  due  to  additions  of 
new  scope  of  work  to  the  contract,  and  (ft)  those  due  to  cost  overruns.  Where 
the  contract  is  a letter  contract,  the  dollar  amount  set  forth  is  the  amount 
funded  under  the  letter  contract  as  of  March  31,  1963,  rather  than  an  estimate 
of  what  the  amount  of  the  definitive  contract  may  be,  because  of  the  potential 
for  inaccuracy  in  any  estimate  developed  prior  to  agreement  between  the  parties 
on  the  scope  of  work  for  the  definitive  contract  and  because  of  the  undesirability 
of  publicizing  information  on  the  estimated  amount  of  a contract  prior  to  its 
definitization. 


Summary  of  increases  in  contract  amounts  of  major  contracts 

GODDARD  SPACE  FLIGHT  CENTER 


Contractor 

Contract  No. 

Description  of  work 

i 

Total 
contract 
amount  at 
time  of 
award 

Actual  increases  to  date 

Total 
contract 
amount 
to  date 

Due  to 
additional 
work 

Due  to 
cost 

overruns 

Grumman  Aircraft  Engineering  Corp... 

Space  Technology  Laboratories,  Inc 

Hughes  Aircraft  Co 

NAS5-814 i 

NAS5-899 i 

NAS5-1560 

Orbiting  astronomical  observatory 

Orbiting  geophysical  observatory 

Syncom  I 

$32,050,000 

24. 334. 108 

4.889.000 
5, 462, 689 

4.990.000 
2, 127. 500 

11.026.108 
5, 767, 637 
8, 482, 185 
1, 515, 710 
4, 261, 058 
4, 836, 528 

$1,593,096 
319,280 
2, 825, 936 
351, 955 
2,  441, 000 
1,744, 187 

$23,666,062 
10, 228, 695 
2,150,000 

$57, 309, 158 
34,  882, 083 
9, 864, 936 
5, 814, 644 

11,  556, 801 
9, 290, 718 

11,026,108 

12,  733, 997 
14,594,410 

7, 347, 841 
5, 074, 188 
4, 966, 803 

Philco  Corp 

NAS5-1757 

40-foot  X-Y  tracking  antenna  systems 

RCA 

NAS5-1272 

Relay ...  . 

4, 125, 801 
5,419,031 

RCA 

NAS5-877 

Nimbus ...  ‘ 

Bcndix  Field  Engineering  Corp 

NAS5-734 

Miriiirack  maintenance  and  operation  . . .... 

Do ~ ~ ’. 

NAS5-1426 

Mercury  network ” ...  . . ...... 

6, 966, 360 
2,062,225 
574, 872 
312, 130 
130, 275 

General  Electric  Co j-. 

NAS5-978 

Nimbus 

4, 000,000 
5, 257, 259 
501,000 

Do 

NASS-740 

Integration  of  Nimbus  subsystem . ..  . 

Motorola,  Inc 

Space  Technology  Laboratories,  Inc 

NAS5-1926 

NAS6-1302 

Goddard  range  and  range  ra’te  system. 

Systems  coordination  and  planning  for  Project  Relay 

HEADQUARTERS  PROCUREMENT  BRANCH 

Bellcomm,  Inc 

NASw-417_  __ 

Provision  of  systems  analysis  and  study,  planning,  and 
technical  support  to  Office  of  Manned  Space  Flight, 
Headquarters, *NASA. 

Provision  of  integration,  reliability,  and  checkout  support 
for  Apollo  program. 

$8, 562,000 
* 16, 398, 500 

$8,562,000 
* 16, 398, 500 

General  Electric  Co.,  Apollo  Support 
Department. 

NASw-410  1 

LANGLEY  RESEARCH  CENTER 


Republic  Aviation  Corp : 

| 

i 

N AS1-1945 

Research,  develop,  design,  fabricate  and  support  launch 
operations  of  reentry  package  subsystem  for  Project 

$5, 000, 000 

i 

$21,062  j 



$5,021,062 

Western  Electric  Co.,  Inc. . . 

NAS1-430 

Project  Mercury  tracking  and  ground  instrumentation 
system. 

33,058,690 

20, 708,  938 

$15, 192, 610 

68,960,238 

Chance  Vought  Corp.,  Division  of  Ling- 
Temco-Vought,  Inc. 

NAS1-1296..  

Design,  fabricate,  ground  test,  and  assembly  of  14  Scout 
research  vehicles. 

8, 651, 000 

8, 889, 368 

17, 540. 368 

Do 

NAS1-900 

Design,  fabricate,  ground  test,  instrument  assemble  and 
prepare  for  launch  of  5 Scout  research  vehicles. 

5, 557, 017 

1,  722,  754 

442, 384 

7, 722, 165 
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LEWIS  RESEARCH  CENTER 


support  equipment;  flight  readiness  programs;  support 
and  sustain  a development  program  and  systems 
integration. 

Services,  material,  equipment,  and  facilities  necessary  to  *2,300,000 
activate  Launch  Complex 36-B,  Atlantic  Missile  Range, 
to  a configuration  capable  or  accommodating  and 
launching  Atlas  D 1st  stage  and  Centaur  2d  stage 
vehicles. 

Design,  development,  and  testing  of  a ' 500,000-pound  *30,400,000 

thrust  liquid  hydrogen-liquid  oxygen  engine. 

Design,  fabrication,  and  acquisition  of  facilities  required  *13,200,000 
for  M-l  engine  development  program. 

Research  and  development  program  to  obtain  a SNAP-8  8, 233, 425 
electrical  generating  system. 

MANNED  SPACECRAFT  CENTER 


$5, 210, 961 

$6,941,614 

Apollo  command  and  service  module . *$260,000,000 

Gemini  spacecraft  and  auxiliary  equipment 456, 650, 062 

Apollo  solid  suborbital  vehicle _ 6, 322, 643 

Downey  facility  contract  for  Apollo  command  and  service  * 6, 191, 800 
module. 

Optical  subsystem  for  Apollo  navigation  and  guidance  7,658,000 
system. 

Computer  for  Apollo  navigation  and  guidance  system 15, 029, 420 

Apollo  system  assembly  and  test  for  navigation  and  guid-  35, 845, 000 
ance. 

Apollo  navigation  and  guidance  system 4, 375, 000 


Apollo  lunar  excursion  module.. 387, 900, 000 

Mercury  manned  space  capsule 19, 500, 000 

Integrated  mission  control  center— Real  time  computer  * 3. 000, 000 

complex, 

Integrated  mission  control  center— Implementation 33, 797, 565 


10,500,000 

'70,000,000 


50,000,000 
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Summary  of  increases  in  contract  amounts  of  major  contracts — Continued 

MARSHALL  SPACE  FLIGHT  CENTER  i 


Contractor 


Douglas  Aircraft  Co.,  Inc. 


Contract  No. 


• Description  of  work 


Chrysler  Corp 

Brown  Engineering  Co.,  Inc. 
Do 


Chrysler  Corp. 

Mason-Rust  Co.,  Inc 

Boeing,  Inc 

Do 

Do . 

Chrysler  Corp.. 

North  American  Aviation,  Inc.,  Rocket- 
dyne  Division. 

Do_„ ... 

Do 

Do 

Do 

Do 

Da 

Do. 

Pratt  A Whitney  Aircraft.... 

Do 

Do 

Do. 

Douglas  Aircraft  Co.,  Inc 


NAS7-101 Design,  development,  and  manufacture  of  S-IVB  stages 

of  Saturn  IB  and  Saturn  V. 

NAS8-6 Engineering  services— Saturn,  Mercury,  and  Juno. 

NAS8-20. Engineering,  fabrication,  and  services— Saturn 

NAS8-2485 do 

NAS&-2483 Engineering  services— Saturn  program 

NAS8-4004 Support  services  for  Michoud  plant 


NAS8-2577 Preparatory  effort  on  S-IC  stage  development  for  Saturn  V. 

NAS8-5606(F) Facilities  for  S-IC  stages 

N AS8-5606 Design,  development,  and  manufacture  of  S-IC  stages 

NASS-4016 Fabrication  of  S-I  stages  for  Saturn  I and  Saturn  IB 

NAS8-2576.. Preparatory  effort  on  S-I  stage  development 

NAS8-5602(F) Facilities  for  S-I  stages 

NASw-16 Development  of  F-l  engine 

NAS8-5604 1 Production  of  F-l  engines 

NA88-19. Development  of  J-2  engine 

NA88-56Q8  * Production  of  J-2  engines 


NA87-190 ' Development  of  H-l  engine 

NA87-162 » Production  of  H-l  engines 

N AS7-3 Development  and  production  of  H-l  engines 

NA87-4 Production  of  H-l  engines 

NA88-2090. Development  and  production  of  RL-10  engines 

NA88-5605  Development  of  throttleable  version  of  RL-10  engine 

N ASS-2001 Development  and  production  of  RL-10  engines 

NAS8-5807  >. Production  of  RL-10  engines 

NA87-1 Design,  development,  manufacture,  checkout,  delivery, 

and  launch  support— for  flight  stages— of  S-Iv  stages  of 
Saturn  I. 


Total 
contract 
amount  at 
time  of 
award 


7,000,067 
6,710,534 
5,208,235 
0,140,005 
1,216, 128 
8,010,962 
7,736,371 
418, 820,067 
215, 502, 744 
10,779,408 
7,102,322 
102,471,761 

*16,000,000 

44.700.000 
*7,050,000 
*4,500,000 
*2,588,230 
30,517,857 

4,040,000 

28.071.000 
*3,485,000 

22.890.000 
*1,800,000 
68, 838, 160 


Actual  increases  to  date 

Due  to 
additional 
work 

Due  to 
cost 

overruns 

$142,362,770 

6,755,219 
2,356,435 
11,300,853 
1,034,901 
14, 821, 572 
30,560,838 
43,100 

$283,000 

3,052,744 

3,015.146 

37,497 

133,451,211 

17,140,103 

20,150,666 

7,640,680 

1,060,050 

57,322.087 

517,816 

6,806,543 

17,774,304 

13,741,248 

31,372,832 

25,500,090 

Total 
contract 
amount 
to  date 


$143,362,718 

14,365,206 

8,075,000 

16,668,088 

10,184,566 

16,320,600 

48,480,800 

7,779,471 

418,820,067 

210,455,488 

13,794,554 

7,130.810 

258,063,165 

*16,000,000 
73,850,666 
*7,050,000 
> 4, 500, 000 
>2,588,230 
38,158,537 
5,617,866 
03,000,630 
*3,485,000 
54,405,552 
« 1, 800. 000 
125,710.902 


1 Letter  contract  funding  as  of  Mar.  31,  1963. 
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Mr.  Brackett.  Could  we  define  what  we  mean  by  “major  con- 
tract”— anything  over  $5  million,  or  something  like  that? 

The  Chairman.  I would  say  that  would  be  a good  place  to  start, 
yes. 

Mr.  Morris:  In  order  that  the  witness  fully  understands,  and  just 
so  that  there  will  be  no  mistake,  does  the  $5  million  mean  the  total 
estimated  amount  for  the  contract  that  is  signed  ? 

Is  this  to  be  a signed  contract,  now,  or  is  this  $5  million  for  a 
fiscal  year? 

Mr.  Brackett.  No;  it  would  have  to  be  the  complete  contract. 

The  Chairman.  That  is  the  total  contract. 

Mr.  Brackett.  I may  say  we  have  not  completed  many  of  these 
contracts,  so  it  will  be  an  indefinite  figure.  But  we  will  surely  get 
it  for  you. 

The  Chairman.  Let  me  pursue  this,  then,  for  just  another  minute, 
if  I. may. 

You  said  before  that  you  were  checking  these  things  and  paying  a 
great  deal  of  attention  to  this  question  of  the  changes  that  were  made, 
and  adding  up  these  changes  so  that  later  on  you  could  subtract 
them  from  the  original  costs;  and  that  would  give  you  an  idea  as 
to  how  much  increased  cost  came  about  without  any  changes  having 
been  made,  or  without  taking  into  consideration  any  changes. 

Now,  you  say  you  have  not  done  any  of  this,  and  you  haven’t  car- 
ried it  to  conclusion,  apparently,  in  any  major  contract ; is  this  true 
because  we  have  not  completed  any  major  contracts  ? 

Mr.  Brackett.  Well,  you  see,  sir,  we  have  been  checking,  Mr.  Chair- 
man, each  time  one  of  these  changes  is  made,  the  cost  of  that  partic- 
ular change.  But  so  far  as  the  total  number  of  them,  adding  them 
all  up,  is  concerned,  we  have  not  done  that. 

The  Chairman.  But  you  check  very  closely  on  these  changes  to  see 
that  the  estimated  cost  is  a good  estimate,  compared  with  what  you 
actually  get? 

Mr.  Brackett.  That’s  correct.  That  is  part  of  the  procurement 
job,  Mr.  Chairman. 

The  Chairman.  And  you  follow  that  change  through  to  completion 
to  see  whether  it  did  cost  that  much,  or  whether  it  cost  more  or  less? 
Or  does  the  estimate,  thereafter,  stand  on  its  own  weight,  regardless 
of  what  the  facts  are  ? 

Mr.  Brackett.  Some  of  this  is  very  difficult  to  track  down,  because 
part  of  it  is  overhead;  part  of  it  is  mingled  in  with  other  things;  and 
so  to  just  actually  segregate  what  it  did  cost  to  make  one  of  these 
changes  out  of  the  total  after  it  was  done  would  be  rather  difficult 
to  do,  but  it  possibly  can  be  done.  I think  it  would  be  rather  difficult, 
and  I don’t  think  this  is  done. 

The  Chairman.  Well,  then,  it  probably  may  be  true  that  it  is  these 
changes  that  make  the  gravy  in  these  things;  is  that  correct? 

Mr.  Brackett.  It  is  an  element  of  increase  in  fee. 

Now,  we  have  just  entered  into  a contract  with  the  Grumman  com- 
pany for  the  development  of  the  Lunar  Excursion  Module,  and  we 
have  a rather  unusual  thing  here.  There  will  be  no  fee  paid  on  changes 
where  the  estimated  cost  is  under  $100,000 — they  will  get  no  addi- 
tional fee. 

This  would  not  mean  if  we  were  ordering  another  capsule,  or  spare 
parts,  or  something  in  addition,  within  the  scope  of  the  contract,  that 
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there  would  not  be  a fee  paid,  but  there  will  not  be  a fee  paid  where 
the  estimate  is  under  $100,000. 

Now,  if  I may,  Mr.  Chairman,  I would  like  to  elaborate  on  one  thing 
a little  more. 

The  Chaihman.  Yes,  sir. 

Mr.  Brackett.  There  are  two  reasons  why  things  cost  more  than 
the  original  price  or  estimate ; one  of  them  is  the  changes,  of  course, 
and  one  of  them  is  the  fact  that  it  did  actually  cost  more  than  what 
was  originally  contemplated.  In  the  latter  case,  we  will  have  a cost 
overrun,  assuming  that  there  have  been  no  changes  at  all. 

A cost  overrun  sometimes  happens,  as  in  one  case  where  we  had  a 
contract  that  was  estimated  to  cost  us  $5  million,  but  by  the  time  every- 
thing was  added  up  it  came  to  $7  million.  Now,  the  $2  million  is  what 
we  would  call  a cost  overrun. 

If  there  was  a change  made  in  the  specifications  that  cost  more 
money,  that  is  what  we  would  term  a change. 

Mr.  Staebler.  My  next  question  was : Do  you  keep  records  of  sepa- 
rate items  of  cost  overrun  and  changes  on  each  contract  ? 

Mr.  Brackett.  Well,  this  is  part  of  the  contract  file,  yes,  sir.  Also 
where  we  have  a supplemental  agreement  for  the  change,  that  is  also 
part  of  the  contract  itself. 

Mr.  Staebler.  Are  your  contractors  graded  as  to  their  performance 
on  overruns? 

Mr.  Brackett.  This  is  one  of  the  elements  that  is  taken  into  consid- 
eration as  to  future  contracts— did  they  stay  within  the  estimated 
cost? 

The  Chairman.  Have  you  completed  any  of  these  projects  ? 

Mr.  Brackett.  We  haven’t  completed  any  of  our  major  projects 
yet,  sir;  but,  for  instance,  with  the  Delta  space  vehicle  contract — I 
have  checked  some  of  these,  but  I haven’t  checked  this  one — I have  been 
told  that,  outside  of  the  changes,  the  cost  of  the  Delta  was  within 
around  5 percent  of  what  it  was  originally  estimated  it  would  be. 

In  other  words,  there  was  no  more  than  that  percentage  of  cost  over- 
run. 

This  is  one  of  the  subjects  for  which  Mr.  Webb  has  set  up  a com- 
mittee to  see  what  can  be  done,  and  how  we  can  do  a better  job  of  com- 
ing up  with  this  kind  of  evaluation  of  the  contractors  and  their  per- 
formance. This  evaluation  would  include  living  within  their  costs, 
reliability,  lack  of  failures,  delivery  on  time,  and  things  like  that. 

When  we  started  to  do  this,  we  found  that  the  Department  of  De- 
fense was  doing  the  same  thing,  so  we  have  joined  with  them,  and  we 
expect  that  within  a period  of  a few  months  we  will  have  a unified 
system  where  the  military  departments,  as  well  as  ourselves,  will  be 
continuously  evaluating  what  the  companies  are  doing.  There  will  be 
written  reports  that  will  be  available  to  our  agency. 

In  other  words,  if  we  are  going  to  make  a contract  with  a company 
that  had  some  previous  Government  contract  experience,  we  will  say : 
“How  did  they  do?”  And  the  evaluation  would  include  cost  over- 
runs, and  things  like  that.  This  is  what  we  are  working  on  right  now. 

The  Chairman.  But  do  we  have  any  way  of  spanking  these  people 
who  continously  underestimate,  and  so  forth?  I presume  that  they 
are  pretty  much  in  the  same  boat,  are  they  not  ? 

If  you  spank  one,,  you  have  to  spank  another.  What  are  we  doing 
about  them? 
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Let  us  say  we  know  they  are  doing  it  from  the  records,  we  know  that 
their  record  has  been  rather  poor,  and  I suppose  most  of  them  are — 
now  what  do  we  do  about  spanking  them  ? 

Mr.  Brackett.  Well,  of  course,  one  of  the  things  we  have  to  re- 
member is  the  incentive  that  a company  has  to  obtain  future  business, 
and  they  are  quite  sensitive  about  cost  overruns. 

The  Chairman.  Well,  let  me  ask  you  this  question : Have  you  ever 
denied  a company  any  business  as  a result  of  their  previous  overesti- 
mates, or  underestimates  ? 

Mr.  Brackett.  I recall  no  specific  ones,  Mr.  Chairman. 

The  Chairman.  Well,  we  are  not  spanking  them  that  way?  are  we? 

Mr.  Brackett.  We  tell  them  what  we  think  about  it,  definitely. 

The  Chairman.  Well,  that  really  doesn’t  hurt  their  pocketbook, 
just  to  tell  them  what  you  think  about  it. 

Mr.  Brackett.  Well  then  thev  get  no  additional  fee  on  cost  over- 
runs; they  have  to  do  this  work  without  any  additional  profit.  If 
this  happens  they  are  just  working  for  nothing,  so  there  is  no  incen- 
tive on  their  part  to  have  a cost  overrun.  The  fact  is,  they  accuse  us 
many  times 

Tne  Chairman.  Excuse  me,  before  you  go  on  to  this  other  point,  I 
want  to  finish  this  inquiry. 

It  is  better,  is  it  not,  to  make  6 percent  on  $10  million,  even  though 
the  contract  will  involve  costs  running  up  to  $20  million,  rather  than 
get  no  contract  at  all  ? 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  So  that  you  get  6 percent  on  $10  million,  and  that  is 
3 percent  of  $20  million.  That  is  better  than  nothing,  isn’t  it? 

Mr.  Brackett.  Yes,  it  certainly  is. 


The  Chairman.  And  if  thev  had  not  underestimated  what  it  would 
cost,  perhaps  they  never  woula  have  gotten  it. 

Mr.  Brackett.  Well,  of  course,  they  accuse  us  many  times  of  con- 


tributing  to  these  cost  overruns  because  they  say  that  when  we  come 
to  negotiate  the  contract,  we  negotiate  them  down  to  an  unrealistic 
cost. 

Of  course,  this  is  not  our  objective.  Our  objective  is  to  have  a con- 
tract which  we  consider  to  include  a realistic  cost  of  what  the  job 
should  bs. 

The  Chairman.  I think  you  have  done  a better  job  in  the  particular 
area  of  the  small  business  firms  than  you  seem  to  do  with  the  giants, 
and  I suppose  it  is  only  reasonable.  But  you  could  do  a better  job. 
When  dealing  with  small  firms,  normally  tne  contracts  are  small  ones 
and  the  hardware  is  not  so  sophisticated,  or  whatever  the  situation 
may  happen  to  be,  so  it  is  easier  for  you  people  to  give  an  accurate 
estimate  or  to  check  on  estimates  that  have  been  furnished  by  the 
companies. 

Mr.  Brackett.  That  is  true. 

The  Chairman.  And  I have  heard  from  some  of  the  small  firms, 
that  NASA  is  rather  severe  in  their  estimating  the  costs. 

But,  without  exclusion,  it  has  been  in  the  small  contract  cost  area, 
rather  than  in  the  large  ones. 

Mr,  Brackett.  Well,  I have  heard  more  from  the  large  ones  than  I 
have  from  the  small  ones,  Mr.  Chairman,  that  we  are  tough. 

The  Chairman.  The  record  doesn’t  indicate  that  they  have  too 
much  to  complain  about. 

96-504  O — 63 — pt.  3a 21 
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Mr.  Brackett.  It  is  a good  sized  contract. 

Mr.  Staebler.  Mr.  Chairman,  would  it  be  appropriate  to  suggest 
that  when  some  of  these  contracts  of  substantial  size  are  completed 
that  NASA  review  the  details  with  the  committee,  and  demonstrate 
how  it  methods  operate? 

The  Chairman.  I think  that  is  a very  good  suggestion.  But  one 
of  these  things  that  I have  been  asking  for  is  an  evaluation  of  this  kind. 

If  I understand  correctly,  none  of  these  have  yet  been  completed 
because  none  of  the  major  projects  have  been  completed,  but  it  seems 
to  me  that  we  were  not  thinking  very  well  when  we  suggested  a $5 
million  figure  as  being  a criteria. 

We  have  completed  a lot  of  the  vehicle  programs,  for  example,  and 
we  have  some  additions  to  them.  But,  without  those  additions,  it 
seems  to  me  that  we  have  a pretty  good  idea. 

Mr.  Brackett.  Well,  we  have  the  Delta  and  the  Scout,  and  I think 
we  could  come  up  with  some  figu  res  there. 

Incidentally,  you  might  be  interested  in  knowing  that  today  there 
is  a negotiation  going  on  down  at  Langley  for  the  purchase  of  more 
Scouts,  and  this  will  be  on  a fixed-price  type  contract  basis. 

We  are  at  the  point  now  on  Scout  where  we  can  negotiate  a fixed 
price. 

Tile  Chairman.  You  see,  the  thing  that  really  concerns  me  is  that 
a company  may  very  well  find  that  it  is  extremely  advantageous  to 
underestimate. 

This  subcommittee  looked  into  one  of  these  projects  last  year,  and 
found  that  a prime  contractor  very  grossly  underestimated  the  cost 
of  the  program,  and  ever  since  then,  we  have  been  pumping  money 
into  that  program.  We  have  given  it  about  four  shots  in  the  arm,  and 
the  company  is  doing  very  well. 

Now,  how  often  does  this  happen,  and  does  this  happen  on  all  of  the 
maj  or  contracts  ? 

This  is  my  concern,  and  I think  it  is  the  concern  of  the  committee. 

We  would  like  to  have  a little  bit  better  estimate,  you  see,  and  I am 
sure  you  would  like  that  also. 

I know  that  you  can  appreciate  the  reason  is  because  we  have  to 
justify  these  things  to  the  taxpayers. 

Mr.  Brackett.  Yes ; that’s  right. 

The  Chairman.  And  when  NASA  says,  “Well,  now,  we  are  pro- 
posing about  $17  million  for  XYZ  program,”  we  would  like  to  have 
something  to  justify  it.  Instead  of  having  $57  million,  rather  than 
$17  as  the  actual  cost,  we  would  like  to  have  some  realistic  figures 
when  we  attempt  to  justify  these  programs,  on  -he  basis  of  estimated 
cost.  It  seems  to  me  that  we  have  not  been  very  c urate,  at  least  not 
in  any  program  that  I know  of. 

Mr.  Staebler  Mr.  Chairman,  may  I add  to  the  implications  of  the 
point  that  you  are  making,  that  it  is  not  merely  because  of  the  company 
that  gets  the  contract  where  a bad  estimate  is  made,  but  it  is  the  effect 
that  it  has  on  the  whole  competition  in  other  instances,  and  competi- 
tion in  the  future. 

Nothing  is  so  discouraging  to  good  estimates  as  the  acceptance  of 
bad  ones. 

The  Chairman.  That’s  right. 

Mr.  Staebler.  And  when  everybody  says : “Well,  let’s  do  this  in  the 
future,  if  that  is  the  way  we  have  to  operate  to  get  the  business.” 
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Then  we  have  a really  delicate  and  valuable  part  of  the  competitive 
system  threatened. 

If  we  are  really  going  to  make  competition  work  here,  we  have  to 
get  a good  relationship  between  the  Government  and  private  industry, 
and  if  we  allow  that  relationship  to  deteriorate,  then  all  sorts  of  de- 
fects creep  into  the  relationship  and  reduce  the  value  of  competition, 
reduce  the  incentives  for  all,  and  then  everyone  recognizes  all  these 
consequences. 

The  Chairman.  Yes,  that  is  the  point,  exactly.  I was  getting  at 
the  implications  involved  in  these  overruns. 

Not  only  are  the  overruns  bad  in  and  of  themselves,  but  in  addition 
to  that,  so  many  changes  are  made  to  hide  the  facts  of  the  cost  itself, 
that  the  people  who  knew  that  they  were  bidding  wrong  to  begin  with 
actually  come  out  very  well,  and  they  can  almost  hide  the  overbid, 
while  other  people  who  feel  that  they  made  a fair  and  reasonable  and 
accurate  bid,  complain  because  they  say  that  this  is  one  way  in  which 
the  favored  contractor  can  get  out  of  his  responsibility  of  justifying 
his  estimate. 

That  is  why  I am  wondering  if  there  is  not  some  other  way  we  can 
get  around  this,  to  effectuate  these  changes  without  these  difficulties 
creeping  in.  I don’t  know,  and  of  course,  these  people  here  are  the 
experts.  But  it  does  look  rather  bad. 

Mr.  Mosher.  I wonder  if  Mr.  Brackett,  Mr.  Chairman,  would  want 
to  repeat,  or  add  to  what  he  has  said  about  the  penalties  of  the  system. 
Are  there  any  ways  which  exist  to  guard  against  this  abuse  and  to 
guard  against  consciously  underbidding,  or  things  of  that  nature? 

Mr.  Brackett.  Well,  I would  like  to  say  a couple  of  things  about 
this.  In  the  first  place,  we  don’t  want  companies  to  come  in  with  un- 
realistically low  estimates  on  cost,  and  a built-in  overrun.  We  want 
to  have  them  come  in  with  realistic  costs  and  what  they  think  the  job 
is  going  to  be.  In  our  source-evaluation  procedure,  one  of  the  ele- 
ments which  is  taken  into  consideration  is : Is  this  company  coming  in 
with  such  a low  estimate  that  it  does  not  realize  the  complexity  of  the 
job  to  be  done  ? 

The  estimate  of  cost  is  only  one  of  the  factors  that  is  taken  into 
consideration  in  selecting  contractors  for  technical  developments. 
The  technical  part  is  usually  the  part  that  has  the  most  bearing. 

I think  one  of  the  best  things  we  can  do  is  to  offer  an  incentive  to 
companies,  a monetary  incentive,  to  hold  down  their  costs,  and  that  is 
what  wre  are  trying  to  do  right  now.  A year  ago  now,  we  had  no  in- 
centive contracts  at  all,  today  we  have  eight  of  them.  We  are  nego- 
tiating one  on  the  Scout,  right  now.  We  have  another  contract  that 
will  be  going  into  effect  within  a very  short  time,  with  an  incentive  in 
it,  a penalty  for  late  delivery,  and  a penalty  for  overrun  costs,  also. 

We  are  doing  everything  that  we  can  to  put  this  into  effect  to 
hold  down  costs,  and  to  give  the  companies  a monetary  incentive  to 
hold  down  costs. 

The  Chairman.  What  is  the  penalty  you  put  in  for  overrun.  What 
does  that  amount  to  ? 

Mr.  Brackett.  Each  one  is  separately  negotiated,  Mr.  Chairman, 
depending  upon  what  we  are  doing.  There  is  no  format  or  set 
percentage. 

The  Chairman.  Well,  what  form  do  these  penalties  take? 
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Do  you  chop  a certain  percentage  off  of  the  price  of  the  contract ; 
do  you  reduce  the  fee  ? 

Mr.  Brackett.  The  fee  is  reduced. 

The  Chairman.  Or  is  it  negotiated  ? 

Mr.  Brackett.  Weil,  we  have  one  right  now  with  General  Electric 
for  one  of  the  components  of  the  Nimbus  satellite.  I think  I have 
the  figures  right  here  with  me,  and  I can  give  them  to  you.  This 
contract  can  get  down  to  a cost-sharing  arrangement. 

Mr.  Cortright.  Mr.  Chairman,  while  Mr.  Brackett  is  looking  for 
that,  you  may  be  interested  in  learning  about  an  interesting  develop- 
ment that  is  taking  place  today. 

Many  contractors  are  now  approaching  us  about  the  contract  situ- 
ation, and  suggesting  incentive  provisions  for  their  contracts.  They 
are,  you  might  say,  following  the  lead  established  by  the  Government. 
They  are  trying  to  find  ways  of  coming  in  with  honest  estimates  and 
are  willing  to  accept  incentives  based  on  their  estimates.  This  is  a 
very  encouraging  turn  of  events. 

Mr.  Brackett.  We  have  a contract  with  the  Space  Technology 
Labs,  which  is  an  experimental  organization,  for  something  that  has 
never  been  tried  before,  where  we  have  an  incentive  on  their  overhead. 
If  they  reduce  their  overhead,  their  fee  will  go  up,  and  if  their  over- 
head exceeds  what  it  should  be,  their  fee  goes  down.  It  looks  today  as 
though  they  are  going  to  lose  some  of  their  fee  here. 

The  Chairman.  One  question  on  this  point:  Doesn’t  this  really 
encourage  them  to  come  m with  a very  high  estimate,  because  they 
know  that  if  they  do  the  job  and  keep  their  overhead  down,  they 
have  an  incentive  in  a higher  fee  ? 

Mr.  Brackett.  Well,  the  facts  here  show  that  they  are  losing  money 
on  the  contract,  which  has  a fixed  overhead. 

The  Chairman.  Yes,  but  once  you  generally  accept  this  concept, 
aren’t  you  opening  yourself  up  to  this  kind  of  thing  ? 

Mr.  Brackett.  It  is  one  of  the  weaknesses. 

The  Chairman.  At  a fixed  price  incentive  bid,  aren’t  they  going 
to  think — well,  they  can  come  in  with  a fairly  high  fixed  price,  and 
then  reduce  it  in  the  course  of  the  contract  quite  substantially,  and 
they  have  done  such  a good  job  that  you  will  increase  the  fee? 

Mr.  Brackett.  It  is  one  oi  the  weaknesses.  Yes,  sir. 

The  Chairman.  Probably  they  will  do  better  profitwise  than  if  they 
had  come  in  with  an  accurate  bid  in  the  first  place. 

Mr.  Brackett.  Well,  it  is  one  of  the  weaknesses,  and  at  this  time 
it  is  very  difficult  for  us  to  tell  in  the  case  of  something  that  has  never 
been  done  before,  and  where  there  are  no  past  cost  histories  on  which 
to  base  a contract  target. 

The  Chairman.  Oh,  I know  it  is  very  difficult. 

Mr.  Brackett.  That  is  why  we  are  trying  a sort  of  incentive  award, 
where  we  will  start  the  fee  at  a lower  level,  a base  level;  but  that  will 
be  the  floor.  The  reason  we  don’t  have  any  penalty  below  that  is  that 
most  of  the  companies  have  said : “We  are  not  interested  in  this  base 
fee;  the  evaluation  is  not  going  to  be  based  on  a formula  but  is  going 
to  be  made  entirely  by  Government  boards  who  give  awards  of  more 
fees,  if  they  think  we  are  entitled  to  it ; nevertheless,  we  have  to  make 
statements  to  our  banks  and  stockholders,  and  we  have  to  declare  div- 
idends, and  so  we  need  to  have  some  base  fee.” 
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So  there  are  all  these  things  to  be  taken  into  consideration — the  de- 
livery schedule,  cost  control,  the  overrun  situation,  reliability — and 
under  this  type  of  contract,  it  will  be  done  without  a formula.  Peri- 
odically, probably  each  year,  the  board  wTould  meet — it  would  be  a high 
level  board — and  it  would  determine  whether  the  contractor  had  suc- 
ceeded in  doing  these  things,  and  if  so,  what  award  of  additional  fee 
should  be  made. 

We  have  two  of  these  contracts  in  effect  now,  and  we  will  be  placing 
some  more.  We  feel  that  there  is  some  incentive  to  companies  to 
hold  down  costs  in  this  arrangement. 

As  I was  saying,  another  type  of  incentive  contract  is  the  one  with 
the  General  Electric  Co.,  which  is  for  a stabilization  and  control  sub- 
system for  the  Nimbus  Weather  Satellite.  We  have  an  estimate  that 
it  is  going  to  cost  $6,350,000,  and  if  it  goes  up  to  $7,500,000  there  would 
be  no  fee  at  all — the  fee  would  be  wiped  out. 

The  Chairman.  What  is  the  fee  ? 

Mr.  Brackett.  I don’t  know  the  percentage.  I think  it  is  around 
6 percent,  but  I am  not  sure. 

Now,  above  that  amount,  the  cost  will  be  shared  10  percent  by  GE 
and  90  percent  by  the  Government;  and  if  it  gets  up  to  $8,200,000,  for 
each  $100,000  it  goes  above  the  $7,500,000,  there  will  be  an  extra  5 per- 
cent paid  toward  the  cost  by  General  Electric,  and  5 percent  less  paid 
by  the  Government,  until  it  gets  up  to  $8,200,000.  From  that  point  on, 
half  the  cost  will  be  paid  by  GE  and  we  will  pay  the  other  half.  Now 
there  is  certainly  an  incentive  to  hold  down  the  cost,  because  their  fee 
wrill  be  wiped  out  when  they  get  to  $7,500,000. 

Mr.  Chenoweth.  Is  that  a typical  contract  f 

Mr.  Brackett.  No,  sir;  that  is  unusual. 

Mr.  Chenoweth.  I recall  the  Martin  Co.  came  in  here,  before  the 
committee — not  this  particular  committee,  but  it  may  have  been  the 
whole  committee — and  they  were  trying  to  reduce  their  costs  to  40 
percent,  and  1 don’t  know  how  they  succeeded  in  that  area. 

Mr.  Brackett.  I don’t  know,  sir,  I don’t  recall. 

Mr.  Chenoweth.  I don’t  know  if  it  was  40  percent  exactly,  but 
I know  they  wanted  to  reduce  it. 

That  was  on  the  Titan. 

Mr.  Brackett.  Yes,  they  were  making  the  Titan  II. 

Mr.  Chenoweth.  Titan  II. 

Mr.  Brackett.  Well,  that’s  right.  The  Air  Force  is  doing  some 
procuring  for  us,  and  the  Titan  II  will  be  used  as  a booster  for  the 
Gemini  program.  But  this  is  a contract  that  is  made  for  us  by  the 
Air  Force. 

The  Chairman.  Will  this  contract  with  the  GE  Co.,  to  which  you 
have  just  referred,  be  competitive — wras  it  competitive  to  begin  with, 
or  was  it  not  competitive  ? 

Mr.  Brackett.  I don’t  know  the  answer,  Mr.  Chairman. 

The  Chairman.  But  if  it  was  not  competitive  they  probably  would 
never  have  experienced  an  overrun.  Maybe  it  is  too  high  to  begin 
with — that  is  my  point. 

What  are  your  plans  for  the  future  programs? 

Are  you  going  to  open  them  up  for  competitive  bid,  or  are  you  just 
going  to  negotiate  these  things  across  the  board,  and  forget  about 
competitive  bidding  ? 


1776 


1964  NASA  AUTHORIZATION 


Mr.  Brackett.  We  are  going  in  for  competition,  Mr.  Chairman, 
every  time  we  possibly  can ; we  are  going  in  for  competitive  negotia- 
tion. 

The  Chairman.  Now,  competitive  negotiation,  what  go  you  mean 
by  that? 

Mr.  Brackett.  Well,  these  are  not  formally  advertised.  These  are 
development  contracts  for  something  that  has  never  been  made  before, 
and  we  have  no  specifications  for  them.  In  other  words,  we  want  to 
ask  companies  for  competitive  proposals,  and  although  I am  not  fa- 
miliar with  this  one,  this  is  the  usual  rule. 

The  Chairman.  Well,  do  you  conduct  competitive  negotiations,  as 
you  call  them,  only  when  you  are  trying  to  find  something  that  lias 
never  been  done  before,  or  how  widespread  is  the  practice  of  competi- 
tive negotiation,  as  opposed  to  competitive  bid,  and  then  negotiation 
after  the  contract  has  been  accepted  ? 

Mr.  Brackett.  Well,  we  formally  advertise  whenever  we  have 
detailed  specifications,  or  even  performance  specifications  which  are 
so  definite  that  every  company  is  bidding  exactly  on  the  same  thing. 
However,  if  we  are  going  to  put  up  a new  satellite,  there,  may  be 
many  different  approaches,  from  an  engineering  point  of  view,  as  to 
how  this  could  be  done,  and  it  may  be  well  to  get  various  companies 
to  come  in  with  their  different  engineering  proposals  and  approaches. 
This  means  that  everyone  is  not  bidding  on  exactly  the  same  specifica- 
tions, and  this  is  the  type  of  item  that  I have  in  mind.  This  is  where 
most  of  our  dollars  are  going,  like  the  Mercury  capsule.  When  we 
first  started  the  Mercury  spacecraft 

The  Chairman.  Well,  may  I just  ask  you  this : 

What  percentage  of  our  contracts  during  the  calendar  year  1962,  for 
example,  if  you  can  get  these  figures,  were  competitive  bid  contracts, 
as  opposed  to  all  others  ? 

Mr.  Brackett.  Formal  advertising.  Is  that  what  you  are  speaking 
about? 

The  Chairman.  Yes. 

Mr.  Brackett.  I think  it  is  6 percent,  approximately  of  our  con- 
tracts during  fiscal  year  1962,  6 percent  were  formally  advertised. 
This  is  where  we  had  definite  standard  items,  so  we  knew  what  was 
involved,  or  where  we  had  adequate  specifications. 

The  Chairman.  You  mean  6 percent  in  total  dollars  ? 

Mr.  Brackett.  Yes. 

The  Chairman.  Or  6 percent  of  the  price  of  the  contracts  ? 

Mr.  Brackett.  Dollars. 

The  Chairman.  Dollars? 

Mr.  Brackett.  Yes.  Now,  many  of  the  things  that  are  susceptible 
to  formal  advertising,  such  as  construction  work,  are  done  for  us  by 
other  Government  agencies,  like  the  Corps  of  Engineers,  and  these 
are  not  included  in  our  program.  NASA  formal  advertising  is  just 
for  supplies. 

Mr.  Morris.  Is  Western  Operations  using  the  Corps  of  Engineers  ? 

Mr.  Brackett.  Western  Operations  Office — No,  I don’t  think  they 
have  any  construction  work  under  their  jurisdiction. 

Mr.  Morris.  Well,  what  about  the  Jet  Propulsion  Laboratories 
project? 

Mr.  Brackett.  I don’t  know  for  sure  about  that.  I doubt  that  they 
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Mr.  Morris.  Well,  how  are  they  handling  any  construction.  Do 
you  know  whether  they  are  using  them  ? 

Mr.  Brackett.  Well,  they  have  some  construction,  but  whether  they 
are  using  the  Corps  of  Engineers,  I don’t  know. 

Mr.  Morris.  Well,  why  wouldn’t  they  use  the  Corps  of  Engineers? 

Mr.  Brackett.  Why  ? 

Mr.  Morris.  Yes.  Why  wouldn’t  the  Jet  Propulsion  Laboratory 
people  use  the  Corps  of  Engineers  ? 

Mr.  Brackett,  Well,  for  one  tiling,  they  are  able  to  do  their  own 
construction  work.  They  do  have  construction  work  out  at  Goddard, 
Lewis,  and  Langley.  Where  there  is  construction,  it  is  on  a formally 
advertised  basis. 

Mr.  Morris.  Would  you  not  use  the  Corps  of  Engineers  if  it  could 
be  done  cheaper  ? 

Mr.  Brackett.  Well,  I don’t  know  that  it  could  be  done  cheaper. 
They  have  overhead  expenses,  and  whatever  has  to  be  done 

Mr.  Morris.  But  have  you  ever  given  them  a chance  so  that  you 
know  whether  it  would  be  cheaper  or  not.  IIowT  can  you  tell  if  you 
haven’t  given  them  the  chance  to  estimate  the  cost? 

Mr.  Brackett.  They  are  doing  the  majority  of  our  construction 
work  right  now\ 

Mr.  Morris.  But  not  in  the  west  coast  ? 

Mr.  Brackett.  I don’t  think  they  are  doing  any.  As  far  as  I know, 
they  are  not  doing  anything  out  there  tor  the  Jet  Propulsion 
Laboratory. 

Mr.  Morris.  When  did  you  sign  the  contract  for  the  Gemini  project, 
do  you  remember  ? 

Mr.  Brackett.  The  Gemini  contract  was  signed,  I would  say,  2 
weeks  ago.  It  has  not  yet  been  approved,  but  it  is  in  our  office  for 
review,  and  it  is  now  being  studied. 

Mr.  Morris.  Didn’t  you  solicit  proposals  on  the  Gemini  ? 

Mr.  Brackett.  No,  sir. 

Mr.  Morris.  Well,  how  about  the  lunar  excursion  module.  I just 
noticed  a flyer  the  other  day,  that  you  had  signed  a contract.  Was  it 
a formal  contract? 

Mr.  Brackett.  That’s  right. 

Mr.  Morris.  And  you  solicited  proposals  on  the  lunar  excursion 
module,  as  I recall  it,  about  September? 

Mr.  Brackett.  Yes. 

Mr.  Morris.  Last  September? 

Mr.  Brackett.  That’s  right. 

Mr.  Morris.  When  did  you  solicit  proposals  on  the  Apollo? 

Mr.  Brackett.  I am  not  sure,  but  that  was  over  a year  ago,  sir. 

Mr.  Morris.  When  did  you  sign  the  contract  on  Apollo  ? 

Mr.  Brackett.  That  contract,  they  are  working  on  a letter  contract 
there. 

Mr.  Morris.  What  is  Grumman  working  under  ? 

Mr.  Brackett.  Oh,  not  Grumman— they  didn’t  have  a letter  con- 
tract. That  was  a definitive  contract. 

Mr.  Morris.  Could  you  explain  what  difference  there  is  in  proce- 
dure? 

Mr.  Brackett.  Well,  this  is  getting  a little  out  of  my  line.  This  is 
in  the  technical  side.  But  it  is  my  understanding 

Mr.  Morris.  No,  I don’t  want  you  to  go  outside  your  jurisdiction. 
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Mr.  Brackett.  I will  be  glad  to  tell  you  what  my  understanding 
about  it  is. 

Mr.  Morris.  Well,  I would  be  happy  to  hear  it,  but  I want  you  to 
understand  that  I am  not  trying  to  get  you  outside  of  your  field. 

Mr.  Brackett.  From  my  understanding,  after  the  proposals  were 
received,  our  technical  people  decided  that  it  would  be  well  to  take 
more  time  in  order  to  come  up  with  a better  working  statement  and 
specifications.  That  is  what  held  Apollo  up. 

Mr.  Morris.  In  other  words,  it  is  not  the  company ; it  is  NASA  it- 
self that  changed  its  mind  and  made  these  adjustments? 

Mr.  Brackett.  After  the  changes  in  specifications  are  completed 
the  contractor  would  have  to  have  a reasonable  time  to  come  up  with 
a new  estimate  of  cost  on  the  basis  of  the  new  specifications. 

Mr.  Morris.  Well  is  that  not  the  case  in  most  of  the  contracts  where 
you  have  overruns  and  changes — that  they  are  the  result  of  NASA 
changing  their  specifications  or  changing  tneir  engineering  ? 

Mr.  Brackett.  At  times  it  contributes  to  it. 

Mr.  Morris.  Do  you  have  any  idea  of  what  the  percentage  would  be  ? 

Mr.  Brackett.  No.  I don’t  know,  sir. 

Mr.  Morris.  When  a development  contract  is  changed,  does  NASA 
change  it,  or  does  the  contractor  change  it  ? 

Mr.  Brackett.  It  can  come  both  ways.  The  contractor  may  sug- 

fest  a change,  but  he  cannot  order  it — he  cannot  make  the  change. 

Ie  can  just  suggest  it.  Or,  our  own  engineers  can  direct  it.  But  if 
the  contractor  suggests  it,  it  still  won’t  go  into  effect  unless  the  engi- 
neer directs  it. 

Mr.  Morris.  Your  engineer? 

Mr.  Brackett.  Our  engineer ; yes,  sir. 

Mr.  Morris.  In  other  words,  all  changes  that  are  made  on  contracts 
are  approved  by  NASA — they  have  to  be  approved  by  NASA  and 
they  are  put  into  effect  or  negotiated  by  NASA  ? 

Mr.  Brackett.  Technically,  yes.  They  may  be  suggested  by  the 
company,  but  they  are  negotiated,  and  the  order  goes  to  the  contract- 
ing officer  from  the  technical  man.  Then  the  contracting  officer  directs 
the  company  to  make  the  change. 

Mr.  Morris.  If  we  could  go  off  the  record,  Mr.  Chairman  ? 

The  Chairman.  Off  the  record. 

(Discussion  off  the  record.) 

The  Chairman.  Back  on  the  record. 

Mr.  Morris.  Has  your  office  ever  made  any  estimate  of  the  number 
of  changed  orders  in  contracts  or  revisions  that  have  taken  place  in 
your  major  contracts,  for  instance  take  the  Mercury  project— -you 
nave  no  idea  of  how  many  engineering  changes  were  made  in  the 
Mercury  contract  ? 

Mr.  Brackett.  I do  not  have  it  here,  sir,  but  that  is  available. 

Mr.  Morris.  And  those  changes  contributed  to  the  cost  of  the 


program. 

Mr.  Brackett.  Yes,  sir.  That  is  available. 

Mr.  Morris.  Could  you  furnish  that  figure  ? 

Mr.  Brackett.  That  is  right. . I think  that  is  in  what  the  chairman 
has  asked  us  to  furnish — I think  it  will  be  a portion  of  that  infor- 
mation. 

Mr.  Morris.  All  right. 
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How  many  other  projects,  if  you  can  recall,  are  operating  under 
this  letter  contract  arra  ngement  ? 

Mr.  Brackett.  Right  now  ? 

Mr.  Morris.  Yes. 

Mr.  Brackett.  The  Mercury  capsule 

Mr.  Morris.  Are  they  operating  under  letter  contract  ? 

Mr.  Brackett.  They  are  operating  under  letter  contract,. 

Mr.  Morris.  In  other  words,  you  have  never  had  a definitive  contract 
for  Mercury  ? 

Mr.  Brackett.  No.  That  is  not  Mercury.  This  is  Apollo.  It  is 
Apollo  spacecraft.  Did  I say  Mercury  ? I am  sorry ; I meant  Apollo. 

Mr.  Morris.  Yes. 

Mr.  Brackett.  On  Mercury,  I don’t  think  we  ever  had  a letter 
contract. 

Mr.  Morris.  Did  you  have  a definitive  project  contract  for  that 
project? 

Mr.  Brackett.  Right.  We  did  not  have  a letter  contract  there. 
That  was  definitive,  as  I recall. 

Mr.  Morris.  But  you  have  been  operating  under  letter  contract  for 
Gemini. 

Mr.  Brackett.  Yes;  we  have. 

Mr.  Morris.  In  fact  you  still  are  ? 

Mr.  Brackett.  Yes,  today. 

Mr.  Morris.  Yes. 

Mr.  Brackett.  That  will  probably  be  stopped  in  a few  days  now. 

The  Chairman.  Will  the  gentleman  yield? 

Mr.  Morris.  Yes,  Mr.  Chairman. 

The  Chairman.  Why,  after  we  have  had  this  experience  with  the 
Mercury,  do  we  enter  into  a letter  contract  on  Gemini  ? 

Mr.  Brackett.  Well,  it  is  entirely  different  sir.  In  my  understand- 
ing, it  is  an  entirely  different  specification. 

The  Chairman.  Well,  it  is  not  so  different  that  you  blindly  accepted 
the  same  contractor  because  he  had  had  the  experience. 

Mr.  Brackett.  Well,  that  is  true,  sir,  but  the  specification  itself  and 
the  cost  of  it  is  somewhat  different. 

The  Chairman.  Well,  even  though  the  specifications  are  differ- 
ent— 

Mr.  Brackett.  This  is  a two-man  capsule. 

The  Chairman.  That’s  right — it  is  a larger  one.  It  is  a two-man 
instead  of  one-man — just  like  a four-door  automobile  versus  a 
two-door. 

Mr.  Brackett.  Well,  the  difficulty  here  again  is  that  we  have  had 
the  delay  in  getting  the  detailed  work  statement  and  specifications  and 
the  price  so  that  we  could  finalize  it. 

The  Chairman.  Well,  you  have  all  the  technique  that  was  used  in 
Mercury  and  that  would  give  you  an  idea  in  adapting  it  for  Gemini, 
would  it  not  ? 

Mr.  Brackett.  That  is  correct. 

The  Chairman.  And  in  the  Mercury  you  didn’t  use  the  letter  con- 
tract— you  had  a definitive  contract. 

Mr.  Brackett.  Right. 

The  Chairman.  And  with  Gemini,  which  is  a follow-on  program, 
and  where  we  have  had  just  scads  of  experience  in  comparison,  here 
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you  operate  on  a letter  contract.  I wonder  if  you  could  just  give  for 
the  record  the  reasons,  one,  two,  three,  four,  five,  why  you  did  this? 

Mr.  Brackett.  Well,  Mr.  Chairman,  again  we  are  getting  into  the 
technical  area  and  1 can  only  give  you  my  understanding  of  it. 

The  Chairman.  Well,  suppose  you  supply  that  information  for  the 
record,  then,  so  that  it  is  in  there,  because  I think  that  this  is  very 
important.  At  least,  I would  not  have  thought  it  was  so  important, 
maybe,  if  I had  not  paid  particular  attention  to  your  testimony  at 
page  3,  where  you  said : 

Our  policy  is  to  obtain  competition  wherever  it  is  feasible  and  possible  under 
a negotiated  procurement. 

(The  information  requested  is  as  follows:) 

A letter  contract  was  used  to  initiate  the  Gemini  spacecraft  program  because : 

(1)  It  was  urgent  to  start  the  contractor  effort  at  the  earliest  possible  date, 
in  order  to  meet  the  astringent  schedule  requirements. 

(2)  Although  the  Gemini  spacecraft  Is  based  upon  Mercury  technology,  the 
program  envisioned  many  new  techniques  and  equipments  that,  in  December 
1961,  required  additional  time  for  specification i.e.,  rendezvous,  long-duration 
flight,  maneuvering  in  orbit,  rendezvous  guidance,  maneuvering  reentry,  and 
paraglider  recovery.  A letter  contract  provided  the  means  of  starting  work  at 
McDonnell  immediately,  while  elements  of  the  program  continued  in  the  process 
of  complete  definition. 

(3)  In  comparison  with  the  Mercury  procedure,  whereby  the  original  contract 
had  to  be  revised  in  scope  and  cost  by  a series  of  more  than  300  contract  change 
proposals,  NASA  anticipated  improved  program  and  contractor  control  from 
a comprehensive  Gemini  contract  based  upon  relatively  complete  specifications. 
As  it  turned  out,  the  final  contract  was  supported  by  38  books  of  specifications, 
which  were  developed  while  spacecraft  work  was  proceeding  at  an  optimum 
pace  under  letter  contract. 

(Statement  furnished  by  Col.  D.  D.  McKee,  assistant  director,  manned  satel- 
lite programs,  Code  MSS.) 

As  I understand  it,  we  have  only  been  competitive  in  6 percent  of 
the  dollar  totals,  and  that  means  that  94  percent  has  not  oeen  com- 
petitive in  these  contracts,  and  someone  has  been  using  their  judgment. 

Mr.  Brackett.  May  I say  that  the  6 percent  covers  the  so-called 
formally  advertised  contracts,  but  we  do  have  negotiated  contracts 
which  are  competitive.  For  instance,  the  lunar  excursion  module 
was  competitive,  and  the  Apollo  spacecraft  was  competitive. 

The  Chairman.  Well,  that  is  my  question — you  said  6 percent,  and 
I was  confused  with  the  definition  as  opposed  to  what  1 thought  it 
was,  so  I wonder  if  you  could  supply  for  the  record  what  the  per- 
centage was  in  fiscal  year  1962  and  1963. 

(The  information  requested  is  as  follows :) 

The  percentages  of  the  net  value  of  NASA  awards  that  were  competitive  and 
noncompetitive  in  fiscal  year  1962  and  fiscal  year  1963  are  set  forth  below : 


Fiscal  year 
1962 

Fiscal  year 
1063 

(1st  6 months) 

Formally  advertised 

Percent 

6 

40 

65 

45 

Percent 

5 

51 

56 

44 

Competitive  negotiation 

TotaL.  

Noncompetitive  negotiation 
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Mr.  Brackett.  Yes,  sir. 

The  Chairman.  And  let  me  just  finish  this — you  continue  to  say: 

There  are  instances  when  clearly  one  company  should  be  chosen,  and  it  would 
be  a disservice  to  other  companies  to  invite  competition. 

Mr.  Brackett.  Right. 

The  Chairman.  You  see  that? 

Now,  as  an  example,  there  is  the  contract  for  the  development  of 
the  Gemini  spacecraft  which  was  a follow-on  to  the  Mercury  space- 
craft, but  it  is  a letter  contract;  it  is  not  a definitized  one.  You  say : 

In  this  case  the  contract  waa  let  to  the  same  contractor  because  of  similarity 
in  design,  the  technical  experience  of  the  contractor  on  the  Mercury  project, 
and  because  the  Gemini  project  is  planned  to  follow  the  Mercury  flights  with 
little  intermittent  time  delay. 

You  seem  to  indicate  that  this  was  so  similar  that  it  would  be  a 
disservice  to  the  country  and  to  the  other  companies  to  make  it  com- 
petitive and  then  we  let  it  on  an  open-letter-contract  basis  and  I just 
can’t  understand  it.  These  two  thoughts  are  not  compatible  with 
one  another,  in  my  opinion. 

Mr.  Mosher.  Did  I understand  correctly  that  the  letter  contract 
was  a very  temporary  thing,  and  that  the  actual  contract  will  be 
signed  within  the  next  2 or  3 days,  however  ? 

Mr.  Brackett.  The  actual  contract  is  signed  today,  Mr.  Mosher. 

The  Chairman.  How  long  have  we  been  engaged  in  the  Gemini 
project,  so  I can  understand  what  temporary  is. 

Mr.  Brackett.  I have  that  here,  I think,  somewhere,  Mr.  Chair- 
man. 

The  Chairman.  When  did  we  first  sign  a contract  for  Gemini — the 
first  contract? 

Mr.  Brackett.  December  15, 1961. 

The  Chairman.  That  is  a year  and  a half  ago. 

Mr.  Brackett.  A year  ago  December. 

The  Chairman.  Well,  1961,  you  said  ? 

Mr.  Mosher.  I will  take  back  the  word  “temporary.” 

Mr.  Brackett.  Yes ; that  is  what  I said,  Mr.  Chairman. 

The  Chairman.  Well,  I am  trying  to  ascertain  what  is  the  reason 
why  we  are  doing  some  of  the  things  we  are  doing  and  I thought  I 
had  a reasonably  good  explanation  for  why  we  selected  the  con- 
tractor in  Gemini  and  chose  to  forgo  the  competition,  but  now  I am 
not  so  sure  that  I was  right. 

Mr.  Brackett’.  I think,  Mr.  Chairman,  that  there  are  two  aspects, 
really.  One  is  the  selection  of  the  company,  which  had  to  do  with 
McDonnell’s  experience,  tooling,  facilities  and  their  engineering  ex- 
perience. This  was  a good  follow-on  and  I agree  it  is  still  the  differ- 
ence between  buying,  let  us  say,  a passenger  car  and  a truck. 

The  Chairman.  Well,  Mr.  Brackett,  my  objection  really  has  not 
so  much  to  do  with  the  selection  process,  and  certainly  not  the  selection 
of  McDonnell;  my  objection  is  that  you  have  negotiated  with  these 
people  and  then  you  give  them  a letter  contract.  I think  you  should 
have  made  them  define  it. 

Mr.  Brackett.  This  is  what  we  are  doing. 

The  Chairman.  Well,  with  all  of  the  experience  you  had  with  the 
Mercury  project,  I think  that  it  could  have  been  much  closer,  probably, 
on  the  Gemini.  I think,  at  least,  this  should  be  subject  to  a very  close 
check 
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Mr.  Brackett.  What  we  are  trying  to  do,  Mr.  Chairman,  is  to  avoid 
the  use  of  letter  contracts,  and  an  illustration  of  this  is  the  lunar 
excursion  module  where  Grumman  was  chosen  and  where  we  would 
not  give  them  a letter  contract,  but  insisted  on  a definitive  contract. 
This  has  been  negotiated  and  now  Grumman  is  working  on  it. 

The  Chairman.  Well,  a letter  contract  there  would  have  made  more 
sense  to  me,  actually. 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  I mean  I could  have  justified  that,  I think,  but  it 
is  very  difficult  for  me  to  justify  the  Gemini  one. 

One  other  question  and  then  I will  yield  the  floor.  Who  has  got  the 
Apollo  contract? 

Mr.  Brackett.  North  American. 

The  Chairman.  The  same  reasoning  apparently  did  not  exist  when 
you  went  from  Gemini  to  Apollo  as  when  you  went  from  Mercury 
to  Gemini? 

Mr.  Brackett.  This  is  again  quite  out  of  my  field.  It  is  in  the 
technical  field,  but  my  understanding  is  that  this  is  an  entirely  different 
type  of  spacecraft. 

The  Chairman.  Well,  I am  not  even  sure  that  it  is  good  to  have 
just  one  capability  in  this  country,  no  matter  what  the  discipline  might 
be.  I think  it  is  rather  dangerous. 

Mr.  Brackett.  If  I recall,  Mr.  Chairman,  McDonnell  was  one  of  the 
competitors  on  the  Apollo. 

The  Chairman.  It  seems  to  me  I read  something  about  that.  I will 
yield. 

Mr.  Morris.  You  are  not  leaving  the  impression  with  us  that  NASA 
alone  insisted  on  the  definitizea  contract  on  the  lunar  excursion 
module,  are  you  Mr.  Brackett? 

Mr.  Brackett.  That  we  alone 

Mr.  Morris.  Yes,  sir. 

Mr.  Brackett  (continuing).  Insisted  oij  it.  As  far  as  I know,  we 
were  the  ones  who  insisted  on  it. 

Mr.  Morris.  Well,  didn’t  Grumman  also  want  the  contract  signed  ? 

Mr.  Brackett.  I don’t  recall,  sir. 

Mr.  Morris.  So  that  the  work  would  be  defined? 

Mr.  Brackett.  I don’t  know  that  Mr.  Morris.  I know  that  the 
rule  was,  right  from  the  top,  that  we  would  not  use  a letter  contract, 
and  we  would  get  a definitive  contract,  which  we  did. 

Mr.  Morris.  With  the  advertising  of  proposals,  doe3  the  company 
acquire  a proprietory  right  in  any  part  or  all  parts  of  their  proposals — 
whether  or  not  they  are  selected  Anally  ? 

Mr.  Brackett.  You  mean  if  they*  include  in  their  proposals  some 
proprietory  design  or  something,  does  it  remain  their  property  ? 

Mr.  Morris.  Could  they  have  a proprietory  design  ? 

Mr.  Brackett.  At  times,  ►and  I am  not  sure  but  that  the  lunar  ex- 
cursion module  was  one  of  those?  we  provide  in  the  request  for  proposal 
that  any  design  that  was  submitted  would  be  considered  to  be — well, 
we  could  use  it,  as  we  need  to,  I mean.  At  other  times,  if  they  mark 
it  that  this  is  their  design  and  they  consider  it  proprietory,  then  we 
will  not  use  it. 

Mr.  Morris.  Well  is  it  not  NASA’s  policy,  and  was  it  not  the  policy 
on  the  lunar  excursion  module,  that  no  company  would  have  a propn- 


1964  NASA  AUTHORIZATION 


1783 


etory  right  to  any  part  of  their  proposals;  did  I not  understand  that 
correctly,  sir? 

Mr.  Brackett.  I think  it  was  the  lunar  excursion  module.  It  was 
about  that  time  that  there  was  one,  anyway — that  had  this  provision. 

Mr.  Morris.  Well  this,  then,  leaves  me  with  the  impression — and  I 
am  not  trying  to  put  words  in  your  mouth,  Mr.  Brackett 

Mr.  Brackett’.  No,  sir. 

Mr.  Morris.  That  you  don’t  do  it  or  that  you  have  not  done  it  on 
other  contracts? 

Mr.  Brackett.  I think  you  are  correct,  sir,  and  that  is  why  we 
placed  it  in  the  requests  for  proposals.  Incidentally,  this  was  so  there 
would  be  no  question  in  the  minds  of  any  company  coming  in,  that 
we  might  use  the  information  submi  tted. 

Mr.  Morris.  All  right.  In  other  words,  this  lunar  excursion  module 
contractor  will  in  all  probability  have  access  to  all  the  proposals  that 
were  submitted  by  the  other  companies  ? 

Mr.  Brackett.  No,  sir.  That  is  not  the  way  it  works  out. 

Mr.  Morris.  Now  how  is  NASA  going  to  know ; are  they  going  to 
go  through  the  proposals  and  pick  out  parts  of  them  and  select  the 
pieces  that  they  are  going  to  give  to  the  contractor  who  was  awarded 
the  contract  ? 

Mr.  Brackett.  It  may  be  that  we  would  check  the  ideas  in  the  com- 
petitive proposals  and  pick  them  out  and  incorporate  them  in  the  final 
work  statement;  but  it  is  not  our  policy  to  show  a competitor’s  pro- 
posal to  another  company. 

The  Chairman.  Well  you  say  it  is  your  policy  to  do  that? 

Mr.  Brackett.  It  is  not  our  policy,  sir,  to  do  that. 

The  Chairman.  And  you  never  do  it  ? 

Mr.  Brackett.  No,  we  do  not  do  that. 

Mr.  Morris.  Then,  after  the  contract  has  been  awarded  that  is  the 
only  one  of  its  kind  ? 

Mr.  Brackett.  That  is  true. 

Now,  two  things.  I have  heard  of  companies  sending  to  the  suc- 
cessful company  their  proposals.  It  may  be  because  of  friendship 
for  the  other  company,  or,  maybe,  they  reel  this  is  a public  service. 
But  they  have  gone  to  the  successful  company  and  said : “Here  are 
some  of  the  ideas  that  we  had  in  ours;  you  may  like  to  consider  them.” 

Mr.  Morris.  They  might  like  to  have  a subcontract,  too — that  might 
be  a reason  ? 

Mr.  Brackett.  Well,  yes;  certainly.  They  may  very  well. 

Mr.  Morris.  That  would  be  logical. 

Mr.  Brackett.  Yes,  right.  This  has  happened  occasionally^  and 
then,  another  thing,  we  at  times — quite  frequently  we  do  this,  not 
generally,  but . frequently — go  out  with  a study  or  design  contract. 
We  may  go  out  to  two  or  three  companies  and  we  will  pay  them  usually 
up  to  a ceiling  amount  for  these  designs.  Anything  that  they  submit 
in  the  way  of  designs  we  consider  our  property,,  We  have  paid  for 
it,  and  the  contract  so  provides. 

Mr.  Morris.  In  other  words,  you  have  mentioned  the  lunar  excur- 
sion module ; let  us  take  that  for  example.  Have  you  issued  any  study 
contracts  for  the  lunar  excursion  module? 

Mr.  Brackett.  Not  to  my  knowledge,  sir.  We  did  on  the  Apollo 
spacecraft. 


% 


s. 


<1 

\ 


l 


1784  1964  NASA  AUTHORIZATION 

Mr.  Morris.  You  did  on  the  Apollo  ? 

Mr.  Brackett.  Yes. 

Mr.  Morris.  Who  did  you  issue  them  to;  do  you  recall? 

Mr.  Brackett.  Martin  Co.  is  one,  and  I think  General  Dynamics, 
and  there  was  a third  company  that  I don’t  remember.  There  was  a 
question  of  designs  there.  In  fact,  as  these  designs  were  made  avail- 
able to  the  competitors,  information  came  in  as  a result  of  their  sub- 
missions. I guess  these  were  what  we  would  call  feasibility  studies 
more  than  designs. 

Mr.  Morris.  Is  this  NASA  policy  on  all  contracts? 

Mr.  Brackett.  Not  on  all  contracts,  but  it  is  on  selective  ones.  It 
depends.  Perhaps  this  could  be  something  that  was  so  far  out,  it  is 
questionable  as  to  whether  it  is  something  we  should  go  into  or  not, 
and  then  a feasibility  study  can  be  made  as  to  the  feasibility  of  going 
into  it. 

Mr.  Morris.  Is  it  your  policy  then  that  after  you  issue  the  feasibility 
or  study  contracts  these  would  be  returned  to  the  agencv  and  the 
agency  then  decides  if  it  is  feasible  to  issue  a contract  and  they  would 
advertise  for  proposals  formally;  and  do  you  always  make  this  in- 
formation available  to  the  companies  who  nave  submitted  proposals. 
Is  that  Vour  policy  ? 

Mr.  Brackett.  I can’t  say  absolutely,  but  to  my  knowledge,  we  have 
done  this,  Mr.  Morris.  As  far  as  I know  we  have — I can’t  say  con- 
sistently. 

Mr.  Morris.  At  the  end  of  your  statement,  sir,  you  mention  that  the 
Administrator  has  appointed  a committee  to  study  NASA’s  selection 
procedures. 

Mr.  Brackett.  Yes,  sir. 

Mr.  Morris.  How  many  people  comprise  this  committee,  Mr. 
Brackett? 

Mr.  Brackett.  I believe  there  are  eight  on  the  committee,  and  I 
think  I can  name  them.  Mr.  Cortright  is  on  it,  and  I am  on  it ; Mr. 
Bothmer  is  on  it,  and  Mr.  Sohier,  Mr.  Dembling,  and  Dr.  Kelley,  and 
Mr.  Low.  Mr.  Sohier  is  of  the  General  Counsel’s  Office.  I think  those 
are  all  the  members. 

Mr.  Morris.  Well,  this  is  an  inhouse  committee  ? 

Mr.  Brackett.  Yes,  sir. 

Mr.  Morris.  They  already  work  with  NASA  now. 

Mr.  Brackett.  -Well,  yes,  that  is  true.  But  this  was  constituted  to 
make  a special  study.  We  also  have  worked  with  Harbridge  House. 

Mr.  Morris.  Who  are  they? 

Mr.  Brackett  Harbridge  House  is  a group  in  Cambridge. 

Mr.  Morris.  Is  that  a competitive  contract  ? 

Mr.  Brackett.  Well,  it  was  competitive  to  the  extent  that  we  con- 
sidered several  companies,  Hand  and  Harbridge  House  and  some 
others,  and  it  was  decided  that  the  Harbridge  House  people  should  be 
chosen  because  they  had  been  conducting  some  courses  on  procure- 
ment for  NASA,  so  that  they  had  some  familiarity  with  our  procure- 
ment concepts,  and  so  on. 

Mr.  Morris.  It  was  not  a competitive  contract? 

Mr.  Brackett.  No,  not  in  that  sense.  Not  in  the  sense  that  we 
went  out  and  solicited  proposals. 

Mr.  Morris.  Did  they  come  up  with  a conclusion  that  this  inhouse 
committee  was  the  best  way  to  handle  it  ? 
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Mr.  Brackett.  It  was  Mr.  Webb’s  decision,  sir. 

We  talked  about  it  with  Mr.  Webb’s  consultants,  Dr.  Draper  and 
Mr.  Godsey,  and  so  on.  We  have  done  that,  and  we  have  talked  with 
about  12  large  companies,  very  frankly  across  the  table,  about  how  we 
could  do  our  job  better.  What  are  their  suggestions.  We  have  talked 
with  various  organizational  people.  We  have  read  different  reports — 
the  Sherrick  report  and  cost  reduction  reports — as  to  different  changes 
we  might  make  in  relation  to  the  big  objectives  of  our  source  selection 
procedure. 

Not  only  this,  but  when  these  proposals  from  these  companies  come 
in,  they  involve  very  extensive  work  and  they  take  a great  many  engi- 
neering man-hours  of  some  of  the  best  engineers  of  these  companies, 
so  we  have  tried  to  figure  out  how  we  could  still  keep  fair  competition 
and  give  these  companies  an  equal  opportunity  and  yet  cut  down  on 
this  expense  to  the  country  and  the  companies  in  these  engineering 
man-hours  and  other  costs.  We  have  come  up  with  some  ideas,  if  you 
would  like  to  hear  about  them. 

Mr.  Morris.  I would  if  the  chairman  would  have  no  objection. 

The  Chairman.  I wonder  if  the  gentleman  could  suomit  them  for 
the  record? 

Mr.  Brackett.  We  don’t  have  anything  written  but  I can  supply 
some. 

The  Chairman.  Please  do  that. 

(The  information  requested  is  as  follows:) 
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NASA  CiOCULAft 


SPECIAL  PROCUREMENT  STUDY 


Harbridge  House  Staff: 


Members : 


Mr.  William  Allison 
Mr.  Henry  Norwood 
Mr.  William  Colvin 
Mr.  Michael  Bergner 


\ 5.  AREAS  OF  RESPONSIBILITY 


Among  the  broad  subject  areas  to  be  given  intensive  study  and  analysis 


a.  NASA's  current  source  evaluation  procedures; 

b.  Methods  of  improving  contractor  performance  through  contract 

incentives  and  other  management  devices;  , 

c.  Methods  of  utilizing,  more  effectively,  performance  data  regarding 
contractor  performance  in  the  selection  of  sources. 

COOPERATION  AND  ASSISTANCE 

a.  Headquarters  Staff  and  Program  Offices  and  field  installations  will 
cooperate  with  and  assist  the  study  group  (including  members  of 
the  Harbridge  House  staff)  in  carrying  out  its  task. 

b.  NASA  personnel  will: 

(1)  Make  freely  available,  upon  request,  to  the  study  group 
(including  members  of  the  Harbridge  House  staff)  the  complete 
files  of  past  source  selections. 

(2)  Cooperate  in  supplying  additional  information  and  data  requested. 

In  connection  with  this  study,  it  is  desired  that  NASA  personnel 
freely  express  whatever  personal  opinions  they  may  have  regarding 
the  matters  under  inquiry. 


Associate  Administrator 


Mr.  Brackett.  Let  me  say  this : We  have  not  as  yet  formalized 
anything  specific.  These  are  ideas  that  we  are  considering. 

The  Chairman.  If  you  could  supply  those  for  the  record  that  would 
be  appreciated. 

(The  information  requested  is  as  follows : 

Several  ideas  relative  to  source  evaluation  board  procedures,  which  are  under 
study  in  NASA  at  the  present  time,  have  as  their  principal  objectives  the 
reduction  of  the  costs  of  such  procedures  to  industry  and  the  Government  with- 
out impairment  of  fair  competition  among  the  participating  companies. 
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In  order  to  reduce  the  amount  of  technical  effort  and  consequently  the  cost 
involved  in  the  preparation  of  proposals  early  in  the  evaluation  procedure,  con- 
sideration is  being  given  to  the  phasing  of  proposals.  In  this  way,  companies 
that  do  not  have  a reasonable  chance  of  being  awarded  the  contract  will  be 
eliminated  from  the  competition  following  the  submission  of  a first-phase  pro- 
posal and  the  determination  by  the  selecting  authority  that  they  do  not  meet 
the  overriding  criteria  necessary  to  be  competitive. 

In  order  to  reduce  the  cost  involved  in  preparing  proposals  at  any  stage  of 
the  evaluation  procedure,  consideration  is  being  given  to  reducing  the  require- 
ments for  information  to  be  included  in  a proposal.  The  tendency  in  the  past 
has  been  to  require  a full-fledged  design  effort  on  the  part  of  every  potential 
source  as  well  as  extensive  data  regarding  the  business  aspects  of  each  com- 
pany. Consideration  is  now  being  given  to  requesting  no  more  data  or  material 
than  is  necessary  to  evaluate  the  companies  in  competition.  This  is  consistent 
with  the  concept  that  the  source  evaluation  process  is  concerned  more  with 
the  evaluation  of  companies  than  with  the  evaluation  of  proposals. 

In  order  to  harness  competition  more  effectively  in  defining  the  work  to  be 
done  and  in  costing  it  out  on  a realistic  basis,  consideration  is  being  given  to 
the  placing  of  fully  funded  contracts  with  each  company  surviving  a first- 
phase  evaluation  for  the  conduct  of  any  required  feasibility  studies  and  for  the 
detailed  design  effort.  The  detailed  costing  of  a project  would  be  postponed 
until  late  in  the  competition  when  the  design  would  be  fairly  well  established 
and  while  there  were  still  several  companies  in  competition.  In  this  way, 
more  realism  in  costing  should  be  possible  and  there  should  be  a more  meaning- 
ful basi3  for  selecting  a source  since  the  performance  of  several  competitive 
companies  under  contract  could  be  observed  and  evaluated. 

Mr.  Morris.  I don’t  want  to  monopolize  this  discussion,  Mr.  Chair- 
man, 

The  Chairman.  Unless  the  other  members  have  some  questions,  go 
right  ahead. 

Mr.  Morris.  It  would  seem  to  me,  getting  back  to  how  you  make 
these  decisions,  that  a certain  contract  is  going  to  be  handled  say  in 
respect  of  the  Manned  Space  Flight  Center  at  Houston.  All  right — 
then  you  ask  for  proposals  and  I assume  that  they  reach  a pretty  large 
amount,  a contract  of,  let  us  say,  fifty  to  a hundred  million  dollars. 

Now  then,  I assume  the}7  have  a contracting  board  or  some  advisory 
people  who  assist  this  contracting  officer  do  they  not? 

Mr.  Brackett.  Well,  if  this  is  the  intent — let  us  take  a substan- 
tial one  of  $5  million — over  5 million. 

Mi  . Morris.  I want  to  know  how  it  gets  up  through  the  channels 
of  bureaucracy  and  then  who  makes  the  final  decision  and  why  he 
decides  on  that  decision. 

Mr.  Brackett.  All  right.  It  starts  out  by  the  contracting  officer, 
working  with  the  technical  people  in  charge  of  the  program  at  the  Cen- 
ter, writing  up  the  so-called  procurement  plan.  In  that  plan,  he  says 
what  kind  or  type  of  contract  he  thinks  should  be  used. 

Mr.  Morris.  He  would  define  the  type  of  contract  ? 

Mr.  Brackett.  He  says,  perhaps,  “I  believe  this  should  be  an  incen- 
tive type”  or  “It  must  be  a cost-plus-fixed-fee  type,”  or  some  kind  of 
fixed  price.  This  is  part  of  the  plan. 

Then  there  is  the  question  of  time,  a time  for  each  step  of  the  pro- 
curement. He  will  suggest,  what  our  regulations  provide,  that  there 
be  a source  evaluation  board  appointed  to  review  the  proposals. 

Mr.  Morris.  Is  this  the  Manned  Space  Flight  Center  at  Houston  ? 

Mr.  Brackett.  He  will  put  in  his  plan  everything  the  board  can  use, 
and  the  plan  will  come  up  to  our  office.  We  will  present  a copy  of  this 
to  the  program  office  at  headquarters,  to  General  Counsel,  to  the  reli- 
ability office,  and  get  their  comments. 
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After  we  have  gotten  their  comments,  the  plan  goes  up  to  Dr.  Sea- 
mans’ office,  the  Associate  Administrator,  who  either  approves  the  plan 
or  makes  suggestions,  or,  once  in  a while,  disapproves  it. 

Mr.  Morris.  Has  he  ever  disapproved  one  ? 

Mr.  Brackett.  I think  we  have  had  some,  sir,  where  it  was  decided 
w'hen  they  got  to  headquarters  that  this  whole  project  should  be  wiped 
out.  Thin  is  taken  very  seriously  by  Dr.  Seamans  personal.lv.  He  reads 
these  plans  and  takes  them  up,  at  times,  with  Dr.  Dryaert  and  Mr. 
Webb.  I would  say  that  it  is  at  this  headquarters  level,  particularly, 
that  the  big  majority  of  them  get  changed  m some  detail.  This  is  the 
plan. 

After  the  plan  is  approved  if  there  is  to  be  a board,  he  appoints  the 
board.  Nominations  of  the  members  of  the  board  come  from  the 
Center,  and  it  is  usual,  with  very  rare  exceptions,  that  there  would  be 
a technical  man,  an  engineer  usually  closely  connected  with  the  project, 
who  is  chairman  of  the  board. 

The  majority  of  the  board  are  technical  people  and  there  is  always 
one  technical  person  from  the  program  office  at  headquarters,  and 
there  is  one  business  management  representative.  Usually  there  are 
others  on  the  board  from  headquarters,  and  at  times  members  of  the 
bo?-  id  come  from  the  other  centers  if  they  have  particular  knowledge. 

Dr.  Seamans  appoints  the  board.  The  board  convenes  and  decides 
what  are  the  main  points  that  should  be  used  in  the  evaluation  of  this 
particular  project.  These  would  be  in  two  divisions — there  would 
be  a technical  side,  and  there  would  be  a business  side.  These  points 
are  given  by  the  board  to  the  contracting  officer  who  writes  the  request 
for  proposal  and  outlines  the  criteria  on  which  the  evaluation  will  be 
based. 

The  contracting  officer  sends  out  the  request  for  proposals  to  the 
companies  that  have  been  indicated  on  the  plan  as  being  those  to  be 
invited.  These  are  the  companies  who  are  considered  to  be  in  a com- 
petitive position  to  obtain  the  contract  and  perform  it.  Even  though 
a company  may  not  be  invited,  however,  and  they  wish  to  submit  a 
proposal,  they  may  do  so  and  their  proposal,  when  it  comes  in,  will  be 
considered  on  an  equal  basis. 

Now  we  have  a technical  committee  and  a business  committee 
appointed  by  the  board,  and  when  the  proposals  come  in  these  will  be 
considered  in  light  of  the  business  points  and  technical  points,  the 
facilities  available,  costs,  and  things  like  that. 

Usually  before  the  requests  for  proposal  are  sent  out,  there  is  a 
bidder’s  conference  and  the  companies  come  in  and  they  are  told  what 
the  procurement  is  going  to  be  about.  They  may  ask  questions. 
Sometimes  that  goes  on  for  2 days.  This  gives  the  companies  an 
opportunity  to  clarify  the  technical  details. 

The  companies  go  back  and  submit  their  proposals  and  any  company 
that  submits  a proposal  may  also  come  in  and  within  a limited  time, 
maybe  1 or  2 hours,  make  a presentation  to  the  board  explaining  differ- 
ent things  they  wish  about  their  proposals.  These  proposals,  all  these 
proposals,  are  opened  at  the  same  time. 

Mr.  Morris.  Where  are  they  opened  ? 

Mr.  Brackett.  At  the  center  where  the  contract  will  be  made. 
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They  are  then  divided  up  between  the  two  committees  and  evaluated 
and  sometimes  this  takes  3 weeks.  It  has  taken  as  much  as  6 weeks  for 
detailed  evaluation. 

Mr.  Morris.  Would  that  be  because  there  are  some  occasions  where 
you  might  want  more  information  about  certain  parts  of  the  proposal  ? 

Mr.  Brackett.  Well,  rarely. 

Mr.  Morris.  Do  they  go  back  to  ask  the  companies  for  other 
explanations  ? 

Mr.  Brackett.  Very  rarely  does  this  happen.  You  see  this  could 
give  a company  an  advantage,  that  is,  to  allow  the  company  an  op- 
portunity to  amplify  its  proposal  after  it  has  submitted  it.  However, 
they  do  have  the  privilege  of  coming  in  and  making  an  oral  presenta- 
tion, and  sometimes  questions  are  asked  them. 

Mr.  Morris.  Don’t  they  have  the  privilege  of  coming  in  with  addi- 
tions after  that  ? 

Mr.  Brackett.  No,  sir.  Once  they  have  submitted  their  proposal, 
that  is  it. 

Some  other  agencies,  AEC  or  the  military  departments,  probably 
have  had  contracts  with  these  companies  before,  too.  So,  one  thing 
the  Board  does  is  to  check  their  experience  with  this  company.  Has 
it  had  cost  overruns?  Has  it  been  behind  in  schedules?  Has  it  made 
technical  mistakes  ? And  so  forth. 

Now  one  of  the  things  the  special  study  committee  has  recom- 
mended, and  we  started  to  do  this  with  the  lunar  excursion  module, 
is  to  send  two  or  three  people  out  as  a team  to  visit  the  companies  and 
talk  with  the  engineers  who  will  perform  the  work.  That  is  a part 
of  the  evaluation. 

Then  the  committees  give  their  detailed  evaluations  to  the  Board, 
and  the  Board  writes  up  its  report.  When  the  procurement  is  over 
$5  million,  the  Board  makes  an  oral  presentation  to  the  Administrator, 
the  Deputy  Administrator,  and  the  Associate  Administrator. 

Mr.  Morris.  What  about  the  project  officer? 

Mr.  Brackett.  The  project  officer  usually  comes  along  with  the 
Board  and  is  available  to  answer  any  questions.  These  three  top  men 
in  the  management  of  NASA  hear  the  evaluation.  The  report  may 
sometimes  take  2 hours  or  more,  and  then  they  make  a decision  as  to 
the  choice  of  company  with  which  the  contract  will  be  negotiated,  and 
to  which  a contract  will  be  awarded,  provided  satisfactory  terms  can 
be  negotiated. 

The  Chairman.  How  often  do  they  not  accept  the  recommendation 
of  the  Board? 

Mr.  Brackett.  Well  this  doesn’t  exactly  come  under  the  heading, 
Mr.  Chairman,  of  a recommendation.  This  is  an  evaluation,  of  how 
the  proposals  stand  up.  But,  from  the  evaluation,  they  can  tell — it  is, 
in  fact,  usually  quite  easy  to  see — which  company  they  consider  in  a 
better  position  to  perform  the  contract. 

Mr.  Morris.  But  they  are  not  ranked  ? 

Mr.  Brackett.  Well,  I will  say  this : They  do  not.  There  has  not 
been  any  numerical  grading.  They  don’t  rate  one  “1,”  and  the  next 
“2,”  or  “3,”  “4,”  and  so  on,  although  usually  from  the  presentation  you 
know  they  would  consider  the  best  company  No.  1,  and,  in  fact, 
they  are  quite  frank  about  it.  But  this  is  not  a recommendation  in  that 
sense. 
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The  Chairman.  Well,  now — would  you  yield  ? 

Mr.  Morris.  Yes,  Mr.  Chairman. 

The  Chairman.  Do  we  understand  that  sometimes  up  to  6 weeks 
are  taken  up  in  evaluating  these  proposals  and  attempting  to  ascer- 
tain on  a technical  basis  and  on  a business  basis  which  one  makes  the 
most  sense? 

Mr.  Brackett.  Yes ; business  and  technical  basis. 

The  Chairman.  And  then  they  don’t  make  this  recommendation  to 
these  three  officers  as  to  whom  to  make  the  award  ? 

Mr.  Brackett.  Well,  this  is  more  an  attempt  to  see  whether — 
well,  as  I say,  this  is  an  evaluation  more  than  a recommendation. 

The  Chairman.  Well  now,  I don’t  care  what  you  call  it.  Do  they 
suggest  in  any  way,  shape,  or  form  to  these  three  top  officers  of  NASA 
that  they  should  make  the  final  decision  for  company  A,  B,  or  C,  in 
their  opinion?  That  such  company  is  best  qualified  to  receive  the 
contract,  in  other  words? 

Mr.  Brackett.  Yes ; they  do. 

The  Chairman.  They  do? 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  All  right. 

Mr.  Brackett.  And  then,  there  is  a written  statement  made  and 
signed  by  these  three  top  men  in  NASA  giving  their  reasons  for  the 
selection,  as  part  of  the  contract  file.  This  file,  and  the  file  of  the 
Board,  are  available  to  GAO  or  any  congressional  committee  that 
wishes  to  see  it. 

The  Chairman.  Then,  on  page  7, 1 would  like  a little  further  ampli- 
fication. The  first  sentence  at  the  top  of  the  page  there  says : 

It  is  the  judgment  of  management  throughout  NASA  that  the  ultimate  suc- 
cess of  the  program  depends  to  a large  extent  on  placing  contracts  with  com- 
panies which  are  found  best  qualified  to  perform  the  work. 

Is  not  a substantial  portion  of  the  total  NASA  budget  taken  out 
of  competition  right  there  ? 

Mr.  Brackett.  No.  This  does  not  mean  that  there  won’t  be  com- 
petition, but  this  means  technically  the  best  one  will  be  selected. 

The  Chairman.  But  that  is  not  what  you  said. 

Mr.  Brackett.  This  is  trying  to  find  the  best  contractor.  Take  the 
lunar  excursion  module,  for  example.  I have  forgotten  how  many 
proposals  were  received — eight  or  something  like  that.  They  tried  to 
get  the  company  they  thought  was  best  qualified  to  perform  the  work. 

The  Chairman.  Well,  was  this  on  the  basis  of  proposals  submitted? 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  It  was? 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  You  see,  there  is  one  thing  that  disturbs  me  and 
I am  not  sure  that  it  fits  in  with  the  intent  of  that  sentence,  although 
I think  that  sentence  probably  has  several  different  meanings. 

If,  for  example,  we  are  going  to  have  any  method  that  stifles  com- 
petition and  causes  the  companies  who  are  not  looked  upon  as  pre- 
eminent in  their  field  not  to  have  the  opportunity  to  become  involved  in 
some  of  these  programs,  I think  in  that  case  wffiat  we  are  going  to 
continue  to  do  is  make  the  giants  even  larger  giants  and  have  a greater 
accumulation  of  dollars  in  a few  pockets  than  you  have  today.  As 
time  goes  on  this  is  what  is  going  to  happen  and  it  will  get  worse  and 
worse  instead  of  better. 
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Now  I interrupted  you;  but  I wanted  to  know  how  we  could  get 
away  from  this. 

Mr.  Brackett.  It  is  not  our  policy,  Mr.  Chairman,  to  stifle  com- 
petition. In  fact  we  sponsor  competition.  I might  give  you  an 
example  of  two  or  three  companies  that  perhaps  2 or  3 years  ago  were 
rather  small  and  are  now  getting  to  be  substantial  in  our  program. 
Thev  usually  start  at  the  subcontract  level. 

The  Chairman.  Where  are  those  ? 

Mr.  Brackett.  Well,  I can  think  of  one  or  two  offhand — Ball  Bros, 
is  one,  and  there  is  another  one  that  I do  not  recall  down  in  Florida. 
Those  are  two  I just  happened  to  think  of  now.  The  one  down  in 
Florida  was  a small  business  in  1961  and  is  doing  very  well.  Ball 
Bros,  is  another  one  that  was  a small  business  and  is  now  handling 
some  of  our  substantial  contracts.  They  have  moved  up  from  the 
subcontract  level,  and  this  is  how  we  are  bringing  more  and  more 
companies  into  our  program — through  the  subcontract  route. 

The  Chairman.  Well,  I am  very  happy  to  hear  that.  I thought  it 
was  only  8 that  you  said,  of  the  100  companies,  which  received  the 
largest  dollar  amount  in  NASA  contracts  tor  the  fiscal  year  1962,  and 
24  were  small  business  concerns. 

The  only  point  I wanted  to  make  is  that  there  are  so  many  more 
small  business  concerns  than  large  ones  and  with  75  percent  of  the 
total  dollar  amount  going  to  the  larger  ones,  it  seems  to  me  that 
we  are  in  a situation  where  we  ought  to  be  making  an  effort  to  dis- 
tribute some  of  this  to  the  smaller  firms  which  of  course  we  all  know 
are  really  the  backbone  of  our  competitive  system.  That  really  isn’t 
what  might  appear  on  the  surface  here,  however. 

Mr.  Brackett.  Mr.  Chairman,  I think  we  have  done  a great  deal 
for  these  small  concerns  and  I think  the  Small  Business  Administra- 
tion will  bear  me  out  on  this.  We  have  created  many  opportunities 
for  small  business. 

The  Chairman.  That  again,  I suppose,  can  get  to  be  intolerable 
too.  You  have  some  problems,  don’t  you,  setting  aside  work  I think 
they  call  it? 

Mr.  Brackett.  Oh  yes,  yes.  We  had  last  year  some  700  set-asides 
for  small  business.  I think  we  had  well  over  double  what  we  had 
the  previous  year. 

You  may  be  interested  to  know,  Mr.  Chairman,  that  through  the 
postal  cara  report  we  have  just  started  to  find  out  where  the  first  and 
second  tier  subs  are.  I might  mention  this,  too:  We  found  that 
Minnesota  is  about  fifth  or  sixth  on  the  list  of  States  that  are  getting 
subcontract  work.  These  cards  are  beginning  to  come  in  now. 

The  Chairman.  I would  like  to  take  a look  at  them. 

Mr.  Brackett.  I will  show  them  to  you. 

The  Chairman.  Minneapolis-Honeywell,  I suppose,  would  be  a 
large  one. 

Mr.  Brackett.  Yes;  that  is  one  of  them,  I expect. 

The  Chairman.  That  is  a large  corporation  again,  as  opposed  to 
small  business  though. 

Mr.  Brackett.  This  company  in  Florida  that  I mentioned  was  the 
Electrical  & Mechanical  Research  Corp.  of  Sarasota,  Fla.  In  1960  or 
1961,  it  was  just  a small  business  concern,  and  now,  with  about  2 years 
of  working  with  us,  they  have  a contract  that  amounts  to  about  $7 
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million,  and  I know  of  one  subcontract  that  is  about  $12  million. 
That  is  no  longer  a small  business. 

The  Chairman.  About.  50  percent  of  the  work  you  say  is  subcon- 
tract work. 

Mr.  Brackett.  This  is  what  we  are  taking  from  the  reports  we  re- 
ceive. They  show  50  percent  is  subcontracted. 

The  Chairman.  If  this  trend  holds  true  then,  and  if  Congress  pro- 
vides the  dollar  amount  requested  by  NASA  nearly  the  whole  $3 
billion  will  goto  the  prime  contractors? 

Mr.  Brackett.  And  they  will  subcontract  50  percent  of  it. 

The  Chairman.  Thert  all  of  the  rest  of  the  people  in  this  country 
who  participate  in  the  space  program  will  divide  the  other  3 billion — 
right? 

Mr.  Mosher.  On  page  5,  Mr.  Brackett,  where  you  refer  to  new  con- 
tracts and  systems,  you  say : 


Periodically  a NASA  board,  also  specified  in  the  contract,  will  evaluate  the 
contractor’s  performance  and  may  award  some  higher  fee,  up  to  a set  maximum, 
if  the  facts  justify  an  increase. 

What  do  you  mean  by  “periodically” — how  often  ? 

Mr.  Brackett.  Well  this  is  on  that  incentive  award  business  I 
referred  to. 

Mr.  Mosher.  Yes. 

Mr.  Brackett.  This  would  be,  Mr.  Mosher,  negotiated  as  I said, 
differently  in  each  contract,  but  for  the  ones  that  we  have  had  so  far, 
it  is  on  an  annual  basis. 

Mr.  Mosher.  One  other  question  if  I may,  Mr.  Chairman : On  page 
6 where  you  talk  about  contracts  made  by  other  agencies,  you  give 
an  instance  buying  the  Atlas  booster. 

Two  things  about  that  type  of  arrangement:  How  do  you  assure 
yourself  that  this  is  the  best  way  to  do  it?  I suppose  NASA  has  to 
have  some  way  of  deciding  that  the  Air  Force  procedures  are  up  to 
your  standards  and  that  there  is  an  advantage  to  NASA  to  do  it 
this  way. 

Mr.  Brackett.  Well  of  course,  we  are  all  part  of  the  Government. 

Mr.  Mosher.  Yes. 

Mr.  Brackett.  We  have  confidence  in  the  other  departments  of  the 
Government,  that  the  military  departments  do  a good  contracting  job. 
If  anyone  asks  us  to  buy  things  for  them — for  instance  we  are  buying 
the  Scout  vehicles,  space  vehicles,  for  the  military  departments.  One 
of  the  advantages  of  buying  it  this  way  is  that  we  don’t  interfere 
with  each  other’s  programs. 

Mr.  Mosher.  I can  see  the  obvious  advantages,  but  are  the  Air  Force 
procedures  similar  to  yours  ? 

Mr.  Brackett.  Very  similar. 

Mr.  Mosher.  Similar  to  those  you  have  described  ? 

Mr.  Brackett.  Very  similar.  We  are  under  the  same  statute  and 
our  procedures  are— in  fact  we  coordinate  with  them  quite  closely. 

Mr.  Mosher.  Is  there  an  overhead  fee  of  some  sort  charged  in  those 
instances  ? 

Mr.  Brackett.  No — none  at  all.  None  at;  all. 

In  those  instances,  where  we  place  a contract  with  the  Douglas  Co., 
for  example,  we  will  ask  the  Air  Force  to  do  the  so-called  inplant 
administration,  take  care  of  property,  accounting,  security,  auditing 
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of  vouchers,  and  so  on.  We  pay  their  additional  contract  adminis- 
tration cost,  that’s  all. 

Mr.  Mosher.  Outof  pocket  expenses  ? 

Mr.  Brackett.  Out  of  pocket  expenses  for  the  additional  people 
they  have  to  have — no  overhead. 

The  Chairman.  So  that  I should  not  mistake  what  you  have  said 
here,  and  if  I didn’t  ask  this  question  the  people  back  in  Minnesota 
wouldn’t  like  it,  what  were  you  talking  about  in  dollar  amounts? 

Mr.  Brackett.  I have  it-here. 

The  Chairman.  If  you  would  give  us  that,  please. 

Mr.  Mosher.  Did  the  gentleman  prepare  these  figures  for  the  States 
of  each  member  of  this  committee  ? 

The  Chairman.  It  has  been  prepared  for  every  State  in  the  Union. 

Mr.  Brackett.  It  goes  into  37  different  States. 

The  Chairman.  I wonder  if  the  gentleman  would  supply  that  for 
the  record. 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  We  would  appreciate  that  very  much — I think,  if 
there  is  no  objection  to  that  ? 

(No  response.) 

Mr.  Brackett.  Surely,  sir. 

(The  information  requested  is  as  follows :) 


lat-tier  subcontracts  of  1 10,000  and  over  awarded  by  12  major  prime  contractors 
{period:  Jan.  1, 1962 , throuyh  Feb.  28, 1968 ) 


States 

February 

Percent 

Percent 

Alabama 1 

74,302 

1,348,750 

0.27 

556,720 
4,094,723 
145,058 
180,866,616 
2.026,102 
13,868,982 
35, 239,620 
82, 219 
6, 701, 422 
907,930 
12,885,548 
789,209 
4,774,415 
13,018,687 
18,667,094 
3,557,237 
26,277,864 
28,415 
29,990,584 
19,332 
9,325,393 
15,576 
35,743,728 
547,888 
4,688,727 
452. 113 

0.13 

Arizona 

4.99 

.96 

Arkansas 

.03 

California  1 

18,353,663 
128,858 
706, 516 
108,765 

67.89 

42.33 

Colorado  - 

.48 

.47 

Connecticut 1 

2.61 

3.25 

Florida 1 

.40 

8.25 

.02 

Illinois 

548,765 

2.03 

1.57 

Indiana 

196,856 

.73 

.21 

Iowa 

163,930 

.61 

3.02 

Kansas 

15,924 
218, 682 
60,137 
910,043 
188,304 
530,640 

.06 

.18 

Loulslina  i 

.81 

1. 12 

Maryland 

.22 

3.05 

Massachusetts 

3.37 

4.34 

Michigan 

.70 

.88 

Minnesota 

1.96 

6.16 

Mississippi 

.01 

Missouri"1 

180,828 

19,332 

1,029,377 

.67 

7.02 

New  Hampshire 

.07 

.01 

New  Jersey.-- - - 

3.80 

2.18 

New  Mexico 

.01 

New  York  * 

678,433 

2.51 

8.37 

North  Carolina 

.13 

Ohio 

245,665 

.91 

1.07 

Oklahoma  

435,364 

1.61 

.11 

Oregon  ... 

10,349 

.04 

271,967 
16,968,824 
68,503 
57,216 
2, 153, 184 
256,801 
114,397 
41,589 
73,689 
724,699 
1,404,374 

.06 

Pennsylvania. - 

448,232 

1.66 

3.97 

Rhode"  Island 

.02 

TfflnAMM 

.01 

Texas 1 

273,294 

1.01 

S' 

Utah  

109,574 

.41 

I £ 

Virginia  - 

it 

Vermont  

■■■■■■■■■I 

Washington 

22,816 

Went  Virginia  

.17 

Wisconsin 

25,726 

.10 

.33 

Total 

27,034,125 

100.00 

427,196,444 

100.00 

> States  in  which  I or  more  of  the  12  reporting  prime  contractors  are  located. 


Non.— Total  number  of  subcontracts  (lst-tier),  2,172. 
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lst-tier  subcontracts  of  910,000  and  over  awarded  by  12  major  prime  contractors  ( period : Jan.  1,  1962,  through  Jan.  SI,  1968) 


State 


Alabama  1 

Arizona 

Arkansas 

California  1 

Colorado 

Connecticut 1 — 

Florida  i__ 

Georgia 

Illinois 

Indiana  

Iowa 

Kansas 

Louisiana  1 

Maryland 

Massachusetts.. 

Michigan — 

Minnesota 

Mississippi 

Missouri  * 

New  Jersey 

New  Mexico 

New  York 1 

North  Carolina. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania.. , 

Rhode  Island 

Tennessee 

Tens  * 

Utah 

Vermont... — . 

Virginia 

Washington 

West  Virginia.. 
Wisconsin 


Total. 


October  1062 


$167,884 


12,001,500 

14,531 

364,000 

70,574 

58,003 

1,103,870 

345,086 

346,747 

70,334 


44,050 

302,349 

323,628 

3,081,237 


2,682,640 


1,148,207 

38,888 

441,422 

16,749 

61,155 

171,101 


442,678 

52,375 


10,205 


563,632 

24,765 


24,237,608 


Percent 


0.69 


40.80 

.06 

1.60 

.33 

.24 

4.93 

1.43 

1.43 

.33 


.18 

1.62 

1.34 

12.71 


11.07 


4.74 

.16 

1.82 

.07 

.25 

.71 


1.82 

.22 


.04 


2.32 

.10 


100.00 


November  1962 


$26,842 

1,415,608 

145,058 

27,569,837 


314,501 

010,711 


588,550 
204,035 
254, 157 
45,310 


1,480,494 

776,068 

30,302 

2,242,664 

15,320 

83,890 

1,828,305 


6,327,571 

500,000 

98,072 


5,683,591 


772,151 

10,000 


24,102 

13,364 

43,004 

23,448 


51,437,215 


Percent 


0.05 

2.75 

.28 

53.60 


.61 

1.77 


1. 15 
.40 
.49 
.00 


2.88 
1. 51 
.06 
4.36 
.03 
.16 
3.55 


12.30 

.09 

.19 


11.05 


1.50 

.02 


.05 

.03 

.08 

.05 


100.00 


December  1062 


$207,002 

275,260 


83,174,085 


775,830 
33,023,510 
23,226 
1,023,616 
81, 107 
1,475,348 


606,614 
116,806 
9,840,132 
2,052,742 
7,562,630 
13,005 
765, 487 
2,302,018 
15,576 
26,875,612 


583,651 


36,133 

10,076,701 

68,503 

37,230 

570,851 

84,852 


37,500 
"i, '238,666' 


183,034,825 


Percent 


0.16 

.15 


45.22 


.42 

18.44 

.01 

.56 

.04 

.80 


.06 
5.35 
1. 12 
4.11 
.01 
.42 
1.25 
.01 
14. 61 


.32 


.02 

5.48 

.04 

.02 

.31 

.05 


.02 

'."67 


100.00 


January  1963 


$158,484 
887, 131 


30,676,630 

1,881,713 

11,708,036 

217,060 


3,346,612 

78,056 

10,645,366 

648,641 

3,940,110 

11,317,200 

6,638,502 

062,171 

12,860,684 


28,060,369 

1,483,053 


713,005 


3,219,917 


164,330 

589,109 


19,086 

04,210 


41,580 

80,000 


117,073 

01,835 


140,552,581 


Percent 


0.11 

.63 


28.23 

1.34 

8.33 

.15 


2.38 

.06 

7.57 

.46 

2.81 

8.05 

4.72 

.68 

0.15 


20.61 

1.06 


.51 

2'29 


.12 

.42 


.01 

.07 


.03 

.06 


.08 

.07 


100. 00 


Grand  total 


$482,418 
2,745,073 
145,058 
162,512,052 
1,896,244 
13,162,466 
35,130,855 
82,219 
6,152,657 
711,074 
12,721,618 
773,285 
4,555,733 
12,058,550 
17,647,051 
3,368,933 
25,747,224 
28,415 
20,800,756 
8,296,016 
15,576 
35,  OSS,  205 
547,888 
4,343,062 
16,749 
261,618 
16,520,592 
68,503 
57,216 
1,870,860 
147,227 
41,580 
114,307 
50,873 
724,600 
1,378,648 


400,162,310 


Percent 


0.12 
.68 
.03 
40.61 
.47 
3.20 
8.78 
.02 
1.54 
.17 
3.18 
.19 
1. 14 
3.24 
4.41 
.84 
6.43 
.01 
7.45 
2.87 
.01 
8.76 
.14 
1.00 
.01 
.07 
4.13 
.02 
.02 
.47 
.04 
.01 
.03 
.01 
.18 
.34 


100.00 


f * 


i States  in  which  1 or  more  of  the  12  reporting  prime  contractors  are  located. 
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You  might  be  interested  in  this  report  form  that  we  have.  It  is  a 
very  sample  one — this  self-addressed  postal  card,  which  just  has  a few 
questions  on  the  back — there  are  no  records  to  keep,  no  reports  to  be 
made.  They  just  fill  this  out  and  mail  it  in  to  us  when  they  let  a sub- 
contract and  that  is  all  there  is  to  it. 

The  dollar  amount  for  Minnesota  is  $26,277,864. 

(The  exhibit  referred  to  appears  on  the  following  pages.) 

The  Chairman . What  percentage  is  this? 

Mr.  Brackett.  That  represents  6.15  percent,  sir,  of  the  total  dollars 
that  we  have  had  reported. 

The  Chairman.  Six  point  of  what? 

Mr.  Brackett.  Six  point  fifteen  percent  of  the  total  dollars  that 
have  been  let  under  these  first-  and  second-tier  subcontracts. 

The  Chairman.  Oh,  yes ; but  what  percentage  of  the  grand  total  ? 

Mr.  Brackett.  Six  point  one  five  of  the  grand  total  went  into 

IVfiTITIPflOtA 

The  Chairman.  Of  all  NASA  dollars? 

Mr.  Brackett.  That  is  the  subcontracts — first  and  second  tier. 

The  Chairman.  Oh,  yes;  I know — that’s  right,  but  my  point  is: 
What  percentage  is  it  of  all  NASA  dollars? 

Mr.  Brackett.  I don’t  have  that,  sir. 

The  Chairman.  Well  that,  of  course,  tells  the  story.  One  prime 
contract,  for  example,  might  be  worth  more  than  all  the  subcontracts 
of  a particular  State — right? 

Mr.  Brackett.  That  is  true,  sir. 

The  Chairman.  Right. 

Mr.  Mosher.  Are  these  statistics  collected  on  a voluntary  participa- 
tion basis — by  sending  these  cards  back,  or  do  you  require  it? 

Mr.  Brackett.  It  is  required  by  their  contract,  to  do  this.  Of 
course,  this  only  applies  to  our  12  major  contractors.  We  have  gotten 
the  permission  to  do  this  from  the  Bureau  of  the  Budget,  and  they 
have  given  us  permission  to  try  this  with  the  12  major  contractors  for 
a period  of  15  months  in  order  to  get  the  picture  of  just  what  is  going 
on. 

The  Chairman.  Are  there  any  other  questions  ? 

Mr.  Staebler.  I would  like  to  inquire  specifically  about  the  research 
or  these  contracts  where  no  material  is  involved.  Are  these  all 
handled  by  negotaiion  ? 

Mr.  Brackett.  Yes,  they  are. 

Mr.  Staebler.  Is  there  some  method  of  determination  by  a board, 
then? 

Mr.  Brackett.  Well,  these  for  the  most  part,  sir,  are  smaller  study 
or  basic  research  contracts,  with  small  money  involved,  you  see.  I 
doubt  if  there  would  be  a board  on  many  of  these.  I have  never  heard 
of  any. 

Mr.  Staebler.  These  are  just  within  the  discretion  of  the  contract- 
ing officer  then 

Mr.  Brackett.  Yes. 

Mr.  Staebler  (continuing).  Aided  by  some  technical  people. 

Mr.  Brackett.  Many  of  these  are  with  colleges  and  universities  and 
nonprofit  institutions,  sir.  Dr.  Thomas  Smull  is  in  charge  of  the  office 
that  handles  the  college  and  nonprofit  institution  contracts. 
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SECTION  1.  | 

1.  PRIME  CONTRACT  NO. 

Farm  Approved 

Budget  Bureau  No.  104-R012 

For  NASA 
Use  Only 

2.  PRIME  CONTRACTOR 

A. 

3.  ADDRESS 

B. 

II. FIRST-TIER  SUBCONTRACT 

4.  SUBCONTRACTOR 

C. 

5.  ADDRFSS 

D. 

6.  SMALL  BUSINESS 

7.  SUBCONTRACT  NO. 

8.  SUBCONTRACT  AMT. 

s 

9.  □ NEW  CONTRACT 

n yes  □ n° 

10.  Q MODIFICATION 

11.  PRINCIPAL  PLACE  OF  PERFORMANCE  (If  known) 

E. 

12.  DESCRIPTION  OF  WORK 

F. 

| III.  SECOND-TIER  SUBCONTRACT 

13.  SUBCONTRACTOR 

G. 

14.  ADDRESS 

H. 

IS.  SMALL  BUSINESS 

16.  SUBCONTRACT  NO. 

17.  SUBCONTRACT  AMT. 

* 

18.  NEW  CONTRACT 

□ YES  □ NO 

19.  □ MODIFICATION 

26'.  principal  place  6i 

^PERFORMANCE  (If  known) 

1. 

21.  DESCRIPTION  OF  WORK 

J. 

22.  COMPANY  SUBMITTING  REPORT 

23.  SIGNATURE 

2*.  DATE 

NASA  FORM  667  aug  62 


GPO  : 1962  O - 655168 


REPORT  ON  NASA  SUBCONTRACTS 
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INSTRUCTIONS 


GENERAL 

A.  This  report  form  is  tor  use  by  NASA  prime  contractors  and 
first-tier  subcontractors  participating  in  the  NASA  subcontracting 
reporting  program.  Parts  I and  II  of  the  form  are  for  use  by  the 
prime  contractors;  Parts  I,  II  and  III  are  for  use  by  the  first-tier 
subcontractors. 

B.  NASA  prime  contractors  will  complete  and  submit  Parts  I 
and  II  of  the  form  for  each  subcontract  fas  defined  in  paragraph  D 
below)  placed  by  them  which  is  estimated  will  exceed  S10.000 
and  for  each  action  ( modification ) in  excess  of  $10,000  on  such 
subcontract.  Modifications  to  be  reported  include  actions  which 
result  in  the  decommitment  of  funds  as  well  as  commitments. 

C.  First-tier  subcontractors  having  any  subcontracts  which 
are  estimated  will  exceed  $10,000  will  complete  and  submit  the 
form  in  entirety  for  each  subcontract  (as  defined  in  paragraph  D 
below ) placed  by  them  which  is  estimated  will  exceed  $10,000 
and  for  each  action  (modification)  in  excess  of  $10,000  on  such 
subcontract.  Modifications  to  be  reported  include  actions  which 
result  in  the  decommitment  of  funds  as  well  as  commitments. 

D.  The  term  " subcontract " as  used  herein  means  procure- 
ment in  excess  of  $10,000  by  the  prime  contractor  or  first-tier  sub- 
contractor of  articles,  materials,  or  services  entering  into  tbe  per- 
formance of  a specific  NASA  prime  contract.  It  does  not  include 
purchases,  regardless  of  amount,  of  stock  items,  materials,  or 
services  which  cannot  be  identified  with  a specific  NASA  prime 
contract. 

E.  NASA  prime  contractors  will  provide  the  number  of  the 
NASA  prime  contract  to  their  first-tier  subcontractors  for  entry  on 
the  reports. 

F.  The  report  is  to  be  submitted  as  soon  as  possible  after 
placement  of  the  subcontract  to  the  National  Aeronautics  and 
Space  Administration,  Procurement  and  Supply  Division,  Code  BRP, 
Washington  25,  D.  C. 

G.  Prime  contractors  will  obtain  a supply  of  the  forms  from 
their  NASA  Contracting  Officer.  Subcontractors  will  obtain  the 
forms  from  the  prime  contractor. 


SPECIFIC 

Item  1.  Enter  the  NASA  prime  contract  number. 

Item  2.  Enter  name,  and  division  if  applicable,  of  the  prime  con- 
tractor. 

Item  3.  Enter  address  (City  and  State  only)  of  the  prime  con- 
tractor. 

Item  4.  Enter  name,  and  division  if  applicable,  of  the  subcon- 
tractor. 

Item  5.  Enter  address  ( City  and  State  only)  of  the  subcontractor. 

Item  6.  Enter  a check  in  the  applicable  box. 

Item  7.  Enter  subcontract  or  purchase  order  number  specified  by 
the  contractor  initiating  the  action. 

Item  8.  Enter  in  terms  of  commitments,  to  the  nearest  dollar,  the 
amount  of  the  subcontract,  or  amount  of  modification  to 
the  subcontract.  Modifications  resulting  in  decommit- 
ments are  to  be  enclosed  in  parentheses. 

Item  9.  Enter  a check  if  this  report  is  the  first  report  submitted 
on  the  subcontract. 

Item  10.  Enter  a check  if  this  report  is  for  a modification  of  a 
previously  reported  subcontract. 

Item  II.  Enter  the  location  ( City  and  State  only)  of  the  principal 
plant  or  place  of  business,  where  the  items  will  be  pro- 
duced or  supplied  from  stock  or  where  the  work  will  be 
performed,  if  known.  For  construction  subcontracts  enter 
the  site  of  construction. 

Item  12.  Enter  a brief  description  of  the  item  to  be  furnished  or 
the  work  to  be  performed  under  the  subcontract.  ( For  ex- 
ample: Environmental  control  system  for  Apollo  Space- 
craft, Fuel  Pumps,  etc.) 

Items  13  thru  21.  See  Items  4 thru  12. 

Item  22.  Enter  the  name  of  the  company  submitting  the  report.  This 
should  be  the  name  of  the  prime  contractor  for  reports  on 
first-tier  subcontracts;  it  should  be  the  name  of  the  first- 
tier  subcontractor  for  reports  on  second-tier  subcontracts. 

Item  23.  To  be  signed  by  the  company  individual  submitting  the 
report. 

Item  24.  Enter  the  date  of  signature. 
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NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
WASHINGTON  2S,  D.  C, 


OFFICIAL  BUSINESS 


POSTAGE  AND  PEES  PAID 
NATIONAL  AERONAUTICS 
AND  SPACE  ADMINISTRATION 


National  Aeronautics  and  Space  Administration 
Procurement  & Supply  Division  (Code  BRP) 
Washington  25,  D.  C. 
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Mr.  JStaebler.  What  is  the  aggregate  dollar  volume  of  the  contracts 
of  this  type — not  material,  just  research  ? 

Mr.  Brackett.  I don’t  know,  sir.  We  have  not  broken  it  down  that 
way,  1 don’t  think — perhaps  so.  I think  that  Dr.  Smull  can  tell  us, 
perhaps,  the  amount  of  the  contracts,  and  these  of  course  include 
grants,  too. 

Dr.  Thomas  L.  K.  Smull  (Director,  Office  of  Grants  and  Research 
Contracts,  NASA).  In  this  last  fiscal  year  this  would  be  approx- 
imately $40  million. 

This  is  a question  of  definition.  Certainly  the  feasibility  studies 
that  Mr.  Brackett  spoke  about  are  study  contracts.  These  could  be 
rather  substantial— for  example,  for  something  like  the  Apollo. 

This  figure  is  for  the  more  generalized  basic  research  programs  as 
opposed  to  studies  which  are  directed  to  specific  matters. 

Mr.  Staebler.  Well,  instead  of  having  me  cut  across  your  cate^ 
gories,  what  are  the  categories  you  establish  inside  NASA? 

Dr.  Smull.  I don’t  think  I quite  understand. 

Mr.  Staebler.  What  categories  of  contracts  are  there  within 
NASA? 

Dr.  Smull.  For  the  basic  research  activities? 

Mr.  Staebler.  Tes. 

Dr.  Smull.  Grants  are  the  principal  form  of  agreement  for  the 
support  of  research  at  educational  institutions.  In  some  instances  we 
use  fixed-price  contracts,  and  in  other  cases  cost-type  contracts. 

Mr.  Staebler.  All  of  these  covering  pure  research  ? 

Dr.  Smull.  Ye&  sir,  depending  on  the  nature  of  the  investigation. 
If  it  is  at  a nonprofit  research  organization,  it  is  usually  a contractu ral 
arrangement.  With  a university,  if  it  is  what  you  would  call  a basic, 
very  basic  investigation,  of  the  paper  type,  we  use  a grant  agreement, 
inevitably. 

In  those  situations  where  there  are  flight  programs  in  which  the 
university  is  participating  which  require  a piece  of  their  experiment 
of  necessity  to  be  somewhere  at  a given  place  and  time,  such  as  Cape 
Canaveral,  as  a part  of  a satellite  study,  this  will  usually  be  handled 
by — the  development  of  this  piece  of  instrumentation— will  be  handled 
by  the  cost-type  contract. 

Mr.  Staebler.  What  kind  of  follow-up  do  you  utilize  in  this  cade — 
how  deeply  does  NASA  go  into  the  question  of  cost?  Does  it  simply 
take  the  figures  submitted  by  the  institution  or  is  there  any  follow-up  ? 

Dr.  Smull.  No  ; we  use  the  established  Government  audit  services  to 
look  into  these  questions  and  to  follow  up  on  costs. 

Mr.  Staebler.  You  said  most  of  this  was  with  the  universities? 

Dr.  Smull.  Yes,  sir. 

In  NASA’s  structuring  of  its  organization  for  the  procuring  of 
things,  the  establishment  of  policies  and  procedures  for  dealing  with 
the  universities  and  nonprofit  organizations  has  been  the  responsibility 
of  my  office.  Such  determinations  of  the  industrial  or  profit  type  are 
in  Mr.  Brackett’s  organization.  The  larger  measure  of  the  basic  re- 
search is  handled  by  the  universities  mid  nonprofit  research  organiza- 
tions. 

Mr.  Staebler.  How  large  a dollar  volume  for  basic  research  is 
involved  and  handled  by  the  profit  institutions? 
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Dr.  Smttll.  I don’t  think  we  have  a figure  on  that,  sir.  This,  again, 
is  a question  of  definition.  But  it  is  not  large. 

Mr.  Staebler.  So  that  it  is  safe  to  say  that  practically  all  of  the 
work  done  by  companies  is  done  for  you  toward  the  developing  of 
some  particular  material  or  project  ? 

Dr.  Smull.  Yes,  sir;  the  industrial  activity  is  largely  for  services 
in  developmental  and  operational  programs. 

Mr.  Brackett.  Quite  a bit  of  research  work  is  done  in  our  own 
laboratories  by  our  own  people. 

The  Chairman.  May  I interrupt  for  a moment  ? You  are  talking 
about  basic  research,  are  you  not,  Mr.  Brackett?  Just  basic  research? 

Mr.  Brackett.  Well,  of  course,  they  do  some. 

The  Chairman.  But  I suspect  a sizable  portion  of  your  budget  is 
for  research  and  development  is  it  not,  and  I assume  that  you  are 
talking  about  basic  research  when  you  are  discussing  the  universities 
and  educational  establishments  ana  inhouse  activities.,  It  is  pretty 
much  basic  research. 

Mr.  Brackett.  Yes. 

The  Chairman.  And  I think  industry  does  the  majority  of  the 
applied  research  don’t  they  ? 

Mr.  Brackett.  Yes.  When  it  comes  to  the  development  of  the  hard- 
ware that  is  where  it  goes  to  industry. 

The  Chairman.  Yes.  I just  wanted  to  have  the  gentleman  under- 
stand that. 

Mr.  Staebler.  Yes.  One  question,  not  along  that  line  we  have  just 
discussed : Are  the  contracts  with  NASA  subject  to  approval  by  the 
Renegotiation  Board? 

Mr.  Brackett.  Yes,  they  are. 

Mr.  Staebler.  Thank  you,  that  is  all. 

The  Chairman.  Mr.  Hammill,  do  you  have  any  questions? 

Mr.  Hammill.  Just  one,  sir. 

This  subcommittee  is  specifically  responsible  for  reviewing  requests 
of  both  the  Office  of  Space  Sciences  and  the  Office  of  Advanced  Re- 
search and  Technology.  I am  just  curious  as  to  whether  you  have 
come  across  some  procurement  problems  that  are  peculiar  to  those 
areas  ? 

Mr.  Brackett.  None  that  I know  of,  Mr.  Hammill. 

The  Chairman.  If  there  are  no  further  questions  we  will  adjourn 
but  it  may  be  that  some  members  may  have  some  questions  of  you 
later,  after  studying  the  submissions,  Mr.  Brackett. 

Mr.  Brackett.  Yes,  sir. 

The  Chairman.  We  will  perhaps  impose  on  you  for  some  further 
information.  We  thank  you  very  much  and  appreciate  your  appear- 
ing here  today. 

(Whereupon,  at  12:20  p.m.,  the  committee  was  adjourned,  to  re- 
convene at  10  a.m.  on  Wednesday,  March  20, 1963.) 
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WEDNESDAY,  MARCH  20,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.G. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in  room 
304,  Cannon  Building,  Hon.  Joseph  E.  Karth  (chairman  of  the  sub- 
committee) presiding. 

Mr.  Karth.  The  committee  will  be  in  order.  Dr.  Silverstein,  we 
take  a great  deal  of  pleasure  in  welcoming  you  before  the  subcommit- 
tee to  talk  to  us  about  Centaur.  ,As  you  know,  this  subcommittee  has 
been  extremely  interested  in  the  Centaur  launch-vehicle  development 
program,  and  after  substantial  inquiry  last  year,  we  feel  that  the  Cen- 
taur program  is  on  the  path  to  recuperation  or  whatever,  under  your 
direction.  Today  we  would  like  to  have  you  tell  us  what  is  happening 
to  Centaur  and  what  your  pet  theories  might  be  as  to  its  chances  of 
success.  We  also  want  to  know  how  vital  you  think  the  Centaur  ve-  / 

hide  is  to  the  total  space  sciences  program,  and  when  you  think  this 
vehicle  is  going  to  be  operational. 

If  you  nave  a prepared  statement,  we  would  be  very  happy  to  have 
you  read  directly  from  it  or  summarize  it.  You  may  proceed  in  any 
manner  that  you  like.  - 

STATEMENT  OF  OR.  ARE  SILVERSTEIN,  DIRECTOR,  LEWIS  RE- 
SEARCH CENTER,  NASA;  ACCOMPANIED  BT  V.  L.  JOHNSON,  CEN- 
TAUR PROGRAM  MANAGER,  NASA  HEADQUARTERS,  AND  EDGAR 

CORTRIGHT,  DEPUTY  DIRECTOR,  OFFICE  OF  SPACE  SCIENCES, 

NASA  HEADQUARTERS 

Dr.  Silverstein.  Thank  you  very  much. 

It  is  a pleasure  to  be  back  with  this  committee  to  testify  before  it 
and  talk  about  the  Centaur  vehicle  which  I consider  to  be  one  of  the 
most  important  vehicles  in  our  space  science  program.  It  is  through 
the  Agena  vehicle  and  Centaur  vehicle  that  the  major  elements  of  our 
lunar  and  interplanetary  science  program  will  be  conducted,  and, 
therefore,  it  is  extremely  important  for  the  program  that  we  do  pro- 
vide a successful  vehicle. 

This  is  the  approach  we  have  taken.  We  are  bending  every  effort  to 
provide  success.  There  is,  I think,  a general  philosophy  with  which  we 
are  working,  one  which  I think  is  appropriate  to  the  space  vehicle 
area,  and  is  different  than  the  philosophy  that  has  been  used  in  the  past, 
in,  for  example,  the  area  of  missiles.  ,, 

1803 


<96-504  O — 63 — pt  3a 23 


1804 


1964  NASA  AUTHORIZATION 


I picked  up  the  Washington  Post  this  morning  and  was  very  pleased 
to  find  in  it  a talk  by  Dr.  Getting  of  the  Aerospace  Corp.,  which  ne  just 
made  yesterday,  which  expressed  my  philosophy  so  completely  that  I 
was  very  pleased  to  find  that  our  distinguished  Dr.  Getting  was  actu- 
ally moving  down  the  same  path  I am. 

It  is  quite  true,  I think,  in  space  vehicles  that  the  approach  we  must 
take  has  got  to  be  one  where  everything  that  can  be  done  on  the  ground 
in  the  way  of  test  and  checkout  must  be  done  perfectly  on  the  ground, 
and  in  this  way  I think  we  can  find  95  percent  of  the  problems  that 
we  will  later  encounter  in  flight,  and  solve  these  problems  on  the 
ground  before  flight  testing. 

This  philosophy  is  one  which  we  have  adopted  in  the  Centaur  pro- 
gram. Since  taking  over  the  program  in  October,  we  have  increased 
the  ground  test  program  on  the  Centaur  by  perhaps  500  to  800  percent, 
depending  on  how  you  evaluate  it. 

Another  major  philosophy  I have  is  that  a program  such  as  Centaur 
heeds  strong  central  project  management  from  Doth  a technical  and 
business  administration  point  of  view.  These  programs  are  tremen- 
dously complex ; they  involve  new  technology.  In  the  case  of  Cen- 
taur, of  course,  it  is  the  hydrogen  technology  which  has  evolved  out  of 
a number  of  years  of  research,  but  has  not  as  yet  been  applied,  and  in 
its  application  there  are  many  new  technologies  and  many  new  ap- 
plications that  need  to  be  developed  before  we  can  hope  for  a suc- 
cessful flight. 

In  the  same  way  the  industrial  organizations  that  are  working  in  the 
field  without  previous  experience  encounter  problems  in  which  they 
need  help  from  organizations  such  as  the  Lewis  Center,  who  have  been 
engaged  m hydrogen  technology  for  the  past  15  years. 

Secondly,  m the  business  administration  point  of  view,  it  is  necessary, 
I think,  to  get  project  teams,  strongly  manned  and  strongly  led, 
oriented  with  the  project  with  the  idea  that  day  by  day  and  week 
by  week,  throughout  the  period,  there  will  be  people  in  each  area  of 
technology  and  each  area  of  business  administration  who  are  care- 
fully following  each  aspect  of  the  program  and  making  sure  that 
the  program  is  being  funded  as  intelligently  as  good  engineering  know- 
how and  business  techniques  will  enable  it  to  be.  It  has  been  on  the 
basis  of  these  two  philosophies  that  we  have  established  the  Centaur 
program  at  the  Lewis  Center. 

I propose  now  to  tell  you  a bit  about  the  administrative  setup  that 
we  have  arranged  with  the  General  Dynamics  organization,  our  own 
in-house  organization  and  the  relationships  we  have  established  at 
the  range  for  the  flight  of  these  birds. 

I will  follow  that  with  some  discussion  of  the  technical  considera- 
tions of  the  problem  and  some  of  the  problems  that  we  have  been  at- 
tempting to  solve  and  are  solving,  and  I will  mention  a bit  the  test 
program  that  has  been  amplified  and  give  you  some  feeling  as  to 
schedules. 

First,  perhaps  I should  show  a picture  of  the  Centaur.  Most  of  you 
are  familiar  with  it  and  there  isirt  much  need  for  me  to  go  into  back- 
ground because  I find  in  this  report  of  the  Committee  on  Science  and 
Astronautics,  dated  July  2,  the  background  of  the  Centaur  program 
has  been  well  covered. 

May  I have  the  first  chart  that  shows  the  general  layout  of  the 
Centaur  vehicle  (fig.  78a)  f 
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Figure  7Sa 

I will  move  over  here  to  explain  it.. 

This  is  the  Centaur  stage  from  here  to  here.  The  payload  is 
mounted  on  top  of  the  stage.  This  is  the  nose  cone.  The  overall 
length  from  the  Atlas  booster  to  the  peak  of  the  nose  cone  is  some 
47  feet.  The  stage  is  powered  by  two  engines  that  are  produced  by 
the  Pratt  & Whitney  Aircraft  Corp.,  each  with  15,000  pounds  of 
thrust.  Stage  weight  is  about  38,000  pounds,  loaded  with  fuel,  and 
the  payload  on  top  weighs  2,100  pounds.  The  Centaur  is  boosted  by 
the  Atlas,  having  a total  thrust  of  367,000  pounds. 

The  vehicle  at  this  position  carries  its  guidance  system  and  associ- 
ated equipment  required  for  flight  performance.  In  our  earlier  tests 
with  the  vehicle,  the  first  flight  was  a failure.  You  recall  it  was  asso- 
ciated with  a failure  in  this  area  of  the  tank,  and  it  was  believed  to  be 
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due  to  the  weather  shield  around  the  top  of  the  tank  coming  off  under 
the  aerodynamic  loads  experienced  in  the  flight  at  a time  of  about  54 
seconds  after  launch. 

I will  show  a slide  later  to  indicate  what  we  are  doing  in  this  area. 

May  I have  the  next  chart  (fig.  78b)  ? This  shows  the  location 
within  the  General  Dynamics  organization  of  the  Centaur  project 
group,  headed  by  Mr.  Hansen,  who  reports  directly  to  the  president 
of  the  General  Dynamics/ Astronautics  organization  in  San  Diego, 
Mr.  Dempsey.  So  we  see  within  the  organization  we  have  a project 
team  at  General  Dynamics/Astronautics,  and  all  of  the  Centaur  work 
is  directly  through  this  project  team  which  is  composed  of  some  1,500 
scientific  and  technical  and  supporting  personnel. 


GENERAL  DYNAMICS /ASTRONAUTICS  ORGANIZATION 


Figure  78b 

They  are  supported  within  the  organization  by  others,  for  example^ 
in  development  and  engineering  and  other  groups  by  an  additional 
thousand  personnel  of  the  organization.  The  work  is  carried  out  at 
San  Diego,  Point  Loma,  Edwairds  Air  Force  Base,  Sycamore  Canyon, 
and  at  Cape  Canaveral.  That  work  is  all  directed  by  Mr.  Hansen, 
so  we  do  have  a project  organization  here  which  is  well  centered,  and 
peaks  to  a point  where  direction  can  be  given  from  our  project  man- 
agement team  to  the  Centaur  organization. 

The  next  chart  (fig.  79a)  shows  the  project  organization  within 
General  Dynamics/Astronautics  led  by  Hansen  and  has  two  major 
divisions,  one  in  engineering,  and  the  other  m operations.  As  you  can 
see  the  organization  is  divided  up.  into  systems  management,  analysis, 
and  design  on  the  engineering  side  and,  under  operations,  materials, 
manufacture,  test  operations,  and  launch  operations  supported  by  staff 
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Figube  79a 

groups  that  deal  with  financing,  scheduling,  programing,  and  so  forth. 

We  feel  that  this  is  an  organization  that  can  provide  venr  strong 
control  of  the  program  both  technically  and  administratively. 

May  I have  the  next  chart  ( fig.  80a)  ? 

At  Lewis  we  have  organized  the  project  team  into  a Centaur  Project 
Office  led  by  Mr.  Gabriel,  which  is  divided  into  a group  handling 
system  integration  and  performance  and  a group  mat  deals  with 
various  aspects  of  guidance,  contracting  facilities,  instruments  and 
electrical,  launch  operations  and  a group  for  contractors’  activity  in 
i propellent  systems,  propulsion  and  tests. 

\ We  have  a field  projects  branch  which  is  led  by  Mr.  Gray.  He 

f is  the  man  that  has  been  leading  the  group  at  Canaveral  that  is  re- 
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LtRC  CENTAUR  ORGANIZATION 


Figure  80a 

sponsible  for  the  successful  flight  program  of  the  Thor-Delta  vehicle. 
As  you  know,  the  Delta  vehicle  nas  been  the  most  successful  vehicle 
that  has  been  flown  in  this  country  or  elsewhere  with  a success  record 
of  15  out  of  16.  His  techniques  are  ones  we  are  trying  to  adapt  into 
the  flight  operation  of  Centaur,  so  we  have  expanded  this  team  at 
the  cape  under  his  leadership  to  provide  us,  we  hope,  a record  of  at 
least  15  out  of  15. 

May  I have  the  next  chart  (fig.  81a)  ? 
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Mr.  Karth.  I wonder  if  you  would  provide  for  the  record  copies  of 
those  organizational  charts  ? 

Dr.  Silverstein.  I will  provide  copies  of  all  of  my  charts. 

This  is  a breakdown  of  the  relationship  established  between  the 
Lewis  group  in  the  Centaur  Project  Office  and  the  field  project  branch 
led  by  Mr.  Gray.  There  is  a direct  route  from  the  project  office  to  Mr. 
Gray  for  technical  direction. 

Since  the  vehicle  will  carry  spacecraft,  the  spacecraft  centers,  such 
as  the  Goddard  Center  and  the  Jet  Propulsion  Laboratory,  will  feed 
into  this  same  project  branch  the  cooraination  between  the  launch 
vehicle  team  and  the  spacecraft  team. 

There  will  be  a branch  of  this  office  both  at  the  Atlantic  Missile 
Range  and  the  Pacific  Missile  Range,  so  I think  we  have  here  both  a 
good  organizational  configuration  to  carry  out  the  launches  and  the 
team  which  is,  I think,  the  best  team  in  the  country  to  do  it. 

Now  let  me  consider  with  you  for  a few  minutes  some  of  the  prob- 
lems that  we  are  tackling  in  Centaur.  These  are  some  of  the  technical 
problems  which  we  reviewed  intensively  for  the  first  2 months  after 
taking  on  the  project  in  October  by  assembling  together  a team  of  some 
80  men,  technical  expects  in  all  of  the  problem  areas  where  we  ex- 
pected difficulty. 

We  brought  this  team  together  and  assigned  to  them  the  task  of 
studying,  for  example,  guidance,  trajectories,  propulsion,  and  struc- 
tures. Each  of  these  areas  was  tackled  by  a strong  team  which  came 
up  with  certain  recommendations  for  either  changes  or,  after  review 
or  the  problem  areas,  suggested  that  the  vehicle  not  be  altered. 

This  has  led  us  and  our  staff,  in  subsequent  studies  of  the  work 
they  did  and  the  work  we  had  done,  to  make  certain  changes  in  the 
way  in  which  the  vehicle  would  fly  and  in  the  characteristics  of  the 
vehicles. 

May  I have  the  next  chart  (fig.  82a)  ? 
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For  example,  one  of  the  things  we  are  going  to  provide  in  Centaur 
is  a very  much  shorter  period  of  time  between  the  end  of  burning 
in  the  first  stage  Atlas  and  the  time  in  which  we  ignite  the  Centaur. 
In  the  previous  design,  this  time  was  some  45  seconds,  and  we  are 
reducing  it  to  6 seconds. 

There  are  a number  of  reasons  for  this.  One,  we  gain  some  hun- 
dred pounds  of  payload  by  doing  this.  During  this  time  of  45  sec- 
onds of  time,  each  second  is  worth  3 pounds  of  payload  because  the 
vehicle  is  simply  coasting  upward  against  the  action  of  gravity  and 
is  losing  energy  in  the  process  so  we  are  trying  to  reduce  this  to  a 
minimum. 

Mr.  Karth.  Was  this  a secret  before  you  took  over  the  program? 
Why  did  we  originally  make  the  decision  to  coast  45  seconds  before 
re-ignition  ? 

Dr.  Silverstein.  In  order  to  accomplish  this,  there  are  some  other 
processes  that  have  to  take  place,  rid  as  you  well  know  various 
groups  of  engineers  who  design  any  system  will  come  up  with  dif- 
ferent solutions.  This  solution  was  one  that  became  apparent  to  our 


group. 

I think  it  is  a better  solution,  but  I think  you  must  recognize  the 
fact  that  if  you  put  10  engineering  groups  to  work  on  a system,  that 
you  will  get  10  engineering  answers,  and  some  are  better  than  others. 
I think  this  is  a bit  better. 

Mr.  Karth.  This  is  true,  but  hasn’t  it  always  been  a top  consid- 
eration when  you  are  talking  especially  about  escape,  to  build  your 
vehicles  so  that  you  get  the  best  possible  benefits  ratio  ? 

Dr.  Silverstein,  I think  that  has  been  the  principle. 

Mr.  Karth.  I understand  that  escape  costs  run  to  $10,000,  or  $15,000, 
or  $20,000  a pound.  You  mean  that  hasn’t  been  taken  into  considera- 
tion in  this? 

Dr.  Silverstein.  I must  say  this  is  a change  we  were  putting  into 
the  program  as  a result  of  our  studies  and  that  it  was  not  in  before. 
Different  groups  will  put  different  design  features  into  a vehicle 
and 

Mr.  Karth.  Doctor,  what  is  the  change  in  its  capabilities  now  from 
what  it  could  put  into  escape  as  opposed  to  what  it  now  will  be  able 
to  put  into  escape?  What  could  it  do  under  the  old  configuration  as 
opposed  to  what  it  will  now  ? 

Dr.  Silverstein.  I will  have  to  give  a round  number  on  this.  . I 
would  say  the  changes  we  have  been  making  will  increase  its  capability 
by  250  pounds.  We  have,  in  some  places,  of  course,  increased  the 
weight  of  the  vehicle  to  take  care  of  other  problems.  For  example, 
I will  mention  the  structural  problem  later  which  we  recognize  as  be- 
ing serious  from  the  standpoint  of  the  structure  of  the  vehicle  and 
here  we  are  taking  care  of  it. 

The  effects  are  both  plus  and  minus. 

Mr.  Karth.  Yes,  but  the  overall  pluses  overbalance  the  minuses. 

Dr.  Silverstein.  The  overall  effect  is  plus. 

Mr.  Karth.  You  put  more  in  the  escape  feature  despite  the  added 
weight? 

Dr.  Silverstein.  Yes,  sir.  There  is  one  feature,  of  course,  that  we 
have  been  trying  to  accomplish  and  that  is  to  avoid  the  zero  G situa- 
tion that  occurs  with  this  long  coast  before  we  light  the  engines  and 
that  is  another  reason  we  wanted  to  go  for  a shorter  time.  Between 
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the  time  that  the  booster  separates  and  the  time  that  the  Centaur  en- 
gines ignite,  Centaur  could  be  in  zero  G,  and  to  avoid  that  there  are 
several  small  rockets  that  bum  fuel  to  give  a small  push  on  the  rocket. 
By  keeping  this  time  short  we  bum  less  fuel  here  and  we  don’t  have 
to  worry  about  the  fuel  being  at  the  pump  when  we  get  ready  to  start 
the  engine. 

Another  change  we  have  made  in  this  same  area  has  been  the  devel- 
opment of  an  entirely  new  separation  system  which  is  geared  toward 
insuring  successful  vehicle  flights  and  also  reducing  the  weight.  Previ- 
ously the  vehicle  took  about  12  seconds  to  come  out  of  the  transition 
section  between  the  Atlas  vehicle  and  the  Centaur  stage. 

We  rearranged  the  sequence  to  accelerate  the  Atlas  backwards  away 
from  the  Centaur  rather  than  attempting  to  accelerate  the  Centaur. 
This  was  done  because  the  Atlas  at  this  point  in  its  flight  has  burned 
off  its  fuel  so  that  it  only  weighs  about  10,000  pounds,  whereas  the 
Centaur  weighs  38,000  pounds  at  this  time.  It  was  easier  to  accelerate 
the  lighter  vehicle  away  from  the  Centaur  than  to  accelerate  the  Cen- 
taur forward  as  was  being  done  in  the  previous  design,  so  we  have 
changed  this  situation. 

May  I have  the  next  chart  please  (fig.  82b)  ? 
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This  problem  is  a structural  problem  associated  with  the  fact  that 
Centaur  carries  liquid  hydrogen.  As  you  know  there  have  been  prob- 
lems with  leaking  diaphragms  which  prevented  the  vacuum  in  the 
intermediate  bulkhead  from  reaching  the  low  value  required  to  insu- 
late the  hydrogen  tank  from  the  oxygen  tank. 

Also  there  was  some  question  aoout  the  integrity  of  the  spot  welds 
in  the  thin  301  stainless  steel  that  makes  up  tne  shell  of  the  vehicle. 
You  may  recall  that  there  is  a seam  weld  at  the  joints  with  spot  welds 
in  this  area. 

Studies  have  revealed  that  cracks  occurred  around  these  spot  welds 
associated  with  the  rise  in  temperature  of  the  material  during  the 
welding  process,  and  that  there  is  an  actual  phase  change  in  the  mate- 
rial which  leads  to  the  brittleness  of  the  weld. 

When  hydrogen  is  added  to  the  tank,  the  thermal  shock  tends  to 
expand  the  cracks  and,  because  hydrogen  has  a low  molecular  weight, 
it  will  creep  out  of  almost  any  crack  of  any  size.  It  was  necessary 
to  do  something  about  the  spot  welds.  We  have  taken  two  approaches, 
an  intermediate  and  final  approach.  The  next  chart  will  help  develop 
this  point  (fig.  83a). 
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The  causes  of  cracks  are  stress  concentration  and  lack  of  ductility. 
There  are  remedial  actions  that  can  be  taken.  One  is  to  reduce  stress 
concentration  and  another  to  increase  the  ductility  of  the  welds.  The 
stress  concentrations  can  be  reduced  by  reworking  of  the  weld  pat- 
tern ; the  ductility  can  be  improved  in  two  ways,  one  by  changing 
materials  and  the  other  by  the  addition  of  an  intermediate  material 
between  the  twopieces  of  material  to  be  welded. 

The  GD/A  Corp.  came  up  with  the  idea  of  adding  nickel  to  the 
welds.  Now  nickel,  as  you  know,  increases  the  ductility  of  steel  and 
tests  have  shown  that  the  addition  of  nickel  does  make  these  spot 
welds  more  ductile  and  stronger. 

On  this  chart  (fig.  84a)  you  can  see  a comparison  between  the  result 
obtained  on  spot  welds  of  this  type  that  were  tested  in  shear  and  in 
cross  tension.  You  will  see  that,  whereas  stainless  steel  301  has  in 
cross  tension  only  a load-carrying  capability  of  65  pounds  and  failed 
after  633  cycles,  the  addition  of  nickel  to  the  weld  more  than  doubled 
the  strength  and  the  test  proceeded  to  more  than  2,000  cycles. 
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The  intermediate  solution  we  are  going  to  use  is  the  addition  of 
nickel  and  we  are  going  to  carry  on  a very  heavy  program  of  struc- 
tural development  and  structural  testing  of  the  vehicle  with  these 
welds.  We  are  also  investigating  the  use  of  stainless  310  which  does 
not  become  brittle  at  the  low  temperatures  associated  with  liquicl 
hydrogen.  As  you  can  see  the  310  has  a value  of  232  pounds.  This 
is  a technical  point  that  I think  is  extremely  important  to  the  success 
of  the  vehicle  and  its  structural  integrity. 

Another  problem  that  has  been  encountered  in  recent  months  has 
been  that  associated  with  the  slosh  of  the  liquid  oxygen  in  the  oxygen 
tank  (fig.  85a) . This  tank  contains  over  20,000  pounds  of  liquid  oxy- 
gen. When  the  vehicle  moves  under  the  influence  of  the  winds  and 
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PROPELLANT  SLOSHING 

CURRENT  i A)  SLOSH  BAFFLE  IBI  LOWERED  TANK  BULKHEAD 
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Figure  85a 

atmosphere,  the  liquid  starts  a sloshing  motion  and  the  forces  de- 
veloped under  the  sloshing  motion  can  become  high  enough  to  be 
destructive  to  the  vehicle. 

It  might  be  difficult  to  imagine,  but  I think  the  calculated  and 
measured  forces  can  be  as  high  as  8 to  12,000  pounds  sideways  on  the 
vehicle  because  of  the  slosh.  We  found  it  necessary  to  do  something 
about  it. 

Mr.  Karth.  Wouldn’t  this  be  true  of  every  liquid-fuel  engine? 

Dr.  Silverstkin.  It  is  true  and  has  been  true  of  most  of  our  vehicles. 
You  will  find  most  of  them  have  slosh  baffles.  Now,  the  solution  to 
this  problem  that  we  are 

Mr.  Karth.  My  point  is  that  this  should  not  have  been  a unique 
problem  of  Centaur,  that  we  should  have  had  experience  with  this 
Defore,  inasmuch  as  most  of  our  experience  has  been  with  liquid  fuel 
vehicles. 

Dr.  Silverstein.  I think  the  eaTly  calculations  of  this  slosh  indi- 
cated it  was  not  critical,  but  later  examination  has  shown  this  prob- 
lem must  be  corrected  to  prevent  possible  flight  failure.  We  are 
taking  the  intermediate  step  of  adding  a baffle  in  the  oxygen  tank  and, 
in  the  final  vehicle,  modifying  it  to  lower  the  bulkhead  so  the  volume 
for  the  liquid  to  slosh  in  is  reduced.  We  find  for  a liquid  configura- 
tion of  this  type  that  the  sloshing  force  shown  here  which  peaks  at  a 
certain  frequency  has  a value  of  this  amount  relatively  for  this  tank 
configuration  whereas  it  has  a value  of  this  amount  in  this  configura- 
tion and  here  we  find  the  problem  is  not  serious.  So  by  simply  lower- 
ing the  bulkhead  and  raising  the  level  of  the  oxygen  with  reference  to 
the  top  of  the  tank  we  can  solve  the  slosh  problem. 

Mr.  Karth.  Have  you  reduced  it  by  a factor  of  10,  would  you  say? 

Dr.  Silvebstein.  In  that  order,  yes,  sir.  May  I have  the  next  chart 
(fig.  86a)  ? 
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Another  step  we  are  taking  to  get  at  some  of  the  flight  problems  on 
Centaur  is  to  start  our  flight  program  with  a method  called  direct 
ascent  as  contrasted  with  a flight  program  called  parking  orbit.  I 
think  these  terms  have  become  familiar  to  you  as  a result  of  the  many 
times  they  have  appeared.  The  parking  orbit  is  the  case  in  which  the 
vehicle  first  goes  into  an  Earth  orbit  and  then  refires  out  of  the  orbit 
to  the  target.  The  direct  ascent  is  a case  where  the  vehicle  heads 
toward  the  objective  directly  without  going  into  orbit  first,  and 
requires  only  one  firing  of  the  Centaur  engines.  Our  calculations  show 
that  we  can  achieve  our  development  objectives  by  such  a single  firing  j 

thereby  avoiding  the  long  zero  G period  between  the  first  firing  ana 
the  second  firing.  We  are  going  to  set  up  a flight  program  to  first 
carry  out  the  direct  ascent  to  the  Moon  and  go  to  parking  orbits  later. 

The  limitations  of  this  method  are  shown  here. 

The  launch  opportunities  to  land  on  the  Moon  are  limited  if  you 
use  the  direct  ascent  because  you  have  one  degree  of  freedom  taken 
away.  However,  during  the  periods  of  the  early  flights,  we  have 
shown  that  we  will  have  the  capability  of  ^oing  to  the  lunar  surface 
with  the  payload  we  are  going  to  carry. 

Mr.  Karth.  Does  it  adversely  affect  the  ability  of  the  vehicle  with 
the  greater  number  of  pounds  to  escape  ? 

Dr.  Silverstein.  No,  actually  it  is  slightly  improved.  You  get  a 
slightly  higher  payload  with  direct  ascent. 

Mr.  Karth.  How  much  does  this  increase  the  reliability  of  your 
flight  ? 

Dr.  Sieverstein.  The  early  flight  reliability  will  be  greatly 
increased.  We  feel  that  we  have  enough  problems  in  our  early  flights 
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in  studying  the  overall  flight  problems,  structural,  separation,  and 
engine  problems  without  taking  aboard  the  additional  problems  intro- 
duced by  the  parking  orbit  including  zero  gravity,  noil  off  of  fuel 
during  coast,  and  so  on.  So  we  start  the  program  this  way  and  clear 
out  the  development  problems  in  certain  areas,  and  then  proceed  to 
the  additional  problems  of  the  parking  orbit. 

Mr.  Karth.  Actually,  what  you  are  saying  is  you  are  going  to  be 
building  two  different  Centaurs  ? 

Dr.  Silverstein.  No ; actually  the  change  involved  here  is  not  a 
change  in  the  Centaur.  It  involves  only  the  flight  program  of  the 
vehicle.  The  instrumentation  compartment  of  Centaur  contains  a 
flight  programer  which  signals  the  engine  when  to  start  and  when  to 
stop.  We  will  program  initially  just  one  engine  start  and  the  vehicle 
. will  bum  all  of  its  fuel  in  a single  firing.  When  we  go  to  parking 
orbits,  we  will  put  into  the  programer  the  information  to  turn  the 
engines  on,  off,  coast,  and  restart.  Thus,  it  doesn’t  really  involve  a 
change  in  the  vehicle  but  involves  only  a change  in  the  programing  of 
the  vehicle. 

Mr.  Staebler.  Mr.  Chairman  ? 

Mr.  Karth.  Mr.  Staebler. 

Mr.  Staebler.  May  I ask  an  elementary  question?  What  are  the 
mechanics  of  restart  ? 

Dr.  Silverstein.  Each  engine,  of  course,  has  a somewhat  different 
system  and  the  engine  we  have  has  a start  cycle  which  has  two  parts 
to  it.  There  is  a so-called  prestart  cycle  in  which  the  engine  system 
comes  up  to  speed.  I don’t  know  if  you  know  how  this  particular 
engine  system  operates  but  it  is  a so-called  regenerating  system  in  which 
the  heat  that  is  in  the  engine  system,  such  as  in  the  nozzle  of  the 
engine,  is  used  to  heat  hydrogen  and  then  this  hydrogen  with  the  heat 
added  is  expanded  through  a turbine  to  do  work.  This  turbine  drives 
the  pump  which  pumps  the  liquid  from  the  tank  to  the  engine.  In 
other  engine  systems  you  don’t  use  this  regenerating  cycle  of  using 
heat  .within  the  engine  to  get  work  from  the  turbjne  but  you  use  other 
fuels — for  example,  you  carry  along  another  supply  of  fuel,  run  it 
through  a combustion  chamber  to  drive  the  turbine.  Thus  this  engine 
has  a prestart  cycle  of  propellant  flow  through  the  system  to  engage 
the  turbine  and  bring  up  the  speed  and  then  a start  cycle  which  allows 
the  fuel  to  go  into  the  engine  and  start  combustion. 

Mr.  Staebler.  Do  vou  have  a pilot  flame  ? 

Dr.  Silverstein.  There  is  an  ignition  system  which  is  energized  at 
the  time  of  start.  It  is  a spark  system  such  as  in  your  automobile. 

Mr.  Randall.  That  sounds  a little  like  some  other  phase  of  work. 
Is  that  what  you  refer  to  as  bootstrap  ? 

Dr.  Silver  stein.  That  is  the  regenerating  bootstrap  system. 

Mr.  Karth.  Have  you  changed  that  at  all.  Doctor,  in  this  field? 

Dr.  Silverstein.  We  have  not  changed  the  bootstrap  system  be- 
cause I think  myself  that,  as  a part  of  this  engine,  it  is  an  excellent 
invention.  It  has  some  advantages  from  the  standpoint  of  getting 
the  maximum  impulse  out  of  the  system.  We  have  been  carrying  on 
one  activity  which  is  related  again  to  the  maximizing  of  the  payload; 
that  is,  in  the  prestart  cycle  we  are  prechilling  on  the  ground  so  that 
the  hot  metal  that  is  in  and  around  the  pump  will  not  vaporize  the 
liquid  hydrogen  coming  to  the  pump  and  therefore  prevent  the  pump 
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from  starting.  You  see,  if  you  get  gas  into  a pump  trying  to  pump 
a liquid  it  won’t  pump  well.  So  we  have  to  be  sure  liquid  comes  into 
the  pump.  We  are  doing  this  on  the  ground  and  therefore  not  wast- 
ing the  fuel  that  would  be  expended  in  flight  to  chill  the  pump. 

Mr.  Karth.  If  you  were  starting  from  scratch  would  you  use  the 
bootstrap  principle?  You  are  stuck  with  it  now,  I believe. 

Dr.  Silverstein.  No;  I wouldn’t  put  it  that  way.  Again  I come 
back  to  my  point  that  good  engineers  do  things  different  ways.  If  you 
look  at  bridges,  each  bridge  you  pass  across  looks  different  because  a 
different  engineer  might  have  worked  on  it  and  there  are  certain 
bridges  more  appropriate  for  their  location.  The  same  is  true  of 
engines. 

Mr.  Karth.  Except  this  is  an  experiment  matter.  Your  bootstrap 
system  doesn’t  have  much  growth  potential.  It  has  some,  perhaps^  It 
could  possibly  grow  into  a J-2  engine. 

Dr.  Silverstein.  I think  it  could.  We  are  getting  very  excellent 
performance  on  this  engine.  It  has  some  advantages,  quite  clearly, 
and  it  does  have  the  possibility  of  giving  a little  more  specific  impulse 
because  there  is  no  fuel  wasted  such  as  you  waste  in  a gas  generator 
system.  You  don’t  entirely  waste  the  energy  in  the  gas  generator 
system  because  you  expel  the  gas  downward ; however,  I think  there  is 
possibly  a two-point-impulse  gain  that  can  be  associated  with  the 
bootstrap  principle. 

Mr.  Karth.  You  are  satisfied  that  you  have  improved  this? 

Dr,  Silverstein.  Very  much  so.  I think  this  engine  has  been  a 
very  fine  piece  of  work.  I think  in  a sense  it  justifies  Centaur  almost 
by  itself  because  this  engine,  as  you  know,  is  being  used  in  the  S-IV 
vehicle  and  it  has  demonstrated-  very  clearly  that  we  can  build  a 
hydrogen  engine,  make  it  work,  and  get  good  performance  from  it. 

Mr.  Karth.  Isn’t  the  J-2  engine  a liquid  hydrogen,  liquid  oxygen? 

Dr.  Silverstein.  It  is. 

Mr.  Karth.  That  is  a 200,000-pound-thrust  engine;  is  it  not? 

Dr.  Silverstein.  Yes,  sir. 

Mr.  Karth.  How  far  down  the  road  is  the  development  of  the  J-2? 

Dr.  Silverstein.  It  is  several  years  past  this  development. 

Mr. Karth.  Behind? 

Dr.  Silverstein.  Behind  because  it  was  started  long  afterward. 

Mr.  Karth.  The  technological  advances  we  are  making  in  this 
area — is  this  technology  being  applied  in  the  development  of  the  J-2? 

Dr.  Silverstein.  I am  sure  it  is.  Beyond  that  it  is  being  applied  to 
engines  such  as  the  M-l  which  are  even  larger.  For  example,  we  have 
the  development  of  the  M-l  engine  and  this  is  a million  and  a half 
pounds  of  thrust,  so  the  steps  we  are  taking  of  going  from  15,000  to 
200,000  to  a million  and  a half  are  actually  building  blocks  in  knowl- 
edge and  building- blocks  in  technology  to  give  you  confidence  to  take 
a bigger  step. 

Mr.  Karth..  I am  not  sure  I understand  this  boiloff  problem.  Is  it 
possible  to  boil  off  hydrogen  fuel  if  you  have  no  cracks  at  all  or  no 
leaks,  no  place  for  it  to  escape  ? Is  it  just  a matter  of  changing  from 
a liquid  to  a gaseous  form?  What  is  this  boiloff  you  are  talking 
about? 

Dr.  Silverstein.  I think  you  are  referring  to  my  statement  on  the 
pump. 
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Mr.  Karth.  No,  boiloff  in  the  flight,  during  coast  periods. 

Dr.  Silvehstein.  In  the  flight,  of  course,  when  the  vehicle  is  in 
space,  the  hydrogen  is  down  to  minus  423°  F.,  the  sun  is  shining  on  the 
tank  and  it  is  radiating  to  the  earth  with  a temperature  of  400° 
Rankine,  so  heat  is  being  added  to  the  hydrogen.  It  takes  a certain 
amount  to  vaporize  the  hydrogen  and  as  soon  as  that  much  he&t  gets 
into  it,  it  goes  into  a vapor  and  this  tends  to  put  the  pressure  up  in  the 
tank  because  vapor  tries  to  find  a place  to  live.  The  pressure  goes  up. 
So  this  tank  has  a vent  on  it  which  prevents  the  pressure  rising  above 
a certain  amount. 

Mr.  Karth.  If  you  didn’t  vent  it,  it  would  explode? 

Dr.  Silveestein.  If  you  didn’t  vent  it,  the  pressure  would  get  too 
high  and  it  would  explode.  You  don’t  want  to  vent  more  than  you 
have  to  because  that  is  thrown  away.  So  our  whole  effort  is  to  prevent 
heat  getting  to  the  fuel  and  actually  throwing  it  away. 

Mr.  Karth.  Thank  you. 

Dr.  Silverstein.  You  recall  we  had  this  problem  with  F-l,  the  first 
flight  in  which  this  weather  shield  was  purported  to  have  come  off  due 
to  the  fact  that  the  pressure  underneath  these  panels  here  was  some- 
what higher  than  anticipated  in  the  design  and  it  was  a failure.  In  my 
review  of  this  material  and  looking  at  all  of  the  data  that  is  available, 
I am  not  sure  that  this  is  the  origin  of  the  failure  at  all.  I don’t  think 
there  is  enough  data  to  be  sure  exactly  what  was  the  origin  of  the  F-l 
failure.  Certainly  the  analysis  of  the  data  and  analysis  of  the  struc- 
ture would  indicate  you  would  do  something  to  it  and  we  have.  How- 
ever, whether  or  not  in  truth  this  is  the  difficulty,  I am  not  prepared 
to  say. 

May  I have  the  next  chart,  please  (fig.  87a)  ? 
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Mr.  Karth.  Isn’t  there  a report  out  that  indicates  this  is  a problem 
area  and  something  can  be  done  about  it  and  something  should  be? 

Dr.  Silverstein.  Yes,  sir. 

Mr.  Karth.  What  is  the  name  of  the  report? 

Dr.  Silverstein.  There  are  several  reports  in  this  area.  One  is  a 
technical  report  that  refers  to  pressures 

Mr.  Karth.  The  one  that  calls  specific  attention  to  this  problem  that 
you  had  with  the  first  launch. 

Dr.  Silverstein.  Was  this  the  Fleming  report  ? 

Mr.  Karth.  Was  the  Fleming  report  issued  before  the  first  flight  or 
after? 

Dr.  Silverstein.  That  was  after.  That  was  a review  report.  I 
think  that  I must  admit  that  all  of  us  are  smarter  in  retrospect  than  we 
are  sometimes  initially,  and  possibly  there  was  a design  error  made 
here  and  I think  possibly  this  area  of  the  vehicle  was  not  strong 
enough.  However,  in  order  to  have  enough  evidence  to  prove  this,  a 
great  deal  more  data  will  be  needed.  In  any  event,  we  are  greatly 
reinforcing  this  area  and  making  a great  many  changes  over  the  flight 
operation.  We  have  set  up  a system  at  Lewis  with  a series  of  five  dif- 
ferent programs  in  which  we  are  studying  pressure  on  the  body,  loads 
on  the  body,  loads  on  the  panels  in  this  area,  and  hope  at  least  in  this 
area  to  avoid  any  future  difficulties. 

May  I have  the  next  chart  (fig.  88a)  ? 
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Now,  I don’t  think  I will  go  over  any  more  of  the  technical  problems. 
There  are  others  and  I could  spend  a great  deal  of  the  morning  dis- 
cussing them.  I will  be  glad  to  answer  questions  in  any  particular 
area  that  is  of  interest  to  you. 

Mr.  Kartii.  I think  for  the  record,  Doctor,  I would  like  very  much 
for  you  to  at  least  mention  all  of  the  technical  areas  where  changes 
have  been  made. 

Dr.  Silverstein.  I will  be  very  happy  to. 

I emphasized  in  my  initial  remains  the  area  of  tests;  and  this  is 
an  area  in  which  my  philosophy  is  so  thoroughly  established  that  I, 
perhaps,  lean  over  backwards  here  because  I feel  that  if  we  are  ever 
to  succeed  in  space  it  is  absolutely  essential  that  we  properly  study 
these  vehicles  on  the  ground.  It  is  quite  amazing  when  you  actually 
dig  into  the  details  now  many  techniques  there  are  on  the  ground 
for  studying  the  problems.  One  of  them  we  are  going  to  add  to  the 
test  program  on  the  Centaur  is  a complete  vibrational  analysis  of  the 
vehicle.  We  do  this  by  installing  the  booster,  transition  stage,  Centaur 
stage  and  in  the  spacecraft  within  this  tall  building,  supported  with 
cables  on  the  bottom  so  it  is  free  to  move — we  call  it  a tree-free  sus- 
pension— and  then  wTe  shake  it  and  we  find  throughout  the  whole 
vehicle  what  the  frequencies  are,  what  the  stresses  are  that  can  be 
calculated  and  associated  with  those  frequencies,  whether  there  are  any 
particular  resonances ; that  is,  if  there  are  any  sympathetic  vibrations 
with  the  motions  of  another  part.  We  have  modified  one  of  our 
existing  stands  by  adding  this  little  cupola  on  top.  We  weren’t  quite 
high  enough  to  take  the  vehicle.  We  are  installing  the  cable  supports 
that  are  required  to  suspend  the  vehicle  in  this  free  condition  and 
putting  instrumentation  in  so  as  to  do  a complete  vibration  analysis 
of  the  Centaur  flight  vehicle  ( fig.  88b) . 

Another  area  of  test  we  are  initiating  is  that  of  adapting  the 
philosophy  of  spacecraft  to  vehicles.  You  know  in  all  of  our  space- 
craft, almost  since  the  beginning  of  our  program,  we  take  the  space- 
craft and  put  them  into  thermal  vacuum  tests  and  cycle  through  the 
temperature  ranges  and  through  the  pressure  ranges  that  will  be  en- 
countered by  the  vehicle  in  flight.  We  do  this  because  we  know  that 
there  are  many  pieces  in  the  system  that  are  sensitive  to  the  environ- 
ment of  space.  They  are  either  sensitive  to  the  vacuum  space  or 
sensitive  to  the  effect  of  solar  radiation  in  space.  They  heat  up. 
They  can’t  get  rid  of  the  heat  by  normal  methods.  They  have  to 
radiate.  If  you  prevent  the  body  from  radiating  and  heat  is  added, 
it  burns  up.  If  you  look  at  our  records  for  spacecraft  and  compare 
that  with  the  records  on  vehicles,  you  will  find  that  we  have  an  amaz- 
ingly good  record.  Once  we  get  a spacecraft  into  space,  we  have  had 
very  fine  success.  We  are  going  to  adapt  some  of  the  things  we  did 
in  spacecraft  and  put  Centaur  into  a tank  where  we  can  simulate  the 
problems  we  have  in  space.  This  program  is  underway.  Again,  be- 
cause of  the  length  of  the  stage,  we  have  had  to  modify  the  test  chamber 
by  adding  a dome  and  we  are  making  this  modification  now  (fig.  88c). 

Mr.  Randall.  Mr.  Chairman,  the  comment  about  the  production  of 
heat  in  space.  How  do  you  handle  that?  You  say  put  it  through 
these  ranges  in  temperature  and  then  you  say  there  is  no  way  to  get 
rid  of  it. 


1964  NASA  AUTHORIZATION 


1821 


Figure  88b 


Figure  88c 


i 


1822 


1964  NASA  AUTHORIZATION 


Dr.  Silverstein.  There  is  no  way  by  conduction.  There  are  differ- 
ent ways  of  getting  rid  of  heat.  On  the  ground  most  of  the  heat 
removed  from  hot  bodies  is  by  conduction.  But  in  space,  with  no  air, 
you  can’t  use  conduction  to  get  rid  of  the  heat,  so  you  have  to  get  rid 
of  it  by  radiation.  Getting  rid  of  heat  by  radiation  becomes  pro- 
gressi  vely  more  difficult  as  the  temperature  of  the  body  that  you  are 
trying  to  remove  the  heat  from  approaches  the  temperature  of  the 
body  that  it  is  radiating  to,  so  in  outer  space  we  get  different  tempera- 
tures. For  example,  if  a satellite  is  going  around  the  Earth  and  close 
to  the  Earth,  it  looks  largely  at  the  Earth  from  the  bottom  side  and 
largely  at  space  from  the  top  side.  Looking  at  the  Earth,  there  is 
only  about  103°  temperature  difference  to  get  rid  of  the  heat  out  of 
the  spacecraft,  so  you  have  a problem  getting  rid  of  it.  If  you  are 
looking  into  space  where  the  temperature  is  close  to  absolute  zero, 
then  there  is  no  difficulty  in  getting  rid  of  the  heat.  We  have  had 
problems  in  all  of  the  satellites  as  to  how  you  take  the  heat  out  and 
keep  them  from  burning  up.  All  of  the  pieces  of  equipment  are  very 
sensitive  to  the  addition  of  heat. 

The  test  program,  of  course,  is  ^ery  much  more  extensive  than 
illustrated  in  these  two  charts.  I think  we  have  something  like  30 
different  test  facilities  that  we  use  in  this  program  of  greater  or  lesser 
complexity  in  addition  to  the  wind  tunnel  program  I described.  In 
addition  to  these  programs  I have  described,  we  have  various  stands 
at  Lewis  and  General  Dynamics,  and  a stand  at  Edwards  Air  Force 
Base  that  we  are  using  to  test  the  combination  of  the  tanks  and 
engine  system.  We  are  going  to  test  in  the  San  Diego  area  the  proto- 
type of  our  flight  vehicle  and  run  through  a complete  hot  firing,  so  that 
we  have  a very  extensive  program.  The  tests  of  the  guidance  equip- 
ment have  been  augmented  about  fivefold  over  the  previous  program 
so  as  to  assure  ourselves  that  we  have  adequate  quality  and  reliability 
in  the  system. 

Mr.  Karth.  How  many  additional  vehicles  do  you  need  to  conduct 
this  kind  of  a test  program  ? 

Dr.  Silverstein.  We  are  building  extra  tanks  and  some  extra 
equipment  to  take  care  of  these  test  programs,  but  the  expensive  part 
or  flight  testing  comes  down  to  a combination  of  the  booster  vehicle, 
the  upper  stage  and  the  spacecraft  and,  as  you  know,  in  some  of  our 
flights  we  have  investments  of  $25  million  or  more.  There  is  hardly 
a Emit  to  the  amount  of  ground  testing  that  you  can  do.  You  save 
one  flight  and  pay  for  a tremendous  amount  of  ground  testing.  It 
is  our  objective,  of  course,  in  all  of  our  programs  to  have  100  percent 
success  in  flight  and  we  set  that  as  our  goal  and  hope  to  achieve  it. 
We  probably  won’t  achieve  it,  but  we  will  always  aim  for  it. 

The  next  slide  (fig.  89a)  shows  a current  schedule  for  Centaur  pre- 
sented for  the  flights  in  order,  and  it  shows  the  program  as  best  we 
can  establish  it  at  this  time. 

I think  it  is  reakstic  within  the  framework  of  the  problems  we  have 
encountered  and  the  problems  that  we  anticipate.  It  is  subject,  how- 
ever, as  all  flight  programs  are,  to  being  changed.  You  see  we  are 
flying  a vehicle  in  each  quarter. 

This  quarter  we  fly  two  and  we  continue  into  1965. 

Mr.  Karth.  Your  next  flight  will  go  when — in  July  ? 

Dr.  Silverstein.  The  next  flight  will  be  someplace  in  the  third 
quarter.  It  has  not  been  pinnecT  down  yet.  We  are  studying  right 
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now  the  availability  of  support  equipment  for  the  flight.  One  of  the 
problems,  of  course,  in  setting  up  a program  of  this  type  is  establishing 
thepipeline  of  equipment  that  is  required. 

Tnere  are  thousands  of  parts  in  these  vehicles  and  each  part  has  to 
be  in  the  pipeline.  We  are  trying  to  find  out  now  exactly  what  we 
have  as  to  parts  to  make  possible  the  scheduling. 

Mr.  Karth.  Doctor,  your  chart  tells  part  of  the  story  as  to  why 
we  need  the  Centaur  launch  vehicle.  I see  there  is  the  Surveyor  de- 
velopment program,  and  Surveyor  scientific  missions  are  included.  I 
wonder  if  you  would  for  the  record  list  the  programs  that  are  entirely 
dependent  upon  Centaur. 

Dr.  Silverstein.  Yes,  sir;  I will  do  that  for  the  record.  I can  men- 
tion them  now. 

Mr.  Karth.  Would  you  mention  them  briefly  ? 

Dr.  Silverstein,,  Yes.  The  Surveyor,  of  course,  we  all  consider  to 
be  a key  p rogram  of  NASA  to  provide  us  at  the  earliest  time  a landing 
on  the  lunar  surface.  There  are  a number  of  problems  that  are  asso- 
ciated with  manned  landing  on  the  lunar  surface,  and  the  understand- 
ing of  the  lunar  surface  is  keyed  to  the  success  of  the  program.  I 
think  the  urgency  for  getting  an  early  landing  on  the  lunar  surface 
is  recognized. 

This,  I think,  is  a basic  drive  in  the  Surveyor  program  and  a basic 
drive  in  the  Centaur  program.  That,  is  the  reason  that  we  at  our 
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Center  and  throughout  NASA  are  pushing  as  hard  as  we  know  how 
to  get  this  accomplished.  The  lunar  program,  of  course,  is  followed 
by  the  interplanetary  program  and  Centaur  is  scheduled  to  fly  the 
interplanetary  flights  in  1966  and  beyond.  As  we  make  these  flights 
to  Venus  and  Mars,  there  is  currently  no  other  vehicle  in  the  program 
that  will  carry  an  adequate  weight  of  spacecraft  to  Mars  and  Venus. 

Mr.  Karth.  Are  you  talking  about  the  Voyager  program? 

Dr.  Silverstein.  No;  I am  talking  about  the  advanced  Mariner 
programs. 

Mr.  Karth.  How  about  Voyager? 

Dr.  Silverstein.  Voyager  as  yet  has  not  been  established  technically 
as  a program.  I will  ask  Mr.  Cortright  to  add  to  that,  or  Mr.  Johnson. 

Mr.  Cortright.  The  Centaur  will  make  possible  the  landing  of  in- 
strumented capsules  on  both  Mars  and  Venus  between  1966  and  1970. 
We  hope  to  get  the  Saturn  into  the  program  by  about  1969. 

Mr.  Karth.  I understand  that  the  Office  of  Space  Sciences  is  talk- 
ing about  a vehicle  other  than  Centaur  for  this  Voyager  program,  is 
that  true? 

Mr.  Cortright.  That  is  true,  the  Saturn,  but  the  time  period  would 
be  1969  for  our  first  mission. 

Mr.  Randall.  Mr.  Chairman,  we  went  through  quite  an  inquiry 
on  Centaur  last  year  as  you  well  know.  Dr.  Silverstein,  you  made  the 
comment  here,  I think,  that  no  other  vehicle  in  the  program  will  do 
what  we  are  talking  about. 

Dr.  Silverstein.  No  other  vehicle  will  carry  it  in  the  time  period. 

Mr.  Randall.  Just  in  the  time  period.  We  do  have  vehicles  right 
now  that  if  we  had  to  use  them  we  don’t  have  to  wait  for  Centaur? 

Dr.  Silverstein.  Which  ones? 

Mr.  Randall.  You  mentioned  Saturn  is  down  the  road. 

Dr.  Silverstein.  Saturn  does  not  have  stages  yet  that  will  ac- 
complish the  Surveyor  mission.  It  will  in  time. 

Mr.  Randall.  Perhaps  not  in  NASA  itself,  but  somewhere  in  the 
Air  Force  there  is  a stable  of  vehicles. 

Dr.  Silverstein.  If  there  were,  we  would  use  them. 

Mr.  Randall.  I thought  so.  I just  wanted  to  be  sure  I got  your 
statement  correct.  No  other  vehicle  can  do  what  we  are  talking  about 
in  the  time  range. 

Dr.  Silverstein.  That  is  exactly  correct. 

Mr.  Karth.  Mr.  Randall’s  question  does  cause,  I think,  some  con- 
cern about  other  facets  of  the  first  stage  vehicles.  There  has  been  a little 
talk  about,  that.  Is  there  a possibility  that  Titan  II  may  be  used  as 
the  first  stage  for  the  Centaur?  If  this  is  true,  what  changes  will 
have  to  be  made  in  Centaur  ? 

Dr.  Silverstein.  Currently,  as  you  know,  we  are  looking  at  this 
problem  in  our  Center  to  examine  the  possibilities  of  using  the  Titan 
with  the  Centaur,  and  what  additional  payload  it  will  provide  and 
how  you  would  optimize  the  Centaur  to  work  with  the  Titan. 

However,  this  program,  if  it  were  initiated  tomorrow,  would  be  later 
than  the  Atlas-Centaur  because  it  is  a whole  new  program  and,  for  ex- 
ample, creating  a launch  stand  that  will  even  launch  this  system  is  a 
3-year  program. 

Mr.  Karth.  If  you  went  down  the  Titan-Centaur  road  rather  than 
the  Atlas-Centaur  road,  then  the  vehicle  would  not  be  ready  for  the 
first  Surveyor  shots,  would  it? 
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Dr.  Silverstein.  Absolutely  not. 

Mr.  Cortright.  I would  like  to  add  to  that,  Mr.  Chairman,  if  I 
may.  We  are  looking  at  the  Titan-Centaur  simply  because  should  we 
decide  we  need  it  we  want  to  know’  what  is  involved.  There  is  no  plan 
or  requirement  at  the  moment  which  makes  it  absolutely  necessary  that 
we  develop  this  vehicle  combination.  However,  we  are  interested  in 
what  the  Centaur  could  do,  on  top  of  a better  first  stage.  That  is  why 
we  are  looking  at  it. 

This  is  the  status  of  the  study  at  this  time.  It  is  strictly  a study. 

Mr.  Karth.  Thank  you. 

Back  to  that  Voyager  one  more  time.  Centaur  would  be  used  with 
what  first-stage  vehicle? 

Mr.  Cortrigiit.  Atlas-Centaur  will  be  used  in  the  Mariner  B pro- 
gram. For  Voyager  we  require  a Saturn  1-B  with  a third  stage. 
That  third  stage  is  not  yet  determined  and  we  have  not  come  to  Con- 
gress with  a request  for  funds  to  develop  such  a stage. 

Mr.  Karth.  That  was  my  question  before  and  I was  confused  with 
your  answer.  The  plan  right  now  is  to  use  Centaur  as  a third  stage 
vehicle  on  Saturn  for  the  Voyager  program ; isn’t  that  correct? 

Mr.  Cortright.  No,  sir.  The  third  stage  for  the  Saturn  to  make  a 
booster  suitable  for  the  Voyager  program  has  not  been  determined 
yet. 

Mr.  Karth.  What  are  the  alternatives?  The  alternative  is  1,  Cen- 
taur; 2,  a brand  new  vehicle  which  hasn’t  yet  been  conceived  perhaps; 
and  3,  what  other  vehicle  do  we  have  today  that  might  be  used  ? 

Mr.  Cortright.  Those  are  the  alternatives,  the  Centaur  on  top  of 
the  Saturn,  or  a new  stage  on  top  of  the  Saturn  for  use  in  the  1969 
program. 

Mr.  Karth.  Hasn’t  there  been  some  discussion  about  that  new  third 
stage  that  emanated  as  a result  of  consideration  of  the  lunar  logistics 
vehicle? 

Mr.  Cortright.  Yes,  sir.  You  recall  we  discussed  this  in  an  earlier 
hearing  this  year.  This  is  one  of  the  new  stages  that  has  been 
proposed  as  a third  stage  for  the  Saturn  IB. 

Mr.  Karth.  This  is  the  new  stage  we  just  discussed  as  one  of  the 
two  alternatives,  is  that  correct  ? 

Mr.  Cortright.  Yes. 

Mr.  Karth.  Then  really  I guess  we  are  talking  about  the  advanced 
Mariner  and  Surveyor  program  as  being  the  only  two  programs  we 
absolutely  need  for  Centaur?  is  that  right  ? 

Mr.  Cortright.  The  Mariner  and  Surveyor. 

Dr.  Silverstein.  However,  there  are  other  uses  I might  mention. 

Mr.  Karth.  Voyager  is  a possibility. 

Mr.  Cortright.  Voyager  may  use  the  Centaur  stage  if  it  is  adapted 
to  the  Saturn.  I think  that  is  where  we  had  a misunderstanding. 

Dr.  Silverstein.  Not  in  the  science  program,  but  in  the  applica- 
tions program  we  are  looking  at  the  24-hour  orbit  for  the  synchronized 
satellites  and  there  are  indications  that  they  will  be  used  in  this  area. 
How  these  will  actually  develop  as  a result  of  studies  and  requirements 
in  the  area  of  our  Office  of  Applications  have  not  been  finalized. 

Mr.  Karth.  Thank  you,  Doctor. 

Mr.  Cortright.  One  other  quick  point.  There  are  other  potential 
missions  in  addition  to  those  Dr.  Silverstein  mentioned  which  we  have 
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really  not  discussed  because  they  are  in  the  study  phase.  The  Atlas- 
Centaur  is  capable  of  deep  space  probes  which  we  can’t  make  with 
other  vehicles  such  as  probes  close  to  the  sun. 

Dr.  Silverstein.  That  concludes  the  material  I prepared  for  show- 
ing on  charts.  I will  be  happy  to  answer  questions  with  reference 
to  this  material  or  any  other  questions  you  may  have. 

Mr.  Karth.  Doctor,  how  much  engineering  would  you  say  needs  to 
be  done  yet  on  Centaur?  The  reason  I ask  the  question  is  because  I 
notice  that  one  of  the  daily  publications  carried  information  to  the 
effect  that  Space  Technology  Laboratories  was  just  granted  a half 
million  dollar  contract  for  additional  study  program. 

I am  not  sure  just  exactly  what  that  means.  Certain  other  contracts 
have  been  let  for  engineering  studies  in  support  of  the  Centaur  pro- 
gram. I am  not  sure  what  that' means.  Certain  other  contracts  have 
been  let  for  flight  readiness  programs  and  support  of  the  development 
programs  and  systems  integration, 

I am  not  quite  sure  what  that  means.  I wonder  if  you  could  tell 
us  how  far  away  we  really  are  from  having  a Centaur  vehicle  that 
works? 

Dr.  Silverstein.  The  basic  ingredients  of  the  program  I think  are 
well  established.  However,  in  a development  program  which  is  creat- 
ing a vehicle  or  an  engine  or  any  sort  of  system,  if  you  plot  the  en- 
gineering requirements  against  time  in  the  program  and  engineering 
costs  against  time  in  the  program,  you  will  find  a typical  distribution 
for  the  job  which  shows  an  increase  in  requirements  in  the  program 
usually  up  through  the  first  3 years  or  sometimes  3 y2  years,  if  it  was  a 
5-year  development  program,  which  most  of  our  vehicles  and  engine 
systems  are,  and  then  perhaps  leveling  off  at  the  last  year.  You 
might  ask  why  you  have  to  carry  this  total  staff  that  builds  up  and 
levels  off  through  the  whole  program. 

It  is  because  it  is  a development  program.  It  is  because  as  you  suc- 
cessively go  from  basic  layouts  in  the  system  which  your  engineers  are 
working  on  to  detailed  design  drawings  and  creation  of  first  hardware 
through  first  tests,  failures  m first  tests  because  it  is  a development  pro- 
gram, reengineering  to  take  care  of  failures,  retests,  qualification  of 
all  hardware  that  is  on  the  bench  and  in  the  laboratory  for  production, 
assembly  of  systems,  complete  systems  checkout,  checkout  of  the  birds 
as  they  are  prepared  for  the  launch  stand,  and  work  at  the  launch 
stand,  you  will  find  that  if  you  integrate  these  totals  over  these  years 
you  do  end  up  with  the  same  kind  of  curve  and  although  at  first  glance 
you  might  say  you  have  designed  something  and  your  engineering 
department  built  it,  this  is  not  the  case. 

Mr.  Karth.  You  say  you  have  about  80  people  working  on  this 
project? 

Dr.  Silverstein.  We  have  80  key  people.  Actually  at  Lewis  right 
now  we  have  key  people  plus  others  for  a total  of  some  320  people. 

Mr.  Karth.  How  many  of  these  people  are  from  Marshall  Space 
Flight  Center  ? 

Dr.  Silverstein.  None  of  them. 

Mr.  Karth.  None  at  all? 

Dr.  Silverstein.  Pardon  me,  I made  a mistake  here.  I should  have 
mentioned  the  fact  that  within  the  Centaur  staff  7 counted  the  people 
out  at  the  General  Dynamics/ Astronautics  plant  who  are  on  the  ]ob 
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and  some  15  of  these  were  transferred  from  Marshall.  They  had 
been  on  Marshall’s  rolls  before.  They  are  not  physically  at  Lewis  but 
are  at  San  Diego  and  are  part  of  the  Centaur  team. 

Mr.  Karth.  None  of  the  actual  team  are  from  Marshall  ? 

Dr.  Silverstein.  No. 

Mr.  Karth.  7 assume  that  these  people  have  been  assigned  to  some 
other  program  ? 

Dr.  Silverstein.  I assume  they  have. 

Mr.  Karth.  They  haven’t  been  laid  off,  have  they  ? 

Dr.  Silverstein.  I have  not  followed  these  people  particularly. 
They  were  with  us  for  the  first  2 months  in  making  the  transfer  and 
as  soon  as  we 

Mr.  Karth.  They  worked  for  2 years  on  this  program.  What  hap- 
pens to  all  of  their  experience  ? 

Dr.  Silverstein.  I think  that  we,  during  the  2-month  period  inter- 
change, got  on  board  about  as  effectively  as  we  could  have  and  I think 
that  our  basic  experience  is  adequate  because  of  our  background  to 
handle  it.  You  see,  our  background  is  in  this  area. 

Mr.  Randall.  With  reference  to  General  Dynamics/ Astronautics,  I 
assume  you  meant  General  Dynamics  out  in  California. 

Dr.  Silverstein.  Yes. 

Mr.  Randall.  They  came  with  you  for  2 months  and  then  they  are 
gone.  You  said  you  had  none  from  Marshall. 

Dr.  Silverstein.  I said  during  the  first  2 months  of  the  transfer  of 
the  program  from  Marshall  to  Lewis  the  management  team  from 
Marshall  were  with  us.  They  were  mostly  all  at  Lewis  and  as  we 
picked  up  information  from  different  pieces  of  the  team  we  let  them 
return. 

Mr.  Randall.  I thought  you  said  there  were  none  with  you  now. 

Dr.  Silverstein.  There  are  none  with  us  now. 

Mr.  Randall.  Then  you  said  soipe  came  from  San  Diego,  I thought? 

Dr.  Silverstein.  I was  not  very  clear.  Our  team  has  a group  now 
of  some  28,  building  up  to  34  people,  that  are  at  the  General  Dynamics 
plant.  These  people  are  responsible  for  monitoring  the  General 
Dynamics  work  in  the  plant,  providing  for  rapid  response  to  procure- 
ment requirements.  They  have  certain  procurement  authority  at  a low 
level  so  that  the  program  is  not  delayed.  Since  it  has  a DX  priority, 
it  is  not  delayed  because  of  the  time  it  takes  paper  work  to  get  back 
and  forth  from  Cleveland  to  San  Diego.  We  have  a small  group  there. 
There  are  15  of  these  people  that  came  with  us  at  the  time  of  the 
transfer  of  the  program  from  Marshall  to  Lewis. 

Mr.  Karth.  Doctor,  Titan  II-Centaur,  if  I may  refer  to  it  as  such, 
would  have  pretty  much  the  same  capability  as  the  Titan  III,  would 
it  not,  or  is  that  an  improper  assumption  ? 

Dr.  Silverstein.  I would  guess  that  it  would  have  less  capability 
than  Titan  III,  although  I would  much  prefer  to  go  through  these 
calculations  in  detail  to  see — I would  guess  it  would  be  less  for  some 
missions.  It  would  have  more  for  others. 

Mr.  Karth.  It  would  be  pretty  close  ? 

Dr.  Silverstein.  I would  say  in  the  orbit  mission  it  would  have  less. 
I think  in  the  more  distant  missions  I would  say  it  may  have  the  same, 
depending  on  what  third  stage  is  used  with  the  Titan  III,  but  I would 
prefer  to  go  through  the  calculations. 
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Mr.  Karth.  Do  you  recall  how  much  money  has  been  spent  on  Cen- 
taur up  to  this  time  ? 

Dr.  Silverstein.  Yes,  up  through  1963,  from  1959  when  the  pro- 
gram was  started,  it  is  about  $280  million.  I might  want  to  correct 
this  one  way  or  the  other. 

Mr.  Karth.  How  many  vehicles  do  you  have  in  the  program  ? 

Dr.  Silverstein.  The  current  program  that  I showed  had  some  15 
vehicles  through  1965,  but  subsequent  to  that  time  there  will  be  ap- 
proximately 7 to  8 vehicles  a year  flown  for  the  next  4 years. 

Mr.  Karth.  How  much  additional  money  will  it  take  to  complete 
the  Centaur  development  program  ? 

Dr.  Silverstein.  We  are  estimating  currently  that  it  will  take  be- 
tween $425  and  $450  million  for  the  total  cost  of  the  program,  includ- 
ing engine  vehicle  development  and  the  early  launches. 

Mr.  Karth.  That  is  for  the  first  10  vehicles  ? 

Dr.  Silverstein.  The  first  10,  yes. 

Mr.  Karth.  Do  you  happen  to  recall  what  the  original  estimates 
by  General  Dynamics/Astronautics  were  when  they  made  their 
proposal? 

Dr.  Silverstein.  I don’t  recall  because  their  original  proposals  were 
made  to  the  Defense  Department.  You  recall  the  program  was  started 
through  the  Defense  Department,  and  the  original  proposals  were 
made  to  them,  and  I wasn’t  a party  to  it  at  that  time. 

Mr.  Karth.  Mr.  Cortright,  do  you  happen  to  recall  those  figures? 

Mr.  Cortright.  We  have  that  information.  I will  ask  Mr.  Johnson 
to  read  it. 

Mr.  Johnson.  As  Dr.  Silverstein  said,  the  original  estimates  didn’t 
apply  to  the  complete  program,  because  it  started  out  as  a technologi- 
cal program.  At  the  time  it  was  first  conceived  of  as  a 10- vehicle 
development  program  for  missions,  the  best  estimate  we  had  was 
about  $270  or  $280  million  for  the  first  10  vehicles.  This  was  about 
the  middle  of  1961  when  the  program  took  shape  in  this  fo^m. 

Mr.  Karth.  Doctor,  in  addition  to  the  15  men  from  Marshall  Space 
Flight  Center  who  still  have  some  quality  control  responsibilities  at 
General  Dynamics/Astronautics,  do  you  have  any  of  your  men  as- 
signed to  the  contractor  as  quality  control  people? 

Dr.  SiLifERSTETN.  Yes,  sir. 

Mr.  Karth.  How  many  technical  people  are  assigned  to  General 
Dynamics/Astronautics  to  see  that  this  program  functions  properly  ? 

Dr.  Silverstein.  At  that  plant  there  currently  are  28  total,  and 
there  are  going  to  be  some  slight  increases  before  the  end  of  this  fiscal 
year,  which  we  estimate  will  bring  it  to  34.  These  are  not  all  technical 
people,  however.  These  people  have  secretaries  and  others.  I think 
the  total  technical  people  are  close  to  20,  and  some  of  these  people  are 
reliability  and  quality  control  people,  and  some  are  procurement  peo- 
ple. The  head  of  the  group  is  an  assistant  project  manager  who  is  the 
voice  and  arm  of  the  project  management  in  Cleveland  at  General 
Dynamics/ Astronautics. 

Mr.  Karth.  I wonder  for  the  record  if  you  could  tell  us  what  the 
performance  capabilities  are  for  Centaur  as  you  see  it  now,  since,  as 
I understood  you  during  your  chart  talk,  you  have  increased  its 
capability  by  200  pounds  or  250  pounds.  Is  this  true  ? 
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Dr.  Silvers teix.  Yes,  sir.  Our  initial  requirement,  of  course,  is 
to  carry  a 2,100-pound  Surveyor  to  the  lunar  surface,  and  we  are  di- 
recting our  attention  to  providing  that. 

We  want  to  have  a margin  of  250  pounds,  and  our  goal  is  around 
2,850  pounds. 

Mr.  Karth.  One  of  our  Centaur  vehicles  was  destroyed  on  the  test 
stand  at  Sycamore  Canyon.  Has  this  situation  been  changed  and  the 
test  stand  removed? 

Dr.  Silverstein.  Well,  the  test  stand  isn’t  activated,  and  because  of 
the  difficulty  it  has  never  been  rebuilt  so  there  is  no  current  hazard. 
The  Atlas  stand  is  simply  not  functioning. 

Mr.  Karth.  You  don’t  anticipate  conducting  tests  on  that? 

Dr.  Silverstein.  We  are  conducting  tests  on  our  stand,  but  the 
Atlas  stand  is  decommissioned. 

Mr.  Mosher.  I would  like  to  ask  this  question.  Is  there  any  degree 
of  doubt  remaining  in  your  mind  concerning  the  ultimate  success  of 
the  hydrogen  technology?  Are  you  completely  confident  now  that 
you  will  succeed  in  the  hydrogen  technology  and  it  won’t  have  to  be 
discarded  ? 

Dr.  Silverstein.  Without  question  I am  sure  that  hydrogen  is  an 
excellent  fuel  for  space  application  and  will  be  used  in  the  future  for 
space  vehicles. 

Mr.  Mosher.  Wasn’t  there  quite  a little  talk  in  this  committee  last 
year  about  the  possibility  that  hydrogen  would  have  to  be  discarded 
and  some  other  more  exotic  fuel  used?  You  don’t  have  any  doubt 
on  that  score  yourself? 

Dr.  Silverstein.  No,  sir ; we  will  continue  to  use  hydrogen,  and  the 
problem  is  simply  one  of  creating  the  technology  that  enables  you  to 
use  it  successfully.  Every  time  we  take  a step  of  this  type  we  go 
through  it,  we  live  through  it,  and,  depending  on  how  able  we  are  and 
how  smart,  and  how  we  anticipate  our  problems,  we  do  better  or 
worse.  Sometimes  in  retrospect  you  see  mistakes  you  have  made 
which  you  try  to  correct  the  next  time  around,  but  sometimes  you 
don’t  do  it  then  either.  It  is  a problem  of  anticipating  problems  m a 
new  area. 

Mr.  Mosher.  Hydrogen  is  not  the  ultimate  in  itself,  probably. 
Some  generations  ahead  we  may  look  back  on  hydrogen  as  less  than 
perfect. 

Dr.  Silverstein.  In  chemical  fuels,  as  you  know,  hydrogen  is  in  the 
most  favored  position  in  the  atomic  chart.  The  oxidizers  to  go  with 
it  can  be  varied,  but  it  is  not  anticipated  we  are  going  to  get  any  better 
chemical  fuels  than  hydrogen;  and  in  the  nuclear  systems,  hydrogen 
is  the  key  material  as  the  fuel  because  of  its  low  molecular  weight. 
The  most  important  characteristic  of  an  engine  from  the  standpoint 
of  accomplishing  difficult  space  missions  is  the  thing  we  call  specific 
impulse,  which  is  essentially  the  same  as  miles  per  gallon  on  your 
automobile;  only  the  impulse  is  pounds  of  thrust  per  pound  of  fuel 
burned  per  second.  The  more  thrust  you  get  out  of  each  pound  of 
fuel  you  burn  the  better.  Well,  this  term  is  dependent  upon  basically 
two  things : one,  the  temperature  at  which  you  bum  it  and,  secondly, 
the  molecular  weight.  The  equation  is  very  simple — it  is  simply  the 
square  root  of  the  temperature  divided  by  the  molecular  weight— so 
what  we  are  after  is  a fuel  with  a low  molecular  weight. 


i 


1830 


1964  NASA  AUTHORIZATION 


Mr.  Karth.  So  there  is  nothing  better  from  that  standpoint.  There 
has  been  some  talk  by  members  of  the  committee  that  maybe  we  are 
traveling  the  wrong  road  in  putting  most  of  our  eggs  in  the  hydrogen 
basket,  and  it  may  be  well  worth  our  while  to  increase  the  research 
in  the  diborane  field  and  fluorine,  I think. 

Dr.  Silverstein.  I think  you  are  right. 

Mr.  Karth.  The  specific  impulse,  quite  frankly,  is  greater. 

Dr.  Silverstein.  With  fluorine  as  an  oxidizer,  yes.  Let  me  first 
agree  with  your  statement  that  there  is  a need  for  a continuing  effort 
in  chemical  propellants.  Take  the  fluorine  case  first.  We  are  and 
have  been  working  with  fluorine  for  years,  as  you  know,  not  for  ap- 
plication directly  in  a development  vehicle  but  rather  from  a research 
point  of  view  to  develop  backgrounds  of  ideas.  We  have  tested,  for 
example,  fluorine-hydrogen  systems  which  give  you  theoretically 
almost  the  highest  impulse  of  any  chemical  fuels.  There  are  a few 
other  much  more  exotic  combinations  that  give  you  higher  values. 
We  have  gotten  values  of  the  specific  impulse  as  high  as  480  in  our 
program  which  is  a very  high  value.  In  the  boron  area,  as  you  know, 
Congress  last  year  appropriated  a million  dollars  for  special  attention 
to  this  area  which  we  are  expanding  in  an  effort  to  increase  the  basic 
knowledge  in  this  area.  The  laboratory  in  Lewis  has  worked  in  the 
boron  field  for  many  years.  We  have  a program  we  are  initiating 
with  the  combination  of  the  OF2,  which  is  a mixture  of  oxygen  and 
fluorine — actually  it  is  a chemical  combination — and  diborane,  which 
gives  a specific  impulse  less  than  hydrogen  and  oxygen  but,  since  these 
materials  are  quite  dense,  the  loss  of  the  specific  impulse  is  somewhat 
compensated  for  in  some  missions  by  the  increased  density  of  the 
system. 

Mr.  Karth.  How  about  cesium  ? 

Dr.  Silverstein.  Cesium  is  a possibility  for  some  applications  as  an 
additive,,  but  most  particularly  cesium  becomes  of  interest  in  our  elec- 
tric propulsion  area. 

Mr.  Karth.  There  has  been  a running  argument  for  several  years 
between  two  divergent  theories.  One  is  that  the  liquid  makes  the  best 
prime  booster  system  and  the  other  is  that  the  solids  do.  I wonder  if 
you  care  to  address  yourself  to  this  question,  and  tell  us  what  group 
do  you  agree  with  and  why. 

Dr.  Silverstein.  Well,  the  fact  is  that  there  are  some  areas  where 
it  is  quite  clear  that  solids  are  best  and  there  are  some  where  it  is  quite 
clear  that  liquids  are  best,  and  there  are  other  areas  that  you  can  use 
either. 

Mr.  Karth.  If  there  are  some  areas  where  solids  are  best,  why  isn’t 
NASA  doing  anything  on  solids?  Technically  they  are  not  doing 
anything  on  solids. 

Dr.  Silverstein.  Solids  happen  to  be  best  in  the  area  where  rapid 
response  and  readiness  are  the  most  important  ingredients.  This 
brings  it  most  definitely  into  the  Defense  Department  area,  and  you 
will  find  the  Defense  !Department  in  their  missile  program  and  in 
advanced  booster  programs  where  readiness  is  of  more  importance  are 
the  ones  sponsoring  the  solid  work.  The  fact  that  the  solid  rocket  is 
always  ready  to  go  is  an  important  feature  from  the  defense  point  of 
view.  In  the  liquid  area  where  you  hope  to  get  extremely  high  im- 
pulse, say,  of  the  order  of  480  that  I mentioned  earlier  or  470,  as  yet 
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there  are  no  solid  combinations  that  have  been  developed  that  will 
give  specific  impulse  of  this  amount.  More  than  that,  wecannot  yet 
throttle  the  solid  engine  and  provide  a degree  of  flexibility  such  as 
required  in,  say,  landing  of  the  vehicle  on  a surface,  whether  it  be  the 
lunar  surface  or  planet  surface,  where  you  want  to  be  able  to  modulate 
the  thrust  in  very  fine  amounts.  There  has  been  some  work  done  to 
try  to  stop  them  and  it  has  been  successful,  but  modulation  has  not  been 
accomplished.  This  is  a goal  of  the  liquid  field  that  will  let  you  hover 
above  the  surface  and  build  up  and  increase  the  thrust,  so  in  these 
areas  it  is  quite  clear  the  liquid  is  superior.  There  are  other  areas 
where  you  can  take  your  choice.  If  you  recall,  years  ago  there  were 
many  arguments  between  those  that  build  in-line  engines  and  radial 
engines  and  I think  it  came  out  that  they  are  both  good.  I think  that 
is  true  of  the  liquids  and  solids  in  this  intermediate  area. 

Mr.  Karth.  Do  you  feel  as  far  as  the  deep  space  probes  are  con- 
cerned that  the  solid  fuel  is  not  nearly  as  applicable  to  that  kind  of  a 
program  as  is  a liquid ; is  that  correct?  , 

Dr.  Silverstein.  There  is  one  function  that  can  be  performed  by  a 
solid  even  in  that  mission  and  that  is  a function  of  a retrorocket  which 
has  one  job  to  perform,  which  is  to  slow  down  the  vehicle,  say,  from 
one  velocity  to  another.  In  this  case  you  can  show  that  a well-devel- 
oped solid  rocket  can  be  competitive.  Then  you  get  into  other  things 
and  you  begin  to  talk  not  now  about  performance  but  the  trade-off 
factors  that  you  always  have  in  design. 

Mr.  Karth.  You  don’t  see  much  likelihood  of  our  developing  the 
10  or  15  or  20  million  pounds  thrust  solid  booster  engines  ? 

Dr.  Silverstein.  The  studies  or  the  basic  technological  develop- 
ments are  underway  for  fairly  large  segments  and  whenever  that 
occurs,  I don’t  attempt  to  be  a prophet.  Since  this  program  is  under- 
way I am  willing  to  wait  to  see  how  these  things  develop. 

t think  they  can  be  developed,  but  there  are  other  factors  that 
you  get  into.  From  an  economical  point  of  view  the  question  at  this 
point  is  whether  we  will  be  able  to  develop  reusable  boosters  by  return- 
ing first  stages.  The  advantage  would  return  to  the  liquid  boosters 
very  quickly  for  reusable  boosters  because  in  a solid  rocket  the  thing 
that  is  expensive  is  the  propellant,  whereas  in  the  liquid  rocket  the 
thing  that  is  expensive  is  the  hardware,  so  if  you  can  return  the  hard- 
ware in  a liquid  rocket  it  is  quite  attractive  and  I am  sure  in  time  we 
will  learn  how  to  develop  it.  This  remains  open  as  a development 
and  I think  we  ought  to  continue  to  develop  both  the  liquid  and  solid 
rockets  for  the  time  being. 

Mr.  Cortright.  Mr.  Chairman,  to  illustrate  where  we  do  use  solid 
rockets  when  we  think  they  have  a particular  advantage,  the  Scout 
vehicle,  as  you  know,  has  four  high-energy  solid  propellent  stages. 
Also,  we  have  used  solid  propellent  retrorockets  on  both  the  Ranger 
and  Surveyor.  These  are  a far  cry  from  the  10-million-pound  rockets 
you  were  talking  about,  but  they  are  advantageous  in  those  applica- 
tions. 

Mr.  Randall.  I thought  all  along  that  our  big  problem  is  to  get 
more  pounds  thrust.  That  is  the  whole  thing  we  are  seeking,  isn’t 
it  ? If  there  is  any  head  start  in  our  adversary,  it  is  for  that  reason. 
We  talk  about  the  valuation  boards,  and  so  forth,  at  all  levels  and  we 
know  or  at  least  I assume  that  we  know,  that  NASA  is  doing  nothing 
on  solids;  is  that  right?  Except  the  Scout  which  we  use 
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Dr.  Silvers tei n . I think  you  will  find  within  our  budget  small  sums 
of  money  associated  with  the  technology  of  applying  solids  rather 
than  carrying  on  the  major  study  on  it. 

Mr.  Randall.  I think  you  said  some  slight  amount  of  money  was 
given  to  study. 

Dr  Silverstein.  Ybs. 

Mr.  Randall.  Outside  of  NASA  or  in  the  Defense  Department,  is 
there  any  continued  valuation  in  going  ahead  with  solids  ? 

Dr.  Silverstein.  The  sobds  area  is  being  pushed  quite  vigorously. 

Mr.  Randall.  In  the  Defense  Department? 

Dr.  Silverstein.  Yes. 

Mr.  Randall.  Is  there  any  panel  cr  commission  or  board  that  is 
constantly  on  top  of  that  ? 

Dr.  Silverstein.  Do  you  want  to  answer  that,  Homer?  You  know 
there  is  a coordinating  board  between  NASA' and  the  Department  of 
Defense ; yes,  sir. 

Mr.  Randall.  That  is  what  I am  talking  about. 

Dr.  Silverstein.  The  Aeronautics  and  Astronautics  Coordination 
Board  which  is  an  interagency  organization,  cochaired  by  Dr.  Sea- 
mans, of  NASA,  and  Dr.  Brown,  of  the  Defense  Department.  One  of 
the  agreements,  of  course,  that  they  have  is  the  vehicle  agreement 
which  has  been  arranged  between  NASA  and  the  Defense  Department 
in  which  discussions  and  agreements  are  reached  on  all  new  vehicle 
developments  and  a continuous  survey  of  the  propulsion  field  is  main- 
tained through  a panel  of  this  coordinating  board  which  is  directed 
at  the  propulsion  problem  particularly.  They  are  propulsion  experts 
from  NASA  and  DOD. 

Mr.  Karth.  What  about  concepts  ? Do  the  two  agencies  of  Govern- 
ment get  together  and  discuss  those?  I understand  that  the  Defense 
Department  was  quite  surprised  about  the  M-2  concept  that  NASA 
came  out  with  a few  days  ago  or  a couple  of  weeks  ago. 

Dr.  Silverstein.  I wasn’t  informed  that  they  were  surprised.  Con- 
cepts, of  course,  can  arise  anywhere  and  I think  it  is  very  difficult  to 
control  in  an  organization  the  size  of  NASA  with  the  many  people 
that  are  entitled  to  speak  their  minds  regarding  concepts— concepts 
seems  to  be  an  area  of  utter  freedom  so  anybody  can  have  a concept. 
Until  it  becomes  a program  that  is  funded  it  isn’t  too  important  in  the 
national  scene.  Every  morning,  I have  more  concepts  that  I can 
handle. 

Mr.  Karth.  What  about  when  it  gets  into  a feasibility  study  stage? 
Is  it  still  a concept  then  or  something  else  ? 

Dr.  Silverstein.  A feasibility  study  stage  is  really  the  analysis  of 
a concept  to  find  out  if  it  has  meaning. 

Mr.  Karth.  Then  should  there  be  cooperation  or  coordination  be- 
tween the  two  organizations  to  eliminate  overlapping  and  duplication  ? 

Dr.  Silverstein.  I think  there  should  be  and  is  at  this  point.  In 
our  propulsion  panel  that  works  under  the  coordinating  board,  any 
new  studies  that  are  created  in  this  area  are  mutually  discussed,  so 
that  there  is  an  interchange. 

Mr.  Randall.  Doctor,  you  may  not  be  the  proper  witness  and  I am 
the  worst  layman  of  them  all  in  this,  but  is  there  any  work  being  done, 
or  is  it  feasible  to  combine  stages  of  solids  and  liquids.  Now,  you 
mentioned  here  this  question  of  flexibility  to  modulate  the  thrust  like 
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landing.  Well,  there  is  no  problem  in  the  original  getaway.  You  want 
all  you  have  got  on  the  original  getaway  and  I want  to  say  as  has  been 
saia  before  and  some  of  tne  members  are  not  on  the  committee  any 
more  but  I feel  that  is  the  answer,  a big,  big  thrust  on  the  getaway. 
Is  there  anything  being  done  along  that  line? 

Dr.  Silverstein.  Yes,  sir. 

Mr.  Randall.  There  is  no  control  there  except  just  to  get  away; 
isn’t  that  it?  You  are  talking  about  recovery  of  the  vehicle,  and  so 
forth.  Have  you  gone  into  the  poor  man’s  version  of  binding  together 
these  segments  ? There  is  nothing  to  save  there.  That  is  going  to  be 
jettisoned  and  that  is  it. 

Dr.  Silverstein.  There  was  a report  in  the  paper  the  other  day 
about  a flight  which  is  exactly  this  combination  in  Wnich  a Thor  liquid 
vehicle  was  augmented  by  solids. 

Mr.  Randall.  I don’t  know  that  you  are  the  proper  one  to  go  into 
it  but  we  are  making  some  progress  on  that  ? 

Dr.  Silverstein.  I think  this  flight  was  a definite  piece  of  progress 
and  I think  that  there  isn’t  any  question  but  that  you  can  use  solids, 
say,  for  initial  boost.  This  method  has  been  used  for  years  at  our 
Wallops  Island  station  for  augmenting  the  thrust  at  takeoff  of  sound- 
ing rockets  with  solids.  It  is  the  same  concept  used  in  the  whole 
JATO  system  on  aircraft.  It  can  be  developed  for  space  very  exten- 
sively. 

Mr.  Randall.  And  get  into  the  flexibility  you  talk  about  in  the 
upper  stages,  and  so  form  ? 

Dr.  Silverstein.  Yes,  sir. 

Mr.  Kabth.  But  the  development  of  large  first-stage  solid  boosters 
is  a long  way  off  in  the  future  if  we  delop  them  at  all.  Isn’t  that 
true  ? What  are  we  doing  in  this  area  ? When,  if  we  are  going  to  have 
them  at  all,  will  we  have  them  ? 

Dr.  Silverstein.  I might  suggest  it  would  be  more  appropriate  in 
this  area  for  you  to  discuss  this  with  the  people  in  Brainerd  Holmes’ 
shop  because  they  are  the  people  familiar  with  it. 

Mr.  Karth.  Some  members  of  this  committee  like  to  explore  the 
question  with  other  people.  Some  believe  in  liquids,  period,  and  some 
believe  in  solids,  period,  and  we  would  like  to  have  an  objective 
viewpoint. 

Dr.  Silverstein.  Yes.  I am  perfectly  willing  to  discuss  it.  I 
might  point  out  that  mine  might  not  be  the  official  voice.  The  aug- 
menting of  liquid  rockets  with  solids  is  very  appropriate  and  can  be 
done  and  is  being  done  and  done  successfully. 

Mr.  Karth.  But  you  don’t  see  in  the  near  future  NASA’s  v . 3 
large,  tremendously  large,  first-stage  solid  boosters,  do  you? 

Dr.  Silverstein.  This  is  not  the  way  the  program  is  currently 
headed.  In  other  words,  to  develop  a booster  we  know  it  takes  5 or  6 
years  so  that  nothing  that  we  do  not  have  in  the  mill  right  now  is 
going  to  be  developed  before  5 or  6 years  and  we  have  the  S-l  and 
S-5  liquid  boosters  under  development. 

Mr.  Karth.  On  the  basis  of  what  we  have  in  the  mill  we  couldn’t 
possibly  have  a large  solid  booster  that  the  gentleman  has  in  mind 
before  this  decade  is  passed,  could  we,  because  we  don’t  have  anything 
like  this  under  study  ? 


/ 

i. 


V 


1834 


1964  NASA  AUTHORIZATION 


Dr.  Silverstein.  In  the  national  program,  you  are  familiar  with 
the  Titan  III  program  which  does  utilize  solids  in  combination  with 
the  Titan. 

Mr.  Karth.  I remember  that.  There  was  a great  deal  of  thought 
that  that  might  be  canceled,  too. 

Dr.  Silverstein.  This  I don’t  know  about. 

Mr.  Karth.  The  point  is  we  have  no  feasibility  studies  now  being 
made  as  to  the  practicability  of  15  or  20  million  pound  solid  boosters, 
do  we? 

Dr.  Silverstein.  There  have  been  feasibility  studies  made  already 
and  I think  there  are  in  progress  other  studies  relating  to  the  uses 
of  solids.  These  are  studies. 

Mr.  Karth.  But  there  are  no  programs  or  no  plans  in  NASA’s 
table  of  plans  to  use  this  kind  of  a vehicle,  is  there  ? 

Dr.  Silverstein.  I would  have  to  say  not  to  my  knowledge. 

Mr.  Karth.  Mr.  Haminill  ? 

Mr.  Hammill.  Going  back  to  Mr.  Mosher’s  question  on  the  use  of 
hydrogen  as  a fuel,  isn’t  it  true  that  the  essential  question  is  the 
storability  of  hydrogen  in  space?  You  brought  out  earlier  in  your 
testimony  the  fact  it  is  sensitive  to  temperature  changes  which  causes 
boiloff.  How  are  we  going  to  lick  that  problem? 

Dr.  Silverstein.  This  is  a basic  problem,  storability,  and  currently 
work  is  underway  on  insulations  for  tanks.  As  you  know,  there  have 
been  rather  substantial  gains  made  in  this  area  in  recent  years  through 
the  use  of  the  very  thin  foil  insulator  materials  built  up  alternately 
of  aluminum  reflectors  where  you  keep  the  radiation  down  from  the 
tanks.  We  are  working  with  these  and  other  people  are  working 
with  them.  Insulation  of  tanks  to  avoid  boiloff  is  underway.  I be- 
lieve this  problem  will  be  solved. 

Mr.  Hammill.  Another  point.  Last  year  when  Dr.  von  Braun 
testified  before  the  subcommittee  he  mentioned  differences  between  the 
design  philosophies  of  Marshall  and  General  Dynamics/Astronautics 
and  specifically  it  was  brought  out  that  the  so-called  margin  of  safety 
built  into  the  vehicles  produced  at  Marshall  was  35  percent,  whereas 
General  Dynamics/ Astronautics  used  a 25-percent  margin  of  safety. 

Now,  are  there  any  differences  in  design  philosophy  between  Lewis 
and  General  Dynamics/Astronautics  on  the  Centaur  vehicle? 

Dr.  Silverstein.  Well,  I think  that  I better  put  it  another  way 
around.  It  is  our  intent  to  approve  the  design  of  the  vehicle  so  that  we 
will  have  a common  philosophy.  I think  that  we  must  be  responsible 
for.  the  design  and  so  we  will  intend  to  approve  whatever  design 
philosophy  is  used,  so  there  will  be  a common  one. 

Mr.  Hammill.  There  will  be,  or  there  is  now  ? Isn’t  the  thing  so 
far  along  that  we  know  that  there  is  a common  design  philosophy? 

Dr.  Silverstein.  There  is  a common  design  philosophy  since  we 
will  approve  the  design,  so  there  can’t  be  room  for  discrepancy. 

In  other  words,  if  it  doesn’t  satisfy  us  from  the  standpoint  of 
strength,  we  will  make  it  stronger. 

Mr.  Karth.  You  have  beefed  this  thing  up  quite  substantially 
haven’t  you,  Doctor? 

Dr.  Silverstein.  Yes,  sir. 

Mr.  Hammill.  One  other  thing:  During  the  course  of  last  year’s 
hearings  it  was  brought  out  that  Mr.  Hueter  from  Marshall  had 
written  a letter  to  Mr.  Dempsey  of  General  Dynamics/ Astronautics 
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and  in  this  letter  he  had  mentioned  that  in  his  opinion  the  staff  at 
General  Dynamics/Astronautics  working  on  Centaur  was  not  sufficient 
in  number  and  quality. 

I wonder  if  you  are  satisfied  with  the  number  and  quality  of  per- 
sonnel assigned  to  this  program  by  General  Dynamics/ Astronautics 
atthistime? 

Dr.  Silverstein.  There  has  been,  as  you  know,  a rather  substantial 
increase  in  the  level  of  the  people  at  General  Dynamics/ Astronautics. 
When  you  discuss  the  quality  of  an  organization,  you  are  dealing  with 
intangibles.  One  man’s  evaluation  of  this  is  hardly  adequate. 

I think  that  the  people  we  have  been  doing  business  with  generally 
are  of  the  same  quality  as  those  that  exist  in  most  of  the  organizations 
in  this  country.  You  plot  a standard  distribution  curve,  and  I think 
you  will  get  the  same  kind  of  a curve  in  this  organization  as  you  get  in 
any  other  organization. 

Mr.  Hammill.  That  is  true,  but  if  there  is  anybody  that  has  to  be 
satisfied  with  the  number  and  quality  of  personnel  in  General 
Dynamics/Astronautics,  it  is  you. 

Dr.  Silverstein.  That  is  true,  and  if  I feel  they  are  not  adequate, 
I know  how  to  take  care  of  it. 

Mr.  Karth.  We  think  you  are  doing  a real  good  job,  I might  say, 
Dr.  Silverstein.  We  have  a great  deal  of  faith  in  your  running  this 
program. 

Mr.  Staebler.  Mr.  Chairman,  the  Russians  are  ahead  of  us  in 
capacity  to  develop  larger  vehicles.  What  have  they  learned  that  we 
haven’t  yet  understood?  In  what  phases  do  they  excell — the  parts 
of  the  program  ? 

What  are  our  limiting  factors  to  date? 

Dr.  Silverstein’ . I can’t  answer  your  question  on  the  basis  of 
knowledge  that  I hold  about  their  vehicles,  because  in  fact  I have 
never  seen  one  of  their  vehicles,  and  the  information  I have  obtained 
has  been  quite  sketchy,  and  certainly  not  authentic  data,  so  that  I 
cannot  answer  your  question  accurately. 

I can  answer  this  question  in  the  most  general  way  by  saying  that 
they  started  earlier,  and  had  their  requirements  for  a larger  vehicle, 
which  we  do  know  to  be  the  fact.  So  they  built  a bigger  vehicle. 

Our  efforts  in  the  ballistic  missile  program,  from  which  we  moved 
to  carry  on  the  space  work,  using  the  ballistic  missiles  as  the  first  stage 
was  aimed  at  building  the  smallest  ballistic  missile  we  could,  and  we 
in  fact  didn’t  go  ahead  to  build  the  ballistic  missile  until  our  weapons 
work  was  far  enough  along  so  we  could  have  a small  ballistic  missile. 
So  we  inherited  the  smaller  ballistic  missile  as  our  first  stage  for  our 
space  boosters.  Really  the  only  vehicle  that  might  be  considered  to 
have  been  designed  wholly  for  space  use  is  the  Saturn  C-l,  which  as 
you  know  is  just  going  through  the  early  flight  test. 

I am  talking  about  the  bigger  vehicles.  Of  course,  Scout  was  cre- 
ated especially  for  the  space  missions. 

Mr.  Staebler.  What  problems  did  they  encounter  and  solve  that 
we  are  still  working  on? 

Dr.  Silverstein.  They  just  started  earlier,  I think,  and  by  starting 
several  years  earlier  with  a bigger  vehicle,  they  had  it  available  when 
they  needed  it.  I think  it  is  largely  that,  but  of  course  this  is  an  area 
in  which  you  must  obviously  make  guesses,  and  I think  you  will  have 
to  classify  my  answer  as  a guess. 
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Mr.  Staebler.  With  Saturn  then,  we  have  the  solution  to  problems 
of  size  in  hand  ? 

Dr.  Silverstein.  Not  knowing,  of  course,  exactly  what  the  Rus- 
sians are  planning  as  the  next  step,  it  would  be  very  difficult  to  prove 
that  Saturn  I,  or  Saturn  V was  bigger  than  what  the  Russians  are 
going  to  build.  These  are  big  vehicles  that  will  meet  the  requirements 
of  our  program  in  the  next  decade.  If  the  Russians  choose  to  build  a 
big  vehicle,  I feel  fairly  sure  they  can — but  whether  they  are  or  not,  I 
don’t  know. 

Mr.  Karth.  Would  the  gentleman  yield  ? 

Mr.  Staebler.  Surely. 

Mr.  Karth.  Do  we  nave  any  evidence  that  the  Russians  are.  build- 
ing a bigger  basic  booster  than  they  have  been  using  ? 

Dr.  Silverstein.  I have  none,  sir.  I don’t  know.  I would  be  very 
much  surprised  if  they  weren’t,  but  I don’t  know  for  a fact. 

Mr.  Karth.  You  are  not  aware  of  any  evidence  that  we  have  as  to 
that? 

Dr.  Silverstein.  I am  not  aware  of  it.  There  may  be  evidence,  but 
I am  not  aware  of  it. 

Mr.  Staebler.  Are  there  any  bottlenecks  that  lie  ahead  in  the  devel- 
opment of  larger  vehicles  ? 

Dr.  Silverstein.  There  are  many  problems,  tremendous  problems. 
However,  they  in  general  are  what  I classify  as  engineering  problems 
that  are  amenable  to  good  engineering  judgment  and  hard  work. 

Mr.  Staebler.  There  is  no  blockade  ahead  ? 

Dr.  Silverstein.  I see  no  place  where  a real  conceptual  break- 
through will  have  to  occur. 

Mr.  Staebler.  Thank  you,  Mr.  Chairman. 

Mr.  Karth.  Any  further  questions? 

Mr.  Hammill.  I have  one. 

Mr.  Karth.  Mr.  Hammill. 

Mr.  Hammill.  Early  in  your  testimony,  Dr.  Silverstein,  you  spoke 
about  your  philosophy  of  ground  testing.  In  essence  it  seems  to  me 
that  you  are  saying  that  it  is  more  economical  in  the  long  run  to  have 
extensive  testing  on  the  ground  to  avoid  flight  test  failures. 

Now  is  this  a novel  or  unique  approach  in  NASA  ? Is  this  not  the 
way  the  rest  of  the  vehicle  development  programs  are  going? 

Dr.  Silverstein.  It  is  a somewhat  novel  thing  in  the  Centaur  pro- 
gram, and  it  is  somewhat  novel  in  fact  in  the  vehicle  program,  al- 
though this  philosophy,  I am  sure,  is  shared  by  our  Marshall  people. 
In  the  development  of  Saturn  they  have  taken  as  many  steps  as  they 
could  to  achieve  similar  purposes. 

As  vehicles  get  bigger,  your  facility  limitations  get  bigger  so  it 
prevents  you  from  putting  the  entire  vehicle  in  the  space  chambers. 
Our  problem  in  the  past  has  been  there  are  no  facilities  large  enough  to 
handle  them.  They  are  just  too  big. 

I do  think  as  we  move  ahead  in  our  whole  space  effort  that  a key 
element  in  it  is  building  the  ground  facilities  that  will  enable  us  to 
test  our  vehicles  as  best  we  can  in  an  environment  simulating  space. 

Mr.  Karth.  Do  we  have  vacuum  chambers  large  enough  to  put  the 
electronic  equipment  in  and  keep  them  under  those  conditions  for 
substantial  periods  of  time  ? 

Dr.  Silverstein.  This  we  have  done,  and  are  doing.  It  is  necessary, 
though,  that  you  start  at  the  component,  level  and  check  out  this  equip- 
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ment  and  qualify  it  for  space  use,  and  then  you  qualify  the  subsystems 
in  which  these  are  grouped,  and  then  you  qualify  the  systems  and  then 
you  must  qualify  the  vehicle,  because  many  of  the  problems  we  en- 
counter for  the  first  time  in  flight  are  due  to  the  interaction  of  subsys- 
tems within  the  whole  system  and  many  of  the  failures  are  associated 
with  the  environment  that  the  whole  system  finds  itself  in  when  it  is 
operating  as  a system. 

Mr.  Hammill.  What  other  vehicle  development  programs  do  you 
have  under  your  direction  at  Lewis? 

Dr.  Silverstein.  We  are  now  following  the  Agena  program  and  the 
program  associated  with  the  M-l  engine  involvement  is  currently  at 
Lewis. 

We  have  no  other  vehicle  programs. 

Mr.  Karth.  Has  Pratt,  Whitney’s  work  on  the  engine  been  satis- 
factory, on  the  Centaur  engine  ? 

Dr.  Silverstein.  In  my  opinion  it  has  been  quite  good. 

Mr.  Mosher.  Dr.  Silverstein  mentioned  the  necessity  for  hard  work 
a moment  ago.  I wonder  if  you  want  to  characterize  your  intensity  or 
your  lack  of  it  in  your  work  at  Lewis?  Under  what  type  of  head  of 
steam  are  they  working  there?  Is  it  a fairly  routine  and  leisurely 
fashion,  or  do  you  feel  as  though  you  have  fire  underneath  you  all 
of  the  time  and  you  are  driving  and  driving? 

Which  is  it? 

Dr.  Silverstein.  I think  we  characterize  it  in  the  latter  fashion. 

Mr.  Mosher.  You  feel  as  though  there  is  tremendous  drive  behind 
most  of  the  people  working  there? 

Dr.  Silverstein.  I know  there  is,  and  these  people  are  dedicated  and 
are  devoting  not  just  an  8-hour  day  to  this,  but  the  number  of  hours  it 
takes  to  get  the  job  done  that  particular  day,  and  of  course  the  work 
requires — I dare  say  there  isn’t  a weekend  that  is  not  almost  encom- 
passed by  the  working  effort  of  our  people  in  the  program. 

Mr.  Mosher.  They  are  not  working  on  time  and  a half  and  double- 
time basis? 

Dr.  Silverstein.  They  are  not  earning  overtime  in  that  sense. 
They  are  working  the  hours  to  get  the  job  done.  They  are  profes- 
sional people,  and  work  whatever  time  it  takes  to  get  the  job  done. 

Mr.  Mosher.  You  are  satisfied  with  the  motivation ? 

Dr.  Silverstein.  I think  everyone  realizes  this  is  an  important  pro- 
gram. 

Mr.  Mosher.  Well,  I am  basically  impressed  by  the  magnitude  of  the 
scientific  problems  you  are  undertaking,  not  only  here,  but  elsewhere, 
and  usually  when  you  have  a crash  program,  there  is  a lot  of  hit  and 
miss,  but  you  are  resolving  a lot  of  the  misses,  and  having  the  hits. 

Dr.  Silverstein.  We  think  so. 

Mr.  Karth.  Doctor,  that  is  all  for  today.  We  thank  you  very  much 
for  coming  down.  We  sincerely  appreciate  it. 

As  I said  before,  I think  I can  speak  for  the  committee  on  this,  that 
we  have  a great  deal  of  confidence  in  you  and  your  team  assigned 
to  the  problem,  and  the  will  that  you  have  apparently  to  make  this  a 
success. 

Thank  you  very  much.  The  meeting  is  adjourned. 

Dr.  Silverstein.  Thank  you. 

(Whereupon,  at  12:10  p.m.,  the  subcommittee  adjourned.) 
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THURSDAY,  MARCH  21,  1003 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth  (chair- 
man of  the  subcommittee)  presiding. 

Mr.  Karth.  The  subcommittee  will  be  in  order.  Doctor  Newell,  to- 
day we  will  go  into  the  construction  of  facilities  program  for  the 
Office  of  Space  Sciences,  and  you  may  proceed  in  any  manner  you 
would  like. 

STATEMENT  OF  BE.  HOMEE  E.  NEWELL,  OFFICE  OF  SPACE 

SCIENCES,  NASA;  ACCOMPANIED  BY  EDGAR  M.  COETEIGHT, 

DEPUTY  DIEECTOE 

Dr.  Newell.  Thank  you,  Mr.  Chairman,  the  Office  of  Space 
Sciences  has  assembled  a few  notes  on  this.  1 would  like  to  ask  Mr. 
Cortright  to  run  through  them  for  you  with  explanations  of  what 
our  needs  are  in  construction  of  these  facilities. 

Mr.  Karth.  Mr.  Cortright. 

Mr.  Cortright.  Mr.  Chairman,  the  construction  of  facilities  pro- 
gram for  fiscal  year  1964  at  the  NASA  field  centers  responsible  for 
the  space  sciences  program  is  summarized  on  this  chart  (fig.  79,  Office 
of  Space  Sciences).  We  are  requesting  a total  of  $25,509,000  to  con- 
struct four  facilities  at  the  Goddard  Space  Flight  Center,  Greenbelt, 
Md.,  three  at  the  Jet  Propulsion  Laboratory,  Pasadena,  Calif.,  and 
one  at  the  Launch  Operations  Center,  Cape  Canaveral,  Fla.  This 
total  represents  approximately  3 percent  of  the  space  sciences  budget 
for  this  year. 

As  the  space  sciences  program  has  developed  over  the  past  few 
years,  the  technical  difficulty  of  flight  projects  has  created  the  need 
for  ground  testing  and  laboratory  facilities  which  approach  the  com- 
plexity of  the  spacecraft  themselves.  For  example,  the  complexitv 
of  a space  environment  facility  is  illustrated  by  this  photograph 
behind  us  (fig.  80,  Space  Environment  Simulator).  Requirements 
for  extreme  low  pressures,  solar  simulation,  and  cryogenic  wall  tem- 
peratures present  difficult  design  and  development  problems  which 
must  be  solved  in  a timely  manner.  This  type  of  technical  facility 
must  be  available  on  the  ground  to  test  flight  hardware  in  order  to 
insure  reliability  and  long  lifetime  in  space. 
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I just  would  like  to  mention,  this  is  not  a facility  we  are  asking  for 
(fig.  81,  Spacecraft  Development  Facilities).  I have  shown  it  on  the 
screen  simply  to  illustrate  the  kind  of  facilities  you  have  been  pro- 
viding for  us  up  through  this  past  year  so  that  we  can  get  our  job 
done. 


Figure  81 

The  next  slide  (fig.  82,  Goddard  Space  Flight  Center)  shows  the 
four  fiscal  year  1964  projects  proposed  for  construction  at  the  God- 
dard Space  Flight  Center. 

The  mechanical  test  facility  and  quality  assurance  laboratory 
shown  in  the  upper  left  will  provide  a large  30-  by  40-foot)  vacuum 
test  chamber  and  the  necessary  laboratory  equipment  to  perform  fail- 
ure analysis,  calibration,  and  quality  assurance  testing.  This  facility 
will  permit  testing  of  components,  systems  and  complete  spacecraft 
of  our  largest  variety  from  the  standpoint  of  reliability  and  quality 
control. 

To  repeat  myself,  increased  reliability  is  the  key  to  successful  space- 
craft development  programs;  and  best  achieved  by  complete  ground 
testing  prior  to  flight.  It  we  have  learned  one  thing,  this  is  it. 

The  data  interpretation  laboratory  is  shown  in  the  lower  left. 
This  facility  is  required  to  provide  for  centralization  of  laboratory  ef- 
fort in  the  design  and  development  of  spacecraft  and  ground  telem- 
etry' systems;  the  location  of  computing,  data  processing,  and  data 
reduction  equipment;  and  real-time  data  handling  for  satellite  con- 
trol. This  consolidation  is  necessary  for  three  reasons.  First,  the 
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Figttu  82 

requirement  for  data  processing  and  analysis  has  outgrown  the  limited 
space  available  for  this  purpose.  Second,  the  data  system  groups  now 
working  are  spread  over  several  geographic  locations  including  rental 
spact  Finally,  the  co-location  of  developmental  and  operational 
groups  will  permit  rapid  interchange  of  information  on  mutual  prob- 
lems. Since  this  laboratory  will  house  existing  organizational  units, 
most  of  the  large  data  processing  systems  will  be  in  existence  prior  to 
the  completion  of  the  building  and  need  merely  to  be  transferred  into 
the  new  building. 

The  planned  modernization  in  the  payload  test  facility  shown  in  the 
upper  right  on  this  slide  will  provide  for  the  upgrading  of  existing 
equipment  and  the  addition  of  test  equipment  having  increased  capa- 
bility. 

We  plan  to  add  solar  simulation  to  the  existing  12-  by  15-foot  ther- 
mal-vacuum chamber  for  example. 

This  improvement  will  provide  an  improved  capability  for  simu- 
lating the  space  environment.  Equipment  will  be  added  to  the  me- 
chanical test  laboratory  to  extend  its  present  limit  of  1,000  pound 
spacecraft  to  4,000  pounds.  Also,  the  central  data  collection  and  anal- 
ysis system  which  supports  the  facilities  will  be  expanded  to  permit 
experimenters  to  observe  and  monitor  experiments  undergoing  test. 
This  is  necessary,  I might  point  out,  because  our  new  spacecrafts,  in- 
stead of  carrying  5 or  6 experiments  carry  20  to  40. 

The  isolated  hazardous  test  facility  shown  in  lower  right  will  be 
located  on  a remote  site  off  the  Center  proper.  This  facility  will  be 
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composed  of  two  hazardous  laboratory -type  buildings,  a concrete  test 
pad  separated  by  earth  bunkers,  a central  control  building  and  two 
storage  bunker  buildings.  This  facility  will  provide  a safe  means  for 
conducting  investigations  of  damage  resulting  from  simulated  space 
radiation  and  for  containment  of  blast  and  fragmentation  particles 
caused  by  detonation  of  pyrotechnic  equipment. 

The  next  slide  (fig.  83,  Jet  Propulsion  Laboratory)  shows  sketches 
of  the  three  facilit  ies  proposed  in  tne  fiscal  year  1964  construction  pro- 
gram for  the  Jet  Propulsion  Laboratory. 


Fioubt  83 

The  planned  addition  to  space  flight  operations  facility  will  permit 
continuous  and  simultaneous  communications  with  spacecraft  during 
a lunar  mission  lifetime  of  from  3 to  60  days  and  a planetary  mission^ 
lifetime  of  from  3 to  8 months.  The  need  for  a multiple  flight  control 
capability  will  begin  in  the  last  ouarter  of  1964  with  concurrent 
Ranger,  Surveyor,  and  Mariner  flignt  operations.  The  addition  will 
be  used  to  house  new  analog  and  digital  data  processing  equipment  and 
provide  operational  space  for  the  technical  personnel  involved  in 
around-the-clock  space  flight  operations  supporting  these  projects. 

The  Development  Engineering  Building  is  shown  in  lower  right. 
The  office  and  laboratory  space  will  provide  for  technical  laboratories, 
a machine  shop,  stockroom  storage,  and  a high-bay  developmental 
area.  The  Engineering  Mechanics  Division  is  now  scattered  through 
10  different  buildings,  12  trailers,  and  2 leased  facilities  off  the  Jet 
Propulsion  Laboratory  premises.  This  group  will  primarily  occupy 
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this  facility.  The  present  decentralization  of  division  activity  has 
separated  the  engineers  from  developmental  laboratories  and  shops, 
in  which  much  of  their  work  is  carried  on,  and  has  prover.  to  be  a 
serious  handicap  to  efficient  and  effective  work. 

The  Materiel  Services  Building  will  provide  for  a consolidation  of 
support  and  service  functions  ; service,  inventory  control,  central  stores 
warehousing,  shipping,  receiving,  inspection,  property  accounting, 
and  Materiel  Services  Division  offices. 

The  location  of  these  activities  within  a centralized  area  will  bring* 
together  personnel  now  occupying  trailers  and  off-laboratory  leased 
space. 

The  last  slide  (fig.  84)  is  an  artist’s  sketch  of  the  unmanned  satellite 
operations  facility  planned  at  the  Launch  Operation  Center.  This 
facility  will  provide  the  necessary  working  space  for  the  preflight 


PtOUBE  84 

preparation,  system  testing,  and  final  assembly  of  unmanned  satellites 
such  as  OGO,  OAO,  and  Surveyor  under  closely  controlled  environ- 
ments of  temperature,  humidity,  pressure,  fungus  and  spore-free 
ambients  conditions,  and  radiation  to  permit  close  calibration  of  engi- 
neering test  and  scientific  instrumentation. 

In  summary,  it  should  be  noted  that  although  these  facilities  repre- 
sent only  a small  part  of  our  proposed  program  for  the  coming  year, 
they  are  an  extremely  important  and  integral  part  of  our  total  R.  & D. 
effort.  It  is  only  by  thorough  and  adequate  proof  testing  of  our  flight 
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hardware  that  we  can  approach  the  reliability  and  mission  lifetimes 
required  of  our  flight  projects. 

Those  are  the  prepared  remarks,  Mr.  Chairman. 

Mr.  Karth.  Anything  further  you  would  like  to  add,  Mr.  Cortright, 
or  Dr.  Newell? 

Dr.  Nbwell.  Now,  as  Mr.  Cortright  has  said,  these  facilities  are 
essential  to  our  developing  and  maintaining  the  high  reliability  we 
feel  we  have  to  maintain  in  the  space  program.  We, ' therefore, 
strongly  requesty  our  support  of  these  facilities. 

Mr.  Karth.  Colonel  Gould? 

Colonel  Gould.  I have  a few  general  questions,  Dr.  Newell,  I’d  like 
to  ask.  Possibly  some  of  these  are  across-the-board  questions.  May- 
be Mr.  Ulmer  might  be  able  to  provide  the  answers. 

I’d  like  to  have  you  outline  for  the  committee  the  programing  and 
budgeting  cycle  that  NASA  follows  in  developing  its  construction 
program  from  the  time  a requirement  becomes  known  at  a given  field 
installation  until  the  facility  comes  into  being. 

Could  you  do  that  for  us,  please  ? 

Mr.  Cortright.  I think  Mr.  Ulmer  is  most  qualified  to  do  this. 
Mr.  Ulmer  is  Director  of  Facilities  Coordination  in  the  NASA’s 
Office  of  Programs.  He  has  been  kind  enough  to  come  with  us  today. 

Mr.  Karth.  Welcome,  Mr.  Ulmer.  Why  don’t  you  take  a seat  at 
the  witness  table. 

Mr.  Ulmer.  Colonel  Gould,  the  budgeting  for  facilities  follows  the 
regular  budget  cycle  with  respect  to  the  R.  & D.  programs  in  that  the 
total  requirements  come  from  the  field  centers  as  a package  to  a partic- 
ular program  office. 

Now,  facility  requirements  are  generated  in  the  field  in  two  ways : 

One,  by  virtue  of  the  knowledge  of  the  field  people,  particularly  in 
the  advance  research  areas,  of  the  facilities  they  might  require  in  the 
future  to  carry  out  their  programs. 

The  other  way  a facility  requirement  is  generated  is  by  a program 
director  laying  on  a program  to  a field  center  for  work  that  nas  to  be 
done  in  carrying  out  an  approved  mission  and  a facility  requirement 
mav  generate  from  that  assignment  of  work. 

This  may  put  a particular  field  center  in  a situation  where  it  is  de- 
veloping requirements  to  handle  the  workload  of  more  than  one  pro- 
gram office. 

The  field  center  director  then  has  the  responsibility  of  working  with 
both  program  offices  to  fit  the  facility  requirements  into  his  overall 
long-range  plan. 

The  facility  requests  are  prepared  in  the  form  of  project  requests 
consisting  of  a description,  justification,  cost  estimate,  and  construc- 
tion schedule. 

The  cost  estimates  are  based  on  preliminary  engineering  studies 
made  by  staffs  at  the  center.  These  are  estimates,  it  is  true,  Duit  they 
are  well-founded  estimates  in  that  these  staffs  have  had  long  experience 
over  the  years  in  building  the  types  of  facilities  required  in  carrying 
on  our  work.  They  are  not  final  estimates  and  they  are  not  estimates 
based  on  complete  architectural  engineering  designs. 

The  projects  are  then  submitted  together  with  the  R.D.  & O.  re- 
quirements to  a program  director  like  Dr.  Newell  who  then  has  the 
responsibility  for  melding  the  overall  requirements  in  his  program 
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area  into  whatever  constraints  the  management  may  have  placed  on 
him  with  respect  to  the  overall  agency  budget. 

I am  sure  you  are  aware  this  process  goes  on  in  every  agency. 

The  final  agency  budget  is  then  established  by  the  program  directors 
sitting  down  with  the  Associate  Administrator,  the  Deputy  Admin- 
istrator, and  with  Mr.  Webb  and  reviewing  in  detail  each  facility  item 
and  its  relationship  to  the  program  and  why  the  facility  is  necessary 
in  carrying  out  the  program. 

After  discussions  with  the  Bureau  of  the  Budget  we  get  a Bureau 
of  the  Budget  markup,  which  results  in  the  submission  to  the  Congress. 

I do  want  to  emphasize  the  fact  that  the  facility  cost  estimates  are 
not  just  guesses.  They  are  what  we  consider  reasonable  estimates 
based  on  preliminary  engineering  studies  by  our  field  people. 

Colonel  Gould.  WTiat  is  the  timetable  from  the  time  the  require- 
ments become  known  in  the  field  until  the  facility  is  complete?  (This, 

1 realize,  depends  on  the  complexity  of  the  facility  to  a certain  extent.) 

Mr.  Ulmer.  It  would  vary  between  about  18  months,  to  perhaps,  in 

some  cases,  4 or  5 years.  Right  now  we  are  generating  requirements 
that  will  be  going  into  fiscal  year  1965  budget,  some  of  which  will  take 
8 to  4 years  to  complete  in  the  construction  phase. 

Colonel  Gould.  Then  the  programing  cycle  within  NASA,  is  about 

2 years? 

Mr.  Ulmer.  Yes,  sir,  18  months  to  2 years. 

Colonel  Gould.  Do  you  think  the  length  of  this  cycle  is  incompatible 
with  the  pace  at  which  the  space  program  is  proceeding? 

Mr.  Ulmer.  No,  sir,  I do  not,  provided  the  agency  is  given  a reason- 
able flexibility  to  adjust  its  program  to  meet  changing  requirements. 

This  flexibility  is  a key  element  in  this  kind  of  business. 

Colonel  Gould.  Does  the  reprograming  authority  that  you  now  have 
for  construction  of  facilities,  help  to  reduce  this  cycle? 

Mr.  Ulmer.  It  helps  to  reduce  the  cycle  where  a program  change 
makes  a changed  cycle  necessary,  Colonel. 

For  the  majority  of  our  facilities  we  carry  out  the  construction  of 
the  facility  generally  in  the  manner  and  the  timetable  in  which  it  was 
presented  to  the  Congress. 

If  a change  in  the  *R.  & D.  program  makes  it  necessary  to  start  a 
new  facility,  to  change  the  scope  of  an  authorized  facility;  or  to  change 
the  construction  timetable  for  a facility,  the  reprograming  authority 
may  be  absolutely  essential  to  allow  those  actions  to  be  taken. 

Colonel  Gould.  I notice  that  in  the  past  years,  the  amount  of  ad- 
vance planning  funds  that  have  been  made  available  to  NASA  has 
been  somewhat  limited  considering  the  size  of  your  construction 
program. 

Would  more  liberal  use  of  advance  design  funds  assist  in  cutting 
down  the  cycle  to  any  great  extent? 

Mr.  Ulmer.  Yes,  perhaps  it  could,  Colonel. 

It’s  hard  to  speak  of  this  in  generalities  though.  You  really  have 
to  look  at  the  individual  facility  requirements. 

If  you  have  very  good  planning  in  a program  where  there  is  rela- 
tively little  change,  advance  design  money  is  not  necessarily  helpful  in 
that  you  can  plan  your  facilities  early  enough  so  that  the  regular 
budget  cycle  takes  care  of  it. 

The  advance  facility  planning  and  design  is  particularly  desirable 
in  the  phases  of  the  program  that  change  rapidly. 
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This  year  we  have  a total  of  $8  million  for  advance  facility  plan- 
ning and  design.  We  have  allocated  the  entire  amount. 

Under  the  reprograming  authority  you  people  have  given  us  in  the 
authorization  act,  we  can  allocate  additional  funds  to  the  advance 
facility  planning  and  design  account  and  we  are  in  the  process  now 
of  making  such  a recommendation.  A modest  reprograming  action 
in  that  direction  will  be  coming  before  you  soon. 

The  advance  design  account  is  a very  helpful  item.  We  are  glad 
we  have  it. 

You  can’t  advance  design  everything  because  the  technical  charac- 
teristics of  many  of  the  facilities,  must  proceed  in  relationship  to  the 
development  of  the  R.  & D.  program.  You  couldn’t  now,  for  example, 
sit  down  and  design  every  facility  you  might  need  4 years  from  now. 

Certain  facility  requirements  might  look  quite  different  at  that  time, 
depending  on  the  progress  of  the  R.  & D.  effort. 

Colonel  Gould.  But  it  would  appear  that  if  you  had  enough  advance 
design  money  in  fiscal  year  1963,  for  example,  to  design  at  least  to 
preliminary  stage  all  the  facilities  you  are  asking  for  in  the  1964  pro- 
gram, youf  estimates  and  your  requirements  would  be  firmer  when 
you  submitted  your  authorization  request  this  year.  Is  that  not  cor- 
rect? 

Mr.  Ulmer.  I think  that’s  a fair  statement,  Colonel. 

There  would  be  a tendency  to  have  firmer  estimates  based  on  more 
engineering  studies. 

Colonel  Gould.  Doctor  Newell,  your  program  this  year,  your  au- 
thorization request  for  construction,  totals  $25.5  million.  Is  this  all 
you  asked  for  initially  ? 

Mr.  Cortright.  The  total  construction  of  facilities  program  within 
NASA  is  put  together  as  a single  entity  within  NASA  but  with  recom- 
mendations from  all  of  the  directors’  offices. 

We  were  not  denied  facilities  that  we  thought  must  go  forward  this 
year. 

Colonel  Gould.  Under  Public  Law  87-584,  NASA  is  authorized  to 
use  R.  & D.  funds  for  the  purpose  of  providing  for  construction  of 
contractor  facilities. 

Do  you  have  any  such  contracts  within  the  Office  of  Space  Sciences 
wherein  construction  was  provided  for  contracts? 

Dr.  Newell.  From  R.  & D.  funds  ? 

Colonel  Gould.  Yes,  sir. 

Mr.  Ulmer.  Colonel,  I believe  that  the  section  1(c)  authority  has 
not  been  exercised  for  any  facility  required  in  the  Space  Sciences  area 
except  for  a university  facility  grant. 

Colonel  Gould.  I have  noted  at  certain  NASA  installations  in  the 
field  that  construction  design  and  management  are  accomplished  by 
one  of  three  means — either  with  an  in-house  capability,  by  a construc- 
tion management  contract,  or  in  some  instances  by  the  U.S.  Army 
Corps  of  Engineers. 

At  those  installations  falling  under  your  jurisdiction,  how  do  you 
accomplish  these  services? 

Mr.  Ulmer.  I’d  be  happy  to  answer  that,  sir. 

At  the  Jet  Propulsion  Laboratory  and  at  the  Goddard  Space  Flight 
Center,  which  constitute  the  centers  primarily  concerned  with  the 
Space  Science  effort,  the  service  you  speak  of  is  normally  accomplished 
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by  an  in-house  staff.  This  is  generally  the  procedure  that  has  been 
followed  in  the  older  of  the  NASA  centers,  the  Langley,  Ames,  Lewis, 
and  Flight  Centers.  They  have  their  own  staffs  and  the  selection  of 
architect  engineers  and  the  construction  management  is  done  by  in- 
house  personnel. 

At  the  newer  centers  which  resulted  from  the  very  rapid  expansion 
of  NASA,  it  was  not  feasible  in  the  time  frame  available  to  build  this 
in-house  capability.  I believe  the  Government  was  very  fortunate  at 
that  time  in  getting  the  services  of  the  Army  Corps  of  Engineers  dur- 
• ing  a period  when  their  military  construction  program  was  diminish- 
ing with  respect  to  the  missile  activity.  They  were  able  to  throw  into 
our  work  a very  fine  capability  in  a very  short  period  of  time. 

They  have  been  extremely  helpful. 

The  other  type  of  procedure  that  you  mentioned,  the  construction 
management  contract,  is  a very  rare  case  and  I’d  say  hasn’t  been  used 
more  than  three  or  four  times  in  the  agency.  It’s  only  used  for  a very 
special  type  of  facility. 

Colonel  Gould.  Do  you  have  any  ides,  of  the  relative  costs  of  using 
’ these  three  means  to  accomplish  design,  supervision,  and  inspection  ? 

Mr.  Ulmer.  I don’t  have  those  figures  available.  I would  estimate 
there  would  probably  be  relatively  little  difference  in  cost  between 
having  people  on  the  NASA  staff  do  this  or  reimbursing  the  Corps  of 
Engineers  for  the  same  service.  The  costs  may  be  comparable. 

Mr.  Karth.  Mr.  Ulmer,  I wonder  if  you  would  provide  those  figures 
for  the  record. 

Mr.  Ulmer.  I’ll  try.  I don’t  know  whether  I can,  because  the  in- 
house  cost  for  NASA  is  made  up  of  people  on  our  payroll  and  those 
costs  may  not  be  segregated  against  individual  construction  projects. 

We  have  inspectors,  design  engineers,  and  people  in  our  procurement 
division  engaged  in  the  construction  management  effort.  It  may  be 
very  difficult  to  make  the  comparison  you  have  requested. 

Mr.  Karth.  There  is  no  way  this  committee  could  determine 
whether  there  is  a possible  way  of  saving  money  in  this  area.  Is  that 
correct? 

Mr.  Ulmer.  It  could  be  done.  I believe  it  would  take  a great  deal 
of  accounting  work.  > 

Mr.  Karth.  If  your  construction  people  are  working  8 hours  a day, 
5 days  a week,  that’s  one  thing. 

Mr.  Ulmer.  Our  situation  is  made  a little  more  difficult  because  of 
the  fact  that  the  people  engaged  in  modification  and  repair  work  at  our 
centers  are  also  used  in  conjunction  with  the  construction  programs. 

It  may  be  a difficult  accounting  task  to  develop  the  figures  for  the 
portion  of  people’s  time  devoted  exclusively  to  the  facility  program 
when  you  have  an  in-house  group  doing  it. 

Mr.  Cortright.  If  you  want  us  to  make  a stab  at  this,  we  will  do 
so. 

Mr.  Karth.  Well,  I guess  a “stab”  at  it  probably  wouldn’t  give  us 
too  much  information. 

However,  why  don’t  you  take  a look  at  it,  Mr.  Ulmer? 

If  it’s  practical,  it  might  enlighten  us  a bit. 

Mr.  Ulmer.  All  right,  sir. 
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(The  following  was  submitted  for  the  record :) 

Time  was  insufficient  to  conduct  an  adequate  analysis  of  comparative  costs  of 
in-house  versus  Corps  of  Engineers  construction  supervision  and  management. 
A spot  check  of  several  projects,  however,  indicates  that  NASA  and  Corps  of 
Engineers  costs  for  construction  supervision  and  management  are  approximately 
the  same  when  all  cost  elements  are  included. 

Mr.  Karth.  Mr.  Ulmer,  a few  moments  ago  you  were  talking  about 
the  firmness  of  your  estimates. 

Mr.  Ulmer.  Yes,  sir. 

Mr.  Karth.  Estimates  for  construction  of  facilities. 

I wonder  if  you  could  tell  us  how  unfirm  our  previous  estimates  have 
been  ? Have  they  been  within  the  ball  park  ? 

How  far  off  have  we,  in  5 percent,  10  percent,  60  percent,  been  right 
on  the  nose  or  what  ? 

Mr.  Ulmer.  I think  I can  probably  give  you  an  example  to  fit  every 
figure  you  mentioned,  sir,  because  a great  deal  depends  on  the  status  of 
the  construction  industry  at  the  time  a project  is  released  for  bid. 

Mr.  Karth.  I see. 

Mr.  Ulmer.  We  have  had  some  very  fine  bids.  We  have  had  some 
that  have  been  very  unfortunate  in  the  respect  that  we  have  under- 
estimated the  cost  of  projects. 

Mr.  Karth.  This  isn’t  true  in  buildings,  is  it  ? 

Mr.  Ulmer.  Yes. 

Mr.  Karth.  You  mean  brick  and  mortar? 

Mr.  Ulmer.  Brick  and  mortar.  We  have  been  pleasantly  surprised, 
for  example,  at  a particular  center  to  solicit  bids  for  a $3  million 
building  and  receive  about  10  bids  on  that  building  with  a spread  of 
less  than  $100,000  and  with  the  low  bid  coming  in  considerably  below 
the  estimate.  In  this  case  the  overall  construction  industry  in  the  aim 
was  in  a situation  where  they  were  really  looking  for  work.  They 
sharpened  their  pencils. 

We  have  had  the  reverse  situation  where  we’ve  gone  considerably 
over  the  estimate,  and  it’s  for  this  very  reason  that  we  feel  it  essential 
that  we  have  some  flexibility  within  the  construction  appropriation  to 
take  care  of  any  kind  of  contingency. 

Mr.  Karth.  What  do  you  do  when  you  go  over  the  estimate  ? 

Mr.  Ulmer.  Well,  we  do  one  of  several  things. 

We  may  cut  the  funding  for  some  other  project,  we  reduce  the  tech- 
nical capability  of  the  project,  or  we  may  transfer  funds  from  the 
R.D.  & O.  appropriation. 

Mr.  Karth.  But  you  don’t  relet  the  bid,  for  example  ? 

Mr.  Ulmer.  We  have  on  occasion,  yes. 

If  the  situation  requires  a severe  downgrading  of  the  technical  ca- 
pability of  the  facility,  we  may  have  to  redesign  the  facility. 

Mr.  Karth.  At  Cape  Canaveral,  they  relet.  the  bid  and  were  gener- 
ous enough  to  increase  the  dollar  amount  allowed  in  certain  areas. 

I don’t  have  the  particular  facility  in  mind  at  the  moment. 

Mr.  Ulmer.  I’m  not  familiar  with  the  case  you  are  speaking  of. 

Mr.  Karth.  Seems  to  me,  if  my  recollection  serves  me  properly,  they 
went  back  to  a bridge  contractor  and  said,  “Gentlemen,  we’re  sorry, 
but  you  didn’t  charge  us  enough  for  this.  We  think  maybe  you  should 
revise  your  bid.” 

I think  he  did  just  that  after  this  pretty  generous  offer. 


1850 


1964  NASA  AUTHORIZATION 


Mr.  Ulmer.  I’d  have  to  know  the  particulars  of  the  case. 

I feel  the  competitive  bid  basis  for  construction  work  is  a very  fine 
thing,  and  we  attempt  wherever  possible  to  conduct  our  construction 
program  on  this  basis.  We  get  bids  in  excess  of  our  estimates,  and 
we  get  them  below  the  estimates;  and,  with  the  reprograming  au- 
thorities that  you  have  piovided  in  our  authorization  act,  we  have  been 
able  to  meet  nearly  all  of  the  difficult  situations  that  have  arisen. 

Mr.  Karth.  What  is  the  normal  process  in  Government  when  all  of 
the  bids  are  in  excess  of  what  your  professional  people  have  told  you 
they  should  be? 

Let’s  say  that  you’ve  estimated  cost  to  be  $2  million  and  the  bids 
are  all  around  $3  million  ? 

What  do  you  do  about  it  ? 

' Mr.  Ulmer.  We  would  sit  down  and  take  a very  hard  look  at  what 
the  effect  on  the  whole  program  would  be  if  we  need  to  provide  an  ad- 
ditional million  dollars  for  that  facility.  We  have  to  evaluate  the  ef- 
fect on  the  entire  agency  program. 

It  may  be  that  the  facility  is  so  essential  we  have  to  cut  out  some 
other  facility  or  reduce  some  research  and  development  effort  to  pro- 
vide money. 

We  also  have  to  look  at  the  facility  itself.  Perhaps  there  is  some 
way  we  could  cut  some  comers,  or  perhaps  downgrade  the  technical 
capability  slightly. 

All  of  these  things  are  examined  in  that  type  of  case. 

It’s  a very  difficult  decision. 

We  don’t  have  a pot  of  money  to  take  care  of  that  kind  of  situation. 
If  something  goes  higher  something  else  gives. 

Mr.  Karth.  Is  there  a possibility  of  price  rigging  on  competitive 
bids? 

Mr.  Ulmer.  I imagine  it  would  be  very  difficult  on  a competitive 
bid  involving  facility  construction. 

Mr.  Karth.  Thank  you. 

Colonel  Gould  ? 

Colonel  Gocjld.  Are  all  your  facilities  contracts  awarded  on  a com- 
petitive-bid basis  ? 

Mr.  Ulmer.  No,  I wouldn’t  say  all  of  them. 

I’d  like  to  have  Mr.  Brackett  provide  the  exact  figure.  He’s  not 
here  today,  but  he  could  provide  that  for  the  record.  The  bulk  of  them 
are. 

Colonel  Gould.  Would  you  provide  that  for  the  record,  please  ? 

Mr.  Ulmer.  Yes,  sir. 

(The  material  referred  to  is  as  follows :) 


The  following  table  presents  the  status  of  NASA  obligations  through  January 
1963  under  the  “Construction  of  facilities”  appropriation  for  those  projects 
where  construction  management  and  supervision  is  performed  by  the  NASA  staff. 


t • 

Fiscal  year 

Obligations 
(in  millions) 

Percent 
obligations 
by  competi- 
tive bid 

Percent 
obligations 
by  non- 
competitive 
procedures 

1M1  

$58,495 

84.1 

1 15.9 

1962 

74, 221 

72.9 

i 27. 1 

IMS  ....  ... 

36,453 

70.6 

i 29.4 

1 

> Includes  obligations  for  design  and  engineering  services  which  are  traditionally  contracted  for  on  a 
noncompetitive  basis. 
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In  addition,  the  following  data  is  presented  for  the  same  3 fiscal  years  on  the 
obligations  through  December  1962  under  the  “Construction  of  facilities”  appro- 
priation for  those  projects  where  construction  management  and  supervision  is 
performed  by  the  U.S.  Army  Corps  of  Engineers  as  agents  for  NASA: 


Obligations 

Percent 

obligations 

Percent 

obligations 

Fiscal  year 

(in  millions) 

by  competi- 

by  non- 

five  bid 

m 

competitive 

procedures 

Total  for  fiscal  yean  1961,  1962,  and  1963 

1 $206, 400 

81.5 

*18.5 

1 Does  not  include  obligations  totalling  $96.8  million  for  land  acquisition. 

* Includes  obligations  for  design  and  engineering  services  which  are  traditionally  contracted  for  on  a 
noncompetitive  basis. 


Colonel  Gould.  Doctor  Newell,  I note  the  facilities  construction  for 
1964  are  projected  only  through  1964.  Do  you  have  a long-range  plan 
of  construction  to  meet  all  known  requirements  at  each  installation? 

Dr.  Newell.  All  known  requirements  ? 

Colonel  Gould.  Yes,  sir. 

Dr.  Newell.  Yes.  Put  in  that  word  “known.” 

We  are  continually  reviewing  our  needs  at  the  various  centers  both 
from  ?n  installation  point  of  view  and  from  a program  point  of  view 
and  we  have  in  mind  the  things  that  we  would  like  to  do. 

These  are  included  in  our  long-range  thinking. 

If  you  mean,  do  we  have  a firm  written  handbook,  long-range  plan, 
we  do  not  have  that. 

Mr.  Cortright.  I’d  like  to  amplify  on  that  just  a little  bit.  Basi- 
cally we  have  submitted  from  NASA  centers  in  the  budgeting  cycle 
far  more  requests  for  construction  of  facilities  than  we  choose  to  sup- 
port within  NASA  headquarters. 

In  fact,  the  normal  situation  is  that  about  one-half  end  up  as  being 
deemed  essential.  This  is  why  I answered  the  previous  question 
. as  I did,  namely,  we  were  not  denied  facilities  that  we  deemed  essen- 
tial to  the  program. 

We  go  through  quite  a severe  edit  ing  process  ourselves. 

Colonel  Gould.  Well,  for  example  at  the  Goddard  Space  Center, 
what  is  the  total  value  of  your  plant  at  the  present  time  ? Do  you  know 
offhand  ? 

This  year  you  have  asked  for  $16,829,000.  How  much  more  con- 
struction do  you  have  to  accomplish  at  Goddard,  based  upon  your 
known  requirements  as  of  today  ? 

Dr.  Newell.  As  of  June  30,  1962,  the  plant  value  was  $67,722,000. 

Colonel  Gould.  Does  that  include  authorized  projects  not  yet  com- 
pleted ? 

Mr.  Ulmer.  No,  that  is  only  work  that  is  completed. 

Colonel  Gould.  How  much  outstanding  authorization  do  you  have 
at  Goddard  that  is  not  yet  completed  ? 

Mr.  Ulmer.  Somewhere  in  the  neighborhood  of  $15  million. 

Colonel  Gould.  Would  you  verify  that,  please,  and  furnish  it  for 
the  record  ? 

Mr.  Ulmer.  Yes,  I will. 

(The  following  was  subsequently  supplied  for  the  record :) 

The  outstanding  construction  of  facilities  authorization  at  the  Goddard 
Center  is  $17,866,800. 

96-504  o— 63— pt.  3a 26 
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Colonel  Gould..  This  year’s  program  requests  $16.8  million,  $4.1 
million  of  which,  I believe,  is  in  support  of  the  Office  of  Applications; 
is  that  correct  ? 

Mr.  Ulmer.  That  is  correct. 

Colonel  Gould.  This  then,  would  give  you  a total  of  somewhere 
around  $95  million  in  place  and  programed  for  Goddard. 

Now,  beyond  1964,  what  are  your  known  facilities  requirements  at 
Goddard? 

Mr.  Cortright.  Well,  we  are  just  going  through  that  evaluation 
now. 

We  have  a list  of  Goddard  proposals  for  fiscal  1965  and  have  not 
completed  the  evaluation  and  have  not  made  any  proposal  to  the  Ad- 
ministrator as  to  what  he  should  support  for  1965. 

I would  not  like  to  say  more  than  that  some  additional  expansion 
is  required. 

As  you  noticed  in  the  personnel,  Goddard  is  not  through  crowing 
yelt.  There  still  is  a little  way  to  go  before  Goddard  is  a fully  sized 
laboratory.  This  will  require  additional  facilities  to  support  the 
work  these  people  are  doing  and  to  give  them  housing. 

There  will  be  additional  Goddard  facilities  in  fiscal  1965,  perhaps 
of  the  same  order  of  magnitude  as  this  year’s  construction. 

Colonel  Gould.  Are  you  telling  us  that  your  master  plan  is  firm 
only  through  fiscal  year  1965  ? 

Mr.  Ulmer.  Colonel,  may  I make  this  observation  ? 

This  depends  on  what  you  call  a master  plan.  We  do  have  a mas- 
ter plan  for  the  Center  that  envisions  growth  for  a period  of  perhaps 
6,  7,  8 years,  but  this  doesn’t  mean  that  all  of  the  facilities  that  we 
will  be  requesting  are  known  in  detail  for  that  period. 

In  other  words,  when  we  build  a facility  now  we  want  to  build 
it  in  a way  that  would  not  preempt  good  usable  space  for  future 
facilities;  yet  we  are  not  exactly  sure  of  the  details  of  those  future 
facilities. 

Mr.  Cortright  mentioned  that  they  are  now  reviewing  what  facili- 
ties might  be  required  in  1965.  The  people  at  Goddard  are  looking 
well  beyond  that  in  how  they  may  wish  to  cite  the  1965  facilities. 

Colonel  Gould.  The  only  thing  I was  trying  to  get  in  the  record, 
just  using  Goddard  as  an  example  here,  is  how  far  in  advance  your 
master  plan  is  firm  and  what  are  your  firm  requirements ; things  you 
know  you  are  going  to  build  sometime  between  now  and  the  year  X. 

Mr.  Ulmer.  I don’t  think  that  figure  is  available,  Colonel,  because 
a great  deal  depends  on  what  the  program  content  will  be  in  the 
yearsbeyond  1964. 

Mr.  Cortright.  A great  deal  depends  on  how  large  a program 
the  Congress  and  our  own  Administrator  will  support. 

I think  the  Goddard  planners  and  Jet  Propulsion  Laboratory 
planners  and  all  our  center  planners  put  together  what  it  defines  as 
“long-range  thinking”  which  includes  center  expansion,  maybe  up  to 
5,000  or  6,000  people.  But  that’s  not  the  level  being  supported  by 
the  current  administration  within  NASA  or  by  the  Congress. 

Colonel  Gould.  Don’t  misunderstand  me.  I’m  not  trying  to  pin 
you  down  for  a given  fiscal  year.  I’m  just  trying  to  find  out  wnat 
the  long  range  plan  is  for  Goddard,  how  much  it’s  going  to  cost,  and 
whether  it’s  going  to  be  programed  in  2 or  20  years. 
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Mr.  Corthight.  I don’t  believe  either  the  growth  or  the  changes 
within  the  Goddard  Center  will  be  completed  in  a few  years.  The 
growth  may  be  largely  complete  in  3 years,  but  there  will  be  changes 
probably  within  the  whole  20  years  you  are  referring  to,  simply  be- 
cause these  are  not  static  programs. 

Mr.  Earth.  The  fact  of  the  matter  is,  you  don’t  have  a long-range 
plan  for  construction  of  facilities  at  Goddard.  Isn’t  this  right  ? 

Dr.  Newell.  We  do  not  have  a written  handbook  type  long-range 
plan.  " 

We  have  a process  of  long-range  planning  in  which  we  look  at  the 
likely  avenues  of  development  of  the  different  programs  and  the  likely 
centers  at  which  these  programs  would  be  taken  up  for  project  man- 
agement execution. 

Out  of  that,  as  we  go  into  this  budgeting  process  for  each  fiscal  year, 
we  make  our  selections  and  choices. 

Mr.  Cohtright.  There  is  a master  planning  board  at  each  center 
which  insures  the  centers  do  not  grow  in  a haphazard  fashion.  Siting 
is  considered  well  in  advance. 

This  is  the  point  Mr.  Ulmer  brought  out. 

Mr.  Karth.  Dr.  Newell,  the  1964  budget  request  includes  $5.7  mil- 
lion for  a mechanical  test  facility  and  quality  assurance  laboratories, 
I guess  you  call  it 

What  is  the  major  purpose  of  this  facility  ? 

Mr.  Cortright.  This  facility  contains  a large  30-  by  40- foot  vacuum 
chamber  in  which  we  can  put  spacecraft  ana  make  them  go  through 
their  electromechanical  tests. 

Tests  of  this  sort  have  to  be  performed  frequently  over  and  over 
again  in  a vacuum  condition  to  insure  the  parts  will,  in  fact,  func- 
tion virtually  100  percent  of  the  time. 

All  we  need  is  one  solar  panel  to  hang  up  and  we  have  lost  the 
mission. 

The  nature  of  these  tests  require  that  you  be  able  to  pump  down 
the  facility  rapidly,  that  you  can  inject  gas  and  not  destroy  the  vacuum 
completely.  The  pumping  capability  is  high. 

We  don’t  ask  for  quite  as  low  pressures  as  we  do  on  thermal  vacuum 
chambers  where  we  soak  spacecrafts  for  days  and  weeks  on  end. 

Some  people  refer  to  this  as  a “dirty  vacuum  chamber.”  In  other 
words,  it’s  not  quite  as  high  a vacuum  as  the  others,  but  it’s  good 
enough  to  check  out  the  electromechanical  functions  of  a spacecraft. 

The  spacecraft  in  prior  years,  which  have  been  the  Explorers  and 
Monitors,  have  been  small  and  they  actually  have  not  had  many  moving 
parts.  Where  they  have  had  moving  parts  such  as  extendable  panels, 
they  have  been  small  and  we’ve  been  able  to  accommodate  them  with- 
out the  solar  array  by  only  exercising  the  linkages. 

This  facility  is  for  the  larger  spacecraft  of  the  OAO  and  OGO 
variety. 

Mr.  Earth.  The  one  you  are  requesting  now  ? 

Mr.  Cortright.  Yes. 

Mr.  Karth.  What  size  was  that,  Mr.  Cortright? 

Mr.  Cortright*.  Thirty  by  forty  feet. 

Mr.  Earth.  I was  informed  it  was  40  by  50. 

Mr.  Cortright.  This  is  a clear  space 

Mr.  Karth.  You  might  doublecheck. 
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Mr.  Cortrigiit.  This  is  the  clear  space  inside  which  is  available  for 
spacecraft  and  booms. 

The  exterior  dimensions  of  the  tank  may  be  more  like  what  you  are 
describing. 

Mr.  Kartii.  OK.  Well,  Tm  not  sure  whether  I’m  talking  about 
the  exterior  dimensions,  and  you  are  referring  to  interior  dimensions, 
or  what ; but  I'm  sure  that  we  are  in  the  same  ball  park. 

The  reason  I ask  the  question  is  because  we  already  have  four 
vacuum  chambers  out  at  Goddard  and  they  range  in  size  from  12  by 
15  feet  to  35  by  60. 

Now,  we  need  one  30  by  40  feet. 

Can't  we  use  the  35  by  60  for  these  tests?  Or  one  of  the  others? 
Is  this  impossible  ? 

Mr.  Oortrkjht.  Virtually. 

They  are  used  for  different  purposes. 

As  I say,  this  is  a “dirty  vacuum  chamber"  in  which  you  can 

Mr.  Kartii.  Can  we  conduct  tests  in  a clean  vacuum  chamber  on  a 
dirty  piece  of  equipment  ? 

Mr.  Cortrtgiit.  If  they  weren't  being  used  for  other  tests  we 
might.  In  this  case,  I think,  to  exercise  all  of  the  mechanical  and 
electromechanical  extension  equipment  on  OAO  and  OGO,  you  need 
this  increased  size. 

If  you  attempt  to  run  this  in  a smaller  chamber,  you  would  simply 
cut  down  on  the  lengths  of  the  booms  and  not  do  a complete  job. 

Mr.  K ART! i.  Except  that  we  have  one  chamber  that  is  larger  than 
the  one  you  are  requesting. 

Mr.  Cortrigiit.  Yes,  sir;  the  other  chambers  are  being  utilized  for 
things  like  thermal  vacuum  soak  and  experiments  where  you  have  to 
run  the  pressures  to  10-5  or  10-6  millimeters  of  mercury — very,  very 
low  pressures. 

You  have  solar  simulators  wherein  you  have  a eolumnated  beam  of 
light  representing  the  Sun  and  you  have  cryogenic  walls. 

These  are  really  instruments,  and  you  have  to  treat  them  like  instru- 
ments and  perform  the  type  of  tests  in  them  which  require  that  capa- 
bility. 

The  type  of  tests  we  would  perform  in  this  facility  do  not  require 
all  that  refinement . They  do  require  volume. 

We  have  loading  schedules  which  I could  show  you.  I don’t  have 
them  with  me  today. 

Mr.  K arth.  Would  you  supply  for  the  record  the  tests  that  have 
been  made  or  the  tests  that  are  being  made  at  the  present  time  and 
that  you  look  forward  to 

Mr.  Cortrigiit.  I can  provide 

Mr.  Kartii  (continuing).  Being  made  in  these  chambers  that  would 
accommodate  your  OGO  and  OAO  ? 

Mr.  Cortrigiit.  I'd  be  happy  to  supply  that  for  the  record. 

(The  information  referred  to  is  as  follows :) 


Summary  of  Goddard  vacuum  test  chambers 


I 

Usage  history 

i 

Usage  projection  (2  years) 

Chambers 

Type 

Feature 

Time  1 

Programs 

Setup 

Test 

i 

Tear-  - 
down 

: 

Main- 

tenance 

Total 

Program 

Bell  Jars  (3).. 

General-purpose 

research. 

I Ultrahigh  vacuum 

75  percent  (1  shift). 

ART/SRT... 

15 

40 

5 

15 

75  percent  (1 
shift). 

Research,  ART;  se- 
lected subassemblies, 
SRT. 

Under  6 feet  (9).. 

Subassembly  tests. 

4 with  solar;  5 without. 

50  percent  (3 
shifts). 

OGO,  S-3,  S-51, 
S-52,  S-3a,  S- 
3b,  P-14. 

10 

40 

5 

20 

75  percent  (3 
shifts). 

Experimental  and  sub- 
assemblies, S-52,  S-74, 
OGO,  OAO;  S-57, 
IMS. 

7 by  8 feet.  

| Delta-size  space- 
craft. 

Solar  simulation 

60  percent  (3 
shifts). 

S~3b,  OGO;  ex- 
perimental S-52. 

15 

25 

10 

25 

75  percent  (3 
shifts). 

S-52,  S-74.  OGO 
experimental. 

8 by  8 feet 

i Delta-size  space- 
craft. 

i 

Wall  temperature 
-65°  C.  to  -HOG" 
C.,  no  solar. 

60  percent  (3 
shifts). 

S-3,  S-3a,  S-51, 
S-6,  P-21,  S-49. 

10 

40 

5 

20 

- 75  percent  (3 
shifts). 

S-52,  S-74,  OGO 
experimental,  sound- 
ing rockets. 

12  by  15  feet 

Agena  spacecraft 
and  research. 

Ultrahigh  vacuum 
adaptable  to  solar. 

Due  on  line  July 
1, 1963. 

20 

15 

10 

30 

. 

75  percent  (3 
shifts). 

OAO  experimental 
and  research. 

8pace  environ- 
ment simulator. 

Agena  spacecraft.  - 

' 

30-  by  40-foot  work- 
space. Solar  due 
Jan.  1,  1964. 
Achieved  2 by  10~9 
torr. 

Due  on  line  Apr. 
1 , 1963,  without 
solar. 

15 

25 

10 

30 

80  percent  (3 
shifts). 

OAO  spacecraft 
EOGO. 

Dynamic  test 
chamber. 

Mechanical  tests 
In  vacuum. 

SS  vessel.  Converti- 
ble to  high  vacuum. 

100  percent  first 
shift,  30  percent 
second  shift. 

Echo,  S-3b,  S-51, 
S-52,  sounding 
rockets. 

30 

30 

20 

10 

90  percent  (2 
shifts). 

Many  small  lobs  on 
most  GSFC  pro- 
grams. 

Vacuum  optical 
bench. 

Special  purpose- . - 

Including  optical 
bench. 

Due  on  line  June 
1, 1963. 

30 

1G 

10 

10 

60  percent  (1 
shift). 

OAO. 

10  by  15  feet 

Thermal  design 
research. 

Solar  simulation 

Contract  let 
February  1963. 

20 

15 

10 

25 

70  percent  (2 
shifts). 

ART,  SRT,  selected 
projects. 

i Includes  setup,  test,  teardown.  and  maintenance. 
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Mr.  Karth.  The  next  6 months  or  whatever  the  situation  might  be. 

Mr.  Cortright.  Probably  for  the  next  2 years. 

Mr.  Karth.  Let  me  ask  you  this.  Are  there  no  private  industries  in 
this  country  that  can  take  care  of  the  experimentation  you  say  is  neces- 
sary? 

There  are  deep  vacuum  chambers  all  over  this  country.  Maybe  they 
don't  fit  your  requirement. 

Mr.  Cortright.  I’d  like  to  discuss  that.  I’d  like  to  complete  the  an- 
swer on  an  earlier  question  which  I forgot  to  mention. 

Whenever  you  perform  so-called  dirty  tests  in  a clean  tank  it  may 
take  days  or  Wen  weeks  to  pump  down  to  w here  it  can  operate  at  10 
to  the  minus  6 or  T millimeters  of  mercury.  Just,  as  I said,  you  have  to 
treat  the  high  vacuum  tanks  as  instruments. 

Now  to  discuss  your  other  point,  there  are  companies  throughout 
the  country  that  have  developed  vacuum  facilities  during  the  past  3 
or  4 years  contemplating  Government  business.  In  the  majority  of 
cases  these  facilities  are  being  used. 

For  example,  the  Space  Technology  Laboratories,  Inc.  is  just  com- 
pleting a vacuum  chamber  which  they  will  use  for  certain  tests  on  the 

The  Hughes  Aircraft  Co.  has  vacuum  facilities.  They  have  some 
small  ones  and  are  completing  a large  facility  which  will  be  used  for 
the  Surveyor  tests.  We  will  not  duplicate  this  facility,  we  will  let 
Hughes  do  all  of  the  Surveyor  tests. 

In  the  case  of  the  OAO,  there  are  certain  tests  being  planned  at 
Grumman  and  certain  tests  being  planned  at  Goddard  by  Goddard 
and  Grumman  which  have  worked  out  the  best  possible  use  of  available 
facilities. 


I have  heard  various  companies  say  we  are  not  making  complete 
use  of  their  facilities,  but  I oelieve  that  in  virtually  all  cases  we  are 
making  the  most  efficient  use  of  facilities  to  complete  the  total  job 
even  though  there  might  be  a short  period  of  time  where  company  A 
has  the  vacuum  tank  unused. 

Mr.  Karth.  Is  there  any  way  in  which  NASA  could  check  with  the 
industry  in  this  point  in  time,  by  saying  the  4-  or  5-month  period 
between  January  and  June  of  1065  you  will  need  a facility  fitting  this 
description  with  this  capability,  and  ask  if  they  can  meet  that 
requirement? 

is  there  any  way  of  doing  this,  Mr.  Cortright?  If  we  could,  we 
may  over  the  long  haul  eliminate  some  very  costly  facilities  ? 

Mr.  Cortright.  The  Aeronautics  and  Astronautics  Coordinating 
Board  of  NASA  and  DOD  has  a panel  on  supporting  space  research 
and  technology  which  considers  the  total  facilities  of  the  country. 
Periodically  this  group  reviews  all  the  facilities  existing  under  con- 
struction or  contemplated  facilities  of  the  large  vacuum  chamber 
variety. 

The  reason  for  this  group  it  that  it  was  recognized  that  these  large 
vacuum  facilities  become  a national  asset  in  the  same  manner  tne 
large  wind  tunnels  were  in  prior  years  and  that  they  should  be 
coordinated. 

There  was  a hazard  that  NASA  and  the  Department  of  Defense 
would  end  up  with  duplication  and  that  some  of  the  industrial  com- 
panies would  do  likewise. 
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What  we  are  trying  to  do  is  keep  abreast  of  all  these  facilities  and 
make  a determination  whether  the  total  facility  complex  is  being  well 
exercised. 

Mr.  Karth.  I see.  The  point  you  make  is  that  NASA  always  looks 
at  what  the  private  industry  capability  will  be.  at  that  time,  and  if 
it  looks  as  if  there  might  be  available  capability,  you  would  then  solicit 
those  people.  Is  that  correct  ? 

Mr.  Cortright.  That  is  absolutely  correct. 

Mr.  Karth.  How  about  the  other  agencies  of  Government  now  ? 

T’ne  Navy,  I know,  has  some  vacuum  chambers,  and  I assume  the 
Army  has.  The  Air  F orce,  I know,  has. 

Do  you  also  solicit  the  help  of  other  agencies  of  Government  on 
these  requirements  you  have  in  N ASA  ? 

Mr.  Cortright.  We  look  at  the  facilities  that  are  available,  but  there 
is  a point  that  should  be  brought  out  here,  Mr.  Chairman,  and  that  is 
the  following : 

A spacecraft  goes  through  essentially  two  phases  of  development. 

When  the  contractor  is  working  with  the  spacecraft  he  is  getting 
the  basic  flight  frame,  what  we  used  to  call  the  airframe  in  the  case  of 
aircraft,  to  a point  where  it  is  deliverable  to  the  Government. 

At  Goddara,  for  example,  the  next  step  which  has  to  be  done,  is  to 
take  our  20  to  30  experiments  on  the  OGO  and  integrate  them  into  the 
spacecraft  and  still  end  up  with  a flightworthy  system. 

Now  the  Goddard  facilities  are  uniquely  designed  to  accept  the 
space  frame  from  the  contractor  in  a flightworthy  condition  and  inte- 
grate the  experiments  into  it,  provide  the  monitoring  equipment  for 
the  experimenters  to  observe  their  experiments  during  thermal  vacuum 
and  prepare  a final  total  instrumented  spacecraft.  So  these  are  two 
phases  of  testing  that  are  different. 

The  type  of  equipment  is  different  and  as  I said,  we  have  attempted 
to  work  with  the  contractors  in  suck  a way  that  their  facilities  are 
used  to  perform  the  functions  they  best  are  able  to  do  and  our  facilities 
are  used  to  perform  what  we  must  do. 

Mr.  Staebler.  Mr.  Chairman,  may  I ask  a belated  question  ? 

Mr.  Karth.  Mr.  Staebler. 

Mr.  Staebler.  When  you  put  an  instrument  or  a spacecraft  into  a 
vacuum  chamber  for  testing,  you  have  to  go  back  to  atmosphere  to  load 
it? 

Mr.  Cortright.  Yes,  sir. 

Mr.  Staebler.  Y ou  lose  all  your  vacuum  ? 

Mr.  Cortright.  You  do. 

Mr.  Staebler.  What  does  it  cost  to  evacuate  a chamber? 

I’ve  often  wondered  what  the  expense  might  be. 

Mr.  Cortright.  It  is  nominal  in  terms  of  electrical  power  to  run  the 
oil  diffusion  pumps.  We  evacuate  them  by  two  techniques,  roughing 
pumps  which  work  rapidly  and  oil  diffusion  pumps  which  work  more 
slowly. 

These  pumps  consume  electrical  power  to  run  and  it  is  a relatively 
small  cost. 

The  biggest  expense  is  the  time  that  an  expensive  facility  may  be 
tied  up  and  that  is  why  we  treat  our  very  fine  vacuum  chambers  so 
carefully. 
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We  work  in  them  with  clean  suits  and  use  clean  room  procedures 
so  there  is  little  contamination  that  later  might  outgas  and  require 
several  days  rather  than  a day  to  pump  it  down. 

Mr.  Staebler.  How  long  aid  you  say  it  might  take  to  pump  down  ? 

Mr.  Cortright.  If  we  are  careful,  I think  we  can  get  our  vacuums  in 
less  than  a day  after  having  made  a change.  That  would  depend  on 
the  type  of  equipment  they  are  putting  in,  however. 

Mr.  Karth.  What  is  the  capability  of  the  vacuum  chamber  that  you 
request  in  this  fiscal  year’s  budget  ? 

Mr.  Cortright.  In  terms  of  pressure,  I think  it  is  about  10  to  the 
minus  3 millimeters  of  mercury. 

Our  normal  vacuum  soaks  are  done  at  10  to  the  minus  6 or  10  to 
the  minus  8 millimeters  of  mercury. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  How  is  the  proposed  environmental  tank  at  the  Lewis 
Research  Center  related  to  these  at  Goddard? 

What’s  the  construction  time  schedule  of  that  tank  at  Lewis? 

Mr.  Cortright.  That’s  not  under  our  cognizance  and  I’ll  have  to  ask 
Mr.  Ulmer  if  he  knows  the  answer  to  that  question. 

Mr.  Ulmer.  You  are  speaking  of  the  large  $25  million  facility  ? 

Mr.  Mosher.  Yes. 

Mr.  Ulmer.  That  is  being  placed  under  construction  now,  sir.  It  is 
a facility  that  will  permit  testing  of  propulsion  systems  as  distinct 
from  the  type  of  facility  Mr.  Cortright  was  mentioning  which  is 
for  spacecraft. 

I can  give  you  the  construction  schedule  on  that  for  the  record. 

Mr.  Mosher.  I’d  like  to  have  that,  if  I could. 

Mr.  Ulmer.  Yes. 

(The  information  referred  to  is  as  follows :) 

The  Space  Propulsion  Pacility  at  the  Lewis  Research  Center  is  scheduled 
to  be  completed  in  November  1965. 

Mr.  Mosher.  There’s  no  chance  that  could  be  used  to  relieve  the 
pressure  at  Goddard  and  make  unnecessary  some  of  this  construction 
at  Goddard? 

Mr.  Ulmer.  I doubt  it  very  much,  sir,  because  the  facility  is  just  too 
large  for  the  types  of  experiments  that  Mr.  Cortright  is  speaking  of. 
It  would  be  something  like  using  a 10-ton  truck  to  do  a half-ton 
truck’s  job. 

Mr.  Cortright.  That  particular  facility,  if  I’m  not  mistaken,  is  for 
testing  of  electrical  propulsion  systems. 

Mr.  Ulmer.  That  is  correct. 

Mr.  Cortright.  It  is  a propulsion  facility. 

Mr.  Ulmer.  Yes ; for  a complete  propulsion  system. 

Mr.  Karth.  We  do  have  a 25-  by  25-foot,  chamber  at  JPL,  don’t  we? 

Mr.  Ulmer.  I believe  that’s  very  close  to  the  actual  size  of  the 
area  in  the  JPL  facility  in  which  solar  simulation  can  be  obtained 
The  overall  tank  size  is  25  feet  in  diameter  and  50  feet  high. 

Mr.  Karth.  Is  this  under  constant  use  ? 

Mr.  Cortright.  We  have  a photograph  of  that,  you  might  be  inter- 
ested in.  That  facility  is  under  very  heavy  use. 

Right  now  we  are  completing  some  tests  on  the  Mariner. 
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You  recall,  we  ran  into  an  overheating  problem  on  Mariner  II. 
This  facility  was  not  available  to  qualify  the  Mariner  II,  so  we 
designed  the  Mariner  as  best  we  could  and  later  found  we  had  neglected 
a few  reflections. 

In  fact,  you  can’t  see  it  too  well  in  the  photograph  but  the  con- 
clusion was  that  a few  of  the  polished  structural  members  which  had 
been  inadequately  allowed  for  in  previous  calculations  and  tests 
reflected  enough  solar  light  back  up  onto  the  main  body  of  the 
spacecraft  to  cause  overheating  and  we  almost  lost  the  Mariner  from 
overheating. 

Tli  is  is  the  sort  of  thing  we  have  to  find  out  far  in  advance.  This 
is  a heavily  used  facility  and  probably  will  have  to  be  supplemented 
at  JPL  in  future  years. 

Mr.  Karth.  Now  getting  back  to  my  question  existing  facilities 
within  other  agencies  of  Government,  you  do  make  an  effort  to  solicit 
information  as  to  the  availability  of  other  facilities  that  you  may  be 
able  to  use. 

Am  I to  understand  that  this  is  done  ? 

Mr.  Cortright.  Yes,  sir;  although  in  all  honesty,  I think  this  is  an 
informal  process. 

If  it  does  not  seem  necessary  to  conduct  a series  of  tests  on  site 
with  our  own  people  right  there,  which  we  normally  like  to  do  in  our 
final  qualification  testing,  we  look  elsewhere.  We  know  where  to  look 
because  we  know  of  the  large  existing  facilities  in  the  country. 

There  are  not  that  many  of  them  that  they  are  hard  to  keep  track  of. 

Mr.  Karth.  How  many  chambers  do  we  have  under  construction 
or  where  funds  have  been  requested  for  construction  of  the  chamber 
facilities  in  the  NASA  budget  this  year  ? 

How  many  of  those  do  we  have  under  construction  from  the  moneys 
supplied  for  construction  ? 

Mr.  Ulmer.  I’d  have  to  supply  that  for  the  record,  Mr.  Karth. 

(The  information  referred  to  is  as  follows :) 


NASA  environmental  chambers  (6  feet  or  over  in  interior  dimensions) 


Center 


Size 


Ames  Research  Center. 

Do 


Ooddard  Space  Flight  Center 

Do - 


16-foot  diameter  by  12  feet  high 
8-foot  diameter  by  10  feet  long. . 

12-foot  sphere. 

12  by  12  by  20  feet..  

6 by  6 by  10  feet.. 


Do 

Do. 

Do. 


8-foot  diameter  by  8 feet  high... 
8-foot  diameter  by  7 feet  high.*.. 
12-foot  diameter  by  15  feet  high. 


Do. 

Do. 

Do 


27-foot  diameter  by  40  feet  high 
27-foot  diameter  by  40  feet  high. 
10-foot  diameter  by  15  feet  high. 


Do 

Do 

Do 

Do 

let  Propulsion  Laboratory 
Do 


7- foot  diameter  by  25  feet  high 

13  feet  by  7.5  feet  by  42  feet 

8- foot  diameter  by  7 feet  high 

40-foot  diameter  by  30  feet  high  plus 
20-foot  hemispherical  dome. 

25-foot  diameter  by  50  feet  high 

7-foot  diameter  by  14  feet  high 


Do 

Langley  Research  Center. 


6-foot  diameter  by  8 feet  high 
60-foot  sphere 


Do 


00-foot  diameter  by  55  feet  high. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


5^-foot  diameter  by  6 feet  high 

41-foot  sphere 

60-foot  sphere 

4-foot  diameter  by  6 feet  high.. 

4- foot  diameter  by  6 feet  high.. 

5- foot  diameter  by  10  feet  high. 
5-foot  diameter  by  18  feet  high. 


Significant  characteristics 


Construction  status 


Temperature,  none;  vacuum,  10-’  torr;  solar  simulation,  none;  comments, 
man-rated  chamber. 

Temperature,  to  —320  F.;  vacuum,  10-'°  torr;  solar  simulation,  yes;  com- 
ments, includes  particle  accelerator  for  materials  testing. 

Temperature,  none;  vacuum,  10-*  torr;  solar  simulation;  yes;. comments, 
platform  with  air  bearing  for  attitude  control  system  tests. 

Temperature,  —65°  C.  to  150°  C.;  humidity,  relative  humidity  20  to  95 
percent  from  1.7°  C.  to  81°  C.  vacuum,  none;  solar  simulation,  no. 

Temperature,  —65°  C.  to  150°  C humidity,  relative  humidity  20  to  95  per- 
cent from  1.7°  C.  to  81°  C.,  vacuum,  none;  solar  simulation,  no. 

Temperature,  -65°  C.  to  100°  C.;  vacuum,  5 x 10-»  torr;  solar  simulation, 


Fiscal  year  1904  budget. 
Do. 

Do. 

In  operation. 

Do. 

Do. 


no. 

Temperature,  to  —190°  C.  as  a test  point;  vacuum,  5 x 10*'  torr;  solar 
simulation,  yes. 

Temperature,  —65°  C.  to  100°  C.;  vacuum,  1 * 10**  torr:  soiur  simulation, 
yes. 

Temperature,  —65°  C.  to  100°  C.;  vacuum,  2 x 10-*  torr;  solar  simulation, 

yes. 

Temperature,  —65°  C.  to  100°  C.;  vacuum,  6 x 10-»  torr;  solar  simulation, 


Under  construction. 
Do. 

Do. 

In  operation. 


no. 

Temperature,  from  —200°  C.  to  +260°  C.;  vacuum,  10~7  torr;  solar  simula- 
tion, yes. 

Temperature,  none;  vacuum,  1 x 10-*  torr;  solar  simulation,  no 

Temperature,  ambient  to  —60°  C.;  vacuum,  none;  solar  simulation,  no 

Temperature,  to  —200°  C.;  vacuum,  10~4  to  lO-’  torr;  solar  simulation,  yes. 
Tomperature,  none;  vacuum,  6 x ltr1  torr;  solar  simulation,  none 


Under  construction. 


Do. 

Do. 


Fiscal  year  1964  budget. 
Do. 


Temperature,  to  —320°  F.;  vacuum,  10-*  torr;  solar  simulation,  yes 

Temperature,  from  —320°  F.  to  +200°  F.;  vacuum,  10~r  torr;  solar  simula- 
tion, no. 

Temperature,  —320°  F.  to  +200°  F.;  vacuum,  10~7  torr;  solar  simulation,  no. 
Temperature,  none;  vacuum,  10~>  torr;  solar  simulation,  yes;  comments, 
accommodates  4,000-pound  test  vehicle. 

Temperature,  man-rated;  vacuum,  10-«  torr;  solar  simulation,  no;  com- 
ments, centrifuge  2,000-pound  capacity. 

Temperature,  to  -450°  F.;  vacuum,  5 x lO-10  torr;  solar  simulation,  yes 

Temperature,  none;  vacuum,  0.5  torr;  solar  simulation,  no — 

Temperature,  none;  vacuum,  MM  torr;  solar  simulation,  no 1 

Temperature,  none;  vacuum,  1(M  torr;  solar  simulation,  no 

Temperature,  none;  vacuum,  MM  torr;  solar  simulation,  no 

Temperature,  none;  vacuum,  MM  torr;  solar  simulation,  no 

Temperature,  -200°  F.  to  +300°  F.;  vacuum,  10-r  torr;  solar  simulation, 
no. 


In  operation. 
Do. 


Do. 

Under  construction. 
Do. 


Do. 

In  operation. 
Do. 

Do. 

Do. 

Do. 

Authorized. 
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Launch  Operations  Center 


Do 


Lewis  Research  Center. 
Do 


Do 

Do 


Manned  Spacecraft  Center 

Do— - 

Do 

Marshall  Space  Flight  Center. 

Do 


31-foot  diameter  by  42  feet  high 


31-foot  diameter  by  42  feet  high 


100-foot  diameter  by  122  feet  high 

30-foot  diameter  by  90  feet  high... 

60- foot  diameter  by  60  feet  high-. 
25-foot  diameter  by  70  feet  high.. 
5-foot-  diameter  by  16  fret  high 

5- foot  diameter  by  16  feet  high 

3.5-foot  diameter  by  7 feet  high... 

6- foot  diameter  by  9 feet  high 

5-foot  diameter  by  16  feet  high... 
8-foot  diameter  by  18  feet  high... 

3.5-foot  diameter  by  10  feet  high.. 

40- foot  diameter  by  100  feet  long.. 

22-foot  diameter  by  50  feet  long... 


20-foot  diameter  by  400  feet  high. 
65-foot  diameter  by  12  feet  high.. 
4-foot  diameter  by  8 feet  high — 

do... 

65- foot  diameter  by  117  feet  high. 
3 5- foot  diameter  by  45  feet  high.. 

6- foot  diameter  sphere 

7- foot  by  8 feet  by  10  feet 

6-foot  diameter  by  9 feet  high 


Do 

Do 


V 


Temperature,  none;  vacuum,  10-*  torr;  solar  simulation,  no;  comments,  Fiscal  year  1964  budget, 
top  access  capable  of  holding  command  module  and  ltfnar  excursion 
module  separately  or  simultaneously. 

Temperature,  none:  vacuum,  10~«  torr;  solar  simulation,  no;  comments,  top  Do. 
access  capable  of  holding  command  module  and  lunar  excursion  module 
separately  or  simultaneously. 

Temperature,  to  —320°  F.;  vacuum,  10-»  torr;  solar  simulation,  no;  com-  Under  construction, 
ments,  heavy  shielding  for  nuclear  research. 

Temperature, none;  vacuum,  HH  torr;  solar  simulation,  partial;  comments,  Do. 

designed  for  vertical  testing  of  Centaur. 

Temperature,  to  —320°  F.;  vacuum,  10-7  torr;  solar  simulation,  partial In  operation. 

Temperature,  to  —320°  F.;  vacuum,  10-7  torr;  solar  simulation,  no Do. 

Temperature,  to  —320°  F.;  vacuum,  10~*  torr;  solar  simulation,  no Do. 

Temperature,  to  —320°  F.;  vacuum,  10~*  torr;  solar  simulation,  no — - Do. 

Temperature,  to  —320°  F.;  vacuum,  10~*  torr;  solar  simulation,  no Do. 

Temperature,  to  —450°  F.;  vacuum,  lCU11  torr;  solar  simulation,  yes Do. 

Temperature,  none;  vacuum,  10-*  torr;  solar  simulation,  none. Do. 

Temperature,  none;  vacuum,  10->  torr;  solar  simulation,  no;  comments,  Authorized, 
to  be  equipped  for  liquid  metal  space  radiation  testing. 

Temperature,  none;  vacuum,  KT*  torr;  solar  simulation  no;  comments,  In  operation, 
electronic  beam  welding  and  corrosion  test  preparation. 

Temperature,  to  —320°  F;  vacuum,  I0-®  torr;  solar  simulation,  partial;  com-  Fiscal  year  1964  budget, 
ments,  exhaust  pumping  for  chemical  rocket  firing. 

Temperature,  to  —320°  F for  nitrogen  cooling,  to  —453°  F for  helium  cooling.  Do. 

vacuum,  10-*  torr;  solar  simulation,  yes;  comments,  extended  space  $aak 
and  firing  of  45,000-pound  thrust  rockets. 

Temperature,  ambient;  vacuum,  10-*  torr;  solar  simulation,  none;  com-  l)o. 
ments,  vacuum  used  to  reduce  drag  of  dropped  model  to  obtain  zero  g. 

Temperature,  to  —320°  F.;  vacuum,  10-*  torr;  solar  simulation,  yes;  com-  Do. 
ments,  has  high  voltage  power  sources  for  electromagnetic  generator  testing. 

Temperature,  to  -320°  F.;  vacuum,  10~s  torr;  solar  simulation,  partial;  Do. 
comments,  for  liquid  metal  instrumentation  research. 

Temperature,  to  —320°  F.;  vacuum,  10-»  torr;  solar  simulation,  partial;  Do. 
comments,  for  liquid  metal  instrumentation  research. 

Temperature,  man  rated:  vacuum,  10~5  torr;  solar  simulation,  yes Authorized. 

Temperature,  man  rated:  vacuum,  10-‘  torr;  solar  simulation,  yes Do. 

Temperature,  none*  vacuum,  from  10-'*  to  10~,s  torr;  solar  simulation,  yes..  Fiscal  year  1964  budget. 

Temperature,  range  from  — 100°  F.  to  +350°  F.;  vacuum,  altitude  simulator  In  operation, 
to  200,000  feet;  solar  simulation,  no. 

Temperature,  from  —150°  F.  to  +250°  F.;  vacuum,  1 x 10~4  torr;  solar  Do. 
simulation,  no. 
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Mr.  Karth.  We  have  two  requests  for  facilities  of  this  kind  at 
Houston  Spacecraft  Center,  in  other  words? 

Mr.  Ulmer.  Yes. 

Mr.  Karth.  Seems  to  me  we  had  a request  in  for  one  at  Ames. 

Probably  one  for  Langley  and  one  for  Goddard.  That’s  about  five. 

Mr.  Ulmer.  I think  you  will  find  this  type  of  facilities  at  all  the 
NASA  centers,  varying  in  size  from  the  small  type  “bell  jar”  facility  lip 
to  the  large  sizes  you  have  been  discussing  here. 

These  facilities  are  in  some  ways  the  replacements  for  the  wind  tun- 
nels you  have  known  for  so  many  years. 

In  fact,  some’people  call  them  the  “windless  tunnels.”  They  are  the 
new  tools  of  the  trade  in  the  space  business. 

I’d  like  to  supplement  what  Mr.  Cortright  said  about  reviewing  the 
need  for  these  facilities. 

There  is  an  annual  formal  review  of  the  facility  budget  proposals  of 
the  Department  of  Defense  and  NASA.  This  is  done  formally  by  a 
group  from  DOD  and  a group  from  NASA  that  sit  down  and  review 
each  facility  proposed  to  be  submitted  in  the  budget  to  determine 
whether  or  not  there  is  any  duplication,  or  whether  one  facility  could 
serve  the  purposes  of  both  agencies.  This  is  done  very  carefully  and 
thoroughly  and  a report  is  issued. 

Mr.  Karth.  When  a private  contractor  builds  a facility  of  this  kind, 
he  generally  tests  a great  many  different  vehicles,  does  he  not  ? 

He  doesn’t  build  one  for  every  type  of  vehicle  that  he’s  under  con- 
tract with  NASA  for,  does  he  ? 

Mr.  Cortright.  He  normally  builds  a general-purpose  facility,  but 
the  impetus  can  be  in  two  forms. 

One,  to  be  able  to  have  an  advantage  over  a competitor  in  bidding 
on  a particular  spacecraft.  He  can  say,  “I  have  this  much  equipment 
on  hand  and  I’ll  be  ready  to  do  this  much  more  testing  earlier  with 
company  sponsored  facilities.” 

I’d  like  to  reemphasize  that  we  cannot  normally  turn  over  to  some 
contractor  our  final  acceptance  and  check-out  responsibility.  This  is 
a very  grave  responsibility,  and  we  feel  that  in  a great  majority  of  our 
cases  it  should  remain  within  the  Government. 

We  don’t  insist  on  this  in  all  cases.  Sometimes  we  do  make  an 
arrangement  with  the  contractor  if  the  facility  is  developed  to  support 
a specific  project  such  as  the  Surveyor.  But  where  they  have  general 
purpose  facilities,  they  just  are  not  always  suitable,  without  major 
modification,  to  do  this  final  acceptance  testing.  If  we  were  to  attempt 
to  use  them  it  would  be  a severe  handicap  to  performing  good  final 
testing  in  terms  of  dislocation  of  check-out  gear  and  people.  It  isn’t 
an  efficient  way  to  operate. 

Incidentally,  during  the  wind-tunnel  days,  there  were  a number  of 
companies  that  saw  fit  to  invest  in  their  own  wind  tunnel  rather  than 
to  make  use  of  Government-owned  wind  tunnels  and  this  worked  out, 
more  or  less,  successfully,  depending  on  the  particular  instance. 

The  Government  wind  tunnels  were  always  completely  occupied 
both  with  Government  research  and  with  Government  contractors. 

Mr.  Mosher.  Mr.  Chairman  ? 

Mr.  Karth.  Mr.  Mosher. 

Mr.  Mosher.  Are  organizations  such  as  the  Cornell  Laboratories  in 
Buffalo  building  their  own  tanks  nowadays  ? 
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Aren’t  they  an  example  of  an  outfit  that  handled  the  wind  tunnel  at 
one  time  ? Are  they  going  to  this  new  type  of  instrument  ? 

Mr.  Cortright.  i don’t  think  they  have  gone  to  any  large  vacuum 
facility. 

Mr.  Ulmer.  I am  inclined  to  agree  that  they  have  not  gone  into  the 
large  vacuum  facilities.  At  least,  I am  not  aware  of  it. 

Mr.  Cortright.  The  fundamental  science  can  be  done  in  small 
chambers,  usually.  The  checking  of  flight  hardware  simply  cannot. 

Mr.  Karth.  The  only  thing  we  are  trying  to  ascertain,  I guess,  Mr. 
Cortright,  is  whether  or  not  we  need  to  go  first  class  all  the  time.  I 
guess  we  could  really  boil  it  down  to  that. 

Mr.  Cortright.  It  is  a general  concern. 

Mr.  Karth.  I am  sure  everyone  has  the  same  desire,  and  that  is  to 
have  the  shiniest  and  newest  piece  of  equipment  to  do  the  most  modern 
type  job  that  can  possibly  be  done. 

There  are  some,  on  the  other  hand,  that  feel  that  there  may  be  ways 
that  this  can  be  done,  that  we  really  don’t  need  to  travel  quite  as  first 
class  as  we’d  like  to  and  where  the  outcome  would  be  substantially 
the  same.  If  there’s  any  possibility  that  this  can  be  done  without  us 
traveling  first  class,  this  subcommittee  would  certainly  urge  the  Office 
of  Space  Sciences,  and  the  NASA  centers  for  that  matter,  to  take  a 
real  careful  look  at  it. 

I notice  we  need  roughly  five  and  a half  million  dollars  for  a data 
interpretation  laboratory.  Would  you  care  to  explain  that  require- 
ment and  tell  why  it’s  going  to  cost  five  and  a half  million  dollars  ? 

Mr.  Cortright.  The  Data  Interpretation  Laboratory  is  designed  to 
pull  together,  under  one  roof,  some  very  important  functions  that  go 
along  with  our  advanced  spacecraft. 

The  spacecraft  and  its  mission  require  an  integral  data  system  which 
is  highly  complex.  It  involves  first  obtaining  data,  then  conditioning 
the  data  within  the  spacecraft  in  a manner  m which  it  can  be  trans- 
mitted. 

It  further  involves  data  acquisition  stations  which  are  all  over  the 
world ; the  data  transmission  lines  from  those  acquisition  stations  to 
Goddard;  the  electronic  computer  systems  which  take  data  and  reduce 
it  rapidly.  I might  point  out  that  in  the  case  of  Mariner  JPL  set  a 
fine  example  in  being  able  to  reduce  data  and  supply  it  to  the  experi- 
menters, sometimes  within  20  minutes  of  receipt  from  Venus.  This 
was  only  possible,  through  a great  deal  of  planning  in  advance. 

The  people  who  now  do  this  work  at  Goddard  are  scattered  in 
various  locations,  and  the  data  flow  has  outgrown  the  capability  of 
the  equipment  to.  handle  it. 

What  we  are  doing  here  is  pulling  them  together  into  an  efficient 
space. 

Now  the  space  that  they  will  vacate  in  turn  will  be  utilized  to  house 
people  as  a part  of  this  continuing  growth  of  Goddard. 

If  we  are  to  continue  to  support  the  growth  of  Goddard,  and  I think 
this  year  the  requested  increase  in  personnel  allowance  for  Goddard  is 
from  3,200  to  3,700,  we  have  to  house  the  staff.  So,  we  are  building 
facilities  which  mesh  in  with  prior  facilities  in  such  a way  to  result  in 
an  optimum  laboratory  when  it’s  all  done.  This  is  one  such  facility. 

Colonel  Gould.  Is  it  intended  to  carry  on  any  electronic  research 
in  this  facility? 
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Mr.  Cortright.  That’s  a question  I’m  not  certain  I can  answer, 
positively.  I think  the  answer  is  “Yes”  only  in  the  sense  the  research 
part  of  this  activity  deals  with  the  design  and  layout  of  advanced 
data  handling  systems  for  second  generation  spacecraft.  It’s  not  elec- 
tronic research  in  the  sense  I think  you  are  using  the  words.  _ 

Colonel  Gould.  I picked  this  out  of  your  justification.  This  is  why 
I was  asking  you  the  question.  What  is  the  relationship  between  this 
proposed  facility  and  the  tracking  laboratory  that  was  authorized  in 
the  fiscal  year  1963. 

Mr.  Cortright.  Can  you  describe  that,  Mr.  Taylor  ? 

Mr.  Taylor.  These  two  laboratories  are  actually  complementary. 
The  tracking  laboratory  that  was  previously  authorized  now  houses 
data  processing,  analysis,  and  reduction  function  for  the  Goddard 
Center. 

Just  for  example,  there  are  two  IBM  7090  computers  tied  in  with 
the  Mercury  operation. 

Now  this  building  is  very  crowded  at  this  point. 

I don’t  have  the  exact  numbers,  but  there  are  upwards  to  100  or 
150  over  the  design  capacity  for  this  building. 

A segment  of  the  people  that  are  now  in  the  tracking  and  telemetry 
laboratory  will  move  to  this  new  facility. 

Also,  people  engaged  in  data  processing  effort  who  are  located  in 
rental  housing  will  move  to  this  new  laboratory. 

In  this  respect  these  two  facilities  are  complementary. 

Colonel  Gould.  If  this  facility  were  not  built,  what  impact  would 
this  have  on  the  program  at  Goddard  ? 

Mr.  Taylor.  I think  one  way  to  answer  that  would  be  in  terms  of 
housing  people. 

We  would  be  forced  to.  continue  the  inefficient  location  of  people  in 
rental  space  and  overcrowding  the  facilities  that  now  exist. 

Also,  concomitant  to  the  housing  problem  is  the  requirement  for 
additional  computing  equipment  which  will  require  space  to  house  it. 

Colonel  Gould.  If  you  don’t  have  the  information  on  this  next 
question,  I wish  you  would  provide  it  for  the  record,  please. 

Certain  of  the  justification  of  projects  at  Goddard  indicate  that  we 
will  be  releasing  leased  space.  In  the  fiscal  year  1963  program  Con- 
gress authorized  $23.7  million  for  facilities,  many  of  which  were 
intended  to  release  leased  space.  In  addition  to  this,  NASA  repro- 
gramed $1.4  million  for  four  multipurpose  buildings,  not  previously 
authorized  by  Congress  out  of  fiscal  year  1963  funds. 

Also  I understand,  you  intended  to  relinquish  leased  space.  Can 
you  tell  us  how  many  square  feet  of  space  you  are  presently  leasing  off- 
site, what  the  annual  cost  of  this  is,  and  how  much  of  this  leased  space 
will  be  released  as  a result  of  the  fiscal  year  1963  items  now  authorized 
and  under  construction  at  the  Center? 

Do  you  have  that  information  ? 

Dr.  Newell.  We  will  have  to  supply  that  for  the  record. 

(The  material  referred  to  is  as  follows :) 

The  Goddard  Space  Flight  Center  is  leasing  145,000  square  feet  of  off-laboratory 
space  at  an  annual  rental  cost  of  $234,000.  Personnel  growth  at  this  laboratory 
has  increased  at  such  a rate  that  the  construction  of  facilities  program  for  fiscal 
year  1963  and  for  fiscal  year  1954  will,  not  release  any  leased  space. 

Colonel  Gould.  It’s  a little  difficult  to  pull  this  out  of  your  justifica- 
tion for  the  record. 
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Mr.  Karth.  I see  we  have  an  $800,000  request  for  hazardous-test 
facilities. 

I wonder  if  you  could  tell  me  how  different  that  is  from  the  mechani- 
cal test  facilities  which  Congress  is  being  requested  to  provide  $6 
million  for?  How  different  from  other  test  facilities  already  on 
location? 

Mr.  Cortright.  Should  we  put  that  slide  up  again  ? 

Mr.  Karth.  If  you  would,  please  (fig.  82,  p.  1842). 

Mr.  Cortright.  It  is  a completely  different  facility. 

The  one  is  at  a remote  location  designed  to  handle  radioactive  sources 
with  which  we  can  expose  spacecraft  to  simulated  radiation,  and  also 
designed  to  permit  us  to  check  out  the  functioning  of  pyrotechnic 
devices  such  as  shaped  plastic  charges  to  blow  out  panels 

Mr.  Karth.  This  is  which  one  on  the  chart  there,  Mr.  Cortright  ? 

Mr.  Cortright.  The  lower  right  is  the  isolated  hazardous  test 
facility. 

Mr.  Karth.  OK,  and  then  the  modernization  of  the  payload  test 
facility — I see  that’s  two  and  a half  million  dollars. 

I wonder  if  you  can  explain  what  we  mean  by  “modernization,”  and 
how  old  is  the  payload  test  facility  that  we  are  going  to  modernize. 

Mr.  Cortright.  The  payload  test  facility  we  are  going  to  modernize 
is  quite  new,  actually.  Simply  stated,  we  are  learning  faster  than  our 
equipment  can  keep  up  with  us. 

The  modernization  includes  a solar  simulator  for  an  existing  12-  by 
15-foot  thermal-vacuum  chamber. 

Mr.  Karth.  Pardon  me? 

Mr.  Cortright.  A solar  simulator. 

This  is  a combination  of  light  sources  which  can  duplicate  the  in- 
tensity and  the  light  at  distances  ranging  to  Venus  to  something  out- 
side of  Mars. 

In  addition,  we  must  now  accommodate  spacecraft  which  carry  20  to 
50  experiments  such  as  the  OGO. 

Now,  when  these  spacecraft  are  in  thermal-vacuum  test  the  expe- 
rimenters have  to  monitor  the  functioning  of  their  experiments.  This 
requires  more  accessory  equipment  than  we  now  have  in  support  of 
our  vacuum  chambers. 

Mr.  Karth.  When  was  the  payload  test  facility  completed? 

Mr.  Cortright.  We  are  discussing  two  things  here.  The  payload 
test  facility  was  completed  about  a year  ago.  The  environmental 
chambers  which  are  attached  to  this  facility  were  only  recently 
completed. 

Mr.  Karth.  Certainly  OGO  was  well  along  the  road  of  being  an 
established  part  of  our  program  at  that  time ; wasn’t  it  ? 

Mr.  Cortright.  I’m  checking  one  point  here  to  be  sure.  The  two 
vacuum  chambers  without  solar  simulation  were  accepted  this  year. 

Mr.  Karth.  Pardon  ? 

Mr.  Cortright.  There  are  two  tanks  that  were  just  accepted. 

I believe  you  saw  these  tanks  on  your  visit  to  Goddard',  Mr. 
Chairman. 

They  were  the  large  ones,  and  they  probably  were  under  construc- 
tion when  you  were  there. 

Yes,  the  OGO  was  under  contract  at  the  time  these  tanks  were  put 
under  contract,  and  the  timing  is  such  that  we  are  going  to  be  able 
to  use  the  tanks  for  the  OGO. 
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When  you  don’t  have  a solar  simulator  of  the  type  you  should  have 
and  need,  you  make  do  with  somethin"  else. 

You  can  do  this  by  electric  blankets  or  with  batteries  of  lights  with- 
in the  tank  on  a temporary  basis. 

It’s  not  too  good.  It  gets  us  into  trouble  like  we  got  into  with  the 
Mariner. 

Mr.  Karth.  Well,  now,  your  payload  test  facility  does  what, 
essentially  ? 

What  is  it  ? 

What  does  it  do  the  mechanical  test  facilities  don’t  do  or  the  quality 
assurance  laboratory  doesn’t  do? 

Just  so  we  have  it  for  the  record. 

Mr.  Cortright.  The  two  large  environmental  chambers  are  for 
advanced  spacecraft  testing  under  accurate  thermal- vacuum  condi- 
tions of  outer  space.  One  of  these  previously  authorized  chambers 
will  have  solar  simulation. 

This  means  there  is  an  artificial  sun  in  the  tank. 

The  walls  are  cryogenically  cooled  down  to  temperatures  simulating 
the  background  temperatures  of  the  outer  space. 

Mr.  Karth.  This  facility  was  originally  built  for  these  programs ; 
wasn’t  it  ? To  test  the  hardware  pieces ; wasn’t  it  ? 

Mr.  Cortright.  Yes.  You  are  asking 

Mr.  Karth.  We  just  underestimated  its  need ; is  that  right  ? 

Mr.  Cortright.  I think  what  you  are  asking  now  is  why  do  we  need 
the  solar  simulator  when  the  tank  was  fabricated  without  it  ? We  will 
have  solar  simulation  in  one  of  the  previously  authorized  large  cham- 
bers. However,  there  is  a need  for  solar  simulation  for  component 
and  systems  testing  and  that  is  why  we  are  requesting  this  capability 
for  the  12-by-15-foot  chamber. 

Mr.  Karth.  It’s  probably  costing  more  to  do  it  now  than  if  we’d 
done  it  originally  ? 

Mr.  Cortright.  Not  necessarily. 

The  reason  I answer  it  that  way  is  that  every  company  in  the  coun- 
try with  which  I am  familiar,  that  has  been  trying  to  develop  solar 
simulators,  has  had  trouble,  including  ourselves  and  our  contractors. 
I think  bringing  this  simulator  along  now  will  enable  us  to  get  a 
good  one  that  will  work  the  first  time  by  drawing  on  prior  experience. 

Mr.  Karth.  Are  there  similar  solar  simulators  ? 

Mr.  Cortright.  Yes,  Space  Technology  Laboratories  has  one  in 
their  tank. 

Grumman  has  one. 

Hughes  will  have  one,  and  I think  General  Electric  has  one. 

They  all  have  had  trouble. 

Mr.  Karth.  Couldn’t  we  contract  for  the  use  of  one  of  these  if  and 
when  we  needed  it  ? 

Mr.  Cortright.  Well,  the  point  is;  Mr.  Chairman,  we  have,  as  the 
loading  schedule  I am  going  to  submit  for  the  record  will  show,  con- 
tinuous use  for  this  tank  with  a simulator,  not  without. 

In  addition,  the  contractors’  tanks  by  and  large  are  being  used  al- 
though in  some  cases  not  as  heavily  as  the  contractor  would  like  to 
see  them  used. 

That  is  not  untypical  for  contractor  who  make  speculative  invest- 
ments. 
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We  use  them  when  we  need  them. 

Coloiiel  Gould.  Why  couldn’t  the  solar  simulator  at  JPL  be  used 
to  meetyour  schedule  for  the  Ranger  and  Mariner  ? 

Mr.  Cortright.  As  I said,  we  are  quite  concerned  with  its  loading, 
and  I think  we  will  have  to  build  another  tank. 

Colonel  Gould.  I notice  in  your  cost  estimate  that  no  allowance  for 
engineering  service  and  design  has  been  included  for  this  facility. 
Has  the  design  been  completed  ? 

Mr.  Ulmer.  It  may  very  well  be,  or  we  may  be  using  a modification 
of  an  existing  design. 

Normally  where  you  do  not  see  an  estimate  for  design  in  the  budget 
year,  advanced  design  funds  have  been  allocated  in  the  previous  year. 

Colonel  Gould.  How  are  you  going  to  cover  the  cost  of  supervision 
of  the  construction  ? 

Mr.  Ulmer.  This  would  be  a case  where  it  would  be  handled  by 
our.  inhouse  staff  as  I discussed  in  response  to  Mr.  Karth’s  previous 
question.  If  it  were  to  be  handled  by  the  corps,  funding  would  have 
been  requested  for  that  purpose  in  the  construction  project. 

Colonel  Gould.  Mr.  Chairman,  I would  like  to  go  back  to  the 
project  for  the  “Hazardous  testing  facilities,”  $800,000.  As  part  of 
the  fiscal  year  1962  program,  the  Congress  authorized  the  construction 
of  Isolation  Laboratory  facilities  at  a cost  of  $755,000.  According  to 
the  NASA  status  reports,  this  project  was  canceled  at  a later  date. 
Does  this  request  reinstate  the  original  requirement  for  these  facilities? 

Mr.  Cortright.  You  have  that  answer  ? 

Mr.  Taylor.  No,  these  facilities  are  not  identical. 

The  original  concept  of  an  isolation  facility  was  merely  to  test 
pyrotechnics  in  a single  building  off  the  laboratory. 

The  concept  embodied  here  is  to  test  by  arranging  your  structure 
so  they  will  be  correct,  in  terms  of  safety,  not  only  the  pyrotechnic 
devices  but  also  radioactive  sources  and  other  chemical  testing. 

It’s  a more  comprehensive  facility  than  the  one  previously  planned. 

Colonel  Gould.  The  justification,  however,  that  was  presented  in 
the  record  for  the  fiscal  year  1962  item  was  very,  very  similar  to  what 
you  are  presenting  here. 

If  this  project  was  previously  authorized  by  Congress  despite  a 
limited  change  in  scope,  why  do  we  need  new  authorization  this  year? 

Mr.  Ulmer.  Well,  Colonel,  if  there  is  no  scope  change  in  the  project 
and  if  the  authorization  were  still  in  existence,  we  would  not  be  re- 
questing a new  authorization  if  funds  were  available  for  application 
against  that  authorization. 

Colonel  Gould.  Could  you  more  clearly  define  the  nature  of  the 
change  in  scope  ? You  covered  it  rather  generally. 

Mr.  Kartii.  Was  money  appropriated  for  a $750,000  facility  ? 

Was  money  ever  appropriated?  Where  is  it? 

Mr.  Ulmer.  It’s  been  reprogramed. 

Mr.  Karth.  So,  it’s  been  spent. 

Mr.  ITlmer.  It  was  used  for  other  purposes,  yes,  sir. 

Mr.  Karth.  Now  before  you  can  ask  for  an  appropriation  for  a 
$800,000  facility,  even  though  it  wTould  be  identical,  you  have  to  get 
renewed  authorization? 

Mr.  Ulmer.  In  this  case  we  would,  yes,  because  we  used  the  re- 
programing authority  to  apply  the  authorization  for  the  Isolation 
Laboratory  to  two  other  new  projects  of  higher  priority. 
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Mr.  Ulmer.  We  can  check  the  technical  characteristics  of  the  one 
in  this  budget  with  the  one  previously  approved. 

Colonel  Gould.  Would  you  do  so? 

Mr.  Ulmer.  We  will  do  so. 

(The  information  referred  to  is  as  follows :) 

The  fiscal  year  1962  and  1964  isolation  labs  are  essentially  the  same  except  for 
design  and  the  fact  that  the  1964  project  provides  for  radiation  storage  and 
exposure  capabilities.  The  need  for  these  increased  capabilities  resulted  from 
requirements  generated  by  the  Van  Allen  belt  effect,  and  the  need  for  studies 
to  replace  solar  cells  with  nuclear  power  supplies. 

Mr.  Cortright.  I suspect  you  are  correct.  The  work  with  radio- 
active substances  would  be  different  but  this  would  not  make  great 
differences  in  the  cost. 

Colonel  Gould.  Your  justification  states  that  existing  facilities  are 
inadequate  at  the  present  time. 

How  are  you  meeting  this  requirement  now  ? 

Mr.  Cortrigiit.  To  the  best  of  my  knowledge  we  are  not  making 
tests  on  the  radiation  damage,  except  on  very  small  laboratory 
samples. 

On  the  pyrotechnics — I can’t  answer  that  question.  I don’t  know. 
I can  certainly  get  the  answer  in  short  order. 

Colonel  Gould.  Are  there  not  facilities  at  Plum  Brook,  for  exam- 
ple, that  could  be  used  to  carry  on  these  hazardous  tests? 

Mr.  Cortright.  Colonel,  there  are  many  places  around  the  country 
where  you  could  ship  a spacecraft  and  explode  some  pyrotechnics 
without  hazard  to  people. 

For  example,  at  the  Lewis  Research  Center  in  Cleveland,  we  have 
bunkers  to  protect  operators  from  solid-propellant  rockets. 

The  point  is,  Goddard  is  where  we  are  building  and  testing  these 
spacecraft,  and  that’s  why  we  need  the  facility  there. 

It  would  not  be  sensible  to  ship  a complex  spacecraft  halfway  across 
the  country  or  wherever  it  might  be  and  conduct  these  tests  and  bring 
it  back. 

This  is  a rather  nominal  facility,  and  I think  the  people  developing 
the  system  should  have  it. 

Mr.  Karth.  Why  was  it  canceled  in  1962  ? 

Did  you  have  a change  of  heart,  or  did  you  need  the  money  some- 
place else  worse? 

Mr.  Ulmer.  I’d  like  to  check  the  record. 

I’m  sure  it  was  involved  with  new  projects  having  higher  priority. 

Mr.  Karth.  Suppose  you  do  that  ? 

Mr.  Ulmer.  Notification  letters  were  sent  to  the  Congress  explain- 
ing the  need  for  the  reprograming.  I will  supply  the  complete  story 
for  the  record. 

(The  information  referred  to  is  as  follows :) 

Subsequent  to  enactment  of  the  fiscal  year  1962  authorization  and  appropri- 
ation acts  it  became  apparent  that  requirements  at  the  Goddard  Space  Flight 
Center  for  a magnetic  fields  component  test  facility  and  an  antenna  test  range 
had  advanced  in  importance  to  the  extent  that  they  were  currently  of  a higher 
relative  priority  than  the  isolation  laboratory  approved  in  the  1962  program. 
The  magnetic  fields  component  test  facility  was  required  to  permit  better  evalua- 
tion of  magnetic  instruments  and  the  magnetic  characteristics  of  smail  scientific 
spacecraft  than  was  currently  possible.  The  antenna  test  range  wag  required  for 
conducting  research  and  development  on  antennas  and  their  associate  com- 
ponents. On  December  13,  1961,  the  Administrator  determined  that  the  repro- 
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graming  of  fiscal  year  1962  CoF  funds  to  permit  the  construction  of  a magnetic 
fields  component  test  facility  and  an  antenna  test  range  at  the  Goddard  Space 
Flight  Center  was  necessary  because  of  changes  in  the  national  program  of. 
aeronautical  and  space  activities  and  that  deferral  of  such  action  until  the  next 
authorization  act  would  be  inconsistent  with  the  interest  of  the  Nation  in 
aeronautical  and  space  activities. 

Pursuant  to  the  reprograming  authority  authorized  by  section  3 of  Public 
Law  87-98,  funds  for  the  isolation  laboratory  were  reprogramed  to  assist  in  the 
funding  of  the  magnetic  fields  component  test  facility  and  the  antenna  test 
range  with  the  understanding  that  hazardous  testing  facilities  similar  to  those 
proposed  in  the  isolation  laboratory  would  be  requested  in  a subsequent  budget. 
Notification  letters  regarding  this  reprograming  action  were  submitted  to  the 
Congress  on  January  2, 1962. 

Mr.  Kartii.  Anything  in  your  list  of  requests  this  year  that  might 
be  considered  of  a lower  priority  than  something  else  so  we  might  not 
have  to  appropriate  the  money  for  it  ? 

Mr.  Ulmer.  I know  of  none  now. 

We  will  have  program  changes  in  the  coming  year. 

That  is  why  the  programing  authority  you  have  provided  us  has 
been  so  very  helpful. 

Mr.  Karth.  If  you  do  have  some  necessary  changes  where  funds 
would  have  to  be  provided,  which  one  would  be  your  high  priority 
item — would  you  probably  take  money  from  it  to  put  it  somewhere 
else? 

Mr.  Ulmer.  I do  not  have  the  Center  priority  list  with  me. 

Mr.  Karth.  Dr.  Newell,  you  care  to  speculate  on  that  a little  bit? 

Dr.  Newell.  We  consider  them  ail  important. 

I suppose  if  we  didn’t  get  all  the  money  we’d  have  to  order  them  and 
that  would  require  a reevaluation 

Mr.  Cortright.  As  I pointed  out 

Mr.  Karth.  Would  you  repeat  that  ? 

I’m  not  sure  I understood. 

Mr.  Cortright.  Yes. 

We  have  not  placed  these  in  order  of  priority  at  this  time,  because 
these  are  the  facilities  which  we  considered  essential.  Among  all  the 
facilities  that  we  considered  that  would  help  the  program  these  are 
the  ones  which  we  believe  are  essential. 

My  final  statement  was,  were  these  to  be  denied,  we  would  then 
have  to  go  back  and  examine  the  total  facilities  and  see  how  to  cope 
with  it. 

Mr.  Kartii.  But  your  authorizations  last  year  were  essential; 
weren’t  they  ? 

Mr.  Cortright.  Yes,  but  changes  came  up  in  the  year  that  caused 
us  to  reprogram. 

Mr.  Karth.  That  is  the  reason  for  my  question  today. 

Assuming  history  will  repeat  itself  and  we  will  probably  appropriate 
funds  in  the  coming  year,  what  areas  would  we  take  them  from? 

Mr.  Cortright.  I'm  sure  it  will  come  out  of  someone  else’s  facilities, 
Mr.  Chairman. 

Mr.  Kartii.  Let  the  record  so  note. 

Mr.  Cortright.  I should  have  said,  “I  hope.” 

I don't  really  know  the  answer  to  your  question. 

Mr.  Staerlfs.  Mr.  Chairman,  would  it  give  us  any  notion  of  the 
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Can  you  tell  us  what  some  of  these  items  are  ? 

Mr.  Cortright.  Only  the  fiscal  year  1962,  isolation  laboratory  at 
Goddard  Space  Flight  Center  authorized  by  the  committee  was 
deferred. 

Mr.  Staebler.  I think  we  are  all  puzzled  by  the  question  here  and 
these  all  appear  to  be  essential,  and  yet,  when  the  following  year  comes 
around  it  turns  out  some  of  them  weren't  essential. 

How  can  we  tell  ? 

Mr.  Karth.  It  merely  turns  out  some  were  less  essential. 

Mr.  Cortright.  Some  were  less  essential  in  terms  of  emergencies 
that  came  up  du  ring  the  yea  r. 

Dr.  Weaver.  Dr.  Newell,  you  have  a total  here  of  twenty-five  and  a 
half  million  dollars. 

If  you  were  told  you  had  to  get  by  on  $20  million,  what  effect  would 
you  say  this  Avould  have  on  the  total  space  sciences  program  ? 

Dr.  Newell.  Well,  we  would  have  to  review  the  total  program,  both 
R.  & D.  facilities  and  the  R.  & D.  program,  to  go  ahead  with  the 
facilities  if  we  somehow  or  other  could  find  the  funding  for  it. 

Dr.  Weaver.  Would  you  feel  handicapped? 

Dr.  Newell.  Yes. 

These  are  essential  facilities  of  carrying  on  the  program  with  the 
quality  and  viability  and  assurance  for  success  we  feel  is  necessary 
for  the  total  program. 

Dr.  Weaver.  You  would  feel  you  would  be  definitely  slowed  down 
in  your  accomplishments  ? 

Dr.  Newell.  It  would  be  definitely  slowed  down  because  we  have 
an  ongoing  program  that  relies  on  these  things  and  the  reliability  of 
our  spacecraft — the  success  rate  of  our  spacecraft — would  be  affected. 

Mr.  Cortright.  Also  the  housing  problem.  We  have  planned 
growth  of  personnel  in  the  Centers  to  handle  the  projects  we  have 
undertaken  or  are  starting,  and  if  we  don’t  provide  office  space  for 
them  we  simply  can’t  hire  them,  or  we  would  have  to  hire  them  and 
put  them  into  rental  facilities. 

Dr.  Weaver.  If  you  cut  each  item  20  percent  and  still  had  your 
original  basic  items  there,  how  badly  would  that  affect  you,  rather 
than  eliminating  one  item  for  another  ? 

Mr.  Cortright.  Each  one  ? 

Dr.  Weaver  Each  item  you  included  in  space  sciences,  construc- 
tion— 

Mr.  Cortright.  So  much  per  construction  ? 

Dr.  Weaver.  For  each  of  the  facilities,  yes. 

Mr.  Cortright.  In  some  facilities  you  simply  can’t  do  that. 

It  would  make  more  sense  to  drop  the  whole  facility  and  keep  one 
or  two  at  the  design  values. 

There  are  certain  minimums. 

I can’t  really  answer  that. 

Dr.  Weaver.  It’s  an  unfair  question,  but  at  the  same  time,  I wonder 
if  you  could  cut  each  of  these  15  percent,  20  percent  and  still  carry 
on  the  basic  effort  you  want,  through  that  construction  facility  ? 

Mr.  Karth.  I’d  just  like  to  point  out  to  the  gentlemen,  usually  we 
have  had  the  reverse  experience,  if  an  estimate  is  for  five  and  a half 
million  dollars,  usually  it  costs  us  approximately  eight  and  a half 
to  get  the  facility  the  NASA  people  made  the  design  for. 
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Dr.  Newell,  or  Mr.  Cortright — the  utility  installation  project,  two 
and  a half  million  dollars,  what  is  this  utility  installation? 

Mr.  Cortright.  I’d  like  Mr.  Taylor  to  discuss  that. 

Mr.  Taylor.  Let  me  point  out  first  the  concept  here.  In  each  of 
the  facilities  projects  that  are  presented,  you  will  find  a request  for 
water  lines,  steam  lines,  and  other  utility  items. 

The  concept  is  that  each  facility  will  provide  the  utilities  which 
are  unique  to  that  building  and  the  connecting  links  for  control 
utilities. 

It  isn’t  practical  in  a total  laboratory  sense,  say,  to  design  power 
for  a given  facility.  So,  what  we  attempt  to  do  in  every  instance  is 
to  provide  central  power,  central  heating,  central  water,  air  condi- 
tioning, et  cetera. 

This  request  is  to  supplement  our  utility  system  for  fiscal  year 
1964  construction. 

Mr.  Karth.  Could  you  explain  more  thoroughly  just  exactly  what 
that  is? 

In  the  first  instance  you  build  the  powerplant  large  enough  to  take 
care  of  future  needs,  I suppose,  for  expansion. 

Every  time  we  authorize  any  new  facilities  we  also  have  to  increase 
utility  installations.  Why  is  that  ? 

You  talking  about  digging  the  trench  between  the  main  source  of 
supply  and  the  facility  or  what  are  you  talking  about. 

Mr.  Cortright.  There  is  more. 

Mr.  Karttt.  Will  you  itemize  what  you  are  talking  about? 

Mr.  Cortright.  I would  like  to  read  from  the  description  of  this 
project. 

Mr.  Karth.  Yes. 

Mr.  Cortright.  Proposed  to  expand  the  utility  installations  to  in- 
clude in  addition  to  the  central  heating  and  refrigeration  plant  the 
installation  of  4,000  tons  of  refrigeration  insulation,  33  pounds  per 
hour  steam  generating  boiler  in  the  new  addition,  the  installation  of 
site-chilled- water  lines  and  installation  of  gas  mains. 

In  addition  to  run  present  33-kilowatt  line  underground,  from 
the  present  main  substation  westward  to  the  perimeter  fence,  and 
the  justification  for  this  is  also  described  at  the  bottom  of  the  page 
and  we  can  read  through  that  if  you  choose. 

Mr.  Karth.  Really,  you  are  providing  your  own  air  conditioning 
and  heating  and  generating  system  for  the  new  facility? 

Mr.  Ulmer.  Augmentation  of  the  existing  installations. 

Mr.  Karth.  You  are  calling  them  .In  augmentation  of  the  existing 
facility.  Is  that  correct  ? 

Mr.  Ulmf.r.  The  costs  could  have  been  prorated  among  the  several 
new  facilities. 

We  thought  it  made  a clearer  picture  this  way. 

Mr.  Karth.  If  we  authorized  the  facilities  we  are  talking  about, 
and  cut  out  the  utilities,  you’d  melt  in  the  summer  and  freeze  to  death 
in  the  wintertime. 

Mr.  Ulmer.  We’d  be  in  a pretty  difficult  situation,  yes. 

Colonel  Gould,  On  the  extensions  of  electrical  feeders  to  new  build- 
ing sites,  are  the  existing  overhead  feeders  adequate  to  meet  the  addi- 
tional new  connected  load  ? 

Mr.  Ulmer.  Yes.  We  are  proposing,  however,  to  route  some  of  the 
existing  overhead  feeders  underground. 
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Colonel  Goum.  I noticed  in  the  utilities  project  an  amount,  $730,000 
for  a new  highway  interchange  over  the  Baltimore- Washington  Park- 
way. Has  the  Bureau  of  Public  Roads  conducted  an  independent 
study  of  this  requirement  ? 

Mr.  Ulmer.  It  is  my  understanding  they  concur  fully  in  this  re- 
quirement. 

Colonel  Gould.  Have  they  published  a report  ? 

Mr.  Ulmer.  I’d  like  to  check  that  and  supply  the  information  for 
the  record. 

Colonel  Gould.  Based  on  your  preliminary  discussions  with  Bu- 
reau of  Public  Roads,  what  will  the  Bureau  contribute  to  this  new 
interchange  so  far  as  effort  and  funds  are  concerned? 

Mr.  Ulmer.  I do  not  have  that  information  here  and  I hesitate  to 
give  you  an  off-the-cuff  answer.  I’d  like  to  supply  the  answer  for  the 
record. 

This  interchange  at  Goddard  has  been  under  discussion  for  a year 
and  a half. 

Colonel  Gould.  Would  you  supply  it  for  the  record,  please? 

(The  information  referred  to  is  as  follows :) 

Road  Interchange,  Goddard  Space  Flight  Center 

NASA  will  fund  full  cost  of  the  proposed  interchange  from  the  Washington- 
Baltimore  Parkway  to  the  Goddard  Space  Flight  Center.  This  is  in  accordance 
with  the  report  of  the  Bureau  of  Public  Roads  dated  M^rch  30,  1961.  attached, 
which  was  based  upon  a study  of  Washlngton-Baltimore  interchange  problems 
made  by  the  Bureau.  (This  report  also  covers  a study  of  tvaffic  conditions  on 
Glendale  Road  east  of  the  parkway,  and  improvements  to  this  road  are  now  un- 
derway by  NASA  together  with  the  State,  the  county,  the  C.S.  National  Park 
Service  and  the  Bureau  of  Public  Roads. ) 

As  Indicated  in  the  report,  the  separate  interchange  for  NASA  traffic,  plan  2, 
is  estimated  to  cost  $522,000.  This  figure  covers  only  the  construction  of  the 
Interchange.  The  complete  road  interchange  project,  included  in  the  utility  in- 
stallations project  for  Goddard  Space  Flight  Center  in  the  proposed  budget,  is 
estimated  to  cost  $750,000.  The  $750,000  estimate  includes  the  interchange  itself 
($522,000)  ; the  extension  of  the  road  across  a portion  of  the  Agriculture  Re- 
search Center  and  within  the  confines  of  Goddard  to  connect  with  the  existing 
Goddard  internal  road  system ; and  all  necessary  drainage  structures. 

March  30,  1961. 

From : Bureau  of  Public  Roads,  Mr.  August  Schofer,  regional  engineer,  Hagers- 
town. Md. 

To:  Bureau  of  Public  Roads.  E.  F.  Gleason,  division  engineer,  Baltimore,  Md. 
Subject : Maryland,  defense  access  roads.  Goddard  Space  Flight  Center,  Glen- 
dale Road,  Prince  Georges  County. 

In  compliance  with  a memorandum  from  Mr.  Paul  F.  Royster,  Assistant  Com- 
missioner for  Operations,  dated  October  5,  1960,  endorsed  by  the  regional  engi- 
neer, the  following  report  on  access  roads  needs  for  the  subject  installation,  a 
facility  of  the  National  Aeronautics  and  Space  Administration,  is  submitted. 

On  November  10, 1960,  we  met  Mr.  Philip  Miller  of  NASA,  and  later  the  same 
day  discussed  these  matters  with  Mr.  John  Marburger,  director  of  public  works 
of  Prince  Georges  County,  and  talked  briefly  with  the  chairman  of  the  county 
commissioners. 

We  submitted  a report  to  the  regional  engineer  dated  November  15,  1960, 
making  certain  recommendations  for  the  Improvement  of  Glendale  Road.  The 
regional  engineer  requested  further  study  of  the  existing  interchange  between 
Glendale  Road  and  the  Baltimore-Washington  Parkway.  This  study  required 
more  factual  information  on  NASA  generated  traffic  than  we  had  been  able  to 
obtain  verbally  and  in  correspondence  from  NASA.  On  February  8,  1961,  NASA 
furnished  ns  the  listing  of  some  1,157  employee  addresses  which  was  stated  to 
be  approximately  40  percent  of  their  anticipated  full  employment.  We  assigned 
these  employees  to  corridors  by  judgment  and  transmitted  the  list  to  our  regional 
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office.  We  understand  the  District  of  Columbia  will  use  this  list  and  supplement 
it  with  other  information  to  provide  more  precise  traffic  assignment  in  the 
vicinity  of  the  Glendale  Road  interchange.  Traffic  shown  in  this  report  is  the 
latest  State  roads  commission  assignments  for  design  hour  developed  without 
consideration  of  NASA  and  NASA  traffic  developed  by  this  office  from  the  list  of 
addresses  furnished. 

l.  LOCATION 

The  Goddard  Space  Flight  Center  is  located  on  the  north  side  of  Glendale  Road. 
The  main  entrance  is  approximately  1.6  miles  east  of  the  Baltimore-Washington 
Parkway. 

2.  EXISTING  FACILITIES 

The  existing  interchange  at  Glendale  Road  and  the  Baltimore-Washington 
Parkway  is  under  contract  for  reconstruction,  placing  all  movements  in  the  two 
north  quadrants ; included  in  this  contract  is  the  dualization  of  Greenbelt  Road 
from  Kenilworth  Avenue  (SR-205)  to  the  west  side  of  the  bridge  carrying  Glen- 
dale Road  over  the  Baltimore-Washington  Parkway.  This  bridge,  owned  and 
maintained  by  the  Department  of  Interior,  provides  a 30-foot-surface  width. 

Glendale  Road  from  east  of  this  bridge  to  Telegraph  Road,  2.75  miles,  is  a 
SO'foot  macadam  pavement  with  narrow  2-  to  4-foot  shoulders  in  fair  to  poor 
condition.  Sight  distance  is  poor  due  to  a combination  of  short  horizontal  and 
vertical  curv  es.  Safe  speed  is  approximately  40  miles  per  hour. 

Telegraph  Road  is  16-  by  18-foot  surface  treatment  with  4-foot  shoulders. 

The  Baltimore-Washington  Parkway  provides  two  24-foot  pavements  separated 
by  a 40-foot  median  at  the  Glendale  Road  bridge  with  10-foot  shoulders  to  face 
of  abutment.  A center  pier 4s  in  the  median. 

The  Capital  Beltway  proposed  is  located  approximately  2,000  feet  south  of 
the  Glendale  Road  bridge.  A full  cloverleaf  interchange  with  the  Baltimore- 
Washington  Parkway  is  proposed.  The  outer  connections  to  the  north  provide 
barely  enough  acceleration  and  deceleration  length  before  entering  the  Glendale 
Road  bridge. 

3.  TBAFFIC 

DHV  (1975)  not  including  NASA  traffic  and  NASA  a.m.  and  p.m.  peaks  (at 
70  percent  of  stated  NASA  full  employment)  are  shown  separately  on  the  at- 
tached map.  These  two  volumes  will  be  cumulative  to  some  degree.  It  appears 
NASA  peak  at  the  Glendale  Road  interchange  may  occur  later  in  the  morning 
and  earlier  in  the  evening  than  the  DHV.  NASA  peaks  will  occur  at  7:30  to 
8 a.m.  and  at  4 :30  to  5 p.m. 

It  will  be  noted  from  the  traffic  map  that  certain  movements  will  experience 
considerable  difficulty : 

(1)  Weaving  from  the  northeast  outer  connection  of  the  Capital  Beltway 
with  movements  to  the  northeast  inner  loop  of  the  Glendale  Road 
interchange. 

(2)  Merging  from  the  southwest  inner  loop  of  the  Glendale  interchange  on 
the  Baltimore-Washington  Parkway. 

(3)  Left  turns  on  Glendale  Road  and  Southway. 

(4)  Volumes  across  the  two-lane  Glendale  Road  bridge. 

It  is  also  to  be  noted  that  NASA  volumes  will  be  concentrated  in  a half-hour 
period,  resulting  in  maximum  lane  density  and  exceeding  possible  lane  capacity. 
In  this  connection  staggering  working  hours  to  the  degree  commensurate  with 
working  efficiency  will  provide  considerable  improvement  in  traffic  conditions 
on  the  related  facilities. 

4.  PROPOSED  IMPROVEMENTS 

NASA  approached  Prince  Georges  County  some  months  ago  and  requested 
improvement  of  Glendale  Road.  They  formally  offered  a contribution  of  $200,000 
and  60  feet  of  right-of-way  along  their  property.  The  county  commissioners 
had  already  recognized  the  desirability  of  improving  Glendale  Road,  and  engi- 
neering was  underway.  Plans  are  being  prepared  for  dual  24-foot  pavements 
with  10-foot  shoulders  separated  by  a 16-foot  median  on  a 126-foot  right-of-way 
from  the  east  side  of  the  Baltimore-Washington  Parkway  to  Telegraph  Road 
for  a distance  of  2.55  miles  at  a rough  preliminary  estimate  of  $750,000.  It 
was  the  feeling  of  the  director  of  public  works  that  Initial  construction  would 
grade  and  drain  four  lanes  and  pave  two  lanes.  The  ultimate  section  would 
await  the  development  of  the  land  south  of  Glendale  Road  at  which  time  the 
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developer  would  be  asked  to  pay  for  certain  roadside  items  of  drainage  and 
curb  that  were  required  by  his  development. 

The  chairman  of  the  county  commissioners  on  November  10,  1960.  strongly 
felt  that  the  NASA  contribution  was  inadequate.  He  said  initially  the  con- 
tribution should  be  100  percent  but  after  some  discussion  implied  that  $330,000 
would  be  acceptable. 

There  is  no  consideration  by  either  State  or  county  to  widen  the  Glendale 
Road  bridge  to  a dual  facility.  We  consider  this  a necessary  improvement  and 
will  include  it  in  our  recommendations.  At  the  present  time  it  appears  the 
owners  of  this  bridge,  the  U.S.  Department  of  the  Interior,  has  prime  responsi- 
bility to  provide  the  improvement. 

Considerable  study  of  the  interchange  problems  has  been  made  by  the  urban 
highway  division  of  the  Washington  office  and  by  the  Maryland  division  office. 
Two  schemes  are  worthy  of  consideration : 

Plan.  1 

A collector-distributor  system  through  the  proj>osed  Capital  Beltway  inter- 
change and  existing  Glendale  Road  interchange.  Estimated  cost,  $650,000. 

Plun  2 

A separate  interchange  north  of  Glendale  Road  providing  direct  connection 
to  and  from  the  south  on  the  Baltimore-Washington  Parkway  to  the  NASA  site. 
Estimated  cost,  $522,000. 

These  plans  do  not  include  the  cost  of  the  reconstruction  of  Glendale  which 
is  the  immediate  improvement  requested  by  NASA. 

5.  RECOM  MENDaTIONS 

We  recommend  the  immediate  improvement  of  Glendale  Road  for  two  lanes 
of  an  ultimate  dual  highway  from  the  east  side  of  the  interchange  with  the 
Baltimore-Washington  Parkway  to  the  USDA  Road  for  a distance  of  2.1  miles. 
We  recommend  further  that  dualization  through  the  Glendale  Road  interchange 
and.  the  construction  of  a dual  bridge  across  the  Baltimore-Washington  Parkway 
when  the  county  dualizes  Glendale  Road  east  of  the  Baltimore-Washington 
Parkway.  We  recommend  plan  No.  2,  a separate  interchange  for  NASA  traffic 
north  of  Glendale  Road  be  considered  when  anticipated  traffic  at  the  Glendale 
Road  interchange  approaches  possible  capacity. 

o.  COSTS 

(«r)  Immediate  first  stage:  Glendale  Road,  2.1  miles;  24-foot  high-type  pave- 
ment with  10-foot  shoulders ; grade  for  a dual  highway  with  a 16-foot  median, 
total  estimated  cost,  $400,000. 

(?>)  Second  stage : County  portion,  Glendale  Road,  2.1  miles  ; complete  dualiza- 
tion ; estimated  cost,  $200.000 : Federal  portion  through  interchange  and  Glendale 
Road  Bridge ; estimated  cost.  $300,000. 

(r)  Ultimate  costs : Separate  interchange  for  NASA  to  and  from  provide  move- 
ments from  south  north  of  Glendale  Road;  estimated  cost,  $522,000. 

Total  cost,  $1,422,000. 

7.  FINANCING 


(a)  1st  stage,  access  roads  project : 

NASA  contribution $200,000 

Federal-aid  secondary  funds 100,  000 

County  share 100,  000 


Total 400, 000 


(b)  2d  stage: 

Federal-aid  secondary  funds 100,  000 

County  share 100,  000 

U.S.  National  Park  Service 300,  000 


Total — 500,  000 

(r)  Ultimate:  Separate  interchange  for  NASA 522,  000 
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Colonel  Gould.  I note  the  addition  to  the  power  plant  building  is 
$25  a square  foot,  as  is  also  the  cost  per  square  foot  for  the  Meteorologi- 
cal Systems  Development  Laboratory.  Isn't  this  rather  unusual  ? 

Mr.  Ulmer.  It  depends  on  what  a square  foot  cost  includes. 

The  costs  per  square  foot  we  show  are  for  the  basic  building,  its 
internal  normal  utility  systems,  but  not  including  the  equipment  that 
will  go  into  that  building.  In  one  case  we  are  building  a structure  to 
house  a boiler  or  air-conditioning  equipment.  It  might  cost  the  same 
as  one  in  which  we  will  put  desks,  chairs,  and  laboratory  equipment. 
It’s  a matter  of  examining  the  building  design.  A lot  depends  on  the 
ceiling  height  of  the  structure.  Comparisons  using  only  square- foot 
costs  can  be  misleading. 

Mr.  Kartii.  Going  to  the  Jet  Propulsion  Laboratory  you  will  find 
there  is  a million-dollar  cost  for  the  addition  of  space  flight  operations 
facility.  I wonder  if  you  could  explain  the  reason  why  this  addition 
is  necessary  and  when  that  space  flight  operation  facility  that  we  are 
expanding  was  completed. 

Mr.  Cortrigiit,  I am  glad  you  asked  that  question  because  this  is  a 
very  important  facility  and  a very  meaningful  one  in  many  ways. 

When  we  land  our  spacecraft  on  the  Moon  or  place  them  in  orbit, 
the  experimentation  has  just  begun  and  we  have  to  mother  them 
throughout  their  lives.  We  have  to  take  their  temperatures,  see  if  a 
left  arm  is  broken,  tell  them  what  to  do  to  complete  their  missions. 

In  the  case  of  Surveyor  it’s  even  more  complex  on  the  part  of  the 
earthbound  equipment.  In  order  to  simplify  the  Surveyor  it  only 
does  what  it’s  told  when  it  lands  on  the  Moon.  It  is,  in  fact,  operated 
from  Earth  much  in  the  same  manner  as  a derrick  is  operated  by  an 
operator  sitting  right  in  it. 

The  scientists  can  choose  what  sample  is  taken,  when  it’s  taken,  and 
how  it’s  analyzed.  On  the  basis  of  contingencies  met  on  the  lunar 
surface,  the  planned  operation  of  the  spacecraft  can  be  modified. 

Now,  we  are  going  to  be  flying  Rangers  and  Surveyors  and  Mariners 
and  even  Pioneers  for  different  purposes  in  this  program  during  the 
same  time  period. 

What  we’ve  tried  to  design  here  is  a control  center  which  can  cope 
with  the  various  systems  during  concurrent  operation. 

We  need  enough  space  to  provide  control  rooms  and  consoles  for  the 
operators  and  scientists  who  command  the  spacecraft.  We  also  have 
a limited  number  of  others  available  in  this  facility  for  the  scientist  to 
stay  there  and  help  diagnose  the  experiments  w ith  the  scientific  equip- 
ment. 


So,  the  addition  is  designed  to  supplement  the  capacity  of  the  orig- 
inal building  to  fit  the  current  program.  The  original  building  was 
designed  a little  bit  too  small. 

Mr.  Karth.  Is  it  completed  ? 

Mr.  Cortrigiit.  It  is  not  complete. 

Mr.  Karth.  I see.  How*  about  the  area  of  development — engineer- 


ing? 


Is  this  a new’  bidding  request? 

Mr.  Cortrigiit.  Yes. 

Mr.  Kartii.  What  is  the  purpose  of  the  building? 

Mr.  Cortrigiit.  To  provide  project  labs,  machine  shops,  and  a high 
bay  development  area. 
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Essentially  it  will  take  the  necessary  elements  of  engineering 
mechanics,  which  is  one  of  the  operating  divisions  of  JPL,  and  pull 
these  together  in  a single  facility. 

This  has  a twofold  purpose.  One,  to  bring  the  iivision  together  and 
also  to  provide  standard  rather  than  substandard  housing. 

As  you  are  aware,  at  JPL  we  have  a rat’s  nest  of  old  facilities  which 
should  be  eliminated.  The  square  footage  allowed  per  employe  is  too 
small.  We  are  trying  to  make  a laboratory  out  of  it  ana  get  rid  of  * 
some  of  the  inadequate  facilities  such  as  the  189  trailers  which  we  now 
have  out  there. 

Does  that  answer  your  question? 

Mr.  Karth.  Yes,  sir. 

Colonel  Gould.  In  the  fiscal  year  1963  program  Congress  author- 
ized an  engineering  mechanics  building  in  the  amount  of  $3,045,000. 
According  to  the  NASA  construction  status  report  three  other  build- 
ings were  substituted  for  the  mechanics  building;  namely,  a space 
science  lab,  an  addition  to  the  physical  science  lab,  and  an  applied 
science  lab. 

If  I’m  not  mistaken,  the  justification  in  the  1963  program  indicated 
this  building  was  to  accommodate  the  Engineering  Mechanics  Division 
of  JPL.  Is  this  correct? 

Mr.  Ulmer.  I would  have  to  check  my  records  on  that.  There  was 
a change  authorized  in  the  1963  program. 

A careful  review  was  made  and  it  was  determined  that  it  would  be 
more  efficient  to  provide  the  authorized  space  by  the  additions  of  the 
three  buildings  you  mentioned  in  lieu  of  constructing  a single  building. 

I am  afraid  we  are  getting  in  some  difficulty  from  the  titles  of 
these  facilities. 

It  might  be  better  if  we  used  building  numbers.  We  sometimes 
unnecessarily  confuse  you  and  ourselves  in  the  terminology  we  use  here. 

We  feel  the  change  made  in  1963  was  not  a scope  change,  as  such. 
It  was  just  a different  manner  of  providing  the  building  space  the 
Congress  had  approved. 

Mr.  Karth.  The  only  thing  I am  trying  to  bring  out  is  that  I think 
it  was  qualified  for  as  the  engineering  division  you  direct.  It’s  the 
same  thing  except  you  changed  your  mind. 

Mr.  Cortright.  I think  I recall  that  action.  As  I recall,  the  labora- 
tory made  a reevaluation  of  what  groups  were  hurting  the  most 
and  determined  that  space  could  be  better  distributed  and  that  the 
mechanics  area  could  get  along  another  year. 

Colonel  Gould.  Again,  Mr.  Chairman,  this  may  be  another  instance 
where  the  project  has  been  authorized  previously. 

Mr.  Ulmer.  Colonel,  may  I comment  on  your  statement?  We  are 
operating  on  the  assumption  that  the  authority  for  the  three  smaller 
buildings  we  approved  uses  up  the  authorization  for  the  single  large 
structure.  We  considered  this  a different  method  of  accomplishing 
the  same  purpose  and  we  thus  feel  we  have  used  up  that  authorization. 

Mr.  Karth.  Well,  was  the  money  spent  for  the  purpose  in  which  it 
was  intended  ? 

Mr.  Ulmer.  Yes,  indeed,  for  providing  working  space  for  the  JPL 
staff. 

Mr.  Cortright.  I am  not  sure  as  many  people  went  into  that  build- 
ing as  we  thought  would.  This  is  a continuing  problem  in  the 
laboratory. 
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Mr.  Karth.  Anyway,  they  are  going  into  it? 

Mr.  Ulmer.  Had  it  been  used  tor  anything  else,  it  would  have  come 
up  for  a formal  programing  action. 

Mr.  Karth.  It  was  used  for  housing  ? 

XJlmer 

Mr.  Kartit.  Now  the  1964  budget  request  includes  $3,900,000  for 
a development  engineering  building  at  JPL. 

The  building  includes  a structures  dynamic  testing  laboratory  and 
its  equipment. 

The  budget  also  includes,  under  other  programs,  requests  for— in 
round  figures — one  and  a half  million  for  a structures  dynamics 
laboratory  at  Ames;  one  and  a quarter  million  for  replacement  fa- 
cilities fatigue  research  at  Langley. 

The  general  requirements  for  the  testing  proposal  are  the  same 
and  in  the  case  of  some  of  this  proposed  equipment  would  seem  to 
make  the  facilities  interchangeable. 

Would  you  care  to  comment  on  that  ? 

Mr.  Cortriqht.  Only  in  this  respect. 

It  is  normal  and  proper  that  laboratories  working  in  different  parts 
of  the  country  have  facilities  that  do  similar  jobs. 

At  a cursory  glance  it  would  seem  to  be  the  same  facility  just  as 
company  A will  nave  a large  machine  shop  and  company  B will  have 
a large  machine  shop ; or  the  Lewis  Research  Center  will  have  a wind 
tunnel  and  Langley  will  have  a wind  tunnel. 

They  use  them  for  different  projects,  but  they  are  a similar  type 
of  operation. 

Mr.  Karth.  You  just  can’t  use  these  facilities  for  the  kind  of 
project  you  need  to  test. 

Apparently,  you  have  to  tailormake  these  tests  to  the  facility. 

Mr.  Cortrioht.  Some  are  tailormade  by  virtue  of  their  program. 
More  normally  they  are  tailormade  by  virtue  of  their  location. 

All  of  them  are  scheduled  heavily  end  we  can  supply  loadings  on 
our  equipment  which  will  indicate  what  we  are  using  them  for  and 
howT  many  shifts  they  are  on. 

Mr.  Karth.  What  about  the  materiels  services  building? 

Mr.  Cortrioht.  The  materiels  services  building  provides  for  a con- 
solidation of  the  service  and  support  functions  including  such  things 
as  inventory  control,  central  stores  warehousing,  shipping,  receiving, 
inspection,  property  accounting,  and  the  offices  of  the  people  who  per- 
form these  functions. 

These  people  are  now  occupying  trailers  and  off-laboratory  leased 
space  ana  are  scattered  around  so  they  do  not  constitute  an  efficient 
operation. 

We  have  to  do  this. 

We  have  displaced  these  people  at  different  times  in  the  past  to 
pull  together  teams  which  could  not  be  broken  up,  but  it’s  been  to  our 
disadvantage  to  do  so. 

Mr.  Karth.  How  do  we  start  these  centers  ? 

Let’s  take  the  Jet  Propulsion  Laboratory.  I suppose  we  have  just 
scads  of  surplus  Government  property  in  California,  or  elsewhere. 

Mr.  Cortrioht.  Yes. 

Mr.  Karth.  How  do  these  things  start?  We  are  buying  very  ex- 
pensive property  and  building  very  expensive  buildings  and  all  of 
this  might  be  available,  or  a substantial  part  of  it  might  be  available 
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someplace  else  where  it’s  been  declared  “surplus”  by  another  Govern- 
ment agency. 

How  do  we  get  in  these  situations  ? 

We  are  tied  to  Jet  Propulsion  Laboratory  now,  and  I guess  we 
are  just  going  to  have  to  keep  on  building  their  buildings.  Ts  that 
the  kind  of  situation : you  can’t  do  without  it,  and  you  can’t  do  with  it  ? 

Mr.  Cortright.  Jet  Propulsion  Laboratory  is  a good  answer  to 
your  question. 

Jet  Propulsion  Laboratory  was  originally  built  up  by  the  Army 
as  a somewhat  temporary  installation  for  some  of  the  problems  en- 
countered in  the  last  war. 

Mr.  Karth.  We  own  the  land,  but  we  don’t  own  the  buildings  ? 

Mr.  Cortright.  We  own  the  land,  the  buildings,  the  equipment,  and 
we  also  lease  trailers  to  house  people. 

Mr.  Karth.  When  we  started,  there  was  a considerably  large 
Government-owned  installation  in  terms  of  buildings  ? 

Mr.  Cortright.  About  2,400  people,  as  I remember,  sir. 

The  Laboratory  is  now  up  to  about  3,900.  We  have  had  to  house 
them. 

The  land  was  Government  owned. 

Mr.  Ulmer.  In  establishing  new  centers,  Mr,  Karth,  the  procedure 
you  described  is  followed. 

There  is  a very  careful  review  of  all  existing  facilities,  and,  if  at 
all  possible,  if  the  facility  is  required  to  be  built,  it  is  built  on  Govern- 
ment-owned land. 

I thnk  the  Goddard  Center  is  a good  example  of  this. 

The  Langley  Center  and  the  Ames  Center  are  other  examples. 

Wherever  possible  we  try  to  meet  the  need  with  the  use  of  existing 
facilities  or  existing  Government-owned  land. 

Mr.  Karth.  How  about  Houston  ? 

Mr.  Ulmer.  Houston  was  a different  situation. 

Mr.  Karth.  Pretty  good  project : isn’t  it  ? 

Mr.  Ulmer.  Yes,  it  is  a pretty  good  project. 

Another  example  is  the  Lunar  Excursion  Model  Test  Facility  you 
see  in  this  budget.  This  facility  will  be  built  on  existing  Government- 
owned  land  at  White  Sands,  N.  Mex. 

Mr.  Karth.  I am  happy  to  know  this.  I do  know  we  have  tremen- 
dous amounts  of  surplus  property  and  buildings  all  over  this  country, 
really. 

I guess  there  is  quite  a predominance  of  it  on  the  two  coasts,  for 
example. 

Mr.  Ulmer.  As  another  example,  there  was  an  announcement  of  the 
proposed  use  of  a large  hangar  at  the  Moffett  Field  Naval  Air  Sta- 
tion for  the  RIFT  program.  The  hangar  has  outgrown  its  usefulness 
to  the  program  for  which  it  was  built  but  may  be  very  well  useful  in 
our  program. 

Mr.  Karth.  The  Michoud  Plant,  was  that  a Government-owned 
facility? 

Mr.  Ulmer.  Yes,  that  is  another  good  example.  It  was  idle  after 
the  Korean  war.  It  was  used  for  tank  construction. 

Mr.  Karth.  This  nretty  much  fits  into  NASA’s  requirements  so  far 
as  space  is  concerned  ? 

Mr.  Ulmer.  It  was  a fortunate  break  for  us,  Mr.  Chairman.  It  is  a 
large  plant,  air  conditioned  and  with  a high  bay — exactly  what  we 
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need  for  the  construction  of  the  large  boosters.  Also,  the  time  factor 
in  having  the  plant  available  promptly  was  very  important. 

Colonel  Gould.  Also  saved  $120  million,  Mr.  Chairman. 

Mr.  Karth.  Well,  the  one  last  item,  then,  on  the  construction  pro- 
gram, is  the  Launch  Operation  Center,  $1,600,000.  I wonder,  Mr. 
Cortright,  if  you  care  to  explain  that  ? 

Mr.  Cortright.  Mr.  Chairman,  I have  had  the  pleasure  of  your 
company  at  Cape  Canaveral,  and  you  have  been  with  me  in  the  hangar 
where  we  now  assemble  and  check  out  such  spacecraft  as  the  Mariner. 

We  have  set  about  to  develop  a facility  at  AMR  which  is  capable 
of  final  checkout,  and  servicing,  if  you  will,  of  our  larger  spacecraft 
which  are  starting  to  come  out  of  the  manufacturers  plant. 

This  includes  Surveyor,  OAO,  and  OGO.  This  is  a facility  de- 
signed to  serve  just  that  purpose. 

It  will  house  the  technicians,  the  engineers,  and  the  spacecraft. 

It  will  have  air  conditioning,  a properly  controlled  environment ; so 
that  these  delicate  spacecraft  cannot  deteriorate  in  the  corrosive  at- 
mosphere of  the  cape. 

It’s  essentially  a building  of  the  type  you’ve  seen,  only  larger,  with 
better  accommodations  for  the  increased  flow  of  large  spacecraft. 

Mr.  Kartii.  There  will  be  no  testing  of  these  spacecraft  there? 
Merely  be  housed  there  and  prepared  for  flight  ? 

Mr.  Cortright.  You  will  recall  we  had  one  room  about  two  or 
three  times  the  size  of  this  room,  completely  filled  with  electronic 
equipment  for  the  Mariner.  These  electronic  tests  are  conducted  on 
the  spacecraft. 

The  equipment  themselves,  to  conduct  those  tests,  are  brought  down 
to  the  cape  for  the  spacecraft  checkout.  If  that’s  what  you  are  re- 
ferring to  as  the  testing,  we  do  that. 

Mr.  Karth.  Yes,  sir ; and  this  is  brought  from  Goddard  ? 

Mr.  Cortright.  Goddard  or  Jet  Propulsion  Laboratory,  depending 
what  the  spacecraft  is. 

Colonel  Gould.  In  a release  dated  February  1, 1963,  concerning  the 
Agena  space  vehicles,  NASA  announced  that  the  Project  Operations 
Branch  at  Cape  Canaveral  would  be  expanded. 

Is  this  going  to  require  additional  facilities  over  and  above  those 
you  have  included  in  the  1964  program  ? 

Mr.  Cortright.  We  don’t  think  so,  but  that’s  still  under  review1. 

We  think  that  by  crowTding  wre  can  make  use  of  the  facilities  we 
have  asked  for,  but  that  remains  to  be  seen. 

Colonel  Gould.  If  this  facility  will  not  meet  the  requirement,  will 
it  be  possible  to  await  the  fiscal  year  1965  program  or  do  you  intend 
to  reprogram  ? 

Mr.  Cortright.  I can’t  answer  that  question. 

We  will  do  what  we  have  to  do  to  get  the  job  done  within  our  legal 
authority. 

Mr.  Karth.  Anything  you’d  like  to  add,  Dr.  Newell,  to  what  has 
been  said  ? 

Dr.  Newell.  I think  Mr.  Cortright  and  Mr.  ITlmer  have  done  a fine 
job. 

Mr.  Karth.  I think  they  have,  too — real  good  job. 

Well,  I have  no  further  questions. 

Colonel  Gould  ? 
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Colonel  Gould.  I have  no  further  questions. 

Mr.  Kartii.  Dr.  Newell,  Tuesday  when  we  meet  again,  we  will  meet 
with  the  OART  people,  and  if  there  are  any  questions  in  the  minds  of 
the  members  of  the  subcommittee  that  they  should  like  to  have  you  and 
Mr.  Cortrightback  again,  we’ll  contact  you. 

If  not,  I guess  this  will  conclude  our  hearings  for  the  Office  of  Space 
Sciences. 

Dr.  Newell.  Did  you  want  this  submitted  for  the  record  ? 

Mr.  Karth.  Yes;  I wonder  if  you  would  submit  that  to  the  young 
lady  for  the  record.  That  is  a statement  of  Dr.  Newell  we  had  spoken 
about  earlier,  so  please  submit  it  for  the  record. 

Dr.  Newell.  This  is  a statement  on  scientific  and  technical  data  and 
information  usage  dissemination. 

Mr.  Kartii.  Excuse  me,  Dr.  Newell. 

Mr.  Hammill.  Isn’t  that  for  insertion  in  an  earlier  record  ? 

Dr.  Newell.  The  chairman  had  asked  I be  prepared  to  speak  on  the 
subject,  so  I assembled  some  notes  here  on  it. 

It  could  be  inserted  earlier,  where  the  chairman  requested  it,  or 
inserted  here. 

I don’t  feel  it  would  be  disconnected  if  it  were  inserted  here. 

Mr.  Hammill.  J think  it  would  be  appropriate  to  insert  it  at  that 
point  in  the  record  when  it  was  first  requested. 

Dr.  Newell.  All  right,  we’ll  give  it  to  you  then. 

These  are  samples  of  the  output  of  this  program  that  was  described 
in  this  paper. 

I thought  the  committee  might  be  interested  in  thumbing  through 
some  of  the  handbooks,  reports,  and  so  on. 

Mr.  Karth.  Thank  you  very  much,  Doctor.  The  committee  is 
adjourned. 

(Whereupon,  at  12:05  p.m.,  the  subcommittee  adjourned.) 
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WEDNESDAY,  3EABCH  27,  1883 

House  of  Representatives, 

Committee  on  Science  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  214—B,  Longworth  Building,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Karth.  The  meeting  will  be  in  order. 

Dr.  Bisplinghoff,  I want  to  w elcome  you  to  the  committee. 

Very  happy  to  have  you  with  us. 

Dr.  Bisplinghoff.  Thank  you,  sir. 

Mr.  Karth.  I might  say  that  as  you  proceed  through  your  pre- 
pared testimony  it  may  be  that  the  committee  members  will  have  ques- 
tions in  mind.  So  that  they  don’t  forget  them,  they  may  interrupt 
you  at  any  point.  We  operate  on  a very  informal  basis. 

Dr.  Bisplinghoff.  Fine. 

Mr.  Kartii.  We  hope  you  have  no  objection  to  this  procedure. 

Dr.  Bisplinghoff.  Not  at  all.  We  are  glad  to  conduct  ourselves  in 
any  way  you  see  fit. 

Mr.  Karth.  Doctor,  I see  you  have  a prepared  statement.  If  you 
care  to  begin,  we  will  be  very  happy  to  receive  your  testimony. 

STATEMENT  OF  DR.  RAYMOND  L.  BISPLINGHOFF,  DIRECTOR,  OFFICE 

OF  ADVANCED  RESEARCH  AND  TECHNOLOGY,  NASA,  ACCOM- 
PANIED BY  BOYD  C.  MYERS  II,  DIRECTOR,  PROGRAM  REVIEW 

AND  RESOURCES  MANAGEMENT,  AND  JOHN  L.  SLOOP,  DIRECTOR, 

PROPULSION  AND  POWER  GENERATION,  AND  DR.  EUGENE  B. 

KONECCI,  DIRECTOR,  BIOTECHNOLOGY  AND  HUMAN  RESEARCH, 

AND  HAROLD  B.  FINGER,  DIRECTOR,  NUCLEAR  SYSTEMS,  AND 

MANAGER,  SPACE  NUCLEAR  PROPULSION  OFFICE,  AEC-NASA 

Dr.  Bisplinghoff.  Mr.  Chairman  and  members  of  the  subcommit- 
tee, our  statement  today  is  in  connection  with  the  Advanced  Research 
and  Technology  Program  Office  which  has  the  responsibility  for 
advanced  research  and  technological  programs  that  may  have  general 
or  future  applications  to  the  Nation’s  aeronautical  and  space  objec- 
tives. The  essential  purpose  of  these  programs  is  to  lay  the  foundation 
and  to  determine  the  building  blocks  wiiich  will  be  needed  for  pre- 
eminence in  aeronautics  and  space  in  the  future. 

Before  I get  into  the  substance  of  the  program,  I would  like  to  out- 
line briefly  for  you  our  concept  of  advanced  research  and  technology 
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of  aeronautics  and  space.  I think  that  the  history  of  technology  over 
the  past  100  years  has  shown  that  true  progress  in  any  branch  or  tech- 
nology such  as  space  technology  requires  and  even  demands  a sharp 
cutting  edge  of  advanced  research.  The  kind  of  things  we  read  about 
in  the  papers  like  the  manned  spaceflight  effort,  scientific  probes,  com- 
munications, and  meteorological  satellites  and  airliners  we  ride  on 
today,  all  rest  upon  a foundation  of  research  which  was  done  in  pre- 
vious decades ; and  the  research  we  do  today  in  our  laboratories,  uni- 
versities, and  in  industry  derives  vigor  and  freshness  from  the  motiva- 
tions of  these  projects  and  things  that  we  are  doing  to  benefit  mankind. 

At  the  same  time,  there  is  really  a feeding  in  both  directions,  the 
research  derives  freshness  from  the  things  that  are  going  on  in  the 
way  of  projects,  and  the  projects  later  derive  benefits  from  the 
research. 

I would  say  that  our  philosophy  of  advanced  research  and  tech- 
nology in  the  NASA  is  an  extension  of  the  philosophy  of  the  NACA ; 
and  this  activity  really  divides  into  two  steps. 

First  is  a simple  extension  of  the  activities  of  the  NACA  in  which 
applied  research  together  with  a substantial  activity  in  basic  research 
is  emphasized. 

Mr.  Kartii.  Doctor,  at  this  point,  would  you  tell  us  what  you  mean 
then  by  “advanced  research”  ? 

Dr.  Bisplinghoff.  The  term  “advanced  research  and  technology” 
is  not  really  the  best  term  in  the  world.  I think  the  adjective  “ad- 
vanced” really  modifies  “technology”  more  than  it  does  “research.” 

The  research  that  we  think  of  is  basic  research  and  applied  research, 
and,  when  we  speak  of  advanced  technology,  we  think  of  the  develop- 
ment of  advanced  subsystems  that  may  have  applications  in  5 or  10 
years  from  now. 

Mr.  Kartii.  What  we  are  talking  about,  really,  is  research  and  ad- 
vanced technology  ? 

Dr.  Bisplingiioff.  That’s  right.  That  would  be  a better  way  of 
saying  what  we  have  in  mind. 

For  some  reason  or  other,  in  the  formation  of  this  Office  the  word 
“advanced”  got  out  in  front  of  “research  and  technology.” 

On  this  research  side,  our  principal  effort  takes  place  within  the 
field  centers  and  within  universities,  and  here  there  is  a strong  cou- 
pling between  the  two ; and  the  objective  of  this  part  of  our  work  could 
be  summarized  in  several  steps. 

One,  contributions  to  the  understanding  of  fundamental  phenomena 
underlying  aeronautical  and  space  vehicle  technology. 

By  this,  we  mean  contributions  to  a better  understanding  of  such 
things  as  fluid  mechanics,  materials,  and  things  of  this  kind  which 
play  a very  important  role  in  the  design  of  aeronautical  and  space 
vehicles. 

Secondly,  reduction  of  complex  theory  to  design  procedures. 

In  many  cases,  the  design  procedures  that  are  used  by  our  industries 
are  based  on  rather  complex  theories  and  one  of  the  important  services 
that  we  render  is  the  reduction  of  these  rather  complex  theories  to 
design  charts  and  methods  that  can  be  applied  readily  by  the  designer. 

Thirdly,  systematic  testing  to  obtain  design  data  for  aeronautical 
and  space  vehicles  of  the  future. 
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Our  facilities  within  the  NASA;  such  as  wind  tunnels,  materials 
testing,  and  so  forth,  are  used  extensively  to  obtain  design  data  which 
may  be  useful  in  design  vehicles. 

Over  the  past  years,  for  example,  we  have  done  a great  deal  of  work 
on  configurations  of  aircraft  for  supersonic  flight  such  as  supersonic 
transport  and  supersonic  fighters.  This  is  the  sort  of  thing  we  mean 
for  obtaining  design  data  for  the  future. 

During  the  past  few  years  we  have  come  to  the  realization  that  these 
aims,  which  are  the  kind  of  aims  the  NACA  embraced,  wer.i  not  in 
themselves  sufficient  to  prepare  properly  for  the  future  and  in  the 
formation  of  this  office  a second  step  of  activity  was  added  closely 
linked  with  the  first ; and  this  step  could  be  described  as  pioneering 
of  carefully  selected  advance  subsystems  to  permit  rapid  develop- 
ment and  engineering  of  future  systems  in  the  shortest  possible  time 
arid  at  minimum  cost. 

Mr.  Karth:.  Doctor,  how  old  is  this  second  concept  that  you 
mentioned? 

Dr.  Bisplinghoff.  This  concept  was  introduced  info  the  Office  of 
Advanced  Research  and  Technology  when  it  was  formed,  a little  more 
than  a year  ago.  It  is  a concept  which  has  been  around  for  some 
time,  but  which  was  not  embraced  by  the  old  NACA  operation  to  any 
great  extent. 

Mr.  Karth.  Y ou  mean  hardware  development  ? 

Dr.  Bisplinghoff.  This  means  hardware — this  means  the  develop- 
ment of  advanced  subsystems  which  we  think  will  have  application 
in  perhaps  5 or  10  years. 

Mr.  Karth.  By  “advanced  subsystems,”  you  are  talking  about  the 
actual  development  of  hardware  ? 

Dr.  Bisplinghoff.  This  is  true. 

In  many  cases,  the  actual  hardware  we  develop  will  not  be  directly 
applicable  to  these  future  systems,  but  the  technology  which  is  derived 
from  the  development  of  this  advanced  subsystem  can  be  used  in  this 
future  effort. 

Mr.  Karth.  You  actually  develop  a margin;  is  that  what  you  are 
talking  about? 

Dr.  Bisplinghoff.  That  is  right.  We  have  a number  of  examples 
of  this. 

Our  SNAP-8  device  for  converting  nuclear  energy  to  electrical 
energy  is  an  example  of  this. 

I would  say  the  X-15  airplane  is  an  example  of  this. 

Many  others  will  come  out  from  time  to  time  during  our  testimony. 

The  X-15  has  developed  a technology  of  very  high  speed  flight,  the 
control  of  aircraft  at  hypersonic  speed,  the  development  of  the  use  of 
materials  for  such  high  speed  flighjt,  the  development  of  the  technology 
of  predicting  the  kinds  of  heat  inputs  that  one  has  in  hypersonic 
flight. 

Mr.  Karth.  Do  you  ever  develop  prototypes,  Doctor,  of  things  that 
1 a ter  on  go  into  production  ? 

•T?r-’  ^SPLmGH0FF-  may  be  that  some  of  our  advanced  subsystems 
will,  in  fact,  become  parts  of  systems  themselves. 

Mr.  Karth.  Can  you  think  of  any  that  have,  up  to  this  time? 

Dr.  Bisplinghoff.  The  Office  of  Advanced  Research  and  Tech- 
nology is  so  new  it  is  hard  to  point  to  anything  we  have  done  our- 
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selves  along  this  line.  SNAP-8  nuclear  electric  system,  we  hope,  will 
actually  become  a part  of  a future  flight  system.  The  Nerva  engine, 
we  hope,  will  actually  become  part  of  the  future  flight  system. 

Those  are  two  examples,  of  advanced  subsystems  we  hope  will 
eventually  be  a part  of  future  systems. 

Mr.  Kartii.  We  do  this  inhouse ; is  that  correct  ? 

Dr.  Bisplinghoff.  No,  sir;  these  kinds  of  subsystems  are  techni- 
cally managed  by  our  own  centers,  but  they  are  largely  done  by 
industry. 

Mr.  Karth.  I see. 

Dr.  Bisplinghoff.  I wanted  to  point  out  next  that  the  operation 
of  this  kind  of  activity  places  the  principal  burden  of  responsibility 
within  the  field  centers  but  here  they  are  closely  coupled  with  American 
industry  and,  as  in  the  case  of  research,  we  are  coupled  with  the  univer- 
sities. For  the  advanced  technology  part  of  our  effort,  there  is  a very 
close  coupling  with  industry,  and  all  these  advanced  developments  are 
done  by  some  industrial  contractor  working  with  our  centers. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Fulton? 

Mr.  Fulton  of  Pennsylvania.  NASA  has  a program  of  advanced 
research  programs,  fellowships  at  a post  doctorate  level.  Is  that  under 
your  office? 

Dr.  Bisplinghoff.  No,  sir,  Mr.  Fulton;  that’s  under  Dr.  Newell’s 
office,  the  Office  of  Space  Science. 

Mr.  Fulton  of  Pennsylvania,  How  do  you  correlate  that  with  your 
own  advanced  technology  programs  with  the  universities? 

Dr.  Bisplinghoff.  All  our  university  contracts  are  handled  admin- 
istratively by  Dr.  Newell’s  office. 

Mr.  Fulton  of  Pennsylvania.  So  that  you  set  the  programs  up — 
that’s  the  point  I want  to  make,  Mr.  Chairman — actually,  it  is  Dr. 
Newell’s  office  that  handles  both  the  programs  at  a postdoctorate  level 
where  it  would  be  advance  research  and  technology,  and  likewise  Dr. 
Newell’s  office  handles  the  contacts  with  the-  universities  and  colleges  on 
the  predoctorate  level  on  technical  fellowships  leading  to  a doctoral 
degree  that’s  given  by  NASA  ? 

Dr.  Bispltngiioff.  That’s  right. 

Mr.  Fulton  of  Pennsylvania.  So  that  yours  is  a cooperative  author- 
ity with  Dr.  Newell’s  office.  You  don’t  choose  them  or  you  don’t  place 
them. 

Dr.  Bisplinghoff.  Our  association  with  the  universities  is  more 
in  the  granting  of  contracts  to  do  research. 

He  also  has  such  an  association,  but  he  has  the  additional  responsi- 
bility of  handling  the  fellowship  program  and  the  grants  program. 

Mr.  Fulton  of  Pennsylvania.  Might  I just  comment,  grammati- 
cally, that  possibly  the  name  of  your  office  is  correct ; because  the  word 
“advanced”  could  modify  both  of  the  nouns.  For  example,  if  you 
were  given  a white  house  and  bam  you  would  be  very  surprised  to  find 
the  house  was  white  and  the  barn  was  black,  so  maybe  it's  both  “ad- 
vanced research”  and  “advanced  technology.” 

Mr.  Ivarth.  I don’t  understand  your  grammar,  but  I’ll  accept  it. 

Mr.  Fulton  of  Pennsylvania.  I wanted  to  reassure  you  on  the  title 
of  your  office.  That’s  all  I had  in  mind. 
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I)r.  Bisplinoiioff.  Now  in  describing  our  program  to  you  it  will 
l>e  convenient  to  divide  it  into  two  parts:  the  first  relating  t<  space 
and  the  second  to  aeronautics.  Such  a division  is  simply  one  of 
convenience  and  is  j o;  intended  to  imply  the  two  parts  are  entirely 
separate  and  there  are  no  common  features  between  them.  There 
are,  indeed,  mutual  contributions  of  one  to  the  other  an  1 numerous 
places  may  be  pointed  to  where  fallout  from  one  impinges  upon  the 
other. 

In  order  to  relate  our  propram  in  your  mind  with  other  parts  of 
the  Nation's  activities  in  aeronautics  and  space,  I shall  describe  it 
within  a framework  of  its  principal  functional  aspects  with  refer- 
ence to  the  scientific  disciplines  which  underlie  it.  The  basic  re- 
search component  of  our  projrram  which  contributes  to  these 
scientific  disciplines  will  be  recognizable  as  a prominent  part  of  the 
discussion  which  follows;  and  I won’t  attempt  to  bring  out  in  my 
part  of  the  discussion  a distinction  l>etween  basic  research,  applied 
research,  and  advanced  technology;  but  these  will  all  be  woven  to- 
gether in  order  to  make  a pattern  which  will,  I think,  bring  out  the 
program  in  its  clearest  form. 

Now,  I’d  like  to  talk  first  almut  our  space  research  and  advanced 
technology  activities.  The  principal  functional  aspects  of  space  ac- 
tivities are  relatively  few  in  number  as  illustrated  schematically  by 
figure  85. 
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Beginning:  at  the  bottom  of  this  figure  and  leading  outward  these 
activities  are: 

Chemical  propulsion. 

Nuclear  propulsion. 

Space  power  generation. 

Space  vehicles. 

Electronics  and  control. 

Biotechnology  and  human  research. 

I'd  like  to  add  that  all  of  the  gentlemen  who  are  responsible  for 
these  various  activities  are  with  me  here  this  morning  in  the  room. 

Our  program  of  advanced  research  and  technology  is  steered  by 
continuing  estimation  of  the  requirements  for  achievement  in  each 
aspect.  The  nature  of  probable  space  missions  of  the  future  sets 
these  requirements.  Fortunately,  during  the  next  10  to  20  years 
nearly  all  space  missions  will  be  concerned  with  the  celestial  bodies 
of  Earth,  Moon,  Mars,  Venus,  and  Jupiter. 

Missions  involving  these  bodies  may  include  such  operations  as 
flyby,  orbit,  atmospheric  entry,  landing,  or  possibly  on-planet 
operations. 

By  employing  combinations  of  these  celestial  bodies  with  missions 
as  hypothetical  goals,  we  can  identify  the  technologies  required  to 
provide  capabilities  for  their  completion.  We  can  also  estimate 
the  cost  in  terms  of  time  delays  and  performance  deficiencies  if  the 
required  technical  advances  are  not  there  when  needed. 

Mr.  Karth.  Doctor,  are  you  saying  you  can  actually  do  this? 

Dr.  Bisplinghoff.  We  can’t  do  it  in  detail. 

Mr.  Karth.  That  is,  you  can  estimate  the  cost  in  time  delays  and 
and  also  estimate  the  cost  of  the  performance  deficiencies  fairly 
accurately  ? 

Is  that  what  you  are  saying  ? 

Dr.  Bisplinghoff.  No,  we  can’t  do  this  accurately.  We  can  make 
these  estimations,  mainly  on  what  we  see  when  we  try  to  develop  our 
systems  today.  We  very  often  find  that  the  subsystems  that  we  need 
are  not  there,  and  we  have  to  go  back  and  do  the  research  to  develop 
them.  We  can  observe  how  much  trouble  we  get  into  in  some  of  our 
current  systems  because  we  have  not  done  our  homework  or  research 
previously.  This  gives  us  an  idea  of  what  kind  of  troubles  we  would 
get  into  in  the  future  if  we  did  not  do  some  of  this  advance  research. 

Mr.  Karth.  How  about  the  Ranger  program  ? 

Would  you  say  we  hadn’t  done  our  homework  on  that,  and  that’s 
one  of  the  reasons  we  are  having  a little  trouble  with  it  ? 

Dr.  Bisplinghoff.  In  the  case  of  the  Ranger  program,  I doubt 
whether  this  was  a major  factor. 

Mr.  Karth.  Wliat  do  you  think  the  problem  was  ? 

Dr.  Bisplinghoff.  I have  not  been  closely  identified  with  the  Ran- 
ger program,  but  it’s  my  impression  that  this  is  a problem  of  reliabil- 
ity in  space. 

Mr.  Karth.  This  is  usually  brought  about  by  a lack  of  testing; 
isn’t  it,  Doctor? 

Dr.  Bisplinghoff.  This  is  right,  yes. 

Mr.  Karth.  This  involves  homework? 

Dr,  Bisplinghoff.  Well,  to  a certain  extent  this  is  true,  but  I think 
that  the  testing  program  that  one  incorporates  in  a current  system 
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development  is  always  going  to  he  an  important  factor  whether  we  do 
a lot  of  research  ahead  of  time  or  not. 

Mr.  Karth.  Does  your  office  have  anything:  to  do  with  any  of  the 
advanced  research  that  was  done  on  Ranger? 

Dr.  Bispi.ixgiioff.  X o,  sir:  we  came  into  being  well  after  that 
would  have  been  done. 

Mr.  K \RTit.  I see. 

Dr.  Bispi.ingiioff.  Now,  I'd  like  to  turn  first  to  chemical  propul- 
sion. Chemical  propulsion  is,  and  will  be  for  some  time  to  come,  the 
means  bv  which  man  initially  breaks  the  shackles  of  the  earth's  gravi- 
tational  field  and  reaches  into  space.  The  present  advanced  research 
and  technology  program  of  chemical  propulsion  for  space  vehicles 
embraces  liquid  and  solid  rocket  propulsion. 

The  program  is  one  of  research  leading  to  better  understanding  of 
chemical  propulsion  and  of  technology  programs  to  increase  our  abil- 
ity to  meet  the  future  propulsion  requirt ments  in  space. 

As  a result  of  work  undertaken  in  the  past  year,  it  is  believed  that 
the  significant  advancements  in  new  concepts  leading  to  very  large 
rocket  engines  are  possible.  Last  year  we  mentioned  to  you  the  pos- 
sibility of  new  nozzle  configurations  to  make  shorter  engines.  We 
have  also  conducted  research  into  the  use  of  higher  combustion  cham- 
ber pressures.  The  potential  effect  of  bringing  these  two  concepts 
together  can  !>e  illustrated  by  figure  8t>. 

On  your  left  is  the  F-l  engine  with  D/o  million  pounds  of  thrust. 
This  is  an  example  of  the  current  state  of  the  art  and  is  the  largest 
engine  in  development  in  the  free  world. 
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Mr.  Karth.  Doctor,  why  do  we  say  it  that  way?  Is  it  because  we 
don’t  know  what  the  Russians  are  doing  and  therefore  we  can’t  honest- 
ly make  this  statement  because  we  do  not  know;  so  therefore  we  say 
“free  world’’  ? 

Dr.  Bisplixghoff.  I don’t  think  we  know  with  any  great  precision 
exactly  what  they  are  doing  in  this  area.  I don’t  think  we  can 
honestly  say  that  they  do  no*  have  a larger  engine  in  development  at 
the  present  time. 

Five  of  these  engines  will  he  used  in  the  first  stage  of  the  Saturn  V. 
Engine  technology  has  progressed  such  that  the  next  larger  engine 
size  could  have  a thrust  on  the  order  of  20  to  30  million  pounds. 

The  second  engine  shown  which  is  compared  with  a man’s  height 
indicates  the  size  of  engine  which  would  result  if  the  F-l  technology 
were  employed  to  develop  24  million  pounds  of  thrust. 

It  should  he  noted  that  such  an  engine  would  he  roughly  equivalent 
in  size  to  a four-story  building. 

By  increasing  the  chamber  pressure  through  new  advances  in  re- 
search, the  same  thrust  could  lie  delivered  by  the  thin’  , ngine  shown. 

An  even  more  interesting  engine  concept  is  shown  on  the  far  right 
where  high  chamber  pressure  in  one  of  the  new  nozzle  design  concepts 
are  combined  to  develop  an  equivalent  level  of  thrust. 

Figure  87  illustrates  a model  employing  one  of  the  advanced  nozzle 
concepts  that  we  have  lieen  working  on  which  has  a cluster  oi  indi- 
vidual combustion  chandlers.  It  has  a single  large  pump  in  the  center 
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supplying  fuel  and  oxygen  into  the  individual  combustion  chambers 
along  the  periphery  which,  in  turn,  discharge  into  a common  nozzle. 

Now,  we  realize  that  we  must  go  to  higher  chamber  pressures,  but 
this  has  introduced  a number  of  problems  which  must  be  explored 
through  further  research. 

One  of  these  is  fluid  pumping — to  boost  the  propellent  pressure  to 
the  several  thousand  pounds  per  square  inch  required  to  pump  it  into 
the  chamber. 

With  regard  to  the  matter  of  propellant  pumping  it  must  be  men- 
tioned that  a critical  problem  which  continues  to  face  us  is  cavitation 
where  the  liquid  flashes  into  vapor.  When  cavitation  occurs  in  a 
hydrogen  pump,  for  example,  the  vapor  generated  has  about  one- 
fiftieth  the  density  of  the  liquid.  This  influences  greatly  the  character- 
istics of  the  flow  in  the  pump  passages  and  reduces  the  performance  of 
the  pump.  This  cavitation  usually  occurs  in  the  first  stage  of  the  pump 
assembly  called  an  inducer. 

Last  year  pictures  were  shown  of  an  experimental  inducer  with  cavi- 
tation phenomena  in  liquid  hydrogen.  Since  that  time  we  have  done  a 
good  deal  of  research  on  this  and,  I think,  we  have  gotten  a good  deal 
of  new  insight  into  this  phenomena  which  has  allowed  us  to  establish 
improved  design  criteria,  for  inducer  performance.  Much  more  work, 
however,  is  required  on  the  problem  of  cavitation,  and  a continuing 
effort  in  the  coming  fiscal  year  is  proposed. 

Another  problem  encountered  in  solid  rockets  and  in  very  large 
liquid  rockets  using  advanced  nozzles  and  in  solid  rockets  concepts  is 
one  of  obtaining  the  necessary  side  thrust  to  produce  thrust  vector 
control.  As  you  notice  in  most  of  our  large  engines,  we  actually  swivel 
the  engine  in  order  to  get  this  side  thrust. 

Another  means  of  accomplishing  thrust  vector  control  is  the  lateral 
injection  of  a fluid  into  the  nozzle  to  deflect  the  main  flow  slightly  and 
thus  cause  a side  thrust.  New  information  has  been  obtained  in  the 
past  year  on  the  effectiveness  of  various  types  of  injected  fluid  in  their 
most  efficient  point  of  injection  to  produce  this  thrust  control. 

We  feel  that  this  means  of  employing  thrust  control  will  be  the 
means  that  will  be  adopted  in  the  future.  For  the  very,  very,  large 
engines  it’s  unlikely  you  could  swivel  them  in  the  manner  that  we  now 
swivel  our  present  engines. 

The  performance  of  rocket  propellants,  which  is  generally  measured 
by  their  specific  impulse  or  thrust  produced  per  pound  of  fuel  and 
oxidizer  consumed  per  second,  remained  relatively  unchanged  in  rocket 
development  for  a number  of  years.  In  1958  the  first  rocket  engine 
development  using  hydrogen  and  oxygen  was  started  and  a significant 
jump  was  made  in  the  performance  of  chemical  rockets.  As  you  know, 
the  plan  of  NASA  to  land  men  on  the  Moon  and  return  them  to  Earth 
depends  strongly  on  the  success  of  Saturn  vehicles  which  use  hydrogen 
and  oxygen  in  all  stages  except  the  first.  This  is  another  example 
where  research  provided  a basis  for  higher  performance.  Since  we 
anticipate  even  more  difficult  missions  in  space,  we  are  conducting 
research  to  increase  performance  beyond  that  possible  with  hydrogen- 
oxygen. 

With  hydrogen-oxygen  and  present  engine  technology,  specific  im- 
pulse of  over  420  pounds  thrust  per  pound  per  second  of  flow  are 
attainable. 
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Mr.  Karth.  Doctor,  may  I interrupt  you  there,  just  to  get  clear  in 
my  mind  what  your  jurisdiction  is. 

For  example,  the  Office  of  Space  Science  is  doing  a great  deal  of 
work  on  Centaur,  which  is  the  liquid  hydrogen  and  liquid  oxygen. 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  I assume  your  office  is  also  doing  research  on  liquid 
hydrogen  and  oxygen. 

Dr.  Bisplinghoff.  No;  the  liquid  hydrogen-oxygen  is  something 
we  regard  as  having  passed  beyond  our  boundaries.  We  are  thinking 
about  propellants  beyond  this. 

Mr.  Karth.  I see.  So  you  are  doing  no  research  in  the  liquid  hydro- 
gen field  ? 

Dr.  Bisplinghoff.  We  are  using  liquid  hydrogen  in  other  combina- 
tions, but  the  liquid  hydrogen-oxygen  combinations  is  one  we  feel  has 
gone  beyond  the  research  and  advanced  technology  stage. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Fulton  ? 

Mr.  Fulton  of  Pennsylvania.  Some  of  us  on  the  committee  are  very 
interested  in  the  consumption  of  high  energy  propellants.  In  a 
NASA  report  of  1963,  February  1963,  there  has  been  the  comment  of 
the  advances  made  on  combinations  of  borane  and  fluorine  which  have 
given  a very  much  higher  evidence  of  technical  performance  and  spe- 
cific impulse. 

I,  for  one,  believe  that  when  we  get  booster  systems  that  are  as  tall 
as  the  IT.S.  Capitol  we  are  then  getting  “elephant”  engines  and  “rabbit- 
head”  payload,  so  that  we  do  need  more  efficient  fuels. 

The  other  problem  is  that  we  are  always  starting  from  the  mission 
and  then  saying  what  we  need  on  a payload  and  next  saying  wThat  kind 
of  an  engine  it  will  take  to  put  it  up  and  then,  of  course,  cutting  the 
payload  back  by  about  50  percent  in  many  cases. 

That  is  exactly  the  opposite  practice,  from  my  experience  in  this 
field,  as  you  had  done  in  the  National  Advisory  Committee  for 
Aeronautics  that  had  been,  I guess,  in  existence  since  about  1915. 
There  we  had  placed  the  emphasis  in  the  United  States  upon  engine 
and  fuel  development  so  that  the  engine  and  fuel  development  were 
the  lead  horses  in  research. 

My  own  feeling  is  it’s  a mistake  of  NASA  to  have  this  reverse 
policy  where  the  mission  becomes  paramount  and  then  rather  than 
having  a broad  spectrum  or  shelf  of  fuels  and  engines  to  accomplish 
missions,  these  developments  seem  to  come  later. 

Might  I finish,  Mr.  Chairman  on  this  ? 

The  one  place  where  NASA  had  an  increase  of  its  budget  by  Con- 
gress was  in  the  high-energy  fuels  where  we  wanted,  on  this  com- 
mittee, Science  and  Astronautics  Committee,  as  well  as  the  House 
and  the  Senate  and  the  Senate  Space  Committee,  more  research  on  a 
broader  base  so  that  we  could  get  more  payload  and  have  to  carry 
less  fuel  and  smaller  engines. 

I had  put  an  amendment  in  for  half  a million  dollars  for  this  pur- 
pose, fiscal  year  1963,  which  was  unanimously  adopted  by  the  Sub- 
committee on  Manned  Spaceflight  by  the  Science  and  Astronautics 
Committee  of  the  House  and  by  the  House  342  to  0 on  the  overall  bill 
passage. 

In  the  Senate.  Senator  Kerr,  chairman  of  the  Space  Committee  of 
the  Senate,  had  added  another  half  a million  dollars  for  this  purpose, 
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so  that  the  total  increase  for  NASA’s  budget  for  high  energy  fuel, 
through  the  emphasis  of  Congress,  was  $1  million  above  the  amount 
requested. 

That  money,  unfortunately,  disappeared.  Some  agency,  other  than 
your  own  particular  office,  evidently  on  a reprograming  got  most  of  it. 

So,  with  the  chairman’s  permission  I’d  like  to  know  what  happened 
to  that  research  money  and  why  was  it  transferred  out,  because  in 
your  office — and  the  reason  I am  here  today  as  a guest  of  the  sub- 
committee— I want  to  see  if  the  reprograming  by  NASA  and  the 
transfers  from  basic  research  and  advance  technology  are  getting  the 
ice  cream  and  cake  now  but  are  sacrificing  future  efficiency  for  present 
so-called  emergencies. 

I’d  like  the  chairman’s  permission  to  have  you  put  it  in  at  this 
point  in  the  record. 

Mr.  Karth.  I would  be  very  interested  in  hearing  the  answer,  Mr. 
Fulton.  I would  hope  that  Dr.  Bisplinghoff  would  take  the  time 
right  now  to  answer  the  question. 

Dr.  Bisplingiioff.  May  I go  back  to  the  first  part  of  Mr.  Fulton’s 
remarks.  We  in  NASA  have  what  I believe  is  a fairly  broad  based 
program  of  fundamental  research  with  the  object  of  turning  up, 
wherever  possible,  higher  energy  fuels. 

However,  because  of  our  limitations  of  budget  we  cannot  pursue 
these  questions  clear  through  the  development  of  engine  systems. 

We  must  be  very  selective  here.  We  can  only  a select  a few  engine 
systems  to  develop  at  a given  time  because  of  their  very  high  cost. 

In  the  NASA  advanced  engine  development,  the  two  types  of  ad- 
vanced fuels  which  have  looked  promising  to  us  are  the  oxygen 
difluoride  and  diborane  fuel  combination  and  hydrogen  fluorine  fuel 
combination. 

Mr.  Fulton  of  Pennsylvania.  That  was  your  technical  report  of 
February  1963  that  came  up  with  the  fact  that  you  got  a 5 to  10  per- 
cent better  technical  efficiency  in  prospect  out  of  that. 

Dr.  BisrLiNGTioFF.  I can  give  you  the  details  later  if  you  wish,  of 
our  advance  technology  effort  in  the  employment  of  new  fuels  being 
spent  along  these  two  avenues. 

Mr.  Kartii.  How  about  the  additional  million  dollars  that  was 
authorized  and  appropriated  by  Congress? 

Dr.  Bisplinghoff.  Yes.  Now  this  million  dollars  has  been  put  into 
research  and  advanced  technology  of  borane-related  fuels,  and  I have 
a breakdown  of  exactly  how  this  is  being  spent  during  fiscal  year 
1963  that  I can  put  into  the  record,  if  you  so  desire. 

Mr.  Fulton  of  Pennsylvania.  I wish  you  would.  With  the  chair- 
man’s permisson — my  concern  has  been  that  when  we  get  scientific 
teams  together  we  are  not  as  careful  as  the  Soviets  because  they  keep 
them  going  and  give  them  other  jobs  to  do;  and  when  I see  down  in 
Muskogee,  Okla.,  a plant  that  has  been  doing  research  on  high  energy 
fuels,  tremendously  competent,  and  supplying  the  Government  at  a 
much  less  expense  than  they  had.  contracted  for  on  these  diborane  com- 
pounds— and  I guess  they  do  even  take  borane,  too;  don’t  they  ? 

Dr.  Bispltngiioff.  Yes. 

Mr.  Fulton  of  Pennsylvania.  Which  are  basic  to  be  used  with  other 
fuels  in  combination  on  hyperbolic  fuels,  we  are  now,  through  the  lack 
of  cooperation  in  NASA,  having  the  prospect  of  the  Muskogee  plant 
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being  put  in  partly  cold  standby  and  almost  in  a mothball  condition, 
knowing  that  we  are  going  to  need  these  fuels  later  because  of  the  high 
energy  chemical  propellants  that  they  represent. 

In  the  meantime  what  happens  is  this,  that  if  that  plant  is  closed 
down  for  a year,  it  is  estimated  it  will  cost  three  and  a half  million 
dollars  to  start  it  up  again  while  to  continue  it  the  Air  Force  was 
willing  to  pay  $600,000  of  the  $1,400,000  currently  needed  per  year  to 
keep  it  operating  on  a hot  standby. 

So  that  NASA  would  only  have  had  to  put  up  $800,000.  It  costs’ 
the  Air  Force  $600,000  to  take  it  down  into  the  partial  hot  standby 
they  are  now  talking  about  and  which  is  just  being  negotiated  out  at 
Wright  Field  in  Dayton. 

In  my  opinion,  we  are  making  a mistake  by  not  keeping  scientific 
teams  in  being  and,  secondly,  we  are  making  a mistake  when  we  get 
on  our  own  technical  report  for  February  1966  a glowing  report  from 
your  research  people.  Then  I am  sorry  to  hear  you  say,  “Budgetary 
limitations  keep  us  on  a very  limited  basis  and  restrict  us  to  just  a 
few  engine  developments.*’  That,  to  me,  is  a long-time-view  mistake 
because  I think  that  you  should  come  and  say  to  us  what  you  feel  is 
best  for  a good  advance  research  and  advanced  technology  program 
and  make  your  recommendations  to  us,  and  then  we  can,  in  Congress, 
see  how  far  we’d  like  to  go. 

May  I finish  on  this?  I hate  to  dispute  you,  but  several  hundred 
thousand  dollars  of  the  million  dollars  that  we  speak  about  was  put, 
as  you  know,  into  advanced  nozzle  research  which  would  be  just  as 
good  on  a liquid  or  a solid  engine  of  large  size  or  an  engine  that  is 
operating  at  high  heat  or  under  highly  compressed  conditions — high 
compression  engine — so  that  it  wasn’t  specifically,  you  see,  for  the 
high  energy  fuel  development  which  Congress  had  in  mind. 

That  would  be,  to  me,  general  hardware  development  for  the  next 
generation  engines  of  almost  any  type  you  want  to  mention  in  respect 
to  fuel. 

Wouldn’t  you  agree  with  me  ? 

Dr.  BisruNGiioFF.  I would  like  to  speak  to  what  Mr.  Fulton  has 
just  said.  We  are  very  much  interested  in  the  diborane-oxy gen- 
difluoride  combination,  and  we  feel  that  it  shows  promise.  Neverthe- 
less, there  are  a number  of  very  difficult  problems  that  must  be  over- 
come before  we  could  in  good  conscience  recommend  that  an  engine 
de  velopment  program  be  undertaken. 

One  of  these  is  the  high  temperature  at  which  the  engine  nozzle 
must  operate.  This  is  some  8,000°  F.  The  combustion  temperatures 
of  this  combination  are  very  high,  and  unfortunately  this  fuel  com- 
bination has  poor  heat  transfer  properties  and  does  not  allow  us  to 
use  it  for  regenerative  cooling  of  the  nozzles.  We  have  at  the  present 
time  no  material  nor  nozzle  design  which  allows  us  to  employ  this 
combination.  One  of  the  things  that  we  must  do  in  order  to  get  to 
the  place  where  we  can  use  it  is  to  develop  either  new  nozzle  materials 
or  new  composite  arrangements  of  materials  in  nozzle  design. 

Mr.  Karth.  And  is  that  what  that  million  dollars  was  spent  for, 
Doctor  ? 

Dr.  Bisplinghoff.  A very  small  part  of  the  million  dollars  was 
spent  on  this. 

Mr.  Kartti.  What  was  the  rest  of  it  spent  on  ? 
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Dr.  Bisplinoiioff.  I can  rend  tlie  rest  off  here.  Would  you  like 
me  to  ? 

Mr.  Kartii.  Yes,  sir,  I certainly  would.  I didn't  know  you  had 
that  much  trouble  spending  a million  dollars,  Doctor.  You  channeled 
it  off  in  five  di  fferent  programs  there  ? 

Dr.  B TSPLixc.ii off.  $320,000  is  being  spent  on  jet  propulsion  labo- 
ratory research  on  evaluating  polyethylene  and  hydrazine  diborane  in 
small  rocket  motors. 

Mr.  Fulton  of  Pennsylvania.  Polyethylene  and  hydrazine? 

Dr.  Bisplinoiioff.  Hydrazine  diborane. 

Mr.  Kartii.  But  it’s  high-energy  fuel  ? 

Dr.  Bisplinoiioff.  Yes. 

Mr.  Kartii.  $320,000  was  spent  properly.  At  least,  it  was  spent  in 
line  with  the  intent  of  Congress.  Wlmt  else  ? 

Dr.  Bisplinoiioff.  $50,000  JPL  contract  with  Callery  Chemical  for 
ingredient  studies  of  monaborane  hydrazinate.  These  are  high-energy 
fuels. 

Mr.  Kartii.  They  are  high-energy  fuels  ? 

Dr.  Bisplinoiioff.  Yes. 

Mr.  Fulton  of  Pennsylvania.  That  is  a good  expense. 

Dr.  Bisplinoiioff.  We  have  a contract  with  Reaction  Motors  for 
engine  tests  with  oxygen  difluoride  for $375,000. 

We  have  a contract  for  the  supply  of  2,000  pounds  of  oxygen  di- 
fluoride to  be  used  in  the  oxygen  di  fluoride  diborane  experiments  for 
$102,000. 

Mr.  Fulton  of  Pennsylvania.  In  order  to  get  the  budgetary  fiscal 
basis  correct,  aren’t  those  contracts  for  payment  in  1964  funds  rather 
than  1963  funds? 

Sure — you  let  the  contracts  now,  but  you  see  the  funds  will  be  picked 
up  in  a future  fiscal  year. 

Mr.  Karth.  That  is  why  I’m  asking  the  question. 

Dr.  Bisplinoiioff.  I am  not  sure  of  your  question. 

Mr.  Myers.  These  are  fiscal  year  1963  funds  we  are  talking  about 
now.  These  are  the  funds  expended  in  fiscal  year  1963  associated 
with  the  high-energy  propellant  program. 

Mr.  Karth.  Doctor,  you  are  up  to  $847,000.  It  appears  to  me  that 
is  all  that  was  spent  on  research  and  high-energy  fuels. 

Dr.  Bisplinohoff.  We  have  an  amount  of  $34,000  for  diborane. 

We  have  $40,000  in  a contract  with  General  Electric  Co.  on  the 
development  of  ablatives  for  high-temperature  nozzles.  The  abla- 
tive scheme  seems  to  be  one  of  the  ways  we  can  lick  this  high-temper- 
ature nozzle  problem. 

Now  we  are  at  the  present  time  in  the  process  of  letting,  and  I 
can’t  tell  you  exactly  whether  these  contracts  have  been  let,  a $25,000 
contract,  on  decontamination  tests  of  oxygen  difluoride ; $50,000  con- 
tract on  studies  of  handling  of  diborane,  and  a $15,000  contract  on 
toxicity  studies  of  oxygen  di  fluoride. 

Mr.  Myers.  Those  last  three  were  in  the  processing  of  committing 
at  the  moment. 

Mr.  Karth.  So  the  million  dollars 

Dr.  Bisplinghoff.  It  is  a million  and  eleven  thousand. 

Mr.  Karth.  That  total,  if  not  more,  has  been  spent  on  research  in 
high-energy  fuels  ? 
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Dr.  Bisflinghoff.  Related  to  borane  fuels,  yes. 

Mr.  Fulton  of  Pennsylvania.  I will  check  it 

Mr.  Karth.  Is  your  office  going  to  spend  more  during  fiscal  1963  in 
research  on  high-energy  fuels  than  they  originally  budgeted  for,  or 
less? 

Dr.  Bisplinghoff.  In  fiscal  1963  ? 

Mr.  Karth.  Yes. 

Dr.  Bisplinghoff.  Can  you  tell  what  our  total  is  ? 

Mr.  Myers.  No;  in  this  area  we  had  a little  over  a million  dollars 
available  for  the  borane  fuels  part  of  the  high  energy  fuels  program 
and  that’s  just  about  what  we  will  be  able  to  commit  in  1963. 

Mr.  Karth.  Is  that  what  you  requested  or  is  this  the  additional  mil- 
lion dollars  Mr.  Fulton  alluded  to  before  ? 

Dr.  Bisplinghoff.  We  requested  a much  smaller  amount  than  that 
for  borane  fuels. 

Mr.  Fulton  of  Pennylvania.  How  much  of  this  was  in  your  regular 
budget  for  your  high-energy  fuels? 

When  you  budgeted  for  your  high  energy  research  and  development, 
you  did  not  do  it  either  by  fuel  designation  or  allocation  by  fuels,  nor 
did  you  do  it  by  line  item.  So,  on  your  original  budgetary  allocation, 
how  much  did  you  have  in  here— on  your  regular  1963  budget — for 
this  kind  of  research?  You  must  have  had  something? 

Mr.  |Iarth.  Well,  this  is  my  question,  Mr.  Fulton.  I am  trying  to 
ascertain  whether  or  not  they  spent  more  or  less  in  this  area  than  they 
originally  requested. 

Mr.  Fulton  of  Pennsylvania.  That  is  a good  point. 

Mr.  Myers.  In  our  original  1963  budget  request  we  had  approxi- 
mately $464,000  representing  the  work  of  JPL  in  borane  fuels — 
$450,000. 

Mr.  Karth.  Instead  of  that,  you  got  $1,450,000.  How  much  did 
you  spend  in  this  area  ? 

How  much  do  you  expect  to  spend  in  fiscal  1963?  I assume  you 
have  all  your  funds  completed. 

Dr.  Bisplinghoff.  On  high  energy  fuels,  that  is  borane  plus  other 
high  energy  fuels  ? 

Mr.  Karth.  How  much? 

Mr.  Myers.  I don’t  have  that  figure  available,  but  I can  get  it  for 
you.' 

(The  information  referred  to  is  as  follows :) 

Fiscal  year  1963  OART  funds  for  high-energy  propellants  are  being  spent  as 
follows : 


Liquid  propellants $1,  709, 000 

Solid  propellants 711,000 

Storage  and  environmental  factors 398,  000 


Total 2,818,000 


Mr.  Karth.  I might  ask  the  gentleman  from  Pennsylvania,  because 
I didn’t  serve  on  that  committee  last  year,  was  this  $1  million  specifi- 
cally based  on  the  borane  fuels  or  all  high-energy  fuels? 

Mr.  Fulton  of  Pennsylvania.  Yes;  aiming  toward  the  borane 
fluorine  combination.  As  you  move  up  in  the  atomic  and  molecular 
field  it  is  moving  up  from  liquid  oxygen,  hydrogene  and  oxygen,  and 
hydrogen.  If  you  go  on  up,  you  even  get  up  in  beryllium  before  you 
come  to  the  nuclear. 
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Mr.  Karth.  I understand,  but  am  just  trying  to  ascertain  for  the 
benefit  of  the  committee  whether  or  not  the  intent  of  the  full  com- 
mittee and  the  Congress  last  year  had  been  adhered  to  by  this  agency. 
I would  hope  that  you  could  supply  this  for  the  record  so  later  on  we 
can  take  a look  at  it. 

Dr.  Bisplinghoff.  Yes,  sir;  we  will  give  you  the  breakdown  on  all 
our  high  energy  propellant  work  in  1963. 

Mr.  Fulton  of  Pennsylvania.  Could  we  have  Mr.  Hammill  of  our 
committee  staff  put  in  the  specific  provisions  of  the  committee  report  ? 

Mr.  Karth.  No  objections.  Proceed,  Doctor. 

(The  information  referred  to  is  as  follows :) 

Excerpt  from  House  Report  No.  1674,  dated  May  15,  1962  (p.  144),  entitled 
“Authorizing  Appropriations  to  the  National  Aeronautics  and  Space 
Administration’’ : 

“The  committee  added  $500,000  to  the  item  for  ‘Propulsion  systems,’  increasing 
this  item  from  $3  million  to  $3,500,000.  The  reason  for  this  increase  was  to  place 
emphasis  on  the  great  Importance  of  developing  high-energy  fuels,  such  as 
boranes  with  fluorine  compounds.” 

Excerpt  from  conference  report  (H.  Kept,  No.  2038)  dated  July  26, 1962  (p.  7), 
entitled  “NASA  Authorization  for  Fiscal  Year  1963” : 

“The  House  bill  provided  the  sum  of  $500,000  for  further  research  in  the  field 
of  boron  compounds  of  high-energy  fuels  through  the  Mississippi  Test  Facility. 
The  Senate  amendment  increased  this  to  $1  million  and  transferred  this  item 
to  the  Lewis  Research  Center,  Cleveland,  Ohio.  The  managers  on  the  part  of 
the  House  agreed  to  the  Senate  increase  and  to  the  transfer  to  the  Lewis  Research 
Center,  inasmuch  as  that  laboratory  is  engaged  in  basic  propulsion  research 
and  could  better  supervise  the  contract  management  of,  research  in  boron  com- 
pounds and  other  high-energy  fuels.” 

Dr.  Bisplinghoff.  I mentioned  before,  diborane  and  oxygen-di- 
fluoride has  approximately  the  same  theoretical  performance  as  oxy- 
gen and  hydrogen,  yet  its  density  is  three  times  as  great. 

It  has  the  additional  advantage  that  the  fuel  and  oxidants  have — 
a common  liquid  temperature  around  —250°  F.,  which  makes  the 
combination  much  easier  to  store  in  space  than  hydrogen  and  oxygen. 
Although  this  combination  shows  great  promise,  there  is  very  little 
experimental  dal  a to  show  that  the  theoretical  performance  can  actu- 
ally be  realized  in  practice.  We  are  sponsoring  work  on  obtaining 
high  combustion  efficiencies  with  this  combination  and  plan  to  extend 
our  work  in  the  future  to  determine  if  the  theoretical  high  performance 
can  be  obtained  with  large  area  ratio  nozzles  operating  under  simu- 
lated altitude  conditions.  Another  problem,  as  I mentioned  earlier, 
is  that  of  cooling  the  thrust  chamber  for  the  flame  temperature  ap- 
proaches 8000°  F.,  and  neither  propellant  is  suitable  as  a regenerative 
coolant. 

Combustion  instability  in  thrust  chambers  has  been  the  source  of 
many  delays  and  difficulties  in  the  development  of  large  liquid  rocket 
engines.  Elimination  of  combustion  instability  during  hardware  de- 
velopment by  cut-and-try  procedures  is  very  costly. 

Mr.  Karth.  Doctor,  is  it  your  office  thars  doing  the  research  on  the 
so-called  combustion  instability  of  the  F-l  engine  at  the  present  time 
or  is  this  done  by  the  Office  of  Manned  Spaceflight? 

Dr.  Bisplinghoff.  No,  this  is  primarily  done  by  Manned  Space- 
flight.  Our  office  is  doing  research  of  a fundamental  nature  to  attempt 
to  understand  what  the  mechanism  of  combustion  instability  is,  and 
how  we  can  design,  at  the  beginning,  to  avoid  having  combustion 
instability. 
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We  are  acting  as  consultants  in  helping,  any  way  that  we  can,  to 
overcome  this  problem  which  now  exists  in  the  F--1  engine ; but  we  are 
not,  primarily,  responsible  for  curing  the  F-l  engine  difficulties. 

Mr.  Karth,  Proceed. 

Dr.  Bisplingiioff.  Research  has  long  been  underway  to  understand 
better 

Mr.  Karth.  Doctor,  that  preceding  sentence,  “Elimination  of  com- 
bustion instability  during  hardware  development  by  cut-and-try  pro- 
cedures is  very  costly.” 

Dr.  Bisplingiioff.  Yes,  sir. 

Mr.  Karth.  How  are  we  attempting  to  eliminate  the  combustion 
instability  that  now  appears  in  the  F-l  engine. — are  we  doing  it  by  this 
method  ? 

Dr.  Bisplingiioff.  This  is  a cut-and-try  procedure.  Until  we  can 
understand  the  fundamental  mechanism  of  this  instability  and  in- 
corporate this  understanding  in  designs,  we  are  going  to  have  to  solve 
the  problem  by  cut-and-try  procedures;  but,  unfortunately,  we  do  not 
understand  basically  what’s  going  on,  and  we  are  plagued  with  this 
difficulty  in  engines  which  already  exist. 

Mr,  Karth.  Weil,  is  there  a possibility  we  will  never  get  the  F-l 
to  work  ? 

Dr.  Bisplingiioff.  I’m  sure  we  will  get  the  F-l  to  work.  We  have 
usually  been  able  to  overcome  this  difficulty  by  these  so-called  cut-and- 
try  procedures;  but  they  are  time  consuming  and  costly.  Our  object 
from  the  research  viewpoint  is  to  try  to  understand,  in  a fundamental 
way,  what’s  going  on  so  that  the  designer  can  design  combustion  in- 
stability out,  right  from  the  beginning. 

Mr.  Karth.  Which  one  of  the  centers  is  responsible  for  this  kind  of 
research  ? 

Dr.  Bisplingiioff.  Lewis.  Lewis  Center  in  Cleveland. 

Mr.  Karth.  Lewis  Center  in  Cleveland  ? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  Have  they  been  making  good  progress  on  this,  Doctor? 

Dr.  Bisplingiioff.  We  think  we  have  been  making  good  progress. 

Mr.  Kartit.  Has  it  been  adequately  funded  ? 

What  seems  to  be  the  problem  ? 

Dr.  Bisplingiioff.  It  is  the  difficult  problem  of  thermo-dynamics 
chemistry  and  heat  transfer,  that  is  it  is  difficult  to  understand. 

It’s  one  of  these  research  areas  which  requires  not  so  much  money 
but  basic  ideas  and  people  who  are  knowledgeable  in  this  field. 

Mr.  Kartti.  Doctor,  now  the  Office  of  Advanced  Research  and 
Technology  requested  x number  of  dollars  for  fiscal  year  1963. 

Dr.  Bisplingiioff.  Yes,  sir. 

Mr.  Karth.  Did  you  get  more  or  less  than  you  requested,  and  if  you 
got  less,  what  happened  to  it? 

Dr.  Bisplingiioff.  How  did  that  balance  out  ? 

Mr.  Myers.  We  got  more  than  we  requested. 

Mr.  Karth.  Y ou  got  more  ? 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman. 

How  much  was  reprogramed  out  of  your  office  so  that  you  ended 
up  with  less  ? 

Mr.  Kartit.  Well,  this  is  my  question,  of  course. 

I assume  it’s  understood. 
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Mr.  Myers.  None  was  reprogramed  out  of  our  office.  We  had  a net 
increase  over  what  was  requested. 

Mr.  Kartii.  Well  now,  I’m  not  sure  that  I understand  this. 

The  Office  of  Space  Sciences  felt  that  they  enjoyed  good  fortune 
during  fiscal  year  1963.  I think  they  said  some  48  million  of  additional 
dollars  had  been  reprogramed  into  the  OSS. 

You  say  that  you  got  more,  too.  Manned  Spaceflight,  I think,  got 
more. 

Who  got  less  ? Where  did  it  come  from  ? 

For  the  record,  how  much  more  did  you  get  f 

Mr.  Myers.  Yes.  For  the  record,  we  requested  222.210. 

Mr.  Kartii.  Yes,  sir. 

Mr.  Myers.  And  we  obtained  in  our  final  figure  235.250. 

Mr.  Iyartit.  About  $33  million  more  than  you  requested  ? 

Mr.  Myers.  No,  sir ; that’s  13.24, 1 think. 

Mr.  Kartii.  I misunderstood  your  figure. 

Mr.  Myers.  222.2  to  235.45. 

Mr.  Fulton  of  Pennsylvania.  Mr.  Chairman,  where  did  all  this  re- 
programing then  come  from  ? 

I think  the  chairman’s  question  should  be  answered. 

Mr.  Makers.  I think  Dr.  Seamans  covered  that  in  his  reprograming 
presentation. 

I can’t  tell  you  in  exactly  all  of  the  different  pots,  so  to  speak,  in 
which  the  general  manager  then  reallocates  out  of  his  total  funds; 
but  I can  tell  you  in  detail,  if  you  like  where  we  got  increases  and  where 
we  reprogramed  within  our  own  office. 

Mr.  Kartii.  Well,  I don’t  think  that’s  important  at  this  point.  I 
just  had  the  feeling  that  the  Office  of  Advanced  Research  and  Tech- 
nology had  received  less  than  they  had  requested. 

We  can  take  a look  at  the  overall  question  later  on. 

Mr.  Fulton  of  Pennsylvania.  Before  we  leave  that  point 

Mr.  Kartii.  Yes. 

Mr.  Fulton  of  Pennsylvania.  Why  does  Dr.  Bisplinglioff  then  say 
you  are  doing  your  best  on  engine  development  that  you  can  on  a 
limited  budget — with  budget  limitations — and  that  seems  to  be  the 
reason  that  you  are  not  making  as  much  progress  as  you  would  like 
in  the  high  energy  fuels  field  as  well  as  engine  development  and  tech- 
nical fields? 

Mr.  Kartk.  I guess  he  means  that  the  budget  is  not  unlimited. 

Mr.  Fulton  of  Pennsylvania.  Yes;  he  then  complains — not  com- 
plains, but  he  talks  of  a limitation  of  programs,  because  of  a limited 
budget,  but  when  we  hear  it  now  there  seems  to  be  no  budgetary  prob- 
lems whatsoever  and  they  got  more  than  they  requested. 

Mr.  Karth.  The  doctor’s  testimony  was  that  they  could  not  follow 
on  with  the  development  of  engines  in  all  of  the  high  energy  fuels  be- 
cause this  became  a very  costly  process. 

Is  that  your  testimony  ? 

Dr.  Bisplinghoff.  This  is  correct. 

We  can  always  use  more  money  in  this  research  activity. 

Mr.  Kartii.  The  development  of  the  engine  is  another  problem,  as 
I understand  it. 

Dr.  Bisplinghoff.  This  is  right. 

This  becomes  very  expensive  when  you  start  an  actual  engine 
program. 
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Mr.  Fulton  of  Pennsylvania.  Have  you  had  any  budgetary  limita- 
tions in  the  F-l  field  ? 

Dr.  Bisplinghoff.  To  the  best  of  my  knowledge,  no. 

Mr.  Fulton  of  Pennsylvania.  The  way  it's  stretching  out,  I am 
afraid  the  President  and  his  brother  are  going  to  look  like  the  Smith 
Bros,  on  the  cough  drop  box  by  the  time  we  get  the  engine. 

We  supply  the  money  and  the  committee  keeps  hearing  it’s  gonna 
be — it’s  gonna  be.  I *hink  the  American  taxpayer  is  entitled  to  some 
results. 

Mr.  Karth.  Let  me  ask  this. 

Is  the  F-l  behind  schedule? 

Dr.  Bisplinghoff.  I cannot  comment  in  detail  ort  the  F-l  schedule. 

I suspect  it  may  be  somewhat  behind  schedule  because  of  this  com- 
bustion instability  difficulty. 

Mr.  Morris.  Mr.  Chairman.  Does  NASA  have  a schedule  for  the 
F-l? 

Dr.  Bisplinghoff.  I would  not  be  able  to  tell  you  in  any  detail  what 
that  is  since  it’s  part  of  the  Manned  Spaceflight  Office. 

Mr.  Morris.  In  your  connection  with  it  then  it  is  only  in  the  study 
of  combustion  instability. 

Dr.  Bisplinghoff.  Yes;  our  interest  is  one  of  understanding  the 
mechanism  of  combustion  instability  so  that  we  can  prevent  its  reoc- 
currence in  future  engines  and  we,  of  course,  do  everything  that  we  can 
to  help  the  F-l  project  people  to  cure  the  difficulty  which  they  have; 
but  our  most  important  research  objective  is  to  understand  it  for  the 
improvement  of  future  engines. 

Mr.  Morris.  Does  your  office  have  an  input  of  funds  into  the  F-l 
engine  program  in  any  manner? 

Dr.  Bisplinghoff.  No. 

Mr.  Morris.  Do  you  receive  any  funds  from  the  manned  spaceflight 
project? 

Dr.  Bisplinghoff.  No. 

Mr.  Morris.  Thank  you. 

Dr.  Bisplinghoff.  Some  of  our  research  people  meet  with  the  F-l 
project  people  to  try  to  assist  them  in  overcoming  the  difficulty  but 
there  is  no  other  connection  besides  that. 

Mr.  Staf.rlf.r.  Mr.  Chairman. 

Mr.  Karttt.  Mr.  Staebler  ? 

Mr.  Staerlf.r.  Isn't  this  a rather  good  example  of  the  point  that 
has  been  made  by  previous  representatives  of  NASA  that  the  balance 
between  fundamental  research  and  applied  research  is  very  impor- 
tant ? 

Isn’t  this  an  illustration  of  the  fact  that  our  application  has  caught 
up  with  us.  We  didn’t  have  enough  fundamental  knowledge  ahead 
of  our  application  and  that  when  we  think  of  the  stockpile  of  funda- 
mental information,  it  always  looks  as  though  it’s  pretty  big  and  there- 
fore it  is  unnecessary  to  keep  stockpiling  ahead:  but  here  we  find  our- 
selves faced  with  costly  delav  and  additional  expenditures  because  we 
didn’t  have  a big  enough  stockpile. 

Isn’t  that  the  lesson  to  be  drawn  from  this  particular  problem? 

Mr.  Kartit.  Every  indication  is  this  is  a lesson  we  should  learn,  yes. 

Dr.  Bisplinghoff.  I think  this  is  a very  true  statement. 

Mr.  Karth.  I think  on  the  other  hand  it’s  also  true  though,  Doctor, 
that  we  do  not  have  the  time  nor  will  we  be  able  to  afford  exhaustive 
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research  on  every  single  problem  that  might  develop  in  our  total  space 
program. 

This  becomes  an  impossibility  from  several  standpoints — man- 
power, for  example. 

Dr.  Birpmnghoff.  Yes. 

Mr.  Kartit.  Finances  and  every  other  standpoint  you  can  think  of. 
Isn’t  this  true? 

Dr.  Bispmnghoff.  Yes;  we  are  very  keenly  aware  of  this. 

We  try  to  conduct  our  business  in  a way  so  we  have  a broad  base  of 
fundamental  and  applied  research  which  is  rather  inexpensive  in  com- 
parison with  the  larger  projects,  and  then  to  try  to  be  extremely  selec- 
tive in  those  things,  we  carry  into  the  advance  subsystems  stage. 

Mr.  Karttt.  Don't  we  have  to  pick  and  choose,  Doctor? 

Dr.  Bispmngttoff.  Yes,  sir;  we  must  pick  very  carefully. 

Mr.  Kartit.  Probably  pick  those  areas  where  private  industry,  for 
example,  has  very  little  reason,  if  any,  to  do  any  research  work  in  the 
area? 

Dr.  Btspmxgttoff.  Yes. 

Mr.  Kartit.  For  example,  private  industry,  is  not  going  to  build  any 
one  and  a half  million  pound  thrust  engines  for  consumer  items. 

They  are  nonsalable.  As  a result  of  that,  I think  we  have  got  to  do 
the  research  in  the  area. 

There  are  other  areas,  however,  where  private  industry  has  great 
capacity,  and  tremendous  capability  to  do  a tremendous  consumer 
business.  In  these  areas,  I think  maybe  the  Government  would  be 
wise  not  to  involve  itself  too  much  with  so-called  in-house  research. 
You  agree  with  that,  Doctor? 

Dr.  Bisplingttoff.  Our  job  is  one  of  catalyzing  them  to  do  it  on 
their  own  in  view  of  an  interest  in  the  space  program. 

Mr.  Karth.  You  agree  with  my  last  statement  ? 

Dr.  Bispmnghoff.  Yes,  sir.  I do. 

Coming  back  to  combustion  instability  again,  research  has  long 
been  underway  to  understand  better  this  phenomenon  and  to  devise 
techniques  for  its  control.  New  studies  have  indicated  a relationship 
between  the  vaporization  rates  of  the  least  volatile  propellant  in 
the  combustion  chamber  and  the  onset  of  combustion  oscillations. 
Through  analytical  and  experimental  research  we  are  making  some 
progress  in  defining  the  effect  of  various  engine  design  parameters 
on  combustion  oscillation  susceptibility. 

In  the  area  of  large  solid  rocket  motors  we  are  working  closely  with 
the  Air  Force  in  the  joint  NASA-DOD  solid  motor  technology  pro- 
gram. In  addition,  NASA  is  also  engaged  in  further  research  and 
technology  on  solid  rockets  for  space  applications.  Work  is  under- 
way on  evaluation  of  two  promising  solid  propellants  containing  boron 
and  a third  is  being  studied  for  possible  motor  applications. 

Figure  88  illustrates,  schematically,  present  and  advanced  concepts 
of  solid  motors  as  well  as  the  principal  research  goals  which  we  have 
set  in  our  program. 

Mr.  Karth.  Doctor,  how  many  research  dollars  has  NASA  spent  on 
solids,  as  opposed  to  research  dollars  spent  on  liquids? 

Dr.  Bispmnghoff.  During  fiscal  year  1963? 

Mr.  Kartit.  Let’s  go  back  and  start  from  the  beginning. 
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How  much  total  research  money  has  been  spent  on  solids,  and  how 
much  total  research  money  has  been  spent  on  liquids? 

Dr.  Bispuxghoff.  I don't  know.  We  can  give  you  this  money  clear 
back  to  the  beginning. 

We  can  finci  it  for  you. 

Mr.  Kartii.  Would  you  try  to  supply  it  for,  at  least,  the  last  3 
years  or  so? 

Dr.  Bispuxghoff.  We  can  give  it  to  you  through  196*2  and  1963 
right  now. 

Mr.  Kartm.  Thank  you,  I'd  like  to  have  that  and  then  if  you  will 
sunply  the  total  for  the  record,  please. 

Air.  Myers.  All  right,  for  the  fiscal  year  1962  in  solid  propulsion — 
soiid  propellants,  we  spent  about  $340  million.  Not  '‘about.’’  That 
was  an  exact  figure. 

Mr.  Karth.  340 — what  ? 

Dr.  Bispunghoff.  340,000. 

Mr.  Myers.  340, (XX).  Excuse  me. 

In  solid  rocket  components,  in  solid  rockets  systems,  $..85,000. 

And  then  in  our  advanced  engine  technologies  in  solia  rocket  com- 
ponents and  systems  it's  192,000 — whatever  they  add  up  to,  in  the 
solid  area. 

Dr.  Bispuxghoff.  That  is  in  1962. 

Mr.  Myers.  That  is  in  fiscal  year  1962. 
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Mr.  Kartii.  Yes,  sir. 

Mr.  Mykrs.  In  fiscal  year  1063  we  will  have,  by  the  end  of  this  year, 
obligated  a million  100 — $1,100,000 — excuse  me;  and  $711,000  in  high 
energy  propellants  and  solids. 

In  the  advanced  engine  technology,  $207,000  in  solids  and  in  the 
advanced  spacecraft  engines,  we  will  have  spent  $570,000,  whatever 
they  add  up  to. 

Mr.  Kartii.  In  solids  ? 

Mr.  Mykrs.  In  solids ; yes,  sir. 

Mr.  Karth.  What  about  1 iquids  in  these  2 years  ? 

Mr.  Mykrs.  I can  repeat  those  same  figures  in  liquids,  although  there 
is  other  work  in  liquids  that  should  be  counted  in.  I don’t  know 
whether  I can  add  them  up  quickly  enough  for  you. 

These  are  in  various  pieces  of  programs.  I would  rather  summarize 
this  for  you  and  supply  it  for  the  record. 

Mr.  Karth.  What  do  you  mean  you  can  repeat  those  same  figures? 
You  mean  we  spent  identical  sums  on  solids  and  liquids  in  1963? 

Mr.  Myers.  I mean  the  same  categories  of  things;  such  as  propel- 
lants, we  have  liquid  propellants  and  solid. 

In  advanced  concepts,  we  have  liquid  and  solid  advanced  concepts. 

Mr.  Karth.  Thank  you,  if  you  went  through  the  same  sequence 
that  you  went  through  with  solids,  I’d  appreciate  it. 

Mr.  Myers.  All  right. 

Mr.  Sloop,  who  is  Director  of  this,  has  a summary  of  it  ? He  says 
he  can  speak  for  it. 

Mr.  Sloop.  It  is  roughly  this  for  the  research  and  development.  It 
is  4 million,  solid;  and  8 million  in  liquids  for  1963. 

Mr.  Kartii.  How  about  1962  ? 

Mr.  Sloop.  I don’t  have  that  with  me,  but  I can  get  that. 

Mr.  Karth.  Dr.  Bisplinghoff  apparently  has  it  there,  don’t  you  ? 

Dr.  Bisplinghoff.  Yes ; we  can  read  off  numbers  similar  to  the  solid 
numbers  for  1962  if  you  would  like  us  to  read  those  for  the  solids — the 
liquids,  please.  You  read  the  solids. 

Mr.  Myers.  F or  1962 1 read  the  solids. 

Dr.  Bisplinghoff.  Read  the  liquids  in  1962. 

Mr.  Myers.  The  liquids  1962  are  1.8  and  1.803 — $1,803,000  in  aero- 
thermo  chemistry,  $341,000  in  materials,  $1,263,000  liquid  propellants, 
$73,000  on  the  liquid  rockets  components  in  the  engine  technology, 
$1,062,000  in  liquid  rocket  systems,  $75,000  in  liquid  rocket  components 
in  spacecraft  engines  and  $1,526,000  in  liquid  rockets  systems  in  space- 
craft engines. 

Mr.  Kartii.  I am  apparently  not  getting  the  figures  I am  interested 
in. 

I don't  know  just  what  figures  these  are.  Apparently,  they  are  very 
basic  research  figures. 

This  year  we  are  spending  $100  million  on  Centaur.  That  is  a liquid 
hydrogen  liquid  oxygen  engine.  I want  the  total  research  and  de- 
velopment dollars  that  have  been  spent  in  both  of  these  areas  now  for 
the  last  3 years. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  I wovld  like  to  be  able  to  make  a comparison.  I am  sure 
the  committee  would  be  interested  in  knowing  what  our  efforts  have 
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been  in  both  liquids  and  in  solids.  This  has  been  of  some  concern  in 
the  past  and  I assume  will  be  of  at  least  passing  interest. 

Mr.  Sloop  ? 

Mr.  Sloop.  One  reason  this  demarcation  is  not  clear  at  this  moment 
is  there  are  many — in  our  technical  disciplines  we  often  cross  the 
boundaries  between  solid  and  liquid. 

It  is  an  artificial  boundary.  For  example,  liquid  people  think  in 
terms  of  dry  propellants  which  is,  too,  liquids  and  solids.  Beryllium, 
you  might  say,  is  an  additive  and  the  solid  people  talk  in  terms  of 
hybrid  rocket  combustion  which  is  a liquid  and  a solid. 

They  are  both  concerned  with  thrust  vector  control,  Dr.  Bispling- 
hoff  mentioned,  and  many  of  our  disciplines  are  crossing  the  boun- 
daries between  solids  and  liquids. 

Mr.  Kartii.  Both  of  those  are  very  small  parts  of  the  total  I am 
attempting  to  get. 

Mr.  Sloop.  For  example,  in  aerotliermo  chemistry  we  are  concerned 
with  particles  in  the  exhaust.  AATe  are  concerned  with  this  in  both 
solids  and  liquids  and  therefore  we  have  felt  in  our  basic  disciplines  it 
was  an  artificial  division  to  say  this  is  solid  and  this  is  liquid  because 
the  same  physical  phenomena  occurs  in  both. 

So,  in  these  basic  areas  we  have  simply  worked  on  the  problem  and 
not  worried  about  whether  it  was  in  a pocket  called  “solid”  or  the 
pocket  called  “liquid.” 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  May  I ask  a question. 

Is  the  F-l  a liquid  fueled  engine  or  a solid  ? 

Dr.  Bisplixghoff.  F-l  is  a liquid  fuel  engine. 

Mr.  Morris.  Is  it  in  the  stage  of  research  and  development  ? 

Dr.  Bisplixghoff.  No,  sir. 

Mr.  Morris.  It  is  in  an  operational 

Dr.  Bisplixghoff.  It  is  in  the  stage  of  development  of  an  opera- 
tional engine. 

I think  our  dilemma  is,  that  Mr.  Karth  would  like  to  have  the  total 
NASA  budget  in  liquid  solid  R.  & D.  dollars  and  we  have  been  read- 
ing off  here  only  that  part  of  the  budget  which  is  concerned  with  re- 
search and  advanced  technology.  AVe  would  be  glad  to  get  this  total 
figure  for  you  and  put  it  in  the  record  if  you  wish. 

Mr.  Karth.  The  figures  you  have  been  giving  me  are  those  funds 
that  your  office  has  expended  in  this  area  ? 

Dr.  Bisplixghoff.  Yes,  sir;  what  we  classify  as  advanced  research 
and  technology. 

Mr.  Karth.  I would  like  to  have  the  NASA  funds  spent  in  these 
two  areas. 

Dr.  Bisplinghoff.  Yes,  sir ; we  will  be  glad  to  supply  these  for  you. 

(The  information  referred  to  is  as  follows :) 
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The  following  table  shows  total  NASA  R.  & D.  direct  funds  for  liquid  and 
solid  rockets  by  fiscal  years.  In  the  case  of  liquid  fueled  engine  development 
the  engines  are  indicated. 

(In  thousands  of  dollars] 


1962 

1963 

1964 

Supporting  research  and  technology  : 

Liquid 

8,260 

3,450 

16, 693 
5,726 

32, 447 
13,850 

Solid 

Subtotal,  SRT 

11,710 

22,419 

46,297 

Liquid  engine  development: 

RL-10 

35,343 
5,662 
48,320 
16, 705 
33,635 

35,374 

5,260 

50,800 

35,000 

44,542 

39, 670 
5,200 
54.100 
45,000 
48,200 

H-l 

F-l 

M-l 

J-2 

Subtotal . ... 

139,665 

170,976 

192, 170 

Grand  total 

151,375 

193,395 

238,467 

Dr.  Bisplinghoff.  Turning  now  to  nuclear  rocket  propulsion;  for 
some  time  we  have  realized  that  there  is  a need  for  increased  rocket 
performance  for  high  energy  interplanetary  missions.  It  is  clear  that 
nuclear  propulsion  will  be  required  in  our  spacecraft.  We  feel  nu- 
clear propulsion  is  probably  the  only  answer  that  we  can  turn  to  for 
this  purpose.  Our  nuclear  rocket  program  has  the  objective  of  estab- 
lishing the  capability  to  employ  nuclear  rocket  engines  and  vehicles  in 
advance  launch  vehicles  so  that  they  make  possible  the  accomplishment 
of  high  payload  deep  space  missions.  Currently,  we  take  as  our  ma- 
jor target  the  accomplishment  of  flight  testing  a nuclear  powered  stage. 
The  overall  AEC-NASA  program  consists  of  the  KIWI  research 
reactor,  the  NERVA  engine,  tne  RIFT  stage  and  our  research  and 
technology  efforts  aimeaat  more  advanced  systems.  The  program 
will,  however,  certainly  not  terminate  with  the  flight  testing  of  the 
NERVA  engine  in  the  RIFT  stage.  The  NERVA  propelled  RIFT 
stage  could  be  developed  into  an  operational  version  as  the  third 
stage  of  the  Saturn  V and  many  useful  space  missions  could  be  ac- 
complished with  such  a vehicle. 

Mr.  Karth,  Doctor,  I wonder  if  I could  interrupt  you  here  just 
for  a moment. 

Dr.  Bisplinghoff,  Yes,  sir. 

Mr.  Karth.  I would  like  to  find  out  whether  or  not  your  schedule 
would  permit  you  to  appear  this  afternoon  at  2 o’clock. 

Dr.  Bisplinghoff.  Yes ; I could  do  this. 

I have  been  asked  to  go  to  the  DOD  on  a matter  at  2 :30,  but  I can 
see  if  I can  get  out  of  this  meeting  and  come  here. 

Mr.  Karth.  Well,  if  you  have  a commitment  that  you  must  keep, 
of  course,  this  is  something  else,  because  this  is  very  short  notice  in- 
deed ; but  I wasn’t  sure  at  the  beginning  of  the  week  that  the  House 
would  not  be  in  session  today. 

Dr.  Bisplinghoff.  Yes. 

Mr,  Karth.  Nor  was  I counting  on  not  being  able  to  have  a meeting 
that  we  had  originally  scheduled  earlier  in  the  week,  due  to  the  un- 
availability of  the  committee  room. 

Dr.  Bisplinghoff.  Yes. 
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Mr.  Karth.  So,  to  make  up  for  lost  time,  I thought  we  might  meet 
this  afternoon. 

Dr.  Bisplinghoff.  I see  no  reason  I can't  get  out  of  this  to  come 
here  this  afternoon. 

Mr.  Karth.  If  this  is  no  hardship,  we  would  like  to  meet.  I’m 
going  to  leave  it  up  to  you,  Doctor. 

Dr.  Bisplinghoff.  Let's  let  it  go  at  this  moment  that  I will  be  here. 

Mr.  Karth.  All  right ; thank  you  very  much. 

Dr.  Bisplinghoff.  What  time  would  that  be,  sir? 

Mr.  Karth.  Two  o’clock. 

Dr.  Bi8puxghoff.  Two  o'clock. 

Figure  89  illustrates  a sketch  of  an  operational  nuclear  Saturn  V. 
It  consists  of  the  F-l  powered  S-IC  first  stage,  the  J-2  powered 
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S-II  second  stage,  and  the  NERVA-powered  S-N  third  stage.  The 
S-N  designation  refers  to  an  operational  version  of  the  RIFT  stage. 
Above  the  S-N  stage,  we  have  illustrated  a typical  payload  configura- 
tion topped  by  an  escape  rocket  system  for  manned  flights. 

Figure  90  shows  an  advanced  manned  interplanetary  mission  that 
could  employ  an  operational  version  of  RIFT  as  a third  stage  of  the 
Saturn  V.  It  is  interesting  to  note  that  the  demands  on  the  nuclear 
propulsion  system  in  this  mission  are  not  severe  since  the  nuclear  stage 
is  utilized  only  near  the  earth  in  propelling  the  spacecraft  to  tne 
energy  necessary  to  “coast"  to  Venus  and  back  to  Earth.  A restart 
capability  would  not  be  required.  In  this  mission,  chemical  rockets 
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Figure  90 

would  be  used  for  midcourse  maneuvers  and  for  rctrofiring  upon 
return  to  earth  to  slow  the  spacecraft  to  a reentry  speed  that  is 
comparable  to  that  which  will  be  required  in  the  Apollo  mission. 

Tne  next  figure  (fig.  91)  shows  two  unmanned  interplanetary  mis- 
sions that  are  also  possible  with  the  nuclear  Saturn  V.  The  left  side 
of  the  figure  shows  the  capabilities  for  exploration  of  Mars  in  prepara- 
tion for  visits  by  men.  The  nuclear  Saturn  V could  propel  a space- 
craft to  Mars  on  a 100-day  trip.  Upon  reaching  the  planet,  chemical 
rockets  would  fire  in  such  fashion  as  to  permit  trie  spacecraft  to  orbit 
Mars.  The  25,000  pounds  in  the  Martian  orbit  would  permit 
examination  of  the  environment  on  our  neighbor  planet  even  to  the 
extent  of  landing  large  equipment  packages  on  the  surface.  The 
trip  time  for  the  Jupiter  flyby  mission,  portrayed  on  the  right-hand 
side  of  the  figure  is  18  months  using  a nuclear  Saturn  V.  It  appears 
that  enough  payload  could  be  provided  to  permit  guidance,  midcourse 
correction,  scientific  experiments,  communications,  and  power  supply. 

These  charts  have  illustrated  missions  that  could  be  considered  as 
functional  goals  of  the  nuclear  rocket  program.  The  major  steps  of 
this  program,  which  have  been  given  the  names  of  Kiwi,  NERVA, 
and  RIFT,  are  illustrated  schematically  by  figure  92. 

We  have  prepared  this  chart  to  indicate  the  relationship  between 
the  major  activity  of  the  nuclear  rocket  program.  As  snown,  the 
Kiwi  reactor  technology  feeds  into  the  NERVA  engine  project.  A 
NERVA  engine  will  propel  the  RIFT  stage  to  be  flight  tested  on  the 
Saturn  V as  shown  on  tne  right  side  of  the  chart.  The  objective  of 
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the  Kiwi  project,  which  is  being  conducted  by  the  Los  Alamos  Scien- 
tific Laboratory,  is  to  provide  the  basic  reactor  design  for  the  NERVA 
engine.  The  Kiwi  project  has  moved  from  the  Kiwi  A series  of  tests, 
which  demonstrated  the  materials  technology  for  rocket  reactors,  into 
the  Kiwi  B series  which  will  provide  the  basic  design  information  for 
the  reactor  of  the  NERVA  engine.  Thus  far,  three  reactors  have  been 
tested  in  the  Kiwi  B series,  the  last  being  Kiwi  B-4A  tested  at  the 
Nuclear  Rocket  Development  Station  in  November  1962. 

In  the  Kiwi  B series  of  reactors  the  Los  Alamos  Scientific  Labor- 
atory established  several  designs  which  represented  different  ap- 
proaches to  the  solution  of  problems  associated  with  the  use  of  a brit- 
tle material  in  the  environment  of  a nuclear  rocket.  The  first  of  these 
the  Kiwi  B-A  reactor  was  tested  with  gas  coolant  flow  in  December 
of  1961.  In  September  of  1962  a similar  reactor  (Kiwi  B-1B)  was 
tested  with  liquid  hydrogen  inlet  flow  as  required  in  a flight  rocket 
engine.  The  results  of  this  test  indicated  that  the  reactor  could  be 
started  stably  with  liquid  hydrogen.  However,  in  the  Kiwi  B-lB 
experiment  damage  occurred  in  the  reactor  core  similar  to  that  which 
had  occurred  in  certain  of  the  Kiwi  A tests.  The  fact  that  this  damage 
has  not  been  explained  through  extensive  laboratory  tests  and  analysis 
has  made  us  discard  the  Kiwi  B-l,  for  the  present,  as  a candidate  for 
the  NERVA  engine. 

It  is  important  to  point  out  that  prior  to  this  date  the  decision  had 
been  made  to  proceed  with  the  Kiwi  B-4-type  reactor  design  as  a basis 
for  the  first  NERVA  reactor  design.  The  Kiwi  B-4  design  is  dif- 
ferent in  many  respects  from  Kiwi  B-l.  The  decision  in  favor  of 
Kiwi  B-4  was  based  on  the  best  available  analytical  and  laboratory 
experimental  data  and  on  the  fact  that  the  Kiwi  B-l  type  of  design 
had  failed  in  the  Kiwi  A tests  and  the  failure  was  not  explained.  It 
was  also  based  on  the  belief  that  the  Kiwi  B-4  provided  greater  margin 
of  performance  for  operation  of  the  reactor.  The  first  Kiwi  B-4  type 
of  reactor,  the  Kiwi  B-4A,  was  tested  by  Los  Alamos  last  November. 
Almost  as  soon  as  the  test  of  the  Kiwi  B-4A  reactor  was  started  flashes 
of  light  were  noted  in  the  exhaust  jet.  These  flashes  indicated  that 
material  from  the  core  was  being  carried  away  in  the  jet.  Never- 
theless, the  test  was  continued  until  the  frequency  of  these  flashes 
became  so  rapid  that  it  was  apparent  that  more  could  be  learned  by 
shutting  down  and  examining  the  reactor  than  by  trying  to  attain  a 
design  power  condition.  Upon  examination  it  was  found  that  the 
thermal  insulation  component  around  the  reactor  had  broken  and  had 
been  ejected  from  the  reactor,  and  that  fuel  elements  had  suffered 
extensive  damage.  The  data  indicate  that  vibrations  took  place  in 
the  reactor  and  that  these  vibrations  were  probably  generated  within 
the  reactor. 

Actually,  we  got  up  to  about  50  percent  power  before  the  shutting 
down. 

Work  is  now  actively  underway  by  Los  Alamos  and  Westinghouse 
to  modify  the  mechanical  design  so  as  to  minimize  the  possibility 
of  such  mechanical  vibrations.  There  is  very  strong  feeling  among 
all  participants  in  the  program  that  this  vibration  is  the  explanation 
for  the  damage  during  test  operation.  We  have  determined,  how- 
ever, that  before  further  full-scale  hot  tests  are  run,  component  as- 
sembly and  full-scale  mechanical  testing  and  cold  flow  testing  will 
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be  conducted.  The  purpose  of  these  tests  will  be  to  evaluate  the 
failure  mode  hypothesis  that  has  been  made  of  the  Kiwi  B-4A 
reactor  damage.  Such  testing  will  also  be  conducted  to  check  the 
suitability  of  redesign  of  that  reactor  to  overcome  the  mechanical 
difficulties  experienced. 

The  Kiwi  project  is  largely  funded  by  the  AEC  and  conducted 
by  the  AEC’s  Los  Alamos  Scientific  Laboratory,  although  NASA 
supports  it  by  providing  nozzles,  liquid  hydrogen  feed  systems,  and 
liquid  hydrogen. 

The  NERVA  project  is  in  the  process  of  expanding  as  the  Kiwi 
project  phases  out.  A request  for  proposals  was  issued  by  the  joint 
AEC-NASA  Space  Nuclear  Propulsion  Office  on  February  2,  1961, 
for  phase  I of  the  NERYA  development  project,  and  the  selection 
of  Aerojet-General  as  prime  contractor  and  Westinghouse  Electric 
Corp.  as  principal  subcontractor  was  announced  on  June  7,  1961. 
The  phase  I effort  was  completed  on  January  10,  1962.  A follow-on 
contract  was  signed  by  AEC  and  NASA  effective  January  11,  1962. 
This  contract  will  cover  the  entire  development  effort  through  Sep- 
tember 30,  1966,  funded  on  an  annual  basis.  The  contract  covers 
the  program  of  prototype  hardware  design  and  development  and  its 
execution  is  paced  by  achievements  in  the  Kiwi  reactor  program. 
The  Westinghouse  Astronuclear  Laboratory  is  designing  the  first 
NERVA  experimental  reactor,  and  some  of  its  components  are  now 
under  fabrication  or  procurement.  Collaboration  between  Los 
Alamos  Scientific  Laboratory  and  the  NERVA  contractor  is  under 
way  on  certain  design  and  fabrication  efforts  related  to  Kiwi  and 
NERVA  work. 

The  work  to  be  performed  in  fiscal  year  1964  will  involve  pro- 
curement and  integration  of  certain  engine  components  aimed  at 
evaluating  critical  design  and  operating  data,  supported  by  appro- 
priate design,  analysis,  test,  and  simulation  activities.  No  major 
procurement  of  nonnuclear  components  will  be  undertaken  until 
successful  reactor  operation  is  achieved.  Several  NERVA  reactor 
tests  will  be  conducted  at  the  Nuclear  Rocket  Development  Station. 
Another  important  area  of  work  in  NERVA  will  be  studies  of  radia- 
tion effects  on  components  and  subsystems. 

The  RIFT  project  moved  out  of  a 2-year  study  into  the  initial  de- 
velopment phase  in  late  June  1962.  The  2-year  study  program,  while 
at  a relatively  low  level,  had  formed  a basis  for  initial  development 
effort  and  had  indicated  those  areas  which  need  immediate  attention. 
The  prime  contractor  in  the  RIFT  project  is  the  Lockheed  Missiles 
& Space  Co.  of  Sunnyvale,  Calif. 

Mr.  Karth.  How  was  the  contractor  selected  in  this  case,  Doctor? 

Dr.  Bisplinghoff.  This  was  a competitive  bidding  process  and 
Lockheed  was  judged  to  be  the  best  of  these  bidders. 

Mr.  Karth.  Competitive  bid  contract  ? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  Thank  you. 

Dr.  Bisplinghoff.  The  RIFT  stage  development  project  will  be 
paced  by  the  development  of  the  NERVA  engine.  There  will  be  no 
commitment  of  major  hardware  until  the  results  of  the  reactor  pro- 
gram indicate  a high  level  of  confidence.  The  initial  effort  under 
the  RIFT  contract  consequently  is  confined  to  preliminary  design  in 
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all  subsystem  areas  and  the  solution  to  those  technical  and  manufac- 
turing problems  requiring  long  study  and  lead  time. 

System  development  activities  were  initiated  last  year  and  will  be 
continued  at  a minimum  level  throughout  calendar  year  1963  and 
1964.  These  activities  are  concerned  principally  with  insulation,  ma- 
terials, and  laboratory  investigations.  Conceptual  design,  initiated 
last  year,  will  be  continued  at  a nominal  level  throughout  calendar 
year  1964  and  will  be  paced  by  the  outputs  of  the  structural,  materials, 
and  radiation  test  programs. 

The  advanced  research  and  technology  portion  of  the  nuclear  rocket 
program  supports  the  current  projects,  established  a base  of  technical 
information  for  design  of  nuclear  engines  and  vehicles,  and  provides 
the  necessary  technology  for  future  engines  and  vehicles. 

To  support  these  objectives,  we  conduct  research  in  the  following 
areas : 

Rocket  reactor  research. 

Engine  systems  technology. 

Safety. 

Vehicle  technology. 

Rocket  reactor  research  is  largely  funded  by  the  AEC  although 
the  NASA  budget  for  this  work  includes  funding  for  reactor  test 
support  components  (nozzles  and  pumps)  and  liquid  hydrogen  for 
reactor  tests.  NASA  in-house  reactor-oriented  work  is  conducted  at 
the  Lewis  Research  Center  and  the  Jet  Propulsion  Laboratory.  Lewis 
is  studying  various  reactor  concepts  and  performing  research  on  re- 
actor material  properties.  Botn  Lewis  and  JPL  are  conducting 
studies  and  research  on  cavity  or  gaseous  core  reactor  concepts. 

Mr.  Karth.  What  kind  of  duplication  is  this,  Doctor?  What  they 
are  doing  at  Los  Alamos  ? 

Dr.  Bisplinohoff.  The  Los  Alamos  reactor  work  is  channeled  along 
the  lines  of  a solid — of  a graphite  fuel  element  material. 

The  KIWI  reactor  is — is  a reactor  which  employs  a graphite  fuel 
element. 

At  the  Lewis  Laboratory  we  are  doing  very  preliminary  work  on 
fuel  elements  made  of  tungsten  to  provide  us  what  might  be  called 
an  alternative  approach  to  the  whole  problem. 

On  the  other  hand,  there  is  a totally  different  kind  of  reactor  con- 
cept where  the  fissionable  material  is  supported  by  a gaseous  phase 
and  both  Lewis  and  JPL  are  conducting  studies  here. 

Now,  I might  say  the  amount  of  money  involved  in  the  gaseous  core 
reactor  research  is  very,  very  small,  and  this  is  something  that  could 
come  to  fruition  in  perhaps  20  to  30  years. 

It’s  in  the  very  early  research  stages.  It  shows  promise  of  having, 
however,  a very,  very  high  performance  and  we  are  anxious  to  con- 
tinue this  very  fundamental  level  of  effort  of  research, on  the  gaseous 
core  reactor. 

Mr.  Karth.  Mr.  Morris  has  a question. 

Dr.  Bisplinohoff.  Yes. 

Mr.  Morris.  Doctor,  when  did  you  start  funding  this  research  ? 

Dr.  Bisplinohoff.  On  the  gaseous? 

Mr.  Morris.  Is  this  funded  through  your  offices  ? 

Dr.  Bi8plinghoff.  Yes,  sir.  Yes. 

Mr.  Morris.  When  did  you  start  funding  it  ? 
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Dr.  Bxsplinghoff.  On  the  gaseous  cone  reactor 

Mr.  Morris.  When  did  Lewis  get  into  the  nuclear  reactor  and  re- 
search business  ? 

Dr.  Bisplinghoff.  Let  me  hasten  to  add,  the  gaseous  core  reactor 
that  we  are  doing  and  JPL 

Mr.  Morris.  I know  it  is  basic  to  the  nuclear  reactor  research.  This 
is  the  way  you  get  in  this  business,  you  know. 

You  start  out  with  a little  basic  research  in  a place  and  then  the 
first  thing  you  know  you  are  really  in  business.  You  have  got  facil- 
ities and  you’ve  got  everything  else  and  you  say  we  are  started  now 
and  now  we  got  to  build  this  up. 

What  you  are  leading  up  to,  it  looks  to  me,  is  the  starting  of  a nuclear 
research  laboratory. 

I may  be  mistaken.  This  is  what  it  looks  to  me  like. 

Dr.  Bisplinghoff.  The  gaseous  core  reactor  research  is  purely 
fluid  mechanics — fluid  flow  studies. 

The  biggest  problem  here  is  one  of  getting  a stable  gaseous  system 
which  contains  fissionable  material  and  still  allows  one  to  squirt  this 
liquid  hydrogen  by  it  so  as  to  pick  up  the  heat. 

Our  work  now,  and  for  some  time  to  come,  will  be  fundamental 
work  in  fluid  mechanics. 

At  such  time  as  this  might  become  a system  where  we’ll  actually 
want  to  put  fissionable  material  in,  I expect  the  AEC  would  get  in- 
volved at  that  tine. 

Mr.  Mosher.  Mr.  Morris,  may  I interrupt  ? 

I have  the  impression  Lewis  has  been  in  nuclear  research  elements 
of  this  type  for  a long  time.  Isn’t  that  right  ? 

This  isn’t  new  to  Lewis,  is  it  ? 

Dr.  Bisplinghoff.  On  the  solid  core  reactor  work,  Lewis  has  been 
studying  the  possibility  of  a tungsten  fuel  element  for  sometime. 
There  has  been  no  live  reactor  work  done  at  Lewis.  This  has  been 
largely  the  study  of  a tungsten  reactor  material  and  a conceptial 
design  as  to  how  this  can  be  incorporated  to  a reactor. 

Mr.  Mosher.  Mr.  Chairman,  again,  as  long  ago  as  1960,  it  seems  to 
me  I was  shown  work  that  Lewis  was  doing  in  nuclear  propulsion. 

Dr.  Bisplinghoff.  Yes.  There  is  nothing  involving  a critical 
reactor  in  the  Lewis 

Mr.  Mosher.  The  question  Mr.  Morris  raised,  I think,  was  whether 
or  not  the  participation  of  Lewis  in  nuclear  propulsion  research  was 
new.  Isn’t  that  the  question  you  asked  ? 

Mr.  Morris.  That  is  exactly  right. 

Dr.  Bisplinghoff.  No  ; it’s  not  new. 

This  materials  and  fluid  mechanics  work  has  been  going  on  some 
time. 

Mr.  Morris.  Let’s  get  down  to  a little  more  definite  what  we  mean 
by  “new.” 

When  did  you  start  in  the  nuclear  research  business  in  Lewis 
Research  Lab? 

Dr.  Bisplinghoff.  I am  going  to  have  to  leave  that  to  Mr.  Finger. 

Mr.  Finger.  Congressman  Morris,  the  Lewis  Research  Center  had 
a reactors  research  division,  I would  guess  from  some  time  in  the  early 
1950’s,  I guess — 1953  or  earlier. 

They,  in  fact,  did  work  in  response  to  requests  from  the  Navy  to 
assist  in  the  submarine  program — certain  heat  transfer,  corrosion 
problems,  control  rod  work. 
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The  Plum  Brook  i?aetor  construction  started  about  5 or  6 years 
ago  and  its  initiation  was  for  the  nuclear  powered  airplane  program 
involving  both  nonnuclear  components  and  reactor  work. 

Mr.  Morris.  You  know  that  is  gone  now  ? 

Mr.  Finger.  The  reactor  is  there  and  is  a very  useful  tool  to  apply 
to  h.  nuclear  rockets  as  well. 

* are  proposing  to  use  it  for  nuclear  rockets.  This  has  a long 
hist;  >y.  Actually,  the  work  is  research  effort  and  I am  sure  no  one  in 
NASA  would  agree  to  the  Lewis  Center  developing  a reactor.  That  is 
a job  of  the  AEC. 

I should  also  point  out  the  Lewis  propulsion  work  in  this  area  is 
reviewed  by  the  Joint  AEC-NASA  Office  operating  with  its  NASA 
“hat”  essentially,  so  it  is  a coordinated  program  actually. 

Mr.  Morris.  That  is  your  office  ? 

He  savs  he  reviews  it.  I will  go  along  with  him. 

Mr.  Kartti.  Mr.  Mosher? 

Mr.  Mostier.  Could  I go  back  for  a minute,  since  wre  mentioned 
Lewis? 

The  first  full  paragraph  on  page  20  where  you  say  this  work  will  be 
paced  by  the  outputs  of  the  structural  materials  and  radiation  test 
programs;  is  Lewis  involved  in  those  test  programs? 

Dr.  Bisplinghoff.  This  is  the  RIFT — Lewis  is  involved  in  an  in- 
direct way  since  we  have  a very  strong  materials  research  organization. 

Mr.  Mosher.  Is  any  of  the  test  work  at  Plum  Brook  involved  here? 

Dr.  Bisplinghoff.  I would  think  it  would  be  involved  in  an  in- 
direct way. 

Lewis  is  not  directly  involved  with  RIFT  as  this  is  technically  di- 
rected bv  the  Marshal  Center  at  Huntsville. 

Mr.  Mosher.  Would  the  reactor  available  at  Plum  Brook  be  useful? 

Dr.  Bisplinghoff.  Be  useful  in  radiation  testing,  I should  think. 

Mr.  Mosher.  There  would  be  no  reason  to  duplicate? 

Mr.  Downing.  Doctor,  maybe  you  explained  this  before.  If  you 
have,  I’m  sorry. 

For  my  own  edification,  tell  me  what  is  the  great  advantage  of 
having  nuclear  propulsion  in  rockets? 

I have  always  thought  of  nuclear  propulsion  being  useful  because  it 
could  last  for  long  periods  of  time  without  being  refueled,  but  in 
rocketry  the  idea  is  to  get  it  up  to  some  certain  altitude  and  then 
coast.  You  don't  use  your  particular  system,  do  you? 

What  is  the  tremendous  advantage  of  nuclear  propulsion? 

Dr.  Bisplinghoff.  Yes;  this  figure  of  merit  we  used  before,  specific 
impulse,  is  at  the  root  of  the  answer  to  your  question. 

As  we  mentioned  before,  chemical  engines  give  us  specific  impulses 
of  the  order  of  400  seconds.  This  is  pounds  of  thrust  per  pound  of 
fuel  per  second. 

If  we  look  at  a nuclear  rocket  engine,  one  with  a solid  fuel  element 
core,  we  find  that  we  can  just  about  double  this  specific  impulse  be- 
cause of  the  high  temperatures  that  can  be  created  in  the  core  of  the 
reactor  and  the  possibility  we  can  pass  liquid  hydrogen  through  these 
cores. 

If  we  do  this  with  a gaseous  reactor,  we  feel  we  can  raise  the  specific 
impulse  to  perhaps  2,000  so  that  you  can  see  just  on  the  basis  of  the 
figure  of  merit  we  have  an  advantage  with  the  nuclear  system. 

Mr.  Downing.  In  other  words,  you  could  get  800  seconds  of  specific 
impulse? 
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Dr.  Bisplinghoff.  As  opposed  to  400. 

Mr.  Downing.  400  seconds  with  the  chemical  fuels? 

Dr.  Bisplinghoff.  With  the  gaseous  core  reactor  if  it  ever  material- 
izes this  may  go  to  2,000  which  is  quite  a step  above  what  we  can  do 
with  the  chemicals. 

But  you  touched  on  one  of  the  other  advantages. 

We  would  like  to  be  able  to  restart  these  vehicles  in  space  and  if 
we  can,  then  the  only  limitation  on  how  far  we  can  go  would  be  in 
how  much  hydrogen,  liquid  hydrogen,  we  could  carry  which  is  the 
fuel  that  is  ejected  from  the  rocket. 

Mr.  Downing.  And  you  don’t  think  any  other  propellants  will  have 
these  potentials? 

Dr.  Bisplinghoff.  No,  sir ; we  can’t  see  any  of  the  chemical  propel- 
lant combinations  we  now  know  of  that  can  give  us  this  potential. 

Mr.  Downing.  The  chairman  has  suggested  electrical. 

Dr.  Bisplinghoff.  Now,  the  electrical  propulsion  is  extremely  im- 
portant to  us  for  deep  space  missions  but  as  you  know,  the  thrust  is 
verv  low  and  we  must  choose  the  mission  applications  of  electric  pro- 
pulsion to  those  applications  where  we  can  have  a very,  very  low  thrust 
of  the  order  of  maybe  a pound  or  something  like  this;  but  this  pound 
of  thrust  pushing  for  hours  or  days  or  weeks  can,  of  course,  get  us  to  a 
very  high  velocity. 

Mr.  Downing.  What  is  the  budgetary  request  for  the  nuclear  pro- 
gram? 

Dr.  Bisplinghoff.  We  can  give  this  to  you  in  detail. 

Mr.  Downing.  The  overall  figure  is  what  I mean. 

Dr.  Bisplinghoff.  For  1963  or  for  1964  ? 

Mr.  Downing.  Fiscal  1963  and  1964. 

Dr.  Bisplinghoff.  Fiscal  1963  and  1964. 

Mr.  Mykrs.  Total  R.D.  & O.,  fiscal  1963  was  89.248  million. 

Fiscal  1964  is  118,919.000. 

Mr.  Morris.  This  is  NASA’s  request  ? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Myers.  This  is  for  the  nuclear  rocket  program. 

Mr.  Morris.  Funded  by  NASA? 

Dr.  Bisplinghoff.  The  NASA  part  of  the  program. 

Mr.  Morris.  Yon  gentlemen  should  understand  there  is  more  money 
in  that  program — funded  by  AEC. 

Mr.  Downing.  How  much  is  funded  by  AEC  ? 

Mr.  Finger.  In  1963,  AEC  requested  $74i/2  million,  I believe,  and 
this  vear  it’s  $99  million — right  around  in  there. 

I’ll  hsve  to  check  that.  Total  of  almost  $200  million  for  fiscal  year 
1 964  in  the  request  that’s  before  the  committee  now. 

That  doesn’t  include  construction,  incidentally. 

There  is  an  additional  amount  for  construction  in  both  agencies, 

Mr.  Downing.  Can  we  get  that  figure  ? 

Mr.  Finger.  The  total  figure  for  1964  for  both  agencies,  including 
construction  is  $221.5  million. 

Mr.  Downing.  Thank  you  very  much.  Thank  you,  Mr.  Chairman 

Mr.  Mosher.  Mr.  Downing  mentioned  electrical  propulsion.  Are 
these  the  same  ? I am  not  quite  sure. 

Dr.  Btspltnghoff.  The  ion  propulsion  is  one  of  the  several  types 
of  electrical  propulsion. 
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Mr.  Mosher.  Don’t  you  need  the  reactor  to  create  the  heat  you  need  ? 

Dr.  Bisplinghoff.  This  is  correct;  yes. 

Fundamentally,  the  electrical  propulsion  devices  could  operate  with 
any  electric  power  source. 

However,  for  long  missions  it’s  quite  clear  we  need 

Mr.  Mosher.  You  need  a nuclear  electrical  system? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Mosher.  Is  any  of  that  there  part  of  this  other  nuclear  elec- 
trical research  ? 

Dr.  Bisplinghoff.  This  is  a separate  item  in  our  budget. 

This  is  under  nuclear  electric  power  conversion. 

Mr.  Mosher.  It’s  not  duplication  in  any  way,  or  part  of  it  ? 

Mr.  Karth.  Mr.  Hammill  has  a question. 

Mr.  Hammill.  On  page  18,  you  state  that  the  Westinghouse  Lab- 
oratory is  designing  the  first  experimental  reactor  and  that  some  of 
its  components  are  now  under  fabrication  or  procurement. 

I understood  that  the  results  of  the  KIWI  tests  that  you  have  con- 
ducted in  Nevada  were  such  that  the  design  of  the  core  is  not  really 
considered  satisfactory  at  this  point. 

Dr.  Bisplinghoff.  That  is  right ; yes. 

Mr.  Hammill.  I wonder  how  the  contractor  can  proceed,  based 
upon  a design  that  is  not  considered  to  be  satisfactory. 

Dr.  Bisplinghoff.  What  we  are  doing  here,  Mr.  Hammill,  is  having 
the  Westinghouse  Co.,  which  is  a very  experienced  engineering  firm, 
work  closely  with  Los  Alamos  to — in  an  attempt  to  produce  a design — 
reactor  design,  using  their  engineering  ability  which  improves  on  the 
Los  Alamos  design  and  which  we  hope  will  overcome  the  shortcomings 
that  the  KIWI  B-4A  test  showed  us;  so  the  Westinghouse  effort  is 
really  a complementary  reactor  effort  to  the  Los  Alamos  effort  and 
Westinghouse’s  engineering  abilities  will  complement  Los  Alamos 
scientific  abilities,  we  feel,  in  this. 

Mr.  Hammill.  Well,  the  real  question  is  whether  or  not  they  are 
going  to  pursue  the  core  design  that  has  been  used  up  to  now,  or  are 
they  perhaps  going  to  look  into  a totally  new  design? 

Dr.  Bisplinghoff.  They  are  looking  into  several  alternative  de- 
signs and  we  are  not  quite  sure,  at  this  moment,  which  of  these  will  be 
chosen  for  the  next  test,  but  we  are  looking  into  designs  which  will 
definitely  overcome  this  cracking  difficulty  we  had  in  the  last  reactor. 

Mr.  Karth.  I think  Dr.  Finger  wanted  to  address  himself  to  that 
question. 

Mr.  Finger.  I’d  just  like  to  add  to  what  Dr.  Bisplinghoff  has  said; 
the  Westinghouse  design  uses  the  basic  features  of  the  last  reactor  test. 

However,  it  is  a redesign  effort  to  try  to  make  it  a good  suitably 
engineered  system. 

In  addition  to  that,  they  are  looking  at  alternate  design  ideas  to  try 
to  make  sure  we  have  something  coming  along  that  will  be  able  to 
serve  us  if  the  design  work  that  is  now  in  process  doesn’t  work  out  as 
well  as  we  would  hope. 

Mr.  Hammill.  What  is  the  time  scale  for  this  kind  of  development? 

I understand,  from  reports  in  the  trade  press,  that  the  whole  pro- 
gram now  has  been  set  back  some  18  months. 

Dr.  Bisplinghoff.  Harry,  would  you  answer  that,  please  ? 

Mr.  Finger.  The  component  work  that  we  have  been  planning  is 
already  partially  in  process.  There  is  a great  deal  of  design  work  be- 
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ing  done  now  and  analysis  work  l>oth  at  Westinghouse  and  Ix>s 
Alamos. 

We  expect,  through  this  kind  of  component  work,  we  will  end  up 
with  a reliable  reactor  and  well  have  to  do  power  tests  on  a full  re- 
actor because  we  can't  completely  simulate  a full  reactor  arrangement 
in  components. 

We  expect  the  power  tests  will  be  run  late  this  year  at  the  earliest. 
If  the  components  show  problems  or  if  the  simulated  subassemblies 
show  problems,  then  the  power  test  date  would  slip  into  next  year. 
That's  about  the  timing  of  it. 

I don't  know  how  to  refer  to  these  re|>oi-ted  18-month  delays  or 
anything  like  that,  because  it  really  dejiends  on  when  you  are  count- 
ing from. 

Mr.  Morris.  Mr.  Chairman,  while  Mr.  Finger  is  on  his  feet,  I’d  like 
to  ask:  Do  you  have  a firm  test  date  now  for  the  next  reactor  power 
test  ? 

Mr.  Finoer.  No,  sir.  we  don't  at  this  point.  We  have  dates  ana 
plans  for  cold  flow  tests  and  components  but  the  power  test  date  really 
depends  on  the  technical  outcome  of  those  preliminary  tests  and  it  is 
still  being  planned. 

Mr.  Morris.  Thank  you. 

Mr.  Karth.  Proceed,  Doctor. 

Dr.  Bisplinohoff.  Thank  you. 

In  order  to  summarize  the  nuclear  rocket  program,  I have  prepared 
figure  93  that  shows  the  major  milestones  for  calendar  year  1964. 
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It  is  anticipated  the  KIWI  project  will  be  completed  in  calendar 
year  19(54  and  that  we  will  continue  reactor  development  through  tests 
of  reactors  for  engines.  Flight  safety  reactor  tests  are  planned  for 
operation  at  the  Nuclear  Rocket  Development  Station  to  determine 
the  fission  product  sources  that  could  be  produced  in  abnormal  power 
excursions. 

Iu  the  RIFT  project,  we  hope  to  verify  the  type  of  insulation,  the 
techniques  of  installation,  bonding  and  vapor  barrier  material  on 
srnle  model  tanks  in  a cryogenic  and  radiation  environment.  We  ex- 
pect delivery  of  the  hydrogen  feed  system  to  the  Nuclear  Rocket  De- 
velopment Station  for  installation  in  Test  Cell  C which  will  be  used 
for  advanced  reactor  tests.  The  complete  Dynamics  and  Controls  Re- 
search Facilities  at  the  Plum  11  rook  Research  Station  will  be  available 
for  test  operation  late  in  fiscal  10(54. 

ELECTRIC  ROCKET  PROPULSION 

The  chemical  and  nuclear  rocket  propulsion  systems  considered 
above  are  characterized  by  high  thrust.  A complementary  propulsion 
system  is  provided  by  electric  rocket  engines  which  have  low  thrust 
with  specific  impulses  several  times  as  high  as  those  of  chemical  and 
even  nuclear  rockets  ( from  1,000  to  10,000  Isp  or  more) . These  higher 
specific  impulses  are  the  underlying  reason  for  the  potential  perform- 
ance advantages  for  deep  space  missions  of  electric  rocket  engines. 
However,  low  thrust  to  weight  ratios  will  require  that  the  propulsion 
system  operate  for  long  periods  in  order  to  achieve  the  desired  vehicle 
velocities.  For  a Mars  mission,  this  operating  time  is  of  the  order  of 
400-1,000  days,  hence  the  requirement  for  long  life.  Since  repairs 
en  route  are  impossible  for  an  unmanned  probe  and  difficult  for  manned 
vehicle,  this  long  life  must  be  achieved  if  at  all  possible  without  allow- 
ance for  maintenance. 

The  efforts  during  the  past  years  on  electric  propulsion  have  been 
directed  largely  toward  the  scientific  and  engineering  development  of 
the  engine  or  thrusting  device.  The  fundamental  feasibility  of  the 
electric  engine  or  thrusting  system  has  become  an  accepted  fact. 
Attention  has  been  given  to  the  vehicles  which  can  be  propelled  and 
missions  that  may  be  performed.  In  addition,  during  1963  and  1964, 
more  attention  will  be  given  to  studies  of  power  conditioning 
components. 

Electric  thrust  engines  may  be  segregated  into  three  principal 
groups : 

(a)  Electrothermal  engine — an  engine  which  develops  thrust 
by  heating  a gaseous  propellant  to  a high  temperature  and  expand- 
ing it  through  a nozzle. 

(b)  Electrostatic  or  ion  engine — an  engine  which  develops 
thrust  by  accelerating  charged  particles  by  means  of  an  electro- 
static field'. 

( c ) Electromagnetic  engine — an  engine  which  develops  thrust 
by  accelerating  a plasma  by  means  of  a stationary  or  varying 
magnetic  field. 

During  the  past  year  small  cesium  contact  ion  engines  have  reached 
a stage  of  development  where  their  utility  for  space  propulsion  can  be 
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stated  with  confidence  and  in  certain  cases  these  engines  are  now 
available  for  space  tests. 

Figure  94  illustrates  a sketch  of  a linear  strip  cesium  ion  engine 
module.  This  unit  module  will  produce  a thrust  of  approximately 
0.01  pound  with  an  overall  size  of  4 by  5 inches  outside  dimensions 
and  should  form  the  basic  module  for  larger  engines. 


Fiqube  94 

Figure  95  illustrates  conceptually  how  the  module  of  the  previous 
slide  might  be  clustered  to  form  engines  of  highe;  thrust  level.  In 
this  mooular  concept,  it  is  believed  that  ion  engines  of  essentially  any 
desired  thrust  could  be  made  by  clustering,  allowing  flexibility  in 
engine  size,  together  with  ease  of  replacement. 

For  example,  it  may  be  possible  to  cluster  nine  unit  modules  in  a 
package  12  by  15  inches  as  shown  by  the  middle  sketch  on  this  figure. 

This  cluster  would  produce  a thrust  of  about  0.1  pound,  a specific 
impulse  of  approximately  6,000  pounds  per  pound-second,  and  could 
be  powered  tor  test  purjioses  by  the  SNAP-8  nuclear  electric  power 
generating  system  which  I will  discuss  later. 

You  may  recall  from  last  year’s  discussions  that  the  SERT  project 
is  composed  of  a series  of  electric  rocket  engine  tests  that  cannot  be 
performed  meaningfully  in  ground  facilities  alone.  By  comparing 
flight  test  results  with  <3ata  obtained  in  ground  facilities,  we  can  de- 
termine the  limitations  and  accuracy  of  our  ground  tests. 

Mr.  Karth.  Doctor,  maybe  we  could  stop  right  there  and  then  con- 
tinue at  2 o'clock  this  afternoon. 
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Dr.  Bisplinghoff.  Yes, sir. 

Mr.  Karth.  I wonder  if,  before  we  recess,  I could  ask  you  where  the 
Plum  Brook  Research  Station  is  located  ? 

Dr.  Bisplinghoff.  It  is  located  in  Cleveland,  Ohio,  near  the  Lewis 
Research  Center. 

Mr.  Moshf.r.  It  is  located  in  my  district  near  Sandusky,  Ohio. 

Dr.  Bisplinghoff.  Sandusky : yes,  sir. 

Mr.  Karth.  I assume  the  dynamics  and  controls  research  facility  a 
part  of  Plum  Brook  Research  Station  ? 

Dr.  Bisplinghoff.  Yes^sir. 

Mr.  Karth.  And  what  is  the  extent  of  research  that  you  do  there  ? 

Dr.  Bisplinghoff.  In  the  dynamics  and  control  facility  ? 

Mr.  Karth.  Yes. 

Dr.  Bisplinghoff.  This  is  to  study  the  control  problems  which  one 
has  in  a nuclear  rocket  system.  The  problem  of  controlling  the  reactor 
and  the  vehicle  thrust  and  the  dynamics  of  the  vehicle  and  things  of 
this  kind  are  the  purpose  of  this  facility. 

Mr.  Karth.  The  Plum  Brook  Research  Station  then  is  a nuclear 
experimental  station  ? 

Dr,  Bisplinghoff.  Yes,  sir.  Yes. 

Mr.  Karth.  Thank  you  very  much. 

Mr.  Sloop.  Also  fluid. 

Mr.  Morris.  Doctor,  are  you  going  to  let  the  record  stand  on  that 
definition? 

You  going  to  let  the  record  stand  on  that  definition  of  it  ? 
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Mr.  Morris.  I mean.  I'm  not  arguing  with  you:  but  it's  not  my 
understanding  tlmt  is  the  definition  of  the  lab  now.  I certainly  could 
lie  mistaken. 

Mr.  Mosiikr.  Historically  it's  been  a fluid  propulsion  test  station. 

T)r.  Bisplingiioff.  This  is  right.  It  really  has  a broader  purpose 
than  just  the  nuclear. 

Mr.  Sloop.  Dr.  Bisplingbolf,  may  I add  something? 

Dr.  Bisplingiioff.  Y es,  would  you  like  t o ? 

Mr.  Sloop.  I came  from  the  Lewis  Lab  and  I know  a little  more 
about  the  background  of  that.  The  Plum  Brook  Station  includes 
many  things.  It  includes  the  reactors  for  materials  research. 

It  includes  some  of  the  chemical  propellant  and  fluid  dynamic  work 
that  we  could  not  do  in  the  restricted  area  in  Cleveland — liquid  hydro- 
gen pumping,  for  example. 

Some  work  on  fluorine  is  done  at  the  Plum  Brook  Station,  and 
pumping  of  hydrogen,  heat  transfer  that  use  both  the  nuclear  reactors 
and  chemical  propulsion  systems  that  are  there.  The  dynamic  and 
controls  research  facility  is  used  for  not  only  the  nuclear  work  but  for 
these  fluid  systems  in  which  we  have  the  pumping  and  flow  control 
and  other  things  common  to  both  chemical  propulsion  and  nuclear. 

Mr.  Mosiier.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  I think  it’s  fair  to  say  the  advantages  of  the  Plum 
Brook  location  and  the  reason  it  was  originally  chosen  is,  it  is  very 
convenient  to  Lewis  and  yet  is  a vast  acreage  away  from  the  metro- 
politan area  of  Cleveland.  It  was  a vast  acreage  completely  available 
without  cost  to  NASA  because  it  was  an  Army  installation  which  had 
been  given  up  and  required  just  a transfer  of  the  land  without  any 
cost. 

Mr.  Karth.  Thank  you  very  much. 

Mr.  Downing.  Mr.  Chairman,  is  it  definite  we  will  reconvene  at  2 ? 

Mr.  Karth.  We  will  reconvene  at  2 o’clock. 

Dr.  Bisplingiioff.  I am  sure  I can  get  out  of  this  commitment.  I 
will  promise  to  be  here. 

Mr.  Karth.  Thank  you  very  much,  Doctor. 

We  will  recess  until  then. 

(Whereupon,  at  12 :02,  the  subcommittee  was  recessed  until  2 p.m. 
the  same  day.) 

AFTERNOON  SESSION 

Mr.  Karth.  Doctor,  if  you  would  care  to  proceed  where  you  left  off 
this  morning  we  would  appreciate  it. 

Dr.  Bisplingiioff.  Thank  you,  sir.  We  had  gotten  to  the  bottom 
of  page  24,  the  section  entitled  “Space  Power  Energy  Sources.” 

Electrical  power  for  space  vehicles  is  required  for  guidance,  con- 
trol communications,  instrumentation,  life  support,  mechanical  de- 
vices, and  electrical  propulsion.  Similar  requirements  for  electrical 
power  generators  will  also  exist  for  bases  on  the  moon  or  planets.  The 
three  principal  sources  of  energy  for  space  power  are  chemical,  solar, 
and  nuclear.  Their  selection  depends  upon  the  required  power  level 
and  the  total  electrical  energy  which  must  be  delivered.  The  major 
power  source  for  unmanned  spacecraft  to  date  has  been  batteries  and 
solar  cells.  As  space  missions  become  more  complex,  higher  power 
levels  will  be  required. 
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Figure  06  shows  an  assessment  of  the  regimes  of  applicability  of  the 
three  sources  of  space  power  en«»»*gy.  It  may  lie  seen  that  chemical 
energy  is  of  interest  for  all  power  levels  with  relatively  short  time 
durations.  For  longer  durations,  solar  systems  prevail  for  low,  and 
nuclear  systems  for  high,  power  levels.  Although  they  are  not  indi- 
cated on  this  figure,  nuclear  isotope  systems  also  offer  advantages  in 
the  range  shown  for  solar  power. 
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Figure  96 

CHEMICAL  SPACE  POWER  SYSTEMS 

What  I will  do  now  is  discuss  each  of  these  thrre  sources  of  space 
power  in  turn.  I will  discuss  first  chemical,  solar,  and  then  finally 
nuclear  power  systems. 

Chemical  space  power  systems  range  from  a few  watts  to  kilowatts 
and  durations  from  a few  hours  fo  2 weeks  or,  for  intermittent  use, 
months.  Last  year  we  reported  progress  in  improving  batteries  for 
spacecraft  use.  The  improvements  mentioned  were  in  the  area  of 
quality  control.  This  year  our  work  has  led  to  improved  battery  seals 
such  as  the  ceramic  seal.  Our  research  also  produced  an  improved 
silver-cadmium  battery  which  has  a higher  energy  level  per  pound 
than  the  present  nickel-cadmium  batteries.  This  new  battery  is  non- 
magnetic, an  asset  in  scientific  measurements.  These  batteries  were 
employed  successfully  on  the  Explorer  XII  satellite  for  the  first  time. 
Thera  is  still  much  progress  to  lie  made  in  increasing  operating 
Temperature  limits  and  improving  battery  reliability  in  the  space 
environment. 
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Fuel  cells  are  electrochemical  devices  like  batteries  except  that  the 
reactants  are  supplied  to  the  cell  from  external  tanks.  They  are 
highly  efficient  and  have  excellent  potential  in  space  applications. 
Last  year  the  technology  we  developed  for  hydrogen  oxygen  fuel  cells 
was  used  as  the  basis  of  a development  contract  for  the  power  supply 
of  Apollo.  A hydrogen-oxygen  fuel  cell  of  another  type  that  is  capa- 
ble of  operating  at  a different  temperature  is  planned  for  Gemini.  In 
this  type,  an  ion  exchange  membrane,  first  developed  for  desalting  sea 
water,  was  successfully  applied  to  fuel  cell  use.  Fuel  cells  are  quite 
versatile  and  we  have,  for  example,  studies  underway  to  operate  them 
on  human  waste. 

There  are  several  types  of  chemical  engines  for  snace  power.  One 
is  similar  to  the  familiar  auxiliary  internal  combustion  engine  except 
that  it  uses  hydrogen  and  oxygen  rather  than  air  and  gasoline.  These 
are  envisioned  for  relatively  short  durations  and  intermittent  use. 

SPACE!  POWER  GENERATION  FROM  SOLAR  ENERGY 

Power  generation  from  solar  energy  is  most  useful  at  low  to  moder- 
ate power  levels  and  long  durations.  Unmanned  satellites  and  probes 
flown  thus  far  and  planned  for  the  immediate  future  use  solar  cells. 
Last  year  the  value  of  solar  cell  research  was  emphasized  when  radia- 
tion from  a nuclear  explosion  in  the  upper  atmosphere  had  an  adverse 
effect  on  the  power  of  several  satellites  using  conventional  solar  cells. 
Research  on  solar  cells  pointed  the  way  to  make  solar  cells  much  more 
resistant  to  radiation  than  conventional  cells.  These  new  cells  are 
now  being  installed  for  many  new  spacecraft  and  greater  improve- 
ments are  possible  even  beyond  this  in  the  radiation  resistance  of  solar 
cells. 

One  exciting  possibility  in  solar  cell  research  is  the  use  of  thin-film 
photovoltaics.  Present  silicon  solar  cells  are  made  in  small  units  and 
many  thousands  are  needed  for  a given  installation.  Nimbus,  the 
nest  generation  of  weather  satellites,  for  example,  will  use  10,494 
cells  approximately  1-inch  square.  These  cells  are  about  twenty- 
thousandths  of  an  inch  thick.  Thin-film  solar  cells  can  be  made  m 
much  larger  sizes,  yet  are  only  three-thousandths  of  an  inch,  or  one- 
seventli  as  thick.  These  thin-film  solar  cells  are  made  of  cadmium 
sulfide  or  gallium  arsenide.  There  is  some  evidence  that  they  may 
be  more  resistant  to  radiation  damage  than  silicon  cells.  An  additional 
advantage  is  the  possibility  of  using  these  thin-film  cells  on  flexible 
surfaces,  so  that  a large  area  could  be  furled  or  folded  into  a tight 
package  aboard  a spacecraft.  At  present  the  efficiency  of  thin-film 
cells  is  much  lower  than  conventional  solar  cells  and  research  is 
underway  to  increase  their  efficiency.  If  successful,  this  will  greatly 
extend  applications  of  solar  cells  for  space  use  and  perhaps  for  certain 
arid  or  remote  regions  on  earth. 

A thermionic  power  system,  illustrated  by  figure  97,  consists  of  a 
large  mirror  or  solar  collector,  a thermionic  diode,  and  associated 
mechanical  and  electrical  equipment.  The  mirror  concentrates  solar 
energy  on  the  diode,  and  the  heat  generated  boils  electrons  off  the 
emitter  or  cathode  and  drives  them  to  the  relatively  cool  collector 
(anode)  whence  they  pass  through  an  external  circuit  to  provide 
electrical  energy.  These  devices  do  not  have  the  radiation  problems  of 
solar  cells  and  appear  attractive  for  probes  to  Venus  and  Mars.  In 
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addition  they  may  be  operated  by  any  source  of  heat  energy.  A ther- 
mionic diode  is  quite  compact  and  has  no  moving  parts.  An  experi- 
mental sol  a r-therm  ionic  power  unit  using  these  diodes,  is  under  in- 
vestigation at  the  Jet  rropulsion  Laboratory.  The  design  goal  is 
a capability  of  generating  over  250  watts  near  the  Earth's  surface  and 
about  half  that  near  Mars,  because  of  its  greater  distance  from  the 
Sun.  Other  goals  include  a diode  efficiency  of  21  percent  and  an 
operating  life  of  1 year.  Several  experimental  diodes  are  being 
studied  for  this  unit.  One  of  these  diodes  was  operated  successfully 
for  over  a thousand  hours.  Recently,  a successful  test  of  a complete 
mirror  and  diode  system  was  made  by  Electro  Optical  Corp.  in 
California  with  a power  output  of  40  watts. 

Mr.  Kartii.  Doctor,  is  it  necessary  that  we  follow  down  the  very 
expensive  road  of  research  and  development,  four  or  five  different 
areas  of  power  sources?  Can't  we  concentrate  on,  let’s  say,  two  or 
three  areas,  and  feel  quite  confident  that  these  three  different  methods 
will  meet  all  of  our  needs  for  the  next  20  years  or  more?  Why  do  we 
need  the  thermionic,  for  example,  if  we  can  perfect  the  fuel  cell  ? 

Dr.  Bisplinohoff.  Well,  I think  the  thermionic  system  is  something 
that  is  going  to  have  an  important  purpose  in  space.  If  we  can  con- 
vert heat  to  electricity  without  going  tnrongh  a turbo  generator  sys- 
tem we  will  have  a great  advantage  over  ihe  kinds  or  energy  con- 
version devices  that  we  have  on  the  ground.  We  feel  that  this  direct 
energy  conversion  such  as  represented  by  this  diode  may  give  us  an 
advantage  in  the  future  well  Deyond  anything  we  can  do  now. 


1922 


1964  NASA  AUTHORIZATION 


Mr.  Karth.  How  big  is  the  dish?  How  practical  is  this  thing? 
What  kind  of  a time  frame  are  we  talking  about?  Are  we  talking 
about  developing  it  in  15  years,  10  years  ? 

Dr.  BisPLirGHOFF.  I might  remark  the  diode  concept,  the  concept  of 
going  directly  from  heat  to  electrical  energy  is  a concept  which  is  inde- 
pendent of  the  idea  of  the  dish.  This  could  be  used  with  a nuclear 
system  or  any  other  means  of  producing  heat. 

The  dish  itself  for  this  particular  system  is,  I think,  well  in  hand. 
We  have  the  technology  available  to  do  this.  However,  if  one  makes 
much  larger  dishes  there  is  a question  as  to  how  well  it  can  be  done. 

Mr.  Karth.  How  big  does  the  dish  have  to  be,  for  example,  to  pro- 
duce 500  watts  of  electrical  power  ? 

Mr.  Sloop.  About  10  feet.  It  is  130  watts  at  Mars.  It  depends  on 
where  you  are  talking  about.  Ten  feet  would  be  four  times  that 
power  which  is  about  the  value  asked  for.  Ten  feet  in  diameter — 
with  Saturn  we  can  put  a 31-foot  dish,  rigid  dish  into  orbit  with  Sat- 
urn. And  if  you  use  the  Saturn  third  stage  you  are  limited  to  21  feet. 
However,  there  is  research  going  on 

Mr.  Karth.  You  mean  21  feet  is  the  total  payload? 

Mr.  Sloop.  The  payload  diameter  of  the  Saturn  5 is  around  21  feet, 
yes,  sir.  We  are  working  on  foldable  mirrors  of  82  feet  in  diameter 
that  will  fold  into  a space  small  enough  to  get  aboard  Centaur  which 
is  considerably  less,  which  has  a maximum  diameter  of  10  feet.  There 
are  other  mirrors  that  can  be  made  from  expandable  plastic,  that  is, 
the  same  technique  as  the  Echo  balloon. 

Mr.  Karth.  Mr.  Sloop,  what  is  the  weight-saving  ratio  between  a 
fuel  cell  and  this  thermionic  cell?  What  gains  do  we  make?  Sure, 
this  thing  converts  heat  directly  into  electrical  energy.  That  is  fine. 
We  eliminate  one  of  the  steps  along  the  way.  Does  it  have  any  prac- 
tical advantage  other  than  that  ? 

Mr.  Sloop.  A fuel  cell,  as  one  of  Dr.  Bisplinghoff’s  slides  shows,  is 
in  the  area  of  a relatively  short  duration.  It  is  very  good  for  appli- 
cations of  several  weeks.  If  you  are  going  to  operate,  nave  a continu- 
ous demand  for  power  for  over  a year’s  period,  for  example,  you  would 
find  the  fuel  cell  much  heavier  from  the  technology  that  we  know  than 
is  the  thermionic  system.  It  consumes  a reactant.  It  uses  hydrogen 
and  oxygen  and  tne  reactant  is  water.  You  have  to  continuously 
supply  these  to  the  fuel  cells.  Over  a long  period  of  time  this  weight 
is  appreciable.  For  2 or  3 weeks  or  a month,  in  this  order,  like  the 
Apollo  application,  the  fuel  cell  makes  the  best  sense.  It  is  compact. 
It  gives  you  a lot  of  power  per  unit  volume.  And  it  fits  very  well  with 
missions  where  you  are  carrying  the  main  reactants  along  for  other 
purposes,  for  example  the  hydrogen-oxygen  for  propulsion  or  the 
oxygen  for  breathing  and  things  of  that  sort.  The  answer  is  that  each 
of  these  power  systems  has  a particular  niche  or  area  of  application 
which  is  best  suited  for  it.  There  is  no  panacea  of  one  that  will  fit  all 
applications  best.  This  I am  afraid  is  tne  answer  to  that. 

Mr.  Karth.  Thank  you  very  much.  I think  it  is  a good  answer. 

Dr.  Bisplinghoff.  Last  year  we  mentioned  work  on  a solar  dynamic 
system  called  Sunflower.  This  system,  illustrated  by  the  photograph 
in  the  upper  left  corner  of  figure  98,  consists  of  a solar  collector,  a 
mercury  boiler,  a thermal  energy  storage  system,  a turboalternator — 
a turbine  and  generator — a condenser,  and  associated  equipment.  The 
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Figure  98 

other  photographs  of  the  above  figure  show  hardware  built  and  tested 
during  the  year.  On  the  upper  right  is  a photograph  of  the  mercury 
boiler  and  condenser  that  have  been  undergoing  tests.  The  lithium- 
hydride  thermal  energy  storage  system,  designed  to  provide  heat  when 
the  unit  is  in  the  Earth’s  shadow,  also  worked  satisfactorily  in  com- 
oonent  testing.  The  bottom  photograph  shows  the  mirror  in  folded 
and  unfolded  conditions.  Fabrication  techniques  have  been  developed 
for  the  folding  mirror  which  is  currently  undergoing  various  optical 
and  mechanical  tests,  including  vibration  tests.  The  turboaltemator 
recently  underwent  a successful  test  of  over  2,000  hours  but  failed 
thereafter  because  of  the  buildup  of  mercury  corrosion  products  in  the 
turbine.  This  is  the  best  test  of  liquid  metal  turboalternators  in  the 
past  2 years,  and  we  believe  the  life  can  be  extended  to  the  design  goal 
of  10,000  hours.  At  present  the  components  of  Sunflower  are  being 
assembled  into  a complete  system. 

NUCLEAR  SPACE  POWER  GENERATION 

The  early  and  practical  utilization  of  nuclear  electric  systems  in 
space  represents  a major  goal  in  NASA’s  space  propulsion  and  power 
generation  program.  In  the  range  from  tens  of  kilowatts  to  many 
megawatts,  nuclear  reactor  energy  represents  a particularly  attractive 
and  perhaps  the  only  possible  power  source.  Applications  representa- 
tive of  such  power  levels  include  orbiting  manned  space  platforms, 
manned  interplanetary  spacecraft,  communications  satellites,  and 
unmanned  planetary  probes. 
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An  orbiting  space  platform  concept  is  illustrated  by  the  sketch  of 
figure  90.  It  consists  of  a tank  suitably  equipped  with  life-support 
systems  and  having  a nuclear  power  generation  system  installed  on 
a tower  at  some  distance  from  the  lank  proper  to  reduce  shielding 
reauirements.  The  estimated  electrical  power  requirement  of  30  to 
60  kilowatts  for  on-board  power  to  operate  the  platform  is  within  the 
capability  of  the  SNAP-8  electrical  generating  system,  including 
shielding  of  some  15,000  to  30,000  pounds.  Further,  it  is  in  reasonable 
harmony  with  the  allowable  200,000-pound  gross  weight  based  on  a 
Saturn  V launch  vehicle. 

Another  aoplication,  in  the  more  distant  future,  is  the  manned  inter- 
planetary s»>aeecraft  depicted  by  the  sketch  of  figure  100.  Such  a 
vehicle  might  weigh  a million  pounds,  require  orbital  assembly,  and 
utilize  a large  electric  rocket  propulsion  system  requiring  20  to  30 
megawatts  of  electrical  power.  The  nuclear  reactor  is  placed  at  the 
greatest  practicable  distance  from  the  crew  quarters  in  order  to  reduce 
shielding  requirements.  The  usefulness  of  electrically  propelled 
spacecraft  such  as  this  is  critically  dependent  upon  the  weight  of  the 
nuclear  electric  power  generation  system  which  produces  the  power 
for  the  electric  rocket  engines.  A power  generation  system  weight  of 
less  than  10  pounds  per  kilowatt  would  result  in  a spacecraft  weight 
competitive  with  a nuclear  rocket  for  a manned  Mars  mission. 

Current  systems  such  as  SNAP-8  weigh  in  excess  of  100  pounds  per 
kilowatt.  NTuclear  power  systems  used  for  electrical  propulsion  with 
power  levels  between  the  30-kilowatt  SNAP-8  and  the  20-30-megawatt 
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systems  show  good  performance  potentials  for  unmanned  planetary 
probe  missions. 

You  will  recall  that  the  SNAP-8  development  project  is  a 30-60- 
kilowatt  fission  reactor  powered  electrical  generator  suitable  for 
space  flight  application.  As  shown  by  figure  101,  it  is  comj>osed  of  two 
major  components — the  nuclear  subsystem  and  the  power  conversion 
subsystem.  Significant  changes  have  lieen  made  in  the  design  during 
the  past  year.  The  nuclear  subsystem  is  composed  of  a nuclear  re- 
actor, shielding,  pumps,  and  a working  fluid  necessary  to  transfer  the 
heat  generated  in  the  reactor  to  the  boiler.  The  working  fluid,  a mix- 
ture of  sodium  and  potassium,  Na-K,  is  heated  in  the  reactor  and 
pumped  through  refractory  metal-lined  tubing  to  the  boiler  where  its 
neat  energy  is  transferred  to  the  boiler. 

The  heat  energy  transferred  to  the  boiler  causes  liquid  mercury  in 
the  second  loop  to  boil.  The  resulting  mercury  vapor  passes  through 
a turbine  which  extracts  energy  to  drive  the  generator.  The  mercury 
vapor  is  then  condensed  in  the  condenser  and  the  resulting  liquid 
pumped  hack  to  the  boiler  for  recycling.  The  heat  energy  released 
Dy  the  mercury  in  the  condenser  is  removed  by  a fluid  which  is  pumped 
to  the  radiator.  Here  the  excess  heat  energy  is  radiated  to  space  and 
the  cooled  fluid  is  returned  to  the  condenser.  In  simpler  terms,  heat 
energy  produced  in  the  reactor  is  transferred  to  the  turbine  section, 
where  approximately  8 percent  is  extracted  in  the  form  of  electricity 
and  the  unused  heat  energy  is  rejected  to  space  by  the  radiator. 
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Cycle  temperatures  range  from  1,300°  F.  in  the  reactor  to  180°  F. 
in  the  generator.  These  temperatures,  coupled  with  the  10,000-hour, 
maintenance- free  lifetime  requirement,  pose  difficult  problems  in  ma- 
terials selection  and  bearing  and  seal  design. 

A SNAP-8  flight  project  is  planned  with  the  objective  of  evaluat- 
ing the  problems  of  starting  and  operating  a SNAP-8  electric  gen- 
erating system  in  the  space  environment  and  of  demonstrating  feasi- 
bility. A Saturn  CIB  launch  vehicle  will  be  employed  to  boost  the 
system  into  orbit.  No  major  hardware  commitments  are  planned  in 
tnis  project,  however,  until  SNAP-8  progress  warrants  such  action. 
Preliminary  studies  of  testcraft  design  and  operational  safety  prob- 
lems of  testcraft  design  and  operational  safety  problems  are  feeing 
initiated  in  fiscal  year  1963. 

Mr.  Karth.  Is  this  under  private  contract.  Doctor  ? 

Dr.  Bisplinohoff.  Yes,  sir. 

Mr.  Downing.  What  time  period  are  we  talking  about  now,  when 
the  nuclear  propulsion  will  be  completed  ? 

Dr.  Bisplinohoff.  This  nuclear  electric  system  such  as  SNAP-8 
would  have  as  one  of  its  principal  applications  the  supplying  of  power 
to  an  electric  thruster.  And  these  are  deep  space  missions  which  are 
certainly  well  into  the  1970’s. 

Mr.  Downing.  Thank  you. 

Dr.  Bisplinohoff.  As  we  pointed  out  here,  our  progress  depends 
on  how  quickly  we  can  get  the  weight  down  in  this  thing.  The  current 
technology  will  provide  a system  that  weighs  something  in  excess  of 
100  pounds  per  kilowatt.  We  feel,  in  order  to  use  this  effectively,  it 
has  to  be  nearly  10  pounds  per  kilowatt.  This  will  require  a fairly 
large  effort  in  development. 
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Mr.  Karth.  How  much  are  we  spending  in  each  one  of  these  areas, 
Doctor  ? 

Dr.  Bisplinghoff.  We  can  give  you  those  figures. 

Mr.  Myers.  On  SNAP-8  in  fiscal  year  1963  we  are  spending  $15 
million,  SNAP-8  development  itself. 

Mr.  Karth.  What  about  these  other  power  source  developments; 
how  much  are  we  spending  on  those? 

Mr.  Myers.  In  the  others  that  were  mentioned  by  Dr.  Bispling- 
hoff, and  various  technologies  we  are  working  in  we  are  talking, 
roughly,  $10  million  in  1963. 

Dr.  Bisplinghoff.  That  is  the  total? 

Mr.  Myers.  Yes. 

Mr.  Karth.  How  much  are  your  requesting,  in  total,  in  1964? 

Mr.  Myers.  You  are  still  speaking  of  the  nuclear  electric  system? 

Mr.  Karth.  I was  speaking  generally  of  all  these  power  systems. 
Going  through  the  fuel  cell,  thermionic,  and  the  electric. 

Mr.  Myers.  It  would  be  about  iy2  million  in  the  nuclear  electric 
systems,  and  I will  have  to  look  up  the  nonnuclear  system — 16 y2 
million. 

Mr.  Sloop.  Fiscal  1964  R.  & D. 

Mr.  Karth.  Is  this  in-house  R.  & D.  ? 

Mr.  Sloop.  Research  and  development,  that  includes  private  con- 
tracts and  all  the  equipment  that  we  purchase,  except  direct  in-house 
personnel. 

Mr.  Karth.  I assume  the  military  do  a good  deal  of  research 
in  all  these  power  source  areas,  fuel  cells,  thermionic,  chemical.  Is 
there  any  coordinated  effort  between  NASA  and  what  they  are  doing 
and  the  military? 

Mr.  Sloop.  Very  much  so.  There  is  a group  called  the  Power 
Information  Center  with  a contract  with  the  University  of  Penn- 
sylvania, which  has  as  its  express  purpose  tl-’s  coordinating  func- 
tion, which  the  various  Government  departments — Army,  Air  Force, 
NASA,  and  Navy — supply  the  information  about  their  projects, 
meet  together  occasionally  with  special  panels,  there  is  one  on  fuel 
cells,  and  discuss  their  mutual  programs.  This  way  we  get  a very 
close  coordination.  Of  course,  wTe  also  have  the  normal  exchange 
of  individuals  visiting  each  other  and  individuals  visiting  between 
centers  and  in  professional  meetings.  There  is  a very  close 
coordination. 

Mr.  Karth.  Do  you  find  that  two  or  three  agencies  might  be 
going  down  the  same  road  at  the  same  time? 

Mr.  Sloop.  I don’t  believe  so.  The  agencies  are  generally  looking 
at  these  power  sources  for  different  applications.  For  example,  the 
Army  is  looking  at  the  fuel  cell  as  a means  for  specialized  applica- 
tions; in  some  cases  of  putting  it  on  a man’s  back,  for  example. 
The  Navy  is  looking  at  it  for  underwater  applications. 

Mr.  Karth.  The  Navy  is  looking  at  them,  and  I suppose  the  Army 
is  looking  at  them  from  the  standpoint  of  supplying  power  to  a 
satellite,  aren’t  they  ? 

Mr.  Sloop.  Yes. 

Mr.  Karth.  Aren’t  they  doing  pretty  much  the  same  thing  you 
are  doing  in  certain  areas? 

Mr.  Sloop.  Not  the  same  thing 
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Mr.  Karth.  The  same  type  of  thing.  . 

Mr.  Sloop.  We  are  doing  the  primary  work  for  space  application 
and  the  others  are  looking  to  NASA  to  spearhead  in  space.  When 
it  comes  to  ground  and  underwater  applications,  they  have  their  own 

programs.  . 

Mr.  Karth.  We  are  not  differing  here  in  terms  of  sematics,  are  we  * 
All  the  members  here  are  Members  of  Congress,  too,  you  know. 

Mr.  Sloop.  Yes. 

Mr.  Karth.  I suppose  technically  we  could  say  we  do  different 
things,  but  I doubt  if  that  would  make  a reasonably  good  argument 
to  those  who  knew  what  we  do. 

Mr.  Sloop.  The  use  of  space  power,  or  power  systems  for  space  ap- 
plications, and  I am  speaking  of  chemical  and  solar,  now,  rest  pri- 
marily with  NASA. 

Mr.  Karth.  Wouldn't  it  be  advantageous,  and  wouldn’t  it  be  much 
more  efficient  if  somehow  we  could  pool  our  resources,  that  is,  NASA 
make  such  a contribution  as  they  deem  necessary  to  a common  fund, 
the  military  make  a contribution  to  a common  fund,  and  any  other 
agency  of  Government  interested,  and  then  have  one  management 
team  give  the  direction  and  run  the  research  program?  Doesn’t  this 
make  any  sense  to  anybody  ? 

Did  anybody  ever  think  about  this  ? 

Mr.  Sloop.  This  is  approached  by  this  interchange  of  information 
and  program  level  data. 

Mr.  Karth.  Except  you  have  separate  and  distinctly  different  man- 
agers and  researchers  in  all  the  different  agencies  of  Government. 

Mr.  Sloop.  Yes. 

Mr.  Karth.  From  that  standpoint  in  itself  you  have  duplication, 
haven’t  you  ? 

Mr.  Sloop.  Well,  for  example,  let  us  take  batteries.  We  use  bat- 
teries in  space  applications  where  the  environment  of  space  imposes 
completely  different  requirements  on  a battery  than,  say,  a battery  for 
a radio  here  for  an  Earth  application.  We  had  to  spend  a great  deal 
of  money  to  seal  the  batteries  because  under  the  environment  of  space 
they  generate  an  internal  pressure,  and  they  have  to  be  sealed  against 
the  vacuum  of  space,  and  against  the  radiation  effects. 

We  have  the  problem  of  the  batteries  and  magnetic  materials  affect- 
ing the  special  instruments  we  use  in  space.  If  applied  to  a submarine 
or  to  the  Army — the  research  we  want  to  do  in  these  areas,  the  other 
services  wouldn’t  be  interested. 

Mr.  Karth.  Except  the  Navy  might  well  be  interested  in  it  as  a 
result  of  Transit.  You  are  assuming  that  the  Navy  doesn’t  have  any 
space  program  whatsoever  by  which  they  have  to  supply  power.  I 
think  this  is  an  erroneous  assumption.  The  same  is  true  with  the 
Air  Force,  I assume  if  the  Air  Force  has  a requirement,  and  the 
Navy  has  a requirement,  and  if  NASA  has  a requirement,  you  de- 
velop a battery  that  will  supply  power  in  space.  I assume  that  ba- 
sically the  problem  is  pretty  much  the  same.  You  may  have  a little 
different  objective.  One  may  be  thinking  only  about  orbiting  vehicles. 
Another  one  may  be  thinking  about  vehicles  that  are  designed  to  go 
into  deeper  space.  But,  basically,  I guess  you  have  pretty  much  the 
same  problem,  one  a little  more  acute,  probably,  than  the  other. 

Mr.  Sloop.  Yes. 
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Mr.  Karth.  That  is  what  I am  thinking  about.  I know  a battery 
in  a submarine,  for  example,  would  be  substantially  different  than 
one  in  a satellite. 

Mr.  Sloop.  I mentioned  we  in  NASA  are  doing  the  primary  re- 
search and  technology  on  these  power  systems  for  space  applications. 
I also  mentioned  that  this  coordination  functions  is  where  the  other 
services  are  aware  of  what  we  are  doing,  and  when  each  of  us,  for 
example,  contemplates  work  that  is  of  interest  to  the  other,  we  com- 
municate with  them  and  let  them  know.  In  some  cases  they  serve 
on  our  advisory  teams  that  help  us  select  these  things. 

This  coordination,  I believe,  is  going  on  to  much  more  an  extent 
than  you  perhaps  have  indicated. 

Mr.  Kartii.  Doctor,  who  is  in  charge  of  this  for  your  office? 

Mr.  Sloop.  Mr.  Walter  Scott  is  the  member  of  the  Power  Informa- 
tion Group  for  NASA. 

Mr.  Kartii.  What  is  your  position  ? 

Mr.  Sloop.  I am  Director  of  Propulsion  and  Power  Generation. 

Mr.  Kartii.  Then  tell  me  what  the  Navy,  the  Army,  the  Air  Force, 
are  doing  in  the  field.  I would  like  to  know  and  in  substantial  detail, 
really.  As  long  as  we  know  of  this  great  coordination  I think  it 
should  be  a part  of  the  record.  This  is  how  we  are  going  to  justify 
some  of  these  budget  requests. 

We  will  take  all  the  time  you  want.  Go  ahead  and  put  it  on  the 
record. 

Mr.  Sloop.  In  space  power  ? 

Mr.  Kartii.  You  tell  me  what  the  Navy  is  doing  in  developing 
this  kind  of  a capability.  This  coordination  gives  us  this  information, 
obviously. 

Mr.  Sloop.  I am  afraid  that  I,  personally,  cannot  answer  that  in 
detail.  As  I mentioned,  I have  people  wrho  are  following  this  in  detail. 

Mr.  Kartii.  I wonder  if  you  would  have  them  furnish  that  for 
the  record  ? 

(The  information  referred  to  is  as  follows :) 

Coordination  of  NASA  programs  on  power  generation  with  that  of  other  Gov- 
ernment agencies  goes  on  through  many  channels  at  all  working  levels.  Some 
of  these  are : 

(1)  The  Interagency  Advanced  Power  Group  and  its  working  groups. 

(2)  The  Aeronautics  and  Astronautics  Coordinating  Board  and  its  panels. 

(3)  Ad  hoc  groups  formed  to  deal  with  specific  technical  questions. 

(4)  Visits  and  meetings  between  individuals  working  in  this  technical 
field. 

(5)  Government  and  professional  society  meetings  and  seminars. 

(6)  Reports. 

The  Interagency  Advanced  Power  Group  (IAPG)  was  established  in  November 
1058.  Its  purpose  is  to  “effect  an  exchange  of  information  at  the  technical  level 
on  research  and  development  programs,'  of  the  agencies  involved,  in  its  field  of 
interest,  defined  herein,  with  the  objective  of  increasing  the  effectiveness  of  the 
total  interagency  power  program.”  The  following  Government  agencies  par- 
ticipate in  this  group : 

U.S.  Army. 

U.S.  Navy. 

U.S.  Air  Force. 

Advanced  Research  Projects  Agency. 

U.S.  Atomic  Energy  Commission. 

National  Aeronautics  and  Space  Administration. 

The  group  carries  out  its  work  through  a steering  group  and  five  working 
groups  (electrical,  electrochemical,  mechanical,  nuclear,  and  solar).  There  are 
23  different  NASA  personnel  serving  on  these  groups  from  Headquarters,  Mar- 
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shall  Space  Flight  Center,  Lewis  Research  Center,  Goddard  Space  Flight  Center, 
Manned  Spacecraft  Center,  Jet  Propulsion  Laboratory,  and  the  Langley  Research 
Center.  These  groups  meet  periodically  to  exchange  information  of  mutual 
interest  and  to  talk  about  their  programs.  They  are  assisted  by  a power  infor- 
mation center  operated  under  contract  by  the  University  of  Pennsylvania.  Ac- 
cording to  the  last  annual  report  (Aug.  1,  1961-July  2, 1962),  the  power  informa- 
tion center  collected  a total  of  737  project  briefs  and  these  were  sent  to  617 
separate  addresses  with  a total  printing  of  938,901  sheets.  The  power  infor- 
mation center  listed  17  meetings  of  the  steering  group  and  working  groups  and 
special  meetings  during  this  period. 

A project  brief  classifies  the  work  according  to  one  of  five  technical  fields: 
tells  the  starting  date  of  the  program ; title ; name  and  address  cf  contractor  and 
principal  investigator : the  directing  agency ; and  address,  name,  and  telephone 
number  of  project  engineer;  the  contract  number;  the  agency  identification 
number ; the  period  the  contract  runs ; its  estimated  completion  date ; funding ; a 
description  of  the  project  and  its  status.  These  sheets  then  provide  a means  for 
exchange  of  information  about  programs  sponsored  by  the  agencies  mentioned. 

The  Aeronautics  and  Astronautics  Coordinating  Board  was  established  in  Sep- 
tember 1960  by  the  National  Aeronautics  and  Space  Administration  and  the  De- 
partment of  Defense  to  coordinate  aeronautical  and  space  activities  of  the  NASA 
and  the  Department  of  Defense  at  all  management  and  "technical  levels.  It  is 
charged  with  facilitating : 

(1)  The  planning  of  activities  by  the  National  Aeronautics  and  Space 
Administration  and  the  Department  of  Defense  to  avoid  undesirable  dupli- 
cation and  to  achieve  efficient  utilization  of  available  resources ; 

(2)  The  coordination  of  activities  in  areas  of  common  interest  to  the 
National  Aeronautics  and  Space  Administration  and  the  Department  of 
Defense ; 

(3)  The  identification  of  problems  requiring  solution  by  either  the  Na- 
tional Aeronautics  and  Space  Administration  or  the  Department  of  De- 
fense; and 

(4)  The  exchange  of  information  between  the  National  Aeronautics  and 
Space  Administration  and  the  Department  of  Defense. 

There  are  six  subsidiary  panels  of  the  AACB  to  aid  in  carrying  out  this  co- 
ordinating function. 

In  summary,  there  are  many  channels  available  and  used  for  a close  correla- 
(ion  and  communication  of  related  work  among  Government  agencies. 

Dr.  Bisplinghoff.  We  can  do  tills.  As  Mr.  Sloop  mentioned,  Wal- 
ter Scott,  who  works  directly  under  him,  is  responsible  for  the  space 
power  area.  Mr.  Scott  isn’t  here.  We  can  furnish  this  for  the  record, 
and  will,  if  you  so  desire. 

Mr.  Sloop.  I would  like  to  submit  for  the  record  the  Power  In- 
formation Center’s  objective,  their  charter,  their  types  of  records  that 
they  distribute  both  to  NASA  and  to  the  other  departments,  Depart- 
ment of  Defense  agencies. 

I would  also  like  to  bring  into  the  record  the  fact  that  we  have  the 
aeronautics  and  astronautics  coordinating  board,  which  is  a group  set 
up  to  coordinate  work  bet  wen  NASA  and  the  Department  of  Defense. 
It  is  through  these  interchanges  of  information  at  the  working  level 
and  at  various  levels  that  this  coordination  goes  on. 

Dr.  Weaver.  On  this  coordination  of  the  research,  is  it  done  di- 
rectly with  military  service  involved,  or  is  it  done  with  the  Depart- 
ment of  Defense  ? 

Mr.  Sloop.  On  the  Power  Information  Center,  for  example,  there 
are  representatives  from  the  Department  of  Army,  the  Navy,  and  Air' 
Force.  Therefore,  it  is  done  down  in  the  services.  For  example,  the 
Army  Signal  Corps  has  representatives  on  this.  As  a matter  of  fact, 
they  administer  the  contract  out  of  Fort  Monmouth.  They  have  var- 
ious committees  and  subcommittees.  For  example,  there  is  a panel 
on  fuel  cells,  and  Mr,  Cohn  of  my  office  is  on  this  panel,  along  with 
people  in  the  Department  of  Defense.  They  meet  regularly. 
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Dr.  "Weaver.  The  responsibility  lies  with  the  Department  of  De- 
fense, or  with  the  particular  sendee  involved  ? 

Mr.  Sloop.  This  coordination  function  and  exchange  of  information 
is  done  down  at  the  working  level,  which  is  done  with  the  various 
agencies  of  the  Department  of  Defense.  It  includes  members  of  IDA 
and  ARP  A. 

Dr.  Bisplinghoff.  We  can  mention  also  the  NASA  Research  Ad- 
visory Committee.  NASA  has  a series  of  research  advisory  commit- 
tees in  practically  all  of  the  areas  in  which  we  are  doing  advanced  re- 
search and  technology.  Each  of  these  advisory  committees,  in  addition 
to  industry  and  university  members,  has  members  on  them  from  the 
Armed  Forces  at  the  working  level.  These  committees  meet  about 
twice  yearly  to  review  the  NASA  research  program. 

Mr.  Sloop.  Last  March,  for  example,  there  was  a symposium  held 
with  NASA  as  the  host  of  this  Power  Information  Center  attended 
by  about  300  people;  people  from  industry  and  various  Government 
agencies. 

Next  week  there  will  be  another  meeting  of  this  kind  here  in  Wash- 
ington among  a small  group  of  people.  There  was  another  meeting  on 
radiation  damage  held  at  the  Goddard  Space  Flight  Center  about  2 
months  ago  in  which  members  of  industry  and  various  Government 
centers  met  at  Goddard  and  discussed  this  problem  mutually.  You 
will  find  that  people  working  in  the  details — the  field  know  each  other, 
and  meet  together  quite  often.  It  is  on  this  interchange  of  informa- 
tion that  we  depend  upon  in  getting  the  most  effective  program  in 
our  area  and  programs  which  are  not  duplicated  in  other  areas. 

Mr.  Iyarth.  Knowing  research  for  what  it  is,  I would  assume  that 
although  there  is  probably  an  appreciable  amount  of  interchange,  or 
exchange,  that  there  is  less  exchange  than  would  be  desired.  The 
Department  of  Defense,  it  seems  to  me,  has  quite  a number  of  people 
assigned  to  various  NASA  offices  where  they  are  in  really  quite  a 
good  position  to  have  firsthand  knowledge  about  what  is  going  on, 
and  then  report  back  to  their  respective  services. 

I think  this  is  really  fine.  I think  probably  this  gives  us  an 
opportunity  to  exchange  information  so  as  to  avoid  unnecessary 
duplication. 

How  many  people  does  NASA  have  in  various  agencies  of  the 
Government  doing  the  same  thing  that  the  military  is  doing  with 
NASA?  How  many  people  do  we  have  assigned  to  the  Department 
of  Defense?  How  many  do  we  have  in  the  Navy?  How  many  do  we 
have  with  Army,  with  the  Air  Force  ? Do  we  have  any  ? 

I)r.  Bisplinghoff.  There  is  no  such  arrangement  the  other  way 
that  we  have  with  the  military  services. 

Mr.  Kaetji.  Why  isn't  there?  How  can  we  exchange  information 
except  at  the  yearly  or  semiannual  symposiums  or  whatever  they 
might  be?  Or  unless  the  individuals  make  a special  effort  to  get  to- 
gether, and  then  they  might  feel  they  have  proprietary  information 
they  don't  want  to  give  to  the  other.  I think  this  is  only  a matter  of 
professional  jealousy  if  I may  use  the  designation.  Why  don’t  we 
have  people  working  over  there  and  getting  the  benefit  of  that  infor- 
mation ? Can’t,  we  establish  a system  of  reciprocity  ? 

Dr.  Bisplinghoff.  This  could  be  done,  certainly. 
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Mr.  Karth.  Doctor,  has  this  been  explored?  Have  we  made  a 
request  of  the  Department  of  Defense  that  they  allow  us  to  have  x 
number  of  personnel  working  with  them  on  these  projects  in  behalf 
of  NASA,  paid  by  NASA,  just  to  make  sure  that  we  are  up  on  the 
technology  they  are  developing  so  that  we  don’t  have  to  duplicate 
this  work?  Have  we  made  this  request  ? 

Dr.  Bisplinghoff.  To  the  best  of  my  knowledge,  we  have  not  made 
a request  that  our  NASA  people  be  allowed  to  work  in  the  DOD 
1 aboratories.  I know  of  no  such  request  as  this. 

Mr.  Karth.  Do  you  knew  of  any  reason  why  we  might  not  have 
made  this  request? 

Dr.  Bisplinghoff.  I suppose  we  nave  been  so  busy  building  our  own 
organization  that  we  haven’t  thought  of  this  concept. 

Mr.  Myers.  I think  we  should  mention,  Mr.  Karth,  in  addition  to 
these  committees  and  the  informal,  you  might  say,  exchange  of  infor- 
mation, that  is  should  be  brought  out  that  we  publish  some  2,000  or 
more  research  reports  each  year,  that  these  are  published  by  some 
4,000  research  scientists  within  NASA.  The  DOD  also  has  in  house 
laboratories,  although  a great  part  of  their  program  is  carried  on 
out  of  house,  and  these  are  scientists  and  engineers,  and  are  pro- 
fessionals, also.  They  know  each  other.  They  recognize  each  other’s 
work.  They  read  each  other’s  results,  in  many  cases  before  they  are 
published.  They  exchange  this  information  quite  frequently.  It  is 
just  like  one  doctor  in  a hometown  and  another  doctor;  they  exchange 
information  on  what  they  are  learning. 

I think  we  have  quite  good  exchange  of  information  at  the  working 
level,  at  the  bench,  so  to  speak,  and  no  professional  man  wants  to 
repeat  what  another  professional  man  has  done  unless  the  results  are 
in  question,  or  unless  there  is  another  approach  which  professionally 
makes  it  sound  to  do  so. 

I think  there  is  a great  deal  of  coordination  down  below  even  the 
levels  Mr.  Sloop  spoke  of  that  is  quite  good.  We  have  found  this  to 
be  very  satisfactory  over  the  years.  We  do  have  these  exchanges  and 
in  these  other  committees  at  higher  levels  for  more  lengthy  projection 
programs  in  the  future,  5 or  10  years  ahead.  We  discuss  it  with  them, 
and  so  forth.  For  the  detailed  coordination,  this  is  quite  good,  I 
think. 

Mr.  Karth.  I think  what  you  say  makes  sense,  if  this  is  the  way  it 
is  actually  practiced.  I can  agree  with  you  that  a good  professional 
man  would  not  knowingly  want  to  duplicate  what  some  other  profes- 
sional man  is  doing.  I think  that  is  the  key  w ord.  We  can’t  spend  $14 
or  $15  billion  in  research  in  this  country  every  year,  and  retrieve  and 
disseminate  all  of  this  information  so  that  most  of  the  people  who  are 
doing  the  research  are  aware  of  wliat  everyone  else  is  doing  in  that 
field.  We  cannot  do  it  with  the  kind  of  money  we  allow'  for  this  kind 
of  job. 

How  much  money  is  in  the  NASA  budget  for  just  retrieving  all  the 
research  information  that  NASA  has  and  disseminating  it  to  the  other 
agencies  of  Government,  and  industries  with  which  you  do  business? 
How  much  is  in  the  budget  for  this  ? 

Mr.  Myers.  Mr.  Day  testified  on  this  the  other  day.  I don’t  recall 
the  figures.  It  is  in  another  office.  I know  it  was  brought  out  in  testi- 
mony. I don’t  know  if  it  was  in  this  subcommittee,  or  not. 
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I)r.  Bisplingiioff.  We  can  find  this  figure  and  put  it  in  the  record. 

Mr.  IvAirrii.  It  would  be  of  great  interest. 

(The  information  referred  to  is  as  follows :) 

NASA  ami  OART  are  very  much  aware  of  the  problem  of  information  retrieval 
and  dissemination.  For  this  reason,  NASA  plans  to  spend  $6, 32;”, 000  this  fiscal 
year,  fiscal  year  1963,  on  such  information  activities  as  documentation,  technical 
publications,  and  technical  information  services,  e.g.,  reproduction  and  library 
services.  Next  year,  fiscal  year  1964,  because  of  the  expanding  nature  of  the 
problem,  we  are  requesting  $9,330,000  for  these  activities. 

Dr.  His l’Lixui i off.  I think  the  greatest  danger  is  that  the  different 
agencies  don't  duplicate  identical  systems.  Some  of  the  more  funda- 
mental research  I think  as  Mr.  Myers  pointed  out  is  self-cleansing  in 
its  nature,  because  scientists  and  engineers  just  won't  knowingly  do 
the  same  thing  if  they  can  help  it. 

Mr.  Ivaeth.  Doctor,  I don't  have  the  information  with  me,  now,  but 
I will  make  sure  it  gets  in  the  record  later  on.  It  seems  to  me  I read 
a Senate  report  that  was  made  last  year  or  the  year  before,  or  maybe 
even  the  year  before  that.  That  Senate  report  was  very  lengthy 
document,  maybe  200  pages  or  mote,  and  the  Senate  had  apparently 
gone  into  this  problem  in  great  depth,  and  considerable  detail.  Any- 
way, they  came  up  with  a conclusion  that  fantastic  sums  of  money 
that  are  being  wasted  in  research,  just  because  too  many  people  are 
following  down  the  same  parallel  road,  not  knowing  what  the  other 
one  is  doing.  In  many  cases,  they  followed  down  the  road  that  some- 
one else  had  followed  down  years  before,  and  come  to  a dead  end, 
found  it  couldn’t  possibly  work.  They  estimated  a wasteful  expendi- 
ture in  the  neighborhood  of,  I think,  $300  million  a year.  Maybe  I 
should  get  a copy  for  you  and  let  you  read  it.  I don’t  mean  it  face- 
tiously. It  might  be  very  valuable  as  a matter  of  information  for 
you. 

Dr.  Bisplinghoff.  A scientist  or  engineer  has  a very  real  problem 
on  his  hands  in  keeping  abreast  of  his  exploding  field.  There  is  so 
much  new  in  every  one  of  the  fields  of  specialization  that  we  have 
that  there  just  aren’t  enough  hours  in  the  day  to  do  the  work  and 
read  what  is  available.  I think  this  is  one  oi:  the  biggest  problems 
we  face.  We  have  frequent  technical  society  meetings.  We  have, 
within  the  NASA,  a large  number  of  NASA  conferences  and  seminars. 
We  have  our  own  reports.  There  are  the  reports  of  the  technical 
societies.  A great  deal  is  already  being  done,  but  I share  your  con- 
cern. I think  that  this  is  one  of  the  biggest  problems  that  the  indi- 
vidual scientist  or  engineer  has. 

Mr.  Karth.  Doctor,  good  researchers  tell  me  that  they  don’t  really 
get  much  out  of  information  just  by  virtue  of  the  fact  that  they  read 
it  in  a book.  Unless  they  actually  do  if,  unless  they  perform  the 
experimentation  and  feel  this  thing  as  a result  of  their  own  doing, 
they  really  don’t  get  much  out  of  this. 

Someone  from  NASA  gave  us  that  argument  before  this  subcom- 
mittee just  a week  or  so  ago.  I don’t  remember  the  subject  matter 
upon  which  the  argument  was  given.  You  have  stimulated  my 
curiosity  and  I am  going  to  look  it  up. 

Dr.  Bisplinghoff.  I think  & good  reseacher  in  a given  field  will 
read  the  material  in  his  field  carefully.  He  will  take  account  of  that 
before  he  starts  in  on  any  research.  If  he  is  convinced  by  reading 
the  literature  that  a given  thing  has  been  done,  he  will  avoid  this 
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and  use  it  as  background  material  to  perhaps  go  in  some  other  direc- 
tion. I think  a good  researcher  uses  his  technical  literature  in  a very 
important  way.  What  he  does  is  quite  dependent  on  what  he  sees 
in  this  literature. 

Mr.  Kartii.  Someone  told  me  they  don't  even  have  time  to  read 
it.  If  they  read  all  the  literature  they  wouldn’t  have  time  to  do  the 
work.  I don't  know  which  one  you  should  believe.  I want  to  take 
your  word  for  it.  Some  of  these  other  people  make  persuasive 
arguments. 

Dr.  Bisplinghoff.  I cannot  imagine  anyone  doing  effective  re- 
search in  this  day  without  reading  the  literature. 

Mr.  Kartii.  I can't.  That  is  why  I feel,  sometimes,  this  isn’t  being 
done,  and  not  follow  down  so  many  parallel  roads  is  my  concern.  I 
am  not  sure  I am  right. 

Dr.  Ivoxecct.  Dr.  Bisplinghoff  is  not  aware  of  our  coordination 
yet  because  it  has  not  yet  finished  its  study  stage.  In  DOD  and  the 
Office  of  the  Secretary  we  have  Air  Force,  Navy,  and  Army  participa- 
t ion  in  our  life  sciences  area.  We  have  actually  been  studying  the  verv 
question  and  things  that  you  have  just  brought  up,  of  putting  NASA 
people  in  DOD  laboratories  and,  in  fact,  this  has  been  done  to  some 
extent.  Not  in  our  own  personal  research  right  at  the  moment,  but 
certainly  the  Johnsville  Laboratory  centrifuges  have  been  utilized. 
Right  now  three  of  my  men  are  at  Jolmsviile  centrifuges  doing  a 
piece  of  research  they  feel  is  important,  but  only  for  a few  days. 

Mr.  Kartii.  I am  talking  on  a permanent  basis. 

Dr.  Ivoxecct.  I am,  too.  This  is  something  we  are  working  out 
specifically  with  the  Air  Force  right  now  because  of  the  capability  of 
tlie  School  of  Aerospace  Medicine.  We  are  talking  about  putting 
people  in  the  Ames  Laboratory  and  vice  versa.  We  feel  the  same  as 
you  do.  A facility  exists;  they  should  not  only  use  the  facility  but 
find  out  what  the  other  agency  is  doing.  These  are  still  in  the  pre- 
liminary stages. 

We  had  a meeting  recently  with  the  whole  DOD  group  in  my  office 
giving  them  a 5-year  sort  of  advance  program  plan  to  have  them  aware 
of  what  we  intend  to  do,  and  we  have  asked  them  to  do  the  reverse. 

Mr.  Kartii.  Apparently  the  military  finds  this  to  be  advantageous, 
and  I am  sure  it  is.  I would  encourage  Dr.  Bisplinghoff  to  give  his 
opinions  for  the  record  whether  or  not  this  is  a good  idea,  and  whether 
or  not  NASA  should  very  aggressively  seek  to  do  this.  If  you  can  help 
in  any  way,  I think  it  is  your  responsibility  to  do  so.  Dr.  Newell 
has  given  his  opinion  for  the  record,  I believe.  I would  like  to  have 
yours. 

Dr.  Bisplinghoff.  I think  this  is  an  excellent  idea.  As  I mentioned 
previously,  I know  of  no  steps  that  we  have  taken  to  put  permanent 
NASA  people  in  DOD  laboratories.  This  is  something  that  we  will 
look  into  and  see  if  it  can  be  done  in  the  future. 

Mr.  Kartii.  four  personal  opinion  is  that  this  would  be  a very 
helpful  thing? 

Dr.  Bisplinghoff.  Yes;  I think  it  would  work  good  both  ways. 

Mr.  Kartii.  Dr.  Weaver. 

Dr.  Weaver.  On  this  question  of  research  and  all,  I would  agree 
with  the  good  doctor  here,  you  have  to  have  all  the  background  ma- 
terial and  then  go  ahead.  \ou  couldn't  research  every  previous  proj- 
ect before  you  went  ahead  on  your  own.  It  would  be  impossible. 
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You  luive  to  add  your  own  experiences  to  do  that  before  you  can  go 
forward.  It  is  a problem  of  interchange  of  material. 

I do  like  the  idea  you  are  talking  about,  of  going  back  from  NASA 
to  the  Defense  Department  and  their  subdivisions  and  back  and 
forth.  I think  that  is  excellent  for  intercommunication. 

Dr.  Bisplingiioff.  You  mentioned  a management  scheme  earlier, 
Congressman  Karth,  that  we  have  employed  in  the  so-called  SNAP- 
50  agreement,  the  preliminary  research  leading  to  the  development 
of  a higher  power  nuclear  electric  system  in  the  order  of  a megawatt 
power  which  involves  a three-way  team  consisting  of  AEC,  Air 
Force,  and  NASA  working  in  concert.. 

This,  I think,  is  an  example  of  how  the  strengths  of  these  three 
agencies  can  be  brought  together  in  one  effort  to  aim  toward  the  de- 
velopment of  a higher  power  nuclear  system  in  the  SNAP  program. 

Mr.  Karth.  Doctor,  just  for  the  record,  the  Senate  report  I had 
in  mind  that  I alluded  to  just  a fewT  moments  ago  goes  only  to  one 
phase  of  research.  It  was  an  area  where  the  Federal  Government 
spends  about  $2  billion  a year,  at  least  this  was  true  in  1960. 

They  found  in  their  investigation  that  approximately  200  million 
of  the  2 billion  was  wasted,  and  it  wasn’t  a matter  of  not  having 
enough  research  work ; it  was  a matter  of  having  a good  deal  of  research 
work  but  too  many  people  not  really  knowing  how  much  research  is 
really  being  done  in  what  areas  of  that  particular  research. 

Dr.  Bisplingiioff.  May  I ask  what  field  that  is  ? 

Mr.  Karth.  Here  is  the  report.  It  is  the  “Committee  on  Govern- 
ment Operations,  U.S.  Senate?  Subcommittee  on  Reorganization  and 
Internal  Organizations,  Coordination  of  Information  on  Current  Fed- 
eral Research  and  Development  Projects  in  the  Field  of  Electronics.” 

We  are  talking  about  building  another  laboratory  to  have  some 
more  information  that  we  don’t  know  what  to  do  with.  It  is  dated 
September  20, 1961,  sir. 

Mr.  Myers.  That  was  research  and  development  ? 

Mr.  Hammill.  I will  show  it  to  him. 

Mr.  Karth.  It  was  $2  billion.  I don’t  know  what  that  buys. 

Proceed. 

Dr.  Bisplingiioff.  A subsidiary  program  of  research  in  nuclear- 
electric  power  generating  systems  is  aimed  at  supporting  the  SNAP-8 
development  and  acquiring  the  technology  on  which  to  base  future 
systems. 

Research  is  underway  in  such  areas  as  energy  conversion  com- 
ponents and  systems,  liquid  metal  containment  and  zero  gravity 
effects  on  liquid  metal  boiling  and  condensing  phenomena. 

The  8 or  10  minutes  of  zero  gravity  exposure  heeded  to  establish 
equilibrium  conditions  for  the  latter  research  can  be  obtained  only 
in  freely  falling  vehicles  at  high  altitudes.  In  the  MECA  project 
small  two-stage,  solid  rocket  launch  vehicles  will  loft  a 950-pound 
experiment  on  a ballistic  trajectory  to  an  altitude  of  230  miles.  The 
first  experiments  are  in  direct  support  of  SNAP-8  and  will  uti- 
lize mercury  fluid  and  SNAP-8  boiler  and  condenser  component 
configurations. 

Space  vehicles : The  space  vehicle  comprises  the  total  entity  which 
is  propelled  into  space  and  which  carries,  protects  and  provides  a suit- 
able surrounding  for  the  support  of  lunar  life  or  instrumentation  pay- 
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loads.  As  man  inoltes  deeper  into  space,  enters  the  atmosphere  of 
other  planets,  ami  returns  to  Earth,  a twofold  problem  arises  of  defin- 
ing the  total  environments  of  this  space  excursion  and  of  providing 
the  technology  to  design  vehicles  capable  of  withstanding  the  environ- 
ments. These  environments  are  totally  unlike  any  others  confronted  in 
the  history  of  mankind.  The  demands  made  upon  materials  of  vehicle 
construction  are  illustrative  of  these  environments. 

A decade  ago,  l>efore  we  had  capabilities  of  launching  spacecraft, 
materials  demands  could  l*e  satisfied  with  relatively  few  classes  of 
materials.  Aircraft,  together  with  their  powerplants  and  accessories, 
did  not  ex|>erience  operational  requirements  or  conditions  drastically 
different  from  other  machines  such  as  those  for  rail,  automotive,  or 
marine  use.  Essentially,  aircraft  technology  was  but  a refinement  of 
other  technologies  and  could  grow  as  extensions  of  them. 

With  the  arrival  of  such  developments  as  space  travel,  hypersonic 
sjieeds  in  the  atmosphere,  and  novel  power  plants,  entirely  new  mate- 
rials requirements  arose.  In  many  instances,  the  old  established  tech- 
nologies offered  little  help.  Approaches  using  new  classes  of  materials 
had  to  be  found. 

Figure  10*2  shows  the  sharp  increase  in  the  classes  of  materials  that 
have  entered  the  scene  during  the  past  decade  as  candidates  in  the 
design  of  spacecraft  systems. 

Tne  impact  of  these  new  needs  is  even  more  drastic  than  the  mere 
numbers  of  material-classes  would  indicate.  This  is  so  because  utili- 
zation of  most  of  the  new  classes  of  materials  requires  an  understanding 
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of  a peat  many  more  physical  properties  than  had  been  required  in 
the  older  material  applications. 

Materials  research  is  particularly  adapted  to  ground  testing,  and  a 
new  space  environment  research  facility  for  this  purpose  is  proposed 
this  year  for  the  Ames  Research  Center. 

Current  spacecraft  designs  contain  extra  factors  of  safety  and 
reliability  which  result  in  redundancy  and  additional  weight  because 
the  knowledge  of  material  behavior  in  the  space  environment  is  incom- 
plete. The  proposed  facility  will  simulate  the  spatial  environment  and 
will  include  equipment  to  provide  for  liigh-vacuum,  electromagnetic 
and  particle  radiation,  heat  and  micrometeroid  impact. 

Among  the  hazards  of  space  flight  is  damage  caused  by  impact  of 
meteoroids.  In  this  connection,  the  problem  is  one  of  providing  pro- 
tection of  the  spacecraft  and  its  contents  against  catastrophic  damage. 
A knowledge  of  the  meteoroid  content  of  space  must  be  obtained  as  well 
as  the  effect  of  meteoroids  on  spacecraft  structures. 

In  order  to  provide  this  knowledge,  space  probes  or  satellites  must 
be  employed  to  measure  not  only  the  meteoroid  content  of  space,  but 
also  to  determine  penetration  damage  statistics. 

Mr.  Karth.  What  are  you  doing  in  this  area  ? 

Dr,  Bisplinghoff.  The  Office  of  Advanced  Research  and  Tech- 
nology has  the  responsibility  for  the  putting  up  of  satellites  to  measure 
the  meteoroid  content  in  the  near  earth  environment. 

Mr.  Karth.  Isn't  the  Office  of  Space  Sciences  doing  some  of  this  too  ? 

Dr.  Bisplinghoff.  No,  the  Office  of  Space  Sciences  has,  in  many  of 
their  satellites  and  space  probes,  a microphone  arrangement  to  get 
rough  qualitative  information  on  the  meteoroid  content,  but  the  de- 
signer of  space  vehicles  needs  a much  more  precise  indication  of  what 
the  number  of  meteoroids  are  in  the  near  earth  environment.  We  have 
designed  a satellite  which  we  launched  on  December  16,  Explorer  16, 
which  actually  counts  the  number  of  meteoroids  which  are  encountered 
and  gives  us  an  idea  of  how  large  they  are. 

By  this  means,  we  hope  to  be  able  to  determine  what  the  design  con- 
ditions must  be  for  the  walls  of  the  space  vehicles  which  will  operate 
in  the  near  earth  environment. 

Mr.  Karth.  I don’t  want  to  cause  a jurisdictional  fight,  but  it  almost 
sounds  as  if  that  belongs  to  Space  Sciences. 

Dr.  Bisplinghoff.  You  are  right,  but  the  information  we  seek  is 
beyond  what  their  normal  interests  are.  It  was  the  decision 

Mr.  Karth.  Don’t  you  say  that  to  Dr.  Homer  Newell. 

Dr.  Bisplinghoff.  Yes,  we  do.  There  is  no  jurisdictional  dispute 
here.  This  I think  is  well  understood  throughout  the  whole  agency. 

Flight  experiments  are  underway  and  planned  as  a part  of  an  exten- 
sive program  to  ascertain  the  severity  of  the  meteoroid  hazard.  In 
addition  to  the  satellites  placed  in  orbit  by  SCOUT  rockets,  known  as 
Explorer  XIII  and  Explorer  XVI,  there  is  currently  planned  a satel- 
lite experiment  designed  to  record  larger  meteoric  particles  that  occur 
less  frequently.  The  design  configuration  for  this  spacecraft  is  shown 
by  figure  103. 

' Mounted  on  both  sides  are  meteoroid  sensors.  A sketch  of  the  sensor 
is  also  shown  on  the  figure,  and  it  is,  in  essence,  a parallel  piste  capaci- 
tor. A meteoroid  which  penetrates  the  aluminum  sheet  will  ionize  the 
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Figure  103 

aluminum  in  the  immediate  vicinity  of  the  penetration,  and  the  result- 
ing ionization  trail  will  short  out  the  condenser. 

During  the  time  interval  in  which  the  material  is  ionized,  battery 
current  is  allowed  to  flow,  producing  a signal.  After  a short  time  in- 
terval, the  ionization  decays,  the  charge  recovers,  and  the  capacitor  is 
recharged  once  again  ready  to  detect  another  penetration. 

The  Earth  itself  is  a gigantic  and  peimanent  meteor  collector.  Our 
flight  e.\|>eriments  will  hell)  to  calibrate,  in  terms  useful  to  the  space 
engineer,  the  voluminous  data  obtained  by  ground-based  observation 
of  meteors.  We  are  also  assisting  in  the  supj>ort  of  certain  ground- 
based  photographic  and  radar  meteor  observations  that  will  provide 
data  useful  for  space  vehicle  design  and  space  operations. 

I was  going  to  mention  that  this  larger  satellite  that  we  just  showed 
vou  will  ride  on  the  Saturn  I vehicle,  Saturn  No.  SA-8.  whereas  they 
nad  originally  planned  to  carry  water  ballast.  In  the  early  tests 
of  this  vehicle  we  conceived  the  idea  of  eliminating  the  water  ballast 
to  put  this  payload  up  with  the  Saturn  vehicle.  We  have  heretofore 
been  restricted  to  what  might  la*  called  the  poor-man  rocket,  the  Scout 
rocket,  which  doesn't  allow  us  to  get  a vehicle  near  this  size  in  orbit. 
By  riding  piggy-back  on  the  Saturn  SA-8,  we  are  allowed  to  get  a 
much  larger  vehicle  into  orbit. 

Mr.  Karth.  Who  launches  your  satellites? 

Dr.  Bisplingiioff.  The  Explorer  XVI  is  launched  from  Wallops 
Island.  The  SCOUT  rocket  is  provided  by  the  Chance-Vought- 
Ling-Temco  Co.,  and  their  people  actually  do  the  vehicle  work. 
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Mr.  Karth.  Does  the  Office  of  Advanced  Research  and  Technology 
have  their  own  launch  team  ? 

Dr.  Bisri  jnghoff.  Not  at  all. 

Mr.  Karth.  No  one  is  connected  with  any  kind  of  a launch  program  ? 

Dr.  Bisplingiioff.  We  make  use  of  the  vehicle  purchasing  and 
managing  entity  in  the  Office  of  Space  Sciences  in  all  of  the  SCOUT 
work,  and  in  the  work  using  SA-8  and  SA-9  we  make  use  of  that 
same  entity  in  the  Office  of  Manned  Space  Flight. 

Those  two  offices  are  constantly  launching  vehicles. 

We  are  interested  only  occasionally,  and  we  ask  these  other  two 
offices  to  do  this  work  for  us. 

Mr.  Hammill.  Following  up  the  chairman’s  earlier  question  and 
your  very  last  remark;  since  it  appears,  superficially  at  least,  that  this 
program  for  measuring  numbers  of  meteoroids  would  normally  fall 
within  the  jurisdiction  of  the  Office  of  the  Space  Sciences,  is  there  any 
reason  why  your  office  couldn’t  ask  the  Office  of  Space  Sciences  to  do 
this  for  you  ? 

In  other  words,  do  you  feel  free  to  lay  requirements  on  that  office? 

Dr.  Bisplinghoff.  Yes,  we  could  certainly  do  this.  It  may  be  that 
our  requirements  would  find  a fairly  low  priority  in  their  total  pro- 
gram. Our  interests  are  not  from  the  standpoint  of  just  getting 
scientific  information  in  space.  We  are  interested  in  finding  what  the 
environment  is  as  a basis  for  vehicle  design.  So  there  is  really  a 
different  motive,  a different  motivation  here. 

I think  there  is  a proper  division  of  responsibility  here  myself. 

Although  there  has  been  much  speculation  concerning  life  behavior 
under  zero-g.  conditions,  there  are  other  difficult  problems  which  face 
the  physical  scientist  in  establishing  the  behavior  of  liquid  and  vapor 
systems.  These  include  positioning  of  fluids  in  propellant  tanks  and 
liquid-vapor  equilibrium  configurations  in  the  condensers  and  radi- 
ators of  auxiliary  power  systems.  The  behavior  of  the  liquid-vapor 
interface  under  zero  gravity  conditions  affects  such  functions  as  engine 
restarting,  tank  venting,  propellant  transfer  during  rendezvous,  and 
orientation  of  auxiliary  power  system. 

Liquid  in  a tank  under  normal  one-g  conditions  rests  on  the  bottom 
in  the  manner  familiar  to  all  of  us  in  everyday  life.  This  is  due  to 
the  overwhelming  predominance  of  gravity  over  surface  tension 
forces.  However,  under  zero-g.  conditions,  the  liquid  mass  may  assume 
an  odd  equilibrium  configuration,  due  now  to  the  predominance  of 
the  surface  tension  forces,  quite  unlike  that  under  normal  conditions. 

As  a result  of  theoretical  research  followed  by  experimental  verifi- 
cation in  a drop  tower,  a basic  understanding  of  this  phenomenon  has 
been  achieved  and  methods  have  been  found  to  facilitate  positioning 
of  the  liquid  in  a desired  manner. 

Figure  104  illustrates  the  behavior  of  a wetting  fluid  such  as  water, 
alcohol,  or  a hydrocarbon,  under  zero-  and  one-g.  conditions. 

On  the  left  is  a flask  containing  the  liquid  in  the  Earth’s  gravita- 
tional field.  The  liquid  is,  of  course,  pulled  downward  and  the  gase- 
ous vapor  lies  above  it.  In  this  case,  it  is  easy  to  pump  the  liquid  in 
the  ordinary  way  and  to  vent  gas  either  into  or  out  of  the  region  of 
the  container  vacated  by  the  liquid. 

Under  zero-g.  conditions,  as  shown  by  the  middle  diagram, 
surface  tension  causes  spreading  of  the  fluid  completely  around  the 


1940 


1964  NASA  AUTHORIZATION 


Fioibe  104 

wall  of  the  container  and  the  gas  is  now  a bubble  in  the  center.  Since 
the  gas  bubble  is  not  vented  to  the  outside,  the  pump  will  not  work 
satisfactorily.  If  a standpipe  with  suitable  openings  in  the  bottom 
is  placed  in  the  container,  as  shown  by  the  diagram  at  the  right,  sur- 
face tension  will  act  in  such  a way  as  again  to  place  the  liquid  and  gas 
at  ojq>osite  sides  of  the  container.  In  this  case,  the  pump  will  work. 

^ on  would  put  the  pump  right  under  the  place  where  the  standpqie 
is. 

As  a result  of  pioneering  work  at  the  Lewis  Laboratory  it  has  l>e- 
come  clear  that  much  useful  research  on  zero-g.  fluid  behavior  can  be 
done  on  the  ground  in  drop-tower  experiments.  One  of  the  facilities 
proposed  in  this  budget  is  a zero-g.  drop-tower  at  the  I^ewis  Laboratory 
to  extend  this  work. 

I think  this  is  one  of  the  most  interesting  developments  we  have 
made  in  ground-based  facilities  to  simulate  something  that  happens 
in  a space  environment. 

The  observation  that  one  can  get  with  this  hydrostatic  equilibrium 
in  a few  seconds  of  time  lets  us  drop  these  things  free  in  a tower  that 
doesn't  have  to  be  too  high  and  we  can  get  a great  amount  of  valuable 
information  without  having  to  go  into  exjiensive  rocket  flights. 

We  are  constantly  trying  to  find  means  to  do  everything  we  possibly 
can  on  the  ground  in  the  evaluation  of  the  space  environment  and  in 
the  development  of  devices  to  go  into  space. 

Of  course,  the  zero-g.  thing  is  one  of  the  most  knotty  problems 
we  have!  I lielieve  this  drop  tower  is  going  to  give  us  a good  deal  of 
informat  ion  for  short -t  ime  effects. 

Among  the  most  challenging  areas  of  space  research  have  l>een  those 
concerned  with  the  aerody mimic  flow  and  heating  problems  during 
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reentry  into  the  Faith's  atmosphere.  These  problems  directly  influ- 
ence the  shape  of  the  space  vehicle,  the  type  and  weight  of  t lie  critical 
heat-shield  component,  and  the  vehicle  payload. 

Figure  105  illustrates  the  sharp  rise  in  heating  intensity  which  can 
1m*  expected  as  we  progress  lieyond  lunar  return  speeds. 

Our  understanding  of  the  nature  of  the  flow  and  heat  transfer  to 
vehicles  entering  at  satellite  speeds  (around  17.000  miles  per  hour)  is 
well  in  hand — I think  we  understand  quite  well  how  to  design  for 
these  conditions — and  I am  happy  to  rejxirt  that  we  have  made 
progress  in  our  research  during  the  past  year  in  increasing  our 
knowledge  of  these  phenomena  up  to  the  lunar  reentry  speed  range 
(around  miles  jier  hour)  and  a little  lieyond. 
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Figure  106 

We  are  now  pushing  research  in  reentry  physics  into  the  speed 
range  associated  with  reentry  from  interplanetary  missions  (around 
31,000  miles  per  hour  and  higher) . 

As  shown  by  the  previous  figure,  the  problem  liecomes  aggravated 
in  this  high-speed  range.  I would  like  to  illustrate  a possible  solution. 

Figure  100  shows  the  total  heat  transferred  to  a blunt-nosed  body 
and  to  a relatively  slender-nosed  one. 

At  sjieeds  up  to  lunar  reentry,  wherein  convective  heating  is  the 
major  contributor,  the  blunt  nose,  such  as  used  on  the  Mercury  and 
Apollo  vehicles,  has  a lower  total  heat  transfer  than  does  the  slender- 
nosed body.  At  speeds  lieyond  lunar  reentry,  wherein  radiative  heat- 
ing liecomes  the  predominant  factor,  the  relatively  slender-nosed  body 
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EFFECT  OF  NOSE  SHAPE  ON  RE-ENTRY  HEATING 
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Figure  106 

1ms  a lower  total  heat  transfer  and  potentially  shows  promise  for 
red ue inc:  the  heat-shield  problems  at  these  speeds. 

In  effect,  we  are  saying  as  we  go  to  higher  reentry  speeds  we  will 
probably  depart  again  from  the  rather  blunt  body  that  we  have  used 
for  Mercury  and  Apollo  and  go  back  to  a rather  needle-nosed,  sharp 
kind  of  l>ody  that  we  see  in  our  supersonic  airplanes. 

My  colleague.  I)r.  Kurzweg,  has  pointed  out  to  me  how  over  the 
centuries,  man  has  gone  from  rocks  to  arrows  and  gone  back  from 
blunt  Ixxlies  to  sharp  Iwxlies  over  and  over  in  his  vehicles. 

.This  is  another  example  where  we  see  a change  from  a blunt  body 
back  to  a sharp-nosed  body. 

Much  basic  research  work  is  required  to  check  out  this  concept  and 
to  deal  with  the  many  new  problems  that  are  entailed  in  using  such 
shapes  at  hypersonic  speeds. 

The  al>ove  research  is  an  example  of  how  new  knowledge  can  l>e 
obtained  in  ground  facilities.  A new  concept  in  a ground  facility  is 
the  Hot  Gas  Radiation  Research  Facility  proposed  in  this  budget  for 
the  Langley  Research  Center.  Experimental  facilities  must  carry  the 
major  burden  of  defining  the  radiative  heat -transfer  distribution 
al>out  reentry  vehicles  both  to  verify  theoretical  results  and  to  avoid, 
as  much  as  possible,  exj>ensive  free-flight  testing.  The  proposed  fa- 
cility will  provide  test  capability  for  large  models  with  on-board 
instrumentation  at  speeds  up  to  interplanetary  reentry. 

A few  selected  flight -reentry  experiments  must  lie  conducted  to  vali- 
date laboratory  data  and  provide  greater  confidence  in  applying  it  to 
full-scale  reentry  heating.  An  important  reentry-flight  research  ex- 
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periment  to  l>e  flown  in  fiscal  year  1964  is  Project  Fire  in  which  a 
highly  instrumented  200-pound  test  vehicle  will  reenter  the  Earth's 
atmosphere  at  25,000  miles  per  hour.  The  objective  is  to  obtain 
critical  data  on  radiative  and  convective  heating  in  the  true  flight 
environment.  A sketch  of  the  essent’al  components  of  the  Project 
Fire  vehicle  is  shown  by  figure  107. 

During  the  final  stages  of  Atlas  launch,  the  spacecraft,  comprised  of 
velocity-impulse  and  reentry  vehicles,  is  ejected  and  proceeds  along 
a ballistic  trajectory  toward  an  impact  area  south  of  Ascension  Island. 

Just  before  reentry,  the  velocity  impulse  vehicle  rocket  motor  is 
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Figure  107 

ignited  to  lxrost  the  reentry  test  vehicle  from  14, 000  miles  per  hour  to 
25,000  miles  per  hour.  At  burnout  the  2 foot -diameter  reentry  vehicle 
separates  and  reenters  the  atmosphere  blunt  face  forward.  The  re- 
entry test  vehicle  contains  thermocouples  for  measuring  temperatures 
and  heating  rates,  radiometers  for  measuring  the  total  radiant  inten- 
sity and  sjiectral  content  of  the  hot  gas  surrounding  the  vehicle,  and 
various  instrumentation  for  determining  surface  pressures,  vehicle 
forces,  motion,  and  radio-signal  transmission  during  the  communica- 
tion blackout.  The  data  are  telemetered  to  receiving  equipment  at 
Ascension  Island  and  aboard  range  ships  and  aircraft. 

Along  with  research  on  reentry  into  the  Earth's  atmosphere,  similar 
research  is  also  progressing  on  entry  into  the  atmospheres  of  other 
planets,  particularly  the  nitrogen-earljon-dioxide  atmospheres  thought 
to  exist  on  Mars  and  Venus.  To  obtain  an  understanding  of  the  raaia- 
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five  heating  in  such  environments,  preliminary  measurements  have 
been  made  of  the  thermal  radiation  emitted  from  the  hot -gas  cap  of 
blunt  bodies  flying  in  nit rogen-carbon -dioxide  mixtures. 

The  measurements  were  made  on  14-inch  plastic  models  tired  from  a 
light-gas  gun  launcher.  The  results  are  shown  as  a band  on  the 
chart  of  figure  108  in  which  the  radiative  heat  output  of  the  mixture 
is  presented  as  a multiple  of  the  heat  output  in  air.  The  brackets 
shown  on  the  chart  indicate  that  the  atmospheric  constituents  are 
fairly  well  defined  for  Mars  but  are  unclearly  defined  for  Venus. 

In  both  cases,  the  limits  are  quite  well  established  and  agreed  upon 
by  the  scientific  community.  It  can  be  seen  that,  at  a given  speed. 


Figure  108 

the  radiative  heat  transfer  problem  is  considerably  more  severe  dur- 
ing entry  into  the  expected  Martian  or  Venusian  atmospheres  than 
in  the  Earth’s  atmosphere.  Additional  studies  will  investigate  new 
body  shapes  to  determine  optimum  configurations  for  successful  entry 
into  the  atmospheres  of  the  near- Earth  planets. 

The  development  of  materials  to  withstand  the  severe  heating  con- 
ditions of  atmospheric  entry  continues  to  la*  one  of  our  most  impon ant 
research  objectives.  The  chart  of  figure  109  shows  the  change  in 
efficiency  of  ablating  materials  since  19(50  and  indicates  that  improve- 
ments have  been  accomplished  at  the  exjiense  of  structural  strength. 
The  thermally  efficient  materials  are,  in  fact,  so  devoid  of  strength 
that  the  structural  backbone  must  lie  inde|>endently  supplied. 
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Figure  109 

The  chart  indicates  that  our  research  objectives  for  ablating  ma- 
terials are  improvement  in  structural  strength  while  continuing  to 
improve  thermal  efficiency.  The  photograph  on  the  chart  indicates 
that  these  objectives  will  la*  sought  through  research  performed  in 
ground  facilities. 

The  diagram  of  figure  110  is  offered  to  indicate  our  direction  of 
thinking  concerning  space  vehicle  structures.  It  shows  a structurally 
weak  charring  albator  reinforced  with  honeycomb  to  provide  ef- 
ficient reentry  thermal  control  while  acting  also  as  a meteoroid 
bumper.  A second  layer  of  honeycomb  is  filled  with  hollow  rubber 
. spheres  which  provide  a barrier  against  heat  conduction  while  fur- 
nishing at  the  same  time  a self-sealing  system  against  meteoroid 
penetration.  As  the  structural  wall  is  penetrated  by  a meteoroid,  the 
efflux  of  pressurized  air  from  the  spacecraft  forces  a sphere  into  the 
outer  structural  wad  to  preserve  pressure  integrity. 

This  is  just  one  sample  of  what  one  can  do  to  provide  for  the  kind 
of  environments  we  are  talking  about.  Unfortunately,  the  weight 
of  such  a structure  is  much  beyond  what  we  would  like  to  have,  but 
it.  nevertheless,  illustrates  the  kind  of  thinking  that  we  are  under- 
going now. 
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ELECTRON  ICS  AND  CONTROL 

The  most  powerfully  propelled  and  efficient  space  vehicle  would  be 
useless  if  it  could  not  lx*  *ont  rolled,  guided,  and  communicated  with  in 
space.  Electronics  systems  in  spacecraft  and  launch  vehicles  play 
roles  analagous  to  the  'senses  ami  nervous  systems  in  human  lieings. 
Navigation  and  control  systems  are  man's  sight  and  sense  of  balance 
and  communication  systems  permit  man  to  extend  his  senses  of  sight 
and  sound  over  distances  much  lieyond  their  natural  range.  Instru- 
mentation, computation  and  data  processing  devices  serve  as  the 
spacecraft's  “brain  and  ner/ous  system."  This  is  an  ai*ea  of  advanced 
research  and  technology  in  which  the  NASA  is  building  its  capability. 
It  is  an  area  which  was  not  regarded  of  prime  importance  in  the  mis- 
sion of  the  NAPA,  but  which  in  the  NASA  has  now  assumed  equal 
importance  with  the  technologies  of  propulsion  and  space  vehicles. 

An  indication  of  this  importance  may  lie  realized  from  the  estimate 
that  approximately  TO  jiercent  of  spacecraft  costs  go  into  electronics. 
The  NASA  Held  organization  has  a strong  propulsion  research  capa- 
bility at  the  Lewis  Research  Center  and  the  Marshall  Space  Flight 
('enter.  The  oilier  principal  aeronautical  and  space  technologies  are 
strongly  represented  at  the  Langley,  Ames,  and  Flight  Research  Cen- 
ters. Since  there  is  no  comparable  concentration  of  electronics  re- 
search experience  and  capability  within  NASA,  this  budget  proposes 
an  Electronics  Research  (’enter  to  lie  established  in  the  iireater  Bos- 
ton, Mass.,  area.  The  principal  functions  of  this  Center  will  embrace 
research  and  comjionent  development  in  the  related  Helds  of  communi- 
cations, data  processing,  guidance,  instrumentation,  control,  and 
energy  conversion.  Its  unique  feature  will  be  a concentration  of 
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effort  on  the  advancement  of  the  arts  and  sciences  of  these  Helds  to 
meet  the  requirements  of  aeronautics  and  space  flight. 

The  NASA  planetary  missions  of  the  future,  both  manned  and 
unmanned,  require  navigation  instruments  capable  of  operating  ac- 
curately and  reliably  for  mission  durations  measured  in  terms  of 
years.  The  prolonged  periods  of  free-fall  operation,  low-thrust  type 
corrections,  and  efficient  energy  management  are  criteria  demanding 
increased  accuracy  and  stability  on  t lie  part*  of  the  navigation  and 
guidance  sensors;  for  example,  an  initial  error  of  0.5°  in  thrust  angle 
at  the  beginning  of  the  coasting  period  in  a Mars  orbital  mission  can 
produce  a position  error  on  the  order  of  2ou,000  nautical  miles  in  the 
vicinity  of  Mars.  Figure  111  depicts  two  promising  inertial  sensor 


Figure  111 

concepts  currently  being  pursued  in  both  Government  and  industry 
laboratories  under  NASA  sponsorship.  These  techniques  are  also 
being  developed  by  the  Department  of  Defense  along  lines  related 
to  military  systems  applications.  The  cryogenic  gyro  utilizes  the 
principle  of  superconductivity  wherein  electrical  resistance  disap- 
pears at  temperatures  near  absolute  zero  to  provide  a magnetic  field 
requiring  no  electrical  energy  input,  after  initial  establishment,  to 
support  a rotating  gyroscopic  mass.  Although  a promising  tech- 
nique, such  problems  as  that  of  obtaining  suitable  cryogenic  materials 
require  continued  research  before  these  devices  can  be  considered 
practical. 
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In  addition  to  industry  efforts,  research  on  cryogenic  techniques 
is  being  conducted  at  the  Jet  Propulsion  Laboratory.  The  electro 
statically  suspended  gyro  (and  accelerometer)  differs  from  the  cryo- 
genic type  in  that  it  uses  electrical  rather  than  magnetic  forces  to  sus- 
pend the  inertial  element.  It  does  not  require  cryogenic  tempera- 
tures but  does  need  a high  vacuum  internal  environment  for  its  opera- 
tion. This  sensor  is  promising  but  is  more  sensitive  to  high  accelera- 
tion environments  and  requires  further  effort  to  develop  and  demon- 
strate the  ability  to  operate  during  the  launch  environment  without 
performance  deterioration,,  We  are  also  working  on  devices  such  as 
pressurized  gas  bearing  gyros  to  fill  the  time  gap  between  the  cur- 
rently available  shorter  lifetime  gyros  and  the  cryogenic  and  elec- 
trostatic devices. 

An  important  adjunct  to  today’s  aerospace  research  is  the  art  of 
simulation.  It  is  utilized  in  scientific  exploration  and  design  of  both 
manned  and  unmanned  spacecraft  and  launch  vehicles.  The  closed 
loop  simulation  of  satellite  attitude  control  systems  facilitates  the 
determination  of  component  and  subsystem  requirements,  defines  the 
range  of  parametric  tradeoffs  and  approximates  the  performance  of 
the  selected  system.  New  systems  and  techniques,  novel  design  ap- 
proaches, and  improved  components  related  to  attitude  control  sys- 
tems can  be  examined  by  simulation  techniques  in  the  postulated  en- 
vironment. The-  Ames  Research  Center  is  conducting  this  type  of 
research  and  its  ultimate  payoff  will  provide  unmanned  satellites 
with  accurate  and  stable  attitude  control  systems  capable  of  long-term 
and  efficient  performance  in  space  systems  related  to  instrumentation, 
communications,  navigation,  and  meteorological  missions. 

Flight  and  space  simulators  are  versatile  and  effective  tools  for  col- 
lecting and  examining  data  related  to  man’s  performance  indices 
while  he  is  subjected  to  a wide  variety  of  selected  and  controlled  con- 
ditions. Various  control  display  arrangements  can  be  operated  under 
many  task  constraints  in  an  effort  to  determine  pilot  capability  as  it 
relates  to  the  equipment  which  he  has  to  aid  him.  Recent  work  at 
Langley  Research  Center  may  be  mentioned.  The  Langley  investi- 
gators found  that  a man  could  successfully  control  a simulated  space 
rendezvous  task  with  a minimum  of  instrumentation.  The  target  was 
represented  as  a blinking  light  upon  a projected  star  field  background. 
Using  only  this  visual  information,  pilots  were  able  to  estimate  range 
and  range-rate  and  successfully  complete  the  rendezvous.  Research 
of  this  type  is  continuing  at  the  Langley  Research  Center  and  one 
aspect  of  *heir  future  work  will  examine  the  broad  spectrum  of 
manned-automatic  control  systems  in  lunar  letdown  operations. 

Instruments  are  being  developed  to  enable  a close  surveillance  of  the 
physical  well-being  of  personnel  in  the  spacecraft.  These  devices  are 
small  and  light  enough  that  their  presence  will  not  limit  an  astro- 
naut in  his  movements.  They  are  outwardly  extremely  simple.  Proto- 
types which  will  sense  and  transmit  heart  action  and  respiration  rate 
and  volume  have  been  tested.  These  devices  are  completely  self-con- 
tained and  include  sensors,  batteries,  and  radio  transmitters  with  a 
range  of  about  30  feet.  When  completed,  such  devices,  utilizing  molec- 
ular electronic  techniques,  will  be  about  y2  inch  by  V2  inch  by  Vs  inch 
in  size.  The  first  use  will  be  at  the  Ames  Research  Center  where  they 
will  be  applied  to  the  chest  of  a man  riding  on  a centrifuge.  With  the 
centrifuge  in  motion,  it  will  be  possible  to  receive  by  radio  and  display 
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at  a stationary  monitoring  console,  a cardiogram  of  the  man  as  well 
as  records  of  his  respiration  rate  and  volume.  Later,  the  devices  may 
be  used  on  crew  members  of  a spacecraft. 

Our  work  with  simulators  and  bioinstrumentation  is  coordinated 
closely  with  similar  work  in  our  biotechnology  and  human  research 
program  and  the  bioscience  program  of  the  Office  of  Space  Sciences. 

An  embryonic  area  of  electronics  research  and  advanced  tech- 
nology development  is  called  microelectronics.  The  technology  of 
microelectronics,  wherein  a single  piece  of  material  is  designed  to  per- 
form the  functions  of  a number  of  individual  electronic  parts  or  ele- 
ments is  an  outgrowth  of  the  transistor  technology.  As  illustrated  in 
figure  112  a single  block  of  material  about  the  size  of  a dime  can  now 
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be  fabricated  to  perform  the  functions  of  a conventional  transistor 
electronic  blackbox  of  components  equivalent  in  size  to  a pack  of 
cigarettes.  Microelectronic  techniques  and  devices  are  of  importance 
to  space  programs  primarily  because  of  the  new  order  of  reliability 
expected  with  their  use.  !>ize  and  weight  decreases  are  of  similar 
importance. 

Mr.  Kartii.  I wonder  if  you  would  define  for  the  record  what  you 
are  doing  with  simulators  and  bioinstrumentation ; if  you  could  differ- 
entiate the  work  you  are  doing  in  these  areas  ? 

I)r.  Bisplinohoff.  Yes.  The  bioinstrumentation  work  is  largely 
along  the  lines  of  developing  these  little  transducers  that  can  be  put 
at  various  places  on  the  body  to  pick  up  such  things  as  blood  pres- 
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sure,  heart  rate,  and  so  on.  In  addition  to  these  little  transducers  we 
are  developing  small,  short-range  transmitters  which  can  transmit  this 
information  to  a larger  transmitter  on  the  spacecraft  which  in  turn 
can  transmit  it  to  the  ground.  I think  we  would  say  that  the  bio- 
technology instrumentation  research  is  largely  along  the  lines  of  these 
little  transducers  that  might  be  placed  at  various  places  on  the  body. 

Mr.  Karth.  How  does  that  compare  with  the  bioscience  program  of 
the  OSS  ? 

Dr.  Bisplinghoff,  The  bioscience  program  in  OSS  has  no  such  ob- 
jectives in  it.  We  are  concerned  in  this  office  with  the  behavior  of  man 
and  how  he  can  be  integrated  into  a space  vehicle  system.  Their  con- 
cern is  mainly  with  the  biological,  more  fundamental  biological  aspects 
of  the  space  environment.  And,  of  course,  things  like  extraterrestrial 
life  and  so  on. 

Our  maih  concern  is  one  of  determining  what  must  be  done  to  a 
spacecraft  to  support  life  on  board  the  spacecraft,  and  what  capabil- 
ities does  the  man  in  fact  have  of  performing  a useful  role  inside  the 
spacecraft  ? 

Mr.  Karth.  Thank  you. 

Dr.  Bisplinghoff.  On  the  simulation  side,  here  we  are  concerned 
with  actually  taking  models  of  spacecraft  and  placing  them  in  this 
simulation  device  and  determine  how  accurately  they  can  be  controlled 
and  guided. 

We  try  to  provide  complete  simulation  on  the  ground  so  that,  for 
example,  the  occupants  of  the  spacecraft  can  sight  stars,  other  heav- 
enly objects,  and  use  this  as  a means  of  actually  guiding,  controlling 
the  spacecraft.  At  the  Ames  Research  Center  we  are  building  a simu- 
lator. We  have  in  fact  a small  simulator  now  and  we  are  building  a 
larger  simulator  so  that  the  environment  insofar  as  degrees  of  freedom 
of  the  spacecraft  and  the  sighting  of  the  stars  and  things  of  this  kind 
can  be  provided,  and  that  their  control  and  navigation  systems  can  be 
researched  and  checked  out. 

Mr.  Karth.  Thank  you,  Doctor. 

Dr.  Bisplinghoff.  Inherent  in  the  evolution  of  microelectronics  is 
the  wealth  of  knowledge  gained  in  transistor  technology  which  has 
resulted  in  great  strides  in  the  understanding  and  use  of  solid-state 
physics  in  electronic  systems.  Also,  the  fabrication  c t a microelec- 
tronic integrated  circuit  is  accomplished  by  vacuum  deposition  proc- 
esses involving  fewer  steps  than  the  manufacture  of  a conventional 
electronics  system.  These  processes  can  be  and  must  be  precisely  con- 
trolled and  the  results  should  be  reproducible  to  a greater  degree  than 
heretofore  possible.  Also,  the  integrated  circuits  may  be  designed  so 
that  the  number  of  electrical  connections  are  minimized.  One  of  the 
limiting  factors  in  modern-day  technology  involving  the  reliability  of 
electronic  systems  is  the  number  of  connections  which  must  be  made, 
either  by  soldering,  welding,  or  , other  techniques.  It  is  widely  agreed 
that  the  reduction  of  interconnections,  either  within  integrated  ele- 
ments or  between  integrated  circuits,  is  of  very  great  importance  in 
achieving  reliability.  A further  important  reason  for  reliability  in 
microelectronics  is  the  potential  radiation  resistance  of  devices  which 
utilize  thin-film  techniques.  Figure  113  illustrates  how  radiation 
might  easily  pass  through  a thin-film  microelectronic  device  without 
affecting  the  crystal  or  physical  structure  of  the  material.  On  the 
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other  hand,  the  impingement  of  this  radiation  on  the  more  bulky  struc- 
ture of  si  conventional  semiconductor  device  can  dislocate  or  disrupt 
the  crystal  lattice  and  result  in  a malfunctioning  of  the  electronic  cir- 
cuit in  which  the  device  appears. 

We  are  simplv  saying  here  if  one  has  a very  thin  film  the  probability 
of  a proton  striking  one  of  the  atoms  in  the  crystal  lattice  is  much  less 
if  it  is  thin  than  if  it  is  somewhat  thicker. 

Analysis  and  past  experience  have  illustrated  that  when  redundancy 
is  employed  in  electronicc  systems,  improved  reliability  is  obtained. 
While  it  would  be  impractical  to  employ  duplicate  circuitry  in  sys- 
tems employing  conventional  electronics,  the  whole  idea  becomes  vastly 
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more  practical  with  the  processes  and  techniques  of  microelectronics. 

One  of  the  most  interesting  new  areas  of  research  in  space  communi- 
cations and  tracking  i9  provided  by  the  laser.  Let  me  take  a few 
moments  to  explain  what  a laser  is,  how  it  operates  and  what  it  may 
lie  used  for. 

All  electromagnetic  radiation,  whether  from  a radio  transmitter, 
radar,  or  light  bulb,  can  be  viewed  as  being  made  up  of  elemental 
“packages”  of  energy  called  photons.  These  photons  individually  con- 
tain a very  small  amount  of  energy.  A 100-watt  household  light  bulb 
will  emit  over  a quintillion  (a  billion  billion)  photons  per  second. 
Characteristically,  all  of  the  photons  from  this  light  bulb  are  not 
identical.  A laser  is  a light  source  that  creates  this  billion  billion 
photons  such  that  they  are  almost  identical  in  terms  of  frequency, 
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content,  phase  and  amplitude  characteristics.  A ruby  laser  produces 
these  identical  photons  in  the  manner  indicated  in  figure  114. 

A lijjht  source  illuminates  a rod  of  ruby  crystal.  The  chromium 
atoms  in  tiie  ruby  crystal  alisorb  and  store  photons  from  the  light 
source  much  in  the  same  way  as  a car  battery  stores  the  |>otential  to 
deliver  current.  When  a sufficient  number  of  atoms  have  absorbed 
noncoherent  photons,  they  begin  to  release  others  with  limited  co- 
herency. After  release,  the  photons  are  successively  reflected  from 
the  mirrored  end  surfaces  of  the  rod.  These  photons  lieing  leflected 
back  and  forth  entice  other  atoms  to  release  identical  photons.  The 
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process  continues  building  up  billions  upon  billions  of  photons  which 
are  all  identical. 

Since  the  internal  reflection  of  the  mirrored  ends  is  not  ideal,  some 
photons  escape  to  form  a ‘‘coherent  beam"  of  light. 

Mr.  K arth.  Is  the  ruby  rod  the  only  thing  from  which  you  can 
produce  laser  light  ? 

Di.  Bisplinghoff.  No,  there  are  other  materials,  l.ie  ruby  laser 
is  the  one  that  has  come  under  the  most  attention. 

Dr.  Keijjey.  One  of  the  newest  ones  is  gallium  arsenide.  It  will  be 
more  efficient  than  the  rub^r  laser  that  we  have  right  now.  The  ruby 
laser  is  a relatively  inefficient  device  as  we  have  it  right  now  in  the 
laboratory. 

Dr.  Bisplingiioff.  This  beam  has  the  property  that  all  of  the  phd- 
tons  remain  closely  packed  together  as  the  beam  propagates  over 
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interplanetary  distances.  These  billions  upon  billions  of  energy  pack- 
ages ui)on  escaping  from  the  laser  will  pass  through  an  area  smaller  r 

than  the  cross  section  of  a |>encil  eraser  every  second  providing  an 
extremely  high  energy  density. 

The  same  is  not  true  for  radio  waves  since  they  are  more  diffuse. 

There  are  at  present  two  principal  NASA  applications  for  such  high 
energy  density  optical  beams,  namely  spacecraft  communications  and 
tracking  . j shown  in  figure  115.  Since  radiating  energy  is  the  means 
whereby  information  or  data  is  transferred,  it  is  essential  that  the 
maximum  jiossible  amount  of  power  radiated  from  a spacecraft  be 
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received.  Thus  to  optimize  mission  capability,  NASA  scientists  are 
evolving  efficient  lasers  as  optical  transmitters. 

Areas  of  applied  research  and  development  work  are  being  pur- 
sued which  encompass  not  only  the  efficient  conversion  of  electrical 
energy  to  single  frequency  coherent  optical  radiation,  but  also  to 
investigate  modulation  (means  of  applying  intelligence)  as  well  as  its 
detection  or  information  recovery. 

The  effect  of  the  aerospace  environment  on  coherent  optical  radia- 
tion presents  another  complete  set  of  research  problems,  the  initial 
characteristics  of  which  will  be  obtained  by  utilizing  the  S-66,  polar 
ionosphere  beacon  satellite. 

These  problems,  reflected  in  figure  116,  involve  such  factors  as  how 
the  laser  beam  is  degraded  as  it  traverses  space  and  the  Earth’s  atmos- 
phere and  how  relativity  influences  not  only  the  signal  on  the  laser 
neam,  but  the  direction  in  which  it  is  moving. 
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Figure  116 


Mr.  Karth.  Doctor,  1 think  that  we  might  well  recess  at  this  i>oint 
until  10  o’clock  tomorrow  morning. 

I know  most  of  you  as  well  as  most  of  us  must  get  back  to  the  office 
to  do  what  we  couldn't  do  while  we  were  here. 

Dr.  Bisplingu  ofk.  We  will  be  back  at  10  o’clock. 

Mr.  Karth.  We  will  see  you  at  10  o’clock.  Thank  you  very  much 
for  coming.  The  meeting  is  adjourned. 

(Whereupon,  at  i p.m.,  the  subcommittee  was  adjourned,  to  recon- 
vene at  10  a.m.,  Thursday,  March  28, 1963. ) 
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THURSDAY,  MARCH  28,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.O. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  214-B,  Longworth  Building,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Karth.  The  committee  will  come  to  order. 

Doctor,  if  you  would  like  to  begin  today  where  you  left  off  yester- 
day afternoon  when  we  adjourned  at  4 o’clock,  we  would  be  very 
happy  to  make  an  effort  to  get  through  your  testimony  today. 

STATEMENT  OF  DR.  RAYMOND  L.  BISPLINGHOFF,  DIRECTOR, 

OFFICE  OF  ADVANCED  RESEARCH  AND  TECHNOLOGY,  NASA; 

ACCOMPANIED  BY  BOYD  C.  MYERS  II,  DIRECTOR,  PROGRAM 

REVIEW  AND  RESOURCES  MANAGEMENT,  AND  DR.  EUGENE 

KONECCI,  DIRECTOR,  BIOTECHNOLOGY  AND  HUMAN  RESEARCH 

Dr.  Bisplinghoff.  Good  morning,  Mr.  Chairman  and  gentlemen. 

We  were  at  the  bottom  of  page  54  when  we  stopped  last  evening. 
The  next  topic  I would  like  to  go  into  is  “Biotechnology  and  Human 
Research.” 

As  you  are  aware,  NASA’s  total  program  in  the  life  sciences 
ranges  from  fundamental  research  in  the  biosciences  under  the  Office 
of  Space  Sciences,  to  human  participation  in  space  flight  under  the 
Office  of  Manned  Space  Flight. 

During  the  past  year  a directorate  of  biotechnology  and  human 
research  was  established  in  the  Office  of  Advanced  Research  and 
Technology.  Its  objectives  are  complementary  to  those  of  bioscience 
and  actual  manned  flight  and  can  be  summarized  by  the  three  cate- 
gories of  man,  man-machine,  and  man-system  as  illustrated  sche- 
matically (fig.  117).  In  somewhat  more  detail,  these  objectives  are: 

(1)  To  obtain  a better  understanding  of  man’s  capabilities  and 
limitations  in  advanced  aerospace  systems  through  research  on  body 
systems,  psychophysiology,  and  biological,  medical  selection  factors. 

(2)  To  obtain  design  requirements  for  equipment  and  subsystems 
which  will  guarantee  an  adequate  crew  environment  through  de- 
velopment of  life-support  systems,  protective  systems  and  man- 
machine  control  systems  and  displays. 

(3)  To  integrate  human  requirements  into  the  design  of  advanced 
systems  by  means  of  systems  analysis  and  human  factor  research. 
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The  Life  Sciences  Laboratory  Facility  proposed  for  fiscal  year 
1964  to  be  constructed  at  the  Ames  Research  Center  will  be  a primary 
instrument  in  carrying  out  these  objectives.  The  Ames  Research 
Center  is  presently  working  on  a large  part  of  the  biotechnology 
and  human  research  program  and  plans  call  for  an  increased  effort 
to  meet  our  objectives.  This  Center  has  already  made  significant 
contributions  to  the  better  understanding  of  man  in  their  psycho- 
physiological,  and  simulation  experiments. 

An  advanced  peychophysiological  monitoring  system  has  been 
studied  and  will  be  put  on  contract  shortly  under  the  supervision  of 
the  Flight  Research  Center  at  Edwards  Air  Force  Base.  It  will  be 
employed  in  obtaining  dynamic  psychophvsiologic  data  on  human 
pilots  in  chambers  and  experimental  vehicles  such  as  the  X-15  air- 
craft. The  successful  demonstration  of  this  concept  could  lead  to  a 
store  of  human  dynamic  data  which  would  be  standardized  from  one 
laboratory  to  another  to  perform  correlation  studies. 

The  Department  of  Defense  capabilities  in  the  life  sciences  are 
being  utilized  in  reaching  our  objectives  by  the  allocation  of  approxi- 
mately $1.4  million  in  fiscal  year  1963  for  services  on  specific  research 
projects.  In  addition,  $750,000  has  been  allocated  to  the  AEC  for 
radiobiological  studies. 

A human  factors  study  has  been  initiated  on  space  maintainability 
with  the  Marshall  Space  Flight  Center  in  cooperation  with  the  Armed 
Services.  The  Man-Machine  Information  Center  is  being  supported 
in  its  important  work  along  with  the  Navy,  Army,  and  the  Federal 
Aviation  Agency. 
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The  program  requirements  illustrated  schematically  by  figure  118 
must  be  pursued  through  advanced  research  and  development  prior 
to  the  design  of  any  manned  system. 

Mr.  Karth.  How  much  money  are  you  asking  for  for  fiscal  year 
1964  and  the  Life  Sciences  Laboratory  at  Ames  ? 

Mr.  Myers.  This  is  $4.88  million,  Mr.  Chairman. 

Mr.  Morris.  Is  this  a new  facility  ? 

Mr.  Myers.  Yes. 

Mr.  Morris.  Have  you  explored  all  existing  lacilities? 

Mr.  Myers.  Yes,  sir. 


Figure  118 

Mr.  Morris.  Where?  What  studies  did  you  make  in  connection 
with  that  ? 

Mr.  Myers.  We  have  been  working  closely  with  the  Air  Force  and 
Navy  and  Army,  NIH,  and  have  tahen  advantage  of  the  programs 
they  are  able  to  carry  out  for  us.  This  facility  represents  a laboratory 
that  is  not  in  being,  and  which  is  needed  to  carry  out  the  program, 
which  other  services  cannot  handle  for  us.  So  we  have  a very  close 
tie-in  with  the  other  services,  working  in  tbi3  area. 

Mr.  Karth.  This  is  the  first  appropriation  request  for  this  facility, 
is  that  right,  Doctor  ? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Morris.  This  is  your  first  request  for  authorization  for  that,  is 
that  correct  ? 


1958 


1964  NASA  AUTHORIZATION 


Dr.  Bistlinghoff.  fes.  There  is  a program  already  in  existence 
at  Ames,  using  existing  buildings,  and  so  on.  There  are  people  at 
work  at  Ames.  Small  equipment  has  been  purchased  already.  But 
this  is  our  first  request  for  an  actual  facility. 

Mr.  Morris.  Did  this  appear  in  the  line  items  in  your  last  budget  ? 

Dr.  Bisplinghoff.  No,  this  is  new. 

Mr.  Karth.  Didn’t  the  Office  of  Space  Sciences  a year  ago  make 
some  sort  of  request  ? 

Mr.  Morris.  Didn’t  we  turn  it  down  ? 

Dr.  Bisplinghoff.  I am  not  sure. 

Mr.  Myers.  There  was  a facility  proposed,  but  it  was  taken  out  of 
the  budget  before  it  reached  Congress. 

Mr.  Karth.  You  mean  before  it  went  to  the  Bureau  of  the  Budget? 

Mr.'  Myers.  Yes. 

Mr.  Morris.  Didn’t  you  get  one  up  through  the  Bureau  of  the 
Budget,  also,  and  it  was  turned  down  ? 

Mr.  Myers.  There  was  a facility  that  was  in,  but  it  was  repro- 
gramed out.  Y ou  are  correct. 

Mr.  Morris.  Mr.  Chairman,  I think  we  ought  to  take  a real  close 
look  at  this. 

Mr.  Karth.  I wonder  if  you,  for  the  record,  would  supply  us  with 
the  backup  information  on  what  the  facilities  request  was  ? 

Mr.  Myers.  All  right. 

Mr.  Karth.  What  the  authorization  was  ? 

Mr.  Myers.  All  right. 

Mr.  Karth.  What  the  appropriation  was,  and  then  what  the  repro- 
graming of  funds  was. 

Mr.  Myers.  All  right.  We  will  be  glad  to. 

Dr.  Bisplinghoff.  We  will  be  glad  to  do  that. 

Mr.  Karth.  Thank  you. 

(The  information  referred  to  is  as  follows :) 

The  budgetary  history  of  the  proposed  Life  Sciences  Laboratory  for  Ames 
Research  Center  in  fiscal  year  1963  followed  the  normal  course  of  events  in  our 
budgetary  process.  The  facility  was  proposed  by  the  Ames  Research  Center. 
After  NASA  headquarters  consideration  and  decisions  on  the  overall  fiscal  year 
1963  facilities  program  and  subsequent  discussions  with  the  Bureau  of  the 
Budget,  the  need  for  the  facility  was  established  and  its  size,  cost,  and  location 
within  the  Center  were  agreed  upon.  This  facility  became  the  Bioscienee 
Laboratory  mentioned  on  page  922. 

Dr.  Bisplinghoff.  In  the  area  of  human  research  and  performance, 
a number  of  research  pathways  must  be  followed  if  we  are  to  under- 
stand fully  man’s  true  capabilities  in  the  space  environment.  Funda- 
mental studies  of  the  human  heart  and  circulation  are  needed  in  order 
to  develop  and  use  indirect  techniques  for  monitoring  man’s  perform- 
ance in  space.  Studies  planned  for  fiscal  year  1964  include  the  evalua- 
tion of  man’s  performance  under  individual  and  combined  environ- 
mental factors,  such  as  acceleration,  atmosphere,  radiation,  and  mag- 
netic and  electrostatic  fields. 

Pharmaceutics  research,  relative  to  therapeutics  and  prophylaxis, 
previously  limited  to  radiation  protection,  will  be  expanded  to  include 
remedies'  for  counteracting  motion  sickness  and  other  environmental 
stress  factors. 

In  the  field  of  life  support  protective  systems,  feasibility  studies 
on  3-  to  6-month  physical-chemical  systems  under  the  technical  super- 
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vision  of  the  Langley  Research  Center  should  be  completed  early 
in  calendar  year  1964.  Studies  of  a 6-month  to  1-year  systems  are 
expected  to  be  undertaken  shortly  thereafter.  Specific  investigations 
will  also  be  conducted  to  provide  information  on  the  type  of  life 
support  instrumentation  that  should  be  utilized  for  very  long  dura- 
tion flights. 

Mr.  Karth.  Doctor,  if  I may  interrupt  again,  apparently  a great 
deal  of  this  is  dependent  on  tne  Life  Sciences  Laboratory  facility. 
Could  you  give  tne  committee  an  idea  of  what  overall  total  cost  of 
this  facility  is  going  to  be,  and  when  you  expect  to  make  your  last 
request,  what  year,  that  is  ? 

Dr.  Bisplinghoff.  That  is  the  Ames  facility  you  are  speaking  of  ? 

Mr.  Karth.  That  is  right,  the  Life  Sciences  Laboratory  facility 
at  Ames,  what  you  expect  the  overall  cost  of  that  facility  to  be,  and 
when  you  expect  the  total  program  to  have  been  completed. 

Dr.  Bisplinghoff.  I will  ask  Dr.  Konecci,  who  is  in  charge  of  this 
work,  to  answer  the  question. 

Dr.  Konecci.  The  $4.88  million  is  actually  a combination  of  four 
individual  laboratories  comprising  the  life  sciences  facility.  This  is 
really  the  last  appropriation.  It  is  to  get  the  physical  building.  The 
people  are  presently  doing  work  with  equipment  scattered  through 
the  wind  tunnels  and  various  other  places  all  over  Ames  Research 
Center.  We  are  trying  to  bring  them  together  in  one  facility.  This 
is,  in  fact,  the  one,  the  only,  appropriation  for  that  facility.  Of 
course,  they  will  be  using  other  facilities  that  already  exist. 

Mr.  Karth.  But  this  $5  million  request  includes  construction  of 
facilities? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  And  is  a total  cost  for  the  program  ? 

Dr.  Konecci.  Yes.  Of  course,  there  may  be  individual  things 
that  an  individual  might  need  as  part  of  a specialized  research  prob- 
lem but  that  is  not  part  of  this.  Basically,  tne  building,  and  all  that 
is  required  to  operate  that  building,  are  included  in  this  request  . 

I know  the  appropriation  you  are  discussing  for  last  year  was  for 
$900,000,  and  that  was  put  through,  and  it  is  now  a biosciences  build- 
ing that  is  now  being  constructed.  But  that  is  a small  building,  to 
house  just  one  part  of  a laboratory. 

Mr.  Karth.  Where  is  the  building  located  ? 

Dr.  Konecci.  At  Ames,  sir. 

Mr.  Karth.  Is  it  contemplated  you  will  add  to  that  building,  or 
build  a new  building  ? 

Dr.  Konecci.  In  the  Ames  plan,  they  have  located  a site  within 
the  center  of  the  other  facilities,  so  the  life  sciences  people  are  located 
in  the  center  around  the  hangars,  and  so  on. 

Mr.  Karth.  What  does  the  $900,000  building  do  ? 

Dr.  Konecci.  That  is  part  of  the  biosciences  effort  in  basic  biology. 

Mr.  Karth.  It  is  all  part  of  this  problem,  is  it  not? 

Dr.  Konecci.  Yes,  sir,  in  a way.  Actually,  this  involves  exo-biol- 
ogy, the  biotechnology  laboratory  and  the  biomedical  research  facility. 
So  these  are  all  three  together. 

The  housing  requirements  for  the  presently  established  personnel 
and  research  programs  that  are  there,  in  fact,  require  this  kind  of  a 
building  to  bring  these  people  together,  since  they  are  physically  at 
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Ames.  The  equipment  they  are  working  on  in  their  research  program 
is  there. 

I believe  we  could  make  available  for  the  record  a drawing  (fig. 
119)  of  where  they  are  placed,  all  over  the  Ames  facility. 


Figure  119 

(The  information  referred  to  is  as  follows :) 

The  fiscal  year  1963  budget  submission  contained  a Bioscience  Laboratory,  cost 
$924,000,  under  the  Office  of  Space  Sciences.  Funds  were  appropriated  by  Con- 
gress ; $54,000  was  allocated  for  engineering  studies  and  $870,000  for  construc- 
tion. 

The  fiscal  year  1964  budget  submission  contains  a Life  Sciences  laboratory, 
cost  $4,880,000.  The  timing  of  this  request  is  in  consonance  with  the  buildup  of 
the  life  sciences  program.  A nucleus  of  qualified  personnel  are  now  on  board  to 
pursue  life  science  programs  authorized  within  the  NASA  mission.  Pending 
construction  of  this  facility,  the  life  sciences  staff  is  being  housed  in  temporary 
laboratories  equipped  as  necessary  to  conduct  approved  programs.  This  equip- 
ment will  be  moved  from  these  temporary  locations  to  the  proitosed  facility. 
Accordingly,  the  cost  estimate  does  not  request  funding  for  portable  equipment. 

Attached  is  an  aerial  view  of  Ames  Research  Center  annotated  to  show  loca- 
tion of  life  science  activities  and  the  location  of  the  proposed  Life  Sciences 
Laboratory. 

Mr.  Karth.  Any  information  you  could  offer  would  be  of  benefit  to 
the  committee.  Because,  frankly,  we  are  going  to  take  a very  close 
look  at  this  request  for  added  facilities. 

Dr.  Konecci,  Yes,  sir.  I think  I can  give  you  an  example  of  their 
present  problem.  There  is  one  individual  trying  to  do  cellular  work, 
working  in  a room  they  made  for  him  in  a wind  tunnel  building,  and 
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when  they  run  up  the  wind  tunnel,  it  practically  destroys  the  experi- 
ment, because  of  the  vibration.  They  have  requested  outside  rental 
to  house  some  of  the  laboratory  equipment,  with  people.  That  has 
been  refused,  pending  this  facility  request. 

Mr.  Karth.  What  was  that  last  statement? 

Dr.  Konecci.  They  have  requested  from  GSA  to  get  additional 
laboratory  space,  at  least  to  house  the  people  they  have,  with  their 
equipment,  and  let  them  do  their  researcn  on  the  Ames  base,  in  order 
to  have  adequate  space. 

Mr.  Karth.  On  a rental  basis? 

Dr.  Konecci.  Yes.  That  was  turned  down  pending  this - 

Mr.  Karth.  When  would  you  expect  this  to  be  completed,  if  Con- 
gress granted  your  request  ? 

Mr.  Myers.  I think  it  was  an  18-month  construction  time.  I would 
have  to  check  that. 

Mr.  Karth.  So  you  are  in  the  middle  of  1965,  then  ? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  I assume  this  is  to  give  life  sciences  support  to  the 
manned  lunar  landing  program. 

Dr.  Konecci.  The  Ames  people  are  working,  in  fact,  on  the  projects 
associated  with  manned  space  night ; they  work  not  only  for  OSS  and 
OART,  but  also  supporting  the  project  of  the  manned  space  flight; 
yes,  sir. 

Mr.  Karth.  It  would  be  a little  late  for  the  lunar  landing,  wouldn’t 

it? 

Dr.  Konecci.  But  not  for  the  manned  laboratory  in  space,  manned 
orbital  laboratory,  or  the  lunar  base  and  other  programs  that  follow. 

Mr.  Karth.  I am  not  familiar  with  any  of  these  programs. 

Dr.  Konecci.  They  are  not  programs,  sir.  These  are  present  con- 
cepts of  work. 

Mr.  Morris.  "What  do  you  mean?  Are  these  approved  programs 
that  you  are  talking  about? 

Dr.  Konecci.  No,  sir.  No,  sir. 

Mr.  Morris.  "Why  are  you  wanting  to  spend  money  on  somebody’s 
dream?  Before  you  build  facilities,  isn’t  it  customary  to  get  a 
project?  • 

Dr.  Konecci.  No,  sir.  The  facility  is  for  the  present  research  that 
is  being  committed  to  the  laboratory,  sir. 

Mr.  Morris.  Then,  when  you  go  into  these  other  programs  you  will 
need  a new  facility  ? 

Dr.  Konecci.  No,  sir.  This  can  also  answer  the  questions  of 
those 

Mr.  Morris.  Then  is  it  a combination  facility  ? 

Dr.  Konecci.  Yes,  sir. 

Dr.  Bisplinghoff.  I think  in  this  facility,  fundamental  research 
will  be  done  having  as  its  ultimate  objective  the  kind  of  programs  Dr. 
Konecci  mentioned ; there  is  no  intention  that  such  programs  will  be 
worked  on  in  an  active  way  in  these  facilities.  I think  that  is  what 
Dr.  Konecci  is  saying. 

Mr.  Karth.  The  supposition  is  if  we  have  a follow-on  manned  pro- 
gram this  facility  would  then  be  utilized  for  whatever  need  would  be 
required  of  it  in  further  manned  space  programs.  Is  that  it? 


V 


s. 


1962 


1904  NASA  AUTHORIZATION 


Dr.  Bisplinghoff.  It  would  be  partially  used  for  that.  But  I 
would  think  it  would  also  continue  to  be  utilized  for  research,  which 
is  really  a large  part  of  its  function. 

Mr.  Karth.  Research  for  manned  space  programs,  now,  or  just 
plain  raw  medical  research ? What  are  we  talking  about? 

Dr.  Bisplinghoff.  The  ultimate  objective  would  be  manned  space 
flight  programs ; yes. 

Mr.  Karth.  Manned  space  flight  programs? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  So  today  it  would  be  in  support  of  the  manned  lunar 
landing  program,  and  if  there  be  any  follow-on  manned  space  pro- 
grams then,  of  course,  the  facilities  would  be  utilized  to  do  whatever 
work  was  necessary  to  support  those  programs;  is  this  correct? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Mosher.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher. 

Mr.  Mosher.  Would  it  be  fair  to  say  if  the  Apollo  program  makes 
any  sense  at  all,  and  assuming  it  is  successful,  then  there  certainly  will 
be  follow-on  programs ? Couldn’t  we  all  assume  that? 

Mr.  Karth.  I think  that  is  a very  reasonable  assumption.  I was  not 
quite  clear  as  to  the  purpose  of  its  facility.  I think  the  purpose  has 
been  pretty  well  established  now. 

Thank  you,  Doctor. 

Dr.  Bisplinghoff.  We  were  at  the  bottom  of  page  57,  next  to  the 
last  paragraph. 

Under  man-system  integration,  the  program  will  encompass  systems 
studies  of  the  total  man-machine  complex.  These  studies  will  be  aimed 
at  a number  of  objectives  ranging  from  improved  safety  in  aircraft  to 
the  evaluation  by  means  of  simulators  of  man’s  capabilities  to  perform 
tasks  in  space. 

Advanced  concepts  include  the  various  areas  of  biotechnology  and 
human  research  which  could  lead  to  improvement  of  existing  tech- 
niques or  reveal  new  approaches.  For  example,  in  fiscal  year  1964, 
preliminary  studies  on  small  extravehicular  systems  will  provide  some 
of  the  human  factors  related  to  the  transportation  of  man  on  the  lunar 
or  planetary  surfaces. 

A broad  flight  program  has  been  laid  out  to  commence  in  fiscal  year 
1964,  so  oriented  as  to  attack  the  major  biotechnology  problem  areas 
in  both  aeronautical  and  space  application.  This  program  will  even- 
tually encompass  balloon  flights,  ballistic  rocket  flights,  experimental 
aircraft  flights,  and  orbital  flights  based  on  maximum  use  of  existing 
hardware. 

advanced  research  and  technology  related  to  aeronautics 

I have  mentioned  previously  the  matter  of  mutual  benefits  between 
the  aeronautics  and  space  sides  of  our  program. 

Mr.  Karth.  What  kind  of  duplication  with  militaiw  services  does 
that  reference  in  the  previous  paragraph  involve  us  in?  Haven’t  the 
serviced ‘been  doing  a great  deal  of  this  for  a considerable  period  of 
time,  these  ballistic  rocket  flights,  and  so  forth  ? And  don’t  their  pro- 
grams call  for  a substantial  amount  of  that  to  continue  ? 

Dr.  Bisplinghoff.  Yes.  On  the  balloon  flights,  for  example : The 
participation  we  will  have  in  moon  flights  will  be  in  conjunction  with 
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| the  Navy,  a joint  Navy-NASA  effort,  making  use  of  Navy  balloons, 
f Naval  retrieval  systems,  and  would  involve  mainly  putting  our  experi- 
i ments  into  their  systems. 

" Mr.  Karth.  What  we  might  term  a “jointly  funded  venture?” 

t Dr.  Bisplinghoff.  Yes,  sir. 

I Mr.  Karth.  Experimental  aircraft  flights,  how  about  them? 

$ Dr.  Bisplinghoff.  Here  they  are  largely  connected  with  the  X-15 

i program,  a joint  NASA-Air  Force  venture.,  of  course,  and  certain  work 

we  plan  to  do  on  vertical  or  very  short  takeoff  and  landing  aircraft, 
which  are  supplied  to  us  by  the  military  services. 

So  I believe  in  all  cases  here  you  would  find  a very  close  relationship 
| between  us  and  the  military  services. 

Mr.  Morris.  Mr.  Chairman. 

What  about  ballistic  rocket  flights  ? Is  this  going  to  be  involved  on 
guidance  and  reentry  of  vehicles  f 

Dr.  Bisplinghoff.  Yes.  This  is  an  area  we  have  not  formulated  in 
detail  yet.  But  I can  say  anything  we  would  do  here  would  be  as  indi- 
cated on  the  last — in  the  last  phrase,  “maximum  use  of  existing  hard- 
ware.” We  have  no  intention  of  cranking  up  any  special  program  of 
our  own  in  this  connection. 

Dr.  Konecci,  maybe  you  can  give  an  example  of  this. 

Dr.  Konecci.  Yes,  sir.  We  were  told  there  are  possibilities  of  put- 
ting on  piggyback  experiments,  for  instance,  on  Gemini  and  Apollo, 
where  we  might  want  to  perform  a very  simple  experiment  on  the 
human. 

On  the  ballistic  flights  presumably  there  are  available  a few  pounds 
of  payload  on  military  vehicles.  We  would  try  to  put  one  on  and  not 
pay  for  the  vehicle.  ... 

Mr.  Morris.  Unless  they  are  misinforming  me,  there  is  certainly  not 
going  to  be  a pound  on  Gemini  for  any  hitchhikers. 

Dr.  Konecci.  They  are  establishing  a committee  for  review,  and  if 
the  experiments  are  pertinent  to  the  Gemini  program,  so  that  that  is 
the  prime  objective,  or  to  Apollo — and  this  is  one  of  the  reasons  we 
are  trying  to  back  them  up  with  advanced  equipments  or  experi- 
ments— they  will  try  to  put  them  on.  Sometimes  these  things  only 
weigh  a few  ounces. 

Dr.  Bisplinghoff.  A pound  might  do  it  for  us. 

Mr.  Morris.  And  a pound  might  break  Gemini’s  back,  unless  they 
get  the  extension  they  are  in  process  of  studying. 

Mr.  Karth.  I understand  some  of  these  experiments  would  be  life 
support  type  of  experiments,  what  must  we  do  to  keep  a man  alive, 
for  example? 

Dr.  Konecci.  That  is  very  true. 

Mr.  Karth.  And 'I  suppose  that  is  important  essentially  for  Apollo. 

Dr.  Konecci.  Yes.  We  have  a contract  proposal  out  for  a 6 months 
life  support  system.  Unless  you  want  a closed  session,  I couldn’t  give 
the  details  of  who  is  being  considered.  Boeing  has  a contract  with 
our  organization  for  a 30-  to  60-day  five-man  life  support  system  on 
the  ground,  but  it  is  an  advanced  sodium  superoxide  system  that  will 
be  demonstrated  in  June  of  this  year. 

There  are  principles  of  it,  for  example,  gas  phases,  whether  oxygen 
will  evolve  during  weightlessness,  that  would  involve  very  small  light 
experiments. 
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Mr.  Karth.  What  do  you  anticipate  the  cost  of  this  broad  flight 
program  to  be? 

Dr.  Konecci.  We  are  talking  about — oh,  probably  around  $5  mil- 
lion to  start  with,  sir.  Some  of  these  will  continue  for  a few  years. 
We  are  part  of  the  OSS  request  for  the  biosatellite  program,  if  this 
comes  about.  In  other  words,  it  is  aioint  effort  to  try  to  utilize,  again, 
one  vehicle  for  experimentation.  We  will  provide  them  with  the  life 
support  system. 

Mr.  Karth.  You  anticipate  this  program  to  cost  approximately  $5 
million  a year  for  the  next  few  years,  is  that  what  you  are  saying? 

Dr.  Konecci.  I would  think  so,  sir,  yes;  again,  unless  added  re- 
quirements are  set  down. 

Mr.  Morris.  Have  you  considered  using  any  of  these  J upiter  or  Thor 
missiles  that  they  are  dismantling,  or  intend  to  dismantle  if  they  have 
not  started 'already? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Morris.  Which  might  be  a saving  in  connection  with  some  of 
these  programs? 

Dr.  Konecci.  Yes,  sir.  The  Ames  Research  Center  has  done  a com- 

?lete  series  of  studies  and  recommendations  were  made  to  Dr.  Seamans 
rom  the  Scout  vehicle,  through  the  Thor,  Thor-Deltas,  Agenas,  and 
the  various  ones.  That  is  wny  they  have  the  present  study  out  on 
contract  to  determine  what  would  be  the  best  all-around  vehicle. 

They  have,  studied  utilization  of  Mercury  capsules,  how  could  you 
modify  them*  and  save  all  the  technology  as  well  as  the  capsule.  I am 
not  prepared  at  the  moment  to  give  all  of  the  details.  That  could  be 
made  available  to  you. 

Mr.  Morris.  What  did  they  say?  Did  they  think  it  might  be 
feasible? 

Dr.  Konecci.  The  problem  comes  down  to,  you  could  use  them  now, 
but  we  would  have  the  same  problem  we  have  had  in  other  programs, 
of  not  enough  growth  factor  to  take  care  of  future  requirements;  and 
Dr.  Seamans  wanted  to  have  it  studied,  so  if  you  do  perform  a pro- 
gram for  several  years,  you  are  not  limited  by  just  present  technology. 
Mr.  Morris.  Thank  you. 

Mr.  Karth.  Doctor,  you  may  proceed. 

Dr.  Bisplinghoff.  Thank  you. 

The  early  foundation  laid  by  aeronautics  for  space  technology  can 
be  easily  identified.  In  fact,  the  impact  of  aeronautics  on  other  areas 
of  transportation  such  as  rail,  automotive,  and  marine  can  also  be 
shown.  It  is  not  nearly  so  easly  to  demonstrate  the  fallout  from  the 
rapidly  developing  space  technology,  and  the  truly  significant  in- 
fluences can  probably  only  be  identified  in  retrospect.  However,  guid- 
ance and  control,  materials,  structures,  fuels,  and  biotechnology  will 
unquestionably  influence  the  efficiency  and  safety  of  aeronautical  ve- 
hicles of  the  future. 

The  NASA  aeronautical  programs  are  being  continued  in  the  estab- 
lished framework  of  theoretical  and  experimental  research  activity 
of  the  NASA  Research  Centers  and  are  primarily  in-house  effort.  The 
detailed  objectives  of  the  program  change  to  suit  national  needs  as 
far  as  such  needs  are  apparent  or  can  be  envisioned. 

On  figure  120  I have  attempted  to  illustrate  the  scope  of  the  current 
NASA  aeronautical  research  program.  At  the  top  left  of  the  chart 
an  artist’s  conception  of  a hypersonic  airbreathing  vehicle  is  shown 
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Piquu  120 

to  symbolize  the  comprehensive  program  of  hypersonic  research  that 
is  just  getting  underway  in  cooperation  with  the  Air  Force. 

At  the  top  right  of  the  c tart  is  illustrated  the  X-15  which  is  well 
known  to  you  and  which  will  continue  as  an  active  program  in  fiscal 
year  1964.  In  the  center  of  the  chart  two  concepts  of  the  supersonic 
transport  are  shown.  The  supersonic  transport  program  as  you  know 
is  a joint  FAA/NASA/DOD  effort.  NASA  research  support  of  this 
program  will  be  expanded  in  fiscal  year  1964. 

Mr.  Karth.  By  how  much,  Doctor? 

Mr.  Myers.  We  will  have  to  explain  this  a little,  Mr.  Chairman, 
because  there  is  an  overall  expansion  in  the  program.  We  break  out 
our  program  in  general  research,  which  applies  to  the  supersonic 
transport,  and  then  we  have  certain  items  definitely  done  just  for 
the  supersonic  transport,  that  we  identify  as  such,  and  the  R.  & D. 
funds  in  that  actually  decrease,  but  the  overall  increases  for  the  year, 
I will  have  to  work  the  figure  out  and  get  it  in  terms  of  supersonic 
transport  for  you,  because  the  in-house  program  is  actually  increas- 
ing, and  part  of  the  contract  program  is  actually  decreasing. 

Mr.  Karth.  What  area  of  research  on  the  supersonic  aircraft  are 
you  intending  to  expand?  I suppose  there  are  several  areas,  but  what 
areas  do  you  expect  to  increase  or  decrease  ? 

Dr.  Bisplinohoff.  The  one  area  that  we  are  very  active  in  now  is 
a contract  which  we  have  just  let  with  the  Boeing  and  Lockheed  com- 
panies to  make  feasibility  studies  of  four  types  of  supersonic  trans- 
portation configurations  that  have  been  developed  by  the  Langley 
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and  Ames  Research  Centers.  By  “feasibility  studies,”  we  mean  studies 
to  evaluate  these  designs  and  see  what  their  structural  weights  might 
be,  what  kind  of  performances  they  might  have  if  they  have  certain 
structural  weights,  and  in  general,  whether  these  designs  would  be 
feasible  for  construction. 

Mr.  Karth.  Yes;  but  your  request  for  loads  and  structures  has  de- 
creased 33  percent  from  last  year. 

Dr.  Bisplinghoff.  This  is  funded  in  this  year  and  will  be  a one- 
shot  proposition,  and  that  will  be  the  end  . of  that,  so  there  is  a de- 
crease in  effort  in  this  particular  area. 

Mr.  Karth.  Right.  Where  do  you  expect  to  have  the  increases? 

Dr.  Bisplinghoff.  There  will  be  an  increase  in  effort  in  aerody- 
namics between  1963  and.  1964.  Here  we  are  concerned  with  pursuing 
further  our  work  on  the  effects  of  variable  sweep,  for  example.  One 
of  the  biggest  concerns  we  have  in  the  supersonic  transport  is  the 
sonic  boom,  this  is  another  area  where  we  want  to  increase  our  effort. 

Mr.  Karth.  Has  the  DOD  effort  also  increased  in  that  particular 
area  this  year?  I am  trying  to  ascertain  whether  or  not  we  are  just 
taking  turns  in  increasing  certain  areas  of  support.  What  is  DOD 
doing  in  this  area  in  fiscal  1964?  Are  they  also  increasing  their 
request  ? 

Dr.  Bisplinghoff,  To  the  best  of  my  knowledge,  they  are  not. 

Mr.  Karth.  Are  they  decreasing  it ; do  you  know,  Doctor  ? 

Dr.  Bisplinghoff.  The  FAA,  NASA,  and  DOD,  have  a joint  group 
which  sits  together  to  determine  the  total  research  program  for  the 
supersonic  transport. 

Mr.  Karth.  But  the  FAA,  having  most  of  the  responsibility  in 
this  area,  if  not  all  of  it,  just  a few  years  ago,  is  not  even  asking  for 
funds  for  fiscal  year  1964  in  this  program  ? 

Dr.  Bisplinghoff.  Yes,  sir.  I am  aware  of  that. 

Mr.  Karth.  But  NASA  is? 

Dr.  Bisplinghoff.  Yes,  sir;  NASA  is.  This  joint  group  has  to- 
gether determined  what  the  total  research  program  should  be  on  the 
supersonic  transport  in  the  past  couple  of  years. 

Mr.  Karth.  Why  do  we  feel  it  is  easier  for  NASA  to  get  the  money 
than  it  is  for  FAA  to  get  the  money?  Is  there  some  kind  of  theory 
that  is  adopted  here  by  the  joint  FAA-DOD-NASA  group? 

Dr.  Bisplinghoff.  N ASA  has  always  carried  on  a modest  program 
in  this  area. 

Mr.  Karth.  But  it  has  been  kind  of  a supporting  program  to  the 
FAA. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  This  year  you  are  proposing  we  carry  the  program. 
And  FAA,  I don’t  know  what  they  might  provide,  maybe  a little 
technical  assistance,  but  they  are  not  even  asking  for  funds. 

Dr.  Bisplinghoff.  It  is  my  feeling  the  reason  they  have  not  asked 
for  funds  is  that  when  the  decision  is  made  by  Mr.  Halaby  as  to 
whether  he  wishes  to  ask  the  President  for  money  to  develop  an 
actual  supersonic  transport,  then  the  request  will  be  made  at  that 
time. 

; Mr.  Karth.  But  this  is  not  a new  program.  You  mean  Mr.  Halaby 
is  just  thinking  about  whether  or  not  it  is  important  enough  to  ask 
for  funds  ? 
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Dr.  Bisflinghoff.  This  is  going  from  a research  stage,  which  we 
have  been  in,  to  an  actual  request  for  money  to  develop  the  actual  % 

flight  article. 

Mr.  Karth.  So  FAA  is  not  really  sure  yet  as  to  whether  or  not 
they  should  request  funds  for  this  program  ? 

Dr.  Bisflinghoff.  Yes,  sir. 

Mr.KARTH.  But  NASA  is  sure  they  should. 

Dr.  Bisflinghoff.  Yes,  sir.  We  feel  we  should  continue  our  much 
more  modest  program  of  research  on  the  supersonic  transport. 

Mr.  Karth.  What  did  FAA  ask  for  fiscal  year  1963  in  this  pro- 
gram, do  you  know  ? 

Mr.  Myers.  I think  around  $20  million. 

Mr.  Karth.  What  is  our  request  ? 

Mr.  Myers.  Our  request  for  research  on  the  supersonic  transport 
specifically  is  $3.79  million. 

Mr.  Morris.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Morris,, 

Mr.  Morris.  Do  you  have  any  idea  about  what  percentage  of  the 
budget  of  your  office  is  budgeted  for  areonautical  research? 

Mr.  Myers.  Yes,  sir ; we  can  give  you  that  figure.  It  is  slightly  less 
than  10  percent. 

Mr.  Morris.  Slightly  less  than  10  percent. 

Mr.  Myers.  Out  of  $508  million,  we  are  talking  of  $45  million  for 
aeronautics. 

Mr.  Karth.  How  much  money  is  DOD  requesting  in  their  fiscal 
year  1964  budget  for  supersonic  transport  research  ? 

Dr.  Bisplinghoff.  To  the  best  of  my  knowledge,  there  is  no  specific 
request  anywhere  in  the  DOD  budget  for  supersonic  transport. 

Mr.  Karth.  What  are  they  going  to  supply?  You  said  this  is  a 
joint  effort.  What  will  DOD  supply  ? 

Dr.  Bisplinghoff.  DOD  has  supplied  the  contractual  mechanism 
for  letting  out  the  contracts  on  these  research  programs,  and  also  their 
technical  staff  has  been  involved. 

Mr.  Karth.  Let  me  see  if  I understand  you  properly.  NASA 
is  requesting  the  funds  and  DOD  is  proposing  to  tell  them  how  to 
spend  it.  Is  that  what  you  are  saying  ? 

Dr.  Bisplinghoff.  No,  sir.  Let  me  go  back  a minute  and  let  me 
explain : In  the  spending  of  the  FAA  funds,  in  1963,  which  amounted 
to  some  $20  million,  a joint  NASA-DOD-FAA  committee  determined 
how  the  funds  should  be  spent,  and  the  funds  were  funneled  out 
through  the  DOD  contracting  organization  at  Wright  Field. 

In  addition  to  this  $20  million,  there  was  some  $4,287  million  spent 
independently  by  NASA  last  year,  which  was  coordinated  with  what 
was  done  by  this  other  group,  but  funneled  through  the  NASA’s 
contracting  agency,  and  technically  monitored  entirely  by  NASA 
people. 

Now,  if  the  DOD — or,  if  the  FAA  drops  this  money  out  of  its 
budget,  the  only  money  for  research  will  be  what  we  are  doing  our- 
selves in  1964. 

Mr.  Karth.  This  is  the  interesting  question  that  keeps  cropping 
up  in  my  mind,  Doctor:  Why  does  the  FAA,  which  is  really  admin- 
istratively responsible  for  this  area  of  research  and  technological  ad- 
vancement, why  do  they  feel  apparently  that  this  is  unimportant 
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enough  not  to  request  funds  for  the  purpose,  and  NASA,  on  the  other 
hand,  that  I guess  is  really  administratively  responsible  for  more 
things  other  than  that,  feel  it  is  important  enough  to  request  funds. 

Dr.  Bisplinghoff.  We  feel  we  are  responsible  for  research  in  this 
area. 

Mr.  Karth.  You  are  saying  NASA,  in  line  with  the  true  intent  of 
the  Organic  Act  of  1958,  is  assuming  research  responsibility  in  this 
area? 

Dr.  Bisplinghoff.  Yes,  sir.  We  intend  to  continue  the  level  of 
research  we  think  is  appropriate  to  this  area. 

Mr.  Karth.  Thank  you,  Doctor.  I guess  it  was  the  question  we 
were  on,  I couldn’t  understand  it. 

Dr.  Bisplinghoff.  It  is  a complicated  business. 

Mr.  Mosher.  To  what  extent  does  FAA  have  research  facilities  in 
this  area  ? 

Dr.  Bisplinghoff.  They  have  no  research  facilities  in  this  area. 

Mr.  Morris.  So  any  research  they  want  done  they  refer  to  you  ? 

Dr.  Bisplinghoff.  Much  of  the  research  that  was  done  with  the 
$20  million  budgeted  through  FAA  was  done  by  outsiders,  universities, 
and  so  on. 

Mr.  Mosher.  When  FAA  is  contemplating  such  research  contracts 
with  outsiders,  do  they  first  consult  with  you  folks  ? 

Dr.  Bisplinghoff.  Yes.  As  I said,  the  decision  was  made  by  a 
joint  FAA-NASA-DOD  steering  committee. 

Mr.  Chenoweth.  Would  the  gentleman  yield  ? 

Mr.  Mosher.  Yes. 

Mr.  Chenoweth.  Has  the  Joint  Committee  decided  now  to  do 
nothing  further? 

Dr.  Bisplinghoff.  The  Joint  Committee  is  still  in  existence  and  as 
far  as  I know,  continues  to  meet. 

Mr.  Chenoweth.  What  is  the  function  of  the  Joint  Committee? 

Dr.  Bisplinghoff.  It  was  formed  to  advice  Mr.  Halaby  on  all  as- 
pects of  the  supersonic  transport,  including  the  distribution  of  these 
research  funds.  It  will  continue  to  advise  Mr.  Halaby  on  these 
matters. 

Mr.  Chenoweth.  But  I don’t  understand  why  there  is  this  lack  of 
interest  on  the  part  of  FAA  and  DOD,  yet  you  insist  on  going  ahead. 
This  would  be  developed  for  other  uses,  certainly ; it  wouldn’t  be  pri- 
marily and  essentially  a NASA  function,  as  I see  it. 

Dr.  Bisplinghoff.  I don’t  think  the  lack  of  request  in  the  budget 
by  FAA  reflects  lack  of  interest  on  their  part.  I think  there  is  a delay 
on  Mr.  Halaby’s  part  until  he  gets  results  of  studies  being  made  by  the 
Stanford  Research  Institute  and  Rand,  indicating  to  him  the  economic 
feasibility  of  such  advice. 

If  in  his  opinion,  these  studies  show  favorable  results,  it  is  my  feel- 
ing he  will  ask  the  President  or  Congress  for  a sum  of  money  to  start 
developing  this  airplane. 

Mr.  Chenoweth.  Should  we  postpone  further  work  until  he  reaches 
a conclusion? 

Dr.  Bisplinghoff.  No,  sir.  I think  the  NASA  research  should  be 
continued.  We  believe  the  supersonic  transport  will  eventually  come 
into  being. 

Mr.  Chenoweth.  It  is  something  FAA  and  DOD  would  have  more 
interest  in,  as  I see  it. 
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Dr.  Bisplinghoff.  We  feel  we  are  responsible  for  the  basic  research 
in  this  area.  DOD  has  little  interest  in  that. 

Mr.  Mosher.  The  ultimate  recommendation  to  Congress  will  be 
really  from  the  White  House  ? 

Dr.  Bisplinghoff.  Yes,  sir.  Yes,  sir. 

The  lower  portion  of  the  chart  illustrates  VTOL  or  STOL  aircraft 
as  they  could  De  used  for  intercity  transports  to  augment  longer  range 
aircraft  as  part  of  an  integral  transportation  system.  There  is,  of 
course,  great  military  interest  in  such  aircraft  ior  logistics  support. 

Mr.  Morris.  Doctor,  I saw  a television  program  the  other  day, 
demonstrating  a British  aircraft  that  apparently  they  have  already 
developed  this  technique  of  takeoff  and  landing  on  very  short  runways, 
and  hover  techniques. 

Dr.  Bisplinghoff.  Yes,  the  British  have  been  very  active  in  this 
field.  The  technique  has  been  developed  by  a number  of  people  and 
a number  of  machines  exist  that  allow  us  to  take  off  vertically  or  take 
off  and  land  in  short  distances,  both  by  means  of  jets  and  by  means  of 
rotors. 

The  big  question  is,  though : Can  you  do  it  economically  in  a trans- 
portation system?  Much  of  our  effort  lately  has  been  directed  to 
narrowing  down  the  many  ideas  that  have  been  proposed  for  this 
technique  into  just  a few  ideas  which  have  some  economic  future, 
that  may  be  used  for  this  short  haul,  intercity  transportation. 

The  military,  of  course,  are  not  so  much  interested  in  economics  as 
the  airlines.  But  we  have  given  a lot  of  thought  lately  toward 
trying  to  get  this  thing  to  the  place  where  it  can  be  used  in  our  trans- 
portation systems. 

Mr.  Morris.  Thank  you,  Doctor. 

Dr.  Bisplinghoff.  The  point  this  chart  illustrates  is  that  our 
aeronautical  research  program  encompasses  the  speed  range  from 
hovering  to  hypersonic  speeds  and  the  altitude  range  from  the  surface 
of  th  e earth  to  the  fringes  of  the  atomsphere. 

I have  illustrated  the  scope  of  our  aeronautics  program  by  sketches 
of  vehicles  and  I will  talk  more  of  these  later  but  I would  like  first 
to  turn  to  the  aeronautics  building  blocks.  As  indicated  on  figure 
121,  these  are  aerodynamics,  loads  and  structures,  propulsion,  and 
operating  problems.  It  is  these  building  blocks  that  provide  a foun- 
dation of  technology  which  permits  the  development  of  new  vehicles  or 
the  improvement  of  existing  vehicles. 

Aerodynamics:  Aerodynamics  research  in  fiscal  year  1964  will 
continue  to  provide  a basis  for  the  Nation’s  competitive  progress  in 
aeronautical  vehicle  systems.  The  studies  in  aerodynamics  are  di- 
rected at  an  understanding  of  the  problems  associated  with  both 
military  and  civil  aircraft  for  flight  at  subsonic,  supersonic,  and 
hypersonic  speeds.  Particular  emphasis  is  now  being  placed  in  the 
latter  area.  The  objective  is  to  provide  the  technology  necessary  for 
the  development  of  vehicles  for  sustained  hypersonic  flight.  This  is 
considered  to  be  the  next,  frontier  in  aeronautics.  The  potential  of 
such  a vhicle  lies  in  hypersonic  reconnaissance  or  bombing  capabilities 
from  the  outer  fringe  of  the  atmosphere  and  in  hypersonic  transports. 
There  is  also  a great  economic  incentive  to  develop  recoverable  hyper- 
sonic air-breathing  boosters. 

Mr.  Karth.  May  I interrupt,  to  better  understand  what  you  are 
doing? 
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Figure  121 

Dr.  Bisplinghoff.  Certainly. 

Mr.  Karth.  I notice  in  the  distribution  of  R.T).  & O.  funds,  by  major 
project  and  location  on  these  very  questions,  we  are  talking  about,  that 
is  the  V/STOL  aircraft,  supersonic  transport,  and  the  X-15  research 
aircraft,  we  have  so  many  dollars  requested  tor  headquarters.  Let’s 
talk  about  the  supersonic  transports  as  a specific  item.  Headquarters, 
$1,148,000.  Langley  Research,  roughly  $2 y2  million.  Ames  Re- 
search, roughly  $314  million.  And  Lewis  Research  Center,  roughly 
$1  million. 

Mr.  Karth.  Why  are  we  spending  money  on  this  specific  item  in 
all  of  these  different  areas?  I mean,  should  we  not  concentrate  our 
effort  in  one  research  center  so  that  the  whole  technical  team  can  be 
working  together  and  toward  a common  objective?  That  way  we 
are  positive,  No.  1,  that  there  is  no  duplication,  but,  No.  2y-probably 
even  more  important— so  that  everyone  is  in  constant,  daily,  hourly 
communication  with  each  other  and  assured  of  the  fact  they  are  all 
going  down  the  same  road  ? 

Why  aren’t  we  doing  that?  There  is  some  request  in  this  budget 
to  do  that,  because  they  say  it  is  impractical  to  do  it  here,  there,  and 
all  over. 

Yet,  here  you  say  we  are  doing  it  that  way.  Could  you  explain 
the  reason  for  that  ? 

Dr.  Bisplinghoff.  In  the  various  disciplines  that  underlie  the  su- 
personic transport  these  various  disciplines  just  don’t  have  the  overall 
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strength  in  only  one  of  our  Centers.  For  example,  in  the  propulsion 
and  materials  areas,  our  strongest  laboratory  is  Lewis.  The  materials 
part  of  the  supersonic  transport  is  a very  critical  part  of  the  thing. 
If  it  is  to  be  economically  feasible,  it  must  have  about  a 30,000-hour 
life,  and  we  simply  do  not  have  knowledge  of  how  materials  behave 
over  these  long  periods  of  time  under  cyclic  temperature  variations, 
so  the  Lewis  Laboratory  has  been  using  the  materials  group  to  evaluate 
various  candidates  for  the  materials  of  supersonic  transport  airplanes. 

We  have  no  other  capability  within  the  NASA  to  do  that,  and  we 
must  give  it  to  the  Lewis  Lab. 

On  the  business  of  airbreathing  propulsion,  some  fairly  significant 
advances  must  be  made  beyond  the  subsonic  jets  and  the  supersonic 
jets  that  the  military  use,  in  order  to  get  a jet  engine  for  supersonic 
flight.  The  Lewis  Laboratory  has  taken  part  in  this. 

At  the  Flight  Research  Center  we  have  assigned  them  work  be- 
cause any  flight  simulation  work  we  can  do  is  best  done  from  the 
Flight  Research  Center  where  the  capabilities  for  flying  high-per- 
formance aircraft  exist. 

Mr.  Morris.  Doctor. 

Dr.  Bisplinghoff.  Yes,  sir.  » 

Mr.  Morris.  What  do  you  mean  by  the  “capabilities  for  flying?” 

Dr.  Bisplinghoff.  We  have  our  pilots,  who  <are  experienced  in  fly- 
ing high-performance  airplanes.  We  have  a center  which  is  oriented 
toward  the  getting  of  flight  test  data,  and  specifieially  what  we  are 
going  to  do  here  is  take  an  existing  jet  airplane,  Jet  Star,  and  build 
into  it  the  computers  that  will  give  this  Jet  Star  the  kind  of  capabil- 
ity and  control  characteristics  that  a supersonic  transport  would  ac- 
tually have.  Our  pilots  will  fly  this  and  get  experience  in  the  han- 
dling properties  of  such  an  airplane. 

We  feel  that  the  best  possible  place  to  do  this  is  at  the  Flight  Re- 
search Center. 

Mr.  Morris.  Where  is  that? 

Dr.  Bisplinghoff.  Edward  Air  Force  Base.  The  Langley  and 
Ames  Laboratories  have  in  a sense,  some  overlapping  capabilities, 
especially  in  the  field  of  aerodynamics,  due  to  the  fact  they  both  grew 
up  as  part  of  the  NACA  laboratory  arrangement. 

In  the  field  of  aerodynamics,  we  asked  the  Langley  Laboratory  to 
work  on  the  concepts  of  variable  sweep  in  this  supersonic  transport 
development,  and  we  asked  the  Ames  Laboratory  to  work  on  the 
aerodynamic  concepts  of  nonvariable  sweep,  and  so  we  came  up  with 
four  aerodynamic  designs,  two  of  which  originated  from  Ames,  two 
of  which  originated  from  Langley,  and  these  were  the  aerodynamic 
designs  that  were  made  a part  of  our  feasibility  studies  that  are  being 
carried  out  by  the  industry. 

Mr.  Karth.  You  are  not  doing  everything  then  within  the  frame- 
work of  one  discipline  and  one  research  center  ? 

Dr.  Bisplinghoff.  No,  they  are  all  complementary. 

Mr.  Karth.  Are  any  of  of  them  duplicative  ? 

Dr.  Bisplinghoff.  No,  sir ; there  is  no  duplication  within  these. 

Mr.  Karth.  Just  complementary  ? 

Dr.  Bisplinghoff,  Yes.  I would  like  to  add  the  structures  part  of 
the  work  is  done  at  Langley,  where  unique  capability  exists. 

Mr.  Karth.  How  about  propulsion,  where  is  that  done? 
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Dr.  Bisplinghoff.  At  the  Lewis  Laboratory. 

Mr.  Mosher.  Do  I judge  these  are  historical  developments,  that 
these  capabilities  developed  in  different  spots  because  of  other  and 
older  projects,  and  therefore  their  geographic  location  is  determined 
by  the  history  of  NASA’s  development  and  its  predecessor 
development? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Mosher.  Ideally,  if  you  were  just  now  establishing  these  facili- 
ties, you  might  well  concentrate  them  in  one  spot  and  cut  down  the 
cost  of  organizational  buildings,  that  sort  of  thing  j but  given  the 
present  situation  the  practicalities  forbid  that,  is  that  it  ? 

Dr.  Bisplinghoff.  That  is  right.  These  laboratories  developed 
with  the  kinds  of  strengths  I have  outlined,  throughout  the  history 
of  the  NACA,  and  four  laboratories  that  were  mentioned  were,  of 
course,  the  fotir  NACA  laboratories  inherited  by  the  NASA. 

Mr.  Karth.  I am  not  sure  what  you  have  said  makes  sense  to  me, 
as  far  as  the  figures  are  concerned.  It  appears  to  me  your  reauest 
for  propulsion  in  this  area  has  gone  up  quite  considerably,  about 
200-percent  increase,  I guess,  and  if  Lewis  does  this  I am  a little 
surprised  not  to  see  the  funds  there.  Where  is  the  money  going? 

Dr.  Bisplinghoff.  At  the  present  time  the  Lewis  Laboratory  air- 
breathing  propulsion  work  has  gone  way  down  because  of  its  efforts 
in  other  directions. 

Mr.  Karth.  But  they  are  experts. 

Dr.  Bisplinghoff.  Yes,  they  are  the  experts. 

Mr.  Karth.  If  they  are  the  experts,  and  this  is  one  of  the  reasons 
we  are  spreading  this  supersonic  transport  money  around  the  whole 
complex  of  research  laboratories  of  NASA,  why  don’t  I find  it  at 
Lewis  Research  Center,  in  your  proposal  ? 

Dr.  Bisplinghoff.  We  are  attempting  to  get  the  Lewis  Laboratory 
back  into  the  air-breathing  propulsion  area  more  than  it  is. 

Mr.  Karth.  Where  are  you  going  to  spend  the  funds  for  1964  that 
you  are  requesting  ? 

Dr.  Bisplinghoff.  I believe  a fair  amount  of  that  will  go  out  on 
contract. 

Could  you  tell  us  about  that  ? 

Mr.  Myers.  I think  what  you  are  getting  at  is  what  are  we  doing 
under  the  classification  of  air-breathing,  propulsion  work.  You  will 
see  funds  at  Ames  and  Langley,  and  that  is  for  inlet  and  exit  work, 
related  to  propulsion,  to  get  the  efficient  inlets  and  exits  that  you 
must  have,  which  are  geared  into  the  aerodynamics  program,  but 
specifically  related  to  the  air-breathing  propulsion. 

Mr.  Karth.  Oh,  I have  no  quarrel  with  it.  I thought  it  was  being 
done  at  one  center  or  another  because  the  center  had  the  capability. 
My  question  is:  Why  do  we  spread  this  money  around?  And  the 
doctor  gave  me  an  answer,  but  the  figures  do  not  bear  out  the  answer 
the  doctor  gave  me. 

Mr.  Myers.  Mr.  Karth,  which  figure  were  you  questioning  ? 

Mr.  Karth.  I understood  the  doctor  to  say  Lewis  Research  Center 
was  doing  research  on  propulsion.  The  reason  they  were  doing  the 
propulsion  work  is  because  they  had  the  capability.  I don’t  argue 
that  point.  But  then  my  question  is:  Why  aren’t  they  getting  the 
money  ? 
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For  Lewis  Research  I see  a request  here  only  for  disposition  of 
funds,  $998,000. 

Mr.  Myers.  For  Lewis. 

Mr.  Karth.  That  is  right.  That  certainly  doesn’t  include  all  the 
money  you  are  asking  for  in  the  field  of  propulsion  for  the  supersonic 
transport ; not  by  a long  shot. 

Mr.  Myers.  Well,  Lewis  is  doing  the  studies  on  the  supersonic  pro- 
pulsion engines,  that  is  their  effort. 

Mr.  Karth.  Where  is  the  rest  of  the  money  going  for  propulsion 
in  the  supersonic  transport  field  ? 

Mr.  Myers.  I can  run  down  this  for  you,  if  you  would  like.  In  the 
subsonic  and  transonic  propulsion  systems,  which  are  part  of  this, 
the  work  is  going  to  Langley  and  Ames  for  inlet  and  exit  studies.  This 
includes  also  some  contract  for  low  pressure  and  low  temperature 
combustion  studies. 

Mr.  K '.rth.  Mr.  Mosher  ? 

Mr.  Mosher.  The  answer  is  that  the  capability  exists  there,  not  at 
Lewis ; is  that  the  point  ? 

Mr.  Karth.  No,  the  answer  was  previously  given  that  Lewis  had 
the  capability  for  doing  propulsion  research.  That  is  fine.  But  my 
question  is : Why  aren’t  they  getting  the  funds  for  it  ? All  of  a sudden 
now  we  have  a capability  somewhere  else,  too. 

Dr.  Bisplinghoff.  Mr.  Myers  pointed  out  that  we  have  included 
under  “Propulsion”  inlet  and  exit  studies  of  the  engine.  This  is 
primarily  an  aerodynamics  problem. 

Mr.  Karth.  I am  confused  enough.  All  I want  to  know  is  why,  as 
long  as  Lewis  is  the  center  that  has  the  expertise  in  propulsion,  why 
aren’t  they  getting  the  money  you  are  asking  for  that  in  tne  fiscal  year 
1964  budget. 

Mr.  Myers.  They  are  getting  the  money,  and  they  are  going  to  use 
it  for  the  cycling  studies  in  conjunction  with  the  air-breathing  pro- 
pulsion systems  plus  lubricants  and  bearings  associated  with  the  super- 
sonic transport  at  high  temperatures,  and  that  is  another  capability 
they  have,  to  work  on  these  problems;  it  is  all  part  of  the  air-breath- 
ing engine  research  program. 

Mr.  Karth.  You  are  asking  for  air-breathing  propulsion  for  fiscal 
year  1964,  $5,550,000.  Lewis  Research  Center,  for  the  supersonic 
transport— -and  the  figures  I have  talked  to  you  about  are  supersonic 
transport — $998,000  plus  $1.7  million  for  supporting  research  and  tech- 
nology, substantially  less  than  you  are  requesting.  Then  on  “Pro- 
pulsion” for  the  X-15  you  are  asking  for  $140,000 ; propulsion  for  the 
V/STOL,  you  are  asking  for  $175,000.  This  gives  a grand  total  of 
over  $3  million,  but  Lewis  is  only  getting  $2%  million. 

The  rest  of  this  money  is  being  budgeted  for  private-industry  con- 
tract purposes ; is  that  what  the  answer  is  ? 

Dr.  Bisplinghoff.  No.  As  we  mentioned,  these  inlet  and  exit 
studies  have  been  included  under  “Propulsion,”  and  we  feel  they  are 
better  done  at  Langley  and  Ames. 

Mr.  Karth.  But  we  have  also  an  aerodynamics  breakdown. 
Shouldn’t  they  have  been  more  properly  in  there? 

Dr.  Bisplinghoff.  That  is  a good  point.  Perhaps  they  should  have 
gone  into  aerodynamics. 

Mr.  Morris.  Is  it  possible  they  are  in  both  of  them? 
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Dr.  Bisflinghoff.  I hope  not. 

Mr.  Myers.  Whenever  we  do  an  inlet-and-exit  study  specifically 
related  to  one  of  the  four  feasible  configurations  Dr.  Bisplinghoff 
referred  to,  when  it  gets  that  specific,  that  it  would  be  applicable 
directly  to  the  supersonic  transport,  we  label  it  as  such. 

If  it  is  a general  inlet-and-exit  study  then  it  will  come  under  aero- 
dynamics. 

Mr.  Karth.  For  the  benefit  of  a bunch  of  poor  Congressmen  who 
have  an  opportunity  to  look  at  these  figures  once  a year,  and  then  only 
on  a very  limited  basis,  I wonder  if  he  couldn’t  put  most  of  everything 
under  the  same  heading,  instead  of  scattering  it  around.  This  is  very 
confusing,  indeed.  I know  I am  pretty  much  lost  with  the  figures  you 
have  presented. 

I am  not  sure  I can  follow  this  thing  through.  If  there  are  any 
doubts  as  to  what  you  are  doing,  or  where  the  moneys  are,  or  whether 
you  are  spending  them  where  they  should  be  spent,  I think  maybe 
you  are  going  to  lose  some.  I am  not  saying  to  you  these  funds  are 
being  scattered  around  for  the  purpose  of  confusing  us.  I am  sure 
you  nave  a very  good  reason,  but  we  are  not  the  bookkeepers  as  are 
the  professional  bookkeepers  that  you  have  employed. 

Captain  Ditch? 

Captain  Ditch.  If  I understand,  it  was  three  models  from  Langley 
and  one  for  Ames,  for  your  studies  ? 

Dr.  Bisplinghoff.  Yes;  three  from  Langley,  one  from  Ames. 

Captain  Ditch.  Weren’t  two  from  Langley  variable  sweep? 

Dr.  Bisflinghoff.  Yes ; two  variable  sweep,  one  fixed  configura- 
tion. 

Mr.  Morris.  What  is  the  one  from  Ames  ? 

Dr.  Bisplinghoff.  It  is  not  a variable-sweep  configuration,  it  is 
fixed  wing. 

Mr.  Morris.  Two  variable  sweeps? 

Dr.  Bisplinghoff.  Yes.  One  of  the  fixed  came  from  Ames,  and 
the  other  from  Langley.  So  there  were  three  from  Langley  and  one 
from  Ames. 

Mr.  Karth.  So  you  have  a little  bit  in  each  one  of  these  two  Centers  ? 

_ Dr.  Bisplinghoff.  In  the  field  of  aerodynamics,  that  is  true ; yes, 
sir. 

Mr.  Karth.  Thank  you. 

Dr.  Bisplinghoff.  Loads  and  structures. 

As  aircraft  speeds  increase  from  the  supersonic  to  the  hypersonic 
range  the  structural  designer  is  faced  with  an  even  more  formidable 
problem  of  aerodynamic  heating.  He  can  no  longer  use  the  conven- 
tional aluminum  alloys,  but  must  employ  heat-resistant  metals  which 
are  characteristically  heavier.  Thus,  the  B-70  which  at  mach  3 must 
withstand  temperatures  upward  of  500°  F.,  is  constructed  largely  of 
steel.  The  X-15,  which  is  subject  to  temperatures  over  1,000°  F.,  is 
made  out  of  a heat-resistant  nickel  alloy.  For  still  higher  hypersonic 
speeds,  the  only  materials  which  appear  to  have  value  are  the  re- 
factory  metals  and  alloy  s. 

One  phase  of  our  current  research  is  aimed  at  developing  structural 
designs  whereby  these  heat-resistant  metals  are  employed  so  efficiently 
as  to  offset  their  inherently  heavier  weight.  In  figure  122  we  illus- 
trate some  results  of  this  type  of  research.  There  is  shown  a section 
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Figure  122 

through  a structure  that  could  be  the  fuselage  of  a hypersonic  aircraft 
containing  liquid  hyc  rogen  fuel.  The  outer  skin  is  heated  to  3000°  F., 
while  the  inner  structure  is  at  the  temperature  of  liquid  hydrogen, 
-450°  F. 

The  sketch  at  the  left  represents  present  technology.  It  has  a hot 
outer  skin  with  underlying  insulation  to  protect  the  strcutural  sand- 
wich structure  in  the  middle.  Additional  insulation  is  used  to  reduce 
the  heat  carried  into  the  liquid  hydrogen. 

On  the  right  is  a new  concept  being  developed  at  our  Langley 
Research  Center.  I have  a small  model  of  this  with  me  that  you  may 
inspect,  if  you  wish.  Here  we  have  a structure  made  up  of  multiple 
layers  of  dimpled  or  waffled  sheets,  which  are  fastened  together  as 
shown.  These  sheets  are  polished  to  reduce  heat  radiation  and  evacu- 
ated to  reduce  heat  conduction.  It  is  in  a sense  truly  a “flying  thermos 
bottle.” 

Structures  built  to  withstand  these  environments,  using  previous 
technology,  weigh  about  6 pounds  per  square  foot.  Advanced  tech- 
niques resulting  from  our  research  will  permit  fabrication  of  struc- 
tures, similar  to  this  small  model,  to  do  the  same  job  which  will  weigh 
only  3V£  pounds  per  square  foot.  This  reduction  in  weight  is  ex- 
tremely important  if  hypersonic  hydrogen -fueled  vehicles  are  to  be- 
come practical  and  efficient. 

AIR-BREATHING  PROPULSION 

The  goal  of  air-breathing  propulsion  is  to  increase  the  performance 
of  current  and  future  subsonic,  transonic,  and  supersonic  aircraft,  such 
as  conventional  airplanes,  helicopters,  VTOLand  STOL  aircraft,  and 
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ground-effects  machines,  by  improving  currently  available  propulsion 
systems,  and  by  developing  new  ones.  At  hypersonic  speeds,  the  goal 
is  to  establish  the  feasibility,  general  performance  level,  and  limits  of 
operation  in  air-breathing  propulsion  system  concepts  so  that  the  over- 
all performance  of  hypersonic  cruise  and  boost  aircraft  may  be  pre- 
dicted Significant  increases  in  the  efficiency  of  subsonic  and  supersonic 
propulsion  systems  are  achievable.  Attaining  these  efficiency  increases 
will  require  increased  research  effort  of  a generalized  nature  in  fiscal 
year  1964  involving  analytical  and  experimental  studies  of  complete 
propulsion  systems,  the  associated  engine  cycles,  and  components. 

OPERATING  PROBLEMS 

A major  area  of  our  aeronautics  program  embraces  a determination 
of  the  effect  of  aircraft  flying  characteristics  both  on  the  ability  of  the 
pilot  to  safely  control  flight  and  upon  the  basic  design  of  the  aircraft 
itself.  This  work  makes  use  of  three  types  of  research  equipment; 
fixed-based  simulators,  moving-base  simulators,  and  variable-stability 
aircraft. 

Problems  anticipated  in  the  integration  of  a supersonic  transport 
with  air  traffic  control  systems  will  be  studied  using  a fixed  base  simu- 
lator at  the  Langley  Research  Center  which  will  be  operational  in 
fiscal  year  1964.  This  simulator,  which  was  authorized  tor  fiscal  year 
1963,  is  a cooperative  project  with  the  FAA  and  it  will  be  linked  in 
its  operation  by  leased  telephone  lines  to  the  FAA’s  National  Aviation 
Facilities  Experimental  Center  air  traffic  control  simulator  at  Atlantic 
City,  N.  J. 

By  this  means  at  the  Langley  Research  Center  there  will  be  a device 
which  represents  the  airplane  with  all  of  its  flying  qualities.  It  will  be 
a stationary  device  in  the  laboratory,  pilots  will  be  in  it,  and  they  will 
be  connected  by  telephone  lines  to  the  traffic  control  system,  a simu- 
lator of  the  air  traffic  control  system,  at  the  FAA’s  facilities,  and  by 
this  means  we  can  study  how  this  supersonic  airplane  might  be  inte- 
grated into  the  air  traffic  control  system. 

Mr.  Karth.  Doctor,  is  NASA  funding  the  cost  of  this  simulator  ? 

Dr.  Bisplinghoff.  The  one  at  Langley,  yes,  sir. 

Mr.  Karth.  Are  there  any  FAA  funds  in  that  simulator  ? 

Mr.  Myers.  There  were  out  of  last  year’s  funds  of  the  FAA.  They 
did  put  in  $50,000  toward  the  simulator. 

Mr.  Karth.  What  was  the  total  cost  ? 

Mr.  Myers.  I believe  $900,000. 

Dr.  Bisplinghoff.  Experience  with  modem  subsonic  jet  and  piston 
transports  has  shown  that  under  some  operating  conditions  the  capa- 
bilities of  the  pilot  are  taxed  to  the  limit.  For  the  supersonic  trans- 
port, and  other  advanced  aircraft  types  including  the  V/STOL,  the 
piloting  problem  will  become  even  more  complex.  The  most  feasible 
method  to  explore  these  problems  is  through  the  use  of  advanced 
ground  based  and  flight  simulation. 

The  development  of  a versatile  airborne  simulator  is  an  important 
step  in  providing  advanced  research  information.  A maximum  of  real- 
ism in  motion  cues,  visual  cues,  and  cockpit  environment  is  thus  pro- 
vided. Figure  123  illustrates  a sketch  of  the  planned  NASA  variable 
stabilitv  airborne  simulator.  The  aircraft  is  being  procured  in  fiscal 
year  1963  and  the  details  of  the  simulation  system  and  instrumentation 
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Figure  123 

are  now  being  designed.  Wide  variations  of  handling  characteristics 
will  be  possible  witn  this  vehicle  such  that  experience  may  be  obtained 
for  a variety  of  aircraft  ranging  from  military  fighters  to  the  super- 
sonic transport. 

This  is  the  aircraft  I mentioned  previously  that  is  going  to  be  taken 
to  the  Flight  Research  Center. 

Although  a large  part  of  the  research  in  the  operating  problems 
area  is  being  concentrated  on  simulator  studies,  there  are  continuing 
programs  in  steep  approach  techniques,  noise  and  sonic  boom,  ana 
rarious  aspects  of  flight  safety  and  aircraft  operating  environments. 

THE  X-l 8 RESEARCH  AIRPLANE 

Since  the  first  powered  flight  on  September  17, 1959,  the  three  X-15 
aircraft  have  made  almost  80  flights.  In  these  flights  a velocity  of 
4,104  miles  per  hour  was  attained  on  June  27,  1962.  Three  weeks 
later  the  airplane  was  flown  to  an  altitude  of  314,750  feet.  All  flights 
to  date  have  been  developed  and  flown  to  provide  a maximum  amount 
of  research  information. 

Because  of  the  success  of  the  X-15  aircraft  in  its  primary  research 
role,  a follow-on  research  program  has  been  formulated  consisting  of 
advanced  aeronautical  and  space-science  experiments.  Of  the  15 
experiments  in  the  approved  follow-on  progrem,  although  10  are 
space-oriented,  there  are  5 advanced  experiments  in  the  aeronautics 
held  which  will  contribute  both  to  the  supersonic  transport  and  hy- 
personic air-breathing  vehicles.  It  is  presently  plannea  to  conclude 
the  remainder  of  the  program  by  the  end  of  calendar  year  1965.  This 
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plan,  however,  may  reauire  modification  Wause  of  the  X-15-2  land- 
ing accident  in  NovemDer  1962. 

8UPF.RSONIC  TRANSPORT 

A substantial  effort  has  already  gone  into  the  supersonic  transport 
and,  as  you  know,  the  NASA  is  cooperating  actively  with  the  Fed- 
eral Aviation  Agency  and  the  Department  of  Defense  in  developing 
the  required  technology.  A detailed  program  involving  the  Ames, 
Langley,  Lewis,  and  Flight  Research  Centers  of  NASA  is  aimed  at 
providing  research  information  to  answer  questions  in  critical  prob- 
lems areas  in  1963.  A concentrated  research  effort  on  the  problems 
posed  by  the  supersonic  transpoit  will  bring  the  state  of  the  art  to 
the  stage  where  industry  will  have  sufficient  information  to  design 
a safe,  economical  U.S.  supersonic  tiunsrort. 

Figure  124  shows  four  of  the  more  promising  supersonic  commercial 
air  transport  or  SCAT  configuration  concepts  developed  by  our  Lang- 
ley and  Ames  Research  Centers.  SCAT  17,  which  is  a design  concept 
somewhat  similar  to  the  B-70,  and  SCAT  4 are  fixed-wing  designs. 
SCAT  15  and  16  utilize  variable-sweep  wings,  intended  to  provide 
optimum  characteristics  over  the  whole  operating  speed  range — not 
considered  possible  wTith  a fixed-wing  design.  Much  of  the  back- 
ground on  tne  variable-sweep  concept  for  the  transport  evolved  from 
NASA’s  earlier  conceptual  work  that  led  to  a variable-sweep  tactical 
fighter  aircraft;  as  you  know,  this  concept  is  now  incorporated  in  the 
design  of  the  F-lll,  to  be  built  by  General  Dynamics. 


Figure  124 
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Each  of  the  four  concepts  9hown  has  unique  design  features,  how- 
ever, which  would  make  it  suitable  for  supersonic  transport  use.  To 
aid  in  directing  future  NASA  SST  research,  engineering  studies  are 
now  being  conducted  by  Boeing  and  Lockheed;  it  is  intended  that 
these  studies  will  determine  the  practicality  of  each  design  concept 
as  a possibility  for  the  design  of  trie  supersonic  transport  and  to  indi- 
cate possible  additional  research  problem  areas  for  NASA  investi- 
gation. The  study  contracts  were  awarded  following  a request  for 
proposals  to  industry  and  NASA  evaluation  of  the  proposals  sub- 
mitted. It  is  expected  that  the  results  of  the  research  investigations 
suggested  by  the  industry  evaluation  will  be  of  particular  value  in  the 
eventual  design  of  the  U.S.  supersonic  transport,  even  if  the  final 
configuration  differs  substantially  from  any  of  the  four  shown  on 
this  chart. 

V/STOL  aircraft.  (By  this  abbreviation  we  mean  vertical  short 
takeoff  and  landing  aircraft.) 

Through  research  undertaken  in  the  past  3 or  4 years  it  has  been 
shown  that  vertical  or  very’  short  takeoff  and  landing  flight,  com- 
monly abbreviated  as  V/STOL.  is  practical  with  varying  degrees  of 
acceptability.  The  NASA  V/STOL  flying  test-bed  program  con- 
ducted at  the  Ames  and  Langley  Research  Centers  using  a number 
of  these  vehicles  has  provided  the  first  insight  into  the  flying  qualities 
required  of  this  class  of  aircraft.  Much  of  the  exploratory  aerody- 
namic research  required  to  delineate  the  most  promising  of  the  many 
possible  V/STOL  types  has  been  completed,  leading  to  design,  fab- 
rication, and  flight  test  of  the  vehicles  shown  (fig.  125). 
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It  is  now  necessary  to  provide  aerodynamic  stability  and  control 
information  on  the  more  promising  types.  Such  information  is  re- 
quired for  the  development  of  operational  aircraft  to  exploit  the 
unique  military  and  civil  capabilities  of  V/STOL  aircraft  in  the 
future.  Our  research  program  in  fiscal  year  1964  is  planned  to  fill 
that  need. 

The  potential  capabilities  of  the  vertical  takeoff  and  landing  air- 
craft (helicopters  and  other  configurations)  need  to  be  developed  to 
the  extent  of  operational  usefulness.  All-weather  vertical  landing 
capability  is  not  operationally  feasible,  at  present,  because  of  the 
inadequate  flying  qualities  of  VTOL  configurations  and  the  lack  of 
adequate  procedures  and  equipment  for  operating  in  and  around  land- 
ing areas  under  all-weather  conditions. 

Flying  qualities  criteria,  utilizing  the  expanded  possibilities  offered 
by  new  airframe  designs  and  anticipated  new  freedoms  of  design 
obtained  by  utilizing  electronic  systems,  will  be  defined  for  char- 
acteristics and  regimes  of  flight  important  for  an  all-weather  vertical 
takeoff  and  landing  capability.  Studies  will  be  made  of  the  V/STOL 
terminal  area  flying  quality  needs,  using  such  vehicles  as  the  Langley 
variable-stability  helicopter  and,  later,  the  Ames  deflected  slipstream 
short  takeoff  and  landing  aircraft. 

CONCLUSION 

I have  attempted,  with  this  statement,  to  summarize  the  scope  of 
the  advanced  research  and  technology  program  which  is  being  car- 
ried out  by  NASA  in  order  to  discharge  its  mission  as  assigned  by 
the  Congress.  Since  such  a statement  as  this  cannot  be  exhaustive,  I 
have  attempted  to  choose  examples  which  point  up  the  important 
directions  of  each  portion  of  the  program.  I would  like  to  emphasize 
finally  that  although  the  cohesiveness,  technical  direction,  and  much 
of  the  research  effort  of  the  program  is  provided  by  the  NASA  field 
centers,  a close  coupling  of  the  Nation's  universities  and  industry 
with  the  centers  has  been  established.  This  three-way  partnership  is 
a key  to  the  Nation’s  future  preeminence  in  aeronautics  and  space. 

Mr.  Karth.  Thank  you. 

Mr.  Morris.  Mr.  Chairman. 

Mr.  Karth.  Thank  you,  Doctor,  very  much. 

Mr.  Morris. 

Mr.  Morris.  If  I may  ask— -this  may  seem  to  be  a facetious  ques- 
tion, and  I might  get  a facetious  answer — I notice  you  mentioned  in 
here  the  F-lll. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Morris.  Is  that  what  some  of  the  people  refer  to  as  the  FX? 

Dr.  Bisplinghoff.  They  are  identical. 

Mr.  Morris.  Were  you  on  any  these  committees  that  were  making 
selections  and  studies! 

Dr.  Bisplinghoff.  No,  sir;  not  all. 

Mr.  Morris.  Thank  you,  Doctor.  So  you  actually  are  not  in  a 
position  to  have  an  opinion  as  to  the  merits  of  the  different  designs? 

Dr.  Bisplinghoff.  No,  sir.  NASA  was  very  active  in  the  formula- 
tion of  the  concept  of  variable-sweep,  which  is  incorporated  in  these 
designs,  but  NASA  had  nothing  whatsoever  to  do  with  the  evaluation 
of  the  two  designs  which  were  in  competition. 
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Mr.  Karth.  You  are  sure  NASA  can’t  take  credit  for  the  design  of 
the  F-lll  f 

Dr.  Bisplinghoff.  We  take  credit  for  the  variable-sweep  which  is 
incorporated  in  that ; yes. 

Mr.  Karth.  Has  NASA  been  asked  to  appear  before  the  McClellan 
committee? 

Dr.  Bisplinghoff.  No,  sir. 

Mr.  Morris.  Do  you  think  you  could  make  any  contribution  over 
there?  [Laughter.] 

Mr.  Karth.  Thank  you  very  much,  Doctor.  I really  appreciate 
very  much  the  great  contribution  you  have  made  to  the  committee  and 
to  the  committee’s  better  understanding  of  what  the  Office  of  Ad- 
vanced Research  and  Technology  has  as  its  primary  responsibility. 

Dr.  Bisplinghoff.  Thank  you. 

Mr.  Karth.  I understand  you  would  like  to  introduce  Dr.  Herman 
Kurzweg,  who  is  Director  of  Research,  to  give  us  the  benefit  of  his 
particular  knowledge  and  experience  in  this  field,  and  call  to  our  at- 
tention some  of  the  things  he  has  in  mind ; is  that  correct? 

Dr.  Bisplinghoff.  Yes ; we  would  like  to  do  this,  very  much. 

Dr.  Kurzweg  has  planned  to  go  to  Europe  and  would  be  leaving 
tomorrow.  We  would  much  appreciate  the  opportunity  for  him  to 
talk  today. 

Mr.  Karth.  Dr.  Kurzweg. 

Dr.  Bisplinghoff.  Dr.  Kurzweg  is  our  Director  of  Research.  By 
“research”  we  mean  here  basic  research.,  In  my  testimony  you  notice 
I did  not  break  that  out  as  a discrete  item,  but  rather  it  was  inter- 
woven all  through  the  statement.  I am  particularly  anxious  for  you 
to  hear  Dr.  Kurzweg,  because  he  can  tell  you  what  we  are  doing  in 
basic  research. 

Dr.  Kurzweg. 

Mr.  Karth.  Dr.  Kurzweg,  we  are  very  happy  to  have  you  before 
the  committee.  Will  you  proceed  with  your  statement,  please? 

Dr.  Kurzweg.  Thank  you. 

STATEMENT  OP  DR.  HERMAN  H.  KURZWEG,  DIRECTOR  OP  RE- 
SEARCH, NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRA- 
TION 

(The  prepared  statement  of  Dr.  Herman  H.  Kurzweg  is  as  follows :) 

Dr.  Kurzweg.  Mr.  Chairman  and  members  of  the  subcommittee,  as 
has  been  shown  in  the  previous  talks,  the  word  “research”  is  used  for 
a great  part  of  NASA’s  space  and  aeronautics  activity.  It  covers  a 
wide  spectrum  which  reaches'  on  the  one  side  into  the  fields  of  hard- 
ware, engineering,  and  technology,  and  on  the  other  side  far  into  the 
fundamentals  of  all  natural  sciences.  It  is  this  latter  side  of  the 
research  spectrum  which  will  be  discussed  in  this  presentation  to  show 
its  significance  as  the  fundamental  requirement  for  the  advancement 
of  each  of  the  technical  and  scientific  phases  of  NASA’s  work. 

It  should  be  understood  that  this  kmd  of  research  is,  in  general,  not 
directly  connected  with  any  current  space  project,  and  that,  on  a broad 
basis,  it  provides  the  general  understanding,  new  concepts,  and 
methods  of  theoretical  and  experimental  treatment  of  physical  phe- 
nomena encountered  in  NASA’s  mission.  Part  of  such  basic  research 
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results  can  be  immediately  applied  to  practical  vehicles.  The  greater 
part  comes  to  bear  several  years  later  and  it  is,  therefore,  mandatory 
that  a rigorous  and  continuous  basic-research  program  be  maintained 
at  all  times  in  NASA’s  research  centers,  assisted  by  universities,  non- 
profit, industrial,  and  other  governmental  laboratories.  Without  such 
basic  research,  NASA’s  future  technology  will  always  be  in  second 
place. 

The  Office  of  Advanced  Research  and  Technology  has  recognized 
the  importance  of  basic  research  by  designating  a separate  office  for 
this  purpose.  The  research  program  is  divided  into  four  major  disci- 
plinary areas — fluid  physics,  electrophysics,  materials,  and  applied 
mathematics. 

In  the  following  sections,  I have  selected  highlights  of  our  work  in 
these  areas,  which  show  the  diversity  and  complexity  of  the  problems 
we  face  ana  some  of  the  methods  we  use  to  solve  these  problems.  The 
examples  are,  as  far  as  possible,  illustrated  by  potential  applications. 
Their  significance,  however,  reaches,  in  most  cases,  far  beyond  the 
indicated  specific  uses. 

FLUID  PHYSICS 

Fluids  interact  not  only  with  aircraft  and  spacecraft  in  their  flight 
through  the  atmosphere  but  are  integral  to  the  operation  of  most  of 
the  internal  systems  aboard  such  vehicles.  Thus,  characteristics  of 
fluids  and  their  motion  are  pertinent  to  almost  all  phases  of  aeronau- 
tical and  space  technology.  This  program  is  concerned  with  investiga- 
tions into  the  fundamental  aspects  of  fluid  behavior  over  a wide  range 
of  states  and  dynamic  conditions,  with  the  term  “fluid”  being  used  to 
denote  gases,  liquids,  mixtures  of  both,  and  plasmas. 

In  solving  any  fluid-mechanicalproblem  it  is  essential  to  know  the 
physical  properties  of  the  fluid.  That  is,  we  must  know  the  relation- 
ship between  temperature,  pressure,  and  density  and  the  effectiveness 
of  the  fluid  to  transport  heat,  mass,  momentum,  and  electricity.  These 
properties,  and  the  manner  in  which  they  are  affected  by  the  physical 
environment,  critically  influence,  for  example,  estimates  of  the  per- 
formance and  behavior  of  re-entry  space  vehicles  and  their  propulsion 
systems. 

Through  research,  our  knowledge  of  fluid  properties  is  being  ex- 
tended into  the  extreme  temperature  regionsj  very  cold  and  very  hot. 
Experimentally,  the  difficulties  become  contmuously  greater,  for  ex- 
ample, when  the  temperatures  are  so  high  that  existing  materials 
cannot  contain  them.  Fortunately,  our  theoretical  understanding  of 
the  problem  has  made  good  progress  and  based  on  assumed  models  of 
the  interaction  between  molecular,  atomic,  and  ionized  particles, 
theory  can  be  used  to  predict  the  desired  thermodynamic  and  trans- 
port properties  with  substantial  accuracy.  The  interaction  (attrac- 
tion and  repulsion)  between  particles  as  a function  of  distance  between 
particles  is  shown  schematically  in  figure  126.  The  experimental  de- 
termination of  the  interaction  curve  of  the  type  shown,  which  is 
needed  as  a base  for  the  gas-properties  calculations,  requires  relatively 
few  high-temperature  particles,  and  thus  the  above-mentioned  dif- 
ficulty with  the  container  can  be  circumvented.  The  principle  of 
such  a particle-beam  experiment  is  illustrated  on  the  chart.  The  ap- 
paratus consists  of  a high-temperature  particle  source  which  emits 
the  particles  at  high  velocity  into  a target  gas.  If  there  were  no  inter- 
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Figube  126 

particle- force  fields,  the  particles  from  the  source  would,  aside  from 
direct  collisions,  traverse  undeflected  through  the  target-gas  particles. 
Because  of  interparticle  forces,  however,  the  particles  in  the  beam 
will  be  angularly  deflected  by  varying  amounts.  By  measuring  the 
angular  scattering  of  the  beam  particles  as  a function  of  their  initial 
velocity,  the  repulsive  and  attractive  forces  between  the  beam  and 
target-gas  particles  can  be  deduced.  A great  deal  of  research  of  the 
kind  just  illustrated  is  needed  in  this  branch  of  science  to  perfect 
the  theoretical  concepts  and  techniques  of  measuring  and  analyzing 
high-temperature  gas  properties. 

An  important  and  challenging  part  of  the  fluid  physics  research 
program  is  concerned  with  basic  gas  dynamics  and  heat  transfer. 
Part  of  this  work  deals  with,  for  example,  fluid-flow  and  heat -transfer 
problems  which  are  connected  with  spacecraft  during  reentry  into 
the  Earth’s  atmosphere  from  planetary  missions.  Only  from  such 
knowledge  can  a feasible  shape  of  the  spacecraft,  and  the  type  and 
weight  of  the  critical  heat-shield  component  be  devised.  Our  under- 
standing of  the  nature  of  the  flow  and  the  heat  transfer  to  vehicles 
entering  at  satellite  speeds  (around  17,000  miles  per  hour)  is  pretty 
well  in  hand,  and  much  progress  has  been  made  in  our  research  during 
the  past  year  toward  increasing  our  knowledge  of  these  phenomena  up 
to  the  lunar  reentry  speed  range  (about  24,000  miles  per  hour)  and 
a little  beyond.  As  might  be  expected,  the  problems  become  aggra- 
vated in  the  high-speed  range  associated  with  interplanetary  missions 
(approximately  31,000  miles  per  hour  and  higher)  and  i’d  like  to 
illustrate  with  the  next  few  charts  the  nature  of  some  of  these  prob- 
lems and  the  research  which  is  needed  to  solve  them. 
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The  heat  load  experienced  by  a blunt  body — in  this  case,  a spherical 
nose — is  shown  as  a function  of  reentry  flight  speed  on  the  left-hand 
side  of  figure  127.  The  total  heat  load  is  made  up  of  two  parts — a 
oonvective-heat  input  caused  by  direct  contact  of  air  and  body,  and  a 
radiative  input  arising  from  radiation  of  the  compressed  air  behind 
the  shock  surrounding  the  nose  of  the  vehicle.  At  speeds  up  to  lunar 
reentry,  the  prime  heat-load  contribution  comes  from  convective  heat- 
ing, and  the  blunt  nose,  such  as  used  on  the  Mercury  and  contemplated 
for  the  Apollo  vehicle,  minimizes  this  kind  of  heat  transfer.  At  speeds 
beyond  lunar  reentry,  the  radiative  input  of  these  blunt  shapes  rises 
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at  a phenomenal  rate,  thus  requiring  a prohibitively  heavy  heat  shield 
to  protect  the  body.  A possible  solution  is  shown  on  the  right-hand  fig- 
ure, which  shows  heat  inputs  experienced  by  somewhat  bender-nosed 
bodies  (that  is,  a cone  in  this  case),  as  a function  of  speed.  Although 
the  convective-heat  load  for  such  shapes  is  greater  than  it  is  for  blunt- 
nosed  bodies,  the  radiative  heat-load  is  substantially  less  beyond  about 
30,000  miles  per  hour,  resulting  in  a reduced  total -heat  load.  Such 
moderately  slender-nosed  shapes  theoretically  show  great  promise  for 
reducing  neat-shield  weight  for  interplanetary  spacecraft.  Much  ba- 
sic research  work,  especially  with  regard  to  the  effects  on  other  aero- 
dynamic characteristics  such  as  drag  and  stability,  needs  to  be  done  to 
check  out  the  concept  and  to  deal  with  the  many  other  problems  that 
result  from  using  such  shapes  at  high  hypersonic  speeds.  For  ex- 
ample, the  concept  is  predicated  upon  th«  assumption  that  a conical 


1984  NASA  AUTHORIZATION 


vehicle  would  remain  conical  during  reentry.  This  might  be  difficult 
to  realize  in  practice  at  the  high  heating  rates  (and  thus  high  rates  of 
mass  loss  due  to  ablation)  for  the  reentry  velocities  under  considera- 
tion. In  this  connection,  the  fundamental  research  problem  of  main- 
taining laminar  boundary  layers,  that  is,  aerodynamically  “smooth” 
flow  over  the  bodv,  has  been  for  many  years  and  still  is  the  subject  of 
mathematical  and  experimental  studies.  The  solution  of  this  problem 
would  mean  that  the  convective  heating  could  be  kept  at  reasonable 
levels. 

Along  with  the  heat -transfer  research  on  reentry  into  the  Earth’s 
atmospnere  from  interplanetary  missions,  similar  research  is  also 
progressing  on  entry  into  the  atmospheres  of  other  planets,  and  in 
particular  into  the  nitrogen-carbon  aioxide  atmospheres  thought  to 
exist  on  Mars  and  Venus.  As  indicated  in  figure  128,  one  current 
estimate  of  the  CO*  content  in  the  Martian  atmosphere  is  about  2.2 
percent  by  volume.  The  C02  content  of  the  Venusian  atmosphere  is 
subject  to  considerable  uncertainty  but  is  estimated  to  range  from 
about  3 to  23  percent  by  volume.  The  balance  of  the  atmosphere  in 
each  case  is  believed  to  tie  nitrogen  with  a possibility  of  a small  amount 
of  argon.  To  obtain  an  understanding  of  the  radiative  heating  in 
these  planetary  environments,  preliminary  measurements  have  been 
made  of  the  thermal  radiation  emitted  from  the  hot  gas  cap  of  blunt 
bodies  flying  in  such  NV-COj  mixtures.  The  measurements  were  made 
on  Vi-inch  diameter  plastic  models  fired  from  a light-gas  launcher. 
The  results  are  shown  as  a band  on  the  chart  in  which  the  thermal 
radiation  of  the  mixture  is  shown  compared  with  air.  It  can  be  seen 
that,  at  a given  speed,  the  radiative  heat-transfer  problem  is  con- 
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sideiablv  more  severe  during  entry  into  the  atmospheres  of  Mars  and 
Venus  than  during  reentry  into  the  Earth’s  atmosphere,  perhaps  by 
as  much  as  a factor  of  7.  The  data  obtained  are  fai  from  conclusive, 
however,  and  more  vork  on  the  problem  needs  to  lie  done. 

Many  basic  phenomena  are  closely  connected  with  each  other  and 
eliminating  one  problem  might  aggravate  another.  For  example, 
the  change  of  the  shape  to  reduce  neat  transfer  causes  variations  of 
the  nature  of  the  entire  flow  field  about  the  body.  The  chemical  and 
electrical  changes  of  the  gasses,  caused  by  these  variations,  must  be 
known  in  order  to  be  able  to  predict  the  aerodynamic  forces  acting 
on  the  spacecraft.  These  forces  determine  its  drag,  stability,  and 
control  characteristics. 

One  aspect  of  the  problem  is  shown  in  figure  129,  which  illustrates 
the  distribution  of  free  electrons  about  a reentry  body.  This  distri- 
bution is  affected  by  the  shape  and  speed  of  the  body.  The  charged 
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particles  are  created  by  the  intense  heat  generated  behind  the  shock 
wave  shown  in  front  of  the  body  and  constitute  the  so-called  plasma 
sheath  which  cannot  be  penetrated  by  electromagnetic  waves  of  con- 
ventional communication  frequencies,  causing  the  well-known  “com- 
munciation  blackout.” 

In  this  case,  it  is  the  function  of  fluid-physics  research  to  investigate 
the  electrical  properties  of  the  plasma  sheath,  find  the  reason  for  the 
quantity,  distribution,  and  energy  of  the  free  electrons  about  the 
body,  in  order  to  be  able  to  alter  these  characteristics  if  necessary. 
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One  possibility  toward  the  elimination  of  the  “blackout”  which  is 
being  looked  into,  is  illustrated  on  the  right  side  of  the  figure.  The 
technique  consists  of  injecting  an  electrophilic,  that  is,  electron-trap- 
ping?  gas  into  the  plasma  sheath  with  a resulting  formation  of  nega- 
tive ions  and  a corresponding  reduction  of  free  electrons.  It  is  antic- 
ipated that  the  heavy  negative  ions  will  not  interfere  with  radio 
transmission.  Problems  that  will  be  studied  include  the  determination 
of  the  most  effective  electrophilic  mixture  and  the  nature  of  the  mixing 
processes  of  the  injected  gas  and  plasma  under  the  extreme-flow 
conditions  of  reentry. 

Theoretical  results  of  fundanr  ital  research  must  be  checked  by 
experiment.  Some  basic  information  can  be  obtained  by  costly,  large- 
scale  flight  tests ; most,  however,  must  be  worked  out  more  economi- 
cally and  thoroughly  in  ground-test  facilities.  Such  facilities  change 
with  time  according  to  the  state  of  the  art.  For  example,  a new  high- 
performance  research  facility,  shown  in  figure  130,  for  which  fiscal 
year  1964  construction  funds  are  being  requested,  is  necessary  in  con- 
nection with  the  heat-radiation  problem.  The  important  elements 
of  the  facility  are:  a 6-inch-diameter  electrically  driven  shock  tube, 
a 12-inch-diameter  electrically  driven  expansion  tube,  and  a large 
bank  of  capacitors  to  power  the  two  tubes  (only  the  expansion  tube 
is  shown  in  the  figure).  The  proposed  facility  will  be  capable  of 
investigating  radiation  from  air  at  temperatures  characteristic  of 
velocities  in  excess  of  40,000  miles  per  hour.  This  capability  exceeds 
that  of  the  existing  shock  tubes  at  IN  ASA  centers. 

In  addition  to  the  investigation  of  radiative-heat  transfer  in  air, 
other  useful  research  programs,  such  as  radiation  studies  in  planetary 
atmospheres,  studies  of  chemical  reaction  rates,  and  convective  heat- 
transfer  research  will  be  carried  out  in  this  facility.  Whereas  this 
facility  will  move  high-speed  gas  over  a fixed  model,  complementary 
tests  will  continue  in  oallastic  ranges  wherein  small-scale  models  (up 
to  one-half  inch  in  diameter)  are  fired  either  into  still  air  or  into  an 
airstream  produced  by  a shock  tunnel. 

Although  very  valuable  data  have  been  and  will  continue  to  be  ob- 
tained in  range  facilities,  the  small  model  size  employed  prohibits 
the  use  of  extensive  on-board  instrumentation  needed  for  measuring 
the  distribution  of  desired  quantities  along  the  test  body.  In  con- 
trast, the  proposed  12-inch-diameter  expansion  tube  will  permit  the 
testing  of  fixed  models  up  to  4 inches  in  diameter  with  on-board  instru- 
mentation capable  of  measuring  the  spatial  distribution  of  radiation- 
energy  flux,  as  well  as  other  basic  quantities. 

In  contrast  to  ordinary  shock  tubes,  the  airflow  will  be  generated 
by  the  expansion  tube  with  very  close  duplication  of  f ree-stream  prop- 
erties prevailing  at  full  scale  in  free  flight.  Also,  asymmetric  fitting- 
reentry  configurations  at  any  angle  of  attack  will  be  investigated. 
Thus,  the  Hot  Gas  Radiation  Research  Facility  is  expected  to  lead, 
not  only  to  new  fundamental  knowledge,  but  also  to  provide  a major 
source  of  information  for  direct  use  by  the  designer  of  reentry  ve- 
hicles for  heat-protection  systems. 

In  addition  to  external-flow  problems  just  discussed,  fluid-physics 
research  is  being  conducted  on  problems  of  internal  flow  that  will 
greatly  influence  the  design  of  advanced  propulsion  systems.  Radia  - 
tive-heat transfer,  for  example,  plays  an  important  part  in  advanced 
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nuclear  rockets.  One  problem  concerns  one  of  the  most  advanced 
propulsion  concepts — the  coaxial -flow,  gaseous-nuclear  rocket.  Here, 
the  technological  solution  will  decisively  depend  on  the  basic  under- 
standing of  the  flow  process. 

The  coaxial-flow  gaseous  reactor  is  illustrated  in  figure  131.  Gas- 
eous-nuclear fuel  is  injected  into  the  reactor  cavity  at  much  lower 
velocity  than  that  of  the  surrounding  hydrogen  propellant.  The  hy- 
drogen is  then  heated  to  temperatures  beyond  material  limits  by 
thermal  radiation  from  the  fissioning  fuel.  However,  at  temperatures 
below  10,000°  F.  the  hydrogen  is  transparent  to  thermal  radiation, 
thus  causing  inefficient  operation  of  the  reactor  and  excessive  heating 
of  the  reactor  walls.  One  method  of  augmenting  the  heat-transfer 
process  from  the  nuclear  core  to  the  hydrogen  propellant  which  is 
being  studied  involves  the  addition  of  absorbing  material  to  the  gas. 
At  the  same  time,  the  absorbing  material  serves  the  purpose  of  re- 
ducing the  intense  heat  radiated  by  the  core  from  reaching  tne  internal 
walls. 

Theoretical  research  performed  thus  far  has  established  the  heat- 
absorbing  effectiveness  of  the  gas-particle  mixture.  One  result  of  the 
theoretical  study  is  shown  in  this  chart  where  the  fraction  of  the  heat 
generated  in  the  core  which  reaches  the  wall  is  shown  as  a function 
of  the  opacity  of  the  gas.  The  opacity  is  a measure  of  the  absorptiv- 
ity of  the  gas  to  the  radiative  heat ; the  greater  the  opacity,  the  more 
heat  is  absorbed  bj  the  gas.  Many  problems  remain  to  be  solved  by 
research  on  radiative-absorbing  materials,  the  hydrodynamics  of  solid- 
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Figure  131 

gas  mixtures,  and  the  basic,  radiative,  heat-transfer  processes  in  such 
cases. 

Another  aspect  of  internal-flow  research  in  fluid  physics  is  con- 
cerned with  nonequilibrium  flow  processes  in  expansion  nozzles.  In 
nuclear-hydrogen  propellant  rockets,  chemical  rockets,  turbojets  and 
ramjet  engines,  for  example,  the  propellant  is  heated  to  high  tempera- 
tures and  one  of  the  consequences  of  the  high  temperature  is  that  the 
propellant  dissociates  into  the  basic  atoms  of  which  it  is  composed. 
A certain  amount  of  energy  is  absorbed  in  the  dissociation  process. 

Maximum  thrust  is  obtained  from  the  system,  however,  if  the  energy 
tied  up  in  dissociation  is  released  during  recombination  of  the  atoms 
in  the  form  of  heat  as  the  flow  expands  through  the  exhaust  nozzle. 
Further  research  is  needed  to  provide  better  understanding  of  the 
basic  mechanism  of  the  recombination  process,  which,  in  turn,  might 
lead  to  methods  of  inducing  recombination,  for  example,  bv  proper 
shaping  of  the  contour  of  tne  nozzle.  An  extremely  long  (but  corn- 
let  ely  impractical)  nozzle  can  be  shown  to  give  nearly  complete  re- 
combination. Our  current  research  program  is,  therefore,  oriented 
toward  providing  the  information  with  whicn  to  develop  the  most 
efficient  configuration  for  a practical  nozzle  size. 

Another  technique  whicn  contributes  to  increased  recombination 
involves  the  use  of  additives  in  the  propellant.  The  upper  diagram  in 
figure  132  shows  the  usual  situation  for  a hydrogen  rocket.  Here  the 
dissociated  hydrogen  is  discharged  through  the  nozzle  and  although 
a few  atoms  recombine,  most  remain  in  the  atomic  state.  In  tne 
lower  diagram,  a small  amount  of  a recombination-inducing  material 
is  added  to  the  propellant.  As  a result,  a larger  number  of  atoms 
recombine  in  the  exnaust  nozzle  with  a resulting  increase  in  thrust. 
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Most  of  the  effective  additives  which  have  been  investigated  so  far 
suffer  a compensating  loss  of  thrust  because  the  additive  makes  the 

Cropellant  heavier.  Further  research  is  needed  to  understand  the 
asic  process  better  which  might  lead  to  a light-weight  additive  as  a 
good  recombination  promoter. 

Another  area  of  increasing  importance  in  the  fluid-physics  research 
program  is  that  of  plasma  physics.  As  you  may  remember,  a plasma 
is  a state  of  matter  where  the  particles  are  electrically  charged,  that 
is,  where  free  electrons  and  ions  exist  in  approximately  equal  numbers. 
As  a consequence,  these  particles  can  be  influenced  by  electric  and 
magnetic  forces  contrary  to  nonconducting  gases  and  liquids,  such  as 
ordinary’  air,  for  example.  Recause  of  the  important  role  plasmas 
play  in  the  development  of  very  fast  vehicles,  in  the  science  of  space, 
and  in  space  technology,  it  might  be  desirable  to  spend  a little  time 
in  explaining  some  typical  plasma  phenomena  in  the  physical  world. 

In  figure  133,  we  see  the  universe  divided  into  the  different  states 
of  matter  with  a temperature  scale  which  indicates  the  region  of  their 
existence.  It  can  lie  seen  that  most  of  the  matter  in  the  universe  exists 
in  the  form  of  a plasma.  The  temperatures  which  are  produced  by 
friction  and  compression  during  the  interaction  of  vehicle  and  gas 
reach  far  into  the  region  of  the  plasma  state,  dependent  on  the  relative 
speed.  Since,  for  example,  the  interaction  temperature  of  a vehicle 
moving  with  the  velocity  of  sound  (about  700  miles  per  hour)  is  about 
100°  F.  and  about  20,000°  F.  at  17,000  miles  per  hours  (satellite  speed), 
one  can  imagine  the  tremendous  temperatures  which  vehicles  will 
encounter  with  even  higher  speed  such  as  in  returning  from  inter- 
planetary missions.  The  plasma  state  of  matter  is  therefore  of  sub- 
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stantial  interest  in  fluid-physics  research.  Results  from  plasma  studies 
will  have  far-reaching  impact  on  all  branches  of  modem  physics. 

Theoretical  studies  must  go  hand  in  hand  with  experimental  investi- 
gations. Much  effort  is  spent,  therefore,  to  produce  phenomena  in  the 
laboratory  under  well -control led  conditions.  Figure  134  shows  an 
example  of  our  current  plasma  research.  This  illustrates  an  actual 
experiment  as  it  was  conducted  at  our  Langley  Research  Center.  On 
the  upper  left,  a so-called  plasma  gun  produces  a plasma  with  a 
powerful  electrical  discharge  and  then  accelerates  it  in  pulses  to  very 
high  velocities.  In  this  particular  case,  the  velocity  is  500,000  miles 
per  hour.  The  plasma  is  then  stopped  abruptly  by  a magnetic  barrier 
wherein  its  high-kinetic  energy  is  converted  into  heat,  producing  a 
temperature  in  excess  of  1,000,000°  F.  On  the  bottom  of  the  chart  we 
see  a photograph  of  the  actual  experiment.  The  whole  event  takes 
place  within  a few  millionths  of  a second  and  during  this  short  time, 
observations  and  measurements  have  to  be  made. 

We  would  like  to  stress  at  this  point  the  technical  difficulties  in- 
volved in,  first,  producing  such  an  energetic  plasma  and,  second,  in 
making  good  observations  during  the  extremely  short  time  intervals. 
Much  research  must  still  be  performed  to  develop  the  complex  instru- 
mentation required  to  make  accurate  measurements  of  conditions 
during  the  test  period. 

Most  of  our  plasma  work  is  done  in  much  more  moderate  tempera- 
ture region.  We  have,  for  example,  arc-jet  facilities  which  provide  con- 
tinuous-plasma streams  at  20,000°  F.  Such  facilities  are  used  to  study 
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plasma  behavior  at  temperatures  occurring  during  atmospheric  re- 
entry of  space  vehicles.  We  are  also  carrying  out  studies  of  the 
principles  of  magnetohydrodvuamic  plasma  acceleration  which  are 
necessary  to  understand  MHf)  propulsion  and  power-generating  de- 
vices. Other  methods  of  plasma  generation  and  plasma  heating,  and 
the  development  of  techniques  for  measuring  and  analyzing  their 
characteristics,  are  also  under  investigation.  In  addition  to  our  in- 
house  research,  we  are  supporting  a number  of  plasma  projects  at 
university  laboratories.  Unfortunately,  these  high  energy  experi- 
ments are  elaborate  and  expensive,  but  no  cheaper  way  can  be  seen  to 
provide  the  necessary  scientific  information  which  we  need  for  our 
present  development  of  space  technology. 

ELECTROPHT8IC8 

The  electrophysics  research  program  is  concerned  with  the  effect 
of  static  and  dynamic  electric  and  magnetic  fields  upon  electrons  and 
ions  imbedded  in  gases,  liquids,  and  solids  and  also  with  nuclear  re- 
action processes.  The  program  encompasses  physics  research  on  such 
topics  as  gaseous  discharges,  atomic  and  molecular  behavior,  spectros- 
copy, electromagnetic  waves,  electron  and  ion  dynamics,  nuclear  reac- 
tions, high  energy  particles,  and  theoretical  physics. 

The  following  examples  will  show  some  of  this  research  activity. 
One  very  interesting  and  promising  field  is  that  concerning  the  elec- 
trophysical laws  governing  the  interaction  of  a magnetic  field  with  a 
flow  of  ionized  gases  which  plays  a very  important  part  in  modem 
physics  and  technology.  Figure  135  shows  a possible  practical  use  of 


5- 


1984  NASA  AUTHORIZATION 


1993 


Fiona:  135 

this  principle,  which  involves  the  generation  of  power  by  passing  an 
ionized  gas  through  a magnetic  held  and  extracting  the  resulting  elec- 
trical power.  This  is  a problem  which  is  being  studied  by  many  in- 
vestigators in  Government,  industrial,  and  university  laboratories. 
To  date,  most  experimental  MHD  devices  have  generated  direct 
current. 

Theoretical  analyses  of  MHD  principles  and  studies  of  the  basic 
behavoir  of  the  processes  involved  indicate  the  presence  of  a magneto- 
acoustic wave  which  produces  cyclic  variations  or  waves  in  the  flow’ 
field.  This  may  lead  to  the  direct  generation  of  alternating  current 
with  such  a device.  Current  experimental  investigations  are  at- 
tempting to  verify  the  existence  of  such  a theoretical  concept  and 
whether  these  waves  can  be  sufficiently  controlled  to  produce  alter- 
nating current. 

Another  scientifically  interesting  phenomenon  is  superconductiv- 
ity which  occurs  at  temperatures  close  to  absolute  zero.  Here  again, 
many  immediate  uses  can  be  seen  if  the  phenomenon  were  basically 
better  understood.  Superconductivity  is  a state  in  which  the  electrical 
resistance  of  a conductor  falls  to  zero.  It  is  also  a state  in  which  mag- 
netized materials  retain  their  magnetism  even  when  the  magnetizing 
source  is  removed.  Since  there  is  no  electrical  resistance  in  supercon- 
ductors, coils  in  electromagnets  are  very  much  smaller  than  water- 
cooled  coils  wound  of  copper  at  room  temperature  producing  the 
same  magnetic-field  intensity.  An  explanation  of  this  phenomenon 
by  studying  the  electron  behavior,  is  the  goal  of  these  investigations. 
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A good  step  forward  in  this  direction  has  been  made  by  JPL  physi- 
cists who  have  devised  a method  to  increase  stepwise  the  magnetic-neld 
density  in  a superconductor  without  requiring  the  application  of  a 
larger  external  magnetic  field. 

Figure  136  illustrates  such  a magnetic -flux  pump.  A block  of  ni- 
obium is  placed  in  an  external  magnetic  field  parallel  to  the  axis  of 
the  cylindrical  holes.  The  block  is  cooled  below  its  critical  temper- 
ature, about  4°  above  absolute  zero,  with  liquid  helium,  and  the  ex- 
ternal magnetic  field  is  then  reduced  to  zero.  The  magnetic  field 
remains  trapped  inside  the  two  cylindrical  holes  of  the  supercon- 
ductor. The  superconducting  piston  is  then  inserted  into  one  hole 
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which  increases  the  field  in  the  other  hole  by  a factor  of  almost  two. 
Hy  reversing  the  process,  the  flux  density  can  also  be  reduced,  thus 
making  a variation  of  the  field  from  zero  to  a high  level  possible. 
The  significance  of  this  effect  for  laboratory  experiments  and  control 
of  magnetic  devices  in  spacecraft  is  obvious.  Also,  for  example,  the 
reduction  in  vehicle  surface  temperatures  during  reentry  is  a p™?si- 
ble  benefit  of  this  research. 

While  the  flux  pump  is  still  a lalioratory  device,  this  work  illustrates 
ingenuity  and  imagination  in  exploring  and  devising  new  techniques 
to  utilize  known  phenomena.  Superconductors  may  very  well  be 
the  solution  for  the  problems,  such  as  drag  and  drift  rates,  which 
have  plagued  gyroscope  designers  and  users  for  many  years.  The  re- 
quirements of  future  space  exploration  far  exceed  the  capabilities 
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of  conventional  gyroscope  systems.  Essential  improvements  can  be 
seen  by  using  a cryogenic  gyroscope  with  a superconducting  rotor 
suspended  in  a vacuum  by  a constant  magnetic  field  mated  oy  two 
superconducting  coils. 

Figure  137  illustrates  the  experimental  arrangement  of  this  gyro- 
scope which  will  greatly  reduce  drag  with  a resultant  reduction  of 
drift  rate  and  an  increase  in  accuracy.  The  rotor  is  started  spinning 
by  a jet  of  air  while  the  coils  and  rotor  are  so  arranged  that  the  mag- 
netic flux  keeps  the  rotor  balanced  during  its  spin.  Current  studies 
are  directed  toward  a better  understanding  of  the  basic  principles 
involved  so  that  undesirable  dragging  actions  of  the  rotor  may  be 
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further  reduced  to  achieve  extreme  accuracy  and  operating  stability. 

The  basic  studies  of  eleciron  location  and  behavior  within  the 
crystalline  structures  of  solids  led  some  years  ago  to  transistors  which 
have  drastically  changed  the  radio  technology.  A similar  outgrowth 
of  such  basic  activity  is  showing  up  in  lasers,  electronic  devices  which 
may  revolutionize  our  communication  systems  and  special  energy 
transmissions  in  the  future.  Figure  138  shows  the  frequency  region 
potentially  covered  bv  the  laser.  It  can  be  seen  that  this  region  reaches 
far  lieyond  that  of  the  conventional  radio  waves.  While  the  figure 
appears  to  show  only  a doubling  of  the  usable  frequency  spectrum 
for  communication,  the  logarithmic  scale  indicates  a new  region  which 
is  1 million  times  greater.  The  pace  of  progress  in  this  field  is  de- 
pendent upon  how  fast  we  reach  a thorough  understanding  of  the 


86  504  O — 63— pt  3a 


36 


1996 


1964  NASA  AUTHORIZATION 


Figube  138 

physical  principles  which  involve  complicated  atomic  and  molecular 
processes. 

One  form  of  the  laser  consists  of  a ruby  rod  which  is  excited  with 
light  from  an  intense  flash  lamp  and  'then  the  laser  emits  a narrow 
pencil  beam  of  a special  kind  of  infrared  light  with  the  physical  term 
“coherent.”  Coherent  means  that  the  light  waves  are  all  of  the  same 
frequency  and  in  phase.  The  sketch  on  the  upper  left  shows  an  atom 
in  which  electrons  in  certain  concentric  shells  called  energy  levels  are 
excited  by  green  light  and  jump  to  higher  energy  levels  or  shells. 
After  a certain  time  period,  they  can  be  stimulated  to  return  to  their 
original  energy  levels  at  the  same  time  and  in  phase  with  one  another, 
releasing  energy  in  the  form  of  coherent  infrared  light.  The  narrow- 
ness of  the  laser  beam  is  one  of  its  outstanding  characteristics  and  is 
graphically  compared  in  the  upper  right  of  figure  138  with  the  beam 
from  a high-resolution  radar.  The  radar  beam  spreads  very  quickly 
but  the  laser  beam,  which  is  about  1,000  times  narrower,  keeps  its 
sharp,  pencil  form  for  great  distances,  thus  losing  little  of  energy. 
This  permits  high  resolution  and  fine  detail  for  ranging  or  mapping 
of  terrain. 

In  the  NASA  program,  considerable  emphasis  is  being  placed  on 
laser  research  at  universities  such  as  Stanford  and  MIT  with  scien- 
' ists  who  have  been  chiefly  responsible  for  the  birth  and  development 
of  laser  concept.  This  research  is  devoted  to  achieving  higher  power, 
greater  frequency  purity  and  stability,  and  improve  modulation,  am- 
plification, and  detection  of  laser  radiation. 

The  interaction  of  charged  particles  with  electromagnetic  fields  led 
our  electrophysics  researchers  from  the  laboratory  investigations  to 
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the  explanation  of  particular  phenomena  of  space.  Figure  139  shows 
the  nearby  magnetic  field  of  the  Earth  and  its  magnetosphere  which  is 
defined  as  the  Doundary  line  of  the  Earth’s  magnetic  field  (about  40,- 
000  to  60,000  miles  from  the  Earth).  Satellite  data,  such  as  from 
Pioneer  V,  taken  near  the  magnetosphere  have  revealed  heretofore 
puzzling  variations  in  the  strength  of  the  magnetic  field.  Scientists 
of  the  Ames  Research  Center  stuaving  these  data  have  recently  deduced 
a theory  which  adequately  describes  the  interference  of  a solar  “wind” 
(a  stream  of  ionized  gas  from  the  Sun)  with  the  magnetic  field  of  the 
Earth  and  thus  offers  an  explanation  for  the  observed  variations  of 
the  phenomena.  The  correlation  was  accomplished  by  analytically 
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establishing  a simplified  model  of  the  physical  environment,  that  is,  a 
magnetic  piston  moving  through  a region  containing  electrons  and 
protons.  Such  similarity  studies,  theoretically  and  experimentally, 
conducted  in  the  laboratories  under  correct  observation  of  similarity 
rules,  promote  the  basis  for  our  understanding  and  further  exploration 
of  the  universe. 

materials 

Materials  research  is  concerned  with  understanding  the  internal 
structure  and  fundamental  principles  governing  the  behavior  of 
matter,  predominantly  in  the  solid  state,  when  subjected  to  various 
environmental  conditions  such  as  stress  and  vibration,  high  or  low 
temperatures,  corrosive  and  oxidizing  atmospheres,  vacuum,  and 
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electromagnetic  and  particle  radiation.  The  objective  is  to  obtain 
superior  materials  for  the  wide  and  ever  growing  multitude  of  NASA 
needs.  The  basic  aspects  of  this  effort  are  the  concern  of  the  solid- 
state  physicist.  By  knowing  the  forces  holding  atoms  in  place,  he 
can  calculate  a theoretical  strength  for  any  material.  We  know  that 
the  strength  actually  achieved  by  most  metals  is  only  a small  fraction 
of  the  calculated  value  and  we  hypothesize  that  the  difference  is 
caused  by  defects  in  the  crystalline  structure.  A large  part  of  our 
work  then  reduces  to  a study  of  the  types  of  defects  in  matter  and  how 
they  can  be  controlled  and  eliminated. 

The  upperline  on  figure  140  indicates  the  theoretically  attainable 
strength  of  a given  material.  In  practice,  however,  pnly  a few 


Figure  140 

isolated  perfect  crystals  in  the  very  fine  whisker  form  shown  in  the 
upper  insert  have  come  near  these  strengths  (a  million  pounds  per 
square  inch  or  higher).  The  materials  we  use  in  our  space  vehicles 
have  improved  in  strength — mostly  empirically — over  tne  years  but 
are  still  rar  below  the  theoretical  strength.  We  have  found  that  defects 
in  the  crystal  lattice  (some  of  which  are  dislocations),  lack  of  proper 
alinement  between  crystals,  and  other  imperfections  exist  in  our  com- 
mon materials.  Some  of  these  are  shown  as  dark  spots  in  the  lower 
insert.  By  studies  of  such  defects,  we  hope  to  learn  how  the  theoretical 
strengths  may  be  achieved  or  at  least  approached. 

Since  atomic  configurations  are  too  small  for  optical  resolution  by 
existing  exploratory  techniques,  advanced -research  tools  are  necessary 
to  study  defect -interact ion  phenomena.  The  field  ion  emission  micro- 
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scope,  a new  tool  which  displays  individual  atoms  on  a fluorescent  * 

screen,  promises  to  give  us  direct  information  on  atom-atom  interac- 
tions which  we  can  only  infer  at  present.  Figure  141  shows  the  pattern 
of  atoms  as  seen  by  such  a device.  NASA  is  participating  in  the  ex- 
ploitation of  this  significant  advance  in  microscopy.  One  of  the  many 
investigations  in  tnis  direction  is  concerned  with  the  influence  of 
particle  radiation  on  the  generation  of  the  defects,  the  dislocations,  et 
cetera.  Results  from  these  studies  will  immediately  contribute  to 
solutions  of  the  radiation-damage  problem  in  actual  space  vehicles. 

The  materials-research  program  is,  to  a large  degree,  directly  useful 
to  actual  hardware  programs.  Designers  need  data  on  materials  for 
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immediate  use.  The  following  examples  are  taken  from  this  more 
applied  work  which  is  carried  out  on  metals,  ceramics,  polymers,  and 
lubricants. 

In  the  case  of  metals,  our  major  effort  is  in  the  area  of  alloys  for  very 
high  temperatures.  A few  years  ago,  materials  research  was  con- 
centrated in  the  area  of  alloys  for  the  engines  of  military  aircraft  (at 
temperatures  up  to  about  1,600°  F.).  The  operating  temperatures  of 
these  components  are  now  the  “cooF  end  of  tbe  temperature  problems 
facing  us  in  space  vehicle  and  space  powerplant  development. 

As  one  specific  example,  I might  mention  the  components  of  a nu- 
clear rocket  which  could  be  exposed  to  a 3,500°  to  4,000°  Fahrenheit 
propellant  gas. 

Only  metals  and  their  alloys  have  sufficient  ductility  for  some  com- 
ponents subjected  to  thermal  cycling  and  stressing.  Strength  require- 
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ments  at  these  temperatures  are  still  beyond  the  capability  of  present 
alloys. 

Figure  142  shows  the  considerable  accomplishments  we  have 
achieved  to  date  with  our  research  and  where  we  expect  to  be  in  a few 
years.  Further  advances  will  need  considerable  effort.  Precipitation 
hardening,  the  strengthening  mechanism  which  has  been  so  useful  in 
developing  our  current  jet -engine  alloys,  is  ineffective  when  the  alloy 
is  to  be  used  near  its  melting  point.  Other  approaches  must  be 
explored. 

The  metals  which  look  promising  for  this  research  are  refractory : 
difficult  to  prepare,  melt,  fabricate,  and  evaluate.  They  are  also  ex- 
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pensive.  The  cost  of  each  research  project  is  accordingly  much  higher 
than  with  steel  or  aluminum,  for  example.  Yet  these  materials  are 
urgently  needed  and  will  be  used  as  fast  as  we  can  get  them. 

One  new  area  of  metallurgy  is  the  use  of  metal  foils  as  structural 
materials.  We  currently  use  metal  foils  (metals  in  thicknesses  less 
than  0.005  inch)  as  vapor  barrier  materials  in  packaging  and  housing 
They  are  primarily  used  for  this  application  because  they  are  im- 
pervious to  moisture  and  chemically  stable.  They  are  not  required  to 
carry  any  load. 

In  the  never-ending  effort  to  make  our  aerospace  structures  both 
lighter  and  stronger,  there  are  many  ways  we  might  be  able  to  use 
alloys  in  foil  form  to  advantage.  Such  metal  foils  differ  greatly  in 
properties  from  those  of  the  bulk  material  and  these  properties  must 
oe  explored.  Also,  a whole  new  technology  of  producing,  forming, 
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and  joining  these  materials  must  be  developed.  Figure  143  shows 
some  of  these  possible  applications  and  the  associated  problems. 

Some  space  structures,  such  as  collectors  of  solar  radiation  in  spacer 
as  shown  on  the  left,  must  be  large,  light,  and  rigid.  If  we  had  foil  or 
a stiff  metal  such  as  beryllium,  which  has  by  far  the  best  combination 
of  the  latter  two  characteristics,  we  might  be  able  to  design  and  fabri- 
cate the  best  possible  solar  reflector.  Unfortunately,  we  cannot  now 
make  satisfactory  beryllium-foil  components.  We  first  need  basic 
advances  in  our  understanding  of  the  nature  and  behaviors  of  berylli- 
um before  we  can. 

The  second  example,  in  the  center,  shows  the  use  of  a metallic  honey- 
comb to  make  strong,  stiff  panels  that  resist  the  vibrational  and  ther- 
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mal-fatigue  stresses  of  such  aircraft  as  the  commercial  supersonic 
transport  that  is  now  fast  approaching  the  stage  where  preliminary 
designs  are  being  considered. 

Before  wa  can  use  such  honeycomb  materials  that  will  satisfy  the 
severe  and  inflexible  requirements  for  safety  and  economy  of  commer- 
cial transport  aircraft,  we  need  more  basic  knowledge  and  understand- 
ing of  these  materials.  This  basic  knowledge  is  essential  to  the  devel- 
opment of  cheaper  and  more  reliable  foil  honeycomb. 

The  third  example  shown  on  the  right  is  an  insulating  structural 
material  for  a hypersonic  vehicle  that  must  operate  in  the  atmosphere. 
Since  the  aerodynamic  heating  will  raise  the  surface  temperature  to 
2,000°  F.  or  greater,  and  since  the  fuel  must  be  liauid  hydrogen  at 
— 423°  F.,  it  is  clear  that  we  need  a very  good  and  lightweight  insu- 
lator. 
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One  possible  approach  to  this  very  difficult  and  critical  problem  is 
the  placement  of  many  layers  of  a refractory  metal  foil  between  the 
hot  and  cold  sides  of  the  large,  tankhke  structure.  Unfortunately,  we 
cannot  do  this  today.  First,  we  must  learn  more  about  how  to  control 
the  properties  of  the  foil  alloy,  and  how  to  protect  it  on  the  one  side 
from  reactions  with  the  atmosphere  at  these  very  high  temperatures 
and  on  the  other  side  from  brittleness  when  it  is  in  contact  with  low- 
temperature  propellants. 

Another  aspect  of  materials  research,  which  shows  promise  to  solve 
many  of  the  nigh-temperature  problems  of  space  flignt,  is  the  refine- 
ment and  understanding  of  the  old  empirical  science  of  ceramics. 
Generally  speaking,  refractory  ceramics  are  compounds  of  a large 
metal  atom  and  a small  nonmetal  atom. 

For  example,  zirconium  and  oxygen  form  zirconium  oxide  which 
melts  about  about  4,700°  F.  Such  materials  have  high  melting  points, 
hardness,  st  rength,  and  are  brittle. 

Research  is  underway  to  determine  if  the  properties  of  such  ceramics 
can  be  modified  by  varying  the  relative  proportions  of  the  metal  and 
nonmetal  ,'toms.  As  shown  in  figure  144  there  is  reason  to  believe  that 
by  having  fewer  small  nonmetallic  atoms,  some  properties  will  be 
improved  perhaps  with  some  sacrifice  of  strength. 

It  is  also  conceivable  in  some  cases  that  relatively  more  nonmetal 
atoms  than  metal  atoms  will  provide  improvement  in  certain  other 
characteristics  such  as  sinterabilitv  (firing  a molded  object  such  as 
china  to  produce  a coherent  solid) . 

Research  in  the  effects  of  varying  the  proportions  of  metal  and  non- 
metal  atoms  may  well  provide  the  knowledge  to  allow  materials  scien- 
tists to  compose  specific  compounds  for  special  tasks. 
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A recent  trend  in  ceramics  research  is  to  deviate  from  studies  of 
high-density  materials  to  the  exploration  of  ceramics  for  inclusion  in 
composites  and  for  use  in  the  loosely  packed  condition.  This  trend  has 
resulted  in  a manifold  increase  in  the  utilization  of  ceramics. 

Figure  145  shows  some  of  the  forms  of  ceramics  which  are  emerging 
for  application  to  aerospace  vehicles.  Refractory  ceramic  composites, 
capsrle  of  withstanding  the  high  temperatures  and  stress  of  reentry, 
w ill  enable  spacecraft  to  safely  enter  the  earth's  atmosphere.  High- 
temperature,  low-density  ceramic  wool  will  insulate  the  crew  members. 

The  refractory  metal  leading  edges  of  these  wings  will  have  thin 
ceramic  coatings  capable  of  protecting  them  from  oxidation  and,  at 
the  same  time,  bend  as  the  structure  flexes.  The  structure  will  also  be 
reinforced  with  refractory  ceramic  foams.  Ceramic  fibers  in  filamen- 
tary form  or  in  yarn,  taj»e,  or  cloth  will  he  used  for  pressure-resistant 
vessels  such  as  these  fuel  tanks. 

Research  is  currently  underway  on  how  to  use  these  forms  of  ceram- 
ics for  reinforcing  structural  metals  to  increase  their  operating  tem- 
perature. Through  research  on  new  and  novel  ways  to  form  ceramics 
we  will  be  able  to  take  advantage  of  the  desirable  characteristics  of 
brittle  materials  while  avoiding  the  undesirable  properties. 

Ceramics  are  also  proving  to  be  useful  as  highly  stable  coatings 
which  may  have  the  quality  of  controlling  the  internal  temperature  of 
spacecraft  as  they  pass  from  sunlight  to  shadow. 

The  temperature  for  these  space  vehicles  must  be  controlled  within 
relatively  narrow  limits  to  insure  comfort  for  astronauts  and  maximum 
operating  efficiency  for  equipment.  Coatings  of  metals,  ceramics,  and 
polymers  are  widely  usea  for  these  purposes  in  spacecraft. 
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To  do  the  proper  job,  the  coating  selection  must  be  based  on  how 
much  light  or  energy  it  absorbs,  how  much  heat  it  can  radiate  away 
from  the  spacecraft,  and  at  the  some  time  it  must  be  stable,  for  long 
periods,  in  the  space  environment.  The  ratio  of  the  absorbing  ana 
radiating  (or  emitting)  qualities  of  the  coatings  determines  the 
internal  temperature. 

As  figure  146  indicates,  currently  available  coatings  are  generally 
satisfactory  for  today’s  space  mission.  Some  future  spacecraft,  how- 
ever,  Apollo  for  example,  will  require  coatings  which  are  beyond  the 
limits  of  our  current  capabilities.  The  requirements  of  these  new 
coatings  create  extremely  difficult  goals. 
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Research  is  presently  underway  to  determine  the  behavior  of  new 
materials  and  coating  compositions  when  exposed  to  the  solar  energies 
and  the  space  environment.  This  research  should  lead  to  the  de- 
velopment of  required  temperature-control  coatings. 

Figure  147  illustrates  the  operation  of  an  automatic  temperature- 
control  coating.  When  the  satellite  with  an  existing  coating  is  ex- 
posed to  the  sun,  more  energy  is  absorbed  than  is  rejected  and  the  tem- 
perature rises.  With  the  automatic  coating,  the  reflectance  would 
increase  and  the  space  vehicle  would  remain  comfortably  cool. 

On  the  other  hand,  when  the  vehicle  without  the  automatic-control 
coating  is  shaded  from  the  sun,  it  is  rejecting  more  heat  than  it  is 
receiving  and  its  temperature  falls.  With  an  automatic-control  coat- 
ing, the  characteristics  change  preventing  the  rejection  of  heat  and 
the  temperature  remains  relatively  stable. 

This  research  effort  will  have  numerous  beneficial  applications  other 
than  to  spacecraft.  It  can  be  applied  to  houses  or  other  enclosures 
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placed  upon  the  moon  or  any  other  place  in  space  where  heat  transfer 
primarily  occurs  bv  the  process  of  radiation.  On  the  earth,  roof 
coverings  for  builcfings,  paints  for  exterior  walls,  and  coatings  for 
windows  can  be  expected  to  produce  substantial  gains  in  heating  and 
air-conditioning  efficiency. 

A very  important  area  in  materials  research  is  polymers.  There 
are  many  natural  polymers,  natural  rubber,  wood,  wool,  and  animal 
tissues,  to  name  a few. 

Polymers  which  show  great  potential  are  those  synthesized  to  pro- 
duce properties  superior  to  those  of  natural  polymers  and  in  many 
cases  superior  to  metals  and  ceramics  as  well. 

For  example,  natural  rubber  makes  a good  automobile  tire;  but,  as 
you  know,  synthetic  rubbers  (or  elastomers)  can  be  produced  with 
superior  properties  for  other  specific  applications  where  oil  resistance 
and  high-temperature  stability  are  required. 

Another  possible  example  might  be  in  tire  cord  where  the  rein- 
forcement has  progressed  from  cotton  to  rayon  to  nylon  resulting  in 
much  stronger  synthetic  materials  with  less  bulk  and  less  heat  build-up 
in  the  tire. 

Polymers  are  high-molecular- weight  materials  which  we  can  visual- 
ize as  consisting  of  long,  chainlike  molecules  which,  although  synthe- 
sized relatively  recently,  have  found  many  applications  in  our 
economy.  These  materials  are  proving  necessary  to  our  exploration 
of  space  as  seals  and  sealants,  inflatable  structures,  coatings,  fibers, 
lubricants,  and  adhesives;  to  name  a few  of  their  U9es.  Polymers 
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actually  represent  broad  classes  of  materials  from  liquids  to  rigid 
solids. 

Figure  148  shows  that,  at  normal  temperatures  and,  in  general,  in  an 
Earth  environment,  we  have  many  polymeis  capable  of  performing 
satisfactorily  for  numerous  requirements.  In  space  applications  the 
environment  is  much  more  rigorous,  ranging  in  temperature  alone 
from  extremely  hot  to  extremely  cold.  As  we  deviate  from  the 
familiar  Earth  environment,  we  have  fewer  and  fewer  polymers 
capable  of  meeting  the  requirements. 

For  example,  polymers  are  available  for  use  up  to  temperatures 
around  500°  F.  and  current  research  suggests  that  1,000°  F.  is  con- 
ceivable; however,  the  future  needs  may  require  2,500°  F. 
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A similar  situation  exists  on  the  other  end  of  the  temperature  scale, 
that  is,  with  respect  to  cryogenic  temperatures.  Of  course,  these  new 
polymers  must  withstand  all  the  factors  of  the  new  environment, 
including  radiation,  vacuum,  and  so  forth,  in  addition  to  the  thermal 
requirements. 

In  order  to  obtain  polymers  callable  of  withstanding  space  condi- 
tions it  is  necessary  to  conduct  a basic  research  program  in  the  area. 
In  order  to  do  this  successfully  a Space  Environment  Research 
Facility,  proposed  as  a fiscal  year  1964  facility  item  for  the  Ames 
Research  Center,  will  devote  large  efforts  in  the  proposed  space  to 
basic  research  on  polymeric  behavior  under  the  space  environment. 

One  aspect  of  polymer  research  is  the  control  of  the  chemical 
composition  of  the  long,  chain-like  molecules  and  the  arrangement  of 
these  chains  in  the  material,  because  this  determines  the  properties  of 
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polymers.  Polymers,  which  are  generally  composed  of  carbon,  hy- 
drogen, nitrogen,  sulfur,  and  other  elements,  have  the  elements 
attached  as  closed  loops  or  rings  to  their  chain  arrangement. 

Research  has  shown  that  certain  rings  and  certain  strong  bonds  in 
the  polymer  chains  enhance  resistance  to  radiation  and  high 
temperature. 

The  usual  polymer  structure  shown  at  the  top  of  figure  149  repre- 
sents random  order  in  the  chains,  perhaps  like  a fx>wi  of  spaghetti.  It 
can  be  seen  that  these  chains  can  now  past  one  another  and  will  easily 
be  deformed  by  pressure.  If  we  orient  these  chains  so  that  they  crys- 
tallize as  shown  on  the  left,  or  perhaps  crosslink  the  chains  as  shown  in 
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the  center,  the  materials  will  resist  flow  and  deformation.  A major 
advantage  of  polymers  is  their  elasticity.  This  is  accomplished  by  a 
chain  configuration  as  shown  on  the  right,  that  is,  coiling  and  cross- 
linking  which  act  to  make  a material  that  springs  back  into  shape. 

The  polymer  scientist  speaks  of  “tailoring”  his  materials  to  do  a 
specific  job.  In  other  words,  he  synthesizes  fro.n  basic  elements  the 
type  of  chemical  and  physical  structures  that  meet  a given  set  of  re- 
quirements. In  the  last  decade,  considerable  knowledge  has  been 
acquired  in  this  respect,  but  the  space  age  has  advanced  the  require- 
ments fantastically.  Basic  research  in  polymer  chemistry  is  required 
to  understand  the  fundamental  mechanisms  so  that  materials  can  be 
created  to  meet  the  challenge  and  to  prevent  the  loss  of  time,  money, 
and  talent  inherent  in  an  empirical  approach  to  provide  the  answers. 

One  significant  facet  of  polymers  is  their  use  as  bonding  agents  or 
adhesives.  They  have  wide  use  in  the  space  program  for  holding  dif- 
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ferent  materials  together.  The  use  of  nuts,  bolts,  and  rivets  is  actually 
impractical  for  many  space  structures  and  applications.  For  exam- 
ple, an  inflatable  structure  of  romposite  materials,  such  as  in  the  Echo 
II  communications  satellite,  consists  of  a sandwich  of  Mylar  film 
between  thin  foils  of  aluminum.  The  aluminum  must  be  properly 
bonded  to  the  Mylar  to  make  an  integral  structure.  Adhesion  is  a 
primary  problem  in  composites  and  meeting  increasing  strength  re- 
quirements will,  in  a large  part,  lie  dependent  upon  the  effect  iveness 
of  the  bonding  agent.  The  adhesives  with  which  we  are  concerned  are 
polymers  which  are  generally  applied  as  liquids  to  the  materials  to  be 
Donded.  The  attachment  of  the  polymer  molecules  to  the  surface  to 
be  bonded  is  of  utmost  importance.  Figure  150  shows  diagrummati- 
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cally,  polymer  molecules  attaching  to  a surface.  The  upper  sketch 
shows  poor  adhesion  caused  by  weak  bonds,  contamination,  and  shield- 
ing of  potential  bonding  sites.  The  lower  sketch  shows,  in  an  ideal- 
ized way,  how  an  improved  adhesive  would  look  by  the  elimination  of 
these  weak  links.  The  actual  conformation  of  these  polymer  chains 
and  the  types  of  interactions  occurring  at  the  surface  are  subjects  of 
research.  Maximum  adhesion  may  very  well  be  obtained  when  the 
maximum  number  of  sites  are  occupied  by  strong  bonds.  Hasic  re- 
search is  imperative  to  identify  and  understand  the  surface  affinities, 
interactions  net  ween  the  adhesive  and  the  material  to  be  bonded,  and 
the  optimum  conditions  for  maximum  adhesion. 

We  now’  go  from  the  concept  of  holding  things  together  to  the 
concept  of  permitting  things  to  move  relative  to  each  other  with 
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minimum  friction.  “The  squeaky  wheel  gets  the  oil”  is  not  applicable 
in  space.  In  the  vacuum  of  space,  rubbing  surfaces  which  are  not 

Eroperly  lubricated  will  weld  together  very  readily  and  quickly. 

ubrication  depends  not  only  on  the  presence  of  oil  or  other  lubricants 
but  also  on  the  existence  of  contaminating  surface  films  on  the  ad- 
jacent surfaces.  These  films  serve  to  protect  the  rubbing  surfaces  from 
each  other  and  also  to  help  in  the  adsorption  of  lubricants  and  their 
retention  upon  the  surfaces. 

In  the  vacuum  of  space,  not  only  are  our  lubricants  likely  to  evapo- 
rate but  the  natural  coatings  themselves  may  evaporate.  We  must 
therefore  consider  the  possibility  of  applying  artificial  solid  films 
which  adhere  to  the  surfaces  and  also  exhibit  considerable  resistance 
to  evaporation.  Such  solid  lubricants  could  have  application  for 
mechanisms  in  inaccessible  locations.  These  include  control-surface 
bearings  embedded  in  aircraft  and  spacecraft  structures  and  bearings 
for  satellites  or  space  vehicles  which  much  of  necessity  operate  in  a 
vacuum  environment,  completely  inaccessible  during  their  lifetime. 

It  is  with  such  applications  in  mind  that  NASA  began  the  study 
of  the  chemistry,  physics,  and  lubrication  capacity  of  dry-film  lubri- 
cants several  years  ago.  These  materials  must  be  stable  in  the  en- 
vironment, must  provide  surface  protection,  must  adhere  to  surfaces, 
and  should  preferably  have  low  shear  strength  so  that  layers  slide 
one  upon  the  other  readily.  It  has  been  found  that  a layered  structure 
of  materials  frequently  is  helpful  in  providing  a good  lubricant.  It 
is  not  sufficient  to  find  a material  which,  as  a powder,  slides  readily. 
We  must  find  out  under  which  conditions  it  does  or  does  not  lubricate. 
Graphite,  which  we  all  know  as  a good  solid  lubricant,  is  not  satis- 
factory for  use  in  space.  Graphite  depends  for  its  lubricating  prop- 
erties upon  the  existence  of  an  adsorbed  layer  of  oxygen  or  water. 
In  space,  oxygen  and  water  evaporate,  and  graphite  no  longer  lubri- 
cates. Figure  151  shows  the  progress  of  our  research.  Graphite, 
which  is  not  shown,  roughly  overlaps  in  temperature  capability  the 
molybdenum  disulphide  area  shown  at  the  left.  The  lead-oxide  ce- 
ramic is  a NASA  development  which  is  now  commercially  available. 
Notice  how  we  have  improved  our  temperature  capability  for  this  ma- 
terial. W e had  to  learn  what  the  conditions  of  adherence  for  the  lead- 
oxide  ceramic  were.  We  found  that  it  was  necessary  to  add  materials 
to  make  the  lead  oxide  more  plastic  so  it  would  slide  more  readily  and 
found  it  necessary  in  some  instances  to  add  special  oxides  to  promote 
adherence  to  some  surfaces. 

A few  years  ago,  we  decided  to  go  ahead  and  investigate  other  possi- 
ble high-temperature  ceramics.  Calcium  fluoride  appears  to  be  one 
of  the  most  promising  solid  lubricants.  Very  recent  studies  also  show 
promise  of  effective  boundary  lubrication  in  liquid  metals  (used  in 
space  power  systems).  Examination  of  the  crystal  structure  alone 
is  not  sufficient  proof  of  whether  or  not  a material  will  be  a good 
dry-film  lubricant : we  have  to  adjust  the  composition.  Some  mate- 
rials just  will  not  lubricate  despite  the  theoretical  advantages  of  the 
structure;  we  are  studying  why  this  is  so.  We  are  studying  means 
of  bringing  our  temperature  capability  up ; we  hope  to  be  able  to  run 
bearings  for  useful  periods  of  time  at  2,200°  F.  in  a few  years.  We 
are  rapidly  approaching  the  time  when  the  limitation  in  the  high- 
temperature  bearings  field  will  not  be  the  lubricant  but  the  material 
it  is  supposed  to  lubricate. 
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Figure  151 

With  the  better  understanding  of  the  behavior  of  the  materials  we 
can  satisfy  the  variety  of  special  requirements  which  grows  continu- 
ously. A decade  ago  we  could  ignore  many  materials  properties 
which,  in  today’s  vehicles,  are  vital  properties.  For  example,  the 
creep  strength,  that  is,  the  resistance  of  a material  to  stretch  under 
load  at  elevated  temperatures,  is  of  no  importance  in  modem  sub- 
sonic transport  planes,  because  the  structure  does  not  become  hot.  But 
the  supersonic  transport  will  have  to  operate  at  temperatures  as  high 
as  650°  F.,  so  we  must  use  a material  that  will  not  creep.  Conse- 
quently, the  material  has  a new*  requirement  which  must  be  satisfied. 
This  example  could  be  multiplied  many  times,  for  as  our  vehicles 
increase  in  speed,  range,  and  complexity,  many  new  requirements  and 
restraints  arise.  Figure  152  shows  how,  in  the  past  decade,  the  num- 
ber of  properties  ♦ hat  are  significant  is  increasing. 

A special  area  of  concern  to  material  researchers  is  that  of  fatigue. 
Although  fatigue  resistance  has  been  investigated  for  many  years,  we 
know  very  little  about  its  mechanisms  and  the  fatigue  properties  of 
materials  in  the  space  environment.  To  advance  tne  knowledge  in 
this  direction  the  Langley  Research  Center,  active  in  fatigue  research 
for  many  years,  has  proposed  a fiscal  year  1964  facility  item,  the 
Fatigue  Research  Laboratory. 

The  scope  of  this  report  does  not  permit  me  to  add  more  examples 
of  our  materinls-research  activity  vrhich  reaches  practically  into  all 
fields  of  the  physical  sciences  and  technology. 
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Figure  152 

APPLIED  MATHEMATICS 

A physical  problem  can  be  considered  satisfactorily  solved  if  it  is 
possible  to  describe  and  explain  it  in  mathematical  terms.  The  goal 
of  the  research  program  in  applied  mathematics  is,  therefore,  to  solve 
mathematically  the  complex  problems  which  appear  in  the  investiga- 
tion of  natural  processes.  For  this  purpose,  it  develops  new  mathe- 
matical tecliniques  and  applies  new  principles  of  calculation.  Figure 
153  shows  how  applied  mathematics  contributes  to  the  advancement 
of  research  and  technology — 

(1)  By  predicting  results  of  interests  from  possible  experi- 
ments; 

(2)  By  discovering  shortcuts  in  technical  designs;  and 

(3)  Bv  theoretical  discussion  of  optimum  designs  and  experi- 
ments which  yields  maximum  results  at  minimum  expense. 

Such  mathematical  investigations  can  provide  information  (especially 
on  expected  conditions  in  outer  space)  which  by  direct  experimenta- 
tion would  be  impossible  or  prohibitively  exjiensive  to  attain. 

Typical  types  of  applied  mathematics  oriented  with  respect  to 
NASA's  leading  problems  are : 

(а)  Gravitational  and  orbital  mathematics,  that  is  new  meth- 
ods for  predicting  and  discussing  the  motions  of  rockets  and 
spacecraft  under  gravitational  forces. 

(б)  Tracking  and  data  processing  mathematics,  including 
numerical  analysis  and  digital  computer  applications  for  obtain- 
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Figubk  153 


ing  the  fastest  as  well  as  most  precise  and  convenient  handling 
of  the  tremendous  amounts  of  data  continually  being  received 
from  space  vehicles,  and  to  reduce  it  all  to  simple  but  scientifically 
sound  summaries. 

For  instance,  in  order  to  plan  and  propram  the  recently  successful 
Mariner  II  probe  to  the  planet  Venus,  the  Jet  Propulsion  Laboratory 
had  to  solve  such  problems  as  shown  in  figure  154. 

(1)  Accurate  calculation  of  trajectories  by  special  perturbation 
methods.  This  was  carried  out  as  an  application  of  one  of  the  basic 
processes  of  numerical  analysis  to  celestial  mechanics. 

(2)  Devising  mathematical  techniques  for  obtaining  position  and 
velocity  ephemerides  of  Venus  and  the  Earth-Moon  system  over  a 
10-year  arc,  from  July  1060  to  July  1970.  These  results  made  pos- 
sible the  1961  and  1962  Jet  Propulsion  Laboratory  radar  measure- 
ments of  the  distance  to  Venus,  and  design  of  the  present  Mariner  II 
project,  and  will  provide  the  foundations  for  future  plans. 

(3)  Using  the  computer  to  improve  classical  theories  for  getting 
general  perturbation  solutions  for  motions  of  planets,  their  satellites, 
and  spacecrafts.  The  bulk  of  labor  needed  for  this  consists  of  alge- 
braic manipulation  of  long,  double-argument  Fourier  series.  Short 
cuts  in  this  are  extremely  desirable,  and  this  requires  logical  and 
algebraic  operations  as  well  as  numerical  operations  to  be  specially 
arranged,  if  possible,  for  computer  processing.  Results  so  olbtained 
at  JPL  will  also  make  possible  more  successful  future  probes  to  the 
planet  Mars  and  to  the  Moon  (Project  Ranger). 

Another  example  of  a significant  contribution  by  applied  mathe- 
matics is  a recent  NASA  investigation  of  what  possible  orbits  of  a 
satellite  would  be  stable  so  that  it  would  circumnavigate  the  moon 
many  tunes  in  a path  close  enough  to  be  useful  and  also  pass  close 
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to.  earth  for  telemetry.  This  problem  is  complicated  by  the  fact  that 
such  a satellite  will  be  strongly  pulled  by  the  Moon’s  gravitational 
forces  at  each  encounter. 

By  special  application  of  numercial  analysis  to  this  three-body 
problem  of  celestial  mechanics  in  which  gravitational  forces  of  both 
Earth  and  Moon  are  taken  into  account  simultaneously,  the  various 
orbits  followed  by  a satellite  launched  in  different  ways  has  been  traced 
out  over  many  revolutions. 

Thus  it  has  been  found  that  a satellite  travelling  around  the  Earth 
in  the  same  direction  as  the  Moon  would  be  so  strongly  perturbed  at 
each  encounter  with  the  Moon  that  after  four  or  five  encounters  it 
would  get  too  far  out  of  synchronization  to  be  useful. 

On  the  other  hand,  as  shown  in  figure  155,  a satellite  traveling  in  a 
direction  opposite  to  that  of  the  Moon  would  suffer  gravitational 
disturbances  of  much  shorter  duration  so  that  the  path  would  be 
relatively  unchanged  by  the  Moon’s  gravitational  field.  Thus,  such 
a retrograde  orbit  has  been  shown  to  be  substantially  unchanged  after 
a year  of  encounters,  and  what  changes  there  are  would  actually  con- 
tribute to  the  chances  of  its  having  many  years  of  useful  life,  during 
which,  for  instance,  many  television  observations  of  the  far  side  oi 
the  Moon  could  be  obtained. 

In  the  above  examples  it  is  really  the  interaction  between  the  two 
disciplines,  celestial  mechanics,  an3  numerical  analysis,  which  is  of 
most  fundamental  interest.  Cross  fertilization  between  these  dis- 
ciplines ha«,  in  the  past,  farthered  much  of  modern  mathematics,  and 
even  the  recent  special  problems  of  NASA  has  already  yielded  signifi- 
cant progress  in  each.  There  is  no  question  but  that  tnere  are  many 
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Figure  156 

important  and  opportunity-filled  topics  for  further  research  along 
these  lines. 

A final  example  will  illustrate  how  mathematics,  applied  to  pre- 
dicting electrical  and  magnetic  effects  on  the  rotation  of  spacecraft 
in  the  magnetic  fields  of  outerspace,  may  lead  also  to  new  ideas  for 
special  design  of  spacecraft  to  take  advantage  of  these  effects.  Since 
the  weightless  and  frictionless  rotation  of  satellite  in  outer  space 
is  extremely  difficult  or  imjiossible  to  simulate  by  experiment,  mathe- 
matical discussion  of  the  problem  is  the  most  feasible  approach. 

Any  spacecraft  of  conducting  material  may  lie  considered  mathe- 
matically as  being  sliced  into  a very  large  number  of  thin  rings  of 
various  shapes,  depending  on  the  cross  section  of  the  structure  at 
the  plane  of  slicing,  as  shown  in  figure  156.  Now,  if  the  effect  of  an 
external  magnet  field  is  known  separately  for  each  ring,  the  com- 
bined effects  on  the  whole  spacecraft  can  be  calculated  by  application 
of  the  integral  calculus  to  general  algebraic  expressions  for  the  effect 
on  a ring,  figure  157. 

Application  of  this  mathematical  technique  has  yielded  new  gen- 
eral expressions  for  magnetic  slowing  of  rotation  of  spacecraft  of 
various  shapes.  General  formulas  for  such  braking  of  rotation  is 
experimentally  known  for  thin  rings  of  conducting  material  but  the 
effect  on  large  and  unusual  shapes  can  only  be  achieved  by  application 
of  the  integral  calculus  or  numerical  integration. 

This  mathematical  approach  has  already  been  checked  by  its  appli- 
cation to  three  or  four  artificial  satellites  actually  in  orbit  ana  for 
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which  changes  of  spin  rates  about  their  axes  have  been  carefully  ob- 
served by  tracking  stations  on  the  ground.  The  numerical  results 
show  the  satellites  to  have  been  affected  by  a magnetic  field,  the 
strength  of  which  agrees  closely  with  that  to  be  expected  from  mag- 
netic surveys  on  the  Earth’s  surface. 

Thus  a spinning  satellite  could  be  used  incidentally  as  a magnetom- 
eter. However,  the  most  important  potential  use  of  this  application 
of  mathematics  would  be  to  principles  of  design  of  spacecraft,  prin- 
ciples resulting  from  the  deduced  formulas  for  magnetic  forces  on 
odd  shapes  of  highly  magnetic  conducting  materials. 

For  instance,  the  formula  for  magnetic  torque  on  a slender  tube 
shows  that  this  force  would  increase  indefinitely  with  the  increase  of 
ratio  of  tube  length  to  diameter,  so  that  a tube  of  variable  length 
could  be  used  to  control  spacecraft  orientation  by  reaction  with  the 
surrounding  magnetic  field. 

In  these  examples  and  in  many  other  ways  applied  mathematics 
has  exploited  physical  science  and  technology  to  contribute  results 
and  predictions  not  so  easily  discovered  or  obtained  by  the  experi- 
mental approach. 

CONCLUSION 


I hope  that  the  above  examples  of  our  basic  research  program  have 
shown  you  the  scope  and  complexity  of  our  problems  and  the  methods 
and  techniques  we  employ  to  solve  them.  While  the  above  four  dis- 
ciplinary divisions  of  the  research  program  are  shown  as  separate 
entities,  actually  you  could  notice  many  concepts  where  two  or  more 
disciplines  are  intimately  involved. 

This  interdisciplinary  approach  requirement  is  becoming  the  rule 
rather  than  the  exception  makiijyg  it  necessary  to  utilize  interdiscipli- 
nary teams  to  solve  problems.  This,  of  course,  makes  it  necessary  for 
the  scientific  and  technical  personnel  to  become  competent  in  the  fields 
of  science  which  are  allied  with  their  particular  specialty. 

As  I stated  earlier,  results  from  basic  research  are  the  very  back- 
bone of  knowledge  arid  in  our  particular  case,  the  foundation  of  all 
work  leading  to  space  exploration.  Therefore.,  the  activity  in  basic 
research  must  be  maintained  at  a high  degree  of  competence  and  must 
grow  commensurately  with  the  objectives  of  NASA. 

Supplementary  Statement  of  Dr.  Kurzwbg 

BASIC  RESEARCH 

Dr.  Kurzweg.  The  word  “research”  is  used  for  a great  variety  of 
work  within  NASA’s  activity.  Covering  a wide  spectrum,  it  reaches, 
on  one  side,  far  into  the  hardware,  engineering,  and  technology  and 
on  the  other  side  in  to  the  realm  of  the  fundamentals  of  the  physical, 
mathematical,  and  biological  sciences. 

Without  exploring,  understanding,  and  mathematically  formulating 
the  phenomena  in  these  areas,  progress  in  the  building  of  vehicles, 
in  .astronautics  and  in  cosmology  would  be  very  slow  indeed,  that  is, 
if  our  present  reservoir  of  knowledge  is  not  continuously  replenished. 
We  have  recognized  that  this  kind  of  basic  research  must  be  integrated 
in  the  overall  program  and  vigorously  pursued. 
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Although  this  basic  research  is  not  directly  connected,  in  general, 
with  a vehicle  under  design,  some  of  the  newlv  obtained  results  are  % 

rapidly  absorbed  by  the  vehicle  designers,  tnus  preventing  costly 
technological  errors  in  empirical  approaches.  Generally,  the  results 
are  of  benefit  to  research  in  advanced  concepts  for  vehicle  design. 

I would  like  to  outline  our  program  briefly  in  the  physical  and 
mathematical  sciences,  ilustratea  by  a few  examples.  I would  like  to 
point  out  that  this  kind  of  basic  research  is  usually  expressed  by 
scientists  in  equations,  integrals,  formulas,  and  auite  sophisticated 
words.  I will  eliminate  these  and  rather  stress  the  side  where  po- 
tential applications  to  our  space  program  can  be  recognized. 

Basic  research  is  carried  out  in  the  fields  of  general  physics,  in 
particular  fluid  physics,  electrophysics,  materials  and  applied  mathe- 
matics. Contrary  to  some  person’s  tninking,  there  are  still  plenty 
of  serious  problems  connected  with  the  motion  arid  interaction  of 
fluids  and  solid  bodies. 

Aerodynamic  stability,  transition,  flow  separation,  wake,  and  noise 
phenomena  of  a space  vehicle  during  flight  in  the  terrestrial  and  other 
planetary  atmospheres  have  unknowns  which  must  be  explored  be- 
fore vehicles,  which  are  able  to  land  and  take  off,  can  be  designed. 

Figure  158  shows  the  results  of  theoretical  studies  and  experiments 
on  an  aerodynamic  stability  problem  in  carbon  dioxide-air  mixtures. 

As  can  be  seen  this  flared  body  shape  loses  considerably  its  decree 
of  aerodynamic  stability  in  C02  enriched  atmospheres  which  might 
lead  to  its  tumbling  unless  properly  controlled.  The  white  dots  are 
the  experimental  results.  It  is  interesting  to  note  that  the  probable 
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amounts  of  C02  in  the  Martian  or  Venusian  atmosphere  have  a pro- 
nounced effect  on  this  stability. 

The  high  temperatures  and  associated  heat,  produced  by  friction 
and  compression  of  the  air  at  the  ever-increasing  speeds,  continue  to 
create  severe  difficulties  with  respect  to  heat  transfer  and  body  pro- 
tection. A great  deal  of  effort  was  spent  on  this  problem.  Ten  years 
ago  when  these  investigations  were  strictly  on  an  unrelated  research 
basis  only  few  people  knew  that  long  range  missiles  or  space  ve- 
hicles— at  that  time  well  in  the  future — would  run  into  considerable 
trouble  unless  the  heat  transfer  problem  could  be  solved. 

Today,  the  designers  have  many  useful  data  which  determine  shape 
and  heat  shields.  But  new  problems  can  be  seen  in  the  future.  Fig- 
ure 128  (p.  1985)  shows  how  much  we  don’t  know  about  the  effect  of 
heat  radiation  on  high  speed  space  vehicles  entering  C02  enriched 
atmosphere,  for  example,  on  Venus  and  Mars. 

Experimental  results  from  the  firing  range  in  the  laboratory  at  the 
Ames  Research  Center  are  scattered  in  the  red  band  on  the  slide  which 
shows  the  present  uncertainty  in  the  prediction  of  the  magnitude  of 
the  heat  problem  of  the  entry  process  into  either  one  of  the  atmos- 
pheres of  these  planets. 

Figure  127  (p.  1984)  shows  new  typical  progress  in  the  basic  ex- 
ploration of  the  effects  of  thermal  radiation  at  speeds  beyond  those  of 
Moon  missions  which  a returning  space  vehicle  will  experience  during 
Earth-reentry.  According  to  this  chart,  the  blunt  body  shape  on  the 
left  for  our  present  needs  considered  to  be  the  final  solution  of  the  heat 
transfer  problem — must  be  slenderized  again — as  indicated  on  the 
right  side — in  order  to  reduce  air  compression  and  thus  keep  the  radia- 
t ion  component  of  the  heat  transfer  small.  The  upper  curve  on  both 
sides  indicates  the  total  heat  rate,  the  area  between  the  upper  and 
lower 'curves  the  amount  of  thermal  radiation. 

Such  a return  to  more  slender  shapes  is  interesting  because  it  shows 
impressively  the  progress  of  thinking  and  the  advancement  of  knowl- 
edge in  basic  research.  It  is  interesting  and  amusing  that  cyclic 
changes,  back  and  forth,  between  blunt  and  slender  bodies  are  not 
new  in  the  race  for  higher  speeds  at  all  times  of  history  as  figure  161 
shows. 

Going  through  history,  compact  rocks  were  replaced  by  slender  ar- 
rows, the  concept  of  powder  guns  created  blunt  cannonballs,  the 
rocket  age  produced  slender  forms  again  which,  ironically,  finally  got 
blunt  noses.  Now  a new  slenderizing  process  is  in  the  making/ 

It  is  also  interesting  to  see  how  long  it  took  to  make  such  changes 
empirically  and  how  rapidly  these  variations  have  been  made  by  fol- 
lowing scientific  principles. 

We  are  very  much  in  the  beginning  of  the  application  of  nuclear 
power  to  spacecraft  engines.  Many  of  the  involved  technological 
problems  could  be  solved,  if  the  involved  basic  phenomena  were  under- 
stood. 

For  example,  again  the  heat  transfer,  this  time  on  the  inside  of  the 
engine,  limits  the  output  of  a nuclear  engine.  The  two  major  prob- 
lems, first  to  get  sufficient  heat  into  the  propellant  gas  and  second  to 
keep4  the  heat  the  very  high  temperatures  away  from  the  engine 

walls  will  be  solved  some  day.  But  the  various  possibilities  of  the 
solutions  need  much  basic  study  in  the  meantime. 
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Figure  131  (p.  1089)  indicates  a conceivable  solution  by  mixing  par- 
ticles in  the  hydrogen  propellant.  Hydrogen,  in  some  respects  is  an 
ideal  propellant  but  it  cannot  be  heated  by  radiation.  It  is  translucent 
as  the  atmosphere  is  for  sun  rays.  Therefore,  it  must  be  heated  by 
convection.  The  mixed-in  particles  absorb  the  heat  radiated  from  the 
atomic  reactor  and  transmit  it  to  the  gas  by  contact.  At  the  same  time 
they  shadow  the  walls  and  keep  them  from  being  exposed  to  too  much 
heat.  Trial  and  error  methods  have  to  be  used  unless  the  basic  in- 
volved phenomena  are  understood. 

An  example  of  our  efforts  in  electrophvsics  is  shown  in  the  next 
slide  ( fig.  138,  p.  1006) . A few  years  ago,  even  though  the  structure  of 
the  atom  and  the  internal  mechanism  of  producing  light  was  known, 
nobody  knew  how  to  force  waves  to  emerge  from  a light  source  in  an 
orderly  fashion  as  radio  waves  do  from  a radio  transmitter. 

Sucfi  d •vices  which  we  have  now,  so-called  lasers,  are  a typical 
produc'  ,>f  basic  thinking  in  atomic  physics.  Our  basic  research  peo- 
ple are  quite  interested  in  lasers,  not  so  much  what  we  can  do  with 
them — another  group  in  the  OART  takes  care  of  that — but  to  explore 
further  the  physical  phenomena  associated  with  the  atomic  and  molec- 
ular structure  of  matter  and  to  study  the  pertinent  interactions  of 
atoms  and  electrons. 

In  this  way,  we  hope  to  find  better  or  new  ways  to  stimulate  radi- 
ation in  new  substances  with  frequencies  in  the  wide  open  spectrum. 
The  left  upper  comer  shows  an  atom  with  electrons  orbiting  at  dif- 
ferent distances  from  the  nucleus.  It  is  a physical  fact  that  electrons 
make  certain,  little  explained,  spontaneous  or  stimulated  jumps  from 
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an  outer  orbit  into  a lower  orbit  thus  releasing  energy  in  the  form  of 
an  electromagnetic  wave,  sucli  as  visible  light,  after  being  pushed 
from  a lower  to  a higher  level  by  a mechanical  force  or  a light  wave  of 
suitable  energy. 

A control  of  this  electron  movement  is  achieved  in  the  laser,  result- 
ing in  unique  characteristics  of  the  emitted  light  beam.  The  unique- 
ness can  only  be  explained  by  very  basic  physical  concepts  but  its 
consequences  are : Very  stable  frequency,  narrow  beam  with  very  little 
electric  losses,  et  cetera.  I would  like  to  draw  you  attention  to  the 
logarithmic  frequency  scale  at  the  lower  part  of  the  slide  which  indi- 
cates the  tremendous  basic  potential  of  the  lasers  for  communica- 
tions in  a millionfold  extended  frequency  region. 

Basic  w ork  is  going  on  in  the  field  of  superconductors  w hich  might 
become  important  in  many  space  technology  areas.  Superconductors 
are,  for  example,  electric  wires  cooled  down  to  temperatures  close  to 
absolute  zero  which  have  no  resistance  and  consequently  no  losses.  The 
advantage  for  any  electrical  instrument  and  equipment  is  obvious, 
for  example,  to  produce  strong  magnets  with  little  weight,  to  build 
drift-free  gyros,  et  cetera. 

The  basic  phenomenon  is  known  since  half  a century,  the  physical 
understanding,  necessary  to  make  practical  use  of  it,  is  just  in  a state 
of  promising  progress.  Our  guiding  thoughts  in  this  research  are 
based  on  questions  such  as : 

What  makes  a material  superconducting? 

What  possibilities  are  conceivable  for  increasing  the  magnetic  flux 
in  a material  in  the  superconducting  state  ? and 

What  are  the  areas  where  superconductors  might  find  their  way 
into  applications  ? 

The  research  program  aims  toward  the  answer  of  such  questions. 

Work  on  materials  is  quite  active  in  NASA  with  a strong  reliance 
on  the  work  in  the  industrial  laboratories.  This  area  of  research  is 
usually  thought  of  as  more  applied  in  character  because  materials  of 
all  kinds  are  needed  immediately  in  structures  for  vehicle  designs 
which  are  presently  on  the  board.  Therefore,  a great  deal  of  our  ma- 
terials work  is  done  in  connection  with  special  projects. 

Figure  143  (p.  2001) , for  example,  shows  the  research  on  light  struc- 
tures made  from  metal  foils.  In  the  upper  part  of  the  slide  three  pos- 
sible uses  are  indicated  wTith  suitable  materials.  The  lower  part  shows 
some  of  the  problem  areas.  The  requirements  for  strong,  high- 
temperature  resistant  materials  with  a minimum  weight  are  of  a con- 
tinuous nature  and  receive  special  attention  by  the  Office  of  Research. 
There  is,  however,  a great  effort  spent  to  explore  the  basic  character- 
istics and  behavior  of  pure  elements,  especially  in  the  solid  state,  alloys, 
and  chemical  compounds.  For  a correct  prediction  of  change  of  prop- 
erties, one  must  have  a basic  understanding  of  the  atomic  and  molec- 
ular structure,  the  forces  between  atoms,  and  the  processes  by  which 
atoms  move.  With  pictures  like  figure  141  (p.  1999),  obtained  with  a 
fieldion  microscope,  showing  directly  the  position  of  atoms  in  a tung- 
sten surface,  newT  concepts  of  atomic  relationships  are  bound  to  appear 
in  the  future,  which  will  allow  variations  of  properties  as  needed  for 
a special  purpose.  Space-age  materials  interests  lie,  of  course,  not 
only  in  the  area  of  metals.  Ceramics  research  and  polymer  chemistry 
play  an  important  part  in  our  materials  program. 
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Polymers,  generally  composed  of  carbon,  hydrogen,  nitrogen,  sul- 
fur, and  other  elements  in  heavy  long-stretched  molecules  appear  as 
natural  polymers,  such  as  natural  rubber,  wood,  wool,  ana  animal 
tissues.  They  play  an  increasing  role  in  their  synthesized  forms 
which  have  in  many  cases  much  superior  properties.  They  are  often 
even  superior  to  metals  and  ceramics.  Basic  research  in  polymer 
chemistry  is  required  to  understand  the  fundamental  mechanism  so 
that  materials  can  be  created  to  meet  the  challenge  and  to  prevent  the 
loss  of  time,  money  and  talent  inherent  in  an  empirical  approach  to 
provide  the  answers. 

Polymers  are  used  as  bonding  agents  or  adhesives  for  example  on 
inflatable  structures  such  as  in  the  Echo  satellites.  Here  thin  films 
of  aluminum  are  bonded  on  both  sides  of  a thin  Mylar  film  which 
must  hold  together  in  the  space  environment,  that  is  in  vacuum,  under 
radiation  and  meteroid  impacts.  Figure  150  (p.  2008),  shows  dia- 
grammatically  polymer  molecules  attaching  to  a surface.  Basic  re- 
search is  imperative  to  identify  and  understand  the  surface  affinities, 
interactions  between  the  adhesive  and  the  material  to  be  bonded  and 
the  optimum  conditions  for  maximum  adhesion.  Another  example, 
lubricants  to  withstand  high  temperature  and  high  vacuum,  shows  the 
need  for  special  characteristics  and  that  requirements  become  continu- 
ously more  severe.  Figure  151  (p.  2010),  shows  the  trend  during  the 
last  15  years  and  the  expected  goal  for  1965 — Lubricants  of  a liquid 
base  are  replaced  by  such  materials  as  metal  compounds  and  ceramics. 
The  goal  being  in  1965  a temperature  resistance  of  more  than  2,000°  F. 

It  is  interesting  to  see  how  the  number  of  significant  properties  of 
the  materials  grew  during  the  last  10  years.  Figure  152  (p.  2011), 
shows  the  increasing  requirements  for  space-age  materials. 

Let  me  briefly  mention  our  activity  in  applied  mathematics  within 
the  basic  research  area.  As  has  been  pointed  out  before,  the  mathe- 
matical formulation  of  the  laws  governing  physical  processes  is  a 
prerequisite  for  systematic  and  rapid  progress  in  the  technical  world. 
It  is  therefore  necessary  to  introduce  mathematical  methods  and  prin- 
ciples at  an  early  stage  in  physical  investigations.  Many  of  the 
modem  problems  cannot  be  solved  at  all  without  mathematical  ap- 
proaches and  especially  without  the  use  of  high  speed  computing 
machines.  But,  on  the  other  hand,  we  don’t  always  need  complex 
computers  to  obtain  information  from  analytical  deductions  which 
give  our  thinking  a new  twist.  To  maintain  this  mathematical  ability 
m our  research  people  is  the  purpose  of  the  special  division  of  Ap- 
plied Mathematics. 

A large  part  of  our  basic  research  is  carried  out  in  our  own  research 
centers.  In  this  way  a close  contact  with  current  NASA  projects  is 
possible,  a contact  which  is  necessary  to  stimulate  the  basic  research 
trends  towards  the  goals  of  the  agency.  It  is  mandatory,  however, 
that  NASA’s  scientific  people  stay  in  close  contact  among  each  other 
and  also  with  the  corresponding  groups  in  the  other  governmental, 
industrial,  and  university  laboratories  to  obtain  and  disseminate  the 
most  advanced  lmowledge  in  the  field.  This  relationship  and  the 
active  participation  in  governmental  committees,  teaching  in  univer- 
sities, etc.  is  shown  in  figure  169. 

I hope  that  the  above  examples  of  our  basic  research  program  have 
shown  you  the  scope  and  complexity  of  our  problems  and  the  methods 
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and  techniques  we  employ  to  solve  them.  While  the  above  four  dis- 
ciplinary divisions  of  the  research  program  are  shown  as  separate 
entitles,  actually  you  could  notice  many  concepts  where  two  or  more 
disciplines’  are  intimately  involved. 

This  interdisciplinary  approach  requirement  is  becoming  the  rule 
rather  than  the  exception  making  it  necessary  to  utilize  interdiscipli- 
nary teams  to  solve  problems.  This,  of  course,  makes  it  necessary  for 
the  scientific  and  technical  personnel  to  become  competent  in  the  fields 
of  science  which  are  allied  with  their  particular  specialty. 

As  I stafed  earlier,  results  from  basic  research  are  the  very  back- 
bone of  knowledge  and  in  our  particular  case,  the  foundation  of  all 
work  leading  to  space  exploration.  Therefore,  the  activity  in  basic 
research  must  be  maintained  at  a high  degree  of  competence  and  must 
grow  commensurately  with  the  objectives  of  NASA. 

Thank  you. 

Mr.  Karth.  Thank  you  very  much,  Doctor. 

Mr.  Mosher? 

Mr.  Mcshf.r.  No  questions  particularly,  though  I am  curious — you 
are  leaving  for  Europe  tomorrow.  Is  that  related  to  what  you  are 
testifying  on  here  at  all? 

Dr.  Kurzw'eg.  In  a way  it  is.  It  is  one  of  these  boxes  here  on  the 
charts.  I am  a member  of  the  Advisory  Committee  for  Aeronautical 
Research  and  Development,  AGARD,  in  NATO,  I am  the  vice  chair- 
man of  one  panel,  and  we  have  a particular  meeting  in  Brussels  next 
week  on  the  noise  produced  by  the  turbulence  in  air. 
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In  this  meeting  we  will  have  all  people  participating  from  the 
NATO  countries,  scientific  people,  about  200  people,  having  a sym- 
posium on  this  subject.  I will  be  chairman  at  that  meeting. 

Mr.  Mosher.  Do  you  find  that  other  NATO  scientists  are  making 
valuable  contributions  to  some  of  these  problems  you  are  talking  about 
here? 

Dr.  Kurzweg.  Yes.  This  is  a very  interesting  subject,  and  actually 
there  is  some  history  in  it.  If  I go  back  10  years,  when  we  first  estab- 
lished AGARD,  this  first  coming  together  of  the  scientists  was  more 
or  less  a one-way  operation.  But  in  the  last  5 years,  or  so,  these  people 
have  become  pretty  well  established,  and  there  is  a feedback.  We  get 
quite  a bit  from  over  there.  All  work  on  practically  the  same  type  of 
work,  but  everybody  does  it  a little  differently,  and  these  little  dif- 
ferences sometimes  make  really  a big  difference.  The  British  people, 
the  French  people,  Germany,  Italy,  all  contribute  very  much  in  this 
basic  area. 

Mr.  Mosher.  What  is  the  source  of  their  financing? 

Dr.  Kurzweg.  They  are  financed  by  their  own  governments. 

Dr.  Bisplinghoff.  Congressman  Karth,  Dr.  Kurzweg  gave  only  a 
partial  summary  of  his  statement.  I am  wondering  if  he  could  intro- 
duce his  complete  statement  in  the  record. 

Mr.  Karth.  I think  so.  I think  this  is  really  appropriate. 

I want  to  thank  you,  Doctor,  for  the  fine  job  you  did  in  the  short 
period  of  time  you  took.  But  I think  for  everyone’s  benefit  we  should 
have  this  in  the  record. 

If  there  are  no  objections,  it  is  so  ordered. 

Thank  you,  Doctor,  very  much. 

And  thank  you,  too,  Dr.  Kurzweg. 

Dr.  Bisplinghoff,  we  will  meet  with  your  office  again  Tuesday  morn- 
ing at  10,  is  that  satisfactory  ? 

Dr.  Bisplinghoff.  Fine.  We  will  be  here. 

Mr.  Karth.  The  meeting  is  adjourned. 

(Whereupon,  at  12:10  p.m.,  the  subcommittee  adjourned,  to  recon- 
vene at  10  a.m.,  Monday,  April  1, 1963.) 
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MONDAY,  APRIL  1,  1003 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences  and 
Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Karth.  The  committee  will  be  in  order.  Dr.  Seamans,  last 
week  we  had  made  a request  of  the  Office  of  Space  Sciences  for  addi- 
tional information  related  to  the  construction  of  facilities  request  at 
the  Goddard  Space  Flight  Center.  Do  you  have  a prepared  state- 
ment? 

Dr.  Seamans.  Yes,  I do,  Mr.  Chairman. 

Mr.  Karth.  Proceed.  You  have,  additional  copies,  Doctor? 

Dr.  Seamans.  I thought  we  did. 

Mr.  Wyatt.  They  should  have  been  delivered  to  your  staff,  Mr. 
Chairman.  We  are  checking  now  to  find  out  where  they  are,  sir. 

Dr.  Seamans.  Do  you  wish  me  to  proceed,  Mr.  Chairman,  or 
would  you  like  to  wait  until  they  come? 

Mr.  Karth.  Just  proceed,  Doctor. 

STATEMENT  OF  DR.  ROBERT  0.  SEAMANS,  JR.,  ASSOCIATE 

ADMINISTRATION,  NASA,  ACCOMPANIED  BY  MR.  WASELEWSKI, 

ASSOCIATE  DIRECTOR,  GODDARD  SPACE  FLIGHT  CENTER 

Dr.  Seamans.  Mr.  Chairman  and  members  of  the  subcommittee,  I 
am  pleased  to  have  this  opportunity  to  discuss  with  you  our  facility 
planning  with  particular  reference  to  the  maimer  in  which  facility 
requirements  are  established  and  facilities  are  used.  As  you  know, 
Dr.  Newell,  Mr.  Cortright,  and  Mr.  Ulmer  reviewed  these  matters 
briefly  during  their  appearance  before  your  committee  on  March  21, 
1963.  In  that  hearing,  Mr.  Ulmer  noted  that  from  the  time  a facility 
requirement  becomes  known  in  the  field  until  the  facility  becomes 
operational,  varies  from  18  months  to  as  much  as  5 years.  In  addi- 
tion to  facility  planning  and  requirement  development,  I will  discuss 
some  of  the  factors  that  make  this  kind  of  a timetable  inherent  to  our 
research  and  development  program. 

Mr.  Waselewski,  Associate  Director  of  the  Goddard  Space  Flight 
Center  is  here  with  me  today.  His  center  has  responsibility  for  un- 
manned spacecraft  development  in  the  areas  of  space  sciences  and 
applications.  He  is  intimately  familiar  with  the  problems  involved 
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in  this  effort  and  can  discuss  facility  matt  el’s  with  you,  if  you  so  desire, 
after  my  statement. 

There  are  several  basic  agency  guidelines  under  which  the  program 
directors  establish  their  facility  requirements.  In  addition  to  money 
constraints,  always  present,  every  effort  is  made  to  meet  requirements 
through  modifications  to  existing  facilities  and  the  use  of  Government- 
owned  facilities  and  sites  in  lieu  of  new  construction  and  land  purchase. 
As  a result,  facilities  and  sites  which  otherwise  might  be  obsolete  or 
unused  become  effective  tools  for  the  conduct  of  our  programs.  I 
think  NASA  has  an  unusually  fine  record  in  this  respect. 

For  example,  the  old  seaplane  towing  basins  at  the  Langley  Research 
Center  were  modified  to  permit  astronaut  training  in  water  landing 
techniques  and  to  conduct  water  impact  tests  of  the  Mercury  capsules. 
A Lewis  Research  Center  wind  tunnel  originally  built  for  recipro- 
cating engine  research  was  modified  for  turbojet  engine  research,  and 
modified  again  «o  serve  as  an  environmental  test  chamber  for  Centaur 
development.  Aerodynamic  wind  tunnels  at  the  Langley  Research 
Center  were  used  to  test  the  Gemini  capsule  paraglider  recovery 
technique  and  the  escape  capsule  for  the  Apollo  command  module. 
These  are  a few  cases  of  timely  conversions  and  modifications  of  exist- 
ing facilities  to  meet  new  problems  without  the  need  for  constructing 
new  facilities.  You  will  note  in  nearly  every  NASA  facility  budget 
many  projects  involving  modernizations,  extensions,  modifications, 
or  improvements.  The  budget  before  you  is  representative  in  this 
regard. 

Existing  Government-owned  facilities  and  sites  are  utilized  to  the 
maximum  extent  feasible.  You  are  aware  of  how  this  policy  has  been 
implemented  in  the  acquisition  of  the  Plum  Brook  Station  near  the 
Lewis  Research  Center  for  nuclear  systems  studies ; the  Chincoteague 
Air  Station  for  rocket  model  and  light  spacecraft  launchings  near 
Wallops  Island,  Ya. ; the  Michoud  Plant  near  New  Orleans,  La.;  for 
large  launch  vehicle  construction;  the  development  of  the  Goddard 
Space  Flight  Center  on  land  obtained  from  the  Department  of  Agri- 
culture near  Greenbelt,  Md. ; and  the  range-use  agreements  with  the 
Department  of  Defense  at  the  Atlantic  and  Pacific  Missile  Ranges. 
A further  example  is  the  recent  agreement  that  makes  available  land 
at  the  White  Sands  Missile  Range  for  the  construction  of  facilities  for 
support  of  the  Apollo  development  program. 

Our  assessment  of  fiscal  year  1965  facility  requirements  has  begun. 
You  can  begin  to  appreciate  the  difficulty  of  the  assessment  task  when 
you  consider  that  many  of  these  facilities  will  not  be  operational 
until  1966  or  1967.  To  the  best  of  our  ability  we  must  begin  now 
the  complex  process  of  assessing:  research  and  development  require- 
ments; suitability  and  availability  of  in-house  and  external  facilities; 
and  if  needed  new  facility  requirements  including  cost  estimates  and 
construction  schedules.  Because  of  the  leadtimes  required  by  the 
budgeting  and  construction  processes,  the  task  is  difficult  even  for 
research  facilities  where  time  is  not  as  pressing  a problem  as  for 
development  facilities. 

It  is  the  intimate  relationship  of  mission  and  facility  requirements 
that  led  to  a decision  that  primary  responsibility  for  the  facility 
assessment  process  must  rest  with  our  program  directors.  For 
example,  you  have  before  you  the  fiscal  year  1964  facilities  budget. 
These  estimates  of  facility  requirements  based  on  the  careful  judg- 
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ments  of  our  program  directors  and  their  supporting  field  centers,  are 
submitted  to  Congress  after  review  and  coordination  by  my  office  and 
Mr.  Webb’s  office. 

In  spite  of  the  attention  given  to  projected  facility  needs,  past  ex- 
perience shows  that  changes  will  be  required  in  the  facility  construc- 
tion program  the  Congress  authorizes.  Some  facility  requests  may 
be  modified,  others  dropped.  It  may  prove  necessary  to  request 
facilities  that  had  not  been  anticipated.  For  example,  our  current 
fiscal  year  1963  budget  includes  funding  for  the  construction  of  a 
radiation  effects  facility  for  the  Nuclear  Rocket  Development  Station. 
Developments  subsequent  to  the  budget  submission  proved  require- 
ments could  be  met  more  economically  by,  modification  of  the  Air 
Force’s  Nuclear  Aerospace  Research  Facility  at  Fort  Worth,  Tex., 
than  by  constructing  a new  facility.  This  was  accomplished  through 
the  reprograming  of  C.  of  F.  funds.  Thus,  you  see  the  reprograming 
procedures  you  have  provided  in  our  authorization  act  are  very  essen- 
tial to  the  intelligent  conduct  of  an  R.  & D.  program.  I want  to 
assure  you  that  this  authority  is  used  with  considerable  care  and  cau- 
tion. It  has  not  and  will  not  become  a substitute  for  careful  planning 
by  NASA. 

Facility  design  and  construction  time  can  set  the  pace  of  a program. 
This  point  is  illustrated  on  figure  170  which  represents  the  time  phasing 
of  critical  milestones  for  the  first  Saturn  IB  vehicle,  SA-201.  Two 
major  elements  of  the  Saturn  IB  are  the  S-I  stage  and  the  S-IVB 
stage.  Facilities  that  support  this  development  are  the  S-I  stage 
assembly  facilities  at  Michoud,  the  S-IVB  assembly  facilities  at  the 
Douglas  Aircraft  Co.  at  Santa  Monica,  Calif.,  the  S-IVB  static  test 
complex  a*  Sacramento,  Calif.,  and  launch  complex  37A  at  the 
Launch  Operations  Center,  Fla. 

It  is  a simple  fact  that  assembly  facilities  must  be  available  before 
assembly  can  begin,  as  illustrated  by  the  S-IVB  and  S-I  assembly 
facilities  for  their  respective  stages.  It  is  a simple  fact  that  static 
test  facilities  must  be  available  before  static  tests  can  be  conducted 
as  shown  here  for  the  S-IV  stage. 

We  have  an  attachment  to  my  statement  which  clearly  shows 
how  these  schedules  tie  together.  I regret  this  is  not  before  you  at 
this  time. 

Finally,  it  is  also  a simple  fact  that  launch  complex  37A  at  LOC 
must  be  ready  to  accept  the  launch  vehicle  for  assembly  and  checkout 
before  the  stages  of  the  launch  vehicle  are  delivered.  However,  it  is 
not  always  appreciated  that  facility  design  and  construction  or 
modification  requires  significant  lead  in  time.  Although  the  start 
times  for  facility  design  are  not  indicated  on  the  figure,  you  can  see 
that  they  must  be  initiated  at  about  the  time  that  design  decisions 
are  made  and  in  many  instances  earlier.  Similar  but  more  detailed 
charts  are  prepared  for  all  R.  & D.  programs  and  for  related  key 
facilities  whose  operational  dates  are  critical  to  the  mission  schedule. 
Progress  and  problem  areas  are  reviewed  and  discussed  in  monthly 
program  status  reviews. 

I would  like  to  say  a word  now  about  the  relationship  of  facilities 
to  the  roles  and  missions  of  our  various  centers.  In  earlier  testimony, 
I outlined  the  roles  and  missions  of  the  Centers.  These  are  summarized 
in  the  budget  backup  books.  Generally,  facilities  at  a given  center 
reflect  the  mission  of  that  Center.  However,  in  some  instances  it 
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would  appear  a facility  is  improperly  located ; since  we  have  found  it 
necessary,  from  time  and  economic  considerations,  to  modify  existing 
existing  facilities  regardless  of  their  location,  in  order  to  save  time  and 
minimize  cost.  An  example  is  the  use  of  the  old  seaplane  towing 
basins  at  Langley  to  which  I previously  referred. 

The  same  apparent  conflict  may  result  from  a management  decision 
to  provide  an  existing  team  with  a particular  facility  rather  than 
relocate  the  established  team  to  another  center.  These  types  of 
decisions  invariably  must  be  made  in  the  execution  of  R.  & D. 
programs. 

Another  matter  that  I know  is  of  concern  to  you  is  what  might 
appear  to  be  the  duplication  of  environmental  facilities  within  NASA 
and  for  that  matter,  within  the  Nation.  As  the  older  NASA  centers 
changed  orientation  from  aeronautical  research  to  space  research 
and  development,  and  as  new  centers  develop  to  support  the  agency’s 
manned  space  flight  and  space  science  programs,  the  environmental 
facility  has  emerged  as  the  workhorse  tool  of  the  space  program. 
The  environmental  chamber,  similar  to  the  wind  tunnel  in  the  aero- 
nautical program,  is  such  a basic  tool  that  it  is  required  in  many 
sizes  and  capabilities  not  only  within  our  centers  but  within  other 
Government  and  private  groups  engaged  in  space  research  and 
development. 

On  a second  chart  (fig.  171),  you  will  see  the  actual  work  schedule 
of  the  Goddard  Space  Flight  Center’s  8 feet  diameter  by  8 feet  high 
thermal  vacuum  chamber.  The  chart  also  shows  the  projected  work 
schedule  for  the  next  fiscal  year.  The  8 feet  by  8 feet  thermal- 
vacuum  facility  was  developed  to  support  the  Explorer  XII  project. 
Since  this  time  it  has  and  will  service  the  projects  listed — Explorers 
XIV,  and  XV,  Ariel,  Topside  Sounder,  ionospheric  probes,  and  atmos- 
pheric structures.  The  projects  involved  represent  a cost  of  over 
$25  million.  This  facility  has  contributed  to  the  success  of  all  of  these 
space  science  missions.  The  cost  of  the  entire  facility — $200,000 — is 
less  than  the  cost  of  one  unsuccessful  flight.  This  is  an  important 
point  to  keep  in  mind  as  we  proceed  to  more  advanced  space  projects 
involving  individual  costs  that  exceed  $40  or  $50  million. 

You  can  see  that  this  facility  has  been  and  will  continue  to  be  busy 
for  some  time  to  come.  Similar  schedules  are  available  on  all  cur- 
rently operating  facilities.  Operating  time  is  already  being  scheduled 
on  facilities  under  construction.  We  are  proud  of  the  effective  utili- 
zation we  have  made  of  our  facilities.  An  idle  facility  at  one  of  our 
centers  is  a rarity.  I believe  this  speaks  favorably  for  the  conserva- 
tive nature  of  our  facility  planning. 

You  are  all  aware  of  tne  wide  use  made  of  industrial  facilities  in  the 
execution  of  our  development  programs.  The  great  majority  of  our 
work  is  carried  on  by  contracts  with  industry.  The  responsible 
execution  of  the  programs,  however,  requires  that  there  be  available 
at  the  Government  centers  facilities  adequate  to  insure  the  reliability 
and  performance  of  industry  developed  hardware. 

In  the  case  of  scientific  satellites,  there  has  and  will  continue  to  be 
a difficult  operational  problem  in  the  environmental  facility  area. 
Spacecraft  are  made  up  of  many  experiments,  developed  and  construc- 
ted at  different  industrial,  university,  and  Government  facilities.  In 
many  instances  environmental  chambers  must  be  available  at  the 
individual  experimenter’s  station  for  subsystem  tests  and,  of  course, 
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facilities  must  be  available  for  tests  of  the  assembled  spacecraft,  to 
identify  difficulties,  calibrate  equipment,  insure  integrity,  and  thus 

{jrovide  a proof  test  of  the  complete  satellite  prior  to  shipment  to  the 
aunch  site  for  launch  preparation. 

Requirements  exist  for  environmental  facilities  of  many  sizes  and 
technical  capabilities.  The  success  of  our  scientific  satellite  programs 
is  in  large  measure  the  result  of  extensive  ground  tests  in  environ- 
mental facilities. 

It  is  important  to  have  adequate  environmental  facilities  available 
at  the  locations  that  have  final  integration  and  checkout  responsibility 
so  that  shipment  and  handling  of  delicate  components  and  systems 
can  be  minimized.  Thus,  you  find  final  checkout  environmental 
facilities  in  our  centers  and  at  contractors  depending  on  where  it  has 
been  deemed  necessary  to  place  this  responsibility. 

In  the  overall  assessment  of  our  facility  requirements  we  do  try  to 
take  into  account  the  commercial  availability  of  facilities  in  which  to 
do  our  work.  We  are  aware  of  existing  industrial  facilities  and  in  some 
cases  their  projected  facility  programs.  To  the  extent  feasible  we 
try  tn  assess  the  availability  of  these  facilities.  Several  of  our  major 
programs  involve  extensive  use  of  existing  contractor  facilities.  For 
example,  the  Nimbus  satellite,  being  developed  by  the  General 
Electric  Co.,  is  undergoing  environmental  testing  in  a wholly  owned 
facility  of  the  General  Electric  Co.  in  Philadelphia. 

I am  sure  you  are  aware  that  the  availability  of  industrial  facilities 
is  one  item  that  is  weighed  by  source  selection  boards  in  the  compet- 
itive negotiation  of  certain  R.  & D.  contracts.  Many  programs,  of 
course,  require  the  construction  of  additional  facilities  at  contractor 
plants. 

In  an  attempt  to  insure  our  maximum  utilization  of  these  facilities  / 

R.  & D.  contracts  now  contain  a provision  that  notes  where  non- 
severable  industrial  facilities  are  located  on  land  not  owned  or  con- 
trolled by  Government,  consideration  will  be  given  to  obtaining  a 
written  agreement  by  the  contractor  on  whose  land  the  facilities  are 
to  be  placed  that  the  Government  or  Government  contractors  will 
have  the  right  to  operate  the  facilities  upon  termination  or  completion 
of  the  contract  for  which  the  facilities  were  acquired;  and  in  cases 
where  such  an  agreement  is  not  obtained,  the  negotiation  effort  will 
be  documented  to  justify  the  alternate  proposal. 

Project  managers  are  frequently  tempted  in  the  initial  stages  of  a, 
program  to  minimize  test  effort  and  thus  facility  requirements. 

This  attitude  is  desirable  provided  the  designers  and  fabricators  are 
able  to  achieve  more  adequate  designs  by  so  doing.  However,  as 
technology  advances,  and  as  the  new  technology  is  incorporated  into 
the  design  of  space  flight  hardware,  more  testing  is  invariably  needed. 

In  addition,  early  optimism  is  often  dulled  as  real  problems  arise. 

The  lack  of  an  available  test  facility  has  the  same  delaying  effect  as 
the  late  delivery  of  an  essential  part.  To  minimize  this  possibility, 
our  program  directors  and  technical  facility  planners  work  as  an 
integral  team  in  the  overall  spacecraft  and  mission  development  plan 
to  assure  that  adequate  attention  is  given  facility  needs.  We  urge 
your  support  of  this  very  vital  element  of  our  overall  space  program. 

I have  touched  only  briefly  on  some  of  the  complex  relationships 
involved  in  attempting  to  establish  our  facilities  budget.  I have 
attempted  to  indicate  the  close  tie  between  project  implementation, 
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scientific  and  technical  manpower  location  capital  and  operating  costs, 
and  NASA’s  long-term  responsibility  to  insure  this  country’s  con- 
tinued preeminence  in  space. 

Should  you  wish,  I can  discuss  specific  questions  in  greater  detail. 

Mr.  Karth.  Thank  you  very  much,  Doctor.  I appreciate  your 
statement.  I hope  that  you  realize  it’s  rather  difficult  for  the  com- 
mittee, with  their  limited  knowledge  of  shorthand,  to  write  down 
questions  as  you  read,  without  having  a copy  of  the  statement. 

Dr.  Seamans.  I regret  you  did  not  have  a copy  of  the  statement 
last  Friday. 

Mr.  Karth.  There  are  places  where  questions  might  come  up  which 
we  might  mark,  and  later  we  could  refer  back  and  ask  questions 
from  them. 

I certainly  don’t  expect  you,  Dr.  Seamans,  to  know  all  of  the  rules 
of  the  House.  I do,  however,  expect  that  some  of  your  liaison  people 
would  be  aware  of  the  fact  that  there  are  some  House  rules  that  are 
very  pertinent  and,  certainly,  I would  assume  they  would  be  aware 
of  them,  just  as  a result  of  the  responsibility  they  have  been  given 
by  NASA. 

One  of  the  House  rules,  for  example,  says,  and  I shall  not  tiy  to 
quote  it  verbatim,  because  I don’t  think  I can ; but  the  essence  of  the 
rule  is  that  testimony  that’s  to  be  given  before  a committee,  wherever 
it  is  practical,  should  be  preceded  by  a prepared  statement  which 
should  be  in  the  hands  of  the  committee  members  at  least  24  hours, 
I think,  before  the  hearing  begins 

Now,  on  occasion,  I know  this  is  impossible,  and  on  other  occasions, 
I know  it  is  difficult.  But  I think  in  most  instances  it’s  feasible  ana 
probably  practical. 

It  does  make  it  much  easier  for  the  committee.  I think  on  many 
occasions  we  could  be  more  efficient  if  we  had  some  advanced  informa- 
tion as  to  what  the  testimony  is  going  to  be.  To  begin  with,  we 
could  have  taken  some  time  to  look  it  over  and  probably  be  better 
prepared  ourselves  which  could  conceivably  lead  to  the  elimination  of 
future  meetings. 

So,  I wonder  if  this  could  just  be  kept  in  mind.  I don’t  say  this  with 
any  malicious  intent  at  all,  Doctor,  but  I have  found  that  for  my  own 
personal  experience  this  has  made  it  rather  difficult  for  me  and  I 
assume  the  other  committee  members  have  had  the  same  experience. 

Mr.  Morris.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  I’m  sure,  in  regard  to  what  you  have  said  to  Dr. 
Seamans,  someone  whose  responsibility  it  was  to  get  those  over  here, 
will  hear  about  it.  I am  sure  Dr.  Seamans  gave  instructions  to  them 
and  I think  they  probably  won’t  forget  it  the  next  time. 

Dr.  Seamans.  We  are  familiar  with  the  requirements,  Mr.  Chair- 
man. 

Mr.  Karth.  We  have  a lot  of  confidence  in  you,  Dr.  Seamans. 

Dr.  Seamans.  Just  let  me  say,  I was  familiar  with  your  concern 
for  this  whole  matter  of  facilities,  early  last  week.  I went  over  the 
material  for  the  discussion  today,  early  last  week.  Went  over  a final 
draft  of  this  statement  last  Wednesday  and  I am  very  surprised  you 
did  not  have  this  statement  in  your  hands  last  Friday. 

That  was  certainly  our  intention  and  we  will  do  our  best  to  see  this 
does  not  happen  again. 
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Mr.  Karth.  We  are  concerned  about  facilities,  Doctor. 

I think,  from  my  discussions  with  my  fellow  committee  members, 
there  is  greater  interest  in  construction  of  facilities  requests  than  the 
other  requests  in  the  budget. 

As  I listened  to  your  testimony  -this  morning,  I gathered  that  the 
facility  directors;  that  is,  those  who  are  in  diarge  of  a particular 
facility,  such  as  Goddard,  are  responsible  for  making  requests  to  your 
office  for  additions. 

Is  this  proper  understanding  on  my  part? 

Dr.  Seamans.  That  is  essentially  correct.  However,  it  does  not 
come  directly  from  the  Center  Director  to  my  office.  It  is  reviewed 
by  the  Program  Director — as  for  example,  Dr.  Newell  and  Mr. 
Cortwright — in  those  cases  where  the  facility  is  in  support  of  an 
unmanned  scientific  investigation,  so  that  the  material  that  comes 
to  my  office  has  been  thoroughly  reviewed  by  one  or  another  of  our 
program  offices  and  by  Mr.  Wyatt,  Director  of  the  Office  of  Programs. 

Mr.  Karth.  Now  whose  responsibility  is  it,  Doctor,  to  make 
a survey,  to  make  sure  that  there  are  no  duplications  or  will  be  no 
duplications  in  the  event  the  facility  should  be  allowed? 

Who  is  responsible  for  that?  The  Director  at  the  facility  location 
or  the  Director  of  the  Office  of  Space  Sciences  or  your  office? 

Who  is  responsible  for  making  that  survey? 

Dr.  Seamans.  I believe  this  is  something  that  has  to  be,  in  effect, 
everyone’s  responsibility. 

First  of  all,  the  Center  Directors  must  insure  that  they  are  not 
building  up  excessive  facilities.  They  must  also  be  conscious  of  the 
availability  of  facilities  at  other  NASA  centers,  and  must  also  know 
about  the  Department  of  Defense  facilities  and  contractor  facilities. 

The  headquarters  program  directors,  in  turn,  must  consider  whether 
it  is  better  to  carry  out  a certain  project  at  the  particular  Center  or 
whether,  in  fact,  resources  including  facilities  are  available  at  another 
Center,  and  if  it  wouldn’t  be  better  to  shift  the  responsibility  to  one 
of  our  other  Centers. 

The  final  responsibility  must  be  that  of  the  Administrator  of  NASA, 
Dr.  Dryden  and  myself,  and  we  have,  as  a staff,  Mr.  Wyatt,  who  is 
in  charge  of  the  Office  of  Programs  and  he  has  within  this  Office  a 
facilities  group  under  Mr.  Ulmer  which  works  side  by  side  with  a small 
staff  of  technical  people  and  a budget  group  in  order  to  give  us  a total 
integration  of  our  NASA  activities. 

Now,  I might  say  that  in  addition,  Mr.  Wyatt’s  Office  works  closely 
with  a similar  office  in  the  Department  of  Defense  so  that  when  we 
review  our  budgets,  we  can  see  whether  there  is  any  duplication  of 
new  facilities. 

Mr.  Karth.  Now,  we  Americans  are  a very  “paper  conscious” 
people,  I guess  you  could  say.  It  doesn’t  make  any  difference  whether 
it  is  private  industry  or  whether  it  is  government.  We  do  a lot  of 
paperwork,  keep  a lot  of  records,  make  a lot  of  files;  so  I assume  we 
have  made  a nationwide  survey  of  industry  which  supports  the  needs 
of  the  facilities  requested? 

Do  you  have  such  a survey  that  you’d  like  to  give  to  the  committee 
at  this  time?  A survey  you  made  of  private  industry,  in  regard  to 
what  capability  they  now  have,  or  would  have  at  the  time  y >u  would 
have  a need  for  it,  in  all  of  tnese  areas  such  as  the  hazardous  test 
facility  or  the  Quality  Assurance  Laboratory  or  the  Meteorological 
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Systems  Development  Laboratory,  or  whatever  the  facility  request 
is?  I assume  you  made  a very  thorough  and  a very  comprehensive 
survey. 

Dr.  Seamans.  Let  me,  if  I may,  just  start  answering  that  question 
and  then  refer  it  to  Mr.  Waselewski  for  more  detail. 

There  are  all  kinds  of  facilities  available  in  this  country  which  can 
be  used  in  a project  (depending  upon  its  complexity,  size,  and  so 
forth) . Some  facilities  are  relatively  small  vacuum  chambers. 

All  systems  contractors  and  even  subsystems  and  component 
contractors  do  have  at  least  limited  facilities  to  test  their  own  products. 

Then  there  are  the  much  larger  facilities,  the  large  vacuum  chambers, 
that  can  contain  complete  spacecraft  like  the  Ranger  and  the  Surveyor 
and  the  orbiting  astronomical  observatory. 

There  are  relatively  few  of  these  very  large  facilities. 

I am  sure  we  are  completely  familiar  with  the  large  facilities.  How- 
ever, we  do  not  have  a complete  inventory  of  all  the  smaller  facilities 
that  a great  number  of  contractors  have  at  their  disposal. 

Mr.  Karth.  Don’t  you  think  we  should  have  a complete  inventory 
of  this,  Doctor? 

Dr.  Seamans.  I think  it  would  be  a prodigious  effort  to  have  as 
complete  an  inventory  as  that. 

Mr.  Karth.  It  might  be,  but  I think  if  we  made  a very  thorough 
inspection  we  would  find  that  in  many  cases  we  have  duplicated 
facilities  just  in  the  letting  of  contracts  for  work  to  be  done  where  the 
person  to  whom  we  let  the  contract  did  not  have  a particular  facility, 
for  example,  so  the  cost  of  that  contract  was  increased  by  the  cost  of 
the  installation  of  that  facility;  when  that  facility  was,  in  fact,  avail- 
able elsewhere. 

I know  this  has  happened  in  several  instances  where  a particular 
facility  was  available  in  private  industry  elsewhere  and  we  could  have 
saved  quite  substantial  sums  of  money.  * 

Now,  how  often  this  has  happened  and  to  what  extent  it  has  hap- 
pened, how  broad  in  scope  the  problem  is,  I really  can’t  say,  because 
we  haven’t  made  a thorough  investigation . It  might  be  well  we  under- 
took the  effort  to  do  this.  I don’t  know. 

If  we  don’t  have  a running  inventory  of  seme  of  these  facilities 
that  we  are  finding  that  we’ve  got  to  use,  I suppose  this  would  make 
it  rather  difficult  for  us  to  use  good  judgment  even  in  the  letting  of 
contracts  where  a certain  amount  of  this  testing  has  got  to  be  done 
and  the  people  who  are  qualified  to  bid  might  be  those  people  who 
don’t  have  this  test  facility  but  the  test  facilities  might  well  exist 
someplace  else;  and  where  the  test  facility  does  exist  those  people 
might  not  even  be  qualified  to  bid  on  the  total  projects  just  because 
they  have  a test  facility,  you  see. 

I’m  sure  you  follow  me  on  that.  So,  you  can  see  the  possibility 
of  us  spending  huge  sums  of  money  duplicating  facilities,  be  they 
ever  so  small,  in  private  industry  as  well  as  in-house,  at  substantial 
cost  to  the  taxpayers. 

I would  ask  this,  too:  Take  the  case  of  the  large  facilities  where  we 
know  that  they  do  exist,  both  in  government  and  in  private  industry, 
have  we  in  these  instances  solicited  these  people? 

Have  we  asked  them  whether  or  not  their  test  facility  would  be 
available  to  us  during  the  month  of  June,  July,  and  August,  or  what- 
ever our  time  schedule  might  happen  to  be? 
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Have  we  ever  done  this? 

Dr.  Seamans.  I can  give  you  several  examples. 

Mr.  Karth.  Yes,  sir. 

Dr.  Seamans.  First,  let  me  say  that  when  proposals  come  to  NASA 
for  a particular  project,  we  have  to  judge  the  proposal  on  the  basis 
of  the  information  that’s  presented  to  us  by  the  contractor  and  often 
times  a contractor  who  does  not  have  a particular  facility,  will  indicate 
in  his  proposal  that  he  has  made  arrangements  with  another  company 
for  the  use  of  such  a facility,  and  that  the  schedules  will  permit  him 
to  get  on  with  that  particular  project. 

Mr.  Karth.  Yes,  six',  but  where  the  work  is  going  to  be  done 
in-house,  you  don’t  have  proposals  by  industry,  so  it  might  be  in  these 
instances,  Doctor,  that  we  are  concerning  ourselves  with  today. 

We  are  specially  ignorant  about  the  availability  of  facilities.  Isn’t 
this  a fair  assumption  from  you? 

Dr.  Seamans.  There  is  always,  certainly,  the  possibility  that  we 
are  not  using  all  facilities  in  this  country  as  efficiently  as  we  might. 
We  recognize  this  and  recognize  it’s  something  we  have  to  continually 
work  on. 

I was  going  to  give  you  one  example. 

Recently,  I visited  the  Space  Technology  Laboratory  on  the  west 
coast  which  does  have  its  own  vacuum  facilities,  that  they  have 
financed  themselves.  I found  that  in  the  case  of  the  Syneom  I,  for 
which  the  Hughes  Co.  has  project  responsibility,  Hughes  had  used 
the  STL  facilities  because  their  own  facilities  were  not  available  and 
this  was  done  at  no  cost  to  the  Government. 

On  checking,  however,  with  the  responsible  management  at  STL 
as  to  whether  they  would — they  could,  make  available  these  facilities 
on  sort  of  a rental  basis  to  contractors  who  might  wish  time,  they 
indicated  that  they  had  really  built  these  facilities  for  their  own  use 
and  that  it  would  be  very  difficult  to  schedule  time  for  projects  which 
they  were  not  responsible  for  and  they  weren’t  really  in  a position  to 
make  guarantees  of  that  sort;  but  they  would,  of  course,  assist 
wherever  they  possibly  could. 

Mr.  Karth.  But,  I think  that  unless  we  specifically  told  them 
what  we  have  in  mind  and  a date  that  we  might  have  in  mind,  I doubt 
if  we  can  really  say  that  we  have  made  an  effort  to  ascertain  if  this 
facility  is  available  in  private  industry. 

Dr.  Seamans.  There  is  always  a very  difficult  balance  that  must 
be  achieved  between  the  cost  of  the  facility,  written  off  over  a period 
of  time  and  the  extra  R.  & D.  cost  which  would  be  involved  if  a 
particular  facility  is  used  in  the  contractor’s  plant  that  is  not  directly 
associated  with  the  project. 

There  is  always  the  necessity  for  personnel  familiar  with  a compo- 
nent or  the  subsystem  or  the  spacecraft,  to  be  present  and  actively 
participate  in  any  of  the  testing  and  these  people  would  have  to  be 
moved  to  the  location  for  periods  of  time  in  order  to  run  these  tests. 

Mr.  Karth.  Of  course,  we  carry  this  out  to  the  logical  conclusion 
then  using  that  theory  we  are  going  to  make  everything  “in 
government.” 

Dr.  Seamans.  No,  because  I’m  talking  here  about  the  responsibility 
of  a prime  contractor  for  the  development  of  a particular  spacecraft. 
I’m  talking  about  really  out-of-Government  work  as  well  as  in-house 
work. 
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The  Government  must  have  some  facility  to  provide  a check  and  a 
balance. 

Mr.  Karth.  Yes,  I agree.  I couldn’t  agree  more.  As  a matter  of 
fact,  I think  it  is  imperative  the  Government  have  some  facilities 
without  which  one  company  would  have  a monopoly.  I think  the 
Government  must  not  allow  a company  to  go  ahead  and  invest  tre- 
mendous sums  of  money  so  that  future  contracts  go  to  them  as  a 
matter  of  necessity  just  because  they  have  this  capability. 

I agree,  for  example,  on  the  facility  that  you  are  requesting  for  the 
Atlantic  Missile  Range  for  the  big  Saturn;  I don’t  think  there’s  any 

Question  about  it;  we  have  to  have  facilities  like  this  in-house.  This 
oesn’t  mean  we  have  to  have  all  facilities  in-house  or  a large  portion 
of  them. 

The  point  I’m  making  is  that  we  would  like  to  have  as  few  as  we 
need,  because  we  have  so  many  other  needs  in  the  space  program  and 
elsewhere  that  where  private  industry  can  do  this  or  where  other 
agencies  of  Government  can  do  it,  even  though  it  may  inconvenience 
us  a little  bit,  and  on  occasion  probably  even  inconvenience  them  a 
little;  we  just  feel  that  maybe  we  should  make  an  effort  to  see  it  is 
done  this  way. 

That’s  really  what  we  are  saying  and  nothing  more. 

Dr.  Seamans.  I agree  with  you,  Mr.  Chairman,  and  this  is  the 
difficult  balance  that  we  attempt  to  achieve. 

Mr.  Karth.  My  question  is,  Who  makes  this  survey  now? 

Who  really  makes  the  first  survey?  Does  Mr.  Waselewski  make  the 
first  survey,  for  example,  if  this  is  a request  by  the  Goddard  Center? 

Does  he  contact  all  the  companies  that  he  knows  has  a facility  such 
as  this  or  are  constructing  a facility  such  as  this,  giving  industry  the 
benefit  of  Goddard’s  needs,  and  the  time  schedule  when  they  have  need 
for  these  facilities,  and  then  ask  the  question  whether  or  not  they 
would  be  available  for  NASA  use? 

Are  you  the  one  who  does  this,  Mr.  Waselewski? 

Mr.  Waselewski.  I think  that  in  accordance  with  Dr.  Seaman’s 
statement,  yes.  We  feel  it  our  responsibility  to  be  very  familiar  and 
our  personnel  are  personally  familiar  with  the  facilities  of  the  various 
contractors  around  the  country. 

We  have  available,  for  example,  you  are  talking  about  printed 
material  on  this  and  we  do  periodically  update  our  knowledge  of 
contractors’  facilities.  I have  a few  sheets  showing  the  kinds  of 
things  we  have.  We  have  here  pictures,  for  example  for  facilities  at 
Lockheed,  R^JAic,  and  RCA.  We  do  document  these  major 
facilities. 

Mr.  Karth.  Yes,  I understand. 

Mr.  Waselewski.  These  are  the  larger  facilities  and  we  document 
our  knowledge  of  the  major  facilities  in  the  country  and  we  follow 
this  up  very  carefully  because  our  people  who  are  involved  in  the 
testing  evaluation  are,  in  fact,  spending  a lot  of  time  at  the  contractor’s 
plant  so  they  are  thoroughly  familiar  with  such  equipment  as  he  does 
have,  not  only  the  major  equipment,  but  they  usually  know  it  in 
considerable  detail. 

I can’t  say  we  have  documented  each  piece  of  equipment,  but  we  are 
generally  aware  of  it. 

When  a contractor  makes  a request  for  a facility  or  it  becomes 
obvious  to  us  that  such  a facility  is  needed,  we  have  the  talent  in-house 
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who  are  generally  aware  of  this.  In  some  cases,  for  example,  one  case 
that’s  of  interest,  the  S-52  satellite  where  Westinghouse  was  doing  the 
job  and  they  are  just  down  the  road  from  us  at  Baltimore  Airport,  we 
elected  to  have  them  come  in  and  use  the  Goddard  facilities  because 
the  contractor  otherwise  would  have  had  to  build  up  this  capability. 

In  another  contract  we  have,  for  example,  transferred  a piece  of 
vibrational  equipment  from  STL  to  Ball  Bros,  so  that  Ball  Bros,  could 
use  it  in  the  OSO  contract. 

We  do  feel  and  try  to  be  constantly  aware  of  what  the  availability 
is  throughout  the  country.  When  we  do  have  an  in-house  require- 
ment, we  feel  that  the  need  for  the  facilities  are  the  product  of  con- 
siderable study.  It’s  a creative  effort  in  a sense  and  we  are  always 
striving  to  make  better  facilities.  When  we  have  a need  for  another 
facility  we  try  to  examine  the  existing  facilities  in  terms  of  the  job  we 
want  to  do  to  make  sure  that  such  capacity  as  we  might  build  is  not 
already  available  or  conversely  that  as  we  gather  from  talking  with 
contractors  that  they  don’t  have  in  mind  to  build  such  a facility. 
Sometimes,  the  leadtimes  being  what  they  are  we  have  to  know  a little 
bit  about  what  the  contractors  have  in  mind. 

Mr.  Karth.  Did  you  solicit  industry  last  year — insofar  as  your 
budget  requests  for  facilities  are  concerned  this  year? 

Mr.  Waselewski.  Did  we  go  out  specifically  and  ask  them  whether 
they  have  such  a facility? 

Mr.  Karth.  Yes. 

Mr.  Waselewski.  No,  we  did  not,  but  we  are  generally  aware  of 
the  facilities  they  do  have.  We  feel  we  have  built  up  a backlog  and 
maintain  a knowledge  of  what  kind  of  facilities  are  available  and  we 
look  at  our  requirement  based  on  what  is  available.  It’s  always  in 
the  framework  of  what  is  going  on  in  the  industry  and  what,  to  the 
best  of  our  knowledge,  the  usage  is  for  the  chambers  which  already 
exist  that  we  try  to  make  our  decision. 

Mr.  Karth.  Are  you  saying  because  your  requirements  are  peculiar 
to  the  facility  that  exists  at  private  industry,  you  have  not  solicited 
them  in  any  case  for  any  of  your  budget  requests  for  1964? 

Is  that  what  you  are  saying? 

Mr.  Waselewski.  Well,  no,  I wouldn’t  say  that. 

Mr.  Karth.  It’s  got  to  be  for  some  reason. 

I’m  just  trying  to  find  out  which  one  it  is. 

Mr.  Waselewski.  First  of  all,  when  you  use  the  word  “solicit,” 
is  rather  a formal  thing.  We  are  continually  talking  with  the  con- 
tractors and  are  aware  of  their  general  capabilities.  We  are  generally 
aware  what  they  are  going  to  use  their  facilities  for. 

In  the  general  sense,  though,  we  don’t  send  them  a letter  saying  we 
have  need  for  such-and-such  a facility  and  we  expect  to  use  it  between 
the  time  frame  of  so-and-so  and  how  much  of  this  time  could  you  give 
us  in  order  to  make  this  facility. 

Mr.  Karth.  You  might  be  surprised  at  the  answer  you  got  if  y i 
did  make  a formal  solicitation.  They  might  even  oner  to  update 
the  facilities  that  may  be  somewhat  peculiar  to  your  need  at  the  time 
you  make  your  very  formal  solicitation. 

They  may  be  able  to  update  the  facilities  and  make  them  available 
to  you  at  just  a fraction  of  the  cost  it’s  going  to  be  to  the  taxpayer  to 
build  the  whole  thing  from  scratch,  including  the  construction  of  a 
building  to  house  it. 
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I’m  not  sure  we  shouldn’t  be  more  formal.  As  I say,  we  are  a great 
paper  filing  nation.  We  have  got  more  files,  I guess,  in  this  country 
than  all  of  the  other  countries  put  together,  and  I don’t  think  it 
would  hurt  us  to  do  a little  paperwork  on  some  of  these  areas  where 
it  really  might  save  us  some  money. 

Mr.  Mosher.  Mr.  Chairman,  may  I ask  a closely  related  question? 

Mr.  Rarth.  Yes,  sir. 

Mr.  Mosher.  As  I understand  it,  there  was  an  Executive  order 
from  President  Eisenhower,  dated  March  17,  1954,  Executive  Order 
No.  10521  and,  in  part,  it  says: 

A Federal  agency  shall  procure  new  major  equipment  or  facilities  for  scientific 
research  purposes,  only  after  taking  suitable  steps  to  ascertain  that  the  need  can- 
not be  met  adequately  from  existing  inventories  or  facilities  of  its  own  or  of  other 
agencies. 

Now,  the  Chairman  has  been  talking  about  the  possibility  of  dupli- 
cate facilities  in  private  industry  and  then  closely  related  to  this  is 
the  possibility  of  duplicating  facilities  in  other  agencies. 

Do  you  specifically  and  formally  query  other  agencies,  the  Air  Force, 
for  instance,  as  to  the  possible  availability  of  facilities  they  already 
have;  when  you  consider  these  items  that,  for  new  facilities  that  are 
in  the  budget  for  fiscal  year  1963? 

What  is  the  machinery  for  specifically  ascertaining  what  the  Air 
Force  has,  for  instance,  or  any  other  agency? 

Dr.  Seamans.  We  have  used  the  Aeronautics  and  Astronautics 
Coordmating  Board  for  this  purpose. 

This  is  done  not  on  a service-by-service  basis,  but  it’s  done  at  the 
Department  of  Defense  level,  ana  we  work  with  General  Cooper  in 
DDR.  & E.  on  this  matter. 

Mr.  Mosher.  This  Executive  order  is  still  in  existence,  I assume. 

Mr.  Karth.  Oh,  yes,  it  is. 

Dr.  Seamans.  It  is. 

Mr.  Mosher.  Yes. 

So,  you  do  take  suitable  steps  ana  specific  steps  before  you  come 
to  us  or  go  to  the  Bureau  of  the  Budget? 

Mr.  Karth.  Would  the  gentleman  yield,  so  that  I could  probably 
get  a more  specific  answer? 

You  take  formal  steps? 

Mr.  Mosher.  This  is  exactly  what  I’m  asking. 

Dr.  Seamans.  The  answer  is,  we  do,  and  what  is  equally  important, 
there  are  many,  many  ties  between  NASA  and  the  Department  of 
Defense. 

Mr.  Karth.  Doctor,  would  you  tell  me  how  you  take  formal  steps? 

I mean,  do  you  have  something  to  submit  for  the  record  so  we  know 
you  took  a formal  step  in  soliciting  from  other  agencies  of  Govern- 
ment regarding  the  availability  of  facilities? 

Dr.  Seamans.  The  formal  step  is  the  meeting  of  the  Aeronautics 
and  Aeronautics  Coordinating  Board  where  we  require  two  specific 
individuals,  one  in  NASA  and  the  other  in  the  Department  of  Defense 
to  review  the  1964  budget  for  facilities. 

Mr.  Ulmer.  There  is  a formal  report  available  on  that,  Mr.  Karth, 
and  we  will  be  happy  to  supply  it  for  the  record. 

The  group  reviewed  some  220  facilities  in  the  Department  of  De- 
fense and  NASA  and  weeded  out  certain  ones  that  obviously  did  not 
involve  duplication. 
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For  example,  we  are  not  concerned  with  housing  for  military  per- 
sonnel. 

This  group  looked  in  detail  at  some  62  facilities  which  warranted 
additional  study.  These  were  examined  in  detail,  and  the  technical 
characteristics  were  reviewed  by  the  two  teams. 

Out  of  this,  I believe,  came  some  three  or  four  facilities  that  war- 
ranted much  closer  examination  at  Dr.  Seaman’s  level.  There  is  a 
formal  report  available  on  it. 

Mr.  Karth.  At  this  point,  unless  there  are  further  questions,  I ask 
it  be  submitted  for  the  record. 

(The  information  requested  is  as  follows :) 

February  7,  1963. 

Memorandum  for  Dr.  Harold  Brown,  Director  of  Defense  Research  and  Engineer- 
ing, and  Dr.  Robert  C.  Seamans,  Jr.,  Associate  Administrator,  NASA, 
Cochairmen,  Aeronautics  and  Astronautics  Coordinating  Board. 

Subject:  Coordination  of  NASA-DOD  fiscal  year  1964  construction  of  facilities 
budgets. 

References:  (a)  Letter  from  Dr.  Dryden  to  Dr.  Brown,  dated  September  25,  1962, 
“Designation  of  NASA  Representative  To  Coordinate  NASA-DOD  C.  of  F. 
Budgets.”  (6)  Letter  from  Dr.  Brown  to  Dr.  Dryden,  dated  October  9, 
1962,  “Designation  of  DOD  Representative  To  Coordinate  NASA-DOD 
C.  of  F.  Budgets.” 

In  accordance  with  references  (a)  and  (5),  +he  NASA  and  DOD  fiscal  year  1964 
facility  budgets  have  been  reviewed  to  insure  that  no  unwarranted  duplication 
exists.  Lists  of  fiscal  year  1964  facility  construction  items  were  exchanged  be- 
tween the  NASA  and  DOD  and  a total  of  217  items  were  reviewed. 

Preliminary  examination  of  the  facility  budgets  indicated  that  no  apparent 
duplication  existed  for  a majority  of  the  planned  projects.  However,  a total  of 
62  items  warranted  more  detailed  study.  Facility  descriptions  were  exchanged 
for  these  items.  Upon  detailed  review  of  these  items  it  was  agreed  that  no  un- 
warranted duplication  existed  in  the  fiscal  year  1964  facility  plans  of  NASA  and 
DOD.  Specific  comments  are  appropriate  on  three  of  the  NASA  items  as  follows: 

Calibrations  and  Standards  Laboratory  ( Launch  Operation  Center),  $ 2,867,000 
This  facility  was  originally  proposed  on  the  basis  that  it  would  serve  all  NASA 
and  Air  Force  calibration  requirements  at  Cape  Canaveral.  In  subsequent  dis- 
cussions between  LOC  and  AMR  personnel,  it  appears  that  the  Air  Force  calibra- 
tion work  may  be  handled  more  effectively  by  expanding  an  existing  facility. 
Further  review  of  the  NAS  A- Air  Force  requirements  in  this  area  will  be  required 
before  the  final  scope  of  the  proposed  facility  is  approved. 

Central  instrumentation  facility  ( launch  operations  center)',  $31,508,000 

This  facility  was  proposed  to  include  electronic  tracking  equipment  ($4,950,000) 
and  telemetry  equipment  ($4,150,000).  The  plans  for  the  functions  'and  equip- 
ment to  be  incorporated  into  the  central  instrumentation  facility  should  be 
reviewed  to  insure  consistency  with  the  provisions  of  the  January  17,  1963, 
DOD/NASA  agreement  regarding  management  of  AMR  and  Merritt  Island. 

Instrumentation  ships,  $90,000,000 

A question  was  raised  as  to  whether  the  three  tracking  ships  requested  by 
NASA  should  be  considered  as  peculiar  to  the  support  of  the  Apollo  missions  or 
whether  these  ships  should  be  included  as  a part  of  the  total  national  range 
instrumentation  ship  capability.  It  was  agreed  that  this  matter  of  policy  should 
be  explored  further  in  the  immediate  future,  as  a special  case,  between  the  Asso- 
ciate Administrator,  NASA,  and  the  Deputy  Director  of  Defense  Research  and 
Engineering,  DOD. 

William  A.  Fleming. 

Director  of  Technical  Programs,  Office  of  Programs,  NASA. 

Paul  T.  Cooper, 

Brigadier  General,  U.8.  Air  Force,  Assistant  Director  ( Ranges  and  Space 
Ground  Support),  Office  of  Director  of  Defense  Research  and  Engineering. 

Mr.  Morris.  Mr.  Chairman,  I ask  that  it  be  submitted  to  each 
member  of  the  committee,  two  copies. 
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Mr.  Mosher.  Mr.  Chairman,  at  some  point,  not  necessarily  right 
at  this  moment,  I’d  like  to  ask  specifically  about  certain  facilities. 

Mr.  Karth.  Why  doesn’t  the  gentleman  proceed? 

Mr.  Mosher.  Just  to  test  things  a little  nit. 

First,  to  get  back  to  the  old  question  the  committee  has  chewed 
over  quite  a while  in  past  years,  the  life  sciences  research  facilities, 
$4,480,000  requested. 

Is  that  correct? 

Dr.  Seamans.  That  is  correct.  It  is  an  Ames  Center  facility. 

Mr.  Mosher.  At  Ames,  yes. 

Now,  exactly  what  formal — to  use  the  chairman’s  words — what 
formal  machinery  made  this  determination  that  this  was  necessary 
for  NASA  in  view  of  the  fact  that  the  Air  Force  has  certain  large 
facilities  in  this  area? 

Can  we  review  that  for  a moment? 

Dr.  Seamans.  Yes,  this  gets  into  the  whole  matter  of  biastro- 
nautics. 

Mr.  Mosher.  I understand. 

Dr.  Seamans.  A very  broad  field,  going  all  the  way  from  funda- 
mental space  biology  to  the  development  of  environmental  support 
equipment  for  astronauts,  and  the  Department  of  Defense  has  built 
up  capability  for  the  use  of  pilots  under  extreme  conditions  and  they 
have  competence  at  such  places  as  the  Wright  Development  in 
Ohio,  at  Brooks  Field  in  Texas,  and  various  places  where  we  wanted 
to  assure  this  capability  should  be  available  and  would  be  available 
in  the  schedules  not  too  heavy  at  these  places  for  NASA  effort. 

Mr.  Mosher.  Can  I interrupt  right  there? 

Dr.  Seamans.  Yes. 

Mr.  Mosher.  Has  the  Air  Force,  or  whoever  is  in  charge  of  the 
DOD  facilities,  have  they  specifically  offered  these  facilities  to  NASA 
for  your  use? 

Dr.  Seamans.  Responsible  individuals  at  these  Centers  are  very 
anxious  to  assist  NASA  as  are  others  in  the  Department  of  Defense. 
However,  we  must  insure  we  don’t  in  any  way  jeopardize  defense 
projects  in  lieu  of  NASA  projects  so  this  must  be  considered  at  the 
top  level  of  the  Department  of  Defense.  In  this  case,  it  was  of  suffi- 
cient. importance  for  Mr.  Webb  to  request  that  Dr.  Dryden  survey 
the  matter.  Mr.  McNamara  selected  Mr.  Rubel.  These  two  indi- 
viduals carried  out  an  inspection  of  several  DOD  resources,  particu- 
larly the  ones  I’ve  already  mentioned. 

As  a result  of  this  survey  we  have,  for  example,  provided  Brooks 
Field  with  a grant  of  $500,000  so  that  there  at  that  location  they  can 
use  their  competence  to  assist  NASA  in  some  of  our  fundamental 
problems. 

We  are  also  using  the  other  DOD  installations  in  a similar  manner. 

Dr.  Graybiel  of  the  Navy  is  also  working  for  NASA — on  NASA 
projects,  so  this  is  the  manner  in  which  the  overall  coordination  took 
place  in  bioastronautics. 

Mr.  Mosher.  But  the  new  lab  for  Ames  is  definitely  needed? 
That  is,  you  are  absolutely  convinced  there  aren’t  any  facilities  in 
DOD  which  would  satisfy  your  need? 

Dr.  Seamans.  The  decision  to  go  ahead  at  Ames  followed  the  re- 
view to  which  I’ve  already  referred  and  is  on  a basis  that  more  research- 
type  work,  in  such  areas  as  space  biology,  is  needed  and  that  there 
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is  a need  for  in-house  NASA  capability  to  coordinate  various  activities 
going  on  primarily  in  universities  and  that  the  Department  of  Defense 
did  not  have  this  competence. 

This  was  something  that  had  to  be  added  to  the  national  resource 
in  order  to  proceed  with  the  NASA  responsibilities. 

Mr.  Mosher.  And  it  couldn't  have  been  added  to  the  national 
resource,  more  economically  or  efficiently  by  adding  it  at  the  point 
of  the  Air  Force? 

Dr.  Seamans.  That  is  a judgment  that  was  made,  that  the  Air 
Force  and  the  Navy  have  considerable  competence  in  the  development 
of  life  support  equipment  in  this  area  but  had  really  not  progressed 
far  enough  in  space  biology  that  the  NASA  work  would  not  be  in 
duplication. 

Mr.  Mosher.  Mr.  Chairman,  I have  obtained 

Mr.  Karth.  I wonder  if  the  gentleman  would  yield  right  there. 

Mr.  Mosher.  Yes. 

Mr.  Karth.  Now  the  Air  Force  has  this  facility,  primarily,  for  the 
use  of  the  Air  Force;  isn't  that  correct? 

Dr.  Seamans.  That  is  certainly  true. 

Mr.  Karth.  If  not  exclusively  to  meet  the  needs  of  the  Air  Force. 

Dr.  Seamans.  This  is  a good  point,  Mr.  Chairman. 

Mr.  Karth.  This  is  correct,  isn't  it? 

Dr.  Seamans.  Yes,  it  is. 

Mr.  Karth.  But,  at  the  same  time,  the  Air  Force  does  not  make 
the  decision  as  to  whether  or  not  they  can  allow  those  facilities  to  do 
some  of  your  research  work. 

It’s  the  Department  of  Defense  who  probably  doesn’t  really  have 
as  much  information  about  the  Air  Force  facility  and  the  need  of  the 
Air  Force,  who  makes  the  decision. 

Is  that  what  I understood  you  to  say? 

Dr.  Seamans.  I am  not  in  a position  to  judge  the  competence  of 
DOD  to  review  their  own  facilities. 

Mr.  Karth.  I say,  is  this  how  it  is  done? 

The  man  in  the  Department  of  Defense  makes  this  decision.  In 
this  case  it  was  John  Rubel. 

Dr.  Seamans.  The  final  decision  has  to  be  by  the  Secretary  of 
Defense  on  the  advice  of  his  staff. 

The  Air  Force  would  have  required  additional  manpower  in  order 
to  support  the  NASA  in  this  area  of  space  biology,  in  order  to  have 
additional  manpower  they  had  to  have  tne  approval  of  the  Department 
of  Defense. 

Mr.  Karth.  Is  a study  made,  Doctor,  of  this  specific  request  to 
NASA?  Was  a report  filed  by  Mr.  Rubel  and  Dr.  Dryden  on  this 
particular  request  that  the  gentleman  from  Ohio  speaks  of? 

Dr.  Seamans.  Following  their  survey,  a very  detailed  review  was 
made  by  Mr.  Rubel  and  myself,  of  a very  large  number  of  specific 
R.  & D.  tasks  and  this  is  in  report  form. 

Mr.  Karth.  My  specific  question,  though,  was  whether  or  not  Dr. 
Dryden  and  Mr.  Rubel  filed  a specific  report  or  a report  on  this  spe- 
cific project  requirement  or  this  facility  requirement. 

Did  they,  or  didn't  they? 

Dr.  Seamans.  They  did  not. 

Mr.  Wyatt.  Mr.  Karth,  to  my  knowledge,  they  did  not. 
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I think  this  is  one  of  the  areas  where  we  might  depart  from  the 
Government,  in  general,  in  regard  to  the  paperwork  to  which  you 
have  alluded. 

We  have  found  that  when  you  have  a meeting  of  the  minds  of  the 
people  who  make  the  decisions  we  don’t  necessarily  follow  this  up  with 
thick  documentation. 

In  this  instance,  Dr.  Dryden  as  Deputy  Administrator  of  NASA 
and  Mr.  Rubel  both  carried  this  out  individually  and  on  the  part  of 
their  staffs.  To  my  knowledge  there  was  no  formal  report  issued  that 
established  a requirement  for  NASA  to  put  several  hundred  people  at 
Ames. 

Now  the  facility  that  we  have  here  is,  however,  the  outgrowth  of 
the  need  to  house  these  people  and  to  provide  them  with  the  kind  of 
in-house  laboratories  that  tney  would  need  in  order  to  execute  their 
principal  function  of  guiding  research  efforts  throughout  the  country. 

This  was  reviewed  as  part  of  the  review  with  the  Department  of 
Defense.  It  happened  to  be  a noncontroversial  item,  because  it  was 
for  a function  that  was  already  decided  should  be  carried  on  at  the 
Ames  Laboratory  and  did  not  duplicate  any  existing  research  func- 
tion. That  was  already  resolved.  When  it  was  resolved,  it  was  deter- 
mined that  the  life  sciences  research  effort  would  be  carried  on  at  the 
Ames  Laboratory. 

Mr.  Karth.  Had  the  Air  Force  at  any  time  made  known  to  NASA 
that  they  could  probably  fulfill  your  need  and  if  you  agreed,  what  addi- 
tional manpower  or  whatever  funds  were  necessary,  they  would  need 
to  fulfill  the  requirements;  did  they  ever  inform  NASA  in  any  shape, 
manner,  or  form? 

Is  there  any  notification  that  you  are  aware  of,  that’s  been  made  or 
given  to  NASA  by  the  Air  Force  in  this  regard? 

Mr.  Wyatt.  I cannot,  personally,  state  whether  there  was  formal 
notification  from  the  Air  Force.  I know  Mr.  Rubel  and  Dr.  Dryden 
talked  with  Air  Force  people  about  this.  The  net  result  was,  as  Dr. 
Seamans  already  indicated,  for  them  to  perform  this  function,  would 
require  a corresponding  enlargement  of  their  own  staffs  and  a cor- 
responding set  of  facilities  for  their  own  staffs.  The  judgment  was 
that  since  it  was  NASA’s  program  and  NASA’s  program  objectives, 
which  depart  somewhat  from  the  objectives  of  the  Air  Force,  that  this 
effort  should  be  conducted  by  NASA  since  there  was  not  an  existing 
capability. 

Mr.  Karth.  Was  this  conclusion  written  up  in  the  form  of  a docu- 
ment or  report,  an  exchange  of  understanding,  or  anything? 

You  have  made  quite  a statement  here. 

You  said.  No.  1,  the  Air  Force  would  require  additional  personnel 
and  an  additional  facility. 

Now,  has  this  been  written  up  anyplace  so  we  can  ask  you  to  submit 
a copy  for  the  record? 

Mr.  Wyatt.  I do  not  know  of  a specific  document. 

Mr.  Karth.  Dr.  Seamans. 

Dr.  Seamans.  The  document,  1 referred  to  earlier,  resulted  from  a 
formal  joint  study  of  proposed  projects  under  way  in  the  DOD  and 
NASA  in  the  life  science  area.  It  includes  a detailed  listing  of  each 
one  of  the  tasks  projected  for  both  the  DOD  and  NASA. 

Mr.  Karth.  Now,  I understand  that  this  is  kind  of  a hearsay 
understanding. 
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I would,  therefore,  not  want  to  apply  any  credence  to  it,  so  I asked 
you  the  question. 

I understand  that  the  Air  Force  made  some  kind  of  a list  which  in 
their  opinion  represented  duplication  of  facilities  that  were  being 
requested  by  NASA  in  the  1964  budget.  Are  you  aware  of  any  such 
list  or  have  you  heard  of  any  such  list? 

Dr.  Seamans.  I am  not  personally  familiar  with  this  list. 

Mr.  Wyatt.  No,  sir,  I am  not  either. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  Mr.  Chairman,  do  I understand  Mr.  Wyatt  correctly, 
that  it  was  determined  by  the  responsible  people  in  both  departments, 
DOD  and  NASA — it  was  determined  that  in  order  to  supply  these 
necessary  facilities — I’m  talking  now  of  the  life  science  and  research 
facility,  no  matter  which  department  did  it;  NASA  or  the  Air  Force, 
it  would  make  little  difference  so  far  as  the  fiscal  year  1964  budget 
was  concerned — either  way  it  would  require  a budgeting  of  additional 
funds  for  new  facilities  of  $4,880,000. 

Was  this  a specific  determination?  Is  there  a record  of  this? 

Mr.  Wyatt.  Mr.  Mosher,  there  was  not  a specific  determination, 
that  a facility  could  be  built  some  place  which  would  cost  $4,880,000. 
The  determination  was  that  the  kind  of  effort  proposed  for  the  Ames 
Laboratory,  the  DOD  agreed,  was  a proper  NASA  effort  and  was  not 
a duplication  of  their  effort. 

The  specific  request  is  for  the  facility  required  to  house  the  people 
and  to  provide  them  necessary  equipment  for  an  in-house  laboratory 
effort  after  having  made  the  decision  we  were  going  to  place  this 
kind  of  effort  at  the  Ames  Laboratory. 

This  is  a budgetary  estimate  on  our  part  of  the  facility  required  to 
house  the  people  and  the  function  at  the  Ames  Laboratory.  It  came 
up  for  a review  as  items  on  one  list  of  NASA  facilities  m our  talks 
with  General  Cooper.  It  was  not,  to  my  knowledge,  in  question  be- 
cause the  question  had  been  resolved,  from  the  agreement  that  it 
would  be  built  or  the  work  would  be  done  at  Ames.  This  is  a facility 
required  to  carry  out  that  premise. 

Mr.  Mosher.  It’s  your  judgment  that  had  the  decision  been  for 
the  Air  Force  to  do  this,  they  would  have  had  to  spend  roughly  equiva- 
lent of  this  same  amount  of  money? 

Mr.  Wyatt.  It  is  my  understanding  they  would  have  required 
similar  facilities. 

Mr.  Mosher.  New  facilities? 

Mr.  Wyatt.  Yes,  sir. 

Mr.  Mosher.  But  there  isn’t  any  specific  study  that  says  this, 
this  item  itself? 

That  is,  the  mechanics  of  the  thing  don’t  get  down  to  that 

Mr.  Wyatt.  No,  sir,  because  this  was  not  the  topic  of  the  discus- 
sion. The  discussion  was  whether  NASA  should  have  a life  science 
unit  at  the  Ames  Laboratory  or  whether  these  services  could  be  pro- 
vided by  existing  elements  of  the  DOD. 

Mr.  Mosher.  And  then  this  procedure,  you  feel,  does  meet  the 
requirements  of  Executive  Order  10521? 

Mr.  Wyatt.  Yes,  sir;  in  my  judgment  it  would  meet  the  spirit  of 
the  order. 

Mr.  Mosher.  Mr.  Chairman,  I do  have  some  material  here  which 
suggests  other  possible  duplications. 
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I don’t  know  whether  you  want  me  to  pursue  it  item  by  item  at 
this  point  or  you  want  to  come  back  to  it  at  this  time. 

Mr.  Karth.  I think  the  gentleman  should  use  his  own  judgment. 

Mr.  Mosher.  I don’t  want  to  disrupt  what  you  planned  at  this 
session. 

Mr.  Karth.  The  reason  I scheduled  this  meeting,  Mr.  Mosher, 
was  so  questions  in  the  minds  of  the  committee  members  could  be 
answered — so,  youproceed. 

Mr.  Mosher.  Well,  okay,  if  I have  your  permission. 

What  about  the  Space  Materials  Laboratory.  This  involves 
$3,600,000,  and  how  is  your  request  related,  say,  to  Air  Force  Mate- 
riels  Laboratory  at  Wright  Patterson? 

What  mechanics  were  gone  through  in  making  that  decision? 

Mr.  Wyatt.  Sir,  can  you  identify  the  center  at  which  that  facility 
is  to  be  built? 

Mr.  Mosher.  The  note  I have  here  doesn’t  indicate  that,  to  tell 
you  the  truth,  and  I haven’t  researched  this  well  enough  to  know. 

It  is  a $3,600,000  item. 

Mr.  Wyatt.  Yes,  sir.  I have  it  identified  now,  sir. 

Mr.  Mosher.  Will  you  identify  it  for  the  record? 

Mr.  Wyatt.  The  space  environment  research  facilities  at  the  Ames 
Research  Center. 

Mr.  Mosher.  I should  have  said  this  was  under  Ames.  I did  know 
that. 

Mr.  Morris.  Where  is  it  in  the  backup  book? 

Mr.  Wyatt.  Page  CF  1-20  in  the  “Construction  of  facilities,”  part 
I,  which  is  volume  3 of  our  backup  material. 

Mr.  Mosher.  Is  this  an  item  where  the  spirit  and  the  actuality  of 
Executive  Order  10521  was  observed? 

Did  you  specifically  check  with  the  Air  Force,  for  instance,  to 
determine  this  is  necessary  and  not  a duplication  of  their  facilities 
available  to  you? 

Dr.  Seamans.  We  follow  the  same  procedure  on  all  of  these  facilities 
that  I earlier  discussed,  namely,  to  re  view  all  of  these  projects  with  the 
Department  of  Defense. 

You  have  to  remember  that  prior  to  the  time  that  it  reaches  my 
office  it  has  first  been  studied  at  our  center  level  and  our  centers  are 
familar  with  what’s  going  on  within  the  Department  of  Defense  at 
the  various  laboratory — in  their  various  laboratories,  so  that  there 
must  be  a coordination  at  all  levels  of  NASA  and  DOD.  We  certainly 
believe  that  we  must  know  what  resources  are  available  to  that  we  can 
put  them  to  good  use. 

Mr.  Mosher.  You  want  to  discuss,  just  briefly,  then  your  pro- 
posal for  Ames  here  as  related  to  the  Air  Force  Materiels  Laboratory 
Complex  at  Wright  Patterson? 

Dr.  Seamans.  I tm  not,  myself,  familiar  enough  with  the  facility 
at  Wright  Field. 

This  is  not  just  the  materials  facility,  however. 

Our  real  materials  work  is  done  at  Langley — Lewis. 

Mr.  Mosher.  I know. 

Dr.  Seamans.  This  is  space  environment  facility  for  more  than  just 
the  material  work. 

Mr.  Mosher.  Yes. 

Mr.  Wyatt.  If  I may  address  myself  to  this  question,  Mr.  Mosher; 
here  we  have  a circumstance  in  which  we  have  built  up  over  the  past 
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20  years,  a certain  line  of  specialized  research  competence  at  the  Ames 
Center,  an  area  of  competence  that  is,  perhaps,  preeminent  in  the 
United  States  in  the  investigation  of  the  effects  of  small  particles  in 
space,  and  their  impingement  on  materials  that  we  must  fly  in  space. 

It  is  a group  that  in  the  past  10  years,  has  done  very  extensive  work 
with  a number  of  facilities  including  the  light  gas  guns  for  achieving 
simulated  velocities  up  within  to  40,000-  to  50,000-feet-a-secona 
range — very  basic  work  on  properties  of  micrometeoroids,  on  the  effects 
of  micrometeoroids  in  penetrating  materials  that  would  be  exposed 
in  space. 

This  facility  here  is  to  give  additional  research  competence,  not 
development  or  proof-testing  competence,  but  to  give  additional 
research  competence  to  this  group  which  already  exists  at  the  Ames 
Center.  The  facility  requirement  was  initiated  in  this  manner. 

We  look  upon  research  facilities  of  this  nature  as  very  distinct 
tools,  but  tools  which  are  absolutely  worthless  unless  they  are  manned 
by  the  proper  kind  of  qualified  individuals.  So,  actually,  in  the  cases 
of  this  sort,  the  tool,  generally,  follows  the  competence  of  the  group. 

In  other  words,  we  don’t  consider  the  tool  as  something  that  might 
be  placed  any  place;  but  rather,  the  tool  arises  from  the  needs  of  the 
group,  from  the  visions  of  the  group,  and  is  tailored  to  the  competence 
of  the  group. 

Mr.  Karth.  We  pretty  much  do  it  both  ways;  don’t  we,  Mr.  Wyatt? 

Mr.  Wyatt.  In  this  instance,  this  is  very  specifically  tailored  to 
the  group. 

Mr.  Karth.  I am  not  speaking  just  to  this  one  instance.  Do  we 
do  it  both  ways? 

Mr.  Wyatt.  In  other  instances  we  have  to  be  specific.  I don’t 
have  a specific  case  in  mind.  I am  sure  there  are  some. 

Mr.  Kjvrth.  We  first  make  the  request  for  the  facilities  and  then 
we  try  to  find  the  people  to  man  it,  don’t  we? 

Mr.  Wyatt.  No,  sir;  that  is  generally  not  our  custom.  I think  we 
have  a very  great  realization  in  this  agency  that  facilities,  as  such,  are 
worthless. 

Mr.  Karth.  Wouldn’t-you  say  that  is  pretty  much  the  situation  as 
relates  to  NASA's  request  for  the  Electronics  Research  Centers? 

Do  we  have  all  these  people  working  for  NASA  now? 

Mr.  Wyatt.  No. 

Mr.  Karth.  Because  of  their  competence,  we  have  to  take  care  of 
the  capability  they  have  to  offer. 

Mr.  Wyatt.  No;  this  is  a distinct  instance  in  which  we  feel  there  is 
a void  in  the  scene  and  we  are  appearing  before  the  Congress  with  the 
request  we  fill  the  void. 

Mr.  Karth.  We  have  the  manpower,  then  we  can  use  greater 
facilities  to  make  better  use  of  what  they  have  to  offer,  if  we  build  the 
facility  or  request  it. 

Mr.  Wyatt.  Yes,  sir. 

Mr.  Mosher.  Mr.  Chairman,  Mr.  Wyatt  was  talking  about  the 
competence  that’s  been  built  up  at  Ames,  this  area. 

Is  there  a duplicate  competence  at  Wright-Patterson?  Are  they 
duplicating  your  work  in  this  area? 

Mr.  Wyatt.  I am  not  familiar  in  detail  and  do  not  say  this  in  a 
derogatory  fashion,  but,  in  general,  Wright  Field,  is  not  a research 
center  engaged  in  research  work.  It  is  a development-evaluation 
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center  for  the  Air  Force  and,  as  such,  does  very  valuable  work,  but 
not  in  the  basic  research  field. 

Mr.  Morris.  Did  you  check?  Is  there  any  Air  Force  facility  which 
may  be  involved  in  basic  research  of  this  nature  you  may  be  duplicating 
their  efforts? 

Mr.  Wyatt.  To  my  knowledge,  there  is  no  facility  existing  any  place 
that  is  a facility  of  this  type. 

We  are  startmg  this  at  the  state  of  the  art  now. 

Mr,  Morris.  The  state  of  the  art  that  the  country  will  have,  when 
you  get  this  facility. 

Mr.  Wyatt.  Yes,  that  the  country  will  have  when  we  get  the 
facility. 

Mr.  Randall.  In  that  connection,  we  have  the  testimony  here  of 
Mr.  Wyatt.  He  says  not  to  his  knowledge  in  this  particular  instance. 

I’d  like  to  know  whether  there  was  something  done  other  than 
Wright-Patterson  Field  since  it’s  turned  on  that,  whether  we  have 
followed  the  provisions  of  this  Executive  order? 

Mr.  Wyatt.  Mr.  Randall,  this  was  one  of  the  lists  of  62  facilities 
Mr.  Ulmer  referred  to  that  was  reviewed  by  a representative  of  the 
Department  of  Defense  and  was  determined,  because  of  its  character 
that  it  did  not  represent  a duplication  of  anything  that  the  Department 
of  Defense  has  or  is  building. 

Mr.  Randall.  Your  former  testimony  was,  of  all  those  62  there 
were  only  3 or  4 you  reviewed  again 

Mr.  Wyatt.  Which  needed  further  study. 

Mr.  Randall.  For  the  record,  who  nuMe  the  first  report?  John 
Rubel? 

Mr.  Wyatt.  No,  it  was  a joint  report  by  William  Flemming,  the 
Director  of  Technical  Programs  of  my  office  and  General  Cooper, 
Assistant  Director,  O.D.D.R.  & E. 

Mr.  Morris.  And  is  that  what  the  report  said? 

Mr.  Ulmer.  Yes,  sir. 

Mr.  Wyatt.  To  my  knowledge,  yes,  sir. 

Mr.  Karth.  Well,  if  the  committee  members  would  feel  better  if 
the  Chair  would  instruct  the  staff  to  check  with  the  Air  Force  regarding 
these  facility  requests,  and  whether  or  not  the  Air  Force  now  has  the 
ability  to  do  the  work 

Mr,  Mosher.  I think  it  could  do  no  harm,' Mr.  Chairman  and  rather 
than  go  through  all  these  items,  let’s  approach  it  that  way. 

Mr.  Morris.  I so  move.  I make  the  motion  to  the  chairman  of 
the  subcommittee  that  the  Air  Force  be  contacted  on  NASA’s  pro- 
posed construction  of  facilities  for  1964,  facility  by  facility,  center  by 
center,  to  determine  whether  or  not  the  Air  Force  is  capable  of  doing 
any  or  all  of  this  effort  in  existing  facilities.  If  not,  in  existing  facilities 
could  they  modify  existing  facilities  with  less  cost  to  the  taxpayers 
than  the  NASA  1964  budget  calls  for. 

Mr.  Karth.  Only  in  those  facilities  projects  under  the  jurisdiction 
of  the  subcommittee. 

Mr,  Morris.  I doubt  if  we  could  get  any  others. 

Mr.  Karth.  Any  objection  to  that  motion? 

(No  response.) 

Mr.  Karth.  If  not,  so  ordered. 

Mr.  Morris.  We  might  request  the  other  subcommittee  chair- 
man— 
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Mr.  Mosher.  I will  defer  any  further  questions  along  this  line 
pending  that  report. 

Mr.  Morris.  Mr.  Chairman,  could  I have  unanimous  consent  to 
make  an  addition? 

I think  it  should  not  only  be  the  Air  Force  but  I think  it  should  be 
the  Army  and  the  Navy. 

Mr.  Karth.  If  there  are  no  objections — so  ordered. 

Mr,  Morris.  I am  sure  there  is  also  some  capability  in  both  the 
other  services. 

Mr.  Chairman,  could  I ask  a general  question? 

Mr.  Karth.  Mr.  Morris? 

Mr.  Morris.  Could  you  tell  me  about  your  facilities  organization 
in  NASA?  Dr.  Seamans  had  mentioned  the  centers  have  their  fa- 
cility people  and  then  the  project  office  has  facility  people. 

Is  there  someone  who  could  be  called  head  of  NASA  facilities? 

Dr.  Seamans.  Yes,  in  a sense.  I have  a principal  staff  director, 
Mr.  Ulmer,  who  is  here  with  us  this  morning. 

Mr.  Morris.  What  is  you r background  in  facilities,  Mr.  Ulmer? 

Mr.  Ulmer.  I am  an  aeronautical  engineer  by  education,  Mr. 
Morris,  University  of  Michigan,  1938.  My  early  career  was  with 
NACA,  Langley  Research  Center,  Va.,  in  a research  facility.  I sub- 
sequently had  experience  in  the  administrative  organization  at  the 
Langley  Center  and  was  then  transferred  to  the  NACA  Headquarters 
where  I served  in  various  technical  and  administrative  capacities, 
becoming  Budget  Officer  in  1950.  I was  appointed  to  the  same 

Eosition,  when  NACA  was  converted  to  NASA  in  1958  and  then 
ecame  Director  of  Facilities  Coordination  in  Mr.  Wyatt’s  office  in 
1961.  I have  been  involved  in  nearly  all  aspects  of  the  NACA  and 
NASA  facility  construction  programs  during  my  24-year  career. 

Mr.  Morris.  Sounds  like  you  know  what  you  are  talking  about. 
When  the  facility  request  comes  up  from  Goddard  and,  say,  up 
through  the  channels  and  gets  up  to  your  office;  can  you  say  “No, 
you  can  do  it  somewhere  else?” 

Mr.  Ulmer.  I,  personally,  can’t  say  “No,”  but  my  staff  work  is  to 
recommend  to  Dr.  Seamans  “Yes  or  No.” 

Mr.  Morris.  Who  can  say  no? 

That’s  what  I want  to  know. 

Dr.  Seamans.  I can  say  “No.”  I do  say  “No.” 

Mr.  Morris.  All  right.  Well,  now 

Mr.  Karth.  Would  the  gentleman  yield  there? 

What  facility  requests  did  you  deny  for  fiscal  1964,  Dr.  Seamans? 
Would  you  give  us  an  indication  of  the  size  and  scope  for  the  record? 

Dr.  Seamans.  I am  not  sure  I can  give  you  the  exact  figure,  but 
I would  say  that  the  request  for  facilities  in  1964  were  substantially 
over  what  you  have  here  in  this  budget,  by  a factor,  something  like 
two  times. 

Mr.  Karth.  I see.  Thank  you. 

Mr.  Morris.  Doctor,  I notice  at  Cape  Canaveral  the  Corps  of 
Engineers  worked  with  NASA  on  facilities.  Now,  I understand  that 
at  the  wesl  rn  operations  in  California,  the  Corps  of  Engineers  does 
not  work  v th  NASA.  Why  is  that? 

Dr.  Seamans.  We  are  utilizing  the  Corps  of  Engineers  at  specific 
locations.  We  have  within  our  research  centers,  Langely,  Lewis, 
Ames,  and  the  flight  centers  for  example  built  up  an  in-house  com- 
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petence  for  handling  this  type  of  effort.  We  have  not  had  an  oppor- 
tunity to  build  up  this  competence  at  our  Launch  Operation  Center. 

The  scope  of  tne  job  there  is  vast.  The  experience  of  the  corps, 
working  with  the  Department  of  Defense  at  AMR  is  great  and  we 
propose  to  make  use  of  this  competence  and  not  attempt  to  do  it 
with  our  in-house  personnel. 

Mr.  Morris.  Well,  Doctor,  this  is  a part  that  I can’t  understand 
about  the  whole  NASA  setup. 

At  Ames  and  western  operations  and  these  other  operations  you 
Have  built  up  your  own  competence  in  this  area. 

Why  do  you  need  competence  in  this  area  when  you  have  the 
Corps  of  Engineers  who  have  competence  in  the  area. 

This  is  the  part  I don’t  understand.  It  would  seem  to  me  this 
would  be  a nuisance.  NASA  is  a scientific  organization  and  should 
be  happy  to  get  rid  of  facilities  construction  and 

Dr.  Seamans.  I think  the  thing  that  has  to  be  kept  in  focus  is 
that  these  facilities  are  scientifically  oriented.  They  are  not  simple 
brick  and  mortar  buildings. 

When  we  construct  a facility  it’s  the  whole  facility,  including  all  of 
it*  instrumentation  systems,  not  just  the  brick  and  mortar. 

Mr.  Morris.  I realize  that.  The  Corps  of  Engineers  do  the  same 
things  for  other  agencies,  the  armed  services  are  in  the  scientific 
business  to  a small  extent. 

Mr.  Randall.  Will  the  gentleman  yield? 

Along  those  lines,  this  member  happens  to  have  some  personal 
knowledge  of  a very  excellent  job  the  Corps  of  Engineers  is  doing  on  a 
Minuteman  complex  that  involves  some  200  units.  So  far  as  scien- 
tific know-how  is  concerned  they  seem  to  have  demonstrated  it  at  the 
latest  Minuteman  complex. 

That’s  all. 

Dr.  Seamans.  We  recognize  the  competence  of  the  corps.  However, 
they  do  not  have  all  the  background  that  our  people  do  at  our  research 
centers  and  it  would  seem  to  us  to  be  unwise  to  fire  the  people  in  the 
research  centers  and  then  hire  the  corps  to  do  the  same  thing. 

However,  down  at  the  cape  where  we  are  going  to  build  up  facilities 
of  over  a billion  dollars  in  value,  where  we  don’t  nave  the  competence, 
it  is  highly  desirable  to  use  the  corps. 

We  are  using  the  corps  at  the  Mississippi  test  facility,  and  at 
Houston,  Tex. 

If  it’s  approved,  we  will  use  the  corps  for  the  electronic  research 
center  in  Boston. 

Mr.  Morris.  That’s  something  we  will  have  to  get  into  later,  but 
have  you  ever  compared  your  construction  cost  where  you  are  using 
the  Corps  of  Engineers,  with  costs  where  you  are  not? 

Dr.  Seamans.  It’s  very  difficult  to  actually  segregate  the  cost*  of 
doing  it  within  NASA,  because  you  don’t  have  one  complete  entity 
that  does  nothing  but  facility  construction.  You  have  research 
teams  that  are  working  with  people  with  construction  backgrounds. 
It  is  difficult  to  actually  draw  out  the  total  cost  within  one  of  our 
centers  for  comparison  with  the  cost  of  utilizing  the  corps,  but  so 
far  as  we  know,  the  costs  are  comparable. 

Mr.  Morris.  What  I was  trying  to  get  to,  Doctor,  when  I asked 
who  was  the  head  of  construction  of  f acuities,  Mr.  Ulmer  said  he  was. 

He  said  he  couldn’t  say  “No”  but  that  Wii  could. 
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This  is  why  I thought  you  had  made  some  kind  of  comparison 
between  these  costs. 

Mr.  Ulmer.  We  are  attempting  to  get  these  figures  for  you. 
Mr.  Morris,  in  response  to  a written  request  from  your  staff. 

As  Dr.  Seamans  pointed  out  it  is  very  difficult  to  segregate 
costs  of  that  type.  We  have  construction  groups  at  our  centers. 
A good  share  of  their  time  is  spent  in  designing  modifications  and  alter- 
ations to  the  existing  facilities.  This  work  is  done  at  a dollar  level 
that  does  not  require  congressional  authorization. 

Now  these  staffs  work  on  these  jobs  as  well  as  supervising  the  con- 
struction of  the  new  projects  under  the  C.  of  F.  appropriation  that 
may  be  assigned  to  that  particular  center. 

Now,  granted,  you  could  take  all  of  the  C.  of  F.  jobs  from  these 
people  and  turn  them  over  to  the  corps  and  then  reduce  our  staffs. 
The  corps,  however,  would  have  to  increase  its  staff  to  handle  this 
workload. 

We  would  still  need  groups  at  these  centers  to  handle  our  alterations 
and  modifications  because  this  is  one  of  the  really  important  elements 
in  the  operation  of  our  research  centers.  This  must  go  on  all  the 
time. 

Mr.  Morris.  These  are  the  things  that  cause  a lot  of  us  to  get  a 
little  bit  confused,  Mr.  Ulmer. 

You  say  the  corps  would  have  to  increase  their  staff — well  now,  do 
you  know7  that  from  your  own  personal  knowledge? 

Mr.  Ulmer.  Yes,  sir. 

Mr.  Morris.  Do  you  have  a letter  from  the  district  engineer  in 
Los  Angeles  and  from  the  district  engineer  in  Houston  or  wherever 
it  is  that  say,  “Now,  if  we  do  NASA  work  we  are  going  to  have  to  take 
the  same  budget  you  have  and  put  on  more  people”? 

Mr.  Ulmer.  I don't  have  a letter  saying  that,  Mr.  Morris,  but  I 
am  in  very  close  contact  with  General  Hayes  in  the  Corps  of  Engineers. 
I know  they  are  about  to  set  up  a new  district  in  Jacksonville  just  for 
handling  NASA  work. 

Now,  perhaps,  they  might’ not  have  to  add  additional  personnel 
in  certain  locations  to  take  on  NASA  work,  but  they  mignt  have 
to  let  some  of  their  people  go  if  we  don’t  give  them  work. 

There  is  this  kina  of  thing  involved;  but  they  have  added  to  their 
staff  to  handle  NASA  work. 

Mr.  Morris.  Well,  there  isn’t  any  doubt  in  my  mind,  probably 
every  time  somebody  does  something  in  the  agencies  they  have  to 
have  more  people. 

Mr.  Ulmer.  Yes,  sir. 

Mr.  Morris.  Have  half  a dozen  or  dozen  or  so  sitting  around  but  if 
you  are  going  to  do  one  more  chore,  you  are  going  to  have  to  have 
more  jobs. 

I think  it  would  be  well  for  NASA  to  check  very  closely  into  the 
feasibility  of  having  the  Corps  of  Engineers 

Mr.  Ulmer.  Mr.  Morris,  frankly,  they  supervise  about  70  to  80 
percent  of  our  construction  now.  , 

Mr.  Morris.  You  still  have  another  20  percent  left.  What  is  your 
facilities  budget  this  year? 

Dr.  Seamans.  $800  million. 

Mr.  Morris.  $800  million.  Maybe  that  isn’t  too  significant,  but 
$160  million  is  a fairly  significant  amount  of  money.  In  fact,  that  is 
almost  one-fourth  of  the  Interior  Department’s  budget. 
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Mr.  Ulmer.  I’d  like  to  point  out  there  is  not  necessarily  any  sav- 
ings of  cost  in  this  mechanism. 

Mr.  Morris.  The  opposite  is  not  necessarily  true  either,  Mr. 
Ulmer. 

Mr.  Ulmer.  We  didn’t  mean  to  imply  that,  Mr.  Morris. 

Mr.  Morris.  The  opposite  is  not  necessarily  true. 

Mr.  Ulmer.  I think  we  will  find  the  costs  are  comparable. 

The  elements  involved  wherever  it’s  done  are  relatively  similar. 
You  have  to  select  an  architect  engineer.  You  have  to  have  plans 
and  go  to  bid  and  then  analyze  the  bids  and  select  a contractor.  You 
have  to  supervise  the  construction  with  good  inspectors.  Regardless 
of  who  does  this  job  the  same  functions  must  be  performed.  The  cost 
of  carrying  out  these  functions  by  NASA  or  by  the  corps  should  be 
similar  assuming  the  equal  competence  of  both  parties. 

Mr.  Morris.  That  is  your  conclusion.  Personally,  so  far  as  I am 
concerned,  it  does  not  represent  mine. 

Dr.  Seamans.  Let  me  say.  we  are  always  alert  to  the  possibility 
of  doing  the  job  more  efficiently  even  if  it  should  mean  reducing  our 
own  staff.  However,  the  particular  places  where  we  are  using  the 
corps  are  those  that  would  have  involved  large  buildups  inside  NASA 
in  order  to  take  the  responsibility. 

We  felt  it  advisable  in  those  cases  to  use  the  corps  because  they 
have  the  flexibility  to  work  with  us  during  this  buildup  of  these  major 
facilities  and  then  to  draw  back  when  this  effort  is  completed.  This 
seemed  to  be  much  more  appropriate  from  the  overall  Government 
standpoint  than  to  add  staff  to  NASA. 

Mr.  Morris.  I think  that  is  very  reasonable,  Doctor,  and  I frankly 
thought  that  the  launch  operations  at  Cape  Canaveral  had  the 
quickest  and  most  feasible  answers  of  anywhere  that  I’ve  ever  talked 
facilities  with  NASA. 

They  had  the  launch  facilities  there  at  the  cape.  I don’t  mean, 
just  because  they  had  what  sounded  like  reasonable  answers  to  me 
they  are  reasonable  or  they  are  good,  but  in  my  opinion,  they  certainly 
knew  what  they  were  talking  about. 

History  may  prove  I am  entirely  wrong.  The  future  may  prove 
I am  entirely  wrong. 

Dr.  Seamans.  We  certainly  expect  you  are  right  and  we  are 
counting  on  them.  If  they  are  not  successful,  our  whole  space 
program  will  suffer. 

As  Mr.  Ulmer  stated  our  research  program  is  well  established  and 
in  addition  to  new  facilities,  we  do  have  a requirement  for  modifying 
existing  facilities.  It  is  necessary  to  have  a constant  level  of  effort 
inside  NASA  to  assume  this  responsibility. 

Mr.  Karth.  Mr.  Morris? 

Mr.  Morris.  Mr.  Chenoweth? 

Mr.  Chenoweth.  1 just  want  to  ask  one  question. 

You  mentioned,  Doctor,  you  are  using  the  Engineers  at  the  cape. 
Have  you  always  used  them  there? 

Dr.  Seamans.  No;  because  until  recently  we  have  not  had  any 
requirement  for  them.  It’s  only  recently  that  NASA  has  had  a 
major  construction  program  at  the  cape. 

Mr.  Chenoweth.  I was  at  the  cape  the  other  day — met  a Colonel 
Finley,  I believe  was  his  name.  He  used  to  be  the  chief  engineer 
there.  Is  he  the  man  in  charge  there? 
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Dr.  Seamans.  Yes. 

Mr.  Chenoweth.  It  was  a new  office.  I believe  he  indicated  it 
was  a new  office.  I forget  his  exact  title. 

Dr.  Seamans.  With  such  a major  program  at  the  cape,  the  corps 
has  added  an  office  just  to  handle  NASA  work. 

Mr.  Chenoweth.  He  is  a new  officer  there. 

How  much  money  are  you  going  to  spend  at  the  cape? 

Dr.  Seamans.  The  total  investment  of  the  cape  will  probably  run 
about  a billion  dollars. 

Mr.  Chenoweth.  Going  to  build  a billion  dollars  more? 

Dr.  Seamans.  I’m  talking  about  the  total  investment  at  the  cape. 

Mr.  Chenoweth.  In  other  words,  the  engineering  is  going  to  have 
the  responsibility  of  constructing  about  a billion  dollars’  worth. 

Dr.  Seamans.  That  is  my  estimate. 

Mr.  Chenoweth.  How  much  you  spending  at  Houston? 

Dr.  Seamans.  The  first  request  for  Houston  was  $60  million.  The 
next  request  in  the  1963  budget  was  for  $30  million.  In  the  budget 
before  you  we  are  requesting  $37  million. 

In  addition,  we  have  under  “Various  locations”  in  the  1963  budget, 
a Mission  Control  Center  for  approximately  $22  million.  The  total 
including  the  1964  program  is  about  $150  million. 

Mr.  Chenoweth.  At  Houston? 

Dr.  Seamans.  At  Houston. 

Mr.  Chenoweth.  How  much  will  that  go  to,  do  you  think;  that  is, 
actual  construction? 

Dr.  Seamans.  The  $120  million  represents  our  capital  investment  in 
facilities.  I can  supply  a breakdown  of  this  if  you  wish. 

Mr.  Chenoweth.  How  far  along  are  you,  Doctor,  there  at  Houston? 

Dr.  Seamans.  We  are  going  to  occupy  space  this  year. 

Mr.  Chenoweth.  All  the  buildings  ready? 

Dr.  Seamans.  No;  all  the  buildings  are  not  ready.  Utilities  have 
been  installed  and  construction  is  well  underway.  Several  of  the 
buildings  will  be  ready  for  occupancy  at  the  end  of  this  year. 

Mr.  Chenoweth.  What  are  you  going  to  use  those  buildings  for  at 
Houston? 

Dr.  Seamans.  This  is  the  Manned  Spacecraft  Center.  Personnel 
now  located  in  something  like  10  rented  buildings  in  Houston  will  be 
brought  together  in  this  new  facility. 

Mr.  Chenoweth.  This  is  the  operation  that  was  at  the  cape,  you 
transferred  over  to  Houston. 

Dr.  Seamans.  No;  they  were  principally  in  the  Space  Task  Group 
at  Langley  Field.  This  space  task  group,  900  people,  were  transferred 
to  Houston,  approximately  a year  ago.  They  provided  the  nucleus 
for  the  new  center. 

Mr.  Chenoweth,  What  is  this  billion  dollar  construction  you  are 
talking  about  at  the  cape? 

Dr.  Seamans.  It  includes  a number  of  projects;  for  example, 
complex  39  at  the  cape  which  will  be  used  for  the  launching  of  the 
Apollos. 

Mr.  Chenoweth.  You  are  on  37  now,  I believe. 

Dr.  Seamans.  We  are  firing  right  now  from  complex  34, 

The  next  flight  is  complex  37. 

Mr.  Chenoweth.  I thought  they  showed  us  37  the  other  day. 

Dr.  Seamans.  Complex  37  is  essentially  complete. 
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Mr.  Chenoweth.  It  looked  like  it  was  pretty  well  along. 

Dr.  Seamans.  Complex  39  will  permit  us  to  assemble  the  total 
vehicle,  including  Apollos,  all  its  module  and  the  Saturn  V,  inside 
the  vertical  checkout  building. 

Mr.  Chenoweth.  Is  that  where  you  are  going  to  shoot  Gemini? 

Dr.  Seamans.  No;  Gemini  will  be  launched  from  another  pad. 
Complex  39  alone  requires  funding  in  excess  of  a half  a million  dollars. 

Mr.  Chenoweth.  Sure  you’re  not  getting  too  many  pads  down 
there? 

Dr.  Seamans.  One  of  our  limitations  is,  of  course,  right  now,  a pad 
availability. 

We  are  building  complex  39  to  have  flexibility  so  that  fewer  pads 
can  get  off  more  flights.  Gemini,  of  course,  uses  a Titan  II  pad  while 
complex  39  is  for  Saturn  V. 

Mr.  Chenoweth.  Just  bought  more  land  down  there,  as  I recall. 

Dr.  Seamans.  That  is  right.  That  was  in  the  NASA  fiscal  year 
1963  authorization — some  85,000  acres  of  land  which  includes  Merritt 
Island. 

Mr.  Wyatt.  Pad  39  will  be  on.  this  new  land,  Mr.  Chenoweth. 

Mr.  Chenoweth.  On  the  new  land? 

Mr.  Wyatt.  Yes,  sir. 

Mr.  Chenoweth.  That’s  on  Merritt  Island,  they  call  it? 

Mr.  Wyatt.  That  is  right. 

Mr.  Chenoweth.  How  many  acres  you  get  in  that? 

Dr.  Seamans.  85,000. 

Mr.  Chenoweth.  85,000.  You  are  not  going  to  need  that  much 
land,  are  you? 

Dr.  Seamans.  Not  all  of  it  immediately.  However,  we  will  need 
a substantial  part  for  the  manned  lunar  landing  program. 

We  have  provision  for  the  expansion  of  the  space  activity  in  the 
years  ahead.  In  addition,  part  of  this  area  will  be  used  for  launching 
the  Titan  III  by  the  Department  of  Defense. 

Mr.  Chenoweth.  That  isn’t  even  reclaimed  yet.  It’s  still  a marsh, 
isn’t  it? 

Dr.  Seamans.  The  northern  part  of  Merritt  Island  does  have 
swampland  that  hasn’t  been  reclaimed. 

As  a matter  of  fact,  they  are  reclaiming  land  for  the  Titan  III. 

Mr.  Chenoweth.  Does  that  land  belong  to  NASA? 

Dr.  Seamans.  It  belongs  to  the  U.S.  taxpayers,  in  custody  of  NASA. 

Mr.  Chenoweth.  That’s  the  only  land  NASA  has  title  to.  The 
other  land  is  in  the  title  of  the  Air  Force. 

Why  didn’t  you  let  the  Air  Force  take  title  to  this? 

Dr.  Seamans.  Because  it  was  the  judgment  of  the  Congress  that 
since  the  responsibility  of  the  program  was  vested  in  NASA,  NASA 
should  have  title  to  the  land. 

Mr.  Chenoweth.  No  difference  on  this  than  there  is  the  other  pads. 
You  using  all  that  land. 

Dr.  Seamans.  15,000  acres  of  land  at  Cape  Canaveral. 

Mr.  Chenoweth.  No  particular  difference  in  it.  It’s  all  part,  of 
NASA’s  operation. 

I can’t  quite  get  the  line  of  demarcation  where  you’re  going  to  leave 
NASA  land  and  move  on  to  Air  Force  land. 

When  I was  down  there,  I couldn’t  quite  get  it  cleared  up.  1 
thought  maybe  you  could  clear  it  up  for  me. 
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Dr.  Seamans.  At  Cape  Canaveral  you  have  two  operations — have 
the  operation  with  the  responsibility  to  the  Department  of  Defense  for 
launching  a prototype  and  development  missile  and  then  the  Launch 
Operation  Center  which  is  the  IN  ASA  responsibility  for  conduct  of  the 
space  program. 

Now,  there  has  to  be  coordination  between  the  two  groups — both 
can't  fire  at  the  same  time. 

Mr.  Chenoweth.  Well,  you’ve  had  that  all  along,  haven’t  you, 
Doctor? 

Dr.  Seamans.  Yes. 

Mr.  Chenoweth.  You  shooting  the  Pershing,  or  is  that  the  Air 
Force  or  Army? 

Dr.  Seamans.  That  is  the  Army  program  carried  out  by  Huntsville, 
but  is  not  a NASA  responsibility. 

Mr.  Chenoweth.  That’s  not  yours? 

Dr.  Seamans.  No. 

Mr.  Chenoweth.  You  all  get  along  pretty  well  down  there — don't 
have  any  conflicts,  overlappings,  any  serious  problems,  overlappings 
of  any  serious  nature. 

Dr.  Seamans.  It’s  a very  major  program,  both  our  part  and  DOD 
and  there  is  bound  to  be  differences  of  opinion  when  you  get  two  such 
large  groups  of  people  together. 

Mr.  Chenoweth.  My  only  concern,  Doctor,  is  that  we  may  get 
too  large. 

That's  all,  Mr.  Chairman. 

Mr.  Karth.  Dr.  Seamans,  last  year  the  isolated  hazardous  test 
facility  had  been  requested,  was  approved,  money  was  reprogramed. 
Where  did  you  have  this  test  work  done,  last  year,  that  you  found 
need  for  and  that  you  will  again  find  need  for  in  this  year’s  budget 
request? 

L>r.  Seamans.  I can  refer  that  question  to  Mr.  Waselewski. 

Mr.  Karth.  Mr.  Waselewski? 

Mr.  Waselewski.  The  isolated  hazardous  test  facility  involved  in 
testing  of  small  rockets  and  devices. 

Mr.  Karth.  I have  a pretty  good  idea  what  it  involves.  Where 
did  you  have  the  testing  done? 

Mr,  Waselewski.  This  was  a research  program  at  this  facility,  so 
largely  research  work  if  we  had  had  the  project  authorized  we  probably 
wouldn’t  be  complete  at  this  time  with  it  anyway,  but  the  research 
work  has  not  been  done  in  this  area  that  we  would  like. 

Mr.  Karth.  You  just  haven’t  done  anything  in  this  area.  Is  this 
what  you  are  saying? 

Mr.  Waselewski.  We  have  done  things  at  other  facilities  where 
we  could.  They  have  not  been  in  a program  or  program  sense. 

Mr.  Karth.  Your  answer  is,  Wherever  program  work  has  been  done 
that  otherwise  would  be  done  in  the  hazardous  test  facility,  it  is  being 
done  at  the  various  NASA  centers.  Is  that  right? 

Mr.  Waselewski.  I’m  just  trying  to  think. 

Such  work  as  we  have  done  has  probably  been  done  at  other  NASA 
centers. 

Dr.  Seamans.  I’d  like  to  make  a comment,  Mr.  Chairman,  if  I could. 

Mr.  Karth.  Dr.  Seamans? 

Dr.  Seamans.  On  this  point,  we  have  put  together  to  the  best  of 
our  ability  a budget  request  that  is  in  balance  and  consequently  we  say 
to  you  here  that  everything  in  the  budget  is  essential. 
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It’s  essential  if  we  are  to  carry  out  all  the  projects  and  programs 
either  developmental  or  research  in  nature  that  are  included  in  the 
book. 

Mr.  Karth.  Doctor,  wasn’t  it  essential  last  year? 

Dr.  Seamans.  It  was  essential  to  the  work  Dr.  Waselewski 
has  just  described. 

Mr.  Karth.  I say,  wasn’t  your  budget  request  last  year,  essential? 

Dr.  Seamans.  Yes,  sir. 

Mr.  Karth.  You  reprogramed  the  money  for  the  hazardous  test 
facility  to  something  eke? 

Dr.  Seamans.  At  the  time  it  was  essential  to  have  it  in  order  to 
carry  out  the  research  work  described  in  the  1963  budget.  Howr- 
ever,  that  work  was  not  carried — will  not  be  carried  out.  possibly  at 
the  same  level  without  the  facility  as  with  it,  so  we  have  had  to  re- 
orient to  a certain  extent  our  research  objectives  in  order  to  satisfy 
other  higher  priority  needs  that  developed  in  the  course  of  a 12-month 
period. 

Mr.  Karth.  I see.  You  don’t  expect  that  to  happen  during  the 
next  fiscal  year,  do  you? 

Dr.  Seamans.  Yes,  I expect  it  will.  Nevertheless,  we  have  put 
together  a balanced  program  to  the  best  of  our  ability  and  we  have 
indicated  the  interrelationship  between  manpower  facilities  and 
K.  & D.  funds.  Some  changes  are  bound  to  result  in  the  next  12 
months  as  they  have  in  the  past. 

Mr.  Karth.  I am  sure  there  will  be  some — I would  assume  that 
would  be  not  quite  extensive. 

Is  this  a fair  assumption  on  my  part? 

Dr.  Seamans.  This  is  certainly  our  objective.  I believe  this  will 
be  the  case  because  we  have  gone  through  a period  of  a very  great 
buildup  and  change.  Our  major  projects,  such  as  the  Nova,  which 
we  had  planned  to  carry  out  a year  ago,  have  been  deferred.  Con- 
sequently, as  our  major  projects  have  firmed,  as  for  example  the 
manned  lunar  landing,  I believe  the  budget  will  not  show  the  same 
changes  on  a percentage  basis  that  has  been  the  case  in  the  past. 

Mr.  Karth.  For  construction  of  facilities  at  Goddard  Space  Flight 
Center,  your  request  this  year  is  roughly  $21  million. 

Is  this  the  total  cost  for  those  facilities  or  is  this  a downpayment 
and,  if  so,  what  percentage  of  the  total  cost  is  it? 

Mr.  Waselewski.  No,  this  is  a turnkey  concept. 

When  we  propose  a facility  we  always  ask  for  all  of  it.  We  visualize 
that. 

Mr.  Karth.  "What  has  your  experience  been  on  this  turnkey 
concept?  Have  you  been  pretty  close  to  actual  cost  in  your  estimi  te, 
or  20  percent  off  or  30  percent  off  or  5 percent  off,  or  what? 

Can  you  give  me  an  estimate? 

You  must  have  made  some  kind  of  a study  of  this. 

Mr.  Waselewski.  I would  say  we  are  pretty  close.  I don’t  have 
any  particular  figure  in  mind.  Generally,  it’s  our  experience  we  are 
fairly  good  at  estimating  these  things. 

As  these  programs  go  along,  there  may  be  detailed  changes  in 
requirements  and  we  may  shift  things  along — shift  the  objective,  that 
is,  in  the  sense  that  as  the  facility  becomes  more  fully  defined  it 
becomes  more  obvious  what  you  should  do  so  that  these  kinds  of 
changes  are  occurring  but  we  do  end  up  doing  the  job  within  the  money. 
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Very  seldom  we  have  to 

Mr.  Karth.  There  is  one  of  these  facilities,  a facility  request  that 
is  an  expansion  of  one  that  was  authorized  last  year,  I assume. 

Mr.  Waselewski.  You  are  talking  about  the — I think  that  was 
authorized  in  1961. 

Mr.  Karth.  1961,  all  right. 

Mr.  Waselewski.  Modernization  of  payload  test  facilities. 

Mr.  Karth.  That  is  not  yet  completed. 

Mr.  Waselewski.  Yes  that  facility  is  in  operation. 

Mr.  Karth.  That  facility  is  in  operation?  We  are  modernizing  it? 

Mr.  Waselewski.  We  are  modernizing  it  as  described  in  this 
project. 

Mr.  Karth.  What  then  are  the  growth  possibilities  of  these  other 
facilities  requests  that  you  make. 

Here  is  a facility  which  would  have  taken  care  of  your  needs  in 
1961,  but  we  are  now  expanding  it. 

What  about  all  these  other  requests?  You  think  you  are  going  to 
have  to  expand  these? 

Mr.  Waselewski.  I think  the  history  has  demonstrated  this  is  an 
art  just  like  the  art  of  testing  satellites  is  in  itself  and  you  would  expect 
you  would  have  to  enlarge  these  facilities.  It’s  hard  to  predict  at 
any  time  what  the  experience  will  be  because  we  don’t  know. 

Mr.  Karth.  What  about  obsolescence,  referring  to  these  vacuum 
chambers  testing  facilities. 

Mr.  Waselewski.  Very  often  you  have  to  modify  them  because 
they  would  become  obsolete. 

Therefore,  you  do  modify  them  very  often  to  prevent  them  from 
becoming  obsolete.  It  can  happen  the  facilities  do  get  obsolete 
because  it  doesn’t  pay  to  modernize  them, 

Mr.  Karth.  This  is  necessary  as  the  state  of  the  art  progresses, 
I suppose. 

You  can’t  build  this  into  the  facility  and  construction  as  you  build 
them. 

Mr.  Waselewski.  We  try  to  build  the  facilities  as  flexible  as 
possible  because  it’s  been  our  experience  things  do  change  and  where 
we  can  see  some  means  of  constructing  these  things  where  there  is  a 
choice  of  doing  it  more  than  one  way,  we  try  to  do  it  in  the  fashion  that 
would  make  such  changes  as  we  might  guess  might  occur  easier  to  do 
at  a later  date  because  this  is  a matter  of  detailed  design,  if  you  will, 
trying  to  anticipate  what  may  happen. 

Mr.  Karth.  Have  you  ever  leased  time  in  an  industrial  vacuum 
chamber? 

Mr.  Waselewski.  I don’t  know.  As  a matter  of  fact  we  have — 
we  have  had  occasion  to  test  several  items  at  industrial  facilities. 

Mr.  Karth.  This  has  been  rather  infrequent,  I take  it. 

Mr.  Waselewski.  It  hasn’t  been  very  frequent. 

Mr.  Karth.  Have  you  had  difficulty  when  you  made  these  requests 
of  the  privately  owned  facilities? 

Have  you  had  to  bargain  with  them,  6 months  or  when  you  made 
the  request,  did  they  say,  yes,  we  can  take  care  of  you.  After  a few 
preliminary  conversations,  it’s  done. 

What  has  been  your  experience? 

Mr.  Waselewski.  Our  experience  is  we  go  to  the  people  we  know 
have  had  experience  in  this  specific  problem. 
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Where  we  had  a problem,  I don’t  know  of  any  difficulty  we  have 
had,  specific  all}r,  in  getting  them  to  do  this. 

We  have  selected  the  ones  in  advance  whom  we  knew  would  have 
some  available  capability  for  us. 

Mr.  Earth.  How  about  Government  facilities?  Have  you  ever 
leased  vacuum  chambers  belonging  to  other  Government  agencies? 

Mr.  Waselewski.  Vacuum  facilities,  yes.  We  ran  tests  at  Tulla- 
homa  at  the  Air  Force  facilities  there. 

Mr.  Karth.  You  had  difficulty  making  the  arrangements  so  you 
could  use  those  facilities? 

Mr.  Waselewski.  Those  are,  in  fact — we  don’t  have  a capability 
for  testing  in-house,  so  they  are  unique  facilities  and  we  have  used 
them  and  they  have  fitted  into  the  program  as  required. 

Mr.  Karth.  When  you  required  the  use  of  the  facilities,  you  had 
no  difficulty  making  the  arrangements  for  the  facilities? 

Mr.  Waselewski.  There  is  usually  a scheduling  problem.  Some- 
times we  har  e to  adjust  ourselves  to  what  then  is  happening  in  the 
chamber  or  when  it  may  be  available. 

It  hasn’t,  up  to  now,  been  the  cause  of  any  major  difficulty.  It 
would  cause  us  to  rearrange  things  and,  of  course,  we’d  try  to  do  these 
things  as  early  in  the  game  as  we  could.  We  also  used  otner  facilities. 

We  have  used  a centrifuge  at  White  Sands,  for  example,  and  we 
are  going  to  use  it  in  our  Eagle  spacecraft  work  and  such  arrange- 
ments are  already  in  process  and  some  testing  has  been  done. 

Mr.  Mosher.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  You  said  where  you  have  used  private  industry 
vacuum  tank  facilities  the  experience  has  generally  been  good. 

What  about  the  cost  there?  The  experience  is  good — What  about 
the  cost  experience? 

Is  it  exorbitant?  Is  it  what’s  necessarily  much  higher  than  your 
own  costs  or  is  there  any  basis  for  comparison? 

Mr.  Waselewski.  Well,  it’s  difficult  to  compare. 

I think,  usually,  very  distinct  they  are  writing  off  their  facilities  on 
a 5-year  basis  or  soon  as  they  can.  This  is  the  major  cost. 

How  soon  do  you  write  these  facilities  off?  This  creates  this  kind 
of  cost. 

I don’t  know  how  it  compares  with  in-house  costs. 

I imagine  the  manpower  is  difficult  when  you  do  things  in  this 
sense,  this  is  true  of  anyone  doing  a thing  of  this  kind. 

When  you  do  it  out-of -house  there  is  a greater  coordination  effort 
that  has  to  be  done  in  order  to  transmit  knowledge  back  and  forth, 
if  you  will. 

Mr.  Mosher.  You  are  saying,  generally  speaking,  this  is  a more 
expensive  way  to  do  it  than  if  you  have  your  own  in-house  facilities 
and  they  are  kept  busy. 

Mr.  Waselewski.  Oh,  yes,  especially  if  you  are — if  this  is  marginal 
to  your  own  facilities  in  a sense  that  it  does  enable  you  to  use  your 
facilities  full  time. 

Then  I’d  say  it  would  be  probably  cheaper  to  do  in-house  because 
you  have  a certain  amount  of  coordination  you  could  save. 

Sometimes,  it  may  be  appreciable.  Sometimes  it  may  be  very  small. 
1 think  this  is  the  consideration.  It’s  a matter  of  doing  the  work 
in-house  and  the  reason  for  doing  it  in-house  is  so  you  can  bring  all 
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your  skills  to  bear  in  the  shortest  possible  time;  because  a test  is  not 
generally  well  defined  to  the  extent  you  can  give  somebody  instruc- 
tions to  do  it  and  this  is  the  way  it  is. 

A test  involves  difficulties,  a failure  sometimes  that  has  to  be 
repeated. 

It  is  necessary  to  bring  to  bear  the  design  engineers,  the  design 
involved,  the  testing  evaluation,  the  people  who  run  these  facilities 
and  bring  them  together  in  work  of  designing  and  producing  a new 
center. 

Mr.  Mosher.  When  you  have  a center  doing  this  type  of  work, 
I suppose  you  let  the  contract.  It  can’t  possibly  be  on  a competitive 
bid  basis. 

Mr.  Waselewski.  You  have  to  negotiate  them  because  admitting 
situations  difficult  under  the  circumstances,  because  it’s  hard  to  find 
two  people  who  have  the  same  facility. 

Mr.  Mosher.  Is  there  enough  competition  available  in  your  actual 
experience  in  this  area?  Have  you  been  able  to  choose  between 
several  contractors? 

Mr.  Waselewski.  Oh,  I don’t  think  there  are  a great  number  of 
contractors  we  can  generally  make  available  and  the  choice,  I would 
say,  is  narrow. 

There  may  be  some  choice  sometimes.  I think  it  is  usually  a case 
of  being  aware  that  such  and  such  a company  has  a facility  we  might 
use  in  going  to  him  and  saying  “Can  we  negotiate  a way  of  doing  this?” 
and,  of  course,  in  our  negotiations  we  establish  the  basis  of  price  and 
then,  of  course,  it’s  subject  to  audit  later  on. 

Mr.  Mosher.  You  mean  you  usually  rely  on  your  own  awareness 
of  the  availability  of  facilities?  You  don’t  put  out  to  the  industry  a 
broad  sign  saying,  “We  want  this  kind  of  a job  done.  What  do  you 
have  available?” 

Mr.  Waselewski.  We  haven’t  advertised  a specific  test  as  such 
because  they  are  generally  something  we  feel  we  must  do  in  connection 
with  the  project  and,  generally,  the  need  for  these  arises  because  of  a 
change  in  plans,  difficulties  with  the  satellites,  and  we  then  have  to  go 
out  very  often  on  a short-term  basis  to  provide  this  kind  of  testing 
capability. 

Dr.  Seamans.  Could  I emphasize  one  point,  Mr.  Mosher? 

I think  you  have  to  differentiate  what  might  be  called  “Go,”  “No 
go”  kind  of  testing. 

Mr.  Mosher.  What  kind? 

Mr.  Randall.  What  was  thu  word? 

Dr.  Seamans.  “Go,”  “No  go,”  the  kind  of  testing  a standard 
component  undergoes,  say,  a light  bulb  or  something — either  it  has 
quality  or  it  doesn’t. 

Our  type  of  testing  is  intimately  connected  with  a development 
process.  A test  one  day  will  reveal  a design  weakness  and  make  it 
necessary  to  modify  a design  and  introduce  a new  component  or  a new 
method  of  making  an  electrical  connection.  We  have  to  do  that  very 
quickly  in  order  to  continue  testing.  Delays  will  increase  the  cost 
very  appreciably  and,  of  course,  delay  planned  flights. 

It’s  very  important  that  the  testing  be  done  m intimate  relation- 
ship with  those  who  have  the  overall  responsibility  for  the  hardware. 
In  some  cases  this  is  a contractor,  and  in  other  cases  it’s  a NASA  team. 

Mr.  Karth.  Mr.  Randall? 
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Mr.  Randall.  In  the  remark  made  by  Mr.  Waselewski,  about  the 
charge  off — the  5 years,  seems  to  me,  you  might  be  able  to  get  some 
real  bargains  down  toward  the  end  of  that  5-year  period.  Have  you 
investigated  that? 

Mr.  Waselewski.  Aren’t  many  of  these  chambers  5 years  old? 

Mr.  Randall  Let  me  give  an  illustration. 

We  had  an  opportunity  during  recess,  to  visit  several  of  the  plants. 
We  were  particularly  impressed  by  the  one  at  Tulsa,  of  Douglas. 
They  are  doing  everything  under  one  roof  there — almost  everything — 
working  on  airplanes,  working  on  Air  Force  modifications,  and  space 
work. 

Now,  here  was  a very  elaborate  tower,  at  least,  supposedly  could 
test  the  reliability  and  durability  and  efficiency  of  space  capsules  at 
any  level  of  environment  all  on  the  outside. 

I am  wondering  if  you  found  out  what  work  they  can  do  there. 
It  was  a great  test  stand.  I was  very  impressed  with  that. 

Have  you  explored  that? 

Mr.  Waselewski.  Not  specifically. 

Mr.  Randall.  That  raises  the  next  question. 

That  was  for  purposes  of  quality  control,  then  own  purpose.  I 
suppose.  Do  you  get  any  reports  as  to  what  they  are  doing  and  what 
they  are  not  doing? 

I want  to  make  it  plain,  Mr.  Chairman,  I am  an  advocate  of  testing. 
It’s  necessary. 

The  little  comment  you  made  in  your  statement,  the  cost  of  a test 
is  slight  as  compared  to  an  unsuccessful  launching,  and  so  forth — on 
an  unsuccessful  venture — but  what  are  you  doing  to  find  out  what 
people  like  Douglas  or  North  American  are  doing  and  do  you  have 
any  story  of  how  much  is  available  of  these  facilities? 

Mr.  Waselewski.  Well,  to  respond,  as  I said,  I am  not  aware  of 
this  myself,  but  I am  sure  a lot  of  our  people  at  Goddard  are  aware 
of  these  facilities  and  the  way  we  learn  of  them,  of  course,  is  by  actually 
visiting  these  contractors. 

In  fact,  in  the  case  of  Thermalvacuum  chambers,  I think  somebody 
in  our  staff  has  visited  every  one  of  the  major  Thermalvacuum  facility 
locations  at  some  time  or  other  during  the  last  year  and  we  feel  that 
we  are  well  aware  of  these  things  and  we  document,  as  I pointed  out 
before — we  document  some  of  them,  the  major  ones,  so  that,  yes,  we 
do  welcome  the  possibility  of  somebody  else’s  facilities  when  it  applies 
to  our  problem. 

Mr.  Randall.  You  are  probably  the  wrong  witness,  but  after  that 
trip,  I was  convinced  there  must  be  other  instances  about  the  very 
thing  we  are  talking  about  that  take  in  plants  throughout  the  country. 

Mr.  Karth.  May  I ask,  you  have  never  tried  to  use  the  facilities; 
have  you? 

Mr.  Waselewski.  This  facility,  without  knowing  about  the  facil- 
ity, I don’t  know  whether  it  would  be  applicable  to  the  problem. 

Mr.  Karth.  Have  you  ever  tried  to  use  any  of  these? 

Mr.  Waselewski.  Yes;  we  have  used  contractors’  facilities  in  our 
testing. 

Mr.  Karth.  So  far  as  your  request  is  concerned,  and  the  use  you 
have  for  the  facility  that  you  request,  have  you  tried  to  negotiate  the 
use  of  private  facilities  that  would  take  the  place  of  the  in-house 
facilities  you  request  in  the  1964  budget? 
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Mr.  Waselewski.  Well,  that  gets  to  be  a rather  specific  question 
that  has  to  be  addressed  to  the  specific  facilities. 

Well,  the  answer  to  your  question  is,  we  have  not  only  negotiated, 
but  also  have  bought  such  time. 

For  example,  the  S-48  satellite  we  are  currently  engaged  in,  has 
had  a considerable  amount  of  work  done  at  Bendix  at  Ann  Arbor, 
Mich.,  and  we  can  use  their  Thermal  vacuum  facilities  in  this  process. 

Mr.  Karth.  These  people  who  have  payload  test  facilities,  have 
you  attempted  to  negotiate  with  them  for  the  use  of  these  facilities 
which  would  negate  the  need  for  the  2%  million  payload  test  facility 
you  requested  in  this  budget? 

Have  you  tried  to  do  that?  That  is  my  specific  question. 

Mr.  Waselewski.  If  we  take  one  of  those  items  at  a time;  for 
example,  to  the  best  of  our  knowledge  one  of  the  items  we  mentioned 
as  part  of  this  improvement 

Mr.  Karth.  I just  mentioned  the  payload  test  facilities.  Could 
you  answer  that? 

Mr.  Waselewski.  I am  trying  to  address  myself  to  the  payload 
test  facilities  modification. 

There  are  several  things  in  it.  You  will  note  one  of  the  things  calls 
for  a solar  simulator. 

This  just  isn’t  available  any  place,  to  the  best  of  our  knowledge,  in 
sufficient  amounts  to  lead  us  to  go  out  to  contract. 

We  have,  ourselves,  just  recently  solved  to  our  own  satisfaction 
the  problem  of  getting  a satisfactory  solar  simulator,  and  one  of  the 
reasons  we  are  building  this  one,  we  are  trying  to  advance  the  state 
of  the  solar  simulator  as  well  as  one  can  be  used  in  our  test  work. 
It  has  a dual  purpose  here— not  only  the  developing  and  testing  of 
satellites,  but  our  trying  in  this  case  to  provide  an  improved  facility 
that  will  do  a better  job  of  a solar  simulator  and  thereby  make  our 
spacecraft  more  reliable. 

So,  this  is  the  kind  of  facility  this  particular  item  is. 

Mr.  Ulmer.  Mr.  Chairman,  I think  the  point  Mr.  Randall  raised 
is  a very  good  one. 

I’d  like  to  emphasize  this  coordination  process  we  have  been  dis- 
cussing here  does  not  occur  at  the  time  of  the  budget  preparation. 
It  occurs  all  the  time  as  a going  thing  within  the  agency. 

This  is  the  kind  of  thing  Dr.  Seamans  tried  to  get  across  in  his 
statement. 

This  $7  million  facility  was  in  our  budget  this  year.  * After  further 
examination  we  found  time  could  be  made  available  on  existing 
Government  facilities.  This  was  not  the  case  at  the  time  we  prepared 
out  budget. 

We  removed  the  $7  million  facility  on  the  budget’and  by  a modifica- 
tion, $3  million,  we  are  now  able  to  accomplish  the  same  testing  by 
using  an  existing  Government  facility.  This  goes  on  all  the  time. 

It’s  not  just  a thing  done  once  at  the  time  you  put  the  budget 
together.  After  the  budget  is  approved  and  the  appropriation  is 
passed  and  the  budget  is  past,  there  is  the  time  a director  must  come 
in  and  defend  his  facilities  before  the  money  is  released  and  this  goes 
on  all  the  time. 

This  is  why  the  reprograming  authority  is  so  essential.  It’s  not  just 
adding  things  to  the  program.  We  also  delete. 
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Mr.  Karth.  We  are  aware  of  the  fact  you  are  continually  working 
on  these  problems. 

We  are  also  aware  of  the  fact  you  probably  already  started  to  work 
up  your  1965  budget  request. 

Mr.  Ulmer.  Right. 

Mr.  Karth.  So,  this  is  a never-ending  process,  too.  We  appreciate 
that. 

We  appreciate  that  NASA,  with  the  tremendous  growth  that  has 
had  to  take  place,  has  really  done  a magnificent  job. 

We  would  like,  if  possible,  to  help  you  do  an  even  better  one. 

Mr.  Ulmer.  I understand. 

Mr.  Karth.  This  may  be  impossible.  The  only  thing  I am  saying 
is  we  are  trying  to  help  you  do  a better  job. 

On  some  occasions  I assume  this  is  not  appreciated,  and  on  others, 
I think  it  is, 

Mr.  Ulmer.  I think  it  is,  Mr.  Chairman. 

Mr.  Karth.  We  are  very  serious  about  the  contribution  we  are 
trying  to  make.  If  not,  we  go  through  the  exercise  that  causes  there 
to  be  a legislative  branch  of  the  Government.  At  least,  we  have 
satisfied  ourselves  that  the  proper  thing  has  been  done. 

I wonder  if  I could  ask  again,  referring  again  to  this  facility  I asked 
you,  specifically  about  a moment  ago. 

Mr.  Waselewski,  the  payload  test  facility,  I see  in  your  description 
this  language  and  I’d  just  like  to  ask  you  about  this. 

The  centralized  data  analysis  system  to  be  installed  in  the  building  will  be 
expanded  to  provide  additional  high-speed  and  low-speed  channels. 

What  are  high-speed  and  low-speed  channels? 

Mr.  Waselewski,  These  are  channels  of  information.  Means  by 
which  you  take  the  information  from  the  test  floor  to  a computer  and 
associated  equipment,  the  data  up  to  the  control  room,  where  it  is 
analyzed. 

You  need  an  instrumentation,  if  you  will,  which  is  capable  of  pick- 
ing up  certain  kinds  of  data  from  the  spacecraft  or  the  object  on  your 
test.  , 

Dr.  Seamans.  Low  speed  might  refer  to  a temperature  change 
which  is  usually  somewhat  gradual  where  high  speed  would  involve 
the  effect  of  shock,  something  that  happens  within  a thousandth  of 
a second. 

Mr.  Karth,  Are  th'  „ computers? 

Mr.  Waselewski.  Ny  this  is  an  instrumentation.  It  is  an 
electronic  device  provif  :ig  a means  of  measuring. 

Mr.  Karth.  Its  wor  is  recorded  by  computers? 

Mr.  Waselewski.  7 .e  computer  takes  the  information  and  does 
something  with  it.  xc  combines  various  qualities.  This  is  an 
expansion  of  our  data-i  iking  capabilities,  is  what  it  really  is. 

The  low-speed  channels  enable  you  to  explore  what  happens  to 
this  gradually  and  the  high  speed  takes  care  of  the  things  that  Happen 
further  and  involve  a control  which  must  react  promptly  and  you  need 
a very  rapid  trace  of  what’s  happening  in  the  phenomena  we  are 
studying. 

Mr.  Karth.  Thank  you. 

I think  we  are  going  to  have  to  adjourn  the  meeting  today,  Dr. 
Seamans,. 
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It  may  be  that  we  would  like  to  speak  with  you  or  some  of  your 
people  further  at  a later  date. 

Dr.  Seamans.  I’ll  be  happy  to  return  any  time  you  wish. 

Mr.  Karth.  Let  me  just  ask  you  one  question  in  conclusion. 

I think  I’ve  asked  this  question  before,  but  I never  thought  of  it 
when  I had  one  of  the  top  people  of  NASA  here,  so  I’d  like  to  ask  you 
the  question  that  seems  to  me  to  be  rather  important,  and  I can’t 
quite  understand  why  more  serious  consideration  hasn’t  been  given  to 
it. 

Everyone  speaks  of  ties  between  NASA  and  DOD,  liaison,  coordi- 
nation, exchange  of  information;  and  I find  that  this  is  good.  In  mv 
opinion,  I think  it’s  extremely  good,  and  is  extremely  helpful  to  both 
NASA,  DOD,  and  the  taxpayers. 

The  DOD,  for  example,  has  200  people  working  in  NASA,  and  this, 
I think  allows  the  Defense  Department  to  take  this  information  that 
these  people  gain  in  NASA  and  really  integrate  it  into  the  Department 
of  Defense. 

They  are  able  to  take  it  right  back  to  the  specific  areas  and  very 
direct  channels,  feed  it  back  into  the  stream  of  knowledge  that  is  so 
necessary  in  both  agencies. 

Now,  we  don’t  reciprocate. 

We  don’t  have  any  NASA  people  working  directly  in  the  Depart- 
ment of  Defense.  It  seems  that  there  might  be  more  information 
going  one  way  than  is  coming  back. 

I don’t  say  that  this  is  bad  from  any  standpoint  other  than  the  fact 
that  it  would  be  of  great  benefit  to  the  Nation,  it  seems  to  me,  if  we 
had  this  exchange  of  information,  this  very  direct  exchanging,  going 
in  both  directions. 

Why  don’t  we  have  some  NASA  people  assigned  to  some  of  these 
projects  in  the  Department  of  Defense? 

Dr.  Seamans.  Well,  the  agreement  is  a matter  we  discussed  and 
consummated  about  a year — year  and  a half  ago,  with  the  Department 
of  Defense. 

NASA  legislation  specifically  permits  DOD  personnel  to  be  assigned 
to  NASA.  We  don’t  have  an  exactly  similar — as  I understand  it— * 
relationship  that  would  permit  us  to  assign  people  to  DOD.  However, 
I am  sure  we  could  work  something  out  along  this  line. 

Mr.  Karth.  Have  you  ever  proposed,  Dr.  Seamans,  that  some  of 
your  people  actually  go  to  DOD?  Have  you  ever  attempted  to  assign 
them  to  the  Department  of  Defense  and  DOD  refused? 

Have  you  made  the  request — I guess  is  my  question. 

Dr.  Seamans.  We  have  not  proposed  this.  I am  sure  we  would  be 
as  responsive  if  possible  if  the  DOD  had  such  a requirement. 

Mr.  Karth.  Is  it  the  general  attitude  in  the  Department  of 
Defense  and  various  branches  of  the  service  this  is  not  something 
that  is  acceptable  to  them? 

Dr.  Seamans.  There  are  several  problems. 

One  is  the  very  practical  one,  at  the  moment  NASA  is  having  a 
difficult  time,  you  might  say,  in  hiring  enough  talented  people  to 
manage  its  own  affairs.  W e do  not  have  an  excess  of  key  personnel. 
If  NASA  details  to  DOD  were  to  be  really  effective  in  this  role  you 
have  described,  they  would  have  to  be  key  personnel.  It  has  been 
seriously  considered  and  we  will  continue  to  review  the  possibility! 

Mr.  Karth.  That’s  your  personal  opinion  on  it,  Dr.  Seamans? 
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You  think  it’s  a good  idea  we  should  make  every  effort  to  encourage 
this? 

Dr.  Seamans.  I think,  myself,  it  would  he  a very  healthy  thing  to 
do  if  wo  can  find  the  right  role  or  the  NASA  people  in  the  Department 
of  Defense. 

We  have  to  remember,  however,  that 

Mr.  Karth.  Would  it  be  any  more  difficult  than  finding  a role  for 
the  DOD  people  in  NASA? 

Is  this  a real  insurmountable  problem? 

Dr.  Seamans.  It’s  not  an  insurmountable  problem.  There  is  the 
problem  of  what  role  our  civilians  would  perform  in  the  military 
and  so  on,  which  would  have  to  be  worked  out. 

Mr.  Karth.  The  Military  Establishment  is  full  of  civilians. 

Dr.  Seamans.  That’s  what  I mean 

Mr.  Karth.  You  mean  it’s  too  full? 

Dr.  Seamans.  No,  I am  referring  to  the  responsibilities  they  would 
assume. 

Mr.  Karth.  I was  just  being  facetious. 

Mr.  Wyatt.  Mr.  Karth,  if  I may,  I think  along  this  fine,  NASA 
has  a very  definitely  assigned  mission.  I think,  as  Dr.  Seamans  indi- 
cated, we  just  keep  our  nose  above  water  at  times  in  trying  to  accom- 
plish that  mission.  We  do  have  a situation  at  the  moment  in  the 
military,  where  their  final  and  ultimate  missions  in  space  are  not  too 
well  defined,  and  it  is  very  greatly  to  their  advantage  to  take  some 
of  their  very  key  people  .and  have  them  work  on  the  live  going  field 
to  build  up  experience,  to  share  the  active  projects  in  anticipation  of 
when  they  will  have  a more  clearly  defined  space  role. 

I think  the  reverse  is  not  true  and  as  Dr.  Seamans  indicated,  at 
this  time  we  have  so  many  specific  things  to  do,  it  would  be  a dilution 
in  a sense  of  our  people  to  put  them  over  there. 

In  other  words,  we  have  no  charter  to  operate  military  systems,  per 
se.  The  military  do  have  a charter  to  operate  space  systems,  but 
they  don’t  know  just  what  these  space  systems  ought  to  be  yet. 

There  is  this  difference. 

I think  it  is  to  their  very  great  advantage  to  acquire  firsthand 
understanding  what  we  are  doing  and  what  the  allout  benefits  might 
be. 

I don’t  think  the  reciprocal  is  true  at  the  moment. 

Mr.  Karth.  Is  this  your  idea,  it  is  not  a good  idea  to  explore  with 
some  hope  of  success  in  the  near  future  of  placing  NASA  people  in 
some  of  the  Air  Force  programs? 

Mr.  Wyatt.  I would  not  say  it.  is  not  a good  idea. 

Mr.  Karth.  Might  tend  to  give  NASA  ideas  on  what  they  are 
doing. 

Mr.  Wyatt.  We  use  other  channels.  We  use  advisory  channels 
on  which  various  elements  of  DOD  are  represented,  as  services 
in  attempting  to  get  fed  into  our  activities  a knowledge  and  an 
understanding  of  the  service  problems — what  they  are  looking  for. 

I would  not  say  it  is  not  a good  idea.  I would  qualify  as  Dr. 
Seamans  did.  1 would  say  we’d  have  to  look  at  it  very  carefully 
because  of  the  different  perspective  of  this. 

As' to  exactly  what  the  advantage  would  be  to  take  a NASA  ih'anA 
and  place  him  in  the  Department  of  Defense,  we  would  have  to  look' 
at  it  very  carefully. 
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Mr.  Randall.  Mr.  Chairman,  may  we  have  for  the  record,  how 
much  money  is  the  Air  Force  spending  on  space? 

Mr.  Wyatt.  Approximately  $1.6  billion. 

Mr.  Randall.  That’s  right. 

Should  we  not  know,  not  generally  but  every  detail,  every  facet, 
what  they  are  doing — NASA  should  at  all  times? 

Mr.  Wyatt.  We  are  trying  to  strengthen  that  at  all  times. 

Mr.  Randall.  You  get  this  from  the  Air  Force  don’t  you? 

We  don’t  have  anyone  riding  herd  or  making  a detailed  close 
careful  survey  of  all  these  activities. 

Dr.  Seamans.  I’d  like  to  just  note  there  are  NASA  people  located 
in  Wright  Field  in  support  of  the  Dyna-Soar  program.  They  are 
still  on  the  NASA  payroll,  haven’t  been  reassigned  to  the  DOD, 
but  they  are  working  in  the  Dyna-Soar  project  office;  so  there  is 
a case  where  there  is  a research  and  development  program  in  the 
DOD  where  we  want  to  have  maximum  coordination.  Our  policy  is 
to  supply  technical  advice  and  counsel  whenever  it  can  be  made 
available  in  response  to  a request. 

Mr.  Randall.  I think  in  supplement  of  what  the  chairman  said, 
this  session  of  Congress  is  going  to  be  marked  by  a reduction  of  all 
budgetary  requests.  We  just  want  to  be  sure  we  are  going  in  the 
right  direction  and  doing  the  very  best  we  can  when  we  make  a reduc- 
tion that  there  is  some  possible  duplication  or  overlapping  and  we 
are  trying  to  help. 

It’s  not  a question  of  a conflict  here.  We  are  simply  saying  that 
this  is  a case  where  we  might  really  pick  up  some  overlapping  or 
duplication. 

Dr.  Seamans.  I would  like  to  come  back  to  a point  I made  earlier; 
that  is,  to  do  this  effectively,  we  must  review  carefully  the  assignment 
of  the  individual  in  order  to  insure  maximum  utilization  of  his  talents 
and  capabilities. 

I could  see  NASA  people  working  either  in  the  services  or  DOD 
as  members  of  planning  groups.  This  involves  an  understanding  of 
current  state  of  the  art  and  what  might  be  accomplished  technically 
or  scientifically. 

On  the  other  hand,  there  are  places  in  the  DOD  that  involve  imme- 
diate military  capability.  These  are  areas  in  which  NASA  may  not 
be  in  a position  to  really  provide  personnel  who  would  be  of  any  great 
assistance. 

Mr.  Karth.  Unless  it  involves  very  basic  research,  Doctor,  I sup- 
pose in  these  areas,  might  even  be  helpful. 

Dr.  Seamans.  It  could  be. 

Mr.  Karth.  Well,  I guess  the  answer  then  to  the  question  is  that 
NASA  has  been  able  to  do  this  in  areas  where  they  felt  that  it  was  to 
their  advantage  and  a case  in  point  is  the  Dyna-Soar  program.  Is 
that  correct? 

Dr.  Seamans.  This  is  not  exactly  the  same,  though,  as  the  situation 
of  the  200  military  people  who  have  been  assigned  to  NASA. 

Mr.  Karth.  Yes;  I understand  that  the  need,  the  overall  need 
may  not  be  as  great. 

I am  still  trying  to  find  out  whether  it  is  the  NASA  who  has  objected 
to  doing  more  of  this  or  whether  it  is  the  DOD  that  has  been  objecting. 
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Dr.  Seamans.  I don't  think  anybody. is  objecting.  If  such  an 
arrangement  were  advantageous  to  both  parties,  I am  sure  it  would 
take  place. 

Mr.  Karth,  But  where  you  found  the  situation,  you  have  been 
able  to  do  it  and  Dyna-Soar  is  the  prime  example. 

Dr.  Seamans.  Yes. 

Mr.  Karth.  Fine.  Thank  you  very  much. 

The  meeting  is  adjourned. 

(Whereupon  at  12:20  p.m.  the  subcommittee  was  adjourned.) 
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TUESDAY,  APRIL  2,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Karth.  The  meeting  will  come  to  order. 

Dr.  Bisplinghoff,  I understand  that  today,  Mr.  Charles  Zimmerman 
who  is  the  Director  of  Aeronautical  Research  Division  of  your  office 
would  like  to  present  a statement  to  the  committee. 

I would  like  to  suggest,  as  I did  to  you  privately  about  10  minutes 
ago,  that  Mr.  Zimmerman  give  us  a 10  or  15  minute  summation  of 
his  prepared  statement  and  then  the  members  may  have  questions. 

The  reason  I suggest  this  is  because  I recall  that  on  the  aeronautical 
research  section  of  your  presentation  we  went  into  considerable  detail. 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  There  was  a good  deal  of  interest  on  the  part  of  the 
subcommittee  members,  and  I think,  perhaps,  they  are  fairly  familiar 
with  it. 

If  there  are  no  objections  on  the  part  of  you  or  Mr.  Zimmerman 
we  will  proceed  in  that  way. 

Dr.  Bisplinghoff.  We  will  be  glad  to  proceed  in  any  way  you  see 
fit. 

Mr.  Karth.  Mr.  Zimmerman. 

STATEMENT  OF  CHARLES  H.  ZIMMERMAN,  DIRECTOR  OF  AERO- 
NAUTICAL RESEARCH,  NATIONAL  AERONAUTICS  AND  SPACE 

ADMINISTRATION 

Mr.  Chairman  and  members  of  the  subcommittee,  the  NASA  is  conducting 
research  in  aeronautics  with  the  following  broad  goals  which  are  in  accordance 
with  the  national  interest  and  consistent  with  the  policies  set  forth  in  the  National 
Aeronautics  and  Space  Act  of  1958  and  in  the  President’s  message  on  transporta- 
tion of  April  4,  1962.  Our  goals  are  to  provide  the  research  and  advanced  tech- 
nology which  will — 

1.  Enable  our  aircraft  industry  to  produce  aircraft  which  will,  to  the 
greatest  practicable  extent,  make  the  convenience  and  speed  of  air  transpor- 
tation available,  and  economically  feasible;  to  the  people  of  this  country; 

2.  Enable  our  armed  services,  working  with  our  industry,  to  develop  mili- 
tary aircraft  superior  in  performance,  in  utility,  and  in  requirements  for 
logistics  and  manpower  support  to  those  of  any  other  country. 

In  working  toward  these  goals,  we  coordinate  our  efforts  closely  with  the 
Federal  Aviation  Agency,  the  Department  of  Defense,  and  other  government 
agencies.  We  maintain  liaison  with  these  agencies  and  with  the  aircraft  manu- 
facturers and  their  customers  not  only  through  personal  contacts  at  all  levels  and 
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numerous  ad  hoc  groups  and  panels  set  up  from  time  to  time  to  deal  with  special 
problems,  but  also  through  a system  of  committees.  Our  aeronautical  program 
is  regularly  reviewed,  criticized  and  augmented  by  committees  on  aircraft  aero- 
dynamics, operating  problems,  structures,  and  air-breathing  propulsion.  These 
committees  are  made  up  of  qualified  experts  from  the  aircraft  industry,  the  air- 
lines, the  Federal  Aviation  Agency,  and  the  Department  of  Defense. 

Before  going  into  a discussion  of  our  program,  I would  like  to  make  a few  general 
comments.  Aviation  no  longer  offers  the  glamour  and  excitement  which  so  strongly 
influenced  its  growth  in  its  early  years.  We  are  not  striving  for  speed  and  altitude 
records.  Men  have  circled  the  Earth  at  orbital  speeds.  The  X-15  has  flown 
practically  out  of  the  atmosphere.  Our  objective  now  is  transportation,  eco- 
nomically feasible  transportation  for  commercial  purposes,  militarily  superior 
transportation  for  military  purposes.  I would  like  for  you  to  consider  our  program 
as  directed  toward  maintenance  and  enhancement  of  our  leadership  in  air  trans- 
portation. 

In  order  to  assist  you  in  your  assessment  of  our  program,  I will  discuss  it  in 
terms  of  four  aircraft  categories,  as  shown  on  figure  172,  page  2074. 

1.  Conventional  subsonic  aircraft. 

2.  Supersonic  aircraft. 

3.  Hypersonic  aircraft. 

4.  Vertical  and  short  take-off  and  landing  aircraft. 

SUBSONIC  AIRCRAFT 

There  is  a tendency  to  assume  that,  since  our  present  jet  transport  aircraft 
operate  across  the  continent  and  around  the  world  with  apparent  ease,  the 
problems  associated  with  such  aircraft  have  all  been  solved.  This  is  far  from  true 
and  one  of  the  principal  areas  of  research  in  the  aeronautical  program  is  directed 
toward  aiding  in  the  solution  of  some  existing  problems.  Major  problems  include 
the  provision  of  better  flying  and  handling  qualities,  the  alleviation  of  engine 
noise,  the  multiple  aspects  of  flight  safety,  all-weather  operations,  and  other 
environmental  aspects  and  flight  instrumentation  accuracy.  In  addition,  a 
reasonable  level  of  research  support  is  maintained  to  provide  aerodynamic  data 
which  will  make  possible  improvements  in  performance  and  efficiency  in  this 
speed  range. 

Many  continuing  programs  support  the  subsonic  aircraft  effort.  Among  these 
is  the  NASA  VGH  (V  for  velocity,  G for  acceleration,  H for  altitude)  data  col- 
lection program  which  has  provided  research  information  on  operational  practices 
and  environmental  parameters  for  several  types  of  commercial  turbine-powered 
transports.  This  information  has  provided  a basis  for  assessing  the  adequacy,  of 
current  design  criteria  and  also  a body  of  information  applicable  to  the  design  of 
future  transports.  Current  and  projected  programs  are  aimed  at  extending  the 
scope  of  the  measurements  to  cover  new;  types  of  commercial  transports,  cargo 
airplanes  and  light  airplanes  in  the  personal  category.  The  data  to  be  obtained 
will  provide  statistical  information  on  airspeed-operating  practices,  ground  and 
flight  loads  experienced,  and  pertinent  environmental  parameters,  such  as  the 
atmospheric  turbulence  encountered.  The  integration  of  this  information  into 
design  criteria  will  result  in  improved  and  more  efficient  airplane  structures  and 
operating  practices. 

In  another  program  of  great  importance  in  the  subsonic  aircraft  field,  the 
NASA  in  late  1961  assisted  the  FAA  in  conducting  full-scale  tests  to  determine 
the  drag  on  a jet  transport  operating  on  a runway  covered  with  slush  or  standing 
water.  Additional  supporting  tests  were  carried  out  at  the  NASA’s  Langley 
landing  loads  track.  The  slush  drag  problem  and  its  importance  can  be  visualized 
by  figure  173,  page  2075,  where  the  effect  of  runway  surface  condition  on  aircraft 
stopping  distance  is  illustrated.  The  results  are  for  a large  jet  transport  using 
basic  data  obtained  from  friction  coefficients  determined  during  the  aforemen- 
tioned FAA-NASA  slush-drag  program.  For  a touchdown  speed  of  150  miles  per 
hour,  it  is  seen  that  this  particular  airplane  requires  1,800  feet  to  stop  on  a dry 
runw'ay,  2,800  feet  on  a wet  runway  and  4,800  feet  on  a runway  covered  with 
one-half  inch  of  slush.  Research  on  various  types  of  landing  gears  and  into  basic 
means  of  improving  braking  under  adverse  conditions  will  be  continued  in  fiscal 
year  1964  at  the  Langley  track. 

An  area  of  aircraft  operations  generally  recognized  as  one  of  great  potential 
danger,  is  the  traversing  of  the  wingtip  vortex  field  of  one  aircraft  by  another. 
The  CAB  recently  has  attributed  three  fatal  light-aircraft  accidents  which  occurred 
in  a 4-month  period  to  such  a probable  cause.  The  NASA  has  done  some  ex- 
perimental and  theoretical  work  in  this  field  which  has  pointed  up  the  magnitude 
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of  the  danger  and  offered  some  relatively  simple  operational  procedures  for  pilots 
to  follow.  Somewhat  less  well  recognized  has  been  the  potential  danger  to  light 
aircraft  traversing  the  vortex  field  generated  by  helicopters.  Recent  flight  tests 
have  been  made  with  the  results  illustrated  by  figure  174,  page  2076.  The  upper 
portion  of  the  figure  (which  is  not  to  scale)  shows  the  tip  vortex  cones  generated 
from  the  outer  edges  of  a helicopter  rotor  disk  and  the  flight  path  of  the  penetrat- 
ing test  airplane.  As  the  test  airplane  gradually  crossed  the  helicopter  wake 
from  1,000  feet  behind  and  100  feet  below,  the  airplane  response  was  such  as  to 
cause  it  to  roll  violently  first  to  the  left  and  then  to  the  right.  These  motions 
■had  to  be  counteracted  by  the  use  of  full  aileron  control.  In  fact,  as  the  lower 
portion  of  figure  174,  page  2076,  indicates,  the  stick  was  against  the  stop  for  a 
short  period  of  time.  If  the  test  aircraft  had  been  lighter  or  the  weight  of  the 
helicopter  greater,  the  maneuver  would  have  been  uncontrollable.  The  test 
program  graphically  demonstrated  the  dangers  to  light  aircraft  and  resulted  in 
a wide  dissemination  of  cautionary  advice  to  pilots.  Studies  in  this  area  will  be 
continued  an'd  assistance  will  be  given  to  the  FAA  as  further  operational  aspects 
are  explored. 

The  aircraft  engine  noise  problem  will  be  attacked  on  two  fronts  in  fiscal  year 
1964:  (a)  an  investigation  of  the  noise  source,  i.e.,  the  engine  components,  to 
obtain  basic  information  to  ferret  out  any  engine-design  techniques  that  might 
reduce  engine  noise,  and  (6)  the  investigation  of  operational  techniques  to  move 
the  source  of  the  noise  farther  away  from  the  people  on  the  ground. 

Modifications  are  being  made  to  the  noise  research  facilities  at  Langley  which 
will  permit  the  evaluation  of  various  means  of  reducing  the  noise  from  ducted 
fans  and  compressors  and  the  correlation  of  these  results  with  engine  performance 
data. 

The  noise  generated  by  the  ducted  fan  engines  used  by  the  modern  jet  trans- 
ports is  an  important  factor  in  community  planning.  To  illustrate  this,  figure 
175,  page  2077,  shows  the  noise  level  on  the  ground  below  an  aircraft  as  it  proceeds 
along  an  instrument  landing  approach  path.  It  will  be  noted  that  even  5 miles 
out  the  level  is  97  decibels,  while  within  1 mile  of  the  touchdown  point  it  has  in- 
creased to  125  decibels.  Any  level  above  about  112  decibels  can  be  considered 
as  intolerable.  If  the  approach  angle  can  be  raised  to  15  degrees,  there  will  be  a 
noise  decrease  ranging  from  24  decibels  5 miles  out  to  14  decibels  lH  miles  from 
touchdown.  These  are  significant  improvements  since  a 14-decibel  decrease 
means  that  the  noise  intensity  is  25  times  lower  and  a 24-decibel  change  is  equiva- 
lent to  decreasing  the  noise  intensity  by  a factor  of  250. 

Figure  175,  page  2077,  has  indicated  the  improvements  which  could  be  effected 
by  using  steep  approach  techniques.  The  development  of  such  techniques  ap- 
plicable to  V/STOL  and  transport  aircraft  for  the  purposes  of  noise  abatement 
and  also  airspace  conservation  is  part  of  the  NASA  aeronautical  research  program 
for  fiscal  year  1964.  Present  effort  includes  work  with  helicopters  to  represent 
V/STOL-type  aircraft  and  a variety  of  fixed-wing  aircraft.  Future  work  is 
planned  using  a variable-stability  fixed-wing  aircraft  to  represent  additional  air- 
craft types  including  supersonic  transport  designs. 

SUPERSONIC  AIRCRAFT 

Supersonic  aircraft  have  advanced  to  the  point  where  military  fighter  and 
bomber  aircraft  are ' currently  in  operational  status;  however,  these  aircraft  are 
somewhat  deficient  with  regard  to  range  and  endurance  and  are  uneconomical 
to  operate.  Research  must  therefore  be  directed  toward  improving  the  state 
of  the  art  in  aerodynamics,  structures,  materials,  and  propulsion. 

Advancements  in  the  state  of  the  art  will  not  only  permit  the  improvement 
of  existing  aircraft  but  will  also  show  the  way  to  new  advanced  military  and  civil 
aircraft. 

In  the  military  field  significant  achievements  have  recently  been  accomplished 
that  effectively  illustrate  the  value  of  a continuing  fundamental  research  program. 
The  research  conducted  by  our  research  centers,  and  in  particular  the  Langley 
Research  Center  since  1959  culminated  recently  when  General  Dynamics  was 
selected  to  develop  the  variable-sweep  F-1 1 1 biservice  tactical  fighter.  We 
described  some  of  our  goals  and  work  in  this  area  last  year,  and  I have  here  a 
model  of  one  of  the  promising  configurations  we  investigated.  The  F-lll  will 
serve  both  the  Air  Force  and  Navy  and  will  provide  extreme  versatility.  This 
aircraft  is  a direct  result  of  the  NASA’s  aeronautical  research  program.  When 
our  research  program  in  this  area  wras  initiated,  there  was  no  specific  requirement 
for  such  an  aircraft,  since  it  was  not  realized  that  such  versatility  was  possible. 
Now  our  effort  in  this  area  must  turn  to  the  problems  of  the  specific  F-lll  design 
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to  assist  the  military  in  obtaining  a vehicle  to  meet  its  mission  requirements.  In 
this  regard  our  work  in  fiscal  year  1964  will  increase  in  this  area  to  provide  required 
information  in  sufficient  depth  of  detail  to  assure  that  the  military  agencies 
acquire  the  best  possible  vehicle  for  the  defens**  of  the  country. 

In  the  civil  area,  as  part  of  the  joint  FAA/N  ASA/DO  D national  program  of 
assistance  to  the  industry  for  the  development  of  a commercial  supersonic  trans- 
port airplane,  the  NASA  role  is  to  provide  technical  support  and  conduct  the 
basic  necessary  research.  For  about  4 years,  we  have  been  engaged  in  applying 
our  current  technology  to  demonstrate  the  broad  technical  feasibility  of  an 
aircraft  meeting  anticipated  requirements  of  the  airlines,  financial  interests,  and 
the  public. 

A concentrated  research  effort  involving  the  Ames,  Langley,  Lewis,  and  Flight 
Research  Centers  on  the  problems  posed  bv  the  supersonic  transport  has  brought 
this  project  to  the  stage  where  industry  will  very  soon  have  sufficient  information 
to  choose  among  several  design  possibilities. 

When  the  designers’  choices  are  narrowed,  the  NASA  effort  will  concentrate  on 
the  problems  related  to  the  specific  chosen  design  and  research  will  necessarily 
increase  in  depth  of  detail  in  all  technical  areas. 

Many  supersonic  transport  configurations  have  been  investigated  in  the  past 
2 years.  These  investigations  have  allowed  us  to  conclude  that  at  least  on  the 
basis  of  wind-tunnel  tests  and  analytical  studies,  four  basic  design  concepts 
appear  capable  of  providing  the  characteristics  required  of  an  efficient,  economical, 
safe,  and  reliable  supersonic  transport  aircraft. 

The  four  basic  design  concepts  are  shown  in  the  next  chart,  figure  R63-941. 
These  four,  the  arrow-wing,  two  variable-sweep  configurations,  and  the  Canard- 
Delta  are  currently  under  study  bv  the  aircraft  industry  to  determine  their 
practicabilitv  as  design  concepts  and  to  define  any  problems  in  need  of  further 
research.  The  aerodynamic  problem  is  to  achieve  cruise  efficiency  with  adequate 
range  and  reasonable  operating  cost  and  still  achieve  good  takeoff,  landing,  climb, 
and  acceleration  characteristics 


A supersonic  propulsion  system  which  will  meet  the  economic  and  reliability 
requirements  of  commercial  aviation  is  not  presently  available.  The  next  chart, 
figure  176,  page  2082,  illustrates  types  that  appear  to  satisfy  these  requirements, 
the  turbofan,  the  turbojet,  and  a composite  engine.  The  problems  associated 
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with  these  various  propulsion  systems  have  been  defined  but  more  work  on  specific 
problems  must  be  done  before  the  best  system  can  be  selected. 

Minimum  structural  weight  is  imperative  to  the  development  of  a reliable, 
efficient  supersonic  transport.  Because  ot  temperature  environment  of  the  super- 
sonic transport  more  efficient  structural  techniques  and  long-life  materials  are 
mandatory. 

Operating  problems  include  a myriad  of  areas  requiring  continuing  work,  for 
example:  sonic  boom,  landing  approach  techniques,  air  traffic  control,  and  flying 
and  handling  qualities.  Past  research  effort  on  the  sonic-boom  problem  has 
indicated  the  need  and  direction  for  further  research.  Landing  approach  tech- 
niques and  piloting  problems  must  receive  increased  attention  in  the  future.  A 
ground-based  flight  simulator  for  advanced  aircraft  is  a necessary  tool  for  investi- 
gating with  adequate  realism,  critical  areas  of  a pilot’s  capability.  Flying  and 
handling  quality  requirements  must  be  defined  and  solutions  found  to  provide 
adequate  dynamic  stability  and  control  in  all  operating  regimes  of  the  supersonic 
transport.  The  results  of  research  effort  in  the  area  of  operating  problems  have 
a direct  influence  upon  the  aircraft  configuration  and  the  propulsion  system. 

During  fiscal  year  1964  we  will  approach  the  time  when  design  choices  for  a 
U.S.  supersonic  transport  will  be  made  and  the  NASA’s  performance  and  mission 
studies,  wind-tunnel  studies,  simulator  studies,  and  associated  flight  studies  will 
change  from  the  general  character  they  now  have  to  more  specific  studies  in 
greater  depth  of  detail.  Since  the  effects  of  even  small  changes  in  design  or 
operation  can  have  a significant  effect  on  the  whole  machine,  due  to  the  strong 
mutual  interdependence  of  the  various  components  of  the  vehicle,  it  is  necessary 
to  carry  on  a carefully  coordinated  and  detailed  research  program. 

I have  been  talking  of  the  problem  of  two  specific  examples  of  supersonic  air- 
craft, one  in  the  military  field,  the  F-lll,  and  one  in  the  civil  field,  the  commercial 
supersonic  transport.  I will  now  direct  your  attention  to  some  examples  of  our 
general  work  v Inch  is  applicable  to  all  supersonic  aircraft.  For  example,  in  the 
field  of  structures,  because  of  our  present  lack  of  ability  to  predict  accurately  the 
fatigue  life  of  aircraft  structural  members,  a fail-safe  philosophy  has  been  widely 
adopted  in  the  aircraft  industry.  This  philosophy  accepts,  the  probability  of 
fatigue  cracks,  and  the  structure  is  designed  so  that  a single  crack  will  not  unduly 
weaken  the  structure.  In  support  of  this  philosophy,  systematic  programs  are 
underway  to  study  the  rates  of  progression  of  fatigue  cracks  and  the  reduction  in 
residual  static  strengths  due  to  such  cracks. 

The  series  of  accidents  w hich  befell  the  Comet  aircraft  is  an  example  in  which  a 
relatively  small  fatigue  crack  in  the  pressurized  fuselage  led  to  a catastrophic 
failure.  As  a result  of  structural  tests  of  pressurized  cylinders  and  complementary 
theoretical  work,  NASA  developed  principles  for  making  fail-safe  fuselages. 
These  principles  have  been  adopted  by  U.S.  aircraft  industry  and  are  employed 
in  all  our  current  jet  transports. 

The  fuselage  of  a supersonic  transport  cruising  at  70,000  feet  poses  a much  more 
severe  problem.  If  a fuselage  crack  develops  and  pressure  is  lost,  provision  for 
dropping  oxygen  masks  to  the  passengers,  is  no  longer  adequate.  At  these  rare- 
fied altitudes  a passenger  really  needs  a pressurized  space  suit.  This  being 
impractical,  the  fuselage  must  be  100-percent  fail-proof.  This  iB  no  small  task 
in  view  of  the  heating,  noise,  and  other  loadings  to  which  the  fuselage  is  subjected 
and  the  requirement  that  the  structural  weight  be  kept  to  a minimum. 

Despite  the  continued  existence  of  all  the  old  structural  design  problems  and 
the  addition  of  new  foreign  environments  which  the  structure  must  withstand, 
notable  progress  is  being  made  to  overcome  the  new  obstacles,  and  vet  provide 
methods  for  building  structures  with  lower  weight  fractions  than  have  been  attain- 
able in  the  past. 

A program  of  intense  effort,  and  one  which  is  of  tremendous  significance  in 
planning  for  the  supersonic  transport,  is  the  sonic-boom  research  carried  out 
principally  by  the  Langley  Research  Center.  The  intensity  of  the  sonio-pressure 
wave  registered  on  the  ground,  and  community  reaction  to  it,  will  influence 
supersonic  transport  cruise  altitudes  and  flight  plans  and  thus  to  a large  extent 
the  design  of  the  airplane. 

During  the  past  year  much  information  concerning  the  sonic  boom  has  been 
obtained  from  a joint  USAF/NASA/FAA  flight  program.  In  this  program  B-58 
and  other  supersonic  aircraft  have  been  flown  over  instrumented  ranges  at  various 
speeds  and  altitudes  to  obtain  ground-pressure  measurements.  Extensive  wind- 
tunnel  studies  have  been  made  and  are  continuing.  At  the  present  time,  tech- 
niques are  being  developed  to  permit  a determination  of  the  effects  of  aircaft 
configuration  on  sonic-boom  intensity.  The  next  chart,  figure  177,  page  2083, 
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illustrates  the  status  of  this  work.  The  ordinate  is  a measure  of  sonic-boom  in- 
tensity and  shown  here  are  curves  that  indicate  the  intensity  of  the  sonic  boom 
that  will  be  felt  on  the  ground  with  a transport-size  aircraft  flying  over  at  three 
times  the  speed  of  sound.  The  two  upper  curves  are  each  for  a different  design- 
concept  aircraft.  The  dashed  curve  is  a lower  bound  that  can  be  approached 
and  is  a result  of  current  theoretical  and  experimental  work  on  the  problem.  The 
theory  that  has  evolved  from  this  work  permits  the  study  of  the  effect  of  aircraft 
configuration  on  the  sonic  boom.  The  important  fact  to  be  noted  in  this  chart  is 
the  significant  effect  of  model  configuration  on  boom  intensity  as  shown  by  the 
difference  in  level  of  the  two  solid  lines.  For  the  first  time,  a theory  is  now  avail- 
able to  permit  study  of  these  efforts.  Much  work  remains  to  be  done  and  will 
continue  in  fiscal  year  1964. 

A vital  part  of  the  simulator  program  is  the  variable-stability  aircraft  to  be 
operated  at  the  Flight  Research  Center.  Flight  research  is  required,  in  order  to: 
(a)  Check  analytical  studies,  (f>)  validate  and  correlate  results  from  ground 
simulator  programs,  and  (c)  investigate  problem  areas  which  cannot  be  studied 
in  ground  facilities. 

The  next  chart,  figure  178,  page  2084,  illustrates  schematically  the  aircraft 
chosen  for  this  work  and  some  of  the  modifications  required.  A test  pilot  will  fly 
the  aircraft  and  will  be  presented  with  a simulated  instrument  display  which, 
coupled  with  the  modified  aircraft  motion,  will  appear  to  the  pilot  as  having  the 
characteristics  of  the  aircraft  being  simulated.  A safety  pilot  will  have  a standard 
instrument  display  to  indicate  the  real  aircraft  flight  conditions.  The  safety 
pilot  will  thus  be  able  to  take  over  if  needed.  The  aircraft  will  also  contain  the 
simulation  system  computers,  a test  director’s  console,  and  displays  for  observers 
as  well  as  the  more  or  less  standard  NASA  flight  sensors  and  recording  equipment. 

Materials  for  the  construction  of  aircraft  to  fly  more  than  twice  the  speed  of 
sound  must  be  investigated  to  provide  the  necessary  information  to  permit  a 
selection  to  be  made.  The  materials  problem  became  very  acute  about  2 years 
ago.  At  that  time  a search  of  available  information  revealed  that  no  information 
existed  to  permit  the  selection  of  skin  materials  that  would  withstand  the  tempera- 
ture associated  with  speed  greater  than  twice  the  speed  of  sound  with  the  reliability 
and  endurance  capability  required  for  commercial  operation.  An  intensive 
program  was  immediately  undertaken  by  the  NASA  to  provide  such  information. 
A large  number  of  candidate  alloys  were  selected  for  a screening  program  to 
eliminate  those  not  suitable.  The  next  chart,  figure  179,  page  2085,  shows  a rough 
approximation  of  the  relative  rates  at  which  the  strengths  of  some  of  these  mate- 
rials deteriorate  with  time.  Today  the  number  of  candidate  materials  has  been 
reduced  to  about  seven  alloys  which  have  passed  the  necessary  tests.  These 
metals  must  now  undergo  extensive  tests  before  final  selection  of  the  materials 
for  the  supersonic  transport  is  made. 

HYPERSONIC  AIRCRAFT 

The  X-15  research  airplane  program  was  initiated  in  advance  of  the  space  age 
as  a joint  effort  of  NASA  and  DOD  to  pioneer  in  the  hypersonic  flight  regime.  It 
has  fulfilled  its  original  purpose  exceedingly  well  and  the  flight  research  program 
on  this  manned  maneuverable  hypersonic  aircraft  is  still  in  progress. 

The  next  chart,  figure  180,  page  2085,  shows  the  altitude-speed  flight  envelope  of 
the  X-15  already  explored  in  relation  to  the  region  of  interest  for  continuous 
flight  in  the  sensible  atmosphere.  The  X-15  is  providing  valuable  inflight  data 
for  the  development  of  future  suborbital  and  space-vehicle  systems.  “Follow-on” 
phases  of  the  program  having  space  technology  as  well  as  aeronautical  objectives 
are  currently  underway. 

With  the  solid  success  of  the  X-15  program,  the  point  has  been  made  to  the 
Congress  that  we  are  looking  ahead  in  aeronautics  to  advanced  research  and  tech- 
nology needs  of  the  Nation  in  the  area  of  airplane-like  hypersonic  vehicles.  The 
place  of  such  vehicles  in  the  aeronautical  transportation  spectrum  is  shown  in  the 
next  chart,  figure  181,  page  2086. 

The  lower  end  of  the  range-versus-speed  plot  is  covered  by  subsonic  aircraft 
of  both  rotary-wing  (helicoptors)  and  fixed-wing  types  including  the  familiar 
subsonic  jet  transport.  The  projected  supersonic  transport  will  extend  this 
lower  end  up  to  2,000  miles  per  hour  or  so  and  perhaps  5,000  miles  ultimate  range. 
There  remains  to  be  exploited,  although  already  spanned  by  the  expendable 
rocket  booster,  a wide  range  of  useful  higher  speeds  and  ranges  up  to  halfway 
around  the  earth.  There  also  are  emerging  needs  for  transferring  personnel  and 
their  equipment  to  or  from  space  stations  in  orbit,  and  there  is  the  possible  need 
for  military  control  of  near-space  for  national  defense. 
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The  cost  of  present  rocket  technology  for  bridging  the  gap  in  the  pathway  to 
space  is  high.  These  are  reasons  to  beiieve  that  a hypersonic  airplane  with  air- 
breathing  engines  using  the  oxygen  from  the  atmosphere  shown  here  for  global 
range  earth  transportation  or  for  boosting  a second  stage  like  the  X-20  (Dyna- 
Soar)  into  orbit  will  be  much  more  economical.  It  is  likely  that  this  area  of  the 
spectrum  will  eventually  be  filled  in  the  manner  outlined. 

One  attractive  concept  for  a combined  earth-to-orbit  and  earth-to-earth  trans- 
portation system  is  illustrated  in  the  next  chart,  figure  182,  page  2087.  The  first- 
stage  booster  is  a HTOHL  hypersonic-cruise  airplane  with  turboramjet  air- 
breathing  propulsion.  At  the  optimum  hypersonic  speed  and  altitude,  it  launches 
a second-stage  rocket-propelled  carrier  capable  of  orbital  rendezvous  with  a 
space  station  or  an  alternate  vehicle  for  the  simpler  earth  mission.  Either 
second-stage  carrier  is  capable  of  horizontal  landing  at  a preselected  point.  The 
HTOHL  feature  with  suitable  abort  capability  permits  the  transfer  or  ordinary 
people  as  well  as  highly  trained  astronauts. 

Now  I have  a model  here  to  illustrate  what  such  a system  might  look  like.  In 
this  model  the  second  stage  is  carried  internally  to  improve  performance  on  the 
way  to  the  staging  point;  it  might  alternately  be  carried  externally  on  top  of  the 
hypersonic  airplane. 

As  listed  on  the  chart,  the  potentialities  of  the  system  include  a wide  rendezvous 
launch  window  and  a wide  choice  of  operational  sites.  The  vehicles  can  be  fully 
recoverable  and  reusable  to  save  costs  on  a long-term  and  high  traffic  density 
basis. 

The  current  NASA  program  is  outlined  in  the  next  chart,  figure  183,  p.  2089. 
It  embraces  conceptional,  operational,  and  economic  studies  to  establish  the 
practical  desirability  of  the  concept,  and  research  and  development  effort  in  the 
critical  areas  of  propulsion,  structures,  materials,  and  aerodynamics  to  provide 
the  information  necessary  to  permit  long-term  development  decisions.  I will 
amplify  briefly  on  the  effort  in  these. technical  areas. 

The  question  of  what  part  air-breathing  propulsion  should  play  in  the  systems 
being  studied  is  being  intensively  examined.  Initial  results  in  this  area  are 
encouraging,  at  least  up  to  hypersonic  mach  numbers  of  10  to  12. 

Above  the  speed  of  the  supersonic  transport  the  ramjet  engine  appears  to  be 
the  most  promising  solution.  Two  types  of  ramjet  are  shown  in  the  next  chart, 
figure  184,  p.  2089,  the  subsonic-burning  type  for  operation  up  to  perhaps  manh  8 
and  the  more  advanced  supersonic-burning  type  for  operation  up  to  mach  25  or 
so.  The  upper  range  of  usefulness  of  subsonic-burning  ramjets  is  limited  by 
excessive  pressures,  temperatures,  and  exhaust  nozzle  losses.  With  the  supersonic- 
burning  principle,  the  temperatures  and  pressures  are  less  severe  and  there  is 
theoretical  indication  that  nozzle  losses  due  to  recombination  of  the  products  of 
combustion  will  be  less  severe.  However,  experimental  research  over  a wide 
range  of  pressures,  temperatures,  and  fuel-air  ratios  is  required  to  determine  the 
practical  potentials  of  hydrogen-fueled  supersonic-burning  ramjets. 

You  are  aware  that  flight  vehicles  are  subjected  to  aerodynamic  heating  at  high 
speeds.  For  this  reason  the  materials  and  structures  problems  become  extremely 
critical  at  hypersonic  speeds  as  shown  in  the  next  chart,  figure  185,  p.  2090.  Here 
is  shown  the  structural  weight  percentage  of  total  aircraft  weight  as  a function  of 
speed.  (The  structural  weight  percentage  is  in  effect  an  inverse  indication  of  the 
structural  efficiency.)  At  the  lowrer  speeds  the  familiar  aluminum  alloy  airframes 
weigh  something  like  20  percent  of  the  total;  the  present-day  effectiveness  of  civil 
and  military  aircraft  is  in  a large  measure  attributable  to  this  low  weight  fraction. 
As  the  speed  and  heating  increase,  aluminum  and  steel  are  no  longer  suitable 
materials  because  of  deteroriation  of  their  strength,  and  heat-resistant  refractory 
metals  or  ceramics  must  be  used.  As  can  be  seen,  these  are  inherently  heavier  and 
less  efficient  so  that  at  hypersonic  speeds  of  10,000  miles  per  hour  the  structural 
weight  will  constitute  something  like  50  percent  of  the  weight  of  the  aircraft  unless 
marked  improvements  can  be  achieved. 

Our  goal  in  structures  research  is  to  offset  this  adverse  trend  by  means  of  basic 
improvements  in  structural  design.  What  we  seek  are  more  efficient  methods  of 
utilizing  less  efficient  materials.  It  is  imperative  that  ways  be  found  to  decrease 
what  we  have  here  labeled  the  “heating  penalty.” 

One  example  of  a structural  concept  that  is  evolving  from  NASA  research  effort 
and  may  provide  the  needed  improvement  is  shown  in  the  next  chart,  figure  122, 
p.  1975.  On  the  left  is  shown  a construction  typical  of  present-day  technology. 
On  the  right  is  shown  a type  of  structure  where  the  reflectivity  of  the  material  is 
combined  with  a vacuum  to  insulate  the  very  cold  inner  (hydrogen  tank)  surface 
from  the  very  hot  outer  skin.  The  structure  is  composed  of  very  thin  dimpled 
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metal  sheets  welded  together  at  matching  dimples  thereby  restricting  the  area 
available  for  heat  flow  from  sheet  to  sheet.  This  concept  also  provides  a means  for 
inert  gas  purging  to  prevent  any  leaking  hydrogen  coming  in  contact  with  the 
hot  external  surface  and  causing  a destructive  explosion. 

The  aerodynamics  problems  for  the  hypersonic  vehicle  systems  are  very  much 
like  they  have  always  been  except  for  their  complexity  due  to  the  wide  range  of 
subsonic,  supersonic,  and  hypersonic  maeh  numbers  encountered.  In  order  to 
have  low-enough  drag  and  high-enough  lift-drag  ratio  while  maintaining  reason- 
able stability  and  control  characteristics  over  this  wide  range  of  speeds,  advanced 
variable-geometry  features  may  be  necessary.  The  fundamental  problem  of 
the  hypersonic-cruise  vehicle  is  one  of  configuration  synthesis,  of  determining 
how  the  large-volume  body  associated  with  hydrogen  fuel  tanks,  abnormally 
large  air  inlets,  and  other  components  can  be  put  together  in  an  acceptable  arrange- 
ment. 

We  are  planning  for  the  near  future  an  investigation  of  mutual  interference  and 
component  arrangement  effects  on  wing-body-stabilizing  surface  combinations. 
We  are  also  planning  at  a later  date  to  initiate  a flight-test  program  to  evaluate 
skin  friction  and  heat  transfer  for  complex  lifting  configurations.  These  items 
cannot  be  adequately  studied  except  in  the  actual  high  mach  number,  Reynolds 
number,  and  enthalpy  environment  of  the  space  corridor. 

v/STOL  AIRCRAFT 

Most  of  our  research  effort  on  subsonic  aircraft  is  concentrated  on  vertical  or 
short  takeoff  and  landing  (Y/STOL)  types.  For  military  use  in  limited  war,  the 
requirement  for  an  aircraft  capable  of  rapidly  transporting  troops,  support  equip- 
ment, and  supplies  to  and  from  areas  close  to  the  combat  zone  has  emphasized 
the  need  for  VSTOL  aircraft.  This  chart,  figure  187,  p.  2091,  illustrates  some  of 
these  needs — the  tilt-wing  transport  being  used  to  connect  conventional  jet  trans- 
ports operating  to  conventional  airports  to  helicopters  and  VTOL  fighters  oper- 
ated from  relatively  unprepared  landing  strips  in  the  combat  zone  not  able  to 
handle  conventional  aircraft. 

For  commercial  aircraft,  practical  use  of  the  VTOL  or  STOL  transport  is  fore- 
seen, as  indicated  on  this  chart,  figure  188,  p.  2091,  in  providing  faster  service  in 
regular  intercity  shuttle  flights  of  medium-range  vehicles  from  relatively  small, 
clo3e-in  airports  where  steep  climbout  and  approaches  are  desired  to  avoid  noise 
nuisance  and  building  interference.  Such  aircraft  could  also  be  utilized  in  trans- 
porting passengers  to  terminals  servicing  supersonic-transport  aircraft;  this 
feeder-line  transport  would  provide  more  rapid  transit  to  these  terminals  (which 
will  be  few’  in  number  and  remotely  located),  with  little  interference  to  other  trans- 
port operation.  There  is  a tremendous  potential  market  if  noise,  traffic  control, 
and  cost  problems  can  be  solved. 

With  regard  to  concepts  fer  obtaining  VTOL — the  conventional  helicopter  will 
continue  to  be  a practical  aircraft  for  military  or  civil  missions  of  relatively  short 
range  in  which  vertical  takeoff  and  landing  and  hovering  are  required.  Sub- 
stantial improvements  in  the  performance  of  the  helicopter  are  considered  desir- 
able and  possible  an/1  will  receive  continued  study  during  the  next  year.  For 
example,  several  research  studies  at  Langley  and  Ames  have  recently  been  initi- 
ated on  models  using  nonarticulated  rotors,  with  the  objectives  of  reducing  com- 
plexity and  maintenance  problems  and  improving  performance  and  flying  and 
handling  qualities.  The  problem  of  all-w’eather  terminal-area  operation  (for 
the  helicopter  as  w'ell  as  other  V/STOL  types)  will  be  studied  with  a variable- 
stability  research  helicopter  in  w’hich  combinations  of  flying  qualities,  panel- 
display  information,  signal  sources,  and  approach  techniques  permitting  transi- 
tion from  steep  approaches  to  vertical  touchdow’n  under  instrument  conditions, 
will  be  investigated. 

The  helicopter  is,  at  present,  the  only  operational  VTOL  aircraft,  at  least  in 
this  country.  As  stated  previously  it  is  likely  to  remain  a very  practical  vehicle 
for  VTOL  missions  that  are  of  very  short  range  or  require  extensive  hovering 
capability.  When  this  is  not  the  case,  other  V/STOL  concepts  appear  more 
promising  because  of  their  greater  operating  efficiency,  speed,  and  range  capa- 
bility. The  NASA  has,  for  several  years,  undertaken  extensive  research  pro- 
grams on  models  of  a variety  of  such  V/STOL  aircraft  in  its  low-speed  wind  tunnels 
and  with  five  flying  “test  beds”  provided  by  the  military  services.  It  is  believed 
that,  although  additional  research  is  still  required,  most  of  the  concepts  utilized 
on  the  test  beds  could  be  incorporated  into  the  design  of  a successful  operational 
aircraft.  Research  is  continuing  on  these  concepts  in  such  areas  as  ground  inter- 
ference and  recirculation  effects,  wing  stalling,  and  control  requirements,  to 
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provide  information  enabling  the  design  of  V/STOL  aircraft  having  the  greatest 
utility  and  productivity  for  a given  mission.  In  the  immediate  future,  emphasis 
will  be  placed  on  investigations  of  three  specific  configurations  of  current  interest  to 
the  military  services,  shown  in  this  chart,  figure  125,  p.  1979,  the  Yought  XC-142A 
triservice  assault-transport  which  utilizes  a tilt  wing;  the  Bell  X-22  tilt  duct; 
and  the  G.  E.  Ryan  XV-5A  fan  in  wing.  Particular  attention  will  be  given  to 
studies  of  the  XC-142A,  scheduled  for  flight  in  1964.  Large-scale  model  studies 
have  already  been  initiated  to  determine  the  aerodynamic  characteristics  of  this 
vehicle  and,  where  required,  to  investigate  methods  of  alleviating  undesirable  or 
marginal  characteristics,  such  as  wing  stalling.  Similar  studies  are  being  made 
or  planned  for  the  other  two  vehicles.  In  the  near  future,  more  emphasis  will  be 
placed  on  studies  of  higher  speed  concepts — such  as  those  using  lifting  and  vec- 
tored-thrust  engines — considered  feasible  for  supersonic  V/STOL  application. 

Although  only  a small  part  of  our  total  V/STOL  research  effort  is  directed 
specifically  to  study  of  purely  short  takeoff  and  landing  (STOL)  aircraft,  many 
of  the  results  of  the  VTOL  studies  have  direct  STOL  application.  It  is  expected, 
for  example,  that  the  tilt-wing  type  will  be  an  excellent  STOL  aircraft  and  wiil 
be  used  that  way  for  economy  and  safety  reasons  unless  the  operating  site  demands 
VTOL.  Particularly  valuable  information  on  required  handling  qualities  for  a 
large  STOL  aircraft  has  recently  been  obtained  from  NASA  flight  studies  of  the 
C-130C  airplane  which  utilizes  boundary-layer  control  to  obtain  increased  lift 
and  steeper  takeoffs  and  landings.  Further  flight  studies  will  be  made  with  this 
aircraft  in  the  next  fiscal  year  to  investigate  the  effects  of  a modification  to  the 
control  system,  which  NASA  simulator  studies  have  indicated  to  be  desirable  to 
improve  handling  characteristics  during  the  steep  descent. ' 

With  regard  to  powerplants  for  V/STOL  application,  there  are  a number  of 
propulsion  concepts  under  study  and  development  by  the  military  and  the  industry 
which  can  be  categorized  as  follows: 

(1)  Lift  engines:  These  are  engines  which  provide  lift  thrust  only  for  VTOL 
aircraft, 

(2)  Lift-cruise  engines:  These  engines  provide  both  lift  and  cruise  thrust  for 
VTOL  aircraft  and  incorporate  a system  for  vectoring  thrust  from  the  vertical  to 
the  horizontal  direction. 

(3)  Augmentation  systems  for  obtaining  increased  VTOL  thrust  from  conven- 
ventional  and  advanced  powerplants  with  a minimum  added  weight  penalty: 
These  systems  include  rotors,  free  and  ducted  propellers,  ejectors,  and  lift  fans. 

In  the  area  of  augmentation  systems,  NASA  wall  conduct  testing  of  lift  fan 
and  ducted  propeller  systems  at  the  Ames  and  Langley  Research  Centers.  These 
programs  will  be  carried  out  in  conjunction  with  the  evaluations  of  the  various 
VTOL  aircraft  being  conducted  by  the  military. 

Additional  work  is  planned  in  areas  of  research  applicable  to  lift  and  lift-cruise 
engines  as  well  as  in  the  areas  of  augmentation  systems  applicable  to  VTOL 
propulsion.  This  work  will  include  usearch,  evaluation  and  testing  on  basic 
engine  components  as  well  as  on  fans,  propellers,  ducted  propellers;  etc. 

It  is  our  strong  conviction  that  the  use  of  air  vehicles  for  purposes  of  civil  and 
military  transportation  will  continue  to  grow  and  expand.  We  believe  that  the 
welfare  of  the  country  will  be  best  served  by  maintaining  a strong  program  of 
research  and  development  of  advanced  technology  in  this  field.  The  program  I 
have  just  described  represents  our  best  judgment  as  to  what  that  program  should 
be. 

Mr.  Zimmerman.  Mr.  Chairman  and  members  of  the  subcommittee, 
we  are  continuing  our  aeronautical  research  program  very  much  in 
the  vein  in  which  it  has  been  carried  on  for  many  years  by  the  NACA 
and  now  NASA.  However,  we  have  had  to  make  a change  in  empha- 
sis. We  are  no  longer  trying  to  achieve  higher  speeds  or  higher 
altitudes. 

The  X-15  has  flown  practically  out  of  the  atmosphere  and  we  have 
achieved  orbital  speeds  in  missile  and  manned  spaceflight.  We  are, 
however,  interested  in  two  goals. 

One  is  to  bring  about  the  technology  necessary  to  permit  efficient, 
economical  and  available  air  transportation  for  the  civilian  population 
and  the  other  the  advanced  technology  necessary  for  the  most  effective 
possible  air  transportation  for  our  military  services. 
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Now,  in  doing  this  we  work  closely  with  the  DOD  and  the  FA  A. 
We  work  at  all  levels  of  coordination,  but  our  primary  coordination 
is  through  four  committees;  one  in  aerodynamics,  one  in  loads  and 
structures,  one  in  operating  problems  and  one  in  propulsion.  Members 
of  the  Armed  Services  and  the  FAA  and  representatives  of  the  industry 
serve  on  these  committees  and  our  programs  are  reviewed  regularly. 

In  accordance  with  your  request,  I will  go  through  my  presentation 
fairly  rapidly  and  just  skip  through  some  of  the  charts.  I am  going 
to  discuss  our  program  in  terms  of  four  categories  as  indicated  by  the 
first  slide  (fig.  172). 


AIRCRAFT  CATEGORIES 

• CONVENTIONAL  SUBSONIC  AIRCRAFT 

• SUPERSONIC  AIRCRAFT 

• HYPERSONIC  AIRCRAFT 

• VERTICAL  AND  SHORT  TAKEOFF 
AND  LANDING  AIRCRAFT 
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Subsonic  aircraft,  supersonic  aircraft,  hypersonic  aircraft  and  the 
special  category  of  V/STOL  aircraft. 

In  the  subsonic  area  we  are  working  with  the  objective  of  continued 
improvement  in  flying  and  handling  qualities,  in  noise  reduction, 
flight  safety,  all-weather  operations  capability,  performance  and 
efficiency;  and  we  are  continuing  our  YGH  program  which  we  have 
been  carrying  on  for  many  years  and  which  gives  us  data  for  new 
designs  and  for  improvements  in  operational  practices. 

In  order  to  illustrate  a couple  of  tvpical  examples  of  what  we  are 
doing  in  connection  with  the  subsonic  aircraft  I'd  like  to  show  tirst 
the  next  slide,  please. 

This  slide  (fig.  17.‘1)  illustrates  some  work  we  have  done  in  connec- 
tion with  the  FAA  on  the  stopping  distances  of  aircraft  under  different 
conditions.  This  aircraft  stopped  in  1,800  feet  on  a dry  service; 
2,800  feet  on  a wet  runway  and  4,800  feet  in  slush. 

We  are  continuing  this  type  of  investigation  on  our  landing  roads 
track  at  Langley. 

Mr.  Karth.  What  kind  of  an  aircraft  was  it? 
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Mr.  Zimmerman.  This  was  a jet  aircraft,  an  880. 

Another  example  of  the  sort  of  thing  we  are  doing  is  shown  in  the 
next  slide  (fig.  174)  which  illustrates  a problem  that  has  been  en- 
countered in  operation  around  airports  where  light  aircraft  have 
performed  unanticipated  maneuvers  and  gotten  in  trouble. 

In  fact,  some  people  have  been  killed.  It  was  suspected  it  might 
be  due  from  down  wash  from  helicopters.  We  ran  tests  on  this  and 
this  shows  a situation  in  which  a light  airplane  was  flown  through  a 
helicopter  wake.  You  will  notice  from  the  illustration  at  the  liottom 
that  the  pilot  actually  had  the  stick  against  the  stop  for  a short  period 
of  time.  If  the  wake  had  been  more  intense  he  would  have  lost  control 
and  might  have  lost  the  airplane. 

Now  we  are  studying  this  phenomenon  and  have  given  the  FAA 
data  from  which  they  can  establish  rules  and  regulations  for  flying 
around  airports  to  avoid  accidents  which  might  result  from  it. 

Another  area  in  which  we  are  very  much  interested  and  we  are 
doing  work,  is  the  matter  of  noise.  I am  sure  you  are  all  familiar 
with  the  seriousness  of  this  problem.  We  are  doing  work  at  Langley 
Field,  particularly  in  two  areas.  One  is  to  try  to  understand  and  do 
something  about  the  noise  generated  by  engines  and  the  other  is  try 
to  develop  operational  techniques  that  will  minimize  the  noise  from 
the  aircraft. 

One  of  these  is  illustrated — one  of  these  approaches — by  the  next 
slide  (fig.  175)  which  shows  the  effect  of  making  a steep  approach  as 
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compared  to  a normal  shallow  approach  on  the  reduction  of  the  noise 
level. 

As  you  can  see,  at  the  distance  of  2 miles  out  the  decibel  level  is 
lowered  from  110  which  is  about  the  limit  of  acceptability,  down  to 
95,  simply  by  using  the  steep  approach  technique.  However,  this  is 
not  a simple  thing  you  could  just  go  ahead  and  do.  It  requires  a lot 
of  development  and  understanding  of  the  problem  and  development 
of  traffic  control  procedures  and  aircraft. 

Now,  we  are  investigating  this  with  helicopters  which  can  make  this 
steep  approach  and  give  us  data  on  the  problem. 

Mr.  Mosher.  Mr.  Chairman,  may  I ask  a question  at  this  point? 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  Are  pilots  reluctant  to  make  this  steep  approach? 

Mr.  Zimmerman.  They  much  prefer  the  other.  Existing  aircraft 
are  not  well  suited  to  the  steep  approach. 

Mr.  Mosher.  Even  where  you  have  some  FFA  regulations,  the 
pilots  tend  to  break  these  regulations? 

Mr.  Zimmerman.  No. 

Mr.  Mosher.  I have  heard  this  said  around  O’Hare  Airport. 
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Mr.  Zimmerman.  I wouldn’t  say  pilots  never  break  regulations. 
Actually  they  haven’t  asked  for  steep — established  such  steep  ap- 
proaches as  this. 

Mr.  Mosher.  But  the  pilots  attitude  would  be  a reluctance  toward 
this  steep  approach. 

Mr.  Karth.  We  are  told  that  the  sonic  boom  has  been  quite  a 
problem. 

Is  there  any  way  to  avoid  this  or  eliminate  it,  other  than  to  fly  at 
subsonic  speeds? 

Mr.  Zimmerman.  We  don’t  know  any  way  it  can  be  eliminated. 

Mr.  Karth.  Any  work  being  done  on  that? 

Mr.  Zimmerman.  I was  going  to  mention  it  a little  later;  but  we  are 
working  on  this. 

Going  to  the  next  aircraft  area,  the  supersonic  area,  there  is  a great 
deal  to  be  done.  We  have  only  scratched  the  surface  as  regards  the 
aircraft  in  the  supersonic  area. 

We  have  no  aircraft  yet  we  can  call  really  a truly  supersonic  aircraft. 
There  is  a great  deal  of  work  to  be  done.  Now,  we  have  done  a great 
deal  of  work  in  this  area  and  this  particular  model  shown  here  illus- 
trates one  of  many  that  have  been  tested  in  a general  research  program 
to  try  to  achieve  a machine  that  has  reasonable  efficiency  both  at 
supersonic  speeds  and  subsonic  speeds. 

This  configuration — it’s  a subsonic  airplane  with  the  wings  forward 
and  when  we  put  the  wings  back,  it  becomes  an  efficient  supersonic 
airplane. 

As  I say,  we  have  done  a great  deal  of  work  in  this  area  and  we  are 
continuing. 

Now,  one  of  our  major  efforts  in  the  supersonic  areas  is  in  connec- 
tion with  the  possible  supersonic  transport.  We  started  about  4 years 
ago  and  we  anticipated  the  possibility  of  the  desirability  of  such  a 
machine.  We  have  been  working  on  it  for  some  years. 

Mr.  Karth.  Mr.  Zimmerman,  are  all  these  in  the  area  of  transport 
designs? 

Mr.  Zimmerman.  This  particular  model  represents  one  tested  lead- 
ing to  the  development  of  a machine  now  receiving  quite  a lot  of 
publicity — a fighter  machine. 

Mr.  Karth.  I am  sure  we  have  heard  of  it. 

Mr.  Zimmerman.  You  have  heard  of  it. 

Mr.  Karth.  Was  it  NASA  that  did  the  design  work  on  the  rather 
famous  TFX?  Is  that  what  you  are  saying? 

Mr.  Zimmerman.  NASA  did  almost  all  of  the  preliminary  research 
and  development  of  the  idea. 

Mr.  Karth.  Thank  you. 

Mr.  Zimmerman.  We  didn’t  do  the  design  work. 

Mr.  Mosher.  Your  research  went  into  both  of  the  two  companies? 

Mr.  Zimmerman.  That  is  right,  sir,  as  our  research  comes  out  of 
our  wind  tunnels  it  is  made  available  even  before  it’s  published — the 
information  is  made  available  to  our  manufacturers  who  have  a need 
to  know  and  they  knew  of  our  data. 
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Mr.  Karth.  Just  one  further  exploratory  question;  doesn’t  the 
organic  act  establish  NASA  as  the  real  research  agency  of  the  Govern- 
ment? Isn’t  this  correct? 

Mr.  Zimmerman.  This  is  correct. 

Mr.  Karih.  The  basic  research  agency. 

Mr.  Zimmerman.  This  is  our  understanding,  yes,  sir. 

Mr.  Karth.  I see  four  or  five  supersonic  transport  designs  on  the 
table  before  you.  What  do  you  call  these — models? 

Mr.  Zimmerman.  These,  sir,  are  concepts  that  have  been  developed 
in  our  wind  tunnels  as  a result  of  a great  deal  of  study  and  model 
testing. 

Now  this  machine  is  known  by  our  people  at  the  laboratory  at 
Langley  as  SCAT-15,  supersonic  commercial  air  transport — model  15. 
It  is  the  15th  configuration  that  they  had  tested. 

This  model  is  SCAT-17  and  was  developed  at  the  Ames  Laboratory. 

This  other  model  is  SCAT-4,  developed  at  Langley,  and  SCAT-16. 
Those  are  model  numbers. 

Now  when  we  say  what  we  have  done  is  with  our  geneial  knowledge 
of  the  requirements  of  a transport  and  our  general  knowledge  of  the 
problems  of  aerodynamics  and  propulsion,  we  have  worked  up  wind- 
tunnel  conditions  to  test  out  our  ideas  and  to  try  to  arrive  at  an  effi- 
cient design. 

Mr.  Karth.  Can  we  say  that  NASA  has  four  designs  for  different 
supersonic  air  transport  airplanes? 

Mr.  Zimmerman.  We  can  say,  of  the  17  or  more  configurations  that 
we  have  investigated,  the  4 that  appear  to  be  most  promising  on  the 
basis  of  the  aerodynamics  and  propulsion  configurations  are  these 
4 here. 

Now,  we  are  not  designers,  as  such,  and  we  know  that  when  these 
machines  are  converted  into  actual  practical  aircraft  they  are  going 
to  be  changed  somewhat. 

Mr.  Karth.  Well,  who  came  up  with  the  17  different  concepts  that 
NASA  has  tested  and  concluded  that  4 are  better  than  the  other  13? 

Mr.  Zimmerman.  Primarily,  NASA  personnel,  although  you  realize 
we  are  in  contact  with  the  rest  of  the  aeronautical  community  so  that 
some  of  these  ideas,  for  example — this  aircraft  is  very  similar  to  the 
B-70  in  a general  sort  of  way.  On  the  other  hand,  the  basic  ideas  in 
the  B-70  came  from  NASA  in  some  cases,  so  it  is  a back  and  forth 
interchange  sort  of  thing. 

Mr.  Karth.  But  that  is  a design,  isn’t  it? 

Mr.  Zimmerman.  This  is,  I would  say,  an  aerodynamic  configura- 
tion that  represents  our  wind-tunnel  people’s  impression  or  conception 
of  what  a supersonic  transport  could  be  like. 

Mr.  Karth.  That  is  a step  beyond  design,  isn’t  it?  Doesn’t  design 
come  first  and  then  configuration? 

Mr.  Zimmerman.  Well,  it’s  a matter  of  degree. 

One  might  arrive  at  this  configuration  on  the  basis  that  one  needs 
an  efficient  wing  and  needs  a canard  tail  and  tail  surfaces  back  here. 
That  would  be  a configuration. 
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Then  when  we  go  to — we  have  to  add  propulsion  to  it  so  then  it 
begins  to  take  on  some  of  the  aspects  of  a complete  aircraft.  You  are 
combining  the  propulsion  so  it  begins  to  take  on  a design.  Then  our 
people  look  at  it  and  say,  well,  when  the  manufacturer  builds  it,  he  is 
going  to  want  to  put  six  people  abreast  in  here  so  we  can't  just  have  a 
narrow  fuselage,  just  a spindle.  We  have  got  to  represent  a practical 
body.  So,  we  represent  a body  that’s  about  the  right  dimensions  for 
a final  aircraft.  When  we  do  this,  we  try  to  arrive  at  the  right  outside 
configuration  but  we  don't  do  all  the  detail  design  and  make  sure  the 
landing  gear  is  going  to  fit  right  and  all  that  sort  of  thing. 

Mr.  Karth.  I understand  that. 

So  you  could  call  this  preliminary  design. 

Mr.  Zimmerman.  In  a sense,  this  is. 

Mr.  Karth.  Then  we  turn  this  over  to  some  manufacturer  and  he 
ruins  the  whole  thing. 

Mr.  Zimmerman,  res.  [Laughter.] 

Mr.  Karth.  I mean,  all  of  the  tests  we  had  in  our  wind  tunnel 
really  go  for  naught  because  it’s  got  to  fly  with  people  in  it.  We  can’t 
just  make  it  look  fancy  in  an  air  tunnel. 

Seriously,  are  we  wise,  coming  up  with  four  or  five  or  six  preliminary 
designs  before  we  actually  submit  one  of  them  to  a manufacturer  and 
let  him  take  it  from  there,  when  he  will  probably  take  it  apart  and 
start  all  over? 

Mr.  Zimmerman.  I think  in  order  to  do  this,  to  the  best  advantage, 
it  is  wise  for  us  to  build  a number  of  these  before  a manufacturer  tries 
to  design  something  that's  practical  with  one  of  them. 

As  I say,  we  have  tried  a number  of  models  before  arriving  at  these 
four. 

Now,  when  the  manufacturer  gets  one  of  these  he  will  change  this 
some  and  change  it  some  in  detail,  but  we  will  learn  the  rules  that 
apply  and  we  will  not  have  lost  all  we  did  by  any  manner  of  means. 

Mr,  Mosher.  Mr.  Chairman? 

Mr.  Karth.  This  was  of  interest  to  me  and  I’m  very  happy  you 
cleared  it  up. 

Mr.  Mosher. 

Mr.  Mosher.  I guess  it  isn’t  so  much  the  design  as  the  wind-tunnel 
data  he  is  interested  in. 

Mr.  Zimmerman.  This  is  right.  The  wind-tunnel  data  gives  us  a 
general  comparison  of  these  things  and  gives  the  manufacturer  a basis 
For  working  out  his  design.  It’s  a back  and  forth  sort  of  thing. 

Mr.' Karth.  Except  as  soon  as  he  broadens  the  fuselage,  for 
example,  the  wind-tunnel  data  is  not  of  much  value. 

Mr.  Zimmerman.  We  have  to  fun  more  tests.  This  is  right,  sir. 

As  you  possibly  are  aware,  we  have  contracts  with  Boeing  and  Lock- 
heed to  study  these  four  designs,  compare  them  from  a standpoint  of 
practical  design  requirements  to  advise  us  which  way  we  should  go  in 
our  future  work. 

We  are  trying  to  get  this  input  from  them. 

Mr.  Karth.  Mr.  Randall? 
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Mr.  Randall.  Just  curious  about  the  terra  you  used.  You  referred 
to  the  thing  up  front  as  a “tail.”  I thought  you  said  a “Canard”  tail. 
Did  I hear  you  right? 

Mr.  Zimmerman.  That  is  right.  That’s  a rather  odd  term,  I’ll 
admit,  but  that  is  the  terminology  that  is  used. 

This  surface  performs  the  same  function  as  this  horizontal  surface 
back  here  which  has  always  been  called  a “tail.” 

Mr.  Randall.  While  we  are  on  the  models,  may  we  have  the 
description  between  a delta  wing  and  the  CR-7  over  here? 

Will  you  get  to  that  later? 

Mr.  Zimmerman.  I expected  to  get  to  that  later. 

Mr.  Randall.  All  right.  Fine. 

Dr.  Weaver.  Maybe  this  is  coming  later,  too,  Mr.  Chairman,  but 
I wonder  if  these  are  designed  for  ordinary  airport  takeoff  without  long 
jet  runways? 

Mr.  Zimmerman.  The  objective  is  to  operate  these  machines  so  they 
will  operate  from  our  same  airports  as  do  existing  jets — such  as  the 
707  and  DC-8. 

Dr.  Weaver.  Not  the  ordinary  landing;  you  wouldn’t  expect  to 
take  off  at  an  ordinary  airport  such  as  National? 

Mr.  Zimmerman.  No,  sir. 

Dr.  Weaver.  Thank  you. 

Mr.  Mosher.  Mr.  Chairman,  could  I ask  a question? 

Mr.  Karth.  Mr.  Mosher. 

Mr.  Mosher.  Are  there  any  other  agencies  duplicating  this  work 
in  any  way? 

Mr.  Zimmerman.  This  work?  No,  sir. 

Mr.  Mosher.  FAA  has  no  research  and  development  facilities  of 
its  own? 

Mr.  Zimmerman.  That  is  right. 

Mr.  Mosher.  And  you  are  the  agency  used  by  FAA  for  this  type 
of  work? 

Mr.  Zimmerman.  For  this  sort  of  thing  we  do  the  work  for  the  FAA. 
That’s  right. 

Mr.  Mosher.  Are  there  any  industrial  facilities  that  are  being  used 
for  parallel  or  duplicating  purposes? 

Mr.  Zimmerman.  Some  of  the  larger  companies  have  their  own 
facilities — Boeing,  for  example,  has  very  extensive  wind-tunnel  facili- 
ties and  they  do  work  also  in  this  area  using  their  own  funds. 

Now,  they  do  not  duplicate  our  work;  in  a sense — they  try  to  do 
better.  They  know  what  we  are  doing  and  they  try  to  come  up  with 
something  better,  and  we  hope  they  will,  actually. 

Mr.  Mosher.  What  about  an  outfit  like  Cornell  at  Buffalo?  Does 
industry  employ  them  to  do  some  of  this  type  of  thing,  too? 

Mr.  Zimmerman.  They  have,  at  times,  but  I’m  not  aware  that  they 
are  employing  them  on  this  particular  effort. 

Mr.  Karth.  Proceed. 

Mr.  Zimmerman.  I believe  my  next  slide  shows  the  configurations. 

We’ll  just  go  right  on  by  that.  In  connection  with  the  develop- 
ment of  the  supersonic  transport  there  is  not  only  the  problem  of 
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getting  an  efficient  configuration.  There  is  a tremendous  problem 
getting  an  efficient  powerplant  to  go  with  it,  and  one  of  the  major 
problems  is  the  development  of  a powerplant  as  indicated  by  the  next 
slide  (fig.  176). 

A great  deal  of  work  has  been  going  on  in  the  last  couple  of  years, 
studying  the  engine  problem.  The  engines  that  have  been  developed 
for  the  B-70  are  not  really  suitable  for  use  in  a commercial  supersonic 
aircraft  because  they  are  not  designed  to  have  the  low  noise  level 
and  the  efficiency  under  certain  conditions  that  are  required  for  com- 
mercial work.  So,  we  are  doing  work  on — studying  not  only  engines, 
but  possible  engine  cycles  and  three  of  them  are  illustrated  in  this 
slide. 
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Figure  176 


I think  in  the  interests  of  time  I will  just  go  on  to  the  next  slide 
(fig.  177)  which  refers  to  the  matter  of  sonic  boom  which  was  brought 
up  by  your  chairman  a few  moments  ago.  We  have  done  a great 
deal  of  work  in  the  area  of  sonic  boom  not  only  from  the  standpoint 
of  trying  to  understand  what  causes  it,  but  also  to  try  to  understand 
how  we  can  design  the  aircraft  to  minimize  it  and  how  we  must 
operate  the  aircraft  to  minimize  it. 

Now,  as  the  slide  shows,  there  is  a difference  in  configurations  in 
the  amount  of  boom  that  they  produce  and  we  indicated  on  the  slide 
a theoretical  lower  bound  that  you  might  achieve  if  you  designed  the 
aircraft  with  nothing  else  in  mind. 


Figtre  177 

Also  shown  is  n level  for  one  of  the  configurations  we  have  shown  you 
and  another  level  for  one  of  the  other  configurations.  As  I say,  we 
have  done  a lot  of  work  in  this  area. 

We  fairlv  well  understand  what  causes  the  hoom,  hut  we  have  no 
solution  to  the  hoom.  It  is  still  a very  serious  problem  that  we  are 
working  on. 

Also  in  connection  with  the  supersonic  transport  and  in  fact  on  all 
of  our  supersonic  aircraft  regardless  of  whether  it  is  a fighter,  a 
bomber,  or  a transport  being  considered,  there  is  a serious  problem  of 
flying  and  handling  qualities  and  how  one  works  the  aircraft  into  the 
air-traffic-control  patterns,  and  so  forth  the  stability  required. 

One  of  the  things  we  are  doing,  we  have  purchased  a Jetstar  airplane, 
a secondhand  one,  incidentally;  and  are  equipping  it  with  variable 
stability  equipment  as  indicated  in  the  next  slide  (fig.  178)  which 
can  be  used  to  cause  the  airplane  to  be  something  else. 

In  other  words,  with  this  aircraft,  we  can  simulate  a supersonic 
transport  or  we  can  simulate  a 707  and  let  the  pilot  find  out  what  he 
can  live  with,  what  he  can’t  live  with,  and  what  we  ought  to  build 
into  the  aircraft  that’s  coming  along. 

Mr.  Kakth.  From  whom  did  you  buy  t he  secondhand  Jetstar? 
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Mr.  Zimmerman.  I think  we  pot  it  from  the  company  itself. 
I don’t  know  the  details. 

Not*. — Morten;  Marietta,  Ga. 

One  of  the  very  serious  problems  which  we  run  into  in  the  design 
of  supersonic  transports,  is  the  high  temperature  to  which  the  aircraft 
is  subjected.  We  find  if  we  are  going  to  mach  3 we  are  dealing  with  a 
temperature  of  550  degrees.  Aluminum  alloy  is  not  satisfactory. 
We  are  confident  it  can  be  done  with  stainless  steel  or  with  titanium. 
The  next  slide  (fig.  179)  indicates  the  kind  of  lifetime  that  we  find 
with  these  various  materials. 

Now.  stainless  steel  has  been  tested  for  4,000  or  5,000  hours  with  no 
indication  of  loss  of  strength  and  we  are  confident  it  will  go  out  to  the 
30,000  hours  eventually  that  we  are  ask.ng  of  the  aircraft.  The  same 
sort  of  thing  is  true  of  titanium,  but  aluminum  we  know  falls  off 
rapidly  and  cannot  be  used. 

Now,  going  on  to  another  area  of  work,  moving  into  the  hypersonic 
field,  and  as  you  are  well  aware,  we  have  been  flying  the  X-15  for 
several  years. 

May  I have  the  next  slide  please  (fig.  180). 

And  we  have  flown  as  indicated  in  the  region  on  the  chart  which  is 
in  the  lower  part  of  the  hypersonic  flight  regime.  We  have  had  very 
good  success,  as  vou  know,  with  this  aircraft  and  we  are  now  studying 
what  we  might  do  in  going  on  into  this  field 
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The  next  chart  I have  (fig.  181)  imitates  the  future  flight  spectrum 
as  we  visualize  it. 

Here  we  have  the  helicopter  or  other  type  VTOL  vertical  takeoff 
and  landing  aircraft,  which  operates  at  slow  speed  for  short  ranges. 

We  have  our  conventional  subsonic  aircraft  for  intermediate 
ranges.  We  are  going  on,  we  hope,  to  the  supersonic  aircraft  for 
speeds  of  2,000  miles  an  hour  and  up  to  5,000  miles  range  and  then 
we  are  beginning  to  look  into  the  future  of  what  we  might  want  to  do. 
We  know  that  with  the  present  state  of  the  art  we  can  put  a man 
half  way  around  the  world  in  a Mercury  capsule  in  an  hour’s  time. 
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We  think,  eventually,  after  a long  period  of  time  we  might  do  this 
sort  of  tiling  on  a commercial  basis.  This,  of  course,  is  way  out  in  the 
blue  and  we  are  nc*  going  to  promise  to  do  it  right  away. 

Now,  one  of  the  machines — this  brings  us  to  the  machine  just 
before  you  here,  that  the  gentleman  asked  about  earlier  as  a possible 
type  of  hypersonic  aircraft. 

This  is  a possible  machine  which  would  be,  in  effect,  a booster  and 
it  would  launch  a second  machine  carried  internally  as  a second  stage. 
Now  this  machine — there  are  two  possible  uses  for  a machine  like 
this  and  the  next  slide  (fig.  1S2)  shows  what  we  have  in  mind. 

Mr.  Randall.  Mr.  Chairman,  how  do  you  describe  the  machine? 
Is  this  the  orbital  ferry  you  are  speaking  of? 

Mr.  Zimmerman.  As  shown  by  the  slide  I now  have  up  there, 
this  is  a dual  purpose  machine  and  this  is  an  area  where  we  might 
have  a real  meeting  between  our  space  and  our  aeronautical  objectives. 
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Figcre  182 

Mr.  Randall.  And  what  do  you  call  it? 

Mr.  Karth.  Hypersonic  transportation? 

Mr.  Zimmerman.  That’s  a pood  description.  As  we  visualize  it 
now,  we  see  a first  stupe  ' ooster  which  goes  up  to  a mach  number  of 
6 or  8.  Then  it  launches  a second  stape  which  in  one  modification 
can  po  into  orbic  and  come  back  again  and  land,  or  it  can  launch  a 
second  stape  wh.ch  will  po  from  6,000  to  12,000  miles  around  the 
earth. 

The  same  technology  will  support  either  kind  of  vehicle.  The 
chances  are  that  the  second  stape  for  going  to  orbit  would  be  a differ- 
ent one  than  the  second  stape  that  might  be  used  simply  for  trans- 
portation around  the  earth;  but  the  technology  basically  would  be  the 
same. 

Mr.  Randall.  Just  call  it  the  machine? 

Mr.  Zimmerman.  Call  it  a hypersonic  aircraft,  is  the  best  name  we 
have  for  it  at  this  time. 

Mr.  Karth.  Mr.  Zimmerman,  I guess  it’s  been  decided  that  our 
national  goal  should  be  set  by  1965  on  which  direction  we  should  go 
in  this  so-called  supersonic  transport  field. 

What  are  NASA’s  feelings  at  the  moment  as  to  which  one  of  the 
several  routes  we  should  follow? 

Mr.  Zimmerman.  We  set  the  objective  of  attempting  to  arrive  at  a 
decision  as  to  which  way  we  should  po  and  we  >."e  working  very  hard 
on  that  problem. 

Mr.  Karth.  But  we  have  not  yet  made  a decision? 

Mr.  Zimmerman.  We  have  not  yet  made  a decision  as  to  which  way 
we  should  po,  but  we  are  hopeful,  however,  we  can  make  a wise 
decision  in  the  timeframe  you  have  mentioned. 
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Mr.  Karth.  You  have  discussed  this  wuh  the  Air  Force,  I suppose. 

Mr.  Zimmerman.  We  have,  last  fall. 

Mr.  Karth.  Do  you  find  a difference  of  opinion  existing  at  the 
present  time,  as  to  what  concept  we  should  follow? 

I assume  the  Air  Force  would  probably  feel  strongly  about  the 
single-stage-to-orbit-type  plane  and  you  might  feel  at  the  present, 
I understand,  there  are  some  feelings  in  NASA  about  the  suborbital 
design. 

Is  this  true? 

Mr.  Zimmerman.  We  have  been  working  closely  with  the  Air 
Force. 

Mr.  Karth.  If  this  kind  of  difference  of  opinion  should  develop, 
how  are  we  going  to  rectify  it? 

Mr.  Zimmerman.  I was  going  ahead  to  explain.  I don’t  know 
the  answer  to  your  question  as  far  as  that  goes,  but  the  Air  Force 
has  a very  difficult  objective  of  a’single-stage-to-orbit  vehicle. 

This  is  an  objective  that  they  would  like  to  achieve. 

Now,  there’s  a vast  difference,  sometimes,  between  what  you 
would  like  to  do  and  what  is  practically  possible.  Our  studies  tend 
to  indicate  that  this  is  going  to  be  very  difficult  to  do  with  a practical 
machine.  We  are  trying  to  arrive  at  a decision  as  to  whether  we 
should  go  for  a single  stage  to  orbit,  whether  we  should  go  to  some 
version  of  this  two-stage  vehicle,  whether  we  should  build  simply  a 
hypersonic  research  aircraft. 

We  are  considering  all  these  things.  Now,  the  technical  people  of 
the  Air  Force  who  are  facing  the  realities  in  the  same  way  we  are 
facing  the  realities,  I don’t  think  there  is  substantial  disagreement 
among  us  about  these  things,  and  the  difficulties  involved.  Now, 
how  the  decision  will  be  made,  of  course,  this  is  still 

Going  on  to  our  next  slide  (fig.  1830 , which  I will  pass  over  fairly 
quickly,  we  are  working  as  I said  with  the  Air  Force  to  carry  on  a 
program  which  will  hopefully  move  us  along  as  rapidly  as  possible 
and  wall  not  get  us  involved  in  duplication  of  effort  and  we  are  studying 
the  problems  of  propulsion,  structures,  materials,  aerodynamics,  the 
common  problems  we  always  run  into  in  aircraft  development. 

Now,  one  of  the  very  serious  problems  in  a machine  of  this  sort  is 
the  matter  of  propulsion  and  the  next  chart  (fig,  184)  indicates  two 
types  of  propulsion  systems  we  are  studying  seriously. 

The  one  shown  above  is  the  subsonic-burning  ramjet  which  runs 
into  very  serious  problems  when  you  get  to  mach  numbers  greater 
than  8 and  the  one  shown  below  represents  a supersonic-burning 
ramjet.  Now,  when  I say  “supersonic  burning,”  I mean  that  the 
air — the  gas — flows  at  supersonic  speeds  through  the  combustion 
chamber. 

We  do  not  slow  it  up  to  subsonic  speed.  This  has  certain  theoretical 
advantages.  It  sounds  very  good  it  we  can  really  make  it  work,  but 
we  haven’t—so  far,  haven’t  really  solved  this  thing  to  the  point  we 
can  say  for  sure  it  will  work,  but  it's  so  attractive  it’s  worth  a great 
deal  of  effort  to  try  to  make  it  work. 

Now,  a very  serious  problem,  and  it  bears  on  the  matter  of  earth 
to  orbit  in  one  stage,  is  indicated  by  the  next  slide  (fig.  185)  and 
shows  what  we  are  up  against  in  the  matter  of  structural  weight. 
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Our  conventional  jet  aircraft  have  a structural-weight  fraction  of 
the  order  of  20  percent  of  the  gross  weight.  There  are  indications 
we  will  have  to  do  at  least  this  well  or  better  to  get  a single-stage-to- 
orbit  vehicle  and  yet  as  indicated  by  the  slide  as  we  go  up  in  speed 
we  have  to  go  to  structurally  less  desirable  materials  to  stand  the  heat. 

The  indications  are  the  structural-weight  fraction  on  the  basis  of 
what  we  knowf  now  must  go  up  and  we  have  to  work  very  hard  to 
achieve  our  goal  of  getting  back  dow  n to  the  20  percent  weight  fraction 
and  this  we  are  working  on  to  the  best  of  our  ability. 

Now,  Dr.  Bisplinghon  showed  you  the  next  slide  (fie.  122,  p.  1975)  in 
his  discussion  the  other  day.  'fhis  was  with  regard  to  what  we  are 
doing  to  try  to  get  better  construction  for  these  vehicles  and  I won’t 
dwell  on  that  further. 

Now,  our  final  category  I want  to  cover  is  the  matter  of  the  VTOL, 
Vertical  Take  Off  and  Landing  aircraft.  My  first  slide  (fig.  187) 
shown  here  indicates  the  situation  that  we  envision  where  long-range 
jets  or  other  aircraft  bring  materials  into  a regular  airport. 

They  are  then  ferried  over  a relatively  short  distance  to  a staging 
area  by  so-called  V/STOL  transports  and  carried  out  into  actual 
battlefield  by  helicopters  and  other  V/STOL  designs. 

This  is  a very  important  development  in  a limited  war  situation. 

The  next  chart  (fig.  188)  shows  the  same  kind  of  vehicle  technology 
applied  to  the  commercial  transport  field. 
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We  feel,  eventually  we  are  going  to  be  using  the  Y/STOL  aircraft 
operating  from  small  close-in  airports  between  cities  not  separated  by 
long  distances  and  also  between  the  large  jet  airports  and  city  centers 
to  give  us  a more  efficient  means  of  transportation.  There  is  a great 
deal  to  be  done  before  this  can  be  achieved.  I won’t  try  to  go  into  it 
today,  but  I’ll  be  glad  to  discuss  it  at  greater  length,  if  you  should 
desire. 

We  have  done  a great  deal  of  work  in  the  V /STOL  area  and  my  next 
chart  (fig.  125,  p.  1979),  the  final  chart,  indicates  the  three  types  being 
studied  at  the  present  time. 

The  services,  the  armed  services,  actually  are  building  full-scale 
vehicles  of  these  types  and  we  are  working  closely  with  them  to  de- 
velop the  aircraft  so  they  work  satisfactorily. 

Gentlemen,  I think  I have  taken  longer  than  I should.  I will  close 
at  this  time.  Thank  you  very  much. 

Mr.  Karth.  Thank  you  very  much,  Mr.  Zimmerman.  I would 
like  to  submit  to  you  some  questions  in  writing  and  if  you  would  then 
prepare  the  answers  and  submit  both  the  questions  and  the  answers 
for  the  record,  I would  appreciate  that. 

Mr.  Randall.  Just  one  question.  We  went  over  that  rather  hur- 
riedly. You  went  over  these  metals,  the  aluminum  to  the  steel  and 
the  refractory  alloys  which  I think  you  described  as  ceramics. 

Mr.  ZimMerman.  This  is  “ceramics.” 

Mr.  Mosher.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  Do  I remember  from  testimony  last  year  the  British 
are  doing  a terrific  job  in  this  V/STOL  business  or  am  I mistaken,  and 
is  that  a joint  project  with  us? 

Are  we  helping  finance  that? 

Mr.  Zimmerman.  The  British  are  doing  a great  deal  in  the  Y/STOL 
area.  They  have  developed  the  Short  SC-1  airplane  which  uses 
lifting  engines.  That  has  been  done,  so  far  as  I know,  on  their  own 
funds.  They  have  also  developed  the  P-1127  airplane,  which  is  the 
one  you  have  probably  seen  publicized,  using  the  vectored-thrust 
engines.  Now,  my  understanding  is  the  aircraft  was  developed  on 
British  funds. 

The  engines  have  had  some  support  through  the  MWDP  from  this 
country. 

Mr.  Mosher.  NASA  is  not  involved? 

Mr.  Zimmerman.  NASA  has  not  been  involved  from  the  stand- 
point of  supplying  funds.  NASA  has  done  some  work  on  testing  a 
model,  a free-hying  model,  of  this  aircraft  to  assist  in  working  out 
some  of  its  flight  problems — stability  problems. 

Mr.  Mosher.  I think  this  committee,  necessarily,  has  to  be  inter- 
ested in  whether  or  not  the  British  work  makes  unnecessary  some  of 
your  work.  Is  there  any? 

Mr.  Zimmerman.  No,  sir;  I don’t  think  this  is  true.  We  have  been 
fully  aware  of  what  the  British  were  doing  and  we  do  not  duplicate 
what  someone  else  is  doing  if  we  know  about  it. 

No,  sir;  this  is  not  true. 

Mr.  Mosher.  Has  the  British  work  been  primarily  military  in  its 
direction? 

Mr.  Zimmerman.  It  has  been  so  far;  however,  the  British  are  work- 
ing on  designs  that  might  possibly  have  commercial  application. 
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Dr.  Weaver.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Weaver. 

Dr.  Weaver.  Again,  I want  to  go  back  to  what  I started  to  talk 
about  before  about  the  use  of  airports,  our  existing  airports. 

Are  we  concentrating  on  designs  on  commercial  planes  designed 
to  use  our  existing  facilities,  without  going  into  these  long  jet  air- 
ports and  the  cost  and  expenditures? 

I know  the  vertical  plane  will  do  that. 

Mr.  Zimmerman.  We  are,  as  I brought  out  in  the  earlier  part  of 
my  discussion  on  the  subsonic  aircraft,  we  are  continuing  a level  of 
effort  to  improve  our  conventional  aircraft  to  make  them  better. 

We  are  also  working  on  the  V/STOL  concept  which  will  not  only 
make  ; „ possible  to  more  efficiently  use  our  existing  airports,  such  as 
national,  but  also  go  to  smaller  airports. 

You  realize  that  we  do  a very  poor  job  of  utilizing  the  airspace  that 
we  have  available.  It’s  really  too  bad  to  see  10  airplanes  sitting  on 
National  Airport,  waiting  to  take  off  when  if  we  had  the  proper  sys- 
tem, they  could  all  take  off  and  go,  without  delay. 

We  are  a long  way  from 

Dr.  Weaver.  In  this  field  it  is  difficult  to  conceive  of  this. 

Mr.  Zimmerman.  When  we  go  to  this  aircraft — I won’t  say  we 
can’t,  but  it  is  conceivable  the  supersonic  transport  of  the  future 
might  be  a vertical  takeoff  and  landing  aircraft,  but  this  is  too  big  a 
step  at  the  present  time. 

Dr.  Weaver.  Thank  you.  Thank  you,  Mr.  Chairman. 

Mr.  Karth.  If  there  are  no  further  questions,  I want  to  thank  you 
very  much,  Mr.  Zimmerman.  It  may  be  that  we  would  find  reason 
for  calling  vou  back. 

I would  hope  you  could  accommodate  us  at  that  time. 

Mr.  Zimmerman.  I will  be  glad  to. 

Mr.  Karth.  Thank  you  very  much. 

(The  information  referred  to  is  as  follows:) 

GENERAL 

Question.  In  the  past  the  United  States  has  been  the  major  supplier  of  aircraft 
to  the  world’s  airlines.  In  your  opinion,  is  the  Nation’s  investment  in  aero- 
nautical research  sufficient  to  retain  U.S.  leadership? 

Answer.  The  United  States  is  still  a major  supplier  of  aircraft  to  the  world’s 
airlines.  However,  I can  see  indications  of  a weakening  of  the  U.S.  position. 
The  U.S.  position  today  may  have  been  much  different  if  the  early  Comet  air- 
craft had  not  encountered  structural  difficulties.  Also  in  the  last  6 to  8 years  we 
have  seen  many  foreign  aircraft  introduced  on  the  U.S.  domestic  airline  routes; 
the  Viscount  (British),  the  F-27  Friendship  (Dutch),  and  the  Caravelle  (French). 
In  V/STOL  aircraft  development  the  British  Hawker  P-1127  and  P-1154  and 
the  French  Brequet  941  and  the  German  Domier  31  show  considerable  promise. 
It  is  noteworthy  that  all  the  above  foreign  aircraft  can  be  classed  as  short-haul 
vehicles.  Of  course,  the  British/French  Concorde  supersonic  transport  effort  is 
a real  threat  to  U.S.  leadership.  Your  question  is  a very  difficult  one  to  answer 
and  I cannot  say  assuredly  that  the  threat  to  U.S.  leadership  is  due  to  insufficient 
U.S.  research  investment.  I do  not  think,  however,  that  we  should  rely  on 
another  error  like  the  Comet  to  maintain  U.S.  leadership. 

Question.  With  the  current  emphasis  on  space,  aeronautical  research  consti- 
tutes a rather  small  effort  in  NASA  relatively  speaking.  How  does  the  present 
effort  compare  with  the  effort  of  the  old  NAUA? 

Answer.  Dollarwise  the  funds  requested  for  aeronautical  research  for  fiscal 
year  1964  ($45  million)  are  comparable  to  NACA  budgetary  figures  which 
amounted  to  about  $60  million  in  the  mid-1950’s.  However,  at  that  time  there 
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were  approximately  5,000  NACA  personnel  engaged  in  aeronautical  research. 
Today  the  number  estimated  in  the  proposed  budget  for  fiscal  year  1964  is  2,068. 

Question.  Are  the  developments  in  the  V/STOL  being  done  primarily  for  the 
military?  What  are  the  funding  arrangements? 

Answer.  A substantial  portion  (about  30  percent)  of  the  NASA  V/STOL  pro- 
gram is  on  projects  either  specifically  requested  by  the  military  services  or  closely 
related  to  vehicles  of  current  interest  to  the  military.  It  is  believed,  however, 
that  the  results  of  most  of  these  studies  are  of  equal  interest  to  potential  com- 
mercial aircraft  designers  and  operators.  In  some  cases,  the  models  tested  on 
specifically  requested  projects  are  provided  by  the  military  services.  Funding 
requirements  are  provided  entirely  by  the  NASA. 

Question.  It  appears  that  there  is  some  duplication  of  effort  among  the  various 
NASA  centers  engaged  in  aeronautical  research;  particularly  Ames  and  Langley. 
What  is  the  policy  of  NASA  in  assigning  specific  specialized  roles  and  missions  to 
the  various  centers? 

Answer.  There  are  four  research  centers  engaged  in  aeronautical  research; 
namely,  Langley,  Ames,  Lewis,  and  Flight. 

To  my  knowledge  there  is  no  undesirable  duplication  of  effort  in  aeronautical 
research  among  the  centers  engaged  in  this  work.  Working  level  research  com- 
mittees, made  up  of  representatives  of  the  research  centers,  are  actively  coordi- 
nating the  research  effort  and  continually  discussing  detailed  problems  in  the 
areas  of  V/STOL  aircraft  research,  supersonic  transport  research,  and  hypersonic 
research.  Also  a representative  of  each  research  center  is  a member  of  each  of 
the  NASA  Research  Advisory  Committees  on  A/C  Aerodynamics,  A/C  Loads  and 
Structures,  A/C  Operating  Problems  and  Air-breathing  Propulsion. 

With  regard  to  research  it  is  the  view  of  the  NASA  that  problems  requiring 
solution  are  best  defined  by  the  scientists  and  engineers  working  in  the  field  and 
these  professional  people  are  encouraged  to  propose  research  projects  to  manage- 
ment for  approval.  The  roles  and  missions  of  the  research  centers  have  developed 
as  a natural  result  of  the  particular  interests  of  the  professional  people  in  certain 
areas  and  as  a consequence  of  the  availability  of  certain  research  facilities  at  the 
center.  As  a result,  competence  in  particular  areas  has  developed  in  the  various 
Winters. 

Question.  Why  is  it  that  NASA  has  come  up  with  four  different  designs  of  the 
supersonic  transport,  when  the  ultimate  design  will  be  done  by  the  industrial 
builder  of  the  plane?  Is  this  wasted  effort? 

Answer.  The  NASA  has  not  come  up  with  four  different  designs  of  the  super- 
sonic transport. 

The  NASA  has  studied  a number  of  different  aerodynamic  configurations  and 
of  these  one  each  of  four  basic  design  concepts  which  from  extensive  wind-tunnel 
tests  appears  to  be  the  best  with  regard  to  flight  efficiency  has  been  selected  for 
further  detail  study.  The  NASA  does  not  design  airplanes  but  has  the  responsi- 
bility to  provide  the  research  information  and  the  technology  to  permit  the  U.S. 
industry,  the  airlines,  and  the  military  to  maintain  U.S.  leadership  in  aviation. 

The  four  configurations  referred  to  in  the  question  are  being  studied  to  provide 
such  information  to  permit  sound  decisions  in  the  future  with  regard  to  the 
ultimate  design  of  the  supersonic  transport  by  the  industry.  Without  such 
technical  information  sound  decisions  could  not  be  made. 

Question.  Your  statement  indicates  that  further  research  effort  must  be  done 
on  the  sonic  boom  problem.  Is  there  anything  really  that  can  be  done,  other 
than  to  fly  at  subsonic  speeds? 

Answer.  As  a result  of  recent  work  we  have  progressed  to  the  point  where  today 
we  have  a good  understanding  of  the  sonic  boom  phenomenon  and  hav  e developed 
an  analytical  method  of  prediction  that  indicates  methods  of  aircraft  design  that 
will  reduce  the  sonic  boom.  In  other  words  sonic  boom  can  be  minimized  by 
proper  aircraft  design.  The  size  of  the  aircraft  also  affects  sonic  boom,  a small 
size  aircraft  will  produce  less  boom  overpressure  on  the  ground  than  a larger  one 
for  given  flight  conditions.  The  most  effective  means  of  reducing  sonic  boom  is 
to  fly  at  high  altitude.  However,  today  there  is  no  known  way  to  eliminate  the 
sonic  boom. 

Question.  It  seems  clear  that  the  airframe  manufacturers  cannot  undertake 
the  development  and  manufacture  of  the  supersonic  transport  individually. 
Has  there  been  any  program  for  cooperative  development  among  the  major  in- 
dustrial companies,  and  to  what  extent  will  the  taxpayer  have  to  underwrite  such 
a development? 

Answer.  In  a sense  the  joint  FAA/NASA/DOD  program  of  assistance  to  the 
industry  funded  through  the  FAA  in  fiscal  years  1962  and  1963  has  been  a program 
of  cooperative  development  between  Government,  the  manufacturers,  and  the 


1964  NASA  AUTHORIZATION 


2095 


airlines.  Certain  manufacturers  have  teamed  up  in  a cooperative  effort  in  this 
research  program  and  may  continue  such  associations  in  any  future  development 
of  a supersonic  transport.  It  is  my  opinion  that  the  Government  will  be  required 
to  underwrite  the  cost  of  development  of  a supersonic  transport  to  the  point  of 
FAA  certification.  When  this  is  accomplished  then  I feel  the  airlines  will  be  able 
to  afford  the  per  copy  cost  and  maintenance  of  the  aircraft  and  realize  a reasonable 
profit  from  its  operation. 

Question.  The  popular  press  reports  that  NASA  and  the  Air  Force  are  coop- 
erating on  an  investigation  of  the  feasibility  of  hypersonic  aircraft,  as  a possible 
follow-on  to  the  Dyna-Soar  (X-20A)  program.  Would  you  enlarge  upon  the 
agreement  between  NASA  and  the  Air  Force? 

Answer.  A joint  NASA-USAF  technical  team  was  organized  on  August  1, 
1962,  to  “Review  and  agree  on  NASA  and  USAF  research  programs  aimed  at 
providing  the  technology  necessary  to  evaluate  the  practical  possibilities  of 
hypersonic  flight  utilizing  air-breathing  propulsion  systems.”  The  intent  of  the 
study  was  to  formulate  additional  programs  so  that  sufficient  research  information 
would  be  generated  during  the  remainder  of  fiscal  year  1963  and  fiscal  year  1964 
to  permit  evaluation  of  the  technical  feasibility  of  developing  an  Earth-to-orbit 
vehicle  system.  As  a result  of  the  work  of  the  joint  team,  the  NASA  and  the 
USAF  identified  and  coordinated  the  additional  research  effort  on  the  part  of 
both  agencies  required  to  meet  the  2-year  deadline,  and  determined  the  additional 
resources  in  manpower  and  funds  to  implement  the  effort.  These  additional 
resources  have  been  largely  programed  by  both  managements  and  key  programs 
have  been  initiated. 

Question.  It  is  understood  that  the  goal  of  the  joint  program  is  to  arrive  at  a 
national  position  by  1965  on  the  form  of  the  hypersonic  research  aircraft:  i.e., 
should  it  be — 

An  air-breathing  cruise  vehicle. 

A single-stage-to-orbit  aerospace  plane. 

A combination  of  the  two  concepts. 

Or  a new  concept. 

Would  you  present  NASA’s  views  on  the  probable  form  to  be  recommended? 

Answer.  NASA’s  view  is  that  the  probable  form,  characteristics,  and  mission 
of  a forthcoming  hypersonic  air-breathing  vehicle  system  cannot  be  determined 
specifically  at  this  time.  In  addition  to  a tentative  research  mission,  the  joint 
NASA/USAF  team  focused  on  two  basic  operational  missions  as  follows: 

(а)  An  Earth-to-orbit  and  return  transportation  system  for  either  military  or 
NASA  functions, 

(б)  An  Earth-to-Earth  transportation  system  as  supported  by  the  technology 
for  (a)  for  either  military  or  commercial  purposes. 

In  order  to  provide  further  focus  to  the  research,  general  concepts  conforming 
to  the  following  ground  rules  have  been  identified: 

(а)  Minimum  staging. 

(б)  At  least  the  first  stage  manned  and  takeoff  and  land  by  conventional 
aircraft  techniques. 

(c)  Primary  emphasis  on  air-breathing  propulsion  in  the  first  stage. 

Question.  The  NASA  budget  presentation  indicates  that  the  hypersonic 
research  will  be  conducted  under  the  general  heading  of  “Supporting  research  and 
technology.”  Will  you  indicate  the  dollar  value  of  the  hypersonic  aircraft  pro- 
gram for  fiscal  year  1964?  Are  all  four  laboratories  going  to  take  part  in  the  hyper- 
some  program?  How  is  the  work  coordinated  within  NASA  and  with  the  USAF 
effort?  What  has  the  USAF  invested  in  their  program  already?  What  is  the 
USAF  anticipated  funding  for  fiscal  year  1964? 

Answer.  The  dollar  value  of  the  NASA  hypersonic  aircraft  program  for  fiscal 
year  1964  is  approximately  $4  million  in  R.  & D.  costs,  and  $6  million  in  personnel 
costs  and  operation  of  installations,  or  a total  of  $10  million.  This  total  comprises 
40  percent  of  the  aeronautics  S.R.  & T.  estimate.  The  Ames,  Flight,  Langley, 
and  Lewis  Research  Centers  will  all  take  an  active  part  in  this  program.  The 
various  research  tasks  ir  the  centers  will  be  coordinated  within  NASA  by  the 
Office  of  Aeronautical  Research  in  Washington,  and  with  the  USAF  effort  by  the 
panels  of  the  NASA/USAF  joint  team.  Each  of  these  panels  in  aerodynamics, 
propulsion,  structures,  materials,  and  performance  analysis  have  a NASA  and 
USAF  cochairman  and  members  from  both  agencies.  The  team  itself  is  headed 
by  joint  leaders  in  the  same  way.  Thus,  the  desired  coordination  will  be  effected 
at  the  working  as  well  as  the  management  level.  The  accurate  information  on 
USAF  current  and  anticipated  funding  can  best  be  obtained  from  the  USAF. 

Question.  It  is  understood  that  the  USAF  hopes  a direct  single-stage-to-orbit 
vehicle  will  prove  feasible,  while  NASA  thinks  it  will  be  necessary  to  investigate 
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a suborbital  vehicle  before  j?oing  to  the  space  plane  concept.  Is  this  conflict  of 
objectives  reflected  in  the  NASA  hypersonic  aircraft  research  program? 

Answer.  NASA  and  USAF  are  both  directing  the  current  programs  to  throw 
more  light  on  these  questions.  It  is  possible  that  a suborbital  first  stage  will  be 
the  logical  initial  step  in  the  development  of  an  orbital  system.  As  a result  of 
the  joint  team  coordination,  there  is  no  apparent  conflict  of  technological  aims 
in  the  definitive  2-year  program. 

Question.  Is  there  a central  authority  for  the  conduct  of  research  on  the 
hypersonic  aircraft?  Are  NASA  and  the  USAF  restricted  to  the  performance  of 
research  in  their  designated  areas,  or  can  each  agency  control  its  own  research 
program? 

Answer.  While  NASA  and  USAF  each  controls  its  own  research  program,  the 
joint  technical  team  is  retained  in  existence  for  the  2-year  period  to  coordinate 
the  work  and  advise  the  managements  as  to  technical  effectiveness  as  the  programs 
develop. 

FACILITIES 

Question.  A sum  of  $347,000  has  been  requested  for  a model  construction 
building  at  Ames.  The  purpose  of  the  building  is  to  house  the  model  fabricating 
facilities  at  Ames  under  one  roof.  The  function  is  now  carried  out  in  scattered 
locations  within  Ames.  Would  delay  of  the  construction  of  this  building  prevent 
the  research  work  necessary?  Or  would  it  only  make  the  work  easier?  Is 
continuation  of  the  present  arrangement  impossible  or  only  undesirable? 

Answer.  Models  required  for  research  on  advanced  spacecraft  and  aircraft 
have  become  complex  and  costly.  In  many  instances  Ames  does  not  have  the 
equipment  necessary  to  build  the  models  which  are  needed.  Construction  of 
this  facility,  while  obviously  making  the  work  easier,  will  eliminate  a large  per- 
centage of  the  costly  procurement  of  models  on  contract.  In  other  words,  the 
expense  of  the  facility  will,  to  a great  extent,  be  self-liquidating.  In  this  respect, 
delay  in  the  construction  of  the  building  is  undesirable  because  it  will  lead  to 
further  expenditures  for  out-of-house  procurement  of  models.  On  no  occasion, 
however,  would  lack  of  this  facility  prevent  necessary  research  work.  Lack  of 
the  facility  could  prevent  timely  research  work,  though. 

Question.  In  view  of  the  decreasing  number  of  new  aircraft  programs,  why 
is  it  necessary  to  expand  the  flight  simulation  capability  at  the  Flight  Research 
Center?  The  proposed  new  Flight  Research  Laboratory  includes  a great  dead  of 
expensive  equipment  as  well  as  a whole  new  building  for  this  function.  Is  the 
anticipated  workload  for  the  future  sufficient  to  justify  a $2,924,000  facility? 

Answer.  The  Flight  Research  Center  is  involved  in  full-scale,  free  flight  research 
using  advanced  “flying  mockups”  of  spacecraft  as  well  as  actual  advanced  air- 
craft such  as  the  X-15A.  The  Center  nas  performed  research  on  the  Paraglider, 
similar  to  that  proposed  for  recovery  of  the  Gemini  spacecraft,  and  is  just  begin- 
ning flight  tests  of  the  wingless  M-2  lifting  body  reentry  vehicle,  possibly  typical 
of  an  Apollo-follow-on  vehicle.  It  is  anticipated  that  this  type  of  work  will  be 
greatly  accelerated  in  the  future.  And  because  these  vehicles  are  manned,  as 
they  would  be  in  the  case  of  the  actual  vehicle  returning  from  circular — or  super- 
circular— velocity  flight,  each  test  must  be  adequately  simulated  on  the  ground 
before  flight. 

In  addition,  the  Center  will  investigate  the  piloting  and  operational  aspects  of 
new  aircraft  types  such  as  the  supersonic  transport  and,  later,  items  which  will 
have  a direct  bearing  on  the  possible  requirement  for  a hypersonic  air-breathing 
research  vehicle.  In  this  regard,  the  Center  is  already  actively  participating 
in  the  joint  USAF-NASA  hypersonic  research  program.  The  workload  of  the 
Center  is  increasing  in  all  of  these  areas,  and  an  increased  simulation  capability 
is  vitally  required. 

Mr.  Karth.  Dr.  Bisplinghoff,  whom  do  you  have  next? 

Dr.  Bisplinghoff.  Dr.  Albert  Kelley,  our  Director  of  Electronics 
and  Control,  is  here  today,  prepared  to  tell  you  about  his  program. 

Mr.  Karth.  Dr.  Kelley,  I wonder  if  you  would  follow  the  same 
procedure  that  has  been  followed  by  Mr.  Zimmerman. 

Give  us  a 10-  or  15-  or  20-minute  summation  of  your  prepared  text 
and  then  the  subcommittee,  I'm  sure,  will  have  some  questions. 
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STATEMENT  OF  DR.  ALBERT  J.  KELLEY,  DIRECTOR  OF  ELEC- 
TRONICS AND  CONTROL,  NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 

(The  prepared  statement  of  Dr.  Albert  J.  Kelley  is  as  follows:) 

The  electronics  and  control  program  encompasses  several  functional  areas.  To 
simplify  nomenclature  we  often  use  the  broad  generic  term  “electronic  systems” 
or  simply  “electronics”  to  include  all  of  these. 

Guidance  and  navigation. — Determining,  predicting,  and  directing  a vehicle's 
position  along  a flightpath  or  trajectory.  This  includes  inertial  guidance,  radi- 
ation trackers,  guidance  computation,  and  flight  mechanics. 

Control  and  stabilization. — The  control  of  a vehicle  along  and  about  the  flight- 
path.  This  includes  manned  and  automatic  flight  control  systems,  control  theory, 
and  advanced  component  techniques. 

Communications  and  tracking. — The  transmission  of  commands  to  and  the 
recovery  of  data  from  an  aerospace  vehicle.  This  includes  communications,  track- 
ing, and  data  acquisition  systems,  and  advanced  electronic  techniques  and 
devices. 

Instrumentation  and  data  -processing . — The  detection,  generation  and  measure- 
ment of  information  or  phenomena,  and  reduction  of  this  information  to  intelligible 
and  useful  forms.  This  includes  physical  and  biomedical  measurement  tech- 
niques, data  processing,  and  advanced  computing  devices. 

As  part  of  the  normal  functions  of  NASA  program  management,  we  continually 
analyze  the  state  of  the  art  together  with  projected  mission  needs  in  order  to 
establish  research  and  technological  requirements  in  these  areas.  This  is  a two- 
way  process  between  ourselves  and  industry.  For  example,  in  our  operation  at 
headquarters,  we  have  recently  been  averaging  approximately  40  contacts  a day 
from  the  industries  and  universities  with  which  we  have  common  interests.  In 
the  time  available  I will  discuss  only  a few  selected  items  from  this  broad  spectrum 
of  interests. 

The  importance  of  electronics  in  aeronautics  and  space  is  quite  apparent. 
Electronics  and  its  associated  disciplines  constitute  the  brain  and  nerves  of  flight 
vehicles.  Although  it  is  estimated  that  about  70  percent  of  our  major  space- 
craft dollars  go  into  electronics,  unfortunately,  in  the  same  context,  a much  higher 
percentage  of  our  flight  failures  arise  from  electronic  component  failures.  Success 
in  this  area  is  obviously  a major  factor  in  overall  mission  accomplishment  since 
a dead  or  unintelligent  vehicle  is  useless  if  it  cannot  measure  data  and  send  it 
back  to  Earth. 

GUIDANCE  AND  NAVIGATION 

NASA,  advanced  research  and  technology  efforts  in  guidance  and  navigation 
encompass  spacecraft,  launch  vehicles,  and  advanced  flight  vehicles.  The  prin- 
cipal technical  areas  of  guidance  and  navigation  include  passive  sensors,  com- 
puters and  displays,  inertial  sensors  and  systems,  active  sensors,  trajectory 
analysis,  and  supporting  research-  flight  projects  to  assist  in  our  ground-based 
studies  and  experimentation  (fig.  NASA  R63-1117). 

Inertial  guidance  sensors 

NASA  inertial  guidance  development  has,  in  the  past,  drawn  heavily  on  missile 
programs.  However,  space  mission  requirements  for  inertial  guidance  sensors 
have  produced  unique  requirements  in  terms  of  lifetime,  reliability,  environment, 
accuracy,  and  thrust  profiles.  Two  promising  inertial  sensor  concepts  are  cur- 
rently being  pursued.  The  cryogenic  gyro  utilizes  the  principle  of  superconduc- 
tivity wherein  electrical  resistance  disappears  at  temperatures  near  absolute  zero. 
This  provides  a magnetic  field  requiring  no  electrical  energy  input,  after  ini';al 
establishment,  to  support  a rotating  gyroscopic  mass.  Although  a promising 
technique,  such  problems  as  that  of  obtaining  suitable  cryogenic  materials  require 
continued  research  before  these  devices  can  be  considered  feasible.  The  electro- 
statically suspended  gyro  (and  accelerometer)  differs  from  the  cryogenic  type 
in  that  it  uses  electrical  rather  than  magnetic  forces  to  suspend  the  inertial  ele- 
ment. It  does  not  require  cryogenic  temperatures  but  does  need  a high  vacuum 
internal  environment  for  its  operation.  This  sensor  is  highly  promising  but  is 
more  sensitive  to  high  acceleration  environments  and  requires  further  effort;  to 
develop  and  demonstrate  the  ability  to  operate  in  or  at  least  survive  the  launch 
environment  without  performance  deterioration. 
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In  addition  to  these  concepts  currently  under  development,  we  are  interested 
in  exploring  other  interesting  phenomena  such  as  the  use  of  atomic  size  and 
larger  (micron  size)  particles  as  gyroscopic  and  acceleration  measuring  techniques. 
These  devices  can  be  expected  to  have  increased  reliability  in  an  environment  of 
shock,  vibration,  and  temperature  extremes  as  well  as  long  inherent  operating 
lifetime. 

Optical  navigation 

The  optical  sighting  instrument  is  destined  to  play  an  important  role  in  the 
future  manned  space  missions  beginning  with  Apollo.  Such  devices  in  configura- 
tions suitable  for  specialized  uses  will  appear  in  unmanned  spacecraft  beginning 
with  the  Orbiting  Astronomical  Observatory.  The  availability  of  stars  and 

Elanets  as  sighting  targets  on  an  all-weather  basis  in  space,  the  inability  of  Earth 
ased  tracking  and  command  systems  to  guide  with  reasonable  accuracy  as 
distances  from  Earth  become  great,  and  the  desirability  of  having  onboard  naviga- 
tion capability  for  manned  systems,  indicate  the  establishment  of  a strong  role  in 
spacecraft  navigation  for  the  space  counterpart  to  marine  and  aircraft  sextants 
and  trackers. 

Considerable  inhouse  study  effort  at  Langley  and  Ames  Research  Centers  has 
been  devoted  to  various  methods  of  using  angles  between  stars  and  the  Moon  and 
Earth  for  lunar  mission  and  abort  position  fixing.  These  studies  have  included 
the  development  of  suitable  methods  for  determining  the  position  of  a vehicle  and 
analyses  of  the  effects  of  measurement  errors  on  the  accuracies  of  the  various 
methods.  In  addition,  experimental  investigations  of  the  accuracy  of  the  man 
plus  instrument  at  Ames  Research  Center  using  precision  sighting  devices  and 
simulated  planetary  bodies  in  full  and  partial  illumination,  have  developed 
quantitative  information  showing  that  observations  can  be  made  with  accuracies 
of  a very  few  seconds  (one  thirty-six  thousandths  of  a degree)  of  arc  angular 
error.  In  addition,  technology  efforts  on  devices  for  use  in  optical  space  naviga- 
tion are  being  pursued  both  inhouse  and  under  contract.  We  expect  to  expand 
these  efforts  in  fiscal  year  1964.  A precision  theodolite  tracker  is  Deing  designed 
for  the  Ames  sighting  experiments. 
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In  addition  to  research  and  technology  efforts  on  precision  instruments,  studies 
are  being  made  of  simplified  hand-held  visual  and  photographic  sextants  for 
backup  and  emergency  use.  In  these  areas,  we  have  made  encouraging  progress 
in  the  early  stages  of  our  programs. 

Rendevzous  sensor  study 

Part  of  our  advanced  guidance  program  is  slanted  in  the  direction  of  determina- 
tion of  future  research  and  development  requirements.  Ideally  this  should  be 
done  on  some  more  tenable  basis  than  novelty  of  technique  or  intuitive  judgment. 
There  is  a more  formalized  wav  of  deciding  what  research  is  worth  pursuing  based 
on  an  analytic  methodology  (fig.  NASA  R63-344).  We  are  currently  engaged  in 
a study  with  contractual  supjiort  to  determine  advanced  rendezvous  sensor 
requirements.  The  purpose  of  this  study  is  to  identify  parameters  which  best 
yield  themselves  to  technological  exploitation.  The  study  process  begins  with 
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known  or  anticipated  mission  requirements.  Given  the  requirement,  a statement 
of  the  problem  to  be  solved  in  any  areas,  such  as  rendezvous  sensors,  is  derivable. 
From  the  problem  statement,  descriptions  of  the  “knowns”  and  “unknowns”  are 
developed.  Of  course,  the  known  factors  contribute  directly  to  solutions.  How- 
ever, the  unknown  factors  constitute  the  requirements  for  our  long-range  research 
and  development  programs.  None  of  the  possible  real-life  solutions  will  ever  be 
without  deficiency.  Comparison  of  the  mission  profile  with  the  solutions  permits 
estimation  of  the  solution  deficiencies.  Reiterating  this  cycle  brings  about  a 
convergence  on  the  research  and  development  requirements  and  on  predictably 
optimum  solutions.  At  the  least,  this  method  should  permit  estimates  of  the 
result  of  any  course  of  action  before  this  action  has  fully  committed  us  to  an 
expensive  program. 

Guidance  computers 

The  spaceborne  digital  computer  is  destined  to  play  a major  role  in  the  space- 
craft guidance  systems  of  the  future.  The  complex  guidance  equation  solving 
and  navigation  data  processing  required  for  sophisticated  space  missions  have 
made  the  digital  computer  a necessity  for  optimum  mission  performance.  The 
guidance  computer  (fig.  NASA  R63-1085)  serves  as  a coordinator  for  the  guidance 
and  navigation  subsystems  and  processes  pertinent  information  for  display  to 
the  spacecraft  pilot.  In  most  instances,  the  guidance  computer  will  perform 
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additional  on-board  functions.  In  parallel  with  the  advances  in  component  and 
circuit  technology  that  are  being  undertaken  to  provide  the  capability  of  building 
computers  with  increased  capability  and  improved  reliability.  In-house  efforts 
are  underway  aimed  at  determining  spacecraft  computer  requirements  and  in- 
vestigating subsystem  integration  problems.  The  laboratory  setup  utilizes  actual 
computer  elements  together  with  simulated  guidance  and  navigation  subsystems. 
This  research  will  allow  analysis  of  requirements  such  as  speed,  accuracy,  memory, 
logic  and  mathematical  techniques,  which  are  basic  to  the  design,  selection  and 
integration  of  hardware.  It  will  also  allow  analysis  of  computation  and  inter- 
connection requirements  for  such  subsystems  as  the  space  sextant,  inertial  meas- 
urement unit,  pilot's  control,  and  pilot’s  display.  In  addition  to  efforts  on  complex 
computer  systems,  we  are  investigating  simplified  systems  for  backup  in  the 
in  the  event  of  primary  system  failure  which  will  enable  a mission  abort  to  be 
successful!  xecuted. 

Trajectory  anaiyns 

Trajectory  or  mission  flight  path  analysis  has  been  and  will  continue  to  be  an 
important  area  of  ;n-house  effort  backed  up  by  considerable  university  and 
industry  research.  While  major  recent  emphasis  has  been  on  manned  lunar 
mission  guidance  and  trajectories  for  the  early  planetary  flybys,  studies  of  ad- 
vanced planetary  missions  have  been  in  progress. 

An  interesting  example  is  the  results  of  one  of  these  studies  made  at  Lewis 
Research  Center  of  an  electrically  propelled  spacecraft  using  the  SNAP-8  power 
generating  system  performing  a Mars  mission  culminatig  in  injection  into  an 
orbit  about  Mars  (fig.  NASA  R63-9).  The  mission  required  415  days  involving 
139  days  in  a spiral  trajectory  to  accelerate  to  escape  velocity,  223  days  in  a 
transfer  trajectory  partially  thrusting  and  partially  coasting,  and  53  days  in  a 
captured  spiral  ending  at  the  415th  day  in  a low  orbit  about  Mars.  It  can  be  seen 
from  the  listing  of  effects  of  typical  errors  shown  on  the  chart  that  these  low  thrast 
trajectories  are  very  sensitive  to  relatively  small  errors.  It  can  be  concluded  that 
repetitive  trajectory  determination  and  corrective  guidance  maneuvers  will  be 
required  for  this  type  of  mission.  Planetary  guidance  and  trajectory  analysis 
effort  will  be  increased  in  fiscal  year  1964  to  meet  the  advanced  design  requirements 
of  interplanetary  spacecraft. 


' 


1964  NASA  AUTHORIZATION 


2101 


% 


ELECTRIC  PROPULSION  GUIDANCE  , 


ORBIT  OF  MARS 

Orbit  of  earth  * 


C*r  jF>>  .^SPIRAL 

362  DAYS ■''.'VARS 


. SPIRA 


EARTH^U  ’ 
,"0DAYS 

L **  -*'? 


MARS*  f,  > 

- S 

139  DA  VS  *. 

‘ '■  « A C. 

• • V® 


415  D> 

MAR5  C>£bITER 
Ml  SSI Ol 


/ 


. ERROR  ANAtYSlS 

ERROR  EFFECT  CONQLUSipN 

22  IBS  IN  VEHICLE  W T-  200.000  MILE  POSITION  ERROR  REPETITIVE  TRAJECTORY 

THRUST  ANGIE  200,000  MILE  POSITION  ERROR  DETERMINATION  AND 

J%  THRUST  MAGNITUDE  30FT  SEC  VELOCITY  ERROR  j CORRECTIVE?  GUIDANCE 

■ w MANEUVERS  REQUIRED 


NASA  >63  9 


Guidance  and  navigation  simulation 

An  important  effort  is  being  undertaken  in  guidance  systems  simulation.  A 
midcourse  guidance  simulator  is  in  operation  at  Ames  Research  Center  to  study 
the  capabilities  and  determine  the  proper  role  of  the  man  in  the  guidance  and 
navigation  of  spacecraft  (fig.  NASA  R63-1090) . Current  studies  of  the  precision 
of  the  man  plus  optical  instrument  in  sighting  stars  and  planets  mentioned  above 
will,  in  the  advanced  simulator,  be  extended  to  the  use  of  sextants  and  theodolites 
aboard  a simulated  vehicle.  The  simulator  will  be  provided  with  appropriate 
angular  motion  and  with  lunar  and  planetary  models  and  celestial  background 
simulated  with  sufficient  precision  to  make  feasible  the  obtaining  of  quantitative 
information  on  the  accuracy  of  the  man  plus  instrument.  The  computer,  inertial 
measurement  unit,  and  displays  will  be  simulated  in  order  to  determine  overall 
system  requirements  and  operation.  The  results  of  such  studies  will  aid  in 
resolving  problems  of  integrating  the  elements  of  space  navigation  systems  and 
in  defining  the  proper  role  of  the  man  in  the  navigation  and  guidance  ‘•vstcni. 
In  addition,  they  will  assist  in  determining  the  operations  deficiencies  of  current 
technology  and  lead  the  way  to  more  definitive  determination  of  the  directions 
in  which  advanced  guidance  technology  efforts  should  move. 

Horizon  scanners 

A subject  of  particular  interest  to  us  is  that  of  earth  and  planetary  horizon 
sensing,  inasmuch  as  many  satellites,  both  manned  and  unmanned,  and  the 
orbiting,  approach,  and  reentry  phases  of  lunar  and  planetary  missions  lean 
heavily  on  horizon  sensing  to  determine  the  vertical  direction  to  the  center  of 
the  planet  being  orbited  or  approached.  In  addition,  we  can  use  the  apparent 
change  in  diameter  of  the  earth  or  other  planetary  body  to  determine  the  approxi- 
mate altitude  of  the  vehicle.  While  we  are  interested  in  developing  ttie  most 
capable  and  reliable  devices  we  can  for  performing  horizon  sensing,  our  knowledge 
of  the  appearance  of  the  horizon  to  spaceborne  instruments  is  meager  even  for 
our  own  earth.  Accordingly,  we  have  initiated  a flight  project  to  determine  the 
natural  radiation  gradients  which  define  the  earth’s  horizon  in  several  regions  of 
the  spectrum.  We  will  loft  in  a suborbital  trajectory,  a spinning  vehicle  with 
several  precision  telescope,  each  of  which  has  a sensor  detecting  a particular  por- 
tion of  the  spectrum.  Using  relatively  inexpensive  modified  Javelin  vehicles,  we 
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will  view  the  horizon  many  times  on  each  flight  at  varying  altitudes.  We  nope 
to  learn  at  least  two  important  tnings  from  tnis  project;  now  sfiarply  is  the  earth’s 
edge  defined,  which  will  tell  us  the  limit  of  accuracy  for  horizon  scanning,  and 
what  particular  regions  of  the  spectrum  (near  or  far  infrared,  ultraviolet,  etc.) 
should  be  utilized  for  horizon  scanning  devices.  We  have  made  a successful 
flight  using  instruments  of  limited  accuracy  to  obtain  preliminary  data.  Flights 
of  improved  instrumentation  packages  are  expected  to  commence  next  year. 

CONTROL  AND  STABILIZATION 

The  technology  of  control  and  stabilization  can  be  described  as  the  means  by 
which  systems  are  made  to  respond  to  desired  commands  and  ignore  undesired 
disturbances.  In  its  broadest  sense  it  is  often  called  automation.  Control 
systems  may  be  manned,  completely  automatic,  or  most  often,  a combination,  in 
w hich  the  man  is  sometimes  a controller,  sometimes  only  a monitor. 

Manned  fight  control 

An  important  part  of  our  control  and  stabilization  effort  is  directed  toward 
investigations  of  manned  flight  control  systems.  In  order  to  develop  control 
systems  and  displays  which  best  complement  man’s  capabilities,  the  contribu- 
tions of  various  scientific  disciplines  must  be  brought  to  bear  in  an  integrated 
fashion. 

Man  is  a capable  but  complex  control  system  element,  and  one  that  we  cannot 
change  very  easily,  at  least  not  in  the  next  few  thousand  years.  Design  of  the 
entire  advanced  flight  control  and  display  system,  tailored  around  the  man’s 
existing  capabilities,  is  our  goal.  In  this  activity  we  work  closely  with  our 
biotechnology  and  human  research  group. 

By  affording  flexible,  and  repeatable  flight  time,  ground  based  flight  simulators 
(fig.  NASA  R63--337)  are  powerful  research  tools  for  collecting  performance 
measures  under  a wide  variety  of  selected  and  controlled  conditions.  If  the  real 
vehicle  is  replaced  by  a simulated  vehicle,  various  control  and  display  arrange- 
ments can  be  operated  under  many  different  conditions  to  determine  control 
performance  as  it  relates  to  the  equipment  which  the  pilot  has  to  aid  him.  We  are 


196  4 NASA  AUTHORIZATION 


2103 


SOIL 


FLIGHT  CONTROL  RESEARCH 
ATMOSPHERIC  RE-ENTRY  SIMULATION 


ARM 

ROTATION 


337 


ACCELERATION  VECTOR 


thereby  able  to  acquire  large  amounts  of  statistical  data  from  which  to  predict 
capability  under  varying  conditions,  design  equipment,  and  evaluate  overall 
control  system  performance  on  a continually  refined  basis.  The  advantages  of 
simulators  in  experimental  flight  operations  have  already  been  proven,  as  you  well 
know,  in  the  X 15  and  Mercury  programs. 

Recent  advances  in  simulator  technology  such  as  controllable  centrifuges, 
projected  displays,  and  precision  air  bearings  now  make  them  valuable  research 
tools  with  which  we  can  make  large  strides  at  minimum  cost  >n  dollars  and  life. 

Fligh  display  technology  is  being  advanced  in  accordance  with  the  foregoing 
research,  with  the  aim  of  providing  simple,  reliable  cockpit  instrumentation  that 
the  man  can  effectively  use.  Optical  projected  displays,  TV'  displays,  discrete 
address  digital  displays,  and  displays  consistent  with  pneumatic  computers  will 
be  investigated  and  further  developed. 

System  organi zatwn 

Research  and  development  is  under  way  which  will  lead  to  vast  improvements  in 
t„e  reliability  and  capability  of  electronic  control  devices  through  advanced 
microcircuit  techniques.  Application  of  these  techniques  without  major  revisions 
to  the  interconnecting  circuit  elements  and  system  components  will,  however, 
yield  only  part  of  the  potential  benefit.  We  have,  therefore,  been  investigating 
the  feasibility  and  desirability  of  reducing  component  interconnection  wiring  to 
a bare  minimum.  A “before  and  after”  picture  (fig.  NASA  R63-987)  illustrates 
this. 

Studies  have  indicated  that  substantial  reductions  could  be  made  in  system 
complexity  and  weight  if  a partial  application  of  telemetry  principles  were  made. 
In  the  forthcoming  year,  we  will  apply  discrete  address  pulse  code  data  transmis- 
sion techniques  to  a control  simulation.  Based  upon  the  results  of  this  work, 
it  is  expected  that  a new  family  of  system  components  can  be  specified  which 
will  interconnect  an  entire  flight  control  system  with  a single  pair  of  wires. 
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Automatic  flight  control  system* 

The  automatic  flight  control  system  area  concerns  itself  v-ith  the  development 
of  control  systems  for  the  maintenance  of  attitude,  station  or  position,  and 
planned  path  of  the  spacecraft,  as  well  as  the  control  of  internal  systems.  Auto- 
matic control  systems  are  in  operation  from  launch  through  mission  completion. 
The  objective  is  to  attain  reliability,  lifetime  and  simplicity,  consistent  with  a 
complete  control  function.  Mo-t  of  these  systems  are  an  outgrowth  of  theoretical 
feasibility  studies.  Other  systems  are  a further  development  toward  simplifica- 
tion or  improved  performance  of  existing  systems. 

Typical  of  the  improved  systems  studies  an  investigation  at  Ames  Research 
Center  to  uncouple  the  yaw  and  roil  modes  while  sensing  yaw  errors  in  satellites 
slaved  to  the  center  of  the  Earth.  Ames  Research  Center  is  studying  a new 
technique  to  provide  passive  damping  when  utilizing  gravity  gradient  stabiliza- 
tion. Ames  Research  Center  is  also  investigating  error  signal  detection  that  is 
compatible  with  the  high  pointing  accuracies  required  by  telescope-spectrometer 
systems.  Goddard  Space  Flight  Center  is  developing  a control  system  using  a 
momentum  sphere  as  an  alternate  to  flywheels  for  attitude  control,  eliminating  at 
least  three  flywheels.  With  the  advent  of  large  manned  spinning  spacecraft, 
precession  damping  and  spin  control  devices  are  being  developed  and  integrated 
into  a system,  to  reduce,  for  example,  errors  caused  by  movement  of  men  inside 
spacecraft. 

The  Langley  Research  Center  has  developed  and  flown  a simplifieu  attitude 
control  system,  miniguide,  for  a spinning  satellite  in  a planetary  orbit,  consisting 
of  a telescope  and  IR  sensor  and  a reaction  jet  to  maintain  a prescribed  attitude. 

The  Marshall  Space  Flight  Center  is  developing  a control  system  using  second- 
ary injection,  where  the  main  engine  thrust  is  deflected  by  side  injected  gases. 
If  injection  thrust  vectoring  for  very  large  engines  proves  feasible,  gimballed 
engines  may  not  Is-  required. 

The  greater  overall  length  and  improved  structural  efficiency  of  aeronautical 
and  launch  vehicles  planned  for  the  future  pose  severe  problems  to  flight  control 
system  designers  (fig  1161,  p.  2126).  The  structural  bending  modes  are  approaching 
the  contiol  system  operational  frequencies  required  for  adherence  to  flight  paths. 
It  is  desirable  to  steer  these  vehicles  so  that  the  desired  flight  path  is  maintained, 
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at  the  same  time  yielding  minimum  wind  shear  and  turbulence  stress  on  the 
vehicles. 

An  aggressive  attack  has  been  directed  toward  the  solution  of  these  problems, 
combining  the  efforts  of  university  and  private  industry  researchers,  as  well  as 
the  best  flight  control  experts  of  our  research  and  space  flight  centers.  This 
work  includes  formulation  and  analysis  of  mathematical  descriptions,  the  equa- 
tions of  motions  of  the  vehicle  and  its  control  system,  simulation  of  these  body 
and  control  motions,  and  testing  of  models  of  vehicles  and  control  elements  to 
provide  data  for  the  analysis  and  simulation  of  the  systems.  The  work  often 
results  in  the  formulation  of  requirements  for  new  types  of  instruments  to  measure 
parameters  to  which  the  system  shows  sensitivity. 

Advanced  control  theory 

Advanced  control  theory  efforts  are  primarily  concerned  with  the  mathematical 
approach  to  new  concepts  of  control.  Control  theory  uses  mathematics  as  the 
primary  tool  to  describe  the  components  and  composite  characteristics  of  the 
entire  system.  With  the  correct  programing  of  this  information  into  a computer, 
the  system  may  be  simulated  to  determine  the  feasibility  of  such  a concept  prior 
to  reducing  it  to  practice. 

In  the  past  decade,  adaptive  controls  have  been  developed  in  this  country. 
This  concept  extends  the  dynamic  operating  range  of  a control  system,  and  is 
being  studied  for  applications  in  NASA  programs.  As  an  example,  a study  is 
now  in  progress  at  the  Langley  Research  Center  to  study  the  use  of  automatic 
adaptive  controls  in  missiles  and  hypersonic  aircraft.  One  of  the  first  adaptive 
controllers  is  now  under  test  in  the  X-15  program.  The  concept  of  adaptation 
is  also  being  studied  at  Marshall  Space  Flight  Center  for  application  to  a large 
flexible  vehicle,  where  the  problem  is  complicated  by  structural  flexibility  and  fuel 
sloshing  disturbances. 

Ames  Research  Center  has  been  engaged  in  a study  of  optimizing  the  control 
along  a planned  course  when  the  spacecraft  may  be  subjected  to  unwanted  dis- 
turbances or  nonlinear  (saturation)  effects.  Langley  Research  Center  is  also 
engaged  in  optimal,  nonlinear  control  systems  studies.  Consideration  of  manned 
control  systems  in  automatic  control  theory  is  being  stressed. 

Research  in  control  theory  is  also  supported  at  universities  and  industrial  re- 
search groups  to  meet  the  objectives  of  our  program.  As  examples,  Case  Insti- 
tute of  Technology  is  studying  the  use  of  digital  techniques  in  a closed-loop  control 
system.  From  this,  we  hope  to  learn  more  about  the  efficient  and  improved  meth- 
ods of  using  pulse  and  coded  numerical  data  converted  in  real  time  to  permit  a 
continuous  control  function.  University  of  Connecticut  is  studying  and  analyzing 
feedback  control  theory  for  sampled-data  systems  in  terms  of  realistic  design  con- 
siderations. At  the  University  of  Tennessee,  the  problem  of  improving  measure- 
ment techniques  by  using  two  different  methods  or  frequencies  of  sampling  an 
input  signal,  are  investigated.  Use  of  digital  or  analog  or  hybrids  are  examined 
to  produce  the  best  intelligence  in  a noisy  environment.  Studies  at  Stanford 
University  and  Purdue  are  concerned  with  obtaining  control  system  configura- 
tions based  upon  optimizing  fuel  or  time  with  specific  mission  requirements. 

As  to  the  future,  adaptive  controls  will  require  nonlinear  compensation  in  the 
control  process.  Techniques  of  measurement  must  be  expanded  and  new  ideas 
encouraged,  to  be  able  to  obtain  as  high  resolution  of  measurement  as  possible, 
consistent  with  the  optimization  techniques  being  developed.  Above  all,  control 
theory  must  be  presented  to  design  engineers  in  usable  form. 

COMMUNICATION'S  AND  TRACKING 

Our  communications  and  tracking  efforts  are  concerned  with  expanding  man’s 
capability  for  communicating  complex  information  in  his  expanding  explorations 
into  the  vast  planetary  regions.  The  art  of  space  communications  are  tracking 
are  closely  related,  for  tracking  space  vehicles  is  often  a prerequisite  for  communi- 
cations. The  scope  of  communications  within  the  solar  system  is  extremely  vast 
(fig.  NASA  R 63-993). 

The  advent  of  significant  new  devices  and  techniques  for  communications  will 
be  the  foundation  of  the  future  systems.  Laser  technology  promises  to  open  the 
tremendous  range  of  the  optical  spectrum  for  man’s  use  in  communications. 
Microelectronic  techniques  suggest  the  use  of  vastly  more  complex  and  reliable 
space  electronics  systems  for  communications.  Concurrently,  work  continues  to 
go  forward  on  information  theory,  which  involves  skillful  and  advanced  techniques 
for  translation  of  weak  and  noisy  messages  into  meaningful  information. 


2106 


196  4 NASA  AUTHORIZATION 


INTERPLANETARY  COMMUNICATIONS 
SYSTEMS  . -aar  ...  . > 


NEW  TECHNOLOGIES  : 

. Y 

• LASERS 

• MICROELECTRONICS 

• ELECTRO -OPTICS 

• CODING 


SATtUITf 

•ti*r 

/ 


•\Aui  At- : • 

C*»Sulf.  . <*■  p aM'IvR.  ; ‘ 

jF  • , " i 

-.■*”■  r 

■ A i 

^AT^UlTf  \ 

. X . . ' • f * V*>On 


SPACE  , 
station 


EARTH 


Cowmuntea/ion*  through  hostile  environments 

An  important  problem  relating  to  our  communications  research  is  concerned 
with  communicating  through  the  hostile  environment  of  ionized  plasmas  which 
are  created  when  a body  enters  the  atmosphere  at  high  velocity,  or  as  may  be 
created  by  the  exhaust  products  of  a chemical  rocket  (fig.  214,  p.  2145).  Similar 
problems  will  occur  when  planetary  spacecraft  enter  the  unknown  atmosphere  of 
the  planets,  where  the  velocity  of  entry  may  be  as  high  as  50,000  feet  per 
second.)  These  plasmas  act  as  a shield  to  black  out  communications  which  may 
involve  safety  considerations  in  a manned  flight,  or  deprive  us  of  significant 
scientific  information  at  critical  times  Significant  progress  has  been  made  in 
techniques  for  solving  this  problem.  We  have  laboratory  evidence  that  when 
small  amounts  of  atomized  water  are  injected  into  the  ionized  flow  field  at  the 
proper  time  the  water  acts  to  suppress  the  ionization  in  the  plasma  sheath,  allowing 
radio  communications  channels  to  function  normally  (fig.  214,  p.  2145).  Ground 
tests  make  use  of  a large  vacuum  sphere  in  communications  research  (fig.  NASA 
R 63-992).  A small  rocket  motor  is  ignited  and  produces  an  ionized  gas  to 
simulate  the  conditions  of  reentry.  Various  experiments  may  be  carried  out, 
3uch  as  the  injection  of  water  materials  or  other  chemical  additives,  or  application 
of  magnetic  fields  to  suppress  the  ionization.  Experiments  will  be  made  with 
material  additives  such  as  Freon  and  special  gases;  we  will  also  try  to  find  out 
what  happens  when  ablative-type  products  from  a heat  shield  intermix  with  the 
ionized  plasma  to  further  represent  the  problem  at  higher  reentry  velocities. 
Other  laboratory  techniques  are  being  investigated  for  measuring  the  physical 
characteristics  of  the  plasma,  as  well  as  for  simulating  the  actual  mission  conditions 
more  realistically.  In  addition  to  laboratory  experiments,  the  RAM  (radio 
attenuation  measurements)  flight  project  is  designed  for  this  purpose.  In  this 
project.  Scout-type  vehicles,  equipped  with  engineering  pavloads,  and  fired  from 
Wallops  Station  will  provide  data  on  the  effect  of  actual  blackout  conditions  at 
a variety  of  radio  frequencies  so  that  we  may  choose  the  optimum  frequency  for 
mission  use.  We  will  also  seek  to  verify  in  flight  some  of  the  promising  techniques 
for  suppressing  or  eliminating  the  plasma.  We  have  completed  three  flight  experi- 
ments and  four  more  are  planned  over  the  next  12  to  IS  months.  It  is  in  support 
of  such  projects  as  this  that  we  are  requesting  an  addition  to  the  vehicle  antenna 
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test  facility  and  an  electronics  instrumentation  building  at  Langley  Research 
Center. 

Optical  techniques  in  communication*  and  tracking 

The  optical  maser,  more  commonly  referred  to  as  a laser,  provides  an  exciting 
new  means  for  generating  coherent  micromillimeter  wavelengths  (opical  fre- 
quencies) for  communications  and  tracking.  When  the  laser  is  properly  stimu- 
lated, as  when  exposed  to  a blast  of  high-intensity  light,  it  emits  a coherent  stream 
of  energy  which,  when  properly  harnessed,  can  open  the  vast  spectrum  of  optical 
frequencies  for  communications  and  tracking.  This  spectrum  is  100,000  times  as 
large  as  the  present  spectrum  in  use  of  all  communications.  A laser  experiment 
in  optical  tracking  is  being  incorporated  into  the  S-66  satellite  (fig.  116,  p.  1954). 
Tracking  measurements  in  range  to  an  accuracy  of  30  meters,  and  in  angular 
position  to  about  2 seconds  are  expected.  This  is  about  an  order  of  magnitude 
better  than  any  of  the  present  electronic  techniques.  To  accomplish  this  experi- 
ment, corner  reflectors  will  be  mounted  on  the  satellite.  The  transmitted  laser 
signal  from  the  ground,  which  is  concentrated  in  a narrow  beam,  will  be  reflected 
back  to  the  gound  from  the  corner  reflectors  into  the  tracking  telescope  which  is 
mounted  coaxially  with  the  laser  transmitter.  Enough  light  will  be  reflected 
back  to  be  received  and  detected  on  the  Earth.  This  is  not  presently  possible 
with  ordinary  light  transmission  techniques.  The  tiny  corner  reflectors  mounted 
on  the  satellite  make  use  of  retrodirective  optical  effects  as  illustrated  (fig.  NASA 
R63-7),  wherein  any  light  received  is  reflected  direct./  back  to  the  source  of  that 
light.  Much  use  of  these  devices  is  expected  in  optical  communications  sytems. 
In  conjunction  with  laser  research,  atmospheric  transmission  experiments  will 
be  carried  out  to  discover  how  the  optical  frequencies  are  attenuated  by  the 
atmosphere,  including  such  fundamental  factors  as  absorption,  scattering,  diffrac- 
tion, and  polarization.  New  and  improved  devices  for  tracking  telescopes  will  be 
required  and  will  be  studied.  Because  of  the  velocity  of  the  spacecraft  relative 
to  the  tracking  station,  relativistic  effects  must  be  considered  when  using  optical 
frequencies.  For  example,  it  is  not  clear  that  when  optical  frequencies  are  used 
whether  the  signal  will  be  reflected  directly  back  to  the  transmitter,  or  whether 
it  will  be  deflected  forward  of  the  transmitter  in  the  direction  of  motion  of  the 
spacecraft  and  thus  completely  miss  the  receiving  antenna.  The  way  in  which 
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relativity  affects  this  problem  will  be  investigated  through  direct  experiments  in 
tracking 

The  technology  of  lasers  is  only  a few  years  old.  Many  practical  problems 
remain  to  be  solved.  Some  examples  are:  (1)  Jhe  efficient  generation  of  coherent 
optical  radiation  to  produce  a stable  bandwidth  frequency  (i.e.,  narrow  spectral 
bandwidth);  (2)  a means  for  efficiently  modulating  the  optical  energy  or,  in  other 
words,  introducing  information  content  onto  the  basic  signal;  (3)  more  efficiently 
detecting  the  information  at  the  recovery  or  receiving  site  (present  day  microwave 
devices  and  techniques  are  not  directly  applicable  for  detection  and  reception  of 
signals  at  optical  frequencies);  (4)  the  affects  of  the  atmosphere  and  other  space 
environment  on  the  transmission  and  absorption  of  optical  frequencies  (i.e.,  the 
propagation  phenomena  associated  w-ith  these  frequencies,  including  the  rela- 
tivistic affects  noted  above).  Rapid  and  significant  progress  is  being  made  in 
respect  to  these  problems.  A recent  discovery  has  been  made  by  several  activities, 
including  MIT’s  Lincoln  Laboratory,  of  a technique  for  direct  conversion  of  elec- 
trical energy  into  optical  energy.  A small  piece  of  gallium  arsenide,  under  the 
proper  environment  conditions,  and  properly  designed  can  be  stimulated  by  pulses 
of  electric  energy  and  convert  these  to  light  energy  which  can  be  used  for  com- 
munications. The  significant  thing  here  is  that  the  conversion  process  is  rela 
tively  efficient  and  the  device  can  be  theoretically  operated  with  small  amounts 
of  power  which  can  be  easily  modulated  at  the  electric  input.  This  is  contrasted 
with  the  present  laser  devices  which  require  large  amounts  of  power  and  relatively 
large  equipment  to  stimulate  the  emission  of  light  and  to  modulate  the  signal. 
Ultimate  application  of  such  small  devices  in  flashing  light  satellites  for  geodetic 
tracking,  communications  between  manned  spacecraft  in  rendezvous  operations 
for  guidance  and  control,  and  in  space-to-space  communications,  are  easily 
visualized. 

A further  example  of  communications  with  lasers  is  the  case  where  a passive 
satellite  may  be  used  as  a relay  means  for  transmitting  telephone  and  TVtrans- 
missions  from  one  portion  of  the  earth  to  another  v ithout  requiring  any  electronic 
equipment  in  the  satellite  (fig.  NASA  R63-994).  This  may  be  possible  because 
of  the  large  amount  of  bandwidth  and  energy  which  can  be  transmitted  by  the 
narrow  laser  beam  as  compared  to  ordinary  radar  transmission  wherein  the  bulk 
of  the  energy  is  not  reflected,  but  rather  dissipated  into  space.  To  accomplish 
this,  highly  precise  tracking  of  the  passive  satellite  will  be  necessary. 
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Antennas  in  space  communications 

For  the  distances  involved  in  the  planetary  missions,  there  is  a requirement  for 
a communications  and  tracking  capability  in  excess  of  any  of  our  present-day 
ground  systems.  Although  we  are  attempting  to  build  even  larger  antennas  on 
the  ground,  this  approach  has  practical  engineering  and  economic  limitations 
when  applied  to  single  dish  antennas.  The  alternative  approach  to  achieving 
the  high  gain  of  large  antennas  on  the  ground  is  to  construct  an  array  of  smaller 
dishes  which  will  operate  cooperatively  to  produce  the  equivalent  (or  better) 
gain  and  sensitivity  of  a very  large  aperture  single  dish  antenna. 

Kxperimental  work  has  been  going  forward  in  the  laboratory  on  the  problem 
associated  with  multiple  arrays  and  these  have  confirmed  the  feasibility  in  theory, 
of  arraying  a number  of  independently  steerable  antennas  in  a practical  and  eco- 
nomic manner.  A number  of  relatively  small  paraboloid  antennas  can  be  con- 
nected electrically  to  do  the  job  of  a large  single  paraboloid  (fig.  107,  p.  1943). 
With  the  smaller  dishes  come  certain  advantages:  They  are  easier  to  construct 
and  more  economical;  higher  frequencies  may  be  used  with  higher  gain;  greater 
versatility  is  use  is  expected  (i.e.,  they  may  be  used  individually  or  in  array);  a 
wider  tracking  beam  width  can  be  expected.  However,  there  are  a number  of 

Eroblems,  such  as:  What  is  the  effect  of  feed-line  attenuation  w hen  the  signals  are 
rought  together  at  a central  receiver?  What  is  the  proper  spacing  ot  the  indi- 
vidual elements  of  the  array?  Will  it  be  possible  to  detect  the  signals  in  a co- 
herent fasion  (in  unison)?  What  are  the  atmospheric  effects  which  may  produce 
propagation  anomalies  which  will  interfere  with  efficient  signal  recovery  at  the 
various  antenna  locations?  To  carry  on  further  research  and  technology  of  tnis 
important  work  will  require  the  construction  of  a realistic  prototype  system  such 
that  the  design  parameters,  which  are  important  and  can  be  studied  further  in  a 
realistic  environment. 

A research  proposal  for  an  interplanetary  relay  system  involves  the  use  of  a 
very  low  frequency  antenna  oribiting  the  earth  on  the  one  hand,  and  orbiting 
around  one  of  the  planets  on  the  other.  This  would  be  a dipole  antenna  involving 
a wire  about  3 miles  long,  associated  at  midpoint  with  a receiver  and  transmitter 
and  operating  at  the  low  frequencies  of  the  order  of  15  kilocycles  (fig.  NASA 
R63-996).  The  advantage  of  this  technique,  according  to  the  theory,  is  that 


2110 


1964  NASA  AUTHORIZATION 


V 

\ 


/•BiTAl  *A  *'Ol  IaBTh 


t N*jS 


INTERPLANETARY  ANTENNA  RESEARCH  IN  VJ.F 


*tAi  *atn  O*  • «(NuS 


jrif  *»ANSMJSSfON 

‘ H * # 


.ADVANTAGES:  ,, 

( v-LOW  POWER  . 

</  OMNIDIRECTIONAL 
'/'HIGH  GAIN  , 


there  is  very  little  interference  to  the  very  low  frequency  transmission  in  outer 
space  as  compared  to  on  earth.  Thus,  with  a relatively  low  power  requirement, 
a very  high-gain  transmission  system  can  be  obtained  between  planets.  This 
system  has  the  further  advantage  of  being  omnidirectional;  therefore,  no  pointing 

Eroblem  would  be  involved.  One  disadvantage  would  be  the  relatively  narrow 
andwidth,  making  for  limited  information  capacity  for  such  a system.  What 
this  does  point  up  is  the  need  for  research  experiments  in  connection  with  the 
very  low  frequency  transmissions  in  outer  space  to  confirm  the  feasibility  of  this 
technique. 

Some  research  problems  in  fiscal  year  1964  are:  Research  in  signal  and  error 
detection  electronic  subsystems;  improvement  in  low  noise  rf  amplifiers  (maser 
amplifiers);  antenna  servocontrol  systems;  efficient  feed  system  designs. 

In  addition,  work  in  fiscal  year  1964  will  stress  high-gain  vehicle  antennas, 
antennas  for  reentry  conditions  which  involve  surviving  high  heat,  and  work  on 
omnidirectional  antennas  on  spacecraft  so  as  to  minimize  the  tracking  and  data 
acquisition  problem  on  the  ground. 

Advanced  devices  technology  for  electronic  systems 

The  technology  of  microelectronics,  w herein  a single  piece  of  material  is  designed 
to  perform  the  functions  of  a number  of  individual  electronic  parts  or  elements, 
is  an  outgrowth  of  the  technology  of  transistors.  A single  block  of  material  about 
the  size  of  a dime  can  now  be  fabricated  to  perform  the  functions  of  a conventional 
electronic  blackbox  of  components  many  times  the  size  and  weight  of  the  micro- 
electronic element  or  integrated  circuit  (fig.  112,  p.  1449).  But  the  important 
reasons  why  microelectronic  techniques  and  devices  are  important  to  the  space 

fvogram  are  not  primarily  because  they  are  small  and  light,  but  more  importantly 
or  the  reasons  that  a new  order  of  reliability  may  be  expected  ultimately  with 
these  techniques.  Inherent  in  the  evolution  of  microelectronics  is  the  wealth  of 
knowledge  gained  in  the  transistor  technology  which  has  resulted  in  great  strides 
in  the  understanding  and  use  of  solid-state  physics  in  electronic  systems.  Also, 
the  manufacture  of  a microelectronic  integrated  circuit  can  be  accomplished  by 
vacuum  deposition  processes,  inherently  involving  fewer  steps  than  the  manu- 
facture of  a conventional  electronics  system.  These  processes  can  and  must  be 
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well  controlled  precisely;  therefore,  the  resell  is  a greater  degree  of  reproducibility 
than  otherwise  possible.  In  conventional  electronics,  numerous  parts  are  bought 
from  different  vendors  who  utilize  different  controls  in  the  manufacture  of  the 
materials  and  parts. 

Integrated  circuits  may  be  designed  so  that  the  number  of  electrical  connections 
are  minimized.  One  of  the  limiting  factors  in  modern  day  technology  involving 
the  reliability  of  electronic  systems  is  the  number  of  connections  which  must  be 
made,  either  by  soldering,  welding,  or  other  techniques.  It  is  widely  agreed  that 
the  reduction  of  interconnections,  either  within  integrated  elements  or  between 
integrated  circuits  is  of  very  great  importance  in  achieving  reliability.  A further 
reason  for  increased  reliability  possibilities  in  micro-electronics  is  the  potential 
radiation  resistance  of  such  devices  when  utilizing  thin-film  techniques.  Radia- 
tion might  easily  pass  through  a thin-film  microelectronic  device  without  affecting 
the  crystal  or  physical  structure  of  the  material  (fig.  113,  p.  1951).  On  the  other 
hand,  the  impingement  of  this  radiation  on  the  more  bulky  structure  of  a conven- 
tional semiconductor  device  can  result  in  displacement  or  disruption  of  the 
crystal  lattice  and  result  in  some  malfunctioning  of  the  electronic  circuit  in  which 
the  device  appears.  Of  course,  it  is  also  easier  to  shield  the  smaller  microelec- 
tronic elements  than  the  larger  conv“nt:onal  electronic  systems  if  shielding  is 
necessary.  Past  experience  has  illustrated  that  when  redundancy  is  employed  in 
electronic  systems,  improved  reliability  is  obtained.  While  it  would  be  im- 
practical to  employ  duplicate  circuitry  in  systems  employing  conventional 
electronics,  the  whole  idea  becomes  vastly  more  practical  with  the  processes  and 
techniques  of  microelectronics.  For  example,  three  identical  circuits  may  be  used 
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to  convey  identical  information.  This  is  known  as  majority- voting  redundancy. 
That  is,  at  the  output,  or  box,  the  output  of  the  two  circuits  which  agree  are 
considered  to  be  the  most  reliable.  It  is  probable  that  this  technique  will  be 
employed  more  commonly  as  the  technology  of  microelectronics  expands.  It  is 
predicted  that  systems  made  of  microelectronic  parts  or  techniques  will  be  10 
times  as  reliable  as  those  made  with  conventional  electronics,  projecting  the 
present  rate  of  progress  over  the  next  10  years  (fig.  NAS.%  R63-986).  Or,  in 
other  words,  there,  will  be  10  times  more  failures  in  any  given  system  over  a speci- 
fied period  of  time  which  uses  conventional  parts,  as  compared  to  an  analogous 
system  utilizing  microelectronic  techniques.  Prediction  also  shows  usage  in 
future  systems  will  exceed  70  percent. 

We  are  presently  conducting  advanced  research  into  microelectronics  including 
techniques  which  show  promise  of  yielding  inherent  invulnerability  to  space 
radiation.  Present  effort  is  also  concerned  with  learning  how  to  manufacture 
reliable  active  devices  which  can  be  reproduced  consistently.  We  are  further 
interested  in  active  devices  which  will  consume  smaller  and  smaller  amounts  of 

Kwer,  since  power  is  a limiting  factor  in  space  missions.  Investigations  have 
gun  and  will  continue  into  pertinent  applications  of  state-of-the-art  micro- 
electronic technology  to  the  NASA  spacecraft  electronic  systems.  We  are  co- 
ordinating our  work  with  similar  research  in  the  Department  of  Defense.  It  will 
be  necessary  to  augment  facilities  within  the  NASA,  as  well  as  build  up  certain 
categories  of  trained  personnel  in  chemistry,  solid-state  physics,  and  materials 
research  to  carry  out  the  space-oriented  aspects  of  this  new  technology. 

INSTRUMENTATION  AND  DATA  PROCESSING 

The  fields  of  instrumentation  and  data  processing  involve  generation  of  infor- 
mation and  its  reduction  to  usable  terms.  Instruments  and  man  supply  raw 
data;  data  processing  equipment  reworks  or  uses  them  in  some  fashion.  The  raw 
data  may  consist  of  enectrical  signals  supplied  by  instruments  and  indicative  in 
some  way  of  pressures,  temperatures,  or  radiation  levels.  It  may  take  the  form 
of  intensities  of  spots  on  the  screen  of  an  image  tube  in  a TV  camera,  uncorrected 
distances  to  a planetary  surface  as  indicated  by  a radar,  or  numbers  resulting  from 
research  experiments.  Data  processing  complexes  are  then  use#  to  reorganize 
the  raw  information  so  as  to  make  it  most  useful  to  man  and  his  machines. 

Instrumentation 

It  has  been  found  functionally  desirable  and  feasible  to  establish  three  categories 
of  instrumentation — astrophvsical,  engineering,  and  biophysical. 

Examples  of  astrophysics!  instrumentation  are  evident  from  the  many  well- 
known  terrestrial,  lunar,  and  planetary  projects  now  underway.  It  is  known, 
for  example,  that  many  excellent  measurements  have  been  made  of  the  Van  Alien 
radiation  belts,  and  it  is  probable  that  far  stronger  belts  exist  arpund  Jupiter  and 
other  planets.  For  such  advanced  exploration,  radiation  measuring  devices 
must  be  replaced  by  instruments  capable  of  responding  in  a meaningful  way  to 
much  greater  atomic-particle  velocity  and  mass  ranges,  and  do  this  in  situations 
in  which  there  are  tremendous  changes  in  total  numbers  of  such  electrons,  protons, 
and  neutrons  found  in  a given  volume  at  any  time.  These  numbers  might  vary 
between  10  or  100  and  several  billion. 
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These  same  considerations  apply  to  the  problem  of  measurement  of  the  charac- 
teristics of  micrometeoroids  and  interplanetary  lust.  The  numbers,  weights, 
directions,  and  speeds  or  motion  of  these  bits  of  matter  must  be  accurately 
obtained  (fig.  NASA  R.63-991). 
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Solar  proles,  extending  our  inquiries  into  regions  within  Mercury’s  orbit,  will 
require  electronic  equipment,  including  instruments,  capable  of  withstanding 
radiation  and  temperature  levels  well  beyond  state-of-the-art  limitations.  Tem- 
peratures, for  example,  will  be  generally  above  1,500°  F. 

Magnetometers  must  be  developed  which  maintain  their  accuracies  over 
ranges  of  magnetic  fields  extending  from  those  a hundredth  as  intense  as  that  at 
the  Earth’s  surface  to  fields  hundreds  of  times  as  intense.  At  the  same  time, 
they  must  be  capable  of  responding  in  fractions  of  a second  to  changes  caused  by 
various  solar  disturbances.  New  principles  must  be  exploited  to  make  such 
performance  realizable. 

Engineering  instruments  are  being  developed  in  the  direction  of  measurement 
of  the  greater  forces,  strains,  vibration  levels,  etc.,  of  the  larger  and  more  powerful 
vehicles  now  under  development.  Specifically,  for  example,  it  is  now  very 
difficult  to  measure  temperatures  above  5,000°  F.,  pressures  corresponding  to  the 
near  vacuums  of  outer  space,  and  thrusts  in  the  range  above  a million  pounds. 
In  part,  the  lack  of  suitable  instruments  is  the  direct  result  of  lack  of  suitable 
calibration  equipment. 

Instruments  to  indicate  ablation  and  charring  rates  of  heat  shields  are  required, 
as  are  thermometric  systems  which  control  and  indicate  the  status  of  the  heat 
balance  within  a body  exposed  to  both  solar  heating  and  deep-space  radiative 
cooling. 
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Mechanical  measurements  will  require  new  sensors.  The  determination  of 
liquid  quantities,  distribution,  and  flow  rates  is  difficult  under  conditions  of 
weightlessness.  Liquid  hydrogen  quantities  are  not  easy  to  determine  by  weigh- 
ing alone  even  under  normal  gravity  because  liquid  hydrogen  weighs  about  one- 
fourteenth  as  much  as  water.  The  presence  of  minute  cracks  in  evrogenic  liquid 
storage  tanks  must  be  somehow  revealed,  and  the  growth  rate  measured. 

Conduction  of  light  along  fine  fibers  of  good  optical  quality  has  lead  to  the 
development  of  the  new  art  of  “fiber  optics.”  Light  pipes  consisting  of  tens  of 
thousands  of  packed  fibers  will  transmit  images  over  tv  isted  paths  up  to  distances 
at  present  measured  in  yards.  Improvement  in  fiber  optical  techniques  and  their 
combination  with  electro-optical  devices  will  greatly  increase  the  utility  of  such 
systems  for  observation  of  areas  otherwise  inaccessible. 

The  study  of  the  impact  of  high-velocity  particles — for  example,  at  Ames 
Research  Center— will  soon  be  aided  by  the  development  of  means  for  generation 
of  ultrashort,  but  very  powerful,  bursts  of  light.  A laser  light  source  in  combina- 
tion with  an  electro-optical  shutter  called  a Kerr  cell  provides  bright  light  pulses 
lastii  g about  one  one-hundred-millionth  of  a second.  On  the  other  hand,  solu- 
tions are  not  immediately  in  sight  for  the  problem  of  obtaining  more  details  of  the 
small  variations  of  density  of  gases  flowing  around  a wind  tunnel  model;  advanced 
optical  techniques  hold  promise  in  this  regard. 

Instrumentation  to  be  used  within  and  near  nuclear  and  electric  propulsion 
systems  is,  by  and  large,  still  to  be  developed.  In  concert  with  the  nuclear- 
propulsion-program  office,  applicable  instrumentation  techniques  are  being 
investigated. 

Biophysical  instrumentation  monitors  man’s  immediate  environment  with 
emphasis  on  the  sustenance  of  man,  monitors  man  himself,  and  assists  in  the  search 
for  life  throughout  the  solar  system.  The  determination  of  the  quantities  and 
circulation  rates  of  carbon  dioxide,  water  vapor,  oxygen,  and  undesired  impurities 
in  space  suits  and  cabins;  and  the  necessity  of  accurate  temperature  indication  in 
closed  systems  dictate  development  of  small,  fast,  extremely  reliable  sensors  and 
associated  electronics  and  display  devices. 

With  respect  to  instrumenting  man,  are  devices  which  yield  respiration  and 
heartbeat  rates,  and  indicate  degree  of  oxygenation  of  the  blood  without  encum- 
bering the  wearer.  The  application  of  ultraininiaturization  techniques  is  expected 
to  lead  shortly  to  the  creation  of  wireless  combinations  of  appropri;  u1  sensors  and 
low-power  transmitters  occupying  approximately  one-thirtieth  of  a cubic  inch. 

At  present,  raw'  data  sensed  by  analog  transducers  go  through  a variety  of 
transformations  such  as  amplification,  modulation,  and  digitization  prior  to  data 
transmission  or  data  processing.  Since  data  is  transmitted  by  telemetry  and 
processed  by  computers  largely  in  digital  form,  it  is  logical  to  go  to  the  next  step, 
direct  digital  readout  sensors.  Digital  transducers  have  the  obvious  advantage 
that  the  instrument  reading  can  be  transmitted  without  the  various  conditioning 
steps  now  required,  all  of  which  serve  to  degrade  accuracy  and  reliability. 

Such  instruments  tie  in  naturally  with  intelligent,  adaptive  on-board  data 
processors  wffiich  we  also  see  as  a fruitful  area  for  research  investigation. 

Data  processing 

In  the  area  of  data  processing,  we  include  those  devices  and  techniques  required 
to  insure  flight  readiness  of  vehicles  and  spacecraft  as  wrell  as  reduction  of  informa- 
tion from  flight  systems  or  from  space. 

A modem  space  computing  complex  involves  calculation,  control,  communica- 
tion, and  monitoring  functions  {fig.  NASA  R63-984).  Primary  computation 
tasks  include  spacecraft  control  and  prediction,  and  the  conversion  into  useful 
form  of  scientific  data  transmitted  from  a space  vehicle.  Apart  from  the  central 
computer  complex,  there  are  computers  at  other  ground  sites — for  example,  at 
tracking,  telemetry,  and  launch  sites — and  computers  aboard  spacecraft.  These 
are  interlinked  into  an  integrated  system.  The  Jet  Propulsion  Laboratory  is 
developing  an  automatic  ground  computing  system  which  has  many  of  the  charac- 
teristics of  the  system  described. 

Until  very  recently,  general-purpose  computers  have  been  large,  heavy,  and 
unreliable  for  spacecraft  use.  However,  early  versions  of  such  computers  have 
been  developed  which  weigh  only  several  pounds  and  occupy  less  than  1 cubic 
foot  by  use  of  microcircuits.  The  reliability  of  this  kind  of  device  is  much  higher 
than  that  of  any  computer  element  constructed  in  the  past.  Microminiature 
devices  will  enable  us  to  make  use  of  redundancy,  that  is,  the  presence  of  compo- 
nents over  and  above  the  minimum  numbers  just  able  to  perform  the  task.  It  is. 
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in  fart,  possible  to  design  such  a system  so  that  a certain  number  of  components 
can  fail  without  affecting  system  performance. 

An  additional  way  of  insuring  computer  reliability  is,  of  course,  the  use  of  in- 
herently sturdy  components.  It  has  been  found  that  components  which  make 
use  of  the  magnetic  characteristics  of  certain  materials  are  exceptionally  resistent 
to  shock,  radiation,  and  aging.  Several  centers  are  devoting  attention  to  logical 
devices,  including  entire  computers,  constructed  of  such  magnetic  elements. 

A wholly  new  approach,  however,  is  the  use  of  devices  wholly  nonelectronic  in 
nature.  The  Diamond  Ordnance  Fuze  Laboratory  several  years  ago  discovered 
tha.  under  certain  circumstances  a narrow  jet  of  gas  or  liquid  will  tend  to  cling 
to  one  wall  or  the  other  of  an  exhaust  nozzle.  A separate  control  jet  can  cause 
the  main  jet  to  switch  from  one  wall  to  the  other,  and  this  arrangement  can 
provide  the  logical  basis  for  entire  computing  systems.  This  work  will  be  pursued 
at  the  Marshall  Space  Flight  Center  and  within  industry  in  the  strong  expectation 
of  producing  fluid  computers  and  simpler  control  devices  with  very  long  lifetimes 
(fig  210,  p.  2135).  Given  the  proper  construction  materials  and  fluids,  proper 
operation  would  be  achieved  under  extreme  conditions  of  temperature  and 
radiation  over  decades. 

Examples  of  other  techniques  are  micropower  techniques  whereby  an  entire 
transistor  circuit  will  use  a few  millionths  of  a watt  of  power;  circuits  requiring 
only  several  billionths  of  a second  for  entire  operations;  low-power,  light-weight 
computer  memories  of  exceptional  ruggedness. 

During  the  past  year  significant  progress  has  been  made  by  the  Marshall  Space 
Flight  Center  and  the  Goddard  Space  Flight  Center  in  the  checl  out  and  count- 
down of  space  vehicles.  The  Goddard  Space  Flight  Center  has  initiated  develop- 
ment of  a system  capable  of  choc*  ing  out  the  128  channels  of  information  on  the 
Orbiting  Geophysical  Observatory  (OGO),  scheduled  for  launch  during  the  first 
quarter  of  calendar  year  1964.  As  a measure  of  the  amount  of  information  and 
data  which  must  be  processed,  and  to  indicate  the  tremendous  complexity  of  this 
spacecraft,  one  channel  of  OGO  is  capable  of  transmitting  50  percent  more  data 
than  the  entire  output  from  Explorer  VII,  one  of  the  most  successful  scientific 
satellites  to  date.  The  Marshall  Space  Flight  Center  is  incrementally  intro- 
ducing a computer  controlled  countdown  and  checkout  in  the  Saturn  series  of 
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vehicles.  By  the  time  SA-10  is  ready  to  be  launched,  the  preponderance  of  the 
checkout  and  countdown  function  will  be  computer  controlled. 

The  efficient  use  of  computing  systems  in  the  reduction  of  quantities  of  informa- 
tion to  be  transmitted  from  one  point  to  another  is  being  investigated  at  several 
NASA  centers  (fig.  207,  p.  2132).  Data  from  the  image  acquisition  unit  are  fed 
to  a computer  which  compares  present  details  with  prior  ones.  Only  significant 
alterations  need  be  transmitted.  A more  sophisticated  system  would  recognize 
entire  patterns — for  example,  cloud  systems — and  transmit  only  very  brief 
codes  indicating  when  and  where  such  patterns  were  being  perceived.  Industry 
is  assisting  in  the  development  of  such  techniques. 

ELECTRO NIC8  RESEARCH  IMPLEMENTATION 

The  NACA  and  the  other  components  from  which  the  NASA  was  created 
possessed  a rich  heritage  of  capabilities  in  aeronautical  and  propulsive  sciences, 
capabilities  which  enabled  us  to  easily  effect  the  transition  to  space  exploration. 
Although  these  naturally  included  some  elements  of  electronics  research  com- 
petence, this  area  was  represented  by  a relatively  small  cumulative  effort,  diffused 
throughout  the  Agency.  At  the  same  time,  the  space  exploration  task  focused 
a very  large,  long-range  emphasis  in  electronics.  This  i3  the  reason  why,  nearly 
2 years  ago,  NASA  management  began  studying  this  responsibility  and  its  asso- 
ciated organizational  implementation.  The  effort  led  to  the  formation,  late  in 
1961,  of  the  Electronics  and  Control  Directorate  in  the  Office  of  Advanced  Re- 
search and  Technology,  whose  task  w>as  to  formulate  and  pursue  a research  pro- 
gram in  the  electronics  disciplines  which  would  enable  the  NASA  to  fulfill  its 
mission. 

Constant  and  continuing  review  of  the  problems  of  electronics  and  associated 
disciplines  have  gone  on  since  that  time.  The  need  for  more  reliable  electronics 
equipment  is  one  of  our  most  famous  problems— so  well  advertised  in  space  activ- 
ities that  it  need  not  be  dwelled  on  here.  Tnis  results  from  one  simple  fact,  we 
have  been  forced  by  the  pace  of  space  exploration  to  use  and  operate  electronic 
components  which  were  not  designed  for  the  space  environment.  This  problem 
begs  for  solution  even  as  the  performance  demands  on  electronics  continue  to 
increase,  due  to  the  severity  of  the  hostile  space  environment. 

Much  of  the  large,  active,  and  capable  electronics  industry  is  turning  to  the 
NASA  for  research  direction  and  support  of  their  space-oriented  activities. 
While  NASA  can  take  up  part  of  the  support  role  by  providing  funds,  proper  and 
effective  agency  direction  can  come  only  from  a nucleus  of  experienced  and  knowl- 
edgeable engineers  and  scientists — just  as  direction  in  other  disciplines  comes 
from  other  NASA  laboratory  centers.  Suffice  to  say,  NASA  simply  must  have 
qualified  people  on  its  staff  w'ho  are  well  informed  on  space  missions  and  their  re- 
lated electronic  systems  performance  requirements,  able  to  identify  the  problem 
areas,  and  competent  to  evaluate  the  research  resuits  of  others.  They  must  also 
exercise  leadership  in  a favorable  environment. 

As  a result  of  our  review  and  study  on  the  implementation  of  electronics  respon- 
sibilities for  future  space  missions,  in  our  fiscal  year  1964  budget  we  are  requesting 
congressional  approval  for  initial  funding  of  $5  million  co  establish  a new  Electron- 
ics Research  Center  to  be  located  in  the  Greater  Boston  area.  Our  long-range 
plans  call  for  an  installation  buildup  over  a period  of  6 to  7 years  yielding  a staff 
of  approximately  2,000  personnel,  of  whom  600  to  700  would  be  professionals, 
and  a plant  value  of  approximately  $50  million. 

The  rate  of  center  growth  will  be  gradual  and  represents  an  investment  in  the 
future  of  space  flight,  analogous  to  the  investment  made  in  the  older  research 
centers  many  years  ago  which  is  paying  off  so  handsomely  today.  This  rate  of 
growth  together  with  upgrading  of  Center  personnel  by  continued  graduate 
education  after  they  are  on  board  is  expected  to  allow  us  to  meet  our  staffing  re- 
quirements with  little  or  no  impact  on  scientific  and  engineering  manpower  as 
projected  during  this  growth  period. 

The  NASA  considered  many  potential  sites  throughout  the  country  for  loca- 
tion of  the  Electronics  Research  Center.  On  balance,  the  overall  university- 
industrial  strength  and  capability  in  electronics  and  guidance  research  in  the 
Greater  Boston  area  resulted  in  its  selection  as  the  location  for  the  Center.  This 
area,  noted  for  its  past  and  current  heavy  concentration  on  electronics  research, 
both  in  industry  and  universities,  provides  a compatible,  stimulating  environment 
for  growth  of  NASA  capabilities  in  this  important  area  of  technology. 

The  Center  will  have  the  principal  function  of  conducting  and  directing  research 
and  component  technique  investigations  in  the  related  fields  of  communications, 
data  processing,  guidance,  instrumentation,  and  control.  It  will  be  staffed  and 
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equipped  to  perform  original  work  and  to  work  closely  with  industries  and  univer- 
sities with  common  interests.  For  example,  component  test  facilities  will  be 
provided  for  evaluation  of  industrially  developed  experimental  components. 
The  Center  will  serve  to  focus  the  increasing  NASA  out-of-house  efforts  in  the 
burgeoning  area  of  electronics  technology.  Most  important,  it  will  provide  a 
regenerative  path  for  the  early  exploitation  of  advanced  techniques  or  develop- 
ments for  space  flight,  whatever  their  source. 

Dr.  Kelley.  Our  electronics  and  control  program,  Mr.  Chairman, 
encompasses  several  functional  areas.  To  simplify  nomenclature  we 
often  use  the  broad  terms  electronic  systems  or  simply  electronics  to 
include  all  of  the  following: 

Guidance  and  navigation,  which  is  determining,  predicting,  and 
directing  a vehicle’s  position  along  a flight  path  or  trajectory.  This 
includes  inertial  guidance,  radiation  trackers,  guidance  computation, 
and  flight  mechanics. 

Control  and  stabilization,  the  control  of  a vehicle  along  and  about 
the  flight  path.  This  includes  manned  and  automatic  flight  control 
systems,  control  theory,  and  advanced  component  techniques. 

Communications  and  tracking,  that  is  the  transmission  of  commands 
to  and  the  recovery  of  data  from  an  aerospace  vehicle.  This  includes 
communications,  tracking,  and  data  acquisition  systems,  and  advanced 
electronic  techniques  and  devices. 

Instrumentation  and  data  processing,  which  is  detection,  genera- 
tion and  measurement  of  information  or  phenomena,  and  reduction  of 
this  information  to  intelligible  and  useful  forms.  This  includes 
physical  and  biomedical  measurement  techniques,  data  processing, 
and  advanced  computing  devices. 

Now,  as  part  of  the  normal  functions  of  NASA  program  manage- 
ment, we  continually  analyze  the  state  of  the  art,  together  with 
projected  mission  in  needs  in  order  to  establish  research  and  tech- 
nological requirements  in  these  areas,  and  this  is  why  we  have  an 
anaylsis  and  requirements  group  as  a staff  group  shown  in  the  upper 
right-hand  side  of  the  slide  (fig.  190). 

This  analysis  is  a two-way  process  between  ourselves  and  industry. 
For  example,  in  our  operation  at  headquarters,  alone,  we  have  often 
averaged  as  many  as  40  contacts  a day  from  the  industries  and 
universities  with  which  we  have  common  interests. 

Mr.  Karth.  Is  this  correspondence,  telephone  calls,  et  cetera? 

Dr.  Kelley.  Yes,  sir.  In  fact,  we  have  set  up  one  man  in  that 
group  as  assistant  for  industrial  development  who  deals  almost  ex- 
clusively with  industries  and  universities. 

In  the  time  available,  I will  discuss  only  a few  selected  items  from 
the  broad  spectrum  of  interest  we  have. 

The  importance  of  electronics  in  aeronautics  and  space  is  quite 
apparent.  Electronics  and  its  associated  disciplines  constitute  the 
brain  and  nerves  of  flight  vehicles. 

Next  slide  (fig.  191)  please. 

Here  we  have  an  analysis,  our  analysis  of  project  dollars — the  por- 
tion that  goes  into  electronics.  These  are  on-going  flight  projects. 
Launch  vehicles  average  40  percent.  A development  vehicle  could  go 
as  high  as  60  percent.  Spacecraft  average  70  percent.  Ground  based 
traclang  and  data  systems  average  90  percent. 

Unfortunately  in  the  same  context,  a much  higher  percentage,  oh — 
incidentally,  these  averages  are  overall  throughout  the  projects. 
When  you  weight  these,  approximately  60  percent  of  our  dollars  are 
involved  in  electronics,  as  I defined  it  when  I started. 
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Unfortunately,  in  the  same  context,  a much  larger  part  of  our  flight 
failures  arise  from  electronics,  approximately  90  percent.  Success  in 
this  area  is  obviously  a major  factor  in  overall  mission  accomplishment 
since  a dead  or  unintelligent  vehicle  is  useless  if  it  cannot  measure  data 
and  send  it  back  to  Earth. 

I have  often  been  asked  the  difference  between  Earth  and  space 
electronics.  Electronics  is  electronics,  I look  in  the  back  of  my  tel- 
evision set  and  that  is  electronics. 

Some  of  the  striking  differences  are  high  acceleration  rocket  launch 
followed  by  long  periods  of  weightlessness,  maybe  up  to  years  eventu- 
ally, very  often  followed  by  a pretty  hot  reentry;  not  to  mention 
the  radiation  environment;  I think  you  are  all  familiar  with  some 
of  the  problems  we  have  had  lately  with  the  radiation  environment. 

Micrometeorite  fields,  and  w~e  are  getting  more  into  the  area  of 
temperature  extremes.  If  we  hope  to  get  in  close  to  the  Sun,  we  are 
going  to  have  to  develop  components  that  can  withstand  temperatures 
in  terms  of  thousands  of  degrees. 

Extremely  small  size  and  weight,  I think  the  reason  is  obvious, 
we  can  save  on  payload. 

Low  power  consumption,  here  again  we  can  save  on  payload  if  we 
can  cut  down  the  power  requirements  by  having  low  power  con- 
sumption in  our  electronics. 

One  of  the  interesting  and  unique  aspects  is  sterilization,  and  I 
think  most  of  the  committee  is  familiar  with  the  experience  in  steri- 
lization problems  we  had  in  the  Ranger  program  and  we  will  continue 
to  have  a sterilization  requirement  it  we  want  to  land  on  the  planets. 

In  the  Mariner  it  was  a flyby.  We  didn’t  have  a requirement. 

We  don’t  wrant  to  upset  the  ecological  balance  on  a planet  and 
contaminate  it,  if  you  will,  with  germs  on  our  planet. 

We  are  also  in  a custom-tailored  business.  We  have  relatively  few 
of  a kind  high-priced  electronic  items.  We  are  not  in  a consumer 
production  operation.  We  are  in  a job  shop  electronics  operation. 

Some  of  our  reliability  standards  are  also  unique.  We  will  want  our 
equipment  to  operate  unattended  for  periods  of  years.  This  involves 
not  only  reliability,  but  the  safety  of  our  astronauts  and,  I could  give 
you  figures  like  a hundred  or  thousands  of  times  existing  reliability; 
but  I might  just  illustrate  it  with  an  example. 

Most  of  us  have  a TV  set  in  our  house.  This  represents  a very, 
very,  small  part  of  the  complexity  of,  for  example,  a manned  space-  - 
craft.  Some  of  our  missions  will  last  a year  or  more,  including  manned 
missions.  I wonder  how  many  of  us  here  would  bet  that  that  tele- 
vision set  in  our  living  room  would  operate  perfectly  for  the  next  year. 

May  I have  the  next  slide  (fig.  192)  please. 

I want  to  discuss  now,  briefly,  some  of  the  technical  areas,  taking 
the  guidance  and  control  area  first,  and  hitting  on  these  high  points 
and  then  I’ll  hit  on  the  communications  and  instrumentation  area, 
briefly. 

Some  of  the  interesting  aspects  we  have — unique  aspects,  are 
deep-space  guidance,  attitude  stabilization  requirements,  manned 
flight  requirements,  and  some  of  our  peculiar  automatic  control 
requirements. 
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May  I have  the  next  slide  (fig.  193)  please. 

How  to  get  from  here  to  there  in  space,  presents  a new  problem. 
All  our  history  of  navigation  is  based  on  Earth  requirements;  on  a 
spinning  ball  whirling  through  space. 

Now,  if  we  are  out  in  the  space  itself,  we  have  to  determine  which 
way  is  "up,”  what  corresponds  to  latitude  and  longitude.  For 
example,  a mariner  or  an  airman  on  the  Earth  can  take  three  sights 
and  get  an  unambiguous  fix.  It  takes  four  sights  in  space.  It’s 
obviously  a more  difficult  problem  in  space. 

One  of  the  developments  that  we  are  working  on  for  space  naviga- 
tion is  the  so-called  tethered  optical  inertial  sextant.  The  sextant 
is  stabilized  away  from  the  disturbances  of  the  spacecraft.  We  can 
then  save  on  the  stabilization  requirements  for  the  spacecraft  itself. 
We  only  have  to  stabilize  a small  light-weight  article  and  we  some- 
times refer  to  this  as  the  "dog  on  the  leash.” 

Next  slide  (fig.  Ill,  p.  1947)  please. 
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Dr.  Bisplinghoff,  showed  you  this  slide  when  he  discussed  electronics 
and  control.  I want  to  refer  to  it  again,  briefly,  to  indicate  why  we 
are  going  into  some  of  these  cryogenic  gyros  or  electrostatic 
accelerometers. 

A gyro  can  tell  you  which  way  is  up.  It  tells  you  your  orien- 
tation with  respect  to  the  sturs,  as  you  carry  it  along  with  you. 

Here  we  are  trying  to  use  the  environment,  to  live  off  the  environ- 
ment. The  cryogenic  gyro  doesn’t  make  sense,  all  the  extra  equipment 
you  have  to  carry  around,  unless  you  have  a large  cryogenic  source 
available.  If  you  have  it  available,  why  not  bleed  it  off  and  use  it? 

Also  the  electrostatic  accelerometer  is  a way  of  telling  how  far  we 
have  traveled.  We  multiply  it  by  time.  That  is,  the  motion  of  the 
accelerometer  by  time  and  we  get  the  velocity,  we  multiply  it  by 
time  again  and  get  the  distance.  That’s  what  the  accelerometer  does. 

Here  we  may  have  large  sources  of  electric  energy,  such  as  an 
electric  propulsion  device.  If  we  are  going  to  have  a large  source  of 
electric  energy  available,  why  not  use  it  and  thus  build  the  electro- 
static accelerometer? 

Incidentally,  there  was  an  article  in  Business  Week  about  a week 
ago,  called  “Star  in  the  Bottle,”  which  referred  to  the  Navy  develop- 
ment of  this  for  the  submarine.  This  is  a joint  development  between 
the  Navy  and  NASA  with  GE  and  Minneapolis  Honeywell  as 
contractors. 

Just  to  give  you  an  example  of  why  guidance  is  required,  for  example, 
an  electric  propulsion  mission,  415  days  to  Mars.  A 22-pound  mis- 
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calculation  in  vehicle  weight,  or  a half  degree  thrust  angle  error  could 
end  in  200,000  miles  position  error.  Obviously,  we  nave  to  keep 
taking  fixes  to  find  out  where  we  are  and  recalculate,  or  redetermine 
where  we  want  to  go. 

Next  one,  please  (fig.  195). 

Another  interesting  phenomenon  in  guidance,  is  the  horizon.  When 
we  are  in  Earth  orbit,  for  example,  we  can’t  drop  a plumb  bob  be- 
cause we  are  weightless.  We  have  to  determine  which  way  is  up  so 
wre  can  stabilize  the  vehicle. 

One  of  the  best  ways  is  to  measure  the  edge  of  the  horizon.  WTe 
have  been  doing  this  in  a number  of  our  space  vehicles  now  for  the 


Figcre  195 

{)ast  few*  years,  but  we  have  come  to  the  conclusion,  based  on  some 
arge  errors  we  have  discovered;  for  example,  over  tropical  storms 
where  the  temperature  gradients  are  not  what  we  expected,  that  we 
should  go  back  and  take  a look  at  the  horizon.  What  really  are  we 
looking  at? 

We  have  a flight  project  at  Langley  where  we  will,  by  spinning  this 
device  take  many,  many  measurements  of  the  horizon  at  various  por- 
tions of  the  spectrum,  ultraviolet,  infrared,  and  so  forth,  to  see  if  we 
can  find  clean  lines  we  can  measure  and  then  build  instruments  to  be 
able  to  track  those  lines  for  our  future  space  vehicle  missions. 

Next  one,  please  (fig.  196). 

Some  of  our  attitude  control  research  is  quite  intersting  and  here, 
again,  we  want  to  live  off  the  environment.  The  standard  we  have 
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used  up  to  now  is  control  jets  but  this  gets  to  be  a pretty  inefficient 
operation  if  we  are  going  to  go  on  long  missions,  because  we  are  going 
to  have  to  carry  the  energy  source  of  the  jet,  that  is  gas  or  the  fuel, 
along  with  us.  We  can  use  reaction  devices,  which  w*e  are  using,  as 
shown  on  the  right,  where,  with  electric  energy  wre  can  spin  up  an 
electric  motor.  Really,  what  it  is,  is  a wheel. 

We  don’t  think  of  this  on  Earth,  but  with  space,  with  no  resistance, 
if  we  spin  up  a wheel  one  way  with  an  electric  motor,  then  the  base 
tends  to  spin  the  other  way.  Newton  said  this,  “You  push  and  it 
pushes  back.”  “Action  and  reaction.” 

By  winding  up  a wheel,  with  an  electric  motor  we  can  turn  the 
spacecraft  around  and  control  its  attitude. 

Again,  using  gravity  gradients  and  magnetic  fields,  in  the  left-hand 
corner,  we  want  to  live  off  the  environment.  That  is  a phenomena  in 
gravity  where  it  is  not  constant  as  you  go  up  in  altitude  and  can  be 
used  as  a stabilization  device.  The  magnetic  field  around  the  Earth 
can  be  used  in  a similar  way.  Our  approach  is,  don’t  try  to  fight  it. 
Use  it,  if  you  can,  to  help  you. 

Solar  sails  are  another  good  example.  I think  most  of  us  are  aware 
the  Sun  pushes  on  us.  If  we  can  put  up  a big  enough  sail,  we  can  use 
this  push  to  our  advantage  to  help  stabilize  a vehicle  or  even  propel 
it,  if  you  will. 

The  next  one,  please  (fig.  197). 
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Figure  197 

And,  of  course,  in  manned  vehicle  control  research,  some  of  our — 
most  of  our  requirements  are  ouite  unique,  landing  on  the  Moon  for 
example  presents  its  own  problems  on  controlling  rocket  thrust. 

We  are  in  a low  g.  environment,  one-sixth  of  that  of  the  Earth. 
We  have  no  atmosphere  for  stabilization,  and  so  forth,  so  the  prob- 
lems in  vehicle  control  research  are  many,  varied,  and  unique. 

Next  one,  please  (fig.  198). 

One  of  the  examples  of  our  vehicle  control  research  is  the  so-called 
foot  print  display.  We  began  using  this  about  2 years  ago  with  the 
X-15  at  Edwards.  Coming  back  in  the  reentry  corridor  as  shown  at 
the  right-hand  side,  to  the  pilot’s  landing  area,  is  sometimes  called 
threading  the  needle. 

He  has  a restricted  reentry  corridor.  The  landing  area,  available 
to  him  is  a function  of  his  position  in  this  corridor  and  changes  as  a 
function  of  time  as  a result.  It  is  a heart  shaped  or  cardioid  pattern 
on  the  ground.  We  found  this  display  method  to  be  very,  very  effec- 
tive in  the  X-15.  This  now  has  the  fancy  name  of  “energy  manage- 
ment.” Most  of  us  old  pilots  remember  this  as  trading  off  altitude 
for  air  speed,  but  it  is  not  quite  as  simple  in  a space  vehicle.  The 
pilot  can't  calculate  in  terms  of  25,000  miles  per  hour — can’t  calculate 
mentally.  You  have  to  display  it. 

So,  that  is  what  we  intend  to  do  in  the  upper  left-hand  side,  display 
to  him  the  landing  area  available  continuously  and;  for  example, 
with  an  X mark  on  there  the  desired  landing  site,  so  he  can  then 
maneuver  the  spacecraft  to  the  desired  site. 
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Figure  198 

Our  vehicle  control  research  (fig.  199)  involves  some  interesting 
problems  of  large,  long,  slender  vehicles  with  great  flexibility,  severe 
aerodynamic  loads  as  we  are  zipping  up  through  the  various  wind 
gradients,  and  large  thrust  forces.  On  some  of  our  vehicles,  as  a 
matter  of  fact,  the  bottom  of  the  vehicle  might  move  as  much  as 
3 or  4 inches,  before  the  top  has  begun  to  move  as  it  comes  off  the 
launching  pad  and,  of  course,  reliability. 

This  vehicle  control  research  involves  analysis,  simulation,  testing, 
instrumentation  on  both  launch  vehicles  and  spacecraft  as  well  as 
aircraft. 

Next  one  (fig.  200). 

In  automatic  control  itself,  an  automatic  control  can  really  be 
defined  as  giving  a — automation  is  what  some  people  call  it — if  you 
give  a command  to  some  device  it  will  respond  to  that  command  and 
it  will  not  respond  to  other  disturbances  called  interference. 

One  of  the  interesting  examples  of  automatic  control,  for  example, 
involves  lasers.  I will  mention  lasers  in  more  detail  later. 

Pointing  a beam  of  a communications  laser  back  to  a spot  on  earth 
on  a vehicle  which  is  taking  off,  returning  from  the  moon  and  is 
vibrating,  shaking,  being  controlled  itself  as  it’s  taking  off — we  want 
to  hold  the  laser  fine  of  sight  steady  in  this  type  of  environment. 

Next  one,  please  (fig.  201). 


VEHICLE  CONTROL  RESEARCH 


PROBLEMS, 

•STRUCTURAL 

FLEXIBILITY 


AERODYNAMIC 

loads’ 


INCREASED 
THRUST  FORCES 


Technical  approach 


DE  TERMINATION  OF  'CO«TRO.L 
SYSTEM  CONFIGURATION 
THRU;THE  USE  OF 
i -MATHEMATICAL  ANALYSIS' 

• COMPUTER  SIMULATION 

modf\  testing  ; 

■*  ■ « 

ADVANCED  INSTRUMENTATION 


RELIABILITY 


1904  NA8A  AUTHORIZATION 


Figure  199 


Figure 


1964  NASA  AUTHORIZATION 


2127 


TECHNICAL  AREAS 


•INSTRUMENTATION 

•DEEP  SPACE  TRACKING  AND  COMMUNICATIONS 

• DATA  PROCESSING 

• OPTICAL  COMMUNICATIONS  AND  TRACKING 


• PROPAGATION  PHENOMENA 
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Now,  I want  to  briefly  get  into  the  area  of  communications 
instrumentation  and  data  processing  and  discuss  them  in  this  order. 

Our  instrumentation  requirements,  some  of  our  deep  space  tracking 
and  communications  work,  data  processing,  optical  communications 
and  tracking  people  sometimes  in  specialized  terms  call  it  lasers 
and  then  propogation  phenomena. 

Next  one,  please  (fig.  202). 

In  the  field  of  biomedical  sensors,  the  best  bet  seems  to  be  micro- 
miniature sensors.  Dr.  Bisplingkoff  mentioned  this  briefly.  These 
involve  the  devices  we  can  use  without  cords  running  from  the  astro- 
naut or  the  pilot  to  some  place  in  the  cockpit.  Instead  the  informa- 
tion can  be  transmitted  right  from  his  body  to  a receiver,  then 
amplified  and  transmitted  from  the  spacecraft. 

Incidentally,  the  medical  people  here  on  Earth  are  quite  enthused 
about  these  devices;  some  of  which  are  very,  very  small  because  they 
can  get  unattended  measurements  from  patients  over  long  periods  of 
time,  monitor  them  even  when  they  are  walking  around  on  the  streets, 
without  being  continuously  in  the  hospital,  without  any  encumbrance 
to  the  wearer. 
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Next  one,  please  (fig.  203). 

Our  great  trend  in  instruments  is  to  the  digital  device.  Our  trend 
in  computers  has  been  from  the  analog  to  the  digital  device.  The 
analog  device  measures  temperature  or  acceleration,  or  whatever,  and 
gives  a voltage  or  current  proportional  to  whatever  it  is  measuring. 

A digital  device,  on  the  other  hand,  gives  a digital  count,  depending 
on  the  number  or  the  degree,  or  the  extent  oi  the  phenomona  you 
measure. 

The  complexity — and  I won’t  go  into  all  the  details — the  com- 
plexity of  an  analog  device  and  analog  instrument  is  indicated  on  the 
top  of  the  slide.  I want  to  point  out  specifically  the  analog  to  digital 
converter  necessary  to  get  to  the  telemetry  transmitter. 

In  the  telemetry  transmitter,  we  send  a message  back  in  pulse, 
coded  form.  We  process  it  in  coded  form  or  digital  form. 

It  seems  to  make  sense  to  us  to  get  the  instrument  measurement 
strictly  in  digital  form  and  then  we  don’t  have  to  go  through  all  these 
other  steps  and  get  unreliability,  and  so  forth. 

WeVe  putting  a great  deal  of  push  into  digital  sensors.  You  see,  on 
the  bottom  that  the  simplification  of  the  whole  process  is  obvious. 

This  doesn’t  come  easy.  We  have  to  do  research  work  on  it, 
which  we  are  doing. 
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Figure  203 

Next  one,  please. 

I want  to  talk  iust  a minute  about  communication  capabilities  in 
space.  Here,  we  nave  the  calendar  year  on  the  bottom  and  then  the 
time  required  for  a television  picture  transmission  on  the  vertical 
scale. 

Now,  that  is  a nonlinear  scale,  so  it  is  a logarithmic  scale.  You  have 
to  read  it  quite  closely. 

The  television  picture  we  get  at  home  has  10  to  the  sixth  power,  or 
1 million  bits  of  information.  It  is  composed  of  1 million  pulses. 

We  use  this  example  to  indicate  the  time  of  transmission. 

For  example,  a television  picture  from  Mars  would  take  on  the  order 
of  a couple  of  weeks,  right  now.  Using  all  the  technology  that  we 
know  right  now,  that  we  can  put  into  use,  and  these  are  shown  by  the 
steps—  the  year  they  would  apply,  the  red  being  to  the  spacecraft,  the 
white  being  to  groin.  4 devices.  This  says  that  television  pictures 
from  Mars  would  stabilize  in  about  1969  at  somewhat  less  than  1 
minute  transmission  time. 

With  television  pictures  from  Pluto,  we  would  hope  to  do  no  better 
than  a few  days.  That  is  the  length  of  time  for  the  picture — not  the 
length  of  time  for  the  transmission — ind  as  an  interesting  comparison, 
Alpha  Centauri,  which  is  the  nearest  star  outside  our  solar  system,  is 
4 light  years  away,  but  it  would  take,  in  addition,  14  years  to  get  a 
television  picture  through. 

In  other  words,  from  the  time  the  picture  was  sent  from  Alpha 
Centauri,  would  take  4 years  for  the  initial  portion  of  the  message 
to  get  back  here  and  would  take  14  more  years  for  the  end  of  the  mes- 
sage to  get  back  here. 

Mr.  Karth.  Not  worried  too  much  about  that  one,  are  we,  Doctor? 
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Figure  204 

Dr.  Kelley.  No,  I'm  just  using,  for  an  example,  this  comparison. 
We  think  Pluto  is  bad  enough. 

You  see,  if  we  get  into  reentry  situations  where  the  whole  reentry 
might  be  over  in  a couple  of  minutes,  obviously,  taking  a coqple  of 
days  to  transmit  the  picture  is  ridiculous,  because  the  device  has  de- 
stroyed itself  before  the  picture  gets  back. 

This  is  illustrative,  I would  say,  the  exhaustion  of  our  technology 
right  now,  as  we  see  it. 

We  have  to  do  something  new  and  to  do  something  different,  if  we 
are  going  to  improve  on  the  situation. 

Next  one,  please  (fig.  107,  p.  1943). 

One  of  the  areas  of  capability  increase — and  this,  in  fact,  is  included 
in  the  graph  I just  showed,  is  the  area  of  ground  antenna  technology 
and  one  ox  the  devices  we  are  working  on — one  of  the  techniques  we 
are  working  on,  is  the  possible  replacement  of  a large  single  antenna 
which  you  see  on  the  left  with  the  multiple  array  on  the  right.  That  is, 
getting  nine  smaller  dishes,  perhaps,  to  do  the  work  of  one  larger  dish. 

We  really  don’t  know  how  to  do  it  yet.  We  see  lots  of  payoff. 

For  example,  there  is  a lot  more  flexibility.  You  can  be  using  the 
dishes  to  do  different  things  at  times.  You  don’t  need  them  all  for 
deep  space. 

If  one  of  the  dishes  goes  down,  you  have  a malfunction — we  are 
still  on  the  air,  so  to  speak. 
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The  next  slide  (fig.  206)  shows  one  of  the  more  striking  factors,  the 
straight  economic  payoff.  You  see  the  single  dish. 

This  is  the  equivalent  antenna  system.  We  can  relate  the  big  dish 
to  smaller  dishes  by  the  effective  antenna  size.  You  see  on  the 
bottom,  the  effective  antenna  system  of  either  method,  and  on  the 
vertical  axis  the  cost.  You  see  a crossover  point  at  around  250  to 
300  feet  effective  antenna  size  where  single  dish  costs  begin  to  sky- 
rocket, whereas  a multiple  dish  array  has  nopes  of  staying  in  bounds. 


COST  COMPARISON  - SIN6LE  VS  MULTIPLE  DISHES 


Next  one,  please  (fig.  207). 

One  of  the  more  interesting  ways  of  getting  this  information  back, 
I mentioned — it  took — 14  years  to  get  a television  picture  back,  but 
maybe  you  don’t  have  to  transmit  the  whole  television  picture  every 
time.  It  seems  to  make  sense  to  transfer  or  send  back  only  the  new 
information  on  each  succeeding  picture. 

Now  we  begin  to  tie  in  the  area  of  communications  and  data 
processing. 

See,  on  the  left,  the  television  camera  looking  at  the  Moon  and  we 
painted  two  billboards  on  the  Moon. 

You  see  on  the  left-hand  picture,  the  bottom  billboard  has  only 
one  thing  different,  and  that’s  a triangle  in  the  lower  right-hand 
corner  and  sort  of  a square. 

Our  conventional  techniques,  right  now,  say  when  the  picture 
changes,  we  transmit  all  the  information  back  again,  both  the  old  and 
the  new. 
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Figure  207 

We  are  now  very  actively  engaged  in  the  video  data  processing 
business  where  we  send  back  only  the  new  information.  We  send 
back  only  the  change  in  the  billboard,  but  this  takes  computation. 
It  takes  investigation  into  how  to  use  computers  with  television  and 
so  forth,  and  here  now  we  begin  to  see  a payoff  for  shortening  the 
transmission  time  for  television  pictures. 

Next  one,  please  (fig.  208). 

Our  whole  area  of  computation  has  been  enhanced  by  the  size  of 
computers  and  this  is  coming  about  by  miniaturization  and  micro- 
miniaturization is  the  word  we  use  now,  microelectronics. 

Here,  as  a function  of  years,  you  can  see  the  trend;  talking  about  a 
device  now  which  has  a specific  function  in  1957  it  would  take  1 cubic 
foot  and  weigh — if  you  look  over  in  the  right  scale,  150  pounds. 

Again,  this  is  a nonlinear  scale,  so  you  nave  to  look  closely.  You 
see  now  we  are  coming  down  the  curve  and  we  are  getting  smaller 
and  smaller. 

If  we  get  much  smaller  we  are  going  to  have  to  work  that  much 
harder.  I suppose  there  is  a limit  as  to  how  small  we  can  get,  eventu- 
ally anyway;  but  we  are  beginning  now  to  get  down  into  very  small 
devices  but 
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Next  one,  please  (fig.  209). 

That’s  only  half  the  story. 

After  you  get  them  small,  what  do  you  do  with  them? 

How  do  you  make  them  more  flexible? 

How  do  you  adapt  them  to  your  need? 

A computer  is  not  a computer  any  more  than  electronics  is  elec- 
tronics. You  have  different  needs  and  different  requirements. 

Here  you  have  the  trend  in  computer  memory  and  speed.  These 
are  the  two  factors  or  parameters  by  which  we  measure  computers. 

The  left-hand  vertical  scale  is  the  number  of  bits  and  it  takes  so 
many  bits  to  make  a word  or  message,  depending  on  the  computer  and 
the  bottom  one  is  the  speed  of  access,  so  these  fire  two  very  important 
parameters. 

You  see,  where  the  lurid  green  color  is,  where  we  are  on  present 
core  memories.  Then  you  see  an  area,  present  core  developments. 
Now,  you  see  on  the  two  tails  the  push  by  various  other  agencies. 

The  future  semiconductor  devices  are  useful  to  people  who  have 
interest  in  large  numbers  of  bits  at  fairly  conservative  speeds.  This 
might  be  routine  data  processing,  intelligence  information,  and  so 
forth. 

Other  Government  agencies  are  working  over  in  that  area,  called 
tunnel  diodes. 

Here,  they  are  not  so  much  interested  in  the  number  of  bits  but 
are  interested  in  the  speed.  Something  like  an  anti-ICBM.  You’d 
want  to  be  over  there. 
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Now,  space  requirements  force  us  to  work  in  trying  to  improve 
both  parameters  and  we  are  pushing  out  along  the  diagonal  where 
you  see  future,  using  integrated  dynamics,  interdrive,  and  sense- 
circuitry,  because  we  nave  a demand  for  both  speed  and  bits. 

Incidentally,  as  an  example  of  how  much  information  we  get  out, 
Goddard  Spaceflight  Center,  alone,  from  its  existing  operating  satel- 
lites, gets  140  miles  of  tape  a day  that  it  has  to  process. 

Next  one,  please  (fig.  210). 

But  the  computer  business  is  not  solely  involved  in  electrons. 

One  of  the  interesting  aspects  of  it,  involves  the  aerodynaniiicist 
and  one  of  the  important  developments  recently  is  the  so-called 
pneumatic  computer  where  we  use  air. 

Remember,  in  digital  devices  we  are  interested  in  a digit  or — not 
a digit,  a one  or  a zero. 

Here  we  see  a gas  on  the  left-hand  side  and  the  two  control  jets 
acting  against  each  other  by  pushing  and  pulling  in  their  various 
ways,  you  can  make  the  air  from  the  left-nand  stream  go  to  the 
digit  “0”  or  digit  Ml.” 

Why  do  we  get  into  devices  like  that?  We  get  into  devices  like 
that  because  it  is  temperature  insensitive.  Remember,  I mentioned 
the  thousands  of  degrees.  They  are  also  radiation  resistant. 
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That  is  why  we  are  putting  a great  deal  of  emphasis  on  devices 
like  this  to  meet  our  needs. 

Next  one,  please  (fig.  115,  p.  1953). 

Now,  lasers,  we  see  as  one  of  the  great  breakthroughs  with  very, 
very  significant  applications  to  us.  Now  you  must  remember  that 
the  laser  technology  is  only  about  to  3 years  old. 

Some  people,  including  the  inventor,  Dr.  Towne  of  M.I.T.,  calls 
it  the  optical  maser,  but  it's  now  commonly  called  the  laser  and 
this  has  tremendous  possibilities  and  I must  emphasize  these  are 
only  possibilities. 

It  is  a laboratory  technique  right  now  and  much  of  the  publicity 
and  fanfare  has  been  on  concerning  things  we  might  be  able  to  do  and 
not  on  things  that  we  can  do. 

We  are  interested  not  so  much  in  cutting  diamonds  or  death  rays 
in  our  business.  We  are  very  seriously  interested  in  it  as  a communi- 
cation and  tracking  device  for  deep  space. 

Once  we  get  outside  the  Earth's  atmosphere  it’s  clear  sailing,  if  you 
like,  for  optical  frequencies. 

The  amount  of  information  you  can  put  on  these  beams,  potentially 
put  on  these  beams,  is  just  phenomenal. 

I saw  a figure  the  other  day,  all  the  radio  and  telephone  trans- 
missions could  be  put  on  one  laser  simultaneously;  all  those  going  on 
at  any  one  time  anywhere  in  the  world — could  be  put  on  one  laser 
beam,  simultaneously. 
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This  comes  about  not  only  because  we  are  in  a new  frequency  regime 
but  also,  you  heard  Dr.  Bisplinghoff  and  Dr.  Kurzweg  last  week,  the 
laser  yields  coherent  light  and  we  can  focus  it. 

And  here  you  see  the  ability  to  focus  the  tremendous  amount  of 
energy  that  is  involved.  We  don’t  have  to  waste  it  in  communicating 
or  diffusing  it  all  through  the  whole  space  environment. 

We  can  aim  it  where  we  want  it  and  then  concentrate  the  energy. 

Incidentally,  we  see  optical  communications  and  tracking  as  havmg 
the  greatest  potential  for  space  electronics  in  the  future.  The  payoff 
is  just  phenomenal. 

Next  one,  please  (fig.  116,  p.  1954). 

Mr.  Mosher.  Mr.  Chairman,  could  I interrupt  here? 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  You  still  face  great  difficulties  with  the  use  of  lasers 
within  the  atmosphere,  though,  don’t  you? 

Are  you  thinking  of  being  outside  the  atmosphere  for  these  uses? 

Dr.  Kelley.  Both  inside  and  outside  the  atmosphere,  but  people 
have  been  worried  and  will  continue  to  worry  about  transmitting 
through  clouds  and  fog  and  so  forth  in  the  atmosphere. 

Mr.  Mosher.  Rain  causes  difficulties,  I’m  told. 

Dr.  Kelley.  Or  rain,  anything  that  would  bother  light;  but  once 
you  get  outside  the  atmosphere,  even  above  50,000  feet,  above  the 
highest  known  clouds,  it’s  clear  sailing  up  to  millions  of  miles. 

So  this  ceases  to  be  a problem. 

Mr.  Karth.  How  about  meteorites  or  micrometeorites — if  one 
hits  it,  doesn’t  it  destroy  it? 

Dr.  Kelley.  If  it  hits  the  device.  We  think  we  can  shield  the 
device.  If  it  hits  the  crystal,  yes,  it  would  destroy  the  device. 

Mr.  Karth.  Doctor,  all  these  things  you  are  talking  about  here, 
and  showing  us  on  slides  are  very  technical  in  nature;  how  many 
companies — how  many  industries,  how  many  people,  how  many 
Government  laboratories  are  doing  work  in  these  areas  now? 

Dr.  Kelley.  I don’t  know  the  exact  number,  but  there  is  a large 
capable  electronics  industry  in  this  country  which  is  working  with  us 
on  these  particular  problems. 

Now  these  40  contacts  a day  that  I mentioned,  represent  what  we 
at  headquarters  see  of  them — our  field  centers  see  more  who  are  coming 
in  to  as£  us  what  are  the  requirements,  what  should  we  be  working  on, 
will  you  guide  us,  how  do  we  get  into  the  space  business? 

Mr.  Karth.  Oh,  I don’t  think  there  is  any  question  but  what 
private  industry  can  do  if  NASA  wants  them  to  do  some  work  for  them. 
If  they  are  interested  in  a particular  area  of  research  they  have  got 
to  go  to  industry  and  tell  them  what  they  want. 

Dr.  Kelley.  Yes,  sir. 

Mr.  Karth.  If  they  don’t  go  to  industry  and  tell  industry  what 
they  want,  what  they  need,  then  Iguess  obviously  it’s  up  to  the  in- 
dustry to  come  to  NASA  and  say,  “We’d  like  to  do  some  of  these  things 
you  have  been  talking  about.” 

I can  understand  why  you  get  40  telephone  calls  and  40  letters  a day. 
I was  kind  of  surprised  it  was  so  low  a number. 

Dr.  Kelley.  That  is  just  our  operation. 

Mr.  Karth.  I get  that  many  calls  from  my  wife  every  day — to  give 
you  an  idea  how  busy  I am. 

But  I understand  your  problem. 
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I would  be  interested  in  knowing  how  many  companies  there  are 
within  the  industry,  who  they  are,  and  where  they  are  located;  and 
how  many  laboratories,  privately  owned  and  Government  owned,  are 
doing  work  in  each  one  of  these  specific  areas  now,  and  to  what  poim 
in  time  or  what  point  in  advancing  the  state  of  the  art  they  have 
actually  reached. 

Could  you  give  this  information  for  the  record,  Doctor? 

Dr.  Kelley.  I couldn’t  give  it  offhand,  but  I’ll  look  into  supplying 
it  for  the  record. 

(A  list  of  small  business  concerns  interested  in  performing  research 
and  development  can  be  found  in  publication,  entitled  “SB A List  of 
Small  Concerns  Interested  in  R.  & D”  (609  pages),  Small  Business 
Administration.  This  publication  is  on  file  with  the  committee.) 

Mr.  Karth.  Now,  have  you  made  a study  of  this? 

Have  we  studied,  for  example,  let’s  take  this  laser — made  a study 
so  that  we  know  every  name  and  address  and  the  ability  and  the 
advancement  in  the  state  of  the  art  that  each  company  has  made  all 
over  this  country? 

Dr.  Kelley.  We  have  not  made  a specific  study,  but  that  is  the 
business  of  my  group  in  NASA  as  well  as  the  electronic  people  who 
are  in  NASA,  to  know  what  is  going  on.  We  have  the  companies 
come  in  to  talk  to  us,  and  we  have  research  advisory  committees  in 
NASA. 

We  are  on  joint  NASA-DOD  committees,  so  that  we  know,  I would 
say,  very  confidently,  what  the  capability  is  in  the  country. 

Mr.  Karth.  Doctor,  I hope  you  do,  and  all  I ask  at  this  point  is — 
because  I have  great  confidence  in  your  knowledge  in  this  field — 
is  that  you  submit  it  for  the  record,  all  of  it;  all  the  information  you 
have  on  every  single  electronics  company  in  this  country  that  does  any 
work  on  lasers  and  all  the  other  electronic  areas  of  interest  to  NASA. 

I think  that  it’s  well  worth  our  while  to  make  sure  that  this  informa- 
tion gets  into  the  record  so  that  then  the  subcommittee  later  on  can 
evaluate  this  information  and  in  their  considered  judgment,  decide 
whether  or  not  there  is  duplication  triplication  or  quadruplication  or 
whatever  it  might  be;  or  whether  there  is  none. 

(The  information  requested  for  the  record  is  found  in  “Appendix  A, 
p.  2151.) 

Dr.  Kelley.  Could  I ask  you  a question  on  that,  Mr.  Karth? 

Mr.  Karth.  I am  not  a witness,  but  I’ll  change  seats  with  you. 

Dr.  Kelley.  Well,  a clarification. 

There  are  many  people  working  on  lasers.  Some  are  working  on 
it  for  military  application  such  as  death  rays.  Some  are  working  on  it 
for  welding.  In  fact,  there  are  even  medical  applications — reattach- 
ment of  eye  retinas. 

Are  you  talking  about  the  whole  laser  industry  or  the  ones  working 
on  the  communications  problem? 

Mr.  Karth.  I think  it’s  almost  got  to  be  the  whole  laser  industry, 
because,  for  example,  he  who  discovered  the  rare  earths;  you  know 
he  didn’t  foresee  the  atomic  energy  program. 

He  who  discovered  the  vacuum  tube  really  didn’t  know  what  he 
was  looking  for,  I guess.  Maybe  he  did.  Look  what  he  found,  by 
just  going  down  a certain  road. 
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I think  that’s  why  we  have  to  make  sure  we  understand  what 
everybody  is  doing  before  we  can  understand  plainly,  and  completely, 
whether  or  not  we  are  going  down  a road  of  duplication. 

This  is  the  reason  I request  the  information.  It  might  not  satisfy 
you,  Doctor,  but  I really  think  we  must  have  information  of  this 
nature;  otherwise  we  can’t  really  make  a proper  determination. 

Mr.  Mosher? 

Mr.  Mosher.  I think  it  should  be  recognized  that  the  laser,  the 
whole  concept  is  so  new — it’s  only  2 years  old,  and  it’s  so  exciting,  so 
revolutionary  that  this  is  almost  every  minute  or  every  second  someone 
new  in  this  field  may  be  popping  up  with  new  ideas  and  new  uses  and 
I suspect  from  day  to  day  to  provide  an  inventory  or  catalog  who  is 
working  on  what,  would  be  almost  an  impossibility. 

I think  it  is  good  if  we  knew  it,  but  I can  see  the  difficulty. 

Mr.  Karth.  I think  at  the  time  we  make  our  determination,  il 
we  can  have  as  up-to-date  information  as  is  possible;  and  I assume 
just  by  virtue  of  the  Executive  order,  that  a very  comprehensive 
study  has  been  made.  I recognize,  as  the  gentleman  from  Ohio 
does,  that  things  have  a habit  of  changing  from  day  to  day  and  may 
be  changing  day  to  day  in  the  field  of  researching  the  laser;  ail  the 
more  reason,  I think,  why  the  subcommittee  might  be  interested  in 
knowing  just  how  much  work  is  being  done.  If  so  much  work  is 
being  done  that  this  technology  is  changing  every  day  almost  every 
minute,  as  the  gentleman  from  Ohio  indicates  it  might  be,  then  it 
seems  to  me  we  have  almost  got  a full-time  job  just  keeping  track  of 
the  changes.  Might  be  well  worth  our  time  to  retrieve  and  catalog 
and  then  disseminate  the  information  to  our  people  who  are  vitally 
interested  in  this  area. 

Mr.  Morris.  Mr.  Chairman,  could  I interrupt? 

Is  the  chairman  suggesting  by  that  remark,  we  establish  a center 
for  this  purpose? 

Mr.  Karth.  Well,  I’  m not  suggesting  anything  except  that  I be 
better  informed. 

Mr.  Randall.  The  chairman  has  suggested  for  the  purpose  of  the 
committee,  as  I understand  this  question,  we  attempt  to  catalog  for 
use  those  others  who  are  doing  work  in  this  field  so  we  can  maybe 
look  at  that.  Isn’t  that  true? 

Mr.  Karth.  Let  me  just  say  this,  if  I may.  I would  like  to  call 
the  attention  of  Dr.  Kelley  and  the  subcommittee  members  to  the 
scientific  research  study  that  the  U.S.  Senate  made  in  1961.  Now 
this  isn’t  really  ancient  history,  but  I suppose  the  problem  has  prob- 
ably become  magnified,  rather  than  lessened  since  that  time. 

The  Senate  committee  on  October  4,  1961,  had  this  to  say  about 
the  electronics  industry  research  program. 

They  said: 

4 

One-tenth  of  federally  supported  electronic  research  and  development  may 
consist  of  unwitting  needless  duplication,  of  effort.  The  waste  may  add  up  to 
$200  million  out  of  $2  billion  currently  expended  for  this  type  of  work. 

This  is  $200  million  annually  out  of  $2  billion  annually,  the  sub- 
committee reported. 

The  reason  for  the  waste — 
they  stated — 
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is  poor  Federal  management  on  tens  of  thousands  of  projects.  Electronic  re- 
search and  development  as  supported  by  the  Department  of  Defense  and  the 
National  Aeronautics  and  Space  Administration  is  so  vast  and  complex  no  one 
really  knows  who  is  now  doing  what,  where,  and  how,  in  experiments. 

The  report  says: 

Some  of  the  work  may  already  have  been  successfully  performed  elsewhere, 
but  may  not  have  been  described  yet  in  reports  or  published  in  technical  journals. 
Still  other  experiments  may  have  yielded  negative  results  elsewhere  but  may  not 
have  been  written  up  and  may  thus  “disappear”  only  to  be  finally  duplicated 
later  on. 

The  results  of  the  situation — 
the  chairman  stated — 
are — 

1.  Programs  crucial  to  the  Nation’s  security  do  not  attain  their  highest 
and  promptest  yield. 

2.  Extra  financial  burdens  are  levied  on  the  Nation’s  taxpayers,  and 

3.  Byproducts  from  federally  sponsored  research  and  development  do  not 
become  available  as  promptly  as  they  might  become  available  for  our  civilian 
economy. 

The  subcommittee  singled  out  information,  electronics  in  view  of  the  crucial 
importance  of  this  “dynamics”  research  and  development  to  national  security 
and  to  rising  standards  of  living. 

Electronics  represents  about  one-fourth  of  all  defense  support  of  research  and 
development. 

This  is  the  kind  of  report  issued  by  the  Senate  committee  just  a 
year  and  a half  ago.  This  report  was  the  reason  for  stimulating  my 
curiosity  as  to  what  are  we  doing  in  the  field  of  retrieval,  retrieving 
this  vast  amount  of  research  information  that  is  going  on,  as  the 
gentleman  from  Ohio  says  every  minute  of  the  day. 

How  can  we  possibly  keep  track  of  this  unless  we  have  a substan- 
tially large  staff  apparently  doing  nothing  but  this? 

People  who  are  not  necessarily  working  with  industry,  just  on  their 

Eroblems,  but  just  retrieving  this  information  and  then  getting  it 
ack  to  those  people  who  do  work  for  NASA  in  the  various  centers 
and  who  have  some  responsibility  on  specific  programs  to  the  Defense 
Department,  to  the  other  Government  agencies,  and  laboratories,  and 
to  all  of  industry  so  that  each  researcher  can  take  advantage  of  what 
somebody  else  has  done.  This  would  probably  advance  the  state  of 
the  art  much  more  rapidly  than  if  we  build  40  laboratories,  but  don’t 
do  a proper  job  on  retrieval  and  dissemination. 

This  is  my  very  honest  and  sincere  concern,  Doctor,  and  I would 
like  to  have  you  address  yourself  to  this  problem. 

Dr.  Kelley.  Yes,  sir,  I will. 

I have  read  the  report.  I have  it  right  in  front  of  me  and  I am 
familiar  with  the  problem  it  addressed  itself  to  at  that  time  which  was 
the  number  of  or  proliferation  of  reports  an  agency  such  as  ASTIA — 
Armed  Services  Technical  Information  Agency — was  one  Agency  set 
up  to  coordinate  these  and  make  sure  they  getto  the  proper  hands  on 
time. 

Now  since,  and  I believe  it  was  in  progress  at  the  time  this  report 
was  issued  but  certainly  since  that  time,  NASA  has  instituted  an 
information  retrieval  service  or  rapid  access  to  its  reports,  contract 
reports,  and  I’m  sure  this  is  coordinated  with  the  DOD  system. 

I think  the  NACA  system  for  the  reports  they  had  written,  I was 
not  a member  of  the  NACA,  but  a user  of  their  reports,  has  been  one 
of  the  best  documentation  systems  in  this  country. 
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However,  in  addition  to  information  retrieval  which  is  essentially 
how  to  catalog,  classify,  and  disseminate  the  vast  number  of  reports 
that  are  written,  I believe  you  have  to  have  a group  that  can  digest 
the  reports  and  evaluate  their  contents  and,  in  fact,  by  coordination, 
association,  and  reputation,  work  with  the  people  from  other  agencies, 
universities,  contractors,  and  more  readily  and  more  quickly  exploit 
the  ideas. 

In  other  words,  this  addresses  itself 

Mr.  Karth.  I am  in  agreement  with  you  up  to  that  point,  Doctor. 
I’m  telling  you  that  you  have  a real  friend. 

I have  been  complaining  about  it  for  years,  e\  °r  since  I have  been 
in  Congress. 

Dr.  Kelley.  We  feel  in  addition  to  a documentation  classification 
service,  we  need  in-house  competence  to  be  able  to  evaluate  the 
results  of  ourselves  and  others,  and  the  best  way  to  do  this — I heard 
some  discussion  in  the  committee  last  week  on  it — we  feel  the  best 
way  to  do  this  is  with  people  who  are  getting  their  fingers  dirty,  if 
you  will,  who  understand  the  real  live  problems. 

If  I may  return  for  1 second  to  the  laser  situation,  I would  hope 
any  electronics  company  worth  its  salt  which  hoped  to  stay  in  the 
forefront  of  the  military  space  electronics  business,  was  thinking  and 
working  on  lasers. 

One  of  our  problems — on  lasers,  that  is  part  of  electronics — one 
of  our  problems,  is  to  evaluate  the  good  ones  from  the  bad  ones. 

Mr.  Karth.  Are  we  making  those  evaluations  now,  Doctor? 

Dr.  Kelley.  We  have  to  develop  our  own  in-house  competence  to 
evaluate  the  results  of  others  and  also  make  known  our  requirements 
to  the  engineering  companies  in  terms  that  they  can  understand. 

Mr.  Karth.  Doctor,  you  find  a real  sympathetic  ear  here  on  what 
you  said  up  to  this  point  but  I hope  I can  find  a sympathetic  ear,  too, 
when  I say  that  I think  we  should  take  first  steps  first. 

I think  we  have  got  to  first  determine  what  is  being  done  in  this 
country  and  I think  you  probably  agree  with  me  we  really  don’t 
know  what’s  being  done  in  all  of  these  areas  you  so  eloquently  dis- 
cussed and  showed  us  beautiful  slides  on.  We  really  don’t  know 
everything  that’s  being  done  in  these  other  areas,  and  I’m  not  talking 
about  up-to-the-minute-type  knowledge. 

Dr.  Kelley.  Whatever  knowledge — I don’t  know  what  you  mean. 
I don’t  understand  the  question. 

Mr.  Karth.  I say,  we  really  don’t  know  what’s  going  on  in  this 
country  in  all  of  the  areas  that  you  showed  us  slides  on,  in  the  field 
of  electronics. 

We  really  don’t  know  what’s  going  on  in  all  of  these  areas,  all  over 
this  United  States  of  America  in  Government  laboratories  as  well  as 
privately  owned  laboratories  and  private  industry. 

We  just  don’t  know  what’s  going  on,  and  I said  I wasn’t  going  to 
say  “up  to  the  last  minute”  either.  We  are  way  behind  in  retrieving 
all  of  the  information  on  all  of  the  research  effort  that’s  being  made 
in  this  Nation,  are  we  not? 

Dr.  Kelley.  I would  hope  that  is  not  the  case. 

Mr.  Karth.  What  is  your  opinion,  Doctor? 

Dr.  Kelley.  My  personal  opinion,  with  the  large,  lively,  and 
capable  electronics  industry  in  the  United  States;  whatever  they  are 
doing,  if  they  hope  to  find  a market  for  it,  they  make  it  known  to  the 
customer. 
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In  this  case  it  happens  to  be  the  Government. 

That  is  part  of  the  40  contacts  a day  I was  discussing. 

We  don’t  know  up  to  date,  every  minute,  what  is  going  on  in  every 
backroom  in  every  company,  but  everything  they  think  is  applicable 
to  our  missions  I am  sure  they  eftll  it  to  our  attention. 

Mr.  Karth.  Do  you  really,  honestly,  think,  Doctor,  that  you  are 
familiar  with  all  of  the  electronics  research  that  goes  on  in  this  country 
in  all  these  specific  areas  you  mentioned  today  and  many  more  we 
should  be  interested  in? 

Do  you  honestly  and  truly  believe  that? 

Dr.  Kelley.  I don’t  believe  I,  myself,  am,  specifically,  no. 

I couldn’t  catalog  the  business. 

Mr.  Karth.  Do  you  think  NASA  is? 

Dr.  Kelley.  To<  what  is  pertinent  to  our  business,  I think  we  are 
pretty  much  on  top  of  the  state  of  the  art;  however,  I think  we  see 
many  more  problems  in  the  future  that  we  have  to  solve. 

But  I think  we  are  pretty  much  on  top  of  the  state  of  the  art  and 
this  is  very  largely  due  to  the  activities  themselves. 

Mr.  Karth.  Are  you  the  Dr.  Albert  Kelley  who  headed  up  the 
Ranger  program  study? 

Dr.  Kelley.  I am. 

Mr.  Karth.  Now,  for  some  reason  or  other,  this  document  is  still 
classified  secret  and  I shall  not  invade  that  secrecy,  but  I wonder  if 
you  could  tell  us,  at  least  in  those  areas  that  are  not  secret,  what  you 
found  and  as  a result  of  it  what  your  major  recommendations  were  in 
the  Ranger  program? 

What  were  our  major  problem  areas? 

What  were  your  major  recommendations  for  getting  this  program 
going  and  making  it  a success? 

Mr.  Morris.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  In  oi  ’er  to  get  the  question — and  we  want  you  to  be 
very  brief,  Dr.  Kelley,  I don’t  want  to  put  you  in  an  embarrassing 
position  now,  to  any  information  that  is  secret,  confidential,  or  classi- 
fied and  you  feel  that  you  would  have  to  divulge  that  in  answering 
the  question. 

We  don’t  want  to  embarrass  you. 

Is  that  correct,  Mr.  Chairman? 

Mr.  Karth.  I’m  sure  he  understands  that. 

Mr.  Morris.  If  you  want  the  question  put  in  a different  manner 
we’ll  put  the  question  in  a different  manner,  or  if  you  don’t  think 
you  can  answer  the  question  without  divulging  things  you  should 
not,  I think  the  committee  would  understand. 

Mr.  Randall.  I join  the  gentleman  from  New  Mexico  on  that. 
In  another  committee  we  had  the  same  instance  in  which  the  witness 
had  problems. 

Mr.  Karth.  I’m  sure  you  understand  that.  We  don’t  want  to  go 
into  anything  that  is  confidential. 

Dr.  Kelley.  To  go  into  detail  would  require  a classification 
discussion. 

We  looked  at  the  Ranger  program  as  a whole,  and  there  are  secret 
and  valid  secret  classification  items  woven  throughout  the  whole  pro- 
gram. However,  I can  make  a generalized  observation  right  here,  if  I 
may,  which  would  not  invade  the  security  domain  and  if  we  wanted  to 
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discuss  any  security  measures,  maybe  I could  at  the  pleasure  of  the 
chairman  m an  executive  session. 

Mr.  Rarth.  Fine. 

Dr.  Kelley.  But  you  must  look  at  the  whole  Ranger  program  in 
terms  of  what  we  were  trying  to  do  when  we  were  trying  to  do  it. 

We  were  shooting  for  the  Moon  and  we  were  trying  to  accomplish 
something  that  hadn’t  been  done  before. 

Ranger  is  one  of  the  most  difficult  missions  that  we  set  out  to  ac- 
complish; with  an  Atlas  launch;  Agena  first  bum  followed  by  a 
coast  down  the  South  Atlantic  almost  to  the  tip  of  South  Africa; 
second  bum;  escape;  release  of  the  capsule;  orientation  of  the  capsule 
to  the  Sun;  orientation  to  the  Earth;  midcourse  maneuver  and  then 
coming  up  to  the  Moon ; a reverse  maneuver  to  orient  the  spacecraft 
to  land;  separation  of  a capsule;  crashing  of  the  capsule  into  the 
Moon  while  it’s  taking  TV  pictures  and  then  the  capsule  itself  bouncing 
around  and  surviving — we  hope. 

Very,  very,  frankly,  we  pushed  the  state  of  the  art  in  that  case  and 
it  was  the  electronic  state  of  the  art. 

As  you  know,  all  the  failures  in  the  Ranger  problem  were  of  an 
electronic  nature,  in  one  way  or  another 

Mr.  Karth.  I think  when  you  say  “in  one  way  or  another,”  I 
guess  you  could  attribute  almost  any  aifficulty  we  have  in  this  country 
to  electricity  or  something  that’s  connected  with  a switch. 

Most  of  our  fires  are  caused  by  faulty  circuits,  let’s  eliminate 
electricity,  then  we  won’t  have  any  more  houses  burning  down. 

This  we  can  honestly  and  fairly  say.  Doctor,  because  this  is  true. 
You  can  do  almost  anything  with  statistics  and  can  almost  make  it 
say  anything  you  want  to  tell. 

Because  of  this  we  want  just  one  more  big  inhouse  laboratory. 
This  is  really  what  you  are  saying,  aren't  you? 

Dr.  Kelley.  No,  I wasn’t  relating  it  to  the  lab. 

I was  stating  the  facts  in  the  Ranger  report  which  I understand  is 
in  the  hands  of  the  committee. 

Mr.  Karth.  I really  want  to  get-  into  this  in  executive  hearing. 
I don’t  want  to  take  a chance  of  violating  this  secrecy  but  nothing  in 
here  would  demonstrate  to  me  you  him  any  electronics — the  big 
problem  in  our  continuous  failure  to  make  a satisfactory  Ranger, 
shot  was  an  electronic  shot. 

Mr.  Mosher.  I don’t  think  you  really  stated  the  purpose  of  your 
line  of  questioning  here. 

Do  I understand  it  is  all  directed  to  a skepticism  on  your  part 
concerning  the  validity  of  the  proposal  for  a new  electronics  laboratory 
in  the  Boston  area? 

Mr.  Karth,  I don’t  think  there  is  any  question  but  that’s  what 
Dr.  Kelley  is  here  for.  This  is  the  budget  request  and  this  is  part  of 
the  reason  for  his  appearance  today. 

Mr.  Mosher.  This  is  the  significance  of  all  his  questioning  in  the 
last  half  hour  as  it  relates  to  this? 

Mr.  Karth.  I would  say  a portion  of  it  is. 

Mr.  Mosher.  Yes. 

Mr.  Karth.  I had  in  mind  the  doctor  was  doing  a real  good  job 
* here  and  I want  to  congratulate  you,  Dr.  Kelley,  attempting  to  con- 
vince this  subcommittee  you  are  in  need  of  the  budget  request  that  is 
before  this  committee  for  consideration. 


*'’**■—'  TCg»v 


1964  NASA  AUTHORIZATION 


2143 


I think  you  are  doing  a very  good  job,  and  I class  you  along  with 
some  of  those  other  able  Government  people  who  have  appeared  before 
this  committee. 

Let  me  ask  you  this  question,  Doctor.  Has  this  electronic  re- 
search center  ever  been  proposed  to.  the  Bureau  of  the  Budget? 

Dr.  Kelley.  You  mean  in  past  years? 

Mr.  Karth.  Prior  to  1964. 

Dr.  Kelley.  No,  it  was  not. 

In  fact,  there  was  no  electronics  organization,  as  such,  in  NASA 
until  November  of  1961  when  our  office  was  formed  and  we  realized 
that  we  had  to  do  something  about  the  future  of  the  agency  in  elec- 
tronics. While  we  are  in  the  electronics  business  throughout  our 
projects,  as  you  saw  in  the  slides,  in  fact  to  a large  extent,  there  was 
no  organizational  implementation  and  when  the  agency  reorganized, 
November  1,  1961,  as  you  are  aware,  included  along  with  the  major 
reorganization  for  the  Office  of  Manned  Spaceflight  was  a reorganiza- 
tion of  the  Office  of  Advanced  Research  and  Technology  including 
recognition  of  the  importance  of  electronics  by  establishment  of  our 
Office. 

Mr.  Karth.  You  are  not  saying  you  just  became  aware  of  this 
problem  last  year,  are  you? 

Dr.  Kelley.  No  ; not  at  all.  The  agency  was  aware  of  the  prob- 
lem, as  I understand,  even  when  it  was  being  formed.  This  was 
something  that  was  lacking. 

Mr.  Karth.  I see. 

Dr.  Kelley.  We  were  directed  shortly  after  we  were  formed; 
that  is,  our  office,  to  come  up  with  a plan  to  implement  NASA’s 
long-range  requirements  in  the  area  of  space  electronics  and  guidance. 

In  other  words  there  was  recognition,  and  this  was  well  over  a year 
ago,  there  was  recognition,  formally,  of  the  fact  we  were  going  to  have 
to  grow  in  electronics  and  in  guidance-research  capability. 

We  had  to  investigate  and  study  the  implementation  of  this  growth. 

Mr.  Karth.  We  have  been  growing  in  this  area,  haven’t  we. 
Doctor? 

Dr.  Kelley.  I hope  we  continue  .to  grow  more. 

Mr.  Karth.  But  the  question  is,  We  have  been,  haven’t  we? 

Dr.  Kelley.  We  have  been  growing,  gradually,  yes,  sir. 

Mr.  Karth.  I’m  sorry  for  having  interrupted  you  before  you  com- 
pleted your  testimony. 

Have  you  completed  it? 

Dr.  Kelley.  No,  sir.  I have  about  5 more  minutes. 

Mr.  Karth.  All  right,  maybe  we  could  complete  your  testimony 
today  and  then  get  the  questions  tomorrow. 

Dr.  Kelley.  We  were  on  the  subject  of  lasers. 

Could  I have  the  next  slide,  please  (fig.  116,  p.  1954)? 

Mr.  Karth.  I think  that’s  what  started  the  question.  Go  ahead, 
Doctor.  I’m  sorry. 

Dr.  Kelley.  One  of  the  first  experiments  now  in  space,  using  lasers 
will  be  the  S-66  satellite  which  we  will  launch  later  this  year  which 
will  have  many  corner  reflectors  on  it. 

A comer  reflector  is  a device  which,  when  illuminated  with  a beam, 
reflects  the  beam  right  back  to  you  regardless  what  angle  you  are  look- 
ing at  the  reflector.  We  are  doing  reflection  and  tracking  experiments. 

One  of  the  facets  of  this,  since  it  is  a tracking  instrument,  is  that 
we  don’t  have  to  use  any  equipment  on  the  satellite. 
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Anyone  with  a good  laser  on  the  ground  could  participate. 

We  have  asked,  or  made  available,  the  means  for  international  co- 
operation. One  of  the  people  in  my  office  attended  a major  sym- 
posium in  Paris  about  a month  ago  where  there  was  quite  an  interest 
in  tracking  the  S-66  with  lasers  that  people  have  in  Europe  as  well  as 
this  country. 

Some  of  the  things  we  have  to  learn — How  does  the  atmosphere 
affect  a laser? 

What  are  the  tracking  a 'd  range  accuracies? 

One  of  the  more  interesting  aspects  is  relativity.  Dr.  Einstein  is 
beginning  to  get  into  the  picture.  Always  in  these  equations  we  use  a 
term  involving  the  proportional  velocity  with  respect  to  the  velocity 
of  light,  a percent,  but  the  velocity  has  never  been  high  enough  to 
bother  us  and  we  just  ignored  the  term. 

Now,  with  the  satellite  going  by  at  some  18,000  miles  an  hour,  we 
have  to  begin  to  think  about  relativity. 

One  of  the  things  we  are  concerned  about  is  the  proof  of  relativity. 

In  this  case,  if,  in  fact,  Dr.  Einstein  was  correct. 

Will  the  light  be  reflected  right  back  to  you;  as  I said  a corner  re- 
flector normally  operates,  or  would  it  be  disturbed  slightly,  which 
would  be  an  Einstein  relativistic  effect,  and  one  of  the  purposes  of  the 
experiment. 

The  next  one  (fig.  213). 


Figure  213 
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Now,  reentry  communications,  blackout  problem  is  well  known. 
John  Glenn  and  Carpenter  and  Wally  Schirra  all  experienced  blackout 
up  to  3 or  4 minutes,  and  this  is  caused  by  reentry,  heating  up  the 
air  as  you  enter  the  atmosphere  which  actually  causes  it  to  ionize. 
That  is,  the  electrons  separate  from  the  rest  of  the  atoms.  You  have 
positive  ions  and  negatively  charged  electrons  and  these  tend  to  form 
an  electric  shield  around  the  spacecraft  and  just  makes  it  impossible, 
with  our  present  technolog)-,  to  communicate. 

This  communication  during  reentry  can  get  very,  very  important; 
particularly,  if  you  are  going  through  some  of  this  manned  reentry 
control  as  I showed  with  the  heart-shaped  cardioid. 

I showed  this  slide  to  the  Subcommittee  on  Advanced  Science  and 
Technology  last  year  to  show  what  we  were  doing  and  what  we  were 
investigating. 

We  were  investigating  materials  additions  including  water  and 

(ablative  materials,  aerodynamic  configurations,  and  then  the  whole 
frequency  spectrum 

You  can  see  here  an  example  of  material  addition,  the  antenna 
where  the  transmissions  don’t  get  through. 

If  we  add  a material  like  water,  an  antenna  where  the  water  has 
cooled  farther  back,  on  the  spacecraft,  where  the  water  has  cooled 
down  the  ionization,  then  transmission  can  get  through. 

We  have  recently  had  some  reason  for  optimism  in  wind-tunnel 
tests  at  Langley  Field  with  water  addition. 

If  I could  have  the  next  slide  (fig.  214). 
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We  have  shown  it  is  possible  that  we  can  read  through  or  transmit 
through  the  communications  blackout  by  cooling  down  the  ionized 
gases  in  the  vicinity  of  the  antenna  and  here  you  have  an  example 
in  an  illustration  of  what  this  might  look  like  where  the  astronauts, 
for  example,  every  time  he  wanted  to  talk,  would  squirt  water  into 
the  ionized  stream  and  cool  it  down  and  then  he  can  get  his  trans- 
missions through. 

Incidentally,  we  have  the  same  problem  in  rocket  exhaust.  For 
example,  if  we  have  a spacecraft  coming  down  to  the  surface  of  the 
Moon  with  a radar  altimeter,  the  rocket  exhaust  gases  again  interfere 
with  the  transmission  and  cause  the  same  type  of  communications 
blackout. 

Next  one,  please  (fig.  215). 
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COMPONENT  TECHNOLOGY  OBJECTIVES 


• COM  PAT  AB  I LITY  WITH  SPACE  ENVIRONMENT 


• RELIABILITY 


• STANDARDIZATION 


• QUALIFICATION 


• RECIPROCITY  WITH  FLIGHT  PROJECTS 


• EXPLOITATION  OF  ADVANCED  TECHNIQUES 

Figube  215 

One  of  our  areas  is  component  technology.  That  is,  How  do  we 
get  the  right  pieces,  the  right  parts  for  the  job?  These  are  the 
objectives  or  requirements  of  our  component  technology  program. 

We  have  to  have  compatibility  with  the  space  environment  and  I 
mentioned  earlier,  when  I started,  what  some  of  the  particular  prob- 
lems of  the  space  environment  were  and  the  reliability  factor,  I’ve 
already  mentioned. 

We  have  standardization  requirements.  That  is  the  only  way  we 
can  get  reliability,  really,  is  to  use  the  same  parts  over  and  over  again 
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under  different  conditions  and  different  vehicles  and  build  up  a history 
of  experience. 

The  word  now  is  “commonality.” 

Mr.  Karth.  How  do  you  achieve  this? 

Dr.  Kelley.  You  just  don’t  go  on  the  open  market  and  buy  parts. 
You  have  to  qualify  them.  You  have  to  qualify  them  to  certain 
standards,  specifications,  that  are  compatible  with  the  space  en- 
vironment. 

Incidentally,  as  we  learn  more  and  more  about  the  space  environ- 
ment, the  standardizations  themselves  change,  because  we  don’t 
want  to  build  equipment  for  last  year’s  space  environment  if  we  know 
this  year’s  space  environment  is  different. 

So,  we  have  to  be  very  close  to  the  people  who  make  the  com- 
ponents, if  we  are  going  to  get  payoffs  in  this  field. 

This  is  involved  with  reciprocity  with  flight  projects.  That  is  we 
have  to  have  a quick  information  channel  on  this  space  environment, 
what  we  learn  out  of  our  projects,  back  to  the  component-technology 
development  so  we  can  again  get  early  exploitation  of  advanced  tecn- 
niques  and  then  have  them  in  turn  feed  back  to  the  next  series  of 
spacecraft  or  vehicles. 

Next  one,  please  (fig.  113,  p.  1951). 

Just  an  example  of  some  of  our  requirements  in  the  areas  we  are 
pursuing,  is  the  radiation  resistant  device.  I think  most  of  you  are 
familiar,  as  an  example,  with  Telstar  and  why  it  got  a little  sick  in 
flight,  because  of  the  radiation  environment.  The  conventional — to  the 
right — semiconductor  device  transistor  is  a semiconductor  device 
that  has  a molecular  crystal  lattice  structure  inside  of  it,  as  you  see 
by  the  cutaway  and  a proton — there’s  lots  of  them  in  the  radiation 
fields — can  destroy  the  lattice  structure  and  this  makes  the  device 
cease  to  operate  the  way  it  was  designed. 

We  are  looking  very  intensively  at  thin-film  devices.  By  their 
natures,  by  the  very  materials  involved,  we  hope  to  make  them 
resistant  to  radiation ; but  the  fact  that  they  are  thinner,  there  is  less 
chance  of  collision — also  for  the  proton  getting  through,  less  chance 
of  disturbance  or,  in  fact,  if  it  goes  through  and  hits  something  it 
leaves  only  a small  hole  which  is  now  not  any  good  instead  of  destroy- 
ing the  whole  structure  of  the  device  as  is  the  case  at  the  right  where 
the  whole  device  doesn’t  operate  any  more. 

Now,  the  NASA  and  the  other  components — the  NACA  and  other 
components  from  which  the  NASA  was  created,  possessed  a rich 
heritage  of  capabilities  which  enabled  us  to  easily  effect  the  transition 
to  space  exploration. 

Although  these  naturally  included  some  elements  of  electronics 
research  competence,  this  area  was  represented  by  a relatively  small 
cumulative  effort  diffused  throughout  the  agency. 

At  the  same  time  the  space  exploration  task,  in  the  future  focused 
a very  large  long-range  emphasis  on  electronics.  This  is  the  reason 
why  nearly  2 years  ago  NASA  management  began  studying  this 
responsibility  and  its  associated  organization  implementation. 

This  led  to  the  organization  of  the  electronics  and  control  directorate, 
which  is  my  office,  in  the  Office  of  Advanced  Research  and  Technology, 
reporting  to  Dr.  Bisplinghoff,  and  our  task  was  to  formulate  and 
pursue  a research  program  in  the  electronics  disciplines  which  would 
enable  the  NASA  to  fulfill  its  mission  under  the  Space  Act  of  1958. 
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Now,  a constant  and  continuing  review  of  the  problems  of  elec- 
tronics and  associated  disciplines  has  gone  on  since  that  time. 

The  need  for  more  reliable  electronics  equipment  is  one  of  our  most 
famous  problems.  I have  already  discussed  it.  This  results  from 
one  simple  fact  that  we — and  I referred  to  it  briefly  in  the  Ranger 
discussion — we  are  forced  by  the  pace  of  space  exploration  to  use  and 
operate  electronic  components  which  were  not  designed  for  the  space 
environment.  The  problem  begs  for  solution  even  as  the  performance 
demands  on  electronics  continue  to  increase,  due  to  the  severity  of  the 
hostile  space  environment. 

Much  of  the  large,  active  and  capable  electronics  industry  is  turning 
to  the  NASA  for  research  direction  and  support  of  their  space-oriented 
activities.  W^hile  NASA  can  take  up  part  of  the  support  role  by  pro- 
viding funds,  proper  and  effective  agency  direction  can  come  only  from 
a nucleus  of  experienced  and  knowledgeable  engineers  and  scientists — 
just  as  direction  in  other  disciplines  comes  from  other  NASA  labora- 
tory centers. 

Suffice  to  say,  NASA  simply  must  have  qualified  people  on  its  staff 
who  are  well  informed  on  space  missions  and  their  related  electronic 
systems  performance  requirements,  able  to  identify  the  problem  areas, 
and  competent  to  evaluate  the  research  results  of  others.  They  must 
also  exercise  leadership  in  a favorable  environment. 

As  a result  of  our  review  and  study  on  the  implementation  of 
electronics  responsibilities  for  future  space  missions,  in  our  fiscal  year 
1964  budget,  we  have  already  discussed  today,  we  are  requesting 
congressional  approval  for  additional  funding  for  $5  million  land 
acquisition,  design  engineering  services  to  establish  a new  Electronics 
Research  Center  to  be  located  in  the  Greater  Boston  area. 

Our  long-range  plans  call  for  an  installation  buildup  over  a 6-  to 
7-year  period  yielding  a staff  of  approximately  2,000  personnel  total, 
of  whom  600  to  700  would  be  professionals  and  a plant  value  of  ap- 
proximately $50  million. 

Now,  the  rate  of  Center  growth  will  be  gradual  and  represents,  we 
feel,  an  investment  in  the  future  of  space  flight,  analogous  to  the 
investment  made  in  the  older  research  centers  many  years  ago  which  is 
paying  off  so  handsomely  today. 

This  rate  of  growth  together  with  upgrading  of  Center  personnel  by 
continued  graduate  education  after  they  are  on  board,  is  expected  to 
allow  us  to  meet  our  staffing  requirement  with  little  or  no  impact  on 
electronic  or  scientific  manpower  during  this  projected  growth  period. 

The  NASA  considered  many  potential  sites  throughout  the  country 
for  location  of  the  Electronics  Research  Center!  On  balance,  the 
overall  university-industrial  strength  and  capability  in  electronics  and 
guidance  research  in  the  Greater  Boston  area  resulted  in  its  selection 
as  the  location  for  the  Center. 

This  area,  noted  for  its  past  and  current  heavy  concentration  on 
electronics  research,  both  in  industry  and  universities,  provides  a 
compatible,  stimulating  environment  for  growth  of  NASA  capabilities 
in  this  important  area  of  technology. 

The  Center  will  have  the  principal  function  of  conducting  and 
directing  research  and  component  technique  investigations  in  the 
related  fields  of  communications,  data  processing,  guidance,  instru- 
mentation, and  control.  It  will  be  staffed  and  equipped  to  perform 
original  work  and  to  work  closely  with  industries  and  universities  with 
common  interests. 
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As  you  are  aware,  currently,  we  are  spending  approximately  90 
percent  of  our  funds  out-of-house. 

The  Center  will  serve  to  focus  the  increasing  NASA  out-of-house 
efforts  in  the  burgeoning  area  of  electronics  technology;  and  most 
important  of  all,  it  will  provide  a easy  path  for  the  early  exploitation 
of  advanced  techniques  or  developments  for  space  flight,  whatever 
their  source. 

Thank  you,  Mr.  Chairman. 

Mr.  Karth.  Thank  you  very  much,  Dr.  Kelley.  I see  that  our 
time  has  expiied  for  the  day. 

I want  to  thank  you  very  much  for  your  very  able  presentation. 

I’m  sure  the  other  committee  members  enjoyed  it  as  much  as  I 
did  and  if  there  are  no  questions 

Mr.  Randall.  Just  one,  Mr.  Chairman,  in  relation  to  charts  or 
slides  which  you  showed  as  the  record  is  completed  would  you  identify 
them,  because  some  were  displayed  which  were  not  attached  and  they 
are,  certainly,  not  in  the  order  of  your  context,  if  you  could  do  that. 

Dr.  Bisplinghoff.  Mr.  Chairman,  both  Mr.  Zimmerman  and  Dr. 
Kelley’s  verbal  presentation  was  somewhat  different  than  what  they 
submitted  for  the  record  and 

Mr.  Karth.  Thank  you  very  much,  Doctor,  for  bringing  it  to  my 
attention. 

Since  we  have  already  established  the  principle  of  having  these 
put  in  the  record,  if  there  are  no  objections  to  that  procedure,  it  will 
be  so  ordered. 

Hearing  nothing,  both  Mr.  Zimmerman’s  and  Dr.  Kelley’s  prepared 
statements  will  be  inserted  in  the  record. 

Dr.  Kelley,  the  committee  will  be  adjourned  until  10:00  o’clock 
tomorrow  morning. 

(Whereupon  at  12:15  p.m.  the  subcommittee  was  adjourned  until 
10  a.m.  April  3,  1963.) 
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INDUSTRIAL  AND  GOVERNMENTAL  ELECTRONICS  RESEARCH 
CAPABILITIES  IN  THE  UNITED  STATES 

The  following  listings  cover  industrial  and  Federal  governmental  research 
laboratories  and  the  areas  of  electronics  and  related  subjects  in  which  these 
laboratories  have  capabilities.  Although  many  of  these  companies  also  conduct 
development,  testing  and  evaluation  in  the  electronics  field,  all  companies  listed 
have  a research  capability  of  a greater  or  lesser  degree.  Companies  having 
primarily  a development  or  production  capability,  and  no  research  capability,  are 
not  listed.  Only  those  Government  laboratories  primarily  conducting  a research 
operation  are  listed.1  Further  evaluation  of  the  c&pabilities  of  these  laboratories 
is  dependent  upon  a knowledge  of  the  professional  personnel  and  the  tasks  and 
projects  currently  being  undertaken. 

Industrial  Laboratories  Having  Capabilities  in  Electronics  and  Related 

Disciplines 

The  laboratories  shown  in  the  following  listing  have  a research  capability  in 
one  or  more  areas  of  electronics  and  its  associated  disciplines.  All  laboratories 
shown  have  25  or  more  personnel.  This  listing  is  based  on  the  professional 
knowledge  of  the  staff  of  the  Directorate  of  Electronics  and  Control,  Office  of 
Advanced  Research  and  Technology,  on  available  Government  documents,  and 
on  trade  publications  available  to  the  staff  working  in  the  field. 

A further  listing  of  all  small  business  concerns  interested  in  performing  research 
and  development  is  contained  in  “Research  and  Development,  List  of  Small 
Concerns  Interested  in  Performing  Research  and  Development,”  609  pages, 
Small  Business  Administration,  November  1961.  This  listing  of  2,877  companies 
is  indexed,  showing  individual  firms,  areas  of  capabilities,  and  number  of  scientists 
and/or  engineers.  A copy  is  submitted  as  an  appendix  to  this  material. 

industrial  research. listing 

ACF  Industries,  Inc.,  New  York,  N.Y.: 

ACF  Electronics  Division,  Electro-Physics  Laboratories,  Bladensburg, 
Md.:  Research  capabilities  in  ionospheric  propagation,  HF  communications, 
solid  state  techniques. 

Electronics  Division,  Riverdale,  Md.:  Research  capabilities  in  analog 
computers,  digital  devices,  visual  displays,  automation,  simulation  and 
training,  test  and  checkout. 

Electronics  Division,  Paramus,  N.J.;  Research  capabilities  in  infrared 
detection,  data  processing,  industrial  controls,  microwave  and  communica- 
tions equipment,  television  and  display  systems. 

A.R.F.  Products,  Inc.,  River  Forest,  111.:  Research  capabilities  in  range  instru- 
mentation, major  components  for  automated  electronic  checkout  systems,  labora- 
tory test  equipment,  FM-signal  generators  and  deviation  meters,  electronic 
remote  control  equipment,  special  electronic  components,  communications  equip- 
ment and  navigational  aias. 

A.R.  AT.  Electronics,  Inc.,  Little  Rock,  Ark.:  Research  capabilities  in  radio 
frequencies  and  electronic,  mechanical,  and  photoelectric  devices. 

Acton-  Laboratories,  Inc.,  Acton,  Mass.:  Research  capabilities  in  electronic 
instruments  and  space  instrumentation. 

> Definitions  of  “research”  and  “development"  are  based  on  the  National  Science  Foundation’s  definitions: 

Research  is  “systematic,  intensive  study  directed  toward  fuller  scientific  knowledge  of  the  subject  studied . 
Such  study  covers  both  basic  and  applied  research.” 

Development  is  “the  systematic  use  of  scientific  knowledge  directed  toward  the  production  of  useful 
materials,  devices,  systems,  or  methods  including  design  ana  development  of  prototypes  and  processes. 
It  excludes  quality  control  or  routine  product  testing.” 

Test  and  Evaluation  are  categories  used  by  the  Department  of  Defense  covering  the  processes  In  which 
objects  developed  are  tested  and  evaluated  to  determine  whether  they  meet  the  design  requirements. 
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Adelphi  College,  Adelphi  Research  Center,  Inc.,  Garden  City,  N.Y.:  Research 
capabilities  in  instrumentation,  solid  state  physics  (ferroelectrical  materials), 
electronic  computation,  applied  mathematics. 

Aero  Design  A Engineering  Co.,  Bethany,  Okla.:  Research  capabilities  in  air-, 
craft  and  air  science. 

Aero  Geo  Astro  Corp.,  Alexandria,  Va. : Research  capabilities  in  advanced  radar, 
payload  instrumentation,  high  temperature  problems,  dielectric  measurements, 
microwave  propagation. 

Aero  Service  Corp.,  Philadelphia,  Pa.:  Research  capabilities  in  analog  and 
digital  computers  and  devices,  servomechanisms. 

Aeronca  Manufacturing  Co.,  Middletown,  Ohio:  Research  capabilities  in  in- 
strumentation and  telemetry,  environmental  testing. 

Aerospace  Division,  Baltimore,  Md.:  Research  capabilities  in  electronics, 
aerospace. 

Aerovox  Corp.,  'New  Bedford,  Mass.:  Research  capabilities  in  capacitors, 
dielectrics,  insulation,  electrochemistry,  component  parts. 

Hi-Q  Division,  Olean,  N.Y.:  Research  capabilities  in  ceramics,  dielectrics, 
capacitors,  insulation,  measurements. 

Airborne  Accessories  Corp.,  Hillside,  N.J.:  Research  capabilities  in  electro- 
mechanical components,  automatic  control  systems,  electrical  rotating  machinery. 

Aircraft  Armaments,  Inc.,  Cockeysville,  Md.:  Research  capabilities  in  elec- 
tronic systems  and  components,  classical  physics,  servomechanisms,  controls. 

Airpax  Electronics,  Inc.,  Fort  Lauderdale,  Fla.:  Research  capabilities  in 
electronic  amplifiers,  electrical  contact  materials,  magnetic  circuits. 

Alford,  Andrew,  Consulting  Engineers,  Boston,  Mass. : Research  capabilities  in 
antennas,  air  navigation  aids,  wave  propagation. 

Allen-Bradley  Co.,  Milwaukee,  Wis.:  Research  capabilities  in  electrical  arcs 
and  contacts,  solid  state  devices,  fixed  and  variabie  resistors,  ceramic  capacitors, 
magnetic  materials,  semiconductors,  resins. 

Allied  Record  Manufacturing  Co.,  Hollywood,  Calif.:  Research  capabilities  in 
development  of  manufacturing  techniques  for  radar  antenna  and  structural 
components. 

Allied  Research  Associates,  Inc.,  Boston,  Mass.:  Research  capabilities  in 
electronics  and  instrumentation,  flight  control  and  industrial  control  systems,  and 
aircraft  stability. 

Allis,  Louis,  Co.,  Milwaukee,  Wis.:  Research  capabilities  in  development  of 
electric  motors  and  generators,  electrical  and  electronic  control  equipment,  and 
insulation  systems. 

Allis-Chalmere  Manufacturing  Co.,  Milwaukee,  Wis.:  Research  capabilities 
in  applications  of  physics,  electricity,  and  processing. 

Alloyd  Corp.,  Cambridge,  Mass.:  Research  capabilities  in  electron  beam 
processes;  zone  refining,  welding,  evaporation,  melting;  dimensional  stability; 
and  ultra-pure  metals. 

American  Bosch  Arma  Corp.,  Springfield,  Mass.: 

American  Bosch  Division,  Springfield,  Mass.:  Research  capabilities  in 
generators;  voltage  regulators,  magentos;  coils;  vibrators;  distributors,  and 
condensers. 

Arma  Division,  Garden  City,  X.Y.:  Research  capabilities  in  electronics, 
electromagnetics,  computing  equipment,  gyroscopic  equipment,  and  servo 
systems. 

American  Electronic  Laboratories,  Inc.,  Philadelphia,  Pa.:  Research  capa- 
bilities in  electronics:  antennas,  electromedical  instrumentation,  electrical 
noise,  and  microwaves. 

American  Enka  Corp.,  Enka,  N.C.:  Wm.  Brand-Rex  Division,  Concord, 
Mass. : Research  capabilities  in  dielectric  materials. 

American  Institute  for  Research,  Pittsburgh,  Pa.:  Research  capabilities  in 
engineering  psychology,  systems  and  operations  analysis,  and  measurement  and 
evaluation. 

American  Institute  of  Engineering  and  Technology,  Chicago,  111.:  Research 
capabilities  in  electronics  and  physics. 

American  Machine  & Foundry  Co.,  New  York,  N.Y.: 

Central  Research  Laboratory,  Samford,  Conn.:  Research  capabilities  in 
physical  sciences  and  mathematics,  particularly  : solid  state  physics,  and 
operations  research. 

Mechanics  Research  Division,  Niles,  111.:  Research  capabilities  in  engi- 
neering mathematics,  automation,  and  automatic  controls. 

Research  and  Development  Division,  Advance  Development  Laboratory, 
Buffalo,  N.Y.:  Research  capabilities  in  automatic  mechanisms. 
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Research  and  Development  Division,  Mechanical  Development  Labora- 
tory, Springdale,  Conn.:  Research  capabilities  in  electromechanical  devices. 

Potter  & Brumfield,  Princeton,  Ind.:  Research  capabilities  in  electromag- 
netic relays. 

American  Metal  Climax,  Inc.,  New  York,  N.Y.:  AMCO  Research  & Develop- 
ment, Inc.,  Carteret,  N.J.:  Research  capabilities  in  production  and  testing  of 
semiconductors. 

American  Meter  Co.,  Inc.,  Philadelphia,  Pa.:  Research  capabilities  in  instru- 
ments for  fluid  measurement  and  control. 

American  Optical  Co.,  Southbridge,  Mass.: 

Southbridge  Group,  Research  Department:  Research  capabilities  in  geo- 
metrical and  physical  optics;  optical  and  electronic  instruments;  vision,  and 
thin  films. 

Instrument  Group  Instrument  Division,  Buffalo,  N.Y. : Research  capa- 
bilities in  electronic  instrumentation;  and  special-purpose  optical  instru- 
mentation. 

Instrument  Group,  J.  W.  Fecker  Division,  Pittsburgh,  Pa.:  Research 
capabilities  in  gyroscope  testing  equipment,  and  optical  instruments. 

American  Radiator  & Standard  Sanitary  Corp.,  New  York,  N.Y.:  Advanced 
Technology  Laboratories,  Mountain  View,  Calif.:  Research  capabilities  in  space- 
vehicle  attitude  control,  data  monitoring  and  display,  temperature  instrumenta- 
tion, and  electromechanical  controls. 

American  Research  & Manufacturing  Corp.,  Rockville,  Md.:  Research  capa- 
bilities in  electronics. 

American  Telephone  & Telegraph  Co.,  New  York,  N.Y.: 

Bell  Telephone  Laboratories,  Inc.,  New  York,  N.Y.;  Murray  Hill,  Whip- 
pany,  Holmdel,  and  Chester,  N.J.:  Research  capabilities  in  physics,  mathe- 
matics, acoustics,  high  vacuum  and  solid  state  physics,  electronics, 
magnetism;  telephone  transmission,  including  speech  and  hearing;  trans- 
mission of  telephone  and  television  currents  by  radio;  recording  and 
reproducing  of  sound;  switching  and  control  of  telephone  circuits,  including 
electromechanical,  electronic,  and  other  structures;  electrical  contacts 
employed  in  switching;  new  designs;  application  of  the  mathematical  theory 
of  probability  to  switching  problems.  Development  and  engineering 
activities:  Switches,  relays,  condensers,  coils,  electron  tubes,  semiconductor 
devices,  required  in  switching  and  transmission  systems  for  telecommunica- 
tion; service  performance  and  improvement  of  designs;  development  and 
application  of  standards  of  quality  for  communication  apparatus  and  sys- 
tems; electrical  communication  systems  combining  communication  apparatus 
and  circuits,  power  equipment,  and  other  equipment  and  electrical  circuits 
essential  to  the  control,  switching,  and  supervision  of  communication  cir- 
cuits; transmission  studies  and  development  based  on  field  and  laboratory 
work,  insuring  adequate  volume,  intelligibility,  and  freedom  from  noise  and 
other  disturbing  effects;  current  design. 

Western  Electric  Company,  Inc.,  New  York,  N.Y.;  Princeton,  N.J.: 
Research  capabilities  in  systems  and  data  processing;  material  and  processes; 
semiconductors,  traveling  wave  tubes,  microwave  tubes,  and  ferrite  switches ; 
automation  techniques  in  assembly  wiring  and  cable  forming;  capacitors, 
resistors,  wiring;  ferrite  manufacturing;  electronic  control  circuits;  elec- 
tronic devices  for  testing;  computerized  data  processing;  semiconductors  and 
special-purpose  electron  tubes;  automatic  manufacturing  facilities  for  micro- 
wave  equipment;  manufacturing  techniques  for  ferrites,  printed  wiring, 
plating,  and  tantalum  capacitors;  guidance  systems,  components,  gyros, 
apparatus,  waveguides,  relays,  carbon  deposited  resistors,  and  radars. 

Amperex  Electronic  Corp.,  Hicksvilie,  N.Y. : Research  capabilities  in  electronics , 
microwaves,  and  radiation  detection. 

Ampex  Corp.,  Redwood  City,  Calif.:  Research  capabilities  in  magnetics,  elec- 
tron optics,  and  ferrites. 

Amphenol- Borg  Electronics  Corp.,  Broadview,  111.:  Research  capabilities  in 
dielectric  materials;  radio-frequency  cables,  transmission  lines,  and  connectors; 
RV,  FM,  and  communications  antennas;  radar  and  radio  components. 

Andersen  Laboratories,  Inc.,  West  Hartford,  Conn.:  Research  capabilities  in 
electronics. 

Andrea  Radio  Corp.,  Long  Island  City,  N.Y.:  Research  capabilities  in  elec- 
tronics, television  equipment,  and  special  electronic  devices. 

Andrew  Corp.,  Orland  Park,  111.:  Research  capabilities  in  antennas  and  trans- 
mission lines. 
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Anton  Electronic  Laboratories,  Inc.,  Brooklyn,  N.Y.:  Anton-Imco  Electronics 
Corp.,  New  York,  N.Y.:  Research  capabilities  in  instrumentation,  and  gas  dis- 
charge tubes. 

Applied  Electronics  Laboratories,  Manhattan  Beach,  Calif.:  Research  capa- 
bilities in  electronic  instruments  and  computers;  and  medical  instruments. 

Applied  Physics  Corp.,  Monrovia,  Calif.:  Research  capabilities  in  instruments 
for  absorption  spectroscopy,  raman  spectroscopy;  refraction  and  polarization, 
electrometers,  calorimeters. 

Applied  Psychology  Corp.,  Arlington,  Va.:  Research  capabilities  in  human  en- 
gineering, systems  analysis,  and  operations  research. 

Applied  Radiation  Corp.,  Walnut  Creek,  Calif.:  Research  capabilities  in.  micro- 
waves,  including  kystron  tube  development. 

Applied  Research  Laboratories  of  Florida,  Inc.,  Miami  Springs,  Fla.:  Research 
capabilities  in  environmental  testing,  actual  and  simulated;  and  infrared  spec- 
trography. 

Arizona,  University  of,  Tucson,  Ariz.:  Numerical  Analysis  Laboratory:  Re- 
search capabilities  in  numerical  analysis,  operations  research,  programing  digital 
computers,  information  retrieval. 

Armour  Research  Foundation  of  Illinois  Institute  of  Technology,  Chicago,  111. : 
Research  capabilities  in  physics. 

Arnold  Engineering  Co.,  Marengo,  111.:  Research  capabilities  in  magnetic 
materials;  various  types  of  high  permeability  alloys  in  solid  and  powder  form, 
ceramics,  including  barium  ferrite  permanent  magnets  and  barium  titanate  piezo- 
electric transducers. 

Arnoux  Corp.,  Los  Angeles,  Calif.:  Research  capabilities  in  telemetry,  instru- 
mentation, solid-state  power  converters,  and  magnetometers. 

Astra,  Inc.,  Raleigh,  N.C.:  Research  capabilities  in  advanced  theoretical 
analyses,  space  technology,  and  controls  and  computers. 

Atlantic  Research  Corp.,  Alexandria,  Va.:  Research  capabilities  in  electronics, 
communications,  and  optics. 

U.S.  Flare  Division,  Saugus,  Calif.:  Research  capabilities  in  infrared 
radiation. 

Auerbach  Electronics  Corp.,  Philadelphia,  Pa. : Research  capabilities  in  digital 
data  processing  and  computation,  digital  communications  systems,  control, 
custom  test  equipment,  systems  engineering,  and  automation. 

Austin  Co.,  East  Cleveland,  Ohio:  Austin  Electronics,  New  York,  N.Y.:  Re- 
search capabilities  in  automatic  controls;  data  recording  and  processing,  gauging 
and  measurement;  automation. 

Automatic  Electric  Laboratories,  Inc.,  Northlake,  111. ; Research  capabilities  in 
communications  systems;  control  systems;  electromagnetic  mechanical  and  elec- 
tronic devices:  and  instruments. 

Automatic  Switch  Co.,  Florham  Park,  N.J.:  Research  capabilities  in  electro- 
magnetical  control  equipment. 

Automation  Industries,  Inc.,  Manhattan  Beach,  Calif: 

Automation  Instruments,  Inc.,  Boulder,  Colo:  Research  capabilities  in 
instrumentation  piezoelectric  transducers;  and  magnetic  field  instrumenta- 
tion. 

Magnetics  Division,  Boulder,  Colo.:  Research  capabilities  in  microwave 
components. 

Datran  Division,  Manhattan  Beach,  Calif.:  Research  capabilities  in  gen- 
eral instrumentation;  strain  gaging;  digital  recording  systems;  variable  induct- 
ance pressure  transducers:  sub-carrier  oscillators;  servo  converters. 

Ultrasonics  Division,  Paramount,  Calif.:  Research  capabilities  in  elec- 
tronics. 

Autometric  Corp.,  New  York,  N.Y.:  Research  capabilities  in  electronics, 
specialized  mechanical  and  optical  equipment,  color  television,  special  purpose 
analog  and  digital  computers. 

Avco  Corp.,  New  York,  N.Y.: 

Avco-Everett  Research  Laboratory,  Everett,  Mass.:  Research  capabilities 
in  high  temperature  gas  dynamics,  magnetohydrodynamics,  thermodynamics; 
chemical  physics,  particularly  dissociation  and  recombination  of  molecules, 
atoms,  and  ions  in  upper  atmosphere. 

Avco-Research  and  Advanced  Development  Division,  Wilmington, 
Mass.:  Research  capabilities  in  space  technology,  materials,  structures 
engineering,  and  medical  science  technology. 

Urosley  Division,  Cincinnati,  Ohio:  Research  capabilities  in  communi- 
cations, radar,  electronics,  electronic  ground  support,  infrared  radiation, 
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radiation,  air  traffic  control,  electronic  data  transmission,  and  other  basic 
electronics. 

Eailev  Meter  Co.,  Cleveland,  Ohio:  Research  capabilities  in  measurement, 
control  data  handling,  and  computing. 

1 laird- Atomic,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in  optical  and 
electronic  systems;  narrow  band  optical  filters,  transistor  circuitry,  specialized 
optical  instrumentation,  and  crystal  optics. 

Baldwin-Lima.  Hamilton  Corp.,  Philadelphia,  Pa.: 

Electronics  & Instrumentation  Division,  Waltham,  Mass.:  Research 
capabilities  in  electronics. 

Loewv-Hydropress  Division,  New  York,  N.Y. : Research  capabilities  in 
electronic  controls. 

Loewy  Construction  Co.,  Inc.,  New  York,  N.Y.:  Electromechanical  and 
electronic  controls. 

Baldwin  Piano  Co.,  Cincinnati  ,Ohio:  A.R.  & T.  Electronics,  Ind.,  Little  Rock, 
Ark:  Research  capabilities  in  digital  encoders,  crystal  development,  special  elec- 
tronic devices. 

Ball  Brothers  Research  Corp.,  Boulder,  Colo.:  Research  capabilities  in  elec- 
tronics, servomechanisms,  optics;  balloon,  rocket,  and  satellite  instrumentation. 

Barden  Corp.,  Danbury,  Conn.:  Research  capabilities  in  instrumentation. 

Barkley  & Dexter  Laboratories,  Inc.,  Fitchburg,  Mass.:  Research  capabilities 
in  instrumentation;  communications;  electronics;  and  optics. 

Milligal  Geoscience  Laboratory:  Research  capabilities  in  gravity  instru- 
mentation system. 

Barnes  & Reinecke,  Inc.,  Chicago,  111.:  Research  capabilities  in  electronic  guid- 
ance systems. 

Barnes  Engineering  Co.,  Stamford,  Conn.:  Research  capabilities  in  infrared 
components,  instruments,  and  systems,  including  radiometers,  thermistor  IR 
detectors,  IR  scanners  and  trackers,  IR  sources,  and  radiation  standards. 

Bart  Laboratories  & Design,  Inc.,  Newark,  N.J.:  Research  capabilities  in  elec- 
trochemical devices  in  regard  to  light,  sound,  pressure,  motion,  and  temperature; 
solid  state  semiconductors;  wave  guide  manufacture. 

Basic  & Experimental  Physics,  Falmouth,  Mass.:  Research  capabilities  in 
operations  research,  numerical  analysis,  solid-state  physics,  electronics,  cryo- 
genics, communication  theory,  communications  systems;  and  space  environments. 

Basic  Products  Corp.,  Milwaukee,  Wis.:  Sola  Electric  Co.,  Cicero,  111.:  Re- 
search capabilities  in  constant  voltage  a.c.  and  d.c.  power  supply;  transformers 
for  special  uses. 

Baso  Inc.,  Milwaukee,  Wis.:  Research  capabilities  in  thermoelectric  generators. 

Battelle  Memorial  Institute,  Columbus,  Ohio:  Research  capabilities  in  com- 
puter, electrical,  human,  reliability,  and  systems  engineering;  applied  mathe- 
matics; electronics;  information  processing;  instrumentation;  operations  research; 
semiconductors  and  solid-state  devices. 

Bausch  & Lomb  Optical  Co.,  Rochester,  N.Y.:  Research  capabilities  in  thin 
films,  diffraction  gratings,  photography  refractometry,  colorimetry,  poiarimetry, 
and  human  vision;  spectroscopy  in  visible,  infrared,  and  ultraviolet  spectra; 
electronics. 

Bay  State  Research,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in  crystal 
technology,  precision  electromechanical  systems  apd  control,  and  operations 
research. 

Beckman  Instruments,  Inc.,  Fullerton,  Calif.: 

Berkeley  Division,  Richmond,  Calif.:  Research  capabilities  in  high-speed 
counting  and  timing  devices;  analog  computers. 

Helipot  Division,  Fullerton,  Calif.:  Research  capabilities  in  high  tempera- 
ture material  for  potentiometer  elements;  cermet  composition;  precision 
winding  equipment;  potentiometer  linearity;  expanded  scale  voltmeters,  and 
ammeters:  miniature  synchros,  resolvers,  and  motors;  delay  line  techniques. 

Stienti'ic  and  Process  Instruments  Division,  Fullerton,  Calif.:  Research 
capabilities  in  near  infrared;  far  ultraviolet;  gas  chromatography,  analytical; 
oxygen  measurement  and  detection  in  closed  and  open  environments; 
infrared  spectroscopy,  including  nigh-temperature  gases  or  fuels;  CO2  meas- 
urement in  closed  and  open  environments;  instrumentation,  including 
automatic  data  handling  and  processing  combined  with  sensing  elements. 

Special  Projects  Division,  Fullerton,  Calif.:  Research  capabilities  in  com- 
ponents, instruments  and  systems  for  analysis,  measurement,  counting  and 
control. 

Systems  Division,  Anaheim,  Calif.:  Research  capabilities  in  low-level 
multiplexing;  advanced  data  handling  techniques;  digital  circuitry;  system 
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design,  solid  state  or  vacuum  tube,  including  compilers;  telemetry,  data  re- 
duction systems;  amplifiers,  low-level  d.c.;  rapid-speed,  solid-state  counting 
equipment;  conversion,  digital  to  analog,  analog  to  digital. 

Los  Angeles  Computation  Center,  Los  Angeles,  Calif.:  Research  capabili- 
ties in  development  and  application  of  analog  simulation  techniques. 

Bell  & Gossett  Co.,  Morton  Grove,  111.:  Dualex  Division,  Morton  Grove,  111.: 
Research  capabilities  in  electronic  communication  systems,  control  systems,  tele- 
metering. 

Bell  & Howell  Co.,  Chicago,  111. : Research  capabilities  in  optics. 

Bell  Helicopter  Corp.,  Fort  Worth,  Tex.:  Research  capabilities  in  electronic 
devices  to  provide  all-weather  helicopter  flight  capabilities. 

Belock  Instrument  Corp.,  College  Point,  N.Y.:  Research  capabilities  in  analog 
computers,  radar  simulators,  transistorization  and  miniaturization. 

Bendix  Corp,,  Detroit,  Mich.: 

Bendix  Products  Division,  South  Bend,  Ind.:  Research  capabilities  in 
support  equipment,  guidance  and  discriminating  equipment. 

Bendix  Radio  Division,  Towson,  Md.:  Research  capabilities  in  steerable 
array  radar,  advanced  communication  systems,  secure  communications, 
molecular  electronics,  computer  and  data  handling  techniques,  collision 
avoidance. 

Bendix  Systems  Division,  Ann  Arbor,  Mich.:  Research  capabilities  in  data 
processing,  display,  communications,  guidance  and  control,  radar,  nucleonics, 
infrared  radiation,  acoustics,  instrumentation,  and  support  equipment. 

Cincinnati  Division,  Cincinnati,  Ohio:  Research  capabilities  in  develop- 
ment and  design  of  scientific,  nuclear,  and  industrial  instruments. 

Eclipse-Pioneer  Division,  Teterboro,  N.J.:  Research  capabilities  in  auto- 
matic flight  control  systems,  airborne  digital  computers,  flight  and  naviga- 
tional computers,  gyros  and  reference  systems,  radar  antenna  equipment, 
cockpit  instrumentation,  components,  support  equipment. 

Friea  Instrument  Division,  Towson,  Md.:  Research  capabilities  in  low- 
light-level  closed  circuit  television. 

Lakeshore  Division,  St.  Joseph,  Mich.:  Research  capabilities  in  servo- 
mechanisms, and  miscellaneous  controls. 

Bendix-Mishawaka  Division,  Mishawaka,  Ind.:  Research  capabilities  in 
guidance  and  electromechanical  systems,  electronics,  systems  analysis,  and 
controls. 

Montrose  Division,  South  Montrose,  Pa. : Research  capabilities  in  aircraft 
instrumentation,  synchros,  dynamotors,  and  d.c.  motors. 

Pioneer-Central  Division,  Davenport,  Iowa:  Research  capabilities  in 
cyrogenics,  liquid  measuring  and  sensing,  test  equipment  and  ground  support 
equipment. 

Red  Bana  Division,  Eatontown,  N.J.:  Research  capabilities  in  a.c.  and 
d.c.  power  generating  equipment  for  aircraft  and  missiles;  inverters,  con- 
verters, and  regulators  for  aircraft  and  mobile  equipment;  microwave,  gas, 
and  receiving  tubes  and  semiconductor  devices. 

Research  Laboratories  Division,  Southfield,  Mich.:  Research  capabilities 
in  electronic,  and  electromechanical  systems  and  controls ; analog  and  gidital 
computers,  microwave  systems  and  components,  electron  tubes,  solid  state 
physics  and  instrumentation,  and  acoustics. 

Scintilla  Division,  Sidney,  N.Y.:  Research  capabilities  in  electrical 
connectors,  ceramics;  capacitors,  cables  and  harnesses  for  communication 
equipment  and  test  equipment. 

York  Division,  York,  Pa.:  Research  capabilities  in  electronics:  sub- 
miniaturization, automatic  test  and  control  equipment. 

Benson-Lehner  Corp.,  Santa  Monica,  Calif.:  Research  capabilities  in  informa- 
tion processing,  applied  cybernetics;  data  bant  ing;  energy  metamorphic  physics; 
data  reduction  devices;  and  data  display  devices. 

Documentation,  Inc.,  Washington,  D.C.:  Research  capabilities  in  the 
logic,  mathematics,  techniques,  systems,  and  machines  for  data  input, 
processing,  retrieval,  and  use. 

Bjorksten  Research  Laboratories,  Madison,  Wis.:  Research  capabilities  in 
electronics  and  microwave  physics. 

Blanche,  Ernest  E.,  & Associates,  Inc.,  Kensington,  Md.:  Research  capabilities 
in  mathematics,  statistics,  data  processing  computer  design, 

Blaw-Knox  Co.,  Pittsburgh,  Pa. : Blaw-Knox  Equipment  Division,  Pittsburgh, 
Pa. : Research  capabilities  in  antennas,  radio  telescopes. 

Block  Associates,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in  physical 
optics,  infrared  spectroradiometry. 
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Boeing  Airplane  Co.,  Seattle,  Wash.: 

Boeing  Scientific  Research  Laboratories:  Research  capabilities  in  solid 
state  physics  and  infrared. 

Aero-space  Division,  Avionics  Section  Laboratories,  antennas  andradoraes: 
Research  capabilities  in  development  and  design  of  all  types  of  antennas  for 
aircraft,  including  small  aperture  antennas  (communication  and  navigation 
types)  and  large-aperture  radar  arrays  (scanning  and  fixed) ; high-temperature 
solid  dielectric  materials;  antenna  breakdown  and  performance  when  im- 
mersed in  a plasma. 

Avionics  Section  Laboratories,  automatic  controls:  Research  capabilitiea 
in  automatic  flight  controls. 

Avionics  Section  Laboratories,  computers,  displays,  and  data  processors  ^ 
Research  capabilities  in  data  processors,  digital  and  analog  computers,  dis- 
plays. 

Avionics  Section  Laboratories,  Measurement  & Inertial  Technology" 
Laboratories:  Research  capabilities  in  inertial  navigation  components, 
enviornmental  instrumentation. 

Avionics  Section  Laboratories,  Radar  Laboratory:  Research  eapabilities'in 
development  and  testing  of  radar  systems  and  test  equipment  and  of  radio 
interference  measurement  and  shielding  techniques. 

Space  Medicine  Laboratories;  Research  capabilities  in  miniaturized  bio- 
instruments. 

Systems  Engineering  Laboratories:  Research  capabilities  in  guidance  and 
navigation,  communications,  and  data-processing  systems. 

Transport  Division,  Renton,  Wash.,  Electro-Dynamics  Staff  Laboratories: 
Research  capabilities  in  acoustics,  electricity,  electronics,  flight  controls, 
solid  state  physics,  optics  and  infrared,  flight  instruments,  antennas,  data 
processing. 

Transport  Division,  Engineering,  Computing,  and  Analysis  Staff:  Research 
capabilities  in  systems  and  operations  research,  mathematics,  physics, 
numerical  analysis,  systems,  and  digital  computing. 

Boeing  Flight  Center,  Seattle,  Wash.:  Research  capabilities  in  design  and 
development  of  airborne  instrumentation  systems,  development  of  flight 
test  data  processing  and  reduction  systems  and  methods. 

Wichita  Division,  Wichita,  Ivans.,  Electrical  and  Electronics  Section: 
Research  capabilities  in  acoustics,  antennas  and  propagation,  communica- 
tions, and  solid  state  physics. 

Wichita  Division,  Flight  Test  Section:  Research  capabilities  in  methods 
and  systems  of  instrumentation  applicable  to  new  aircraft  testing. 

Bolt,  Beranek,  & Newman,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in 
applied  physics,  engineering,  psychology,  acoustics,  instrumentation. 

Booz-Allen  Applied  Research,  Inc.,  Glenview,  111.:  Research  capabilities  in 
operations  research,  mathematics,  reliability  and  statistics,  electronics,  instru- 
mentation, physics  and  engineering. 

Borg-Warner  Corp.,  Chicago,  111.: 

Borg-Warner  Controls,  Santa  Ana,  Calif.:  Research  capabilities  in  RF 
instrumentation,  transducers,  magnetic  tape  recorders,  data-processing 
equipment. 

Pesco  Products  Division,  Bedford,  Ohio:  Research  capabilitiea  in  cryo- 
genic pumps  and  associated  equipment;  power  supplies  (electric);  static 
inverters;  and  unconventional  power  supplies. 

Weston  Hydraulics,  Ltd.,  Van  Nuys,  Calif.:  Research  capabilities  in 
valves  and  servomechanisms  for  aircraft  and  space  applications. 

Bowser,  Inc.,  Fort  Wayne,  Ind.,  National  Scientific  Laboratories,  Inc.,  Wash- 
ington, D.C.:  Research  capabilities  in  electronics,  communications. 

Bristol  Co.,  Waterbury,  Conn.:  Research  capabilities  in  instruments;  measure- 
ment, control,  indication,  and  recording  of  temperature,  pressure,  flow,  humidity, 
liquid  level,  electrical  values,  chemical  content,  and  viscosity;  telemetering  means 
for  remote  indication,  recording,  and  control;  aircraft  control  instruments. 

Broadview  Research  Co.,  Burlingame,  Calif.:  Research  capabilities  in  data 
systems  analysis,  scientific  computing,  computer  simulation,  operations  research, 
logistics,  information  storage  and  retrieval,  control  systems  technology,  numerical 
analysis,  programing  services;  photogrammeiry,  geodesy,  aerotriangulation, 
infrared  and  radar. 

Brobeck,  William  M.,  & Associates,  Oakland,  Calif.:  Research  capabilities  in 
quality  control  instrumentation,  data  processing  development;  scientific  instru- 
mentation. 
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Brooks  Research,  Inc.,  Rochester,  N.Y.:  Research  capabilities  in  self-program- 
ing, automatic  test  equipment;  computer  programing;  large-scale  magnetic  ampli- 
fier; special  magnetic  field  design;  high-speed  storage  systems  and  feasibility 
studies. 

Brown,  Dalton  T.,  Inc.,  Long  Island,  N.Y.:  Research  capabilities  in  environ- 
mental tests  of  aeronautical,  electronic,  electromechanical  applications;  instrument 
calibration  and  standards. 

Bulova  Research  & Development  Laboratories,  Inc.,  Woodside,  N.Y.:  Research 
capabilities  in  safety  and  arming,  pressure-sensing,  and  infrared  devices,  sub- 
miniature  electronic  components. 

Burnell  & Co.,  Inc.,  Pelham  Manor,  N.Y.:  Research  capabilities  in  audio  filters, 
telemetering;  missile,  communications,  constant  delay,  subminiature,  and  piezo- 
electric delay  networds  and  toroids;  variable  inductors. 

Burroughs  Corp.,  Detroit,  Mich;  Paoli,  Pa.:  Research  capabilities  in  data 
processing  equipment;  electronic  devices;  and  communications  systems. 

CG  Electronics  Corp.,  Albuquerque,  N.  Mex.:  Research  capabilities  in  digital 
and  computing  electronics,  antennas,  and  telemetry  design. 

CTS  Corp.,  Elkhart,  Ind.:  Research  capabilities  in  variable  resistors;  semi- 
conductors, development  of  designs,  and  testing  to  determine  operating  charac- 
teristics; electronic  components. 

California  Eastern  Aviation,  Inc.,  Chicago,  HI.:  Research  capabilities  in  digital 
systems  data  collection,  data  reduction;  airborne  electronics;  X-ray;  nuclear 
energy. 

Capehart  Corp.,  Richmond  Hill,  N.Y.:  Research  capabilities  in  electronic 
instruments  and  measurement  techniques;  communications  devices;  radar  and 
ECM  techniques  and  equipment;  interference  reduction  techniques. 

Century  Geophysical  Corp.,  Tulsa,  Okla.:  Research  capabilities  in  solid  state 
electronics,  instruments. 

Cessna  Aircraft  Co.,  Wichita,  Kans:  Aircraft  Radio  Corp.,  Boonton,  N.J.: 
Research  capabilities  in  applications  of  electromagnetic  wave  propagation 
phenomena:  application  of  solid  state  devices;  properties  of  materials  used  in  radio 
communication  and  navigation  eqiiipment;  circuit  and  component  development. 

Clevite  Corp.,  Cleveland,  Ohio:  Clevite  Transistor  Products,  Waltham,  Mass.: 
Research  capabilities  in  semiconductor  devices. 

Clifton  Precision  Products  Co.,  Inc.,  Clifton  Heights,  Pa.:  Research  capabili- 
ties in  production  engineering;  aircraft  electromagnetic  instruments,  airborne 
analog  computer  components,  servomotors  and  servomechanism  systems. 

Cohu  Electronics,  Inc.,  San  Diego,  Calif.:  Kin  Tel  Division,  San  Diego,  Calif.: 
Research  capabilities  in  low  level  d.c.  amplifier  development;  analog  to  digital 
converters;  closed  circuit  television;  a.c.  and  d.c.  calibration  devices. 

Coleman  Engineering  Co.,  Inc.,  Torrance,  Calif.:  Research  capabilities  in 
IR  systems;  electronic  systems. 

Collins  Radio  Co.,  Cedar  Rapids,  Iowa:  Research  capabilities  in  radio  communi- 
cations equipment  for  aviation,  amateur,  broadcasting,  and  general  communica- 
tions services;  navigational  aids,  radar  and  fire-control  equipment;  UHF  and 
microwave  communications;  missile  electronics;  propagation  studies;  radio 
astronomy;  servomechanisms;  flight  control,  space  communications  and  naviga- 
tion systems. 

Columbia  Broadcasting  System,  New  York,  N.Y.: 

CBS  Laboratories  Stamford,  Conn.:  Research  capabilities  in  solid  state 
physics,  including  semiconductor  devices;  vacuum  physics;  recording  systems 
(audio,  data,  video);  magnetics;  acoustics;  data  display  and  character  gener- 
ators; optics. 

CBS  Electronics,  Danvers,  Ma;s.:  Research  capabilities  in  microelectronic, 
semiconductor  devices,  thermionic  tubes,  special  cathode  ray  devices. 

CompuDyne  Corp.,  Hatboro,  Pa.:  Research  capabilities  in  feedback  controls- 
systems  and  instrumentation;  electronic,  electromechanical,  and  electrohydraulic; 
pressure,  level,  and  weight  transducers. 

Computer  Control  Co,,  Inc.,  Framingham,  Mass.: 

Eastern  Division,  Framingham,  Mass.:  Research  capabilities  in  special 
purpose  digital  systems,  digital  modules,  coincident  current  memories. 

Western  Division,  Los  Angeles,  Calif.:  Research  capabilities  in  special 
purpose  digital  systems,  digital  modifies,  coincident  current  memories. 

Computer  Instruments  Corp.,  Hempstead,  N.Y.:  Research  capabilities  in 
electronic  components,  electromechanical  computation  and  control,  solid  state 
devices,  extreme  environments  reliability,  conductive  film  techniques,  conductive 
plasties. 
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Consolidated  Diesel  Electric  Corp.,  Stamford,  Conn.,  Consolidated  Avionics 
Corp.,  Long  Island,  N.Y.:  Research  capabilities  in  data  processing,  automation, 
space  technology. 

Consolidated  Electrodynamics  Corp.,  Pasadena,  Calif.,  Central  Research 
Division,  Pasadena,  California. : Research  capabilities  in  solid  state  devices, 
magnetic  tape  recording,  transducers  for  measuring  vibration  strain  and  pressure, 
mass  spectrometry,  chromatography,  electrochemistry,  electronics. 

Datalab  Division,  Pasadena,  Calif.:  Research  capabilities  in  digital  data 
handling  equipment;  magnetic  tape  recording. 

Datatape  Division,  Pasadena,  Calif.:  Research  capabilities  in  advanced 
analog  and  digital  magnetic  record/reproduce  systems,  magnetic  head  de- 
velopment, magnetic  tape  and  accessories. 

Emi  Division,  Pasadena,  Calif.:  Research  capabilities  in  development  of 
analog  data  recording  instruments,  electronic  signal  conditioning  equipment, 
military  electrical  connectors,  transistorized  portable  test  instruments. 

Continental  Oil  Co.,  Ponca  City,  Okla.:  Research  and  Development  Depart- 
ment, Research  Services  Division:  Research  capabilities  in  automation,  elec- 
tronics, separations,  mass  spectrometry,  molecular  spectroscopy. 

Cornell  Aeronautical  Laboratory,  Inc.,  Buffalo,  N.Y.:  Research  capabilities  in 
electronics,  flight  testing,  instrumentation. 

Cornell-Dubilier  Electric  Corp.,  Norwood,  Mass.:  Research  capabilities  in 
dielectrics  and  insulating  materials,  solid  state,  semiconductor  devices,  magnetics, 
and  high  voltage. 

Cubic  Corp.,  San  Diego,  Calif.:  Research  capabilities  in  electronic  distance 
and  angle  measuring,  spatial  geodesy,  missile  and  satellite  tracking. 

Cutler-Hammer,  Inc.,  Milwaukee,  Wis.:  Airborne  Instruments  Laboratory, 
Long  Island,  N.Y.:  Research  capabilities  in  electronics,  including  data  handling, 
receiving  and  reconnaissance  devices,  microwave  equipment,  antennas,  medical 
electronics,  radar,  navigation  and  traffic  control  devices,  industrial  control  and 
gaging. 

Dallons  Laboratories,  Inc.,  Los  Angeles,  Calif.:  Research  capabilities  in  medical 
electronics,  solid  state  devices,  and  space  technology . 

Daven  Co.,  Livingston,  N.J.:  Research  capabilities  in  precision  wire-wound 
resistors;  molding  and  encapsulating  material;  development  of  high-speed  rotary 
switches,  test  equipment,  and  special  types  of  attenuators  and  potentiometers. 

Daystrom,  Inc.,  Murray  Hill,  N.J.: 

Corporate  Central  Research  Laboratory,  West  Caldwell,  N.J.:  Research 
capabilities  in  electronic  measurements,  semiconductors,  and  data  and  con- 
trol systems. 

Control  Systems  Division,  La  Jolla,  Calif.:  Research  capabilities  in  auto- 
matic control  systems  based  on  digital  and  analog  computers. 

Weston  Instruments  Division,  Newark  Laboratory,  Newark,  N.J.:  Re- 
search capabilities  in  electrical  indicating  and  measuring  instruments. 

Military  Electronics  Division,  Archbald,  Pa. : Research  capabilities  in 
electromechanical  devices  and  systems  for  control  and  data  display,  training 
simulators,  and  digital  computer  systems 

Pacific  Division,  Los  Angeles,  Calif. : Research  capabilities  in  free  and  rate 
gyros,  precision  motion  transducers,  potentiometers,  and  instrumentation 
systems. 

Transicoil  Division,  Worcester,  Pa.:  Research  capabilities  in  instrument 
servosystems  and  components. 

Decker  Corp.,  Bala  Cynwyd,  Pa.:  Research  capabilities  in  communication 
and  transmission  of  data  by  modulated  light,  measurement  of  mass  flow  of  liquid 
and  gas,  special  instrumentation  problems,  and  measurement  and  control  systems. 

Del  Mar  Engineering  Laboratories,  Los  Angeles,  Calif.:  Research  capabilities 
in  training  systems,  microwave  (radar)  techniques  in  combination  with  optical 
film  techniques  in  measurement  of  distance,  remote  control  devices  (radio  con- 
trolled), infrared  simulation,  pyrophoric  fuels,  blood  flow  measurement  in  intact 
veins,  flight  sequence  and  operation  timers,  d.c.  servomotors,  and  high  beta 
transistors. 

Designers  for  Industry,  Inc.,  Cleveland,  Ohio:  Research  capabilities  in  elec- 
tronics, mechanical  engineering,  fluid  engineering,  and  controls  and  instrumenta- 
tion. 

Development  Engineering  Corp.,  Washington,  D.C.:  Research  capabilities  in 
communications  systems  design,  antenna  design,  propagation,  and  substrata 
communications. 


2160 


1964  NASA  AUTHORIZATION 


Devenco,  Inc.,  New  York,  N.Y.:  Research  capabilities  in  electronics  (all 
frequencies),  including  radar,  communications,  and  servomechanisms;  theory  of 
correlation  techniques,  optimum  filters,  basic  communication  systems,  and 
infrared. 

Dewey  Corp.,  G.  C.,  New  York,  N.Y.:  Research  capabilities  in  electronics, 
design  and  development  of  radars,  digital  computers,  specialized  recording,  data 
handling  and  conversion  systems. 

Dictograph  Products,  Inc.,  Jamaica,  N.Y.:  Research  capabilities  in  acoustics, 
transducers  and  audiometry,  electronic  circuits  for  communication  devices, 
magnetic  field  and  field  distribution  in  closed  magnetic  circuits  |and  in  free  space 
radiation. 

Djordjevic  Engineering  Co.,  Chicago,  111.: 

Research  Division, Chicago,  111.:  Research  capabilities  in  semiconductors, 
solid  state  physics,  digital  and  analog  computers,  plasma,  electromagnetic 
radiation;,  antenna,  microwave,  instrumentation,  automatic  control  devices 
and  systems,  ultraregulated  power  supplies,  and  electronics. 

Djeco  Division,  Chicago,  111.:  Research  capabilities  in  semiconductors, 
solid  state  physics,  digital  and  analog  computers,  plasma,  electromagnetic 
radiation,  antenna,  microwave,  instrumentation,  automatic  control  devices 
and  systems,  ultraregulated  power  supplies,  and  electronics. 

Dome  & Margolin,  Inc.,  Westbury,  N.Y.;  Research  capabilities  in  microwave 
antennas  and  circuits. 

Dorsett  Laboratories,  Inc.,  Norman,  Okla.:  Research  capabilities  in  electronics 
and  optics. 

Douglas  Aircraft  Co.,  Inc.,  Santa  Monica,  Calif.: 

Testing  Division.  Santa  Monica  Plant,  Santa  Monica,  Calif. 

Aerophysics  Laboratory  & Development  Testing,  El  Segundo  Plant, 
El  Segundo,  Calif. 

Development  Test,  Tulsa,  Okla. 

Research  capabilities  in  aircraft,  space,  and  related  systems  and 
components  ; acoustics  and  vibration,  automatic  controls,  data  processing 
and  computing,  materials  and  process,  normal  and  extreme  environment, 
nuclear  and  isotope  applications,  structures  and  metallurgy,  and  thermo- 
dynamics and  heat  transfer. 

DuMont,  Allen  B.,  Laboratories,  Inc.,  Clifton,  NJ.:  Research  capabilities  in 
electronic  tube  cathode  ray  oscilloscopes;  industrial  television,  and  electronic 
instrumentation. 

Dunn  Engineering  Associates,  Inc.,  Cambridge,  Mass.:  Research  capabilities 
in  equipment  and  systems  in  the  electronics  and  microwave  fields,  radar  and 
guidance,  industrial  control,  and  specialized  test  equipment. 

Dyna-Empire,  Inc.,  Garden  City,  N.Y.:  Research  capabilities  in  electro- 
acoustics. 

Dynamics  Corp.  of  America,  New  York,  N.Y.: 

Radio  Engineering  Laboratories,  Long  Island  City,  N.Y.:  Research 
capabilities  in  point-to-point  FM  communications,  wide  band  tropospheric 
scatter  and  line-of-sight  transmission  systems,  single  sideband  point-to-point 
communication  systems. 

Reeves  Instrument  Corp.,  Garden  City,  Long  Island,  N.Y.:  Research 
capabilities  in  space  guidance  and  control,  range  instrumentation  radar 
systems,  electronic  computing  systems,  servomechanisms,  automatic  control 
systems,  gyroscopes,  accelerometers,  and  resolvers. 

Dynatronics,  Inc.,  Orlando,  Fla.:  Research  capabilities  in  antennae  and  an- 
tenna systems,  and  digital  electronic  circuitry. 

Eder  Engineering  Co.,  Inc.,  Milwaukee,  Wis.:  Research  capabilities  in  elec- 
tronic and  electromechanical  test  equipment. 

Edgerton,  Germeshausen  & Grier,  Inc.,  Boston,  Mass.:  Research  capabilities 
in  hydrogen  thyratron  and  rectifier;  electric  flash;  and  spark  gap. 

Edo  Corp.,  College  Point,  N.Y.:  Research  capabilities  in  electronics. 

Eitel-McCullough,  Inc.,  San  Carlos,  Calif.:  Research  capabilities  in  electron 
tubes,  high-power  klystrons,  traveling-wave  tubes,  reflex  klystrons,  voltage- 
tunable  magnetrons,  negative-gride  tubes;  electron  and  plasma  physics. 

Electric  Autolite  Co.,  Toledo,  Ohio: 

Battery  Engineering  Laboratory,  Toledo,  Ohio:  Research  capabilities  in 
lead-acid  storage  batteries;  electrochemical  power  sources  systems;  nickel- 
cadmium,  silver-zinc;  and  electrical  circuitiy  in  battery  application. 

Electrical  Products  Group,  Toledo  Engineering,  Toledo,  Ohio:  Research 
capabilities  in  alternators,  starting  motors,  and.  drive  clutches;  generators 
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(d.c),  traction  motors,  centrifugal  governors,  solenoids,  relays  and  controls, 
distributors,  condensers,  ignitors,  transistorized  ignition  regulators,  transistor- 
ized regulators,  high-  and  low-voltage  ignition  systems. 

General  Products  Group,  Port  Huron  Engineering  Laboratory,  Port  Huron, 
Mich.:  Research  capabilities  in  cable  design,  materials  evaluation  for  wire 
and  cable,  new  wire  and  cable  construction;  ignition  coils  and  electronic 
ignition  systems,  instruments  and  gauges;  wire  and  cable  for  electronic  and 
electrical  application. 

Spark  Plug  Division,  Ceramics  Laboratory,  Fostoria,  Ohio:  Research 
capabilities  in  nuclear  control  material,  and  neutron  poisoned  ceramics;  high 
temperature  insulation,  metalizing  ceramics,  electronic  applications,  semi- 
conductors; ceramic  micro-wave  absorbers;  and  glass-to-metal  seals. 

Electric  Storage  Battery  Co.,  Philadelphia,  Pa.:  Carl  F.  Norberg  Research 
Center,  Yardley,  Pa.:  Research  capabilities  in  new  and  improved  electrochemical 
systems  and  related  areas;  designing  new  and  improved  batteries  for  industrial 
and  military  applications. 

Electrical  Testing  Laboratories,  Inc.,  New  York,  N.Y.:  Research  capabilities 
in  illuminating  engineering,  light  source  photometry,  light  transmitting  and 
diffusing  media;  wire  and  cable;  insulating  materials,  plastics;  air  filtering  media, 
air  conditioning;  and  radiometry  and  spectrophotometry. 

Electro- Mechanical  Research,  Inc.,  Sarasota,  Fla.:  AS  COP  Division,  Princeton, 
N.J.:  Research  capabilities  in  electronics,  data  processing,  communications, 
and  instrumentation. 

Electro- Mechanics  Co.,  Austin,  Tex.:  Research  capabilities  in  radiofrequency 
measurements  and  interference  analysis,  and  magnetic  measurements. 

Electronic  Communications,  Inc.,  St.  Petersburg,  Fla.:  Research  capabilities 
in  electronic  systems;  microwave  and  millimeter  wave  techniques,  including 
ferrites;  antennas  and  infrared  devices. 

Electronic  Engineering  Co.  of  California,  Santa  Ana,  Calif.:  Research  capa- 
bilities in  electronic  circuits,  data  processing  systems  and  precision  timing  equip- 
ment. 

Electronic  Measurements  Co.,  Inc.,  Eatontown,  N.J.:  Research  capabilities 
in  regulated  d.c.  power  supplies,  tube-type  and  transistorized;  precision  cali- 
brated power  supplies,  d.c.  amplifiers,  test  and  measurement  instruments,  a.c. 
voltage  regulators. 

Electronic  Research  Associates,  Inc.,  Cedar  Grove,  N.J.:  Research  capa- 
bilities in  transistor  components,  circuitry,  instrumentation,  and  new  products; 
new  measurement  processes:  and  sonics  and  ultrasonics. 

Electronic  Specialty  Co.,  Los  Angeles,  Calif.: 

ESCO  Group,  Los  Angeles  39,  Calif.:  Research  capabilities  in  electronic 
components  and  systems  for  space  vehicles,  aircraft  and  missiles;  antenna 
systems  and  components;  and  shock  and  vibration  resistant  control  relays. 

Systems  Laboratories  Division,  Los  Angeles,  Calif.:  Research  capabilities 
in  space  systems,  aeronautics,  mechanics,  electronics,  missile  systems,  auto- 
matic control,  and  computer  systems. 

Teehnicraft  Division,  Thomaston,  Conn.:  Research  capabilities  in  micro- 
wave  components  and  transmission  (rigid  and  flexible) ; precision  microwave 
measuring  techniques. 

Electronic  Systems  Development  Corp.,  Ventura,  Calif.:  Research  capabili- 
ties in  special  purpose  digital  and  analog  computers;  solid  state  commutators  and 
other  solid  state  electronic  devices,  including  amplifiers,  power  supplies,  frequency 
to  d.c.  voltage  converters,  power  switches  and  digital  modules;  liquid  rocket  en- 
gine control  malfunction  protection  systems,  other  instrumentation  and  control 
systems. 

Electronic  Tube  Corp.,  Philadelphia,  Pa.:  Research  capabilities  in  cathode  ray 
tubes,  circuits,  oscilloscopes;  chemistry,  mathematics. 

Electronics  Associates,  Inc.,  Long  Branch,  N.J.:  Research  capabilities  in  analog 
computers,  datalogging  E.D.P.,  X-Y  plotters,  D-A  and  A-d  converters. 

Princeton  Computation  Center,  Princeton,  N.J.:  Research  capabilities  in 
communications,  system  optimization;  continuous  data  processing  via 
analog  computing  techniques. 

Electronics  Corp.  of  America,  Cambridge,  Mass.:  Research  capabilities  in 
photoelectric  and  other  industrial  controls,  and  photoconductors. 

Electro-Optical  Systems,  Inc.,  Pasadena,  Calif.:  Research  capabilities  in  ad- 
vanced propulsion  (ion,  plasma);  energy  and  advanced  power  sources;  heat  re- 
jection in  space;  guidance,  homing,  control,  and  communications  (pulsed  optical 
techniques);  phenomenological  electronics;  multifunctional  microminiaturization; 
space  defense  systems. 
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Electro-Pulse,  Inc.,  Culver  City,  Calif.:  Research  capabilities  in  data  handling 
systems,  pulse  generation  and  timing,  modulation  systems,  industrial  control, 
automatic  test  systems,  radar  systems. 

Electro- Voice,  Inc.,  Buchanan,  Mich.:  Research  capabilities  in  acoustics,  elec- 
tronics, and  allied  fields. 

Elgin  National  Watch  Co.,  Elgin,  111.:  Miniature  devices  in  electronics,  elec- 
trochemistry, solid  state  physics,  and  associated  fields. 

Elgin  Micronics  Division,  Elgin,  111.:  Research  capabilities  in  electro- 
mechanical timing  instruments;  electronics. 

Elgin  Micronics — West  Coast,  Chatsworth,  Calif.:  Research  capabilities 
in  miniature  electromechanical  devices. 

Emerson  Radio  & Phonograph  Corp.,  Jersey  City,  N.J.:  Emerson  Research 
Laboratories,  Division  of  Emertron,  Inc.,  Silver  Spring,  Md. : Research  capabilities 
in  airborne  electronic  systems,  beacons,  trainers  and  simulators,  navigational 
aids,  altimeters,  recorders,  weather  and  electronic  reconnaissance,  test  equipment, 
and  communications. 

Empire  Devices,  Inc.,  Amsterdan,  N.Y.:  Research  capabilities  in  communica- 
tions and  RF  interference  and  field  intensity  measuring  equipment,  microwave 
components,  radar  interference  blankers,  special  power  supplies. 

Engleman  & Co.,  Inc.,  Washington,  D.C.:  Research  capabilities  in  electromag- 
netic radiation,  information  storage  and  retrieval,  communications,  and  electronics. 

Erie  Resistor  Corp.,  Erie,  Pa.:  Research  capabilities  in  electronic  components 
and  modules;  ceramic  dielectrics;  organic  coatings;  semiconductors;  electronic 
circuitry;  digital  electronic  instruments:  and  electromechanical  assemblies. 

Executone,  Inc.,  New  York,  N.Y.:  Adams  Laboratories,  Inc.,  Long  Island  City, 
N.Y.:  Research  capabilities  in  electronics,  particularly  audiocommunication  and 
signaling. 

FXR,  Inc.,  Woodside,  N.Y.:  Research  capabilities  in  microwave  test  equip- 
ment; electronic  instrumentation;  radar  components  and  subsystems;  high  power 
pulse  modulators;  and  high-voltage  power  supplies. 

Fairbanks,  Morse  & Co.,  Chicago,  111.:  Research  capabilities  in  electronics, 
electrical  machinery. 

Fairchild  Camera  & Instrument  Corp.,  Long  Island,  N.Y.: 

Defense  Products  Research  & Engineering  Department,  Long  Island,  N.Y.: 
Research  capabilities  in  systems  and  subsystems;  test  instrumentation; 
cameras  and  processing  equipment;  tactical  ground  support  equipment; 
reconnaissance,  satellites;  data  gathering,  processing  and  transmission; 
radar  optics  and  nucleonics;  testing  of  entire  systems  in  the  environment  ot 
extremely  high  altitudes  and  subject  to  satellite  operating  conditions. 

Graphic  Division,  Long  Island,  N.Y.:  Research  capabilities  in  photo- 
electric engraving  equipment;  punched  tape  analog  computers;  color  com- 
puters; electro-optical  rectifiers;  and  electromagnetic  transducers. 

Fairchild  Controls  Corp.,  Components  Division,  Hicksville,  N.Y.:  Research 
capabilities  in  precision  electromechanical  components  and  sensing  devices. 

Fairchild  Semiconductor  Corp.,  Mountain  View,  Calif.:  Research  capa- 
bilities in  semiconductor  devices. 

Fairchild  Stratos  Corp.,  Hagerstown,  Md.: 

Fairchild  Aircraft  & Missiles  Division,  Hagerstown,  Md.:  Research 
capabilities  in  antennas  and  avionics. 

Astrionics  Division,  Wyandanch,  N.Y.:  Research  capabilities  in  electronic 
• devices  and  systems. 

Fansteel  Metallurgical  Corp.,  North  Chicago,  111.:  Research  capabilities  in 
W,  Mo,  Ta,  Cb,  and  their  alloys;  special  nonferrous  alloys;  powder  metallurgy  of 
rare  refractory  metals;  wet  and  solid  electrolytic  capacitors;  electrolytic  rectifiers; 
silicon  rectifiers;  electrical  contacts  and  their  applications;  and  rare-metal  and 
hard  carbides. 

Farrington  Manufacturing  Co.,  Needham  Heights,  Mass.:  Intelligent  Machines 
Research  Division,  Alexandria,  Va.:  Research  capabilities  in  character  recog- 
nition, optical  scanning  techniques,  pattern  interpretation,  data  processing 
systems,  and  computer  logic  and  circuitry. 

Federal  Manufacturing  & Engineering  Corp.,  Garden  City,  N.Y.:  Research 
Capabilities  in  electronic  circuitry;  tracking  cameras;  medical  electronics;  and 
environmental  testing. 

Federal  Scientific  Corp.,  New  York,  N.Y.:  Research  capabilities  in  coherent 
radar  systems  and  subsystems,  special  computer  accessories,  radar  simulation 
techniques  and  equipment,  special  high  resolution  filters,  highly  phase-stable 
amplifiers  and  frequency  multipliers,  and  acoustics. 
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Filtron  {Co.,  Inc.,  Flushing,  Long  Island,  N.Y.:  Research  capabilities  in  radio 
frequency  interference  measurement,  analysis,  and  control;  RF  interference 
filters;  special  application  capacitors;  and  pulse  packages  and  delay  lines. 

Flame  Research,  Inc.,  Pittsburgh,  Pa.:  Research  capabilities  in  infrared 
radiation;  visible  and  infrared  optics;  system  analysis;  and  analog  and  digital 
computers. 

Flite  Tronics  Inc.,  Burbank,  Calif.:  Research  capabilities  in  electronics  and 
electricity. 

Fluke,  John,  Manufacturing  Co.,  Inc.,  Seattle,  Wash.:  Research  capabilities  in 
differential  a.c.  and  d.c.  voltmeters:  high  voltage,  precision  calibrated  and  general 
purpose  power  supplies;  electronic  wattmeters;  voltage  dividers. 

Ford  Motor  Co.,  Dearborn,  Mich.: 

Engineering  & Research  Laboratory,  Dearborn,  Mich.:  Research  capa- 
bilities in  acoustics,  cryogenics,  paramagnetic  and  nuclear  resonance,  thermo- 
electricity; optical  materials,  devices,  and  systems;  radiation  effects,  electro- 
chemistry, physical  electronics,  electronic  structures,  gas  discharge 
phenomena,  microwave  phenomena,  electromechanical  servomechanisms, 
control  systems,  semiconductor  devices,  instrumentation. 

Aeronutronic  Division,  Newport  Beach,  Calif.:  Research  capabilities  in 
computer  products  and  systems;  satellite  range  instrumentation  equipment; 
products  and  systems  applicable  to  space  vehicles,  travel,  and  communica- 
tions; and  atomic,  molecular,  and  atmospheric  physics. 

Franklin  Institute  of  the  State  of  Pennsylvania,  Philadelphia,  Pa.:  Research 
capabilities  in  electromechanics,  electronics,  magnetics  and  semiconductors, 
nuclear  systems  and  power  and  control  systems. 

Frederick  Research  Corp.,  Wheaton,  Md.:  Research  capabilities  in  measure- 
ments predictions  and  suppression  of  radio  frequency  interference,  development 
and  evaluation  of  communications  equipment  systems,  reliability  and  quality 
control,  microwave  systems  engineering  and  component  design,  experiment 
design,  test  equipment  evaluation,  and  management. 

Freed  Transformer  Co.,  Inc.,  Brooklyn,  N.Y.:  Research  capabilities  in  trans- 
formers, reactors,  magnetic  amplifiers,  toroid  inductors,  filters,  laboratory  test 
equipment. 

Friden,  Inc.,  San  Leandro,  Calif.:  Research  capabilities  in  integrated  data 
processing:  machines. 

G-M  Laboratories,  Inc.,  Chicago,  111.:  Research  capabilities  in  components 
for  servosy8tems;  electrical  and  photographic  products;  electrical  instruments. 

GPE  Controls,  Chicago,  111.:  Research  capabilities  in  automatic  control  sys- 
tems, electronics,  and  measuring  instrumentation. 

Gabriel  Co.,  Cleveland,  Ohio:  Gabriel  Electronics  Division,  Millis,  Mass.: 
Research  capabilities  in  antenna  electronics;  prototype  high-frequency  com- 
munications and  re'Hr  antenna  systems,  including  drive  mechanisms,  controls, 
and  related  transmission  line  circuitry  for  fixed  station,  vehicular,  marine,  and 
airborne  applications. 

General  Applied  Science  Laboratories,  Inc.,  Westbury,  Long  Island,  N.Y.: 
Research  capabilities  in  electronics  and  related  fields  of  aero  and  space  technology. 

General  Atronics  Corp.,  Bala-Cynwyd,  Pa.:  Research  capabilities  in  electronics, 
signal  and  information  handling;  and  automated  learning. 

General  Cable  Corp.,  New  York,  N.Y.:  Research  capabilities  in  electric  wires 
and  cables,  including  new  designs;  properties  of  conductors,  of  dielectrics,  and  of 
protective  covering  materials. 

General  Communication  Co.,  Boston,  Mas3.:  Research  capabilities  in  micro- 
wave  measurement  techniques  and  test  equipment. 

General  Devices,  Inc.,  Princeton,  N.J.:  Research  capabilities  in  telemetry, 
data  reduction,  and  thermoelectricity. 

General  Dynamics  Corp.,  New  York,  N.Y.: 

General  Atomic  Division,  San  Diego,  Calif. : Research  capabilities  in  solid 
state  physics  and  radiochemistry. 

Convair,  San  Diego,  Calif.:  Research  capabilities  in  electromagnetic 
propagation,  electronic  systems,  and  solid  state  physics. 

Electric  Boat,  Groton,  Conn..  Research  capabilities  in  sound  and  vibration, 
operations  research,  engineering  psychology,  simulation  techniques,  and 
systems  analysis. 

Stromberg-Carlson,  Rochester,  N.Y.:  Research  capabilities  in  air  naviga- 
tion, hydroacoustics,  human  communications,  coding,  logic  circuits,  semi- 
conductors, magnetic  materials,  dielectric  materials,  defect  solid  state,  signal 
propagation  and  detection,  data  processing,  storage,  readout,  and  display; 
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speech  analysis  and  bandwidth  compression;  underwater  acoustics;  and 
air  acoustics. 

General  Electric  Co,,  Schenectady,  N.Y.: 

Research  Laboratory,  Schenectady,  N.  Y. : Research  capabilities  in  physics, 
mathematics,  and  engineering  in  such  areas  as:  plasma  physics;  physical, 
solid  state,  and  high-frequency  electronics;  information  systems. 

General  Engineering  Laboratory,  Schenectady,  N.Y.:  Research  capabil- 
ities in  acoustics,  arc  and  circuit  interruption,  bearings,  computing  circuits 
and  systems,  electronics,  electron  optics,  energy  conversion,  high  frequency, 
high  voltage,  information  processing,  magnetics,  mathematical  methods, 
materia)-  engineering,  microwaves,  stress  analysis,  superconductivity', 
thermal  systems,  and  vacuum  systems. 

Component  Products  Division,  Laboratory  Operation,  Fort  Wayne,  Ind.: 
Research  capabilities  in  small  motors,  generators,  relays,  dry-type  trans- 
formers, ballasts,  and  related  electrical  components. 

Computer  Laboratory,  Palo  Alto,  Calif.:  Research  capabilities  in  circuit 
devices  and  systems;  logic  research  and  synthesis;  computer  peripheral 
device  research  and  development. 

Advanced  Projects  and  Laboratories  Operation,  Erie,  Pa.:  Research 
capabilities  in  electromagnetics;  organic  and  inorganic  insulating  materials; 
insulation  systems;  and  equipment  development. 

Electronics  Laboratory,  Syracuse,  N.Y.:  Research  capabilities  in  elec- 
tronics and  related  fields  involving  materials,  devices,  techniques,  equipment, 
and  systems. 

Measurements  Laboratory,  West  Lynn,  Mass.:  Research  capabilities  in 
photoeonductive  and  photovoltaic  materials  for  photometric  measurements; 
thermoelectric  and  resistance  materials  for  high-temperature  measurements; 
electronic  sensors;  solid  state  amplifiers;  magnetic  modulators;  analog  re- 
corders; and  indicators  and  control  systems. 

Materials  and  Processes  Laboratory,  Erie,  Pa.:  Research  capabilities  in 
physics  (data  reduction,  solid  state  devices,  electrical  phenomena)  ; mathe- 
matics (matrixes,  computer  techniques— analog  and  digital) ; and  metallurgy 
(conductor  materials,  magnetic  materials). 

Advanced  Engineering  and  Laboratory  Subsection,  Medium  A.  C.  Motor 
& Generator  Department,  Schenectady,  N.Y.:  Research  capabilities  in 
electromagnetics;  dielectric  and  insulation  theory;  instrumentation  and 
measurements;  and  materials  evaluation. 

Space  Sciences  Laboratory,  Philadelphia,  Pa.:  Research  capabilities  in 
physics  and  dynamics  of  partially  ionized  gases;  plasma  dynamics,  guidance, 
communications  and  detection,  orbits  and  trajectories;  and  extra-atmospheric 
vehicles. 

Microwave  Laboratory,  Palo  Alto,  Calif.:  Research  capabilities  in  new 
microwave  tube  types  and  related  microwave  components,  including  focusing 
devices,  cathodes,  attenuators,  couplers,  slow-wave  structures,  duplexers,  and 
microwave  filters. 

Laboratory  Operation,  Switchgear  & Control  Division,  Philadelphia,  Pa.: 
Research  capabilities  in  initiating,  controlling,  and  interrupting  the  flow  of 
electric  power;  materials  and  processes  engineering  in  electrical,  insulation, 
and  fields  associated  with  switchgear  and  control  equipment  and  devices. 

Materials  & Processes  Laboratory,  Bridgeport,  Conn.:  Research  capabili- 
ties in  properties  of  polymers,  with  particular  reference  to  their  use  in  wire 
and  cable  products. 

General  Instrument  Corp.,  F.  W.  Sickles  Division,  Chicopee,  Mass.:  Research 
capabilities  in  inductors,  radio  frequency  tuning  assemblies;  cathode  ray  deflection 
units;  variable  condensers;  rod  antennas;  FM  tuners;  magnetic  amplifiers;  tran- 
sistor power  supplies;  audio,  supersonic,  and  RF  filters;  toroids;  and  delay  lines. 

General  Kinetics,  Inc.,  Arlington,  Va.:  Research  capabilities  in  engineering, 
mathematics,  physics,  digital  computers,  magnetic  recording. 

General  Laboratory  Associates,  Inc.,  Norwich,  N.Y.:  Research  capabilities  in 
ceramics,  semiconductors,  cold  cathode  rectifiers,  spark  gaps,  capacitors,  and 
transformers.  A radio  interference  laboratory  is  maintained. 

General  Mills,  Inc.,  Minneapolis,  Minn.: 

Central  Research  Laboratories,  Minneapolis,  Minn. 

Mechanical  Division  Research  Department,  Minneapolis,  Minn. 

Larro  Research  Farm,  Indianola,  Iow'a: 

Research  capabilities  in  solid  state  and  electron  physics;  surface  chem- 
istry; radiation  physics;  meteorology;  servomehcanisms;  fine  particle 
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technology;  analog  and  digital  computers;  microwave  technology;  and 
stress  analysis. 

Magnaflux  Corp.,  Chicago,  111.:  Research  capabilities  in  nondestructive 
testing;  magnetic  particle,  penetrant,  electronic,  and  ultrasonic. 

General  Motors  Corp.,  Detroit,  Mich.: 

General  Motors  Technical  Center,  Warren,  Mich.;  Research  capabilities 
in  physics  of  metals;  semiconductors;  solid  state  electronics;  isotope  develop- 
ment and  applications;  rational  mechanics;  and  operations  research  simpli- 
fied computer  programing. 

Allison  Division,  Indianapolis,  Ind.:  Research  capabilities  in  aircraft  gas 
turbines,  power  shafting,  and  remote  reduction  gearboxes;  heavy-duty  trans- 
missions for  off-the-road  vehicles,  buses,  trucks,  and  marine  and  industrial 
applications;  and  precision  sleeve-type  bearings. 

Aeroproducts  Operations,  Dayton,  Ohio:  Research  capabilities  in  elec- 
tronic and  hydraulic  control  systems;  hydraulic  and  electric  and  pneumatic 
actuator  systems;  hydraulic  servo  control  valves;  emergency  ram-air  gen- 
erators and  pumps;  ram-air  drive  systems;  and  auxiliary  power  systems. 

Delco  Applicance  Division,  Rochester,  N.Y.:  Research  capabilities  in 
magnetics,  thermoelectric  devices,  electromagnetic  devices,  and  electronics. 

Delco  Products  Division,  Dayton,  Ohio:  Research  capabilities  in  electrical 
and  electronic  products. 

Delco  Radio  Division,  Kokomo,  Ind.:  Research  capabilities  in  two-way 
communication  radios,  including  loudspeakers,  automatic  tuners,  and  printed 
circuits;  electronic  and  other  vehicular  heater  and  air  conditioner  controls; 
static  inverters  and  converters ; analog  and  servo  electronics ; digital  computers 
and  components;  transistors  and  rectifiers,  particularly  power  type;  solar 
cells;  and  thermoelectric  devices. 

General  Precision,  Inc.,  New  York,  N.Y.: 

GPL  Division,  Pleasantville,  N.Y. 

Kearfott  Division,  Little  Falls  and  Clifton,  N.J.;  Cambridge,  Mass.;  and 
Van  Nuys,  Calif. 

Librascope  Division,  Glendale,  Burbank,  and  Sunnyvale,  Calif. 

Link  Division,  Binghamton,  N.Y.;  Palo  Alto,  Calif.;  and  Dayton,  Ohio: 
Research  capabilities  in  airborne  and  shipboard  electronics;  computer 
techniques;  simulation  techniques;  advance  navigation  and  guidance-in- 
space technology;  general  industrial  and  military  electronics;  high  pre- 
cision instruments  and  system  and  human  engineering. 

General  Radio  Co.,  West  Concord,  Mass.:  Research  capabilities  in  electrical 
and  electronic  measurement  techniques,  acoustic  measurements,  frequency 
standardization,  stroboscopv. 

General  Railway  Signal  Co.,  Rochester,  N.Y.:  Research  capabilities  in  devices 
and  systems  for  air  traffic  control,  tower-center  coordination  and  interlocking, 
and  high-speed  checked  communication  systems. 

General  Time  Corp.,  New  York,  N.Y.: 

Central  Research  Laboratory,  New  York,  N.Y. 

Chicago  Laboratory,  Chicago,  111. 

Research  capabilities  in  time  systems,  programing,  data  processing; 
motors,  rotary  solenoids;  and  other  electronic  and  electromechanical 
devices. 

Genesys  Corp.,  Los  Angeles,  Calif.:  Research  capabilities  in  digital  computer 
circuits,  memory  development  magnetic  material,  display  and  human  engineering. 

Genisco,  Inc.,  Los  Angeles,  Calif.:  Genistron,  Inc.,  Los  Angeles  45,  Calif.: 
Research  capabilities  in  instrumentation,  guidance,  radio  interference,  filter, 
ground  support,  test  equipment,  environmental  inertial  guidance  packages  and 
gyros. 

Geophysical  Research  Corp.,  Tulsa,  Okla.:  Research  capabilities  in  geophysi- 
cal instruments  and  methods. 

Geophysics  Corp.  of  America,  Boston,  Mass.:  Research  capabilities  in  geoastro- 
physics group — geophysics  and  astrophysics ; atmospheric  chemistry;  plasma, 
radiation,  atomic,  molecular,  planetary,  and  high  temperature  physics;  electronic, 
mathematic,  ultra  high  vacuum  magneto-hydrodynamics;  and  gas  electrody- 
namics. 

Geotechnical  Corp.,  Dallas,  Tex.:  Research  capabilities  in  data  detection, 
transmission,  handling,  and  reduction;  electrical  engineering;  development  an 
manufacture  of  electromechanical  instruments  and  systems. 

Gibbs  Manufacturing  & Research  Corp.,  Janesville,  Wis.:  Research  capabilities 
in  electronic  and  electric  musical  instruments,  acoustics,  electromechanical 
assemblies. 
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Globe  Industries,  Inc.,  Electronic  Division,  Belleville,  N.J.:  Research  capabil- 
ities in  radio  communication  and  radar  techniques,  and  transistor  applications. 

Globe  Union,  Inc.,  Milwaukee,  Wis.: 

Battery  Division:  Research  capabilities  in  batteries  and  other  electro- 
chemical power  sources. 

Centralab  Division:  Research  capabilities  in  resistoring  and  metallizing 
on  plastics  and  ceramics;  ceramic  dielectrics  and  insulators;  and  insulating 
coatings. 

Good- All  Electric  Manufacturing  Co.,  Ogallala,  Nebr.:  Research  capabilities 
in  capacitors  (tubular,  disc,  electrolytic) ; controlled  power  supplies;  transistorized 
testing  equipment  for  special  purposes;  microwave,  beam  tube  focusing  electro- 
magnets; and  foil-type  transformers. 

Goodyear  Aircraft  Corp.,  Akron,  Ohio:  Research  capabilities  in  astronautics — 
systems,  material  and  electronic  applications,  including  guidance;  support  equip- 
ment; and  special  devices.  Aerodynamics  and  electronics — fluid  mechanics; 
thermodynamics  of  jet  propulsion;  heat  pumps;  linear  and  nonlinear  analog 
computers;  electronic  navigational  systems;  autopilots;  high-resolution  and  air- 
borne radar;  simulators  and  training  devices;  special  instruments  and  devices  for 
structural  and  flight  tests;  specialized  assemblies,  such  as  structural  and  mechan- 
ical components  of  large  radar  antenna  systems  and  towers ; and  ground  support 
equipment. 

Graflex,  Inc.,  Rochester,  N.Y.:  Research  capabilities  in  electronic  equipment. 

Gray  Research  & Development  Co.,  Hartford,  Conn.:  Research  capabilities  in 
audio  recording  and  reproducing  systems;  television,  video,  and  radio  frequency 
techniques;  radio  frequency  altimeter  development;  electromechanical  devices. 

Grumman  Aircraft  Engineering  Corp.,  Bethpage,  N.Y.:  Research  capabilities 
in  instrumentation  and  avionic  systems  as  related  to  boats,  aircraft,  missiles, 
and  space  vehicles. 

Guardian  Electric  Manufacturing  Co.,  Chicago,  111.:  Research  capabilities  in 
electromechanics. 

Gulton  Industries,  Inc.,  Metuchen,  N.J.:  Research  capabilities  in  medical 
electronic  instrumentation;  solid  state  transducers  and  devices;  applied  informa- 
tion theory;  ultrasonics;  and  technical  ceramics. 

Hammarlund  Manufacturing  Co.,  Inc.,  New  York,  N.Y.:  Research  capa- 
bilities in  radio  and  wire  remote  supervisory  controls;  telemetering;  radio  com- 
munication receivers  and  transmitters;  variable  radio  capacitors. 

Harris-Intertype  Corp.,  Cleveland,  Ohio: 

Gates  Radio  Division,  Quiucy,  111.:  Research  capabilities  in  AM-FM-TV 
broadcast  transmitters  and  controls;  automatic  studio  equipment;  single 
sideband  radio  transmitters  and  receivers;  magnetic  tape  recording  equip- 
ment; and  audio  and  video  instruments  and  controls. 

PRD  Electronics  Division,  Brooklyn,  N.Y.:  Research  capabilities  in  micro- 
wave  instruments,  test  equipment,  and  power  sources;  electronic  instruments 
and  test  equipment;  and  cryogenic  masers. 

Harvard  University,  Littauer  Statistical  Laboratory,  Cambridge,  Mass.:  Re- 
search capabilities  in  statistical  programing  and  computing. 

Harvey-Wells  Electronics,  Inc.,  Southbridge,  Mass.:  Research  capabilities  in 
high  speed  (5-10  me.)  solid  state  digital  logic;  nuclear  magnetic  resonance  instru- 
mentation; high  precision  electromagnets;  high  speed  (10  me.)  digital  counters; 
and  scalers. 

Hazeltine  Corp.,  Little  Neck,  N.Y. : 

Hazeltine  Research  Corp.,  Plainview,  N.Y.  and  Chicago,  111. 

Wheeler  Laboratories,  Inc.,  Great  Neck,  N.Y. 

Hazeltine  Technical  Development  Center,  Indianapolis,  Ind., 

Research  capabilities  in  space  guidance  and  navigation  communication 
systems;  microwave  components;  signal  processing;  solid  state  devices; 
antennas;  microminiaturization;  and  advanced  radar  systems. 

Hermes  Electronics  Co.,  Cambridge,  Mass. : Research  capabilities  in  crystal 
filters,  electronic  computer,  and  digital  systems,  frequency  standards,  design  of 
communications  systems  utilizing  microwave  techniques  and  scatter-propagation 
theory,  including  antenna  design;  physics  and  design  of  complementary  laboratory 
equipment. 

Hewlett-Packard  Co.,  Palo  Alto,  Calif.:  Research  capabilities  in  development  of 
electronic  instruments;  solid  state  devices,  photoconductor  and  vacuum  electronics, 
and  ferrite  applications. 

F.  L.  Moseley  Co.,  Pasadena,  Calif.:  Research  capabilities  in  instrumenta- 
tion and  development  of  electronic  measuring  devices. 
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High  Voltage  Engineering  Corp.,  Burlington,  MaBS.:  Goodridh-High  Voltage 
Astronautics,  Burlington,  Mass.:  Research  capabilities  in  high-voltage  electro- 
static particle  accelerators;  microwave  linear  accelerators  and  associated  apparatus 
for  use  in  supervoltage  X-ray  therapy,  industrial  radiography,  and  nuclear  physics 
research;  radiation  chemistry;  radiobiology;  electron  beam  sterilization;  applied 
neutron  and  charged-particle  studies;  custom  equipment  components,  including 
acceleration  tubes,  magnets,  stabilized  power  supplies  and  magnetic  beam  deflec- 
tion systems,  charged-particle  beam-focusing  systems,  high  vacuum  equipment, 
ion  sources,  and  special  electronic  apparatus  and  controls;  and  ion  propulsion 
devices. 

Hill  Electronics,  Inc.,  Mechanicsburg,  Pa.:  Research  capabilities  in  frequency 
standards  and  devices,  especially  low  to  audio  frequency  quartz  crystals;  ultra- 
precise  oscillators,  ultra  low'-frequency  crystal  filters;  specialized  components 
required  in  these  areas;  and  piezo-electric  effect  and  applications. 

Hoffman  Electronics  Corp.,  Los  Angeles,  Calif.: 

Hoffman  Science  Center,  Santa  Barbara,  Calif.:  Research  capabilities  in 
solid  state  materials,  principally  semiconductors  information  theory  and  data 
processing  systems  analysis. 

Consumer  Products  Division,  Los  Angeles,  Calif. : Research  capabilities  in 
television,  radio,  stereophonic  high  fidelity. 

Military  Products  Division,  Los  Angeles,  Calif.:  Research  capabilities  in 
navigation,  communications,  radar,  instruments,  and  systems. 

Semiconductor  Division,  El  Monte,  Calif.:  Research  capabilities  in 
semiconductors. 

Hogan  Faximile  Corp.,  New  York,  N.Y.:  Research  capabilities  in  special  record 
communication  equipment;  recording  instruments;  data  plotters;  electronic 
analyzers. 

Hoover  Electronics  Co.,  Timonium,  Md,:  Research  capabilities  in  transis- 
torized circuitry  and  telemetering  methods. 

Horizons,  Inc.,  Cleveland,  Ohio:  Research  capabilities  in  physics — solid  state, 
ferroelectrics,  piezoelectrics,  conductors  and  insulators,  electro-optical  photog- 
raphy, photoconduecive  materials,  transistors  and  rectifiers,  electronics,  phos- 
phorescence and  fluorescence. 

Howard  Industries,  Inc.,  Racine,  Wis.:  Research  capabilities  in  servomech- 
anisms; dynamotors;  hysteresis  motors;  and  handcrank  and  gasoline-driven 
generators. 

Howe  Sound  Co.,  New  York,  N.Y.:  Sperry  Products  Co.,  Danbury  Conn.: 
Research  capabilities  in  instruments  for  nondestructive  testing,  ultrasonic  testing 
of  engineering  materials  for  internal  flaws,  and-ultrasonic  instruments  for  thick- 
ness gaging;  hydraulic  remote  controls  and  electronic  motor  overload  controls. 

Hughes  Aircraft  Co.,  Culver  City,  Calif.: 

Engineering  Division:  Research  capabilities  in  airborne  control  systems; 
antenna  development;  infrared  search  and  track  systems;  radar  satellite 
surveillance  systems;  and  space  vehicles. 

Communication  Division,  Engineering  Laboratory,  Los  Angeles,  Calif.: 
Research  capbailities  in  space  communications  problems,  wave  propagation, 
communications  applications  of  various  detection  techniques,  miniaturization 
and  microminiaturization  techniques. 

Ground  Systems  Group,  Engineering  Laboratories,  Fullerton,  Calif.: 
Research  capabilities  in  complex  electronic  systems;  systems  analysis  and 
planning;  mechanical,  electromechanical,  and  circuits  design;  breadboarding; 
product  engineering;  laboratory  and  fleld  testing  of  systems  comprised  of 
advanced  radars,  digital  computers,  and.  special  displays. 

Hughes  Research  Laboratories,  Malibu,  Calif.:  Research  capabilities  in 
new  concepts  in  atomic  and  molecular  physics,  electron  tubes,  semiconductors, 
and  solid  state  materials;  magnetics;  chemical  physics;  radiowave  propaga- 
tion, underwater  propagation,  exotic  inertial  guidance  techniques,  systems 
techniques,  maser  systems,  electronic  scanning  techniques,  pictoral  displays; 
statistical  communications,  network  theory,  feedback  theory,  and  electronic 
displays;  and  information  processing. 

Microwave  Tube  Division,  Los  Angeles,  Calif.:  Research  capabilities  in< 
high-  and  low-power  microwave  tubes. 

Santa  Barbara  Research  Center,  Santa  Barbara,  Calif.:  Research  capabili- 
ties in  infrared  photoconductive  detectors,  infrared  optical  techniques,, 
precision  electromechanical  devices. 

Semiconductor  Laboratories,  Newport  Beach,  Calif.:  Research  capabilities, 
in  solid  state  physics  and  semiconductor  materials  and  devices. 
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Tucson  Engineering  Laboratory,  Tucson,  Ariz.:  Research  capabilities  in 
radar  and  infrared  guidance,  electronics,  electromechanical  and  hydrau- 
lic controls,  and  electrical  powerplants. 

Vacuum  Tube  Products  Division,  Oceanside,  Calif Research  capabilities  in 
storage,  high  vacuum,  vacuum,  and  gas-filled  tubes. 

I-T-E  Circuit  Breaker  Co.,  Philadelphia,  Pa.: 

Greensburg  Division,  Greensburg,  Pa. 

Kelan  Power  Circuit  Breaker  Division.  Los  Angeles,  Calif. 

Victor  Insulators  Division,  Victor,  N.Y. 

Bulldog  Electric  Products  Division,  Detroit,  Mich. 

Special  Products  Division,  Philadelphia,  Pa. 

Chase-Shawmut  Co.,  Newbury  port,  Mass. 

Research  capabilities  in  development  of  circuit  breakers  and  interrupt- 
ing devices,  including  products  in  the  switchgear  and  transformer  fields 
in  voltages  up  to  000  kilovolts;  and  materials  including  insulation, 
waveguide,  and  radio  frequency  devices. 

Ideal  Electric  & Manufacturing  Co.,  Mansfield,  Ohio:  Research  capabilities  in 
■electric  motors  and  generators. 

Industrial  Technological  Associates,  Inc.,  Cleveland,  Ohio:  Research  capabil- 
ities in  special  electronic  instrumentation  and  controls. 

Industro  Transistor  Corp.,  Long  Island  City,  N.Y.:  Research  capabilities  in 
semiconductors. 

Infrared  Industries,  Inc.,  Waltham,  Mass.:  Research  capabilities  in  infrared 
photoconductors  and  interference  filters. 

Infrared  Standards  Laboratory,  Riverside,  Calif. : Research  capabilities  in 
infrared  physics;  instrumentation;  and  semiconductors. 

Institute  for  Defense  Analyses,  Washington,  D.C.:  Weapons  Systems  Evalua- 
tion Division;  Advanced  Research  Projects  Division;  and  Communications  Re- 
search Division,  Princeton,  N.J.:  Research  capabilities  in  operations  and  systems 
analysis;  solid  propellants,  materials- and  communications. 

International  Business  Machines  Corp.,  New  York,  N.Y.: 

IBM  Research,  Yorktown  Heights,  N.Y. 

Data  Systems  Division,  White  Plains,  N.Y. 

General  Products  Division,  White  Plains,  N.Y. 

Advanced  Systems  Development  Division,  Yorktown  Heights,  N.Y. 

Federal  Systems  Division,  Systems  Development  Center,  Rockville,  Md.: 
Research  capabilities  in  administrative  systems,  air  traffic  control, 
communications,  and  navigation;  data  processing  systems,  machines, 
and  components  (commercial,  military,  and  scientific) ; dynamic  systems 
simulation,  electrical  and  mechanical  engineering,  experimental  machines 
research,  guidance  and  control  systems,  human  factors  engineering, 
hydraulics  and  hydrodynamics,  image  processing,  industrial  process 
control  systems,  intelligence  systems,  mathematics,  metallurgy,  ocean- 
ographic systems  studies  of  underwater  sound  propagation,  beam 
formation,  and  signal  correlation;  and  operations  research,  physics, 
reliability  techniques. 

International  Resistance  Co.,  Philadelphia,  Pa.:  Research  capabilities  in 
f'  rical  resistors,  rectifiers,  capacitors,  printed  circuits,  fluorocarbon  plastics, 
ceiamics,  glasses,  semiconductors,  metal  evaporation  surface  film,  synthetic 
resins,  and  polymers;  rheology;  colloid  chemistry. 

International  Telephone  & Telegraph  Corp.,  New  York,  N.Y.:  ITT  Labora- 
tories, Nutley,  N.J.;  Ft.  Wayne,  Ind.;  San  Fernando  and  Palo  Alto,  Calif.: 
Research  capabilities  in  systems  and  equipment  for  advanced  radio  and  wire  com- 
munication and  electronic  and  allied  arts,  including  space  systems  and  satellite 
communications,  radar  direction  finders,  radio  aids  to  aerial  navigation,  special- 
ized television  data  handling  displays,  tubes  (microwave,  power,  image,  etc.), 
storage  tubes,  telephone  and  data  switching  systems,  microwave  systems,  guid- 
ance, data  processing,  computer  systems,  automation  systems,  dielectric  and  semi- 
conductors, materials,  and  cables. 

Iron  Fireman  Manufacturing  Co.,  Portland,  Oreg.:  Research  capabilities  in 
deetromechanies. 

Itek  Corp.,  Waltham,  Mass.:  Research  capabilities  in  optics;  information 
handling;  human  factors;  and  electronics. 

Vidya,  Inc.,  Palo  Alto.  Calif.:  Research  capabilities  in  Aero,  thermo,  and 
gas  dynamics:  physics;  electronics;  and  computation  and  programing. 

JFD  Electronics  Corp.,  Brooklyn,  N.Y.:  Research  capabilities  in  electronic 
components  and  circuitry. 
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Jack  & Heintz,  Inc.,  Cleveland,  Ohio:  Research  capabilities  in  aircraft  and 
missile  accessories,  ground  support  equipment;  a.c.  and  d.c.  generators  and  sys- 
tems, controls,  motors,  starters,  actuators,  inverters;  and  special  commercial 
applications. 

Jansky  & Bailey,  Washington,  D.C.:  Research  capabilities  in  electronic  engi- 
neering, specializing  in  communication. 

Jay  Laboratories,  Andover,  Mass.:  Research  capabilities  in  electronic  analog 
computers,  transistors;  nucleonics,  and  physics. 

• Jennings  Radio  Manufacturing  Corp.,  San  Jose,  Calif.:  Research  capabilities 
in  electrical  characteristics  in  high  vacuum,  vacuum  components  for  RF  capa- 
bilities, use  of  vacuum  components  as  coaxial  relays. 

Jerrold  Electronics  Corp.,  Philadelphia,  Pa.:  Research  capabilities  in  wide-band 
RF  amplifiers  and  converters  between  1 and  1,000  me.,  sweep  frequency  genera- 
tors, closed  circuit  television  systems. 

Johns  Hopkins  University,  Applied  Physics  Laboratory,  Silver  Spring,  Md.: 
Research  capabilities  in  guided  missile  and  satellite  electronics  (integrated  weapons 
systems,  airborne  guidance  and  control,  ground  radars,  data  processing,  telem- 
etry), electronic,  microwave,  solid  state,  physics. 

Johnson  Service  Co.,  Milwaukee,  Wis.:  Research  capabilities  in  development 
of  control  mechanisms;  feedback  control  analysis. 

Kaiser  Industries  Corp.,  Oakland,  Calif.: 

Kaiser  Aluminum  & Chemical  Corp.,  Oakland,  Calif.:  Research  capa- 
bilities in  aluminum  metallurgy;  production,  fabrication,  and  utilization 
of  aluminum  and  alloys;  alumina,  hydrated  aluminas,  dolomite,  and  mag- 
nesium oxide  products;  refractories, 

Kaiser  Electronics  Corp.,  Toledo,  Ohio:  Research  capabilities  in  electronic 
test  equipment  of  the  Go/No-Go  type;  flight -recording  techniques;  printed 
circuit  techniques;  electronic  circuits;  electromechanical  techniques. 

Kettering,  Charles  F.,  Foundation,  Yellow  Springs,  Ohio:  Research  capabilities 
in  solar  energy  utilization. 

Kidde,  Walter,  & Co.,  Inc.,  Belleville,  X.J.:  Research  capabilities  in  specialized 
electronic  development,  including  precision  speed  control,  transistorized  power 
supplies,  and  static  switching  devices;  electrical  and  mechanical  devices  for 
detecting  heat  and  smoke.  _ 

Kip  Electronics  Corp.,  Stamford,  Conn.:  Research  capabilities  in  special  purpose 
electron  tubes. 

Knights,  James,  Co.,  Sandwich,  111.:  Research  capabilities  in  quartz  crystals, 
filters,  and  crystal  oscillators;  transistorized  oscillators;  component  ovens; 
frequency  standards. 

Laboratory  for  Electronics,  Inc.,  Boston,  Mass.:  Research  capabilities  in 
electronic  aids  to  navigation:  Airborne  doppler  navigators,  doppler  inertial 
navigators,  precision  altimeters,  electronic  survey  and  distance  measuring  equip- 
ment, ground  control  radars,  aircraft  landing  aids,  moving  target  indicators. 
Analog  and  digital  computers:  Operational  digital  techniques,  navigational  com- 
puters, machine  tool  controls,  aircraft  power  system  controls,  data  processing 
systems.  Microwave  techniques:  Dielectric  lens,  printed  circuit  r.f.  components, 
stable  oscillators.  Electronic  instruments:  Stalos,  stalo  testers,  doppler  test  sets. 
Components:  Ultrasonic  delay  lines,  magnetic  circuits,  high  lens  for  drum  storage, 
thin  film  research,  data  display,  automatic  reading  techniques.  Theoretical 
studies:  Communication  theory,  antenna  design,  wave  propagation,  ferromagnetic 
research. 

Lear,  Inc.,  Santa  Monica,  Calif.:  Solid  State  Physics  Laboratory,  Los  Angeles, 
Calif.:  Research  capabilities  in  electron  microscopy  and  X-ray  diFr action;  emis- 
sion spectrography;  crystal  growing  and  purification;  vacuum  deposition. 

Leeds  & Northrup  Co.,  Philadelphia,  Pa.:  Research  & DevelopmentC  enter, 
North  Wales,  Pa.:  Research  capabilities  in  systems  and  apparatus,  primarily 
electrical,  for  precise  measurements,  recording,  and  control,  principally  in  the 
fields  of  heat,  electricity,  magnetism,  heat  treatment  of  metals,  composition  of 
gases,  chemical  analysis,  and  fluid  flow. 

Leesona  Corp.,  Providence,  R.I. : Research  capabilities  in  machine  design,  tex- 
tile engineering,  and  fibers. 

Patterson  Moos  Research  Division,  Jamaica,  N.Y.:  Research  capabilities 
in  fuel  cells,  infrared,  nucleonics,  timers,  radioisotope  applications,  nuclear 
batteries,  semiconductors,  solid  state,  special-purpose  instrumentation, 
radar,  fuses,  mines,  guided  missile  components,  and  weapons  systems  evalua- 
tion and  development. 
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Lehigh  Design  Co.,  Inc.,  Newark,  N.J.:  Research  capabilities  in  electronic 
techniques. 

Levinthal  Electronic  Products,  Inc.,  Palo  Alto,  Calif.:  Research  capabilities 
in  high-power  modulators,  transmitters,  power  supplies,  scintillation  crystals. 

Linfield  Research  Institute,  McMinnville,  Oreg.:  Research  capabilities  in 
electronics  (field, emission).  > ' 

Link-Belt  Co.,  Chicago,  111.:  Physical  Research  and  Testing  Laboratory, 
Indianapolis,  Ind.:  Research  capabilities  in  solid  state  physics  (properties  of 
metals  and  alloys);  electronic  instrumentation  and  control;  electron  microscopy, 
X-ray  diffraction  with  special  reference  to  solid  state  properties  of  metals  and 
products. 

Lionel  Coip.,  Irvington,  N.J.:  Research  capabilities  in  electrical  and  electro- 
mechanical circuits,  communication  equipment  mechanisms. 

Little,  Arthur  D.,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in  physics, 
engineering,  and  cryogenics. 

Litton  Industries,  Inc,.,  Beverlv  Hills,  Calif. : 

Research  and  Analysis  Department,  Woodland  Hills,  Calif.:  Research 
capabilities  in  control  systems,  digital  computers,  instrumentation ; materials 
(electronics),  medical  electronics,  nuclear  testing,  reconnaissance  and  elec- 
tronic warfare  systems,  astronautical  (aeronautical)  guidance  systems, 
molectronics,  bionics,  displays. 

Maryland  Division,  College  Park,  Md.:  Research  capabilities  in  magneto- 
hydrodynamics, and  electronics. 

Western  Geophysical  Co.  of  America,  Los  Angeles,  Calif.:  Research 
capabilities  in  electronic  instrumentation,  seismograph  systems,  data  reduc- 
tion techniques. 

Westrex  Corp.,  New  York,  N.Y.;  Research  capabilities  in  facsimile  communi- 
cations, data  and  timing  recorders,  recording  papers,  frequency  standards. 

Lockheed  Aircraft  Corp.,  Burbank,  Calif.: 

Missiles  & Space  Division,  Research  Branch,  Palo  Alto,  Calif.:  Research 
capabilities  in  electronics:  telecommunications,  computers,  electromagnetics, 
solid  state  physics,  instrumentation,  power  systems.  Advanced  systems: 
spacecraft  and  missile  systems. 

Georgia  Division,  Marietta,  Ga. : Research  capabilities  in  engineering, 
antenna;  materials  and  solid  state  sciences  in  radiation  environment;  energy 
sources,  conversion,  and  utilization. 

Lockheed  Electronics  Co.,  Plainfield,  N.J.:  Research  capabilities  in  elec- 
tronics, radar,  sonar;  fire  control;  systems  and  operation  analysis;  human 
factors. 

Lombard  Corp.,  Youngstown,  Ohio:  Research  capabilities  in  electronic  prob- 
lems. 

Lorain  Products  Corp.,  Lorain,  Ohio:  Research  capabilities  in  electrical  equip- 
ment using  saturable  magnetic  cores  and  transistors  for  frequency  changers,  regu- 
lators, control  applications,  battery  chargers,  and  magnetic  amplifiers;  selenium 
rectifier  cells. 

Loral  Electronics  Corp.,  New  York,  N.Y.:  Research  capabilities  in  microwaves, 
transistor  circuitry,  analog  computations,  optical  display  devices. 

Lowell  Technological  Institute  Research  Foundation,  Lowell,  Mass.:  Research 
capabilities  in  electronics. 

Lynch  Communication  Systems,  Inc.,  San  Francisco,  Calif.:  Research  capa- 
bilities in  carrier  frequency  and  multiplex  equipment;  electric  wave  filters; 
remote  control  and  supervisory  control  equipment  using  solid  state  components. 

MTD  Research  and  Developent  Corp.,  Timonium,  Md.:  Research  capabili- 
ties in  electronic  engineering  for  space  vehicles;  guidance  systems  engineering; 
microwave;  test  instruments;  simulators;  communications;  automation  and 
special  devices. 

Magnavox  Co.,  Fort  Wayne,  Ind.:  Research  capabilities  in  data  systems  and 
collection  (information  storage  and  retrieval)  and  communications. 

Magnetics,  Inc.,  Butler,  Pa.:  Research  capabilities  in  magnetic  materials: 
components,  amplifiers,  and  devices. 

Maico  Electronics,  Inc.,  Minneapolis,  Minn.:  Product  Research  and  Develop- 
ment, Minneapolis,  Minn,:  Research  capabilities  in  electroacoustics,  digital 
display  systems,  peripheral  and  general  electronics  equipment,  detection  systems, 
radiation  and  solid  state  physics  applications,  nagnetics,  and  medical  electronics. 

Mallory,  P.  R.,  & Co.,  Inc.,  Indianapolis,  Ind.:  Research  capabilities  in  elec- 
trical properties  of  metals  and  alloys;  electronic  and  electrical  components, 
semiconductor  devices,  electronic  assemblies,  electrical  control  devices,  ferro- 
electric ceramic  devices,  and  electrical  storage  devices. 
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Malt  & Ness,  Inc.,  Buffalo,  N.Y.:  Research  capabilities  in  electronic  systems 
and  data  processing  systems. 

Manning,  Maxwell  & Moore,  Inc.,  Stratford,  Conn.:  Research  capabilities 
in  electronics  as  applied  to  pressure  and  temperature  control  on  transmission, 
involving  d.c.  amplification  and  electromechanical  transducing. 

Manson  Laboratories,  Inc.,  Stamford,  Conn.:  Research  capabilities  in  com- 
munications and  frequency  control. 

Martin  Marietta  Corp.,  Baltimore,  Md.: 

Baltimore  Division,  Electronics  Laboratory,  Baltimore,  Md.:  Research 
capabilities  in  synthesis  of  solid  state  equivalents  of  electronic  circuits: 
electronic  cryogenics  related  to  superconductive  gyro,  bolometer,  and  digital 
circuits;  infrared  detector  materials;  semiconducting  compounds  as  applied 
to  thermoelectricity;  optical  correlation  filter  design;  transister  circuits. 

Denver  Division,  Electronics  Research  Laboratory,  Denver,  Colo.: 
Research  capabilities  in  guidance,  control,  and  communications  systems  for 
space  vehicles. 

Orlando  Division,  Engineering  Research  Laboratory,  Orlando,  Fla.: 
Research  capabilities  in  solid  state  physics  (semiconductors);  molecular 
and  atomic  microwave  devices;  thin  film  electrical  properties  (inorganic); 
inertial  phenomena  applicable  to  guidance  of  missiles. 

Orlando  Division,  Microwave  Laboratory,  Orlando,  Fla.:  Research  capa- 
bilities in  microwave  components;  antennas,  including  low  noise  amplifiers, 
harmonic  generators,  ferrite  circulators,  and  strip  lines. 

Orlando  Division,  Standards  Laboratory,  Orlando,  Fla.:  Research  capabil- 
ities in  measurement  of  radio  frequency;  power,  attenuation,  frequency. 

Mast  Development  Co.,  Inc.,  Davenport,  Iowa:  Research  capabilities  in  photo- 
optical,  data  display,  equipment;  simulators  and  trainers;  digital  display  counters. 

Materials  Research  Corp.,  Yonkers,  N.Y.:  Research  capabilities  in  electronic 
materials. 

Maxson,  W.  L.,  Corp.,  New  York,  N.  Y.:  Research  capabilities  in  radar  systems; 
fixed  antennas;  computing  devices  and  adaption  kits;  navigation  equipments, 
components  and  instruments. 

McDonnell  Aircraft  Corp.,  St.  Louis,  Mo.: 

Research  Division:  Research  capabilities  in  electronics  and  solid  state 
physics. 

Airplane  Engineering  Division:  Research  capabilities  in  systems  and  com- 
ponents, including  aircraft,  manppd  spacecraft,  and  electronics. 

Missile  Engineering  Division:  xtesearch  capabilities  in  systems,  unmanned 
spacecraft  and  components,  including  electronic  guidance  and  control 
systems,  and  propulsion  systems. 

McGraw-Edison  Co.,  Chicago,  111.: 

Thomas  A.  Edison  Research  Laboratory,  West  Orange,  N.J.:  Research 
capabilities  in  solid  state  physics,  electromechanical  instruments  and  appara- 
tus, semiconductors,  electronics,  thermoelectricity,  insulation,  electrical 
apparatus,  electrical  breakdown  of  gases. 

Thomas  A.  Edison  Industries,  Instrument  Division,  West  Orange,  N.J.: 
Research  capabilities  in  ultraviolet  sensing  and  thermodelay  devices,  tele- 
monitoring systems,  and  temperature  and  pressure  transducers. 

Thomas  A.  Edison  Industries,  Voicewriter  Division,  West  Orange,  N.J.: 
Research  capabilities  in  dictation  systems  and  instruments;  recording 
processes. 

McMillan  Co.,  Ipswich,  Mass.:  Research  capabilities  in  generation,  conduction, 
radiation  optics,  absorption,  and  control  of  electrical  and  electromagnetic  energy. 

Melabs,  Inc.,  Palo  Alto,  Calif.:  Research  capabilities  in  communications  equip- 
ment, microwave  solid  state  materials,  ferrite  and  garnet  microwave  products, 
maser  and  solid  state  amplifiers. 

Menlo  Research  Laboratory,  East  Palo  Alto,  Calif.:  Research  capabilities  in 
satellite  systems,  subsystems,  and  components;  telemetry,  electronic  control 
systems,  miniature  and  subminiature  electronic  devices;  radiation  detection 
instruments. 

Micamold  Electronics  Manufacturing  Corp.,  Newark,  N.J.:  Research  capa- 
bilities in  tantalum,  film,  paper,  natural  and  reconstituted  mica,  and  electrolytic 
capacitors;  RF  interference  filters  and  suppression  capacitors;  pulse-forming 
networks. 

Microwave  Associates,  Inc.,  Burlington,  Mass.:  Research  capabilities  in  gas 
discharge,  solid  state  physics,  vacuum  tubes,  electromagnetic  theory,  microwave 
circuitry. 

96-504 — 63 — pt.  3b 8 


V 


f 


v 


2172  1964  NASA  AUTHORIZATION 

Microwave  Development  Laboratories,  Inc.,  Wellesley,  Mass.:  Research  capa- 
bilities in  microwave  theory,  all  phases;  components,  including  hybrids,  mixers, 
duplexers,  phase  shifters,  filters,  ferrites,  power  dividers,  and  directional  couplers; 
instruments,  including  signal  generators  and  paramagnetic  amplifiers. 

Midwest  Research  Institute,  Kansas  City,  Mo.:  Research  capabilities  in  mathe- 
matics; electrical  engineering;  physics. 

Midwestern  Instruments,  Tulsa,  Okla.:  Research  capabilities  in  servomecha- 
nism components,  recording  oscillographs,  and  galvanometers;  electromechanical 
precision  instruments:  telemetering  ground  station  equipment,  instrumentation 
and  audio  tape  recorders,  magnetic  heads,  and  memory  drums. 

Miehle-Goss-Dexter,  Inc.,  Chicago,  111.:  The  De  Florez  Co.,  Inc.,  Englewood 
Cliffs,  N.J.:  Research  capabilities  in  mechanical,  electronic,  and  optical  devices. 

Milieu,  James,  Manufacturing  Co.,  Inc.,  Malden,  Mass.:  Research  capabilities 
in  electronics,  including  radar. 

Mine  Safety  Appliances  Co.,  Pittsburgh,  Pa.:  Technical  Products  Division, 
John  T.  Ryan  Memorial  Laboratory,  Pittsburgh,  Pa.:  Research  capabilities  in 
instruments  for  determining  explosive  or  poisonous  gases,  dusts,  and  mists; 
process  stream  analyzers  for  gases,  liquids,  and  powders;  instrumentation  for 
space  capsule  atmosphere  control;  sound  and  noise  measurement  and  control; 
exhaust  gases,  and  other  fluids. 

Minneapolis-Honeywell  Regulator  Co.,  Minneapolis,  Minn.: 

Honeywell  Research  Center,  Hopkins,  Minn.:  Research  capabilities  in 
servomechanisms  analysis;  electronic,  magnetic,  pneumatic,  and  thermostatic 
devices;  heat  transfer,  humidity  measurements;  semiconductors,  transducers, 
electric  contact  phenomena;  instrumentation  for  atomic  energy;  hermetic 
sealing;  radioisotop ed;  metallurgy,  ceramics,  primary  sensors,  electro- 
chemistry, gaseous  electronics,  infrared. 

Military  Products  Group  Research  Department,  Minneapolis,  Minn.: 
Research  capabilities  in  automatic  controls,  systems  techniques,  human 
factors,  inertial  sensors,  operational  computation  instrumentation,  and  optics. 

Industrial  Products  Group,  Brown  Instruments  Division,  Philadelphia, 
Pa.:  Research  capabilities  in  measurement  and  control  of  process  variables 
such  as  flow,  pressure,  temperature,  and  liquid  level;  industrial  data  handling 
and  computation. 

Heiland  Division,  Denver,  Colo.:  Research  capabilities  in  infrared,  record- 
ing techniques,  gaseous  electronics,  and  transducers. 

Minnesota  Mining  & Manufacturing  Co.,  St.  Paul,  Minn.:  Research  capabili- 
ties in  pressure  sensitive  and  sound  recording  tapes;  electrical  products. 

Missouri  Research  Laboratories,  Inc.,  St.  Louis,  Mo.:  Research  capabilities  in 
electronic  test  equipment. 

Monogram  Precision  Industries,  Inc.,  Culver  City,  Calif.: 

Lewis  & Kaufman:  Research  capabilities  in  electron  tubes  (microwave 
and  transmitting) ; long-life  cathodes. 

Cascade  Research,  Los  Angeles,  Calif.:  Research  capabilities  in  products 
employing  the  gyromagnetic  resonance  phenomenon  in  ferrite  materials  at 
microwave  frequencies,  such  as  unidirectional  transmission  lines,  amplitude 
modulators,  and  duplexers;  switches. 

Motorola,  Inc.,  Chicago,  111.: 

Riverside  Research  Laboratory,  Riverside,  Calif.:  Research  capabilities 
in  guidance,  radar  navigation,  instrumentation. 

Chicago  Military  Electronics  Center,  Chicago,  111.:  Research  capabilities 
in  communications,  radar,  data  processing  and  display,  digital  communica- 
tions; underwater  electronics;  filters  and  crystals. 

Western  Military  Electronics  Center,  Scottsdale,  Ariz.:  Research  capabili- 
ties in  special  communications  and  navigation  systems  equipment,  airborne 
radar;  beacons  and  transponders;  guidance  and  control  systems. 

Narda  Microwave  Corp.,  Mineola,  N.Y.:  Research  capabilities  in  microwave 
transmission  devices,  waveguides,  coaxial  and  strip  lines,  ferrite  devices,  electronic 
instruments,  high-frequency  transmitters.  , 

National  Aeronautical  Corp.,  Fort  Washington,  Pa.:  Research  capabilities  in 
radio  communication  and  navigation  devices  for  aircraft. 

National  Cash  Register  Co.,  Dayton,  Ohio:  Research  capabilities  in  electrical, 
electronic,  mechanical,  and  metallurgical  problems  in  the  field  of  business  machines. 

Electronics  Division,  Hawthorne,  Calif.:  Research  capabilities  in  digital 
data  processing  systems. 

National  Research  Corp.,  Cambridge,  Mass.:  Research  capabilities  in  high 
vacuum  equipment. 
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National  Video  Corp.,  Chicago,  111.:  Research  capabilities  in  cathode-ray  tubes, 
electrostatic  and  magnetic  fields,  phosphorescent  materials,  thermionic  cathodes, 
vacuum,  techniques,  and  vacuum  metallizing. 

Non-Linear  Systems,  Inc.,  Del  Mar,  Calif.:  Research  capabilities  in  electronic 
instruments,  digital  voltmeters,  analog-to-digital  converters,  data  logging  systems. 

North  American  Aviation,  Inc.,  Los  Angeles,  Calif.:  Autonetics  Division, 
Downey,  Calif.:  Research  capabilities  in  inertial  navigation;  armament  and 
flight  control;  computers  and  data  systems. 

Columbus  Division,  Columbus,  Ohio:  Research  capabilities  in  aerody- 
namics, thermodynamics,  electronics,  electromechanics,  hydromechanics, 
flight  test,  instrumentation. 

Missile  Division,  Downey,  Calif.:  Research  capabilities  in  space  mechanics, 
gas  dynamics,  geological  sciences,  applied  physics,  astronomical  sciences,  life 
sciences. 

Los  Angeles  Division,  Engineering  Laboratory,  Los  Angeles,  Calif.:  Re- 
search capabilities  in  aeronautics,  thermodynamics,  hydraulics,  electronics, 
acoustics,  mechanics,  and  cryogenics. 

Los  Angeles  Division,  Atomics  International,  Canoga  Park,  Calif.:  Re- 
search capabilities  in  nuclear  instrumentation. 

North  American  Philips  Co.,  Inc.,  New  York,  N.Y.:  Research  capabilities  in 
semiconductors  and  solid  state  physics,  microwaves,  X-rays,  crystallography, 
magnetics,  thermionics,  cryogenics,  radiation  detection. 

North  Electric  Co.,  Gabon,  Ohio:  Research  capabilities  in  electronic  switching 
techniques  and  transmission  systems ; industrial  and  remote  control  systems. 

Northrop  Corp.,  Beverly  Hills,  Calif.: 

Norair  Laboratories,  Hawthorne,  Calif.:  Research  capabilities  in  astro- 
nautics, aircraft,  bioastronautics,  aerodynamics,  nuclear,  technology,  ma- 
terials, electronic  systems,  space  propulsion,  space  physics,  plasma  dynamics, 
electromechanical  systems,  and  environments. 

Nortronic.s,  Electronic  Systems  and  Equipment,  Hawthorne,  Calif.:  Re- 
search capabilities  in  systems,  equipment,  and  components  for  space  elec- 
tronics and  other  fields  of  electronics;  computers;  systems  for  inertial  and 
astronertial  guidance,  flight  safety  and  control,  space  guidance  and  defense; 
optical  radiation  and  infrared  systems. 

Nor  ironies,  Systems  Support  Department,  Anaheim,  Calif.:  Research 
capabilities  in  automatic  electronic  test  systems,  infrared  pyrotechnics, 
internal  and  external  ballistics,  optics,  and  photogrammetry. 

Nuclear-Chieago  Corp.,  Des  Plaines,  111.:  Research  capabilities  in  design  and 
development  of  electronic  instruments  for  detection  of  radioactivity,  application 
of  instruments  in  fields  of  medicine,  life  sciences,  and  research  and  industrial 
process  control. 

Nuclear  Corp.  of  America,  Denville,  N.J.: 

Central  Electronic  Manufactures  Division:  Research  capabilities  in  elec- 
tron tubes,  solid  state  physics,  microwaves. 

Instrument  and  Research  Division:  Research  capabilities  in  effects  of 
radiation  on  matter,  nuclear  instruments. 

Nuclear  Materials  & Equipment  Corp.,  Apollo,  Pa.:  Research  capabilities  in 
analytical  and  quality  control  techniques;  chemistry  and  metallurgy  of  new  and 
advanced  high-temperature  thermal  shock-resistant  metals,  ceramics,  and  cermets. 

Offner  Electronics  Inc.,' Schiller  Park,  111.:  Research  capabilities  in  industrial 
and  medical  instrumentation. 

Ohio  Crankshaft  Co.,  Cleveland,  Ohio:  Research  capabilities  in  induction 
heating. 

Ohio  Steel  Foundry  Co.,  Lima,  Ohio:  Springfield  Works,  Springfield,  Ohio: 
Research  capabilities  in  spectrographic  analysis,  radiography. 

Ohmite  Manufacturing  Co.,  Skokie,  111.:  Research  capabilities  in  resistors, 
rheostats,  switches,  relays,  tantalum  capacitors,  variable  transformers,  germanium 
diodes,  electrical  controls,  new  electronic  components. 

Oklahoma,  University  of,  Research  Institute,  Norman,  Okla.:  Research  capa- 
bilities in  electrical  and  aeronautical  engineering. 

Olin  Mathieson  Chemical  Corp.,  New  York,  N.Y.:  Metals  Division,  New 
York,  N.Y.:  Research  capabilities  in  physical  testing,  physics,  electronic  instru- 
mentation. 

Operations  Research,  Inc.,  Silver  Spring,  Md.:  Research  capabilities  in  systems 
analysis;  research  and  development  program  analysis;  industrial  engineering; 
information  theory;  sonar,  radar,  solid  state  infrared,  and  space  technology; 
systems  management;  communications;  life  sciences. 
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Owens-Illinois  Glass  Co.,  Toledo,  Ohio: 

Owens-Illinois  Technical  Center,  Toledo,  Ohio:  Research  capabilities  in 
high  temperatures,  physical  chemistry  of  melts  and  surfaces,  solid  state 
physics,  and  polymers. 

Kimble  Glass  Co.,  Toledo,  Ohio:  Research  capabilities  in  glass  items  for 
electrical,  electronics,  and  nuclear  industries,  including  insulators,  diode  and 
capillary  tubing  for  power  and  X-ray  and  other  radiation  bulbs,  various 
other  types  of  glasses,  transmitting,  low-expansion,  high-temperature,  and 
nuclear-resistant. 

Pacific  Gas  & Electric  Co.,  San  Francisco,  Calif.:  Research  capabilities  in 
electrical  and  other  measurement  techniques. 

Pacific  Optical  Corp.,  Inglewood,  Calif.:  Research  capabilities  in  high  resolu- 
tion photographic  lenses  and  optical  systems;  aspheric  surfaces;  fiber-optics. 

Pacific  Scientific  Co.,  San  Francisco,  Calif.:  Research  capabilities  in  guidance, 
control,  and  measurement  instruments. 

Pacific  Semiconductors,  Inc.,  Culver  City,  Calif.:  Research  capabilities  in  sur- 
face effects,  and  solid  state  diffusion,  primarily  of  silicon;  development  of  semi- 
conductor devices,  El.  transistors. 

Packard  Bell  Electronics,  Los  Angeles,  Calif.:  Research  capabilities  in  IFF 
(identification,  friend  or  foe),  electronic  support  equipment,  communications, 
computers,  instrumentation,  high-temperature  components,  infrared  applications. 

Page  Communications  Engineers,  Inc.,  Washington,  D.C.:  Research  capabil- 
ities in  telecommunications,  antennas,  and  propagation. 

Pan  American  Petroleum  Corp.,  Tulsa,  Okla.:  Research  capabilities  in  geo- 
physical instruments  and  equipment;  electronic  instruments  applicable  to  produc- 
tion of  oil  and  gas. 

Paneilit,  Inc.,  Skokie,  111.:  Research  capabilities  in  data-reduction  systems, 
electrical  instruments,  scanning  and  computing  systems;  automatic  control 
dynamics. 

Pan- Fax,  Inc.,  Santa  Barbara,  Calif.:  Research  capabilities  in  telephoto, 
facsimile,  and  communications  equipment. 

Panoramic  Radio  Products,  Inc.,  Mount  Vernon,  N.Y.:  Research  capabil- 
ities in  spectrum  analyzers;  telemetering  and  specialized  test  equipment, 

Parr  Instrument  Co.,  Moline,  111.:  Research  capabilities  in  laboratory  instru- 
ments and  apparatus  for  measuring  heats  of  combustion  and  chemical  reactions 
at  elevated  pressures  and  temperatures. 

Parsons,  Ralph  M.,  Co.,  Los  Angeles,  Galif.:  Research  capabilities  in  systems 
engineering,  telemetry,  miss-distanee  indicators,  precision  electronic  timing  sys- 
tems, precision  delay  lines;  radar  augmenters  and  beacons;  equipment  for  CW, 
phase,  and  pulse  tracting  radar;  velocimeters;  design,  construction,  and  instru- 
mentation of  technical  facilities. 

Peer,  Inc.,  Benton  Harbor,  Mich.:  Research  capabilities  in  electronics,  es- 
pecially control  equipment  and  radio  transmitters  and  receivers;  resistance  welding 
equipment  and  high-current  low-voltage  apparatus;  rectifiers  and  semiconductors. 

Penta  Laboratories,  Inc.,  Santa  Barbara,  Calif.:  Research  capabilities  in 
power-transmitting,  traveling-wave,  inert-gas-filled,  and  special-purpose  (switch- 
ing, photoelectric,  photosensitive)  electron  tubes;  materials,  techniques,  and 
designs  of  electron  tubes;  prototypes  of  equipment  using  developed  tubes. 

Perkin-Elmer  Corp.,  Norwalk,  Conn.:  Research  capabilities  in  instrument 
development,  special  optics  and  electrooptical  systems,  application  of  infrared, 
analytical  techniques  to  laboratory  and  process  plant  problems. 

Perkin  Engineering  Corp.,  El  Segundo,  Calif.:  Research  capabilities  in  design 
and  development  of  a.c.  and  d.c.  static  voltage  regulators;  magnetic  amplifiers. 

Philbrick,  George  A.,  Researches,  Inc.,  Boston,  Mass.:  Research  capabilities 
in  electric  and  electronic  analog  computing  techniques  and  their  applications. 

Philco  Corp.,  Philadelphia,  Pa. : 

Philco  Research  Division:  Research  capabilities  in  electronics,  thermo- 
electricity, physics;  solid  state  and  vacuum  physics  and  devices;  electronic 
circuits  and  components;  electronic,  mechanical,  and  thermodynamic  systems 
and  equipment. 

Sierra  Electronic  Corp.,  Menlo  Park,  Calif.:  Research  capabilities  in 
communications  in  the  radio  frequencies;  specialized  test-  equipment:  special- 
ized transmitting  systems  for  VLF,  VHF,  UHF,  and  microwaves. 

Phoenix  Precision  Instrument  Co.,  Inc.,  Philadelphia,  Pa.:  Research  capa- 
bilities in  optical,  mechanical,  hydraulic,  and  electronic  devices;  monochromatic 
sources  and  photometric  detector  systems. 

Photogrammetry,  Inc.,  Silver  Spring,  Md.:  Research  capabilities  in  measure- 
ment and  analysis  of  photography,  development  of  photogrammetric  instru- 
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mentation;  mathematical  analysis  of  moving  and  fixed  points  in  space  by  analytical 
photogrammetry. 

Pickard  & Burns,  Inc.,  Needham  Heights,  Mass.:  Research  capabilities  in 
electronics — aids  to  navigation,  communications,  and  radar  (VLF  through  the 
millimeter  region). 

Pittsburgh,  University  of,  Computation  and  Data  Processing  Center,  Pitts- 
burgh, Pa. : Research  capabilities  in  digital  computation. 

Plasmadyne  Corp.,  Santa  Ana,  Calif.:  Research  capabilities  in  reentry  simula- 
tion; magneto-  and  eiectrogasynamics;  low  desnity  plasma  generation  and  con- 
tainment, microwave  generation,  eollison  cross  sections  and  transport  phenomena; 
upper  atmosphere  physics. 

Polarad  Electronics  Corp.,  Long  Island  City,  N.Y.:  Research  capabilities  in 
microwave  systems,  electronic  instrumentation,  microwave  vacuum  tubes  and 
components,  scientific  instrumentation. 

Polaroid  Corp.,  Cambridge,  Mass.:  Research  capabilities  in  one-step,  three- 
diamensional,  and  color  photography;  color  vision;  polarized  light;  absorption  of 
light;  physics  and  crystallography,  especially  as  related  to  phenomena  involving 
radiation;  spectroscopy;  electronics. 

Premier  Instrument  Corp.,  New  York,  N.Y.:  Research  capabilities  in  micro- 
wave  components  and  systems  for  radar,  link  systems,  and  satellite  tracking. 

Prudential  Industries,  Inc.,  Philadelphia,  Pa.:  Research  capabilities  in  elec- 
tronic test  and  measurement  equipment  for  semiconductor  industry;  general 
laboratory  test  devices. 

Quantum,  Inc.,  Wallingford,  Conn.:  Research  capabilities  in  chemistry; 
design  and  engineering;  surface  science;  radiation  and  radioisotopes;  rubber  and 
plastics;  infrared  and  vapor  phase  chromatography;  industrial  applications  of 
electronic  computers. 

R S Electronics  Corp.,  Palo  Alto,  Calif.:  Research  capabilities  in  electronics — 
IF-RF  amplifiers,  receivers,  radar,  and  associated  types  of  equipment. 

Radiation  Counter  Laboratories,  Inc.,  Skokie,  111.:  Research  capabiiites  in 
nucleonics  and  digital  computers. 

Radiation,  Inc.,  Melbourne,  Fla.:  Research  capabilities  in  telemetering,  records 
ing,  radio  frequency,  wave  propagation  and  reflection,  astrionics,  specialized  test 
and  data  handling  equipment. 

Radiation  Instrument  Development  Laboratory,  Inc.,  Chicago,  111.:  Research 
capabilities  in  nuclear  spectrometry;  electronic  instrumentation  for  the  study  and 
analysis  of  radioactivity. 

Radio  Corp.  of  America,  New  York,  N.Y.: 

RCA  Laboratories,  David  Sarnoff  Research  Center,  Princeton,  NJ. : Re- 
search capabilities  in  physics,  chemistry,  electrical,  and  mechanical  engineer- 
ing, metallurgy,  optics,  acoustics,  mathematics;  phenomena,  devices,  circuits, 
and  systems. 

Astro-Electronic  Products:  Research  capabilities  in  space  vehicles  and 
associated  equipment;  data  handling  equipment. 

Defense  Electronic  Products:  Research  capabilities  in  radar,  airborne  sys- 
tems, electronics  and  controls,  and  surface  communications. 

Home  Instruments:  Research  capabilities  in  AM,  FM  receivers,  televi- 
sion receivers,  and  associated  circuits. 

Industrial  Electronic  Products:  Research  capabilities  in  electronic  data 
processing  equipment  and  systems;  broadcast,  television,  closed  circuit,  film 
recording,  high-power,  mobile  communications,  microwave,  and  scientific 
instruments. 

National  Broadcasting  Co.:  Research  capabilities  in  specialized  television 
and  radio  broadcasting  equipment. 

Record  Division : Research  capabilities  in  electroforming,  rheology,  record 
compund,  and  magnetic  tape  formulation,  disk  and  magnetic  tape  recording, 
special  tools  for  molding  records  and  coating  magnetic  tape. 

Semiconductor  and  Materials  Division:  Research  capabilities  in  semicon- 
ductor devices:  germanium,  silicon,  and  compounds.  Materials:  Magnetic 
memory  devices  and  assemblies;  compound  semiconductor  crystals,  micro- 
mudules,  and  other  packaged  circuits. 

RCA  Service  Co.:  Research  capabilities  in  field  support  engineering,  test 
equipment,  test  range  operation,  and  instrumentation. 

Electron  Tube  Division:  Research  capabilities  in  receiving  tubes,  micro- 
wave  tubes  and  devices,  kinescopes;  small,  medium,  large,  and  super  power 
tubes;  phototubes  and  image  tubes;  camera,  oscillograph,  and  storage  tubes. 

Rand  Development  Corp.,  Cleveland,  Ohio:  Research  capabilities  in  electronics, 
chemistry,  mechanics,  metallurgy,  biology,  and  plastics. 
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Raymond  Engineering  Laboratory,  Inc.,  Middletown,  Conn,:  Research 
capabilities  in  electromechanics. 

Raytheon  Co.,  Waltham  Mass.:  Research  capabilities  in  semiconductor 
materials  and  devices;  ferromagnetic,  high-temperature,  and  ferroelectric  ma- 
terials; microwave  signal  generation,  amplification  and  control,  plastics,  lumin- 
escence, metallurgy,  and  ceramics. 

Airborne  Equipment  Operations,  Sudbury,  Mass. : Research  capabilities  in 
airborne  radars  for  search  (surveillance),  fire  control,  and  navigation  (doppler 
navigators,  altimeters),  and  microwave  heat  exchangers  for  manned  or 
unmanned  airborne  vehicles:  associated  ground-based  equipment. 

Receiving  Tube  Division,  General  Engineering  Department,  Quincy,  Mass. 
Research  capabilities  in  receiving  tubes  and  tube  processes. 

Missile  Systems  Division,  Bedford,  Mass.:  Research  capabilities  in 
guidance  systems  and  subsystems;  radar,  computer,  guidance,  and  control 
systems ; space  systems  and  subsystems. 

Microwave  and  Power  Tube  Division,  Spencer  Laboratory,  Burlington, 
Mass.:  Research  capabilities  in  microwave  power  tubes — magnetrons, 
O-  and  M-type  backward  wave  oscillators,  amplitrons,  stabilotrons,  klystrons, 
traveling  wave  tubes,  and  infrared  detectors. 

Equipment  Division,  Santa  Barbara  Operations,  Santa  Barbara,  Calif.: 
Research  capabilities  in  electronic  reconnaissance;  microwaves;  infrared 
reconnaissance,  communications,  and  optics. 

Engineering  Department,  Semiconductor  Division,  Newton,  Mass.: 
Research  capabilities  in  semiconductor  materials  and  devices,  and  applica- 
tions. 

Commercial  Apparatus  & Systems  Division,  Waltham,  Mass.:  Research 
capabilities  in  industrial  and  commercial  applications  of  microwaves;  mag- 
netics, including  power  supplies  and  modulators;  electronics  and  systems; 
industrial  components  and  systems;  marine  radar,  and  communications. 

Surface  Radar  & Navigation,  Operations  Engineering,  Wayland,  Mass.: 
Research  capabilities  in  radar  systems  development,  navigation  and  flight 
control  equipment,  special  displays. 

Maehlett  Laboratories,  Inc.,  Springdale,  Conn.:  Research  capabilities  in 
larjge  electron  tubes — X-ray,  power,  photosensitive,  and  storage. 

Sorensen  & Co.,  Inc.,  South  Norwalk,  Conn.:  Research  capabilities  in 
electronic  power  supplies. 

Reed  Research,  Inc.,  Washington,  D.C.:  Research  capabilities  in  application 
of  optics,  development  of  microminiaturization  of  electronic  and  electrical  circuit 
components. 

Reliance  Electric  & Engineering  Co.,  Cleveland,  Ohio:  Research  capabilities 
in  electric  motors  and  generators,  electromechanical  and  electronic  motor  control 
and  drive  systems,  gear  reducers  and  electric  brakes,  electronic  systems,  electrical 
insulation  system  development,  special  system  applications. 

Republic  Aviation  Corp.,  Farmingdale,  Long  Island,  N.Y.:  Research  capa- 
bilities in  design  and  development  of  advanced  airborne  systems;  space  systems, 
space  communications;  power  transmission  and  navigation  and  guidance  systems 
for  aircraft,  and  spacecraft. 

Scientific  Research:  Research  capabilities  in  nuclear  physics  electron 
physics,  electrical  systems,  solid  state  physics,  guidance  and  control, 
mechanics,  electric  analogs,  mathematics,  plasma  dynamics,  fluid  dynamics, 
aerodynamics,  viscoelastic  effects,  space  physics,  and  astronautics. 

Missile  Systesm  Division,  Long  Island,  N.Y.:  Research  capabilities  in 
airborne  systems,  power  transmission,  and  communications. 

Republic  Steel  Corp.,  Pasadena,  Calif.:  Research  capabilities  in  applied  elec- 
tronics. 

Rese  Engineering,  Inc.,  Philadelphia,  Pa.:  Research  capabilities  in  high- 
speed transistor  switching. 

Research-Cottrell,  Inc.,  Bound  Brook,  N.J,:  Research  capabilities  in  electro- 
physics. 

Research,  Inc.,  Minneapolis,  Minn.:  Research  capabilities  in  electronics, 
mechanics,  and  aeronautics. 

Rheem  Semiconductor  Corp.,  Mountain  View,  Calif.:  Research  capabilities  in 
semiconductor  materials  and  devices;  diodes  and  transistors. 

Rixon  Electronics,  Inc.,  Silver  Spring,  Md.:  Research  capabilities  in  electronics 
and  special  communications  equipment. 

Roanwell  Corp.,  New  York,  N.Y.:  Research  capabilities  in  electroacoustical 
equipment,  and  electronics. 
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Robertshaw-Fulton  Controls  Co.,  Richmond,  Va.:  Research  capabilities  in 
automatic  precision  temperature  and  pressure  control  devices,  and  control  systems, 

Ryan  Aeronautical  Co.,  San  Diego,  Calif.:  Research  capabilities  in  electronic 
systems  and  electromechanical  components. 

Ryan  Electronics,  San  Diego,  Calif.:  Research  capabilities  in  doppler 
radar  navigational  systems. 

Sadtler,  Samuel  P.,  & Son,  Inc.,  Philadelphia,  Pa.:  Research  capabilities  in 
infrared  and  ultraviolet  spectroscopy  and  their  applications;  and  components. 

Sanborn  Co.,  Waltham,  Mass.:  Research  capabilities  in  measuring  and  record- 
ing equipment,  including  direct  writing  and  photographic  recorders,  amplifiers, 
transducers,  and  associated  equipment. 

Sangamo  Electric  Co.,  Springfield,  111.:  Research  capabilities  in  watt-hour  and 
thermal  electric  meters;  timeswitches;  capacitors;  sonic  electronic  gear;  instru- 
ments and  specialty  transformers;  synchros  and  precision  motors. 

Scientific- Atlanta,  Inc.,  Atlanta,  Ga.:  Research  capabilities  in  electronics,  elec- 
trical engineering,  physics,  antenna  measurements. 

Scope,  Inc.,  Fairfax,  Va.:  Research  capabilities  in  cognitive  computers,  elec- 
tronic speech  analyzing  and  processing,  electrical-optical  devices,  microwave 
systems  design  and  development,  and  applications  of  abstract  algebra. 

Servo  Corp.  of  America,  Hicksville,  N.Y.:  Research  capabilities  in  radio  spec- 
trum, infrared,  solid  state  materials,  servo  control,  infrared  glass  and  transmitting 
materials. 

Servomechanisms,  Inc.,  Research  Division,  Goleta,  Calif.:  Research  capabil- 
ities in  materials  and  techniques;  advanced  systems  and  circuits;  thermoelectrics 
and  microminiaturization. 

Shall  Cross  Manufacturing  Co.,  Selma,  N.C.:  Research  capabilities  in  develop- 
ment of  electronic  components  and  instruments  and  delay  lines. 

Siegler  Corp.,  Olympic  Radio  & TV  Division,  Long  Island  City,  N.  Y. : Research 
capabilities  in  precision  time  standards;  communication;  and  navigation. 

Simpson  Electric  Co.,  Chicago,  111.:  Research  capabilities  in  electrical  indi- 
cating panel  instruments  and  precision  instrument  standards,  control  relays, 
and  electronic  test  instruments. 

Singer  Manufacturing  Co.,  New  York,  N.Y.:  Research  capabilities  in  industrial 
and  domestic  sewing  machines  and  related  electrical  apparatus. 

HRB-Singer,  Inc.,  State  College,  Pa.:  Research  capabilities  in  electronics, 
data  processing,  electromechanical  instruments  and  devices,  infrared  de- 
velopments, microwave  systems,  and  nuclear  and  solid  state  physics. 

Smith,  A.  O.,  Corp.,  Milwaukee,  Wis.:  Research  capabilities  in  electric  and 
electronic  equipment;  application  of  emission,  absorption,  infrared  and  X-ray 
diffraction. 

Smith-Corona  Marchant,  Inc.,  Syracuse,  N.Y.: 

Data  Processing  Systems  Division,  Oakland,  Calif.:  Research  capabilities 
in  data  processing  and  handling;  high-speed  printing;  digital  arithmetic 
apparatus;  computer  peripheral  equipment. 

Kleinschmidt  Division,  Deerfield,  111.:  Research  capabilities  in  tele- 
printing communication  equipment. 

Smyth  Research  Associates,  San  Diego,  Calif.:  Research  capabilities  in  radio 
wave  propagation;  tropospheric  and  ionospheric  physics;  and  special  instru- 
mentation. 

Southern  Research  Institute,  Birmingham,  Ala.:  Research  capabilities  in 
electrical  engineering:  instrumentation,  and  instrument  development. 

Southwest  Research  Institute,  San  Antonio,  Tex.:  Research  capabilities  in 
electronics  and  electrical  engineering;  and  physics. 

Space  Technology  Laboratories,  Inc.,  Los  Angeles,  Calif.:  Research  capa- 
bilities in  aeromechanics,  electromechanics,  guidance,  telecommunications, 
advanced  fields  of  theoretical,  experimental,  and  solid  state  physics,  engineering, 
plasma  physics;  advanced  system  analysis  and  design  for  missile  and  space  sys- 
tems; and  experimental  mathematics. 

Sparton  Corp.,  Jackson,  Mich.:  Research  capabilities  in  electronics. 

Specialty  Electronics  Development  Corp.,  Soysset,  N. Y. : Research  capabilities 
in  miniaturization,  electronic  test  and  communications  equipment. 

Speer  Carbon  Co.,  St.  Marys,  Pa.:  Research  capabilities  in  electronic  compo- 
nents such  as  fixed  carbon  resistors,  metal  film  type  resistors,  coil  forms  (iron 
and  insulated),  ceramic  capacitors,  modular  type  component  assemblies,  and 
wound  coils. 

Speidel  Corp.,  Providence,  R.I.:  Research  capabilities  in  space,  instrumen- 
tation; inertial  sensing  magneiohydrodynamic  gyros;  solid  state  pulse  and  delay 
devices;  and  pressure  sensing  devices. 
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Sperry  Rand  Corp.,  New  York,  N.Y.: 

Remington  Rand  Group,  New  York,  N.Y.:  Research  capabilities  in  solid 
state  and  surface  physics,  computer  logic,  high-speed  digital  circuitry,  and 
information  retrieval. 

Sperry  Gyroscope  Co.,  Great  Neck,  N.Y.:  Research  capabilities  in  satellite 
and  space  vehicle  instrumentation  and  control;  infrared  and  optical  devices, 
passive  microwave  electronic  equipment,  microwave  electronic  tubes  and 
active  solid  state  microwave  devices,  solid  state  physics,  and  electronics. 

Sperry  Electronic  Tube  Division,  Gainesville,  Fla.:  Research  capabilities 
in  high  power  klystrons,  traveling  wave  tubes,  and  related  microwave  devices. 

Sperry  Microwave  Electronics  Co.,  Clearwater,  Fla.:  Research  capabilities 
in  microwave  antennas,  transmission  lines,  circuit  components  and  systems, 
test  equipment  and  instruments,  and  solid  state  electromagnetic  components. 

Sperry  Phoenix  Co.,  Phoenix,  Am.:  Research  capabilities  in  navigation, 
control,  and  communications. 

Sperry  Piedmont  Co.,  Charlottesville,  Va.:  Research  capabilities  in  navi- 
gation, control,  and  communications. 

Sperry  Utah  Engineering  Laboratory,  Salt  Lake  City,  Utah:  Research 
capabilities  in  guidance  and  control  equipment,  and  infrared  scanners. 

Vickers,  Inc.,  Electric  Products  Division,  St.  Louis,  Mo.:  Research  capa- 
bilities in  control  equipment  and  servomechanisms,  rectifiers,  and  magnetic 
amplifiers. 

Ford  Instrument  Co.,  Long  Island  City,  N.Y.:  Research  capabilities  in  space 
navigation,  digital  techniques,  telemetry,  and  radar. 

Sprague  Electric  Co.,  North  Adams,  Mass.:  Research  capabilities  in  electro- 
lytic, electrostatic,  and  ceramic  capacitors;  precision  and  power  resistors;  electri- 
cal networks;  printed  circuits;  noise  suppression  filters;  magnetic  devices  and  func- 
tional circuit  subassemblies;  ceramic-coated  wire,  semiconductor  devices;  and 
piezoelectric  transducers. 

Square  D Co.,  Electric  Controller  & Manufacturing  Division,  Cleveland, 
Ohio:  Research  capabilities  in  development  of  control  systems  including  solid 
state  rectifiers,  magnetic  amplifiers,  and  logic  techniques. 

Stanford  Research  Institute,  Menlo  Park,  Calif.:  Research  capabilities  in 
electronic  devices  and  systems,  including  computer,  video,  and  central  systems; 
electromagnetic  radiation,  including  electromagnetics,  communication,  propaga- 
tion, and  radar  meteorology. 

Stewart- Warner  Corp.,  Chicago,  111.:  Alemite  and  Instrument  Division, 
Research  capabilities  in  apparatus  and  devices  concerned  with  electronics  and 
instrumen  tation . 

Electronics  Division,  Chicago,  111.:  Research  capabilities  in  communication, 
navigation,  data  processing,  automation  and  display  systems;  solid  state  com- 
ponents; information  and  communication  theory;  and  microwave  devices. 

Stoddart  Aircraft  Radio  Co.,  Hollywood,  Calif.:  Research  capabilities  in 
equipment  for  measurement  and  analysis  of  electromagnetic  interference  for  0.3 
cps  to  100  Kmc. 

Sylvania  Electric  Products  Inc.,  New  York,  N.Y.:  Research  capabilities  in 
physics,  electronics;  data  processing,  microwave  and  solid  state  physics;  semi- 
conductors, communications;  and  information  theory. 

System  Development  Corp.,  Santa  Monica,  Calif.:  Human  Factors  Laboratory: 
Research  capabilities  in  data  processing. 

Systems  Research  Laboratories,  Dayton,  Ohio:  Research  capabilities  in  thin 
films,  high-temperature  studies,  and  electronic  fundamentals. 

Tally  Register  Corp.,  Seattle,  Wash.:  Research  capabilities  in  solid  state 
circuitry ; and  gaseous  conduction  (thyratron)  circuitry. 

Technical  Operations,  Inc.,  Burlington,  Mass.:  Research  capabilities  in  com- 
puter applications  and  technology;  electronics;  and  theoretical  physics. 

Technitrol  Engineering  Co.,  Philadelphia,  Pa.:  Research  capabilities  in  pulse 
transformers;  delay  lines;  data  processing  equipment  and  digital  computers. 

Tektronix,  Inc.,  Portland,  Oreg.:  Research  capabilities  in  electron  devices; 
cathode  ray  tubes : electron  emission ; luminescence  and  semiconductor  devices. 

Telechrome  Manufacturing  Corp.,  Amityville,  N.Y.:  Research  capabilities  in 
communications  techniques,  video  tape  recording,  and  data  handling. 

Telectro  Industries  Corp.,  Long  Island  City,  N.Y.:  Research  capabilities  in 
magnetic  tape  recording  equipment  tor  audio,  video,  and  data  acquisition  appli- 
-cations. 

Teleregister  Corp.,  Stamford,  Conn.:  Research  capabilities  in  on-line  electronic 
computers,  and  digital  data  systems. 
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Telex,  Inc.,  St.  Paul,  Minn.:  Research  capabilities  in  solid  state  circuitry,  data 
processing,  and  magnetics. 

ten  Bosch,  M.,  Inc.,  Pleasantville,  N.Y.:  Research  capabilities  in  gyroscopes 
and  stabilizing  systems,  automatic  control  systems,  computers,  and  inertial  navi- 
ation. 

Texas  Instruments,  Inc.,  Dallas,  Tex.:  Research  capabilities  in  semiconductors, 
devices  and  components,  electronics  systems,  and  energy  conversion. 

Apparatus  Division,  Dallas,  Tex.:  Research  capabilities  in  electronics  and 
electromechanical  and  optical  systems. 

Industrial  Products  Group,  Houston,  Tex.:  Research  capabilities  in  instru- 
mentation, automation,  and  electronic  systems. 

Semiconductor  Components  Division,  Dallas,  Tex.:  Research  capabilities 
in  semiconductor  materials  and  devices,  and  other  electronic  components. 

Textron,  Inc.,  Providence,  R.I.: 

California  Technical  Industries,  Belmont,  Calif.:  Research  capabilities  in 
automatic  test  equipment  for  the  electronics  industry,  communications, 
radar,  sonar,  infrared  detection  systems,  and  microwave. 

Dalmo  Victor  Co.,  Belmont,  Calif.:  Research  capabilities  in  airborne  radar 
and  ground  based  antennas. 

Thompson,  John  I.,  & Co.,  Washington,  D.C.:  Research  capabilities  in  elec- 
tronics, electromechanics,  and.  computer  techniques. 

Thompson  Ramo  Wooldridge,  Inc.,  Cleveland,  Ohio:  Electronics  Laboratory 
Research  capabilities  in  FM  video  telemetry  systems,  microwave  and  waveguide, 
coaxial,  and  antenna  lobing  switches,  amplifiers,  and  advanced  electronic  detection 
systems. 

Tracerlab,  Inc.,  Waltham,  Mass.:  Research  capabilities  in  electronic  instru- 
mentation. 

Transitron  Electronic  Corp.,  Wakefield,  Mass.:  Research  capabilities  in  high- 
frequency  transistors,  alloy  diffusion  techniques  in  semiconductors,  crystals,  SiC 
junctions  and  SiC  active  devices,  high-efficiency  silicon  solar  cells,  silicon  power 
transistors  and  high-power  rectifiers,  development  of  radiation-resistant  diodes, 
silicon  carbide  devices,  microminiaturization,  thermoelectric  materials  and  devices. 

Trionics  Corp.,  Madison,  Wis.:  Research  capabilities  in  electronics  and  applied 
physics,  electronic  devices  and  instrumentation,  automatic  control,  microwave 
systems,  solid  state  and  molecular  electronics. 

Tung-Sol  Electric,  Inc.,  Newark,  N.J.:  Research  capabilities  in  vacuum  tubes, 
self-sustaining  cathodes  and  devices,  semiconductors,  and  crystal  perfection. 

Chatham  Electronics  Division,  Livingston,  N.J.:  Research  capabilities  in 
tubes,  hydrogen  thyratron,  gas  regulator  and  reference,  and  electromechanical 
circuitry. 

Underwood  Corp.,  New  York,  N.Y.:  Research  capabilities  in  electronic  data 
handling,  data  processing  systems  and  equipment. 

Canoga  Division,  Van  Nuys,  Calif.:  Research  capabilities  in  electronics,  in- 
cluding microwaves,  electromechanical  mechanisms. 

Union  Carbide  Corp.,  New  York,  N.Y.:  Parma  Research  Laboratory,  Parma, 
Ohio : Research  capabilities  in  solid-state  physics,  chemical  physics,  and  physical 
chemistry. 

United  Aircraft  Corp.,  Hartford,  Conn.:  Research  capabilities  in  plasma, 
particle,  and  solid  state  physics;  electromagnetics,  and  digital  and  analog  compu- 
tational operations. 

Norden  Division,  Stamford,  Conn.:  Research  capabilities  in  radar,  tele- 
vision, guidance  and  control  systems,  analog-digital  converters,  snychros, 
resolvers. 

United  States  Steel  Corp.,  Pittsburgh,  Pa.:  Edgar  C.  Bain  Laboratory  for 
Fundamental  Research,  Monroeville,  Pa.:  Research  capabilities  in  solid  state 
physics,  instrumentation,  and  techniques. 

Van  Norman  Industries,  Inc.,  New  York,  N.Y.:  Electronics  Division,  Man- 
chester, N.H.:  Research  capabilities  in  test  and  communications  equipment, 
meters,  control  systems. 

Varian  Associates,  Palo  Alto,  Calif.: 

Central  Research  Laboratory,  Palo  Alto,  Calif.:  Research  capabilities  in 
solid  state  and  plasma  physics,  gaseous  and  microwave  electronics. 

Instrument  Research  Laboratory,  Palo  Alto,  Calif.:  Research  capabilities, 
in  space  physics. 

Tube  Division,  Palo  Alto,  Calif.:  Research  capabilities  in  microwave  tubes. 

Bomac  Laboratories,  Inc.,  Beverly,  Mass.:  Research  capabilities  in  micro- 
wave  electronic  tubes  and  devices. 
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S-F-D  Laboratories,  Inc.,  Union,  N.J.:  Research  capabilities  in  microwave 
electronics,  electron  tubes. 

Varo  Manufacturing  Co.,  Inc.,  Garland,  Tex.:  Research  capabilities  in  micro- 
wave  power  (other  than  radar),  microcircuitry,  vapor  deposition  of  circuits,  power 
■conversion,  electronic  controls. 

Victoreen  Instrument  Co.,  Cleveland,  Ohio:  Jordan  Electronics,  Alhambra, 
Calif.:  Research  capabilities  in  semiconductor  circuitry. 

Vitro  Corp.  of  America,  New  York,  N.Y.:  .Nems-Clarke  Co.,  Silver  Spring, 
Md.:  Research  capabilities  in  equipment  in  the  field  of  communications  and 
special  electronic  instruments. 

Vocaline  Co.  of  America,  Inc.,  Old  Saybrook,  Conn.:  Research  capabilities  in 
communications  in  frequencies  up  to  890  megacycles,  and  radar. 

Warwick  Manufacturing  Corp.,  Chicago,  111.:  Research  capabilities  in  modular 
approaches,  solid  state  applications,  miniaturization,  new  modulation  and  recep- 
tion systems. 

Washington  Technological  Associates,  Rockville,  Md.:  Research  capabilities 
in  electrieal/electronic  automation  and  test  equipment,  and  space  systems. 

Waste  King  Corp.,  Technical  Products  Division,  Los  Angeles,  Calif.:  Research 
capabilities  in  electronics- instrumentation;  and  electromechanical. 

Waterman  Products  Co.,  Inc.,  Philadelphia,  Pa.:  Research  capabilities  in 
oscilloscopes  and  allied  equipment;  cathode-ray  and  special  electron  tubes. 

Wells-Gardner  Electronics  Corp.,  Chicago,  111. : Research  capabilities  in  design 
and  development  of  television  and  radio  receivers;  electronic  controls  for  remote 
use. 

Western  Union  Telegraph  Co.,  Inc.,  New  York,  N.Y.:  Research  capabilities  in 
communications  systems. 

Westinghouse  Air  Brake  Co.,  Pittsburgh,  Pa.:  Melpar,  Inc.,  Falls  Church,  Va.: 
Research  capabilities  in  electronics. 

Westinghouse  Electric  Corp.,  Pittsburgh,  Pa.:  Research  capabilities  in  physics, 
semiconductors,  thermoelectric  materials,  cryogenics,  nuclear  physics,  solid  state 
electronics,  servomechanisms,  electron  optics,  television,  magentism,  X-rays, 
radar,  mechanics  of  materials,  and  physical  electronics. 

Electronic  Tube  Division,  Elmira,  N.Y.:  Research  capabilities  in  vacuum 
tubes. 

Semiconductor  Department,  Baltimore,  Md.:  Research  capabilities  in 
semiconductor  materials,  devices,  and  circuits. 

Defense  Products  Group,  Air  Arm  Division,  Baltimore,  Md.:  Research 
capabilities  in  airborne  and  spaceborne  electronic  systems;  guidance,  detec- 
tion, control,  navigation,  computation,  radar,  and  infrared. 

Electronics  Division,  Baltimore,  Md.:  Research  capabilities  in  electronic 
apparatus  including  radar,  communications,  navigation,  computers,  and 
missile  control. 

General  Products  Group,  Aircraft  Equipment  Department  Laboratory, 
Lima,  Ohio:  Research  capabilities  in  aerospace  electrical  systems  (generators, 
controls,  motors). 

Wheeler  Laboratories,  Inc.,  Great  Neck,  N.Y.:  Research  capabilities  in  radio 
and  electronics;  communications,  radar,  microwave  antennas,  and  waveguide 
components. 

Winder  Arcraft  Corp.  of  Florida,  Dunnellon,  Fla.:  Research  capabilities  in 
electronics. 

Zenith  Radio  Corp.,  Chicago,  111.:  Research  capabilities  in  vacuum  tubes; 
■electromechanical  transducers;  thermoelectric,  ferroelectric,  and  ferrielectric 
materials. 

Rauland  Corp.,  Chicago,  111.:  Research  capabilities  in  development  of 
special  purpose  cathoderay  tubes,  photosurfaces  for  image  converters,  high 
resolution  tubes,  solid  state  devices. 

Zenith  Radio  Research  Corp.:  Menlo  Park,  Calif.:  Research  capabilities 
in  microwave  tubes,  flash  X-ray  tubes  and  modulators. 

SUPPLEMENTARY  LISTING 

ARINC  Research  Corp.,  Washington,  D.C.:  Research  capabilities  in  physics, 
engineering  reliability  in  airborne  equipment,  electronics. 

Academy  for  Interscience  Methodology,  Chicago,  111.:  Research  capabilities  in 
computing  devices. 

Adcole  Corp.,  Cambridge,  Mass.:  Research  capabilities  in  electronics,  instru- 
mentation. 
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Adcom,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in  advanced  communica- 
tions, modulation  and  detection  theory,  information  theory,  high  accuracy  track- 
ing, advanced  digital  transmission  techniques. 

Advanced  Computer  Products,  Los  Angeles,  Calif.:  Research  capabilities  in 
computing  devices. 

Advanced  Development  Laboratories,  Nashua,  N.H.:  Research  capabilities  in 
microwave  antenna  techniques,  and  optical  data  processors. 

Advanced  Information  Systems  Co.,  Los  Angeles,  Calif.:  Research  capabilities 
in  computing  devices. 

Aerial  Measuring  Laboratory,  Evanston,  111.:  Research  capabilities  in  solid 
state  research,  transducer  development. 

Aerospace  Controls  Corp.,  Santa  Monica,  Calif.:  Research  capabilities  in 
guidance  and  navigation,  and  electronics. 

Aerospace  Research,  Inc.,  Newton,  Mass.:  Research  capabilities  in  communi- 
cation sciences,  radio  propagation. 

Airteehnology  Corp.,  Cambridge,  Mass.:  Research  capabilities  in  physics, 
electronics. 

Alpha  Microelectronics  Co.,  Silver  Spring,  Md.:  Research  capabilities  in 
computing  devices. 

Amelco,  Inc.,  Los  Angeles,  Calif.:  Research  capabilities  in  digital  techniques, 
advanced  communications  systems,  microwave,  inertial  navigation,  instrumenta- 
tion. 

Aries  Corp.,  Minneapolis,  Minn.:  Research  capabilities  in  computing  devices. 

Artisan  Industries,  Inc.,  Waltham,  Mass.:  Research  capabilities  in  data  acquisi- 
tion, film  processors. 

Astro-Space  Laboratories,  Inc.,  Huntsville,  Ala.:  Research  capabilities  in 
inertial  components  and  systems. 

Astrosystems  International,  Inc.,  Caldwell,  N.J.:  Research  capabilities  in 
tracking  and  telemetry. 

Avco  Corp.,  New  York,  N.Y.:  Avco-Tulsa,  Tulsa,  Okla.:  Research  capabilities 
in  inertial  and  optical  guidance  components  and  systems. 

Babcock  Electronics  Corp.,  Costa  Mesa,  Calif.:  Research  capabilities  in  radio 
communications  and  command  guidance  systems. 

Bay  State  Electronics  Corp.,  Boston,  Mass.:  Research  capabilities  in  instru- 
mentation design,  signal  generators,  and  signal  analysis  equipment. 

Bell  Aerosystems  Co.,  Buffalo,  N.Y.:  Research  capabilities  in  inertial  com- 
ponents and  systems. 

Bowles  Engineering  Corp.,  Silver  Spring,  Md.:  Research  capabilities  in  comput- 
ing devices. 

Breeze  Corp.,  Inc.,  Union,  N.J.:  Research  capabilities  in  electronics,  optics, 
and  inertial  systems. 

Budd  Electronics,  Inc.,  Long  Island  City,  N.Y.:  Research  capabilities  in  data 
processing  digital  techniques. 

Cambridge  Thermionic  Corp.,  Cambridge,  Mass.:  Research  capabilities  in 
digital  circuitry,  miniature  electronic  packaging,  and  microminiature  coils. 

CEIR,  Arlington,  Va.:  Research  capabilities  in  computing  devices. 

Central  Hadley  Corp.,  Pomona,  Calif.:  Research  capabilities  in  fluid  control 
devices. 

Coast  Centerless  Grinding  Co.,  Los  Angeles,  Calif.:  Research  capabilities  in 
guidance  bearings  and  guidance  components. 

Comcor,  Inc.,  Denver,  Colo.:  Research  capabilities  in  computing  devices. 

Computer  Sciences  Corp.,  Palos  Verdes,  Calif.:  Research  capabilities  in  com- 
puting devices. 

Comress,  Inc.,  Washington,  D.C.:  Research  capabilities  in  computing  devices. 

Computronics,  Inc.,  Fort  Lee,  N.J.:  Research  capabilities  in  computing  devices. 

Conductron  Corp.,  Ann  Arbor,  Mich.:  Research  capabilities  in  computing 
devices. 

Consolidated  Systems  Corp.,  Monrovia,  Calif.:  Research  capabilities  in  spec- 
trometers, ionization  cells,  instruments,  computing  devices. 

Control  Data  Corp.,  Minneapolis,  Minn.:  Research  capabilities  in  guidance 
and  control  systems  and  components. 

Control  Science  Corp.,  Alexandria,  Va.:  Research  capabilities  in  development 
of  solid-state  instrumentation  techniques. 

Control  Technology,  Inc.,  Long  Beach,  Calif.:  Research  capabilities  in  guidance 
and  navigation  systems  and  components. 

Controls  for  Radiation,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in  radia- 
tion detectors,  solid-state  devices,  upper  atmosphere  geophysics. 
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Data-Control  Systems,  Inc.,  Washington,  D.C.:  Research  capabilities  in  com- 
puting devices. 

Defense  Electronics,  Inc.,  Rockville,  Md.:  Research  capabilities  in  tracking  and 
data  acquisition  components  and  techniques. 

Dynamics  Research  Corp.,  Stonehain,  Mass.:  Research  capabilities  in  electro- 
magnetic and  electro-optics. 

Electrada  Corp.,  Culver  City,  Calif.:  Research  capabilities  in  computing 
devices. 

Electroforms,  Inc.,  Gardena,  Calif.:  Research  capabilities  in  electroforming 
techniques. 

Electro-Logic  Corp.,  Los  Angeles,  Calif.:  Research  capabilities  in  computing 
devices. 

Electro-Optical  Systems,  Pasadena,  Calif.:  Research  capabilities  in  thin-film, 
microelectronics,  imaging  devices,  radiation-resistant  devices. 

Electronic  Controls,  Inc.,  Stamford,  Conn.:  Research  capabilities  in  electronic 
control  systems. 

Emerson  Electronic  Manufacturing  Co.,  St.  Louis,  Mo.:  Research  capabilities 
in  digital  adaptive  control  systems. 

EPSCO,  Inc.,  Cambridge,  Mass.:  Research  capabilities  in  communication 
sciences,  pulse-code  modulation,  telemetry,  instrumentation. 

Exotech,  Inc.,  Alexandria,  Va.:  Research  capabilities  in  development  of  infra- 
red sensing  techniques. 

Farrand  Optical  Co.,  New  York,  N.Y.:  Research  capabilities  in  optical  and 
electronic  instruments,  electron  optics;  automation. 

Federal  Scientific  Corp.,  New  York,  N.Y.:  Research  capabilities  in  biomedical 
instrumentation  and  computing  devices. 

Ferrotec,  Inc.,  Newton,  Mass.:  Research  capabilities  in  ferrite  devices. 

Garret  Corp.,  Los  Angeles,  Calif.:  Airesc-areh  Division:  Research  capabilities 
in  vacuum  technology,  development  of  cryogenic  systems. 

General  Electronic  Laboratories,  Inc.,  Cambridge,  Mass.:  Research  capabili- 
ties in  communications,  electronics. 

General  Motors  Corp.,  Detroit,  Mich.:  AC  Spark  Plug  Division,  Wakefield, 
Mass.:  Research  capabilities  in  inertial  navigation,  advanced  inertial  sensors.. 
inertial  sensor  elements,  inertial  navigation  systems. 

General  Precision  Equipment  Corp.,  Tarrvtown.  N.Y.-  Toledo  Division,. 
Toledo,  Ohio:  Research  capabilities  in  solar  indication  simulation  and  effects. 

Giannini  Controls  Corp.,  Pasadena,  Calif.:  Systems  Division,  Duarte,  Calif.: 
Research  capabilities  in  hypervelocity,  plasma,  solid  state  and  semiconductor 
physics;  optical  and  dielectric  spectroscopy. 

HsRicrafters  Co.,  Chicago,  111.:  Research  capabilities  in  coherent  light  com- 
munications, plasma,  microwave. 

Honig  Laboratories,  Brooklyn,  N.Y.:  Research  capabilities  in  biomedical 
instrumentation. 

Hollander  Associates,  Fullerton,  Calif.:  Research  capabilities  in  computing 
devices. 

Howard  Research  Corp.,  Arlington,  Va.:  Research  capabilities  in  electronic 
modules. 

Hyelectronics  Corp.,  Burlington,  Mass.:  Research  capabilities  in  computing 
devices. 

INDATACON,  Sudbury,  Mass.:  Research  capabilities  in  operation  analysis. 

IRCO  Corp.,  New  York,  N.Y.:  Research  capabilities  in  development  of  optical 
membranes  and  sensors. 

Incabloc  Corp.,  New  York,  N.Y.:  Research  capabilities  in  computing  devices. 

Industrial  Nucleonics,  Columbus,  Ohio:  Research  capabilities  in  development 
of  measuring  methods  using  nuclear  radiation  techniques. 

Isomet  Corp.,  Palisades  Park,  N.J.:  Research  capabilities  in  computing  devices. 

Kaman  Nuclear,  Colorado  Springs,  Colo.:  Research  capabilities  in  neutron 
activation,  nuclear  instrumentation,  analytical  studies. 

Kearfott  Semiconductor  Corp.,  West  Newton,  Mass,:  Research  capabilities  in 
solid  state  discrete  devices,  microcircuits,  advanced  miniature  components  and 
instrumentation. 

Knight,  Ewen,  Corp..  East  Natieh,  Mass.:  Research  capabilities  in  high  reso- 
lution radar  systems,  telemetering  tracking  systems. 

Kollmorgen  Corp.,  Northampton,  Mass.:  Research  capabilities  in  optical  sys- 
tems, spectrometer  development,  pyrometers,  ultraviolet  systems. 

Kulite  Tungsten  Co.,  Ridgefield,  N.J.:  Research  capabilities  in  gyroscope 
components. 
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Ling-Temco-Vought  Corp.,  Dallas,  Tex.:  Research  capabilities  in  autopilots, 
’experimental  instrumentation,  electronics,  guidance,  materials,  special  computers, 
antennas,  and  operations  analysis. 

Longines-Wittnauer  Watch  Co.,  Inc.,  New  York,  N.Y.:  Research  capabilities 
in  instruments,  timing  devices,  microelectronics. 

Magnetic  Controls  Co.,  Minneapolis,  Minn.:  Research  capabilities  in  digital 
and  analog  data  processing  equipment. 

Malaker  Laboratories,  Inc.,  Highbridge,  N.J.;  Research  capabikties  in  cryogenic 
cooling,  instruments. 

Martin-Marietta  Corp.,  Baltimore,  Md.:  Research  Institute  for  Advanced 
Studies,  Baltimore,  Md.:  Research  capabilities  in  mathematical  analyses,  advanced 
advanced  theoretical  investigations. 

Maser  Optics,  Inc.,  Boston,  Mass.:  Trident  Division;  Research  capabilities  in 
laser,  solid  and  gas  state  devices,  optics. 

Maurer,  J.  A.,  Inc.,  Long  Island  City,  N.Y.:  Research  capabilities  in  photo- 
graphic equipment. 

Mechtron  Corp.,  Orlando,  Fla.:  Research  capabilities  in  inertial  systems  and 
components. 

Melpar,  Inc.,  Arlington,  Va.:  Research  capabilities  in  computer  systems,  arti- 
ficial intelligence,  plasma  research. 

Applied  Science  Division,  Watertown,  Mass. : Research  capabilities  in  pat- 
tern recognition,  advanced  instrumentation,  communications  theory,  physics. 

Minneapolis-Honeywell  Regulator  Co.,  Minneapolis,  Minn.: 

Boston  Division,  Boston,  Mass.:  Research  capabilities  in  electrical  engi- 
neering, physics,  magnetics,  electro-optical  processes,  and  mathematical 
analysis. 

Electronic  Data  Processing  Division,  Wellesley  Hills,  Mass.:  Research 
capabilities  in  physics,  mechanical  engineering,  electrical  engineering, 
metallurgy. 

MITHRAS,  Inc.,  Boston,  Mass.:  Research  capabilities  in  radar,  optics. 

Modal  Systems,  Inc.,  La  Jolla,  Calif. : Research  capabilities  in  computer  devices. 

Monitor  Systems,  Inc.,  Fort  Washington,  Pa.:  Research  capabilities  in  com- 
puting devices. 

Northrop  Corp.,  Beverly  Hills,  Calif.:  Precision  Products  Department,  Nor- 
wood, Mass.:  Research  capabilities  in  gyroscope  and  accelerometer  research, 
specialized  electrical  circuitry,  precision  test  equipment. 

Orbit  Industries,  Inc.,  Vienna.  Va.:  Research  capabilities  in  electronics. 

Oster  Avionic,  Racine,  Wis.:  Research  capabilities  in  instrumentation,  servo- 
systems,  computing  systems. 

Pacific  Infrared  Systems  Co.,  Tarzana,  Calif.:  Research  capabilities  in  IR, 
optics,  electronics. 

Parametrics,  Waltham,  Mass. : Research  capabilities  in  plasma  research. 

Pennsylvania  Research  Associates,  Inc.,  Philadelphia,  Pa.:  Research  capa- 
bilities in  advanced  research  in  optical  instrumentation,  solid  state  devices, 
computers. 

Portable  Electric  Took,  Inc.,  Geneva,  111.:  Research  capabilities  in  electronic 
circuitry. 

Quantatron,  Santa  Monica,  Calif.:  Research  capabilities  in  optical  masere 
(lasers). 

Radio  Corp.  of  America,  New  York,  N.Y.: 

Aerospace  Communications  and  Controls  Division,  Burlington,  Mass.: 
Research  capabilities  in  electronics  and  electro-optical  research. 

Memory  Products  Operation,  Needham  Heights,  Mass.:  Research  capa- 
bilities in  memory  products,  ferrites,  cryogenics,  permalloyed  thin  films. 

Renner,  Inc.,  Bethesda,  Md.:  Research  capabilities  in  inertial  components  and 
systems. 

Research  Triangle  Institute,  Durham,  N.C.:  Research  capabilities  in  solid-state 
electronics  devices. 

Resources  Research,  Inc.,  Alexandria,  Va.:  Research  capabilities  in  biological 
instrumentation. 

Roseinont  Engineering  Co.,  Minneapolis,  Minn.:  Research  capabilities  in 
airdata,  temperature  and  pressure  sensors,  cryogenic  applications. 

Sanders  Associates,  Inc.,  Nashua,  N.II.:  Research  capabilities  in  electronics, 
microwave  techniques,  physics,  quantum  electronics,  lasers. 

Advanced  Systems  Laboratories,  Burlington,  Mass.:  Research  capabilities 
in  radar,  phased  arrays,  space  communications. 

Scott  Aviation  Corp.,  Lancaster,  N. Y. : Research  capabilities  in  pneumatic 
control  devices. 
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Sensor  Dynamics,  Ann  Arbor,  Mich.:  Research  capabilities  in  optics,  data 
processing  techniques. 

Shure  Brothers,  Evanston,  111. : Research  capabilities  in  biomedical  and  acoustic 
instrumentation. 

Signetics  Corp.,  Sunnyvale,  Calif.:  Research  capabilities  in  integrated  micro- 
circuitry. 

Simmonds  Precision  Products,  Tarrytown,  N.Y.:  Research  capabilities  in 
measuring  devices  for  cryogenic  applications. 

Spacelabs,  Inc.,  Van  Nuys,  Calif.:  Research  capabilities  in  development  of 
biomedical  instrumentation. 

Space  Sciences,  Inc.,  Natick,  Mass.  : Research  capabilities  in  plasma  propulsion, 
satellite  instrumentation,  control  systems,  and  devices. 

Spectra  Physics,  Inc.,  Mountain  View,  Calif.:  Research  capabilities  in  optical 
masers  (lasers). 

Sperry  RandjCorp.,  New  York,  N.Y.:  Sperry  Rand  Research  Center,  Sudbury, 
Mass.:  Research  capabilities  in  solid-state  and  plasma  physics,  communication 
sciences,  atmospheric  physics.  * 

Stearns  Rogers  Corp.,  Denver,  Colo.:  Research  capabilities  in  space  vehicle 
simulator  systems. 

Strand  Engineering  Co.,  Ann  Arbor,  Mich.:  Research  capabilities  in  electronic 
devices. 

Sylvania  Electronic  Products,  Inc.,  New  York,  N.Y.: 

Electronic  Systems  Division,  Waltham,  Mass.:  Research  capabilities  in 
information  processing,  communications,  radio  physics,  space  techniques, 
aerospace  sciences. 

Semiconductor  Division,  Woburn,  Mass.:  Research  capabilities  in  physics, 
electrical  engineering. 

Systems  Technology,  Inc.,  Inglewood,  Calif.:  Research  capabilities  in  auto- 
matic flight  control  systems,  manned  flight  control. 

TRG,  Syosset,  Long  Island,  N.Y.:  Research  capabilities  in  masers,  physics, 
optical  masers  (lasers). 

Tasker  Instruments  Corp.,  Van  Nuys,  Calif.:  Research  capabilities  in  hybrid 
digital-analog  systems,  tracking  and  positioning  determination,  displays,  com- 
puters, space  systems,  radars,  countermeasures. 

Texas  Research  & Electronics  Corp.,  Dallas,  Tex.:  Research  capabilities  in 
development  of  solid-state  and  electrolytic  sensing  devices. 

Trans-Sonics,  Inc.,  Burlington,  Mass.:  Research  capabilities  in  physics,  elec- 
trical engineering. 

Trident  Engineering  Associates,  Inc.,  Annapolis,  Md. : Research  capabilities  in 
guidance  systems. 

Ultrasonic  Industries,  Plain  view,  Long  Island,  N.Y.:  Research  capabilities  in 
sound  equipment. 

United  Industries  Corp.,  New  York,  N.Y.:  Aircraft  Armanents,  Inc., 
Cockeysville,  Md.:  Research  capabilities  in  spacecraft  motion  simulators. 

VEDA,  Inc.,  Ann  Arbor,  Mich.:  Research  capabilities  in  systems  analyses. 

Vector  Manufacturing  Co.,  Trevose,  ra. : Research  capabilities  in  computing 
devices. 

Wells  Industries  Corp.,  North  Hollywood,  Calif.:  Research  capabilities  in 
electronic  devices. 

Winzen  Research,  Inc.,  Minneapolis,  Minn.:  Research  capabilities  in  human 
support  systems. 

Wolf  Research  & Development  Corp.,  West  Concord,  Mass.:  Research  capa- 
bilities in  digital  computers. 

Government  Laboratories  Having  Significant  Capabilities  in  Electronics 

and  Related  Disciplines 

The  Government  laboratories  and  affiliated  private  organizations  shown  in  the 
following  listing  have  a significant  research  and  development  capability  in  elec- 
tronics and  related  disciplines.  Although  most  of  these  laboratories  also  perform 
development,  test,  and  evaluation  functions,  they  are  distinguished  from  other 
Government  laboratories  by  having  a significant  research  capability  in  electronics. 
Personnel  figures  shown  are  for  fiscal  year  1961. 
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DEPARTMENT  OF  COMMERCE,  NATIONAL  BUREAU"  OF  STANDARDS 

Scientific  activities 

The  scientific  activities  encompassed  by  the  Bureau  are,  in  descending  order  of 
concentration,  scientific  research  and  development  with  emphasis  on  research, 
scientific  and  technical  information,  scientific  testing  and  standardization,  and 
scientific  data  collection. 

The  subdivisions  of  the  Bureau  report  directly  to  the  Director  and  Deputy 
Director  or  are  under  the  supervision  of  the  Director  of  Boulder  Laboratories  or 
the  Associate  Director  (administrative).  Those  subdivisions  performing  scien- 
tific activities  under  the  supervisions  of  the  Director  of  the  Boulder  Laboratories 
are  the  Divisions  of  Cryogenic  Engineering,  Radio  Standards,  Ionosphere  Re- 
search and  Propagation,  Radio  Propagation  Engineering,  Radio  Systems,  and 
Upper  Atmosphere  and  Space  Physics. 

Radio  propagation 

Radio  propagation  activities  include  research  on  the  physical  phenomena  of 
the  troposphere  and  of  the  the  upper  atmosphere,  »radio  propagation  character- 
istics, propagation  and  antenna  systems,  and  new  propagation  techniques.  The 

Erograms  are  carried  out  in  four  technical  divisions  of  the  Bureau’s  Boulder 
aboratories  as  well  as  several  smaller  groups  under  the  Office  of  the  Director  of 
Boulder  Laboratories.  These  activities  comprise  the  Central  Radio  Propagation 
Laboratory,  which  serves  as  the  central  agency  of  the  Government  for  collecting, 
analyzing,  and  disseminating  information  on  the  propagation  of  radio  waves  at  all 
frequencies  along  the  surface  of  the  Earth,  in  the  atmosphere,  and  in  space.  The 
Laboratory  perforins  scientific  studies  looking  toward  new  techniques  for  the 
efficient  use  and  conservation  of  the  radio  spectrum.  It  exchanges  data  with 
other  countries  to  advance  the  knowledge  of  radio  propagation  and  interference 
phenomena  and  provides  the  liaison  required  to  carry  out  international  responsi- 
bilities and  agreements.  The  use  of  the  title  Central  Radio  Propagation  Labora- 
tory serves  administrative  convenience  and  assures  continuity  in  national  and 
international  scientific  activities.  It  avoids  confusion,  for  example,  when  used  in 
international  agreements  and  conferences. 

The  Ionosphere  Research  and  Propagation  Division  acts  as  the  primary  agency 
for  the  conduct  and  coordination  of  basic  research  on  the  propagation  of  radio 
waves  as  affected  bv  the  ionosphere  and  on  the  special  factors  which  give  rise  to 
large  departures  from  normal  behavior.  It  conducts  basic  research  on  the  nature 
of  the  media  through  which  these  radio  waves  are  transmitted  and  the  interaction 
of  radio  waves  with  the  media  and  prepares  predictions  of  radio  wave  propagation 
and  warnings  and  disturbances.  The  Division  acts  as  a central  repository  for 
data,  reports,  and  information  in  the  field  of  ionospheric  radio  wave  propagation; 
it  maintains  a staff  of  experts  on  the  characteristics  of  the  ionosphere  and  on  radio 
wave  propagation  in  the  ionosphere  for  consultation  when  needed  by  other  Gov- 
ernment agencies  and  industry. 

The  Radio  Propagation  Engineering  Division  conducts  research  on  the  basic 
characteristics  of  radio  propagation  with  the  ultimate  object  of  improving  the 
utilization  of  the  radio  spectrum.  The  Division  performs  research  on  new  ex- 
perimental techniques  for  the  measurement  of  the  basic  characteristics  of  radio 
propagation  and  studies  the  lower  atmosphere  particularly  those  characteristics 
affecting  propagations  through  the  troposphere.  It  measures  radio  noise  in  a 
worldwide  network  of  stations  at  all  frequencies  throughout  the  radio  spectrum; 
it  provides  consultative  services  on  problems  relating  to  propagation. 

The  Radio  Systems  Division  conducts  research  in  long-distance  radio  trans- 
mission for  communication,  navigation,  time-synchronization,  detection  and  posi- 
tioning, and  carries  out  electromagnetic  wave  propagation  studies  for  ionospheric 
ground  wave  and  line-of-sight  paths  to  define  the  utility,  limintations,  and  disturb- 
ances of  the  transmission  channel.  The  Division  studies  antenna  principles, 
communication  theory,  and  modulation  and  navigation  techniques  to  improve  the 
reliability  and  efficiency  of  radio  spectrum  utilization,  and  devices  standards  and 
methods  of  measurement  in  radio  systems.  It  provides  consultative  and  advisory 
service  as  required  by  other  Government,  commercial,  and  scientific  activities. 

The  Upper  Atmosphere  and  Space  Physics  Division  undertakes  basic  and 
applied  research  in  the  physical  and  dynamic  properties  of  the  Earth’s  upper  at- 
mosphere and  the  interplanetary  medium,  including  studies  of  the  interactions  of 
electromagnetic  and  corpuscular  radiation  with  both  media  and  the  influence  of 
the  Sun  upon  these  media.  It  makes  comparative  studies  of  the  Earth’s  atmo- 
sphere and  the  atmospheres  of  other  planets,  and  conducts  laboratory  investiga- 
tions of  ionized  gases  and  atmospheric  constituents,  with  particular  reference  to 
solar  and  planetary  atmospheres  and  the  interplanetary  medium. 
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Physics  and  electronics 

Activities  in  physics  and  electronics  include  work  in  the  fields  of  optics,  meteo- 
rology, heat,  rheology,  atomic  and  electron  physics,  radiation  physics,  instru- 
mentation, electricity,  and  electronics.  Research  and  development  are  involved 
in  support  of  standards  and  measurement  of  light,  color,  length,  heat,  mass,  vol- 
ume, viscosity,  ionizing  radiation,  atomic  constants,  electricity  magnetism,  and 
electronic  phenomena.  The  development  and  application  of  digital  and  analog 
computer  and  control  systems  are  included. 

The  Electricity  Division  is  responsible  for  the  establishment,  maintenance,  and 
dissemination  of  units  and  standards  for  measurements  in  electricity  and  magnet- 
ism and  determination  of  fundamental  constants  of  nature.  The  Division  per- 
forms basic  research  in  the  nature  of  dielectric  and  magnetic  matter,  calibrates 
standards  and  precision  instruments  for  industry  and  Government  laboratories, 
furnishes  consultative  service  to  Government  agencies,  devises  new  types  of  elec- 
trical apparatus  and  makes  technical  information  in  these  fields  available  to  the 
public. 


DEPARTMENT  OF  DEFENSE,  FIELD  STATIONS  AND  INSTALLATIONS 
Department  of  the  Army 

Harry  Diamond  Laboratories. — These  laboratories  at  Washington,  D.C.,  con" 
duct  research  and  development  in  the  physical  sciences  and  engineering  directed 
toward  meeting  military  characteristics  for  fuzes  and  related  items;  provide 
consulting  and  liaison  services  in  connection  with  development,  production,  and 
use  of  items  developed  in  laboratories;  fabricates  mode!*  and  prototypes  of  items 
under  development  at  the  laboratories;  and  performs  developmental  testing,  in- 
cluding destructive  testing  of  protypes.  Total  personnel,  1,440. 

U.S.  Army  Electronic  Proving  Ground. — The  U.S.  Army  Electronic  Proving 
Ground,  Ft.  Huachuca,  Aria.,  carries  out  combat  development,  tests,  and  evalua- 
tion in  all  fields  of  interest  to  the  Signal  Corps.  It  performs  a limited  amount 
of  research  and  development  in  micrometeorology  and  other  minor  fields,  and 
provides  operational  meteorological  support  to  other  Signal  and  Army  research, 
development,  test,  and  evaluation  activities,  except  the  White  Sands  Missile 
Range.  It  includes  the  Army  Electronic  Environmental  Test  Facility.  Total 
personnel,  3,000. 

U.S.  Army  Signal  Research  and  Development  Agency  and  Laboratory. — The 
U.S.  Army  Signal  Research  and  Development  Agency  and  Laboratory,  Port 
Monmouth,  N.J.,  among  its  other  activities,  conducts  continuing  research  in 
all  fields  of  physical  science  leading  to  the  development  of  new  techniques  and  the 
design  and  improvement  of  communications,  radar,  electronic  countermeasures, 
automatic  data  processing,  radiological,  meteorological,  photographic,  drones, 
and  solid-state  devices.  The  Laboratory,  the  major  element  of  the  Agency,  is 
the  primary  agency  of  the  Chief  Signal  Officer  for  research  and  development  in 
nearly  all  fields  of  interest  to  the  Signal  Corps.  Total  personnel,  3,800. 

Department  of  the  Navy 

U.S.  Naval  Research  Laboratory. — -The  U.S.  Naval  Research  Laboratory,  Wash- 
ington, D.C.,  conducts  a broad  program  of  research  and  development  which 
includes  most  areas  of  the  physical  sciences  of  interest  to  the  Naval  Establish- 
ment. The  program  is  designed  to  meet  the  needs  for  equipment  and  materials 
to  increase  the  combat  effectiveness  of  the  Navy.  The  Laboratory  also  conducts 
fundamental  research  and  experimentation  in  anticipation  of  future  requirements, 
conducts  research  and  development  for  and  provides  scientific  and  consultive 
services  to  the  materials  bureaus  of  the  Navy,  Army,  Air  Force,  and  other  govern- 
mental agencies.  Total  personnel,  3,260. 

U.S.  Nauy  Electronics  Laboratory. — This  Laboratory  at  Point  Loma,  San  Diego, 
Calif.,  conducts  research,  development,  and  testing  in  electronics  and  related 
fields  of  engineering  and  science,  including  radio,  radar,,  sonar,  electronic  counter- 
measures, oceanography,  and  instrumentation  for  and  analysis  of  environmental 
weapons  effect  and  human  factors;  it  provides  consultative  service  and  sea  test 
facilities  as  authorized  for  the  fleet,  Navy  contractors,  and  other  agencies  of  the 
Department  of  Defense.  Total  personnel,  1,334. 

Department  of  the  Air  Force 

Aeronautical  Systems  Division. — This  Division  at  Wright-Patterson  Air  Force 
Base,  Ohio,  is  responsible  for  the  development  and  acquisition  of  assigned  aero- 
nautical systems  and  aerospace  systems  and  for  conduct  of  an  aggressive  research 
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and  development  program  in  intelligence  techniques,  equipments,  and  systems* 
A wide  field  of  scientific  investigations  is  carried  out  by  the  Division’s  laboratories 
in  such  fields  as  materials  application,  metals  and  ceramics,  nonmetallic  materials, 
physics,  flight  control,  flight  dynamics,  flight  accessories,  propulsion,  communica- 
tions electronic  technology,  navigation  and  guidance,  reconnaissance,  life-support 
systems,  biomedicine,  personnel,  and  behavioral  sciences.  The  research  and 
development  activities  of  the  Aeronautical  Systems  Division  encompass  the 
majority  of  scientific  disciplines;  examples  of  this  work  include  studies  on  the 
formulation  and  fabrication  of  rubber  and  plastics  compounds  and  materials, 
static  tests  on  electronic  equipment,  and  tests  on  characteristics  of  ceramics. 

Major  Division  programs  include  the  B-70,  a chemically  powered  strategic 
bomber;  an  air-launched  ballistic  missile;  fire  control  system  for  a long-range 
interceptor;  tactical  air-to-surface  missile;  tactical  fighter;  cargo  transport  system; 
vertical-takeoff-landing  utility  transport;  oparations  support  involving  7 tech- 
nical areas  to  develop  hardware  in  support  of  existing  equipment,  a responsi- 
bility shared  with  the  Electronic  Systems  Division;  DYNA-SOAR,  a manned 
hypersonic  glider;  ASAPP,  aerospace  advanced  propulsion  program;  X-15, 
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it  also  snares  responsiDiuty  witn  tne  jjeputy  uommanaer,  for  Aerospace  systems, 
the  Office  of  Aerospace  Research,  and  the  Electronic  Systems  Division  for  applied 
research  in  29  technical  areas  in  support  of  efforts  to  adapt  the  results  of  basio 
research  to  use  by  the  Air  Force.  The  Aeronautical  Systems  Division,  the 
Electronic  Systems  Division,  and  the  Deputy  Commander  for  Aerospace  Systems 
also  share  responsibility  for  14  projects  in  support  of  all  test  instrumentation 
reouirements.  Total  personnel,  9,265. 

Electronic  System s Division. — This  Division  at  L.  G.  Hanscom  Field,  Bedford, 
Mass.,  manages  the  design,  development,  and  implementation  of  ground  com- 
munications and  electronics  environment  required  for  weapon  and  forces  control, 
called  the  command  and  control  or  L systems.  The  Division  has  management 
responsibility  fo*  all  design  and  implementing  phases  of  Air  Force  ground  elec- 
tronic systems  from  concept  to  checkout,  including  advanced  conceptual  planning, 
applied  research  and  development,  design,  procurement,  production,  installation, 
test,  and  evaluation.  Its  main  scientific  responsibilities,  capabilities,  and  activ- 
ities, cover  communications,  electronics,  data  acquisition,  processing,  transmission, 
and  display. 

Major  programs  of  the  Electronic  Systems  Division  include:  AWCS,  air 
weapons  control  system;  NORAD  COC,  North  American  Air  Defense  Combat 
Operations  Center;  TRACALS,  traffic  control  and  landing  system;  weather 
observation  and  forecasting  system;  intelligence  data  handling  system;  SACCS, 
Strategic  Air  Command  control  system;  electromagnetic  intelligence  collecting 
system;  air  communications  system;  and  SPADATS,  space  detection  and  tracking 
system.  The  Division  also  shares  responsibility  with  the  Aeronautics  Systems 
Division,  the  Deputy  Commander  for  Aerospace  Systems,  and  tne  Office  of  Aero- 
space Research  for  29  technical  areas  of  applied  research  in  support  of  efforts  to 
adapt  the  results  of  basic  research  to  use  by  the  Air  Force. 

Die  nonprofit  MITRE  Corporation,  established  in  1958,  is  a direct  assistant  to 
the  Division  to  provide  analytical  planning,  technical  guidance  and  supervision 
and  intersystem  engineering.  During  the  last  fiscal  year  MITRE  received 
$22,844,000  from  the  Department  of  Defense.  The  Corporation  has  a close 
working  relationship  with  the  Massachusetts  Institute  of  Technology  and  is 
directed  by  leaders  from  industry,  universities,  public  utilities,  and  large  law  firms. 

The  Division  also  works  closely  with  the  Air  Force  Cambridge  Research 
Laboratories  of  the  Office  of  Aerospace  Research  and  Massachusetts  Institute  of 
Technology’s  Lincoln  Laboratory,  receiving  direct  and  indirect  support  from 
their  basic  research  activities  and  in  many  instances  participating  jointly  with 
them  in  special  studies  and  in  certain  applied  research  projects.  The  Division’s 
work  is  closely  related  to  the  communications  and  electronic  research  and  devel- 
opment programs  of  the  National  Aeronautics  and  Space  Administration,  Federal 
Aviation  Agency,  National  Security  Agency,  Advanced  Research  Projects  Agency, 
Defense  Communications  Agency,  Navy,  Army,  and  other  agencies  within  tne 
Air  Force.  Total  personnel,  4,199. 

Rome  Air  Development  Center. — This  Center,  located  at  Griffis  Air  Force  Base, 
N.Y.,  is  a major  supporting  agency  and  subcommand  of  the  Research  and  Tech- 
nological Division  of  the  Air  Force  Systems  Command.  The  Center  provides 
the  Air  Force  with  contract  management  and  in-house  capabilities  in  the  areas 
of  global  communications,  missile  tracking  and  guidance,  intelligence  and  recon- 
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naissance  techniques,  electronic  warfare,  long-range  early  warr  ing  systems,  and 
other  large  military  electronic  developments.  Current  efforts  emphasize  acquisi- 
tion, processing,  transmission  and  display  of  data  from  command  and  control 
elements.  Major  development  contracts  for  hardware  products'  in  these  areas 
are  managed  by  RADC  personnel.  Total  personnel,  1,572. 

U.S.  Air  Force  Cambridge  Research  Laboratories. — The  Air  Force  Cambridge 
Research  Laboratories  at  Hanscom  Field,  Bedford,  Mass.,  conduct  and  sponsor 
basic  and  applied  research  in  electronics  and  geophysics,  the  program  combining 
a substantial  intramural  research  effort  with  a large  contractual  program.  The 
Laboratories  have  two  Directorates.  The  Electronics  Research  Directorate  oper- 
ates seven  Laboratories:  Computer  and  Mathematical  Sciences,  Electronic  Ma- 
terials Sciences,  Electromagnetic  Radiation,  Propagation  Sciences,  Communica- 
tion Sciences,  Control  Sciences,  and  Astrosurveillance  Sciences.  Eight  Labora- 
tories are  under  control  of  the  Geophysics  Research  Directorate:  Aerophysics, 
Atmospheric  Circulations,  Meteorological  Development,  Photochemistry,  Ter- 
restrial Sciences,  Ionospheric  Physics,  Thermal  Radiation,  and  Research  Instru- 
mentation. The  Geophysics  Research  Directorate  also  operates  the  Sacramento 
Peak  Observatory  near  Alamogordo,  N.  Mex.  Total  personnel,  1,042. 

FEDERAL  AVIATION  AGENCY 

Scientific  activities 

The  Service  is  responsible  for  the  conduct,  planning,  and  administration  of  a 
research  and  development  program  to  accomplish  inservice  improvements  with 
currently  available  equipment;  systematic  application  of  existing  technology  to 
meet  increased  air  traffic  load,  while  maintaining  requirements  for  increased 
safety  and  expeditious  traffic  handling;  and  long-range  development  of  new 
equipment  and  concepts  to  meet  requriements  of  the  future.  The  Service  also 
operates  and  provides  plant  support  for  the  National  Aviation  Facilities  Experi- 
mental Center  at  Atlantic  City,  N.J. 

Applied  research  is  conducted  in  atmospheric  and  solid  earth  sciences,  engineer- 
ing in  the  area  of  air  traffic  control  systems,  and  social  science  with  regard  to  air- 
port systems  research.  Most  research  and  development  is  performed  contrac- 
tually with  industrial  firms,  a small  amount  by  private  institutions  and  State 
agencies.  All  test  and  experimentation  is  performed  by  Federal  employees  at  the 
National  Aviation  Facilities  Experimental  Center,  Atlantic  City,  N.J.  The 
Service  does  not  support  research  and  development  programs  of  foreign  govern- 
ments; however,  for  the  blind  landing  experimental  unit  landing  system,  consider- 
able testing  and  evaluation  is  programed  in  the  immediate  future;  a complete 
installation  of  the  unit's  British  landing  system  is  being  made  ready  for  testing 
at  the  National  Aviation  Facilities  Experimental  Center. 

FIELD  STATIONS  AND  INSTALLATIONS 

National  Aviation  Facilities  Experimental  Center 

This  Center,  at  Alantic  City,  N.J.,  is  operated  entirely  by  the  Service  and  houses 
its  divisions. 

The  Test  and  Experimentation  Division  is  responsible  for  conducting  compre- 
hensive engineering  and  operational  tests,  and  evaluation  of  systems,  equipment, 
and  procedures  proposed  or  intended  for  use  in  the  national  system  of  aviation 
facilities.  The  character  of  work  conducted  falls  into  the  categories  of  simulated 
tests  and  tests  conducted  under  actual  flight  conditions. 

The  Research  Division  predicts  future  air  traffic  needs  to  permit  systems  an- 
alysis and  timely  development  of  new  and  improved  equipment  and  procedures; 
analyzes  currently  used  air  traffic  control  and  other  aviation  support  systems 
and  measures  their  effectiveness;  conducts  research  in  air  traffic  control  and  other 
technical  aviation  support  subjects;  performs  studies  and  research  in  known  avia- 
tion safety  problem  areas;  determines  feasibility  of  using  applicable  scientific  prin- 
ciples, new  equipment,  or  advances  in  technology  to  improve  efficiency  and  safety 
in  aircraft  operations;  and  conducts  human  factors  research.  Work  involves  the 
supervision  of  contractors  performing  applied  research  and  conduct  of  laboratory 
work  by  Government  personnel.  Total  personnel,  1,061. 
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WEDNESDAY,  APRIL  3,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.G. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth  (chair- 
man of  the  subcommittee)  presiding. 

FURTHER  STATEMENT  OF  DR.  ALBERT  J.  KELLEY,  DIRECTOR, 

ELECTRONICS  AND  CONTROL,  OFFICE  OF  ADVANCED  RE- 

SEARCH  AND  TECHNOLOGY.  NASA 

Mr.  Karth.  The  committee  will  be  in  order.  Dr.  Kelley,  yester- 
day when  we  adjourned,  I believe  we  adjourned  on  the  conclusion 
of  your  prepared  testimony  and  so  if  there  is  anything  you  would  like 
to  add  at  this  time,  please  proceed.  If  not,  perhaps  there  are  ques- 
tions in  the  minds  of  the  subcommittee  members  they  would  like  to 
ask  at  this  point. 

Dr.  Kelley.  I have  nothing  to  add. 

Mr.  Karth.  If  Doctor  Bisplinghoff  has  something  to  add  at  this 
point,  he  may  proceed. 

Dr.  Bisplinghoff.  I have  nothing  to  add. 

Mr.  Karth.  Doctor  Kelley,  yesterday  I interrupted  you,  briefly, 
to  discuss  the  Ranger  program.  We  didn’t  make  much  progress  be- 
cause of  the  classification  of  the  document,  but  inasmuch  as  you  were 
the  chairman  of  the  study  group,  I wonder  if  you  and  I couldn’t 
agree,  and  certainly  there’s  no  reason  why  this  should  be  secret  in- 
formation, a substantial  portion  of  the  total  number  of  reasons  for 
failure  of  the  Ranger  program  really  lies  with  management.  I recog- 
nize that  there  may  be  a conglomeration  of  reasons. 

Couldn’ t we  agree  to  that? 

Dr.  Kelley.  I don’t  know  what  definition  of  “management” 
that  you  are  using,  Mr.  Karth. 

Mr.  Karth.  I’ll  use  it  as  broadly  as  you  used  the  term  “elec- 
tronics.” 

Dr.  Kelley.  It  was  pointed  out  by  the  Ranger  board  that  in  build- 
ing or  designing  and  constructing  these  vehicles  that  we  have  to  pay 
very,  very  close  attention  to  quality  control. 

That  is,  we  can’t  just  give  the  job  to  the  individual  engineer, 
although  he  may  be  the  best  in  the  world,  and  say,  “Will  you,  at  a 
certain  time,  deliver  a product  that  will  work?” 
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We  all  have  blinders  on,  if  you  will.  That’s  why  people  take 
examinations  in  school  to  check  up  on  what  they  are  doing.  Even  the 
smartest  student  has  to  take  an  exam  and  in  the  management  sense 
there  was  not  enough  checking  up  on  the  individual  engineer,  the 
individual  participant,  in  terms  of  quality  control,  in  terms  of  electronic 
and  other  standards,  throughout  the  particular  vehicle. 

Mr.  Kabth.  Well,  where  was  this  lack  of  checking  up?  Where  did 
we  find  it — in  JPL,  in  NASA,  some  of  the  subordinate  contractors 
that  worked  under  other  contractors? 

Can  you  be  specific,  or  was  it  just  general  in  nature? 

Dr.  Kelley.  For  this  particular  project,  JPL  had  the  project 
responsibility  so  the  problem  was  focused  there. 

Now,  we  also  learned  some  factors  on  how  much  we  should  try  to 
manufacture  in-house  and  I think  you  are  well  aware  that  we  have — 
“we,”  that  is  NASA  and  JPL,  have  taken  on  an  industrial  contractor 
to  continue  the  production  of  the  Hanger  spacecraft.  This  was  in 
accordance  with  the  recommendations  of  the  board  that  we  not  try  to 
continue  a production-line  operation  in-house. 

This  is  something  that  is  more  amenable  to  the  industrial  complex. 
However,  Ranger  had  taken  on  slightly  different  complexion  from  the 
time  it  started,  to  the  time  the  Ranger  board  convened. 

Ranger  was  originally  a five-shot  project  and  now,  as  you  know,  we 
are  thinking  in  terms  of  expanding  it  up  to  16,  perhaps  20  shots;  but 
as  far  as  the  management 

Mr.  Kabth.  Well,  this  could  be  because  the  first  five  failed,  I 
suppose. 

This  is  one  of  the  reasons,  I suppose,  why  we  are  expanding  the 
program.  It  is  a reasonably  good  reason,  in  my  opinion,  in  view  of 
the  program’s  importance. 

The  first  number  you  anticipated,  if  this  necessarily  fails,  it  seems 
to  me  you  would  have  to  expand  the  program. 

Dr.  Kelley.  We’d  still  like  to  get  the  information  on  the  Moon 
that  the  Ranger  was  supposed  to  deliver  for  us. 

Mr.  Kabth.  Yes. 

Who  did  the  electronics  work  on  Ranger,  Dr.  Kelley? 

Dr.  Kelley.  Well,  there  was  a combination,  there  were  many  con- 
tractors involved. 

JPL  did  some  of  the  work  in-house. 

The  contracting  ranged  all  the  way  from  major  subsystems  which 
Aeroneutronics  and  Nortronics,  for  example,  did;  to  bit  and  piece 
operations,  constructing  module  boards,  which  various  small  com- 
panies around,  for  example,  the  Pasadena  area  did. 

So  there  were  many,  many  people  involved,  including  JPL,  doing 
some  of  their  own  in-house  manufacturing,  many  companies  and  many 
groups  who  contributed  to  the  operation. 

Mr.  Kabth.  Who  is  the  major  manufacturer  of  electronic  compo- 
nents? 

Dr.  Kelley,  I don’t  know  the  exact  figure. 

It  would  probably  be  either  Aeroneutronics  or  Nortronics.  They 
were  the  two  major  subcontractors.  Now,  however,  there  were  many, 
many  components  supplied  to  JPL  which  they,  in  turn,  had  built  into 
module  boards  by  smaller  contractors  or  which  they  built  into  module 
boards,  themselves. 

So,  if  you  would  say  who  was  the  largest  single  electronics  contractor 
in  dollar  volume,  I really  don’t  know. 
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t Mr.  Karth.  Well,  I understood  that  a major  portion  of  the  elec- 

tronic equipment  produced  for  Ranger  out-of-housej  was  done  by 
Nortronics.  This  is  a division  of  Northrop  Aviation;  isn’t  it? 

Dr.  Kelley.  Yes,  sir;  that  is  a division. 

Mr.  Karth.  Does  this  sound  reasonable  to  you?  Does  it  sound 
correct? 

Dr.  Kelley.  A “major  proportion,”  I don’t  know  whether  it  was 
the  most.  Aeroneutronics  ana  Nortronics,  those  contractors  were  the 
two  principal  subcontractors  through  JPL,  but  JPL  themselves  acted 
as  a systems  or  prime  contractor  on  the  whole  Ranger  program  and 
brought  all  the  pieces  together;  assembled  them  in-house,  and  tested 
them  in-house. 

Mr.  Karth.  I understood  that  the  assignment  of  the  work  done 
out  of  house  has  pretty  much  been  to  Northrop.  Is  that  correct? 

Dr.  Kelley.  As  I understand  it,  they  are  now  the  contractor,  that 
is  the  systems  contractor  which  we,  on  the  Ranger  board,  recom- 
mended. We  didn’t  recommend  them  specifically,  but  we  recom- 
mended a systems  contract  be  taken  on  to  do  a specific  task  and,  as 
I understand  it,  Northrop  has  been  selected  as  that  contractor. 

Mr.  Karth.  Is  this  contract  a bid-type  contract  or  is  it  negotiated 
or  what? 

Dr.  Kelley.  I am  not  familiar  with  it,  Mr.  Karth. 

I have  not  maintained  close  contact  with  the  Ranger  program  since 
we  concluded  our  operations. 

Mr.  Karth.  I see. 

Doctor,  this  research  center  that  you  spoke  of  yesterday,  and  which 
is  in  the  budget  for  $5  million;  after  it  has  grown  to  its  2,000-personnel 
capacity,  that  you  spoke  of  yesterday  as  a probability;  what  would 
you  estimate  its  annual  cost  of  operation  to  bs? 

Dr.  Kelley.  Its  annual  cost  of  operation  based  on  our  present 
estimates  per  man,  would  be  on  the  order  of  $28  to  $30  million.  This 
is  2,000  people. 

Mr.  Karth.  Now,  there’s  some  speculation  that  this  2,000  could 
very  easily,  and  in  all  probability  would,  grow  to  about  5,000,  if  this 
should  be  approved.  What  do  you  think  it  would  grow  to?  We 
would  like  to  have  some  kind  of  assurance  backed  up  by  your  word 
in  the  record  that  this  thing  would  not  become  a gigantic  installation, 
well  beyond  our  powers  of  reasoning  today",  while  we  discuss  a 2,000- 
man  limitation? 

Dr.  Kelley.  I can  tell  you  what  we  did.  It  was  our  recommenda- 
tion that  the  agency  needed  approximately  2,000  additional  people 
to  carry  on  its  electronics  research  and  this  was  projected  through 
1970.  In  1970  the  facilities  for  the  people  would  be  compatible  at  the 
2,000  level. 

Now  we  see  this  as  sufficient  to  meet  the  needs  of  the  space  program 
as  we  can  project  them  to  1970. 

Mr.  Karth.  So  if  this  were  authorized  up  to  1970,  you  feel  that 
this  2,000  personnel  estimate  is  a very  accurate  one;  that  is,  a maxi- 
mum of  2,000? 

Dr.  Kelley.  Well,  I am  assuming  that  we  continue  the  space  effort 
along  the  same  lines  and  at  the  effort  that  we  are  right  now. 

I couldn’t  predict  whether  there  might  be  some  reason  to  accelerate 
in  the  future. 

Our  planning  right  now  says  approximately  2,000  people. 
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Mr.  Karth.  Your  planning  last  year  was,  in  effect,  that  you  didn’t 
need  such  a laboratory  though. 

Can  you  give  this  committee  any  assurance  that  this  research  lab- 
oratory would,  in  ail  probability,  not  expand  beyond  2.000  personnel 
by  1970? 

Dr.  Kelley.  It’s  very  difficult  for  me  to  predict  between  now  and 
1970  what  the  future  of  the  space  program  will  be,  or  what  the  future 
of  the  country  will  be.  I can  only  assure  you  that  our  planning  shows 
that  2,000  people  meet  the  needs  of  the  agency  as  we  can  see  them  to 
1970,  based  on  the  best  prediction  I can  make  right  now — 2,000 
people,  yes. 

Mr.  Karth.  We  have  electronics  research  people  working  in  the 
NASA  research  organization  now,  Dr.  Kelley? 

Dr.  Kelley.  Yes,  we  do. 

Mr.  Karth.  How  many? 

Dr.  Kelley.  We  have  a total  of  391  professionals  scattered  through- 
out the  agency. 

Mr.  Karth.  391  people;  does  this  fit  your  broad  interpretation  of 
electronics  or  is  it  a rather  narrow  interpretation  as  we  were  talking 
about  interpretations  yesterday? 

Dr.  Kelley.  This  fits  the  interpretation  as  I described  in  the 
beginning  of  my  discussion  yesterday  and  my  interpretation  in  the 
budget  documents  under  “Electronics  systems.” 

Mr.  Karth.  Which  includes  those  people  who  fix  wires  to  terminals 
and  things  like  that? 

Dr.  Kelley.  No,  it  does  not. 

Mr.  Karth.  Includes  research  people,  period. 

Dr.  Kelley.  Working  on  research  and  advanced  technology,  that 
is  correct. 

In  the  projects,  of  course,  there  are  electricians  and  electrical 
engineers. 

I am  talking  about  the  people  working  on  research. 

Mr.  Karth.  These  are  not  included  in  the  391. 

Is  that  correct? 

Dr.  Kelley.  That  is  correct. 

These  are  research  and  advanced  technology. 

Mr.  Karth.  Failures  that  might  have  occurred  in  our  space  mis- 
sions, up  to  this  time,  that  could  be  attributed,  for  example,  to  an 
electrician,  would  you  call  this  an  electronic  failure? 

Dr.  Kelley.  You  mean  an  electrician  making  a mistake 

Mr.  Karth.  Yes. 

Dr.  Kelley  (continuing).  On  the  wiring  or  something? 

Mr.  Karth.  Yes. 

Dr.  Kelley.  If  it  occ<*  rs  on  a module  board,  electronic  in  nature,  we 
would  call  it  electronic.  If  it  occurred  in  a wiring  harness,  we  would 
call  it  electrical. 

Mr.  Karth.  How  do  you  make  the  distinction  between  those 
two  types  on  the  basis  of  your  statement  yesterday — all  inclusive  or 
separate? 

Dr.  Kelley.  We  are  concerned,  I guess,  if  I have  to  say  it  in  a few 
words,  in  the  electronic  systems,  with  information  systems.  That  is 
the  devices  that  handle,  process,  and  generate  information  at  low-level 
signals,  as  I mentioned  yesterday — the  brains. , 

Mr.  Karth.  We  are  talking  about  90  percent  of  the  failures  occur- 
ring in  the  field  of  electronics  as  a very,  very  broad  interpretation 
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and  possibly  this  includes  even  those  errors  that  an  electrician  might 
make  in  whatever  workload  he  may  have  in  connection  with  the 
program,  is  that  correct? 

Dr.  Kelley.  To,  I was  referring  to  electronic  systems  devices. 

Now,  if  an  electrician  makes  a mistake  in  an  electronic  system  we 
account  that  as  a failure  on  an  electronic  system. 

Mr.  Karth.  Let’s  talk  about  the  electrical  engineer. 

What  if  it’s  a mistake  an  electrical  engineer  made? 

Let’s  talk  about  mistakes,  which,  I guess,  involves  poor  manage- 
ment in  most  cases.  And  this  involves  poor  quality  control,  which, 
I guess,  involves  a good  many  things  other  than  research. 

So,  could  you,  for  the  benefit  of  this  committee,  give  any  accurate 
estimate  as  to  what  these  failures  amount  to,  in  terms  of  percentages, 
in  the  area  where  we’ve  had  inadequate  research,  as  opposed  to  where 
we  have  had  inadequate  management? 

Dr.  Kelley.  You  are  talking  about,  I believe,  the  straight  relia- 
bility failures  or  the  mistakes  or  “ goofs”  versus  the  fact  that  a com- 
ponent was  misused  or  wasn’t  available  to  do  the  job. 

I don’t  have  a specific  breakdown. 

Mr.  Karth.  I’m  thinking  of  the  case  where  quality  control  wasn’t 
good  enough. 

The  item  was  improperly  built  because  the  specifications  were 
inaccurate,  or  substandard,  because  the  quality  control  techniques 
were  substandard;  so  it  became  an  inferior  piece. 

Dr.  Kelley.  You  can’t  divorce  these  two,  really. 

Mr.  Karth.  I know  these  things  are  difficult  to  divorce.  I was 
wondering  if  there  is  any  possibility  that  you  can  do  it. 

Dr.  Kelley.  The  reason  you  can’t  divorce  it,  really,  is  because  the 
quality  control  and  the  specifications  are  part  of  the  environment  you 
are  in  and  depend  on  how  much  you  know  about  the  environment. 
You  just  can’t  get  parts  by  writing  specifications.  You  have  to  do 
research  to  get  the  parts. 

There  are  component  failures.  That  is,  the  component  just  failed — 
catastrophic  failures,  we  call  them.  And  there  are  failures  due  to  the 
fact  we  didn’t,  in  the  space  environment,  know  how  to  use  a particular 
component  which  was  delivered  to  us,  although  it  was  a good  com- 
ponent; there  is  a history  of  this  in  the  Ranger  program,  for  example. 

Mr.  Karth.  Doctor,  how  many  real  professional  people  do  you 
expect  to  employ  out  of  this  2,000,  for  the  Research  Center? 

Dr.  Kelley.  600  to  700  would  be  professionals. 

Mr.  Karth.  600  to  700.  They  would ' be  on  equal  terms,  profes- 
sionally, with  the  400  we  now  have? 

Dr.  Kelley.  Approximately  the  same  level  of  distribution. 

Mr.  Karth.  So  you  are  saying  that  what  we  should  do  is  slightly 
more  than  double  our  research  personnel.  Is  that  what  you  are 
saving? 

i>r.  Kelley.  That  is  correct. 

Mr.  Karth.  Where  are  these  391  we  now  have? 

Where  are  they  located,  Doctor? 

Dr.  Kelley.  They  are  throughout  the  agency. 

Would  you  like  me  to  tell  you  where  they  are? 

Mr.  Karth.  Yes,  sir;  I certainly  would,  for  the  record. 

Dr.  Kelley.  I have  some  notes  here.  Here  we  are. 


2194 


1064  NASA  AUTHORIZATION 


There  are  147  at  Langley  Research  Center,  68  at  Ames  Research 
Center,  35  at  Lewis,  20  at  Flight,  40  at  Goddard,  3 at  Manned  Space- 
craft Center,  52  at  Marshall,  26  at  Jet  Propulsion  Laboratory — and  I 
think  that  adds  up  to  391. 

Mr.  Downing.  Would  the  Chairman  yield  for  1 minute,  for  one 
question? 

Mr.  Karth.  Yes.  Mr.  Downing? 

Mr.  Downing.  Would  the  effect  of  this  research  laboratory  mean 
you  would  take  these  boys  from  these  places  and  from  the  universities 
and  concentrate  them  in  this  particular  research  center? 

Dr.  Kelley.  No,  sir;  our  intention  is  to  leave  the  work  at  the 
existing  centers  largely  as  it  is;  this  is  an  additional  buildup  of  capa- 
bility within  the  agency. 

Now,  I’m  sure  there  will  be  some  fluxing  or  redistribution  of  people 
who  may  want  to  go  to  one  or  another,  but  we  would  plan  the  approx- 
imate distribution  to  remain  about  the  same  at  the  existing  centers  and 
the  600  to  700  would  be  over  and  above  these. 

Mr.  Downing.  It  wouldn't  take  anything  away  from  the  uni- 
versities and  the  present  centers  which  are  now  engaged  in  this  work? 

Dr.  Kelley.  No,  sir;  not  at  all. 

Mr.  Karth.  If  the  gentleman  would  yield. 

I think  he  should  separate  the  two  areas  of  professional  personnel 
of  universities  apart  from  the  centers. 

Would  you  care  to  do  that? 

Mr.  Downing.  Yes,  indeed,  would  you  do  that,  Dr.  Kelley? 

Dr.  Kelley.  I don’t  understand  the  question. 

Mr.  Karth.  His  question  was:  Would  we  take  anyone  away  from 
the  universities  and  other  centers.  Your  answer  was  “No.” 

Do  you  mean  you  wouldn’t  draw  on  the  university  talent  to  staff 
your  research  center? 

Dr.  Kelley.  I can’t  say  there  wouldn’t  be  some  university  people 
who  would  join  the  center.  This  has  been  a prevalent  fact  throughout 
the  past  few  years. 

Mr.  Karth.  Your  “no”  answer  refers  to  the  391  located  at  the 
centers. 

Dr.  Kelley.  That  is  correct. 

It’s  not  an  absolute  “no.”  There  may  be  individuals  who  will 
move  about  throughout  the  agency  and  there  may  be  individuals  at 
universities  who  come  to  NASA  and  vice  versa. 

Mr.  Karth.  But  the  additional  600  professional  people  would  be 
drawn  from  universities  and  from  industry,  would  they  not? 

Dr.  Kelley.  Well,  our  plan 

Mr.  Karth.  Where  else  do  you  get  them,  Doctor? 

Dr.  Kelley.  I see  600  to  700  professionals  by  approximately  1969 
and  with  the  buildings  to  be  completed  by  1970,  wmch  means  that  we 
have  a little  leadtime  on  the  personnel  so  we  don’t  have  empty  build- 
ings, we  have  people  to  move  into  the  buildings.  The  600  to  700 
represents  a gradual  growth  over  a 6-  to  7-year  period.  Now,  these 
are  people  who  will  come  from  many  sources. 

Some  will  come  from  within  the  agency.  Some  will  come  from 
universities.  Some  will  come  from  industry  and  a substantial  num- 
ber, we  hope,  will  be  younger  graduates  from  the  universities  who 
will  have  an  opportunity  to  work  on  what  we  think  is  the  new,  exci  ting, 
field  of  space  electronics  and  at  the  same  time  continue  to  upgrade 
their  graduate  education. 
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This  has  been  the  history  of  the  NACA  where  many  of  the  senior 
people  in  NACA,  now  in  the  NASA,  came  to  the  agency  right  out  of 
college  with  bachelor  degrees  and  continued  working  in  the  laboratory, 
continued  their  graduate  education  along  with  their  work;  in  fact, 
many  of  them  went  to  industry  from  the  agency. 

But  this  has  been  the  history  of  growth  of  the  agency  and  we  call 
it  homegrowing  our  own. 

We  don’t  expect  this  to  cause  a serious  impact  on  the  manpower 
as  we  see  it  through  the  next  several  years;  that  is,  on  the  scientific 
manpower. 

Mr.  Earth.  If  a substantial  portion  of  your  recruitment  is  going 
to  come  from  the  universities  and  then  you  propose  to  give  them  more 
education,  postgraduate  level  education,  the  question  immediately 
arises  in  my  mind:  How  effective  is  your  laboratory  going  to  be,  until 
after  1968,  1969,  or  1970? 

Dr.  Kelley.  Well,  people  from  the  university,  in  the  context  in 
which  I was  using  the  term,  are  people  just  graduated  from  the 
universities  who  are  looking  for  employment. 

Mr.  Karth.  Yes. 

Dr.  Kelley.  Now,  this  Center  is  to  be  established  for  the  long  haul. 
We  have  been  trying  to  make  this  clear  in  our  discussions  that  it  is  a 
gradual  buildup. 

It  is  for  the  future  of  the  space  program.  There  will  be  some  impact 
on  Apollo  and  other  immediate  programs,  just  like  any  one  of  our 
agency  programs  have  an  impact  on  one  another;  but  this  is  for  the 
long-range  future  of  space  exploration,  to  establish  our  long-range  elec- 
tronic posture  for  the  future,  but  we  expect  it  to  make  a contribution 
as  it  grows. 

We  don’t  expect  these  people  all  to  be  in  school  all  the  time.  These 
will  be  part-time  courses ; and  this  has  been  a very  satisfactory  arrange- 
ment where  somebody  can  be  going  to  school  part  time  and  then 
working  on  a real  problem  in  the  laboratory. 

Then,  I think,  the  schooling  means  more  to  him  and  he  can  combine, 
in  fact,  his  thesis  work  with  some  of  his  laboratory  work. 

Mr.  Karth.  Now,  Dr.  Kelley,  I’m  sure  you  are  more  familiar  with 
the  electronics  field  than  I am.  We  have  a lot  of  people  working  in 
it.  I think  it  is  very  desirable. 

Maybe  this  is  one  of  the  reasons  there  are  a lot  of  people  working 
in  it. 

I understand  that  NASA’s  recruitment  job,  in  ail  the  disciplines, 
becomes  more  and  more  complex,  and  more  difficult  every  year,  does 
it  not? 

Dr.  Kelley.  I don’t  know  that  for  a fact. 

I think  you  have  to  balance  the  agency’s  requirement  versus  the 
available  pool  of  manpower  at  any  time  to  see  how  difficult  it  is. 
I think  we  have  been  successful  in  attracting  a good  number  of  high 
caliber  people. 

Mr.  Karth.  I don’t  think  there  is  any  doubt  about  it.  The  fact 
of  the  matter  is  I am  not  only  well  pleased,  but  somewhat  amazed  at 
the  very  high  caliber  of  the  people  who  have  appeared  before  this 
committee. 

I say  this  in  all  honesty  and  sincerity.  I really  mean  it,  and  this 
includes  you  and  Dr.  Bisplinghoff,  incidentally. 
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When  I suggested  that  maybe  the  agency  was  having  recruiting 
difficulties,  I was  basing  my  assumption  on  money,  I guess,  more  than 
anything  else. 

Last  year  it  cost  us  $380,000  to  recruit  people.  This  year,  NASA  is 
asking  for  nearly  half  a million  ; so,  I assume  that  the  job  is  becoming 
more  difficult.  If  it  isn’t,  we  ought  to  take  a look  at  the  budget,  and 
I assume  that  our  recruiting  problem,  in  the  event  that  the  Congress 
should  authorize  the  Boston  Research  Laboratory,  would  be  quite  a 
problem. 

Dr.  Kelley.  I believe  we  are  talking  about  two  different  problems. 

There  has  been  a rapid  expansion  of  the  agency  within  the  last 
couple  of  years,  particularly  in  an  attempt  to  get  people  on  board  to 
do  an  immediate  job,  Apollo. 

That  is  where  our  emphasis  has  been  within  the  agency,  and  of 
course,  we  do  have  other  programs  including  advanced  research  and 
technology. 

Now,  the  Center  is  designed  for  the  long-range  future  and  the  slope 
of  the  buildup  of  personnel,  the  rate  of  acquisition  will  be  quite  gradual; 
we  have  always  planned  it  to  be  quite  different  than  the  buildup  that 
we  have  undertaken  over  the  past  2 or  3 years  and  I don’t  see  that  this 
would  have  a serious  effect  of  manpower  in  the  United  States,  scien- 
tific and  engineering  manpower. 

In  fact,  one  of  the  reasons  for  our  desire — for  the  desirability  of 
locating  near  a university  complex  was  this  very  factor,  that  we  could 
attract  good  people  and,  as  I said,  “home  grow”  them  and  let  them 
continue  their  graduate  education  in  the  right  environment. 

Mr.  Karth.  Doctor,  don’t  you  see  quite  a problem,  though,  in  the 
approach  that  you  are  suggesting? 

It  seems  to  me  that  with  Government  pay  schedules  being  what 
they  are,  in  an  industry  where  talented  people  are  in  great  demand, 
that  we  may  find  ourselves  in  a situation  where  we  have  spent  vast 
sums  of  money  training  people  who  have  just  come  from  the  univer- 
sities, and  then  lose  them  to  industry  winch  will  be  willing  to  pay 
them  twice  or  three  times  as  much  as  we  can  legally  pay  them. 

Have  you  considered  that  possibility? 

Dr.  Kelley.  Yes,  we  considered  that. 

Mr.  Karth.  I am  very  glad  that  you  did. 

I want  you  to  tell  me  how  we  are  going  to  retain  them. 

Dr.  Kelley.  I don’t  think  the  problem  is  peculiar  to  the  Electronic 
Research  Center. 

I think  it  is  a problem  throughout  the  Government  with  scientific 
and  engineering  manpower,  and  I think  that  the  Government  in  many 
cases  offers  responsibilities  and  challenges  and  so  forth,  that,  perhaps, 
are  not  in  industry. 

I don’t  know  what  the  magic  is,  but  we,  in  the  Government,  have 
been  able  to  attract  some  pretty  good  people. 

Mr.  Karth.  I think  this  is  true,  Dr.  Kelley. 

Where  people  can  clearly  identify  themselves  or  associate  them- 
selves with  an  important  program,  this  is  true.  I am  not  so  sure  it  is 
true  when  you  get  in  a laboratory. 

I can  say  we  have  some  very  able  people  in  the  OART,  the  Office 
of  Space  Sciences,  in  the  various  offices  of  NASA;  but  they  are  inter- 
ested in  specific  programs,  in  the  main. 
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The  manned  lunar  landing  program,  for  example ; I am  sure  we  have 
some  very  able  people  here,  but  they  are  really  interested  in  this 
program. 

It’s  not  a matter  of  them  going  to  a laboratory  in  the  morning. 
They  are  directors.  They  are  top  technical  people,  highly  pro- 
fessional, and  they  are  interested  in  the  program. 

I just  wonder  if  this  would  also  be  true  when  we  talk  about  a research 
laboratory.  There  are  reports  that  suggest  Government  research 
laboratories  do  not  do  the  best  job,  really,  because  they  cannot 
retain  the  best  people. 

After  all,  when  you  talk  about  the  very  top-caliber  people  you  need 
to  advance  the  state  of  the  art,  you  are  talking  about  a unique  talent 
that  is  possessed  by  a very,  very  small  percentage  of  the  people  who 
are  eminent  in  that  field,  perhaps  only  1 percent  of  the  people  in  the 
field. 

So,  you  are  talking  about  the  cream  of  the  crop. 

I’d  like  to  have  you  just  address  yourself  to  this  for  a minute,  if 
you  will. 

Dr.  Bisplinghoff.  I would  like  to  say  a word  about  that  if  I may, 
sir. 

Mr.  Karth.  Dr.  Bisplinghoff,  yes. 

Dr.  Bisplinghoff.  I have  been  with  NASA  for  8 months  and 
research  has  been  my  life’s  work  and  I have  been  very  much  pleased 
and  surprised  by  the  talent  that  we  find  in  our  own  research  centers, 
the  kind  of  research  talent  you  were  just  talking  about. 

I’m  not  sure  I can  explain  it  fully.  If  you  are  in  a university  it’s 
very  hard  to  get  good  research  equipment.  This  is  one  of  the  biggest 
shortcomings  a university  researcher  has. 

He  just  can’t  get  the  land  of  capital  equipment  in  many  cases  he 
needs  to  do  good  research.  There  are,  of  course,  many  exceptions 
to  this ; but  this  is  a difficult  problem. 

Mr.  Earth.  Yes. 

Dr.  Bisplinghoff.  If  he  goes  into  industry,  there  are  a lot  of 
deadlines  to  meet,  a lot  of  “fire  drills”  and  he  oftentimes  has  to  go 
from  one  thing  to  another. 

This  is  especially  true  in  the  aerospace  industries. 

Mr.  Earth.  What  you  are  saying  is  that  in  industry  he  is  pushed 
much  more  rapidly? 

Dr.  Bisplinghoff.  He  is  pushed  much  more  rapidly,  yes. 

In  our  own  centers,  we  have,  I think,  the  opportunity  to  have  much 
better  equipment  than  can  be  gotten  in  universities  and  he  doesn’t 
have  the  constant  problem  of  meeting  the  “fire  drills”  that  are  often 
put  on  him  in  the  industry. 

Mr.  Earth.  That  doesn’t  mean  he  works  2 hours  a day  instead 
of  8? 

Dr.  Bisplinghoff.  No,  sir. 

Mr.  Earth.  I just  wanted  to  make  sure. 

Dr.  Bisplinghoff.  I think  our  history  will  show  us  many  of  the 
really  fundamental  contributions  have  been  made  by  NASA  rather 
than  the  industry.  I can  state  so,  myself. 

The  field  I worked  in  was  the  field  of  flutter.  Here,  in  spite  of  a 
fair  amount  of  effort  in  industry  and  the  universities,  the  biggest 
contribution  was  made  at  the  Langley  Laboratory  by  Dr.  Theodorsen 
and  his  staff,  and  it’s  my  very  firm  belief  after  looking  at  the  history 


2198  1964  NASA  AUTHORIZATION 

of  our  centers  and  their  ability  to  keep  people,  keep  very  competent 
people  in  research,  we  are  going  to  be  able  to  do  the  very  same  thing 
with  the  Research  Center. 

• Mr.  Mosher.  Mr.  Chairman. 

Mr.  ICarth.  Mr.  Mosher? 

Mr.  Mosher.  Can  we  have  a translation  of  the  term  “fire  drills’'? 
What  do  you  mean  by  that? 

Dr.  Bisplinghoff.  By  “fire  drills”  I mean,  perhaps  in  order  to 
satisfy  the  claims  that  a salesman  might  make  about  a product,  that 
the  researcher  has  to,  maybe,  work  night  and  day  to  justify  these 
claims  or  he  may  have  to — just  the  business  of  making  proposals 
which  research  people  are  getting  into  more  and  more  every  day — he 
may  have  to  spend  a great  deal  of  his  time  on  writing  proposals  to 
send  to  the  Government. 

Mr.  Mosher.  You  mean  the  industrial  salesmen  make  claims  and 
then  the  researchers  try  to  write  them  up? 

Dr.  Bisplinghoff.  Yes,  sir,  this  is  a very  common  practice. 

Good  research  has  to  be  done  with  a certain  element  of  leisure. 
Actually,  research  is  very  hard  work,  you  have  to  keep  at  it  day  and 
night.  It’s  always  turning  over  in  your  mind.  You  can’t  be  pushed 
in  a lot  of  subsidiary  directions  and  make  good  progress  in  the  direction 
of  research  you  are  working  on. 

Mr.  Karth.  Am  I to  understand,  Doctor,  that  when  you  do  research 
in  industry  you  are  always  having  “file  drills”  and  things  of  this 
nature  that  just  don’t  allow  you  to  do  real  good  research? 

Dr.  Bisplinghoff.  In  aerospace  industries,  this  is  true. 

Mr.  Karth.  How  about  in  the  electronics  industry? 

Dr.  Bisplinghoff.  There  may  be  organizations  like  the  Bell  Lab- 
oratories where  things  are  different. 

Mr.  Karth.  Well  there  may  be — as  a matter  of  fact,  there  are, 
aren’t  there,  Doctor? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  And  they  do  very  good  research? 

Dr.  Bisplinghoff.  That  is  true. 

Mr.  Karth.  Very  good  research  centers  in  private  industries.  Is 
this  true? 

Dr.  Bisplinghoff.  That  is  true. 

Mr.  Karth.  Mr.  Randall? 

Mr.  Randall.  Back  on  the  “fire  drill”.  Did  you  have  any  part  m 
the  review  of  the  results  of  the  “fire  drill”  on  the  LEM  for  instance, 
regarding  the  different  advantages  of  the  demonstration  by  these  re- 
searchers between  Grumman  and  Northrop  or  any  of  the  others, 
North  American? 

Dr.  Bisplinghoff.  I am  not  acquainted  with  that. 

Mr.  Randall.  You  had  no  part  in  that? 

Dr.  Bisplinghoff.  No. 

Mr,  Randall.  I’d  like  to  observe,  maybe  these  “fire  drills”  have 
an  advantage.  They  evidently  impressed  someone  along  the  line  as 
to  the  result  and  the  division  between  two  different  projects.  Isn’t 
that  true? 

Dr.  Bisplinghoff.  Pm  talking  about  more  fundamental  research 
than  this.  This  is  a proposal  to  build  a piece  of  hardware  for  a mis- 
sion, I’m  talking  about  more  fundamental  research  than  this. 

Mr.  Randall.  You  said  oftentimes  the  researcher  had  to  meet  a 
salesman’s  claim,  oftentimes  had  to  meet  proposals.  As  I understand, 
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there  were  two  or  three  proposals.  In  some  cases  five,,  in  the  case  of 
the  LEM.  Someone  must  put  on  good  “fire  drills”. 

Dr.  Bisplinghoff.  I am  talking  about  proposals  for  more  funda- 
mental research. 

Mr.  Kandall.  You  are  not  talking  about  the  “fire  drills”  related 
to  proposals  for  specifications? 

Dr.  Bisplinghoff.  Eight. 

Mr.  Karth.  Doctor,  in  the  case  of  your  research,  specially  where 
the  research  is  designed  to  have  a direct  application  to  future  programs, 
it  seems  to  me  that  although  you  may  do  research  and  your  research 
may  result  in  the  ultimate  in  a particular  area,  that  when  you  are 
talking  about  very  complicated  programs  where  many  things  have 
got  to  be  taken  into  consideration,  you  can’t  use  the  technology,  that 
is  the  ultimate  technology,  that  you  developed  as  a result  of  your 
research  because  it  has  to  be  coordinated  with  all  of  the  other 
problems  that  also  must  go  into  the  program. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Earth.  So,  in  many  cases  the  “what  makes  the  grass  green” 
type  research  really  does  not  apply,  because  someplace  along  the  line 
it  has  to  be  diluted  just  a little  bit,  otherwise,  it  can’t  be  integrated 
in  the  program. 

Isn’t  this  true? 

Dr.  Bisplinghoff.  This  is  true  and  this  is  one  of  the  problems  of 
the  research  director.  You  can  make  a great  deal  of  progress  on  one 
part  of  the  system  and  very  little  progress  on  the  other. 

You  have  got  to  slow  down  your  effort  here,  and  speed  it  up  over  hero. 

Mr.  Earth.  Let’s  say,  for  example,  that  Dr.  Kelley  came  up  with 
a beautiful  gyroscope,  foolproof,  but  it  weighed  10  tons.  This  is  what 
I’m  talking  about  when  I say  that  the  perfect  piece  that’s  been  devel- 
oped as  a result  of  research  may  not  fit  into  the  program. 

Dr.  Bisplinghoff.  The  early  inertial  gyros  that  had  the  accuracy 
to  guide  our  missiles  weighed  many  hundreds  of  pounds  and  we  man- 
aged by  very  hard  work  to  get  down  to  a few  pounds;  so  you  must 
start  with  a monstrosity  to  begin  with. 

Mr.  Karth.  As  a matter  of  fact,  there’s  one  school  of  thought, 
Doctor,  that  indeed  has  some  substance  to  their  argument,  and  which 
says  that  we  have  gone  overboard  in  this  direction.  They  say  we 
should  be  talking  about  utilizing  more  of  our  talents  to  develop  greater 
thrust  engines  and  not  try  to  get  so  sophisticated  by  miniaturization 
or  microminiaturization,  because  they  claim  that  it  is  in  these  areas 
where  our  failures  occur.  I’m  not  saying  I agree  with  the  argument; 
but  I want  to  make  sure  the  record  shows  there  are  two  schools  of 
thought. 

One  argument  is  that  as  a result  of  or  intensive  research  to  micro  - 
miniaturize,  we  have  actually  caused  some  of  our  own  problems. 

They  say,  on  the  other  hand,  that  the  Soviets  haven’t  done  a good 
job  in  this  area;  they  haven’t  made  an  effort  to  become  overly  sophisti- 
cated, if  I may  use  that  designation. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  And,  therefore,  they  have  not  suffered  from  this  whole 
question  of  unreliability  quite  as  much  as  we  have. 

Dr.  Bisplinghoff.  I think  this  is  a very,  very  important  argument. 

I think  we  have  to  balance  these  two  things  as  well  as  we  can  in  our 
research  effort. 
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Mr.  Karth.  Yes,  sir,  and  this  is  what  happens,  I guess. 

Dr.  Kelley,  I wonder  if  you  could  tell  me  what  is  the  scope  of  the 
research  performed  by  the  147  people  at  Langley,  the  68  people  who 
work  at  Ames,  the  35  people  who  work  at  Lewis,  and  so  on. 

Could  you,  for  the  record,  tell  us  what  the  scope  of  their  electronics 
research  is? 

Dr.  Kelley.  Yes,  I'd  be  glad  to. 

We  have  a diffusion  of  talent  throughout  the  agency  and  Langley 
and  Marshall  are  the  only  ones  who  have  some  people  working  across 
the  board  in  the  things  we  call  “electronic  systems.”  Langley  has 
people  working  on  guidance  components;  thay  have  a control  systems 
effort,  a large  part  of  which  is  maimed  flight  control.  Then  people  in 
communications  and  tracking  data  acquisition  systems  and  some 
people  in  data  handling  and  processing  and  then  a fairly  large  number 
m instrumentation. 

You  note  the  number  of  people  at  Langley  is  larger  than  the  number 
of  any  at  any  other  Centers;  147  out  of  391. 

There  is  a reason  for  this.  For  example,  the  reentry  blackout 
communications  project,  RAM,  is  at  Langley  and  the  horizon  project 
is  at  Langley.  Langley  is  used  largely,  in  fact  as  almost  our  sole 
electronic  test  flight  agency  for  packages  that  we  want  to  put  up  to 
specifically  test  phenomena,  light  communications,  blackout  or  like 
Scanner  project,  all  using  Wallops  Station  as  the  launch  area.  So, 
there  are  a large  number  of  people  throughout  the  activity  at  Langley 
working  on  these  flight  projects  and  we  would  continue  to  use  them  as 
oin-  experimental  electronic  flight  test  operation. 

Mr.  Karth.  Do  you  have  some  of  these  people  at  Marshall, 
Doctor — people  who  work  in  simulations,  tracking,  communications, 
and  control  systems  effort? 

Dr.  Kelley.  Yes,  we  have,  and  the  number  is  quite  a bit  smaller. 

Mr.  Karth.  Yes.  I- understand. 

Dr.  Kelley.  In  fact,  the  number  is  52  in  all,  of  which  35  are  in 
guidance  and  the  others  are  relatively  small  research  efforts  which  we 
nave  stimulated  and  encouraged  to  be  undertaken,  to  be  accomplished 
at  Marshall. 

We  feel  that  some  of  the  research  should  be  done  in  close  associa- 
tion with  the  project  sis  well  as,  for  example  at  the  Electronics  Re- 
search Center. 

Mr.  Karth.  Do  you  feel  we  are  deficient?  I'm  talking  about 
NASA. 

Do  you  feel  that  NASA  is  deficient  in  their  work  effort  in  the 
guidance  control  systems  efforts,  communications;  applications,  and 
tracking? 

Dr.  Kelley.  The  total  communications,  electronics  systems  area. 
Absolutely. 

Mr.  Karth.  So  you  would  be  doing  some  of  this  work  at  the 
Electronic  Center  also. 

Dr.  Kelley.  Yes.  This  is,  we  consider,  a minimal  effort  and  woe- 
fully inadequate  to  meet  our  future  needs. 

Mr.  Karth.  How  many  people,  Doctor,  would  you  say  of  the  600, 
would  be  doing  this  kind  of  research? 

Dr.  Kelley.  This  kind  of  research? 

Well,  there’s  different  orientations  on  research. 
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The  600  to  700  people  will  be  working  on  guidance  systems,  control 
systems,  communications,  and  so  forth,  which  will  complement  what 
is  going  on  now. 

For  example,  control  systems;  I mentioned  manned  flight  systems, 
a substantial  effort  at  Langley,  and  there’s  a substantial  effort  at  Ames 
with  some  reentry  simulators  and  an  effort  at  Flight  Research  Center 
especially  with  the  X-15. 

We  would  not  attempt  to  duplicate  that  at  the  new  Center. 

We  would  not  attempt  to  build  manned  flight  control  simulators. 

We  would  dc  some  additional  automatic  control  work  which  is  nec- 
essary to  continue  to  pursue  the  mission  of  the  agency. 

Similarly  at  Langley  in  communication,  tracking,  and  data  acquisi- 
tion, the  19  in  communications  and  13  in  data  acquisition;  Langley  is 
the  ideal  place  for  them.  For  example,  I mentioned  the  RAM  project, 
reentry  communications.  The  work  they  have  been  doing  so  far  has 
been  associated  with  wind  tunnels,  blast  air  over  the  model  and  get  it 
to  ionize  and  then  you  can  test  this  water  addition  phenomena  I men- 
tioned. Then  we  go  out  to  Wallops  and  flight-test  it.  We  actually 
have  a flight-test  program  as  you  can  see  in  the  budget. 

This  is  complementary.  It  would  not  be  done  at  the  new  Center. 

The  new  Center  would  tie  in,  would  do  additional  research — for 
example,  in  communications  and  tracking  and  data  acquisition — 
additional  component  technology  and  subsystems  work  we  feel  is 
absolutely  necessary. 

The  type  of  work  we  are  not  carrying  on  right  now. 

Mr.  Karth.  I’m  afraid  you  confuse  by  what  you  said,  rather 
than  what  you  haven’t  said. 

You  haven’t  really  planned  well  enough  yet  to  ascertain  in  your 
own  mind  how  many  people  you  need  to  complement  the  people 
who  work  at  Langley  and  Marshall  in  these  disciplines  that  you’ve 
mentioned.  Right? 

Dr.  Kelley,  rio,  I didn’t  say  that,  Mr.  Karth. 

I said  the  numbers  would  remain  approximately  stable  at  the 
existing  centers. 

Mr.  Karth.  Yes,  sir.  My  question  was,  how  many  people  of  the 
600  or  700  professional  research  people  like  the  147  at  Langley  does 
your  plan  call  for  to  work  at  the  new  Boston  Center  on  guidance, 
control  systems,  communications,  applications,  and  other  problems? 

Dr.  Kelley.  This  is  a phasing  problem  and  tied  into  how  we  would 
plan  to  build  the  facilities. 

It  is  a fluctuating  distribution  throughout  the  period  of  time,  7 
years. 

Mr.  Karth.  Your  answer  is  then,  that  you  haven’t  really  deter- 
mined how  many  of  the  600  would  be  complementing  the  work  of  the 
200  now  doing  this  type  of  work.  Is  that  right? 

Dr.  Kelley.  All  of  them  would  be  complementing  the  work. 

Dr.  Bisplinghoff.  This  is  in  guidance  and  control,  I believe. 

Dr.  Kelley.  In  guidance  and  control? 

Mr.  Karth.  Whatever  you  are  doing  at  Langley  and  Marshall. 

Dr.  Kelley.  Yes. 

Mr.  Karth.  Maybe  we  should  run  through  the  whole  list  First, 
Doctor,  what  are  the  68  doing  at  Ames? 

Dr.  Kelley.  It  will  take  me  a minute  to  bring  it  out. 

Mr.  Mosher.  Mr.  Chairman. 
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Mr.  Karth.  Mr.  Mosher. 

Mr.  Mosher.  It  may  be  a fact  that  there  aren’t  absolute  cate- 
gories of  work  here.  Among  these  research  people,  there  may  not  be 
a group  of  50  doing  just  tracking  work,  as]  distinguished  between 
another  50  doing  another  type  of  work. 

I am  sure  their  research  must  be  integrated.  You  use  the  word 
“complementary.”  It  probably  fluctuates  month  to  month  or  year 
to  year,  depending  on  the  direction  the  research  goes. 

Mr.  Karth.  I think  this  is  probably  true,  but  I do  expect  it  to  be 
well  managed  and  well  organized,  regardless  of  what  the  phase  of  the 
research  might  be. 

Dr.  Kelley.  I can  give  you  an  exact  number  as  we  planned  it  for 
fiscal  year  1964. 

I don’t  have  a number  for  1965  with  me. 

We  have  planned  that.  But  the  exact  number — and  we’ve  broken 
it  down  in  terms  of  electronics  and  control — the  first  two  items  on 
your  list,  “Guidance  systems  and  control  systems,”  we  call  that 
“control”  and  the  last  four,  “electronics.” 

In  fiscal  year  1964,  68  personnel  in  guidance  and  control  and  92 
in  the  other  4 categories  at  the  new  center. 

Mr.  Karth.  And  we  don’t  have  any  idea  what  the  additional  people 
would  be  doing  in  these  areas? 

You  just  can’t  say  at  this  time. 

Dr.  Kelley.  Well,  these  are  the  exact  areas  they’d  be  working  in. 
It  would  be  dependent  how  the  state-of-the-art  changes. 

In  fact,  there  is  definite  crossover  with  some  of  these  people  and  how 
they  spend  their  time.  These  are  equivalent  professional  man-years. 
This  doesn’t  mean  a man,  say  the  number  13  at  Ames,  works  only  on 
control.  It  means  there  are  an  equivalent  13  man-years  working  on 
control  systems.  People  are  working  on  other  things,  too. 

In  otner  words,  these  are  not  bodies.  These  are  equivalent 
professional  man-years. 

Mr.  Karth.  The  only  question  that  comes  to  mind,  and  I’m  not 
going  to  pursue  this,  is  whether  or  not  these  people  aren’t  also  going 
through  some  “fire  drills.” 

I thought  they  were  given  all  the  time  they  needed  to  give  them- 
selves to  a particular  effort  and  lust  stay  with  it.  This  was  the  testi- 
mony I understood  and  that’s  why  I must  disagree  with  my  colleague, 
Mr.  Mosher. 

I was  assuming  this  was  done  in  our  laboratories  because  it  was  a 
point  that  was  made  when  I asked  the  question:  Isn’t  the  research 
good  in  privately  owned  laboratories? 

Mr.  Randall.  At  Marshall,  I have  some  slight  knowledge.  I was 
down  there  a day — and  what  is  your  top  man  in  your  electronics 
there? 

Dr.  Kelley.  Dr.  Hauessermann  is  the  Director  of  the  Asfcrion- 
ics  Division. 

Mr.  Randall.  Dr.  Hauessermann,  distinguished  by  the  saber 
mark.  He  is  one  of  the  Von  Braun  team. 

Dr.  Kelley.  He  is  one  of  the  Von  Braun  team. 

Mr.  Randall.  I’d.  like  to  submit  on  this  particular  date  the 
emphasis  seemed  to  be  on  a particular  thing;  working  leisurely  and 
not  in  any  “lire  drill”  respect  on  perfecting  the  source  of  solar  energy. 
That  was  the  project  that  particular  day. 
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Also  another  project  was  going  on,  on  gyroscope  perfection. 

Those  were  the  two  going  on  that  day  in  the  Electronics  Division 
at  Marshall. 

Dr.  Kelley.  This  is  the  Astrionics  Division. 

Mr.  Randall.  The  Astrionics  Division,  that’s  what  it’s  called. 

That’s  under  your  direction,  isn’t  it? 

Dr.  Kelley.  No,  it  is  not.  The  Astrionics  ’sion  serves  the 
total  center,  the  largest  portion  of  which  is  development  effort  for 
Saturn  and  a small  portion  of  which  is  advanced  research  and  tech- 
nology which  comes  under  our  direction. 

Mr.  Karth.  What  is  the  research  and  technology  personnel  doing 
at  Ames? 

I realize,  as  my  colleague  said,  we  probably  haven’t  nailed  all  of 
these  down  and  said,  this  is  your  problem,  don’t  deviate. 

With  some  semblance  of  order,  however,  can  you  tell  me  what  they 
do?  What  is  their  particular  forte? 

Dr.  Kelley.  We  have  35  in  guidance  systems. 

Thirty-five  equivalent  man  years  in  guidance  systems  and  Ames  has 
done  considerable  effort  in  guidance  systems  over  the  past  several 
years  and  will  continue  to  do  so. 

A large  part  of  their  effort,  for  example,  is  in  flight  trajectory  analysis 
analysing  some  of  fhe  flight  paths  shown  on  the  slide  yesterday  or 
flight  mechanics,  as  we  call  it. 

We  also  have  experimental  work  there  with  the  “dog  on  the  leash” 
concept. 

Here  we  went  into  theoretical  navigation — branched  off  from  the 
theoretical  to  the  “dog  on  the  leash”  concept  and  into  some  of  the 
particular  hardware. 

They  are  developing  the  “dog  on  the  leash”  concept. 

We  also  have  some  guidance  simulators  at  Ames  where  we  actually 
have  a cabin  sitting  on  an  air  bearing  in  a darkened  room  with  simu- 
lated sun,  stars,  and  moon.  Looking  out  the  window,  the  “ground” 
astronauts  can  take  sights  and  see  how  well  they  can  take  them  and 
how  well  they  operate  for  several  days  at  a time.  One  of  the  interest- 
ing facets  of  this,  which  we  didn’t  think  of  in  an  aircraft,  is  how 
much  the  movement  around  the  cockpit  during  the  taking  of  star 
sights  affects  the  actual  movement  of  the  ship.  Because,  if  this  thing 
is  sitting  on  an  air  bearing  or  in  space  with  no  gravity  or  air  then  just 
our  motion  around  the  ship  can  disturb  it. 

Does  it  disturb  it  enough  so  it  upsets  the  whole  navigation  sight 
and  the  whole  guidance  problem? 

The  control  people,  of  which  there  are  13,  are  largely  working  on 
some  manned  flight  control  work,  primarily  manned  reentry. 

I think  some  of  the  most  significant  work  in  reentry  in  tms  country 
has  come  out  of  Ames  Research  Center;  both  the  flight  mechanics 
and  some  simulators  that  they  are  operating. 

Mr.  Karth.  So  you  do  have  these  people  broken  down  into  cate- 
gories— 35  in  guidance,  13  in  control  at  Ames? 

Dr.  Kelley.  Yes,  sir. 

In  fact,  this  all  comes  out  of  our  managing  accounting  system,  which 
is  a form  of  task  accounting  where  we  locate,  instantaneously,  any 
research  going  on  throughout  the  agency,  and  that’s  what  these 
numbers  came  from. 
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We  have  one  man-year  in  data  processing  which  goes  along  with 
some  of  the  guidance  and  control  simulation  effort.  We  find  several 
of  our  old  NACA  research  centers  with  effort  in  instrumentation,  a 
lot  of  which  we  would  like  to  allow  to  continue  because  people  who 
are  close  to  the  problem  in  many  cases  in  instrumentation,  have  a 
better  feel  for  the  need  of  the  instrument  and  can  give  us  something 
unique  in  addition  to  pure  instrument  technique  research  and  that’s 
why,  you  see  for  example,  a heavy  loading  at  Langley  in  instrumenta- 
tion people. 

Thic  is  instrumentation  for  the  flight  systems  that  I mentioned, 
launched  out  of  Wallops  and  instrumentation  for  the  wind  tunnels  to 
support  the  research  projects  that  are  conducted  in  the  wind  tunnels. 

Mr.  Earth,  How  about  Lewis? 

Dr,  Kelley.  Lewis  has  26  data  handling  and  processing  people 
and  9 instrumentation  people.  We  are  doing  some  interesting  work 
at  Lewis  in  processing  and  handling  engineering  data  on  a rapid  basis 
so  that  the  engineer  can  have  access  to  it  and  use  it.  Rather  than 
do  it  in  the  old  tedious  way,  perhaps  we  can  do  it  in  an  automatic 
fashion. 

And  again — the  instrumentation  people  are  there  because  of  their 
close  association  with  some  of  the  nudear  and  chemical  propulsion 
work  going  on. 

Mr.  Earth.  How  about  Goddard? 

Dr.  Kelley.  Goddard  in  control  systems  has  people  doing  work  on 
specific  requirements  for  specific  work  for  satellites  which  is  the 
Goddard  primary  mission. 

I mentioned  some  of  the  gravity  gradient  and  magnetic  field  type 
of  work.  There  is  a small  effort  going  on  there. 

Some  communications,  tracking,  and  data  acquisition  work  is  being 
done  with  some  minimal  work  in  components  and  techniques. 

There  are  10  people  there  in  data  handling  and  processing.  They 
have  a close  association  with  the  problem  that  I mentioned  of  140 
miles  of  tape  a day,  and  there  is  some  small  effort  in  instrumentation. 

Mr.  Earth.  What  is  the  annual  cost  of  our  present  electronics 
research,  Dr.  Kelley? 

Dr.  Kelley.  This  last  year  the  R.  & D.  costs — that  is  largely  out- 
of-house,  was  $20.7  million,  approximately;  and  the  in-house  costs, 
that  is  personnel  costs,  operations,  installations,  were  $44  million. 

Mr.  Earth.  I’m  sorry,  would  you  restate  those  two  figures? 

Dr.  Kelley.  The  R.  & D.  costs — these  are  largely  out-of-house, 
were  $20.7  million,  approximately,  and  the  in-house  costs  were — I beg 
your  pardon,  I gave  you  an  incorrect  number,  approximately  $23 
million.  I would  like  to  correct  the  record  on  that.  The  number 
is  approximately  $23  million  in-house. 

The  total  is  approximately  $44  million — total  program. 

This  is  this  fiscal  year. 

Mr.  Earth.  So  in-house,  electronics  research,  was  slightly  greater 
than  out-of-house? 

Dr.  Kelley.  That  is  correct. 

Mr.  Karth.  For  fiscal  1963? 

Dr.  Kelley.  Fiscal  1963.  That  is  right. 

Mr.  Mosher.  Mr.  Chairman,  may  I interject  a question  here? 

Mr.  Karth.  Mr.  Mosher. 

Mr.  Mosher.  Dr.  Kelley’s  testimony  in  the  last  few  minutes  has 
seemed  to  me  to  emphasize  the  value  of  distributing  these  people 
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around  at  the  various  centers  where  other  work  is  being  done  and  the 
value  of  proximity  to  other  vork. 

Is  there  any  contradiction  in  this  policy?  Is  there  any  contradiction 
in  deciding  to  put  the  additional  600  people  in  Boston  where,  I believe, 
they  would  be  a long  way  from  all  these  other  centers? 

Dr.  Kelley.  There  is  no  contradiction. 

We  feel  a certain  number  of  researchers  should  stay  in  the  existing 
centers  and  we  don’t  think  it  would  be  proper  if  we  pulled  all  of  them 
out  to  go  into  a new  center,  should  one  be  established. 

However,  we  think  for  the  long-range  position  for  the  future,  the 
additional  things  we  have  to  do,  the  new  problems  we  see,  the  things 
we  face;  we  think  this  can  be  most  effectively  managed  and  organized 
in  a central  research  center  and  we  see  2,000  people  additional  needed 
over  and  above  what  we  have  now.  We  faced  the  question  ourselves 
whether  we  should  diffuse  these  throughout  the  agency  or  whether  we 
should  try  to  put  them  together  in  a first  team,  if  you  will,  where  they 
are  in  a favorable  environment. 

We  think  the  two  complement  each  other. 

The  new  center,  should  there  be  one  established,  services  the  rest 
of  the  agency.  You  will  notice  that  there  is  a scattering  of  capabilities 
throughout  the  agency.  In  fact,  it’s  rather  a hodgepodge  right  now 
and  we  are  getting — trying  to  do  our  best  to  get  the  work  done  where 
we  can  get  it  done — utilizing  the  capability  that  grew  up  throughout 
the  history  of  the  agency. 

Mr.  Mosher.  Has  your  previous  testimony  established  why  you 
choose  to  put  the  concentration  of  new  effort  in  the  Boston  area, 
rather  than,  say,  at  Langley  where  you  probably  would  have  room? 

Dr.  Kelley.  Yes,  sir.  We  faced  this  whole  problem. 

I might  start  from  the  beginning. 

Mr.  Mosher.  The  chairman  may  not  want  this  line  of  questioning 
at  this  point. 

Would  you  prefer  to  wait? 

Mr.  Karth.  I think  the  gentleman  must  use  his  own  judgment. 
I don’t  have  any  preference  as  to  the  line  of  questioning. 

I would  say  that  it  is  the  chairman’s  opinion  we  determine  this 
thing  strictly  on  the  basis  of  whether  we  need  it,  and  not  on  the  basis 
of  where  it  should  be  located. 

Mr.  Mosher.  Well,  the  question  of  location  seems  to  me  to  be 
important. 

Mr.  Karth.  If  you  think  so,  why  don’t  you  pursue  it? 

Mr.  Mosher.  Well,  I am  involved  in  this  Cherry  Blossom  Princess 
business,  and  I have  to  leave  in  a few  minutes.  So  why  not  get 
down  to  the  nub  of  one  question  on  the  mind  of  everybody?  Since  I 
am  a member  of  the  minority  party,  it  necessarily  has  to  be  on  our 
mind.  I refer  to  the  nature  of  certain  promises  made  by  the  Demo- 
cratic candidate  for  the  Senate  in  last  year’s  campaign  in  Massachu- 
setts; this  tends  to  make  the  minority  party  members  suspicious 
of  any  new  installations  which  are  suddenly  placed  in  Massachusetts; 
and,  therefore,  to  satisfy  this  curiosity  of  the  minority  members, 
I’d  like  to  ask  something  about  the  process  by  which  the  location 
was  determined. 

Who  determined  the  location  of  the  proposed  center?  Who 
made  the  recommendation  that  the  center  be  located  in  the  Boston 
area? 
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Dr.  Kelley.  ' As  in  all  these 

Mr.  Karth.  Before  the  doctor  answers  this — and  I certainly  hope 
you  will  address  yourself  to  the  question — I’d  just  like  to  say  for  the 
.record,  on  behalf  of  the  Democratic  members,  that  whatever  specu- 
lation there  is  in  that  area  probably  emanates  from  the  gentleman’s 
side  of  the  aisle  and  I,  personally,  feel  it’s  completely  baseless.  Now, 
Doctor 

Mr.  Mosher.  Well,  I think  it’s  curiosity  that  has  to  be  satisfied. 

Dr.  Kelley.  Yes,  sir.  About  a year  ago,  I was  directed,  in  my 
present  capacity,  to  come  up  with  a plan  to  implement  NASA’s 
future  required  growth  in  electronics  and  it  was  known  that  we 
were  going  to  have  to  grow.  How  much  and  how  we  managed  it, 
was  not  quite  clear  at  that  time. 

We  proceeded  in  three  steps;  What  are  the  future  projections  of 
the  agency?  What  are  the  electronic  requirements?  What  are  the 
electronic  research  requirements  to  meet  our  electronic  project  flight 
requirements? 

We  came  up,  first,  with  the  recommendation  that  there  be  approxi- 
mately 2,000  people  added  to  the  NASA  staff. 

And  then  the  next  question  was  how  do  you  implement  this?  We 
told  the  Associate  Administrator  at  that  time,  and  this  was  somewhat 
less  than  a year  ago,  slightly  less  than  a year  ago;  we  were  going  to 
study  three  alternatives  and  we  were  looking  to  form  what  we 
called  a critical  mass  which  once  we  started  it  would  be  capable  of 
standing  on  its  two  feet  and  growing  so  that  we  wouldn’t  have  to  keep 
pushing  it. 

We  told  him  the  alternatives  we  would  look  at  would  be  a diffused 
approach  or  establishing  at  several  centers  this  growth  of  personnel — 
diffusing  it  throughout  the  centers,  existing  centers;  putting  a satel- 
lite subcenter  at  an  existing  center,  and  the  Langley  Research  Center 
was  the  one  considered  which  you  mentioned;  then  finally  a new 
center. 

We  looked  into  each  one  of  these  three  alternatives  and  we  came  to 
the  conclusion — my  recommendation  was,  the  first  alternative  didn’t 
establish  a critical  mass.  It  diffused  the  situation  and  made  it  worse 
than  it  was  and  we  couldn’t  get  a first  team  together. 

The  second  approach  at  Langley,  and  Langley  did  a study  for  us, 
indicated  they  would  have  to  expand  the  center  to  an  inefficient  size 
for  research — 2,000  or  more  people,  approximately,  with  additional 
facilities,  all  of  which  could  not  be  located  onsite.  It  would  dilute 
the  primary  effort  of  the  Langley  Research  Center  which  has  been 
aeronautical  research  and  some  associated  electronics  flight  experi- 
mentation. 

Then,  finally,  we  looked  at  the  alternative  of  a new  center  and  my 
clear-cut  unequivocal  recommendation  was,  this  was  the  way  we  should 
go,  for  a new  center,  and  put  it  in  the  right  environment. 

Now  then,  the  last  subject  that  was  discussed 

Mr.  Karth.  Doctor,  may  I interrupt  you  there,  please? 

Did  you  find  any  other  people  in  NASA  disagreeing  with  you? 

Dr.  Kelley.  I suppose  there  wouldn’t  be  100-percent  agreement 
on  anything  you  tried  to  do. 

Mr.  Karth.  So,  your  answer  is  “Yes,  there  were  people  who  dis- 
agreed;  you  should  go  the  center  route”? 

Dr.  Kelley.  I would  certainly  suspect  there  would  be  some  people 
who  disagree. 
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Mr.  Karth.  Were  there?  You  say  you  suspect.  You  undoubtedly 
know. 

Was  there  disagreement  with  your  theory? 

Dr.  Kelley.  Yes,  there  was  some  disagreement. 

And  then,  the  final  decision  was,  where  should  you  place  such  a 
center. 

So,  I was  just  trying  to  review  for  Mr.  Mosher  the  process  we  went 
through  in  determining  this. 

Mr.  Mosher.  To  use  your  phrase,  was  it  your  “clear-cut  un- 
equivocal recommendation”  that  it  be  placed  in  the  Boston  area? 

Dr.  Kelley.  My  recommendatiou  was  clear  that  I thought  that 
this  was  the  best  place  to  put  it  in  the  United  States  for  electronic 
research,  and  I still  feel  that  way. 

Mr.  Mosher.  Then  I judge  you  are  assuring  the  committee,  there- 
fore, that  there  was  no  political  motivation  here  at  all? 

Dr.  Kelley.  There  was  none,  to  my  knowledge,  and  Mr.  Webb 
has  a letter  to  Senator  Williams  of  Delaware  which,  I think,  is  on  the 
record  of  the  committee  which  states  this  in  very  clear  terms. 

Mr.  Mosher.  So  that  the  proposal  that  this  large  and  very  im- 
portant center  be  built  in  the  Boston  area,  made  very  soon  after  last 
year’s  election,  was  only  a fortuitous  circumstance,  so  far  as  the 
Senator  from  Massachusetts  was  concerned,  and  he  played  no  part, 
his  influence  played  no  part,  in  this  decision? 

Dr.  Kelley.  So  far  as  I am  concerned,  that  is  absolutely  the  case 
and  my  recommendation  was  based  on  the  technical  factors  involved 
as  to  how  we  could  upgrade  the  technology  of  the  agency  over  the 
long  haul. 

Mr.  Mosher.  Mr.  Chairman,  I think  it’s  good  to  have  this  testi- 
mony in  the  record. 

Dr.  Kelley.  Incidentally,  my  recommendation  for  the  center  was 
made  early  in  the  fall  of  1962,  which  Mr.  Webb  made  clear  in  a letter 
to  Chairman  Miller. 

Mr.  Karth.  Doctor,  when  did  NASA  go  before  the  Bureau  of  the 
Budget  and  make  this  recommendation  for  the  Bureau? 

Dr.  Kelley.  I don’t  know  exactly  when  discussions  were  held  with 
the  Bureau.  I did  not  participate. 

Mr.  Karth.  I wonder  if  you  would  furnish  that  for  the  record. 

Dr.  Kelley.  As  to  when  the  discussions  began  with  the  Budget? 

Mr.  Karth.  On  this  center,  yes. 

(The  information  requested  is  as  follows:) 

Discussions  With  the  Bureau  of  the  Budget 

In  the  process  of  presenting  NASA’s  fiscal  year  1964  budget  to  the  President 
for  approval,  the  Administrator  of  NASA  initially  discussed  the  proposed  Elec- 
tronics Research  Center  and  the  suggested  Boston  location  in  mid-October  1962. 
It  was  decided  at  that  time  that  the  proposed  Center  would  be  handled  discretely 
within  the  executive  department  until  a reasonable  time  had  elapsed  after  the 
November  elections  in  order  to  obviate  the  impact  this  proposal  might  have  had. 
The  NASA  Administrator  reviewed  the  proposed  Center  with  the  Director  of 
the  Bureau  of  the  Budget  in  the  first  half  of  December  1962  during  detailed 
discussions  of  the  total  NASA  budget.  These  discussions  included  the  require- 
ment for  the  Center,  the  role  of  the  Center  within  and  without  the  agency,  the 

Eroposed  location,  and  other  details.  After  review  of  proposals  for  the  national 
udget,  taking  into  consideration  the  recommendations  of  the  Director  of  the 
Bureau  of  the  Budget  and  agency  heads,  the  President  included  the  proposed 
Center  in  the  fiscal  year  1964  budget  sent  to  Congress. 
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Mr.  Morris.  Mr.  Chairman. 

Along  the  same  lines  my  good  friend  from  Ohio  was  expressing  a 
moment  ago,  I'm  reasonably  certain  that  the  candidate  for  the  Senate 
in  Boston  was  very  similar  to  all  candidates  for  public  office  in  all 
parts  of  the  country. 

Most  of  us  are  not  exactly  modest  when  we  speak  of  what  we  can 
do  for  the  country  and,  in  particular,  what  we  can  do  for  our  own  area 
when  we  face  the  people  of  our  State. 

I'm  reasonably  sure  that  the  Democratic  candidate  for  the  Senate 
from  Massachusetts  was  not  being  modest,  either,  and  I think  that 
this  should  be  something  that  should  also  appear  in  the  record.  There 
will  possibly  be  other  projects  in  other  parts  of  the  country  that  public 
officeholders  will  not  be  reluctant  to  take  some  of  the  credit  for,  in 
case  they  are  successful. 

But,  by  and  large,  I think  most  projects  are  placed  where  it  will  be 
in  the  national  interest,  even  though  some  of  us  like  to  think  that  we 
have  something  to  do  with  getting  them. 

That's  all  I have  to  say  on  that,  Mr.  Chairman. 

Mr.  Karth.  I wouldn't  question  the  gentleman  on  some  of  the 
points  he  has  made.  I understand  that  both  candidates  for  the  U.S. 
Senate,  in  the  recent  election  in  Massachusetts,  were  making  some  very 
elaborate  promises. 

Mr.  Morris.  Mr.  Chairman,  shouldn't  we  say,  'just  a modest  in- 
fluence to  the  people. 

Dr.  Weaver.  Mr.  Chairman,  I might  say,  the  Republican  Mem- 
bers of  Congress  have  been  modest  by  necessity. 

I would  like  to  ask  the  question,  too : What  made  the  Boston  area 
more  desirable  to  NASA  in  contrast  to,  say,  Los  Angeles,  Pittsburgh, 
or  some  others?  I wonder  if  you  would  just  give  us  a brief  run- 
down on  this. 

Dr.  Kelley.  I'd  be  glad  to,  Dr.  Weaver. 

I think  you  realize  we  were  looking  for  electronic  research  compe- 
tence and  we  were  looking  for  a “hothouse  environment"  for  our  little 
“orchid”  we  were  trying  to  grow.  There  are  many  factors  that  one 
considers:  transportation;  available  residential  communities;  civil  en- 
gineering; criteria  such  as  water,  heat,  and  power  which  you  might 
find  in  most  metropolitan  communities. 

But  the  principal  reason  was  the  industrial  and  university  electronic 
research  complex  in  the  area  and  this  has  some  origins  before,  and 
very  largely  during  World  War  II — the  Radiation  tab  at  MIT  and 
the  Instrumentation  Lab  at  MIT,  and  some  of  the  Harvard  labora- 
tories, the  Cruft  Laboratory 

Mr.  Randall.  What  laboratory? 

Dr.  Kelley.  Cruft,  C-R-U-F-T;  together  with  the  training  en- 
vironment that  was  set  up  there  during  World  War  II. 

The  great  military  radar  schools,  all  these  were  complementary. 

The  industry  complex  sprung  from  this  university  environment 
and  the  two  were  very  complementary. 

Now,  this  is  the  type  of  environment. 

Mr.  Karth.  Would  the  gentleman  yield  at  this  moment? 

Dr.  Weaver.  Yes. 

Mr.  Karth.  Doctor,  may  I ask  you  a question? 

Do  you  really  think  this  is  good  to  have  heavy  concentrations  of  a 
particular  industry  in  one  geographic  location  as  opposed  to  a little 
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spreading  around  of  tiiis  capability  so  that  the  whole  Nation  can 
benefit? 

Dr.  Kelley.  I think  from  my  standpoint,  considering  the  job  we 
have  to  do,  to  build  our  electronic  technological  capability;  I think 
this  is  good.  This  is  the  way  to  do  it.  » 

Mr.  Karth.  Are  you  saying  we  can’t  build  our  technological  capa- 
bility unless  we  do  have  heavy  concentrations? 

Dr.  Kelley.  No;  I did  not  say  that,  Mr.  Karth. 

I said  this  is  the  best  way  to  do  it. 

Now,  there  are  other  socioeconomic  factors  that  others  might  want 
to  throw  in,  who  are  more  expert  in  this  field  than  I am,  but  to  do  the 
job  I feel  we  have  to  do,  from  where  I stand,  I feel  that  this  is  the  best 
environment. 

Mr.  Karth.  Well,  Doctor  Kelley,  I am  not  an  expert  on  this;  but 
I’m  sure  that  I have  read  someplace  that  about  90  percent  of  the 
electronics  work  that’s  done  on  the  east  coast  is  on  a line  drawn  from 
New  York  State  down  through  New  Jersey  and  across,  right  through 
Washington,  D.C. 

Now,  this  leaves,  I think,  about  6 or  7 percent  in  the  Massachusetts 
area. 

I’m  not  sure  that  you  are  right  in  either  instance. 

Dr.  Kelley.  I think  I should  get  back  to  the  emphasis  on  the 
words  “research  and  advanced  technology.” 

Yes — and  we  are  well  aware  of  the  concentration  or  distribution 
of  the  electronics  industry  throughout  the  United  States;  but  the 
electronics  research  environment  particularly  so-called  military  elec- 
tronics, has  had  a heavy  concentration  in  the  Boston  area  and  I think 
this  is  represented  by  the  number  of  companies  who  have  established 
plants  in  that  area,  to  be  in  that  particular  environment. 

Mr.  Karth.  Well,  then  your  point  is,  there  is  a concentration  of 
the  electronics  industry  in  that  area  as  opposed  to  any  other  area  in 
the  east  coast;  your  point  is  there  is  a concentration  of  Government- 
owned  research  laboratories  in  the  area.  Is  that  right? 

Dr.  Kelley.  No,  not  at  all.  There  are  some  Government  research 
laboratories. 

Mr.  Karth.  I thought  that’s  what  you  said. 

Dr.  Kelley.  These  are  industrial  companies  who  have  placed  re- 
search laboratories  in  the  Boston  area. 

For  example,  Sperry  Rand  has  their  research  division  in  the  Boston 
area. 

A-C  Spark  Plug,  electronics  division  of  General  Motors,  has  their 
research  division  in  the  Boston  area. 

Minneapolis-Honeywell  has  their  Boston  laboratory,  one  of  their 
research  divisions,  in  the  Boston  area  together  with  their  electronic 
data  processing  division  and  there  are  many,  many  more  and  the 
reason  is  that  they  want  there  a group,  in  addition  to  their  production 
facilities,  who  are  in  a concentrated  electronics  research  environment. 

Now,  the  statement  about  a belt,  New  Jersey  through  New  York, 
on  dollar  volume  is  quite  true;  but  this  is  largely  a production  base 
and  a large  part  of  it  is  consumer  products  which  I tried  to  point  out 
yesterday,  are  somewhat  different  from  the  products  we  have  to 
build. 

Mr.  Karth.  Now,  let’s  take  the  west  coast. 
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Doesn’t  California  produce  substantially  more  in  the  way  of  elec- 
tronics research  and  consumer  item  products  than  any  other  State  in 
the  Union? 

Dr.  Kelley.  The  total  State,  perhaps  more  than  any  other  State, 
but  I’m  sure  we  all  realizetthat  the  State  is  broken  down  into  various 
metropolitan  areas.  I think,  primarily,  the  San  Fi  aneisco-Oakland 
area  versus  the  Los  Angeles. 

Mr.  Karth.  No  question  about  it. 

So,  your  point  is,  the  best  possible  route  to  follow  is  not  only  to 
have  your  heavy  concentrations  of  a particular  research  program  in 
a given  State,  but  even  in  a given  municipality. 

Right?  All  put  together  in  one  neat,  little  package? 

Dr.  Kelley.  That  is  the  best  place  as  we  see  it.  The  most  efficient 
place  to  grow  such  a research  center. 

t Mr.  Karth.  Doctor,  just  let  me  ask  you  another  question. 

Could  it  not  be  detrimental  to  other  electronic  firms  who  do  not 
have  research  facilities  in  the  Boston  area  such  as  those  that  you 
mentioned,  Sperry  Rand,  Minneapolis  Honeywell,  et  cetera,  et 
cetera — for  those  companies  to  benefit  as  a result  of  it,  then  I assume 
other  companies  suffer  as  a result  of  this.  Isn’t  this  right? 

Dr.  Kelley.  We  look  on  this,  Mr.  Karth,  as  a National  Space 
Electronics  Center  and  I’d  say  our  principal  reason  is  to  be  near  the 
universities  just  as  these  research  divisions  of  these  various  companies 
were  placed  there,  primarily  to  be  close  to  the  universities. 

Mr.  Karth.  There  are  a great  many  universities  in  higher  education 
complexes,  really,  in  this  Nation,  that  have  quite  a reputation  for 
doing  research  work  in  the  electronics  field,  don't  they? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Karth.  You  feel  MIT  and  what  was  the  other  one 

Dr.  Kelley.  MIT  and  Harvard. 

Mr.  Karth  (continuing) . Are  the  best? 

Dr.  Kelley.  I think  historically,  they  have  proven  the  best. 

Mr.  Karth.  How  much  Federal  money  has  gone  to  MIT  in  fiscal 
year  1961,  1962,  and  1963? 

What  I’m  trying  to  say — Well,  you  just  give  me  the  answer  to  that 
question  and  I’ll  say  what  I have  in  mind,  I guess. 

How  much  Federal  money  went  into  MIT  in  those  3 fiscal  years, 
if  you  have  those  figures?  If  you  don’t,  I wonder  if  you’d  furnish 
them  for  the  record. 

Dr.  Kelley.  No,  I don’t  have  those  figures. 

I do  have  the  Department  of  Defense  research  and  development 
figures  that  went  into  universities  and  out  of  300 — this  is  research, 
development,  test,  and  evaluation  contracts  with  universities  from 
the  Department  of  Defense 

(The  information  referred  to  is  as  follows:) 
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Federal  Funds  for  Massachusetts  Institute  of  Technology 


The  Massachusetts  Institute  of  Technology  and  its  affiliated  defense  labora- 
tories receive  Federal  funds  in  the  following  amounts: 


Fiscal  year 
1961 

Fiscal  year 
1962 

Fiscal  year 
1963 

estimate 

Research  on  ram  pint  . 

$18,093,548 

$21,506,384 

2,766,500 

66,472,438 

$27,500,000 

3,700,000 

79,100,000 

Facilities  ' . 

Defense  laboratories  * 

Total  _ . 

74,730,548 

00,735,322 

110,300,000 

> Affiliated  defense  laboratories  having  a high  percentage  of  personnel  with  no  MIT  faculty  status  include 
the  Lincoln  Laboratories,  the  instrumentation  laboratory,  and  the  naval  operations  and  evaluation  group. 


Mr.  Karth.  This  a dollar  amount? 

Dr.  Kelley.  This  is  the  dollar  amount.  It’s  not  broken  down  by 
universities,  but  it’s  broken  down  by  States. 

Out  of  $326  million  in  fiscal  year  1961:  $119  million  of  it  went  to 
Massachusetts  and  the  rest  was  distributed;  38  to  California,  45  to 
Maryland,  25  to  New  York,  “All  others  category,”  33;  and  in  addition 
there  are  some  smaller  ones. 

Mr.  Karth.  What  you  are  saying  is  that  this  capability  has  been 
built  up  by  taxpayers’  contributions  all  over  the  Nation,  and  those 
that  have,  apparently,  get  more. 

This  is  your  philosophy?  Is  this  right? 

Dr.  Kelley.  I don’t  know  how  you  say  a capability  built  up. 
These  are  research,  development,  test,  and  evaluation  contracts. 

Mr.  Karth.  $1  million  in  a fiscal  year  certainly  would  build  a 
capability,  Doctor;  wouldn’t  you  say  so?  Wouldn’t  you  think  this 
would  help  make  it  one  of  the  largest  research  organizations  in  the 
Nation,  if  it  be  that? 

Dr.  Kelley.  I would  think  the  Department  of  Defense  felt  it  was 
a good  area  to  put  some  research  in,  also. 

Mr.  Karth.  I am  not  asking  you  that.  I am  asking  you  the  ques- 
tion to  further  identify  your  philosophy  for  the  record. 

Dr.  Kelley.  If  there  is  a capability  there,  I think  that’s  where  we 
should  put  our  contracts. 

Mr.  Karth.  Doesn’t  this  conflict  with  Administrator  Webb’s 
philosophy? 

I heard  him  say  on  several  occasions  that  what  we  have  got  to  do 
is  divest  our  heavy  concentrations  and  try  to  allow  the  whole  country 
to  benefit  as  opposed  to  very  small  narrow  geographic  areas. 

How  do  we  square  these  two  theories  with  top-level  management? 

Dr.  Kelley.  These  are  completely  consistent. 

There  is  another  part  of  the  program  called  “Training  grants”  and 
“Facilities  grants”;  this  is  our  “seed  money,”  if  you  will,  in  the  uni- 
versities, to  establish  centers  of  competence  and  learning  throughout 
the  country.  The  agency’s  method  on  this  is  to  stimulate  the  univer- 
sities, and  I mentioned  in  the  Boston  area  how  that  started,  and  then 
you  began  to  stimulate  the  rest  of  the  growth,  the  intellectual  growth 
and  the  industrial  growth ; but  we  do  have  a planned  program  of  build- 
ing up  centers  of  university  competence  throughout  the  country. 

Now,  that  is  over  and  above  our  pure  R.  & D.  type  grants. 

Mr.  Karth.  Oh,  yes,  absolutely. 
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Thirty  minutes  ago,  you  told  me  you  were  going  to  hire  these 
people  at  the  research  center.  I assume  this  good  number  of  people 
from  the  universities  are  the  people  we  are  going  to  train  as  a result 
of  the  Ten  Square  program. 

You  have  heard  of  the  Ten  Square  program? 

Dr.  Kelley.  That  is  correct. 

Mr,  Karth.  And  its  oncoming  programs. 

What  you  are  saying,  the  taxpayers  and  other  people  around 
the  Nation  who  have  been  benefited  momentarily  by  the  Ten  Square 
program  are  going  to  lose  whatever  benefits  they  received  when  these 
people  are  hired  by  NASA  to  work  in  the  research  center  on  the  east 
coast? 

I think  this  is  a pretty  normal  deduction  for  one  to  make:  if  you 
are  going  to  do  what  you  say  you  are  going  to  do,  and  that’s  to  hire 
these  people  from  these  universities;  especially  those  who  have 
taken  graduate  training,  and  those  who  haven’t,  if  you  hire  them, 
you  are  going  to  give  it  to  them. 

This  is  really  a followon,  Doctor,  I must  say. 

Dr.  Kelley.  We  don’t  see  these  600  to  700  over  a 7-year  period, 
having  a great  impact  on  the  Ten  Square  program. 

Mr.  Karth.  Let  me  ask  you  this.  How  many  people  are  going 
to  be  trained  in  the  Ten  Square  program  in  the  next  5 years? 

Dr.  Kelley.  I don’t  know.  I had  the  understanding  the  num- 
bers were  in  the  thousands. 

I thought  it  was  something — 4,000  doctors,  something  like  that. 

Mr.  Karth.  Over  how  long  a time? 

Dr.  Kelley.  Over  the  next  4 or  5 years. 

Mr.  Karth.  It  might  have  expanded  over  that  period  of  time. 
I don’t  know. 

The  Ten  Square  program,  as  it  originally  started,  was  a hundred — 
10  times  10 — 10  doctors  to  be  trained  at  10  different  universities. 

Dr.  Kelley.  That  has  expanded  quite  a bit,  to  my  knowledge. 

Mr.  Karth.  It  must  have  expanded  considerably,  if  it’s  going  to 
be  4,000  or  5,000. 

I know  it  has  expanded,  Doctor.  I didn’t  know  it  had  expanded 
that  much. 

I might  say  here,  for  the  record,  that  I think  this  is  a good  program. 
But  if  the  effect  of  it  is  going  to  be  as  I thought  you  stated  earlier,  that 
these  people  will  be  hired  away  from  almost  every  geographic  area  in 
the  country  to  concentrate  their  talents  in  one  geographic  area,  then 
I doubt  if  this  is  good.  I would  question  the  wisdom  of  that. 

Dr.  Kelley.  Well,  I would  hope  thi3  would  be  a national  space 
electronics  center. 

Incidentally,  I have  for  the  record,  the  numbers  out  of  our  book  on 
these  training  grants,  if  I might  read  them. 

Mr.  Karth.  Why  don’t  you  just  submit  them  for  the  record, 
Doctor? 

(List  of  training  and  faculty  grants.) 
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Predoctoral  Training  Grants 

NASA  is  providing  predoctoral  training  grants  to  the  following  88  colleges  and 
universities  for  the  academic  year  1968-64.  The  grants  will  go  to  approximately 
800  predoctoral  trainees  who  have  chosen  a graduate  study  research  program  that 
is  space  oriented.  Those  colleges  that  are  asterisked  received  training  grants  for 
the  academic  year  1962-63.  Also  listed  are  those  colleges  and  universities  that 
have  received  grants  to  date  from  NASA  for  facilities  to  be  used  in  connection 
with  their  training  grants. 

In  the  fiscal  year  1964  budget,  NASA  has  requested  that  1,250  predoctoral 
training  grants  be  established.  This  would  bring  the  total  number  of  trainees 
to  2,150  by  the  196-1—65  academic  year.  The  goal  that  NASA  has  established  is 
that  of  training  4,000  graduate  students,  in  150  qualified  universities,  winch  would 
yield  an  annual  output  of  approximately  1,000  Ph.  D.'s  in  science  and  engineering. 
Present  plans  call  for  the  attainment  of  this  goal  in  the  academic  year  1966-67. 

COLLEGES  AND  UNIVERSITIES  RECEIVING  NASA  TRAINING  GRANTS 


Alabama,  University  of,  University, 
Ala. 

Arizona  State  University,  Tempe, 
Ariz. 

Arizona,  University  of,  Tucson,  Ariz. 

Arkansas,  University  of,  Fayetteville, 
Ark. 

Auburn  University,  Auburn,  Ala. 

Brooklyn,  Polytechnic  Institute  of, 
Brooklyn,  N.lc . 

California  Institute  of  Technology, 
Pasadena,  Calif. 

♦California,  University  of,  at  Los 
Los  Angeles,  Calif. 

Carnegie  Institute  of  Technology, 
Pittsburgh,  Pa. 

Case  Institute  of  Technology,  Cleve- 
land, Ohio. 

Catholic  University  of  America,  Wash- 
ington, D.C. 

♦Chicago,  University  of,  Chicago,  III. 

Cincinnati,  University  of,  Cincinnati, 
Ohio. 

Clemson  Colleae,  Clemson,  S.C. 

Colorado,  University  of,  Boulder,  Colo. 

Colorado  State  University,  Fort  Col- 
lins, Colo. 

Columbia  University,  Newr  York,  N.Y. 

Connecticut,  University  of,  Storrs, 
Conn. 

Cornell  University,  Ithaca,  N.Y. 

Delaware,  University  of,  Newark,  Del. 

Denver,  University  of,  Denver,  Colo. 

Duke  University,  Durham,  N.C. 

Florida  State  Universitv,  Tallahassee, 
Fla. 

Florida,  University  of,  Gainesville, 
Fla. 

George  Washington  University,  Wash- 
ington, D.C. 

♦Georgia  Institute  of  Technology,  At- 
lanta, Ga. 

Houston,  University  of,  Houston,  Tex. 

Illinois  Institute  of  Technology, 
Chicago,  111. 

Illinois,  University  of,  Urbana,  111. 

Indiana  University,  Bloomington,  Ind. 


♦Iowa,  State  University  of,  Iowa  City, 
Iowa. 

Iowa  State  University,  Ames,  Iowa. 

Johns  Hopkins  University,  Baltimore, 
Md. 

Kansas  State  University,  Manhattan, 
Kans 

Kansas,  University  of,  Lawrence, 
Kans. 

Kent  State  University,  Kent,  Ohio. 

Lehigh  University,  Bethlehem,  Pa. 

Louisiana  State  University,  Baton 
Rouge,  La. 

♦Maryland,  University  of,  College  Park, 
Md. 

Massachusetts  Institute  of  Technology, 
Cambridge,  Mass. 

Michigan  State  University,  East  Lans- 
ing, Mich. 

♦Michigan,  University  of,  Ann  Arbor, 
Mich. 

♦Minnesota,  University  of,  Minneapo- 
lis, Minn. 

Missouri,  University  of,  Columbia, 
Mo. 

Missouri  School  of  Mines  and  Metal- 
lurgy, Rolla,  Mo. 

Nevada,  University  of,  Reno,  Nev. 

New  Mexico,  University  of,  Albuquer- 
que, N.  Mex. 

New  York  University,  New  York, 
N.Y. 

North  Carolina  State  College,  Raleigh, 
N.C. 

North  Carolina,  University  of,  Chapel 
Hill,  N.C. 

Northeastern  University,  Boston, 
Mass. 

Nortwestern  University,  Evanston  and 
Chicago,  111. 

Notre  Dame,  University  of,  Notre 
Dame,  Ind. 

Ohio  State  University,  Columbus, 
Ohio. 

Oklahoma  State  University,  Still- 
water, Okla. 
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Oklahoma,  University  of,  Norman, 
Okla. 

Oregon  State  College,  Corvallis,  Oreg. 

Pennsylvania  State  University,  Uni- 
versity Park,  Pa. 

Pennsylvania,  University  of,  Phila- 
delphia, Pa. 

Pittsburgh,  University  of,  Pittsburgh, 
Pa. 

Princeton  University,  Princeton,  N.J. 

Purdue  University,  Lafayette,  Ind. 

♦Rensselaer  Polytechnic  Institute,  Troy, 
N.Y. 

Rhode  Island,  University  of,  Kings- 
ton, R.I. 

♦Rice  University,  Houston,  Tex. 

Rochester,  University  of,  Rochester, 
N.Y. 

St.  Louis  University,  St,  Louis,  Mo. 

Southern  California,  University  of, 
Los  Angeles,  Calif. 

Stanford  University,  Stanford,  Calif. 

Stevens  Institute  of  Technology,  Ho- 
boken, N.J. 

Syracuse  University,  Syracuse,  N.Y. 

Tennessee,  University  of,  Knoxville, 
Tenn. 


♦Texas,  Agricultural  & Mechanical 
College  of,  College  Station,  Tex. 

Texas  Technological  College,  Lub- 
bock, Tex, 

Texas,  University  of,  Austin,  Tex. 

Tulane  University,  New  Orleans,  La. 

Utah  State  University,  Logan,  Utah. 

Utah,  University  of,  Salt  Lake  City, 
Utah. 

Vanderbilt  University,  Nashville, 
Tenn. 

Vermont,  University  of,  Burlington, 
v t, 

Virginia  Polytechnic  Institute,  Blacks- 
burg, Va. 

Virginia,  University  of,  Charlottes- 
ville, Va. 

Washington  University,  St.  Louis,  Mo. 

Washington,  University  of,  Seattle, 
Wash. 

West  Virginia  University,  Morgan- 
town, W.  Va. 

Western  Reserve  University,  Cleve- 
land, Ohio. 

Wisconsin,  University  of,  Madison, 
Wis. 

Yale  University,  New  Haven,  Conn. 


COLLEGES  AND  UNIVERSITIES  RECEIVING  NASA  FACILITY  GRANTS 

Fiscal  year  1962: 

Rensselaer  Polytechnic  Institute,  Troy,  N.Y. 

Stanford  University,  Stanford,  Calif. 

University  of  Chicago,  Chicago,  111. 

State  University  of  Iowa.  Iowa  City,  Iowa. 

University  of  California,  Berkeley,  Calif. 

Fiscal  year  1963: 

Harvard  University,  Cambridge,  Mass. 

University  of  Minnesota,  Minneapolis,  Minn. 

Dr.  Kelley.  It  is  4,000  in  150  universities  yielding  output  of  1,000 
Ph.  D.’s  and  scientists  per  year, 

Mr.  Karth.  Per  year? 

Dr.  Kelley.  4,000  graduate  students.  I’m  not  sure  this  represents 
any  one  time  or  the  output  per  year. 

It  does  represent  the  total  output  per  year,  1,000  Ph.  D.’s. 

Mr.  Randall.  If  the  chairman  would  yield.  I just  wanted  to 
verify  what  the  witness  said  in  connection  with  these  numbers. 

I am  not  familiar  with  the  Ten  Square  program.  That  is  purely 
NASA? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Randall.  That  could  easily  total  4,000. 

Mr.  Karth.  I thought  the  doctor  was  speaking  only  of  NASA’s 
program. 

Dr.  Kelley.  This  only  NASA’s  program. 

Mr.  Randall.  Then  there’s  a great  many  more  than  that. 

Mr.  Karth.  Dr.  Weaver? 

Dr.  Weaver.  Dr.  Kelley,  because  of  the  political  suspicion  and 
also  the  curiosity  about  the  site  of  Boston,  if  the  chairman  is  willing, 
I wonder  if  the  committee  could  have  a listing  of  the  areas  you  re- 
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viewed  and  your  basic  evaluation  of  the  areas  that  led  to  your  selection 
of  Boston. 

I am  talking  about  areas  such  as  Los  Angeles,  Pittsburgh,  Phila- 
delphia, Chicago — whatever  areas  you  reviewed  as  potential  sites  for 
this  research  center  and  what  your  evaluation  was  of  them,  before  you 
made  your  personal  selection  on  this  matter.  I wonder  if  you  could 
do  that  for  us,  if  the  chairman  is  agreeable. 

Mr.  Karth.  I think  it  is  a very  good  suggestion. 

Dr.  Kelley.  I will  consult  the  Administrator  and  see  what  we  can 
get  in  the  records. 

Mr.  Karth.  Well,  let  me  ask  this  question.  Did  you  make  a 
review? 

Dr.  Kelley.  We  considered  the  electronic  capability  throughout 
the  country. 

Now,  the  principal  areas  of  concentration  are  on  the  west  coast,  the 
Midwest,  the  Chicago,  Milwaukee,  Minneapolis  axis,  and  the  North- 
east from  Philadelphia  up  to  Boston.  Those  are  the  considerable 
areas  of  concentration  and  we  considered  those. 

Mr.  Karth.  Whatever  review  you  made,  let  me  request  that  you 
put  it  in  the  record. 

(The  information  requested  is  as  follows:) 

Soon  after  making  his  recommendation  in  September  1962  that  the  NASA 
establish  an  Electronics  Research  Center,  Dr.  Kelley  was  asked  where  he  would 
propose  establishing  such  a laboratory.  In  discussing  potential  locations  at  that 
time,  Dr.  Kelley  recommended  the  location  of  such  a center  in  the  Boston  area 
primarily  because  of  the  presence  of  outstanding  university  and  industry  elec- 
tronics research  capabilities  there.  In  response  to  the  request  of  the  Subcommittee 
on  Space  Sciences  of  the  House  Committee  on  Science  and  Astronautics,  Dr. 
Kelley  has  prepared  the  following  evaluation  showing  the  factors  which  he  took 
into  account  in  making  hia  recommendation.  This  evaluation  covers  those 
metropolitan  areas  which  Dr,.  Kelley  considered  as  most  compatible  locations  for 
the  proposed  Center.  While  various  other  areas  were  given  consideration,  the 
areas  discussed  were  considered  to  best  provide  an  electronics  research-oriented 
environment  in  both  the  university  and  industrial  sectors  of  the  community. 
It  is  important  to  note  that  any  relative  factors  cited  in  this  evaluation  concern 
only  the  relationships  of  these  areas  to  one  another.  Each  area  discussed  contains, 
within  itself,  significant  industrial  and  university  capability  in  the  areas  of  interest. 

NEW  YORK 

The  Metropolitan  New  York  area  should  be  able  to  provide  ready  availability 
of  utilities  and  services,  including  electric  power  and  communications  links. 
Institutions  of  prominence  in  graduate  engineering  and  physics  include  Columbia 
University;  City  College,  New  York;  New  York  University;  and  Polytechnic 
Institute  of  Brooklyn.  Universities  in  the  area  have  in  the  past  concentrated 
the  greater  percentage  of  their  curriculums  on  undergraduate  education  in  these 
fields,  but  the  number  of  graduate  degrees  awarded  each  year  is  high  and  increased 
emphasis  is  being  placed  on  graduate  curriculums.  The  engineering  and  scientific 
population  is  relatively  large  in  number  and  relatively  low  as  a percentage  of 
total  population.  Consideration  must  be  given  to  the  fact  that  many  of  these 
professionals  are  employed  at  various  corporate  headquarters  offices  in  downtown 
Manhattan.  The  number  of  professional  and  technical  workers  as  a percentage  of 
total  work  force  is  about  in  the  median  of  the  areas  considered.  A large  electronics 
industry  abounds  in  the  metropolitan  area  and  surrounding  communities  such 
as  Long  Island.  Possessing  extensive  research  capability,  this  industry,  propor- 
tionally, is  largely  oriented  toward  consumer  and  military  development  and  pro- 
duction. A high  percentage  of  the  electronic  industry  consists  of  small  electronics 
producers  or  vendors  concentrating  on  product  lines  of  electronic  parts  or  supplies. 
Housing  is  available  in  desirable  communities.  Adequate  transportation  is 
available  for  local  and  long-distance  travel.  Widespread  high  density  land  use 
may  affect  the  availability  of  land  close  to  institutions  of  higher  education  as 
well  as  to  the  industrial  community  with  allied  research  interests.  NASA  main- 
tains an  active  scientific  facility  in  Manhattan,  the  Institute  for  Space  Studies. 
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NORTHERN  NEW  JERSEY 

The  northern  New  Jersey  metropolitan  area  should  be  able  to  provide  ready 
availability  of  utilities  and  services,  including  electric  power  and  communications 
links.  Institutions  of  prominence  in  graduate  engineering  and  physics  are  Steven 
Institute  of  Technology  and  Newark  College  of  Engineering.  Each  of  these 
institutions  has  a significant  percentage  of  its  effort  in  graduate  education  and 
each  began  recently  to  grant  degrees  at  the  doctorate  level.  The  engineering 
population  is  approximately  in  the  median  in  number  and  relatively  large  as  a 
percentage  of  total  population  while  the  scientific  population  is  relatively  low  on 
both  counts.  The  number  of  professional  and  technical  workers  as  a percentage 
of  total  work  force  is  approximately  in  the  median.  A large  electronics  industry 
is  present  in  the  area  and  surrounding  communities.  Increased  research  activity 
has  taken  place  in  the  local  electronics  industry  in  recent  years,  but  this  industry 
Is  primarily  characterized  by  heavy  orientation  toward  consumer  and  military 
production.  Probably  the  most  outstanding  private  electronics  research  labora- 
tory complex  in  the  country,  the  Bell  Telephone  Laboratory,  is  located  in  this 
area.  Housing  is  available  in  desirable  communities  and  adequate  transportation 
is  available  for  local  and  long-distance  travel.  High-density  land  use  may  affect 
the  availability  of  land  within  reasonable  commuting  distance  from  the  institu- 
tions of  higher  learning.  The  Army  maintains  its  Electronics  Research  and  De- 
velopment Laboratory  at  Fort  Monmouth,  south  of  the  metropolitan  area. 

LOS  ANGELES-LONG  BEACH 

The  Metropolitan  Los  Angeles  area  should  be  able  to  provide  ready  availability 
of  utilities  and  services,  including  power  and  communications  links.  Institutions 
of  prominence  in  graduate  engineering  and  physics  include  California  Institute  of 
Technology;  the  University  of  California,  Los  Angeles;  and  the  University  of 
Southern  California.  These  universities  place  a heavy  emphasis  on  their  graduate 
engineering  and  physics  curriculums.  The  engineering  and  scientific  population 
is  very  large  both  in  number  and  percentage  of  total  population.  The  number 
of  professional  and  technical  workers  as  a percentage  of  total  work  force  is  also 
relatively  large.  A large  electronics  industry  is  present  in  the  area.  With  ex- 
tensive orientation  toward  engineering  and  development  associated  with  aero- 
space products,  the  local  electronics  industry  is  well  known  for  its  research  capa- 
bility in  a highly  developed  research  environment.  Housing  is  available  in 
desirable  communities.  Adequate  transportation  is  available  for  local  and  long- 
distance travel.  Widespread  separation  between  activities  would  affect  site 
location  within  reasonable  commuting  time  from  all  of  the  engineering  universities 
and  from  the  allied  industrial  community.  NASA  maintains  a technical  facility 
in  Pasadena  at  the  Jet  Propulsion  Laboratory,  California  Institute  of  Technology. 

CHICAGO 

The  Metropolitan  Chicag.  area  should  be  able  to  provide  ready  availability  of 
utilities  and  services,  including  electric  power  and  communications  links.  Insti- 
tutions of  prominence  in  graduate  engineering  and  physics  include  Illinois  Institute 
of  Technology,  Northwestern  University,  and  the  University  of  Chicago.  These 
universities  maintain  a balance  between  undergraduate  and  graduate  education 
emphasis  in  the  technical  fields  of  interest.  The  engineering  and  scientific  popu- 
lation is  relatively  large  in  number  and  relatively  small  in  terms  of  percentage  of 
total  population.  The  latter  situation  also  applies  to  the  number  of  professional 
and  technical  workers  as  a percentage  of  total  work  force.  A large  electronics  in- 
dustry is  present  in  the  area.  This  industry  has  concentrated  largely  on  consumer 
and  military  production  and  is  not  considered,  in  general,  to  be  research  oriented 
with  industrial  electronics  research  activity  relatively  low  in  terms  of  percentage 
of  local  electronics  plant  activity.  Housing  is  available  in  desirable  communities 
and  adequate  transportation  is  available  for  local  and  long-distance  travel.  High- 
density  land  use  and  relative  locations  may  affect  the  availability  of  land  within 
reasonable  commuting  time  from  more  than  one  of  the  local  institutions  of  higher 
learning. 

PHILADELPHIA 

The  Metropolitan  Philadelphia  area  should  be  able  to  provide  ready  avail" 
ability  of  utilities  and  services,  including  electric  power  and  communications  links* 
Institutions  of  prominence  in  graduate  engineering  and  physics  include  Drexe1 
Institute  of  Technology,  Temple  University,  and  the  University  of  Pennsylvania* 
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These  institutions  maintain  a balance  between  undergraduate  and  graduate 
curriculums  in  the  technical  fields  of  interest  with  greater  focusing  of  graduate 
effort  at  the  second-degree  level  rather  than  at  the  doctorage.  The  engineering 
and  scientific  population  is  approximately  in  the  median  in  number  as  well  as  in 
percentage  of  total  population.  The  number  of  professional  and  technical  workers 
as  a percentage  of  total  work  force  is  approximately  in  the  median  of  the  areas 
considered.  A large  electronics  industry  is  present  in  the  area  and  adjacent  com- 
munities including  Camden,  N.J.  While  this  industry  has  been  largely  oriented 
toward  consumer  and  military  production,  increased  research  activity  has  taken 
place  in  recent  years,  particularly  in  the  suburban  Philadelphia  area.  Housing 
is  available  in  desirable  communities  and  adequate  transportation  is  available  for 
local  and  long-distance  travel.  High-density  land  use  prevails  but  the  relative 
locations  of  the  local  institutions  of  higher  learning  and  the  industrial  community 
should  make  possible  site  location  within  reasonable  commuting  time  from  all 
elements.  The  Navy  maintains  a technical  facility,  the  Airborne  Electrical  and 
Electronics  Laboratory,  at  the  Naval  Air  Development  Center,  Johnsville,  just 
outside  Philadelphia. 

SAN  BRAN Cl  SCO  BAT  ABBA 

The  Metropolitan  San  Francisco  Bay  area  should  be  able  to  provide  ready 
availability  of  utilities  and  services,  including  electric  power  and  communications 
links.  Institutions  of  prominence  in  graduate  engineering  and  physics  include  the 
University  of  California,  Berkeley;  and  Stanford  University.  Both  institutions 
maintain  strong  graduate  curriculums  through  the  doctorate  level.  The  engi- 
neering and  scientific  population  is  approximately  in  the  median  in  number  and 
relatively  large  in  terms  of  percentage  of  total  population.  The  number  of  pro- 
fessional and  technical  workers  as  a percentage  of  total  work  force  is  relatively 
large  among  the  areas  considered.  A significantly  large  and  growing  electronics 
industry  is  present  in  the  area.  The  growth  is  characterized  by  heavy  emphasis 
on  electronics  research,  particularly  in  the  Palo  Alto-San  Jose  area,  which  has 
already  become  one  of  the  most  important  centers  of  electronics  research  in  the 
country.  Housing  is  available  in  desirable  communities  and  adequate  trans- 
portation is  available  for  local  and  long-distance  travel.  Adequate  land  should  be 
available.  Relative  geographical  location  affects  site  placement  within  reasonable 
commuting  time  from  more  than  one  of  the  two  prominent  institutions  of  higher 
learning.  NASA  maintains  a technical  facility  at  the  Ames  Research  Center, 
Mountain  View. 

BOSTON 

The  Metropolitan  Boston  area  should  be  able  to  provide  ready  availability 
of  utilities  and  services,  including  electric  power  and  communications  links. 
Institutions  of  prominence  in  graduate  engineering  and  physics  include  Harvard, 
MIT  and  Northeastern  University.  While,  in  general,  balance  is  maintained 
between  undergraduate  and  graduate  curriculums,  heavy  emphasis  is  placed  on 
graduate  research.  As  a result,  this  area  produces  the  greatest  number  of  graduate 
degrees  in  engineering  and  physics,  including  the  engineering  doctorate  level. 
The  engineering  and  scientific  population,  which  includes  the  largest  area  member- 
ship in  the  National  Academy  of  Sciences,  is  approximately  in  the  median  in 
number  and  relatively  large  in  terms  of  percentage  of  total  population,  particu- 
larly in  the  scientific  portion  of  the  spectrum.  The  number  of  professional  and 
technical  workers  as  a percentage  of  total  work  f,  ?ce  is  relatively  large  among  the 
areas  considered.  A large  electronics  industry  U present,  ranking  as  the  largest 
industry  in  the  area.  The  area  is  well  known  for  its  concentration  on  electronics 
research  in  terms  of  the  university  and  the  industrial  research  laboratories.  The 
industry  complex  is  characterized  by  the  significant  number  of  electronics  re- 
search laboratories  maintained  by  large  companies  whose  principal  corporate 
plants  are  located  elsewhere.  Housing  is  available  in  desirable  residential  com- 
munities and  adequate  transportation  is  available  for  local  and  long-distance 
travel.  Adequate  land  should  be  available  for  site  location  within  reasonable 
commuting  time  from  institutions  of  higher  learning  and  the  industrial  community . 
The  Air  Force  maintains  two  technical  facilities  at  Hanscom  Air  Force  Base, 
Bedford — the  Electronic  Systems  Division  (system  development  and  integration) , 
and  the  Cambridge  Research  Laboratories. 
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ST.  LOUIS 

The  Metropolitan  St.  Louis  area  should  be  able  to  provide  ready  availability 
of  utilities  and  services,  including  electric  power  and  communications  links.  Insti- 
tutions of  prominence  in  graduate  t?ngineering  and  physics  are  St.  Louis  University 
and  Washington  University.  Thsoe  institutions  maintain  a balance  between 
undergraduate  and  graduate  curriculums  in  the  technical  fields  of  interest. 
Among  the  areas  considered,  the  number  of  engineers  and  scientists  is  relatively 
small  in  number  and  as  a percentage  of  total  population,  which  is  also  the  case 
with  the  number  of  professional  and  technical  workers  as  a percentage  of  total 
work  force.  A moderate  size  growing  electronics  industry  is  present  in  the  area, 
which  is  characterized  by  specific  examples  of  excellence  in  research  and  develop- 
ment (NASA’s  second  largest  prime  contractor  is  located  here).  Housing  is 
available  in  desirable  communities  and  adequate  transportation  is  available  for 
local  and  long-distance  travel.  Adequate  land  should  be  available  within  reason- 
able commuting  time  from  the  institutions  of  higher  learning  and  the  industrial 
community. 

MINNEAPOLIS-ST.  PAUL 

The  Metropolitan  Minneapolis-St.  Paul  area  should  be  able  to  provide  ready 
availability  of  utilities  and  services,  including  electric  power  and  communications 
links.  The  University  of  Minnesota  is  prominent  in  graduate  engineering  and 
physics  with  a.  reaonable  distribution  between  undergraduate  and  graduate  stu- 
dents. The  number  of  engineers  and  scientists  is  relatively  small  in  number  and 
about  in  the  median  in  percentage  of  population.  The  number  of  professional  and 
technical  workers  as  a percentage  of  total  work  force  is  relatively  large  among  the 
areas  considered.  A moderate-size  electronics  industry  is  present  within  the  area. 
This  industry  is  characterized  by  specific  examples  of  excellence  (i.e.,  the  head- 
quarters of  NASA’S  largest  guidance  contractor  is  located  here)  and  as  a whole  has 
a significant  research  as  well  as  production  and  development  character.  Housing 
is  available  in  desirable  communities  and  adequate  transportation  is  available  for 
local  and  long-distance  travel.  Adequate  land  should  be  available  within  reason- 
able commuting  time  from  the  university  and  the  industrial  community. 

Mr.  Chenoweth.  Mr.  Chairman,  I just  wanted  to  make  one 
observation — and  ask  one  question. 

I think  you  realize,  Dr.  Kelley,  now  there  are  certain  implications 
whether  they  are  justified  or  otherwise,  in  this  Boston  selection. 

Now  you  don’t  want  to  tell  this  committee  that  there  is  some 
unusual,  unsurmountable  features  connected  with  the  Boston  selection 
that  you  couldn’t  find  anywhere  else? 

Is  there  an  advantage  so  marked,  so  pronounced,  that  you  were 
just  led  immediately  to  Boston  without  any  reflection  on  any  other 
place  in  this  country? 

You  don’t  want  to  tell  this  committee  that  Boston  is  the  only 
place  that  you  could  build  this  installation  and,  if  for  some  reason 
Boston  wasn’t  available,  you’d  have  to  pass  it  altogether. 

Aren’t  there  some  other  locations  just  about  as  good  as  Boston, 
maybe  some  better  in  some  respects,  as  the  chairman  tried  to  point 
out? 

We  shouldn’t  put  everything  in  one  area. 

What  about  Atlanta?  We  have  plenty  of  locations  there,  and  it 
might  be  a little  more  secure  there. 

I think  other  agencies  have  recognized  that.  Instead  of  putting 
everything  on  the  seacoast,  maybe  it  would  be  better  putting  some 
back  in  the  interior.  Might  not  be  quite  as  accessible,  if  something 
should  happen. 

What  do  you  think  of  that? 

I am  not  accusing  you  of  any  political  connivance  of  any  kind. 

I have  full  faith  in  your  statement. 

However,  there  is  this  implication  Dr.  Weaver  mentioned.  I think 
everyone— not  just  the  minority  party — but  the  minute  you  mention 
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Boston,  there  are  some  implications,  political  implications,  involved. 
Whether  they  are  deserved  or  not. 

Dr.  Kelley.  I certainly  didn’t  want  to  leave  the  impression  that 
this  is  the  only  place  such  a center  could  be  placed. 

I think  from  my  standpoint,  from  the  standpoint  of  the  job  we 
have  to  do  in  the  agency,  particularly  in  electronic  research,  I think 
this  is  the  superior  area  in  the  United  States. 

Now,  there  are  other  factors  that  were  discussed  that  if  someone 
wants  to  take  into  account,  socioeconomic  factors.  I don’t  feel 
qualified  to  speak  on  them ; but  from  a purely  scientific  technological 
standpoint  this  is  the  superior  area. 

Mr.  Chenoweth.  You  realize  there  are  other  elements  that  enter 
into  this,  in  addition  to  the  technological,  isn’t  that  true? 

It’s  not  just  a technological  decision.  You  have  other  factors, 
economic  factors  and  geographical  factors  that  have  to  be  considered ; 
is  that  right — or  no? 

Dr.  Kelley.  In  many  of  these  decisions  there  are  many  factors 
that  enter  into  them  besides  purely  technical,  I’m  sure.  My  selection 
was  based  on  the  technical. 

Mr.  Chenoweth.  Your  main  objective  is  to  get  this  installation? 

Dr.  Kelley.  Absolutely. 

Mr.  Chenoweth.  You  say  you  need  it  and  must  have  it.  The 
location,  wouldn’t  that  be  of  secondary  importance? 

The  main  thing  is,  you  need  the  installation. 

Dr.  Kelley.  I wouldn’t  say  the  location  is  of  secondary  impor- 
tance. There  are  varying  degrees  of  advantage  for  certain  locations, 
I mentioned  the  orchid  in  a hothouse.  Perhaps  we  wouldn’t  try  to 
grow  an  orchid  in  the  desert  for  we  might  have  to  build  a hothouse  to 
go  along  with  it.  This  might  be  very  expensive. 

There  are  varying  degrees  of  satisfaction,  you  might  say,  varying 
degrees  to  which  an  area  might  be  satisfactory  in  meeting  our  require- 
ments and  I don’t  know  where  you  draw  the  line. 

Mr.  Chenoweth.  Could  you  do  your  work  just  about  as  well  if  it 
were  located  in  some  other  State  and  accomplish  about  the  same 
results,  same  objective? 

Mr.  Karth.  Other  areas  in  the  countries,  I think,  are  not  quite  as 
destitute  as  the  orchid  in  the  desert.  I hesitate  to  let  this  implication 
be  in  the  record.  I know  this  is  not  a fact. 

Dr.  Kelley.  I didn’t  understand. 

Mr.  Karth.  I say,  other  geographic  locations  in  this  Nation  are 
not  quite  as  destitute  in  the  electronic  research  field  as  the  orchid  in 
the  desert  analogy  you  drew. 

Dr.  Kelley.  There  is  a,  clear  distribution  throughout  the  country 
and  I think  you  find  it  pretty  well  concentrated  and  there  are  areas 
where  there  is  not 

Mr.  Karth.  But  there  are  other  locations  where  there  are  heavy 
concentrations  of  the  electronic  industry,  almost  as  heavily  con- 
centrated as  Boston.  Some  might  be  more  heavily  concentrated. 
I don’t  know  because  I haven’t  made  a personal  survey.  I do  know 
that  there  are  heavy  concentrations  in  other  geographic  areas  of  the 
Nation. 

Mr.  Chenoweth.  I think  it  is  desirable.  Doctor,  to  have  these 
spread  out — not  concentrated  in  one  immediate  area,  and  I was  try- 
ing to  get  your  direct  answer  to  a question,  whether  or  not,  if  you 
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had  this  installation,  wouldn’t  it  be  just  as  advantageous  to  have  it 
located,  say,  in  Colorado  as  it  would  Boston,  as  an  example? 

You  will  have  your  installation.  You  will  have  the  same  men  there 
doing  the  same  work.  You  will  get  the  same  results,  same  advantage. 

We  have  fast  transportation  in  this  country  today.  It  doesn’t  take 
long  to  go  from,  one  State  to  another,  to  another  part  of  the  country. 
We  are  not  isolated  anywhere  you  are  these  days. 

Dr.  Kelley.  The  very  close  university  association  is  very,  very 
important  to  us,  universities  of  preeminence  in  this  particular  field, 
so  that  we  can  have  our  researchers,  as  I said,  upgrading  their  educa- 
tion, working  with  the  university  people  as  consultants. 

The  advantage  in  the  past,  from  close  association  with  the  indus- 
trial complex,  have  been  the  rapid  exploitation  of  the  ideas  out  of  the 
university  laboratory  into  operation  and  this  is  what  we  are  trying  to 
do  in  the  space  program.  So,  the  university  association  is  quite  im- 
portant. 

Mr.  Chenoweth.  Well,  you  have  universities  other  places,  too, 
don’t  you,  Doctor — maybe  not  quite  the  same  degree  of  perfection 
you  have  in  Boston  , but  very  close  to  it,  I would  think,  some  of  these 
universities.  They  could  be  developed  and  expanded. 

Dr.  Kelley.  There  are  many,  many,  other  universities  of  excellence 
throughout  the  United  States. 

Mr.  Chenoweth.  Mr.  Chairman,  I don’t  want  to  pursue  it  further. 
I think  there  are  other  elements  involved  and  I don’t  want  to  recognize 
any  political  implication  here  at  all.  I’m  sure  Mr.  Mosher  didn’t 
intend  to  inject  it  and  I know  I don’t,  nor  does  Dr.  Weaver. 

Whenever  you  hear  the  word  ‘‘Boston,”  immediately  some  sus- 
picion arises  just  as  it  has  in  moving  other  installations.  I think  some 
important  installation  out  of  New  York  moved  to  Boston — been  there 
many,  many,  years. 

Dr.  Weaver.  Internal  Revenue. 

Mr.  Chenoweth.  I don’t  know  whether  that’s  because  they  want 
to  be  closer  to  the  universities  or  not. 

Mr.  Staebler.  Mr.  Chairman,  in  the  few  minutes  remaining,  may 
we  ask  a few  questions  about  the  Russian  shot,  yesterday? 

Mr.  Karth.  Let  me  just  ask  if  either  of  the  two  witnesses  feel  they 
would  like  to  give  us  a rundown  on  the  most  recent  space  effort. 

Dr.  Bisplinghoff.  I must  say  my  knowledge  is  limited  to  what 
I’ve  seen  in  the  paper  this  morning. 

Mr.  Karth.  Dr.  Kelley,  how  about  it? 

Dr.  Kelley.  The  same  way.  Rumors  in  the  paper  would  make  it 
look  similar  to  the  Ranger  Mission  we  have.  That  is  all  I could  say. 

Mr.  Karth.  Does  the  gentleman  wish  to  pursue  it  under  these 
conditions? 

Mr.  Staebler.  Just  a little  bit,  because  of  the  similarity  to  Ranger 
and  the  fact  we  have  been  pursuing  Ranger  in  this  very  gathering. 
When  then  do  we  anticipate  our  next  Ranger  shot  will  be  made? 

Dr.  Kelley.  I don’t  have  that  date,  Mr.  Staebler  and  I don’t  know 
if  its  been  definitely  established.  As  you  know,  as  a result  of  the 
Ranger  board  of  inquiry  it  went  through  quite  a lot  of  review  and 
testing.  I don’t  know  the  schedules.  We  have  already  shot  three  to 
the  Moon  and  two  prior  to  that  were  test  shots. 

Mr.  Staebler.  The  size  of  the  Russian  load  was  said  to  be  some- 
thing in  the  neighborhood  of  3,000  pounds.  What  was  the  size  of  our 
last  instrumented  load? 
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Dr.  Kelley.  The  Ranger  runs  about  700  to  750  pounds,  depending 
on  the  phase  of  the  Moon  and  the  trajectory,  but  it’s  around  that 
order — 700  to  750. 

Mr.  Staebler.  Does  the  fact  that  the  Russians  are  following  this 
course  suggest  that  they  are  doing  a similar  set  of  probes,  similar  to 
the  Ranger? 

I ask  the  question  because  we  were  discussing  earlier  the  possibility 
of  the  Russians  taking  a shortcut  and  not  securing  the  information 
that  we  are  endeavoring  to  secure  through  the  series  of  Ranger  shots. 

Dr.  Kelley.  Well,  every  indication  in  the  newspapers,  this  morn- 
ing is  that  this  has  a mission  similar  to  Ranger’s  mission,  but  I don’t 
think  we  can  really  tell  until  they  get  up  near  the  Moon,  whether  they 
want  to  orbit  or  actually  land. 

Dr.  Bisplinghoff.  The  Russians  aren't  explicit  about  this.  I 
would  suspect,  myself,  whether  it  is  a flyby,  an  orbit,  or  a soft  land- 
ing, will  be  something  that  we  don’t  learn  until  it  happens  and  then 
they  will  say  they  planned  it  that  way. 

I doubt  whether  they  are  going  to  announce  ahead  of  time  which 
one  of  these  it  will  be. 

We  are  just  going  to  have  to  wait  and  see. 

Mr.  Staebler.  The  move,  in  any  event,  confirms  the  desirability 
of  our  Ranger  program,  but  does  it  throw  any  light  on  the  combination 
of  the  Ranger  and  the  orbiting  observatory  program? 

Dr.  Kelley.  I am  not  sure  the  association  of  the  orbiting  observa- 
tory program  with  Ranger — are  you  talking  about  the  Surveyor, 
Mr.  Staebler? 

Mr.  Staebler.  Yes. 

Dr.  Kelley.  We  still  need  information  about  the  Moon  as  soon 
as  possible. 

Now,  what  program  we  use  to  get  it,  I don’t  think  we  are  qualified 
to  say  at  this  point  in  time  from  our  position  in  the  organization,  but 
the  sooner  we  can  get  some  information,  the  better,  and  the  Ranger 
program  is  continuing  to  be  pursued  as  far  as  I know,  with  Surveyor 
to  follow  on  later. 

Mr.  Karth.  Would  the  gentlemen  yield  at  that  point? 

Mr.  Staebler.  Surely. 

Mr.  Karth.  Doctor,  I wonder  if  you  could  give  us  your  opinion 
then  as  to  how  many  programs  we  should  pursue  to  get  information 
on  the  lunar  surface  and  surrounding  conditions — radiation,  gravita- 
tion, and  so  on. 

Dr.  Kelley.  We  are  pursuing  two  unmanned  programs,  right  now, 
Ranger  and  Surveyor,  and  it  is  a question  of  how  fast  you  need  the 
information  and  what  kind  of  information  you  will  get. 

Mr.  Karth.  Isn’t  there  a logistics  program  in  the  manned  lunar 
flight  program  as  well  as  the  Ranger  and  Surveyor? 

Dr.  Kelley.  I believe  this  is  an  Apollo  follow-on  or  part  of  the  ex- 
tension of  Apollo — Apollo  defined  right  now  as  being  the  program  to 
first  land  a man  on  the  Moon,  and  then  there  is  a logistics  vehicle,  I 
believe,  which  is  part  of  this  program. 

Mr.  Karth.  This  is  after  the  manned  lunar  landing? 

Dr.  Kelley.  I'm  not  sure  whether  it  lands  just  before  or  just 
after,  but  it’s  part  and  parcel  of  the  Apollo  program,  as  I understand  it. 

Mr.  Karth.  The  question  was  how  many  programs  should  we 
pursue?  How  many  do  you  think  we  should  have? 
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Dr.  Kelley.  I think  the  Ranger  and  Surveyor  are  sufficiently 
different  in  time  scale  and  mission,  they  both  give  us  the  time  coverage 
we  need.  They  are  both  supplementary. 

Ranger  exists  to  get  early  information  and  to  land  a package  on 
the  Moon. 

Mr.  Karth.  Doctor,  you  headed  up  a study  group  on  this.  When 
do  you  think  we  should  shoot  Rangers  again  to  give  us  the  information 
we  need? 

Dr.  Kelley.  I have  not  kept  track  of  the  information  on  the 
results  of  the  recommendation  of  the  board  of  inquiry,  I don't  know. 

Mr.  Karth.  If  it  should  be  that  the  Ranger  program  and  the 
Surveyor  program  are  entering  into  the  approximate  same  timetable, 
would  you  suggest  we  abandon  one  for  the  other  and  put  all  our 
strength  and  resources  and  manpower  and  money  into  one? 

Dr.  Kelley.  I think  we  have  to  be  very,  very  careful  that  we  don’t 
try  to  jump  on  another  bandwagon,  just  because  the  existing  band- 
wagon doesn’t  look  so  good. 

Surveyor  may  tend  to  look  more  attractive  if  it’s  in  the  same  time 
scale 

Mr.  Karth.  Doctor,  I don’t  mean  jumping  on  another  bandwagon. 
Earlier,  you  were  talking  about  concentrating  our  electronic  research. 
I am  talking  about  concentrating  our  efforts,  our  abilities,  on  one 
program,  rather  than  allowing  our  abilities  to  be  diffused  in  several 
directions.  This  is  my  question. 

Dr.  Kelley.  I think  you  would  have  to  look,  Mr.  Chairman,  at  the 
uncertainties  in  either  one  of  the  programs  at  a particular  point  in 
time.  In  other  words,  you  might  say  they  are  overlapping,  but  one 
might  give  you  potentially  more  reliability  and  have  less  pitfalls  than 
the  other  program,  more  proven,  perhaps. 

Mr.  Karth.  You  think  we  might  need  two  electronics  research 
laboratories  to  give  us  this  kind  of  capability  in  electronics? 

Dr.  Kelley.  No. 

Mr.  Karth.  You  think  one  is  enough? 

Dr.  Kelley.  One  is  enough. 

Mr.  Karth.  OK. 

Doctor,  I think  we  are  going  to  have  to  adjourn  and  we  hope  you 
could  come  back  tomorrow  at  10  o’clock. 

Mr.  Randall? 

Mr.  Randall.  Inasmuch  as  I won’t  be  able  to  be  here  tomorrow 
because  of  another  committee  meeting,  if  you  can  supply  it  for  the 
record — you  mentioned  a letter  of  the  Administrator  to  John  Williams 
of  Delaware,  I think  it  was. 

(The  information  requested  is  as  follows:) 

March  21,  1963. 

Hon.  John  J.  Williams, 

U.S.  Senate,  Washington,  D.O. 

Dear  Senator  Williams:  Thank  you  for  your  letter  of  January  29.  You 
are  correct  in  your  understanding  that  decisions  on  questions  of  location  of 
projects  such  as  the  proposed  Electronics  Research  Center  in  Massachusetts 
are  based  on  a careful  evaluation  by  responsible  officials  and  employees  of  this 
agency. 

I am  sure  you  have  noted  that  requests  for  authorization  for  the  Center  to 
be  located  in  Boston  and  for  the  initial  increment  of  funds  were  included  together 
in  the  1964  budget.  In  most  such  cases,  Congress  is  requested  to  authorize 
the  facility,  and  after  action  by  the  Congress,  site-location  procedures  are  insti- 
tuted to  determine  the  best  site.  In  this  case,  our  planning  was  moving  very 
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rapidly.  We  were  entering  a phase  when  the  electronics  components  of  our  most 
important  spacecraft  needed  the  close  collaboration  between  about  600  scientists 
and  engineers,  supported  by  about  1,400  technicians  and  other  administrative 
personnel,  grouped  in  such  a center.  Therefore  the  President  and  I decided 
that  the  entire  matter  should  be  put  before  the  Congress  in  the  budget.  The 
result  is  that  in  this  case  Congress  has  before  it  in  the  same  budget  a request  for 
authorization  of  the  construction  of  the  Center,  its  location  in  Boston,  and  a 
request  for  the  initial  increment  of  funds. 

No  Members  of  Congress  influenced  the  decision  to  locate  this  Center  in  Boston, 
and  indeed  the  matter  was  so  closely  held,  ir.  accordance  with  budgetary  proce- 
dures relating  to  the  President’s  budget,  that  I would  be  very  surprised  if  any 
Member  of  Congress  knew  about  the  matter  until  it  was  discussed  in  the  press 
briefings  the  day  before  the  budget  went  to  Congress. 

As  you  know,  frequently  following  such  advance  press  briefings  newspapermen 
ask  Members  of  Congress  for  their  views  on  specific  items  for  release  and  publica- 
tion simultaneously  with  the  publication  cf  the  budget.  Therefore  in  this  case, 
after  the  press  briefing  and  with  the  knowledge  that  the  press  was  bound  not  to 
release  any  information  prior  to  the  release  date  of  the  budget,  we  did  notify  the 
Massachusetts  Senators  and  Speaker  McCormack  of  the  fact  that  thi3  item  was 
included  in  the  President’s  budget  so  that  they  would  not  be  surprised  at  any 
inquiries  addressed  to  them  by  the  newsmen.  I am  convinced  that  this  was  the 
first  time  they  knew  about  it. 

Enclosed  is  a discussion  of  the  background  and  planning  for  the  NASA  Elec- 
tronics Research  Center. 

Sincerely  yours, 

James  E,  Webb,  Administrator. 


National  Aeronautics  and  Space  Administration,  Washington,  D.C.— 

Proposed  Electronics  Research  Center,  February  15,  1963,  Electronics 

Research  Task  Group 

background 

The  National  Aeronautics  and  Space  Administration  has  been  conducting 
studies  concerned  with  present  electronics  ana  associated  physics  capabilities 
within  the  organization  for  over  a year.  These  studies,  designed  to  assess  NASA's 
capabilities  in  the  light  of  present  and  future  aeronautics  and  space  needs,  were 
conducted  principally  by  NASA’s  Office  o / Advanced  Research  and  Technology 
(OART),  and  were  the  first  major  effort  in  assessing  NASA’s  electronics  capabilities 
since  the  establishment  of  the  agency  in  1958. 

It  is  significant  that  these  studies  were  conducted  after  NASA  had  access  to 
results  from  an  appreciable  number  of  space  flights:  10  in  1961  and  14  in  1962, 
compared  with  5 in  1960  and  5 in  1959.  These  flights  pointed  up  certain  areas, 
particularly  electronics  and  related  physics,  in  which  NASA  needed  to  increase 
its  capabilities. 

In  addition  to  the  talents  available  to  NASA  in  the  aeronautical  and  propulsion 
sciences  from  the  research  centers  of  the  predecessor  agency,  the  National  Advisory 
Committee  for  Aeronautics  (NACA),  NASA  also  integrated  the  talents  of  the 
Development  Operations  Division  of  the  Army  Ballistic  Missiles  Agency  at 
Huntsville,  Ala.,  under  Dr.  Werhner  von  Braun,  the  Vanguard  team  of  the  Naval 
Research  Laboratory,  and  (under  contract)  the  Jet  Propulsion  Laboratory  of  the 
California  Institute  of  Technology.  These  groups  endowed  NASA  with  a first- 
rate  capability  in  the  aeronautical  and  the  propulsion  fields,  but  did  not  provide 
the  broad  base  of  electronics  and  related  physics  skills  necessary  to  meet  future 
requirements  in  the  space  field. 

The  studies  conducted  led  to  the  conclusion  that  NASA  requires  substantial 
increase  in  its  capabilities  in  electronics  and  related  physics  disciplines  in  order 
to  provide  adequate  support  for  its  future  space  efforts.  The  review  clearly 
indicated  that  the  successes  of  NASA’s  space  efforts  to  date  have  been  based  on 
existing  electronics  technology,  inherited  from  other  fields,  and  that  more 
advanced  space  efforts  would  require  a growth  of  electronics  research  and  tech- 
nology specifically  directed  toward  space  needs  and  applications.  The  major 
role  of  electronics  components,  technology,  and  instrumentation  in  all  space 
endeavors  makes  it  necessary  to  broaden  the  base  of  NASA  space  electronics 
research  as  rapidly  as  possible. 
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SELECTION  OF  METHOD 

Analysis  by  NASA  indicated  several  potential  methods  of  accomplishing  the 
required  buildup  of  electronics  research  capability: 

(а)  Establish  and  electronic  systems  research  and  development  group  at 
several  of  NASA’s  existing  centers; 

(б)  Establish  a fairly  large  electronics  research  subcenter  at  an  existing 
NASA  center; 

(c)  Establish  a new  NASA  center  having  the  necessary  facilities; 

(d)  Utilize  the  electronics  talents  existing  at  some  other  Government 
laboratory;  and 

(e)  Establish  a non-Govemment  laboratory  as  an  affiliate  of  a major 
university  or  foundation. 

All  alternatives  were  estimated  to  require  about  the  same  personnel  and  facility 
resources  when  finally  in  operation. 

The  first  method  would  not  provide  the  concentration  of  personnel  nor  the 
extensive  facilities  needed  for  effective  and  economical  conduct  of  electronics 
research.  The  second  method  would  double  the  size  of  any  existing  center,  posing 
difficulties  in  management,  and  requiring  a site  expansion. 

The  third  method  of  establishing  a new  NASA  center  specifically  planned  for 
research  in  electronics  and  the  related  physics  disciplines,  appeared  to  have  clear 
advantages.  Concentration  of  research  talent,  absence  of  conflicing  development 
missions  or  research  efforts  in  other  fields,  and  avaiiablility  of  comprehensive 
research  facilities  specifically  tailored  for  electronics  research  would  all  contribute 
to  creation  of  a potent  capability  in  electronics  research  as  rapidly  as  possible. 

The  fourth  method  would  pose  many  of  the  same  problems  as  establishment  of 
a subcenter  at  an  existing  NASA  center,  and  would  also  involve  the  host  laboratory 
in  NASA  programs  that  would  dilute  its  efforts  toward  its  own  agency  programs. 

The  fifth  alternative  was  considered  to  be  impractical  because  of  the  required 
size  of  the  laboratory,  the  necessity  of  incorporating  experienced  NASA  personnel 
into  the  new  laboratory,  and  the  requirement  that  the  laboratory  provide  guidance 
and  coordination  in  electronics  throughout  NASA. 

CRITERIA  FOR  SELECTION  OF  LOCATION 

As  the  next  step  in  planning  an  electronics  research  augmentation,  NASA 
developed  certain  location  criteria.  Two  major  objectives  in  the  creation  of  the 
new  Center  are  achievement  of  a research  and  advanced  technology  capability 
in  space  electronics  and  related  disciplines  as  efficiently  as  possible,  and  staffing 
by  top  caliber  scientists  and  engineers.  In  view  of  these  considerations,  the 
following  primary  criteria  were  used  in  evaluating  and  recommending  Center 
locations  to  NASA  top  management. 

(a)  Ready  availability  of  adequate  utilities  and  services,  including  -power , water, 
communications,  and  sanitary  facilities. — The  growth  of  Center  staff  complement 
together  with  the  operation  of  projected  specialized  facilities  will  require  sub- 
stantial support  from  the  surrounding  community  in  terms  of  facilities  and  serv- 
ices. Of  particular  importance  are  a reliable,  adequately  shielded  electric  power 
system  and  versatile  communications  links  for  voice  and  data  transmission, 
including  tie-in  to  computers  in  other  geographic  locations. 

(b)  Proximity  to  institutions  of  higher  scientific  and  engineering  education. — In 
order  to  remain  in  the  forefront  of  technology,  members  of  the  Center  staff  must 
be  afforded  the  opportunity  and  be  encouraged  to  continue  their  education, 
particularly  graduate  studies.  Hence,  proximity  and  easy  access  to  established, 
recognized  academic  facilities  are  necessary.  In  addition,  university  proximity 
will  provide  opportunity  for  extramural  interchange  of  ideas  as  well  as  a source 
of  technical  consultants  to  advise  the  Center  staff. 

(c)  Proximity  to  an  industrial  community  having  allied  technical  interests  that 
are  research  oriented. — The  mutuality  of  professional  interests  associated  with  an 
industrial  research  complex  will  serve  to  challenge  and  cross-fertilize  individual 
efforts.  Furthermore,  the  technological  atmosphere  engendered  by  seminars 
conferences,  and  professional  society  activities  will  contribute  to  proliferation  of 
knowledge  and  quickening  of  research  applications. 

(d)  Available  housing  in  desirable  communities. — This  criterion  implies  many 
factors  related  to  family  welfare  and  education,  which  manifest  themselves  in 
housing,  recreation,  climate,  schools,  and  colleges.  These  factors  will  play  an 
important  role  in  the  recruitment  o'i  top  grade  personnel,  the  most  critical  element 
in  determining  future  accomplishments  of  the  Center. 
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(e)  Adequate  current  and  planned  transportation  for  local  and  long-distance 
travel. — There  must  be  free  access  locally  in  terms  of  good  roads  and  mass  trans- 
portation. In  addition,  excellent  long-distance  air  and  rail  facilities  must  be 
available  with  frequent  schedules  in  order  that  Center  personnel  can  maintain, 
on  a reciprocal  basis,  the  essential  personal  contact  required  with  other  NASA 
centers,  other  Government  laboratories,  universities,  and  industries  throughout 
the  country. 

{f)  Availability  of  adequate  land  conveniently  located  and  not  in  conflict  with 
existing  metropolitan  planning. — There  must  be  suitable  land  located  conveniently 
both  for  Center  personnel  and  for  individuals  having  business  with  the  Center, 
which  does  not  conflict  with  metropolitan  plans  being  developed  for  the  area. 

LOCATION  SELECTION 

The  N ASA  considered  many  potential  areas  throughout  the  country  for  location 
of  ita  Electronics  Research  Center.  Areas  in  the  Northeast,  Midwest,  and  West, 
with  specific  electronic  competence  satisfied  the  selection  criteria  to  one  degree  or 
another.  On  balance,  the  overall  university-industrial  strength  and  capability  in 
electronics  and  guidance  research  in  the  Greater  Boston  area  resulted  in  its  selec- 
tion as  the  best  location  for  the  Center.  This  area,  noted  for  its  past  and  current 
heavy  concentration  on  electronics  and  related  physics  research,  both  in  indus- 
try and  universities,  provides  a compatible,  stimulating  environment  for  regenera- 
tive growth  of  NAS  A electronics  capabilities  at  the  Electronics  Research  Center. 

After  carefully  considering  NASA’s  present  programs  and  future  plans  and  the 
recommendations  as  to  location,  the  agency  management  decided  to  recommend 
in  its  fiscal  year  1964  budget  the  establishment  of  an  Electronics  Research  Center 
in  the  Greater  Boston  area.  The  President  submitted  this  recommendation  to 
the  88th  Congress  in  his  budget  for  fiscal  year  1964. 

FURTHER  PREPARATION  AND  PLANS 

NASA  has  requested  authorization  of,  and  appropriations  for,  250  personnel  for 
an  Electronics  Research  Center  in  fiscal  year  1964.  Also  requested  were  $5 
million  for  acquisition  of  land,  site  development,  and  planning  for  facilities,  and 
$3.5  million  for  personnel  costs  and  operation  of  the  installation.  Personnel  would 
be  located  in  temporary  quarters  in  the  Greater  Boston  area  until  permanent 
facilities  are  ready  for  occupancy.  Current  plans  for  the  Center  foresee  a growth 
to  about  2,000  people  and  $50  million  worth  of  facilities. 

As  an  interim  step  in  planning  this  augmentation  of  NASA’s  electronics  research 
capability,  prior  to  congressional  decision  on  the  recommended  budget,  NASA 
has  established  an  Electronics  Research  Task  Group  under  the  direction  of  the 
Office  of  Advanced  Research  and  Technology.  This  group  is  composed  of 
personnel  located  both  at  headquarters  in  Washington  and  at  the  northeastern 
office  in  Cambridge,  Mass.  It  is  carrying  out  the  planning  of  technical  programs, 
and  planning  for  specific  site  location,  site  preparation,  and  facilities  that  is 
required  should  Congress  decide  to  approve  NASA’s  proposal.  The  Electronics 
Research  Task  Group  is  administratively  housed  and  supported  by  NASA's 
northeastern  office.  The  Electronics  Research  Task  Group  and  the  north- 
eastern office  staffs  will  work  closely  together  in  conducting  the  necessary  planning 
drawing  in  the  northeastern  office’s  familiarity  and  relations  with  the  local 
universities,  industry,  and  community. 

FURTHER  INFORMATION  CONCERNING  THE  PROPOSED  ELECTRONICS 

RESEARCH  CENTER 

•NASA  will  cover  in  detail,  during  congressional  authorization  and  appropria- 
tions hearings  this  spring,  the  plans  for  the  proposed  Electronics  Research 
Center  and  the  factors  that  have  led  to  its  recommended  formation.  Current 
information  on  the  Electronics  Research  Center  will  be  available  in  Washington 
in  the  office  of  Dr.  Albert  J.  Kelley,  NASA  Electronics  Research  Task  Group 
(Dudley  2-7355),  and  in  the  Boston  area  from  the  office  of  Mr.  Franklyn  Phillips, 
Director,  NASA  northeastern  office,  30  Memorial  Drive,  Cambridge,  Mass. 
(491-1500). 

I’d  like  to  know  something  about  that  and  what  it  is. 

Then  you  were  unable  to  give  us  the  total  amount  of  moneys  NASA 
had  spent  for  anything  under  the  jurisdiction  of  this  committee, 
whatever  our  legislative  oversight  might  have  been.  You  mentioned 
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R.  & D.  for  the  Defense  Department  or  MIT  and  Harvard,  and  at 
least  this  member  would  like  you  to  give  us  those  figures  as  soon  as  you 
can  for  the  record  by  NASA  or  anything  this  specific  committee  has 
oversight  of. 

Dr.  Kelley,  In  advanced  research  and  technology;  the  area  we 
are  talking  about  now. 

Mr.  Randall.  The  area  we  are  talking  about. 

Mr.  Morris.  Would  the  gentleman  yield  for  unanimous  consent? 

Why  not  other  universities  also?  Maybe  we  ought  to  spend  a little 
money  at  the  University  of  Michigan,  University  of  Minnesota;  I’d 
even  drop  a nickel  out  in  New  Mexico. 

Mr.  Randall.  Or  the  University  of  Kansas. 

Mr.  Karth.  Does  Dr.  Kelley  understand  the  request? 

Dr.  Kelley.  I think  this  is  fairly  straightforwarded,  we  have 
documentation. 

Mr.  Karth.  Would  you  provide  that  for  the  record  Doctor?  We 
would  appreciate  that  immensely. 

(The  information  requested  is  as  follows:) 

Research  Grants  and  Contracts 

The  Office  of  Grants  and  Research  Contracts,  NASA,  has  obligated  the  follow : 
ing  amounts  for  research  grants  and  contracts  in  the  fiscal  years  indicated  below- 


[In  millions  of  doUars] 


Obligations 

Fiscal  year 
1961 

Fiscal  year 
1962 

Fiscal  year 
1963 
(July  1- 
Dec.  31) 

University 

14.3 

22.3 

15.8 

Nonprofit i 

2.4 

6.7 

5.2 

Industry 

7.2 

3.7 

.7 

Government  - -----  „ 

2.6 

6.1 

1.5 

1 

Total 

! 

26.5 

38.8 

23.2 

Included  in  this  report  is  a complete  list  of  NASA  research  grants  and  contracts 
initiated  from  July  1,  1962,  through  December  31,  1962.  Grants  and  contracts 
awarded  during  fiscal  years  1961-1962  are  listed  in  the  appendixes  of  previous 
NASA  semiannual  reports  to  Congress. 
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APPENDIX 


RESEARCH  GRANTS  AND  CONTRACTS 
( Initiated  from  July  1,  1962  through  December  31,  1962  ) 


(Contracts  have  prefix  NAS;  Grants  have  prefix  NsG;  Transfer  of  funds  to 
Government  Agencies  have  prefix  R.  Earlier  Grants  and  Contracts  are 

listed  in  appendices  of  previous  NASA  Semi-Annual  Reports  to  Congress. 


Slate  and 

Grant  or  Organization 

Contract  No.  and  Purpoae  Invert! gator 


NaG-201  University  of  Aleake  Sydney  Chapmen 

Conduct  a theoretical  study  of  the  ring  current  and  geomagnetic  field 
phenomena. 

ARIZONA 

NrWfl  University  of  Arizona  Gerald  P.  Kviper 

Conduct  selenodetic  and  physical  studies  of  the  lunar^surface. 

MAlr-42  University  ef  Arizona  G.  P.  Keiper 

Construction  of  a 60-  inch  lunar  acid  planetary  telescope. 


ARKANSAS 


NtG-153  Univetaily  of  Arkansas  M.  K.  Testeneaw 

Basic  experimental  research  leading  to  improved  cold  electron  sources  and 
new  types  of  velocity  filter  matt  spectrometers. 

CALIFORNIA 

NaG-93  Stanford  University  Nicholes  J.  Hoff 

Large  deflection  buckling  of  thin  shells. 

NaG-101  University  ef  California  (Berkoiey)  M.  Calvin 

Reflection  spectra  at  a basis  for  studying  extraterrestrial  life. 

NaG-104  University  ef  California  (Berkeley)  Sanford  S.  Elket) 

Detection  and  study  of  microorganisms  in  the  upper  atmospheres. 

NsG-274  University  ef  California  (Berkeley)  E.P.  PepevAi.  Pension 

Theoretical  and  experimental  research  concerning  the  effect  of 
non-linear  material  properties  on  the  stress  distribution  in  thin 

sperical  shells. 


NaG-285  City  ef  Hope  Medical  Center  Miltan  Wiettx 

An  experimental  investigation  of  the  dietary  requirements  of  man, 
particularly  astronautics,  with  emphasis  on  water-soluble  chemically 

defined  diets. 


Amount 

35. 000 

248.400 
375,  000 

30,434 

59, 957 
252,500 

33.000 
31,500 

150.  000 
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State  and 

Grant  or  Organization 

Contract  No.  and  Purpoae  Investigator  Amount 


CALIFORNIA  (Continued) 


MiG-39  IneHtsto  far  Medical  Research  (Cedort  of  Lebanon  Heap)  QhwR  Agroaa  174.009 

A study  of  meaiurement  techniques  for  determining  cardiac  15, 925 

performance,  Including  contideration  of  method!  for  vibrocardiogram 

interpretation,  and  of  physiological  itreu  effects  on  man. 


NsG-296 


MiG-299 


NiG-303 

M>G-313 

NiG-314 

MiG-317 


Stanford  University  A.  H.  Bewber 

Joint  support  of  Third  International  Symposium  on  X-ray  Optics 
and  X-ray  Micronanalysis. 

Stanford  University  Waltar  C.  Scett 

Theoretical  research  on  electron  energy  1g  plasma  thermionic 
diodes. 

Univaraity  af  California  (San  Diage)  J.C.  Balthe 

Experimental  research  on  techniques  for  determination  of  magnetic 
properties  of  lunar  and  planetary  materials. 

University  af  California  (Las  Angeles)  Gnarya  Wetherfll 

Isotopic  Chemistry  of  Meteorites,  including  Studies  of  Variation 
in  isotopic  abundances  among  discrete  specimens 

Univarsity  af  California  (Las  Angelas)  Gaarga  Kennedy 

High  pressure  study  of  the  solid  phases  of  inert  gases,  with  emphasis 
on  applicability  to  the  nature  of  extra-  terrestrial  bodies 

University  af  California  (San  Diege)  G.  Anfwnlas 

Conduct  study  of  the  composition  and  structure  of  meteorites, 
including  the  use  and  refinement  of  *•  rsy  microspecuometic 

and  microdiffraction  techniquet. 


5.896 
47,  000 
27.200 
72.430 
86,000 
83,018 


NsG-318  University  af  California  (Son  Diaga)  L.  E.  Petersen  85,000 

Experimental  research  on  x-  and  gamma- radiation  at  high 
altitudes,  including  design  and  use  of  balloon-borne 

instrumentation 


NsG-319 

University  af  California  (San  Diaga) 

Geochemistry  of  trace  elements  in  meteorites 

G.  C.  Galas 

56,158 

MsG-322 

University  af  California  (San  Diaga) 

H.  E.  Seass 

66,242 

An  investigation  of  the  cosmic  abundances  of  the  elements 

NsG-323 

University  af  California  (San  Diaga) 

An  investigation  of  inert  gases  and  isotopic  abundances  in 

H.  C.  Urey 

73,064 

meteorites 

NsG-329 

Stanford  University 

0.  K.  Gsrriatt 

81,  000 

Radio  propagation  techniques  for  the  study  of  planetary  iono- 

MsG-(F)-2 

spheres  and  interplanetary  medium 

Stanford  University 

Biomedical  instrumentation  facilities 

Jasfora  Ledarberg 

535,  000 

NsG-(F)-5 

University  af  California  (Baric airy) 

Space  sciences  research  facilities 

Sanest  Silver 

1, 990,  000 

NASr-21(01) 

Rand  Corporation 

141,200 

(a)  Conduct  studies  of  economic  and  international  policy  questions  associated 

with  communication  satellites  etc.;  (b)  conduct  studies  of 
implications  of  meteorological  satellites  etc. 

the  economic 

NASr-26 

University  of  California  (Berkeley) 

K.  A.  Andersen 

32,000 

Conduct  research  on  low  energy  cosmic  radiation  from  the 

sun. 
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Stale  and 

f Grant  or  Organization 

Contract  No.  and  Purpose  Investigator  Amount 

CALIFORNIA  (Continued) 

NASr<-68  Douglas  Aircraft  Company,  Inc  A.  A.  Burrows 

Investigation  of  control- display  problems  occurring  in  the  accelerative 
flight  phases  of  high-performance  vehicles. 

NASr-110  Douglas  Aircraft  Company,  Inc.  J.  S Murphy 

Wind  tunnel  investigation  of  turbulent  boundary  layer  as  noise  related 

to  design  criteria  for  high-  performance  aircraft. 

NASr-111  Aara|ot-Gonoral  Corporation  B.  Masalsky 

Develop  analytic  methods  for  analyzing  the  aero-dynamic, 
static  dynamic  loads  on  large  flexible-expansion-ratio 

nozzles  during  flow  separation  conditions 


27, 560 

66, 913 
12,024 

66, 036 


NASr-114  Moral  r (Div.  of  Nortfirap  Corp.)  W.  R.  Hi  lie  or  56,109 

Research  on  the  fundamental  principles  governing  the  characteristics 
of  primary  forms  of  ring  articulated- arch  variable- geometry  structures 

NASr-116  University  of  California  (San  Diego)  Carl  IE.  Mcllwain  277,997 

Conduct  analytical,  theoretical,  and  experimental  studies  of 
geomagnetically  trapped  particles. 

NASw-81  California  Institute  of  Technology  H.  Benieff  140,429 

Investigation  of  the  Moon  with  a lunar  seismograph  station. 

MASw-383  Solid  State  Radiations,  Inc.  S,  S.  Frlodiaad  111,656 

Advanced  development  of  semiconductor  detectors. 

NASw-414  Space  Technology  Laboratories,  Inc.  82, 100 

A study  of  a space  system  for  comet  encounter 

NASw-438  Shod  Development  Company  95, 000 

Development  of  Analytical  Techniques  for  Hydrocarbons  in 
Mineral  Aggregates 

NASw-457  North  American  Aviation,  Inc.  4B,  931 

Study  on  the  sonic  velocity  and  penetrability  measurements  of 
rock  dust  under  vacuum  conditions 

NASw-448  General  Motors  Corporation  130, 350 

Investigation  of  Space  Radiator  Protection 

NASw-491  Con  voir  (Dlv  of  General  Dynamics)  R.  H.  Raring  61,350 

"Onset  of  Creep”  Stress  Measurement  cf  Metallic  Materials 

NASw-493  Corbin- Farnsworth,  Inc.  Tom  Corbin  47,400 

Study  and  development  of  remote  blood  pressure  measuring 
system. 

NASw-495  Hughes  Research  Laboratories  Samuel  G.  Luts  68, 046 

Technical  studies  of  problems  related  to  multiple-  access 
satellite  communication. 

NASw-504  Space  Technology  Laboratories,  Inc.  96,419 

Study  of  buckling  of  shells  under  dynamic  loads 

NASw-514  Electrochimica  Corporation  Barnaul  S.  Baker  45, 768 

Research  and  development  of  an  electrolytic  oxygen  generator 
based  on  solid  phosphorus  pentoxlde. 

NASS- 1253  Gonorol  Atomic  98,500 

Research  on  carbides  as  cathode  for  Thermionic  Space 
reactors 
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Organization 
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Amount 

COLORADO 

NtG-61 

University  »f  Denver  D.  T.  KUA 

The  icavenging  of  tungsten  and  molybdenum  with  selected  rare 
Earths.  (Cont.  NASw*8) 

12,500 

NsG-71 

Ctlmdt  State  University  R.  Raker 

L Pathogen*  free  plants  in  a microcosm. 

II.  Effecu  of  high  intensity  light  on  plant  growth 

44,743 

NsG-92 

University  Corporation  far  A tine  spheric  Research  H.  Zirin 

Research  and  development  of  new  techniques  of  observation  of 
solar  phenomena. 

76, 000 

HASw-446 

Martin  Marietta  Cerperetiea 

Determination  of  time  to  launch  saturn  vehicles 

14,418 

R-74 

U.S.  National  iduroau  of  Standards  D.  K.  Bailey 

Initiate  studies  of  solar  cosmic  ray  emission  events,  by 
ionospheric  forward  scatter  observations  in  the  Antarctic 

25.  000 

during  the  International  Quiet  Sun  Year. 

CONNECTICUT 

NsG-1 

Yolo  University  V.  W.  Hughes 

Investigation  of  molecular  beam  frequency  standards  and  atomic 
collision  cro*^  sections. 

80,  000 

NtG-39 

Yale  University  Dlik  Brouwer 

Research  on  problems  of  satellite  and  planetary  motion. 

342,500 

NtG-163 

Yale  University  Yemen  W.  Hughes 

Theoretical  research  in  relativity,  cosmology  and  the  physics  of  stellar 
interiors. 

46,000 

NtG-309 

University  of  Connecticut  D.  P.  LlndeeH 

Analytical  and  experimental  research  on  methods  of  reducing  the 
sehsitivity  of  sampled  data  systems  to  parameter  variations 

26,390 

and  disturbances 

NaG-312 

Yale  University  R.  Wi Id* 

Studies  of  the  constitution  of  planetary  interiors,  and  mathematical 
techniques  for  planetary  modeling 

117,760 

NASr-129 

Thn  Connecticut  Agricultural  Experiment  Station  P,  E.  Waggoner 

Experimental  investigation  of  the  use  of  higher  plants  for  the 
production  of  breathing  oxygen  in  a closed  ecology 

28.704 

NASw-512 

United  Aircraft  Corporation  Richard  i.  P rattan 

A biological  design  study  of  man's  capabilities  for  operation  in 
space  environments,  with  particular  emphasis  on  a feasibility 

96,210 

study  of  the  extension  of  man's  capabilities. 

NASw-542 

United  Aircraft  Corporation  W.  A.  Measel 

Development  of  Stimulator  Monitor  and  Monitor  Systems. 

192,508 

i 
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State  and 
Gram  or 
Contract  No. 

DISTRICT 

NsG-87 

NaG-291 

N A Sr- 10 

HA  Sr- 132 
NASr-142 

R-24 

R-30 

R-45 

R-4B 

R-M 

R-70 

R-72 


Organization 

and  Purpoae  Investigator 


OF  COLUMBIA 


Smith aaniafi  Institution  Fred  L.  Whipple 

Optical  satellite  tracking  program. 

Smithsonian  Institution  F.  L.  Whipple 

Systematic  in-flight  photography  and  subsequent  recovery  of 
meteorites 

Resources  Research  Inc.  Gilbert  V.  Levin 

Research  on  radiosotopic  methods  for  detecting  the  presence  and  monitoting 
the  metabolic  radioisotopec  activity  of  microorganisms  on  an  extraterrestrial 

body,  and  design  and  build  a prototype  of  the  detection  and 
monitoring  apparatus. 


Aaterican  Institute  of  Biological  Sciaaaes  Frank  Fremesrt-Smith 

Conduct  symposium  on  the  minimum  ecological  systems  for  man 

Notional  Science  Teachers'  Association  R.  H.  Carlton 

Develop  and  publish  a series  of  six  (6)  paperback  books  which 
will  be  arranged  to  help  the  elementary  school  teachers  • 

enrich  the  science  program 


U.S.  Navy-Naval  Medical  Research  Lab.  Karl  E.  Schooler 

Research  on  the  diurnal  periodicity  of  physiological  functions  and  of  per- 
formance level;  including  studies  of  the  effects  of  removing,  or  of  changing 

the  period  or  the  phase  of,  environmental  true  Indicators. 


U.  S.  National  Bureau  el  Standards 

Conduct  research  on  the  electron  content,  distribution  and  temporal  variation 
in  the  ionosphere  by  means  of  scintillations  and  Faraday  rotation  of  satellite. 

li.  S.  Notional  Bureau  el  Standards 

Conduct  research  on  the  physical  properties  of  hydrogen;  techniques  for 
determining  engineering  data  on  cryogenic  fields;  materials  and  design 

principles  for  cryogenic  systems  and  compilation  of  low  temperature 
data  from  the  literature. 


U.  S.  Navy  • Office  ef  Naval  Research  Waaisley 

Reimbursement  for  balloons,  launching  services  and  related  expenses 
in  connection  with  high  altitude  balloon  measurements  of  the  elec- 
tron. low-energy  proton,  and  alpha- particle  spectrum  of  primary 
cosmic  radiation,  (Cont.  of  R-  23) 

U.S.  Dept  ef  interior  (Geological  Servo?)  F.  E.  Seaftlo 

Conduct  studies  of  the  lunar  surface,  including  lunar  geologic  mapping; 
cratering  and  crater  impact  mechanisms;  chemical,  physical  aod 

petrographic  propertiea  of  material  of  possible  lunar  origin;  ai  d 
ranger  and  surveyer  data  reduction  and  interpretation. 

U.S.  Navy-Naval  Research  Laboratory 

Conduct  solar  research  from  a solar- pointed  Aerobee  Rocket  by  the 
atmosphere  and  Astrophysics  Division 

U.  S.  Navy  - Office  of  Naval  Rasaarch 

Provide  helium  in  conjunction  with  balloon  flights  to  be  con- 
ducted by  General  Mills  under  NASA  Contract  NASr-81 


Amount 

3,250,000 

239,500 

87,556 

34,872 

21,275 

40,  000 

147,000 
425,  000 

50,  000 

556.200 

60.000 

2,000 
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DISTRICT  OF  COLUMBIA  (Continued) 

R-73  U.  3.  KttiMl  B«nm  •(  Standards  R.  P.  Madden 

Investigate  die  physical  properties  of  light  lourcei  ana  detecton 
in  the  far  ultra-violet  and  toft* x-ray  region*  of  the  ipectrum, 

and  develop  radiometric  stand ardt  in  the  same  spectral  regions. 


FLORIDA 

HsG-148  RaillaSMaUafvmlty  D.  R.  Ksaskda 

Pherlpheral  mechanisms  of  human  temperature  sensitivity. 

HA  Sr- 136  University  el  South  Fleride  Charles  Helvey 

Conduct  development  of  ?peciflc  space  related  teaching  material, 
designed  to  serve  as  guides  and  supplements  to  classroom  instruction 


GEORGIA 

HsG-304  Georgia  Institute  el  Technology  Hewerd  D Edwards 

Conduct  theoretical  and  laboratory  experimental  research  on 
chemical  releases  at  high  altitudes 

HAWAII 

NsG-328  University  el  Hawaii  Peng  end  Wotanahe 

Theoretical  and  experimental  investigation  of  electron  emission, 
conductivity  and  luminescence  of  selected  solids  under  vacuum 

ultraviolet  excitation. 


ILLINOIS 


MsG-24  University  of 'Illinois  G.  W.  Swenson,  Jr. 

Investigation  of  the  ionosphere  using  signals  from  Earth  Satellites. 

NsG-96  University  el  Olice go  C.  N.  Pother 

Theoretical  investigation  of  further  consequences  of  solar  wind. 

NsG-280,  r University  el  Illinois  J.  H.  Bartlett 

j ; * Theoteticsl  research  on  the  periodic  motion  and  stability  of  a 

small  mass  under  the  gravitational  attraction  of  two  heavy  bodies 

HsG-333  University  si  Chi  cage  T.  Pe|lte 

Meteorological  inter preuti on  of  satellite  radiation  dau 

NtG-(F)-3  University  el  Chi  cage  Jeha  Sing  sen 

Space  science  research  facilities 

NASr- 65(01)  Annner  Resnerch  Feendntien  William  0.  Davies 

Conduct  a theoretical  and  experimental  study  of  the  radiative  properties 
of  simulated  Martian  and  Venusian  atmospheres,  and  at  the  aerodynamic 

heating  of  space  vehicles  entering  these  atmospheres. 


Amount 

100,000 

46,294 

6,500 

93.660 

96,000 

109,  »91 
39,496 

48,916 

56.069 

1,775,000 

63,689 
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ILLINOIS  (Continued) 


NASr-65(02}  Armour  Research  Foundation  Wall,  Sell*  & Voy  51,578 

Conduct  studies  of  lunar  soil  mechanics,  including  the  determination 
of  static  mechanical  properties  of  simulated  lunar  soils  under  lunar- 

like  environmental  conditions 


INDIANA 

NsG-301  Purdeo  University  K.  L.  Andrew  100, 000 

High  precision  spectroscopy  with  applications  to  the  study  of  the 
atomic  spectra  of  the  carbon  group  and  to  the  secondary  standards 

in  the  vacuum  ultraviolet  and  the  development  of  computet 
methods  of  data  analysis 


IOWA 

NsG-(F)-4  State  Univeraity  of  Iowa  Janes  A.  Van  Allen  610,000 

Physics  and  astronomy  research  facilities 


KANSAS 

NaG-292  Kansas  State  University  Anthony  Gewienewski  103,858 

Gas  chromatography  techniques  for  the  determination  of  dilute 
constituents  of  biological  material,  including  consideration  of 

material  relevant  to  the  ecology  di  astronauts 


NsG-298 


NASr-124 

NASw-461 


Univarsity  of  Kansas 

Interdisciplinary  studies  in  space  science  and  technology 

Jehn  S.  McNewn 

100,  000 

University  ef  Kansas 

Clay  Hobson 

1,650 

Development  of  specific  space  related  teaching  material. 

designed 

to  serve  as  guides  and  supplements  to  classroom  instruction 

The  Seeing  Company 

let  Exhaust  wake  degradation  Investigation. 

J.  Parkinson 

71.836 

MAINE 


NsG-338  University  of  Meino  T.  H.  Ceny  61.250 

Interdisciplinary  studies  in  space*  related  science  and  technology 

NASr-133  Hebron  Academy  Gerald  Twitched  4, 000 

Conduct  development  of  space  related  materials  designed  to  serve 
as  guides  and  supplements  to  classroom  instructions 

NASr-134  Gorham  Stele  Teachers  College  Morris  WhiWen  2,750 

Conduct  development  of  specific  space  related  teaching  material^ 
designed  to  serve  as  guides  and  supplements  to  classroom  instruction 

MARYLAND 


NsG-189  University  of  Maryland  J.  D.  Findley  100,000 

Conduct  behavioral  research  and  experimental  analysis  of  complex 
behavioral  repertoires  under  full  environmental  control. 

NsG-283  University  of  Maryland  T.  D.  Wilhorsan  18, 179 

Techniques  for  extraterrestrial  measurement  of  low  energy  charged 
particle  fluxes  in  the  interplanetary  plasma 
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MARYLAND  (Continued) 


NASw-545  ACF  Industries,  Inc  J.  P.  Mellln  73. 135 

To  investigate,  under  controlled  conditions,  the  comparative 
sensitivity  of  several  commonly  employed  performance 

measures  to  the  effects  of  strong  motivating  factors. 


R-71  U.S.  Naval  Ordnnee  Laboratory  63, 943 

Conduct  a drag  and  static  and  dynamic  stability  investigation  of 
models  of  the  Mariner  B Shape  A- 1 and  JPL  Configuration  V- 1 at 

flight  velocities  from  13, 000  feet  per  second  to  18, 000  feet  per 
second,  etc. 


MASSACHUSETTS 


NsG-254  Massachusetts  Institute  of  Technology  C.  S.  Draper  100,000 

Analytical  and  laboratory  investigations  to  determine  information  on 
possible  guidance,  navigation,  control  system  and  instrumentation 

concepts  and  configurations  for  spacecraft  having  long  term  earth 
orbit  lunar  and  planetary  missions 

NsG-242  Harvard  Uni  varsity  Sweat  & Prastan  196,540 

Interdisciplinary  studies  of  the  effects  of  high  energy  protons  on 
biologic  systems,  including  participation  in  the  nationwide 

cooperative  study  on  shielding  materials  as  related  to  the  Apollo 
Mission 


NsG-264 

Massachusetts  Institute  •<  Technelegy  Barrett,  Graham,  Ratvse 

An  experimental  investigation  of  the  terrestrial  atmosphere 
utilizing  baloon*  borne  millimeter  radiometers 

131,300 

NsG-282 

Harvard  University  Cl  i Herd  Free  del 

Research  on  mineral  constituents  of  meteorites 

65. 865 

NsG-310 

Northeastern  University  H.  D.  Graybar 

Studies  in  magnetohydrodynamics  to  explain  the  structure  of 
spiral  galaxies 

34,956 

NsG-(F)-6 

Harvard  University  William  H.  Sweet 

Biomedical  research  facilities 

102,685 

KASr-41 

National  Research  Corporation  W.  H.  Keller 

Research  on  the  effects  of  simulated  space  environments  on  the  viability 
of  microorganisms. 

82,440 

NASr-58 

Belt,  Berenek  and  Newman,  Inc. 

Conduct  research  directed  toward  the  establishment  of  criteria  for 
evaluating  the  subjective  noisiness  of  aircraft  sounds. 

40.  000 

NASw-37 

Massachusetts  Institute  of  Technelefy  W.  L.  Xraushaar 

Designing,  constructing  and  testing  a high-energy  gamma  ray  detector 
capable  of  being  carried  in  a satellite. 

50, 000 

NASw-389 

AVCO  Corporation 

Study  of  the  Use  of  Fungal  Luminescence  as  a Physiological  Index 

42.300 

NASw^il 

Sylvonie  Electronics  Systems 

Study  of  the  application  and  instrumentstion  of  visual 
perception  foe  space  exploration 

61,961 

NASw-535 

Allied  Research  Associates,  Inc.  W.  D.  Green 

Study  of  Biological  Mechanisms  in  Instrumentation  Develop- 
ment. 

69,227 
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MASSACHUSETTS  (Continued) 

NASw-549  Parametric*,  Inc.  E.  H.  Camavala 

Experimental  Determination  of  Transport  Properties  of  High 
Temperature  Gases. 

NASw-500  Geophysics  Corporation  of  America  Leslie  G.  Smith 

Proposed  rocket  measurements  in  the  ionosphere  during  a solar 
eclipse. 

W-ll,054-B  U.  S.  A.  F.  Cambridge  Research  Canter  L.  Hogarth 

Experiment  for  orbiting  solar  observatory  S-  16a. 


MICHIGAN 

NsG-181  University  of  Michigan  F.  T.  Haddock 

Conduct  research  on  space- probe  techniques  for  possible  measurements  of 
electromagnetic  phenomena. 

NASr>54(01)  University  of  Michigan  L.  K.  Jrace 

Conduct  research  on  the  temperature,  pressure,  and  density  of  the  Earth's 
atmosphere  by  rocket  probe  techniques,  including:  a.  Analysis  of  data 

from  nine  (9)  IGY  rocket  flights,  b.  Collection  and  analysis  of  pitostatic 
pressure  d^ta  from  approximately  six  (6)  rocket  probe  flights  at  altitudes 
between  40  and  140  kilometers,  c.  Collection  and  analysis  of  data  from 

pressure  gages  and  an  electron  temperature  probe  etc. 


NASw-138  Univarsity  af  Michigan  L.  M.  Jones 

The  development  of  rocket  instrumentation  commenced  under-.Contract  NASw-4 
for  the  measurement  of  atmospheric  pressure,  density,  temperature  and  compo- 
sition in  the  altitude  region  100-200  kilometers.  Test  instrumentation  and  synoptic 
version  of  system  in  rocket  fired  at  Wallops  Island. 

NASw-490  Conductron  Corporation  K.  M.  Siegel 

A theoretical  Investigation  of  the  Use  of  Radar  in  the  Study  of 
the  Moon  and  Planets. 

MINNESOTA 


NsG-79 


University  of  Minnesota  H.  M,  Tsuchiye 

Closed  ecological  system  studies.  (Com.  of  NASw-70) 


j 


NsG-281 


NsG-286 


NsG-327 


NASr-148 


University  of  Minnesota  J.  R.  Wlnckler  & E.  P Nay 

Analytic  and  experimental  research  in  Space  Physics,  including 
balloon  and  rocket  flight  experiments 

University  of  Minnesota  Alfred  0.  C.  Nior 

Experimental  research  on  mass  ipectrometric  techniques  for  the 
study  of  planetary  and  upper  atmosphere  composition 

Mayo  Association  E.  H.  Wood 

Cine  roentgenographic  study  of  the  heart  and  lungs  of  man 
during  exposure  to  forward  acceleration 

University  of  Minnesota  Short  and  Rosholt 

An  administrative  history  of  NASA,  including  documentation 
of  changes  in  agency  structures  and  related  problems  of 

operational  decentralization  and  program  integration. 


MISSOURI 

HsG-185  Washington  University  (St.  Lewis)  M.  W.  Friedlander 

A determination  of  some  characteristics  of  high  altitude  primary  cosmic 
radiation  at  low  and/or  southern  latitudes. 


96-504  O - 63  - pt.  3h  - 12 


«v 


Amount 

39,479 

281,794 

46,500 

133,770 
32, 135 

180,  000 

48. 550 

215,280 
800.  000 
223, 990 
153, 156 
8.394 

36, 000 
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MISSOURI  (Continued) 


NASr-63(02)  Midwaft  Research  Institute  J.  C.  Gresskreetz 

(a)  Conduct  studies  on  the  influence  of  surface  coatings  on  exo- electron  emission 
during  fatigue,  (b)  conduct  studies  on  the  physical  configuration  and  electrical 

characteristics  of  test  samples  with  associated  equipment,  (c)  monitoring 
fatigue  damage  by  the  solid-state  electron  collection  device. 

NASr-63(04)  Midwest  Research  Inatituta  M.  H.  T karat  an 

Develop  and  apply  a methodology  for  measuring  the  short-  and  long-term 
effects  of  increased  participation  in  space  technology  on  the  economy  of 

the  states  of  Missouri.  Oklahoma,  Kansas,  Arkansas,  Iowa,  and  Nebraska-, 
and  analyze  the  technical  capabilities  of  these  states  in  determining  the 
optimum  direction  of  future  economic  effort. 

NEW  JERSEY  I 


NsG-69  Princeten  University  M.  Schwarz sclilid 

The  use  of  television  techniques  with  telescopes  above  the  atmosphere. 


NsG-306  Princeton  University  Jake,  Kwnaan  It  Bernstein 

Theoretical  and  experimental  studies  of  the  formation  and  stability 
of  the  magnetogasdynamic  front  in  a pinch  discharge 

NASw-449  Thiokel  Chemical  Corporation 

Investigation  of  an  advanced  high  energy,  space  notable  propellant 
system. 

NEW  MEXICO 


NASr-115  The  Levelece  Foundation  (or  Med  Ed.  and  Ret.  W.  Randolph  Lovelace  II 

Prepare  a compilation  of  definitive  current  information  in  all  areas  of 
life  science  bearing  on  the  bio- medical  aspects  of  manned  spacecraft 

operations 


NEW  YORK 


NsG-162 

MsG-165 

NsG-177 

NsG-197 

NsG-229 

NsG-290 

NsG-294 


University  ef  Rochester  M.  F.  Kaplan 

Conduct  investigation  of  the  abundance  of  helium  isotopes  and  other 
selected  nuclei  in  low-energy  primary  cosmic  radiation. 

Polytechnic  Institute  ef  Brooklyn  Manila  Abate 

Conduct  theoretical  study  of  the  forces  acting  on  bodies  in  rarefied 
ionized  environments. 

City  College  ef  New  York  R.  Mlneee 

Conduct  theoretical  study  of  the  interaction  of  two  colliding  plasmas 
with  applications  to  astrophysics. 

City  Callage  ef  New  York  Homy  Ssawt 

Theoretical  investigations  of  particle  orbits  and  radiation  modification 
in  gravitational  fields,  and  high-density  plasma  oscillations. 

Celeatbia  University  Arthur  N.  Snakier 

Cor  fuel  a summer  institute  for  space  science,  including  the  selection  and 
support  of  fifty  (SO)  outstanding  undergraduate  science-student  attendees. 

Rensselaer  Polytechnic  Institute  Corelli  A Huntington 

Studies  of  radiation  damage  to  semi-conductors  and  thin  metallic 
films  by  high-energy  electron,  proton,  and  neutron- gamma  radiation 

Celewbia  University  Eugene  LMecblln 

Conduct  materials  research  investigations  using  the  field  ion 
emission  microscope 


Amount 
42. 125 

25,  000 

500, 000 

65,926 
200,  000 

243,920 

15,000 
22,300 
1,500 
20,324 
34, &31 
151,  030 
100,  000 
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NEW  YORK  (Continued) 


NsG-302 

Colombia  University 

Theoretical  research  investigations  in  Plasma  Physics  and 

Robert  A.  Grass 

35,  000 

Magne  togasdy  namic 

NsG-307 

Columbia  University 

David  S.  Smith 

36,380 

An  interdisciplinary  study  of  problems  related  to  the  space  program 

NsG-308 

University  of  Rochester 

Philip  W.  Boumeister 

16, 817 

Investigation  of  New  Methods  of  Designing  Multilayer  Filters  having 
Specified  Transmission  or  Reflectance  as  a Function  of  Wavelength 

NsG-(F)-1 

Ronssoloor  Polytechnic  Institute 

Materials  research  facilities . 

Stephen  E.  Wiberley 

1,500,000 

N A Sr -104 

Grumman  Aircraft  Engineering  Carp. 

Richard  Oman 

55, 000 

Conduct  theoretical  and  experimental  inveitigation  of  high-  eDgery 
molecular  reflection  from  lolid  surfaces  in  the  range  of  incident- 


particle  energy 


NASr-119  Cornell  Aeronautical  Laboratory,  Inc.  A.  Hertiberg  119,996 

Conduct  a research  program  to  determine  the  non- equilibrium  flow 
field  and  the  optical  radiation  around  vehicles  traveling  at  high 

altitudes  and  super- orbital  speeds 


NASr-121  Comal  I Aeronautical  Laboratory,  Inc.  Richard  Taylor  84,973 

Conduct  a research  study  to  establish  requirements  for  spaceborne 
detection,  tracking  and  navigation  systems  suitable  for  use  in 

future  manned  spacecraft  having  rendezvous  and  lunar  landing  missions 


NASr-130 

Inst,  of  the  Aerospace  Sciences  J.  J.  Glennon 

Expansion  of  IAS  to  enable  the  Institute  to  provide  a comprehensive 
coverage  of  world-wide  published  literature  in  the  aerospace  sciences. 

222,895 

NASr-31 

Wilmot  Cestle  Company 

Perform  research  on  sterilization  of  space-  probe  components  by 
dry  heat,  irridiation,  or  other  techniques. 

13, 617 

NAS*- 384 

General  Electric  Company 

Research  and  development  on  an  electrostatic  gyro  system 

274,596 

NASw-459 

Excelco  Developments,  Inc. 

Study  and  evaluation  of  fabrication  methods  necessary  for 
production  of  large  diameter  260  solid  propellant  booster 

27, 900 

NASw-513 

Cutler-Hammer,  Inc.  (Airborne  Instr.  Lob.)  Reger  C.  Moore 

Studies  for  sounding  planetary  ionospheres  in  the  Mariner  Program. 

78,089 

NASw-517 

Sehworx  BioResearch,  Inc  David  R.  Schwarx 

Research  into  the  development  of  a superior  diet  for  use  in  space 
nutrition. 

183.000 

NASw-520 

Radiation  Applications,  Inc. 

Water  recovery  study 

142,560 

NASw-541 

Grumman  Aircraft  Engineering  Carp.  G.  F.  Titterten 

Statistical  Study  of  Luna;  Surface  Information  Requirements. 

18, 167 

NASw-550 

Wilmot  Cestle  Company  C.  W.  Brack 

Studies  for  sterilization  of  Space  Probe  Components. 

91,681 

NAS3-2121 

Cornell  Aeronautical  Laboratory,  Inc. 

Study  of  Meteoroid  Impact  Processes 

78,  000 
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State  and 

Grant  or  Organization 

Contract  No.  and  Purpoie  Investigator 


NORTH  CAROLINA 


NASw-503  Astro,  Inc. 

A preliminary  parametric  study  of  the  Rankine  steam  cycle  for 
space  power  operation  systems. 

OHIO 


NsG-36 

NsG-110 


Co*#  Institute  of  Technology  H.  W.  Mergler 

Investigation  of  the  use  of  hybrid  numerical  circuits  in  closed- loop 
control  systems. 

Cato  inatitut#  of  Technology  L.  A.  Schmit,  Jr. 

Research  to  establish  methods  of  systematic  structural  synthesis. 


N*G-270  Dr#x#l  Institute  of  Technology  P.  C.  Chou 

Theoretical  analysis  of  the  suesses  induced  into  the  walls  of  a liquid 
filled  propellant  tank  impacted  and  penetrated  by  a small  hypervelocity 

particle,  including  prediction  of  impact  conditions  at  which 
catastrophic  failure  of  the  tank  wall  will  occur. 


NsG-29£  Ohio  State  University  E.  P.  Hiatt 

Biological  effects  of  prolonged  exposure  of  small  mammals  to 
closed  gaseous  environments  low  or  free  of  nitrogen 

NsG-315  Xovier  University  B.  Podolsky 

Support  of  «■.  one  week  conference  on  the  foundation  of 
quantum  mechanics 

NASr-100(01)BattelU  Memorial  Inatitut#  W.  $.  Hylor 

Conduct  a mechanical  cycling  experimental  research  program  to 
determine  whether  there  is  a significant  problem  in  mechanical 

fatigue  of  possible  supersonic  transport  materials  due  to  long- 
time thermal  instability 


NASr-141  Ohio  State  University  H.  J.  Peters 

Development  of  source  book  of  guidance  materials  related  to 
educational  and  vocational  guidance  in  occupations  involved 

in  the  exploration  and  use  of  space,  including  btochure  and 
slides  regarding  same. 


NASw-451  North  American  Aviation,  Inc.  Bon  Sclxshea 

Experimental  research  program  on  pilot  performance  during 
simulated  low  altitude- high  speed  flight. 

NASw-471  Goodyear  Aircraft  Corporation 

Study  of  methods  of  structurally  evaluating  expandable 
structures  having  potential  space  application 

OKLAHOMA 


NsG-300  Oklahoma  City  Uni  varsity 

Interdisciplinary  studies  of  the  effects  of  the  space  enviroment  on 
biological  systems. 

NASr-4  Oklahoma  State  University  Herrington  & Cooper 

Development  of  a transistorized  miniature  15-channel  pulse-time  telemeter 
transmitting  set  having  performance  characteristics  comparable  to  the  AN/DKTj-7 

telemeter  equipment  and  compatibility  with  the  AN/FKR-1  receiving  equipment. 


a 

NASr-7  Oklahoma  State  University  F.  C.  Todd 

An  analytical  and  limited  experimental  study  of  the  mechanisms  of 
impact,  penetration  and  light  emission  for  micrometeorites  on  an 

aluminum- coated  photomultiplier. 


Amount 
34,  908 

70,170 
10,  000 
53,292 

120, 000 
7,000 
53,000 

2,625 

63,845 
117s 085 

141,450 

2,424 

56,208 
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State  and 

Grant  or  Organization 

Contract  No.  and  Purpose  Investigator  Amount 


1 £GON 

Ih;  w-458  F i • I d Emission  Corporation  F.  M.  Charbonnior  108,901 

Theoretical  and  experimental  studies  of  the  basic  processes 
which  contribute  to  Voltage  breakdown  under  the  general 

environmental  conditions  pertinent  to  ion  propulsion  systems. 


PENNSYLVANIA 


NsG-84 


NsG-287 


NsG-316 


NtG-324 


NsG-325 


NASr-145 

NASw-470 


Tomplo  University  J.  Lloyd  Bohn 

The  production  of  hypervelocity  particles  of  small  size  and  to  increase  the 
sensitivity  of  micrometeorite  detection  techniques. 

Hovorford  Collogo  Louis  C.  Groom 

Research  on  wave  functions  and  transition  probabilities  for  light 
atoms  and  highly  ionized  ions 

University  of  Ponnsylvonio  M.  Altman 

Research  In  the  conversion  of  various  forms  of  energy  by 
unconventional  techniques 

Ponnsylvonio  State  University  E.  C.  Pollord 

Cellular  biophysics:  a study  of  the  structure  and  function  of 
living  cells 

University  of  Ponnsylvonio  J.  O’M.  Bodtris 

Studies  of  the  fundamental  chemistry,  properties,  and  behavior 
of  fuel  cells 

The  Franklin  Institute  K.  U.  Snowdon 

An  investigation  of  the  effect  of  nucleation  of  slip  at  the  surface 
on  the  flow  and  fracture  of  beryllium 

General  Electric  Company  G.  W.  Rosen 

Study  of  Relationship  of  Properties  of  Composite  Materials  to 
Properties  of  their  Constituents. 


NASw-492  SKF  Industries,  Inc. 

Study  of  bearing  lubricant  endurance  characteristics 


NASw-511  General  Electric  Company  John  J.  Konikoff 

Research  study  of  Bio-  Electrogenesis  as  an  approach  to  waste 
management. 


TEXAS 


37,  814 
11,184 
280,000 
74,969 
99,280 
73, 800 
137, 880 
144,937 
286, 196 


NsG-263 

University  of  Toxos  Matson  & Schorr 

Quantum  mechanical  calculations  and  studies  on  atomic  systems 
of  asuophysical  interest 

30,040 

NASw-439 

Boll  Hollcopter  Company 

Research  on  utilization  of  part- task  spatial  orientation 
information  in  Dynamic  Simulator. 

W.  G.  Matheny 

82,480 

NASw-444 

Chonco  Vaught  Corp. 

Elevated  temperature  material  fatigue  test  program. 

J.  K,  Mertin 

47,430 

VIRGINIA 

NASw-543 

Exotech,  Incorporated 

William  C.  Cooley 

19,402 

Investigation  of  Precession  Control  and  Orbit  Maintenance 
Systems  for  Rotating  Space  Stations. 


WISCONSIN 


NA$r-139 


Astronautics  Corp.  of  America 

Stabilized  platform  for  use  with  the  X-1S  ultraviolet  experiments 
and  related  spare  parts 


180, '441 
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State  tod 

Grant  or  Organization 

Contract  No.  and  Purpoae  Investigator 


WISCONSIN  (Continued) 


NASr-143  Astronautics  Carp.  •(  America 

Field  support  personnel  for  stable  platform  equipment  for  the 
X*  15  ultraviolet  photography  experiment! 

FOREIGN 


NsG-278  Cairn— I catian  Research  Institute  «f  St.  Thomas,.  V.l.  Jehu  C.  Lilly 

A study  of  the  feasibility  and  methodology  for  establishing 
communication  between  man  and  other  species. 

MsG-2tt  Manila  Observatory  Rickard  A.  Millar 

Daily  optical  rncaiioting  of  solar  activity  from  Manila. 

NtG-297  University  af  M—  chaster  Zdaaafc  Kapai 

Piiotogtaphis  observations  of  lunar  surface  from  Japan. 

KaG-305  ' University  al  M—ich  F.  Mailer 

Investigation  of  atmospheric  properties  based  upon  evaluation  of 
inflated  radiation  data  obtained  from  TIROS  satellites 

NsG-330  Daiial—  Ohairvotery  V.  Gaiswahaa 

Solar  Flare  Patrol:  Observation  of  the  Solar  Chromosphere 

NASr-127  later  Aatricw  University  al  Puerto  Rica  laamal  Valet 

Development  of  specific  space  related  teaching  material,  designed  to 
serve  as  guides  and  supplements  to  classroom  instruction. 


Amount 

58.534 

8vj  700 

90.000 

12,750 

29.000 

2,750 
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I would  like  to  say  before  we  adjourn,  that  Congressman  Bradford 
Morse,  of  Massachusetts,  has  asked  that  we  insert  in  the  record  at 
this  point  a statement  tha’t  he  intended  to  make  before  the  subcom- 
mittee this  morning.  Unfortunately  he  had  to  appear  elsewhere  this 
morning. 

Mr.  Morris.  Is  this  statement  going  to  be  comingled  with  the 
statement  of  the  Department  or  after  the  statement  of  the  Depart- 
ment? 

Mr.  Earth.  He  wanted  to  make  the  statement  today  and  I don’t 
think  there  is  too  much  difference  where  it’s  inserted. 

Mr.  Morris.  Sometimes  a Member  likes  to  have  it  first  or  last. 

Mr.  Earth.  Apparently  he  wanted  it  inserted  at  this  point.  If 
there  are  no  objections  it  is  so  ordered. 

(Statement  of  Congressman  F.  Bradford  Morse  follows:) 

Statement  of  Congressman  F.  Bradford  Morse  Before  Subcommittee 
No.  3,  House  Committee  on  Science  and  Astronautics 

Mr.  Chairman,  I am  delighted  to  have  this  opportunity  to  urge  your  subcom- 
mittee to  support  the  National  Aeronautics  and  Space  Administration’s  request 
for  funds  to  construct  an  electronics  research  center. 

There  is  no  doubt  of  the  need  for  such  a center.  We  cannot  hope  to  keep  up 
with  the  Soviet  Union  unless  we  give  our  space  program  the  electronic  tools  it 
needs.  This  center  will  accomplish  the  research  needed  to  do  precisely  that. 
It  will  develop  electronic  devices  for  both  flight  and  on-the-ground  projects  in 
the  areas  of  communications,  instrumentation,  data  processing,  tracking,  flight 
control  and  guidance. 

Obviously,  this  proposal  is  of  extreme  importance  to  this  Nation’s  long  range 
space  research  program  and  to  our  overall  scientific  effort. 

America  may  never  know  the  true  story  of  the  universe  without  this  space 
research  laboratory.  The  work  that  the  center  will  accomplish  will  be  essential 
in  outer  space.  In  the  words  of  Raymond  L.  Bisplinghoff,  Director  of  the  Office 
of  Advanced  Research  and  Technology  for  NASA,  “All  the  technology  for  guid- 
ance systems  and  communications  to  explore  our  solar  system  must  be  developed 
there.” 

The  center’s  importance  will  be  in  the  long-range  efforts  of  our  Nation  to  learn 
about  other  planets.  It  will  involve  fundamental  research  in  electronic  control 
systems,  communications,  and  navigational  procedures  for  deeper  space  missions. 

The  techniques  developed  at  this  laboratory  will  tell  us  whether  we  can  send 
men  on  the  longer  space  flights  and  determine,  to  a great  degree,  whether  or  not 
this  Nation  will  win  the  race  to  the  Moon. 

The  center  will  provide  the  National  Aeronautics  and  Space  Administration 
with  one  of  the  tools  it  needs  successfully  to  participate  in  a competitive,  world- 
wide space  exploration  effort. 

Mr.  Earth.  The  committee  will  adjourn  until  10  o’clock  tomorrow 
morning.  Thank  you  very  much. 

(Whereupon  at  12:05  p.m.  the  subcommittee  was  adjourned  until 
10  a.m.,  Thursday,  April  4,  1963.) 
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THURSDAY,  APRIL  4,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology. 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Karth.  The  committee  will  be  in  order.  Dr.  Kelley,  yesterday 
when  we  adjourned  we  had  in  mind  asking  a few  more  questions  of 
you  this  morning;  then  we  will  hear  from  Mr.  John  Sloop  who  is  here 
with  Dr.  Bisplinghoff . 

At  this  time  I will  recognize  the  gentleman  from  New  Mexico. 

FURTHER  STATEMENT  OF  DR.  ALBERT  J.  KELLEY,  DIRECTOR  OF 
ELECTRONICS  AND  CONTROL,  NASA 

Mr.  Morris.  Doctor,  referring  to  this  Executive  order  which  was 
issued  during  the  previous  administration  and  which,  I believe,  is  still 
in  effect;  I believe  they  call  it  Executive  Order  10521.  It  requires 
NASA  to  survey  all  existing  Government  structures  prior  to  construct- 
ing new  ones. 

Was  this  done  with  regard  to  the  Electronic  Research  Laboratory 
which  is  proposed  in  the  budget? 

Dr.  Kelley.  There  is  a review  procedure  between,  for  example, 
the  Department  of  Defense  and  NASA.  I am  not  familiar  with  the 
exact  interpretation  but  of  course,  we  have  the  NASA-DOD  Aero- 
nautics and  Astronautics  Coordinating  Board  in  that  respect.  The 
information  is  made  known  to  the  various  agencies  on  an  exchange 
basis.  I do  not  know,  specifically,  what  the  procedure  was  in  this 
case;  but  there  is  a constant  yearly  review  of  the  particular  facilities. 

Now,  in  this  case,  I would  like  to  point  out,  specifically,  Mr.  Morris, 
that  we  are  asking  for  land  acquisition.  We  are  not  asking  for 
facilities  or  buildings  this  particular  fiscal  year. 

Mr.  Morris.  Yes,  Doctor,  I understand  that’s  the  normal  proce- 
dure and  I don’t  find  any  fault  in  that.  This  is  the  way  I’d  go  about 
something  like  this  if  I were  to  do  it.  You  get  the  land  first  and  you 
get  the  rest  of  it  later  on. 

Mr.  Karth.  Would  the  gentleman  yield  at  this  point? 

Mr.  Morris.  This  is  the  way  you  would  like  to  do  it. 

Mr.  Karth.  Well,  I would  merely  say  to  Dr.  Kelley,  I think  that 
the  Executive  order  prohibits  your  acquisition  of  land  until  such  time 
as  a survey  is  made  in  accordance  with  that  order. 
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This  is  a personal  opinion,  but  I would  assume  this  would  be  the 
force  and  effect  of  the  Executive  order. 

Now,  has  the  survey  been  made? 

Dr.  Kelley.  1 did  not  mean  to  imply  whether  or  not  the  Executive 
order  was  applicable  in  this  case.  I was  merely  pointing  out  that 
there  would  be — we  would  hope — facilities  under  this  situation,  which 
would  be  under  constant  review  between  the  two  agencies,  DOD  and 
NASA,  for  example.  The  review  procedures  going  on  between  the 
NASA  and  the  DOD  are  not  a subject  that  falls  in  my  domain. 

For  example,  I have  never  been  asked  to  comment,  myself,  on  a 
particular  DOD  facility  as  to  whether  it  would  duplicate  a NASA 
facility. 

There  is  a review  procedure,  I understand,  that  I am  aware  of, 
between  the  two  agencies. 

Mr.  Morris.  Well,  then  you  really  don't  know,  Doctor,  what  pro- 
cedure they  carried  out  to  implement  this  order  for  this  particular 
installation? 

Dr.  Kelley.  I don’t  know  the  details.  Discussion  may  even  go 
on  between  Mr.  Webb  and  Mr.  McNamara  and  so  forth  on  such 
matters. 

Mr.  Morris.  I don’t  know  whether  I should  put  the  question  this 
way.  Do  you  feel  this  order  is  applicable  in  this  case? 

Dr.  Kelley.  Well,  I feel  the  spirit  of  the  order  is  applicable  in  any 
case.  We  certainly  would  not  want  to  duplicate  facilities  between 
two  agencies,  between  any  agencies  in  the  Government.  That  is, 
unnecessary  duplication. 

Some  duplication  is  healthy  and  this,  we  would  hope  we  would  do, 
if  it  should  happen,  in  a known  fashion.  But,  certainly,  the  spirit 
would  apply. 

Mr.  Morris.  Now,  you  may  not  be  familiar  with  a lot  of  these 
installations.  For  instance,  do  you  know  of  the  Naval  Research 
Laboratory  in  Washington,  D.C.? 

Dr.  Kelley.  Yes,  sir;  I am  a member  of  the  naval  service. 

Mr.  Morris.  I beg  your  pardon? 

Dr.  Kelley.  I am  a member  of  the  naval  service. 

Mr.  Morris.  Do  you  know  what  percentage  of  the  effort  at  this 
installation  is  devoted  to  electronics  research  and  development? 

Dr.  Kelley.  I know  their  approximate  budget  is  a hundred  million 
doDars  and  I know,  for  example,  we  have  some  work  we  are  sponsoring 
at  the  Naval  Research  Laboratory. 

I don’t  know  the  exact  breakdown  on  a dollar  basis,  in  electronics. 
However,  we  do  have  a close  association  with  NRL  as  well  as  with 
other  aspects  of  the  Government  who  are  working  on  electronics. 

Mr.  Karth.  Would  the  gentleman  yield  at  this  point? 

Mr.  Morris.  I yield  to  my  chairman,  of  course. 

Mr.  Karth.  Approximately  how  many  employees  do  we  have  at 
the  Naval  Research  Laboratory  in  Washington,  Dr.  Kelley? 

Dr.  Kelley.  I don’t  have  the  numbers  in  my  head,  but  I could 
tell  you  what  I have  available,  sir. 

I can’t  remember  all  the  numbers  at  the  various  installations. 

Mr.  Karth.  I understand  that.  Okay. 

Dr.  Kelley.  I think  it’s  in  terms  of  a few  thousand.  I am  not 
sure. 

Incidentally,  as  you  are  well  aware,  a significant  portion  of  the 
Naval  Research  Laboratory  was  incorporated  into  the  NASA  when 
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it  was  first  formed.  This  was  the  Project  Vanguard  group  which 
became  the  nucleus  for  Goddard  Space  Flight  Center, 

I assure  you,  we  are  well  aware  of  the  capabilities  of  the  Naval 
Research  Lab. 

Mr.  Karth.  They  are  very  capable,  I agree. 

Dr.  Kelley.  They  are  a very  able  group  and  respected  in  the 
United  States;  yes. 

Mr.  Morris.  Doctor,  I am  sure  you  are  familiar,  or  know  of  the 
Navy  Electronics  Laboratory  in  San  Diego,  Calif.? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  You  are  aware  of  the  existence  of  the  material  lab  in 
the  New  York  Naval  Shipyard  in  Brooklyn? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  Ana  that  it  does  some  research  in  electronics  there? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  It  does  do  research  and  development  with  the  Naval 
Research  Lab  in  San  Diego. 

You  also  know,  I am  sure,  of  the  Navy  Underwater  Sound  Labora- 
tory in  New  London,  Conn.? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  And  that  they  do  electronic  research  there? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  The  Naval  Air  Development  Center  at  Johnsville, 
Pa. 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  And  that  they  also  devote  a substantial  portion  of 
their  efforts  in  electronics? 

Dr.  Kelley.  Yes. 

Mr.  Morris.  The  Naval  Ordnance  Laboratory  at  White  Oak,  Md., 
they  also  devote  a considerable  portion  of  their  effort  toward  elec- 
tronics? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  The  Naval  Ordnance  Laboratory  at  Corona,  Calif.? 

Dr.  Kelley.  Yes,  sir,  we  have  some  specific  work  out  of  my  office 
with  the  Naval  Ordnance  Laboratory  at  Corona. 

Mr.  Morris.  Is  that  a pretty  good  installation — pretty  competent 
people  out  there?  * 

Dr.  Kelley.  Yes,  they  have  been  largely  involved,  in  the  past,  in 
fusing,  and  electronic  techniques  associated  with  fusing,  of  explosive 
devices,  particularly  warheads. 

They  are  doing  some  sensors  which  we,  in  fact,  are  sponsoring  with 
them — infrared,  particularly,  I believe. 

Mr.  Morris.  You  are  also,  I am  sure,  familiar  with  the  Naval 
Ordnance  Test  Station  at  China  Lake,  Calif.,  and  their  work  there? 

Dr.  Kelley,  Yes,  sir. 

Mr.  Morris.  The  Applied  Physics  Laboratory  at  Johns  Hopkins 
University,  Silver  Spring,  Md.? 

Dr.  Kelley.  Yes,  sir,  that  is  a lab  of  Johns  Hopkins  under  contract 
to  the  Navy  similar  to  the  Jet  Propulsion  Lab  contract  with  the 
NASA. 

Mr.  Morris.  You  are  also  aware,  a good  portion  of  their  effort  is 
devoted  to  electronics? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  Now,  are  you  familiar  with  the  Army's  installations? 
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Dr.  Kelley.  Pretty  much  in  general. 

Could  I add  something,  on  the  naval  installations? 

Mr.  Morris.  Yes,  sir. 

Dr.  Kelley.  I don’t  know  whether  the  committee  was  aware  of  the 
fact,  but  I am  a commander  on  active  duty  in  the  U.S.  Navy  and  an 
electronics  specialist  in  the  Navy,  as  well  as  my  job  in  NASA;  so  I hope 
I would  know  what  is  at  the  existing  facilities. 

Mr.  Morris.  You  certainly  have  proven  yourself  capable  and  able, 
Doctor,  and  I want  you  to  understand,  and  I’m  sure  you  do  because 
of  the  responsible  position  that  you  hold,  that  we  are  not  trying  to 
embarrass  anyone. 

We  are  trying  to  develop  what  existing  facilities  are  available  and 
what  they  do  in  order  that  we  might,  we  hope,  make  an  intelligent 
decision. 

So  far  as  I am  personally  concerned,  Dr.  Kelley,  I have  read  very 
carefully,  the  report  that  you  made  on  a recent  panel  that  you  con- 
ducted and  I don’t  think  that  anyone  could  read  this  report  and  not 
have  a great  deal  of  admiration  for  the  chairman  of  the  panel  and 
for  all  the  members  on  the  panel  as  well. 

In  the  first  place,  it  sometimes  takes  courage  to  write  reports,  and 
in  the  second  place,  it  takes  a lot  of  ability  to  find  out  the  information 
that  this  panel  apparently  found  out. 

So,  if  we  have  left  the  impression  that  we  are  trying  to  be  facetious, 
we  certainly  did  not  intend  to. 

Dr.  Kelley.  I understood  that.  Thank  you,  sir. 

Mr.  Morris.  It  is  possible  that  some  of  us  are  provincial  at  times, 
particularly  when  it  gets  close  to  parts  of  the  country  that  are  very 
dear  to  our  hearts. 

I have  to  admit  that  when  we  start  thinking  about  New  Mexico, 
I have  some  reservations  as  to  whether  I can  be  as  unbiased  as  I can 
regarding  some  other  places  in  the  country. 

Do  you  know  of  the  installation  at  Fort  Huachuca,  Ariz.? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  It  is  an  Army  installation? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  You  know  of  the  existence  of  the  White  Sands  Missile 
Range  in  New  Mexico? 

Dr.  Kelley.  Yes,  sir.  In  fact,  NASA  uses  this  quite  a bit,  as  I 
am  sure  you  are  aware. 

Mr.  Morris.  You  also  know  of  the  electronic  work  they  do  there? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  And  also  of  the  work  that’s  being  done  at  Fort  Hua- 
chuca, Ariz.? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  Under  the  sponsorship  of  the  Army. 

I’m  sure  you  know  that  there  are  some  other  Army  installations 
where  Army  research  has  been  carried  on  in  electronics? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  Now,  I’m  not  going  to  go  down  the  list  and  ask  you 
specifically  on  these. 

I am  going  to  ask  unanimous  consent,  and  the  indulgence  of  the 
committee,  that  we  place  in  the  record,  a list  of  installations  of  the 
Army,  Navy,  and  the  Air  Force,  that  we  have  gotten  information  on, 
that  do  work  in  electronic  research. 
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Mr.  Chairman,  I ask  unanimous  consent  for  this. 

Mr.  Karth.  I'm  sure  there  would  be  no  objection. 

Hearing  no  objections.  It  is  so  ordered. 

(The  information  requested  for  the  record  is  as  follows:) 

U.S.  Armt  Electronics  Research  and  Development  Laboratory, 

Fort  Monmouth,  N.J. 

Plant  facilities:  The  facilities  of  the  physical  plant  provide  more  than  860,000 
square  feet  of  usable  floorspace:  hexagon  area  429,619  square  feet;  Evans  area, 
348,021  square  feet;  t<-st  area,  29,761  square  feet;  supply  area,  55,627  square  feet. 
The  hexagon  and  Evans  areas  consist  of  laboratory  and  office  space  supplemented 
by  shop  and  supply  service  space.  The  hexagon  construction  permits  60-  and 
400-cycle  electrical  power,  telephone,  water,  compressed  air,  gas,  and  other  utilities 
to  be  placed  in  any  2-foot  square  anywhere  in  the  building.  The  shops  are 
equipped  and  staffed  to  perform  any  type  of  internal  work  required  by  the  scien- 
tists and  engineers. 

Number  of  employees:  3,504. 

Cost  of  current  year  in-house  program,  $28,800,000. 

Description  of  special  research  facilities:  In  the  test  area  are  extensive  high- 
temperature,  humidity,  and  cold  test  facilities.  A new  humidity  test  chamber  is 
under  construction  in  the  hexagon  area;  a new  cold  test  facility  will  be  added. 
When  completed  these  facilities  will  meet  all  anticipated  requirements  for  testing 
Army  equipment. 

A new,  large-size  White  noise  generator  and  an  ionosphere  chamber  have  just 
been  installed  in  the  Evans  area  where  standard  shock  and  vibration  test  equip- 
ment is  also  located. 

A recently  completed  standards  laboratory  contains  the  latest  calibration  and 
test  equipments,  all  of  wrhich  have  been  coordinated  with  and  approved  by  the 
National  Bureau  of  Standards. 

The  Astro- Observation  Center  space  receiving  station  at  the  Deal  site  is  the 
most  modern  of  its  kind  in  this  country.  It  is  in  operation  24  hours  per  day  and 
has  the  largest  known  library  of  signals  from  outer  space.  This  station  has  excep- 
tional capabilities  in  respect  to  precision  frequency  measurements  which  are  of 
critical  importance  in  connection  with  the  study  and  interpretation  of  radio 
propagation  characteristics  of  the  Earth’s  upper  atmosphere. 

Areas  of  major  research  effort: 

1.  Power  sources  research  and  development. 

2.  Basic  research  in  physical  sciences. 

3.  Basic  research  in  earth  sciences. 

4.  Electromagnetic  phenomena  applied  research. 

5.  Electronic  parts,  research  and  development. 

6.  Electronics  material,  research  and  development. 

7.  Frequency  control  devices. 

8.  Thermionics  devices,  research  and  development. 

9.  Solid-state  devices,  research  and  development. 

10.  ADPS  techniques  applied  research. 

11.  Meteorological  investigations. 

12.  Communication  techniques,  research. 

13.  Radiofrequency  compatibility  research. 

14.  Target  detectors  techniques. 

15.  Supporting  development  for  combat  surveillance. 

16.  Command  control  center. 

17.  Intercontinental  strategic  communications. 

18.  Communications  security  equipments  and  techniques. 

19.  Tactical  ADPS  equipment. 

20.  Aerial  combat  surveillance  equipment  and  systems. 

21.  Laser  research. 

22.  Unmanned  aerial  surveillance  systems. 

23.  Ground-based  combat  surveillance  equipment  and  systems. 

24.  Nuclear  surveillance  devices. 

25.  Image  interpretation  and  photographic  equipments  and  systems. 

26.  Electronic  warfare  equipment  and  techniques. 

27.  Flight  aids  and  instruments. 

28.  Navigation  and  air  traffic  regulation  equipments. 
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U.S.  Army  Electronics  Research  and  Development  Activity,  Fort 

Htjachuca,  Ariz. 

Plant  facilities:  This  activity  has  the  following  facilities  available: 

1.  Automatic  data  processing  center;  IBM  709  is  a major  item  of  equip- 

ment. 

2.  Standards  and  calibration  laboratory. 

3.  Airborne  television  sensors  laboratory. 

4.  Airborne  photographic  sensors  laboratory. 

5.  Antennas  test  and  evaluation  tower. 

6.  Signal  source  suspension  and  control  system. 

7.  Artillery  bunkers;  provide  protection  of  personnel  during  experiments 

with  EW  jammers  against  actual  and  direct  VT  fuze  fire. 

8.  Ground  radar  engineering  laboratory. 

9.  Airborne  radar  engineering  laboratory. 

10.  Drone  engineering  laboratory. 

11.  Antenna  pattern  measurement  range. 

12.  Radar  geometric  fidelity  facility. 

13.  Infrared  laboratory. 

14.  Radiological  sensors  laboratory. 

Number  of  employees:  644. 

Cost  of  current  year  in-house  program:  $3,100,000. 

Description  of  special  research  facilities: 

1.  Automatic  data  processing  systems  engineering  facility  includes  mobile 
laboratory  vans  for  data  transmission  capability  tests. 

2.  Meteorological  standards  and  calibration  laboratory  is  equipped  with 
test  chambers  and  measurement  standards  for  the  calibration  of  temperature, 
pressure,  humidity,  and  solar  radiation  sensors. 

3.  Meteoroligical  research  wind  tunnel  is  located  at  Colorado  State 
University  and  is  especially  designed  for  micrometeorological  research.  It 
has  a test  section  which  is  6 feet  square  in  cross  section  and  80  feet  long. 
Temperature,  humidity,  and  wind  speed  are  controllable  and  the  temperature 
and  roughness  of  the  boundary  surface  can  be  adjusted  for  controlled  experi- 
mentation with  the  boundary  layer. 

4.  Computers  for  use  in  meteorological  research  including  the  following: 

(o)  One  Bendix  G— 15  digital  computer. 

(b)  One  Pace  31-R  analog  computer  with  a special  soil  analog  designed 
for  use  in  simulating  atmospheric  energy  balance  at  the  Earth’s  surface. 

5.  Meteorological  instrument  test  facility  includes  telemetering  lines  to  an 
instrument  recorder  facility. 

6.  Electronics  laboratory  includes  a microwave  anechoic  chamber.  This 
chamber  is  17  feet  long  by  15  feet  wide  by  11  feet  high  and  is  rated  at  40  deci- 
bels absorption  in  all  directions  over  a*  frequency  range  of  500  mc/s  to  50 
kmc/s. 

7.  Airborne  sensor  laboratory. 

8.  Nuclear  laboratory  and  radiation  calibration  laboratory. 

Areas  of  major  research  effort:  Major  in-house  effort  being  accomplished 
includes: 

1.  The  design,  development,  and  engineering  design  test  of  automatic  data 
processing  systems. 

2.  Coordination  of  out-house  basic  research  program  in  micrometeorology 
and  integration  of  the  research  output  into  the  development  of  mathematical 
models  describing  special  conditions  of  the  atmospheric  boundary  layers. 

3.  Provision  of  meteorological  services  to  R.D.  & T.E.  test  activities  at  12 
locations  ranging  from  Alaska  and  Greenland  to  Panama  and  including  9 
locations  in  the  contiguous  United  States. 

4.  Special  studies  of  the  feasibility  small-scale  forecast  techniques  for  use 
in  the  Army  integrated  meteorological  system. 

5.  Research  on  weather  forecast  techniques  based  on  atmosphere  mo- 
mentum principles. 

6.  Study  of  gamma  ray  intensity  distributions  in  the  vicinity  of  radio- 
active fallout  fields. 

7.  Study  of  narrow-band  techniques  for  frequency  conversion  to  a new 
modulation  system. 
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U.S.  Abmt  Security  Agency 

Test  and  evaluation  facility,  Fort  Huachuca,  Ariz.:  The  U.S.  Army  Security 
Agency’s  R.D.T.  & E.  facility  at  Fort  Huachuca  consists  of  three  buildings  pro- 
viding a total  of  17,710  square  feet  of  floor  space  and  two  permanently  assigned 
field  test  areas.  Two  of  the  buildings  are  modified  barracks-type  buildings  which 
provide  the  administrative  area  and  space  for  bench  testing  and  area  for  storage 
of  supplies  and  maintenance  parts.  The  third  building,  used  as  a maintenance 
area  and  for  storage  of  testing  equipment,  is  a temporary  building  of  approxi- 
mately 1,800  square  feet. 

Number  of  employees:  79. 

Cost  of  fiscal  year  1963  in-house  program:  $450,000. 

Computer  facility:  This  facility  will  be  used  for  testing  computer  techniques. 
It  will  be  in  operation  as  of  March  25,  1963,  at  the  following  locations: 

Vint  Hill  Farms  Station,  Warrenton,  Va.,  1,000  square  feet. 

Headquarters,  U.S.  Army  Security  Agency,  Arlington,  Va.,  1,000  square 
feet. 

Number  of  employees:  30, 

Programed  funding:  $1,200,000  per  annum. 

Geodesy,  Intelligence,  and  Mapping  Research  and  Development  Agency, 

Fort  Belvoib,  Va, 

Facilities:  The  following  facilities  and  equipment  of  the  Geodesy,  Intelligence, 
and  Mapping  Research  and  Development  Agency  are  used  for  electronic  research 
and  development: 

Continuous  wave  Jaser  and  auxiliary  equipment,  time  and  frequency 
standards;  precise  means  for  determining  impedance,  phase,  frequency 
wavelengths,  transistor  and  electron  tube  parameters;  signal  generators, 
zero  to  10,000  megacycles,  and  receivers,  400  to  10,000  megacycles,  oscillo- 
scopes, various  power  supplies,  and  ohmmeters. 

Number  of  employees:  9. 

Cost  of  fiscal  year  1963  in-house  program:  $60,000. 

Scope  of  in-house  effort: 

1.  Study  application  of  lasers  to  mapping  and  geodesy,  laser  beam  char- 
acteristics, modulation  techniques,  demodulation,  noise  problems,  amplifiers, 
receivers,  photo  mixing,  and  optical  heterodyning  and  laser  transponder, 

2.  Study  application  of  certain  phenomena  as  Doppler  effect,  Zeeman 
effect,  and  Farady  effect  to  geodesy.  Interferometer  studies  connected  with 
electronic  angle  measurement.  R.  Jk  D.  in  connection  with  automatic 
mapping  systems,  design,  building,  and  testing  electronic  circuits.  Building 
vidicon  scan  system  to  test  feasibility  of  electronically  viewing  a special  type 
of  photography.  Transistor  and  vacuum  tube  amplifiers,  logic  circuits, 
counters,  flying  spot  scanners,  and  photo  multipliers  are  used  in  studies. 

U.S.  Army  Electronics  Research  and  Development  Activity,  White  Sands 

Missile  Range,  N.  Mex. 

Plant  facilities:  Laboratory  and  engineering  space,  54,511  square  feet;  shop, 
administrative,  and  assembly  space,  22,503  square  feet;  storage  space,  23,564 
square  feet. 

Number  of  employees:  822. 

Cost  of  current  year  in-house  program:  $9,100,000. 

Description  of  special  research  facilities: 

1.  Satellite  communications  ground  facility  consists  of  a satellite  commu- 
nication ground  station  with  UHF  transmitter  feeding  a 28-foot  parabolic 
antenna,  a dual  parametric  receiver  system,  a 100-watt  VHF,  frequency 
modulation,  transmitter,  and  a VHF  dual  diversity  receiver  system  for  satel- 
lite acquisition. 

2.  Micromodule  laboratory  is  a complete  micromodule  design  kit  for  de- 
signing, constructing,  and  encapsulating  micromodule. 

3.  Radar  laboratory  facility  (XN-3).  This  facility  has  been  designed  as 
a research  and  development  tool  for  the  instrumentation  department.  This 
facility  includes  a 3-megawatt  AN/FPS-1 6-type  radar,  2 analog  computers 
with  a total  of  96  direct  current  amplifiers,  2 X-7  plotting  boards,  and 
various  types  of  test  equipment. 

4.  Electromagnetic  environmental  research  facility.  Used  where  free 
space  conditions,  or  conditions  having  a controlled  degree  of  ground  or  other 
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reflection,  are  needed  for  research  in  missile  instrumentation,  radio  propaga- 
tion, and  related  areas.  Dynamic  conditions  are  simulated  using  small 
missiles  to  carry  test  packages  past  associated  equipment  suspended  above 
nonreflecting  ground  surfaces. 

5.  Electronic  imaging  research  laboratory  has  the  capability  for  research 
leading  to  the  development  of  new  and  improved  techniques  and  imaging 
equipment  in  the  infrared,  visible,  and  ultraviolet  spectral  region,  primarily 
as  applies  to  the  military  environment  instrumentation  and  measurements 
mission. 

6.  Laser  research  laboratory.  The  electrochemical  laboratory  is  capable 
of  conducting  research  and  development  pertaining  to  the  formulating  of 
transformations  and  separations  of  successive  operations  required  to  prepare 
organic  and  inorganic  electrophosphorescent  materials  for  analysis  ami  evalu- 
ation of  efficiencies  and  spectral  response  measurements  required  for  high- 
power  continuous  or  pulsed  radiant  energy  emission  systems. 

7.  Instrumented  meteorological  towers: 

(a)  Tower  I is  a 225-foot  triangular  steel  tower  which  is  designed  so 
that  it  can  be  extended  to  400  feet.  Ten  booms  supporting  the  instru- 
mentation extend  9 feet  out  from  the  tower  and  are  located  at  6,  12,  22, 
42,  62,  82,  102,  122,  162,  and  202  feet  above  ground. 

(b)  Tower  II  is  a 142-foot  lightweight  portable  tower. 

(c)  Tower  III  is  a 500-foot  tower  which  has  been  designed  for  instru- 
mentation at  eight  levels  with  Beckman  & Whittey  wind  sensors. 

8.  Meteorological  rocket  facilities  are  available  for  preparing,  launching, 
tracking,  and  collecting  data  from  rockets  such  as  Nike-Cajun,  Nike- Apache, 
Asp,  Areas,  Loki,  Judi,  Boosted  Areas,  Metroc,  and  Hopi. 

9.  Meteorological  instrumentation  calibration  facilities: 

(a)  A precision  wind  tunnel,  with  speed  capability  of  1 to  75  miles  per 
hour,  is  available  for  calibration  of  wind  instrumentation.  The  test 
section  measures  4 feet  in  each  dimension. 

( b ) Laboratory  facilities  are  available  for  calibration  of  temperature, 
pressure,  and  humidity  sensors. 

10.  Atmospheric  propagation  facilities  are  available  for  a determination  of 
attenuation,  absorption,  and  scattering  of  electromagnetic  energy  due  to 
atmospheric  constituents  and  contaminants  under  controlled  conditions. 

Area  of  major  research  effort: 

1.  Range  instrumentation,  research  and  development  in  the  following 
areas: 

(a)  Radar  instrumentation. 

(b)  Beacon  development. 

(c)  Missile  range  contact  and  instrumentation  communications. 

(d)  Telemetry  systems. 

2.  Environmental  sciences  including: 

(a)  Atmospheric  effeets  on  missile  activities. 

( b ) Operation  of  meteorological  rocket  network. 

(c)  Techniques  for  meteorological  team  services. 

(d)  Techniques  for  meteorological  rocket  network. 

3.  Missile  electronic  warfare  covering  investigations  and  studies  covering 
long-range  infrared  detection,  ionosphere  radar  research,  and  research  for  low- 
temperature  application  to  IR  detectors. 

U.S.  Army  Electronic  Proving  Ground,  Fort  Huachuca,  Ariz. 

Facilities: 

1.  Automatic  Data  Processing  Center  consisting  of  IBM  709  computer 

and  IBM  1401  computer. 

2.  Data  reduction  center. 

3.  Electronic  EAM  center. 

4.  Meteorological  standards  and  calibration  laboratory. 

5.  Airborne  television  sensors  laboratory. 

6.  Airborne  photographic  sensors  laboratory. 

7.  Antennae  test  and  evaluation  tower. 

8.  Signal  source  suspension  and  control  system. 

9.  Two  artillery  bunkers  utilized  in  test  and  evaluation  of  electronic 

experiments  against  actual  and  direct  VT  fuzes. 

10.  Heat  range — east  and  west  range. 

11.  Ground  radar  engineering  laboratory. 

12.  Airborne  radar  engineering  laboratory. 
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13.  Drone  engineering  laboratory. 

14.  Radio  frequency  maintaining  station. 

15.  Computers  test  facility. 

16.  Antenna  pattern  measurement  range. 

17.  Radar  geometric  fidelity  facility. 

18.  Decca  navigation  station. 

19.  Survey  systems  test  facility  (a  terminal  at  Yuma  and  Fort  Huaehuca). 

20.  Telemetry  facilities. 

21.  Radiofrequency  facility. 

22.  Electromagnetic  environmental  test  facility. 

23.  Spectra  facility  (425  electronic  generators). 

24.  Infrared  laboratory. 

25.  Radiological  sensors  laboratory. 

26.  Video  raking  and  displaying  facility  (mobile). 

27.  Extensive  technical  libraries. 

28.  Pictorial-graphics  facility. 

29.  Radar  spoke. 

30.  Radar  target  indicating  track. 

31.  Spatial  resolution  facility. 

32.  ultrahigh  computers  station. 

33.  Avionics  library. 

34.  R4D  or  C47  air  plate  laboratory. 

35.  Technical  target  complex. 

Number  of  employees:  9,985. 

Cost  of  current  year  program:  $26,107,000.* 

Navy  In-House  Electronics  Research  and  Development  Facilities 

Naval  Research  Laboratory,  Washington,  D.C. — Conducts  research  and  develop- 
ment in  physical  and  related  sciences  toward  new  and  improved  materials, 
equipment,  techniques,  and  systems.  Effort  is  grouped  into  three  major  fields: 
electronics,  materials,  and  nucleonics.  Approximately  3,500  employees  of  which 
1,200  are  professional.  Total  funds,  $68.4  million.  About  50  percent  of  the 
total  effort  is  devoted  to  electronics  research  and  development. 

Navy  Electronics  Laboratory,  San  Diego,  Calif. — Conducts  research,  develop- 
ment, and  tests  in  electronics  and  related  fields  of  engineering  and  science,  in- 
cluding radio,  radar,  sonar,  and  oceanography.  Approximately  1,300  employees 
of  which  750  are  professional.  Total  funds,  $26.6  million.  About  90  percent 
of  the  total  effort  is  devoted  to  electronics. 

Material  Laboratory,  New  York  Naval  Shipyard,  Brooklyn. — Conducts  research, 
development,  analytical  testing,  evaluation,  and  standardization  on  various 
materials  and  equipme  ,t.  Approximately  877  employees  of  which  393  are  pro- 
fessional. Funds  $15  million.  About  25  percent  of  the  total  effort  is  devoted 
to  research  and  development  of  electronic  components. 

Navy  Underwater  Sound  Laboratory,  New  London,  Conn. — Conducts  research, 
development,  system  studies,  and  engineering  evaluation  in  the  fields  of  sonar, 
radio,  radar,  infrared,  and  related  physical  sciences.  Approximately  778  em- 
ployees of  which  383  are  professional.  Funds,  $14  million.  About  50  percent 
of  the  total  effort  is  in  electronics. 

Naval  Air  Development  Center,  JohnsviUe,  Pa. — Conducts  research,  development, 
test,  and  evaluation  of  aircraft  systems  and  equipment.  Approximately  2,200 
employees  of  which  565  are  professional.  Total  funds,  $28.8  million.  About 
40  percent  of  the  total  effort  is  in  electronics. 

Naval  Ordnance  Laboratory,  White  Oak,  Md. — Conducts  research,  development, 
test,  and  evaluation  of  ordnance  systems,  components,  and  materials  especially 
for  missiles  and  underwater  ordnance.  Approximately  3,130  employees  of  which 
1,090  are  professional.  Total  funds,  $47.1  million.  About  25  percent  of  the  total 
effort  is  in  electronics. 

Naval  Ordnance  Laboratory,  Corona,  Calif.— Conducts  research,  development, 
test,  and  evaluation  of  ordnance  systems,  components  and  materials  especially 
for  guided  missiles  and  related  electronics.  Approximately  1,100  employees 
of  which  462  are  professional.  Total  funds,  $24.4  million.  About  75  percent 
of  the  total  effort  is  in  electronics. 

■ Includes  contract  to  operate  and  maintain  electromagnetic  environmental  and  test  facility,  survey  sys- 
tems test  facility,  and  common  test  facility. 
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Naval  Ordnance  Test  Station,  China  Lake,  Calif. — Conducts  research,  devel- 
opment, test,  evaluation,  and  limited  production  of  ordnance  materials,  com- 
ponents, and  systems  in  the  field  of  rockets,  guided  missiles,  underwater  ordnance, 
and  aircraft  fire  control.  Approximately  6,000  employees  of  which  1,230  are 
professional.  Funds,  $84.1  million.  About  40  percent  of  the  total  effort  is  in 
electronics. 

Applied  Physics  Laboratory,  Johns  Hopkins  University,  Silver  Spring,  Md. — 
This  laboratory  iperated  by  Johns  Hopkins  University,  has  land  mostly  contrac- 
tor owned  and  utilities  mostly  Government  owned.  It  does  research  and  de- 
velopment on  surface-launched  missiles  and  systems.  Approximately  2,300 
employees.  T^tal  funds,  $41.5  million.  About  75  percent  of  the  total  effort  is 
in  electronics. 

Air  Force  Activitt  at  L.  G.  Hanscom  Field,  Bedford,  Mass. 

1.  The  principal  activity  at  Hanscom  is  the  Electronic  Systems  Division  which 
is  responsible  for  the  acquisition  of  individual  command  and  control  systems  for 
major  commands  having  a need  for  such  systems.  At  present  there  are  14  major 
command  and  control  systems  under  development  which  involve  detection,  warn- 
ing, data  processing,  display,  communications,  and  weather  systems. 

2.  The  annual  budget  for  ESD  is  slightly  less  than  $1  billion.  Of  this,  about 
60  percent  is  expended  for  research,  development,  test,  and  evaluation  of  equip- 
ment for  command  and  control  L systems.  It  is  expected  that  the  ESD  budget 
authorization  over  the  next  5 years  will  undergo  moderate  growth,  approximately 
4-  to  5-percent  increase  each  year. 

3.  Also  at  Hanscom  Field  are  the  Air  Force  Cambridge  Research  Laboratories, 
a part  of  the  Office  of  Aerospace  Research,  which,  in  addition  to  its  independent 
research  activity,  devotes  a portion  of  its  mission  to  support  of  ESD  by  provid- 
ing basic  and  applied  research  for  command  and  control  systems.  Lincoln  Labo- 
ratory, a MIT  facility  of  specialized  scientific  competency," conducts  basic  research 
for  command  and  control  systems.  Technical  support  is  provided  ESD  by  the 
Mitre  Corp.,  a nonprofit  organization.  Its  annual  expenditures  are  on  the  order 
of  $30  million.  A facility  of  the  Systems  Development  Corporation  provides 
support  to  ESD  in  system  design  of  computer  programs.  SDC  is  funded  at  an 
annual  level  of  approximately  $18  million. 

4.  The  total  work  force  of  the  Hanscom  complex  is  in  excess  of  10,000  persons . 
Existing  facilities  were  acquired  for  $68  million  and  approximately  $5,5  million 
will  be  added  during  fiscal  year  1964.  The  total  annual  payroll  of  the  Hanscom 
complex  approximates  $71  million.  In  addition  to  the  systems  procurement 
already  described,  Hanscom  Field  local  procurement  amounts  to  approximately 
$15  million  per  year. 

BSD  PROJECTS — COMMAND  AND  CONTROL  SYSTEMS 

Command  and  control  systems,  often  referred  to  as  L systems  because  of  their 
numerical  and  letter  designations,  are  those  major  electronic  systems  used  for 
collecting,  transmitting,  processing,  and  displaying  information  for  command 
decisions  and  for  control  of  forces,  weapons,  and  aerospace  vehicles. 

412L — Air  weapons  control  system:  An  oversea  theater  tactical  air  weapons 
control  and  warning  system. 

416L — SAGE  air  defense  system:  A semiautomatic  area  air  weapons  control  and 
warning  system  including  the  backup  interceptor  control  (BUIC)  for 
detecting,  identifying,  tracking,  and  providing  interceptor  -weapon 
direction  against  air-breathing  threats  to  the  United  States  and  Canada. 
425L — Norad  Combat  Operations  Center:  A system,  hardened  for  sustained 
operations  in  the  face  of  a nuclear  attack,  which  collects,  processes,  and 
displays  data  to  assist  the  commander  in  chief,  North  American  Air 
Defense  Command,  in  commanding  and  controlling  his  forces. 

431L — Traffic  control  and  landing  system:  A program  for  updating  of  the  traffic 
control  and  landing  systems  at  U.S.  Air  Force  bases  throughout  the 
world. 

433L — Weather  observation  and  forecasting  system:  A global,  semiautomatic 
electronic  system  for  modernization  of  the  Air  Force  Air  Weather 
Service  to  provide  high  quality  and  timely  weather  observations, 
information,  studies,  advice  and  forecasts  in  support  of  military  opera- 
? tions  and  command  and  control  systems. 

438L — Aerospace  intelligence  data  system:  A system  for  high-speed  processing  of 
worldwide  intelligence  data. 
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465L — Strategic  Air  Command  control  system:  A system  which  collects,  processes, 
and  displays  data  to  assist  the  commander  in  chief,  Strategic  Air  Com- 
mand, in  commanding  and  controlling  his  forces. 

466 L — Electromagnetic  intelligence  system:  A worldwide  system  for  collecting 
intelligence  by  electromagnetic  means  and  processing  and  transmitting 
it  to  users  by  high-speed  electronic  equipment  and  techniques. 

473L — Headquarters,  USAF,  command  and  control  system:  A data  processing 
and  display  system  to  assist  Headquarters,  USAF,  in  making  command 
decisions. 

474L — Ballistic  missile  early  warning  system:  A system  to  provide  early  warning 
of  a mass  ballistic  missile  attack  on  the  North  American  Continent 
from  the  north. 

477L — Nuclear  detection  and  reporting  system:  A system  to  provide  the  North 
American  Air  Defense  Command  and  other  military  and  civilian  agen- 
cies with  essential-information  on  nuclear  detonations  occurring  within 
the  area  of  responsibility  of  the  North  American  Air  Defense  Command. 
480L — USAF  aerospace  communications  complex:  A program  of  support  for  the 
Air  Force  segment  of  the  long-haul  defense  communications  system 
and  for  the  USAF  ground/aerospace  communications. 

48 1L — Postattack  command  and  control  system:  A system  to  enable  the  com- 
mander in  chief,  Strategic  Air  Command,  to  control  his  forces  in  the 
event  that  a nuclear  attack  destroys  or  seriously  degrades  his  normal 
facilities. 

482L — Emergency  mission  support  system:  A system  which  will  provide  air 
transportable  air  traffic  control,  communications,  and  navigational  aid 
facilities  in  support  of  air  operations  where  existing  facilities  are  not 
available. 

496L — Space  track:  A system  for  detecting,  tracking,  identifying,  and  cataloging 
orbiting  objects. 

Mr.  Morris.  Now,  Doctor,  yesterday,  as  I recalled,  you  made  a 
statement  and  I thought  it  was  a very  fine  statement. 

Your  position  is  a very  responsible  one  in  NASA  and  this  is  to  get 
the  best,  the  very  best  in  electronics  research  and  development  in 
NASA,  that's  possible. 

X behev e that  your  statement  was  that  the  best  way  for  you  to  do 
your  job  would  be  to  have  the  electronics  research  at  this  propos  d 
electronic  center. 

Dr.  Kelley.  Yes,  sir. 

Mr.  Morris.  X am  not  telling  you  what  you  said.  You  know 
what  you  said  better  than  I,  but  this  is  what  I recall  of  what  you  said, 
and  I think  it  is  a fair  statement,  and  I think  that  it’s  true. 

It  probably  might  be  better  for  your  position  and  for  your  agency, 
but  there’s  another  important  thing;  perhaps  you  think  about  this 
installation  as  I think  about  New  Mexico. 

What  about  the  overall  resources  of  the  country? 

What  about  the  research  in  electronics,  the  contribution  it  would 
make  to  the  overall  effort  of  the  country? 

Now,  do  you  think  for  the  overall  effort  and  advancement  of  the 
technology  of  our  country,  that  it  would  be  best  to  concentrate 
electronics  research  in  one  place? 

Dr.  Kelley.  I sincerely  do,  Mr.  Morris. 

If  you  mean  for  the  overall  benefit  of  the  country,  that  part  of  this 
involves  what  is  for  the  benefit  of  the  space  program  and  our  national 
posture  in  space  for  the  long-range  future;  I sincerely  believe  this  is 
the  best  way  to  implement  this  particular  technical  requirement; 
yes,  sir,  the  most  efficient. 

Mr.  Morris.  To  have  it  concentrated  in  one  place? 

Dr.  Kelley.  The  most  efficient  in  managing  the  required  in-house 
and  out-of-house  growth  that  we  have  to  have  in  this  field. 


2254 


1964  NASA  AUTHORIZATION 


Mr.  Morris.  Now,  as  I understand  electronics  research,  it’s  the 
heart  of  a technical  development  in  missile  space  and  guidance  and  all 
the  tremendous  complex  systems  that  we  have? 

Mr.  Karth.  Could  I interrupt  the  gentleman  for  just  a minute? 
Chairman  Miller  has  just  entered  the  room. 

Mr.  Chairman,  we  welcome  you  to  the  subcommittee,  sir. 

Please  be  seated  here  with  us. 

Mr.  Morris.  If  I understand  it,  electronic  research  is  really  the 
heart  of  the  development  of  our  space  program,  both  military  and 
peaceful  use.  Is  that  not  correct? 

Dr.  Kelley.  I would  not  want  to  deprecate  my  professional 
colleagues  in  other  technical  fields. 

Mr.  Morris.  If  the  question  is  in  any  way  embarrassing,  you 
certainly  need  not  answer  at  all. 

Dr.  Kelley.  It’s  not  embarrassing,  Mr.  Morris. 

We  think  it  is  extremely  important  as  an  area  and  I think  the  dollar 
percentage  we  showed  in  our  various  flight  projects  indicates  how 
important  it  is  to  us  and  also  the  reliability  figures  that  I mentioned 
show  the  problems  we  face  in  this  particular  technical  field. 

I would  prefer  to  call  it  the  “brain,  nerves,  and  senses”  of  the 
space  vehicles  and  we  consider  it  a very,  very  important  part  of  the 
space  technology. 

Mr.  Morris.  I don’t  want  to  say  it  would  be  impossible. 

It  would  be  extremely  difficult  to  carry  on  a program  in  space 
either  for  the  military  or  for  NASA,  without  any  electronics? 

Dr.  Kelley.  It  would  be  impossible. 

Mr.  Morris.  Without  the  brains  in  the  electronics  industry? 

Dr.  Kelley.  Well,  furthering  the  analogy  to  the  human  body; 
without  a brain,  nerves,  and  senses,  we  probably  could  survive  but  I 
don’t  think  we  would  be  much  use.  So,  it  is  the  information  systems 
that  we  are  talking  about. 

I think  these  are  obviously  quite  important. 

Mr.  Morris.  Well,  you  know  whether  or  not  NASA  took  into 
consideration  the  effect  on  our  national  security  or  our  ability  to 
advance  the  technology  in  space  and  also  in  any  other  technology 
that  involves  electronics;  what  would  happen  if  we  concentrated  the 
electronics  research  in  one  area  and  the  terrible  catastrophe  of  nuclear 
war  should  happen  and  a near  miss  or  a close  explosion  of,  say,  a 
10-megaton  warhead  or  an  even  larger  one,  which  at  least  one  other 
country  has  the  ability  to  deliver  by  ballistic  missiles,  would  do  to  us? 

Dr.  Kelley.  You  mean  the  concentration  of  resources  in  one  area 
which  might  be  vulnerable  to  atomic  attack? 

Mr.  Morris.  I am  speaking  now  about  the  electronics  research. 
The  decision  has  apparently  been  made  to  concentrate  this  research 
in  one  place,  so  far  as  your  agency  is  concerned. 

Dr.  Kelley.  I do  not  know  if  that  was  taken  into  consideration, 
Mr.  Morris,  and  I did  not  intend  to  give  the  impression  yesterday. 
I hope  I made  it  clear,  we  do  not  consider  this  the  only  area  of  elec- 
tronics research  competence  in  the  United  States.  We  consider  it 
the  best  for  our  purposes. 

Mr.  Morris.  You  indicated  very  clearly.  At  least,  I understood 
the  record;  Boston,  the  Midwest,  and  California — that  there  were 
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three  places  where  you  felt  would  make  first-class  areas  for  this 
installation. 

I understood  that. 

Mr.  Chairman,  I don’t  have  any  more  questions  at  the  present  time. 

I commend  you,  Dr.  Kelley,  for  your  competence  and  your  ability. 
They  have  certainly  sent  the  “first  team”  in  to  handle  this  project. 

Mr.  Karth.  Mr.  Chairman,  are  there  any  questions  that  you  might 
have  in  mind  which  you'd  like  to  ask  at  this  time? 

If  so,  we  would  be  happy  to  hear  them. 

Chairman  Miller.  Yes,  I’d  like  to  ask  a few  questions. 

First  of  all,  in  the  field  of  scientific  electronic  research,  capabilities 
are  not  all  centered  at  present  in  any  one  State  or  locality  are  they? 

Dr.  Kelley.  That  is  a true  statement. 

They  are  not  located  in  any  one  State  altogether. 

Chairman  Miller.  In  other  words,  they  are  scattered,  presently, 
among  many  universities,  many  industrial  plants,  that  are  widespread 
throughout  the  United  States. 

Are  these  in  redundance?  Are  there  too  many  of  these  to  do  the 
electronic  research  job  that  is  required  in  the  United  States? 

I am  not  talking  of  space  now,  but  in  all  of  its  industrial  activities 
and  in  breaking  barriers  in  this  new  age  of  ours:  Do  you  think  there  are 
too  many  of  these  electronic  capabilities  in  the  United  States  today? 

Dr.  Kelley.  You  mean,  are  there  too  many  companies  in  the 
business? 

Chairman  Miller.  Too  many  companies — too  many  universities — 
too  many  research  institutes  in  this  business  today? 

Dr.  Kelley.  I believe  this  is  a situation  that  kind  of  adjusts  itself 
by  supply  and  demand  and  I would  rather  say : look  at  the  capability. 

I think  you  find  with  the  transient  fluxing  as  we  said  the  other  day 
where  you  have  a movement  of  people  throughout  companies,  that 
you  have  to,  when  you  are  evaluating  a company,  look  very  carefully 
at  the  individuals  who  are  doing  the  work  because  they  might  not  be 
the  same  this  year  as  they  were  last  year.  People  move  around  in  the 
business. 

So,  I think  this  being  a free  enterprise  system,  the  situation  tends  to 
be  self-adjusting. 

Chairman  Miller.  Well,  I have  in  mind  a computer  center  in 
California  around  a Stanford  complex  that  I have  been  told — I 
wouldn’t  know  one  computer  from  another  if  it  were  brought  in  the 
door — that  the  strain  on  this  center  is  very  great.  They  do  work  for 
private  industry.  They  do  work  for  others,  and  they  just  haven’t  the 
capacity,  they  have  to  schedule  their  computers  pretty  carefully  and 
run  them  overtime  in  order  to  meet  the  demands. 

Do  you  know  whether  that’s  true,  not  only  there  but  throughout 
the  country;  as  far  as  the  availability  of  electronic  computers  for 
research  work  is  concerned? 

Dr.  Kelley.  I am  not  aware  of  the  particular  computer  complex 
you  are  talking  about,  Mr.  Miller,  but  I am  aware  of  a general  situa- 
tion in  the  electronic  business  and  the  electronic  industry  and  that  is 
there  is  by  no  means  an  oversurplus  of  qualified  personnel  in  this  area 
and  I think  this  is  well  recognized  by  various  Government  reports. 

The  Wiesner  report  being  one  of  them.  The  NASA  grant  program 
being  another  recognition  of  the  fact  we  do  have  to  train  more  people, 
more  engineers  particularly,  in  the  electronic  and  associated  physics 
areas. 
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Chairman  Miller.  This  is  a field  that  has  a great  potential,  as  I 
see  it. 

I think  the  demands  are  going  to  be  more  in  the  future  than  in  the 
past. 

Dr.  Kelley.  I certainly  agree  with  you,  it  has  a great  potential 
and  I think  the  demands  are  going  to  be  more  stringent  than  we  have 
imagined  in  the  past  or  even  up  to  now.  I think  the  discussion  I had 
with  this  subcommittee  and  some  slides  I presented  indicated  the  fact 
that  the  situation  is  going  to  get  a lot  worse  before  it  gets  better,  and 
this  is,  in  fact,  one  of  the  reasons  we  have  made  this  recognition  and 
taken  this  step  of  recommending  an  Electronic  Research  Center 
because  now  after  some  experience  in  the  space  flight  business  we 
realize,  fully,  the  problems  of  the  space  electronic  environment  and 
the  demands  that  these  put  on  the  equipment.  I must  say  they  are 
much  much  more  severe  than  we  had  even  anticipated  a few  years  ago. 

Chairman  Miller.  Mr.  Chairman,  I don’t  want  to  take  up  any 
more  time  going  over  work  you  have  gone  over,  merely  to  satisfy  my 
own  curiosity.  I will  read  the  record.  If  I need  more  information, 
I know  where  to  go  get  it. 

Mr.  Karth.  Thank  you,  Mr.  Chairman. 

Mr.  Downing? 

Mr.  Downing.  Dr.  Kelley,  aren’t  you  an  old  Langley  boy? 

Dr.  Kelley.  No,  sir;  I’m  not. 

Mr.  Downing.  You  know,  sir,  we  train  them  all  in  Hampton,  Va., 
and  send  them  up  here  to  occupy  these  essential  positions.  Half  the 
people  here  came  from  Langley. 

Dr.  Kelley.  I think  there  are  a few  distinguished  Langley  alumni 
throughout  the  organization,  Mr.  Downing. 

Mr.  Downing.  I just  want  Mr.  Miller  to  know  that. 

Chairman  Miller.  He  is  very  proud  of  the  fact,  and  I am  very 
proud  of  it  with  him. 

I think  if  you  scratched  all  these  people  and  found  out  where  they 
came  from,  I think  you’d  find  along  with  Langley  there  were  many 
parts  of  the  country,  many  educational  institutions,  that  go  into 
making  the  great  capacity  we  have  in  the  United  States,  that  is  our 
greatest  resource. 

Mr.  Downing.  I agree  with  you,  Mr.  Chairman. 

Dr.  Kelley,  I don’t  know  how  far  this  has  been  gone  into,  but  this 
proposed  Center  in  Massachusetts,  is  that  a finalized  decision,  to 
place  this  Electronic  Research  Center  in  Boston? 

Dr.  Kelley.  It’s  a finalized  recommendation  to  the  Congress  and 
so  requesting  their  approval.  It  is  our  conclusion  that  this  is  the 
best  way  to  proceed  and  to  manage  our  future  growth  requirements 
and  we  so  made  a recommendation  to  Congress. 

Mr.  Downing.  Yesterday,  I asked  you  if  it  would  drain  away 
some  of  the  research  professors  in  the  universities,  and  I believe 
your  answer  was  no,  and  then  subsequently  you  changed  your  mind 
and  said  that  this  would  probably  take  some  of  the  people  that  we 
have  there  at  the  universities  around  the  country  and  place  them  in 
the  Center. 

Dr.  Kelley.  I think  there  was  an  answer  to  two  separate  questions, 
Mr.  Downing. 

I would  tnink  that  there  would  be  some  university  people  who 
would  prefer  to  become  associated  with  such  a Center;  not  probably 
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a great  number,  but  we  would  hope  there  would  be  some  distinguished 
people  from  the  universities. 

Mr.  Downing.  You  don’t  think  this  would  drain  our  universities 
of  their  talent? 

Dr.  Kelley.  I don’t  think  it  would,  any  more  than  the  rest  of  the 
NASA  has.  There  are  university  people  who  already  have  come  into 
the  space  agency.  I wouldn’t  say  in  exceptionally  large  numbers, 
but  I think  this  makes  a good  crossbreeding  of  the  talent  if  we  can 
get  a few  people  like  that. 

Now,  as  far  as  the  answer  to  the  other  question  this  was,  I think, 
in  reference  to  “home  growing”  some  of  our  own  graduate  talent  and 
in  this  specific  instance  I was  referring  to  attracting  people  fresh  out 
of  universities,  fresh  graduates,  and  then  giving  them  a chance  to 
continue  their  graduate  education  in  a university  environment 
together  with  getting  some  of  the  facts  of  life  in  a real  life  laboratory 
which  makes  education  more  stimulating. 

As  you  know,  with  particular  reference  to  Langley;  that  has  been 
the  history  of  the  NACA,  where  I think  most  of  the  distinguished 
Langley  alumni  came  to  NACA  right  out  of  college  and  continued 
their  college  education  while  working  with  the  Government. 

Mr.  Downing.  That  was  true  with  the  old  NACA. 

Chairman  Miller.  This  is  where  the  Department  of  Defense  gets 
some  of  its  people,  particularly  in  the  Air  Force.  All  of  the  services 
bring  young  people  in,  particularly  young  officers,  then  send  them  to 
college  to  perfect  their  education,  bringing  them  back  into  the  service 
later.  Isn’t  this  their  source  of  supply? 

Dr.  Kelley.  This  is  their  source  of  supply. 

In  fact,  I am  an  example  of  that  particular  systeili. 

All  my  graduate  education  up  through  the  doctorate  degree  as  well 
as  undergraduate  education  at  the  Naval  Academy  has  been  sponsored 
by  the  Government. 

Chairman  Miller.  This  is  what  NASA  is  trying  to  do? 

Dr.  Kelley.  This  is  what  NASA  is  trying  to  do  in  its  own  way. 

Mr.  Downing.  Is  this  a budget  item  in  fiscal  year  1964,  the  re- 
search center? 

Dr.  Kelley.  In  the  research  center  category,  we  are  requesting  a 
total  of  $5  million  under  the  C.  of  F.  classification,  $3  million  of  which 
is  for  land  acquisition,  and  $2  million  for  design  and  engineering 
services. 

Mr.  Karth.  For  what? 

Dr.  Kelley.  Design  and  engineering  purposes. 

Mr.  Downing.  How  about  construction? 

Dr.  Kelley.  We  are  not  asking  any  facilities  construction  this 
year. 

We  would  expect  this  to  follow  in  fiscal  year  1965. 

Mr.  Downing.  $3  million  for  land  acquisition. 

How  much  land  do  you  propose  to  acquire? 

Dr.  Kelley.  The  proposal  m the  buget  is  for  1,000  acres.  Now, 
this  is  approximately  1,000  acres. 

Mr.  Karth.  Would  the  gentleman  yield  at  that  point? 

Mr.  Downing.  Yes,  indeed,  Mr.  Cnairman. 

Mr.  Karth.  There  has  been  some  change  made  on  that,  hasn’t 
there,  Doctor? 
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First,  I understood  they  had  in  mind  building  a one-story  type 
laboratory  in  the  outskirts  of  Boston  and  then  later  on,  and  most 
recently,  changing  their  minds  to  a high-rise  type  laboratory  that  is 
smaller  in  area  but  several  stories. 

I don’t  know  whether  or  not  there  have  been  any  ideas  cemented 
in  concrete,  but  which  type  of  structure  lends  itself  best  for  laboratory 
work? 

Dr.  Kelley.  We  are  looking  at  both  alternatives  and  I have  a 
press  release  in  front  of  me,  together  with  copies  of  letters  that  were 
sent  to  Chairman  Miller,  as  well  as  Senator  Anderson,  concerning  our 
intentions  on  this  particular  item. 

Mr.  Karth.  Have  they  been  changed  since  the  date  of  the  press 
release? 

Dr.  Kelley.  They  have  not,  sir. 

Mr.  Karth.  I’m  sure  that  I haven’t  seen  the  press  release.  Did 
the  press  release  indicate  that  you  were  going  to  build  a several-story 
building  or  a large  sprawled  out  one-story  building? 

Dr.  Kelley.  This  is  one  of  the  alternative  concepts  that  we  are 
considering.  Our  intention,  when  we  submitted  this  item  in  the 
budget  was  to  acquire  a thousand  acres  of  land.  Since  that  time — and 
we  have  continued  our  study  and  review  of  this  whole  center  con- 
cept— since  that  time  we  have  decided  also  to  look  at  an  alternative 
concept  which  would  involve  a closer  in  site  which  would  in  turn  go 
to  higher  rise. 

Now,  this  is  only  an  alternative  consideration. 

Mr.  Karth.  Doctor,  have  you  decided  to  look  at  some  Govern- 
ment-owned land  in  the  Boston  area? 

If  you  are  looking  around,  it  seems  to  me  we  might  even  save 
$3  million. 

I understand  there  is  a good  deal  of  Government-owned  land  that 
General  Services  Administration  would  readily  turn  over  to  NASA. 

Dr.  Kelley.  I am  sure  that  before  our  site  selection  procedure 
should  be  concluded,  that  we  will  consider  the  various  Government 
sites  and  I can  assure  you  we  know  what  they  are. 

Mr.  Karth.  Isn’t  it  rather  odd  we  wouldn’t  look  at  that  first 
inasmuch  as  it  wouldn’t  cost  us  any  money? 

Dr.  Kelley.  We  have  taken  them  into  preliminary  consideration 
in  asking  for  the  budget  figure  we  are  asking  for. 

Mr.  Downing.  That  is  the  question  that  naturally  follows,  Mr. 
Chairman,  whether  NASA  has  taken  into  consideration  presently 
owned  Government  sites. 

Mr.  Mosher.  Would  Mr.  Downing  yield? 

Mr.  Downing.  Yes,  indeed. 

Mr.  Mosher,  One  question.  I understood  Doctor  Kelley  to  say 
yesterday,  Langley  was  seriously  considered  as  a location  for  this 
center  and  rejected. 

Is  there  land  already  available  to  the  Government,  sufficient  land 
at  Langley  which  would  not  have  to  be  purchased? 

Dr.  Kelley.  Well,  our  decision  in  regard  to  Langley  was  based  on 
several  considerations,  including  the  availability  of  land. 

Mr.  Mosher.  1 understand. 

Dr.  Kelley.  One  of  the  most  important  ones,  as  I mentioned 
yesterday,  Mr.  Mosher,  was  the  fact  that  this  would  result  in  an 
mcrease  in  the  laboratory  of  approximately  2,000  people  which  would 
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result  in  a research  laboratory  size  which  we  considered  inefficient 
from  a management  standpoint,  from  a management  of  research 
standpoint  and  would,  as  a result,  cause  the  primary  capabilities  and 
responsibilities  of  Langley  to  be  diluted.  These  have  not  been 
primarily  electronics  in  the  past. 

Now,  in  looking  at  the  Langley  site,  and  I think  we  are  all  aware 
of  the  fact  there  is  an  Air  Force  base  on  the  site  with  heavy  electro- 
magnetic radiation  environment,  and  other  factors;  we  came  to  the 
conclusion  we’d  have  to  go  offsite. 

Mr.  Morris.  The  land  might  be  available  there  but  it  wasn’t 
suitable  for  these  reasons  you  just  mentioned. 

Dr.  Kelley.  The  availability  of  land  was  one  of  our  considerations, 
but  there  were  several  that  enter  into  a consideration  like  this. 

Mr.  Mosher.  I knew  Mr.  Downing  might  be  timid  about  asking 
this  question. 

Mr.  Downing.  Thank  you  very  much.  My  colleague  is  sympa- 
thetic, and  I appreciate  it. 

I did  want  to  bring  up  why  you  didn’t  go  to  Langley,  to  be  perfectly 
blunt  about  it. 

Mr.  Karth.  I might  say,  it’s  the  first  sign  of  timidity  I have 
observed. 

Dr.  Kelley.  I might  add  something  on  this,  Mr.  Downing.  In 
discussion  of  our  capabilities  yesterday  throughout  the  agency,  I 
pointed  out  there  is  an  extensive  flight  test  and  supporting  activity 
going  on  at  Langley  in  the  electronics  field  which  is  ideally  located  at 
Langley  because  of  its  association  with  the  wind  tunnels.  We  are 
doing  some  reentry  blackout  tests  there  together  with  the  Wallop 
Station  on  the  coast,  where  we  can  test  these. 

There  will  continue  to  be  some  electronics  concentration  at  Langley. 

Mr.  Downing.  You  know  the  State  of  Virginia  has  been  coopera- 
tive. They  even  started  an  educational  complex  in  keeping  with  what 
Mr.  Webb  has  stated  and  I think  Mr.  Webb  has  done  a tremendous 
job. 

We  have  all  gotten  education  minded  in  this  space  field  and  we  have 
a compact  of  universities  there  now,  which,  along  with  the  State, 
NASA  are  cooperating  to  try  to  fulfill  Mr.  Webb’s  conditions. 

I realize  that  in  this  space  effort  we  are  going  to  spend  $20,  $30, 
$40  billion  and  you  should  spread  it  through  the  country  to  stabilize 
the  economy  throughout  the  country  and  promote  it ; but  I do  think 
you  ought  to  give  careful  consideration  to  the  utilization  of  sites  that 
you  already  have  and  facilities  that  you  already  have,  regardless  of 
whether  it  is  Langley  or  California  or  wherever  it  may  be. 

Chairman  Miller.  Mr.  Chairman. 

. Mr.  Karth.  Mr.  Chairman. 

Chairman  Miller.  Would  my  good  friend  yield? 

I am  very  glad  that  he  made  that  last  remark  because  I would  like  to 
point  out  Moffatt  Field  at  which  Ames  Laboratory  of  NASA  is  located 
has  practically  been  decommissioned.  They  keep  one  little  squadron 
there  and  keep  it  in.  Of  course,  I could  offer  this  in  California;  but 
I’m  very  modest  and  I wouldn’t  want  to  be  accused  of  being  part  of 
the  State  chamber  of  commerce. 

Mr.  Karth.  Mr.  Chairman,  don’t  feel  too  badly  about  it.  I sup- 
pose I could  overcome  my  timidity  and  mention  the  Minneapolis- 
St.  Paul-Chicago,  Midwest  area. 
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Mr.  Downing.  That  is  my  point. 

Mr.  Karth.  I certainly  wouldn’t  want  to  do  that. 

For  that  reason  I thought  it  would  he  necessary  we  confine  our 
investigation  as  to  whether  we  really  need  the  Electronics  Center 
first,  and  then,  if  we  decide  we  need  it,  we  can  take  a look  at  geography. 
If  we  don’t  need  it,  we  save  all  this  time  on  geographic  speculation. 

Chairman  Miller.  I was  going  to  say,  I know  there  are  some  places 
in  Ohio,  and  if  I’m  not  mistaken,  Indiana  has  a couple  of  vacant  places 
that  might  be  available. 

We  have  to  cover  the  waterfront  in  this. 

Mr.  Randall.  Missouri,  too. 

Mr.  Karth.  Don’t  forget  Missouri  and  New  Mexico. 

Mr.  Morris.  Would  the  gentleman  yield? 

Chairman  Miller.  I was  going  to  say  New  Mexico.  I was  taking 
care  of  the  West  for  Tom,  see. 

Mr.  Morris.  Mr.  Chairman,  this  is  why  I felt  rather  reluctant 
about  mentioning  Fort  Huachuca  and  White  Sands,  N.  Mex.  I felt 
very  timid  about  doing  it,  but  I felt  it  was  my  duty,  sworn  duty,  to 
mention  those  facilities  not  getting  into  any  quibble  as  to  where  it 
should  be  placed. 

Mr.  Downing.  I don’t  want  to  get  too  far  away  from  Langley, 
because  that’s  where  space  was  born  and  bred  right  there  in  Langley. 
We  had  all  the  astronauts  down  there.  They  were  trained,  and  then 
they  moved  the  whole  project  to  Houston,  Tex.  But  I haven’t  said 
too  much  about  that. 

Getting  back  to  the  meat  of  the  situation;  how  much  do  you  esti- 
mate the  overall  project  in  Boston  to  cost? 

That  is  the  building,  acquisition  of  land,  equipment  that  goes  in, 
and  so  forth? 

Dr.  Kelley.  We  estimate  approximately  $50  million  plant  value 
in  facilities  in  addition  to  the  $5  million  we  are  asking  this  year. 

Mr.  Downing.  You  will  have  approximately  2,000  people  there, 
and  what  do  you  expect  that  payroll  to  be? 

Dr.  Kelley.  I believe  I gave  the  figure  the  other  day. 

Mr.  Downing.  You  gave  the  figure,  I believe,  $28  million. 

Dr.  Kelley.  The  $28  million,  I should  correct  the  record,  includes 
both  personnel  salaries  and  operations  of  installations,  and  I believe — 
in  fact,  I could  get  the  numbers  for  you  right  now,  if  you  would  like 
them  for  the  record,  on  what  the  actual  payroll  would  be. 

Mr.  Karth.  Doctor  Kelley,  would  you  please  do  that? 

Dr.  Kelley.  Yes,  sir. 

Chairman  Miller.  This  I would  just  like  to  say  off  the  record. 

(Off  the  record.) 

Mr.  Karth.  Mr.  Chairman,  could  we  get  back  on  the  record? 

Chairman  Miller.  Yes. 

Mr.  Karth.  Mr.  Downing,  you  have  the  floor. 

Mr.  Downing.  What  will  be  the  overall  operating  expense  of  the 
research  center? 

Dr.  Kelley.  We  estimate  when  we  have  2,000  people  aboard  which 
would  be  1968,  1969;  and  based  on  1963  dollars  and  pay  scales,  that 
personnel  costs  would  be  approximately  $19  million. 

Mr.  Karth.  Would  the  gentleman  yield  at  that  point? 

Mr.  Downing.  Yes. 

Mr.  Karth.  I think  your  figures  are  awfully  conservative,  Doctor, 
although  you  are  the  one  who  made  the  estimates.  I would  just  like 
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to  call  to  vour  attention  that  experience  is  probablv  a better  teacher, 
certainly  better  than  conjecture,  I think,  though  I’m  sure  you  spent 
some  time  on  the  figures  you  developed. 

I notice  that  in  some  of  the  Government  laboratories  that  we  now 
have  where  laboratories  are  involved  in  electronic  research  work,  the 
annual  cost  of  operation  comes  exceedingly  high. 

I don’t  mean  this  is  an  argument  against  the  center,  but  I do  think 
we  should  keep  our  figures  as  accurate  as  we  can. 

For  example;  Rome  Air  Development  Center,  there  are  some  1,600 
people  there.  The  cost  of  operation  last  year,  research  only,  was 
$54  million. 

Dr.  Kelley.  I think  we  are  not  comparing  the  same  thing,  Mr. 
Karth. 

I was  giving  you  salary  costs  of  the  personnel.  There  is  an  opera- 
tions of  installation  cost  over  and  above  that  and  then  there  would  be 
an  out-of-house  R.  & D.  above  that. 

Mr.  Karth.  I am  sure  the  gentleman  from  Virginia  is  asking  for 
total  operation. 

Mr.  Downing.  That  is  what  I meant. 

Dr.  Kelley.  Yes,  sir. 

The  personnel  cost  is,  as  I said,  $19  million,  and  operations  of  instal- 
lations cost  would  be  approximately  $9  million  in  addition. 

Mr.  Randall.  Still  a total  of  $28  million. 

Dr.  Kelley.  That’s  the  total  of  $28  million. 

Mr.  Randall.  No  discrepancy  there. 

Mr.  Karth.  If  the  gentleman  would  yield,  I point  out  the  Aero- 
nautical Systems  Division  of  Avionics  Directorate  employs,  in  round 
figures,  600  people — mostly  highly  professional  people.  Their 
“research  only”  payroll  or  cost  of  operation  last  year  was  $75  million. 

This  pretty  generally  follows  the  trend,  but  if  this  is  your  estimate, 
Doctor,  we  accept  it  for  the  record  as  you’ve  stated  it. 

I think,  however,  that  the  committee  must  use  their  owp  discretion 
because  we  have  on  occasion  been  given  estimates  in  the  building  of 
facilities  and  the  staffing  of  facilities  and  so  on  and  so  forth,  that  in 
most  instances  I think  have  proven  to  be  considerably  lower  than 
were  originally  anticipated. 

If  the  gentleman  would  yield  for  just  one  more  question. 

Dr,  Kelley.  Could  I make  a statement? 

Mr.  Karth.  Yes,  sir.  Please  do. 

Dr.  Kelley.  The  estimates  I gave  you  are  based  on  the  averages 
we  use  in  compiling  the  budget  that’s  been  submitted  to  the  Congress. 
In  other  words,  based  on  the  figures  we  normally  use  per  man-year,  for 
2,000  people  it  would  come  up  to  those  figures.  It  is  consistent  with 
the  way  the  agency  has  presented  the  rest  of  the  laboratories. 

Mr.  Karth.  I think  in  estimating  the  cost  of  the  entire  laboratory, 
you  have  estimated  it  a little  differently  than  estimating  the  cost  of  the 
overall  program. 

The  only  criteria  I could  use,  Doctor,  which  incidentally  is  the 
reason  I find  myself  in  slight  disagreement  with  you  on  the  cost  of 
operation — the  criteria  I have  used  has  been  what  is  it  costing  us  to 
operate  other  laboratories  of  a similar  nature ; and  the  costs  of  opera- 
tion of  these  laboratories  which  are  similar  in  nature  are  considerably 
higher  than  what  you’ve  indicated  the  estimated  cost  of  operation  to 
be  of  this  new  Boston  laboratory.  This  is  all. 
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If  the  gentleman  would  yield  just  for  one  further  question. 

In  answer  to  Mr.  Downing’s  question  you  were  talking  about, 
whether  or  not  this  Electronics  Research  Center  would  decimate  the 
university  staffs,  or  have  some  adverse  effect  upon  them;  I suppose 
that  this  would  be  true  to  some  extent  and,  indeed,  it  would  be  impos- 
sible for  you  to  give  us  an  accurate  indication,  until  such  time  as 
you  staff  the  Research  Center,  if  it  is  built.  Then  you  would  know. 

I think  there  would  be  another  adverse  effect  on  the  university  if 
you  don’t  mind  my  saying  so.  Perhaps  you  would  care  to  address 
yourself  to  this  idea. 

Today  a good  deal  of  this  research  that  would  be  done  at  the  research 
laboratory  is  being  done  in  the  university  laboratories,  so  I assume 
that  unless  we  are  going  to  continue  down  the  road  with  duplicate 
programs,  that  is  extensive  research  universities,  extensive  research 
in  private  industry  and  extensive  research  in  this  laboratory  if  it  were 
built;  I assume  that  unless  we  are  going  to  run  down  these  triplicate 
roads,  that  somebody’s  going  to  lose  something  and  I assume  the 
universities  would  lose  a good  share  of  their  basic  researchers. 

Would  you  care  to  address  yourself  to  this? 

Dr.  Kelley.  I:  don’t  think  so  at  all,  Mr.  Karth. 

We  would  hope,  in  fact,  the  center  would  stimulate  university 
research  and  help  us  identify  the  problems  for  the  universities  to 
work  on. 

Mr.  Karth.  Doctor,  are  you  saying  the  Government  isn’t  really 
spending  enough  money  in  electronics  research? 

Let  me  just  read  some  figures  to  you,  all  of  which  you  may  be 
familiar  with,  but  I am  sure  the  committee  is  not  familiar  with  them, 
and  I think  they  should  get  into  the  record.  Then  I’d  like  to  have  you, 
if  you  will,  just  address  yourself  to  those  figures.  Referring  to  Gov- 
ernment sponsored  electronics  research  and  development  expenditures 
for  just  1 fiscal  year,  1960,  which,  incidentally,  is  the  latest  fiscal  year 
figures  I could  get:  The  U.S.  Army  spent  in  Government  laboratories 
that  year,  $70  million. 

In  industry,  $335  million. 

Universities  and  nonprofit  institutions,  $17  million;  for  a total 
U.S.  Army  expenditure  m electronics  research,  $423  million. 

The  U.S.  Navy  spent  $100  million  in  Government-owned  labo- 
ratories. 

In  industry,  $600  million. 

Universities  and  nonprofit  organizations,  $32  million,  for  a total  of 
$732  million. 

The  U.S.  Air  Force,  $57  million  in  Government  labs;  $680  million 
outside;  $37  million  in  universities;  for  a total  of  $774  million. 

Well,  going  down  the  list,  Doctor,  the  NBS,  the  FAA,  the  AEC, 
and  NASA  that  year — NASA’s  expenditures,  incidentally,  was  $25 
million  that  year. 

I find  fiscal  year  1960  Government-sponsored  research  in  the  field 
of  electronics  was  $2,018,200,000. 

I find,  too,  that  the  estimated  national  distribution  of  scientists, 
engineers,  and  technicians  engaged  in  electronics  work  for  the  same 
year  indicated  that  180,472  of  a total  229,680  were  involved  in  work 
sponsored  and  paid  for  by  the  Government. 

Some  79  percent  of  all  of  the  scientists,  engineers,  and  technicians 
engaged  in  electronics  work,  are  working  on  jobs  that  are  now  being 
paid  for  by  the  Government. 
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What  do  we  need?  Eighty-five  percent? 

I mean,  could  you  address  yourself  to  this  so  this  committee  has  a 
better  understanding  of  how  many  more  scientists  and  technicians 
and  electronics  engineers  we  have  got  to  employ  before  we  have 
enough? 

Dr.  Kelley.  Yes. 

Mr.  Karth.  Thank  you.  Please,  Doctor. 

Dr.  Kelley.  I am  familiar  with  the  DOD  figures,  certainly  that 
you’ve  just  mentioned.  I would  point  out  that  I believe  that  they 
are  under  the  research,  development,  test,  and  evaluation  category 
under  the  DOD  accounting  system  which  includes  test  and  evaluation 
through  the  hardware  stage  including  project  development  which  is 
a different  subject  matter  than  we  are — or  different  category  than  we 
are  talking  about  in  our  classification  of  advanced  research  and 
technology. 

Mr.  Karth.  Oh,  it  includes  some  development  cost.  No  question 
about  it. 

When  you  talk  about  research,  I guess  you  almost  have  to  talk 
about  research  and  development  because  I assume  we  will  be  doing 
some  development  work  in  the  laboratory,  too. 

Dr.  Kelley.  Some  of  the  costs  that  will  be  comparable — some  of 
our  costs  that  would  be  comparable  to  the  DOD  costs  in  R.D,T.  & E. 
are  the  type  shown  in  the  percentage  breakdown  I indicated  on  that 
graph  with  the  percentage  costs  in  electronics  of  the  various  projects; 
but  I think  the  question  that  you  wanted  me  to  address  myself  to 
was  how  much  more  electronics  do  we  need  and  I think  we  have  to 
look  at  the  requirements  of  each  one  of  these  agencies. 

The  Army  has  a battlefield  mobile  communications  and  battlefield 
surveillance  requirement. 

The  Navy  has  quite  an  ASW  problem  which  they  still  have  to 
solve.  I am  quite  familiar  with  that  myself  and  I hope  everyone  in 
the  Navy  is  working  on  it. 

The  Air  Force  have  their  own  requirements,  command,  and  control, 
as  well  as  missiles  and  aircraft. 

Incidentally,  all  three  of  the  services  operate  in  a countermeasure 
or  jamming  environment  we  don’t  normally  expect  to  operate  in. 
Their  electronics  are  quite  different  in  that  respect. 

We  feel  this  effort  we  are  addressing  ourselves  to,  this  new  effort,  is 
in  the  field  of  space  electronics  which  is  a new  technology  in  which 
very  little  effort,  we  believe,  very  little  effort  to  meet  the  future  need, 
is  being  expended  right  now  and  certainly  we  have  got  to  increase 
the  effort  if  we  are  going  to  have  a healthy  space  program  for  the 
long-range  future.  That  is  why  we  are  proposing  an  increase  in  our 
electronic  strength  in-house  as  well  as  a budgetary  increase,  for 
example,  this  year  in  the  R.  & D.  area  so  that  we  can  get  on  a healthy 
footing  in  a new  area  of  electronics. 

I tried  to  point  out  within  the  last  few  days  that  electronics  is 
really  not  electronics  any  more  than  a suit  of  clothes  is  a suit  of  clothes. 
They  both  have  the  same  name  but  a suit  of  clothes  may  fit  someone 
else  somewhat  differently. 

So,  we  are  in  a custom-tailored  business  and  our  requirements  are 
quite  different  than  anything  that  has  been  developed  for  the  earth- 
bound  environment. 
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The  DOD  has  been  very  active  and  intensive  in  the  past  few  years 
in  electronics.  I think  one  of  the  significant  steps  taken  in  recent 
years  was  the  so-called  JANAF  electronic  tubes,  joint  Army-Navy- 
Air  Force. 

This  was  a line  of  components,  electronic  tubes,  developed  for 
military  use,  for  the  worldwide- environment  from  the  Equator  to  the 
poles  and  this  has  proven  very,  very  successful  and  most  people  go 
to  this  component  list  if  they  want  a component. 

We  don't  have  quite  the  same  environment  in  space  and  we  feel, 
for  example,  we  will  have  to  do  the  same  thing  in  space  as  part  of  our 
responsibility. 

Mr.  Kabth.  Doctor,  you  are  not  saying  the  Navy,  nor  the  Army, 
nor  the  Air  Force — you  are  not  saying  these  three  services  are  not 
doing  any  work  on  electronics  research  in  their  space  programs,  are 
you? 

Dr.  Kelley.  They  are  doing  electronics  research  in  space,  but,  as 
I understand  the  Space  Act  and  NASA's  responsibility,  it  is  NASA's 
responsibility  to  pursue  the  advances  in  the  technology  and  to  be  at 
the  forefront  of  technology. 

Mr.  Kabth.  I certainly  agree. 

This  is  the  organic  act.  This  is  one  of  the  things  we  try  to  impress 
on  various  agencies  of  the  Government.  If  there  is  some  real  basic 
research  to  be  done  in  the  Government  or  by  the  Government,  maybe 
we  should  start  enforcing  the  organic  act  of  1958  that  created  NASA. 

My  question  is,  If  this  work  is  being  done  in  other  laboratories,  then 
what  do  we  do  about  it  in  NASA? 

Do  we  just  create  the  additional  laboratory  and  go  down  the  road 
also,  or  do  we,  some  place  along  the  fine,  convince  these  people  per- 
haps they  should  stop  the  basic  research  and  let  NASA  do  it? 

You  see,  this  is  the  problem  that  I have,  attempting  to  reconcile 
myself  to  the  fact  that  we  are  not  going  to  be  going  down  three  different 
roads  all  seeking  to  find  a certain  percentage  of  our  total  answer,  will 
be  the  same. 

So,  how  do  we  stop  it  at  this  stage  of  the  game? 

I agree,  NASA  has  this  responsibility. 

Dr.  Kelley.  We  don't  see  that  there  is  sufficient  space  electronics 
effort  anywhere  to  meet  the  future  needs  of  the  space  program.  Cer- 
tainly, the  services  will  have  some  military  missions  in  space  and  they 
should  do  some  research  to  pursue  their  peculiar  requirements  in 
space. 

Mr.  Kabth.  There  is  a good  deal  of  disagreement  on  this,  though. 

Are  you  familiar  with  J,  M.  Bridges,  Director  of  the  Office  of  Elec- 
tronics, Office  of  the  Director  of  Defense  Research  and  Engineering? 

Dr.  Kelley.  Yes. 

Mr.  Kabth.  Let  me  just  read  some  extracts  from  a speech  that  he 
made  about  a year  ago  on  the  occasion  of  a convention  of  engineers 
at  the  Institute  of  Radio  Engineers  in  Los  Angeles : 

A recent  survey — 

These  are  extracts  from  his  talk,  and  I understand  his  opinion  is 
held  in  very  high  regard — 

A recent  survey,  conducted  jointly  by  my  office  and  the  Electronics  Industries 
Association,  revealed  that  approximately  150,000  scientists  and  engineers  are 
engaged  in  electronic  work  in  this  country.  Of  this  number,  around  120,000,  or 
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80  percent,  are  in  Government-supported  work,  mainly  for  agencies  of  the  De- 
partment of  Defense. 


This  is  the  situation  today.  Now  what  about  the  future?  In  the  next  5 or  6 
years,  the  demand  for  electronic  technical  people  in  Defense  research  and  en- 
gineering is  expected  to  increase  very  substantially,  perhaps  to  as  much  as  30  to 
40  percent  over  what  it  is  today.  Added  to  this  will  be  the  demand  for  people 
to  support  the  rapidly  expanding  space  programs  of  the  National  Aeronautics 
and  Space  Administration  * * ♦. 


* * * Along  with  the  greater  Government  effort,  there  must  be  increased 
effort  in  industrial  electronics,  for  this  is  just  as  important  as  our  space  and 
national  security  programs.  The  Nation’s  economic  and  social  strength  are  too 
dependent — are  also  dependent — on  electronics  to  drain  all  its  resources  into  the 
Government.  So,  my  guess  is  that  based  on  our  current  level  of  productivity, 
the  combined  requirements  for  the  period  1965  to  1967  will  be  for  about  40  percent 
more  engineers  and  scientists  in  electronics  than  will  be  available  in  this  country. 


* * * We  are  going  to  be  short  50,000  to  70,000  technical  people  in  elec 
tronics  * * *. 


I have  already  briefly  touched  on  the  matter  of  engineer  migration  from  one 
company  to  another,  from  one  part  of  the  country  to  another.  The  inevitable 
results  of  this  situation  are  instability  in  the  engineering  profession  and  lower 
production.  Unless  he  is  already  out  of  work,  a man  is  unlikely  to  take  a new  job 
without  bettering  his  financial  condition,  and  this  is  normal.  But  when  it  is  car- 
ried to  an  extreme,  as  it  is  today  in  the  engineering  field,  the  cost  of  the  work 
progressively  rises. 

Now  this  is  what  Mr.  Bridges  had  to  say  about  this  whole  question 
of  electronic  research. 

I wonder  if  you’d  care  to  address  yourself  to  the  very  pertinent 
points  that  he  made? 

Dr.  Kelley.  As  far  as  the  shortage  of  engineers,  if  I could  address 
myself  to  that  as  a first  pomi;  this  is  a wen-recognized  fact  and  we 
have  to  do  something  about  i^  and  I mentioned,  as  we  have  discussed 
in  the  last  2 days,  the  NASA  grant  program  is  one  way  to  help  the 
situation. 

We  consider  the  center  with  its  university  association,  I mentioned 
how  important  we  consider  it;  the  university  association  has  a couple 
of  advantages. 

It  helps  us  train  our  own — “homegrow”  our  own,  as  I have  said. 

It  also,  within  the"  Government  organization,  maintains  this  ele- 
ment of  stability  that  this  speech  refers  to.  There  is  a definite  element 
of  instability  in  the  electronic  industry.  I mentioned  this  earlier  in 
this  session  this  morning. 

You  go  to  a company  and  you  find  the  same  people  were  not  there 
2 years  ago.  Our  problem  is,  How  do  we  maintain  a central  core 
of  knowledge  and  expertise  in  space  electronics? 

We  feel  it  is  done  best  by  a competent,  stable  group  and  I think  the 
stability  of  the  Government  research  labs  is  well  known.  They  are 
much,  much,  more  stable  than  any  industrial  lab.  I think  this  is  one 
of  the  reasons  we  have  Government  labs. 

Mr.  Karth.  I am  not  sure  of  the  stability,  but  I have  read  very 
interesting  statements  about  the  capability. 

Dr.  Kelley.  I think  part  of  the  capability,  Mr.  Karth,  is  due  to 
the  stability. 
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If  you  have,  and  the  NACA  has  a longstanding  history  in  this,  if 
you  get  a team  of  people  who  are  working  together  over  a period  of 
time,  you  get  a much,  much  more  efficient  operation  and  much  better 
results  than  if  you  have  a transient  operation  with  people  moving  in 
and  out. 

Mr.  Karth.  I think  I agree  with  you.  Doctor,  we  can  cite  certain 
isolated  examples  of  very  capable  teams  and  the  fact  that  they’ve, 
if  I may  use  the  words  “stuck  together”  for  a long  time. 

I think,  however,  we  have  got  to  search  far  and  wide,  and  then 
when  we  do  we  come  up  with  very  isolated  instances  of  this  kind.  I 
think  this  is  not  general. 

This  is  our  problem,  isn’t  it? 

Dr.  Kelley.  Yes,  it  is.  The  very  reason  as  Jim  Bridges  cites  in 
there,  are  pertinent  to  why  we  have  proceeded  along  the  approach 
that  we  have  cited  here  today  or',  the  Electronics  Research  Center. 
We  have  to  grow  some  new  capability  and  we  have  to  grow  it  in  the 
right  environment  and  it  has  to  be  a stable  environment. 

Mr.  Karth.  I am  very  happy  to  have  your  views  on  it.  I wonder 
if  you’d  address  yourself  to  this  point.  Let  me  requote  it  so  it  is 
fresh  in  your  mind: 

* * * Along  with  the  greater  Government  effort,  there  must  be  increased 
effort  in  industrial  electronics,  for  this  is  just  as  important  as  our  space  and 
national  security  programs.  The  Nation’s  economic  and  social  strength  are  too 
dependent  on  electronics  to  drain  all  its  resources  into  the  Government. 

That  last  sentence  doesn’t  read  well,  but  I can’t  help  it.  That’s 
what  it  says. 

Maybe  we  should  just  pay  attention  to  the  first  one  which  indicates 
that  his  interest  and  concern  is  that  the  industrial  electronics  of  the 
Nation  is,  indeed,  very  important  and  that  by  continuing  to  expand 
the  Government  electronics  industry,  if  I may  call  it  that,  we  dissemi- 
nate this,  you  see,  and  this  is  not  good  for  the  Overall  economy.  It’s 
not  good  for  the  industry. 

Dr.  Kelley.  I am  not  clear  what  he  means  by  that  statement. 
When  you  read  it,  Mr.  Karth,  I interpreted  he  meant  the  industrial 
electronic  industry  which  services  industry  rather  than  the  Government 
as  opposed  to  a Government  electronic  agency. 

Mr.  Karth.  He  is  talking  about  80  percent,  you  see.  His  com- 
plaint is  that  80  percent  of  the  electronic  engineers  and  the  electronic 
experts  in  this  country  are  now  under  contract  directly  or  indirectly 
for  the  Federal  Government. 

He  says  if  we  continue  to  expand  this  type  of  program,  he  is  seriously 
concerned  about  it. 

At  least,  this  is  the  way  I interpret  his  remarks. 

Dr.  Kelley.  Well,  I certainly  hope — 

Mr.  Karth.  He  says  we  should  be  doing  less  of  this,  rather  than 
more  of  it.  In  other  words,  he  is  saying  instead  of  building  more 
laboratories,  I guess,  we  shouldn’t;  and  even  instead  of  doing  as  much 
Government  electronic  research  work  as  we  are  doing,  maybe  we 
shouldn’t. 

There  are  some  people  feel  we  have  gone  way  overboard  in  this 
research.  I don’t  happen  to  be  one  of  them.  I believe  very  strongly 
in  research,  but  there  are  some  people  who  feel  we  have  gone  over- 
board in  electronic  research. 
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This  has  been  very  popular,  and  the  pendulum,  you  know,  swings 
too  far  in  one  direction  or  the  other,  and  today  it  has  swung  too  far 
in  that  direction.  This,  I think,  is  what  he  is  talking  about. 

I wonder  if  you  would  express  yourself? 

Dr.  Kelley.  I think  you  pointed  out  the  problem  that  we  wTere 
faced  with  approximately  2 years  ago  and,  specifically,  the  problem 
that  was  under  study  by  our  group  well  over  the  past  year,  and  that 
is  we  now  have  an  accelerated  national  space  program;  it  is  considered 
as  part  of  our  international  posture. 

Now,  what  do  we  do  about  the  electronics  to  make  this  a healthy 
program?  I admit  we  do  have  a problem  on  the  number  of  people 
who  are  working  for  the  Government,  for  any  one  of  the  services,  or 
for  NASA;  but  this  is  our  attempt  to  solve  that  particular  problem 
in  terms  of  the  research  center. 

I should  say  first  of  all  with  the  growth  of  personnel  that  wTe  require, 
wrhich  are  put  together  or  managed  or  implemented,  in  terms  of  a new 
research  center  that  we  definitely  faced  a problem  on  what  do  we  do. 
I think  it  was  more  an  effect  than  a cause.  It  was  an  effect. 

Mr.  Karth.  This  subcommittee  report  that  I quoted  to  you  the 
other  day  said  in  very  bold  terms  that  approximately  $200  million  that 
year  I think  this  was  1961 

Dr.  Kelley.  This  was  1961. 

Mr.  Karth  (continuing).  Was  wasted  in  their  opinion  out  of  a 
total  expenditure  of  $2  billion  in  electronics  research. 

Now  I have  no  way  of  ascertaining  whether  or  not  the  Senate 
subcommittee  made  proper  findings, 

I suppose  we  could  just  say,  “Let's  completely  ignore  this  report. 
Let's  ignore  the  research  that  they  have  done  on  it.  Let's  ignore  it 
because  we'd  like  to  build  another  laboratory." 

This  is  a very  comprehensive  report.  It's  a couple  of  hundred  pages 
long. 

Dr.  Kelley.  I have  it  right  in  front  of  me 

Mr.  Karth.  How  many  pages  are  involved  in  that? 

Dr.  Kelley.  There  are  several  appendixes — 292  pages.  Comes  up 
to  292  pages. 

Mr.  Karth.  Round  figures  300  pages.  This  was  under  investiga- 
tion a long  time. 

Dr.  Kelley.  Yes  sir. 

Mr.  Karth.  My  real  concern  is  we  are  not  probably  spending 
enough  money  in  retrieval  and  dissemination  of  what  we  are  already 
learning  in  research.  This  is  my  real  concern. 

I feel  we  could  build  five  or  six  more  laboratories  and,  certainly, 
benefit.  There  is  just  no  question  wTe  could  benefit  some. 

I think  the  real  question,  though,  is,  How  much  could  we  benefit? 
I mean,  how  much  benefit  could  we  get  out  of  one,  two,  three,  or  five 
more  laboratories  as  compared  to  the  benefit  we  could  get  without 
any  expenditure  of  that  kind  if  we  only  did  more  in  the  field  of  re- 
trieval of  what  we  are  now  doing  and  then  disseminating  this  informa- 
tion to  everybody  that's  concerned?  This  is  my  very  serious  interest, 
Doctor. 

Dr.  Kelley.  There  is  one  step  in  between  the  retrieval  and  the 
dissemination;  and  that  is  the  translation  of  this  information  into 
the  new  technology. 
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How  do  you  translate  information  that’s  already  available,  together 
with  the  new  frontiers  of  space — translate  this  in  terms  of  the  en- 
gineering research  that  you  have  to  do,  that  the  Government  has  to 
direct,  by  contract  and  by  application  of  funds? 

How  do  you  orient  this  and  this  is  the  step  that — as  I see  it,  is  the 
responsibility  of  the  in-house  Government  scientist? 

One  of  his  very  important  responsibilities. 

Mr.  Karth.  Isn’t  this  what  our  in-house  NASA  electronics  research 
people  are  today  doing?  They’d  better  be. 

Dr.  Kelley.  Yes,  sir. 

Mr.  Karth.  I agree,  Doctor. 

You  see,  we  have  got  to  have  some  in-house  capability.  I couldn’t 
agree  with  you  more.  I guess  the  question  is,  How  much  and  what 
kind? 

I feel  very  strongly  that  we’ve  got  to  have  highly  capable  people  in 
the  field  of  electronics  working  for  NASA  who  can  evaluate  what’s 
being  done  by  industry  and  what’s  being  done  by  the  universities  and 
what’s  being  done  by  the  other  Government  laboratories  and  then 
apply  this  to  what  we  need.  They  should  give  very  careful  super- 
vision, if  you  will,  to  the  contracts  that  NASA  has  let  to  industry  and 
to  the  universities  and  to  other  research  laboratories.  Make  sure 
they  are  doing  the  right  thing,  if  this  is  possible,  or  at  least  that  they 
are  doing  something. 

I doubt  if  we  need  another -facility.  Its  personnel  will  be  trying  to 
get  the  same  answers  as  these  people  are  getting. 

I think  we  have  a lot  of  capability  in  this  country  and  the  question 
that  bothers  me,  is:  How  many  people  are  going  down  the  same  road 
today,  all  at  the  same  time,  attempting  to  arrive  at  the  same  conclu- 
sion that  probably  was  already  gone  down  last  year  and  where  the 
researchers  met  a dead  end  street? 

This  is  my  real  serious  concern,  and  I have  not  yet  been  able  to 
reconcile  myself  to  the  fact  we  are  not  doing  a tremendous  amount  of 
work  in  this  area. 

Mr.  Chenoweth.  Mr.  Chairman. 

Mr.  Karth/  Mr.  Chenoweth. 

Mr.  Chenoweth.  I don’t  want  to  break  your  chain  of  thought.  I 
have  been  tremendously  interested  in  what  you  are  saying.  I cer- 
tainly concur  in  your  attitude. 

I’d  like  to  ask  one  question,  if  I could. 

I attended  a dinner  of  the  American  Electronics  Industries  Associa- 
tion and  the  statement  was  made  the  electronics  industry  is  the  fifth 
largest  industry  and  will  soon  be  the  fourth  largest  industry  in  the 
United  States. 

Do  I understand  all  the  research  is  being  done  by  the  Government? 
They  have  achieved  this  phenomenal  growth  and  no  research  is  being 
done  by  the  industry.  What  is  that  balance  there?  Are  we  able  to 
take  any  advantage  of  the  research  and  development  grants  of 
private  industry? 

Obviously  it  couldn’t  have  achieved  that  growth  and  expansion 
without  assuming  85  percent  of  the  research  and  development  has 
been  by  the  Government  and  15  percent  was,  in  fact,  by  industry. 
This  growth  is  extraordinary. 

You  feel  this  is  a field  for  the  Federal  Government  to  preempt 
altogether,  or  should  we  leave  a little  for  private  industry? 
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I would  like  to  have  your  observation  on  it,  because  the  chairman 
opened  up  a very  interesting  question . 

Just  another  question.  Wnat  is  involved  in  electronics?  What 
does  it  encompass? 

Dr.  Kelley.  We  call  it  electronics  and  control  or  electronics 
systems  and  when  we  say  “electronics”  we  use  the  same  definitions 
which  have  been  used  by  activities  like  the  Electronics  Industries 
Association  and  this  is  really  the  equipment  which  involves  the  han- 
dling of  information  and  intelligence  and  we  call  these  things  in  terms 
of  guidance,  communications,  in  flight  or  transmitting  it  back  i&  the 
ground,  telling  you  which  way  is  up,  where  you  are  going,  what  you 
are  doing,  what  the  information  is,  sending  it  back  to  the  Earth, 
processing  it  in  terms  people  can  understand  in  a sort  of  digital 
language. 

Mr.  Chenoweth.  We  could  use  a little  of  that  in  Congress  to  tell 
us  where  we  are  going. 

Dr.  Kelley.  There  is  a definition,  in  fact,  in  the  report  that  Mr. 
Karth  was  just  referring  to  and  1 don’t  know  whether  I can  find  it 
right  now",  but  I think  this  says  very  succinctly  the  things  I tried  to 
say  a few  minutes  ago.  It  does  define  the  electronics  business  as 
essentially  the  handling  of  information  and  machine  intelligence. 

Mr.  Chenoweth.  Comparably  new  industry;  isn’t  it? 

Dr.  Kelley.  Oh,  yes;  the  expansion  of  it,  I think  in  the  past  few 
years — World  War  II — really  kicked  this  thing  off,  radar  and  so  forth; 
and  the  figure  you  had  on  the  fifth  largest  industry  is  the  way.  we 
understand  it  also,  and  in  line  as  the  fourth  industry. 

Mr.  Chenoweth.  Doctor,  you  feel  that  the  space  effort  has  not 
kept  pace  and  the  electronics  movement  with  private  industry  and 
other  electronics  development? 

I’m  not  quite  sure  of  your  position? 

Dr.  Kelley.  Yes,  sir;  I think  our  reliability  problem  and  record 
and  the  electronics  part  of  it,  is  clear  evidence  of  the  fact  we  are  not 
happy  with  the  situation. 

We  have  to  do  something  about  it. 

Mr.  Chenoweth.  What  is  it  you  are  not  happy  about? 

Dr.  Kelley.  We  are  not  happy  with  the  electronic  technology  as 
applied  to  the  space  problem  and  this  results  from  a very  simple 
fact  that  the  electronic  technology,  equipment  we  are  using  right 
now,  is  designed  primarily  for  the  environment  here  on  Earth. 

We  have  been  using  this  equipment  and  if  we  are  to  progress  in 
the  future  and  get  more  reliable,  longer  life  spacecraft  for  the  planets 
and  so  forth,  and  get  more  regularity  and  get  performance  out  of  the 
equipment,  too,  we  are  going  to  have  to  improve. 

Mr.  Chenoweth.  Isn’t  private  industry  doing  some  of  that,  too? 

Dr.  Kelley.  Private  industry  is  doing  some  of  this.  The  85- 
to-15  percent  ratio  you  cited  is  an  example. 

Incidentally,  I’d  not  like  to  think  in  the  85-to-15  percent  ratio, 
that  the  numbers  are  mutually  exclusive,  that  anything  done  in  the 
military  space  electronics  or  Government  electronics  has  no  benefit 
in  the  industrial  economics. 

In  fact,  we  think  this  is  very  important.  This  is  the  spinoff  or 
technological  fallout  we  talk  about  sometimes. 

Chairman  Miller.  Telstar  is  a good  example. 
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Mr.  Chenoweth.  You  have  some  contracts  for  both  private 
industry  and  NASA  participation.  Is  that  true  in  the  development 
of  electronics  for  the  space  efforts? 

Dr.  Kelley.  Most  of  our  space  electronic  effort  is  with  industry. 
As  you  know,  90  percent  of  every  NASA  dollar  goes  out  of  house. 

So,  most  of  the  work  is  done  in  industry. 

Mr.  Karth.  Doctor,  I'm  not  sure  the  gentleman  from  Colorado 
understood  my  statistics.  Sometimes  they  are  difficult  to  understand. 

What  I said,  Mr.  Chenoweth,  was  80  percent  of  all  the  electronic 
work  that’s  being  done  in  this  country  is  paid  for  by  the  Government. 
It’s  being  done  under  Government  contract. 

Mr.  Chenoweth.  It’s  not  all  for  the  benefit  of  the  Government? 
It’s  for  the  private  industries  participating?  I understand  private 
industry  is  coming  up  with  new  inventions  resulting  in  patents  which 
will  result  in  products  advantageous  for  them  as  well  as  getting 
something  going  to  help  you  in  the  space  picture. 

They  want  something  going  to  be  profitable  to  themselves,  or  the 
communities  as  well  as  to  the  Government. 

Dr.  Kelley.  Yes,  sir. 

Mr.  Chenoweth.  So,  it’s  a joint  effort. 

Dr.  Kelley.  There  are  many,  many  examples  of  this.  NASA  and 
Mr.  Webb,  himself,  is  interested  in  this  spinoff  or  technological  fallout 
that  can  come  from  the  NASA  space  program. 

We  have  a group  that  is  interested  in  the  applications  of  the  things 
we  learn  in  space  to  the  industrial  economy,  to  use  here  in  our  day-to- 
day  lives. 

Mr.  Karth.  Doctor,  here’s  one  area  I don’t  think  we  are  spending 
nearly  enough  money  in. 

If  I recall  correctly,  and  I may  be  in  error  by  a million  dollars  or 
so;  but,  it  seems  to  me  that  the  last — during  this  fiscal  year,  fiscal 
year  1963,  we  appropriated  $3  million  to  do  this  very  thing  you  are 
talking  about.  That  is,  get  this  information  back  to  industry  so  that 
we  can  more  quickly  get  spinoffs  into  the  industrial  stream,  the 
economic  stream. 

Probably  we  should  be  spending  $50  million  in  that  area,  because  I 
really  don’t  think  with  the  hundreds  of  millions  of  dollars  of  research 
and  development  that  are  going  on  for  the  Government  in  NASA  and 
DOD,  that  $3  or  $4  million  could  possibly  get  this  information  to 
the  industry  who  are  not  participating  in  any  of  the  Department  of 
Defense  or  NASA  work. 

Seems  to  me  we  do  a good  deal  of  talking  about  getting  this  spinoff 
back  into  the  economy  for  the  benefit  of  the  consumer  and  the  general 
uplifting  of  the  economy,  but  I don’t  really  think  we  do  it. 

I know  that  this  isn’t  your  field,  really. 

Do  you  really  think  this  is  enough  money? 

Dr.  Kelley.  I have  no  comment.  This  is  not  my  area. 

Mr.  Mosher.  Mr.  Chairman,  if  I remember  correctly  there  was  an 
announcement  only  within  the  last  2 weeks  NASA  was  just  getting 
around  to  this,  really — had  established  an  office  under  Dr.  Simpson, 
just  given  him  the  responsibility. 

Dr.  Kelley.  This  is  a reorganization. 

Dr.  Bisplinghoff.  May  I interject,  Mr.  Mosher? 

Mr.  Karth.  Dr.  Bisplinghoff? 
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Dr.  Bisplinghoff.  This  particular  responsibility  had  previously 
been  under  Mr.  Stoller  for  some  time  and  was  transferred  to  Mr. 
Simpson’s  office.  This  was  merely  reorganization  of  the  NASA  offices. 

Mr.  Mosher.  Well,  in  line  with  the  chairman’s  question,  what  is 
Mr.  Simpson  going  to  be  given  to  work  with,  in  terms  of  dollars  and 
personnel? 

Maybe  you  are  not  the  right  person  to  ask. 

Dr.  Bisplinghoff.  1 am  not  familiar  with  what  his  budget  is 
going  to  be. 

Mr.  Mosher.  I think  it  is  an  important  question  you  have  raised, 
Mr.  Chairman. 

Mr.  Randall.  Mr.  Chairman. 

Mr.  Chenoweth.  I have  nothing  further. 

Thank  you,  Mr.  Chairman.  Thank  you,  Doctor. 

Mr.  Randall.  This  is  just  for  clarification. 

Thi3  is  not  so  disheartening  as  it  might  seem.  If  you  go  over  the 
figures  read  by  our  chairman — I want  to  say,  I completely  agree  with 
his  retrieval  idea  and  dissemination.  Maybe  we  don’t  have  enough 
money. 

As  I understand  the  figures  and  the  message  from  Mr.  Bridges, 
we  have  $335  million  in  industry  and  $17  million  in  the  universities. 

Could  you  address  yourself  to  the  fact,  isn’t  there  some  ratural 
dissemination  between  industries?  Don’t  they  have  your  trade 
journals?  Don’t  they  know  when  something  is  going  on? 

I get  big,  thick,  magazines  each  week  in  which  there  are  publica- 
tions. 

Dr.  Kelley.  Yes,  sir,  in  addition  to  what  the  Government  itself 
does,  in  addition  to  retrieval  for  example,  by  ASTIA,  Armed  Services 
Technical  Information  Agency,  NASA  has  a documentation  system 
which  is  cross-referenced  with  this,  but  this  is  by  no  means  the  only 
method  of  information  dissemination. 

We  have  trade  journals,  magazines,  and  the  great  professional 
societies  in  this  country  and  they  have  frequent  meetings  with  very 
high-class  professional  papers  and  this  is  extremely  effective  as  a 
means  of  transmitting  the  information  throughout  the  Government 
and  industrial  economy. 

Both  Government  and  industrial  people  appear,  and  university 
people  as  well  appear  in  these  symposia. 

Mr.  Randall.  The  comment  of  the  gentleman  from  Colorado 
about  the  85  per,  of  course,  we  never  got  up  to  the  85  percent  at  any 
time.  It  was  79  percent,  but  of  that  79  percent,  as  you  go  through, 
you  find  a great  part  is  in  industry.  It  may  be  Government  dollars, 
but  it  is  industry. 

Would  you  address  yourself  to  that? 

Dr.  Kelley.  By  far  the  greater  proportion  of  our  dollar,  our  dollar 
volume,  90  percent,  goes  to  industry.  Ninety  percent  of  the  dollars 
the  Congress  would  appropriate  to  NASA,  ends  up  in  industry. 

Mr.  Karth.  Before  we  leave — the  gentleman  from  Missouri  wasn’t 
here  yesterday,  so  I wouldn’t  want  to  mislead  him  on  electronic  research 
for  NASA. 

Seems  to  me  your  testimony  yesterday  was,  out  of  $43  million  spent 
by  NASA  in  electronic  research  during  this  fiscal  year,  that  is  fiscal 
year  1963,  $20  million  will  be  spent  in-house  and  $23  million  in 
industry. 
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Dr.  Kelley.  No,  sir;  $15  million  personnel  costs.  Eight  million 
dollars  is  operations  of  installations — most  of  that  goes  out-of-house. 

And  then  there  is,  as  I said,  $19  million  was  the  number  yesterday, 
that  is 

Mr.  Karth.  All  I remembered  were  the  totals  and  I have  $20 
million  and  $23  million  someplace. 

Dr.  Kelley.  I rounded  it  off  just  now.  . 

It  is  $20  million  dollars  spent  in  R.  & D.  funds  on  the  actual  engi- 
neering research. 

Mr.  Karth.  In-house? 

Dr.  Kelley.  Out-of-house. 

Mr.  Karth.  How  much  in-house? 

Dr.  Kelley.  $15  million  personnel  costs  in-house. 

Mr.  Randall.  You  are  probably  not  the  right  witness,  but  I think 
we  should  establish  it,  if  you  can  address  yourself  to  it,  since  it’s 
been  raised  as,  maybe,  not  an  issue  but  a point  of  information. 

These  figures  of  the  Department  of  Defense,  actually  the  Army, 
most  of  that  great  bulk,  is  on  the  Nike-Zeus.  Are  you  familiar  with 
that? 

Dr.  Kelley.  Very  familiar  with  the  Nike-Zeus. 

Mr.  Randall.  And  this  big,  big  expense  in  the  Army  is  on  that? 

Dr.  Kelley.  I don't  know  if  it’s  specifically  on  that. 

Mr.  Randall.  Related  matters? 

Dr.  Kelley.  I would  suspect,  sir. 

As  I recognize  this,  these  are  “Research,  development,  test,  and 
evaluation”  appropriations. 

Mr.  Randall.  Now,  Doctor,  the  big  item,  as  I understand  it  in 
the  Navy,  and  I think  you  agree,  it's  ASW? 

Dr.  Kelley.  Absolutely,  sir. 

Mr.  Randall.  Of  course,  which  we  all  agree  is  important. 

And  then,  somewhere  along  the  line,  isn’t  there— if  it  is  some 
element  of  basic  research  and  electronics,  can’t  you  accomplish  a 
retrieval,  translation  from  that  effort,  so  far  as  applied  to  space? 

Dr.  Kelley.  Yes,  sir,  we  do.  We  have  cross-correlation  between 
the  agencies  on  a continuous  basis. 

I might  give  you  just  a few  examples. 

Mr.  Randall,  I would  hope  it  would  go  beyond  cross-correlation. 

Can’t  you  actually  use  it? 

Dr.  Kelley.  We  actually  use  it.  In  fact,  in  my  area  we  have  funds 
sponsoring,  through  specific  DOD  laboratories,  R.  & D.  efforts. 

Mr.  Randall.  And  that  is  separate 

Dr.  Kelley.  Where  the  capability  exists  we  will  try  to  seek  it  out 
and  use  it. 

Mr.  Randall.  And  that  is  a separate  effort  from  this  appropriation 
we  are  discussing,  Mr.  Stoll  and  the  others? 

That  is  a separate  effort?  That’s  your  own? 

Dr.  Kelley.  That  is  right. 

Mr.  Randall.  All  right,  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  This  morning’s  questioning  began  with  Mr.  Morris’ 
reference  to  the  Executive  order  which  requires  an  agency  such  as 
NASA  to  thoroughly  investigate  the  possibility  of  duplicate  facilities 
with  its  requesting  appropriations  for  a new  facility  and  I think  that 
under  Mr.  Morris’  questioning  we  considered  only  the  possibility  of 
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the  duplicaton  in  the  DOD  and  you  talked  about  the  relationships 
between  Mr.  McNamara  and  Mr.  Webb  at  the  top  level  whereby 
they  consider  these  matters. 

I think,  for  the  record,  you  should  be  asked  whether  in  considering 
this  facility  proposed  for  Boston,  whether  you  also  considered  the 
possibility  of  it  duplicating  any  facilities  available  in  other  agencies, 
other  than  DOD. 

I don’t  know  which  one3,  Bureau  of  Standards  perhaps.  Spe- 
cifically, was  a study  made  to  make  sure  there  was  no  duplication 
there? 

Dr.  Kelley.  I can  assure  you,  I considered  all  these  facilities  in 
making  a recommendation,  and  I am  familiar  with  the  facilities. 

Mr.  Mosher.  Now,  in  the  spirit  of  that  order,  do  you  also  consider 
and  make  a real  survey  of  wnat  duplication  there  may  be  already 
available  in  private  industry,  industrial  competence  m this  area, 
where,  instead  of  building — buying  all  this  land  and  building  immense 
laboratory  complex  and  hiring  the  2,000  additional  people;  instead  of 
doing  that,  you  could  employ  the  research  facilities  of  industry  which 
may  be  already  available? 

Would  you  consider  that  kind  of  study  in  the  spirit  of  the  Executive 
order? 

Dr.  Kelley'.  This,  I don’t  consider  is  necessary,  in  the  spirit  of  the 
Executive  order;  but  it’s  something  we  did  anyway  and  I think  you 
have  got  the  question  here  as  to  how  much  in-house  competence  do 
you  need  and  how  much  do  you  do  with  industry. 

How  much  responsibility  do  you  give  the  in-house  group  and  how 
much  do  you  give  to  industiw? 

One  of  the  requirements  1 cited  was  a need  in-house  for  a stable 
group  who  would  be  able  to  absorb  all  this  knowledge  and  apply  it 
in  the  space  program  and  also — and  there  are  various  Government 
documents  including  reports  of  this  committee  on  the  need  for  in- 
house  competence — to  avoid  conflict  of  interest,  for  example. 

Mr.  Mosher.  Would  the  reverse  procedure  work? 

That  is,  is  there  research  competence  available  in  industrial  labora- 
tories, directing,  of  course  from  NASA.  You  could  farm  out  these 
research  projects? 

Dr.  Kelley.  I don’t  want  to  leave  the  impression  that  any  labora- 
tory which  we  might  request  or  establish  would  preempt  our  efforts  in 
industry  at  all. 

In  fact,  we  do  use  these  industrial  laboratories.  We  want  to  con- 
tinue to  use  them  and  increase  the  effort.  That  is,  in  fact,  one  of  the 
reasons  why  we  want  to  increase  in-house  competence  so  we  can 
effectively  manage  the  out-of-house  effort  we  want  to  increase;  so  we 
will  definitely  continue  to  use  the  industrial  laboratories. 

In  fact — 

Mr.  Mosher.  Is  it  part  of  your  philosophy  that  the  long-term  re- 
sults of  the  work  done  in  the  new  facility  will  actually*  spin  off,  produce 
a byproduct,  whatever  you  call  it,  that  the  result  of  this  research  will 
stimulate  the  private  industrial  work? 

Dr.  Kelley.  We  intend  to  work  very  closely  with  the  universities 
and  industry  in  such  a lab.  The  lab  itself  would  contract  out-of- 
house a significant  portion  of  the  electronics  advanced  research  and 
technology  program  and  we  consider  this  as  a team  effort  between  the 
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in-house  group  as  represented  at  the  center  and  industry  and  uni- 
versities. 

Mr.  Mosher.  In  other  words,  you  have  thoroughly  considered  the 
possibility  of  avoiding  any  unnecessary  duplication  of  facilities  that 
is  available  in  private  industry? 

We  are  thinking  in  terms  here  of  budget  for  the  moment  and  we 
have  got  to  assume  this  in  terms  of  how  the  Federal  money,  the  tax- 
payers’ money,  can  best  be  spent. 

Dr.  Kelley.  These  have  properly  been  considered.  In  fact,  as  I 
mentioned,  we  would  want  to  increase  our  usage  of  industrial  facilities 
and  try  to  stimulate  some  of  the  electronics  industry  into  working  on 
our  space  electronic  problems. 

We  see  the  laboratory  as  an  instrument  to  accomplish  this. 

Mr.  Mosher.  Could  I ask  one  other  question? 

I think  you  testified  yesterday,  in  thinking  of  the  location  of  this 
potential  or  proposed  laboratory;  you  considered,  among  other  places, 
Philadelphia,  Milwaukee,  the  west  coast,  and  so  forth,  and  it  was  your 
considered  and  unequivocal  decision  the  Boston  area  was  the  most 
advantageous  location.  Who  did  you  make  this  recommendation  to? 

What  is  the  chain  by  which  this  reaches  the  Budget  Bureau? 

Dr.  Kelley.  It  was  my  recommendation. 

Mr.  Mosher.  To  whom? 

Dr.  Kelley.  To  Dr.  Bisplinghoff  and  Dr.  Seamans. 

Mr.  Mosher.  How  was  this  then  transmitted  to  the  White  House 
or  to  the  Bureau  of  the  Budget? 

Is  it  Dr.  Seaman’s  final  decision? 

That  is,  where  does  the  decision  stop? 

Where  is  the  final  decision  as  to  location  made? 

Is  it  Dr.  Seaman’s  decision  or  is  it  Mr.  Webb’s  or  whose? 

Dr.  Kelley.  In  any  such  deeisoin  as  this,  a major  source  evalua- 
tion, the  selection  is  Mr.  Webb’s. 

Mr.  Mosher.  You  recommended  the  Boston  location  unequiv- 
ocally; you  didn’t  give  three  choices,  as  suitable  to  your  standard? 

Dr.  Kelley.  I recommended  this  as  the  best  one,  sir. 

Mr.  Mosher.  When  did  you  complete  this  study  and  make  the 
recommendation,  Dr.  Kelley? 

Dr.  Kelley.  When  did  I complete  the  study  and  make  the  recom- 
mendation? 

I think  the  exact  date — I had  discussions  with  Dr.  Bisplinghoff. 
Maybe  I can  start  back  from  the  beginning  further. 

I think  I mentioned  yesterday  on  the  record  that  this  was  one  of 
some  alternatives  that  I had  told  the  associate  administrator,  well 
over  a year  ago,  I was  going  to  consider  in  response  to  his  specific 
request  I review  the  electronic  capability  and  come  up  with  a planned 
growth. 

After  we  reviewed  the  procedure  it  was  late  in  September  I made  a 
strong  recommendation. 

Mr.  Mosher.  Late  in  September  of  1962. 

Dr.  Kelley.  Last  year;  yes. 

I made  a strong  recommendation  to  Doctor  Bisplinghoff  it  was  my 
conclusion  that  the  best  way  to  manage  this  in-house  growth  was  witn 
a new  research  center. 

This  was  after  the  various  steps  I mentioned  to  you. 
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Mr.  Mosher.  Chairman  Miller  referred,  a few  minutes  ago,  to  the 
possible  danger  of  redundancy  of  research  capability  around  the 
country  and  I think  you  answered  you  had  confidence  in  the  supply 
and  demand  in  the  industry  to  take  care  of  any  redundancy.  It 
doesn’t  exist  now,  and  you  would  think  future  supply  and  demand 
would  take  care  of  that. 

Did  I interpret  your  statement  correctly? 

Dr.  Kelley.  I feel  the  supply  and  demand  takes  care  of  the 
number  of  companies.  Now,  there  is  not  a regulatory  agency  in  the 
country  to  regulate  the  number  throughout  the  country  that  I know  of. 

Mr.  Mosher.  Are  you  expressing  it  as  your  own  philosophy,  and 
probably  NASA’s  philosophy,  you  don’t  consider  it  part  of  your 
mission  to  manage  or  determine  or  direct  the  dispersal  of  electronic 
capability  around  the  country? 

This,  you  wouldn’t  consider  part  of  it? 

Dr.  Kelley.  In  terms  of  industry,  no. 

No,  1 consider  this  a free-enterprise  system. 

Mr.  Mosher.  You  think  there  is  any  threat  of  an  unhealthy  situa- 
tion where,  by  locating  your  new  facility  in  Boston — and  I think  the 
prime  reason  for  your  locating  it,  is  the  availability  of  competence  in 
the  industrial-university  complex  that’s  already  there — do  you  see 
any  threat  of  just  compounding  this  competence  to  such  an  extent 
that  it  could  become  an  unhealthy  thing  since  competence  is  there 
now,  you  add  competence  to  it,  and  that  in  turn  adds  further  compe- 
tence and,  in  effect,  you  are  participating  and  you  are  weighting  the 
scales  in  supply  and  demand,  whether  consciously  or  not,  you  are 
managing  the  dispersal  as  opposed  to  concentration  of  competence 
there? 

Dr.  Kelley.  Mr.  Mosher,  I’m  not  clear  whether  you  are  referring 
to  the  competence  in  industry  or  the  competence  at  the  center. 

Mr.  Mosher.  I am  assuming  that  industry  will  follow. 

You  are  locating  there  because  university  and  industrial  compe- 
tence is  there.  Further  industrial  development  will  center  there 
because  of  your  new  laboratory  being  there  and  that  sort  of  thing — a 
“compounding  of  competence,”  if  that  means  anything  as  a phrase. 

Do  you  see  this  as  an  unhealthy  possibility  at  all? 

Dr.  Kelley.  Well,  not  from 

Mr.  Mosher.  Would  you  see  it  as  a better  policy,  very  consciously 
locating  vour  laboratory  of  research  someplace  else  in  the  expectation 
you  would  thereby  encourage  the  establishment  of  a new  center;  of 
not  draining  away,  necessarily  from  the  Boston  area,  but  establishing 
another  healthy  center  which  would  be  healthy  in  the  long  run? 

Dr.  Kelley.  I v/ould  look  at  this  national  center  as  a national 
electonics  research  and  space  center  that  would  be  working  with  the 
industry  throughout  the  United  States. 

I don’t  know  of  the  stimulation  of  the  local  economy. 

I don’t  consider  that  in  my  province.. 

Mr.  Mosher.  I wasn’t  talking  about  the  local  economy.  I was 
just  talking  about  qualified  people  in  this  field  who  like  to  work  near 
and  live  near  other  qualified  people. 

Dr.  Kelley.  I feel  from  where  I sit,  which  might  be  a parochial 
technical  viewpoint  insofar  as  the  electronics  space  program  and 
getting  it  going  in  the  best  manner  is  concerned,  I feel  this  is  the  best 
location  in  the  United  States. 
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Mr.  Karth.  Doctor,  where  were  you  born  and  raised? 

Dr.  Kelley.  I was  bom  and  raised  in  the  Boston,  Mass.,  area,  sir. 

As  you  could  probably  tell  by  my  accent — and  I left  over  20  years 
ago  to  to  to  the  Naval  Academy  and  have  been  in  the  Navy  ever  since. 

Mr.  Karth.  We  all  like  to  go  home,  Doctor. 

Dr.  Kelley.  I am  in  the  Navy,  sir. 

Mr.  Mosher.  Well,  I think  perhaps  I ought  to  say,  I have  a great 
deal  of  confidence  in  Dr.  Kelley  and  despite  the  partisan  curiosity 
that  I expressed  yesterday,  it  does  encourage  me — and  I want  to 
accept  Dr.  Kelley’s  assertion. 

I have  a great  deal  of  confidence  in  his  integrity,  his  decision,  and 
his  recommendation  that  it  was  based  completely  as  to  location,  was 
based  completely  on  NASA’s  best  interest  and  the  Nation’s  best 
interest. 

I am  personally  willing  to  accept  his  statement. 

I think  it  was  a fortuitous  coincidence,  perhaps,  that  the  location 
announcement  followed  the  election  of  the  junior  Senator  from  Mas- 
sachusetts last  year,  and  helped  to  immediately  bear  out  his  promise 
to  his  State. 

Mr.  Karth,  Can  the  gentleman  recall  his  name  offhand?  Perhaps 
we  would  want  to  get  that  in  the  record. 

Mr.  Mosher.  Facetiously,  I’d  like  to  note;  he  referred  to  the  “fron- 
tier of  space.”  I hope  that  was  a slip  of  the  tongue. 

Dr.  Kelley.  There  are  many  frontiers,  Mr.  Mosher. 

Dr,  Weaver.  Mr.  Chairman,  yesterday  Dr.  Kelley  said  he  was 
going  to  place  in  the  record,  the  other  sites  he  considered. 

The  other  sites  considered,  are  covered  in  the  April  3 hearings, 
p.  2215.) 

When  you  evaluated  these  sites,  did  you  have  any  board  to  assist? 
Did  you  use  members  of  NASA  or  did  you  have  a citizens’  committee 
or  advisory  group  that  reviewed  this  with  you  before  you  made  a 
recommendation? 

Dr.  Kelley.  There  was  no  formal  board  convened  for  this. 

Dr.  Weaver.  Informally,  you  discussed  this  with  people  of  the  area 
and  people  of  the  industry.  Is  that  it? 

Dr.  Kelley.  We  feel  we  know  pretty  much  where  the  capability 
is  to  start  with — not  . just  myself,  but  the  management  in  NASA, 
and  there  were  many  and  frequent  discussions  about  the  locations  of 
this. 

Dr.  Weaver.  Dr.  Kelley,  will  your  report  show  the  socioeco- 
nomic factors  involved,  besides  the  technical  factors  involved? 

Dr.  Kelley.  Any  I would  have. 

Dr.  Weaver.  It  wall  be  scientific? 

Dr.  Kelley.  Yes. 

Dr.  Weaver.  Make  it  stand  on  its  own,  the  statistics  you  have  of 
the  research  laboratory  at  Boston,  versus  the  research  laboratory  at 
other  areas  in  this  country? 

Dr.  Kelley.  That  is  the  only  criteria  on  which  my  recommendation 
was  made. 

Dr.  Weaver.  That’s  what  I would  like  to  see. 

Do  you  consider  the  United  States  or  Russia  to  be  ahead  in  this 
electronic  field? 

Dr.  Kelley.  That  is  a very,  very,  difficult  question  to  answer. 
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It  is  involved  in  intelligence  information  and  so  forth,  but  I think 
in  the  electronic  area  we  are  probably  about  equal. 

Dr.  Weaver.  This  then  would  have,  perhaps  a role  in  your  decision 
such  a center  is  necessary? 

Dr.  Kelley.  Yes,  sir. 

Dr.  Weaver.  Thank  you. 

Dr.  Kelley.  I don’t  think  we  are  any  smarter  in  electronics  than 
anybody  else. 

I think  we  are  good,  but  I don’t  think  we  are  smarter. 

Mr.  Karth.  Doctor,  yesterday,  you  and  I agreed  that  if  we  had  to 
have  any  more  laboratories,  probably  one  would  be  enough — I mean, 
one  more. 

We  still  agree,  don’t  we? 

Dr.  Kelley.  One  more  space  electronic  laboratory. 

Mr.  Karth.  The  reason  I ask  the  question  is  because  March  13, 
I received  a memorandum  which  is  in  conformity  with  the  authoriza- 
tion act  from  Mr.  Webb,  the  Administrator.  Well,  this  particular 
one  was  from  Dr.  Hugh  Dryden,  Deputy  Administrator,  asking  for  a 
reprograming  of  some  funds  and,  apparently,  calling  our  attention  to 
the  fact  that  some  additional  budgetary  funds  were  being  requested 
for  a construction  at  the  Mississippi  test  facility  of  Electronic  Instru- 
mentation and  Materiels  Laboratory,  for  the  total  of  $5,153,000. 
Now,  is  this  an  electronic  Laboratory,  or  isn’t  it? 

Dr.  Kelley.  I am  not  familiary  with  the  details  of  that  particular 
Laboratory,  but  I am  aware  of  the  facility  and  this  is  electronic 
hardware  facilities  to  support  the  test  operations. 

Now,  as  I mentioned  yesterday,  I don’t  consider  this  an  electronics 
research  laboratory,  either. 

At  many  of  our  locations  we  have  to  have  electronic  capability — 
60  percent  of  our  project  dollars  are  in  electronics. 

We  have  to  nave  people  who  know  what  they  are  doing  on 
the  projects.  There  has  to  be.  We  will  get  a reasonable  distri- 
bution of  people  with  electronic  competence  at  the  proposed  new 
research  center. 

But  I don’t  consider  this  an  electronic  research  facility. 

Mr.  Karth.  Aren’t  you  requesting  funds  also  for  Langley?  You 
are  requesting  some  electronic  research  funds  for  Langley? 

Dr.  Kelley.  Yes,  sir,  and  this  is  associated  with  the  flight  test 
programs  going  on  there  that  I mentioned  the  other  day. 

Mr.  Karth.  This  is  all  a part  of  research,  isn’t  it? 

Dr.  Kelley.  Research  has  many  names. 

Mr.  Karth.  Research  going  to  find  out  whether  or  not  what 
systems — whether  or  not  the  systems  that  we  now  have,  can  stand  the 
rigors  of  outer  space? 

I assume  this  is  one  of  the  purposes  of  the  laboratories.  If  not,  I’d 
like  to  be  corrected. 

Dr.  Kelley.  This  is. 

Mr.  Karth.  And  if  they  can’t  withstand  the  rigors  of  outer  space, 
I suppose  we  try  to  evaluate  and  find  out  why,  and  where  we  can  make 
corrections. 

Isn’t  that  pretty  much  what  you  are  talking  about  so  far  as  the 
purpose  of  the  Boston  laboratory  proposal  is  concerned? 

Dr.  Kelley.  That  is  the  purpose  of  the  Boston  laboratory. 
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Langley  has  a complementary  role  to  the  electronic  research  labora- 
tory as  I pointed  out  yesterday. 

Right  now,  we  have  our  heaviest  concentration  of  electronic  re- 
search personnel  there  and  we  would  continue  to  want  to  exercise  the 
Langley  capabilities  associated  with  the  wind  tunnels  and  flight  tests 
at  Wallops  and  so  forth. 

I think  you  are  referring  specifically  to  an  electronics  instrumenta- 
tion facility. 

Mr.  Karth.  An  “electronic  instrumentation  facility.”  All  right, 
if  that’s  what  it  is,  that’s  fine. 

I’m  not  just  sure  in  my  own  mind,  you  see,  we  can  assign  a different 
word  to  each  center  and  then  say,  “Well,  gentlemen,  this  one  is 
working  on  instrumentation.” 

I am  not  an  electronic  engineer,  but  I do  happen  to  feel  quite  con- 
fident that  all  the  electronic  components  are  instrumentation,  aren’t 
they? 

Dr.  Kelley.  Some  people  use  that  name  in  the  broad  sense.  We 
use  it  to  mean  the  actual  measuring  instrument. 

Mr.  Karth.  That’s  not  what  you  mean  so  far  as  Langley’s  effort 
is  concerned,  and  the  Mississippi  test  facility  laboratories  are 
concerned? 

They  are  not  just  doing;  the  kind  of  work  they  talked  about  insofar 
as  your  interpretation  of  the  word  “instrumentation”  is  concerned, 
are  they? 

Dr.  Kelley,  Primarily  as  I understand,  yes,  sir. 

Mr.  Karth.  Primarily  though  they  do  work  in  addition  to  that, 
don’t  they? 

Dr.  Kelley.  Yes. 

Mr.  Karth.  One  other  question,  Doctor. 

We  are  going  to  have  to  let  you  go,  because  you  are  a very  busy 
man  and  we  have  other  witnesses  from  Dr.  Bisplinghoff’s  office. 

Mr.  Randall.  We  will  reserve  the  right  to  call  Dr.  Kelley  back. 

A lot  of  us  want  to  get  into  the  record  and  read  it  and  go  through  it 
a lot  more  thoroughly. 

Mr.  Karth.  I think  what  we  ought  to  do;  those  questions  we  still 
have,  we  can  submit  to  the  doctor  in  writing,  and  Doctor,  you  could 
reply  and  both  the  question  and  the  answer  go  into  the  record. 

Dr.  Kelley.  Yes,  sir. 

Mr.  Karth.  In  conclusion,  I’d  just  like  to  point  out  that  it  was 
just  about  1 year  ago  when  some  members  of  the  Science  and  Astro- 
nautics Committee  were  questioning  Dr.  Seamans  and  Mr,  Wyatt  on 
in-house  capabilities,  and  at  that  time  it  was  their  opinion  that  maybe 
NASA  was  moving  in  the  direction  of  developing  an  in-house  capability 
in  everything  and  Dr.  Seamans  and  Mr.  Wyatt  said,  well,  this  is  true, 
we  needed  some  in-house  capability;  but  so  far  as  electronics  was  con- 
cerned, they  pointed  out  here  we  depend  on  the  universities  and 
Government — all  existing  Government-owned  laboratories  and  in- 
dustry. 
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Dr.  Seamans  said  this  was  good  because — 

A great  deal  of  work  has  been  done  in  this  field.  There  is  a danger  that  our 
people  in  NASA  centers  could  repeat  what  has  already  been  done  or  .whatever  is 
already  going  on  in  this  field.  We  are  relying  very  heavily  on  industries  and  the 
universities. 

and  so  on  and  so  forth. 

This  also  applies  to  the  Department  of  Defense  in  the  department 
of  electronic  control. 

Apparently,  there’s  been  a considerable  change  of  opinion  in  this 
particular  area  since  last  year. 

Dr.  Kelley.  That  was  approximately  1 year  ago. 

Mr.  Karth.  That  was  March  7,  to  be  exact. 

Dr.  Kelley.  I was  directed,  in  March,  to  look  into  the  whole 
situation.  That  was  the  status  quo  at  that  particular  time  and,  I 
believe,  as  a result  of  our  effort,  since  that  time,  that  we  do  feel 
differently. 

Mr.  Karth.  I want  to  thank  you  very  much,  Doctor. 

I have  enjoyed  your  appearance  before  the  subcommittee  and  I’m 
sure  the  other  subcommittee  members  have,  too. 

On  behalf  of  the  subcommittee,  I want  to  congratulate  you.  You 
have  done  a tremendously  able  job  calling  to  our  attention  your  view- 
point and,  apparently,  those  of  NASA,  on  this  particular  issue. 

If  we  should  find  reason  to  call  you  back  later  on,  we  hope  we  don’t 
interrupt  your  busy  schedule  too  much. 

For  the  benefit  of  the  committee,  tomorrow  we  would  meet  in  this 
room,  at  10:15  and,  Mr.  Sloop,  I would  hope  that  you  coiid  be  avail- 
able for  the  committee  at  that  time. 

I would  also  like  to  announce  the  subcommittee  intends  to  hold 
hearings  Monday,  Tuesday,  and  Wednesday  next  week.  The  place 
of  the  hearings  has  not  yet  been  determined,  but  we  will  get  that 
information. 

Thank  you  very  much.  The  meeting  is  adjourned. 

(Whereupon  at  12:10  p.m.  the  subcommittee  was  adjourned  until 
10:15  a.m.,  Friday,  April  5,  1963.) 
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FRIDAY,  APRIL  5,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10:15  a.m., 
in  room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth 
(chairman  of  the  subcommittee)  presiding. 

Mr.  Karth.  The  committee  will  come  to  order. 

Dr.  Bisplinghoff,  I understand  that  Mr.  Sloop  has  a prepared 
statement. 

Dr.  Bisplinghoff.  Yes,  sir;  he  is  right  here. 

Mr.  Karth.  You  may  proceed,  Mr.  Sloop.  Perhaps  it  would  be 
best  if  you  don’t  .follow  the  prepared  statement  verbatim,  but  sum- 
marize it,  using  whatever  slides  or  other  material  you  have. 

STATEMENT  OF  JOHN  1.  SLOOP,  DIRECTOR,  PROPULSION  AND 

POWER  GENERATION,  OFFICE  OF  ADVANCED  RESEARCH  AND 

TECHNOLOGY,  NASA 

INTRODUCTION 

Mr.  Chairman  and  members  of  the  subcommittee,  Dr.  Bisplinghoff  has  outlined 
to  you  our  concept  of  advanced  research  and  technology  and  described  various 
programs.  1 shall  amplify  his  remarks  with  regard  to  two  of  these  programs: 
Chemical  propulsion  and  space  power.  These  programs  are  closely  related  as 
they  both  are  energy  conversion  processes.  The  energy  sources  to  be  considered 
here  are  chemical  and  solar;  nuclear  energy  is  handled  separately  by  Mr.  Finger. 

Propulsion  is  the  key  to  space  exploration  and  our  push  to  the  Moon  in  this 
decade  will  depend  completely  on  chemical  propulsion.  We  see  a large  and  con- 
tinuing role  for  chemical  propulsion  in  the  next  decade.  The  advent  of  nuclear 
and  electrical  propulsion  will  greatly  increase  our  capability  and  enable  us  to  use 
each  type  in  the  application  best  suited  to  its  characteristics.  We  see  mu«h 
larger  chemical  propulsion  systems  than  we  have  today.  Some  of  these  may  use 
air  augmentation  and  will  be  capable  of  ferrying  large  payloads  economically  from 
Earth  to  manned  satellites  and  between  distant  points  on  the  Earth.  We  see 
chemical  propulsion  packages  carried  dormant  for  months  on  long  space  missions 
but  ready  at  the  touch  of  a button  or  a signal  from  Earth  to  perform  their  task. 
We  see  chemical  propulsion  systems  for  landing  and  takeoff  from  the  Moon, 
Mars,  and  Venus  where  compact  systems  of  high  thrust  per  pound  of  weight  are 
needed.  Some  may  be  carried  as  extra  stored  energy  sources  for  emergency  use. 

Space  power  or  electric  power  generation  is  the  heart  of  a spacecraft,  supplying 
its  many  parts  with  electrical  power.  It  provides  power  for  communications, 
guidance  control,  measurements,  mechanical  devices,  life  support,  and  in  special 
cases,  for  propulsion.  Present  spacecraft  use  solar  cell  and  battery  power  systems 
but  the  technology  is  developing  so  rapidly  there  will  soon  be  many  other  systems 
available,  each  of  which  has  its  special  application.  We  visualize  large  areas  of 
inflatable  structures  covered  with  solar  cells  and  connected  with  regenerative  fuel 
cells  for  continuous  power  in  and  out  of  sunlight  periods.  We  see  an  increasing 
use  of  regenerative  or  rechargeable  fuel  cells  for  use  in  mobile  equipment.  We  see 
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the  possibility  of  large  foldable  or  inflatable  solar  mirrors  to  concentrate  solar 
energy  into  boilers  where  it  is  first  converted  and  stored  as  thermal  energy  and 
then  converted  into  electrical  energy  by  thermionic,  thermoelectric,  magneto- 
hydrodynamic, and  conventional  heat  engines.  We  see  other  possibilities  for 
power  generation  such  as  biological  fuel  cells  and  engines  that  operate  on  the  fuel 
and  oxidizers  carried  aboard  the  spacecraft.  Many  of  these  systems  will  also  find 
useful  applications  on  Earth. 

It  is  our  job  to  increase  our  knowledge  about  the  processes  that  release  chemical 
and  solar  energy  and  how  to  convert  the  energy  into  useful  work  in  propulsion 
and  power  generation  systems.  We  do  this  with  advanced  research  ana  tech- 
nology programs  involving  scientists  and  engineers  in  NASA  centers,  industry, 
and  universities  plus  nonprofit  organizations  and  other  Government  agencies. 
In  fiscal  year  1963,  the  division  of  effort  in  these  three  groups  is  28,  68,  and  4 
percent,  respectively.  In  the  following  discussion,  examples  of  typical  work  are 
given  and  often  the  organization  connected  with  the  particular  example  is  men- 
tioned to  give  you  a sample  of  the  spread  of  effort.  No  attempt  was  made  to 
include  all  the  organizations  contributing  to  the  research  and  technology  programs. 

CHEMICAL  PRO  PULSION 

Figure  217  (p.  2301)  indicates  areas  of  interest  in  chemical  propulsion.  Included 
are  engines  with  liquid  and  solid  propellants  and  hybrids  with  a combination  of 
both,  rocket  engines  that  use  air  (or  planetary  atmosphere)  for  thrust  augmenta- 
tion, and  others  that  use  solar  energy.  Some  of  these  are  pictured;  starting  at 
the  top  left,  is  a solid  motor,  a hybrid  engine,  a radiation  cooled  thrust  chamber, 
a large  booster  engine,  an  engine  with  air  augmentation,  and  a schematic  diagram 
of  a spacecraft  engine.  We  are  interested  in  high-energy  propellants  for  these 
engines  and  in  better  knowledge  of  combustion  phenomena. 

In  fluid  dynamics,  we  wish  to  learn  more  about  propellant  flow  in  tanks,  pumps, 
lines,  coolant  passages,  and  injectors  as  well  as  gas  dynamics  of  the  combustion 
gases  expanding  through  the  nozzle.  We  need  improved  cooling  techniques  and 
materials  capable  of  handling  gas  temperatures  from  6,000  to  over  10,000°  F. 
For  your  convenience,  these  areas  will  be  discussed  in  the  five  subdivisions  given 
in  the  budget  book. 

Analysis,  aerothermochemistry,  and  materials 

System  analyses  related  to  possible  future  missions  are  needed  on  a continuing 
basis  to  guide  research  and  technology  programs  in  the  most  fruitful  direction. 
In  considering  propulsion  requirements  for  future  missions,  assessments  are  made 
of  the  state  of  the  art  and  what  information  is  needed  to  meet  future  requirements. 
They  uncover  gaps  in  the  state  of  the  art  and  indicate  areas  where  more  research 
is  needed.  For  example,  figure  It 63-9 19  shows  some  preliminary  design  layouts 
from  a study  of  possible  planetary  spacecraft  propulsion  systems.  As  you  can 
observe,  the  configurations  are  combinations  of  engines  using  solids,  storable  liquid, 
and  cryogenic  liquid  propellants.  Other  studies  consider  the  potential  applica- 
tions of  hybrid  rockets  and  liquid  rocket  engines  with  air  augmentation.  Often 
these  studies  and  preliminary  designs  lead  the  way  to  new  approaches  and 
significant  gains  in  propulsion  technology. 

Aerothermochemistry  is  a composite  of  thermodynamics,  gas  dynamics,  and 
chemistry  that  considers  the  processes  of  propellant  injection  mixing  and  vapor- 
ization; ignition  and  combustion;  and  expansion  of  the  combustion  gases  through 
the  nozzle.  Consider  solid  rocket  combustion  for  example.  Research  on  various 
aspects  of  solid  combustion  is  underway  at  three  universities  (Princeton,  Purdue, 
and  Minnesota)  and  at  three  NASA  centers  (JPL,  Lewis,  and  Langley).  Last 
year  we  reported  on  work  in  low-pressure  combustion  where  there  were  regions  of 
stable  and  unstable  burning.  Since  that  time,  an  analytical  method  has  been 
developed  that  correlates  all  the  experimental  data.  The  correlation  predicts 
low  pressure  burning  characteristics  and  hence,  will  be  a valuable  tool  to  engine 
designers.  These  results  will  be  presented  at  the  annual  interagency  meeting  on 
solid  propulsion  at  Seattle,  Wash.,  this  summer.  The  correlation  will  be  extended 
to  include  propellants  with  metal  additives. 

Other  research  includes  ignition,  the  effect  of  rapid  pressure  decay  on  quenching 
combustion,  on  reignition,  and  basic  combustion  phenomena.  A combustion 
problem  of  great  concern  to  us  is  combustion  oscillations.  These  are  pressure 
fluctuations  in  the  combustion  chamber  which  greatly  increase  heat  transfer, 
and  can  destroy  the  combustion  chamber  by  excessive  heating,  pressure,  or 
vibrations  if  allowed  to  continue.  This  is  probably  the  greatest  single  problem  in 
liquid  rocket  engine  development  and  we  need  to  increase  our  < fforts  in  both  basic 
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studies  of  these  complex  phenomena  and  in  engineering  studies  to  devise  tech- 
niques for  controlling  or  eliminating  these  oscillations. 

Research  is  underway  at  Princeton  University,  the  Lewis  Research  Center, 
and  the  Naval  Ordnance  Test  Station  on  this  problem.  Recent  results  by  the 
Lewis  Research  Center  map  out  combustion  stability  regions  as  functions  of 
vaporization  characteristics  of  the  fuels,  their  burning  rate  and  engine  size.  In 
the  coming  year  the  work  will  be  extended  to  larger  engines  and  engineering 
solutions  will  be  sought.  One  approach  we  expect  to  investigate  more  fully  is 
the  use  of  chemical  additives  to  influence  burning  rate  and  avoid  combustion 
oscillations. 

Dr.  Kurzweg  has  described  to  you  the  basic  research  program  on  materials. 
We  seek  to  apply  this,  plus  related  engineering  knowledge  of  materials,  to  rocket 
engine  applications.  Work  is  underway  at  Armour  Research  Foundation  to  find 
high  temperature  coatings  that  resist  the  oxidizing  atmospheres  for  use  in  rocket 
nozzles.  Tungscen,  for  example,  can  withstand  very  high  temperatures  but 
oxidizes  rapidly.  When  coated  with  a hafnia  composite  later,  however,  tungsten 
withstood  oxidization  successfully  in  a series  of  recent  tests. 

Work  at  Marquardt  and  JPL  seeks  to  apply  pyrolytic  graphite  to  small  thrust 
engines.  This  technique  allows  the  chamber  to  operate  at  very  high  temperatures 
and  radiate  its -heat  to  the  surrounding  space. 

Propellants 

The  subject  of  rocket  propellants  is  complex  and  often  controversial.  Unlike 
air-breathing  engines  where  the  oxidizer  is  always  the  same  and  the  fuels  have 
remained  w’ithin  the  hydrocarbon  family,  rocket  propellants  come  in  many  chemi- 
cal varieties.  Almost  every  chemical  reaction  that  releases  a large  amount  of 
energy  has  been  scrutinized.  Often,  as  the  technology  advances  or  requirements 
change,  chemicals  that  once  were  examined  and  passed  over  may  become  attrac- 
tive. In  this  changing  situation,  it  is  well  to  keep  in  mind  a few  basic  guides. 
From  an  energy  standpoint,  we  seek  chemical  reactions  that  result  in  high  gas 
temperatures  and  low  weight  of  combustion  products. 

This  temperature,  divided  by  average  molecular  weight  of  the  gases,  deter- 
mines the  specific  impulse,  or  the  amount  of  thrust  produced  per  pound  per  second 
flow  of  propellants.  From  energy  considerations,  we  generally  confine  ourselves  to 
the  first  part  of  the  periodic  table  with  chemicals  containing  hydrogen,  carbon, 
nitrogen,  beryllium,  boron,  aluminum,  oxygen,  fluorine,  and  chlorine.  If  energy 
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were  our  only  consideration  our  task  would  be  fairly  simple.  We  must  consider 
other  propellant  factors  such  as  desnity,  storability  in  the  space  environment, 
compatability  with  materials  of  construction,  flammability  and  toxicity,  effec- 
tiveness as  a coolant,  properties  affecting  pressurization  and  pumping,  availability, 
and  cost. 

In  solid  propellants,  the  Department  of  Defense  (ARP A)  has  a fundamental 
chemistry  program  aimed  at  finding  new  compounds  yielding  an  increase  in 
specific  impulse.  Recently  they  added  hybrid  propellants  to  the  program.  We 
follow  this  work  closely  to  apply  the  results  to  propulsion  for  space  applications. 
We  are  currently  investigating  three  solid  prcoellants  which  are  complex  com- 
pounds containing  boron,  nitrogen,  and  hydrogen  atoms.  We  contracted  with 
the  Callery  Chemical  Co.,  Food  Machinery  Corp.,  and  American  Cyanamid  to 
produce  approximately  100-pound  quantities  of  these  propellants  which  JPL 
will  use  in  small-scale  rocket  evaluation  tests.  A current  contract  with  Callery 
Chemical  Co.  on  the  third  propellant  is  underway  and  we  plan  evaluation  tests  of  it 
in  fiscal  year  1964. 

One  of  the  problems  we  face  in  high-energy  solid  propellants  is  to  obtain  in 
practice  the  theoretically  available  performance.  Figure  218  (p.  2302)  shows  an 
example  of  this  problem.  The  vertical  scale  shows  the  relative  performance  of  a 
solid  propellant  for  various  amounts  of  light  metal  additive  as  indicated  by  the 
horizontal  scale.  As  the  amount  of  metal  additive  increases  the  difference  be- 
tween theoretical  and  obtainable  performance  grows  larger.  This  may  be  caused 
by  incomplete  combustion  of  the  metal  or  may  result  because  the  solid  combustion 
products  leave  the  rocket  nozzle  at  a lower  velocity  than  do  the  gaseous  products. 
These  gas-particle  flow  phenomena  are  being  investigated.  Part  of  this  study  is 
to  measure  and  determine  the  effect  on  performance  of  size  of  solid  particles  in 
the  exhaust.  Figure  219  (p.  2304)  shows  photomicrographs  of  aluminum  oxide  and 
beryllium  oxide  particles  captured  from  motor  firings  inside  a closed  chamber. 

Another  important  aspect  of  solid  propellant  research  is  the  determination  of 
physical  and  chemical  properties  and  the  effect  of  the  space  environment.  In  the 
coming  year,  the  NASA  will  assume  responsibility  for  a program  ARP  A started 
at  JPL  on  the  property  studies  of  solid  propellants.  The  program  is  directed 
toward  research  on  the  nondestructive  testing  of  solid  propellant  rockets.  The 
project  goal  is  to  determine  generalized  techniques  whereby  the  abnormalities  in 
solid  propellant  grains  can  be  detected  and  the  degree  of  malfunction  predicted. 
Significant  contributions  toward  the  complete  understanding  of  this  problem 
have  been  made  under  this  program  in  the  past  2 years.  Areas  of  concentrated 
effort  include  the  study  of  propellant  sonic,  rheological,  electric,  and  mechanical 
properties;  propellant  degradation  mechanisms;  photostress  analysis,  and  flaw 
analysis.  This  work  is  augmented  by  studies  of  propellant  properties  at  the 
California  Institute  of  Technology. 

In  the  space  environment,  a solid  propellant  must  withstand  the  combined 
effects  of  the  thermat'environment,  radiation,  vacuum,  and  micrometeoroids. 
An  example  of  work  underway  on  the  latter  is  shown  by  figure  R63-917.  High 
velocity  particles  are  projected  at  a propellant  sample  and  plate  to  simulate  a 
case  and  the  effects  are  measured.  This  work  is  being  carried  out  at  the  Stan- 
ford Research  Institute. 

In  liquid  propellants,  we  are  interested  in  cryogenic  high-energy  propellants 
that  exceed  the  performance  of  hydrogen  and  oxygen,  in  storable  propellants  that 
exceed  the  performance  of  nitrogen  tetroxide  and  a hydrazine  mixture,  or  in  pro- 
pellants that  offer  some  other  advantages.  Possible  candidates  for  the  first  cate- 
gory are  the  addition  of  beryllium  to  hydrogen  and  oxygen,  hydrogen-fluorine, 
and  the  addition  of  lithium  to  hydrogen-fluorine.  We  must  learn  how  to  intro- 
duce these  additives  into  the  thrust  chamber  and  how  to  burn  them  to  achieve 
high  performance.  The  same  type  of  gas-particle  flow  problems  as  mentioned 
previously  apply  here,  also. 

There  are  two  liquid  combinations  of  interest  that  contain  boron.  The  Depart- 
ment of  Defense  (Air  Force)  is  investigating  pentaborane  and  hydrazine  and 
we  are  investigating  oxygen  difluoride  and  diborane.  The  interest  in  the  latter 
comes  from  calculations  which  indicate  that  while  the  theoretical  performance 
of  this  combination  is  not  as  high  as  that  of  oxygen-hydrogen  its  density  is  three 
times  greater;  moreover,  oxygen  difluoride  and  diborane  are  liquid  at  a warmer 
temperature  (—250°  F.)  than  liquid  hydrogen  ( — 420°  F.)  and  hence  are  more 
storable  in  space.  Because  of  this  theoretical  promise,  we  contracted  with 
Reaction  Motors  Division  of  Thiokol  Chemical  Corp.  to  determine  certain  prop- 
erties of  OFj  and  to  determine  combustion  efficiency  using  a small-scale  rocket. 
The  engine  tests  were  disappointing,  however.  The  results  are  qualitatively 
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shown  by  figure  220  (p.  2306).  The  theoretical  curve  is  relatively  flat  over  a 
broad  mixture  region  and  one  would  use  as  large  a proportion  of  oxidizer  as 
possible  to  increase  average  bulk  density.  (The  density  of  the  oxidizer  is  almost 
four  times  greater  than  the  density  of  the  fuel.)  The  experimental  data,  how- 
ever, are  high  only  over  a narrow  range  of  mixture  ratios  and  fall  off  rapidly  on 
either  side.  More  data  are  clearly  needed  and  we  expect  to  investigate  per- 
formance more  fully  with  a larger  engine.  When  high  combustion  efficiencies 
are  obtained  it  will  be  necessary  to  determine  whether  the  gases  will  expand 
through  a large  nozzle  to  vacuum  and  yield  a high  specific  impuLse.  Engineers 
compute  two  theoretical  performance  curves:  The  so-cailed  equilibrium  expan- 
sion assumes  the  gas  composition  adjusts  instantaneously  to  rapidly  changing 
pressures  and  temperatures,  whereas  the  so-called  frozen  expansion  assumes  the 
gas  composition  does  not  have  time  to  adjust  and  goes  through  the  nozzle  with 
composition  unchanged.  We  expect  to  explore  these  gas-expansion  effects  in 
fiscal  year  1964. 

The  greatest  p-oblem  with  the  oxygen  difluoride-diborane  combination,  how- 
ever, is  cooling  It  has  theoretical  combustion  temperatures  approaching  8,000° 
F.  which  is  far  hotter  than  anything  in  use  today.  How  will  we  cool  the  engine? 
The  propellants  themselves  are  poor  coolants;  they  decompose  and  the  oxidizer 
may  attack  the  metal  walls  at  elevated  temperatures.  Other  cooling  techniques 
must  be  examined  such  as  the  use  of  ablative  materials,  high-temperature  ma- 
terials with  film  cooling,  etc.  We  expect  to  increase  our  efforts  in  these  areas  in 
fiscal  year  1964. 

Other  propellant  work  of  growing  importance  is  the  use  of  additives  to  current 
propellant  combinations  to  improve  ignition,  combustion  characteristics,  or  per- 
formance. In  1956  the  Navy,  General  Electric  Co.,  and  the  NACA  investigated 
the  advantages  of  additives  to  the  oxygen-RP  combination.  There  is  a great 
potential  in  improving  existing  engines  by  following  this  path  and  we  p.an  to 
pursue  it  in  cooperations  with  other  NASA  program  offices.  Another  additive 
of  research  interest  is  ozone  fluoride.  This  powerful  oxidizer  added  in  small 
quantities  (1  part  in  2,000)  to  liquid  oxygen  can  produce  spontaneous  ignition  of 
the  oxygen-hydrogen  combination,  according  to  work  by  the  Stanford  Research 
Institute.  Other  propellant  research  is  investigating  the  possibilities  of  gelling 
liquids,  including  cryogenics,  to  improve  their  behavior  in  a zero-g  environment. 
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Advanced  launch  vehicle  engine  technology 

Engines  now  in  use  or  in  development  for  Earth  takeoff  have  thrusts  up  to  1.5 
million  pounds  and  five  of  these  will  he  clustered  for  the  Advanced  Saturn.  The 
next  step  in  booster  thrust  will  probably  be  on  the  order  of  20  to  30  million 
pounds  or  higher.  For  these  large  thrusts,  new  engine  concepts  are  needed. 
Figure  88  (p.  1887)  shows  the  scale-up  of  conventional  and  advanced  concepts  of 
large  engines.  The  first  engine  starting  on  the  left  side  of  the  slide  is  the  F-l 
engine  of  1.5-million-pound  thrust  which  represents  the  present  technology.  The 
scale-up  of  this  technology  to  engines,  say  in  the  24-million-pound  thrust  size, 
results  in  an  excessively  large  engine — one  over  50  feet  high,  as  shown  by  the 
second  engine.  The  engine  size  can  be  reduced  to  something  more  reasonable  by 
increasing  the  operating  pressure  severalfold  as  indicated  by  the  third  engine. 
Accordingly,  work  is  underway  now  and  will  continue  for  some  time  to  come  on 
the  technology  of  using  high  operating  pressure.-.  We  must  learn  how  to  make 
better  pumps  and  turbines  to  produce  nigh-proj.'ilant  pressures,  how  to  devise 
flow  components  and  systems  to  handle  high-pressure  fluids,  how  tc  ignite  and 
burn  the  propellants  stably  at  high  pressures,  and  how  to  keep  the  engine  cool 
under  the  higher  heatload.  We  want  to  conduct  experiments  with  new  nozzle 
concepts,  some  with  air  augmentation,  that  hold  promise  of  more  efficient  opera- 
tion in  the  Earth’s  atmosphere  and  which  allow  more  compact  engine  envelopes. 
An  illustration  of  an  engine  with  such  a nozzle  is  shown  by  the  fourth  engine.  In 
this  case,  a multitude  of  combustors  feed  into  a common  nozzle.  We  know  little 
about  these  concepts,  especially  at  large  sizes,  and  how  they  will  operate  over  a 
range  of  normal  and  abnormal  conditions,  and  how  to  obtain  thrust  vector  control 
with  them.  All  these  must  be  examined.  Oxygen-hydrogen  is  of  considerable 
interest  for  this  application  If  oxygen-kerosene  is  used  it  may  l>e  doctored  with 
additives  to  improve  ignition  and  combustion  characteristics.  A photograph  of 
one  concept  using  multiple  combustion  chambers  is  shown  by  figure  87  (p.  1888) 
It  consists  essentially  of  a number  of  independent  combustors  discharging  into 
a common  nozzle,  feach  combustor  rnav  l>e  fed  by  its  own  turbopump  or  there 
may  be  one  or  several  turbopumps  serving  all  combustors.  An  advantage  of  the 
former  is  that  development  of  the  turbopump-combustor  subassembly  can  be 
brought  to  a high  degree  of  refinement  and  reliability  with  facilities  in  the  million- 
pound-thrust  class  and  combined  into  the  24  to  3(>-million-pound  assembly  with 
relatively  few  tests  and  facilities. 

Another  concept  is  to  use  a toroidal  combustion  chamber  such  as  shown  by 
figure  222  (p.  2317).  As  show  n by  the  insert,  the  propellants  are  injected  on  one 
side  of  the  torus  and  the  hot  gases  pass  through  slot-shaped  throats  between  the 
tubes  on  the  opposite  side.  This  concept  appears  very  promising  and  can  be 
developed  in  segments  or  subassemblies  as  well  as  the  other  concepts.  A photo- 
graph of  such  a toroidal  combustor  during  tests  at  Rocketdvne  Division  of  North 
American  Aviation,  Inc.,  is  shown  by  figure  R63-921. 
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I have  mentioned  the  increasing  interest  in  rocket  propulsion  with  air  aug- 
mentation. One  problem  with  the  large  common  nozzles  just  described  is  low 
pressure  on  the  center  portion  in  the  Earth’s  atmosphere  induced  by  the  pumping 
effect  of  the  exhaust  jet.  This  can  be  eliminated  by  the  use  of  air  “ventilation” 
to  this  low  pressure  region.  One  such  concept  bv  the  Lewis  Research  Center  is 
shown  by  figure  R63-973.  Air  enters  from  inlets  on  the  vehicle  sides  and  flows 
through  the  center  of  the  nozzle. 
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Figure  R 63-9 12  compares  the  performance  with  the  ideal  and  '.he  conventional 
bell-shaped  nozzle.  As  you  can  observe  there  is  substantial  increase  in  thrust  at 
altitudes  below  50,000.  We  are  planning  to  investigate  this  concept  as  well  as 
examine  concepts  which  use  greater  amounts  of  air  augmentation  for  Earth 
takeoff  applications.  One  such  technique  we  wish  to  study  is  a variable  or  com- 
pensating nozzle  which  changes  configuration  as  the  vehicle  increases  speed  in 
its  climb  through  the  atmosphere  and  into  space.  An  illustration  of  such  a nozzle, 
a concept  of  the  Langley  Research  Center,  is  show  n by  figure  223  (p.  2318).  It 
uses  a segmented  annular  engine  around  a centrally  cusped  concave  thrustin"  base 
and  heat  shield.  The  annular  engine  is  in  turn  surrounded  by  a shroud  made  of 
multiple  leaves  which  are  hinged  near  their  forward  ends  to  structural  fins  on 
the  main  vehicle  assembly.  The  shroud  leaves  can,  by  rotating  about  their  hinge 
points,  vary  the  air-inlet  and  exit-flow  areas.  The  multiple  leaves  are  self-actu- 
ating, and  adjust  themselves  under  the  effects  of  atmospheric  pressure  outside 
and  the  rocket  gas-air  mixture  pressure  inside  to  provide  optimum  performance. 

For  maximum  thrust  at  launch  and  at  low  subsonic  speeds,  air  must  l>e  intro- 
duced through  a bell  mouth  inlet;  this  feature  is  shown  in  th«  first  sketch.  The 
bell  mouth  is  expendable  and  is  automatically  jettisoned  when  its  drag  exceeds  the 
thrust  it  contributes.  During  supersonic  flight  in  the  Earth’s  atmosphere  a 
sharp-lipped  inlet  is  required.  This  requirement  is  met  by  the  configuration 
shown  in  the  second  sketch,  where  the  sharp-edged  leaves  form  the  inlet  after  the 
bell  mouth  is  discarded.  In  addition,  the  Luves  rotate  outward  to  provide  the 
larger  exit  area  required  at  the  higher  altitudes.  Finally,  when  the  vehicle  has 
left  the  Earth’s  atmosphere,  no  air  inlets  are  needed.  The  unit  reverts  to  operation 
as  a nonaugmented  rocket,  and  the  maximum  exit  area  attainable  is  desired  in 
order  to  maximize  thrust.  These  conditions  are  met  by  the  automatic  adjustment 
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to  the  form  shown  in  the  third  sketch.  Here  the  leaves  have  rotated  sufficiently 
to  completely  close  the  inlet  and  provide  a large  exit  area  nozzle  for  the  rocket 
efflux  flow. 

We  are  also  considering  the  potential  of  large  solid  rocket  engines  and  hybrid 
types  for  Earth  takeoff.  NASA  is  working  in  close  cooperation  with  the  Air 
Force  in  a joint  NASA-DOD  solid  engine  technology  program. 

Engines  for  upper  stages  of  boosters  range  from  a few  thousand  pounds  thrust 
for  small  boosters  to  the  200,000  pounds  thrust  of  the  J-2  engine  for  the  Advanced 
Saturn.  A large  hydrogen-oxygen  engine  now  in  development,  the  M-l,  has  a 
thrust  of  over  a million  pounds.  Upper  stage  engines  generally  complete  their 
operation  within  minutes  to  a few  hours  after  launch,  and  hence,  boiloff  of  pro- 
pellants or  possible  micrometeoroid  damage  to  tanks  are  not  major  considerations. 
Most  of  these  engines  will  use  hydrogen  and  oxygen.  Future  trends  for  these 
types  of  engines  will  probably  be  toward  high  energy  propellants,  higher  operating 
pressures,  and  new  nozzle  concepts  similar  to  those  previously  discussed. 

For  large  first  and  upper  stage  booster  engines  with  large  nozzles,  some  other 
method  of  trust  vector  control  than  the  conventional  gimballing  is  needed.  One 
method  which  has  received  much  attention  is  a technique  of  introducing  a fluid 
in  the  nozzle  as  illustrated  by  figure  R63-903.  When  the  fluid  is  injected  in  the 
supersonic  gas  stream  it  induces  a shock  and  the  resulting  higher  pressure  on  local 
parts  of  the  nozzle  causes  a side  thrust.  By  using  four  such  injection  parts 
connected  with  suitable  control  valves,  small  thrusts  normal  to  the  main  thrust 
axis  can  be  achieved.  Figure  R63-913  is  a shadowgraph  of  Freon  12  injection  in 
a wind-tunnel  study  at  JPL.  The  injectant  body  and  the  induced  shock  are 
clearly  discernible. 

Thrust  vector  control  by  secondary  fluid  injection  has  the  advantage  that  the 
thrust  produced  by  the  incoming  fluid  is  “magnified”  in  effect  by  its  interaction 
with  the  main  gas  stream.  The  effectiveness  of  several  types  of  fluids  are  illus- 
trated by  figure  R.63-321,  The  trends  show  potential  advantages  for  hot  gas 
and  reactive  fluids  that  should  be  further  investigated. 
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One  of  the  methods  of  applying  secondary  fluid  injection  for  thrust  vectoring 
is  to  bleed  combustion  gases  from  the  thrust  chamber  and  inject  them  into  the 
nozzle.  This  requires  the  use  of  a valve  suitable  for  handling  the  hot  combustion 
gases.  In  the  past  year  the  All*  gany  ballistics  Laboratory,  under  NASA  con- 
tract, successfully  operated  such  a valve  fcr  76  seconds  with  6,000°  F gas  and 
during  this  time  it  was  operated  27  times  withoug  leakage.  Work  will  continue 
on  this  valve  as  well  as  on  other  studies  to  provide  design  criteria  for  thrust 
vector  control  by  secondary  fluid  injection. 

Advanced  spacecraft  engine  technology 

Engines  for  spacecraft  must  meet  the  stringent  requirements  imposed  by  the 
environment  of  space.  In  some  cases,  they  must  ride  dormant  or  coast  for  long 
periods  of  time.  Variable  thrust  and  multiple  starts  are  needed  for  moat  missions. 
This  application  places  a premium  on  high-energy  propellants,  storability  in  the 
space  environment,  and  high-propellant  density.  More  work  is  needed  on 
performance,  cooling,  and  storability  characteristics  of  various  propellants  in  the 
space  environment  and  the  shielding  necessary  to  safeguard  the  propellant  tanks 
or  cases  against  micrometeoroid  penetration. 

Figure  88  (p.  1900)  shows  the  goals  for  solid  motors  for  space  use;  high  performance, 
compactness,  stop-start  capability,  and  thrust  vector  control.  A typical  present 
solia  motor  and  an  advanced  concept  with  a swallowed  nozzle  are  shown.  The 
present  state  of  the  art  of  solid-rocket  spacecraft  motors  is  shown  in  further 
detail  by  figure  R6.V1 1 26.  The  case  is  made  of  steel  with  titanium  as  an  alternate 
possibility.  The  nozzle  is  partly  submerged  in  the  chamber  and  the  hot  sections 
are  made  of  graphite  and  graphite  cloth.  The  propellant  contains  polyurethane, 
ammonium  perchlorate,  and  aluminum.  The  overall  weight  of  this  particular 
unit  is  about  71  pounds;  it  produces  900  pounds’  thrust  for  19  seconds.  It  has 
successfully  withstood  environmental  tests  of  temperature,  shock,  vibration,  and 
vacuum.  The  simplicity  of  a solid  motor  for  one-time  operation  after  a long 
coast  in  space  is  very  attractive.  Simple  and  precise  thrust  termination  for  one 
operation  has  been  demonstrated  but  the  problem  gets  more  complicated  if  restart 
is  required.  Recent  work  at  the  Lewis  Research  Center  showed  that  a very 
rapid  decrease  in  pressure  will  quench  combustion  and  this  points  the  way  to 
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one  technique  for  engine  stop  and  restart.  This,  as  well  as  other  possiblities  of 
stop  and  restart,  will  he  investigated  during  the  coming  year. 

Hybrid  rockets  are  more  naturally  adaptable  to  stop-restart  and  throttling 
requirements  than  solid  rocket  motors.  This  approach  appears  very  promising 
and  work  on  hybrids  for  such  space  applications  will  be  investigated  during  the 
coming  year. 

Liquid-rocket  engines  for  spacecraft  must  be  able  to  start  in  a zero-g  environ- 
ment. The  problem  is  mainly  one  of  positive  expulsion  of  propellants  from  the 
tanks  to  the  thrust  chamber.  One  method  under  investigation  is  by  use  of  posi- 
tive expulsion  bladders.  These  must  be  able  to  withstand  the  corrosiveness  of 
propellants  and  their  operating  temperatures.  Figure  R63  905  is  an  illustration 
of  one  investigation  of  a metallic  expulsion  bladder.  Other  types  are  being  inves- 
tigated and  we  are  seeking  techniques  for  self -sealing  tanks  in  case  of  puncture  by 
micrometeoroids.  Other  work  is  directed  toward  space-tank  pressurization 
methods,  catalysts  for  decomposing  hydrazine,  aerodynamic  nozzle  concepts, 
valves,  zero  leakage  of  components  and  fittings,  variable-thrust  injectors,  and 
space-engine  systems.  Variable-thrust  and  multiple-operation  requirements  ii 
space  have  opened  up  new  possibilities  in  injector  design.  We  started  programs 
on  controllable  thrust  several  years  ago  and  have  three  contracts  underway  at 
present  (Reaction  Motors  Division  of  Thiokol  Chemical  Corp.,  Aerojet-General 
Corp.,  and  Rocketdvne),  which  are  examining  different  throttling  techniques. 
Throttling  has  been  accomplished  successfully  over  a 10:1  range  with  a storable 
propellant  and  the  work  is  being  extended  to  cyrogenic  propellants. 

Another  area  of  interest  is  a concept  studied  by  Sperry  Hand  on  instrumentation 
and  control  systems  to  sense  an  incipient  engine  malfunction  and  take  corrective 
action  in  time  to  avoid  the  malfunction.  Such  a system  is  essentially  a flight- 
weight  computer  which  has  built  into  it  complete  information  of  the  normal  and 
abnormal  operating  conditions  of  the  propulsion  system.  As  the  monitored 
parameters  vary  the  system  would  determine  what  the  propulsion  system  would 
do  next,  makes  a decision,  and  takes  action  to  correct  the  problem.  It  would  also 
inform  the  astronaut  so  he  could  take  action  if  he  chooses.  In  the  limiting  case 
the  computer  would  shut  down  the  propulsion  system  to  avoid  catastrophic  failure. 

Small  space  engines  must  Ik*  compact  and  versatile  to  meet  the  demands  for 
attitude  control,  mid-course  maneuvers,  man-mobility,  etc.  They  are  generally 
called  on  for  multiple  operations  spread  over  long  periods  of  flight.  To  simplify 
fuel  storage  aboard  a spacecraft  a small  space  engine  should  use  the  same  propellent 
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as  the  main  propulsion  system.  It  is  more  difficult  to  cool  small  enginess  and 
obtain  good  performance  than  with  large  ones.  Figure  R63-971  shows  the  use  of 
small  space  engines  for  lunar  transportation,  an  area  we  w'ish  to  investigate  in  the 
coming  year. 

Experimental  high-energy  engine 

We  believe  that  the  culmination  of  advanced  research  and  technology  is  a 
feasibility  demonstration  which  shows  that  the  concept  or  system  really  works  as 
predicted.  It  is  desirable  to  do  this  before  the  start  of  a long  and  costly  develop- 
ment program. 

Much  work  has  been  done  with  fluorine  as  a high-energy  oxidizer.  It  has  been 
used  in  rocket  engines  with  such  fuels  as  diborane,  ammonia,  hydrazine,  and 
hydrogen.  The  fluorine-hydrogen  combination  gives  the  highest  performance 
yet  obtained  experimentally  with  a chemical  reaction.  Work  accomplished  at 
Rocketdyne,  Bell,  and  the  Lewis  Research  Center  show  that  fluorine  can  be 
handled  successfully  and  it  gives  high  performance  when  used  with  several  fuels. 
We  want  to  carry  his  work  a step  further  to  a modest  feasibility  demonstration 
of  a flight-weight  engine.  I say  “modest’'  because  it  is  not  the  intent  to  enter 
into  a long  and  costly  program  with  no  end  use  definitely  in  mind.  One  pos- 
sibility being  studied  is  to  build  a small  experimental  engine  in  a size  useful  for  a 
small  solar  probe  but  intended  primarily  as  a research  engine.  Another  possibility 
being  studied  is  to  use  an  existing  engine  with  a minimum  of  modifications  as  a 
research  tool.  The  latter  possibility  takes  advantage  of  existing  and  developed 
hardware. 

SPACE  POWER 

The  major  factors  considered  in  power  generation  are  the  power  level,  duration, 
reliability,  the  environment  in  which  the  system  must  work,  weight,  volume,  the 
hazard  to  people  aboard,  and  cost.  Figure  96  (p.  1919)  shows  a spectrum  of  space 
power  with  power  level  on  the  vertical  scale  and  time  on  the  horizontal  scale.  As 
previously  mentioned,  the  space  power  to  be  discussed  is  that  in  which  the  en- 
ergy source  is  solar  or  chemical.  Power-generation  systems  using  chemical 
energy  generally  fall  in  the  short-  to  moderate-duration  area  and  those  using  solar 
energy  generally  are  of  moderate  to  medium  power  levels  for  long  durations. 

Areas  of  interest  in  solar  and  chemical  power  generation  are  shown  by  figure  224 
(p.  2321).  These  are  solar  cells,  thermionics,  thermoelectric  systems,  magneto- 
hydrodynamics, solar  heat  engines,  batteries,  fuel  cells,  engines  using  chemical 
reactants,  power  conditioning  and  control  equipment,  solar  concentrators,  and 
thermal  energy  storage. 

As  for  chemical  propulsion,  space  power  will  be  discussed  in  the  subdivisions 
given  in  the  budget  book. 

Solar  cells 

In  solar  cells,  we  wish  to  do  more  work  to  increase  the  efficiency  over  a wide 
temperature  range,  to  increase  resistance  to  radiation,  and  to  decrease  cost  and 
weight.  Solar  cell  power  supplies,  at  present,  vary  from  about  5 to  600  watts. 
The  cells  are  capable  of  converting  about  10  percent  of  the  solar  energy  that  falls 
on  them  directly  into  electrical  energy.  This  amounts  to  about  13  watts  per 
square  foot.  The  total  system  efficiency  is  typically  5 percent  based  on  total 
projected  area  of  the  solar  panels.  Temperature  limits  for  solar  cells  are  around 
125°  to  150°  C.  and  at  these  levels  efficiency  is  reduced  to  less  than  half  its  value 
at  room  temperature  for  some  types.  The  development  of  types  capable  of  main- 
taining high  efficiency  over  a wide  temperature  range  is  one  of  our  program  goals. 
These  will  be  needed  for  certain  space  vehicles  which  must  operate  in  high  tem- 
perature environments. 

A major  problem  area  in  solar  cells  is  their  susceptibility  to  damage  from 
space  nuclear  radiation.  Last  year  radiation  from  a nuclear  explosion  in  the  upper 
atmosphere  caused  a rapid  decrease  in  power  of  several  satellites  using  conveil- 
tional  silicon  "p-on-n”  type  cells.  Figure  225  (p.  2322)  shows  how  research  has 
improved  solar  cell  resistance  to  radiation.  The  comparison  is  made  for  an 
orbit  similar  to  that  of  Telstar  after  a high  altitude  nuclear  explosion.  The 
conventional  “p-on-n”  silicon  cell  degrades  rapidly  in  the  first  few  days.  A 
striking  improvement  can  be  realized  by  using  “n-on-p”  silicon  cells  now  available 
and  even  further  reductions  in  the  rate  of  change  of  output  power  are  possible 
with  experimental  “n-on-p”  types  being  investigated  for  NASA  by  the  Electro- 
Optical  Systems,  Inc.  The  efficiency  of  these  cells,  however,  is  somewhat  lower 
than  present  ones  and  research  is  continuing. 


2294 


196  4 NASA  AUTHORIZATION 


We  are  interested  in  a number  of  other  types  of  solar  cells.  Thin  film  solar 
cells,  such  as  shown  by  figure  R63-395,  hold  promise  for  reducing  weight  and 
allowing  photovoltaic  cells  to  la*  mounted  on  flexible  surfaces.  This  work  is 
underway  at  the  Lewis  Research  Center  and  the  Harshaw  Chemical  Co.  A 
comparison  of  a present-day  single  crystal  solar  cell  with  the  thin  film  goals  is 
shown  by  figurr  226  (p.  2:123).  If  Urge  thin  film  solar  cells  can  be  made  to  operate 
successfully  on  flexible  surfaces  then  large  solar  cell  areas  can  la*  stored  in  compact 
packages  abroad  spacecraft  and  unfolded  in  space  or  on  the  Moon  or  planetary 
surface.  The  technique  holds  promise  for  moderate  power  requirements  in  cer- 
tain areas  of  the  world  as  well.  At  present,  thin  film  photovoltaics  have  very  low- 
efficiency  and  work  to  improve  their  efficiency  and  fabrication  techniques  for  sys- 
tems in  the  multikilowatt  levels  is  one  of  our  program  goals. 

Solar  cells  are  quite  expensive.  Silicon  cells  are  about  $6  each  or  $300  to  $400 
per  watt.  Thin  him  cells  may  some  day  lead  to  significant  cost  reductions. 


Thermionic  power  technology 

Thermionic  power  conversion  is  of  interest  because  of  the  absence  of  moving 
parts,  high-power  density,  low  weight,  inherent  resistance  to  radiation,  capability 
of  operation  over  a wide  temperature  range,  and  anticipated  moderate  cost.  They 
are  being  studied  for  such  applications  as  Mars,  Venus,  solar,  and  deep-space 
probes. 

A thermionic  diode  converts  heat  directly  into  electricity.  Picture  two  disks 
the  size  of  silver  dollars  mounted  parallel  and  very  close  to  each  other  with  tin- 
space  between  sealed.  If  one  disk  is  heated  and  the  other  stays  relatively  cool 
by  radiation,  electronics  boil  od  tin*  hot  surface  (the  emitter)  and  they  migrate 
to  the  cooler  surface  (the  collector).  This  crcat<*s  a potential  or  voltage  difference 
between  the  two  disks  making  power  available  for  useful  work  through  an  external 
circuit. 

At  present  a generator  the  size  of  a baseball  can  put  out  about  60  watts.  Pres- 
ent systems  have  efficiencies  of  8 to  12  percent  and  a research  goal  is  20  percent. 

Figure  R63-920  is  a photograph  of  a thermionic  diode  made  by  the  Thermo 
Electron  Engineering  Corp.  under  test  at  JPL.  The  hot  element  must  operate 
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at  temperatures  above  3,000°  F.  for  efficient  power  generation.  In  the  past  year 
a diode  was  operated  for  1,000  hours. 

The  essential  elements  of  the  thermionic  pow  ^r  system  include  a solar  collector, 
an  array  of  thermionic  diodes,  and  associated  energy  storage  and  power  condi- 
tioning equipment.  Figure  1*7  (p.  11*21)  shows  such  ...  system  with  an  array  of  five 
diodes  enlarged  by  the  insert.  Work  on  this  system  is  underway  at  JPL  and 
with  several  subcontractors.  1 he  goal  is  a lightweight  power  system  with  a de- 
sign goal  of  135  watts  at  Mars,  a 1-year  life  and  a weight  of  the  collector-thermi- 
onic diode  array  of  about  30  pounds.  The  mirror  or  solar  concentrator  is  5 feet 
in  diameter  and  is  precision  mafic  by  an  electro-forming  process.  Figure  R63-908 
shows  a 5-foot  precision  mirror  made  by  Electro-Optical  Systems  undergoing 
tests  in  California. 

Recently  the  collector-diode  system  was  tested  at  Table  Mountain,  Calif.,  and 
delivered  over  40  watts  which  is  a record  for  this  size  system. 

If  a thermionic  power  system  must  operate  for  short  periods  in  darkness,  some 
substitute  must  be  found  for  the  heat  from  the  Sun.  This  can  be  done  by  use 
of  certain  materials  which  operate  on  a principle  similar  to  that  of  heated  nricks 
placed  in  beds  to  warm  the  feet  of  children  in  early  American  days.  This  is 
termed  “thermal  energy  storage”  and  a number  of  materials  are  being  studied  for 
this  purpose.  An  example  of  two  such  materials  are  in  work  done  by  the  General 
Electric  Co.,  as  shown  by  figure  R63-922.  One  consists  of  aluminum,  beryllium, 
and  magnesium  oxides  and  has  been  heated  to  2,900-3,fi00J  F.  for  500  hours  in  a 
molybuenuin  container.  The  other  is  a beryllium-magnesium  materal  w hich  has 
been  operated  in  a tungsten-rhenium  container  at  3,700-  4,000°  F.  for  1,200  hours. 
We  hope  by  research  of  this  nature  to  find  efficient  means  for  storing  energy  in  the 
form  of  heat  for  use  at  a later  time.  One  can  visualize  all  sorts  of  applications 
for  such  materials.  In  some  distant  time  such  materials  in  a home  could  use 
electricity  in  off-peak  periods  to  store  energy  to  l>e  used  later  for  heating  or 
cooling. 
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Batteries  and  fuel  cells 

Batteries  and  fuel  cells  convert  chemical  energy  directly  into  electricity. 
Batteries  are  the  primary  method  used  today  fox  energy  storage  in  space.  They 
are  complementary  to  solar  cells  as  they  take  care  of  peakloads  and  provide  power 
when  satellites  are  out  of  the  sunlight.  Tiros,  for  example,  uses  40  pounds  of 
batteries  for  an  average  power  consumption  of  18  watts. 

Space-rated  batteries  differ  from  the  familiar  ones  in  everyday  use  in  that  they 
are  sealed  and  must  be  able  to  contain  moderately  high  gas  pressure.  Most  of 
the  present  rechargeable  ones  contain  alkaline  electrolyte  and  nickel  and  cadmium 
electrodes.  Other  type*  use  silver  and  cadmium  or  silver  and  zinc  electrodes, 
which  hold  promise  of  higher  energv  per  pound,  although  at  present  their  charge- 


Solar  engine  technology 

Solar  energy  can  be  harnessed  to  drive  turbines  which  can  power  electric 
generators.  Such  a system  is  shownby  figure  R63-376.  It  consists  of  a solar 
concentrator,  a boiler  and  heat  storage  unit,  a turbogenerator  and  associated 
pumps,  radiators,  and  other  components.  Work  is  progressing  at  present  on  a 
3-kilowatt  power  unit  called  Sunflower,  shown  by  figure  98  (p.  — ) During  the 
past  year,  tests  of  the  turboalternat  -*•,  the  boiler  and  radiator  and  the  32-foot 
diameter  foldable  mirror  were  made  by  Thompson  Ramo  Wooldridge,  Inc.  The 
turboalternator  operated  successfully  for  2,500  hours  before  a failure  from  a 
buildup  of  corrosion  products  in  the  mercury  loop  occurred.  This  long  run  was 
a significant  achievement  and  improvements  are  being  made  so  the  life  can  be 
extended  to  the  10,000  hour  goal.  Results  with  the  radiator,  however,  have 
been  disappointing  and  a redesign  is  being  studied.  The  32-foot  diameter  petal- 
type  aluminum  honeycomb  mirror  has  undergone  launch  environment  and 
several  optical  tests.  Work  is  underway  for  sunlight  tests.  Mirrors  for  such 
applications  need  not  be  as  precise  as  for  thermionic  diodes.  Those  which  can 
i be  folded  or  made  from  large  inflatable  structures  may  lie  useful.  Figure  228 


(p.  2326)  shows  such  an  inflatable  concept.  This  work  is  carried  out  through  the 
Langley  Research  Center.  We  visualize  power  generation  systems  of  this  type 
for  30  or  more,  kilowatts. 
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discharge  cycle  life  is  shorter.  Program  goals  are  to  get  higher  energy  per  unit 
weight,  lower  sensitivity  to  thermal  environment,  and  increased  life  (both  in 
standby  and  discharge-recharge  cycling).  During  the  past  year  advances  were 
made  in  better  seals  in  batteries  ior  longer  life  and  greater  reliability.  Explorer 
XII  was  the  first  satellite  to  Ufe  sealed  nonmagnetic  silver-cadmium  batteries. 
They  performed  very  satisfactorily  and  showed  no  deterioration  during  the  life  of 
the  satellite.  A recent  study  by  the  Armour  Research  Foundation  estimates 
that  in  1967,  up  to  35,000  batteries  will  be  used  in  connection  with  spacecraft 
missions.  Major  technical  problems  were  identified  as  case-to- seal  leakage, 
separator  deterioration,  and  loss  of  electrode  material.  We  are  planning  to  do 
work  in  these  areas  and  also  conduct  research  on  new  types  of  batteries.  Some 
work  on  new  systems  has  indicated  potential  improvements  up  to  25  times  in  the 
useful  energy  per  pound  as  compared  with  nickel-cadmium,  and  work  is  needed 
to  explore  these  possibilities. 

Fuel  cells  are  like  batteries  in  that  they  convert  chemical  energy  directly  into 
electrical  energy.  They  are  capable  of  high  conversion  efficiencies  (over  50  per- 
cent), are  compact,  and  have  few  or  no  moving  parts.  The  oxidizer  and  fuel  for 
fuel  cells  are  fed  to  the  cel!  from  an  external  supply  and  the  products  of  reaction 
are  removed  from  the  cell.  Apollo  and  Gemini  spacecraft  will  use  oxygen  and 
hydrogen  and  the  product,  water,  can  bt  used  by  the  astronaut.  The  one  for 
Apollo  uses  porous  nickel  metal  plates  as  electrodes  with  an  electrolyte  of  potas- 
sium hydroxide  solution  placed  between  them.  Oxygen  enters  on  the  back  of 
one  electrode  and  hydrogen  on  the  back  of  the  other.  The  gases  ionize,  electrons 
are  released  at  the  hydrogen  electrode  and  travel  through  an  external  circuit  to 
do  useful  work  and  return  to  the  oxygen  electrode.  The  Apollo  system  is  a 
Bacon-type  cell,  the  initial  work  of  which  was  first  done  in  1932.  The  Gemini 
cell  uses  an  ion  exchange  membrane  which  is  an  example  of  an  older  technology 
being  put  to  a new  use  in  space  applications. 

In  a regenerative  fuel  cell,  the  product  formed  is  dissociated  to  regenerate  the 
reactants  so  that  they  can  be  reused.  An  illustration  of  an  experimental  re- 
generative oxygen-hydrogen  cell  is  showm  schematically  by  figure  229  (p.  2327), 
and  a unit  built  by  Electro-Optical  Systems  is  shown  by  figure  R63-906.  The 
regeneration,  not  illustrated,  can  be  an  electrolytic  process.  Other  systems  with 
other  products  may  use  heat  or  light  in  the  regenerative  process. 
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Regenerative-type  cells  will  be  especially  useful  in  systems  involving  solar 
energy  such  as  solar  cells.  During  sunlight  periods  the  solar  cells  can  meet  the 
power  demand  and  regenerate  the  chemicals  for  the  fuel  cell  and  during  periods 
of  darkness  the  fuel  cell  can  supply  needed  power.  Regenerative  fuel  cells,  like 
rechargeable  batteries,  should  prove  very  useful  for  mobile  equipment  in  many 
Earth  as  well  as  space  applications.  We  are  interested  in  other  fuel  cell  types. 
We  are  seeking  other  high  energy  reactants  on  the  main  reactants  carried  aboard 
the  spacecraft  as,  for_  example,  oxygen-hydrogen,  or  nitrogen-tetroxide  and  a 
hydrazine  mixture.  Figure  230  (p.  2328)  shows  an  experimental  piston  engine 
built  by  Vickers  using  hydrogen  and  oxygen.  Problems  encountered  include 
lubrication,  cooling,  and  oxygen  injection. 

Thermoelectric,  magnetohydrodynamics,  and  advanced  concepts 

We  are  also  studying  and  experimenting  with  other  power  generation  devices. 
Some  work  on  the  direct  conversion  of  heat  to  electricity  by  the  use  of  thermo- 
electric couples  is  included.  The  principle  is  the  same  as  that  by  which  the 
common  thermocouple  operates,  unlike  the  classical  bimetallic  couple  which 
did  not  deliver  useful  power,  present  devices  of  this  type  use  semiconductors  and 
are  capable  of  converting  about  5 percent  of  the  heat  to  electricity.  Although 
thermoelectric  conversion  has  been  used  in  connection  with  space  isotope  power 
supplies,  our  interests  have  been  more  limited  because  of  the  apparently  great 
potential  of  thermionic  conversion.  New  concepts  are  being  studied,  however, 
which  may  raise  the  energy  conversion  efficiency. 

Magnetohydrodynamie  power  generation  is  the  technique  by  -which  heat  may 
be  converted  to  electricity  by  passing  high  velocity  ionized  gases  through  magnetic 
fields.  This  is  and  those  that  offer  advantages  in  the  regenerative  cycle.  Also, 
we  wish  to  increase  the  temperature  range  of  operation  and  seek  better  techniques 
for  removal  of  products  formed  as  well  as  heat.  Electrode  research  to  reduce 
poisoning  of  catalysts  and  increasing  catalytic  activity  and  longevity  are  planned. 
Work  is  underway  on  a technique  of  pulsed  operation  of  fuel  cells  to  reduce  sys- 
em  weight  and  extend  operating  life.  Under  this  concept  either  the  pressure  of 
the  oxidizer  and  fuel  is  pulsed  intermittently  or  the  current  is  chopped.  Prelimi- 
nary results  are  encouraging.  Another  type  of  fuel  cell  of  interest  is  one  using 
human  waste  products.  Although  this  will  require  a net  power  input,  the  cell 
may  be  quite  useful  as  part  of  a closed  ecological  system  processing  waste  at  a 
minimum  energy  expense  and  producing  reusable  products. 

Chemical  engines 

Chemical  engines  are  useful  for  missions  lasting  from  a few  hours  to  a few  days 
or  for  intermittent  use  for  longer  periods.  There  are  a number  of  different  engine 
types — piston  and  turbine,  that  may  be  useful  for  space  applications.  Their 
weight  is  less  than  that  of  fuel  cells  but  they  are  less  efficient  and  use  more  re- 
actants. Such  engines  should  operate  analogous  to  the  conventional  electric 
generation  with  the  copper  wares  replaced  by  the  ionized  gas  or  conductive  plasma. 
Some  experimental  work  is  being  done  to  study  the  usefulness  of  this  technique 
for  generating  space  power. 

In  addition  to  the  basic  problems  of  power  generation,  a comprehensive  research 
and  development  program  must  also  be  concerned  with  the  related  problems  of 
conditioning,  distributing,  and  controlling  the  electrical  power  throughout  the 
spacecraft. 

Typically  required  for  this  purpose  are  inverters  (for  changing  d.c.  power  to 
a.c.),  converters  (for  changing  d.c.  voltage),  voltage  regulators,  battery  monitoring 
and  charge  control  circuits,  current  limiters,  and  electrical  connectors. 

As  spacecraft  missions  become  longer  and  more  sophisticated,  the  electrical 
distribution  and  control  system  becomes  proportionately  more  complex.  For 
example,  improvements  in  navigation  and  guidance  capabilities  can  impose  more 
severe  frequency  regulation  requirements,  more  sensitive  instrumentation  for 
space  experiments  creates  specialized  problems  such  as  closely  regulated  voltages 
over  wide  temperature  ranges,  minimum  use  of  magnetic  materials,  etc.  Longer 
mission  times  further  emphasize  reliability  problems,  and  efforts  to  attain  higher 
battery  cyclic  lite  must  be  supported  by  improved  battery  charge  control  methods. 
Power  systems  for  space  stations  and  for  lunar  bases  are  expected  to  introduce 
other  unique  electrical  distribution  and  control  problems.  An  example  of  such 
W'ork  is  a contract  with  Westinghouse  to  adapt  the  “molecular  electronics” 
technique  to  a power  supply  (inverter)  synchronizer. 
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For  a three-phase  inverter,  it  is  necessary  that  each  phase  be  frequency  con- 
trolled and  the  relationship  between  phases  be  synchronized.  These  functions 
are  performed  by  a logic  circuit  generally  referred  to  as  the  synchronizer. 

Conventional  synchronizer  subcircuits  include  many  transistors  and  resistors, 
require  many  electrical  connections,  and  thus  contribute  severe  quality  control 
and  reliability  problems  to  the  overall  inverter. 

The  molecular  electronics  technique  is  expected  to  markedly  increase  reliability 
of  the  synchronizer  through  reduction  of  the  number  of  discrete  circuit  elements 
and  electrical  interconnections.  The  reduction  in  circuit  elements  can  be  ap- 
preciated by  consideration  of  figure  231  (p.  2329). 

The  developmental  synchronizer  is  shown  in  the  center  of  the  figure  with  a 
coin  for  size  comparison.  The  other  parts  shown  are  those  .hich  are  presently 
required  to  fabricate  an  equivalent  syr  uronizer  from  conventional  transistor  and 
resistor  components. 

While  improved  reliability  is  the  primary  objective,  it  is  apparent  that  major 
reductions  in  size  and  weight  will  also  result.  Such  reductions  are,  of  course, 
highly  desirable  and  can,  in  turn,  enhance  reliability  through  permitting  more 
redundancy  in  the  system.  The  size  reduction  is  further  evidenced  by  figure 


R63-910,  which  shows  a standard  household  needle  in  close  proximity  to  the 
experimental  device. 

In  summary,  I have  described  some  of  the  things  we  have  done  and  plan  to  do 
in  propulsion  and  space  power.  We  hope,  by  coordinated  efforts  in  Government 
centers,  universities,  and  industry,  to  lay  a solid  foundation  of  knowledge  in 
these  areas  as  part  of  American  leadership  in  space  exploration  and  to  benefit 
mankind  in  general. 

Mr.  Sloop.  Thank  you. 

I did  think  I would  use  some  of  the  slides  and  talk  informally  about 
the  material  in  the  statement. 

Mr.  Kakth.  I might  say  this,  Mr.  Sloop.  This  is  of  particular 
interest  to  the  subcommittee.  We  feel  we  have  many  propulsion 
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problems,  and  we  have  a long  ways  to  go  in  this  area.  So  you  just  take 
your  time;  we  are  not  going  to  hurry  you  at  all.  * 

Mr.  Sloop.  All  right. 

I want  to  amplify  the  statements  Dr.  Bisplinghoff  has  made  in  the 
areas  of  chemical  propulsion  and  power  generation  where  the  energy 
source  is  solar  or  chemical.  I will  start  with  chemical  propulsion. 

This  slide  (fig.  217)  shows  the  areas  of  interest  in  chemical  propulsion. 

In  engine  components  and  systems:  it  includes  engines  using  liquid 
propellants,  solid  propellants,  hybrid  engines,  or  both  liquid  and  solid, 
those  using  solar  energy,  and  those  using  air  augmentation. 

CHEMICAL  PROPULSION 

AREAS  OF  INTEREST 

ENGINE  COMPONENTS  A 
SYSTEMS 

LIQUID  PROPELLANT 
SOLID  PROPELLANT 
HYBRID 
SOLAR 

AIR  AUGMENTATION 

PROPELLANTS 
COMBUSTION 
FLUID  DYNAMICS 
HEAT  TRANSFER 
MATERIALS 


Figche  217 

We  are  interested  also  in  various  disciplines  concerned  with  these 
engines — high  energy  propellants,  combustion  phenomena;  fluid  dy- 
namics (including  the  propellant  flow  from  the  tank  through  the 
pumps,  valves,  lines,  cooling  jacket,  and  the  combustion  of  the  gases  as 
they  expand  through  the  nozzle),  heat  transfer,  and  materials. 

Shown  in  this  slide  starting  with  the  upper  left  is  an  advanced  solid- 
propellant  motor,  a hybrid  motor,  a spacecraft  engine  being  radiatively 
cooled. 

In  the  upper  right  is  a concept  of  a large  launch  vehicle  engine,  one 
using  air  augmentation  ; and  finally,  a schematic  of  a space  engine. 

Mr.  Karth.  Is  that  the  sample  you  have  here? 

Mr.  Sloop.  Right.  I will  bring  that  up  in  a moment. 

This  slide  (fig.  218)  illustrates  one  of  the  problems  we  have  been 
working  on  in  the  propellant  area  and  in  aerothermodynamics.  On 
the  left  is  showo  a scale  of  relative  specific  impulse,  which  is  the  figure 
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Figure  218 

of  merit  that  a rocket  man  uses  to  judge  a rocket  propellant.  It  is 
the  thrust  obtained  for  every  pound  per  second  flow  of  propellant. 
The  horizontal  line  indicates  the  percent  of  beryllium  in  the  propellant. 
The  dotted  curve  shows  what  we  expect  from  theoretical  calculations. 
Tou  notice  the  actual  case  doesn’t  bear  this  out.  Theoretically  we 
should  get  between  15  and  20  percent  more  impulse  with,  say,  i5 
percent  beryllium,  whereas  the  actual  case  show's  the  gain  to  be 
between  5 and  10  percent,  and  with  a maximum  at  10  percent. 

Mr.  Karth.  In  basic  engineering  I was  taught  if  the  actual  curve 
were  substantially  less  than  the  theoretical  curve  that  it  might  be 
because  insufficient  testing  had  been  done  and  that  you  had  some 
unknown  mechanical  limitations. 

T*et  me  ask  you  this:  How  much  testing  have  wre  done?  What 
kind  of  engine  have  we  developed  by  which  we  test  the  new  propellant 
containing  beryllium?  And  is  there  a possibility  that  this  is  the 
shortcoming  that  throws  the  actual  curve  off  so  much  from  the 
theoretical  curve? 

Mr.  Sloop.  What  vou  say  is  possible,  about  the  amount  of  testing. 
When  you  get  anomalies  like  this  you  do  go  back  and  make  more  tests 
and  examine  the  data  and  measurements,  to  be  sure  of  the  results. 
If  you  get  the  same  result  consistently  you  look  for  something  else. 
For  example,  a number  of  years  ago  a young  research  worker  at 
Aerojet  General  Corp.  was  given  the  job  of  calibrating  a flow  meter 
for  the  measurement  of  fluorine  flow.  Normally  you  obtain  data  by 
water  or  nitrogen  calibration  and  convert  by  density  ratio  to  the 
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fluid  of  interest.  He  obtained  a curve  parallel  to  what  he  expected, 
but  lower  than  the  actual  case  in  which  he  measured  fluorine  flow.  He 
repeated  the  test  over  and  over  again  and  finally  started  to  suspect 
that  there  was  something  wrong  with  the  basic  data  he  was  using. 
The  density  he  was  using  was  the  standard  text  book  value  for  fluorine, 
of  1.1  specific  gravity.  I think  that  was  determined  by  a Japanese 
worker  many  years  ago.  This  young  man  had  the  courage  of  his 
convictions  to  suspect  the  number  was  wrong.  And  sure  enough, 
on  new  tests  it  was  found  that  the  real  density  of  fluorine  was  1.54, 
and  so  they  had  to  correct  the  textbook  values.  A year  or  so  ago  I 
examined  some  engineering  textbooks,  and  some  still  carried  the  old 
value.  This  is  an  example  of  testing  and  retesting  when  unsuspected 
results  arise  and  if  consistent  it  can  mean  something  wrong  in  your 
basic  assumptions. 

Mr.  Earth.  What  was  the  thrust  of  the  engine  in  the  case  where 
this  solid  propellant  was  tested? 

Mr.  Sloop.  I am  sorry,  I don’t  recall  the  thrust. 

Mr.  Earth.  Can  you  give  me  an  idea?  Was  it  200,  300,  400,  500 
pounds? 

Mr.  Sloop.  Generally  in  the  area  of  150  to  200  or  300  pounds 
thrust;  that  is,  laboratory  scale  engines. 

Mr.  Earth.  Couldn’t  the  curve  be  thrown  off  considerably  for  just 
this  reason? 

Mr.  Sloop.  Yes.  If  you  notice  in  this  curve  the  difference  between 
the  theoretical  and  actual  gets  larger  as  the  amount  of  beryllium  in- 
creases. One  reason  could  be  incomplete  combustion. 

Also,  in  the  exhaust  you  have  solid  particles  and  gas,  and  these  two 
could  be  flowing  at  different  velocities.  The  theory  assumed  the 
solid  particles  and  gas  were  going  out  the  nozzle  at  the  same  velocity. 
We  conducted  studies  to  examine  the  size  of  the  solid  particles  and 
see  if  we  could  calculate  what  the  actual  velocity  should  be. 

This  slide  (fig.  219)  shows  some  results  from  tests  where  the 
solid  particles  in  an  actual  rocket  firing  are  caught  and  their  size 
measured.  On  the  left  is  aluminum  oxide,  on  the  right  is  beryllium 
oxide.  The  scale  in  one  of  the  pictures  is  shown;  the  photographs  are 
magnified  26,000  times.  You  can  see  that  the  particle  sizes  and  shapes 
vary,  depending  on  the  material  used.  So  we  get  a distribution  curve 
of  particle  size,  and  this  complicates  the  equations.  This  sort  of  thing 
could  be  one  explanation  for  the  discrepancy  between  actual  and 
theoretical  performance. 

This  work  is  still  going  on.  I only  bring  it  up  to  illustrate  to  you 
the  nature  of  the  wTork  we  are  doing. 

Mr.  Earth.  I understand  that;  yes,  sir. 

How  much  money  have  we  spent  on  testing  this  type  of  motor? 

Mr.  Sloop.  I don't  have  the  breakdown  for  this  motor.  In  fiscal 
year  1963  we  spent  $1,136,000  at  JPL  in  the  area  of  solid  propellants. 

Mr.  Earth.  The  whole  area  of  solids? 

Mr.  Sloop.  At  JPL. 

Mr.  Earth.  Do  you  recall  how  much  wTe  spent  or  will  spend  in 
fiscal  year  1963,  in  the  whole  area  of  solids? 

Mr.  Sloop.  A little^  over  $4  million  for  advanced  research  and 
technology  in  solids  per  se.  If  we  apply  some  of  the  basic  research 
Dr.  Eursweg  discussed  that  may  have  application  to  solids,  then  the 
total  for  OART  will  be  $5,726,000  in  fiscal  year  1963. 
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Figure  219 

Mr.  Karth.  Mr.  Sloop,  how  much  was  budgeted  in  fiscal  year 
1963,  and  how  much  of  it  was  spent? 

Mr.  Sloop.  The  amount  I quoted  is  the  amount  budgeted,  and 
that  is  the  amount  we  intend  to  spend. 

Mr.  Ka  kth.  How  about  fiscal  year  1962? 

Mr.  Sloop.  Fiscal  year  1962,  $2,041,000.  This  is  what  we  call 
direct  R.  & D.,  not  including  personnel  cost  for  advanced  research 
and  technology. 

Mr.  Kakth.  I understand. 

Mr.  Sloop.  In  fiscal  year  1963,  $4,026,000  for  advanced  research 
and  technology. 

Mr.  Kakth.  How  much  was  requested  in  fiscal  year  1962? 

Mr.  Sloop.  Plus  excuse  me.  Plus  some  additional  funding 
which  was  in  the  area  of  high-temperature  materials,  handled  by 
Dr.  Kurzweg. 

Mr.  Karth.  Is  that  how  much  was  requested  and  how  much  was 
spent,  in  fiscal  year  1962? 

Mr.  Sloop.  $2,041,000,  sir,  in  advanced  research  and  technology. 

Mr.  Kakth.  That  was  requested? 

Mr.  Sloop.  Spent. 

Mr.  Karth.  And  spent. 

Mr.  Sloop.  I don’t  know  about  the  requested  portion.  This  was 
before  I took  charge  of  this  work. 

Mr.  Karth.  I think  it  is  rather  important.  Would  you  for  the 
record  be  sure  we  have  the  information  on  how  much  was  requested 
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in  fiscal  year  1961,  and  how  much  was  spent,  and  how  much  was  re- 
quested in  1962  and  how  much  was  spent,  in  these  various  fields,  that 
is  in  this  field  of  propulsion?  I believe  you  might  want  to  break  it 
down,  solids  versus  liquids,  or  whatever  jurisdiction  your  office  has  in 
this  field. 

- Mr.  Sloop.  I believe  those  numbers  are  available  to  you.  I will 
get  them. 

(This  was  to  be  submitted  for  committee  records.) 

Mr.  Karth.  It  would  be  nice  to  have  them  all  together  in  the  rec- 
ord. We  have  authorized  large  amounts  of  funds  in  the  last  few  years. 
T would  like  to  take  a look  and  see  whether  these  funds  have  been  pro- 
gramed out  of  our  area. 

Mr.  Randall. 

Mr.  Randall.  For  the  record,  from  time  to  time  in  these  hearings, 
Mr.  Chairman,  you  have  said  “submitted  in  the  record/’  and  I can’t 
find  some  of  the  things,  I don’t  know  when  we  are  going  to  have  them 
in  the  record.  I am  behind,  but  I am  going  to  catch  up  pretty  good 
in  this  thing.  The  only  way  I can  do  it  is  to  read  the  record.  Time 
and  time  again  we  have  asked  for  those  things  and  I can’t  locate  them. 
I would  like  to  know  where  we  are  on  this  thing. 

Mr.  Karth.  I will  defer  to  Mr.  Hammill,  the  counsel, 

Mr.  H ymmill.  The  transcripts  I have  sent  up  to  your  office,  Mr. 
Randall,  did  not  include  the  items  asked  for  from  time  to  time  by  the 
committee  for  insertion  in  the  record.  Those  are  in  various  stages  of 
preparation  by  NASA,  and  before  we  go  to  the  GPO  to  have  the 
transcript  printed,  we  will  be  sure  each  one  has  been  received. 

Mr.  Randall.  If  I may  say  so,  I think  we  need  them  before  we 
have  it  printed.  I would  like  to  know  as  we  go  along  where  we  are. 

Mr.  Karth.  I think  so. 

Mr.  Hammill.  It  takes  NASA  some  time  to  prepare  this  material 
and  to  get  it  to  us. 

Mr.  Randall.  I wrote  to  NASA  on  March  10,  I think  it  was,  and 
got  an  answer  this  morning,  and  it  is  exactly  like  some  of  the  tilings 
we  asked  for  in  committee.  It  wasn’t  what  I asked  for  at  all. 

Mr.  Karth.  Maybe  we  just  don’t  mark  up  until  after  the  hearings 
are  printed,  I don’t  know. 

Mr.  Randall.  Yesterday,  for  example,  there  was  a multitude  of 
figures  submitted  which  I don’t  have  the  benefit  of.  It  was  ordered 
to  be  submitted  in  the  record.  Now,  are  we  going  to  have  it  in  the 
record  when  it  comes  out  in  bound  volumes,  or  will  we  have  it  in  a 
week  or  two,  or  when  will  we  have  it? 

Mr.  Karth.  I think  counsel  understands  we  want  it  as  soon  as 
possible. 

Mr.  Randall.  I want  to  say  for  the  benefit  of  the  chairman,  I hope 
to  go  through  every  day  of  these  hearings  and  find  out  where  we  are. 

Mr.  Karth,  I am  in  complete  agreement. 

I think  we  would  like  the  figures  for  the  last  3 fiscal  years. 

Mr.  Sloop.  We  are  doing  work  in  solid  combustion  at  three  uni- 
versities— Princeton,  Purdue,  and  Minnesota;  and  at  three  NASA 
Centers — Jet  Propulsion  Laboratory  (the  work  of  which  I illustrated), 
Lewis  Research  Center,  and  the  Langley  Research  Center. 

I might  mention  in  passing  an  example  of  cooperative  effort  between 
various  Government  agencies  is  the  work  at  Princeton.  I understand 
it  is  supported  jointly  by  the  Air  Force  Office  of  Scientific  Research, 
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Office  of  Naval  Research,  ARPA,  and  NASA.  These  funds  are 
lumped  together  in  this  work  on  fundamentals  of  combustion  of 
solids  at  Princeton. 

We  are  also  interested  in  high-energy  liquid  propellants.  One  of 
the  combinations  we  have  examined  recently,  particularly  for  space- 
craft, is  oxygen  difiaonde  and  diborane.  This  combination  is  of 
interest  because  the  performance  is  near  that  of  hydrogen-oxygen, 
which  we  are  using  in  our  space  program,  and  its  density  is  about 
three  times  greater,  so  we  can  pack  more  energy  into  a given  volume. 
It  has  another  interesting  point  in  that  both  the  fuel  and  oxydizer  are 
liquid  at  a temperature  of  around  —250°  T .,  and  if  a spacecraft 
designer  is  clever  enough  to  design  his  insulation  and  shielding  right 
he  can  maintain  propellant  tanks  at  —250°  F.  in  space,  and  hence  tnis 
combination  has  the  possibility  of  being  space  storable.  This  is 
better  than  liquid  hydrogen,  at  —420°  F. 

Mr.  Karth.  What  has  been  your  experience  with  tests  on  this? 

Mr.  Sloop.  Here  is  a slide  (fig.  220)  that  illustrates.  Specific 
impulse  is  plotted  on  the  vertical  scale,  and  the  ratio  of  oxidizer  to 
fuel  is  plotted  on  the  horizontal  scale. 

The  theoretical  specific  impulse  remains  relatively  high  over  a broad 
mixture  region,  and  a vehicle  designer  would  like  to  go  as  far  to  the 
right  as  possible  because  the  oxidizer  is  four  times  as  dense  as  the  fuel, 
so  the  farther  to  the  right  he  goes  the  denser  the  combination  of  the 
two. 

Actually,  experimental  data,  however,  show  a rather  sharp  peak 

at  a mixture  ratio  of  around  three  and  a half,  and  this  has  caused  us 
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quite  a bit  of  puzzlement.  We  are  trying  to  find  out  now  why  this 
occurs:  Was  it  the  injector  we  used?  Is  it  a combustion  phenomenon? 
We  don’t  know. 

Mr.  Karth.  Were  all  the  injectors  the  same  kind? 

Mr.  Sloop.  Three  of  them  were,  one  was  of  a different  type.  They 
used  four  different  injectors. 

There  is  another  problem  here,  in  that  the  tests  were  conducted  at 
fairly  low  chamber  pressure  because  we  were  interested  in  low  pres- 
sures for  a space  engine.  Also,  the  engine  was  a fairly  small  one, 
150  pounds’  thrust.  We  have  already  started  follow-on  work  to 
examine  this  question  using  a larger  thrust  engine.  Our  primary  goal 
is  to  ascertain  if  we  can  get  high  performance  over  a broad  mixtnrA 
range.  We  think  this  is  our  first  need. 

After  we  get  high  performance  over  a broad  mixture  ratio  we  would 
like  to  examine  whether  or  not  we  can  get  the  theoretical  performance 
in  a large  nozzle  under  altitude-simulated  conditions. 

If  we  pass  those  obstacles,  there  remains  still  a large  one,  namely, 
how  to  cool  this  combination.  The  theoretical  flame  temperature 
for  difluoride-diborane,  can  be  as  high  as  8,000°  F.,  far  higher  than 
any  materials  which  we  have  today  will  stand.  We  have  to  devise 
other  methods  of  cooling.  As  you  know,  rocket  engines  use  one  of 
the  propellants  as  a coolant  whenever  possible,  but  that  is  not  pos- 
sible in  this  case,  because  neither  oxygen  difluoride  nor  diborane  are 
very  good  for  cooling;  both  decompose  when  heated.  Further,  if 
OF2  decomposes  into  oxygen  and  fluorine,  and  if  the  temperatures 
are  very  high  fluorine  will  attack  the  metal  itself,  consuming  it  as  a 
fuel.  So  we  are  considering  other  cooling  methods,  such  as  film  cool- 
ing, a relatively  cool  layer  of  gas  is  maintained  along  the  walls  of  the 
combustion  chamber  and  nozzle.  We  are  also  considering  ablative 
materials.  We  hope  to  find  ablative  materials  to  withstand  this 
very  high  temperature  and  the  fluorida  atmosphere.  This  is  a new 
area  for  us.  And 

Mr.  Karth.  Is  the  temperature  requirement  for  the  ablative  ma- 
terial for  the  Apollo  project  unclassified  information? 

Mr.  Sloop.  Yes.  I can  give  you  the  flame  temperature  of  the 
mixture.  I think  it  is  in  the  order  of  5,000°  F.  I don’t  have  the 
exact  number  in  front  of  me. 

Mr.  Karth.  Thank  you.  I think  that  is  all  right.  How  much 
money  have  we  spent  on  this  combination  fuel  up  to  date,  Mr.  Sloop? 

Mr.  Sloop.  We  have  spent,  as  Dr.  Bisplinghoff  mentioned  in  his 
testimony,  over  $1  million  in  this  area  in  fiscal  1963. 

Mr.  Karth.  This  is  peanuts,  isn’t  it?  In  a $6  billion  program,  when 
you  spend  only  $1  million  in  research  on  fuels;  well,  if  you  don’t  have 
the  proper  fuels  you  might  as  well  forget  the  whole  thing,  and  stay 
on  the  ground.  I agree  electronic  components  are  very  important 
indeed,  but  the  magnitude  of  expenditures,  I must  say,  is  quite  sub- 
stantially different. 

Mr.  Sloop.  This  is  not  peanuts  in  research. 

Mr.  Karth.  I am  not  so  sure  we  are  really  meeting  the  need,  at  all, 
by  spending  such  relatively  insignificant  amounts  of  money.  This 
committee  would  like  to  help  you,  Mr.  Sloop.  If  you  feel  you  could 
and  would  do  a much  better  job  if  you  had  more  finances  with  which 
to  do  it  I think  this  committee  would  very  much  like  to  take  under 
consideration  the  possibility  of  helping  you.  This  committee  is  not 
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here  just  to  see  where  they  can  reduce  the  budget  requests,  I might  say. 
We  would  like  very  much,  if  it  is  necessary,  to  take  a look  at  areas 
where  budget  requests  should  be  increased.  This  might  be  one  of 
them. 

Mr.  Sloop.  We  have  a very  competent  contractor  working  on  this 
program  for  us  right  now.  One  of  the  first  and  pressing  questions,  is, 
of  course,  can  we  ge't  this  high  performance.  Based  on  the  results 
that  we  will  obtain,  or  they  will  obtain  for  us,  this  will  help  us  plan 
our  next  step,  and  how  much  and  to  what  extent  we  should  go  into 
this  in  the  future. 

Mr.  Morris.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  In  line  with  the  Chairman's  question,  exactly  how 
• much  progress  have  we  made  in  production  since  Redstone?  What 
have  we  done  to  improve  the  propulsion  of  our  vehicles  since  the  Red- 
stone? How  have  we  improved  them? 

Mr.  Sloop.  I have  seen — if  you  would  line  up,  say,  the  V-2,  the 
Redstone,  and  the  Atlas  and  H-l  engines  all  in  a row,  I think  this 
would  be  brought  out  dramatically.  We  have  decreased  their  size, 
decreased  their  weight,  and  increased  their  performance — and,  I 
believe,  reliability. 

Mr.  Morris.  By  performance  do  you  mean  specific  impulse? 

Mr.  Sloop.  Yes,  sir.  The  Redstone,  used  alcohol  and  oxygen, 
and  the  engines  for  our  boosters,  Atlas  and  the  first  Titan  used 
oxygen  and  kerosene,  which  has  higher  performance  than  the  oxygen 
and  alcohol.  The  alcohol  had  water  in  it,  it  was  not  neat.  The 
big  gain  in  performance,  though,  Mr.  Morris,  came  when  we  went  to 
hydrogen  and  oxygen  in  1958.  The  first  contract  for  the  development 
of  an  engine  using  oxygen  and  hydrogen,  the  RL-10,  was  started  in 
about  1958.  This  was  preceded  by  a number  of  years  of  research 
on  the  laboratory  scale,  similar  to  the  types  I have  mentioned  here  in 
connection  with  oxygen  difluoride  and  diborane.  Some  .of  this  work 
on  oxygen  and  hydrogen  goes  back  to  the  1945,  1946,  1947  period, 
and  I recall  a thousand  pound  thrust  engine  Aerojet  ran  in  1949  for 
the  Navy,  and  at  the  Lewis  Research  Center  I had  a part  in  working 
with  hydrogen  from  1950  through  1960. 

Mr.  Morris.  Couldn’t  you  solve  a lot  of  the  problems  in  electronics, 
guidance,  whatever  you  have,  if  you  had  the  ability  to  pitch  a large 
enough  bundle  up  there? 

Mr.  Sloop.  If  we  can  provide  the  muscle  to  get  up  into  space,  we 
still  need  the  guidance  to  tell  us  where  to  go. 

Mr.  Karth.  Would  the  gentleman  yield? 

Mr.  Morris.  Yes.  I assume  you  have  to  have  something;  but 
wouldn’t  these  other  problems  be  a lot  simpler  if  you  had  the  pro- 
pulsion to  get  it  up  there? 

Mr.  Karth.  I think  Mr.  Morris’  question  really  is:  If  we  didn’t 
need  to  pay  as  much  attention  to  miniaturization  and  microminia- 
turization, this  very  sophisticated  art,  the  need  for  less  attention  in 
that  area  could  be  brought  about  perhaps  as  a result  of  doing  more 
work  in- propulsion;  and  wouldn’t  we  be  better  off  in  the  long  run, 
and  wouldn’t  we  save  some  money,  and  solve  some  of  our  problems? 
I think  that  is  his  question. 

Mr.  Sloop.  The  velocity  of  a vehicle  depends  on  the  specific 
impulse  and  the  relative  weight  of  the  vehicle  full  and  empty.  If  the 
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empty  weight  is  high,  meaning,  say,  you  had  heavy  components 
instead  of  light  ones,  this  weight  would  decrease  the  performance  of 
the  vehicle. 

Mr,  Karth.  Oh,  surely.  But  Mr.  Morris  was  inquiring  whether 
or  not  the  weight  factor  would  be  quite  as  important  if  we  were 
developing  propulsion  at  a much  more  rapid  pace. 

Mr.  Sloop.  It  is  a matter  of  balance.  Yes, 

Mr.  Karth.  I know  it  is  difficult  for  us  to  ask  a question  here  that 
is  going  to  cause  an  argument  between  you  and  another  division  of 
the  OART.  Dr.  Bisplinghoff  is  sitting  right  next  to  you,  and  that 
makes  it  doubly  difficult.  I am  sure  Mr.  Morris  understands,  I cer- 
tainly do.  But  I think  sometimes  the  subcommittee  has  to  have  a 
better  understanding,  too,  of  the  problem  involved  here.  Mr.  Morris’ 
feeling  apparently  is  that  maybe  here  is  an  area  where  we  are  not 
giving  enough  attention,  as  opposed  to,  for  example,  the  supreme 
effort  and  attention  we  are  giving  to  very  sophisticated  micro- 
miniaturization in  the  field  of  electronics. 

I don’t  want  to  do  anything  to  kill  Johnny  Sloop.  But  see  if  you 
could  address  yourself  to  that,  would  you? 

Mr.  Sloop.  By  my  last  slide  you  will  see  that  I,  too,  am  interested 
in  weight  reduction  and  increased  reliability  in  electronics  systems  for 
power  generation.  In  propulsion  we  can  gain  performance  by  reduc- 
ing the  empty  weight. 

Mr.  Karth.  Well,  we  will  take  a look  at  the  record  after  awhile 
and  find  out  what  you  said.  We  will  probably  have  to  get  back  to 
you  next  week. 

Proceed. 

Mr.  Sloop.  Thank  you.  I would  like  to  go  to  the  next  slide 
(fig.  86,  p.  1887),  a repeat  of  Dr.  Bisplinghoff ’s  slide,  showing  scale  up  of 
conventional  and  advanced  concepts  in  large  vehicle  engines.  On  the 
left  is  the  F-l,  of  one-and-a-half-million-pound  thrust,  representing 
our  present  technology.  If  we  scaled  this  up  to  a larger  size  engine  of, 
say,  the  24-  to  30-million-pound-thrust  category  it  would  look  as 
large  as  the  second  one  from  the  left.  That  is  over  50  feet  high.  We 
can  reduce  this  size  by  increasing  the  chamber  pressure,  say,  threefold, 
and  get  the  third  engine.  Or,  we  can  go  to  different  nozzle  concepts 
and  combinations,  as  shown  by  the  fourth  engine,  a model  of  which 
you  see  in  front  of  you,  that  has  a number  of  advantages.  It  illustrate 
one  of  a number  of  concepts  being  examined  now. 

This  is  the  tank  and  this  is  the  nozzle,  and  you  see  that  it  is  a fairly 
short  and  squat  engine.  The  transition  piece  between  the  tank  and  the 
nozzle  is  quite  short,  as  represented  by  this  part  [indicating!  and  hence 
the  load-carrying  section  is  relatively  small. 

This  particular  engine  consists  of  a single  turbopump  which  pumps 
• the  propellants  to  a number  of  different  combustion  chambers,  and 
they  in  turn  discharge  into  this  large  nozzle. 

There  are  many  questions  that  this  concept  brings  up.  A lot  of 
them  are  associated  simply  with  using  high  chamber  pressure. 

Mr.  Karth.  What  are  you  thinking  of  for  propellants  for  this 
engine? 

Mr.  Sloop.  Both  oxygen  and  kerosene,  and  oxygen  and  hydrogen. 
The  latter  looks  more  attractive  to  us  right  now, 

Mr.  Karth.  We  are  .having  a few  problems  with  Centaur.  I 
suppose  you  have  heard  of  that. 
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Mr.  vSloop.  Yes,  sir.  But  I think  most  of  them  are  in  other  areas 
than  the  propulsion  system.  We  are  proud  of  the  fact  that  the  pro- 
pulsion system  is  ready  and  waiting  for  the  vehicle. 

Mr.  Karth.  There  are  a few  problem  areas  with  the  propellant, 
aren’t  there? 

Mr.  Sloop.  Yes,  there  are. 

Mr.  Randall.  We  heard  about  those  last  year. 

Mr.  Sloop.  Yes. 

Mr.  Karth.  I am  inclined  to  agree  with  you  that  probably  this  is 
the  way  to  move. 

We  have  put  a lot  of  chips  on  Centaur,  haven’t  we? 

Mr.  Sloop.  Yes. 

Mr.  Karth.  The  RL--10  engine  is  the  Centaur  engine,  developed 
by  Pratt  & Whitney? 

Mr.  Sloop.  Yes. 

Mr.  Karth,  I understand  there  is  some  speculation  that  this 
engine  will  be  used  as  an  upper  stage  in  part  of  the  test  series  of  the 
Saturn  vehicle.  Is  that  true? 

Mr.  Sloop.  I don’t  know  of  such  plans. 

Mr,  Karth.  All  right.  How  much  money  have  we  spent  in  re- 
searching this  type  of  engine? 

Mr.  Sloop.  It  would  be  hard  to  say.  So  much  technology  goes 
into  it:  How  much  of  the  propellant  studies  of  hydrogen-oxygen  would 
you  charge  to  it?  How  much  research  on  high-pressure  research 
should  be  charged? 

Mr.  Karth.  Give  us  your  professional  estimate  on  how  much  we 
have  spent  on  researching  this. 

Mr.  Sloop.  On  the  large  engine  concept? 

Mr.  Karth.  I was  more  inclined  to  pin  it  down  to  the  engine  you 
have  on  the  table  as  a sample. 

Mr.  Sloop.  I don’t  know  how  to  subdivide  it  on  this. 

Mr.  Karth.  Here  is  one  area  where  substantial  funds  have  been 
taken  away  from  you  and  reprogramed  into  other  areas,  isn’t  that 
right? 

Mr.  Sloop.  No,  sir. 

Mr.  Karth.  Well,  this  engine  here  is  well  into  the  Nova  class  engine, 
isn’t  it? 

Mr.  Sloop.  Yes. 

Mr.  Karth.  During  this  fiscal  year  didn’t  NASA  take  $165  million 
worth  of  Nova  funds  and  reprogram  them? 

Mr.  Sloop.  We  are  talking  of  two  different  things.  I am  talking 
of  establishing  the  technology  base 

Mr.  Karth.  I see. 

Mr.  Sloop.  For  developing  a Nova.  I believe  the  funds  you  refer 
to  were  the  start  of  the  Nova  development. 

I feel  that  our  work  is  to  provide  a sound  technical  base  so  that 
when  Nova  is  selected  we  can  get  into  it  some  new  concepts  and 
draw  on  a storehouse  of  fundamental  knowledge  to  do  a better  job 
than  merely  scaling  up  what  we  have  today. 

Mr.  Karth.  I am  inclined  to  agree.  Let  me  ask  you  again,  how 
much  money  have  we  spent  in  researching  the  Nova  size  engine? 
I guess  you  can  put  the  one  before  you  in  that  class. 

Mr.  Sloop,  I would  like  to  submit  that  for  the  record.  It  would 
be  in  excess  of  $2  million  in  fiscal  1963. 
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Mr.  Karth.  You  see,  I am  not  sure  that  our  proportions  are  right. 
If  we  had  gone  into  the  development  of  the  Nova  engine  last  year — I 
don’t  recall  how  much  the  experts  estimated  this  engine  development 
program  would  cost,  but  I assume  it  would  be  in  the  billions. 

Mr.  Sloop.  Yes,  sir. 

Mr.  Karth.  I am  not  sure  really  that  we  have  done  enough  ground- 
work, when  there  are  those  kinds  of  expenditures  involved  in  the 
development  of  the  engine  itself.  I am  not  sure  the  ratio  makes 
much  sense  to  me. 

Mr.  Sloop.  Our  job  is  to  try  to  provide  the  technical  know-how 
prior  to  the  selection  of  a particular  configuration  for  development. 
If  we  have  done  our  job  well  it  will  make  the  development  easier  and 
lass  expensive. 

Mr.  Karth.  I think  that  is  right.  I am  not  suggesting  you  have 
not  done  your  job  well.  I think  you  have  done  remarkably  well  with 
what  you  have  had  to  work  with,  in  terms  of  money. 

Mr.  Sloop.  Thank  you. 

Mr.  Karth.  The  only  doubt  I have  is  that  maybe  your  office  has 
been  neglected.  I don’t  mean  that  is  Dr.  Bisplinghoff’s  fault,  either. 
Maybe  some  of  the  fault  is  with  Congress.  Maybe  some  of  the  fault 
is  the  top  NASA  Administrators,  who  tell  you  how  much  you  can 
spend  in  the  area,  in  the  final  analysis — or  the  Bureau  of  the  Budget. 
It  may  be  all  our  faults. 

How  much  did  you  ask  for  in  1962,  1963,  and  1964,  as  opposed  to 
how  much  the  Administrator  said  you  could  go  to  the  Bureau  of  the 
Budget  with? 

Mr.  Sloop.  The  way  the  budget  reiterative  process  goes  on,  it 
would  be  difficult  to  answer  your  question. 

What  we  do  is  plan  our  research  program  and  then  we  fit  it  into  a 
framework  of  budgetary  numbers.  This  is  a reiterative  process. 
First,  we  talk  about  the  program  we  want  to  do,  then  we  work 
within  the  framework  of  a budgetarv  number.  This  framework,  of 
course 

Mr.  Karth.  First,  you  have  to  sell  it  to  Dr.  Bisplinghoff,  is  that 
right? 

Mr.  Sloop.  That  is  correct. 

Mr.  Karth.  And  he  might  chop  away  at  it  a little  bit  himself,  is 
that  correct? 

Mr.  Sloop.  Well,  he  has  a responsibility  that  is  broader  than  mine, 
therefore  he  has  to  think  of  the  other  areas  within  the  framework  of 
his  guidelines. 

Mr.  Karth.  I understand.  But  he  might  chop  away  at  any  one 
of  the  areas,  all  of  them,  or  be  very  selective  and  just  pick  one  of  the 
bunch.  Then  he  recommends  to  Mr.  Webb,  who  looks  at  it,  and  he, 
too,  may  be  very  selective,  or  may  chop  it  across  the  board.  Then 
when  it  goes  to  the  Bureau  of  the  Budget,  it  may  do  the  same  thing. 

My  question  is,  “How  much  did  your  section  of  the  OART  suggest 
you  needed  in  fiscal  year  1961,  fiscal  year  1962,  and  fiscal  year  1963?” 
And  how  much  did  you  eventually  get  after  maybe  Dr,  Bisplinghoff 
took  off  some,  Mr.  Webb  took  off  some,  if  he  did,  and  the  Bureau  of 
the  Budget  took  away  a little,  if  they  did,  and  then  maybe  Congress 
reduced  it,  I don’t  know ; this  wasn’t  in  my  subcommittee  last  year? 

Mr.  Sloop.  $17,164,000  was  spent  in  chemical  propulsion  in  1962, 
$25,119,000  in  fiscal  1963,  and  we  are  asking  for  $35,075,000  in  1964, 
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so  there  is  an  increase  over  these  years.  The  budgetary  process  is  a 
long  lead  item,  that  goes  on  well  in  advance.  I can  only  assure  you 
that  we  have  the  money  that  we  asked  for  in  fiscal  1963. 

Mr.  Randall.  I don’t  think  the  question  is  being  answered.  I 
would  like  to  join  the  chairman  in  requesting  an  answer.  Going  back 
to  fiscal  1961 , would  you  give  us  the  figures?  If  you  can’t  do  it  now, 
give  them  to  us  subsequently,  the  very  things  he  asked  for.  Some- 
where along  the  line  you  came  up  with  a figure  of — your  answer  was 
apparently  what  you  got  and  what  you  spent.  That  is  a different 
answer. 

Dr.  Bisplinghoff,  I believe,  said  you  weren’t  here  but  a short  time; 
maybe  it  was  someone  else.  If  you  weren’t  here,  to  whom  did  you 
go?  Have  you  been  asking  for  anything,  yourself,  as  head  of  your 
section? 

Mr.  Karth,  Yes,  I think  it  would  be  interesting  if  you  could  pro- 
vide these  figures.  Maybe  Dr.  Bisplinghoff  could  provide  them  for 
the  record  within  the  next  few  days,  Doctor,  if  you  will. 

Dr,  Bisplinghoff.  We  will  see  what  we  can  do  with  this  request. 

Mr.  Karth.  The  amount  of  money  requested  by  Mr.  Sloop  or  his 
predecessor,  then  the  amount  that  that  section  eventually  got,  in 
terms  of  dollars.  I don’t  care  who  cut  what  out.  We  are  not  looking 
for  that.  I just  want  to  know  what  the  director  of  this  section  felt 
he  needed,  and  what  he  eventually  got  to  do  the  job. 

Did  you  suffer  any  reprograming  in  fiscal  year  1962,  for  example, 
and  fiscal  year  1963? 

Mr.  Sloop.  No,  sir;  not  in  fiscal  year  1963. 

Mr.  Karth.  You  did  not  gain  anything,  and  you  probably  didn’t 
lose  anything;  is  that  it? 

Mr.  Sloop.  The  office  was  formed  during  this  process,  and  it  is 
difficult  to  answer  your  questions  explicitly. 

Research — there  are  two  types  of  work  supporting  our  chemical 
propulsion:  one  is  supporting  research  and  technology,  and  one  is 
advanced  research  and  technology;  and  I am  talking  of  the  advanced 
research  and  technology.  It  is  our  job  to  provide  a base  to  look  ahead 
into  the  future.  The  supporting  research  and  technology  is  the  work 
needed  to  get  the  job  done  for  an  approved  project. 

Mr.  Randall.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  For  the  record,  I don’t  know  what  the  chairman 
had  in  mind,  but  \tfe  touched  on  this  here,  before  Mr.  Morris  left, 
about  the  big  boosters.  Any  person  can  read  the  papers  and  see  it, 
and  say  it  appears  we  are  delinquent  or  behind  in  thrust  or  power,  or 
that  the  guidance  is  coming  along  all  right,  but  we  can’t  get  them  off 
the  ground. 

1 want  to  know  where  we  are  going.  I want  to  know  whether  you 
have  been  really  asking  for  the  funds  you  need,  yourself,  as  director 
of  this,  to  push  ahead? 

Mr.  Sloop.  The  work  we  do  is  for  the  next 

Mr.  Randall.  Maybe  you  are  not  the  right  witness,  I don’t  know. 

Mr.  Sloop.  I want  to  say  our  responsibility  and  the  work  we  are 
discussing  this  morning  is  for  the  next  step  beyond  Saturn  Y.  The 
Saturn  V and  its  development  and  success  is  the  responsibility  of  the 
Office  of  Manned  Space  Flight.  It  is  our  work  to  provide  the  tech- 
nical base  for  the  next  step  beyond  Saturn  Y. 
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Mr.  Karth.  That  is  right. 

Mr.  Randall.  All  right. 

Mr.  Karth.  I don’t  think  there  is  any  doubt  in  our  minds  as  to 
your  responsibility  for  the  movement.  Some  of  us  feel  it  took  a long 
time  to  get  the  Saturn  Y,  and  we  wouldn’t  like  to  take  that  long  to 
get  to  the  next  state  of  the  art.  We  would  like  to  help  you,  if  you 
think  you  need  help.  I guess  that  is  all  we  are  saying.  I find  it 
very  difficult  to  find  areas  where  we  should  reduce,  because  no  matter 
what  the  budget  request  is,  they  will  defend  it  to  the  last  breath  in 
them ; and  when  we  try  to  help  somebody  I find  it  is  extremely  diffi- 
cult to  do  that,  too,  and  I am  not  sure  we  can  accomplish  either  of 
those  goals  unless  we  get  soma  of  the  information  we  request. 

Mr.  Sloop.  We  feel  we  have  asked,  in  fiscal  1964,  for  a well 
integrated  and  balanced  program  in  the  area  of  chemical  propulsion 
and  space  power.  I am  a partisan  to  the  programs  we  have,  and  a 
partisan  always  feels  he  can  do  more.  It  is  up  to  others  with  broader 
responsibilities  to  put  it  in  proper  context  in  favor  of  the  overall 
N ASA  .program . 

Mr.  Karth.  How  much  did  your  Office  ask  for  in  fiscal  year  1963, 
the  total  budget  request  for  your  Office?  Was  it  20-some  million? 

Mr.  Myers.  In  chemical  propulsion,  $17,164,000,  total  research, 
development,  and  operation  developments  for  chemical  propulsion, 
and  $12,256,000  for  liquid  propulsion. 

Mr.  Karth.  How  much  for  just  chemical  propulsion? 

Mr.  Myers.  $17,164,000,  total  R.D.  & O.  funds,  personnel  costs, 
operations,  installations,  and  direct  R.  & D.  dollars  to  buy  equipment 
to  do  research. 

Mr.  Karth.  How  much  of  the  $17  million  was  R.  & D.  dollars? 

Mr.  Myers.  The  $7  million  in  1962,  that  is  still — $7,003,000. 
R.  & D.  in  1963  was  $14,469,000. 

Mr.  Karth.  Out  of  what  total? 

Mr.  Myers.  $25,191,000. 

Mr.  Karth.  This  is  what  you  asked  for,  Mr.  Sloop,  for  1963? 

Mr.  Sloop.  Yes,  sir. 

Mr.  Karth.  You  weren’t  there  during  1962? 

Mr.  Sloop.  No. 

Mr.  Karth.  Do  you  know  what  they  asked  for? 

Mr.  Sloop.  No,  sir. 

Air,  Myers.  In  1962  it  was — the  number  in  1962  is  approximately 
correct.  I would  have  to  reconstruct  all  the  manipulation  in  any 
program  any  year  to  give  you  the  actual  number. 

Dr.  Bisplinghoff.  One  of  the  problems  with  1962  is  that  this 
budget  formation  occurred  before  the  Office  of  Advanced  Research 
and  Technology  was  formed,  which  was  a year  ago  November,  and 
many  of  the  parts  that  make  up  this  office  were  brought  from  several 
other  offices  in  the  NASA,  so  it  is  hard  for  us  to  construct  immediately 
what  these  requests  were.  1963  is  more  clean  cut. 

Mr.  Karth.  I understand.  What  are  you  requesting  for  fiscal  year 
1964? 

Mr.  Sloop.  $35,075,000. 

Mr.  Karth.  Is  that  what  you  originally  requested  when  the  budget 
was  first  being  prepared? 

Mr.  Sloop.  Yes,  sir. 

Air.  Karth.  Air.  Staebler. 
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Mr.  Staebler.  I would  like  to  ask  our  relationship  to  our  chief 
competition  in  the  rocket  field,  and  if  I touch  any  confidential  matters 
please  stop  me.  What  fuel  was  used  in  the  largest  Russian  rocket, 
to  date? 

Mr.  Sloop.  We  can’t  say  positively.  We  think  oxygen  and 
kerosene. 

Mr.  Staebler.  Is  there  anything  publicly  available  on  their  work 
on  other  fuels? 

Mr.  Sloop.  Last  year  there  was  a committee  report  on  some  of  the 
high-energy  fuels,  I believe,  in  which  it  was  reported  that  the  Russians 
were  inquiring  into  boron  fuels. 

All  countries,  I might  say,  that  are  interested  in  rocket  propulsion 
maintain  an  active  interest  in  high-energy  fuels  that  can  release  more 
chemical  energy.  Wrherever  you  have  imaginative  people  in  chem- 
istry you  find  interest  and  speculation  in  these  high-energy  materials. 
There  is  a good  indication  that  Russia,  too,  is  interested  in  these 
various  propellants. 

Mr.  Staebler.  There  is  no  evidence  of  their  using  it  yet  in  a 
successful  rocket? 

Mr.  Sloop.  I don’t  know  of  any. 

Mr.  Staebler.  So  at  the  moment  our  application  and  their  appli- 
cation in  the  field  of  fuel  technology  is  roughly  parallel? 

Mr.  Sloop.  We  are  active  in  hydrogen-oxygen,  and  in  hydrogen- 
fluorine,  and  diborane-oxygen  difluoride.  I believe  they  are  very 
active  in  this  area  also. 

Mr.  Staebler.  Perhaps  we  have  a storehouse  of  information  that 
is  likely  to  be  as  good  as  is  available  to  the  Russians?  Do  we  have 
that? 

Mr.  Sloop.  I think  so. 

Mr.  Staebler.  The  larger  dimensions  of  their  rockets  at  the 
moment,  then,  are  not  due  to  fuel  superiority? 

Mr.  Sloop.  That  is  my  belief . It  is  merely  larger  size,  1 arger  thrust. 

Mr.,  Staebler.  And  this  is  attributable  to  which  of  the  supporting 
technologies? 

Mr.  Sloop.  I think  to  a number  of  them;  that  is,  chemical  engineer- 
ing, mechanical  engineering,  the  people  working  in  turbomachinery, 
such  as  pumps,  and  things  of  this  sort,  and  the  systems  engineers  who 
make  the  whole  thing  work  as  a unit.  It  is  a multidiscipline  group 
needed  to  do  this  job,  as  you  can  appreciate. 

Mr.  Staebler.  You  mean  the  field  of  materials?  Perhaps  I 
ought  to  ask  Dr.  Bisplinghoff. 

In  the  field  of  high-temperature  materials  are  wTe  aware  of  any 
advance  that  they  may  have  made  beyond  our  present  capacities? 

Dr.  Bisplinghoff.  To  the  best  of  my  knowledge  I know  of  nothing 
that  has  come  from  Russia  that  exceeds  our  capabilities,  either  in 
rocket  nozzle  materials  or  reentry  nose  cone  materials.  Of  course, 
we  find  it  hard  to  get  detailed  information  from  them  about  their 
materials.  But  I know  of  nothing  that  exceeds  our  capabilities  in 
either  of  these  areas. 

Mr.  Karth.  Would  the  gentleman  yield  at  this  point? 

Mr.  Staebler.  Surely. 

Mr.  Karth.  The  Soviet  spacecrafts  that  have  been  orbited  and 
later  on  reentered,  because  of  their  disproportionately  larger  sizes,  I 
assume  the  ablative  material  they  use  for  reentry  had  to  withstand 
greater  temperatures  than  the  ablative  material  we  use  for  reentry. 
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Dr.  Bisplinghoff.  No;  the  reentry  is  really  a function  of  speed, 
and  the  size  of  the  vehicles  is  not  important. 

Mr.  Karth.  Thank  you. 

Mr.  Staebler. 

Mr.  Staebler.  Doctor,  is  it  in  this  area  of  systems,  the  combina- 
tion of  the  different  things  that  we  already  know,  that  they  have 
achieved  greater  advances? 

Dr.  Bisplinghoff.  I think  Mr.  Sloop’s  statement  is  correct,  that 
the  technological  building  blocks  we  have  available  with  which  to 
construct  these  systems  are  nearly  equivalent  in  the  two  countries. 
Now,  one’s  ability  to  put  these  building  blocks  together  in  a large 
system  depends  on  two  things,  that  is,  one’s  skill,  and  also  the  amount 
of  time  one  has  put  in;  and  I think  it  is  in  the  latter  area  the  Russians 
have  licked  us.  They  have  been  at  this  matter  of  putting  together 
rocket  systems  a longer  time  than  we  have,  and  so  they  have  been 
able  to  forge  ahead  of  us  as  far  as  thrust  is  concerned,  vehicle  size. 
I don’t  believe  they  have  any  superior  collection  of  technological  build 
ing  blocks. 

Mr.  Staebler.  In  the  accumulation  of  information  for  the  next 
set  of  advances — and  in  this  we  don’t  know  how  far  the  Russians  are 
progressing — it  would  be  important  to  have  all  the  building  blocks 
we  can,  I presume. 

Dr.  Bisplinghoff.  Absolutely.  This  is  the  basic  premise  for  doing 
research.  That  is  the  real  reason  for  having  the  Office  of  Advanced 
Research  and  Technology,  to  develop  these  building  blocks  as  far  as 
we  can  before  we  undertake  these  large  systems  developments.  Of 
course,  we  feel  that  the  cost,  and  the  probability  of  success  of  any 
large  system  development,  is  very  greatly  dependent  on  how  well  we 
do  our  job  in  preparing  the  way. 

Mr.  Staebler.  Is  the  systems  research  in  your  field,  Dr.  Bispling- 
hoff? 

Dr.  Bisplinghoff.  When  we  speak  of  systems  we  speak  of  the  put- 
ting together  of  all  the  basic  subsystems  and  components  that  have 
been  developed,  into  a larger  collection  which  could  do  the  mission, 
and  most  of  this  is  in  the  mission  offices,  such  as  the  Office  of  Manned 
Space  Flight  and  Office  of  Space  Sciences. 

We  are,  of  course,  interested  in  the  matter  of  systems  from  the 
fundamental  viewpoints  of  trying  to  understand  how  systems  people 
can  do  their  job  better,  but  we  are  not  responsible  for  the  actual 
carrying  out  of  the  formations  of  these  big  systems.  This  is  beyond  our 
responsibility. 

Mr.  Staebler.  Thank  you  very  much. 

Thank  you,  Mr.  Chairman. 

Mr.  Randall.  One  question. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  Going  back,  you  mentioned  that  their  superiority 
was  not  due  to  fuels,  but  due  to  three  or  four  factors  which  you 
enumerated. 

Dr.  Bisplinghoff.  Thermodynamics. 

Mr.  Randall.  And  you  said  pumps,  and  work  on  turbines,  and 
ended  by  saying  it  was  a multidiscipline  proposition.  Would  you 
address  yourself,  if  you  would,  as  to  which  of  those,  in  your  opinion, 
we  might  be  able  to  catch  up  on  the  quickest? 

Dr.  Bisplinghoff.  That  was  Mr.  Sloop’s  answer,  Mr.  Randall. 
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Mr.  Randall.  I am  sorry.  I thought  it  was  yours. 

I think  you  also  mentioned  materials,  said  there  was  no  problem  in 
materials,  Mr.  Sloop? 

Mr.  Sloop,  I think  there  are  problems  in  materials  in  rocket 
engines.  I think  this  is  an  area  where  we  need  more  research.  I 
mentioned  this  in  connection  with  the  problem  of  containing  the 
8,000®  temperature  gas  resulting  from  burning  oxygen  difluoride  and 
diborane. 

We  are  constantly  striving  for  better  materials,  and  materials  that 
can  withstand  the  high  temperature. 

Last  year  I mentioned  work  on  pyrolytic  graphite,  which  is  a type 
of  graphite  that  conducts  heat  in  one  direction  very  well,  but  not  in 
the  other  direction.  It  also  can  withstand  very  high  temperatures. 

On  my  first  slide  I showed  a picture  of  such  a chamber  in  operation. 
It  cools  by  radiation.  It  gets  hot  and  radiates  the  heat  to  the  cold 
environment  of  outer  space. 

We  are  also  interested  in  coatings  for  nozzles,  so  they  can  with- 
stand both  the  oxidizing  atmosphere  and  the  very  high  temperatures. 
We  deal  with  much  higher  temperatures  than  in  other  applications. 

Mr.  Randall.  Of  course,  you  understand  what  I am  inquiring 
into.  We  have  gone  down  the  line  on  superiority,  and  you  have  said 
it  is  not  due  to  fuels.  Now  you  say  there  is  a lot  to  be  desired  in 
materials,  on  the  questions  of  pumps,  materials,  plumbing,  and  so 
forth. 

How  about  the  Centaur  problem?  Do  you  feel  we  are  making 
progress  on  that? 

Mr.  Sloop.  I think  we  are,  yes.  I would  like  to  talk  about  ma- 
terials for  a moment.  Basic  research  in  high-temperature  materials 
is  one  problem  and  applied  research  of  materials  for  rocket  application 
is  another  problem.  I was  addressing  myself  primarily  to  the  applica- 
tion of  high-temperature-material  technology  to  the  rocket  application. 

Mr.  Randall.  What  would  be  a simple  definition  of  thermo- 
dynamics? 

Mr.  Sloop.  Thermodynamics  is  a part  of  science- that  has  to  do 
with  heat  energy  involving  gases  and  liquids  in  various  physical  states. 

Mr.  Randall.  Expansion,  contraction,  so  forth? 

Mr.  Sloop.  Yes.  For  example,  the  process  of  combustion  and  ex- 
pansion of  hot  gases  through  nozzles,  and  the  various  states — the 

Eressure,  specific  volume,  temperature,  viscosity,  conductivity,  and 
ow  these  vary  'with  operating  conditions  is  a part  of  thermodynamics. 
Mr.  Randall.  It  is  a question  of  control,. is  that  correct? 

Mr.  Sloop.  Yes.  Thermodynamics  deals  with  the  conversion  of 
heat  energy  into  useful  work.  This  is  another,  probably  simpler, 
definition.  / ’ 

Mr.  Randall.  May  I have  a question  or  two  more? 

Mr.  Earth.  Certainly. 

Mr.  Randall.  The  scale  here  shows  a man.  Are  these  engines  in 
the  cylinder  here  about  the  size  of  an  ordinary  F-l  engine? 

Mr.  Sloop.  Yes,  or  perhaps  a little  larger.  These  might  be  as 
much  as  2-million-pound  thrust  each,  so  they  could  be  around  24  to 
30  inches  in  diameter,  it  depends  on  the  pressure  we  would  use. 

Mr.  Randall.  Though  it  appears  more  complex  as  a whole,  have 
you  achieved  some  simplicity  there?  Is  that  a central  pump  there? 
Mr.  Sloop.  That  is  one  of  the  problems  I was  talking  about.  We 
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are  examining  whether  or  not  to  have  a single  pump  or,  say,  four 
pumps,  or  a pump  for  each  of  these  thrust  chambers. 

Each  concept  has  its  advantages.  If  you  have  a pump  for  each 
thrust  chamber  you  can  develop  the  pump  and  thrust  chamber  as  a 
unit,  and  then  assemble  the  units  in  the  hig  nozzle.  If  you  use  a 
single  pump  it  requires  large  facilities  and  has  other  problem*?.  You 
have  to  balance  this  against  reliability. 

Mr.  Randall.  If  one  pump  goes  out,  the  whole  would  be  out. 

Mr.  Sloop.  That  is  right.  On  the  other  hand,  if  you  have  a num- 
ber of  multiple  units  there  is  a good  possibility  one  could  go  out.  All 
of  these  things  have  to  be  balanced. 

Mr.  Randall.  How  far  along  are  you  with  this? 

Mr.  Sloop.  We  have  programs  in  fiscal  year  1963,  and  in  1962  as 
well,  in  the  high-pressure  technologies  involved  here.  We  have,  for 
example,  contracts  on  pumps,  and  on  cavitation  phenomena  in  in- 
ducers, the  first  pumping  stage  of  a turbine-driven  pump.  We  have 
contracts  to  examine  the  combustion  and  combustion  dynamics  of 
high  chamber  pressures,  we  have  contracts  on  the  problem  of  cooling 
at  high  pressure.  We  have  some  contracts  on  thrust  vector  control 
by  secondary  injection. 

What  will  be  needed  in  1964,  1965,  or  perhaps  later,  is  to  bring  some 
of  these  results  together  into  a subsystem  or  into  a complete  system. 
For  example,  should  this  small  combustion  chamber  have  a small 
nozzle  for  some  gas  expansion  before  entering  into  the  large  nozzle,  or, 
what  is  the  spacing  and  entry  angle  for  optimum  performance?  Or,  is 
the  optimum  number  of  discrete  jets  12,  8,  or  32?  We  are  also 
studying  other  concepts,  such  as  I have  on  the  next  slide  (fig.  222). 
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Instead  of  individual  combustion  chambers  as  on  this  model,  we 
would  replace  them  with  a torodial  combustion  chamber.  This  is 
being  worked  out  for  us  by  Rocketdyne.  An  insert  of  this  type  of 
combustion  chamber  is  shown,  consisting  of  rings  with  injector  on  the 
right  side,  and  hot  gas  pass  through  slots  between  the  tubes  on  the  left. 
This  is  a much  more  compact  arrangement.  Such  a torus  could  fit  in 
here  (indicating)  and  replace  all  the  individual  combustion  chambers. 

In  addition  we  think  we  could  test  a torodial  segment.  Take,  for 
example,  a 2-foot  torodial  segment  and  test  it  with  a reasonably  small 
facility.  But  one  day  we  would  have  to  face  the  problem  of  full-scale 
tests. 

We  did  have  a slide  showing  actual  tests  of  this  torus  at  Rocketdyno. 
I am  sorry,  1 took  that  out. 

Mr.  Karth.  Proceed. 

Mr.  Sloop.  Another  area  we  are  quite  interested  in  looking  into  is 
air  augmentation  of  liquid  rocket  engines.  The  concept  on  this  slide 
(fig.  223)  came  from  Langley  Research  Center.  It  consists  of  variable 
mozzle  configurations  that  adapts  to  the  various  speeds  and  allows  air 
to  mix  w ith  the  main  rocket  exhaust  and  increasing  thrust. 

At  the  left  is  the  configuration  for  lift-off  and  subsonic  speeds. 
The  air  comes  in  as  indicated  by  the  arrows.  The  bell-shaped  entrance 
is  jettisoned  as  the  speed  increases.  At  supersonic  speeds  the  inlet 
and  exit  are  adjusted  bv  a hinged  mechanism  and  the  jet  expands 
as  shown  by  the  shaded  area.  At  near  orbital  speeds,  where  there 
is  no  longer  any  atmosphere,  the  nozzle  closes  up  and  acts  like  a simple 
rocket  nozzle.  We  have  a request  for  proposals  out  to  study  air 
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augmentation.  In  fiscal  year  1964  we  want  to  examine  air  augmenta- 
tion models,  using  the  facilities  at  Langley  Field  and  at  Cleveland, 
and  perhaps  other  places. 

I have  a 5-minute  movie  with  me,  which  is  not  a very  polished  affair, 
but  was  put  together  to  illustrate  a few  other  technology  areas  that 
we  are  working  on.  Do  you  care  to  see  it  at  this  time? 

Mr.  Karth.  Fine.  If  you  think  this  is  the  appropriate  time,  we 
would  be  very  much  interested. 

Mr.  Sloop  [movie  narrative].  This  is  a stroboscopic  view  of  cavita- 
tion in  the  inducer  of  a pump.  Cavitation  is  one  of  the  big  problems 
in  pumps.  This  shows  the  cavitation  on  the  leading  edge.  There  is 
some  evidence  that  this  irregular  cavitation  causes  pressure  fluctu- 
ations that  are  felt  in  other  parts  of  the  systems,  and  could  be  a trouble 
source  for  combustion  oscillations, 

Mr.  Karth.  Is  that  the  trouble  you  are  finding  with  the  F-l 
engine  now? 

Mr.  Sloop.  It  is  a possibility. 

Mr.  Karth.  Are  you  familiar  with  what  the  problem  really  is  and 
what  they  are  doing  to  correct  it? 

Mr.  Sloop.  Yes,  They  have  an  advisory  group  consisting  of  people 
in  our  research  laboratories,  who  serve  as  consultants  on  this  problem. 

This  is  a firing  of  diborane  and  oxygen  difluoride  motors,  and  you 
note  the  characteristic  green  color  from  the  boron. 

These  are  the  test  conditions,  with  chamber  pressure  75  pounds 
per  square  inch  absolute. 

The  mixture  ratio  was  3,  and  almost  96  percent  of  theoretical, 
performance  was  obtained  but  that  occurred  over  a narrow  region  as 
I showed  you  before. 

The  thrust  of  the  engine  was  150  pounds. 

Mr,  Karth.  Is  that  the  test  you  showed  by  which  you  developed 
your  curve? 

Mr.  Sloop.  That  is  correct. 

The  Chairman.  It  must  be  a short,  test. 

Mr.  Sloop.  That  is  correct.  We  would  like  to  make  longer  tests. 

This  is  one  of  the  injector  concepts  that  we  are  working  on  to  pro- 
vide a variable  thrust.  You  can  see  a movement  of  a cylinder,  which 
is  the  means  by  which  the  variable  thrust  is  achieved. 

Do  you  see  that? 

The  Chairman.  Yes. 

Mr.  Sloop.  It  was  this  type  of  injector  without  the  variable  thrust 
feature  that  was  used  in  the  diborane  test. 

The  variable  thrust  is  needed  for  a number  of  applications  in  space. 
I think  you  are  familiar  with  them.  This  is  a test  of  the  variable 
thrust  concept. 

Looking  closely  you  see  a variation  in  the  flame  pattern,  which  indi- 
cates the  variation  in  the  thrust. 

Now  you  see  the  thrust  increasing.  Now  it  is  decreasing. 

The  vapor  you  see  is  the  water  used  in  the  test  for  cooling  purposes. 

During  the  test  they  varied  the  thrust  up  and  down,  as  I think  you 
can  tell  by  the  exhaust  pattern  that  you  see. 

Here  is  another  concept  of  variable  thrust  where  the  area  of  the 
injector  is  changed  by  means  of  needle-type  valves  as  shown.  This 
is  a pantad  type  as  we  call  it. 
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The  white  area  is  a high-temperature  coating  and  surrounding  that 
is  an  ablative  material.  These  tests  are  conducted  under  CQntract 
with  the  Aerojet  General  Corp. 

This  could  be  coupled  to  a servomotor  for  variable  thrust. 

Here  is  a test  of  an  engine  using  this  type  of  variable  injector. 

I think  that  is  all. 

I would  like  to  go  now  to  solar  and  chemical  power  generation. 

Mr.  Randall.  What  is  the  advantage  of  variable  thrust? 

Mr.  Sloop.  It  is  needed  for  lunar  landing,  needed  for  docking  in 
rendezvous,  it  is  useful  in  orbital  corrections  of  trajectories,  things  of 
that  sort. 

Mr.  Randall.  Has  it  been  used  up  to  now? 

Mr.  Sloop.  Its  first  uses  will  be  in  Gemini  and  in  the  Apollo  pro- 
gram for  lunar  landing. 

. Mr.  Earth.  Of  course  this  committee  is  interested  in  high-energy 
fields.  I think  one  of  my  first  questions  was  how  much  money  are 
we  spending  in  this  research  effort  on  fuels.  I am  interested  in  solids 
versus  liquids,  and  high-energy  fuels.  How  much  did  we  spend  on 
high-energy  fuels  research  in  fiscal  year  1963? 

Mr.  Sloop.  $2,488,000. 

Mr.  Karth.  How  much  are  you  asking  for  fiscal  year  1964? 

Mr.  Sloop.  $3,306,000,  sir. 

Mr.  Earth.  Do  you  feel  this  is  sufficient  to  do  the  research  work 
that  needs  to  be  done? 

Mr.  Sloop.  A research  man  never  feels  there  is  sufficient  work 
going  on  in  his  area.  As  a partisan  I have  to  answer  this  way. 

Mr.  Earth.  Is  this  what  you  asked  for? 

Mr.  Sloop.  This  is  what  I ask:  i for  after  we  had  some  discussion 
on  the  guidelines;  yes,  sir; 

Mr.  Randall.  That  is  what  he  was  told  he  could  ask  for. 

Mr.  Earth.  How  much  were  you  asking  for  before  the  guidelines 
were  established,  if  I am  not  invading  executive  privilege? 

Mr.  Sloop.  I don’t  recall.  I would  like  to  go  back  to  the 
question 

Mr.  Earth.  I was  just  asking  how  well  your  memory  served  you 
on  this  matter  of  high  energy  fuel  funds  requested  prior  to  the  estab- 
lishment of  the  guideline. 

Apparently,  Mr.  Sloop,  your  memory  has  failed  completely. 

Mr.  Sloop.  I don’t  remember.  [Laughter.] 

Mr.  Earth.  All  right.  But  it  was  more?  Is  my  assumption 
correct,  that  you  did  request  more? 

Mr.  Sloop.  I think  that  is  a safe  assumption;  yes,  sir.  [Laughter.] 

Mr,  Earth.  Proceed. 

Mr.  Sloop.  I might  say  as  an  aside  that  if  all  the  initial  requests 
were  added  together  it  would  total  many  more  times  more  than  the 
budget  NASA  has  asked  for. 

* Mr.  Earth.  Don’t  make  it  so  accurate  that  you  put  us  out  of 
work,  will  you? 

Mr.  Sloop.  In  solar  and  chemical  power  generation  the  areas  of 
interest  are  illustrated  on  the  next  slide  (fig.  224) . 

It  includes  thermionics,  solar  cells,  thermoelectric,  magneto  hydro- 
dynamics, solar  engines,  batteries,  fuel  cells,  chemical  engines,  power 
conditioning,  solar  concentrators,  thermal  energy,  and  storage. 
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Figure  224 

Here  I have  two  types  of  batteries  used  in  space  exploration.  The 
smaller  is  nickel-cadmium  type  battery  of  6 ampere-hour  capacity. 
This  one  is  a silver-cadmium  battery  of  12  ampere-hour  capacity. 

Mr.  Karth.  This  is  an  advanced  state  of  the  thing,  the  silver- 
cadmium  one. 

Mr.  Sloop.  Yes,  sir.  These  have  an  improved  ceramic  seal  to 
protect  against  the  vacuum  of  space.  These  batteries  develop  an 
appreciable  internal  pressure  in  space  operation. 

The  next  slide  (fig.  225)  shows  an  important  problem  area  in  solar 
cells;  that  is,  resistance  to  radiation.  Last  year  there  was  a nuclear 
explosion  in  the  upper  atmosphere,  that  played  havoc  with  three 
satellites.  This  slide  illustrates  the  decline  of  power  as  a function  of 
numbers  of  days  in  orbit  for  conventional  and  improved  solar  cells. 

You  will  appreciate  that  this  curve  is  based  on  certain  assumptions 
of  the  amount  of  radiation,  what  particular  orbit,  and  so  forth,  but  it  is 
on  a comparable  basis. 

The  conventional  solar  cells  used  up  to  the  present  time  are  called  a 
“p-on-n.”  The  positive  side,  p,  is  on  top,  ana  the  negative,  side,  n,  is 
on  the  bottom.  If  this  order  is  reversed  to  “n-on-p”  we  get  a higher 
resistance  to  radiation.  There  are  other  ideas  in  our  program 

Mr.  Karth.  Was  it  your  section  that  got  onto  this  “n-on-p” 
concept? 

Mr.  Sloop.  The  “n-on-p”  solar  cells  originated  years  ago  in  the 
laboratory.  I believe  the  original  work  was  done  by  the  Army  at 
Fort  Monmouth,  and  Bell  Telephone  Laboratories  picked  up  this 
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Figure  225 

work  and  incorporated  the  “n-on-p”  type  in  Telstar,  and  that  is  one 
of  the  reasons  it  worked  when  other  satellites  went  out.  The  experi- 
mental “n-on-p”  type  shown  is  a “drift  field”  type. 

A real  interesting  research  area  in  solar  cells,  mentioned  by  Dr. 
Bisplinghoflf,  is  shown  by  this  next  slide  (fig.  226),  namely  thin-film 
solar  cells.  On  the  left  is  shown  a single  crystal  of  a conventional 
type  cell,  normally  1 to  2 centimeters.  They  are  usually  mounted  as 
shingles  are  mounted,  as  you  see  in  the  center  of  the  slide.  They  are 
around  20  mils  thick. 

Thin-film  solar  cells  have  a number  of  potential  advantages:  First, 
you  can  make  them  larger,  and  second,  thinner,  like  3 mils  thick. 

Third,  you  can  mount  them  on  flexible  surfaces,  thus  opening  up 
many  new  potential  uses.  You  could  carry  them  on  a foldable  or 
inflatable  structure,  which  could  be  inflated  into  a large  area  in  space. 

Mr.  Karth.  How  much  are  you  asking  for  research  in  this  area? 

Mr.  Sloop.  Fiscal  year  1964,  $3,350,000. 

Mr.  Karth.  And  in  1963,  what  was  it? 

Mr.  Sloop.  $2,409,000. 

Mr.  Karth.  Who  are  the  main  suppliers  of  solar  cells  for  NASA? 

Mr.  Sloop.  There  are  not  too  many  who  supply  solar  cells. 

Mr.  Karth.  Could  you  tell  us  who  they  are? 

Mr.  Scott.  Most  of  the  production  to  dale  has  been  from  Hoffman 
Electronics  and  HelioTech.  Recently  Radio  Corp.  of  America  has 
started  production  of  the  newer  type  “n-on-p”  and  we  have  now  also 
Texas  Instruments  coming  into  the  market.  International  Rectifier 
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Figure  226 

has  also  been  doing  work  in  this  area.  Production  capacity  is  quite  a 
bit  in  excess  of  our  requirements. 

Mr.  Kakth.  Thank  you. 

Mr.  Sloop.  Here  is  an  example  of  a thin  solar  cell,  cadmium 
sulphide,  made  by  the  Harshaw  Chemical  Co.  for  NASA,  and  we  have 
also  a contract  with  RCA  using  gallium  arsenide.  We  think  thin-film 
solar  cells  have  a great  potential.  If  it  works,  as  we  hope  it  will,  it 
could  mean  solar  cells  would  be  useful  in  larger  power  levels  than  now. 
At  present  they  are  used  in  small  satellites,  with  power  of  20  to  400 
watts.  We  think  we  could  extend  the  power  to  2 to  3 kilowatts. 

Mr.  Kakth.  Are  you  doing  any  research  in  the  nuclear  field? 

Mr.  Sloop.  Yes. 

Mr.  Kakth.  For  power  systems? 

Mr.  Sloop.  For  power  systems,  yes.  Mr.  Finger  will  cover  that. 

Mr.  Kakth.  Thank  you. 

Mr.  Sloop.  We  think  solar  cells  on  thin  films  could  be  used  in  large 
areas  coupled  with  a fuel  cell  to  provide  power  continuously.  The 
solar  cell  could  provide  power  and  recharge  the  fuel  cell  in  hours  of 
sunlight  and  in  periods  of  darkness  the  fuel  cell  could  provide  power. 

Mr.  Kakth.  Are  you  doing  any  work  on  fuel  cells? 

Mr.  Sloop.  Yes,  sir.  I will  come  to  that.  There  is  a catch  in  many 
things  ami  the  catch  in  the  thin-film  work  at  the  present  time  is  low 
efficiency,  which  is  about  one-fifth  of  that  of  conventional  cells,  and 
you  see  that  almost  wipes  out  its  weight  advantage.  But  we  have 
just  gotten  started  in  this  work,  and  are  trying  to  increase  this 
efficiency.  There  is  no  theoretical  reason  why  it  can’t  be  made 
higher,  and  we  are  doing  research  in  this  area. 
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Now,  I go  to  thermionic  systems,  shown  by  this  next  slide  (fig. 
97  p.  1921)  which  was  also  shown  to  you  by  Dr.  BisplinghofF.  This  is  \ 
solar  thermionic  power  system  under  investigation  for  NASA  by  the 
Jet  Propulsion  Laboratory  and  associated  contractors.  The  objective 
is  -to  build  a very  light  thermionic  diode  system  capable  of  operating 
on  a planetary  exploration  mission.  Thermionic  diodes  are  not 
affected  by  radiation.  A thermionic  diode  is  something  similar  to 
an  electronic  tube;  the  cathode  is  heated  very  hot,  electrons  boil  off, 
and  these  migrate  across  to  the  anode  and  are  available  for  doing 
work  in  an  external  circuit. 

I have  here  in  front  of  me  an  actual  group  of  five  diodes  that  have 
been  used  by  the  Jet  Propulsion  Laboratory  of  California  Institute  of 
Technology.  They  were  made  by  the  Thermo  Electron  Corp.  The 
cathode  temperature  is  over  3,000°  F,,  and  this  small  section  here 
[pointing]  is  the  radiator  which  keeps  the  anode  cooler  and  maintains 
an  electrical  potential  difference.  Cesium  is  placed  between  the  two 
electrodes  to  improve  the  efficiency. 

I am  not  supposed  to  touch  these  diodes.  This  is  still  a workable 
laboratory  item,  and  when  JPL  sent  it  to  us  they  provided  white 
gloves.  If  you  would  like  me  to  show  you  this,  I will  follow  their 
directions. 

This  is  the  cavity,  where  the  solar  rays  come  in  and  heat  this  body, 
to  which  are  fastened  the  cathode  end  of  the  diodes.  When  used 
with  the  5-foot  mirror  you  saw  in  the  slide,  this  particular  array  de- 
veloped over  40  watts  in  a recent  test  at  Table  Mountain,  Calif.  In 
a laboratory  test,  one  of  these  diodes  generated  80  watts.  The  sys- 
tem is  intended  to  generate  as  high  as  300  watts  in  Earth  orbit  and 
135  watts  at  Mars,  with  a design  goal  of  only  30  pounds. 

The  efficiency  of  an  individual  diode  in  converting  heat  to  electric- 
ity is  around  8 percent  at  the  present  time. 

Mr.  Karth.  How  does  that  compare  in  power  output  with  the 
silver-cadmium  battery  you  had  there? 

Mr.  Sloop.  A battery  is  very  efficient;  it  converts  chemical  energy 
into  electricity,  with  an  efficiency  of  around  70  or  80  percent. 

Mr.  Karth.  What  is  the  output  of  the  silver-cadmium  battery 
that  you  have  as  a sample? 

Mr.  Sloop.  Twelve  ampere-hours  for  the  larger  one. 

Mr.  Karth.  Can  you  make  the  comparison  to  the  model  you  just 
showed  us? 

Mr.  Sloop.  We  compare  the  weight  in  power  systems  generally  in 
terms  of  pounds  per  kilowatt,  that  is  one  of  the  ways  we  do  this.  With 
a thermionic  system. we  hope  to  get  down  to  in  the  order  of  100  pounds 
per  kilowatt. 

Batteries — their  figure  of  merit  is-— they  are  generally  compared  on 
the  basis  of  watt-hours  per  pound,  and — I thought  I had  those  fig- 
ures with  me,  but  I don’t.  The  silver-cadmium  batteries  are  on  the 
order  of  30  watt-hours  per  pound.  Isn’t  that  correct? 

Mr.  Scott.  Yes,  sir. 

Mr.  Sloop.  There  is  a depth  of  discharge  factor  that  must  be  con- 
sidered. The  batteries  that  Tiros  used,  for  example,  weighed  40 
pounds  for  total  power  output  of  18  watts,  and  had  a 60-watt  total 
peakhour  demand.  Relay,  for  example,  had  5 watts  average  power 
and  the  battery  weighed  twelve  and  a half  pounds. 

Mr.  Karth.  What  was  the  capacity  in  watt  output  of  this  one  on 
the  labia? 
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Mr.  Sloop,  The  5-thermionic  diode  output  at  Mars  is  135  watts. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall,  What  was  the  figure  of  100  pounds  per  kilowatt? 

Mr.  Sloop.  That  is  the  goal,  what  we  hope  to  get  to. 

Mr.  Randall.  I see. 

Mr.  Sloop.  It  also  depends  on  the  place  where  you  are  using  it. 

For  example  in  the  Earth  orbit  or  near  the  Earth  this  would  put  out 
300  watts.  It  is  closer  to  the  Sun  than  at  Mars.  So  300  watts  and 
30  pounds  would  be  10  watts  per  pound,  would’t  it? 

Mr.  Karth.  Yes,  sir. 

Mr.  Sloop.  The  catch  in  quoting  some  of  these  numbers  is  that  we 
are  talking  about  just  a few;  of  the  total  components  needed  for  a 
complete  system.  We  have  the  power-conditioning  equipment  that 
must  be  added  to  this,  and  there  must  be  pointing  equipment  such  as 
attitude  control,  to  keep  it  pointed  toward  the  Sun,  and  so  forth. 

We  think  the  thermionic  power  system  is  a very  promising  one. 
And  we  want  to  increase  our  research  in  that  area.  We  are  requesting 
a total  of  $3,993,000, 

Mr.  Karth.  How  does  that  compare  with  1963? 

Mr.  Sloop.  $2,919,000. 

Mr.  Karth.  Thank  you. 

Mr.  Randall.  May  I have  a question  on  the  thermionic  diode? 

Mr.  Karth.  Certainly,  Mr.  Randall. 

Mr.  Randall.  You  mentioned  the  heat  in  the  radiator,  getting 
it  started. 

How  is  that  accomplished? 

Mr.  Sloop.  The  Sun’s  energy  is  focused  by  means  of  the  mirror 
into  this  small  cavity,  and  that  can  be  controlled.  If  you  tilt  it 
slightly  away  from  the  Sun  it  would  turn  off  the  power.  That  is 
one  of  our  problems,  that  we  have  to  have  solar  collectors  or  mirrors 
of  very  high  accuracy,  to  focus  the  energy  into  the  small  cavity. 

Mr.  Randall.  Thank  you. 

Mr.  Sloop.  And  on  that  subject,  I would  tell  you  that  we  are 
planning  additional  research  in  solar  collectors  in  1964,  and  we  think 
for  thermionic  systems  the  rigid  type  of  mirror,  single  piece,  is  prob- 
ably best.  Other  solar  collectors  that  we  are  working  on  are  the 
foldable  umbrella-type.  I have  here  samples  of  a very  lightweight 
mirror  construction  technique.  It  is  essentially  a small  honey- 
combed structure  on  which  the  mirror  surface  is  plated,  and  there  is 
a protective  surface,  over  that.  These  three  samples  vary  only  in 
the  thickness,  I believe,  of  the  surface  beneath  the  mirror  coating. 

You  can  see  the  honeycombed  substructure  beneath,  and  this  is  a 
problem  in  diffusing  the  Sun’s  rays  somewhat,  which  makes  it  more 
difficult  to  focus  on  the  narrow  cavity  entrance  I showed  you. 

This  is  one  of  the  areas  in  which  we  are  doing  additional  research  in 
1964. 

Mr.  Staebler.  May  I ask  a question? 

Mr.  Karth.  Mr.  Staebler. 

Mr.  Staebler.  I am  asking  a question  about  this  new  conversion 
operation : I take  it  only  one  diode  is  used  at  a time? 

Mr.  Sloop.  No,  these  five  are  used  as  a single  array.  Each  diode 
puts  out  a little  less  than  one  volt.  It  is  conceivable  that  we  would 
have  an  array  with  a number  of  these  diodes,  more  than  five.  But 
five  lends  itself  to  a very  neat  geometric  arrangement. 
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Mr.  Staebler.  How  do  you  focus  on  five  at  one  time? 

Mr.  Sloop.  The  focusing  is  into  this  center  body,  this  cavity,  or 
collector,  and  this  whole  cavity  gets  hot,  and  heats  the  five  cathodes 
in  turn.  The  Sun’s  energy  caught  by  the  mirror  comes  right  through 
the  hole,  where  it  is  trapped,  and  heats  up  the  emitter  surfaces. 

This  next  slide  (fig.  228)  is  another  idea  for  a solar  collector,  an 
inflatable  rigidized  solar  concentrator,  being  worked  on  by  the 
Langley  Research  Center. 

It  i9  more  difficult  to  get  a precision  mirror  by  this  technique,  but 
it  offers  the  advantage  of  providing  very  large  mirrors  in  space. 


INFLATABLE  RIGIDIZED 
SOLAR  CONCENTRATOR 


Figure  228 

Now  I would  like  to  go  to  fuel  cells.  An  example  of  a regenerative 
fuel  cell  is  shown  in  the  next  slide  (fig.  229).  A fuel  cell  is  like  a 
battery,  except  the  reactants  that  supply  the  energv  come  from  an 
external  source.  A simple  type  uses  hydrogen  as  fuel  and  the  oxygen 
as  oxidizer.  Part  of  the  energy  is  eonvr-ted  directly  into  electrical 
energy.  That  is,  during  the  reaction  ur  er  the  right  conditions  50 
or  more  percent  of  the  energy  of  reaction  is  converted  directly  into 
electricity,  and  the  balance  goes  into  heat,  which  has  to  be  carried 
away. 

This  is  an  example  of  a reseal  eh  or  technology  program  Electro- 
Optical  Co.,  carried  out  under  our  cognizance.  It  is  a regenerative 
fuel  cell,  using  hydrogen  and  oxygen. 

Mr.  Karth.  Is  this  the  type  of  fuel  cell  we  are  going  to  use  in 
Project  Apollo? 
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Figure  229 

Mr.  Sloop.  Yes.  Project  Apollo  uses  a type  of  hvdrogen- 
oxygen  fuel  cell,  called  a modified  Bacon  fuel  cell,  after  Dr.  llacon  of 
England,  who  was  a pioneer  in  this  process.  The  water  formed  from 
reaction  of  hydrogen  and  oxygen  is  available  for  use  by  an  astronaut 
for  drinking  or  other  purposes.  It  is  being  worked  on  by  Pratt  & 
Whitney.  Prior  to  the  contract  of  the  Apollo  fuel  cell,  Pratt  & 
Whitney  was  doing  a technology  program  for  our  office,  and  this  is  an 
example  of  work  going  on  in  the  research  and  technology  area  prior 
to  being  picked  up  for  development. 

Gemini  also  uses  a hydrogen -oxygen  fuel  cell. 

Before  I leave  this  illustration,  I have  in  front  of  me  the  elements 
of  the  fuel  cell  illustrated.  Here  is  an  example  of  a porous  metal 
electrode.  In  between  the  electrodes  is  a bed  of  asbestos.  I believe 
this  one  has  potassium  hydroxide  saturating  the  asbestos.  The 
electrode  has  a catalyst  on  it,  carbon  black,  in  this  case,  and  this  is  a 
nickel  plated  divider  whose  function  is  to  bring  hydrogen  or  oxygen 
against  their  respective  electrode.  To  reduce  weight  the  divider  is 
made  of  polystyrene  and  plated  with  nickel. 

The  hydrogen  flows  to  the  anode  and  at  the  catalyst  surface  it  is 
broken  into  positively  charged  hydrogen  atoms,  and  the  freed  elec- 
trons pass  through  an  external  circuit  to  do  useful  work  and  back  to 
the  cathode.  At  the  same  time  the  oxygen  comes  to  the  cathode  where 
it  reacts  at  the  catalyst  surface  hydroxyl  radicals  are  formed  which 
pass  across  the  electrolyte  combine  with  the  hydrogen  atoms  at  the 
anode,  forming  the  water,  which  has  to  be  carried  off.  This  is  a 
constant  process. 
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In  the  regenerative  fuel  cell  you  can  apply  electricity  and  reduce  the 
water  back  to  its  original  constituents,  hydrogen  and  oxygen  and  that 
is  where  it  is  like  a rechargeable  battery. 

Mr.  Karth.  So  long  as  the  regenerative  process  works  you  have  a 
never-ending  supply  of  fuel,  is  that  what  you  are  saying? 

Mr.  Sloop.  Ti  ou  have  to  supply  energy  to  regenerate,  and  that  could 
come  from  say  an  array  of  solar  cells,  or  from  a thermionic  power 
system,  or  from  a nuclear  reactor. 

Mr.  Karth.  Yes. 

Mr.  Sloop.  This  is  an  element  of  the  Gemini  fuel  cell,  which  oper- 
ates on  a little  different  principle.  You  have  heard  of  ionic  membranes, 
which  are  sometimes  used  in  desalting  processes,  and  such  a membrane 
is  another  way  of  providing  the  catalytic  surface  on  which  the  basic 
reaction  between  hydrogen  and  oxygen  occurs. 

The  wicks  at  the  bottom  remove  water  by  capillary  action  and  the 
tubes  at  the  ton  carry  away  the  heat.  We  intend  to  increase  our  effort 
in  fuel-cell  technology  in  1964. 

I wanted  to  illustrate  one  other  method  of  generating  power,  by 
use  of  reciprocating  engines  or  piston  engines.  Here  is  a picture  of 
one  (fig.  230).  It  looks  like  a lawnmower  engine,  and  works  on  the 
same  principle,  only  it  uses  hydrogen  as  a fuel  and  oxygen  as  an  oxi- 
dizer, and  drives  a generator  which  produces  electrical  power. 

This  type  of  system  is  best  used  lor  short  durations  and  could  be 
carried  aboard  a spacecraft  for  intermittent  use  over  longer  periods 
of  time.  It  is  not  as  efficient  as  some  of  the  other  methods,  but  it 
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does  have  a very  special  application  in  the  power  spectrum  shown  to 
you  by  Dr.  Bisplinghoff. 

Mr.  Karth.  Is  tne  hydrogen  used  as  a gas? 

Mr.  Sloop.  Stored  as  a liquid,  and  can  be  gasified  before  going 
into  the  engine.  YVe  can  use  other  reactants. 

Mr.  Karth.  What  about  the  normal  boiloff.  It  is  hard  to  store, 
isn’t  it? 

Mr.  Sloop.  Yes.  One  of  the  ideas  considered  as  to  use  the  boiloff 
of  the  tanks  to  drive  this  engine,  or  if  the  spacecraft  carries  a different 
fuel  and  oxidizer,  an  engine  could  be  built  for  them.  For  example, 
there  is  a NASA  contract  for  an  engine  of  this  kind  that  runs  on 
nigrogen  tetroxide  and  a hydrazine  mixture. 

Mr.  Ka  rth.  What  are  the  possible  consumer  applications  of  those 
various  sources  of  power  we  have  been  discussing  today,  if  any? 

Mr.  Sloop.  I think  the  thermionic  system  coupled  with  a nuclear 
reactor  is  of  interest  and  I think  that  Mr.  Finger  will  mention  it. 
Solar  cells,  thin-film  solar  cells  in  large  surfaces  might  be  used  in 
certain  remote  or  arid  parts  of  the  earth;  and  you  are  all  familiar  with 
sun-powered  radios,  and  things  of  that  sort. 

Fuel  cells,  I think,  will  have  an  application  for  other  purposes;  as 
you  know,  and  as  you  mentioned  the  other  day,  the  Navy  is  working 
on  fuel  cells,  and  so  is  the  Army,  for  terrestriai  applications.  I think 
fuel  cells  will  have  the  greatest  application  on  earth  of  those  I 
mentioned. 

Mr.  Karth.  Thark  you. 

Mr.  Sloop.  The  last  slide  (fig.  231)  is  one  that  touches  on  the  same 
area  that  Dr.  Kelly  mentioned  in  his  testimony;  namely,  microminia- 
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turization.  In  this  case  we  are  working  on  utilizing  the  miniaturiza- 
tion techniques  coming  out  of  the  research  laboratories  to  reduce  the 
sizes  of  circuitry  that  is  associated  with  a power  system. 

All  this  is  meant  to  show  is  the  great  comparison  between  an  experi- 
mental molecular  power  supply  synchronizer,  used  in  a three-phase 
synchronization  circuit  for  power  supply  aboard  spacecraft,  compared 
with  conventional  components  shown  to  the  left  and  the  right  of  it. 
There  is  a dime  also  pictured  for  comparison,  so  you  can  see  there  is 
quite  a possibility  of  sizes  reduction  and,  of  course,  increased 
reliability. 

This  concludes  the  summary  of  what  I wanted  to  say, 

Mr.  Karth.  Thank  you  very  much,  Mr.  Sloop. 

Are  there  any  further  questions? 

Unless  the  members  decide  later  on  they  would  like  to  have  you 
back,  I think  we  can  adjourn  today  and  meet  at  10  o’clock  on  Mon- 
day for  the  purpose  of  hearing  Dr.  Konecci. 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  If  there  are  no  questions  at  this  point,  the  meeting 
is  adjourned. 

(Whereupon,  at  12  noon,  the  committee  was  adjourned.) 
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MONDAY,  APRIL  8,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth  (chair- 
man of  the  subcommittee)  presiding. 

Mr.  Karth.  The  committee  will  be  in  order.  Mr.  Ames,  I under- 
stand that  you  will  be  our  first  witness  this  morning. 

I see  you  have  a prepared  statement.  I wonder  if  you  could  sum- 
marize the  statement,  and  give  us  the  benefit  of  whatever  slides  or 
other  visual  aids  you  might  have. 

Mr.  Ames.  Thank  you,  sir.  I appreciate  the  opportunity  to  ap- 
pear before  the  subcommittee,  Mr.  Chairman,  and  would  like  to  have 
my  prepared  statement  in  the  record  as  you  have  indicated. 

STATEMENT  OF  MIITON  B.  AMES,  JB.,  DIKECTOR,  SPACE  VE- 
HICLES, OFFICE  OF  ADVANCED  RESEARCH  AND  TECHNOLOGY, 

NASA 

(The  prepared  statement  of  Milton  B.  Ames,  Jr.,  is  as  follows:) 

Mr,  Chairman  and  members  of  the  subcommittee,  the  objective  of  the  space 
vehicle  systems  advanced  research  and  technology  program  is  to  identify  and  solve 
critical  technical  problems  bearing  on  present-generation  space  vehicles,  as  well 
as  to  advance  the  frontiers  of  knowledge  that  will  enable  the  development  of  more 
advanced  space  vehicles  for  future  space  missions.  The  increased  complexities 
of  the  advanced  space  vehicle  systems  that  will  be  required  to  accomplish  our 
national  space  objectives  for  the  next  two  decades  attest  to  the  need  for  a broad, 
yet  thorough  and  timely  research  program,  to  establish  the  technology  required 
to  insure  the  continued  superiority  of  our  country’s  space  flight  capability. 

PROGRAM  AREAS 

The  space  vehicle  research  and  technology  program  covers  a broad  range,  as 
indicated  by  the  areas  of  activity  shown  on  figure  1,  They  are — 

Advanced  space  vehicle  concepts. 

Space  vehicle  aerothermodynamics. 

Environmental  factors  and  technology. 

Space  vehicle  structures. 

Design  criteria. 

Vehicle  technology  flight  experiments. 

Such  a program  has  many  facets.  It  begins  with  conceptual  studies  of  missions 
and  related  launch  vehicles  and  spacecraft,  in  order  to  evaluate  their  feasibility, 
to  identify  major  problems,  and  to  provide  guidance  and  perspective  for  ongoing 
research  and  technology  programs.  Manned  missions  to  the  planets,  manned 
orbital  space  stations,  and  nuclear  Earth-Moon  ferries  are  but  a few  examples  of 
such  studies. 
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In  the  space  vehicle  aerothermodynamics  area,  our  objectives  are  to  devise 
better  systems  for  entry  into  the  atmosphere  and  for  recovery  of  space’craft,  as 
well  as  economical  and  reliable  methods  for  recovering  and  reusing  large  and  ex- 
pensive launch  vehicles.  Aerodynamic  characteristics  of  new  and  unusual  space- 
vehicle  configurations  must  be  studied  to  establish  stability,  control,  and  per- 
formance characteristics.  Extreme  heating  conditions  at  the  base  of  large 
multiengined  launch  vehicles,  as  well  as  effects  of  aerodynamic  heating  on  space- 
craft during  entry  into  various  atmospheres,  such  as  those  of  the  Earth  or  the 
planets,  must  also  be  investigated. 

Next,  in  the  environmental  factors  and  technology  area,  knowledge  is  required 
of  the  environments  of  the  atmosphere  and  space,  and  their  effects  on  vehicle 
design.  Winds  and  atmosphereic  turbulence  create  many  control  and  structures 
problems.  The  harsh  space  environment  with  its  many  hazards  to  the  spacecraft 
must  also  be  thoroughly  understood.  The  effects  on  space  vehicles  of  high-energy 
radiation,  meteoroid  impacts,  thermal  radiation  from  the  Sun,  weightlessness,  and 
hard  vacuum  must  be  defined  and  studied. 

Space-vehicle  structures  will  become  larger  and  heavier,  and  they  will  be  re- 
' quired  to  operate  for  longer  periods  of  time  to  perform  the  advanced  missions  that 
will  follow  present  programs.  Aggressive  research  activities  are  required  to 
maintain  the  weights  of  these  structures  at  reasonable  levels  and,  at  the  same  time, 
to  insure  reliability  under  the  severe  environments  and  complex  loading  conditions 
which  they  will  experience. 

Information  resulting  from  research  and  technology  programs  must  be  formu- 
lated into  space-vehicle  design  criteria  to  insure  prompt  and  proper  application 
to.  vehicle  design  in  an  acceptable  and  uniform  manner.  We  are  undertaking  the 
compilation,  correlation,  and  assessment  of  the  state  of  the  art  of  space-vehicle 
research  and  technology,  and  the  preparation,  documentation,  and  updating  of 
general  design  criteria  standards.  The  effort  encompasses  the  establishment  of 
standard  models  of  the  environment  within  which  space  vehicles  operate,  and  of 
criteria  for  the  design  of  structures,  propulsion  systems,  and  guidance  and  control 
systems. 

The  demands  for  rapid  technological  progress  are  such  that  at  times  neither 
theoretical  analyses  nor  experimental  investigations  conducted  in  ground-based 
facilities  can  be  relied  upon  to  provide  timely  answers  to  all  of  the  important 
problems.  Consequently,  as  a complement  to  these  ground-based  programs, 
carefully  selected  flight  experiments  have  been  planned  to  provide  urgently  needed 
data.  In  some  cases,  the  answers  to  important  problems  can  be  obtained  only 
by  flight  experiments.  T he  determination  of  the  nature  and  extent  of  the  meteor- 
oid hazard  is  a specific  example  of  such  a research  problem. 

While  most  of  the  activities  in  the  space-vehicle  research  and  technology  pro- 
gram are  general  in  nature,  the  results  of  these  activities  are  applicable  to  all 
NASA  space  vehicles  and  missions,  and  in  many  cases,  to  military  space  vehicles 
as  well. 

In  order  to  give  you  some  further  concept  of  the  nature  and  scope  of  our  pro- 
grams, I will  discuss  examples  of  a few  technical  problems  and  some  results  of 
our  research  activities  in  each  of  the  areas  shown  on  figure  232  (p.  2346) . 

ADVANCED  SPACE- VEHICLE  CONCEPTS 

NASA  research  programs  have  always  been  strongly  guided  by  studies  of 
future  performance  possibilities  and  mission  requirements.  Vehicles  and  missions 
such  as  the  X-15  and  Mercury  were  created  as  the  results  of  in-house  advanced 
conceptual  studies.  Today,  the  cost  and  complexity  of  space  missions  and 
vehicles  make  it  vital  that  the  advance  planning  which  precedes  them  be  based 
on  the  soundest  research  programs  possible.  In  addition  to  in-house  activities, 
an  increased  use  of  contractual  studies  with  industry  is  required  to  provide 
depth  and  breadth  representative  of  the  industrial  designer’s  veiwpoint. 

Figure  233  (p.  2347)  identifies  our  three  main  areas  of  study  activity.  They  are — 
Earth  orbital  operations; 

Advanced  lunar  missions;  and 
Exploratory  missions  to  the  planets. 

Each  of  these  three  areas  poses  special  problems  in  design  of  space  vehicles. 
For  example,  manned  exploration  of  the  planets  confronts  us  with  quite  different 
technical  problems  than  those  of  manned  orbital  missions  or  missions  to  the 
Moon.  Obviously  vehicles  for  planetary  missions  will  be  much  heavier,  and 
must  operate  effectively  for  much  longer  periods  of  time.  The  date  on  which 
any  planetary  mission  is  undertaken  is  of  great  importance  with  respect  to  vehicle 
size  and  mission  time. 
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Advanced  conceptual  studies  currently  underway  include:  Earth-orbiting 
space  laboratories;  recoverable  boosters;  Earth-lunar  transfer  vehicles  or  ferries; 
and  large  advanced  launch-vehicle  systems  with  spacecraft  capable  of  entering 
planetary  atmospheres  and  returning  to  the  Earth  at  velocities  of  35,000  miles 
per  hour,  or  greater.  These  studies  have  defined  a number  of  important  long- 
range  problems  in  research  and  technology,  and  have  indicated  that  some  future 
missions  may  require  radically  new  vehicle  configurations  and  systems. 

All  advanced  conceptual  vehicle  design  studies  result  from  asking  the  question, 
“What  do  we  need  to  further  our  ability  to  operate  in  a given  space  regime?” 
Vehicle  sizes  and  forms  are  the  result  of  the  complex  interplay  of  all  the  tech- 
nologies from  structures  to  life  support  systems.  And,  “How  do  these  studies 
help  the  research  worker?”  First,  the  studies  point  out  that  if  we  are  to  conduct 
future  space  operations  using  conventional  missile  and  space  vehicle  technology , 
missions  will  become  more  costly  and  launch  vehicles  must  get  bigger — so  much 
so  that  research  must  supply,  for  example,  the  technology  for  the  construction  of 
huge  cryogenic  tanks  60  by  200  feet,  and  rocket  engines  20  times  the  thrust  of 
the  F-l,  our  largest  to  date. 

Such  results  lead  to  speculation  on  the  need  for  reusable  launch  vehicles,  and 
this  subject  is  a good  example  of  the  close  and  continuing  relationship  between 
advanced  vehicle  study  effort  and  research  programs.  Present  state-of-the-art 
technology  suggested  the  use  of  parachutes  or  paragliders  to  bring  back  Saturn-5 
launch  vehicles,  or  perhaps  adding  wings  and  jet  engines.  On  the  other  hand 
advanced  conceptual  studies  indicated  that  such  developments  would  be  only 
marginally  justified  operationally  or  economically,  and  that  much  better  tech- 
niques were  needed.  This  has  led  to  increased  research  and  study  effort  on  radi- 
cally new  launch  vehicles — designed  along  radically  new  lines.  Initial  results 
indicate  that  we  must  be  able  to  design  a launch  vehicle  structure  which  will 
operate  again  and  again  with  little  rework,  at  temperatures  which  reach  between 
2,000°  and  3,000°  F.,  and  through  flight  regimes  from  orbital  speed  to  landing. 

To  such  technical  requirements  the  studies  add  the  dimension  of  time — “When 
is  it  reasonable  to  expect  a requirement  for  such  an  advanced  vehicle  system,  and 
when  could  we  be  capable  of  producing  one?”  Such  estimates,  of  course,  are 
part  of  a circular  or  closed-loop  process,  and  it  is  the  research  timetable  which 
will  determine  when  we  will  be  capable  of  achieving  the  goals  indicated  by  the 
studies.  Thus,  there  is  and  must  be  a close  and  continuing  relationship  between 
research  activities  and  advanced  mission  and  vehicle  studies.  Since  such  a 
relationship  should  start  early  if  its  full  value  in  research  planning  is  to  be  obtained  , 
the  Office  of  Advanced  Research  and  Technology  has  concentrated  its  initial 
efforts  on  the  mission  area  furthest  in  the  future— manned  planetary  exploration . 
Initial  results  have  already  identified  a number  of  important  research  problems 
requiring  a long  leadtime  if  solutions  are  to  be  available  when  needed. 

SPACE  VEHICLE  AEBOTHEBMODYNAMICS 

The  major  areas  of  activity  in  space  vehicle  aerothermodynamics  are  indicated 
on  the  left  side  of  figure  234  (p.  2354)  . 

Our  program  encompasses  the  problems  of  atmospheric  entry  heating  of  manned 
and  unmanned  spacecraft  at  speeds  ranging  from  near-Earth  satellite  speed 
upward  to  those  characteristic  of  interplanetary  flight  on  which  we  are  not  able 
at  present  to  set  an  upper  bound.  The  program  also  encompasses  the  aerodynamic 
performance,  motion,  and  flight  characteristics  of  spacecraft,  to  evolve  advanced 
configurations  for  future  missions.  The  landing  and  recovery  item  covers  essen- 
tially the  low-speed  end  of  our  activity,  and  includes  research  and  advanced 
development  on  techniques  for  final  letdown  and  landing  such  as  paragliders  and 
rotors,  as  well  as  lifting  reentry  vehicles  capable  of  horizontal  landing  without 
auxiliary  means.  The  area  of  launch  vehicle  aerothermodynamics  covers  the 
' specialized  aerodynamic  and  heating  problems  of  our  present  families  of  launch 
vehicles  and,  with  guidance  from  the  advanced  conceptual  studies,  the  aero- 
thermodynamic  problems  of  advanced  reusable  launch  vehicle  configurations  for 
future  space  flight  missions.  Finally,  we  are  concerned  with  the  problems  asso- 
ciated with  the  generation,  propagation,  and  possible  alleviation  of  acoustic 
noise — primarily  the  intense  low-frequency  noise  generated  by  large  rockets  and 
the  noise  generated  in  aerodynamic  boundary  layers. 

I would  like  to  treat  two  subjects  in  a little  more  detail:  (1)  Advanced  manned 
vehicles  for  future  missions;  and  (2)  One  facet  of  the  spacecraft  landing  and  re- 
covery research  program. 

Advanced  manned  vehicles  for  future  missions. — With  regard  now  to  advanced 
manned  entry  vehicles — "What  can  we  say  about  the  shape  of  things  to  come?  ” 
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Let  us  consider  interplanetary  flight.  Without  retrorocket  braking,  the  irre- 
ducible minimum  Earth  return  speed  of  our  interplanetary  vehicle  is  that  of 
Apollo — about  36,000  feet  per  second.  To  this  must  be  added  the  effective 
transit  speed  between  planets,  which  is  limited  only  by  the  propulsion  available . 
We  are,  therefore,  talking  generally  of  Earth  return  speeds  in  the  neighborhood 
of  50,000  feet  per  second.  Manned  flight  is  “g’ '-limited  flight,  and  we  are  re- 
stricted to  the  most  grazing  approach  trajectories  to  keep  the  deceleration  within 
tolerable  bounds. 

Figure  235  (p.  2355)  illustrates  how  the  situation  becomes  more  difficult  with 
increasing  speed.  On  the  left  side  is  the  familiar  picture  of  the  entry  corridor, 
greatly  exaggerated  in  scale.  The  upper  boundary  is  the  highest  altitude  that 
will  allow  capture  of  the  spacecraft  in  one  pass.  The  lower  bound  is  the  lowest 
altitude  that  will  not  cause  some  limiting  “g”  load  to  be  exceeded — in  this  case, 
10  “g.”  On  the  right  of  the  figure  is  a plot  of  corridor  depth  in  miles  as  affected 
by  speed.  The  narrowing  of  the  corridor  is  already  drastic  at  Apollo  capture 
speed,  and  approaches  the  vanishing  point  for  nonlifting  vehicles  at  planetary 
return  speed.  A vehicle  with  moderate  lifting  ability,  as  represented  by  the  curves 
labeled  “lift/drag  ratio  1/2”  and  “1,”  greatly  improves  the  situation.  Diminish- 
ing returns  rapidly  set  in,  however,  and  greater  lifting  ability  produces  smaller 
gains. 

The  use  of  lift  extracts  a penalty  in  total  heating  and  therefore  in  heat  protec- 
tion weight.  It  has  been  found  recently  that  this  penalty  can  be  substantially 
reduced  by  having  the  vehicle  always  trimmed  at  the  attitude  for  maximum  lift. 

The  photograph  on  figure  236  (p.  2358)  is  a model  test  of  a configuration  being 
studied  to  develop  the  technology  for  successful  entry  into  the  Earth’s  atmosphere 
at  interplanetary  speeds,  and  for  entry  into  the  atmosphere  of  other  planets. 
This  model  is  a typical  lifting  spacecraft  configuration.  Another  point  is  signifi- 
cant— at  interplanetary  speeds,  spacecraft  temperatures  are  extremely  high,  not 
only  at  the  stagnation  point  at  the  nose,  but  over  all  windward  surfaces.  They 
are  so  high,  in  fact,  that  in  this  flight  regime  materials — including  the  most 
refractory  ceramics — will  lose  mass  due  to  heating.  Hence,  there  is  nothing  at 
this  time  to  indicate  any  basic  change  in  the  approach  of  ablative  materials  for 
heat  protection. 

A number  of  factors  in  addition  to  those  already  mentioned  will  influence  the 
final  choice  of  any  configuration,  such  as  compatibility  of  large  spacecraft  with 
launch  vehicles  and  efficient  use  of  spacecraft  volume.  The  indications  are, 
however,  that  manned  entry  vehicles  beyond  Apollo  will  be  lifting-body  con- 
figurations having  L/D  ratios  between  1/2  and  1. 

Spacecraft  landing  and  recovery  research. — This  leads  naturally  to  one  part  of 
our  program  in  the  area  of  landing  and  recovery.  Figure  237  (p.  2362)  illustrates 
some  work  of  the  Flight  Research  Center  on  the  flying  and  handling  qualities  of 
spacecraft  configurations  during  approach  and  landing. 

This  lifting-body  flight  test  vehicle  will  be  towed  to  altitude  and  then  released 
to  be  maneuvered  in  gliding  flight  and  landed.  The  vehicle  was  designed  at  the 
Flight  Research  Center,  using  a configuration  conceived  and  studied  extensively 
at  model  scale  by  the  Ames  Research  Center.  A Plexiglas  canopy  and  a trans- 
parent nose  section  permit  a forward  and  downward  view  in  the  nose-high  landing 
attitude  characteristic  of  such  vehicles.  The  flight  tests  are  expected  to  begin 
this  month. 

Launch  vehicle  aerothermodynamics. — Continuing  to  look  to  the  future,  the 
aerothermodynamic  characteristics  of  many  new  launch  vehicle  configurations 
are  being  studied.  These  studies  include  trajectories  and  staging,  windloads  and 
forces,  hinge  moments  of  gimbaled  rocket  nozzles  and  flow  phenomena  in  regions 
of  rocket  exhaust,  and  wings  or  other  lifting  devices  for  returning  the  launch 
vehicles  of  the  future  to  the  launch  area. 

Acoustic  noise  propagation. — The  noise  generated  by  large  rocket  engines  will 
become  an  increasingly  severe  problem.  Studies  of  the  noise  field  around  the 
Kiwi  nuclear  rocket  have  been  initiated.  Analytical  and  experimental  studies 
will  be  extended  on  the  generation  and  propagation  of  noise  from  both  chemical 
and  nuclear  rockets,  and  the  effects  of  noise  on  space  vehicles. 
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ENVIRONMENTAL  FACTORS  AND  TECHNOLOGY 

Space  vehicle  design  becomes  increasingly  difficult  for  future  missions  because 
of  the  long  duration  of  exposure  to  the  hostile  environments  of  space  which  are 
today  only  partially  defined.  The  major  areas  of  activity  in  the  environmental 
factors  and  technology  program  are  indicated  on  the  left-hand  side  of  figure 
238  (p.  2363).  They  are— 

High-energy  radiation  effects  and  shielding; 

Meteoroid  environment  and  impact  hazard; 

Thermal  radiation  and  temperature  control; 

High-vacuum  technology;  and 
Zero-gravity  fluid  behavior. 

High-energy  radiation  effects  and  shielding. — In  the  high-energy  radiation  and 
shielding  area,  primary  emphasis  is  placed  on  studies  of  the  effects  of  radiation  on 
spacecraft  components  and  materials,  and  on  both  passive  and  active  means  for 
shielding  men  and  sensitive  equipment  from  charged  particle  radiation.  Since 
all  space  vehicles  will,  to  some  degree,  be  exposed  to  high-energy  radiation,  a wide 
variety  of  problems  require  theoretical  and  experimental  investigation. 

In  view  of  its  importance,  we  have  an  active  and  growing  program  in  the  area 
of  high-energy  radiation.  As  is  indicated  in  figure  239  (p.  2364),  we  are  concerned 
primarily  with  the  charged  particle  radiation  environment  which  includes  galactic 
cosmic  rays,  solar  protons,  Van  Allen  belt  protons  and  electrons,  and  artificial 
belt  electrons. 

First,  the  environmental  data  obtained  by  the  space  sciences  program  are  used  to 
assess  the  nature  and  extent  of  the  radiation  hazard  for  foreseeable  missions. 
Such  evaluations  then  guide  our  generalized  research  on  various  aspects  of  the 
shielding  problem  including  the  generation  of  basic  data  on  the  interaction  of  the 
radiations  with  materials,  the  generation  and  development  of  advanced  shielding 
concepts  such  as  electromagnetic  shielding,  the  development  of  advanced  methods 
for  calculations  of  detailed  doses  inside  complex  shields,  and  the  verification  of  the 
shielding  effectiveness  of  final  vehicle  configurations.  The  generalized  informa- 
tion and  techniques  resulting  from  these  programs  are  made  available  promptly 
to  all  projects  for  application  to  the  design  of  shield  systems  for  specific  vehicles. 

I would  like  to  mention  one  study  which,  if  successful,  will  result  in  a useful 
technique  for  verifying  final  vehicle  shielding  design.  This  scheme  involves  the 
correlation  of  gamma  ray  penetration  with  the  penetration  of  protons.  It  should, 
in  principle,  be  accurate  for  cases  where  secondary  radiation  produced  in  the 
vehicle  is  not  important.  This  application  is  illustrated  on  the  left  side  of  figure 
239a,  where  a gamma  radiation  source  is  shown  inside  the  vehicle  with  a mobile 
detector  being  used  to  scan  the  outer  vehicle  surface,  surveying  the  emerging 
radiation.  The  position  of  source  and  detector  could  be  reversed  equally  well  to 
obtain  the  same  results.  It  is  obvious  that  a technique  of  this  kind  could  vastly 
simplify  the  job  of  full-scale  testing  of  a vehicle  radiation  shield. 

Another  use  of  the  gamma  probe  is  illustrated  on  the  right  side  of  the  figure. 
Here,  various  typical  spacecraft  “black  box”  components  will  be  scanned  to  deter- 
mine their  shielding  effectiveness.  The  data  so  obtained  will  be  helpful  in  shield 
design  since  the  use  of  onboard  equipment  to  stop  radiation  is  an  important  factor 
in  reducing  shield  weight.  Such  studies  may  result  in  recommendations  concern- 
ing the  design  of  such  components  to  aid  in  shielding  against  the  effects  of  high- 
energy  radiation. 

Meteoroid  environment  and  impact  hazard. — The  second  area  of  the  space  en- 
vironment is  that  of  the  meteoroid  hazard.  Of  all  the  areas  we  are  dealing  with, 
this  is  the  one  we  have  known  the  least  about.  Our  overall  program,  shown  on 
figure  240  (p.  2366),  includes  space  flight  experiments  for  direct  determination  of 
the  population  of  hazardous  penetrating  particles;  ground-based  radio  observations 
of  meteors  that  constitute  a hazard  to  spacecraft  and  laboratory  investigation  of 
hypervelocity  impact  and  penetration  phenomena.  The  most  interesting  item  to 
report  to  you  at  this  time  is  the  results  we  have  been  getting  from  the  Explorer 
XVI  satellite. 

Figure  241  (p.  2367)  is  a photograph  of  the  Explorer  XVI  spacecraft  (S-55g) . 
This  satellite  wras  launched  by  a Scout  vehicle  on  December  16,  1962.  It  has  an 
exposed  area  of  25  square  feet  and  a total  of  five  different  kinds  of  meteoroid  sens- 
ing elements.  After  more  than  3 months,  everything  is  still  working  properly. 
As  of  the  first  of  March,  20  punctures  of  the  cans  and  3 punctures  of  printed  cir- 
cuit gages  had  been  recorded.  The  punctures  represent  a fairly  good  statistical 
sample  compared  with  the  complete  absence  of  such  data  last  year.  However,  we 
still  must  extrapolate  these  data  a long  way  to  reach  an  estimate  of  probable 
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Figure  239a 

puncture  rates  for  practical  spacecraft  skin  thicknesses,  but  at  least  we  now  have 
a much  better  starting  point  for  the  extrapolation. 

We  can  say  this  much  about  what  we  have  learned  to  date:  (1)  We  have  direct 
confirmation  that  fairly  numerous  penetrating  particles  do  exist  in  space;  (2)  we 
can  say  that  on  the  basis  of  the  data  obtained,  previous  predicted  penetration 
rates  which  have  been  used  most  often  in  vehicle  design  appear  to  be  too  con- 
servative. 

The  program  is  continuing,  with  an  effort  to  obtain  considerably  larger  exposed 
areas  (approximately  2,000  square  feet)  to  direct  meteoroid  penetration,  and 
hence  greater  allowable  skin  thicknesses,  using  a Saturn-launched  meteoroid 
satellite.  The  ranges  covered  by  the  various  flight  experiments  in  our  program, 
as  well  as  ground-based  radio  observations,  are  shown  on  figure  242  (p.  2369). 

The  band  between  the  solid  and  dashed  diagonal  lines  on  the  figure  is  indicative 
of  the  wide  differences  between  the  two  most  frequently  used  prediction  of 
meteoroid  penetrations  in  various  thicknesses  of  aluminum.  It  can  be  seen, 
starting  from  the  upper  left  that  the  thin  skin  of  the  recoverable  meteoroid  probe 
should  experience  a large  number  of  impacts  and  penetrations  by  the  very  small 
particles.  The  cross-hatched  areas  in  the  center  show  the  coverage  of  particle 
sise  and  penetration  probabilities  which  will  be  obtained  in  the  S-55"and  Saturn- 
launched  meteoroid  satellite  experiments.  The  artificial  meteor  experiments 
and  the  ground-based  meteor  observations  by  radio  techniques  shown  on  the  far 
right  are  concerned  with  th<*  larger  meteoritic  particle's. 

The  S-55  and  Saturn-launched  meteoroid  experiments  and  other  experiments 
on  the  figure  will  provide  data  on  the  meteoroid  hazard  in  the  vicinity  of  the 
Earth.  There  also  appears  to  be  a need  for  similar  information  about  cis-lunar 
space  and  near  the  Moon’s  surface,  to  determine  the  nature  of  the  meteoroid 
hazard  for  manned  lunar  missions.  An  advanced  meteoroid  experiment  to  provide 
such  information  is  needed. 

Thermal  radiation  and  temperature  control. — The  temperatures  o t space  vehicles 
must  be  controlled  in  order  to  satisfy  the  requirements  of  instruments  or  internal 
payloads.  Transistor  networks  and  batteries  are  efficient  only  within  narrow 
temperature  limits.  Biological  processes  also  require  strict  temperature  controls. 
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The  internal  temperature  of  space  vehicles  is  governed  largely  by  the  tempera- 
ture of  the  external  surface,  and  this  in  turn  by  the  thermal  radiation  characteris- 
tics of  the  surface,  the  external  environment,  and  internal  heat  generation. 

The  problem  of  temperature  control  of  new,  larger,  and  more  advanced  space- 
craft while  in  flight  has  become  so  complex  that  the  currently  used  methods  of 
passive  control  of  temperature  seem  possible  only  for  spacecraft  of  simple  shapes 
such  as  cylinders  and  spheres. 

The  problems  of  conduction  of  heat  through  the  spacecraft,  and  of  reflection 
and  radiation  of  energy  from  one  external  part  to  another,  have  resulted  in  almost 
insurmountable  design  problems  if  one  attempts  to  compute  the  equilibrium 
temperatures  of  various  parts  of  a complex  spacecraft.  The  problem  is  being 
solved  temporarily,  at  least,  through  full-scale  testing  of  spacecraft  under  simu- 
lated conditions  of  solar  radiation  and  of  heat  received  from  the  Moon  or  a nearby 
planet  such  as  the  Earth  or  Venus.  However,  this  solution  is  not  as  easy  as  it 
sounds  since  no  completely  satisfactory  method  has  yet  been  found  for  simulating 
solar  radiation.  Various  light  sources  are  being  used  as  developed  for  the  high- 
intensity  illumination  and  motion  picture  industries,  but  these  match  the  spec- 
trum of  solar  radiation  only  approximately. 

In  addition,  the  problem  of  projecting  this  illumination  within  a vacuum 
chamber  via  systems  of  lenses  and  mirrors  has  brought  out  a lack  of  knowledge  of 
the  way  in  which  such  systems  absorb  and  otherwise  lose  energy  under  high  intensity 
conditions.  This  situation  has  resulted  in  the  introduction  of  a research  and 
development  program  in  solar  simulations,  a problem  which  only  a few  years  ago 
was  thought  to  be  solved.  Needless  to  say,  even  the  solution  of  this  problem 
would  only  lead  to  the  development  of  larger  solar  simulators  as  space  vehicles 
become  larger  unless  corollary  programs  are  established  to  forestall  their  heed. 

The  first  of  these  programs  is  one  of  developing  scaling  techniques  for  thermal 
testing  of  spacecraft  models  in  simulators  of  the  size  of  those  now  being  con- 
structed. The  second  is  that  of  obtaining  better  knowledge  of  the  flow  of  heat 
within  complex  spacecraft  w'hen  exposed  to  vacuum  conditions,  so  that  better 
predictions  can  be  made  of  internal  heat  flow  and  accurate  methods  of  computing 
temperature  balance  conditions  developed.  Such  developments  will  not  only  aid 
in  the  final  checkout  of  thermal  balance  of  spacecraft  prior  to  launch,  but  in  thd 
actual  design  where  thermal  characteristics  can  be  varied  to  satisfy  requirements. 

Two  additional  alternatives  are  being  explored  which  may  make  unnecessary 
the  construction  of  extremely  large  simulators  in  the  future.  These  are:  (1)  the 
use  of  active  thermal  control  surfaces  wherein  the  ratio  of  radiant  energy  absorp- 
tion and  emission  can  be  controlled  in  flight,  and  (2)  the  use  of  onboard  atomic 
heat  sources  making  it  unnecessary  to  use  external  heat  from  the  sun  and  thereby 
cut  down  on  a major  source  of  temperature  variations  as  space  vehicles  move 
closer  to  or  farther  away  from  the  Sun  or  dip  into  the  shadow  of  planets  such  as 
the  Earth. 

Zero-gravity  fluid,  behavior. — An  improved  understanding  of  zero-gravity  fluid 
behavior  is  important  with  regard  to  fuel  storage,  tank  design,  fuel  pumping  and 
engine  restart,  and  fuel  container  heat-transfer  problems.  Of  immediate  aid 
would  be  the  formulation  of  better  theoretical  explanations  of  the  zero-gravity 
effects  observed  to  date. 

The  basic  problem  is  that  of  developing  an  understanding  of  the  behavior  of 
fluids  in  the  weightless  state  and  using  this  understanding  to  develop  means  for 
the  positive  control  of  fluid  masses.  This  work  is  conducted  at  the  Lewis  Research 
Center.  The  facility  used  is  a 110-foot-high  drop  tower;  the  free-fall  time  is  just 
slightly  over  2 seconds. 

A large  number  of  experiments  have  been  run  in  this  simple  but  effective  drop 
tower  facility  over  the  past  2 years.  A great  deal  of  qualitative  understanding 
has  been  developed  and  the  effort  is  now  to  put  this  understanding  on  a solid, 
quantitative  basis.  A new,  larger  facility  has  been  requested  which  will  permit 
a free-fall  time  of  5 seconds,  and  eventually  a zero-gravity  time  of  10  seconds,  by 
catapulting  the  experimental  package  upward  from  the  bottom.  This  will  permit 
tests  to  be  made  of  larger  and  more  complex  systems  that  include  pumping  equip- 
ment, piping,  and  the  like.  Where  still  longer  times  in  a weightless  state  are 
required,  we  must  resort  to  flight  experiments. 

SPACE  VEHICLE  STRUCTURES 

Future  space  vehicle  structures  will  be  larger  and  heavier,  and  they  will  be 
required  to  operate  for  longer  periods  of  time  than  those  required  for  present 
approved  missions.  Aggressive  research  will  be  required  to  maintain  weights  at 
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reasonable  levels  and  to  predict  structural  behavior  with  greater  accuracy,  to 
insure  reliability  under  the  severe  environments  and  complex  loading  conditions 
which  space  vehicle  structures  will  experience. 

For  example,  the  launch  vehicle  component  of  a space  vehicle  system  is  one  of 
the  most  efficient  structures  that  has  been  devised  for  transportation.  In  the 
table  which  follows  are  shown  weights  .of  various  major  components  of  a launch 
vehicle  compared  with  those  of  other  means  of  transportation. 


Relative  weight  breakdown  far  various  forms  of  transportation 


Propel- 

lant 

Propul- 

sion 

Payload 

Struc- 

ture 

Launch  vehicle „ .... 

88 

4 

6 

O 

Airplane  (jet)  - _ 

43 

7 

10 

40 

Ship.  _ . .......  .....  ...........  ...... 

16 

10 

25 

50 

50 

Automobile 

3 

22 

25 

Train  (75-car).. 

1 

3 

77 

19 

As  can  be  seen,  the  relative  weight  of  the  structure  of  the  launch  vehicle  is 
exceedingly  small  compared  with  other  transport  structures.  This  small  relative 
weight  of  structure  is  required  to  contain  the  propellant,  support  the  engine, 
and  support  and  protect  the  payload  in  the  presence  of  very  severe  environments. 
The  margin  of  safety  is,  consequently,  exceedingly  small. 

The  environment  which  this  structure  must  resist  includes  many  static  and 
dynamic  factors  as  illustrated  in  figure  243  (p.  2387).  Before  engine  ignition, 
but  after  the  gantry  has  been  removed,  ground  winds  can  induce  rather  severe 
loads — both  a steady  drag  load  and  a dynamic  response  in  a direction  mainly 
normal  to  the  wind  direction. 

At  engine  ignition  and  launcher  release,  longitudinal  transients  are  induced 
which  can  be  rather  severe  and  are  important,  not  only  from  the  standpoint  of 
basic  structural  strength,  but  also  with  regard  to  effects  on  smaller  components. 
Also,  the  engine  noise  in  the  presence  of  the  ground  is  of  high  intensity  and,  for 
the  larger,  more  powerful  vehicles,  new  problems  are  being  uncovered. 

During  flight  through  transonic  speeds  to  the  maximum-dynamic-pressure 
regime  of  flight,  the  thrust  and  various  steady-state  and  oscillating  aerodynamic 
loads  become  important.  These  inputs  include  high  steady-state  acceleration, 
boundary-layer  noise,  winds  and  .wind  shear,  and  static  high-pressure  peaks 
around  geometric  discontinuities  at  transonic  speeds  upon  which  are  superposed 
buffeting  leads.  In  this  same  flight  regime,  consideration  must  be  given  to  the 
vehicle  control  in  the  presence  of  high-velocity  horizontal  winds  such  as  the  jet 
stream,  as  well  as  the  stability  and  the  coupling  of  the  control  sensor  with  the 
flexibility  of  the  vehicle.  Another  structural  stability  problem  involves  flutter, 
either  of  the  components  such  as  fins,  or  of  a localized  area  involving  thin  struc- 
tural panels.  Finally,  stresses  from  internal  pressure  are  also  present  during  the 
launch  period. 

Once  our  lightweight  space  vehicle  structure  leaves  the  Earth’s  atmosphere,  it 
becomes  even  more  apparent  that  when  consideration  is  given  to  protection  from 
space  hazards,  we  should  not  expect  conventional  earthbound  structures  to 
satisfy  the  unconventional  requirements  imposed  on  space  vehicles.  The  larger, 
more  complex  space  vehicle  structures  of  the  future  will  certainly  challenge  the 
resourcefulness  and  ingenuity  of  the  designer,  and  require  a significantly  broader 
based  technology  than  exists  today. 

Structural  dynamics. — One  of  the  most  important  structural  problems  in  space 
vehicle  design  is  the  accurate  prediction  of  structural  dynamic  characteristics. 
Calculated  dynamic  properties  leave  much  to  be  desired  and  full-scale  tests  are 
difficult  and  expensive  to  make.  Before  dynamic  loads  and  responses  can  be 
predicted,  or  the  control  system  designed,  the  lateral  vibration  modes  and  fre- 
quencies of  a complete  space  vehicle  must  be  known.  Some  of  the  newer  con- 
figurations are  quite  unconventional  and  exhibit  unusual  vibration  characteristics 
which  are  extremely  difficult  to  predict  analytically.  The  difficulties  of  deter- 
mining these  vibration  characteristics  experimentally,  on  full-scale  hardware  in 
simulated  flight,  are  obvious  when  vehicles  the  size  of  Saturn  are  considered. 
These  considerations  have  led  to  the  concept  of  replica  modeling  as  a tool  for 
space  vehicle  design. 

The  Langley  Research  Center  designed,  constructed,  and  tested  a K-scale 
replica  model  of  the  Saturn  SA-1  launch  vehicle  in  an  attempt  to  develop  a tech- 
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nology  for  launch-vehicle  dynamic  models  as  well  as  to  investigate  the  vibration 
characteristics  of  clustered  configurations.  The  H-scale  model  is  shown  on  the 
left  of  figure  244  (p.  2389).  A full-scale  Saturn  (SAD-1),  suspended  in  a test  tower 
to  simulate  dynamic  conditions,  is  shown  on  the  right.  The  model  is  32  feet 
tall  and  weighs  7,500  pounds,  compared  to  160  feet  and  almost  1 million  pounds 
for  the  full-scale  vehicle.  The  model  was  designed  by  using  replica  scaling 
techniques  which  required  that  joints,  cutouts,  fittings,  and  so  forth — with 
stiffnesses  that  could  not  be  accurately  predicted— be  duplicated  by  dimensional 
scaling. 

An  example  of  the  vibration  test  results  and  a comparison  with  full-scale  results 
are  shown  in  figure  245  (p.  2390).  Results  shown  are  for  the  first  bending  mode, 
at  a weight  condition  corresponding  to  the  maximum-dynamic-pressure  point  in 
the  launch  trajectory. 

A scaled  frequency  of  2.80  cycles  per  second  (c.p.s.)  was  measured  on  the  model, 
compared  with  2,83  c.p.s.  on  the  full-scale  vehicle.  The  mode  shapes  measured 
on  the  model  and  on  the  full-scale  vehicle  agree  very  well,  as  indicated  by  the 
circles  and  squares  plotted  in  the  figure.  The  flagged  circles  in  the  area  of  the 
first  stage  represent  points  measured  along  an  outer  tank  in  the  cluster,  and 
indicate  that  these  outer  tanks  follow  the  centerline  motion.  This  tank  motion 
is  further  illustrated  by  the  cross-sectional  sketch  of  the  first  stage,  where  the 
arrows  indicate  the  motion  of  the  various  tanks  within  the  cluster.  All  the 
tanks  are  seen  to  move  together,  with  a resulting  vibration  mode  shape  very 
similar  to  a beam  bending  mode. 

A more  complicated  vibration  response  is  illustrated  in  figure  246  (p.  2391). 
This  is  the  mode  shape  at  the  second  resonant  frequency  of  the  vehicle.  The  model 
frequency  was  5.20  c,p.s.  compared  with  5.68  c.p.s.  for  the  full-scale  vehicle — less 
than  a 10-percent  variation.  Again,  circles  represent  model  data,  squares  repre- 
sent full-scale  data,  and  flagged  symbols  indicate  deflections  measured  on  an 
outer  tank.  Note  the  different  behavior  of  the  outer  and  inner  tanks  within  the 
cluster.  This  is  shown  better  by  the  arrows  on  the  first-stage  cross  section  at  the 
right.  The  center  tank  is  seen  to  deflect  in  one  direction,  while  the  outer  tanks 
tend  to  move  tangentially,  but  predominantly  opposite  to  the  motion  of  the 
center  tank.  This  unconventional  mode,  which  results  from  the  clustered-tank 
construction  of  the  first  stage,  has  been  termed  a “cluster”  mode.  Notice  that, 
when  circles  and  squares  are  compared,  model  behavior  is  essentially  the  same  as 
that  of  the  full-scale  vehicle. 

The  results  in  these  last  two  figures  indicate  that  dynamic  models  can  be  used 
to  determine  the  vibration  characteristics  of  complex  launch  vehicles.  The  un- 
usual vibration  characteristics  of  this  particular  clustered-booster  arrangement 
were  also  identified.  As  new  configurations  evolve,  it  is  anticipated  that  dynamic 
modeling  techniques  may  be  used  to  great  advantage  to  study  their  dynamic 
structural  properties.  In  fact,  we  plan  to  conduct  studies  similar  to  those  de- 
scribed, using  models  of  the  Advanced  Saturn-5,  during  the  coming  year. 

It  is  apparent  from  the  foregoing  discussion  that  considerations  of  structural 
dynamics  are  a most  important  factor  in  the  design  of  present  and  future  space 
vehicles.  In  the  past,  our  research  in  this  area  has  been  severely  limited  in 
scope  by  lack  of  adequate  space  and  modern  test  equipment.  We  are,  therefore, 
requesting  funds  in  our  fiscal  year  1964  budget  for  construction  of  a Structural 
Dynamics  Laboratory  at  the  Ames  Research  Center,  in  order  to  extend  the  scope 
of  the  significant  work  being  done  in  transonic  buffeting  of  launch  vehicles, 
dynamics  of  liquid  and  solid  fuels,  effects  of  landing  impacts  on  structures,  and 
other  such  problems  where  we  must  study  in  detail  overall  dynamic  systems 
with  complex  interactions,  interfaces,  and  environments. 

Space  hazards  control. — Protection  against  the  hazards  of  the  space  environ- 
ment requires  consideration  of  the  major  items  such  as:  Temperature,  radiation, 
vacuum,  zero  gravity,  and  meteoroids  (as  mentioned  earlier). 

As  one  example,  we  are  studying  structural  systems  for  control  of  the  meteoroid 
hazard.  Figure  247  (p.  2392)  shows  a comparison  of  structural  weight  with  expo- 
sure time.  The  upper  curve  illustrates  the  growth  of  structural  weight  if  a single 
sheet  skin  is  used  as  meteoroid  protection.  Based  on  a 99-percent  probability  of 
being  puncture  free,  it  is  apparent  that  single-skin  structure  is  not  practical  for  long 
missions  where  meteoroid  impact  is  the  controlling  design  factor.  On  the  same 
basis,  the  next  curve  shows  a bumper  arrangement  which  represents  a considerable 
reduction-  in  structural  weight.  Our  studies  have  indicated  that  this  reduction 
in  weight  can  be  as  much  as  an  order  of  magnitude,  depending  upon  the  spacing 
of  the  bumper  from  the  main  skin  and  the  materials  used  in  the  space  between. 
Polymeric  foams  of  various  densities  appear  to  be  effective  in  absorbing  the 
energy  of  meteoroid  particles  after  impact  with  the  bumper. 
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We  are  also  studying  various  methods  of  self-sealing  after  puncture.  The  lower 
curve  shows  that  self-sealing  systems  can  offer  a weight  advantage  for  longtime 

Siriods.  These  systems  provide  a fail-»afe  approach  to  prevent  excess  leakage. 

ur  studies  have  been  limited  to  feasibility  demonstrations  and  some  samples  of 
systems  have  been  sealed  within  a few  seconds  after  penetration.  We  will  con- 
tinue to  explore  other  approaches,  favoring  those  which  incorporate  the  lightest 
weight  and  greatest  reliability. 

An  example  of  temperature  control  is  shown  on  figure  247a.  Here  we  have 

E lotted  weight  of  a hydrogen  tank  relative  to  that  required  for  launch  for  various 
■ngths  of  time  in  space.  In  this  case,  maintaining  low  temperatures  inside  the 
vehicle  requires  more  than  a surface  treatment  or  coating.  It  requires  use  of 
additional  strength,  plus  insulating  material.  The  curves  are  based  on  an  opti- 
mized design,  wherein  the  least  penalty  was  involved  for  maintaining  temperature 
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control.  As  can  be  seen  from  this  example,  the  additional  structure  for  main- 
taining overpressure  of  a cryogenic  fuel  (due  to  rising  temperatures  over  a 300-dav 
period),  plus  the  insulation  (the  best  we  know  of  today),  can  greatly  increase  the 
weight  over  that  required  for  launch. 

Progr<*ss  is  being  made  toward  developing  more  effective  insulation  and  lighter 
structures  for  hydrogen  storage.  (Hass  filament  reinforced  plastic  tanks  are 
inherently  better  insulators,  and  have  demonstrated  in  excess  of  2-to-l  superiority 
in  strength  weight,  as  compared  with  rnetal  tanks. 

Advanced  alructural  concept*. — Studies  of  various  advanced  space  systems  for 
future  missions  continue  to  reveal  a host  of  structural  problems  and  barriers. 
Solution  of  the  problems  and  removal  of  the  barriers  will  require  advanced 
structural  concepts  which  differ  radically  from  the  conventional.  The  manner 
in  which  they  vary  is  shown  on  figure  248  (p.  2349). 

Depending  upon  function,  they  vary  from  the  conventional  in  materials, 
geometry,  fabrication,  and  assembly.  Our  program  is  aimed  at  early  structural 
application  of  a wide  variety  of  materials  in  different  sizes,  shapes,  and  combina- 
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tions.  In  this  program  we  are  bringing  to  bear  sources  and  talents  of  many 
industrial  specialists  not  previously  associated  with  space  research. 

We  are  also  studying  new  geometries  and  sizes  of  structures  capable  of  function- 
ing in  the  space  environment  free  of  winds,  weather,  and  gravity.  We  are  also 
examining  advanced  fabrication  and  assembly  techniques  for  these  new  material 
structural  forms. 

One  method  of  vehicle  assembly  being  investigated  involves  expandable 
structures  which  deploy  themselves  in  space  after  having  been  launched  in  a 
packaged  condition.  Mechanisms  for  achieving  this  feature  include  inflation, 
unfolding,  spinning,  etc.  An  orbiting  manned  space  laboratory  is  an  example 
of  a vehicle  that  might  unfold  in  space. 

The  picture  on  the  right  in  figure  248  (p.  2394)  represents  an  advanced  orbiting 
radio  telescope.  This  is  an  example  of  an  advanced  concept  which  would  utilize 
the  results  of  research  in  materials  application,  geometry,  fabrication,  and  assem- 
bly. This  is  a research  program  in  which  we  are  assessing  the  structural  feasibility 
of  such  a system,  working  with  our  Electronics  and  Control  Office  in  OART. 
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Freedom  of  spacecraft  structural  design. — Figure  20  shows  several  other  uncon- 
ventional aspects  of  spacecraft  design.  Such  odd  characteristics  result  from 
relaxed  constraints  on  configurations  in  cases  where  aerodynamic  forces  are  no 
longer  a consideration.  Here  the  structural  loadings  are  peculiar  only  to  the  space- 
flight  phase  of  a mission. 

Freedom  from  configuration  constraints  should  enable  design  of  space  vehicles 
which  make  efficient  use  of  unusual  materials  and  structural  elements  such  as 
(for  example)  cables  and  trusses.  Essential  structural  components  might  also 
be  positioned  so  as  to  improve  mass  distribution  and  temperature  control. 

As  mentioned  earlier,  the  structural  designer  may  have  a choice  of  methods  of 
spacecraft  assembly  or  erection  in  space.  These  unusual  approaches  are  therefore 
appealing  from  the  standpoint  of  their  influence  on  the  size  of  future  launch 
vehicles. 

High  temperature  structures. — The  designer’s  viewpoint  is,  of  course,  reversed 
again  when  he  considers  structural  design  of  spacecraft  capable  of  withstanding 
the  high  temperatures  of  atmospheric  entry  at  very  high  speeds.  Here,  heat 
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shield  design  becomes  a major  factor.  The  severity  and  duration  of  heating 
and  loading  varies  widely  with  vehicle  type  and  trajectory;  consequently,  a large 
number  of  materials  and  structural  concepts  have  evolved.  Proper  selection  of 
concepts,  and  prediction  of  their  performance  as  mission  times  and  entry  speeds 
increase,  is  a large  and  challenging  research  task. 

A broad  picture  of  the  role  that  the  heat  shield  plays  in  determining  the  feasi- 
bility of  future  entry  vehicles  is  presented  in  figure  249  (p.  2395).  Vehicle  kinetic 
energy,  heat  shield  capability,  and  vehicle  heat  load,  all  expressed  in  B.t.u.  per 
pound,  are  shown  as  a function  of  entry  velocity.  The  range  of  velocity  shown 
must  be  considered  if  exploration  of  nearby  planets  is  to  be  carried  out.  Of  the 
tens  of  thousands  of  B.t.u. ’s  of  kinetic  energy  possessed  by  each  pound  of  the 
entering  vehicle,  the  major  portion  is  dissipated  in  heating  the  atmosphere,  with 
only  a small  fraction  returning  as  a heat  load  on  the  vehicle  surface.  At  the 
lower  velocities  heat  transfer  to  the  vehicle  is  primarily  by  convection,  whereas 
at  the  higher  velocities  radiative  transfer  from  the  highly  heated  shock  wave  or 
gas  cap  contributes  importantly. 

The  width  of  the  heat  load  band  at  a given  velocity  reflects  differences  in  vehicle 
configuration  and  entry  trajectory.  Vehicles  entering  on  ballistic  trajectories 
encounter  heat  loads  near  the  lower  edge  of  the  band,  whereas  vehicles  flying 
lifting  trajectories  move  higher  in  the  band.  Detailed  knowledge  of  the  heat 
load  to  be  encountered  by  a given  vehicle  at  the  higher  speeds  is  admittedly  sketchy 
because  of  currently  unresolved  uncertainties  in  heat  transfer  mechanisms  at 
these  conditions. 

Heat-shield  capability  can  be  represented  by  a broad  band  encompassing  the 
range  from  2,000  to  20,000  B.t.u.  per  pound.  That  is,  with  currently  known 
materials,  each  pound  of  heat  shield  can  be  expected  to  dispose  of  a certain  amount 
of  heat  energy  within  this  range  while  maintaining  an  acceptably  cool  vehicle 
interior  for  the  duration  of  the  entry  maneuver.  The  diminishing  separation 
between  the  bands  of  heat-shield  capability  and  vehicle  heat  load  suggests  an 
increasing  degree  of  difficulty  in  preserving  a useful  payload  margin  as  spacecraft 
entry  speed  increases.  Observations  of  meteors  in  the  Earth's  atmosphere  reveal 
a greatly  diminished  chance  for  survival  at  speeds  in  excess  of  55,000  feet  per 
second  or  38,000  miles  per  hour.  Clearly,  at  the  higher  speeds,  vehicles  must  be 
designed  for  minimum  total  heat  transfer,  and  must  utilize  the  most  advanced 
heat-shield  technology  if  reasonable  payload  margins  are  to  be  preserved. 

Multifunctional  structures. — From  the  foregoing  discussion  it  is  clear  that,  as 
shown  on  figure  250  (p.  2396),  future  space  vehicle  structures  will  be  expected  to 
provide  simultaneously — 

Adequate  strength; 

Stiffness; 

Tolerance  to  temperature;  and 
Integrity  against  all  space  hazards. 

Earlier  experience  with  the  first  three  areas  on  the  figure  indicated  that  the 
desirable  solution  was  to  separate  the  load-bearing  and  temperature-bearing 
abilities  of  a space  vehicle  structure.  However,  when  meteoroid  protection, 
high-energy  radiation  shielding,  tolerance  to  vacuum  conditions,  and  thermal 
control  of  radiation  effects  are  required,  it  appears  more  fruitful  to  combine  the 
necessary  protective  feature  into  a single  structural  wall.  The  diagram  on  the 
right  on  figure  250  (p.  2396)  illustrates  this  idea. 

The  outer  layer  (shown  on  top)  is  a charring  ablator  for  heat  protection  during 
atmospheric  entry;  it  also  provides  limited  protection  against  radiation  and 
meteoroids.  The  inner  wall  provides  strength,  along  with  additional  means  for 
temperature  control.  A self-sealing  mechanism,  in  this  case  honeycombs  filled 
with  hollow  rubber  spheres,  provides  integrity  of  the  pressure  vessel.  This 
diagram  is,  of  course,  only  conceptual  and  is  used  merely  to  indicate  a possible 
trend  in  space  vehicle  structures. 

SPACE  VEHICLE  DESIGN  CRITERIA 

The  NASA  space  vehicle  design  criteria  activity  is  an  engineering  effort  to 
enhance  the  flight  worthiness  and  reliability  of  future  NASA  spaee  vehicles.  The 
general  design  criteria  and  basic  guidelines  to  be  evolved  are  to  provide  the 
designers  of  NASA  space  vehicles  with  a basic  and  uniform  set  of  conditions  for 
use  in  designing  launch  vehicles,  spacecraft,  and  reentry  vehicles,  as  well  as 
integrated  space  vehicles.  Included  within  this  activity  are  the  compilation, 
correlation,  and  assessment  of  state-of-the-art  research  and  technology,  and  the 
preparation,  documentation,  and  updating  of  general  design  criteria,  standards, 
and  basic  guidelines.  The  effort  encompasses  the  establishment  of  standard 
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models  of  the  environment  within  which  space  vehicles  operate,  and  of  criteria 
for  the  design  of  the  structure,  propulsion  system,  and  guidance  and  control 
system. 

The  work  is  being  primarily  accomplished  “in-house”  by  outstanding  profes- 
sionals at  the  field  centers,  through  a steering  committee,”  working  subordinate 
subcommittees,  and  ad  hoc  professional  groups.  The  method  of  intermixing 
advanced  research  and  technology — oriented  and  space  flight — oriented  profes- 
sionals from  the  centers  on  the  steering  committee,  subcommittees,  and  groups 
insures  that  the  knowledge  gained  from  research  and  technology  activities  applica- 
ble to  space  vehicles,  and  from  flight  experience,  is  available  to  evolve,  expand, 
and  update  the  criteria. 

The  initial  or  preliminary  NASA  criteria  are  planned  for  completion  in  fiscal 
year  1964.  As  the  technology  changes,  these  documents  will  be  updated  and 
expanded. 

VEHICLE  TECHNOLOGY  FLIGHT  EXPERIMENTS 

While  much  of  the  Office  of  Advanced  Research  and  Technology  (OART) 
fundamental  and  applied  research  program  is  devoted  to  improvement  in  theo- 
retical and  analytical  techniques,  practical  limitations  of  theoretical,  methods  and 
the  limited  capabilities  of  ground-based  technical  facilities  are  such  that  they 
cannot  be  relied  upon  to  provide  timely  answers  to  all  important  technical  prob- 
lems. Consequently,  as  a complement  to  our  ground-based  programs,  carefully 
selected  flight  experiments  have  been  planned  to  provide  urgently  needed  data. 

The  Space  Vehicle  Research  and  Technology  Office  provides  management 
service  for  all  OART  space  flight  projects  except  those  directly  connected  with  the 
nuclear  program.  This  activity  requires  close  cooperation  with  the  other  tech- 
nical program  offices  in  OART,  and  also  with  our  counterparts  in  the  Office  of 
Manned  Snace  Flight  and  the  Office  of  Space  Sciences. 

Figure  251  (p.  2398)  is  a listing  of  current  OART  flight  experiments.  The  major 
flight  projects  fall  in  the  areas  of  hypervelocity  reentry  and  meteoroid  hazard. 
We  also  conduct  a wide  variety  of  experiments  using  small  launch  vehicles. 

As  shown  at  the  top  of  the  figure,  reentry  flight  tests  include  Scout  reentry 
heating  experiments  and  Project  Fire.  The  objectives  of  the  Scout  experiments 
are  to  measure  at  speeds  of  about  28,000  feet  per  second  the  total  heat  transfer  and 
radiative  heat  transfer  component  during  atmosphere  entry,  as  well  as  to  de- 
termine thermal  effectiveness  and  structural  integrity  of  charring  ablators  and 
other  high-temperature  materials.  Two  experiments  have  been  flown.  Additional 
experiments  will  measure  the  effectiveness  of  several  types  of  charring  ablator 
materials.  One  of  these  is  a new  and  interesting  low-density  charring  abalator 
which  may  be  suitable  for  use  on  Apollo. 

Figure  253  (p.  2399)  is  schematic  pictuie  of  Project  Fire.  The  primary  objective 
of  Project  Fire  is  to  investigate  the  heating  environment  and  heating  effects 
around  a vehicle  having  a blunt  shape  similar  to  Apollo,  during  an  actual  reentry 
flight  at  37,000  feet  per  second,  or  25,000  miles  per  hour.  Two  ballistic  flights  are 
planned. 

The  launch  vehicle  is  an  Atlas  D with  an  Antares  II  A-5  velocity  package. 
The  reentry  vehicle  comprises  a highly  instrumented  185-pound  payload.  Project 
Fire  is  an  extension  of  Scout  reentry  heating  experiments,  and  will  provide  radia- 
tive heating  data  at  speeds  slightly  higher  than  those  corresponding  to  the  return 
from  a lunar  mission. 

In  the  next  phase  of  Project  Fire,  for  which  we  are  requesting  funds  in  the  fiscal 
year  1964  budget,  attention  will  be  given  to  the  more  intense  heating  phenomena 
which  occur  at  the  considerably  higher  reentry  speeds  of  interplanetary  flight. 

Flight  experiments  concerned  with  the  meteoroid  hazard  are — 

S-55  satellites. 

Saturn-launched  meteoroid  satellites. 

Recoverable  meteoroid  probe. 

Artificial  meteor  experiments. 

Results  of  the  first  successful  S-55  meteoroid  satellite  (Explorer  XVI)  have 
already  been  discussed.  The  next  meteoroid  spacecraft,  the  S-55c,  will  expose 
thin  stainless  steel  skins  (in  the  form  of  pressurized  cells)  to  the  environment,  and 
w ill  also  provide  a flight  evaluation  of  a promising  new  meteoroid  detector  of  the 
capacitor  type  that  has  the  attractive  feature  of  being  continually  reusable  after 
penetration. 

The  final  spacecraft  of  this  series,  the  S-55d,  will  use  this  new  capacitor-type 
detector  bonded  beneath  either  thin  aluminum  or  thin  stainless  steel  sheets  to 
determine  frequency  of  penetrations  in  these  materials. 
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SATURN  - LAUNCHED  METEOROID  SATELLITE 


Figure  253a 

The  Saturn-launched  meteoroid  satellite,  showp  in  figure  253a,  will  be  launched 
by  Saturn  C-l,  Block  II  vehicles  9 and  8,  and  will  have  an  area  about  100  times 
greater  than  for  the  S-55  spacecraft.  By  virtue  of  the  large  area  (more  than  2,000 
square  feet),  the  experiments  will  provide  frequency  of  meteoroid  penetration  in 
aluminum  sheets  having  thicknesses  approaching  nominal  vehicle  wall  thicknesses. 
When  erected,  the  spacecraft  will  have  a span  of  96  feet  and  weigh  more  than 
4,000  pounds. 

The  recoverable  meteoroid  probe  project  will  develop  a technique  for  obtaining 
direct  measurements  of  the  frequency  of  impact  of  small  particles,  and  the  re- 
sultant penetration  depth.  These  experiments,  using  a 200-square-foot  para- 
glider configuration,  are  recoverable,  so  that  direct  studies  may  Vie  made  of  any 
imbedded  meteoritic  particles.  Two  launches  from  the  White  Sands  Proving 
Ground  are  approved. 

Artificial  meteor  experiments  have  been  conducted  on  the  Trailblazer  project. 
A pellet  which  simulated  a meteor  was  launched  downward  from  space,  and  entered 
the  atmosphere  at  about  33,000  feet  per  second.  As  a follow-on,  the  artificial 
meteor  experiments  will  provide  data  on  the  luminous  efficiency  and  ionization 
efficiency  of  simulated  meteors  of  known  mass  (1  gram),  composition,  material, 
size  and  shape,  at  velocities  of  about  40,000  feet  per  second  and  75,000  feet  per 
second.  From  the.se  results,  together  with  the  optical  and  radio  observations  of 
meteors  by  the  Harvard  College  Observatory,  it  should  he  possible  to  obtain  a 
measure  of  the  mass  of  meteoroids,  thereby  lessening  the  uncertainty  in  predicting 
the  expected  penetration  rates  from  meteoroids  considerably  larger  than  those 
which  will  be  encountered  in  any  reasonable  time  by  a satellite. 

Nike-Cajuns  with  a pellet  accelerator  will  be  used  to  fire  pellets  into  the  atmos- 

Ehere  at  velocities  up  to  about  40,000  feet  per  second.  Trailblazer  II  vehicles  will 
e used  to  enter  pellets  to  velocities  of  about  75,000  feet  per  second. 

All  of  the  foregoing  meteoroid  experiments  will  provide  data  on  the  meteoroid 
hazard  in  the  vicinity  of  the  Earth.  A need  also  exists  for  information  about 
cislunar  space  and  near  the  Moon,  to  determine  the  nature  of  the  meteoroid 
hazard  for  manned  lunar  missions.  Studies  will  lie  conducted  during  fiscad  year 
1964  to  develop  an  effective  Sight  program  to  provide  the  required  information. 
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Under  the  heading  of  small  vehicle  flight  experiments,  as  shown  in  figure  251 
(p.  2398),  those  on  “cryogenic  fluids  at  zero  g.”  will  investigate  the  heat  transfer 
mechanisms,  stratification  effects,  and  venting  characteristics  of  liquid  hydrogen 
in  simulated  propellant  tanks  under  weightless  conditions.  Zero-gravity  experi- 
ments lasting  about  20  minutes  have  been  flown  piggyback  using  separable  pods 
on  Air  Force  Atlas  vehicles.  About  5 minutes  of  zero-gravity  flight  are  obtained 
using  Aerobee  150- A launch  vehicles.  Seven  experiments  have  been  flown  and 
others  are  to  be  flown  during  1963  and  1964. 

The  objectives  of  the  wind  shear  measurements  program  are  to  obtain  wind 
profiles  at  the  Atlantic  Missile  Range  and  the  Wallops  Station  over  a period  of 
a year  to  provide  wind  shear  data  required  for  use  in  structural  response,  guidance, 
and  control  studies  for  space  vehicle  design.  The  project  utilizes  photographic 
observations  of  a visible  smoke  trail  from  a vertical-rising  NIKE  rocket. 

CONCLUDING  REMARKS 

My  objective  has  been  to  give  you  a clearer  picture  of  the  activities  and  progress 
achieved  in  the  space  vehicle  systems  advanced  research  and  technology  program. 
These  activities  are  broad  in  scope  and  range  from  conceptual  studies  of  advanced 
vehicle  systems  for  future  missions,  to  the  identification  and  solution  of  critical 
technical  problems  bearing  both  on  present  generation  as  well  as  future  space 
vehicles.  There  are  many  problems  urgently  in  need  of  solution,  if  our  country 
is  to  achieve  the  space  flight  capability  which  is  required.  In  addition,  I want  to 
emphasize  that  the  nature  and  extent  of  our  advanced  research  and  technology 
activities  today  play  a most  important  part  in  establishing  our  space  flight  capa- 
bility in  the  next  decade.  The  continuing  objective  of  these  programs,  then,  is 
to  provide  the  timely  and  sound  technological  foundation  which  is  essential  to 
our  country’s  mastery  of  space.  . 

Mr.  Ames.  This  morning,  I want  to  speak  on  our  activities  in  the 
area  of  space  vehicle  systems  advanced  research  and  technology. 

Now,  the  objective  of  our  space  vehicles  advanced  research  and 
technology  program  is  to  identify  and  solve  critical  technical  problems 
bearing  on  present-generation  space  vehicles  as  well  as  to  advance 
the  frontiers  of  knowledge  that  will  enable  the  development  of  more 
advanced  space  vehicles  for  future  missions. 

The  increased  complexities  of  the  advanced  space  vehicle  systems 
that  will  be  required  to  accomplish  our  national  space  objectives  for 
the  next  two  decades,  attest  to  the  need  for  a broad  yet  thorough  and 
timely  research  program  to  establish  the  technology  which  is  required 
to  insure  superiority  of  our  country’s  space  flight  capability. 

The  space  vehicles  research  and  technology  program  covers  a broad 
range,  as  indicated  by  the  areas  of  activity  on  our  first  slide  (fig.  232). 

We  begin  with  advanced  space  vehicle  conceptual  studies  (taking  a 
look  toward  the  future  as  a guide  for  research);  space  vehicle  aero- 
thermodynamics;  environmental  factors  and  technology;  and,  pausing 
here,  I might  comment  on  these  two:  Space  vehicle  aero  thermody- 
namics concerns  problems  in  the  atmosphere.  Environmental  factors 
and  technology  is  concerned  with  problems  encountered  in  the  space 
environment. 

Next  we  have  space  vehicle  structures,  and  then  design  criteria. 

You  can  see  from  this  list  that  in  space  vehicle  aerothermody- 
namics,  environmental  factors  and  technology,  and  structures,  we 
deal  with  research  and  technology  disciplines,  while  in  advanced 
vehicle  concepts  and  design  criteria  we  are  concerned  with  overall 
space  vehicle  systems  of  the  present  and  the  future. 

In  addition,  we  have  the  responsibility  for  managing  all  space  flight 
projects  in  the  Office  of  Advanced  Research  and  Technology,  except 
those  involving  nuclear  energy  sources,  as  indicated  by  the  vehicle 
technology  flight  experiments  item  on  the  chart. 
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Figure  232 

I will  review  our  program  with  you  in  the  order  listed. 

May  I have  the  next  slide,  please  (fig.  233). 

I would  like  to  discuss  briefly  our  activities  relating  to  advanced 
space  vehicle  concepts.  NASA’s  research  programs  have  always  been 
strongly  influenced  by  studies  of  future  performance  possibilities  and 
applicable  mission  requirements.  Vehicles  and  missions  such  as  the 
X-15  and  Project  Mercury  were  created  as  the  result  of  in-house 
advanced  conceptual  studies. 

Today,  the  cost  and  complexity  of  space  missions  and  vehicles  make 
it  vital  that  the  advanced  planning  wnich  precedes  them  be  based  on 
the  soundest  research  programs  possible. 

In  addition  to  in-house  activity  at  our  centers,  an  increased  use  of 
contractual  studies  with  industry  is  required  to  provide  depth  and 
breadth  representative  of  the  industrial  designer’s  viewpoint. 

As  indicated  by  this  slide,  our  major  activities  are  concerned  with 
future  Earth  orbital  operations,  advanced  lunar  missions,  and  explora- 
tory missions  to  the  planets.  Each  of  these  three  areas  poses  special 
problems  in  design  of  space  vehicles. 

For  example,  manned  exploration  on  the  planets  confronts  us  with 
quite  different  technical  problems  from  tnose  of  manned  orbital 
missions  or,  say,  missions  to  the  Moon.  Obviously,  the  vehicles  for 
planetary  missions  will  be  much  heavier  and  must  operate  effectively 
and  reliably  for  much  longer  periods  of  time. 

Mr.  Karth.  Mr.  Ames,  are  you  talking  only  about  maimed 
missions? 
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Figube  233 

Mr.  Ames.  Manned  and  unmanned,  sir. 

Mr.  Karth.  Both;  manned  and  unmanned. 

Mr.  Ames.  Yesrsir. 

Mr.  Kahth.  I would  like  to  ask  you  at  this  point  whether  you’ve 
had  anything  to  do  with  Dyna-Soar? 

Mr.  Ames.  Yes,  sir,  I did. 

Mr.  Karth.  Was  this  kind  of  a joint  venture  between  NASA  and 
the  Air  Force,  or  what  particular  part  of  your  program? 

Mr.  Ames.  The  Dyna-Soar  program  was  a joint  Air  Force  and 
NACA  study  effort  beginning  as  early  as  1956.  At  that  time,  it  was 
considered  as  a follow-on  research  program  to  the  X-15. 

In  other  words,  a stepping  stone  to  spaceflight. 

In  1958,  prior  to  the  formation  of  NASA,  there  was  an  NACA- 
Air  Force  agreement  to  work  closely  together  on  this  project,  and  we 
in  NACA  did  much  to  provide  the  background  of  technology  along 
with  the  various  industrial  firms  involved  in  the  Dyna-Soar  (X-20) 
competition.  When  NASA  was  formed  this  agreement  was  updated 
and  we  continued  to  cooperate  and  support  the  Air  Force  in  the  X-20 
program  from  a technological  viewpoint. 

Mr.  Karth.  Have  there  been  any  NASA  moneys  that  have  gone 
into  Dyna-Soar? 

Mr.  Ames.  Oh,  considerably  so;  yes.  From  the  standpoint  of 
inhouse  research  activities  we  have  put  in  some  7,000  to  8,000  hours 
of  testing  time  in  NASA  facilities.  We  have  had  more  than  50 
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individual  professionals  consult  actively  with  the  Air  Force  on 
Dyna-Soar. 

I,  myself,  served  personally  as  a technical  aid  to  General  Haugen 
on  the  Air  Force  Source  Selection  Board  during  1959,  although  I was 
not  a member  of  the  Board.  I was  a NASA  consultant. 

We  are  responsible  for  the  flight  instrumentation  and  the  measure- 
ment of  the  results  of  flights  of  the  X-20  and  hope  that  NASA 
would' . 

Mr.  Earth.  Is  this  Dyna-Soar  the  "X-20”? 

Mr.  Ames.  Dyna-Soar  is  X-20,  sir. 

Mr.  Earth.  How  much  is  involved  in  the  budget  request  this  year 
for  X-20? 

Mr.  Ames.  Very  little  this  year  in  the  NASA  budget.  I would  say, 
perhaps,  a half  a million  dollars  for  instrumentation.  I can  get  the 
figure  for  the  exact  amount,  if  you  wish. 

We  have  been  studying  sophisticated  instrumentation,  so  to  speak, 
to  measure  temperatures  and  pressures  over  the  critical  parts  of  the 
vehicle. 

I might  say  that,  from  my  research  viewpoint,  we  in  NASA  are 
interested  in  the  X-20  as  a vehicle  to  provide  us  with  full-scale  flight 
confirmation  of  our  ground-based  experiments  and  theoretical  studies. 

Mr.  Earth.  I understand  the  program  may  be  scrapped.  Do  you 
have  any  inside  information  as  to  whether  it  will  or  will  not  be? 

Mr.  Ames.  No,  I don’t  have  any  inside  information  on  this. 

Mr.  Earth.  Do  you  have  a personal  judgment  you’d  like  to  make 
at  this  point? 

Mr.  Ames.  If  I may  speak  personally,  I hope  we  can  find  some 
efficient  economical  means  to  go  ahead  and  fly  the  X-20,. because  I 
feel  it  wifi  fill  an  important  gap  in  our  technological  background. 

Mr.  Earth.  What  about  the  launch  vehicle.  Do  we  need  a new 
launch  vehicle  for  Dyna-Soar? 

Mr.  Ames.  The  present  Dyna-Soar  X-20,  is  slated  to  go  on  the 
Titan  III  vehicle. 

Mr.  Earth.  That  is  right.  It’s  a long  way  down  the  road,  isn’t  it? 

Mr.  Ames.  Yes;  it  is.. 

Mr.  Earth.  About  a billion  dollars’  worth. 

Mr.  Ames.  I don’t  know;  the  exact  figure.  I believe  the  Air  Force 
number  today  is  a little  less  than  that  but  I believe  they  also  have  in 
the  Air  Force  other  uses  for  the  Titan  III. 

Mr.  Earth.  My  point  is,  you  can’t  have  one  without  the  other. 
One  isn’t  much  good  without  the  other. 

What  you  are  really  saying  is,  we  need  them  both,  are  yets?  So, 
you  are  talking  about  a very,  very  expensive  program. 

Mr.  Ames.  Yes,  we  are,  sir.  This  program,  however,  is  a comple- 
mentary program  to  our  work  on  Project  Mercury,  Project  Gemini, 
and  Apollo. 

It  is  an  entirely  different  concept  for  entry  and  recovery  from  orbital 
flight. 

Mr.  Earth.  That’s  true.  But  can’t  we  design  something  that  can 
be  launched  with  one  of  our  present  launch  vehicles  or  one  that  is 
well  down  the  road  in  design  and  development,  such  as  the  Saturn? 

Mr.  Ames.  There  are  possibilities  of  putting  it  on  the  Saturn. 
However,  the  Saturn  will  require  some  modification  to  take  the 
Dyna-Soar. 
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The  point  here  is  that  the  Dyna-Soar  configuration  imposes  rather 
severe  loads  at  the  top  end  of  the  launch  vehicle. 

This  must  be  taken  into  consideration  in  adapting  a launch  vehicle 
to  the  Dyna-Soar  spacecraft. 

Mr.  Karth.  Oh,  no  question  in  my  mind  but  what  there  needs  to 
be  special  adaptation. 

My  question  was  whether  or  not  at  reasonable  cost  any  one  of  our 
vehicles  in  the  present  stable  could  be  so  modified. 

Mr.  Ames.  Well,  several  years  ago,  we  looked  at  the  possibility  of 
modifying  a Saturn  vehicle  to  take  Dyna-Soar.  One  of  the  con- 
clusions was  that  while  this  could  be  done,  it  would  interfere  with  the 
lunar  programs  because  of  the  schedule  of  production  of  Saturn 
vehicles. 

I believe  sooner  or  later  we  will  have  the  capability  with  Saturn, 
and/or  Titan  III,  to  handle  the  Dyna-Soar  vehicle. 

Mr.  Karth.  What  if  the  Titan  III  program  is  scrapped?  Then 
what  do  you  think  we  should  do  with  Dyna-Soar? 

Mr.  Ames.  I think  we  should  study  it  in  great  detail  to  determine 
if  there’s  some  other  way  in  which  we  could  fly  these  gliders.  The 
technology  for  the  gliders  seems  to  be  well  advanced. 

I don’t  want  to  give  classified  numbers  in  the  hearing.  I would 
be  pleased  to  do  this  in  executive  session,  but  there  are  paramount 
questions  to  be  answered  as  to  the  heating  and  flow  phenomena  on 
the  X-20  which  can  only  be  obtained  by  flying  the  full-scale  vehicle. 

Moreover,  as  I’m  going  to  get  into  this  when  I discuss  the  advanced  ■ 
conceptual  study  program  on  recoverable  launch  vehicles,  I feel  very 
strongly  that  the  technology  which  the  X-20  can  provide  would  give 
us  some  bench  marks  so  we  can  go  ahead  and  design  the  next  genera- 
tion of  launch  vehicles  so  we  could  fly  them  back  to  Earth  and  reuse 
them.  I think  there  are  so  many  contributions  the  X-20  can  make 
that  I would  not  pass  it  off  lightly,  solely  on  the  basis  of  the  launch 
vehicles.  I would  like  to  find  an  opportunity  to  “skin  the  cat” 
economically. 

That  is  my  personal  opinion. 

Mr.  Karth.  The  Titan  III  is  not  that  economical  way  to  skin  it? 

Mr.  Ames.  I have  not  followed  that  program  closely  enough  to 
answer  your  question,  sir. 

Mr.  Karth.  What  about  M-2? 

Mr.  Ames.  I am  going  to  show  you  some  pictures  of  M-2  shortly. 

Mr.  Karth.  That’s  pretty  similar  to  Dyna-Soar,  isn’t  it?  Isn’t 
that  a glider  concept,  like  Dyna-Soar? 

Mr.  Ames.  The  M-2  is  really  a lifting  body.  Dyna-Soar  is  a 
winged  body. 

I will  get  into  this  in  further  detail  in  my  later  remarks  here. 

Mr.  Randall.  Mr.  Chairman. 

Mr.  Karth.  Mr.,  Randall? 

Mr.  Randall.  I just  came  in,  of  course,  but  I couldn’t  help  ask  a 
question,  too,  about  this  modification  of  the  Saturn. 

You  mean  to  say  to  us  that  some  Httle  modification  on  the  Saturn 
would  upset  the  Apollo  program? 

I mean,  here  we  are  talking  about  waiting  if  Dyna-Soar  is  good,  we 
are  talking  about  a whole  new  Titan  III  booster. 

Can’t  they  be  modified?  Tell  us  why  they  can’t. 

Mr.  Ames.  The  initial  studies  which  were  made  at  the  Marshall 
Space  Flight  Center,  with  respect  to  putting  Dyna-Soar  on  top  of 
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Saturn,  indicated  that  the  vehicle  would  have  to  he  strengthened  con- 
siderably to  take  the  loads,  and  also  that  it  would  require  very  large 
fins  on  the  base  of  the  vehicle. 

Mr.  Randall.  May  I interrupt  you? 

What  do  you  mean  by  “strengthen”?  I thought  Saturn  was  one  of 
our  biggest  craft. 

In  other  words,  isn’t  it  strong  enough?  What  do  you  mean, 
“strengthen”  it,  internally,  in  its  framework;  or  what? 

Mr.  Ames.  Mr.  Randall,  when  you  put  a shape  like  the  X-20  on 
top  of  a slender  launch  vehicle,  you  put  a lot  of  additional  bending  in 
the  booster  due  to  the  additional  aerodynamic  loads  on  the  spacecraft. 
Every  pound  oi  weight  in  the  vehicle  is  critical  to  us  so  we  use  as  little 
material  as  we  can.  We  design  to  the  bare  minimum; ‘I  was  going  to 
get  into  this  in  my  discussion  of  structures,  to  show  you  just  how  we 
slim  down  the  weight  of  launch  vehicles  to  put  the  maximum  payload 
in  space. 

Now,  Apollo  is  a relatively  ideal  configuration  for  Saturn  in  con- 
trast to  something  like  Dyna-Soar  which  has  a larged  winged  area. 

On  the  ground  it  will  experience  wind  loads.  As  it  flies  through 
the  jet  streams,  velocities,  perhaps  as  high  as  200  miles  an  hour, 
act  on  the  top  of  the  vehicle  which  is  controlled  with  swiveling  rockets 
at  the  bottom.  That  causes  a great  deal  of  bending  in  a 260-  to 
300-foot-long  vehicle. 

Mr.  Randall.  Then  that  is  the  answer.  Tl^e  modification  would 
cost  as  much  as  the  other  new  vehicle? 

Mr.  Ames.  Let  me  speak  a little  more  precisely. 

Modification  would  be  necessary  and  it  would  cost  a fairly  sub- 
stantial amount. 

I don’t  have  any  exact  estimates  of  the  cost. 

Mr.  Randall.  What  I’m  trying  to  raise  is  this,  Mr.  Chairman; 
every  time  we  get  a new  idea  it  looks  like  we  have  to  start  over  com- 
pletely. I was  in  hopes  the  modification  costs  would  be  much  less 
than  waiting  for  Titan  III. 

Mr.  Ames.  Well,  I think  the  question  to  which  we  are  speaking 
here  is  one  that  I’m  not  prepared  to  answer. 

It  is  really,  what  is  the  Air  Force  need  and  justification  for  Titan 
III  beyond  Dyna-Soar?  I do  not  have  any  information  in  that 
area.  In  fact,  I don’t  feel  it  appropriate  that  I speak  to  the  Air 
Force  need  for  Titan  III. 

Mr.  Karth.  I understand  they  have  been  speaking  for  NASA 
insofar  as  your  facilities  requirements  are  concerned. 

You  care  to  comment?  Proceed. 

Mr.  Randall.  Well,  just  one  more  question,  Mr.  Chairman.  You 
indicated  they  had  sort  of  a leaning  toward  the  top.  You  mentioned 
the  swivel,  and  so  forth. 

You  working  on  anything  that — some  means  to  balance  that  top 
load  as  much  as  you  do  in  Apollo  craft? 

Mr.  Ames.  Yes. 

Mr.  Randall.  You  making  any  progress  on  that? 

Mr.  Ames.  We  have  made  wind-tunnel  tests  on  Dyna-Soar  con- 
figurations, both  on  Saturn  and  Titan  III. 

Titan  III  wind-tunnel  work  i3  still  underway  at  the  Ames  Research 
Center  at  Moffett  Field,  in  order  to  provide  information  which  is 
needed  to  design  Titan  III. 
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Mr.  Randall.  What  is  the  weight  comparison  betweeh  Dyna-Soar 
and  the  Apollo  spacecraft? 

Mr.  Ames.  Dyna-Soar  would  weigh  upward  to  16,000-odd  pounds 
and,  I believe,  Apollo  is  considerably  less.  I don't  have  any  offhand 
numbers  here. 

Mr.  Randall.  I thought  it  was  the  other  way  around.  I am  glad 
to  be  enlightened. 

Mr.  Ames.  If  you  speak  of  the  Apollo  reentry  configuration,  that 
is  one  total;  but  the  engines  to  lift  it  off  the  Moon  and  the  service 
module  that  goes  on  it.  I'm  sorry,  sir,  I don't  have  those  detailed 
figures  available. 

I will  be  glad  to  get  them  and  discuss  them  with  you. 

Mr.  Randall.  Thank  you,  Mr.  Chairman.  That's  all. 

Mr.  Karth.  Proceed,  Mr.  Ames. 

Mr.  Ames.  Well,  I was  referring  to  the  fact  that  obviously  vehicles 
for  planetary  missions  will  be  much  heavier  and  must  operate  for  much 
longer  periods  of  time;  say  a year  to  a year  and  a half. 

Also  the  date  on  which  planetary  missions  are  undertaken  is  of  very 
great  importance  to  us  with  regard  to  this  vehicle  size  and  mission 
time. 

All  advanced  vehicle  concept  design  studies  result  from  our  asking 
the  question,  “What  do  we  need  to  further  our  ability  to  operate  in  a 
given  space  regime?" 

A recent  study  pointed  out  that  if  we  are  to  conduct  future  space 
operations  using  today’s  missile  and  space-vehicle  technology,  our  mis- 
sions would  become  more  costly  and  launch  vehicles  would  become 
much  larger  than,  say,  Satum-5.  So  much  so,  for  example,  that  we 
would  have  to  undertake  research  and  advanced  technology  programs 
to  supply  information  in  order  to  be  able  to  construct  huge  cryogenic 
tanks  on  the  order  of  60  feet  in  diameter  and  200  feet  long,  and  rocket 
engines,  as  indicated  by  Mr.  Sloop  the  other  day,  providing  20  times 
the  thrust  of  the  F-l  engine,  which  is  our  largest  to  date. 

Now,  frightening  results  like  these  lead  us  to  speculation  on  the  need 
for  reusable  launch  vehicles,  and  here  we  have  a good  example  of  the 
close  and  continuing  relationship  between  advanced  vehicle  study 
effort  and  research  programs. 

In  another  instance,  today’s  technology  suggests  the  use  of  para- 
chutes or  paragliders  to  bring  back  a spacecraft  or  to  bring  back 
Saturn-5  launch  vehicles  or,  perhaps,  adding  wings  and  jet  engines 
to  the  Saturn-5. 

On  the  other  hand,  advanced  conceptual  studies  indicate  that  such 
developments  would  be  only  marginally  justified  operationally  or 
economically,  and  that  we  need  much  better  techniques. 

This  has  led  to  increased  research  and  study  effort  on  radically  new 
vehicles  designed  along  radically  new  lines. 

Initial  results  indicate  we  must  be  able  to  design  a recoverable  launch 
vehicle  structure  which  will  operate  again  and  again  with  little  rework 
at  temperatures  which  reach  between  2,000  and  3,000°  F.  at  flight 
speeds  from  orbital  to  landing,  the  speed  range  of  the  X-20,  the 
Dyna-Soar.  So,  in  addition  to  contributing  to  spacecraft  technology 
alone,  the  Dyna-Soar  would  contribute  to  recovery  of  the  next  genera- 
tion of  launch  vehicles. 

Mr.  Karth.  What  do  you  mean  when  you  say  recovery  of  launch 
vehicles?  Are  you  classifying  that  as  a launch  vehicle? 
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Mr.  Ames.  No,  sir.  I mean  that  we  might  advance  the  present 
state  of  the  art  on  tank  design,  electronics,  and  control  systems, 
conventional  rocket  engines  and  spacecraft,  to  an  advanced  launch 
vehicle  system  which  perhaps  has  very  small  wings  and  rocket  en- 
gines, to  take  off  vertically,  go  to  orbital  speed,  then  inject  its  space- 
craft into  orbit  and  glide  around  the  Earth  in  90  minutes,  and  land 
at  the  launching  site.  It  would  then  be  erected  on  the  launching 
facility,  refurbished,  and  launched  again.  This  is  the  recoverable 
vehicle  I think  we  might  have  in  the  future,  in  say  10  or  15  years  from 
now,  following  Saturn-5. 

One  might  look  at  it  another  way.  Compare  this  with  the  airline 
situation  where  we  are  committed  to  amortize  the  costs  of  the  DC-8 
and  the  Boeing  707’s.  We  have  committed  our  country  to  launch 
vehicles  like  Satum-5  and  Titan  III. 

What  I’m  trying  to  say  and  explain  is  that  the  next  time  we  develop 
a launch  vehicle,  I think  it  should  be  radically  different  and  far  beyond 
the  capability  of  either  of  these  two  current  large  rocket  vehicle 
systems  we  have  discussed. 

Mr.  Karth.  How  much  work  have  we  done  on  this  recoverable  or 
reusable  launch  vehicle  system,  Mr.  Ames? 

Mr.  Ames.  We  are  really  just  getting  into  this,  sir. 

Mr.  Karth.  How  much  are  you  requesting  in  the  fiscal  year  1964 
budget  for  thispurpose? 

Mr.  Ames.  This  comes  under  the  advanced  concepts  part  of  our 
program,  under  “Launch  vehicle  concepts”  and  “Mission  analysis  and 
operations,”  and  comes  to  $4.12  million. 

Mr.  Karth.  How  does  that  compare  with  fiscal  year  1963? 

Mr.  Ames.  In  1963  we  had  $2.4  million.  I would  like  to  point  out 
our  program' only  got  underway  last  August. 

Mr.  Karth.  Really,  we  are  just  getting  a start. 

Mr.  Ames.  We  are  just  getting  started,  and  that's  why  I hope  my 
indications  today  of  favoritism  toward  certain  launch  vehicle  con- 
cepts will  be  taken  with  a grain  of  salt, 

I hope  I have  the  opportunity  to  appear  next  year  and  bring  you  up 
to  date  on  some  real  progress. 

Mr.  Karth.  All  right,  pursue  your  discussion,  Mr.  Ames, 

Mr.  Ames.  Next — this  is  an  important  point  that  we  were  just 
referring  to.  Let’s  consider  the  dimension  of  time.  When  is  it 
reasonable  to  expect  the  requirement  for  such  an  advanced  vehicle 
system  and  when  could  we,  in  this  country,  be  capable  of  producing 
one? 

Gentlemen,  it  is  the  research  timetable  which  will  determine  when 
we  will  be  able  to  achieve  the  goals  tlmi  are  indicated  by  our  studies. 
Thus,  I hope  you  see  that  there  is  a close  and  continuing  relationship 
between  research  activity  and  advanced  mission  and  vehicle  studies. 
Such  a relation  must  start  early  if  its  full  value  in  research  program 
planning  is  to  be  obtained. 

Our  advanced  conceptual  studies  currently  underway  include  Earth- 
orbiting  space  laboratories;  recoverable  boosters  as  we  have  discussed 
this  morning;  Earth  lunar  transfer  vehicles  or  ferries  to  follow  the 
Apollo  mission;  and  large  advanced  launch  vehicle  systems  and  space- 
craft capable  of  entering  planetary  atmospheres  and  returning  to  the 
Earth  at  velocities  of,  say,  45,000  feet  per  second  or  greater. 

Now,  in  the  short  period  of  time  we  have  had  this  program  under- 
way, we  have  already  defined  a number  of  important  problems  in 
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research  and  technology  which  require  a long  leadfcime  if  solutions  are 
to  be  available  when  needed,  or  when  the  panic  button  will  be  pushed 
and  someone  will  say,  “What  do  we  do  next?” 

Mr.  Karth.  In  other  words,  your  office  works  very  closely  with 
the  various  NASA  centers  depending  upon  their  interest. 

Mr.  Ames.  Yes;  we  do. 

Mr.  Karth.  With  Goddard,  for  example,  as  they  develop  the 
orbiting  observatories  and  some  other  center,  depending  what  their 
particular  interest  is? 

Mr.  Ames.  Yes,  we  are  trying  to  take  a broad  general  look  down 
the  road  and  to  do  our  very  best  to  identify,  as  soon  as  possible,  those 
critical  technical  problems  we  must  address  ourselves  to  in  our  pro- 
grams in  order  to  have  adequate  information  available  so  that  we 
will  get  sound  proposals  from  industry  and  have  a sound  mission  plan. 

Mr.  Karth.  Well,  then,  your  office  cooperates  with  the  Goadard 
people,  for  example. 

Mr.  Ames.  We  cooperate  with  all  the  centers  in  this  activity. 

Mr.  Karth.  Well,  I was  thinking  in  particular  about  the  orbiting 
observatories,  just  to  use  one  program  as  an  example. 

People  from  your  office  cooperate  with  the  Goddard  people  who 
have  this  part  of  the  unmanned  space  program? 

Mr.  Ames.  Yes,  and  we  have  addressed  ourselves,  particularly  to 
the  most  advanced  vehicles  and  missions. 

Mr.  Karth.  Well,  is  that  both  research  and  development?  When 
do  you  quit  working  on  the  project  that  Goddard  takes  over  com- 
pletely, for  example? 

Mr.  Ames.  We  sort  of  phase  ourselves  out  of  it  from  the  time  they 
get  an  approved  project.  There  may  be  a few  critical  general  prob- 
lems apphcable  to  their  mission,  as  well  as  missions  in  manned  space 
flight,  and  as  we  resolve  these  general  problems  and  provide  the 
technology  we  phase  ourselves  out  and  go  on  to  things  further  down 
the  road. 

Mr.  Karth.  Pretty  generally,  what  you  are  saying  then  is  as  soon 
as  they  come  to  the  Congress  with  a budget  request,  let’s  say,  for  the 
Orbiting  Astronomical  Observatory;  you  are  phasing  yourself  out  at 
about  that  stage? 

Mr.  Ames.  Yes.  We  are  now  looking  to  the  use  of  man  in  an 
orbiting  laboratory. 

Mr.  Karth.  I see. 

Mr.  Ames.  The  same  situation  applies  with  respect  to  the  tech- 
nological capability  of  going  to  the  planets.  This  will  be  developed 
by  OART.  If  we  are  to  be  capable  of  going  to  the  planets  and  return- 
ing our  spacecraft  to  Earth,  or  if  we  want  man  to  go  to  Mars  and 
Venus,  as  Dr.  Kurzweg  mentioned  week  before  last,  it  is  our  respon- 
sibility to  provide  the  general  technology. 

Mr.  Karth.  Are  you  working  with  dPL  doing  any  redesign  work 
on  Ranger? 

Mr.  Ames.  Not  specifically,  sir. 

Mr.  Karth.  What  does  that  mean? 

Mr.  Ames.  I mean  in  our  general  or  basic  areas  of  research  some 
results  may  be  pertinent  to  Ranger,  whether  it  is  in  advanced  design 
criteria,  or  whether  it  is  in,  say.  Dr.  Kelley’s  field  of  electronics,  some 
new  technological  development  might  come  along. 

Mr.  Karth.  I see. 
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Mr.  Ames.  Perhaps  a structures  problem  or,  in  the  case  of  the 
Mariner,  which  experienced  overheating,  we  are  very  much  interested  in 
trying  to  resolve  and  provide  a better  general  understanding  of  these 

{>roblems  because  they  indentify,  at  an  early  date,  problems  that  are 
ikely  to  be  common  to  other  programs. 

Mr.  Karth.  Thank  you. 

Mr.  Ames.  May  I have  the  next  slide,  please  (fig.  234). 

I would  like  to  speak  now  to  our  activities  in  space  vehicle  aero- 
thermodynamics. 


Figure  234 

The  areas  of  activity  are  indicated  on  the  slide:  atmospheric  entry 
heating,  and  I refer  here  to  the  atmosphere  of  the  Earth  as  well  as 
any  planet  which  has  an  atmosphere  which  we  may  desire  to  enter; 
spacecraft  configurations  and  performance,  suitable  for  all  types  of 
missions;  landing  and  recovery  of  spacecraft  here  and  on  the  planets; 
launch  vehicle  aerothermodynamics;  and  acoustic  noise  propagation. 

I’d  like  to  treat  two  of  these  areas  in  a bit  more  detail.  First,  the 
advanced  manned  spacecraft  for  future  missions;  and  then  one  facet 
of  spacecraft  landing  and  recovery  research. 

In  manned  interplanetary  flight,  the  question  we  ask  ourselves 
is,  “What  can  we  say  about  the  shape  of  spacecraft  to  come?”  Now, 
in  considering  manned  interplanetary  flight,  without  the  use  of  the 
retrorockets  to  reduce  our  velocities,  the  minimum  Earth  return 
speed  of  our  interplanetary  vehicle  is  that  of  Apollo,  about  36,000 
feet  per  second  or  25,000  miles  per  hour,  to  which  we  must  add  the 
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effective  transit  speed-between  the  planets,  which  is  limited  only  by 
the  propulsion  available. 

We  are,  therefore,  talking  generally  of  Earth  return  speeds  in  the 
neighborhood  of  50,000  feet  per  second — 36,000  miles  per  hour. 

Now  manned  flight  is  “g”-limited  flight,  or  flight  limited  by  the 
decelerations  which  a man  can  endure.  We  are,  therefore,  restricted 
to  the  most  grazing  approach  trajectories  in  order  to  keep  this  decel- 
eration within  tolerable  bounds. 

May  I have  the  next  slide,  please?  (Fig.  235.) 

CORRIDOR  DEPTH  VS  SPEED 


CORRIDOR 

DEPTH- 

MILES 


Figure  235 

This  slide  for  corridor  depth  versus  speed  entering  the  Earth’s 
atmosphere  illustrates  how  the  problem  becomes  more  difficult  with 
increasing  speeds. 

On  the  left  we  have  a greatly  exaggerated  entry  corridor  for  return 
to  Earth,  whereby  the  spacecraft  would  be  captured  in  one  pass 
around  the  Earth. 

The  upper  bound  indicates  the  maximum  altitude  at  which  a 
spacecraft  could  graze  the  Earth  and  be  captured. 

The  lower  bound  of  the  shaded  area  indicates  the  region  where 
the  decelerations  would  become  intolerable.  Also  it  is  a boundary 
where  the  vehicle  would  experience  excessive  heating. 

I have  plotted  the  corridor  depth  in  miles,  from  0 to  40  miles  on 
the  vertical  scale — then  the  horizontal  scale  is  the  velocity  in  thou- 
sands of  feet  per  second  on  entering  the  atmosphere  of  the  Earth. 

You  will  notice  the  word  “Earth”  with  the  arrow  indicating  around 
26,000  feet  per  second  as  the  orbital  velocity,  and  then  the  lunar 
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velocity  around  36,000  feet  per  second,  the  next  arrow  to  the  right. 
At  planetary  velocities,  the  vehicles  return  at  46,000  feet  per  second 
or  higher. 

Mr.  Karth.  Could  I interrupt  to  ask  a question  here?  Let  us 
sav  on  the  return  leg  of  the  lunar  flight  we  decided  to  go  into  Earth 
omit  for,  oh,  maybe  two  or  three  orbits.  Wouldn’t  that  then  slow 
us  down  to  the  regular  Earth  orbit  speed  and  our  reentry  problem 
would  not  be  quite  so  great  from  the  heat  standpoint? 

Mr.  Ames.  That  is  true,  sir,  but  I fear  the  orbit  which  we  would 
have  would  probably  cause  the  vehicle  to  pass  through  the  artificial 
electron  belt  several  times  and  the  Van  Allen  Belt.  We’d  like  to  come 
through  that  as  fast  as  we  can. 

. In  addition,  when  a man  has  been  on  a 10-day  mission,  we’d  like  to 
get  him  home  as  soon  as  we  can. 

Mr.  Karth.  Better  take  a few  more  hours,  rather  than  bum  them 
up.  { 

Mr.  Ames.  That  is  right,  but  I am  afraid  the  additional  hours, 
unless  we  have  additional  time  for  deceleration,  may  end  up  in  several 
d&ys. 

Mr.  Karth.  I see.  Kow  many  orbits  would  it  take  to  slow  one 
down  from  lunar  reentry  speed  to  Earth  reentry  speed? 

Mr.  Ames.  Of  course,  that  depends  on  how  close  we  come  to  the 
Earth  in  this  first  grazing  pass. 

Mr.  Karth.  I understand. 

Mr.  Ames.  If  we  miss  the  Earth  completely,  it  may  go  on  indefi- 
nitely. As  one  example,  Explorer  XVI  orbits  the  Earth  at  between 
400  and  700  miles. 

We  hope  it  has  an  orbital  life  of  a year. 

Mr.  Karth.  Of  course,  when  you  are  talking  about  the  Earth 
orbital  speed  and  the  reentry  being  some  26,000  feet  per  second,  this 
is  what  I had  in  mind  for  the  return  lunar  flight  so  you  get  into  that 
kind  of  an  orbit. 

How  long  does  it  take  the  lunar  return  flight  to  decelerate  from 
36,000  feet  per  second  to  26,000  feet  per  second? 

Mr.  Ames.  If  we  had  no  breaking  force,  sir,  the  vehicle  would  go 
into  what  we  call  cis-lunar  orbit  between  the  Earth  and  the  Moon, 
going  elliptically  around  the  Earth  and  out  toward  the  Moon.  We 
must  come  within  this  40-mile  corridor  here. 

Mr.  Karth.  Yes,  sir. 

Mr.  Ames.'  Which  is  around,  say,  roughly  200,000  feet. 

If  its  much  higher  than  that  we  are  going  to  have  a much  longer 
orbital  life  of  our  spacecraft. 

Mr.  Karth.  I see. 

Mr.  Ames.  Unless  we  have  some  additional  braking  or  deceleration 
force,  which  again  involves  additional  weight  for  retrorocket  systems. 

Mr.  Karth.  Thank  you. 

Mr.  Randall.  You  said  “cis-lunar”  orbit — an  ellipse?  Did  you 
say  elliptical? 

Mr.  Ames.  Elliptical  between  the  Earth  and  Moon. 

Mr.  Randall.  What  forces  would  produce  that? 

Mr.  Ames.  We  would  have  a rather  high  velocity  as  we  pass  the 
Earth  and  the  Earth’s  gravitational  force  tends  to  pull  the  vehicle  as 
it  passes.  It  then  turns  and  goes  out  into  elliptical  orbit. 

Mr.  Randall.  You  mean  the  centrifugal  force  would  keep  it  going 
around  and  then  pull  it  back? 
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Is  that  your  answer? 

Mr.  Ames.  Yes:  the  spacecraft  has  a very  high  velocity,  36,000 
feet  per  second  wnen  it  comes  back  to  the  Earth,  about  10,000  feet 
per  second  too  fast  for  orbital  velocity  of  26,000  feet  per  second  at  an 
altitude  of  a hundred  miles.  It  would  make  perhaps  7,  10,  or  20 
orbits. 

Mr.  Randall.  Mr.  Chairman,  many  of  us  can’t  always  picture 
those  things.  I hope  NASA  would  sometime  try  to  demonstrate 
these  concepts. 

Mr.  Ames.  Well,  I feel  we  ultimately  should  develop  a capability 
to  go  into  space  wherever  we  want  to  go,  and  come  home  when  we 
want  to,  and  wherever  we  want  to;  but,  gentlemen,  we  are  a long 
way  from  this  capability  and  this  is  the  idealistic,  long-range  objective 
of  our  advanced  research  and  technology  programs. 

But,  realistically,  when  we  come  down  to  building  hardware  on  a 
time  schedule  it  would  be  foolish  to  try  to  wait  for  such  a technical 
capability  to  develop. 

Mr.  Karth.  Well,  the  point  is  that  your  Office's  job  is  to  develop 
that  capability,  isn’t  it? 

Mr.  Ames.  Yes,  we  take  it  very  seriously. 

Mr.  Karth.  I am  sure  you  do. 

Proceed,  sir. 

Mr.  Ames.  The  curves  in  the  chart  on  the  right  represent  various 
lift/drag  ratios — the  ratio  of  vehicle  lift  to  drag. 

The  corridor  identified  as  zero  would  represent  that  of  the  Mercury 
capsule.  It  is  a ballistic  entry. 

You  will  see  that  the  corridor  depth  diminishes  greatly  as  we  increase 
speed,  until  we  get  to  a point  at  the  lowest  planetary  return  speed,  say, 
44,000  to  46,000  feet  per  second  where  we  have  no  corridor  depth 
whatsoever. 

This  means  our  vehicle  must  enter  and  follow  a perfect  trajectory 
to  be  captured  in  one  pass  around  the  Earth. 

It  has  no  capability  of  deviating  above  or  below  a precise  trajectory. 
This  is  well  beyond  our  guidance  capability  and  the  accuracy  we 
could  predict  and  expect  in  the  foreseeable  future. 

However,  we  see  if  we  go  to  lift/drag  ratios  of  one-half  as  we  move 
over  toward  the  right  and  take  the  planetary  return  speed  of  40,000 
to  50,000  feet  per  second,  we  can  see  a corridor  depth  of  approximately 
20  miles,  which  is  quite  a bit  of  license  in  contrast  to  no  corridor 
depth  for  the  ballistic  entry. 

Now,  as  we  go  on  up  to  the  curve  for  lift/drag  ratios  of  one,  perhaps 
the  depth  would  increase  to  25  or  30  miles,  but  you  see  that  we  have 
diminishing — — 

Mr.  Karth.  Would  you  explain  the  figure  “1”  there  as  you  use  it 
in  the  lift/drag  ratio? 

Explain  what  this  means,  precisely. 

Mr.  Ames.  This  curve  represents  a ballistic  vehicle  such  as  Project 
Mercury,  and  at  Earth  orbital  velocity  Project  Mercury  would  have  a 
rather  wide  band  of  altitude  above  the  surface  of  the  Earth  where  we 
could  come  back  safely  without  overheating  or  experiencing  excessive 
decelerations. 

Mr.  Karth.  Mercury  has  a lift  to  drag  ratio  of  zero? 

Mr.  Ames.  It’s  ballistic.  Out  here  at  the  velocity  for  lunar  return 
speed,  you  see,  we  have  a corridor  of,  say,  7 miles. 
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If  you  use  a little  bit  of  lift  and,  I believe,  the  lift/drag  ratio  of  Proj- 
ect Apollo  is  around  0.25,  you  increase  the  corridor  more. 

Mr.  Karth.  What  is  the  lift/drag  ratio  on  Dvna-Soar? 

Mr.  Ames.  On  the  order  of  two;  but  it  is  limited  to  velocities  in  this 
range,  say,  26,000  to  28,000  feet  per  second. 

Now,  you  see,  as  wre  go  to  a lift/drag  ratio  as  high  as  one-half  at 
this  higher  velocity,  you  have  a fairly  large  corridor. 

Even  at  one,  you  get  a pretty  large  corridor. 

At  two  wc  begin  to  run  into  diminishing  returns. 

Mr.  Karth.  l)o  you  have  a model  of  anything  here  that  has  a 
lifoto-drag  ratio  of  one-half,  to  give  the  committee  an  idea  what  you 
are  talking  about. 

I think  this  is  Mr.  Randall’s  concern,  at  least  it  is  mine. 

Mr.  Ames.  Yes,  the  M-2  configuration  which  I’ll  show  you  pictures 
of  in  a few  minutes. 

Mr.  Randall.  I wondered  about  that. 

Mr.  Karth.  We  want  to  have  an  idea  of  what  you  are  talking 
about. 

Mr.  Ames.  Now  another  problem  in  going  to  higher  lift/drag  ratios 
is  that  we  pay  a greater  penalty  in  heat  protection.  Since  more 
heat  protection  is  required,  we  pay  a weight  penalty  here.  We  are 
always  trying  to  save  weight  in  spacecraft  and  launch  vehicles,  so 
we  have  to  run  what  wre  call  parametric  studies  to  know'  how  much 
weight  we  can  allow'  to  achieve  a desired  mission  capability;  and  just 
as  importantly,  what  design  will  our  state  of  technology  support,  and 
how  accuratefy  can  we  predict  the  lift/drag  ratios  and  heating? 

May  I have  the  next  slide  (fig.  236). 
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This  is  a picture,  incidentally,  of  the  M-2  configuration  being 
tested  at  the  Ames  Research  Center:  it  is  a configuration  representa- 
tive of  a high-velocity  reentry  vehicle  and  severe  heating  is  exper- 
ienced, as  you  can  see. 

You  see  also  the  flight  attitude  of  the  vehicle  is  very  steep.  It 
comes  in  at  a high  angle  of  attack,  and  the  flow  is  coming  across  the 
vehicle  here  and  around  the  sides. 

One  of  the  problems  we  must  solve  in  a vehicle  of  this  type  is  that 
not  only  is  the  stagnation  point  at  the  nose  of  the  vehicle  very  hot, 
but  the  entire  exposed  lower  area  of  the  vehicle  and  the  sides  get 
extremely  hot.  The  higher  velocities  to  which  we  are  directing  our 
attention  relate  to  interplanetary  flight ; hence,  we  have  a temperature 
problem  not  only  on  the  nose  where  we  can  put  a heat  shield  or  cap, 
but  also  along  the  whole  lower  side  of  the  vehicle. 

We  also  have  some  afterbody  heating  which  is  a difficult  problem 
to  deal  with  because  you  can  well  imagine  the  flow  on  this  side  is 
very  hard  to  predict.  We  will  probably  have  to  run  some  full-scale 
tests  to  determine  more  accurately  the  nature  of  the  flow. 

Here,  sir,  is  where  the  X-20  will  come  in,  because  there  we  will  get 
information  on  the  nature  of  the  flow  in  reentry  flight  from  orbital 
velocities  between  26  and  28,000  feet  per  second,  and  we  will  get 
these  data  full  scale.  This  is  my  motivation,  sir. 

Mr.  Karth.  I think  it  is  a very  worthy  desire,  but  we  can’t  use, 
in  all  cases,  the  precise  vehicle,  just  to  give  us  information  we'd  like 
to  have ; I think  we  should  get  much  of  it  experimentally  in  our  various 
chambers. 

Mr.  Ames.  I understand  there  are  economic  problems  and  we  have 
to  make  our  choice.  If  we  don’t  have  the  X-20  program  we  will  have 
to  find  some  other  way  to  get  this  information,  and  we  will  have  to 
face  whatever  the  circumstances  are  and  we'll  do  our  very  best. 

Mr.  Karth.  This  can  be  a very,  very  expensive  proposition. 

Mr.  Ames.  In  return  from  interplanetary  flight,  I wanted  to 
mention  that  these  reentry  velocities  are  going  to  be  so  high  that  we 
can  expect  that  even  our  best  materials,  our  refractory  ceramics,  are 
going  to  burn  away  to  some  degree.  This  is  a very  high  temperature 
materials  problem  and  a structures  problem,  as  well  as  an  aero  thermo- 
dynamics problem. 

Now  the  configuration  of  tliis  model  is  one  similar  to  the  M-2  but 
was  developed  at  the  Langley  Research  Center;  it  is,  we  believe, 
suitable  for  interplanetary  missions  where  lifting  capability  will  be 
required. 

This  differs  from  the  M-2  as  I will  show  you  on  my  next  photograph. 

Mr.  Randall.  Before  we  leave  the  point  of  refractory  ceramics,  I 
understood  you  to  say  they  will  burn  away.  Is  that  right? 

Mr.  Ames.  We  are  going  to  lose  structural  material  off  the  vehicle 
by  burning,  ablation,  sublimation,  or  any  of  the  processes  that  take 
materials  away  at  the  extreme  temperatures  these  vehicles  will  ex- 
perience at  the  high  velocities  required  for  return  from  interplanetary 
missions. 

We  might  also  expect,  as  indicated  in  Doctor  Kurzweg’s  discussion, 
similar  high-temperature  heating  problems  in  entering  the  atmos- 
pheres of  Mars  and  Venus.  This  is  a major  area  for  research,  and  is 
an  example  of  a long  leadtime  research  problem  where  the  materials 
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researchers,  structures  researchers,  and  aerothermodyn amics  re- 
searchers all  have  to  work  together  for  a solution. 

Mr.  Earth.  Here  is  an  area,  Mr.  Ames,  we  have  done  very  little, 
really.  Isn't  it? 

Mr.  Ames.  Yes,  we  have,  and  yet  I think  that  the  reentry  capability 
of  our  country  is  outstanding.  I don't  think  we  have  to  apologize 
to  anyone  for  our  ballistic  missile  reentry  performance  or  Project 
Mercury  and  I have  great  confidence  in  our  ability  to  handle  the  re- 
entry problems  of  Apollo. 

Mr.  Karth.  I don't  think  we  need  to,  either.  My  point  is  that 
here  we  have  made  considerable  progress  with  very  few  research 
dollars  in  comparison  to  some  of  these  other  areas  where  we  have 
spent  tremendous  numbers  of  research  dollars,  and  feel  that  we  have 
got  to  spend  even  more  substantial  sums  to  get  answers  for  the  un- 
solved problems  at  this  point. 

Mr.  Ames.  I don't  want  to  get  too  far 

Mr.  Karth.  Haven't  we  achieved  a good  deal  in  this  area  with 
relatively  few  research  dollars  as  compared  to  the  other  parts  of  the 
program? 

Mr.  Ames.  Let  me  put  it  this  way. 

We  are  beginning  to  break  the  ice.  I wouldn’t  want  to  stake  my 
reputation  on  these  interplanetary  vehicles  coming  back  safely  today. 
Next  year  I can  tell  you  more  about  it,  I hope  we  will  be  further 
down  the  road  than  we  are  today. 

Practically  all  of  our  work  up  to  the  present  time  is  based  on  very 
small  models  in  ballistic  ranges  and  wind  tunnels.  For  example,  if 
I test  a shape  like  this  K-ineh  model  in  a ballistic  range,  I would  not 
dare  predict  the  characteristics  of  a full-scale  vehicle  of  this  configura- 
tion large  enough  to  hold  three  to  five  men  and  return  safely  from 
Mars. 

It  is  just  too  great  a gap  in  our  technological  understanding  of 
scaling  laws.  We  are  conducting  tests  with  these  small  objects  and 
we  are  beginning  to  advance  our  theories. 

_We  are  also  beginning  to  understand  the  gaseous  states  that  exist 
when  these  vehicles  come  into  the  atmosphere  at  very  high  speeds, 
and  I would  expect  that  a great  deal  of  refinement  of  these  vehicles 
will  develop. 

What  I’m  trying  to  emphasize  here  is  that  we  are  working  very  hard 
on  a long  leadtime  problem,  hoping  we  will  have  a very  sophisticated 
high-velocity  flight  capability  one  of  these  days.  This  is  what  I 
meant  in  my  earlier  remarks  about  trying  to  run  our  program  on  a 
timely  basis. 

I agree  with  you  that  this  is  a very  modest  effort  today,  but  I feel 
that  to  defer  this  effort  to  concentrate  only  on,  for  example.  Mariner 
or  approved  missions  like  Apollo,  would  be  a serious  mistake. 

This  is  my  personal  opinion  because  I am  dedicated  to  the  research 
point  of  view.  I feel  we  must  do  all  we  can  between  now  and  the  time 
someone  says  “What  do  we  do  next?”  after  both  we  and  the  Russians 
have  reached  the  Moon. 

Otherwise  we  will  not  have  enough  information  to  answer  that 
question  quickly. 

Mr.  Karth.  The  only  reason  for  my  expressing  my  viewpoint 
on  this  was  to  ascertain  whether  or  not  research  is  Tike  the  squeaky 
wheel  that  gets  the  most  grease.  Seems  to  me  that  we've  spent — I 
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don’t  say  too  much,  but  in  proportion  to  the  problem  and  the  need  for 
some  solution,  it  seems  to  me  we  have  spent  a good  deal  more  money 
in  some  areas  than  we  have  in  others;  and  this  might  well  be  one  of  the 
areas  that’s  been  neglected,  if  you  don’t  mind  my  saying  so,  with  the 
research  dollars  that  have  been  spent. 

I agree  with  you,  I think  we  have  made  tremendous  progress — 
outstanding  progress.  I am  not  sure  you  want  to  comment  on  that, 
but  if  you  are  inclined  to,  go  ahead. 

Mr.  Ames.  No,  I don’t  believe  I have  any  comment.  I appreci- 
ate— 

Mr.  Karth.  This  is  my  personal  opinion.  I don’t  know  if  I’ve 
stated  it  correctly  or  no'v. 

Does  this  coincide  with  your  opinion?  Is  it  true  in  certain  research 
areas  a squeaky  wheel  gets  more  grease  than  that  one  which  doesn’t 
squeak? 

Mr.  Ames.  The  squeaky  wheel  is  the  approved  project.  In 
certain  cases  we,  in  research,  have  to  conduct  crash  programs  to  “pull 
the  irons  out  of  the  fire’-  where  the  Nation  is  committed  to  a project 
like  Mercury  and  unexpected  problems  have  come  up,  or  Saturn,  both 
the  Saturn  I and  the  Saturn-5  types,  before  we  felt  that  we  had  all  the 
information  at  hand  that  we  needed. 

Mr.  Karth.  Those  really  haven’t  been  crash  programs,  have  they? 

Mr.  Ames.  We  have  dipped  to  the  bottom  of  the  research  barrel 
to  produce  the  information  needed,  though. 

I have  a comment  here 

Mr.  Karth.  They  have  been  energetic  undertakings,  but’  they 
haven’t  been  crash  programs;  isn’t  that  correct? 

We  have  so  much  testimony  to  that  effect,  I would  hate  to  have  it 
changed  now. 

It  would  be  a major  undertaking  to  investigate  this  one. 

Mr.  Ames.  When  someone  comes  to  me  and  tells  me,  “We  have 
a difficult  problem  here,  if  you  don’t  stop  and  help  us  we  will  be  in 
trouble,’’  it  sounds  like  a crash  request. 

Mr.  Karth.  I understand. 

Mr.  Ames.  Maybe  it’s  a manner  of  speaking. 

Mr.  Karth.  Perhaps  so. 

Mr.  Ames.  I’d  like  to  go  now  to  our  next  slide  (fig.  237). 

Here  we.  have  the  M-2  configuration,  Mr.  Randall — can  you  see 
this? 

What  we  have  here  is  a full-scale  glide  model  of  the  M-2  reentry 
configuration  which  was  conceived  by  the  Ames  Research  Center  and 
on  which  a great  deal  of  research  of  the  type  I was  discussing  was 
conducted  at  small  scale. 

This  vehicle,  I believe,  is  a flying  mockup,  you  might  say,  which  has 
been  designed  and  developed  at  our  Fight  Research  Center  in  order 
that  we  might  tow  it  to  altitude,  glide  it,  and  fly  it,  and  determine  its 
approach  and  landing  characteristics.  Really,  this  is  not  a lifting 
wing  arrangement  like  the  small  model  I have  here. 

If  you  look  at  this  configuration  on  the  figure  very  carefully,  you 
will  see  that  this  is  half  of  a nose  cone.  This  is  one  type  of  a lifting 
body.  It  has  a low  lift/drag  ratio. 

You  see  we  bad  to  add  stabilizing  surfaces  to  it  to  make  it  fly  able. 

Mr.  Karth.  What  is  that  made  of? 
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Figure  237 

Mr.  Ames.  That  is  constructed  very  much  the  way  you’d  make  a 
sailplane  or  glider.  It  has  a steel  truss,  plywood  covering  on  the  top 
and  a Plexiglas  nose  on  the  forward  section,  to  permit  the  pilot  to 
have  good  visibility  in  landing. 

He  will  be  landing  at  a very  steep  attitude,  say  3o  degrees. 

Mr.  Karth.  Has  someone  actually  flown  in  this? 

Mr.  Ames.  Not  yet.  We  are  towing  it  first. 

Mr.  Karth.  I was  hoping  that  you  were. 

Mr.  Ames.  That  vehicle  has  been  in  the  40-  by  80-foot  wind  tunnel 
at  the  Ames  Research  Center  in  order  to  obtain  full-scale  wind  tunnel 
measurements,  and  then  we  will  proceed  with  flight  tests  most 
cautiously. 

I feel  tnat  if  we  are  going  to  have  advance  spacecraft  configurations, 
which  we  can  fly  back  and  land  tangentially 

Mr.  Randall.  What  was  the  word? 

Mr.  Ames.  Tangentially,  the  way  you  would  land  a conventional 
airplane;  wre  have  studied  the  characteristics  at  landing  speeds.  That 
is  essentially  the  objective  of  this  flight  program. 

This  type  of  relatively  inexpensive  flight  testing  will  continue  and 
be  extended  to  other  types  of  vehicles  in  our  flight  work  at  Edwards. 

Mr.  Karth.  Thank  you.  Mr.  Randall? 

Mr.  Randall.  What  is  the  comparable  configuration — the  com- 
parable size  of  Dyna-Soar? 

Mr.  Ames.  No,  the  weight  of  Dyna-Soar  would  be  quite  a bit 
heavier  than  this  vehicle. 
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Mr.  Randall.  This  is  a smaller  size. 

Mr.  Ames.  This  is  simply  a hollow  shell.  It  is  very  lightly  loaded 
so  that  we  can  be  sure  we  can  fly  it. 

You’ve  heard  the  old  saying,  “You  can  fly  anything,  including  the 
barn  door,  if  you  give  it  enough  power.” 

We  don't  have  any  power  in  this,  so  it’s  our  idea  to  give  the  pilot 
every  opportunity  to  change  his  path  and  make  a touchdown  by 
making  tne  vhicle  very  light. 

Mr.  Randall.  You  say  you  are  towing  it.  What  will  be  your 
subsequent  steps? 

Mr.  Ames.  We  tow  it  along  the  ground  to  determine  the  ground 
run  stability.  Gradually,  we  will  increase  the  speed  and  the  pilot 
will  hop  it  off  the  ground  and  back  again  until  he  learns  to  approach 
and  settle  back  to  the  ground  properly. 

Ultimately,  we  would  hope  to  tow  it  in  flight  by  a cargo-type  airplane 
or  perhaps  a B-52,  and  if  this  program  is  successful,  we  wrould  like  to 
take  the  more  attractive  configurations  indicated  by  our  research  and 
drop  them  from  high  altitude  and  let  the  pilot  glide  them  back  after 
he’d  become  sufficiently  experienced  in  handling  vehicles  of  that  type. 

Mr.  Randall.  That’s  all. 

Mr.  Ames.  Let  me  have  the  next  slide  (fig.  238). 

I’d  like  now  to  discuss  our  environmental  factors  and  technology 
program. 

Here  we  are  concerned,  of  course,  with  the  space  environment. 
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Prior  to  this  point,  we  have  been  discussing  problems  in  the  atmos- 
pheric environment. 

Space  vehicle  design  becomes  increasingly  difficult  for  future 
missions  because  of  the  long  duration  oi  exposure  to  the  hostile 
environments  of  space,  and  these  environments  today  are  only 
partially  defined. 

The  major  areas  of  activity  in  OART  in  environmental  factors  and 
technology  are  indicated  on  the  left-hand  side  of  our  slide.  They 
include  high-energy  radiation  effects  and  shielding;  meteoroid  environ- 
ment and  impact  f'azard;  thermal  radiation  and  temperature  control; 
high  vacuum  technology;  and  zero-gravity  fluid  behavior. 

May  I have  the  next  slide  please  (fig.  239). 

HIGH  ENERGY  RADIATION  EFFECTS  TECHNOLOGY 


Very  briefly,  here  we  are  dealing  with  the  high-energy  radiation 
effects  technology  and  which  is  concerned  with  radiation  shielding  and 
damage. 

Now,  primary  emphasis  is  placed  on  studies  of  the  effects  of  radiation 
on  spacecraft  components  and  materials,  and  on  both  passive  and 
active  means  for  shielding  men  and  sensitive  equipment  from  charged 
particle  radiation. 

Since  all  space  vehicles  will,  to  some  degree,  be  exposed  to  high- 
energy  radiation,  a wide  variety  of  problems  require  theoretical  and 
experimental  investigations. 

In  view  of  the  importance  of  this  problem  we  have  an  active  and 
growing  program  on  high-energy  radiation. 

Now,  as  indicated  on  this  slide,  we  are  concerned  with  the  charged 

{larticle  radiation  environment  which  includes  solar  protons  on  the 
eft,  galactic  cosmic  ravs  on  the  upper  right,  YTan  Allen  belt  protons 
and  electrons,  and  artificial  belt  electrons. 
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First,  the  environmental  data  obtained  by  Doctor  Newell’s  space 
sciences  program  are  used  by  OART  to  assess  the  nature  and  extent 
of  the  radiation  hazard  for  foreseeable  missions.  Such  evaluations 
guide  our  generalized  research  on  the  various  aspects  of  the  shielding 
problem. 

Some  of  these  include:  First,  the  generation  of  basic  data  on  the 
interactions  of  these  radiations  with  materials;  secondly,  the  genera- 
tion and  development  of  advanced  shielding  concepts  such  as  electro- 
magnetic shielding,  the  type  of  shielding  which  you  could  turn  off 
and  on  as  needed,  if  solar  flare  occurred. 

I would  like  to  comment  here,  so  that  you  do  not  misunderstand  me, 
such  a type  of  active  shielding  is  many,  many  years  away. 

Mr.  Randall.  Did  you  say  '‘active”? 

Mr.  Ames.  Active  shielding. 

Mr.  Randall.  The  one  you  can  turn  on  and  off;  would  you  care 
to  comment?  Would  that  be  weight  and  size?  • 

Mr.  Ames.  Weight,  size,  and  thickness  of  material.  That  is  the 
means  we  use  today. 

Mr.  Randall.  More  specifically  how  would  this  active  shielding 
operate? 

Mr.  Ames.  We  would  try  to  create  magnetic  fields  around  the 
vehicle  which  would  be  strong  enough  to  repel  the  high-energy  radia- 
tion particles,  stated  very  simply. 

Mr.  Randall.  Very  interesting. 

Mr.  Ames.  We  are  also  expending  effort  in  the  direction  of  ad- 
vanced methods  for  calculations  of  detailed  doses  inside  a complex 
shield.  First  we  study  a simple  sheet  of  material  and  determine  what 
radiation  comes  through  it.  Then,  we  must  know  what  happens  when 
you  have  a complicated  spacecraft  like  Apollo  or  an  interplanetary 
vehicle  where  you  have  a more  complicated  problem  due  to  the  shield- 
ing effects  of  equipment,  fuel  tanks,  oxygen  pressure  vessels,  and  other 
components  of  this  nature.  We  would  like  to  know  really  what  the 
radiation  dosage  is  inside  the  vehicle.  This  is  a very  complex  prob- 
lem of  calculation. 

Lastly,  we  hope  to  develop  means  for  the  verification  of  the  shielding 
effectiveness  of  final  vehicle  configurations. 

Now,  the  generalized  information  and  techniques  resulting  from 
these  programs  are  made  available  promptly  to  all  projects  for  appli- 
cation to  the  design  of  shielding  systems  for  specific  vehicles. 

I’d  like  to  turn  now,  on  the  next  slide,  to  the  meteoroid  environment 
and  impact  hazard.  Of  all  the  areas  we  are  dealing  with,  the  one  we 
know  the  least  about  is  the  meteoroid  hazard.  Our  overall  program 
is  shown  on  this  slide  (fig.  240) . 

The  first  item  is  our  flight  projects.  Here  we  have  the  S-55  satel- 
lites, such  as  the  Explorer  XVI  which  was  launched  last  December. 

We  have  the  Saturn-launched  meteoroid  experiments,  and  I’ll  speak 
to  this  later. 

We  have  the  recoverable  meteoroid  probe,  which  I discussed  with 
the  subcommittee  last  year,  and  we  have  the  artificial  meteor  experi- 
ments. I’ll  show  you  a little  later  how  these  programs  fit  into  an 
overall  program.  Then  we  go  to  ground-based  meteor  observations 
where  OART,  in  cooperation  with  the  Offices  of  Space  Sciences  and 
Manned  Space  Flights,  have  a joint  contract  with  Professor  Whipple 
at  the  Harvard  Observatory  for  meteor  observations  using  a radio 
technique  which  he  has  developed. 
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DART 

METEOROID  HAZARD  RESEARCH 

• FLIGHT  PROJECTS 

• S-55  SATELLITES 

• SATURN-LAUNCHED  METEOROID  EXPERIMENTS 

• RECOVERABLE  METEOROID  PROBE 

• ARTIFICIAL  METEOR  EXPERIMENTS 

• GROUND-BASED  METEOR  OBSERVATIONS 

• HARVARD  RADIO  METEOR  PROJECT 


• LABORATORY  RESEARCH 

• HYPERVELOCITY  IMPACT  INVESTIGATIONS 

(ADVANCED  FACILITIES,  TESTS,  AND  THEORY) 

Figure  240 

Lastly,  we  have  ground-based  laboratory  research  which  is  primarily 
concerned  with  hypervelocity  impact  investigations. 

I have  noted  here  that  part  of  our  effort  is  in  developing  advanced 
facilities,  test  techniques,  and  theories  on  the  ground . I don’t  believe 
we  can  afford  to  do  all  this  work  in  flight. 

Now,  the  most  interesting  item  which  I believe  I can  report  to  you 
at  this  time  would  be  the  results  that  we  have  been  getting  from  the 
Explorer  XVI  satellite  which  is  shown  on  the  next  slide  (fig.  241). 

I also  have  iiere  a model  of  the  Explorer  XYI  satellite. 

We  have  five  experiments  on  this,  but  I won’t  go  through  all  of 
these.  This  is  an  actual  can — a pressurized  can — which  is  represtened 
by  this  part  of  the  vehicle,  as  you  can  see  on  the  satellite  there  on  the 
slide. 

This  satellite  was  launched  on  December  16,  1962,  and  after  more 
than  3 months,  everything  seems  to  be  working  quite  well. 

I might  point  out  that  the  area  exposed  to  the  meteoroid  environ- 
ment is  only  25  square  feet.  While  X have  some  more  up-to-date 
information  here  on  the  notes  I have  before  me,  by  mid-February, 
we  had  20  punctures  of  the  cans  and  3 punctures  of  the  electrical  cir- 
cuits on  the  low  er  part  of  the  spacecraft. 

Mr.  Karth.  In.  what  length  of  time,  Mr.  Ames? 
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Figure  241 

Mr.  Ames.  From  December  16  to  February  20.  Let  me  slip  ahead 
just  a minute  because  1 have  just  received  some  new  information. 

The  latest  information  I have  is  that  we  now  have  37  punctures  of 
the  spacecraft;  w ' have  34  punctures  of  the  cans  of  the  type  you  have 
before  you.  We  1:  ve  160  cans  on  the  satellite — 34  of  them  have  been 
punctured. 

Mr.  Karth.  What  kind  of  an  orbit  is  this  Explorer  in? 

Mr.  Ames.  This  is  in  an  Earth  orbit  of  approximately  400  to  600 
miles,  somewhat  elliptical. 

Mr.  Karth.  Does  that  get  in  the  Van  Allen  belt  at  all? 

Mr.  Ames.  Yes;  it  does. 

This  was  one  of  our  problems  in  assuring  that  it  would  have  a life- 
time of  1 year.  You  see,  as  the  Earth  rotates  around  the  Sun  we 
would  like  to  have  our  satellite  operate  for  1 year  to  see  if  there  is 
anv  seasonal  variation  in  the  meteoroid  problem. 

Sow,  to  obtain  a year  of  lifetime,  we  had  to  go  to  very  special 
means  to  protect  the  solar  cells  from  radiation  damage  and  to  pro- 
vide excess  battery  power,  so  we  have  been — hopefully  we  believe — 
conservative  in  developing  this  vehicle  and  allowing  weight  to  give  it 
a lifetime  of  a year. 

Mr.  Karth.  Those  solar  cells,  are  they  P over  N or  N over  P? 

Mr.  Ames.  I don’t  know  , sir.  All  I know  is  as  of  the  moment  they 
are  working  and  we  are  very  pleased  with  them,  and  they  have  a 
thrce-sixteenth-inch  special  coating  to  protect  them  from  radiation 
damage. 
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We  use  a special  coating  which  we  hope  will  not  be  affected  by 
discoloration. 

Mr.  Mosher.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  Do  these  punctures — you  refer  to  the  37  punctures — 
do  they  vary  greatly  in  their  nature  and  size? 

How  destructive  are  they? 

Mr.  Ames.  The  only  thing  we  can  tell,  sir,  is  when  a thin  can  such 
as  we  have  here,  made  of  beryllium  copper  and  pressurized,  is 
punctured.  A signal  is  then  transmitted  to  the  recording  part  of  the 
satellite.  Such  a signal  is  later  transmitted  back  to  the  ground,  and 
by  monitoring  the  data,  we  can  determine  the  time  at  which  the  can 
was  penetrated. 

That  is  all  we  are  getting, 

Mr.  Mosher.  How  large  are  these  cans? 

Mr.  Ames.  You  have  one  there  of  the  size  we  are  using. 

Mr.  Mosher.  This  is  the  actual  size? 

Mr,  Ames.  Yes.  We  have  160  of  them  on  board;  I believe  I gave 
you  the  figure  earlier.  The  thicknesses  vary  from  one-thousandth  of 
an  inch  to  five-thousandths  of  an  inch.  These  are  very  thin  cans,  so 
very  small  particles  are  probably  penetrating  the  cans. 

Mr.  Mosher,  You  say  the  cans  are  different  thicknesses? 

Mr.  Ames.  Yes. 

Mr.  Mosher.  They  have  any  statistics  the  thinner  cans  are  the 
ones  being  punctured? 

Mr.  Ames.  That  is  correct,  sir,  and  I’ll  speak  to  that  a few  minutes. 

I have  a chart  on  that  to  show  you  how  the  whole  meteoroid  pro- 
gram goes  together. 

Mr.  Mosher.  I see. 

Mr.  Karth.  Mr.  Randall? 

Mr.  Randall,  Of  course,  the  whole  purpose  of  the  project  is  to 
find  the  size  and  number  of  these  meteoroids. 

Now  is  there  any  relation,  any  possible  relation,  up  to  now  you 
have  been  able  to  pinpoint  in  your  research  between  the  existence  of 
what  you  call  meteoroids? 

First,  you  never  said  what  size  they  are? 

We  don’t  know  what  size  they  are.  Is  that  right? 

Mr.  Ames.  Right. 

May  I go  to  the  next  slide,  please? 

Mr.  Randall.  All  right. 

Mr.  Ames.  Here  (fig.  242)  we  summarize  our  meteoroid  program 
for  you. 

This  shows  the  penetrations  per  100  square  feet  over  a 10-day 
period  based  on  two  predictions,  the  more  conservative  one  indicated 
by  this  dotted  line  here  on  top,  and  the  less  conservative  one  is  indi- 
cated by  the  solid  line. 

Now,  the  cans  on  the  S~55  satellite  is  covering  the  band  shown 
here — you  can  see — this  is  skin  thickness  indicated  across  the  bottom 
of  the  slide. 

For  instance,  here  is  the  thousandth-of-an-inch  thickness. 

Here  is  a hundredth  of  an  inch. 

You  see  the  S-55  covers  this  range,  so  we  are  covering  these  data 
points  which  we  have  received  from  the  S-55. 
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Figure  242 

So,  we  are  covering  small  meteoroid  particles  which  penetrate  thin 
cans  at  high  frequency.  This  would  be  one  penetration  on  the  vertical 
scale.  This  is  10.  This  is  a thousand  and  on  up. 

This  is  a log  scale,  a compressed  scale  here.  So,  you  see  we  are 
operating  in  this  range  here  and,  therefore,  these  are  very  small  parti- 
cles, in  all  probability. 

Now,  this  is  a very  good  statistical  sample  considering  that  a year 
ago  we  had  no  information  whatsoever,  of  this  nature.  Yet,  it  cer- 
tainly is  not  enough  to  tell  us  to  what  level  we  can  design. 

We  are  reasonably  convinced,  however,  that  this  upper  curve  which 
has  been  used  in  design  before,  is  too  conservative.  We  don’t  have 
enough  data  to  determine  where  the  curve  should  be,  or  whether  it 
should  be  a cure  or  straight  line.  It  does  look  like  this  lower  line 
might  not  be  conservative  enough,  however. 

Also  to  study  to  the  larger  particles,  we  have  planned  a Saturn- 
launched  meteoroid  satellite  which  will  go  from  the  25  square  feet  of 
exposed  area  on  the  S-5f  or  Explorer  XVI,  to  2,000  square  feet  of 
exposed  surface. 

Skin  thicknesses  will  be  larger  in  size — in  fact,  to  say,  sixteen- 
thousandths  of  an  inch  on  certain  parts. 

Now,  for  the  very  larger  particles,  these  are  the  particles  that 
succeed  in  getting  into  the  Earth’s  atmosphere  long  enough  for  us  to 
observe  them  from  the  ground,  Professor  Whipple’s  program  is 
assisting  in  providing  data. 

Going  back  to  the  smaii  particles,  the  recovernble  meteroid  probe 
is  in  a sense  a paraglider,  which  we  hope  to  launch  from  White  Sands 
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into  predicted  meteoroid  showers.  We  expect  the  frequency  of  im- 
pacts and  penetrations,  will  cover  this  upper  hand  on  the  slide. 

In  summary,  you  see,  fine  particles  will  be  picked  up  by  the  para- 
glider and  by  the  S-55  satellites.  This  white  band  in  the  center  is 
the  overlap  of  the  S-55  with  the  Saturn  satellite  experiments,  for  cor- 
relation purposes.  The  Saturn  experiment  then  takes  us  out  to 
thicker  skins  penetrated  by  the  larger  particles.  Then  we  get  over 
here  on  the  right  where  the  Harvard  Meteor  project  will  observe  from 
the  ground  the  very  large  and  less  frequent  particles.  One  other 
aspect  of  this  program  is  that  we  are  firing  artificial  meteors  of  known 
mass,  velocity  and  direction  from  Wallops  Island,  so  that  we  can 
measure  the  luminous  efficiency  and  correlate  this  with  the  ground 
observations  and  estimates  made  by  Professor  Whipple. 

So,  here  we  are  trying  to  cover  completely  the  meteoroid  problem 
to  determine  just  how  bad  it  is. 

I/ll  deal  later  with  what  we  are  going  to  do  about  it,  after  we  find 
out  how  bad  it  is. 

You  can  see  that  the  sample  data  which  we  have  are  too  limited  to 
draw  any  conclusions,  except  that  there  are  particles  up  there  that 
are  going  to  give  us  trouble  even  if  they  only  erode  the  surface  or 
puncture  thin  surfaces  or  knock  out  electronic  components. 

Mr.  Mosher.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher? 

Mr.  Mosher.  Are  there  times  when  two  or  three  go  out  at  the 
same  time  or  any  indication  that  one  particle  is  damaging  several 
-cans? 

Mr.  Ames,  That  is  a very  interesting  question.  I have  not  looked 
at  the  data  myself.  I would  like  to  find  out,  and  give  you  an  answer 
on  this.  The  data  are  being  received  at  Goddard  and  transmitted 
to  the.  Langley  and  Lewis  Research  Centers,  and  Goddard.  The 
three  centers  jointly  are  analyzing  the  data.  The  interesting  think 
is  that  Langley,  Lewis,  and  Goddard  all  have  experiments  on  Explorer 
XVI,  so  I would  like  to  go  back  and  look  up  that  point  myself. 

Mr.  Mosher.  You  might  draw  some  conclusions  about  size  from 
those  matters? 

Mr.  Ames.  Yes  sir,  the  larger  particles  exist  in  much  less  frequency 
than  the  smaller  particles.  That  has  always  been  our  understanding 
and  there’s  nothing  to  refute  such  an  understanding. 

Mr.  Randall.  Mr.  Chairman? 

Mr.  Karth.  Mr.  Randall? 

Mr.  Randall.  Is  there  any  evidence  on  our  returned  manned 
space  vehicles  of  meteoroid  damage? 

Mr.  Ames.  We  have  examined  Mercury  capsules  and  parts  of 
Atlas  launch  vehicles  to  determine  whether  they  were  impacted  by 
meteors.  It  is  difficult  to  determine  whether  this  is  so  or  not. 

I have  one  slide  which  I’d  be  happy  to  show  you,  or  show  you  a 
glossy  print  of  a ballistic  probe  which  was  launched,  I believe,  up  at 
Fort  Churchill  and  recovered.  We  are  reasonably  sure  that  the 
crater  in  this  vehicle  part  was  caused  by  a meteor  because  we  have 
simulated  such  craters  in  ground  experiments.  I’m  not  sure  whether 
it  was  before  this  subcommittee  last  year  or  not  or  in  some  other 
appearance,  but  I showed  a picture  of  a 

Mr.  Randall.  Well,  it  wasn’t  this  same  committee  last  year. 
You  understand,  it  was  a different  committee. 
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Mr.  Ames.  Yes. 

Let  me  look  this  up  and  I'll  be  happy 

Mr.  Randall.  Just  one  further  question. 

I know  this  is  speculative.  Maybe  it  has  no  merit. 

Is  it  possible  that  the  object  which  our  astronauts  have  seen,  these 
fireflys,  or  whatever  they  call  them,  is  it  possible  they  are  meteoroids? 

Mr.  Ames.  I don’t  think  so,  sir. 

Mr.  Randall.  You  don’t  think  so? 

Thank  you.  That’s  all. 

Mr.  Karth.  Mr.  Ames,  where  are  these  meteoroids  coming  from 
and  what  direction  are  they  going? 

Do  they  have  any  pattern  of  direction  to  them — or  do  they  just 
come  from  no  place? 

Mr.  Ames.  There  are  known  meteor  showers  that  are  predicted. 

In  fact,  we  had  such  a shower  in  January. 

Mr.  Karth.  These  all  emanate  from  the  direction  of  the  sun? 

Mr.  Ames.  I don’t  know  if  we  could  pin  it  down  that  precisely  or 
not. 

For  example,  some  of  it  could  be  dust  from  comets.  Some  could  be 
from  other  planets. 

Mr.  Karth.  Are  they  in  orbit  around  the  earth? 

Mr.  Ames.  Presumably  some  of  it  would  be  in  orbit  around  the 
Earth,  because  the  Earth  has  a large  gravitational  effect. 

We  would  think  the  Earth  would  be  like  a vacuum  cleaner  and  pull 
this  dust  in  toward  it.  Our  purpose  is  to  study  the  Earth  orbital 
environment,  and  we  would  expect  the  greatest  hazard  to  exist  in 
this  area. 

Mr.  Karth.  I know,  but  if  our  satellite  is  moving  in  the  general 
direction  of  the  meteoroids,  how  valuable  is  it,  as  opposed  to  how  valu- 
able it  would  be  if  it  were  moving  in  the  opposite  direction? 

Probably  you  would  have  all  the  cans  punctured  in  10  minutes. 

Mr.  Ames.  We  probably  would  have  punctures.  If  we  are  going 
in  the  opposite  direction,  of  course,  the  relative  velocities  of  impact 
would  be  less. 

Mr.  Karth.  You  mean  if  you  are  going  against  it,  it  would  be  less? 
What  direction  is  this  going? 

Mr.  Ames.  If  the  meteoroid  was  going  in  one  direction  and  we  were 
going  in  the  opposite  direction,  the  relative  velocities  are  greater. 

If  we  are  going  in  the  direction  in  which  the  meteoroids  are  moving. 

Mr.  Karth.  What  direction  are  we  going?  I just  assumed  we  were 
going  in  the  same  direction.  I assumed  the  satellite  was  moving  in  the 
same  general  direction. 

Mr.  Ames.  The  satellite  is  orbiting  the  Earth  and  the  Earth  is 
rotating,  going  around  the  Sun.  We  are  sweeping  this  area  of  space 
with  our  Earth  going  around  the  Sun  and  with  our  satellites  around 
the  Earth;  so  we  could  have  a number  of  directions. 

I believe  most  of  the  meteor  observations,  or  the  impacts  that  we 
have  experienced,  have  come  in  the  early  morning  hours. 

I haven’t  thought  back  as  to  the  implication  of  this,  but  the  veloci- 
ties are  very  high,  in  any  event. 

I agree  with  you  they  would  be  less  if  we  operated  in  certain  direc- 
tions. I don’t  think  that  is  a significant  factor  in  design.  I think  we 
have  to  use  the  maximum  velocity. 
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Mr.  Earth.  The  vast  majority  of  them  could  be  moving  in  the 
same  direction  as  they  orbit  the  Earth,  the  same  direction  of  the 
satellite,  except  there  are  a few  that  are  lost  or  going  indiscriminately? 

Mr.  Ames.  As  the  Earth  goes  around  the  Sun  it  passes  through 
masses  of  meteoroid  particles  from  time  to  time  during  the  calendar 
year.  However,  I am  not  on  the  space  sciences  side  of  this. 

This  is  where  we  have  to  work  with  Dr.  Newell,  and  one  of  the 
reasons  we  are  very  happy  to  have  Professor  Whipple  associated  with 
us.  My  viewpoint  here  isprimarily  that  of  the  engineer  and  designer, 
to  answer  the  question  “How  bad  a problem  is  it  and  what  can  I do 
about  it?” 

I would  have  to  refer  you  to  Dr.  Newell’s  staff. 

Dr.  Bisplinghoff.  I might  say,  most  of  these  particles  are  in  orbit 
around  the  Sun.  As  Mr.  Ames  said,  there  are  two  sources,  the  tails 
of  comets  producing  the  very  fine  particles.  The  larger  ones  come 
probably  from  grinding  in  the  asteroid  belt. 

Most  of  these  particles  are  more  or  less  in  orbit  around  the  Sun. 
So  far  as  we  know,  the  directions  that  we  observe  from  Earth  orbiters 
are  fairly  random. 

Mr.  Earth.  Fairly  random? 

Dr.  Bisplinghoff.  Fairly  random  in  direction,  yes. 

Mr.  Earth.  That  means  they  are  also  fairly  precise? 

Dr  Bisplinghoff.  No,  one  might  find  directions  of  impact  in  almost 
any  direction  in  the  ecliptic  plane.  We  don’t  know  anything  about 
their  impact,  their  population,  outside  the  ecliptic  plane,  but  in  the 
ecliptic  plane  the  directions  are  quite  random  in  nature. 

Mr.  Earth.  So  this  experiment  then,  does  give  us  a pretty  good 
idea— — 

Dr.  Bisplinghoff.  Yes.  Yes. 

Mr.  Earth  (continuing).  Of  the  density  and  the  velocity. 

Dr.  Bisplinghoff.  Yes.  The  velocity. 

Mr.  Earth.  That  is  the  reason  for  my  question. 

I wasn't  sure  in  my  own  mind.  Counsel  pointed  out  here  that 
maybe  this  thing  would  be  going  in  the  same  direction  as  the  meteor- 
oids and  if  it  were,  then  how  valuable  is  the- experiment,  as  opposed  to 
how  valuable  it  might  be  if  it  were  going  in  the  opposite  direction. 
You  would  get  different  answers,  completely  different  answers. 

If  it  were  going  some  other  direction,  straight  away,  again  you’d 
get  different  answers. 

You  are  pretty  much  of  the  opinion  no  matter  what  direction  this 
thing  is  traveling,  you  will  have  the  same  effect? 

Dr.  Bisplinghoff.  Yes,  but  if  you  were  looking  at  a vehicle  orbiting 
the  Sun,  then  this  matter  you  mentioned  may  become  important. 

Mr.  Earth.  Yes. 


Dr.  Bisplinghoff.  In  interpreting  the  Mariner  data,  the  micro- 
phone data  on  Mariner  on  meteorites,  we  were  concerned  whether  it 
was  not  following  a swarm  of  metoroids  around  the  Sun  or  whether 
it  was  going  in  the  opposite  direction.  I think,  however,  on  the 
Earth  orbits  we’ll  find  pretty  much  a random  distribution. 

Mr.  Earth.  Thank  you. 

Mr.  Randall.  One  question,  Mr,  Chairman. 

You  mentioned  you  thought  that  the  source  of  these  might  be  from  a 
grinding  from  the  asteroid  belt. 

Dr.  Bisplinghoff.  Asteroid  belt,  yes. 
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Mr.  Randall.  Would  that  indicate  then  as  time  goes  on  these 
meteoroids  will  all  become  smaller?  Is  that  it? 

Dr.  Bisplinghofp.  I couldn’t  speculate  on  that,  sir. 

Mr.  Randall.  All  right. 

Mr.  Karth.  All  depends  on  howT  big  the  mass  is,  I guess. 

Mr.  Ames.  I notice,  sir,  the  time  is  fleeting  away.  I have  become 
so  engrossed  in  my  subject.  I will  try  to  speed  it  up. 

What  I have  been  doing,  while  Dr,  Bisplinghoff  was  talking,  is 
unfolding  the  spacecraft  we  hope  to  launch  on  the  Saturn  vehicle  in 
order  to  obtain  more  definitive  information  than  that  which  I showed 
you  on  the  slide. 

This  vehicle  would  be  launched  on  Saturns  9 and  8,  and  would 
expose  more  than  2,000  square  feet  of  area  to  the  meteoroid  environ- 
ment, in  an  Earth  orbit  somewhat  similar  to  that  of  our  Explorer 
XYI.  It  would  unfold  somewhat  as  I have  shown  you  here. 

The  span,  when  unfolded,  is  96  feet,  roughly  equivalent  to  the  wing 
span  of  a DC-6. 

The  vehicle  weight  would  be  about  4,000  pounds  and  we  are  planning 
on  a vehicle  life  of  1 year. 

Now,  a year  ago  we  spoke  to  you  about  an  advanced  meteoroid 
satellite  program  but  this  is  quite  a departure  from  our  plans  of  last 
year. 

We  were  going  to  go  ahead  with  small  vehicles,  but  it  just  didn’t 
seem  to  be  on  the  right  time  scale.  After  a great  deal  of  activity  we 
have  developed  a program  in  which  we  are  cooperating  very  closely 
with  the  Office  of  Manned  Space  Flight  and  which  was  initiated  this 
year  in  lieu  of  our  S-65  program.  This  new  program  will  use  Saturn, 
and  here  we  are  saving  money.  We  are  riding  on  Saturns  9 and  8. 
We  are  putting  our  money  in  the  larger  spacecraft  instead  of  launch 
vehicles.  I think  the  new  program  will  cost  us  less  than  the  one  we 
previously  planned. 

It  will  also  give  us  more  data,  sooner. 

Skin  thicknesses  on  a vehicle  of  this  sort  can  approach  nominal 
wall  thickness  of  component  parts  of  the  Apollo  system. 

Mr.  Karth.  Who  is  developing  this  satellite? 

Mr.  Ames.  This  satellite  is  being  manufactured  by  Fairchild  Stratos 
in  Hagerstown,  Md. 

We  had  competitive  bidding  on  this  a few  days  before  Christmas 
and  the  contract  was  awarded  the  1st  of  March.  We  have  a very 
tight  schedule  in  order  to  make  the  Saturn  9 and  Saturn  8 launchings. 
We  are  very  confident  we  will  do  it. 

Mr.  Karth.  What  is  the  cost  of  this  program? 

Mr.  Ames.  It  is  hoped  it  will  not  exceed  %l}i  million.  Previously 

Mr.  Karth.  That  is  for  the  two  satellites? 

Mr.  Ames.  The  two  satellites  and  data  handling. 

Previously,  We  estimated  the  program  would  cost  $12  million. 

The  contract  is  for  $6.6  million,  but  you  realize  we  have  inhouse 
costs,  for  fabricating  the  service  module  to  take  the  spacecraft,  and 
to  pay  for  range  operations  and  handle  the  data,  and  I’ve  simply 

Mr.  Karth.  Is  this  under  the  Office  of  Space  Sciences? 

Mr.  Ames.  This  is  an  OART  meteoroid  satellite  program.  We 
have  the  meteoroid  program,  as  Dr.  Bisplinghoff  has  said.  It  is  a 
vehicle  technology  program. 
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Mr.  Karth.  Yes,  except  you  are  getting  into  the  development  of 
hardware. 

Mr.  Ames.  I see. 

Mr.  Karth.  I am  trying  to  develop  in  my  own  mind  where  the 
overlap  may  be,  where  the  division  of  powers  might  go. 

I don’t  know  I can  do  it  now. 

Mr.  Ames.  Well,  let  me  go  to  this  then.  I hope  this  will  help  you. 

The  question  is,  is  there  a meteoroid  hazard?  If  there  is,  how  bad 
is  it?  Thirdly,  if  it  is  a bad  problem  with  respect  to  meteoroids,  what 
do  we  do  about  it  in  vehicle  design? 

The  answers  to  these  questions  are  pertinent  to  all  of  our  programs 
whether  we  put  up  Tiros  or  Nimbus  or  the  Orbiting  Observatory  or 
Gemini  or  Apollo  or  conduct  some  sophisticated  rendezvous  operations 
or  put  up  Echo-2 ; but  it  is  a program  directed  at  providing  the  tech- 
nological and  engineering  answers  to  permit  us  to  design  structures  to 
cope  with  this  problem. 

Mr.  Karth.  Oh,  I have  no  argument  with  you  there,  except  that 
20  minutes  or  so  ago,  I thought  we  had  established  that  your  Office 
carried  out  the  very  basic  research  design,  et  cetera,  et  cetera,  for 
these  things  and  once  a program  was  imtiated,  that  is,  where  some 
hardware  was  to  be  made,  then  it  would  be  turned  over  to  somebody 
else. 

Mr.  Ames.  Well,  there  are  certain  cases  in  our  program,  for  example, 
on  reentry  and  in  the  meteoroid  problem,  to  take  two  examples,  where 
we  are  practically  beyond  the  state  of  the  art  in  say,  Apollo  and  some 
of  our  other  vehicle  programs.  So  the  Office  of  Advanced  Research 
and  Technology  has  assumed,  I believe,  its  rightful  responsibility  to 
work  with  the  other  offices  to  conduct  general  research  and  to  get  the 
programs  on  a timely  schedule,  and  then  extend  our  studies  beyond  the 
information  needed  for  today’s  programs. 

I don’t  want  to  imply  this  information  is  needed  solely  for  Apollo. 
There  is  a general  lack  of  information  on  the  meteoroid  problem. 

Mr.  Karth.  Oh,  I know.  The  information  that  the  Office  of  Space 
Sciences  gets  from  their  experiments,  aren’t  necessarily  applicable 
onto  Apollo,  either. 

Mr.  Ames.  Their  information  with  respect  to  the  meteoroid  prob- 
lem is  primarily  impact  of  small  particles  on  microphones.  They  are 
not  concerned  with  the  penetration  problem  of  structures  due  to  the 
meteoroid. 

Mr.  Karth.  No,  but  they  well  would  be,  if  that  responsibility  were 
assigned  to  them. 

Mr.  Ames.  The  responsibility  was  assigned  to  them  until  November 
1961.  With  the  creation  of  the  Office  of  Advanced  Research  and 
Technology,  it  was  assigned  to  us. 

I remember  this  came  up  in  earlier  testimony. 

Later,  in  my  remarks- 

Mr.  Karth.  Actually,  you  people  follow  two  courses  of  action. 
One,  your  Office  has  the  responsibility  of  getting  basic  research  done 
in  various  areas  and  then  after  that’s  done  when  there’s  a request  made 
upon  the  Congress  for  appropriations  to  support  a program,  it’s  turned 
over  to  somebody  else,  and  also  your  responsibility  is  in  some  areas 
where  you  do  request  funds  for  the  development  of  a piece  of  hardware 
that  actually  will  fly  as  a program  then  in  some  instances  you  continue 
on  and  carry  that  program  on  to  conclusion. 
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Is  that  right? 

Mr.  Ames.  I think  for  efficiency  and  economy,  yes. 

Dr.  Bisplinghopf.  Mr.  Karth,  I believe  this  is  really  an  anomaly 
in  the  organizational  pattern  of  the  OSS  and  OART.  He  gives  a 
special  case  which  exists  which  is  not  like  the  regular  pattern  that  we 
have. 

Mr.  Karth.  Well,  it  might  be  we  would  want  to  explore  this  a 
little  later. 

Mr.  Ames.  I would  like  to  point  out  here  that  our  objective  is  to 
obtain  data  on  structural  penetration  phenomena — structural  pene- 
tration probability. 

This  is  how  you  get  information  for  design  of  a vehicle  to  cope  with 
the  meteoroid  problem. 

Mr.  Karth.  Mr.  Hammill. 

Mr.  Hammill.  Well,  what  would  you  say  would  be  the  responsi- 
bility of  the  Office  of  Space  Sciences  when  it  comes  to  this  whole 
question  of  meteoroids? 

Mr.  Ames.  I would  say  their  concern  is  the  nature  of  the  matter; 
how  much  of  it  is  there  and  where  it  comes  from — the  scientific  side 
of  it. 

If  we  had  that  information  today  it  would  be  quite  helpful  to  us. 

Now,  the  S-55  program  was  a program  of  the  Office  of  Space 
Sciences,  but  was  transferred  to  us  because  it  was  dealing  more  with 
the  meteoroid  puncture  of  the  structural  elements. 

Also,  the  space  sciences  program  does  deal  with  the  meteoroid 
problem  from  the  standpoint  of  the  fact  that  they  have  little  micro- 
phones for  the  finer  particles  on  some  of  their  experiments. 

The  forward  part  of  the  S-55  has  the  Space  Sciences  experiment  on 
our  vehicle.  It  is  an  impact  microphone.  I think  the  mission  of  the 
Office  of  Advanced  Research  and  Technology  is  to  develop  the  design 
technology,  and  in  order  to  develop  the  technology  we  need  to  know 
the  penetration  probability. 

I’ll  give  you  an  example,  in  case 

Mr.  Karth.  What  about  the  manned  lunar  landing  technology? 

Why  don’t  you  conduct  the  manned  lunar  program? 

You  see  the  thing  I can’t  get  clear  in  my  mind,  Mr.  Ames,  is  why 
OART  does  work  on  some  programs  and  why  not  on  others;  and  where 
is  the  line  of  demarcation. 

What  distinction  do  we  make? 

I’m  not  sure  that  I understand  it  at  this  point. 

Mr.  Ames.  I have  a slide  on  meteoroid  protection  which  I would 
like  to  show  you.  Maybe  that’s  not  the  best  way  to  answer  it,  yet 
I wanted  to  get  to  it  in  the  case  of  the  structural  design. 

The  question  today  i3  how  do  you  design  a structure  to  withstand 
meteoroid  penetration,  and  how  much  weight  penalty  do  you  pay 
and  that  depends  on  the  probability  of  puncture,  the  size  of  the 
particles,  and  the  thickness  of  the  structure. 

We  have  tried,  because  of  time  and  necessity,  to  condense  all  of 
this  program  quickly  in  an  accordian  manner  to  get  a gross  indication 
of  penetration  probability  for  various  sizes  of  particles  using  certain 
skin  thicknesses. 

The  way  we  measure  meteoroids  is  to  take  the  various  thicknesses 
of  materials  and  determine  how  frequently  they  are  penetrated. 
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Mr.  Karth.  Yes,  sir.  There  is  no  argument  about  that,  Mr.  Ames. 
If  this  is  your  interest  insofar  as  meteoroids  is  concerned,  what  about 
your  interest,  for  example,  insofar  as  radiation  is  concerned. 

Why  don’t  you  conduct  the  experiments  to  decide  what  kind  of 
shielding  we  need  in  the  Yan  Allen  Belt,  for  example,  or  beyond  it,  or 
inside  of  it? 

Shouldn’t  you  actually  prepare  the  experiments  to  find  out  what 
the  radiation  is  in  each  of  these  areas,  just  as  you  are  applying  the 
experiment  to  determine  approximately  how  many  meteoroids  there 
are? 

Mr.  Ames.  Are  you  talking  on  what  we  call  the  interface  between 
the  various  offices? 

Mr.  Karth.  That  is  right. 

Mr.  Ames.  It  is  very  important  that  we  recognize  and  maintain 
these  interfaces. 

Now  in  the  radiation  program,  I commented  that  the  basic  radia- 
tion data  came  from  Dr.  Newell’s  program,  but  we  are  developing  the 
techniques  for  computing  the  shielding. 

Mr.  Karth.  Right.  This  is  fine,  I agree.  Now  what  about  this 
experiment?  Shouldn't  they  be  doing  it  and  giving  you  the  data? 
Then  you  could  decide  how  thick  the  skin  of  manned  spacecraft 
must  be  to  fly  to  the  Moon  or  fly  to  one  of  the  planets. 

Shouldn’t  this  be  your  job  then?  Okay,  so  you  got  the  information 
and  you  decide  how  thick  the  skin  must  be  to  withstand  the  onslaught 
of  the  meteorites. 

Isn’t  that  where  the  interface  is? 

Mr,  Ames.  No,  I consider  this  very  much  like  the  reentry  program. 

Should  the  Office  of  Space  Sciences  go  in  the  reentry  plan? 

Mr.  Karth.  I’m  not  sure  they  should. 

I’m  not  sure  that  is  part  of  the  Office  of  Space  Sciences.  Maybe 
there  is  distinction.  Maybe  that  should  be  manned  spaceflight,  but 
I’m  not  sure  it  should  be  your  office. 

Mr.  Ames.  The  reentry  program?  Well,  the  competence  rests  with 
OART. 

Mr.  Karth.  Once  you  get  the  idea  and  once  you  set  down  some  of 
the  basic  research  items,  then  you  go  into  a hardware  stage. 

I am  not  sure  this  belongs  in  OART. 

Mr.  Ames.  We  do  not  design  heat  shields  for  Apollo,  but  we  pro- 
vide the  data  to  permit  them  to  design. the  shield. 

We  provide  materials  for  design. 

Mr.  Karth.  Right.  If  this  was  in  the  Office  of  Space  Sciences  and 
provided  them  with  the  data,  provided  the  thickness  of  the  skin ; this, 
it  seems  to  me,  follows  pretty  much  the  program  that  I thought  you 
were  following. 

Mr.  Ames.  Well,  in  the  decision  made  by  Doctor  Seamans  back  in 
the  November  1961  reorganization,  after  fie  had  examined  the  S-55 
program,  it  was  generally  concluded  that  the  S-55  program  was  di- 
rected at  impact  and  penetration  technology  which  is  an  integral  part 
of  vehicle  design. 

At  that  time,  the  program  was  transferred  to  my  Office. 

From  November  through  January,  I had  frequent  discussions  with 
Do  cto.r  Newell,  Mr.  Cortright,  and  Doctor  Clark,  so  that  the  transfer 
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of  this  program  would  run  smoothly  and  effectively  in  OART.  All 
three  agreed. 

All  of  the  centers  participating  in  this  new  OART  program  gave 
their  full  concurrence  to  its  plan. 

Mr.  Kakth.  Where  was  it  before? 

Mr.  Ames.  It  was  in  the  Office  of  Space  Sciences. 

It  was  making  relatively  slow  progress  because  of  the  activity  in 
other  more  scientific  areas;  but  it  is  an  urgent  structural  research 
problem,  and  I have  space  vehicle  structures  as  a program  respon- 
sibility. 

The  problem  was  transferred  to  us  because  of  its  very  close  relation- 
ship to  the  structure. 

Now  we  have  worked  quite  actively  with  Mr.  Dubin  and  Mr. 
Aucremanne  of  Space  Sciences  on  this  meteoroid  program.  We 
don’t  have  formal  groups,  but  there’s  a great  deal  of  interchange  on 
this  plan. 

Mr.  Kakth.  I notice  by  the  backup  books,  Mr.  Ames,  that  in 
fiscal  year  1962,  Office  of  Space  Sciences  had  $363,000  in  their  budget. 

This  year,  fiscal  year  1963 ; $744,000. 

Fiscal  year  1964,  $800,000,  I don’t  know  why  they  are  involved  in 
it,  if  they  turned  it  over  to  you. 

Mr.  Ames.  I think  this  is  a complementary  study. 

Mr.  Kakth.  Let  me  complete  my  statement. 

I find  also  in  Manned  Spaceflight  Systems  there  is  more  of  it  under 
Meteorites  and  micrometeorites;  not  in  fiscal  year  1962  or  1963  but 
in  fiscal  year  1964  they  are  beginning  a meteorite  and  micrometeorite 
program. 

They  are  asking  for  $100,000. 

So,  I find  it  in  the  Manned  Spacecraft  Systems  section. 

I find  it  in  the  OSS  section  and  find  it  in  OART. 

Now,  is  there  any  place  else  you  might  find  a little  of  this? 

You  see,  there  are  so  many  of  these  programs  going  on,  I am  not 
sure  when  you  are  doing  this  kind  of  work,  you  can  correlate  the  effort 
and  even  if  you  could,  I’m  not  sure  you  are. 

Mr.  Ames.  I would  like  to  assure  you,  this  is  one  of  the  best 
coordinated  programs  we  have. 

Now,  if  we  obtain  this  information  related  to  the  structures,  I 
certainly  feel  Mr.  Dubin  in  the  Office  of  Space  Sciences  would  like  to 
use  and  analyze  the  results  with  respect  to  updating  his  knowledge 
and  thoughts  on  the  meteoroid  environment  from  the  scientific 
viewpoint.  , , 

Mr.  Kakth.  He  better  not  spend  $800,000  in  doing  it. 

Mr.  Ames.  I can’t  speak  to  what  he  would  do  in  detail. 

On  the  Harvard  radio  meteoroid  project  OSS  is  putting  money  on 
our  contract.  Manned  Space  Flight  is  putting  money  on  our  contract. 

It  is  a three-cornered  contract  managed  out  of  my  Office. 

Mr.  Karth.  I am  not  sure  why  we  have  to  go  through  all  this 
paperwork,  you  see,  to  support  a program. 

If  it’s  going  to  be  under  your  direction,  then  let  us  have  all  of  the 
requests  from  your  Office  in  the  budget  so  we  can  pretty  well  define 
in  our  own  mind  how  much  money  is  being  spent  on  projects. 
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If  it’s  going  to  be  under  OSS,  please,  the  same  thing,  or  under  the 
Manned  Spacecraft  program. 

Here  we  find  these  budget  items  scattered  throughout,  so  my  off- 
hand opinion  would  have  been  moments  ago  that  the  $4%  million  you 
are  requesting  is  the  total  amount  that  we  are  called  upon  to  fund 
for  this  project. 

I find  this  isn’t  ture.  It’s  much  more  than  that.  It’s  scattered 
all  over  the  place. 

I am  not  sure,  you  see,  that  this  is  the  proper  accounting  system 
that  should  be  used. 

I am  not  sure  that  this  is  the  system  that  should  prevail  insofar  as 
the  assignment  of  various  budget  requests,  to  the  agencies  within  the 
agency  or  the  offices  within  the  agency. 

I am  not  sure  this  makes  much  sense.  It’s  very  confusing  and  in 
many  instances,  I think  that  these  little  $800,000  requests  here,  and 
million-dollar  requests  there,  will  slip  through  and,  certainly,  on  the 
other  hand  we  will  be  able  to  justify  the  four  and  a half  million  dollar 
request. 

So,  all  in  all,  I think  this  could,  indeed,  be  a very  confusing  account- 
ing system  that’s  being  used  and  whether  or  not  these  various  offices 
actually  get  this  money  to  spend  or  not,  I’m  not  at  the  moment  satisfied. 

It  may  be,  you  see,  the?  just  turn  it  back  to  you.  I really  don’t 
know. 

Mr.  Ames.  Only  a portion  of  it. 

Mr.  Kabth.  Only  a portion  of  it. 

This  makes  it  even  worse. 

Mr.  Ames.  You  see,  at  the  moment  we  are  working  very  closely 
with  both  the  Office  of  Space  Sciences. 

Mr.  Kabth.  Oh,  I assume  you  are. 

Mr.  Ames  And  the  Office  of  Manned  Space  Flight,  on  how  to 
study  the  meteoroid  problem  in  the  lunar  environment.  It  is  presumed 
in  these  discussions  that  OART  would  run  that  flight  technology 
program. 

Mr.  Kabth.  Well,  I am  going  to  look  up  the  testimony. 

In  fact,  just  let  me  call  it  to  the  attention  of  council  now — the  testi- 
mony that  was  given  by  the  Offices  of  Space  Sciences  as  it  related  to 
their  justification  for  the  $800,000  for  the  meteorites  and  micrometeor- 
ites and  I also  suggest  to  counsel  that  he  get  from  the  Manned  Space- 
craft group  the  justification  used  for  the  request  over  there. 

See  if  we  can  make  some  sense  out  of  it  as  to  whether  or  not  all  three 
requests  should  be  allowed. 

Mr.  Randall.  May  I supplement  that? 

Mr.  Kabth.  Pardon  me? 

Mr.  Randall.  May  I supplement  that  request. 

Before  making  any  comment,  so  far  as  this  committee  is  concerned, 
our  witness  has  been  very  informative  and  very  sincere  and  a very 
fine  witness  and  this  exploration  we  are  making  here  is  not  in  criticism 
of  anything  you  are  doing  but  we  must  find  out  these  things. 

I would  be  hopeful  counsel  would  not  only  give  it  out,  but  give 
every  member  of  the  committee  a summary  or  recapitulation  of  it 
right  away. 

Mr.  Chairman,  that's  all. 
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Mr.  Karth.  Fine,  thank  you  very  much. 

If  for  no  other  reason,  Mr.  Ames,  so  that  the  subcommittee  can 
better  understand  how  we  do  this,  and  I might  say,  too,  we  have 
noticed  this  in  several  other  areas  where  various  offices  throughout 
NASA  have  pretty  much  undertaken  the  responsibility  for  another 
thing  that  another  office  has  taken  responsibility  for. 

We  are  not  quite  sure  in  our  own  mind  how  these  experiments  and 
activities  can  be  dovetailed,  one  office  with  the  other! 

So,  it  may  be,  we  may  have  to  call  you  back  later  on  for  further 
explanation  on  this. 

How  much  more  time  do  you  think  you  will  need,  Mr.  Ames?  If 
we  keep  quiet,  Jiow  much  more  will  you  need? 

Mr.  Ames.  Well 

Mr.  Karth.  I know  you  are  not  feeling  well. 

Mr.  Ames.  Perhaps  I could  run  through  these  slides  in  10  or  15 
minutes.  I have  a movie  I would  like  to  show  you  next,  if  I could,  on 
the  zero  gravity  problem  of  fluids. 

Mr.  Randall.  Mr.  Chairman,  may  I have  just  one  request  on 
the  record. 

Mr.  Karth.  Yes. 

Mr.  Randall.  When  you  come  back,  there  is  very  much  interest 
in  this  project  of  active  shielding.  It  seems  to  me,  perhaps,  it  has 
military  significance  and  even  those  of  us  who  work  on  other  com- 
mittees, such  as  the  subcommittee  of  military  operations,  are  quite 
interested  in  it  for  possible  civil  defense  applications. 

That  may  seem  a little  farfetched,  but  I’d  like  for  you  to  try  to 
work  up  something  for  us,  at  least,  such  as  you  can  and  let  us  know 
where  we  are  going  in  this  direction. 

I am  exceedingly  interested  in  what  you  mentioned  of  that  and  I 
do  make  that  request  of  you, 

Mr.  Ames.  All  right. 

Mr.  Randall.  Thank  you. 

(The  information  requested  is  as  follows:) 

The  presence  of  intense  fields  of  highly  ionizing  charged  particle  radiation  in 
space  is  now  a well-established  fact.  The  existence  of  such  high-energy  radiation 
in  space  presents  a severe  hazard,  particularly  for  manned  missions.  At  the  pres- 
ent time,  the  only  practical  means  for  protection  from  effects  of  such  radiation  is 
through  the  use  of  passive  means  such  as  massive  radiation  shields  to  protect 
occupants  and  critical  spacecraft  components. 

On  the  other  hand,  it  is  also  well  known  that  the  Earth’s  magnetic  field  affords 
us  protection  from  cosmic  rays  and  this  fact  suggests  the  possibility  of  developing 
methods  for  actively  shielding  spacecraft.  The  basic  principle  involved  may  be 
explained  as  follows.  When  a charged  particle  moves  in  a magnetic  field,  it 
experiences  a force  in  a direction  which  is  perpendicular  to  both  the  field  lines 
and  the  velocity  of  the  particle.  Consequently,  a magnetic  field  can  be  used 
to  deflect  a charged  particle  from  its  direction  of  motion.  Since  the  hazardous 
naturally  occurring  particles  (such  as  solar  protons,  galactic  cosmic  rays,  and 
Van  Allen  belt  radiations)  are  indeed  electrically  charged  particles,  the  idea  of 
using  magnetic  fields  to  shield  vehicles  by  deflecting  the  particles  away  immedi- 
ately comes  to  mind. 

However,  when  we  consider  the  power  requirements  for  conventional  electro- 
magnets, they  do  not  show  any  promise  for  improvement  over  the  use  of  bulk 
or  passive  shielding  for  spacecraft  of  the  present  or  immediate  future.  On  the 
other  hand,  superconducting  magnets  do  offer  some  promise.  Such  use,  however, 
involves  a large  technological  advance  over  the  present  state  of  the  art  in  super- 
conductors. NASA  research  programs  therefore  include  basic  studies  aimed  at 
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advancing  the  state  of  the  art  in  superconducting  materials,  and  techniques  for 
the  magnetic  shielding  application,  as  well  as  general  theoretical  and  experimental 
studies  of  configurations,  methods,  etc.,  to  provide  realistic  applications  in  space- 
craft of  the  future. 

The  question  might  also  be  asked,  “Can  an  electromagnetic  field  be  used  to 
protect  humans  from  radiation  produced  by  reactors  or  nuclear  bombs?”  Since, 
as  explained  earlier,  only  charged  particles  experience  the  repelling  force  when 
moving  through  a magnetic  field,  this  type  of  radiation  protection  system  is  un- 
fortunately not  applicable  for  protection  against  the  harmful  radiations  of  neutrons 
and  gamma  rays  which  are  neutral  in  charge. 

Mr.  Rarth.  Is  there  anyone  else  who  could  finish  this  tomorrow, 
Dr.  Bisplinghoff,  if  we  did  nave  some  time  to  go  into  this  phase? 

Dr.  Bisplinghoff.  Yes,  I'm  sure  there  is.  I’d  rather  check 
with  Mr.  Ames  in  the  morning  and  see  how  h©  feels. 

Mr.  Ames.  I will  be  here  tommorow,  if  you  want  me  to.  I think  I 
will  be  better. 

Mr.  Karth.  All  right,  the  meeting  is  adjourned. 

(Whereupon  at  12K35  p.m.  the  subcommittee  was  adjourned.) 
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TUESDAY,  APRIL  9,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a.m.  in 
room  304,  Old  House  Office  Building,  Hon.  Joseph  E.  Karth  (chair- 
man of  the  subcommittee)  presiding. 

Mr.  Karth.  The  committee  will  be  in  order.  Nice  to  have  you 
back  with  us  this  morning,  Mr.  Ames.  Very  pleased  to  know  that 
you  are  feeling  better.  I understand  you'd  like  to  continue  and  finish 
your  testimony  today. 

Mr.  Ames.  Yes,  sir;  I would. 

Mr.  Karth.  Fine.  Please  proceed. 

FURTHER  STATEMENT  OF  MILTON  B.  AMES,  JR.,  DIRECTOR, 

SPACE  VEHICLES,  OFFICE  OF  ADVANCED  RESEARCH  AND 

TECHNOLOGY,  NASA 

Mr.  Ames.  When  we  recessed  yesterday  we  were  discussing  the 
part  of  our  program  concerned  with  space  vehicle  environmental 
factors  and  technology. 

May  I have  the  next  slide,  please  (fig.  238,  p.  2363).  This  is  a slide 
I used  earlier. 

I’d  like  to  address  ourselves  for  the  moment  to  this  last  item, 
“zero-gravity  fluid  behavior.” 

Now,  an  improved  understanding  of  zero-gravity  fluid  behavior, 
or  behavior  of  a fluid  in  a weightless  environment,  is  important  with 
regard  to  fuel  storage,  to  tank  design,  to  fuel  pumping,  to  engine 
restarts  on  long  missions,  and  to  the  fuel-container  heat  transfer 
problem. 

Now,  the  basic  problem  here  is  the  developing  of  an  understanding 
of  the  behavior  of  fluids  in  the  weightless  state,  and  using  this  under- 
standing, to  develop  means  for  positive  control  of  fluid  masses. 

I would  like  to  demonstrate  this  problem  with  a film.  The  zero 
“g”  tests  or  the  weightless  tests  which  I’m  going  to  show  you  on  this 
film  were  conducted  at  the  Lewis  Research  Center. 

At  Lewis  we  have  a facility  110  feet  high  which  is  used  as  a drop 
tower,  and  it  gives  us  a free-fall  time  with  our  model  specimens  of 
slightly  under  2 seconds. 

What  you  will  see  in  the  film  first  is  this  glass  sphere,  here  in  my 
hand,  containing  alcohol,  and  it  will  be  dropped  down  the  tower. 
You  will  see  that  once  the  effects  of  gravity,  which  hold  the  fluid  in 
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the  bottom  of  this  sphere,  are  no  longer  acting  on  the  fluid,  the  fluid 
will  climb  around  the  sides  of  the  sphere  and  there  will  be  a gaseous 
ball  in  the  center  of  it. 

That’s  the  first  film  sequence. 

In  the  next  sequence,  we  will  drop  a configuration  such  as  this  other 
one,  which  has  a standpipe  in  it  which  you  can  see.  There  are  holes 
in  the  bottom  of  the  standpipe  and  you  will  see  the  fluid  climb  up  the 
walls  of  the  standpipe  when  the  weightless  state  is  reached. 

May  I have  the  mm,  please. 

Now  the  vehicle  is  falling.  You  see  the  fluid  rising  around  the  side, 
and  a big  bubble  of  gas  forming  in  the  center. 

These  are,  of  course,  slow-motion  movies.  There  is  the  impact  and 
that  part  of  the  experiment  is  over. 

Now,  here  is  the  standpipe,  arid  these  are  the  holes  in  the  bottom. 
The  sphere  will  fall  with  the  standpipe  horizontal. 

Watch  the  surface  tension  take  over  when  gravitational  forces  are 
no  longer  predominant.  See  the  fluid  pull  around  the  side  and  up 
the  pipe. 

We  have  a gas  bubble  in  this  region  on  the  right  and  here  is  our 
fluid  in  this  part  of  the  tank  at  the  base  of  the  standpipe. 

Mr.  Karth.  What  principle  takes  over  on  that  last  picture,  Mr. 
Ames? 

Mr.  Ames.  Well,  the  forces  of  surface  tension  become  predominant 
and  take  over  when  the  gravitational  forces  are  no  longer  the  major 
forces  operating  on  this  wetting  type  fluid — which  in  this  case  is 
alcohol. 

The  surface  tension  takes  over,  and  the  fluid  is  drawn  around  the 
wall  and  up  the  standpipe. 

Mr.  Karth.  In  that  last  picture  it  looked  as  though  the  surface 
tension  was  greater  on  the  pipe  than  on  the  outside  of  the  wall. 

Mr.  Ames.  Yes;  it  was.  The  pipe  was  filling  up  and  the  purpose 
of  the  standpipe  is  to  provide  us  with  a way  of  locating  the  fuel  in  a 
tank  in  weightless  conditions,  so  that  we  can  start  pumping  in  the 
bottom  of  the  tank  and  get  the  engine  restarted. 

This  is  just  one  concept  of  locating  and  separating  the  fluid  from 
the  vapor  in  a tank  that  has  been  stored  in  space,  in  order  to  get  an 
engine  restart. 

Now,  in  the  experiments , 

Mr.  Karth.  If  you  had  a sphere  like  this  [indicating  glass  top  side 
down]. 

Let’s  say  this  is  a sphere  and  you  pumped  your  fluid  right  from  the 
very  edge.  Wouldn’t  that  take  care  of  the  problem? 

Mr.  Ames.  No. 

Mr.  Karth.  Inasmuch  as  your  gaseous  ball  is  in  the  middle  and 
your  fluid  adheres  to  the  inside  surface? 

Mr.  Ames.  I don’t  think  so. 

I think  there  is  an  advantage  of  locating  a sufficiently  large  amount 
of  fluid  in  the  standpipe  and  drawing  through  from  the  standpipe 
when  we  start  the  engine.  We  are  sure  we  have  the  mass  of  fuel 
that  we  need  to  start. 

The  fuel  could  be  contained  in  another  part  of  the  tank,  and  when 
you  begin  pumping  part  of  it  you  may  get  to  a condition  where  the 
fuel  ana  oxygen  ratio  may  not  be  what  you  want.  We  want  to  have 
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positive  control  of  the  fluid  in  the  pumping  stage.  That  is  the  purpose 
of  the  standpipe. 

Now,  in  our  studies  we  have  obtained  a qualitative  understanding, 
and  our  effort  is  now  being  put  on  obtaining  a quantitative  under- 
standing of  fluid  behavior  in  the  weightless  state.  * We  are  proposing 
a new  and  larger  facility  for  the  Lewis  Research  Center  to  provide  a 
free-fall  time  up  to  5 seconds.  Eventually  we  hope  to  have  a tech- 
nique at  this  facility  of  providing  10  seconds  of  free-fall  time  by  first 
catapulting  the  tank  or  sphere  up  a shaft  and  letting  it  fall  back  again. 

Tests  of  longer  duration  and  in  a larger  facility  would  permit  us  to 
study  larger  and  more  complex  systems,  and  would  include  tests  on 
just  the  point  you  raised  on  pumping,  and  also  on  the  equipment  and 
the  type  pipe  you  would  have  to  use. 

No  pumping  went  on  in  this  case,  and  we  don’t  know  what  would 
happen  if  you  began  to  pump. 

Where  longer  times  in  the  weightless  state  are  required,  we  must,  of 
course,  resort  to  flight  experiments,  and  I will  touch  briefly  on  this  a 
few  minutes  later.  I’m  sure  you  must  recognize  that  the  longer  this 
tank  is  exposed  to  the  solar  environment  in  space,  the  more  problems 
we  have  of  the  liquid  changing  into  gas  and  the  heat  transfer  problem 
cannot  be  studied  in  the  short  duration  experiments  which  I have 
shown  you. 

I would  like  to  turn  now  to 

Mr.  Karth.  Could  I ask  this  question.  How  much  work  had  your 
office  done  on  this  before  Centaur  got  into  development? 

Mr.  Ames.  This  work  has  been  underway  at  the  Lewis  Research 
Center  for,  I would  sav,  3 or  4 years,  but  on  a very,  very  modest  scale. 
The  tower  in  which  these  drop  tests  were  conducted  was  an  existing 
tower,  simply  adapted  as  an  expedient  to  perform  these  very  short- 
duration  2-second  tests. 

Mr.  Karth.  You  weren’t  doing  this  work  on  Centaur? 

Mr.  Ames.  No. 

Mr.  Karth.  This  was  being  done  by  the  general  contractors? 

Mr.  Ames.  The  Centaur  work  was  done  by  Pratt  & Whitney  and 
General  Dynamics  Astronautics. 

Mr.  Karth.  Yes.  So  the  research  work  on  the  high-energy  fuels 
was  being  done,  I suppose,  by  one  of  the  subcontractors  to  the  general 
contractor? 

Mr.  Ames.  I don’t  know  the  answer  to  that  question,  sir.  I do 
know  the  Lewis  Research 

Mr.  Karth.  But  there  was  no  in-house  research  work  being  done 
on  that  program? 

Mr.  Ames.  On  Centaur? 

Mr.  Karth.  After  it  was  assigned,  yes. 

Mr.  Ames.  Only  on  Centaur?  Only  in  the  case  where  it  appeared 
we  were  having  some  trouble  with  engine  combustion.  At  that  time 
the  Marshall  Space  Flight  Center,  which  had  management  of  the 
Centaur  program,  called  on  the  Lewis  Research  Center,  to  assist 
them  in  working  with  the  contractor,  Pratt  & Whitney,  on  the  engine 
problems. 

As  Mr.  Sloop  testified  the  other  day,  I know  of  no  engine  problems 
at  this  time  with  that  engine.  The  tankage  and  the  staging  which 
goes  on  top  of  the  Atlas  which  completes  the  Centaur  vehicle,  as 
you  know,  were  contracted  to  General  Dynamics.  So,  we  have  an 
engine  contractor  and  a vehicle  or  upper-stage  contractor. 
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Mr.  Karth.  The  point  I’m  getting  at  is  this:  This  was  really  a 
problem  on  Centaur;  it  is  a deep  space  vehicle.  We  had  considerable 
time  and  money  spent  on  the  coast  period  and  restart  and  what  hap- 
pens to  the  high  energy  fuel  during  this  period,  so  on  and  so  forth. 

The  reason  I bring  this  point  up,  is.  that  some  of  the  answers  you 
seek  may  have  been  received  as  a result  of  the  research  done  on 
Centaur. 

Mr.  Ames.  No;  I think  that  the  people  who  have  been  conducting 
the  zero-gravity  experiments  with  fluids  were  knowledgeable  and  are 
knowledgeable  about  the  status  of  Cenaur  and  its  problems. 

Lewis  Research  Center  really  is  the  center  in  this  country  which 
fostered  the  hydrogen-oxygen  engine  program  as  a research  program, 
beginning  well  before  1957. 

Now,  this  problem  of  restarting  the  Centaur  was  followed  by  the 
Lewis  people,  and  one  of  the  realizations  that  came  out  of  this  activity 
was  the  lack  of  a basic  understanding  of  fluid  behaviour  in  this  weight- 
less environment,  which  did  tend  to  urge  us  on  in  doing  the  kind  of 
experiments,  simple  experiments,  to  get  the  fundamental  under- 
standing which  we  are  striving  for  today.  We  still  do  not  have,  in 
my  opinion,  adequate  theoretical  relationships  which  we  can  use  on 
the  problems  of  fluid  behavior  in  the  weightless  state,  especially 
when  you  add  the  complex  questions  of  heat  transfer! 

I think  we  simply  ran'headlong  into  a whole  host  of  problems  there, 
and  I hope  you  will  see  that  in  our  advanced  technology  and  research 
program  we  are  trying  to  tackle  them  from  a basic  viewpoint  to  get 
the  fundamental  understandings  that  will  help  us  to  go  on  and  avoid 
these  in  the  future,  rather  than  fix  up  and  patch  up  an  ongoing 
program.  , 

We  are  not  ignoring  the  Centaur  program  as  having  problems,  but 
we  are  trying  to  go  ahead  and  get  a basic  understanding  which  would 
permit  us  to  avoid  such  mistakes  in  the  future. 

Mr.  Karth.  What  you  are  saying,  Mr.  Ames,  is  that  we  proceeded 
in  an  erroneous  fashion  so  far  as  Centaur  is  concerned,  aren’t  you? 

Mr.  Ames.  I don’t  know  that  it  was  erroneous,  sir.  We  were  in, 
I admit,  quite  a mad  rush  to  obtain  advahced  propulsion  capability, 
and  if  we  followed  the  same  course  as  our  competitors  across  the 
ocean  and  stuck  with  oxygen  and  kerosene,  we  could  see  we  would  be 
a long  time  in  overtaking  them  and  surpassing  them.  It  was  obvious 
that  oxygen  and  hydrogen  as  a fuel  and  an  oxidizer  offered  great 
potential,  if  we  could  learn  how  to  use  it. 

We  do  have  extreme  heat  transfer  problems  in  this  combination. 

Mr.  Karth.  Oh,  I don’t  say  that  we  shouldn’t  proceed  in  exploring 
the  payoffs  of  advanced  technology  in  the  cryogenic  fields.  I say 
that  we  should. 

But,  by  proceeding  in  the  fashion  that  they  did,  without  doing  the 
so-called  bassic  research  in  advance  that  you  are  now  talking  about, 
it  seems  to  me  that  a very  grave  mistake  was  made  when  the  decision 
was  made  to  go  ahead  and  develop  this  thing  without  having  the 
answers  to  some  very  basic  problems  of  behavior,  and  this  is  what  you 
have  been  saying  to  me.  This  is  why  you  say  you  are  doing  it. 

My  basic  question  is,  if  this  has  got  to  be  done,  then  because  we 
don’t  understand  the  behavior  of  Squids  in  a weightless  state,  et 
cetera,  et  cetera;  certainly  we  must  have  developed  improperly  when 
we  made  the  decision  to  make  the  Centaur,  if  we  don’t  yet  have  the 
answer  to  these  basic  questions. 
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Mr.  Ames.  You  see,  the  reason  I am  not  qualified  to  answer- 

Mr.  Karth.  I think  you  are  perfectly  qualified. 

Mr.  Ames.  I did  not  follow  the  history. 

Mr.  Karth.  I am  not  going  to  tie  you  down  on  this. 

One  side  or  the  other  is  right,  and  they  both  aren’t  right. 

Mr.  Ames.  I certainly  agree,  we  should  push  ahead  as  rapidly  as 
possible  on  our  research  problems.  We  ought  to  have  the  research 
results  in  hand  before  we  try  to  design  these  advanced  vehicles. 

Mr.  Karth.  I assume  from  what  you  have  said,  we  have  not 
answered  these  basic  problems. 

No.  1,  the  behavior  of  these  liquids  in  a weightless  state;  and  that 
is  the  reason  you  are  asking  for  funds  to  proceed  with  more  research. 

Isn’t  that  correct? 

Mr.  Ames.  Yes,  because  we  are  going  to  have  long  times  in  space, 
much  longer  than  even  Centaur  would  experience. 

Mr.  Karth.  Yes,  so  the  problem  apparently  is  not  answered  with 
Centaur;  the  research  that  went  into  Centaur  up  to  the  present 
development  state,  apparently  has  not  solved  this  problem. 

Mr.  Ames.  Sir,  I believe  Centaur  as  a successful  vehicle  system 
will  be  operational  before  too  long.  I believe  we  made  a great  deal 
of  progress  in  correcting  the  difficulties  that  have  been  experienced 
with  Centaur. 

Mr.  Karth.  I don’t  think  there  is  any  question  about  it.  We 
have  made  a great  deal  of  progress. 

The  only  question  that  comes  up  is  whether  or  not  we  can  afford 
to  make  progress  that  way.  We  spent  a great  deal  of  money  on 
Centaur. 

Mr.  Ames.  Here,  I certainly  agree  with  you. 

I like  to  make  progress  by  research. 

Mr.  Karth.  This  way  probably  is  a much  more  efficient  way  and  a 
much  more  economical  way. 

I think  certain  questions  are  going  to  be  answered  with  Centaur, 
but  when  you  do  it  the  trial-and-error  method,  I assume  this  gets  to 
be  an  awfully  costly  way  of  doing  things. 

Mr.  Ames.  It  certainly  is. 

There  is  an  important  contribution  being  made  to  Saturn  by  this 
work  on  Centaur.  The  S-4  stage  of  Saturn  is  an  oxygen-hydrogen 
stage  and  had  we  not  started  with  the  oxygen-hydrogen  engine  de- 
velopment of  the  Centaur,  I doubt  if  we  would  have  made  the  decision 
to  put  this  advanced  upper  staging  in  the  Saturn  vehicle. 

So,  there  are  some  payoffs  here.  I agree,  it  is  costly  when  we  make 
errors  because  we  don’t  have  information  in  hand.  I believe  strongly 
that  we  should  go  ahead  with  our  research  plan  and  try  to  pin  down  as 
soon  as  we  can  the  fundamental  understandings  of  these  problems  in 
advance,  if  possible,  so  we  can  cope  with  them  before  we  do  design 
these  big  pieces  of  hardware  which  are  very  costly. 

In  fact,  I want  to  get  into  the  structures  area  next  and  show  you 
one  reason  we  certainly  want  to  do  this  thing. 

Mr.  Karth.  Proceed. 

Mr.  Ames.  I certainly  agree  with  what  you  say,  but  I don’t  know 
in  detail  the  story  of  Centaur. 

I only  know  from  hearsay,  and  from  off-and-on  contacts. 

Mr.  Karth.  I will  send  you  a copy  of  this  report.  We  made  quite 
a study  of  this  and,  certainly,  we  don’t  pretend  to  know  all  the  an- 
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swers  either.  We  are  probably  farther  away  from  the  answers  than 
we  realize. 

We  realize  though  that  if  today  we  are  studying  the  very  basic 
fundamental  problems  going  into  the  design  and  the  engineering  of  the 
Centaur,  it  just  seems  to  me  that  some  place  along  the  line  we  made 
a mistake. 

Either  this  work  has  been  done  already  so  we  need  not  do  it  now, 
or  if  it  hasn’t  been  done,  it  seems  to  me  we  took  an  awful  gamble  with 
Centaur  and  we  got  a vehicle  about  which  we  don’t  know  some  of  the 
basic  principles.  For  instance,  the  behavior  of  the  fuels  when  they 
are  in  a weightless  state. 

Mr.  Ames.  To  make  it  clear,  I lean  very  strongly  to  your  view,  do- 
ing the  research  first.  If  I may  have  your  permission,  I would  like  to 
quote  a statement  from  Mr.  William  A.  Mrazek  of  Marshall  who  has 
been  concerned  with  the  Saturn  vehicle  from  the  very  beginning. 

This  was  written  January  1963. 

Mr.  Karth.  Saturn  or  Centaur? 

Mr.  Ames.  Saturn,  because  it  speaks  to  the  same  problem. 

This  is  what  Mr.  Mrazek  said: 

Never  before  has  the  designer  been  faced  with  so  many  critical  decisions  with 
such  a minimum  of  available  data  from  which  to  make  assumptions  for  design. 

He  points  out— 

The  aircraft  industry  uses  regulations  and  manuals  defining  safety  aspects, 
safety  factors,  and  fatigue  requirements  for  structures  and  materials  in  airplane 
construction.  There  are  no  such  regulations  or  manuals  to  govern  the  design 
and  construction  of  the  large  launch  vehicles  which  we  are  now  developing  to 
carry  multiple-man  crews  on  training  flights  around  the  globe,  and  finally  on  to 
lunar  exploration. 

This  gentleman  is  concerned,  directly,  with  the  development  of  the 
Saturn. 

Without  going  too  much  into  detail,  I would  like  to  read  his 
conclusions. 

He  said: 

It  can  be  stated  that  with  this  design — 

Here  he  refers  to  Saturn — 

we  were  able  to  achieve  and  retain  the'  initial  leadtime  advantage. 

We  dipped  deep  into  the  barrel  of  our  present  knowledge  to  fill  all  requests  of 
the  engineers.  I am  somewhat  fearful  that  the  next  time  we  may  find  the  barrel 
empty  unless  we  replenish  it  by  recognizing  the  urgency  of  research  in  all  areas  of 
large  launch  vehicle  structures  and  the  materials  used  in  them. 

This  could  apply  to  any  of  these  facets  of  our  space  program. 

With  your  permission,  sir,  I would  like  with  this  little  introduction 
to  go  to  space  vehicle  structures. 

Mr.  Karth.  Yes. 

Mr.  Ames.  Our  future  space  vehicle  structures  will  be  larger  and 
heavier,  and  as  we  have  discussed,  will  be  required  to  operate  for  longer 
periods  of  time  than  those  for  present  missions. 

Aggressive  research  will  be  required  to  maintain  weights  at  reason- 
able levels  and  to  predict  structural  behavior  with  greater  accuracy, 
to  insure  reliability  under  the  severe  environments  ana  complex  loading 
conditions  space  vehicle  structures  will  experience. 

May  I have  the  next  slide,  please  (fig.  243).  This  slide  is  concerned 
with  launch  vehicle  problem  areas. 
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I'd  like  to  point  out  here  that  the  launch  vehicle  component  of  the 
space  vehicle  system  is  one  of  the  most  efficient  structures  that  has 
been  devised  for  any  form  of  transportation.  This  very  lightweight 
structure  is  required  to  contain  the  propellant,  to  support  the  engine, 
and  to  support  and  protect  the  payload  in  the  presence  of  severe 
environments. 

Now,  the  margin  of  safety  in  design  is  consequently  exceedingly 
small. 

The  environment  this  structure  must  resist  includes  many  static 
and  dynamic  factors  and  some  of  these  are  shown  on  this  slide. 

For  example,  let’s  start  down  the  bottom  there  with  “noise.” 

When  the  engine  starts  up,  we  have  a noise  environment  reflected 
back  from  the  ground  onto  the  vehicle  and,  as  our  vehicle  accelerates, 
we  have  boundary-layer  noise  due  to  the  air  flowing  over  various 
parts  of  the  vehicle. 

As  we  go  faster  and  faster,  the  “q,”  or  the  load  factors  increase. 
Of  course,  we  have  various  forms  of  vibration,  too. 

As  we  go  up  and  look  at  the  payload  on  top — one  of  these  loadings 
is  caused  by  buffeting  due  to  flow  separation.  Other  vibrations  could 
be  caused  by  shock  formations  due  to  discontinuities  in  the  body, 
and  we  also  have  high  aerodynamic  pressure  peaks  and  flow  separations. 

Also,  as  our  vehicle  is  accelerating,  we  have  longitudinal  thrust 
from  the  engine  on  the  base  of  the  vehicle,  and  we  have  large  aero- 
dynamic loads  acting  in  the  other  direction  at  the  top.  We  attempt, 
as  Dr.  Beamans  once  said,  to  push  on  both  ends  of  a limp  piece  of 
spaghetti. 

Now,  we  have  wind  problems  both  on  the  ground,  on  the  launch 
pad,  and  in  flight.  For  example,  when  these  large  vehicles  stand  on 
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the  ground,  horizontal  winds  can  cause  them  to  oscillate  back  and 
forth.  If  the  wind  is  going  in  one  direction,  the  wind  vortices  may 
shed  first  from  one  side  ana  then  the  other,  and  the  vehicle  can  move 
from  side  to  side  causing  stress  and  strains  in  the  vehicle  structure. 
This  type  of  loading  has  often  caused  destruction  of  tall  chimneys 
m high  winds. 

More  importantly,  as  our  vehicle  accelerates  and  climbs  out  of  the 
atmosphere,  we  may  go  through  wind  shears  where  we  experience  the 
jetstream  with  velocities  on  the  order  of  200  miles  an  hour,  and  while 
these  act  on  the  top  of  the  vehicle,  we  are  swiveling  the  nozzles  on 
the  bottom  for  control.  Under  such  conditions  there  is  a great  deal 
of  bending  and  structural  response  of  the  vehicle. 

Also  indicated  on  the  figure  is  the  problem  of  internal  tank  pressure. 
We  also  have  fuel  slosh  as  we  lighten  the  mass  of  the  vehicle  at  the 
bottom  and  fuel  is  burned  in  the  first  stage.  That  means  we  have  a 
very  heavy  load  on  the  top  of  the  vehicle,  and  a relatively  empty 
structure  in  the  first  stage. 

Fortunately,  as  we  go  out  of  the  atmosphere  we  are  able  to  get 
away  from  tins  problem. 

Yesterday  we  talked  about  Dyna-Soar  and  I think  you  see  from 
figures  of  this  kind  what  the  problem  would  be  if  we  had  a winged 
spacecraft  with  its  large  aerodynamic  loading  on  top  of  the  launch 
vehicle. 

One  of  our  major  problem  areas  with  launch  vehicles  is  one  we 
call  structural  dynamics,  and  here  we  need  to  predict  accurately  the 
structural  dynamic  characteristics  of  large  vehicles  in  the  design  stage. 

Calculated  dynamic  properties  of  very  complicated  structures  leave 
very  much  to  be  desired,  and  full-scale  tests  are  difficult  and  expensive 
to  make. 

May  I have  the  next  slide,  please?  (fig.  244.)  Before  dynamic 
loads  and  responses  can  be  predicted,  or  the  control  system  designed, 
the  lateral  vibration  modes  and  frequencies  of  a complete  space 
vehicle  must  be  known.  Some  of  the  newer  configurations — and 
here  I include  Saturn,  which  is  an  eight-engine,  eight-tank,  clustered 
vehicle — some  of  these  configurations  are  quite  unconventional  and 
illustrate  very  unusual  vibration  characteristics  which  are  extremely 
difficult  to  predict  analytically. 

The  difficulty  of  determining  these  vibration  characteristics  ex- 
perimentally on  full-scale  hardware  in  simulated  flight  is  a problem 
which,  I think,  you’ll  recognize  as  working  on  a problem  after  we 
have  built  the  vehicle.  It’s  obvious  that  you  must  do  something 
about  this  before  the  full-scale  vehicle  is  constructed. 

Facing  up  to  these  difficulties,  we  are  now  looking  to  the  concept, 
of  replica  modeling  as  a tool  for -large  space  vehicle  design. 

On  the  left  of  the  figure  is  a scale  model  of  the  Saturn  SA-1  vehicle. 
The  scale  model  is  32  feet  high,  and  weighs  7,500  pounds. 

On  the  right  is  what  you  might  say  is  a full-scale  “seals"  model. 
That’s  the  full-scale  model  on  which  we  have  attempted  to  de- 
termine the  full-scale  vibrational  characteristics. 

The  vehicle  on  the  right  weights  approximately  1 million  pounds 
and  is  suspended  in  a relatively  free  state. 

Now,  we  have  tested  both  the  model  and  the  full-scale  version, 
by  imposing  lateral  vibrations  on  it  at  various  frequencies  in  order 
to  establish  the  vibrational  characteristics. 
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Figure  244 

I think  you  recognize  that  if  we  can  do  this  in  model  scale,  we  can 
save  ourselves  a lot  of  trouble  before  we  build  a full-scale  vehicle  and 
find  we  made  mistakes  we  have  to  correct  later. 

The  next  two  slides  will  show  you  some  of  the  results  of  this  pre- 
liminary effort  to  perfect  this  technique  (fig.  245).  Here  we  have  the 
first  vibration  mode — what  we  call  q max* 

This  means  we  have  a certain  vehicle  weight  and  aerodynamic  load- 
ing condition.  Indicated  also  is  the  relative  bending  deflection  of  the 
venicle  in  this  direction  you  see  here  on  a schematic  drawing  of  the 
vehicle. 

Section  A-A  is  where  these  lateral  vibrations  were  imposed  on  the 
vehicle.  Next  we  have  the  relative  deflections  from  the  vehicle 
centerline.  Over  here  in  the  table  in  the  upper  right,  you  see  the 
frequency  in  cycles  per  second  for  the  one-fifth  scale  model  was, 2.80. 
For  the  full-scale  model  which  I showed  you  on  the  other  picture,  it 
was  2.83. 

That’s  a pretty  good  correlation  for  this  first  simple  vibrational 
mode.  This  is  like  shaking  it  at  a relatively  low  frequency  and  getting 
the  simple  bending  of  a willow  as  you  shake  it  back  and  forth. 

On  the  left  here,  where  we  have  relative  deflection,  you  see  the  bend- 
ing we  would  get  along  the  center  line  of  the  vehicle.  This  is  a typical 
first  beam  bending  mode. 

I have  shown  tne  clustered  tanks  on  the  lower  right-hand  corner. 
The  arrows  on  each  of  these  tanks  indicate  that  they  are  all  moving 
in  the  same  direction  in  this  very  simple  bending  mode  at  2.8  cycles 
per  second. 
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Now,  let’s  look  to  a more  complicated  mode  on  the  next  slide 
(fig.  246).  This  is  the  second  vibrational  mode  which  occurs  at  a 
higher  frequency. 

Here  with  the  model  we  found  scaled  frequency  of  5.2  cycles  per 
second,  but  on  the  full-scale  model,  5.68.  We  are  off  approximately 
10  percent  in  this  more  complicated  mode. 

Now,  you  will  notice  that  the  relative  deflection  on  this  diagram 
next  to  the  sketch  of  the  Saturn  is  a rather  unusual  sort  of  thing. 
The  circles  and  squares  represent  the  bending  of  the  center  tanks  on 
the  model  and  the  full-scale  vehicle,  respectively. 

The  behavior  of  an  outer  tank  was  also  measured  and  we  have 
indicated  this  for  the  model  using  a little  circle  with  a flag  on  it,  and 
for  the  full-scale  vehicle  with  a square  with  a flag.  Notice  the  very 
unusual  bending  of  the  outer  tank  indicated  on  the  relative  deflection 
diagram  here  on  the  left. 

Now,  if  we  look  at  the  arrows  on  section  A-A  in  the  lower  right- 
hand  diagram,  you  find  the  inner  tanks  moving  in  one  direction  and 
the  outer  tanks  m the  opposite.  This  shows  you  the  confused  behavior 
of  a cluster  configuration  such  as  this.  This  simply  demonstrates  the 
difficulty  of  predicting  the  vibrational  characteristics  of  a complex 
vehicle  of  this  type  which  I think  indicates  the  desirability  of  learning 
as  soon  as  we  can  how  to  do  this  by  use  of  scale  models. 

We  plan  to  go  ahead  with  this  program,  building  a one-tenth  scale 
model  of  the  Saturn-5  and  correlating  it  with  the  full-scale  data. 

In  addition,  we  hope  to  build  a one-fortieth  scale  model. 

The  point  I’m  trying  to  make  here,  sir,  is  that  we  are  trying  to 
develop  a scaling  technique  so  we  don’t  have  to  do  everything  full 
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Figure  246 


scale.  In  this  way,  we  can  eliminate  many  of  the  major  problems 
well  in  advance  of  construction  of  the  final  vehicle. 

Mr.  Karth.  What,  about  the  differences  you  actually  experience 
though  between  a full-  and  a small-scale  model? 

How  are  you  going  to  compensate  for  these? 

Mr.  Ames.  This  is  going  to  take  a lot  of  clever  work.  Actually, 
the  scale  model  was  joined  together  in  such  a way  as  to  simulate,  as 
well  as  we  know  how,  the  behavior  of  the  joints  on  the  full-scale 
vehicle. 

Experience  is  needed  and  a great  deal  of  study  and  thought  must 
be  given  to  this  complex  problem.  A simple  structure  is  relatively 
easy  to  simulate  in  model  scale. 

As  we  go  to  the  more  complex  vehicles  which  I spoke  about  earlier, 
we  are  going  to  face  a considerable  difficulty  here,  and  we  will  have 
to  put  a great  deal  of  effort  in  advanced  research  and  technology  if 
we  are  going  to  really  succeed  in  this  area. 

Mr.  Karth.  Yes,  but  my  question  is,  if  the  results  of  your  tests 
are  off  by  a factor  of  10 

Mr.  Ames.  Ten  percent. 

Mr.  Karth  (continuing).  Then  what  good  are  they? 

Mr.  Ames.  These  were  pretty  good  in  this  instance.  Actually, 
these  results  were  obtained  before  the  full-scale  vehicle  was  flown, 
and  I would  say  they  were  generally  within  the  ballpark. 

For  example,  if  I*  divert  momentarily  to  the  heating  problem 

Mr.  Karth.  You  feel  within  10  percent 

Mr.  Ames.  In  this  instance  it  is  relatively  good.  It’s  not  good 
enough.  We  must  do  better. 

Mr.  Karth.  I didn’t  think  it  was. 

Mr.  Ames.  It  wasn’t.  You  are  right. 
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If  we  have  to  predict  the  heating  of  the  Apollo  heat  shield,  we 
might  find  ourselves  to  be  off  by  20  percent.  The  point  I’m  making 
is  that  in  these  launch  vehicles  we  take  extreme  weight  penalties  in 
all  the  structures  problems,  in  meteoroid  protection,  and  in  heating 
protection  because  we  do  not  have  all  the  information  I think  we 
should  have. 

This  is  my  whole  theme  in  the  discussion  today  of  OART’s  programs. 

I want  to  bring  this  before  the  subcommittee.  This  is  why  I feel 
so  concerned  that  we  must  close  the  gap  so  we  can  design  these 
vehicles  more  accurately,  and  avoid  these  catastrophic  failures,  and 
also  avoid  redundances  m weight  and  such  large  safety  factors.  This 
is  a firm  objective  i»  our  program,  sir.  That’s  why  I point  out  this 
discrepancy,  but  in  this  instance  10  percent  is  very  good  considering 
how  little  we  know  about  this  very  complex  problem. 

With  your  permission,  sir,  I would  like  to  go  on  to  another  subject, 
space  hazard  control,  and  if  I may  have  the  next  slide,  I will  deal 
with  meteoroid  protection  systems — what  we  are  doing  about  this 
problem  (fig.  247). 

Once  our  lightweight  space  vehicle  leaves  the  Earth’s  atmosphere, 
it  becomes  apparent  that  when  we  consider  protection  from  space 
hazards  it  would  be  agreed  that  we  should  not  expect  conventional 
earthbound  structures  to  satisfy  the  unconventional  requirements 
imposed  on  space  vehicles. 
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Here  we  must  protect  against  the  hazards  of  the  space  environment, 
which  include  heat  from  the  Sun  and  that  generated  by  components 
in  the  vehicle;  high-energy  radiation;  hard  vacuums;  zero  gravity, 
as  I indicated  earlier;  and  meteoroids. 

Now,  in  discussing  structural  systems  for  control  of  the  meteoroid 
hazard,  I have  attempted  to  summarize  some  of  our  work  for  you 
on  this  slide. 

A comparison  is  shown  of  unit  structural  weight  which  is  plotted 
vertically  against  exposure  time  of  our  space  vehicle,  which  is  the 
horizontal  scale. 

The  time  increase  starts  from  the  left  at  zero  and  goes  to  the  right — 
time  in  space. 

Looking  at  this  upper  dotted  line,  you  can  see  from,  this  that  the 
weight  would  increase  rapidly  if  we  resorted  to  simply  thickening 
the  skin  of  the  space  vehicle  to  give  protection  against  the  meteoroid 
hazard  as  we  understand  it  today. 

The  next  curve,  the  one  in  the  middle,  indicates  that  if  we  were  to 
go  to  what  we  call  the  meteoroid  bumper  concept  to  absorb  the  energy 
of  the  high-velocity  impacts,  we  would  obtain  some  weight  reduction 
over  the  single-skin  approach  with  increase  in  time. 

The  lower  curve,  which  I have  dotted  in  because  we  don't  have  all 
the  answers  but  it  is  a very  promising  one,  indicates  that  in  some 
cases  we  may  resort  to  a self-sealing  type  of  concept.  That  is, 
we  might  accept  a penetration  in  certain  areas  of  a space  vehicle 
and  provide  for  automatic  resealing  of  the  structure. 

I have  here  a few  samples  of  some  of  our  structural  work  where  we 
have  impacted  typical  space  vehicle  structural  components  and 
checked  out  the  self-sealing  capability.  We  have  ripped  off  the 
back  of  this  one,  which  I showed  you  yesterday,  to  indicate  that  the 
particle  went  all  the  way  through,  but  it  did  seal  itself  at  this  point. 

I'd  like  to  pass  these  specimens  around  to  you. 

Incidentally,  this  work  is  tied  in  very  closely  with  our  meteoroid 
flight  work  and  our  fundamental  studies  of  impact  phenomena.  This 
is  an  attempt  to  find  a reasonable,  practical  solution  we  can  offer  to 
our  cohorts  in  the  other  offices  of  NASA  and  to  the  militaiy  services. 

The  next  area  I'd  like  to  deal  with,  using  the  next  slide  (fig.  248),  is 
concerned  with  advanced  structural  concepts.  Studies  of  various 
advanced  space  systems  for  future  missions  have  revealed  a host  of 
structural  problems  requiring  advanced  structural  concepts  which 
will  differ  radically  from  those  we  consider  as  being  conventional 
today. 

For  example,  once  in  space,  we  have  certain  “relaxed"  constraints 
on  space  vehicles. 

For  example,  in  cases  where  aerodynamic  forces  are  no  longer  a 
consideration  the  structural  loadings  on  our  vehicle  are  peculiar  only 
to  the  space  flight  phase  of  the  mission.  Now,  such  freedom  from 
configuration  restraints  should  enable  design  of  space  vehicles  which 
make  efficient  use  of  unusual  materials  and  new  or  unusual  types  of 
structural  elements. 

Essential  structural  components  might  also  be  positioned  so  as  to 
improve  mass  distribution  and  temperature  control  in  the  vehicle 
once  it  is  in  space. 

One  method  of  vehicle  assembly  being  investigated  involves 
expandable  structures  that  are  constructed  to  deploy  themselves  in 
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space  after  having  been  launched  in  a packaged  condition.  Mech- 
anisms for  achieving  this  feature  include  unfolding,  spinning,  and 
certain  other  types. 

An  orbiting  manned  space  laboratory  is  an  example  of  a vehicle 
which  might  well  unfold  m space. 

I have  a few  samples  here  indicating  some  of  the  types  of  structures 
we  are  talking  about. 

For  example,  if  we  could  launch  a package  of  this  nature  on  a launch 
vehicle,  we  could  greatly  reduce  the  complexity  of  launch  vehicle 
design  and  loading  and  when  we  get  into  space,  we  Can  erect  it  this 

wav. 

Other  examples  we  have  here  represent  other  structures  we  have 
been  studying  that  can  be  packaged  and  folded  and  unfolded.  I will 
pass  some  of  these  around. 

I won’t  undo  all  of  these.  I think  you  might  enjoy  unfolding  some 
of  them  yourselves. 

Could  I have  the  slide  back  on  again,  please? 

Now,  the  picture  shown  on  the  right  is  certainly  a structural  mon- 
strosity, yet  it  represents  an  advanced  orbiting  radio  telescope.  This 
is  one  example  of  an  advanced  concept  which  might  utilize  the  re- 
sults of  research  in  materials  application,  geometry,  new  fabrication 
techniques,  and  assembly  in  space. 

We  are  now  studying  the  structural  feasibility  of  such  a system, 
working  closely  with  our  Electronics  and  Control  Office  in  OART, 
Dr.  Kelley's  office,  >n  order  that  we  might  have  a reasonably  practical 
base  as  a guideline. 
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Now,  I would  like  to  discuss  high-temperature  structures.  In  the 
structural  design  of  spacecraft  capable  of  withstanding  the  high 
temperatures  of  atmospheric  entry  at  very  high  speeds  the  heat  shield 
design  becomes  a major  factor. 

The  severity  and  duration  of  heating  and  loading  varies  widely 
with  vehicle  type  and  trajectory  as  well  as  with  mission;  consequently 
a large  number  of  materials  and  structural  concepts  have  evolved. 
Proper  selection  of  concepts,  and  prediction  of  their  performance  as 
mission  times  and  entry  speeds  increase,  is  a large  and  challenging 
research  task. 

A broad  picture  of  the  role  the  heat  shield  plays  in  determing  the 
feasibility  of  future  reentry  vehicles,  is  shown  on  the  next  slide, 
(fig.  249)  I will  try  to  bdp  you  through  this  rather  complex  figure. 
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Figure  249 

The  vertical  scale  is  energy — British  thermal  units  per  pound  of 
vehicle.  The  horizontal  scale  is  entry  velocity  into  the  Earth’s 
atmosphere,  in  thousandths  of  feet  per  second. 

This  is  a log  scale,  but  in  order  to  get  the  data  on  here  we  have  to 
resort  to  this  condensed  scale. 

The  upper  line  is  the  kinetic  energy  per  pound  of  vehicle  weight  as  it 
enters  the  Earth’s  atmosphere  at  various  speeds. 

This  is  26,000  feet  per  second  for  oribital  speed.  This  is  36,000  feet 
per  second  for  lunar  missions,  and  this  is  46,000  feet  per  second  for 
planetary  missions. 

During  reentry  most  of  this  energy  is  cleverly  dissipated  back  to  the 
surrounding  atmosphere  of  the  vehicle  in  the  form  of  heat  and  the  heat 
energy  which  actually  reaches  the  vehicle  is  much  less  and  is  shown  by 
this  lower  wide  band.  This  is  the  vehicle  heat  load,  the  heat  load 
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which  the  vehicle  experiences.  Only  a small  part  of  the  total  heat 
energy  gets  to  the  vehicle.  Most  of  it  goes  into  the  atmosphere. 

Now,  this  center  band  shows  our.  present  heat  shield  capability. 

First,  let  me  go  back  to  the  vehicle  heat  load.  We  have  a wide  band 
here  because  the  amount  of  heat  that  gets  to  the  vehicle  depends  on 
trajectory  and  configuration.  In  other  words,  a ballistic  vehicle  could 
be  along  the  lower  part  of  this  boundary.  However,  as  I pointed  out 
to  you  yesterday,  if  we  use  a ballistic  vehicle,  we’d  have  to  follow  a 
very  precise  trajectory  at  the  speeds  for  interplanetary  flight. 

We  don’t  have  that  kind  of  control  capability. 

If  we  resort  to  a lifting  vehicle,  the  heat  load  would  be  somewhat 
higher  up  in  the  band.  Now,  heat  shield  capability  based  on  present 
materials  is  within  this  center  band.  This  is  our  ability  to  dissipate 
heat  by  heat  shields,  whether  it  soaks  up  the  heat  or  whether  it  melts 
away. 

The  point  I want  to  make  here  is  that  as  we  reach  these  higher  veloc- 
ities, the  heat  load  which  the  vehicle  experiences  begins  to  overlap  the 
present  heat  shield  capability,  depending  on  the  kind  of  material  we 
use  and  the  vehicle  configuration. 

You  can  see  that  while  we  have  a large  payload  at  lower  speeds,  the 
payload  rapidly  diminishes  in  this  region  of  very  high  speed. 

I’d  like  to  make  very  clear  that  if  we  had  a reentry  vehicle  which 
experienced  a very  large  heat  load  you’d  have  to  use  a material  whose 
characteristics  fell  on  the  upper  part  of  the  heat  shield  boundary. 
This  means  we  must  push  up  the  heat  shield  capability  as  well  as 
advance  the  configuration  capability  to  keep  down  the  heat  load  that 
reaches  the  vehicle  itself,  if  we  are  to  have  any  payload  capability  left. 

May  I have  the  next  slide,  please?  (fig  250.) 
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Now,  from  our  foregoing  discussions,  I hope  it  is  clear  that  future 
space  vehicle  structures  will  be  expected  to  provide,  simultaneously, 
adequate  strength,  stiffness,  tolerance  to  high  temperatures,  and  to 
withstand  space  hazards  as  well. 

Earlier  experience  with  the  first  three  areas  on  the  chart,  adequate 
strength,  stiffness,  and  tolerance  to  temperature,  indicated  that  the 
desirable  solution  was  to  separate  the  load-bearing  and  the  tempera- 
ture-bearing abilities  of  a space  vehicle  structure. 

However,  when  meteroid  protection,  high-energy  radiation  shield- 
ing, tolerance  to  vacuum  conditions,  and  thermal  control  of  solar 
radiation  effects  are  required,  it  appears  more  fruitful  to  combine  all 
these  protective  features  into  a single  structural  wall. 

The  diagram  on  the  right  of  the  figure,  and  the  specimen  which  I 
have  here,  conceptually  illustrate  this  idea.  This  is  the  heat  shield 
on  the  outer  surface,  and  it  has  been  honeycombed  to  give  it  some 
strength.  I would  like  to  pass  this  around. 

The  outer  layer  is  a charring  ablator  to  protect  the  vehicle  during 
atmospheric  reentry  and  it,  and  its  reinforcing  honeycomb,  will 
provide  protection  against  radiation  and  meteoroids. 

The  inner  wail  provides  strength,  along  with  additional  means  of 
temperature  control.  In  a way,  it’s  a kind  of  insulator. 

The  little  rubber  spheres  which  you  can  see  in  the  end  there  provide 
a self-sealing  mechanism  and  provide  integrity  of  the  pressure 
vessel  where  we  have  a human  occupant  or  a fuel  tank. 

This  concept  is  used  merely  to  indicate  a possible  trend  in  space 
vehicle  structures. 

To  state  my  point  here  very  simply,  we’d  prefer  not  to  end  up 
with  a separate  heat  shield,  then  a radiation  shield,  then  some  insula- 
tion to  take  care  of  internal  or  external  heat  we  may  have  on  the 
vehicle,  and  then  a structure  to  give  strength. 

If  we  can  come  up  with  composite  structures  to  do  all  of  these  jobs, 
I believe  we  can  save  weight  and  develop  more  efficient  and  reliable 
space  vehicle  structures. 

With  the  next  slide  (fig.  251),  I would  like  to  turn  to  the  vehicle 
technology  flight  experiments  in  the  Office  of  Advanced  Research  and 
Technology. 

Practical  limitations  of  theoretical  methods,  and  the  limited  capa- 
bilities of  ground-based  technical  facilities,  are  such  they  cannot  be 
relied  upon  to  provide  timely  answers  to  all  of  the  important  technical 
problems  to  which  we  must  address  ourselves.  Consequently,  as  a 
complement  to  our  ground-based  programs,  carefully  selected  flight 
experiments  have  been  planned  to  provide  urgently  needed  data.  The 
meteoroid  hazard  program  is  one  such  program. 

We  know  of  no  way  to  achieve  the  necessary  velocities  and  deter- 
mine the  nature  of  the  meteoroid  hazard  on  the  ground,  so  we  must 
therefore  resort  to  flight  experiments. 

On  this  figure  are  listed  OART’s  current  flight  experiments,  and  you 
will  notice  that  our  major  projects  fall  in  the  areas  of  hypervelocity 
reentry  and  the  meteoroid  hazard.  Also,  we  conduct  a wide  variety 
of  experiments  using  very  small  launch  vehicles,  as  shown  on  the 
lower  part  of  the  slide. 

This  whole  program  requires  very  close  cooperation  and  develop- 
ment of  close  working  relationships  with  our  counterparts  in  the  Office 
of  Space  Sciences  and  in  the  Office  of  Manned  Space  Flight. 
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OART  FLIGHT  IXPERIMEMTS 


► REENTRY 

• SCOUT  REENTRY  HEATING  EXPERIMENTS 

• PROJECT  FIRE 

• METEOROID  HAZARD 

• S - 55  SATELLITES 

• SATURN-LAUNCHED  METEOROID  SATELLITE 

• RECOVERABLE  METEOROID  PROBE 

• ARTIFICIAL  METEOR  EXPERIMENTS 


• SMALL  VEHICLE  FLIGHT  EXPERIMENTS 

• CRYOGENIC  FLUIDS  AT  ZERO  "G" 

• WIND  SHEAR  MEASUREMENTS 

• SOLID  ROCKET  THRUST  VECTOR  CONTROL 

• RADIO  ATTENUATION  MEASUREMENTS 

• REENTRY  DETECTION 

• HORIZON  DETECTION  (SCANNER) 

• SPACECRAFT  ORIENTATION  CONTROL  SYSTEM 

Figure  251 


Our  reentry  flight  test  programs  include  Scout  reentry  heating 
experiments  and  Project  Fire. 

The  objectives  of  the  Scout  experiments  are  to  obtain  measure- 
ments at  speeds  of  about  28,000  feet  per  second  of  the  total  heat 
transfer  and  radiative  heat  transfer  components  during  atmospheric 
entry,  as  well  as  to  determine  thermal  effectiveness  and  structural 
integrity  of  charring  ablators  and  other  high-temperature  materials. 

The  next  slide  (ng.  252)  is  one  I used  last  year  which  shows  the 
Scout  reentry  experiments.  Here  we  are  studying  reentry  problems 
up  to  28,000  feet  per  second.  We  are  studying  various  materials. 
One  of  our  scheduled  shots  this  year  will  demonstrate  a new  low- 
density  material  which  we  believe  from  a mission  viewpoint  may 
have  application  to  Apollo,  and  the  Manned  Spacecraft  Center 
people  are  very  much  interested  in  a test  of  this  material. 

The  next  slide  (fig.  253)  is  a schematic  chart  of  Project  Fire,  which 
is  a reentry  flight  experiment.  Our  purpose  here  is  to  investigate 
the  heating  environment  and  the  heating  effects  around  a configura- 
tion having  a blunt  shape  similar  to  Apollo,  during  an  actual  reentry 
flight  at  37,000  feet  per  second,  or  25,000  miles  per  hour. 

This  velocitv  is  slightly  higher  than  that  which  would  be  experi- 
enced by  Apollo,  and  would  provide  us  with  information  which  would 
indicate  the  severity  of  heating  which  Apollo  might  experience  if  it 
had  an  emergency  steep  descent  beyond  that  which  is  presently 
planned. 
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More  importantly,  it  is  a stepping  stone  in  our  reentry  program 
to  higher  velocities  for  interplanetary  flight. 

I have  here  a model  of  part  of  the  Project  Fire  experiment.  Once 
it  gets  into  space,  this  nose  covering  will  come  off,  and  then  as  you 
see  in  the  trajectory  shown  on  the  slide,  this  part  of  the  vehicle  with 
its  guidance  package  will  go  over  the  top  of  the  trajectory.  Then 
it  separates. 

In  the  descending  part  of  the  trajectory,  we  have  an  Antares  II 
rocket  motor  and  payload  on  the  front.  As  the  vehicle  approaches 
the  Earth’s  atmosphere,  the  rocket  will  accelerate  the  payload  and 
then  separate,  and  a blunt  shape  of  this  sort  will  enter  the  atmosphere 
at  a velocity  around  25,000  miles  per  hour. 

This,  sir,  will  be  a very  important  step  forward  in  our  reentry  pro- 
gram, and  will  exceed  the  reentry  speed  for  Apollo.  It  will  give  us 
information  for  correlation  with  our  ground-based  experiments  and 
theoretical  studies. 

As  I indicated  to  you  yesterday,  we  have  been  running  tests  in 
ground-based  facilities  with  items  this  size,  only  half  an  inch  in 
diameter,  to  obtain  heating  and  gas  flow  data  photographically. 

Also,  we  have  run  some  experiments  of  models  2 to  4 inches  in  size, 
but  there  is  a serious  problem  m scaling. 

Again,  I want  to  emphasize  the  scaling  problem.  When  we  go  to 
our  Scout  experiments,  the  reentry  vehicle  will  be  about  11  inches  in 
diameter.  The  diameter  of  the  Project  Fire  reentry  vehicle  is  about 
26  inches — a little  more  than  2 feet. 

So,  you  can  see,  we  are  trying  to  get  some  scaling  data  to  help  us  to 
project  more  accurately  the  information  which  we’ve  been  obtaining 
with  small  models  on  tne  ground  to  the  design  of  large  flight  vehicles. 

Mr.  Karth.  Are  you  saying,  Mr.  Ames,  the  closer  you  get  to  actual 
size,  the  more  accurate  you  will  come? 

Mr.  Ames.  Yes.  I don’t  think  you  have  to  go  all  the  way.  I 
would  not  want  to  go  all  the  way.  It  would  take  too  long  and  would 
be  too  costly;  but  you  might  say  we  are  getting  “benchmarks”  up  the 
curve  which  permit  us  to  extrapolate  information  which  we  have  with 
a great  deal  more  accuracy  than  we  have  today. 

It  will  help  us  to  minimize  some  of  these  redundancies  or  contingency 
factors  we  have  to  use  in  design  to  insure  success  of  our  vehicles. 

Mr.  Karth.  Two  or  three  experiments  using  slightly  larger  sized 
vehicles  each  time  should  develop  enough  of  a curve  so  you  can  have 
a pretty  good  idea. 

Mr.  Ames.  Yes;  on  Project  Fire  we  have  only  two  experiments 
planned,  one  of  which  should  go  later  this  year. 

If  successful,  we  would  seriously  consider  calling  off  the  second 
experiment  unless  there  were  some  measurements  we  had  not  obtained 
that  we  should  obtain.  We  could  then  devote  the  launch  vehicle  to 
another  program. 

Mr.  Karth.  This  is  to  accumulate  data  on  reentry  at  the  lunar 
speed? 

Mr.  Ames.  Let  me  show  you  a slide  that  will  answer  this  (fig.  254). 

This  is  a slide  I used  last  year.  With  high  velocities  we  have  this 
radiating  hot  gas  cap  around  the  nose  of  a reentry  spacecraft.  It 
radiateslieat  back  to  the  vehicle. 

I have  shown  horizontally  here  the  total  speed  in  miles  per  hour;  and 
vertically  the  heat  load  to  the  vehicle.  Here  is  “satellite”  speed 
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Figure  254 

where  the  heat  load  has  not  risen  much.  Here  is  the  lunar  return 
speed  and  you  see  the  heat  load  is  beginning  to  rise,  in  fact,  three  orders 
of  magnitude  over  “satellite”  speed. 

As  we  go  to  “planetary  return”  speed,  we  don’t  know  exactly  how 
high  the  heat  load  is.  Our  experience  with  Project  Mercury  goes  up 
to  this  velocity.  The  Scout  experiments  go  up  here,  about  15  percent 
higher.  Apollo  would  take  us  here— Project  Fire  would  be  slightly 
above  the  point  for  Appollo.  We  have  requested  in  our  budget  this 
year  money  for  “advanced  fire”  to  take  us  up  into  the  knee  of  this 
curve,  in  this  region  of  interplanetary  flight. 

Then  we  will  have  a much  better  feeling  for,  and  understanding  of, 
the  nature  of  the  heat  environment  we  must  contend  with  at  these 
very  high  speeds. 

Mr.  Downing.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Downing? 

Mr.  Downing.  Doctor,  why  is  it  the  planetary  return  speed  is  of 
such  magnitude? 

Mr.  Ames.  Partially  because  of  the  very,  very  high  velocities  for 
escape  from  the  Earth’s  gravity.  As  a vehicle  comes  back  into  the 
atmosphere,  we  have  this  high  velocity  situation  in  contrast  to  Project 
Mercury. 

Project  Mercury  enters  the  atmosphere  around  17,000  miles  per 
hour.  Our  planetary  vehicle  is  going  to  enter  the  atmosphere  on  the 
order  of  30,000  miles  per  hour. 

Mr.  Downing.  That  is  my  question.  I don’t  understand  “why.” 
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Mr.  Ames.  Well,  we  have  two  factors  in  the  heat  load  here,  sir. 
One  is  as  the  air  flows  over  the  body  we  have  what  we  call  viscous 
shear.  This  is  where  the  skin  friction  is  causing  local  heating  of  the 
body. 

Mr.  Karth.  I think,  Mr.  Ames,  the  question  is  why  does  an  object 
coming  back  from  a planet  return  at  30,000  miles  per  hour  when  an 
orbiting  vehicle  returns  to  the  atmosphere  at  17,000. 

That  is  the  question. 

Mr.  Downing.  It’s  not  because  of  the  pull  of  gravity? 

Mr.  Ames.  Gravity  would  certainly  have  an  influence  on  it; 

Mr.  Downing.  It  would  have  an  influence. 

Mr.  Ames.  As  we  launch  a vehicle  out  toward  the  Moon,  we  have 
to  have  a velocity  which  would  give  us  enough  energy  for  this  vehicle 
to  exceed  the  pull  of  gravity.  We  have  to  achieve  velocities  of  33,000 
to  35,000  feet  per  second,  and  to  escape  the  influence  of  the  Earth, 
we  have  to  go  to  these  higher  velocities  for  escape. 

Now,  in  addition,  as  we  get  out  into  space  we  may  have  to  add  pro- 
pulsion to  correct  the  trajectory,  to  change  the  course  of  the  vehicle, 
and  to  shorten  the  time  of  some  of  the  missions. 

There  is  a time  factor  in  the  mission  also.  After  the  vehicle  leaves 
the  planet  it  will  be  going  at  very  high  speed,  and  will  be  accelerating 
also  as  the  Earth’s  gravity  pulls  it  back.  It  will,  therefore,  reenter 
at  these  high  velocities  indicated. 

We  can  decelerate  the  vehicle  by  aerodynamics — by  making  this 
nose  blunt,  but  this  increases  our  heating  problem  at  high  speeds. 

Mr.  Downing.  Thank  you. 

Mr.  Karth.  Only  up  to  a certain  point,  isn’t  it  true? 

After  you  reach  a certain  point  m the  curve  of  the  blunt  end, 
actually  it  causes  a decreased  amount  of  speed. 

Mr.  Ames.  This  gas  cap  gets  so  hot  at  high  velocitie  s we  cannot 
cope  with  it.  At  lower  velocities  we  have  adequate  knowledge  to  cope 
with  it. 

At  the  lower  speed,  it  is  true  that  the  whole  purpose  of  the  blunt 
shape  is  to  cause  what  we  call  a “discontinuity”  or  “bow  shock”  in 
front  of  the  vehicle,  so  that  the  heat  generated  by  the  bow  shock  radi- 
ates back  to  the  atmosphere  rather  than  to  the  vehicle.  In  the  lower 
velocities,  such  as  orbital  velocities  up  to  Apollo  speeds,  a blunt  shape 
is  most  attractive  because  the  shock  wave  in  front  is  where  most  of  the 
energy  is  expended  and  the  heat  energy  doesn’t  get  to  the  vehicle. 

On  the  other  hand,  when  we  come  back  from  interplanetary  mis- 
sions, at  the  return  speeds  of  interplanetaiy  flight  we  may  want  to  go 
to  a vehicle  which  is  more  pointed  so  that  initially  it  will  not  form  this 
very  hot  gas  cap.  Eventually  the  configuration  may  change  by  burn- 
ing the  point  off  and  become  blunt  as  we  get  to  lower  velocities. 

I discussed  our  meteoroid  flight  program  with  you  rather  completely 

Jresterday , and  covered  the  results  of  Explorer  XVI  which  was  launched 
ast  December.  We  have  two  more  S-55  spacecraft,  the  S-55c  and 
the  S-55d.  The  S-55c  will  continue  the  experiments  of  the  type  I 
described  to  the  subcommittee  previously,  plus  an  evaluation  of  a 
new  type  of  meteoroid  detector — a type  of  detector  that  once  it  has 
been  penetrated,  would  be  capable  of  recharging  itself  and  accepting 
further  penetrations. 

If  you  recall,  I showed  you  a little  pressure  vessel  yesterday,  a 
pressurized  can,  which  when  penetrated  the  gas  leaked  out  and  it  is 
no  longer  useful  to  us  for  meteoroid  detection. 
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We  are  trying  to  develop  an  improved  detector  and  I believe  this 
was  on  one  of  Dr.  Bisplingnoff’s  charts  in  his  earlier  remarks. 

Then  we  have  the  final  vehicle  in  the  S-55  series,  the  S-55d,  which 
will  also  get  an  Explorer  “number”  once  it  achieves  a successful  orbit. 

W e will  use  the  new  detector  on  this  vehicle.  This  type  of  meteoroid 
detector  will  go  also  on  the  large  Saturn-launched  meteoroid  satellite 
of  which  I showed  you  a model  yesterday. 

I mentioned  also  our  meteoroid  paraglider  experiments.  I won’t 
belabor  that  any  more. 

I would  like  to  comment  briefly,  though,  about  our  meteoroid 
observations  from  the  ground.  I described  to  you  our  program,  using 
the  equipment  developed  by  Dr.  Whipple,  to  observe  meteoroids  by 
radio  techniques,  and  by  optical  techniques.  Certain  assumptions 
have  to  be  made  in*  these  experiments  as  to  the  kinds  of  meteoroids  he 
observes  and  to  their  luminous  efficiency,  for  example. 

Now,  in  order  to  assist  in  getting  a better  correlation,  we  have  an 
artificial  meteor  program  which  is  being  conducted  at  Wallops  Island 
as  a part  of  the  Trailblazer  program.  Here  a pellet  which  simulates 
a meteor  will  be  fired  downward  from  a vehicle. 

The  vehicle  will  be  launched  upward  and  we  will  fire  a pellet  down- 
ward at  two  velocities;  one  at  40,000  feet  per  second,  and  we  hope 
ultimately  one  at  75,000  feet  per  second,  and  Dr.  Whipple  will  use  his 
equipment  to  observe  the  luminous  efficiency  of  the  particles. 

These  will  be  known  particles  of  known  mass  and  known  material  so 
we  can  then  take  this  information  and  use  it  for  correlation  with  the 
data  he  has  obtained  in  the  past  and  which  he  is  continuing  to  obtain 
for  us. 

In  the  small  vehicle  flight  experiments,  one  of  our  experiments  is  on 
cryongenic  fluids  at  zero  “g.”  Here  we  are  investigating  the  heat 
transfer  mechanisms,  stratification  effects,  and  venting  characteristics 
which  are  problems  characteristic'nf  tanks  containing  liquid  hydrogen 
under  weightless  conditions. 

We  have  conducted  several  zero  “g”  experiments  riding  piggyback 
on  Air  Force  Atlas  vehicles. 

We  funded  the  payload. 

In  these  experiments  we  got  about  20  minutes  of  zero  “g.” 

We  also  obtain  5 minutes  of  zero  “g”  in  flight  experiments  using 
Aerobee  vehicles  launched  at  Wallops  Island. 

Mr.  Karth.  Can  you  tell  us  how  you  intend  to  fire  back  toward 
Earth,  a projectile  thirty  or  forty  thousand  feet  per  second? 

Mr.  Ames.  Yes,  sir.  We  have  already  achieved  33,000  feet  per 
second. 

We  have  a six-  or  seven-stage  vehicle  depending  on  the  mission — 
seven  rocket  stages,  which  ignite  one  after  the  other. 

The  first  three  stages  launch  the  vehicle  upward  and  then  the 
vehicle  will  separate;  then  the  other  three  or  four  stages,  depending 
on  the  mission,  will  fire  downward. 

First  we  fire  out  into  space  and  then  we  fire  downward  and  accelerate 
the  particles. 

Mr.  Karth.  You  are  talking  about  firing  toward  Earth,  two  or 
three  stages  of  the  vehicle  itself? 

Mr.  Ames.  That  is  right.  This  is  done  at  Wallops  Island.  We 
fire  offshore  and  our  launch  vehicle  goes  up  several  hundred  miles, 
and  then  comes  down  between  the  coast  and  Bermuda.  We  have 
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done  this  a number  of  times,  but  our  objective  of  75,000  feet  per 
second  will  not  come  easily. 

In  that  case,  we  may  have  to  use  a shaped  charge  to  accelerate 
our  material  mass. 

For  40,000  feet  per  second,  perhaps,  we  can  use  a kind  of  rifle  on 
the  end  of  the  last  stage  to  add  velocity. 

The  remaining  experiments  in  the  OART  flight  program  are  mostly 
in  Dr.  Kelley’s  technical  area  but  are  managed  in  my  office,  to  provide 
central  management  of  O ART-conducted  flight  programs. 

This  brings  my  remarks  to  a conclusion.  I’d  like  to  sum  it  up 
very  briefly  with  your  permission,  sir. 

My  objective  has  been  to  give  you  a clearer  picture  of  the  activities 
and,  I hope,  the  progress  achieved  in  the  space  vehicle  systems 
advanced  research  and  technology  program.  These  activities  are 
very  broad  in  scope,  and  range  from  conceptual  studies  of  advanced 
vehicle  systems  for  future  missions  to  the  identification  and  solution 
of  critical  technical  problems  bearing  both  on  present  generation  as 
well  as  future  space  vehicles. 

I hope  that  I have  made  it  clear  to  the  subcommittee  that  our 
programs  involve  not  only  basic  research,  but  also  applied  research 
and  technology,  as  indicated  by  the  name  of  our  organization,  Office 
of  Advanced  Research  and  Technology. 

There  are  many  problems  urgently  in  need  of  solution,  if  our  country 
is  to  achieve  the  space  flight  capability  which  I believe  is  required. 

In  addition,  I want  to  emphasize  that  the  nature  and  extent  of 
advanced  research  and  technology  activities  today  play,  as  you  have 
also  indicated,  a most  important  part  in  establishing  our  space  flight 
capability  in  the  next  decades. 

The  continuing  objective  of  our  programs  is  to  provide  the  timely 
and  sound  technological  foundation  which  is  essential  to  our  country’s 
mastery  of  space.  Thank  you. 

Mi.  Kaeth.  Thank  you  very  much,  Mr.  Ames. 

Are  there  any  further  questions? 

If  not,  Dr.  BispiinghofF,  we  are  prepared  to  begin  with  Dr.  Konecci. 

Dr.  Bisplinghoff.  He  is  here,  prepared  to  start. 

Mr.  Kaeth.  Dr.  Konecci,  we  would  like  to  have  you  proceed  in 
much  the  same  fashion  as  several  of  the  last  witnesses  have  proceeded. 

I have  your  prepared  statement.  I think  it  would  be  more  ad- 
vantageous for  the  committee  to  hear  a summation  of  it,  together 
with  whatever  visual  aids  you  might  like  to  use  to  provide  a better 
understanding. 

STATEMENT  OF  DR.  EUGENE  B.  KONECCI,  DIRECTOR,  BIOTECH- 
NOLOGY AND  HUMAN  RESEARCH,  OFFICE  OF  ADVANCED 

RESEARCH  AND  TECHNOLOGY,  NATIONAL  AERONAUTICS  AND 

SPACE  ADMINISTRATION 

Dr.  Konecci.  Thank  you  very  much,  Mr.  Chairman.  [Reading:] 

I would  like  to  outline  the  “human  factors  systems”  program  of  the  recently 
formed  Office  of  Biotechnology  and  Human  Research.  This  program  is  designed 
not  only  to  do  human  research  and  development  of  adequate  life  support  and 
protective  systems  for  man’s  survival  in  the  aerospace  environment,  but  to 
adequately  determine  man-machine  relationships,  and  integrate  them  properly 
into  the  advanced  aerospace  systems.  Our  success  and  progress  in  the  next  10  to 
20  years  depends  upon  the  biotechnology  and  human  research  we  do  today.  A 
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systemsparametric  analysis  was  performed  to  determine  the  organization  and  pro- 
gram required  to  fulfill  the  mission  of  biotechnology  and  human  research,  as  laid 
down  by  Dr.  Robert  Seamans  on  June  27,  1962  (see  fig.  261,  p.  2417). 

ORGANIZATION 

Biotechnology  and  human  research,  as  you  know,  is  one  of  three  life  science 
organizations  within  NASA. 

The  NASA  programs  are  summarized  as  follows: 

Office  of  Space  Sciences  (OSS)  is  principally  responsible  for  the  scientific  investi- 
gation of  space  and  planetary  environments. 

Office  of  Manned  Space  Flight  (OMSF)  is  principally  concerned  with  the 
operation  of  approved  manned  space  flight  projects. 

Office  of  Advanced  Research  and  Technology  (OART)  is  principally  responsible 
for  manned  and  unmanned  advanced  research  and  technology  for  aerospace 
systems. 

It  should  be  recognized  that  there  are  interfaces  between  these  various  offices. 
Basic  research  in  biology,  conducted  by  biosciences  (OSS)  in  the  space  environ- 
ment can  be  utilized  by  biotechnology  and  human  research  (OART)  as  a basis  for 
applied  animal  and  manned  research,  which  will  answer  specific  design  problems 
for  the  “human  factors  systems”  programs.  In  turn,  biotechnology  and  human 
research  activities  will  establish  human  design  requirements  and  a technological 
base  with  proof  of  concepts  and  working  models  of  such  things  as  advanced  life 
support  systems,  bioinstrumentation,  ana  protective  devices,  which  can  be  utilized 
in  future  manned  aerospace  systems. 

Aerospace  medicine  (OMSF)  will,  in  turn,  utilize  the  human  data  equipment 
and  subsystems  obtained  from  this  research  and  advanced  technology  and  apply 
it  to  the  development  of  the  future  approved  operational  manned  space  systems. 

SYSTEM  ANALYSIS 

The  Office  of  Biotechnology  is  an  interdisciplinary  organization  composed  of 
biomedical,  biophysical,  nuclear,  and  design  engineering  personnel.  We  are 
systems  oriented  in  order  to  accomplish  the  planned  NASA  goals  of  providing  the 
required  technology  planned  (a  broad  technological  and  research  base)  for  manned 
aerospace  systems.  Consequently  we  have  looked  at  the  possible  future  missions 
that  NASA  will  be  expected  to  perform.  As  seen  in  figure  270  (p.  2427),  this 
entails  a detailed  look  at  the  various  systems  complexes  involved  in  the  missions, 
then  the  specific  systems  within  the  complexes.  In  reality,  our  program  is 
involved  with  all  three  aspects — man,  or  human  research;  machine,  or  biotech- 
nology; and  vehicle,  or  man-system  integration,  in  the  following  manner: 

Man. — We  do  specific  human  research  regarding  man’s  body  systems  as  seen  on 
figure  270  (p.  2427)  at  level  D to  level  E,  however,  when  necessary,  to  answer  a 
specific  problem,  we  go  down  into  the  F or  G levels  to  do  research.  This  means 
that  we  may  actually  look  at  a specific  organ  or  chemical  and  study  relationships 
under  specific  environments,  functions,  configurations,  and  materials. 

Machine. — We  call  this  area  biotechnology.  This  involves  life  support  sys- 
tems, protective  systems,  and  man-machine  control.  Here,  too,  you  can  see  that 
we  must,  at  times,  depending  upon  the  particular  problem  area,  go  down  into  the 
machine  subsystems,  for  example,  in  the  life  support  subsystem,  and,  in  fact,  into 
detailed  components.  If  we  talk  about  a specific  subsystem  like  a life  support 
superoxide  system,  then  we  are  dealing  with  the  detailed  G level,  or  chemicals. 

Vehicle. — On  the  vehicle  side,  the  vehicle  can  be  considered  as  an  overall  con- 
tainer. In  reality,  the  vehicle  could  come  under  the  machine,  however,  it  is  con- 
sidered separately  for  ease  of  description.  In  our  program  we  consider  the  vehicle 
as  being  man-system  integration.  As  you  can  see  in  figure  2,  levels  A through  G, 
we  are  each  concerned  with  the  parameters  of  environment,  function,  configura- 
tion, and  material.  In  other  words,  every  one  of  the  levels  has  these  as  common 
denominators,  in  order  to  adequately  describe  the  total  man,  machine,  and 
vehicle. 

We  will  now  examine  the  biotechnology  and  human  research  program  which 
evolved  from  a detailed  examination  by  systems  analysis  as  related  to  the  possible 
NASA  future  missions  (fig.  267,  p.  2424).  This  is  an  example  of  our  program, 
which  is  at  the  D level.  The  analysis  of  the  missions,  system  complexes,  and 
systems  brings  us  to  the  D level.  Figure  273  (p.  2429)  is  a more  detailed  break- 
down of  our  program.  The  horizontal  parameters  of  environment,  the  require- 
ments, the  bioengineering,  simulation,  test  and  evaluation,  and  advanced  concepts 
are  involved  in  all  of  the  three  program  elements. 
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If  we  take  man  or  human  research,  we  study  man’s  bodv  systems  in  relation 
to  the  total  environment.  For  example,  we  must  study  the  total  spectrum  of 
radiation  and  its  effect  on  body  systems,  not  just  cosmic  radiation.  This,  in 
turn,  imposes  certain  design  requirements  on  equipment  that  is  needed  to  do 
human  research.  These  requirements  are  translated  into  specialized  biosensors, 
which  are  then  utilized  back  in  a specific  environment  to  obtain  data.  That 
data  is  then  transferred  to  a specific  situation  where  you  can  put  it  under  a 
simulation  test.  The  next  step  is  to  evaluate  the  equipment,  and,' if  need  be, 
you  may  have  to  go  to  advanced  concepts  to  try  to  solve  the  problem,  since  it 
is  possible  we  do  not  have  equipment  or  data  that  is  required  to  answer  these 
questions.  The  same  is  true  of  the  psychophysiology,  which  is  really  the  mental 
and  physical  aspects  of  man.  The  method  of  analysis  is  the  same  as  for  body 
systems. 

Once  we  do  get  physiological  and  mental  limits  to  establish  the  design  require- 
ments for  man’s  equipment  and  habitability,  we  then  impose  them  on  the  next 
area,  which  we  call  man-machine  or  biotechnology.  Here  you  can  see  that  we 
have  life  support  systems,  protective  systems,  and  man-machine  control.  We  go 
through  environment,  design  requirements,  etc.,  as  we  did  for  man-body  systems. 

After  considering  the  parameters  from  environment  through  advanced  systems, 
we  establish  design  requirements  for  the  equipment.  Finally,  we  take  this 
equipment  and  also  the  requirements  of  man,  and  translate  them  into  the  next 
area,  man-system  integration.  We  actually,  again,  look  at  the  overall  system 
that  is  involved  with  the  environment,  the  various  systems  requirements,  and 
so  on.  Finally,  the  proof  is  when  we  put  all  of  these  together  to  test  them,  and 
demonstrate  a workable  system.  In  most  instances  -esearch  will  not  be  accomp- 
lished^ the  D level  since  this  is  not  basic  enough  1 > provide  adequate  data  for 
establishing  design  requirements.  Therefore  we  mu'  5 go  from  this  D level  into 
the  E level. 

Figure  268  (p.  2425)  is  a description  of  the  E level  and  specifically  shows  the 
matrix  on  human  research  with  environment  versus  basic  body  systems.  As 
you  can  see,  the  body  systems  are  composed  of  the  integrated  total  body,  in- 
cluding the  cardiovascular  system,  and  digestive  system,  etc.  These  are  plotted 
in  relationship  to  the  environment.  We  have  shown  only  a few  selected  ex- 
amples of  the  environment,  which  are  acceleration,  atmosphere,  radiation,  and 
thermal.  Let  us  take  an  example  of  the  cardiovascular  system  in  relation  to  just 
acceleration,  one  aspect  of  the  environment  which  we  may  define  as  a task  area 
requiring  research  (fig.  269,  p.  2426) . We  then  may  have  to  go  to  the  F level  to  ob- 
tain more  specific  data  and  here  the  cardiovascular  system  breaks  down  into 
many  subbreakdowns  of  which  a few  are  mentioned  here,  the  heart,  the  coronary 
arteries,  etc.  Meanwhile,  acceleration  breaks  down  into  a number  of  subpara- 
meters, i.e.,  here  we  mention  only  zero-G,  subgravity,  linear  gravity  (plus  and 
minus),  vibration,  and  noise. 

Now  all  of  these  factors,  when  added  together,  make  up  a tremendous  total 
number  of  tasks  and  interactions  that  must  be  looked  at  if  we  are  to  evaluate 
those  variables  that  effect  man.  When  this  is  done  (fig.  271,  p.  2427),  we  find  that 
we  have  something  like  12,500  task  areas.  An  example  of  a task  area,  i.e.,  E 
level,  would  be  the  total  nervous  system  versus  radiation  spectrum.  This  radia- 
tion spectrum  would  include  cosmic  rays,  ultraviolet,  infrared,  all  the  way  through 
to  radiowaves.  When  you  take  the  matrix,  and  count  the  numbers  of  specific 
tasks,  i.e.,  F level,  you  now  have  something  on  the  order  of  187,500  tasks  to  be 
performed.  An  example  of  a task  is  the  effects  of  solar  flare  protons  on  the 
peripheral  nerves.  This  effort  is  prohibitively  large,  therefore,  it  becomes  neces- 
sary to  categorize  these  various  tasks  in  terms  of  priorities  (fig.  255). 


1984  NASA  AUTHORIZATION 


2407 


M/<?A/ry 

I MEANS  ITEM  CRITICAL.  ART  REQUIRED 
TO  IMPLEMENT  MISSION,  i.e.  1ST  FLIGHT 
SHOULD  NOT  BE  INITIATED  WITHOUT  THIS  ART  DATA 

I MEANS  DATA  EXTREMELY  DESIRABLE  ANO  WILL 
INFLUENCE  MISSION  PERFORMANCE,  BUT  NOT 
CRITICAL  ENOUGH  TO  PREVENT  1ST  FLIGHT 
ATTEMPT. 

IE  MEANS  AREA  REQUIRES  SOME  INVESTI- 
GATION TO  INCREASE  MISSION  SUCCESS 
ANO  OPTIMIZATION  OF  THE  OVERALL 
SYSTEM. 


Figure  255 


PRIORITY  ANALYSIS 


Priorities  may  be  broken  down  in  many  ways,  and  for  our  purposes  here,  we 
will  only  list  priorities  as  shown  in  figure  255. 

Priority  I means  this  item  is  critical,  that  the  advanced  research  and  technology 
is  required  to  implement  the  mission,  and  the  first  flight  should  not  be  initiated 
without  the  advanced  research  and  technology  data. 

Priority  II  means  that  data  is  extremely  desirable  and  will  certainly  influence 
the  mission  performance,  but  is  not  critical  enough  to  delay  the  first  flight  attempt. 

Priority  III  means  it  requires  some  investigation  to  increase  mission  success 
and  optimization  into  the  overall  system.  We  will  not  go  down  to  lower  priorities 
at  this  time. 

The  establishment  of  priorities  reduced  the  magnitude  of  the  effort,  from  an 
enormous  one  requiring  a prohibitive  budget  to  do  something  that  is  more 
reasonable. 

The  summarized  results  can  be  seen  in  figures  256  and  257.  As  an  example, 
the  status  of  knowledge  and  technology  is  unknown  for  such  critical  areas  as 

Erolonged  zero  g,  sub  g,  radiation  and  atmosphere  in  relation  to  body  systems, 
fe  support,  etc.,  in  most  of  the  aerospace  missions.  Figure  272  (p.  2428)  for  pur- 
poses of  discussion  shows  a summary  of  the  mission  evaluation  for  only  three 
missions,  that  of  advanced  aeronautical  systems,  lunar  base,  and  manned  inter- 
planetary flight.  It  shows  the  relation  of  the  body  systems  for  the  parameters 
of  zero  and  subgravity,  space  radiations,  and  atmosphere,  as  well  as  for  life 
support. 

We  can  see  here  that  future  advanced  aeronautical  systems  like  the  hypersonic 
transport  in  the  area  of  zero  gravity  is  a III  priority  item  in  view  cf  data  obtained 
from  Project  Mercury  and  Soviet  animal  flights  and  manned  flights.  However, 
we  still  must  study  the  area  to  obtain  the  optimum  design  requirements  for  pas- 
sengers, since  passengers  may  not  be  able  to  take  transitioning  from  gravity  to 
zero  gravity  and  back  again  during  hyperbolic  flights. 

The  space  radiation  parameter  for  advanced  aeronautical  systems  was  found 
to  be  a priority  II  item,  since  we  still  have  inadequate  data  to  determine  whether 
primary  and  secondary  cosmic  radiation  will  effect  man  during  frequent  very 
high  altitude  flights  over  the  polar  regions.  This  area  will  continue  to  be  studied, 
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in  more  detail,  to  determine  whether  a'  completely  sealed  cabin  will  be  required 
at  high  altitude  approaching  100,000  feet. 

In  the  case  of  the  lunar  base,  we  see  that  it  is  not  zero  gravity,  but  subgravity 
that  becomes  a priority  I.  There  are  some  questions  as  to  whether  man  will  be 
able  to  coordinate  on  the  lunar  surface  with  just  the  one-sixth  “g,”  so  that  experi- 
ments must  be  performed  in  either  simulated  or-  actual  gravity  situation  to  resolve 
this  problem  area.  A recent  Soviet  study  “Motor  Activity  of  Intact  Animals 
Under  Conditions  of  Artificial  Gravity,”  by  Yuganov,  et  al„  indicates  “that  the 
artificial  gravitation  that  arises  at  acceleration  of  0.28  to  0.3  g may  be  recognized 
as  the  minimal  effective  acceleration  which  -will  be  adequate  to  prevent  unfavor- 
able effects  on  motor  reaction  of  animals.”  Since  one-sixth  gravity  on  the  lunar 
surface  is  lower  than  this,  muscular  coordination  may  prove  to  be  a major  problem. 
Simulated  lunar  tests  have  been  conducted  on  the  ground  with  man  being  sup- 
ported by  balloons  and  other  devices,  such  as  the  Langley  Research  Center  hori- 
zontal body  support  system,  which  permits  walking  on  a vertical  plane.  This 
has  proven  to  be  an  important  area  of  research.  However,  it  still  does  not  answer 
the  problem  of  whether  man  can  or  cannot  accommodate  himself  to  prolonged 
subgravity.  In  the  cases  of  space  radiations,  priority  1 is  listed  for  lunar  base, 
since  we  do  not  have  adequate  data  on  free  space  radiation,  let  alone  background 
data  on  radiation  on  the  lunar  surface. 

The  lunar  atmosphere  is  a hard  vacuum  requiring  a sealed  cabin  for  protection 
of  a crew.  -We  are  therefore  concerned  -with  the  meteoroidal  penetrations  of  the 
sealed  cabin  or  lunar  base  structure  which  could  result  in  a decompression. 

We  are  also  concerned  with  the  kind  of  atmosphere  that  would  be  involved  in- 
side of  the  lunar  base  whether  it  should  be  equivalent  to  the  air  that  we  breathe 
on  the  Earth’s  surface  at  the  same  pressure  at  14.7  pounds  per  square  inch,  or 
whether  it  should  be  various  other  mixtures  of  gases.  This  area  requires  a sub- 
stantial amount  of  research.  In  the  final  example  in  figure  272  (p.  2428),  we  have 
analyzed  manned  interplanetary  flight  missions.  The  zero  gravity  parameter  is 
a priority  I item,  since  a round  trip  to  Mars  as  envisioned  today  would  require  at 
least  1 year.  At  present,  NASA  plans  14-day  missions  in  Gemini  and  we  are 
aware  of  the  4-day  man  Soviet  flight,  and  the  several  day  weightless  experiment 
of  Laika.  It  is  impossible  to  project  such  meager  data  to  a long  duration  inter- 
planetary flight.  We  can  perform  man  and  animal  experiments  in  near-Earth 
orbit  for  prolonged  periods  of  time  to  obtain  this  critical  zero  g data  without 
actually  completing  the  Martian  flight.  This  point  will  be  amplified  later. 

In  space  radiations,  we  have  a priority  I,  since  we  have  inadequate  information 
on  physical  environment,  both  solar  ana  galactic  cosmic  radiation,  let  alone  their 
effects  on  living  systems.  Continued  ground  based  and  flight  research  in  this 
area  could  help  reduce  this  to  priority  II  or  III.  Utilization  of  magnetic  fields 
has  been  suggested  as  a possible  protection  against  space  radiation.  However, 
this  opens  another  research  requirement,  i.e.,  the  effect  of  magnetic  fields  on 
man.  Hi/^h  and  low  magnetic  field  studies  are  now  in  progress  and  we  hope  to 
have  some  information  on  these  effects  in  the  near  future. 

The  atmosphere  versus  the  manned  interplanetary  mission  is  priority  II,  and 
the  problem  is  similar  to  the  lunar  base,  where  exposure  time  is  1 year  or  more, 
whereby  they  must  have  the  proper  protection  against  meteoroides.  The  internal 
atmosphere  must  be  compatible  to  sustain  man  for  extremely  long  durations. 

At  this  time,  we  would  be  inclined  to  give  man  an  air  equivalent  to  Earth’s 
surface  atmosphere.  However,  atmospheric  requirements  are  being  studied  to 
determine  the  most  desirable  atmospheric  gas  combination  to  prevent  oxygen 
toxicity  and  bends  in  case  of  accidental  decompression.  We  find  zero  g and 
subgravity  could  affect  the  performance  of  life  support  systems.  The  systems 
require  the  use  of  gases,  the  tnermochemical  and  physical  properties  of  multiphase 
systems  are  greatly  anected  by  reduced  gravity,  e.g.,  the  separation  of  gases 
from  liquids.  Biotechnology  flight  experiments,  directed  toward  the  determina- 
tion of  effects  of  reduced  gravity  on  the  transport  properties  of  multiphase  systems 
will  define  requirements  for  life  support  systems  and  will  permit  the  definite 
selection  of  the  optimum  type.  In  the  cases  of  space  radiations  with  adequate 
shielding,  there  should  be  no  real  problem  in  the  operation  of  the  physical-chemical 
support  system.  If  biological  systems  are  ever  utilized  for  life  support,  the 
III  priority  may  change  to  I priority,  if  the  space  radiations  cause  mutations  in 
the  various  plant  or  algae  systems. 

BK8SABCH  PRIORI  TIM 

Figures  258  and  259  summarize  various  priority  areas.  Although  these  priority 
areas  are  not  in  the  order  of  their  significance,  they  are  all  top  priority  items  as 
identified  by  the  system  analysis. 
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1 P8YCH0-PHYSI0106Y  OF  PROLONGED  EXPOSURE 
TO  ZERO  OR  SUB-GRAVITY  1 1C..  PERIODS  OF 

I MONTH  TO  SEVERAL  YEARS). 

2 EFFECTS  ON  HUMANS  AND  DESI6N  IMPLICATIONS 
OF  SPACE  AND  MAN-MADE  RADIATIONS. 

3 ADVANCE  INTEGRATED  LIFE  SUPPORT  SYSTEMS 
DESIGNED  FOR  ONE  MONTH  TO  SEVERAL  YEARS  OF 
OPERATION. 

4 ADVANCED  INTRA-AND  EXTRA- VEHICULAR  PROTECTIVE 
AND  LOCOMOTIVE  SYSTEMS  FOR  FREE  SPACE,  LUNAR 
AND  PLANETARY  SURFACE  OPERATIONS. 


Figure  258 

M/0#/ry  rc<v>*) 

5 ADVANCES  IN  BIOENGINEERING  ARE  NEEDED  IN 
BIONICS,  BIOINSTRUMENTATION  (ESPECIALLY  BOOT 
SENSORS),  MAN -MACHINE  INFORMATION  HANDLING, 
DISPLAY  AND  CONTROLS  FOR  PSYCHO- PHYSIOLOGICAL 
MONITORING  AND  FOR  ALL-WEATHER  MANNED 
AEROSPACE  FLIGHT. 

6 ADVANCED  DYNAMIC  GRODNO  ADO  FLIGHT  SIMULATION 
TECHNIQUES  ANO  THE  DEVEOPMFNT  OF  HUMAN  ANALOGS. 

7 FLIGHT  GROUND  SUPPORT  AND  SPACE  RESEARCH 
PERSONNEL  SELECTION  AND  TRAINING  REQUIREMENTS 
AND  ADVANCED  TECHNIQUES. 

FlGUSM  250 
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1.  The  psychophysiology  of  prolonged  exposure  to  zero  or  subgravity:  For 
periods  of  1 month  to  several  years.  We  are  concerned  both  with  the  mental  and 
physical  aspects  of  man’s  performance  in  a zero  or  subgravity  environment. 
Although  we  have  singled  out  zero  gravity  it  should  be  noted  we  are  also  concerned 
with  mental  and  physical  aspects  of  man’s  performance  under  other  combined 
stresses  such  as  noise,  vibration,  temperature,  etc. 

The  problem  of  developing  simulation  techniques  for  studying  long-term 
weightlessness  is  a serious  one.  It  is  considered  that  an  orbital  laboratory  facility 
will  be  required  before  we  can  adequately  obtain  the  necessary  data. 

In  conjunction  with  zero  g studies,  we  are  concerned  with  disorientation  and 
vestibular  sickness  which  occur  during  certain  aspects  of  aerospace  flight.  This 
human  research  program  is  also  necessary  for  establishing  design  criteria  for 
future  rotating  space  stations. 

During  fiscal  year  1963  studies  on  these  problems  were  conducted  through  the 
Department  of  Defense  at  the  U.S.  Naval  School  of  Aviation  Medicine. 

This  contract  will  be  extended  to  support  studies  relative  to  the  mechanisms  by 
which  force  fields  produce  disorientation  and  functional  disturbances  by  their 
effects  upon  the  semicircular  canals  and  otolith  organs  of  the  inner  ear.  Normal 
and  altered  vestibular  functions  are  being  studied  by  experiments  with  animals  as 
well  as  studies  of  man  with  pathological  loss  of  functions  of  semicircular  canals 
and  otoliths.  Studies  are  being  conducted  on  etiology,  incidence,  symptoma- 
tology, prevention  of  and  therapy  of  vestibular  sickness,  ocular  illusions  and 
disorientation  for  force  factors  operative  in  space  flight.  This  research  also  in- 
cludes a study  of  parameters  directly  related  to  the  astronaut  program  to  include 
semicircular  canal  and  otolith  function  in  zero  g flights. 

2.  The  effects  on  humans  and  design  implications  of  space  and  manmade 
radiations:  In  looking  ahead  to  future  NASA  requirements  in  technology,  as 
anticipated  one  finds  considerable  association  between  man  and  nuclear  systems. 
This  most  assuredly  gives  rise  to  areas  of  investigation  that  are  new  to  spacecraft. 
Shielding,  remote  maintenance,  and  radiation  effects  become  commonplace  termi- 
nology. In  biotechnology  and  human  research  we  become  more  involved  in 
problems  such  as  biological  effects  and  permissible  exposure  levels  for  astronauts, 
radiation  effects  in  life  support  subsystems  and  sensing  of  radiation  exposure,  and 
the  maintainability  or  repairability  of  space  systems  and  the  integration  of 
required  shielding  into  the  manned  payload  complex. 

Although  all  manned  spacecraft  will  be  involved  to  a considerable  extent 
through  the  interaction  of  space  radiations  with  the  required  environment  for 
man,  nuclear  radiations  will  be  most  influential  in  influencing  the  design  of  space- 
craft carrying  nuclear  sources.  Design  requirements  must  be  established  in  the 
areas  of  shielding  and  component  placement  to  assure  adequate  environmental 
and  maintenance  conditions. 

In  this  area,  NASA  is  supporting  a portion  of  research  on  “Aeromedical  problems 
of  atomic  energy”  conducted  by  the  Aerospace  Medical  Division  of  the  Air  Force 
Systems  Command.  This  research  supports  the  long-term  animal  experimenta- 
tion pertinent  to  the  analysis  of  the  effects  of  various  ionizing  radiations  on  biologi- 
cal tissues  and  the  study  of  methods  of  diagnosis  and  therapy  in  both  acute  and 
chronic  radiation  exposure  problems  applicable  to  a man.  This  work  constitutes 
a substantial  contribution  to  the  total  national  radio-biology  program  and  is 
specifically  germane  to  future  manned  space  flight  and  eventual  nuclear-powered 
space  systems. 

It  has  been  reliably  shown  by  these  studies  that  the  Macaca  rhesus  monkey  use- 
fully approximates  the  human  in  its  normal  anatomy  and  physiology,  test  per- 
formance capabilities,  and  response  to  routine  laboratory  procedures  as  well  as  its 
acute  response  to  ionizing  radiation,  thus  insuring  its  being  an  excellent  experi- 
mental animal  for  radiation  studies. 

The  School  of  Aerospace  Medicine  has  initiated  and  maintained  the  largest 
monkey  colony  in  the  United  States  for  evaluating  and  observing  delayed  effects 
on  radiation  exposure.  (Some  animals  are  now  10  years  or  more  postexposure.) 
Since  the  long-term  effects  of  radiation  exposure  are  of  special  importance  in  the 
ultimate  consideration  of  optimal  exposure  criteria,  and  are  obviously  difficult  to 
ascertain,  these  animals  are  providing  an  extremely  valuable  and  completely 
unique  source  of  information  that  cannot  be  duplicated  elsewhere. 

Additional  radiation  studies  especially  with  high  energy  sources  are  being  con- 
ducted under  contract  with  Atomic  Energy  Commission.  Systematic  studies  are 
in  progress  directed  both  at  the  fundamental  nature  of  the  biomedical  effects  of 
heavy  ions  as  well  as  determination  of  constraints  that  will  be  of  practical  impor- 
tance to  future  space  flights. 
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Research  on  low  and  high  magnetic  fields  on  humans  as  related  to  radiation 
shielding  may  indicate  some  possible  physiological  effects  such  as  disrupted  bio- 
logical rhythm  and  space  time  perceptions.  Magnetic  fields  studies  are  being 
conducted  by  the  Navy  and  are  being  extended  to  Atomic  Energy  Commission 
and  industrial  contractors. 

The  University  of  Washington  is  studying  the  mechanisms  by  which  a.c.  and 
d.c.  fields  may  be  utilised  in  controlling  consciousness;  i.e.,  electronarcosis.  These 
studies  will  be  extended  relative  to  current  density  distribution  in  the  brain  as 
a function  of  external  electrode  placement,  d.c.  potential  gradients  in  the  brain 
and  their  modification  by  superimposed  d.c.  ana  a.c.  fields,  the  modulation  of 
brain  activity  by  d.c.  fields,  and,  by  multielectrode  placement,  the  localisation  of 
brain  centers  or  pathways  essential  for  consciousness,  and  the  effect  of  superim- 
posed electrical  nelds  upon  their  activity.  Pharmaceutical  research,  relative  to 
therapeutics  and  prophylaxis,  previously  limited  to  radiation  protection,  will  be 
expanded  during  the  next  year  to  include  remedies  for  counteracting  motion  sick- 
ness and  other  environmental  stress  factors. 

3.  Advanced  life  support  systems:  The  Manned  Spacecraft  Center  at  Houston 
has  been  authorized  and  funded  by  this  office  to  study  the  development  of  life 
support  systems  just  beyond  Apollo,  i.e.,  to  30  days.  This  was  done  to  make  a 
close  tie  between  the  Office  of  Manned  Space  Flight  and  Advanced  Research  and 
Technology,  so  that  advanced  support  and  protective  systems  could  be  developed 
concurrently  for  future  approved  operational -manned  projects.  This  office  has 
recently  completed  negotiations  with  the  Boeing  Co.  for  a completely  integrated 
5-man,  30-to-60-day  life  support  system.  It  includes  atmospheric  control  (super 
oxide),  water,  food,  and  waste  management  to  be  demonstrated  about  June  1963. 
As  part  of  our  program  Langley  Research  Center  recently  requested  proposals 
from  a number  of  industrial  firms  for  the  design,  fabrication,  and  test  of  a proto- 
type 6-month  life  support  system  for  four  men.  In-house  studies  in  progress  will 
determine  the  design  requirements  for  a 1-year  life  support  system.  This  ad- 
vanced system  will  be  contracted  in  fiscal  year  1964.  Biological  life  support  con- 
cepts have  been  critically  reviewed  and  a systematic  approach  by  NASA  in 
collaboration  with  other  interested  Government  agencies  will  continue.  As  an 
example,  Ames  Research  Center  is  monitoring  a contract  on  a closed  ecological 
system,  with  a photosynthetic  gas  exchanger  at  the  University  of  Minnesota. 
Biofuel  cells  (generation  of  electrochemical  power)  are  being  investigated  V con- 
junction with  the  Office  of  Propulsion  and  Power  Generation  (OAJ*T'-  Biofuel 
cells  as  an  adjunct  to  the  life  support  system,  show  more  promise  m the  very  real 
and  complex  problem  of  fecal  and  urine  waste  management.  A General  Electric 
contract  has  been  initiated  in  this  area.  This  major  area  of  life  support  will  con- 
tinue to  receive  emphasis  for  the  next  several  years. 

4.  Advanced  intra-  and  extra-vehicular  protection  and  locomotive  systems  for 
free  space,  lunar  and  planetary  surface  operations:  This  area  involves  the  estab- 
lishment of  requirements  and  designs  of  protective  devices  which  will  permit  the 
most  efficient  utilization  of  man's  capabilities  in  extraterrestrial  environments. 
The  problem  of  utilizing  man  as  an  individual  in  extraterrestrial  space  is  being 
attacked  on  a broad  front.  The  Cyborg  study  being  conducted  for  NASA  by 
the  United  Aircraft  Corp.  is  studying  methods  for  both  the  augmentation  of 
man’s  physiology  and  for  adapting  man  to  extraterrestrial  environments.  The 
Bell  Aeroeystems  Corp.  is  studying  mechanical  locomotion  methods  for  propelling 
man  and  anthropometric  and  nonanthropometric  protective  enclosures  for  main- 
taining him  in  a required  environment. 

5.  Advances  in  bioengineering  are  needed  in  bionics,  bioinstrumentation, 
especially  body  sensors,  man-machine  information  monitoring,  and  for  all  weather 
manned  aerospace  flight.  This  is  an  extremely  vital  area,  since  much  of  the 
human  research  depends  on  the  bioinstrumentation  that  is  available.  We  must 
increase  the  state  of  the  art  to  obtain  better  sensors,  thereby  obtaining  the  more 
precise  information  required  for  the  design  of  our  systems.  In  this  area,  we  have 
several  contracts  for  specialized  bioinstrumentation.  As  an  example  (1)  United 
Aircraft  is  working  on  bioinstrumentation  and  the  Cvborg  study  which  is  research 
on  the  equipment  for  extension  of  man  sensors;  (2)  Amelco  is  working  on  a micro- 
TV-eye  camera  to  be  utilized  in  human  research,  especially  for  the  monitoring  of 
performance  and  body  organs  during  space  flight. 

Studies  are  planned  with  the  FAA,  to  obtain  human  design  requirements  for 
displays  and  controls  for  all  weather  manned  aeroflight.  A development 
psychological-physiological  monitoring  system  will  be  put  on  competitive  bid 
through  cur  Edwards  Flight  Research  Center  in  the  near  future.  As  a result  of 
this  and  other  work  in  the  bioengineering  area,  we  anticipate  that  we  will  have 
better  instrumentation. 
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6.  Advanced  dynamic  ground  and  flight  simulation  and  development  of  human 
analogs:  In  conjunction  with  the  bioengineering  area,  we  have  been  studying 
the  biomedical  monitoring  of  advanced  equipment,  not  only  in  simulators,  but 
also  in  the  R-4D  and  X-14  aircraft  at  Ames,  as  well  as  the  F100C,  and  utilizing 
these  advanced  systems  for  a backup  in  collecting  dynamic  data  in  existing 
aerospace  flight  projects. 

In  the  simulation  area,  we  have  several  programs  initiated  in  1963  which  will 
be  continued  in  fiscal  year  1964,  aimed' principally  at  improving  safety  in  aircraft. 
This  effort  can,  and  will  be,  extended  to  space  vehicles.  One  such  program 
conducted  at  Ames  Research  Center  is  aimed  at  increasing  the  pilot’s  capability 
in  effecting  recovery  from  unusual  attitudes  and  transition  from  VFR  to  IFR 
flight.  An  additional  group  0i  continuing  studies  are  aimed  at  understanding 
the  role  and  tasks  of  the  pilot  in  planetary  missions.  One  such  task  involves 
piloted  simulations  and  flight  test  to  determine  the  proper  functions  of  the  human 
operator  in  a planetary  landing  system.  Another  Ames  study  is  being  made, 
using  simulation  techniques  to  determine  the  role  of  the  pilot  in  the  rendezvous 
of  spacecraft. 

A study  is  underway  at  the  University  of  Maryland  to  determine  the  capability 
for  highly  organized  task  requirements  on  the  performance  of  humans  for  ex- 
tended periods  of  time.  An  ex-military  officer  has  been  in  confinement  con- 
tinually since  November  17,  1962.  As  of  March  1,  he  has  completed  15  weeks 
in  a three-room  enclosure.  He  has  limited  communication  with  the  outside 
world,  but  must  gain  his  daily  satisfactions  from  the  internal  environment. 

A series  of  tasks,  ranging  from  sleep  through  physical  and  complex  mental 
exercises  are  performed  as  part  of  the  daily  routine,  in  a fixed  sequence,  but  at  his 
own  rate  of  speed  and  time  at  each  task.  Psychological  and  physiological  tests 
of  his  performance  and  physiological  well-being  are  measured. 

Information  derived  from  this  unique  study  will  provide  currently  unknown 
answers  to  many  of  the  questions  concerning  the  psychological  and  physiological 
capabilities  of  humans  to  withstand  the  stresses  of  long-term  flights  in  space  and 
extraterrestrial  journeys. 

No  time  limit' has  been  placed  on  the  period  of  isolation.  The  subject  can 
terminate  at  any  time  he  wishes.  However,  his  morale  and  motivation  are 
currently  very  high,  so  no  completion  date  has  been  set  as  of  this  time. 

We  are  presently  studying  the  human  design  requirements  for  an  early  manned 
orbital  research  laboratory. 

Integrated  aerospace  cabin  research,  using  human  subjects,  advanced  life 
support  systems,  protective  devices,  etc.,  are  presently  under  study  to  utilize 
10  million-cubic-foot  and  larger  balloons  as  platforms  for  30-day  flights.  The 
balloon  system  promises  to  give  us  a relatively  inexpensive  space  equivalent 
platform,  where  we  can  obtain  data  on  most  of  the  space  environment,  except  for 
the  weightlessness  and  the  hard  vacuum.  Flights  of  this  type  can  be  made 
relatively  safely  and  yet  impose  psychological  stress  on  the  human  subjects  which 
cannot  be  duplicated  on  the  ground. 

The  majority  of  these  priority  areas  mentioned  above  can  be  studied  on  the 
ground  and  will,  in  fact,  be  accomplished  that  way.  There  are  very  specific  items 
such  as  the  prolonged  weightlessness,  effects  of  cosmic  radiation,  the  psychological- 
physiological  effects  of  removing  a man  from  the  safe  environment  on  the  Earth 
that  cannot,  in  fact,  be  measured  in  a simulator.  These  then,  require  flight 
experiments  which  will  be  performed  in  conjunction  with  the  Office  of  Manned 
Space  Flight,  the  Office  of  Space  Sciences  within  NASA,  and  with  other  Gov- 
ernment agencies,  such  as  the  Air  Force  and  the  Navy.  As  an  example,  the 
balloon  program  mentioned  above  will  be  conducted  with  the  Navy.  This  point 
will  be  especially  amplified  later  under  flight  programs. 

7.  Flight  ground  support  and  space  research  personnel  selection  and  training 
requirements  and  advanced  techniques.  One  of  the  major  areas  of  concern  is 
research  to  obtain  the  requirements  for  better  personnel  selection,  not  only  for 
astronauts  and  pilots  but  for  research  personnel  that  will  perform  experiments 
in  aircraft,  in  space  and  on  various  planetary  bodies,  like  the  lunar  surface. 
It  must  be  pointed  out  scientific  and  engineering  personnel  will,  in  all  probability, 
be  required  for  future  space  missions.  The  advanced  systems  which  will  require 
personnel  of  this  type  must  be  bo  designed  so  these  personnel  can  be  safely  trans- 
ported to  either  the  lunar  surface  or  into  the  space  laboratory  to  perform  their 
research  or  other  designated  tasks. 

One  such  study  is  the  “in-flight  maintainability  study”  recently  formulated 
by  a NASA  and  Department  of  Defense  working  group  to  provide  information 
on  the  performance  capabilities  of  man  in  space.  This  program  involves  testing 
of  subject  capabilities  to  perform  taks  when  in  space  suits.  This  research  will 
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be  ready  for  competitive  bids  in  the  near  future.  The  project  will  be  monitored 
through  the  Marshall  Space  Flight  Center. 

The  work  by  the  Naval  School  of  Aviation  Medicine  being  conducted  for  NASA 
is  orientated  toward  obtaining  criteria  on  disorientation  and  mental  and  physical 
adaptation,  for  selection  and  training  of  astronauts  and  aerospace  crews.  This 
work  was  mentioned  earlier  under  the  psychological-physiological  priority  area. 

RESEARCH  CENTERS 

The  Ames  Research  Center  is  the  prime  research  center  for  human  research 
Other  centers  are  being  utilized  to  undertake  specific  portions  of  the  program 
where  unique  capability  exists  (fig.  260). 
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As  an  example,  Langley  Research  Center  is  responsible  for  advanced  life 
support  systems  of  the  physical  chemical  types,  flight  Research  Center  is 
performing  psychophysiological  monitoring  of  pilots  in  the  X-15  aircraft.  Mar- 
shall Space  flight  Center  is  conducting  the  inflight  maintainability  research. 
The  Manned  Spacecraft  Center  at  Houston  has  a unique  capability  in  the  pro- 
tective devices,  principally  for  space  pressure  suits  and  survival  equipment. 
They  also  have  operations  experience  with  existing  life  support  systems  which 
can  be  extended  to  the  next  generation  of  manned  space  vehicles. 

The  Department  of  Defense  and  Atomic  Energy  Commission  play  a vital  role  - 
in  this  program.  At  present,  we  have  significant  research  projects  with  the  Air 
Force  and  the  Navy.  In  addition,  a series  of  proposals  are  presently  being  eval- 
uated for  work  in  the  critical  areas  mentioned  previously,  and  it  is  contemplated 
that  we  will  increase  the  DOD  funding  before  the  end  of  this  fiscal  year.  We 
are  presently  continuing  an  evaluation  of  a number  of  additional  DOD  proposals. 

In  Addition  to  the  Department  of  Defense,  we  have  also  major  contract  activity 
with  the  Atomic  Energy  Commission,  and  are  presently  considering  possible 
cooperative  work  with  the  Army,  Federal  Aviation  Agency,  and  other  Govern- 
ment agencies. 

The  majority  of  our  program  is  being  conducted  by  the  Ames  Research  Center 
at  Moffett  Field,  Calif.  Ames  is  conducting  research  in  human  research,  bio- 
technology, and  man-system  integration  on  various  aerospace  systems,  figure  273 
(p.  2429).  Ames  is  utilizing  grOund-based  simulators  and  flight  vehicles  such  as 
tne  X-14.  It  should  be  note/l  the  Life  Sciences  Laboratory  at  Ames  Research 
Center  is  just  acquiring  key  personnel,  equipment,  and  the  facilities  necessary 
to  do  the  special  medical  research  required  in  biotechnology  and  human  research. 

FLIGHT  AND  GROUND  SIMULATION 

As  mentioned  previously,  the  majority  of  the  program  in  1964  will  be  accom- 
plished with  ground-based  research  facilities.  It  is  recognized  that  certain  critical 
areas  like  prolonged  weightlessness,  space  radiations,  and  duplication  of  psycho- 
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physiological  stresses  cannot  be  simulated  on  the  ground.  Thereby,  this  required 
priority  research  will  have  to  be  conducted  in  flight.  Various  flight  projects 
are  presently  under  study  to  accomplish  the  objectives  of  the  biotechnology  and 
human  research  program. 

These  are  the  utilization  of  existing  aircraft  systems,  such  as  the  X-14  to  study 
man  machine  control  in  V/STOL  aircraft.  Some  of  this  data  will  apply  to  the 
design  requirements  for  lunar  and  planetary  type  landers  as  well  as  other  aero- 
space systems.  The  X-15  and  future  improved  vehicles  of  this  class  will  continue 
to  be  utilized  for  the  physiological  monitoring  of  the  pilots.  It  goes  without  saying 
that  present  supersonic  aircraft  will  also  play  a role  in  this  program.  This  data 
is  not  only  for  application  to  the  advanced  space  systems,  but  is  vitally  needed  in 
laying  down  the  design  requirements  for  advanced  aeronautical  systems.  Acous- 
tics (noise)  will  be  a severe  problem  for  supersonic  and  hypersonic  transports, 
not  only  on  the  ground  but  in  flight.  We  are  presently  studying  lunar  and  plane- 
tary dynamic  flight  simulators,  which  will  have  the  characteristics  required  to 
formulate  landing  on  planetary  bodies  with  the  atmospheres  such  as  Venus  and 
Mars.  In  atmospheric  flight  simulators  we  will  require  the  ability  of  the  human 
pilot  to  transition  from  one  mode  of  operation  to  glider  flight  without  power,  and 
then  possibly  to  V7STOL  operation.  These  tasks  impose  severe  transition  re- 
quirements, as  well  as  selection  and  training  requirements  on  future  aerospace 
pilots. 

The  balloon  has  its  place  in  the  space  age  in  that  it  can  provide  a relatively 
inexpensive  manned  aerospace  platform  at  altitudes  of  100,000  feet  and  higher  for 
prolonged  periods  of  time,  up  to  30  days  or  more.  A project  presently  under  study 
mentioned  previously  is  to  be  conducted  in  conjunction  with  the  Navy;  and  it  is 
planned  that  this  will  lead  us  to  a sealed  cabin  facility  which  can  be  utilized  for 
accomplishing  human  research,  and  for  the  checking  out  of  various  equipment  such 
as  life  support  systems,  protective  devices,  bioinstrumentation,  and  biotelemetry. 
It  is  presently  contemplated  that  the  balloon  system  can  be  made  to  stay  within 
an  area  of  approximately  150  miles  by  changing  altitudes  in  the  night  and  day 
cycle.  The.  large  balloons  are  reliable  and  are  a part  of  the  Navy  operational 
project  with  launching  from  aircraft  carriers.  It  is  also  planned  that  the  balloon 
platform  will  be  utilized  in  the  Arctic  area  as  soon  as  more  precise  information  is 
available  on  the  prevailing  winds.  From  present  information,  it  appears  that 
balloons  will  travel  in  a circular  path  in  the  polar  area  and  stay  confined  to  a rela- 
tively small  ground  area,  thereby  making  it  feasible  to  establish  recovery  opera- 
tions after  prolonged  flights. 

The  usefulness  of  the  Arctic  flights  will  provide  radiobiological  data  on  the 
effects  of  cosmic  radiations  on  animals  and  humans  at  these  high  altitudes. 
Present  data  obtained  in  instrumented  balloon  flights  and  U.S.  satellites  in  free 
space  does  not  indicate  that  background  cosmic  radiation  is  a primary  hazard. 
It  seems  advisable  that  before  we  expose  large  number  of  the  Earth’s  population 
via  hypersonic  transports  to  the  high  altitude,  that  is,  100,000  feet  or  higher, 
flights  over  the  poles  will  have  to  be  conducted  to  provide  accurate  research  data 
as  to  the  effects  of  this  low  level  radiation.  In  addition,  the  balloon  offers  a fairly 
good  simulation  for  the  mental  and  physical  aspe-s  of  space  flight  without  the 
weightlessness  and  here  again,  we  can  obtain  extremely  useful  data  for  future 
supersonic  cr  hypersonic  transports.  Additional  studies  are  required  to  deter- 
mine if  passengers  require  windows  in  high  altitude  transports.  There  are  some 
indications  that  TV  presentations  is  sufficient  to  give  passengers  a sense  of  orienta- 
tion, as  well  as  remove  any  claustrophobic  effects.  The  benefits  of  such  studies 
could  simplify  the  design  requirements  for  supersonic  and  hypersonic  transports, 
reducing  the  engineering  problems  and  eventual  cost  of  development. 

Bioflights  are  being  studied  in  conjunction  with  the  Office  of  Space  Sciences. 
Although  the  biotechnology  and  human  research  program  is  man  oriented, 
primates  and  other  animals  will  be  utilized  as  required  to  obtain  data  which  we 
can  apply  to  man.  It  is  presently  contemplated  that  some  of  our  research  can 
be  performed  by  astronauts  in  existing  programs,  such  as  Gemini  and  Apollo. 

Although  the  above-mentioned  flights  will  solve  certain  aspects  of  our  program, 
our  real  requirement  is  to  have  a basic  research  tool  to  do  prolonged  zero  gravity 
studies  in  the  actual  space  environment.  Studies  on  prolonged  zero  gravity  can 
only  be  accomplished  w.ith  a manned  orbiting  research  laboratory.  Such  a 
laboratory  is  presently  being  studied  in  conjunction  with  the  Office  of  Manned 
Space  Flight.  The  need  for  this  research  tool  in  accomplishing  the  necessary 
human  research  cannot  be  overemphasized.  We  have  no  methods  available  to 
us  on  the  ground  to  simulate  the  weightless  condition  simultaneously  with  all 
the  other  space  and  environmental  factors  to  determine  precisely  the  effects  on 
the  man.  This  information  is  required  not  only  for  his  possible  survival,  but 
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also  on  his  performance,  since  man  will  continue  to  be  a critical  part  of  the  future 
advanced  aerospace  systems.  The  manned  orbital  laboratory  will  also  be  utilised 
for  the  biotechnology  aspects  of  our  program  to  check  out  advanced  concepts 
and  advanced  prototype  systems,  such  as  0-month  and  1-year  life  support  systems, 
extravehicular  suits,  and  locomotion  devices,  bioinstrumentation,  etc.  It  should 
be  stressed  that  the  manned  orbital  laboratory  as  envisioned  to  answer  the  re- 
quirements of  this  program  is  not  a major  project,  such  as  the  manned  space 
station,  which  would  be  a multimanned  operational  base,  and  which  will  take 
several  years  to  establish.  The  manned  orbital  laboratory  is  essentially  a large 
sealed  chamber  with  the  necessary  life  support  and  other  equipment  to  permit 
man  to  conduct  research  not-only  on  himself,  or  his  colleagues,  but  to  do  physical 
sciences  research  and  check  out  various  equipment  during  the  prolonged  weight- 
lessness, in  conjunction  with  the  other  space  environmental  factors. 

SUMICABT 

What  I have  attempted  to  do  is  indicate  that,  within  the  Offices  of  Advanced 
Research  and  Technology,  we  have  defined  our  overall  program,  and  identified 
critical  tasks  by  systems  analysis.  To  accomplish  this  program  we  are  attempt- 
ing to  utilize  not  only  NASA  centers  but  the  national  capabilities  such  as  the 
DOD  laboratories,  AJ&CS,  other  Government  agencies,  universities,  and  industry. 
I have  attempted  to  indicate  the  methods  by  which  the  research  program  will  be 
accomplished.  These  methods  include  emphasis  upon  ground  research  where  it 
can  be  accomplished  and  lastly,  on  the  flight  programs  which  are  required  to 
study  the  very  difficult  problems  of  weightlessness,  human  performance  under 
nxultistresses,  etc.  I would  like  to  emphasize  that  through  the  system  analyses 
approach,  we  have  been  able  to  provide  ourselves  with  a management  tool  for 
identifying  and  controlling  our  biotechnology  and  human  research  program. 

We  are  presently  refining  our  method  and  techniques  and  are  in  the  process  of 
coordinating  this  system  matrix  within  and  outside  NASA.  We  feel  this  method 
not  only  identifies  work  being  done  but,  in  fact,  points  out  areas  of  needed  re- 
search. We  are  attempting  to  generalize  this  system  analysis  to  provide  a method 
for  identifying,  classifying,  and  utilizing  all  human  factors  system  data  irrespective 
of  where  accomplished,  inside  or  outside  of  the  United  States. 

The  above  program  was  initiated  in  fiscal  year  1963,  and  it  must  be  emphasized 
that  it  is  a continuing  program,  which  is  being  accelerated  to  accomplish  our 
program  objective  to  get  10  to  20  years  ahead  of  the  present  aerospace  systems. 

This  morning  we  shall  try  to  discuss  the  newest  Office  of  Advanced 
Research  and  Technology,  Biotechnology  and  Human  Research.  As 

Si  may  be  aware,  originally  in  the  NASA,  there  was  an  Office  of 
e -Sciences.  In  1961,  when  the  new  reorganization  took  place  in 
NASA,  the  Life  Sciences  Office  was  split  up  and  put  into  the  new 
offices  where  it  could  do  the  most  good. 

I believe  you  know  about  aerospace  medicine  in  the  Office  of  Manned 
Space  Flight  with  Dr.  Roadman  in  charge.  The  Office  of  Space 
Sciences  has  basic  biology  with  Dr.  Reynolds.  We  have  the  center 
part,  if  you  will,  in  advanced  research  and  technology  for  the  human. 

We  are  man  oriented.  We  must  in  some  instances  do  animal  re- 
search in  biomedicine.  We  do  animal  research  to  actually  apply  it 
toward  the  human.  ” 

I would  like  to  start  then  with  the  statement  Dr.  Seamans  made 
when  this  Office  was  formed  in  June  and  I came  on  board  as  the 
Director  in  July  of  1962. 

I would  like  to  have  the  first  slide  (fig.  261)  and  I will  read  the  state- 
ment. 

Mr.  Karth.  This  Office  was  authorized  by  the  last  Congress.  Is 
that  correct? 
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CHARTER  - "OUR  SUCCESS  AND  PR06RESS  IN  MANNED  SPACE 
FLIGHT  IN  THE  NEXT  10-20  YEARS  DEPENDS  ON  THE  HUMAN 
RESEARCH  WE  DO  TODAY.  THE  HUMAN,  MAN-MACHINE,  AND 
MAN-SYSTEM  REQUIREMENTS  MUST  BE  DETERMINED  THROUGH 
RESEARCH  PRIOR  TO  THE  DESIGN  OF  ANY  MANNED  SYSTEM. 
THE  HUMAN’S  CAPABILITIES  AND  LIMITATIONS  WILL  DIRECTLY 
INFLUENCE  VARIOUS  SUB  SYSTEMS  OF  THE  SPACE  VEHICLE. 

IT  IS  THEREFORE  IMPORTANT  THAT  WORK  IN  BIOTECHNOLOGY 
AND  HUMAN  RESEARCH  BE  CONDUCTED  AT  AN  ACCELERATED 
RATE,  IN  ORDER  TO  HAVE  THE  NECESSARY  ANSWERS  FOR 
THE  DESIGN  OF  OUR  FUTURE  AEROSPACE  SYSTEMS.” 


...DR.  SEAMANS  • 27  JUNE  1962 


Figure  261 
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Dr.  Konecci.  Yes,  sir.  This  is  part  of  the  NASA  reorganization. 
(Reading:) 

Our  success  and  progress  in  manned  space  flight  in  the  next  10  to  20  years 
depends  on  the  human  research  we  do  today.  The  human,  man-machine  and 
man-systems  requirements  must  be  determined  through  research  prior  to  the 
design  of  any  manned  system.  The  human’s  capabilities  and  limitations  will 
directly  influence  various  subsystems  of  the  space  vehicle.  It  is,  therefore, 
important,  that  work  in  biotechnology  and  human  research  be  conducted  at  an 
accelerated  rate  in  order  to  have  the  necessary  answers  for  the  design  of  our 
future  airspace  systems. 

What  this  really  says,  we  must  get  ahead  with  the  human  research 
several  years  before  Mr.  Ames  actually  starts  thinking  about  doing 
his  designs  for  advanced  vehicles;  because,  in  fact,  it  is  the  human 
requirements  that  preset  what  you  will  do  and  how  you  will  do  it. 

In  the  presentation  you  will  see  some  slides  on  life  support  systems 
as  an  example.  This  is  a key  item. 

If  we  do  not  have  this  information,  man  will  not  go  into  space. 

Our  model  here  of  the  man — actually,  we  have  taken  the  liberty  to 
try  to  take  and  divide  man  up  in  an  engineering  sense.  He  is  com- 
posed of  various  components  just  like  any  machine  is.  We  take  ex- 
ception with  people  that  forget  they  are  human  and  one  of  the  main 
reasons  for  doing  any  of  this  work  is  for  the  human. 

They  talk  about  machines  versus  men.  This  is  erroneous.  What 
we  are  doing,  actually,  is  taking  the  man  and  the  machine  combined 
together  to  give  us  the  best  answers. 

We,  as  humans,  use  machines  to  give  ourselves  the  answers  we  need . 


\ 
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When  the  designer  or  physical  scientist  forgets  he  is  a human  and 
separates  himself  from  the  experiment  and  says  we  are  doing  this  for 
the  physical  sciences  sake,  he  has  forgotten  he  is  a human. 

If  I may  go  to  the  next  slide  (fig.  262)  and  summarize  the  program 
objectives  by  just  stating  what  we  really  want  is  a better  understanding 
of  man,  his  capabilities  and  his  capacities. 

This  simply  means  we  must  know  more  about  the  human. 

In  medicine,  for  years  we  have  studied  the  pathological -side.  We 
haven’t  really  taken  cognizance  of  the  fact  man  has  a wide  range  of 
capabilities  and  what  we  consider  normal  is  really  a wide  range. 

RB  PROGRAM  OBJECTIVES 


BETTER  UNDERSTANDING  OF  MAN 
HIS  CAPACITIES,  CAPABILITIES  AND 
HABITABILITY  REQUIREMENTS 


DESIGN  REQUIREMENTS 

FOR  EQUIPMENT  AND  SUB  SYSTEMS, 

e.g.,  LIFE  SUPPORT 


MAN 


MAN-MACHINE 


MAN-SYSTEM  design  and  integration  requirements 

FOR  AERONAUTICAL,  ASTRONAUTICAL  AND 
GROUND  SUPPORT  SYSTEMS 


Figure  262 
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In  the  second  area,  man  machine,  we  are  concerned  with  the  design 
requirement  we  must  compose  in  order  to  obtain  the  right  kind  of 
equipment  man  will  need.  Here  we  give  an  example  of  life  support. 

The  next  area  is  man-system  integration,  and  here  we  are  concerned 
with  the  man’s  requirements.  We  would  try  to  lay  them  out  and, 
if  possible,  impose  them  on  a designer. 

You  heard  Mr.  Ames  say  in  some  cases  we  cannot  impose  too  high 
a gravity  force  on  the  man  when  he  reenters.  This  restriction  becomes 
a design  requirement. 

How  did  we  arrive  at  this?  We  arrived  at  it  through  research  of 
data  on  a human. 

In  this  instance  we  have  done  work  on  centrifuges.  When  we 
know  that  a man  cannot  stand  more  than  several  times  gravity, 
this  sets  a pattern. 
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If  I may  be  blunt,  we  have,  I think,  used  entirely  too  much  military 
aero  data  with  the  military  having  a distinct  requirement  for  their 
purposes  to  take  man  as  far  as  he  could  go  to  complete  the  mission. 

Our  purpose  in  the  NASA  is  to  develop  systems  that  will  then  be 
utilized  by  everybody.  So  we  must  take  somewhat  the  other  side 
and  actually  look  at  the  normal  individual. 

It  is  not  always  going  to  be  a superhuman  astronaut  that  will  fly 
in  space.  I thmk  in  some  cases  almost  all  of  us  would  like  to  go. 
I know  physical  scientists  would  like  to  go  to  the  Moon  just  to  mount 
their  telescopes  to  get  better  pictures  of  the  planet  without  the 
inhibiting  atmosphere  of  the  Earth. 

So,  what  we  must  determine  is  what  is  man?  What  are  his  best 
capabilities?  How  can  we  use  him  best  in  space? 

Here  I must  amplify,  we  are  also  concerned  with  the  aeronautics 
side  and,  therefore,  we  get  involved  with  aircraft  like  supersonic 
and  hypersonic  transports.  We  will  try  to  use  the  data  that  does 
come  back  from  existing  flights  like  Mercury,  Apollo,  and  Gemini 
and  try  to  use  them  on  the  aeronautical  side. 

Let  me  give  an  example.  Many  years  ago  when  I was  with  the 
Inspector  General’s  Office  in  the  Air  Force  we  had  quite  a few  prob- 
lems in  considering  the  present  jet  aircraft.  We  were  wondering 
whether  it  was  ever  going  to  be  possible  for  the  normal  person  in  this 
country  to  walk  up  and  buy  a ticket,  without  having  to  take  EKG 
and  physical  examination,  and  get  on  the  aircraft.  We  were  con- 
cerned with  decompression,  that  is,  a window  might  blow  out  and 
passengers  would  perish. 

These  things,  of  course,  were  unfounded  since  we  found  out  what 
our  requirements  were  and  laid  them  down.  These  requirements 
then  were  imposed  on  the  various  designers  of  the  various  companies. 

Today  we  nave  had,  I don’t  know  the  exact  number — practically 
no  real  decompressions  and  no  fatalities  I know  of  in  our  commercial 
airliners.  However,  during  our  military  aviation  we  have  had  many 
accidental  or  intentional  decompressions  of  small  fighter  type  air- 
planes because  we  were  imposing  a completely  different  requirement. 

Mr.  Karth.  Is  not  the  life  sciences  research  you  intend  to  do,  a 
duplication  of  what  the  Air  Force  now  is  doing,  or  can  do  with  the 
facilities  we  presently  have? 

Dr.  Konecci.  No,  sir;  we  have  taken  and  have  formulated  very 
close  coordination  with  DOD,  of  which  the  Air  Force  is  a part. 

We  are,  in  fact,  as  Dr.  Bisplinghoff  said — already  funded  this  year 
$1.4  million  to  get  answers  for  NASA’s  programs  through  DOD,  of 
which  half  of  this,  roughly,  is  being  performed  by  the  Air  Force. 
Before  the  end  of  the  fiscal  year  we  will  have  committed  about — 
roughly,  $2  million  to  the  DOD. 

We  have  looked  at  the  DOD  capability,  sir.  We  are  utilizing  them 
wherever  we  can  and  next  year  we  intend  to  use  them  even  more. 

We  are  talking  about  the  total  DOD  capability. 

Mr.  Karth.  This  is  the  argument.  Those  who  feel  that  it  might 
be  duplicative,  that  is,  the  research  facility  you  are  asking  for  in  this 
budget. 

They  say,  this  is  fine.  Maybe  next  year  NASA  will  need  to  spend 
$2}£  to  $4  million  getting  answers  to  questions  that  they  have  in  the 
life  sciences  research  field,  but  they  do  not  need  to  duplicate  facilities 
to  get  these  answers.  They  can  make  this  payment  to  the  Air  Force. 
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The  Air  Fcice  maybe  would  be  required  to  expand  their  facilities  a 
little  bit  here  and  there,  but  it  would  be  much  more  economical  to  do 
it  that  way  than  duplicate  facilities. 

Dr.  Konecci.  Sir,  might  I state ; the  facility  we  are  talking  about  is 
an  actual  laboratory  to  house  people,  at  least,  half  the  people  that 
already  exist  at  Ames. 

They  are  now  being  housed  within  buildings  that  were  not  meant  to 
be  biological  laboratories.  They  do  not  have  the  adequate  water,  gas, 
vacuum  lines — things  like  this;  for  the  people  that  are  actually  doing 
research  on  the  programs  now.  This  facility  then  is  not  the  same. 

You  just  don’t — if  we  had  an  Air  Force  facility  right  there  at  Ames, 
you  could  put  them  in,  and  use  that  space,  this  would  be  one  way  of 
doing  it. 

However,  what  we  are  really  talking  about  is  putting  the  people 
that  are  there,  to  work  in  a facility,  in  a laboratory.  This  is  really 
what  is  being  asked  for  in  the  facilities  requirement.  So,  it  is  not  in 
essence  a duplication  of  a facility. 

If  we  were  asking  for  an  equivalent  to  the  Johnsville  centrifuge, 
then  we  would  have  done,  I think,  very  detailed  studies  why  we  can’t 
use  that  facility.  In  fact,  we  are  using  the  Johnsville  centrifuge. 

I might  state  that  there  was,  above  my  level,  detailed  coordination 
on  these  facilities  and  the  life  sciences  one  was  coordinated  with 
DOD,  sir. 

Mr.  Karth.  Let  me  jhst  say,  the  reason  I bring  it  up  is  because 
there  has  been  considerable  speculation  in  the  newspapers,  about  a 
report  being  circulated  within  the  Air  Force,  a so-called  in-house 
report  saying  your  request  in  this  area  is  a duplication  of  existing  Air 
Force  facilities  and,  therefore,  should  not  be  allowed. 

This  is  why  I ask  you  the  question. 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  I think  if  you  feel  this  is  not  a duplication  and  can 
prove  it  is  not,  I think  you  should  get  the  answer  in  the  record. 

Dr.  Konecci.  In  the  first  place,  I think  I have  read  the  statement 
that  you  are  referring  to  in  the  New  York  Times,  sir,  and  I believe 
Dr.  Dryden  amply  covered  that  in  his  questioning.  At  least,  to  this 
article. 

The  coordination  between  NASA  and  DOD  was  completed;  of 
which  the  life  sciences  facilities  was  one  of  many  that  were  covered 
and,  in  fact,  if  I may  read  some  words  without  going  into  detail. 

Upon  detailed  review  of  these  items  it  was  agreed  there  was  no 
unwarranted  duplication  in  fiscal  year  1964  facility  plans — any  NASA 
and  DOD ; and  this  life  sciences  one  was  one  of  those,  sir. 

Mr.  Karth.  You  know  what  they  refer  to  when  they  say  “un- 
warranted duplication?” 

Dr.  Konecci.  Since  we  are  having — this  may  be  a problem  of 
semantics,  sir. 

Nor-I  believe  they  mean 

Mr.  Karth.  Means  it's  duplication  but  it’s  warranted?  Is  that 
what  it  means? 

Dr.  Konecci.  I would  not  interpret  it  that  way,  sir.  No. 

■.  Mr.  Randall.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Randall? 

Mr.  Randall.  I was  going  to  suggest  we  make  an  effort  to  determine 
it  and  along  those  lines.  I hoped  to  hear  this. 
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Can't  we  someway,  somehow,  within  the  area  of  our  own  subcom- 
mittee try  to  find  out  first  what  the  Air  Force  people  meant — maybe 
call  some  witnesses  from  the  Air  Force? 

Would  that  be  going  beyond  the  jurisdiction  of  our  committee  in 
the  area  in  which  we  are  inquiring? 

Mr.  Karth.  I think  it  would  be  probably  highly  irregular  to  ask 
one  agency  of  the  Government  to  testify  in  opposition  to  another 
agency’s  budget  request.  I'm  not  sure  this  has  ever  been  done. 

Mr.  Randall.  I would  hope  it  would  not  be  in  opposition,  but  to 
try  to  clarify  what  they  meant. 

Mr.  Karth.  Further  than  that,  I would  like  to  point  out,  that  this 
is  a so-called  unofficial  document  that  no  one  can  find  or  no  one  will 
lend  credence  to,  or  at  least,  it’s  very  difficult  to  locate,  if  I may  say 
so,  or  to  really  find  out  whether  or  not  the  document  exists.  Some 
say  it  does  and  others  say  it  does  not. 

Mr.  Randall.  You  have  just  given  me  a thought.  Perhaps  our 
Military  Operations  Subcommittee  of  Government  Operations  might 
find  it  out. 

That  would  not  i:  lvolve  the  legislative  committees.  Thank  you. 

Mr.  Downing.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Downing? 

Mr.  Downing.  If  the  Air  Force  is  alleging  im warranted  duplication 
and  here  we  are  trying  to  ascertain  what  is  the  proper  amount  and 
what  moneys  to  give  these  various  agencies  in  the  space  program; . 
wouldn’t  it  be  proper  to  call  the  Air  Force  up  and  ask  them  what  is 
the  credibility  of  this  report  and  if  it  is  duplication? 

If  they  say,  “yes”  then  we’ll  bring  the  various  heads  of  the  Space 
Agency  back  to  the  counter. 

Mr.  Karth.  I might  say  to  the  gentleman,  we  are  exploring  this. 
Mr.  Morris  is  making  inquiry  as  a member  of  the  committee  m line 
with  some  action  that  was  taken  by  the  committee  last  week,  I don’t 
remember  the  specific  day.  So,  we  intend  to  find  out  whether  or 
not  there  is  such  a document  and,  if  so,  are  the  newspaper  reports 
accurate. 

We  are  making  every  effort  we  can  without  violating  appropriate 
legislative  practice  by  calling  one  agency  of  the  Government  before 
a committee  to  testify  in  opposition  to  another  agency’s  budget 
request. 

Mr.  Downing.  Thank  you,  sir. 

Dr.  Konecci,  Sir,  may  I add,  we  contacted  the  Air  Force  liaison 
people,  General  Rittman’s  people,  and  we  have  had  communication 
with  Dr.  Talbot  when  this  story  broke  and  tried  to  find  out  what  this 
document  was  and  had  they  seen  it.  They  said,  “We  have  not.” 

Dr.  Talbot  has  been  informed  of  our  programs.  He  attends  our 
meetings  and  he  was  aware  of  this  facility  request;  so  I don’t  know 
of  any  document,  sir. 

Mr.  Karth.  Well,  I know  that  the  DOD  are  apparently  not  aware 
of  this.  , 

I understand,  further,  that  certain  officials  with  the  Air  Force 
maintain  that  there  is  such  a document,  but  it’s  an  unofficial  document 
and  somebody  just  prepared  it,  kind  of  happenstance,  and  it  should 
not  be  given  credence  because  of  its  unofficial  content. 

But  you  understand,  this  committee  is  responsible  for  recommending 
certain  budgets  to  the  Congress  of  the  United  States  and  we  feel  that 
it’s  our  responsibility  to  be  as  accurate  as  we  can. 
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Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  And  that  we  should  avoid  unnecessary  duplication 
wherever  we  can.  That  is  one  of  the  reasons,  of  course,  for  our  being 
interested  in  what  we  hear  via  the  newspapers,  even  though  it  may 
not  be  an  official  report. 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  I do  think  it’s  up  to  NASA  to  prove  it’s  not  duplication ; 
whether  the  report  is  true  or  not,  or  whether  or  not  the  document  is 
an  official  document  or  not. 

Dr.  Konecci.  Yes,  sir. 

May  I proceed,  sir? 

Mr.  Karth.  Please  do,  Doctor. 

Dr.  Konecci.  Can  we  go  with  the  big  slide?  We  will  forget  those 
others  (fig;.  M3) . 
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Figure  263 

In  order  to  set  the  stage,  we  would  like  to  point  out  that  everything 
that’s  created  by  man  or  for  man  is  for  or  against  man  and  this  slide, 
I think,  shows  it. 

Next  slide,  please  (fig.  264). 

We  work  actually  in  a framework  and  even  though  we  are  prin- 
cipally concerned  with  man  and  his  immediate  machines  and  how  they 
fit  within  the  environment  of  the  vehicle,  we  must  also  recognize  you 
cannot  do  basic  research  on  man  and  his  immediate  subsystems  with- 
out actually  taking  into  consideration  the  overall  missions  and,  in  fact, 
the  national  objectives  of  this  countrv. 

So  we  show  this  as  being  an  overall  look. 
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OFFICE  OF  ADVANCED  RESEARCH  l TECHNOLOGY  (RB)  - 1964 


PROGRAM:  HUMAN  FACTOR  SYSTEMS 


06  00  ADVANCED  CONCEPTS 

06-01  SYSTEM  ANALYSES 
06-07  HUMAN  ANALOGS  ... 
06-06  BIONICS 


TOTAL  FUNDING 
HDQS.  A CTRS. 

(600,000) 

423,000 

230,000 

223,000 


49-00  HUMAN  RESEARCH  PERFORMANCE (4.600.000) 

46-01  BODY  SYSTEMS  650,000 

46-02  ENVIRONMENTAL  PHYSIOLOGY 2,060,000 

46-03  BIOMEDICINE  ANO  PERSONNEL  SELECTION .. 673,000 

46-04  PSYCHO- PHYSIOLOGY  AND  BEHAVIORAL  SCIENCES 1,073,000 

46-05  HABITABILITY 410,000 
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Next  slide,  please  (fig.  265). 

Our  methodology  then  is  a systems  analysis  type  of  methodology. 
I might  mention  our  people  are  mixtures  of  biomedical,  engineering, 
biophysics,  nuclear,  physicians,  and  so  on. 

Here,  what  we  show  is  a step  procedure  by  which  we  look  at  some 
of  the  missions  and  these  are  broken  down  into  system  complexes  and 
so  on.  We,  however,  are  specifically  interested  in  the  specific  systems 
and  those  can  be  defined  as  man,  machine,  and  vehicle,  and  I will 
actually  take  you  very  quickly  now  through  the  step  of  choosing 
just  man  and  one  of  his  subsystems  and  how  he  breaks  down  into 
components. 

This  means  we  will  go  from  specific  systems  to  subsystems  to 
components  and  chemicals. 

When  we  learn  something  in  one,  we  apply  it,  if  we  can,  to  the 
others  (fig.  267). 

Here  then,  is  the  matrix  for  the  man  machine  and  man  system 
and  we  find  every  one  of  these  things  is  involved  with  the  environment 
of  which  we  get  design  requirements  and  then  we  go  to  the  bioengi- 
neering aspects  where  we,  in  fact,  get  the  equipment  or  research 
pieces  of  gear  so  we  can  do  research  on  man. 

We  do  the  simulation  and  tests  with  man.  We  evaluate  it  and  in 
many  cases  we  determine  there  are  not  sufficient  data;  there  isn’t 
sufficient  technology  to  get  our  answers.  Then  we  go  to  advanced 
concepts. 


a 
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In  many  cases  these  advanced  concepts,  like  human  analogs  will 
assist,  actually,  the  physical  sciences. 

For  example,  one  nerve  cell  is  now  being  considered  as  a computer. 
It’s  not  a “go  no  go”  algebraic  type  of  thing.  It  has  graded  responses. 

If  we  can  ever  know  now  it  grades  from  coma  on  one  side  to  hyper- 
activity— the  physical  scientist  will  have  tb  3 basic  fundamental  think- 
ing of  the  bent  computers  they  ever  devised  (fig.  268). 

Let  me  take  you  to  the  “E”  level,  body  systems  versus  the  total 
environment.  We  have  the  integrated  body  system  next,  cardio- 
vascular, digestive,  excretory,  glandular,  integurment  or  skin  and  so  on. 

This  then  shows  you  we  have  subsystems  within  man. 
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We  have  taken  one  part  of  the  environment  alone  and  this  environ- 
ment breaks  down  acceleration,  atmosphere  radiation,  thermal  and  so 
on  up.  We  have  only  shown  a few.  Therefore  we  must  go  from  this 
“E”  level  into  the  “F”  level. 

We  have  here  (fig.  269)  the  integrated  total  body,  including  the 
cardiovascular  system  versus  acceleration.  We  can  see  the  subsystem 
of  man  in  this  case,  the  cardiovascular  which  one  breaks  into  compo- 
nents; heart,  coronary  artery,  peripheral  artery,  Venous  system  and  so 
forth. 

The  acceleration,  on  the  other  hand  is  broken  down  into  a number 
of  subparameters ; zero  g.,  subgravity,  which  becomes  very  important 
to  us  because  this  is  what  the  lunar  surface  is — linear  g.,  high  g.  plus 
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and  minus.  Here  we  can  go  into  tumbling  and  other  factors  of  the 
vibration  and  noise  which  are  extremely  important. 

If  the  man  cannot  stand  the  vibration  and  the  noise  then  how  can 
you  put  him  into  a vehicle,  suddenly  that  has  this  environment, 
inherent  environment. 

Let  me  take  you  to  the  next  slide  (fig.  270)  and  when  we  take  these 
and  consider  them,  just  from  the  “D”  level  and  “F”  level  and  start 
counting  for  any  one  mission  and,  if  you  will,  on  an  advanced  concept, 
Mr.  Ames  mention  of  the  things  like  the  interplanetary  flight  to 
Mars — when  you  start  counting  the  inner  section  of  man,  man’s 
equipment  and  how  he  inner-acts  in  the  eventual  space  vehicle,  you 
will  come  up  with  the  next  slide  (fig.  271)  and  you  will  find  there  are 
the  levels  of  the  example  of  the  nervous  system  versus  the  total  radia- 
tion spectrum  12,500  task  areas  that  must  be  looked  at.  Enormous 
number. 

If  you  take  it  one  level  lower  187,500,  approximately,  tasks  that 
must  be  looked  at  and  here  we  now  get  a little  more  specific,  the 
peripheral  nerves  and  the  effects  of  solar  flare  protons. 

We  8i*e  looking  at  an  enormous  amount  of  research  that  must  be 
looked  at.  However,  when  we  take  ourselves  back  to  the  earlier  slide 
of  our  framework  within  the  national  objectives  and  so  on,  we  then 
determine  we  must  set  up  some  priorities. 
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This  is  what  we  do.  Next  slide  (fig.  272). 

Our  priorities,  say  in  the  case  of  Priority  I,  this  is  critical. 

We  must  have  this  knowledge. 

II,  means  it  will  affect  the  overall  system  in  its  performance,  and 
III  means  it  is  not  critical,  but  we  still  should  at  least  look  at  it  and 
evaluate  it. 

Here,  for  instance,  we  use  some  examples  of  what  we  meant  and 
did  the  complete  analysis  for  all  these  background  areas  for  various 
future  systems  and  these  are  not  actual  NASA  missions.  We  just 
took  examples  and  we  sat  down  and  said  in  the  case  of  “3”  systems, 
zero  gravity  of  am  advanced  aeronautical  system  such  as  a hypersonical 
system  might  fly  hyperbolic  flight  from  Los  Angeles  over  tne  United 


BOOT  SYSTEM* 

ZHtO/MfS-e 

m 

i 

i 

SHU  MOiATKHI# 

n 

i 

i 

ATMOtmRE 

n 

n 

n 

LIFE  SUPPORT 

ZERO/tUB-6 

n 

i 

i 

SHU  RADIATIONS 

m 

m 

m 

Fioum  272 


States,  or  to  some  other  section — might  be  weightless  for  30  seconds — 
30  minutes,  pardon  me. 

We  have  aata  from  Project  Mercury  as  well  as  VOSTOK,  to  know 
we  would  not  be  concerned  with  that  problem  in  the  priority  system 

Therefore  wc  have  Priority  III. 

In  the  case  of  lunar  space,  we  have  Priority  I,  mainly  because 
Dr.  Yuganov,  a Soviet  member  of  my  bioastronautics  committee  in 
tiie  International  Astronautic  Federation,  has  done  some  experiment- 
ing in  the  subgravity  field.  He  has  rotated  some  animals,  mice  and 
rats  to  obtain  }(-G,  equivalent  to  the  lunar  surface  and  found  the 
animals  don’t  coordinate  very  well,  so  he  has  spun  them  a little  faster 
and  determined  you  must  have  approximately  0.3-G  to  haye  the 
animals  coordinate. 

Mr.  Karth.  To  do  what? 

Dr.  Konkcci.  Coordinate  properly — to  be  able  to  moye. 
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Man  is  of  & higher  order  and  does  learn,  maybe  more  rapidly.  We 
have  acsimulatea  some  experiments  on  the  earth  and  I’ll  cover  those 
in  a few  slides. 

Mr.  Randall.  Is  there  a Russian  scientist  working  with  you  on 
your  staff? 

Dr.  Konecci.  No,  sir,  the  Soviet  scientist — I am  chairman  of  a 
bioastronautics  committee  in  the  International  Astronomic  Federa- 
tion, I.A.F. 

Mr.  Randall.  What  is  his  name? 

Dr.  Konecci.  Yuganov  Y-u-g-a-n-o-v. 

Mr.  Randall.  Thank  you. 

Dr.  Konecci.  I might  take  another  example  in  the  case  of  inter- 
planetary flight. 

If  we  fly  1 year  plus,  depending  on  whether  we  get  the  right  kind 
of  power  and  we  are  extremely,  if  you  will,  propulsion  or  power 
conscious — and  that’s  one  of  the  reasons  we  try  to  lay  down  our 
requirements  so  the  propulsion  people  will  actually  be  pointing  to, 
say,  larger  propulsion  systems  or  more  efficient  ones  like  the  nuclear 
systems. 

Here  is  zero  G then,  if  a man  is  to  survive  for  a year  or  more  in  a 
zero  gravity  field  we  better  know  something  about  the  effects  on  cardio- 
vascular systems  which  seems  to  be  the  main  problem. 

At  least,  people  are  quite  concerned  about  this. 

I might  point  out,  maybe  the  zero  gravity  problem  is  not  a prob- 
lem— it’s  just  an  unknown  area,  and  a few  simple  experiments  of 
prolonged  nature  in  near  space  may  help  remove  that  priority  I down 
to  priority  III  which  is  what  we  are  after. 

Life  support,  I might  point  out,  is  also  a critical  area  if  we  do  not 
give  the  man  the  right  kind  of  environment,  the  oxygen  to  breathe, 
the  food  to  eat,  the  water  to  drink — and  so  on — we  won’t  get  into  these 
missions  (fig.  273). 

PROGRAM  OF  BIOTECHNOLOGY  l HUMAN  RESEARCH 


Figure  273 
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I didn’t  mean  to  take  too  much  time  on  this.  This  is  just  illustra- 
tive. However,  when  we  do  this  we  come  up  with  a program  which 
is,  in  fact,  a matrix  showing  our  primary  areas. 

The  first  area  is  man  or  human  research  and  we  have  Dr. 
Voris  who  is  a naval  flight  surgeon,  a captain  on  duty  with  the  U.S. 
Navy.  He  is  not  only  an  M.D.,  but  has  background  in  biotechnology, 
and  works  in  the  area  of  man-machine. 

Dr.  Del  Duca,  formerly  of  Thompson  Ramo-Wooldridge,  is  a bio- 
physicist but  also  an  engineer. 

He  formerly  worked  in  NACA  at  Lewis  Laboratory. 

On  manned  system  integration  wre  are  concerned  with  what  people — 
here  we  are  primarily  concerned  laying  down  the  requirements  for 

f tutting  man  into  these  advanced  systems.  Here  we  have  Mr.  Trapp, 
ormerly  with  Douglas  Aircraft,  a nuclear  engineer  and  also  a design 
engineer. 

The  reason  a man  like  that  is  involved,  we  should  get  10  to  20 
years  ahead  and  this  will  probably  be  in  the  nuclear  field. 

Next  slide,  please  (fig.  274). 
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Here  now  is  an  example  of  some  of  the  on-the-ground  experiments 
that  are  being  conducted. 

This  is  a lunar  gravity  simulation  where  you  take  the  man  and 
put  him  on  the  angle  and  actually  then  assimilate  one-fifth  g.  by  having 
the  components  shown  on  the  right  as  one-sixth. 

He  then  walks  on  the  side  of — actually,  assimulated  condition 
outside  a wall. 
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Next  slide  (fig.  275).  This  will  better  illustrate.  Here  is  a man  on 
a side  walking  on  a walkway  being  supported  from  the  top. 

He  can  now  make  jumps  to  the  side  and  presumably  these  excursions 
and  jumps  would  be  equivalent  to  that  in  a lunar  mission.  Another 
experiment  is  to  take  a man  in  a harness  and  use  filled  balloons.  We 
see  how  he  would  perform  in  this  situation,  one-sixth  of  his  weight. 
In  my  case  it  would  be  30  pounds.  We  see  how  he  could  push  things 
and  so  forth. 

These  would  be  of  great  help.  However,  I am  afraid  from  the 
Yuganov  experiment  we  may  have  greater  problems  in  the  lunar 
surface  than  we  anticipate.  One  of  the  ways  to  do  these  experiments — 
trying  to  get  a longer  duration  in  weightless  flight.  We  spin  up,  say 
a man,  if  we  could,  and  try  to  determine  what  the  one-fifth  G would 
be  without,  in  essence,  going  into  the  lunar  surface. 

Mr.  Randall.  Mr.  Chairman,  may  I inquire  where  experiments 
are  going  forward? 

Dr.  Konecci.  The  balloon  experiments  at  Ames,  Langley.  Some 
of  the  other  centers  are  doing  other  experiments. 
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Mr.  Randall.  Thank  you. 

Mr.  Karth.  Anv  requests  in  these  things  for  laboratories  as  such? 
Dr.  Konecci.  What  do  you  mean? 

Mr.  Karth.  For  life  sciences. 

Dr.  Konecci.  That  is  the  facility  under  question,  the  laboratory  to 
go  at  Ames  Research  Center. 
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Mr.  Karth.  I thought  it  was  more  of  a housing  center,  rather  than 
a laboratory. 

Dr.  Konecci.  That  is  a laboratory — some  space  for  the  scientists, 
some  housing  space — but  very  small. 

Mr.  Karth.  You  do  research  on  the  manned  lunar  landing  project? 

Dr.  Konecci.  Yes,  sir.  It’s  just  our  background  bimedical  to 
want  to  do  as  much  work  on  the  animal  to  determine  these  basic  funda- 
mental factors  before  we  actually  go  to  man. 

We'd  have  to  stop  short  on  man  before  we  ever  determined  an  end 
point. 

Mr.  Karth.  Do  you  have  the  same  kind  of  animals  the  Air  Force 
facility  has? 

Dr.  Konecci.  Sir,  we  are  using  the  animals  from  Holloman  for 
instance — the  chimps  in  many  experiments  including — and  you’ll  see  a 
movie  on  the  work  we  are  doing  at  Maryland. 

The  chimps  at  the  University  of  Maryland,  actually  were  procured 
by  NASA  from  the  Air  Force  and  given  to  the  university. 

We  are  using  that  facility,  yes,  sir. 

May  I go  to  the  movie,  now? 

Mr.  Karth.  I think,  Doctor,  we  are  going  to  have  to  adjourn  for 
the  day. 

Dr.  K onecci.  All  right,  sir. 

Mr.  Karth.  I would  like  to  announce  at  this  time,  the  meeting 
tomorrow  will  take  place  in  room  100-A  in  the  Old  George  Washington 
Inn. 

Now,  this  is  a very  small  room.  I presume  only  four  or  five  of 
your  staff,  Doctor,  will  be  able  to  get  in. 

Dr.  Bisplinghoff.  All  right. 

Mr.  Karth.  It’s  very  unfortunate  we  don’t  have  a larger  room  to 
meet  in. 

All  the  available  committee  rooms  have  been  taken  up  for  tomorrow. 
Rather  than  cancel  the  meeting,  we  felt  we  would  meet  in  room 
100-A  which  belongs  to  the  Agriculture  Committee. 

Mr.  Randall.  Mr.  Chairman,  before  we  .adjourn,  I observe  Dr. 
Konecci’s  brochure  is  the  only  one  that  doesn’t  have  the  slides  ap- 
pended to  it,  at  the  end. 

Dr.  Konecci.  They  are  interwoven  in  between,  sir. 

Mr.  Randall.  They  are  in  between?  Oh,  yes,  Thank  you. 

I was  in  hopes  we  could  get  them,  if  they  weren’t  there.  We  could 
look  at  them. 

Mr.  Karth.  Would  you  be  available  tomorrow  morning,  10  o’clock 
Doctor? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  Fine,  the  meeting  is  adjourned. 

(Whereupon,  at  12:05  p.m.  the  committee  was  adjourned  until 
10  a.m.,  April  10,  1963.) 
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WEDNESDAY,  APRIL  10,  1063 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technoloc.y, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10  a m.,  in 
room  110-A,  George  Washington  Inn,  Hon.  Joseph  E.  Karth  (chair- 
man of  the  subcommittee)  presiding. 

Mr.  Karth.  The  meeting  will  be  in  order.  Dr.  Konecci,  you  may 
proceed  in  accordance  with  your  prepared  testimony.  I might,  how- 
ever, make  a request  of  Dr.  Bisphpghoff  today. 

I may  have  made  this  request  on  previous  occasions  but  I don’t  recall 
whether  I did,  and  that  is,  to  provide  the  committee  with  a compila- 
tion of  the  reprograming  of  funds  under  the  Office  of  Advanced 
* Research  and  Technology,  in  each  one  of  the  divisions. 

I think  that  I’ve  made  this  request  on  a couple  of  occasions  but  may 
not  have  made  it  for  Mr.  Ames,  yesterday. 

I wonder  if  we  could  just  make  a blanket  request  of  you  so  we  have 
the  programs  for  all  those  funds. 

Dr.  Bibplinghoff.  We  will  supply  that  for  all  the  Offices  of  Ad- 
vanced Research  and  Technology,  broken  down  into  all  these  divisions. 

(The  information  requested  is  as  follow's:) 

National  Aeronautics  and  Space  Administration 


Reprograming — Office  of  Advanced  Research  and  Technology  programs,  fiscal  year 

196S 

(In  millions  of  dollars] 


Fiscal  year 
1^13  budget 

Change  (plus 
or  minus) 

Fiscal  year 
1003  column 
of  fiscal  year 
1904  budget 
(operating 
plan) 

Space  vehicle  systems 

43.885 

+0.040 

45.031 

Supporting  research  and  technology 

23.  795 

2.  500 
10.000 

3.  'D 
iv/JO 

+1.482 
-1. 100 
+2.000 
-.380 
-4.380 
+2. 430 

25.277 
1.400 
12  000 
3.120 
1.704 
2430 

Scout  reentry ... 

FIRE 

Scout  meteoroid _ 

Small  flight  protects 

Saturn4aunched  meteoroid  experiments 

Electronic  systems 

20.300 

+.300 

20.000 

Supporting  research  and  technology 

10.000 

.■"00 

-.754 
+1.  ISO 

18.840 

1.850 

Small  flight  projects ' 
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Reprograming — Office  of  Advanced  Research  and  Technology  programs,  fiscal  year 

1963 — Continued 

[In  millions  of  dollarsl 


Fiscal  year 
1983  budget 

Change  (plus 
or  minus) 

Fiscal  year 
1983  column 
of  fiscal  year 
1964  budget 
(operating 
plan) 

Human  (actor  systems 

3. 34.1 

+8.715 

10  060 

Supporting  research  and  technology 

3.345 

+8  flf.O 

9 945 

Small  flight  projects Z 

+.115 

. 115 

mmmammmmmmm 

Nuclear-electric  systems  - 

+3.031 

43  531 

Supporting  research  and  technology 

13  125 

+1.M* 
-1  13f 

15  088 

SF.RT 

6 300 

ft.  170 

SNAP-8  development  and  flight.. 

14.800 

+1.343 

-.975 

15.943 

Electric  engine  development 

8 475 

5.  500 

Small  flight  projects. 

+ 1.850 

1.850 

Nuclear  rockets 

82.850 

-11.024 

71.826 

Supporting  research  and  technology 

7.  850 

+5.489 

13  339 

Kiwi  . . ..  

f ' 1 

2.  400 

NERVA  

35.000 

+2.021 
-2  134 

37. 021 

Propellants 

10.000 

7 866 

RIFT  

25.000 

W y ft  1 

NR  D8  operations  

+.500 

Chemical  propulsion  ..  ..  

14. 175 

+.294 

14.469 

Supporting  research  and  technology 

+.044 

14  219 

Small  flight  projects Z 

+.250 

.250 

Space  power  

+.809 

10  859 

Aeronautics  

4.905 

+ 13.173 

18  078 

Supporting  research  and  technology 

3 905 

+3.269 

7.  174 

X-15  ...  

+5.  580 

5.  580 

Supersonic  transport... 

V/8TOL 

1.000 

+3.287 

+1.037 

4.287 

1.037 

Total.  OART 

+ 13.240 

235  450 

Conversion  of  direct  R.  & D.  funds  in  fiscal  year  1963  hudget  from  fiscal  year  1963 

headings  to  fiscal  year  1964  headings 


Current  budget  headings 


1983  budget  headings 

Snace 

venlcle 

systems 

Elec- 

tronic 

systems 

Human 

factor 

systems 

N uclear 
electric 
systems 

N uclear 
rockets 

Chemi- 
cal pro- 
pulsion 

Space 

power 

Aero- 

nautics 

Advanced  manned  space 
flight... 

3,345 

Meteorological  satellites  . . 

■QT3I 

Communications  satellites 

Scientific  satellites... 

Lunar  and  planetary  explo- 
rations 

2,500 

22,325 

19,080 

2,000 

Spacecraft  technology 

Launch  vehicle  technology.. 
Launch  operations  develop- 
ment 

Electric  propulsion  . 

21,000 

Liquid  propulsion. 

8,450 
5,  725 

Solid  propulsion 

Space  power  technology 

10,250 



Nuclear  systems  technology. 
Aircraft  and  missile  tech- 
nology 

19,500 

82,850 

PMMM 

4.905 

Tracking  and  data  acquisi- 
tion 

1.000 

Total 

BBBB3 

HHi 

45,885 

20,300 

3,345 

82,850 

14, 175 

10.250 

4,905 

Mr.  Karth.  Proceed,  Dr.  Konecci 
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FURTHER  STATEMENT  OF  DR.  EUGENE  B.  KONECCI,  DIRECTOR, 

BIOTECHNOLOGY  AND  HUMAN  RESEARCH,  OFFICE  OF  AD- 
VANCED RESEARCH  AND  TECHNOLOGY,  NASA 

Dr.  Konecci.  Good  morning,  Mr.  Karth,  gentlemen. 

Yesterday  when  we  left,  we  were  talking  about  human  research  and 
were  ready  to  show  you  a film.  We  will  show  you  a film  on  confine- 
ment. 

A study  is  underway  at  the  University  of  Maryland  to  determine 
the  capability  for  highly  organized  task  requirements  on  the  perform- 
ance of  humans  for  extended  periods  of  time.  Since  November  17, 
1962,  a 35-year-old  man  has  lived  under  a continuous  program  ex- 
perimental environment.  This  experiment  is  under  the  direction  of 
Dr.  Jack  D.  Findley  and  is  being  conducted  at  the  University  of 
Maryland  Research  Laboratory,  Department  of  Psychology,  College 
Park,  Md. 

The  subject  of  the  experiment  is  Whilden  P.  Breen,  Jr.,  a research 
assistant  in  the  laboratory.  The  experiment  is  being  funded  by  a 
NASA  grant  and  is  a part  of  advanced  research  in  the  life  sciences. 

I might  say,  that  what  we  are  really  trying  to  do,  is  to  learn  some- 
thing about  the  basic  behavior  of  man  operating  in  a confined  space. 
At  this  time  we  are  not  trying  to  simulate  space  missions.  We  are 
trying  to  learn  something  about  human  behavior. 

I might  also  mention  we  have  taken  animals,  highly  trained  chim- 
panzees, and  confined  them  for  periods  up  to  2 years  as  a part  of  this 
university  grant  and  in  this  area  we  study  their  basic  behavior  pat- 
terns. We  have  now  determined  a method  through  this  type  of  ex- 
perimental research. 

The  old  adage  is  not  true,  that  animals  in  zoos  die  because  of  con- 
finement. We  find  we  must  keep  the  animals  and  men  occupied.  A 
man  who  is  busy  and  working  will  not  be  depressed.  I think,  you 
will  see  this  in  the  film,  Mr.  Breen,  has  been  in  the  confinement  since 
November — this  is  5 months  now,  he  has  worked  very  well. 

May  we  start  the  film.  It  is  a silent  film  and  I'll  try  to  narrate  a 
few  things. 

This  is  Mr.  Breen  as  he  entered  the  chamber.  He  does  perform- 
ance tasks.  In  other  words,  we  make  him  work  for  everything  he  gets. 

This  shows  a sequencing.  He  must  go  through  a continued  se- 
quencing of  tasks  before  he  can  actually  get  any  reward  at  the  end. 

Here,  he  performed  some  tasks.  He  breathes — and  there  are  some 
measurements  made  on  his  activity. 

Here,  he  goes  to  the  next  ?•'  pience. 

Here,  he  has  to  run  around  the  room  and  shut  off  fights.  As  you 
see,  he  was  not  in  very  good  shape  when  he  fust  started  the  experi- 
ment. Since  that  time  he  has  firmed  himself  up  beautifully. 

Here  are  some  of  the  exercises.  He  has  the  freedom  of  choosing  his  , 
various  workloads  as  he  pleases.  He  is  given  various  rewards,  like 
cigarettes,  or  food  in  this  case.  He  can  cat  as  quickly  as  he  wants  or 
whatever  he  wants,  if  he  performs  the  tasks. 

It  is  quite  interesting  that  his  hours  were  changed  to  where  one  time 
within  a matter  of  several  hours  he  had  lived  a full  day  and  at  other 
times  he  went  to  36-hour  days.  He  is  sort  of  settling  now  to  about 
26  hours. 

He  is  also  given  rewards  such  as  a hobby. 
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Those  doors  will  not  open  unless  he  performed  a task.  In  other 
words,  these  are  his  rewards. 

Here  he  is  doing  some  art  work.  He  is  writing  a book  and  again 
we  are  learning  very  basic  things. 

Simultaneously  with  this  experiment  there  are  two  chimps  within 
a trailer  confined  for  over  2 years. 

Here  we  found  at  first  he  was  smoking  about  two  packs  a day  so 
they  made  the  tasks  harder.  This  cut  down  the  amount  of  smoking. 
Then  he  became  very  irritable,  so  they  increased  his  ration  by  making 
the  tasks  easier. 

Here  he  is  communicating  with  the  outside  world  through  a micro- 
phone. He  is  being  monitored  continuously  on  TV. 

Here  the  design  of  these  rooms  was  intended  to  continue  and  make 
more  room  for  additional  experiments. 

While  we  have  the  film  on  I’d  like  to  go  into  the  next  step  and  talk 
to  you  a little  about  “Space  maintainability,”  that  is,  men  working 
in  pressure  suits. 

It’s  going  to  be  very  difficult  for  a man  to  operate  in  a fully  pres- 
surized garment.  You  see,  when  the  suit  is  pressurized  he  has  a very 
difficult  time  of  putting  nuts  on  bolts,  in  their  proper  form.  The 
pressurized  gloves  just  weren’t  designed  for  this  kind  of  task. 

Here,  he’s  trying  to  take  out  electronic  components.  This  subject 
becomes  a very  critical  factor  in  thinking  about  men,  arbitrarily 
flying  around  in  space  with  flying  belts  and  presumably  assembling 
packages. 

We  have  to  give  quite  a bit  of  thought  to  human  engineering  of 
not  only  the  smt,  but  the  tools  this  man  will  have  to  use. 

I don’t  mean,  there  are  no  solutions  to  these  problems.  I mean 
to  imply,  with  the  conventional  concepts  we  would  have  trouble. 

As  you  see,  he’s  having  problems  trying  to  pick  up  a screw.  These 
things  are  being  studied.  We  have  a working  group  of  which  the 
Air  Force,  various  centers  in  NASA,  are  coordinated  through  our  office. 

We  have  put  out  a competitive  bid  contract  for  maintainability 
in  space  from  Marshall. 

Here  you  see  a man  in  a gimbled  affair  simulating  weightlessness. 
As  he  moves  he  will  be  turning  and  spinning  as  he  would  m space. 
It  is  very  difficult  to  orient  oneself,  as  you  can  see,  in  the  blackness  of 
space  and  he  will  eventually  hqye  to  nook  himself  onto  the  package 
of  work.  \ 

Here  you  see  he  will  spin  around  and  attach  himself  to  the  object. 
Now  if  he  implants  enough  force,  the  tank  or  whatever  he’s  working 
on — in  case,  say  a motor  unit — would  also  move. 

So,  we  get  into  complex  tasks.  That  ends  the  film  strip.  [End  of 
film.] 

With  that  I’d  like  to  lead  very  quickly,  into  a series  of  slides,  to 
show  you  some  additional  work  we  are  doing  in  human  research  and 
in  biotechnology. 

In  the  case  of  human  research,  we  are  cooperating,  as  we  are  in  the 
other  areas,  with  various  agencies  of  the  Government. 

We  do  not  make  a distinction  in  DOD.  We  work  with  the  Air 
Force  and  the  Navy.  We  have  cooperative  programs  in  radiation 
with  the  AEC.  We  are  also  coordinating  with  FAA. 

First  slide,  please  (fig.  276). 
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Figure  276 


In  this  case,  we  see  the  cooperative  venture  between  the  Navy  and 
NASA,  work  that  was  startea,  by  the  old  Office  of  Life  Sciences. 

Here  we  are  concerned  with  slow  rotation  and  the  human  centrifuge 
since  there  are  problems  of  orienting  a man  in  space  and  making  sure 
he  does  not  get  sick  in  space  from  being  in  the  weightless  state. 

The  experiments  that  were  performed  by  the  Soviets,  primarily  on 
Titov,  stimulated  additional  work  in  this  country,  principally  by  Dr. 
Graybiel. 

Next  slide  (fig.  277). 

Tnis,  then,  leads  to  the  facility  NASA  has  at  the  Naval  School  of 
Aviation  Medicine.  In  other  words,  we  are  using  their  capability  in 
this  area.  Dr.  Graybiel  is  the  world  authority  on  motion  sickness. 
This  slide  shows  the  importance  of  the  coriolis  effect. 

The  facility  will  be  finished  June  this  year.  It  will  be  transferred 
from  the  Office  of  Manned  Spaceflight  because  it  was  intended  for 
research,  to  this  Office.  We  will  manage  this  work. 

Here  you  see  men  rotated  around  a room  at  continuous  rates. 

We  find  this  has  application  not  only  to  our  space  program  but  also 
to  aeronautics  as  well,  and  to  motion  sickness  in  general.  They  will 
also  be  working  with  drugs  in  trying  to  alleviate  these  problems. 

Next  slide. 

Mr.  Karth.  Are  there  any  machines  other  than  thic  one  in  exist- 
ence which  we  might  be  able  to  use? 

Dr.  Konecci.  No,  sir,  not  of  that  type.  I might  mention,  the 
Nike-Zeus  radar  revolving  room  has  limited  capability.  I have 
brought  this  to  the  attention  of  Dr.  Graybiel.  This  is  a contractor 
facility  in  the  Army  Nike-Zeus  program  in  New  Mexico  at  White 
Sands.  The  complete  room  actually  revolves. 
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Figurr  277 


This  was  to  be  the  Nike-Zeus  radar  missile  facility  where  they  could 
see  how  all  the  targets,  by  having  the  room  spin  simultaneously  with 
the  radar.  They  found  somehow  a miscalculation  was  made  as  to 
what  man  could  reEilly  take  while  rotated  and  they  had  to  stop  revolv- 
ing the  room. 

I notified  Dr.  Graybiel  about  the  possibility  of  using  it  for  research. 
The  room  revolves  at  6 r.p.m.  and,  generally,  we  get  into  trouble  at 
4 r.p.m.,  depending  on  the  distance  from  the  center. 

Mr.  Karth.  Could  that  acceleration  facility  be  changed? 

Dr.  Konecci.  I believe  it  would  be  quite  a major  rework  except 
Dr.  Graybiel  does  want  to  work  in  the  6-r.p.m.  range.  It  might  t>e 
useful  as  it  is;  that  is,  become  immediately  useful  to  our  program,  sir. 

Mr.  Karth.  This  machine  already  has  been  constructed? 

Dr.  Koneqci.  It  is  being  finished  now,  sir,  and  will  be  put  in  opera- 
tion August  of  this  year. 

Mr.  Karth.  What  is  it  going  to  cost? 

Dr.  Konecci.  I’m  not  sure  what  the  ELCtual  facility  cost  is  in  detail. 
I can  get  you  those  numbers. 

The  total  program  so  fttr  through  the  Office  of  Life  Sciences  for  the 
last  2 years  has  been  about  $1.4  million. 

Next  slide,  please  (fig.  278). 

There  is  quite  a bit  of  interest  in  the  area  of  magnetic  shielding, 
using  magnetic  shielding  to  protect  man  in  space.  This  brings  up 
the  problem,  what  do  the  magnetic  fields  do  to  man.  Here  we  have 
taken  the  challenge  and  started  two  programs,  one  in  cooperation 
in  the  Navy  find  another  with  AEC  to  determine,  in  fact,  what 
magnetic  fields  then  do  to  man. 

Simultaneously  some  animal  experiments  are  being  done. 
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I might  just  say  we  find  so  far  no  magnetic  field  appear  to  cause 

Suite  a bit  of  disturbance.  We  live  on  Earth  in  a magnetic  field. 

>ur  bodies  are  really  electrical  and  magnetic  bodies  and  when  we 
put  a man  in  a nul-magnetic  field  he  becomes  a little  nauseous  and 
disturbed  by  this  environment. 

We  again  must  determine  more  about  this  on  Earth. 

Next  slide  (fig.  279). 

In  the  life  support  area  which  is  at  this  moment  our  prime  area,  we 
are  trying  to  develop  concepts,  new  concepts,  as  well  as  models,  if 
you  will,  working  models,  breadboards  of  advance  life  support 
systems. 

At  the  MSC,  or  Houston,  we  are  working  with  the  people  that  are 
presently  on  the  Apollo  program.  However,  we  are  trying  to  get  the 
next  step.  They  are  working  on  systems  up  to  30  days. 

We  have  a contract  with  Boeing  Aircraft  for  a five-man  30-day  total 
integrated  life  support  sjstem;  environmental  control,  food,  and  waste 
disposal  which  will  be  demonstrated  on  the  ground  in  July  of  this 
year,  sir.  Of  the  five  people  that  will  go  in— one,  will  be  an  Air  Force 
man,  some  people  from  Boeing  and  some  from  Ames  research,  will  be 
put  into  the  chamber  1 solid  month.  We  will  also  be  checking  the 
Gemini  diet  during  this  period  of  time,  giving  useful  data  to  apply  to 
other  programs. 

Mr.  Karth.  Who  did  the  basic  research  on  this  concept? 

Dr.  Konecci.  The  basic  research  was  done  and  must  be  credited 
to  Boeing  Co.,  on  their  own  money. 
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Figure  279 

NASA  picked  up  this  work  in  an  advanced  stage.  This  life  support 
system  is  a superoxide  system  comparable  to  what  the  Soviets  are 
using  in  Voetok. 

Mr.  Karth.  In  all  probability,  it  is  a duplication  of  what  we  have 
been  doing  in-house. 

Dr.  Konecci.  No,  sir;  we  have  not  been  doing  superoxide  work  in 
NASA  at  all. 

Mr.  Karth.  Well,  it’s  a life  support  svstera. 

Dr.  Konecci.  The  primary  work  has  been  done  on  the  life  sVipport 
system,  out-of-house  on  contract. 

Mr.  Karth.  This  you  find  to  be  unsatisfactory? 

Dr.  Konecci.  No,  sir;  the  industry  in  the  last  2 years,  has  risen  to 
the  challenge  and  has  done  an  amazing  amount  of  work.  As  we  have 
found  out,  in  the  competition  which  came  out  of  Langley  just  recently. 
We  are  in  the  process  of  evaluating  the  proposals  for  a four-man  90- 
dav  to  6-month  life  support  system. 

Mr.  Karth.  Then  why  the  request  for  additional  funds  for  addi- 
tional in-house  capability? 

Dr.  Konecci.  In  the  life  support  area,  sir? 

Mr.  Karth.  Yes. 

Dr.  Konecci.  Because,  there  must  be  work  done  to  integrate 
the — the  advance  concept  is  not,  in  fact,  the  total  system. 

There  are  other  factors  that  have  to  be  put  into  it  besides  just 
aspects  of  what  we  are  working  with. 

We  are  talking  about 

Mr.  Karth.  You  are  asking  for  funds  to  work  in  areas  in  which 
private  industry  is  not  working? 
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Is  that  what  you  are  saying? 

Dr.  Konecci.  Yes,  sir.  Exactly. 

We  are  quite  cognizant  of  any  attempts  of  duplication.  We  are 
trying  to  eliminate  that  completely.  We  are  informing  industry 
of  everything  we  do  in-house,  and  vice  versa. 

If  industry  does  anything  for  NASA  we  are  going  to  inform  the 
rest  of  industry  as  well  as  in-house,  of  these  efforts. 

Mr.  Kabth.  This  is  not  a very  difficult  task  for  one  to  keep  the 
other  informed? 

Dr.  Konecci.  No,  sir,  we  have  not  found  it  true. 

Mr,  Kabth.  Because  it  has  not  been  done  on  such  a widespread 
basis  as,  for  example,  as  electronic  research? 

Dr.  Konecci.  This  is  very  true. 

Mr.  KabTh.  You  find  this  to  be  true. 

Dr.  Konecci.  We  have  a community  of  people  concerned  princi- 
pally in  life  support. 

If  you  have  a meeting,  you  can  call  them  together  and  you  may 
get  a few  hundred  people  that  are  the  most  prominent  in  the  country 
and  it  is  not  very  difficult  to  keep  them  informed. 

Dr.  Weaver.  Again  on  this  matter;  yesterday  it  came  up,  I was 
wondering  whether  there  was  duplication  of  facilities  for  this  research 
with  the  Air  Force. 

I wasn’t  clear  in  my  mind  whether  this  has  been  discussed  by  you 
with  the  Air  Force  or  with  the  Army  or  other  people  in  this  field,  or 
not. 

Has  this  been  discussed  back  and  forth  between  NASA  and  the 
Air  Force  as  to  what  the  research  programs  are  and  what  the  facility 
needs  are,  what  facilities  are  desirable? 

Dr.  Konecci.  Yes,  sir. 

Dr.  Weaver.  Has  that  been  by  you  with  the  Air  Force  personally? 

Dr.  Konecci.  We  have  a committee  and  a working  group  from 
DOD,  the  Air  Force  people,  Navy  people,  and  Army  people,  and  they 
meet  with  my  office  periodically. 

This  facility,  which  is  really  a laboratory  at  Ames  to  house  the 
people  who , are  already  there,  was  discussed  with  them.  They 
know  about  it. 

Dr.  Weaver.  Do  they  have  a comparable  facility  in  which  you 
think  this  expeiiment  could  be  conducted,  under  your  supervision, 
using  these  facilities? 

Dr.  Konecci.  This  has  already  been  done. 

The  Navy  and  the  Air  Force  have  competence.  We  have  accepted 
their  proposals  where  they  could  help  NASA;  working  on  a co- 
operative basis  or  funding  them  to  do  this  work  for  us. 

Dr.  Weaver.  Could  this  be  done  in  lieu  of  this  new  facility  you 
are  asking  for? 

Dr.  Konecci.  No,  sir. 

Dr.  Weaver.  You  do  not  feel  you  could? 

Dr.  Konecci.  No. 

Dr.  Weaver.  Do  you  have  available — maybe  it  would  be  more  ’ 
proper  to  ask  the  Air  Force,  giving  the  existing  facilities  they  are 
using  for  their  experiments  and  how  they  are  used,  100  percent  of  the 
time,  50  percent  of  the  time,  total  or  partially. 

Mr.  Karth.  I think  this  can  be  done,  Dr.  Weaver,  yes,  sir. 
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Dr.  Weaver.  I wonder  if  you  have  it  if  we  could  get  it  from  you; 
or  would  you  ask  the  Air  Force  to  present  that  matenal? 

Mr.  Karth.  I think  it  would  be  more  appropriate  if  we  asked  Dr. 
Konecci  to  make  available  this  information  to  the  committee;  that 
is  the  findings  of  their  Committee,  the  ultimate  findings.  They 
must  have  been  written  by  the  Study  Committee. 

If  they  studied  this  and  didn’t  come  to  any  conclusions,  I'd  be 
surprised,  but  if  they  did,  as  I assume  they  did,  we  should  be  advised 
of  what  this  conclusion  was. 

Dr.  Weaver.  Would  that  be  possible? 

Dr.  Konecci.  Yes. 

Mr.  Karth.  The  facts  on  which  the  recommendations  were  made, 
which,  I assume,  is  all  the  information  Dr.  Weaver  is  interested  in. 

Dr.  Konecci.  The  NASA  has  a requirement,  from  a management 
standpoint,  for  staffing  an  organization  with  a capability  of  managing 
on  a day  to  day  basis  activities  in  the  life  sciences  area  in  support  of 
NASA  missions,  and  in  addition  must  provide  this  staff  with  the 
necessary  laboratories  to  maintain  their  scientific  competence.  A 
management  decision  was  made  to  locate  this  organization  at  the  Ames 
Research  Center  in  1961.  A cadre  of  well -qualified  personnel  are  on 
board  and  have  assumed  these  responsibilities.  The  primary  reason 
for  requesting  the  proposed  Life  Sciences  Laboratory  is  for  the  pur- 
pose of  providing  housing  and  laboratory  resources  for  personnel 
needed  to  carry  out  assigned  responsibilities. 

I think,  the  fact  this  laboratory  was  an  established  entity,  2 years 
ago  at  Ames,  is,  I think  a pertinent  point,  that  NASA  has  been  build- 
ing up  their  competence  to  have  an  in-house  capability  in  the  life 
sciences  and  Ames  was  chosen  as  the  center. 

Dr.  Weaver.  By  NASA? 

Dr.  Konecci.  Yes,  sir,  and  I believe,  what  should  be  said,  is  that 
this  is  a laboratory  to  house  the  people  that  are  there,  physically; 
presently  working  m various  buildings  that  are  not  their  own  "areas. 

They  are  just  using  available  space;  and  this  facility,  the  life 
sciences  facilities  is  one  of  the  overall  facilities  coordinated  through 
DOD. 

Dr.  Weaver.  DOD? 

Dr.  Konecci.  Yes,  sir. 

Dr.  Weaver.  This  is  the  $4.8  million? 

Dr.  Konecci.  Yes,  $4.8  million. 

Dr.  Weaver.  And  you  do  have  constant  intercommunication  then 
between  your  office  and  the  DOD  as  to  the  type  of  experiments  you 
are  conducting  as  related  to  them  and  industry? 

Dr.  Konecci.  Yes,  sir,  even  more  so,  as  a matter  of  fact,  a few 
months  ago  I called  in  the  DOD,  plus  key  peoples  from  the  Surgeon 
General’s  Office  in  the  Air  Force,  key  people  from  the  Navy. 

They  were  in  my  office,  and  we  discussed  our  proposed  5-year 
program  with  them^  so  there  would  be  knowledge  passed  to  them  so 
thev’d  know  exactly  what  we  intend  to  do  and,  in  fact,  assist  us  to 
perform  this  work. 

This  was  the  real  purpose. 

Dr.  Weaver.  Do  you  feel  this  research  you  are  doing  would  be  as 
necessary  or  as  let’s  say  “crash,”  then? 

Would  it  be  as  necessary  to  do  this  if  we  were  not  going  to  have  a 
maimed  lunar  landing  and  interested  only  in  the  domination  of  space 
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and  the  exploration  of  space  itself,  or  do  you  feel  this  is  all  related — 
you’d  have  to  have  the  same  type  of  program  whether  we  landed  on 
the  Moon  or  not? 

Dr.  Konecci.  Personally,  sir,  I feel  we  are  in  urgent  need  of  as 
somebody  once  said,  “filling  the  inkwell  of  knowledge.” 

This  country  was  ahead  in  the  life  sciences,  or  aviation  medicine 
until  1953.  Wa  were  way  ahead  of  the  Soviets.  Basically  then  their 
program  started. 

After  the  flights  on  Aero-Bee  and  V-2,  where  we  got  the  first 
weightless  data,  this  country  essentially  then  became  stagnant  in  the 
area;  except  for  paper  studies.  But,  actual  experimentation  was 
essentially  pretty  low. 

The  Soviets  continued  to  do  flights  with  dogs.  Perfected  their 
equipment  for  man,  and  ended  up  then  in  the  position  in  1961  to  put 
the  first  man  around  the  Earth. 

However,  it  was,  really,  the  animal  experiment  of  Laika  that  still 
stands  out  today,  performed  in  1957,  to  be  the  best  physiological 
data  anyone  has  in  the  world.  The  Soviets  have  made  that  available 
to  us  in  their  publications.  I can  bring  them  up  to  you,  sir. 

They  were  basing  their  design  of  the  vehicle  on  actual  laboratory 
experimentation  being  done  in  space.  They  had  the  physiological 
data  on  the  animals. 

Dr.  Weaver.  Do  we  have  the  physiological  data  on  the  manned 
space  flight? 

Dr.  Konecci.  Yes,  sir,  they  turned  over  two  books.  One  on  bio- 
experiment and  the  other  on  Gagarin  and  Titov,  published  by  the 
Academy  of  Soviet  Sciences,  are  now  made1  available. 

We  have  them  translated  and  being  passed  out  to  the  scientific 
community. 

Dr.  Weaver.  In  the  abbreviated  forms  I have  read,  it  appeared 
to  me  the  Russian  astronauts  were  avoiding  questions  about  their 
actual  life  in  space  and  avoiding  giving  information  to  us  on  informa- 
tion they  gained  on  that  journey. 

Was  that  just  the  astronauts,  or  were  the  scientists  the  same  way? 

Dr.  Konecci.  No,  the  scientists  have  been  communicating  with 
us  in  the  past  few  years.  Actually,  in  the  life  sciences  we  had  more 
exchange  and  communication  than  any  other  field — with  the  safety 
of  man  at  stake  there  are  no  real  restrictions. 

They  are  just  as  conscious  of  keeping  a man  alive  as  we  are  and 
they  have  been  rather  free  in  exchanging  information. 

The  main  reason  we  didn’t  get  more  detailed  technical  data,  curves, 
and  numbers  on  Titov  was  as  Professor  Yazdowsky  told  me  there 
were  kilometers  of  physiological  tape  on  Titov  that  had  to  be 
processed.  This  takes  time. 

They  finished  this  last  summer  and  made  the  data  available  as  a 
book  in  November  to  essentially  the  scientific  community. 

Dr*  Weaver.  Have  we  gained  from  this  knowledge  from  them? 

Do  you  feel  it  has  helped  you  in  your  preparation  for  new  experi- 
ments in  the  field? 

Dr.  Konecci.  Yes,  sir. 

Dr.  Weaver.  You  feel  they  have  been  free  in  exchanging  that  with 
you? 

Dr.  Konecci.  Yes,  sir. 
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Dr.  Weaver.  Their  techniques  and  scientific  procedures  and  all, 
have  been  open  and  aboveboard  as  far  as  you  are  concerned? 

Dr.  Konecci.  Yes,  sir,  so  far  as  I am  concerned  the  technical  data 
put  into  their  reports  and  scientific  literature  is  of  high  quality. 

I think  we  go  into  more  finesse  in  our  experimentation  and  the  re- 
sults we  are  getting,  have  a much  broader  base  on  which  we  can  build 
probably  better  in  the  future.  However,  for  isolated  things 'they  want 
to  do,  they  have  concentrated  their  efforts  on  manned  spaceflight. 

Theysaid  this  was  their  main  objective. 

Dr.  Weaver.  You  have  any  indication,  they  only  told  us  what 
they  want  us  to  know  in  this  field  and  are  withholding  further  in- 
formation. 

Dr.  Konecci.  I think  on  technical  hardware  this  is  always  true. 

Dr.  Weaver.  In  the  physiological  aspects  you  don't  feel  there  is, 
but  there  is  on  technical  aspects? 

Dr.  Konecci.  On  details  of  the  life  support  system,  in  other  words, 
how  it  is  constructed  they  have  not  told  us  this. 

They  have  told,  us  the  methods,  superoxide,  and  how  they  generate 
water  and  these  aTre  perfectly  straightforward  methods. 

In  other  words,  we  know  how  they  are  doing  it. 

As  a matter  of  fact  if  you  are  interested  I have  a couple  of  slides 
that  are  on  the  Vostok  to  give  you  some  feeling  for  the  amount  of  data 
we  have  been  able  to  get  in  this  exchange.  How  the  man  is  oriented 
and  so  forth.  They  have  told  us  this — chest  to  back  acceleration. 
I have  an  article  I’d  be  pleased  to  insert  in  the  record  if  you’re  in- 
terested. 

Dr.  Weaver.  I would  be  personally  interested  in  seeing  this  some 
time. 

Dr.  Konecci.  Yes,  sir. 

(The  article  referred  to  is  as  follows:) 

Bioabtbonautics 

(By  Eugene  B.  Konecci,  Biotechnology  and  human  research,  NASA  headquarters; 
chairman,  ARS  Bioastronautics  Committee) 

The  main  space  life  sciences  efforts  in  the  U.S.  are  centered  in  the  National 
Aeronautics  and  Space  Administration.  However,  in  addition  to  the  bioastro- 
nautie  capabilities  in  NASA  and  the  Department  of  Defense,  the  third  IAF  Bio- 
astronautics  Committee  meeting  held  at  UCLA  last  February  revealed  a surprisingly 
extensive,  well-organized,  and  well-trained  bioastronautics  capability  in  industry. 
Most  of  the  major  companies  have  life  sciences  organizations,  deriving  a great  deal 
of  support  from  company  funds.  Let  us  document  this  talent. 

NASA  has  recently  taken  necessary  steps  to  strengthen  its  life  sciences  capa- 
bility. In  addition  to  aerospace  medicine  under  Charles  Roadman  in  the  Office 
of  Manned  Space  Flight  (OMSF)  and  biosciences  programs  under  Orr  Reynolds 
in  the  Office  of  Space  Sciences  (OSS),  NASA  announced  the  newly  created  director- 
ate of  Biotechnology  and  Human  Research  in  the  Office  of  Advanced  Research 
and  Technology  (OART).  In  making  the  announcement,  Robert  C.  Seamans, 
Jr.,  said  “our  success  and  progress  in  manned  space  flight  for  the  next  10  to  20 
years  depends  on  the  human  research  we  do  today.  The  human,  manned- 
machine  and  manned-system  requirements  must  be  determined  prior  to  design  of 
any  manned  system.  The  huinan’B  capabilities  and  limitations  will  directly 
influence  various  subsystems  of  the  space  vehicle.  It  is,  therefore,  important  that 
work  in  biotechnology  and  human  research  be  conducted  at  an  accelerated  rate  in 
order  to  have  enough  answers  for  the  design  of  aerospace  vehicles.”  The  author 
was  appointed  director  of  this  new  office,  which  completed  the  life  sciences  pro- 
gram offices  in  the  National  Aeronautics  and  Space  Administration  headquarters. 

The  programs  and  aims  of  aerospace  medicine  and  biosciences  were  announced 
last  year — the  former  primarily  concerned  with  manned  space  flight  in  the  three 
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existing  projects — Mercury,  Gemini,  and  Apollo — the  latter  concerned  with 
basic  biology  and  the  study  of  extraterrestrial  life. 

Before  we  begin  to  discuss  the  Biotechnology  and  Human  Research  Program, 
it  seems  appropriate  to  mention  the  responsibilities  of  the  Office  of  Advanced 
Research  and  Technology  (OART).  NASA  Advanced  Research  and  Technology 
stems  from  the  statement  of  the  purpose  of  the  Astroiaautic  and  Space  Act  of  1958: 
That  one  of  our  missions  is  to  conduct  research  into  the  problems  of  flight  within 
and  outside  the  earth’s  atmosphere,  with  a view  for  their  practical  solution;  to 
discover  new  ideas,  materials,  niethods,  and  devices  for  space  exploration  and 
aeronutronics  utilization ; to  develop  and  find  ability  and  limitations  of  promising 
ideas;  and  to  improve  quality  and  performance  of  components  and  systems  for 
space  and  aeronautical  use. 

Advanced  Research  and  Technology  (ART)  is  divided  into  two  parts,  that  is, 
project  and  program  oriented  ART.  The  first  project-oriented  ART  is  advanced 
technical  development  necessary  to  accomplish  a single  project  that  has  been 
approved  in  a ‘‘Project  Developed  Plan”  (PDP),  and  is  managed  by  a head- 
quarters program  (mission)  office.  The  second  is  programmatic — an  ART  that 
is  directed  toward  future  reauirements  and/or  toward  several  projects.  Program 
ART  is  managed  by  OART.  The  Biotechnology  and  Human  Research  Pro- 
gram falls  within  the  second  category,  while  aerospace  medicine  in  the  first. 
Like  OART,  Biotechnology  and  Human  Research  has  four  principal  methods  of 
carrying  out  its  programs:  (1)  in-house,  (2)  outside,  (3)  place  and  monitor  outside 
contracts  from  headquarters,  and  (4)  authorize  other  program  offices  (OSS, 
OMSF,  etc.)  to  get  it  done. 


BIOTECHNOLOGY  AND  HUMAN  RESEARCH  PROGRAM 
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The  systems  approach  was  utilized  to  arrive  at  a Biotechnology  and  Human 
Research  Program.  This  is  outlined  in  the  diagram  above  (fig.  280).  The 
interactions  of  man,  man-machine,  man-system  with  the  environment,  the  re- 
quirements, engineering,  and  simulation,  night  test,  and  finally  evaluation,  are 
shown  in  the  diagram. 

Human  research  involves  the  study  of  man  under  normal  and  unusual  condi- 
tions in  order  to  determine  the  functions  of  man’s  subsystems — musculo-skeletal, 
cardiovascular,  digestive,  nervous,  endocrine,  respiratory,  sensory,  and  excretory — 
against  the  various  environmental  conditions,  such  as  astmosphere,  acceleration, 
radiation,  electrostatic,  magnetic,  and  thermal. 

The  psychophysiological  and  behavioral  sciences  study  man’s  capabilities  and 
limitations  under  normal  conditions,  individual  stress  conditions,  and  combined 
stress  conditions.  Research  of  this  nature  will  reveal  the  habitability  require- 
ments. The  basic  requirements  of  man  lead  to  the  development  of  equipment  and 
instrumentation  for  research.  The  data  obtained  therefrom  lead  to  design 
criteria  for  life-support  systems,  personal  equipment,  protective  systems,  and 
man-machine  control,  which  include  information  handling,  displays,  and  controls. 

A representation  of  the  broad-based  NASA  Life  Sciences  Program  is  given 
in  the  following  table.  A review  of  several  government  and  company  funded 
life  sciences  programs  follows: 
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NASA  life  science*  representative  research  tasks 


SUBJZCTB 


INSTITUTIONS 


Continued  research  on  photoaynethetic  gas  ex-  General  Dynamics, 
changer  for  spacecraft — extends  period  of  per- 
formance. 

Determination  of  optimal  enviionment  and  shield- 
ing against  meeoritea. 

Application  and  instrumentation  of  visual  per- 
ception for  space  exploration. 

Establish  human -factors  criteria  and  control- 
navigation  display-system  requirement)  for 
spacecraft  missions. 

Investigation  of  control-display  problems  occur- 
ring in  accelerative  flight  phases  of  high-per- 
formance vehicles. 

Conversion  of  carbon  dioxide  for  use  in  closed  MSA  Research  Corp 
cabin  atmosphere  by  a single-step  method, 
utilizing  the  carbon  dioxide  expired  by  man 
and  water  recovered  from  normal  physiological 


Ling-Temco- Vought . 
Sylvania  Electric  Products. 
Dunlap  and  Associates. 

Douglas  Aircraft. 


processes. 

Investigation  of  variation  of  electro-neuro-physi- 
ological  correlates  and  task  performance  under 
conditions  of  controlled  stimuli. 

Determine  feasibility  of  regenerating  carbo- 
hydrates from  carbon  dioxide  and  water  by 
physico-chemical  techniques. 

Recovery  of  oxygen  by  catalytic  disassociation  of 
carbon  dioxide  at  low  pressure. 

Design,  contact,  and  deliver  tactual  sensing  sys- 
tem. 

Physiological  and  psychological  responses  to 
force  environments  generated  by  rotational 
motions  occurring  in  operation  of  aircraft  and 
space  vehicles. 

Cardiovascular — respiratory  system  reactions  of 
man  to  accelerations  of  various  directions  and 
durations. 

Experimental  studies  to  determine  tolerance  and 
effects  of  vibration  on  human  subjects. 

Study  of  radiation  instrumentation,  shielding,  and 
biological  effects;  and  determine  design  criteria 
of  shielding  required  on  msnned  space  vehicles. 

Extends  period  of  performance  techniques  for 
continuous  measurement  of  blood  flow  through 
intact  vessels  of  animals  in  space  vehicles. 

Performance  research  or  techniques  and  instru- 
mentation for  measurement  of  physiological 
variables  in  primates  under  space  conditions. 

Behavioral  research  and  experimental  analysis  of 
complex  behavioral  repertories  under  full  en- 
vironmental control. 

Research  in  cerebral  neurophysiology  and  its  ap- 
plication to  monitoring.  Physiological  states 
of  subhumans  and  humans  in' space  flight  con- 
ditions. 

Biological  and  physiological  studies  of  Perog- 
nathus  (pocket  mice)  to  determine  their  use- 
fulness as  experimental  animals  for  space  re- 
search. 

Conduct  research  directed  toward  development 
of  biopacks  and  experiments  for  use  in  space. 

Investigation  of  hypothermia  for  mechanism  by 
which  it  injures  living  cells. 

Research  on  closed  chemical  systems  for  reduc- 
tion of  carbon  dioxide  to  oxygen  and  carbon. 


Henry  Ford  Hospital. 

FMC  Corp. 

General  Electric. 

Stanford  Research  Institute. 
Navy  Bureau  of  Medicine. 

AF  Systems  Command. 

AF  Systems  Command. 
Aerospace  Medical  Center. 

Columbia  Univ.  (L.  O’Neill). 

Univ.  of  California. 

University  of  Maryland. 

UCLA. 

Northrop  Corp. 

AEC. 

Navy  Bureau  Medicine. 
Isomet  Corp. 
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NASA  life  sciences  representative  research  tasks — Continued 


SUBJECTS 


INSTITUTIONS 


Spacebome  gas  chromatograph  atmosphere 
analyser. 

Development  of  extravehicular  suit 

Extravehicular  suit  maneuvering  device 

Development  of  restraint  and  body  support  sys- 
tems. 

Investigation  of  waste  control  methods 

Food  in  manned  spaceflight — — 

Design  and  initiation  of  prototype  hard  suit 

Radiobiological  research 

Pulmonary  function  and  acceleration 

Study  of  human  tolerance  to  impact  and  landing 
accelerations. 

Effect  of  prolonged  exposure  to  pure  oxygen  at- 
mospheres on  human  performance. 
Biochemical  activities  of  terrestrial  micro-organ- 
isms in  simulated  planetary  environments. 
Investigation  of  the  effects  of  ionizing  radiation 
on  selected  biological  processes  and  systems. 
Life  under  exotic  conditions 

Radioisotopic  biochemical  probe  for  extraterres- 
trial life. 

Sterilization  of  space  probes 


Beckman  Instrument,  Inc. 

Industry. 

Industry. 

WADD. 

General  Electric. 
Industry-DOD. 

Industry. 

DOD-SAM. 

DOD. 

WADD. 

Republic  Aviation. 
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Spacelabs,  Inc.,  has  been  conducting  studies  of  biotelemetry  and  animal  instru- 
mentation. Its  Model  130  Impedance  Pneumograph,  using  two  EKG  electrodes, 
measures  respiratory  rate  and  tidal  volume.  During  respiration,  an  impedance 
change  produces  an  output  wave  form  from  which  respiration  rate  and  tidal 
volume  can  be  determined.  Spacelabs,  Inc.,  has  also  been  evaluating  pulse-wave 
velocity  concerning  the  cardiovascular  system.  Results  look  promising,  not  in 
presenting  blood  pressure,  but  for  flow  measurement  of  cardiovascular  dynamics. 

Hughes  Aircraft  has  devised  a 12-channel  miniaturized  physiological  data 
telemetry  system.  Twelve  signals  from  sensors  and  transducers  are  inverted  into 
FM  signals  impressed  on  carriers  ranging  from  960  cps  to  3 kc.  With  the  present 
power  system  utilizing  batteries,  eight  hours  of  operation  can  be  obtained.  How- 
ever, using  the  EKG  system  alone,  for  example,  gives  about  40  hours’  operation. 

Basic  research  activities  are  being  conducted  to  complement  studies  on  bacteria 
and  low  pressures  on  the  order  of  10  to  —8  mm  Hg.  Lower  pressures  are  con- 
templated, if  such  reductions  can  be  measured  accurately. 

Northrop  Corp.  has  a life  sciences  section  with  four  laboratories — bioengi- 
neering, behavioral  sciences,  biodynamics,  and  bioastronautics.  Northrop 
designed  the  Manned  Rotation  Simulator  for  the  School  of  Aerospace  Medicine 
at  Brooks  AFB.  It  consists  of  a 1.0-ft.  diam.  sphere  of  fiberglass — honeydome 
structure — that  floats  on  an  air  pedestal  about  6 ft.  in  diam.  Inside  the  sphere, 
three  inertial  rings  mounted  in  a pitch  and  yaw  axis  are  activated  by  battery- 
driven  electric  motors.  At  the  sphere’s  center  is  an  adjustable  seat  which  helps 
place  the  axis  of  rotation  either  through  the  vestibular  area  of  the  brain  or  the 
center  of  gravity,  or  any  place  in  between.  The  device  rotates  between  50  to  .70 
r.p.m.  It  could  prove  a very  useful  laboratory  tool. 

Martin  Co.  is  continuing  its  algae  studies  on  closed  ecological  systems.  In 
conjunction  with  this  research,  plant  material  studies  are  also  underway. 

AiResearch  Div.,  Garrett  Corp.,  has  developed  7500  p.s.i.  oxygen  bottles  for 
the  Mercury  program.  These  have  proved  reliable,  ana  are  about  3.2  lb/lb.  of 
useful  oxygen  for  SAE  4340SG;  and  a little  for  C120  AV  Ti.  These  bottles  and 
continued  development  of  lightweight  molded  high-pressure  oxygen  tanks  will 
find  many  uses  in  aerospace  systems.  AiResearch  prefers  the  two  gaseous 
(Ni+Oj)  system  and  is  developing  zero-g  cryogenic  supercritical  storage  systems 
for  weight  reduction.  The  Division  is  considering  the  combined  utilization  of 
subsystems,  such  as  the  use  of  water  from  hydrogen-oxygen  fuel  cells.  At 
AiResearch  a new  Cryobiology  department  has  been  established  to  develop 
hypothermic  techniques,  which  maintain  organs  or  parts  of  organs  down  to  200 
deg.  for  possible  organ  transplant  or  food  storage. 

Douglas  Aircraft  has  conducted  life  sciences  experiments  in  a variety  of  areas. 
They  are  conducting  simulated  sealed  cabin  studies  in  a lox  tank  of  a Thor  missile. 
This  is  an  excellent  research  tool  inasmuch  as  it  constitutes  a flight-tested  piece 
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of  hardware  about  7 ft.  in  diam.  and  20  ft.  Ions.  The  completely  sealed  tank  was 
maintained  in  this  mode  for  a couple  of  months,  and  provided  valuable  informa- 
tion and  experience  in  leak  detection  and  sealing  techniques.  This  experimental 
work  points  up  the  feasibility  of  utilizing  expended  and  recoverable  large  tanks 
of  vehicles  in  orbit,  and  also  opens  up  the  possibility  of  utilizing  large  tanks,  such 
as  the  Saturn  S-4  stage,  for  early  space  stations  or  space  shelters  in  emergency. 
Advanced  display  and  control  systems  will  be  placed  in  the  tank  and  connected 
to  a three-dimensional  analog  simulator  so  that  human  performance  studies  can 
be  accomplished.  The  sealed  tank  is  also  useful  as  an  excellent  test  bed  for  a 
variety  of  advanced  life-support  systems. 

In  its  study  of  subgravity,  Douglas  performed  human  experiments  with  an 
integrated  harness  and  helium-filled  balloons.  Preliminary  data  revealed  signifi- 
cant information.  In  order  to  study  the  combined  psychophysiological  effects 
and  problems  of  motion  sickness,  disorientation,  and  equilibrium,  and  to  obtain 
design  requirements  for  rotating  space  systems,  a crazy  room  was  constructed  and 
mounted  on  a vehicle.  Test  subjects  were  placed  on  horizontal  and  vertical  tilt 
tables  within  the  room  as  the  truck  was  driven  in  50  ft.  plus  diameter  circles  at 
various  revolutions  per  minute.  These  preliminary  experiments  were  extremely 
interesting  and  highlight  the  design  problems  which  will  probably  confront  us  if 
we  insist  on  rotating  space  vehicles  with  a shortarm  radius. 

A new  approach  had  to  be  devised  in  order  to  construct  the  room  with  proper 
aerodynamic  controls,  place  it  on  the  end  of  the  large  crane  and,  with  the  available 
control,  spin  the  room  in  the  air  at  various  radii  and  revolutions  per  minute. 
This  device  should  be  completed  and  tested  in  the  near  future. 

Beckman  Instruments  has  directed  its  efforts  in  the  last  several  years  toward 
atmospheric  analysis,  both  in  the  monitoring  and  process  control  of  atmospheres. 
Other  studies  include  the  development  of  oxygen  and  COj  sensors  as  well  as  the 
development  and  testing  of  a gas  chromatograph.  Such  prototype  instruments 
were  developed  for  JPL  during  lunar  missions  and  for  analysis  of  closed  atmos- 
pheres. Tim  final  flight  unit  is  housed  in  an  8 by  8 by  10  in.  package  weighing 
12  lb.  and  uses  10  w.  of  power.  It  will  measure  28  complements  from  lunar  dust. 

Recently,  Boeing  completed  a successful  three-man  7-day  sealed-capsule  experi- 
ment in  its  altitude  chambers.  This  was  an  integrated  man  and  hardware  test. 
A sodium  superoxide  system  was  used.  The  three  subjects  drank  purified  water, 
ate  frozen  food,  collected  their  waste,  and  performed  11  tasks.  Longer  duration 
tests  are  planned. 

Spacesuit*. — A review  of  U.S.  and  U.S.S.R.  spacesuit  development  reveals 
some  similarities,  but  differences  in  objectives  and  design  philosophies.  American 
progress  is  well-known  and  need  not  be  covered  here,  except  to  say  that  significant 
progress  in  suit  pressurization  and  mobility  have  been  achieved.  One  of  the 
American  groups  specializing  in  protective  systems  is  concentrated  at  the  NASA 
Manned  Spacecraft  Center  under  Stanley  White.  The  United  States  has  de- 
veloped a variety  of  configurations  and  designs  for  a number  of  intra-  and  extra- 
vehicular missions.  The  American  philosophy  goes  beyond  the  mere  survival 
aspect  of  the  spacesuit.  Comfort  and  performance  under  pressure  are  considered 
vital  to  the  completion  of  the  mission.  Under  certain  conditions  the  spacesuit 
could  be  used  as  the  primary  life-support  system  (fig.  281). 

Soviet  spacesuit  development  has  a long  and  not  too  well  appreciated  history. 
It  appears  that  their  prime  objective  has  always  been  to  use  pressure  suits  as 
backup  systems  for  emergency  purposes  only. 

During  discussions  with  Vladamir  Yazdovsky  last  year,  while  he  was  examining 
the  NASA  Mercury  spacesuit,  he  stated  the  pressure  used  in  the  Soviet  spacesuit 
was  H atm.  or  7bi  psia.  When  confronted  with  “but  you  will  immobilize  the  man,” 
he  noted  that  the  Yostok  was  very  reliable  and  the  suit  was  used  for  emergency 
purposes,  not  for  calisthenics. 

Spacesuit  development  in  the  Soviet  Union  goes  back  many  years.  It  is 
important  to  note  that  on  Jan.  12,  1949,  a book  entitled  “Pressure  Suits  and 
Oxygen  in  Life-Preserving  Equipment  for  High-Altitude  Flights”  (“Skafandry  I. 
Kislorodno — Spasa  Telnama  Apparatura  Dlia  Vysothykh  Poletov”)  by  A.  I. 
Khromushkin  and  edited  by  M.  N.  Rabinovich,  Lt.  Col.,  Eng.,  was  published 
there.  It  dealt  with  theory  and  design  of  oxygen  life-preserving  equipment  and 
pressure  suits  intended  for  use  by  flight-test  and  aviation  section  engineers,  pilots, 
technicians,  and  all  other  workers  in  the  field  of  high-altitude  flying.  The 
physiological  factors  concerned  with  design  were  considered  indispensable. 

The  most  significant  factor  about  this  book  is  that  as  early  as  1948  the  Soviets 
had  an  operating  regenerative  pressure  suit.  The  book  described  in  detail  three 
designs — blower-type,  regenerative  jet,  and  lox-type — and  indicates  a preference 
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for  the  so-called  regenerative  jet  system.  In  this  design,  “oxygen  from  the 
cylinder  passes  through  a canister  and  enters  the  jet  at  a pressure  of  6 a.t.m.  At 
this  pressure  the  jet  of  the  installation  illustrated  discharges  2.5  liter  per  minute 
The  oxygen  jet  draws  the  used  air  from  the  suit  in  passing  through  the  canisters 
and  the  air  is  cleaned  of  carbon  dioxide  and  water  vapor.  The  purified  air  is 
returned  to  the  suit  with  2.5  liters  of  oxygen  per  minute  added  to  it.  Hence, 
while  the  system  is  in  operation  the  air  is  continuously  purified  and  enriched  with 
oxygen.  Excess  air  in  the  suit  is  exhausted  into  the  atmosphere  through  an 
atmospheric  valve.”  The  illustration  at  left  shows  the  early  regenerative  jet 
pressure  suit  system. 

At  this  time  let  us  review  the  regenerative  canisters  used  in  these  early  suits, 
since  they  apparently  are  the  forerunners  of  the  present  spacesuit.  The  absorbent 
for  carbon  dioxide  used  in  the  canisters  of  1948  pressure-suit  systems  is  KhPI 
(khimicheskii  poglotitel  izvestkovyi  = chemical  absorbent,  calcareous),  an  absorb- 
ent of  the  “Cardoxide”  type.  Silica  gel  is  used  to  absorb  the  water  vapor.  Data 
regarding  these  absorbents  are  documented  in  the  book. 

To  quote  further  from  the  book 

“The  main  drawback  to  using  hme  is  that  the  particles  tend  to  stick  together 
and  form  a solid  mass  under  the  influence  of  moisture.  However,  rrore  recently 
methods  have  been  developed  to  process  calcium  hyroxide  so  that  the  lime  remains 
in  granular  form  even  when  completely  spent. 

“The  KhPI  absorbent  has  a number  of  favorable  qualities.  It  does  not  liquefy; 
it  liberates  comparatively  little  heat  in  reacting  with  CO*.  Because  the  mixtures 
(MnSO*,  AlFe,  etc.)  act  as  both  cementing  and  catalytic  agents,  the  absorbing 
capability  of  KhPI  under  the  conditions  obtained  in  regenerative  canisters  is  fairly 
satisfactory.  No  caking  takes  place  during  operation. 
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“The  calcareous  chemical  absorbent  KhPI  is  being  used  in  the  regenerative 
canisters  of  pressure-suit  systems  to  absorb  carbon  dioxide.  Tests  under  labora- 
tory and  actual  flight  conditions  have  shown  that  its  performance  is  satisfactory.” 

The  Soviets  have  a long  history  of  practical  experience  with  regenerative 
systems,  and  it  was  a logical  evolution  to  go  to  superoxides.  Throughout  these 
many  years  the  Soviets  have  continued  to  perfect  high  pressure  oxygen  systems 
and  chemical  regenerative  methods  for  life  support  in  cabins  and  suits.  Their 
work  included  the  problem  of  quick  disconnects,  which  permit  the  pilot  or  cos- 
monaut in  the  suit  to  become  completely  free  from  the  vehicle  and  still  maintain 
an  adequate  environment.  In  the  1948  regenerative  suit,  the  jet  pump  and 
regenerative  cannister  were  attached  to  the  inside  of  the  suit  in  the  front. 

With  such  long  periods  of  development  behind  them,  it  is  not  surprising  that  the 
Soviets  have  managed  to  achieve  the  high  degree  of  reliability  needed  for  life 
support  in  bioastronautic  flights. 

In  Vostok,  the  cosmonaut  is  provided  with  an  equivalent  terrestrial  environ- 
ment. From  available  information  it  seems  that  the  spacesuit  is  connected  to 
the  cabin  oxygen  and  regenerative  system,  and  is  the  backup  in  case  of  cabin 
leakage.  A quick  disconnect  switches  the  suit  to  the  ejection  seat  oxygen- 
regenerative  system  and  a similar  disconnect  switches  to  the  in-suit  contained 
system.  The  cosmonaut  has  three  choices  of  landing  on  the  earth  after  re-entry. 
(1)  in  the  sealed  Vostok  capsule,  (2)  in  the  ejection  seat  which  contains  the  sur- 
vival gear,  and  (3)  by  personal  parachute. 

Votlok. — Vostok  III  and  IV  flights  performed  by  Maj.  Andrian  Nikolayev  and 
Lt.  Col.  Pavel  Popovich,  respectively,  are  extremely  significant  from  a biomedical 
point  of  view.  The  Soviets  reported  that  there  were  no  pathological  changes 
discovered,  and  there  was  no  nystagmus,  or  involuntary  eye  movements  associated 
with  motion  sickness  or  vertigo.  Photographs  of  Nikolayev  do  not  clearly  show 
the  electrode  over  the  corner  of  the  eye  for  in-flight  measurement  of  nystagmus. 
The  white-spot  electrodes  can  be  seen  in  the  Titov  film,  "To  the  Stars  Again,” 
during  Titov’s  training  in  the  device.  A frame  from  this  film  is  shown  below. 

It  now  appears  that  the  space  sickness  experienced  by  Titov  was  either  a 
peculiarity  of  Titov  himself,  due  to  a random  tumbling  motion  of  Vostok  II, 
and/or  oscillations  due  to  overcompensation  of  the  stabilization  system.  There 
is  no  question  that  during  the  time  Titov  took  the  motion  pictures  the  capsule 
stability  was  excellent. 

A.  Genin  and  O.  Gazenko  (the  latter  a member  of  the  IAF  Bioastronautics 
Committee)  reported  in  Pravda,  August  20,  that  most  of  the  Soviet  medical  re- 
search program  was  devoted  to  studying  the  cosmonauts’  ability  to  work  by 
comparing  conditions,  volume,  and  quality  of  the  way  they  performed  in  space, 
Nikolayev  and  Popovich  deliberately  m&d.&  rapid  head  movements  like  those  by 
astronauts  John  Glenn  and  Scott  Carpenter.  It  now  appears  that  the  serious 
effects  anticipated  as  a result  of  prolonged  weightlessness,  at  least  for  periods  of 
3 to  4 days , did  not  develop.  However,  we  cannot  say  for  sure  what  will  happen 
after  a 10-  or  14-day  mission  in  the  weightless  condition. 

However,  the  Soviet  results  look  promising.  At  the  press  conference  of  Niko- 
layev and  Popovich,  Professor  Yazdovsky  (another  member  of  the  IAF  Bioastro- 
nautics Committee)  summarized  biological  findings.  Also,  R.  M.  Bayevskiy 
explained  that  placing  of  silver  electrodes  on  the  comers  of  the  eyes  of  Nikolayev 
was  for  the  purpose  of  measuring  nystagmus,  while  Popovich  was  apparently  the 
control  subject.  It  has  been  proposed  by  many  that  long-term  zero-g  flights 
would  upset  the  vestibular  apparatus;  and  since  the  eyes  are  an  indicator  of  these 
changes,  the  stagmus  would  occur  and  could  be  measured  quantitatively.  As  we 
now  know,  both  Nikolayev  and  Popovich  indicated  that  they  experienced  no 
nausea  of  vestibular  effects. 

It  seems  that  the  Soviet  measurements  included  electrocardiograms  (EKG), 
respiratory  rate,  body  temperature,  galvanic  skin  reflex  (ankles),  and  the  nystag- 
mus experiment.  Brain  waves  (EEGs)  also  were  measured.  One  of  the  released 
photographs  of  Nikolayev  shows  a little  skullcap  underneath  the  leather  helmet 
which  could  be  used  for  surface  EEG  electrodes. 

The  Vostok  capsule  remains  a mystery  to  the  Western  World.  If  the  Vostok-II 
model  in  the  Titov  film  is  an  accurate  replica,  then  the  in-orbit  capsule  con- 
figuration is  cylindrical  with  a rounded  nose  section  that  contains  the  porthole 
on  the  right  side,  the  ejection-seat  escape  hatch  on  the  top,  two  triangular-shaped 
stubby  wings  (or  fins)  on  the  sides,  and  an  annular  propulsion  ring.  Numerous 
whip  and  loop  antennas  are  also  visible.  The  cosmonaut  is  located  in  the  nose 
section;  however,  his  exact  position  is  not  known.  There  are  many  possibilities, 
but  side  and  front  facing  appear  most  likely. 
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Photograph  of  Titov  clearly  shows  the 
electrode  over  the  corner  of  his  eye  for 
the  measurement  of  nystagmus  during 
training  exercise  in  simulator. 


Figure.  282 

In  early  dog  flights  we  know  that  the  capsule  was  put  in  sideways.  A film 
has  shown  Gagarin  positioned  sideways  in  a Vostok-type  couch  being  subjected 
to  lateral  acceleration  forces  on  the  centrifuge.  Evidence  supports  the  front- 
facing configuration.  Both  Professors  Parin  and  Yazdovsky  stated  that  Titov 
experienced  “chest-to-back”  accelerations  on  launch  and  reentry.  The  Titov 
film  shows  various  shots  of  the  capsule  and  escape  hatch  which  indicate  the 
forward  positioning.  The  following  illustrations  show  the  possible  sequence  of 
events  in  the  Vostok  launch:  180-degee  turnaround  in  orbit,  retrofiring,  reentry  and 
separation  (or  burning  up)  of  the  annular  ring,  capsule  ejection  seat,  and  personal 
parachutes. 

The  launch  configuration  illustrated  shows  the  long  protective  nose  covering 
which  gets  shed  in  space.  For  an  abort  situation  depending  on  the  problem, 
velocity,  direction,  and  altitude,  the  capsule  could  be  separated  by  firing  the 
rockets  on  the  annular  ring  or  by  blowing  the  hatch  and  firing  the  ejection  seat 
at  30-deg  inclination.  The  Vostok  orbital  and  entry  sequence  seems  to  be  similar 
to  .vfercury. 

The  Titov  film  shows  the  periscope  drift  meter  reverse  180  deg  in  orbit,  indicating 
tail-first  positioning  for  reentry  retrofiring.  Retrorockets  are  located  in  the 
annular  ring  or  behind  the  capsule’s  ablation  shield.  The  taper  of  the  two  stubby 
wings  also  indicates  re-entry  rearwards,  that  is,  chest-to-back  g on  the  cosmonaut. 
It  is  doubtful  that  the  wings  serve  any  purpose  during  re-entry.  These  could 
be  useful  at  low  altitudes  during,  seat  ejection. 

Some  feel  that  the  Vostok  parachute  is  located  in  the  nose  section.  The 
other  possibility  is  shown  in  the  sketch  above.  By  placing  the  parachute  on 
top,  the  capsule  can  be  landed  horizontally  and  the  cosmonaut  ejected  upwards. 
The  reason  for  the  triple  parachute  sequence  is  not  clear.  Reduction  of  capsule 
weight  by  several  hundred  pounds,  after  cosmonaut  and  seat  ejection,  may  ease 
the  problem  of  parachute  recovery  of  the  capsule. 

Current  information  indicates  that  the  Vostok-type  vehicle  in  its  present 
form  is  a one-man  system.  It  appears  that  Vostok  can  be  enlarged  for  multi- 
crew operations  by  adding  a constant  section  behind  the  cosmonaut  In  this 
way,  the  one-man  capsule  can  be  made  into  a two-  or  three-man  in-tandem  vehicle. 
This  arrangement  would  be  similar  to  the  three-man  crew  tandem  positioning  in 
the  B-58  jet.  The  escape  procedure  could  also  be  similar  since  each  cosmonaut 
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would  have  his  own  escape  hatch,  thus  permitting  multiple  ejections  in  a prede- 
termined sequence.  The  proper  construction  of  an  airlock  hatch  could  lead  to  the 
mating  of  two  Vostoks  in  a rendezvous  maneuver  and  form  a small  earth-orbited 
space  station. 

Conclusion. — At  this  time  bioastronautic  activities  are  confined  to  the  United 
States  and  U.S.8.R.  space  programs.  However,  international  interest  in  bio- 
astronautics  is  growing.  The  increasing  activities  by  China,  France,  Czecho- 
slovakia, Great  Britain,  Italy,  Japan,  Poland,  Scandinavia,  Switzerland,  West 
Germany,  and  other  countries  in  the  related  fields  of  biology,  aeromedicine, 
biophysics,  radiobiology,  submarine,  medicine,  etc.,  are  becoming  more  and 
more  evident.  Some  of  these  countries  can  be  expected  to  make  significant  con- 
tributions to  basic  biology  and  biotechnology  in  the  years  ahead  and  actually 
contribute  their  specialised  talents  to  future  bioflight  programs. 
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Figubk  284 

It  is  again  important  to  stress  the  need  for  the  exchange  of  scientific  iruormation 
on  bioastronautics  on  an  international  basis.  Some  exchange  has  been  ac- 
complished. At  this  writing,  it  is  anticipated  this  open  exchange  will  continue 
during  the  IAF  International  Academy  of  Astronautics  meeting  to  be  held  in 
Paris  at  the  end  of  October. 

Mr.  Karth.  What  is  the  biosciences  laboratory  doing  under  the 
OSS? 

Dr.  Konecci.  The  biosciences  laboratory  is  responsbile  for  exo- 
biology and  space  biology  on  organisms  of  a lower  form.  They 
attempt  to  determine  if  there  is  life  in  space  and  if  90  how  it  evolved 
to  help  the  scientific  community  to  essentially  answer  the  problem  of 
how  aid  life  begin. 

So  they  are  basically  or  scientifically  oriented. 

We  are  oriented  in  the  manned  area,  using  animals  for  applied 
experiments  with  our  objective  to  get  design  aata  to  design  manned 
aerospace  vehicles. 

Mr.  Karth.  You  mean  your  office  uses  a higher  form  of  life  than 
does  the  biosciences  laboratory.  Is  that  what  you  are  saying? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  Would  it  be  more  economical  and  more  efficient  to 
have  one  laboratory  and  let  them  do  both  researches  in  the  laboratory? 

Why  do  we  have  to  build  two  different  buildings? 

Dr.  Konecci.  Sir,  actually  in  the  laboratory  that’s  proposed,  the 
exobiology  does  have  a wing  of  the  building,  sir. 

We  wul  occupy  three-quarters  of  it  and  they  will  have  21,000 
square  feet. 

Mr.  Karth.  I am  only  looking  at  the  backup  book  and  this  gives 
us  a schematic  picture  of  the  Ames  Research  Center  and  I see  that — 
might  want  to  turn  to  this  page.  It  is  ARC-5. 

Mr.  HamiIim,.  Volume  1. 

Mr.  Karth.  Volume  1. 

You  will  notice — I might  just  hold  this  up  so  the  committee  mem- 
bers can  see  it. 
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Here  is  the  biosciences  laboratory  here.  [Indicating  lower  right.] 

Here  is  the  laboratory  being  proposed  [indicating  upper  left]  in  the 
budget  for  1964. 

Dr.  Konecci.  I see. 

Mr.  Karth.  My  question  is,  why  don’t  we  expand  this  one  if  we 
need  additional  facilities  [indicating  lower  right],  rather  than  building 
separate  buildings. 

In  the  life  sciences  program,  it  seems  to  me  that  we  could  work  in 
the  same  budding  on  the  higher  form  of  life  without  getting  too 
far  away  from  our  objective. 

Let  me  ask  you  this.  Is  this  the  first  request  for  funds  for  the  life 
sciences  research  laboratory? 

Dr.  Konecci.  To  my  knowledge  it  is,  sir. 

Mr.  Karth.  Do  you  have  any  plans  of  the  building  other  than 
the  proposed  layout  tha.  I see  here? 

Dr.  Konecci.  No,  sir. 

Mr.  Karth.  No  plans.  What  is  the  $4#  million  for? 

Dr.  Konecci.  The  $4}£  million — will  provide  106,000  square  feet 
of  space. 

Mr.  Karth.  This  for  A.  & E.? 

Dr.  Konecci.  Laboratory.  The  building,  principally. 

Mr.  Karth.  You  going  to  build  a building  for  $4#  million? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  It’s  also  going  to  cover  architecture  and  engineering — 
or  has  it  already  been  done?  That’s  what  I’m  attempting  to  ask. 
Where  are  we?  Have  any  funds  been  assigned  to  this  building  in 
previous  fiscal  years  for  A.  & E.  work? 

Dr.  Konecci.  I don’t  believe,  in  previous  years  there  were — 
not  to  my  knowledge,  sir. 

Mr.  Karth.  You  are  asking  for  $4^  million  to  build  a building, 
you  must  have  the  design  of  it,  don’t  you?  You  have  some  kind 
of  plans? 

Dr.  Konecci.  Yes,  sir,  the  Ames  Research  Center  does. 

I thought  you  asked  me,  specifically,  if  we  have  them  here. 

Mr.  Karth.  No,  I’m  asking  do  we  have  them  at  all. 

Dr.  Konecci.  Yes,  we  do.  They  have  them  broken  down  into 
what  the  facilities  are,  what  the  cost  is — the  cost  breakdown. 

Mr.  Karth.  How  about  the  electronic  research  laboratory,  Dr. 
Bisplinghoff. 

Can  we  have  this  kind  of  information  on  that  laboratory  request 
also? 

Dr.  Bisplinghoff.  For  tb:_  par,  the  request  that  we  have  made 
is  for  land  acquisition  and  k:,  ia*  engineering  studies  relating  to  the 
land  acquisition. 

We  have  no  breakdown  related  to  the  building  complexes. 

Mr.  Karth.  Well,  then  am  I to  understand  that  we  have  previously 
funded  for  this  kind  of  work  for  the  life  sciences  research  laboratory? 

Dr.  Bisplinghoff.  Insofar  as  I know,  the  sum  of  money  we  are 
asking  for  here  is  the  first  sum  of  money  we  have  requested  and  it 
will  include  everything — A.  & E. — engineering  as  well  as  construction. 

Mr.  Karth.  We  have  some  plans  m this  instance  whereas  we  have 
no  plans  in  the  other  instance. 

Dr.  Bisplinghoff.  There  is  an  A.  & E.  plan  for  this. 
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Mr.  Karth.  How  long  has  this  project  been  under  consideration? 
This  has  been  in  the  planning  stage  for  a couple  of  years  hasn't  it? 

Dr.  Konecci.  It’s  been  under  consideration  since  I joined  NASA, 
sir.  That’s  9 months  ago. 

Mr.  Karth.  Is  it  your  general  practice  to  have  at  least  this  much 
of  a plan  prior  to  the  request  for  funds  for  construction  or  architect 
and  engineering  work? 

Dr.  Bisplinghoff.  We  very  frequently  do  engineering  studies  with 
funds  that  are  already  available  to  us  before  we  make  such  requests. 

Mr.  Karth.  Well,  how  are  these  funds  available  to  you,  Doctor? 

Dr.  Bisplinghoff.  We  have  design  and  engineering  funds  that  we 
can  use. 

These  are  small  amounts  of  funds  that  we  are  able  to  use  for  pre- 
liminary studies  of  things  of  this  kind. 

Mr.  Karth.  But,  insofar  as  the  electronics  research  laboratory  is 
concerned,  this  has  not  been  done  in  that  case,  has  it? 

Dr.  Bisplinghoff.  No. 

Mr.  Randall.  Mr.  Chairman,  has  it  been  brought  out  how  much 
has  been  spent  on  preliminary  design?  This  is  the  Ames  Laboratory 
you  are  speaking  of? 

Dr.  Konecci.  Yes. 

Mr.  Karth.  How  much  has  been  spent? 

Mr.  Randall.  Yes,  already  for  design  and  engineering. 

Mr.  Karth.  No. 

Mr.  Randall.  Could  you  tell  us? 

Dr.  Konecci.  I don’t  know  the  answer  to  the  question. 

Dr.  Bisplinghoff.  To  mv  knowledge,  nothing. 

Mr.  Karth.  Dr.  Bisplinghoff’s  testimony  has  been  up  to  this  point 
this  is  kind  of  a general  fund  they  use  for  doing  predesign  work  and 
I guess  this  is  rather  generally  done. 

Dr.  Bisplinghoff.  Yes,  there  is  a sum  of  some  $8  million  in  last 
year’s  budget  for  this  purpose  across  the  whole  agency. 

Mr.  Karth.  Yes.  So  whatever  design  work  was  done,  was  done  as 
a result  of  a portion  of  those  funds  being  made  available. 

Mr.  Myers.  I think  for  the  record,  Mr.  Chairman,  $240,000  was 
transferred  to  Ames  on  February  11  of  this  year  for  this  purpose  go- 
ing into  detail  design. 

Mr.  Karth.  February  of  1963? 

Mr.  Myers.  Yes. 


Mr.  Mosher.  Mr.  Chairman,  was  there  an  answer  to  your  ques- 
tion— you  asked  when  you  had  the  map  in  your  hands — regarding  the 
two  buildings  that  are  widely  separated? 

I didn’t  really  get  the  answers  to  whether  the  work  down  in  this 
lower  right-hand  comer  would  be  transferred  to  the  new  building  or 
what. 

Dr.  Konecci.  No,  sir. 

Mr.  Mosher.  These  would  be  separate  buildings? 

Dr,  Konecci.  Yes,  sir. 

Mr.  Mosher.  I see. 

Dr.  Konecci.  One  of  the  reasons  for  having  the  life  sciences  located 
where  it  is  now,  the  4.88  is  to  have  it  in  the  proximity  of  the  flight  simu- 
lator and  I believe  the  land  was  available. 

Mr.  Mosher.  Mr.  Chairman,  could  I ask  another  question? 

Mr.  Karth.  Mr.  Mosher. 
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Mr.  Mosher.  Going  back  to  something  you  said  10  or  15  minutes 
ago,  Dr.  Konecci;  you  referred  to  an  occasion  when  you  had  in  your 
office,  I believe,  other  people  involved  in  the  same  type  of  work  in 
DOD. 

Dr.  Konecci.  Yen,  sir. 

Mr.  Mosher.  Including  the  Air  Force  people,  I judge. 

Dr.  Konecci.  Yes,  sir. 

Mr.  Mosher.  You  explained  to  them  your  5-year  program  that 
you  arepropoeing? 

Dr.  Konecci.  Yes. 

Mr.  Mosher.  Did  you  find  that  there  was  a duplication  in  what 
they  have  been  proposing? 

As  a result  of  this  conference  did  either  of  you  weed  out  and  do 
away  with  potential  duplications? 

Did  you  find  they  were  thinking  along  the  same  line  as  you,  so  it 
was  decided  you  would  do  it  instead  of  they,  or  vice  versa? 

Dr.  Konecci.  No,  sir,  in  this  case  we  were  talking  about  the  NASA 
program,  our  mission,  and  their  capability  to  actually  assist  us  with 
their  facilities  if  they  had  the  personnel.  So,  they  have  been  coming 
to  us  in  the  last  9 months  with  proposals  to  do  specific  studies  that 
they  did  have  a capability  in. 

We  have  already  funded  $1.4  million  and  we  will  have  about  $2 
million  with  DOD  and  I’m  not  differentiating  between  Navy  and  Air 
Force.  Although  these  are  the  principal  agencies  and  they  have 
roughly  half  and  half. 

Mr.  Mosher.  You  think  you  have  an  efficient  mechanism  here  by 
which  duplicate  efforts  are  weeded  out? 

Dr.  Konecci.  Yes,  sir. 

Colonel  Talbot  is  on  assigmnent  with  General  Bitland  in  NASA. 
He  visits  my  office  at  least  twice  a week. 

We  have  constant  deliberations  and  he  contacts  the  field  laboratory 
immediately  if  there  are  any  questions  about  any  problems. 

We  also  have  Dr.  Voris  on  my  staff  who  is  a captain  in  the  Navy 
and  Dr.  Pollard  communicates  directly  with  us  on  the  Navy  side. 

Colonel  Frese  is  in  DOD.  He  is  an  Air  Force  officer,  but  in  charge 
of  coordination  of  the  life  sciences  area  and  he  has  been  a frequent 
visitor  with  his  staff. 

Captain  Pruett  who  is  from  the  Navy  who  was  just  transferred  into 
this  DOD  office. 

Mr.  Staebler.  Mr.  Chairman.  May  I ask  you  a few  questions? 

At  the  present  level  of  information  available  to  us  in  the  life  sciences 
field,  what  is  the  longest  manned  flight  which  we  can  safely  take  and 
in  defining  “safety” — let  me  say  “with  assurance”;  what  do  we  know 
that  we  can  take? 

Dr.  Konecci.  Based  on  the  information  from  Laika  and  the  Soviet 
Union,  I’m  sure  we  can  probably  go  several  days,  meaning  7 days. 

The  project  Gemini  is  designed  so  we  can  in  essence,  as  m the  “X” 
airplanes,  creep  up  on  the  things. 

We  have  recall  capability,  so  if  anything  happens  you  can  come 
back. 

The  Gemini  program  is  designed  for  14  days. 

We  feel,  however,  we  need  data  beyond  tnis  time  period;  that  is, 
way  beyond  30  days  and  as  quickly  as  possible,  so  we  can  give  this 
information  to  the  designers  now.  I would  say  that  within  the  coming 
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years  we  should  have  information  up  into  the  years  of  weightlessness 
because— — 

Mr.  Staebler.  But  at  the  moment,  7 days  or  14  days  is  the  order 
of  magnitude? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Staebler.  Within  which  our  present  information  gives  us 
assurance  we  can  travel. 

Dr.  Konecci.  Yes,  sir.  I think  this  would  be  a safe  statement 
to  make. 

Mr.  Staebler.  Yes. 

Let  me  ask  a,  totally  different  question. 

The  wife  of  the  junior  Senator  from  my  State  is  an  aviatrix  and  has 
been  deeply  interested  in  the  question  of  women  in  space  travel. 

Have  you,  as  yet,  encountered  any  information  that  would  dis- 
courage the  consideration  of  women  as  astronauts? 

Dr.  Konecci.  I think  the  answer  to  your  question  is,  sir,  that  our 
purpose  is  to  design  and  hope  to  design  future  systems  for  everybody  to 
travel — women,  children,  as  well  as  men. 

I think  after  the  initial  exploration  is  over,  we  will  find  we  do  not 
need  the  highly  qualified  individual  just  to  go  into  space. 

One  that  could  withstand  the  stresses  and  rigors  of  selection  exer- 
cise, psychology,  and  so  on. 

In  essence,  what  we  are  trying  to  do  is  determine  these  factors  so 
everybody  will  be  able  to  go  mto  space. 

The  answer  to  your  question  is  there  is  nothing  peculiar  about  a 
woman  not  being  able  to  go  into  space.  However,  we  understand  at 
the  moment  Mr.  Webb  has  a policy  to  use  qualified  test  pilots,  as 
astronauts.  This  does  not  include  women. 

Mr.  Staebler.  This  is  rather  a matter  of  convenience  and  priority. 
Simplification  of  the  program. 

Dr.  Konecci.  Nothing  to  do  with  the  women  not  being  able  to 
perform  tasks. 

Mr.  Staebler.  I see. 

Mr.  Mosher.  Equal  pay  with  equal  work. 

Mr.  Karth.  Proceed,  Doctor. 

Dr.  Konecci.  Sir,  actually  I have  one  more  slide  (see  fig.  273, 
p.  2429). 

This  was  just  to  summarize  our  man  system  integration. 

Here  is  where  we  try  to  apply  the  human  factor  into  various  ad- 
vanced systems. 

Actually  with  this  slide  then  I would  like  to  close. 

Thank  you  very  much. 

I would  just  like  to  close  it  there,  sir,  because  I think  we  can  go  into 
a lot  of  detail. 

I will  make  these  publications  available  to  any — to  yourself  or  any 
of  the  members  of  the  committee. 

Mr.  Karth.  What  publication  is  that,  Doctor? 

Dr.  Konecci.  Sir,  the  two  Soviet  translations  of  two  books,  bio- 
logical raace  biology  jprogram  as  well  as  their  manned  space  program. 

Mr.  Karth.  Are  there  any  questions.? 

Mr.  Randall.  On  the  publications,  Mr.  Chairman — where  do  these 
come  from?  How  were  they  made  available? 
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Dr.  Koneccx.  We  had  an  international  symposium  with  the  Soviets 
last  November  and  they  made  the  Soviet  books  available  to  us  and 
we’ve  had  them  translated. 

Mr.  Randall.  Fine. 

Mr.  Karth.  Dr.  Weaver? 

Dr.  Weaver.  Dr.  Konecci  you  have  the  aerospace  budget? 

Dr.  Konecci.  No,  we  have  the  human  factors.  That  is,  Dr. 
Roadman’s. 

Dr.  Weaver.  All  right,  I’ll  save  that  question. 

But  your  experiments,  don’t  they  come  under  this? 

Dr.  K onecci.  We  are  on  the  basic  side  of  this  and  they  try  to 
apply  them  for  specific  missions. 

Dr.  Weaver.  I see.  Thank  you. 

Mr.  Karth.  I’d  like  to  go  off  the  record  for  a minute. 

(Off  the  record.) 

Mr.  Karth.  Doctor,  back  on  the  record.  I think  then,  we  will 
adjourn  until  10  o'clock  tomorrow  morning. 

I’m  not  sure  what  meeting  facilities  we  are  going  to  have,  but  the 
staff  will  notify  you. 

Dr.  Bisplinghoff.  All  right,  sir. 

Mr.  Karth.  They  will  contact  you  sometime  this  afternoon. 
Thank  you  very  much.  The  meeting  is  adjourned. 

(Whereupon  at  11:05  a.m.  the  committee  was  adjourned  until 
April  11,  ,1963,  at  10  a.m.) 
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THTJRSDAY,  APBIL  11,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.C. 

The  subcommittee  met  at  10  a.m.,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding,  in  room  214-B,  Longworth  House 
Office  Building. 

Mr.  Karth.  The  meeting  will  be  in  order.  Mr.  Finger,  I wonder 
if  I could  ask  that  you  proceed  in  the  same  manner  as  the  witnesses 
that  preceded  you;  that  is,  to  summarize  the  prepared  statement  that 
you  have  and  use  whatever  visual  aid  you  think  would  help  tell  your 
story. 

STATEMENT  OF  HAROLD  B.  FINGER,  DIRECTOR,  NUCLEAR 

SYSTEMS  OFFICE,  NASA 

Mr.  Chairman  and  members  of  the  subcommittee,  the  early  development  of 
nuclear  energy  systems  and  their  early  application  in  space  missions  is  a major 
goal  of  NASA’s  research  and  development  program.  The  space  nuclear  systems 
program  involves  large  amounts  of  funds,  manpower,  and  facilities  in  NASA’s 
program  and,  in  addition,  involves  substantial  effort  on  the  part  of  the  Atomic 
Energy  Commission.  We  are  convinced  that  the  high-performance  potential  of 
these  systems  for  space  propulsion  and  electric  power  generation  justifies  the  sub- 
stantial effort  that  we  are  devoting  toward  the  early  development  of  such  systems. 
It  is  clear  that  if  we  are  to  perform  extensive  space  exploration  missions  beyond 
our  first  manned  lunar  landings,  it  will  be  necessary  to  have  available  to  us  nuclear 
propulsion  systems  and  if  we  are  to  establish  large  space  laboratories,  lunar  bases, 
and  are  to  travel  to  distant  planets,  we  will'  have  to  rely  on  the  availability  of 
large  nuclear  electric  power  generating  systems. 

The  approach  that  we  have  adopted  in  carrying  forward  this  program  is  indi- 
cated on  the  first  figure  (R63-809).  Essentially,  we  utilize  the  closest  available 
technology  in  order  to  provide  early  hardware  developments  which  are  aimed  at 
determining  the  feasibility  of  systems  and  at  evaluating  the  flight  problems  that 
we  will  encounter  when  we  start  operating  nuclear  systems  in  the  flight  environ- 
ment. These  early  developments  are  so  designed  that  they  will  provide  a growth 
capability  for  early  application  in  operational  missions.  NERVA,  RIFT,  and 
SNAP-8  are  projects  that  fall  within  this  early  development  category.  While 
we  proceed  with  this  early  development  program,  we  consider  that  a major  and 
essential  part  of  the  program  is  a parallel  and  continuing  advanced  research  and 
technology  effort.  This  effort  will  provide  the  technology  to  support  the  early 
development  program  and  to  lead  to  advanced  systems.  It  will  also  evaluate  the 
feasibility  of  new  ideas  that  are  proposed. 

Our  nuclear  systems  program  is  composed  of  two  major  parts,  nuclear  rocket 
systems  and  nuclear  electric  power  and  propulsion  systems.  A large  portion  of 
these  programs  is  a combined  effort  between  the  AEC  and  NASA.  Responsi- 
bility for  providing  the  required  reactor  research  and  development  rests  with  the 
AEC.  NASA  is  responsible  for  the  nonnuclear  component  research  and  develop- 
ment programs  as  well  as  for  the  integration  and  application  of  the  overall  systems. 
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• EARLY  DEVELOPMENT 

* USE  CLOSEST  AVAILABLE  TECHNOLOGY 

* DETERMINE  FEASIBILITY 

* EVALUATE  FLIGHT  PROBLEMS 

* PROVIDE  EARLY  APPLICATION  OF  CONCEPTS 

• ADVANCED  RESEARCH  AND  TECHNOLOGY 

* PROVIDE  TECHNOLOGY  FOR  ADVANCED  SYSTEMS 

* EVALUATE  FEASIBILITY  OF  NEW  CONCEPTS 

* SOLVE  DEVELOPMENT  PROBLEMS 


NASA  R63-809 


ORGANIZATION 

The  management  organization  is  shown  on  the  next  figure  (R63--810)  and  con- 
sists of  two  main  organizational  segments,  the  AEC  NASA  Space  Nuclear  Pro- 
pulsion Office  located  at  AEC  headquarters,  and  the  NASA  Office  of  Nuclear  Sys- 
tems at  NASA  headquarters.  It  is  designed  to  insure  a single  channel  of  coordi- 
nation from  NASA  to  the  AEC  on  all  developments  of  nuclear  systems  for  space 
propulsion  and  power. 

The  development  of  nuclear  rocket  propulsion  systems  is  under  the  manage- 
ment of  the  Space  Nuclear  Propulsion  Office.  The  SNPO  reports  to  both  the  AEC 
and  NASA,  is  staffed  by  both  agencies,  and  is  considered  a field  office  in  both 
agencies  operating  with  its  own  budget,  accounting  functions,  technical  direction, 
procurement  authority,  etc.  The  detailed  day-to-day  technical  direction  and 
contract-administration  functions  are  handled  through  the  three  extensions  of 
SNPO  in  Albuquerque,  Cleveland,  and  Nevada.  For  example,  the  Cleveland 
extension  directs  the  NERVA  contract.  Various  phases  of  the  work  in  the  nu- 
clear rocket  propulsion  program  are  conducted  by  Los  Alamos  Scientific  Labora- 
tory, Argonne  National  Laboratory,  Aerojet-General,  Westinghouse,  Lewis  Re- 
search Center,  and  other  Government  and  industrial  groups  under  SNPO  man- 
agement and  direction. 

The  Office  of  Nuclear  Systems  operates  differently  from  the  SNPO  in  that  it  is 
exclusively  a NASA  headquarters  staff  organization.  It  is  responsible  for  overall 
program  planning  and  review,  establishment  of  program  objectives,  preparation 
of  budgets,  and  the  review  of  technical  decisions,  configurations,  contracts,  and 
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policies  established  by  the  field  center  responsible  for  program  execution.  Re- 
sponsibility for  detailed  technical  direction,  contract  administration,  procurement, 
etc.,  is  carried  out  by  the  NASA  Research  and  Space  Flight  Centers.  For  ex- 
ample, the  Marshall  Space  Flight  Center  directs  the  RIFT  development  and  the 
Lewis  Research  Center  directs  almost  all  of  the  work  on  nuclear  electric  power  and 
electric  propulsion.  In  addition  to  directing  contract  work,  the  responsible 
Center  conducts  an  in-house  research  and  technology  effort  in  related  areas  to 
properly  support  and  guide  the  contract  project  activities. 

NUCLEAR  ROCKETS 

I would  like  now  to  discuss  the  status  and  plans  of  several  elements  of  our 
nuclear  rocket  and  nuclear  electric  power  and  electric  propulsion  programs,  as 
well  as  some  of  the  important  results  that  have  been  obtained  during  the  past  year. 
I will  start  with  our  nuclear  rocket  program. 

Nuclear  rocket  application* 

Recent  studies  of  advanced  space  missions  have  confirmed  and  reemphasized 
the  importance  of  nuclear  rocket  propulsion  in  post- Apollo  space  flight.  The 
studies  have  analyzed  the  objectives  and  requirements  of  many  missions,  principal 
among  which  are:  (1)  post-Apollo  lunar  logistic^  and  personnel  transport;  (2) 
unmanned  planetary  and  deep-space  probes;  and,  (3)  manned  planetary  ex- 
peditions. 

The  earliest  impact  of  nuclear  rocket  capability  is  to  increase  the  performance 
and  useful  life  of  the  Saturn  V launch  vehicle.  (Shown  in  fig.  89,  p.  1904.)  Dr. 
Bisplinghoff,  in  his  previous  testimony,  has  illustrated  a manned  Venus  flyby 
and  unmanned  Mars  orbit  and  Jupiter  probe  missions,  which  could  be  accom- 
plished with  this  nuclear  Saturn  V using  a NERVA-powered,  RIFT-type  third 
stage  on  the  first  two  stages  of  the  Saturn  V.  If  a nuclear  rocket  is  not  available 
for  these  applications^  we  must  either  hasten  the  development  of  a new  all- 
chemical  launch  vehicle,  resort  to  orbital  rendezvous,  or  cancel  the  missions. 
The  early  Venus  flyby  mentioned  by  Dr.  Bisplinghoff  would  require  more  than 
one  Saturn  V launch  if  only  chemical  rocket  stages  were  used. 

Studies  continue  to  indicate  that  the  nuclear  Saturn  V can  make  a valuable 
contribution  in  the  area  of  lunar  logistics.  By  increasing  the  lunar  payload  by  60 
to  100  percent,  the  nuclear  Saturn  V significantly  reduces  the  number  of  Earth 
launches  required  to  support  a lunar  station.  It  may  also  permit  large  payload 
items  to  be  transported  in  one  piece,  thereby  eliminating  the  expense  and  weight 
penalty  associated  with  breaking  the  payload  into  sma’l  units.  As  a result,  the 
usefulness  of  the  Saturn  V vehicle  and  its  launch  facilities  could  be  extended  and 
made  adequate  to  carry  out  extensive  lunar  station  activity. 
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In  a manned  Mars  landing  expedition,  such  as  the  one  I have  discussed  at  pre- 
vious hearings  (shown  on  the  next  figure  RN63-738),  there  is  a requirement  for 
a high-power  nuclear  rocket  engine  (or  cluster  of  medium-power  nuclear  engines) 
to  propel  the  spacecraft  out  of  Earth  orbit.  Later  in  the  flight,  when  approaching 
and  leaving  Mars,  a low  power  nuclear  engine  of  the  NERVA  type  would  be 
desired.  Mars  landing  expeditions  require  so  much  energy  that  nuclear  pro- 
pulsion is  essential  to  the  accomplishment  of  even  moderately  fast  round  trips 
of  400  to  450  days.  For  such  missions,  the  nuclear  spacecraft  will  weigh  between 
one-fifth  and  one-tenth  the  weight  of  a chemical  spacecraft. 

The  important  conclusion  to  be  drawn  from  this  discussion  is  that  there  are 
many  missions  for  which  nuclear  rockets  are  desirable  and  have  such  substantial, 
potential  advantages  over  chemical  rockets  that  they  are  necessary.  I am  con- 
vinced they  will  be  used  extensively  as  soon  as  they  can  be  made  available. 
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Nuclear  rocket  program  element* 

The  nuclear  rocket  program  is  composed  of  several  major  hardware  elements. 
The  relationship  of  three  of  these  elements,  Kiwi,  NERVA  and  RIFT,  has 
been  described  by  Dr.  Bisplinghoff  and  is  shown  again  in  the  next  figure  (fig.  92, 
p.  1906).  Kiwi  reactor  technology  will  be  used  in  the  development  of  the  NERVA 
reactor  and  engine,  which  will  be  flight  tested  in  the  RIFT  stage. 

Kiwi- NERVA 

During  1962,  two  “hot”  reactor  experiments,  Kiwi  BIB  and  Kiwi  B4A,  plus 
a series  of  cold-flow  reactor  experiments  preceding  and  following  the  Kiwi  BIB 
tests,  were  run  at  the  Nuclear  Rocket  Development  Station  in  Nevada.  The 
cold-flow  experiments  were  conducted  to  gain  experience  in  the  operation  of 
liquid-hydrogen  systems  at  test  cell  A,  but  even  more  important,  to  obtain  data 
necessary  to  establish  operating  conditions  during  startup  for  the  hot-reactor 
tests.  All  of  these  tests  were  conducted  by  the  Los  Alamos  Scientific  laboratory 
as  part  of  its  responsibility  for  the  Kiwi  work. 

The  Kiwi  BIB  reactor,  shown  on  the  next  figure  (fig.  289,  p.  2483),  was  tested 
on  September  1,  1962,  using  liquid  hydrogen  for  the  first  time  in  any  power  test. 
The  basic  findings  were  discussed  by  Dr.  Norris  Bradbury,  the  Director  of  the 
I os  Alamos  Scientific  Laboratory,  in  his  testimony  before  the  Subcommittee  on 
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Research,  Development,  and  Radiation  of  the  Joint  Committee  on  Atomic  Energy 
on  September  13,  1962.  In  summary,  the  two  principal  results  were:  (1)  Kiwi 
reactors  can  be  started  up  on  liquid  hydrogen  without  difficulty  from  a neutronic 
and  controllability  point  of  view;  and,  (2)  portions  of  the  fuel  elements  in  Kiwi 
BIB  were  broken  and  ejected  from  the  reactor  at  about  60  percent  of  the  power 
objective  set  for  that  test.  The  conclusion  arrived  at  from  the  test,  one  which 
was  largely  anticipated  prior  to  the  test  based  on  previous  test  experience,  was 
that  the  Kiwi  B1  core  design  is  not  a promising  design  for  application  in  a 
nuclear  rocket  reactor.  I must  add,  however,  that  we  still  do  not  completely 
understand  the  failures  observed  in  the  Kiwi  BIB  test.  Efforts  are  continuing 
toward  explaining  the  results  more  completely  since  an  understanding  of  all 
results  is,  I believe,  essential  in  the  development  of  such  a new  technology. 

The  Kiwi  B4  reactor  power  test  was  conducted  on  November  30,  1962.  The 
next  figure  (fig.  290,  p.  2483)  illustrates  the  test  setup.  Although  this  reactor  looks 
very  similar  to  the  Kiwi  BIB  reactor  shown  on  the  previous  figure,  the  internal 
design  is  substantially  different.  This  Kiwi  B4  design  has  been  and  still  is  favored 
for  early  NERVA  application.  This  November  test  was  intended  primarily  to 
examine  this  design  and  to  provide  additional  data  on  liquid  hydrogen  startup. 
The  test  was  cut  short  when  flashes  were  observed  in  the  exhaust  jet  with  increasing 
frequency. 

The  following  short  film  clip  taken  during  the  test  in  real  time  will  indicate 
what  we  mean  by  the  occurrence  of  these  flashes.  [Movie.]  Even  though  the 
reactor  continued  to  operate  and  control  room  diagnostics  indicated  no  obvious 
problems,  it  was  felt  that  an  orderly  shutdown  and  examination  of  the  reactor 
would  reveal  information  about  the  core  design  and  operation  that  might  otherwise 
be  lost. 

Data  now  available  from  that  test  tend  to  confirm  previous  information  that 
the  reactor  system  can  be  started  up  on  liquid  hydrogen;  however,  detailed  post- 
mortem examination  has  shown  extensive  damage  to  the  reactor  core  with  most 
of  the  fuel  elements  broken.  It  appears  that  this  damage  was  the  result  of 
mechanical  vibration  within  the  reactor.  Although  the  source  and  mechanism 
of  vibration  can  only  be  hypothesized  at  this  time,  the  problem  appears  to  be 
associated  with  engineering  design  matters  that  should  be  susceptible  to  solution 
and  do  not  constitute  a question  of  basic  fundamental  feasibility. 

In  arriving  at  a solution  to  problems  that  have  been  encountered,  the  Los 
Alamos  Scientific  Laboratory  and  the  NERVA  contractors,  Westinghouse 
Astronuclear  Laboratory  and  Aerojet-General  are  working  closely  together  on 
design  corrections.  In  addition,  I have  directed  that  a thorough  program  of 
design  analysis  and  experimental  evaluation  be  conducted  before  further  reactor 
power  tests  are  conducted.  This  design  evaluation  will  take  the  form  of  extensive 
materials,  component,  subassembly,  and  full  reactor  tests  under  various  simulated 
flow,  temperature,  stress,  and  vibration  conditions.  I am  convinced  that  only 
through  an  extremely  thorough  evaluation  and  test  program  of  this  type  can  a 
successful  reactor  system  be  developed.  In  such  a program,  integral  reactor 
power  tests  become  a logical  part  of  the  development  aimed  at  evaluating  the 
design  and  operating  characteristics  of  the  reactor  under  conditions  that  cannot 
be  fully  simulated  in  other  types  of  tests. 

Although  much  has  been  learned  in  the  integral  reactor  power  tests  that  have 
been  run  to  date,  it  is  apparent  that  a much  more  thorough  design  and  test  pro- 
gram is  required  to  develop  this  extremely  complicated  mechanical  equipment 
with  sufficient  reliability  to  assure  that  the  system  can  be  used  in  flight  systems. 
Only  through  such  a comprehensive  program  will  a true  understanding  of  nuclear 
rocket  reactors  and  their  range  of  operating  parameters  be  fully  developed. 
Westinghouse  and  Los  Alamos  are,  therefore,  conducting  the  necessary  redesign 
work  and  initiating  the  necessary  test  effort  to  arrive  at  a system  that  is  as  well 
evaluated  as  possible  and,  therefore,  ready  for  power  testing. 

In  addition  to  our  Kiwi  B4  and  NERVA  reactor  design  ard  test  work,  we  are 
considering  alternate  graphite  reactor  designs  to  serve  as  back-ups  in  the  event 
the  Kiwi  B4  type  of  design  does  not  work  out  as  well  as  is  now  hoped.  I will 
discuss  under  our  advanced  research  and  technology  program,  work  we  are  also 
conducting  aimed  at  the  development  of  the  technology  of  metallic  reactor 
systems  in  the  event  the  graphite  systems  have  an  inherent  fault  which  is  not  now 
apparent. 

The  Kiwi  reactor  tests  were  intended  to  establish  the  fundamental  feasibility 
of  nuclear  rockets  based  on  graphite  fuel  elements  and  graphite  core  components 
and  to  establish  a basic  reactor  design  susceptible  to  flight  engineering  develop- 
ment by  the  NERVA  industrial  team.  The  feasibility  has  been,  in  general, 
established;  however,  the  problems  which  have  been  uncovered  are  such  that 
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heavy  effort  in  engineering  disciplines  available  to  us  within  the  industrial  team 
is  essential.  This  effort  is  of  the  type  I have  just  described.  Westinghouse 
Astronuclear  Laboratory,  the  principal  subcontractor  to  our  NERVA  engine 
contractor,  Aerojet-General  Cerp.,  has  been  directed  to  proceed  with  the  neces- 
sary engineering  effort  to  fulfill  this  need.  Although  the  groundwork  was  already 
laid  in  the  NERVA  contract,  the  Westinghouse  and  Aerojet-General  efforts  are 
being  expanded  along  these  lines.  Los  Alamos  will  continue  to  work  on  Kiwi  B4 
through  the  next  Kiwi  power  testing  in  the  early  part  of  next  year.  The  labora- 
tory will  then  continue  to  provide  research  support  and  information  to  NERV’A 
and  it  will  proceed  with  its  pioneering  work  aimed  at  more  advanced  systems. 

Prior  to  the  Kiwi-B4A  test,  several  power  tests  of  Kiwi-B4  type  reactors  had 
been  planned  during  the  first  half  of  1963.  Because  of  the  results  of  that  test,  no 
such  power  tests  will  be  conducted  in  that  period.  It  will  take  at  least  that 
long  before  a reactor  can  be  made  ready  with  design  modifications  indicated  by 
that  test  and  subsequent  analyses,  including  the  necessary  prerequisite  design 
support  experiments.  Component  tests  and  cold-flow  integral  reactor  tests  will, 
however,  be  conducted  during  this  time  as  part  of  our  expanded  design  evaluation 
program.  The  new  schedule  has  not  as  of  this  date  been  firmly  set,  but  it  is  clear 
that  the  next  power  tests  will  not  occur  until  late  this  year,  at  the  earliest.  It 
is  possible,  however,  that  our  component  and  subassembly  testing  will  reveal 
problems  that  will  result  in  a delay  of  power  testing  into  next  year. 

Although,  as  Dr.  Seamans  ard  Dr.  Bisplinghoff  have  already  pointed  out,  we 
are  not  undertaking  the  heavy  procurement  and  development  of  major  hardware 
until  we  have  demonstrated  that  we  are  well  along  toward  establishment  of  a 
reactor  suitable  for  NERVA  engine  application,  we  are  conducting  research  and 
technological  development  in  those  critical  areas  of  the  NERY'A  and  RIFT 
programs  that  require  long  lcadtimes  and  that  may  have  major  effects  on  the 
design  and  operation  of  nuclear  rocket  systems.  We  have  been  operating  the 
program  under  such  a guideline  during  the  past  year.  Our  fiscal  year  1964 
budget  request  is  planned  on  that  same  basis. 

In  the  NERVA  program,  for  example,  we  are  conducting  overall  engine  design 
and  systems  analysis  based  on  the  results  of  testing  of  individual  components. 
Much  of  this  work  is  being  done  at  the  Aerojet-General  Liquid  Rocket  Plant  in 
Sacramento  in  the  facilities  shown  on  the  next  figure  (R63-1172).  Aerojet- 
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General  has  conducted  several  tests  in  these  facilities  and  additional  hardware 
and  tesis  are  now  being  prepared  for  a cold-flow  development  test  system  which 
will  incorporate  the  major  engine  components  including  a simulated  reactor  core 
to  evaluate  the  control  requirements  during  the  crucial  startup  phase  of  a nuclear 
rocket  engine. 

In  addition  to  controls,  the  effects  of  radiation  on  the  nonnuclear  components 
of  an  engine  and  vehicle  system  provides  a new  environmental  condition  that  must 
must  be  sustained  by  these  components.  We  have  reached  an  agreement  with 
the  Air  Force  under  which  the  Space  Nuclear  Propulsion  Office  w'ill  utilize  the 
Fort  Worth  nuclear  aerospace  research  facilities,  operated  by  General  Dynamics, 
to  develop  components  under  the  radiation  conditions  that  would  be  experienced 
in  a NERVA  engine.  Testing  is  already  underway  in  this  facility  and  we  will, 
during  this  year,  design  and  construct  additions  and  modifications  to  this  facility 
to  allow  for  simulation  of  engine  conditions  on  major  flow  components,  such  as 
th-  turbopump. 

Reactor  testing,  simulator  testing,  and  component  testing  are,  of  course,  all 
parts  of  the  development  program  culminating  in  operation  of  integrated  engine 
systems  at  the  Nuclear  Rocket  Development  Station  in  Nevada.  Our  first  engine 
test  stand  shown  in  the  next  figure  (fig.  292,  p.  — ) is  well  along  in  construction. 
The  instrumentation  and  control  system  is  being  designed.  Development  is  still 
being  conducted  on  a major  portion  of  that  stand — the  exhaust  duct  system  re- 
quired to  carry  the  exhaust  gases  leaving  the  engine  nozzle  away  from  the  test 
stand.  After  power  tests  in  Nevada,  when  the  engine  is  radioactive,  disassembly, 
examination,  and  maintenance  will  have  to  be  done  remotely  in  our  Engine 
Maintenance  Assembly  and  Disassembly  Building  (.E-Mad),  the  construc- 
tion status  of  which  is  shown  on  the  next  figure  (R63-530).  The  steel  framing 
shown  here  is  for  the  assembly  area  in  which  radioactively  clean  engines  would 
be  assembled.  The  disassembly  area  will  be  located  in  the  foreground,  with 
delivery  of  hot  engines  to  the  disassembly  area  being  accomplished  by  remotely 
controlled  railroad  cars.  This  hot  disassembly  area  will  have  6-foot  thick  concrete 
walls  to  provide  adequate  shielding  for  personnel  operating  the  remote  manipu- 
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l&tor  equipment.  Additional  facilities  are  requested  in  the  budget  before  the  com- 
mittee to  satisfy  NERVA  requirements  at  the  Nuclear  Rocket  Development 
Station. 

RIFT 

As  mentioned  previously,  the  primary  purpose  of  the  RIFT  project  is  to  flight 
test  the  NERVA  propulsion  system  in  a configuration  that  would  lead  logically 
to  its  eventual  development  to  operational  status  as  a third  stage  on  the  Saturn 
V vehicle.  This  project  is  being  conducted  by  the  Lockheed  Missiles  & Space 
Co.  under  the  direction  of  the  Marshall  Space  Flight  Center. 

Our  concept  of  the  RIF.T  stage  is  shown  on  the  next  figure  (fig.  294,  p.  2501) . It 
will  be  33  feet  in  diameter,  the  same  diameter  as  the  Saturn  V vehicle.  From  the 
interstage  separation  plane  to  the  top  of  the  stage,  it  will  stand  approximately  80 
feet  tall.  With  the  required  flight  nose  cone  added,  the  total  height  of  the  stage 
will  be  in  excess  of  125  feet. 

Flight  tests  will  be  conducted  utilizing  the  Saturn  V launch:  complex  at  the 
Atlantic  Missile  Range  in  a trajectory  similar  to  the  one  shown  on  the  next  figure 
(fig.  295,  p.  2502) . The  flights  will  be  conducted  with  the  RIFT  stage  mounted  on 
top  of  the  Saturn  V first  stage  using  a dummy  S-II  second  stage  to  obtain  the 
proper  acceleration  conditions.  The  flights  will  be  over  a carefully  controlled, 
limited  range,  lob  trajectory  having  a range  of  about  1,300  miles. 

The  implementation  of  the  hardware  aspects  of  the  RIFT  project  is  paced  by 
the  Kiwi  and  NERVA  programs.  At  this  time,  therefore,  we  are  concentrating 
on  a research  and  technology  program  that  will  provide  the  data  required  for 
solution  of  many  of  the  technical  problems  associated  with  RIFT  and  nuclear 
rocket  vehicles,  in  general. 

There  exist  numerous  areas  that  require  concentrated  research  effort  if  solutions 
are  to  be  available  for  nuclear  vehicles.  The  RIFT  stage  will  require  one  of  the 
largest  flight  tanks  ever  constructed  for  liquid  hydrogen.  The  combined  effects 
of  low  temperatures  resulting  from  the  use  of  liquid  hydrogen,  and  the  nuclear 
radiation  generated  by  the  reactor  in  the  NERVA  engine  on  the  materials,  struc- 
tures, insulations,  propellants,  etc.,  represent  problem  areas  where  research  is  now 
underway.  Research  effort  is  also  concentrated  on  determining  the  effect  of 
radiation  heating  on  the  liquid  hydrogen  flow  and  storage  characteristics  in  the 
large  tank.  This  work  is  being  conducted  at  the  Lewis  Research  Center  in 
Cleveland  and  also  at  General  Dynamics  in  Fort  Worth.  In  addition,  work  is  in 
progress  at  the  Georgia  Nuclear  Laboratory  (Lockheed)  near  Atlanta  on  the 
combined  effects  of  low  temperature  and  nuclear  radiation  on  such  components  as 
insulation  materials,  transducers,  cables,  and  connectors.  The  next  figure 
(R63-588)  shows  how  components  are  brought  up  on  dollies  to  be  operated  close 
to  the  radiation  effects  reactor  at  the  Georgia  Nuclear  Laboratory.  Equipment 
is  being  procured  to  include  high  vacuum  environment  in  addition  to  nuclear 
radiation  and  low  temperatures,  preparatory  to  testing  electrical  and  electronic 
systems  to  be  used  on  the  nuclear  stage.  A scale  model  hydrogen  tank  (9  feet 
diameter)  is  being  constructed  to  investigate  insulation  types,  methods  of  appli- 
cation, and,  as  a proof  vehicle  for  the  experimental  tool  program.  Blimp  hangar 
No.  1 at  Moffett  Field,  Calif.,  is  being  made  available  to  NASA  by  the  Navy  to 
house  stage  tank  fabrication  and  assembly  equipment.  A picture  of  this  huge 
facility  is  shown  in  the  next  figure  (R63-531).  In  the  current  phase  of  the 
RIFT  project,  this  facility  will  be  used  for  research  and  development  on  the 
techniques  of  full-scale  welding,  inspection,  and  testing. 

The  nuclear  flight  safety  requirements  will  require  the  development  of  new 
techniques  for  checkout,  launch  operations  and  destruct  systems  in  addition  to 
those  that  are  already  provided  for  range  and  flight  safety  in  nonnuclear  applica- 
tions. The  special  talents  of  27  Government  laboratories,  industrial  companies, 
and  educational  institutions  are  utilized  in  solving  the  anticipated  problems. 
These  problems  exist  not  only  in  the  area  of  launch  and  flight,  but  also  are  a factor 
during  shipment  and  during  ground  handling  prior  to  launch.  Identification  of 
credible  accidents  is  being  studied  and  effective  countermeasures  are  being 
devised. 

The  combination  of  the  comparatively  heavy  gimballed  nuclear  engine  and  the 
large,  but  relatively  lightweight,  tank  of  liquid  hydrogen  present  unique  aero- 
dynamic and  structural  loadings  and  thrust  vector  requirements.  Finally,  the 
requirements  for  engine  restart  and  reactor  cool  down  after  power  cycles  will 
impose  additional  factors  that  must  be  considered  in  design  of  the  tank  pressuriza- 
tion, venting,  and  particularly  the  guidance  and  control. 
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Summary  of  Kiwi-NERV  A-RIFT 

The  next  figure  (fig.  296,  p.  2503)  summarizes  the  Kiwi-NERVA-RIFT  timing 
and  phasing.  Six  reactor  power  experiments  have  been  conducted  in  the  Kiwi 
program  by  the  Los  Alamos  Scientific  Laboratory.  Information  from  all  of  the 
Los  Alamos  reactor  experiment  and  laboratory  work  on  materials,  neutronics, 
heat  transfer  has  been  transmitted  through  reports  and  close  working  relations 
to  the  NERVA  contractors.  Work  at  Los  Alamos  aimed  at  correcting  the 
deficiencies  of  the  Kiwi  B4  design  will  be  continued  through  the  next  power  test. 
At  that  time,  the  Kiwi  program  will  phase  out  and  Los  Alamos  will  take  on  in- 
creasing emphasis  on  research  and  technologic*!  development  aimed  at  supporting 
and  advancing  the  NERVA  effort  and  aimed  ?,t  advanced  nuclear  rocket  reactor 
systems  based  principally  on  graphite. 

The  NERVA  contractors  have  been  directed  to  proceed  to  design,  procurement, 
and  test  effort  aimed  at  the  development  of  NERVA  reactors  based  on  the  Kiwi 
B4  design  and  utilizing  information  already  available  at  Los  Alamos  as  well  as 
additional  information  that  will  be  developed  by  the  NERVA  contractors  and 
Los  Alamos.  Our  preliminary  planning  has  indicated  the  possibility  of  a NERVA 
reactor  test  late  this  year  at  the  very  earliest.  Kiwi  power  testing  will  not  be 
accomplished  until  early  next  year.  It  is,  of  course,  important  to  point  out  that 
the  extensive  component  and  subassembly  as  well  as  integral  test  work  that  will 
be  done  on  these  reactors  as  part  of  our  extensive  design  evaluation  effort  may 
reveal  new  problems  that  will  require  solution  before  power  tests  may  be  con- 
ducted. In  effect,  we  have  established  parallel,  but  closely  coordinated  reactor 
development  programs,  one  being  conducted  by  Los  Alamos  through  the  next 
Kiwi  B4  test,  and  the  other  being  conducted  by  Westinghouse  and  Aerojet- 
General  as  a continuing  program  aimed  at  the  development  of  the  NERVA 
reactor  and  engine.  When  a reactor  is  available  and  engine  tests  have  indicated 
sufficient  reliability  that  stage  power  testing  may  be  initiated,  the  NERVA  engine 
will  be  coupled  with  the  RIFT  stage  to  start  the  program  of  stage  static  testing 
in  Nevada.  Our  program  planning  and  more  importantly  our  reactor  design 
evaluation,  redesign,  and  test  effort  has  not  proceeded  sufficiently  at  this  time  to 
be  able  to  estimate  confidently  or  even  reasonably  the  timing  of  first  flights  of  the 
RIFT  vehicle. 

Advanced  research  and  technology 

As  I indicated  at  the  outset,  in  addition  to  our  early  development  projects  such 
as  NERVA  and  RIFT,  we  consider  it  essential  to  conduct  an  active  advanced 
research  and  technology  effort,  paralleling  the  development  effort.  This  is 
especially  important  because  the  nuclear  rocket  program  is  a long-term  effort 
leading  to  the  evolution  of  operational  propulsion  systems  for  all  types  of  future 
space  missions.  In  addition  to  the  development  of  a particular  system,  our  pro- 
gram must  provide  for  this  new  technology  and  for  this  whole  new  field  of  rocketry 
a base  of  research  information  to  permit  us  to  satisfy  future  requirements  when 
they  are  stated. 

I will  discuss  four  areas  in  our  advanced  research  and  technology  program: 
(1)  The  follow-on  graphite  reactor  program,  commonly  called  Phoebus;  (2)  the 
metallic-reactor  program;  (3)  nonnuclear  engine  component  and  systems  work; 
and,  (4)  the  investigation  of  advanced  concepts,  such  as  the  gaseous-core  reactor, 
which  have  the  potential  of  large  increases  in  performance. 

The  basis  for  the  Phoebus  reactor  program  is  the  clear  need  for  higher  power 
propulsion  systems  in  manned  interplanetary  flight.  The  program  will  be  directed 
by  the  Los  Alamos  Scientific  Laboratory  toward  the  design  of  graphite  reactors 
many  times  higher  in  power  than  Kiwi  and  NERVA.  The  target  power  level 
has  not  been  set,  but  is  an  object  of  mission  studies  and  investigations  of  the 
feasibility  of  clustering  nuclear  rocket  engines.  The  Phoebus  program  will  con- 
sist of  an  intensive  series  of  basic  material  and  neutrohic  analyses,  component  and 
subassembly  tests,  leading  eventually  to  full  reactor  power  tests.  New  or  modi- 
fied ground  test  facilities  will  be  required  for  the  high  power  reactor  tests  and  we 
are  now,  under  the  AEC  part  of  our  program,  starting  conceptual  studies  of  such 
reactor  facilities. 

In  addition  to  the  graphite-reactor  program,  work  is  also  underway  to  establish 
the  technology  of  metallic  fuel  element  reactors.  The  objective  is  to  achieve 
reactors  of  long  life  and  possibly  improved  restart  capability.  Both  the  Argonne 
National  Laboratory  of  the  AEC  and  the  Lewis  Research  Center  of  NASA  are 
engaged  in  analytical  and  experimental  studies  of  promising  concepts.  Although 
tungsten  is  the  preferred  metal  for  the  fuel  elements,  two  basic  types  of  reactors 
are  under  consideration.  One  is  a fast  reactor  which  requires  no  moderator  in 
the  core;  the  other  is  a thermal  reactor  using  water  as  the  moderating  material. 
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The  next  figure  (296a)  illustrates  the  configuration  of  a fast  reactor  for 
nuclear  rocket  application.  The  core  consists  of  a bundle  of  fuel  elements  made  of 
a high-temperature  metal  loaded  with  fissionable  material.  A reflector  surrounds 
the  core  and  contains  the  control  drums.  The  hydrogen  flow'  path  is  similar  to 
that  in  a graphite  reactor — the  hydrogen  cools  the  nozzle  and  reflector,  drives  the 
turbine  in  the  propellant  feed  system,  and,  finally,  passes  through  the  core  where 
it  is  heated  to  a high  temperature.  A principal  feature  of  the  fast  reactor  is  that 
the  core  consists  solely  of  fuel  elements. 


FAST  REACTOR  CONCEPT 

Fiocbe  296a 


The  thermal  reactor  concept,  illustrated  by  the  model  shown  in  the  next  figure 
(CS-24889),  has  a core  composed  of  individual  fuel-element  assemblies  dispersed 
in  a tank  of  water.  The  hydrogen  flow  path  is  the  same  as  that  described  for  the 
fast  reactor  except  that  a heat  exchanger  is  located  in  the  reflector  region  to 
transfer  heat  'rom  the  water  moderator  to  the  cold  hydrogen.  By  means  of  this 
heat  exchanger  and  a judicious  use  of  insulation,  the  moderator  and  core  structure 
can  theoretically  be  maintained  at  low  temperature  while  the  adjacent  fuel 
elements  operate  at  extremely  high  temperatures. 

The  metallic-reactor  program  will  concentrate  first  on  establishing  the  basic 
technology  of  metallic  fuel  elements  and  reactors  of  the  proposed  types.  Later 
detailed  design  and  reactor-test  efforts  will  depend  upon  the  results  of  the  pre- 
liminary investigations  aimed  at  solving  major  questions  and  accumulating 
necessary  design  information. 

Advanced  work  on  non-nuclear  engine  components  is  being  conoucted  pri- 
marily in  the  experimental  facilities  of  the  Lewis  Research  Center.  Two  engine 
stands,  such  as  the  one  shown  on  the  next  figure  (R63-1122),  will  investigate 
system  dynamics  and  controls.  A schematic  description  of  the  equipment  in 
this  facility  is  shown  on  the  next  figure  (R63-1120).  Tests  of  simulated  reactors 
in  an  engine  configuration  will  give  important  engine  systems  understanding  that 
will  help  us  in  the  NERVA  program  and,  because  the  first  tests  will  be  with  a 
Kiwi  B1  simulated  reactor,  we  may  be  able  to  get  some  understanding  of  the 
reasons  for  failure  in  that  reactor  that  I discussed  earlier. 

Experiments  in  the  Plum  Brook  reactor  facility  will  determine  the  radiation 
effects  on  control  actuators  and  materials  at  cryogenic  temperatures.  The  ma- 
terials test  setup  was  started  sometime  ago  and  is  now  being  installed  in  the  reactor. 
The  hot-hydrogen  test  stand,  approved  in  last  year’s  budget,  at  Plum  Brook  will 
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be  used  to  study  the  cooling  and  performance  of  nuclear  rocket  nozzles.  Work 
is  also  underway  on  nozzles  made  of  refractory  materials,  seeking  satisfactory 
manufacturing  methods  and  knowledge  of  cooling  characteristics.  Problems  of 
bearings  in  the  combined  space  and  nuclear  environment  are  another  part  of  the 
program.  Investigations  of  radiation  heating  in  the  liquid  hydrogen  propellant 
tank  are  being  made  both  in-house  and  at  General  Dynamics  in  Fort  Worth. 
Another  important,  continuing  project  is  the  determination  of  hydrogen  proper- 
ties, being  handled  by  the  National  Bureau  of  Standards  at  Boulder,  Colo. 

The  fourth  category  of  the  advanced  technology  program  is  concerned  with  new 
concepts  of  nuclear  rocket  propulsion  chief  among  which  is  the  gaseous-core 
reactor.  Several  schemes  appear  to  have  potential  for  containing  fissioning  ura- 
nium gas  in  a cavity  reactor  while  transferring  heat  to  a flow  of  hydrogen  pro- 
pellant. The  goal  for  the  gaseous-core  reactor  is  to  combine  high  specific  impulse 
and  high  thrust  without  excessive  loss  of  uranium.  Many  complex  research 
problems  in  the  areas  of  fluid  flow  and  heat  transfer  are  occupying  the  efforts  of 
the  investigators  in  this  field.  One  concept  is  under  study  at  the  Lewis  Research 
Center;  another  is  being  analyzed  at  the  Jet  Propulsion  Laboratory.  We  are 
also  watching  closely  the  Air  Force  sponsored  project  at  the  United  Aircraft 
Research  Laboratories.  The  hope  is  that  some  such  device  will  eventually  prove 
successful  and  lead  to  a large  improvement  in  our  capabilities  for  space  travel. 

It  is  apparent,  I believe,  that  the  effort  on  nuclear  rockets  is  a substantial  one, 
justified  by  the  potential  performance  capability  and  wide  applicability  of  these 
systems  for  difficult  space  missions.  We  believe  that  the  program  we  are  pursuing 
is  a logical  one  and  includes  the  sort  of  work  that  is  essential  in  assuring  that  this 
technology  is  available  at  the  earliest  possible  time.  Our  emphasis  continues  to 
be  on  the  solution  of  reactor  problems  and  on  work  aimed  at  establishing  a base 
needed  to  perform  development  of  alternate  reactor  ideas.  In  addition,  work  is 
being  done  in  important  nonnuclear  areas  required  in  these  systems  to  assure  that 
the  technology  will  be  available. 

NUCLEAR  ELECTRIC  POWER  AND  ELECTRIC  PROPULSION 

I would  like  now  to  proceed  with  a discussion  of  our  nuclear  electric  power  and 
electric  propulsion  programs.  The  NASA  nuclear  electric  system  program  is 
composed  of  two  major  segments,  the  electric  power  generation  program  which 
is  aimed  at  converting  nuclear  energy  into  electric  power  for  space  applications, 
and  the  electric  rocket  engine  program  which  is  aimed  at  converting  electric 
power  into  thrust.  Both  programs  include  system  development  as  well  as 
research  and  technology  projects. 
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A typical  nuclear  electric  power  generation  system  is  composed  of  a reactor 
and  its  associated  equipment;  e.g.,  shielding,  ana  a power  conversion  system  for 
converting  the  thermal  energy  producing  in  the  reactor  into  electrical  power. 
Anticipated  power  levels  range  from  the  few  kilowatts  or  less  needed  to  operate 
spacecraft  life  support  systems,  communications  systems  and  instrumentation 
systems;  etc.,  to  the  megawatts  we  calculate  we  will  need  to  power  large  electric 
rocket  engines  in  electrically  propelled  spacecraft.  In  general,  power  levels  in 
the  range  below'  1 kilowatt  can  be  furnished  by  radioisotope  sources.  In  the 
range  above  tens  of  kilowatts,  reactor  pow'ered  systems  offer  advantages  over 
other  power  sources  and  for  megawatts  of  power  sppear  to  be  the  only  feasible 
space  systems. 

A typical  electric  rocket  engine  is  composed  of  a thrust  chamber  (or  accelerator), 
propellant  storage  and  feed  system  and  a power  conditioning  and  control  system. 
Anticipated  applications  for  electric  rocket  engines  include  spacecraft  attitude 
control,  station  keeping,  and  primary  propulsion  in  space.  These  applications 
cover  a range  of  size  from  very  small  (0.01  pound  of  thrust)  units  suitable  for 
attitude  control  systems  to  the  very  large  (30  pounds  of  thrust)  engines  suitable 
for  propelling  manned  interplanetary  spacecraft.  While  the  spacecraft  propulsion 
system  engines  are  dependent  upon  nuclear  energy  as  the  only  practical  source 
of  electrical  power,  the  attitude  control  engines  mentioned  above  require  only  a 
few  hundred  watts  and  can  be  driven  by  solar-powered  electrical  generation 
systems. 

The  next  figure  (fig.  297,  p.  2505)  lists  the  technical  goals  and  major  elements  of 
the  nuclear  electric  power  and  electric  engine  programs.  I have  already  men- 
tioned the  power  program  goal  of  watts  to  megawatts  to  meet  potential  or  antici- 
pated needs.  The  power  program  goal  of  10  pounds  of  weight  for  each  electrical 
kilowatt  produced  is  specified  primarily  by  electric  rocket  engine  requirements. 
Such  low  weights  are  necessary  to  permit  electrically  propelled  spacecraft  to 
deliver  high  payloads  in  short-trip  times.  While  such  a low  specific  weight  is 
extremely  desirable,  it  is  not  a prerequisite  to  practical  utilization  for  onboard 

fower  applications  such  as  communications,  data  acquisition,  life  support,  etc. 

or  example,  low  power  systems  such  as  the  50-watt  isotope  system  being  con- 
sidered for  the  NASA  interplanetary  monitoring  probe  (IMP)  and  the  3-watt 
systems  now  operating  in  the  Transit  4A  and  4B  satellites,  have  specific  weights 
in  excess  of  1,000  pounds  per  kilowatt.  For  comparison,  the  current  SNAP-8 
reactor-powered,  electric  generation  system  under  development  by  NASA  and 
the  AEC  has  a specific  weight  in  excess  of  100  pounds  per  kilowatt.  However, 
this  specific  weight,  together  with  its  higher  power,  30  kilowatts  or  more,  will 
probably  make  it  most  attractive  for  use  in  large  vehicles  such  as  a 200,000- 
pound  manned  orbiting  laboratory,  where  it  would  be  a small  part  of  the  total 
spacecraft  weight,  thereby  permitting  some,  compromises  in  specific  weight  in  the 
interest  of  availability  and  reliability. 

The  need  for  a power  program  goal  of  long  life  is  readily  apparent  and  we  speak 
in  terms  of  years  for  this  goal.  It  is  important  to  note  that  we  mean  a mainte- 
nance-free life  of  years,  since  it  will  be  difficult,  if  not  impossible,  to  perform 
maintenance  or  repair  operations  of  a*maipr  nature  on  nuclear  equipment  in  space. 
This  requirement  for  reliable  operation  over  periods  of  years  without  maintenance 
has  not  existed  for  any  other  kind  of  system  and,  in  itself,  will  require  long, 
thorough,  and  possibly  unique  approaches  to  development  not  yet  fully  available. 

The  goals  of  the  electric  thrust  engine  program  are  high  efficiency,  long  life,  and 
a wide  range  of  thrust.  The  goal  of  high  efficiency  results  from  the  fact  that  for 
a given  thrust  and  impulse,  engine  efficiency  determines  the  amount  of  electric 
power  needed  and,  hence,  the  weight  of  the  power  generation  system.  Since 
the  power  generation  system  weight  is  many  times  that  of  an  electric  rocket 
engine,  engine  efficiency  turns  out  to  be  of  great  importance.  The  goal  of  long 
life  is  again  expressed  in  terms  of  years  and  is  specified  primarily  by  the  low 
thrust-torweight  ratios  (Id-4  to  1(H)  developed  by  electric  rocket  propulsion 
systems.  These  low  thrust-to-weight  ratios  result  in  low  vehicle  accelerations. 
Therefore,  long  operating  times  are  needed  to  reach  the  required  vehicle  mission 
velocity.  Typically,  a Mars  round-trip  mission  may  take  2 years.  For  most 
of  this  time,  the  electric  rocket  engine  will  be  in  operation.  The  need  for  engines 
developing  a wide  range  of  thrust  is  specified  by  anticipated  requirements  ranging 
from  the  low-thrust  attitude  control  engines  to  high-thrust  engines  for  inter- 
planetary spacecraft  propulsion. 
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ELECTRIC  POWER  GENERATION  PROGRAM 

I would  like  now  to  discuss  each  of  the  program  elements  which  are  shown  in 
this  figure  (fig.  297,  p.  2505).  The  power  program  is  composed  of  the  SNAP-8 
development  project,  the  SNAP-8  flight  evaluation  project,  an  advanced  research 
and  technology  project,  and  a liquid  metal,  zero-gravity  flight  project  (MECA). 
Here  again,  is  the  program  philosophy  that  I discussed  earlier.  SNAF-8  represents 
our  early  development  effort.  Paralleling  that  development,  we  have  the  advanced 
research  and  technology  effort  aimed  at  supporting  SNAP-8  and  paving  the  way 
for  development  of  advanced  systems  that  cannot  now  be  undertaken  because  of 
a lack  of  knowledge  and  technology. 

SNAPS  development  project 

The  SNAP-8  electric  power  generation  system  is  a 30-kilowatt,  reactor-powered 
system  for  space  applications.  Development  was  initiated  by  NASA  in  1960 
at  the  Aerojet-General  Corp.  The  reactor  for  SNAP-8  is  being  developed  by 
Atomics  International  under  AEC  contract.  The  SNAP-8  system  design  made 
use  of  as  much  common  SNAP-2  and  SNAP-10A  technology  as  possible  in  the 
interests  of  time  and  economy.  For  example,  much  of  the  reactor  technology  is 
common  to  all  three  systems.  The  SNAP-2  and  SNAP-8  use  mercury  as  the 
working  fluid,  and  the  SNAP-2  and  SNAP-8  turbine  shaft  bearings  were  of  the 
same  type.  During  last  year,  it  became  apparent  that  the  slightly  higher  operating 
temperatures  and  higher  power  levels  of  the  SNAP-8  system,  over  the  SNAP-2, 
were  posing  problems  that  might  not  be  readily  solved.  For  example,  serious 
difficulties  were  beirj?  experienced  in  developing  suitable  means  for  protecting 
the  generator  windings  against  attack  by  the  mercury  working  fluid.  Difficulties 
were  also  being  encountered  in  the  design  and  test  of  liquid  metal  lubricated 
sleeve  bearings. 

A detailed  design  review  was  therefore  initiated  by  the  Lewis  Research  Center 
in  its  role  as  technical  director  of  the  project.  The  contractor  personnel  and 
Lewis  Research  Center  personnel  participated  in  the  design  review.  By  Decem- 
ber 1962,  a redesign  had  been  outlined  and  approved  in  principle.  The  final 
design  has  now  been  agreed  upon  and  Aerojet-General  is  proceeding  with  its 
development. 

The  next  figure  (fig.  101,  p.  1926)  is  a schematic  diagram  of  the  present  SNAP-8 
design.  As  mentioned  earlier  by  Dr.  Bisplinghoff,  it  consists  of  a nuclear 
subsystem  and  a power  conversion  subsystem.  The  nuclear  subsystem  generates 
heat.  The  power  subsystem  converts  this  heat  to  electrical  power.  Heat  energy 
generated  in  the  reactor  is-  transferred  to  the  boiler  by  circulating  a mixture  of 
sodium  and  potassium  (NaK)  in  the  first  loop.  Mercury  vapor  formed  in  the 
boiler  passes  through  a turbine  which  extracts  sufficient  energy  to  drive  the 
generator.  The  mercury  vapor  is  then  condensed  in  a compact  condenser  and 
the  liquefied  mercury  is  pumped  back  to  the  boiler  to  repeat  the  cycle.  The 
energy  released  by  the  liquefaction  of  the  mercury  in  the  condenser  is  removed 
by  a cooling  fluid  in  this  third  loop,  and  radiated  to  space  by  the  radiator. 

The  changes  in  system  design  include:  (1)  The  addition  of  a third  loop  to  permit 
the  use  of  the  more  stable,  compact  condenser  and  a single-phase  (all  liquid) 
radiator;  (2)  the  use  of  available  antifriction  bearings  instead  of  undeveloped 
hydrodynamic  or  sleeve  bearings  for  all  rotating  shafts;  (3)  the  selection  of  a more 
corrosion  resistant  alloy  for  the  mercury-containing  pipes;  and,  (4)  the  provision 
of  a fourth  low  temperature  (250°  F.)  loop  (not  shown  in  the  figure)  to  provide 
cooling  for  the  alternator  and  the  organic  fluid  used  to  lubricate  the  antifriction 
bearings.  Wherever  possible  we  have  adapted  the  ground  rules  of  making  the 
system  easier  to  develop  in  order  that  we  may  have  a better  chance  of  obtaining 
the  desired  reliability  and  life  (fig.  299,  p.  2507).  We  recognize  and  accept 
the  fact  that  in  following  this  philosophy  the  system  will  be  heavier  than  originally 
planned. 

A scale  model  of  the  SNAP-8  design  is  shown  in  the  next,  figure  (R63-598). 
It  will  be  approximately  50  feet  long  overall  and  20  feet  in  diameter.  From 
right  to  left  on  the  model  are  shown  the  reactor,  nuclear  radiation  shield,  power 
conversion  system  and  the  radiator.  Note  the  large  size  of  the  radiator  in 
comparison  with  the  rest  of  the  system.  Depending  upon  the  thickness  of  armor 
needed  to  prevent  micrometeoroid  penetration,  the  radiator  may  be  two  or  three 
times  as  heavy  as  the  rest  of  the  system.  The  original  radiator  design  was 
considerably  smaller  and  therefore  lighter  due  principally  to  the  higher  operating 
temperatures  in  the  bearings,  generator,  and  other  electrical  equipment  as 
described  above. 
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The  selection  of  an  alloy  having  improved  resistance  to  mercury  attack  at 
SNAP-8  life  (10,000  hours  and  more)  and  temperature  (1,300°  F.)  conditions  is 
a good  example  of  the  difficulties  we  are  facing.  HS-25,  a cobalt-base  alloy, 
was  originally  selected  on  the  basis  of  an  extrapolation  of  available  data  to 
SNAP-8  conditions.  It  is  important  to  note  that  there  was  no  data  available 
for  the  SNAP-8  condition  since  these  conditions  have  never  been  required  in 
past  systems  design.  Recent  tests  have  shown  that  HS-25  will  be  attacked  by 
mercury  at  a rate  that  is  unacceptable  for  a 10,000-hour  system.  The  problem 
is  one  of  flow  restriction  and  possible  flow  blockage  due  to  corrosion  product 
deposition  rather  than  purely  one  of  corroding  a hole  in  a pipe. 

The  next  figure  (fig.  300,  p.  2508)  shows  the  results  of  corrosion  tests  of  HS-25 
and  two  alternate  materials  under  conditions  more  nearly  representative  of  the 
SNAP-8  design.  Shown  are  cutaway  views  of  three  sections  of  tubing  or  cap- 
sules after  exposure  to  mercury  liquid  and  vapor  at  1,200°  F.  for  1,000  hours. 
Each  of  these  tube  sections  was  filled  approximately  one-third  full  of  mercury, 
evacuated,  and  sealed.  The  mercury  at  the  bottom  of  the  capsule  was  boiled 
and  the  resulting  vapor  corroded  the  capsule’s  upper  walls.  The  resulting  cor- 
rosion products  were  des posited  at  the  liquid- vapor  interface  in  the  central  por- 
tion of  the  capsule  as  shown  on  the  figure.  In  general,  the  heavier  the  deposit 
the  more  severe  was  the  corrosion.  Below  each  capsule  is  a microphotograph  of 
the  corroded  section.  As  you  can  see  from  the  amount  of  corrosion  product 
deposition  and  the  microphotographs,  the  HS-25  alloy  shows  the  most  corrosion. 
A stainless  steel,  AISI  304,  shows  less  corrosion  and  a silicon-chromium,  molyb- 
denum steel,  Sicromo  9M,  shows  the  least  corrosion  of  the  three.  While  results 
of  these  and  other  Sicromo  9M  corrosion  tests  appear  encouraging,  we  have  not 
yet  conducted  a full  10,000-hour  test  and,  therefore,  cannot  be  certain  that  the 
alloy  will  be  fully  suitable  for  our  purpose.  Consequently,  we  are  investigating 
another  class  of  material  that  shows  little  or  no  attack  by  mercury  which  is  the 
refractory  alloys  of  columbium  and  tantalum. 

The  next  figure  (R63-1101)  shows  the  results  of  a slightly  more  severe  capsule 
test  of  tantalum.  Similar  results  are  obtained  with  columbium.  An  HS-25 
alloy  capsule  is  shown  on  the  left  side  of  the  figure  for  comparison.  Unfortunately, 
these  refractory  alloys  are  subject  to  rapid  oxidation  at  SNAP-8  temperatures, 
so  that  means  must  be  found  to  keep  the  air  away  from  the  system  during  ground 
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development  testing.  This  will  require  vacuum  facilities  or  the  development  of 
protective  coatings  such  as  stainless  steel  cladding. 

^s  a result  of  the  above  investigations,  we  will  use  Sicromo  9M  for  early  devel- 
opment testing.  We  will  continue  to  try  to  solve  the  problems  of  protecting 
columbium  alloy  from  oxidation  by  cladding  with  the  obj' . five  of  utilizing  it  in 
the  SNAP-8  design. 

As  I stated  previously,  the  above  changes  in  materials,  component  design,  and 
operating  temperatures  will  make  the  system  easier  to  develop  at  the  expense  of 
added  weight.  However,  the  advantages  of  the  heavier  system,  including  the 
increased  flexibility  made  possible  by  tbi  redesign,  far  outweigh  the  weight  factor 
for  the  auxiliary  power  applications  we  anticipate  for  SNAP-8. 

The  requirement  to  achieve  long  operating  life  in  the  SNAP-8  system  will  be 
satisfied  by  over  60,000  hours  of  test  time  including  full  nuclear  system  tests  in 
the  space  propulsion  facility  that  will  be  built  at  our  Plum  Brook  installation  near 
Sandusky,  Ohio.  Such  full  system  tests  are,  we  believe,  a necessity  in  achieving 
a reliable,  proven  system. 

SNAPS  flight  evaluation  project 

The  SNAP-8  flight  evaluation  project  has  the  objective  of  evaluating  the 
problems  of  starting  and  operating  a SNAP-8  power  generation  system  in  the 
space  environment.  As  stated  earlier  by  Dr.  Bisplinghoff,  no  major  hardware 
commitments  are  planned  in  this  project  until  SNAP-8  development  progress 
warrants  such  action.  There  are,  however,  unexplored  research  and  technology 
problems  caused  by  the  requirement  for  spacecraft  subsystems  to  operate  for 
10,000  hours  or  more  in  a nuclear  reactor  radiation  environment  that  must  be 
;nvest:gated.  The  information  developed  in  this  field  by  other  programs  such  as 
the  lower  powered  SNAP-2  and  SNAP-10A  systems,  RIFT,  and  applicable  non- 
space projects  will  be  reviewed  and  utilized  wherever  possible.  In  addition,  a 
systematic  study  of  various  vehicle  configurations  to  define  special  factors  re- 
quiring further  effort  is  underway.  Programs  aimed  at  exploring  and  defining 
these  problems  will  be  initiated  with  fiscal  year  1963  funds  and  continued  in  fiscal 
year  1964.  It  is  important  to  note  that  these  programs  will  provide  a sound 
foundation  for  the  development  of  future  nuclear  electric  space  systems  as  well 
as  for  the  SNAP-8  design.  The  design  of  the  spacecraft  eventually  to  be  used  in 
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the  flight  tests  will  be  such  that  it  is  a logical  step  in  the  development  of  the 
spacecraft  for  early  operational  use. 

Advanced  research  and  technology  project 

The  advanced  research  and  technology  project  is  aimed  at  acquiring  the  tech- 
nology on  which  to  base  the  development  of  future  systems  such  as  those  shown 
on  tne  next  two  figures  required  to  develop  megawatts  of  electric  power  in  ex- 
tremely lightweight  systems.  The  Rankine  cycle,  turboelectric  system  shown 
on  the  next  figure  (fig.  301,  p.  2510)  utilizes  lithium  and  potassium  as  working 
fluids  and  a segmented  radiator  to  minimize  radiator  weight,  while  assuring 
adequate  protection  against  puncture  by  micrometeoroids.  To  achieve  10 
pounds  per  kilowatt,  this  system  must  operate  at  fluid  temperatures  of  2,000°  F. 
and  higher,  giving  reactor  temperatures  up  to  2,500°  F.  It  must,  in  addition 
operate  reliably  for  years.  Turbines  and  electrical  equipment  and  bearings,  as 
well  as  all  containment  materials,  must  withstand  higher  temperatures  with 
metal  fluids  than  we  have  previously  experienced. 

The  thermionic  direct  conversion  system  shown  on  the  next  figure  (fig.  302, 
p.  2510)  appears  to  be  a simpler  system  than  the  Rankine  cycle  system  in  that  it 
has  fewer  moving  parts.  However,  it  requires  a maximum  temperature  of 
approximately  3,000°  F.  to  achieve  10  pounds  per  kilowatt.  Both  systems  are 
technologically  far  beyond  current  ground  based  power  generating,  devices  and 
beyond  our  available  space  technology. 

The  uncertain  micrometeoroid  environment,  and  the  lack  of  both  basic  and 
engineering  knowledge  on  materials,  heat  transfer,  flow  processes,  component 
design  and  operation;  etc.,  pose  serious  obstacles  to  be  overcome  before  hardware 
development  of  such  advanced  systems  can  intelligently  be  undertaken.  We, 
therefore,  attach  much  importance  to  this  area  and,  under  the  technical  direction 
of  the  Lewis  Research  Center,  are  conducting  a vigorous  program  with  approxi- 
mately 25  industrial,  research,  and  university  contractors  as  well  as  within  NASA 
to  provide  the  necessary  data.  This  program  includes  such  items  as  the  experi- 
mental evaluation  of  electrical  equipment;  the  viscosity,  specific  heats,  thermal 
conductivity,  etc.,  of  liquid  metal  and  metal  vapors  of  interest;  the  emissivity 
of  radiator  materials  over  a wide  range  of  temperatures  for  space  use;  the  boiling 
heat  transfer  coefficients  of  the  metalworking  fluids  at  the  high  temperatures 
required;  and,  the  compatibility  of  the  metalworking  fluids  with  the  containment 
materials  and  the  components  used  in  the  system.  This  area  of  work  also  in- 
cludes analysis  and  experiments  on  such  system  components  as  bearings,  turbines , 
generators,  pumps,  thermionic  emitters,  etc.  We  believe  that  the  establishment 
of  such  a base  of  research  and  technology  must  pace  full  system  development. 

Our  work  on  micrometeoroid  protection  for  radiators  is  an  example  of  one  area 
of  our  advanced  research  and  technology  effort.  I stated  in  regard  to  SNAP-8, 
the  radiator  can  be  the  largest  single  part  of  a power  generation  system  totaling 
40  to  50  percent  of  the  system  weight.  The  armor  protection  needed  to  prevent 
puncture  of  the  radiator  by  micrometeoroids  may  constitute  over  75  percent  of 
the  radiator  weight.  Several  different  armor  designs  are  under  study  as  well  as 
studies  of  different  armor  materials.  Two  of  the  design  concepts  are  shown  on 
the  top  of  the  next  figure  (fig.  R63-1288),  a double  plate  “bumper”  concept  on 
the  left  and  a single,  solid  plate  of  the  same  overall  thickness  on  the  right.  The 
damage  shown  was  due  to  the  impact  of  a single  aluminum  pellet  moving  at 
velocities  of  18,500  feet  per  second.  As  shown  on  the  upper  left,  the  “bumper” 
plate  was  penetrated,  but  apparently  broke  up  the  projectile,  thereby  reducing 
the  damage  to  the  second  plate.  Contrast  this  with  the  damage  shown  on  the 
upper  right.  Even  though  penetration  did  not  occur  in  either  case  material  was 
spalled  or  chipped  off  the  back  side  of  the  plate,  as  shown  in  the  bottom  half  of 
the  figure.  Spalled  material  in  radiator  tubes  or  other  narrow  passages  can  be 
just  as  serious  as  a puncture. 

Meca  project 

The  Meca  project  is  aimed  at  determining  the  effects  of  relatively  longtime 
zero-gravity  exposure  on  liquid  metal  boiling  and  condensing  heat  transfer.  The 
8 or  10  minutes  of  zero  gravity  exposure  needed  to  establish  equilibrium  conditions 
will  be  obtained  in  freelv  falling  vehicles  at  high  altitudes.  Experiments  weighing 
up  to  1,000  pounds  will  be  launched  by  small  (26,000  pounds  of  thrust)  solid 
rocket-powered  vehicles  shown  in  the  next  figure  (fig.  303,  p.  2512).  Composed  of 
available  motors,  vehicles  will  be  launched  from  Wallops  Island,  Va.,  at  a rate  of 
two  to  three  per  year.  The  first  experiments  are  in  direct  support  of  SNAP-8 
and  will  utilize  mercury  fluid  and  SNAP-8  boiler  and  condenser  component  con- 
figurations. Data  will  be  both  telemetered  to  the  ground  and  recorded  on  film. 
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The  camera  package  will  be  recovered  using  techniques  already  developed  by  the 
Lewis  Research  Center.  The  total  cost  of  each  shot  is  on  the  order  of  $250,000 
to  $300,000  and  is,  we  believe,  a good  means  of  getting  zero  gravity  data  before 
major  and  expensive  flight  tests  of  large  systems. 

ELECTRIC  PROPULSION 

Referring  again  to  the  right-hand  column  of  a previous  figure  (fig.  297,  p.  2505), 
the  propulsion  subprogram  is  composed  of  an  advanced  research  and  technology 
project,  an  engine  development  project,  and  a flight  evaluation  project  called  Sert. 

Advanced  renearch  and  technology  project 

With  regard  to  the  advanced  research  and  technology  project,  our  efforts  are 
directed  toward  providing  the  basic  information  necessary  for  the  development  of 
any  engine  that  may  ultimately  be  required.  The  next  figure  (fig.  304,  p.  2513) 
lists  the  three  main  types  of  electric  rocket  engine:  The  arc  jet,  the  ion  engine,  and 
the  plasma  jet.  The  arc  jet  develops  t hrust  by  electrically  heating  a fluid  such  as 
hydrogen  or  ammonia  and  expanding  it  through  a nozzle.  The  ion  engine  depends 
upon  electrostatic  forces  and  reactions  to  accelerate  a working  fluid  such  as  cesium 
or  mercury  ions,  thereby  developing  thrust.  The  plasma  engine  utilizes  electro- 
magnetic forces  to  accelerate  plasmas,  thereby  developing  thrust.  As  you  can 
see  in  the  left-hand  column  of  the  figure,  the  arc  jet  has  a sp*cific  impulse  range  of 
700-1,500  pounds  of  thrust  per  pound  per  second  of  propellent  flow.  The  ion  en- 
gine develops  impulses  in  the  3,500- IP, *XX)  seconds  range.  The  plasma  jet  offers 
the  potential  of  covering  the  whole  range  of  the  other  two.  The  right-hand 
column  of  the  figure  lists  the  major  problem  areas  for  each  engine  type. 

The  major  problems  remaining  to  be  solved  in  the  arc  jet  engine  pertain  to 
dissociation  losses,  which  materially  affect  engine  efficiency,  and  electrode  erosion 
which  has  a significant  effect  on  engine  life.  Efficiencies  obtained  to  date  range 
from  40  to  50  percent,  while  endurances  of  hundreds  of  hours  have  been  demon- 
strated in  ground  facilities  with  30  kw.  systems. 

Icn  engines  are  sufficiently  well  along  for  us  to  plan  flight  tests  to  evaluate 
current  solutions  for  problems  which  cannot  be  fully  evaluated  in  ground  facili- 
ties such  as  ion  beam  neutralization,  and  to  determine  the  effects  cf  long-time 
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exposure  to  the  space  environment.  As  you  may  recall,  the  amount  of  thrust 
developed  by  an  ion  engine  is  strongly  dependent  on  the  degree  of  ion  beam  neu- 
tralization. For  example,  if  no  beam  neutralization  is  achieved,  the  ions  that 
have  been  accelerated  by  the  engine’s  electrostatic  field,  will  be  attracted  back  to 
the  vehicle  and  no  thrust  will  be  developed.  Ground  tests  in  vacuum  facilities 
do  not  give  conclusive  proof  of  the  degree  of  neutralization  achieved  because  the 
tanks  cannot  accurately  simulate  the  space  environment.  Therefore,  flight  tests 
in  the  actual  space  environment  are  needed.  I will  discuss  these  flight  investiga- 
tions in  more  detail  under  the  Sert  project.  The  other  two  problem  areas,  pro- 
pellant ionization  and  acceleration,  are  under  vigorous  investigation  by  industry 
and  at  the  Lewis  Research  Center. 

The  plasma  jet  technology  program  is  still  in  its  very  early  phases.  As  indi- 
cated earlier,  the  plasma  jets  offer  the  potential  of  good  performance  over  a broad 
range  of  specific  ifhpulse.  However,  a good  understanding  of  the  many  engine 
concepts  and  their  limitations  and  problems  is  needed  before  we  can  concentrate 
our  efforts  on  one  or  two  main  approaches. 

Although  not  shown  on  this  figure,  another  advanced  research  and  technology 
area  chat  until  now  has  been  deferred  in  favor  of  work  on  thrustors  is  the  power 
conditioning  and  control  system.  A program  in  these  areas  will  be  initiated  in 
fiscal  year  1964. 

Approximately  26  industrial  and  university  contractors  are  involved  in  the 
various  portions  of  the  engine  advanced  research  and  technology  project. 

Engine  development  project 

The  engine  development  project  consists  of  a number  of  development  contracts 
for  arc  jet  and  ion  engines  aimed  at  providing  hardware  for  ground  and  flight 
test  purposes.  The  engines  developed  as  a part  of  this  project  will  be  suitable  for 
early  anticipated  applications.  An  example  of  this  philosophy  is  the  3 kw.  ion 
engine  module,  under  development  by  the  Hughes  Aircraft  Co.,  and  the  concept  of 
clustering  the  basic  3 kw.  unit  into  multikilowatt-  and  megawatt-size  systems,  as 
described  earlier  by  Dr.  Bisplinghoff  and  shown  on  the  next  two  figures  (fig.  94, 
p.  1916  and  fig.  95,  p.  1917).  A summary  of  the  various  engine  systems  we  have 
under  development  or  study,  together  with  typical  performance  characteristics,  is 
shown  in  the  next  figure  (R63-1092).  The  engines  included  in  the  engine  de- 
velopment project  are  shown  under  the  first  part  of  the  figure.  The  remaining 
items,  the  MHD  and  high  power  accelerators,  are  being  investigated  as  advanced 
research  and  technology  efforts  since  they  are  not  as  advanced  in  development  as 
the  ion  and  arc  engines  listed  on  the  upper  half  of  the  figure. 

ELECTRIC  ROCKET  ENGINE  SYSTEMS 


CURRENT  STATUS 

PROGRAM  OBJECTIVE  CURRENT  PERFORMANCE 


POWER 

KW 

Isp 

SECS. 

EFF. 

% 

TEST  TIME 
HRS. 

1.  FEASIBILTY  DEMONSTRATION 
LOW  POWER  SYSTEMS 
ARC 

1 

1,000 

30 

50 

ION 

1 

7,500 

70 

50 

INTERMEDIATE  POWER 
SYSTEMS 

ARC 

30 

1,500 

55 

100 

ION 

1 

8,900 

60 

200 

3 \ 
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86 

200 

30 
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DEVELG 
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2.  ADVANCED  RESEARCH  A 
TECHNOLOGY 

MHD 

7 

6,000 

35 

90 

30 

5,500 

30 

6 

HIGH  POWER  SYSTEMS 

500-1,000 
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Sert  project  ( space  electric  rocket  test). 

The  Sert  project  is  composed  of  a series  of  electric  rocket  engine  test&  that,  in 
general,  cannot  be  performed  meaningfully  in  ground  facilities  alone.  By  com- 
paring flight  test  results  with  data  obtained  in  ground  facilities,  we  will  determine 
the  limitations  and  accuracy  of  our  ground  tests.  Because  we  can  never  expect 
to  simulate  the  space  environment  completely,  flight  tests  such  as  these  are  also 
necessary  to  prove  or  qualify  specific  engine  developments  for  future  mission  ap- 
plications. Flight  test  engines  and  components  for  the  Sert  project  are  furnished 
by  the  engine  development  project.  There  are  three  categories  of  Sert  flights: 

1.  Those  flights  required  in  support  of  the  advanced  research  and  technology 
project;  e.g.,  beam  neutralization  tests  (Sert  I); 

2.  The  flights  required  in  the  development  of  large  engines  for  primary  propul- 
sion applications  (Sert  II) ; and, 

3.  Those  flights  required  in  the  development  of  small  engines  for  such  applica- 
tions as  attitude  control  systems  (Sert  III). 

The  first  Sert  flight  will  consist  of  a battery-powered  ion  beam  neutralization 
experiment  and  is  scheduled  for  launch  within  the  next  6 months.  A 350-pound, 
spin-stabilized  capsule,  built  for  us  by  RCA,  will  be  launched  from  Wallops 
Island,  Va.,  by  a Scout  launch  vehicle  to  an  altitude  of  2,500  miles,  as  shown  on 
the  next  figure  (fig.  307,  p.  2514).  This  trafectory  will  give  up  to  55  minutes  of 
free  fall  above  the  Earth’s  atmosphere.  During  this  time,  two  experimental  ion 
engines  will  be  operated  in  such  a manlier  as  to  change  the  capsule  spin  rate,  as 
illustrated  in  the  next  figure  (fig.  308,  p.  2515).  The  amount  of  change  in  spin 
rate  will  be  a measure  of  the  thrust  developed,  which  in  turn  is  a measure  of  the 
degree  of  beam  neutralization  achieved.  The  last  figure  (fig.  309,  p.  2516)  shows 
the  completed  capsule  installed  in  an  altitude  simulation  tank  at  the  Lewis  Re- 
search Center.  We  are,  in  this  program,  following  our  basic  philosophy  that  the 
full  spacecraft  must  be  operated  on  the  ground  under  environmental  conditions 
that  simulate  the  space  flight  environment  as  closely  as  possible  in  order  to  give 
the  greatest  possible  chance  of  successful  flight.  These  vacuum  tank  tests  have 
already  uncovered  problems  that  would  have  caused  a flight  test  to  be  unsuccessful. 

The  Sert  II  and  III  orbital  flights  are  scheduled  for  launch  in  the  1965-66  time 
period.  Solar  cells  will  be  used  to  provide  the  necessary  power  (100  to  200  watts 
for  Sert  III  and  up  to  3 kilowatts  for  Sert  II)  for  the  desired  6-month  flight  dura- 
tion. Thor-Agena  (Sert  II)  and  Thor-Delta  (Sert  III)  launch  vehicles  will  be 
utilized  in  launchings  from  AMR  or  PMR,  depending  upon  the  orbit  desired. 

In  summary,  I want  to  emphasize  that  our  major  goal  is  the  early  and  practical 
utilization  of  nuclear  energy  in  space.  We  are  convinced  that  a substantial  effort 
is  justified  by  the  potential  performance  advantages  in  these  systems  for  difficult 
space  missions.  Rather  than  only  developing  specific  pieces  of  hardware,  we  are 
conducting  the  program  so  entirely  new  areas  of  rocket  and  power  technology 
and  equipment  will  be  available  in  the  long-term  space  program  which  will  in- 
evitably lead  to  important  missions  beyond  our  first  lunar  landings. 

Mr.  Finger.  Thank  you,  Mr.  Chairman,  and  members  of  the 
committee. 

I have  gone  through  my  prepared  statement,  and  I will  excerpt 
and  summarize  some  of  the  major  items  in  it. 

It  is  clear  to  us  in  our  NASA  program  that  if  we  are  to  perform 
extensive  space  explorations  beyond  the  first  manned  lunar  landing 
mission,  it  will  be  necessary  for  us  to  have  available  nuclear  propulsion 
systems,  and,  if  we  are  to  establish  large  space  laboratories,  lunar 
stations,  and  carry  on  communications  from  deep-space  objectives 
in  our  long-term  and  continuing  space  program,  we  will  need  large 
nuclear  electric  power  supplies.  It  is  for  that  reason  that  we  have 
a very  substantial  program  of  development  in  this  area  of  nuclear 
systems,  as  you  can  3ee  by  the  budget  line  item,  including  the  effort 
in  manpower  and  facilities  that  we  are  devoting  to  the  program. 

Our  nuclear  systems  program  is  broken  into  two  main  areas,  one 
being  nuclear  rockets,  the  other  one,  the  development  of  nuclear 
electric  systems. 

A large  portion  of  this  program  is  obviously  a joint  effort  between 
the  Atomic  Energy  Commission  and  NASA.  Responsibility  for  the 
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development  of  reactors,  of  course,  is  that  of  the  Atomic  Energy 
Commission  and  NASA  is  responsible  for  the  development  of  the 
nonnuclear  components  of  the  system  as  well  as  for  the  integration 
and  application  of  the  reactor  with  the  other  components  into  the 
operational  system. 

The  development  of  the  nuclear  rocket  propulsion  system  is  han- 
dled as  a single  program,  even  though  there  is  a responsibility  in  both 
agencies,  AEC  and  NASA.  The  work  on  nuclear  rocket  propulsion 
is  handled  as  a single  program  under  the  management  of  the  Space 
Nuclear  Propulsion  Office,  which  I head.  This  Office  is  considered, 
essentially,  a field  office  by  both  agencies.  We  have  our  own  technical 
direction  responsibilities,  budgetary  responsibilities.  The  Office  is 
staffed  by  both  agencies  in  about  equal  numbers. 

The  Office  of  Nuclear  Systems,  which  I also  head,  is  exclusively  a 
NASA  Office.  It  is  within  that  Office  that  we  handle  the  NASA  por- 
tions of  nuclear  electric  power  generating  systems  and  electric  propul- 
sion. The  responsibility  for  detailed  technical  direction  and  contract 
administration  in  those  areas  is  handled  by  the  NASA  Research  and 
Space  Flight  Centers.  For  example,  the  I^ewis  Research  Center  does 
most  of  the  technical  direction  and  monitoring  work  as  well  as  the 
contract  administration  work  on  our  nuclear  electric  systems  and 
electric  propulsion  programs. 

1 would  like  now  to  discuss  very  briefly  the  status  and  the  plans  of 
several  elements  of  our  nuclear  rocket  and  nuclear  electric  power  and 
electric  propulsion  programs  starting  with  the  nuclear  rocket  program. 

To  refresh  your  memory,  the  nuclear  rocket  propulsion  system  is 
illustrated  on  this  first  slide  (fig.  2S6).  It  consists  of  a large  tank 
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loaded  with  liquid  hydrogen  shown  on  the  right  of  the  slide,  in  the 
upper  right  comer.  Hydrogen  is  pumped  out  of  this  tank  by  the 
pump  that  is  shown  and  the  hydrogen  is  then  passed  down  to  the 
nozzle  on  the  lower  left  part  of  the  slide.  The  liquid  hydrogen  which 
is  at  a temperature  of  420°  or  430°  below  zero  is  then  used  to  cool 
the  nozzle  and  the  hydrogen  then  passes  up  through  the  reflector 
and  is  heated  in  the  nuclear  reactor.  The  reactor  replaces  the  com- 
bustion chamber  of  the  chemical  rocket  systems.  Some  gas  is  drawn 
off  to  drive  the  turbine  which  in  turn  drives  the  pump  in  the  system. 

The  real  advantage  of  this  nuclear  rocket  system  is  that,  because 
we  use  hydrogen  alone  which  has  a very  low  molecular  weight,  the 
specific  impulse  that  we  can  generate  is  two  or  three  times  the  value 
we  can  get  in  chemical  rocket  systems.  We  can  get,  say,  800  to  900 
seconds  of  impulse  compared  with  somewhere  between  250  and  450 
seconds  in  chemical  propulsion  systems. 

Mr.  Karth.  What  is  the  weight-to-payload  ratio  in  comparison 
with  the  chemical  systems? 

Mr.  Finger.  It  depends  on  the  mission.  What  happens  with 
specific  impulse  essentially  is  we  get  a large  thrust  for  every  pound 
of  flow  that  goes  through  the  system,  and  this  means  for  any  mission 
we  have  to  store  less  hydrogen. 

Mr.  Karth.  Your  reactor  and  everything  else  amounts  to  quite  a 
bit  of  weight. 

Mr.  Finger.  Yes,  it  is  heavier.  For  near  Earth  missions  we  can 
expect  to  get  up  to  twice  the  payload  of  chemical  rockets.  For 
example,  in  earth-orbit  systems  we  can  expect  up  to  twice  the  payload. 
If  we  go  to  a Mars  landing  mission  we  can  expect  up  to  5 to  10  times 
the  payload  for  nuclear  systems  for  equivalent  spacecraft  weight.  I 
think  that  in  most  cases  we  would  tend  to  use  smaller  rocket  systems 
or  lower  gross  weight  rocket  systems  to  deliver  the  required  payload 
and  to  do  a given  mission  if  we  used  nuclear  rockets.  It  is  really  this 
very  substantial  improvement  in  specific  impulse  with  the  very  sub- 
stantial improvement  in  payload  that  we  can  get,  that  is  the  justifica- 
tion for  our  large  program  in  this  area  and  our  interest  in  developing 
these  nuclear  rocket  systems. 

Dr.  Bisplinghoff  has  already  indicated  the  relationships  among  some 
of  the  elements  in  this  nuclear  rocket  program  that  are  shown  on  the 
next  slide.  I am  sorry  this  is  one  that  I omitted;  this  is  the  nuclear 
Saturn  V (fig.  89,  p.  1904).  Our  earliest  mission  capabilities  with 
nuclear  rockets  appear  to  be  an  outgrowth  of  the  Saturn  V vehicle. 
If  we  applied  a nuclear  stage  as  a third  stage  on  that  vehicle  we  could 
deliver  approximately  twice  the  payload  in  the  Earth  orbit.  We 
could  also  accomplish  the  manned  Venus  flyby  mission  that  Dr. 
Bisplinghoff  mentioned,  as  well  as  various  unmanned  missions  to 
Mars  and  Jupiter  probes. 

It  is  with  this  vehicle  that  we  anticipate  we  would  have  our  earliest 
applicability  with  nuclear  rockets,  and  then  go  on  from  there  to  much 
more  advanced  manned  missions  to  the  planets. 

Mr.  Karth.  What  time  do  you  have  in  mind  for  this  engine  applied 
to  the  Saturn  V concept? 

Mr.  Finger.  We  still  believe  that  we  can  fly  this  kind  of  a system 
in  this  decade.  I will  get  into  some  of  the  technical  problems  that 
we  have  come  up/  against  in  the  reactor  portion  of  the  program  which 
really  paces  the  whole  development.  Until  we  have  a reactor  we 
cannot  really  predict  schedules.  I will  get  into  that  shortly. 
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Now,  the  elements  of  the  program  are  shown  in  the  next  slide  (fig. 
92,  p.  1906).  This  is  a slide  that  Dr.  Bisplinghoff  mentioned  earlier. 
The  Kiwi  reactor  program  is  being  conducted  at  Los  Alamos  Scientific 
Laboratory  under  contract  with  the  Atomic  Energy  Commission  to 
provide  us  with  a reactor  that  could  then  be  developed  through  an 
engineering  development  effort  to  flight  status.  It  essentially  sets 
the  basic  groundwork  for  our  reactor  development.  It  had  been 
intended  that  the  Kiwi  reactor  would  then,  in  basic  design  concept, 
be  used  in  our  NERVA  engine  which  is  being  developed  by  Aerojet 
General  with  Westinghouse  as  a principal  subcontractor;  Westing- 
house  being  responsible  for  the  engineering  development  of  the  reactor 
for  flight  application  and  Aerojet  for  the  entire  engine  system  as  well 
as  the  nonnuclear  components.  The  NERVA  engine  would  fit  into 
the  RIFT  reactor  in-flight  test  stage  which  is  under  the  technical 
direction  of  Marshall  Space  Flight  Center.  The  RIFT  technology 
work  is  being  done  by  Lockheed  Missiles  and  Space  Co. 

The  RIFT  stage  would  then  be  used  as  a third  stage  on  the  Saturn 
V ; that  is,  it  would  first  be  test  flown  on  a Saturn  V configuration, 
but  it  would  have  the  capability  to  be  developed  eventually  to  an  op- 
erational status  as  the  third  nuclear  stage  that  I showed  in  my  second 
slide. 

During  1962,  two  power  reactor  tests  were  run,  hot  reactor  tests, 
as  part  of  the  Kiwi  program.  These  tests  were  run  by  the  Los  Ala- 
mos Scientific  Laboratory  at  our  Nuclear  Rocket  Development 
Station  in  Nevada.  This  station,  you  will  recall,  is  managed  by  the 
joint  Space  Nuclear  Propulsion  Office  for  both  NASA  and  AEC. 

All  of  these  reactor  tests  have  been  run  by  the  Los  Alamos  Scien- 
tific Laboratory.  The  first  of  these  was  run  in  September  of  1962 
and  is  called  the  Kiwi  BIB  reactor  shown  on  the  next  slide  (fig. 
289).  This  was  the  first  reactor  run  with  liquid  hydrogen  as  the 
coolant.  The  use  of  liquid  hydrogen  is  an  area  which  concerned 
us  greatly  because  there  was  a control  question  involved  with  it. 
This  test  run  was  run  in  September  of  last  year.  The  two  principal 
results  that  we  got  from  this  test  were,  first  that  we  could  in  fact 
operate  a.  reactor  with  liquid  hydrogen  and  control  it  satisfactorily. 
Essentially,  the  analysis  indicated  this,  but  if  was  comforting  to  have 
experimental  verification  of  it. 

We  did,  however,  get  into  structural  problems  in  the  reactor  in 
that  at  about  60  percent  of  the  desired  power,  reactor  damage  occurred. 
We  had  cracking  of  these  fuel  elements  in  the  reactor.  The  conclusion 
we  arrived  at  was  that  this  reactor  design  was  not  suitable  for  flight 
application;  although  we  have  not  yet  explained  the  causes  of  that 
cracking  and  we  still  have  work  proceeding  in  order  to  explain  it. 
It  is  my  feeling  in  a new  technology  like  this  that  we  better  understand 
every  aspect  of  every  analysis  and  experimental  result  in  order  to 
really  try  to  understand  the  system  and  be  sure  we  don’t  run  into 
similar  problems  later.  We,  therefore,  do  still  have  work  going  to 
explain  the  cracking  in  this  Kiwi  BIB  reactor  in  order  to  apply  that 
information  to  future  reactor  designs. 

The  next  reactor  test  we  ran  is  shown  on  the  next  slide  (fig.  290). 
It  is  the  Kiwi  B4A  reactor  run  last  November,  November  30.  It  is  this 
reactor  that  has  been  the  principal  hope  of  our  program  in  that  we 
had  been  directing  our  major  attention  to  this  reactor  design  because 
it  looked  as  if  it  was  the  most  promising  of  the  designs  we  were 
exploring. 
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Figure  289 


Figure  290 
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You  can  see  that  the  reactor  looks  very  much  like  the  BIB  exter- 
nally, but  internally  it  is  a very  different  design.  Hydrogen  enters 
through  the  jet  nozzle  at  the  top  of  the  reactor,  and  passes  down 
through  the  tubes  that  make  up  this  nozzle  so  liquid  hydrogen  is  used 
to  cool  the  nozzle  and  it  is  a regenerative  cooled  system.  The  hydro- 
gen passes  through  the  reflector  as  I showed  on  the  first  slide,  and  back 
up  through  the  core  and  out  through  the  nozzle,  pointing  upward. 
The  area  down  below  the  reactor  is  called  the  privy.  It  is  a shielded 
area  that  is  used  as  an  instrumentation  interconnect  section  and  also 
our  control  actuators  are  located  down  in  that  privy  area. 

Mr.  Karth.  What  radiation  problems  are  we  encountering  when 
these  things  are  test  fired,  if  any? 

Mr.  Finger.  The  test  operations  are  all  controlled  from  a location 
at  a test  location  a mile  and  a half  to  2 miles  away.  There  is  very 
little,  if  any,  release  of  radioactive  products  during  the  test  operation, 
so  we  can  move  into  the  area  very  < uickly  after  a test. 

During  these  tests  where  parts  Have  been  ejected,  and  there  has 
been  some  cracking,  there  has  been  more  release  of  radiation,  radio- 
active fission  products,  than  would  be  the  case  in  a reactor  that  re- 
mained integral  and  didn’t  have  any  failures,  but  even  in  this  case 
we  have  been  able  to  move  in  quickly  and  examine  the  area. 

The  reactor,  however,  when  the  test  is  finished  is  always  handled 
remotely,  it  is  removed  from  the  cell  remotely  and  disassembled  re- 
motely from  behind  heavy  concrete  walls,  so  it  does  have  to  be  handled 
in  a remote  manner. 

Mr.  Karth.  Is  there  any  possibility  that  a nuclear  propulsion 
system  could  form  the  basic  booster  system  of  a deep  spacecraft? 

Mr.  Finger.  There  is  that  possibility,  however,  as  we  see  it,  there 
are  great  advantages  to  using  it  as  an  upper  stage,  either  a second 
stage,  or  third  stage,  or  orbital  start  stage. 

Mr.  Karth.  There  are  greater  advantages  for  upper  stages? 

Mr.  Finger.  Yes,  sir.  The  power  levels  that  are  required  are  less 
and  the  problems  of  launching  and  launch  site  problems  are  very 
much  eased  by  using  it  as  an  upper  stage. 

The  other  point  is,  of  course,  we  will  have  very  large  boosters 
available,  so  we  will  be  able  to  use  these  first  chemical  stages  that 
are  available.  I do  see  for  a long  time,  a very  long  time,  that  we 
would  use  these  nuclear  stages  in  combination  with  chemical  stages. 

Mr.  Hammill.  May  I ask  a question. 

Mr.  Finger,  why  is  it  that  we  have  what  appears  to  be  a flight 
type  nozzle  on  this  reactor  test?  Is  this  necessary,  or  is  it  desirable? 

Mr.  Finger.  It  turns  out  that  there  are  certain  components  that 
you  really  cannot  make  boilerplate  or  heavy.  These  nozzles  must  be 
cooled.  In  order  to  cool  them  and  use  available  materials  you  have 
to  make  the  walls  very  thin,  and  the  problem,  therefore,  is  that  we 
automatically  get  into  a flight  type  design  just  by  virtue  of  requiring 
a system  that  will  operate  satisfactorily.  In  this  case  we  must  use 
very  thin  wall  tubing  in  order  to  have  a material  temperature  that 
won’t  be  too  high  and  won’t  exceed  temperature  limits,  so  we  are 
essentially  building  flight  type  hardware  in  that  component. 

That  is  not  the  case  m some  of  the  other  components.  For  example, 
a turbopump  can  be  built  very  heavy  structurally  in  order  to  provide 
hydrogen  for  a reactor  test.  It  can  also  be  built  fairly  heavy  even 
for  early  engine  tests  and  later  on  we  would  thin  it  down  and  pare  it 
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down  to  a lightweight,  flightweight  pump.  There  are  components 
that  have  to  be  made  flight  weight  because  their  performance  de- 
mands it,  even  in  ground  tests. 

Mr.  Hammill.  My  real  point  is  this:  did  the  flight  type  nozzle 
cause  any  problem  m the  reactor  test?  Would  it  have  been  better 
to  test  the  reactor  without  a flight  type  nozzle  at  this  early  stags  of 
the  development? 

Mr.  Finger.  I see  the  point  you  are  making.  There  has  been 
some  consideration  of  the  possibility  of  vibrations  in  the  nozzle  that 
feed  back  into  the  reactor.  We  are  not  discounting  any  possibilities, 
although  all  of  our  data  tend  to  indicate  that  the  problem  we  have 
had  is  a vibration  that  occurred  within  the  reactor,  itself. 

Now,  the  one  thing  that  might  not  be  necessary  in  this  design,  and 
I think  if  we  were  starting  from  scratch  and  not  trying  to  develop 
flight  technology  at  the  same  time  we  were  trying  to  develop  hard- 
ware for  reactor  test,  is  this  fairly  large  nozzle  area  ratio.  We  might 
cut  back  the  area  ratio  of  the  nozzle;  that  is,  we  might  have  a shorter 
expanding  section  than  what  is  here,  although  this  is  not  very  high. 
This  is  a 12  to  1 area  ratio,  and  is  not  really  excessive.  We  might 
cut  it  back  to  4 to  1 or  5 to  1 — something  like  that;  but  I really  don't 
believe  that  had  an  effect  on  the  performance  of  the  reactor,  itself, 
nor  that  it  caused  the  vibration  that  we  have  encountered.  None  of 
our  data  substantiates  that  possibility. 

Now,  during  this  test  we  had  intended  to  examine  the  particular 
mechanical  design  we  were  working  with,  and  also  we  wanted  to  get 
additional  verification  of  this  liquid  hydrogen  start  data  that  we  got 
in  our  earlier  test.  The  test  was  cut  short  when  we  observed  flashes 
in  the  nozzle  discharge,  and  these  flashes  kept  increasing  in  frequency 
and,  finally,  got  to  a point  where  we  felt  we  would  be  better  off  shut- 
ting down  and  examining  the  reactor  in  order  to  get  data  on  what 
caused  the.  flashes  rather  than  trying  to  barrel  ahead  to  go  to  the  full- 
power  conditions. 

I have  a short  film  strip  of  these  flashes.  I think  we  can  probably 
hold  it  until  later,  near  the  end  of  the  session,  and  show  it.  We  have 
talked  about  the  flashes  a great  deal,  and  I thought  people  might  want 
to  see  what  these  really  looked  like.  They  really  do  look  like  light 
flashes, 

Mr.  Karth.  If  you  wish  we  can  do  it  now. 

Mr.  Finger.  I think  we  can  do  it  later  and  continue  on  in  this 
sequence. 

Now,  even  though  the  reactor  continued  to  operate  satisfactorily 
and  the  control-room  diagnostics  indicated  no  problem,  it  was  felt 
that  some  material  was  leaving  the  reactor,  so  we  did  shut  it  down 
and  examined  it. 

Mr.  Karth.  What  did  you  find  out  after  you  shut  it  down? 

Mr.  Finger,  I was  getting  to  that.  We  removed  the  reactor  to 
the  disassembly  area,  and  tore  it  down  and  examined  it  very  carefully. 
Although  initially  it  looked  as  if  only  some  fuel  elements  were  cracked, 
as  we  went  deeper  into  the  reactor  it  was  apparent  that  most  ©f  the 
fuel  elements  were  cracked.  It  appears  to  us,  and  there  are  data  to 
indicate  it,  that  there  was  a vibration  within  the  reactor,  induced  by 
reactor  flow  conditions  and  that  it  was  this  vibration  within  the  core 
and  the  graphite  within  the  reactor  that  caused  the  cracking. 

Mr.  Karth.  Is  this  a major  technical  job? 
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Mr.  Finger.  This,  to  us,  is  a mechanical  engineering  design  prob- 
lem. We  know  what  the  materials  can  take,  and  it  is  a matter  of 
designing  around  those  material  properties.  We  don’t  believe  that 
it  is  a fundamental  problem  that  will  block  the  development  of  a 
graphite  reactor  of  the  type  we  are  using.  We  do  believe  that  we 
can  design  around  this  difficulty. 

Now,  what  we  have  done 

Mr.  Earth.  Have  you  made  any  new  designs? 

Mr.  Finger.  We  have  several  designs  that  are  being  checked  out. 
I might  go  into  the  approach  we  are  using. 

Mr.  Mosher.  Just  to  get  a definition  of  terms,  what  do  you  mean 
by  fuel  elements? 

Mr.  Finger.  The  fuel  elements  in  a reactor  are  those  portions  of 
the  reactor  that  are  loaded  with  uranium.  They  are  a structural 
material  that  has  been  impregnated  with  uranium.  The  fissions  that 
occur  within  a reactor,  the  generation  of  energy,  comes  from  these 
fuel  elements.  There  is  then  a separate  section  in  thermal  reactors 
called  a moderator,  in  which  the  neutrons  are  slowed  down  so  that 
they  can  fission  again  and  get  back  into  the  fuel,  into  the  uranium, 
ana  fission  again. 

Mr.  Earth.  These  fuel  elements  make  up  the  core,  do  they  not? 

Mr.  Finger.  Yes;  that  is  correct.  They  make  up  the  reactor  core. 

The  approach  we  are  taking  is  that  we  have  Westinghouse  and  Los 
Alamos  working  on  redesigns  of  this  reactor,  of  this  basic  reactor 
design.  We  had  originally  intended  that  Los  Alamos  develop  a Kiwi 
design  that  could  then  be  handed  to  Aerojet  and  Westinghouse  to 
develop  into  the  NERVA  engine.  It  is  apparent  to  us  that  the  diffi- 
culties in  this  design  are  significant  mechanical  engineering  difficulties 
and  the  major  mechanical  engineering  capabilities  exist  in  greatest 
depth  with  our  industrial  contractors  so  we  have  told  our  industrial 
contractors  to  go  ahead  and  redesign  the  reactor,  start  procuring 
parts,  start  conducting  a detailed  test  program  leading  to  the  test  of 
full,  integral,  power  reactors. 

Mr.  Earth.  Up  to  this  time  where  has  most  of  this  work  been  done? 

Mr.  Finger.  Almost  all  of  this  has  been  at  the  Los  Alamos  Scien- 
tific Laboratory.  The  entire  Kiwi  program  has  -been  a responsi- 
bility of  Los  Alamos  Scientific  Laboratory. 

Mr.  Earth.  Very  little  of  it  has  been  done  out  of  house;  right? 

Mr.  Finger.  Los  Alamos  has  used  industrial  contractors  working 
with  them  to  hep  them.  For  example,  American  Car  & Foundry  has 
been  working  with  them  and  Air  Products  has  been  doing  some 
cryogenic  design  analysis  for  them  through  various  contractors. 

What,  we  have  done  is  give  to  our  NERVA  contractors  a real 
responsibility  to  do  engineering  design,  test,  and  development  on 
these  reactors. 

Mr.  Earth.  Who  has  previously  done  the  design  work? 

Mr.  Finger.  Los  Alamos. 

Mr.  Earth.  So  the  design  work  was  done  in-house? 

Mr.  Finger.  That  is  correct.  There  was  design  work  done  by 
ACFI  but  that  was  design  work  related  to  the  pressure  shell  and  in  the 
components  that  were  not  critical  to  the  reactor  core  itself. 

Mr.  Earth.  Now,  we  are  thinking  about  doing  some  of  it  out  of 
house;  right? 
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Mr.  Finger.  Not  thinking  about  it;  we  are  going  ahead  and  doing 
it.  We  have  instructed  our  NERVA  contractors  to  go  ahead  and  do 
this  work. 

Mr.  Karth.  What  caused  us  to  make  that  decision? 

Mr.  Finger.  The  recognition  that  we  really  needed  a greater 
engineering  talent  brought  to  bear  on  these  problems.  I think  the 
situation  we  are  in  is  that  the  Los  Alamos  Scientific  Laboratory  has, 
with  comparatively  few  men,  most  of  whom  are  scientifically  oriented, 
done  a very  excellent  job  in  materials  work  and  materials  fabrication, 
the  physics  of  the  problem,  the  chemistry  of  it,  but  that  we  do  need 
greater  engineering  depth  than  exists  in  a national  laboratory.  It  is 
that  determination  that  has  caused  us  to  assign  this  responsibility  to 
the  NERVA  contractors. 

Mr.  Karth.  What  if  this  graphite  core  doesn’t  work,  what  have 
we  as  backup  program? 

Mr.  Finger.  We  have  a technology  effort  in  metallic  reactors. 
I was  planning  on  discussing  that  with  regard  to  our  advanced  research 
and  technology  program  in  this  area.  I should  mention  that  our 
program  is  really  broken  down  into  two  main  parts. 

Mr.  Karth.  How  far  behind  the  development  of  the  graphite  core 
is  this  new  technology  you  are  talking  about? 

Mr.  Finger.  I think  there  is  a requirement  that  we  establish  first 
a base  of  information  on  the  materials  and  the  physics  associated  with 
these  reactors. 

Mr.  Karth.  So  it  is  a very  basic  thing  and  it  is  years  behind  the 
development  of  graphite? 

Mr.  Finger.  I would  say  it  is  several  years  behind.  We  must  rec- 
ognize that  this  graphite  work  started  in  1955,  and  it  has  been  going, 
therefore,  for  8 years  in  establishing  the  basic  background  of  infor- 
mation and  in  doing  the  detail  design  work.  Full  reactor  tests  started 
in  1959,  so  there  nave  been  4 years  of  reactor  tests  as  well.  It  is 
certainly  advanced  over  any  of  the  metallic  reactor  work.  We  are, 
however,  supporting  work  on  the  metallic  reactors  at  Argonne  Na- 
tional Laboratory  and  the  Lewis  Research  Center.  In  addition,  the 
AEC  has  a materials  program  in  process  with  General  Electric,  in 
metallic  reactors. 

Mr.  Mosher.  Mr.  Chairman,  this  engineering  design  work  which 
has  been  inadequate,  do  you  feel  there  is  a .probability  that  it  would 
have  been  of  quite  a different  nature  and  of  better  quality  had  it  been 
done  by  contract  to  industry  out  of  house  earlier?  Do  you  wish  that 
you  had  gone  out  of  house  earlier? 

Mr.  Finger.  Well,  I think  we  would  have  been  better  off  if  we  had 
a stronger  support  capability  in  engineering  brought  into  the  program 
earlier;  a support  capability  that  had  a responsibility  to  do  engineering 
design  on  the  rector  core  itself. 

I think,  though,  we  must  recognize  there  has  been  up  to  recently, 
up  to  the  past  year  or  two,  a requirement  to  establish  a basic  back- 
ground of  design  data  which  required  emphasis  on  the  more  basic 
aspects  of  materials;  properties  evaluation;  evaluation  of  methods  of 
fabricating  fuel  elements,  of  mixing  fuel  with  the  basic  structure  of 
the  material  in  the  fuel  elements,  and  producing  fuel  elements;  estab- 
lishing the  basic  physics  data  and  neutronics  of  the  system.  That 
work  is  done  best,  I believe,  by  a laboratory  like  Los  Alamos. 

Mr.  Mosher.  You  are  going  to  Westinghouse  and  what? 
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Mr.  Finger.  Aerojet  is  the  prime  contractor,  and  Westinghouse 
is  the  principal  subcontractor  responsible  for  the  reactor,  so  Westing- 
house  is  taking  the  primary  load. 

Mr.  Mosher.  There  is  some  new  engineering  design  from  industry. 
I realize  this  has  to  be  speculation,  but  is  there  a probability  Kiwi 
would  have  been  further  advanced  had  you  done  this  2 years  ago,  say? 

Mr.  Finger.  I believe  if  we  brought  the  stronger  engineering  sup- 
port into  the  program  earlier  we  would  be  further  ahead  toward  having 
a developed  reactor.  It  is  a little  difficult  to  judge.  I say  this  because 
I am  convinced  we  can  develop  this  reactor,  and  what  it  takes  is  a 
really  sound  engineering  organization.  A thorough  engineering  analy- 
sis and  development  procedure,  I believe,  would,  therefore,  have  helped 
it. 


Mr.  Mosher.  Did  you  lack  funds  to  do  this  2 years  ago? 

Mr.  Finger.  One  of  the  problems,  of  course,  was  that  we  brought 
the  NERVA  contractors  on  board  in  June  of  1961,  I believe  it  was. 
It  took  them  time  to  build  up.  It  takes  time  to  accumulate  the  basic 
information  that  is  available  and  to  staff  up  an  organization  that  can 
handle  the  work. 

I don’t  know  how  long  ago  they  really  could  have  taken  on  the  job. 
I don’t  believe  we  were  prepared  to  take  on  a contractor  before  June 
of  1961.  Not  only  from  ja  funding  point  of  view,  but  just  that  the 
basic  data  weren’t  available  to  go  ahead  and  design  with  a strong 
engineering  organization,  a contractor  organization.  We  did  last 
summer,  make  the  selection  of  this  Kiwi  B4A  as  our  basic  design.  We 
did,  then,  tell  Westinghouse  to  go  ahead  and  start  designing  this 
reactor  and  start  planning  on  doing  tests  of  this  reactor  late  this  year. 
That  is  still  the  case.  So  we  gave  them  a large  part  of  the  go-ahead 
last  summer,  and  expanded  the  component  work  that  we  were  doing, 
early  this  year. 

Mr.  Karth.  When  was  some  of  this  work  finally  let  to  private 


industry? 

Mr.  Finger. 
June  of  1961. 


The  industrial  contractors  were  brought  on  board  m 
It  was  at  that  time  that  we. had  some  reactor  tests, 
and  we  felt  we  would  gain  by  bringing  industrial  engineering  capa- 
bility into  the  program  for  the  reactor  as  well  as  the  nonnuclear 
component. 

Mr.  Karth.  I am  not  sure  I understand  your  testimony.  In  one 
instance  it  seems  to  me  you  said  you  are  not  sure  we  could  have  gone 
any  other  route  prior  to  June  of  1961,  and  in  the  other  instance  it 
seems  to  me  you  said  we  could  have  advanced  further  if  we  had  done 
this  sooner.  Which  is  it? 

Mr.  Finger.  What  I defined  was  if  we  had  engineering  support  for 
Los  Alamos  we  could  have  moved  ahead  faster.  I don’t  beheve  we 
could  have  given  full  responsibility  to  an  industrial  contractor  to  do 
the  engineering  design,  as  we  have  now  done,  much  earlier  than  we 
have. 

Mr.  Mosher.  As  I understand  the  testimony,  Mr.  Chairman,  he  is 
saying  that  on  the  basis  of  hindsight  it  might  have  been  good  to  do 
what  they  are  starting  to  do  now  2 years  ago;  is  that  correct? 

Mr.  Finger.  What  I am  saying  is  we  should  have  had  a reactor 
engineering  support  organization  working  closely  with  Los  Alamos  a 
vear  and  a half  ago.  What  we  have  done  now  is  given  a full  responsi- 
bility to  Westinghouse  to  design,  test,  and  build  reactors,  and  this  is, 
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essentially,  an  effort  that  proceeds  parallel  to,  but  is  not  governed  by, 
the  Los  Alamos  effort.  I think  if  we  had  a collaboration  between  the 
engineering  capability  and  the  scientific  organization  early,  we  would 
have  been  advanced  over  where  we  are  now. 

It  is  really  in  reference  to  the  degree  of  responsibility  we  give  to 
the  engineering  organization  that  I am  saying  we  could  not  have 
given  him  a full  responsibility  2 years  ago.  There  had  to  be  basic 
data  accumulated  and  we  were  not  in  a position  to  give  an  industrial 
contractor  that  kind  of  a responsibility  tnen. 

Mr.  Karth.  You  are  not  giving  him  full  responsibility  now? 

Mr.  Finger.  Yes,  sir;  we  are  giving  him  full  responsibility  within 
the  direction  that  we  in  the  Government  provide  him. 

Mr.  Karth.  And  you  are  working  with  Los  Alamos,  I assume,  to 
some  degree?  . 

Mr.  Finger.  The  work  that  they  are  doing  with  Los  Alamos  is  an 
interchange  of  design  ideas  but  the  Los  Alamos  scientific  laboratory 
doesn’t  determine  the  NERVA  design  nor  make  the  judgment  on  the 
design.  That  is  a technical  direction  responsibility  that  we  provide. 

Mr.  Karth.  Who  has  the  authority  to  make  the  decision  or  who  is 
responsible  for  not  making  it  if  it  is  not  made? 

Mr.  Finger.  I believe  I am.  I made  the  decision  this  time.  It 
was  supported,  I am  sure,  by  both  agencies.  The  fact  that  it  was  not 
made  before,  I would  say,  is  also  my  responsibility. 

Mr.  Karth.  Had  you  recommended  it  before? 

Mr.  Finger.  Not  really  strongly,  no,  sir. 

Mr.  Karth.  Had  you  recommended  it  weakly? 

Mr.  Finger.  I started  moving  in  this  direction  last  summer  by 
having  Westinghouse  start  doing  design  work  on  the  reactor,  detailed 
design  work  and  start  procuring  parts  so  they  would  be  ready  for 
reactor  testing  and  it  was  at  that  time  I recommended  it  first. 

Mr.  Karth.  What  time  was  that? 

Mr.  Finger.  It  was  at  that  time  that  I recommended  it  first  and 
started  initiating  it. 

Mr.  Karth.  Could  you  identify  that  time  with  dates? 

Mr.  Finger.  I believe  I can.  It  was  approximately  last  summer. 
I don’t  know  exactly  when  last  summer.  I can  look  at  that  but  we 
did  give  direction  to  the  contractor  to  proceed  with  engineering 
design  and  test  planning.  I should  further  mention  that  when  we 
initially  let  the  NERVA  contract  it  was  then  anticipated  that  when 
we  felt  that  the  reactor  technology  was  well  enough  in  hand  we  would 
give  the  responsibility  for  engineering  design  to  the  industrial  con- 
tractors. So  this  was  the  anticipated  approach  at  that  time.  The 
time  we  instituted  it  is  something  that,  yes,  I had  control  over  it. 

Mr.  Karth.  And  despite  the  fact  that  the  graphite  core  is  causing 
many  problems,  you  feel  that  the  time  has  arrived  now  when  this 
thing  should  be  given  over  to  industry? 

Mr.  Finger.  Yes,  sir,  I do.  I believe  that  we  understand  the 
problems  quite  well  and  that  we  can  develop  the  system.  It  does 
take  their  design  effort  to  do  it.  We  have  also  given  the  contractors 
a responsibility  to  look  at  various  alternate  designs,  using  graphite, 
rather  than  bemg  pinned  entirely  to  the  general  Kiwi  B4  type  of  design 
and  they  are  proceeding  to  do  this  work  as  well  so  that  if  we  run  into 
further  problems  that  we  feel  are  difficult  to  resolve  in  this  kind  of  a 
reactor,  in  this  general  type  of  reactor  design,  we  will  have  alternates 
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that  are  coming  along,  that  are  not  limited  in  any  way  by  the  availa  - 
bility of  fuel  elements,  fuel  element  materials  ana  so  on. 

Mr.  Mosher.  In  your  backup  work  on  alternates,  in  case  graphite 
eventually  doesn’t  pan  out,  do  I remember  that  Lewis  is  involved? 

Mr.  Finger.  Yes,  sir,  we  are  supporting  Lewis  in  metallic  reactor 
technology  work  using  a thermal  reactor  design  concept. 

Mr.  Mosher.  This  is  all  in-house  work? 

Mr.  Finger.  Yes,  sir,  although  there  is  funding  in  this  budget 
for  an  increased  effort  out  of  house  in  order  to  provide  for  sample 
materials  and  buildup  of  certain  equipment  that  has  to  be  used  as 
part  of  their  program. 

Mr.  Hammill.  Regarding  your  statement  that  if  engineering 
know-how  had  been  introduced  at  an  earlier  time  that  the  program 
would  be  advanced  over  what  it  is  today,  let  me  ask  you,  has  the  Los 
Alamos  lab  opposed  the  introduction  of  this  kind  of  engineering  help  in 


any  way? 

Mr.  Finger.  I think  Los  Alamos  feels  they  have  an  obligation 
and  have  been  given  a responsibility  to  develop  a reactor  at  least  to 
the  point  of  demonstrating  that  it  can  be  taken  over  and  made  suitable 
for  flight  by  the  industrial  people.  They  have  been  driving  to  go 
ahead  with  this  approach.  They  would  like  to  finish  that  job. 
Now  what  we  have  agreed  to  is  that 

Mr.  Earth.  They  really  haven’t  finished  it  yet? 

Mr.  Finger.  No,  sir,  they  have  not  finished  that  job. 

Mr.  Karth.  So  if  they  had  their  way,  the  industrial  contractors 
would  not  yet  be  involved  in  a program,  is  that  what  you  are  saying? 

Mr.  Finger.  They  have  no  objection.  We  have  discussed  this  and 
they  have  no  objection  to  the  approach  we  are  taking  to  start  the 
industrial  contractors  off  on  the  full  reactor  development  effort. 

Mr.  Karth.  If  they  had  to  make  the  decision,  this  decision  would 
not  have  been  made,  would  it? 

Mr.  Finger.  It  might  not.  I don’t  know.  I have  made  that 
decision  and  discussed  it  with  them.  I find  no  basic  disagreement  on 
the  need  for  that  decision.  We  have  agreed,  however,  that  they  will 
continue  working  on  this  B-4  design  and  redesign  it  and  they  will  go 
through  a component  test  program  just  as  we  have  indicated  is 
needed  for  the  industrial  contractor  and  then  run  another  power  test. 
At  that  point  I expect  that  the  Kiwi  effort  as  it  requires  developing  a 
reactor  that  may  feed  into  a NERVA  engine  would  phase  out  and 
Los  Alamos  would  go  on  to  look  at  more  advanced  reactor  systems  of 
higher  power  as  well  as  providing  supporting  technology  for  the 
NERVA  reactor  effort. 

Mr.  Hammill.  Have  they  taken  any  steps  toward  development  of 
higher  power  reactors? 

Mr.  Finger.  There  is  initial  technology  work  in  process.  As  they 
phase  out  of  the  Kiwi  program  that  part  of  the  program  will  expand. 
Now,  we  are  talking  there,  too,  about  starting  the  program  with  a 
greater  engineering  support  than  was  available  here,  still  leaving  the 
responsibility,  however,  with  Los  Alamos. 

Mr.  Hammill.  But  very  little  has  been  done,  is  that  correct? 

Mr.  Finger.  That  is  correct.  It  is  primal ‘ly  in  the  materials  area 
they  have  been  looking  at  this,  as  well  as  in  some  materials  fabrication 
work  and  design  studies. 

Mr.  Karth.  If  I recall  correctly,  AEC  and  NASA  were  negotiating 
and  disagreeing  or  whatever  you  want  to  call  it  for  quite  a considerable 
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period  of  time  on  this  program  or  similar  ones,  were  they  not?  Wasn’t 
there  considerable  differences  of  opinion — at  least  it  seems  to  me  as  I 
read  the  newspapers  for  some  reason  or  other  we  couldn’t  get  agree- 
ment between  these  two  agencies  of  Government  on  this  or  some  other 
program  is  that  correct? 

Mr.  Finger.  Not  on  this  one.  I think  since  we  have  established 
thib  oint  office  we  have  really  worked  very  well  together.  I think 
this:  arrangement  of  putting  the  two  agency  responsibilities  into  one 
office  and  running  the  effort  as  a single  program  even  though  it  has 
divided  agency  responsibilities  is  a very  effective  way  of  working  and 
it  has  worked  well. 

Mr.  Karth.  Are  you  familiar  with  any  other  difficulty  that  NASA 
and  AEC  have  had  in  trying  to  reach  agreement  on  how  they  shoud 
proceed  on  a particular  program? 

Mr.  Finger.  I believe  that  the  recent  publicity — recent,  meaning 
within  the  past  year — that  you  are  mentioning  is  probably  with  regard 
to  the  nuclear  electric  power  system  development  at  high  powers, 
the  Snap-50  program.  There  was  considerable  discussion  about  how 
that  program  should  be  operated.  There  was  an  agreement  reached 
among  NASA,  the  DOD,  and  AEC  establishing  an  office  within  the 
AEC  to  direct  that  program,  with  a NASA  and  an  Air  Force  deputy 
assigned  to  the  office  to  provide  appropriate  liaison  among  the  pro- 
grams in  the  three  agencies. 

Mr.  Karth.  And  this  discussion  that  finally  resulted  in  an  agree- 
ment is  caused  because  we  had  two  independent  programs,  did  we  not, 
SNAP-50  and  SPUR? 

Mr.  Finger.  It  started  that  way  in  that  the  Air  Force  had  a pro- 
gram proceeding  called  SPUR  and  the  AEC  had  a program  proceeding 
called  SNAP-50.  It  was  apparent  also  that  NASA  was  interested. 

Mr.  Karth.  SNAP-50  was  funded  by  NASA? 

Air.  Finger.  No,  sir,  it  was  funded  by  the  AEC.  It  was  a reactor 
development  effort. 

Mr.  Karth.  Where  did  NASA  come  in? 

Air.  Finger.  NASA  had,  all  along,  a technology  effort  on  high 
powered  electric  systems  which  is  still  an  important  program  item 
in  our  budget.  We  are  interested  in  power  going  up  into  the  mega- 
watts of  power  and  it  is  this  technology  effort  that  is  being  coordinated 
with  the  AEC  and  Air  Force  program  through  our  deputy  assigned  to 
that  SNAP-50  office. 

Mr.  Karth.  Do  you  have  any  idea  whether  or  not  this  inability 
to  reach  agreement  caused  a delay  in  the  program? 

Mr.  Finger.  I don’t  believe  it  did.  I know  it  didn’t  alter  our  pro- 
gram. We  proceeded  with  our  technology  effort  in  the  same  way  and 

I 

Mr.  Karth.  You  don’t  think  it  speeded  it  up? 

Mr.  Finger.  No,  sir.  The  funds  were  available.  I think  all  of 
the  agencies  proceeded  with  their  part  of  the  program  in  the  way  tLty 
had  planned  to  proceed.  It  was  the  management  structure  that  w<  j 
in  question,  not  the  program  itself,  not  the  basic  elements  of  tVe 
program. 

Mr.  Karth.  When  you  have  the  management  structures  disagree- 
ing, it  seems  to  me  something  happens. 

Mr.  Finger.  We  are  in  a very 
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Mr.  Karth.  Either  your  independent  programs  are  slowed  down 
or  they  take  a devious  course  or  it  is  speeded  up  but  certainly  it 
doesn’t,  in  my  opinion,  go  down  the  same  road  that  it  would  have 
gone  down  had  nothing  happened  in  the  way  of  disagreement. 

Mr.  Finger.  I think  the  timing  of  the  program  really  plays  a very 
important  part  in  the  judgment  of  whether  it  slowed  down  or  not. 
It  was  obviously  not  speeded  up.  By  timing  I mean  this;  that  we  are 
now  in  a position  where  we  are  trying  to  develop  the  materials  data, 
corrosion  data,  heat  transfer  coefficients,  very  basic  elements  of  the 
technology  and  research  information.  This  is  information  that  can 
proceed  without  need  to  integrate  it  closely  into  a particular  system 
concept,  so  that  at  this  point,  I would  say  those  elements  of  the  pro- 
gram did  proceed  as  they  were  planned.  We  certainly  proceeded 
as  we  had  planned  and  stiU  are;  I know  that. 

Mr.  Mosher,  Mr.  Chairman,  Mr.  Finger  says  that  the  various 
agencies  involved  proceeded  with  their  work  involving  management 
procedures.  Was  there  any  duplication  of  effort  between  the  agencies 
as  they  proceeded? 

Mr.  Finger.  No,  sir.  The  AEC  was  handling  the  reactor  portion 
of  the  program  and  neither,  as  I understand  it,  neither  the  Air  Force 
in  Spur  nor,  certainly,  the  NASA  were  doing  reactor  work.  The  Air 
Force  had  some  study  work  being  done  by  Aerojet  Nucleonics  which 
was  transmitted  to  the  AEC  on  a continuing  basis.  All  of  that  in- 
formation was  available  to  the  Atomic  Energy  Commission. 

Mr.  Mosher.  So  you  say  tu"*e  was  no  particular  waste  or  ineffi- 
ciency resulting  from  this? 

Mr.  Finger.  No,  sir.  On  the  NASA  and  Air  Force  side  we  both 
worked  in  the  nonnuclear  aspects  of  high  power  system  programs  and 
there  we  had  very  close  liaison  on  the  working  levels  as  well  as  meetings 
I had  with  Air  Force  representatives  to  insure  our  program  elements 
were  contributing  to  each  other.  There  were,  for  example,  total  areas 
in  which  the  Air  Force  did  no  work  because  we  had  a program  going  in 
that  area.  So  that  these  individual  research  elements  were  being  co- 
ordinated  and  they  didn’t  rely  for  their  execution  on  having  a single 
management  structure  at  that  time.  As  time  goes  on  and  specific 
systems  are  to  be  developed,  the  management  structure  becomes 
extremely  important  because  you  have  to  integrate  all  of  this  work. 
Our  technology  effort  is,  however,  not  a direct  part  of  the  SNAP-50 
project  but  it  does  provide  important  research  and  technological 
information. 

Mr.  Earth.  It  is  even  very  important  when  you  are  beginning  a 
program,  isn’t  it? 

Mr.  Finger.  You  must  certainly  know  that  you  don’t  duplicate 
any  of  the  work  unnecessarily.  I think  there  is  a point  to  be  made 

Mr.  Earth.  Good,  strong  central  management  is  very  important, 
regardless  of  the  time  frame  within  the  program. 

Mr.  Finger.  Yes,  sir;  I agree  with  that.  I agree  with  that. 

Mr.  Hammill.  How  long  were  the  SNAP-50  and  SPUR  programs 
independent? 

Mr.  Finger.  Well,  the  SNAP-50  program  was  a fairly  new  one,  as 
I understand  it.  I don’t  remember  when  it  was  started  exactly.  The 
initial  work  is  an  outgrowth  of  the  nuclear-powered  airplane  work  at 
Pratt- Whitney.  The  SPUR  program  was  started  in  a study  way  back 
in  1959,  and  when  it  was  started  NASA  and  the  Air  Force  sat  together 
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and  discussed  it  and  discussed  the  work  statement  that  the  Air  Force 
issued.  The  AEG,  I believe  participated  in  the  selection  of  the  con- 
tractors for  SPUR  from  the  reactor  point  of  view.  So  there  was  co- 
ordination right  from  the  start  of  it. 

Mr.  Hammill.  The  only  question  relates  to  the  fact  that  they  were 
independent  programs  for  a year  or  two  or  more,  but  recently  they 
were  combined.  Why  did  they  remain  independent  as  long  as  they 
did?  If  it  is  wise  to  combine  them  as  a single  effort,  as  has  been  done , 
why  wasn’t  it  wise  to  do  that  early  in  the  game? 

Mr.  Finger.  I think  there  was  just  no  feeling  that  it  was  essential 
at  that  time  to  coordinate  the  research  efforts,  that  the  managements 
of  the  separate  agency  efforts  could  be  coordinated  in  such  a way  that 
there  would  be  no  undesirable  duplication. 

Mr.  Hammill.  This  is  now  under  your  office? 

Mr.  Finger.  No,  it  isn’t.  The  SNAP-50  program  is  being  managed 
in  the  AEC,  with  a NASA  deputy  assigned  to  that  office  and  an  Air 
Force  deputy  assigned  to  that  office. 

Mr.  Hammill.  You  have  nothing  to  do  with  that,  is  that  correct? 

Mr.  Finger.  The  NASA  deputy,  assigned  to  the  office,  reports 
into  the  Electric  Power  Systems  Branch  of  my  NASA  office. 

Mr.  Karth.  Are  any  of  NASA’s  moneys  going  into  that? 

Mr.  Finger.  Into  SNAP-50  office  itself?  No,  sir.  We  do  have, 
in  NASA,  a technology  program  which  does  provide  technology 
which  I am  convinced  will  be  very  useful  in  a SNAP-50  system,  and 
it  is  that  information  that  will  be  carried  into  that  office  by  our  man 
assigned  to  it.  Our  technology  effort  is  a broad  gage  effort  that 
will  permit  us  to  go  to  megawatts  of  power. 

Mr.  Karth.  This  technology  is  being  carried  on  in  various  centers 
such  as  Lewis;  right? 

Mr.  Finger.  Lewis,  as  well  as  on  contract. 

Mr.  Karth.  Might  it  be  duplicating  what  is  done  at  AEG? 

Mr.  Finger.  No,  sir;  I know  it  is  not.  We  have  a man  there  that 
knows  the  AEC  SNAP-50  program  in  detail,  and  he  also  knows  our 
program  in  detail. 

Mr.  Karth.  How  much  money  is  your  office  asking  in  the  1964 
budget? 

Mr.  Finger.  In  the  nuclear  electric  systems? 

Mr.  Karth.  Yes. 

Mr.  Finger.  We  have  $13  million  for  the  “Advanced  research  and 
technology,”  $15.1  million,  I think,  for  SNAP-8  system,  or  our  portion 
of  the  SNAP-8  system,  $9  million  for  the  development  of  SNAP-8 
flight  technology.  I think  it  is  $1.4  million  for  flight  tests  to  evaluate 
zero  gravity  effects  in  these  systems. 

Mr.  Karth.  Zero  gravity  effects  are  the  same,  no  matter  what 
system  they  are  in,  whether  a nuclear  system  or  chemical  system? 

Mr.  Finger.  The  difference  is  primarily  in  the  configuration  and 
the  fluids  you  work  with.  The  fluids  we  are  interested  in  are  liquid 
metals,  molten  metals,  used  as  our  working  fluids,  as  well  as  metal 
vapors. 

Mr.  Karth.  You  are  talking  about  the  reaction  of  fuels  under  zero 
gravity  conditions? 

Mr.  Finger.  We  are  talking  about  the  boiling  and  condensing  of 
these  metals  in  zero  gravity.  I think  most  of  zero  gravity  work  you 
have  heard  of  so  far  has  been  related  to  the  propellant  systems,  hydro- 
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gen,  oxygen  systems.  That  is  not  the  work  we  are  doing.  We  are 
relating  our  zero  gravity  work  specifically  to  the  SNAP-8  system  and 
these  electric-powered  systems,  using  liquid  metals  and  metal  vapors. 

Mr.  Karth.  What  is  the  difference  between  SNAP-8  and  SNAP-50? 

Mr.  Finger.  Power  level  and  technology.  The  SNAP-8  tech- 
nology-^— 

Mr.  Karth.  Should  we  be  traveling  down  both  roads? 

Mr.  Finger.  SNAP-8  is  only  a 30-kilowatt  system  and  the  SNAP- 
50  that  is  being  carried  on  by  the  AEC  will  deliver  300  to  1,000  kilo- 
watts of  power.  The  exact  value  is  not  yet  determined,  but  it  will 
approach  the  megawatt  range. 

Mr.  Karth.  Why  are  we  doing  work  on  a 30-kilowatt  system? 

Mr.  Finger.  As  we  see  it,  there  are  strong  potential  uses  for  this 
kind  of  a power  level.  It  was  started,  as  you  recall,  originally  to 
serve  both  auxiliary  power  requirements  and  early  electric  propulsion. 
Essentially  our  chemical  vehicles  have  grown  so  large  that  the  SNAP-8 
system  doesn’t  serve  very  well  as  an  electric  propulsion  system;  it  is 
intended  for  on-board  power  to  serve  auxiliary  power  requirements, 
but  it  might  also  be  used  for  orbit  stabilization.  Our  interest  is  largely 
for  providing  power  for  large  space  laboratories,  for  lunar  stations,  and 
for  deep-space  communications.  We  will  need  high  powers  for  those 
applications,  30  kilowatts  of  power. 

Mr.  Karth.  Is  the  technology  for  a larger  producer  of  power  differ- 
ent from  the  technology  used  for  a relatively  small  producer  of  power? 

Mr.  Finger.  The  main  reason  for  that  is  the  result  of  the  applica- 
tion. A SNAP-8  system  being  used  for  auxiliary  power  can  be  fairly 
heavy.  We  would  like  to  make  it  as  light  as  possible,  but  it  can  be 
fairly  heavy  and  we  do  intend  to  use  it  for  auxiliary  power  in  these 
space  laboratories,  and  so  on. 

Mr.  Karth.  My  question  was  a large  producer  of  power 

Mr.  Finger.  It  must  be  different  technology. 

Mr.  Karth.  It  calls  for  a different  technology  than  the  development 
of  a power  system  of  the  lower  kilowatt  range? 

Mr.  Finger.  Yes,  sir,  the  main  reason  being  that  the  weight  of  the 
system  would  be  too  large  if  we  used  the  same  technology. 

Mr.  Karth.  I knowr  there  would  be  differences  in  the  whole  vehicle, 
but  is  the  technology  different? 

Mr.  Finger.  In  order  to  maintain  a reasonable  weight  you  must 
go  to  high  temperatures  in  a higher  power  system.  For  example,  if 
we  use  the  SNAP-8  technology  in  a thousand-kilowatt  system  we 
would  have  a system  that  weighed  100,000  pounds,  because  the 
SNAP-8  will  weigh  100  pounds  per  kilowatt.  In  order  to  have  a 
system  at  a megawatt  that  is  of  reasonable  weight  to  put  on  any  of 
our  vehicles,  we  must  go  to  higher  temperatures,  and  this  involves  the 
development  of  a new  technology.  The  system  would  just  be  too 
heavy  if  we  used  SNAP-8  technology. 

Mr.  Karth.  You  feel  that  we  will  have  future  uses  for  a lower 
kilowatt  nuclear  power  source? 

Mr.  Finger.  Yes,  sir,  I do.  In  addition  to  that,  we 

Mr.  Karth.  At  the  moment  we  don’t  have  any  specific  use  for  it, 
do  we? 

Mr.  Finger.  No,  sir,  and  I think  that  is  a very  important  point  to 
make  for  most  of  the  areas  that  I am  talking  about  here.  The  systems 
we  are  developing  here  are  aimed  at  establishing  for  us  the  technology 
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and  the  kind  of  systems  that  we  will  want  to  use  for  missions  beyond 
those  that  are  currently  planned  and  for  which  firm  time  requirements 
are  established.  Essentially,  we  want  to  be  sure  that  when  we  get 
to  a point  of  doing  these  missions  beyond  the  first  lunar  landings  we 
are,  in  fact,  in  a position  to  do  so. 

Mr.  Karth.  If  the  question  is  asked  on  the  floor  of  the  Congress 
or  by  the  full  committee  or  the  subcommittee  what  portion  of  your 
budget  is  directly  applicable  to  the  manned  lunar  landing  program, 
we  can  say  that  insofar  as  the  nuclear  systems  office,  none  of  it  is, 
couldn’t  we? 

Mr.  Finger.  Not  to  the  first  manned  lunar  landing.  We  had 
earlier  hoped  we  could  be  a backup  approach  on  the  first  manned 
lunar  landing  system  with  a nuclear  rocket,  but  our  timing  is  not  right. 

Mr.  Karth.  I am  talking  about  the  $20  billion  program. 

Mr.  Finger.  That  is  correct. 

Mr.  Karth.  Our  answer  could  be  “None,”  right? 

Mr.  Finger.  That  is  correct.  We  are  part  of  the  program  aimed 
at  developing  systems  to  provide  this  country  with  a capability  to  do 
the  missions  beyond  that  first  manned  lunar  landing.  For  example, 
lunar  logistics,  where  we  establish  a station  on  the  Moon  and  have 
to  supply  it  with  manpower  and  flight  cargo,  as  well  as  with  power; 
planetary  missions  where  we  carry  men  out  to  the  planets,  either  to 
land  or  simply  to  fly  by,  for  both  communications  and  the  propulsion 
capability.  These  are  systems  that  are,  essentially,  laying  the  ground- 
work to  provide  us  with  a capability  to  go  beyond  this  first  really 
large  mission  that  we  are  talking  about. 

And  they  are  the  missions  that  I think  many  of  us  believe  are 
inevitably  the  ones  that  will  be  coming  along  to  follow  on  beyond  the 
manned  lunar  landing  mission. 

Mr.  Mosher.  Mr.  Finger,  this  is  just  a matter  of  curiosity:  Do 
you  have  any  specific  information  which  leads  you  to  believe  that 
the  Russians  are  as  deeply  involved  already  and  as  deeply  committed 
as  we  are  to  work  looking  to  missions  beyond  the  lunar  landing?  Are 
they  as  involved  as  we  already  are  in  it? 

Mr.  Finger.  I don’t  have  any  information  on  that.  There  may 
be  information  in  the  Agency  on  it,  but  I don’t  know. 

Mr.  Mosher.  We  have  to  assume  they  probably  are. 

Mr.  Finger.  I believe  so.  This  is  a very  large  effort  for  them,  too, 
and  it  must  lead  on  to  something  on  a continuing  basis,  I would  think. 
It  isn’t  the  kind  of  a program  that  I would  think  could  be  cut  off 
drastically  here  or  there. 

Mr.  Mosher.  In  other  words,  the  lunar  landing  itself  doesn’t  make 
any  sense  unless  you  go  beyond? 

Mr.  Finger.  I think  it  must  lay  the  groundwork  for  a continuing 
effort  of  exploration  in  space. 

Mr.  Karth.  Our  whole  policy  of  preeminence  in  space  goes  well 
beyond  the  manned  lunar  landing? 

Mr.  Finger.  Yes,  sir.  I believe  that  is  the  point.  This  is  the  first 
of  the  missions  that  we  believe  that  we  can  do  that  will  clearly  estab- 
lish a preeminence,  but  obviously,  in  my  mind  anyway,  we  must  con- 
tinue this  program  and  do  the  advanced  missions  and  missions  of 
interest  to  us  scientifically  and  technologically. 

Mr.  Mosher.  We  have  to  assume  this  is  the  same  philosophy  the 
Russians  have. 
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Mr.  Finger.  I would  think  so.  They  have  been  using  it  up  to  now. 

Dr.  Bisplinghoff.  Could  I add  something?  We  do  know  that 
the  Russians  are  active  in  the  area  of  electric  thruster  development. 
Mr.  Finger  is  going  to  discuss  this  in  a little  while,  the  work  we  are 
doing  in  electric  engines,  and  this  would  be  an  indication  that  they  are 
working  in  missions  beyond  the  lunar  landing,  since  this  is  not  a de- 
vice which  would  ever  be  used  for  that  purpose. 

Mr.  Mosher.  Our  electric  thrust  development  is  largely  being  done 
in  Lewis? 

Dr.  Bisplinghoff.  A great  deal  of  it,  yes. 

Mr.  Karth.  Doctor,  did  you  say  the  Soviets  are  working  with  this 
electric  thruster  system? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Finger.  Yes,  I neglected  to  mention  that.  We  do  know  they 
have  worked  in  this  area. 

Mr.  Karth.  That  is  rather  important,  isn't  it? 

Mr.  Finger.  Yes,  it  is. 

Mr.  Karth.  What  we  are  talking  about  right  now  as  the  pacing 
item.  For  example,  this  electric  thruster  system  the  Doctor  just 
mentioned,  you  can't  have  that  without  first  having  developed  power 
supply  systems.  So  might  that  imply  that  they  are  ahead  of  us? 

Certainly  it  implies  they  are  doing  a lot  of  work  in  it. 

Mr.  Finger.  It  might  very  well.  There  is  the  possibility  they  are 
ahead  of  us  in  power  levels  and  the  kind  of  systems  they  are  working 
with.  They  are  interested  in  it.  Incidentally,  in  terms  of  direct 
conversion,  it  is  very  clear  that  they  are  working  actively  on  methods 
of  converting  electrical  energy  from  heat  to  electric  power  by  direct 
means,  without  any  turbo  machinery,  and  that  is  an  area,  too,  in 
which  we  are  working.  I don't  know  the  detailed  status  of  their  work 
in  either  of  these  areas. 

Mr.  Mosher.  Are  they  publishing  anything? 

Mr.  Finger.  They  have  published  some  information,  and  it  is  on 
the  basis  of  some  of  that  information  that  we  make  these  conclusions 
that  they  are  quite  interested  in  these  areas. 

Mr.  Mosher.  How  freely  and  completely  do  we  publish? 

Air.  Finger.  In  these  areas,  generally,  we  publish  most  of  our  in- 
formation. We  do  hold  back  some  of  the  techniques  we  use  in  instru- 
mentation and  the  technology  of  these  systems,  but  generally  we 
publish  our  data  quite  freely. 

Mr.  Karth.  You  don’t  see  much  data  published  by  the  Soviets 
on  this? 

Mr.  Finger.  I don’t  see  very  much  of  it;  no. 

Mr.  Karth.  If  they  publish,  would  you  see  it? 

Mr.  Finger.  I believe  it  would  be  in  our  office  and  I would  see  it; 
yes. 

To  go  back  to  the  Kiwi-NERVA-RIFT  program  a bit,  Dr.  Seamans 
and  Dr.  Bisplinghoff  in  earlier  testimony  have  already  pointed  out  we 
are  not  undertaking  the  heavy  procurement  and  development  of  non- 
nuclear components  of  these  systems  until  we  have  demonstration  of 
successful  reactor  operation.  We  think  this  is  a logical  approach, 
but  we  are  not,  by  this  guideline,  eliminating  the  work  on  these  com- 
ponents entirely.  There  are  certain  long  leadtime  development  items 
that  are  required,  certain  technology  developments  that  are  required, 
and  there  are  certain  items  that  will  really  establish  or  have  a real 
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impact  on  the  design  of  the  reactors  as  well  as  on  the  design  of  overall 
systems,  so  we  are  proceeding  with  those  things  in  this  program.  But 
we  are  not  proceeding  with  a major  full  blown  development  effort  on 
NERVA  and  RIFT  until  we  have  a reactor  that  has  indicated  success- 
ful operation. 

A mockup  of  the  NERVA  engine  is  shown  on  the  next  slide  (fig. 
291).  This  engine  stands  22  feet  tall.  The  reactor  is  in  the  central 
portion  of  the  engine,  the  thrust  structure  at  the  top  and  the  thrust 
structure  bolts  up  into  the  liquid  hydrogen  propellant  tank.  The 
nozzle  is  at  the  bottom.  One  of  the  factors  we  are  looking  at  is  the 
effect  of  nuclear  radiation  on  all  of  the  components  of  the  system 


Figure  291 
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We  have  reached  an  agreement  with  the  Air  Force  by  which  the 
Space  Nuclear  Propulsion  Office  would  use  the  nuclear  aerospace 
research  facilities  at  Fort  Worth,  operated  by  Convair  for  the  Air 
Force,  to  evaluate  these  radiation  effects. 

There  is  a test  reactor  down  there  we  are  proposing  to  use  in  this 
program.  In  addition,  we  will  run  the  actuators  that  you  see  at  the 
top  to  control  the  reactor  in  our  Plum  Brook  Reactor  Facility. 

We  are  also  doing  radiation  effects  work  on  the  RIFT  components, 
components  related  to  the  vehicle,  in  a test  reactor  that  is  located  at 
Dawsonville,  Ga.,  operated  by  Lockheed.  This  also  was  an  Air 
Force  facility  and  there  are  negotiations  underway  now  to  determine 
how  to  proceed  with  operation  in  that  facility.  Reactor  tests  such 
as  the  KIWI  and  the  test 
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Mr.  Karth.  May  I interrupt?  Do  you  have  any  request  for  funds 
for  facilities  in  this  area? 

Mr.  Finger.  We  have  a request  for  twenty  and  a half  million 
dollars  in  funds  for  the  nuclear  rocket  program  at  NRDS,  the  Nuclear 
Rocket  Development  Station,  which  are  related  to  the  test  stands  that 
are  located  out  there  and  support  facilities  for  that  site. 

Mr.  Karth.  Do  you  have  any  of  these  facilities  any  pjace  else  in 
this  country  in  private  industry  or  Government? 

Mr.  Finger.  No,  sir.  I think  this  is  a unique  thing  about  the 
nuclear  rocket  program,  in  that  all  of  the  facilities  involved  with 
power  testing  of  reactors  in  the  nuclear  rocket  program  are  located 
in  Nevada  at  this  one  location.  There  are  no  other  facilities  like 
these.  The  testing  of  the  nonnuclear  components  in  simulated 
systems  without  reactors — that  work  can  be  done  at  various  locations. 
But  in  order  to  test  at  power  with  reactors  we  need  this  kind  of  an 
exclusion  situation,  ao  all  of  our  facilities  that  are  planned  for  tests 
using  reactors  are  located  out  in  Nevada. 

Mr.  Karth.  The  facilities  request  you  are  talking  about,  will  that 
involve  the  testing  of  a reactor? 

Mr.  Finger.  That  does  involve  test  stands  in  which  reactors  and 
engines  will  be  tested ; yes,  sir. 

Mr.  Karth.  Is  this  just  a downpayment  or  total  cost  of  facilities? 

Mr.  Finger.  The  facilities  that  w'e  are  requesting  are  primarily 
additions  to  facilities  that  are  already  under  construction  or  in  design. 
For  example,  additions  to  our  first  engine  test  stand,  which  is  shown 
on  the  next  slide  (fig.  292)  and  additions  to  the  disassembly  building 
that  is  being  built,  which  I will  shcwr  shortly 
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Mr.  Karth.  This  $20  million  will  pay  for  all  of  the  additions  that 
you  presently  have  in  mind? 

Mr.  Finger.  There  will  be  need  for  additional  funds  out  in  Nevada 
if  that  is  the  question  that  you  are  really  asking.  These  funds 
don’t  provide  for  any  vehicle  test  stands,  and  there  will  have  to  be 
vehicle  test  stands  out  in  Nevada.  There  will  also  have  to  be  an 
additional  engine  stand  which  can  be  used  either  for  engines  or  ve- 
hicles, in  order  to  integrate  these  systems  so  there  will  be  additional 
facility  requirements  in  Nevada  not  included  in  this  present  budget. 
This  doesn’t  complete  our  installation. 

Mr.  Karth.  When  will  you  have  use  for  that  engine  test  stand 
you  just  referred  to? 

Mr.  Finger.  The  first  engine  test  stand  would  be  available  the 
early  part  of  1965.  This  one  that  is  under  construction 

Mr.  Karth.  Have  you  already  funded  for  that? 

Mr.  Finger.  This  is  the  test  stand.  There  is  still  quite  a bit  of 
work  required  to  get  it  ready.  I think  this  is  the  mam  reason  we 
asked  for  funds  in  the  engine  area.  The  test  stand  takes  so  long  to 
build  and  we  have  such  long  leadtimes  that  we  must  anticipate  our 
needs  in  some  of  these  facility  areas.  It  is  not  the  kind  of  an  area  in 
which  we  can  catch  up.  We  can  do  some  catching  up  in  a research  part 
of  the  program  but  it  just  takes  a certain  number  of  long  years  to 
build  the  facility.  These  take  three  years  to  build,  three  to  three  and 
a half  years  to  get  them  operational.  So  we  have  a go-ahead  on 
two  engine  stands,  this  one  and  another  one  now  in  design,  and  ad- 
ditions are  included  in  this  budget  for  those  facilities. 

Mr.  Karth.  Why  does  it  take  three  and  a half  years  to  build 
an  engine  test  stand?  It  takes  about  ,7  years  to  get  to  the  Moon, 
and  it  takes  us  half  that  long  to  build  a test  stand. 

Mr.  Finger.  It  takes  that  long  to  design,  build,  and  activate  the 
test  stand.  There  is  a complicating  factor  m these  nuclear  test  stands 
in  that  they  must  be  built  of  materials  that  will  not  become  radio- 
activated  during  operation.  They  have  high-temperature  gases  and 
high-heat  transfer  situations  associated  with  them.  There  must  be 
proper  exclusion  or  separation  of  the  control  point  from  the  test  stand 
and  tunnels  are  involved.  It  is  a more  complicated  test  installation 
than  is  the  case  with  many  of  our  chemical  rocket  systems,  although 
they  take  2 years  to  2%  years  to  activate  generally. 

Mr.  Karth.  Will  the  test  stands  be  built  with  the  possibility  of 
expansion  so  that  they  may  be  utilized  to  test  larger  or  different 
engines  in  the  future? 

Mr.  Finger.  Yes,  sir.  They  have  a growth  capability  in  them. 
We  do  have  to  limit  that  growth  capability  by  the  funds  available 
and  technical  design  considerations,  but  we  have  built,  into  all  of 
these  stands,  some  growth  margin.  In  fact,  they  can  grow  several 
times. 

Mr.  Mosher.  Mr.  Chairman. 

Is  the  8-hour  day,  5-day-per-week  schedule  very  much  involved  in 
the  fact  that  it  takes  3%  years  to  build  these  test  stands?  Is  that  a 
major  element  in  the  time?  Could  they  be  built  a lot  faster  on  the 
basis  of  overtime  and  double  time  and  all  that  sort  of  thing? 

Mr.  Finger.  They  could  be  built  faster  with  this  land  of  an 
arrangement.  We  have,  in  certain  critical  items  where  we  have  felt 
we  had  a large  gain  to  make  in  time  by  going  to  overtime,  done  that. 
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That  hasn’t  been  done  very  much  because  of  the  premium  pay  in- 
volved. But  we  could  gain  some  time.  I don’t  think  it  would  be 
very  substantial  time  that  could  be  gained.  In  fact,  as  an  example, 
I might  mention  that  out  here  in  the  Nevada  desert  some  of  the  pour- 
ing of  concrete  must  be  done  in  early  evenings  or  very  early  mornings 
in  order  to  avoid  doing  the*  work  during  the  high  heat  of  the  day  and 
to  be  sure  we  get  a proper  setting  of  concrete;  so  we  are  frequently, 
out  here,  limited  to  when  we  can  do  some  of  the  work  involved.  It  is 
in  particular  with  regard  to  some  concrete  work  that  we  have  had 
some  overtime  requirements. 

Mr.  Mosher.  The  time  lapse  actually  has  quite  a little  to  do  with 
the  construction,  itself,  rather  than  the  amount  of  time  it  takes  to 
design? 

Mr.  Finger.  Yes.  Design  time,  of  course,  can  be  done  pretty 
rapidly,  although  even  that  is  longer  than  a normal  chemical  rocket 
test  stand,  because  of  the  added  factors  that  have  to  be  considered. 
We  have  also  found  another  problem  we  have  is  that  there  are  develop- 
ment items  right  within  the  test  stand.  For  example,  the  exhaust 
duct  that  deflects  the  exhaust  gases  from  the  engine  in  this  test  stand 
involves  high  heat  fluxes  of  the  high  temperature  hydrogen  gas  and  in 
order  to  try  to  simulate  altitude  conditions  in  the  system  we  have  a 
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ector  to  try  to  get  to  low  pressures;  so  there 
Ived  just  in  building  the  test  stands  in  these 
systems,  as  well  as  in  building  the  engines  and  the  reactors.  This  is 
another  reason  that  we  have  had  long  times  in  building  many  of  these 
stands.  Incidentally,  I might  mention,  the  structure  of  this  entire 
stand  is  aluminum  in  order  to  try  to  keep  the  radioactivity  down  in 
the  stand. 

On  the  next  slide  (fig.  293)  you  see  the  status  of  our  disassembly 
building  and  assembly  building  (E-MAD).  After  an  engine  is  tested 
it  is  radioactively  hot  and  must  be  moved  remotely  and  disassembled 
remotely.  This  is  the  steelwork  on  our  assembly  bay  of  thb  dis- 
assembly building.  The  engine  will  be  brought  on  a railroad  car, 
remotely  controlled,  along  these  railroad  tracks  into  the  disassembly 
area  which  will  be  a 6-foot-thick  concrete  structure.  The  walls  will 
be  6 feet  thick  and  all  operation  on  the  reactor  will  then  be  done  using 
remote  manipulators  operated  from  behind  the  6-foot  concrete  walls. 
There  is  in  this  budget  an  addition  on  this  building,  the  engine  disas- 
sembly building,  as  well. 

In  addition  to  the  development  of  NERVA,  we  have  indicated  that 
the  RIFT  stage  will  be  used  to  flight  test  the  NERVA  engine  and  that 
that  is  its  primary  objective,  but  it  is  also  being  designed  in  such  a way 
it  could  lead  to  an  operational  third  stage  on  Saturn,  on  the  Saturn  V . 
Our  present  concept  of  the  RIFT  stage  is  shown  in  the  next  slide  (fig. 
294) . You  can  see  here  the  total  height  of  the  stage  is  about  126  feet , 
the  diameter  is  33  feet,  which  is  the  same  diameter  as  the  Saturn  V 
diameter.  The  NERVA  engine  is  shown  at  the  left  of  that  chart. 
It  is  interesting  to  point  out  that  this  stage  will  have  almost  the  largest 
hydrogen  tank  of  any  vehicle  now  being  developed.  The  next  slide 
(fig.  295)  indicates  the  kind  of  a trajectory  we  are  talking  about  using 
in  flight  testing  this  stage.  Next  slide. 

We  will  essentially  have  a lob  shot  from  the  cape  with  the  RIFT 
stage  set  down  on  tne  S-IC  of  the  Saturn  V vehicle,  with  a dummy 
second  stage,  and  there  will  be  a ballistic  firing  over  a limited  range 
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trajectory  trom  the  cape.  There  will  be  about  20  minutes  of  operating 
time  in  this  flight  test.  The  implementation  of  the  hardware  aspects 
of  RIFT,  of  course,  depends  on  the  availability  of  the  reactor  tech- 
nology and  the  demonstration  of  successful  reactor  operation. 

Mr.  Mosher.  What  general  date  are  you  aiming  for  for  that? 

Mr.  Finger.  We  had  established  various  schedules  but  after  the 
last  reactor  test  and  with  the  redesign  effort  we  are  going  through 
we  are  still  in  the  process  of  looking  at  wdiat  schedules  are  reasonable. 
We  haven’t  fully  established  the  program  schedules  yet.  In  addition 
to  that,  because  of  the  technical  status,  the  flight  date  is  indefinite. 
The  development  of  the  RIFT  and  NERVA  systems  depend  on  the 
technology  of  the  Kiwi  or  NERVA  reactor. 

Mr.  Mosher.  Is  this  some  years  away? 

Mr.  Finger.  Yes,  it  is.  We  would  hope  to  do  it  in  this  decade, 
however,  but  we  are  not  prepared  at  this  point  to  really  specify  a 
date  on  it.  It  depends  so  much  on  when  the  technology  is  available 
for  the  reactor.  The  next  figure  (fig.  296)  summarizes  the  Kiwi- 
NERVA-RIFT  timing  and  phasing.  We  have  had  six  tests  on  the 
Kiwi  reactors  so  far  as  showm  on  the  upper  yellow  bar.  Data  from 
those  tests  as  wrell  as  the  background  information  developed  by  Los 
Alamos  has  been  feeding  continuously  into  the  second  bar,  wdiich  is 
the  NERVA  contractor  responsibility.  After  the  next  Kiwi  test, 
the  Kiwi  program  will  phase  out.  All  of  the  information  then  related 
to  NERVA  will  be  the  responsibility  of  NERVA  as  a single-line  effort. 
We  have  already  given  the  NERVA  contractors  responsibility  to 
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proceed  with  the  reactor  required  for  NERVA,  designing  and  building 
reactors  for  NERVA  and  reactor  components.  That  work  wifi 
continue  on  to  the  development  of  a fully  operational  and  reliable 
NERVA  engine. 

When  the  NERVA  engine  gets  to  a point  where  we  have  sufficient 
confidence  in  its  reliability  and  operability,  it  will  be  mated  with  a 
RIFT  vehicle  which  is  the  bottom  bar  and  we  will  start  our  program 
of  static  testing  out  in  Nevada  of  the  entire  stage.  We  will  continue 
that  on  through  the  development  of  the  stages  that  will  be  flight 
tested  and,  I am  convinced,  on  to  the  development  of  an  operational 
stage  to  be  applied  to  the  Saturn  V.  In  addition  to  what  I term  early 
development  projects,  such  as  RIFT  and  NERVA,  we  consider  it 
essential  to  conduct  an  active  advanced  research  and  technology 
program  paralleling  the  development  effort.  This  is,  I believe, 
especially  important  in  an  area  like  this  one  where  it  isn’t  only  the 
single  system  that  we  are  trying  to  develop  but  we  are  trying  to  develop 
a whole  newr  area  of  rocketry  that  will  permit  us  greater  freedom  and 
flexibility  for  traveling  throughout  space.  The  advanced  technology 
phase  of  this  program  is  a very  essential  part,  both  in  supporting  tne 
development  and  also  leading  to  more  advanced  ideas  ana  advanced 
systems.  Our  work  in  this  area  includes  such  items  as  work  on  ad- 
vanced, higher  power  graphite  reactors.  This  part  of  our  program 
has  usually  been  called  Pnoebus.  It  is  the  work  that  will  be  done 
primarily  by  Los  Alamos  with  engineering  support.  It  includes  work 
on  the  metallic-reactor  technology,  work  on  nonnuclear  engine  com- 
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ponents  aimed  at  higher  powers  and  greater  performance  capability 
and  improved  design  concepts  and  it  also  includes  the  investigation 
of  advanced  reactor  concepts  such  as  the  gaseous  core  reactors  that 
offer  promise  of  very  high  specific  impulse,  much  higher  than  we  can 
get  out  of  the  solid  fuel  element  reactors. 

Much  of  this  work  on  the  nonnuclear  engine  components  in  our 
ART  program  is  conducted  at  our  Plum  Brook  installation  and  there 
has  been  funding  in  past  years  to  provide  facilities  for  our  controls 
and  nuclear  systems  studies  at  Plum  Brook.  We  will  also  use  the 
Plum  Brook  reactor  for  some  of  the  radiation  effects  work  in  this 
program.  There  is  greater  detail  in  this  section  on  our  advanced 
research  and  technology  effort  in  my  formal  statement  but  I think  for 
the  sake  of  time  I would  just  summarize  it  by  the  comments  I have 
just  made. 

It  is  apparent,  I believe,  that  the  effort  on  nuclear  rockets  is  a sub- 
stantial one.  It  is  justified,  we  are  convinced,  by  the  potential 
performance  advantages  and  capability  and  wide  applicability  of 
these  systems  for  these  space  missions.  We  believe  that  the  program 
we  are  pursuing  is  a logical  one  and  includes  the  sort  of  work  essential 
in  insuring  that  this  technology  will  be  available  at  the  earliest  possible 
time.  Our  emphasis  continues  to  be  on  the  solution  of  reactor 
problems  and  development  of  a reactor  design  suitable  for  flight 
application.  We  are  confident  that  this  kind  of  a reactor  can  be 
developed.  In  addition  we  are  doing  work  in  important  nonnuclear 
areas  that  are  required  to  assure  that  this  technology  can  be  available. 

I would  like  now  to  go  into  the  discussion  of  our  nuclear  electric 
power  and  electric  propulsion  programs.  The  single  line  item  in  our 
budget  called  nuclear  electric  system  programs  is  composed  of  two 
major  segments:  One,  the  development  of  systems  for  generating 
electric  power  using  nuclear  energy  sources,  and  the  second  one  is  a 
use  of  the  electric  energy  to  develop  thrust  in  an  electric-thrust  engine. 
I would  like  first  to  discuss  the  nuclear  electric  power  programs  and 
our  technical  goals  in  that  program  as  well  as  the  electric  propulsion 
program  as  shown  on  the  next  slide  (fig.  297) . 

The  power  program  goals  include  trying  to  get  as  light  a system 
as  we  can.  We  arc  trying  to  get  a weight  of  10  pounds  per  kilowatt 
in  these  power  generating  systems.  As  I mentioned  earlier,  this  is 
necessary  for  electric  propulsion.  It  is  desirable  but  not  necessary 
for  auxiliary  power.  In  addition  we  want  a wide  range  of  power 
capability.  We  think  of  isotope  systems  to  provide  powers  up  to 
1 kilowatt  or  in  the  watts  of  powers.  We  think  of  the  reactor  systems 
for  providing  powers  into  the  megawatt  range.  In  addition  for  all 
of  these  systems  we  need  long  life  and  it  is  really  for  long-life  applica- 
tions that  the  nuclear  systems  hold  promise.  They  must  therefore 
be  developed  for  operating  life  without  maintenance  of  at  least  a 
ve&r  and  going  up  into  several  years  for  some  of  the  applications 
that  we  have  studied. 

In  regard  to  the  electric  engine  program,  one  of  our  major  goals  is 
high  efficiency.  The  higher  the  efficiency  the  lower  the  power  that  is 
needed  out  of  the  power  supply  and  therefore  the  lower  the  weight  of 
the  power  supply;  so  we  do  want  to  get  high  efficiency  in  these  engines. 
In  addition  the  requirement  for  long  life  still  exists  there.  Now,  we 
also  have  a broad  range  of  thrust  that  is  required  but  you  will  notice 
that  the  thrust  levels  are  very  low.  These  systems  with  electrical 
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acceleration  are  just  not  capable  of  developing  high  thrust  and  they 
must,  therefore,  be  used  as  space  engines,  not  at  all  as  booster-type 
engines.  They  can  only  propel  us  once  we  are  out  in  space. 

Mr.  Karth.  Mr.  Finger,  just  as  a matter  of  curiosity,  if  we  put 
this  much  effort  into  the  development  of  a nuclear  engine  for  the  pur- 
pose of  powering  automobiles,  could  we  develop  one? 

Mr.  Finger.  There  really  wouldn’t  be  anytning  to  gain  as  I see  it 
in  that  kind  of  application.  There  would  be  a problem  in  shielding, 
in  safe  operation,  but  the  important  thing  is  that  we  have  gas  stations 
located  all  over  the  country  and  we  can  stop  to  refuel  wherever  we 
want.  I think  if  we  had  way  stations  all  the  way  out  to  Mars  so  we 
could  stop  and  refuel  chemical  rockets  we  would  do  that  too,  generally. 
The  problem  in  space  missions  is  that  we  must  carry  the  propellant 
with  us  right  from  the  start  or  else  try  to  refuel  and  rendezvous  at 
various  locations  in  space  in  order  to  provide  us  with  a capability  to 
go  far.  On  the  Earth  we  don’t  quite  need  this.  We  have  a capability 
to  travel  far. 

Mr.  Karth.  What  you  are  saying  is  that  all  of  the  research  and 
technology  that  goes  into  the  development  of  these  engines  do  not 
have  a commercial  or  a consumer  application  in  any  sense  of  the  word? 

Mr.  Finger.  Not  in  the  case  you  have  illustrated.  I think  that 
there  is  the  strong  probability  that  some  of  the  technology  we  de- 
velop may  have  impact  on  various  of  the  reactor  programs  that  are 
being  investigated  from  the  point  of  improving  analytical  methods, 
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for  materials  properties,  and  so  on,  but  not  specifically  as  the  systems 
being  directly  applied. 

Mr.  Karth.  You  don’t  think  a nuclear-powered  automobile  engine 
would  be  any  better  than  the  reciprocating-piskus  type  engine  we  use 
today? 

Mr.  Finger.  No,  sir;  I don’t,  and  I like  nuclear  energy. 

Mr.  Karth.  Do  you  foresee  any  other  areas  wnere  this  technology 
may  have  some  future  consumer  use,  where  it  might  find  its  way  into 
the  economic  stream  of  this  country? 

Mr.  Finger.  I think  the  real  possibilities  in  this  area  are  by  virtue 
of  development  of  certain  of  the  technological  items,  by  developing 
new  materials,  new  methods  of  fabricating  them.  High  temperature 
is  something  we  look  for  in  almost  any  compact  power  source. 

Mr.  Karth.  If  you  don’t  have  a need  of  this  kind  of  an  engine, 
and  this  kind  of  an  engine  is  not  applicable  to  any  domestic  or  com- 
mercial economic  use,  then,  of  course,  you  could  develop  all  you  want 
to  because  we  are  only  going  to  use  about  three  or  four  a year,  so 
you  really  do  nothing  for  the  material  section  of  the  Nation. 

Mr.  Finger.  My  comment  in  relation  to  your  question  was  really 
that  this  system  as  it  exists  is  not  something  that  can  be  used  directly 
in  any  kind  of  a commercial  application  but  I am  convinced  the 
technology  we  develop,  the  materials  work,  the  data  on  heat  transfer, 
the  control  system,  and  the  electronic  gear,  the  instrumentation,  the 
analytical  methods,  and  so  on,  will  have  commercial  applications. 
They  will  provide  us  with  a greater  flexibility  in  building  various 
commercial  systems  and  products. 

For  example,  central  station  powerplants  may  significantly  benefit 
by  some  of  these  systems,  or  process  gas  systems  will,  I believe,  benefit 
from  the  kind  of  technology  we  are  developing  here,  but  the  system, 
as  such,  doesn’t  have  a general  applicability,  I don't  believe.  The 
system  as  we  are  developing  it  is  really  a space  flight  system,  but 
certainly  the  materials  we  develop  and  the  technology  we  develop 
will  find  its  way  into  the  general  industrial  and  technical  competence 
of  the  country. 

Mr.  Karth.  Other  than  in  materials,  can  you  think  of  any  other 
areas  where  it  might  find  its  way  into  the  general  consumer  type 
economic  stream? 

Mr.  Finger.  Well,  we  may  develop  materials  that  are  radiation 
resistant,  and  these  could  be  used  in  bearings  or  turbines  and  pumps, 
and  so  on,  in  various  kinds  of  powe.  application,  but  it  is  in  the  area  of 
components  and  basic  information  rather  than  in  the  full  system  and 
I think  there  we  will  in  fact  find  great  use  of  these  systems. 

I would  like  to  go  very  quickly  through  each  of  the  program  elements 
indicated  on  the  right,  starting  with  the  SNAP-8  system,  the  SNAP -8 
flight  evaluation,  the  advanced  research  and  technology  effort,  and 
the  MECA. 

Mr.  Karth.  I wonder  if  you  would  just  amplify  the  SNAP-8 
flight  evaluation  and  advanced  research  and  technology.  Why  do  we 
separate  advance  research  and  technology  from  the  two  SNAP 
programs?  They  are  all  research  and  technology,  aren’t  they? 

Mr.  Finger.  But  they  are  much  closer  to  available  technology  and 
we  have  started  them,  in  fact,  as  full  development  efforts.  We  have 
hardware  being  developed  for  those,  whereas  in  the  advanced  research 
and  technology  program  we  have  some  27  different  groups  working 
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with  us.  Part  of  the  work  is  done  in  house,  a large  part  is  done  outside 
through  industrial  universities  and  various  research  institutes. 

The  next  slide  (fig.  101,  p.  1926)  indicates  the  SNAP-8  system  which 
is  a hardware  development  effort.  It  consists  of  two  main  systems,  a 
nucelar  subsystem  and  a nonnuclear  or  power  conversion  subsystem. 
The  nuclear  reactor,  itself,  is  being  developed  for  the  Atomic  Energy 
Commission  by  Atomics  International.  The  rest  of  the  system  is  being 
developed  by  Aerojet  General  for  NASA  and  the  integration  of  these 
is  also  the  responsibility  of  NASA.  We  have  gone  through  a review 
and  a redesign  of  this  system.  This  is  the  redesigned  version  and  the 
next  slide  (fig.  299)  indicates  the  results  of  redesign. 
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Essentially,  we  believe  we  have  gotten  a system  that  is  easier  to 
develop  than  our  original  design.  We  believe  it  has  a better  chance 
of  getting  high  reliability  and  the  long  life  we  want.  It  will  be 
heavier,  but  we  are  willing  to  take  this  sacrifice  because  we  intend  to 
use  the  system  for  onbourd  power  and  consider  it  a very  important 
part  of  our  program  from  that  point  of  view.  It  will  in  addition  be 
a much  more  versatile  system  in  that  we  will  be  able  to  apply  it  easily 
to  many  different  kinds  of  vehicles. 

Some  of  the  problems  that  we  have  encountered  are  materials 
problems,  and  the  rtext  slide  (fig.  300)  indicates  a result  of  some  of 
our  materials  testing.  One  of  our  problems  is  that  we  use  mercury 
in  this  SNAP-8  system  as  a turbine  drive  fluid  and  mercury  is  quite 
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a corrosive  fluid.  This  slide  shows  you  three  capsules,  small  sealed 
metallic  capsules.  Mercury  is  filled  up  to  about  a third  of  the  height 
of  each  of  the  capsules,  and  it  is  then  boiled.  The  mercury  vaporizes 
and  coats  the  walls  and  is  then  condensed  back  to  a liquid.  You  can 
9ee  the  corrosion  that  has  occurred  in  each  of  these  capsules  after  a 
thousand  hours  of  operation  at  1,200°  F.  The  SNAP-8  mercury 
system  must  operate  at  1,200°  F.,  and  we  are  in  the  process  of  trving 
to  select  a material  or  develop  a material  that  will  give  us  the  long 
life  we  need — a year  of  operation,  which  is  about  9,000  or  10,000 
hours  of  operation,  compared  to  the  1,000  hours  shown  here.  We 
are  tentatively  using  this  Sicromo  material  which  shows  the  lowest 
corrosion. 

This  indicates  a new  technology  that  may  in  fact  have  real  appli- 
cabilitv  in  powerplants  for  various  applications. 

With  regard  to  the  flight  testing  of  this  system,  as  has  been  indicated 
before,  we  are  holding  off  on  hardware  development  on  this  system, 
on  the  test  flight  spacecraft,  until  we  see  how  the  development  effort 
on  the  SNAP-8  system  itself  proceeds,  until  we  get  further  along  in  the 
development  program. 

Mr.  Karth.  Is  most  of  this  work  being  done  in-house? 

Mr.  Finger.  The  SNAP -8  work  is  almost  entirely  outside  contract 
with  Aerojet  General 

It  happens  this  capsule  work  you  see  was  done  in-house  at  the  Lewis 
Research  Center.  Thev  also  are  the  technical  director  on  the  SNAP-8 
program,  so  they  conduct,  and  this  is  essentially  the  way  NASA 
operates  throughout  its  programs,  they  conduct  a strong  in-house 
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effort  in  areas  related  to  those  projects  for  which  they  have  technical 
direction  responsibility.  This  is,  therefore,  work  none  inhouse  in 
support  of  the  SNAP-8  program. 

Mr.  Karth.  I assume  that  the  Navy  and  Air  Force,  and  possibly 
other  agencies  of  Government,  are  doing  research  work  in  this  electrical 
propulsion  system  field.  I wonder  how  do  you  coordinate  the  activ- 
ities of  the  various  agencies  of  Government  that  have  companies  under 
contract  doing  research  in  this  area,  so  that  you  don’t  have  a consider- 
able amount  of  duplication? 

Mr.  Finger.  There  are  really  very  few  groups  that  do  work  in  this 
area.  We  have  a strong  program  in  electric  propulsion,  specifically. 
The  Air  Force  has  a program  out  of  Wright  Field  in  this  area,  and  also 
they  are  going  to  be  running  some  flight  tests.  The  AEC  work  is  in 
the  area  of  power  supplies,  power  systems,  so  there  are  principally 
the  three  agencies.  The  happy  situation  in  this  case  is  that  we  can 
go  to  specific  groups  and  they  have  the  full  responsibility  for  the 
program  in  their  respective  agencies. 

Mr.  Karth.  Duplication  here  is  much  easier  to  keep  tabs  on  than 
for  example  the  electronic  systems? 

Mr.  Finger.  I am  really  not  familiar  with  the  electronic  system 
coordination  problems.  I am  familiar  with  this  program  and  I 
think,  partially  because  there  are  relatively  few  groups  in  it,  the 
groups  can  work  together  and  exchange  their  requests  for  proposals, 
meet  together,  and  there  is  a full  exchange  of  data.  All  of  tne  groups 
get  all  of  the  reports  generated,  and  we  frequently  meet  in  formal 
sessions  to  discuss  very  specific  topics — for  example,  corrosion,  heat 
transfer,  and  such  subjects.  All  of  the  people  involved  get  together 
to  discuss  this  and  reports  are  issued  on  those  meetings  as  well. 

Mr.  Karth.  Thank  you. 

Mr.  Finger.  Now,  with  regard  to  the  flight  test,  there  will  be  work 
done,  supported  by  the  budget  that  we  have  requested,  on  technology 
in  this  area  in  order  to  insure  that  we  have  flight  components  and 
information  available,  so  that  when  we  can  define  a clear  mission  we 
can  build  a spacecraft  that  would  lead  to  the  development  of  a mission 
type  spacecraft. 

In  the  next  slide  (fig.  301)  is  shown  one  of  the  advanced  systems 
that  is  of  interest  to  us.  This  is  very  much  like  SNAP-8  except  the 
temperatures  at  which  it  operates  are  much  higher  than  SNAP-8. 
SNAP-8  operates  at  1,300°  to  1,200°  F.  This  system  operates  in  the 
neighborhood  of  2,000°  F.,  and  as  a result  it  requires  different  mate- 
rials and  different  working  fluids,  and  is  a technology  that  is  not 
readily  at  hand.  It  does  use  a turbine  drive  system. 

The  next  slide  (fig.  302)  shows  another  advanced  system  that  we 
are  interested  in.  This  is  the  thermionic  direction  conversion  system 
in  which  a fuel  element  in  a reactor  is  operating  at  a temperature  of 
about  3,000°  F.  It  is  made  of  a material  that  emits  electrons  which 
are  then  collected  on  the  anode.  The  anode  must  be  cooled,  and  it 
is  cooled  by  a radiator.  This  system  generates  electric  power  that 
can  be  drawn  off  into  any  kind  of  a power  application.  What  you 
see  here  are  very  high  temperatures  in  the  neighborhood  of  3,000°  F. 

Both  of  these  advanced  systems  are  systems  of  great  interest  for 
the  development  of  megawatts  of  electric  power  for  use  in  the  electric 
propulsion  systems,  and  if  we  are  to  have  electric  propulsion  we  must 
have  power  generating  systems  that  give  megawatts  of  power  with 
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very  light  weight.  Neither  one  of  these  systems  is  close  at  hand. 
We  are  working  actively  in  trying  to  develop  the  technology  for  such 
systems.  The  electric  propulsion  application  for  distant  planetary 
missions  is  paced  by  the  development  of  these  power  systems  and  the 
technology  required.  For  that  reason  we  have  a very  active  program 
in  this  advanced  area  working  on  both  of  these  systems,  since  we  are 
not  really  sure  at  this  point  which  one  of  these  systems  would  be 
most  promising.  This  thermionic  system  looks  simpler  because  it  has 
no  moving  parts.  However,  it  operates  at  a higher  temperature  than 
the  turbogenerator  system,  and  the  material  problems  may  be  more 
severe,  so  we  believe  that  there  is  no  clear  choice  to  be  made  at  this 
time.  There  must,  be  a great  deal  of  basic  work  done  before  we  can 
make  such  a choice. 

Mr.  Karth.  You  have  a pump  there. 

Mr.  Finger.  That  is  an  electromagnetic  pump  at  least  in  one  con- 
cept, so  it  is  nonmovable.  There  are  some  people  that  believe  we 
would  need  a mechanical  pump.  The  choice  isn’t  clear  at  this  point, 
either.  There  may  be  further  developments  on  electromagnetic 
pumps  that  could  be  applied  to  this  one.  In  any  case,  even  if  it  is 
movable  it  is  still  one  component  compared  to  turbine  alternator,  and 
several  pumps  in  the  turbogenerator  system. 

Mr.  Karth.  What  is  your  budget  request  for  fiscal  year  1964  in 
this  area? 

Mr.  Finger.  The  direct  research  request  in  the  advanced  research 
and  technology  effort  is  approximately  $13  million  . This  is  for  in- 
house — 

Mr.  Karth.  Is  this  the  advanced  system? 

Mr.  Finger.  Advanced  system  area.  This  is  not  in  thermionic 
direct  conversion  alone,  but  it  is  in  the  whole  area.  In  thermionics — 
it  is  distributed  in  the  thermionics,  if  I can  total  it  rapidly 

Mr.  Karth.  That  is  all  right.  What  was  budgeted  last  year  for 
fiscal  year  1963? 

Mr.  Finger.  Approximately  $10  million,  I believe,  in  this  area. 
There  is  a small  increase  related  to  the  electric  power  system  area  in 
the  supporting  research  area. 

Mr.  Karth.  Did  you  gain  or  lose  funds  during  the  year? 

Mr.  Finger.  In  the  nuclear  electric  system  area  we  gained  $3  million, 
and  in  the  nuclear  rocket  area  we  lost  $11  million.  I shouldn’t  say 
“lost”  because  that  was  a decision  that  we  made  in  that  we  decided 
not  to  commit  as  much  to  the  RIFT  program,  the  flight-test  program 
on  nuclear  rockets,  until  we  had  successful  reactor  operation.  In 
view  of  tbe  fact  that  such  operation  didn’t  occur,  we  cut  funds  out  of 
that  program.  That  was  the  main  change  that  occurred  in  that  pro- 
gram. 

Mr.  Karth.  A loss  of  about  $8  million? 

Mr.  Finger.  It  was  an  overall  loss  of  about  $8  million,  yes.  We  . 
gained  $3  million  I believe  in  the  electric  power,  nuclear  electric  pro- 
grams, and  lost  $11  million. 

Mr.  Karth.  Your  problems  still  haven’t  been  solved  in  the  reactor 
field.  Why  do  you  need  more  money  this  year  than  last  year? 

Mr.  Finger.  I believe  you  are  addressing  your  attention  to  the 
nuclear  rocket  program,  we  haven’t  increased  that  RIFT  program 
very  much  at  all  over  what  we  ended  up  with  last  year.  We  had  $10.7 
million  in  RIFT  in  1963  that  was  used,  and  we  are  asking  for  $12 
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million  now  for  fiscal  year  1964,  so  we  have  essentially  said  we  will 
continue  on  this  pace  until  we  have  a reactor  that  shows  promise,  and 

Eresumably  we  would  come  in  and  ask  for  additional  funds  when  we 
ad  a successful  reactor  we  could  point  to. 

Mr.  Finger.  The  increase  that  I mentioned  from  $10  to  $13  million 
was  in  the  nuclear  electric  systems  area  for  advanced  research  and 
technology. 

Mr.  Karth.  Your  overall  increase  in  the  nuclear  systems  office, 
what  is  that? 

Mr.  Finger.  There  is  increase  in  the  technology  for  SNAP-8 
flight  systems;  there  is  an  increase  in  the  supporting  research  and 
technology  for  nuclear  electric  systems,  and  there  is  an  increase  in  the 
electric  propulsion  part  of  the  system,  electric  engines. 

In  the  nuclear  rocket  area  the  increase  i3  primarily  in  the  NERVA 
program  related  to  doing  some  of  this  components  work  that  I men- 
tioned earlier,  which  was  necessary — the  long  leadtime  component 
work — but  very  little  in  any  other  areas,  and  an  increase  in  the  sup- 
porting research  and  technology  effort  in  the  nuclear  rocket  program. 

Now,  if  1 may  refer  to  the  next  slide  (fig.  303).  This  is  the  vehicle, 
solid  propellant  vehicle,  that  would  be  used  to  evaluate  the  zero  grav- 
itv  effects  in  these  nuclear  electric  systems.  The  vehicle  is  made  up 
of  stages  that  were  available  and  were  assembled  together.  The 
system  will  be  launched  from  Wallops  Island,  and  will  provide  in  the 
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neighborhood  of  8 minutes  of  zero  gravity  operation  in  a ballistic  V 

trajectory. 

It  is  a two-stage  vehicle.  The  payload  is  being  designed  and  built 
by  Lev  is  Research  Center,  and  will  include  a condensing  section  out 
of  one  of  the  mercury  condenser  systems  included  in  SNAP-8.  We 
will  telemeter  data  and,  in  addition,  we  will  photograph,  through  a 
transparent  tube,  the  conditions  in  the  condenser,  ana  then  recover 
the  package  in  accordance  with  methods  already  used  in  the  zero 
gravity  program. 

If  I can  go  to  the  next  slide  (fig.  297,  p.  2505),  I would  like  to 
quickly  go  through  the  elements  on  the  electric  engine  program. 

We  have  the  engine  development  and  advanced  research  and  tech- 
nology efforts,  and  Sert  which  is  our  space  electric  rocket  test  program. 

Tne  next  slide  (fig.  304)  indicates  the  various  kinds  of  engines 
on  which  we  are  working.  These  are  the  arc-jet,  the  ion,  ana  the 
plasma  iet  system.  I don’t  believe  you  can  read  it  but  the  arc-jet 
is  capable  of  giving  impulses  from  700  to  1,500  seconds,  the  ion  3,500 
to  10,000  seconds,  and  the  plasma  jet  700  to  10,000  seconds.  The 
plasma  iet  could  cover  the  entire  range  of  operating  capability  of 
these  other  two  systems.  Unfortunately,  it  is  further  off  in  that 
there  are  many  concepts  available  but  it  is  very  difficult  to  determine 
which  ones  to  concentrate  on.  The  arc-jet  and  ion  engine  are  fairly 
well  advanced.  We  have  had  hundreds  of  hours  of  operation  on  these 
systems. 
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Next  slide,  please  (fig.  94,  p.  1916). 

One  of  our  ion  engines  has  been  shown  by  Dr.  Bisplinghoff.  This 
is  a single  module  capable  of  delivering  thrust  powered  by  a 3-kilowatt 
system  and  the  next  slide  (fig.  95,  p.  1917)  indicates  how  we  would 
cluster  this  into  much  larger  systems.  By  developing  a module  we 
believe  we  can  develop  our  capability  to  go  to  high  powers  as  well  as 
providing  us  with  a research  tool  and  an  engine  for  low-power  systems. 
The  next  slide  (fig.  307)  indicates  the  kind  of  a trajectory  we  will 
follow  with  our  space  electric  rocket  test.  There  are  some  things  that 
we,  at  this  point,  are  not  sure  are  fully  duplicated  in  our  ground  labora- 
tory; some  things  associated  with  space  night  that  we  are  not  sure  are 


Figure  307 

duplicated  in  our  ground  vacuum  laboratories.  For  example,  one  of 
these  items  with  regard  to  the  ion  engines  is  whether  or  not  the  jet 
that  issues  is  in  fact  neutralized  so  we  can  continue  getting  thrust  out 
of  the  system.  For  that  reason  we  are  going  to  be  running  flight 
tests  on  the  Scout  vehicle  with  the  first  of  these  Sert  flight  tests  to  be 
launched  within  6 months  from  now.  The  test  package  is  shown  on 
the  next  slide  (fig.  308).  It  will  contain  two  ion  engines  in  the  pay- 
load.  One  of  them  will  be  fired  up  and  the  increase  in  the  rate  of 
spin  of  the  package  will  be  measured  to  indicate  the  thrust.  That 
engine  will  then  be  shut  down  and  the  opposite  engine  started  up  in 
a reverse  direction  and  the  despin  will  be  measured  again  indicating 
the  thrust  of  the  system.  These  engines  are  well  instrumented.  The 
entire  package  is  being  developed  by  RCA.  One  of  the  engines  is  a 
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Hughes  engine  developed  by  Hughes  under  contract  with  NASA  and 
the  other  one  is  an  engine  developed  by  the  Lewis  Research  Center. 

The  next  slide  (fig.  309)  shows  the  payload  undergoing  test  in  a 
vacuum  chamber  at  tne  Lewis  Research  Center.  I believe  this  system 
test  demonstrates  the  importance  of  doing  as  much  as  is  possible  in 
ground  test  facilities,  trying  to  simulate  all  or  as  many  of  the  space 
flight  conditions  as  we  possibly  can  in  ground  test  facilities.  We  nave 
already  uncovered  problems  in  this  spacecraft  in  the  ground  test  facil- 
ity which,  if  they  had  not  been  found  here,  would  have  caused  failure 
of  the  flight  and,  therefore,  the  wasting  of  the  Scout  vehicle.  The 
facility  was  one  available  to  us  at  Lewis,  a large  vacuum  chamber 
built  specifically  for  electric  engine  testing.  It  was  during  the 
operation  of  this  system  that  we  encountered  shorting  in  the  power 
supply  and  we  are  working  on  trying  to  correct  that  problem.  It 
would,  as  I said,  have  caused  a failure  if  we  had  gone  ahead  with  the 
flight  test  without  such  an  integral  experiment  in  a vacuum  tank 
simulating  the  space  flight  environment.  We  believe  that  this  kind 
of  a testing  is  essential  to  successful  flight  operations  and  that  it  is 
necessary  tnat  we  devote  great  effort  to  simulating  these  environments 
in  our  ground  facilities. 

In  summary  I want  to  emphasize  that  our  major  goal  is  the  early 
and  practical  utilization  of  nuclear  energy  in  3pace.  We  are  con- 
vinced a substantial  effort  is  justified  by  the  potential  performance 
advantages  in  these  systems  for  difficult  space  missions.  Rather 
than  only  developing  specific  pieces  of  hardware,  we  are  conducting 
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Figure  309 

the  program  so  that  we  can  develop  entirely  new  areas  of  rocket  and 
power  technology  and  equipment  that  will  be  available  in  the  long- 
term space  program  when  requirements  are  specified  for  missions  that 
will  inevitably  follow  our  first  lunar  landings.  This  completes  the 
presentation  I had. 

If  you  would  like,  Mr.  Chairman,  we  can,  I believe,  show  that  short 
movie  on  the  test  of  the  Kiwi  B4A  reactor. 

Mr.  Karth.  Fine.  Please  proceed. 

Are  there  any  auestions  at  this  point? 

Mr.  Finger.  Tnis  film  was  taken  of  the  Kiwi  B4A  reactor.  I 
showed  a still  picture  of  that  reactor  earlier.  The  jet  leaves  the 
nozzle  pointing  upward  and  you  will  notice  that  the  jet  of  hydrogen 
is  ignited  by  a torch  so  you  will  see  a yellow  flame  issuing  from  the 
nozzle.  This  is  the  reactor  as  I showed  it  earlier.  This  is  early  in 
the  run.  This  is  liquid  hydrogen  at  this  point.  You  can  see  the 
flashes  there  at  the  top  of  the  figure.  Those  flashes  increased  in 
frequency  and  at  a certain  point  we  determined  that  it  would  be 
wiser  to  shut  down  although  there  was  nothing  visible  actually  leaving 
the  reactor.  It  was  just  those  flashes  that  indicated  damage. 

Mr.  Mosher.  That  was  part  of  the  uranium  element  itself? 

Mr.  Finger.  We  believe  that  the  pieces  we  saw  here,  or  the  flashes, 
were  caused  by  nonuranium  components,  by  thermal  insulation  com- 
ponents that  surrounded  the  core.  These  were  plain  graphite  compo- 
nents. None  of  the  fuel  elements  left  except  a few  on  the  outside, 
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but  when  we  got  into  the  reactor  we  did  find  most  of  the  fuel  elements 
were  cracked. 

Mr.  Karth.  The  fuel  elements  on  the  outside  that  did  leave,  where 
did  they  go? 

Mr.  Finger.  Out  around  the  test  site.  They  were  picked  up 
later. 

Mr.  Karth.  You  found  them  all? 

Mr.  Finger.  Yes.  They  were  not  very  active  and  we  believe  this 
was  due  to  a vibration. 

Thank  you  very  much. 

Mr.  Karth.  Thank  you  very  much,  Mr.  Finger. 

That  concludes  what  the  subcommittee  had  in  mind  today  and  we 
want  to  thank  you,  and  Dr.  Bisplinghoff,  for  your  patience  and  vour 
tremendous  help  to  the  subcommittee.  It  may  be  that  we  will  be  in 
touch  with  you  so  that  we  can  coordinate  our  schedules. 

Dr.  Bisplinghoff.  Fine.  We  will  stand  by  until  we  hear  from 
you. 

Mr.  Karth.  Thank  you  very  much,  sir.  The  committee  meeting 
is  adjourned. 

(Whereupon,  at  11:55  a.m.,  the  subcommittee  was  recessed.) 
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WSDNXSDAT,  APRIL  34,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences  and 
Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  Hon.  Joseph  E.  Karth  (chair- 
man of  the  subcommittee)  presiding,  in  room  304,  Cannon  Building. 

Mr.  Karth.  The  meeting  will  be  in  order.  Dr.  Bisplinghoff  and 
Dr.  Newell,  I think  you  are  aware  of  the  purpose  of  meeting  this 
morning.  ‘ 

STATEMENT  OF  DR.  RAYMOND  L.  BISPLINGHOFF,  DIRECTOR, 

OFFICE  OF  ADVANCED  RESEARCH  AND  TECHNOLOGY,  NASA; 

ACCOMPANIED  BY  DR.  HOMER  E.  NEWELL,  DIRECTOR,  OFFICE 

OF  SPACE  SCIENCES;  MILTON  B.  AMES,  JR.,  DIRECTOR,  SPACE 

VEHICLES,  OFFICE  OF  ADVANCED  RESEARCH  AND  TECHNOLOGY; 

DR.  EUGENE  B.  KONECCI,  DIRECTOR,  BIOTECHNOLOGY  AND 

HUMAN  RESEARCH;  AND  WALTER  C.  SCOTT,  CHIEF,  SPACE 

POWER  TECHNOLOGY,  PROPULSION  AND  POWER  GENERATION 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth'.  And  I understand  that  the  staff  has  furnished  you 
with  a copy  of  the  memo  that  I had  prepared,  where  it  appeared  that 
duplication  might  exist  between  the  Office  of  Space  Sciences  and  the 
Office  of  Advanced  Research  and  Technology. 

If  such  duplication  does  not  exist,  we  would  be  interested  in  the 
explanation  for  the  fact  that  items  appear  in  the  budget  which  seem 
to  be  duplicative. 

So,  if  you  have  no  objections,  and  knowing  the  purpose  of  the  meet- 
ing, and  the  specifics  in  which  we  are  interested,  and  for  which  we 
would  like  to  get  answers,  maybe  you  would  want  to  proceed  and  go 
down  the  itemized  list  that  we  have  prepared  for  your  consideration, 
beginning  with  meteorites  and  micrometeorites. 

1 might  say  that  as  you  are  explaining  to  the  committee  the  reason, 
or  reasons,  for  these  items  appearing  in  various  parts  of  the  budget, 
you  might  also  explain  why  they  are  distributed  as  so  many  different 
small  pieces,  obviously  directed  by  many  people,  rather  than  being 
consolidated  under  one  head.  Even  though  it  may  be  necessary  for 
the  Office  of  Space  Sciences,  and  the  Office  of  Advanced  Research 
and  Technology,  to  have  similar  programs,  or  programs  that  appear 
to  be  similar,  it  is  hard  to  understand  the  way  they  appear  in  the 
budget  books. 
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Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  So,  I wonder  if  you  might  proceed.  From  time  to 
time  there  may  be  questions  in  the  minds  of  the  committee  members 
which  they  would  like  to  address  to  either  one  of  you  gentlemen. 

Dr.  Bisplinghoff.  May  I suggest,  Mr.  Karth,  that  we  take  the 
items  in  the  order  in  which  they  are  given  on  your  memo,  and  perhaps 
each  of  us  could  speak  to  the  item  with  regard  to  our  particular  office, 
and  in  this  way  I hope  that  the  meanings  will  become  clear  as  we  go 
along. 

Mr.  Karth.  The  first  one  is  the  Office  of  Space  Sciences,  Dr. 
Newell,  and  it  appears  under  “Geophysics  and  astronomy,”  I think 
you  will  find  that  item  dn  page  No.  26  of  your  backup  books,  under 
meteorites  and  micrometeorites.  Would  you  just  care  to  explain 
that  $800,000  item? 

Dr.  Newell.  Thank  you,  Mr.  Chairman. 

In  approaching  this  item,  with  your  permission,  I would  like  to  make 
a few  general  remarks  first. 

There  will  be  found  a general  difference  between  the  Space  Sciences 
items  in  your  list,  and  those  of  the  Office  of  Advanced  Research  and 
Technology,  and  generally  the  difference  is  the  following: 

We,  in  the  Office  of  Space  Sciences,  will  be  concerned  with  the 
investigation  into  the  fundamental  questions  in  space  science,  such  as 
the  origin  of  the  solar  system,  the  influences  on  the  Earth  of  the 
happenings  on  the  Sun,  or  the  galactic  and  solar  problems. 

Therefore,  our  supporting  research  and  technology  will  be  directed 
toward  that  mission.  It  will  not  be  directed  primarily  toward  the 
advancement  of  general  technology. 

It  will  be  aimed  at  specific  flights  or  specific  scientific  problems.  By 
that,  I mean  it  will  be  aimed  at  the  solution  of  major  cuestions  that 
scient'sts  have  with  regard  to  these  various  areas.  A go  d xample  is 
to  be  found  in  the  micrometeorite  investigations.  I l ig  it  explain 
this  further  by  saying  that  in  the  Office  of  Space  Sciences  we  are  con- 
cerned with  the  distribution  of  matter  throughout  the  rn* verse,  and 
more  closely  at  home,  the  distribution  of  matter  throughout  the  solar 
system.  As  you  may  know,  in  our  galaxy,  there  is  as  much  unseen 
matter  as  there  is  seen  matter.  The  gases  and  dust  in  our  galactic 
system  equal  the  mass  of  material  that  is  seen  in  the  stars  and  nebulae, 
that  we  can  witness  in  the  galaxy. 

We  know  this  to  be  true  because  the  material  has  a gravitational 
attraction,  just  as  the  assembled  material  such  as  stars  and  other 
objects  have  gravitational  attraction. 

This  gravitational  effect  is  seen  in  the  mechanics  of  the  galaxy, 
and  we  can  compute  that  there  must  be  this  amount  of  material  in 
between  the  stars  and  the  planets.  If  we  go  beyond  the  galaxy, 
the  problem  becomes  even  more  startling.  It  is  estimated  that  there 
is  a factor  of  10  more  material  in  the  whole  universe  than  is  seen  in 
the  external  galaxies. 

One  of  our  major  problems  in  the  study  of  the  solar  system  is  to 
investigate  the  cosmic  dust,  the  micrometeorites,  the  stones  and 
rocks,  and  meteors  and  such,  that  exist  in  the  solar  system. 

It  is  believed,  as  we  told  the  committee  earlier  in  our  testimony, 
that  the  Sun  and  the  planets  may  have  been  formed  from  an  accu- 
mulation of  dust  and  rocks  and  cold  gas,  into  the  bodies  that  we  now 
know  as  the  Sun  and  the  planets. 
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It  is  also  believed  by  some  that  some  planets  may  have  existed 
previously  and  been  disintegrated  into  dust  and  particles. 

Our  motivation  here,  then,  is  to  study  the  origin  of  the  solar  system 
and  the  history  of  the  solar  system. 

In  the  case  of  ‘ 'Geophysics  and  astronomy  meteorites  and  micro- 
meteorites,”  the  $800,000  figure  to  which  you  refer,  Mr.  Chairman, 
the  G.  & A.  people  in  the  Office  of  Space  Sciences  are  interested  in 
cosmic  dust  as  an  extrapolation  of  their  interest  in  planetary  atmos- 
pheres, building  up  from  the  molecular  constituents  of  the  Earth’s 
atmosphere  to  the  particles  that  impact  on  the  atmosphere  and  that 
may  be  distributed  through  the  solar  system. 

We  also  know  from  ground-based  research,  there  appears  to  be  a 
direct  relationship  between  the  dust  particles  that  impact  on  the 
Earth’s  atmosphere  and  rain  effects  on  the  Earth. 

We  also  know  from  ground-based  observations,  that  the  Moon 
seems  to  have  a shielding  effect  on  these  particles,  and  there  is  a 
relat'onshi  > between  the  streams  of  particles  hitting  the  Earth,  and 
the  rain,  1 the  streams  of  particles  that,  perhaps  might  hit  the  Earth 
if  it  \ ere  not  for  the  shielding  effect  of  the  Moon. 

This  becomes  an  intricate  and  very  interesting  and  important 
scienti  ic  problem. 

With  regard  to  the  lunar  and  planetary  program  item,  meteorites 
and  tektites,  the  $1,090,000  item,  this  is  under  the  Lunar  and  Planetary 
Office  of  OSS.  The  Lunar  and  Planetary  people  derive  their  interest 
by  moving  downward  from  their  interest  in  the  large  bodies  like  the 
Moon  and  the  planets,  to  the  big  rocks  and  stones,  which  is  somewhat 
different  from  the  geophysics  and  astronomy  interest.  They  are 
interested  in  the  composition  of  these  particles,  and  the  possibility 
that  some  of  them  may  come  from  the  Moon,  or  that  these  may  be 
particles  that  went  into  the  creation  of  the  Earth  and  the  Moon,  in  its 
original  form. 

Thus,  you  can  see  within  OSS  there  is  a difference  in  interest,  and 
there  must  be  a difference  in  approach  here,  because  one  group  is 
concerned  with  velry  tiny  particles,  and  the  other  with  bigger  rock- 
sized  or  gigantic  boulder-sized  particles. 

Between  OSS  and  tn\Office  of  Advanced  Research  and  Technology, 
there  is  also  a difference  which  I am  sure  Dr.  Bisplinghoff  will  speak 
to  in  a moment,  but  I might  mention  it  right  here,  to  open  up  the 
subject  and  point  up  the  difference. 

OART  is  concerned  with  what  these  particles  do  to  the  things  that 
we  want  to  send  out  into  space,  the  pitting  effect,  their  penetration 
capabilities,  and  so  on.  Their  experiments  are  directed  largely  toward 
the  examination  of  these  matters,  in  order  to  have  engineering  da. a 
available  for  the  design  of  large  structures  in  space,  such  as  antennas, 
radiator  systems,  and  so  on. 

The  combination  of  the  OART  measurements  and  the  OSS  measure- 
ments put  us  in.  a position  to  do  many  things  that  we  want  to  do  in 
space.  With  the  collection  of  data  from  the  space  sciences  observa- 
tions, showing  the  distribution  of  particles  throughout  the  solar  sys- 
tem, and  the  OART  measurements  showing  what  they  do  to  various 
structures  and  equipment,  one  has  at  hand,  then,  important  engineer- 
ing data. 

Mr.  Kabth.  Dr.  Bisplinghoff? 
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Dr.  Bisplinghoff.  Mr.  Chairman,  I think  I can  now  discuss  the 
OART  side  of  this. 

This  comes  down  to  the  third  item,  “Meteoroid  environment  and 
impact  hazard/’  and  I would  like  to  preface  my  remarks  here  by 
amplifying  what  Dr.  Newell  has  mentioned  already  concerning  the 
OART  interest  in  this  matter. 

Our  interest  is  entirely  one  of  the  development  of  the  technology 
that  is  needed  to  design  space  vehicles. 

At  the  present  time  we  realize  that  the  meteoroid  environment  and 
hazard  is  one  of  the  most  severe  design  conditions  that  we  have  to 
meet. 

Mr.  Karth.  May  I interrupt  to  ask  a question  at  this  time? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  Who  designed  the  space  vehicles  that  OSS  is  now 
using  to  conduct  their  experiments? 

Dr.  Bisplinghoff.  These  were  designed  by  contractors  operating 
under  the  Office  of  Space  Sciences. 

Mr.  Karth.  They  were  not  designed  and  developed  or  engineered 
by  OART,  then,  were  they? 

Dr.  Bisplinghoff.  Our  purpose  is  to  provide  design  criteria,  which 
may  be  used  by  the  designers  to  carry  out  such  designs,  Mr.  Chairman, 
but  we  have  no  direct  connection  with  the  designing. 

Mr.  Karth.  Did  you  provide  such  information  for  the  design  and 
construction  of  these  vehicles  that  OSS  is  now  using  in  their 
experiments? 

Dr.  Bisplinghoff.  There  may  very  well  have  been  some  informa- 
tion provided  directty  from  our  Centers,  to  these  contractors.  I 
would  not  be  able  to  answer  that  definitely,  but  our  own  meteoroid 
program  has  just  started  and  we  have  not  obtained  very  much 
information. 

Most  of  the  design,  so  far,  has  been  pretty  much  on  a hit  or  miss 
basis,  and  such  designs  are  all  right,  as  long  as  we  don’t  spend  too 
much  time  in  space,  with  large  areas  exposed. 

We  need  much  more  accurate  information  than  we  now  have,  if 
we  want  to  design  with  precision  for  large  time  in  space,  and  with 
fairly  large  areas  exposed. 

Mr.  Karth.  Dr.  Newell,  would  you  care  to  add  to  what  Dr. 
Bisplinghoff  has  said  on  this? 

Dr.  Newell.  Yes,  sir. 

I would  like  to  say  that  OSS  has  received  from  Advanced  Research 
and  Technology,  information  in  this  area  which  we  have  taken  into 
consideration  in  our  vehicles.  This  information  comes  from  their 
ground-based  observations  on  impact  phenomena,  because  the  OART 
program  in  flight,  as  you  know,  has  just  gotten  underway  recently. 

They  have  given  us  data  on  some  of  the  effects  of  high-speed 
particles. 

It  should  be  recognized,  however,  that  these  are  much  lower  speed 
particles  than  you  get  in  the  meteor  field,  by  a factor  of  seven,  or 
so,  and  therefore,  we  need  more  information  to  go  on  with  the  things 
that  we  want  to  do  in  the  future. 

Up  to  now  we  have  not  done  very  much  in  the  use  of  very  light 
structures  for  antennas  or  radiators,  but  we  will  want  to  make  use 
of  such  structures  in  the  future,  and  we  will  need  this  information 
in  the  years  to  come. 
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Mr.  Karth.  Dr.  Bisplinghoff,  are  we  not  really  cutting  this  pretty 
fine  and  pretty  thin,  when  we  say  that  the  Office  of  Space  Sciences  is 
strictly  interested  in  the  scientific  information  we  can  get  on  the 
composition,  or  the  origin  of  the  meteorites,  et  cetera,  and  the  Office 
of  Advanced  Research  and  Technology  is  just  interested  in  ascertaining 
the  amount  of  the  damage  that  might  be  done  to  a vehicle,  as  a result 
of  the  meteorites,  or  micrometeorites  hitting  them? 

I am  sure  you  are  conducting  other  experiments,  too,  but  are  we  not 
cutting  this  kind  of  thin  by  saying  that  this  unique  little  set  of  ques- 
tions must  be  answered  by  the  Office  of  Space  Sciences  over  here,  and 
the  unique  set  of  little  questions  are  to  be  answered  by  the  Office  of 
Advanced  Research  and  Technology,  over  there. 

Really,  aren’t  we  cutting  this  pretty  thin,  when  we  make  this  kind 
of  differentiation? 

Dr.  Bisplinghoff.  I think  that  this  is  a natural  division,  and  I 
would  like  to  explain  why  I think  so,  by  going  on  with  my  description 
of  what  we  are  doing. 

Mr.  Karth.  Very  well. 

Dr.  Bisplinghoff.  We  need  realty  a twofold  approach  to  provid- 
ing this  design  criteria  for  space  vehicles.  One,  we  need  an  accurate 
statistical  sampling  of  the  meteoroid  environment,  and  by  this  I 
mean  frequency  of  occurrence,  the  velocity  of  the  particles,  and  the 
mass  of  the  particles. 

This  kind  of  information  can  only  be  gotten  from  flight  experi- 
ments— 

Mr.  Karth.  Well,  if  I may  just  interrupt  you  there,  Doctor, 
could  this  information  not  be  gotten  from  Dr.  Newell’s  experiments, 
too.  It  could,  could  it  not? 

Dr.  Newell.  Yes,  but  in  our  case  our'  observations  will  be  extended 
out  to  the  lunar  and  planetary  distances,  and  to  the  asteroid  belts, 
as  well  as  in  the  Earth’s  vicinitv. 

Mr.  Karth.  Yes,  but  Regardless  of  where  they  are,  they  will  be 
gaining  some  of  the  information  that  you  need,  is  that  not  so? 

Dr.  Newell.  Except  for  our  purpose,  we  are  more  interested  in 
the  general  distribution  of  these  particles  in  the  solar  system. 

Mr.  Karth.  Well,  let  me  ask  Dr.  Bisplinghoff  if  these  experiments 
are  not  designed  to  get  information  additional  to  what  Dr.  Newell 
has  set  forth  this  morning? 

Dr.  Bisplinghoff.  Out  experiments  are  designed  to  get  more  data, 
specific  information,  more  specific  than  his  are.  Generally,  his 
sensors  are  microphones  which  do  not  give  us  the  detailed  statistical 
data  that  we  need  for  design. 

Mr.  Karth.  But  your  experiments  are  designed  to  give  the  in- 
formation, in  addition  to  the  mass  and  the  number  and  the  frequency, 
and  so  forth,  that  you  need  to  know  about,  are  they  not? 

Dr.  Bisplinghoff.  Yes.  But  I think  perhaps  an  interesting 
analog  to  this  would  be  the  kind  of  things  which  the  meteorologists 
might  do  to  study  the  behavior  of  the  atmosphere,  and  the  kinds 
of  things  that  we  did  for  so  many  years  in  the  NACA,  to  get  gust 
information  for  the  design  of  aircraft.  I think  this,  perhaps,  is  the 
best  analogy  we  can  make  here.  The  factors  needed  to  design  air- 
craft, covered  data  on  the  frequency  of  the  occurrence  of  gusts,  and 
this  had  to  be  rather  detailed  information;  the  kind  of  information 
that  would  fit  into  design  criteria  for  aircraft. 
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The  meteorologist,  on  the  other  hand,  didn't  get  that  kind  of 
detailed  information  that  was  needed  and  necessary  for  gust  data. 

This,  I think,  is  the  best  analogy  that  we  can  make  of  Dr.  Newell’s 
interest,  and  my  own  interest. 

Mr.  Karth.  I think  the  question  that  normally  arises,  however,  is 
that  inasmuch  as  your  experiments  are  apparently  more  exhaustive 
and  more  detailed- 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  Cannot  we  derive  from  vour  experiments,  the  more 
limited  information  that  Dr.  Newell  needs? 

Dr.  Bisplinghoff.  Except  that  our  experiments  are  done  in  the 
Earth’s  vicinity. 

We  have  concentrated  our  flight  experiments  in  the  Earth’s  vicinity. 

Mr.  Karth.  Well,  all  right,  then  let  us  just  talk  about  those  experi- 
ments that  are  designed  to  be  conducted  in  the  vicinity  of  the  Earth. 

I assume  that  some  of  the  meteorite  and  micrometeorite  experi- 
ments done  by  OSS  would  be  done  in  the  vicinity  of  the  Earth,  so 
my  question  would  be: 

Could  not  one  or  the  other  of  the  two  offices  conduct  all  of  the 
experiments  in  that  vicinity,  rather  than  having  some  of  them  con- 
ducted by  OSS,  and  some  of  them  conducted  by  OART? 

Dr.  Bisplinghoff.  I would  like  to  defer  to  Dr.  Newell,  to  talk  about 
the  flight  experiments  of  this  kind.  But  I would  point  out,  however, 
that  in  the  case  of  observations  from  the  ground,  notably  radar  meteor 
studies,  which  are  under  contract  with  the  Smithsonian  Astrophysical 
Laboratory,  we  are  concerned  with  combined  findings  and  combined 
interests  On  the  part  of  Dr.  Newell’s  office  and  my  office. 

We  are  interested  in  these,  because  they  will  provide  us  with  data 
on  rather  large  particles  that  we  will  not  be  able  to  get  with  the 
satellites  that  we  now  have,  and  Dr.  Newell’s  interest  is  more  in  the 
scientific  direction. 

Here  is  an  example  where  we  have  attempted  to  team  together  on 
the  ground  observational  studies  of  meteoroids. 

With  respect  to  their  flight  program,  I- would  rather  defer  to 
Dr.  Newell. 

Dr.  Newell.  I think  there  is  a subtle  question  here,  Mr.  Chairman 

Mr.  Karth.  I didn’t  mean  to  make  it  subtle.  [Laughter.] 

Dr.  Newell.  I think  we  might  like  to  develop  it:  The  flat  answer 
to  your  question  is  “yes” — it  could  be  done  in  one  office  or  the  other, 
but  if  OSS  were  to  do  it  we  would  then  have  to  staff  up  with  different 
people  to  do  the  part  of  the  job  that  OART  is  working  on,  namely,  a 
group  of  engineering  investigators  and  applied  researchers,  to  look  into 
the  impact  phenomena,  the  effects  of  these  particles,  as  well  as  people 
to  measure  velocities,  distribution,  and  so  forth. 

If  OART  were  to  do  it,  with  its  researchers,  then  they  would  have 
to  add  geophysicists,  astronomers,  and  lunar  scientists  to  their  com- 
plement to  make  a proper  tie-in  on  the  problems  that  we  are  trying 
to  solve. 

So  there  seems  to  be  little  to  gain  by  having  a little  island  of  engi- 
neers doing  applied  research  over  at  OSS,  simply  to  have  this  all  done 
in  one  office. 

Likewise,  there  is  little  advantage,  managementwise,  in  having  a 
little  island  of  space  science  activity  over  at  OART.  It  is  not  a clean 
break,  as  one  might  imagine.  Those  researches  that  are  being  done 


19*64  NASA  AUTHORIZATION 


2525 


primarily  to  determine  the  engineering  problems  we  face  in  building 
space  structures  of  the  future  should  be  done  in  close  association  with 
the  ground-based  researches  on  high-velocity  impact,  and  the  effects 
on  materials,  should  be  done  at  OART.  But,  on  the  other  hand, 
when  the 3e  researches  are  tied  to  space  science  activities,  they  should 
be  in  a space  science  context,  where  space  science  is  done,  that  is 
in  OSS. 

I think  it  is  important  to  note  that  for  OSS  interests,  it  is  sufficient 
to  have  very  little  detectors,  tiny  things,  either  microphones,  or  little 
wound  wire  drums,  that  will  register  a signal  when  impacted  by  these 
particles. 

These  instruments  can  be  very  easily  put  on  the  satellites,  or  deep 
space  probes,  without  displacing  a lot  of  equipment,  in  order  to  get 
statistical  data  that  Dr.  Bisplinghoff  referred  to.  He,  however,  has 
to  have  very  large  sized  areas,  and  make  observations  over  very  long 
periods  of  time. 

Therefore,  it  is  common,  in  that  case,  for  an  entire  satellite  to  be 
devoted  to  the  micrometeorite  penetration  and  hazard  problem,  as 
has  been  done  in  the  OART  program.  Otherwise,  you  would  not 
need  to  do  that  for  our  OSS  purposes. 

Mr.  Karth.  Except  that  in  the  OART,  we  have  quite  a number  of 
these  meteoroid  experiments,  do  we  not?  In  volume  5,  I notice  on 
page  50,  the  Scout  launched  meteorite  satellite,  and  this  just 
follows  the  list  that  I gave  you,  we  also  have  a Saturn  launched 
meteoroid  experiment,  or  experiments. 

Then,  on  page  51  we  have  meteor  simulation,  and  I don’t  quite 
know  what  that  means,  and  on  page  51  we  have  meteoroid  penetration 
probe. 

Now,  you  see  we  have  penetration  probes  specifically  spelled  out. 

Dr.  Newell.  Yes,  sir. 

Mr.  Karth.  And  this  is  what  you  have  both  been  addressing  your- 
selves to  in  differentiating  the  interests  in  the  two  offices.  But  we  do 
have  this  meteoroid  simulation,  and  we  have  the  meteoroid  experi- 
ments, and  it  would  seem  to  me  that  this  is  pretty  all  inclusive,  and 
there  is  a $4.2  million  item  for  the  Saturn  launched  meteoroid 
experiments,  which  is  quite  a sum  of  money. 

Dr.  Newell.  Yes. 

Mr.  Karth.  And  then  the  meteoroid  satellites  are  just  under  $1 
million. 

Now,  I am  sorry  to  have  interrupted  you.  Why  don’t  you  just  go 
ahead  and  explain  to  us  what  the  difference  is,  as  between  these  experi- 
ments I have  listed  in  OART,  and  why  this  could  not  be  done  by  OSS, 
or  should  not  be  done  by  OSS,  Perhaps  I should  not  have  stopped 
you. 

Dr.  Newell.  Well,  I think  Dr.  Bisplinghoff  would  like  to  continue 
on  that,  sir. 

Dr.  Bisplinghoff.  Yes,  Mr.  Chairman. 

In  continuing  the  remarks  that  I made  before  that  we  need  a two- 
fold approach  to  the  development  and  design  criteria:  The  first  is  the 
statistical  population  of  the  space  environment — the  frequency  of 
occurrence,  velocity,  and  mass;  and  then  there  is  the  second  problem 
of  a criterion  for  determination  of  the  penetration  phenomena  that 
should  be  used  for  design. 
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Supposing  one  knows  that  one  has  a meteoroid  of  a certain  mass 
and  a certain  velocity,  what  will  the  penetration  be? 

This  is  a very  difficult  question,  because  meteoroids,  as  you  prob- 
ably know,  travel  at  very  high  speeds,  at  much  higher  speeds  than  we 
are  able  to  simulate  in  the  laboratory. 

The  light  gas  guns  enable  us  to  reach  velocities  of  something  of  the 
order  of  35,000  feet  per  second  in  the  laboratory.  However,  many  of 
these  meteoroids,  travel  at  100,000  to  200,000  feet  per  second.  So 
we  are  a long  way  from  developing  a ground  simulation. 

This  is  the  twofold  approach  that  we  are  following  in  OART,  and 
the  item  numbered  “OART,  SR  AND  T,  Space  vehicle  systems — 
meteoroid  environment  and  impact  hazard”  is  concerned  with  several 
areas.  One  is  detector  development.  In  this  area  we  are  attempting 
to  develop  improvements  in  detectors  that  we  will  need  to  put  on  the 
meteoroid  satellites,  to  measure  the  kind  of  information  that  we  must 
have  for  design  purposes. 

There  is  another  item,  namely,  particle  accelerators.  Here  we  are 
attempting  to  develop  in  the  laboratory,  devices  which  will  propel 
particles  at  higher  and  higher  speeds.  We  realize  that  we  have  got 
to  do  better  than  35,000  feet  per  second,  if  we  are  going  to  understand, 
in  a theoretical  way,  with  some  confidence,  what  these  particles  do, 
even  if  we  are  going  to  be  able  to  run  ad  hoc  tests  of  the  vehicles  in 
their  design  and  development  stages. 

Part  of  this  study  is  on  particle  accelerators,  with  which  we  study 
impact  and  penetration  effects.  This  is  the  employment  of  these 
particle  accelerators  in  studying  the  influence  of  different  kinds  of 
materials  and  the  influence  of  such  devices  of  meteoroid  bumpers, 
and  other  things  of  this  kind. 

We  also  have  theoretical  studies  that  we  need  to  develop  our  theory 
on  impact,  along  with  the  experimental  tools. 

This  area  of  theory  is  a very  difficult  one.  The  physicist  who 
works  in  the  solid  state,  finds  that  the  kind  of  theory  that  is  needed 
in  the  impacting  process  is  beyond  his  capabilities. 

For  example,  when  the  particles  hit  at  these  very  high  speeds,  they 
behave  as  though  they  were  a liquid.  In  fact,  the  whole  area  in  the 
vicinity  of  where  the  particle  strikes  is  liquefied,  and  there  is  actually 
a splashing  action  that  takes  place. 

We  are  attempting  to  understand  in  a theoretical  way,  how  this 
works.  I personally  consider  the  theory  very  important,  because,  if  it 
turns  out  that  we  cannot  develop  experimental  devices  that  can  reach 
the  velocities  of  meteoroid  impact,  then  we  are  going  to  have  to  rely 
on  the  theories,  as  a means  of  extending  our  knowledge. 

Also,  in  this  area,  we  are,  together  with  the  Office  of  Space  Sciences, 
and  the  Office  of  Manned  Space  Flight,  funding  observational  studies, 
using  radar  techniques. 

In  connection  with  these  techniques,  Smithsonian  Astrophysical 
Laboratory  has  a series  of  radar  stations  which  follow  the  ionized 
trail  that  is  produced  by  meteoroids  entering  the  atmosphere  and,  by 
this  technique,  they  are  able  to  determine  many  things. 

They  have  determined,  for  example,  the  frequency  of  occurrence  of 
fairly  large  meteoroids,  which  enter  the  atmosphere,  and  they  can 
actually  measure  the  deceleration  and  thereby  get  an  idea  of  what 
their  mass  may  have  been,  or  what  their  velocities  may  have  been  on 
entering  the  atmosphere. 
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This  kind  of  technique  is  very  useful.  Particularly  is  this  so  with 
the  rather  large  meteoroids — the  smaller  ones,  of  course,  can’t  be  seen 
in  this  way,  but  our  flight  programs  lend  themselves  to  studies  of  the 
rather  small  ones.  So  we  are  looking  at  this  kind  of  technique  as  a 
means  of  improving  and  amplifying  our  knowledge  in  the  area  of 
fairly  large  meteorites. 

Turning  now  to  our  flight  program  relating  to  meteoroid  satellites, 
the  first  one  that  is  listed  at  $950,000  concerns  two  Scout-launched 
meteoroid  satellites,  and  I would  like  to  remark  that  one  of  these  was 
launched  last  December. 

Mr.  Randall.  What  page  is  that  on.  I do  not  follow  you. 

Dr.  Bisplinghoff.  This  is  the  memorandum  which  Mr,  Karth 
gave  us,  and  it  is  on  the  first  page  of  the  memorandum,  fourth  item 
down. 

Mr.  Randall.  I see.  Thank  you. 

Dr.  Bisplinghoff.  The  flight  programs  and  space  vehicle  s3Tstems. 
The  first  item  is  Scout-launchea  meteoroid  satellites.  The  first  of 
these  was  launched  last  December  from  Wallops  Island,  with  a small 
vehicle  of  about  25  square  feet  of  area.  The  satellite  weighed  about 
200  pounds. 

We  expect  to  get  a lifetime  of  1 year  from  this  satellite  in  the  Earth 
environment. 

I believe  the  apogee  is  about  700  miles,  and  the  perigee  about  400 
miles. 

This  satellite  is  bringing  to  us  the  first  real  satellite  information 
that  we  have  gotten,  as  yet,  in  the  space  program,  on  the  meteoroid 
environment.  Because  of  its  small  area,  and  its  1-year  lifetime, 
however,  we  cannot  expect  more  than  about  100  penetrations  during 
the  year — something  of  this  order  of  magnitude. 

The  thickness  of  the  skins  that  we  are  investigating  are  from  about 
one-  to  five-thousandths  of  an  inch  thickness. 

Mr.  Morris.  What  do  you  mean  by  that — the  skin  of  what? 

Dr.  Bisplinghoff.  The  satellite.  The  satellite  sensors.  As  Dr. 
Newell  mentioned,  in  order  to  get  as  large  a statistical  sampling  as 
possible,  we  plaster  the  whole  area  of  the  the  satellite  with  sensors. 

Mr.  Morris.  I understand. 

Dr.  Bisplinghoff.  The  sensor  that  is  used  primarily  on  this  satel- 
lite is  a pressurized  can.  We  have  a number  of  these  pressurized 
cans  spread  over  the  surface,  and  when  these  pressurized  cans  are 
punctured  the  pressure  sensors  give  us  signal  to  the  ground. 

We  expect  to  launch  the  second  of  these  Scout  satellites  this  spring, 
and  this  will  give  us,  we  feel,  a good  start  on  the  kind  of  statistical 
data  that  we  need  for  design. 

However,  these  are  rather  small  satellites,  and  we  cannot  expect, 
with  such  a small  area,  and  at  a time  of  1 year,  to  encounter  fairly 
large  particles.  So  we  have  taken  the  advantage  of  using  these 
Saturn  launch  vehicles,  SA-8  and  SA-9,  as  a means  of  carrying  the 
much  larger  meteoroid  satellite  aloft,  next  March. 

Mr.  Morris.  May  I interrupt  to  ask  one  question: 

Why  can’t  this  be  covered  in  the  launching  of  the  Scout  vehicle. 
I understand  that  this  item  is  $950,000 — now  does  that  cover  all  of 
the  development  of  the  payload,  and  the  launching,  or  is  this  just  for 
one  launching,  or  two,  or  how  many?  Is  it  just  the  payload,  or  does 
this  include  the  launch  vehicle? 
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Dr.  Bisplinghoff.  This  is  the  payload  and  the  launch  vehicle. 

Mr.  Ames.  No,  no  launch  vehicle. 

Dr.  Bisplinghoff.  This  is  just  the  payload? 

Mr.  Ames.  This  is  two  payloads,  S-55  C and  D. 

Mr.  Morris.  Oh,  it  does  not  include  the  vehicle? 

Mr.  Ames.  No. 

Mr.  Karth.  Are  you  riding  piggyback  then,  on  someone  else’s 
experiment? 

Mr.  Ames.  No,  sir. 

Mr.  Karth.  Who  is  paying  for  the  launching? 

Mr.  Ames.  In  this  particular  case,  we  in  OART  are  doing  it  with 
a Scout  launch  vehicle — we  have  purchased  through  Dr.  Newell’s 
office.  The  primary  part  of  the  $950,000  is  to  pay  for  the  two  space- 
craft. S-55C  and  S-55D,  which  are  the  same  general  type  as  the 
Explorer  XVI,  launched  last  December.  As  Dr.  Bisplinghoff  men- 
tioned, the  significant  difference  is  in  the  experimentation  on  each  of 
these  spacecraft,  which  would  expand  our  knowledge  of  meteoroid 
penetration  probabilities. 

Mr.  Karth.  Well,  I can  appreciate  that,  but  I would  just  like  to 
understand  that  so  that  the  record  may  be  straight.  But  I would  like 
to  point  out  that  in  your  backup  book  on  page  50,  it  very  specifically 
states:  ‘ Spacecraft  and  satellite  services,  $450,000,  launch  vehicle 
very  specifically  is  shown  as  $500,000.”  For  a total  of  $950,000. 

Mr.  Ames.  Well,  sir,  there  may  be  some  launch  vehicle  money  in 
here,  as  I believe  I indicated,  but  each  Scout  launch  vehicle  costs  a 
million  dollars,  so  that  you  would  have  $2  million  for  the  two  launch 
vehicles  required. 

The  statement  that  you  read  indicates  that  we  have  already  paid 
$1>£  million  on  two  launch  vehicles,  but  we  must  now  complete  paying 
for  the  second  launch  vehicle  and  buy  the  payloads  and  support  the 
experiments  in  1964. 

Mr.  Karth.  So,  in  answer  to  the  question  from  the  gentleman  from 
New  Mexico,  it  is  a part  of  this  payment,  then,  a downpayment  on 
the  launch  vehicles  necessary,  while  the  launch  vehicles  must  be  funded 
by  OART  to  carry  out  these  experiments. 

Mr.  Ames.  million  has  b«  en  spent  on  two  launch  vehicles  in 
the  1963  budget,  Mr.  Chairman,  and  that,  I see,  is  shown  on  page  50. 

Mr.  Karth.  And  these  are  some  launch  vehicles  in  addition? 

Mr.  Ames.  The  other  $500,000  to  make  up  the  $2  million  for  the 
launch  vehicles  is  included  in  the  1964  funding  on  page  50. 

Mr.  Karth.  Oh  I see. 

So,  OART  is  totally  funded  for  the  two  launch  vehicles  to  fly  the 
two  experiments  that  we  are  talking  about,  which  involve  the  last 
payment  of  $450,000,  is  that  correct? 

Dr.  Bisplinghoff.  The  last  payment  of  $500,000  for  launch  vehicle, 
and  $450,000  for  payload  development. 

Mr.  Karth.  Well,  if  I understand  the  backup  book,  we  started 
funding  for  these  two  experiments  in  1962? 

Mr.  Ames.  There  will  be  three  experiments,  sir. 

Mr.  Karth.  I see.  Three  experiments? 

Mr.  Ames.  Yes.  S-55-B,  which  is  now  called  Explorer  16,  and 
S-55-C  and  S-55-D,  which  are  to  follow. 

There  are  three  launch  vehicles,  three  spacecraft,  and  a backup 
spacecraft. 
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Mr.  Karth.  And  how  much  money  do  you  feel  that  you  must  have 
to  complete  these  three  experiments  in  fiscal  year  1965,  for  example, 
or  is  this  the  end  of  this  program? 

Mr.  Ames.  This  would  finish  that  program. 

Mr.  Morris.  The  problem  with  the  Scout-launched  payload  is  the 
area  that  you  can  cover? 

Dr.  Bisplinghoff.  Yes,  sir;  yes. 

Mr.  Morris.  I would  just  assume,  from  looking  at  the  figures, 
that  the  Saturn  vehicle  would  be  able  to  cover  a greater  area  for  you? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Morris.  Is  that  so. 

Dr.  Bisplinghoff.  Yes.  The  Scout  payload  limits  the  area  to 
about  25  square  feet  of  area,  and  the  Saturn  will  give  us  about  2,000 
square  feet  of  area. 

Mr.  Morris.  You  would  get  a 25-square-foot  are# 

Dr.  Bisplinghoff.  With  the  Scout. 

Mr.  Morris.  Versus  what? 

Dr.  Bisplinghoff.  2,000-square-foot  area. 

Mr.  Morris.  You  might  explain  this,  Doctor: 

How  many  experiments  does  this  $4,250,000  take  care  of,  and  does 
it  include  the  launch  vehicles  and  the  payload? 

Dr.  Bisplinghoff.  This  is  the  cost  of  the  payload,  and  here  we 
are  very  fortunate,  because  we  observed  earlier  in  the  game  that  the 
early  Saturn  launch  developments  involved  carrying  aloft  water 
ballast. 

Mr.  Morris.  1 think  many  other  people  have  observed  or  wondered 
if  there  was  not  something  else  that  you  could  carry  up  besides  water? 

Dr.  Bisplinghoff.  Yes,  sir;  and  this  provided  us  with  an  oppor- 
tunity to  ride  piggyback  on  the  launch  development  program,  and 
to  avoid  the  cost  of  separate  launch  vehicles. 

So  that  this  $4.2  million  that  you  see  here  is  payload  development 
for  two  payloads. 

Mr.  Morris.  For  two  spacecraft,  two  payloads? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Morris.  And  who  is  the  contractor? 

Dr.  Bisplinghoff.  Fairchild. 

The  payloads  are  identical. 

Mr.  Morris.  And  that  is  completely  finished  as  of  the  year  1965 — 
is  this  the  downpayment  and  does  that  complete  it? 

Dr.  Bisplinghoff.  This,  as  far  as  we  know,  completes  it. 

Mr.  Ames.  May  I correct  that,  Mr.  Chairman. 

I am  afraid  there  was  some  money  in  1963,  $2.4  million,  to  start 
paying  for  this  spacecraft  to  get  it  on  schedule  with  the  SA-8  and  the 
SA-9  launchings  of  the  Saturn  vehicles,  and  in  1964  there  is  $4.25 
million  to  complete  the  purchasing  of  the  spacecraft. 

We  will  have  some  data  handling  costs  and  some  finishing  up  items 
which  will  be  relatively  minor  in  the  1965  budget. 

I indicated  to  you  in  my  earlier  testimony  that  we  anticipated  that 
a program  of  this  magnitude  would  run  somewhere  in  the  order  of 
between  $6%  and  $7 % million — that  is  for  the  two  2,000-square-foot 
spacecraft,  including  all  the  data  handling. 

Mr.  Morris.  Why  do  you  think  it  is  necessary  to  have  such  a large 
area  of  coverage?  Can’t  you  interpolate  from  tne  area  that  you  have 
covered  already  through  the  Scout  launch  vehicle? 
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Dr.  Bisplinghoff.  We  can  extrapolate  but  we  can’t  interpolate 
from  there. 

Many  of  the  longtime  space  vehicles  that  we  have  in  mind  for  the 
future  will  certainly  be  affected  by  the  fairly  large  particles. 

Now  the  statistical  probability  of  our  getting  data  on  a reasonably 
large  particle  in  1 year  with  25  square  feet  is  quite  small.  In  fact, 
it  is  unlikely  that  we  will  encounter  any  particles,  or  at  most  only  a 
veiy  few  particles,  that  will  enter  or  penetrate  skins  of  over  five- 
thousandths  of  an  inch  thick.  If  we  have  2,000  square  feet  up  there, 
there  is  a very  good  chance  we  will  get  penetration  sufficient  to  get  a 
statistical  indication  of  how  many  there  are  up  there.  It  is  simply 
very  important  for  us  to  have  as  much  area  as  we  can  get. 

Mr.  Morris.  This  investigation,  Dr.  Bisplinghoff,  is  it  involved 
in  the  goal  that  we  have  at  the  present  time  of  putting  a man  on  the 
Moon  and  returning  him  to  Earth  safely,  or  does  this  study  of 
meteorites  involve  other  deeper  and  longer  space  aims? 

Dr.  Bisplinghoff.  I think  it  will  have  some  value  to  the  Apollo 
program  and  it  also  is  very  fundamental  to  anything  that  we  do  in 
space  from  now  on — very  fundamentally  valuable. 

Mr.  Morris.  Do  I understand  correctly  that  what  our  national 
policy  is  at  this  time,  is  to  put  a man  on  the  Moon  and  return  him 
safely  to  Earth  and  to  get  as  much  scientific  information  as  possible? 

Dr.  Bisplinghoff.  As  I understand  our  national  policy,  it  is  pre- 
eminence in  space  and  one  of  the  elements  of  this  preeminence  is  the 
program  oi  the  lunar  mission. 

Mr.  Morris.  So  you  feel  that  this  is  only  a part  of  it? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Morris.  That  is  your  felling. 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Randall.  We  started  this  investigation,  now,  into  meteorites 
and  particles  and  dust  and  so  forth,  previously,  did  we  not? 

In  other  words,  is  this  just  starting  now  or  is  this  something  that 
has  been  going  on  before?  Here  we  are  talking  about  S--55-B  and 
reference  was  made  that  it  was  the  same  as  the  Explorer  16.  That 
means  there  have  been  16  Explorers,  this  was  the  16th.  Has  there 
not  been  some  experimentation  going  on  that  would  give  us  some  of 
the  information  on  penetration  and  pressure  cans  and  that  sort  of. 
thing,  or  are  we  just  starting  that? 

Don’t  you  have  some  of  it  now? 

Dr.  Bisplinghoff.  No,  sir. 

Mr.  Randall.  In  other  words,  my  question  is:  Do  we  not  have 
some  backlog  of  information  already? 

Dr.  Bisplinghoff.  We  have  no  backlog  of  the  kind  of  information 
that  we  need  for  this  design,  that  is  correct. 

Mr.  Karth.  Now,  what  design  do  you  mean  there? 

Dr.  Bisplinghoff.  For  the  design  of  space  vehicles. 

Mr.  Karth.  Which  space  vehicles? 

Dr.  Bisplinghoff.  Any  space  vehicle  that  will  operate  in  this 
environment. 

Mr.  Karth.  You  are  flying  them  by  some  design  now,  aren’t  you? 

Dr.  Bisplinghoff.  We  fly  them  much  heavier  than  they  need  to  be. 

Mr.  Karth.  You  are  kind  of  flying  them  by  the  seat  of  your  pants ; 
is  that  what  you  are  saving? 

They  are  not  as  good  as  they  could  be? 
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Dr.  Bisplinghoff.  Yes.  We  have  theories  which  we  have  been 
given  by  the  astronomers,  but  there  are  major  uncertainties  in  terms 
of  the  frequency  of  occurrence  and  size  of  meteorites  and  effects  of 
impact,  and  so  on,  and  this  means  in  mv  opinion  that  if  we  don’t  get 
this  information  our  space  vehicles  will  be  much  heavier  than  they 
need  to  be,  perhaps  by  a factor  of  some  20  to  50  in  the  skins  of  the 
space  vehicles. 

Mr.  Karth.  Well  what  have  all  the  Explorers  been  doing  in 
connection  with  this  experimentation?  I thought  that  the  Explorers 
were  doing  a good  deal  of  this  work. 

Dr.  Newell.  I wonder  if  I could  use  this  little  graph  here,  Mr. 
Chairman,  to  illustrate  the  background  of  this  problem  (fig.  310). 

Mr.  Karth.  Yes. 
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Dr.  Newell.  Along  the  vertical  axis  is  the  number  of  particles 
involved,  and  I should  remind  you  that  this  is  a logarithmic  scale.  In 
other  words,  the  units  are  factors  of  10 — so  it  would  be  1,  10,  100,  and 
1,000,  rather  than,  1,  2,  3,  4,  and  so  forth.  Looking  along  the  hori- 
zontal axis  are  the  sizes  of  the  particles,  with  the  boulders  at  the  right, 
and  the  grains  in  the  middle,  and  the  dust  on  the  left,  meaning 
particles  of  some  thousandths  of  an  inch,  or  so  in  diameter. 

Mr.  Karth.  Do  we  have  to  worry  about  those  too  much,  since  we 
are  taking  care  of  the  grains  and  the  boulders? 

Dr.  Newell.  Well,  this  is  part  of  the  story  that  I would  like  to 
present  here. 

Mr.  Karth.  All  right. 

Dr.  Newell.  Here  is  the  present  estimated  curve  of  distribution  of 
these  particles,  and  you  get  up  into  very  great  numbers  in  the  cosmic 
dust  region.  Down  in  the  boulder  region,  there  are  very* few.  If  you 
collect  throughout  the  entire  Earth’s  atmosphere,  you  only  get  a few, 
per  year,  of  the  boulder  size,  and  you  get,  maybe,  some  tens  or  hun- 
dreds in  the  stone  size.  When  you  get  down  to  the  grain  region,  then 
youget  much  more  in  number. 

When  you  get  down  to  the  dust,  of  course,  you  are  going  to  get  a 
very  much  larger  number,  and  it  is  estimated  that  the  dust  size 
particles  are  collected  by  the  Earth  at  the  rate  of  1 to  10,000  tons 
per  year. 

Mr.  Karth.  May  I question  you  right  there. 

These  dust  particles  won’t  penetrate  anything;  will  they? 

Dr.  Newell.  No — well,'  they  will  penetrate  something,  but  the 
point  at  which  the  penetration  hazard  exists,  is  in  the  grain  area. 

Mr.  Karth.  Right. 

Dr.  Newell.  You  are  not  so  much  worried  about  the  boulders 
because  there  are  not  enough  of  them  to  worry  about. 

Mr.  Karth.  And  you  couldn’t  design  against  them  anyway;  could 
you,  Dr.  Newell? 

Dr,  Newell.  You  couldn’t.  If  you  got  hit  by  one  of  the  boulders, 
that  would  be  that. 

In  the  grain  area  you  can  design  against  the  hazard. 

An  interesting  thing  is  that  in  the  grain  area  the  measurements 
made  on  the  Explorers  have  indicated  that  there  are  enough  to  be 
concerned  about,  particularly,  when  you  want  to  fly  equipment  that 
must  stay  up  for  a long  time,  or  expose  sensitive  surfaces  that  must 
remain  unchanged  for  a long  time. 

Furthermore,  investigations  of  OART  in  the  laboratory,  have  shown 
that  the  penetration  physics  of  these  particles  is  so  much  different 
from  the  penetration  physics  of  the  lower  energy  particles,  that  new 
techniques  are  required  in  studying  these. 

It  has  been  found  that  the  low  energy  particles  make  a crater  that 
is  about  the  size  of  the  particle,  but  when  you  get  up  to  these  very 
high-speed  particles,  a particle  striking  a surface  will  gouge  out  a 
crater  that  is  many,  many  times  as  large,  perhaps  10  or  100  times  the 
size  of  the  particle. 

So,  in  our  interest  in  geophysics  and  astronomy,  we  are  concerned 
with  the  nearby  region  of  the  solar  system,  and  we  are  looking  at  this 
area  of  dust,  and  are  using  primarily  counting  techniques. 

As  I have  mentioned  previously,  we  can  use  very  small  counters, 
and  just  put  them  on  any  vehicle  that  happens  to  be  going  up. 
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In  connection  with  the  interests  of  OART,  in  the  grain  area,  the 
techniques  have  to  be  entirely  different.  And,  as  Dr.  Bisplinghoff 
mentioned,  you  have  to  use  the  penetration  physics  approach  in 
your  spacecraft,  plus  the  meteoriod  physics  approach  of  radio  and 
radar  studies  from  the  ground. 

They  are  entirely  different  techniques,  and ‘whether  it  is  done  in 
OSS  or  OART,  you  will  have  different  groups  of  people  doing  them. 

Mr.  Karth.  You  could  not  conduct  both  kinds  of  experiments  in 
the  same  spacecraft,  could  you? 

Dr.  Newell.  Well,  you  could,  and  OART  will  be  collecting 
information  we  will  be  interested  in  in  their  spacecraft. 

But,  in  the  space  science  area,  we  do  not  find  it  necessary,  or  of 
interest,  to  devote  a whole  experimental  spacecraft  to  this  problem. 

On  the  other  hand,  when  we  get  to  the  point  where  we  want  to 
extend  our  surveys  for  our  radioastronomy  work,  or  for  using  large 
power  supplies,  we  are  going  to  want  to  have  data  from  OART  m 
this  area,  for  engineering  purposes. 

Mr.  Karth.  You  are  talking  about  the  $4}i  million  spacecraft,  or 
two  spacecraft  costing  $2  million  odd  each. 

Are  there  any  of  these  areas  where  you  could  ride  piggyback  in 
relation  to  some  of  your  experiments?  If  ycu  could,  I would  assume 
that  it  would  be  very  advantageous — at  least,  to  the  taxpayer. 

Dr.  Newell.  Oh,  on  the  $4#  million,  that  is  the  total  $6  to  $7 
million — that  is  required  to  do  this  job  right,  and  if  we  did  it  we 
would  have  to  pay  out  the  same  amount  of  money  in  OSS. 

Mr.  Karth.  Yes,  but  my  point  is  that  I wonder  why  we  could  not 
fly  some  OSS  experiments  on  the  $4#  million  vehicles  that  OART  is 
launching.  That  is  my  question. 

In  other  words,  rather  than  building,  let  us  say,  a $1  million  space 
vehicle  of  your  own  to  conduct  your  own  experiments,  why  can’t  we 
merge  these  two  areas  of  interest  to  a finer  degree  so  that  we  can  ride 
piggyback  on  each  other's  satellite,  so  to  speak,  and  get  about  the 
same  kind  of  information  as  we  could  by  launching  two  satellites? 

Dr.  Newell.  Well,  OART  experiments,  as  Dr.  Bisplinghoff  men- 
tioned, in  this  case,  are  piggyback  experiments  on  the  Saturn  vehicle. 

Mr.  Karth.  Well,  they  are  piggyback  on  the  launching  vehicle. 

Dr.  Newell.  Yes. 

Mr.  Karth.  But  the  $4%  million  is  to  conduct  their  own  experi- 
ments ; is  it  not? 

Dr.  Bisplinghoff.  That’s  correct. 

Mr.  Karth.  It  is  a spacecraft,  is  it  not? 

Dr.  Bisplinghoff.  Yes,  sir,  it  is  a spacecraft. 

They  will  put  sensors  in  to  give  us  data  in  the  region  that  Mr. 
Newell  has  just  discussed. 

Mr.  Karth.  And  we  could  not  build  Dr.  Newell’s  experiment  into 
this  spacecraft — can’t  we  do  that,  this  is  my  question,  sir. 

Dr.  Newell.  Sure. 

Mr.  Karth.  That  is  what  I want  to  have  clear. 

Dr.  Newell.  But  I think  I should  make  it  clear  that  we  almost 
always  piggyback  these  small  dust  experiments  on  every  flight  that 
we  can  put  one  on.  It  is  almost  like  pasting  a postage  stamp  on,  and 
I understand  that  you  have  some  of  the  dust  experiments  on  your 
satellite? 

Dr.  Bisplinghoff.  Yes. 
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Mr.  Kandall.  I have  three  or  four  questions  but  I would  like  to 
see  the  chart,  and  see  what  we  are  talking  about. 

Dr.  Newell.  Geophysics  and  astronomy  interests  are  in  the  dust, 
and  the  technological  interest  is  in  the  grains  that  penetrate,  and  the 
lunar  and  planetary  interest  is  in  the  boulder  area — where  one  wants 
to  recover  material  from  out  in  space  to  get  some  idea  of  what  the 
Earth  was  originally  formed  from  or  perhaps  what  the  Moon  is 
made  of. 

Mr.  Randall.  All  right,  now.  I would  like  to  know  what  we  have 
been  getting  from  all  of  the  other  efforts  in  the  other  areas  that  have 
been  made — either  piggyback  or  otherwise.  Couldn’t  we  get  some 
of  this  information  that  you  and  Dr.  Bisplinghoff  need? 

Dr.  Bisplinghoff.  The  kind  of  experiment  that  I need  for  statis- 
tical purposes,  or  the  kind  of  statistical  data  that  I need  for  design  in 
this  region,  has  not  been  going  on  and  in  connection  with  the  other 
experiments,  as  Dr.  Newell,  pointed  out,  the  microphone  data  have 
been  gotten  from  many  other  flights. 

Mr.  Randall.  Well  you  used  the  word  “design.”  Design  what — 
spacecraft  of  some  kind  in  particular? 

Dr.  Bisplinghoff.  The  design  of  any  spacecraft  in  the  future. 
We  are  trying  to  determine  what  criteria  we  need  for  the  design  of 
spacecraft  in  the  future. 

Mr.  Randall.  Any  and  all  types? 

Dr.  Bisplinghoff.  Any  and  all  types,  yes.  How  thick  the  walls 
should  be  and  so  on. 

Mr.  Randa.ll.  Well  this  piggyback  concept  seems  to  me  to  be  one 
worthy  of  study.  I think  some  of  this  is  familiar  to  some  of  us,  and 
I know  that  some  of  us  went  down  to  Cape  Canaveral  and  we  know 
there  have  been  other  Saturn  shots  and  that  there  will  be  several 
more. 

Now,  is  there  anything  in  the  works  for  piggyback  rides  on  them? 

Mr.  Ames.  These  two  experiments. 

Dr.  Bisplinghoff.  Satums  8 and  9 will  be  employed  for  that 
purpose. 

Mr.  Karth.  All  right,  and  the  ones  which  have  gone  heretofore — 
would  it  have  been  possible  to  attach  any  piggyback  there? 

Dr.  Newell.  We  did. 

Mr.  Randall.  You  did — I thought  you  were  just  starting.  Then 
we  do  have  a backlog  of  information — some? 

Dr.  Newell.  Piggyback  experiments  with  the  proposed  Saturn 
were  to  use  this  water  ballast  not  for  micrometeorite  studies,  but  for 
other  studies.  We  felt  that  if  we  were  going  to  carry  water  we  might 
as  well  do  something  with  it,  and  release  it  in  the  upper  atmosphere  to 
see  what  would  happen. 

We  have  done  this  on  two  occasions  and  there  have  been  some  very 
interesting  data  on  the  mechanics  of  what  happens  when  you  release 
liquid  in  a virtual  vacuum. 

Mr.  Karth.  What  did  happen — this  is  very  interesting,  to  digress 
for  just  a moment. 

Dr.  Newell.  Well,  there  was  quite  a wide  range  of  predictions  as 
to  what  would  happen  and  how  fast  it  would  happen. 

Some  of  these  predictions  were  that  there  would  be  a marked  area 
of  contamination  in  the  upper  atmosphere  for  a long  period  of  time. 
Others  were  that  the  cloud  would  disperse  very  rapidly  and  disappear 
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in  a very  short  period  of  time  and,  of  course,  the  dispersal  would 
create  lightning  storms  and  snowflakes  and  so  forth. 

This  latter  is  what  did  happen;  there  was  a snowstorm  which  was 
followed  by  radar  for  a long  period  of  time  thereafter  and  there  were 
lightning  discharges  created  by  the  charging  due  to  friction  of  the 
particles  as  they  dispersed,  very  rapidly,  in  the  vacuum. 

Mr.  Randall.  That  was  on  one  of  these  Saturn  shots,  was  it? 

Dr.  Newell.  Yes. 

Dr.  Bisplinghoff.  I might  mention,  Mr.  Randall,  that  several  of 
the  Saturn  shots  were  suborbital  shots  and  we  were  unable  to  get  any 
meteorite  information. 

Mr.  Randall.  Of  course,  this  raises  a question,  if  this  is  suborbital, 
of  when  the  Saturn  shots  will  be  orbital.  Have  all  of  the  Saturn  shots 
been  suborbital  up  to  now? 

Dr.  Bisplinghoff.  I believe  they  have,  yes. 

Mr.  Randall.  And  do  you  contemplate  an  orbital  shot  in  the 
Saturn  program? 

Dr.  Bisplinghoff.  Yes;  SA-8  and  SA-9  are  orbital. 

Mr.  Randall.  Those  are  orbital? 

Dr.  Bisplinghoff.  Yes;  and  those  will  be  next  spring,  sir. 

Mr.  Randall.  This  raises  something,  Mr.  Chairman,  that  I 
stumbled  on  in  another  committee  yesterday  in  connection  with  the 
military  communications  satellites. 

In  connection  with  this  piggyback  concept  they  nest  a whole  group, 
five,  six,  or  seven,  in  one  an&  discharge  them.  Do  we  have  anything 
in  NASA  along  those  lines? 

Dr.  Newell.  Yes. 

Mr.  Randall.  I was  amazed  that  they  had  put  up  as  much  as 
half  a dozen  and  they  go  off  in  all  directions.  Are  we  doing  any- 
thing along  those  lines?  . 

Dr.  Newell.  Well,  not  to  the  extent  of  half  a dozen  but  we  are 
putting  some  satellites  together  and  launching  a couple  at  a time. 

Mr.  Randall.  It  appears  to  me  that  the  military  has  something 
here  that  NASA  ought  to  study. 

Dr.  Newell.  We  will  put  two  packages  on  a Scout  to  go  up  in 
the  near  future. 

Mr.  Randall.  And  this  is  the  first  time  that  we  have  done  any- 
thing like  this  in  NASA? 

Dr.  Newell.  No. 

Mr.  Randall.  Oh — there  have  been  other  instances? 

Dr.  Newell.  We  have  done  it  in  a minor  way  in  the  past  in  having 
beacons  separate  from  the  main  package.  Most  of  our  participation 
in  this  has  been  with  DOD. 

Mr.  Randall.  So  we  are  in  coordination  with  DOD,  and  watching 
this  very  carefully? 

Mr  Karth.  I think  that  ought  to  be  clarified. 

Dr.  IN  ewell.  Oh  yes,  certainly.  In  fact  NASA  has  been  tele- 
metering their  information  from  some  of  the  DOD  satellites  in  these 
package  launchings. 

Mr.  Randall.  As  I say,  I think  it  should  be  on  the  record,  and  we 
were  impressed  yesterday  by  the  techniques  they  are  using  and  it 
did  occur  to  me  that  this  is  a chance  to  do  a lot  of  things  in  one,  and 
maybe  NASA  has  not  been  doing  this  as  completely  as  they  should? 
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Dr.  Newell.  No,  we  have  been  supporting  the  Injun  State 
University  of  Iowa  satellite  and  the  NRL  satellites  in  this  area — 
providing  them  not  only  some  funding  for  their  work,  but  providing 
also  tracking  and  telemetering  that  goes  with  some  of  this. 

Mr.  Downing.  As  a matter  of  fact,  are  there  not  gradations  of 
boulders  and  are  there  not  powerful  boulders  that  might  hit  a space- 
craft that  are  perhaps  about  as  big  as  your  fist? 

Dr.  Newell.  Oh  yes,  yes. 

Mr.  Downing.  Can  you  design  against  them? 

Dr.  Bisplinghoff.  As  Dr.  Newell  mentioned,  there  is  a con- 
tinuous gradation  in  size,  from  the  asteroids  down  to  the  smallest 
particles  of  dust. 

It  would  be  difficult  for  me  to  sit  here  and  say  just  what  we  can 
design  against.  We  obviously  cannot  design  against  the  very  large 
ones.  We  have  got  too  heavy  pressure,  of  course,  but  the  probability 
of  hitting  will  be  very  small  so  that  the  danger  would  be  negligible. 

Mr.  Downing.  Say  one  the  size  of  this  water  glass. 

Dr.  Bisplinghoff.  No;  we  can't  handle  those.  We  can  handle 
them  in  the  order  of  a gram  or  so,  but  that  size  of  particle  would 
penetrate  anything  that  we  could  design. 

Dr.  Newell.  As  a matter  of  fact,  it  wasn’t  so  many  years  ago 
that  a very  small  particle  about  stone  size,  struck  the  engine  of  a 
Ford  I believe  it  was,  and  went  right  through. 

Mr.  Karth.  The  engine  of  what? 

Dr.  Newell.  A Ford. 

The  man  was  driving  along  and  a meteor  just  went  through  his 
engine. 

Mr.  Morris.  Do  you  mean  a Ford  automobile? 

Dr.  Newell.  A Ford  automobile. 

Mr.  Morris.  Where  was  that? 

Was  that  Ford  up  in  space? 

Dr.  Newell.  It  nas  been  so  long  ago,  I am  not  sure,  but  hazily  I 
think  it  was  somewhere  in  one  of  the  Southern  States. 

Mr.  Karts*.  Was  it  in  New  Mexico? 

Dr.  Newell.  No.  [Laughter.] 

Mr.  Karth.  He  is  wondering  what  happened  to  one  of  his  old 
Fords. 

Mr.  Morris.  We  don’t  have  that  kind  of  thing  happening  in  New 
Mexico.  [Laughter.] 

Dr.  Newell.  But  I would  like  to  comment  on  this  package  satellite 
question. 

We  have  for  a long  time  been  interested  in  this  approach  but  our 
analysis  of  the  economics  shows  that  the  cheaper  way  is  to  use  the 
large  observatory  type  of  approach  than  the  smaller,  package  type 
approach. 

With  the  smaller  satellites  you  do  make  it  more  comfortable  for  the 
individual  experimenters  because  they  can  take  the  little  package  off 
to  their  laboratory  and  work  on  it,  and  in  effect  bring  it  back  to  be 
merged  along  with  the  others,  but  yor  pay  an  additional  price  in 
dollars  for  doing  it  that  way. 

Mr.  Randall.  In  what  way,  Doctor? 

Dr.  Newell.  It  just  costs  more  to  do. 

Mr.  Randall.  Well  is  not  the  larger  part  of  the  cost — at  least 
from  the  figures  that  we  have  here  this  morning — the  cost  of  the 
launch  vehicle? 
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Dr.  Newell.  No,  sir. 

Mr.  Randall.  I thought  that  they  were  $450,000,  and  $500,000 — 
the  spacecraft  is  the  smaller  amount,  isn’t  it?  I want  to  be  corrected 
if  I am  wrong,  but  that  is  the  way  it  looks  to  me. 

Dr.  Newell.  In  general  the  spacecraft  costs  about  the  same  as  the 
launch  vehicle. 

Mr.  Randall.  Well  than  I wonder  if  we  should  not  look  at  this 
package  idea.  Doesn’t  that  have  some  economy  aspects? 

Dr.  Newell.  It  depends  on  what  you  want  to  do — if  your  payloads 
don’t  require  stabilization  and  accurate  pointing,  very  careful  control 
of  temperatures,  and  so  on,  then  the  smaller  packages  will  be  cheaper, 
but  if  you  do  require  these  things,  and  many  of  these  experiments  that 
we  are  now  doing  do  require  them,  then  it  is  more  economical  to 
provide  for  ones  that  have  a whole  group  of  experiments. 

Mr.  Randall.  You  talked  about  the  observatory  types  but  I did 
not  think  we  were  talking  about  that — I thought  we  were  talking 
about  the  Scout  and  Saturn  shots. 

Dr.  Newell.  No;  but,  in  the  case  of  a great  number  of  satellites 
put  together,  you  are  not  talking  about  Scout — you  are  talking  about 
the  Atlas  si ze  vehicles. 

Mr.  Randall.  Well,  it  would  seem  to  me  that  with  the  package 
approach  you  could  cut  down  on  the  costs,  and  if  I am  wrong  about 
that,  I want  to  be  corrected,  but  I just  can’t  get  that  feeling  out  of 

my  mind. 

Dr.  Newell.  Well,  the  point  is  that  with  the  one  launch  vehicle 
you  can  either  launch  six  experiments  in  six  separate  packages,  or  six 
experiments  in  one  single  package. 

What  I am  saying  is  that  one  launch  with  six  experiments  in  one 
package  does  it  cheaper  than  six  experiments  in  six  packages.  This 
is  because  you  have  one  power  supply,  one  utility  system,  one  temper- 
ature control  and  so  on. 

Furthermore,  with  six  packages  you  have  to  set  up  six  different 
ground  based  operations  to  provide  the  telemetering,  individual  tailor- 
made  treatment  for  each  experiment,  whereas,  with  the  observatory 
type  integrated  package,  one  ground  based  operation  will  take  care  of 
all  the  data;  when  you  add  up  all  the  figures  it  will  come  out  cheaper. 

Mr.  Randall.  But  apparently  we  haven’t  added  up  all  the  figures 
according  to  these  statements  that  we  have  here  this  morning. 

You  still  show  the  launch  vehicle  as  the  expensive  item.  In  any 
event,  in  view  of  the  comments  that  you  have  just  made,  because  of 
the  spacecraft  capability,  you  can  accomplish  what  you  need  to 
accomplish  with  the  one  spacecraft — is  that  your  statement? 

Dr.  Newell.  What  I am  saying  is  that  as  a general  principle  it  is 
cheaper  to  use  an  integrated  spacecraft  approach  than  to  use  an 
individual  package  for  each  experiment.  I am  willing  to  grant  that 
there  are  exceptions,  and  when  there  are  exceptions  we  make  them. 

Mr.  Randall.  Then,  as  I understand  it  you  will  have  to  go  to 
something  much  heavier  than  Scout  in  order  to  get  it  all  aloft? 

Dr.  Newell.  Yes,  and  DOD  does,  too. 

Mr.  Karth.  Of  course,  I am  inclined  to  agree  with  you,  Doctor, 
but  it  is  also  true,  I think,  that  there  are  additional  costs  that  we 
must  attribute  to  this  theory  that  you  are  now  expressing. 

For  example,  we  are  in  the  process  of  developing  one  or  two  launch 
vehicles  just  to  take  care  of  some  of  these  so-called  integrated  experi- 
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ments  that  we  have  been  talking  about,  so,  I think  if  you  take  every- 
thing  into  consideration  maybe  the  savings  might  not  be  as  great  as 
they  might  appear  to  be. 

Dr.  Newell.  No,  my  statement  is  based  on  amortizing  the  develop- 
ment costs  along  with  the  usage  costs,  but  of  course  that  means  that 
you  have  to  use  the  observatory  over  a reasonable  length  of  time  to 
provide  an  amortization  period,  but,  If  you  assume  that  you  are  going 
to  use  both  approaches  for  a number  of  years,  then  the  cheaper 
approach  is  the  integrated  spacecraft  approach. 

Mr.  Karth.  That  is  probably  true  so  long  as  we  don’t  find  it 
necessary  to  create  a brandnew  launch  vehicle  just  to  do  all  these 
things.  It  gets  to  be  a very  expensive  proposition. 

Dr.  Newell.  Yes. 

Mr.  Karth.  As  I am  sure  you  are  aware,  this  Centaur  is  not 
exactly  a 25-  or  50-cent  item. 

Dr.  Newell.  No. 

Mr.  Karth.  It  is  very,  very  expensive. 

Dr.  Newell.  I agree  with  you,  sir,  but  we  will  use  Centaur  for 
things  that  just  can’t  be  done  in  any  other  way,  Mr.  Chairman. 

Mr.  Karth.  May  I just  get  back  to  this  water  ballast  question 
one  more  time. 

It  seems  to  me  that  quite  a number  of  people  have  thought  that 
we  should  take  some  advantage  of  the  first  three  Saturn  shots  by 
attaching  some  experiments  on  them  other  than  the  water  ballast 
experiment,  and  I am  now  just  wondering  whether  there  are  some 
experiments  on  the  Saturn  6,  or  Saturn  7,  or  Saturn  8 along  such  lines? 

Dr.  Bisplinghoff.  Eight  and  nine. 

Mr.  Karth.  Eight  and  nine?  What  happens  to  all  the  Saturns 
between  Saturn  3 and  Saturn  8?  Are  they  just  going  to  fly  some 
more  water? 

Dr.  Newell.  Well — this  Saturn  involves  the  first  test  of  the  live 
upper  stages. 

Mr.  Karth.  So  we  are  not  taking  any  chances  on  flying  anything  in 
place  of  the  water? 

Dr.  Newell.  We  are  not  taking  any  chances. 

Mr.  Karth.  I sec. 

Dr.  Newell.  We  are  going  to  concentrate  on  making  the  engi- 
neering experiments  a success. 

Mr.  Morris.  There  will  be  some  water  on  it? 

Dr.  N ewell.  There  will  be  some  of  the  water  ballast,  yes,  sir,  but 
much  of  the  area  that  was  used  for  water  ballast  will  now  be  live  stages 
with  their  fuel  supplies. 

Mr.  Morris.  Well,  that  is  the  second  stage. 

Dr.  Newell.  Yes. 

Mr.  Morris.  Yes;  I see. 

Mr,  Karth.  Well,  with  all  of  these  stages,  it  seems  to  me  that  it 
might  be  well  worth  while  to  consider — or  does  the  Office  of  Manned 
Space  Flight  object  to  our  giving  consideration  to  carrying  experiments 
aboard  the  SA-4,  SA-5,  SA-6,  and  SA-7? 

Dr.  Newell.  There  are  several  points  here.  The  micrometeorite 
experiments  will  be  on  the  first  orbital  shots  so,  if  you  are  talking 
about  orbital  experiments,  they  begin  when  they  can  begin.  I am 
not  sure  of  the  scheduling,  but  I seem  to  recall  that  the  Apollo  people 
themselves  will  be  flying  some  boilerplate  spacecraft  with  experiments 
that  they  need  to  do,  as  sort  of  prechecks  for  their  spacecraft. 
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Mr.  Karth.  Well,  Doctor,  insofar  as  the  Saturn  shots  are  concerned, 
they  are  just  up  and  down  and  you  really  couldn't  get  too  much  value 
out  of  experiments  of  that  kind,  could  you? 

Is  this  probably  part  of  the  answer  as  to  why  this  has  not  been 
further  developed? 

Dr.  N ewell.  You  could  do  it  so  much  better  normally  with  sound- 
ing rockets  that  that  would  be  the  approach  rather  than  trying  to 
introduce  some  complications  on  the  Saturn  vehicle  itself. 

Mr.  Karth.  But  OSS  and  OART  have  given  consideration  to  the 
possibility  of  flying  experiments  on  SA-5,  SA-6,  SA-7,  and  so  on,  if 
the  Office  of  Manned  Space  Flight  does  not  object  to  it? 

Dr.  Newell.  We  are  considering  this  constantly,  and  not  only 
that,  but  we  are  looking  beyond  that  at  Mercury,  and  the  flights  of 
Gemini  and  Apollo. 

In  fact,  there  is  a group  of  people  specifically  assigned  to  keep  look- 
ing at  the  question  of  what  can  be  done  in  the  way  of  experimentation 
on  manned  flight  missions. 

Mr.  Morris.  You  don’t  want  to  get  that  spacecraft  too  loaded 
down  because  it  'won’t  take  off.  [Laughter.] 

Dr.  Newell.  That  is  exactly  right. 

Mr.  Morris.  I can  see  where  we  could  get  very  involved,  if  each 
one  of  us  has  his  own  pet  project  on  there,  then  you  could  get  this 
spacecraft  involved  in  some  problems. 

Dr.  Newell.  Yes. 

Mr.  Morris.  But  I just  hope  you  won’t  load  that  down  too  much 
because  it  is  very  marginal,  anyway,  it  seems  to  me. 

Mr.  Karth.  I wonder  if,  just  for  the  benefit  of  the  subcommittee, 
and  so  that  the  particular  point  in  the  record  might  be  easier  to 
read  when  the  subcommittee  decides  to  formulate  an  opinion  on  this, 
I might  summarize  this  by  saying  that  as  far  as  the  Office  of  Advanced 
Research  and  Technology  is  concerned,  your  only  interest  in  the  mete- 
orite and  micrometeorite  field  is  to  design  spacecraft  that  will  in  fact 
stand  the  environment  of  space  insofar  as  the  meteorite  and  micro- 
meteorite  factors  are  concerned,  and  in  this  effort  to  attempt  to  get 
a design  and  material  that  is  of  the  lightest  possible  weight,  so  that  we 
can  get  more  punch  per  dollar,  so  to  speak.  Would  that  be  right? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  And  that  on  the  other  hand,  the  Office  of  Space 
Sciences’  interest  in  the  meteorite  and  micrometeorite  phase  of 
NASA’s  program,  is  to  get  all  of  the  scientific  data  about  meteorites 
and  micrometeorite3  other  than  what  the  design  of  the  spacecraft 
might  need  to  be  able  to  withstand  the  reaction  of  space.  Is  this 
correct? 

Dr.  Bisplinghoff.  This  is  a correct  statement  of  our  objective, 
yes  sir. 

Dr.  Newell.  Very  good. 

Mr.  Karth.  Could  we  then  go  on  to  space  chemistry? 

Dr.  Newell.  Space  chemistry  is  an  area  of  interest  in  OSS  as 
has  been  pointed  out,  and  the  manned  space  flight  people  have  a proj- 
ect that  they  call  space  chemistry. 

We  have  two  areas  of  OSS  activity;  one  is  associated  with  the 
Earth’s  upper  atmosphere  and  related  studies.  These  studies  are  de- 
signed to  shed  light  on  the  origin  and  history  of  the  Earth’s  upper 
atmosphere. 
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The  geophysics  and  astronomy  people  are  concerned  with  this 
particular  project  and  their  investigations  go  into  learning  more  about 
processes  going  on  in  our  upper  atmosphere  and  processes  in  the  chem- 
istry of  the  comets,  which  are  doubtless  bodies  that  will  give  us 
information  about  the  early  history  of  the  development  of  the  atmos- 
pheres and  the  processes  going  on  in  them. 

The  lunar  and  planetary  people  have  a similar  interest  in  space 
chemistry.  However,  their  attention  is  directed  toward  the  Moon 
and  the  other  planets. 

I am  given  to  understand  that  the  manned  space  flight  phases  of 
the  space  chemistry  item  are  for  studies  of  lunar  sources  of  raw 
materials  and  what  can  be  done  in  order  to  use  the  materials  that  we 
may  find  on  the  Moon  for  providing  water,  possibly  the  construction 
materials,  and  the  other  needs  of  the  manned  flight  program  after  a 
landing  has  been  effected. 

This  is  a different  project  from  the  OSS  space  chemistry. 

Mr.  Morris.  I am  reluctant  to  ask  you  to  comment  on  some  other 
office’s  project,  but  would  it  not  seem  more  reasonable  to  wait  to  get 
the  material  and  then  figure  out  what  you  can  do  with  it? 

Dr.  Newell.  It  depends  on  how  you  want  to  approach  this. 

Mr.  Morris.  Yes,  but  I am  asking  about  whether  it  is  the  hard 
wav  or  the  easy  way. 

Dr.  Newell.  Well,  in  football,  a football  player  can  stand  and 
wait  until  he  gets  the  football,  in  which  case  he  can  be  very  sure  of 
catching  it,  but  then  if  he  doesn’t  have  a running  start  he  may  be 
thrown — oven  for  a loss. 

Mr.  Morris.  Yes. 

Dr.  Newell.  Whereas,  if  he  catches  the  ball  on  the  run,  most  of 
the  time  he  will  catch  it  if  he  is  pretty  good  about  calculating  his 
catch,  and  he  will  have  a running  start  and  get  that  much  further 
ahead.  Indeed  with  running  start  approach  his  lifetime  yardage 
record  will  be  much  better. 

In  the  case  of  the  manned  spaceflight,  however,  I don’t  know  the 
details  of  their  project  of  course,  but  I would  assume  that  what  they 
are  doing  is  looking  into  the  processes  and  techniques,  and  assembling 
information,  in  order  to  have  a headstart. 

Mr.  Morris.  All  right;  all  right.  Sorry  I asked  the  question. 
[Laughter.] 

Mr.  Karth.  Have  you  ever  counted  the  people,  Dr.  Newell,  who 
have  become  mesmerized  by  this  sort  of  explanation? 

You  both  do  an  excellent  job. 

Mr.  Morris.  If  we  could  go  off  the  record,  a moment,  Mr. 
Chairman? 

Mr.  Karth.  Yes. 

(Discussion  off  the  record.) 

Mr.  Karth.  I think  it  is  good  for  the  subcommittee  to  be  aware  of 
all  the  reasons,  whatever  they  are,  as  to  why  funds  have  been  requested 
and  I hope  that  you  understand  that  this  is  the  reason  why  we  are 
asking  you  to  come  back  here. 

There  have  been  a considerable  number  of  questions  in  the  minds 
of  the  members  of  the  subcommittee  as  to  why  these  things  have 
appeared  so  often  throughout  the  budget  books.  We  also  considered 
the  possibility  of  whether  or  not  it  could  be  a method  of  confusing 
those  who  read  the  books,  if  I may  be  candid  about  it,  and  I think 
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that  you  have  certainly  helped  me  a great  deal — both  of  you — this 
morning,  in  formulating  an  opinion  as  to  the  need  or  the  justification 
of  these  requests. 

Now,  thermoelectric  power  supplies  is  next.  I wonder  if  we  can 
have  either  one  of  you  tell  us  about  that.  Time  seems  to  skip  past 
us  so  rapidly  here,  but  we  did  not  cover  this  and  I would  like  to  do  so. 
Back,  then,  to  the  meteorites  and  the  micrometeorites,  I wonder  why 
we  have  the  Office  of  Manned  Space  Flight  involved  here  in  this 
project,  too? 

I forgot  to  ask  you  about  this  last  item  that  appears  in  the  group. 
We  have  got  three  offices  involved  in  the  meteorites  and  micro- 
meteorites and  I wonder  what  their  interest  might  be  that  could 
pos  iibly  be  different  from  either  one  of  your  interests? 

Dr.  Bisplinghoff.  Well,  their  interest  is  concerned  primarily 
with  the  Apollo  mission  and  in  bringing  in  data. 

Mr.  Karth.  But  so  is  yours. 

Dr.  Bisplinghoff.  In  bringing  in  data  in  the  field,  and  the  knowl- 
edge which  exists  on  micrometeorites,  for  application  in  the  design  of 
the  Apollo  vehicles. 

Mr.  Karth.  This  is  not  your  function,  do  you  say? 

Dr.  Bisplinghoff.  Our  function  is  to  provide  design  criteria  for 
this  purpose,  yes;  but  it  is  not  our  function  to  actually  design  the 
Apollo  vehicles. 

Mr.  Karth.  Yes. 

Dr.  Bisplinghoff.  There  are  problems  along  these  lines  in  con- 
nection with  this  particular,  specific  vehicle,  that  they  are  designing. 

Mr.  Karth.  I understand. 

It  seems  to  me  that  it  should  be  not  in  the  meteorite  and  micro- 
meteorite field,  then,  because  as  long  as  you  give  them  whatever 
information  they  have  on  this  subject,  I think  this  is  very  probably 
scattering  it  around  a little  bit  and  it  doesn’t  make  much  sense  to  me, 
but  this  is  not  our  subject  and  I will  call  it  to  the  attention  of  Mr. 
Teague. 

Dr.  Newell.  Dr.  Bisplinghoff  and  I have  looked  into  this,  Mr. 
Chairman,  and  in  this  request  here,  they  have  a scientific  instrument, 
and  we  have  initiated  discussions  with  manned  space  flight  on  it. 
I think  the  outcome  of  this  may  be  that  if  this  experiment  goes  for- 
ward then  space  sciences  will  handle  it. 

Mr.  Earth.  Good. 

Dr.  Newell.  So  we  are  indebted  to  you  for  pointing  this  out,  and 
we  have  it  in  hand. 

Mr.  Randall.  May  I just  ask  three  or  four  questions,  Mr.  Chair- 
man? 

Has  there  been  any  data  brought  back  or  anything  of  value  from 
any  of  our  Mercury  shots  on  this  penetration  and  meteoroid  hazard 
that  they  have  accumulated  up  to  now?  Another  instance  is  the 
Mariner  shot — what  did  we  bet  from  that?  Anything  of  value? 

Dr.  Newell.  Oh  yes,  yes.  Mariner  had  an  instrument  on 
board  for  micrometeorite  studies  which  showed  very  interesting  effects. 
When  we  got  beyond  the  immediate  vicinity  of  the  Earth,  the  count- 
ing rate  is  very  low. 

In  fact,  the  measurements  indicate  it  is  a factor  of  10,000  below 
what  you  have  in  the  vicinity  of  the  Earth. 
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Mr.  Randall.  Well  we  know  there  are  big  flights  and  so  on,  but 
I am  thinking  of  Mr.  Morris’  approach  here,  and  our  national  or  main 
and  immediate  objective  of  getting  a man  to  the  Moon. 

How  many  more  of  these  micrometeorite  studies  are  we  going  to 
have  to  make  in  the  foreseeable  future?  Is  this  going  on  for  years? 

Dr.  Newell.  Well  certainly  our  main  objective  is  to  maintain  pre- 
eminence in  space  and  space  science  and  space  technology  and,  as  I 
pointed  out,  the  OSS  is  interested  here  in  the  importance  of  this 
material  to  scientific  questions. 

Mr.  Randall.  Well,  I don’t  want  to  stay  the  proceedings,  so  go 
ahead,  Mr.  Chairman. 

Mr.  Rarth.  Dr.  Bisplinghoff. 

Dr.  Bisplinghoff.  In  the  area  of  thermoelectric  power  supplies 
which  is  at  the  bottom  of  the  first  page,  there  are  two  items  in  question. 
One  is  an  item  under  OART — S.R.  & T.,  on  space  power  entitled 
“Thermoelectric”. 

This  program  is  a program  which  is  concerned  with  materials  and 
devices  for  converting  thermal  energy  directly  to  electrical  energy. 
On  the  research  side  of  this,  we  are  studying  all  of  the  various  thermo- 
electric materials  that  we  can  in  vestigate  and  that  we  envision  might 
have  value  for  this  process. 

We  are  also  studying  the  synthesis  of  materials  such  as  sulphides 
and  selenides,  and  there  are  quite  a few  including  titanium,  zirconium 
and  hafnium,  and  others  in  an  attempt  to  determine  which  materials 
should  be  used  for  this  direct  conversion  of  the  thermal  energy  to 
electrical  energy. 

Under  this  item  we  also  have  some  research  on  what  kind  of  sur- 
faces ought  to  be  used  to  collect  solar  energy  and  the  kind  of  surfaces 
which  might  be  spectrally  matched  with  the  materials  that  we  use 
to  convert  the  heat  energy  to  the  electrical  energy. 

Also,  we  are  doing  work  on  techniques  for  improving  the  modules 
themselves  once  we  have  selected  the  best  material  and  how  do  we 
fabricate  it  into  a module? 

Here  we  are  looking  at  very  thin  films,  flat  plates,  and  other  kinds 
of  devices  for  that  purpose. 

I have  also  looked  into  the  Office  of  Applications  work  and  I find 
that  the  program  which  is  listed  as  OA,  S.R.  & T.,  communications 
satellites,  isotope  thermoelectric  power  is  a paper  study  with  the  ob- 
jective of  investigating  the  problem  areas  which  one  would  have  if 
we  incorporated  an  isotope  thermoelectric  power  sources  in  a com- 
munications satellite. 

It  does  not  involve  the  research  that  is  needed  to  select  materials 
for  this  purpose,  or  to  get  the  basic  information  that  one  might  use 
for  design.  It  is  merely  a paper  study  which  studies  the  integration 
problems  that  one  might  have  if  one  had  such  a system. 

Mr.  Earth.  Who  is  doing  that? 

Dr.  Bisplinghoff.  It  is  done  in  the  Office  of  Applications,  but  I 
don’t  know  who  is  actually  doing  the  work. 

Apparently  it  is  at  Goddard  Research  Center. 

Mr.  Rarth.  So  it  is  in-house? 

Dr.  Bisplinghoff.  It  is  in-house,  yes. 

Mr.  Rarth.  What  is  the  $200,000  item?  Is  this  for  salaries, 
in-house? 

Mr.  Scott.  There  are  quite  a number  of  factors,  Mr.  Chairman, 
that  have  to  be  studied,  including  the  conditions  that  you  have  to 
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expose  yourselves  to,  and  radioisotopes,  specific  design  changes  that 
would  be  required  to  the  vehicle,  prelaunch,  the  conditions,  distribu- 
tion of  heat  now  throughout — the  reentry  problems  and  other  matters. 
And  this  has  gotten  to  be  more  expensive  and  more  complex  than  we 
at  first  had  thought. 

Mr.  Karth.  But  my  question  is:  What  do  we  purchase  with  the 

$200,000? 

Mr.  Scott.  There  are  a lot  of  engineering  and  computer  studies  and 
all  of  those  things  that  are  quite  expensive. 

Dr.  Bisplinghoff.  The  computer  expense  is  quite  a big  item? 

Mr.  Scott.  Yes. 

Mr.  Karth.  Who  wants  to  start  on  the  life  support  systems?  I 
guess  maybe  Dr.  Bisplinghoff  should  be  the  one  to  take  off  on  that  one. 

Dr.  Bisplinghoff.  Yes,  sir. 

This  is  at  the  top  of  the  second  sheet,  and  is  entitled  “OART,  S.R. 
& T.  in  Human  Factors  Systems,  Life  Support  and  Protective  Sys- 
tems.” 

The  main  purpose  of  this  item  is  to  finance  the  work  that  is  being 
done  by  OART  in  the  development  of  the  technology  for  longtime 
life  support  systems. 

We  are  spending  this  money  primarily  through  the  Langley  Re- 
search Center  and  the  Manned  Spacecraft  Center  and  are  experi- 
menting with  the  kind  of  gases  that  we  might  want  to  use  and  the 
land  of  regenerative  systems  that  one  should  use  and  all  of  the  other 
parts  of  the  system  which  might  be  needed  to  provide  life  support  for 
times  and  numbers  of  people  that  are  well  beyond  what  is  being  con- 
templated for  the  Apollo  mission. 

I have  also  looked  at  the  Office  of  Manneu  Space  Flight  items  which 
follow  this  on  that  page,  and  find  that  the  one  entitled  “Experimental 
Studies  in  Aerospace  Medicine  Life  Support  Systems,”  is  being  used 
for  the  development  of  hardware  associated  with  Gemini  and  Apollo. 

Mr.  Karth.  The  development  of  hardware? 

Dr.  Bisplinghoff.  The  development  of  hardware  associated  with 
Gemini  and  Apollo  missions. 

Mr.  Randall.  You  mean  that  is  page  14? 

Dr.  Bisplinghoff.  Yes,  sir.  this  is  the  $2,315,000  item. 

The  next  item  is  “Crew  systems  in  aerospace  medicine”  and,  accord- 
ing to  their  descriptions,  for  the  development  of  equipment  and  com- 
ponents such  as  space  suit  assemblies  and  environmental  control 
devices,  also  for  Gemini  and  Apollo  missions. 

Included  in  this  area  are  the  preflight  and  inflight  checkout  of  per- 
sonal support  and  safety  equipment.  Again  these  are  directed 
specifically  toward  the  Gemini  and  Apollo  missions. 

Mr.  Karth.  And  your  $6.8  millions  program  differs  in  what  respect, 
briefly? 

Dr.  Bisplinghoff.  Well  the  Gemini  and  Apollo  missions  as  we 
see  them  make  use  of  the  present  state  of  the  art  in  the  development  of 
the  life  support  systems. 

Our  whole  job  is  to  advance  the  technology  of  this  area  so  that 
we  can  go  well  beyond  the  times  and  numbers  of  people  that  will  be 
involved  in  the  Apollo  and  Gemini  missions.  For  example,  we  are 
looking  at  a 360  man-day  study  at  Langley,  at  the  present  time, 
which  involves  really  quite  a jump  in  the  technology  of  the  life 
support  system. 
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Mr.  Karth.  And  what  is  the  extent  of  this  research  work  that  you 
are  doing  now?  The  $6.8  million  if  I understand  it  correctly  is  for 
.fiscal  year  1964? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  How  much  money  do  you  think  we  will  need  to  com- 
plete the  human  factor  systems  study  that  you  are  making  from  the 
research  you  are  doin"  in  this  area?  What  do  you  think  it  will  be  in 
1965  ana  1966 — or  do  you  think  that  you  might  bring  this  to  a 
conclusion? 

Do  you  look  for  an  expanding  program  or  about  the  same  program 
or  what? 

Dr.  Bisplinghoff.  I am  quite  sure  it  will  continue.  It  will 
continue  beyond  this. 

It  would  be  my  guess  that  it  would  be  slightly  larger  in  1965. 

Mr.  Karth.  Well  is  that  because  of  an  oncoming  program  that 
NASA  has,  or  what  might  be  the  reason  for  this  program  becoming 
larger? 

Dr.  Bisplinghoff.  Well,  it  is  because  of  our  responsibility  to 
provide  and  develop  the  technology  for  systems  that  might  be  de- 
signed in  a 10-  or  15-year  period  from  now. 

Mr.  Karth.  Except  for  that,  is  there  some  value  in  having  some 
kind  of  a program  before  you — at  least  before  we  spend  substantial 
sums  of  money  in  doing  research  for  what  might  or  might  not  become 
a program? 

Dr.  Bisplinghoff.  I believe  we  have  to  spend  a certain  amount  of 
money. 

Mr.  Karth.  You  see,  I am  not  sure  that  we  will  ever  have  10  men 
or  100  men  or  whatever  are  presumed  to  be  going  from  here  to  the 
Moon,  or  the  planets  or  whatever,  and  therefore  I am  not  sure  that 
we  should  spend  too  much  money  in  an  area  like  this. 

I may  be  dead  wrong,  and  I am  sure  I would  be  dead  wrong  if 
NASA  had  some  kind  of  a plan  that  they  came  up  with  and  said: 
“Well,  this  is  our  schedule." 

Then  I could  see  the  feasibility  of  going  ahead  but  I am  not  sure 
that  I have  ever  heard  of  any  plan  that  NASA  may  have  which 
parallels  our  need  for  research  in  this  area. 

That  is  what  concerns  me. 

Dr.  Bisplinghoff.  Of  course,  we  have  no  approved  programs 
which  represent  this  kind  of  time  or  this  number  of  people,  but  I feel 
that  we  must  spend  a certain  amount  of  money  in  all  of  these  areas  to 
develop  the  technology  and  knowledge  beyond  what  it  is  at  the 
present  time. 

We  will  find,  if  we  don’t  do  this,  and  if  we  later  have  programs  that 
involve  the  design  of  space  vehicles  that  go  well  beyond  our  present 
state  of  the  art,  that  we  just  won’t  be  able  to  build  them,  or  we  will 
then  have  to  start  to  build  them  which  will  be  very  expensive  because 
the  technology  is  not  there  when  we  are  ready  to  do  it. 

Mr.  Karth.  I appreciate  of  course,  Doctor,  that  we  have  got  to  do 
some  research  work  that  we  refer  to  as  “way  out"  or  future  research. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  I am  just  not  sure  how  concentrated  if  should  be  or 
what  importance,  or  emphasis  should  be  placed  on  it. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth,  I think  it  is  a matter  of  degree. 
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Dr.  Newell.  Some  of  this  life  support  work,  Mr.  Chairman,  gets 
to  be  quite  fundamental. 

It  is  already  known  that  some  of  these  regenerative  systems  for 
example  can  poison  themselves  and  cease  working  if  they  are  not 
handled  properly. 

Thus,  if  you  are  looking  forward  to  flying  manned  orbital  labora- 
tories for  long  periods  of  time,  or  if  you  are  looking  toward  protecting 
the  men  out  in  space  for  long  periods  of  time,  either  in  flight  or  on  the 
moon  or  on  the  planets,  you  will  have  to  solve  these  problems. 

If  you  want  a headstart,  right  now,  Mr.  Chairman,  is  the  time  to 
work  on  the  fundamental  problems  and  the  applied  research  problems, 
so  that  the  development  later  can  go  forward. 

Dr.  Bisplinghoff.  Mr.  Karth,  may  I ask  Dr.  Konecci  to  add  to  this. 

This  is  Dr.  Konecci’s  work  and  I think  he  could  perhaps  help  us. 

Mr.  Karth.  Yes,  certainly. 

Dr.  Konecci.  Mr.  Karth,  actually  we  are  behind  right  now  in  the 
development  of  advanced  life  support  systems.  There  had  not  been 
a very  large  effort  in  this  area,  thereby,  requiring  some  of  the  work 
that  is  now  being  done  by  the  Office  of  Manned  Space  Flight  to  meet 
the  mission  requirements  of  Gemini  and  Apollo. 

So  what  we  are  trying  to  do  is  to  accumulate  knowledge  in  the  area 
so  that  a large  amount  of  dollars  will  not  have  to  be  spent  in  the  future, 
trying  to  catch  up. 

Life  support  is  the  most  critical  item  of  getting  man  into  space  and 
we  are  working  hand  in  glove  with  the  Office  of  Manned  Space  Flight. 
Their  mission  duration  is  14  days  for  both  Gemini  and  Apollo  while  we 
are  looking  at  30  days,  and  beyond. 

To  give  you  an  example,  we  will  be  demonstrating  a 5-man,  30-day, 
completely  integrated  life  support  system  test  on  the  ground,  at  the 
Boeing  Airplane  Co.  in  approximately  July  of  this  year,  using  various 
NASA  Center  people  and  including  two  Air  Force  people. 

Mr.  Karth.  Well,  you  can’t  say  that  we  are  not  spending  much 
money  on  it. 

Dr.  Konecci.  No. 

Mr.  Ivarth.  We  are  spending — what  is  it,  $15  million,  and  you  are 
requesting  $13  million  in  1963. 

Dr.  Konecci.  That’s  right.  But  roughly  half  of  that  money  is, 
of  course,  being  spent  on  improving  the  so-called  Mercury-type  sys- 
tem that  we  have  for  going  beyond  the  presently  designed  part  of 
Mercury.  They  are  working  on  it  now  and  hope  to  improve  it  beyond 
Gemini. 

Mr.  Karth.  Well  I hope  that  they  decide  very  quickly  what  to  do 
with  Mercury.  I think  that  they  should  go  on  with  other  things  than 
Mercury.  Now  we  have  Gemini  and  Apollo,  and  if  we  are  spending 
money  on  Mercury  it  seems  to  me  we  ought  to  take  a good  look  at 
that.  Is  there  any  money  for  Mercury  in  here? 

Dr.  Konecci.  No,  no.  This  is  technology  that  we  are  concerned 
with,  sir. 

Let  me  explain  that  the  systems  they  are  working  on  at  the  present 
time  with  the  Gemini  and  Apollo  programs  are,  a “one  gas,  100 
percent  oxygen,  5 pounds  per  square  inch  system”  which  are  inte- 
grated—whereas,  we  are  trying  to  get  into  the  next  stage  beyond  this, 
with  two  or  more  gases ; but  using  air  very  much  like  here  in  this  room. 
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like  the  conditions  here  on  Earth;  in  other  words,  at  14,7  pounds  per 
square  inch.  This  is  a completely  different  state  of  the  art. 

The  Soviets  I might  mention  are  already  at  the  14.7  pounds  per 
square  inch,  two  gaseous  system  stage. 

Dr.  Earth.  How  do  we  know  that? 

Dr.  Konecci.  We  have  gotten  their  data,  sir. 

We  have  had  a very  good  exchange  in  this  area  of  aerospace  medi- 
cine. It  is  in  the  book  that  I made  available  to  you,  I think— -they 
have  published  two  volumes  of  experimental  data. 

Mr.  Earth.  Are  we  making  use  of  those? 

Dr.  Eonecci.  Yes,  sir. 

Mr.  Earth.  Well  it  is  good  to  get  this  sort  of  thing  on  the  record 
once  in  a while,  because  some  people  think  that  we  give  away  all  of 
our  information  to  our  enemies  and  get  nothing  in  return. 

Dr.  Konecci.  No,  sir. 

Mr.  Earth.  Anything  further  on  this  subject? 

I think  it  will  be  necessary  for  us  to  come  back  on  Friday  and  resume 
this  discussion — and  for  both  of  you  to  return  if  you  can? 

Dr.  Bisplinghoff.  Yes,  I can  be  here  on  Friday. 

Dr.  Newell.  I am  scheduled,  Mr.  Chairman,  to  be  out  of  town 
but  Dr.  Clark  would  be  available  if  this  would  be  acceptable. 

Mr.  Earth.  Fine,  yes;  that  is  certainly  acceptable. 

The  committee  has  a luncheon  engagement  at  the  request  of  the 
chairman,  so  I think  we  might  adjourn  at  this  point  and  reconvene  at 
10  o’clock  on  Friday  morning. 

Thank  you  very  much. 

(Whereupon,  at  12  noon,  the  subcommittee  was  adjourned  to 
reconvene  at  10  o’clock,  Friday,  April  26,  1963.) 


.k** 


1964  NASA  AUTHORIZATION 


FRIDAY,  APRIL  28,  1063 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences  and 
Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met  at  10:15  a.m.,  Hon.  Joseph  E.  Karth 
(chairman  of  the  subcommittee)  presiding,  in  loom  214-B,  Long- 
worth  Building. 

Mr.  Karth.  The  meeting  will  come  to  order.  Dr.  Clark,  we 
want  to  welcome  you  before  the  subcommittee. 

Dr.  Clark.  Thank  you,  Mr.  Karth. 

Mr.  Karth.  We  are  happy  to  see  you  again.  Dr.  Bisplinghoff,  it 
is  good  to  have  you  back  with  us. 

Dr.  Bisplinghoff.  Thank  you,  sir. 

Mr.  Karth.  You  are  kind  of  the  standard  fare.  You  have  been 
with  us  more  times,  I guess,  than  anyone  else  this  year.  We  think 
you  are  doing  an  extremely  good  job  justifying  your  program. 

As  I recall,  we  were  on  planetary  atmospheres,  when  we  adjourned 
last,  and  inasmuch  as  most  of  this  is  under  OSS,  I wonder,  Dr.  Clark, 
if  you  would  care  to  proceed  and  attempt  to  tell  us  why  we  find  items 
so  many  different  places  in  the  budget,  carrying  the  same  title,  such 
as  under  “Geophysics  and  astronomy,”  as  happens  in  this  case? 

Dr.  Clark.  Yes. 

Mr.  Karth.  And  what  is  the  purpose  of  the  requests  in  each  one 
of  the  instances?  And  why  couldn’t  we  put  it  all  together  and  ask 
for  one  lump  sum? 

STATEMENT  OF  DR.  RAYMOND  I.  BISPLINGHOFF,  DIRECTOR, 

OFFICE  OF  ADVANCED  RESEARCH  AND  TECHNOLOGY,  NA- 
TIONAL AERONAUTICS  AND  SPACE  ADMINISTRATION,  ACCOM- 
PANIED BY  DR.  JOHN  F.  CLARE,  ASSOCIATE  DIRECTOR  AND 

CHIEF  SCIENTIST,  OFFICE  OF  SPACE  SCIENCES 

Dr.  Clark.  Yes,  sir.  The  order  given  here  is  a very  excellent 
order,  because  it  is  essentially  the  order  in  which  the  job  is  being 
done.  Starting  first  with  the  two  associated  projects  in  “Geophysics 
and  astronomy,”  the  supporting  research  and  technology  efforts  in 
this  area  include,  as  is  customary,  both  laboratory  and  theoretical 
studies,  and  instrumentation  which  is  developed  to  understand  pri- 
marily the  structure,  dynamics,  and  composition  of  the  earth’s  upper 
atmosphere. 

This  is  the  home  base,  the  proving  grounds  in  which  techniques  are 
developed  for  use  farther  away  in  the  solar  system  when  the  missions 
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become  much  more  costly,  and  in  which  the  penalty  for  error,  for 
not  having  done  everything  possible  in  a preparatory  way,  is  much 
more  severe. 

When  we  have  undertaken  adequate  background  research,  labora- 
tory research,  development  of  instrumentation,  and  theory,  we  are  in 
a position  to  conduct  flight  measurements  in  the  Earth’s  atmosphere 
by  the  use  of  sounding  rockets.  This  is  the  bulk  of  the  second  item 
here,  “Flight  projects”  in  “Geophysics  and  astronomy,”  in  which  once 
one  has  developed  successful  instrumentation  for  the  sounding  rocket 
work,  getting  results  from  this  area,  essentially  graduating  the  experi- 
ments to  satellites,  and  accumulating  data  over  a longer  period  of  time 
over  a much  larger  fraction  of  the  total  volume  of  the  Earth’s  at- 
mosphere. 

Mr.  Karth.  The  items  in  question,  Doctor,  are  “Planetary  at- 
mospheres.” We  find,  under  “Geophysics  and  astronomy,”  a request 
for  planetary  atmospheres  appearing  in  two  different  places  in  the 
budget. 

Dr.  Clark.  Yes. 

Mr.  Kar?  h.  Under  “Lunar  and  planetar)-  programs,”  in  another 
part  of  the  budget,  we  find  again  a $1K  million  request  under  “Plane- 
tary atmospheres.”  On  page  38  of  the  budget,  we  find  “Spectroscopic 
studies  of  planetary  atmospheres  and  surfaces”  calling  for  another, 
million  dollars. 

What  we  want  to  know  is,  what  is  the  difference  between  these 
various  planetary  atmosphere  studies  or  projects  and  research  pro- 
grams, whatever  they  might  happen  to  be?  What  is  the  difference 
between  the  one  that  appears  on  page  26  and  the  one  that  appears  on 
pages  32  and  34,  38,  and  so  on?  Why  do  we  have  this  in  four  different 
places  in  the  budget,  all  under  the  same  heading? 

Dr.  Clark.  Yes.  I have  described  first  the  item  that  appears  on 
page  26  on  the  “Geophysics  and  astronomy”  and  supporting  tech- 
nology. We  consider  that  the  Earth’s  atmosphere  is  a planetary 
atmosphere  and  that  geophysics  is  confined  totally  to  it. 

The  relation  to  the  supporting  research  and  flight  pattern  is  that 
we  do  not  commit  things  to  flight  until  they  have  been  well  developed 
on  a sound  basis  of  laboratory  and  theoretical  research. 

Mr.  Karth.  Isn’t  that  OART’s  job? 

Dr.  Clark.  The  difference  between  supporting  research  and  tech- 
nology and  advanced  research  and  technology  in  the  flight  projects 
area,  space  sciences,  is  a fine  one  in  that  there  is  a sequence  through 
which  any  flight  experiment  must  go.  This  requires  a closely  inte- 
grated and  coordinated  effort  on  the  part  of  the  responsible  investigator. 

Dr.  Van  Allen,  of  the  State  University  of  Iowa,  is  a good  example 
in  which  the  most  effective  res  arch  is  done,  not  by  separating  this 
into  different  programs  and  different  investigators,  but  by  having  one 
well-coordinated  program  of  theoretical  and  laboratory  research,  and 
sounding  rocket,  satdlite{  and  space  probe  flight  research.  f . 

We  consider  this  coordinated  activity  in  space  sciences  as  so  closely 
associated  with  the  flight  projects  and  with  the  flight  experiments 
involved  that  they  are  supported  by  our  supporting  research  and 
technology  program. 

Dr(  Bisplingnoff’s  area,  in  Advanced  Research  and  Technology, 
has  to  do 
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Mr.  Karth.  We  agreed  that  was  a misnomer.  We  agreed  earlier 
in  the  hearings  that  it  should  be  Eesearch  and  Advanced  Technology, 
didn't  we,  Doctor? 

Dr.  Bisplinghoff.  Yes,  I think  that  that  is  a better  phrase  with 
which  to  describe  it. 

Dr.  Clark.  That  is  a good  way  to  put  it.  I think  I need  add 
nothing. 

Mr.  Karth.  Will  you  go  ahead?  What  I would  like  to  have  you 
do,  Doctor,  is  explain  a little  further.  It  might  be  just  because  it 
is  a Friday  morning,  that  I did  not  quite  understand  the  difference 
between  the  page  26  planetary  atmospheres  item  and  the  page  32 
planetary  atmospheres  item. 

Dr.  Clark.  Page  26  is  primarily  ground-based  theoretical  and 
experimental  research.  Page  32  is 

Mr.  Karth.  Would  you  call  that  basic  research? 

Dr.  Clark.  Semantics  are  very  tricky  here.  As  far  as  Space 
Sciences  is  concerned,  this  is  supporting  research.  Since  supporting 
research  must  always  be  in  support  of  something,  this  is  in  support 
of  the  development  of  the  best  available  flight  experiments  at  the 
lowest  possible  cost.  As  I think  you  have  heard  from  Dr.  Newell, 
the  difference  between  basic  research  and  applied  research  is  fre- 
quently one  of  motivation.  So  far  as  the  men  at  the  universities 
and  our  centers  who  are  engaged  in  this  research  are  concerned,  this 
is  basic  research.  All  of  space  science  is  basic  research  in  terms  of 
understanding  the  environment. 

This  is  a different  sort  of  basic  research  than  the  sort  of  research  one 
is  talking  about  when  dealing  with  research  in  terms,  for  example,  of 
basic  propulsion  techniques.  We  might  be  more  comfortable  calling 
this  environmental  research,  which  is  a perfectly  good  term.  There  is 
a rather  substantial  difference  between  the  complex  research  effort 
which  evolves,  from  time  to  time,  competent  flight  experiments 
through  which  we  can  learn  a lot  about  our  environment  in  space  at  a 
minimum  cost;  and  the  sort  of  research  that  is  directed  to  solid  state 
physics,  mechanics,  and  materials. 

Mr.  Karth.  What  is  the  purpose  for  the  $1}£  million  item  on  page 
2,  under  the  same  title? 

Dr.  Clark.  These  are  the  flight  experiments  within  the  Geophysics 
and  Astronomy  area,  which  involve  primarily  sounding  rocket  and 
satellite  experiments.  So  that  again,  taking  the  State  University  of 
Iowa  as  an  example,  under  the  item  on  page  26,  they  may  have  a con- 
tinuing relatively  low  level  of  support  to  maintain  a continuity  of  effort 
which  will  occasionally  develop  proposals  to  do  specific  flight  experi- 
ments. 

Mr.  Karth.  Is  that  where  a good  deal  of  that  work  is  going  to  be 
done? 

Dr.  Clark.  In  universities,  yes. 

Mr.  Karth.  How  about  the  planetary  atmospheres  item  on  page 
32?  Where  will  that  be  done?  Is  this  a kind  of  in-house  thing? 

Dr.  Clark.  No.  This  is  done  by  the  same  groups  when  they  have 
proposed  a specific  space  flight  experiment  whim  now  starts  to  involve 
larger  sums  of  money  because  of  the  necessity  for  the  development  of 
flight  hardware. 

Mr.  Karth.  Do  we  already  have  some  answers  on  this  basic 
research  area  so  that  we  can  apply  some  of  . this  knowledge  to  actual 
flight  experiments  as  you  request  on  page  32? 
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Dr.  Clark.  Yes.  These  same  people  come  in  with  proposals  for 
specific  flight  experiments  which  are  individually  funded,  after  their 
selection,  for  the  development  of  hardware  on  a schedule  which  can  be 
integrated  with  the  total  flight  package;  for  example,  an  Orbiting 
Geophysical  Observatory. 

Mr.  Karth.  How  do  we  determine,  Doctor,  and  this  always 
bothers  me,  how  essential  an  experiment  may  be?  How  do  we  deter- 
mine that  we  have  to  move  forward  with  tins  experiment  as  opposed 
to  some  other  experiment,  or  move  forward  with  this  experiment  as 
opposed  to  doing  nothing  in  the  area,  because  whatever  the  experiment 
is  about,  it  might  be  inconsequential,  even  if  we  get  all  the  answers  we 
hope  to  get?  How  do  we  determine  the  need,  the  essentialness  of  any 
experiment? 

Who  determines  this?  There  is  a lot  of  research  that  we  could  do 
in  this  field,  just  fantastic  amounts  of  it,  that  a scientist,  or  I as  an 
individual,  might  be  interested  in  doing.  As  to  its  effect  on  the 
whole  program,  however,  I am  not  sure  that  it  would  enhance  it 
even  to  the  slightest  degree. 

How  do  we  determine  what  is  important?  What  we  have  to  move 
forward  with;  what  we  should  spend  money  on?  How  do  we  deter- 
mine this? 

Dr.  Clark.  This  is  always  a difficult  question  because  I don’t 
think  it  has  an  objective  answer.  As  soon  as  you  say  that,  then  you 
say  the  subjective  answer  which  is  available  is  necessarily  a matter 
of  opinion,  and  you  must  necessarily  get  the  best  opinion  that  is 
available.  So  this  is  where  our  Space  Sciences  Steering  Committee, 
with  its  various  scientific  subcommittees,  comes  in.  For  example, 
one  of  the  seven  subcommittees  of  the  steering  committee,  deals 
with  planetary  atmospheres. 

Mr.  Karth.  Who  is  on  these  committees,  Doctor?  Are  they  more 
scientists? 

Dr.  Clark.  These  committees  are  composed  of  scientists.  There 
are  generally  a somewhat  larger  number  from  the  university  com- 
munity than  from  the  Government  community. 

Mr.  Karth.  This  doesn’t  get  to  be  a “scratch  my  back  and  I will 
scratch  yours”  type  situation,  does  it?  If  you  will  agree  to  this 
experiment  then  we  will  be  nice  to  you  when  yours  is  considered, 
something  like  that? 

Dr.  Clark.  This  is  always  a danger  when  you  must  have  well- 
informed  people,  because  there  are  not  enough  well-informed  people 
that  are  not  involved  in  the  program.  We  accept  men  who  are 
informed  even  though  they  may  well  be  prejudiced  and  try  to  balance 
these  prejudices.  We  have  full-time  competent  headquarters  scien- 
tists, all  Ph.  D.’s,  chairing  the  subcommittees;  men  who  are  not 
eligible  to  have  their  own  flight  experiments.  These  are  the  men 
that  have  to  weigh  the  comments  that  are  made  by  the  members 
and  consultants  of  these  subcommittees  and  make  recommendations 
as  to  what  should  be  done.  Each  year  we  get  from  the  subcommittees 
a long-range  space  sciences  thinking  document,  which  contains 
not  only  the  presently  approved  program  but  also  two  shopping  lists: 
one,  those  experiments  in  a rough  priority  ranking  that  we  would 
like  to  carry  out  when  the  resources  are  available,  and  two,  a list  of 
experiments  that  should  be  performed  when  the  technology  has 
advanced  to  such  a point  where  they  are  feasible  at  a reasonable  cost. 
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Mr.  Karth.  Who  first  determines  that  we  should  do  research 
work  in  planetary  atmospheres  at  the  university  level?  This  is  first 
determined  by  NASA,  isn’t  it? 

Dr.  Clark.  This  is  first  determined  by  NASA  specifically  in  the 
Steering  Committee,  chaired  by  Dr.  Newell  and  has  most  of  the 
senior 

Mr.  Karth.  There  are  no  university  people  on  that  Steering 
Committee? 

Dr.  Clark.  That  is  correct.  This  is  entirely  in-house  NASA. 

Mr.  Karth.  The  first  decision  on  whether  or  not  some  basic  research 
should  be  done  in  an  area  is  decided  by  a steering  committee  and  after 
the  basic  research  is  done  by  universities,  if  it  is,  members  of  the 
university  staff  help  NASA  decide  what  experiments  they  should 
actually  perform,  is  that  right? 

Dr.  Clark.  This  is  right,  in  part.  The  reason  why  I hesitate  here 
is  that  we  feel  that  it  is  both  undesirable  and  impossible  to  plan  a 
research  program  for  someone  to  do.  No  one  plans  research.  One 
takes  advantage  of  the  best  minds  and  then  supports  them. 

Mr.  Karth.  I am  not  questioning  the  theory  used.  I am  just 
asking  whether  or  not  that  is  the  procedure. 

Dr.  Clark.  Right.  This  is  the  procedure  that  is  used  specifically. 
As  various  space  flight  missions  are  formulated,  as,  for  example,  now 
that  one  has  an  orbiting  geophysical  observatory  with  known  charac- 
teristics, known  weights,  and  power,  then  one  does  not  go  out  and 
suggest  to  the  scientific  community  that  certain  discrete  experiments 
should  be  done.  Rather,  one  tells  them  in  as  much  detail  as  possible 
what  facilities  are  available,  like  the  orbiting  geophysical  observatory, 
and  solicits  proposals  by  the  scientists.  The  subcommittees  then 
review  all  the  proposals  that  are  submitted  and  categorize  them, 
depending  on  the  scientific  competence  and  feasibility  of  the  proposed 
experiment,  the  reputation  of  the  principal  investigator,  and  the 
technological  competence  of  the  team  that  he  has  gathered  to  help 
carry  out  the  proposed  experiment,  if  it  is  accepted  for  flight. 

Mr.  Karth.  Doctor,  isn’t  this  putting  the  cart  before  the  horse? 
Isn’t  it  turning  it  backward?  Shouldn’t  we  first  have  a program? 
First,  shouldn’t  we  decide  long  before  we  go  to  the  university  for 
basic  research,  which  then  leads  up  to  a flight  experiment  research 
effort,  shouldn’t  we  first  determine  that  we  have  need  for  a program? 
Shouldn’t  we  first  determine  a problem?  OK,  this  is  a problem  area. 
We  have  to  find  the  answer  to  that  problem. 

Dr.  Clark.  That  is  correct.  This  is  done. 

Mr.  Karth.  After  we  have  the  target,  then  we  go  into  the  research, 
I don’t  care  whether  you  call  it  basic,  applied,  or  anything  else,  it 
seems  to  me  the  decision  has  first  been  made  that  we  have  an  objective, 
that  we  have  a target.  After  that  decision  has  been  made  tnen  we 
follow  down  the  line,  down  the  road  to  see  if  we  can  get  the  answer 
so  that  we  can  reach  the  target.  Really,  what  you  are  saying  to  me 
is  that  we  have  a whole  bushel  basket  full  of  ideas  here  and  we  throw 
a few  of  them  out  to  the  university  and  say:  Do  some  basic  research, 
and  they  do,  and  after  doing  the  basic  research  they  come  to  us  and 
say  there  are  problem  areas  that  we  should  look  at  and  conduct  some 
experiments.  I don’t  think  this  is  the  right  approach.  I could  be 
dead  wrong.  It  doesn’t  seem  to  me  this  makes  sense  from  an  objec- 
tive program  standpoint. 
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Dr.  Clark.  If  this  is  the  impression  I have  given  you  I appreciate 

Jrour  correcting  it,  because  this  is  not  the  correct  impression.  We  do 
ay  out  a research  program  in  terms  of  fundamental  questions  which 
must  be  answered  before  we  can  send  machinery  and  men  into  space 
safely,  for  example.  In  order  to  learn  what  we  need  to  know  about 
various  regions  of  space  so  that  we  can  proceed  further  out  into  space, 
we  must  proceed  into  other  subsidiary  areas  in  order  to  learn  more 
about  the  total  environment  of  space.  These  objectives  are,  in  more 
general  terms,  starting  with  some  of  the  fundamental  questions  to 
which  we  need  answers.  For  example,  what  is  the  nature  of  the  control 
exerted  by  the  Sun  over  events  here  on  Earth?  What  is  the  origin, 
history,  and  future  behavior  of  the  solar  system  and  the  universe? 
These  questions  are  broken  down  into  the  sorts  of  space  flight  projects 
that  will  be  required.  One  goes  from  the  lowly  sounding  rocket 
investigating  the  physics  of  the  lower  Earth’s  atmosphere  to  the 
various  types  of  satellites.  Some  take  measurements  of  the  environ- 
ment in  their  immediate  vicinity  throughout  the  entire  Earth’s 
atmosphere.  Finally,  we  graduate  to  space  probes  which  are  looking 
at  phenomena  in  the  vicinity  of  the  nearby  planets,  Venus  and  Mars. 
Once  we  have  gone  through  the  very  necessary  exercise  of  determining 
the  nature  of  the  measurements  which  should  be  made,  using  each  of 
these  various  vehicles  and  each  of  these  regions  of  space,  we  go  back 
to  the  scientific  community  to  find  out  who  is  in  the  best  position  to 
make  the  detailed  measurements  in  this  area  which  has  already  been 
circumscribed.  In  this  way,  we  try  to  get  the  maximum  amount  of 
valid  data,  within  the  time  and  other  constraints  of  the  program,  at 
the  most  reasonable  cost.  So  that  what  we  have  been  talking  about 
here  is  a refinement  of  the  area  of  measurements  which  has  already 
been  outlined  in  some  detail. 

Mr.  Karth.  I am  not  sure  that  I understood  everything  you  said. 
Let  me  ask  you  why  it  appears  in  the  budget  that  we  are  doing  this 
in  so  many  different  ways.  For  example,  on  page — volume  5,  page 
27, 1 find  “Atmosphere  Explorers  and  Monitors.”  I don't  know  what 
Atmosphere  Explorers  ana  Monitors  are  all  about  as  well  as  you  do. 
And  I don’t  know  what  our  planetary  atmosphere  studies  are  all  about 
as  well  as  you  do  either.  The  only  thing  I do  question  is  if  planetary 
atmosphere  studies  are  to  accomplish  what  you  say  they  are  to  ac- 
complish, and  if  I understood  correctly  the  purpose  for  the  atmosphere 
Explorers  and  Monitors  on  page  27,  then,  it  seems  to  me,  if  my  recol- 
lection serves  me  correctly  at  all,  that  we  are  really  asking  for  these 
two  different  items  for  the  same  purpose  or  essentially  the  same 
purpose  or  purposes.  You  call  them  a little  bit  different.  We  have 
them  in  different  places  in  the  budget.  They  are  all  for  substantial 
amounts  of  money.  It  seems  to  me  they  are  all  supposed  to  meet  the 
same  objective.  I am  not  sure  I understand  this. 

Dr.  Clark.  Let  me  try  to  put  this  in  perspective 

Mr.  Karth.  Do  you  have  volume  5 there,  page  27? 

Dr.  Clark.  Yes. 

Mr.  Randall.  What  is  the  page  of  the  atmospheric  studies? 

Mr.  Karth.  Page  2 of  the  list  that  we  gave  you.  You  will  notice 
on  page  26  of  the  budget  the  item  designated  as  “Planetary  atmos- 
pheres” for  $2  million  and  down  the  list.  My  question  is  that  this 
is  atmosphere  study  and  it  seems  to  me  that  the  Explorers  and  the 
Monitors  are  conducting  the  studies  that  you  are  attempting  to  con- 
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duct,  or  have  in  mind  conducting,  in  your  planetary  atmospheres 
portion  of  the  budget. 

Dr.  Clark.  Let  me  try  to  put  the  whole  thing  in  perspective  and 
go  through  all  of  these  items  quickly  relating  the  items  on  page  27 
with  the  four  items  which  your  staff  has  called  out  on  the  staff  memo- 
randum. First  and  perhaps  most  important,  this  is  all  part  of  the 
same  program.  This  is  one  program.  The  way  in  which  this  is 
conducted  is  as  follows:  We  first  start  out  in  the  supporting  research 
and  technology  area,  making  sure  that  we  have  good  instruments  and 
good  experiments  to  be  performed.  This  is  relatively  cheap  to  do 
before  we  do  any  of  the  more  costly  flight  experiments. 

The  second  step  comes  after  the  experiments  have  been  developed 
on  sounding  rocket  flights  (this  is  item  2 in  your  staff  memorandum 
on  page  32).  Some  of  these  flight  experiments  go  into  these  atmos- 
pheric Explorers  and  Monitors.  These  are  prerequisites  for  the 
development  of  the  experiments  which  are  broken  out  specifically  on 
page  27  of  volume  5, 

Mr.  Karth.  Why  aren’t  they  listed  under  experiments  on  page  27 
under  “Atmospheric  Explorers  and  Monitors”? 

Dr.  Clark.  During  their  development  we  require  that  they  first 
be  flown  successfully  in  sounding  rockets.  We  don’t  want  to  commit 
them  to  the  relatively  expensive  satellites  until  we  are  sure  the 
instrumentation  functions  well. 

Mr.  Karth.  These  page  32  items  are  only  going  to  be  flown  on 
sounding  rockets? 

Dr.  Clark.  Correct. 

Mr.  Karth.  None  will  be  included  in  the  satellite? 

Dr.  Clark.  The  dollars  for  procuring  the  experiments  which  will 
be  flown  in  satellites  are  listed  on  page  27.  They  will  be  the  same 
experiments  scientifically,  but  now  they  will  have  been  checked  out. 
When  we  select  the  experiment  for  satellite  use,  the  experimenter  gets 
a contract  to  develop  qualified  satellite  hardware  according  to  the 
schedule  required  to  meet  the  total  satellite  project.  That  is  why 
it  is  budgeted  in  that  way  for  tighter  control  at  the  stage  that  the 
instrumentation  has  been  developed  and  checked  out. 

Mr.  Karth.  It  may  be,  Doctor,  that  some  of  these  flight  projects 
on  the  sounding  rockets  need  never  be  flown  in  spacecraft,  isn’t  that 
true? 

Dr.  Clark.  Yes.  There  are  some  sounding  rocket  experiments 
which  are  designed  to  explore  the  altitude  region  below  that  readied 
by  satellites.  These  are  never  flown  in  satellites.  It  is  also  true 
that  some  experiments,  which  seem  very  promising  from  everything 
that  can  be  determined  by  trying  them  on  the  ground,  prove  to  have 
difficulties  when  they  are  tried  in  sounding  rockets  which  makes  us 
decide  that  they  are  not  sufficiently  worthwhile  to  expend  the  funds 
necessary  to  carry  them  through  to  a satellite  flight.  That  is  the 
second  reason  why  they  might  not  be  so  flown. 

Mr.  Karth.  Can  you  tell  me  why  we  need  that  $1>2  million  item 
there,  the  $1.4  million  for  flight  experiments?  What  information 
do  we  hope  to  get  that  we  now  don’t  have  and  how  will  that  affect 
our  overall  space  effort? 

Dr.  Clark.  Information  in  two  areas.  These  are  sounding  rocket 
flights,  and  they  are  necessary  first  to  understand  this  very  important 
transition  region  between  our  lower  atmosphere,  where  weather  is 
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normally  considered  to  be  formed,  and  the  outer  atmosphere  which 
is  the  region  of  the  satellites.  This  is  the  region  through  which  any 
coupling  between  the  upper  and  lower  atmosphere  must  take  place. 
We  are  going  to  have  to  understand  this  region  far  better  before  we 
are  able  to  understand  such  processes,  which  may  have  long-range 
influences  on  weather  and  communications.  The  second  reason  is  to 
make  sure  that  no  instrument  that  can  be  reasonably  checked  out  in 
a sounding  rocket,  and  this  includes  most  instruments,  fails  to  be 
checked  out  on  a sounding  rocket  before  it  is  committed  to  a far 
more  expensive  satellite  or  space  probe  flight. 

Mr.  Karth.  To  page  34,  planetary  atmospheres  in  the  lunar  and 
planetary  programs.  We  have  ionosphere  requests  in  the  budget  on 
page  27  also  I think.  Are  these  experiments,  noted  on  page  34,  to 
beflown  in  spacecraft?  I assume  they  are  not 

Dr.  Clark,  Page  34 

Mr.  Karth.  They  are  not  sounding  rocket  experiments? 

Dr.  Clark.  No,  under  the  lunar  and  planetary  programs,  there  are 
two  major  types  of  activities  under  that  category.  The  first  of  these 
are  the  experiments  that  are  conducted  in  space  probes.  For  example, 
in  the  Mariner  II  flyby  of  Venus,  some  of  the  radiometer  work  there 
has  to  do  with  determination  of  characteristics  of  the  Venus  iono- 
sphere. This  work  will,  of  course,  be  continued  and  expanded. 
This  work  will,  of  course,  be  continued  and  expanded.  The  other 
type  of  work  that  goes  on  here  is  ground-based  observations  of  the 
atmospheres  of  other  planets,  particularly  Mars  and  Venus,  with  the 
development  of  the  special  techniques  that  are  required  in  order  to 
make  the  best  use  of  spectroscopic  techniques  for  determination  of  the 
composition,  temperature,  and  other  characteristics  of  the  planetary 
atmospheres.  Some  of  these  experiments  are  carried  aloft  in  ballons 
in  order  to  get  above  some  of  the  obscuration  of  the  Earth’s  lower 
atmosphere.  This  is  closely  related  to  the  ground-based  studies. 
In  other  words,  all  of  the  techniques  for  studying  the  characteristics 
of  other  planetary  atmospheres  are  gathered  together  here  from  the 
point  of  view  of  the  basic  physics,  dynamics,  and  chemistry  of  these 
other  planetary  atmospheres.  The  fourth  item  is  “Biosciences.” 
We  can  either  come  to  it  now  in  relation  to  the  difference  in  emphasis 
between  this  and  the  lunar  and  planetary  research,  or  explore  the  lunar 
and  planetary  area  further. 

Mr.  Randall.  I can  understand  the  Mariner  flyby.  You  talk 
about  ground-based  observations  of  Mars  and  Venus.  Then  you  say 
in  the  next  breath  they  are  going  to  send  them  up  in  balloons.  I 
thought  our  whole  emphasis  was  to  try  to  get  out  beyond  the  atmos- 
phere. What  is  this  ground-based  technique?  Is  it  some  kind  of 
infrared  or  some  type  that  the  British  are  using?  What  is  it? 

Dr.  Clark.  The  whole  thrust  of  our  program  is  to  do  by  means  of 
our  rocket-propelled  vehicles  that  which  we  cannot  do  otherwise. 
This  would  offhand  seem  to  exclude  anything  that  does  not  include 
rocket-propelled  vehicles.  But  there  is  a very  important  considera- 
tion here.  We  certainly  do  not  want  to  do  anything  with  these  very 
expensive  space  probes.  We  don’t  want  to  do  anything  with  these 
means  that  we  can  do  in  any  other  less  expensive  way. 

There  are  some  things  that  we  can  do  from  the  ground.  There  are 
some  things  that  we  can  do  from  balloons 

Mr.  Randall.  Specifically,  what? 
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Dr.  Clark.  Specifically,  studies  of  other  planets  by  telescopic 
means. 

Mr.  Randall.  Innovations  in  the  ordinary  means.  What  specifi- 
cally on  that? 

Dr.  Clark.  Specifically  during  the  time  Mariner  II  was  flying  by 
Venus,  the  200-inch  telescope  at  Palomar  was  being  used  by  a Cal- 
Tech scientist,  Dr.  Murray,  to  scan  the  surface  of  Venus,  that  is  the 
cloud  tops,  and  determine  the  temperature  of  the  cloud  tops  by  this 
means.  He  was  able,  because  of  the  large  telescope,  to  actually  get 
contours  of  equal  temperature,  so-called  isotherms,  on  the  cloud  cover 
of  Venus.  The  reason  this  was  important  is  that  it  enabled  us  to  get  a 
direct  correlation  between  the  measurements  that  were  made  from  the 
Mariner  II  flying  by  the  planet,  and  the  more  conventional  ground- 
based  techniques,  but  to  a higher  degree  of  resolution  for  spatial  detail 
than  we  had  ever  achieved  before,  because  of  the  use  of  this  largest 
available  telescope. 

Mr.  Karth.  Would  the  gentleman  yield? 

Mr.  Randall.  Certainly. 

Mr.  Karth.  How  much  difference  was  there  between  the  ground- 
based  observations  and  Mariner’s,  as  to  the  temperature  at  the 
cloud  tops? 

Dr.  Clark.  The  results  were  in  agreement.  They  gave  us  assur- 
ance that  the  results  we  were  getting  from  the  ground  were  valid  and 
that  those  from  Mariner  II,  were  valid.  If  I could  anticipate  a ques- 
tion that  should  be  in  your  mind  at  this  point,  why  should  we  do 
experiments  from  space  probes  that  we  can  do  on  the  ground?  We 
shouldn’t,  we  aren’t,  we  haven’t. 

This  was  but  one  of  the  elements  that  we  could  get  from  Mariner  II. 
You  recall  we  had  two  infrared  bands.  The  one  infrared  band  was 
at  a window  in  the  Earth’s  atmosphere  and  we  could  observe  this  by 
means  of  the  ground-based  telescope.  The  other  infrared  band  was 
in  a region  where  the  Earth’s  atmosphere  is  partially  opaque,  and 
furthermore,  we  can  achieve  even  on  some  of  the  first  crude  experi- 
ments flying  by  Venus,  better  spatial  resolution,  so  that  we  could  see 
smaller  areas  of  variation  on  the  Venus  surface.  With  these  two 
bands,  two  wavelength  bands,  it  was  possible  to  determine  whether 
there  were  holes  in  the  clouds  through  which  we  could  see  lower  in 
the  atmosphere.  No  such  holes  were  observed.  This  is  data  that 
could  not  be  obtained 

Mr.  Karth.  You  didn’t  expect  any,  did  you? 

Dr.  Clark.  It  is  risky  to  say  what  one  should  expect  because  some 
astronomers  at  times  of  very  good  seeing,  have  thought  they  have 
seen  some  detail.  But  the  fact  of  the  matter  is,  the  instrument  did 
not. 

Mr.  Karth.  As  I understand  it,  the  scientists  didn’t  really  expect 
to  see  any  holes  in  the  clouds.  They  had  a feeling  that  it  had  such  a 
dense  cover,  if  they  saw  any  holes,  it  would  be  one  of  the  unexpected 
things,  rather  than  the  expected. 

Dr.  Clark.  I was  not  surprised  that  they  did  not,  but  I was  very 
much  interested  in  the  actual  fact. 

Mr.  Karth.  Let  me  ask  this  question — it  is  digressing  a bit.  I 
think  it  gives  the  subcommittee  a better  idea  of  how  important  some 
of  these  scientific  experiments  are.  What  difference  was  there 
between  the  Mariner  findings  and  the  estimated  temperature  theory 
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with  which  we  have  been  living  for  quite  a number  of  years?  What 
was  the  difference  between  our  ground-based  observations,  and  the 
temperatures  that  were  reported  by  Mariner? 

Dr.  Clark,  If  one  takes  into  account  all  available  data,  including 
reasonable  assumptions  of  factors  such  as  the  emissivity  of  the  planet’s 
Surface  which  is  not  yet  known  precisely,  it  is  fair  to  say  that  the 
ground-based  observations  are  in  excellent  agreement  with  the  space 
night  observations,  and  conversely. 

Mr.  Karth.  Both  observations  are  in  agreement,  that  it  is,  about 
800°? 

Dr.  Clark.  That  is  correct.  There  is  a difference  between  this 
800°  derived  surface  temperature  and  the  600°  brightness  temperature. 
The  brightness  temperature  is  the  apparent  temperature,  you  see, 
if  it  were  a perfect  black  body  emitter. 

If  it  has  the  order  of  70  or  80  percent,  then  you  have  to  correct 
the  brightness  temperature,  because  it  is  not  a perfect  black  body. 
The  magnitude  of  that  correction  is  such  that  the  600°  brightness 
temperature  is  in  agreement  with  the  800°  computed  temperature 
of  the  surface  of  the  planet.  In  summary,  the  measurements  are  in 
agreement. 

Mr.  Karth.  In  most  instances,  then,  we  could  say  the  recent 
scientific  experiments  we  have  conducted  and,  in  particular,  the 
Mariner,  findings  merely  substantiated  data  that  we  already  had  or 
conclusions  that  we  had  already  drawn?  In  most  cases  this  is  true, 
isn’t  it? 

Dr.  Clark.  I would  have  to  say  that  a substantial 

Mr.  Karth.  There  are  two  important  areas  where  this  is  true? 

Dr.  Clark.  I would  say  that,  in  my  view,  a substantial  minority 
of  the  total  findings  of  Mariner  II  were  primarily  in  substantiation 
of  facts  that  we  already  had  on  a reasonably  firm  basis,  whereas  a 
substantial  majority  of  the  facts  we  obtained  from  Mariner  II  were 
quite  new. 

Let  me  cite  some  of  these.  The  findings  on  the  magnetic  field  of 
Venus  being  less  than  5 to  10  percent  of  that  of  the  Earth,  insofar  as 
the  dipole  moment  is  concerned,  is  something  which  scientists  know 
of  no  way  to  determine  without  going  to  the  planet.  The  fact  that 
the  interplanetary  flux  of  micrometeoiites  away  from  the  Earth  is 
down  by  a factor  of  10,000  from  that  near  the  Earth,  is  something 
which  I know  of  no  way  to  pin  down  to  that  accuracy,  although  some 
observations  of  the  zodiacal  light 

Mr.  Karth.  Would  you  say  that  again? 

Dr.  Clark.  The  fluctuation  of  micrometeorites  observed  in  the 
vicinity  of  the  planet  Venus,  at  those  distances  from  the  Sun,  is  down 
by  a factor  of  10,000  from  the  fluctuations  observed  in  the  vicinity 
of  the  Earth.  This,  again,  is  a measurement  we  need  to  go  out  and 
make. 

Mr.  Karth.  Its  importance  seems  to  be  substantially  diminished 
now  over  what  it  was,  the  importance  of  going  out  ana  making  the 
measurement? 

Dr.  Clark.  You  mean  from  the  point  of  view  of  the  hazard  pro- 
duced by  the  micrometeorites? 

Mr.  Karth.  Yes.  It  eliminates  about  all  of  them,  doesn’t  it? 

Dr.  Clark.  So  far  as  the  size  range  which  are  reasonably  frequent, 
this  is  certainly  true,  because  this  is  a very  low  rate,  indeed.  The 
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problem  is  that  one  does  not  know,  as  yet,  about  the  larger  sizes. 
Remember,  we  are  just  talking  about  cosmic  dust  here.  The  grains 
that  we  were  discussing  in  the  last  session  of  this  committee,  the 
distribution  of  these  will  not  necessarily  follow  the  same  laws  as  will 
the  distribution  of  the  dust.  And  the  grains  are  sufficiently  infre- 
quent to  begin  with,  that  we  would  not  have  expected  to  see  any  of 
these  with  the  very  small  area  plates  that  we  could  carry  on  the  very 
lightweight  Mariner  II  payload. 

I would  say  it  gives  you  an  indication  that  you  may  be  in  better 
shape  as  you  approach  Venus,  but  assurance,  no. 

Mr.  Karth.  It  is  still  important  that  we  conduct  an  experiment  to 
make  as  sore  as  we  possibly  can? 

Dr.  Clark.  I would  say  so;  yes.  This  is  even  more  true  when  you 
go  in  the  other  direction  toward  Mars.  Because  in  this  direction,  you 
are  approaching  the  asteroid  belt  between  Mars  and  Jupiter.  At  the 
present  time  we  simply  don’t  know  what  we  may  encounter  at  what 
distance,  in  terms  of  an  increased  density  of  matter  that  may  be 
sufficiently  massive  to  create  a hazard  to  our  spacecraft. 

Mr.  Karth.  Thank  you,  Doctor. 

Mr.  Randall.  I have  one  more  question,  Mr.  Chairman.  I assume 
we  will  have  to  go  through  all  of  these  items  sometime  before  we  reach 
our  final  conclusions,  and  go  over  them  one  by  one,  as  we  have  these. 
You  mentioned  about  the  Mount  Palomar  doing  some  ground-based 
observations  at  the  same  time  as  the  Venus  flyby.  Was  it  necessary 
that  NASA  finance  that? 

Wasn’t  there  national  scientific  curiosity  by  someone  along  the 
line  to  check  that  out,  or  did  we  finance  that? 

Dr.  Clark.  We  did  finance  this,  I think.  The  amount  of  money 
involved  was  very  minimal.  I strongly  suspect  that  the  amount  of 
funds  involved  is  probably  in  the  order  of  a few  hundred  dollars. 

Mr.  Randall.  Then  if  that  is  so,  do  you  have  any  other  instances — 
you  mentioned  that  one  only.  What  are  some  of  your  other  ground- 
based  activities?  I just  can’t  get  my  hands  on  this.  I think  you 
ought  to  spell  two  out  in  detail.  I know  this  thing  will  be  combed 
pretty  finely  before  we  are  through. 

If  this  is  true  of  every  item  we  have  an  awful  lot  of  work  to  do. 

Dr,  Clark.  The  only  ground-based  activities  that  we  do  are 
activities  in  which  we  can  obtain  data  which  we  would  otherwise 
have  to  obtain  in  a more  expensive  way  through  the  use  of  space  probes. 

Mr.  Randall.  Are  you  using  any  new  types  of  astronomy?  Are 
you  going  back  to  the  old?  I though  the  whole  trend  was  in  the 
other  direct  on. 

Dr.  Clark.  In  this  particular  case,  we  were  using  infrared  detectors 
of  a new  very  sensitive  type,  to  get  measurements  that  were  more 
sensitive 

Mr,  Randall.  Where  is  that  being  done? 

Dr.  Clark.  This  is  at  California  Institute  of  Technology. 

Mr.  Randall.  That  is  in  this  $1,196,000  item?  If  not  there  it  is 
somewhere  along  the  line. 

Dr,  Clark.  I assume  it  is  there.  If  not  there,  in  a similar  item. 

Mr.  Randall.  Anything  else  besides  infrared?  Just  this  one 
project  going  on  at  Cal-Tech? 

Dr.  Clark.  For  any  ground-based  measurements? 

Mr.  Randall.  Yes. 
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Dr.  Clark.  There  are  other  items.  For  example,  we  have  a num- 
ber of  ground-based  observers  who  will  be  working  in  conjunction 
with  the  satellite  ionosphere  beacon  which  will  be  launched  this 
year,  about  which  Dr.  Newell  has  told  you.  This  is  a beacon  which 
puts  out  a number  of  harmonically  related  radio  frequencies  and  these 
frequencies  are  received  on  the  ground,  and  the  difference  in  behavior 
between  the  various  frequencies  gives  us  a means  of  determining  the 
variation  of  the  Earth’s  ionosphere. 

Mr.  Randall.  Ionosphere  beacon? 

Dr.  Clark.  Yes.  Another  is  the  geodetic  satellite  in  which  obser- 
vations are  made  of  the  flashing  light 

Mr.  Randall.  That  is  funded  here  and  not  attached  to  the  funds 
of  the  geodetic  satellite? 

Dr.  Clark.  It  depends  on  how  we  make  the  break.  It  is  all  part 
of  the  same  project.  I do  not,  offhand 

Mr.  Randall.  You  can  understand,  Doctor,  there  is  no  effort  to 
be  tedious  here,  but  we  have  to  find  where  that  break  is,  I assume 
many,  many  times  along  the  line  before  this  thing  is  wrapped  up. 
That  is  all,  Mr.  Chairman. 

Mr.  Staebler.  May  I pursue  a line  of  questions?  In  talking  with 
people  and  trying  to  justify  the  expenditure  of  the  overall  amount  of 
money  about  which  we  are  talking,  people  poke  at  it  in  many  ways,  and 
one  of  the  questions  I have  difficulty  answering  in  my  own  mind  is 
the  need  for  doing,  at  the  same  time,  the  work  in  connection  with  the 
Moon  probe  and  the  more  general,  more  basis  research  work  in  con- 
nection with  planetary  flight. 

What  would  happen  if,  while  we  are  passing  through  the  period  of 
maximum  expenditure  in  connection  with  the  Moon  landing,  we  de- 
ferred some,  let’s  just  say  some  of  the  basic  research  on  the  planets? 
What  would  be  the  consequences? 

Dr.  Clark.  I think  the  primary  consequence,  Mr.  Staebler,  would 
derive  from  the  fact  that  planetary  exploration  is  considerably  more 
difficult  than  lunar  exploration  from  a scientific  as  well  as  a tech- 
nological point  of  view.  For  example,  we  can  launch  probes  to  the 
Moon  essentially  once  a month  when  its  position  is  favorable.  In 
the  case  of  the  nearby  planets,  we  are  only  able  to  fly  such  a mission 
once  every  2 years  on  a reasonably  sized  rocket. 

So,  from  that  point  of  view,  to  give  you  some  feel  for  it,  we  are  only 
able  to  get  planetary  data  as  rapidly  (1  month  as  compared  to 
24  months,  or  4 percent)  as  lunar  data.  Every  time  you  miss  an 
opportunity  for  a planet,  you  set  yourself  back  by  another  2 years, 
roughly,  as  compared  with  1 month  by  missing  an  opportunity  for 
the  Moon. 

We  have  transit  times  to  the  planets  of  the  order  of  a half  a year, 
during  which  our  experiments  must  operate,  instead  of  several  days, 
which  is  the  time  through  which  your  experiments  must  operate 
when  going  to  the  Moon.  So  the  net  result  of  this  is  to  stretch  out 
the  amount  of  time  required  to  get  a comparable  amount  of  informa- 
tion from  the  planets,  as  compared  to  the  Moon,  by  a factor  of  per- 
haps IOC  or  so.  This  means  to  me  that  since  it  has  taken,  and  is 
taking,  at  least  a few  years  to  get  the  necessary  information  about  the 
Moon  required  to  permit  a commitment  of  man  to  go  there  and  attempt 
to  land  and  return,  that  we  are  going  to  have  to  expend  a very  much 
larger  effort  to  get  a similar  amount  of  data  from  the  planets. 
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It  will  be  a great  deal  more  economical  to  spread  this  out  over  along 
period  of  time  and  do  it  in  a rather  deliberate  manner,  as  opposed  to 
waiting  until  the  requirement  is  upon  us  to  provide  such  information 
in  support  of  a potential  national  decision  to  give  greater  emphasis  to 
the  planets. 

Mr.  Staebler.  Would  you  venture  a guess  as  to  how  long  that 
period  might  be,  if  we  took  every  opportunity,  every  2 years,  to  send 
out  probes,  how  long  that  period  might  be  to  secure  the  information, 
to  put  us  in  a comparable  position  with  that  which  we  hope  to  be  in 
when  we  initiate  the  Moon  landing? 

Dr.  Clark.  This  is  a very  difficult  question,  because  it  is  dependent, 
first,  on  how  many  attempts  we  make  each  2 years,  and  how  large 
the  vehicles  we  use  are.  I am  afraid  that  the  answer,  if  we  would  go 
into  Saturn  class  vehicles,  with  high  energy  upper  stages,  as  quickly 
as  they  were  available,  would  differ  by  an  order  of  magnitude  from 
that  if  we  used  the  Centaur  vehicle  at  the  outset. 

However,  I think  it  is  fair  to  say  that  the  very  minimum  tune 
period  in  any  case  will  be  in  the  order  of  a decade  or  more.  It  eoidd 
easily  stretch  out  to  twice  or  three  times  this  length,  particularly  if 
we  did  not  have  a graduated  program  in  which  we  attempt  to  take 
advantage  of  what  we  can  do  reasonably  and  relatively  inexpensively, 
doing  this  at  a moderate  pace,  relative  to  those  objectives  which  have 
established  dates  already  tied  to  them. 

I don’t  know  if  this  is  definite  enough  for  you. 

Mr.  Staebler.  This  is  very  helpful.  If  we  give  up  an  opportunity, 
we  give  up  2 years  each  time  we  do  that? 

Dr.  Clark.  Yes,  sir. 

Mr.  Staebler.  We  have  a course  ahead  of  us  that  is  at  least  10 
years’  duration? 

Dr.  Clark.  Yes,  and  I am  afraid  this  may  be  a rather  serious 
underestimate.  This  is  based  on  a sort  of  crash  program  that  I don’t 
think  we  could  conscientiously  recommend  at  this  time,  in  view  of  the 
competition  with  other  requirements  for  funds. 

Mr.  Staebler.  That  gives  me  just  the  kind  of  perspective  I wanted. 
Thank  you,  Mr.  Chairman. 

Mr.  Karth.  Dr.  Bisplinghoff,  I wonder  if  you  could  just  give  us 
kind  of  a summary  of  our  human  behavior  itemization  here  of  vari- 
ous budget  requests,  and  at  the  conclusion,  I wonder  if  you  could  tell 
us  whether  or  not  NASA  has  seriously  investigated  what  the  Air 
Force,  or  the  other  services,  might  be  doing  in  the  area  of  human  be- 
havior? It  would  appear  to  me  that  the  behavioral  sciences,  the 
effects  of  space  environment,  neurological  bases,  and  other  things 
that  I find  listed  under  the  request  for  NASA,  such  as  crew  perform- 
ance, flight  crew  requirements,  would  certainly  have  been  studied  in 
some  regard,  at  least,  and  in  some  degree  by  the  Air  Force  and  other 
military  services. 

If  you  could  tell  us  what  the  difference  is,  in  as  few  words  as  pos- 
sible, between  these  eight  or  nine  different  items,  and  then  what  seri- 
om  efforts  NASA  made  to  find  out  whether  or  not  there  was  any 
possibility  of  duplicating  things  that  have  already  been  done  by  the 
Armed  Forces  or  are  being  done  by  the  Armed  Forces,  I am  sure  that 
this  information  in  the  record  will  be  helpful  to  the  committee. 

Dr.  Bisplinghoff.  Yes,  sir.  I will  start  first  with  the  item  under 
my  office,  OART,  SRT,  and  human  factor  systems.  The  Office  of 


2560 


1964  NASA  AUTHORIZATION 


Advanced  Research  and  Technology  has  the  part  of  the  life  science 
program,  which  is  concerned  with  the  ability  of  the  human  to  live 
and  perform  meaningful  tasks  in  space,  and  also  the  part  which  is 
concerned  with  the  creation  of  the  technology  that  might  be  required 
to  support  life  in  a spacecraft  or  in  space,  as  you  will  recall,  from  our 
testimony  where  we  talked  about  the  life  support  part  of  our  effort. 

The  first  three  items  on  page  54  are  concerned  mostly  with  the 
studies  of  the  ability  of  humans  to  live  and  perform  meaningful  tasks 
in  space.  The  very  first  one,  entitled,  “Psycho-Physiology  and  Be- 
havioral Sciences”  is  concerned  with  studies  of  man’s  capabilities  and 
capacities  under  combined  stress  factors  associated  with  extended 
flight  missions. 

You  may  recall  Dr.  Konecci’s  testimony  a week  or  so  ago,  in  which 
he  showed  the  results  of  a study  at  the  University  of  Maryland  to 
study  the  psychological  effects  of  an  extended  period  of  isolation. 
We  have  also,  at  the  Ames  Laboratory,  and  other  universities,  other 
confinement  studies  with  both  animals  and  human  beings,  with 
sensory  deprivation,  and  also  studies  of  man’s  ability  to  acquire  and 
process  information  and  make  decisions  under  stress  conditions. 

The  second  of  these  items,  environmental  physiology,  again  is 
concerned  with  man’s  ability  to  perform  meaningful  tasks.  Here,  we 
are  studying  primarily  the  physiological  or  biological  effects  of  various 
physical  conditions,  such  as  altered  atmospheres,  acceleration,  radia- 
tion exposure,  magnetic  field,  electrostatic  field,  and  even  the  toxi- 
cology of  chemical  environments. 

The  third  of  these  items  entitled  “Biomedicine  and  Personnel 
Selection”  is  concerned  with  several  things.  One  is  the  determination 
of  the  various  types  of  medicine  and  laboratory  procedures  which 
would  be  required  in  an  examination  to  qualify  personnel  for  extended 
space  flight,  and  also  ground  support  roles. 

Here  we  look  at  such  things  as  pharmaceutics,  or  the  science  of 
using  the  various  lands  of  medicines  that  are  available,  or  the  preven- 
tion of  disease,  and  their  treatment.  I would  like  to  skip 

Mr.  Kahth.  This  environmental  physiology,  and  the  behavioral 
sciences,  how  does  this  fit  in  with  OART?  Why  isn’t  it  in  manned 
space  flight,  because,  after  all,  manned  space  flight  is  concerned  with 
all  of  these  things,  as  a necessary  part  of  their  program.  Manned 
space  flight  programs  have  an  interest  in  whether  or  not  they  can  keep 
the  astronaut  alive. 

Why  doesn’t  it  more  properly  fit  there?  We  have  these  budget 
requests  spread  over  three  different  sections  of  NASA,  Office  of 
Manned  Space  Flight,  they  have  some  of  it,  the  Office  of  Space 
Sciences,  they  have  some  of  it,  and  the  Office  of  Advanced  Research 
and  Technology,  your  division,  you  have  some  of  it.  How  can  we 
correlate  the  activities,  investigation  and  research  of  these  three 
agencies,  all  attempting,  I suppose,  to  find  out  answers  to  the  same 
questions? 

Dr.  Bisplinghoff.  I think  we  have  a very  logical  division  here. 
As  I mentioned  previously,  our  job  is  to  evaluate  the  ability  of  the 
human  to  live  and  perform  tasks  and  to  create  the  technology  required 
to  support  life.  The  Office  of  Manned  Space  Flight,  on  the  other 
hand,  has  only  those  responsibilities  associated  with  the  missions  that 
they  are  performing,  as  I can  describe  to  you  if  you  wish  me  to  go 
down  through  their  items. 
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All  of  these  items  are  concerned 

Mr.  Karth.  Those  are  the  only  missions  where  man’s  life  is 
involved? 

Dr.  Bisplinghoff.  The  items  that  are  in  this  area  are  concerned 
with  the  Gemini  and  Apollo  missions,  per  se.  We  are  trying  to 
understand  man’s  ability  and  life  support  systems  that  go  beyond 
those  which  would  be  supported  with  the  approved  manned  space 
flight  missions. 

This  is  the  distinction  between  my  office  and  the  Office  of  Manned 
Space  Flight.  The  Office  of  Space  Sciences,  as  Dr.  Chrk  has  pointed 
out,  is  oriented  toward  the  biosciences,  biology,  ana  extraterrestrial 
life. 

Mr.  Karth.  Doctor,  do  the  three  offices  have  frequent  get-to- 
gethers and  discussions  about  what  they  are  doing  and  how  they  are 
doing  it? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  What  advancements  they  are  making,  if  any,  and 
how  one  advancement  may  apply  to  the  needs  of  the  other  office, 
and  so  on? 

Dr.  Bisplinghoff.  Yes,  I think  we  have  a good  coordination  here. 
For  one  thing,  the  directors  of  the  three  offices,  Dr.  Konecci  of  my 
office,  General  Roadman  of  the  Office  of  Manned  Space  Flight,  and 
Dr.  Reynolds  of  the  Office  of  Space  Sciences,  have  monthly  committee 
meetings  with  a rotating  chairman,  in  which  they  discuss  their  pro- 
grams in  detail.  There  are  obviously  interfaces  which  have  to  be 
continually  monitored  here. 

We  rely  on  this  committee  of  the  three  directors  to  continually  see 
we  have  a properly  coordinated  program. 

Mr.  Kaiith.  Doctor,  has  it  been  your  experience  that  there  is  any 
division  among  the  troops,  so  to  speak,  disagreements  between  the 
three  offices,  as  to  what  should  be  under  their  jurisdiction,  or  what 
they  should  investigate,  or  what  they  should  research? 

Dr.  Bisplinghoff.  Yes,  sir.  "We  have  disagreements.  Dr.  Newell 
and  I occasionally  are  called  on  to  settle  disagreements  that  arise  in 
these  very  meetings  that  I mentioned.  I don’t  think  you  could 

Mr.  Karth.  We  have  interservice  rivalry  in  human  behaviorial 
sciences,  don’t  we,  among  other  things?  Is  this  going  to  worsen, 
would  you.  say?  Would  you  think  this  would  become  more  of  a 
problem  as  time  goes  on? 

Dr.  Bisplinghoff.  I think  it  will  improve  as  time  goes  on.  I think 
this  concept  of  having  our  life  sciences  in  three  offices  is  a workable 
concept. 

Mr.  Karth.  What  if  we  put  it  all  under  one  office,  even  though  a 
certain  portion  of  it  would  be  to  investigate  the  possibility  of  keeping 
man  alive  on  interplanetary  travel  10  years,  20  years,  whatever  it  is, 
from  now,  as  opposed  to  the  manned  programs  that  we  presently 
have  under  consideration?  Doesn’t  this  really  make-  more  sense  to 
you,  Doctor?  Let’s  say  we  put  all  of  them  under  OAR'T,  wouldn’t 
this  make  more  sense? 

Dr.  Bisplinghoff.  No,  I think  this  is  a good  arrangement  we  have 
now.  It  is  a workable  arrangement.  I think  it  is  a better  arrange- 
ment than  a single  office  would  be. 

Mr.  Karth.  It  seems  to  me  you  are  going  to  get  more  funds  this 
way.  I don’t  think  there  is  any  question  about  that.  I am  not  so 
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sure  that  I can  draw  the  same  conclusion  that  on  an  overall  basis,, 
it  is  better  for  the  program. 

Dr.  Bisplinghoff.  If  we  do  our  proper  job  of  avoiding  duplication 
among  the  offices,  I think  the  funds  would  be  the  same. 

Mr.  Karth.  You  see,  with  this  work  being  done  in  three  different 
offices,  I am  quite  confident  that  you  don't  have  the  same  close  liaison 
that  you  would  as  if  it  were  being  done  all  under  the  same  office, 
under  the  same  roof  by  the  same  people  under  one  supervisor?  I 
just  can’t  understand  how  we  could  have  this  same  interchange, 
having  it  done  in  three  offices  as  having  it  done  in  one. 

Mr.  Downing.  I would  agree  with  you,  Mr.  Chairman.  I was 
wondering  why  the  bioscience  program  in  all  aspects  couldn’t  be 
assigned  to  one  office.  Things  could  be  assigned  to  one  office  and 
that  office  given  that  mission. 

Would  that  be  feasible? 

Dr,  Bisplinghoff.  I think  you  will  find  if  there  are  bioscience 
experiments  conducted  in  any  of  the  Gemini  flights  these  experiments 
would  be  designed  and  proposed  by  Dr.  Clark’s  office,  and  the  Gemini 
would  be  just  a truck  to  carry  them  out,  and  provide  a service.  I 
would  think  there  may  be  some  experiments  that  my  office  would 
wish  to  run  as  a part  of  the  Gemini  program,  and  it  would  provide 
the  transportation  for  those  experiments,  but  they  would  be  designed 
and  proposed  by  my  office. 

Mr.  Downing.  You  have  three  different  agencies  here,  all  getting 
some  funds  for  what  looks  like  the  same  general  purpose? 

Dr.  Bisplinghoff.  No,  sir.  I think  there  are  three  well-defined 
areas  here  that  we  each  do. 

Mr.  Downing.  Thank  you. 

Dr.  Clark.  Mr.  Karth,  I wonder  if  I could  make  a comment  here? 

Mr.  Karth.  I was  just  waiting  for  you  to  suggest  it,  Doctor.  Go 
ahead. 


Dr.  Clark.  I think  one  has  to  be  very  careful  about  taking  any 
scientific  discipline  and  pulling  all  of  the  work  under  that  discipline 
together  in  an  agency.  The  area  of  physics  is  another  scientific 
discipline.  The  area  of  electronic  engineering  is  another  discipline. 
One  could  make  the  very  same  case  of  why  not  put  all  physics  work 
together  in  one  place.  Don’t  have  the  Office  of  Manned  Space  Flight 
doing  some  of  it,  don’t  have  the  Office  of  Space  Sciences  doing  some 
of  it,  but  bring  it  together  in  one  place. 

I think  that  one  has  to  determine  what  is  the  critical  parameter 
about  which  each  office  must  be  organized,  and  what  its  focus  must  be. 
and  these  focuses  are  well  defined  in  OART,  OSS,  and  OMSF.  The 
staffs  that  we  have  built  up  and  the  projects  that  we  have  undertaken 
are  designed  to  make  it  possible  for  us  to  achieve  each  of  our  objectives. 

The  Office  of  Manned  Space  Flight  has  a tremendous  challenge  in 
its  almost  single  focus  of  getting  man  on  the  Moon  and  back  to  Earth 
safely.  It  would  be  rather  difficult,  perhaps  unfair,  to  charge  that 
Office  with  tasks  that  are  not  directly  related  to  accomplishment  of 
that  objective. 

OART  has  very  well  defined  objectives,  indeed,  in  terms  of  looking 
ahead  so  that  the  necessary  technology  will  be  available  when  it  is 
required  by  some  of  these  offices  with  more  concentrated  focuses. 

The  Office  of  Space  Sciences  has  a very  specific  objective  in  the 
scientific  exploration  of  spa^e.  And  in  the  case  of  this  particular  item 
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on  human  behavior,  the  Office  of  Space  Sciences  is  not  engaged  in 
anything  under  human  behavior.  These  items  which  have  been 
picked  up  here  are  biological  behavior,  yes;  but  the  behavior  of  lower 
life  forms. 

Our  thrust  here  is  the  understanding  of  other  life  forms  on  Earth 
and  how  their  behavior  charges  in  space,  and  what  light  this  sort  of 
study  might  shed  on  how  other  life  forms  that  we  may  encounter  in 
space  may  be  expected  to  behave.  Questions  like  the  nature  of 
circadian  rhythms,  where  biological  forms  seem  to  have  intrinsic 
clock  mechanisms  which  are  not  understood,  and  which  make  them  go 
along  in  something  close  to  a 24-hour  day.  What  happens  to  the 
biological  clock  when  it  gets  out  in  a satellite  with  a different  “daily” 
period?  Fundamental  questions  of  this  sort  are  what  we  are  talking 
about  when  we  in  OSS  talk  about  biological  behavior. 

Mr.  Karth.  I think  your  analogy  is  probably  one  of  the  best  I have 
heard.  I expected  that  you  would  come  up  with  a good  one.  You 
were  sitting  back  there  and  thinking  about  this  while  Dr.  Bisplinghoff 
was  “on  the  pan.”  I doubt  if  I would  agree  in  substance  with  the 
analogy  that  you  drew,  and  that  is  that  the  physics  of  Apollo,  for 
example,  are  certainly  different  from  the  physics  of  a Mariner  space- 
craft. 

I don’t  think  there  is  any  question  about  it.  I can  see  the  reason 
why  the  Office  of  Space  Sciences  may  be  concerned  with  the  physics  of 
a Mariner,  Ranger,  or  Surveyor,  while  the  Office  of  Manned  Space 
Flight  may  be  concerned  and  should  be  concerned  about  the  physics 
of  Apollo. 

I can  very  clearly  see  the  difference  between  those.  I am  not  so 
sure  I can  see  quite  as  vividly  the  difference  between  the  needs  of  the 
three  Offices  insofar  as  it  applies  to  human  behavior.  I think  you 
have  made  a very  extraordinary  effort,  however,  to  justify  this  budget 
request. 

Mr.  Downing.  May  I ask  one  question? 

Mr.  Karth.  Yes. 

Mr.  Downing.  Did  the  same  agency  handle  the  underground 
isolation  tests  of  these  men  and  the  high-pressure  tests  which  are 
now  going  on  with  the  three  men? 

Dr.  Bisplinghoff.  I am  going  to  ask  Dr.  Konecci  if  we  can 
identify  these  high-pressure  tests. 

Mr.  Downing.  Some  time  ago,  there  were  a number  of  men  placed 
in  isolation  underground,  I believe,  for  a long  period  of  time,  to  study 
their  human  behavior.  It  was  a N avy  study. 

There  is  going  on  a high-pressure  test  which  involves  three  men 
under 

Dr.  Konecci.  That  is  a Navy  matter.  I might  add  that  of  our 
presently  committed  $1.4  million  the  majority  is  in  this  area  to  DOD. 
We  are  using  the  Air  Force  to  do  physiological  and  biological  research 
on  radiation.  As  an  example,  the  work  being  done  by  Dr,  Graybiel 
on  motion  sickness  at  Pensacola  comes  under  this  area. 

Vibration,  by  both  Navy  and  Air  Force,  are  being  done  under  this 
area  and  funding  and  1964  dollars  will  actually  continue  this  work 
with  an  increase. 

Mr.  Downing.  Is  that  funded  in  the  space  program  or  the  Navy 
program? 
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Dr.  Konecci.  The  studies  that  you  refer  to  are  under  the  Navy. 
They  are  interested  in  high-pressure,  principally  for  submarine  work. 

Dr.  Bisplinghoff.  Mr.  Karth,  with  your  permission,  I might  ask 
Dr.  Konecci  how  we  coordinate  with  DOD  in  this  area. 

Mr.  Karth.  Yes,  sir. 

Dr.  Bisplinghoff.  That  was  the  last  part  of  the  question. 

Mr.  Karth.  Dr.  Konecci. 

Dr.  Konecci.  We  have  a liaison  directly  with  the  DOD  in  which 
Colonel  Freiz  and  his  staff  meet  with  the  various  life  sciences  directors 
in  NASA  periodically  to  be  sure  that  we  are  coordinating  our  efforts. 
The  staff  in  the  DOD  is  actually  composed  of  Army,  Navy,  and  Air 
Force.  Colonel  Freiz,  himself,  is  an  Air  Force  officer.  Colonel 
Freiz  has  assigned  the  responsibility  directly  for  Air  Force  coordina- 
tion on  an  immediate  basis  to  Colonel  Talbott,  who  is  stationed 
under  General  Rittland,  in  NASA. 

We  communicate  with  Colonel  Talbott  at  least  twice  a week  on  our 
mutual  programs  to  be  sure  that  we  are  coordinating  and  there  is  no 
duplication  of  effort. 

Mr.  K!arth.  Motion  sickness,  for  example;  the  Navy  has  been 
doing  research  on  this  for  about  as  long  as  the  Navy  has  been  the 
Navy,  I suppose. 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  We  are  doing  some,  too? 

Dr.  Konecci.  Yes. 

Mr.  Karth.  Do  we  need  this? 

Dr.  Konecci.  This  motion  sickness  involves  the  spinning  of  a 
person  in  a room;  this  was  in  the  testimony  a few  days  ago.  We 
talked  about  the  facility  that  NASA  actually  funded  for  the  Navy,  at 
the  School  of  Aviation  Medicine,  to  do  some  work  that  would  be 

Eertinent  to  the  spinning  of,  for  instance,  space  stations.  We  do  not 
ave  a good  handle  on  the  physiology  and  the  behavior  or  psychology 
of  individuals  under  these  Coriolis  effects.  They  are  trying  to 
determine  what  additional  effects  there  are,  for  design  purposes. 

Might  I add  now  that  the  differences  between  the  three  offices  are 
the  basic  fundamental  nature  of  life:  OSS  is  to  study  biology,  for 
instance,  OART  is  interested  in  research  on  man  to  come  up  with  the 
design  requirements  for  future  vehicles  long  before  these  things  become 
a reality,  and  the  Office  of  Manned  Space  Flight  confines  the  research 
to  only  answers  that  are  not  immediately  available. 

Much  of  the  work  in  the  Office  of  Maimed  Space  Flight  is  being 
done  because  there  was  no  human  research  being  done  previously. 

Mr.  Karth.  I am  aware,  Dr.  Konecci,  of  what  each  one  of  the 
three  offices  are  doing  in  the  way  of  research.  The  only  point  I made 
was,  wouldn’t  it  make  more  sense,  even  though  each  of  the  three 
offices  have  a separate,  distinctly  different  research  effort,  to  have  it 
all  under  one  office  and  let  one  office  be  responsible  for  the  three 
separate,  distinctly  different  research  efforts  that  are  going  on  in 
three  different  offices? 

This  was  my  question,  and  I think  Mr.  Downing’s  question. 

Dr.  Konecci.  The  agency  felt  that  way  when  it  was  originated  in 
1958  and  formed  the  Office  of  Life  Sciences  to,  in  fact,  have  all  these 
functions  performed  by  one  office.  With  the  reorganization  of  a little 
over  a year  and  a half  ago,  I believe  it  was  decided  that  in  order  to 
put  the  life  sciences  and  human  factors  efforts  into  the  program  where 
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they  belong  it  would  be  necessary  to  abolish  that  Office.  Then  these 
three  areas  were  divided  up  and  put  into  the  existing  offices. 

Mr.  Karth.  That  decision  had  nothing  to  do  with  the  fact  that  the 
Congress  at  that  time  wasn’t  looking  very  favorably  upon  the  estab- 
lishment of  an  Office  of  Life  Sciences,  was  it,  Doctor? 

Dr.  Koneccx.  The  Office  was  already  established. 

Mr.  Karth.  The  Congress  was  not  looking  too  favorably  upon  the 
enlargement  of  a program  if  I recall  correctly,  because  we  had  quite 
a debate  within  the  framework  of  the  committee  on  whether  or  not 
we  should  provide  laboratory  facilities. 

The  thought  always  occurs  or  maybe  I should  say  in  this  instance, 
reoccurs  to  us,  that  maybe  the  reason  we  have  diffusion  is  to  get  around 
this  very  thing  that  we  can  more  intelligently  look  at  when  all  the 
budget  requests  are  in  one  place. 

This  is  something  that  just  happens  to  be  in  our  minds  at  the 
moment,  and  I guess  the  only  reason  we  prepared  these  four  sheets 
and  are  today  likewise  going  over  them 

Dr.  Konecci.  I can  assure  you,  sir,  at  least  on  my  behalf,  that  this 
area  of  life  sciences  has  received  a lot  of  public  attention.  The  work 
must  get  done,  because  it  is  pertinent  to  all  of  the  program  areas  I 
mentioned. 

Mr.  Karth.  Doctor,  I think  you  just  said  it,  that  is  right,  and  you 
see,  by  putting  a little  bit  of  it  in  many  different  offices,  I think  it  gets 
less  public  attention,  less  congressional  attention,  too,  if  I may  say  so, 
than  it  would  get  if  it  was  all  in  one  big  ball,  under  one  office,  under 
one  supervision. 

Dr.  Konecci.  I must  disagree;  we  believe  the  placing  each  life 
science  group  with  the  appropriate  program  is  the  best  way  to  get  the 
job  done. 

Mr.  Karth.  You  and  I could  argue  this  for  a long  time,  I assure 
you.  From  where  I sit,  I don’t  think  there  is  any  question  but  what 
it  would  get  more  attention  if  it  was  all  under  one  office,  under  one 
head,  concentrated,  so  we  could  take  a better  look  at  it,  rather  than 
scattered  helter-skelter  in  comparison,  that  is  in  three  different 
offices. 

I don’t  think  there  is  any  question  about  it.  This  took  the  staff  a 
lot  of  time.  There  was  a great  deal  of  effort  involved  in  just  digging 
these  things  out,  that  appeared  in  various  places  throughout  the 
budget,  all  seemingly'  at  least  having  something  to  do  with  the  same 
subject. 

I think  I could  agree  these  things  would  get  closer  scrutiny  if  they 
were  all  together. 

Dr.  Bisplinghoff.  Mr.  Karth,  could  I add  a comment  on  that 
subject? 

Mr.  Karth.  Dr.  Bisplinghoff. 

Dr.  Bisplinghoff.  As  you  have  certainly  observed,  we  do  have 
this  supporting  research  and  technology  in  all  of  the  offices.  In 
planning  this  system  originally,  there  was  selected  57  categories  of 
supporting  research  and  technology,  which  are  used  as  a means  of 
codifying  the  whole  system.  This  selection  was  made,  I believe,  a 
year  or  so  ago.  As  we  have  pointed  out,  my  office,  the  Office  of 
Advanced  Research  and  Technology,  does  the  supporting  research 
which  is  general  in  nature  and  which  looks  beyond  the  current  ap- 
proved missions,  and  the  others  do  supporting  research  and  tech- 
nology closely  related  to  their  flight  projects  or  missions. 
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However,  ail  of  this  supporting  research  and  technology  is  codified 
in  terms  of  these  57  categories  that  were  selected. 

I would  also  like  to  add  one  other  thing.  My  office  has  an  addi- 
tional responsibility  beyond  the  one  that  has  been  apparent  here, 
and  that  is  of  the  responsibility  of  reviewing  all  supporting  research 
and  technology  in  all  of  the  offices.  This  review  is  made  as  early 
as  possible  in  the  budget  process  to  insure,  first,  that  there  is  a bal- 
anced program,  that  there  aren’t  any  big  holes  in  the  program,  and 
also,  to  provide  a codified  source  of  information  on  all  of  this  work 
so  that  there  could  be  a ready  answer  to  any  questions  that  might 
be  asked  and  also  to  advise  Dr.  Seamans  on  duplication. 

In  this  review,  I can’t  give  orders  to  the  other  heads  of  the  offices, 
but  I can  advise  Dr.  Seamans  if  there  is  duplication.  So  my  office 
does  have  a responsibility  of  looking  over  this  whole  mass  of  support- 
ing research  and  technology  and  performing  a sendee  in  this  respect. 

Mr.  Karth.  I am  aware  that  you  do  have  this  responsibility, 
Doctor.  I want  to  congratulate  you.  I think,  under  the  circum- 
stances^  you  do  an  extremely  good  job.  I might  say,  however,  that 
I certamly  can  appreciate  the  problems  you  have,  because  last  year 
this  program  changed  so  rapidly  that  NASA  had  to  reprogram  $200 
million  worth  of  funds;  about  $200  million,  I think. 

So  I can  see  where  when  you  make  this  evaluation,  you  may  have 
everything  well  in  hand  and  again,  I say  I congratulate  you,  because 
I think  you  do.  But  then  5,  6,  7,  8,  9 months  later,  I am  not  sure 
you  could  possibly  have  it  in  hand.  Conditions  might  have  changed. 
Then  what  kind  of  duplication  have  we  gotten  into  as  a result  of  re- 
programing or  emphasizing  the  importance  of  certain  programs, 
reorientation,  I don’t  know,  call  it  what  you  want  to.  I wonder  how 
you  can  keep  track  of  it,  Doctor.  You  people  never  cease  to  amaze 
me. 

I think  you  do  an  outstanding  job  under  the  circumstances.  I 
don’t  know  how  you  can  do  it.  - 

Mr.  Mosher.  Particularly,  after  they  have  to  spend  so  much  time 
up  here  on  the  Hill. 

Mr.  Karth.  Yes.  And  if  all  of  these  things  were  in  the  budget  in 
one  spot,  let  me  tell  you  something,  Doctor,  we  could  save  you  a lot 
of  time,  just  days  and  days,  probably  weeks  and  weeks.  The  more 
fuzzy  these  things  become,  I suppose  the  more  time  you  will  have  to 
spend  up  here,  because  really  all  we  want  is  to  become  informed. 
I hope  you  appreciate  that. 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  We  are  after  information.  It  is  not  just  a matter  of 
asking  for  these  funds,  asking  the  Congress  for  them,  it  is  a matter 
of  us  going  back  home  and  telling  the  people  that  we  spent  so  much 
money,  their  money,  you  know.  It  is  a little  bit  different  in  the  legis- 
lative branch  than  in  the  administrative. 

I appreciate  your  problems.  I just  hope  that  you  appreciate  cur 
problems,  too,  because  we  do  have  some.  The  reason  we  take  up  so 
much  of  your  valuable  time  is  that  we  can  hopefully,  at  least,  be  as 
well  prepared  as  possible. 

Dr.  Bisplinghoff.  We  appreciate  this  fully. 

Mr.  Karth.  Taxpayers  dollars  are  spent — I am  not  happy  about 
this.  If  I did  not  have  to  do  this,  I could  be  doing  something  else. 

Mr.  Staebler.  One  piece  of  this  discussion  is  missing  in  my  mind. 
You  have  described  the  maimer  in  which  you  carry  on  liaison  between 
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the  several  research  projects,  groups  of  people  who  are  conducting 
them  in  the  biosciences  in  connection  with  the  several  programs. 

You  have  indicated  how  you  coordinate  to  make  sure  duplication  is 
avoided.  In  the  alternative  type  of  organization  which  we  are  here 
talking  about,  what  form  would  the  liaison  take?  You  would  have 
the  one  office  carrying  on,  having  the  responsibility  for  all  projects. 

What,  then,  would  happen  in  carrying  on  liaison  with  the  project 
for  which  a specific  research  inquiry  was  being  conducted? 

Dr.  Bisflinghoff.  I would  visualize  a liaison  very  similar  to  the 
f liaison  we  have  now.  There  are  really  three  different  groupings  of 

I people  required  in  this  program.  There  are,  on  the  one  hand,  the 

f biologists  and  the  biophysicists  that  are  found  in  Dr.  Clark’s  office, 

who  are  interested  in  the  biosciences  and  extraterrestrial  life.  On 
the  other  hand,  we  have  in  the  Office  of  Manned  Space  Flight  a large 
number  of  M.D.’s  that  are  directly  concerned  with  the  individuals, 
the  astronauts  who  will  be  doing  the  flights  and  a certain  number  of 
engineers,  who  are  concerned  with  the  actual  creation  of  devices  and 
the  development  of  devices  which  will  be  used  in  the  flight. 

In  my  office  we  have  M.D.’s  who  are,  of  course,  acquainted  with 
physiology  and  the  requirements  of  the  human  being.  We  have 
engineers  who  are  concerned  with  the  advanced  development  of  life- 
support  systems.  And  we  have  biophysicists  who  have  some  knowl- 
edge of  the  more  fundamental  life  processes.  So  we  do  have  these 
three  groups  of  people. 

I think  that  the  coordination  that  would  be  required  would  be 
quite  similar  to  what  we  have  now.  Perhaps  if  they  were  in  one 
office,  they  would  be  physically  closer  together,  which  would  certainly 
be  an  advantage. 

Mr.  Staebler.  I am  pursuing  the  other  end  of  it.  If  they  are 
together,  the}’',  then,  are  separated  from  the  people  on  whose  projects 
they  are  working.  What  do  you  do  to  sew  together  their  work 
with  the  larger  concrete  work  into  which  they  fit?  What  would  be 
entailed  under  those  circumstances? 

Dr.  Bisflinghoff.  I am  not  sure  I understand. 

Mr.  Staebler.  Every  organization  always  has  the  problem : Should 
you  gather  similar  people  together  and  coordinate  at  the  edges,  or 
should  you  divide  them  up  and  coordinate  at  the  top,  policywise. 

You  have  described  the  second  situation,  how  you  coordinate 
policywise  when  you  have  people  divided. 

I am  trying  to  find  out  what  would  happen  in  your  case  if  you  pull 
everybody  together  and  have  them  coordinate  with  the  specific  work 
they  are  doing,  what  form  would  that  coordination  take?  That  is 
where  you  couldn’t  do  it. 

Now,  you  and  the  other  policy  people,  by  budgetary  and  other  con- 
trols, know  what  is  going  on  and  you  can  apparently  eliminate  dupli- 
cation. What  happens  when  your  people  are  working  out  on  these 
separate  projects,  or  even  if  working  together,  working  for  separate 
clients,  as  it  were,  in  the  organization  on  these  special  projects,  how 
do  you  know? 

How  would  they  keep  in  touch  with  the  other  people  working  on 
that  project?  In  the  Moon  landing,  for  instance,  how  would  your 
biopeople  keep  in  touch? 

I Mr.  Mosher.  Would  the  gentleman  yield? 

I Mr.  Staebler.  Surely. 
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Mr.  Mosher.  Specifically,  I assume  you  are  interested  in  knowing 
whether  any  money  would  be  saved  by  the  change  of  organization 
and  whether  it  would  be  any  easier  for  Congress,  say,  to  have  over- 
sight? 

Really,  that  is  what  we  are  interested  in  here. 

Mr.  Staebler.  Would  it  save  money  or  cost  more  money  when 
the  liaison  took  place,  from  a centralized  office  with  dispersed 
activities? 

Dr.  Bisplinghoff.  I don’t  think  the  only  liaison  that  takes  place 
is  at  the  top.  I have  consistently  done  everything  possible  to  get 
technical  liaison  done  at  the  working  level. 

That  is  the  only  thing  I believe  in,  as  a matter  of  fact.  I don’t 
think  it  makes  sense  in  technical  matters,  to  take  them  up  to  the 
top  of  the  pyramid  and  then  disperse  them  again.  I think  this  is  a 
senseless — is  not  a good  process.  I have  done  everything  possible 
to  avoid  such  a process.  I have  asked  Dr.  Konecci  to  do  everything 

fossible  to  get  the  working  people  together.  I believe  this  works. 

think  they  are  getting  together,  and  that  the  actual  transfer  of 
technical  information  does  take  place  at  the  working  level,  rather 
than  at  the  top. 

Mr.  Staebler.  Now,  if  you  pulled  all  the  people  into  one  office, 
how  would  this  transference  take  place? 

Dr.  Bisplinghoff.  You  mean  physically  together? 

Mr.  Staebler.  Budgetarily  together,  anyway. 

Dr.  Bisplinghoff.  Again,  I would  only  be  nappy  if  it  took  place 
at  the  technical  working  level.  I think  this  is  the  only  effective  way 
for  it  to  take  place. 

Mr.  Staebler.  You  were  saying  one  way  or  another,  you  have 
to  get  the  plan  from  the  central  office  together  with  the  people  who 
are  working  on  the  larger  problem  of  which  bioscience  is  a portion? 
Dr.  Bisplinghoff.  Yes,  sir.  I believe  this. 

Mr.  Staebler.  This  has  to  go  on  anyway? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Staebler.  Whether  you  have  collected  them  all  together  or 
not? 

Dr.  Bisplinghoff.  Yes,  sir.  I don’t  think  you  can  ever  do  an 
effective  technical  coordination  by  just  doing  it  at  the  top. 

Mr.  Staebler.  There  used  to  be  those  very  unwieldy  relations 
between  governmental  agencies  where  things  traveled  up  through 
hierarchies  and  then  down  through  layers,  to  get  to  people  who  were 
in  parts  of  the  same  problem  discussing  the  matter. 

I take  it  your  method  avoids  this  and  makes  the  problem  of  com- 
munication as  easy  as  possible? 

Dr.  Bisplinghoff.  As  Director  of  this  Office,  I would  be  very 
unhappy  if  my  people  were  not  making  every  attempt  possible  to 
coordinate  at  the  working  level. 

Dr.  Clark.  Could  I add  a word  in  answer  to  this  from  the  point  of 
view  of  the  space  flight  projects  and  saving  of  funds?  In  the  Office 
of  Space  Sciences  we  have  had  the  old  problem  of  discipline  versus 
project  lines.  We  have  found  it  more  advantageous  to  organize 
along  project  lines,  through  which  the  bulk  of  the  funds  are  expended 
and  coordinated,  crosscut  by  the  discipline  specialists  who  serve  all 
the  various  projects,  through  the  steering  committee  and  subcom- 
mittee structure.  The  advantage  here  is  that  most  of  the  vehicles 
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on  which  we  have  space  flight  experiments,  are  controlled  by  our 
office,  funded  by  our  office,  managed  by  our  office. 

The  Director  of  the  Office  can  determine  with  full  advice  from  all 
his  discipline  specialists,  what  would  be  the  best  balance  of  experi- 
ments and  disciplines  to  carry  aboard  a spacecraft. 

If  we  have  an  independent  life  sciences  office,  these  people  in  the 
area  of  biosciences  will  need  the  same  kind  of  payload  space  that  they 
now  need  as  part  of  OSS.  They  have  but  two  choices.  They  can 
initiate  their  own  space  flight  programs  which  could  be  exceedingly 
wasteful  because  you  can  now  in  some  cases  have  the  possibility 
of  two  spacecraft  where  one  might  have  done  the  job.  Or,  they  can 
attempt  to  get  aboard  other  spacecraft,  on  many  of  which  they  will 
be  minority  passengers,  on  an  equal  basis  with  the  physical  scientists. 

I feel  that  having  the  control  of  entire  space  flight  projects  in  one 
office  results  in  a more  economical  expenditure  of  funds.  Here  we 
have  a discipline-type  coordination,  which  can  be  accomplished  on  a 
scientific  level  as  Dr.  Bisplinghoff  said.  It  can  be  earned  out  on  a 
lower  pressure,  more  objective  basis,  because  the  decisions  are  tech- 
nical. 

Mr.  Staebler.  That  is  very  helpful,  Doctor. 

Mr.  Karth.  Dr.  Bisplinghoff,  as  I look  through  this  list  of  what 
the  staff  and  the  committee  felt  might  be  duplication,  it  is  true  that 
the  CART,  for  example,  is  in  almost  every  instance,  if  not  every 
instance,  working  on  advancing  the  state  of  the  art? 

Dr.  Bisplinghoff.  Yes,  sir,  this  is  true. 

Mr.  Karth.  While  the  Office  of  Manned  Space  Flight,  or  the 
Office  of  Space  Sciences,  are  working  on  the  problem  of  a more 
immediate  nature? 

Dr.  Bisplinghoff.  The  support  of  their  approved  projects. 

Mr.  Karth.  This  would  be  true  in  bioinstrumentation;  for  example, 
radiation  effects,  and  shielding? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  For  example,  we  see  substantial  sums  being  requested 
for  high  energy  radiation  effects  of  shielding,  et  cetera;  these  are  for 
Apollo  and  Gemini — at  least,  Apollo,  I suppose? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Karth.  The  OART  request  would  be  for  something  that  is 
coming  along  in  the  future  for  which  we  don’t  have  a sharply  defined 
program  established? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  But  for  which  we  feel  research  work  must  be  done  so 
that  if  and  when  a national  program  is  established,  some  of  the 
groundwork  will  have  been  done  that  will  no  longer  necessitate  a crash 
program  of  sorts,  to  do  the  kind  of  work  that  is  required,  is  this  a. 
fairly  accurate  statement  on  my  part? 

Dr.  Bisplinghoff.  This  is  a very  accurate  statement.  In  bio- 
instrumentation, for  example,  a good  comparison  would  be  that  for 
the  Apollo  flights  in  which  the  Office  of  Manned  Space  Flight  is 
adapting  the  standard  method  of  blood  pressure  measurements,  of 
wrapping  the  rubber  tube  around  the  arm,  to  their  use. 

On  the  other  hand,  in  my  office,  we  are  working  on  very  small 
devices  which  can  be  strapped  onto  an  artery  with  a little  transmitter 
in  them,  that  can  be  used  for  this  purpose.  It  is  just  a reflection  of 
what  you  have  said.  They  are  adapting  the  present  state  of  the  art 


\ 


K 


2570 


1964  NASA  AUTHORIZATION 


to  their  needs  and  we  are  attempting  to  push  the  state  of  the  art 
forward.  In  the  cases  of  radiation,  their  concern  is.  again,  the  radia- 
tion problems  which  will  be  encountered  in  Apollo,  the  shielding 
problems,  the  development  of  a dosimeter  using  the  present  state  of 
the  art  in  measuring  radiation. 

Mr.  Kaeth.  Would  you  repeat  that,  sir? 

Dr.  Bisplinghoff.  Yes.  The  problems  of  shielding  against  particle 
radiation  that  will  be  encountered  in  Apollo  are  part  of  their  supporting 
research — — 

Mr.  Kaeth.  You  said  something  about  a dosimeter. 

Dr.  Bisplinghoff.  The  development  of  a dosimeter 

Mr.  Kaeth.  The  Navy  has  a beautiful  one. 

Dr.  Bisplinghoff.  Carried  along  by  the  astronaut. 

Mr.  Kaeth.  Can’t  we  use  the  one  that  the  Navy  developed, 
Doctor?  Yesterday  I had  the  opportunity  of  visiting  the  Naval 
Research  Laboratory  just  a few  miles  out  of  town  here,  and  we  saw 
one,  we  saw  one  of  these  small,  I don’t  know  what  you  call  it,  rods, 
I suppose.  It  is  no  larger  than  the  lead  in  a lead  pencil,  if  it  is  that 
large.  It  is  extremely  accurate. 

Dr.  Bisplinghoff.  Is  this  a dosimeter  that  is  used  in  the  presence 
of  the  nuclear  reactor 

Mr.  Kaeth.  Yes,  sir. 

Dr.  Bisplinghoff.  Or  atomic  bomb  situation? 

Mr.  Kaeth.  I guess  so. 

Dr.  Bisplinghoff.  Our  dosimeter  would  also  be  exposed  to  the 
proton  and  electron  type  of  radiation  that  we  find  in  the  Van  Allen  belt. 

Mr.  Kaeth.  I can’t  answer  the  question  completely,  but  I think 
somebody  from  your  office  should  answer  the  question  so  we  don’t 
have  duplication. 

Dr.  Bisplinghoff.  Yes,  sir,  I can  put  into  the  record  a comparison 
of  these  two  if  you  wish  me  to. 

Mr.  Kaeth.  If  you  are  aware  of  this,  I am  not  interested  in  your 
putting  in  a comparison 

Dr.  Bisplinghoff.  I am  not  personally  aware  of  it. 

Mr.  Karth.  I stumbled  on  this  thing  yesterday.  The  Navy  was 
quite  elated  about  this  dosimeter  that  they  had  perfected  and  I was 
impressed  with  it.  When  you  mentioned  the  name,  I thought,  my 
gosh,  maybe  we  don’t  need  the  research  on  that  as  long  as  the  Navy 
has  done  considerable  on  it. 

Dr.  Bisplinghoff.  The  Office  of  Manned  Space  Flight’s  job  is 
one  of  adapting  the  state  of  the  art  as  it  exists  now  to  their  problem. 
It  involves,  I understand,  a 2-pound  device  with  a battery  and  alarm 
system,  which  is  worn  on  the  astronaut,  himself.  I am  not  acquainted 
with  its  details  or  how  it  would  compare  with  this  Navy  device. 

Mr.  Kaeth.  Let  me  suggest  that  you  have  one  of  your  people 
check  it  out? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Mosher.  Do  you  assume  that  someone  in  the  organization  is 
acquainted  with  what  the  Navy  is  doing? 

Dr.  Bisplinghoff.  Yes. 

Mr.  Kaeth.  This  was  a relatively  recent  breakthrough  apparently. 
I am  not  sure  I recall  exactly  when  they  developed  this  dosimeter, 
but  they  are  very  enthusiastic  about  it. 
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Dr.  Bisplinghoff.  I was  going  to  add  that  our  work  in  bioinstru- 
mentation is  a combined  effort  between  Dr.  Konecci  and  Dr.  Kelley, 
and  I would  expect  that  probably  Dr.  Kelley  would  have  knowledge 
of  this.  He  is  here  if  you  would  like  to  ask  him  about  it. 

Dr.  Kelley.  In  all  of  these  things,  we  hare  a problem  of  semantics. 
There  are  different  types  of  dosimeters,  just  as  there  are  different 
types  of  radios,  FM  and  AM. 

Mr.  Kaeth.  This  was  a radiation  dosimeter. 

Dr.  Kelley.  I mean  there  are  different  types  of  dosimeters. 
Because  there  are  different  types  of  radiation.  I think  the  FM  to 
AM  radio  analogy  is  a good  example.  The  dosimeters  that  have 
been  designed  by  the  Navy  are  primarily  for  use  on  nuclear  submarines 
to  detect  doses  that  might  arise  from  a nuclear  reactor. 

As  Dr.  Bisplinghoff  said,  this  is  quite  a different  kind  of  radiation 
than  the  radiation  you  would  expect  in  space,  which  is  composed  of 
different  particles  at  different  energy  levels.  So  we  both  would  be 
working  on  dosimeters,  but  in  a completely  different  range.  We 
have  the  same  problem  with  other  instruments,  such  as  magnetom- 
eters. We  both  use  the  same  name,  but  it  may  be  a completely 
different  instrument.  It  might  use  the  same  techniques,  but  to 
measure  a completely  different  range  of  magnetic  fields. 

Mr.  Karth.  Thank  you,  Doctor.  Dr.  Bisplinghoff.  just  winding 
up  our  hearings  today,  I wonder  if  you  could  then  just  briefly  tell  me 
whether  or  not  the  statement  I made  some  moments  ago  about  what 
your  specific  objection  is,  that  is,  the  Office  of  Advanced  Research 
and  Technology,  as  opposed  to  the  Office  of  Manned  Space  Flight, 
and  OSS,  would  also  be  true  so  far  as  the  general  overlapping  areas 
that  we  designate  on  page  4? 

For  example,  your  Office,  I know,  is  asking  for  considerable  funds, 
over  $20  million,  for  guidance  systems,  communication  systems  data, 
acquisition.  The  Office  of  Manned  Space  Flight  also  lias  a request  in 
for  some  $6  million  for  guidance  control,  communications,  data, 
acquisition.  And  I see  a little  bit  there  for  the  Office  of  Space  Sciences. 

Would  the  suggestion  I made  as  to  what  your  individual  efforts 
were  relative  to  radiation  effects  and  shielding  and  bioinstrumentation, 
also  hold  true  in  this  general  overlapping  area  that  we  designate  on 
page  4? 

Dr.  Bisplinghoff.  Yes,  sir.  I have  gone  over  all  of  these  items 
myself  and  I am  sure  that  your  previous  statement  also  holds  in  this 
list  called  general  overlapping  areas. 

Dr,  Clark.  I would  concur  in  this,  from  the  OSS  point  of  view. 

Dr.  Bisplinghoff,  The  first  part  of  that  under  OART  is  raa  iv 
the  heart  of  Dr.  Kelley’s  program. 

Mr.  Karth.  We  wouldn’t  want  to  do  anything  to  Dr  Kelley’s 
program.  Dr.  Kelley,  I wonder  if  you  would,  for  the  record,  give 
the  committee  some  idea  of  what  way-out  problems  you  are  workusr 
on  insofar  as  guidance  and  control  systems,  and  communications 
systems,  are  concerned?  Could  you  do  this  in  2 or  3 mmtues? 

Dr.  Kelley.  Yes. 

Mr.  Karth,  I think  it  would  be  helpful  to  us. 

Dr.  Kelley.  I can  run  down  briefly  on  each  one  of  these  line  items 
if  you  want  me  to. 

Mr.  Karth.  I think  just  general  summary. 
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Dr.  Kelley.  As  explained  by  Dr.  Bisplinghoff  and  very  succinctly 
defined  by  yourself,  the  difference  between  what  we  are  doing  in 
OART  and  what  Manned  Space  Flight  and  Space  Sciences  are  doing, 
would  be  characterized  as  “further  out.”  The  closer  in,  or  more 
direct  application,  would  be  the  project  offices.  In  some  of  these 
areas,  for  example,  in  guidance  systems,  we  are  looking  at  some  of  the 
so-called  exotic  techniques,  the  cryogenic  gyro,  the  electrostatic  gyro, 
for  use  where  we  need  very  high  accuracy  for  long  flights  or  very 
high  sensitivity,  particularly  for  electric  propulsion,  where  we  have  a 
very  low  push.  It  has  been  called  a gnat’s  push,  bv  some  people. 

Our  present  guidance  instruments  can’t  measure  that  level  of 
thrust  right  now.  In  our  control  systems  area,  we  are  off  into  some 
of  the  more  advanced  techniques,  such  as  the  so-called  inertia  wheels, 
where  we  wind  up  a wheel  or  a sphere  and  orient  the  satellite  that  way, 
the  fact  that  when  we  run  or  operate  an  electric  motor,  part  of  it  will 
turn,  and  the  base  will  push  back,  one  doesn’t  always  recognize  this 
on  the  ground.  This  is  action  and  reaction,  as  Newton  defined  it. 
By  winding  up  an  electric  motor,  in  the  form  of  a so-called  momentum 
sphere,  we  can  turn  the  satellite  and  get  accuracy  in  pointing  through 
precise  control. 

“Communications”  I can  talk  about  and  “tracking,”  in  a combined 
way,  since  they  are  quite  related  to  each  other.  We  will  put  a lot  of 
emphasis  on  lasers,  particularly,  as  communications  devices. 

As  I mentioned  in  my  earlier  testimony,  we  see  this  as  probably'  the 
greatest  area  of  potential  for  advanced  space  communications,  as  well 
as  advanced  antennas,  and  antenna  techniques.  And  we  also  have  the 
problem  of  getting  the  most  information  back  per  unit  of  time, 
equipment,  dollar,  or  resources  in  general,  whatever  way  yrou  want  to 
call  it. 

In  the  area  of  instrumentation,  we  work  on  advancing  the  tech- 
niques, that  is,  what  new  physical  ways  can  yrou  develop  to  measure 
a phenomenon  and  translate  it  into  something  we  can  manage  and 
handle  and  understand.  This  is  usually  an  electric  signal,  or  in  some 
cases,  the  motion  of  a device. 

In  this  area,  we  have  put  a lot  of  emphasis  toward,  and  will  con- 
tinue to  put  more  emphasis  on,  digital  instrumentation.  Right  now, 
we  process  information  largely'  through  digital  computers,  that  is,  it  is  a 
pulse  or  no  pulse,  a one  or  a zero,  and  then  there  are  various  coded 
messages  you  use  to  translate  the  information. 

Our  instruments,  up  to  date,  have  generallyr  been  so-called  analog 
devices,  that  is,  they  measure,  in  terms  of  a motion,  a voltage  or  cur- 
rent which  is  proportional  to  the  level  of  the  phenomenon  that  you 
are  measuring. 

In  launch  vehicle  or  satellite  investigations,  we  have  the  problem  of 
translating  these  into  a digital  message,  which  is  sent  back  on  tele- 
metry, and  telemetry  coding  is  going  digital;  thus,  handling  the 
initial  measurement  in  digital  fashion  expedites  its  translation  and 
facilitates  its  use  oil  Earth  in  terms  we  can  understand  as  humans. 
There  will  be  a lot  of  emphasis  here  on  direct  digital  read-out  instru- 
ments. We  see  this  as  a logical  step  to  measuring  phenomena  in 
digital  terms,  to  get  it  on  the  communications  line  in  the  form  in 
which  it  is  handled. 

Mr.  Kakth.  Doctor,  all  of  this  you  seek  to  do  is  different  from  what 
the  Office  of  Manned  Space  Flight  seeks  to  do  in  the  same  nomencla- 
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ture  items,  such  as  communications,  tracking  and  data  acquisition, 
and  so  on;  as  T understood  you  to  say,  their  concern  is  to  perfect  the 
present  state  of  the  art,  and  apply  this  to  the  present  pieces  of  machin- 
ery that  they  expect  to  fly. 

Dr.  Kelley.  That  is  correct,  Mr.  Karth.  Theirs  is  largely  tech- 
nique application,  or  product  improvement,  trying  to  squeeze  a little 
more  out  of  the  equipment  they  have,  or  applying  a known  teclmique 
which  we  would,  perhaps,  no  longer  be  interested  in,  because  we 
would  be  working  farther  out,  and  building  an  inventory,  to  be  applied 
to  one  of  their  specific  problems  in  the  future. 

For  example,  gyroscopes  or  guidance  devices  are  a good  example. 
Our  interest  is  primarily  in  some  of  the  more  exotic  devices.  The 
Manned  Space  Flight  people  are  still  working  and  will  continue  to 
work  on  improving  ball  bearings  for  existing  gyroscopes,  which  are 
largely  ball-bearing  devices. 

We  usually  don't  work  in  a separate  vacuum  or  separate  spheres  of 
interest.  We  do  coordinate  these  programs  so  we  each  know  what 
the  other  one  is  doing. 

Mr.  Karth.  Thank  you  very  much,  Doctor.  Are  there  any  further 
questions?  The  next  meeting  of  the  subcommittee  will  be  on  Monday, 
in  room  304  at  10  o’clock. 

I think,  Mr.  Bisplinghoff,  you  and  Mr.  Ulmer  will  be  asked  to 
review  the  QART  construction  facilities  program. 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Karth.  I would  like,  on  behalf  of  the  committee,  to  thank 
both  you  and  Dr.  Clark  very  much  for  appearing  before  us  today. 
I might  just  say,  insofar  as  I am  personally  concerned,  I am  very 
much  enlightened  about  why  so  many  of  these  items  that  appear  to 
be  duplicative,  are  found  in  different  spots  throughout  the  budget 
request.  It  certainly  clears  up  any  doubts  I had  in  my  mind.  I 
want  to  thank  you  very  much  for  appearing.  The  meeting  is 
adjourned. 

(Whereupon,  at  12:10  p.m.,  the  subcommittee  adjourned  to 
reconvene  at  10  a.m.,  Monday,  April  29,  1963.) 
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MONDAY,  APRIL  29,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding,  in  room  304,  Cannon  Building. 

Mr.  Karth.  The  meeting  will  be  in  order.  Dr.  Bisplinghoff,  I un- 
derstand you  have  a prepared  statement,  and  you  may  wish  to  call  on 
several  members  of  your  staff  to  cover  various  portions  of  the  state- 
ment ; you  may  proceed  as  you  wish. 

STATEMENT  OF  DR.  RAYMOND  L.  BISPLINGHOFF,  DIRECTOR,  OFFICE 
OF  ADVANCED  RESEARCH  AND  TECHNOLOGY,  HATBNAL  AERO- 
NAUTICS AND  SPACE  ADMINISTRATION 

Dr.  Bisplinghoff.  Thank  you,  Mr.  Chairman. 

The  United  States  has,  through  the  years,  established  an  unprece- 
dented leadership  in  aeronautical  progress.  The  former  NACA  was 
the  basic  national  establishment  for  conducting  research  and  its  char- 
ter charged  it  with  the  responsibility  of  “scientific  study  of  the  prob- 
lems of  flight  with  a view  to  their  practical  solution.’’ 

Starting  with  the  establishment  of  Langley  in  1917,  Ames  in  1939, 
Lewis  in  1940,  and  the  Flight  Research  Center  in  1946,  the  NACA  be- 
came world  famous  for  its  research  leadership  in  aeronautics  and  led 
the  way  to  many  new  concepts  that  contributed  to  U.S.  preeminence  in 
aeronautics.  To  do  this,  NACA  worked  closely  with  the  military  and 
civil  organizations  that  established  the  various  operational  require- 
ments for  U.S.  aircraft  and  missile  vehicles.  Gradually,  through  the 
years,  research  competence  was  established  by  a professional  staff  of 
scientists  and  engineers  that  conducted  theoretical  studies  and  experi- 
mental investigations  in  ground  facilities  and  in  flight,  to  provide  new 
scientific  concepts,  and  follow-on  design  information  for  future  use  by 
manufacturers  in  an  orderly  development  program. 

The  kind  of  research  conducted  by  NACA,  and  now  under  the 
NASA  O ART  program  was  not  the  comfortable  product  improve- 
ment type,  but  the  radical  improvement  type.  Frequently  individual 
findings  could  not  be  immediately  applied,  but  had  to  wait  until  other 
complementary  research  findings  were  made,  and  manufacturing 
methods  developed  by  industry  in  order  to  realize  the  full  advantages 
of  a new  research  finding.  This,  prior  to  World  War  II,  sometimes 
took  4 to  5 years.  The  laboratory  scientists  identified  the  problems, 
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conceived  the  research  facilities  that  would  be  required  to  obtain 
answers  to  the  problems  and  courageous  Directors,  Dr.  George  W. 
Lewis  and  subsequently  Dr.  Hugh  L.  Dryden,  managed  to  sell  them 
to  the  Bureau  of  the  Budget  and  the  Congress.  It  was  the  kind  of 
research  that  made  people  uncomfortable,  as  it  accelerated  the  rate  of 
technical  obsolescence  of  aircraft,  both  nationally  and  internationally. 
In  fact,  the  Germans,  in  the  early  1930’s  got  the  message  so  clearly, 
that  after  a delegation  of  their  scientists  visited  Langley  Field,  they 
went  home  and  quadrupled  the  scale  of  what  they  had  seen  as  a basis 
for  their  future  plans.  The  present  configuration  of  the  low-wing 
transport  in  wide  commercial  use  was  the  outcome  of  this  NACA  re- 
search process  Just  as  the  discussions  that  you  have  heard  of  a super- 
sonic transport  are  the  current  result  of  this  kind  of  research. 

Prior  to  World  War  II,  NACA  had  amassed  a reservoir  of  funda- 
mental research  information.  During  the  war.  the  reservoir  was  de- 
pleted, due  to  the  fact  that  90  percent  of  the  NACA  effort  was  shifted 
to  solving  urgent  problems  of  military  aircraft  and  missiles  in  the 
design,  development,  and  operational  stages.  Since  that  time,  the  ag- 
gressive TT.S.  aircraft  and  missiles  industry  has  absorbed  the  NASA 
output  of  fundamental  research  information  as  fast  as  it  could  be  ob- 
tained. The  demands  On  NASA  for  additional  research  requires  that 
greater  selectivity  be  used  in  the  programs  that  are  undertaken. 

The  facilities  of  NASA  are  unique  national  resources.  Those  under 
OART  are  intended  primarily  for  research.  Due  to  their  unique 
nature,  they  could  be  used  in  World  War  II  to  solve  specific  problems 
of  military  vehicles.  In  addition  to  their  continued  use,  for  this  pur- 
pose, they  are  similarly  used  to  solve  specific  problems  of  NASA 
vehicles  such  as  Apollo  and  Gemini.  Their  principal  use,  however, 
remains  as  research  tools.  Practically  all  of  the  former  NACA  re- 
search wind  tunnels  are  being  used  to  solve  specific  problems  of  Apollo 
and  Gemini,  in  addition  to  their  principal  use  for  research.  This 
usage  ranges  from  the  low-speed  vertical-spin  tunnel  and  the  full- 
scale  tunnel  at  Langley  to  the  latest  hypersonic  wind  tunnels  and  space 
vehicle  environment  research  facilities. 

As  discussed  in  the  hearings  on  the  NASA  Act  of  1958,  the  orienta- 
tion of  NACA  toward  space  started  in  1952.  Many  of  the  facilities 
that  NACA  had  could  be  applied  to  space  problems  such  as  rocket 
research  and  wind  tunnel  facilities.  The  history  of  NASA  (NACA) 
facilities  has  been  one  of  constant  pioneering,  improvement,  and  mod- 
ification to  meet  new  research  needs.  A study  several  years  ago 
showed  that  on  the  average  NASA  (NACA)  research  facilities  had 
a useful  life  in  the  original  configuration,  with  only  minor  altera- 
tions and  improvements,  of  some  10  to  15  years.  At  the  end  of  this 
period,  they  were  either  modified  to  meet  new  research  requirements, 
converted  to  other  research  uses,  retired  to  strictly  utilitarian  uses, 
such  as  high-pressure  air,  or  vacuum  storage  vessels,  or  dismantled. 
For  example,  a 6-foot  stability  tunnel  at  Langley  was  dismantled  and 
shipped  to  the  Virginia  Polytechnic  Institute  for  use  in  their  edu- 
cational program. 

A prime  example  of  maximum  utilization  of  an  old  NACA  facility 
as  cited  by  Dr.  Seamans  in  his  statement  before  tbis  subcommittee  on 
April  1,  1963,  is  the  former  Lewis  altitude  wind  tunnel,  now  called 
space  power  chambers.  This  wind  tunnel,  as  Dr.  Seamans  pointed 


1964  NASA  AUTHORIZATION 


2577 


V' 


i 


•* 


out,  was  originally  built  for  research  on  reciprocating  aircraft  engines 
under  the  reduced  pressures  and  temperatures  of  altitudes  up  to 
50,000  feet.  Almost  as  soon  as  it  was  completed,  it  was  switched  to 
research  on  the  effects  of  altitude  on  the  then  fledgling  turbojet  engines 
of  1944  vintage.  Some  of  the  first  basic  research  data  on  the  effects  of 
altitude  on  turbojet  engines  were  obtained  in  this  facility,  as  well  as 
the  remedies  required  to  maintain  combustion  to  high  altitudes.  This 
former  wind  tunnel  has  been  modified  to  provide  one  vacuum  environ- 
mental chamber  in  which  tests  of  the  Centaur  engine  will  be  conducted 
this  fall,  and  another  proposed  modification  is  in  the  OART  research 
facilities  budget  for  1964  fiscal  year  now  before  the  subcommittee. 

The  wind  tunnel  technique  for  studying  the  aerodynamic  shapes 
and  heating  of  bodies  that  move  through  the  atmosphere  at  very 
high  speeds  is  being  stretched  to  its  limits  through  the  use  of  very 
high  temperature  airstreams  heated  by  electric  arcs  and  through  the 
use  of  helium  and  other  gases.  New  techniques  and  concepts  are 
constantly  being  studied  and  applied  bv  NASA  research  scientists  to 
facilities  that  can  provide  improved  simulation  of  space  vehicle  en- 
vironments. It  is  a valuable  national  asset  to  have  an  organized  group 
of  research  scientists  who  can  conceive  and  develop  these  new  concepts 
into  improved  research  facilities.  Light  gas  guns,  particle  accelera- 
tors, shock  tubes,  and  ballistic  ranges  are  being  used  singly  and  in 
combinations  to  simulate  as  closely  as  possible  the  high  temperatures 
and  flow  fields  that  occur  on  reentry  into  the  Earth’s  atmosphere 
from  lunar  and  planetary  orbits.  In  addition,  entry  into  atmospheres 
of  other  planets  is  being  simulated  in  these  facilities. 

As  wind  tunnels  continue  to  be  research  and  testing  tools  for  the 
problems  encountered  by  space  vehicles  during  the  launch,  boost,  and 
atmospheric  entry  phases  of  space  flight,  a relatively  new  research  tool, 
the  vacuum  environmental  chamber — in  all  sizes  and  shapes — has  be- 
come a necessity  for  research  on  the  problems  of  vehicles  in  space. 
Materials,  structures,  control,  guidance,  propulsion,  life  support  sys- 
tems, all  require  the  availability  of  vacuum  environmental  chambers. 
Numerous  small  bell  jar-size  chambers  are  required  for  long-term 
tests  of  a year  or  more  on  structures  and  materials,  while  larger 
chambers  are  required  for  both  long-  and  short-term  tests  of  complete 
systems. 

In  materials  and  structures  research  it  is  necessary  to  extend  the 
range  or  environmental  conditions  to  the  high  temperatures  of  re- 
entry conditions,  and  to  simulate  space  accurately  in  terms  of  hard 
vacuums  and  solar  radiation,  both  of  the  particle  type  and  with  spec- 
tral accuracy.  There  is  a great  need  to  accumulate  a mass  of  scienti- 
fic and  technical  information  on  the  effects  of  the  space  environment 
on  the.  strength  and  endurance  of  structural  materials.  It  is  also 
necessary  to  obtain  much  information  on.  the  effects  of  space  on  sur- 
face conditions  which  must  retain  specific  optical  and  electronic 
radiation  transmitting  properties.  Facilities  for  research  to  permit 
an  understanding  of  all  these  effects  are  essential  in  order  that  both 
manned  and  unmanned  spacecraft  may  be  designed  with  such  confi- 
dence that  the  materials  and  structures  will  not  jeopardize  a mission 
costing  millions  of  dollars. 

Control  and  guidance  research  also  depends  on  the  availability 
of  vacuum  environmental  chambers.  Research  on  the  components 
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such  as  control  jets,  horizon  seekers,  star  trackers,  and  stabilization 
devices  is  conducted  in  a space  environment  chamber  using  a simu- 
lated or  actual  spacecraft.  By  mounting  the  simulated  spacecraft  on 
a special  air  bearing,  it  is  free  to  move  without  external  air  friction 
ana  respond  very  closely  to  the  manner  in  which  it  would  behave  in 
space.  The  response  of  the  individual  components  as  well  as  of 
complete  systems  can  thus  be  studied  in  a ground-based  facility  with- 
out the  hazard  of  an  expensive  flight  failure. 

In  the  propulsion  field,  it  is  necessary  to  have  facilities  which  will 
simulate  the  effects  of  space  to  investigate  in  detail  the  problems  of 
operation  and  restarting  of  space  propulsion  systems,  the  operation 
of  electrical  propulsion  systems  and  the  efficiency  of  all  components. 
This  includes  research  on  fluid  physics  under  zero  gravity  conditions, 
pumping  Of  cryogenic  liquids,  heat  transfer  from  space  radiators, 
characteristics  of  electric  power  conversion  devices  in  a space  environ- 
ment, and  neutralization  of  ion  jet  beams,  as  examples.  This  research 
is  fundamental  scientific  and  applied  research,  not  product  improve- 
ment research.  Many  of  these  things  have  never  been  done  before, 
and  the  scientific  problem  is  how  to  provide  a satisfactory  solution 
with  the  least  weight.  After  some  scientifically  possible  solutions 
have  been  obtained,  it  then  become  a problem  for  others  to  manufac- 
ture a practical  article  for  use  on  actual  space  missions. 

Facilities  for  the  investigation  of  the  problems  of  life  support 
systems  require  vacuum  environmental  facilities  which  will  permit  as 
accurate  simulation  of  significant  space  parameters  affecting  man’s 
living  and  working  in  space.  Not  only  must  an  environment  be  created 
in  which  man  can  survive  in  space,  but  in  which  he  can  move  about 
in  conditions  of  space  vacuum  and  radiation  to  perform  useful  opera- 
tions and  to  take  scientific  observations,  all  without  unnecessarily 
impairing  his  life  expectancy. 

Continued  preeminence  of  the  United  States  in  space  requires 
that  there  be  a continuous  upgrading  of  the  facilities  for  research 
leading  to  improved,  more  reliable  space  vehicles.  It  is  a national 
goal  to  move  ahead  in  space.  Our  scientists  have  been  busy  in  de- 
termining the  facilities  that  will  be  needed.  The  immediate  needs 
for  the  1964  fiscal  year  are  in  the  budget  before  the  subcommittee. 
In  1958,  when  the  NASA  first  came  into  being,  it  had  a research 
plant  value  of  approximately  $350  million.  This  includes  all  NACA 
facilities  since  NACA’s  mission  was  solely  that  of  research.  In  the 
following  discussion,  I will  discuss  research  facilities  which  have  been 
added  since  the  formation  of  NASA,  which  support  the  OART  pro- 
gram. In  order  to  put  the  discussion  in  context  from  the  viewpoint 
of  time,  I will  start  with  the  1960  fiscal  year.  This  was  the  first  full 
fiscal  year  of  operation  of  NASA  since  its  organization  on  October 
1,  1958.  The  research  facilities  approved  were  based  largely  on 
pre-NASA  planning.  It  will  be  seen  tnat  as  the  planning  for  research 
advanced  under  NASA,  that  new  needs  became  apparent.  This 
thesis  will  be  developed  under  eight  categories  of  facilities,  showing 
that  there  is  a well-conceived  overall  expansion  to  meet  urgent  research 
needs  in  each  category  of  facilities. 
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The  research  facility  programs  for  fiscal  year  1960  through  that 
proposed  for  fiscal  year  1961  are  shown  in  the  accompanying  tables  in 
my  testimony,  of  the  following  eight  facility  categories : 

Materials  and  structures  facilities ; 

Space  environmental  chambers  and  apparatus ; 

Guidance  and  control  simulators  and  equipment ; 

Fluid  flow  and  plasmadynamics  facilities; 

Space  power  and  energy  conversion  facilities ; 

Life  sciences  facilities ; 

Nuclear  rocket  facilities ; and 

Electronics  and  telemetry  facilities. 

Research  facilities  are  difficult  to  categorize  by  discreet  technical 
discipline  because  of  their  versatility ; for  example,  aeronautics  facil- 
ities and  chemical  propulsion  facilities  are  not  categorized  as  such, 
but  instead  each  is  listed  under  the  functionally  descriptive  category 
to  which  it  belongs. 

Many  of  these  facilities  provide  simulation  of  environmental  factors 
for  advanced  research  and  testing  new  technology  concepts.  With 
progress  in  aeronautics  and  space  concepts,  it  becomes  increasingly 
necessary  to  investigate  the  effects  of  subtle  variations  and  combina- 
tions of  environmental  factors.  In  this  respect,  advances  in  facility 
design  and  fabrication  techniques  often  pace  our  progress  in  research. 

In  the  discussions  of  the  facilities  under  each  category,  it  will  become 
apparent  that  each  program  area  is  being  provided  with  new  and 
modernized  facilities. 

(The  tables  referred  to  are  as  follows :) 

Advanced,  research  and  technology  facilities  program 


MATERIALS  AND  STRUCTURES  FACILITIES 


Name 

Location 

Cost  by  fiscal  year  (millions) 

Operational 

date 

1960 

1961 

1962 

1963 

1964  ! 

Oust  tunnel  conversion  to  noise  re- 
search facility. 

Test  cell  conversion  to  high  intensity 
noise  facility. 

Zftrn  rw-tor  , . 

Langley 

$0.3 

.3 

.8 

February  1962. 

April  1963. 

July  1963. 

May  1963. 

July  1963. 

March  1964. 

June  1964. 

August  1964. 
August  1965. 

do.. ; 

Lewis 

Basic"  Materials  Laboratory 

do 

$4.0 

Low  frequency  environmental  noise 
facility. 

High  vacuum  space  structures  fa- 
cility. 

Environmental  research  facilities  for 
spacecraft  components  and  mate- 
rials. 

Particle  accelerator  for  micromete- 
oroid  impact. 

Space  Radiation  Effects  Laboratory. 

High  temperature  loads  calibration 
facility. 

Structural  Dynamics  Laboratory 

Langley 

$0.6 

1.5 

do 

do. 

$1.0 

.9 

12.3 

do 

Langley 
(vicinity) 
Flight 

$1.2 

..1.6 

Ames 

Fatigue  Research  Laboratory 

Langley 

1.3 

3.6 

Space  environment  research  "facility.. 
Total 

Ames..... 

1.4 

4.0 

2.1 

14.2 

■ 

7.7 

Grand  total 

29.4 
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Advanced  research  and  technology  facilities  program. — Continued 


SPACE  ENVIRONMENTAL  CHAMBERS  AND  APPARATUS 


Name 

| 

Location 

i 

Cost  by  fiscal  year  (millions) 

■ 

Operational 

date 

I960 

1961 

1962 

1963 

1964 

Dynamic  Research  laboratory  , 

Tangley 

14-0 

• 

H*  » 

Ol 
1 , 

October  1963. 
July  1963. 

November  1965. 
January  1965 
plus. 

Modification  ol  space  environment 

tank. 

Space  propulsion  facility 

Lewis  ’ 

do 

$25.4 

Spacecraft  propulsion  research  facility 
and  addition. 

Alteration  of  space  power  chambers.. 

..  _.do 

6.3 

$3.5 

5.7 

2.7 
1.2 

do 

Zero  gnwity  facility.. 

do 1 

Satellite  attitu^o  control  test  facility. 
Total 

Ames 

4.0 

i 

1.0 

31.7 

13.1 

Grand  total.. 

49.8 

GUIDANCE  AND  CONTROL  SIMULATORS  AND  EQUIPMENT 


Data  Reduction  Center. 

Ames. 

$2.3 

.4 

1.4 

July  1961. 
February  1961. 
May  1962. 
December  1961. 
September  1963. 
November  1963. 
December  1964. 
February  1964. 
August  1964. 

Analog  computer  system 

Terminal  guidance  program  facility. . 
Centrifuge  equipment 

Flights 

do 

Ames~. 

$6.5 

All-aies  motion  generator . 

do 

SO,  6 
3.5 

Lunar  landing  facility 

T anglov . 

Space  High  t guidance  research  facility . 
Visual  flight  simulator 

Ames.  . 

$9.6 

.4 

1.4 

Flight 

Stabilization  and  Control  Equipment 
Laboratory. 

Total 

Langlev 

4.1 

.5 

4.1 

11.4 

Gff.nd  total _ ... 

20.1 

■ 

FLUID  FLOW  AND  PLASMADYNAMICS  FACILITIES 


Mass  transfer  and  aerodynamics 
facility. 

8-foot  high-temperature  structures 
dynamic  tunnel  equipment. 

Alteration  to  9-by-S-foot  thermal 
structures  tunnel. 

Analytical  computing  equipment 

Heater  for  hypersonic  Jet  facility 

Hypersonic  aerothermal  dynamics 
facility. 

Hypervelocity  free  flight  facility  „ 

Ames 

$4.0 

1 

.5 

.4 

August  1962. 
August  1960. 
December  JCSo. 

T.anglay 



■ 

do 

do 

do _ _ 

2.6 

.4 

January  1962. 
October  1962. 
January  1964. 

October  1964. 
January  1963  and 
August  1964. 
January  1965. 

May  1964. 
October  1904. 

$8.0 

Ames 

$4.9 

1.0 

Equipment  for  magnetoplasmady- 
namics  research. 

Radiative  heat  system  for  mass  trans- 
fer facility. 

Mach  50  helium  tunnel 

Langley 

$1.4 

2.2 

1.5 

,8 

Ames 

do_— 

Additional  power  supply  and  im- 
proved arc  chamber  for  10-mega- 
watt arc  tunnel. 

Hot  gas  radiation  research  facility 

Langley 

do.. 

$2.6 

Total.*  ..  * 

7.9 

8.0 

5.9 

5.9 

2.6 

Grand  total.  . 

30.3 

i 

' r 

I 

4 

I 

•f 

i 


A 

1 

• 4 

i 


* 

if 
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Advanced  research  and  technology  facilities  program — Continued 


SPACE  POWER  AND  ENERGY  CONVERSION  FACILITIES 


Name 

Location 

Cost  by  fiscal  year  (millions) 

Operational 

1960 

1961 

1962 

1963 

1964 

date 

Ion  and  plasma  jet  facility 

In-pile  loop 

Energy  Conversion  Laboratory 

Space  power  research  facilities 

Lewis... 

do .... 

do 

_do 

$5.4 

.5 

$4.5 

1.1 

August  1963. 
January  1964. 
December  1963. 
November  1963. 

Propellant  flow  facility 

Electric  power  equipment  test  facil- 
ity. 

Propulsion  component  evaluation 
facility. 

SNAP-8  assembly  and  spacecraft 

do ...... 

do 

.do 

_ „ . do 

$1.3 

2.1 

1.0 

5.0 

checkout  building. 

Total 

5.9 

5.6 

9.4 

Grand  total 

$20.9 

LIFE  SCIENCES  FACILITIES 


NUCLEAR  ROCKET  FACILITIES 


Nuclear  rocket  development  facility.. 
Engine  test  stand  No.  2.. 

Lewis-SNPO. 
NRDS 

$0.3 

$14.6 

July  1960. 
June  1965. 

Engine  maintenance,  assembly,  and 
disassembly  buildings,  and  addi- 
tions. 

Nuclear  rocket  dynamics  and  control 
facility. 

Modification  of  nuclear  aerospace 
research  facility. 

NERVA  facilities 

do 

1 Lewis 

Fort  Worth... 
NRT)S 

7.9 

. 

$4.8 

. 

3.4 

3.1 

5.0 

$4.5 

October  1964 
plus. 

February  1965. 
September  1964. 
December  1964. 

Hydrogen  heat  transfer  facility 

Additions  to  engine,  test  stands  1 and 
2. 

Radioactive  materials  handling,  de- 
contamination, and  storage  com- 
plex. 

Lewis 

NRDS 



2.4 

6.7 

Do. 

do 

A3 

. ' 

1. . 

Total 

.3 

22.5  ' 

18.7 

15.5 

Grand  total 

57.0 

ELECTRONICS  AND  TELEMETRY  FACILITIES 


Vehicle  antenna  test  facility  and 
addition. 

Electronics  instrumentation  labora- 
tory. 

Electronics  Research  Center 

Langley 

do 

• l 



$1.7 

$1.8 

2.8 

5.0 

February  1965 
plus. 

Total 

. 

L 7 

9.6 

Grand  total 

$11.3 

! 
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Dr.  Bisplinghoff.  Under  the  category  “Materials  and  structures 
facilities”  are  the  environmental  simulators  that  shake,  vibrate,  stress, 
impact,  heat,  irradiate,  and  subject  to  vacuum  and  pressures,  the  mate- 
rials and  structural  concepts  under  study  in  the  advanced  research  and 
technology  program.  As  more  is  learned  of  the  environment  to  which 
spacecraft  materials  will  be  subjected,  the  requirements  for  these  simu- 
lators become  more  complex.  The  vacuum  chambers  in  this  category 
are  of  small  size  (about  8 cubic  feet  maximum)  and  are  required  in 
number  because  of  the  long  duration  of  tests  characteristic  of  mate- 
rials testing. 

In  fiscal  year  1960  there  were  two  facility  conversions  at  Langley 
to  provide  facilities  to  investigate  problems  of  high  intensity  noise 
expected  from  high  thrust  rocket  motors.  Also  in  the  fiscal  year  1960 
program,  was  a zero  power  reactor  at  Lewis  for  simulating  the  radio- 
active field  of  a nuclear  reactor.  The  fiscal  year  1961  program  in- 
cluded a Basic  Materials  Laboratory  at  Lewis  for  investigations  of 
metals  and  ceramics  related  to  propulsion  research.  The  fiscal  year 
1962  and  1963  programs  for  materials  and  structures  research  com- 
prised five  facilities  at  Langley  to  provide  advanced  environmental 
simulation,  including  low  frequency  noise,  vacuum,  vibration,  stress, 
micrometeoroid  impact,  and  space  radiation.  For  fiscal  year  1964 
our  program  proposes  four  projects  in  this  category;  a high  tempera- 
ture loads  facility  at  Flight,  a fatigue  research  facility  at  Langley,  and 
a structural  dynamics  and  a space  environmental  research  facility  at 
Ames.  These  Ames  facilities  will  provide  that  center  with  the  tools 
to  continue  important  advanced  research  on  materials  and  structures. 

The  category  “Space  environmental  chambers  and  apparatus,”  com- 
prises the  large  vacuum  chambers  necessary  to  research  studies  and  to 
full-scale  testing  of  complete  spacecraft  systems.  The  Dynamics 
Research  Laboratory  at  Langley  in  the  fiscal  year  1961  program  will 
provide  that  center  with  two  large  chambers  for  structures  testing, 
one  equipped  with  a centrifuge  to  obtain  combined  acceleration  and 
vacuum.  In  the  fiscal  year  1962  program,  the  modification  of  the 
space  environment  tank  at  Lewis  provided  increased  cryogenic  pump- 
ing facilities  for  materials  research  under  combined  solar  radiation, 
vacuum  and  temperature  simulation.  Two  large  propulsion  research 
facilities  at  Lewis  made  up  the  fiscal  year  1963  program  in  this  cate- 
gory. For  fiscal  year  1964,  it  is  proposed  to  add  hard  vacuum,  liquid 
nitrogen  cryo-cooling,  and  solar  simulation  to  the  spacecraft  propul- 
sion research  facility,  and  to  provide,  also  at  Lewis,  a facility  like  an 
evacuated  mine  shaft  to  obtain  10-second  tests  at  zero  gravity  for  im- 
portant advanced  research  in  liquid-propellent  physics.  Also  in  the 
fiscal  year  1964  program  is  a satellite  attitude  control  test  facility  at 
Ames  which  will  be  necessary  to  research  in  advanced  systems,  under 
vacuum  and  near  frictionless  conditions. 

Under  the  category  “Guidance  and  control  simulators  and  equip- 
ment for  fiscal  year  1960”  were  data  reduction,  computer,  and  dis- 
play facilities  at  Ames  and  Flight.  The  fiscal  year  1961  program 
mcluded  centrifuge  equipment  at  Ames  for  control  simulation.  Fiscal 
year  1962  and  1963  programs  comprised  five  facilities;  an  all-axes 
motion  generator,  and  a space  flight  guidance  research  facility  at 
Ames,  a lunar  landing  facility  and  a stabilization  and  control  equip- 
ment laboratory  at  Langley,  and  a visual  flight  simulator  at  the  Flight 
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Research  Center,  These  facilities  appear  to  satisfy,  temporarily,  the 
research  requirements  for  facilities  of  this  type  and  none  are  proposed 
for  fiscal  year  1964. 

■ The  facility  programs  under  the  category  “Fluid  flow  and  plasma- 
dynamics  facilities’’  show  the  evolution  of  wind  tunnel  design  from 
subsonic  flow  to  the  hypersonic  phenomena  of  atmospheric  reentry 
and  entry  into  planetary  atmospheres.  The  fiscal  year  1961  program 
comprised  a high  temperature  aerodynamics  facility  at  Ames  and  a 
high  temperature  structures  tunnel,  computing  equipment,  and  im- 
provements to  both  the  high  temperature  structures  tunnel  and  the 
hypersonic  jet  facility  at  Langley.  For  the  fiscal  year  1961  program, 
Langley  got  the  hypersonic  aerothermal  dynamics  facility,  and  for 
fiscal  year  1962  and  1963  equipment  for  magnetoplasmadynamics 
research  and  improvements  to  the  10  megawatt  arc  tunnel.  Ames,  in 
the  fiscal  year  1962  and  1963  programs,  received  approval  for  a 
hypervelocity  free  flight  facility,  a radiative  heat  system  for  the 
mass  transfer  facility  and  a maeh  50  helium  tunnel.  The  fiscal  year 
1964  program  proposes  a hot  gas  radiation  research  facility  at  Langley 
for  simulation  of  rentry  from  planetary  missions  and  entry  into  plane- 
tary atmospheres. 

The  space  power  and  energy  conversion  facilities  category  shows 
the  foreseen  increases  in  facility  requirements  of  the  advanced  space 
power  and  propulsion  research  at  Lewis.  The  ion  and  plasma  jet 
facility  and  the  in-pile  loop  for  fiscal  year  1960  provide  research  tools 
and  the  energy  conversion  and  the  space  power  research  facilities  in 
fiscal  year  1961  will  provide  the  basic  experimental  and  laboratory 
facilities  for  the  programs.  For  fiscal  year  1964,  there  are  four  pro- 
posed projects:  a propellant  flow  facility  for  advanced  systems  re- 
search at  Plum  Brook;  an  electric  power  equipment  test  facility ; a 
propulsion  component  evaluation  facility ; and  a SNAP-8  assembly 
and  spacecraft  checkout  building  at  Lewis. 

Life  sciences  facilities  are  hospital-type  wet  laboratories  for  bio- 
technology and  biomedical  research  at  Ames.  The  fiscal  year  1962 
program  included  modifications  to  the  Fight  Operations  Laboratory 
to  provide  housing  for  this  work,  and  for  fiscal  year  1964  a modem 
life  sciences  research  facility  is  proposed. 

Nuclear  rocket  facilities  include  all  of  the  NASA  projects  necessary 
to  provide  test  stands,  assembly  areas,  handling  equipment,  and  spe- 
cial environmental  simulation  facilities  for  the  nuclear  rocket  pro- 
gram. These  facilities  started  with  a design  contract  for  development 
facilities  in  fiscal  year  1960.  Engine  test  stand  No.  2 at  NRDS  in  the 
fiscal  year  1962  program  was  the  first  facility  funded  by  NASA  rather 
than  AEC.  Also  in  fiscal  year  1962  program  was  the  engine  main- 
tenance, assembly,  and  disassembly  building  (E-MAD)  with  addi- 
tions in  the  fiscal  year  1963  and  the  proposed  fiscal  year  1964  programs. 
The  fiscal  year  1963  approved  program  was  modified  because  of  the 
decision  to  slip  the  reactor-in-flight,  test  (RIFT)  program  schedule. 
A reprograming  action  funded  modification  of  an  Air  Force  reactor 
facility  to  satisfy  the  requirements  for  the  fiscal  year  1963  radiation 
effects  facility  at  a saving  of  about  $4  million.  The  construction  pro- 
gram for  fiscal  year  1963  included  at  Lewis  a nuclear  rocket  dynamics 
and  control  facility,  and  a hydrogen  heat  transfer  facility,  and  at 
NEDS,  a NERVA  test  stand,  components  test  and  support  facilities. 
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The  fiscal  year  1964  program  proposes  additions  to  engine  test  stands 
1 and  2,  and  a radioactive  materials  handling,  decontamination,  and 
storage  complex. 

Finally,  the  electronics  and  telemetry  facilities  category  reflects  the 
increased  NASA  interest  in  these  fields.  At  Langley,  addition  to  the 
fiscal  year  1963  vehicle  antenna  test  facility  to  increase  its  size  and 
capabilities,  and  a modernized  Electronics  Instrumentation  Labora- 
tory are  proposed  for  fiscal  year  1964.  The  fiscal  year  1964  proposal 
also  includes  land  acquisition  and  design  and  engineering  services  for 
the  new  Electronics  Research  Center. 

In  summary,  the  Office  of  Advanced  Research  and  Technology  of 
NASA  is  responsible  for  producing  research  data  and  advanced  tech- 
nology needed  to  support  the  NASA  mission  of  manned  and  un- 
manned scientific  exploration  of  space  for  peaceful  purposes. 
Continued  national  preeminence  in  this  field  requires  that  the  latest 
techniques  to  obtain  the  required  data,  be  incorporated  in  economical 
ground-based  facilities  and  in  relatively  simple  flight  experiments. 
This  discussion  has  been  limited  to  ground  facilities  covered  by  the 
“Construction  of  facilities'5  appropriation  title. 

Starting  with  the  first  full  fiscal  year  of  NASA  operation  through 
1964  fiscal  year,  the  average  facilities  budget  for  research  facilities  has 
been  $33.5  million,  or  approximately  10  percent  per  year  of  the  NACA 
plant  value  when  it  was  absorbed  by  NASA.  This  increase  is  modest 
since  increases  up  to  15  percent  per  year  appeared  desirable  in  the 
light  of  NACA  experience.  Nuclear  roclret  development  facilities 
started  in  fiscal  year  1960,  and  have  averaged  $11.4  million  per  year 
through  fiscal  year  1964.  Other  facilities  include  administrative  sup- 
port, shops  and  utilities,  and  have  averaged  about  $7  million  per  year, 
1960  through  1964  fiscal  years.  The  individual  year’s  figures  are 
given  in  the  following  table. 

NASA  budget  for  facilities  supporting  OART  programs , 1960-64  fiscal  years 


(Millions  of  dollars] 


Fiscal  year 

Research 

Nuclear 

rocket 

Other 

Total 

19.6 

0.3 

19.9 

22.1 

22.1 

1962 - , 

13.9 

22.5 

i.5 

37.9 

64.9 

18,7 

18.5 

102.1 

47.3 

15.5 

15.4 

78.2 

Total - — 

167.8 

57.0 

35.4 

260.2 

In  view  of  the  foregoing,  we  feel  that  our  request  for  1964  fiscal  year 
construction  of  facilities  funds  is  a reasonable  request.  NASA  scien- 
tists have  been  faced  with  the  challenge  of  reproducing  the  hostile 
space  environment  in  new  facilities  and  in  providing  facilities  for  ade- 
quate and  safe  tests  for  the  nuclear  rocket  development  program. 

U.S.  preeminence  in  the  peaceful  uses  of  space  is  going  to  be  depend- 
ent on  the  university,  industrial,  Government  complex  working  to- 
gether as  a team  with  NASA  as  the  team  leader.  Progress  will  be 
strongly  dependent  on  the  advanced  facilities  and  the  high  caliber  pro- 
fessional talent  available  to  exploit  the  facilities  and  to  identify  and 
pursue  the  problems  that  will  advance  the  U.S.  aeronautics  and  space 
program. 
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Mr.  Chairman,  that  completes  my  background  statement.  With 
your  permission,  I would  like  to  suggest  that  you  might  take  up  first 
the  Life  Science  Research  Laboratory,  which  is  under  the  direction  of 
Dr.  Konecci  of  my  office.  I would  like  to  call  him  up  here  with  me,  if 
I may,  to  discuss  that. 

Mr.  Kakth.  All  right,  sir. 

Before  Dr.  Konecci  begins,  I wonder  if  I could  just  hold  in  abeyance 
his  testimony  for  a few  brief  questions  by  counsel. 

Dr.  Bisplinghoff.  Certainly. 

Colonel  Gould.  On  page  4 you  indicate  facilities  constructed  in  the 
past  had  a useful  life  in  their  original  configuration  of  some  10  to  15 
years.  Are  we  now  finding  that  our  research  facilities  are  approach- 
ing a stage  of  obsolescence  long  before  the  life  expectancy  of  the 
buildings? 

Dr.  Bisplinghoff.  Before  the  life  expectancy  of  the  buildings  ? 

Colonel  Gould.  Yes,  sir. 

Dr.  Bisplingiioff.  I would  believe  the  life  expectancy  of  the  newer 
buildings  would  probably  be  less  than  in  the  NACA  days.  We  had  a 
period  of  relative  stability  during  that  time  in  the  field  of  aerodyna- 
mics. I would  say  perhaps  our  newer  facilities  would  have  a lesser 
useful  lifetime  than  they  had  in  those  days,  and  may  very  well  be 
obsolescent  lieXore  the  buildings  wear  out.  In  that  case,  I think  we 
would  need  to  adapt  these  buildings  to  newer  uses. 

Colonel  Gould.  Most  of  the  construction  being  done  at  the  newer 
centers  are  permanent  buildings,  with  a life  expectancy  of  probably 
40  to  50  years;  is  this  correct? 

Dr.  Bisplinghoff.  Yes. 

Colonel  Gould.  Would  it  be  possible  to  get  by  with  buildings  of  a 
more  temporaiy  nature,  rather  than  building  long-life  structures? 

Dr.  Bisplingiioff.  I think  that  w ould  have  to  be  addressed  to  in- 
dividual cases.  I am  sure  there  are  cases  where  relatively  temporary 
buildings  could  be  employed. 

Colonel  Gould.  Also  on  page  4 you  indicate  that  within  10  to  15 
years  after  the  construction  of  a building,  modifications  were  then  in 
order  during  the  days  of  NACA. 

Dr.  Bisplinghoff.  Yes. 

Colonel  Gould.  Under  present-day  conditions  you  say  this  will  lie 
less.  What  is  your  estimate  of  how  long  a building  could  remain  in 
use  before  it  would  have  to  be  modified  under  present-day  conditions? 

Dr.  Bisplinghoff.  It  is  very  difficult  for  me  to  make  such  an  esti- 
mate. I can  only  offer  the  indication  in  my  mind  that  alterations  will 
perhaps  have  to  be  in  lesser  time  than  10  or  15  years. 

Colonel  Gould.  There  has  been  a total  of  $140  million  authorized 
in  fiscal  years  1962  and  1963  for  construction  of  new  facilities,  accord- 
ing to  vour  chart. 

Dr.  Bisplinghoff.  Yes. 

Colonel  Gould.  How  much  of  this  amount  has  been  committed? 

Dr.  Bisplinghoff.  Let  me  ask  Mr.  Ulmer  if  he  can  answer  that. 

Mr.  Ulmer.  I would  have  to  give  an  average  that  might  cover  the 
agency  as  a whole,  but  I would  estimate  perhaps  TO  percent  of  the  1962 
program  is  under  obligation  and  perhaps  25  to  30  percent  of  the  1963 
program  is  under  obligation. 
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Your  question,  I believe,  was  specifically  related  to  the  amounts 
committed.  All  the  amounts  are  committed  in  that  the  projects  have 
been  approved  by  the  Associate  Administrator  and  funding  released 
to  the  program  offices  except  for  approximately  $20  million  of  the 
1963  appropriation.  Except  for  that  $20  million,  all  the  remaining 
funds  have  been  released  and  sent  to  the  program  offices  for  obligation. 

We  can  supply  the  exact  obligation  figures  for  the  record,  Colonel 
Gould. 

Colonel  Gould.  Would  you  please  supply  for  the  record  the  total 
amount  of  funds  out  of  this  $140  million  previously  authorized  that 
has  been  committed,  the  total  amoimt  that  has  been  obligated,  and 
when  the  balance  of  these  funds  will  be  obligated? 

Mr.  Ulmer.  We  will  be  very  glad  to,  Colonel. 

Mr.  Karth.  I wonder  if  I may  ask  that  this  be  done  at  a relatively 
early  date. 

Mr.  Ulmer.  There  will  be  no  problem,  Mr.  Chairman.  The  figures 
are  available. 

(The  information  requested  is  as  follows:) 

The  status  of  the  $140  million  listed  in  Dr.  Bisplinghoff’s  opening  statement 
as  the  Office  of  Advanced  Research  and  Technology  total  construction  of  facili- 
ties program  for  the  1962  and  1963  fiscal  years  is  given  in  the  table.  The  table 
lists  by  centers,  in  the  first  column,  the  amounts  tentatively  programed  as  of 
November  30,  1962.  The  data  for  this  point  in  time  were  used  as  a basis  for 
the  totals  given  on  page  SUM  4 in  part  I of  the  construction  of  facilities  budget 
book  for  the  space  research  and  technology  and  aircraft  technology  programs. 
The  second  column  shows  the  committed  amounts.  The  third  column  shows  the 
amounts  obligated  to  date,  and  the  fourth  column  shows  the  estimated  dates  for 
obligation  of  the  balance  of  the  programed  funds. 

It  should  be  emphasized  that  from  the  start  of  design,  it  takes  about  3 years 
on  the  average  to  complete  a complex  NASA  research  facility.  Advance  design 
funds  are  of  great  importance  in  achieving  early  completion  of  the  facilities. 
By  having  design  already  underway  on  important  facilities,  earlier  obligation 
of  appropriated  funds  for  actual  construction  is  possible. 


Office  of  Advanced  Research  and  Technology,  construction-of-facilitics  program  for 

fiscal  years  1962  and  1968 
[Millions  of'dollars] 


Location 

Tentative 
program,  ! 
Nov.  30, 
1962 

. 

Commit- 

ments 

Obliga- 

tions 

Date  balance 
obligated 

Fiscal  year  1962; 

Ames  Research  Center 

6.3 

5.1 

4.8 

September  1964. 

Langley  Research  Center 

Lewis  Research  Center.  

6.6 

0.2 

6.1 

November  1964. 

1.0 

.9 

.9 

August  1963. 

Nuclear  rocket  development  station 

Advanced  design  funds 

22.5 

6.1 

6.1 

February  1964. 

1.5 

1.5 

1.5 

Total,  fiscal  year  1962 

37.9 

19.8 

19.4 

Fiscal  year  1963; 

Ames  Research  Center.. 

13.3 

.8 

.4 

February  1965. 

Blight  research  center 

1.7 

1.7 

1.2 

June  1963. 

Langley  Research  Center. 

Lewis  Research  Center 

8.9 

3.1 

2.0 

June  1964. 

43.5 

8.6 

7.2 

September  1964. 

Nuclear  rocket  development  station 

17.4 

5.4 

5.4 

February  1964. 

Atlantic  Missile  Range 

'5.0 

0 

0 

Various  locations .... 

12.3 

6.9 

6.9 

December  1964. 

Total,  fiscal  year  1963— 

>102.1 

26.5 

23.1 

Total,  OART  fiscal  year  1962  and  1963 

U40.0 

46.3 

42.5 

1 The  AMR  project  Apollo  Static  Test  Facility  at  5.000.000  was  inadvertently  classified  as  an  OAKT 
facility  instead  of  manned  space  flight.  It  is  Included  here  for  completeness.  The  totals  should  be  reduced 
by  5,000,000  to  give  the  corrected  total  construction-of-facilities  program  for  1963  charged  to  OART. 
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Colonel  Gould.  In  the  1963  program  a lunar  landing  facility  was 
authorized  at  Langley. 

Dr.  Bisplingiioff.  Yes,  sir. 

Colonel  Gould.  What  relationship  has  this  facility  to  the  proposed 
construction  at  White  Sands  Proving  Grounds  in  the  amount  of 
$15  million  ? 

Mr.  Myers.  $15  million 

Colonel  Gould.  Included  in  the  manned  space  flight  program. 

Mr.  Ames.  May  I speak  first  as  to  the  Langley  facility  ? The  in- 
tention in  going  ahead  rapidly  with  that  facility  was  to  provide  us 
at  the  earliest  date  possible  with  experience  on  the  overall  problems 
of  landing  a space  vehicle  structure  controlled  by  a man  in  a simu- 
lated lunar  environment,  where  we  have,  say,  one-sixth  gravity,  and 
no  atmospheric  braking  such  as  we  have  in  the  atmosphere  here.  It 
has  an  overhead  track  with  a crane,  and  as  the  vehicle  moves  down  the 
track  it  descends  as  though  making  a tangential  lunar  landing.  In 
such  a program  we  can  test  the  reaction  of  the  pilot  to  an  abort 
maneuver,  if,  say,  he  has  to  recover  or  decides  “I  can’t  make  a landing 
in  this  spot.”  If  the  vehicle  makes  this  landing  we  can  study  the 
structural  dynamics  of  the  vehicle,  or  the  response  of  the  structure 
as  it  drops  to  the  lunar  surface. 

Construction  is  now  underway  at  Langley,  and  it  was  approved 
primarily  as  a research  facility.  I was  trying  to  look  up  the  manned 
space  flight  facility  when  you  asked  your  question.  I don’t  believe 
I can  put  a direct  answer  in  the  record  at  this  time. 

Colonel  Gould.  Is  this  project  at  Langley  now  under  construction? 
Mr.  Ames.  Yes,  it  is. 

Colonel  Gould.  The  actual  construction  been  started  ? 

Mr.  Ames.  Yes,  I believe  it  has. 

Mr.  Myers.  Yes,  at  Langley. 

Colonel  Gould.  Are  there  additional  items  planned  for  Langley  in 
the  lunar  landing  program  ? 

Mr.  Ames.  No,  we  have  a fatigue  facility,  on  cyclic  loading — of 
materials  and  structure. 

Mr.  Karth.  When  was  the  appropriation  made  for  this  lunar  land- 
ing facility  at  Langley?  When  was  that  appropriation  last  made? 

Colonel  Gould.  When  was  it  authorized? 

Mr.  Ulmer.  The  Langley  facility  was  authorized  under  the  con- 
gressional reprograming  procedures  in  the  fiscal  year  1962.  I be- 
lieve the  amount  was  $3.5  million,  which  was  funded  by  reprogram- 
ing within  the  construction  appropriation ; $3.5  million  worth  of  other 
facilities  were  deleted  to  fund  this  facility. 

Colonel  Gould.  Would  you  please  provide  for  the  record  a specific 
statement  as  to  the  status  of  that  project  at  Langley,  when  it  was 
started,  and  when  construction  will  be  completed? 

Mr.  Myers.  Yes.  It  is  well  along. 

(The  information  requested  is  as  follows :) 

Langley  Research  Center  project  lunar  landing  facility  construction  was 
approved  October  25,  1961,  and  the  contract  is  now  60  percent  through  the 
scheduled  time  allowed  for  Its  completion  and  is  essentially  on  schedule.  Approx- 
imately 95  percent  of  the  authorized  $3,500,000  is  obligated.  The  first  major 
contract,  that  for  the  gantry  structure,  was  awarded  in  June  1962.  The  esti- 
mated project  acceptance  date  is  January  1964. 
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A.  2-month  period  is  scheduled  to  allow  for  system  checkouts,  facility  opera- 
tional training,  and  final  servo  tuneups.  This  brings  the  date  of  first  research 
operation  to  March  1964. 

Colonel  Gould.  In  answer  to  a previous  question,  I should  say  there 
has  been  consideration  of  extending  the  length  of  that  facility,  but  as 
yet  there  lias  been  no  teclinical  decision  made  in  our  office  to  do  this. 
We  have  run  into  some  problems,  and  some  of  the  lunar  landing 
problems  that  have  come  up  with  respect  to  landing  on  the  surface  may 
make  it  wise  to  lengthen  this  somewhat. 

We  are  planning  to  build  a $25  million  facility  at  White  Sands, 
which  appears  to  be  justified,  on  the  same  basis  as  what  you  are  doing 
at  Langley.  We  were  concerned  as  to  whether  there  was  any  dupli- 
cation in  the  two  activities. 

Mr.  Myers.  I think  you  should  speak  to  the  manned  space  flight 
people  about  that.  Their  emphasis  is  primarily  on  the  production 
systems,  where  ours  is  primarily  on  the  guidance,  control,  and  so  forth. 

Colonel  Gould.  I would  suggest,  sir,  that  you  speak  to  the  people  in 
the  manned  space  flight  program  and  make  that  determination. 

(The  material  requested  is  as  follows:) 

Description  of  the  Langley  Lunar  Landing  Research  Facility  and  the 
Lunar  Excursion  Module  Test  Facility  at  White  Sands  Missile  Range 

LUNAR  LANDING  RESEARCH  FACILITY,  LANGLEY  RESEARCH  CENTER 

Construction  of  the  lunar  landing  research  facility  was  approved  in  late  1961 
by  emergency  authorization  with  funds  provided  by  the  fiscal  year  1962  construc- 
tion of  facilities  budget.  This  facility  was  required  as  a means  to  quickly 
provide  advanced  research  information  on  the  problems  of  controlling  a rocket- 
powered  spacecraft  near  the  lunar  surface.  This  facility  will  consist  initially 
of  a 10,000-pound  research  vehicle  tethered  to  a movable  overhead  suspension 
system  supported  by  a gantry-type  structure  200  feet  high  and  400  feet  long.  To 
simulate  the  reduced  lunar  gravity,  the  suspension  System  will  support  five-sixths 
of  the  weight  of  the  test  vehicle.  This  system  will  permit  advanced  research 
investigations  of  low-altitude  approach  landings,  problems  of  controlling  the 
vehicle,  and  possible  solutions  to  various  abort  emergencies  by  the  pilot.  The 
main  engines  and  altitude  control  motors  for  the  vehicle  will  utilize  hydrogen 
peroxide  fuel  for  ease  in  handling  and  wide  range  of  controllability. 

At  the  present  time,  the  support  structure  of  the  lunar  landing  research  facility 
is  60  percent  complete  and  is  on  schedule  for  the  required  completion  date  of 
January  1964.  First  research  tests  are  scheduled  to  begin  in  March  1964. 
Initial  research  will  be  directed  toward  solution  of  potential  problems  of  the 
manned  lunar  landing  program  utilizing  a vehicle  which  closely  simulates  the 
flight  characteristics  of  the  lunar  excursion  module.  The  objective  of  the  first 
phase  of  research  will  be  to  determine  if  the  low-level  flight,  hovering,  and  landing 
characteristics  of  the  lunar  excursion  module  will  be  adequate,  and,  if  not,  what 
changes  will  be  required  for  acceptable  performance.  The  second  phase  of  re- 
search will  be  concerned  with  investigation  of  various  abort  situations  and  deter- 
mination of  best  techniques  to  handle  these  emergency  situations. 

The  problems  inherent  in  the  design  and  operation  of  lunar  landing  and  take- 
off vehicles  have  no  precedent.  Thus,  a research  facility  of  this  type  can  provide 
required  experimental  verification  of  how  much  excess  thrust  should  be  provided* 
method  of  thrust  control  of  the  rocket,  and  methods  of  controlling  the  direction 
of  thrust.  All  are  vital  to  successful  design  and  operation  of  LEM-type  vehicles. 
Other  problem  areas  are  concerned  with  achieving  the  most  efficient  flight  in- 
strumentation and  with  the  position  of  the  pilot  in  the  vehicle  as  it  affects  his 
ability  to  control  and  to  see  the  landing  area.  In  addition,  problems  exist  which 
are  peculiar  to  a rocket-propelled  vehicle  wrhieh  must  be  used  near  the  lunar 
surface.  These  problems  include  the  question  of  using  a vertical  approach  or  an 
approach  along  a glide  path,  the  effects  of  jet  blast  on  the  lunar  surface,  creating 
clouds  of  dust  which  may  obscure  visibility  or  possibly  damaging  the  vehicle, 
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and  the  sloshing  effect  of  large  amounts  of  liquid  propellant  which  may  influence 
the  control  characteristics  of  the  vehicle.  By  making  minor  modification  to  the 
facility,  it  is  also  possible  to  study  the  problems  which  will  be  encountered  in  de- 
signing manned  planetary  spacecraft  such  as  would  be  used  in  flights  to  Mars 
and  Venus.  The  lunar  landing  research  facility  will  allow  study  of  these  prob- 
lems with  a high  degree  of  realism.  It  is  expected  that  investigation  and  solu- 
tion of  these  problems  will  provide  much  of  the  necessary  experimental  research 
needed  not  only  for  design  and  operation  of  the  lunar  excursion  module,  but  for 
use  in  future  manned  planetary  landings  as  well.  This  facility  at  LRC  obviated 
the  need  for  a similar  facility  which  had  at  one  time  been  planned  for  construc- 
tion at  the  Manned  Spacecraft  Center  at  a saving  of  $6.5  million. 

LUNAR  EXCURSION  MODULE  TEST  FACILITY,  WHITE  SANDS  MISSILE  RANGE 

The  1964  budget  estimates  for  construction  of  facilities  includes  a proposed 
lunar  excursion  module  test  facility  to  be  located  at  the  White  Sands  Missile 
Range  in  New  Mexico.  This  is  a propulsion  test  facility  required  for  develop- 
ment tests  of  the  engines  used  in  the  lunar  excursion  module  of  the  Apollo  space- 
craft. In  order  to  meet  the  tight  time  schedule  established  for  the  manned 
lunar  landing  programs,  this  facility  will  be  necessary  so  that  earliest  possible 
development  and  operational  testing  of  the  two-man  lunar  excursion  module 
can  be  achieved.  The  module  will  have  two  engines.  One  will  be  used  as  a land- 
ing and  touchdown  engine  and  will  be  throttleable  over  a thrust  range  of  1,000 
to  10,000  pounds.  The  other  engine  will  be  used  for  takeoff  and  return  of  the 
module  to  the  orbiting  Apollo  command  spacecraft  and  will  have  a thrust  capa- 
bility of  4,000  pounds.  Both  engines  will  utilize  hypergolie  propellants  (i.e., 
propellants  that  spontaneously  ignite  upon  contact  with  each  other)  which  re- 
quire extreme  technical  diligence  in  static  and  flight  development  testing  tech- 
niques. 

The  two  separate  propulsion  stages  of  the  lunar  excursion  module  will  require 
the  proposed  test  facility  to  have  available  four  test  stands  with  supporting 
buildings  for  simultaneous  testing  of  two  units  of  each  stage.  For  propulsion- 
unit  testing,  two  of  the  four  test  stands  will  be  capable  of  taking  both  the  lunar 
touchdown  and  lunar  takeoff  engine  assemblies  in  mated  positions  during  com- 
bined static  firings.  For  operational  testing  of  the  engine  controls  by  the  astro- 
nauts, the  other  two  stands  will  be  provided  with  elevators  and  movable  “clean 
rooms”  for  checkout  and  crew  entry  into  the  lunar  excursion  module.  A hover 
flight-test  pad  approximately  200  feet  in  diameter  will  also  be  constructed  for 
use  with  a test  structure  to  support  the  lunar  excursion  module  in  a tethered 
flight  condition.  I ecause  the  engines  are  not  designed  to  lift  the  module  to  a 
hovering  condition  on  the  Earth,  partial  support  of  the  vehicle  will  be  achieved 
by  vertical  cables  linking  the  module  to  the  test  structure.  By  allowing  the 
module  to  move  in  a vertical  direction,  the  astronauts  will  be  able  to  study  in 
hovering  flight  such  developmental  problems  as  starting,  thrust  control,  and 
management  of  the  actual  landing  and  takeoff  engines  of  the  complete  lunar 
excursion  module.  It  is  expected  that  full  operation  of  the  lunar  excursion 
module  test  facility  will  commence  in  about  18  to  24  months  from  the  start  of 
construction. 

Colonel  Gould.  You  indicate  that  over  the  past  5 years  in  the 
OART  programs,  Dr.  Bisplinghoff,  you  have  secured  authorizations 
and  authorization  of  $260.2  million.  In  all  the  justification  I read  in 
the  fiscal  year  1964  program  here,  after  review  of  your  master  plans  at 
your  various  installations,  I can  find  very  little  projections  beyond 
fiscal  year  1964  as  to  what  it  is  going  to  cost  to  meet  the  known  mis- 
sions of  the  OART  programs. 

Do  you  have  any  estimate  of  the  long-range  requirements  for  facil- 
ities at  vour  installations  over  the  next  5 or  10  years  ? 

Dr.  Bisplinghoff.  No,  sir.  I cannot  give  you  any  estimate  here. 
We  have  various  internal  studies  we  have  made  of  this.  However,  I 
would  put  in  the  report  an  indication  of  our  thinking. 

Colonel  Gould.  You  are  relatively  certain  of  your  missions  at  the 
present  time  within  NASA.  I think  it  would  be  of  interest  to  this 
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committee  to  know  your  thinking,  based  upon  known  requirements 
as  to  how  much  it  is  going  to  cost  over  the  next  10  years,  let  us  say, 
for  new  facilities.  Would  you  provide  that  for  the  record,  please  ? 

Dr.  Bispmnghoff.  Yes,  sir. 

( The  information  requested  is  as  follows : ) 

We  agree  with  Colonel  Gould  that  the  OART  research  and  technology  mission 
is  well  known  within  NASA.  Prediction  of  facilities  needs  over  the  next  10 
years  for  the  NASA  advanced  research  and  technology  effort  can  only  be  given 
in  general  terms.  The  OART  research  program  must  be  geared  to  identify 
problems  5 to  10  years  ahead,  provide  adequate  facilities  to  work  on  these  prob- 
lems, and  provide  the  technical  and  scientific  research  information  needed  for 
their  solution.  Advanced  planning  on  OART  facilities  requires  flexibility.  It 
is  nece  ssary  to  assimilate  new  research  information  on  the  space  environment 
as  it  is  acquired  in  order  that  the  latest  thinking  may  be  incorporated  into 
research  facilities.  It  is  also  important  that  NASA  research  facilities  be  con- 
tinuously updated,  and  improved  as  additional  knowledge  is  obtained  from 
research  in  space,  on  the  conditions  that  must  be  simulated  in  ground-based 
facilities. 

NASA  has  technically  reviewed  more  than  $450  million  worth  of  research 
facilities  since  its  inception  in  1958.  In  this  review  process,  many  proposed 
facilities  have  been  eliminated,  some  deferred  because  of  monetary  limitations, 
technical  state  of  the  art  projections,  and  actual  knowledge  of  the  environment 
that  must  be  simulated.  This  is  a reiterative  process  which  must  be  updated 
constantly  as  new  research  problems  are  identified,  research  techniques  gen- 
erated, and  research  data  requirements  are  established.  Often  times,  older 
facilities  may  be  more  readily  modified  to  do  the  research  that  is  required. 
The  NASA  requests  for  research  facilities  that  are  finally  presented  to  the 
Congress  usually  represent  the  minimum  needs  to  enhance  the  national  research 
facility  asset  required  to  establish  and  maintain  preeminence  in  space  and 
aeronautics,  respectively. 

The  goals  for  NASA  are  finally  determined  at  the  highest  national  levels; 
the  White  House,  the  Space  Council,  and  in  consultation  with  the  Department 
of  Defense  and  the  Atomic  Energy  Commission.  NASA  is  authorized  to  make 
research  analyses  of  advanced  missions.  The  information  obtained  from  these 
analyses  serves  to  identify  problems  and  to  guide  research.  The  information 
also  helps  to  establish  national  goals  and  to  determine  the  facilities  needed 
by  the  Office  of  Advanced  Research  and  Technology.  From  these  facilities, 
research  data  are  obtained  which  are  required  to  make  sound  technical  decisions 
on  the  future  goals  of  the  U.S.  space  and  aeronautics  activities. 

Since  the  Wright  brothers’  use  of  the  simplest  wind  tunnel,  it  has  been  neces- 
sary to  exploit  the  physical  and  engineering  sciences  to  provide  better  research 
tools  to  move  ahead.  It  has  also  become  OART’s  responsibility  to  explore  toe 
life  sciences  in  order  to  match  the  capability  of  man  to  his  required  duties  in 
the  operation  of  manned  space  exploration  vehicles. 

It  is  anticipated  that  over  the  next  10  years  there  will  be  a continuing  need 
for  new  research  facilities.  Many  proposed  facilities  are  studied  in  preliminary 
design  form  and  only  those  which  fulfill  a clearly  established  technical  need 
are  presented  to  the  Congress.  The  facility  presented  to  the  Congress  must 
not  only  be  technically  feasible,  but,  in  many  cases,  the  value  has  been  clearly 
demonstrated  in  small-scale  pilot  models.  There  have  been  many  new  research 
facilities  where  a single  series  of  teste  early  in  the  program  has  provided  infor- 
mation of  such  value  that  it  has  paid  for  the  entire  cost  of  the  facility.  In  the 
experience  of  NACA,  the  national  aeronautical  research  agency,  facilities  aver- 
aged 30  percent  of  the  total  NACA  budget  over  the  fiscal  years  1950  through  1959. 

Under  NASA,  for  research  and  development  facilities  supporting  the  OART 
program,  the  average  for  fiscal  years  1960  through  1964  for  proposed  facilities 
is  approximately  14  percent  of  the  total  OART  budget.  The  request  in  the  . 
1964  fiscal  year  for  OART  facilities  is  therefore  considered  quite  modest.  The 
table  on  which  this  comparison  is  based  is  given  below. 
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Historical  data  on  construction  of  research  facilities  relative  to  the  total  research 

program 


[In  millions  of  dollars] 


Fiscal  year 

Total  NACA 
research 
budget 

NACA  con- 
struction of 
research 
facilities 

1950 

128.0 

85.0 

1951 

63.1 

17.3 

1952 

69.0 

18.3 

1953 _ 

66.3 

17.7 

1954 

62.4 

11.4 

1955 

66.9 

4.6 

1956 . . 

72.7 

12.6 

1957 _ 

76.7 

14.0 

1358. - 

117.3 

41.2 

1959 

101.1 

23.0 

Total,  lOyearsof  NACA  1 — - 

813.5 

245.1 

OART  con- 

Fiscal  year 

Total  OART 

struc  tion  of 

budget 

research 

facilities 

I960 1 

107.4 

19.9 

1901 - 

216.8  i 

22.1 

1962 - 1 

259.2 

36.4 

1963 

470.1 

83.6 

1964 

571.8 

62.8 

Total,  5 years  of  OART  * 

1,625.3 

i 

224.8 

ANALYSIS 


Organization 

Fiscal  year 
period 

Construction  of 
facilities  program 
in  terms  of  total 
research  budget 

NACA  ».  . 

1950-59. 

245.1 
813. 5 

224‘ 8— ! » 13. 8 

NASA-OART  » 

1960-64 

i 

i 

1625.3 

1 Only  NACA  appropriations  tor  fiscal  year  1959  were  used  tor  these  data. 

* The  construction  of  facilities  totals  tor  each  fiscal  year  include  the  research  and  nuclear  rocket  facilities 
as  shown  in  the  summary  table  of  Dr.  R.  L.  Bisplinghoff’s  swiemeni  on  Apr.  29, 1963. 

5 Percent. 


Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  What  is  the  NASA’s  test  facility  at  Las  Vegas? 

Dr.  Bisplinghoff.  The  NRDS  facility? 

Mr.  Morris.  Yes. 

Dr.  Bisplinghoff.  This  is  $15.5  million,  sir,  in  answer  to  your 
question. 

Mr.  Morris.  Is  that  what  you  asked  for,  $15.5  million  is  what  we  are 
asking  for  in  the  1964  budget  for  NRDS  facility  ? 

Mr.  Klein.  That  does  not  include  the  support  facilities. 

Mr.  Myers.  About  $20  million  total.  But  Dr.  Bisplinghoff  is  speak- 
ing of  the  research  facilities,  in  the  $15  million.  There  are  also  sup- 
port facilities  in  there  for  the  NRDS  operations. 

Mr.  Morris.  This  is  not  included  under  your  office  ? 

Mr.  Myers.  Yes,  it  is. 

Dr.  Bisplinghoff.  Yes,  I inadvertently  omitted  that. 


2592 


1984  NASA  AUTHORIZATION 


Mr.  Morris.  Where  is  that  on  page  24? 

Dr.  Bisplinghoff.  These  facilities  that  are  listed  as  $15.5  million 
on  page  24  are  the  research  facilities.  Those  facilities  which  go  di- 
rectly toward  research.  The  total  facilities  at  NEDS  can  be  found 
in  our  facilities  budget  request,  $20.5  million — and  where  is  that 
shown,  what  page? 

Mr.  Myers.  It  is  at  the  NEDS  facilities,  given  on  page  OF  12  of  the 
budget  estimates. 

Mr.  Morris.  Well,  you  have  a total  figure  on  page  24  of  your  testi- 
mony, Doctor.  Does  that  include  everything? 

Dr.  Bisplinghoff.  No.  What  I have  tried  to  lay  out  in  this  testi- 
mony I have  here 

Mr.  Morris.  The  reason  I ask  this : this  is  not  the  figure  that  was 
presented  to  the  President,  and  to  Dr.  Weisner  at  Los  Alamos  and  out 
at  Nevada,  What  is  the  difference  between  the  figure  presented  now 
and  those  given  to  the  President  ? 

Dr.  Bisplinghoff.  The  figure  presented  to  the  committee  is  $20.5* 
million.  In  giving  this  testimony  I attempted  to  summarize  those 
facilities  in  our  OAET  program  that  are  used  directly  for  research. 
This  is  what  the  page  24  sums  represent.  There  is  a supporting  facil- 
ity also  at  NEDS  which  must  be  added  to  the  15.5  number,  to  bring 
it  up  to  20.5, 

Mr.  Morris.  What  do  you  call  your  facility  there  now,  NEDS  ? 

Dr.  Bisplinghoff.  Yes.  The  Nuclear  Socket  Development  Station, 

Mr.  Morris.  That  is  the  official  name? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Morris.  If  you  total  all  the  money,  the  figure  on  page  24  should 
be  about  $20  million,  or  more  ? 

Dr.  Bisplinghoff.  Yes,  actually  $20.5  million. 

Mr.  Morris.  It  says  “NASA  budget  for  facilities  supporting  OAET 
programs.” 

Mr.  Karth.  Doctor,  you  say  on  page  18 : 

As  more  is  learned  of  the  environment  to  which  spacecraft  materials  will  be 
subjected,  the  requirements  for  these  simulators  become  more  complex. 

My  question  would  be,  do  we  not  run  the  risk  of  building  too  many 
of  these  specialized  facilities  at  an  early  date,  where  later  we  will  find 
they  become  obsolete  as  we  learn  more  about  the  materials?  Isn’t 
this  really  a pretty  risky  proposition?  We  are  risking  only  dollars,, 
but  that  happens  to  be  of  considerable  importance.  Aren’t  we  run- 
ning the  risk  that  many  of  these  will  become  obsolete  ? 

Dr.  Bisplinghoff.  I think  we  must  design  these  facilities  so  they 
can  be  modified  to  incorporate  the  improvements  in  methods  of  simu- 
lation, or  to  update  them  as  we  learn  more  about  the  space  environ- 
ment. But  I believe  the  basic  facility,  basic  vacuum  chamber  and 
devices  that  go  in  it  are  things  that  can  be  easily  modified  without  up- 
setting the  facility  as  a whole. 

Mr.  Karth.  I have  never  seen  an  office  under  NASA  come  in  and 
say,  “Look,  we  would  like  to  modify  this  simulator  or  this  vacuum 
chamber.  They  come  in  and  say,  “We  need  a different  one."’  They 
may  have  one  35  by  50.  And  they  come  in  and  say  they  must  have  one 
37  by  48  feet,  and  give  all  kinds  of  reasons  why  they  have  to  have  a 
different  chamber. 
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It  seems  to  me  when  we  discussed  this  during  the  regular  hearing 
we  did  question  the  validity  of  the  request  as  it  related  to  new  vacuum 
chambers  of  almost  the  same  size  as  we  have  now  in  existence.  And 
there  wasn’t  any  question  then  of  updating  or  changing,  if  you  will, 
the  existing  facility  to  meet  the  new  requirement;  rather,  we  had  an 
additional  requirement,  we  needed  additional  testing,  we  needed  just  a 
little  bit  different  size  vacuum  chamber.  We  are  not  going  to  have  so 
many  vacuum  chambers  in  this  country  within  a relatively  short  period 
of  time,  as  we  have  wind  tunnels,  so  that  we  are  vacuum  chambered 
to  death,  are  we.  Is  there  any  question  that  this  might  happen? 

You  know,  everybody  got  into  the  wind  tunnel  testing  business. 
Doctor,  during  World  War  II — or  was  it  immediately  thereafter? 
And  I think  we  have  probably  more  wind  tunnels  in  this  country 
than  Carter  has  liver  pills,  if  we  made  a careful  check  in  private 
industry  as  well  as  Government  in-house  facilities.  I wonder  if  there 
is  apossibility  that  this  might  happen  with  vacuum  chambers? 

When  are  we  going  to  update  or  change  these  ? Where  are  the  plans 
for  updating  or  changing?  What  makes  you  so  sure  they  lend  them- 
selves to  change  or  updating?  Is  this  built  into  the  plan  now?  If 
so,  where  is  the  plan? 

The  answer  to  Colonel  Gould’s  question,  as  I understood  it,  is  that 
we  don’t  really  have  any  construction  of  facilities  plans  beyond  1964. 
I wonder  how  well  we  can  plan.  I wonder  how  we  can  be  so  sure 
that  these  things  lend  themselves  to  change  or  that  we  will  update 
these  facilities,  when  in  fact  we  don’t  even  have  any  plans  beyond 
1964. 

I have  asked  a series  of  questions  here. 

Dr.  BispiiiNoiroFF.  We  have  plans  beyond  1964,  Mr.  Chairman, 
but  I will  have  to  go  back  to  our  internal  planning  documents  and 
dig  out  information  which  I would  supply  for  the  record.  I just 
cannot  give  you  offhand  what  they  are. 

On  the  matter  of  alterations  of  existing  facilities,  I know  of  cases 
that  have  actually  happened  in  the  past  where  we  have  made  changes 
in  existing  facilities,  and  I could  also  supply  for  the  record  details 
of  those  specific  changes  that  have  been  made,  and  I would  be  very 
glad  to  do  so. 

Mr.  Karth.  I have  seen  those  deep  vacuum  chambers  at  Goddard. 
I am  not  expert  in  this  new  state  of  the  art,  to  determine  whether 
they  lend  themselves  to  updating  later  on,  but  I would  say  in  most 
cases  I don’t  think  they  do.  This  is  a very  carefully  built  piece  of 
equipment,  and  has  very  thick  walls,  and  so  forth.  I just  don’t  see 
how  it  can  be  changed  without  costing  more  money  than  if  you  started 
from  scratch  and  built  a different  one. 

Dr.  Bisplingiioff.  It  would  be  improvements  in  vacuum  pumping 
techniques  which  could  be  applied  to  the  pumps : it  would  be  improve- 
ments to  the  devices  by  which  we  simulate  radiation.  This  is  some- 
thing that  could  be  done  continuously  by  changing  the  devices  in  the 
chamber.  It  could  be  improvement  in  our  ability  to  project  small 
particles  at  high  velocities.  I think  these  things  could  all  be  built 
into  these  chambers.  I believe  that  the  basic  chamber  will  in  all  cases 
have  to  be  made  rugged  and  of  materials  of  sufficient  wall  thicknesses- 
so  that  we  can  provide  vacuums  and  provide  the  kind  of  environment 
we  will  want  ultimately. 
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But  I believe  the  improvements  in  the  level  of  vacuum,  in  the  type 
of  radiation,  and  in  the  type  of  particle  impact  are  things  that  can 
go  on  constantly  as  we  improve  our  abilities  to  do  these  things. 

Mr.  Karth.  If  these  are  the  things  that  are  required  for  updating 
and  changing  to  meet  our  changing  requirements,  why,  then,  do  we 
have  to  build  so  many  of  different  sizes  i This  year  there  are  several 
requests  for  slightly  different  sizes  and  some  for  sizes  which  already 
exist,  but  we  just  have  to  have  these  slightly  different  sizes.  So  if  the 
guiding  factor  which  requires  change  to  update  is  the  pump,  or  the 
this  or  the  that,  as  you  have  alluded  to  them,  why,  then,  do  we  need 
these  various  new  chambers  that  are  being  requested  ? 

Dr.  Bisplinghoff.  Well,  one  factor  is  the  updating  of  the  individ- 
ual facility  to  provide  better  environmental  conditions.  But  there 
is  a second  factor 

Mr.  Karth.  So,  there  are  really  changing  requirements  or  chang- 
ing conditions,  that  cause  us  to  change  our  overall  configuration  or 
overall  tank,  without  necessarily  just  changing  the  pumps  or  whatever 
else  you  referred  to ; is  that  correct  ? 

Dr.  Bisplinghoff.  The  main  changes  in  an  existing  facility  would 
be  such  things  as  pumps,  hypervelocity  particle  devices,  and  so  forth. 

Mr.  Karth.  These  would  be  made  just  to  update  the  capability  of 
the  existing  chamber? 

Dr.  Bisplinghoff.  That  is  right.  There  is  the  second  factor  in  the 
need  for  new  chambers  and  that  is  the  need  to  carry  on  research  in 
new  areas  or  to  accommodate  materials  or  vehicles  that  cannot  be  ac- 
commodated in  existing  chambers.  This  is  just  a matter  of  hours  of  t he 
day,  more  than  it  is  of  producing  a new  environment.  We  find  this 
kind  of  facility  cuts  across  the  board  when  we  work  on  structures, 
on  propulsions,  on  guidance  systems?  and  on  materials.  We  need 
these  kinds  of  facilities  for  all  these  things.  It  is  virtually  impossible 
to  use  the  same  facility  because  of  the  time  involved  in  testing. 

Mr.  Karth,  You  don’t  think  we  are  running  a high  risk  of  obso- 
lescence at  too  early  a date,  by  building  as  many  of  these  as  we  need 
for  the  immediate  future? 

Dr.  Bisplinghoff.  I think  if  the  program  is  wTell  planned  we  are 
not  running  a risk  of  obsolescence.  I am  speaking  of  the  planning  of 
each  individual  basic  facility.  If  it  is  planned  so  it  can  be  improved 
as  we  learn  more  about  our  ability  to  simulate  these  environments,  the 
facility  will  have  a long  and  useful  lifetime. 

Mr.  Morris.  May  I ask  a question? 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  Doctor,  let  us  put  it  another  way.  How  many  build- 
ings have  you  built  since  NASA,  has  been  an  official  statutory  agency  ? 
How  many  of  them  have  been  altered? 

Dr.  Bisplinghoff.  I can  supply  that  for  the  record,  Mr.  Morris. 
I cannot  tell  you  offhand  what  that  figure  is. 

Mr.  Morris.  Would  you  do  that? 

Dr.  Bisplinghoff.  Yes,  sir. 

(List  of  buildings  and  modifications  on  p.  2595.) 

Mr.  Morris.  Perhaps  one  way  to  judge  whether  something  is  well 
planned  is  to  see  what  has  been  done  in  the  past,  see  how  they  have 
stood  the  test  in  the  short  time  NASA  has  been  an  agency.  Maybe 
that  is  not  a fair  way  to  judge  it,  I don’t  know.  But  it  would  be 
something  you  could  look  at  and  see. 
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Dr.  Bisplinghoff.  Would  you  want  this  information  just  for 
NASA  or  for  the  NACA  period,  as  well? 

Mr.  Morris.  I am  not  interested  in  NACA.  I am  just  concerned 
with  NASA  now.  NACA  is  out  of  existence,  isn’t  it  ? 

Mr.  Ulmer.  The  NACA  ceased  to  exist  when  the  Space  Act  was 
passed,  Mr.  Morris.  Its  functions,  powers,  duties,  facilities,  person- 
nel, and  funds  were  transferred  to  NASA. 

Mr.  Morris.  I am  sorry,  Doctor,  I just  assumed  “under  your  office.” 
I said  NASA  in  general.  I beg  your  pardon.  I only  meant,  of 
course,  the  ones  you  have  responsibility  for. 

Dr.  Bisplingiioff.  Yes,  I understood. 

(The  information  requested  is  as  follows :) 

In  the  fiscal  years  1960  through  1963  when  NASA  had  full  responsibility  for 
defending  and  implementing  its  construction-of-faeilities  program,  there  have 
been  48  approved  construction  projects  in  the  Office  of  Advanced  Research  and 
Technology  program  area.  Of  these  48  projects,  23  could  be  termed  “new  labora- 
tories” or  “new  buildings.”  Of  the  remaining  25  projects,  1 was  for  design  only, 
and  the  other  24  were  additions  or  modifications  to  modernize  existing  facilities. 

Mr.  Karth.  Are  there  any  further  questions  at  this  time  ? 

Dr.  Konecci,  if  you  want  to  proceed. 

Dr.  Konecci.  Mr.  Chairman,  it  is  again  a pleasure  to  appear  before 
you. 

This  morning  we  will  be  discussing  the  Life  Sciences  Research  Lab- 
oratory. In  previous  testimony  we  have  attempted  to  give  you  some 
feeling  for  the  biological  and  human  research  program  under  OART. 
We  have  tried  to  stress  and  emphasize  the  importance  of  getting  this 
human  research  and  biotechnology  ahead.  In  the  early  1950’s  this 
country  was  preeminent  in  this  area,  and  since  that  time  has  now 
fallen  behind  the  Soviets  in  the  advanced  research  area. 

Mr.  Karth.  How  do  we  know,  Doctor,  that  we  fell  behind  the 
Soviets? 

Dr.  Konecci.  Sir,  the  Soviets — many  of  us  have  been  keeping  track 
of  the  Soviets’  research,  actual  basic  research  and  technology  in  their 
literature  for  the  last  10  or  15  years.  There  are  printed  documenta- 
tions of  this.  We  have,  as  presented  to  the  committee  in  my  last  testi- 
mony, two  books  that  were  given  to  us  and  have  been  authenticated, 
since  they  are  from  the  Academy  of  Sciences,  with  actual  data  in  the 
research  area,  presented  at  the  last  meeting — at  the  meeting  last  year 
in  Paris. 

There  is  a third  volume  on  space  biology  that  is  now  being  trans- 
lated in  this  country. 

Mr.  Karth.  So  that  I better  understand  what  you  said,  did  you 
say  we  have  fallen  behind  the  Soviets  in  the  last  several  years  in  re- 
search ? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  Or  that  we  have  fallen  behind  them  in  life  sciences 
work  ? 

Dr.  Konecci.  I am  trying  to  refer  only  to  the  life  sciences  area,  in 
the  areas  of  life  support,  in  the  areas  of  human  research. 

Mr.  Karth.  It  may  be  that  the  Soviets  had  a lot  of  catching  up  to 
do.  The  question  is:  Are  they  just  doing  more  research  in  the  last 
several  years  than  the  United  States  is  doing  in  the  life  sciences  area, 
and  are  catching  up,  and  is  that  what  you  predicate  your  assumption 
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on  ? Or  is  it  that  they  are  actually  ahead  of  us  in  things  they  liave 
done  in  the  life  sciences  field  ? « 

Dr.  Konecci.  It  is  in  the  latter  category  that  they  have  data  that  is 
beyond  anything  we  have  in  this  country.  On  weightlessness  they 
have  not  only  specific  data  on  the  7 days  of  the  dog  Laika,  which  was 
obtained  in  1957 — and  this  has  actually  helped  them  in  planning  their 
vehicles,  with  which  we  are  concerned  in  OART — but  in  addition  they 
have  collected  the  kind  of  basic  information  required  for  planning 
biotechnology,  instrumentation,  and  so  on,  over  a period  from  1950  to, 
say,  1958, 1959,  having  their  athletes  run  around  and  getting  biotelem- 
etry data  on  conditions  of  man,  so  in  the  early  1950’ s they  solved  the 
problem  of  electrodes  for  EGK  records,  on  how  to  paste  them  on  and 
keep  the  electrodes  from  affecting  the  signal  noise  ratio. 

Mr:  Karth,  Have  they  built  more  laboratories,  or  is  it  a more  prac- 
tical research?  You  know,  when  the  athlete  runs  10  miles  they 
measure  his  heart  beat,  respiration,  and  so  forth. 

Spend  a few  minutes  telling  this  committee  exactly  where  we  are 
behind,  and  why  we  are,  and  where  the  Russians  probably  place  their 
emphasis.  Do  they  have,  for  example,  more  laboratories  than  we  have 
in  the  life  sciences  field  ? 

Dr.  Konecci.  It  is  a difference  of  philosophy  and  approach.  They 
have  had  from  the  early  days  one  goal — manned  space  flight.  All 
their  physical  and  life  sciences  research  has  been  coordinated  toward 
one  goal  to  achieve  maimed  space  flight.  This  is  their  stated  objective 
in  their  literature.  ' 

We  have  established  a much  broader  base  of  research  in  all  areas, 
including  life  sciences.  There  are  many  areas.  I don’t  mean  to  indi- 
cate we  are  behind  in  all  areas.  I specified  in  manned  research  ad- 
vanced biotechnology ; in  other  words,  the  area  we  in  this  Office  are 
responsible  for. 

Mr.  Karth.  Can  we  reasonably  expect  to  be  ahead  in  all  these  areas? 

Dr.  Konecci.  No,  sir.  But  here  is  an  area  of  prime  importance  to 
this  country  in  obtaining  the  proper  design  requirements  for  future 
vehicles;  and  to  establish  this  preeminence  in  space  we  need  this  kind 
of  research  to  be  conducted  now,  not  only  to  catch  up  but  to  go  ahead. 
In  this  last  year  with  the  funding  made  available  to  the  Office  of  Bio- 
technology and  Human  Research  we  have  gone,  in  fact,  ahead  in  areas 
like  life  support,  and  tried  to  bridge  the  gap. 

Mr.  Karth.  What  is  this  philosophical  difference  that  you  speak  of  ? 

Dr.  Konecci.  They  have  complete  control  over  their  engineering 
and  science  to  where  they  can  essentially  put  people  on  a specific  proj- 
ect and  have  them  work  only  in  an  area  of  importance  to  that  pro- 
gram. For  example,  many  of  the  nuclear  physicists  that  have  been 
so-called  surplus  in  the  Soviet  Union,  after  work  on  the  atomic  bomb, 
have  now  been  reoriented  to  biophysics  and  are  working  specificallv 
on  those  problems,  and- 

Mr.  Morris.  Doctor,  how  do  you  know  this  ? 

Dr.  Konecci.  We  have  been  in  communication  with  several  of  the 
very  prominent  scientists  in  the  Soviet  Union.  Dr.  Parin,  who  just 
received  the  Lenin  Medal,  has  been  responsible  for  the  medical  aspects 
of  the  Soviet  man  in  space  program. 

Mr.  Karth.  I am  not  sure  it  will  serve  any  valuable  purpose,  if  this 
may  tend  to  eliminate  a source  of  information. 
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Dr.  Konecci.  On  the  contrary,  sir,  I might  indicate  it  has  actually 
increased  our  flow  of  information,  since  the  Soviet  scientists  are  very 
•open  in  terms  of  our  criticism  toward  their  program,  and  vice  versa. 
It  has  been  in  this  area  we  have  had  the  greatest  flow  of  information. 
And  I believe  one  of  the  reasons  is  because  it  is  open  and— — 

Mr.  Karth.  Completely  unencumbered  ? 

Dr.  Konecci.  Oh,  no;  since  they  do  not  give  us  technical  details  on 
their  equipment,  which  they  consider  classified.  But  as  far  as  scien- 
tific principles  are  concerned,  we  have  obtained  quite  a bit  of  infor- 
mation. 

Mr,  Morris.  Do  you  notify  the  Central  Intelligence  Agency  of  this 
information? 

Dr.  Konecci.  I am  not  involved  with  the  intelligence  community. 
We  have  had  international  committees 

Mr.  Morris.  You  seem  to  know  more  about  their  program  than  any 
other  agency,  and  specifically  I mean  the  Central  Intelligence  Agency. 

Mr.  Karth.  You  ought  to  join  up. 

Well,  proceed. 

Dr.  Konecci.  Thank  you. 

I wanted  to  point  this  out,  because  we  have  tried  in  the  last  year  to 
solve  our  problem  by  utilizing  the  present  NASA  centers,  DOD,  in- 
dustry, and  universities  to  complete  our  program.  However,  the 
major  competence  within  the  NASA  for  research  and  development 
pertaining  to  life  sciences  is  being  systematically  developed  at  the 
Ames  Research  Center.  During  the  last  2 years  scientific  personnel 
of  high  international  stature,  like  Professor  Ogden,  formerly  the  chief 
of  physiology  at  Ohio  State;  Dr.  Haymaker,  formerly  of  the  Armed 
Forces  Institute,  are  members  of  this  organization.  They  are  carry- 
ing out  research  programs  which  were  initiated  some  2 years  ago. 
This  staff  is  now  being  housed  .in  temporary  laboratories  located 
through  the.  NASA  Ames  Research  Complex  in  locations  such  as  air- 
plane hangars  and  shops,  electrical  service  buildings,  transsonic  wind 
tunnel,  supersonic  wind  tunnel,  and  space-flight  simulations  labs. 
This  diffusion  of  personnel  induces  management  problems  and  the  use 
of  laboratories  restricts  the  type  of  research  that  can  be  accomplished. 

The  proposed  Life  Sciences  Research  Laboratory  is  required  to 
house  the  onboard  cadre  of  qualified  scientists  and  to  provide  them 
with  the  laboratory  facilities  necessary  for  the  time  completion  of 
tasks  in  support  of  the  life  sciences  program. 

Mr.  Karth.  What  are  you  going  to  do  with  the  facilities  they  are 
presently  working  in  if  the  Congress  shoul  d authorize  this  ? 

Dr.  Konecci.  These  temporary  facilities  or  spaces  were  taken  away 
from  other  required  activities  at  Ames,  which  will  return  to  their  for- 
mer utilization.  There  was  a priority  here,  and  the  life  sciences  ac- 
tually commandeered  space  at  Ames. 

Mr.  Morris.  So,  actually,  if  we  built  the  life  sciences  facility  some- 
where else  it  wouldn’t  cause  any  problem  at  Ames,  as  far  as  economics 
are  concerned  ? They  would  have  programs  to  fit  right  into  the  build- 
ings ? 

Dr.  Konecci.  Two  years  ago  I would  have  agreed.  However,  right 
now  there  are  about  150  people  that  have  been  brought  in,  recruited. 
When  the  total  facility  is  in  the  building  we  will  have  300  people  to 
house. 
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Mr.  Ulmer.  Many  of  the  people  at  Ames  who  are  being  housed  in 
rental  facilities  as  well,  and  we  want  to  get  them  out  of  the  rental 
facilities  as  quickly  as  possible. 

Dr.  Konecci.  For  your  information,  I would  like  to  describe  the 
facility  we  are  talking  about.  The  building  will  be  reinforced  con- 
crete structure,  earthquake  resistant,  similar  to  other  Ames  build- 
ings. Facility  construction,  however,  includes  special  building  equip- 
ment required  to  adapt  the  building  for  life  sciences  work,  such  as 
special  ventilation  systems,  air,  gas,  vacuum,  and  oxygen  distribution 
systems,  lead-lined  rooms  for  X-ray  protection  and  static- free  floors 
in  surgical  rooms  and  surgical  waste  crematorium. 

Mr.  Karth.  Why  don’t  we  build  these  somewhere  where  you  don’t 
have  to  worry  about  earthquakes,  if  that  is  important?  How  much 
less  would  it  cost  if  we  didn’t  have  to  prepare  against  earthquakes  ? 

Dr.  Konecci.  I cannot  answer  that  question,  sir. 

Mr.  Karth.  All  right. 

Dr.  Konecci.  I mentioned  the  fact  the  Laboratory  would  house  300 
people,  of  which  we  have  now  141.  Additional  people  will  be  distrib- 
uted in  the  surrounding  laboratories. 

Now,  the  facility  cost  is  $4.88  million,  and  the  breakdown,  for  the 
record,  is  site  development  and  utility  installations,  $300,000 ; facility 
construction,  $2,940  million ; equipment  instrumentation  and  support 
systems,  $1,400,000;  and  design  and  engineering  service,  $240,000. 

Mr.  Karth.  Are  we  doing  any  of  this  life  sciences  work  in  Ohio  ? 

Dr.  Konecci.  Yes,  sir.  We  have  research  contracts  with  the  Air 
Force,  specifically,  to  do  vibration  studies  at  Wright  Field. 

Mr.  Karth.  Where  is  Wright  Field  ? 

Dr.  Konecci.  Dayton,  Ohio. 

Mr.  Karth.  Why  don’t  we  build  this  research  laboratory,  at  Wright 
Field  ? Geographic  location  doesn’t  mean  much  to  me,  except  that  I 
would  like  to  have  it  make  sense,  from  the  program  standpoint,  where 
you  can  take  advantage  of  existing  facilities,  for  example,  even  though 
they  may  be  within  some  other  agencies  of  the  Government. 

You  tell  me  why  we  decided  to  put  this  at  Ames,  instead  of  at 
Lewis  ? Why  did  we  make  this  decision  ? 

Dr.  Konecci.  Sir,  again  the  decision  was  made 

Mr.  Karth.  You  do  this  for  me 

Dr.  Konecci.  Yes,  sir. 

Mr.  Karth.  First  of  all,  prepare  for  the  record  at  a very  early  date 
who  made  the  decision,  the  names  of  the  people  on  the  committee,  if 
there  was  a committee.  Then,  whv  the  decision  was  made  to  put  the 
facility  at  Ames  instead  of  at  Lewis,  for  example,  or  some  other  loca- 
tion. 

Dr.  Konecci.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

The  importance  of  the  life  sciences  activities  in  the  national  aeronautics  space 
programs  and  description  of  the  extent  of  the  national  life  sciences  effort  was 
documented  in  the  report,  “An  Inventory  of  Related  Programs  Resources  and 
Facilities,”  from  the  Committee  on  Aeronautical  and  Space  Sciences  of  the 
U.S.  Senate,  dated  July  15, 1960.  Pages  38  and  39  of  this  report  are  reproduced 
below. 

“The  role  of  the  life  sciences  in  the  National  Aeronautics  and  Space  Admin- 
istration program  was  evaluated  by  the  Bioscience  Advisory  Committee  at  the 
request  of  the  Administrator. 
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“The  objectives  of  space  research  in  the  life  sciences  are  twofold : (1)  Investi- 
gation of  the  effects  of  extraterrestrial  environments  on  living  organisms,  includ- 
ing the  search  for  extraterrestrial  life ; (2)  scientific  and  technologic  advances 
related  to  manned  space  flight  and  exploration. 

“The  same  reasons  which  prompted  the  establishment  of  NASA  and  gave 
it  responsibility  for  all  space  research  and  development  devoted  to  peaceful 
purposes  require  that  NASA  assume  responsibility  for  leadership,  coordination, 
and  operation  of  the  biomedical  aspects  of  the  national  space  program, 

“Present  and  future  needs  were  considered  in  three  broad  categories: 

“1.  Basic  biologic  effects  of  extraterrestrial  environments,  with  particular 
emphasis  on  those  phenomena  associated  with  weightlessness,  ionizing  radiation, 
and  alterations  in  life  rhythms  or  periodicity  as  well  as  the  identification  of 
complex  organic  or  other  molecules  in  planetary  atmospheres  and  surfaces  which 
might  be  precursors  or  evidence  of  extraterrestrial  life. 

“2.  Applied  or  technologic  aspects  of  medicine  and  biology  as  they  relate  to 
manned  space  flight,  including  the  effects  of  weightlessness  on  human  perform- 
ance, radiation  hazards,  tolerance  of  force  stresses,  and  maintenance  of  life- 
sustaining  artificial  environments. 

“3.  Medical  and  behavioral  scientific  problems  concerned  .with  more  funda- 
mental investigation  of  metabolism,  nutrition,  blood  circulation,  respiration, 
and  the  nervous  system  control  of  bodily  functions  and  performance  in  space 
equivalent  situations. 

“The  Bioscience  Advisory  Committee  makes  the  following  recommendations : 
“1.  That  NASA  establish  an  Office  of  Life  Sciences  having  the  responsibility 
and  authority  for  planning,  organizing,  and  operating  a life  sciences  program 
including  intramural  and  extramural  research,  development,  and  training. 

“2.  That  a Director  of  Life  Sciences  be  appointed  who  is  directly  responsible 
to  the  Administrator  of  NASA  in  the  same  manner  and  at  the  same  directional 
level  as  the  other  program  directors. 

“3.  That  the  internal  organization  of  the  Office  of  Life  Sciences  include 
Assistant  Directors  for  Basic  Biology,  Applied  Medicine  and  Biology,  Medical 
and  Behavioral  Sciences,  and  the  life  sciences  extramural  program. 

“4.  That  an  intramural  life  sciences  program  and  facility  be  established  with 
three  sections : 

“(a)  Basic  biology. 

“(h)  Applied  medicine  and  biology. 

“(c)  Medical  and  behavioral  sciences. 

“5.  That  the  Director  of  Life  Sciences  recommend  advisory  committees  made 
up  of  consultants  outside  of  NASA  to  be  appointed  by  the  Administrator. 

“6.  That  maximum  integration  of  the  personnel  and  facilities  applicable  to 
the  space-oriented  life  sciences  in  the  military  services  and  other  Government 
agencies  be  arranged  in  the  most  appropriate  manner  indicated  by  the  nature 
and  extent  of  the  specific  problem  at  hand. 

“7.  That  the  Office  of  Life  Sciences  assume  proper  responsibility  for  education 
and  training  in  the  space-oriented  life  sciences  through  postgraduate  fellow- 
ships, training  grants  to  institutions,  and  short-term  visiting  scientist  appoint- 
ments to  be  integrated  with  other  NASA  efforts  in  this  area. 

“8.  That  the  NASA  life  sciences  program  place  special  emphasis  on  the  free 
exchange  of  scientific  findings,  information,  and  criticism  among  all  scientists. 

“9.  That  security  regulations  be  exercised  with  great  caution  and  limited  to 
matters  in  which  national  security  is  clearly  involved. 

“10.  That  the  NASA  life  sciences  facilities  be  considered  a public  trust  in 
implementing  national  and  international  cooperative  efforts.” 

Recommendations  contained  in  report  of  NASA  Bioscience  Advisory  Commit- 
tee January  25, 1960,  were  implemented  by  the  NASA  and  carried  forth  in  prin- 
ciple with  the  reorganization  of  NASA  life  sciences  activities  in  1962.  The 
members  of  the  Committee  were  as  follows : Seymour  S.  Kety,  M.D.,  chairman ; 
Wallace  O.  Fenn,  Ph.  D. ; Donald  G.  Marquis,  Ph.  D. ; Cornelius  A.  Tobias,  Ph. 
D. ; Clark  T.  Randt,  M.D.,  executive  secretary ; David  R.  Goddard,  Ph.  D. ; and 
Robert  S.  Morlson,  M.D. 

Subsequent  to  the  formation  of  the  Office  of  Life  Sciences,  as  recommended  in 
the  above-cited  report,  this  Office  reviewed  various  locations,  including  Lewis 
Research  Center,  Langley  Research  Center,  Ames  Research  Center,  Goddard 
Space  Flight  Center,  and  other  non-NASA  locations,  to  determine  the  best  site  for 
locating  the  in-house  and  day-to-day  management  capability  of  the  NASA  life 
sciences  programs.  In  addition  to  reviewing  such  items  as  available  and  ade- 
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quate  space  for  housing  personnel  and  laboratories  and  expansion  of  same,  prox- 
imity to  engineering  shops  and  engineering  community  to  support  these  pro- 
grams, the  social,  industrial,  and  university  life  scientists  were  queried  relative 
to  the  importance  and  influence  of  the  site  location  in  determining  whether  they 
would  accept  positions  with  this  organization. 

A recommendation  was  made  by  this  Office  to  the  Administrator  and  his  staff 
that  Ames  Research  Center  be  designated  as  the  site  to  systematically  build  ui> 
the  NASA  life  sciences  in-house  and  day-to-day  management  capability.  The 
Administrator,  Dr.  Glennan,  approved  this  recommendation.  In  consonance 
with  this  decision,  the  NASA  has  systematically  been  building  up  the  life  science 
in-house  capability  at  the  Ames  Research  Center  and  now  requires  the  proposed 
Rife  Sciences  Laboratory  for  the  expressed  purpose  of  housing  required  scien- 
tific and  support  personnel  and  providing  these  personnel  with  adequate  labora- 
tory facilities  necessary  to  give  some  degree  of  assurance  for  timely  completion 
of  essential  tasks  in  support  of  life  sciences  programs. 

Summary  and  Recommendations 

The  role  of  the  life  sciences  in  the  National  Aeronautics  and  Space  Adminis- 
tration program  was  evaluated  by  the  Bioscienee  Advisory  Committee  at  the 
request  of  the  Administrator. 

The  objectives  of  space  research  in  the  life  sciences  are  twofold : d)  Investi- 
gation of  the  effects  of  extraterrestrial  environments  on  living  organisms,  includ- 
ing the  search  for  extraterrestrial  life;  (2)  scientific  and  technologic  advances 
related  to  manned  space  flight  and  exploration. 

The  same  reasons  which  prompted  the  establishment  of  NASA  aud  gave  it 
responsibility  for  all  space  research  and  development  devoted  to  peaceful  pur- 
poses require  that  NASA  assume  responsibility  for  leadership,  coordination,  and 
operation  of  the  biomedical  aspects  of  the  national  space  program. 

Present  and  future  needs  were  considered  in  three  broad  categories : 

1.  Basic  biologic  effects  of  extraterrestrial  environments,  with  particular  em- 
phasis on  those  phenomena  associated  with  weightlessness,  ionizing  radiation, 
and  alterations  in  life  rhythms  or  periodicity  as  well  as  the  identification  of  com- 
plex organic  or  other  molecules  in  planetary  atmospheres  and  surfaces  which 
might  be  precursors  or  evidence  of  extraterrestrial  life. 

2.  Applied  or  technologic  aspects  of  medicine  and  biology  as  they  relate  to 
manned  space  flight,  including  the  effects  of  weightlessness  on  human  perform- 
ance, radiation  hazards,  tolerance  of  force  stresses,  and  maintenance  of  life- 
sustaining  artificial  environments. 

3.  Medical  and  behavioral  scientific  problems  concerned  with  more  fundamen- 
tal investigation  of  metabolism,  nutrition,  blood  circulation,  respiration,  and  the 
nervous  system  control  of  bodily  functions  and  performance  in  space  equivalent 
situations. 

The  Bioscienee  Advisory  Committee  makes  the  following  recommendations : 

1.  That  NASA  establish  an  Office  of  Life  Sciences  having  the  responsibility 
and  authority  for  planning,  organizing,  and  operating  a life  sciences  program  in- 
cluding intramural  and  extramural  research,  development,  and  training. 

2.  That  a Director  of  Life  Sciences  Iks  appointed  who  is  directly  responsible 
to  the  Administrator  of  NASA  in  the  same  manner  and  at  the  directional  level 
as  the  other  program  directors. 

3.  That  the  internal  organization  of  the  Office  of  Life  Sciences  include  Assist- 
ant Directors  for  Basic  Biology,  Applied  Medicine  and  Biology,  Medical  and 
Behavioral  Sciences,  and  the  life  sciences  extramural  program. 

4.  That  an  intramural  life  sciences  program  and  facility  be  established  with 
three  sections: 

(a-)  Basic  biology. 

(&)  Applied  medicine  and  biology. 

(c)  Medical  and  behavioral  sciences. 

5.  That  the  Director  of  Life  Sciences  recommend  advisory  committees  made 
up  of  consultants  outside  of  NASA  to  be  appointed  by  the  Administrator. 

6.  That  maximum  integration  of  the  personnel  and  facilities  applicable  to  the- 
space-oriented  life  sciences  in  the  military  services  and  other  Government  agen- 
cies be  arranged  in  the  most  appropriate  manner  indicated  by  the  nature  and 
extent  of  the  specific  problem  at  hand. 

7.  That  the  Office  of' Life  Sciences  assume  proper  responsibility  for  education 
and  training  in  the  space-oriented  life  sciences  through  postgraduate  fellowships, 
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training  grants  fro  instiutions.  and  short  terra  visiting  scientists  appointments 
to  be  integrated  with  other  NASA  efforts  in  this  area. 

S.  That  the  NASA  life  sciences  program  place  special  emphasis  on  the  free 
exchange  of  scientific  findings,  information,  and  criticism  among  all  scientists. 

9.  That  security  regulations  he  exercised  with  great  caution  and  limited  to 
matters  in  which  national  security  is  clearly  involved. 

10.  That  the  NASA  life  sciences  facilities  be  considered  a public  trust  in  im- 
plementing national  and  international  cooperative  efforts. 

Mr.  Kartji.  Will  you  go  ahead. 

Dr.  Konecci.  That  completes  my  statement,  sir. 

Mr.  Ivartii.  Colonel  Gould? 

Colonel  Gould.  In  addition  to  interplanetary  manned  space  flight, 
the  justification  for  this  project  indicates  its  application  to  the  lunar 
flight.  Assuming  approval  of  this  project,  and  probably  18  to  24 
months  leadtime  in  construction,  it  would  appear  this  facility  won’t 
be  available  until  late  or  mid-1965.  Is  it  going  to  be  in  time  to  be  of 
benefit  to  the  manned  space  flight  to  the  Moon? 

Dr.  Konecci.  The  target  date  is  actually  16  months  from  date  of 
beginning  to  completion.  The  principal  reason  for  the  facility  is 
advanced  research  and  technology  beyond  the  Lunar  program,  though 
there  it  will  assist  16  months  from  now  to  back  up  the  program. 

Colonel  Gould.  You  indicate  you  are  using  rented  space  to  a certain 
extent  to  meet  this  need  at  the  present  time.  How  much  space  are  we 
leasing  for  the  personnel  who  will  occupy  this  building,  and  what  is 
the  annual  cost? 

Dr.  Konecci.  Sir,  I do  not  have  in  front  of  me  the  actual  numbers. 
I will  get  them  for  you. 

Colonel  Gould.  Will  you  supply  that  for  the  record? 

(The  information  requested  is  as  follows :) 

Ames  is  using  13,140  square  feet  of  rental  space  for  housing  25  life  sciences 
personnel.  The  cost  is  $2.40  per  square  foot  per  year,  not  including  utilities. 

In  1963  $924,000  was  authorized  for  a bioscience  laboratory.  Does 
that  have  any  relationship  to  this  project? 

Dr.  Konecci.  Principally  the  justification  here  is  for  our  OART 
facility  and  building.  The  facility  you  just  mentioned  is  part  of  the 
biosciences,  though  we  will  have  the  exobiology  in  one  wing  of  the 
proposed  facility:  I believe,  27,000  square  feet,  will  be  used  by  exo- 
biology. Some  of  the  staff  members  can  work  on  both  OART  and 
OSS  programs. 

Colonel  Gould.  What  criteria  were  used  in  establishing  the  size  of 
this  building,  please  ? I am  particularly  concerned  with  the  adminis- 
trative space  that  is  going  to  be  provided.  How  many  gross  square 
feet  per  person  are  you  allowing? 

Dr.  Konecci.  The  total  facility  is  106,000  square  feet.  This  is  to 
staff  300  people.  I am  trying  to  look  up  these  numbers  for  you,  sir. 

Colonel  Gould.  Just  give  me  a rough  breakdown  between  labora- 
tory space  and  administrative  space. 

Dr.  Konecci.  Only  6,000  square  feet  of  office  space  and  other  areas 
common  to  all  divisions.  The  remaining  part,  21,000  square  feet 
laboratory  space,  for  small  laboratories,  and  then  the  large,  64,000 — 
out  of  the  106,000  6,000  are  office  space  and  other  common  space,  and 
100,000  for  laboratories. 

Colonel  Gould.  How  many  administrative  personnel  are  you  going 
to  accommodate  in  this  building? 
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Dr.  Konecci.  Would  you  define  for  me,  so  I 

Colonel  Gould.  People  who  are  going  to  occupy  the  office  space 
we  just  talked  about. 

Dr.  Konecci.  The  head  of  the  laboratory,  his  division  chiefs. 

Colonel  Gould.  How  many  of  these  ? 

Dr.  Konecci.  All  the  professional  people  will  have  to  have  office 
space. 

Colonel  Gould.  How  many  are  there  ? 

Dr.  Konecci.  You  mean  in  the  completed  building?  There  are  150, 
sir.  Actually,  Ames  has  a ratio  of  one  professional  to  one  support,  at 
this 

Colonel  Gould.  150  people  will  occupy  this  office  space  ? 

Dr.  Konecci.  Plus  wherever  else  they  can  find  space. 

Colonel  Gould.  Would  you  supply  for  the  record  the  criteria  used 
in  developing  the  needs  for  office  space? 

Dr.  Konecci.  Yes. 

(The  information  requested  is  as  follows:) 

Criteria  used  for  developing  the  needs  for  office  space  are  as  follows : 

The  6,000  gross  square  feet  of  office  space  would  be  utilized  as  follows : 


Net  area, 
square  feet 

3 Division  Chiefs 750 

3 Assistant  Division  Chiefs 600 

12  Branch  Chiefs. 1, 320 

1 conference  room — 750 

1 secretarial  bay  and  record  room 780 


Total  (net) 4,200 


Access  ways,  restrooms,  and  service  rooms  totaling  1,800  square  feet  are  in- 
cluded in  the  6,000  square  feet  of  gross  area.  The  remaining  personnel  who'  oc- 
cupy this  building  will  have  combined  work-office  space  in  the  100,000  square 
feet  of  laboratory  space. 

Colonel  Gould.  The  building  shell  for  housing  this  structure  is 
estimated  at  $22.90  per  square  foot.  An  administrative  building  is  also 
scheduled  for  Ames  at  a cost  of  $19.50  per  square  foot.  What  struc- 
tural characteristics  has  this  Laboratory  that  are  different  from  the 
administrative  building  at  Ames;  one  at  $22.90,  the  other  at  $19.50? 
I don’t  see  the  reason  for  the  variance. 

Dr.  Konecci.  The  difference  comes  in  the  actual  equipment.  The 
ventilating  system 

Colonel  Gould.  But  that  is  a separate  cost  element  in  your  estimate ; 
ventilation  equipment,  laboratory  plumbing,  air  conditioning,  and 
electrical  systems  are  separate,  over  and  above  the  cost  of  the  building, 
which  is  $22.90  a square  foot.  Possibly  Mr.  Ulmer  could  shed  a little 
light  on  that. 

Mr.  Ulmer.  I can’t  answer  that  specific  question  at  this  time,  Colo- 
nel. But  we  do  have  an  answer  for  it,  and  I would  be  glad  to  look  it 
up. 

Colonel  Gould.  Would  you  provide  that  for  the  record  ? 

Has  the  design  been  started  on  this  building  ? 

(The  information  requested  is  as  follows:) 

The  following  will  illustrate  the  differences  in  structure  characteristics  be- 
tween the  administration  building  and.  the  Life  Sciences  Research  Laboratory 
building  : 

(a)  Room  heights  in  laboratories  and  lighting  levels  are  different  than  the 
administration  building. 
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( b ) Floor  loadings  are  considerably  higher. 

(c)  There  is  a requirement  for  extra  plumbing  which  would  necessitate  more 
holes  in  the  walls  and  plumbing  lines. 

(d)  The  Life  Sciences  Laboratory  is  a hospital-type  building  with  require- 
ments for  surgical  suites  and  laboratory  areas  which  require  special  tile  flooring 
and  tile  walls  for  sanitation  purposes. 

Dr.  Konecci.  No,  sir.  The  $240,000  was  made  available  by  the 
Administrator  to  study  this  detail.  This  is  just  a preliminary  plan. 

Colonel  Gould.  You  say  the  money  was  made  available  for  design 
already  for  this  structure  ? 

Dr.  Konecci.  I believe  the  money  was  released  in  February, 
$240,000,  from  the  Administrator’s  Office.  This  was  made  part  of 
the  record  earlier,  sir. 

Colonel  Gould.  Was  this  from  fiscal  year  1963  advance  design 
funds? 

Dr.  Konecci.  I believe  so. 

Mr.  Karth.  Was  this  in  the  $9  million  allocated  for  this  purpose? 

Dr.  Bisplinghoff.  It  came  from  the  overall  $9  million,  yes. 

Colonel  Gould.  If  advanced  design  funds  from  fiscal  year  1963  have 
been  provided  why  did  you  ask  for  another  $24.0,000  in  fiscal  year 
1964? 

Dr.  Konecci.  The  money  would  be  subtracted,  sir,  from  that. 

Colonel  Gould.  Thank  you,  that  is  all. 

Mr.  Karth.  Any  other  questions? 

Mr.  Morris.  Yes,  sir. 

Exactly  what  do  you  mean  by  life  sciences,  now  ? 

Dr.  Konecci.  I suppose  we  mean  the  same  thing  as  the  physical 
sciences. 

Mr.  Morris.  But  in  connection  with  this  facility,  just  what  do  you 
mean  by  life  sciences  ? 

Dr.  Konecci.  We  will  utilize  this  Government  facility  to  support 
life  sciences  activities  related  to  space  programs.  We  are  doing  hu- 
man research,  also  the  technology  or  biotechnology  required  to  get 
life  support  systems  to  protect  man  in  space. 

Really,  we  are  trying  to  study  living  systems,  principally  man,  to 
come  up  with  a design  criterion  for  future  vehicles.  That  is  our 
objective. 

Mr.  Morris.  Are  you  going  to  study  animals  ? 

Dr.  Konecci.  Yes,  sir;  animals  nave  always  been  studied.  We 
cannot  take  a man  to  a terminal  case. 

Mr.  Mourns.  What  do  you  call  the  work  NASA  is  doing  at  Hollo- 
man Missile  Development  Center  in  New  Mexico  in  this  field  ? Is  this 
life  sciences? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Morris.  That  is  what  you  define  as  life  sciences  ? 

Dr.  Konecci.  Yes,  sir. 

Mr.  Morris.  The  reason  I ask  this  is  that  many  people  use  different 
definitions  for  different  titles,  and,  frankly,  I sometimes  get  rather 
confused  when  they  start  interchanging  them  and  I find  one  has  a 
different  meaning  to  one  office  than  it  has  to  another. 

But  what  you  are  doing  at  Holloman  Missile  Development  Center 
is  life  sciences  work  ? 

Dr,  Konecci.  Yes,  sir. 
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Mr.  Morris.  Thank  you.  I think  I have  that  straight,  Mr.  Chair- 
man. I hope  so,  anyway. 

Mr.  Karth.  Are  there  any  other  questions  ? 

Dr.  Bisplinghoff,  whom  would  you  like  to  call  upon  next  ? 

Dr.  Bisi’Linghopp.  I would  like  to  ask  Mr.  Sloop  to  come  forward 
and  talk  about  our  propulsion  facili  ties. 

Mr.  Kartii.  Mr.  Sloop. 

Mr.  Sloop.  Thank  you. 

I want  to  describe  briefly  the  facilities  in  propulsion  requested  for 
fiscal  year  1964.  They  are  all  at  the  Lewis  Kesearch  Center. 

They  are,  first,  the  addition  to  a spacecraft  propulsion  research 
facility  authorized  in  fiscal  year  1963.  What  we  are  requesting  in 
fiscal  year  1964  is  tile  addition  of  cryogenic  panels  and  an  increased 
vacuum  facility,  so  that  we  can  cool  and  soap  the  entile  spacecraft 
propulsion  system  to  simulate  conditions  in  space  for  long  periods 
of  time. 

Mr.  Mosher.  Mr.  Chairman,  I would  like  to  hare  Mr.  Sloop  dis- 
tinguish between  Plum  Brook  and  Lewis. 

Mr.  Sloop.  When  we  say  Lewis  we  mean  facilities  at  Cleveland  and 
Plum  Brook,  which  is  near  Sandusky.  This  stand  is  at  Plum  Brook. 

Mr.  Mosher.  Yes.  I wondered  which  would  be  at  Plum  Brook. 

Mr.  Sloop.  Fine.  This  stand  is  at  the  Plum  Brook  station. 

Mr,  Morris.  "What  is  the  difference  between  Lewis  and  Plum  Brook, 
now  v 

Mr.  Mosher.  Lewis  is  located  in  Cleveland,  right  at  the  Cleveland 
Airport.  It  is  an  immense  facility  which  has  used  up  its  available 
land,  and  they  were  able  to  get  the  additional  land  that  they  needed 
some  60  miles  away,  roughly,  at  an  old  Army  installation.  The  Army 
had  given  up  this  installation  of  several  thousand  acres.  It  is  called 
Plum  Brook.  So  Plum  Brook  is  really  an  annex  to  Lewis,  operated 
out  of  Lewis,  all  part  of  Lewis;  but  out  in  our  area  we  differentiate 
between  Lewis  and  Plum  Brook. 

I think  you  are  going  out  to  see  it,  aren’t  you,  this  coming  week? 

Mr.  Karth.  Yes ; the  committee  has  scheduled  a trip  out  there. 

Mr.  Sloop.  This  addition  would  be  in  the  amount  of  $3i£  million, 
and  would  he  completed  in  approximately  mid-1965. 

The  second- — 

Mr.  Karth.  When  was  this  spacecraft  propulsion  research  facility 
completed,  for  which  we  are  now  requesting  an  addition? 

Mr.  Sloop.  It  was  authorized  in  fiscal  year  1963,  and  it  is  underway 
now. 

Mr.  Karth.  Is  it  under  construction  ? 

Mr.  Sloop.  No  ; not  the  construction. 

Mr.  Karth.  No  construction  has  yet  started? 

Mr.  Sloop.  That  is  right.  It  is  in  engineering  design. 

Mr.  Karth.  All  right,  sir;  proceed. 

Mr.  Sloop.  The  second  facility  is  in  the  amount  of  $5?655,000,  and 
is  an  alteration  to  the  space  power  chambers  Dr.  Bisplmghoff  men- 
tioned earlier.  This  is  a modification  of  an  existing  faculty  which 
originally  was  built  for  altitude  testing  of  piston-type  engines.  It 
will  provide  a vacuum  chamber  40  feet  in  diameter,  approximately  100 
feet  long,  and  will  be  complete  with  pumps  and  with  cryo-panels  and 
solar  simulators  to  simulate  the  conditions  in  space. 
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Mr.  Karth.  Is  this  downpayment,  or  the  total  cost  of  the  project? 

Mr.  Sloop.  Total  cost  of  this  project.  This. is  an  alteration  of  an 
existing  facility. 

Mr.  Morris.  When  was  this  facility  first  constructed  ? 

Mr.  Sloop.  I transferred  to  Lewis  in  1942,  and  it  was  under  con- 
struction then.  So  this  is  an  old  one.  It  has  oeen  21  years.  I believe 
they  began  to  design  this  around  1940. 

Mr.  Ulmer.  That  is  right. 

Mr.  Morris.  Approximately  20  years  old. 

Mr.  Karth.  I didn’t  know  we  had  been  in  business  that  long.  I 
mean  the  space  power  chambers  business. 

Dr.  Bisplinghoff.  This  was  a high  altitude  wind  tunnel,  used  for 
testing  engines  at  high  altitude. 

Mr.  Sloop.  I believe  it  was  the  first  high  altitude  facility  for 


propulsion  built  in  this  country. 
Mr.  Karth.  Thank  you. 


Mr.  Karth.  Thank  you. 

Mr.  Randall.  It  might  be  well  to  clarify — we  brought  out  that 
Lewis  was  close  to  the  airport,  and  ran  out  of  ground.  What  was 
there?  What  had  been  done  at  Lewis  before  we  moved  from  Hunts- 
ville up  there? 

Mr.  Sloop.  It  was  originally  planned  for  and  is  still  basically  a 
propulsion  facility. 

Mr.  Randall.  Before  NASA,  but  by  whom  ? 

Mr.  Sloop.  It  was  planned  by  NACA,  a number  of  years  ago. 

Mr.  Randall.  NACA  is  not  too  old. 

Mr.  Sloop.  Yes,  sir;  1915. 

Mr.  Randall.  Oh,  NACA,  yes.  It  has  always  been  under  NACA 
before  it  was  under  NASA? 

Mr.  Sloop.  Yes,  sir.  The  space  power  chamber  is  at  Cleveland, 
by  the  way. 

Mr.  Mosher.  That  is  right. 

Mr.  Sloop.  The  third  facility  is  a $2,100,000  alteration  to  an  exist- 
ing test  facility  in  Cleveland,  for  electric  power  equipment.  Here 
we  are  planning  to  make  use  of  a building  originally  designed  for 
testing  piston  engines.  We  are  moving  out  some  of  the  equipment 
in  the  basement  and  providing  space  for  testing  electrical  equipment 
that  can  be  used  in  space. 

Tlr  reason  for  doing  this 

M . Karth.  What  End  of  equipment  ? 

Mr.  Sloop.  Electric  power  equipment,  used  in  nuclear  power  gen- 
eration and  solar  and  chemical  power  generation.  The  reason  we 
want  to  use  this  space  is  that  there  is  a lot  of  electrical  power  avail- 
able that  has  been  already  brought  into  this  area,  and  we  will  also  use 
the  existing  structure. 

The  fourth  facility  is  a $2,002,000  modernization  of  an  instrument 
research  laboratory  at  Cleveland.  This  is  to  add  on  to  a structure 
built  a number  of  years  ago.  It  is  primarily  for  instrumentation  re- 
search and  service  for  the  type  of  research  work  done  in  Cleveland. 
It  will  involve  equipment  for  the  specialized  needs  of  nuclear  electric 
and  solar  and  chemical  power  generation  systems. 

The  fifth  facility  is  a $1,316,000  addition  to  the  Plum  Brook  sta- 
tion in  the  propellant  flow  systems  facility.  It  consists  essentially  of 
two  big  tanks,  one  a supply  tank  of  liquid  hydrogen,  which  is  a cry- 
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ogenie  storage  vessel,  and  a receiver  tank.  We  can  run  liquid  hydro- 
gen from  the  supply  to  the  receiver  tank,  passing  through  experi- 
mental equipment  in  between  the  tanks.  The  experimental  equipment 
consists  of  such  things  as  pumps,  valves,  and  so  forth. 

The  unique  feature  of  this  facility  is  the  size  of  the  flow  system.  It 
will  have  the  ability  to  test  components  up  to  approximately  18  inches 
in  diameter,  so  it  is  a very  large  flow  system.  To  my  knowledge, 
there  is  no  existing  facility  like  this  in  the  country. 

Mr.  Karth.  Mr.  Morris. 

Mr.  Morris.  Won’t  you  be  testing  fuels  that  will  be  somewhat 
hazardous?  Liquid  hydrogen;  isn’t  that  considered  hazardous? 

Mr.  Sloop.  This  will  use  liquid  hydrogen ; yes,  sir. 

Mr.  Morris.  What  about  the  safety  of  the  surrounding  population  ? 

Mr.  Mosher.  This  Plum  Brook  annex  is  away  from  the  metropoli- 
tan area. 

Mr.  Sloop.  This  has  been  spaced  according  to  safety  manuals  and 
practices  as  agreed  upon  by  the  various  Government  agencies. 

Mr.  Morris.  Doesn’t  temperature  affect  the  safety  of  liquid  hydro- 
gen? 

Mr.  Sloop.  Well,  it  is  about  minus  420°,  and  if  you  spilled  some 
it  would  immediately  vaporize  and,  being  lighter  than  air,  it  would 
immediately  rise.  It  will  not  ignite  spontaneously  in  air,  but  it  ignites 
very  easily.  The  ignition  limits  of  hydrogen  in  air  are  very  wide. 

This  will  increase  the  existing  facilities  already  at  Plum  Brook 
in  fluid  dynamics. 

The  sixth  facility  is  a propulsion  component  evaluation  facility 
which  is  at  the  Lewis  Research  Center,  and,  again,  this  is  a modifica- 
tion of  existing  facilities  to  provide  the  kind  of  tools  we  need  in  this 
new  space  age,  namely,  vacuum  chambers  to  simulate  the  hostile 
environment  of  space.  In  this  particular  alteration  we  intend  to  in- 
vestigate components  subject  to  vibration,  low  pressure  and  a tempera- 
ture range. 

This  is  just  a quick  description  of  these  facilities,  Mr.  Chairman. 
I will  go  into  more  detail  if  you  wish.  But  I am  open  to  questions 
at  this  time. 

Mr.  Randall.  One  question,  Mr.  Chairman,  please. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  This  last  item  here,  one  million  four,  back  on  the 
$1,316,000,  you  said  there  was  no  facility  like  this  in  the  country. 
That  is  fine.  On  the  last  one,  the  component  evaluation  facility,  that 
is  the  vibration,  pressure,  temperature  points  of  view,  isn’t  it  true  that 
some  private  industries  are  doing  this  same  thing  right  now  ? And  I 
will  ask  you  directly,  Isn’t  it  true  that  Douglas  at  Tulsa  is  doing  this 
very  same  thing  right  now  ? 

Mr.  Sloop,  i don’t  know  of  the  particular  facility,  at  Douglas. 
But  I can  answer,  yes,  that  there  are  a lot  of  companies  that  shake, 
rattle,  and  roll  their  equipment  to  make  sure  it  goes  through  the 
necessary  environmental  conditions.  This  we  think  is  good. 

One  of  the  things  that  is  absolutely  essential,  I believe,  for  reliable 
spacecraft  is  to  subject  all  of  its  parts  and  its  components  to  very 
vigorous  environmental  tests,  and  such  tests  are  necessary  at  a num- 
ber of  different  places.  It  is  necessary  at  the  developer  or  manufac- 
turer’s plant,  it  is  necessary  at  research  centers  such  as  we  are  talking 
about  here 
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Mr.  Randall.  Couldn’t  there  be  findings  and  conclusions  reached — 
assuming  Douglas  is  just  interested  in  quality  control  for  their  own 
product,  I think  vou  are  saying,  but  hasn’t  the  ground  been  plowed? 
What  do  you  seek  to  find  out  here  beyond  what  has  been  found  out 
already? 

Mr.  Sloop.  We  know  very  little  about  the  conditions  we  will  find 
in  space.  What  we  are  trying  to  do  in  our  space-simulation  facilities 
is  to  get  a better  knowledge  of  what  the  equipment  will  do,  how  it  will 
behave  under  space  environmental  conditions.  This  means  we  do 
need  these  kinds  of  futilities.  It  means  we  need  research  data  versus 
ad  hoc  testings.  Wlut  we  are  really  after  here  is  research  data 
whereas  the  other  test  at  a manufacturer’s  plant  is  more  a proof  test 
sort  of  thing. 

We  are  trying  to  find  out  why  things  behave  as  they  do,  why  they 
break  down,  what  are  the  things  we  must  design  for.  This  is  the  type 
of  thing  we  do  in  research.  We  are  not  seeking  to  proof  test  some- 
one’s product  here  at  all,  but  trying  to  learn  about  the  behavior  of 
devices  under  the  environmental  conditions  of  space. 

Mr.  Randall.  You  have  mesmerized  me  again. 

Mr.  Sloop.  I am  sorry. 

Mr.  Karth.  Colonel  Gould. 

Colonel  Gould.  In  furtherance  of  the  chairman’s  questions  on  the 
space  chambers,  I notice  this  new  project  has  11  new  chambers  in  it. 
Would  you  explain  specifically  what  these  11  new  chambers  are 
needed  for  ? 

Mr.  Sloop.  There  are  six  bell  chambers,  3 cubic  feet,  at  vacuums  of 
10"*  to  10"9.  I am  reading  a list  that  is  in  the  budget  request; 
two  vacuum  chambers  20  to  100  cubic  feet 

Mr.  Karth.  Stopping  at  the  six  bell  chambers  for  a moment,  why 
do  we  need  six  of  them  ? 

Mr.  Sloop.  We  have  a number  of  different  research  projects  that 
require  a vacuum.  This  is  the  environment  that  our  spacecraft  equip- 
ment must  work  in.  Therefore,  it  is  necessary  to  investigate  or  to 
study  the  behavior  of  equipment  or  materials  such  as  valves,  mechan- 
isms, devices,  under  the  environment  of  space.  It  is  a basic  environ- 
mental condition  that  we  work  with.  We  must  find  out,  for  example, 
if  elastomers  flow  or  creep  in  a vacuum.  We  must  find  out  about  the 
cold  welding  of  metals  or  lubrication  problems  in  space. 

So,  Mr.  Karth,  a vacuum  chamber  is  a basic  tool. 

Mr.  Karth.  What  problem  areas  do  we  have,  which  problem  areas 
will  be  researched  in  these  six  bell  chambers  ? You  give  me  six  prob- 
lem areas,  answers  to  which  will  be  attempted  to  be  found  in  these 
six. 

Mr.  Sloop.  All  right.  Take  lubrication,  friction,  and  wear. 

Mr.  Karth.  This  is  one  of  them  ? 

Mr.  Sloop.  Yes. 

Mr.  Karth.  What  is  a second? 

Mr.  Sloop.  Leakage,  fittings,  how  do  you  keep  fittings  from  leaking 
in  the  environment  of  space  ? 

Bearings,  which  is  a subpart  of  lubrication,  friction,  and  wear. 

Valves 

Mr.  Karth.  We  can’t  test  those  two  things  at  the  same  time?  It 
sounds  pretty  integral.  Why  do  you  need  two  different  chambers  ? 
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Mr.  Sloop.  We  are  talking  about  the  tools  needed  for  a professional 
staff  of  around  1,000  people.  They  need  different  types  of  equip- 
ment for  many  different  studies.  They  need  equipment  to  conduct 
their  studies. 

In  answering  your  question  I am  trying  to  visualize  some  of  the 
problems  that  will  be  investigated. 

Mr.  Kartii.  Of  this  thousand,  we  won’t  have  a dozen  people  over 
here  who  feel  they  need  a valve  chamber  to  make  tests  and  another 
dozen  over  there  who  feel  they  need  a chamber  to  make  tests  ? I don’t 
say  it  is  necessarily  duplicative.  But  is  it  in  this  instance  ? 

Mr.  Sloop.  We  have  a very  well  thought  out  and  integrated  research 
program.  Tins  is  the  responsibility  of  the  research  leaders,  to  see  that 
there  is  no  needless  duplication. 

Mr.  Karth.  You  are  not  aware  of  whether  or  not  that  would  be  the 
case  in  this  instance,  in  the  request  for  six  bell  chambers;  is  that 
correct? 

Mr.  Sloop.  I am  certain  the  men  working  on  projects  using  these 
six  bell  chambers  will  not  be  doing  things  of  the  same  type.  This  is 
the  duty  of  their  supervisor,  of  course,  to  be  sure  they*  are  working 
on  pertinent  problems  which  aie  necessary  in  the  space  effort. 

I might  add  at  this  point  that  nothing  is  more  distasteful  to  a 
research  worker  than  to  duplicate  someone  else’s  work. 

Mr.  Karth.  Well,  I might  add,  too,  there  is  nothing  more  distaste- 
ful to  a researcher,  I think  even  more  distasteful  than  the  illustration 
you  gave,  than  not  to  have  every  single  facility  he  wants  to  have  to  do 
his  research  in.  That  is  the  most  distasteful  thing  to  a research  man, 
as  I recall  it  from  when  I went  to  school.  Isn’t  that  true  ? 

Mr.  Sloop.  A research  man  likes  to  use  his  ingenuity  and  imagina- 
tion, and  simulate- — 

Mr.  Karth.  That  is  true,  but  those  of  us  who  are  not  researchers 
must  on  occasion  evaluate  those  things  from  a little  more  practical 
standpoint,  and  use  judgment  'that  the  researcher  probably  finds  he 
cannot  exercise. 

Mr.  Sloop.  That  is  correct.  That  is  why  in  our  budget  reviews  we 
have  gone  into  these  things  very  carefully. 

Mr.  Karth.  Yes. 

Colonel  Gould. 

Colonel  Gould.  Do  you  have  anything  more  to  say  about  these 
vacuum  chambers  ? 

Mr.  Sloop.  Did  I answer  your  question  ? 

Mr.  Karth.  He  answered  one,  and  I think  I stopped. 

Mr.  Sloop.  Would  it  help  if  I tried  to  explain  why  we  need  dif- 
ferent 3izes? 

Colonel  Gould.  Yes,  sir. 

Mr.  Sloop.  The  kinds  of  projects  we  are  visualizing  require  dif- 
ferent sizes.  For  example  in  systems  we  must  put  together  a number 
of  components  to  make  them  work  as  a system,  and  this  requires  larger 
volume  than  a smaller  experiment,  such  as  a basic  materials  study. 
The  latter  might  be  a study  of  cold  welding  of  two  materials,  which 
requires  only  a small  vacuum  chamber.  If  you  were  studying  leakage 
problems  of  a large  turbopump  you  might  want  to  put  the  pump  in  the 
chamber  along  with  auxiliary  equipment  and  this  takes  space. 
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By  having  a variety  of  . sizes  we  are  able  to.  select  a chamber  which 
best  fits  the  experiment.  This  will  save  power  and  pumping  equip- 
ment. As  you  know,  it  takes  time  to  evacuate  to  a high  vacuum.; 

Mr.  Karth.  But  it  won’t  save  cost  in  building  vacuum  chambers, 
will  it?  4 . 

Mr.  Sloop.  It  does.  If  we  tried  to  build  them  all  to  handle  the 
largest  size  it  wouldn’t  save  money  ; don’t  you  agree? 

Mr.  Karth.  It  might  if  we  built  5 big  ones  instead  of  11  small 
ones.  It  probably  wouldn’t  if  you  built  five  big  ones  instead  of  five 
small  ones. 

Mr.  Sloop.  Time  is  a big  factor  here. 

Going  back  a moment  to  another  kind  of  facility,  say  a wind  tunnel, 
we  used  to  make  as  many  as  10,000  measurements  in  1 evening  in 
some  of  our  supersonic  wind  tunnels  and  investigate  a large  variety 
of  variables  in  a relatively  short  time.  In  space,  time  and  what  hap- 
pens over  a period  of  time  is  important.  For  example,  consider  the 
behavior  of  materials  in  a vacuum  over  a long  period  of  time : You 
may  have  one  experiment  that  will  tie  up  one  vacuum  chamber  for 
6 months,  and  if  you  had  only  one  or  two  vacuum  chambers  you  would 
very  drastically  restrict  the  progress  we  could  make.  We  need  to 
forge  ahead  simultaneously  on  some  of  these  problems,  and  that  is 
why  it  requires  a number  of  vacuum  chambers. 

Colonel  Gould.  Mr.  Sloop,  how  many  vacuum  chambers  exist  at  the 
present  time  at  Lewis  ? 

Mr.  Sloop.  I believe  we  have  a list  of  that,  sir. 

Mr.  Kartii.  Then,  could  you  supply  for  the  record  the  number  and 
size  of  vacuum  chambers  that  exist  within  NASA  at  their  various 
research  centers? 

Mr.  Sloop.  Yes.  I believe  such  a list  has  been  already  made  and  is 
available  for  the  record. 

Mr.  Karth.  Could  you  supply  that  for  the  record  at  this  point  ? 

Mr.  Sloop.  Yes.  Would  you  like  to  see  it  ? 

Mr.  Karth.  Yes.  I assume  it  answers  the  colonel’s  question,  as 
well,  as  to  how  many  vacuum  chambers  we  have  at  Lewis. 

Colonel  Gould.  Are  they  all  listed  here? 

Mr.  Sloop.  They  are  as  far  as  I know. 

Mr.  Ulmer.  In  making  a compilation  of  this  kind,  you  have  to  have 
a cutoff  point.  I believe  we  have  only  those  environmental  chambers 
with  an  interior  dimension  of  6 feet  or  over.  We  have  not  listed  the 
small  bell  jar-type  of  laboratory  facilities  which  are  essentially  labora- 
tory tools. 

Mr.  Karth.  Those  are  what  you  would,  without  embarrassment,  call 
vacuum  chambers ; is  that  right  ? 

Mr.  Ulmer.  Yes,  sir,  Mr.  Chairman.  It  is  like  a machine  shop; 
you  need  a lot  of  small  tools,  and  then  you  also  need  more  substantial 
facilities  such  as  planers,  lathes,  and  shapers. 

Mr.  Randall.  With  the  contractors  with  which  NASA  is  now  con- 
tracting, can  you  tell  us  how  many  vacuum  chambers  there  are  scat- 
tered around  over  the  countiy,  great  big  ones,  wide  ones?  I would 
like  to  know  that.  I think  maybe  they  might  be  used  by  someone 
other  than  the  contractor.  Maybe  contract  for  the  use  of  them.  I 
don’t  think  you  can  do  it  now. 

Mr.  Sloop.  I don’t  have  a list  of  those. 
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Mr.  Karth.  Dr.  Bisplinghoff,  before  you  make  a request  such  as 
you  have  made  this  year  for  11  new  facilities,  do  you  survey  the  in- 
dustry at  all  to  find  out  whether  or  not  the  capability  to  do  this  job 
that  needs  to  be  done  actually  exists  someplace  in  the  country?  I 
know  this  is  difficult,  but  these  are  difficult  days.  Do  we  do  this? 

Dr.  Bisplinghoff.  We  do  not  make  a specific  survey  of  industry. 
However,  a large  part  of  our  R.  & D.  budget  goes  into  industry  for 
research  and  advanced  technology,  in  the  OART  case — some  70  per- 
cent of  our  R.  & D.  funds  go  into  industry,  and  we  assume  industry 
will  tool  up  its  research  laboratories,  and  will  purchase  environmental 
equipment  sufficient  to  carry  out  this  research. 

Mr.  Karth.  They  are  probably  tooled  up  so  well  today  that  we 
wouldn’t  have  to  do  some  of  these  things. 

Dr.  Bisflinghofp.  We  make  a very  careful  survey  of  our  in-house 
capabilities  in  this  area,  however. 

Mr.  Karth.  It  might  well  be  that  our  in-house  capabilities  are  very 
much  duplicative  of  our  private  industry  facilities;  isn’t  that  right, 
sir? 

Dr.  Bisplinghoff.  I think  you  would  find  duplicative  facilities  in- 
house  and  in  industry,  but  I believe  it  is  necessary  because  as  Mr. 
Sloop  pointed  out,  some  duplication  is  necessary. 

Mr.  Ka  rth.  I would  agree  a certain  amount  of  simultaneous  testing 
is  necessary.  But  if  you  made  a blanket  statement  that  all  the  dupli- 
cation that  exists  is  necessary  I wouldn’t  agree.  I doubt  if  you  could 
say  that  all  of  it  that  exists  is  necessary,  welcome,  or  needed. 

Dr.  Bisplinghoff.  I agree  there  is  a certain  amount  of  duplication 
which  has  occurred,  that  we  cannot  avoid.  However,  we  are  doing 
everything  we  can  to  avoid  as  much  of  it  as  possible. 

Mr.  Randall.  This  is  not  a question,  but  I notice,  observing  the 
full  committee,  we  sometimes  have  a member  who  wants  something 
to  be  in  the  record,  and  I would  like  this  to  be  in  the  record : That  I 
have  observed  chambers,  devices  to  test,  much  as  we  are  talking  about 
here,  that  I am  firmly  convinced  are  not  in  use  at  all  times.  Whether 
the  ad  hoc  distinctions  or  the  pure  research  applies  or  not — it  may 
have  an  ad  hoc  purpose.  But  I am  convinced  there  is  a great  deal 
of  the  time  of  a year  or  month  that  that  is  not  in  use  and  might  be 
contracted  to  be  used  by  NASA  to  avoid  duplication  of  some  of  these 
facilities. 

That  is  a statement,  not  a question,  Mr.  Chairman. 

Mr.  Karth.  Colonel  Gould. 

Colonel  Gould.  Turning  now  to  the  spacecraft  propulsion  research 
facility,  to  get  that  in  the  proper  perspective,  a space  propulsion 
facility  was  authorized  in  fiscal  1963  in  the  amount  oi  $6,275,000. 

Mr.  Sloop,  That  is  correct. 

Colonel  Gould.  Is  this  project  in  addition  to  the  1963  item? 

Mr.  Sloop.  Yes, 

Colonel  Gould.  What  is  the  status  of  the  fiscal  year  1963  item? 

Mr.  Sloop.  It  is  in  design. 

Colonel  Gould.  Construction  has  not  been  started  ? 

Mr.  Sloop.  That  is  right. 

Colonel  Gould.  When  is  it  anticipated  that  construction  will  get 
underway  ? 

Mr.  Sloop.  I have  a schedule.  I believe  actual  construction  will 
start  this  year.  It  will  start — I have  one  item  that  says  November. 
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X am  not  sure  it  is  the  first  item  of  breaking  ground,  or  not.  It  will 
be  November  or  sooner. 

Colonel  Gould.  How  long  is  it  going  to  take  to  complete  the  fiscal 
year  1963  item? 

Mr.  Sloop.  Scheduled  for  completion  January  2, 1965. 

Colonel  Gould.  This  addition,  would  you  proceed  to  modify  the 
construction  contract  to  include  this  addition  and  make  it  one  pack- 
age, or  will  this  be  a separate  contract  ? I am  speaking  of  the  fiscal  year 
1964  item  now. 

Mr.  Sloop.  I am  not  sure  of  that.  I believe  there  is  a separate  de- 
sign for  the  addition  which  would  not  interfere  with  the  fiscal  1963 
plan.  However,  X believe  that  they  will  be  made  compatible,  so  that 
there  is  no  rework  or  modification  to  the  fiscal  year  1963  plan  to  do 
wliat  we  ask  for  in  fiscal  year  1964. 

Mr.KARTH.  May  X interrupt  at  this  point?  If  these  two  things  were 
tied  in  with  each  other  at  this  date  it  seems  to  me  that  we  wouldn’t  nec- 
essarily have  to  spend  the  $61/4  million  that  was  authorized  earlier, 
and  the  $3^  million  that  you  are  asking  to  be  authorized  now.  If 
both  projects  were  authorized  it  seems  to  me  these  figures  could  be 
adjusted  so  as  to  represent  a combined  effort,  an  integrated,  effort. 
The  architecture  and  engineering  work  could  be  less.  It  wouldn’t 
be  two  separate  projects,  is  my  point. 

It  seems,  to  me  the  total,  which  is  now  $9%  million,  the  same  work 
could  probably  be  done  for  $6%  million. 

How  much  consideration  has  been  given  to  that  proposition? 

Mr.  Sloop.  I believe  that  the  addition — that  the  fiscal  1963  authori- 
zation and  design  is  such  that  the  fiscal  1964  request  can  be  added  with- 
out any  additional  change  or  modification.  In  other  words,  it  is 
planned  that  the  fiscal  1964  addition  will  fit  in.  It  may  take  a moment 
of  explanation  here.  The  fiscal  1963  facility  provided  the  basic  facil- 
ity and  the  capability  of  operating  a propulsion  system  at  approxi- 
mately 100,000-foot  altitude.  In  fiscal  1964  we  wish  to  add  cryopanels 
and  solar  simulation  and  additional  vacuum  pumping  equipment  so 
that  the  spacecraft  will  be  subjected  to  all  environmental  conditions. 

Mr.  Kaeth.  Is  this  all  for  Centaur  ? 

Mr.  Sloop.  No,  sir;  this  is  not  Centaur.  This  is  for  research. 

Mr.  Kabth.  I thought  we  had  to  do  a little  on  Centaur  yet. 

Mr.  Sloop.  There  are  other  facilities  for  Centaur,  sir.  The  fiscal 
year  1964  additions  will  allow  us  to  simulate  a space  propulsion  system 
as  it  coasts  through  space  for  a long  period  of  time,  alternately  heated 
and  cooled  depending  on  its  orientation  to  the  sun  and  also  in  vacuum. 
There  is  one  vacuum  system  that  takes  care  of  the  rocket  exhaust  gases, 
an  ejector  system,  corresponding  to  that  of  about  100,000-foot  altitude; 
and  a second  vacuum  system  to  simulate  the  vacuum  that  surrounds 
the  spacecraft.  The  second  is  a greater  vacuum,  10~8  millimeters. 

The  fiscal  year  1963  and  1964  would  then  make  a complete  facility 
for  space  simulation  of  nontoxic  propellants. 

Mr.  Randall.  I thought  I heard  you  say — what  type  of  panel? 

Mr.  Sloop.  I called  it  a cryopanel.  That  is  a name  for  a,  panel 
that  is  cooled  by  liquid  nitrogen  so  that  it  is  a heat  sink.  It  simulates 
the  coldness  of  outer  space,  so  that  a warmer  section  of  the  space- 
craft can  lose  heat  to  it  by  radiation. 
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Colonel  Gould.  Has  the  design  on  this  been  initiated  yet? 

Mr.  Sloop.  Yes. 

Colonel  Gould.  What  funds  were  used  to  initiate  this  design? 

Mr.  Sloop.  $335,000. 

Colonel  Gould.  Is  this  from  fiscal  year  1963  advanced  funds? 

Mr.  Sloop.  Yes. 

Mr.  Kartb.  Excuse  me,  who  did  the  design  work  ? Who  did  you 
use  to  do  the  A.  & E.  work  ? 

Mr.  Ulmer.  Individual  architect-engineers  are  selected  for  each 
project.  We  negotiate  for  these  services  by  examining  the  compe- 
tence of  several  architect-engineers  and  selecting  one  who  might  do 
the  bcstiob. 

Mr.  Earth.  Negotiated  by  whom;  NASA? 

Mr.  Ulmer.  By  NASA  for  those  projects  for  which  it  carries  the 
construction  management  responsibility.  The  Corps  of  Engineers 
does  it  in  the  cases  where  we  have  assigned  the  responsibility  to  them. 
On  the  job  Mr.  Sloop  is  talking  about,  a group  of  experts  is  convened 
at  the  Lewis  Center  and  they  constitute  a source  selection  board  to 
review  the  qualifications  of  potential  architect-engineers.  This  is  done 
individually  project  by  project. 

Mr.  Karth.  Thank  you. 

Colonel  Gould.  There  is  $335,000  included  for  design  in  the  1964 
project ; is  that  the  same  amount  ? 

Dr.  BisrLiNGHOFF.  Yes. 

Colonel  Gould.  So  this  project  could  be  reduced  by  $335,000;  is 
that  correct? 

Mr.  Sloop.  Yes. 

Mr.  Myers.  That  is  right. 

Mr.  Earth.  Why  is  that  in  there? 

Mr.  Ulmer.  Mr.  Chairman,  it  is  essentially  a matter  of  time.  At 
the  time  we  put  together  the  budget  you  see  before  you,  we  were  just 
in  the  process  of  learning  what  our  current  year’s  budget  would  be. 
We  did  not  at  that  time  have  the  appropriation  from  which  to  allo- 
cate the  advanced  design  money  for  the  facilities  we  would  be  re- 
questing in  the  budget  that  is  currently  under  review  by  Congress. 
After  the  1963  appropriation  was  provided,  we  identified  the  highest 
priority  projects  that  had  to  be  placed  under  design  to  keep  the  pro- 
gram moving  and  allocated  advanced  design  money  for  those  projects. 

Colonel  Gould.  I think  used  the  word  “duplicates.”  I think  that 
is  correct  in  the  sense  that  we  use  some  design  money  to  start  work  on 
certain  facilities  for  which  we  are  requesting  design  money  in  the 
coming  budget.  In  those  cases  we  identify  these  funds  as  the  first 
place  to  take  any  appropriation  cut.  If  the  Appropriations  Commit- 
tee cuts  our  budget  below  the  authorization,  these  funds  immediately 
drop  out.  If  we  have  a situation  where  the  appropriation  is  identical 
to  the  request — we  have  not  yet  experienced  such  a situation — this 
money  would  be  available  for  other  uses.  So  this  is  the  first  place  we 
would  take  any  cut. 

You  understand  that  the  advanced  design  account  is  used  both  for 
getting  an  advance  start  on  the  next  year’s  facilities,  as  well  as  to 
start  the  design  of  facilities  that  might  be  requested  in  subsequent 
budgets. 

Mr.  Earth.  I think  I understand  it,  including  the  reasons  you  do  it. 

Thank  you. 
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Colonel  Gouhd.  On  the  second  pix)j«d:^he  ftlteititiKBrto  th»'space 
power  chambers;  last  year,  out  of  fiscal  year  1963  money,  I think  I 
am  correct,  you  reprogramed  $31C,50Q  for  modification  of  the  space 
power  chamber,  also.  Then  in  the  1962  program  you  had  a modifica- 
tion to  the  space  environmental  tank  amounting  to  $1,142,000.  What 
did  these  two  prior  actions  involve  ? 

Mr.  Sloop.  The  altitude  facility  is  essentially  a large  tank,  making 
a complete  circle,  that  has  been  subdivided  to  make  several  individual 
environmental  chambers.  I believe  the  $1  million  item  you  mentioned 
was  for  a Centaur  vehicle  test  chamber  in  the  same  big  facility.  We 
are  talking  about  taking  another  part  of  the  same  facility  and  making 
another  space  chamber.  This  will  be,  I believe,  the  second  space  power 
chamber,  made  out  of  this  former  altitude  wind  tunnel  facility. 

Colonel  Gould.  Over  a period  of  3 years,  including  this  project, 
we  are  spending  quite  a lot  of  money  for  modifying  this  chamber. 
Are  there  any  more  modifications  beyond  fiscal  year  1964? 

Mr.  Sloop.  I don’t  know  of  any.  But  I would  like  to  point  out, 
here  is  a case  of  using  existing  equipment  to  make  an  installation  at 
less  cost  then  if  we  did  it  from  the  ground  up.  For  example,  we  are 
using  the  existing  vacuum  pumps  and  the  walls  of  the  tunnel.  We 
are  putting  a smaller  inner  chamber  inside  the  tunnel  and  maintain- 
ing a pressure  between  the  two  walls  of  the  order  of  10-2  millimeters  of 
mercury.  This  reduces  the  cost  of  the  inner  chamber.  We  are  taking 
advantage  of  existing  equipment. 

Mr.  Karth.  All  of  the  costs  total  up  to  exceed  the  cost  of  the  new 
facility  if  you  started  over;  isn’t  that  so,  Mr.  Sloop? 

Mr.  Sloop.  I don’t  think  so.  I am  sure  if  you  built  these  facilities 
from  the  ground  up  it  would  cost  more  than  the  alterations. 

Mr.  Karth.  I mean  the  alterations  plus  the  sum  of  the  original 
facility.  I am  talking  about,  total  cost  versus  total  cost. 

Mr.  Sloop.  The  facility  exists.  This  was  a case  of  modifying  an 
obsolete  facility  for  anew  use. 

Construction  of  this  facility  was  underway  in  1942,  so  this  is  a 
very  old  facility. 

Mr.  Karth.  I see ; I understand. 

Mr.  Sloop.  If  in  future  years  they  find  another  way  to  modify  this 
facility  to  adapt,  it  to  the  new  requirements,  I am  sure  we  would  come 
bade  to  ask  for  more  money  for  modification. 

Mr.  Kartji.  If  it-  was  originally  constructed  in  1942  I understand 
the  need  for  modification. 

Colonel  Gould.  For  the  record,  I will  point  out  that  this  project 
includes  another  vacuum  chamber. 

Mr.  Sloop.  Y es,  sir ; 40  by  100  feet . 

Mr.  Karth.  We  don’t  have,  any  more  40-  by  100-foot  vacuum 
chambers,  do  we? 

Mr.  Sloop.  I am  not  sure  of  the  size  of  the  chamber  for  Centaur,  in 
the  other  end  of  the  same  building.  I think  it  is  smaller. 

Mr.  Randall.  For  the  purpose  of  the  record,  would  Colonel  Gould 
cite  where  he  is  getting  this  figure  for  this  last  vacuum  chamber? 

Colonel  Gould.  It  is  located  on  page  CFT -7,  si  r. 

Mr.  Randall.  Thank  you. 
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Colonel  Gould.  I nodoe  the  cost  per  square  foot  of  the  access  build- 
ing is  $46.  Would  you  explain  the  reason  for  that  apparent  high  cost  ? 

Mr.  Sloop.  It  is  65  feet  nigh,  and  this  may  be  the  reason. 

Colonel  Gould.  Has  the  design  been  started  on  this  facility  ? 

Mr.  Sloop.  I do  not  believe  it  has. 

Can  you  answer  that,  Mr.  Myers? 

Mr.  Myers.  The  money  was  provided  for  design  and  I am  not  sure 
whether  the  design  is  actually  started.  I could  check  and  get  it  for 
you. 

Mr.  Kabth.  Is  there  anyone  in  the  audience  who  might  be  able  to 
answer? 

Mr.  Ulmer.  It  has  not  been  started.  The  money  was  just  released 
in  the  last  week,  I believe. 

Colonel  Gould.  That  is  from  fiscal  year  1963,  in  the  amount  of 
$550,000  shown  here? 

Mr.  Ulmer.  I beg  your  pardon.  The  $550,000  was  released  in  Jan- 
uary, so  it  is  likely  the  design  is  underway.  It  was  the  $335,000  which 
was  released  a few  weeks  ago. 

Colonel  Gould.  On  the  (electric  power  equipment  test  facility,  shown 
on  page  CF7-8,  you  show  that  no  facilities  for  the  testing  of  electric 
power  equipment  exists  at  Lewis.  Do  they  exist  anyplace  else  ? 

Mr.  Sloop.  To  my  knowledge,  the  facilities  we  are  asking  for,  test- 
ing power  generation  equipment  in  a vacuum,  will  be  unique.  I have 
not  studied  all  the  possible  facilities  in  the  country.  This  facility  will 
require  specialized  equipment  such  as  variable  frequency  equipment, 
and  speed  drives  up  to  15,000  horsepower.  The  types  of  equipment 
and  tests  that  we  envision  in  space  exploration  are  quite  new.  It  is 
my  opinion  that  this  particular  facility  will  be  unique.  It  uses  a large 
amount  of  electric  power,  it  uses  vacuum  chambers,  and  it  uses  motor 
drives,  and,  of  course,  these  are  not  unique.  It  is  the  bringing  together 
of  these  components  for  this  purpose,  and  using  them  for  research 
in  power-generation  equipment,  which  I think  will  give  us  a head- 
start in  this  area,  and  this  is  why  we  have  requested  it. 

Colonel  Gould.  This  project,  I notice,  includes  a solar  simulator. 
What  type  will  that  be  ? 

Mr.  Sloop.  I am  not  certain  of  the  exact  type.  We  recently  had  a 
conference  within  NASA  on  solar  simulation  equipment.  Mr.  Ames 
sponsored  this  conference.  At  that  time  they  reviewed  the  various 
types  of  temps  and  other  electrical  methods  of  simulating  the  Sun’s 
radiation.  I might  say  that  none  of  them  are  exactly  duplicative  of 
the  spectrum  we  would  like  to  have.  This  is  an  area  Dr.  Bisplinghoff 
mentioned  earlier,  where,  as  we  became  more  proficient  in  simulating 
the  Sun’s  radition,  we  will  undoubtedly  revise  our  equipment.  This 
is  a continuing  problem  at  this  time. 

I think  they  use  xenon  and  carbon  arc  lamps.  The  carbon  arc 
lamps  are  packed  with  some  rare  earth  metals  so  that  the  radiation 
from  these  rare  earth  materials  will  more  exactly  duplicate  the  Sun’s 
spectrum. 

Do  you  wish  to  add  to  that,  Mr.  Ames  ? 

Mr.  Ames.  I think  you  covered  it  very  well. 

Colonel  Gould.  The  modernization  of  the  Instrument  Research 
Laboratoiy — this  is  on  page  CF7-18 — Involves  a new  wing  which 
will  contain  offices,  laboratories,  and  specialized  equipment,  as  I under- 
stand it. 
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Mr.  Sloop.  That  is  correct. 

Colonel  Gould.  How  much  of  the  space  that  is  going  to  be  added 
will  be  devoted  to  administrative  space  1 

Mr.  Sloop.  It  depends  on  your  definition  of  “administrative.”  I 
would  say  that  the  10,000  square  feet  of  office  space  requested  will  be 
for  research  people  and  their  supervisors,  and  these  we  do  not  classify 
as  “administrative.”  By  “administrative,”  if  yon  mean  clerks,  pro- 
curement people,  general  administrative,  they  will  not  be  there. 

Colonel  Gould.  How  many  people  will  be  accommodated  in  the 
10,000  square  feet  you  have  requested  here  ? 

Mr.  Sloop.  One  hundred. 

Colonel  Gould.  Since  this  is  an  addition  to  an  existing  building, 
the  cost  of  the  utility  installations  and  connections  appear  to  be  rather 
high.  Is  there  any  special  reason  for  this  ? 

Mr.  Sloop.  It  will  require  a very  large  amount  of  electrical  power 
for  the  types  of  equipment  to  be  used.  The  work  includes  liquid  metal 
instrumentation,  a low-temperature  measurements,  mechanical  equip- 
ment, electronic  equipment,  things  of  this  sort.  I don’t  have  an  exact 
answer  to  your  question.  I could  investigate  it  further,  if  you  would 
like. 

Colonel  Gould.  Has  this  facility  been  designed  yet  ? 

Mr.  Sloop.  It  has  not. 

Mr.  Littell.  There  is  a reason  for  the  higher  utility  costs,  Colonel. 
Rerouting  of  gas  and  sewer  lines,  because  of  the  geography  of  that 
particular  location. 

Colonel  Gould.  The  gas  and  the  sewer  lines  only  account  for  about 
$26,000  of  thi  s total. 

Mr.  Sloop.  Twenty-eight.  The  largest  item  I notice  is  in  electric 
power  and  communications. 

(The  information  requested  is  as  follows :) 

Modernization  of  the  Instrument  Research  Laboratory,  Lewis 

Research  Center 

Electric  power  and  communications , $40, 000. — The  electric  power  and  commu- 
nications item  includes  extension  of  2,400-volt  feeders,  revision  of  the  associated 
distribution  system,  installation  of  new  telephone  cable  to  the  private  automatic 
exchange  (PAX),  installation  of  additional  telephone  equipment  in  the  PAX, 
and  installation  of  the  necessary  dust  banks.  The  detailed  estimate  of  the  equip- 
ment and  installation  costs  is  as  follows : 


Transformer,  2,400  to  208  volts,  225  kilovolt-amperes $6, 150 

Transformer,  2,400  to  480  volts,  100  kilovolt-amperes 3,  800 

Circuit  breaker,  2,400-volt 4, 500 

Powerline  extension 1,450 

Telephone  line  extension,  100  pairs,  lead  covered,  1,200  feet 4, 550 

Switching  equipment  for  100  telephones 12, 900 

Telephones  (100) 650 

Relocation  of  existing  powerloads 800 

Fotheads  and  terminations 650 

Extension  of  2,400-volt  power  from  engine  research  building 4, 550 


Total 40,000 


Colonel  Gould.  What  is  the  item  of  “Special  research  and  evalua- 
tion equipment”? 

Mr.  Sloop.  A helium  cryostat,  transducers  for  temperature,  high 
frequency  voltage ; laboratory  standards,  things  like  that. 
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Mr.  Karth.  It  seems  like  you  should  be  able  to  buy  that  stuff  a little 
cheaper. 

Mr.  Sloop.  A helium  cryostat  is  a device  for  liquefying  helium, 
which  is  around  4°  Kelvin  or  near  absolute  zero.  It  takes  special  re- 
frigeration equipment  to  do  this. 

The  laboratory  standards,  are  quite  expensive. 

Mr.  Karth.  Laboratory  standards? 

Mr.  Sloop.  Yes,  standards  for  example,  of  pressure  gages,  tempera- 
ture standards,  things  of  that  sort. 

Mr.  Karth.  Maybe  we  have  some  in  surplus  with  the  Army  or 
somewhere. 

Mr.  Sloop.  We  will  certainly  make  every  effort  to  use  existing 
equipment. 

Transducers  for  temperature,  and  pressure,  are  often  very  special, 
and  here  we  do  have  a problem  of  finding  what  we  want  commercially. 
I can  cite  an  example  of  pressure  transducers  for  measuring  pressure 
oscillations  in  rocket  engines.  We  have  been  working  on  this  problem 
for  many  years.  It  is  a very  difficult  problem.  It  is  difficult  to  get 
instrument  people  to  work  on  specialized  equipment  where  the  end  use 
is  only  a few  devices.  A great  deal  of  work  has  to  be  done  to  make 
new  or  adapt  existing  equipment  to  the  special  needs  of  the  experiment. 
There  needs  to  be  a very  close  liaison  between  the  rt  search  man  and 
the  instrument  man  who  is  helping  him  measure  his  unknowns.  It 
takes  a knowledge  of  the  particular  situation.  I feel  that  there  must  be 
a give  and  take  between  a research  man  and  an  instrument  man  to  ob- 
tain the  best  measurements.  Research  work  is  only  as  good  as  the 
things  measured,  I feel  this  is  an  area  we  cannot  emphasize  too  highly 
in  research. 

Mr.  Karth.  Isn’t  there  a lot  of  research  going  on  in  the  trans- 
ducers field  right  now  ? 

Mr.  Sloop.  We  have  a contract  with  Princeton  University  for 
$75,000,  to  investigate  pressure  transducers  for  combustion  oscillations, 
in  fiscal  1963.  I believe  there  is  additional  work  to  be  completed  in 
the  coming  year.  This  is  a very  difficult  problem.  The  reason  it  is 
difficult  is  that  our  requirements  keep  rising  sharply.  For  example, 
we  ask  a pressure  transducer  to  follow  oscillations  of  several  thousand 
cycles  per  second  in  an  environment  where  the  heat  transfer  may  be 
as  high  as  20  B.t.u.’s  per  square  inch  per  second,  which  means  we  have 
to  have  a very  excellent  cooling  method.  We  must  both  cool  this 
pressure  transducer  and  ask  it  to  be  very  sensitive  to  small  pressure 
variations  at  the  same  time  so  one  requirement  makes  problems  for  the 
other.  As  we  get  more  sophisticated  we  ask  for  transducers  that  can 
respond  to  higher  frequencies  than  before,  and  to  work  in  a hotter 
environment. 

We  constantly  push  forward  the  frontiers  of  what  we  can  measure, 
as  we  get  more  curious  or  measure  new  things.  This  means  laboratory 
measurements  and  instrumentation  are  in  a constantly  changing  state 
as  we  seek  to  improve  and  measure  things  better. 

Colonel  Gould.  That  is  all  I have,  Mr.  Chairman. 

Mr.  Karth.  Are  there  any  further  questions  ? 

I thought  we  could  possibly  take  one  more.  The  reason  I suggest 
that,  Doctor,  is  because  I would  like  to  finish  tomorrow. 
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Dr.  Bisplinghgff.  We  would  be  happy  to  go  on.  Mr.  Ames  is 
ready  to  go  right  now. 

Mr.  Karth.  Mr.  Ames. 

Mr.  Ames.  Thank  you,  Mr.  Chairman. 

First,  I would  like  to  discuss  with  you  our  request  for  authorization 
for  a structural  dynamics  laboratory  at  the  Ames  Keseareh  Center. 
This  laboratory  will  cost  us  $1,644,000.  It  will  be  completed  in 
14  months.  This  is  a unique  building  in  that  it  has  a 100-foot-high 
section  with  2,500  square  feet  of  floor  area,  with  a special  foundation. 
Another  section  is  30  feet  high.  The  floor  area  would  be  10,500  square 
feet.  Then  we  have  a third  area  for  equipment  and  offices,  which  is 
6,000  square  feet. 

The  construction  cost  of  this  special  building  will  be  $814,000,  and 
the  equipment  to  go  in  it,  which  would  include  shakers,  heat  sources, 
and  so  forth,  will  cost  $830,000. 

Now,  the  proposed  structural  dynamics  laboratory  would  provide 
us  with  means  for  extending  some  very  important  research  work  which 
we  are  doing  on  buffeting  of  launch  vehicles  to  studies  of  complex 
factors  such  as  acoustic  loads  in  a high  temperature  environment  on 
not  only  launch  vehicles,  but  also  on  future  reentry  vehicles. 

In  the  past  the  work  on  launch  vehicles  has  been  conducted  in  sub- 
sonic and  lower  supersonic  speed  wind  tunnels  where  temperature 
effects  have  been  unimportant  and  where  we  have  not  considered  the 
effects  of  noise.  We  propose  to  extend  this  work,  because  of  the 
extreme  competence  of  the  group  at  Ames,  to  reentry  vehicles  where 
higher  velocities,  high  temperature,  and  acoustical  effects  are  im- 
portant. 

Essentially  this  facility  would  be  used  to  provide  us  with  a realistic 
environment  to  check  out  the  dynamic  models  which  we  would  be 
testing  in  other  facilities. 

I could  go  on,  sir,  but  I would  like  to  stop  at  this  point  to  ask  if  you 
have  any  particular  questions  on  this  facility.  Our  objective  here  is 
to  pull  together  work  which  has  been  spread  all  around  the  center 
wherever  space  might  be  available,  where  calibrations  of  dynamic 
models  were  often  delayed  because  of  other  tests  going  on  in  this  area. 
We  feel  it  is  necessary  now  to  expand  this  work  Decause  of  new  envi- 
ronmental factors  that  are  becoming  important,  and  to  centralize  this 
activity  and  equipment.  This  is  our  prnnary  objective  in  asking  for 
this  facility. 

Mr.  Karth.  How  many  such  laboratories  exist  in-house  in  Govern- 
ment today , do  you  know  f 

Mr.  Ames.  For  this  particular  type  of  work  I know  of  no  other 
laboratory  which  could  be  used  to  calibrate  models  of  this  nature. 

To  give  you  one  example  of  work  that  this  facility  did,  I mean  this 
group  of  people 

Mr.  Karth.  We  must  certainly  have  laboratories  that  calibrate  a 
good  many  things  in  structures  that  might  be  a little  different. 

Mr.  Ames.  Our  purpose  here  is  to  test  these  models  in  wind  tunnel 
environments. 

Let  me  give  you  one  example  of  a problem  we  anticipate.  Take  a 
hypothetical  case,  perhaps  in  Dr.  Newell’s  program,  where  he  wants 
a spacecraft  to  go  into  the  Mars  environment ; in  other  words,  it  must 
enter  a planetary  atmosphere.  The  gravitational  field  there  is  one- 
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third  that  of  the  Earth,  and  the  atmosphere  close  to  the  surface  is  about 
one-tenth.  We  could  try  to  land  a spacecraft  which  may,  for  example, 
erect  an  antenna,  or  may  carry  with  it  a fuel  tank  and  rocket  engine  so 
it  could  leave  that  environment  and  return  to  the  Earth. 

I agree  this  is  a long-range  research  problem.  But  there  are  many 
difficult  structural  problems  involved  in  this  mission. 

Mr.  Karth.  No  question  about  it.  But  the  key  to  this  whole  struc- 
tural testing  we  are  talking  about  is  the  wind  tunnel,  isn’t  it? 

Mr,  Ames.  Yes  sir,  here  the  purpose  is  to  provide  a research  facility 
at  Ames  Research  Center  where  these  delicately  constructed  models 
could  be  calibrated  in  the  heat  environment,  noise  fields,  and  vibration 
environments  before  putting  them  in  the  wind  tunnel.  There  is  no 
request  for  a wind  tunnel  here,  simply  an  extension  of  the  use  of  a 
competence  at  Ames  where  we  have  done  an  outstanding  job. 

Because  of  the  outstanding  competence  of  this  group,  Dr.  von  Braun 
was  anxious  to  have  them  conduct  the  dynamic  wind  tunnel  testing 
on  the  Apollo-Satum  combination,  using  a flexible  model  in  the  wind 
tunnel. 

Mr.  Karth.  You  would  make  a request  for  the  Houston  Space 
Plight  Center  for  such  a structural  dynamics  facility,  would  you  ? 

Mr.  Ames.  I would  anticipate  we  might  well  make  one,  one  of  these 
days,  if  we  have  a need  for  such  a facility.  We  don’t  have  at  the 
moment.  * 

Mr.  Karth.  You  have  heard  of  the  Houston  Space  Plight  Center? 

Mr.  Ames.  I certainly  have,  sir. 

Mr.  Karth.  And  there  is  no  structural  dynamics  facility  request  in 
the  budget  for  the  Houston  Space  Plight  Center  this  year,  is  there? 

Mr.  Ames.  Not  to  my  knowledge,  to  do  this  type  of  work,  where  we 
calibrate  those  models  for  wind  tunnel  tests. 

Mr.  Karth.  Colonel  Gould. 

Colonel  Gould.  Following  up  the  chairman’s  question,  there  is 
included  in  the  1964  program  a Hot  Structures  Test  Facility  at  Lang- 
ley and  an  Atmospheric  Reentry  Material^  and  Structure  Evaluation 
Facility  at  the  Manned  Spacecraft  Center.  Both  of  those  projects 
appear  to  be  required  for  studies  in  the  areas  of  vibration  and  heating 
problems.  Would  you  please  explain  the  relationship  between  those 
two  other  facilities  and  this  one? 

Mr.  Ames.  Facilities  requested  at  Maimed  Spacecraft  Center,  as 
is  the  case  for  the  facilities  at  Marshall,  are  in  direct  support  of  ap- 
proved flight  programs  where  ad  hoc  proof-testing  is  required  of 
materials  which  have  been  selected  for  use  in  specific  des;  . such 
as  fastening  a heat  shield  to  the  Apollo  capsule,  which  a' a major 
problem  in  technology.  That  would  be  my  understanding  of  the 
facility  requested  for  the  Manned  Spacecraft  Center.  But  that  is 
not  a facility  for  the  calibration  of  models  for  sophisticated  research 
testing  in  hot  wind  tunnels. 

Now,  the  Langley  facility 

Colonel  Gould,  The  Hot  Structures  Test  Facility : It  is  included  in 
one  of  the  projects  as  a subitem,  I believe. 

Mr.  Almes.  I think  I know  the  one  you  refer  to. 

Dr.  Bisplinghoff*.  Hot  gas  radiation  research  facility  ? 

Colonel  Gould.  The  one  I had  reference  to  is  included  in  a project 
as  a subitem. 
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Just  a moment  pleese.  It  is  in  the  Fatigue  Research  Laboratory. 

Mr.  Ames.  I am  going  to  address  myself  to  that  in  just  a minute. 

Colonel  Gould.  Tell  us  right  now  what  the  relationship  is  between 
those  two,  would  youplease,  in  general  terms? 

Mr.  Ames.  Yes.  Well,  this  work  at  Ames  is  devoted  specifically 
to  the  vibrational  characteristics  of  a vehicle  system  where  the  local 
structural  stresses  are  important.  For  example,  you  are  familiar  with 
the  fact  that  as  the  launch  vehicle  takes  off,  a high  noise  field  reflects 
back  from  the  Earth  and  acts  on  the  vehicle  and  as  we  accelerate 
through  the  atmosphere  we  have  buffeting  on  the  vehicle,  and  some 
heating  effects  also.  As  the  vehicle  reenters  or  enters,  a planetary 
environment  it  might  carry  along  with  the  spacecraft  tne  means 
for  returning  from  that  planetary  environment,  and  we  would  have 
aerodynamic  problems  that  cause  local  buffeting  and  structural  ex- 
citation. These  are  short  duration  dynamic  loads.  The  facility  re- 
ferred to  at  Langley  is  a fatigue  facility  where  many  cycles  of  loading 
and  unloading  in  very  complex  combinations  are  involved.  The 
fatigue  facility  at  Langley  is  an  extension  of  our  Langley  structures 
activity,  and  is  related  to  both  aeronautics  and  to  space  night. 

One  of  the  major  objectives  of  this  fatigue  research  center  at  Lang- 
ley would  be  to  test  hot  wing  structures,  loaded  and  unloaded  many, 
many  times,  such  as  you  womd  have  during  the  operation  of  a super- 
sonic transport,  or  perhaps  even  the  TFX.  Conditions  covered  at  the 
Langley  facility,  I believe,  do  not  exceed  4,000°. 

Air.  Karth.  I am  not  sure  why  we  are  doing  all  this  advanced  way- 
out  research.  I am  not  aware,  you  see,  of  any  specific  goal.  I am 
aware  of  one  goal,  the  maimed  lunar  landing  and  return  program.  I 
am  not  aware  of  any  other  national  goals  where  this  advanced  tech- 
nology or  advanced  research  may  be  applicable.  So  before  I 'jrget 
it,  I would  request  of  NASA  that  they  provide  me  with  a new  10-year 
plan.  I assume  we  have  updated  the  10-year  plan.  I would  ask 
NASA  to  provide  me  with  a new  updated  version  of  the  10-year  plan 
I saw  last  year. 

Mr.  Ames.  May  I try  to  give  you  a quick  reply  ? 

Mr.  Karth.  I am  not  sure  I need  a quick  reply.  I think  all  I 
need  is  an  updated  10-year  plan,  so  the  subcommittee  can  bettor 
evaluate  whether  or  not  we  really  need  all  of  these  advanced  research 
projects. 

Mr.  Ames.  That  is  why  I wanted  to  try  to  give  you  a quick  reply — 
do  I have  your  permission  ? 

Mr.  Karth.  Yes,  sir;  you  go  ahead.  The  only  reason  I am  a little 
hesitant  is  because  we  have  a quorum  call  on  right  now,  and  this  com- 
mittee is  going  to  have  to  adjourn. 

Dr.  Bisplinghoit.  We  will  supply  an  updated  10-year  plan. 

(The  information  requested  is  as  follows :) 

National  Aeronautics  and  Space  Administration, 

Office  of  the  Administrator, 
Washington,  D.C.,  May  15, 1963. 

Hon.  Joseph  E.  Karth, 

Chairman,  Subcommittee  on  Space  Science  and  Advanced  Research  and  Tech- 
nology, Committee  on  Science  and  Astronautics,  House  of  Representatives, 
Washington,  D.C. 

Dear  Mr.  Chairman  : This  is  in  response  to  your  letter  to  me  and  subsequent 
request  to  Dr.  Raymond  L.  Bisplinghoff,  Director,  Office  of  Advanced  Research 
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and  Technology,  daring  hearings  before  yotxr  Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology  on  April  29.  1968,  for  an  abated  ver- 
sion ef  the  10-year  plan  that  yon  received  last  year.  Upon  review  of  this  matter 
with  the  Office  of  Plans  and  Program  Evaluation,  it  has  been  found  that  the 
plan  that  you  previously  received  is  the  latest  NA8A  plan. 

In  context  with  your  line  of  questioning,  however,  it  Is  proposed  that  the 
attached  statement  be  inserted  in  the  record  (pi  1923  of  transcript)  as  the 
official  mission  of  the  NASA  Office  of  Advanced  Research  and  Technology. 
8incerely  yours, 

Pact  O.  Devblinq, 
Director,  Office  of  legislative  Affaire. 

Mission  or  th*  Omcv  or  Advanced  Research  and  Technology 

GENERAL  RESPONSIBILITY 

The  Office  of  Advanced  Research  and  Technology  is  responsible  for  the  plan- 
ning, direction,  execution,  and  evaluation  of  all  NASA  research  and  technological 
programs  conducted  primarily  to  demonstrate  the  feasibility  of  a concept,  struc- 
ture, component,  or  system  that  may  have  general  application  to  this  Nation's 
aeronautical  or  space  objectives.  Mission-oriented  research  and  technology 
programs  are  the  responsibility  of  the  cognizant  headquarters  program  offices; 
however,  the  Office  of  Advanced  Research  and  Technology  is  responsible  for 
the  overall  review  of  the  complete  NASA  advanced  research  and  technological 
programs. 

TECHNICAL  AREAS  OS  RESPONSIBILITY 

The  technical  areas  of  responsibility  of  the  Office  of  Advanced  Research  and 
Terhnokxrr  include — 

(a)  -'—aft  technology. 

(I)  Launch  : technology. 

(c)  Space  power  generation. 

(4)  Nuclear  systems  technology. 

(e)  Electric  propulsion  technology. 

(/)  liquid  and  solid  rocket  propulsion  technology. 

(#)  Life  sciences  technology. 

(k)  Aeronautics. 

(i)  Electronics  and  control. 

These  program  areas  In  tarn  are  supported  by  research  on  materials,  loads, 
structures,  fluid  mechanics  and  aerodynamics,  liquid  and  solid  propellant  rockets, 
air  breathing  propulsion,  electronics  communications,  and  control,  space  vehicles, 
electric  power  generating  systems  for  space  vehicles  using  solar,  chemical,  and 
nuclear  energy  sources,  electric  rockets,  nuclear  rockets,  rocket  rropellants, 
biotechnology  and  human  research.  V/8TOL  aircraft,  aircraft  operating  prob- 
lem?* X-15  research  aircraft,  supersonic  transport. 

These  more  specific  categories  of  research  in  many  cases  relate  to  both  space 
and  aeronautical  activities  as  there  are  numerous  mutual  contributions.  These 
were  discussed  in  more  detail  in  Dr.  BispllnghoiTa  opening  statement  before 
your  committee  on  March  27, 1963. 

In  carrying  oat  its  mission  in  the  areas  listed  above,  the  Office  of  Advanced 
Research  and  Technology  has  the  responsibility  of  working  5 to  10  years  ahead 
of  any  project  requirements  in  order  to  obtain  research  data  that  are  needed  to 
make  sonnd  technical  decisions  and  to  assist  in  the  guidance  of  NASA  top  man- 
agement and  in  the  establishment  of  national  goals  for  space  and  aeronautics 
activities  to  maintain  U.8.  preeminence  as  charged  by  the  NASA  Act  of  1958. 

Mr.  Ames.  We  started  advanced  research  work,  in  1952,  on  space 
flight  over  many  objections  and  it  took  us  many  years  to  solve  the  basic 
problems  of,  for  example,  reentry  with  a man.  We  achieved  the  first 
ballistic  missile  reentry  5 years  after  the  blunt-nosed  vehicle  concept 
was  conceived,  but  it  took  a great  deal  more  development  and  testing 
work  to  do  this  with  a man  in  1962. 

In  1959,  in  the  Office  of  Advanced  Research  Programs,  the  predeces- 
sor to  O ART,  we  immediately  began  to  look  at  manned  lunar  missions, 
and  we  were  told  just  what  you  tell  us  now,  sir,  but,  because  of  our 
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past  experiences  we  didr’t  stop,  we  worked  very  hard  on  looking 
ahead,  anticipating  that  the  lunar  program  would  probably  begin 
about  1965.  But  the  Apollo  decision  was  made  in  1961  instead  of  1965, 
and  since  then  we  have  been  rushing  just  to  keep  our  space  technology 
up  to  date. 

Mr.  Karth.  That  is  why  I think  we  should  decide  more  in  advance 
what  your  future  programs  are  going  to  be.  I am  on  your  side.  All 
I say  is  ; God  help  us  if  we  don’t  do  abetter  job  than  we  have  in  deter- 
mining where  we  are  going,  that  is  all  I am  saying. 

Has  a determination  been  made  as  to  where  we  are  going?  What 
direction  are  we  following? 

Mr.  Ames.  Dt,  Newell  mentioned  Venus  and  Mars  explorations 
beginning  in  1965  and  1966.  I do  not  believe  we  can  do  tne  job  we 
should  do  if  we  base  our  spacecraft  designs  for  those  years  on  today’s 
technology. 

Mr.  Karth.  But  if  they  are  not  going  to  be  manned  I am  we 
could  do  away  with  a lot  of  the  research  we  are  involved  in. 

Mr.  Ames.  Those  unmanned  flights  cost  about  $20  million  a shot  and 
we  may  go  through  three,  or  four,  or  five  unsuccessful  experiments.  I 
know  that  once  the  die  is  cast  on  a vehicle  program,  it  is  awfully  hard 
to  change  the  vehicle.  People  say,  we  are  stuck ; we  have  to  make  it 
work,  no  matter  what  failures  we  have,  and  I don’t  think  that  is  the 
way  we  should  run  the  program. 

Mr.  Karth.  Nor  do  I.  But  I think  a great  deal  of  the  research  we 
are  now  becoming  involved  in  is,  in  effect,  taking  into  consideration  or 
assuming  you  will  have  manned  flight  to  the  planets  in  the  future,  as 
opposed  to  instrumented  flights.  I just  say  if  we  have  none  of  these 
manned  flights  planned  at  this  point  in  time  it  seems  to  me  maybe  we 
had  either  better  plan  them  so  we  know  what  our  objectives  or  goals 
are  going  to  be,  or  we  shouldn’t  be  doing  research  that  will  be  appli- 
cable to  a manned  interplanetary  flight  that  is  not  forthcoming. 

Mr.  Ames.  We  may  have  a mission  for  an  unmanned  experiment,  to 
land  a capsule  on  Mars,  set  up  an  antenna,  and  send  data  back  to  the 
Earth. 

Mr.  Karth.  That  is  true ; but  we  are  doing  a lot  of  research.  If  you 
could  say  to  me : None  of  the  advanced  research  you  are  doing  today  is 
being  done  for  the  purpose  of  being  applied  to  manned  interplanetary 
flight  later  on,  I could  say  to  you : Fine,  we  are  going  on  the  right 
course,  because  we  have  no  program.  But  as  soon  as  we  have  a pro- 
. gram  I th  uk  we  ought  to  do  different  research. 

Mr.  Ames.  Saturn  will  give  us  a tremendous  capability  to  put 
5-  to  10,000- pound  payloads  out  toward  the  planets.  They  don’t  have 
to  be  manned.  They  could  take  the  course  this  subcommittee  dis- 
cussed earlier,  where  we  would  have  heavier,  but  very  reliable  sub- 
systems and  guidance  systems.  But  if  we  don’t  have  a configuration 
that  can  successfully  enter  the  planetary  atmospheres;  endure  the 
heating;  set  up  the  antennas,  and  do  it  remotely,  and  send  back  the 
data  we  want,  the  whole  experiment  would  be  a failure. 

Mr.  Karth.  You  don’t  have  a program  planned  for  that,  though? 

Mr.  Ames.  In  research  we  do. 

Mr.  Karth.  But  in  NASA’s  program,  we  don’t  have  a program 
planned  on  this,  even  in  the  package  field. 
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Mr.  Ames.  I had  a discussion  with  Mr.  Cortriglit,  and  Dr.  Newell, 
about  a year  and  a half  ago,  about  how  to  erect  an  antenna  on  the 
surface  of  Mars,  and  I showed  you  some  of  my  work  which  would  lead 
to  such  capability. 

Mr.  Kartii.  Tney  are  in  trouble  with  Hanger  and  Surveyor  at 
this  point  in  the  road,  and  Centaur,  I will  tell  you.  I am  for  re- 
search. The  only  point  I make  is  that  with  limited  resources — it 
is  too  bad  we  don’t  have  unlimited,  but  we  don’t — but  with  limited 
resources  we  have  to  take  care  of  the  programs  that  are  already- 
initiated,  and  do  all  we  can  to  make  them  successful,  including  the  re- 
search you  people  are  doing,  which  is  fine,  and  you  are  doing  a tre- 
mendous job.  But  maybe  wre  should  not  be  going  on  into  the  future, 
where  we  really  have  no  definitive  programs  yet,  as  much  as  we  might 
like  to.  That  is  the  reason  for  my  questioning. 

How  far  out  are  we  going  where  we  don’t  even  have  plans  to  utilize 
the  knowledge,  the  procedure,  or  what  we  are  establishing,  in  the 
field  of  advanced  research  and  technology? 

I think  the  committee  is  going  to  have  to  recess  now.  Dr.  Bispling- 
hoff,  if  you  feel  Mr.  Ames  has  anything  to  add  you  could  bring  him 
back  tomorrow. 

Dr.  Bispltnohoff.  He  has  to  be  at  the  Pentagon  in  the  morning. 
I would  prefer  to  let  him  go  there  if  it  is  all  right  with  you. 

Mr.  Kartii.  Perfectly  all  right. 

Thank  you  very  much. 

(Whereupon,  at  12 :45  p.m.,  the  subcommittee  adjourned.) 
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TUESDAY,  APRIL  30,  1963 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  the  Hon.  Joseph  E.  Karth  (chair- 
man of  the  subcommittee)  presiding,  in  room  304,  Cannon  Building. 
Mr.  Karth.  The  meeting  will  be  in  order. 

Dr.  Bisplinghoff,  it  seems  to  me  that  yesterday,  in  addition  to  your 

feneral  statement,  we  heard  from  Mr.  Sloop  and  Mr.  Ames  and  Dr. 

[onecci.  You  can  begin  with  whomever  you  wish  this  morning, 
hopefully  so  that  we  can  finish  the  hearing  with  the  five  remaining 
gentlemen. 

Dr.  Bisplinghoff.  Thank  you,  Mr.  Chairman. 

I have  with  me  this  morning  Mr.  Charles  H.  Zimmerman,  the  Direc- 
tor of  our  aeronautics  program,  and  he  will  discuss  with  you  the  two 
facilities  which  we  propose  at  the  Flight  Research  Center.  This  is 
Mr.  Zimmerman. 

Mr.  Karth.  Will  you  proceed  please. 

Mr.  Zimmerman.  Mr.  Chairman  and  members  of  the  subcommittee, 
I would  like  to  speak  very  briefly  in  support  of  the  NASA  request  for 
the  construction  of  two  additional  facilities  at  the  NASA  Flight  Re- 
search Center  at  Edwards  Air  Force  Base. 

The  first  facility  I will  discuss  is  a Flight  Research  Support  Lab- 
boratory  to  be  constructed  in  14  months  at  a cost  of  $2,924,000.  This 
proposed  laboratory  will  provide  housing’  and  supporting  equipment 
for  the  flight  simulators  used  in  conjunction  with  and  as  support  for 
the  research  flight  testing  conducted  by  NASA  at  the  Center. 

The  principal  item  of  $1,392,000  is  for  the  construction  of  a concrete 
building,  165  feet  by  335  feet  to  house  the  simulators  and  associated 
equipment  and  provide  necessary  office  and  working  space. 

An  additional  $1,080,000  is  requested  for  equipment,  $257,000  for 
site  development,  and  $195,000  for  design  and  engineering  services. 

Experience  with  the  X-15  has  indicated  the  need  for  and  value  of 
such  equipment,  and  we  expect  to  make  greater  use  of  it  in  the  future 
flight  programs. 

The  present  equipment  used  in  conjunction  with  the  X-15  program 
is  inadequately  and  inefficiently  housed. 

This  new  facility  will  remedy  the  existing  deficiencies  and  make  rea- 
sonable provision  for  anticipated  future  needs. 

This  is  the  first  of  the  two  items. 

2623 


v 


2624 


1964  NASA  AUTHORIZATION 


Mr.  Karth.  Does  this  Flight  ^Research  Support  Laboratory,  Mr. 
Zimmerman,  include  lesearch  on  any  of  today’s  programs  or  is  this  a 
research  center  for  future  programs  that  have  not  yet  been  defined  ? 

Mr.  Zimmerman.  It  will  be  used  in  what  is  remaining  of  the  X-15 
program.  It  will  be  very  useful  in  that  program  and  we  anticipate 
it  will  be  used  in'work  that  we  think  we  will  be  doing  with  the  B-70, 
the  TFX,  the  F— 111,  and  hopefully  on  a new  hypersonic  research 
vehicle  that  we  anticipate  in  the  future. 

Mr.  Earth.  Where  is  this  to  be  built  I 

Mr.  Zimmerman.  At  Edwards  Air  Force  Base,  along  side  of  the 
existingfacilities  there. 

Mr.  Karth.  Doesn’t  the  Air  Force  have  facilities  of  this  kind  for 
flight  simulators  ? 

Mr.  Zimmerman.  Not  of  this  type;  no.  They  have  some  analogue 
equipment,  but  they  do  not  have  this  type. 

Mr.  Karth.  What  is  this  laboratory  equipment  primarily  ? Could 
we  briefly  go  over  that  ? 

Mr.  Zimmerman.  In  a general  sort  of  way,  when  we  purchased  or 
when  the  Air  Force  purchased  the  X-15,  they  purchased  along  with 
it  a cockpit  setup- 

Mr.KARTH.  The  Air  Force  purchased  it? 

Mr.  Zimmerman.  The  simulator  itself  for  the  X-15.  The  Air 
Force  purchased  it. 

With  this  simulator  we  have  computing  equipment  so  arranged 
that  the  pilot  can  operate  the  controls  and  the  computing  equipment 
wiU  put  in  the  necessary  inputs  which  can  be  fed  actually  into  the 
cockpit  instruments  that  we  have  in  the  airplane  simulator  sitting 
nearby. 

It  can  be  fed  into  the  airplane  controls  and  we  can  check  out  the 
whole  system  to  simulate  an  actual  flight  and  what  would  happen 
under  the  actual  flight  conditions.  This  is  basically  what  we  are 
trying  to  do. 

Now  we  are  getting  a simulator  setup  with  the  Jetstar  that  we  are 
purchasing. 

Now,  we  do  this  because  in  research  flight  testing  we  are  in  many 
cases,  you  might  say,  working  along  the  side  of  a cliff  in  the  dark 
and 


Mr.  Karth.  You  are  not  doing  any  research  on  the  Jetstar  any 
more,  are  you? 

Mr.  Zimmerman.  Oh,  no;  but  we  have  mentioned  that  we  are  pur- 
chasing or  have  purchased  a Jetstar  to  be  used  as  a flight  simulator 
in  conjunction  with  the  supersonic  transport  program. 

Now,  along  with  this  will  be  ground  simulation  equipment  to  be 
used  in  conjunction  with  the  flight  simulation.  This  is  one  additional 
facility. 

Now,  this  building  will  also  house  the  space— — 

Mr.  Karth.  You  don’t  have  to  buy  the  simulator.  We  get  that 
from  the  Air  F orce.  Is  that  what  you  are  saying  ? 

Mr.  Zimmerman.  It  is  included  with  the  purchase  of  the  Jetstar. 

This  is  quite  a small,  relatively  simple  item,  actually,  this  particu- 
lar thing. 

Mr:  Karth.  What  are  we  buying  for  this  $3  million? 

I guess  that  is  my  question. 
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In  the  way  of  support  equipment  ? . - We  are  building  a building,  too, . 
are  we?.. 

Mr.  Zimmerman.  We  would  be  building  a building.  ' ‘ r . 

Mr.  Karth.  What  are  wegoingtoputinit  ? 

Mr.  Zimmerman".  The  items  or  major  items  are  $200,000  for  mod- 
ernizing the  existing  computing  equipment  which  is  now  in  existence 
and  will  be  moved  into  this  building  from  the  present  location,  plus 
$220,000  for  additional  computing  equipment.  .. 

Mr.  Karth.  Who  did  we buy  all  of  the  computing  equipment  from  ? 

Mr.  Zimmerman.  I am  not  aware  of  who,  but  I can  find  that  out  if 
you  like.  I don’t  know  the  contractors  who  would  supply  this. 

Mr.  Mosher.  Mr.  Chairman,  it  is  purchased,  it  isn’t  leased,  is  that 
right? 

Mr.  Zimmerman.  This  will  be  purchased.  To  my  knowledge  it  will 
be  purchased.  . , 

Mr.  Karth.  Proceed.  What  other  items  will  go  into  this  building? 

Mr.  Zimmerman.  There  is  $170,000  for  biotechnology  laboratory 
equipment  and  $275,000  for  air-conditioning  equipment  for  the  elec- 
tronic equipment.  Those  are  the  major  items,  on  page  CF  2-4  in 
the  book  . 

Mr.  Karth.  Is  there  a request  to  budget  for  biotechnology  labora- 
tory equipment?  Didn’t  we  just  discuss  this  the  other  day,  Dr. 
Bisplinghoff? 

Dr.  Bisplinghoff.  The  equipment  we  discussed  yesterday  was  at 
the  Ames  Research  Center. 

Mr.  Karth.  Why  do  we  need  biotechnology  laboratory  equipment, 
Mr.  Zimmerman? 

Mr.  Zimmerman.  If  I may  answer,  the  purpose  is  for  actual  work 
with  the  pilots  who  are  going  to  fly  the  aircraft  in  the  conditions 
of  high  temperature,  high  vacuum,  and  high  stress  associated  with 
research  test  flights  at  extremely  high  speeds  and  altitudes. 

In  fact,  what  we  hope  to  do  in  the  future  is  to  be  able  to  put  the 
actual  cockpit  in  under  these  circumstances. 

Mr.  Karth.  Colonel  Gould. 

Colonel  Gould.  Mr.  Zimmerman,  on  a recent  visit  to  Edwards  it 
was  learned  that  90  percent  of  the  technology  that  can  be  gleaned 
from  the  X-15  that  has  already  been,  and  you  spoke  briefly  of  hope- 
fully having  future  flight  projects.  Specifically  what  are  these  proj- 
ects beyond  the  X-15,  ana  when  might  you  expect  to  be  involved 
in  them  ? 

Mr.  Zimmerman.  The  statement  that  90  percent  of  what  we  get  for 
the  X-15  has  been  gleaned,  I think  is  a mistaken  statement. 

What  we  have  done  is  leam  90  percent  of  what  is  needed  in  order 
to  fly  the  flight  profile  that  the  X-15  was  designed  for. 

Now,  this  building,  hopefully,  will  be  available,  these  facilities, 
in  time  to  complete  it — we  have  15  projects  lined  up. 

I don’t  have  the  list  with  me,  but  I could  supply  it  for  you,  of 
those  that  are  now  in  progress,  and  in  addition,  we  are  making  a 
combined  study  with  the  Air  Force  of  the  needs  in  hypersonic  re- 
search for  the  future,  and  we  anticipate  that  we  will  be  using  the 
X-15  to  carry  out  additional  research  in  this  hypersonic  area. 
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Now  the  specific  projects  we  do  not  as  yet  have  laid  out.  There  is 
still  a lot  of  discussion  of  what  should  and  shouldn’t  be  done  bn;  we 
do  anticipate  that  we  will  be  dome  this  sort  of  thing. 

Now,  as  you  know,  the  X-15  No.  £ was  damagea  recently,  and  the 
Air  Force  is  proposing  that  it  be  rebuilt  to  go  Mach  8 instead  of  6,  and 
this  will  give  us  additional  work  in  that  area  that  will  be  important. 

Colonel  Gould.  Doesn’t  this  type  of  research,  Mr.  Zimmerman,  lend 
itself  more  readily  to  the  Air  Force  mission  and  the  capability  in- 
herent in  that  agency  than  it  does  to  the  NASA  mission? 

Mr.  Zimmerman.  No,  sir,  definitely  not. 

ColonetLGoiTLD.  Would  you  comment  further  on  that? 

Mr.  Zimmerman.  The  Air  Force  is  set  up  to  check  and  see  if  an 
airplane  fulfills  the  missions  set  out  for  it.  Our  function  is  to  ex- 
plore what  can  he  done  with  the  airplane  to  measure  things  like  heat- 
ing, the  effect  on  structures,  the  effect  on  the  boundary  layer,  in  these 
new  flight  regimes  that  we  haven’t  entered  before,  and  to  see  what 
can  be  done  in  the  future,  so  we  have  an  entirely  different  approach 
and  a different  capability. 

Colonel  Gould.  As  a iollowup  question  to  one  asked  by  Mr.  Mosher, 
why  don’t  you  lease  your  computing  equipment  rather  than  buying  it 
outright  ? In  this  way  you  would  take  advantage  of  new  equipment 
as  it  was  developed  by  the  manufacturers  and  it  would  save  moderni- 
zation costs. 

Mr.  Zimmerman.  I am  not  prepared  to  answer  that. 

Possibly  Mr.  Ulmer  or  someone  else  could. 

Mr.  Ulmer.  Colonel  Gould,  the  great  majority  of  this  type  of 
equipment  is  rental  equipment.  There  is  some  of  it  that  is  procured. 
It  depends  on  the  use,  the  function,  the  type  of  equipment,  and  how 
long  we  propose  to  keep  it.  There  is  a decision  made  in  each  case  as 
to  whether  it  would  be  more  economical  for  the  Government  to  rent 
or  to  buy. 

Now  in  the  R.D.  & O.  budget  I think  you  will  find  a complete  listing 
of  all  of  the  rental  equipment  at  each  center.  I believe  you  will  find 
that  the  great  majority  of  this  equipment  is  rented. 

Colonel  Gould.  That  is  the  source  from  which  my  question  was 

generated. 

Apparently  in  some  instances  you  decide  to  buy  and  in  other  in- 
stances you  decide  to  lease,  but  it  appears  as  though  with  the  rapid 
advancement  that  is  being  made  in  the  computer  field  that  our  com- 
puting equipment  reaches  a stage  of  obsolescence  in  2 or  3 years,  at 
which  time  we  spend  great  sums  of  money  in  modernizing  equipment 
such  as  we  are  domg  at  this  particular  center. 

For  $200,000  you  are  modernizing  equipment,  existing  computing 
equipment  that  I think  is  only  3 or  4 years  old;  is  that  correct? 

Mr.  Zimmerman.  Of  this  order.  I don’t  know  precisely. 

Colonel  Gould.  Here  we  have  made  an  investment  of  some  $400,000 
or  $500,000  3 or  4 years  ago,  and  now  in  a very  short  while  we  are 
spending  another  $200,000  to  modernize  it.  It  would  appear  to  me, 
at  least  on  the  surface,  that  it  is  much  more  economical  to  lease 
because  you  take  advantage  of  new  equipment  as  it  comes  into  being 
and  is  provided  by  the  contractor. 

Mr.  Ulmer.  I think  generally  your  statement  is  sound.  There  was 
a reason  for  procuring  this  equipment.  As  I say,  each  case  is  looked 
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at  individually  and  we  would  be  glad  to  supply  the  reason  why  this 
particular  one  was  procurer  rather  than  rented. 

You  will  also  recognize,  I am  sure,  that  some  of  the  equipment  can- 
not be  rented.  There  are  some  companies  that  make  equipment  avail- 
able only  for  purchase.  Each  case  is  specifically  documented  and  the 
reasons  for  it  are  set  out,  and  I would  be  happy  to  see  that  the  ex- 
planation is  put  in  the  record. 

Colonel  Gould.  Would  you  supply  that  for  the  record? 

Mr.  Ulmer.  Yes,  sir. 

(Note. — This  information  is  contained  in  testimony  given  by  Mr. 
Liittell  on  p.  2628.) 

Mr.  Karth.  While  you  are  at  it,  you  may  explain  why  it  cost 
$275,000  to  air-condition  the  equipment. 

Mr.  Ulmer.  I don’t  have  that  specific  answer  with  me,  Mr.  Chair- 
man. I would  have  to  check  that. 

Mr.  Karth.  I see  the  request  is  for  $275,000  to  air-condition  the 
electronic  equipment  which  is  costing  $200,000. 

This  is  a rather  disproportionate  amount. 

I was  wondering  if  there  was  any  justification  for  this. 

Mr.  Zimmerman.  If  I might  comment.  This  is  really  for  equip- 
ment that  originally  cost  $400,000,  that  is  being  remodeled  at  the  cost 
of  $200,000,  plus  another  $220,000,  so  it  isn’t  quite  as  disproportionate. 

Mr.  Karth.  You  mean  it  was  never  air-conditioned? 

Mr.  Zimmerman.  It  was  not  air-conditioned  before  except  the  build- 
ing was  air-conditioned,  and  this  has  not  been  entirely  satisfactory. 

Mr.  Karth,  Can  you  explain  why  ? 

Mr.  Zimmerman.  I could  not  myself  explain  why.  I understand 
it  has  not  been  air-conditioned. 

Mr.  Karth.  It  may  not  have  been  entirely  satisfactory. 

I wonder  if  we  can  justify  the  $275,000,  however,  to  make  a situa- 
tion entirely  satisfactory  which  previously  was  not  quite  entirely 
satisfactory. 

I am  wondering  why  or  what  were  the  problems  that  caused  us  to 
request  $275,000  to  air-condition  equipment  which  previously  had  not 
been  air-conditioned? 

Mr.  Zimmerman.  I will  try  to  find  that  answer.  Possibly  Mr. 
Ulmer  could  find  the  answer  to  why  it  cost  $275,000. 

Mr.  Ulmer.  It  is  available. 

Colonel  Gould.  Possibly  I can  supply  the  answer  as  to  why  the 
existing  equipment  is  not  air-conditioned. 

Actually  it  is.  It  is  located  in  existing  office  space  that  is  in  a build- 
ing that  is  already  air-conditioned  and  they  have  a group  of  small  ail- 
conditioners  in  that  office  space  so  that  when  the  new  building  is  con- 
structed this  equipment  will  be  moved  to  the  new  building,  and  it  must 
be  air-conditioned,  but  I certainly  agree  with  the  chairman,  that  is 
rather  excessive  cost  for  air-conditioning  a small  part  of  this  new 
building. 

Mr.  Zimmerman.  Possibly  Mr.  Ulmer  can  get  that. 
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(The  information  requested  is  as  follows:) 

Flight  Research  Ruppost  Lahoratory 

Air-conditioning  equipment  for  electric  equipment,  $ 275,000 . — The  $275,000 
item  includes  all  of  the  air  conditioning  for  the  facility.  Requirements  for  air 


conditioning  for  the  parts  of  the  facility  are  as  follows : 

Load- 

Ait  conditioning  load  item : »'*  tons 

IMB  704  and  GE  225  computers 50 

Monitoring  control  center ; 50 

Present  analog  computers  and  new  computer  equipment 50 

Normal  building  needs 200 


Total  air-conditioning  load__ 350 


Total  installed  cost  of  350  tons  of  air  conditioning,  at  approximately  $800  per 
ton,  is  estimated  at  $275,000. 

Colonel  Gould.  Would  you  define  for  us  the  extent  of  $116,000  re- 
quired for  the  electrical  extension?  This  building  is  right  adjacent 
to  the  existing  engineering  building,  and  it  would  appear  that  $116,000 
for  extension  of  existing  electrical.lines  is  rather  excessive. 

Mr.  Zimmerman.  My  understanding  of  this  situation  is  that  this 
$116,000  is  included  in  this  other  facility  because  there  is  $190,000 
included  in  the  high-temperature  load-calibration  facility. 

Colonel  Gould.  You  have  split  the  electrical  project,  is  that  correct  ? 

Mr.  Zimmerman.  It  is  necessary — there  are  two  things  involved 
here. 

Let  me  see  if  I can  figure  it  out. 

We  have  to  get  power  for  the  new  higli-temperature  load-calibration 
facility  as  well  as  this  facility. 

Now,  that  total  amount  of  power  is  not  available  from  the  Air 
Force  and  we  have  to  get  it  from  the  Boron-Califomia  Power  Co. 
line. 

Mr.  Karth.  This  is  at  Edwards  Air  Force  Base. 

Mr.  ZmMERMAN.  This  is  near  Edwards  Air  Force  Base. 

Mr.  Karth.  They  don’t  have  this  kind  of  power  at  Edwards  ? That 
is  a fantastic  installation. 

Mr,  Zimmerman.  This  is  the  information  here.  Now,  possibly, 
and  this  I would  have  to  eheck,  because  I don’t  know  personally,  pos- 
sibly it  is  cheaper  to  get  this  from  this  California  Power  Co.  line 
than  it  is  from  wherever  the  Air  Force  facility  is  located  at  Edwards. 

Mr.  Karth.  Mr.  Zimmerman,  somebody  must  have  the  answer. 

Mr.  Littell.  I believe  I can  answer  that. 

The  Air  Force  does  not  have  available  at  the  base  the  amount  of 
regulated  power  required  by  the  proposed  facilities,  and  it  is  necessary 
for  NASA  to  run  a new  line  to  the  substation  where  the  Air  Force 
takes  off  its  power. 

I believe  I could  also  supply  answers  on  the  previous  question  on 
the  computer  equipment,  if  you  so  desire  at  this  time. 

Mr.  Karth.  I would  like  to  have  the  record  complete  as  soon  as 
possible. 

Mr.  Ltitell.  On  the  flight  research  support  laboratory,  the  item 
of  modernization  of  existing  computing  equipment  is  primarily  the 
addition  of  a read-out  system  for  the  analog  computers.  The  read-out 
system  is  essentially  a method  of  presenting  graphically  on  a real 
time  basis  an  integrated  picture  of  the  flight  test  data— the  flight 
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conditions — and  this  is  special  equipment  designed  for  the  monitoring 
of  flight  operations. 

That  tends  to  be  more  one  of  a kind  rather  than  the  type  you  would 
rent. 

The  new  computing  equipment  represents  an  item  of  approximately 
$130,000  for  a digital  computer,  an  analog  digital  converter  for 
$90,000,  making  up  the  $220,000. 

Colonel  Gould.  The  answer  on  the  leasing  problem  then  is  that  this 
is  special  equipment  and  cannot  be  leased. 

Mr.  Zimmerman.  That  is  right. 

Colonel  Gould.  Do  you  know  whether  we  tried  to  lease  equipment 
of  this  nature  or  not? 

Mr.  Littell.  No,  I do  not. 

Mr.  Karth.  Doesn’t  the  Air  Force  have  equipment  such  as  this? 

They  have  been  in  this  business  fo^  quite  some  time,  I understand. 
The  air  wing  in  the  Navy — don’t  they  nave  equipment  such  as  this? 

Mr.  Littell.  This  is  the  control  center  for  the  X-15  operations. 

Mr.  Karth.  Who  has  been  taking  care  of  the  X-15  for  the  several 
years  it  has  been  taken  care  of  ? Has  it  also  been  under  NASA  ? 

Mr.  Littell.  Yes,  sir. 

Mr.  Karth.  How  have  we  been  taking  care  of  it  up  to  this  point  ? 

What  is  so  magic  about  this  new  formula  we  are  going  to  apply 
here  as  opposed  to  the  checkout  and  read-out  and  everything  else  we 
have  been  doing  up  to  this  point? 

What  is  so  different  about  it?  Why  is  it  necessary?  What  are  we 
going  to  learn  with  this  approach  we  didn’t  learn  with  the  approach 
that  we  have  used  for  years,  or  ever  since  the  X-15  has  been  going? 

Mr.  Zimmerman.  The  equipment  that  is  now  being  used,  the  com- 
puter equipment  which  is  now  being  used,  is  housed  in  the  hangar 
facility. 

The  airplane  cockpit  part  of  the  simulation  equipment  is  housed  in 
the  loads  calibration  hangar,  which  is  not  a satisfactory  arrangement, 
although  they  have  been  able  to  get  by  with  it.  They  have  worked 
with  it. 

In  addition  to  that  they  have  16  mobile-home-type  trailers  around 
the  laboratory  that  have  housed  auxiliary  equipment  to  this  and  the 
purpose  of  this  new  building  is  to  bring  all  of  this  equipment  together 
into  an  efficient  operation,  and  also  to  make  some  provision  for  what 
we  anticipate  in  the  future.  This  is 

Mr.  Karth.  Who  owns  the  trailers  ? 

Mr.  Zimmerman.  I do  not  know  whether  we  rent  them  or  whether 
we  own  them.  I do  not  know. 

Mr.  Karth.  Does  anybody  know  ? 

Mr.  Ulmer.  I believe  we  rent  them,  Mr.  Chairman. 

Colonel  Gould.  What  impact  would  the  deferral  of  this  project 
for  1 year  have  on  your  programs?  Could  you  continue  the  use  of 
existing  facilities  for  1 year  ? 

Mr.  Zimmerman.  I am  sure  the  program  could  continue,  and  would 
not  continue  as  satisfactorily,  and  we  would  be  in  the  same  situation. 
We  would  not  have  this  facility  for  the — we  have  a Jetstar  coming 
along  and  we  have  the  $400,000  visual  flight  simulator  which  is  more 
of  a space  project  which  is  intended  to  be  housed  in  this  building.  We 
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would  be  faced  with  a continuation  and  expansion  of  this  inefficient 
operation. 

Mr.  Karth.  What  are  we  going  to  do  with  the  Jetstar  we  are 
purchasing?  . 

Mr.  Zimmerman.  The  Jetstar  is  itself  a variable-stability  airplane. 

Mr.  Karth.  I have  flown  in  it  several  times.  If  I knew  it  was  that 
experimental,  I wouldn’t  have  done  it. 

Mr.  Zimmerman.  You  misunderstand  me.  The  Jetstar  itself  is  a 
proven  airplane,  but  what  we  are  doing  is  putting  equipment  in  the 
airplane— black-box  equipment,  such  that  when  the  pilot  controls  the 
airplane  it  behaves  like  some  other  plane  and  we  can  adjust  its  char- 
acteristics— we  can  give  it  in  effect,  say,  more  dihedral  than  it  normally 
has  through  the  black-box  equipment,  so  that  we  can  simulate  the  be- 
havior of  a 707  or  a supersonic  transport  or  other  aircraft,  and  in  this 
way  we  can  find  out  what  characteristics  arc  really  desirable  for  these 
machines  or  what  are  the  worst  things  we  can  live  with  and  what  will 
happen  in  certain  emergency  situations  with  these  other  aircraft. 

That  is  what  we  will  do  using  the  Jetstar  as  a simulator  itself. 

Mr.  Karth.  Has  that  had  all  of  the  test  and  experimentation  that 
the  707  has  been  put  through  that  would  be  sufficient  to  take  care  of  the 
707? 

Do  we  have  to  simulate  with  a Jetstar  all  of  the  707  conditions  ? 

Mr.  Zimmerman,  I can  assure  you  the  707  has  by  no  means  perfect 
characteristics,  and  the  airlines  would  be  much  happier  if  its  char- 
acteristics had  been  more  thoroughly  proved  before  it  was  put  into 
service. 

We  are  trying  to  avoid  that. 

The  airlines  are  asking  that  the  supersonic  transport  be  better  than 
the  707,  and  it  is  this  kind  of  study  that  we  are  trying  to  do  to  make 
them  better. 

Now  the  purpose  for  simulating  the  707,  for  example — I just  cited 
that  as  an  example— with  simulation  equipment  you  try  to  simulate 
as  part  of  your  program,  something  whose  charactertistics  you  already 
know  to  give  you  a base  point  from  which  to  investigate  into  the 
situation  that  you  have. 

Mr.  Karth.  This  is  extraneous,  I admit,  but  what  are  the  weak 
points  in  the  707?  What  characteristics  don’t  meet  specifications  or 
desires? 

Mr.  Zimmerman.  The  aircraft  or  the  characteristics,  the  behavior 
at  slow  speeds  is  less  stable — it  is  hard  to  describe  it  in  other  terms — 
than  we  would  like  it  to  be. 

It  has  a tendency  to  perform  the  Dutch  roll  that  has  to  be  fought 
against. 

Mr.  Karth.  Has  any  of  them  ever  gone  into  this  Dutch  roll  you 
talk  about  and  ended  up  in  a crash? 

Mr.  Zimmerman.  Only  in  experimental  flight — it  has  happened. 

Mr.  Karth.  Isn’t  it  true  that  all  high-speed  aircraft  have  a tendency 
to  operate  less  favorably  at  slow  speeds  than  at  high  speeds  ? 

Mr.  Zimmerman.  That  is  absolutely  right. 

Mr.  Karth.  You  are  never  going  to  eliminate  that;  are  you? 

Mr.  Zimmerman.  We  do  have  to  work  very  hard  to  get  them  good 
enough  so  we  can  live  with  them. 

Mr.  Karth.  Who  has  been  doing  the  work  before,  the  FAA  ? 
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It  isn’t  a matter  of  elimination,  it  is  getting  them  so  we  can  be  with 
them. 

Mr.  Zimmerman.  NASA  has  done  a great  deal  of  research  on  that. 

Mr.  Karth.  NASA  has  been  around  for  4 years.  Who  did  it  before 
that? 

Mr.  Zimmerman.  The  NACA. 

Mr.  Karth.  And  FAA?  Did  FAA  have  a lot  of  experimental 
money  in  their  budget  previously  ? 

Mr.  Zimmerman.  Not  to  my  knowledge.  It  has  been  NACA’s  job 
to  try  to  provide  the  information  that  the  manufacturer  can  use  to 
make  high-performance  aircraft  so  one  can  live  with  them,  and  it 
is  not  easy. 

Mr.  Karth.  So  this  responsibility  has  been  transferred  to  NASA 
from  NACA,  who,  prior  to  NASA,  was  responsible  for  it? 

Mr.  Zimmerman.  That  is  correct.  Yes,  sir. 

Mr.  Morris.  Have  you  settled  this  supersonic  transport  problem? 
Has  it  been  settled  now  definitely  that  we  are  going  to  build  a super- 
sonic transport? 

I can’t  seem  to  get  it  clear.  One  day  one  agency  says  yes,  and  the 
next  day,  that  they  are  not  sure,  and  then  they  come  up  with  all  of 
the  plans  ready  to  go,  and  another  committee,  that  I am  on,  they 
come  in  and  say,  “No,  we  are  not — we  haven’t  made  any  decision  yet.” 

Mr.  Zimmerman.  This  is  in  the  process,  sir,  of  being  discussed 
within  the  executive  department. 

Tlie  Vice  President  is  heading  up  this  thing. 

The  decision  certainly  has  not  been  made,  and  I certainly  couldn’t 
tell  you  what  the  decision  will  be.  It  is  just  as  confusing  to  some  of 
us  as  to  you. 

Mr.  Morris.  Is  it  just  as  confusing  to  you  people  sometimes  as  it 
is  to  some  of  the  rest  of  us  ? 

Mr,  Zimmerman.  Yes,  sir;  absolutely. 

Dr.  Bisplinghoff.  Mr.  Morris,  I think  the  point,  as  far  as  we  are 
concerned,  is  that  we  all  feel  there  will  be  a supersonic  transport  some 
day,  and  we  must  continue  on  a modest  level  research  in  this  area. 
NASA  has  done  this  for  the  past  few  years,  and  we  hope  to  do  it  in 
the  future. 

Mr.  Morris.  I think  that  is  good.  I don’t  object  to  that  at  all.  The 
only  thing  is,  1 feel  like  sometimes  we  are  wasting  a lot  of  time  trying 
to  make  a decision  one  way  or  the  other. 

I just  read  this  morning — I understand  the  French  are  already 
working  on  a supersonic  transport. 

Mr.  Zimmerman.  The  British  and  French  are  building  one  coop- 
eratively. 

Mr.  Karth.  They  are  already  building  one. 

Mr.  Zimmerman.  Yes. 

Mr.  Karth.  How  far  in  advance  of  us  does  that  put  them? 

Mr.  Zimmerman.  At  least  a year,  and  possibly  2 years. 

Mr.  Karth.  I thought  we  had  a leadtime  from  the  drawing  board 
to  actual  assembly  or  production  of  about  3 years? 

Mr.  Zimmerman.  They  are  just  beginning  to  cut  metal  at  this  time. 

Mr.  Karth.  They  are  more  than  a year  ahead  of  us  ? 
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Mr.  Zimmerman.  Well,  a year  is  a minimum.  My  guess  would 
be  more  like  2 years,  actually,  but  certainly  a year  is  a minimum 
amount. 

You  realize  that  our  manufacturers  have  been  making  preliminary 
designs  over  a period  of  years  so  that  they  might  be  able  to  get  in  a 
position  to  cut  metal  fairly  rapidly  if  they  got  a go-ahead, 

Mr.  Steeblf.r.  May  I inquire  whether  the  American  plans  and  the 
joint  British-French  plans  envisaged  the  same  speed  plane? 

Is  it  not  true  the  British  plane  is  something  like  2,000  miles  per 
hour? 

Mr.  Zimmerman.  The  British  plane  is  designed  as  we  understand  it 
for  Mach  2.2,  which  is  the  maximum  that  aluminum  airplanes  will 
permit  because  of  the  heating  problem. 

In  this  country  the  decision  has  not  been  made  as  to  whether  we 
will  stay  with  an  aluminum  airplane  that  would  be  limited  to  2.2  or 
whether  we  should  go  to  a steel  or  titanium  airplane  that  could  go  as 
high  as  Mach  3.5.  The  decision  has  not  been  made. 

Mr.  Karth.  What  are  the  F rench.  doing  ? 

What  is  their  plan  ? 

Mr.  Zimmerman.  They  are  working  with  the  British.  This  is  a 
cooperative  effort. 

Mr.  Karth.  They  are  with  aluminum  too, 

Mr.  Zimmerman.  They  are  with  aluminum,  yes,  sir. 

Mr.  Mosiier.  I was  wondering,  do  we  have  access  to  their  research  ? 

Is  this  a competitive  thing  basically  or  could  we  be  in  on  the  coop- 
eration if  we  want  to? 

Mr.  Zimmerman.  The  way  it  seems  to  be  developing  is  a competi- 
tive situation  which  in  some  respects  is  less  than  desirable. 

Mr  Mosher.  You  mean  less  competitive  than  desirable  ? 

Mr.  x " tmmeem an . I am  sorry,  I gave  the  wrong  impression. 

We  In  the  past  have  had  fairly  free  interchange  of  research  infor- 
mation with  our  British  and  French  friends. 

Now,  as  a result  of  this  move  toward  a competitive  situation,  this 
interchange  is  not  as  free  as  it  once  was. 

Mr.  Mosher.  The  exchange  is  less  ? 

Mr.  Zimmerman.  Right, 

Mr.  Mosher.  The  ultimate  goal  or  decision  would  be  a decision 
made  by  Congress  in  terms  of  appropriations,  is  that  right? 

Mr.  Zimmerman.  Right. 

Mr.  Mosher.  And  Congress  is  not  at  this  point  considering  any 
appropriations  recommendation  ? 

Mr.  Zimmerman.  Not  to  my  knowledge. 

Mr.  Mosher,  Other  than  this  relatively  minor  appropriation? 

Mr.  Zimmerman.  That  is  right.  We  have  made  only  a relatively 
minor  request  to  carry  the  research  forward  at  a reasonable  level  until 
such  time  as  the  decision  is  made  one  way  or  another. 

Mr.  Mosher.  You  say  some  group  headed  by  the  Vice  President  is 
considering  the  possibility  of  a recommendation  to  the  Congress  ? 

Mr.  Zimmerman.  Right. 

Mr.  Mosher.  This  year — I mean  this  session  ? 

Mr.  Zimmerman.  I just  can’t  answer.  It  could  be  sir,  but  I cer- 
tainly couldn’t  vouch  for  it. 
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Mr.  Mosher.  But  you  feel  it  is  your  obligation  to  be  as  ready  as 
possible  in  terms  of  facilities? 

Mr.  Zimmerman.  Right.  Very  definitely. 

Mr.  Kartii.  Mr.  Zimmerman,  haven’t  we  spent  as  much  money  in 
research  in  this  country  on  this  type  of  thing  as  all  other  countries 
combined — certainly  more  than  any  other  individual  country. 

We  have  spent  in  this  country  in  the  last  several  years,  more  money 
on  basic  and  applied  research  than  all  other  nations  in  the  world  com- 
bined. Where  are  we? 

Why  does  something  like  this  happen  to  us  ? 

This  is  a rather  important  area. 

Mr.  Zimmerman.  I can’t  answer  with  certainty  that  we  have  spent 
more  than  all  of  the  world,  including  the  Communist  bloc,  because 
we  don’t  know  what  they  have  spent  but  we  have  certainly  spent  more 
than  the  rest  of  the  wTorld  that  we  know  about, 

Mr.  Kartii.  Other  than  the  Soviets,  yes.  I don’t  know  what  is 
there  either.  We  don’t  seem  to  know  too  much  about  what  is  going  on 
there. 

Mr.  Zimmerman.  There  is  no  question  that  we  could  proceed  to 
build  a supersonic  airplane.  There  is  no  question  in  my  mind,  per- 
sonally, that  we  can  build  a better  airplane  than  the  one  that  the 
British  and  French  are  building. 

I am  sure  in  my  own  mind  that  we  can,  on  the  basis  of  what  we 
know. 

There  are  large  questions  of  economics  and  desirable  speed  ranges 
and  effect  of  things  like  the  sonic  boom,  and  also  political  questions 
that  have  to  be  answered,  aside  from  the  technical  questions. 

Mr.  Karth.  They  apparently  aren’t  going  to  worry  about  the  little 
ones,  are  they  ? 

Mr.  Zimmerman.  They  have  worried  very  much  about  the  sonic 
boom. 

Mr.  Karth.  They  worry  about  it  but  they  are  building  an  airplane. 

Mr.  Zimmerman.  They  are  going  ahead  and  building  an  airplane. 

Mr.  Karth.  The  worry  about  these  problems  is  not  preventing  them 
from  building  an  airplane,  is  that  correct  ? 

Mr.  Zimmerman.  That  is  right. 

Mr.  Karth.  And  it  is  preventing  us  from  building  an  airplane? 

Mr.  Zimmerman.  Up  to  this  point. 

Mr.  Karth.  Well,  I think  we  have  gotten  off  the  track  here,  but  this 
has  been  very  interesting.  I never  cease  to  be  amazed. 

Mr.  Morris.  Mr.  Chairman,  getting  back  to  this  flight  research  sup- 
porting laboratory  and  this  high  temperature  load  and  calibration 
facilities,  why  does  it  have  to  be  at  Edwards  Air  Force  Base? 

Mr.  Zimjierman.  This  is  where  we  do  our  high-performance  flight 
testing. 

These  facilities  are  to  support  that  work.  They  would  not  be  suit- 
able anywhere  else  for  this  work. 

Mr.  Morris.  How  do  you  know  it  wouldn’t  be  suitable  anywhere 
else? 

Mr.  Zimmerman.  Well,  I mean  these  facilities  we  are  asking  for  are 
to  support  high-speed  flight  research.  Vow,  obviously 

Mr.  Karth.  It  is  in  addition  to  existing  facilities  you  have  there  ? 

Mr.  Zimmerman.  Yes.  Vow  we  could  certainly — there  are  other 
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places  where  we  could  do  this,  but  that  would  be  very  inefficient  to 
move  to  some  other  place  to  do  it. 

Mr.  Morris.  What  are  you  going  to  do  when  Los  Angeles  County 
takes  over  Edwards  Base  tor  a county  airport,  which  they  propose  to 
do? 

Mr.  Zimmerman.  Sir,  I don’t  know  the  answer  to  that.  I don’t 
know  what  is  involved  there.  I haven’t  heard  of  that  before. 

Mr.  Morris.  When  you  start  putting  all  of  this  money  into  facilities 
which  are  going  to  be  extremely  costly,  and  also  permanent,  what 
about  the  density  of  air  traffic  there? 

Mr.  Zimmerman.  As  you  realize,  sir,  this  is  well  out  in  the  desert. 

Mr.  Morris.  I know  where  it  is.  I have  been  there  a dozen  times. 

Mr.  Zimmerman.  Frankly,  I just  can’t  conceive  any  reason  why  the 
county  would  want  to  take  it  over.  I don’t  know  the  circumstances. 
I haven’t  heard  of  this. 

Mr.  Mqrris.  Have  you  asked  or  have  you  made  any  studies  of  the 
density  of  the  air  traffic  in  the  area  ? 

I am  not  talking  about  now,  for  next  fiscal  year  or  the  next  5 years— 
> I am  speaking  now  of  your  building  these  facilities  you  say  that  will 
last  from  5 to  10  years. 

Mr.  Zimmerman.  Right. 

Mr.  Morris.  So  what  you  are  doing  is  you  are  thinking  about 
putting  money  into  a facility  that  you  are  going  to  consider  is  going 
to  be  a good  one  5 or  10  years  from  now,  and  mis  is  what  the  point 
is 

Mr.  Karth.  . Fifty  years. 

Mr.  Morris.  I am  sorry ; I was  under  the  impression  it  was  10  years. 
All  right  that  even  makes  it  more  ridiculous  in  my  opinion,  if  it  is  50 
years. 

What  about  the  density  of  air  traffic  in  that  area  ? 

Mr.  Zimmerman.  Sir,  I would  think  it  would  be  relatively  low  in 
that  area,  although  I haven’t  made  a study  of  it,  but  the  mam  traffic 
density  will  be  along  the  coast,  and  of  course  there  is  the  trans- 
continental traffic,  but  no  matter  where  you  were  in  a country  you 
would  have  that  problem. 

I would  think  this  would  be  about  as  good  a place  as  we  could  pos- 
sibly find,  if  not  the  best. 

Now,  if  it  were  so  that  it  was  interrupting  the  traffic  along  the  west 
coast,  certainly  it  would  be  a serious  problem,  but  there  isn’t,  or  doesn’t 
need  to  be,  such  a situation  in  that  area. 

Mr.  Morris.  How  long?  You  can’t  just  take  off  and  test  the  X-15 
in  a matter  of  a hundred  miles,  can  you  ? 

Mr.  Zimmerman.  That  is  true.  We  use  that  whole  desert  area  out 
therej  but  unless  we  lease  the  Sahara  Desert,  for  example,  I just  can’t 
imagine  that  there  is  a better  place  for  it.  I don’t  see  how  there  could 
be. 

Mr.  Morris.  Have  you  ever  made  a study  of  what  the  air  traffic 
density  is? 

Mr.  Zimmerman.  In  that  area  ? 

Mr.  Morris.  Yes. 

Mr.  Zimmerman.  Not  to  my  knowledge. 

Now,  it  is  possible  it  has  been  done,  but  I am  not  aware  of  what  has 
been  done.  In  fact,  I hadn’t  thought  of  it  as  being  a problem. 
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Mr.  Morris.  What  about  this  instrumentation  that  you  mentioned — 
visual  optical  instrument  ? 

Mr.  Zimmerman.  The  visual  flight  simulator? 

Mr.  Morris.  Yes. 

Mr.  Zimmerman.  I am  not  very  familiar  personally  with  that  be- 
cause it  is  being  used  as  I understand  for  space  rendezvous,  experi- 
mental things  of  this  sort,  and  I would  have  to  ask  someone  else. 

Mr.  M orris.  Is  that  in  your  department  ? 

Mr.  Zimmerman . That  is  not,  but  the  equipment  will  be  located  in 
this  building. 

Mr.  Morris.  If  you  get  the  building  ? 

Mr.  Zimmerman.  If  we  get  the  buil  ding. 

Mr.  Morris.  And  if  you  get  the  equipment  to  go  into  it  ? 

Mr.  Zimmerman.  Well,  the  equipment  was  in  last  year’s  budget,  I 
believe. 

Mr.  Morris.  Have  you  spent  all  of  the  money  for  the  equipment? 

Mr.  Zimmerman.  Sir,  I could  not  answer  that. 

Mr.  Morris.  How  much  have  you  spent  of  this  money  for  this  equip- 
ment ? Does  anybody  know  ? 

Mr.  Myers.  We  can  furnish  that  for  the  record.  We  have  records 
of  what  has  been  spent. 

Mr.  Morris.  I would  like  to  know  the  technical  designation  of  every 
instrument  that  is  involved  under  that  authorization. 

Mr.  Myers.  Every  instrument  in  these  particular  facilities  at  the 
Flight  Research  Center  ? 

Mr.  Morris.  All  of  NASA’s  equipment  at  Edwards  Air  Force  Base. 
Do  you  understand  what  I mean  now  ? 

Dr.  Bispltnghoff.  Are  you  referring  to  everything  that  would  be 
housed  in  the  Flight  Research  Supporting  Laboratory  that  we  are 
proposing? 

Mr.  Morris.  That  NASA  pays  for. 

Dr.  Bisplingiioff.  All  right,  sir,  we  will  supply  that. 

Mr.  Morris.  Thank  you.  Will  you  send  that  to  me  in  a letter  also, 
when  you  supply  it  for  the  record. 

Dr.  Bisplinghoee.  All  right,  sir,  we  will  do  that. 

(The  information  requested  is  as  follows :) 

Detailed  information  on  equipment,  instrumentation,  and  support  systems  for 
the  Flight  Research  Support  Laboratory  and  the  High  Temperature  Loads  Cali- 
bration Facility  proposed  for  Flight  Research  Center  is  given  in  the  following 
table : 


Flight  Research  Support  Laboratory : 

Equipment,  instrumentation,  and  support  systems $1, 080,  000 


Air-conditioning  equipment 275, 000 

To  handle  heat  from  electronic  computers  as  well  as 
normal  building  needs — 350  tons  capacity 

COi  fire  control  equipment 30, 000 

Office  and  shop  equipment  for  35  persons 25, 000 


Modernization  of  existing  computing  equipment 200, 000 


Improved  readout  system 25,000 

Modification  for  digitally  set  potentiometers  and  gen- 
erators  125, 000 

Modification  to  include  high-speed  multipliers 50,000 
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Flight  Research  Support  Laboratory — Continued 


Equipment,  instrumentation,  and  support  systems — Continued 

New  computing  equipment. $220, 000 


Digital  computer  (1  unit) 130,000 

Interface  equipment  (analog) 90,000 


Biotechnology  laboratory  equipment 170,  000 


Chamber  provisions 100, 000 


Servicing  patchboard 30, 000 

Chamber  installations  and  modifications 70, 000 


Laboratory  servicing  equipment 30,  000 

Biotechnicai,  biophysical,  physiological  test  equipment—  40, 000 


Display  and  guidance  laboratory  equipment 20, 000 


Random  wave-shape  generator 5,000 

Dual-beam  oscilloscope — 3,  500 

Closed-circuit  TV  system— 3,000 

TV  monitors 3, 000 

Oscilloscope 2, 000 

Frequency  generators 1,  000 

Miscellaneous — 2,  500 


Control  system  laboratory  equipment 65,000 


Sinusoidal  roll  table 50,000 

Oscillograph 4,000 

Alternating  current  and  direct  current  400-cycle  power 2, 300 

Servo  breadboard 1, 500 

Oscilloscope 1, 500 

X-Y  plotter 1, 500 

Miscellaneous  equipment 4, 200 


Control  center  and  data  acquisition  equipment 75,  000 


Strip  chart  recorders  (3) 25,000 

Interface  equipment  for  real  time  PCM  displays— 15, 000 

Construction  of  specialized  monitor  room  consoles—. 10, 000 

Communications  provisions  (intercom  and  RF  tiein) 10, 000 

Display  equipment 15, 000 


High-temperature  loads  calibration  facility : 

Equipment,  instrumentation,  and  support  systems 655, 000 


Power  controllers  and  programing  computers 125, 000 

Heat  lamps  and  connections 115, 000 


Cables  and  connections 25, 000 

Heat  lamps  and  reflectors 90, 000 


Hydraulic  power  and  loading  equipment 115, 000 


Hydraulic  power  unit 30, 000 

Rams  and  load  programers 70, 000 

Miscellaneous  hydraulic  equipment 15, 000 


Loading  jigs  and  lamp  supports 50, 000 

Personnel  protection  screens 10, 000 

Transducers 20,  000 

High-temperature  wiring 40, 000 

Specialized  data-recording  system 150, 000 

Data  tape  transport 30,000 
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Mr.  Karth.  Colonel  Gould. 

Colonel  Gould.  You  have  been  accomplishing  your  construction  at 
this  Center  with  an  in-house  capability,  is  that  correct  ? 

Mr.  Zimmerman.  I believe  that  is  correct. 

Colonel  Gould.  I was  told  while  I was  out  there  recently  that  you 
were  having  a few  problems  in  trying  to  accomplish  this  by  in-house. 
Are  these  proposed  fiscal  year  1964  items  going  to  be  accomplished  with 
in-house  forces  or  are  you  turning  to  the  Corps  of  Engineers  for  these 
projects? 

Mr.  Zimmerman.  I cannot  personally  answer  that. 

Mr.  Ulmer.  We  have  that  matter  under  discussion  at  the  present 
time,  Colonel.  I believe  it  would  be  fair  to  say  that  we  probably  will 
ask  for  the  Corps  help  on  these  facilities.  _ 

Colonel  Gould.  Would  you  tell  me  the  basis  of  the  item  UE”  on  page 
CF  2-4  for  design  and  engineer  services  ? It  works  but  to  14  percent 
of  facility  construction  and  site  development,  and  a much  lesser  cost 
if  you  take  into  account  the  equipment  involved. 

Do  you  know  what  the  basis  for  that  estimate  is  ? 

Mr.  Ulmer.  I don’t  have  the  details  with  me,  but  normally  if  you 
find  the  design  and  engineering  costs  exceed  what  you  expect  on  the 
building  proper  there  is  a substantial  amount  involved  in  the  utilities 
and  equipment  design.  We  do  have  the  breakdown  on  that,  and  will 
be  happy  to  supply  it,  sir. 

Colonel  Gould.  I don’t  see  any  items  of  equipment  here  that  are 
going  to  require  much  design.  Most  of  these  items  are  probably  of  the 
off-the-shelf  variety,  so  I assume  the  $195,000  requested  was  strictly  for 
construction. 

Mr.  Ulmer.  I would  not  assume  that. 

Colonel  Gould.  Would  you  supply  that  for  the  record  ? 

Mr.  Ulmer.  Eight. 

The  information  requested  is  as  follows : 

(The  information  requested  is  as  follows :) 

Design  and  Engineebing  Services,  $195,000 

The  design  and  engineering  costs  for  this  facility  are  higher  than  the  average, 
because  of  the  following  special  requirements : 

False  floors  for  computer  rooms. 

Special  ducting  for  computer  cabling. 

Unusual  features  to  house  the  visual-flight  simulator. 

Special  air-conditioning  requirements. 

Special  support-system  installation. 

Special  duetingfor  computer  air  conditioning. 

Mr.  Karth.  Mr.  Ulmer,  how  long  do  we  debate  this  question  as  to 
whether  or  not  we  should  use  the  existing  Corps  facilities  or  use  some 
other  A.  & E.  contacts  ? How  long  has  that  been  going  on  ? 

Mr.  Ulmer.  I don’t  think  it  is  a matter  of  a continuing  debate,  Mr. 
Chairman.  • 

Our  situation  today  is  as  follows:  At  the  older  NASA  centers  where 
NASA  had  a construction  competence  in  existence,  we  continue  to  do 
our  own  construction  management. 

As  the  new  centers  were  added,  and  as  you  know  they  were  added 
rapidly  and  the  staffing  expanded  rapidly,  we  were  in  a period  where 
we  required  a very  heavy  construction  program. 
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It  was  physically  impossible  for  us  at  that  time  to  build,  up  our  own 
in-house  competence  at  these  newer  centers.  We  were  very  fortunate 
in  being  able  to  acquire  during  this  period  the  services  of  the  Army 
Corps  of  Engineers.  Our  requirements  coincided  with  a period  in 
their  program  where  their  level  of  effort  was  dropping  because  the 
missile  base  construction  program  was  leveling  off  or  decreasing.  We 
were  in  a very  fortunate  position  in  being  able  to  get  them  to  act  as  our 
construction  managers  at  these  newer  centers. 

Wo  have  followed  this  practice  at  the  Manned  Spacecraft  Center  at 
Houston,  at  the  Mississippi  Test  Facility,  at  Cape  Canaveral  and  at 
the  Marshall  Center. 

Now,  the  flight  station  is  a borderline  case  in  that  they  have  seldom, 
over  the  years,  had  substantial  construction  programs. 

They,  at  the  most,  have  had  one  or  two  projects  a year. 

I think  perhaps  this  is  the  largest  construction  program  proposed 
by  the  Flight  Center  since  it  has  been  in  existence,  and  they  are  seri- 
ously questioning  their  ability  with  their  limited  staff  to  handle  the 
construction  management  of  a program  of  this  size. 

Mr.  Karth.  How  long  do  they  seriously  question  this  before  they 
make  a determination  that  they  are  not  capable  of  doing  the  work? 

Mr.  Homer.  It  will  be  decided  very  quickly.  As  I mentioned,  I 
believe  the  decision  is  going  to  be  that  if  these  facilities  are  authorized, 
we  will  probably  ask  the  corps  to  help  us  in  this  area. 

Mr.  Karth.  How  do  we  arrive  at  the  $175,000  figure?  This  is  of 
some  concern  to  me. 

Mr.  Ulmer.  The  amounts  for  architect-engineer  services  are  re- 
quired whether  we  do  our  own  construction  management  or  whether 
the  corps  handles  it  for  us. 

Mr.  Karth.  If  you  ask  the  corps  about  this  thing  it  will  probably 
give  you  an  estimate  of  $75,000  instead  of  $175,000.  I don’t  know. 
I say,  how  do  you  arrive  at  the  $175,000  if  you  don’t  know  who  is  going 
to  do  the  work? 

Mr.  Ulmer.  The  estimate  in  here  is  the  amount  of  architect-engineer 
services  that  will  be  required  regardless  of  whether  we  select  the 
architect-engineer  or  whether  the  corps  does  it  for  us. 

On  top  of  that,  if  we  do  it,  we  have  our  own  in-house  costs  involved, 
and  if  the  corps  does  it,  we  have  an  additional  fee  that  must  be  paid 
to  the  corps. 

In  response  to  some  written  questions  from  your  full  committee,  we 
have  supplied  the  relative  comparison  of  costs  between  the  corps 
managed  projects  and  those  under  our  own  management.  I believe, 
also,  in  response  to  a question  from  you  several  days  ago,  Mr.  Morris, 
I indicated  that  the  total  costs  are  somewhat  comparable. 

Mr.  Karth.  Have  you  supplied  those? 

Mr.  Ulmer.  Yes,  the  figures  have  been  supplied  to  Mr.  Miller.  The 
statement  consists  of  a detailed  analysis  of  several  projects  under 
corps  management,  and  under  our  own  management. 

Mr.  Karth.  Fine.  Thank  you  very  much. 

How  about  the  high  temperature  loads  calibration  facilities?  We 
would  like  your  briefing  as  to  that. 

Mr.  Zimmerman . The  high  temperature  loads  calibration  labora- 
tory will  permit  us  to  calibrate  the  instrumentations  that  are  used 
to  measure  stresses,  deformations,  and  temperatures  of  structural  com- 
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ponents  such  as  tail  services  and  control  services  of  the  aircraft  to 
be  flight  tested  while  the  components  are  being  subjected  to  the  heating 
and  loading  approximating  those  expected  in  flight. 

So  far  we  have  only  been  able  to  calibrate  the  instrumentation 
while  being  loaded  in  the  cold  condition. 

Although  we  have  gotten  by  with  it,  it  hasn't  been  a desirable 
situation. 

Our  experience  with  the  X-15  has  shown  the  need  for  this  equip- 
ment. We  expect  it  will  increase  both  the  safety  and  research  value 
of  the  flight  tests  of  future  aircraft  and  space  vehicles  which  will 
be  going  into  increasingly  severe  heating  situations. 

Now,  this  facility  will  cost  $1,157,000.  The  major  expenditure 
will  be  $055,000  for  equipment,  instrumentation,  and  support  systems. 
This  equipment  will  be  housed  in  a building  of  simple  construction, 
GO  by  100  feet,  and  costing  $105,000. 

The  site  developm  »nt  and  utility  installation  will  cost  $270,000, 
and  $67,000  is  required  for  design  and  engineering. 

Now  tliis  facility  will  give  us  an  added  capability  we  haven’t  had 
before,  and  which  we  have  come  to  realize  is  highly  desirable  from 
the  standpoint  of  safety  and  better  understanding  also  of  what  goes 
on  in  the  aircraft  structure. 

Mr.  Earth.  I see  we  use  a great  many  computers  in  almost  any- 
thing we  do  today. 

If  we  have  a test  facility  we  have  to  have  an  electronic  device  to 
calibrate  it  or  test  it,  or  measure  it  or  somethin  a 

W e buy  all  of  our  computers  on  competive  bid  ? 

Mr.  Zimmerman.  Sir,  I would  presume  so  o.tt  her  »,  again,  I would 
like  to  ask  Mr.  Timer. 

Mr.  Earth.  It  seems  that  NASA  has  only  heard  of  IBM.  I under- 
stand they  do  not  let  these  things  to  bid  and  I understand  there  are 
very  good  manufacturers  other  than  IBM. 

I am  not  saying  IBM  is  not  good ; I know  they  are  very  good,  but 
I know  there  are  others  that  might  want  to  get  in  on  this  gravy. 

Mr.  Ulmer.  I think  the  great  bulk  of  our  equipment  is  rented. 

Mr.  Kartii.  I assume  they  all  rent  them. 

Mr.  Ulmf.r . No ; some  manufacturers  do  not.  Some  manufacturers 
only  manufacture  for  procurement. 

Mr.  Earth.  How  about  the  big  three  or  four.  Do  they  all  rent 
their  equipment  ? 

Really  I speak  from  ignorance — I don’t  know.  I am  asking;  do 
they  or  don’t  they  ? 

Mr.  Ulmer.  I don’t  know  all  the  details.  Most  companies  do  pro- 
duce equipment  for  rental.  There  are  some  companies  that  make 
equipment  that  cannot  be  acquired  under  rental.  We  have  acquired 
both  types  of  equipment.  Some  equipment  is  just  better  for  one  type 
of  application,  and  in  another  application  you  have  to  go  to  a different 
type  of  equipment. 

Where  we  can,  we  fill  our  needs  on  a competitive  basis,  but  this  is 
not  always  feasible. 

Mr.  Earth.  I don’t  want  to  get  into  an  argument  with  you  about 
that  because  this  could  be  a very  lengthy  argument,  1 am  sure.  How 
do  you  develop  competency  ? 

You  know  this  is  a real  good  question. 
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Mr.  Ulmer.  Yes,  sir. 

Mr.  Karth.  Do  you  develop  it  within  one  company  at  the  taxpayers’ 
expense,  and  after  you  develop  it  say  no  one  else  is  competent  any 
longer? 

Mr.  Ulmer.  No,  sir. 

Mr.  Karth.  Really  what  you  do  with  Government  dollars  is  pre- 
vent competition.  I am  not  so  sure  that  there  is  any  validity  to  this 
kind  of  an  operation  at  all,  but  I am  sure  this  occurs,  this  does 
happen. 

Whether  or  not  it  is  true  in  this  case,  I don’t  know,  but  I think 
maybe  we  should  take  a look  at  that. 

Mr.  Ulmer.  This  may  be  the  result  in  certain  cases,  but  it  is 
certainly  not  the  motive. 

Mr.  Karth.  I am  sure  it  is  not  the  motive,  but  I think  it  is  the 
result  we  have  to  be  worried  about. 

I know  you  all  want  to  do  the  best  job  possible. 

Whether  or  not  the  result  is  right,  I am  not  sure. 

Dr.  Bisplinghoff.  In  looking  at  the  computer  thing  I think  you 
will  find  most  of  the  manufacturers  of  digital  computer  devices  will 
rent  them.  We  have  all  through  these  facilities  a good  many  analog 
computers  and  generally  those  are  bought  as  special  purpose  devices. 

Most  of  our  simulators  involve  analog  computers  to  a great  extent. 

Mr.  Karth.  Let  me  ask  this  question  which  might  be  completely 
irrelevant  at  this  point. 

Is  there  any  feeling  whatsoever  that  the  purchasing  agent,  if  I 
may  call  him  that,  feels  compelled,  let’s  say,  to  select  IBM  over  every  - 
tlung  else  because  if  the  equipment  really  doesn’t  work  or  if  it  doesn’t 
work  as  well  as  it  should  work,  or  if  it  doesn’t  work  as  it  was  intended 
to  work,  he  is  less  apt  to  be  criticized  because  after  all  IBM  is  IBM. 
But  if  he  selects  XYZ,  which  is  not  really  as  well  known  and  the 
reputation  hasn’t  been  established  over  a long  period  of  time,  and 
XYZ  doesn’t  work  as  well  as  expected,  then,  of  course,  he  would 
be  subject  to  disciplinary  action,  or  at  least  ridiculed  or  whatever 
action  might  be  taken,  appropriate  or  otherwise. 

Is  there  any  feeling  tike  this  at  all  among  those  who  have  the 
responsibility  of  choosing  or  selecting  those  items  that  are  not  on  a 
competitive  bid? 

Dr.  Bisplinghoff.  This  may  very  possibly  be  in  the  back  of  the 
minds  of  the  people  who  do  the  actual  selection,  but  I would  hope 
they  would  do  it  on  the  basis  of  technical  excellence  of  the  devices 
themselves,  and  the  costs  also — those  two  factors. 

I hope  they  would  be  the  major  factors  in  the  selection. 

Mr.  Myers.  I think  I can  answer  your  question  from  personal  ex- 
perience at  both  Lewis  and  Langley,  where  I conducted  research  at 
one  time. 

With  some  particular  computing  devices  which  were  specially  de- 
signed for  a special  purpose,  research  purpose,  there  are  some  I am 
very  familiar  with  and  we  have,  whether  we  rent  or  buy,  we  have 
conditions  in  here  that  equipment  must  operate  satisfactorily  or  they 
do  not  get  paid. 

In  the  case  of  rental  equipment,  the  particular  company,  and  we 
deal  with  all  of  the  companies  in  my  experience,  the  particular  com- 
pany has  a representative  who  is  there  constantly  until  the  equipment 
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does  perform  as  written  in  the  specifications  so  that  they  get  paid, 
so  I don’t  think,  and  of  course,  I can’t  tell  what  is  in  the  minds  of 
the  people  that  make  the  selection,  but  from  our  experience  the  com- 
panies either  perform  or  take  the  equipment  back. 

Mr.  Karth.  Once  you  get  an  installation  loaded  with  a certain  type 
of  equipmentj  I think  it  is  almost  like  Friday  following  Thursday, 
that  you  continue  with  that  type  of  equipment  because  someone  else’s 
equipment  doesn’t  fit  into  the  complex.  So  once  you  get  started  with 
XYZ’s  equipment  and  I think,  in  most  cases  we  have  started  with 
one  manufacturer’s  equipment— I say  in  most  cases — it  seems  to  me 
any  additions  that  we  make  to  that  equipment  has  got  to  come  from 
that  same  manufacturer  for  any  number  of  reasons. 

I know  that  we  each  go  through  the  exercise  of  letting  this  on  bid, 
letting  it  out  to  bid  on  occasion,  but  for  someTeason  it  generally  goes  to 
the  same  person  time  after  time,  and  I am  really  serious,  if  there  is 
anything  this  subcommittee  looks  into,  I think  very  seriously  I am 
going  to  recommend  to  the  committee  that  we  take  a good  close  look 
at  this. 

I understand  that  it  may  even  be  done  at  the  request  of  those 
people  in  the  particular  location  that  is  affected,  where  the  equipment 
is  going  to  be  installed. 

They  just  don’t  want  to  go  through  the  exercise  of  explaining  to 
other  manufacturers,  I guess,  of  how  they  would  have  to  tie  into  this 
XYZ’s  equipment  or  whatever  the  technical  problems  are,  and  I 
assume  that  there  are. 

I don’t  hesitate  to  admit  there  might  be  substantial  technical  diffi- 
culty if  you  went  from  one  manufacturer  to  another  when  you  are 
adding  to  the  complex. 

But  that  doesn’t  necessarily  make  it  the  best  choice  just  because  it 
is  the  easiest. 

If  we  do  things  the  easy  way,  I can  make  a lot  of  suggestions  as 
to  what  we  should  do,  in  and  out  of  NASA,  and  I am  sure  you  can, 
too.  It  isn’t  always  that  the  easiest  selection  or  the  easiest  choice  is 
the  best. 

It  is  the  most  convenient  at  the  moment,  I am  suits. 

This  may  indeed  be  the  long  way  from  being  the  best. 

I really  think  the  subcommittee  or  one  of  the  subcommittees  or  a 
special  subcommittee  should  take  a look  at  this,  because  I have  heard 
it  time  and  time  again,  and  quite  frankly,  I am  sick  of  hearing  it. 

I don’t  know  why  these  people  beat  on  my  head,  and  I know  they 
beat  on  the  heads  of  other  committee  members. 

They  think  it  is  atrocious,  they  really  think  something  is  wrong, 
and  this,  I think,  is  only  normal,  too. 

If  you  are  not  the  fatted  calf  you  think  you  are  suffering  from  mal- 
nutrition, see,  and  you  think  it  is  on  purpose,  but  there  might  be  a 
little  fire  where  there  is  a lot  of  smoke,  and  I say  maybe  we  ought 
to  take  a look  at  it. 

Mr.  Myers.  I would  like  to  comment  very  briefly,  and  that  is  there 
are  times  in  computing  equipment  for  some  of  the  special  needs  which 
the  old  XACA  and  NASA  has  that  there  is  no  equipment  available 
that  would  make  the  measurements  we  want,  and  in  those  cases  some 
of  our  in-house  people  and  computing  people  work  out  the  techniques 
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and  requirements  and  in  those  cases  this  information  goes  to  all  com- 
panies. 

Mr.  Karth.  Yes,  sir,  and  I know  you  can  write  requirements  and 
specifications  so  that  90  percent  of  the  companies  can’t  even  compete, 
they  can’t  even  bid.  They  are  not  in  the  ball  park. 

I know  that,  and  you  know  it,  so  let’s  not  argue  about  that. 

Mr.  Morris.  Also,  whenever  you  enter  into  a contract  with  that 
corporation  for  that  special  equipment,  whet  you  are  doing  is  you  are 
using  taxpayers’  dollars  to  build  up  a technical  competence  in  that 
company. 

Mr.  Myers.  I say  we  go  out  to  all  companies  with  that  particular 
specification. 

Mr.  Morris.  Yes,  I know  you  go  out  to  all  companies. 

There  is  only  one  or  two  companies  that  can  possibly  come  under 
the  specifications  that  your  in-house  people  write. 

Now,  you  know  that  and  we  know  it.  Everybody  else  knows  it, 
too. 

Mr.  Karth.  In  many  cases  this  is  true. 

Mr.  Morris.  It  may  not  be  true  100  percent  of  the  time. 

Mr.  Karth.  I think  we  should  make  every  effort  to  see  it  doesn’t 
happen. 

Again,  we.  have  kind  of  gotten  off  the  beaten  path  here,  but  maybe 
it  is  good  on  occasion  that  we  change  the  subject. 

Colonel  Gould.  I think  you  had  some  questions  on  this  last  one. 

Colonel  Gould.  Yes,  sir.  What  is  the  latest  date  this  facility  must 
be  provided  in  order  to  preclude  delays  in  any  programs  you  now 
have? 

Mr.  Zimmerman.  There  are  things  we  would  like  to  do  with  the 
X-15  that  we  haven’t  done  because  we  haven’t  had  the  capability  of 
determining  the  details  of  structural  behavior  under  combined  heating 
and  loading  conditions. 

We  estimate  that  this  building  will  be  completed  within  9 months 
from  the  time  it  is  started,  and  then  we  can  work  this  into  the  con- 
tinuing X-15  program. 

It  will  be  quite  valuable  to  us  to  do  that. 

Colonel  Gould.  Why  can’t  you  continue  existing  facilities  in  use 
to  meet  these  requirements  ? 

Mr.  Zimmerman.  The  existing  facility  will  be  continued  in  use 
but  the  existing  facility  can  only  measure  or  make  the  calibrations 
under  cold  conditions,  and  we  are  concerned  about  the  hot  conditions 
which  this  facility  will  take  care  of. 

Colonel  Gould.  Has  design  been  initiated  on  this  project  ? 

Mr.  Zimmerman.  So  far  as  I know,  only  preliminary  design,  but 
here  again  I might  ask  Mr.  Ulmer  what  he  might  know  about  that. 

Mr.  Myers.  Yes,  $60,000  is  provided  for  design. 

Colonel  Gould.  Out  of  fiscal  year  1963  advance  design  funds  ? 

Mr.  Myers.  Yes. 

Colonel  Gould.  Then  the  amount  you  are  asking  for  in  this  project 
would  not  be  necessary  at  this  time ; is  that  correct  ? 

Mr.  Myers.  It  would  be  subtracted ; yes. 

Mr.  Karth.  Is  there  anything  else  you  would  like  to  add,  Mr. 
Zimmerman? 

Mr.  Zimmerman.  I have  nothing  further  to  add. 
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Mr.  Karth.  I want  to  thank  you  very  much.  I enjoyed  your 
presentation. 

Dr.  Bisplinghof f , whom  would  you  like  to  call  now  ? 

Dr.  Bisplinghoff.  Our  next  expert  will  be  Dr.  Kurzweg,  our  Di- 
rector of  Research,  and  he  will  discuss  the  space  environment  research 
facility  at  Ames,  and  the  hot  gas  radiation  research  facility  at  Langley. 

Mr.  Karth.  Dr.  Kurzweg,  would  you  proceed  ? 

Dr.  Kurzweg.  Thank  you  very  much. 

This  year  I have  two  facilities  which,  when  built,  will  give  many 
answers  on  questions  which  are  especially  of  interest  in  my  particular 
area.  As  I pointed  out  in  my  testimony  Before,  there  are  several  areas 
where  we  simply  don’t  know  the  answers  today.  One  problem  occurs 
when  we  go  to  very  high  reentry  speeds,  beyond  that  of  Apollo.  This 
area  is  concerned  with  the  heat  production  and  the  radiation  of  the 
heat  into  the  body,  and  another  area  of  ours  is  how  materials  behave 
under  space  and  environmental  conditions, 

Row,  these  two  areas  will  be  covered  by  these  two  facilities.  One 
facility  at  Langley  will  take  care  of  the  radiation  business.  We  know 
that  the  thermal  radiation  will  be  predominant  if  you  travel  at  speeds 
of  40,000  to  50,000  feet  per  second.  The  electromagnetically  pro- 
duced heat  which  goes  into  the  body  exceeds  the  heat  which  is  pro- 
duced by  friction  and  direct  contact  of  the  air. 

Mr.  Morris.  When  you  speak  of  “the  body”  you  are  speaking  of  the 
space  vehicle? 

Dr.  Kurzweg.  Of  the  space  vehicle  when  it  reenters  the  atmosphere 
or  any  atmosphere  of  the  planets.  Now,  we  came  up  with  a theoreti- 
cal deduction  and  extrapolated  experimental  values  which  we  have 
from  existing  facilities,  and  we  have  come  to  the  conclusion  that  the 
blunt-nose  bodies  are  not  the  right  shapes  anymore.  We  have  to  go  to 
more  slender  shapes  again.  This  has  not  been  experimentally  checked 
or  proved.  It  is  deducted  from  what  we  know,  theoretically  and  ex- 
perimentally, from  facilities  at  the  lower  speed  range. 

Now,  this  new  facility  will  enable  us,  for  the  first  time,  really,  to  get 
experimental  data  on  a body  and  on  the  behavior  of  the  air  at  these 
very  high  speeds.  We  do  not  have  such  a facility.  Well,  I should 
correct  this.  We  have  built  a very  small  pilot  facility  which  shows 
that  the  principle  is  sound. 

We  will  get  these  high  speeds  and  we  will  get  the  right  radiation. 
This  is  sort  of  a shock  tube,  but  it  is  not  a shock  tube  in  the  normal 
sense  as  they  already  exist. 

Dr.  Bisplinghoff.  He  is  addressing  himself  to  the  Langley  first, 
Mr.  Chairman. 

Mr.  Karth.  Yes,  I see. 

Dr.  Kurzweg.  The  energy  which  we  have  to  release  in  this  particular 
shock  tube  is  pretty  high— it  is  10  million  joules,  which  is  10  times 
more  than  we  have  used  in  existing  shock  tubes  so  far.  The  joule  is, 
of  course,  the  unit  of  energy  the  physicists  use  and  we  normally  talk 
in  kilowatt-hours.  Ten  million  joules  is  approximately  3 kilowatt- 
hours.  That  sounds  small  but  if  you  release  3 kilowatt-hours  in  a 
few  tenths  of  a second  you  have  a tremendous  power  and  we  will 
operate  this  particular  shock  tube  in  a very,  very  short  time,  of  the 
order  of  a few  tenths  of  a second. 

Mr.  Karth.  Colonel  Gould. 
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Colonel  Gould.  I just  have  a couple  of  questions  on  this  one,  Mr. 
Chairman.  You  speak  of  the  existence  or  a ballistic  shock  tunnel. 
Where  is  this  facility  located? 

Dr.  Kurzweg.  The  ballistic  shock  tunnel  is  at  Ames.  It  is  a com- 
bination of  a gun  and  a shock  tunnel. 

Colonel  Gould.  Why  can’t  this  be  used  to  meet  the  need  in  lieu  of 
building  a new  facility  ? 

Dr.  Kurzweg.  The  ballistic  gun  tunnel,  which  we  have  at  Ames, 
shoots  small  particles  and  with  this  facility  we  get  very  high  speeds. 
We  come  within  the  vicinity  of  40,  or  even  more,  thousand  feet  per 
second  but  these  are  relatively  small  particles  which  we  can  fire  and 
if  we  want  to  make  detail  studies,  we  need  larger  models  and  there  is 
no  possibility  of  firing  the  bigger  bodies  in  the  gun  facilities.  We  can 
learn  overall  radiation  effects  but  we  cannot  learn,  from  existing 
facilities,  the  distribution  of  the  radiation  rate  and  so  forth. 

Colonel  Gould.  Is  this  ballistic  shock  tunnel  out  at  Arnes  the  one 
that  was  improvised  out  of  a 16-inch  naval  gun  ? 

Dr.  Kurzweg.  Yes. 

Mr.  Karth.  The  justification  also  speaks  of  much  experimental  re- 
search having  been  carried  out  in  the  field  of  radiative  proper  and  the 
bulk  of  this  research  was  conducted  by  shock  tube  processing.  Where 
are  these  existing  shock  tubes  that  you  refer  to  in  your  statement  and 
are  referred  to  in  the  justification  ? 

Dr.  Kurzweg.  These  shock  tubes  are  distributed  over  the  country 
quite  a bit  and  all  of  these  people  work  in  the  field  to  determine  the 
properties  of  gases  at  these  nigh  temperatures.  We  know  quite  a bit 
now  air  behaves  at  high  temperature  conditions  but  we  still  do  not 
know  how  it  behaves  at  high  temperatures  associated  with  speeds  of 
50,000  fet  a second  or  so. 

Colonel  Gould.  To  the  best  of  your  knowledge,  is  there  an  existing 
shock  tube  facility  anyplace  in  industry  or  in  the  educational  field  that 
could  be  used  for  this  ? 

Dr.  Kurzweg.  There  is  not  a shock  tube  of  this  type.  This  is  an 
entirely  new  idea  which  goes  in  this  particular  one  and  there  is  no 
other  facility  of  this  type. 

Colonel  Gould.  You  consider  this  very  essential  to  your  ongoing 
program? 

Dr.  Kurzweg.  I think  it  is  one  of  the  most  essential  things,  that 
we  learn  if  our  theoretical  predictions  which  we  make  are  correct  and 
this  is  so  much  cheaper  than  if  we  have  to  fire  big  rockets  for  flight 
tests  to  confirm  our  predictions. 

Colonel  Gould.  Wlmt  are  the  design  and  construction  leadtimes 
for  thisproject  ? 

Dr.  Kurzweg.  We  think  that  in  18  months  we  can  get  this  facility 
ready  for  shakedown. 

Colonel  Gould.  That  is  for  design  and  construction? 

Dr.  Kurzweg.  Design  and  construction,  yes. 

Colonel  Gould.  Would  you  tell  us  what  the  procurement  leadtime  is 
for  the  tubes  in  the  test  sections  and  drives  that  are  included  in  your 
testimony? 

Dr.  Kurzweg.  I couldn’t  give  you  the  answer  at  the  moment. 

Colonel  Gould.  Could  you  supply  that  for  the  record? 

Dr.  Kurzweg.  Yes. 
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(The  information  requested  is  as  follows:) 

The  ieadtimes  for  the  tubes  and  capacitors  for  the  hot  gas  radiation  research 
facility,  Langley  Research  Center,  are  given  in  the  following  table : 

Procurement  leadtime  including  installation 


Item  Month » 

Capacitor  bank 16 

Expansion  tube 18 

Shock  tube IS 


Colonel  Gould.  What  is  meant  by  an  energy  storage  sunshade? 

Dr.  Kurzweg.  I think  this  is  simply  the  shell — the  energy  storage 
is  a set  of  capacitors  which  are  stored  outside  and  they  have  to  be 
sheltered. 

Colonel  Gould.  It  is  not  a very  scintilating  item. 

Dr.  Bisplinghoff.  Mr.  Chairman,  I think  this  eomes  as  near  to  a 
breakthrough  as  we  have  seen  in  this  kind  of  facility  recently.  As 
Dr.  Kurzweg  pointed  out  we  are  going  to  be  able  to  get  to  higher 
velocities  and  more  nearly  approximate  this  radiation  condition  than 
we  have  ever  been  able  to  before  with  this  idea.  It  is  really  quite  a 
unique  idea  and  it  is  sort  of  a chop-through  operation.  I have  a very 
strong  feeling  about  this  because  of  the  tremendous  expense  that  wTe 
would  have  to  go  to  if  we  do  this  sort  of  thing  by  flight  testing.  I 
feel  that  we  in  the  NASA  must  work  very  hard  in  this  area  to  try  to 
do  these  things  in  the  ground.  If  we  would  get  out  of  this  facility 
one  flight  test  to  give  us  the  kind  of  information  that  I hope  we  will 
get  out  of  this  facility,  it  would  cost  us  perhaps  5 or  10  times  as  much 
as  this  facility  will  cost  us  and  I think  this  is  an  area  that  we  in  NASA 
have  got  to  address  ourselves  with  great  vigor  in  the  future.  This 
I think  is  a good  example  of  the  means  by  which  we  can  save  money 
in  the  future  to  avoid  flight  testing. 

Mr.  Kartii.  Dr.  Ivurz  eg,  is  there  anything  else  you  would  like 
to  add? 

Dr.  Kurzweg.  Not  for  this  particular  facility.  I would  like  to  say 
something  on  the 

Mr.  Morris.  Mr.  Chairman,  I would  like  to  ask  the  Doctor  a couple 
of  questions.  What  made  you  determine  that  Langley  was  the  place 
for  this  particular  installation?  Can  you  do  it  with  less  expense  at 
Langley  than  you  can  at  some  other  place? 

Dr.  Kurzweg.  I don’t  think  that  you  could  do  it  less  expensively 
at  Langley  but  we  have  the  talent  at  Langley  who  developed  this  par- 
ticular idea.  These  things  are  so  much  dependent  on  the  people  you 
have  and  they  are  located  at  some  particular  place  and  they  developed 
at  Langley  this  principle  of  the  acceleration  of  air.  They  have  worked 
in  this  area  for  quite  a while  and  they  built  this  little  pilot  tunnel 
so  I think  I would  trust  them  more  with  that  thing  than  anybody  else 
at  the  present  time. 

Mr.  Morris.  You  say  this  is  going  to  be  used  for  research  on  vehi- 
cles that  have  a speed  of  15,000 — what  is  the  requirement  for  such 
a vehicle?  Does  NASA  have  a requirement  for  such  a vehicle  at  the 
present  time?  What  is  the  mission  that  it  is  to  be  used  for? 

Dr.  Kurzweg.  Well,  we  talked,  of  course,  after  the  Apollo  mission 
about  exploring  deeper  space.  We  want  to  go  a little  deeper  than  to 
the  Moon  and  if  you  go  farther  out,  the  return  speeds  are  higher.  You 
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come  up  with  speeds  in  the  return  flight  which  are  about  40,000  feet 
a second  or  more. 

Mr.  Morris.  We  talked  about  a lot  of  things.  We  have  been  talk- 
ing about  the  supersonic  transport  off  and  on  ever  since  I can  remem- 
ber. But  is  it  the  policy  of  your  division  to  build  a facility  of  this 
nature  when  you  don’t  have  a requirement  for  it? 

Dr.  Kurzweg.  I think  so,  because 

Mr.  Morris.  Because  you  are  involved  in  basic  research?  Is  that 
the  justification? 

Dr.  Kurzweg.  That  is  correct.  I have  to  see  what  we  can  expect  in 
5 or  10  years  from  now.  Even  if  we  have  no  project  going  or  even  if 
it.  is  not  in  the  mission,  we  have  to  think  about  what  we  will  run  into 
because  it  takes  about  10  years  to  develop  these  new  ideas.  A few 
years  ago  everybody  thought  the  blunt  nose  was  the  ultimate  tiling 
for  reentry  into  the  atmosphere.  Now,  we  know  this  is  not  right.  If 
we  ever  go  out  of  this  region  of  speed  to  higher  speeds,  we  have  to 
go  away  from  the  blunt  concept. 

Mr.  Morris.  You  are  satisfied  that  Langley  is  the  place  to  build 
this? 

I)r.  Kurzweg.  I think  Langley  is  the  place  to  build  it,  and  I am 
almost  sure  that,  at  a later  date,  it  might  be  not  sufficient  to  have  just 
this  one.  I have  a feeling  that  in  a few  years  that  we  may  need  more 
than  just  one  such  facility. 

Mr.  Morris.  We  are  getting  into  this  50  years  planning  thing  so 
if  we  plan  these  things  we  have  to  have  them  for  50  years  and  this  is 
why  I am  concerned  about  where,  these  things  are  located.  Once  you 
get  your  foot  in  the  door  and  the  foundation  laid  and  the  thing 
started  you  in  effect  do  just  like  you  do  to  the  computer  companies; 
you  slam  the  door  in  everybody’s  face. 

Mr.  Karth.  Would  you  like  to  go  to  the  space  environment  research 
facility  now? 

Dr.  Kurzweg.  Yes. 

As  you  know,  we  are,  of  course,  very  much  concerned  how  materials 
will  behave  under  space  environmental  conditions.  Many  people,  of 
course,  in  this  country  have  the  various  experimental  tanks  and  so 
forth  but  in  my  opinion  there  is  no  place  where  these  investigations 
are  really  made  under  consideration  of  all  possible  things  which  will 
happen  in  space.  From  the  purely  basic  standpoint,  I do  not  know 
jf  I understand  crack  propagation  under  high  vacuum,  or  if  it  is  the 
same  if  I bombarded  the  material  with  electrons,  or  if  I have  impacts 
of  micrometeoroids.  I don’t  know.  That  doesn’t  mean  that  these 
single  investigations  are  of  no  value.  Of  course,  we  have  to  investi- 
gate individual  effects  but  materials  is  one  field  where  we  have  to  make 
investigations,  even  if  on  small  samples  only,  where  we  combine  all 
of  these,  effects,  and  we  think  that  the  Ames  people,  who  have  done 
quite  a bit  in  acceleration  of  particles,  are  quite  competent  in  the 
investigation  of  environmental  effects  and  they  have  a good  group 
of  people  which  understand  the  polymer  materials.  This  is  a good 
place  to  put  such  a laboratory.  We  do  not  have  any  facilities  of  this 
kind  in  this  particular  area,  the  San  Francisco  Bay  area.  There  are 
quite  a few  industries  there.  We  thought  this  would  be  a very  good 
place  to  have  such  a facility.  We  have  a good  staff  of  people,  good 
competent  people. 
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Mr.  Karth.  How  many  laboratories  is  Is  ASA  requesting  Congress 
authorize  this  year  ? Do  you  have  any  offhand  opinion  ? 

Dr.  Ktjrzweg.  You  mean  materials  laboratories  ? 

Mr.  Karth.  Call  them  whatever  you  want,  laboratories  of  various 
kinds.  How  many  are  we  asking  for  this  year  ? 

Dr.  Ktjrzweg.  I couldn’t  answer  that.  In  our  area,  perhaps  four 
or  five  entities  that  we  call  laboratories.  In  the  other  areas 

Mr.  Karth.  A research  facility  is  really  a laboratory  ? 

Dr.  Bisplingiioee.  Yes,  it  is  really  a question  of  semantics  here. 

Mr.  Karth.  About  21. 

Mr.  Myers.  About  29  projects  in  the  Office  of  Research. 

Mr.  Kartii.  There  must  be  a few  in  the  other  offices.  How  many 
total  ? 

Mr.  Ulmer.  A rough  guess  is  .30,  Mr.  Chairman. 

Mr.  Kartii.  Is  it  the  feeling  that  this  work  just  can’t  be  done  any- 
where else  by  anyone  else  and  therefore  we  have  to  build  another  in- 
house  laboratory?  Is  this  really  the  end  conclusion  that  has  been 
drawn  in  every  single  one  of  -these  30  requests  for  laboratories  or 
research  facilities  ? Is  this  true,  Doctor  ? 

Dr.  Ktjrzweg.  I think  it  sounds  more  than  it  really  is.  I mean, 
we  talk  about  a new  space  environmental  laboratory,  but  actually 
there  is  a group  of  people,  a competent  group  of  people  who  work  in 
this  area  quite  a bit  already  but  they  need  tools  and  they  need  a room 
where  they  can  put  a few  things  which  they  need  for  the  experimental 
investigation. 

Mr.  Karth.  Don’t  tell  me  we  have  been  paying  them  for  years  with- 
out giving  them  any  tools.  What  have  the  people  been  doing  ? 

Mr.  Karth.  The  only  thing  that  worries  me,  and  you’re  probably 
the  wrong  man  to  say  this  to,  but  it  seems  to  me  that  for  some  reason 
or  other  all  of  a sudden,  we  need  nice  new  shiny  research  facilities,  that 
is  structures,  buildings,  to  do  our  research  and  experimenting  in. 

I have  done  a good  deal  of  traveling  around  this  country  and  I 
find  a lot  of  enterprising  people,  instead  of  building  a new  building  to 
house  a facility,  they  might  even  go  and  polish  an  old  one  up,  just  give 
it  a fresh  coat  of  paint,  do  a little  polishing  on  the  floors  and  thereby 
beat  the  leadtime  construction  item  of  16  or  18  months  because  we  are 
in  a hurry  anyway.  We  are  supposed  to  be  doing  these  things  at 
a very  rapid  pace  "and  they  are  in  business  but  we  have  to  build  new 
buildings. 

I am  exploring.  It  does  appear  to  be  strange  to  me  we  have  to  have 
new  buildings  and  new  facilities  for  every  single  one  of  the  problem 
areas. 

Why  can’t  we  rent  some  facility  or  polish  up  an  old  one,  or  why  can’t 
we  repaint  a warehouse  or  something,  and  save  zillions  of  dollars  and, 
even  more  important,  probably  get  in  operation  sooner. 

Don’t  worry  so  much  about  or  don’t  spend  so  much  time  on  throwing 
together  bricks  and  mortar. 

Could  you  give  me  an  idea  ? 

Mr.  Ulmer.  This  is  about  the  same  speech  we  give  our  people. 

Mr.  Karth.  They  were  not  listening,  I can  tell  you  that. 

Mr.  Morris.  They  won’t  listen  to  you  either. 

Mr.  Karth.  Maybe  if  you  had  not  made  the  speech  you  would  have 
had  60  requests,  who  knows. 
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Theymay  have  listened  very  well. 

Dr.  Kup.zweg.  We  looked  very  carefully  into  the  possibility  of  using 
buildings  we  have  at  Ames  and  remodeling  a few  things. 

Mr.  Karth.  How  about  some  place  else.  Let  us  say  we  have  to 
rent  a warehouse  some  place  else  or  even  purchase  one  for  peanuts. 
Is  it  the  theory  we  have  to  keep  all  of  these  scientific  minds  together 
even  though  their  disciplines  are  so  widely  varied? 

Dr.  Kurzweo.  It  would  be  a little  difficult. 

Mr.  Karth.  It  would  be  difficult,  Doctor,  I agree. 

Dr.  Kurzweg.  How  would  you  take  this  ballistic  gun  tunnel,  for  in- 
stance,,, and  move  it  to  that  other  place  when  we  need  the  combination 
of  these  two  things  ? 

Mr.  Karth.  I say  I am  probably  talking  to  the  wrong  fellow  now 
because  you  may  not  be  able  to  take  this  ballistic  gun  and  move  it 
some  place  else  but  in  general  I guess  my  question  is,  is  this  trip  neces- 
sary—-do  we  have  to  do  this  in  every  single  instance  ? 

Mr.  Ulmer.  Mr.  Karth,  I would  like  to  say  that  that  question  is 
asked  on  every  facility  that  you  see  in  this  budget  and  it  is  not  only 
asked  all  of  the  way  up  and  down  the  line,  it  is  asked  by  Dr.  Seamans, 
Dr.  Dryden,  or  Mr.  Webb  before  they  approve  the  inclusion  of  a new 
facility  in  the  budget. 

To  speak  to  your  question  on  the  use  of  existing  facilities,  I think 
the  NASA  record  is  rather  outstanding  in  this  area.  We  continually 
modify  and  improve  our  facilities  wherever  we  can.  A large  per- 
centage of  the  budget  before  you  consists  of  modifications,  extensions, 
additions,  or  alterations. 

We  are  continually  altering  and  modifying  to  avoid  building  new 
facilities. 

You  mentioned  the  question  of  going  out  and  renting  facilities.  We 
do  that  where  it  is  absolutely  essential  and  normally  we  do  it  only  to 
house  people.  If  you  put  a facility  out  in  a rented  building  you  have 
the  problem  of  the  logistics  of  the  shop  and  administrative  support  for 
the  facility.  Frequently  the  logistic  costs  required  would  exceed  the 
cost  of  a new  building  on  site.  Everybody  in  NASA  is  thoroughly 
indoctrinated  with  trying  to  make  with  what  we  have  before  we  ask 
for  new  facilities.  I think  all  of  these  gentlemen  you  see  here  today 
have  been  asked  this  question  not  only  by  Dr.  Bisplinghoff  but  by  me 
and  Dr.  Seamans  and  Mr.  Webb  before  a new  facility  is  included  in 
the  budget. 

Mr.  Karth.  But  their  answer  is  always  the  same. 

Mr.  Morris.  I might  say  I asked  that  question  many  times.  There 
are  a lot  of  us  getting  asked  this  question  several  hundred  times™ 
every  time  we  get  close  to  anybody  who  is  paying  the  bill,  and  I am 
not  making  any  remark  that  everything  that*is  presented  here  is  not 
justified,  but  you  fellows  are  not  the  only  ones  that  have  to  answer  for 
this  construction  program. 

Mr.  Ulmer.  Yes,  sir. 

Mr.  Karth.  I feel  very  reassured,  Mr.  Ulmer,  with  this  kind  of  an 
effort  going  into  determining  is  this  facility  absolutely  necessary. 
Can’t  we  make  something  else  do  or  can’t  we  polish  up  some  existing 
building,  and  I am  primarily  concerned  with  buildings. 

Mr.  Ulmer.  I understand. 
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Mr.  Karth.  I do  agree  insofar  as  the  equipment  is  concerned  in  most 
cases  I think  your  whole  program  is  unique  and  you  have  to  design 
and  redesign  things  almost  on  a continuing  basis. 

I was  just  wondering  about  buildings,  you  know  good  old  concrete 
and  stone — why  we  involve  ourselves  in  so  much  of  this  when  time  is 
of  the  essence. 

Now  maybe  somebody  is  pulling  somebody’s  leg — I don’t  know,  but 
I have  just  accepted  this  as  being  the  fact — time  is  very  critical,  and 
how  can  we  get  on  with  the  show  much  more  rapidly,  and  I just 
thought  that  maybe  we  did  not  need  5, 10,  or  18  months  to  put  up  a 
structure  to  house  a piece  of  equipment,  we  would  just  save  15  or  18 
months. 

It  is  rather  simple  arithmetic  I use  and  it  is  probably  too  simple, 
that  is  why  you  cannot  answer  the  question. 

Mr.  Ulmer.  Your  point  is  well  taken. 

We  do  have  many  facilities  we  are  now  renting  to  house  people 
simply  because  we  have  been  unable  to  provide  facilities  on  site. 

That  is  an  expensive  way  for  the  Government  to  house  people  in  the 
long  run. 

Mr.  Karth.  In  the  long  run  I think  these  things  are  true  but  with 
these  things  becoming  obsolescent  over  a short  period  of  time  I am 
not  sure  it  is  more  expensive  there. 

Mr.  Ulmer.  Some  of  the  technical  facilities  become  obsolescent  and 
are  altered  and  changed  but  we  feel  this  is  a continuing  program  and 
will  go  on  in  the  future. 

If  it  were  a temporary  program  we  certainly  agree  we  should  only 
build  temporary  facilities. 

Mr.  Karth.  I know  this : That  once  you  built  an  in-house  capability, 
even  though  the  problems  presented  are  no  longer  critical,  it  is  like  the 
hungry  animal  you  raised,  you  fed  him  until  he  grew  up  and  now  you 
don’t  know  what  to  do  with  him — you  just  keep  feeding  him;  you 
know — so  I am  concerned  about  the  long  run  where  we  built  up  an 
in-house  capability  that  we  are  more  or  less  stuck  with,  and  it  becomes 
an  item  in  the  budget  over  which  Congress  no  longer  has  any  decision- 
making power. 

I mean  it  is  very  simple  arithmetic  after  that — there  are  so  many 
people  involved,  the  building  is  there,  the  maintenance  is  so  much,  the 
heat,  light  and  electricity  so  much  and  that  is  it,  so  there  is  $3  million 
in  the  budget  . 

This  is  not  even  questioned — I mean  it  is  not  supposed  to  be  and 
usually  it  is  not — it  is  just  a check  list  item. 

You  just  accept  it.  I am  not  sure  this  is  good,  you  see.  This  is  why 
I ask  the  question  how  many  laboratories  and  research  facilities  are 
we  requesting  this  year  in  NASA  alone  and  somebody  said  30. 

That  means,  Dr.  Bisplinghoff,  that  the  taxpayers  of  this  country  are 
going  to  have  to  support  a growing  number.  Well,  I don’t  know  when 
anyone  has  ever  shut  one  down — I am  sure  it  has  happened  but  it  has 
happened  very,  very  infrequently. 

It  means  the  taxpayers  are  going  to  have  to  keep  feeding  this  thing 
forever  or  almost  that  long,  and  they  are  beginning  to  ask  these  ques- 
tions, you  see. 

You  say,  “Gee,  when  you  build  up  these  tremendous  in-house  capa- 
bilities, it  makes  a good  argument  to  say  we  can  save  so  much  money, 
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you  know,  because  rent  and  this  and  that  and  the  other  thing  over  a 
long  period  of  time  would  be  more.” 

Well,  this  might  be  true  if  the  proposition  lent  itself  to  this  long 
period  of  time,  without  bureaucracy  growing  up  and  making  it  neces- 
sary when  really  it  is  not  necessary.  This  is  the  problem  that  concerns 
me.  It  is  indeed  a tough  one  to  answer  and  that  is  why  I ask  your 
assistance  on  it  because  I know  you  are  interested  in  doing  the  right 
thing  and  not  necessarily  building  up  a big  in-house  capability  that  is 
not  required. 

Colonel  Gould,  did  you  have  some  specific  questions  ? 

Colonel  Gould.  One  general  question  about  Ames.  And  possibly 
Mr.  Ulmer  could  answer  this : The  facilities  at  this  Center  are  becom- 
ing very  congested.  Is  there  any  thought  being  given  at  this  Center 
for  the  acquisition  of  additional  real  estate  to  provide  more  space  for 
all  of  these  new  facilities  at  the  Center  ? 

Mr.  Ulmer.  I believe  on  three  occasions  we  have  proposed  addi- 
tional land  acquisition  at  Ames  and  it  has  been  denied  either  at  the 
Bureau  of  the  Budget  level  or  at  the  congressional  level,  with  the  sug- 
gestion that  we  see  if  we  can’t  make  arrangements  with  the  Navy  to 
acquire  some  of  their  land. 

I am  very  happy  to  report  that  within  the  last  2 weeks  we  have  a 
policy  agreement  with  the  Department  of  Defense  and  the  Depart- 
ment of  Navy  that  approximately  110  acres  of  Navy  land  at  Ames  will 
be  transferred  to  NASA. 

This  is  land  contiguous  to  our  site.  It  has  one  Navy  installation 
on  it,  a warehouse,  which  will  continue  to  be  operated  by  the  Navy; 
this  will  not  interfere  with  our  operations.  The  Navy  'Department 
has  been  very  cooperative  and  helpful  in  making  this  additional  land 
available  to  us. 

This  action  will  eliminate  the  necessity  for  any  new  land  acquisi- 
tion at  Ames  for  several  years. 

Colonel  Gould.  The  Navy  has  a considerable  amount  of  real  estate 
there  that  I am  sure  could  be  made  available  to  you. 

Mr.  Ulmer.  Yes ; the  110  acres  is  part  of  that  real  estate. 

Colonel  Gould.  What  are  the  design  and  construction  lead  times  for 
this  project? 

Dr.  Kurzweg.  Twelve  months. 

Colonel  Gould.  Has  the  design  already  been  started  ? 

Dr.  Kurzweg.  No. 

Colonel  Gould.  Are  funds  being  made  available  from  fiscal  year 
1963  for  design? 

Dr.  Kurzweg.  Yes. 

Colonel  Gould.  How  much? 

Mr.  Ulmer.  $70,000. 

Colonel  Gould.  That  is  the  item  shown  in  item  D here  ? 

Mr.  Ulmer.  Yes,  sir. 

Colonel  Gould.  Could  somebody  tell  us  what  scope  of  the  work  is 
involved  in  the  $300,000  for  electrical  distribution  is  in  this  project, 
please? 

« Mr.  Littell.  I have  some  information  on  that. 

Electrical  distribution  system  for  $300,000  is  to  be  distributed  to 
power  for  the  items  of  equipment  to  be  used  in  this  building?  which 
requires  sizable  amounts  of  electric  power.  It  is  internal  distribution. 
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Colonel  Gould.  What  size  line  are  you  to  install  for  that  amount  of 
money  and  what  distance? 

Mr.  Littell.  This  is — I don’t  know  the  external  utility  but  it  is 
internal. 

Colonel  Gould.  I assume  the  internal  distribution  system  is  included 
in  the  cost  of  the  structure,  is  it  not,  Mr.  Ulmer  ? 

Mr.  Ulmer.  Normally  that  is  the  case;  yes,  sir. 

Colonel  Gould.  I assume  this  $300,000  is  for  external  distribution. 

Mr.  Littell.  The  information  I have  is  that  it  is  for  the  internal. 
I will  check  that  for  the  record. 

Colonel  Gould.  The  reason  I ask  is  that  I looked  at  the  proposed 
site  for  this  facility  about  3 or  4 weeks  ago  and  there  appears  to  be 
a substation  within  a hundred  yards  of  where  the  facility  is  going 
to  be  built  and  it  appears  that  $300,000  is  excessive  for  such  a short 
distance. 

Would  you  check  on  that  please? 

Mr.  Ulmer.  Normally  the  internal  electrical  system  is  included 
in  the  cost  of  the  building  to  give  a fair  square-foot  cost  for  compara- 
tive purposes.  If  they  have  special  internal  electrical  requirements, 
we  sometimes  set  that  out  as  a separate  item  so  it  does  not  distort 
the  square-foot-cost  picture. 

(The  information  requested  is  as  follows:) 


Space  Environment  Research  Facility 


Electrical  distribution  $800,000. — The  existing  adjacent  substation  is  already 
loaded  to  capacity  by  the  unitary  wind  tunnel.  The  power  requirements  of  the 
facility  must  be  supplied  by  a new  substation  and  transmission  cable  as  de- 
scribed in  the  following  list  of  required  equipment: 

Estimated 

Description  of  item  cost 


Disconnect  switch,  110,000  volt $3, 000 

Circuit  breaker,  110,000  volt 30, 000 

Transformer,  110,000  volt  to  6,900  volt,  5,000  kw 40, 000 

Step  voltage  regulator,  750  kv.-a 45,  000 

Substation  feeder  switchgear 18,  000 

High  voltage  transmission  cable,  1,500  feet 9,  000 

Manholes  and  hardware 18, 000 

Duct  banks,  1,500  feet 30, 000 

Switchgear,  6,900  volt 20, 000 

Three  transformers,  totaling  4,500  kv.-a 22, 500 

Distribution  switchgear,  480  volt 32, 000 

Installation  (10  percent  of  equipment) — 27,500 


Total  cost,  approximately 300, 000 

Colonel  Gould.  Is  the  laboratory  bay  included  here  an  industrial 
type  of  structure? 

Dr.  Bisplinghoff.  Yes,  that  is  correct. 

Mr.  Littell.  Yes,  sir. 

Colonel  Gould.  $450,000  for  micrometeoroid  bombardment  appa- 
ratus. 

Would  you  define  what  that  is  ? 

Dr.  Kurzweg.  There  are  several  types  of  these,  of  course. 

One  possibility  is  to  charge  these  particles  electrostatically  and  then 
accelerate  them  in  the  electric  field — this  is  the  most  promising 
method. 

The  other  method  is,  of  course,  to  fire  them  from  a gun  but  these 
are  usually  much  larger  particles. 

06‘,5O4““63-~pt.  3b  ■■■—>— 38 
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We  talk  about  micrometeoroids  less  than  a micron  in  size  and  then 
for  that  purpose 

Colonel  Gould.  Have  you  determined  which  method  you  are  going 
to  use? 

Dr.  Eurzweg.  We  will  use  the  electrostatic  method. 

Mr.  Earth.  Dr.  Bisplinghoff,  if  I may,  this  seems  to  be  quite  an 
apparatus,  this  micrometeor  bombardment  apparatus. 

Can’t  we  use  this  instead  of  doing  some  of  the  other  meteorite  or 
micrometeoroid  experimentation  we  have  been  talking  about  for  days? 

There  are  several  requests  before  this  subcommittee  for  micromete- 
orite or  micrometeoroid  experimentation. 

Can’t  we  just  put  it  inside  this  building  whatever  it  is? 

Dr.  Bisplinghoff.  This  as  I understand  it,  will  be  a Vandergraft 
accelerator  which  will  have  to  be  a device  which  is  contiguous  with 
the  rest  of  the  environmental  examiner. 

Mr.  Earth.  And  the  information  we  get  from  other  micrometeoroid 
experiments  is  insufficient  to  provide  for  this  ? 

Dr.  Bisplinghoff.  There  will  be  a close  relationship  between  the 
two.  However,  here  as  Dr.  Eurzweg  pointed  out,  the  material  will 
be  subjected  to  all  of  the  environmental  conditions. 

One  of  the  things  I might  point  out  here  is  that  if  the  material  is 
unvacuumed,  if  the  material  is  heated  and  if  it  is  bombarded  simul- 
taneously, these  combined  influences  are  quite  different  than  if  one 
looks  at  these  properties  individually. 

The  point  of  this  whole  facility  is  to  bring  all  of  these  environmental 
conditions  together  at  one  time.  There  will  be,  however,  as  you  have 
observed  a close  interrelation  between  what  happens  here  and  what 
we  will  do  when  we  study  the  meteroid  penetration  problem  by  itself 
on  the  outside,, 

Mr.  Morris.  May  I ask  one  question  ? 

Mr.  Earth.  Mr.  Morris. 

Mr.  Morris.  This  high  energy  linear  accelerator  the  AEC  is  build- 
ing in  connection  with  Stanford  University  for  $125  million  I believe 
it  is,  could  you  have  any  connection  with  this  ? 

Dr.  Eurzweg.  No,  this  is  a molecular  size  accelerator  and  these 
micrometeoroids  are  many  thousands  times  as  big  as  a molecule  so  this 
is  entirely  different. 

Mr.  Earth.  Doctor,  are  these  downpayments  or  are  these  the  total 
costs  of  the  facilities  ? 

Dr.  Eurzweg.  This  is  the  total  cost. 

Mr.  Earth.  These  are  total  costs  ? 

Dr.  Eurzweg.  Yes. 

Colonel  Gould.  What  type  of  a cryogenic  system  are  you  going  to 
install  for  $500,000? 

Dr.  Eurzweg.  Well,  there  are  again  two  different  types.  For  the 
5-foot  sphere  we  will  use  liquid  nitrogen  and  for  the  very  low  pres- 
sures we  would  have  to  go  to  liauid  helium. 

Colonel  Gould.  How  does  tne  cost  of  this  equipment  compare  with 
the  oneput  in  or  being  put  in  at  Lewis,  do  you  know  ? 

Dr.  Eurzweg.  I really  could  not  say  that. 

Mr.  Myers.  It  is  very  similar.  I don’t  remember  exactly  but  it  is 
very  similar. 

Colonel  Gould.  Would  you  make  a cost  comparison  and  put  it  in 
the  record? 
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(The  information  requested  is  as  follows  :> 

A comparison  of  the  cost  estimate  item  “Cryogenic  system,  $500,000,”  refer- 
ence fiscal  year  1964  budget  estimates,  page  CF  1-24,  and  the  cost  of  the  cryo- 
genic system  for  the  Lewis  Research  Center  addition  to  spacecraft  propulsion 
research  facility,  reference  CF  7-4 : 

The  cryogenic  systems  differ  in  purpose.  The  Ames  facility  requires  that  the 
material  under  test  be  held  at  near  absolute  zero,  whereas  the  Lewis  facility  is 
required  only  to  hold  the  test  chamber  to  about  —300°  F.  The  Ames  facility  is 
small  in  size,  but  includes  a liquid  helium  generator  for  recovery  and  reliquifica- 
tion,  whereas  the  Lewis  facility  is  very  large,  uses  a liquid  nitrogen  tank  farm  for 
a supply,  and  requires  2,000  feet  of  supply  pipe  to  permit  servicing  the  tank 
farm  at  a safe  distance  from  the  tests  in  the  chamber.  The  differences  between 
the  installations  will  be  evident  from  the  following  table.  Panels  for  the  Ames 
facility  cost  more  because  of  special  design  requirements. 

Comparison  of  cryogenic  systems  of  the  Ames  space  environment  research 
facility  and  the  Lewis  addition  to  spacecraft  propulsion  research  facility 


Feature 

Ames 

Lewis 

Refrigerant  liquid 

Nitrogen  and  helium 

Nitrogen. 
-320°  F. 
10-» 

14,000. 
Tank  farm. 
$100. 

Chamber  temperature  

-452°  F 

Chamber  pressure - 

10—11 

Cryogenic  panel  area square  feet— 

inn  

Supply  of  refrigerant ’ 

Reliquifieation  system 

$4nn  

Panel  cost  installed  per  square  foot 

Costs  of  major  parts: 

Recovery  and  rellqulflcation  system 

$340,000 

Piping  and  control  - 

si2n,nno 

Liquid  nitrogen  supply  and  piping 

*100,000. 

*50,000. 

*136,000. 

11,400,000. 

Nitrogen  pumps  and  storage' ~ 

Tnr.ta11at.ion  and  checkout  - 

Cryogenic  panels 

$4n,nno 

Total  cryogenic  system 

$500,(100  

*1,686,000. 

Colonel  Gould.  How  many  space  chambers  are  you  providing  ? 

Dr.  Kurzweg.  Two. 

Colonel  Gould.  How  many  do  we  have  proposed  at  Ames  in  the 
fiscal  year  1964  program? 

Dr.  Kurzweg.  Just  these  two,  in  my  jurisdiction. 

Colonel  Gould.  I believe  there  is  one  in  the  services  Research 
Laboratory  and  one  or  two  in  satellite  control  and  one  in  the  structural 
dynamics? 

Mr.  Myers.  I could  give  you  that  list. 

Colonel  Gould.  What  is  meant  by  “auxiliary  test  equipment”  for 
$400,000? 

Dr.  Kurzweg.  Well,  this  test  equipment  is  of  course  this  very  high 
vacuum  chamber.  There  is  also  the  source  of  the  ultraviolet  radia- 
tion and  the  power  supplies  for  the  mechanical  and  physical  proper- 
ties testing  equipment  tor  materials,  metallurgical  equipment,  chemi- 
cal laboratory  equipment — all  kinds  of  instrumentation  and  test  equip- 
ment you  need  for  materials  investigation. 

Colonel  Gould.  When  you  say  instrumentation,  you  also  have  an 
item  of  $461,000  in  addition  to  the  $400,000  for  auxiliary  test  equip- 
ment. 

Dr.  Kurzweg.  That  is  instrumentation  which  you  would  use  for  in- 
stance the  electron  pulse  to  measure  the  ultraviolet  radiation,  instru- 
mentation for  that,  not  the  production  of  the  ultraviolet  radiation 
but  the  measuring  of  it. 
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Then  we  have  photocounters  and  electron  multipliers,  signal  gen- 
erators, and  so  forth. 

Colonel  Gould.  What  type  of  solar  radiation  are  you  going  to  use 
in  this  facility? 

Dr.  Kurzweg.  We  want  to  come  as  close  as  possible  to  simulating 
the  rays  of  the  Sun. 

Colonel  Gould.  How  would  it  compare  for  example  to  the  one  at 
JPL? 

Dr.  Kurzweg.  It  is  about  the  same. 

Colonel  Gould.  What  did  the  one  at  JPL  cost  ? 

Dr.  Kurzweg.  I don’t  know. 

Mr.  Randall.  Mr.  Chairman,  I was  trying  to  follow  this.  You  - 
were  measuring  ultraviolet  radiation  and  then  I heard  the  words 
“metallurgical  test.” 

What  are  you  testing?  Be  specific. 

Dr.  Kurzweg.  If  you  have  a piece  of  metal  and  the  metal  has  cer- 
tain strength 

Mr.  Randall.  Metal  from  what  ? A spacecraft? 

Dr.  Ktjrzweg.  A spacecraft. 

Mr.  Randall.  It  has  already  been  up  and  come  back? 

Dr.  Kurzweg.  No,  it  is  a design  so  that  you  know  what  you  can  ex- 
pect from  a piece  of  metal  when  you  use  it  for  the  skin  on  the  space- 
craft. 

We  can  go  of  course  in  our  laboratory  under  atmospheric  conditions 
and  measure  this  but  this  is  not  the  same  as  if  the  metal  is  subjected 
to  radiation,  this  ultraviolet  light  that  comes  from  the  sun,  to  meteoric 
impact,  and  which  is  subjected  to  wind  influence  and  so  forth  and  we 
want  to  simulate  these  things,  on  a piece  of  metal  in  this  particular 
facility. 

Mr.  Randall.  You  are  telling  the  committee  there  is  no  way  in  any 
of — or  at  least  the  portion  of  the  budget  we  have  jurisdiction  over- — 
that  this  can  be  tested,  except  right  here  ? 

Dr.  Kurzweg.  As  I pointed  out,  it  is  a beginning.  There  are,  of 
course,  facilities  where  samples  of  this  kind  are  tested,  but  there  are 
no  facilities  where  it  is  simultaneously  tested  with  all  environmental 
factors,  so  we  have  to  have  some  facility  to  do  this. 

Mr.  Randall.  Don’t  you  put  in  your  contracts  with  the  producers 
of  these  that  they  are  to  be  tested  this  way  ? Doesn’t  the  maker  of 
these  also  test  them  for  these  same  things  ? 

Dr.  Kurzweg.  Unfortunately,  there  is  no  possibility  to  test  them 
under  all  of  these  things  simultaneously.  They  test  them  under  a 
high  vacuum  and  the  solar  test  and  the  special  heat  stresses,  and  so 
forth,  but  not  a combined  investigation  where  we  have  ultraviolet, 
where  we  have  different  gases,  and  where  we  have  bombardment  of 
the  same  type  of  micrometeoroid.  This  doesn’t  exist. 

Mr.  R andall.  One  more  question.  Talking  about  the  downpayment 
here,  after  we  get  this;  is  this  going  to  do  the  job,  or  are  we  going 
to  have  to  come  Back  and  do  it  all  over  again  ? 

Dr.  Kurzweg.  We  hope,  of  course,  it  will  do  the  job,  and  especially 
we  are  interested  in  the  basic  understanding  of  what  is  going  on.  It 
is  not  so  much  a component  testing.  We  do  not  want  to  put  a whole 
satellite  in  this  chamber. 
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We  cannot  do  this.  This  is  small  equipment.  But  we  want  to  get 
research  data,  a basic  understanding,  and  from  the  basic  understanding 
we  can  extrapolate  the  basic  thinking,  but  this  is  what  we  don’t  know 
today.  We  cannot  extrapolate  because  we  don’t  know  even  in  the 
small  unit  what  happens  if  you  have  the  simultaneous  influence  of 
all  of  these  things. 

Mr.  Ivarth.  Anything  else  you  would  like  to  add  ? 

I)r.  Kurzwbg.  No,  sir.  Thank  you. 

Mr.  Karth.  If  not,  I believe  that  is  all  for  the  moment. 

Dr.  Bisplinghoff,  can  you  be  with  us  tomorrow  ? 

Dr.  Bisplinghoff.  Yes,  sir.  My  trip  to  Minneapolis  is  Thursday. 
I leave  Wednesday  afternoon. 

Mr.  Ivarth.  Don’t  cancel  that. 

Dr.  Bisplinghoff.  No,  sir. 

Mr.  Kartii.  If  you  find  you  would  like  to  be  doing  something  else 
tomorrow,  and  Mr.  Finger  and  Dr.  Kelley  and  Mr.  Myers  wish  to 
proceed  solo,  it  is  not  necessary  from  our  standpoint  you  be  here. 

We  would  like  to  have  you  here,  but  we  don’t  want  to  keep  you  here 
every  day,  and  you  have  the  Senate  to  take  care  of,  and  we  know  your 
time  is  very  valuable  and  you  are  spending  a great  deal  of  it  up  here. 

Dr.  Bisplinghoff.  I will  be  here. 

Mr.  Karth.  I am  sorry,  but  we  can’t  avoid  all  of  them.  I don’t 
think  we  would  get  through  the  other  three  today. 

Dr.  Bisplinghoff.  Our  next  speaker  would  be  Mr.  Myers,  who 
does  the  administrative  management  at  Ames,  and  model  and  con- 
struction of  the  building  at  Ames,  and  the  utility  of  the  building  at 
Ames. 

Mr.  Karth.  Why  don’t  we  see  if  we  can  get  through  with  that  to- 
day, and  tomorrow  we  have  Dr.  Kelley  and  Mr.  Finger,  Mr.  Finger 
has  a list  of  eight  items,  I think,  and  it  might  take  some  time  to  get 
throughthat. 

Why  don't  you  proceed,  Mr.  Myers. 

STATEMENT  OF  BOYD  MYERS,  DIRECTOR  OF  PROGRAM  REVIEW 
AND  RESOURCES  MANAGEMENT,  NASA 

Mr.  Myers.  The  first  facility  I would  like  to  discuss  is  the  admin- 
istrative management  building  at  Ames,  at  a cost  of  $1,375,000.  This 
facility  has  a one  two-story  center  section  of  approximately  170  by 
100  feet,  and  two  single-story  wing  sections  approximately  100  by  40 
feet.  This  will  give  us  65,000  square  feet  of  space. 

The  purpose  of  this  building  is  to  house  our  administrative  people 
which  are  now  spread  around  in  various  places  at  Ames.  During  the 
years  we  have  been  forced,  as  we  have  added  administrative  staff  and 
as  the  staff  has  grown  through  the  years,  we  have  been  forced  to  put 
these  people  in  various  places,  such  as  the  6 by  6 tunnel  room,  an  old 
building  that  we  used  to  use  for  storage,  and  now  it  is  called  an  ad- 
ministrative amiex  in  various  facilities  around  there,  which  I can  dis- 
cuss later.  And  in  the  program  since  NASA’s  program,  since  1962, 
we  have  added  a 17-percent  increase  in  complement  there  and  approxi- 
mately 23  percent  increase  in  fiscal  1963.  As  you  know,  Ames  has 
taken  on  some  of  the  space  science’s  responsibility  and  also  some  proj- 
ect responsibilities,  and  there  has  been  a growth  at  Ames.  The  overall 
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situation  is  that  we  are  getting  into  a rather  untenable  position  in 
trying  to  house  these  people,  and  we  are  proposing  this  year  to  house 
our  administrative  services,  our  personnel,  legal  and  patent,  and  our 
procurement  contract  negotiators,  price  analysis  people,  and  procure- 
ment and  review,  and  legal  counsel  in  this  new  building. 

Mr.  Karth.  This  is  an  administrative  management? 

Mr.  Myers.  Yes,  sir. 

Mr.  Bandall.  You  say  they  are  in  a 6 by  6 wind  tunnel.  They  are 
housed  in  there  at  the  present  time;  did  I understand  you  right? 

Mr.  Karth.  The  question  is,  how  are  they  getting  along. 

Mr.  Myers.  The  6-  by  6-foot  supersonic  tunnel — we  refer  to  it  as 
6 by  6 — this  is  an  older  facility  that  we  have  been  forced  to  crowd  the 
engineers  there  and  make  some  space  available  for  some  of  our  pro- 
curement people. 

They  also  have  some  procurement  people  in  the  so-called  administra- 
tive annex  building  which  I mentioned.  We  have  fiscal  people  in  the 
12-foot  wind  tunnel  and  also  some  in  the  administrative  annex.  We 
have  some  of  our  administrative  services  people,  about  20  of  them,  in 
the  present  administration  building,  which  was  built  in  1942,  and  16 
over  in  the  data  reduction  building,  which  is  primarily  their — they 
are  way  out  of  place,  but  that  is  where  we  had  to  put  them.  That  is  a 
relatively  new  facility,  and  while  they  are  getting  the  equipment  into 
that  facility  and  getting  into  operation,  they  commandeered  some  of 
the  space  there,  and  also  we  have  some  of  our  personnel  people  in  the 
data  reduction  building,  so  that  is  the  approximate  distribution  of 
the  way  it  is  now. 

We  would  like  to  bring  these  administrative  services  groups  together 
because  we  think  the  problem  is  going  to  get  worse  before  it  gets  better, 
and  we  have  been  considering  such  a move  for  more  than  3 years,  and 
Ames  management  has  been  proposing  this. 

This  was  the  first  year  we  could  see  our  way  clear.  It  has  gotten  to 
the  point  where  we  feel  we  must  go  ahead  and  look  to  the  future  as  to 
what  our  problems  are  going  to  be. 

Mr.  Karth.  This  must  be  quite  a wind  tunnel.  How  big  is  it  ? 

Mr.  Myers.  Which  one,  the  6 by  6 ? 

Mr.  Karth.  The  one  housing  all  of  the  people.  That  is  just  6 feet 
wide  and  6 feet  high? 

Mr.  Myers.  That  is  the  size  of  the  test  section,  and  that  is  the  way 
they  are  named,  by  the  size  of  the  test  section. 

Mr.  Karth.  How  long  is  it? 

Mr.  Myers.  I don’t  recall  exactly,  but  the  6-  by  6-foot  tunnel  is 
something  like  200  feet  long  and  80  feet  wide.  I haven’t  been  in  the 
6 by  6 for  a few  years. 

Mr.  Karth.  Someone  said  we  built  too  many  of  those.  I don’t  sup- 
pose you  care  to  comment  on  that.  Apparently  they  are  serving  quite 
a number  of  uses. 

Mr.  Myers.  No,  I don’t  think  we  have  built  too  many.  We  have 
used  all  of  the  wind  tunnels  which  have  been  provided  since  1917  to 
good  use.  And  as  has  been  pointed  out,  we  converted  these  facilities 
wherever  the  technology  moved  ahead.  I know  at  Langley  when 
I was  doing  research  there  in  the  7 by  10  foot,  this  was  originally  7 by 
10  foot  low  speed,  and  then  we  had  the  high-speed  tunnel  and  tran- 
sonic tunnel,  and  now  we  are  back  to  the  low-speed  tunnel,  which  is 
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becoming  quite  useful  in  some  of  our  space  work  in  landing  vehicles 
and  such  things  on  the  surface,  so  as  the  technology  changes  we  are 
taking  advantage  of  this  and  we  are  real  proud  of  our  record  in  this 
area  of  decommissioning  facilities  and  using  them  for  something  else, 
or  the  few  that  have  been  actually  dismantled  and  shipped  to  educa- 
tional institutions. 

Colonel  Gould.  Mr.  Myers,  you  say  this  building  will  provide  65,000 
square  feet  of  space  to  accommodate,  I believe,  325  people? 

Mr.  Myers.  Yes,  sir. 

Colonel  Gould.  This  works  out  to  roughly  200  square  feet  Tier  per- 
son, gross  ? 

Mr.  Myers.  Yes,  sir. 

Colonel  Gould.  Is  this  the  criteria  used  in  designing  the  structure? 

Mr.  Myers.  That  was  the  overall  criteria.  If  I may  address  myself 
to  the  individual  criteria,  I mentioned  the  types  of  people  here,  the 
legal  officers,  administrative  services,  public  information,  reproduc- 
tion, management  analysis,  procurement,  and  personnel,  as  the  types 
of  people  that  would  be  in  this  building.  Some  of  the  types  of  people 
do  have  certain  types  of  functions  which  require  a little  larger  space 
because  the  personnel  people,  for  example,  where  they  are  interview- 
ing people,  where  they  have  personnel  interviews;  procurement,  where 
you  are  dealing  with  contractors  or  going  over  cost  estimates  and  this 
type  of  thing  where  you  may  have  large  groups,  we  have  analyzed 
this  on  the  basis  of  two  criteria,  really — 100  square  feet  for  the  normal 
working  person,  shall  we  say,  and  250  square  feet  for  those  who  re- 
quire extra  room.  And  this  has  been  broken  down  into — I have  the 
breakdown  here  and  I can  give  it  to  you  roughly  or  individually. 
But  about  a third  of  the  people  are  of  the  250-square-foot  criteria,  and 
the  other  two-thirds  are  100-square-foot  criteria. 

Colonel  Gould.  Overall  it  does  work  out  to  about  200  square  feet, 
gross,  is  that  correct  ? 

Mr.  Myers.  Yes,  sir. 

Colonel  Gould.  The  reason  I am  asking  the  question — and  possibly 
Mr.  Ulmer  might  be  able  to  shed  some  light  on  it — last  year’s  law 
instructed  NASA  to  proceed  with  the  development  of  standards,  and 
it  is  my  understanding  that  you  have  recently  entered  into  a contract 
with  an  A.  & E.  firm  to  develop  these  preliminary  criteria  for  further 
review. 

Mr.  Ulmer.  Yes,  sir. 

Colonel  Gould.  We  learned  in  recent  hearings  before  the  Manned 
Space  Flight  Subcommittee  that  the  Office  of  Manned  Space  Flight 
uses  a factor  or  a criteria  of  150  square  feet  gross  per  person  in  laying 
out  administrative-type  facilities.  Furthermore^  they  indicate  that 
they  use  110  square  foot  net  in  computing  administrative-type  facili- 
ties. 

Now,  here  in  Ames,  which  is,  I believe,  quite  similar  to  the  structure 
that  is  being  proposed  at  Houston,  we  have  a different  set  of  criteria, 
and  I wonder  what  degree  of  coordination  within  NASA  has  taken 
place  to  try  to  bring  these  like  types  of  facilities  into  the  proper  per- 
spective. 

Was  this  done? 

Mr.  Ulmer.  This  was  done  in  a gross  way,  Colonel,  but  this  is  pre- 
cisely the  effort  that  we  are  attempting  to  get  into  in  setting  up  our 
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program  on  design  criteria  and  construction  standards.  I am  not 
familiar  with  the  recent  testimony  on  the  square  footage  and  the 
criteria  used  on  the  Houston  facilities.  We  would  have  to  see  what 
they  were  talking  about  on  the  conversion  factor  from  net  to  gross. 

Colonel  Gould.  They  gave  us  an  overall  criteria  of  150  gross  square 
feet  per  person,  110  square  feet  net  per  person.  Here  we  are  talking 
of  200  square  feet  gross,  and  I suppose  it  works  out  to  about  150  square 
feet  average  net,  is  that  correct  ? 

Mr.  Meyers.  That  200  includes  the  hallways. 

Colonel  Gould.  I know,  any  gross  figure  includes  all  of  the  area 
within  the  walls.  We  do  have  a variance  in  like  type  facilities. 

Mr.  Ulmer.  We  do,  but  we  also  have  a variance  in  the  function,  in 
the  people,  and  in  the  equipment  for  which  the  building  is  required. 
We  don’t  yet  have  standard  tables  that  we  can  use  to  pick  out  the 
size' of  a building  depending  on  the  number  of  people  or  types  of 
people  to  be  housed.  This  is  the  criteria  and  standards  program  that 
we  hope  to  be  developing  in  the  coming  months.  We  agree  it  is  es- 
sential and  we  must  do  more  work  in  this  area. 

Colonel  Gould.  The  justification  mentions  leased  space  now7  being 
used  at  Ames.  How  much  space-  do  you  now  have  under  lease? 

Mr.  Myers.  I think  I am  correct  in  saying  that  we  have  leased 
space  for  25  people,  that  I know  of.  There  may  be  additional,  but  it 
is  not  in  the  OART  program.  I am  not  aware  of  it. 

Do  you  know  ? 

Mr.  Ulmer.  I don’t  have  an  exact  figure  with  me  but  we  will  supply 
it  for  the  record. 

Colonel  Gould.  If  this  project  is  approved,  you  will  only  take  25 
people  out  of  leased  space,  is  that  right  ? 

Mr.  Myers.  Yes,  sir;  that  is  what  I understand. 

Colonel  Gould.  The  rest  of  the  people  are  now7  housed  in  existing 
facilities  at  the  Center  ? 

Mr.  Myers.  Yes. 

Colonel  Gould.  Will  the  design  of  this  building  be  identical  to  that 
of  f he  data  reduction  building  ? 

Mr.  Myers.  The  design  of  the  building  is  a — I think  you  have 
looked  at  the  picture — it  is  a mirror  image,  actually  of  the  data  re- 
duction building,  sort  of  flopped  over  onto  a circle.  The  internal 
design,  however,  will  be  somewhat  different.  The  data  reduction 
building  required  heavier  floors  because  of  the  heavier  equipment 
that  is  m there,  where  this  more  normal  office  space,  and  that  is  pri- 
marily the  difference  in  cost  as  quoted  here  in  the  estimates  of  $19.50 
per  square  foot  for  the  office  area  and  $15  for  the  basement  area,  as 
opposed  to,  I think,  $21.80  a square  foot  on  the  data  reduction. 

Colonel  Gould.  What  will  the  basement  area-  in  this  building  be 
used  for? 

Mr.  Myers.  Office  space. 

Colonel  Gould.  Has  the  design  been  started  on  this  facility  ? 

Mr.  Myers.  $70,000  has  been  provided  for  the  design  and  informa- 
tion and  the  information  I attained  yesterday  is  that  they  are  in  con- 
tact with  the  A.  & E.  firm  and  discussing  the  internal  arrangements 
right  now,  so  I assume  that  they  have  let  a contract  with  A.  & E. 

Colonel  Gould.  Are  you  using  fiscal  1963  design  money  to  get  this 
underway  ? 


1964  NASA  AUTHORIZATION 


2659 


V.  ?.  Myers.  Yes,  sir. 

C lonel  Gould.  Aside  from  inconvenience  and  somewhat  reduced 
efficiency,  you  could  continue  to  operate  at  Ames  without  this  facility 
hi  1964;  is  that  correct? 

Mr.  Myers.  I think  as  a general  answer  to  that  the  answer  is  “Yes.” 

I think  that  the  conditions  now  are  getting  to  the  point  where  I don’t 
know  how  much  longer  we  can  hold  out,  so  to  speak.  We  can  always 
operate  longer.  Wo  have  a mission  to  perform  and  we  will  perform 
it  one  way  or  another. 

I think  in  discussing  this  with  Dr.  DeFrance,  the  same  day  I think 
you  were  out  there,  the  only  alternative  here  as  he  sees  it  is  to  rent 
a provisional  space  and  procure  some  trailers  and  I think  this  is  the 
problem  now. 

Colonel  Gould.  I don’t  know  where  you  would  put  the  trailers. 

Mr.  Ulmer.  I would  like  to  say  that  we  are  not  going  to  put  trailers 
on  that  land  if  I have  anything  to  do  with  it.  I would  like  to  make 
a plea,  Mr.  Chairman : Please  don’t  turn  the  Ames  Center  into  another 
Jet  Propulsion  Laboratory.  JPL  is  a prime  example  of  what  hap- 
pens by  not  paying  enough  attention  to  housing  the  people  as  the  work- 
load increases.  We  are  paying  for  it  and  paying  for  it  dearly. 

The  chairman  asked  why  we  need  a large  number  of  new  buildings. 
The  program  is  expanding  and  we  are  adding  staff.  The  wrong  way 
to  do  it  is  the  way  it  was  done  by  JPL  by  building  temporary  build- 
ings and  by  renting  trailers.  You  wind  up  paying  far  more  in  the 
long  rim. 

Colonel  Gould.  What  is  the  end  fiscal  1964  planned  strength? 

Mr.  Myers.  Fiscal  1964  is  2,309. 

Colonel  Gould.  1965  ? 

Mr.  Myers.  1965  has  not  been  determined  yet  but  there  will  be  an 
addit  ional  increment  but  I h ave  not  gotten  it. 

Colonel  Gould.  All  told  how  many  people  at  Ames  do  you  nowr 
have  in  leased  space  other  than  the  25  ? 

Mr.  Myers.  The  25  is  the  only  one  that  I know  of.  There  may  be 
additional  that  I am  not  aware  of.  I am  only  aware  of  those  people 
that  are  working  in  the  OAR  program  and  we  support  90  percent  of 
the  Ames  program  at  the  moment  and  the  space  sciences  reporting 
primarily  to  me. 

Colonel  Gould.  Would  you  provide  for  the  record  the  total  amount 
of  leased  space  now,  the  annual  cost  and  number  of  people  being 
accommodated? 

Mr.  Myers.  Yes,  sir. 

( The  information  requested  is  as  follows : ) 

Ames  Research  Center  is  leasing  space  for  a total  of  25  persons,  all  engaged 
in  the  life  sciences  program.  The  total  leased  space  is  13,140  square  feet,  and 
the  cost  is  $31,536  per  year  plus  utilities. 

Colonel  Gould.  That  is  all  of  the  questions  I have,  Mr.  Chairman. 

Mr.  Kartii.  Can  you  come  back  tomorrow,  Mr.  Myers  ? 

Mr.  Myers.  Yes,  sir. 

Mr.  Kartii.  I think  we  will  have  to  adjourn  until  tomorr  ow  morning 
at  10  o’clock. 

Thank  you  very  much. 

(Whereupon,  at  12:15  p.m.,  the  committee  was  adjourned,  to  recon- 
vene at  10  a.m.,  Wednesday,  May  1, 1963.) 
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WEDNESDAY,  MAY  1,  1903 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences 
and  Advanced  Research  and  Technology, 

Washington , D.G. 

The  subcommittee  met  at  10  a.m.,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Karth.  The  meeting  will  be  in  order. 

Dr.  Bisplinghoff,  yesterday  when  we  adjourned  I believe  Mr.  Myers 
was  testifying  on  the  administrative  management  building,  or  had 
concluded  his  testimony  on  that  item  and  was  about  to  testify  on  model 
construction  buildings  and  the  utility  installations;  is  that  correct? 

Dr.  Bisplinghoff.  Yes,  sir. 

Mr.  Kar  ti.  Would  you  like  to  proceed,  then  ? 

FURTHER  STATEMENT  OF  DR.  RAYMOND  L.  BISPLINGHOFF;  AC- 
COMPANIED BY  BOYD  C.  MYERS,  MILTON  KLEIN,  WILLIAM  WOOD- 
WARD, DR.  ALBERT  J.  KELLEY,  RALPH  ULMER,  AND  ROBERT 

LITTELL 

Mr.  Myers.  Yes,  sir.  The  model  construction  building  on  page  CF 
1-12,  at  the  Ames  Research  Center  is  a $347,000  item  proposed  for 
fiscal  year  1964.  This  is  a single  story  building  which  is  made  of 
reinforced  concrete,  102  by  154  and  will  contain  a large  main  shop 
and  a plastic  fabrication  room,  boiler  room,  office,  tool  crib  and  locker 
room  and  laboratory  and  will  also  have  a mezzanine  floor  over  the 
boiler  room  and  this  will  give  us  some  additional  working  space. 

The  main  justification  for  this  facility  is  that  our  present  model 
construction  building  at  Ames  w$s  built  in  1941  and  m the  growth 
of  the  Ames  Laboratory  through  the  years  we  have  gradually  over- 
crowded this  model  shop  with  activity  that  has  been  put  in  various 
and  sundry  places  around  the  laboratory  but  even  that  lias  become  in- 
adequate with  the  new  requirements  that  we  have  and  the  various 
techniques  which  we  need  in  making  models  for  the  various  tunnels 
and  tests  which  we  conduct. 

This  is  the  major  reason.  We  just  need  more  room  and  better 
facilities  than  we  have  available.  I would  be  glad  to  answer  any 
questions. 

Mr.  Karth.  What  do  you  need  a plastics  fabrication  room  for? 

Mr.  Myers.  The  type  of  research  that  we  do,  particularly  in  the  re- 
entry work  at  very  high  temperatures,  requires  some  unique  techni- 
ques in  getting  models  that  are  less  expensive  so  that  we  don’t  have  to 
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go  to  the  very  expensive  machine  models  and  one  of  our  people  at 
Ames  has  worked  out  a technique  using  plastics,  making  plastic 
models  themselves  and  also  using  plastics  for  the  molds  so  that  you 
can  get  these  very  thin  shields,  very  high  temperature  models  which  we 
put  mto  the  various  tunnels. 

To  give  you  an  example,  we  have  the  kinds  of  thing  we  are  working 
with,  as  you  know  the  temperatures  required  in  this  kind  of  work  run 
up  to  three  and 

Mr.  Karth.  I know  they  are  very  excessive. 

Mr.  Myers.  3,000°  and  4,000°. 

Mr.  Karth.  What  do  you  mean  by  fabrication? 

Do  you  mean  manufacture  ? 

Mr.  Myers.  These  are  special  models.  I have  some  pictures  here  if 
you  would  like  to  see  them,  Mr.  Karth,  of  some  of  the  special  types 
of  models. 

Mr.  Karth.  You  are  talking  about  having  the  raw  material  made 
by  some  industrial  manufacturer  and  then  making  your  model  from 
the  raw  material  that  you  purchase  ? 

Is  this  it? 

Mr.  Myers.  Yes,  sir;  the  raw  materials  are  furnished  to  us  from 
the  manufacturer. 

It  is  this  kind  of  model  which  if  you  want  to  get  temperature  sta- 
bility in  a short  room  on  some  of  these  very  high  speed  tunnels  they 
have  to  make  to  get  temperature  stability  in  a short  period  of  time ; 
for  some  of  these  short  runs  you  have  to  have  very  thm  wall  models. 

Here  are  some  of  the  lifting  body  models  we  have  discussed  in  the 
previous  testimony. 

It  is  this  kind  of  thing  we  must  put  into  our  facilities.  These  are 
very  unique  things  that  are  done  on  more  or  less  a day-to-day  basis 
from  requirements  as  you  run  one  set  of  tests  you  find  you  have  to 
change  the  configuration  to  get  the  data  and  it  is  veiy  necessary  in  the 
research  work  to  have  this  capability  right  at  hand. 

Mr.  Karth.  Is  this  a ceramic  or  plastic  ? 

Mr.  Myers.  I think  this  one  is  a ceramic,  yes. 

I can  leave  this  with  you  if  you  like.  Some  of  those  models  you 
see  there  are  molybdenum  and  beryllium  and  these  are  kinds  of  metals 
that  we  are  using  in  some  of  these  models. 

Mr.  Karth.  Colonel  Gould  ? 

Colonel  Gould.  What  is  the  size  of  the  existing  model  shop,  Mr. 
Myers? 

And  the  other  three  buildings  that  are  being  used  for  these  pur- 
poses ? How  much  space  is  involved  ? 

Mr.  Myers.  I don’t  recall  the  exact  size  but  it  is  in  the  notes  I have 
there.  I made  the  tactical  error  of  giving  you  my  notes. 

Colonel  Gould.  Why  don’t  you  read  from  this  until  w«  get  through 
the  testimony? 

The  total  square  footage  in  the  existing  model  shop  and  the  other 
three  f aciilties  that*  are  being  used  for  this  purpose,  please  ? 

Mr.  Myers.  The  other  facilities  we  are  using  right  now,  the  ceramics 
shop,  is  located  at  the  moment  in  building  2i5,  which  is  the  T-by-14- 
foot  wind  tunnel  building. 

The  precision  metal  casting  shop  is  located  over  here  in  the  full  scale 
wind  tunnel  in  the  back  side.  There  is  a room  there  that  we  are  using. 
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The  glass  laminate  shop  is  over  in  building  227,  which  is  the  unitary 
plan  wind  tunnel  building. 

Mr.  Karth.  What  will  you  do  in  the  glass  laminate  shop  ? 

Do  you  mean  you  are  going  to  laminate  glass  ? 

Mr.  Myers.  Some  of  the  requirement  we  have  on  certain  models 
you  use  glass  laminates  to  build  up  the  model  surface  so  you  can  get 
the  smooth  surface  to  study  such  things  as  boundary  layer  and  you 
must  have  a very  smooth  surface  to  do  this  so  you  build  this  up  with 
glass  laminate  so  you  can  machine  it  and  you  can  also  get  the  kind 
of  contour  you  would  like  to  have. 

Mr.  Karth.  This  again  is  a matter  of  you  purchasing  the  raw 
material? 

Mr.  Myers.  Yes. 

Mr.  Karth.  And  applying  it  for  testing  and  doing  your  research 
and  experimental  work? 

Mr.  Myers.  Yes,  sir ; we  buy  all  of  the  raw  materials. 

Mr.  Karth.  And  to  get  the  proper  configuration  ? 

Mr.  Myers.  Yes,  sir.  I can’t  seem  to  find  right  offhand,  Colonel 
Gould,  the  area  of  the  present  shop.  I don’t  recall  it. 

However,  we  can  furnish  that  for  the  record. 

(The  information  requested  is  as  follows :) 

The  amount  of  space  now  being  used  for  model  construction  at  the  Ames  Re- 
search Center  and  the  use  to  which  it  will  be  put  when  the  proposed  model  con- 
struction building  is  put  in  operation  are  as  follows : 

1.  Model  shop  in  building  No.  N-220 ; 10,000  square  feet.  This  space  will  be- 
come a precision  machining  clean  room  for  hypervelocity  research  model  con- 
struction. 

2.  Ceramic  shop  in  building  No.  N-215 ; 900  square  feet.  This  space  will  be 
occupied  by  materials  acceptance  test  equipment  now  inoperative  because  it  was 
displaced  from  the  sheet  metal  shop  by  the  biosatellite  project  requirements. 

3.  Precision  metal  casting  shop;  76S  square  feet.  Under  the  40-by-80-foot 
wind  tunnel.  This  space  will  be  used  for  preparation  of  panel  flutter  models  for 
use  in  the  2-by-2-foot  transonic  tunnel. 

4.  Glass  laminate  shop ; 1,800  square  feet.  Temporarly  located  in  the  unitary 
wind  tunnel  shop.  This  space  will  be  used  as  contractor  shop  area  for  the  uni- 
tary tunnel. 

5.  Large-scale  model  fabrication  will  continue  to  be  performed  in  the  40-by-i0- 
foot  wind  tunnel  and  in  the  large  hangar,  building  No.  N-211  on  an  as-required 
basis. 

Colonel  Gould.  Wliat  will  be  done  with  the  existing  space  when 
the  new  facility  is  completed  ? 

Mr.  Myers.  All  of  the  other  facilities  such  as  a unitary  wind  tunnel 
and  what  have  you,  these  are  just  places  we  have  been  forced  to  go. 

I don’t  know  whether  you  have  visited  the  full-scale  tunnel  at  Ames. 
I think  if  you  did  you  saw  all  of  the  large  models  which  we  need  to 
fabricate  and  change.  We  are  just  using  space  that  is  needed  by  the 
engineers  in  working  with  models,  and  we  have  been  forced  to  fabri- 
cate these  things  in  available  areas  that  will  keep  them  under  cover. 

Colonel  Gould.  What  about  the  existing  model  shop  ? 

What  will  be  done  with  that  space  after  you  complete  this  new 
facility? 

Mr.  Myers.  They  are  planning  to  continue  the  use  of  that,  although 
only  partially  for  models.  There  is  also  a requirement  to  move  some 
of  the  electrical  people  out  of  their  building  to  make  room  for  the  life 
sciences  people  that  are  now  crowding  and  there  is  some  talk  or  dis- 
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cussion  that  maybe  some  of  the  electrical  services  group  might  go  in 
there. 

Colonel  Gould.  Isn’t  the  existing  building  about  10,000  square  feet? 

Mr.  Myers.  It  is  of  that  order.  I don’t  remember  exactly. 

Colonel  Gould.  That  would  give  you  a total  of  25,000  square  feet 
for  model  construction? 

Mr.  Myers.  Yes,  sir;  if  we  used  all  of  the  space  for  that  purpose. 

Colonel  Gould.  In  model  fabrication,  what  types  of  model  con- 
struction require  “clean  room”  facilities  under  controlled  atmospheric 
conditions? 

Mr.  Myers.  Well,  we  have  need  for  a clean  room  for  fabricating, 
for  example,  of  some  of  the  life  sciences  work. 

We  get  some  of  these  restraint  harnesses  for  some  of  the  animals 
that  are  used  and  in  some  of  the  tests  where  you  are  actually  operating 
on  the  brains  and  hearts  of  these  animals  and  so  forth,  these  things 
must  be  put  together  in  a very  antiseptic  manner  and  fabricated  that 
way. 

Colonel  Gould.  You  speak  of  new  and  improved  model-making 
techniques  employed  in  plastics,  et  cetera.  Do  you  now  have  the 
capability  for  plastic  fabrication  ? 

Mr.  Myers.  Yes,  sir;  we  have  some  capability. 

Colonel  Gould.  How  about  ceramics  ? 

Mr.  Myers.  Yes. 

Colonel  Gould.  And  precision  metal  casings? 

Mr.  Myers.  Yes. 

Colonel  Gould.  .Are  you  going  to  build  an  additional  capability 
into  your  proposed  facility  ? 

Mr.  Myers.  By  additional  capability,  we  have  the  capability — in 
fact,  the  Ames  people  pioneered  this  kind  of  work. 

Mr.  Clark  out  at  Ames  was  given  an  award  for  pioneering  some  of 
this  work  and  is  expanding  this  and  what  they  are  planning  to  do 
is  add  a few  additional  fabrication  pieces  of  equipment  to  take  on  the 
new  area  ofproviding  models  in  this  manner. 

Colonel  Gould.  The  reason  I ask  this,  Mr.  Myers,  is  I don’t  see  any- 
where in  the  estimate  any  new  equipment  to  be  purchased  so  I assume 
that  you  already  have  this  equipment  and  are  merely  going  to  set  it  up 
in  a new  facility? 

Mr.  Myers.  That  is  correct. 

These  will  be  small,  as  some  of  these  pictures  indicate,  relatively 
small  models  and  this  would  be  purchased  out  of  R.D.  & O.  money. 

Colonel  Gould.  I thought  that  in  the  construction  program  we  were 
using  the  so-called  “turnkey  concept”  within  NASA  that  would  pro- 
vide a complete  facility  in  all  respects  ? 

Mr.  Myers.  This  is  correct  on  all  of  our  research  facilities. 

However,  we  don’t  look  at  the  model  construction  shop  as  a research 
facility.  And  also  as  Mr.  Clark  has  pointed  out  and  his  division  chief, 
they  are  not  quite  sure  because  this  is  some  new  pioneering  work,  they 
are  not  quite  sure  exactly  how  they  are  going  to  design  this  ana  this 
will  be  designed  and  proposed  to  be  purchased  out  of  R.D.  & O.  money 
when  they  get  to  know  exactly  how  they  are  going  to  build  it. 

Now  you  realize  that  some  of  the  equipment,  of  course,  is  now 
crowded  in  other  places  and  will  be  brought  into  this  model  construc- 
tion building. 


*z 

f 

•i, 

V 


\ 


1964  NASA  AUTHORIZATION  2665 

Colonel  Gould.  I assume  all  of  it  will,  since  you  are  asking  for  no 
new  equipment.  Actually  could  you  continue  to  operate  in  the  present 
facilities  and  still  meet  your  on-going  program  ob  j ecti ves  ? 

Mr.  Myers.  In  answering  this  question  yesterday  on  the  other  facil- 
ity, we  can  always  say  we  can  continue  but  we  think  in  this  particular 
area  that  we  have  held  off  long  enough — in  fact,  maybe  too  long,  and 
we  really  feel  that  this  is  a very  necessary  vital  part  of  our  research 
program  and  we  would  like  to  have  this  to  go  ahead. 

Colonel  Gould.  No  further  questions,  Mr.  Chairman, 

Mr.  Earth.  Where  else  within  NASA  do  you  do  work  on  plastics 
and  ceramics? 

What  other  installations  do  this  kind  of  work  ? 

Mr.  Myers.  I can  speak  for  the  research  centers.  We  do  similar 
work  at  Langley  and  at  Lewis. 

We  do  very  little  at  the  Flight  Research  Center. 

Mr.  Earth.  What  about  their  facilities  ? 

Is  the  effort  here  to  build  up  a capability  in  all  of  these  areas  in  all 
of  your  centers  or  a major  portion  of  your  centers  ? 

At  one  point  the  testimony  of  Dr.  Bisplinghoff  or  someone  from 
NASA  was  that  these  centers  more  or  less  but  primarily  more,  have 
built  up  a unique  capability  within  their  own  framework  and  I am  not 
so  sure  that  this  is  true,  as  I go  through  these  budget  requests,  when 
I find  that  you  are  pretty  much  asking  that  we  duplicate  this  expertise 
at  various  NASA  centers  around  the  country. 

I wonder  if  you  would  tell  us  why  you  need  this  same  capability 
at  Ames  that  you  now  have  at  Lewis  and  at  Langley  ? 

Mr.  Myers.  Yes.  I may  make  just  a slight  comment  here  about 
going  back  to  the  NACA  days.  When  NASA  was  formed,  the  NACA 
was  the  nucleus  of  the  new  agency  and  in  effect  there  were  9,000  people 
conducting  strictly  research  in  the  four  research  centers,  Langley, 
Lewis,  Ames  and  Flight. 

Then  of  course  we  were  charged  with  space  exploration  and  space 
research  which  went  over  and  above  the  area  of  aeronautical  research 
which  we  had  in  NACA,  and  the  centers  adapted  themselves  to  these 
new  areas,  new  environments,  new  facilities  required  to  study  the 
problems  and  produced  data  that  would  form  the  basis  for  design  of 
these  new  vehicles  and  at  the  same  time  carry  on  a healthy  aero- 
nautical effort. 

Now  in  all  of  these  centers  we  had  wind  tunnels,  we  had  other  types 
of  heating  tunnels,  we  had  equipment  for  structures  research  and  these 
have  been  expanded  now  for  the  new  problems  but  within  each  center 
and  within  each  program  at  each  center  which  we  control  in  OART 
as  to  what  the  balance  of  the  program  is  between  centers,  there  are 
requirements  for  models  in  all  of  these  facilities.  As  the  technology 
increases  and  as  the  problems  are  broadened  with  respect  to  tempera- 
ture and  atmosphere  and  vacuum  and  what-not,  you  have  new  tech- 
niques required  for  models  in  order  to  just  test  and  understand  what 
is  going  on,  so  that  each  center  has  to  have  some  capability  to  produce 
these  models  that  the  research  engineers  from  day  to  day  in  carrying 
out  the  technical  part  of  the  program  have  to  nave  in  order  to  get 
the  data  required. 

So  that  when  you  say  we  are  expanding  at  all  centers,  I think  what 
we  are  really  talking  about  is  we  are  updating  our  techniques  in  order 
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to  study  the  new  problems  and  the  expansion  as  such  is  in  keeping 
with  the  expansion  of  the  general  program  rather  than  expansion  of 
any  given  thing  like  model  techniques.  We  are  just  updating  our 
technical  knowledge. 

Mr.  Karth.  Shouldn’t  they  be  thinking  about  putting  all  of  these 
under  one  roof  someplace,  rather  than  quadruple  our  activities  ? 

Mr.  Myers.  We  have  about  a $500  million  plant  which  is  in  the 
four  research  centers.  I think  it  would  be  rather 

Mr.  Karth.  In  the  long  run  this  might  save  some  money. 

Mr.  Myers.  Are  you  talking  about  putting  all  centers  under  one 
roof  or  the  model  construction  ? 

Mr.  Karth.  No,  putting  all  centers  imder  one  roof. 

Let’s  take  the  big  jump  instead  of  nibbling  away  at  this  thing  like 
mice  at  the  cheese. 

Mr.  Myers.  I think  if  you  did  that  you  would  destroy  probably  one 
of  the  assets  this  country  has  because  I think  it  would  be  unmanage- 
able if  you  put  the  10,000  to  11,000  people  we  have  in  our  research 
centers  under  one  roof,  plus  of  course  the  added  cost  of  tearing  down 
all  of  these  very  expensive  and  permanent  facilties. 

Mr.  Karth.  You  don’t  tear  them  down. 

Mr.  Myers.  I mean  take  them  down. 

They  are,  in  effect,  under  one  roof  under  OART  management, 
under  Dr.  Bisplinghoff,  and  each  center  has  certain  missions  and  each 
program  carries  out  certain  objectives. 

Mr.  Karth.  Except  each  center  seems  to  be  getting  involved  in  the 
same  thing  that  other  centers  are  becoming  involved  in  and  I am  not 
so  sure  that  we  are  not  going  down  the  same  road,  but  in  four  different 
directions.  This  is  the  only  thing  that  disturbs  me. 

Mr.  Myers.  I would  like  to  reassure  you  on  that  point.  As  part  of 
my  responsibilities  in  the  Office  of  Advanced  Research  and  Technol- 
ogy, I am  Director  of  Programs  Review  and  Resources  Management 
and  one  of  my  responsibilities  is  to  see,  under  Dr.  Bisplinghoff’s  ap- 
proval, that  our  whole  program  is  documented  very  carefully  and  each 
research  task  that  is  done,  whether  it  is  done  at  Marshall  or  Lewis  or 
what  have  you,  is  documented  and  these  are  approved  in  a dvance  be- 
fore funds  are  ever  appropriated  and  allocated  to  the  centers  to  con- 
duct these  and  this  is  why  I speak  of  a balanced  program,  that  these 
4,000  tasks  we  are  working  on  this  fiscal  year,  each  one  of  them  has  been 
carefully  examined  by  technical  people  and  I do  not  think  they  are 
going  down  the  same  road. 

Mr.  Karth.  Do  we  have  a model  construction  building  at  Lewis  ? 

Mr.  Myers.  Yes,  sir.  We  don’t  call  it  a model  construction  build- 
ing as  such.  It  is  shops  at  Lewis. 

Mr.  Karth.  Do  we  have  one  at  Langley  ? 

Mr.  Myers.  Yes,  sir. 

Mr.  Karth.  In  those  model  construction  buildings  or  in  those  shops, 
do  we  do  model  work  on  plastics  and  ceramics  and  laminates  ? 

Mr.  Myers.  Yes,  sir.  We  exchange  information  between  centers  on 
any  new  technique  as  they  come  up  so  that  each  center — at  Lewis  if 
they  have  a high  temperature  model  they  must  test  with  respect  to 
populsion  they  would  try  to  take  advantage  of  the  same  technique  to 
get  improved  models  and  this  constantly  goes  on. 
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Mr.  Karth.  Can’t  we  build  up  a capability — let’s  take  Lewis — 
geography  does  not  mean  much  but  let’s  take  Lewis  or  Langley  and 
my  question  is  can’t  we  build  up  this  capability  at  Langley  or  Lewis 
or  Goddard  or  someplace  else,  or  at  Ames  and  forget  about  it  at  the 
other  research  centers. 

Can’t  we  do  this  and  have  all  of  the  plastic  research  that  is  done  or 
the  fabrication  of  these  models  and  the  laminates  and  the  other  work 
that  you  speak  of  to  be  done  under  the  roof  of  the  model  construction 
buildings,  can’t  we  do  it  all  at  one  center  ? 

Mr.  Myers.  The  answer  to  your  questions  is  “Yes,”  it  could  be  done 
in  one  center  but  I think  it  would  be  very  inefficient  and  very  ineffec- 
tive because  every  time  an  engineer  needs  a model  and  he  is  working 
on  a very  detailed  technical  investigation  and  he  finds  from,  his  data 
he  must  go  to  a certain  shape  and  so  he  gets  a drawing  made  and  he 
has  to  go  over  to  the  shopman  and  explain  to  him  why  this  is  the  way 
it  is  and  why  the  specifications  are  what  they  are  and  what  he  needs 
and  the  time  he  needs  it  in.  If  he  had  to  do  this  at  a central  place — 
say  if  we  put  it  in  the  middle  of  the  country  since  our  centers  are  fairly 
well  spread  around 

Mr.  Karth.  Let’s  say  we  do  it  at  one  of  the  existing  centers.  I am 
not  worried  about  the  geography  of  the  thing.  The  reason  for  my 
question  is  to  decide  whether  or  not  we  need  this  capability  in  every 
center  or  whether  or  not  we  could  build  up  a good  capability  at  one 
center  and  do  all  of  the  research  work,  if  we  can  call  it  that,  or  all 
of  the  fabrication  work  if  you  would  rather  call  it  that,  at  just  one  of 
the  centers  and  build  up  a real  good  capability  there. 

Mr.  Myers.  My  answer  is  twofold:  You  could  do  it  in  one  place 
but  I think  it  would  be  very  ineffective  if  you  did.  And  the  second 
answer  is  “Yes,  we  need  this  capability  at  each  center.” 

I hope  you  will  have  an  opportunity  on  Friday,  when  you  are  at 
Lewis,  to  see  some  of  the  model  work  they  do  there  to  get  a feel  for 
the  kinds  of  models  that  are  required. 

Mr.  Karth.  Sure,  we  will  take  a look.  .Any  further  questions? 

Colonel  Gould.  No,  sir. 

Dr.  Weaver.  I am  not  quite  sure  I understand  your  testimony.  You 
really  feel  you  need  it  at  each  of  the  different  installations  because  of 
the  particular  problems  of  that  installation  demanding  research  in 
the  field  ? 

Mr.  Myers.  Yes,  sir ; because  of  the  technical  work  that  each  instal- 
lation is  charged  with,  they  must  have  models  in  order  to  test  them 
in  these  facilities  and  each  investigation  practically  requires  a model 
unless  it  is  a theoretical  investigation,  but  each  experimental  investi- 
gation in  a facility  requires  a model  of  some  sort,  whether  it  is  a high 
temperature  model  or  what  have  you. 

Dr.  Weaver.  Do  you  feel  the  distances  between  the  centers  would 
make  it  difficult  in  transporting  models  back  and  forth  or  readjusting 
them  if  you  did  get  one  ? 

Mr.  Myers.  I think  it  would  be  a real  detriment  to  the  program; 
yes,  sir. 

Dr.  Weaver.  You  have  talked  about  possible  duplication  within 
the  NASA. 

Of  course  you  cannot  speak  for  the  Air  Force  or  for  the  Army  or 
Navy,  but  in  looking  at  their  installations  you  have  seen  duplicates 
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of  that  effort  in  this  field  of  research  in  special  materials  and  special 
plastics  and  special  metals  for  high-altitude  space  ? 

Do  you  feel  there  is  any  duplication  in  your  effort  or  their  efforts 


V 

effort  of  research — are  you  speaking  oi 


of  yours — let  me  put  it  that  way. 

Mr.  Myers.  We  think  our  eff 
models  now  ? 

Dr.  Weaver.  I am  talking  about  research  itself . 

Mr.  Myers.  I think  that  witnesses  have  indicated  over  the  past 
few  weeks  and  we  think  we  have  a well-coordinated  program  with 
the  military  services  and  the  AEC  and  FAA  and  other  agencies,  the 
Bureau  of  Standards,  because  we  sponsor  a lot  of  work  in  all  of  these 
agencies  and  we  have  constant  exchange  so  I do  not  think  there  is 
any  unnecessary  duplication. 

However,  each  service  and  each  organization  has  its  own  peculiar 
requirements. 

I think  if  you  went  to  Wright  Field  or  down  to  Tullahoma  or  other 
military  installations  you  will  see  model  shops  and  where  they  require 
models  for  their  facilities  and  they  are  larger  models  usually  because 
they  do  development  work  and  not  the  same  type  of  research  that  we 
do,  but  I think  you  will  see  the  same  sort  of  thing  but  I would  not 
call  this  duplication — I call  this  a means  of  carrying  out  their  mission 
for  military  purposes. 

Dr.  Weaver.  You  are  satisfied  with  the  relationship  as  far  as  NASA 
is  concerned? 


Mr.  Myers.  Yes,  sir. 

Dr.  Weaver.  Is  there  going  to  be  an  effort,  Mr.  Chairman,  to  talk 
with  the  other  services  involved,  or  the  witnesses,  to  see  how  they  feel 
about  this  relationship  or  would  it  be  possible  for  us  to  do  it  from  the 
other  services? 

Mr.  Karth.  You  mean  the  military  ? 

Dr.  Weaver.  Yes. 

Mr.  Karth.  I had  not  planned  on  it  but  this  is  open  to  discussion 
within  the  committee. 

Dr,  Weaver.  I would  think  if  it  were  done  it  would  be  done  with 
these  gentlemen  present. 

Mr.  Karth.  We  would  do  it  in  open  hearing.  I think  what  we  will 
do  is  just  talk  about  this  in  executive  session. 

If  the  committee  members  feel  they  would  like  to  call  additional 
witnesses,  certainly  I would  not  object. 

Dr.  Weaver.  Thank  you. 

Dr.  Bisplinghoff.  I would  expect,  Mr.  Karth,  that  you  would  find 
in  any  reasonable-size  laboratory,  either  in  the  military  services  or  in 
the  NASA  that  there  are  support  and  services  that  are  common  to 
most  of  these  laboratories. 

One  of  these  would  be  a machine  shop  and  a woodworking  shop. 

* I think  there  would  be  an  instrumentation  shop  that  would  be  common 
to  most  of  these  in  which  the  standard  state-of-the-art  electronic 
measurements  techniques  could  be  brought  to  bear  and  also  I think 
something  like  a model  shop  would  be  fairly  common  to  most  of  these 
laboratories  since  the  heart,  of  this  laboratory  work  is  doing  experi- 
ments which  involves  models  or  small  product  to  types  of  some  Rind 
of  a larger  system.  , 

Mr.  Karth.  I think  it  is  good  to  get  in  the  record  because  the  ques- 
tion is  being  asked  more  and  more  as  time  goes  on.  We  are  going  to 
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have  to  justify  this  if  we  accept  these  recommendations  and  proposals. 

I want  the  record  to  show  that  the  justification  is  made. 

Dr.  Bisplinghoff.  Yes. 

I think  it  is  an  important  question  because  you  can  have  these  kind 
of  service  groups  duplicated  over  and  over  to  an  extent  which  is  too 
great. 

There  is  some  optimum  arrangement  for  this. 

Mr.  Karth,  I think  this  was  probably  our  concern  more  than  ques- 
tioning the  idea  whether  or  not  we  snould  have  duplicate  machine 
shops,  because  although  we  say  duplicate  machine  shops,  I think 
every  member  of  the  committee  recognizes  each  one  of  the  centers 
needs  some  kind  of  a machine  shop  to  do  the  work  pecular  to  that 
center. 

How  far  you  go  down  that  road  is  another  question. 

It  always  seems  to  be  a knotty  problem  where  the  break  is  concerned. 

Utility  installations — would  you  care  to  address  yourself  to  that  ? 

Mr.  Myers.  This  is  at  Langley  and  this  project  is  $1,249,000  and  it  is 
essentially  in  two  parts : One  part  is  road  construction  and  this  is  the 
extension  of  the  Ames  Road  at  Langley  for  approximately  3,500  feet 
of  a 30-foot-wide  paved  road  and  it  includes  the  clearing,  drainage, 
excavation,  grading,  and  whatnot. 

The  second  part  is  a utilities  tunnel  extension  which  is  a construction 
of  3,800  linear  feet  of  tunnel  extending  the  existing  walkthrough 
rtmnel  from  the  west  area  heating  plant  to  the  area  where  new  facilities 
are  being  located  or  proposed  to  be  located. 

This  tunnel  is  a 7-foot- wide  by  7-foot-high  utilities  tunnel,  as  I 
mentioned. 

I would  be  glad  to  answer  any  questions  on  that  if  you  like. 

Mr.  Karth.  This  is  at  Langley? 

Mr.  Myers.  Yes,  sir. 

Mr.  Karth.  It  seems  to  me  we  should  have  vacated  some  buildings 
or  some  of  ths  facilities  there  as  we  moved  the  Manned  Spacecraft 
Center  from  Langley  to  Houston. 

What  has  happened  to  these  buildings  and  these  facilities  as  we 
moved? 

Mr.  Myers.  The  Space  Task  Group,  as  it  was  known  when  Project 
Mercury  first  came  into  being,  was  located  in  the  east  area  at  Langley 
which,  colloquially  speaking,  is  the  Air  Force  side  of  the  field  and 
this  used  to  be  the  original  part  of  NA.CA. 

When  NACA  expanded  through  the  years  it  moved  over  to  the 
other  side  of  the  field,  the  so-called  west  area,  and  this  is  where  prac- 
tically all  of  our  facilities  are  now. 

When  the  Space  Task  Group  moved  to  Houston,  they  had  two 
buildings  if  I remember  correctly  that  they  were  occupying.  The 
Space  Task  Group  was  a project  office  and  as  such  did  not  have 
facilities  like  a research  center  has. 

They  had  engineers  that  wrote  specifications  and  got  things  out  on 
contract.  We  did  do  a considerable  amount  of  work  at  the  Langley 
Research  Center  in  support  of  Project  Mercury — don’t  misunderstand 
me — but  their  main  responsibility  was  project  work  so  primarily  they 
were  occupying  office  space  over  there. 

When  they  vacated  there  was  some  discussion  that  the  Air  Force 
would  like  to  take  the  space  over.  They  were  running  out  of  space 
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and  needed  more,  but  we  are  now  occupying  the  space  with  some  of 
our  project  people,  such  as  Project  Fire,  in  the  old  building  which 
used  to  be  the  old  administration  building,  the  original  NACA.  Every- 
thing now  in  the  way  of  research  facilities  is  in  the  west  area,  except 
the  Hill-scale  tunnel,  which  is  a very  large  tunnel  in  the  east  area. 

Mr.  Karth,  What  are  we  using  now  for  the  utilities  at  Langley? 
This  is  apparently  an  expansion  program  ? 

Mr.  Myers.  This  is  an  extension,  Mr.  Karth. 

The  chart,  if  you  turn  to  page  CF  5-21,  perhaps  it  may  clarify  it. 

The  heavy  black  lines  are  the  extensions  of  the  utilities  tunnel  and 
road.  The  narrow  line,  the  black  line,  is  the  tunnel  and  the  wide  line 
is  the  road. 

If  you  see  the  building  numbers  there — they  are  kind  of  small  but 
you  see  the  building  1251,  that  is  the  unitary  plan  wind  tunnel. 

At  the  present  time  we  have  no  road,  nothing  but  a dirt  road,  and 
there  is  no  way  to  get  out,  for  example,  to  the  landing  loads  track  ex- 
cept this  old  existing  dirt  road  which  for  years,  since  the  landing  loads 
track  was  in  existence,  has  been  very  difficult  to  navigate  with  heavy 
models  and  landing  gear  which  we  use  on  the  landing  loads  track. 
Sometimes  this  road  is  impassible. 

This  whole  area  just  to  the  left  and  up — say  to  the  northeast  of  build- 
ing 1251 

Mr.  Karth.  Are  you  talking  about  the  hypersonic  physic  test  area 
now? 

Mr.  Myers.  Yes,  the  hypersonic  test  area,  which  is  in  existence,  and 
the  hot  gas  radiation  research  facility  Dr.  Kurzweg  spoke  to  you  about 
yesterday,  and  the  test  facility,  a part  of  which  was  authorized  in  1968 
and  for  which  we  are  asking  an  addition  in  1964,  for  the  stabilization 
of  control  laboratory  and  electronics  instrumentation  laboratory,  and 
over  on  the  left  the  lunar  landing  research  facility,  which  is  rushing 
to  completion  at  the  moment. 

Mr.  Karth.  What  are  we  going  to  put  in  there? 

Mr.  Myers.  In  where  ? 

Mr.  Karth.  The  lunar  landing  research  facility? 

Mr.  Myers.  That  was  a facility  constructed  and  is  under  construc- 
tion from  the  1962  program. 

Mr.  Karth.  We  got  that  started  before  we  moved  to  Houston  but 
now  we  have  moved  to  Houston,  what  are  we  going  to  do  with  this  ? 

Mr.  Myers.  We  are  conducting  research  in  this  facility  or  intend 
to  conduct  research  in  this  facility  where  we  have  a large  crane  or  I 
should  say  an  overhead  steelwork — it  is  all  open  steelwork  which  just 
supports  a track  on  which  the  model  moves  along  the  track  and  at 
the  same  time  through  control  mechanisms  can  descend  as  if  you  are 
making  a transition  landing  on  the  Moon  or  some  other  planet  and 
what  we  are  doing  here  is,  as  Dr.  Kelley  mentioned  in  his  program, 
we  are  studying  stability  and  control  techniques  and  systems  that  will 
have  possible  implications  in  vehicles  that  will  be  required  to  land  on 
other  planets  different  from  the  Earth’s  atmosphere  and  gravity. 

Mr.  Karth.  Are  you  going  to  conduct  lunar  landing  tests  there? 

Mr.  Myers.  Yes.  What  do  you  mean — for  Apollo? 

Mr.  Karth.  Yes. 

Mr.  Myers.  This  was  called  the  Lunar  Landing  Facility  back  in 
1960. 
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Mr.  Karth.  That  was  the  basis  upon  which  it  was  justified,  isn't  it? 

Mr.  Myers.  No,  sir;  it  was  justified  on  the  basis  of  research.  The 
earliest  missions  of  this  type  that  were  visualized  would  have  been 
a lunar  landing  and  therefore  it  was  named  a Lunar  Landing  Facility 
but  it  can  be  used  for  studying  landings  in  other  environments. 

Mr.  Karth.  It  can  be,  I know  that. 

Mr.  Myers.  Well,  it  is  being  designed  for  that. 

Mr.  Karth.  This  thing  was  orginally  justified  on  the  basis  you 
needed  this  facility  to  test  craft  for  the  lunar  landing,  isn’t  that 
correct  ? 

Mr.  Myers.  Not  to  test  craft  for  the  lunar  landing  but  to  test  this 
type  of  vehicle.  It  was  not  for 

Mr.  Karth.  We  are  not  going  to  be  engaged  in  semantics  here 
but  let  me  ask  you  this:  Are  we  building  one  of  these  things  at 
Houston  ? 

Mr.  Myers.  No,  sir.  I understand  that  has  been  deleted  now. 

Mr.  Karth.  Of  course,  if  your  theory  of  what  we  should  do  at 
these  various  centers  stood  the  test  of  this  one,  why  then  I would 
say  we  should  build  this  thing  at  Houston.  We  should  have  the 
facility  at  Houston,  shouldn’t  we,  in  support  of  -a  lunar  landing  pro- 
gram? 

Mr.  Myers.  Sir,  this  is  a research,  facility  in  which  we  study  many 
kinds  of  control  systems  that  will  apply  to  many  ty  pes  of  vehicles. 

It  was  just  that  it  was  visualized 

Mr.  Karth.  You  don’t  even  have  any  plans  for  any  other  type 
of  vehicle  yet? 

Mr.  Myers.  When  this  facility  was  visualized  in  the  space  ex- 
ploration program  we  knew  we  were  going  to  have  to  land  on  various 
planets  in  space  exploration  and  how  to  do  this  and  which  technique 
to  use,  whether  you  use  visual  control,  automatic  control,  on-off 
systems,  these  have  to  be  studied  because  your  gravity  field  is  dif- 
ferent and  this  simulator  in  effect  will  simulate  the  various  gravities 
that  are  required  and  put  you  in  the  right  environment  to  try  out 
the  various  control  techniques,  so  that  we  are  producing  data  from 
this  facility  or  will  produce  data  which  will  be  applicable  to  many 
types  of  vehicles  whether  they  land  on  the  lunar  surface  or  others. 

Mr.  Karth.  Now,  the  two  big  administrative  buildings  that  were 
being  used  by  the  manned  space  flight  group  are  not  being  used 
by  those  people  since  they  are  now  at  Houston. 

What  did  you  say  we  are  doing  at  these  buildings  or  what  are 
these  buildings  for? 

Mr.  Myers.  These  are  office  buildings  and  primarily  we  are  using 
them  as  office  buildings  at  Langley  to  house  some  of  our  people  and 
I said  or  I used  the  example  of  Project  Fire,  which  Mr.  Ames  de- 
scribed to  you,  as  being  a project  office  located  there.  There  are 
other  projects  Langley  is  handling  and  they  are  using  other  parts 
of  that  building  for  those  people. 

Mr.  Karth.  We  could  not  convert  either  one  of  those  two  structures 
or  a portion  of  them  to  some  of  these  other  needs,  is  that  right? 

Mr.  Myers.  Sir,  this  is  a brick  office  building  which  was  constructed 
I think  in  1921  that  is  strictly  an  office  building.  It  does  have  a 
cafeteria  in  it  that  was  used  as  a shop  at  one  time. 
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Mr.  Karth.  Why  do  you  have  to  construct  this  utility  installation 
so  far  away  from  everything  ? 

I notice  that  3,500  feet  of  pavement  are  involved  here  at  a cost  of 
$325,000. 

Is  this  something  the  engineers  decided  is  absolutely  necessary  ? 

Mr,  Myers.  The  area  here — yes,  sir. 

If  you  look  at  the  Langley  layout  I think  you  can  see  that  the  exist- 
ing and  older  part  is  getting  to  be  fairly  crowded  and  complex. 

It  is  on  page  CF  5-1  right  about  the  middle.  You  see  the  area  we 
are  talking  about  is  part  of  the  long-range  plan  of  where  to  expand 
the  facility  area. 

The  area  there  as  you  can  see  on  the  left  is  very  marshy  and  the 
water  tables  are  such  that  we  have  to  go  to  certain  locations  if  we 
place  a new  facility.  This  is  an  area  that  is  an  extension  of  the  very 
crowded  area  which  you  see  on  the  right  hand  side.  This  is  merely  an 
extension  from  our  heating  plant  of  heat  that  is  required,  electrical 
utilities,  high  pressure  steam  for  ejectors  that  is  required  for  these 
facilities  I spoke  of  out  here  in  this  area.  It  is  merely  an  extension 
of  what  we  need,  plus  the  road  which  we  feel  is  very  important  in 
trucking  things  out  to  these  facilities. 

Mr.  Karth.  Mr. Morris? 

Mr.  Morris.  Is  this  a test  facility  or  is  this  just  going  to  be  a re- 
search facility  ? 

Mr.  Myers.  Well,  the  utility  installations,  the  item  I am  speaking 
of,  is  primarily  to  add  water,  electricity,  steam  to  the  facilities  that 
are  proposed  and  are  existing ; or  under  construction  in  this  particular 
area. 

You  ask  if  all  of  the  facilities  which  are  here  are  research  facilities. 
These  are  not  ad  hoc  testing  facilities,  these  are  research  facilities. 

Mr.  Kartii.  You  have  outgrown  your  present  utility  capability,  is 
this  right? 

Mr.  Myers.  We  have  to  provide  utilities  for  these  facilities  and  we 
have  to  provide  a means  for  getting  them  there  and  that  is  what  this  is. 

Mr.  Karth.  You  are  talking  about  the  facilities  that  are  proposed? 

Mr.  Myers.  Proposed  and  under  construction,  yes,  sir. 

Mr.  Karth.  Haven’t  we  budgeted  for  this  utility  installation  before 
for  those  that  are  under  construction,  for  those  projects  already 
authorized? 

Mr.  Myers.  We  had  some  funds  in  the  Lunar  Landing  Research 
Facility  for  electrical  but  we  had  not  funded  for  the  other  utilities 
because  we  have  visualized  this  area  was  being  built  up  and  we  would 
like  to  put  in  a tunnel  which  can  take  all  of  the  utilities  out  in  that 
area  and  then  we  can  tap  off  from  that  tunnel  as  expansion  requires  it. 

Mr.  Karth.  I am  not  attempting  to  be  critical  but  it  seems  to  me 
it  is  rather  poor  engineering  to  build  buildings  or  ask  authorization 
of  funds  and  appropriation  of  funds  to  build  buildings  in  an  area 
where  you  don’t  have  utility  services  and  then  ask  for  authorization 
or  appropriation  of  funds  to  construct  those  utilities  at  a later  date. 

Wbat  if  we  turn  this  utilities  installation  request  down  ? 

You  mean  that  building  is  a great  cost  out  there  ? 

Mr.  Myers.  Ko  ; if  you  turned  it  down  we  would  have  to  come  back 
in  for  additional  funds  or  try  to  make  some  other  arrangements  out 
of  other  funds  in  order  to  do  it. 


1964  NASA  AUTHORIZATION 


2673 


f£ 

?'• 


•St 


Mr.  Karth.  Don’t  you  think  these  utilities  installations  funds 
should  have  been  requested  at  the  time  the  buildings  were  proposed 
and  requested? 

Mr.  Myers.  I think  it  may  have  been  difficult  and  it  was  part  of 
our  plan  here  to  do  it  this  way  because  we  are  only  putting  in  one 
facility,  the  vehicle  antenna  test  facility  which  is  going  to  take  a little 
over  2 years  to  construct  in  fiscal  1963,  which  is  now  just  getting  into 
the  design  stage. 

Mr.  Karth.  Except  you  see  the  position  you  put  Congress  in. 

I don’t  recall  what  the  proposal  was  last  year  or  2 years  ago,  when- 
ever it  was  when  the  request  was  made  for  facilities  in  this  area  that 
wre  now  have  to  supply  utilities  to  and  I recognize  the  need  for  the 
supplying  of  utilities,  but  I think  it  is  kind  of  misleading  to  the  Con- 
gress to  say  now  this  is  what  we  need  for  this  project  and  then  later 
on  come  in  and  say  well  this  is  what  we  needed  for  the  project  except 
we  also  need  utilities  now  so  you  have  to  provide  another  $2  or  $4  or 
$6  million,  whatever  it  is. 

I am  really  somewhat  disturbed  about  the  procedure. 

Mr.  Myers.  The  vehicle  and  antenna  test  facility  authorized  in  fiscal 

1963  which  is  the  one  under  construction  here — these  others  are  1964 — 
we  did  provide  some  utility  extension  in  these  particular  projects  but 
at  that  point  in  time  we  m our  advance  facility  planning  knew  we 
were  going  to  propose  additional  facilities  for  this  area. 

Our  engineers  at  Langley  felt  that  it  would  be  much  cheaper  in  the 
long  run,  rather  than  putting  above-surface  facilities,  that  is  ex- 
posed pipe  and  exposed  power  lines  and  so  forth,  to  individual  fa- 
cilities and  then  as  each  one  is  built  to  add  another  separate  line  and 
so  forth,  to  put  in  a facilities  tunnel  and  this  was  in  their  planning  and 
once  we  decided  that  we  were  going  ahead  with  these  facilities,  then 
the  facilities  tunnel  was  proposed  and  that  is  why  it  is  proposed  in 

1964  and  we  will  have  it  in  operation,  if  it  is  authorized,  by  the  time 
these  other  facilities  need  the  utilities. 

So  it  was  part  of  the  plan. 

Mr.  Karth.  What  if  we  don’t  authorize  this  utility  installation 
and  you  finish  the  construction  of  those  buildings  that  are  now  under 
construction  ? You  can’t  operate  them,  can  you  ? 

Mr.  Myers.  We  would  have  to  provide  individual  lines  to  each  of 
the  facilities. 

Mr.  Karth.  Colonel  Gould? 

Colonel  Gould.  You  are  requesting  $325,000  for  about  two-thirds 
of  a mile  of  30-foot  roadway  which  works  out  if  my  arithmetic  is 
correct  to  $487,000  a mile.  This  is  a pretty  expensive  road. 

Would  you  define  specifically  what  you  intend  to  do  for  this 
$325,000? 

Mr.  Myers.  Yes,  I mentioned  the  water  table  there  as  rather  high 
and  so  this  is  not  an  usual  type  of  road. 

This  road  item  is  an  8-inch  reinforced  concrete  road  with  a rolled 
curb  on  it,  16,800  square  yards  of  road  at  $7.60  per  square  yard,  in- 
cluding the  cost  of  curbing  and  there  is  some  minor  amount  of  side- 
walk involved — $4.20  per  square  yard,  and  included  in  the  road  con- 
struction are  storm  drains  for  area  drainage  which  account  for  ap- 
proximately half  of  the  cost  of  the  item  and  I have  some  additional 
breakdowns  here  on  the  storm  drainage  if  you  would  like  those. 
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Mr.  Karth.  The  colonel  advises  me  that  modern  highway  construc- 
tion, you  know  where  you  are  running  these  huge  transcontinental 
trucks  over  repeatedly,  costs  about  $300,000  per  lane. 

Do  you  plan  greater  things  for  this  road  than  our  modem  highways  ? 

It  is  just  a matter  of  curiosity. 

Mr.  Myers.  I think  I mentioned  that  half  of  the  cost  is  in  the 
drainage  because  of  the  high  water  table  there. 

Now  Langley  has  built  other  roads  in  this  similar  area  and  these 
estimates  are  based  on  our  previous  experiences  in  building  these 
roads. 

Colonel  Gould.  Why  are  we  building  concrete  roads  at  this  station 
rather  than  blacktop  ? 

Mr.  Myers.  Well,  we  have  found  through  the  years — I think  if 
you  have  been  at  Langley  you  see  that  all  of  our  roads  are  concrete 
there  except  some  that  run  around  the  airfield  there  which  are  tempo- 
rary roads — and  we  found  through  the  years  this  is  much  cheaper  for 
us  to  build  and  they  stand  up  better  and  there  is  less  maintenance 
involved  and  they  have  been  very  satisfactory. 

Colonel  Gould.  At  the  Mississippi  Test  Site  we  are  building  a four- 
lane  highway  as  part  of  the  Mississippi  Test  Facility  at  $300,000  a 
mile,  blacktop,  with  much  the  same  conditions  you  have  at  Langley. 

This  cost  appears  to  me  to  be  excessive. 

As  a matter  of  fact  the  two-lane  highways  in  Mississippi  are  only 
running  $150,000  a mile. 

Mr.  Ulmer,  could  you  correlate  the  variance  of  costs  between  road 
construction  at  Langley  and  that  in  Mississippi  for  example  within 
the  NASA  program  ? 

Mr.  Ulmer,  could  you  give  us  some  explanation  for  this  ? 

Mr.  Ulmer.  We  will  do  our  very  best  to,  Colonel  Gould,  but  I would 
like  to  point  out  there  are  these  drainage  conditions  involved. 

There  are  clearing  costs  involved  and  the  figure  you  see  here  lumps 
all  of  these  together  in  this  estimate. 

We  would  nave  to  break  out  the  individual  items  and  compare  them 
for  you. 

Colonel  Gould.  I think  in  view  of  the  high  cost  of  this  item,  Mr. 
Myers,  that  we  should  have  a detailed  breakdown  placed  in  the  record 
as  to  what  comprises  this  $325,000  and  some  additional  justification 
as  to  why  the  cost  is  so  high. 

Mr.  Myers.  I would  be  glad  to  give  you  that. 

(The  information  requested  is  as  follows :) 

Breakdown  of  item  “Road  Construction1”  (approximately  3,500  feet  of  pave- 
ment, 30-feet  wide) , $325,000,  and  justification  of  these  costs  under  project  “Util- 
ity Installations,"  Langley  Research  Center,  reference  fiscal  year  1964  budget 
estimates,  page  CF  5-22. 

Cost  breakdown 


Storm  drain  pipe  and  installation $142, 150 

Manholes,  storm  inlets,  outlets,  and  laterals 8, 820 

Site  preparation,  excavation,  and  backfill 44, 360 

Road  paving  16,800  square  yards  at  $7.60 127, 680 

Walk  paving  500  square  yards  at  $4.20 2, 100 


Total  road  construction 325, 110 
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JUSTIFICATION 

A comparison  of  the  above  cost  estimates  for  the  road  construction  with  costs 
of  recent  highway  construction  in  the  Langley  area  shows  equivalent  costs  except 
for  the  drainage  system.  For  example : Magruder  Boulevard,  near  Langley,  was 
completed  this  year.  It  is  an  8-inch  concrete  dual  highway  with  48  feet  total 
width,  4.135  miles  long.  Including  deep  ditch  drainage,  the  average  cost  was 
$308,000  per  mile,  roughly  equivalent  to  $192,000  per  mile  for  a 30-foot-wide 
road.  To  compare  costs,  the  Langley  road,  when  estimated  with  this  type  of  ditch 
drainage,  comes  to  $197,000  per  mile. 

The  drainage  system  planned  for  the  Langley  project  brings  the  cost  of  the 
road  to  $340,000  per  mile.  The  total  area  to  be  paved  is  equivalent  to  5,040  feet 
of  30-foot-wide  road.  The  drainage  system  is  required  for  storm  water  drainage 
of  a large  area  of  low  flatland  through  which  the  road  passes.  The  ditch  type 
drainage  would  not  be  suitable  for  this  type  of  installation. 

Colonel  Gouid.  Now  the  cost  of  the  utility  tunnel  works  out  as  I 
calculate  it,  to  about  $148  a linear  foot. 

How  does  this  compare  with  the  cost  of  utilities  tunnels  at  Houston, 
for  example  ? 

Mr.  Ulmer,  possibly  you  can  answer  that. 

Mr.  Myers.  I cannot  speak  to  Houston. 

I can  speak  to  one  of  our  other  facilities  which  I am  familiar 
with. 

Mr.  Ulmer.  I don't  know  how  the  Langley  figure  compares  to  the 
Houston  figure.  The  Langley  figure  is  comparable  to  similar  tunnels 
at  the  Lewis  center  on  a unit  cost  basis. 

Colonel  Gould.  What  wrere  the  comparative  costs  at  Lewis  ? 

Mr.  Myers.  This  was  higher  than  the  cost  of  a similar  sized  utility 
tunnel  at  Lewis  and  it  is  primarily  due  again  to  the  high  water  table 
which  requires,  I think — what  was  the  thickness  of  that  wall,  Mr. 
Littell  ? I have  forgotten  it. 

Mr.  Karth.  I am  beginning  to  think  we  ought  to  put  it  above 
ground. 

Mr.  Myers.  It  requires  8-inch-thick  wall  because  of  the  height  of 
the  water  table  and  also  requires  some  sheet  steel  piling  support  so 
this  is  a little  more  expensive  for  its  size  than  the  one  at  Lewis.  The 
conditions  at  Lewis  are  different  than  they  are  here  but  they  are 
comparable. 

Colonel  Gould.  Following  up  on  Mr.  Karth’s  question,  if  you  do 
have  a drainage  problem  at  Langley  why  did  you  decide  to  go  to 
underground  utility  ducts  rather  than  overhead  lines? 

Mr.  Myers.  We  have  found  through  the  years  also  that  the  under- 
ground utilities  are  much  cheaper  in  the  long  run.  Also,  you  can 
add  other  utilities  by  just  putting  a line  through  these. 

They  are  easier  to  maintain.  When  you  need  a new  computing 
service,  for  example,  in  a facility  it  is  very  easy  to  put  a line  right 
through  these  tunnels  to  the  data  reduction  center  rather  than  con- 
struct above  ground  and  our  experience  has  been  for  many  years  that 
this  is  a much  cheaper  way  for  us  to  do  it. 

Also,  they  are  easier  to  maintain. 

Mr.  Karth.  Why  would  it  be  cheaper  to  lay  a utility  pipe  in  a 
tunnel  than  to  lay  it  above  ground  ? 

I don’t  understand  why  it  would  be  cheaper. 

Mr.  Myers.  Because  you  have  maintenance,  you  have  breakdowns 
and  you  have  leaks  in  your  system  and  so  forth  and  it  is  much  easier 
to  protect  this  in  a tunnel  than  it  is  to  expose  it  above  ground. 
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This  has  just  been  our  historical  experience. 

Colonel  Gould.  What  are  the  design  and  construction  leadtimes  for 
these  utility  installations  ? 

Mr.  Myers.  Fourteen  months  was  the  design  construction  lead- 
time. 

Colonel  Gould.  Have  you  started  design  already? 

Mr.  Myers.  Yes,  sir;  we  have  provided  $70,000  in  fiscal  year  1963 
funds  out  of  the  advance  design  funds. 

Colonel  Gould.  That  is  from  fiscal  year  1963  funds  ? 

Mr.  Myers.  Yes,  sir. 

Colonel  Gould.  That  is  the  $71,000  that  shows  up  on  page  CF  5-22  ? 

Mr.  Myers.  It  is  my  understanding  we  were  only  able  to  provide 
70  instead  of  the  71  that  shows  here. 

Colonel  Gould.  Mr.  Ulmer  is  keeping  pretty  close  control  of  the 
purse  strings  ? 

Mr.  Myers.  Yes,  sir. 

Colonel  Gould.  Would  you  define  for  us,  please,  the  scope  and 
extent  of  the  high  pressure  steam  and  water  piping  that  you  have 
included  here  for  $241,000  ? 

Mr.  Myers.  Yes,  sir.  , 

The  tunnel  carries  steam  350  p.s.i.,  hot  and  cold  waterlines  and 
compressed  air. 

In  the  high-pressure  steam  line  it  is  expected  that  20  percent  of  the 
274,000  pounds  of  steam  per  hour  of  the  boiler  will  flow  through  this 
tunnel,  which  is  going  to  be  an  8-inch  distribution  line,  and  can  handle 
a peak  load  of  35,000  pounds  per  minute. 

There  will  also  be  a 4-inch  condensate  return  line.  The  steam  usage 
is  estimated  at  60  percent  for  building  heating  and  40  percent  for 
process  purposes. 

The  hot  water  system  will  have  continuously  circulating  water  of 
140°  F.  and  a 4-inch  line,  the  compressed  air  line,  will  handle  110 
p.s.i.  and  1,800  p.s.i. 

Colonel  Gould.  How  many  linear  feet  of  high-pressure  steam  line? 

Mr.  Myers.  Well,  it  is  the  length  of  the  tunnel. 

I don’t  happen  to  have  that. 

Colonel  Gould.  3,800  feet  ? 

Mr.  Myers.  It  may  not  go  all  of  the  way. 

I would  have  to  check  that. 

Colonel  Gould.  Will  you  provide  it  for  the  record,  please  ? 

Also  the  length  of  the  condensate  return  line  and  the  length  of  the 
water  pipe? 

Mr.  Myers.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

For  the  Langley  Research  Center  utilities  installations,  the  length  of  the  high- 
pressure  steam  line,  condensate  return  line,  and  the  waterlines  is  the  full  3,800- 
foot  length  of  the  tunnel. 

Colonel  Gould.  What  is  included  in  the  item  “Electrical  Installa- 
tions” for  $24,000  ? 

Mr.  Myers.  Electrical  installations,  $24,000. 

This  is  for  lighting  and  ventilation  fan  power  and  sump  pump  for 
the  tunnel. 

Colonel  Gould.  Is  this  going  to  be  an  overhead  line? 

Mr.  Myers.  No,  sir;  not  to  my  knowledge. 
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Colonel  Gould.  These  lines  run  through  the  utility  tunnel  also? 

Mr.  Myers.  Yes. 

Colonel  Gould.  I notice  no  provision  being  made  for  sewage  dis- 
posal here.  Would  you  comment,  please? 

Mr.  Myers.  No ; not  that  I know  of  in  this  tunnel. 

Colonel  Gould.  Where  are  the  sewer  lines  and  system  included  for 
the  projects  now  under  construction  and  those  planned  for  1964? 

Mr.  Myers.  I am  not  familiar  with  that  detail.  I will  have  to  find 
it  and  furnish  it  for  the  record.  Do  you  know,  Mr.  Litteil  ? 

Mr.  Littell.  No,  I don’t  know. 

Colonel  Gould.  The  reason  I ask  this  is  because,  in  fiscal  1962  and 
1963  there  were  no  utility  projects  as  such,  and  as  I understand  it 
NASA’s  policy  in  programing  facilities  is  that  a project  for  a facility 
takes  the  utilities  out  to  about  the  5-foot  line  or  just  outside  the  build- 
ing and  from  that  point  on  you  pick  it  up  with  projects  for  utility 
mains. 

I can  find  ho  provision  having  been  made  for  a sewer  system  to 
support  the  buildings  now  under  construction  and  proposed  for  1964. 

Mr.  Myers.  I will  have  to  get  that  information  for  you.  I really 
don’t  know. 

Colonel  Gould.  Do  you  happen  to  know,  Mr.  Ulmer  ? 

Mr.  Ulmer.  I do  not. 

Colonel  Gould.  Would  you  provide  that  for  the  record  ? 

It  may  be  one  of  these  items  buried  in  some  other  project,  and 
following  up  on  Mr.  Karth’s  questioning  with  reference  to  these 
utilities  projections,  I think  it  should  be  defined  as  to  where  it  is 
included. 

Mr.  Myers.  Yes,  sir. 

(The  information  requested  is  as  follows :) 

Information  on  Sanitary  Sewers  for  Recent  and  Proposed  Faciuties  in  the 

Area  of  the  Utilities  Installations  Proposed  for  Langley  Research 

Center 

A sewer  line  exists  which  connects  to  the  west  area  sewage  disposal  system  and 
extends  to  the  intersection  of  Ames  Road  and  Warner  Road.  Extension  of  this 
line  along  Ames  Road  and  Freeman  Road  to  the  vehicle  antenna  test  facility 
is  a part  of  the  utility  installations  cost  of  the  vehicle  antenna  test  facility  con- 
struction in  1963  fiscal  year.  This  will  permit  short  sewer  connections  for  all 
facilities  in  the  area  except  the  lunar  landing  facility,  which  has  its  own  septic 
system  and  drain  field.  All  sewer  connections  and  the  above  septic  system  are 
a part  of  the  utilities  installations  item  for  the  individual  facility. 

Mr.  Karth.  Mr.  Myers,  have  you  determined  what  the  above- 
ground  costs  of  these  utility  installations  would  be  as  opposed  to  the 
in-tunnel  costs  ? 

Mr.  Myers.  I personally  have  not  but  our  people  at  Langley  look 
at  these  at  any  time  they  put  in  something  like  this  to  see  the  length, 
the  capacity  and  so  forth,  and  which  is  the  cheaper  way  to  do  it. 

Mr.  Karth.  Would  you  provide  in  the  very  near  future  the  cost 
estimate  for  aboveground  utility  construction  as  opposed  to  tunnel 
construction  ? 

Mr.  Myers.  Yes,  sir. 
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(The  information  requested  is  as  follows :) 

Cost  Estimate  of  Aboveground  Utility  Construction  as  Opposed  to  Tunnel 
Construction  for  the  Langley  Utilities  Installations  Project 

explanation 

The  higher  cost  of  the  utilities  tunnel  is  considered  to  be  offset  by  the  follow- 
ing distinct  advantages  provided : 

(a)  The  tunnel  provides  &n  ideal  means  of  running  data  cables  between  build- 
ings and  to  the  data  reduction  center. 

(ft)  The  tunnel  is  available  for  economical  tie-in  of  all  facilities  along  its 
length. 

(c)  The  tunnel  presents  no  problem  to  the  utilization  of  land  crossed,  as 
aboveground  utility  lines  would. 

(d)  The  tunnel  is  a proven  system  for  the  area,  as  much  of  the  existing 
electrical  and  mechanical  utilities  at  Langley  are  underground.  This  is  based 
on  Langley's  experience  with  approximately  8,000  feet  of  existing  utility  tunnels. 

(e)  The  tunnel  provides  for  future  piping  and  will  allow  later  installation  of 
a chilled  water  distribution  system. 

Comparison  of  estimated  cost 

A.  Below  ground  walk-through  steam  tunnel 

1.  Concrete  tunnel $563, 900 


(а)  Excavation,  fill,  grading.. 60,000 

(б)  Waterproofing,  expansion  joints 130,000 

(c)  Concrete 308,900 

(d)  Reinforcing  steel 70, 000 


2.  Mechanical  piping 241, 600 


(а)  Valves  and  fittings 24,000 

(б)  Pipe  covering — 38,000 

(c)  Piping 179, 600 


3.  Electrical  installations 24,200 


Total . 829,700 

4.  Design  and  engineering  services 49,  800 


Total  estimated  cost 879, 500 


B.  Above  ground  except  at  street  crossings 

1.  Aboveground  requirements : 236, 500 


(а)  Concrete  supports  and  anchors 53, 000 

(б)  Concrete  underground  street  crossings. 76,300 

(c)  Expansion  joint  shelter 40, 600 

(d)  Additional  fittings  at  street  crossings 6,700 

(e)  Weather-proofing  pipe  insulation 20, 100 

(/)  Duct  bank  for  data  and  telephone  cables 66,  800 


2.  Mechanical  piping .1 ; 241,600 


(a)  Valves  and  fittings 24,000 

(5)  Pipe  covering 38,000 

(c)  Pipe 179,600 


3.  Electrical  installations 24,200 


Total 529, 300 

4.  Design  and  Engineering  services 31,  700 


Total  estimated  cost 561,000 


Difference 318, 500 
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Mr.  Karth.  And  also  would  you  provide  the  cost  estimate  of  black- 
top road  for  the  3,500  feet  you  request  as  opposed  to  the  8-inch  concrete 
that  you  propose  in  this  budget  ? 

Mr.  Meyers.  Yes,  sir. 

( The  information  requested  is  as  follows : ) 

Cost  Estimate  of  Blacktop  Road  as  Opposed  to  the  Proposed  8-Inch  Concrete 
Road  for  the  Langley  Utilities  Installations  Project 

explanation 

The  lower  initial  cost  obtained  by  use  of  blacktop  paving  Instead  of  8-inch  con- 
crete would  be  approximately  $69,000. 

Concrete  16,800  square  feet  at  $7.60 $127, 680 

Asphalt  16,800  square  feet  at  $3.50 58,  800 

Difference 1 $68, 880 

Experience  at  Langley  Research  Center  has  shown  that  the  concrete  is  more 
feasible  because  of  its  lower  maintenance  cost  and  longer  life.  This  is  a local 
condition  resulting  from  the  poor  load-bearing  characteristics  of  the  soil.  The 
distribution  of  load  afforded  by  concrete  is  needed  to  compensate  for  the  soil  con- 
dition. So-called  flexible  paving  such  as  blacktop  has  proved  unacceptable  for 
area  roads  subject  to  heavy  tracks  (20  tons)  used  to  service  the  facilities  at 
Langley. 

Colonel  Gould.  Would  you  send  me  a copy  of  that  directly  please? 

Mr.  Myers.  Surely. 

Mr.  Karth.  Mr.  Morris  ? 

Mr.  Morris.  As  I understand  it,  you  have  not  started  the  construc- 
tion of  this  vehicle  antenna  test  facility  ? 

Mr.  Myers.  I did  not  hear  the  question. 

Mr.  Morris.  You  have  not  started  the  construction ; is  that  correct? 

Mr.  Myers.  That  is  correct. 

Mr.  Morris.  And  this  was  authorized  in  1963  and  now  you  are  asking 
for  about  $1.7  million  in  addition  to  it  now  ? 

Mr.  Myers.  Yes,  sir. 

Mr.  Morris.  Well,  this  is  a test  facility  and  not  a research  facility  ? 

Mr.  Myers.  No ; this  is  a research  facility. 

It  will  also  lie  capable  and  I think  Dr.  Kelley  will  speak  to  this  this 
morning.  It  will  also  be  capable  of  taking  certain  antenna  systems 
and  running  certain  types  of  tests  but  it  is  a research  facility. 

Mr.  Morris.  Is  Langley  going  to  do  any  of  the  testing  ? 

Is  this  going  to  be  a testing  center  also  ? , 

Mr.  Myers.  I think  to  answer  that  question  there  are  alw  ays  tests 
which  can  be  run  in  any  development  project  that  are  required  and 
which  our  research  facilities  often  have  unique  capabilities  in  the 
United  States  and  where  a test  can  be  run  in  an  existing  facility,  ar- 
rangements are  made  to  do  so  and  the  research  projects  wait  until  those 
tests  are  done,  if  it  is  of  high  enough  priority  m the  development  pro- 
gram, so  in  general  the  answer  to  your  question  is  many  of  our  research 
facilities  do  conduct  some  specific  tests  for  specific  development  pro- 
jects where  they  have  unique  capability. 

Mr.  Morris.  You  know  we  are  building  a test  facility  at  White 
Sands  out  in  New  Mexico  and  that  is  a test  facility.  Now  are  you 
still  trying  to  build  up  Langley  as  a test  center  too  ? 

Mr.  Myers.  No,  sir. 

Langley  is  primarily  a research  center  even  though,  it  does 
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Mr.  Morris.  Are  you  going  to  do  any  testing  of  lunar  exercusion 
module  at  Langley  ? 

Have  you  planned  on  any  ? 

Mr.  Myers.  We  have  none  in  our  present  test  program  but  if  it  is 
required  and  if  it  looks  like  it  is  appropriate,  I am  sure  we  would 
make  arrangements  to  do  so.  * 

But  our  work  is  of  a general  research  nature  and  it  would  be  inter  - 
rupted for  some  specific  work  like  that  if  it  were  requested. 

Mr.  Karth.  You  will  be  doing  some  testing  at  the  lunar  landing 
research  facility,  won’t  you  ? 

Mr.  Myers.  Yes,  sir. 

Mr.  Karth.  Then  the  answer  is  yes  you  will  be  doing  some  testing? 

Mr.  Myers.  I think  it  depends  on  what  you  mean  by  testing.  All 
our  research  work  as  I say 

Mr.  Karth.  You  will  be  doing  some  Apollo  testing  there,  won’t 
you? 

Mr.  Myers.  It  is  my  understanding  at  the  moment  that  the  Apollo 
people  would  like  us  to  because  this  facility  will  have  unique  capability 
and  they  would  like  us  to  take  on  some  tests  there,  yes,  sir. 

But  this  will  be  part  of  a general  program. 

This  will  be  a specific  part  of  a general  research  program. 

Mr.  Morris.  Such  as? 

Mr.  Myers.  I understand  taking  the  module  and  actually  flying 
it  down  to  the  ground  and  testing  the  specific  systems  that  have  been 
designed  for  that  module. 

Mr,  Morris.  We  are  going  to  have  some  real  differences  of  opinion 
when  you  start  out  on  that. 

Mr.  Karth.  Any  other  questions? 

Mr.  Morris.  I just  want  to  make  sure  there  is  no  misunderstanding  ? 

Mr.  Myers.  Yes,  sir. 

Mr.  Karth.  Thank  you  very  much,  Mr.  Myers. 

Dr.  Bisplinghoff,  whom  would  you  like  to  call  now  ? 

Dr.  Bisplinghoff.  Mr.  Karth.  Mr.  Finger  was  called  out  of  town 
today  and  we  have  with  us  this  morning  his  two  deputies  and  I would 
first  like  to  call  on  Mr.  Milton  Klein,  who  is  Deputy  Manager  of  the 
Space  Nuclear  Propulsion  Office. 

This  as  you  know,  is  the  office  which  is  a combined  operation  be- 
tween the  AEC  and  NASA  and  Mr.  Klein  will  describe  for  you  the 
facilities  which  we  propose  at  the  Nuclear  Rocket  Development 
Station. 

In  your  list  you  can  see  there  are  five  facilities  which  are  indicated 
by  NKDS  location. 

Mr.  Karth.  Where  is  that? 

Dr.  Bisplinghoff.  That  is  in  Nevada,  north  of  Las  Vegas. 

Mr.  Karth.  Yes,  sir. 

Mr.  Klein? 

Mr.  Klein.  As  Dr.  Bisplinghoff  said,  I will  describe  briefly  the 
projects  before  you  which  are  part  of  our  program  of  developing 
the  facilities  capability  at  the  Nuclear  Rocket  Development  Station 
in  Nevada  for  the  nuclear  rocket  program. 

Our  facilities  effort  there,  as  you  know,  is  aimed  at  providing  for 
the  ground  development  testing  of  nuclear  reactors,  nuclear  engines, 
and  ultimately  nuclear  stages. 
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The  facilities  requested  here  are  all  required  for  the  NERVA  pro- 
gram. NERVA,  as  you  know,  is  the  first  generation  nuclear  rocket 
engine  now  under  development.  The  first,  project  in  your  list  is  the 
additions  to  Engine  Test  Stand  No.  1. 

Engine  Test  Stand  No.  1 is  the  first  stand  designed  for  testing  a 
complete  nuclear  rocket  engine  and  is  also  the  first  stand  at  which  we 
will  be  able  to  test  in  a downfiring  position. 

All  of  the  reactor  tests  that  have  been  conducted  and  will  be  con- 
ducted prior  to  this  facility  are  upfiring. 

The  purpose  of  these  additions  is  to 

Mr.  Morris.  Mr.  Klein,  you  will  explain  what  you  mean  by  upfiring 
and  downfiring  to  be  sure  there  won’t  be  any  misunderstanding. 

Mr.  Klein.  Yes,  sir ; I will  be  happy  to. 

What  we  mean  is  the  way  in  which,  for  these  ground  tests,  the 
hydrogen  is  expelled. 

In  the  reactor  test  for  testing  simplicity,  we  fire  the  reactors  so  that 
the  expelled  gas  fires  upward. 

It  is  just  simpler  to  handle  that  way. 

In  actual  use  obviously  the  rocket  engine  will  fire  downward  and 
this  first  engine  test  stand,  the  Engine  Test  Stand  No.  1,  will  enable 
us  to  test  it  in  that  configuration. 

Mr.  Morris.  So  far  the  reactors  you  have  tested,  where  have  you 
tested  them  ? 

Mr.  Klein.  These  have  all  been  tested  thus  far  in  what  we  call  Test 
Cell  A — at  the  Nuclear  Rocket  Development  Station. 

We  also  have  essentially  completed  now  a second  reactor  test  cell, 
Test  Cell  C. 

Mr.  Morris.  This  is  all  funded  in  this  year’s  budget,  the  completion 
or  the  construction  on  Test  Cell  C vehicle  ? 

Mr.  Klein.  Test  Cell  C was  funded  in  a prior  year’s  budget  and  is 
about  finished. 

Actually  the  construction  is  completed.  We  are  in  the  checkout 
phase  for  the  facility. 

Mr.  Morris.  Mr.  Klein,  when  do  you  expect  to  make  your  first  test 
of  the  first,  the  first  static  test  of  the  NERVA  engine? 

Mr.  Klein.  This  is  scheduled  now  in  the  latter  part  of  1965. 

Of  course  the  testing  of  that  depends  upon  the  progress  we  make  in 
the  reactor  program. 

Mr.  Morris.  I was  coming  to  that. 

When  do  you  expect  to  make  the  next  test  of  the  reactor  ? 

Mr.  Klein.  This  will  be  either  late  this  year  or  early  next  calendar 
year  for  the  hot  test  which  I think  you  are  referring  to. 

Mr.  Morris.  Yes. 

Mr.  Klein.  We  will  have  several  cold  flow  tests  in  the  intervening 
period  as  well  as  a rather  extensive  program  of  vibration  testing, 
component  testing,  in  various  locations. 

Mr.  Morris.  Have  you  decided  actually  on  the  reactor  yet  that  you 
are  going  to  go  with  ? 

Mr.  Klein.  Yes,  sir;  we  have.  The  basic  reactor  has  been  decided 
upon. 

What  we  are  involved  with  is  the  details,  some  of  the  crucial  details 
of  design,  particularly  in  the  support  area  but  the  basic  reactor  design 
we  have  decided  upon  and  are  moving  with. 
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Mr.  Morris.  And  what  do  you  call  that?  How  do  you  designate 
this  reactor? 

Mr.  Klein.  We  call  this,  the  basic  design  that  we  have  used  is  the 
Kiwi~B4  design,  and  the  NRXA.  They  are  essentially  equivalent 
designs. 

Mr.  Morris.  So  you  actually  don’t  feel  that  you  will  need  test  stand 
No.  1 until  1965? 

Mr.  Klein.  That  is  correct,  sir. 

These  additions  to  test  stand  No.  1 are  needed  in  order  to  enable  us 
to  enhance  the  data  collecting  aspects  of  the  stand  and  to  enable  us  to 
test  with  greater  frequency,  to  minimize  the  time  between  tests. 

The  additions  provide  for  instrumentation  and  control,  equipment  to 
facilitate  this  acquisition  of  data  and  to  enable  us  to  minimize  the 
crosspatching  that  is  needed  from  one  test  to  the  next. 

It  provides  for  certain  piping  and  valving  additions  so  that  we 
can  handle  these  remotely  and  again  minimize  time  between  tests. 
Another  significant  item  in  this  addition  is  decontamination  equip- 
ment for  the  exhaust  duct  so  that  the  radiation  that  collects,  plates 
out  on  this  duct  from  test  to  test,  can  be  cleaned  to  minimize  the  radia- 
tion levels  at  the  test  stand  for  people  to  work  around. 

Colonel  Gould.  Before  asking  questions,  on  a recent  visit  out  there 
I had  a very  fine  briefing  by  your  construction  man' at  Jackass  Flats 
and  he  provided  me  with  four  charts  I thought  were  very  helpful  in 
explaining  the  relationship  between  AEC  and  NASA  and  SNPO  and 
if  the  chairman  has  no  objection  I would  like  to  introduce  these  into 
the  record. 

The  first  chart  shows  the  relationship  between  these  organizations 
(fig.  311) ; the  second  chart  shows  the  mission  of  the  support  center 
( fig.  312) ; the  third  chart  indicates  the  categorical  breakdown  of  con- 
struction which  I thought  was  very,  very  helpful  (fig.  313)  ; and  the 
fourth  chart  defines  the  construction  management  nmctions  of  the 
Catalytic  Construction  Co.  who  manage  your  construction  at  this  site 
(fig.  314). 

If  you  have  no  objection,  Mr.  Chairman,  I would  like  to  introduce 
these  into  the  record  at  this  time. 

Mr.  Karth.  There  are  no  objections. 

Colonel  Gould.  Construction  of  test  stand  No.  1 was  financed  by 
AEC? 

Mr.  Klein.  That  is  right. 

Colonel  Gould.  How  much  was  involved  in  their  part  of  it? 

Mr.  Klein.  About  $20  to  $21  million. 

Colonel  Gould.  What  is  the  status  of  this  stand  at  the  present 
time? 

Mr.  Klein.  Much  of  the  actual  building  construction  is  and  much 
of  the  piping  is  completed  or  is  certainly  nearing  completion. 

There  are  several  major  items  that  have  yet  to  oe  completed.  Prob- 
ably the  longest  item  is  the  exhaust  duct  for  handling  the  hot  hydrogen 
during  a firing.  That  duct  design  has  been  a development  problem  in 
itself  and  it  is  the  longest  and  most  critical  item  remaining  to  be  done 
from  a timing  point  of  view. 

We  expect  it  to  be  done  on  the  schedule  I have  indicated. 
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Colonel  Gould.  Have  all  of  the  problems  in  the  duct  design  been 
solved  or  are  we  still  faced  with  some  delay  ? 

Mr.  Klein.  I think  I would  be  too  “Pollyannish”  to  say  they  have 
all  been  solved. 

I think  that  we  see  the  way  clear  to  an  adequate  solution  at  least 
for  these  early  tests.  There  are  compromises  involved  and  we  are  still 
pursuing  the  development  program  associated  with  the  duct  for  use 
m ETS-2  and  for  possible  future  modifications  as  necessary  at  ETS-1. 

Colonel  Gould.  We  recently  had  a release  from  NASA,  indicating 
an  18-month  slip  in  the  Kiwi  program  and  since  the  NERVA  pro- 
gram is  dependent  on  the  Kiwi  development,  what  impact  has  that 
had  on  the  requirement  for  the  test  stands  ? 

Mr.  Klein.  I don’t  know  the  release  you  are  referring  to  in  the 
Kiwi  program. 

Colonel  Gould.  I think  it  was  put  out  by  NASA. 

Mr.  Karth.  It  was  probably  put  out  by  AEC. 

Mr.  Klein.  I would  probably  know  that,  too,  and  I am  not  aware  of 
the  release. 

Colonel  Gould.  It  was  during  February. 

Mr.  Klein.  Without  referring  to  that  specifically,  we  have  delayed 
the  timing  of  our  next  hot  tests  while  we  are  doing  some  of  this  com- 
ponents examination  work,  cold  flow  work,  vibration  testing  work, 
that  I referred  to  a few  moments  ago.  That  means  that  the  next  hot 
test  wTilI  be,  as  I said  late  this  year  or  early  next,  rather  than  about 
now  or  a month  or  so  ago  as  it  was  originally  thought — I mean  as  it 
was  thought  before  the  last  test. 

Mr.  Morris.  Mr.  Klein,  a year  ago  about  this  time  it  was  planned  to 
make  a hot  test  which  you  are  going  to  make  next  January,  probably. 
It  may  be  late  November  or  January  then;  is  that  correct  ? 

Mr.  Klein.  My  recollection,  Mr.  Morris,  is  not  really  clear  on  that 
but  I know  as  of  last  fall  this  next  test  we  are  planning  was  to  be  in 
about  February  of  this  year. 

Mr.  Karth.  How  about  last  spring?  When  did  you  contemplate 
it  then  ? 

Mr.  Klein.  My  guess  is  it  was  probably  several  months  before  then 
but  I don’t  remember  for  sure. 

Mr.  Morris.  Actually  this  hot  test  we  are  speaking  of  coming  up 
next  is  actually  a year  behind,  isn’t  it  ? 

Mr.  Klein.  That  is  right. 

It  is  at  least  a year  behind,  that  is  right. 

Mr.  Morris.  And  possibly  18  months  would  be  closer  ? 

Mr.  Klein.  It  could  be. 

Mr.  Morris.  Just  one  question,  Colonel  Gould,  and  then  you  may 
proceed. 

Have  any  of  these  requests  previously  been  funded  for? 

Mr.  Klein.  These  requests  before  you  here,  sir? 

Mr.  Karth.  Yes. 

Mr.  Klein.  No;  these  are  additions  to  facilities  that  have  previously 
been  funded. 

Mr.  Karth.  It  seems  to  me  my  recollection  calls  my  attention  to 
the  fact  last  year  we  did  authorize  funds  and  funds  were  appropriated 
for  some  of  this  nuclear  test  work  which  later  was  not  spent  for  that 
purpose  and  was  transferred  or  reprogramed  into  some  other  area. 
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Mr.  Klein.  There  were  several  facilities  you  authorized  last  year. 

One  related  to  this  engine  maintenance,  assembly,  and  disassembly 
building  for  which  we  are  asking  additions  here.  Some  other  facili- 
ties were  involved  in  the  stage  program,  the  so-called  Rift  program. 
It  is  those  later  facilities  which  have  been  reprogramed  to  other  uses 
outside  of  our  program. 

Mr.  Karth.  So  this  year  we  are  asking  for  funds 

Mr.  Klein.  We  are  still  not  asking  for  funds  for  the  stage  program 
in  the  budget. 

Mr.  Karth.  Not  the  stage  but  for  the  addition  for  engine  main- 
tenance, assembly,  and  disassembly  building,  is  that  correct? 

Mr.  Klein.  Yes,  sir. 

Mr.  Karth.  What  portion  of  those  funds  or  what  portion  of  the 
$4.5  million  had  previously  been  funded  and  then  reprogramed  into 
some  other  area  ? 

Mr.  Klein.  None  of  that.  We  have  all  of  the  funds  that  you 
have  authorized  last  year  for  the  engine  maintenance,  assembly,  and 
disassembly  building. 

Mr.  Karth.  They  have  not  been  spent  ? 

Mr.  Klein.  They  have  not  been  spent  but  the  design  is  underway. 
The  construction  has  not  started  but  it  is  expected  to  be  started  in 
the  next  several  months. 

Colonel  Gould.  The  justification  indicates  that  NASA  has  con- 
ducted a safety  review  of  the  design  and  apparently  certain  safety 
features  were  left  out  of  the  original  design,  is  this  correct? 

Mr.  Klein.  This  refers  to  some  of  the  aspects  of  the  tunnel,  as 
I recall ; yes. 

This  I should  emphasize  is  not  a nuclear  safety  question  but  normal 
industrial-type  safety  considerations  and  in  going  through  the  design 
it  appears  that  some  additional  things  ought  to  be  done  to  the  tunnel 
area. 

Colonel  Gould.  This  was  a design  deficiency ; is  that  correct? 

Mr.  Klein.  I think  that  is  probably  as  good  a term  as  any. 

Colonel  Gould.  The  reason  I raise  this  question  is,  AEC  is  usually 
pretty  careful  about  the  safety  features  of  their  projects  and  I am 
surprised  you  were  able  to  find  a deficiency  in  their  design. 

Mr.  Klein.  I hope  there  aren’t  too  many. 

Mr.  Morris.  Is  this  the  tunnel  that  connects  to  where  you  have 
the  tank? 

Mr.  Klein.  With  the  control  room ; yes,  sir. 

Colonel  Gould.  Of  the  $1.7  million  requested  here,  how  much  is 
for  the  correction  of  these  design  deficiencies  ? 

Mr.  Klein.  Let’s  see  if  I can  pinpoint  that. 

Colonel  Gould.  For  safety  matters. 

Mr.  Klein.  I believe  it  is  about  $9,000,  if  I am  reading  this  right. 

Colonel  Gould.  $9,000? 

Mr.  Klein.  I see  a couple  of  items  and  I can’t  identify  specifically 
how  much  of  it  you  would  associate  with  that  point,  but  these  two 
items  in  total  add  up  to  about  $40,000  and  I would  think  some  part 
of  that  at  least  is  associated  with  this  question. 

Colonel  Gould.  What  additions  to  the  remote  engine  control  sys- 
tems for  $204,000  are  involved? 
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Mr.  Klein.  These  are  to  facilitate  the  opera, tion  of  this  ETS-1, 
engine  test  stand  No.  1,  and  engine  test  stand  No.  2. 

In  the  projects,  as  they  have  now  been  authorized,  a good  part  of 
the  control  equipment  as  well  as  a good  part  of  the  gas  tank  farm 
and  hydrogen  system  were  common-use  items. 

As  we  go  into  more  frequent,  testing,  it  is  important  that  these  facili- 
ties be  capable  of  operating  essentially  independently.  These  addi- 
tions to  the  remote  engine  control  system  are  the  things  needed  in  the 
ETS-1  complex  to  accomplish  that. 

You  will  see  companion  items,  actually  more  expensive  items  in  the 
addition  to  ETS-2. 

Colonel  Gould.  What  additional  power  system  requirements  are 
necessary  ? 

Mr.  Klein.  These  are  largely  to  take  care  of  the  power  required  for 
the  additional  instrumentation  and  control  systems  in  this  project. 

Coloned  Gould.  What  does  it  consist  of,  a half  million  dollars? 

Mr.  Klein.  Well,  it  provides  changes  to — I can  give  only  a general 
answer  to  that — it  provides  changes  to  the  power  circuits  to  accom- 
modate the  load  demands  of  this  instrumentation  and  control  system 
change. 

It  provides  changes  to  the  substation  to  provide  for  additional  power 
and  additional  diesel  generator  sets. 

Colonel  Gould.  Do  you  now  what  the  additional  power  require- 
ments are  ? 

Mr.  Klein.  In  kilowatts,  no,  sir;  I do  not  have  that  information. 

Colonel  Gould.  Mr.  Chairman,  I believe  that  should  be  supplied 
for  the  record  because  if  I recall  correctly  out  of  the  $21.6  million 
financed  by  AEC,  I believe  there  were  almost  $1  million,  included  for 
power  and  electrical  distribution  system  and  it  does  not  appear  from 
reading  the  justification  and  talking  to  the  people  on  the  site  that  we 
have  actually  added  that  much  to  the  power  requirements. 

Mr.  Klein.  We  will  supply  this  for  the  record. 

Colonel  Gould.  I think  we  should  have  some  additional  justifica- 
tion on  it. 

Mr.  Klein.  All  right. 

(The  information  requested  is  as  follows :) 

The  power  system  additions  are  estimated  to  be: 

1.  Modification  to  emergency  diesel  generator  system  to  separate 

instrumentation  and  control  emergency  power  from  critical  loads—  $204, 000 

(a)  300  k.w.  diesel  generator  package  added 110, 000 

(b)  Modify  ETS-1  substation  wiring  to  accomplish 

separation 76, 000 

(c)  Relocation  of  present  and  new  additions  to  diesel  fuel 

storage*  nd  pumping  system 18, 000 

2.  Modify  electrical  distribution  system  to  provide  power  for  600  h.p. 

motor  for  NES  gas  generator  system 155, 000 

(a)  Additional  transformer  and  switchgear  at  substation 75, 000 

(b)  Housing  1000  kv-a.  switchgear  and  control 54, 000 

(c)  Modify  overload  protection  and  control  compatible  with 

increased  requirements 26, 000 
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3.  Provisions  for  tiein  of  utility  power  systems  with  emergency  power 

systems 1 $120, 000 


(a)  Switchover  equipment,  including  synchronization  and 

voltage  control  equipment 120, 000 


4.  Zero-potential  ground  to  water  table  to  provide  low  background  noise 
lead  for  instrumentation  and  control  system.  (Present  system  is 
satisfactory  for  personnel  and  equipment  protection  only. ) 82, 000 


Total 561,  000 


1 Above  change  will  provide  utility  power  with  suitable  control  for  checkout  and 
calibration  of  all  systems  between  runs  without  undue  wear  on  emergency  systems. 

Colonel  Gould.  Would  you  explain  for  me  the  basis  for  the  $150,000 
in  design  and  engineering  services? 

Mr.  Klein.  These  are  the  services  involved,  the  design  and  engineer- 
ing services  involved,  in  these  modifications  both  to  the  facility  and  to 
the  instrumentation  and  controls  that  I described  to  you  and  that  are 
described  in  the  project  data  sheet. 

Colonel  Gould.  Who  is  managing  the  design  of  this  facility  ? 

Mr.  Klein.  The  design  of  this  facility  is  managed  by  our  Cleveland 
extension  office  which  is  our  program  office  on  the  NERVA  program. 
The  design  work  is  being  done  by  Aetron  and  some  of  the  design  on  the 
instrumentation  and  controls  is  being  done  by  the  firm  of  Edgerton, 
Germeshausen  & Greer,  Inc. 

Colonel  Gould.  Do  you  happen  to  know  what  the  percent  of  the 
total  construction  involved  is  for  A and  E services? 

Mr.  Klein.  For  this  particular  addition  ? 

Colonel  Gould.  Yes. 

Mr.  Klein.  Well,  it  looks — to  do  son?'  of  the  arithmetic  here — it 
looks  about  10  percent. 

Colonel  Gould.  That  would  include  not  only  the  design  cost  but 
supervision  and  inspection  costs? 

Mr.  Klein.  Yes.  I meant  all  engineering  services. 

Colonel  Gould.  What  percent  is  for  design  ? 

Mr.  Klein.  The  design  accounts  for  about  I think  7 percent  of  this 
10,  because  the  title  IIT  work — title  III  as  we  use  it  is  the  inspection 
services  and  shop  drawing  approvals  and  so  on — is  about  2 or  3 percent. 

Now  there  are,  in  addition  to  that,  the  costs  of  construction  manage- 
ment functions  which  I believe  are  included  in  the  construction  costs. 

Colonel  Gould.  You  say  10  percent. 

Do  you  base  your  engineering  and  design  cost  shown  here  on  item 
C or  item  C plus  D ? 

Mr.  Klein.  I think  this  is  C plus  D to  a large  degree.  You  get  into 
a problem  with  instrumentation  because  there  is  some  vendor  engineer- 
ing that  is  involved  in  the  instrumentation  and  control  systems  as  well 
but  I think  a fair  basis  is  C and  D. 

Colonel  Gould.  The  Catalytic  Construction  contract,  is  that  a CPEF 
contract? 

Mr.  Klein.  It  is  a CPFF  contract  only  to  the  extent  of  Catalytic’s 
own  forces,  which  are  essentially  a general  contractor,  general  con- 
struction contractor  forces. 

All  of  the  construction  work  which  is  done  under  the  Catalytic  con- 
tract— almost  all  and  to  dat9  all — is  done  under  fixed  price  competitive 
bid  work  so  that  although  the  way  the  money  gets  to  the  constructor 
is  through  the  prime  contract,  it  is  not  CPFF  construction. 
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Colonel  Gould.  In  other  words,  the  construction  contracts  are  let  on 
competitive  bid  basis  but  the  management  or  the  supervision  of  the 
construction  is  under  a CPFF  contract? 

Mr.  Kr  .EiN.  That  is  correct,  sir. 

Colonel  Gould.  Do  you  happen  to  have  with  you  a fee  schedule  for 
the  C atalytic  contract? 

Mr.  Klein.  Yes,  sir,  I do. 

Colonel  Gould.  I wish  you  would  provide  it  for  the  record. 

Mr.  Klein.  Yes,  sir. 

Colonel  Gould.  That  is  all  of  the  questions  I have,  Mr.  Chairman. 

Mr.  Klein.  The  copy  I have  here  today  is  an  office  copy. 

I will  supply  another  one  to  you. 

Colonel  Gould.  I think  all  wTe  are  concerned  with  is  the  fee  schedule. 

(This  information  will  be  contained  in  the  committee  files.) 

Mr.  Karth.  Mr.  Morris? 

Mr.  Morris.  Mr.  Klein,  have  you  selected  the  service  contractor 
yet? 

Mr.  Klein.  No,  sir;  we  have  not.  We  are  in  the  final  stages  of 
selection.  We  have  screened  down  from  the  28  proposals  that  we  re- 
ceived to  4 and  those  are  now  being  examined  in  detail. 

Mr.  Morris.  You  have  screened  them  down  to  four  as  I recall? 

Mr.  Klein.  That  is  correct,  sir. 

Mr.  Karth.  Would  you  care  to  proceed  to  the  next  item? 

Mr.  Klein.  The  next  is  the  addition  to  engine  test  stand  No.  2. 
This,  as  the  name  indicates,  is  a second  engine  test  stand. 

These  facility  modifications  or  additions  are  required  for  the  point 
I made  a few  minutes  ago,  to  achieve  an  independence  of  operation 
between  engine  test  stand  No.  1 and  engine  test  stand  No.  2. 

This  is  veiy  important  to  us  because  it  will  insulate  us  from  delays 
in  one  stand  carrying  over  to  delays  in  the  other  stand. 

It  will  minimize  the  down  time,  the  cross  connecting  that  needs  to 
be  done  between  use  of  the  two  stands  and  it  also  provides  us  a backup 
capability  in  case  we  have  some  serious  accident  on  one  stand  that 
might  incapacitate  some  of  these  common-use  facilities. 

ISow  included  in  this  primarily  are  separate  gas  storage  facilities, 
about  4 million  cubic  feet,  and  liquid  hydrogen  storage  facilities  and 
piping. 

In  addition  there  is  the  control  complex  we  are  setting  up  independ- 
ently of  ETS-1. 

Mr.  Morris.  Mr.  Klein,  after  you  test  the  NERVA  engine  on  test 
stand  No,  1,  undoubtedly  there  will  be  some  changes  made  in  the 
engine? 

Mr.  Klein.  That  is  right. 

Mr.  Morris.  Now  will  you  be  able  to  test  at  what  you  think  might  be 
full  power  now? 

Mr.  Klein.  Yes,  sir,  we  can  do  that  in  engine  test  stand  No.  1 and 
engine  test  stand  No.  2. 

These  two  stands  essentially  will  both  be  used  for  testing  the  same 
kinds  of  things.  • 

Mr.  Morris.  They  are  actually  the  same  thing,  aren’t  they  ? 

Mr.  Klein.  That  is  right. 

Mr.  Morris.  What  you  really  want  them  for  or  think  you  need  them 
for  is  you  may  have  a much  heavier  test  schedule  in  the  future;  is  that 
correct  ? 


s. 
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Mr.  Klein.  That  is  exactly  right. 

Mr.  Morris.  Of  course  if  things  don’t  go  as  well  as  we  all  hope  in 
this  program,  it  might  be  that  it  won’t  be  necessary  to  have  this  test 
stand  No.  2 as  quick  as  you  have  it  scheduled  now. 

In  fact,  I notice  on  the  schedule  you  have  it  1965  and  1966  and 
actually  you  are  not  going  to  need  it  in  either  1965  or  1966. 

Mr.  Klein.  Yes,  sir ; I think  we  will. 

Actually  these  stands,  they  are  phased  about  6 months  apart,  recog- 
nizing at  least  in  part  that  during  the  first  few  months  it  will  take  a 
longer  time  between  tests  than  beyond  that,  but  we  certainly  intend 
very  early  in  our  engine  testing  program  to  utilize  both  stands  and  that 
we  will  have  to  utilize  both  stands  if  we  are  to  make  anywhere  near 
the  kind  of  progress  we  are  talking  about. 

We  have  a difficult  problem  in  our  testing  program  that  reflects 
directly  into  the  facilities. 

We  can’t  turn  around  with  a particular  test  on  the  facility  as 
quickly  as  you  can  with  a normal  rocket  test  stand. 

As  a result  the  tendency  is  to  need  more  facilities.  We  know  they 
are  expensive  so  as  a result  we  are  actually  trying  to  get  by  with  less 
engine  test  facilities  than  is  true  of  the  conventional  rocket  program 
and  the  way  we  are  trying  to  do  this  is  to  emphasize  component  testing, 
subassembly  testing  without  the  reactor  on  other  facilities  back  at  the 
home  plants,  and,  then,  just  doing  the  integral  testing  on  these 
facilities.  The  way  our  schedule  shapes  up  we  certainly  expect  to 
need  these  about  as  we  are  planning. 

Mr.  Morris.  You  may  nave  to  make  more  modifications  to  this  as 
you  go  along. 

I mean  here  is  the  point  I am  getting  at. 

When  you  finally  get  the  reactor  developed  and  tested  then  you  start 
out  with  the  NERVA  engine. 

Now  the  first  test  that  you  make  using  test  stand  No.  1 as  I under- 
stand the  schedule 

Mr.  Klein.  That  is  the  first  one. 

Mr.  Morris.  After  these  series  of  tests  it  may  be  that  what  you 
will  find  during  those  tests  will  make  necessary  very  substantial 
changes  in  the  other  test  stand. 

Mr.  Klein.  I would  think  not,  sir,  from  the  standpoint  that  the 
test  stands  themselves  are  largely  independent  of  the  exact  designs 
of  the  reactor  and  the  engine.  The  engine  actually  gets  plugged 
into  the  stand  so  that  the  mating  of  the  two  is  not  very  sensitive 
to  the  design  of  the  engine  itself. 

Colonel  Gould.  The  configuration  of  the  engine? 

Mr.  Klein.  That  is  right.  It  would  take  a very  major  change, 
one  that  I can’t  really  envision,  to  cause  that  kind  of  a problem. 

Colonel  Gould.  I have  some  questions. 

Mr.  Klein.  Oh,  excuse  me. 

Colonel  Gould.  In  your  justification  you  indicate  that  program 
plans  currently  call  for  approximately  90  static  tests  to  be  performed 
on  30  different  engines. 

Over  what  period  of  time  ? 

Mr.  Klein.  This  is  about  a 3-year  period,  sir,  and  every  time  we 
look  at  it  the  number  goes  up. 

It  is  a li  ttle  higher  than  that  right  now. 

Colonel  Gould.  Are  there  any  plans  underway  to  provide  for  a 
third  test  stand? 
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Mr.  Klein.  Yes,  sir ; there  are  in  our  thinking  and  in  our  planning 
additional  stands,  some  of  which  are  for  the  stage,  the  RIFT  stage, 
and  in  addition  we  presently  envision  at  least  one  additional  stand, 
what  we  call  a close  coupling  stand,  is  needed  that  could  be  used 
for  either  the  RIFT  stage  testing  or  engine  testing. 

Colonel  Gould.  What  is  the  total  testimated  cost  of  all  known 
construction  requirements  for  this  site? 

Mr.  Klein.  It  is  somewhere  between  $100  and  $150  million. 

Colonel  Gould.  How  much  do  we  have  in  the  ground  now? 

Mr.  Klein.  About  $50  million. 

Colonel  Gould.  How  much  authorization  do  you  have  that  is  not 
yet  under  construction  at  this  time? 

Mr.  Klein.  Let’s  see.  I would  guess  about  $25  million. 

Colonel  Gould.  For  engine  test  stand  No.  2 I notice  that  in  the 
1962  program  Congress  authorized  about  $9  million,  $8,965,000  for 
the  stand. 

In  addition  to  that,  $7.5  million  was  reprogramed  from  R.  & D. 
to  construction  facilities,  bringing  your  total  to  somewhere  around 
$16.5  million  for  test  stand  No.  2. 

Mr.  Klein.  That  is  right. 

Colonel  Gould.  How  much  of  that  has  been  obligated? 

Mr.  Klein.  Essentially  none  of  the  construction  has  been  obli- 
gated. We  are  in  an  early  stage  of  design  on  that. 

Colonel  Gould.  When  will  the  design  be  completed  ? 

Mr.  Klein.  The  construction  will  begin  on  this  stand,  we  expect, 
early  next  calendar  year. 

Colonel  Gould.  Next  calendar  year? 

Mr.  Klein.  Early  1964. 

Colonel  Gould.  What  is  the  estimated  construction  completion 
date? 

Mr.  Klein.  We  expect  it  to  be  operational  in  early  1966. 

Colonel  Gould.  The  Facility  Operation  and  Control  System  in 
the  amount  of  $899,000 ; what  does  that  consist  of? 

Mr.  Klein.  As  I mentioned,  our  facility,  our  basic  ETS-2  complex, 
as  originally  authorized,  essentially  used  the  same  facility  control, 
the  same  engine  control,  and  the  same  data  acquisition  system  as  is 
being  built  for  ETS-1  or  for  engine  test  stand  No.  1. 

This  item  is  to  provide  the  same  kind  of  equipment,  essentially 
coming  close  to  duplicating  what  we  have  in  ETS-1,  but  obviously 
for  the  second  stand. 

Colonel  Gould.  ETS-1  and  2 will  be  basically  the  same  when  you 
get  through  ? 

Mr.  Klein.  They  will  be  basically  the  same. 

We  are  actually  building  into  ETS-2,  in  the  substructure,  a capa- 
bility for  testing  higher  power  engines. 

Colonel  Gould.  In  view  of  the  long  leadtime  that  you  have  for  the 
basic  construction  on  stand  No.  2,  the  fact  that  the  construction  has 
not  yet  been  initiated,  why  could  not  the  additional  requirement  await 
the  1965  program  ? 

Mr.  Klein.  Well,  I think  the  reason  for  this  is  simply  that  it  is 
dangerous  to  the  program  to  have  the  interrelationships  between 
ETS-1  and  ETS-2  that  would  exist  without  these  changes. 

Anything  that  delays  a test,  just  a given  test  on  engine  test  stand  1, 
would  automatically  delay  the  use  of  engine  test  stand  2. 
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It  will  delay  the  use  because  some  of  the  same  equipment  is  directly 
involved,  secondly,  it  would  delay  the  ability  to  change  over,  to  make 
the  cross  patching  in  the  instrumentation  and  control  area  as  well  as 
some  of  the  piping  from  one  stand  to  the  next.  Beyond  that  we  have 
no  backup  capability  in  case  something  happened  to  these  common 
use  items. 

Colonel  Gould.  I understand  the  necessity  for  having  both  test 
stands  about  the  same  time. 

I am  looking  at  it  however,  primarily  from  the  standpoint  of  the 
construction  leadtime. 

If  this  project  were  slipped,  for  example,  until  the  1965  program, 
you  woula  probably  have  your  funds  in  the  summer  or  fall  of  1964. 

The  leadtime  on  this  $5  million  would  probably  be  about  12  or  13 
months. 

Mr.  Klein.  I don’t  think  so,  sir.  I think  there  is  a good  deal  of 
leadtime  in  the  purchase  of  some  of  the  equipment.  As  a matter  of 
fact,  this  early  next  year  date  for  the  beginning  of  the  construction  is 
actually  the  letting  of  the  contract  for  the  hydrogen  facilities  and 
tank  farm  equipment — the  dewars  and  tankage  do  have  long  leadtime 
associated  with  them  before  they  are  even  delivered  to  the  site.  Then 
there  is  the  problem  of  installing  them  at  the  site  and  piping  them  in 
and  checking  them  out. 

Colonel  Gould.  Specifically  in  the  list  of  equipment  under  item  I) 
on  page  CF  12-13,  which  of  these  items  have  leadtimes  in  excess  of 
12  months? 

Mr.  Klein.  Well,  I can  mention  some  of  them.  I may  miss  some 
in  the  process. 

Colonel  Gould.  I am  talking  purely  equipment  now,  not  installation. 

Mr.  Klein.  Yes.  The  hydrogen  run  tank,  the  liquid  hydrogen 
storage  and  piping,  those  are  the  two  that  I know  of. 

As  I say  there  may  be  others  that  I am  just  not  familiar  with  but  I 
could  suppiv  this  for  the  record. 

Colonel  Gould.  Would  you  analyze  the  equipment  list  and  provide 
for  the  record  those  items  for  which  the  procurement  leadtime  is  in 
excess  of  12  months  ? 

Mr.  Klein.  Twelve  months  in  advance  of  the  time  you  need  it  in- 
stalled and  ready  to  go  ? 

Colonel  Gould.  Yes. 

That  is  all  I have,  Mr.  Chairman. 

(The  information  requested  is  as  follows:) 

Due  to  the  specialized  nature  of  the  equipment  required,  the  majority  of  the 
equipment  listed  has  a leadtime  in  excess  of  12  months.  Examples  are  as 
follows : 

1.  Five  high-pressure  gas  storage  vessels  having  an  estimated  capacity  of 
1,770  cubic  feet  each  at  3,600  pounds  per  square  inch  or  882,000  storage  cubic 
feet  each  (cylinder  5 feet  I.D.  by  65  feet  long) . 

2.  One  250,000-gallon  liquid  hydrogen  dewar. 

3.  Approximately  1,000  feet  of  cryogenic  piping,  largest  single  line  estimated 
to  be  8 inches  1, 

4.  One  70,000-gallon  liquid  hydrogen  run  tank, 

5.  Instruments  for  liquid  hydrogen  and  high-pressure  gas  storage  such  as 
rakes,  temperature  sensors,  pressure  transducers,  flow  .meters,  hydrogen  sniffers, 
vent  valve  and  flow  controls,  etc. 

6.  Remote  engine  control  equipment  (consoles,  instruments,  and  controls) 
which  is  designed  and  fabricated  specifically  in  accordance  with  the  operational 
requirements  of  the  engines  to  be  tested. 
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7.  Approximately  50  percent  of  the  facility  operation  and  control  equipment 
such  as  motor  control  valves  for  transfer  of  propellants  and  pressurants,  hazards 
warning  system,  etc. 

8.  Equipment  for  data  acquisition  system  such  as  sensors,  line  amplifiers, 
signal  conditioning  equipment,  recorders,  which  are  not  standard  equipment 
but  must  be  designed  and  fabricated  especially  for  this  type  of  operation. 

Mr.  Karth.  Could  you  explain  for  my  benefit  the  difference  be- 
tween NERVA  and  RIFT?  What  you  mean  by  each  one  of  these 
designations  and  are  they  the  same  program  with  different  nomencla- 
ture or  what? 

Mr.  Klein.  They  are  parts  of  the  same  program  but  they  are  dis- 
tinctly different  parts  of  it.  The  NERVA  program  is  the  work  aimed 
at  developing  the  first  generation  in  nuclear  rocket  engine.  The  letters 
NERYA  stand  for  nuclear  engine  for  rocket  vehicle  application. 

It  is  the  engine,  the  propulsion  device  itself.  It  incorporates  a 
reactor  and  all  of  the  other  equipment,  instrumentation  and  so  on 
that  goes  with  an  engine. 

The  RIFT  program  is  the  work  aimed  at  flight  testing  that  engine. 
It  therefore  involves  the  design  and  development  of  the  stage,  the 
nuclear  stage,  the  propellant  tankage,  the  integration  of  the  engine 
with  the  tankage,  the  guidance  and  control  that  goes  along  with  it. 
So  again,  in  simple  terms  NERYA  is  the  engine,  RIFT  is  the  whole 
stage. 

Mr.  Karth.  What  does  RIFT  stand  for? 

Mr.  Klein.  Reactor  in  flight  test. 

Mr.  Karth.  Thank  you. 

Would  you  like  ot  proceed  to  the  next  item? 

Mr.  Klein.  Yes. 

The  next  is  the  “Addition  to  the  Engine  Maintenance  Assembly  and 
Disassembly  Building.” 

You  have  already  authorized  the  basic  facility  which  includes  a 
hot  bay,  a large  hot  shielded  area  for  disassembly  of  the  hot  engine, 
a cold  bay  for  assembly  of  the  engine  before  it  goes  out  into  test,  and 
then  smaller  shielded  cells,  for  further  disassembly  of  the  engine 
into  small  parts  and  the  post  mortem  examination  of  these  smaller 
parts  for  analytical  purposes. 

What  we  have  in  this  addition  are  several  items  needed  to  essentially 
make  maximum  use  of  these  facilities  from  the  standpoint  of  being 
able  to  accommodate  to  an  increased  testing  schedule. 

This  includes  additional  shielding  windows.  There  are  windows  in 
the  base  facility  but  the  use  of  these  facilities  is  very,  very,  clearly 
tied  to  the  number  of  windows  you  have  around  because  you  are 
restricted  to  working  near  these  windows.  The  more  windows  you 
have  the  more  use  you  can  make  of  the  space  you  have.  The  facility 
was  designed  having  in  mind  that  these  additional  windows  would 
be  added  as  needed. 

In  addition  there  are  several  shielding  doors  to  isolate  some  of  the 
major  areas  so  you  can  work  in  one  area  and  still  be  able  to  maintain  in 
another  area. 

There  is  an  item  foi  a small  sheet  metal  building  that  will  be  an 
adjunct  to  the  basic  fsdlity  and  that  will  be  used  for  storage  of  parts 
before  they  go  into  tne  assembly  area,  the  idea  being  to  avoid  using 
this  expensive  space  in  the  main  building  for  things  that  are  basically 
storage. 
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Mr.  Karth.  All  of  these  things  sound  like  afterthoughts  of  your 
original  request  of  last  year  ? 

Mr.  Klein.  No,  sir. 

Mr.  Karth.  Why  were  they  not  included — for  example,  the  doors  ? 

Mr.  Klein.  Some  of  this  was  purposely  phased. 

Another  item  I did  not  mention  was  manipulators.  Items  like  win- 
dows and  manipulators  were  purposely  phased  with  the  progress  of 
the  program  or  with  the  testing  frequency  of  the  program.  We  have 
in  this  particular  facility  some  items  that  were  deferred  because  other 
things  came  up  in  the  design  and  construction  of  the  base  facility 
that  were  required  and  were  higher  priority.  We  felt  these  items 
could  be  deferred  without  interfering  with  the  program  to  this  time. 

The  other  major  item  in  the  equipment  list  is  manipulators,  both  the 
master  slave  type  manipulators  and  some  rectilinear  manipulators 
which  are  the  ones  you  push  buttons  to  operate  rather  than  having 
the  direct  coupling  between  the  hands  of  the  operator  and  hands  inside 
the  cell. 

Mr.  Karth.  Colonel  Gould? 

Colonel  Gould.  What  is  the  history  of  the  authorizing  legislation 
for  this  facility  ? 

I found  it  confusing  trying  to  reconstruct  it. 

I know  that  in  fiscal  year  1962  you  were  authorized  $6,034,730.  In 
the  fiscal  year  1963  program  was  there  another  increment  ? 

Mr.  Klein.  Yes, 'sir. 

Colonel  Gould.  Was  this  under  the  title,  Stage  Demating  Mainte- 
nance and  Dissambly  ? 

Mr.  Klein.  A piece  of  it.  As  I recall  the  history  of  that  particular 
nomenclature,  that  included  some  facility  that  was  a piece  of  this  as 
well  as  some  facilities  aimed  at  the  stage,  the  RIFT  program. 

This  latter  part  was  reprogramed. 

Colonel  Gould.  $8,660,000  was  authorized  in  fiscal  year  1963  for  this 
stage  facility. 

How  much  of  that  was  intended  to  finance  phase  2 of  this  particular 
facility  ? 

Mr.  Klein.  I believe  it  was  about  $4.5  million.  Is  that  correct? 

Mr.  Ulmer.  It  was  $4.8  mil  iion ; yes. 

Colonel  Gould.  This  results  in  a total  of  $10.8  million  authorized  • 
for  this  project? 

Mr.  Ulmer.  That  sounds  about  right.  I believe  the  1962  funding 
was  subsequently  increased  to  $7.8  million  for  a total  for  the  2 years 
of  $12.6  million. 

Colonel  Gould.  Do  you  intend  to  build  it  in  three  phases? 

Mr.  Ulmer.  Correct. 

Colonel  Gould.  Phase  1 being  financed  from  fiscal  year  1962  and 
phase  2 being  financed  in  fiscal  year  1963  and  phase  3 in  1964? 

Mr.  Ulmer.  That  is  right. 

Colonel  Gould.  What  are  the  requirements  for  additional  facilities 
beyond  1964? 

Mr.  Klein.  I hope  very  little. 

I can  only  say  that  there  has  been  some  question  as  to  whether  we 
will  need  some  additional  small  cells. 

We  specifically  have  not  gone  along  with  a second  large  hot  bay 
and  we  do  not  intend  to  unless  we  can  see  that  we  really  are  short  on 
space  for  a second  large  hot  bay.  Let  me  say  we  don’t  have  any 
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specific  needs  that  we  know  of  coming  up  but  there  is  conversation  on  * 

some  of  these  things. 

Colonel  Gould.  I think  it  would  have  been  helpful  had  you  broken 
down  the  cost  estimate  between  1962, 1963,  and  1964,  by  these  various 
elements  in  the  estimate.  Since  we  don’t  have  it  in  the  justification 
books  would  you  provide  that  for  the  record,  please  ? 

Mr.  Klein.  Certainly,  sir. 

(The  information  requested  is  as  follows:) 


The  requested  information  showing  present  estimates  on  the  funding  break- 
down for  the  E-MAD  facility  for  fiscal  years  1962,  1963,  and  1964,  is  tabulated 
on  the  following  chart. : 


Item 

Fiscal  year 
1962 

Fiscal  year 
1963 

Fiscal  year 
1964 

A.  Land  acquisition 

73.  Site  development  and  utility  installation: 

Roads  and  site  preparation 

$48,669 

49,717 

40,460 

226,900 

64,675 

$8,000 

Electrical  distribution 

$20,000 

Substation  and  switchgear 

10,000 

80,000 

Railroad  trackage  and  switches 

Water  tank 

Radioactive  waste  tile  field 

25.000 

23.000 

Roads,  walks,  and  paving 

86,000 

Total  ......  ...... 

420,421 

68,000 

184,000 

C.  Facility  construction  and  modification: 

Reactor  assembly  area 

238,420 
4,428,973 
22,000 
60,000 
5,494 
41, 497 
147,941 

Reactor  disassembly  bay 

Aggregate 

Shielding  check 

Manipulator  sleeves 

Shield  dnnr*  , 

314.000 

618.000 
2,139,000 

120,000 

375.000 

400.000 

VifiwIllSf  TjjHndn^  _ _ _ 

Hot  cell  addition 

Office  addition 

. 

Critical  parts  storage  building  ...... 

75,000 

Sooth  gallery  structure  .... 

86,000 

75.000 
136,000 

30.000 

72.000 

Exhaust  stack  plenum  . 

Protective  coatings 

H and  V system  (K-7) 

Miscellaneous  building  systems 

Total 

4,934,325 

3,590,000 

860,000 

D.  Equipment,  instrumentation,  and  support  systems: 

Crane  and  hoist 

258,863 

38,000 

350.000 

154.000 

15,000 

130.000 

Remote  control  manipulators 

Turntables . 

Wall-mounted  handling  system 

1,100,000 

1,200,000 

230.000 
16,000 

84.000 

110.000 

156.000 

100.000 

16.000 
20,000 

320.000 
10,000 
12,000 
16,000 

100.000 
12,000 
10,000 

140,000 

16,000 

Master-slave  manipulators 

Emergency  air  compressor 

Air  conditioning 1 

(«) 

Emergencv  diesel  generator 

Lighting  fixtures  with  conduit  and  wire 

(») 

Health  and  safety  equipment , 

Fire  protection  equipment 

<«) 

Forklifts - 

Machine  shop  equipment  . . 

Vault  storage  equipment 

Physical  counting  room  equipment.  

Industrial  cleaning  equipment 

Personnel  counting  room  equipment 

Miscellaneous  shop  tools  and  equipment 

Assay  laboratory  equipment 

Main  hay  rartlafinn'  monitoring  equipment  - 

Office  equipment ... ...1 

(*) 

Total 

1,358,863 
* 856, 400 
280,000 

542,000 

2,711,000 

f!nntingf‘TH*y  and  unn  struct  ion  m an  a ppm  pm  f. 

E.  Design  and  engineering  services 

*600,000 

755,666 

Total  estimated  costs 

7,850,000 
* 350,000 

4,800,000 

•250,000 

4,500,000 

Advanced-design  funds  for  next  fiscal  year’s  addition 

Total  fiscal  vear  funds  programed  to  project ... 

8,200,000 

6,050,000 

4,500,000 

i Included  above. 

• * On  hand. 

* This  Item  Is  shown  for  fiscal  year  1962  only,  since  the  figures  shown  for  other  items  are  the  lump  sum 
bid  numbers.  The  contingency  and  construction  management  costs  for  fiscal  year  1963  and  fiscal  year  1964 
are  included  as  a part  of  the  estimated  costs  for  each  item. 

* Includes  $400,000  for  design  of  RIFT  stage  demate  facility,  and  $200,000  for  design  of  fiscal  year  1963 
E-MAD  addition. 

* Funded  from  fiscal  year  1962  advanced  facility  planning  and  design. 

* Funded  from  fiscal  year  1963  advanced  facility  planning  and  design. 
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Colonel  Gould.  Since  this  is  in  addition  to  a facility  which  even- 
tually will  exist,  I fail  to  understand  why  we  need  an  additional 
$40,000  for  switches  and  an  additional  trackage  when  we  already 
have  $80,000  for  this  type  of  gear  now  under  contract. 

Mr.  Klein.  This  is  to  provide  in  essence  a turnaround  location 
for  the  engine  installation  vehicle  and  the  test  car.  It  will  be  designed 
'so  that  it  also  provides  a basis  for  the  trackage,  the  takeoff  for  the 
trackage  going  to  the  RIFT  facilities  when  they  come  in  in  subsequent 
years. 

Colonel  Gould,  The  same  applies  to  rc  walks,  and  paving — 
was  financed  $20,000,  I believe,  m 1963  and  now  you  are  asking  for 
$86,000  addition? 

Mr.  Klein.  On  these,  I have  only  very  general  information  to  the 
effect  that  this  does  provide  some  additional  walkways  and  paving 
for  use  in  the  area. 

I don’t  have  anything  more  specific  than  that. 

Colonel  Gould.  What  is  the  size  of  the  emergency  diesel  generator 
included  for  $110,000 ? 

Mr.  Klein.  I do  not  have  the  exact  size  but  I can  certainly  get 
it  for  you. 

I will  get  that  for  you. 

(The  information  requested  is  as  follows :) 

The  emergency  diesel  generator  listed  as  a part  of  the  E-MAD  equipment 
is  estimated  to  be  a 300-kilowatt,  480-"’olt,  3-phase,  4-wire,  60-cycle  generator 
set,  with  a 0.8  power  factor.  The  estimated  cost  includes  building  modifications, 
modifications  to  the  distribution  system,  switchgear  and  controls,  and  instal- 
lation. 

Colonel  Gould.  Machine  shop  equipment  in  the  amount  of  $320,000 
is  included  in  this  facility,  and  I notice  also  included  in  the  support 
facilities  is  additional  machine  shop  equipment. 

Why  do  we  need  two  separate  machine  shops  ? 

Mr.  Klein.  Our  planning  for  the  whole  nuclear  rocket  develop- 
ment station  calls  for  the  development  of  a central  shop  area  to  sup- 
port all  of  the  areas. 

We  will  permit  in  individual  areas  or  individual  facilities  only 
those  minimum  shops  needed  to  have  right  at  hand  for  quick  work. 

Now  in  this  particular  facility,  in  addition  to  a minimum  type 
shop  like  that,  we  do  have  problems  of  having  shop  equipment  for 
cells,  for  use  in  contaminated  areas. 

Colonel  Gould.  Is  this  estimate  of  $320,000  for  machine  shop  equip- 
ment based  upon  a detailed  breakdown  of  what  you  are  going  to  buy 
or  did  somebody  pick  the  figure  out  of  the  air  ? 

Mr.  Klein.  I saw  a detailed  breakdown  on  this — I think  it  came 
to  about  this  amount— I saw  a detailed  breakdown  several  weeks  ago. 

Colonel  Gould.  You  could  certainly  equip  a very  elaborate  shop 
for  a third  of  a million  dollars. 

Mr.  Klein.  That  is  a lot  of  equipment. 

I can  assure  you  that  we  will  not  permit  in  this  facility  any  more 
equipment  than  is  needed  for  the  purpose  of  this  facility. 

Mr.  Karth.  Don’t  you  have  a shop  there  now  ? 

Mr.  Klein.  We  have  a small  shop  that  was  developed  in  connection 
with  the  Kiwi  program  of  Los  Alamos  which  we  will  continue  to 
use.  What  we  are  talking  about  here  are  the  necessary  expansions 
of  those  facilities  as  the  program  expands  out  there. 
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Colonel  Gould.  What  are  we  buying  in  the  way  of  general  health 
and  safety  equipment  for  $100,000? 

Mr.  Klein.  Well,  this  involves  to  a degree,  I believe,  personal-type 
safety  equipment  for  decontamination  purposes,  the  monitoring 
equipment,  although  monitoring  may  be  covered  separately  here.  I 
don’t  recall  whether  portable  monitoring  equipment  is  in  here  or  not. 
It  is  items  of  that  sort  at  any  rate. 

Colonel  Gould.  How  many  more  manipulators  are  we  going  to  have 
to  buy? 

Mr.  Klein.  We  have  in  this  10  of  the  master  slave  manipulators 
and  3 of  these  rectilinear-type  manipulators. 

Colonel  Gouu>.  These  are  very  expensive  items  ? 

Mr.  Klein.  Yes,  they  are. 

Colonel  Gould.  I notice  in  the  1963  program  there  was  $680,000 
set  aside  for  this  type  of  equipment  and  you  have  $1,200,000  for  wall 
mounted  handling  system;  $230,000  for  a master  slave  manipulator 
and  $130,000  for  the  rectilinear  manipulators. 

Mr.  Klein.  Right. 

Colonel  Gould.  This  totals  to  somewhere  around  $2.5  million. 

Mr.  Klein.  That  is  right,  and  it  is  expensive.  You  are  absolutely 
correct.  They  are  the  tools  of  the  trade  in  this  business.  You  were 
out  there.  I don’t  know  whether  you  observed  any  operations  there, 
but  you  can  see  it  is  a slow  process  and  the  only  way  you  can  take 
care  of  the  necessary  operations  in  a reasonable  time  scale  is  to  have 
several  going. 

Colonel  Gould.  Do  these  manipulators  you  are  purchasing  repre- 
sent any  improvement  over  the  ones  that  AEC  have  in  their  facility  ? 

Mr.  Klein.  Largely  these  are  outgrowths  of  those  manipulators. 
Some  I am  sure  are  identical.  We  do  not  have  in  our  program  de- 
velopment of  improved  manipulators,  although  in  some  of  these  sys- 
tems we  are  kind  of  pushing  the  state  of  the  art.  But  we  are  not 
developing  additional  ones. 

Colonel  Gould.  With  reference  to  design  and  engineering  services, 
in  fiscal  year  1962,  $350  000  in  advance  design  was  set  aside  for  this 
facility,  $250,000  in  fiscal  year  1963;  $660,000  was  included  in  the 
1963  program  for  design  and  engineering  services  and  now  you  are 
asking  for  another  $755,000.  This  is  getting  to  be  pretty  expensive 
from  the  engineering  and  design  standpoint.  Do  you  have  any  com- 
ment on  that? 

Mr.  Klein.  I am  not  sure  I have  any  very  helpful  comment  on  it. 
This  is  a tricky  facility  to  design  because  it  is  an  expensive  one — the 
walls  are  expensive,  they  are  not  very  readily  changeable.  A good 
deal  of  analysis  has  to  go  into  the  work  flows  in  these  facilities.  In 
addition  to  that,  the  way  in  which  the  equipment  is  spotted,  the  way 
in  which  windows  are  spotted,  for  example,  is  quite  critical  to  the 
utility  of  the  facility,  so  I would  expect  the  design  cost  on  this  to  be 
fairly  high. 

Colonel  Gould.  Are  you  telling  us  that  we  didn’t  learn  anything 
from  the  one  that  was  built  for  AEC  ? 

Mr.  Klein.  No,  sir;  I wouldn’t  say  that.  We  learned  a good  deal 
and,  of  course,  have  worked  very  closely  with  the  people  who  had 
designed  the  facilities  that  now  exist  in  the  reactor  MAD  building 
there.  We  work  very  closely  with  them.  We  have  also  called  on  the 
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help  of  other  AEC  organizations.  The  one  that  comes  to  mind  is 
Argonne  Laboratory  which  has  a very  fine  remote  handling  group. 
We  have  called  them  in  to  consult  with  us.  We  are  trying  to  make 
maximum  use  of  experience. 

Colonel  Gould.  Just  one  final  question.  Could  phase  I and  phase 
II  be  operated  as  an  entity  or  are  these  phases  that  you  have  planned 
dependent  upon  some  of  these  fiscal  year  1964  items  ? 

Mr.  Klein.  They  are  operational  as  an  entity.  They  wouldn’t  be 
operated  necessarily  at  their  maximum  efficiency,  but  they  are  oper- 
able and  useful  as  entities. 

Colonel  Gould.  That  is  all  I have  for  now,  Mr.  Chairman. 

Mr.  Ulmer.  That  was  one  of  the  conditions  under  which  the  budget- 
ing was  permitted  to  be  done  on  this  basis,  Colonel. 

Mr.  Karth.  Proceed  to  the  next  item. 

Mr.  Klein.  The  next  item  is  the  “Radioactive  Materials,  Handling, 
Decontamination,  and  Storage  Complex.”  That  title  encompasses  sev- 
eral different  facilities.  Their  purpose,  or  common  purpose,  is  to  take 
care  of  the  radioactive  materials,  equipment,  components,  that  arise 
out  of  the  testing  program  at  NRDS.  They  specifically  include  a 
spent-fuel  storage  area.  In  this  area  we  will  store  primarily  spent 
reactor  cores ; that  is,  cores  that  have  been  used  in  a test  and  are  no 
longer  needed,  or  useful  for  a test.  They  will  be  stored  in  vaults  for 
two  purposes : One,  they  are  held  up  here  pending  the  recovery  of 
the  valuable  uranium  that  remains  in  them : and,  secondly,  they  are 
held  up  there  for  a time  to  see  whether  we  would  want  to  analyze  any 
parts  of  them  beyond  the  analysis  that  is  done  shortly  after  the  test. 

The  second  area,  is  the  hot-engine  hold  area.  It  is  a relatively  simple 
facility  to  which  the  engine  is  removed  right  after  test  and  held 
up  there  in  case  there  is  something  going  on  in  the  MAD  building  that 
prevents  it  from  going  into  MAD  for  immediate  disassembly. 

There  is  an  additional  facility  which  is  called  a warm-engine-parts 
storage  building — again  a relatively  simple  facility  which,  as  the 
name  implies,  is  an  area  for  storage  of  hot  parts  pending  decontami- 
nation or  pending  later  use.  Many  of  the  engine  components  we  hope 
ultimately  to  reuse  after  some  decontamination.  We  can’t  do  that 
with  the  reactor. 

Mr.  Karth.  You  don’t  have  such  storage  facilities  now? 

Mr.  Klein.  We  have  out  there  now,  associated  with  the  reactor  pro- 
gram, some  above  ground,  some  open  areas  where  things  are  stored 
around.  I don’t  recall  whether  there  is  any  real  covered  area  at  all. 

An  additional  part  of  this  project  is  the  decontamination  building 
which  does  involve  shielding.  It  is  a building  in  which  hot  parts  are 
brought  and  are  decontaminated  for  either  further  analysis  or  for 
reuse  on  subsequent  engine  tests. 

Then  we  have  the  temporary  burial  site  for  taking  care  of  miscel- 
laneous waste  before  it  is  carted  completely  off  the  site. 

Mr.  Karth.  Colonel  Gould. 

Colonel  Gould.  What  is  AEC  using  to  meet  this  need  at  present? 

Mr.  Klein.  Well,  there  is  very  little  out  there  now  to  meet  this  need. 
Some  cores  have  been  stored,  but  they  are  trying  to  figure  out  what 
to  do  with  them  right  now.  Actually  what  is  probably  going  to  hap- 
pen is  that  they  wul  be  put  in  this  facility,  the  spent-fuel  storage  part 
of  this  facility.  There  is  an  area  in  which  components  are  put  out  or 
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away  as  I recall  without  any  shelter,  but  there  is  essentially  nothing 
out  there  now. 

Now,  of  course,  the  frequency  of  testing  that  we  have  had  up  to  now 
has  been  very  low  and  there  hasn’t  been  much  of  a buildup  of  these 
parts.  We  certainly  expect  this  is  going  to  be  changing  very  shortly. 

Colonel  Gould.  Will  AEC  use  this  facility,  also? 

Mr.  Klein.  Yes;  that  is  right. 

Colonel  Gould.  How  much  are  they  going  to  contribute  toward  the 
cost  of  it? 

Mr.  Klein.  We  have  tried  to  use  a rule  of  reason  in  splitting  be- 
tween the  agencies.  Wo  have  set  up  guidelines  that  AEC  would  fund 
certain  facilities,  certain  kinds  of  work;  the  NASA  would  fund  other 
kinds  of  facilities  and  other  kinds  of  work.  In  some  of  the  support 
areas,  however,  we  have  not  seen  any  particular  advantage  to  the  Gov- 
ernment in  a split  down  the  middle  and  we  have  tossed  it  one  way  or 
the  other  depending  on  where  we  think  the  burden  really  ought  to  lie. 

Colonel  Gould.  Is  there  a published  agreement  with  reference  to 
this  site  between  NASA  and  AEC? 

Mr.  Klein.  There  is  an  agreement  and  I believe  it  is  available  and 
published. 

Colonel  Gould.  Would  you  submit  one  to  the  committee,  please,  not 
necessarily  for  the  record?  We  will  determine  whether  it  will  go  in 
the  record. 

Mr.  Klein.  Right. 

(The  material  was  submitted  in  a letter  to  Col.  Gould  and  is  in  com- 
mittee filesA 

Colonel  Gould.  On  the  decontamination  building,  a cost  of  $70  per 
square  foot  is  indicated.  I imagine  that  the  high  cost  is  basically  at- 
tributable to  lead  shielding.  Are  there  any  other  structural  charac- 
teristics that  make  the  cost  so  high  ? 

Mr.  Klein.  You  are  right.  This  does  include  the  thick  walls  and 
shielding.  The  only  other  item  is  the  cost  of  windows.  Shielding 
windows  are  included  in  this  item. 

Colonel  Gould.  What  type  of  construction  do  you  propose  for  the 
warm  storage  building  and  the  classification  “hold  area”? 

Mr.  Klein.  I believe  that  those  are  sheet  metal  f acilities.  I can 
check.  I am  pretty  sure  that  is  the  case.  Yes,  sir;  they  are  sheet 
metal. 

Colonel  Gould.  Structural  steel  and  sheet  metal  ? 

Mr.  Klein  Yes. 

Colonel  Gould.  What  is  the  ceiling  height  ? 

Mr.  Klein.  I have  a sketch.  I don’t  know  whether  that  is  obvious 
from  the  sketch  or  not.  I am  afraid  it  is  not.  I can  perhaps  judge. 
To  the  peak  it  is  perhaps  35  feet — something  of  that  sort. 

Colonel  Gould.  Just  provide  for  the  record,  if  you  would,  a narra- 
tive description  of  the  structural  characteristics  of  both  of  those  build- 
ings, please. 

Mr.  Klein.  Yes. 

(The  information  requested  is  as  follows :) 

The  warm-engine-parts  storage  building  will  be  a standard  steel  building  with  a 
25-feet  eave  height.  The  siding  and  roof  will  be  of  corrugated  steel,  and  the  doors 
will  be  standard  roll-type  doors.  The  building  will  be  equipped  with  standard 
lighting  and  other  utilities. 
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The  hot-engine  hold  building  will  be  a standard  steel  building  with  a 25-foot 
eave  height.  The  siding  and  roof  will  be  corrugated  steel  and  the  doors  will  be 
standard  roll-type  doors.  In  addition  to  standard  lighting  and  utilities,  a speeia* 
power  supply  and  special  ventilating  system  will  be  provided  in  order  that  radioac- 
tively  hot  engines  will  be  protected  from  afterglow  heating  while  being  held  in 
the  building. 

Colonel  Gould.  What  is  a glove  and  dry  box  ? 

Mr.  Klein.  These  are  equipment  items  or  facility  items  in  which 
contaminated  material  is  placed  for  individuals  to  work  on  them.  The  j 

way  they  work  on  them  is  through  ports  in  the  front  of  the  facility  in 
which,  literally,  gloves  are  installed.  The  man  places  his  hands  in  the 
gloves  and  he  operates  with  them.  It  is  a sealed  box  in  which  he  can 
view  directly  and  work  directly  through  these  gloves. 

Colonel  Gould.  What  type  of  radiation  monitors  are  you  buying? 

Mr.  Klein.  I can’t — I am  not  sure  I understand. 

Colonel  Gould.  $185,000  for  radiation  monitors.  What  will  they  | 

be?  . 

Mr.  Klein.  There  are  several  kinds  of  monitoring  equipment  in- 
volved. One  is  essential  built  right  into  the  facility  so  you  can  pick  up 
radiation  as  soon  as  it  gets  beyond  tolerances,  so  you  can  detect  prob-  | 

lems  hopefully  as  early  as  possible. 

In  addition,  there  is  monitoring  equipment  involved  in  monitoring 
the  personnel,  routinely  checking  them  for  contamination  as  they  move 
out  of  the  hot  areas,  and  then  there  are  portable  types  of  monitoring  : 

equipment  as  well.  1 

Colonel  Gould.  Specificially  what  are  you  buying  for  $185,000  ? | 

Mr.  Klein.  I do  not  have  a list  but  I can  supply  that.  f 

Colonel  Gould.  Would  you  supply  that  for  the  record  ? % 

Mr.  Klein.  Yes.  _ j 

Mr.  Karth.  May  I interrupt?  How  many  glove  or  dry  boxes  are  ] 

you  requesting  for  the  $30,000?  I have  seen  these  things  and  they  f 

didn’t  look  that  expensive  to  me.  J 

Mr.  Klein.  Let’s  see  if  I have  that,  sir.  I do  not  have  it,  but  I will  i 

get  it  for  you,  sir.  -■ 

(The  information  requested  is  as  follows  :)  | 

The  radiation  monitoring  equipment  estimated  for  the  complex  is  listed  in  I 

the  following  table : 


Decontamination  building $44, 000 

Conduit  and  wiring 18,000 

Conduit  to  E-MAD 1. 000 

Gas  sampling 10,  000 

Gamma  and  neutron  detectors . 10, 000 

Distribution 5, 000 

Warm  storage 20, 000 

Conduit  and  wiring 10, 000 

Conduit  to  E-MAD 2,000 

Distribution  at  site 6, 000 

Gamma  detectors 2, 000 
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Fuel  storage — 47,000 


Conduit  and  wiring 15,000 

Conduit  to  E-MAD 1, 000 

Gas  sampling 20, 000 

Distribution  at  site 6, 000 

Gamma  detectors 5, 000 


Storage  tanks 16, 000 


Conduit  and  wiring 9,000 

Conduit  to  E-MAD 1,000 

Detectors 5, 000 

Distribution 1, 000 


Hot  engine  bold 28, 000 


Conduit 20, 000 

Distribution 1, 000 

Detectors 5, 000 


Alarms 32, 000 


Conduit  and  wiring 20, 000 

Distribution 6, 000 

Conduit  to  E-MAD — „ - 1,000 

Instruments 6, 000 


Total  for  radiation  monitoring  system 185, 000 


The  estimate  of  $30,000  provides  for  six  72  by  42  inch  stainless  steel  boxes  with 
shatterproof  glass  view  windows,  including  double  fold  service  inlet,  two  glove 
panels  per  side,  forced  air  inlet.  The  following  services  will  be  included  in  the 
box ; water,  gas,  air,  vacuum,  and  transfer  lodes. 

Colonel  Gouid.  What  is  the  tile  farm  for  ? 

Mr.  Klein.  This  is  to  take  care  of  low-level  liquid  waste  by  dis- 
persion. 

Colonel  Gould.  Dead  Storage  Crushing  and  Burning  Equipment 
for  $200,000.  What  does  this  consist  of  ? 

Mr.  Klein.  This  takes  care  of  miscellaneous  contaminated  items 
and  essentially  crushes  them  just  to  save  volume  for  temporary  and 
permanent  storage,  if  permanent  storage  is  involved,  and  for  trans- 
portation. You  save  money  on  the  volume  of  storage  and  transporta- 
tion facilities  that  are  involved. 

Colonel  Gould.  What  is  the  basis  of  $500,000  for  design  and  engi- 
nes ringservices  ? 

Mr.  Klein.  Here  again  this  is  the  estimate  for  these  facilities.  It 
includes  not  only  design,  but  it  does  include  inspection  and  supervi- 
sion services.  Some  of  these  facilities  are  simple  and  others  are  far 
from  simple.  I would  expect  that  that  is  an  average  figure  and  cer- 
tainly doesn’t  apply  to  each  of  the  four  facilities  involved. 

Colonel  Gould.  Based  on  the  total  cost  of  the  project 

Mr.  Klein.  The  total  cost.  It  pays  for  the  design-engineering  serv- 
ices for  the  whole  project. 

Colonel  Gould.  Wnen  you  say  it  was  based  on  the  total  cost,  I was 
wondering  what  kind  of  design  you  would  have  to  have  for  materials 
handling  equipment,  for  example? 
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Mr.  Klein.  This  does  not  include  design  of  specific  items  of  equip- 
ment. It  involves  the  design — when  it  is  off-the-shelf  equipment — 
of  the  installation  requirements. 

Colonel  Gould.  That  is  all  I have,  Mr.  Chairman. 

Mr.  Karth.  Support  Facilities. 

Mr.  Klein.  Yes,  sir.  The  Support  Facilities  are,  as  the  name  im- 
plies, facilities  that  are  going  into  our  support  area  for  the  Nuclear 
Socket  Development  Station.  You  authorized  last  year  the  first  part 
of  this  facility.  These  are  additional  facilities  now  involved  and 
they  include  additional  administration  and  engineering  space,  tech- 
nical shops  and  storage  and  maintenance  shops  and  storage  and  util- 
ities to  go  with  them. 

The  area  involved  in  the  administration  and  engineering  building  is 
about  60,000  square  feet,  which  is  about  equal  to  me  amount  proposed 
to  be  built  from  fiscal  year  1963  funds.  The  technical  shops  building 
is  11,000  square  feet  roughly.  The  technical  storage  building,  7,100 

Xare  feet,  the  maintenance  shop  and  warehouse  in  total  amounts  to 
ut  7,000  square  feet. 

These  facilities  are  all  tied  into  the  additional  work  that  is  planned 
to  be  out  there  with  the  NERVA  program. 

Mr.  Karth.  Are  these  support  facilities  to  support  some  of  those 
items  already  authorized? 

Mr.  Klein.  They  are  to  support  the  activity  on  some  of  those  items, 
yes.  That  is  correct,  yes. 

Mr.  Karth.  How  much,  do  you  know  ? 

Mr.  Klein.  I would  say  the  facilities  that  will  be  supported  largely 
from  this  project  are  the  engine  test  stand  No.  1,  engine  test  stand 
No.  2,  and  the  MAD  building,  the  engine  MAD  building. 

Those  three  facilities  are  the  ones  that  these  will  support  basically. 
Colonel  Gould.  In  the  1963  program  I believe  that  you  had  a central 
service  building  of  10,800  square  feet.  Is  the  administrative  and 
engineering  building  addition,  requested  as  part  of  this  project  going 
to  be  attached  to  the  central  service  building  ? 

I am  not  clear  on  the  square  footage  involved. 

Mr.  Klein.  There  is  an  administration  and  engineering  area  in  the 
1963  project,  about  50,000  square  feet,  and  this  will  be  another  wing 
on  that,  a second  wing  on  that  same  basic  facility. 

Colonel  Gould.  That  is  not  what  you  told  us  you  were  going  to 
build  last  year.  I am  reading  from  the  1963  justification  book  which 
says  you  are  going  to  build  a central  services  building  of  10,800  square 
feet.  Did  you  change  your  mind  after  that  ? 

Mr.  Klein.  What  may  have  happened  is  in  that  justification  there 
may  have  been  several  items  that  got  lumped  into  one  building,  into  one 
larger  building.  I would  have  to  look  at  that  to  be  able  to  identify  it. 
Colonel  Gould.  Be  my  guest. 

Mr.  Klein.  Now,  let’s  hope  I can  answer  it. 

Colonel  Gould.  The  point  I am  making  is  that  you  indicated  last 
year  you  were  going  to  build  a 10, 800-square-foot  facility  and  now  you 
tell  us  it  is  50,000  square  feet. 

Mr.  Klein.  This  includes  some  of  the  items  talked  about  here,  but 
this  description  is  not  clear  as  to  the  way  we  are  proceeding  now. 
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There  clearly  has  been  contemplated  reprograming  based  upon  this 
description. 

Colonel  Gould.  Your  construction  status  reports  do  not  indicate 
any  reprograming. 

Mr.  Klein.  I can’t  answer  that. 

Mr.  Ulmer.  Colonel  Gould,  we  will  hare  to  check  into  that.  Gen- 
erally, when  we  change  the  design  of  a facility  from  the  manner  in 
which  it  was  described  to  the  Congress  and  still  carry  out  the  intent 
of  the  Congress  and  stay  within  the  approved  scope,  we  do  not  go 
through  a reprograming  procedure.  For  example,  if  we  obtain 
authorization  for  two  or  three  or  four  small  buildings  and  it  looks 
better  from  an  engineering  standpoint  to  construct  one  building  of 
approximately  the  same  square  footage  we  consider  that  merely  a 
change  in  the  technical  approach  to  providing  what  Congress  author- 
ized. However,  if  we  do  change  the  scope  or  if  we  propose  to  add 
substantially  more  capability  than  the  Congress  authorized,  we  then 
come  in  with  a reprograming  action. 

I will  have  to  cneck  the  details  on  this. 

Colonel  Gould.  Do  you  know  how  much  the  50,000-square-foofc 
administrative  building  cost  ? Do  you  have  that  figure  ? 

Mr.  Klein.  We  don’t  have  a bid  figure  on  it. 

Colonel  Gould.  What  is  your  estimate  ? 

Mr.  Klein.  The  preliminary  engineering  estimate  is  about  $1.3  mil- 
lion for  that  building.  This  does  not  include  the  engineering  costs, 
but  is  pure  facility  costs. 

Colonel  Gould.  That  $1.3  million  was  included  in  the  $2,125,000 
authorized  for  support  facilities  so  you  must  have  deleted  something 
from  the  1963  program. 

Mr.  Klein.  It  looks  like  the  largest  thing  we  deleted  is  some  of  the 
items  on  the  latter  category  in  the  sheet  you  have  there. 

Colonel  Gould.  Equipment  Instrumentation  and  Support? 

Mr.  Klein.  Yes.  I don’t  think  the  emphasis  is  as  we  are  now 
viewing  it. 

Colonel  Gould.  I recommend,  Mr.  Chairman,  that  we  ask  the  wit- 
ness to  provide  for  the  record  a detailed  breakdown  as  to  what  the 
fiscal  year  1963  funds  were  used  for  so  that  we  might  compare  these. 

Mr.  Klein.  I can  give  some  of  this  now  if  you  like. 

Mr.  Earth.  Why  don’tyou  provide  it  in  one  package  for  the  rec- 
ord ? Make  sure  Colonel  Gould  gets  a copy. 

Mr.  Klein,  Yes,  sir. 

Colonel  Gould.  I have  no  further  questions  on  that  project. 

( The  information  requested  is  as  follows : ) 
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Following  is  the  current  estimated  cost  of  the  support  facilities  which  is 
under  study  at  the  present  time  compared  to  fiscal  year  1963  submission. 


Description 

Fiscal  year 
1963  sub- 
mission 

Current 

A T^nri  ftp.qniRitinn  _ . _ _ _ ___ 

B.  Site  development  and  utility  installation 

$320,000 

$150,000 

Hoads  and  parking  area 

40,000 

120,000 

100,000 

30.000 

20.000 

35.000 

25.000 

40.000 

Waterline  extensions  and  distribution „ 

Elec, trie  power  line  extensions  and  suhstatinn  ... „ 

C!mnTmrnip*tJnn«i 

s^nitarysewBr 

C Facilitv  cqnstrnetion  and  modi  flcatinn  ..  ... 

674,000 

1, 760, 000 

Central  services  building  i 

324.000 

250.000 

100.000 

1,450,000 

220,000 

90,000 

General  shops 

Shipping,  receiving,  and  genera)  stnekrnnm 

D.  Equipment,  instrumentation,  and  support  systems 

1,006,000 

90,000 

Tools  and  equipment  for  shops . 

221,000 

515.000 
50,000 

220.000 

30.000 

60.000 

Calibration  and  test  equipment 

Decontamination  systeml 

safety  syRtoni  __  

E.  Design  and  engineering  services  l ...  _.  ........... 

125,000 

125,000 

Total 

2, 125,000 

2,125,000 

i Presently  under  con  tract. 


The  description,  justification,  and  cost  estimates  for  the  support  facilities 
requested  in  the  fiscal  year  1963  budget  estimate  were  based  on  the  development 
and  testing  program  as  envisioned  at  the  time  of  preparation  in  October  1961. 
The  original  estimate  stated  that  a minimum  of  10,800  square  feet  of  office  space 
would  be  required  in  the  early  phases  of  the  program.  This  building  would  be 
constructed  of  concrete  block  on  a concrete  slab  floor.  It  would  be  a single-story 
structure  designed  for  expansion  to  accommodate  all  office  personnel  who  would 
be  associated  with  the  NERVA  and  RIFT  programs  when  they  reach  peak 
strength. 

At  the  time  of  the  budget  submission  it  was  anticipated  that  addtional  office 
space  would  economically  be  provided,  for  an  interim  period,  by  the  use  of 
trailers. 

Subsequent  to  the  budget  submission  and  prior  to  the  initiation  of  the  design 
of  the  support  facilities  for  the  NRDS  included  in  the  fiscal  year  1963  NASA 
budget,  a thorough  restudy  of  the  support  requirements  was  made.  This  study 
indicated  that  it  would  be  advisable  to  construct  a larger  administration  and 
engineering  building  (approximately  52,000  square  feet)  than  originally  antici- 
pated. Several  factors  which  influenced  this  decision  are  discussed  in  the  fol- 
lowing paragraphs.. 

An  analysis  of  the  projected  personnel  requirements  at  the  Nuclear  Rocket 
Development  Station  (furnished  by  the  various  users)  indicated  that  by  early 
1964,  about  390  people  will  be  in  temporary  facilities  unless  permanent  office 
spaces  are  provided. 

This  conclusion  was  based  on  the  personnel  projections  shown  in  table  I, 
which  indicate  the  number  of  people  requiring  office  floor  space  and  do  not  include 
construction  and  maintenance  personnel  who  will  not  require  office  space.  Table 
I also  graphically  demonstrates  that  technical  difficulties  in  a program  do  not 
change  personnel  requirements. 


Table  I. — Projected  personnel  requirement 


May  1963 

January  1964 _ 

July  1964_ 

January  1965. 


Total 

personnel 

546 

674 

810 

975 
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As  of  May  1963,  the  total  personnel  at  NRDS  requiring  office  space  was  about 
546  people.  Office  kpace  is  being  provided  (1.)  in  existing  permanent  facilities 
such  as  technical  operations  building  in  the  control  point  area,  (2)  in  office  type 
trailers,  and  (3)  in  temporary  quarters  such  as  the  ETS-1  control  room.  The 
type  of  office  space  being  provided  for  the  several  organizations  at  NRDS  is 
summarized  in  the  following  table : 


‘Table  II 


Organization 

Number  of 
people  in 
permanent 
facilities 

Number  of 
people  in 
trailers 

Number  of 
people  in 
other  tem- 
porary 
quarters 

LASL 

35 

55 

AOC 

13  ! 

! 

9 

Westinghouse 

30 

SNPO ... 

44 

EG&a .. 

131 

15 

Catco . .. 

45 

7 

ACFI . 

82 

APC&I ..  . 

3 

39 

Roeketdyne . .. 

2 

REECO  asslcned  to  LASL 

16 

20 

Total 

282 

■ 

213 

51 

As  shown  in  the  above  table,  264  people  are  currently  using  space  in  temporary 
or  trailer  facilities.  However,  the  current  projection  indicates  that  674  people 
will  require  office  space  by  January  1964,  or  an  increase  of  128  people  within  the 
next  6 months.  It  can  thus  be  seen  that  permanent  space  for  392  (264+128) 
people  should  be  available  by  January  1964.  Using,  as  a rule-of-thumb,  150 
square  feet  of  gross  floor  space  per  person,  an  additional  permanent  floor  space 
of  (150  by  392)  58,800  square  feet  should  be  available  by  January  1964.  It  can 
thus  be  seen  that  the  52,000  square  feet  of  floor  space  currently  being  planned 
for  the  central  services  building  is  not  completely  adequate,  and  it  is  obvious  that 
the  10,800  square  feet  originally  requested  is  inadequate. 

Before  the  decision  was  made  to  request  that  the  fiscal  year  1963  support 
facilities  project  be  reprogramed  to  provide  a 52,000-square-foot  central  services 
building,  serious  consideration  was  given  to  using  trailers  on  a interim  basis. 
However,  an  analysis  of  this  alternative  indicated  that  although  some 
“construction  of  facilities”  money  might  be  saved,  the  high  installation  and 
operational  costs  would  result  in  a very  high  total  cost  to  the  Government.  For 
example,  an  excess  trailer  camp  was  made  available  by  the  AEC  to  NRDS  in  the 
latter  part  of  1962.  However,  it  was  estimated  that  at  least  $400,000  would  be 
required  to  place  this  camp  in  operation.  The  trailers  would  be  on  a loan 
basis  and  subject  to  recall  after  January  1, 1964.  On  the  other  hand,  if  trailers 
are  rented  from  commercial  services  the  average  annual  rental  costs  for  300 
people  would  be  about  $180,000  per  year  for  a 3-year  period.  On  this  basis,  first 
year  costs  would  be  about  $580,000.  Although  no  estimate  has  been  made  of  the 
monetary  losses  due  to  the  inefficiencies  inherent  in  a trailer  park  setup,  any 
comparison  of  office  trailers  versus  permanent  office  facilities  must  take  this 
into  consideration. 

Although  table  II  demonstrated  why  52,000  square  feet  of  floor  space  should 
be  available  early  in  calendar  year  1964  to  accommodate  the  NRDS  personnel 
expected  by  that  date,  additional  funds  should  be  provided  in  fiscal  year  1964 
to  build  a second  unit  to  the  A.  & E.  building  to  house  the  increase  in  personnel 
as  shown  in  table  I. 

In  summary,  the  above  discussion  points  up  the  fact  that  slippages  in  the  pro- 
gram due  to  technical  problems  do  not  affect  personnel  requirements.  The  need 
for  additional  office  space  is  an  immediate  problem  which  can  most  economi- 
cally be  solved  by  providing  adequate  permanent  facilities.  It  should  be  also 
noted  that  the  increase  in  office  space  requested  in  the  fiscal  year  1963  estimate 
is  not  an  increase  in  total  office  space  requirements.  This  increase  reflects  a 
need  for  permanent  floor  space  at  an  earlier  date  than  originally  contemplated. 

Slippages  in  the  program  do,  however,  have  a real  influence  on  the  time  when 
equipment  must  be  available  for  use.  When  the  fiscal  year  1963  budget  estimate 


2706 


1064  NASA  AUTHORIZATION 


was  prepared  in  October  of  1961,  a substantial  amount  of  equipment  was  required 
b j calendar  year  1964  to  meet  the  program  requirements  envisioned  at  that  time. 
Although  equipment  requirements  have  not  changed,  the  program  slippage  will 
permit  a deferment  of  equipment  acquisition.  In  this  particular  case,  most  of 
the  shop  tools  and  equipment,  calibration  and  test  equipment,  decontamination 
equipment,  and  communications  and  safety  system  can  be  deferred  until  fiscal 
year  1964.  Recognising  that  the  first  engine  test  stand,  ETS-1,  will  not  be  ready 
for  operation  until  about  1965,  there  is  no  need  for  support  equipment  until 
early  1965.  Allowing  12  months  for  procurement  and  installation,  funds  for 
this  equipment  will  not  be  needed  until  fiscal  year  1964. 

Mr.  Karth.  You  have  two  other  budget  items  here,  do  you  not? 

Mr.  Klein.  I will  not  cover  these,  but  Mr.  Woodward  will. 

Dr.  Bisflinghofp.  Mr.  Woodward  will  cover  the  Lewis  items,  Mr. 
Karth.  Mr.  Woodward  is  the  Deputy  Director  of  our  Nuclear  Sys- 
tems Office  in  NASA  and  is  Mr.  Finger’s  deputy  in  this  office  and 
he  will  speak  to  the  three  Lewis  items  that  are  on  our  list. 

Mr.  Karth.  That  is  a quorum  call  you  just  heard.  Maybe  we 
can  get  through  this  before  the  second  bell.  We  will  have  10  minutes. 

Mr.  Woodward.  I want  to  speak  to  the  three  facilities  of  the  Lewis 
Research  Center  at  the  Plum  Brook  station.  As  you  know,  the  Plum 
Brook  station  comprises  about  6,000  acres  located  near  Sandusky, 
Ohio,  and  was  acquired  for  experimental  test  work  requiring  some 
degree  of  isolation.  I would  like  to  deal  with  the  facilities  in  order 
of  their  page  number  in  our  submission,  the  first  being  an  engineering 
building  which  is  essentially  an  office  building  and  auditorium  and 
cafeteria.  The  description  is  pretty  clear.  The  office  space  is  pro- 
vided at  a rate  of  aboi  1 130  square  feet  per  person.  The  auditorium 
is  estimated  at  a rate  of  10  square  feet  per  person  and  the  cafeteria 
allowance  is  about  20  feet  per  person.  These  are  standard  ratios 
and  numbers  in  accordance  with  current  design  practice. 

There  is  a need  for  this  kind  of  space  to  house  the  planned  person- 
nel increases  and  because  the  existing  facilities  that  were  built  in 
1941  through  1945  as  a part  of  the  Army  Plum  Brook  Ordnance 
Works  are  temporary  ana  becoming  unduly  difficult  to  maintain. 

Mr.  Karth.  What  will  the  auditorium  be  used  for  ? 

Mr.  Woodward.  For  technical  meetings,  symposia,  and  various 
other  kinds  of  meetings  that  will  be  attended  by  over  80  people.  They 
have  estimated  that  they  now  have  need  for  such  meetings  in  the 
order  of  twice  a month  and,  as  time  goes  on,  this  requirement  will 
increase. 

Mr.  Karth.  What  do  they  use  now? 

Mr.  Woodward.  They  use  part  of  the  cafeteria  to  provide  a capacity 
of  about  80  people. 

Mr.  Karth.  How  many  do  you  usually  have  attending  these 
meetings? 

Mr.  Woodward.  They  are  estimating  again — as  I said  earlier,  and 
did  not  make  clear — two  a month.  Over  80  attendance  is  the  estimate. 

Mr.  Karth.  How  many  people  do  they  expect  to  have  in  attendance  ? 

Mr.  Woodward.  Over  80.  That  was  the  breakeven  point. 

Mr.  Karth.  Colonel  Gould. 

Colonel  Gould.  I notice  you  are  providing  in  this  facility  39,000 
square  feet  to  accommodate  300  persons  ? 

Mr.  Woodward.  Yes,  sir. 

Colonel  Gould.  This  works  out  to  an  average  of  130  square  feet 
per  person. 
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Mr.  Woodward.  Yes,  sir. 

Colonel  Gould.  When  we  were  discussing  a similar  building  at 
Ames  yesterday  a criteria  of  200  square  feet  per  person  was  used. 
Do  .you  have  any  comments  as  to  the  reason  for  this  variance? 

Mr.  Woodward.  No,  sir. 

Colonel  Gould.  What  is  the  basis  for  providing  a cafeteria  to  ac- 
commodate 250  persons? 

Mr.  Woodward.  The  personnel  planned  for  Plum  Brook  will  rise 
to  about  a thousand  people  as  against  the  approximately  500  on  board 
now.  We  need  more  facilities  than  we  now  have  available. 

Colonel  Gould.  What  is  being  used  now  for  a cafeteria  ? 

Mr.  Woodward.  I am  sorry,  I can’t  give  you  the  exact  capacity.  It 
is  in  the  order  of  180  but  I would  like  to  check  that  number. 

Colonel  Gould.  Could  you  supply  it  for  the  record? 

Mr.  Woodward,  Yes,  sir. 

(The  information  was  subsequently  supplied:) 

The  rated  capacity  of  the  existing  cafeteria  is  130. 

Colonel  Gould.  You  state  in  your  justifications  that  it  is  considered 
impractical  to  upgrade  the  old  wooden  structures  for  long-term  use. 
I certainly  agree  with  that,  but  why  couldn’t  they  be  continued  in  use 
for  1, 2,  or  3 years? 

Mr.  Woodward.  They  can  be.  However,  we  are  at  the  end  of  such 
a 3-year  period  now.  We  have  been  in  Plum  Brook  for  a number  of 
years  and  we  think  we  have  come  to  the  point  where  we  should  not 
try  to  keep  continuing  them  for  one  more  year.  It  is  time  to  change 
them. 

Colonel  Gould.  Is  Plum  Brook  officially  turned  over  to  NASA? 

Mr.  Woodward.  Yes,  sir. 

Colonel  Gould.  When  did  that  take  place? 

Mr.  Woodward.  It  was  about  4 months  ago,  sir,  according  to  Mr. 
Ulmer. 

Colonel  Gould.  It  couldn’t  have  been  that  long  ago.  It  hadn’t  been 
accomplished  when  I was  out  there  in  February. 

Mr.  Ulmer.  The  final  paperwork  was  going  through  at  that  time. 
The  final  transfer  action  was  completed  onMarch  15. 

Colonel  Gould.  Do  you  happen  to  know  the  value  of  the  existing 
plant? 

Mr.  Woodward.  $25  million  original  Army,  including  land.  NACA 
and  NASA  have  put  in  another  $25  million. 

Colonel  Gould.  $50  million.  How  much  of  this  is  permanent  con- 
struction ? 

Mr.  Woodward.  Most  of  the  NASA  type. 

Colonel  Gould.  About  half  of  it? 

Mr.  Woodward.  Well,  yes;  half  of  it.  The  Army  structures  are 
not  permanent,  as  you  know. 

Colonel  Gould.  You  are  using  trailers  out  there  at  the  present  time, 
to  a certain  extent,  for  administrative  space? 

Mr.  Woodward.  Three  of  them. 

Colonel  Gould.  Are  they  leased? 

Mr.  Woodward.  No.  They  were  purchased. 

Colonel  Gould.  What  do  we  pay  for  trailers  ? 

Mr.  Woodward.  Approximately  $5,000  each.  They  will  probably 
be  used  for  approximately  3 years  for  office  space  and  then  will  be 
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turned. over  for  the  construction  purpose  they  were  originally  intended 
for. 

Colonel  Gould.  If  it  is  anything  other  than  $300,  yes.  How  far  is 
this  building  going  to  be  located  from  the  source  of  utilities  ? 

Mr.  Woodward.  About  150  feet.  That  tunnel  is  $150  per  foot,  sir. 

Colonel  Gould.  How  manv  parking  spaces  are  going  to  be  provided 
for  $63,000? 

Mr.  Woodward.  315. 

Colonel  Gould.  What  criteria  did  you  use  in  establishing  the  number 
of  parking  spaces  that  would  be  built  ? 

Mr.  Woodward.  I can’t  answer  that  question.  May  I furnish  it 
for  the  record? 

Colonel  Gould.  Is  it  about  one  space  for  every  two  people  ? 

Mr.  Woodward.  The  parking  lot  is  to  service  the  auditorium,  cafe- 
teria, and  office  building.  There  were  no  specific  criteria  used.  It  is 
our  judgement  that  this  number  of  spaces  will  be  adequate. 

Colonel  Gould.  WIilI  does  the  item  of  $75,000  lor  Toad  extension 
and  intersections  consist  of  ? How  much  road  are  we  putting  in  here  ? 

Mr.  Woodward.  It  is  5,000  feet  blacktop  and  the  width  would  be 
22  feet. 

Colonel  Gould.  That  is  a very  reasonable  cost.  I think  it  would 
work  very  well  at  Langley  also. 

Mr.  Woodward.  We  have  a different  substructure,  as  you  know, 
at  Plum  Brook. 

Colonel  Gould.  The  engineering  building  is  estimated  at  $22  per 
square  foot.  A similar  facility  at  Ames  is  being  programed  for  $19.50 
a square  foot.  One  is  programed  in  the  1964  program  at  the  Manned 
Spacecraft  Center  for  $24.25  a square  foot.  Now,  the  cost  indexes 
at  Houston  are  $0.95  and  California  is  $1.05,  and  $1.05  in  Ohio. 

Could  you  tell  me  why  these  variances  occur  ? 

Mr.  Woodward.  No,  sir;  I cannot. 

Colonel  Gould.  Mr.  Ulmer,  could  you  answer  that  question? 

Mr.  Ulmer.  I can’t  tell  you  why  the  variances  occur  in  the  indexes, 
other  than  perhaps  the  differences  in  labor  costs  between  the  areas. 
The  variances  in  our  estimatevS  occur  basically  because  the  estimates  are 
prepared  on  the  experience  of  the  particular  center  at  the  time  the 
budget  is  put  together.  As'you  know,  the  bid  prices  that  come  in  often 
are  not  necessarily  in  line  with  what  the  indexes  say  they  should  be. 

We  find  them  both  on  the  top  and  on  the  bottom  of  the  line  depend- 
ing upon  the  state  of  the  construction  industry  in  the  particular 
locality  at  the  time  we  are  requesting  the  bids. 

Colonel  Gould.  You  are  speaking  of  bids  and  I am  speaking  of 
three  separate  estimates  in  the  fiscal  year  1964  program  where  like 
facilities  are  being  built  with  a range  of  about  $5  per  square  foot. 

Mr.  TIlmer.  Yes.  The  point  I was  trying  to  make  is  that  the  budget 
estimate  is  based  on  the  center’s  experience  at  the  time  they  are  put- 
ting the  estimate  together.  For  example,  we  had  a bid  recently  that 
was  completely  out  of  line  with  anything  that  we  anticipated.  The 
bid  came  in  considerably  lower  than  our  estimate  simply  because  the 
entire  construction  industry  in  the  particular  area  at  that  time  was 
looking  for  work.  The  contractors  wanted  to  keep  their  men  busy,  and 
they  sharpened  their  pencils  and  come  in  with  very  low  bids. 
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The  situation  can  go  the  other  way,  too.  We  have  had  bids  come  in 
$3,  $4,  and  $5  a square  foot  above  our  estimate.  We  do  not  use  these 
extremes  in  preparing  our  budget  but  we  do  try  to  have  the  budget 
reflect  a fair  average  of  the  experience  of  that  center  at  the  time  the 
budget  is  put  together  and  not  necessarily  taking  what  the  construc- 
tion indexes  may  indicate  the  bid  price  should  be. 

Colonel  Gould.  That  is  all,  Mr.  Chairman.  ' 

Mr.  Karth.  I think  we  are  going  to  have  to  recess  for  a while.  It  is 
possible  for  you  to  come  back  at  say  2 :30  ? 

Mr.  Woodward.  Yes,  sir. 

Mr.  Karth.  And,  Dr.  Kelley,  could  you  do  that  and  maybe  we’ll 
finish  this  thing  today  ? I will  see  if  I can  get  approval  in  tne  mean- 
time. 

We  will  recess  then  until  2 :30  p.m. 

(Whereupon,  at  12 :30  p.m.,  the  committee  was  recessed,  to  reconvene 
at  2 :30  p.m.,  the  same  day.) 

afternoon  session 

Mr.  Karth.  The  committee  will  be  in  order.  Would  you  like  to 
proceed,  Mr.  Woodward  ? 

Mr.  Woodward.  Yes,  sir.  Are  we  finished  with  the  engineering 
building?  I think  Colonel  Gould  was  finishing  off  with  that. 

Colonel  Gould.  That  was  all  the  questions  on  that  project. 

Mr.  Woodward.  The  next  is  the  experiment  assembly  test  and  stor- 
age building,  also  located  at  Plum  Brook,  an  item  of  $1.71  million. 
This  facility  is  needed  to  assemble  the  experiments  which  will  be 
placed  in  the  60-megawatt  reactor  at  Plum  Brook. 

I beg  your  pardon,  it  is  $885,000.  When  the  reactor  was  designed, 
it  was  recognized  that  a facility  of  this  nature  would  be  needed.  How- 
ever, until  we  reached  the  point  where  the  reactor  was  operable,  and 
we  could  more  clearly  define  our  needs,  we  delayed  requesting  such  a 
building.  We  are  now  asking  for  it. 

It  consists  of  a mill -type  building,  with  appropriate  equipment  in- 
stalled for  the  assembly  and  checkout  of  experiments,  including  a 
water  pool  which  is  required  to  stimulate,  the  environment  that  the 
experiment  will  encounter  in  the  reactor.  The  reactor  is  submerged 
in  water.  By  checking  the  experiments  under  water,  first  we  will  find 
out  how  they  work,  and  whether  they  are  leakproof,  and  so  forth. 

Mr.  Karth.  Is  this  similar  to  the  one  Texas  A.  & M.  has? 

Mr.  Woodward.  It  is  considerably  bigger.  It  is  somewhat  similar 
in  that  the  water  is  used  as  shielding  in  both  cases.  This  is  a 60-mega- 
watt. reactor,  which  is  considerably  bigger. 

Mr.  Karth.  The  reason  I mention  the  Texas  A.  & M.  one  is  be- 
cause that  is  the  only  one  I have  seen  designed  on  this  principle. 

Mr.  Woodward.  I have  nothing  more  to  say,  sir.  If  you  wish  to 
ask  questions 

Colonel  Gould.  You  are  providing  a partial  basement  in  this  build- 
ing? 

Mr.  Woodward.  That  is  for  utilities,  boilers,  and  so  forth. 

Colonel  Gould.  The  justification  states  there  are  no  available  fa- 
cilities or  space  in  the  reactor  building  at  Plum  Brook  to  assemble, 
test  or  store  experiments.  Are  there  facilities  available  elsewhere? 
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Mr.  Woodward.  No,  sir;  there  are  not,  not  of  the  type  we  need. 
There  are  insufficient  and  inadequate  facilities.  However,  the  realtor 
is  operating  now  and  we  are  installing  experiments.  We  are  now  as- 
sembling them  in  a comer  of  the  reactor  building.  This  is  not  adequate 
for  the  bigger  experiments  that  are  coming. 

Colonel  Gould.  Are  there  no  temporary  buildings  existing  that 
could  be  used  for  this  purpose  ? 

Mr.  Woodward.  They  would  have  to  be  extensively  modified. 

Colonel  Gould.  Was  a cost  comparison  made  of  modifying  tem- 
porary buildings  versus  construction  of  permanent  buildings? 

Mr.  Woodward.  Not  that  I know  of.  This  is  a special  type  of  build- 
ing requiring  the  swimming  pool  and  high  bay  area  crane,  and  so 
forth  for  which  existing  buildings  are  not  suitable. 

Colonel  Gould.  Are  we  providing  a new  steamplant  just  to  supply 
this  facility? 

Mr.  Woodward.  I believe  not.  I would  have  to  check  that  to  be 
sure,  sir.  I think  we  are  leading  our  services  from  an  existing  steam- 
plant  through  the  utility  tunnel. 

Colonel  Gould.  You  are  asking  for  a steam  line  and  boiler. 

Mr.  Woodward.  Yes,  but  is  this  not  the  kind  of  boiler  that  appears 
in  each  building  as  an  intermediate  heat  exchanger  ? 

Colonel  Gould.  I don’t  know,  I am  asking  you. 

Mr.  Woodward.  I assume  it  is.  I will  have  to  check  it  for  you. 

( The  information  requested  is  as  follows : ) 

This  item  includes  the  installation  of  a boiler  in  an  existing  boiler  room  in  the 
reactor  complex,  and  the  extension  of  the  steam  to  the  new  structure. 

Colonel  Gouu>.  How  far  is  this  proposed  facility  from  the  source 
of  electrical  power? 

Mr.  Woodward.  It  is  within  500  feet,  I believe,  sir.  The  electrical 
power  source  I am  referring  to  is  the  electrical  substation  at  the  re- 
actor building,  and  this  is  within  200  or  300  feet  of  the  reactor 
building. 

Golonel  Gould.  It  is  going  to  cost  $30,000  to  run  500  feet  of  line? 

Mr.  Woodward.  And  connections.  There  are  internal  connections 
included. 

Colonel  Gould.  I thought  that  all  utilities  costs  included  in  project 
development  out  to  the  5-foot  line  were  included  in  cost  of  the  building  ? 

Mr.  Woodward.  I am  not  clear  on  this.  I will  have  to  check  for 
you.  This  does  take  some  special  equipment  within  the  building. 
I will  have  to  check  it. 

(The  information  requested  is  as  follows :) 

The  $30,000  item  includes  duct  banks  where  the  4160-volt  services  must  be 
routed  around  the  reactor  building  until  it  can  enter  the  tunnel,  and  the  neces- 
sary breakers  to  go  in  the  existing  substation  as  well  as  the  usual  cabling 
costs. 

Colonel  Gould,  Is  that  a correct  statement  of  policy? 

Mr.  Ulmer.  That  is  generally  correct,  yes. 

Colonel  Gould.  What  do  you  mean  by  a “mill”  type  building? 

Mr.  Woodward.  Something  like  the  Butler  type  building. 

Colonel  Gould.  Metal  siding? 

Mr.  Woodward,  Yee. 

Colonel  Gould.  What  is  the  length  and  size  of  the  utility  tunnel 
for  $75,000? 
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Mr.  Woodward.  This  is  a number  I am  not  exactly  happy  about. 
I was  trying  to  check  it  during  lunch,  and  could  not.  I believe  the 
length  of  the  tunnel  is  in  the  order  of  300  to  400  feet.  This  exceeds 
the  $150  number  on  the  other  tunnel.  I am  trying  to  resolve  the  dis- 
crepancy. I believe  it  is  because  this  tunnel  is  a little  larger  in  size 
at  one  end. 

Colonel  Gould.  Are  you  looking  into  this  cost  because  you  don’t 
have  the  high  water  table  to  contend  with  here  that  you  have  at 
Langley? 

Mr.  Woodward.  It  does  not  agree  with  the  cost  per  foot  of  the  other 
tunnel  at  Plum  Brooks 

(The  information  requested  is  as  follows :) 

Subsequent  check  reveals  that  the  tunnel  cost  per  lineal  foot  is  about  the 
Hama  as  for  a irfmfisr  item  in  the  Engineering  Building  cost  estimate. 


Colonel  Gould.  What  are  we  buying  for  $50,000  in  the  item  of 
Special  Tools  and  Shop  Equipment  ? 

Mr.  Woodward.  This  includes  standard  shop-type  tools  but  more 
importantly  equipment  for  handling  materials  and  experiments  under 
water  in  the  pool. 

Colonel  Gould.  Do  you  have  a breakdown  of  these  items  f 
Mr.  Woodward.  Not  with  me.  I can  furnish  you  one. 

Colonel  Gould.  Could  you  supply  that  for  the  record  ? 

Mr.  Woodward.  Yes,  sir. 

(The  information  requested  is  as  follows :) 


The  major  portion  of  the  money  to  be  allocated  to  special  tools  and  shop 
equipment  goes  for  the  master-slaves  and  servo-manipulators  for  the  dummy 
hot  cell  located  in  this  building.  In  addition  to  the  usual  small  shop  tools  such 
as  metal  saws,  grinders,  drill  presses  and  the  like,  special  long-handled  under- 
water tools  will  be  necessary  for  operations  in  the  test  pool.  Typical  universal- 
use  tools  of  this  type  are  underwater  wrenches,  pliers,  cutters,  etc. 

Colonel  Gould.  I would  like  to  go  back  to  the  cost  per  square  foot 
of  the  mill-type  building,  for  a minute. 

Is  this  to  be  slab  on  grade  construction,  except  for  the  partial  base- 
ment area? 

Mr.  Woodward.  I am  not  that  familiar  with  it.  I cannot  tell  you. 

Colonel  Gould.  Would  you  provide  a narrative  description  of  the 
structural  characteristics  of  this  building,  please?  It  appears  to  be  a » 
little  high  for  the  type  of  building  you  have. 

Mr.  Woodward.  This  is  a high  bay  building  so  that  the  per  square 
foot  cost  is  higher. 

Colonel  Gould.  How  high  is  it  ? 

Mr.  Woodward.  It  is  two  stories,  in  one  area.  I think  it  is  close  to 
25  feet  high.  I am  certain  this  is  the  explanation  for  the  per-square- 
foot  cost. 

Mr.  Myers.  It  is  a basic  steel  frame  building. with  some  insulated 
paneling  with  the  basic  construction. 

Colonel  Gould.  There  is  not  enough  information  provided  to  eval- 
uate the  cost.  Could  you  provide  a narrative  description  of  it  for  the 
record  please? 

(The  information  requested  is  as  follows :) 

The  "mill-type”  building  construction  referred  to  in  the  description  of  the 
experiment  assembly,  test,,  and  storage  building  is  the  descriptive  title  used  for 
a steel  structure  building  with  insulated,  corrugated  metal  siding.  The  roof 
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structure  with  the  metal  pan  is  insulated  and  waterproofed.  This  building 
would  be  similar  to  the  existing  reactor  building  and  the  shop  section  of  the 
ser vices-eq uipment  building.  The  projected  unit  cost  is  based  upon  our  actual 
costs  for  similar  structures  being  slightly  more  expensive  than  some  of  the  low- 
bay  shops  because  of  the  height  of  the  building  necessitated  by  the  high-lift  crane. 
An  additional  item  of  expense  is  the  special  floor  treatment  (epoxy  paint)  re- 
quired to  prevent  contamination  by  saturation  of  the  concrete  surface. 

Mr.  Woodward.  Yes,  sir. 

Colonel  Gould.  That  is  all  I have,  Mr.  Chairman. 

Mr.  Woodward.  The  next  one  is  the  SNAP-8  Assembly  and  Space- 
craft Checkout  Building.  Again  at  Plum  Brook. 

This  is  an  item  of  $5  million.  This  facility  is  required  to  assemble 
the  SNAP-8  system  prior  to  its  being  tested  at  Plum  Brook  in  the 
space  propulsion  facility  which  was  authorized  in  fiscal  year  1963.  It 
is  also  required  to  assemble  SNAP-8  into  its  test  craft.  There  are 
no  other  facilities  like  this  on  the  east  coast.  It  is  our  judgment  that 
it  is  not  a wise  thing  to  do  to  ship  the  SNAP-8  system  in  one  piece 
from  the  west  coast  to  the  east  coast  without  providing  some  way  of 
checking  it  before  we  test  it. 

Mi’.  Karth.  Do  you  have  an  appropriate  facility  on  the  west  coast? 

Mr.  Woodward.  There  are  no  facilities  on  the  west  coast  specifically 
for  assembling  this  system.  There  are  fabrication  facilities  at  the  con- 
tractors’ plants. 

Mr.  Karth.  So  you  don’t  have  an  assembly  and  space  craft  check- 
out building  any  place,  do  you  ? 

Mr.  Woodward.  No,  sir;  but  we  do  have  at  the  contractors’  plants, 
facilities  for  assembling  subsystems.  It  is  conceivable  we  could  as- 
semble the  whole  thing  on  the  west  coasc  at  the  contractors’  plants 
with  an  additional  facility  there. 

Mr.  Karth.  What  contractor  would  this  be? 

Mr.  Woodward.  Probably  Aerojet.  However,  we  are  uncertain  as 
to  the  wisdom  of  shipping  the  SNAP-8  system  across  the  country 
without  having  some  way  of  checking  it  on  this  end.  In  any  event  the 
reactor  itself  will  require  separate  checkouts  after  shipment. 

Mr.  Karth.  When  you  assemble  it  at  Lewis  where  do  you  have  to 
ship  it  before  it  flies  ? 

Mr.  Woodward.  If  it  is  assembled  at  Plum  Brook  it  will  be  tested 
at  Plum  Brook.  It  is  conceivable  that  we  could  ship  it  to  the  cape 
( with  a minimal  checkout  at  the  cape. 

Mr.  Karth.  But  you  couldn’t  go  from  the  west  coast  to  the  cape? 

Mr.  Woodward.  Well,  I am  sorry 

Mr.  Karth.  How  about  if  you  did  it  at  the  mouth  of  the  Mississippi 
River.  What  is  the  name  of  that  assembly  place? 

Mr.  Woodward.  Michoud. 

Mr.  Karth.  That  is  even  closer.  What  about  that? 

Mr.  Woodward.  Our  philosophy  is  this;  that  we  should  assemble 
SNAP-8  as  close  to  the  point  of  use  as  possible.  Our  first  point  of 
use  is  at  Plum  Brook.  This  is  why  this  facility  is  requested  for 
Plum  Brook.  The  question  of  what  we  can  do  with  it  down  at  the 
cape  has  not  yet  been  resolved.  It  will  depend  a little  bit  upon  our 
experience  with  this  one.  However,  our  feeling  is  that  what  we  will 
need  down  at  the  cape  will  be  quite  a small  scale  facility — nothing  like 
this  one  at  all. 
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This  facility  includes,  among  other  things,  a shielded  containment 
area,  so  the  reactor  can  be  brought  up  to  criticality.  This  is  essen- 
tially bringing  it  to  the  point  where  it  is  almost  producing  power 
and  then  shutting  it  of.  This  allows  the  reactor  people  to  check  the 
phj  rsics  of  the  reactor  and  to  make  sure  it  is  functioning  properly. 

We  are  not  sure  we  need  this  type  of  test  at  the  cape.  Once  we 
get  some  experience  with  it  at  Plum  Brook,  our  future  plans  can  be 
more  definite. 

Colonel  Gould.  Mr.  Woodward,  is  this  facility  a complete  entity 
within  itself,  or  does  it  depend  upon  other  facilities  at  Plum  Brook? 

Mr.  Woodward.  It  is  a complete  -.ntity  in  itself,  in  that  it  will  do' 
the  job  of  assembling  and  checking  the  SNAP-8  and  SNAP-8  space- 
craft. It  will  not  test  the  facility  in  the  space  environment  at  all. 
That  must  be  done  in  the  large  space  propulsion  facility. 

Colonel  Gould.  As  a followup  to  the  chairman’s  question,  why 
couldn’t  this  facility  be  constructed  at  the  Mississippi  Test  Facility 
which  is  en  route  to  the  cape  from  the  west  coast,  then  shipped  by 
water  from  the  Mississippi  Test  Facility  to  Cape  Canaveral  in  its 
assembled  form  much  easier  than  you  could  from  Plum  Brook  ? 

Mr.  Woodward.  Our  problem  is  that  the  people  and  the  facility 
we  want  to  test  it  in  are  at  Plum  Brook. 

Mr.  Karth.  How  much  would  it  cost  to  put  the  facilities  and  the 
people  down  at  the  Mississippi  test  center  ? 

Mr.  Woodward.  The  space  propulsion  facility  alone  at  Plum  Brook 
is  valued  at  $25  million.  I imagine  the  total  would  be  well  above 
that. 

Mr.  Karth.  How  long  do  we  expect  this  SNAP-8  program  to  last? 
What  are  we  talking  about  in  terms  of  time  ? 

Mr.  Woodward.  The  SNAP-8  program  itself  will  last  through  this 
decade.  However,  this  facility  could  be  useful  for  other  SNAP 
systems  that  could  be  put  in  the  facility  at  Cleveland. 

Mr.  Karth.  So  we  might  be  talking  about  a facility  that  has  a 
useful  lifetime  of  25  years  f 

Mr.  Woodward.  It  is  possible,  sir.  I think  that  is  a high  number. 

Mr.  Karth.  Let  us  sav  20.  Does  that  still  appear  high 1 

Mr.  Woodward.  No,  that  is  a good  number. 

Mr.  Karth.  If  we  are  talking  about  a 20-year  period  rather  than 
investing  substantial  additional  funds  in  an  out-of-the-way  place, 
maybe  we  could  do  some  testing  up  there,  but  as  the  colonel  suggests, 
inasmuch  as  the  Mississippi  test  site  is  en  route  from  the  west  coast, 
and  from  there  you  have  nothing  but  water  travel  as  opposed  to  rail 
plus  water,  plus  perhaps  some  truck — I don’t  know — wouldn’t  that 
make  more  sense  than  using  the  argument  that  has  been  used  before 
this  committee  so  often,  ana  in  the  Tong  run,  wouldn’t  it  be  cheaper  ? 

Mr.  Woodward.  It  is  our  judgment  it  would  not.  I cannot  prove  it 
is  so,  but  it  is  our  judgment  that  in  a system  as  complex  as  this  one  we 
should  test  it  thoroughly  on  the  ground  before  we  fly  it;  that  we 
should  do  our  assembly  under  very  controlled  conditions  that  are  re- 
sponsive to  what  we  find  out  is  occurring  in  our  test  facility ; and  that 
the  assembly  and  the  test  facility  should  be  as  close  as  possible  to  the 
people  who  are  going  to  be  operating  the  program  and  to  the  support- 
ing facilities. 
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Mr.  Kabth.  Both  the  assembly  and  test  could  be  located  at  Missis* 
sippiaswelL 

Mr.  Woodward.  The  test  we  envision  is  a full  test  in  the  space  pro- 
pulsion facility  which  is  a $26  million  facility. 

Mr.  Karth.  Bight.  I understand  that.  My  question  is  that  both 
the  test,  however,  and  the  assembly  could  be  done  at  the  Mississippi 
test  site,  with  the  proper  facilities,  of  course  ? 

Mr.  Woodward.  With  the  proper  facilities  which  would  be  expen- 
sive and  would  duplicate  what  we  already  have  underway  at  Plum 
. Brook. 

Mr.  Kabth.  How  much  more  do  you  think  we  are  going  to  spend 
on  facilities  at  Lewis  before  we  are  finished  with  SNAP-8  and  the 
other  oncoming  nuclear  programs? 

Mr.  Woodward.  So  far  as  SNAP-8  is  concerned,  I doubt  if  there  is 
any  more  at  Lewis  other  than  this.  As  far  as  oncoming  nuclear  electric 
programs  are  concerned,  the  next  SNAP  system  is  the  SNAP-50. . Its 
facuity  requirements  will  depend  to  a certain  extent  on  whether  it  is 
tested  at  Plum  Brook  or  not. 

Mr.  Karth.  What  is  your  first  blush?  I think  it  will,  won’t  it? 
If  this  is  the  only  test  facility  we  have. 

Mr.  Woodward.  I would  hope  it  would  be  tested  there,  sir. 

Mr.  Karth.  We  wouldn’t  propose  that  after  this  kind  of  an  invest- 
ment that  we  build  another  test  facility  someplace  else,  would  we? 

Mr.  Woodward.  That  is  right,  we  would  not.  In  this  case,  I think 
this  facility  could  handle  the  SNAP-50  with  relatively  minor  modifi- 
cations— such  as  enlarging  the  size  of  the  tank  for  running  the  critical- 
ity test  on  the  reactor.  This  tank  is  a $400,000  item  to  start  with,  and 
enlargements  certainly  aren’t  gong  to  run  another  $400,000.  Rela- 
tively small  changes  like  this  would  allow  this  building  to  be  adapt- 
able to  other  systems  like  SNAP-50. 

Mr.  Karth.  You  may  be  called  upon  to  defend  this.  I just  want 
to  call  to  your  attention  the  fact  that  there  are  some  other  large  re- 
quests for  moneys  for  SNAP-8,  SNAP-50,  SNAP-90.  We  are  going 
to  ask  somebody  to  account  for  the  testimony  that  has  been  given,  and 
you  understand  that,  don’t  you  ? 

Mr.  Woodward.  Yes,  sir. 

Mr.  Karth.  I don’t  want  to  be  critical,  but  we  would  like  to  have 
as  precisely  as  possible  an  estimate  of  what  the  overall  cost  of  these 
programs  are  going  to  be  because  next  year  comes  aroimd  fairly 
rapidly,  and  the  same  taxpayers  that  are  paying  the  bill  this  year,  I 
suppose,  will  be  paying  a good  portion  of  it  next  year. 

Mr.  Woodward.  We  have  gone  through  the  planning  exercise  on 
the  SNAP-8  flight  program,  and  the  SNAP-8  ground  development 
program.  We  have  a fair  estimate  of  our  facility  needs.  As  far 
as  the  ground  development  program  is  concerned,  this  facility  will 
take  care  of  our  requirements.  This  facility  will  also  take  care  of  most 
of  the  SNAP-8  flight  development  program  needs.  The  only  addi- 
tional requirement  we  see  is  an  assembly  and  checkout  facility  at  the 
cape. 

Mr.  Karth.  SNAP-8  and  SNAP-50  are  going  to  take  care  of 
NASA’s  nuclear  testing  program,  period. 

Mr.  Woodward.  This  decade. 
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Mr.  Earth.  Well,  20  years.  I was  talking  about  20  years.  That 
includes  the  next  decade,  too. 

Mr.  Woodward.  Yes,  sir ; but  to  be  honest  with  you?  I cannot  pre- 
dict that  far  ahead  accurately.  Our  large  propulsion  facility  at 
Plum  Brook  can  handle  a SNAP-50  machine.  I think  the  primary 
remaining  facility  requirements  in  the  SNAP-8  programs  are  at  the 
cape  for  the  rest  of  this  decade.  From  then  on  I ]ust  cannot  tell  you, 
sir. 

Colonel  Gould.  The  space  propulsion  facility  you  are  talking  about 
at  Lewis,  is  this  the  $25  million  project  in  the  fiscal  year  1963  program? 

Mr.  Woodward.  Yes. 

Colonel  Gould.  What  is  the  status  of  that  project  ? 

Mr.  Woodward.  I would  like  Mr.  Ulmer  to  help  me  on  that. 

Do  you  know  the  exact  status  of  that  ? 

Mr.  Ulmer,  The  major  engineering  design  contract  has  been  let. 

Colonel  Gould.  You  haven’t  actually  started  construction  yet? 

Mr.  Uimer.  No. 

Mr.  Woodward.  I was  talking  to  them  yesterday.  I don’t  know 
whether  they  have  broken  ground  or  not. 

Colonel  Gould.  Is  it  still  in  design? 

Mr.  Woodward.  The  design  is  well  along. 

Colonel  Gould.  With  reference  to  the  SNAP-8  assembly  and  check- 
out building,  what  is  going  to  be  done  at  Plum  Brook  that  cannot  be 
done  at  Cape  Canaveral  ? Are  you  going  to  have  a duplicate  check- 
out system;  that  is,  check  it  out  at  Plum  Brook  and  again  at  Cape 
Canaveral? 

Mr.  Woodward.  We  hope  not.  This  is  a possibility,  but  it  is  not  a 
very  high  probability . What  will  be  done  at  Plum  Brook  is  to  assemble 
the  SNAP-8  system  spacecraft,  check  it  out,  put  it  into  the  space 
propulsion  facility,  ran  it,  take  it  back  out,  pull  it  apart,  and  see 
what  is  going  on.  If  by  chance  something  has  gone  wrong  that  can 
be  repaired,  it  will  be  repaired  and  put  back  in  the  space  propulsion 
facility  until  we  reach  tne  duration  of  test  that  we  want,  which  is 
anywhere  from  2 to  10,000  hours.  At  the  cape  we  do  not  intend  to 
conduct  such  an  experimental  type  program.  The  facility  down  there 
will  be  needed  mainly  to  assembly  suteyste  ms  and  to  make  sure  that 
these  subsystems  are  assembled  properly.  There  will  be  no  repair 
capability ; there  will  be  no  detailed  assembly  capability.  This  is 
the  question  we  have  not  yet  resolved ; how  much  assembly  capability 
do  we  need  ? Do  we  have  to  start  with  small  pieces  or  can  we  ship  large 
pieces? 

This  we  don’t  know  yet 

Colonel  Gould.  What  is  the  flight  schedule  for  the  SNAP-8? 

Mr.  Woodward.  We  have  no  firm  flight  schedule  on  SNAP-8  at 
the  moment.  We  have  no  firm  requirement  for  SNAP-8  itself.  Our 
feeling  is  that  before  we  undertake  a flight  program  we  should  have  a 
pretty  good  idea  of  what  the  application  is  so  that  the  configuration 
that  we  flight  test  is  close  to  the  final  design.  So  we  are  not  setting 
any  flight  date  at  this  time.  However,  we  can  fly  this  decade. 

Colonel  Gould.  You  say  the  first  of  four  flights  of  the  SNAP-8 
electric  generating  system  is  scheduled  for  calendar  year  1967? 

Mr.  Woodward.  Yes,  sir ; this  has  been  changed  since  this  was 
written.  We  are  deferring  the  1967  flight  data.  That  is  as  early  as 
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we  can  fly,  but  we  are  not  scheduling  it  until  we  have  an  application 
and  a configuration  turned  up  that  we  need  to  test.  However,  the 
SNAP-8  ground  development  program  is  proceeding  at  full  pace. 
This  facility  will  be  useful  and  needed  for  assembling  the  SNAP-8. 

Mr.  Karth.  What  you  are  saying  is  you  are  moving  the  flight  date 
back  from  1967  to  some  date  further  in  the  future? 

Mr.  Woodward.  Some  later  date ; yes,  sir. 

Colonel  Gould.  What  is  the  scope  of  roads  and  parking  area  in- 
cluded in  this  project  ? 

Mr.  Woodward.  Let  me  check  that  point. 

Parking  is  for  50  cars.  This  is  relatively  small.  What  was  the 
other  part  of  the  question  ? 

Colonel  Gould.  And  the  scope  of  roads  and  parking? 

Mr.  Woodward.  We  don’t  show  anything  on  roads.  We  show  1,000 
feet  of  railroad  siding  which  we  will  use  to  transport  the  SNAP-8 
system  from  this  facuity  over  to  the  space  propulsion  facility,  and 
to  deliver  parts  into  this  facility.  The  road  cost  estimate  is  $10,000. 
This  includes  parking  for  50  cars.  I don’t  think  there  is  very  much 
road  in  here  at  all.  Fifty  cars  was  the  figure  I gave  you  on  parking 
lot  size. 

Colonel  Gould.  What  is  the  scope  of  the  powerline  portion  of  this 
project,  $100,000 ? How  many  feet  of  line  ? 

Mr.  Woodward.  One  thousand  feet  of  cables  and  transformers  in- 
volved. 

Colonel  Gould.  You  speak  of  a containment  vessel.  Is  this  an- 
other vacuum  chamber  ? 

Mr. Woodward.  No,  sir. 

Colonel  Gould.  Whatisit? 

‘Mr.  Woodward.  It  is  a vacuum  chamber  to  go  down  to  one  tenth  of 
a millimeter  of  mercury  pressure.  This  is  practically  what  could 
be  done  with  this  room  with  a suitable  pump.  Its  primary  purpose 
is  to  contain  any  fission  products  or  anything  which  might  escape 
from  a reactor  failure  during  the  test. 

The' cost  is  estimated  at  $460,000,  and  most  of  that  is  in  the  shield- 
ing. The  tank  itself  is  very  minor.  This  would  not  be  useful  as  a 
vacuum  chamber  or  a space  environment  simulator  at  all. 

Mr.  Karth.  You  would  have  to  have  radiation  protection,  though, 
is  that  it  % 

Mr.  Woodward.  Yes,  sir;  that  is  where  the  costs  lie,  in  the  thick 
walls  foi  radiation.  The  door,  for  instance,  which  is  a sliding  shield 
door,  is  estimated  at  $180,000. 

Mr.  Karth.  Why  do  you  need  a vacuum  chamber  with  such  little 
vacuum  capability  ? 

Mr.  Woodward.  If  we  have  an  accident  within  the  tank,  the  initial 
low  pressure  reduces  the  amount  of  pressure  which  can  build  up  so 
that  the  design  wall  stresses  can  be  much  lower.  In  addition,  any 
leakage  is  into  the  chamber  to  a pump  where  you  can  control  your  out- 
flow rather  than  out  into  the  room  in  an  uncontrolled  manner.  So  if 
the  reactor  fails  in  some  manner,  for  example  there  is  a leakage  from 
the  fuel  element,  it  will  not  flow  out  into  the  building  but  flow  into  the 
vacuum  pump,  and  into  a place  where  you  can  trap  the  products  and 
contain  them. 
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Colonel  Gould.  What  is  included  in  the  “coldroom  equipment”  for 
$230,000? 

Mr.  Woodward.  That  is  one  I did  check.  I can  check  it  for  you. 

Colonel  Gould.  Would  you  provide  that  for  the  record  please  ? 

Mr.  Woodward.  Yes. 

(The  information  requested  is  as  follows:) 

The  coldroom  equipment  is  required  to  simulate  space  cold  environment  for 
the  SNAP-8  components  prior  to  their  assembly  in  the-  complete  system.  These 
components  would  then  be  assembled  in  the  high-bay  area  to  make  the  complete 
package.  The  point  to  be  made  here  is  that  there  is  no  point  in  asembling  faulty 
components.  The  successful  operation  and  proving  of  components  is  followed 
by  the  nonspace  checkout  of  the  assembly  and  after  successful  assembly  and 
checkout,  the  package  would  be  sent  to  the  Atlantic  Missile  Range  for  firing. 
It  is  anticipated,  however,  that  at  least  one  complete  assembly  would  be  tested 
in  the  Space  Propulsion  Facility  for  periods  up  to  90  days  in  order  to  give  the  best 
available  assurance  that  the  package  would  work  under  actual  space  conditions. 
The  above  remarks  apply  as  well  to  the  thermal  gradient  equipment.  Since  the 
components  must  be  subjected  to  nonuniform  thermal  heating,  they  should  “prove 
out”  prior  to  assembly.  The  equipment  would  provide,  insofar  as  possible  thermal 
gradient  conditions  of  cold  space  on  one  side  and  sun  anil  earth  heat  radiations  on 
the  other.  Heat  flow  and  differential  expansion  are  the  problems  here. 

Colonel  Gould.  Your  estimate  includes  $250,000  for  a liquid  metal 
loop. 

Mr.  Woodward.  Yes,  sir. 

Colonel  Gould.  What  does  that  consist  of  ? 

Mr.  Woodward.  That  consists  of  a loop  of  piping  in  which  liquid 
metal  is  circulated,  an  electric  heater  to  provide  heat  to  the  loop,  and 
a heat  exchanger  to  take  heat  away  from  it.  Its  purpose  is  to  simu- 
late on  the  ground  the  reactor  heat  flow  into  the  power  conversion 
part  of  the  SNAP-8. 

Colonel  Gould.  Have  we  ever  built  one  of  these  before  ? 

Mr.  Woodward.  Yes,  sir.  This  is  a relatively  small  job.  Based 
on  our  experience,  these  liquid  metal  loop  f aeilities  are  horrendous. 
However,  this  is  a relatively  simple  one.  The  purpose  of  this  is  to 
simulate  the  reactor  for  the  power  conversion  subsystem  tests. 

Colonel  Gould.  Thermal  radiation  equipment  for  $300,000,  what 
does  that  consist  of? 

Mr.  Woodward.  I would  like  to  check  that  for  you.  I don’t  have 
the  answer  here. 

(See  previous  insert.) 

Colonel  Gould.  “Health  Physics  Equipment”  for  $50,000,  could  you 
define  that  for  us  ? 

Mr.  Woodward.  That  is  standard  equipment.  Since  we  have  a 
radioactive  source  in  the  building,  we  must  provide  the  monitoring 
equipment,  the  badges,  the  photographic  material,  and  so  forth,  to 
insure  our  personnel  are  not  experiencing  a hazard.  This  is  stand- 
ard equipment. 

Colonel  Gould.  I was  under  the  impression  that  space  propul- 
son  facility  in  the  fiscal  year  1963  program  included  an  instrumenta- 
tion shop.  Why  doyou  need  another  one  in  this  building  ? 

Mr.  Woodward.  This  is  a kind  of  a thing  that  you  like  to  have  in 
all  buildings.  One  of  our  problems  is  the  telemetry  equipment  on 
the  SNAP-8  spacecraft.  We  intend  to  do  some  checkout  and  some 
work  in  this  building  on  the  telemetry  setups  that  we  will  have  to  use. 
The  telemetry  problem  is  quite  difficult.  I don’t  know  of  any  telem- 
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etry  equipment  that  has  yet  run  in  the  reactor  environment  for 
10,000  hours,  which  is  what  we  are  requiring.  We  need  to  be  able 


to  test  this  telemetry  equipment  under  the  conditions  of  the  environ- 
ment of  the  reactor  for  a long  time.  This  is  why  we  think  we  need 
an  instrument  shop  of  some  special  capability  in  this  building. 

Colonel  Gould.  Mr.  Woodward,  this  is  a nice  round  estimate,  $5 
million. 

Mr.  Woodward.  Yes,  sir. 

Colonel  Gould.  Was  any  consideration  given  to  an  addition  to  the 
space  propulsion  facility  at  a reduced  cost  in  lieu  of  constructing 
a new  and  separate  building? 

Mr.  Woodward.  We  looked  into  this  question  briefly  and  came  out 
with  this  answer,  that  making  it  an  addition  to  the  space  propulsion 
facility  would  not  in  reality  save  much  money. 

The  space  propulsion  facility  will  be  used  for  a lot  of  different  test- 
ing— parts  of  Centaur,  parts  of  various  kinds  of  rocket  engines,  parts 
of  various  SNAP  systems;  since  it  is  a large  space  environmental  fa- 
cility. If  we  bring  in  hazardous  systems  like  SNAP-8  we  are  liable, 
in  the  event  of  an  accident  to  delay  or  hinder  the  operation  of  the  tank 
on  other  projects.  We  feel  that  a wing  added  on  would  be  compart- 
mentalized to  the  extent  that  the  money  saving  would  not  be  too  great. 

Colonel  Gould.  Is  if  designed  as  a separate  facility  because  of  the 
hazards  involved  ? 

Mr.  Woodward.  The  hazards  and  the  fact  that  the  space  propulsion 
facilities  will  be  used  for  testing  systems  in  addition  to  SNAP-8. 

Colonel  Gould.  At  the  Lewis  Research  Center  it  is  my  understand- 
ing that  design  is  supervised  by  an  inhouse  capability  ana  construction 
is  supervised  Dy  inhouse  personnel ; is  that  right  ? 

Mr.  Woodward.  This  has  been  our  experience  in  the  past 

Colonel  Gould.  You  asked  for  $450,000  for  engineering  apd  design 
services  which  represents  about  10  percent  of  the  project  cost 


Are  we  spending  in  this  case  10  percent  for  A and  E contracts  to 
esign  this  facility? 

Mr.  Woodward.  Ralph,  can  you  answer  this  for  me? 

ar  tt  t ii  • . . i ...  »n  a i i a . i i * i i • 


Mr.  Ulmer.  I think  we  will  probably  have  to  go  that  high  on  certain 
facilities  of  this  type.  It  is  in  excess  of  what  we  normally  spend  for 
our  facilities  but  it  has  been  our  experience  in  some  of  these  very 
complicated  technical  facilities  that  we  do  go  higher  than  the  normal 
amounts. 

Colonel  Gould.  Does  this  represent  about  4 percent  for  design  cri- 
teria or  are  you  going  to  develop  these  criteria  with  inhouse  per- 
sonnel? 

Mr.  Ulmer.  It  will  be  some  of  both.  It  has  been  our  practice  in  fa- 
cilities that  are  handled  by  our  own  design  staffs  that  criteria  work 
are  often  done  inhouse  supplemented  by  some  outside  A and  E work. 

The  percentage  is  somewhat  dependent  upon  the  percentage  of 
work  done  by  our  own  inhouse  people. 

Colonel  Gould.  What  was  the  design  cost  experience  for  the  space 
propulsion  facility  at  Plum  Brook,  do  you  know? 

Mr.  Ulmer.  I would  have  to  supply  that.  I don’t  have  that. 

Colonel  Gould.  Would  you  supply  it  for  the  record  ? 
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(The  information  requested  is  as  follows :) 

The  obligations  for  design  and  engineering  on  the  space  propulsion  facility 
at  the  Lewis  Plum  Brook  facility  hare  amounted  to  $2,421,004,  or  9.5  percent 
of  the  $25,500,000  authorized  cost.  This  includes  1.1  percent  for  the  feasibility 
study  and  8.4  percent  for  engineering  design. 

That  is  all  I have,  Mr.  Chairman. 

Mr.  Woodward.  That  concludes  my  presentation. 

Mr.  Kartec.  Dr.  Kelley,  would  you  come  forward  and  give  us  the 
benefit  of  your  knowledge  on  those  things  falling  under  your  jurisdic- 
tion? 

Dr.  Kelley.  Yes,  sir. 

If  it  is  all  right  with  you,  I have  some  slides  which  I could  show  as 
we  discuss  these  facilities. 

Mr.  Karsh.  Proceed  in  any  way  you  wish. 

Dr.  Kellet.  All  right. 

I will  take  them  in  the  order  of  the  satellite  attitude  controls  sys- 
tems test  facility  at  Ames  first,  and  then  the  two  Langley  facilities, 
the  addition  to  the  vehicle  antenna  test  facility  and  the  Electronic  In- 
strumentation Laboratory,  and  then  the  Electronics  Research  Center. 

The  first  facility  is  proposed  at  Ames,  the  satellite  attitude  control 
systems  test  facility  is  in  fact  an  attitude  control  research  facility 
which  will  enable  us  to  test  in  a vacuum  environment. 

This  provides  a control  room  to  run  the  test,  an  instrwnentation  area 
to  prepare  the  instrumentation  and  a model  preparation  room  where 
we  bring  the  two  together  before  we  place  them  in  the  vacuum  vessel. 

The  actual  test  chamber  is  a relatively  small  vacuum  chamber  which 
would  be  a unique  facility  of  its  kind.  We  would  have,  on  an  air 
bearing,  a test  shape  or  test  vehicle. 

We  probably  should  broaden  the  terminology  from  satellite  to  in- 
clude space  vehicles  where  we  first  begin  to  require  the  accuracy  that 
we  are  researching  here  using  a very  precise  air  bearing  as  the  support. 

We  can  turn  the  test  vehicle  around  the  vertical  axis  360°  and  around 
the  other  axes  60°.  In  this  device  we  can  simulate  a precise  control 
system  in  the  environment  with  solar  radiation,  cold  walls,  a simu- 
lated horizon  with  which  we  can  test  the  horizon  scanner  at  the  same 
time  along  with  star  trackers  and  the  various  control  jets,  so  that  we 
can  actually  U9e  the  equipment  that  we  would  be  developing  or  re- 
searching for  future  vehicles. 

Now  the  principal  reason  for  such  a facility  as  this  is  that  as  we  get 
into  our  more  advanced  vehicles,  some  of  our  more  advanced  orbiting 
astronomical  observatories  for  example,  we  will  need  very,  very  precise 
control  and  pointing  accuracy  of  the  whole  vehicle,  several  orders  of 
magnitude  better  than  we  know  how  to  do  now. 

For  example,  we  can  point  to  within  several  minutes  of  arc,  say 
point  a telescope  or  space  vehicle,  point  it  to  within  several  minutes  of 
are  right  now. 

As  we  look  into  the  future  we  will  need  to  go  down  to  about  a tenth 
of  a second  of  arc  or  one  thirty-six  thousandth  of  a degree. 

We  do  have  facilities  similar  to  this  on  air  bearings,  that  is  there 
are  such  facilities  that  exist,  but  we  find  the  normal  disturbances  in 
the  air  in  a regular  room  begin  to  disturb  it  so  that  we.  are  not  sure 
then  whether  errors  are  within  the  pointing  accuracy  of  the  instru- 
ments or  whether  they  are  due  to  air  currents  within  the  room.  We 
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want  to  get  in  a vacuum  environment  so  we  can  get  out'  the  air  dis- 
turbances and  drag.  At  the  same  time  we  want  to  get  the  particular 
heat  radiation  ana  cold  environments  because  one  of  the  interesting 
aspects  of  these  vehicles  is  that  under  the  various  temperature  gradi- 
ents across  them  the  vehicles  will  bend  and  distort.  All  of  this  feeds 
back  into  the  so-called  control  loop,  which  affects  the  measuring  in- 
struments and  devices  with  which  we  are  trying  to  tell  how  accurately 
we  are  pointed. 

Mr.  Karth.  Why  isn’t  this  going  to  be  done  at  Goddard  ? 

Dr.  Kelley.  Goddard  is  our  satellite  development  facility.  We  are 
doing  research  work  in  attitude  control  as  well  as  some  research  work 
and  guidance  at  Ames. 

In  other  words,  this  would  not  he  a full-scale  satellite  such  as  the 
type  that  Goddard  would  be  operating. 

This  is  for  information  which  we  would  generate  from  our  research 
centers,  Ames  being  an  example  here,  which  would  feed  into  future 
designs  that  Goddard  would  then  implement. 

Now  Goddard,  as  far  as  I know,  does  not  propose  to  have  a large 
chamber  to  be  able  to  do  this  for  a complete  vehicle.  At  least  it  is  not 
within  the  realm  of  engineering  reasonability  right  now. 

The  facility  we  are  discussing  would  be  for  small  test-type  vehicles. 

In  other  words,  there  are  vacuum  chambers  to  test  vehicles  in  a static 
condition  right  now,  to  test  vehicles  in  a static  condition  under  envi- 
ronmental conditions  and  there  are  some  test  tables  that  use  air  bear- 
ings. Here  in  a small  scale  way  we  are  combining  the  air  bearing  and* 
vacuum  environment  so  we  can  run  a dynamic  test  in  the  environment. 

We  have  over  the  period  of  the  last  few  years  been  doing  guidance 
and  control  work  at  Ames  on  a system  or  subsystem  basis. 

Mr.  Karth.  I thought  most  of  the  satellite  experimentation  was 
done  at  Goddard  ? 

Dr.  Kelley.  Goddard  is  responsible  for  the  project  management, 
the  system  development  and  specific  experiments  that  go  on  the  satel- 
lites. 

As  far  as  the  technology,  they  largely  depend  on  the  research  centers, 
that  is  the  materials  and  electronics  and  guidance  and  control  and  so 
forth. 

They  are  a systems  center. 

Mr.  Karth.  I thought  they  actually  built  the  satellites. 

Dr.  Kelley.  They  build  most  of  them  under  system  contract  and 
they  have  built  some  small  ones  themselves.  These  are  all  for  actual 
tests  in  flight,  they  are  operational  vehicles  to  go  up  and  get  data. 

By  the  time  they  want  to  go  up  and  get  data  with  instruments  they 
want  guidance  and  an  attitude  control  system  which  will  give  them  the 
required  accuracy,  for  example. 

Mr.  Karth.  You  have  some  awfully  big  vacuum  chambers  and  big 
simulators  there,  and  it  appears  to  me  they  are  doing  a lot  of  testing. 

Dr.  Kelley.  They  do  more  what  we  call  system  testing  on  the  end 
product,  the  thing  which  is  pretty  well  developed,  just  before  it  is 
ready  to  flv. 

It  is  a Afferent  type  of  testing.  I think  we  got  into  this  problem 
over  the  words  testing  this  morning.  There  is  research  testing  and 
then  proof  or  product  testing. 
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Colonel  Gould.  To  follow  up  on  that  question,  Doctor,  why  couldn’t 
the  research  be  carried  on  at  the  point  where  development  testing  is 
accomplished? 

Why  couldn’t  you  conduct  this  research  at  Goddard  instead  of  Ames  ? 

Dr.  Kelley.  I suppose  we  could  reorganize  the  whole  framework 
and  mix  it  all  up. 

From  a manajgement  standpoint,  and  historically  this  has  proven 
so  not  only  within  the  1ST  AC  A and  NASA  but  other  government  agen- 
cies such  as  the  various  military  services,  it  is  better  to  have  a focus 
on  research  in  one  of  several  places  and  a focus  on  development  in 
other  places. 

Mr.  Karth.  You  say  it  is  better  to  have  a focus  on  research  in  one 
area  and  then  a focus  on  development  in  another  area  ? 

Dr.  Kelley.  I mean  in  terms  of  groupings  of  people  and  facilities, 
groups  concentrating  more  on  the  research  side — I am  not  saying  what 
particular  discipline,  but  I mean  in  general — and  then  other  cen- 
ters or  groupings  more  on  the  development,  which  is  the  final  end 
product. 

Now  there  has  to  be  cross  flow  betwen  these  two  groups  naturally 
and  it  is  not  a completely  clean  line.  ^ 

That  is  why  we  have  research  center!; and  in  fact  these  are  the  centers, 
or  the  facilities  of  these  centers,  that  we  are  discussing  with  you 
now.  The  project  or  space  flight  centers  are  interested  more  in  the 
final  development  of  the  end  product. 

Colonel  Gould.  Why  can  you  not  modify  an  existing  vacuum  cham- 
ber that  has  a solar  simulator  already  installed  to  do  this  additional 
research  work  rather  than  build  a complete  new  facility? 

For  example  they  just  completed  a facility  at  JPL,  a very  fine  one 
from  what  I understand. 

Dr.  Kelley.  I am  familiar  with  the  large  new  facility,  which  is 
something  we  badly  needed,  but  that  is  to  test  in  the  environment,  large 
vehicles. 

They  intend  to  put  whole  vehicles  in  it.  One  of  the  problems  they 
had  in  the  past  is  that  they  could  not  get  a whole  vehicle  in  their  test 
chambers. 

To  go  and  put  in  an  air  bearing  type  of  support  here  does  not  seem 
to  make  much  sense  because  we  omy  want  to  test  a small  device  and  we 
want  to  have  it  in  the  chamber  for  a long  time  to  do  various  research 
work  and  tests  on  it. 

I just  does  not  seem  to  make  sense  to  put  a small  device  in  a great 
big  chamber. 

I don’t  think  you  would  want  to  modify  it,  on  the  other  hand,  to 
be  able  to  carry  a whole  spacecraft. 

As  I said,  this  begins  to  get  difficult  in  terms  of  the  technology.  In 
other  words,  we  can  research  and  do  the  initial  development  on  the 
attitude  control  systems  as  we  have  shown  here  and  prove  them  to  the 
point  that  then  we  can  put  them  in  the  large  vehicles  and  be  assured 
they  will  give  us  the  accuracy  we  want. 

We  don’t  have  to  research  the  whole  thing  on  the  actual  vehicle. 

In  other  words,  I am  saying  it  would  be  cheaper  to  do  it  first  on  a 
small  scale,  which  is  what  we  propose. 

Colonel  Gould.  What  is  being  used  to  meet  this  need  now  ? 
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Dr.  Kelley.  Nothing,  because  the  need  for  this  high-control  accu- 
racy has  only  come  upon  us  with  the  advent  of  some  of  the  accurate 
pointing  requirements  for  advanced  space  vehicles. 

It  is  something  like  a tenth  of  a second  of  arc  of  control  accuracy. 

People  would  nave  liked  to  have  had  that  many  years  ago,  but  it 
wasn’t  really  necessary. 

Now,  if  we  are  going  to  get  off  into  some  of  these  advanced  astro- 
nomical vehicles,  where  for  navigation  and  guidance,  for  example,  we 
have  to  have  high-pointing  accuracy  to  measure  the  stars  and  change 
of  angle  between  stars.  We  need  to  get  greater  accuracy  of  measuring 
and  pointing  and  controlling  space  vehicles. 

So  there  just  wasn’t  a need  for  this  type  of  facility  before. 

Colonel  Gould.  Does  a capability  exist  in  industry  to  conduct  this 
type  of  research  ? 

Dr.  Kelley.  This  type  of  facility  does  not  exist,  as  far  as  I know. 

There  are  static  environment  chambers  and  air  bearing  test  tables 
but  there  are  no  combination  facilities. 

Colonel  Gould.  What  type  of  a Sun-  and  Earth-simulating  device 
are  you  going  toprovide  for  $130,000 ? 

Dr.  Kelley,  lbelieve  that  is  a carbon  arc  water-cooled  device. 

Colonel  Gould.  What  does  it  look  like  ? 

Dr.  Kelley.  It  is  a carbon  arc  lamp.  You  strike  the  arc  and  high- 
intensity  light  emits. 

Mr.  Karth.  What  does  it  do?  What  is  the  purpose  of  it? 

Dr.  Kelley.  To  generate  heat  and  light  approximately  in  the  spec- 
trum of  the  Sun. 

Also,  you  notice  this  has  a cold  wall  on  it,  as  many  of  these  facilities 
do,  because  now  we  can  simulate  what  we  call  the-— — 

Mr.  Karth.  These  are  the  auxiliary  parts  ? 

Dr.  Kelley.  That  is  right.  That  is  the  Sun-  and  Earth-simulating 
device  combined — Earth  horizon,  where  you  can  put  a simulated  disk 
so  we  can  simulate  horizon  tracking. 

Mr.  Karth.  The  total  cost  of  the  attitude  control  systems  test 
facility  would  be  $1,230,000 ? 

Dr.  Kelley.  That  includes  the  building  and  everything  else. 

Colonel  Gould.  You  have  a reasonable  cost  for  engineering  and 
design  services  shown  here. 

Does  this  indicate  you  are  going  to  do  most  of  this  design  with  in- 
house  personnel? 

Dr.  Kelley.  I am  not  exactly  sure  of  that. 

I think  it  is  because  it  is  a fairly  straightforward  type  of  construc- 
tion design  and  facility  except  for  some  of  the  problems  in  the  air 
hearing. 

I don’t  know  of  any  particular  design-engineering  problems. 

Mr.  Kakth.  Can’t  we  put  this  in  some  other  building  ? Do  we  have 
to  build  a special  building  for  it? 

Dr.  Kelley.  The  reason  for  this  building  is  to  be  able  to — we  need 
this  type  of  model  preparation  area,  instrumentation  room,  control 
room,  and  so  forth. 

The  Ames  people  after  reviewing  the  total  allocation  of  space  and 
other  uses  they  are  making  of  various  spaces,  recommended  it  as  most 
efficient  to  put  this  in  a separate  building. 

Mr.  Karth.  Do  you  want  to  go  to  the  next  item  ? 
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Dr.  Kelley.  The  next  item  is  the  Vehicle  Antenna  Test  Facility  at 
Langley  and  the  addition  thereto  proposed  in  this  budget.  Last 
year  there  was  in  the  1963  budget,  an  item  called  “Vehicle  Antenna 
Test  Facility,”  which  was  composed  principally  of  two  anechoic 
chambers. 

An  anechoic  chamber  is  a room  where  you  can  radiate  electro- 
magnetic energy  and  you  don’t  get  it  bouncing  off  the  walls. 
“Anechoic”  means  without  echoes.  You  can  put  an  antenna  or  test 
vehicle  at  one  end  and,  with  a radiation  source  at  the  other  end,  test 
the  antenna  pattern  and  the  whole  electronic  complex  around  the  so- 
called  antenna  end. 

Mr.  Karth.  How  much  did  we  provide  last  year? 

Dr.  Kelley.  About  $1.7  million  last  year. 

Mr.  Karth.  This  year  you  decided  to  build  it  twice  as  big? 

Dr.  Kelley.  No,  sir.  I might  review  the  history  and  the  need  for 
this. 

Mr.  Karth.  We  needed  this  last  year.  I guess  that  is  the  simple 
question. 

Dr.  Kelley.  The  two  anechoic  chambers — we  have  two  because  you 
- cut  the  walls  to  different  frequencies,  that  is,  the  absorbant  material 
on  the  walls  is  made  to  different  frequency  ranges  so  if  you  are  going 
to  cover  a whole  frequency  spectrum  you  need  two  chambers — was 
literally  proposed  last  year  to  get  these  people  in  out  of  the  rain. 
They  were  doing  tests  from  various  pedestals  and  devices  outside. 

It  you  are  going  to  do  high-accuracy  testing,  when  it  rains  you  get 
all  kinds  of  problems  plus  the  fact  that  in  that  particular  area  at 
Langley  there  is  a high  electromagnetic  noise  environment. 

It  is  on  an  Air  Force  base.  There  are  various  beacons  and  naviga- 
tional facilities. 

So  we  had  to  get  them  inside  to  be  able  to  do  accurate  and  efficient 
testing  and  last  year  these  two  anechoic  chambers  were  approved  plus 
a small  area  off  to  one  side,  just  enough  laboratory  ana  office  space 
to  be  able  to  operate  adjacent. 

In  looking  over  the  future  and  particularly  when  we  start  getting 
into  some  of  the  laser  antenna  requirements,  we  have  proposed  an 
addition  this  year  to  this  facility  to  make  it  a reasonable  antenna  test 
facility  with  associated  laboratories. 

Now  all  this  concerns  what  we  call  the  front  end  of  the  communica- 
tion device;  that  is,  the  antennas,  the  plumbing,  and  so  forth. 

Mr.  Karth.  Are  they  two  separate  entities,  the  one  you  got  last 
year  and  the  one  you  asked  for  this  year  ? 

Dr.  Kelley.  No.  In  fact,  our  planning,  which  is  entering  the  com- 
pletion stages  right  now,  I believe,  shows  an  integrated  building  with 
the  money  of  last  year  and  the  money  this  year.  ' 

In  fact,  we  turned  around  this  little  small  wing  with  some  laboratory 
space,  which  was  an  L-shape  and  you  can  see  it  in  the  dotted  line  on 
the  bottom — that  was  turned  around  90°  and  it  seemed  just  as 
reasonable  to  put  it  up  flush  and  then  build  the  new  proposed  addi- 
tions around  it  in  terms  of  an  additional  first  floor  and  then  a second 
floor  of  that  same  office  and  laboratory  space. 

Mr.  Karth.  What  would  happen  to  your  vehicle  antenna  testing  if 
this  was  not  authorized  ? W oula  everything  go  kaput  ? 


/ * 
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Dr.  Kelley.  One  of  our  principal  projects  is  Project  RAM,  radio 
attenuation  measurements,  which  would  make  great  use  of  this  facil- 
ity in  the  future  as  well  as  now. 

In  fact,  this  would  be  our  electronic  experimental  flight  test  activ-  I 

ity  in  the  future  as  well  as  now. 

Mr.  Karth.  So  you  can  get  by  but  you  could  not  do  all  of  the  things 
you  would  like  to  do  ? 

Is  that  about  it? 

Dr.  Kelley.  We  could  just  do  very  little,  particularly  when  we  re- 
quire more  accuracy  and  I guess  it  is  more  sensitive,  too,  when  we  get 
up  in  the  laser  frequencies. 

By  proposing  tnis  addition  to  the  antenna  laboratory,  we  are  now 
anticipating  the  needs  to  flight  test  lasers  out  of  Langley. 

Mr.  Karth.  You  mean  if  you  did  not  get  the  $1.7  million,  money 
you  got  last  year  it  would  be  largely  wasted  ? 

Dr.  Kelley.  No,  I did  notftiear  to  imply  that. 

We  would  still  have  two  anechoic  chambers  and  some  adjacent  space. 

This  would  give  us  a capability,  I would  call  it  a marginal  capabil- 
ity, with  last  year  funds. 

We  would  also  then  have  no  capability  to  get  laser  antenna  work 
done. 

Mr.  Karth.  The  $1,714,000  facility  authorized  last  year — what  is  ? 

the  status  of  that  ? 3 

Dr.  Kelley.  We  are  in  design  right  now.  As  I mentioned,  we  com- 
bined what  we  call  phase  1 and  phase  2 which  would  go  out  as  a phase 
1 and  phase  2 A.  & E.  j 

The  preliminary  A.  & E.  has  been  completed,  as  I understand.  There  4 

are  advanced  design  funds  also  released  for  facility  planning  for  the 
second  increment  so  we  can  combine  the  A.  & E.  for  the  first  and 
second  increments. 

Colonel  Gould.  Do  you  have  a construction  schedule  for  this 
project? 

When  will  the  construction  get  underway  on  the  fiscal  year  1963 
items?  5 

Dr.  Kelley.  I don’t  have  the  exact  date. 

I could  supply  it. 

Colonel  Gould.  Are  you  going  to  hold  off  starting  this  project  until  • 

the  fiscal  year  1964  program  is  legislated? 

Dr.  Kelley.  No,  that  has  not  been  finally  determined,  as  far  as  I 
know,  but  we  could  go  ahead  with  our  plan,  as  you  can  see,  either  way ; « 

because  there  is  enough  flexibility  in  the  plan  right  now.  If  we  get 
approval  we  can  keep  on  going  with  the  rest  of  it.  1 

We  would  start  the  anechoic  chambers  first  anyway  and  if  we  did  1 

not  get  approval  we  could  just  close  in  the  roof  on  the  first  floor  at  the 
dotted  line  and  not  continue. 

Colonel  Gould.  Did  the  fiscal  year  1963  item  include  anechoic 
chambers?  f 

Dr.  Kelley.  Two  chambers,  yes. 

The  two  side-by-side  ones. 

Colonel  Gould.  Anechoic  means  without  echo? 

Dr.  Kelley.  Right.  j 

It  contains  absorbent  material  on  the  walls  so  that  the  l adiofre-  f 

quencies  don’t  bounce  around. 
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Colonel  Gould.  Pending  completion  of  the  fiscal  year  1963  item, 
what  are  you  using  now  to  carry  on  this  research? 

Dr.  Kelley.  We  are  out  in  the  rain. 

Colonel  Gould.  Come  on  now. 

Dr.  Kelley.  Literally.  We  use  outside  antenna  test  facilities  just 
as  well  as  we  can  get  by  with  them. 

Colonel  Gould.  You  have  no  buildings  in  which  this  research  is 
being  carried  on  ? 

Dr.  Kelley.  We  have  no  buildings  where  we  can  calibrate  antennas. 

As  you  no  doubt  know,  one  of  the  purposes  of  an  anechoic  chamber 
is  to  calibrate  the  antenna  test  pattern  before  you  fly  so  that  you  know 
what  you  have  and  then  when  you  get  the  test  data  back  you  throw 
in  the  test  pattern  and  can  normalize  out  the  actual  test  data. 

We  really  have  no  way  of  doing  this  now  except  in  an  outside  range. 

Colonel  Gould.  The  original  laboratory  in  the  fiscal  year  1963  pro- 
gram was  14,800  square  feet  and  this  addition  is  for  26,000. 

Has  the  requirement  for  laboratory  space  increased  three  times  since 
you  appeared  before  this  committee  last  year  ? 

Dr.  Kelley.  Would  you  say  that  question  again  ? 

Colonel  Gould.  Has  your  requirement  for  laboratory  space  in- 
creased by  three  times  since  you  appeared  before  this  committee  last 
year? 

Dr.  Kelley.  I am  sorry ; I meant  the  square  footage. 

I was  trying  to  correlate  it. 

Colonel  Gould.  According  to  the  justification  books  last  year  the 
original  laboratory  that  was  requested  was  14,820  square  feet. 

W as  there  a change  in  plan  on  that  ? 

Dr.  Kelley.  I thmk  that  did  not  include  the  anechoic  chamber. 

I think  that  is  right. 

Our  requirements  have  increased  by  the  amount  of  square  footage 
indicated  and,  as  I mentioned,  one  of  the  factors  here  is  the  light  com- 
munications laboratory  that  we  would  like  to  add  as  an  adjacent  part 
of  the  antenna  test  facility. 

These  two  things  seem  to  go  hand  in  hand. 

Colonel  Gould.  Are  there  any  other  phases  of  this  project  beyond 
fiscal  year  1964  ? 

Dr.  Kelley.  No ; this  would  complete  this  entity. 

Colonel  Gould.  The  fiscal  year  1964  program  includes  a launch 
environment  and  antenna  test  facility  at  the  Manned  Spacecraft 
Center  in  the  amount  of  $7.5  million.  This  proposed  facility  also 
includes  an  anechoic  chamber,  antenna  range,  antenna  services,  and 
so  on.  What  is  the  relationship  between  the  facility  at  Langley  and 
the  one  at  Houston  ? 

Dr.  Kelley.  You  will  notice  quite  a difference  in  cost  between  the 
two  facilities  also. 

That  is  largely  for  full-scale  spacecraft  test. 

They  are  going  to  put  full-scale  Apollo  spacecraft  in  that  particular 
chamber  and  run  antenna  pattern  tests  on  it. 

It  is  a 120-foot-high  building,  I believe. 

Here,  again,  we  are  doing  the  small-scale  research  calibration  for 
testing.  They  would  expect  to  get  a spacecraft  in  there,  get  their 
antenna  patterns,  and  then  get  it  out  and  go  fly  it. 
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We  would  expect  to  have  a research  test  device  in  ours  probably 
for  a considerable  length  of  time  running  different  measurements  on 
it  and  different  tests. 

Colonel  Gould.  Will  this  facility  at  Langley  be  completed  in  time 
to  benefit  the  Apollo  program  ? 

Dr.  Kelley*  Well,  all  of  our  research  facilities  are  for  advanced 
research  and  technology,  which  benefit  any  one  of  the  programs  and 
they  all  feed  into  them. 

This  is  not  specifically  an  Apollo  facility;  but,  yes,  we  expect  it 
would  yield  some  benefit  to  Apollo. 

The  RAM  project  at  Langley,  for  example,  already  has  yielded  some 

Sotential  benefits  to  Apollo.  One  of  these  is  the  water  injection  we 
iscussed  before  with  the  committee,  reducing  the  communication 
blackouts  during  reentry. 

This  is  something  that  has  great  interest  for  the  Apollo  people. 

Mr.  Kakth.  Are  there  no  test  facilities  similar  to  this  existing  in 
private  industry  or  other  Government  agencies? 

Dr.  Kijlley.  There  are  many  anechoic  chambers  in  various  facilities 
throughout  the  Government  and  industry. 

Mr.  Kabth.  Does  NASA  have  any  ? 

Dr.  Kelley.  Yes.  JPL,  I believe,  has  similar  anechoic  chambers 
to  run  some  of  their  tests.  These  are  devices  that  people  use  to  do 
calibrations  in  many  cases  prior  to  flighty  It  is  a tool  of  the  trade. 
There  is  nothing  unique  about  the  anechoic  chamber  here. 

Colonel  Gouu>.  The  laboratory  and  standards  calibration  equip- 
ment are  estimated  at  $150,000  in  this  project,  I believe. 

Dr.  Kelley.  Yes. 


Colonel  Gould.  In  the  fiscal  year  1963  program,  we  had  $200,000 
for  this  same  type  of  equipment.  This  appears  to  be  a considerable 
amount  of  equipment  over  a 2-year  period.  Could  you  define  for 
us  exactly  what  this  consists  of  ? 

Dr.  Kelley.  Yes.  This  equipment,  individual  units  of  it,  are  quite 
expensive.  For  example,  one  of  the  devices  would  be  an  atomocnron, 
an  atomic  clock,  which  is  used  as  a standard  frequency  reference. 
If  you  are  going  to  do  test  work  and  you  want  to  cover  various 
frequencies,  you  want  to  know  exactly  what  freqency  you  are  on. 
When  we  are  talking  in  terms  of  thousands  of  megacycles,  then, 
of  course,  this  becomes  a pretty  precise  measurement,  so  these  lab- 
oratory standards  and  calibration  equipment,  plus  the  so-called 
counters  and  dividers  and  networks  that  bring  the  basic  reference  down 
to  the  frequency  you  want,  so  you  can  calibrate  at  that  particular 
frequency,  are  quite  expensive  devices. 

Colonel  Gould.  The  same  holds  true  for  laboratory  test  and  shop 
equipment.  I think  you  are  asking  for  $87,500  this  year  and  last 
year  we  included  $145,000  for  this  type  of  equipment,  bringing  the 
total  to  $232,500.'  Are  these  estimates  that  you  show,  refined  esti- 
mates? Do  you  know  exactly  what  you  are  going  to  buy  or  have 
you  just  made  a guess  as  to  how  much  it  will  cost? 

Dr.  Kelley.  They  are  estimates  based  on  experience,  largely.  We 
don’t  necessarily  add  up  all  of  the  individual  bits  and  pieces  and 
come  up  with  a number,  because,  of  course,  during  the  leadtime  to 
build  the  laboratory,  various  new  devices  appear  on  the  market. 
It  is  based  on  an  experienced  judgment  estimate.  Much  of  this 
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equipment,  of  course,  you  can  predict.  It  is  standard  equipment, 
such  as  oscilloscopes  ana  generators. 

Colonel  Gouid.  Has  the  design  on  the  fiscal  year  1964  item  been 
started? 

Dr.  Kelley.  We  are  doing  the  phase  I and  phase  II  together  on 
the  A.  & E. 

Colonel  Gould.  Are  you  using  fiscal  year  1963  advance  design 
funds  for  the  fiscal  year  1964  item! 

Dr.  Kelley.  Yes. 

Colonel  Gould.  Then  the  $77,000  item  for  design  and  engineering 
service  has  already  been  funded,  is  that  correct  ? 

Dr.  Kelley.  To  my  knowledge,  that  is  correct.  The  $77,000  ad- 
vanced funds  have  been  released  for  facility  planning. 

Colonel  Gould.  That  is  all  I have,  Mr.  Chairman. 

Mr.  Karth.  Would  you  care  to  go  to  the  next  item? 

Dr.  Kelley.  Yes,  sir.  The  next  item  is  an  “Electronic  Instrumen- 
tation Laboratory  at  Langley,”  and  I don’t  think  that  particular  slide 
is  veiy  distinct.  This  is  a copy  of  the  one  in  the  booh,  which  is  CF 
5-8.  At  Langley,  together  with  our  flight  program  and  from  a re- 
search basis,  as  well,  we  have  had  extensive  effort  in  the  past  in  the 
area  of  electronic  instrumentation,  and  here  I might  just  define  instru- 
mentation. 

We  are  talking  about  physical  instrumentation,  as  opposed  to  science 
instrumentation — in  other  words,  trying  to  measure  perhaps  some  of 
the  more  mundane  engineering  quantities  that  you  n«*xl  for  technology, 
as  opposed  to  other  areas  of  instrumentation  that  you  **»eed  for  science. 

We  are  trying  to  measure  heat,  density,  radiation  effects  on  devices, 
and  so  forth.  Langley  has  been  in  this  business  and  quite  capably  over 
a number  of  years— in  fact,  Langley  is  largely  responsible  for  the 
instrumentation  of  the  X-15.  The  Langley  people  participated  very 
heavily  in  the  Mercury  tracking  network  and  some  of  the  Mercury 
instrumentation. 

This  building  is  to  give  the  Langley  people,  many  of  whom  are  in 
subbasement  structures  with  some  of  their  equipment  in  trailers,  to 
give  them  a facility  so  they  can  progress  into  some  of  the  more  ad- 
vanced instrumentation  that  we  will  need  in  the  future,  where  we  are 
getting  into  high  temperature  measurements,  low  densities  and  many 
engineering  measurements  that  we  can  think  of  as  we  proceed  in  space, 
so  that  they  can  have  access  to  and  use  and  research  with  the  latest 


type  electronic  tools. 

That  includes  microelectronics,  and  so  forth — to  be  able  to  use  these 
devices. 

Mr.  Karth.  How  much  is  office  space  versus  laboratory  spaces  ? 

Dr.  Kelley.  I think  that  I have  that  figure  here.  It  is  24,000  feet 
laboratory  space  and  16,000  feet  office  space.  I think  that  should  add 
up  to  the  total. 

Colonel  Gould.  You  missed  it  by  16,000  square  feet. 

Dr.  Kelley.  That  doesn’t  include  tne  hall  space  and  some  of  the 
other  you  would  include  in  the  gross  estimate.  These  are  net  labora- 
tory and  net  office. 

Colonel  Gould.  You  mean  to  tell  me  that  we  have  16,000  square  feet 
of  corridors  in  this  building  ? 

Dr.  Kelley.  I would  have  to  check  that. 
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Colonel  Gould.  You  said  24,000  for  the  lab  and  16,000  for  the  office  ? 
Dr.  Kelley.  That  is  right. 

Colonel  Gould.  The  total  building  is  56,400  square  feet. 

Dr.  Kelley.  I would  have  to  check  those  figures. 

Mr.  Karth.  If  you  just  eliminate  the  corridor,  you  have  a good 
building. 

Dr.  Kelley.  There  is  also  a partial  basement,  too,  in  that. 

Mr.  Karth.  I am  not  sure  you  finished  your  explanation. 

Dr.  Kelley.  I would  be  glad  to  furnish  the  exact  numbers  for  the 
record  if  you  want. 

Mr.  Karth.  Yes,  sir ; please  do. 

( The  information  requested  is  as  follows :) 


Floor  plan  breakdown 

Total  laboratory  apace 

Total  office  space 

Other  (halls,  stairways,  rest  rooms,  elevator,  walls,  etc.) 


Square  feet 

24,860 

17,708 

14,332 


Total 56,400 

Colonel  Gould.  How  many  people  are  going  to  occupy  the  admin- 
istrative space  ? 

Dr.  Kelley.  I can  give  you  a total  for  the  building— approximately 
200  people  would  be  in  that  building,  the  electronics  instrumentation 
laboratory.  That  includes  those  in  office  space,  as  well  as  the  tech- 
nicians who  live  largely  in  the  lab,  as  well  as  the  professional  re- 
who  is  living  half  in  the  office  and  half  in  the  lab. 

Mr.  Ka  aH.  Where  will  all  of  these  people  come  from  ? 

Dr.  Kelley,  Over  a 3-year  period — - 

Mr.  Karth.  You  are  not  going  to  empty  out  another  wind  tunnel, 
are  you? 

Dr.  Kelley.  One  hundred  and  eight  of  these  are  on  board  right 
now  at  Langley  and  there  would  be  additional  people  from  some  other 
sources  that  would  go  into  this  building — 92  additional. 

Colonel  Gould.  Where  are  the  108  people  being  accommodated 
now? 

Dr.  Kelley.  This  is  largely  the  Instrumentation  Research  Division 
down  there  which  are  scattered  around  in  several  buildings,  including 
subbasement  space  and  not  very  well  grouped  together  right  now. 

Colonel  Gould.  What  is  the  relationship  between  this  facility  and 
the  one  in  the  next  item  you  are  going  to  discuss,  the  Electronics 
Research  Center  in  Boston  ? 

Dr.  Kelley.  They  are  complementary.  This  activity  will  be  work- 
ing closer  to  the  flight  operations  and  again,  I am  talking  about  re- 
search flight  test  operations,  while  the  work  at  the  Electronics  Research 
Center,  in  the  instrumentation  research  group  included  there,  will  be 
more  on  general  instrument  techniques — in  other  words,  how  do  you 
transform  a physical  quantity  into  a measurable  quantity — something 
like  a voltage  or  pulse,  or  digital  readout. 

This  group  and  our  whole  distribution  of  effort,  as  we  discussed  with 
the  committee  before,  the  whole  distribution  of  electronic  effort  in 
NASA  includes  groups  at  various  other  centers  in  addition  to  the  new 
proposed  Electronics  Research  Center.  The  work  would  be  com- 
plementary, because  the  Langley  people  would  be  working  closer  to  the 
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problem,  they  would  be  taking  components  out  and  actually  flight  test- 
ing on  vehicles  and  operating  payloads  with  test  instruments. 

In  other  words,  the  flow  would  go  from  the  Electronics  Research 
Center  to  the  Langley  instrumentation  people,  to  the  test  pad  at  Wal- 
lops, on  a research  cycle. 

Mr.  Karth.  Is  this  $2,085,000  for  the  electronics  instrumentation 
1 aboratory,  the  total  cost  ? 

Dr.  Kelley.  That  is  the  total  cost. 

Mr.  Karth.  All  of  these  are  total  costs  except  for  the  research  cen- 
ter, is  that  right  ? 

Dr.  Kelley.  That  is  correct.  On  the  title,  the  “Electronics  Instru- 
mentation Laboratory.” 

I think  you  said  electronics  and  instrumentation.  It  is  largely  de- 
voted, or  almost  exclusively,  to  new  ways  of  developing  research  in  in- 
strumentation. But  it  is  largely  through  electronics. 

Mr.  Karth.  Where  is  this  “various”  located  ? 

Dr.  Kelley.  You  are  talking  about  the  next  facility  ? 

Mr.  Karth.  Yes.  That  is  the  first  time  I have  seen  it. 

Dr.  Kelley.  Various  locations  but  in  greater  Boston,  sir. 

Mr.  Ulmer.  That  is  a heading  in  the  authorization  bill,  Mr.  Chair- 
man. It  is  used  to  cover  a multitude  of  facilities  that  do  not  have 
specific  locations  assigned. 

Colonel  Gould.  1 would  just  like  to  ask  one  general  question.  Last 
year,  Dr.  Kelley,  Mr.  Wyatt  and  Dr.  Seamans  testified  to  the  effect 
that  NASA  had  to  rely  quite  heavily  on  industry  in  the  electronics  re- 
search and  testing  area.  Mr.  Wyatt  stated : 

We  must  rely  very  heavily  on  outside  interest  in  the  area  of  electronics  research. 

I am  skipping  a little : 

This  is  an  area  of  engineering  disciplines  where  we  do  rely  quite  heavily  on 
work  by  contract  with  outside  electronics  groups. 

Dr.  Seamans  then  stated : 

There  is  no  question  about  this.  At  the  time  we  did  establish  an  Office  of  Elec- 
tronics and  Control  at  NASA  headquarters  to  be  sure  the  work  we  are  doing  at  the 
Goddard  Center,  at  the  JPL  and  Marshall  Center  primarily  in  the  electronics 
area  was  properly  coordinated  internally  and  was  not  in  duplication  with  work 
already  going  on  in  industry.  A great  deal  of  work  has  been  done  in  the  guidance 
field.  There  is  a danger  that  our  people  in  NASA  centers  could  repeat  what  has 
already  been  done  or  what  is  already  going  on  in  this  field.  We  are  relying  very 
heavily  in  industry  and  to  lesser  extent,  on  universities  in  this  area. 

Has  there  been  a change  in  thinking  within  NASA,  as  to  the  re- 
quirement for  an  in-house  capability  in  the  electronics  research  area? 

Dr.  Kelley.  I replied  to  that  question  before  at  one  of  the  previous 
hearings,  but  I will  be  glad  to  reply  to  it  again. 

Mr.  Karth.  I am  not  sure  what  you  said.  Say  it  again. 

Dr.  Kelley.  All  right.  Maybe  I can  start  back  a little  bit.  Yes,  we 
rely  on  industry  and  we  intend  to  rely  on  industry.  This  is  one  of  the 
purposes  of  this  particular  laboratory.  When  our  office  took  inven- 
tory after  we  were  formed  in  November  1961,  we  found  that  there  was 
a spotty  diffused  effort,  with  some  bright  spots  of  excellence  through- 
out the  NASA,  but  pretty  inadequate  in  a cumulative  sense,  to  meet 
the  future  needs.  It  was  about,  I think,  shortly  after  the  hearings, 
that  we  are  talking  about,  that  we  had  some  discussions  with  NASA 
management,  and  they  recognized  the  fact  that  we  weren't  going  to 
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increase  our  industry  efforts  over  and  above  what  they  are  now  and 
you  are  beginning  to  see  the  reflections  of  this  in  this  year’s  budget, 
and  you  saw  it  in  1963. 

To  efficiently  manage  and  lead  such  an  effort,  we  believe  that  you 
have  to  have  m-house  competent  people.  You  just  can’t  throw  the 
money  out  and  say  solve  the  problem.  You  have  to  tell  people  what  the 
problem  is,  and  you  have  to  express  it  to  them  in  engineering  terms. 
We  believe,  as  with  all  of  our  research  centers,  that  you  have  to  have 
competent  people  who  are  doing  enough  work,  themselves,  to  get  their 
own  hands  dirty  to  be  able  to  lead,  in  a sense,  the  effort  in  this  direc- 
tion, the  vast  majority  of  which  will  be  done  in  industry. 

So  we  intend  to  increase  our  industry  efforts  and  the  center  will  be 
the  focal  point  for  us  of  our  total  govemment-industry-university  ef- 
fort in  what  we  call  a new  branch  of  electronics,  space  electronics.  So 
this  is  consistent — in  fact,  as  I mentioned  in  the  previous  reply,  it  was 
about  that  time  that  our  office — this  was  March  of  1962 — was  directed, 
in  terms  of  preliminary  guidelines  for  this  particular  budget  we  are 
discussing  now?  to  come  up  with  a plan  to  implement  NASA's  required 
future  growth  in  electronics  and  guidance  and  control. 

Mr.  Karth.  Inasmuch  as  you  nad  to  come  up  with  a plan,  I assume 
you  had  an  official  group  set  up  to  study  this  thing  and  make  some 
recommendations? 

Dr.  Kct.lby.  No,  I am  sorry,  I probably  used  the  wrong  word.  It 
was  a method  of  implementation  for  NASA 

Mr.  Karth.  Call  it  what  you  want.  Apparently  NASA  thought 
about  this  at  considerable  length  so  I assume  they  have  done  some  real 
calculating  in  addition  to  what  they  have  already  heard  in  terms  of 
how  badly  do  we  need  it,  where  should  it  be,  and  all  of  these  other 
things,  and  therefore  this  was  done  by  some  official  group,  wasn’t  it? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Karth.  Who  were  the  members  of  this  group?  What  do  you 
call  a group  like  that? 

Dr.  KeiIey.  There  was  no  separate  study  staff  group  set  up  to  do 
this.  This  was  directed  through  the  line  organization  and  it  was  di- 
rected to  the  Office  of  Advanced  Research  and  Technology. 

Mr.  Karth.  Was  this  usual  or  unusual  when  you  are  talking  about 
a brand  new  research  center  for  an  agency  of  the  Government. 

Dr.  Kelley.  We  weren’t  directed  to  come  up  with  a new  research 
center.  We  were  directed  to  come  up  with  a plan.  In  other  words, 
in  our  discussion  with  NASA  management,  we  realized  that  we  had 
to  grow,  we  had  to  have  some  method  of  managing  this  growth  and 
the  1964  budget  was  a crucial  point — in  other  words,  in  fiscal  year 
1964  we  would  branch  off  one  way  or  the  other  because  of  the  elec- 
tronic problems  we  were  getting  into  deeper  and  deeper. 

Mr.  Karth.  No  official  study  was  made  of  this,  in  other  words? 

Dr.  Kelley.  I am  not  sure  what  you  mean  by  “official  study.”  There 
was  a continuing  review  of  this  problem  by  our  group  in  NASA. 

Mr.  Karth.  Who  decided  we  needed  an  electronics  research  labora- 
tory? 

Dr.  Kelley.  The  Administrator  decided  it.  We  went  through 

Mr.  Karth.'  Then  there  must  have  been  a number  of  people  that 
had  suggestions  or  discussion  about  it.  Who  were  they? 
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Dr.  Kelley.  All  NASA 

Mr.  Karth.  You  just  didn’t  decide  this,  did  you,  Doctor? 

Dr.  Kelley.  No,  sir. 

Mr.  Karth.  Jim  Webb  didn’t  just  decide  it? 

Dr.  Kelley.  No,  sir. 

Mr.  Karth.  There  were  a number  of  people  that  got  together  and 
decided  we  needed  an  electronic  research  lab.  Who  were  they? 

Dr.  Kelley.  At  least  NASA  senior  management.  I made  a recom- 
mendation— 

Mr.  Karth.  When  you  say  the  senior  management,  who  do  you 
mean? 

Dr.  Kelley.  The  senior  management  basically  is  Dr.  Seamans,  Dr. 
Dryden,  and  Mr.  Webb. 

Mr.  Karth.  And  yourself  ? You  four  decided  ? 

Dr.  Kelley.  I don’t  consider  myself  senior  management. 

Mr.  Karth.  We  threw  you  in  as  a junior  management.  Did  Dr. 
Bisplinghoff  help  to  decide  the  question  ? 

Dr.  Kelley.  My  initial  recommendation  was  made  to  him  as  my 
superior. 

Mr.  Karth.  Who  else  was  in  it  ? 

Dr.  Kelley.  I don’t  know  with  whom  else  the  senior  management 
consulted  or  discussed  this.  I think  we  presented  a fairly  convinc- 
ing case  and  the1  e was  known  to  be  a need. 

Mr.  Karth.  You  met  with  the  group  who  discussed  this  question, 
did  you  not,  on  many  occasions  ? 

Dr.  Kelley.  I met  with  my  superiors  and  discussed  this,  yes,  sir. 

Mr.  Karth.  And  all  of  those  people  so  named  are  superiors  in  some 
form? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Karth.  Did  anyone  disagree  with  you  as  to  the  need  for  it? 

Dr.  Kelley.  I was  asked  some  very,  very  intensive  questions.  My 
recommendation,  which  was  made  late  in  September,  as  you  know,  was 
certainly  not  bought  lock,  stock,  and  barrel,  but  the  fact  I was  going  to 
look  into  that  consideration  was  known  in  early  spring  of  last.  year. 
It  was  known  after  March.  That  was  after  our  guidelines  came  out. 
At  that  time  I told  our  senior  management,  in  terms  of  the  Associate 
Administrator  and  my  immediate  superior,  that  we  were  going  to  look 
at  three  alternatives. 

Mr.  Karth.  Yes,  I remember  your  testimony  on  this.  That  is  not 
my  question.  Of  the  five  of  you  who  sat  down  and  discussed  the  need 
for  an  electronics  research  center,  did  any  one  of  the  five  disagree  with 
you  as  to  the  need  ? 

Dr.  Kelley.  I think  after  I got  through  answering  questions,  after 
our  initial  discussions  on  it,  there  was  a general  agreement  that  we 
needed  this;  yes. 

Mr.  Karth.  So  you  sold  it  to  the  other  four  involved,  is  that 
correct? 

Dr.  Kelley.  If  you  want  to  put  it  that  way,  perhaps. 

Mr.  Karth.  As  to  the  location,  as  I understood  your  testimony, 
that  was  your  decision,  or  at  least  you  made  this  recommendation  ? 

Dr.  Kelley.  I recommended  a center  and  then  I was  asked  “If  such 
a center  was  approved,  where  would  you  recommend  is  the  best  place  to 
put  it?” 
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Mr.  Karth.  And  you  recommended  the  Boston  area  ? 

Dr.  Kelley.  Yes,  sir. 

Mr.  Karth.  Did  anyone  disagree  with  that  ? 

Dr.  Kelley.  There  were  some  discussions  I participated  in  as  to 
why,  and  various  other  areas,  but  I wouldn’t  say  there  was  any  dis- 
agreement; no,  sir. 

Mr.  Karth.  Did  anyone  have  any  other  suggestion  to  make  insofar 
as  location  is  concerned  ? 

Dr.  Kelley.  Well,  I mentioned  previously  that  we  had  discussions 
and  considered  the  Northeast  area  from  about — really  the 
electronics 

Mr.  Karth.  Who  suggested  it  should  be  in  the  Northeast  area  ? 

Dr.  Kelley.  I said  we  had  discussions  on  each  one  of  these  areas 
in  reviewing  this. 

Mr.  Karth.  You  call  the  Boston  area  the  Northeast  area  ? 

Dr.  Kelley.  I call  Washington  to  Boston  the  Northeast  area. 

Mr.  Karth.  What  other  areas  were  discussed? 

Dr.  Kelley.  I think  you  just  have  to  look  at  the  electronics  popula- 
tion in  the  United  States. 

Mr.  Karth.  Which  one  of  these  four  suggested  a different  area,  if 
any? 

Dr.  Kelley.  I considered  all  of  these  areas  in  my  own  thoughts  and 
laid  all  of  these  areas  out  in  the  discussion. 

Mr.  Karth.  I am  sure  you  did,  but  I was  trying  to  ascertain  whether 
or  not  any  of  the  other  four  had  suggested  a different  location? 

Dr.  Kelley.  I think,  in  our  discussions  that  I participated  in,  it 
was  just  a mutual  walking  across  the  country  in  the  electronics  areas 
and  discussing  the  pros  ana  cons  and  these  are  the  areas  I mentioned— 
the  west  coast,  the  Midwest  concentration  of  electronics  and  the  North- 
east concentration. 

Mr.  Karth.  There  was  complete  agreement  it  should  he  located  at 
the  location  proposed  ? 

Dr.  Kelley.  There  was  complete  agreement  it  should  be  located 
in  that  area. 

Mr.  KARrarThis  is  not  my  recollection  of  your  testimony  earlier, 
but  I don’t  think  there  is  any  sense  of  us  quibbling  about  it. 

Dr.  Kelley.  I think  this  is  consistent  with  my  testimony. 

Mr.  Karth.  It  seems  to  me  you  said  “Yes;  there  had  been  some 
disagreement ; after  all,  there  is  disagreement  in  everything.” 

Dr.  Kelley.  I think  you  asked  me  about  whether  there  was  dis- 
agreement as  to  the  need  of  a miter  in  various  elements  of  NASA. 

Mr.  Karth.  I think  I asked  you  that  question,  too.  I think  you 
mid  you  convinced  everybody  there  should  be. 

Dr.  Kelley.  I am  sorry.  The  previous  question,  as  I remember  in 
the  previous  hearing,  was  “Anybody  in  the  NASA  disagree?”  and  I 
believe  I said,  “Well,  I would  not  expect  100  percent  agreement  on 
anything.” 

Mr.  Karth.  Well,  I haven’t  reviewed  the  testimony  so  my  recol- 
lection probably  isn’t  as  good  as  yours. 

Colonel  Gould? 

Colonel  Gould.  Dr.  Kelley,  has  the  site  for  this  center  been  selected  ? 

Dr.  Kelley.  No;  it  has  not. 

Colonel  Gould.  In  a recent  letter  to  Chairman  Miller,  Mr.  Webb  in- 
dicated that  there  was  some  possibility  that  lands  available  to  the  Mas- 
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sachusetts  Turnpike  Authority  might  be  made  available  for  this 
purpose.  Is  that  correct? 

Dr.  Kelley.  Yes.  In  fact,  we  covered  this  with  a press  release 
which  says  what  the  letters  to  Senator  Anderson  and  Chairman  Mil- 
ler say,  that  we  are  looking  at  an  interchange  of  the  Massachusetts 
Turnpike  Authority  for  possible  use  of  air  rights  over  the  site  loca- 
tion. Now,  this  is  quite  a different  concept  than  the  thousand  acres 
we  proposed  originally  in  the  budget.  Since  we  did  want  to  look  at 
it,  Mr.  Webb  wanted  to  make  it  public  knowledge  we  were  looking  at 
something  quite  different,  but  by  no  means  have  we  made  up  our  minds 
or  selected  a site. 

Mr.  Karth.  What  do  you  mean  by  “air  rights”  ? 

Dr.  Kelley.  This  is  something  that  municipalities  have  been  doing 
and  the  Boston  area  has  already  done  it  in  terms  of  one  private  center 
which  is  erecting  a building,  essentially  on  stilts,  over  a turnpike  or 
railroad  to  get  better  use  of  air  space. 

Mr.  Karth.  In  the  first  instance  we  needed  1,000  acres.  How  could 
we  possibly  get  by  with  building  this  thing  on  stilts  over  a freeway  ? 
I am  not  sure  I understand. 

Dr.  Kelley.  That  is  one  of  the  things  we  want  to  look  into,  whether 
it  is  feasible  or  not,  and  this  involves  many,  many  considerations. 

Mr.  Karth.  I assume  under  those  conditions  probably  if  you  built 
it  on  the  ground  and  used  up  only  several  acres  as  opposed  to  a thou- 
sand, the  difference  is  in  the  magnitude  of  hundreds  ? 

Dr.  Kelley.  It  means  you  would  have  to  go  more  high  rise  and  be 
more  compact  in  your  building,  of  course,  in  terms  of  density  as 
opposed  to  a conventional  research  center  in  which  the  buildings 
are  more  spread  out. 

Some  people  say  you  turn  the  buildings  up  90°.  I am  not  sure 
whether  it  is  quite  as  easy  as  that.  That  is  one  of  the  things  we  are 
looking  at. 

Colonel  Gould.  How  much  real  estate  is  involved  in  the  MTA 
property  ? 

Dr.  K elley.  I think  about  110  acres. 

Colonel  Gould.  What  would  this  mean  in  terms  of  the  number  of 
stories  that  you  would  have  to  put  on  a building  of  this  nature? 

Dr.  Kelley.  That  is  one  of  the  things  we  have  to  look  at.  Can  you 
put  it  in  a couple  of  tall  buildings  or  can  you  put  it  in  several  four- 
or  five-story  buildings?  You  have  to  look  at  the  particular  site  and 
see  where  you  can  sink  the  pilings  between  the  roadways  for  one 
thing. 

Colonel  Gould.  Have  you  held  discussions  with  MTA  on  this 
matter? 

Dr.  Kelley.  Yes;  there  have  been  NASA  and  MTA  discussions 
on  it,  with  representatives  from  the  MTA. 

Colonel  Gould..  Would  an  agreement  of  this  nature  require  re- 
imbursement from  the  Federal  Government  to  MTA  ? 

Dr.  Kelley.  I don’t  know  what  the  exact  situation  on  air  rights 
is.  I believe  they  are  rented  and  I don’t  know  for  what  length  of 
time.  The  Turnpike  Authority  actually  owns  the  land  and  I believe 
air  rights  under  Massachusetts  law  are  rentable  but  I am  not  sure 
of  the  legal  situation. 
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Colonel  Gould.  I heard  recently  that  the  Corps  of  Engineers  has 
been  requested  to  conduct  a feasibility  study  of  the  possibility  of  using 
this  MTA  property.  Is  this  correct  ? 

Dr.  Kelley.  That  is  correct. 

Colonel  Gould.  Have  they  started  the  study  ? 

Dr.  Kelley.  The  corps  took  a preliminary  look  at  that  particular 
site.  In  fact,  it  was  shortly  after  we  decided  to  announce  our  con- 
sideration of  this — just  enough  to  let  us  know  from  an  initial  stand- 
point how  hard  should  we  look  and  what  was  the  feasibility — and 
their  preliminary  look  convinced  us  we  should  take  a more  detailed 
look  at  it,  particularly  in  terms  of  foundation,  pricing.  We  have  a 
work  statement  to  them,  a work  order  with  them  to  do  a study  on  this 
particular  center. 

Colonel  Gould.  What  funds  have  been  cited  to  accomplish  this 
study  ? 

Dr.  Kelley.  On  this  work  statement  their  work  is  reimbursable 
up  to  $10,000. 

Colonel  Gould.  How  long  is  it  going  to  take  the  Corps  of  Engineers 
to  complete  their  feasibility  study  ? 

Dr.  Kelley.  I think  a couple  of  months,  probably  no  more. 

Colonel  Gould.  If  the  MTA  area  proves  not  to  be  satisfactory,  are 
you  going  to  start  another  feasibility  study  on  other  possible  areas  ? 

Dr,  Kelley.  You  mean  other  areas  like  this  ? 

Colonel  Gould.  I assume  you  are  going  to  do  some  advance  study 
work  before  you  enter  into  the  detailed  design  and  layout  of  a com- 
plete installation.  Assuming  the  MTA  site  doesn’t  prove  satisfactory, 
will  there  be  another  feasibility  study  beyond  that? 

Dr.  Kelley.  We  would  continue  what  we  are  doing  anyway  on 
a number  of  other  sites,  which  is  gathering  information  and  at  some 
point  in  time,  assuming  this  project  is  approved,  then  there  would  be 
a site  evaluation  to  pick  a particular  site.  Of  course,  you  have  to  be 
accumulating  information  on  topography  and  substrata  and  so  forth 
as  you  move  along,  which  we  are  doing,  which  the  corps  is  working  on 
with  us. 

Colonel  Gould.  Your  justification  indicates  that  the  fiscal  year 
1965  program  will  include  construction  funds  for  this  project.-  What 
is  your  estimated  “ballpark”  total  cost  of  this  facility? 

Dr.  Kelley.  We  have  estimated  plant  value,  that  is  the  facilities 
of  about  $50  million. 

Colonel  Gould.  Whether  it  be  a high  rise  type  or  not  ? 

Dr.  Kelley.  No,  this  was  based  on  the  1,000  acre  campus  type. 
This  is  one  of  the  reasons  we  are  doing  this  particular  study  on  the 
MTA  site. 

Colonel  Gould.  I think  this  committee  would  like  to  know  your 
thinking  as  to  what  it  is  ultimately  going  to  cost  since  this  is  "the 
initial  increment  of  this  project.  If  you  have  changed  your  mind  since 
the  original  concept  was  conceived,  surely  you  have  another  rough 
figure  you  could  quote  to  the  committee. 

Dr.  Kelley.  No,  we  are  waiting  for  the  cost  study  and  report.  That 
is  exactly  what  we  are  doing  it  for,  really. 

Mr.  Karth.  We  have  no  design  studies  at  all.  I have  seen  some 
pretty  nice  pictuers  here  and  I have  gone  through  the  backup  and 
I have  seen  some  pretty  well  illustrated  designs  of  the  other  buildings 
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that  you  have  proposed  for  the  1064  budget.  You  have  nothing  like 
this  at  all? 

I)r.  Kellf.y.  Could  I show  you  the  next  picture?  I will  show  you 
what  we  do  have.  We  have  not  gone  into  detail  design  of  each  build- 
ing. This  depends  on  the  site  really.  This  is  using  our  normal  center 
construction.  This  is  the  tyj>e  of  layout  that  you  might  get. 

What  we  have  done  is  gone  into  a modular  type  of  plan,  as  shown 
• in  this  artist’s  conception  (fig.  315). 


Florae  315 

This  is  a modular  laboratory  concept  where,  depending  upon  the 
topography  you  can  combine  these  in  T or  l shapes  or  spread  them 
out  any  way  you  would  desire  according  to  the  particular  site.  Here 
you  see  the  ditferent  laboratories  and  buildings  and  the  dot  indicates, 
the  first  dot  indicates  the  year  we  would  start  on  that  particular 
facility.  You  will  see  there  is  a progression  here.  A later  incre- 
ment would  be  added  and  I can  explain  that.  For  example,  an  optical 
communications  laboratory — this  is  a laser  research  laboratory  pri- 
marily— we  would  like  to  build  a building  commencing  with  1965 
funds.  However,  the  state  of  the  art  is  moving  so  fast  we  would  not 
want  to  build  all  of  that  building  in  that  particular  year  because  the 
building  we  would  build  with  1965  funds  might  be  quite  different  than 
the  one  we  would  build  with  later  funds.  In  other  words,  a research 
facility  has  to  be  updated  because  the  art  is  changing.  So  our  plan 
takes  this  into  account,  that  we  would  then  ada  on  another  wing, 
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perhaps,  to  that  particular  building  with.  1987  funds  and  the  total  of 
all  such  modules  is  what  comes  up  to  approximately  $50  million. 

Colonel  Gould.  Will  you  have  to  compress  this  plan  to  fund  it  over 
a 4-year  period? 

Dr.  Kelley.  The  present  plan  is  to  fund  the  buildings  over  a 4-year 
period  and  in  this  fiscal  year  requesting  land  funding.  When  you 
look  at  the  leadtimes  and  so  forth,  that  means  we  will  complete  con- 
struction by  1969  or  1970,  depending  upon  how  we  and  the  corps 
plan  it. 

Colonel  Gould.  Mr.  Chairman,  I recommend  this  chart  be  included 
in  the  record  at  this  point. 

Mr.  Kartii.  Can  you  make  it  available  ? 

Dr.  Kelley.  Yes,  sir ; I would  be  glad  to.  I will  straighten  out  the 
Morse  code,  too,  if  you  like. 

Colonel  Gould.  Just  put  a legend  on  there  for  the  uneducated,  so 
we  may  decipher  it. 


NASA  Electronic*  Research  Center  installation  plan 
[B-bs*ic  module;  A— addition] 


Facility  (functional  titles) 


Microwave  radiation  laboratory 

Space  guidance  laboratory 

Electronic  components  laboratory — 

Optical  communication!  laboratory. 
Instrument  research  laboratory.:... 
Computer  research  laboratory — .... 

Control  and  information  ayatema  laboratory.. 
Energy  convention  li ' 

Qualification.  and  ati 
8 yateraa  laboratory. 

Engineering  and  adminiatratfon  building. 
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This  may  have  been  covered  in  a previous  hearing,  Dr.  Kelley,  but 
I wasn’t  present.  Your  estimate  is  predicated  on  $1,000  an  acre  ? 

Dr.  Kelley.  $3,000  an  acre. 

Colonel  Gould.  $3,000  an  acre  for  a thousand  acres  and.  the  justifica- 
tion indicates  that  it  is  going  to  be  located  in  the  Boston  area.  Now, 
land  values  in  that  area  indicate  that  for  this  price  range  you  would 
be  located  a minimum  of  10  to  20  miles  from  the  Boston  area. 

When  you  say  the  “Greater  Boston  area,”  exactly  what  do  you  mean  ? 

Dr.  Kelley.  We  mean,  in  general,  the  standard  metropolitan  statis- 
tical area  which  is  the  census  area,  in  the  1960  census.  To  put  it  in 
more  straightforward  terms,  it  is  an  area  that  is.  within  approximately 
30  miles  from  Boston.  We  are  looking  at  sites  generally  within  that 
total  area  but  you  also  have  to  look  at  time  as  well  as  distance  when 
you  are  looking  at  sites  in  relation  to  other  locations  that  you  might  be 
interested  in  commuting  to. 

Colonel  Gould.  There  is  a U.S.  Navy  Ammunition  Depot  at  Hing- 
ham,  Mass.,  which  already  has  been  declared  surplus  and  is  in  the 
hands  of  GSA  for  disposal.  It  includes  3,500  acres,  I have  been  told. 

Dr.  Kelley.  The  annex  to  it  includes  approximately  3,000  acres. 
We  will,  as  part  of  the  normal  site  survey,  look  at  all  available  facili- 
ties in  the  area  and  we  know  what  each  one  is. 
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Colonel  Gould.  I would  also  point  out  that  the  U.S.  Army  has  a 
QM  test  activity  at  Maynard,  Mass.,  and  some  consideration  is  being 
given  to  declaring  this  property  excess. 

Dr.  Kelley.  I am  quite  aware  of  that  site  also. 

Colonel  Gould.  I would  like  to  ask  this  for  my  own  information. 
You  indicated  the  unanimous  decision  on  the  selection  of  this  site  was 
the  Boston  area.  Could  you  tell  us  why  the  Los  Angeles  area  was 
rejected  ? 

Dr.  Kelley.  I probably  could  put  it  in  terms  of  why  the  Boston  nr-sa 
was  superior,  if  you  want,  rather  than  why  the  Los  Angeles  area  was 
rejected.  The  Los  Angeles  area  was  considered  but  we  were  looking 
for  a research  climate,  primarily  electronics  oriented  and  in  fact  the 
Los  Angeles  area  scores  very  high  in  this  particular  activity.  It  has 
a large  aerospace  industry,  for  example.  This,  while  it  has  research 
aspects,  falls  more  in  the  development  part  of  the  scale — if  I take 
research,  development,  and  production  as  the  three  parts  of  the  scale. 
We  were  looking  for  an  area  that  fell  more  toward  the  research  part 
of  the  scale  and  I think  you  are  familiar  with  the  so-called  electronics 
research  environment  in  the  Boston  area — the  radiation  laboratory, 
the  instrumentation  lab.  This  is  evidenced  by  the  many  large  com- 
panies throughout  the  United  States  who  have  located  their  research 
plants,  primarily  electronics  research,  in  that  particular  area.  So 
there  is  a rather  unique  electronics  research  environment  both  in  uni- 
versities and  in  industries.  The  universities,  their  reputation  and 
their  programs,  had  a very  serious  impact  on'  our  decision.  I think 
you  are  probably  aware  that  that  area  turns  out  the  most  graduate 
engineering  degrees  in  the  United  States,  with  a great  lead  at  the  engi- 
neering doctorate  level. 

Mr.  Karth.  Where? 

Dr.  Kelley.  The  Greater  Boston  area  of  all  of  these  metropolitan 
areas. 

Mr.  Karth:  I am  not  sure  you  are  right,  but  go  ahead. 

Dr.  Kelley.  Did  you  understand  my  statement  ? 

Mr.  Karth.  I think  I did. 

Colonel  Gould.  The  Minneapolis-St..  Paul  area  offers  a considerable 
amount  of  potential  in  the  electronics  field.  Was  this  area  considered  ? 

Dr.  Kelley.  Yes,  it  was.  I am  quite  familiar  with  what  is  in  that 
area. 

Mr.  Karth.  As  a matter  of  curiosity  you  happen  to  know  that 
geography  better  than  others.  Where  on  the  scale  did  they  rate? 

Dr.  Kelley.  We  didn’t  rate  them  on  a scale.  In  fact,  I am  per- 
sonally familiar  with  the  Electrical  Engineering  Department  of  the 
University  of  Minnesota  and  Dr.  Shepherd  who  is  the  chairman  of 
the  department.  I am  familiar  with  the  department  and  with  such 
companies  as  Minneapolis-Honeywell.  I might  add  one  thing,  Mr. 
Karth,  that  this  is  an  up-and-coming  area  in  electronic  research,  no 
question  about  it. 

Mr.  Karth.  Again,  I hope  nothing  happens  to  it. 

Dr.  Kelley.  I might  add  one  more  figure  of  merit,  if  I might,  to 
show  you  how  you  characterize  a research  environment.  The  Na- 
tional Academy  of  Sciences’  membership,  which  is  a well-renowned 
institution  in  the  country,  the  greatest  percentage  of  its  members 
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come  from  the  Greater  Boston  area — this  includes  total  membership  as 
well  as  the  engineers  and  physicist  category. 

Mr.  Karth.  You  know  there  are  some  very  knowledgeable  people 
who  violently  disagree  with  your  theory. 

Dr.  Kelley.  You  mean  the  conclusion  that  you  would  come  to  as 
a result  of  the  numbers  I expressed  ? 

Mr.  Karth.  That  is  right. 

Dr.  Kelley.  I am  sure  there  would  be,  sir. 

Mr.  Karth.  On  every  basis  upon  which  you  predicated  your  deci- 
sion. In  fact,  there  are  some  people  who  say — I am  not  sure  they  are  as 
smart  as  you  are,  but  they  have  fairly  good  backgrounds — they  say 
this  is  bad,  it  is  not  good.  You  get  hairy  about  this  stuff,  you  know. 
What  you  need  is  to  move  off  and  have  a little  fresher  approach. 
Everybody  starts  thinking  the  same,  and  you  develop  a mundane  com- 
munity. I don’t  know,  I couldn’t  be  less  well  informed  on  it,  so  what 
I have  to  do  is  listen  to  both  arguments,  the  two  different  schools  of 
thought,  so  to  speak,  and  then  if  the  determination  ever  comes  down 
to  location,  which  I hope  it  won’t  because  I think  at  first  and  only 
you  decide  something  on  the  basis  of  need,  do  we  need  it,  really, 
and  this  I think  is  the  question  that  should  be  answered  in  arriving 
at  the  decision  or  coming  to  the  conclusion  as  to  whether  or  not 
it  should  be  allowed;  although  there  are  many  people  that  think 
location  is  extremely  important,  fortunately,  or  unfortunately.  It 
happens  to  be  the  case,  and  I suppose  deserves  some  considera- 
tion. 

As  I recall  your  testimony  before  the  subcommittee,  some  3 or  4 
weeks  ago,  it  seemed  to  me  that  yon  said  in  answer  to  a question  you 
felt  the  location  was  just  as  important  as  the  research  center,  it- 
self. I wonder  if  you  have  changed  your  position  on  that  at  all? 

Dr.  Kelley.  I remember  that  particular  question  and  my  answer. 
I believe  the  question  was  to  the  effect  that  I really  wanted  a center 
and  the  location  was  not  important,  was  it,  and  I said  that  yes, 
I wanted  a research  center,  but  I didn’t  think  the  location  could  be 
completely  divorced — in  other  words,  there  were  various  areas  in 
the  country  that  are  satisfactory  to  a greater  or  lesser  degree,  and 
that  the  location  was  not  completely  divorced  from  the  need. 

Mr.  Karth.  If  it  was  decided  this  location  was  just  not  accepta- 
ble for  any  number  of  reasons — let’s  say  because  of  those  experts  who 
disagree  with  you — you  would  still  want  the  research  laboratory? 

Dr.  Kelley.  Absolutely ; yes,  sir. 

Mr.  Karth.  I just  thought  we  would  clear  that  up  if  we  ever  got 
out  of  the  woods  on  the  other  question. 

Dr.  Kelley.  I am  very  glad  the  two  issues  have  been  separate. 

Colonel  Gottld.  One  final  question,  sir;  Dr.  Kelley,  the  anticipated 
span  of  time  over  which  this  facility  will  eventually  come  into  being 
is  about  5 years — fiscal  year  1964  for  design  and  acquisition  of  real 
estate,  and 

Dr.  Kelley.  You  mean  the  actual  building? 

Colonel  Gould.  It  will  be  a complete  operational  facility  in  5 
years? 

Dr.  Kelley.  Right. 

Colonel  Gould.  One  year  of  design  and  real  estate  acquisition  and 
4 years  of  construction.  Much  of  the  determination  in  this  proj- 
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ect  is  going  to  be  predicated  on  feasibility  studies  which  you  tell  us 
are  going  to  take  2 or  3 months.  Is  this  correct  ? 

Dr.  Kelley.  This  particular  site.  That  is  only  one  of  many  we  are 
considering.  You  are  talking  about  the  M.T.  A.  site  ? 

Colonel  Gould.  Yes. 

Dr.  Kelley.  Yes. 

Colonel  Gould.  If  this  fails  you  are  probably  going  to  conduct  other 
feasibility  studies  for  other  sites  under  consideration  T 

Dr.  Kelley.  Yes,  there  will  be  a site  selection  at  some  point  in  time. 

Mr.  Karth.  Now,  wait  a minute.  Let  us  quit  this  business.  If 
after  2 months  the  Corps  of  Engineers,  or  whoever  is  making  this 
feasibility  study,  decides  it  is  not  feasible,  it  is  not  practical,  then  you 
have  to  study  some  other  site,  don’t  you  ? 

Dr.  Kelley.  We  are  looking  at  many,  many  other  alternatives. 

Mr.  Karth.  You  are  doing  all  of  this  simultaneously  ? 

Dr.  Kelley.  Yes. 

Mr.  Karth.  Who  is  doing  it  ? 

Dr.  Kelley.  NASA,  and  the  corps  is  reviewing  them  with  us.  It 
is  all  preliminary.  This  is  not  in  any  sense  of  the  word  a site  selec- 
tion, but  you  have  to  be  gathering  data  on  which  you  can  finally  make 
a site  selection. 

Mr.  Karth.  I think  it  is  absolutely  important. 

Dr.  Kelley.  In  fact,  much  of  the  available  and  attractive  sites  are 
being  thrust  upon  us. 

Mr.  Karth.  I would  assume  you  have  to  beat  them  off,  yes.  If  you 
don’t  watch  out  you  might  get  sold  some  expensive  real  estate. 

Colonel  Gould.  The  point  I am  trying  to  explore  is  that  it  is  going 
to  take  you  almost  a year  to  determine  where  this  is  going  to  be 
located,  what  it  is  going  to  consist  of,  and  what  it  is  going  to  cost. 
What  would  the  impact  be  on  the  NASA  program  if  the  authoriza- 
tion and  funding  for  this  project  were  deferred  for  1 year? 

Dr.  Kelley.  It  would  be  a 1-year  slip  in  the  facility.  If  you  want 
to  ask  what  will  be  the  impact  on  the  NASA  program,  that  is  quite  a 
different  story. 

Colonel  Gould.  This  is  what  I mean,  the  impact  on  the  NASA  pro- 
gram. 

Dr.  Kelley.  Well,  if  we  had  the  choice  in  this  year’s  budget,  and 

1 mentioned  this  earlier,  we  feel  was  an  electronic  research  year  of 
decision  as  to  which  way  we  would  have  gone,  if  we  had  the  choice 
of  putting  in  facilities  around  at  various  locations — we  call  this  the 
Serval  Center  approach — or  of  grouping  them  in  terms  of  a facility, 
and  we  chose  the  latter  route.  In  some  sense  you  perhaps  set  us  back 

2 years  because  we  decided  not  to  go  the  other  route  which  would  have' 
appeared  in  this  budget,  and  then  we  have  delayed  this  approach 
another  year  in  turn. 

Now,  you  then  have  to  look  at  what  the  center  is  going  to  do,  and 
how  does  this  pay  off  in  terms  of  the  program.  Well,  I hope  we  have 
demonstrated  the  need,  and  why  we  have  to  get  working  in  this  par- 
ticular area  of  research  and  whatever  reliability  problems  there  are. 
We  estimate  that  90  to  95  percent  of  our  unreliability  is  caused  by 
electronics,  so  in  terms  of  the  dollar  cost  to  the  program  I think  it 
would  be  quite  substantial.  We  would  hope  that  the  results  of  this 
center,  not  only  from  its  own  efforts  but  from  its  organization  and 
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focusing  of  the  effort  that  we  contract  to  industry  would  be  able  to 
yield  us  results  within  a year  or  two  and  begin  to  pay  off.  I would 
predict  that  the  center,  in  terms  of  its  salary  and  overhead  and  facili- 
ties, even  if  you  write  off  the  longer  range  research  contribution, 
will  pay  for  itself  in  terms  of  the  reliability  factor  that  it  can  add 
to  the  overall  programs. 

Colonel  Gould.  Can  you  put  your  finger  on  any  on  going  programs 
with  NASA  that  will  be  delayed  if  this  project  were  deferred  for 

1 year?  . , , . . 

Dr.  Kelley.  Will  be  delayed  ? We  have  not  tied  this  into  any  par- 
ticular project.  If  you  want  to  look  at  schedules  and  launches,  prob 
ably  none.  If  you  want  to  look  at  effectiveness  per  launch  or  reli- 
ability per  launch,  quite  a bit. 

Mr.  Karth.  You  think  that  one  more  laboratory  is  going  to  answer 
all  of  our  electronic  problems  ? Is  that  what  you  are  saying  ? 

Dr.  Kelley.  It  is  going  to  allow  us  to  focus  our  efforts  and  indus- 
try’s efforts  on  the  problems  which  are  quite  substantial.  We  have 
to  really  get  working  in  this  particular  area. 

Mr.  Karth.  So  what  you  are  saying  is  that  all  of  the  research  that 
is  going  on  in  this  area,  in  private  industry,  in  Government  labora- 
tories, and  in  the  universities,  is  completely  inadequate  and  the  an- 
swers will  be  given  to  the  problem  areas  we  now  find  ourselves  facing 
by  building  a NASA  laboratory  ? Do  you  really  mean  that  t 

Dr.  Kelley.  This,  is  by  far  the  most  efficient  way  of  doing  it.  I 
don’t  really  know  hoW  else  you  are  going  to  do  it  if  we  don’t  increase 
our  efforts  in  electronic  research 

Mr.  Karth.  I think  I can'  tell  you  several  ways  I think  it  would 
be  much  more  efficient,  but  I am  not  sure  you  would  listen.  One 
thing  I think  we  should  do,  Dr.  Kelley,,  is  to  find  out  first,  all  of 
the  research  that  is  going  on  in  the  electronics  industry  in  this  country, 
which  I am  sure  we  don’t  have.  I am  sure  of  'that,  and  I think  you 
being  an  honest  man,  will  admit  it.  So  by  saying  that  just  one  more 
laboratory  is  going  to  solve  95  percent  of  the  problems  that  we  have 
in  the  space  field,  I think  is  just  about  as  ridiculous  a statement  as 
I ever  heard  before  this  committee. 

Really,  I say  this  in  wanting  to  be  completely  and  totally  objective. 
With  all  of  the  research  that  is  going  on  in  Government  laboratories, 
if  we  don’t  have  a half  dozen  laboratories  doing  research  in  elec- 
tronics, I’d  be  surprised.  We  have  got  quite  a number  of  outstanding 
Government  laboratories  doing  a great  deal  of  work  in  this  area.  We 
have  a number  of  outstanding  universities  and  colleges  doing  a great 
deal  of  research  in  this  area.  We  have  a vast  number  of  very  highly 
touted  and  well-respected  companies  doing  great  research  in  this  area, 
and  to  say  that  just  one  more  Government  laboratory  will  answer  our 
problems,  I think  is,  quite  frankly,  tantamount  to  striking  this  thing 
from  the  budget.  I really  think  so. 

Dr.  Kelley.  Could  I make  a comment  ? 

Mr.  Smith.  Yes,  sir ; go  right  ahead. 

Dr.  Kelley.  We  know  there  is  an  extensive  industry  and  university 
effort,  and  we  believe  that  the  laboratory  will  serve  to  focus  this  effort 
on  the  particular  space  problems.  It  is  not  going  to  provide  all  of 
the  answers,  itself.  It  is  going  to  be  able  to  focus  the  problem  for 
the  people  who  are  going  to  do  the  work  in  industry  and  universities 
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with  some  work  being  done  in  the  laboratory,  itself,  and  then  focus 
the  answers  back  into  the  space  projects. 

Mr.  Karth.  Doctor,  there  are  those  who  say  this  kind  of  work  should 
be  done  at  the  various  centers,  where  the  research  can  be  applicable 
to  the  projects  that  that  Center  is  working  on,  and  they  make  a very, 
very  strong  case.  So  these  are  some  of  the  people  who  disagree  with 
you  and  others  who  say  we  need  a separate,  a distinctly  different  type 
of  research  facility  than  we  now  have,  because  we  now  have  50  elec- 
tronic research  centers  going  on  within  NASA.  We  have  one  at  every 
one  of  our  research  centers.  I am  not  complaining,  I am  just  saying 
this  has  been  called  to  my  attention.  They  say  “Good  grief,  if  we 
need  more  electronic  research  in  the  satellite  field,  or  in  the  manned 
spacecraft  field,  or  whatever  field  it  is,  then  this  kind  of  research 
should  be  going  on  at  the  center  where  the  people  concern  themselves 
with  the  problems  confronting  them  in  that  particular  area.” 

I don’t  know  if  this  makes  a reasonably  good  argument.  I don’t  sup- 
pose it  makes  a good  argument  to  those  who  favor  the  separate  center, 
you  know,  blit,  on  the  other  hand,  your  argument  doesn’t  make  much 
sense  to  them,  either. 

The  only  point  I do  make,  Doctor,  and  this  is  what  I really  object  to, 
someone  assuming  that  we  are  so  naive  and  se  completely  unqualified 
to  make  decent  and  accurate  and  well-founded  judgments,  that  we 
should  be  told  that  unless  we  have  just  one  more  Government  labora- 
tory our  problems  in  electronics  are  going  to  continue  to  harass  us  for- 
ever, and  that  if  we  do  have  that  laboratory  our  problems  are  going  to 
vanish.  If  it  is  that  necessary,  why,  good  grief,  someone  should  be 
fired  for  not  having  proposed  this  thing  5 years  ago. 

This  should  have  been  the  first  thing  NASA  ever  requested.  If  this 
thing  is  so  absolutely  imperative  today,  it  would  have  been  better  to 
cut  off  the  funds  to  any  one  of  our  other  research  centers,  or  maybe 
all  of  them,  and  put  all  of  our  emphasis  on  this  thing  in  earlier  years. 

I think  with  the  emphasis  now  being  put  on  it,  someplace  along  the 
line  someone  that  was  responsible  for  making  this  determination  a 
long  time  ago  should  be  fired  because  he  obviously  didn’t  make  it. 

More  important  than  that,  he  may  have  made  a determination,  but 
made  the  wrong  one,  and  decided  not  to  build  it  until  this  year.  Some- 
place along  the  line  we  have  a great  need  for  improvement  in  manage- 
ment. 

Colonel  Gould.  One  final  question.  You  have  included  in  the  proj- 
ect estimate,  $2  million  for  design  and  engineering.  I assume  this  is 
all  design  in  this  case.  What  is  the  leadtime  for  design  on  the  first  in- 
crement that  will  be  accomplished  for  this  $2  million  ? 

Dr.  Kelley.  This  is  for  master  planning  and  to  plan  our  1965 
facilities. 

Colonel  Gould.  What  is  the  leadtime  ? 

Dr.  Kelley.  You  mean  leadtime  from  when  to  when  ? 

Colonel  Gould.  How  long  is  it  going  to  take  to  complete  the  master 
plan  ? 

Dr.  Kelley.  To  do  this  work  ? 

Colonel  Gould.  Yes. 

Dr.  Kelley.  About  3 to  5 months.  You  see,  we  are  working  with 
the  corps  right  now  in  getting  together  technical  criteria  for  the 
particular  buildings.  And  then  they  will  be  working  in  terms  of  this 
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master  planning  and  the  corps  itself  may  do  the  master  planning  on 
this  particular  activity.  At  such  times  as  these  funds  are  available, 
or  would  be  available,  then  we  would  go  into  a site  selection  and  begin 
to  narrow  down  on  a particular  site  and  design  for  a particular  site. 

Colonel  Gould.  Are  you  saying  that  a complete  master  plan  for 
an  installation  of  this  nature  can  be  laid  out  to  include  schedule  of 
existing  and  required  facilities,  preliminary  costs,  utility  layouts  and 
costs  estimates  made  in  3 to  5 months  ? 

Dr.  Kelley.  This  is  the  initial  master  plan  from  which  then  we 
would — you  are  more  familiar  with  this  than  I am — from  which  point 
we  would  depart  into  details  for  our  1965  increment.  You  are  doing 
master  planning  all  of  the  time  as  you  go  along. 

Colonel  Gould.  The  master  plan  is  the  first  thing  that  should  be 
accomplished  in  any  installation.  I think  this  is  one  of  your  basic 
problems  with  many  of  the  NASA  installations.  Master  plans  are 
made  up  on  a year-to-year  basis  to  cover  projects  being  programed. 
But  you  say  3 to  5 months  you  would  have  your  initial  increments 
of  the  master  plan  ? 

Dr.  Kelley.  I would  expect  that.  Let  me  say  enough  so  we  could 
then  begin  to  zero  it  on  a 1965  facilities  plan. 

Mr.  Karth.  Anything,  Doctor,  that  you  would  like  to  add  to  this 
thing  before  we  conclude  ? 

Dr.  Kelley.  No,  sir. 

Mr.  Karth.  Mr.  Myers,  anything  you  would  like  to  add  ? 

Mr.  Myers.  No,  sir ; I have  nothing  to  add. 

Mr.  Karth.  If  not,  the  meeting  is  adjourned. 

(Whereupon,  at  5 p.m.,  the  committee  was  adjourned.) 


mm**- 


1964  NASA  AUTHORIZATION 


\ 


WEDNESDAY,  MAY  8,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Space  Sciences  and 
Advanced  Research  and  Technology, 

Washington , D.C. 

The  subcommittee  met  at  10  a.m.,  Hon.  Joseph  E.  Karth  (chairman 
of  the  subcommittee)  presiding,  in  room  214-B,  Longworth  House 
Office  Building. 

Mr.  Karth.  The  meeting  will  be  in  order. 

Mr.  Gough,  are  you  ready  to  proceed,  sir? 

Mr.  Gough.  Yes,  sir. 

Mr.  Karth.  Would  you  and  Mr.  Goodrich  care  to  take  the  witness 
chairs. 

Briefly,  the  reason  the  subcommittee  found  it  necessary  to  ask 
FAA  to  testify  today  is  that  about  a week  or  two  ago  we  heard  from 
representatives  of  NASA  in  the  Office  of  Advanced  Research  and 
Technology  on  the  NASA  request  for  some  $9  million  for  research 
in  direct  support  of  the  supersonic  aircraft. 

We  noted  that  FAA,  for  example,  in  their  fiscal  1964  budget  pro- 
posal, did  not  ask  for  any  funds  for  the  supersonic  transport,  and 
our  curiosity  was  aroused.  NASA  explained  that  the  reason  they 
were  requesting  funds  this  year  was  because  the  organic  act  gave 
them  the  right  to  engage  in  all  basic  research.  This  subcommittee, 
I believe,  agrees,  that  as  a result  of  this  provision  in  the  organic  act 
it  was  NASA’s  responsibility  to  proceed  in  this  fashion. 

Since  that  time,  however,  the  subcommittee  became  aware  of  the 
fact  that  some  2 years  ago  the  FAA,  as  they  appeared  before  the 
Appropriations  Committee,  requested  a 2-year  appropriation  for  a 
feasibility  study  on  the  supersonic  transport.  This  feasibility  study 
was  to  answer  questions  on  the  feasibility  of  the  Government  support 
for  the  development  of  a supersonic  transport,  especially  in  the  basic 
research  area.  Until  such  a study  is  completed,  and  the  President 
makes  a national  policy  decision,  this  committee  questions  the 
wisdom  of  granting  the  funds  requested  by  NASA  for  direct  sup- 
port of  the  supersonic  transport. 

For  that  reason  we  felt  it  necessary  to  call  FAA  officials  before  the 
subcommittee  to  give  us  the  benefit  of  their  viewpoint. 

If  you  have  a prepared  statement,  sir,  and  you  would  like  to  proceed 
please  do  so  in  any  manner  you  wish. 
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STATEMENT  OF  MELVIN  N.  GOUGH,  DIRECTOR,  AIRCRAFT  DE- 
VELOPMENT SERVICE,  FEDERAL  AVIATION  AGENCY;  ACCOM- 
PANIED BY  NATHANIEL  H.  GOODRICH,  GENERAL  COUNSEL 

Mr.  Gough.  Thank  you,  sir.  I do  have  a prepared  statement,  and 
I hope  you  have  a copy  there.  It  has  four  attachments. 

In  keeping  v ith  your  request,  as  I understood  it,  when  I received  it 
verbally,  I have  prepared  this  statement;  to  clarify  the  points  that  I 
think  you  have  just  made. 

Shall  I read  it,  sir? 

Mr.  Kabth.  If  you  like;  however,  if  you  would  like  to  sum- 
marize-— 

Mr.  Gough.  I think  it  would  be  helpful  to  read  it.  I consider  it 
very  short. 

Mr.  Kabth.  All  right,  sir.  Please  proceed. 

Mr.  Gough.  Thank  you . 

In  the  initial  consideration  of  the  supersonic  transport  question  in 
the  executive  branch  of  the  Government  in  this  administration  it 
became  readily  apparent  that  three  agencies  within  the  executive 
branch  had  statutory  responsibilities,  technical  competence  and  back- 
ground experience  directly  applicable  to  the  determination  of  the 
Government’s  role  and  responsibilities  in  supersonic  transport  de- 
velopment. These  agencies  are:  The  Department  of  Defense,  the 
National  Aeronautics  and  Space  Administration,  and  the  Federal 
Aviation  Agency.  In  the  interest  of  efficient  and  expeditious  action 
it  was  decided  that  the  three  agencies  would  jointly  proceed  in  a 
cooperative  effort  in  the  public  interest  to  make  a recommendation  to 
the  President  with  regard  to  supersonic  transport  development  in  the 
United  States.  Accordingly,  the  Secretary  of  Defense ; the  Adminis- 
trator, NASA;  and  the  Administrator,  FAA;  published  a commercial 
supersonic  transport  aircraft  report  in  June  of  1961,  which  analyzed 
the  problem  ana  set  forth  the  basic  concepts  and  principles  for  the 
jomfc  effort,  including  a definition  of  the  roles  and  broad  responsibilities 
of  the  three  agencies  in  this  joint  undertaking.  That  is  exhibit  1, 
and  I think  you  gentlemen  have  one  of  those.  This  was  in  June  of 
1961. 

(Exhibit  1,  “Commercial  Supersonic  Transport  Aircraft  Report,” 
issued  jointly  bv  DOD,  NASA,  and  FAA  in  June  1961  is  in  the  com- 
mittee files.  The  conclusions  of  the  report  are  as  follows:) 

Exhibit  1 
Conclusions 

The  development  of  a commercial  supersonic  transport  aircraft  is  now  techni- 
cally feasible.  The  B-58  and  B-70  programs  and  broad  earlier  research  and 
experience  of  supersonic  flight  from  which  they  evolved  provide  the  United 
States  with  a unique  capability  for  developing  a supersonic  transport. 

Considerable  research  and  development  effort  is  required  to  attain  the  levels  of 
safety,  reliability,  and  economical  performance  required  for  a satisfactory  com- 
mercial transport  aircraft. 

The  magnitude  of  the  development  task  and  the  current  financial  situation  of 
the  U.S.  aviation  industry  preclude  its  accomplishment  on  a timely  basis  solely  by 
private  enterprise. 

The  development  and  production  of  a commercial  supersonic  transport  air- 
craft appears  essential  to  continued  U.S.  leadership  in  commercial  aviation  and  is 
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of  increasing  importance  to  our  national  prestige.  Production  of  this  aircraft 
will  afford  important  economic  benefits  in  its  effect  on  general  economic  progress, 
employment,  and  the  balance  of  trade. 

The  Department  of  Defense,  the  National  Aeronautics  and  Space  Administra- 
tion, and  the  Federal  Aviation  Agency  are  the  appropriate  Government  agencies 
to  jointly  organize  and  undertake  a vigorous  effort  to  define  a national  program 
for  the  development  of  a commercial  supersonic  transport  aircraft.  Leadership 
in  this  effort  should  rest  with  the  Federal  Aviation  Agency  pursuant  to  its  statu- 
tory authority  and  responsibility. 

A vigorous  effort  must  be  started  immediately  in  order  to  have  an  operational 
aircraft  in  the  1970  time  period. 

BASIC  CONCEPTS  AND  PBINCIPLE8 

A well-organized  national  effort  is  required  to  produce  an  economically  competi- 
tive commercial  supersonic  transport  by  1970.  This  effort  will  require  Govern- 
ment assistance  and  full  cooperation  between  Government  and  industry. 

The  Government  can  utilize  the  existing  technical  and  administrative  capabili- 
ties of  the  Federal  Aviation  Agency,  the  National  Aeronautics  and  Space  Admin- 
istration, and  the  Department  of  Defense,  thereby  eliminating  the  need  for 
additional  or  duplicate  staffs  and  facilities.  These  three  agencies  will  cooperate 
within  the  framework  of  their  respective  statutory  responsibilities  to  provide 
control  and  direction  for  a national  program  and  to  facilitate  its  orderly  execution. 
Under  this  concept  the  roles  and  broad  responsibilities  of  the  three  agencies 
would  be — 

(a)  Federal  Aviation  Agency — leadership  and  fiscal  support. 

(b)  Department  of  Defense  (USAF) — administrative  anti  technical  support. 

(c)  National  Aeronautics  and  Space  Administration — basic  research  and 
technical  support. 

In  undertaking  a national  effort  for  the  development  of  a commercial  supersonic 
transport,  certain  basic  principles  should  be  kept  clearly  in  mind  at  au  times. 
These  are — 

(а)  The  program  is  one  of  Government  assistance  to  industry  for  develop- 
ment of  a commercial  aircraft. 

(б)  The  principle  of  competition,  at  important  element  of  normal  industry 
activities,  should  be  employed  to  maximum  advantage. 

(c)  Direct  Government  financial  assistance  should  be  provided  only  to 
that  point  in  the  development  where  the  aviation  industry  can  carry  on  in 
accordance  with  their  normal  business  practices. 

(d)  The  civil  air  carriers  should  participate  on  a continuing  basis  to  provide 
their  requirements  with  regard  to  performance,  operating,  and  economic 
characteristics  that  they  consider  essential  in  a supersonic  transport. 

(«)  Maximum  feasible  recovery  of  direct  Government  expenditures  should 
be  sought. 

Robebt  S.  McNamaba, 

Secretary  of  Defense. 

James  E Webb, 

Administrator,  National  Aeronautics  and  Space  Administration. 

N.  E.  Halabt, 

Administrator,  Federal  Aviation  Agency. 

June  28,  1961. 

Mr.  Gough.  In  order  to  effectively  manage  the  research  and  study 
phase  the  three,  agencies  agreed  to  a management  plan  in  which  a 
supersonic  transport  steering  group  was  established.  That  is  exhibit 
2 of  September  1961,  again  signed  by  Mr.  Imirie,  Mr.  Abbott,  and 
Mr.  Halaby.  I think  you  have  that  one.  This  is  called  the  Manage- 
ment Plan  for  the  Research  and  Study  of  a Supersonic  Transport 
Aircraft. 
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(Exhibit  2 follows:) 

Exhibit  2 

Federal  Aviation  Agency, 

September  £5,  1961. 

Management  Plan,  Supersonic  Transport  Aircraft 

In  order  to  effectively  manage  the  research  and  study  phase  of  the  commercial 
supersonic  transport  aircraft  program,  conducted  by  industry  under  contract, 
the  undersigned  agree  to  the  provisions  of  the  attached  plan. 

Joseph  S.  Imirxe, 
Department  of  Defente. 

Ira  H.  Abbott, 

National  Aeronautics  and  Space  Administration. 

N.  E.  Halaby, 

Federal  Aviation  Agency. 

Management  Plan  for  the  Research  and  Study  of  a Supersonic  Transport 

Aircraft 

Purpose 

The  purpose  of  the  plan  is  to  establish  the  machinery  for  management  of  the 
research  and  study  effort  by  industry  for  the  supersonic  transport  including  the 
organizational  functions  and  responsibilities  of  the  Federal  Aviation  Agency,  the 
National  Aeronautics  and  Space  Administration,  the  Department  of  Defense  and 
the  U.S.  Air  Force,  with  emphasis  on  the  efficient  use  of  congressional  appropria- 
tions for  the  supersonic  transport. 

Guidance 

The  Commercial  Supersonic  Transport  Aircraft  Report  of  June  1961,  approved 
by  the  Secretary  of  Defense;  Administrator,  NASA,  and  Administrator,  FAA, 
provides  the  basic  guidelines  for  preparation  of  the  plan  and  its  implementation. 

the  plan 

It  must  be  borne  clearly  in  mind  at  all  times  that  the  program  is  one  of  Govern- 
ment assistance  to  industry  for  development  of  a commercial  supersonic  transport. 

The  high  level  of  technical  confidence  needed  by  the  manufacturers  for  the 
preparation  of  aircraft  design  proposals  has  not  yet  been  reached.  The  need  for 
accelerating  essential  research  in  the  basic  technical  areas  of  aerodynamics, 
propulsion,  structures  and  systems  is  an  urgent  requirement  if  a U.S.  commercial 
supersonic  transport  is  to  be  available  within  the  next  decade.  Therefore,  em- 
phasis in  the  next  12  to  24  months  will  be  given  to  the  conduct  of  research  and 
study  of  the  critical  technical  areas  contained  in  appendix  II  of  the  above  report. 

organizations:  functions  and  responsibilities 

FAA 

In  the  supersonic  transport  program,  FAA  by  virtue  of  its  statutory  authority 
and  pursuant  to  agreements  with  the  Department  of  Defense  and  the  National 
Aeronautics  and  Space  Administration,  has  basic  responsibility  for  providing 
overall  program  leadership  and  management  direction  for  expenditure  of  funds 
appropriated  to  FAA  for  supersonic  transport  development. 

Formal  coordination  and  consultation  with  the  Department  of  Defense  and  the 
National  Aeronautics  and  Space  Administration  wul  be  accomplished  through 
a high  level  steering  group  and  a working  level  task  group. 

SST  Steering  Group  • 

The  plan  provides  for  an  SST  Steering  Group  comprised  of  Mr.  N.  E.  Halaby, 
Chairman,  Federal  Aviation  Agency;  Mr.  J.  S.  Imirie,  Department  of  Defense; 
and  Mr.  Ira  H.  Abbott,  National  Aeronautics  and  Space  Administration.  The 
steering  group  will  formulate  broad  policy  and  give  general  guidance  to  the  pro- 
gram. They  will  be  primarily  concerned  with  matters  of  the  program  involving 
external  governmental  relationships  with  the  public,  Congress,  and  special  groups. 
The  group  will  review  and  evaluate  contractor  proposals,  contractor  selection,  and 
fund  allocation.  Final  contractor  selection  will  be  made  by  the  Administrator, 
FAA. 
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SST  Task  Group 

The  task  group  is  comprised  of  specifically  designated  representatives  of  the 
DOD,  NASA,  and  FAA.  It  has  been  functioning  satisfactorily  for  some  time  and 
serves  as  staff  and  action  support  to  the  steering  group  to  coordinate  the  SST 
activities  of  the  three  agencies.  This  task  group  is  chaired  by  an  FAA  member 
and  its  specific  functions  are — 

1.  Coordinate  plans  for  Government  effort  in  SST  research  and  develop- 
ment. 

2.  Recommend  policy  to  the  SST  Steering  Group. 

3.  Assure  implementation  through  appropriate  internal  organization 
actions  of  the  policies  approved  by  the  SST  Steering  Group. 

4.  Monitor  and  integrate  overall  progress  of  the  SST.  technical  activities  of 
the  three  agencies. 

5.  Guide  and  review  the  preparation  of  requests  for  proposal  to  industry 
including  work  statements  using  appendix  II  of  the  June  1961  Commercial 
Supersonic  Transport  Aircraft  Report  as  the  basis. 

6.  Review  the  evaluation  of  industry  proposals  and  recommend  contractor 
selection  and  fund  allocation. 

7.  Facilitate  the  timely  preparation  of  budget  estimates  with  supporting 
justification  for  succeeding  years’  efforts. 

The  task  group  will  call  on  and  use  the  specialized  skills  of  the  technical  staffs 
of  the  three  agencies  and  the  airlines  in  performing  its  assigned  functions.  Special 
working  groups  will  be  established  as  required  to  facilitate  expeditious  ana  effi- 
cient handling  of  SST  research  and  development  effort.  The  agencies  will  assign 
appropriate  representatives  to  such  working  groups  on  a priority  basis  and  for 
such  periods  of  time  as  may  be  required  to  assure  the  timely  accomplishment  of 
the  assigned  task.  The  FAA  member  will  serve  as  chairman  of  any  working 
groups  which  may  be  convened. 

USAF  SS  T Support  Office 

The  primary  function  of  the  AirForce  SST  Support  Office  is  to  administer  the 
the  research  and  study  effort  in  accordance  with  guidance  and  direction  provided 
by  the  Administrator,  FAA.  This  Office  will  be  located  in  the  Headquarters, 
Aeronautical  Systems  Division,  Wright-Patterson  AFB. 

Technical  teams  utilized  by  the  Support  Office  in  performance  of  this  function 
will  include  representatives  from  NASA  and  FAA  as  required.  Technical 
activities  will  be  coordinated  with  these  agencies  to  preclude  duplication  and  to 
insure  a fully  integrated  approach  in  the  contract  effort.  More  specifically,  the 
Support  Office  will— 

1.  Prepare  requests  for  proposal  from  industry  and  evaluate  industry 
proposals  in  coordination  with  NASA  and  FAA  technical  personnel. 

2.  Recommend  contractor  selection  and  fund  allocation. 

3.  Conduct  contractual  services  for  procuring  the  research  to  be  under- 
taken by  industry  using  the  supersonic  transport  appropriations  of  FAA. 

4.  Serve  as  a focal  point  for  industry  and  Government  on  contractual 
matters. 

5.  Evaluate  contractor  progress  against  the  provisions  of  the  contract. 

6.  Implement  coordinated  technical  plans  for  supersonic  transport  devel- 
opment. 

7.  Prepare  periodic  status  reports  on  contract  work  reflecting  technical 
progress,  major  problems,  and  financial  status  with  appropriate  recommen- 
dations. 

8.  Assist  in  the  preparation  of  budget  estimates  and  justification  for  next 
year’s  work. 


FINANCIAL  AND  CONTRACT  PROCEDURES 

The  funds  to  be  placed  under  contract  wit.i  industry  by  the  Air  Force  are  those 
provided  to  FAA  by  congressional  appropriation  for  the  supersonic  transport. 
These  funds  will  be  transferred  from  FAA  to  the  Air  Force  on  a “reimbursable 
basis.”  The  procedures  for  transfer  of  the  funds  will  be  jointly  prepared  by 
comptroller  personnel  of  the  two  agencies  on  the  approval  of  this  plan. 

Procedures  used  by  the  USAF  will  apply  in  placing  these  funds  under  contract. 

ADJUSTMENTS  TO.  THE  PLAN 

It  is  recognized  that  this  supersonic  transport  program  is  unique  in  terms  of 
Government-industry  relationships.  It  is  also  recognized  that  as  the  program 
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progresses,  and  at  discreet  points  where  major  shifts  in  emphasis  may  occur, 
based  on  the  latest  information,  changes  in  the  plan  may  be  needed.  It  is  there- 
fore the  intent  of  this  plan  to  respond  to  the  changing  needs  of  the  situation  and 
not  be  bound  to  an  inflexible  static  system  of  fixed  requirements. 


ADMINISTRATIVE  SUPPORT 

The  needs  of  the  groups  for  administrative  support  (personnel,  travel,  office 
space  and  equipment)  in  the  accomplishment  of  the  functions  and  responsibilities 
contained  in  the  plan  will  be  provided  by  the  organizations  concerned  and  will 
not  be  charged  to  the  supersonic  transport  appropriations  provided  by  Congress. 


EFFECTIVE  DATE  OF  IMPLEMENTATION 

This  plan  will  be  implemented  on  the  date  of  approval  by  NASA,  DOD,  and 
FAA. 

Mr.  Gough.  The  DOD  representative  on  this  group  is  now  the 
Honorable  Brockway  McMillan,  Assistant  Secretary  of  the  Air  Force 
(Research  and  Development).  The  NASA  representative  is  now 
Mr.  Charles  H.  Zimmerman,  Director  of  Aeronautical  Research,  and 
the  FAA  representative  and  chairman  of  the  group  is  the  Honorable 
N.  E.  Halaby,  FAA  Administrator.  Reporting  to  this  steering  group 
and  responsible  for  planning  and  coordinating  supersonic  transport 
technical  and  supporting  programs  within  the  three  agencies  is  the 
Supersonic  Transport  Task  Group.  Each  of  the  three  agencies  is 
represented  in  this  task  group  by  appropriate  high  level  technical 
personnel.  The  SST  Task  Group  and  the  SST  Steering  Group  have 
functioned  in  a remarkable  spirit  of  cooperation  and  have  enabled  the 
three  agencies  to  proceed  in  this  ioint  undertaking  with  complete 
assurance  that  the  efforts  of  the  three  agencies  are  completely  co- 
ordinated and  that  no  duplication  of  effort  exists. 

With  specific  reference  to  NASA’s  1964  budget  request  for  super- 
sonic transport  support,  it  should  be  first  clearly  understood  that  the 
Commercial  Supersonic  Transport  Aircraft  Report  referred  to  earlier 
defined  NASA’s  role  and  broad  responsibility  in  the  joint  effort  as 
one  of  providing  basic  research  and  technical  support.  This  is  con- 
sistent with  NASA’s  basic  statutory  responsibility  in  the  field  of  aero- 
nautical research  and  is  a role  which  NASA  and  its  predecessor  agency 
have  performed  over  the  years  with  distinction. 

Mr.KARTH.  Mr.  Gough,  that  is  true.  I think  the  subcommittee 
agrees  that  the  NASA  and  the  other  agencies  of  Government  should 
do  basic  research,  and  one  of  the  agencies  of  Government  should  do 
the  basic  research  so  that  we  don’t  nave  too  many  programs  going  in 
parallel  and  get  involved  in  duplication. 

The  question  I think  is  in  the  minds  of  the  subcommittee  members — 
at  least  it  is  in  my  mind — is  whether  or  not  NASA  at  this  point  should 
be  requesting  funds  to  do  research  specifically  for  the  supersonic 
transport  project  before  the  feasibility  study  has  been  made. 

Mr.  Gough.  I think  I understand  your  question,  sir,  and  I would 
answer  it  this  way:  When  you  talk  of  the  feasibility  study  I am  con- 
fused as  to  which  one  you  mean.  Now,  the  technical  feasibility 
study  has  been  made.  It  was  decided  before  this  report. 

Mr.  Karth.  Let  me  be  more  specific.  The  study  that  I understand 
is  underway,  but  which  has  not  yet  been  submitted  to  the  President 
for  his  consideration,  answers  the  question  of  whether  or  not  the 
Federal  Government  should  subsidize  industry  in  the  development 
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of  the  supersonic  transport  by  at  least  providing  the  supporting 
research.  Isn’t  there  such  a study  underway? 

Mr.  Gough.  Yes,  that  has  to  do  with  the  economics  and  the 
management  arrangement. 

Mr.  Karth.  Has  it  been  submitted  to  the  President? 

Mr.  Gough.  It  has  not  yet  been  submitted.  Mr.  Halaby  would  be 
here  this  morning  if  he  weren’t  putting  in  full  time  on  that  work. 

Mr.  Karth.  I have  spoken  with  Mr.  Halaby,  and  I understand  his 
feelings,  and  we  certainly  feel  that  you  can  do  the  job  that  the 
subcommittee  feels  necessary. 

My  question  is  until  such  time  as  this  report  is  made  public — and  I 
assume  that  at  this  time  NASA  is  not  aware  of  what  the  findings 
might  be  any  more  than  the  administration  is  aware  of  what  the 
recommendations  might  be — why  should  this  subcommittee  consider 
authorizing  funds  to  do  basic  research  which  the  report  might  recom- 
mend against? 

Mr.  Mosher.  What  is  the  probable  time  of  that  report? 

Mr.  Karth.  I understand  it  is  in  the  very  near  future.  Mr. 
Gough,  can  you  answer  that? 

Mr.  Gough.  It  has  been  variously  stated  as  from  the  middle  of 
May  to  the  first  of  June.  This  is  the  economic  feasibility  and  manage- 
ment arrangements  for  recommendation  to  the  President. 

Mr.  Mosher.  We  will  know  the  recommendations  by  June  1? 

Mr.  Gough.  I hope  so,  but  I am  not  working  on  that  phase  of  it. 
Mr.  Halaby  is  personally  handling  that. 

Mr.  Mosher.  May  I ask  this,  Mir,  Chairman 

Mr.  Karth.  Proceed. 

Mr.  Mosher.  This  i3  just  a recommendation  to  the  President? 

Mr.  Gough.  This  is  Mr.  Halaby’s  recommendation  to  the  Cabinet 
and  the  Vice  President,  as  I understand  it,  and  then  to  the  President 
so  that  he  can  make  a decision  as  to  how  we  will  proceed. 

Mr.  Mosher.  That  decision  will  be  in  the  form  of  a recommenda- 
tion to  Congress? 

Mr.  Gough.  Yes. 

Mr.  Karth.  Let  me  follow  that  just  one  step  further.  Mr.  Halaby 
makes  his  recommendation  to  the  Vice  President;  is  that  correct? 

Mr.  Gough.  Yes,  sir. 

Mr.  Karth.  And  the  Vice  President  takes  it  under  advisement, 
and  he  makes  a recommendation  based  on  Halaby’s  recommendation 
and  his  own  advice  to  the  President;  is  that  correct? 

Mr.  Gough.  I would  imagine  so. 

Mr.  Karth.  How  long  does  this  normally  take? 

Mr.  Gough.  I never  have  done  it  before. 

Mr.  Karth.  Well,  there  have  been  instances,  I am  sure,  where  rec- 
ommendations in  other  areas  were  made  to  the  Executive.  To  the 
best  of  your  knowledge  how  long  has  it  taken  to  have  decisions  made 
on  this  kind  of  recommendation? 

Mr.  Gough.  Sir,  I don’t  feel  that  I am  in  a position  to 

Mr.  Karth.  Two  months,  three  months,  four  mouths? 

Mr.  Gough  (continuing).  To  answer  that. 

Mr.  Karth.  You  don’t  know? 

Mr.  Gough.  No,  sir;  I have  never  operated  at  that  level  or  done 
those  things. 
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Mr.  Karth.  Has  FAA  ever  made  recommendations  of  a sn  .liar 
nature  to  the  executive  branch? 

Mr.  Goodrich.  I am  not  aware  of  any.  At  the  moment  the  par- 
allel that  comes  to  mind  is  the  decision  to  construct  the  first  nuclear 
merchant  vessel,  the  Savannah. 

Mr.  Karth.  And  how  long  did  it  take  to  make  a decision  on  that? 

Mr.  Goodrich.  I really  don’t  recall  the  details  on  that,  Mr. 
Chairman. 

Mr.  Karth.  The  reason  I thought  knowledge  of  the  time  interval 
would  be  valuable  to  the  committee  is  that  if  it  took  4 to  6 months, 
then  the  subcommittee  could  deny  the  authorization  request  without 
really  harming  the  supersonic  transport  program.  If  the  recommen- 
dation did  happen  to  suggest  that  NASA  go  forward  with  research 
specifically  for  the  development  of  the  supersonic  transport  and  if  the 
administration  saw  fit  to  agree  with  the  recommendation,  then  NASA 
could  apply  for  a supplemental  request. 

We  could  be  well  into  August,  September,  or  October,  or  maybe 
even  to  the  beginning  of  the  next  session  of  Congress  before  a national 
decision  is  made ; I don’t  know.  This  was  the  purpose  of  the  inquiry. 

Mr.  Goodrich.  I don’t  want  to  anticipate  some  of  the  further  re- 
marks that  Mr.  Gough  is  preparing  to  make  to  you,  but  I think  he  will 
address  himself  in  part  at  least  to  that. 

Mr.  Karth.  All  right,  Mr.  Gough,  would  you  care  to  proceed. 

Mr.  Gough.  Thank  you,  sir. 

It  is  my  feeling  that  it  is  quite  appropriate,  proper,  and,  in  fact, 
necessary  that  NASA  budget  for  and  conduct  basic  research  with 
respect  to  the  supersonic  transport  in  fiscal  year  1964.  This  is  neces- 
sary for  the  continuity  of  the  basic  research  which  NASA  has  been 
performing  in  the  joint  program  in  prior  years,  and  is  a program  to 
afford  optimum  utilization  of  NASA’s  technical  capabilities  and 
facilities  in  the  national  interest.  , 

I should  like  to  digress  for  a minute,  sir,  with  your  permission,  and 
ad  lib  a point  here.  We  need  this  basic  research  whether  we  build  a 
supersonic  transport  or  not.  This  is  the  kind  of  thing  that  would 
have  been  handy  to  have  to  make  the  decision  to  build  a transport 
2 years  ago  if  we  had  had  the  knowledge  in  these  areas,  but  over  and 
beyond  that  we  in  the  FAA  are  going  to  have  the  task  of  certifying 
any  foreign  supersonic  transport  which  is  produced,  and  we  must  have 
as  much  basic  knowledgeability  as  possible  to  judge  them  even  if 
we  make  none. 

Mr.  Karth.  Then,  I assume  your  personal  recommendation  has 
already  become  firm,  and  you  would  recommend  to  the  administration 
that  we  proceed  with  basic  research? 

Mr.  Gough.  Yes,  sir;  but  I was  ad  libbing  there  and  giving  you  my 
opinion  to  answer  your  question.  My  opinion  would  be  yes,  we  are 
way  behind,  we  should  proceed.  This  would  be  my  recommendation 
to  the  President,  but  that  would  not  be  based  on  any  knowledge- 
ability  of  mine  on  the  feasibility  economically  of  doing  it,  or  any 
recommendation  from  me  as  to  now  they  would  manage  it.  From 
the  technical  standpoint,  it  is  inevitable.  If  we  don’t  do  it,  someone 
will  do  it.  We  are  going  to  go  faster.  But,  you  see,  we  have  been 
in  the  supersonic  business  for  quite  a while.  We  have  a large  number 
of  fighters  which  carry  one  person.  We  have  bombers  which  carry 
three. 
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Mr.  Karth.  If  it  is  so  important  why  did  it  take  2 years  to  decide 
to  make  some  kind  of  recommendation  to  the  President?  That 
recommendation  being:  “yes”  or  “no”,  should  or  should  not  the 
Government  engage  in  supporting  research  which  in  effect  is  sub- 
sidizing the  aircraft  industry  in  the  development  of  a supersonic  jet 
transport? 

If  it  is  so  important,  why  does  it  take  so  long  to  make  a recom- 
mendation? 

Mr.  Gough.  I am  again  straying  into  my  own  personal  feeling  in 
this,  sir.  I don’t  think  it  took  us  so  long  to  make  a recommendation. 
I think  we  did  well  in  the  technical  field  to  foresee 

Mr.  Karth.  You  said  we  have  been  working  on  it  for  some  time;  I 
assume  you  mean  several  years.  To  my  knowledge  the  Government 
has  been  doing  work  in  the  supersonic  transport  area  for  several  years, 
and  now,  lo  and  behold,  it  is  May  of  1963  and  you  are  finally  going  to 
make  a recommendation  as  to  whether  or  not  the  Government  should 
start  to  do  research  as  a form  of  subsidy  to  industry  in  the  develop- 
ment of  a supersonic  transport. 

I cannot  quite  follow.  It  seems  that  the  cart  was  put  before  the 
horse,  but  I am  not  going  to  argue  the  point.  If  it  is  as  important  as 
you  think  it  is,  and  I happen  to  think  it  is  important  to  develop  a 
supersonic  transport,  why  does  it  take  so  long  to  make  a recom- 
mendation? 

Mr.  Mosher.  Perhaps  I can  clarify  the  point.  Mr.  Gough  just 
commented,  ad  lib,  that  we  are  way  behind.  Behind  whom,  or  be- 
hind what  schedule?  What  do  you  mean  when  you  say  way  behind? 

Mr.  Gough.  I meant  that  we  were  behind  in  the  degree  of  activity 
which  we  could  spend  in  this  area,  the  degree  of  knowledge  which  we 
might  have  had  had  we  doubled  our  research  effort  to  answer  many 
of  the  technical  problems  that  we  don’t  have  the  answers  to  as  yet. 

Mr.  Mosher.  In  other  words,  what  you  really  mean  is  that  there 
is  a long  way  to  go. 

Mr.  Gough.  Yes. 

Mr.  Mosher.  You  don’t  mean  that  we  are  way  behind  some 
established  pace  that  has  been  agreed  upon? 

Mr.  Gough.  No ; I meant  we  should  have  done  this  earlier. 

Mr.  Mosher.  Are  we  way  behind  some  other  group  that  is  doing 
this?  For  example,  are  we  way  behind  France  and  England  in  their 
efforts  along  these  lines,  or  are  we  way  behind  Russia? 

Mr.  Gough.  I would  say  we  are  behind  England  and  France  in 
that  they  have  made  the  decision  to  make  hardware.  I do  not  think 
that  we  are  behind  in  our  knowledge  of  technical  aspects  of  the 
problem. 

Mr.  Karth.  Mr.  Gough,  if  we  are  behind  them  in  the  development 
of  hardware,  doesn’t  it  follow  that  they  have  already  done  their 
basic  research?  It  would  seem  that  development  of  an  aircraft  can’t 
proceed  until  basic  research  is  completed. 

Mr.  Gough.  No,  sir;  you  can’t  assume  that;  that  is  not  correct. 

Mr.  Karth.  Then  they  do  things  differently  there  than  we  do  here. 

Mr.  Gough.  That  is  right.  There  are  problems  which  have  to  do 
with  the  economics  of  this  which  are  being  funded  by  the  national 
government  there,  and  others  have  to  do  with  things  like  noise  and 
what  will  the  country  tolerate,  and  what  will  they  darned  well  put  up 
with,  economy,  what  will  be  the  fuel  consumption,  problems  of  this 
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kind  that  go  into  make  up  certification  that  in  order  to  get  into  the 
market  they  are  going  right  on  by,  hoping  there  will  be  a solution,  but 
when  they  complete  their  tests  and  have  their  airplane,  then  you  will 
take  it. 

Mr.  Karth.  Do  you  mean  that  they  are  just  going  ahead  and  devel- 
oping the  airplane,  and  then  they  are  going  to  answer  those  questions 
later  on  if  they  pose  themselves  as  questions? 

Mr.  Gough.  That  is  right. 

Mr.  Karth.  Dr.  Weaver? 

Dr.  Weaver.  Mr.  Chairman,  as  I understand  it,  one  of  the  prob- 
lems is  the  selection  between  a mach  2 and  mach  3 supersonic  trans- 
port, and  of  living  to  decide  whether  we  are  going  to  go  as  high  as 
mach  3.  Further,  the  British  and  French  are  ahead  of  us  and  nave 
a good  chance  of  taking  away  the  commercial  airline  business  from 
us  as  far  as  selling  transports  of  this  kind  is  concerned. 

Isn’t  this  part  of  the  great  problem,  that  our  commercial  aircraft 
industry  will  suffer  unless  this  research  is  done? 

Mi*.  Gough.  Yes,  sir;  that  is  a part  of  it,  and  it  has  been  commented 
on  at  considerable  length  by  Mr.  Halaby.  It  isn't  the  part  that  I 
came  prepared  to  discuss  as  such,  but  I would  say  this,  within  the 
state  of  the  known  art  of  airplanes  that  have  been  built,  they  have 
proceeded  to  make  an  airplane.  Now,  the  problem  comes  up,  if  it  is 
available  will  that  force  our  airlines  to  buy  it.  Also  it  means  if  it 
is  available  it  has  to  bq  acceptable.  It  must  meet  our  certification. 
It  must  meet  our  requirements  for  noise,  for  takeoff,  and  for  approach 
and  landing. 

The  answers  to  these  questions  aren’t  clear  at  all. 

Dr.  Weaver.  Mr.  Chairman,  it  is  the  same  fear  that  we  had  when 
we  lost  the  business  to  the  Caravels  and  the  Viscounts;  the  same  fear 
that  we  are  going  down  and  down  in  our  aircraft  industry  unless 
something  happens. 

Mr.  Gough.  Yes. 

Dr.  Weaver.  Also,  there  is  definite  value  in  the  knowledge 
provided  to  the  space  program  for  there  is  some  knowledge  gained 
by  learning  how  to  handle  planes  in  the  earth  atmosphere  and  at 
mach  3 that  also  apply  to  the  control  of  space  vehicles.  Therefore, 
knowledge  gained  from  aeronautical  research  can  apply  to  our  space 
program. 

Mr.  Gough.  There  is  no  question  about  that  in  my  mind.  This 
is  a total  process.  It  goes  from  the  military  to  the  civilian,  back 
to  the  military,  and  from  our  space  we  benefit,  environmental  studies, 
human  factors,  the  space  program,  they  all  help  us  in  our  calculations 
with  the  airplane. 

Most  important,  as  I indicated  a minute  ago,  as  the  military 
proceeds  with  their  airplanes  where  performance  is  the  most  important 
factor,  there  are  questions  like  the  life  of  the  piece  of  equipment, 
the  noise  it  creates,  which  aren’t  tolerable  to  the  present  state  of 
economics,  so  even  they  are  helped  by  basic  research. 

Dr.  Weaver.  Whether  or  not  it  is  economically  feasible  for  com- 
mercial airlines  to  fly  at  this  speed,  might  it  still  be  feasible  for  the 
national  space  program  and  for  military  aircraft? 

Mr.  Gough.  Yes,  sir. 

Mr.  Downing.  May  I interrupt,  Mr.  Chairman? 
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Mr.  Karth.  Mr.  Downing. 

Mr.  Downing.  Our  good  friend,  Mr.  Gough,  is  a product  of  Lang- 
ley, NASA,  is  he  not? 

Mr.  Gough.  Yes,  sir. 

Mr.  Downing.  I have  seen  models  on  display  down  there.  Haven’t 
they  done  work  on  this  supersonic  transport  at  Langley? 

Mr.  Gough.  NASA? 

Mr.  Downing.  Yes. 

Mr.  Gough.  Yes. 

Mr.  Downing.  What  stage  is  that  in  now? 

Mr.  Gough.  They  have  made  a large  number  of  models  of  com- 
binations of  wings  and  bodies  and  powerplant  locations  in  order  to 
determine  what  configurations  produce  minimum  drag,  give  maximum 
lift. 

Mr.  Downing.  Well,  haven’t  they  decided  what  configuration  is 
best  for  the  supersonic  transport? 

Mr.  Gough:  No,  sir.  They  have  made  a large  number  of  models 
which  from  the  aerodynamic  viewpoint  are  attractive  and  efficient, 
but  whether  it  is  technically  feasible  to  fabricate  them  is  another 
question. 

You  will  recall  the  problem  on  such  an  airplane  as  the  Lockheed  104 
when  the  wing  thickness  was  so  small  that  there  was  a question  of 
whether  you  could  get  the  structure  in  to  get  strength,  that  kind  of 
thing  comes  up  even  more  in  an  efficient  supersonic  airplane. 

Mr.  Downing.  Thank  you. 

Mr.  Karth.  Unless  there  is  something  further  you  would  like  to 
add,  Mr.  Gough,  you  can  proceed  with  your  prepared  statement. 

Mr.  Gough.  Thank  you.  I will  try  not  to  interrupt  myself. 

The  1964  aeronautical  budget  request  was  carefully  reviewed  by 
the  Director,  Aircraft  Development  Service,  FAA,  and  revealed  no 
duplication  of  effort  between  the  agencies  and  further  indicated  that 
NASA  was  pursuing  the  basic  role  and  responsibility  assigned  to  it  in 
the  supersonic  transport  program  by  the  joint  agreement  among  the 
three  agencies. 

It  may  be  desirable  to  indicate  in  more  detail  the  coordination  be- 
tween FAA  and  NASA  for  the  fiscal  year  1964  programs.  The  Direc- 
tor Aircraft  Development  Service  FAA  wrote  to  the  Director  Aero- 
nautical Research  NASA  on  November  27,  1962,  transmitting  a copy 
of  the  FAA  Aircraft  Development  Service  fiscal  year  1964  budget 
request  for  NASA’s  review  and  coordination.  This  letter  also  re- 
quested a copy  of  NASA’s  proposed  aeronautical  research  budget  for 
fiscal  year  1964.  On  November  10,  1962,  NASA’s  Director  of  Aero- 
nautical Research  replied  to  this  letter  stating  that  the  FAA  Aircraft 
Development  Service’s  budget  request  had  been  reviewed  by  them 
and  that  no  duplication  of  effort  was  apparent.  This  letter  also 
promised  a copy  of  NASA’s  fiscal  year  1964  budget  request  for  aero- 
nautical research  would  be  forwarded  and  it  was  received  on  Decem- 
ber 17,  1962.  Both  of  these  letters  referred  to  the  thorough  and  con- 
tinuing coordination  between  the  agencies  with  respect  to  the  super- 
sonic transport  program.  Copies  of  these  letters  are  attached. 
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(The  letters  referred  to  follow:) 

Attachment  I 

November  27,  1962. 

Mr.  Charles  H.  Zimmerman, 

Director , Aeronautical  Research, 

National  Aeronautics  and  Space  Administration , 

Washington,  D.C. 

Dear  Mr.  Zimmerman:  In  presenting  our  budget  for  the  fiscal  year  1964  for 
the  activities  of  the  Aircraft  Development  Service  we  must  assure  ourselves  as 
well  as  the  Bureau  of  the  Budget  and  the  Congress  that  there  is  no  duplication  of 
effort  between  our  activities  and  those  of  the  NASA.  Mr.  Bates  recently  discussed 
this  matter  with  you  in  a telephone  conversation. 

The  SST  program  as  a joint  effort  of  the  NASA,  the  DOD,  and  the  FAA  is 
completely  coordinated  at  all  levels  and  officially  approved  through  the  joint 
task  and  steering  groups  composed  of  representatives  of  the  three  Agencies.  I 
know  that  you  are  completely  familiar  with  this  program. 

The  budget  for  the  other  activities  of  the  Aircraft  Development  Service  is 
submitted  in  the  research  and  development  portion  of  the  Agency’s  budget  re- 
quest under  the  heading  of  “Aircraft  Safety.”  This  is  essentially  a development 
program  to  bridge  the  gap  between  the  basic  research  of  the  NASA  and  practical 
application  and  use  in  civil  aviation.  The  primary  purpose  of  this  program  is  to 
provide  the  basis  for  sound  and  improved  safety  rules  and  standards  which  the 
Agency  is  responsible  for  promulgating.  It  is  also  intended  to  continually  ad- 
vance safety  and  the  state-of-the-art  in  civil  aviation.  Informal  coordination  of 
most  of  these  programs  has  been  accomplished  between  appropriate  personnel  of 
our  respective  staffs.  Some  of  the  subprograms  contemplate  a joint  effort  with 
NASA.  A copy  of  the  budget  submission  for  the  aircraft  safety  activity,  together 
with  descriptive  material  of  the  programs  and  subprograms  is  enclosed.  I will 
appreciate  your  written  assurance  that  there  is  no  duplication  between  the  pro- 
grams of  the  A.ircraft  Development  Service  and  those  of  your  organization.  A 
copy  of  your  reply  will  be  submitted  to  the  Congress  as  evidence  of  our  formal 
coordination  with  you. 

We  will  appreciate  receiving  a copy  of  your  proposed  program  of  aeronautical 
research  for  fiscal  year  1964  for  our  information  and  guidance. 

Sincerely  yours, 

Melvin  N.  Gough, 
Director,  Aircraft  Development  Service. 
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National  Aeronautics  and  Space  Administration, 

Washington,  D.C.,  December  10,  1962. 

Mr.  Melvin  N.  Gough, 

Director,  Aircraft  Development  Service, 

Federal  Avialion  Agency,  Washington,  D.C. 


Dear  Mel:  We  have  reviewed  your  proposed  fiscal  year  1964  program  which 
was  enclosed  with  your  letter  dated  November  27,  1962,  with  regard  to  possible 
duplication  of  effort. 

As  you  mentioned  in  your  letter,  the  joint  effort  of  the  NASA,  FAA,  and  DOD 
in  the  supersonic  transport  program  is  completely  coordinated  at  all  levels  as  a 
continuing  task. 

As  a result  of  our  review  of  the  other  activities  of  the  FAA's  Aircraft  Develop- 
ment Service  as  outlined  in  your  letter  for  fiscal  year  1964,  we  conclude  that  there 
is  no  undesirable  duplication  of  effort  with  regard  to  the  NASA’s  research  program. 

As  per  your  request,  we  will  make  a copy  of  our  proposed  fiscal  year  1964 
program  available  to  you  in  about  1 week. 

Sincerely  yours, 

Charles  H.  Zimmerman, 
Director  of  Aeronautical  Research. 


Mr.  Gough.  This  is  in  keeping  with  Mr.  Halaby’s  challenge  that 
we  make  maximum  use  of  Government  dollars  and  a continuing  part 
of  my  job  is  coordination  of  NASA  and  DOD. 


1964  NASA  AUTHORIZATION 


2755 


Mr.  Karth.  Mr.  Ditch  has  a question  at  this  point. 

Captain  Ditch.  Mr.  Gough,  after  reading  the  letters,  I notice  that 
they  both  refer  to  the  supersonic  transport  program,  and  this  implies 
that  the  FAA  had  some  money  in  their  budget  for  the  supersonic 
transport  program  at  that  time.  Is  that  in  fact  the  case?  Both  of 
them  refer  to  the  coordination  of  the  supersonic  transport  program 
and  they  say  the  budgets  do  not  conflict. 

Mr.  Gough.  Let  me  see  if  I can  clarify  what  you  are  talking  about. 

In  additon,  in  the  FAA  budget,  in  addition  to  supersonic  trans- 
ports we  have  aircraft  development.  In  my  group  I have  VSTOL 
I have  a possible  short  haul  cargo  passenger  transport,  general  aviation 
safety  programs — that  is  the  FAA  budget  for  1964.  There  has  been 
no  SST  budget  submitted  for  1964. 

Captain  Ditch.  At  the  time  the  letters  were  written  there  was 
nothing  in  your  budget  for  SST? 

Mr.  Gough.  No,  sir;  there  isn’t  yet. 

Now,  no  budget  request  for  the  supersonic  transport  program  in 
fiscal  year  1964  for  the  FAA  has  been  submitted  to  the  Congress. 

Mr.  Karth.  Had  it  been  submitted  to  the  administration  or  the 
Bureau  of  the  Budget? 

Mr.  Gough.  No,  sir. 

Mr.  Karth.  You  made  no  request  of  anyone  for  funds? 

Mr.  Gough.  No,  sir;  you  see  the  funds  we  have  operated  on  thus 
far  have  been  a special  supplemental  appropriation  to  determine  if  we 
could  get  the  research  areas  working  and  to  increase  this  technical 
feasibility  capability  pending  the  time  when  overall  operation  of 
economics  would  show  that  it  was  reasonable  to  go  in  the  order  of 
magnitude  of  a billion  dollars  to  build  a supersonic  transport. 

Mr.  Karth.  Mr.  Gough,  if  the  President’s  decision  is  to  proceed 
with  a national  endeavor,  what  does  FAA  intend  to  do  insofar  as 
future  funding  for  the  program  is  concerned?  Is  the  FAA  going  to 
ask  for  a supplemental  appropriation? 

Mr.  Gough.  Now,  sir,  I would  suggest  that  what  they  intend  to 
do  is  whatever  the  President  tells  them,  but  I don’t  know  that  they 
are  going  to  ask  how  to  do  it. 

Mr.  Karth.  What  if  the  President’s  decision  is  in  keeping  with 
your  personal  recommendation,  then  what  do  you  intend  to  do? 

Mr.  Gough.  I think  that  is  the  answer  you  are  looking  for  in  the 
feasibility  report  that  hasn’t  been  completed  yet;  yes,  sir;  that  is  the 
one  that  will  tell  you  whether  a careful  close  look  shows  that  you 
can  do  this  economically,  the  airlines  could  compete  and  how  to 
manage  it. 

Mr.  Karth.  You  don’t  care  to  divulge  the  FAA’s  recommendation 
at  this  time  for  Executive  privilege  reasons? 

Mr.  Gough.  Sir,  I don’t  know. 

Mr.  Karth.  I see. 

Mr.  Goodrich.  I don’t  think  we  do  know,  Mr.  Chairman.  The 
study  hasn’t  been  completed,  and  we  anticipate  a few  more  weeks  will 
pass  before  it  is. 

Mr.  Karth.  I see. 

Mr.  Goodrich.  There  are  different  ideas  being  explored  every  day, 
some  being  discarded  as  rapidly  as  others  are  being  advanced.  We 
haven’t  come  to  any  conclusions  yet. 
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Mr.  Karth.  This  report  has  been  under  study  and  review  for  how 
long? 

Mr.  Goodrich.  This  particular  phase  of  preparing  the  report  for 
the  President  has  been  under  review  I think  for 

Mr.  Karth.  Well,  studying  and  preparing,  how  long  has  it  been? 

Mr.  Gough.  You  know  the  advisory  committee’s  recommendation 
was  sent  to  the  President  in  December,  Mr.  Halaby’s  advisory  group’s 
recommendation  to  proceed. 

Mr.  Karth.  Well,  the  report  that  you  expect  to  send  to  the  Presi- 
dent very  shortly  has  been  under  study  and  review  for  how  long,  when 
did  this  later  study  begin? 

Mr.  Gough.  Since  December. 

Mr.  Karth.  December  of  1962? 

Mr.  Gough.  December  of  1962. 

Mr.  Mosher.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Mosher. 

Mr.  Mosher.  Are  there  military  considerations  involved  in  this 
study,  and  is  the  DOD  involved?  Does  DOD  have  a role  in  whatever 
recommendations  will  be  made  to  the  President,  or  is  this  strictly  a 
commercial  consideration? 

Mr.  Gough.  No,  sir;  this  is  an  across-the-board  consideration,  and 
it  has  the  same  kind  of  across-the-board  representation  on  the  study 
group  that  these  task  forces  show. 

Mr.  Mosher.  Then  there  are  military  implications  in  the  super- 
sonic transport  program. 

Mr.  Gough.  I would  say  there  were.  I don’t  think  we  could  have 
supersonic  commercial  transportation  and  the  military  trying  to 
catch  up  riding  commercial  transports. 

Mr.  Karth.  Which  usually  comes  first? 

Mr.  Gough.  It  depends. 

Mr.  Mosher.  Is  there  any  relation  between  this  program  and  the 
RS-70? 

Mr.  Gough.  A great  deal  of  relationship,  yes,  the  RS-70  is  another 
technical  advance  on  which  a lot  of  basic  fundamental  data  have  been 
produced,  and  all  the  technical  data  of  the  RS-70  are  sterilized  of 
weapons  systems  data  and  are  made  available  to  the  supersonic 
transport  group,  so  in  addition  to  that  the  DOD  part  in  the  technical 
and  administration  of  the  contracts  part  has  meant  that  all  the  money 
spent  by  FAA  to  date  has  been  augmenting  the  existing  military 
knowledge  in  these  areas. 

Mr.  Mosher.  Has  NASA  had  a direct  role  in  the  RS-70  research? 

Mr.  Gough.  Direct  role  in  it? 

Mr.  Mosher.  Yes. 

Mr.  Gough.  I cannot  tell  you  in  detail  about  their  direct  role,  but 
I know  that  their  wind  tunnel  facilities  and  all  their  basic  research 
had  been  used  by  them.  I don’t  recall  exactly  the  connection  there, 
but  I do  know,  for  instance,  that  the  study  of  noise  which  we  are  em- 
barking on  and  which  is  part  of  our  budget  and  part  of  NASA’s 
budget — NASA  is  furnishing  the  instrumentation  and  supervising  the 
flight  test  program  so  that  when  the  RS-70  flies  there  will  be  a large 
portion  of  this  data  obtained  for  the  commercial  interest  over  and 
beyond  the  military. 

Mr.  Karth.  So,  really,  insofar  as  the  development  of  the  supersonic 
transport  is  concerned,  the  military  working  on  it  in  connection  with 
the  development  of  the  RS-70.  Isn’t  this  a fair  statement? 
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Mr,  Gough.  No,  sir;  I don’t  think  that  is  quite  true.  I think  one 
augments  the  other.  For  instance,  in  the  military  it  is  most  important 
that  you  get  high  thrust. 

Mr.  Karth.  Certainly  we  can  agree  that  the  RS-70  is  a supersonic 
aircraft  that  is  going  to  have  greater  military  application  than  would 
a supersonic  transport  developed  jointly  by  FAA,  NASA,  and  the 
DOD.  Isn’t  that  true? 

Mr.  Gough.  For  military  application? 

Mr.  Karth.  Yes. 

Mr.  Gough.  I am  not  sure. 

Mr.  Karth.  I am  not  in  your  position,  and  I tell  you,  Mr.  Gough, 
I am  sure. 

Mr.  Gough.  But  your  concern  also  is  that  the  Russians  could  take 
their  transport  and  put  bombsights  in  it. 

Mr.  Karth.  There  is  no  question  that  a civilian  transport  can  be 
armed.  It  is,  of  course,  feasible,  whether  you  did  it  with  a .45  or 
whether  you  did  it  with  a cannon;  it  would  be  armed.  I think  the 
gentleman’s  question  was — and  I thought  it  was  an  extremely  good 
one — does  the  supersonic  transport  have  some  military  value?  The 
answer  is  “Yes,”  it  has  some  military  value  or  significance,  but  not 
nearly  so  much  as  the  military  is  accomplishing  in  their  own  right  by 
doing  research  on  the  RS-70,  because  this  is  a supersonic  military  air- 
craft, isn’t  it? 

Mr.  Gough.  It  sure  is,  but  I think  you  could  add  to  that. 

Mr.  Karth.  The  RS-70  is  being  developed  to  take  care  of  a military 
mission  at  supersonic  speed,  isn’t  it? 

Mr.  Gough.  It  sure  is,  but  it  is  a type,  a configuration.  There 
may  be  others.  This  is  being  explored  to  the  extent  that  if  you  wish 
to  make  RS-70’s  there  may  be  other  types. 

Mr.  Karth.  And  the  RS-70  is  well  ahead  of  the  development  of  a 
commercial  supersonic  transport,  isn’t  it? 

Mr.  Gough.  Well  ahead  of  a commercial  supersonic  transport? 

Mr.  Karth.  Yes,  our  supersonic  transport,  the  U.S.  supersonic 
transport. 

Mr.  Gough.  Well,  it  is  in  the  lower  mach  number  regime. 

Mr.  Karth.  I mean  the  RS-70  is  farther  down  the  road  in  develop- 
ment, isn’t  it? 

Mr.  Gough.  It  sure  is,  it  is  ready  to  fly,  but  you  know  it  is  going 
to  make  noise  that  is  unacceptable  for  any  commercial  operation, 
and  they  would  like  to  know  how  to  make  it  quiet,  and  we  would  like 
to  make  it  quiet,  and  it  is  not  going  to  be  economical. 

Mr.  Karth.  I appreciate  that,  but  we  don’t  have  to  worry  about 
developing  a commercial  supersonic  transport  that  is  quiet  for  the 
military.  This  is  my  point.  Noise  is  probably  not  one  of  the  limiting 
criteria  for  military  operations. 

Dr.  Weaver. 

Dr.  Weaver.  Mr.  Gough,  from  your  knowledge  on  our  position 
with  respect  to  the  Russians,  where  do  we  stand  on  this  particular 
program? 

Mr.  Gough.  From  my  knowledge,  I don’t  know  that  they  are 
making  a specific  airframe.  I have  heard  that  they  were.  I do 
know  that  they  are  using  their  military  planes  operationally  to  deter- 
mine something  about  the  programing  and  traffic  problems  and  use  of 
navigational  facilities. 
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Dr.  Weaver.  Then,  you  have  no  knowledge  on  whether  they  are 
ahead  or  behind  in  the  research  in  this  field? 

Mr.  Gough.  I have  none.  When  you  say  supersonic  airframe 
you  must  remember  anything  that  goes  faster  than  the  speed  of  sound 
is  supersonic,  so  it  would  be  pretty  hard  to  tell  you  what  area  in  the 
higher  mach  numbers  they  are  working. 

Mr.  Karth.  Will  the  gentleman  yield?  What  :a  the  mach  capa- 
bility of  the  RS-70,  or  is  this  classified? 

Mr.  Gough.  I don’t  have  this  at  my  fingertips.  It  is  on  the  order 
of  two. 

Mr.  Karth.  I thought  it  was  the  order  of  two  or  three.  The 
gentleman  from  Colorado  says  three.  So  aren’t  we  really  talking 
about  the  same  kind  of  capability  insofar  as  speed  is  concerned’ 

Mr.  Gough.  We  are  talking  about  a large  airplane  that  carries  a 
big  load  and  goes  a long  way,  yes. 

Mr.  Karth.  How  much  disagreement  really  exists  between  NASA, 
who  I understand  would  like  to  develop  a mach  3 supersonic  trans- 
port plane,  and  the  FAA  who  feels  that  the  more  conservative  approach 
and  therefore  the  better  approach  would  be  to  develop  a mach  2? 

Mr.  Gough.  I cannot  agree  with  that  statement.  I have  heard 
that  and  I have  seen  the  press  pro  and  con  on  it,  but  as  far  as  I know, 
no  decision  sr  ;h  as  that  has  been  made. 

Mr.  Karth.  You  would  know  about  any  disagreements,  wouldn’t 
you? 

Mr.  Gough.  I wouldn’t  call  it  disagreement,  sir.  I would  call  it 
a matter  of  discussing  opinions  on  which  is  more  feasible. 

Mr.  Karth.  All  right,  if  this  difference  of  opinion  existed  you 
would  know  about  it,  wouldn’t  you? 

Mr.  Gough.  I do. 

Mr.  Karth.  And  does  this  difference  of  opinion  exist? 

Mr.  Gough.  There  are  opinions — yes.  This  difference  of  opinion 
exists. 

Mr.  Karth.  So  we  have  to  decide  on  a mach  2 or  a mach  3 aircraft 
before  we  proceed  with  too  much  research.  Isn’t  that  correct? 

Mr.  Gough.  I wouldn’t  say  that  is  correct.  I think  you  do  your 
research  and  learn  the  fundamentals.  From  that  you  decide  which 
you  can  make  and  which  you  can  afford  to  make. 

Mr.  Karth.  It  seems  to  me  we  might  get  into  awfully  expensive 
basic  research  if  we  are  going  to  study  17  or  18  or  19  different  pos- 
sibilities. That  was  the  only  point  to  my  question. 

Mr.  Gough.  I don’t  know  how  your  numbers  got  so  large. 

Mr.  Karth.  I would  assume  that  there  must  be  some  kind  of 
agreement  between  the  various  agencies  of  the  Government  doing 
research  in  this  area  before  further  work  can  be  undertaken,  and  this 
is  the  reason  for  my  questions.  If  you  don’t  feel  that  a decision 
on  mach  number  is  important,  then  I defer  to  your  judgment. 

Mr.  Gough.  No,  sir;  I feel  that  it  is  very  important  and  I feel  we 
heve  to  have  agreement,  but  you  are  talking  across  the  board.  For 
instance,  we  know  that  it  is  feasible  to  make  a mach  3 airplane.  It  is 
a tough  job,  but  it  is  feasible,  meaning  that  we  think  we  see  a way  to 
do  it.  We  know  we  can  make  mach  2 airplanes.  We  have  them. 
They  are  flying,  small  sizes,  fighter  types.  Which  you  are  going  to 
shoot  for  depends  on  a lot  of  other  things,  and  this  feasibility  report 
on  economics,  for  instance,  is  an  extrapolation  of  our  past  mistakes 
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into  the  future.  It  takes  a lot  of  vision  and  foresight  to  see  how  we 
can  operate  better  than  we  have  been  doing,  and  it  may  well  be  that 
the  very  method  of  ticketing  or  having  offices  around  the  world  would 
add  to  the  economics  as  much  as  the  aircraft  itself. 

Mr.  Karth.  I think  you  have  answered  my  question.  You  seem 
to  be  very  set  on  mach  2. 

Mr.  Gough.  I am? 

Mr.  Karth.  Yes. 

Mr.  Gough.  No,  sir. 

Mr.  Karth.  Then  I misunderstood  you. 

Mr.  Gough.  Could  I have  another  chance  to  tell  you  that  I am  for 
mach  3 and  above.  Let’s  go! 

Mr.  Chenoweth.  Mr.  Chairman. 

Mr.  Karth.  Mr.  Chenoweth. 

Mr.  Chenoweth.  Do  I understand  that  the  FAA  doesn’t  expect 
to  have  an  operational  aircraft  until  after  V370?  I notice  that  the 
Supersonic  Transport  Aircraft  Report,  signed  by  all  three  agencies 
says  “in  the  1970  time  period.”  Is  it  correct  that  we  are  not  going  to 
have  anything  for  another  7 years? 

Mr.  Gough.  If  you  take  the  definition  of  an  operational  airplane, 
for  instance  this  year  there  will  be  an  RS-70  flying,  I feel  reasonably 
certain. 

Mr.  Chenoweth.  Well,  I am  quoting  now  from  this  statement: 

A vigorous  effort  must  be  started  immediately  in  order  to  have  an  operational 
aircraft  in  the  1970  time  period. 

Mr.  Gough.  This  is  a scheduled  air  transport. 

Mr.  Chenoweth.  Do  you  mean  it  will  be  7 years  before  we  get 
anything  of  aJn  operational  nature? 

Mr.  Gough.  I think  that  is  on  the  high  side,  a very  conservative 
side  at  the  moment. 

Mr.  Chenoweth.  Approximately  how  much  is  to  be  spent  each 
year  on  this  program?  What  is  your  estimate?  Are  all  three  agencies 
going  to  be  spending  some  money  on  it? 

Mr.  Gough.  Well,  I think  it  will  all  be  considered  one  U.S.  bill, 
won’t  it,  regardless  of  how  it  is  divided. 

Mr.  Chenoweth.  It  will  all  come  from  one  pocket,  but  three  differ- 
ent agencies  will  be  disbursing  the  funds.  How  much  will  we  spend? 
A billion  a year?  A half  billion?  Just  what  are  we  going  to  spend  on 
this  supersonic  transport,  and  how  important  is  it? 

Mr.  Gough.  I am  not  even  qualified  to  guess. 

Mr.  Chenoweth.  Are  we  just  playing  around  here  hoping  that 
eventually  something  will  drop  out  of  the  sky,  or  do  we  have  a target 
and  a goal  of  an  operational  aircraft  that  we  are  trying  to  reach  by 
1970? 

Mr.  Gough.  Yes. 

Mr.  Chenoweth.  Your  goal  is  a mach  3 aircraft? 

Mr.  Gough.  Yes. 

Mr.  Chenoweth.  You  have  mach  2 aircraft  now. 

Mr.  Gough.  But  not  a transport. 

Mr.  Chenoweth.  How  far  away  are  we  from  a mach  2 transport? 

Mr.  Gough.  Sir,  I think  you  are  going  to  have  to  wait  for  the 
feasibility  report  to  get  that  answer,  I wouldn’t  want  to  prejudge 
what  that  report  is  going  to  say,  and  it  answers  these  questions  you 
are  asking  me. 


2760 


1064  NASA  AUTHORIZATION 


Mr.  Chenoweth.  But  we  have  the  mach  1 transport  now. 

Mr.  Gough.  You  are  almost  there. 

Mr.  Chenoweth.  We  have  practically  that.  How  far  are  we  away 
from  mach  2 and  then  from  mach  3? 

Mr.  Gough.  I think  we  could  build  both  of  them  right  now. 

Mr.  Chenoweth.  Why  don’t  we  do  it,  then? 

Mr.  Gough.  The  answer  is,  of  course,  that  it  requires  substantial 
funding  to  proceed  with  the  development  of  the  supersonic  transport. 
In  view  of  the  estimated  development  cost  it  is  necessary  to  analyze 
the  problem  carefully,  which,  as  you  know,  takes  time.  As  a tech- 
nical man  I am  positive  that  the  United  States  can  successfully 
develop  a supersonic  transport  and  I am  impatient  to  get  on  with 
the  job. 

Mr.  Karth.  There  is  nothing  in  FAA’s  budget  and  we  are  still 
waiting  on  your  report. 

Mr.  Gough.  Yes,  sir. 

Mr.  Karth.  That  is  the  reason  we  called  you  people  before  this 
committee.  Let  me  just  say  to  the  gentleman,  this  Congress  intends 
to  be  very  cooperative  if  we  could  get  some  kind  of  judgment  from 
the  agency  of  Government  that  supposedly  shares  in  responsibility 
in  the  program. 

Who  makes  the  judgment  if  it  isn’t  of  FAA  and  NASA? 

Good  grief,  if  we  can  build  them,  why  are  we  talking  about  studies 
that  you  haven't  even  completed?  This  problem  seems  so  knotty 
you  haven’t  even  completed  the  study  which  will  make  a recommenda- 
tion to  the  President  of  the  United  States  as  to  whether  or  not  we 
should  proceed. 

I think  the  questioning  of  the  gentleman  from  Colorado  is  extremely 
pertinent.  Maybe  we  are  being  a little  bit  overanxious  here,  but 

Mr.  Mosher.  Mr.  Chairman,  I think  Congress  in  its  widsom 
certainly  would  never  say  let’s  just  build  them  because  we  can  build 
them.  The  economic  feasibility  is  an  important  element  that  we 
would  like  to  be  enlightened  on  and  he  has  promised  to  get  this  to 
us  by  June  1. 

Mr.  Karth.  I hope  the  economic  feasibility  isn’t  nearly  as  tech- 
nical and  difficult  a matter  as  the  technical  difficulty  of  building  the 
aircraft.  That  is  why  I said  before  that  some  place  along  the  line 
we  seem  to  be  putting  the  cart  before  the  horse.  I am  not  sure  that 
I am  right,  but  it  comes  to  my  mind,  and  I express  it  as  a personal 
judgment. 

Mr.  Goodrich.  Mr.  Chairman,  the  report  which  is  in  preparation 
right  now  to  the  President  and  the  Vice  President  is  designed  to  answer 
some  of  the  very  specifics  that  you  are  asking,  iust  what  it  will  cost 
year  by  year,  and  to  try  to  zero  in  on  a reasonably  accurate  figure  so 
that  the  Congress  will  know  what  is  involved  when  it  passes  on  a 
program. 

We  went  through  this  with  our  own  subcommittee  of  the  Appropria- 
tions Committee  a couple  of  months  ago,  and  Mr.  Halaby  spelled  out 
the  problems  involved  in  this  study,  and  I think  we  have  heard 
from  that  subcommittee  and  possibly  from  other  areas  of  the  Congress 
that  ther'  is  a great  deal  of  interest  in  the  program. 

Mr.  Gough’s  remark  a moment  ago  was  intended  to  be  solely 
jocular,  and  we  anticipate  that  when  the  refined  estimates,  the 
supportable  refined  estimates,  are  available — and  as  soon  as  they  are 
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available— they  would  be  forwarded  by  the  President  for  your  con- 
sideration and  the  consideration  of  any  other  appropriate  committees 
of  the  Congress. 

Mr.  Earth.  Speaking  of  estimates,  rumors  and  proposed  studies, 
do  you  know  there  is  a rumor  to  the  effect  that  the  advisory  group 
report  has  already  been  submitted  to  the  President,  and  that  it  has 
been  returned  to  FAA  because  it  wasn’t  comprehensive  enough? 
Is  this  true?  Has  this  report  been  submitted  once,  and  then  sent 
back  to  the  FAA? 

Mr.  Gough.  I mentioned  that  earlier.  In  December  Mr.  Halaby 
sent  his  advisory  committee  report  to  the  President  with  a recommen- 
dation. 

Mr.  Earth.  Is  that  the  same  report  you  are  now  working  on? 

Mr.  Gough.  Yes,  that  was  accepted  and 

Mr.  Earth.  I didn't  understand  it  was  the  same  report. 

Mr,  Gough,  It  said  that  certain  areas  should  be  amplified,  par- 
ticularly the  ones  that  had  to  do  with  economics,  and  that  is  what 
they  are  doing  now. 

Dr.  Weaver.  Mr.  Chairman. 

Mr.  Earth.  Dr.  Weaver.  j 

Dr.  Weaver.  As  far  as  you  know,  has  any  particular  aircraft  com- 
pany been  selected  to  do  this  development? 

Mr.  Gough.  No. 

Dr.  Weaver.  We  had  heard  rumors  that  one  company  will  be 
selected  for  the  development  of  the  engines,  and  the  development 
of 

Mr  Gough.  No,  sir;  only  this  past  2 weeks  have  the  group  work- 
ing on  the  report  been  briefed  by  such  people  as  Boeing,  North  Amer- 
ican, Lockheed,  and  the  engine  companies,  Pratt  & Whitney,  Wright, 
and  G.E. 

Dr.  Weaver.  Then,  to  your  knowledge,  there  has  been  no  selection 
of  the  company  that  would  develop  the  supersonic  transport? 

Mr.  Gough.  No,  sir. 

Mr.  Goodrich.  There  hasn’t  even  been  a decision  on  the  intermix 
of  private  industry  and  Government,  or  the  absence  of  an  intermix, 
whether  industry  alone  will  develop  it  or  Government  alone  will  de- 
velop it,  whether  a joint  venture  oi  manufacturers  would  be  the  best 
approach,  whether  a combination  of  Government  agencies  or  one 
single  Government  agency  to  the  exclusion  of  others  will  have  juris- 
diction of  the  program. 

Mr.  Halaby,  in  a press  conference  2 weeks  ago,  was  asked  this  very 
question,  ana  he  pointed  out  that  there  are  at  least  six  alternatives 
that  he  has  heard  and  read  about  as  under  consideration,  and  his 
answer  at  that  time  did  illustrate  the  number  of  choices  on  which 
decisions  must  be  made. 

Mr.  Earth.  As  I understand  Mr.  Gough,  and  Mr.  Goodrich,  the 
fact  of  the  matter  is  that  from  a technical  standpoint  we  can  build 
these  airplanes  today  but  these  other  basic  questions  must  first  be 
answered  before  we  can  go  ahead. 

Mr.  Goodrich.  I would  have  to  defer  to  Mr.  Gough  on  the  technical 
questions.  His  vision  as  an  engineer  is  great  and  perhaps  very  hope- 
ful in  that  regard,  and,  personally,  as  a lawyer,  I would  hope  that  we 
can  match  what  any  other  country  or  technology  can  produce,  and 
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that  we  have  the  wit  to  do  it,  I am  sure  that  we  have,  but  I am  speak- 
mg  as  an  uninformed  layman  in  that  area.  . 

There  are  other  problems,  the  economic  problem  alone,  and  the 
ultimate  economic  success,  the  marketability  of  an  aircraft,  and  cer- 
tain technical  problems  in  connection  with  its  use,  in  connection,  for 
example,  with  the  safety  of  passengers,  and  here,  again,  I am  really 
talking  off  the  top  of  my  head  because  I am  a layman  in  these  areas, 
all  of  which  have  to  be  refined  and  defined  so  that  we  can  be  sure  that 
we  will  have  the  type  of  aircraft  that  will  find  a market  and  find  an 
acceptance  on  the  part  of  the  traveling  public. 

Mr.  Karth.  I assume  if  we  build  a supersonic  transport,  it  will  be 
a safe  one,  and  not  one  that  will  fall  out  of  the  sky  10  minutes  after 
it  is  in  the  air. 

Mr.  Goodrich.  These  were  some  of  the  questions  in  our  minds 
when  you  asked  us  to  come  here  and  comment  on  the  desirability  of  a 
continuing  basic  research  program,  regardless  of  where  we  seem  to 
stand  at  the  moment  in  a decision  of  how  to  go  ahead,  when  to  go 
ahead,  and  in  what  form  to  go  ahead. 

Mr.  Karth.  The  only  reason  for  this  hearing  is  to  permit  this  sub- 
committee to  use  better  judgment  in  considering  the  NASA  request 
for  some  $9  million  in  total  funds  to  do  supporting  research  in  the  de- 
velopment of  the  supersonic  transport  when  a study  to  determine 
whether  or  not  NASA  should  become  involved  has  not  yet  been  made 
to  the  Administration.  This  is  the  reason  for  the  hearing,  sir. 

Mr.  Gough.  We  appreciate  that  concern,  and  may  I add  just  one 
comment.  Let  us  assume — and  I wouldn't  want  this  for  a moment 
to  go  misunderstood,  but  let  us  assume  just  for  the  same  of  facilitating 
your  consideration  and  any  help  that  can  come  from  our  comments, 
let  us  assume  that  the  United  States  were  not  to  go  ahead.  We  would 
still  be  faced  as  a government  and  FAA  as  the  particular  agency  of 
this  Government,  with  the  requirement  to  certify  the  use  of  a foreign- 
constructed  supersonic  aircraft,  such  as  the  Concord  now  being 
constructed  by  the  British  and  the  French. 

Mr.  Karth.  If  that  is  the  situation, /we  might  as  well  go  ahead  and 
build  one.  I might  say  to  the  subcommittee  that  it  seems  to  me  we 
don’t  have  much  choice  as  to  whether  we  are  going  to  go  ahead  and 
develop  an  aircraft  or  not.  It  seems  to  me  to  be  a moot  question. 
Even  if  we  don’t  develop  it,  and  somebody  else  develops  one,  we  still 
would  have  to  certify  them  here,  and  we  have  to  have  as  much  knowl- 
edge as  if  we  built  one. 

Mr.  Goodrich.  That  is  why  the  continuing  research  program  in 
NASA,  which  is  the  basic  research  agency  of  the  Government,  is  one 
that  for  our  part  we  favor  very  much.  The  information  ultimately 
produced  from  these  basic  research  programs  will  be  fundamental  to 
our  ability  effectively  to  certificate  an  aircraft  built  by  another 
country. 

Mr.  Karth.  You  could  not  accept  the  data  and  all  of  the  other  per- 
tinent technical  information  as  to  the  safety  and  reliability  of  the 
aircraft  that  would  be  supplied  to  you  by  a foreign  manufacturer;  is 
that  right?  You  would  have  to  develop  all  of  your  own  data  and  in- 
formation, and  then  apply  it  to  a foreign-made  aircraft.  That  seems 
rather  difficult  to  do.  I would  assume  it  is  easier  to  build  our  own. 

Mr.  Goodrich.  I am  not  arguing  with  that  assumption.  I wanted 
to  eliminate  the  possibility  that 
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Mr.  Karth.  I wondered  if  you  would  agree  with  it. 

Mr.  Goodrich.  Personally? 

Mr.  Karth.  Yes. 

Mr.  Goodrich.  Well,  insofar  as  I can  express  a personal  view,  I 
am  all  for  it,  but  I don’t  want  to  presume  to  speak  about  considera- 
tions and  faciors  as  to  which  I have  no  knowledge  and  couldn’t  pos- 
sibly judge.  I am  sure  the  committee  understands  there  are  factors 
involved  in  here  that  go  beyond  anyone’s  personal  judgment.  I mean, 
I am  a home-team  rooter,  and  that  is  why  I say  I would  like  to  3ee  us 
do  it  if  we  can. 

Mr.  Karth.  I would  hesitate  to  recommend  to  the  Congress  that 
we  spend  huge  sums  of  momvy  just  finding  out  for  our  own  personal 
information  and  application  the  characteristics  of  a foreign-built  air- 
craft for  use  in  certification  when  by  spending  the  same  amount  of 
money  we  could  build  our  own.  This  doesn’t  really  make  much  sense. 

Mr.  Chenoweth. 

Mr.  Chenoweth.  Mr.  Chairman,  J just  want  to  see  if  I have  the 
right  impression  of  what  I have  heard  here  this  morning.  My  im- 
pression is  that  we  are  proceeding  at  a rather  leisurely  pace  in  the 
development  of  a commercial  supersonic  transport  aircraft.  We  may 
have  one  along  in  the  seventies,  but  we  are  not  quite  sure  just  what 
we  want,  and  how  we  are  going  about  getting  it.  There  seems  to  be 
no  great  hurry  and  no  great  concern.  It  is  not  a crash  program  like 
the  moonshoot,  and  we  are  just  going  to  play  around  with  this  thing 
for  a few  years.  Is  that  the  correct  impression  or  not?  : 

Mr.  Goodrich.  It  may  be  the  impression  that  you  have,  sir,  but 
I don’t  think  that  we  meant  to  leave  it  with  you. 

Mr.  Chenoweth.  Where  am  I wrong  in  that  impression? 

Mr.  Goodrich.  I am  not  going  to  suggest  that  your  impression  is 
incorrect  on  the  basis  of  what  you  have  heard,  but  my  hope  would 
be  that  within  the  next  few  weeks,  and  possibly  months,  there  would 
be  a firmer  basis  for  a correct  impression. 

Mr.  Chenoweth.  Is  it  true  that  nothing  has  happened  up  to  this 
time  to  cause  any  change  in  that  impression,  and  that  my  impression 
is  correct  on  what  I have  heard  up  to  this  time? 

Mr.  Goodrich.  I am  not  sure  1 would  view  it  the  same  way  as  you 
view  it.  I do  believe  there  are  economic  and  technical  problems  in 
connection  with  the  decision  to  go  ahead  on  the  construction  of  a 
supersonic  aircraft,  the  prototype,  and  the  number  of  models  that 
would  be  required  to  test  in  order  to  be  sure  that  we  have  a safe 
commercial  transport. 

Those  decisions  are  very  far  reaching;  they  involve  far  greater 
sums  of  money  than  the  $9  million  involved  in  NASA’s  budget  item 
before  you  today,  vastly  greater  sums,  and  the  administration  is 
proceeding  with  all  due  caution,  and  very  wise  caution  in  my  opinion, 
before  coming  to  that  decision,  and  as  I see  it  from  where  I sit,  I have 
an  impression  that  we  are  exerting  every  effort  to.  make  that  decision 
as  quickly  as  we  competently  can. 

Mr.  Chenoweth.  What  would  you  think  about  transferring  a 
little  of  that  moon  money  to  this  program  to  speed  it  up  a little? 

Mr.  Goodrich.  Sir,  until  a decision  is  made  on  the  feasibility,  and 
on  the  other  factors  involved  in  the  President’s  study,  I think  I would 
defer  an  answer  to  that  question. 
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Mr.  Chenoweth.  I think  perhaps  that  I would  rather  see  a mach  2 
supersonic  transport  than  I would  see  the  shot  to  the  moon  right  now. 

1 think  it  would  be  of  more  practical  commercial  value  to  us.  I 
cannot  understand  why  you  are  just  taking  your  time  and  playing 
around  with  this.  Certainly,  there  appears  to  be  no  aspect  of  crash 
program,  such  as  is  associated  with  the  moonshot.  I think  that  the 
supersonic  transport  is  more  important  to  us  in  many  ways  than  the 
moonshot.  That  is  my  observation. 

Mr.  Goodrich.  Sir,  our  agency  has  no  jursidiction  in  the  areas  in- 
volved in  the  moonshot. 

Mr.  Chenoweth.  I understand. 

Mr.  Goodrich.  The  administration  has  carefully  reviewed  that 
program  and,  as  I understand  it,  is  firmly  committed  to  it.  That  is 
another  area  in  which  I am  a home-team  booster.  I would  like  to  see 
us  do  what  the  others  can  do  and  do  it  better. 

Mr.  Karth.  The  gentleman  from  Colorado  is  so  practical  that  at 
times  I find  myself  in  disagreement  with  him. 

Dr.  Weaver. 

Dr.  Weaver.  It  would  seem  to  me  that  the  weighing  factors  are 
the  amount  of  this  research  that  is  going  to  be  of  value  to  our  national 
security  in  the  Department  of  Defense  program,  and  the  value  to  the 
NASA  space  program  for  the  control  of  space ; because,  as  I understand 
the  situation,  it  may  not  be  as  important  commercially  to  us  to  have  a 
mach  3 plane  as  has  been  talked  about,  and  because  there  are  problems 
of  the  sonic  boom  which  affects  people  in  the  cities.  They  are  not 
veiy  happy  about  what  they  are  hearing  now.  And  they  are  going  to 
be  less  happy  if  this  thing  has  an  impact  on  the  local  areas.  There  is 
also  the  problem  of  the  value  of  the  30  minutes  saved  in  going  across 
the  country  at  a speed  of  mach  3 instead  of  mach  2.  Are  we  going 
to  want  to  fly  commercially  and  get  there  30  minutes  sooner?  I 
understand  the  supersonic  transport  is  only  good  for  long  flights,  so 
we  could  be  in  the  commerical  air  passenger  situation  where  we  are 
losing  money  on  it,  unless  it  has  national  defense  value.  That  would 
be  my  evaluation  of  the  program. 

Mr.  Karth.  I think  timesaving  becomes  more  important  as  you 
hop  from  nation  to  nation  rather  than  from  coast  to  coast  within  a 
nation. 

Mr.  Downing.  Would  the  gentleman  yield? 

I think  you  have  something  there.  I was  wondering  whether  this 
isn’t  more  properly  a challenge  to  private  industry,  itself.  We  have  a 
military  program  which  is  putting  up  these  mach  3 bombers  and  mach 

2 bombers,  and  from  a national  defense  standpoint  that  would  seem  to 
suffice.  Does  the  Government  need  to  involve  itself  in  a commercial 
enterprise? 

Mr.  Gough.  I am  sure,  gentlemen,  it  wasn’t  the  intent  at  the  very- 
outset  that  the  Government  would  involve  itself  in  the  enterprise. 
It  is  only  a case  that  it  is  an  order  of  magnitude  of  such  proportions 
that  no  one  company  could  undertake  it,  and  in  the  interim  the 
Government  is  stimulating  the  research  and  the  knowledgeable  bound- 
aries to  the  place  where  it  will  be  apparent  to  industry  that  they  can 
pick  it  up. 

Now,  what  part  the  Government  is  going  to  play  in  it  I think  is 
subject  to  this  feasibility  study.  The  points  you  make  are  very  well 
taken. 
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Mr.  Karth.  You  can  compare  this  program,  for  example,  to  the 
Government's  participation  in  communication  satellites.  The  Gov- 
ernment has  spent  huge  sums  of  money  in  developing  communications 
satellites  that  can  now  be  used  commercially.  If  it  had  not  been  for 
the  Government's  expenditure,  technology  would  never  have  ad- 
vanced in  communications  because  no  company  would  have  been  able 
to  afford  to  do  all  of  the  research  that  is  necessary  to  develop  a satellite 
communications  system.  Isn’t  that  correct,  Mr.  Gough? 

Mr.  Gough.  I think  so  from  what  I have  read. 

Mr.  Karth.  And  you  are  saying  the  reason  we  are  engaging  in  re- 
search in  the  supersonic  transport  area  is  because  of  the  same  reasons 
that  we  engage  in  research  in  the  communications  satellite  area? 

Mr.  Gough.  It  is  a statutory  charge  to  advance  the  knowledge  of 
aeronautics,  yes. 

Mr.  Karth.  I don’t  think  the  problem  is  of  quite  such  magnitude 
in  this  case. 

Mr.  Downing.  Normally,  Mr.  Chairman,  the  commercial  develop- 
ment will  follow  the  military  development.  For  instance,  the  mili- 
tary develop  a fighter  plane  and  then  a passenger  plane  is  developed. 
Now,  if  the  military  build  the  RS-70  and  that  is  a feasible  plane,  the 
next  step  would  be  to  develop  that  into  a commercial  plane. 

Mr.  Karth.  That  was  my  point  earlier  in  the  questioning,  and  I am 
inclined  to  agree  with  the  gentleman  that  much  more  of  the  technology 
developed  or  that  becomes  familiar  in  the  RS-70  program  will  be  ap- 
plicable to  the  commercial  transport  than  vice  versa.  Although  I 
may  be  wrong,  I would  think  we  could  almost  transfer  the  total  tech- 
nology and  just  delete  the  military  hardware  and  we  would  have  the 
commercial  transport. 

Mr.  Staebler.  Mr.  Chairman,  isn’t  some  of  this  deliberateness 
which  has  been  called  playing  around,  but  which  obviously  reflects 
uncertainty  and  need  for  further  examination  of  the  problem,  pretty 
well  warranted  by  our  experience  in  the  development  of  the  present 
mach-1  transport  planes?  We  have  come  perilously  close  to  bank- 
rupting both  the  transport  industry  and  the  aircraft  industry  by  the 
speed  of  the  development,  and  by  the  peculiar  nature  of  the  product 
which  delivers  so  much  more  capacity  but  concentrates  it  in  the  hands 
of  fewer  companies.  Isn’t  this  really  a revolution  in  the  field  that  is 
being  contemplated  here,  and  isn’t  there  pretty  good  reason  for  a 
good  deep  look  before  we  take  some  irrevocable  steps? 

Mr.  Karth.  I don’t  think  that  there  is  any  question  but  that  the 
gentleman’s  assumption  is  correct.  If  he  asked  me  for  an  answer  to 
the  question,  I would  say  that  this  is  the  reason  why  the  subcommittee 
is  attempting  to  evaluate  the  need  for  the  S9  million  request. 

How  much  can  you  play  around  with  a project  like  this?  How 
much  money  do  you  waste  as  you  play  around  with  it?  I think  these 
are  the  questions  that  are  before  the  subcommittee.  Would  the  $9 
million  or  a portion  of  the  $9  million  be  a waste  of  funds?  Would  it 
be  spent  wisely?  Has  the  determination  been  made  that  NASA 
should,  in  fact,  proceed  to  do  any  research  in  the  area? 

If  the  answer  to  the  last  question  is  “No”  and  that  the  answer  will 
be  determined  in  the  next  few  months,  I agree  with  the  gentleman 
that  maybe  it  is  well  we  have  not  gone  into  this  thing  on  a crash  pro- 
gram. As  Mr.  Gough  said,  we  could  build  a mach  2 or  a mach  3,  but 
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we  have  got  to  determine  these  other  economic  questions  before  we 
get  into  the  development  of  hardware.  The  only  purpose  I have  in 
asking  the  FAA  to  appear  today  is  to  assist  the  subcommittee  in 
formulating  an  opinion  on  whether  or  not  the  $9  million  requested  by 
the  NASA  for  this  purpose  is  indeed  justified.  That  is  the  purpose. 

Mr.  Staebler.  Mr.  Chairman,  without  at  all  attempting  to  add 
anything  to  the  inquiry  on  the  specific  value  of  the  $9  minion,  but 
putting  it  in  a larger  context,  isn’t  there  here  a little  danger  of  being 
penny  wise  and  pound  foolish? 

Mr.  Karth.  I think  that  is  what  we  must  decide  after  we  hear  all  of 
the  testimony.  I would  hesitate  to  form  an  opinion  before  the  testi- 
mony has  all  been  taken.  That  is  the  reason  why  witnesses  are  called 
before  the  subcommittee. 

Mr.  Staebler.  I defer  to  the  chairman’s  judgment  on  that.  I 
think  the  point  is  well  taken. 

Mr.  Karth.  I am  not  sure  that  you  have  anything  left  to  say, 
Mr.  Gough,  insofar  as  your  prepared  statement  is  concerned.  I 
think  we  nave  pretty  much  anticipated  the  material  remaining  in  your 
statement.  If  you  would  like  to  finish  reading  it  to  complete  the 
record,  please  proceed.  You  may  then  add  anything  else  that  you 
feel  is  pertinent  to  the  point,  and  would  help  this  committee  in  evalu- 
ating the  need  for  the  $9  million  request. 

Mr.  Gough.  Thank  you,  sir.  I would  like  to  read,  the  last  para- 
graph into  the  record,  and  I would  like  to  make  some  other  remarks 
on  some  of  the  questions  that  you  have  raised  in  this  discussion. 

Continuing  tne  prepared  statement,  no  budget  request  for  the 
supersonic  transport  program  in  fiscal  year  1964  for  the  FAA  has 
been  submitted  to  the  Congress.  Action  in  this  regard  is  awaiting 
the  recommendation  to  the  President  by  the  three  agencies  regarding 
the  SST  problem  and  a decision  by  the  President  with  respect  to  the 
required  Government  action  in  the  national  interest  concerning  a 
specific  program  for  supersonic  transport  development.  Regardless 
of  the  nature  and  scope  of  this  decision,  it  is  our  considered  opinion 
that  the  continuing  program  of  basic  supersonic  research  proposed  by 
NASA  in  their  fiscal  year  1964  budget  request  is  essential  and  neces- 
sary and,  further,  that  this  program  should  in  no  way  conflict  with 
or  duplicate  any  program  that  may  be  recommended  to  the  President 
for  further  supersonic  transport  development  effort.  On  the  con- 
trary, this  basic  research  effort  of  NASA  will  be  a vital  necessity  to 
future  supersonic  aircraft  development  in  the  United  States  whether 
such  development  is  undertaken  with  Government  support  or  by 
U S.  industry  within  its  own  resources.  This  fact  should  be  readily 
apparent  from  consideration  of  the  past  history  of  NASA  and  its 
predecessor  agency  in  furnishing  basic  aeronautical  research  data  to 
the  U.S.  aviation  industry.  It  is  our  opinion  that  this  basic  aero- 
nautical research  has  been  one  of  the  keystones  in  the  foundation 
that  has  established  U.S.  aviation  as  preeminent  in  the  world. 

I would  like  to  mention  one  thing  about  the  difference  between 
decision  and  time  and  that  I think  Mr.  Chenoweth  mentioned. 

The  decision  as  to  whether  to  proceed  depends  on  many,  many  more 
factors  other  than  the  technical  feasibility  of  this  which  you  gathered 
from  this  effort  which  is  being  given  to  it  by  industry  and  by  the 
Government  to  make  a recommendation  to  the  President,  but  the 
time  that  is  inferred  when  we  talk  about  how  leasurely  we  are  doing 
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this,  now  if  we  were  to  build  a supersonic  transport  today  and  say 
today  we  are  going  to  go  build  it,  it  still  would  take  3 to  5 years  to 
buila  an  engine  and  3 to  4 years  to  build  an  airframe.  This  is  the 
time  requires  with  an  all-out  effort. 

Mr.  Kabth.  You  don’t  mean  a total  of  7 years,  do  you?  Isn’t  it 
a total  of  4 or  5? 

Mr.  Gough.  No,  sir;  but  they  have  to  come  together  at  the  end, 
the  engine  and  airframe.  The  B-70  is  one  that  was  conceived  as 
early  as  1956.  I think  the  go  ahead,  the  freezing  of  the  design  Occurred 
about  that  time.  Now,  I don’t  think  this  should  be  considered  a 
leasurely  pace,  and  I think  in  view  of  the  magnitude  of  the  problems 
involved  overall  for  extrapolating  to  mach  3 if  you  will,  it  wouldn’t  be 
considered  at  all  leasurely  in  the  technical  world  to  say  it  would  take 
7 years  to  get  it  into  scheduled  commercial  transport,  safeguarding 
the  public.  This  would  mean  a year  or  two  of  operating  ft  without 
any  payload  to  speak  of,  testing'. 

Mr.  Kabth.  The  airlines  probably  couldn’t  buy  these  planes  if  we 
had  them  on  the  shelf  today.  Isn’t  that  the  reason  we  are  not  in  such 
a big  hurry,  Mr.  Gough? 

Mr.  Gough.  I cannot  verify  whether  they  could  buy  them  or  not 
because  I never  did  understand  this.  On  the  one  hand  they  are 
always  broke,  and,  on  the  other  hand,  they  have  to  buy  the  foreign 
one  if  it  is  available.  You  go  to  hell  either  way. 

Mr.  Earth.  I am  not  sure  which  way  you  get  there  fastest.  I 
cannot  say  you  have  helped  me  much.  You  haven’t  hurt  me  any, 
but  I am  not  sure  this  is  any  clearer  than  when  we  started. 

Mr.  Gough.  I would  like  to  have  another  chance  some  time  to 
improve  on  this.  It  is  Mr.  Halaby’s  desire  that  you  be  perfectly 
likformed  on  this. 

About  a month  ago  I visited  Mr.  George  Miller  with  him  to  keep 
this  committee  informed  on  what  we  were  doing  in  supersonic  trans- 
port. Mr.  Halaby  does  a splendid  job  of  explaining  this,  and  I am 
sure  he  would  be  here  today  if  he  could. 

Mr.  Kabth.  I talked  with  him  on  the  phone,  I understand  his 
problem. 

Mr.  Gough.  I assure  you  also  he  is  a stickler  for  double-duty 
dollars. 

Mr.  Kabth.  A question  that  arises  in  my  mind  is  why  we  have  to 
even  make  a study  if  we  must  go  ahead  either  way  as  the  gentleman 
says.  We  may  as  well  be  developing  the  airplane  and  forget  about 
the  studies.  The  FAA  budgeted  FAA  dollars  in  fiscal  year  1962  and 
fiscal  year  1963,  for  the  feasibility  studies  alone  amounted  to  $30 
million,  and  if  we  must  go  ahead  either  way,  it  seems  to  me  we  better 
forget  about  some  of  these  studies  and  apply  this  money  to  research 
ana  get  on  with  the  job. 

Mr.  Mosher.  Mr.  Chairman,  I suppose  the  nature  of  the  Presi- 
dential recommendation  which  is  to  be  made  around  June  may  indi- 
cate it  would  require  much  more  than  $9  million,  and  I assume  this  $9 
million,  merely  represents  a continuation  of  the  extensive  research  that 
NASA  has  been  doing  in  this  field.  If  it  is  an  ongoing  basic  research 
program,  the  $9  million  may  just  keep  up  the  pace,  leisurely  or  not, 
depending  on  what  they  are  doing. 

Mr.  Earth.  Apparently  that  is  the  case. 
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Captain  Ditch.  Their  supporting  research  and  technology  area 
carries  their  long-term  research  in  hypersonic,  supersonic,  and  subsonic 
aircraft  developments  as  well  as  the  general  work  in  propulsion,  struc- 
tures, aerodynamics,  and  so  forth. 

Mr.  Mosher.  Do  you  mean  that  the  general  long-term  research  is 
all  in  addition  to  the  $9  million  we  are  talking  about? 

Captain  Ditch.  Yes.  Of  course,  there  are  areas  in  the  general  re- 
search effort  which  will  have  application  to  the  supersonic  transport 
program  even  though  it  isn’t  earmarked  now  as  part  of  NASA’s 
supersonic  transport  project.  It  could  have  application  elsewhere, 
too. 

Mr.  Goodrich.  Mr.  Chairman,  I think  it  is  FAA’s  position  this 
morning  that  if  the  United  States  goes  ahead  with  the  construction  of 
a supersonic  transport,  the  item  represented  before  you  will  feed  into 
the  eventual  product,  and  if  the  United  States  does  not  go  ahead  with 
the  construction  of  the  supersonic  transport  the  information  that  this 
particular  project  will  produce  will  be  vital  to  FAA  in  the  future  in 
coimection  with  its  own  certification  of  any  foreign-built  aircraft  for 
use  in  the  United  States  by  U.S.  airlines. 

Mr.  Karth.  The  President’s  decision  will  be  made  before  the  funds 
could  be  spent.  If  the  Congress  authorized  and  appropriated  $9 
million,  and  then  the  decision  was  not  to  go  ahead,  I assume  that  the 
Congress  would  look  with  considerable  askance  on  the  expenditure  of 
funds  for  a project  contrary  to  the  decision. 

Mr.  Goodrich.  Sir,  I think  we  do  understand  that,  and  that  is  the 
reason  I wanted  to  emphasize  that  FAA  does  feel  that  the  project 
would  be  productive  of  information  very  helpful  to  this  Government 
in  its  responsibility  for  certifying  aircraft  for  use  by  American  air 
carriers  in  the  event  that  foreign  aircraft  were  produced  and  purchased 
by  American  air  carriers.  We  feel  that  this  project  has  a relationship 
to  a governmental  function  that  we  will  be  conducting  in  the  future. 

Mr.  Karth.  Let  me  ask  Mr.  Gough,  a technical  man,  this  question: 
I assume  you  are  somewhat  familiar  with  the  development  of  a super- 
sonic transport  that  is  going  on  in  France  and  England.  When  would 
your  best  judgment  cause  you  to  predict  that  they  would  have  a com- 
mercial aircraft  of  this  capability  for  sale  to  American-owned  airlines? 

Mr.  Gough.  Yes,  sir;  I would  like  to  analyze  that  in  a little  detail. 
You  put  a lot  of  qualifications  on  that,  when  in  my  best  judgment  I 
would  predict  they  would  have  one  that  would  meet  these  require- 
ments. 

Mr.  Karth.  I am  asking  about  a mach  2 or  mach  3 supersonic  trans- 
port. 

Mr.  Gough.  And  be  an  acceptable  civil  transport  of  a kind?  I 
can’t  tell  you  that  date 

Mr.  Karth.  Acceptable  enough  so  that  their  airlines  are  flying 
them  in  normal  operations  and  they  are  competing  with  our  airlines 
for  international  passengers.  When  do  you  expect  that  they  will 
have  these  airplanes  flying  in  that  maimer? 

Mr.  Gough.  I don’t  know  when  they  are  going  to  have  it  because 
right  now  the  way  it  is  going  I don’t  see  them  producing  one  that  is 
going  to  meet  noise  requirements.  I don’t  see  them  producing  one 
at  this  moment  that  is  going  to  be  as  economical  as  we  wish  to  get, 
to  get  the  range  up. 
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Mr.  Karth.  Let’s  say  they  have  met  the  noise  requirement,  then 
when  would  you  say  they  would  have  these  planes  flying,  knowing 
what  you  know  about  their  present  development  and  their  present 
advancement  in  the  state  of  the  art? 

Mr.  Gough.  Well,  they  say  that  they  are  cutting  metal  and  this 
being  the  case,  in  5 or  6 years. 

Mr.  Karth.  It  could  be  less  than  that,  couldn’t  it? 

Mr.  Gough.  No,  sir;  5 or  6 years  would  be  the  minimum  that  they 
could  get  one  out  that  they  could  sell  a ticket  on. 

Mr.  Kart  h.  Are  there  any  further  questions? 

Mr.  Mosher.  I think  you  have,  implied  a serious  doubt  that  the 
plane  which  France  and  Britain  might  have  available  in  5 or  6 years 
would  meet  our  requirements  as  to  noise  and  be  acceptable  in  this 
country.  Is  that  right? 

Mr.  Gough.  Of  course  they  would  take  me  to  task  if  they  heard 
me  say  that.  I do.  We  could  go  ahead  and  do  exactly  as  they  are 
doing  at  this  moment.  There  is  no  question  about  that.  We  would 
like  to  do  better  than  this.  For  that  reason  we  need  the  fundamental 
data  and  research  expansion  and  as  long  as  we  can  have  to  increase  our 
knowledgeabilitv  to  give  you  an  airplane  that  is  really  economical, 
that  is  really  quiet,  that  is  really  capable  of  this  range.  This  is  what 
we  would  like  to  do,  and  we  have  had  this  time  to  do  it  because  the 
magnitude  of  the  dollars  is  so  great,  but  I should  like  to  ask  you 
one  other  thing 

Mr.  Karth.  You  are  the  one  that  is  putting  all  of  the  qualifications 
on  it.  I am  not  sure  you  are  ever  going  to  develop  one  under  those 
conditions. 

Mr.  Gough.  That  could  be,  but  I would  like  to  mention  also  that 
the  $9  million  you  are  talking  about  for  research,  to  the  best  of  my 
knowledge,  includes  X-15  and  the  Y/STOL  work,  and  the  amount 
assigned  to  the  supersonic  transport  is  $3.7  million. 

Captain  Ditch.  Maybe  I can  clarify  that.  The  numbers  used  this 
morning  have  been  the  total  supersonic  transport  project  costs, 
including  operations,  installations,  and  personnel;  therefore  it  does 
appear  as  a little  over  $9  million  for  the  supersonic  transport  project 
alone.  The  other  NASA  aeronautics  programs  amount  to  $24  million, 
$6  million,  and  $5  million. 

Mr.  Goodrich.  As  to  when  these  planes  will  first  fly,  Mr.  Haiaby, 
before  the  Senate  appropriations  committee  last  August,  testified 
that  the  French  are  shooting  for  1966  or  1967  or  somewhere  along 
in  there  for  a first  flight.  They  think  of  putting  it  into  service  3 
years  later.  That  would  bring  us  to  around  1969  or  1970  in  Mr. 
Halaby’s  opinion  expressed  last  summer,  that  is  the  Concord,  the 
British-French  joint  venture. 

Mr.  Karth.  Dr.  Weaver. 

Dr.  Weaver.  One  further  question.  Nothing  has  been  said  about 
the  potential  market  for  the  sale  of  these  planes.  How  many  planes 
do  you  estimate  are  potentially  supported  by  this  $9  million  of 
research?  What  potential  market  is  there?  It,  actually,  isn’t  too 
large  a market  when  you  get  right  down  to  it;  is  it? 

Mr.  Gough.  The  figure  that  seems  to  be  quoted  by  people  of  eco- 
nomic knowledgeability  in  the  field  is  somewhere  between  100  and 
200  airplanes. 
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Dr.  Weaver.  How  much  would  it  cost  a company  to  buy  1 plane 
or  10  planes? 

Mr.  Gough.  The  figure  that  is  quoted  is  between  $20  and  $40 
million. 

Dr.  Weaver.  Per  plane? 

Mr.  Gough.  Yes. 

Dr.  Weaver.  So  it  is  going  to  be  an  economics  problem  to  find 
out  whether  it  is  commercially  feasible? 

Mr.  Gough.  Yes. 

Captain  Ditch.  Mr.  Gough,  does  the  figure  that  you  have  quoted  as 
the  price  of  the  airplane  include  research  and  development  cost? 
I know  you  are  examining  the  situation  both  ways,  and  I want  to  be 
sure  which  figure  y ou  are  quoting. 

Mr.  Gough.  I was  grabbing  them  out  of  the  sky,  but  I think  that 
is  exclusive  of  development  cost.  You  will  recall  that  there  has  been 
talk  about  bow  the  Government  will  be  reimbursed  for  this.  Now, 
how  that  is  going  to.  be  treated  in  the  economic  feasibility  report,  I 
don’t  know. 

Mr.  Ditch.  Then  if  the  Government  were  to  be  reimbursed,  that 
price  would  go  up  to  take  care  of  the  reimbursement? 

Mr.  Gough.  Well,  you  are  talking  in  variations  of  a hundred  per- 
cent, $20  million  to  $40  million  is  a rough  guess,  if  I were  going  to 
buy  one. 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  With  that  much  investment  per  plane,  how  does 
that  compare  with  the  average  cost  of  a Boeing  707? 

Mr.  Gough.  I think  $6  million  to  $9  million.  Wasn’t  the  Presi- 
dent’s plane  $9%  million? 

Mr.  Mosher.  Plane  or  planes? 

Mr.  Karth.  Plane. 

Mr.  Gough.  It  is  interesting  that  the  only  people  that  didn’t  have 
any  feasibility  studies  were  the  Wright  brothers,  they  couldn’t  get 
anyT  of  these  figures. 

Mr.  Randall.  Is  it  intended  that  the  life  span  of  these  planes  will 
be  in  the  same  as  an  ordinary  jet?  What  is  the  useful  life  of  an 
investment  of  this  kind? 

Mr.  Gough.  This  is  a part  of  the  economic  study.  The  airlines 
generally  expect  30,000  to  50,000  hours  of  economic  life.  This  is  in 
contrast  to  2,000  to  3,000  hours  for  a military  aircraft.  Life  expect- 
ancy is  an  important  part  of  the  research.  That  has  to  do  with  the 
fatigue. 

(Discussion  off  the  record.) 

Mr.  Karth.  Mr.  Randall. 

Mr.  Randall.  A compromise  arrangement  is  being  investigated, 
Mr.  Downing.  A number  of  military  pilots  have  been  lost  because  of 
the  absence  of  this  new  development  which  we  understand  is  possible. 
It  is  a capsule  which  encloses  the  pilot  which  can  be  thrown  out  at 
supersonic  speeds  and  at  great  heights;  a capsule  much  like  a space 
capsule.  In  some  instances  pilots  have  been  able  to  bail  out  of  high 
performance  airplanes  with  an  ordinary  parachute,  but  were  found 
lifeless  when  they  came  down,  because  of  the  great  stresses  placed 
upon  them  by  their  speed  through  the  air.  Isn’t  there  such  a device 
that  can  be  used  to  encase  the  passengers  which  can  be  ejected  as  a 
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capsule  that  would  permit  a safe  landing  at  supersonic  speeds  and 
great  heights? 

Mr.  Gough.  There  has  been  a great  deal  of  work  in  this  space  and 
survival  area.  The  space  people  have  done  a great  deal  of  work  for 
us,  in  suits,  and  on  the  capsule,  itself. 

Mr.  Randall.  I would  be  happy  to  furnish  brochures  which  show 
how  this  can  be  done. 

Mr.  Gough.  In  the  NASA  program,  on  the  X-2,  there  was  such  an 
escape  capsule  and  Captain  Apt  used  it  when  he  had  difficulty  with 
the  airplane.  This  capsule  required  that  he  then  get  out  of  the 
capsule,  after  he  got  to  lower  altitude,  and  he  didn’t  quite  make  that. 

There  are  problems  like  this  in  the  area.  The  point  you  make  is 
well  taken.  You  must  protect  the  person  in  the  rarified  atmosphere 
and  at  the  very  high  speeds,  and  there  is  an  awful  lot  of  work  being 
done  on  this,  the  ejection  seats  in  the  104  and  the  B-47,  and  the  high- 
speed capsules  that  are  continuously  being  worked  on  by  the  Air 
Force  and  the  Navy.  At  the  moment  these  do  not  appear  to  have  a 
commercial  application. 

There  is  a lot  of  fallout  data  about  the  environment. 

Mr.  Karth.  Are  there  any  further  questions? 

If  not,  I want  to  thank  you,  Mr.  Gough,  and  Mr.  Goodrich.  We 
have  enjoyed  your  testimony. 

The  meeting  is  adjourned. 

(Whereupon,  at  11:38  a.m.,  the  subcommittee  adjourned.) 
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TUESDAY,  MARCH  12,  1963 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  call,  in  room  214-B, 
New  House  Office  Building,  Hon.  Ken  Hechler  (chairman  of  the 
subcommittee)  presiding. 

Mr.  Hechler.  The  subcommittee  will  come  to  order. 

The  subcommittee  with  the  longest  name,  the  Subcommittee  on 
Applications  and  Tracking  and  Data  Acquisition,  is  meeting  this 
morning  to  consider  the  authorization. 

In  order  to  make  the  maximum  use  of  the  talent  in  this  subcom- 
mittee, I am  asking  Mr.  Roush  to  chair  the  portion  of  the  authori- 
zation hearings  concerned  with,  tracking  and  data  acquisition,  Mr. 
Ryan  of  New  York  to  chair  the  portion  concerned  with  communica- 
tions, and  Mr.  Davis  of  Georgia  to  chair  that  portion  concerned  with 
meteorology. 

Without  further  ado,  I will  turn  the  chair  over  to  Mr.  Roush. 

Mr.  Roush.  Thank  yoii,  Mr.  Chairman. 

Our  first  witness  today  is  Mr.  Edmond  C.  Buckley,  Director,  Office 
of  Tracking  and  Data  Acquisition. 

We  are  very  glad  to  welcome  you  here  today,  Mr.  Buckley;  we  are 
looking  forward  to  your  testimony. 

I believe  the  questions  which  will  be  asked  by  members  of  the  com- 
mittee will  perhaps  be  more  indicative  than  my  statement  of  the  inter- 
est, but  we  are  interested  in  the  requirements  of  NASA  and  the  rela- 
tionship of  these  requirements  to  the  other  military  and  defense  estab- 
lishments. 

I believe  you  brought  with  you  some  of  your  assistants.  For  the 
record  would  you  introduce  these  gentlemen  and  indicate  to  the  com- 
mittee their  area  of  responsibility. 

STATEMENT  OF  EDMOND  C.  BUCKLEY,  DIRECTOR,  OFFICE  OF 

TRACKING  AND  DATA  ACQUISITION,  NASA;  ACCOMPANIED  BY 

GERALD  M.  TRUSZYNSKI,  DEPUTY  DIRECTOR,  AND  DAVID 

WILLIAMSON,  JR.,  CHIEF,  PROGRAM  COORDINATION 

Mr.  Buckley.  Thank  you,  Mr.  Chairman. 

I have  with  me  Mr.  Gerald  M.  Tmszynski,  the  Deputy  Director  of 
my  office,  the  gentleman  on  my  right,  and  I also  have  with  me  Mr. 
David  Williamson,  Jr.,  Chief  of  Program  Coordination,  and  there  may 
be  a few  questions,  particularly  in  the  fiscal  area  that  he  may  be  able 
to  help  on. 
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Mr.  Roush.  I am  sure  there  will  be  questions.  I hope  that  he 
might  be  able  to  help. 

You  have  a very  long  statement,  Mr.  Buckley,  and  this  statement 
has  been  distributed  in  advance  to  the  members  of  the  committee  and 
we  are  going  to  ask  you,  because  they  have  had  the  opportunity  to 
read  ana  study  the  statement,  to  summarize  your  statement. 

Are  you  prepared  to  do  that  rather  than  to  read  it  in  detail? 

Mr.  Buckley.  Yes,  sir,  I have  a summary  of  about  10  minutes, 
perhaps  12  minutes. 

Mr.  Roush.  All  right,  you  may  proceed,  Mr.  Buckley. 

Mr.  Buckley.  Thank  you. 

In  my  prepared  presentation  I describe  the  overall  task  that  is 
imposed  on  my  office,  the  Office  of  Tracking  and  Data  Acquisition 
by  the  various  NASA  flight  programs  and  I have  described  the  way 
we  intend  to  go  about  meeting  that  support  task. 

Now  this  morning  we  are  going  to  take  up  that  portion  of  our 
required  new  resources  that  falls  within  the  research,  development, 
and  operations  area.  The  direct  or  program  costs  here  total  $231.5 
million.  The  personnel  salaries  and  field  center  operations  costs 
associated  with  the  execution  of  this  program  bring  the  total  to 
$261.6  million. 

I will  confine  my  remarks  to  the  direct  program  that  is  under  my 
jurisdiction.  The  research,  development  and  operations  area  covers 
three  sections,  three  areas  of  effort  in  the  tracking  and  data  acquisition 
program. 

The  first  is  the  procurement  and  installation  of  new  and  replacement 
equipment  at  all  of  our  NASA  tracking  stations,  in  the  Wallops 
Island  launch  area,  and  in  the  field  centers  that  handle  the  data 
processing  function  for  the  data  that  comes  in  from  the  various 
stations. 

The  second  area  of  effort  is  the  operations  of  the  network  stations 
(which  is  done  by  contract);  the  operations  of  a communications 
system  that  ties  the  various  stations  together  and  to  the  control 
centers,  both  the  control  center  that  watches  over  the  network  itself 
to  insure  reliability  and  proper  operation  and  the  mission  control 
center  such  as  the  one  at  Cape  Canaveral,  Fla.,  where  the  mission 
people  have  the  proper  displays  and  information  in  order  that  they 
can  make  the  project  decisions;  and  the  operations  of  the  data 
processing  lines. 

The  third  area  of  effort  is  in  the  development  and  test  of  new  or 
improved  equipment,  systems,  and  techniques  required  by  the  flight 
programs. 

In  the  first  area  I mentioned,  that  of  equipment  and  components, 
we  estimate  $134  million  in  fiscal  1964.  The  unmanned  satellite 
program  requires  major  changes  in  telemetry  because  of  the  fact  that, 
as  Dr.  Newell  has  told  the  committee,  we  are  going  into  a new  genera- 
tion of  space  vehicles  and  of  satellites  that  will  make  many  more  meas- 
urements. In  order  to  make  these  measurements  efficiently  and  in 
order  to  bring  the  data  down  in  a form  that  allows  automatic  compu- 
tation, the  spacecraft  are  going  over  to  a new  telemetry  system  which 
has  to  be  matched  by  corresponding  changes  in  the  ground  stations. 
There  also  will  be  improvements  in  the  data  handling  and  in  the  track- 
ing equipment  provided  at  certain  stations.  For  highly  elliptical 
orbits  and  for  the  more  precise  data  needed  at  injection  and  insertion, 
we  are  going  to  put  in  a special  tracking  system  at  a few  of  the  stations. 
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The  origin*.!  16  Mercury  stations  were  modified  first  to  support  the 
longer  flights,  of  which  one  is  just  coming  up  in  the  near  future,  and 
are  now  being  modified  for  tne  Gemini  flights  and  will  have  to  be 
augmented  further  for  the  Apollo  flights.  These  changes  will,  as  far 
as  we  can  possibly  do  it,  build  on  the  original  Mercury  network 
rather  than  starting  off  with  something  new,  particularly  since  this 
network  was  tried  and  proven  and  is  an  excellent  foundation  to 
start  on. 

Another  area  of  effort  that  we  are  expanding  is  that  of  processing 
the  data  received  from  the  flight  experiments.  We  have  set  up  at 
Goddard  some  several  reduction  lines  for  processing  the  data  auto- 
matically and  getting  it  to  the  various  experimenters  whose  experi- 
ments are  aboard  the  spacecraft.  The  present  reduction  line  just 
about  keeps  up  with  the  rate  at  which  the  data  is  now  being  received. 
As  we  go  over  to  the  new  generation  of  satellites,  there  will  be  a much 
heavier  data  flow  and  the  corresponding  processing  capability  will 
have  to  be  increased. 

The  second  area  I mentioned  was  that  of  the  operations  of  the  net- 
work for  which  we  have  a request  of  $80.5  million  in  1964.  As  new 
stations  become  operational,  as  the  coverage  time  per  mission  increases, 
and  as  the  stations  handle  more  and  more  data  (which  means  more 
ground  equipment  associated  with  it),  there  will  have  to  be  additional 
operators,  additional  support,  and  additional  communications  services. 

The  final  area  of  the  three  was  that  of  supporting  research  and 
technology.  We  estimate  $17  million  in  fiscal  year  1964  to  maintain 
a minimum  development  leadtime  in  advance  of  procurement  require- 
ments  for  the  ground  systems  to  support  our  flight  missions.  We  are 
on  a learning  curve.  We  not  only  are  putting  operational  systems  in 
to  do  the  proper  tracking  and  data  acquisition  on  the  ground,  but  we 
have  to  be  thinking  about  where  we  will  be  in  2 years  or  5 years,  and 
this  effort  in  supporting  research  and  technology'allows  us  to  make 
some  improvements,  to  look  at  and  study  the  improvements  that  will 
have  to  be  made  in  the  network  in  years  to  come.  The  total  for  this 
work,  by  the  way,  is  about  5 percent  of  the  total  budget  in  my  area. 

The  application  of  these  total  resources  by  program  is  an  evidence 
of  the  priorities  and  problems  we  face.  For  example,  some  50  percent 
of  the  total  $231.5  million  is  devoted  to  the  support  of  the  manned 
flight  projects,  Mercury,  Gemini,  and  Apollo.  About  a third  sup- 
ports the  unmanned  satellite  projects,  and  the  remainder  is  needed 
to  operate  and  equip  the  lunar  and  planetary  ground  network. 

Another  way  of  describing  these  resources  is  to  examine  the  prob- 
able allocation  to  the  field  centers.  Some  $185  million  will  go  to 
Goddard  Space  Flight  Center.  Goddard  is  charged  with  operating, 
and  equipping  both  the  satellite  and  the  manned  flight  networks 
with  the  responsibility  for  insuring  that  the  proper  ground  com- 
munications network  is  installed,  and  with  the  major  scientific  data 
processing  responsibility.  In  contrast,  the  contract-operated  Jet 
Propulsion  Laboratory  will  require  some  $25  million  for  its  part  in 
the  operation  of  the  deep  space  network.  My  own  headquarters 
office  will  spend  about  $8  million,  covering  the  contracts  with  South 
Africa,  the  Smithsonian,  and  Fort  Churchill.  Wallops,  Langley, 
and  the  Marshall  Space  Flight  Center  require  about  $4  million  each 
to  perform  their  developmental  and  operational  assignments,  and  the 
Flight  Research  Center  needs  about  $2  million  per  year  to  support 
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the  NASA  aerodynamic  flight  test  program  done  with  the  research 
airplanes  at  that  Center.  You  can  see,  then,  that  Goddard  is  a 
major  field  element  involved  in  our  work.  There  are  over  a thousand 
people  there  doing  the  development,  design,  engineering,  scheduling, 
and  supervision  required  to  run  the  tracking  and  data  acquisition 
networks  for  which  they  are  responsible. 

I think  it  is  important  to  stress  that  the  entire  $231.5  million  that 
I have  been  discussing  represents  industrial  procurements  for  hardware 
or  for  services.  Our  job  relies  on  a host  of  commercial  contractors 
and  upon  their  ability  to  perform  to  the  standards  we  require.  In- 
dustry as  a whole  has  accepted  the  challenge  of  meeting  our  require- 
ments and  has  done  a fine  job  of  supplying  what  we  must  have. 

In  summary,  then,  the  research,  development,  and  operations 
portion  of  our  program  provides  the  ongoing  operation  of  our  facilities; 
their  modification,  maintenance,  and  augmentation  of  capability; 
and  the  continuing  test  and  prototype  development  needed  to  provide 
adequate  leadtime  for  the  future. 

That  concludes  my  statement,  Mr.  Chairman. 

(The  prepared  statement  of  Mr.  Edmond  C.  Buckley  is  as  follows :) 

Statement  of  Edmond  C.  Buckley,  Director,  Office  of  Tracking  and 

Data  Acquisition,  National  Aeronautics  and  Space  Administration 

introduction 

Mr.  Chairman  and  members  of  the  committee,  the  Office  of  Tracking  and  Data 
Acquisition  is  responsible  for  assuring  that  there  will  be  adequate  ground  support 
for  the  various  missions  of  the  NASA  flight  programs.  We  have  to  know  what  is 
going  on  in  the  vehicle  far  out  in  space;  we  have  to  listen  to  what  it  tells  us  as  it 
makes  the  measurements  that  we  ha/e  sent  it  out  to  make;  we  have  to  know  where 
it  is  at  all  times  so  that  we  can  correlate  its  scientific  measurements  with  its 
location  in  space;  commands  must  be  sent  for  the  spacecraft  to  perform  certain 
functions  or  experiments  and  to  assist  it  to  correct  any  difficulties  which  may 
arise;  and,  of  course,  in  the  case  of  the  manned  flight,  we  wrant  to  have  direct 
communication  with  the  man  for  the  added  information  he  can  pass  to  us  verbally, 
and  so  that  we  can  directly  discuss  his  problems  and  suggest  possible  solutions. 
Dr.  Dryden  has  said  that  we  could  not  exist  in  space,  either  from  the  point  of 
manned  flight  or  from  the  point  of  scientific  missions,  without  communication 
between  the  Earth  and  the  space  vehicle. 

In  the  upper  left-hand  corner  of  the  first  figure  (la),  we  see  these  support 
functions  listed  as  tracking,  telemetry  reception,  communications,  and  command 
control.  These  support  the  kinds  of  missions  shown  on  the  chart.  The  first 
item,  tracking,  includes  the  various  techniques  and  facilities  for  ascertaining 
just  where  the  spacecraft  is,  in  what  direction  it  is  moving,  and  how  fast.  It 
also  includes  the  prediction  of  where  it  is  going  to  be  in  the  future ; that  is,  when 
and  where  we  will  have  to  look  for  it  in  order  to  continue  to  provide  our  support 
when  next  it  appears  to  a station  on  the  ground. 

The  second  item  is  telemetry  reception  which  is,  of  course,  the  receiving  of  the 
coded  electrical  signals  carrying  the  information  to  the  ground  about  the  condi- 
tion of  the  man,  in  the  case  of  manned  flight,  whenever  we  want  to  know  his  pulse 
rate,  temperature,  etc.  Also,  we  want  to  know  the  details  about  the  functions 
of  the  systems  in  the  spacecraft,  such  as  information  on  the  oxygen  supply,  or 
how  the  carbon  dioxide  absorbers  are  working,  how  much  fuel  iB  left,  the  condi- 
tions of  the  batteries,  whether  or  not  various  functions  are  being  properly  carried 
out,  such  as  the  pointing  of  antennas,  the  actuation  of  certain  valves,  etc.  To 
some  extent  we  can  think  of  this  function  as  that  of  being  the  copilot  on  the 
ground,  and  even  in  flying  a vehicle  like  the  X-15  airplane  we  find  it  most  helpful 
to  provide  such  ground  assistance  to  the  pilot.  Finally,  the  telemetering  recep- 
tion, of  course,  is  our  method  of  collecting  on  the  ground  the  scientific  informa- 
tion acquired  by  the  various  scientific  instruments  aboard  the  spacecraft. 

The  third  support  function  shown,  communications,  covers  not  only  the  com- 
munication from  the  spacecraft  to  ground  and  from  the  ground  to  spacecraft, 
with  which  you  are  all  familiar  because  of  the  Mercury  flights,  but  it  also  refers  to 
the  ground  network.  This  carries  information  back  to  a central  information 
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and  control  center  where  the  well-being  of  the  man,  his  vehicle,  or  the  scientific 
apparatus  is  kept  under  careful  observation. 

The  last  item  on  the  list,  that  of  command  control,  covers  the  techniques  and 
facilities  by  which  we  maintain  operational  control  or  send  operating  instructions 
to  various  mechanisms  aboard  the  spacecraft. 

We  must  provide,  then,  various  facilities  on  the  ground  which  cooperate  closely 
with  the  space  vehicles.  What  we  provide  and  where  it  is  placed  differs  on  the 
different  type  of  missions  we  undertake.  Some  of  these  missions  involve  flights 
circling  the  Earth  at  relatively  low  altitudes,  and  the  flights  of  Mercury  or  the 
meteorological  satellite,  Tiros,  were  in  this  class.  Such  orbits  could  circle  the 
Earth  from  pole  to  pole  and,  as  the  Earth  turns  under  the  orbit,  sooner  or  later 
we  could  see  the  spacecraft  from  any  point  on  the  earth;  that  is,  it  would  pass 
over  the  whole  Earth.  However,  if  these  orbits  are  inclined  or  tipped,  they 
cannot  be  seen  by  locations  on  the  Earth  from  the  higher  latitudes,  and  in  the  case 
of  Mercury,  for  instance,  they  could  be  seen  only  from,  roughly,  places  on  the 
Earth  that  were  less  than  30°  north  of  the  Equator  to  30°  south  of  the  Equator. 
If  an  orbit  of  low  enough  inclination  were  used,  0°  for  instance,  the  satellite  could 
be  seen  only  by  sites  close  to  the  Equator. 

Some  of  the  missions  involve  satellite  orbits  which  carry  the  spacecraft  quite 
a ways  from  the  Earth,  many  thousands  of  miles,  and,  of  course,  in  some  cases  this 
orbit  is  elliptical  as  illustrated  on  the  figure,  in  which  case  it  goes  far  out  from 
the  Earth  on  one  side  to  what  is  called  its  apogee,  but  comes  close  to  the  Earth  on 
the  opposite  side  at  what  is  called  the  perigee. 

Further,  we  have  the  case  where  the  spacecraft,  subsequent  to  its  launching, 
attains  a high  enough  speed  to  escape  from  the  Earth’s  gravity  and  becomes  a 
space  probe  which  can  go  to  the  Moon  or  the  planets  or  beyond. 

The  characteristics  and  the  location  of  the  ground  support  differs  because  of 
these  different  trajectories,  and  the  next  figure  (2a),  indicates  some  of  these  differ- 
ences. In  the  case  of  the  manned  space  flight,  we  want  to  keep  in  very  close 
touch  with  the  experiment,  which  means  that  we  try  to  get  the  information  back 
to  a control  center  quickly;  that  is,  we  want  rapid  data  output,  with  a very 
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Figure  2a 

short  time  elapsing  for  its  evaluation  by  a control  center.  It  is  necessary  that 
we  provide  extreme  reliability  if  we  are  going  to  insure  the  safety  of  the  man. 
This  results  in  extra  care  and  planning  of  the  ground  support  equipment  and  how 
they  are  used,  and  great  stress  on  training  the  operating  teams.  It  also  makes  it 
imperative  to  provide  duplicate  equipment  so  that,  in  the  event  of  loss  of  power 
or  failure  of  a component  at  a station,  we  don’t  lose  touch  with  the  man  or  the 
spacecraft  except  for  a very  short  time.  For  the  manned  flight  we  used  a large 
number  of  stations,  both  on  land  and  on  ships,  around  the  Earth — some  16 
stations,  in  fact — which  allowed  us  to  keep  in  touch  with  the  man  and  his  craft 
for,  roughly,  5 minutes  out  of  every  15.  This  was  a wise  concept  because,  as  you 
know,  the  problems  which  arose  in  the  early  Mercury  flights  made  close  coopera- 
tion between  the  man  and  the  ground  stations  imperative.  As  we  acquire  more 
experience,  we  plan  to  go  longer  periods  without  such  contacts,  but  we  will  always 
have  to  insure  good  telemetry  and  communications  with  the  spacecraft  at  certain 
crucial  points  in  the  trajectory  or  flight  program. 

Finally,  I have  indicated  the  need  for  emphasis  for  rapid  calculations,  a need  for 
the  computing  machines  to  be  intimately  tied  to  the  stations  around  the  world  by 
reliable  communications  systems  so  that  we  know  exactly  where  the  capsule  is; 
we  can  tell  the  astronauts  just  when  to  fire  the  retrorockets  to  come  down  near 
the  waiting  ships,  or  that  we  can  take  necessary  corrective  actions  quickly  in  the 
case  where  the  trajectory  is  not  exactly  as  planned.  As  a matter  of  fact,  the 
whole  philosophy  behind  the  planning  for  this  network  was  the  emphasis  on 
having  accurate  data  available  as  quickly  as  possible  at  the  control  center  for 
such  decisions  as  were  needed. 

The  eenter  section  of  this  figure  refers  to  the  stations  that  work  with  the  Earth 
satellites  and  particularly  with  the  scientific  satellites.  The  large  number  of 
instruments  carried  results  in  a high  data  output  from  the  satellite,  and  therefore, 
requires  a high  capability  at  the  receiving  stations  on  the  ground  to  receive  this 
information.  There  are 'some  15  stations  distributed  geographically  around  the 
Earth  so  that  the  various  types  of  orbits  shown  on  the  preceding  figure  are  properly 
covered.  Again,  I have  indicated  the  data  processing  at  Goddard  Space  Flight 
Center  but,  in  this  case,  by  far  the  larger  part  of  the  data  does  not  have  to  be 
processed  as  quickly  as  it  is  obtained — only  that  part  of  the  data  which  is  necessary 
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to  evaluate  the  engineering  equipment  aboard  the  satellite,  and  to  evaluate  the 
performance  of  the  scientific  instruments. 

In  considerable  contrast  is  the  third  area  of  support,  that  for  the  deep  space 
probes.  In  this  case,  the  spacecraft  may  have  a relatively  low  data  output  com- 
pared with  the  Earth  satellites  mentioned  previously.  Because  it  is  out  at 
extreme  distances,  only  faint  signals  are  received  and  we  must  use  large  85-foot 
antennas  to  collect  and  record  useful  amounts  of  information  from  this  minute 
signal.  As  best  we  can,  we  put  larger  transmitters  aboard  the  spacecraft  to  assist 
in  sending  the  signals  over  great  distances,  which,  as  you  know,  in  the  case  of  the 
Mariner  shot  which  went  to  Venus  and  beyond,  was  over  50  million  miles.  To 
give  you  an  example  of  the  amount  of  energy  contained  in  these  signals  from  deep 
space,  I would  like  to  point  out  that  the  Mariner  spacecraft  carried  a radio  trans- 
mitter which  radiated  3 watts  of  energy,  or  about  the  same  energy  used  by  an 
automobile  parking  light,  and  this  is  the  signal  detected  over  the  Earth-Venus 
distance. 

The  station  location  problem  is  much  more  simple,  however,  as  it  is  possible, 
when  the  vehicle  is  beyond  8,000  to  10,000  miles  from  the  Earth,  for  three  stations 
placed  roughly  equidistant  around  the  Earth  to  keep  the  spacecraft  in  sight  as  the 
Earth  turns  under  it.  Again,  I have  noted  the  fact  that  the  data  has  to  be  brought 
to  a central  location  where  the  computers  are  maintained,  in  this  case,  the  Jet 
Propulsion  Laboratory. 

Now,  the  groups  of  stations  doing  these  various  types  of  jobs,  shown  in  this 
figure,  are  sufficiently  different  from  one  another  either  in  their  equipment  or  their 
operational  philosophy  so  that  it  assists  us  greatly  in  the  management  and  opera- 
tion of  the  stations  te  treat  them  as  three  networks:  One  for  manned  flight,  one  for 
Earth  satellites,  and  one  for  deep  space.  For  purposes  of  economy,  these  various 
functions,  when  feasible,  are  placed  at  one  location  allowing  combined  support 
and  communication.  For  instance,  the  three  deep  space  facilities  are  colocated 
with  Earth  satellite  stations.  Furthermore,  as  we  plan  the  various  missions,  cross 
use  is  made  of  the  stations,  wherever  needed;  that  is,  they  are  worked  into  opera- 
tion plans  wherever  they  can  provide  assistance,  without  limiting  them  to  the  use 
indicated  by  the  network  designation.  May  I repeat  again  that  treating  these 
stations  as  separate  networks  is  to  assist  in  the  operational  philosophy  and  control. 

Some  details  about  the  present  and  planned  capabilities  of  the  networks  will 
unfold  as  we  proceed  in  the  discussion  of  tracking  and  data  acquisition  support 
for  specific  space  flight  projects  in  NASA  programs.  I intend  to  discuss  the  sup- 
port for  satellites,  for  the  lunar  and  planetary  program,  and  for  the  manned  space 
flight  program,  in  that  order. 


SATELLITE  SUPPORT 

For  illustration  of  the  support  required  in  the  last  year  for  the  scientific  satellite 
program,  I have  chosen  two  of  the  six  Earth  satellites  launched  in  1962.  All  six, 
incidentally,  were  successful  in  meeting  their  objectives.  The  next  figure  (3a), 
will  assist  me  in  discussing  Explorer  XV,  the  purpose  of  which  was  the  evaluation 
of  the  enhanced  Van  Allen  radiation  belt.  As  a result  of  the  radiation  effects 
produced  by  the  nuclear  detonation  in  space  on  the  9th  of  July,  Explorer  XV  was 
undertaken  as  a very  quick  reaction  project  to  obtain  data  on  the  changes  in  the 
belt  of  energetic  particles  distributed  in  the  equatorial  toroid  about  the  Earth 
known  as  the  Van  Allen  belt.  The  possible  effect  of  the  radiation  on  manned  space 
flight  launches  and  on  other  space  flight  programs  had  to  be  determined  quickly. 
As  you  may  know,  this  radiation  may  nave  a damaging  effect  upon  the  solar 
cells  which  supply  the  electrical  power  for  most  of  our  satellites,  and  upon  tran- 
sistors and  other  electronic  components  as  well,  and  it  also  had  to  be  evaluated  as 
a possible  hazard  to  an  astronaut  in  the  manned  space  flight  program.  In  the 
upper  right-hand  corner  of  the  figure  you  will  see  a rough  indication  of  he  w this 
belt  surrounds  the  Earth.  The  orbit  of  Explorer  XV  was  designed  to  allow  a 
survey  through  this  belt  and  beyond  and  the  orbit  indicated  in  this  figure  was 
chosen.  You  will  note  that  this  orbit  is  an  elliptical  orbit  with  194-mile  perigee, 
the  closest  point  to  the  Earth,  and  about  11,000-mile  apogee,  the  farthest  point. 
The  orbit  was  inclined  18°  to  the  Equator.  In  order  to  assist  us  in  making  deci- 
sions about  other  planned  firings,  the  data  was  needed  very  quickly.  As  is  shown 
in  figure  4a,  ground  stations  had  to  be  in  the  right  position  to  receive  telemetered 
data  from  the  satellites.  Since  this  was  a quick  reaction  project,  there  was  in- 
sufficient time  to  provide  a magnetic  tape  storage  system  in  the  vehicle  to  allow 
instrument  readings  to  be  made  at  one  point  in  the  orbit  and  a delayed  transmis- 
sion to  the  ground  at  another  point  in  the  orbit. 
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On  this  figure,  the  circles  show  the  locations  of  the  network  of  general-purpose 
stations  used  for  tracking  and  for  the  reception  of  telemetry  from  Earth  satellites. 
These  ha\e  been  in  use  for  the  last  few  years  and  have  been  discussed  in  my  appear- 
ances before  this  committee  in  the  preceding  years.  The  solid  circles  are  the 
existing  network  stations  which  were  us‘*d  for  Explorer  XV  and  the  open  circles 
indicate  the  stations  where  it  was  deemed  not  necessary  to  receive  telemetry  data. 
However,  from  relatively  few  observations  from  other  satellites  which  were 
already  in  orbit  but  not  specifically  equipped  for  this  type  of  measurement,  it  had 
been  determined  that  there  was  an  area  of  special  interest  in  the  South  Atlantic, 
shown  shaded  in  this  figure,  where  the  l>elt  was  closest  to  the  Earth  because  of 
the  magnetic  field  anomoly.  It  was  necessary  to  investigate  this  portion  of  the 
belt,  but  as  you  will  note,  none  of  the  existing  stations  were  in  a position  to  receive 
the  data  as  it  was  collected  during  this  part  of  the  orbit  In  slightly  over  1 month 
from  the  time  this  requirement  was  made  known,  a special  van-mounted  receiving 
station  comprising  the  necessary  antennas,  receivers,  recorders,  and  power  supply 
was  assembled  and  flown  to  Brazil.  During  the  1-month  period  mentioned,  were 
also  included  negotiations  with  the  Brazilian  Government  to  locate  the  transport- 
able station  in  that  country.  The  station  has  already  served  its  purpose  and  was 
returned  to  the  United  States  during  the  month  of  January. 

On  the  next  figure,  (5a),  we  show  a sketch  of  the  Alouette  which  was  a scientific 
satellite  designed  and  built  by  the  Canadians  and  successfully  launched  on  Sep- 
tember 28,  1962,  into  a polar  orbit  as  shown  on  the  left  side  of  the  figure. 


Figcre  5a 

As  indicated  on  the  next  figure  (6a),  the  job  of  Alouette  was  to  investigate 
the  ionosphere  belt  which  surrounds  the  Earth.  This  is  an  ionized  layer  which 
we  have  known  of  for  many  years  and  which  has  a major  effect  on  long-distance 
radio  communications.  Successive  bounces  of  radio  signals  underneath  the 
ionosphere  layer  are  of  material  help  at  times  on  long-range  communications,  but 
height  and  curvature  of  the  ionosphere  layer  can  also  play  havoc  with  long-range 
communications  at  certain  times  during  the  day.  The  method  of  investigating 
the  ionosphere,  up  to  now.  is  roughly  indicated  in  the  lower  right-hand  corner 
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Figure  6a 

of  the  chart  and  it  has  been  to  bounce  signals  off  the  ionosphere  by  a ground 
station.  The  variations  as  they  are  received  again  on  the  ground  give  us  infor- 
mation on  the  height  and  the  characteristics  of  the  ionosphere  belt.  Hovever, 
parallel  investigations  carried  on  on  the  top  side  of  the  ionosphere  belt,  using 
the  satellite  to  transmit  and  receive  the  partially  reflected  signals,  % ould  give 
important  information  of  the  thickness  ana  characteristics  of  the  ionosphere  belt 
which  could  not  be  obtained  by  the  ground  station  method.  As  you  will  note, 
the  information  received  by  the  satellite  was  transmitted  to  the  ground  at 
frequencies  that  could  penetrate  the  ionosphere.  Thus  we  could  evaluate  the 
amount  of  reflection  from  this  data  and,  by  proper  analysis,  the  characteristics 
of  the  ionospheie  could  be  determined.  Because  of  the  need  for  radio  communica^ 
tion  in  northern  Canada  and  because  of  the  effect  on  such  communications  bv 
the  ionosphere  layer,  the  Canadians  have  always  had  a strong  interest  and  research 
program  in  investigating  the  ionosphere. 

In  figure  7a  we  see  the  participating  stations  for  the  Alouette  mission,  with 
the  black  lines  indicating  the  coverage  of  these  stations.  Coverage  was  desired 
from  high,  northern  latitudes  to  high,  southern  latitudes  and  the  circles  are  the 
NASA  general  purpose  network  stations  along  the  75th  meridian  which  partici- 
pa*-cU,  the  squares  show  the  Canadian  stations  which  were  used;  and  tne  two 
triangles,  one  in  Singapore  and  one  in  the  Southwest  Atlantic,  indicate  the  sta- 
tions added  by  the  United  Kingdom  to  assist  in  Southern  Hemisphere  coverage. 

You  will  note  several  things  from  my  presentation  on  Explorer  XV  and  Aiouette 
which  are  present  to  a greater  or  lesser  degree  in  planning  our  support  for  a!i 
flight  missions.  First,  we  have  a basic  general  purpose  layout  of  stations  of  w'hich 
we  try  to  make  the  most  extensive  use;  second,  we  are  able  to  modify  certain  of 
these  stations  to  meet  the  peculiar  requirements  of  individual  satellites;  and,  third, 
additional  temporary  stations  may  have  to  be  added  because  of  the  peculiar 
geographic  coverage  requirements,  such  as  the  one  station  in  Brazil  for  Explorer 
XV  and  the  three  Canadian  and  two  United  Kingdom  stations  for  Alouette. 
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Now  let  us  look  at  the  new  scientific  satellites  presently  under  development. 
These  are  satellites  which  combine  a large  number  of  measurements  in  order  to 
make  e.  broad  and  thorough  investigation  of  some  aspect  of  space.  The  next 
figure  (8a),  shows,  first,  a pictorial  representation  of  the  Orbiting  Astronomical 
Observatory  and  gives  an  indication  of  its  orbit  which  is  an  inclined,  very  circular 
orbit  at  an  elevation  of  500  miles.  In  the  center  of  the  figure  is  represented  two 
geophysical  observatories,  one  called  POGO  for  Polar  Orbiting  Geophysical  Ob- 
servatory, and  the  other,  EGO,  for  Eccentric  Geophysical  Observatory.  The 
orbits  are  indicated  with  POGO  in  polar  orbit,  600  miles  in  altitude,  and  the 
eccentric  orbit  of  EGO  with  an  apogee  of  70,000  miles  from  the  Earth,  roughly 
one-third  of  the  way  to  the  Moon.  At  that  distance,  EGO  at  apogee  will  appear 
to  move  very  slowly  across  the  sky,  but  at  the  perigee  end  of  its  orbit  it  will  race 
from  horizon  to  horizon  like  any  low-altitude  satellite.  This  results  in  our  plan- 
ning for  EGO  involving  a combination  of  the  procedures  used  for  low-elevation 
satellites  and  those  used  for  lunar  or  deep  space  vehicles.  On  the  right  side  of 
the  chart  is  shown  the  satellite  known  as  IMS.  The  initials  stand  for  inter- 
planetary monitoring  satellite  and  as  will  be  noted  from  the  picture,  its  orbit  is 
even  more  eccentric  than  EGO. 

The  major  problem,  shown  by  the  next  figure  (9a)  in  providing  proper  support 
for  the  observatory  satellites  stems  from  the  increased  data  rate  resulting  from  the 
sum  of  the  combined  experiments.  Here  we  have  plotted,  as  shown  at  the  bottom, 
a measure  of  the  maximum  data  rate  we  have  had  to  meet  each  year.  We  have 
tried  to  convert  this  data  rate  to  a concept  with  which  we  are  all  familiar.  We 
use  as  this  measure  the  equivalent  number  of  telephone  circuits  which  would  be 
required  to  carry  the  data.  As  you  can  see,  in  1958  the  extremely  simple  satel- 
lites used  in  that  period  had  an  extremely  low  amount  of  information  transmitted 
to  the  ground,  and  so  recorded  on  the  ground,  and  this  continued  through  1959. 
But  as  we  progressed  into  1960,  1961,  and  1962,  we  see  there  has  been  a gradual 
increase,  and  as  we  go  to  late  1963  and  1964,  we  9ee  that  the  relative  amount  of 
data  per  unit  of  time  from  EGO  and  OAO  is  many,  many  times  that  of  the  satel- 
lites of  1958  and  1959.  In  figure  10a,  I have  summarized  the  changing  require- 
ments of  these  future  satellites.  First,  as  I have  mentioned,  there  is  a tremendous 
increase  in  the  information  which  will  be  telemetered  down  from  these  spacecraft. 
This  is  bringing  about  a need  for  automatic  processing  of  the  data.  By  this 
I don’t  mean  primarily  computing,  although  this  is  involved,  but  rather  the 
editing  and  culling,  the  conversion  to  digital  form  which  makes  it  easier  to  process 
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Figuke  10a 

automatically,  the  separation  of  one  experimenter’s  data  from  another,  the  merging 
of  the  data  from  the  scientific  instruments  with  engineering-type  data  transmitted 
from  the  vehicle  such  as  temperatures  and  attitude,  items  which  the  experi- 
menter may  need  to  know  if  he  is  to  evaluate  properly  the  readings  of  his  instru- 
ments. In  addition,  there  is  merging  with  his  sc;  rntific  data  the  collated  trajectory 
data  as  computed  from  the  tracking  measurements  made  by  the  various  stations. 

The  result  then  is  a tape  going  to  each  experimenter  with  the  data  from  his  own 
scientific  instruments  and  the  other  data  he  needs  to  evaluate  his  measurements.  f 

The  third  item  on  this  chart  stresses  the  need  for  more  rapid  and  precise  orbital 
determination  for  the  type  of  orbit  to  be  flown  by  some  of  these  new  spacecraft. 

The  last  item  points  up  the  increased  data  flow  from  the  control  center  up  to  the 
satellite;  in  other  words,  there  will  be  a greater  amount  of  instructions  or  com- 
mands sent  from  the  control  center  based  on  the  rapid  orbit  determination  and 
the  preliminary  look  at  the  data  we  have  as  it  goes  through  the  automatic  data 
processing  procedure. 

There  are  changes  in  techniques  which  we  are  adopting  in  order  to  transmit 
this  increased  amount  of  information  down  from  the  future  scientific  satellites 
which  have  the  additional  benefit  of  being  better  adapted  to  the  automatic  data 
processing  procedure. 

The  pulsing  on-off  electrical  signal  as  it  comes  down  by  telemetry,  represented 
on  figure  11a,  shows  a group  of  pulses  which  constitute  a code  which  carries  the 
data.  This  is  known  as  pulse  code  modulation  telemetry.  Pictorially,  we 
represent  this  as  being  received  into  an  antenna  and  then  brought  down  through 
the  lower  righthand,  the  particular  telemetry  equipment  which  translates  this 
space  data  into  computer  language.  On  this  chart,  about  in  the  center,  is  also 
represented  a particular  tracking  technique  which  will  be  used  to  give  us  more 
rapid  and  precise  orbit  determination  mentioned  on  the  preceding  figure.  You 
will  note  that  the  output  of  both  this  tracking  system  and  the  previously  mentioned 
telemetry  equipment  feed  into  an  electronic  data  processor  and  from  there  into 
a printer.  The  data  is  also  fed,  as  indicated  by  the  arrow,  into  the  communica- 
tions network  which  will  carry  the  data  to  the  Goddard  Space  Flight  Center. 

At  both  Goddard  and  at  the  station  a continuous  watch  is  kept  over  sampled 
parts  of  the  data  and  decisions  can  be  made  either  at  the  station  or  at  Goddard 
to  send  commands  back  to  the  spacecraft  to  change  its  operating  mode,  or  to 
turn  on  automatic  equipment,  or  to  make  certain  engineering  measurements 
within  the  spacecraft  for  transmission  to  the  ground  to  assist  in  our  diagnosis 
of  difficulties  or  our  decisions  as  to  further  controls  or  instructions. 
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Figure  11a 

To  summarize,  then,  we  have  to  meet  new  satellite  requirements  with  new 
equipment.  We  are  equipping  our  stations  with  PCM  systems  and  range  and 
range-rate  equipment;  we  are  providing  transportable  telemetry  stations;  and 
we  are  developing  processing  systems  which  can  handle  the  data  rate  problem. 

DEEP  SPACE  SUPPORT 

Now  let  us  go  to  the  next  figure  (12a)  and  discuss  the  various  types  of  deep 
space  missions  which  impose  requirements  on  the  ground  system.  Spacecraft 
will  be  launched  to  go  to  the  Moon  eta  distance  of  a quarter  of  a million  miles 
and  these  may  be  hard  or  soft  lander*  or  possibly  lunar  orbiters.  Others  will  be 
going  to  Venus  and  to  Mars  which  may  either  impact  or  orbit  around  the  planet. 
And  finally,  as  shown  on  the  bottom  of  the  chart,  there  will  be  spacecraft  which 
are  sent  on  long  journeys  through  interplanetary  space  to  investigate  what  exists 
in  the  vaet  regions  between  the  planets. 

Using  the  figure  (13a),  I would  like  to  provide  some  of  the  background  of 
the  requirements  laid  on  the  ground  system.  This  shows  some  of  the  major 
steps  in  a Ranger  mission.  As  the  spacecraft  is  launched  and  leaves  the  Earth, 
it  is  normally  inserted  into  what  is  frequently  termed  a parking  orbit;  it  is  then 
injected  into  a trajectory  which  will  carry  it  to  the  Moon.  During  injection, 
both  tracking  and  telemetry  are  required,  and  again  when  the  solar  panels  open 
and  the  antenna  is  deployed,  which  happens  shortly  after  injection.  In  this  case 
we  would  like  to  be  sure  that  they  do  open  properly  and  promptly,  or  that  we  will 
have  some  information  that  will  help  us  analyze  the  difficulties  in  case  they  do  not. 
All  this  while,  continued  tracking  will  provide  information  as  to  what  adjust- 
ments have  to  be  made  in  the  trajectory  to  improve  the  course  to  the  Moon. 
Based  on  this  tracking  data,  the  necessary  adjustments  are  computed  and  then 
commands  are  transmitted  to  the  spacecraft  to  cause  it  to  orient  itself  properly 
so  that  when  the  thrust  is  turned  on  for  a brief  interval  the  desired  change  will 
be  accomplished  in  the  trajectory.  Still  later,  in  the  close  proximity  of  the  Moon, 
commands  are  transmitted  to  prepare  the  spacecraft  for  the  final  maneuver. 
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Telemetering  and  tracking  are  vital  at  this  phase  of  the  flight.  Finally,  there  is 
the  desired  impact  on  the  Moon,  with  the  telemetering  being  continued  during 
and  after  landing,  for  perhaps  as  long  as  60  days.  The  trip  takes  about  2H  days 
and  as  the  flight  progresses  from  the  Earth  to  the  Moon,  the  turning  of  the  Earth 
requires  that  first  one  station  and  then  another  provide  the  desired  tracking, 
telemetering  reception,  and  command. 

The  field  of  view  of  the  three  stations  established  for  tracking  these  deep-space 
probes  is  represented  by  figure  14a.  The  dots  indicate  our  three  deep-space 
tracking  stations:  one  at  Goldstone,  Calif.;  one  near  Johannesburg,  South  Africa; 
and  one  at  Woomera,  Australia.  The  inner  circular  areas  show  the  range  of 
visibility  on  objects  which  are  8,000  miles  from  the  Earth,  and  the  outer  circular 
areas  show  the  visibility  pattern  on  objects  at  extreme  distances.  The  paths  of 
the  Moon  and  the  planets,  as  seen  from  the  Earth,  ali  fall  between  the  parallel 
lines. 
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Figure  14a 


You  can  see  that  by  the  time  an  outgoing  spacecraft  reaches  8,000  miles,  it  is  in 
almost  continuous  view  of  one  or  another  of  tne  three  stations  as  the  Earth  turns - 
shortly  thereafter,  and  on  to  the  Moon  and  beyond,  the  spacecraft  is  never  out  of 
sight  of  one  of  the  three  stations. 

With  figure  15a,  I have  endeavored  to  show  the  problems  faced  by  the  tracking 
and  data  acquisition  facilities  during  a planetary  mission  such  as  the  recent 
Mariner  mission  to  Venus.  Represented  are  paths  of  Venus  and  the  Earth  around 
the  Sun  You  will  notice  that  Venus,  orbiting  at  a faster  speed  than  Earth,  on  the 
inside  track  so  to  speak,  was  behind  Earth  at  the  time  of  launch  and,  in  effect, 
passed  the  Earth  and  was  ahead  of  it  by  December. 

The  launching  took  place  on  the  27th  of  August  and  the  Mariner  spacecraft  was 
first  placed  in  a “packing  orbit”  around  the  Earth,  pictorially  represented  on  the 
chart.  Further  burning  of  rockets  at  the  correct  time  speeded  up  the  vehicle  and 
injected  the  spacecraft  into  its  long  trip  to  Venus. 

Now,  as  I have  previously  mentioned  in  discussing  the  lunar  missions,  this 
injection  into  a trajectory  to  reach  Venus  is  never  expected  to  be  perfect,  and 
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we  do  in  fact  always  plan  to  make  a path  correction  after  sufficient  tracking  has 
been  performed  to  determine  just  what  correction  must  be  applied.  In  the  case 
of  Mariner  II,  tracking  data  during  the  first  few  days  indicated  that  the  space- 
craft, if  not  corrected,  would  have  passed  by  Venus  at  233,000  miles.  Therefore, 
necessary  adjustments  to  the  path  were  computed  at  Pasadena  and  on  Septem- 
ber 4,  8 days  after  launch,  commands  were  transmitted  from  Goldstone  to  the 
spacecraft  which  direcvod  it  to  orient  itself  in  space  and  to  fire  its  rocket  motor 
for  a few  seconds  so  that  the  proper  correction  to  the  path  was  made.  At  this 
time  the  Mariner  was  nearly  one  and  a half  million  miles  from  Earth.  Mariner 
then  continued  on  its  flight  through  September,  October,  November,  and  into 
December.  During  this  entire  period,  telemetered  data  was  being  received  at  the 
deep-space  network  stations,  giving  information  on  the  condition  and  performance 
of  the  onboard  equipment,  and  also  on  the  environment,  for  example,  the  magnetic 
fields  and  charged  particles  along  the  path. 

Finally,  on  December  14,  Mariner  made  its  closest  approach  to  Venus,  passing 
at  a distance  of  21,500  miles  from  the  planet.  Again,  commands  transmitted 
from  Earth  directed  the  spacecraft  to  turn  on  instruments  which  would  scan 
Venus  to  learn  something  of  its  temperature,  the  composition  of  its  atmosphere, 
and  other  characteristics.  The  data  obtained  from  these  instruments  was  con- 
tinuously transmitted  back  to  Earth.  Mariner  was  36  million  miles  from  Earth 
at  this  time ; it  took  nearly  3W  minutes  for  the  radio  signals  giving  the  commands 
transmitted  from  Goldstone  to  reach  the  spacecraft,  and  another  3H  minutes  for 
radiotelemetered  data  to  be  returned  to  Earth — a rather  nerve-racking  period  of 
7 minutes  before  we  knew  whether  the  commands  had  actually  been  received  and 
acted  upon. 

Up  to  this  time,  Mariner  had  traveled  for  109  days,  for  a total  distance  of  180 
million  miles  along  its  flight  path.  After  passing  Venus,  it  continued  into  orbit 
around  the  Sun.  We  lost  contact  with  it  21  days  later  when  it  had  cached  a 
distance  of  54  million  miles  from  the  Earth,  and  after  having  covered  a total 
distance  of  225  million  miles  of  flight  through  space. 

To  receive  a signal  from  a transmitter  of  only  3 watts  at  a distance  of  54  million 
miles  requires  highly  sensitive  antennas  and  receivers,  and  also  dictates  that  the 
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receiving  station  be  situated  in  an  area  of  extreme  quiet  from  a . idio  point  of 
view.  Even  at  that,  the  amount  of  information  that  can  be  transmitted  is  low. 

Figure  16a  outlines  our  limitations  and  shows  some  of  the  steps  we  are  taking. 
A large  85-foot  parabolic  antenna  such  as  is  used  at  our  three  stations  is  indicated 
at  the  left.  With  present  equipment  we  can  receive  medium-quality  television 
at  one-quarter  of  a million  miles,  the  distance  to  the  Moon.  This  is  roughly 
equivalent  to  1,000  telephone  circuits;  but  at  36  million  miles,  the  distance  to 
Venus  during  the  recent  flyby,  we  can  receive  only  about  one-twentieth  of  the 
information  that  can  be  carried  by  a telephone  circuit. 

Given  the  same  spacecraft  system  power,  the  information  rate  from  Venus  is 
about  one  twenty -thousandth  of  the  rate  from  the  Moon.  We  therefore  plan 
some  improvements,  indicated  at  the  bottom  right  of  the  chart.  We  will,  begin- 
ning in  1964,  convert  our  deep-space  net  and  the  lunar  and  planetary  spacecraft 
communications  systems  to  the  higher  frequency  S-band  operation  which  is  in 
the  2,200  megacycle  region.  Since  these  parabolic  antennas  focus  energy  more 
efficiently  at  this  region  of  the  spectrum,  we  will  improve  the  gain  of  the  system 
by  a factor  of  5.6.  By  using  more  sensitive  amplifiers,  known  as  masers,  we  will 
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improve  by  another  factor  of  5;  and  by  further  improvements  in  the  efficiency  of 
the  antenna  systems,  we  will  get  another  factor  of  1.4.  The  resulting  improve- 
ment is  the  product  of  these  individual  factors  and  therefore  gives  a total  improve- 


ment of  40. 

All  of  our  deep  space 

Apollo,  and  missions  to  — * 1 r , . 

Pioneer  series  for  investigations  related  to  the  International  Quiet  

Another  essential  improvement  which  will  benefit  the  unmanned  lunar  &dq 
planetary  programs  is  a replacement  spacecraft  prelaunch  checkout  station  in  the 
launch  area.  This  is  depicted  here  in  figure  17a.  The  spacecraft  for  these  mis 
sions  are  growing  increasingly  more  complex.  This  will  be  ,^^icu^rly  ^ 
the  case  of  lunar  and  planetary  orbiters  and  landers,  which  will  be  called  upon  to 
perform  a wide  variety  of  complicated  observation  and  measurement  functions. 
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The  operation  and  performance  of  this  on-board  equipment  must  be  monitored 
during  an  extensive  prelaunch  checkout,  through  exactly  the  same  type  of  r-f 
communication  and  telemetry  systems  which  are  to  be  used  when  the  spacecraft 
is  on  its  way  through  space.  This  is  the  function  of  this  launch-area  checkout 
station.  This  station  will  have  deep-space-network-type  instrumentation,  to- 
gether with  adequate  display  consoles  to  present  information  for  quick  analysis 
and  evaluation  by  the  project  director  in  making  the  final  “Go  No-Go”  decision 
prior  to  launch. 

This  station  will  be  fitted  with  a small  parabolic  antenna  which  will  maintain 
a two-way  link  with  the  spacecraft  during  the  prelaunch  checkouts,  and  also  after 
launch  until  the  spacecraft  disappears  over  the  horison.  Now  I wish  to  point 
out  that  this  station  is  only  for  the  spacecraft  project-peculiar  requirements. 
The  launch  vehicle  tracking  and  telemetry  will  continue  to  be  provided  by  the 
general-purpose  instrumentation  stations  of  the  Atlantic  Missile  Range. 

A limited  capability  for  prelaunch  checkout  is  now  being  provided  at  Cape 
Canaveral  by  a temporary  instrumentation  setup,  installed  in  trailers,  and  operat- 
ing in  the  960  megacycle,  or  L-band,  region  of  the  radio  spectrum.  As  I have  just 
mentioned,  one  of  the  improvements  we  have  planned  for  the  1964  and  later  period 
is  to  put  the  deep-Bpace  network  on  S-band.  This  new  station  will  be  configured 
for  this  higher  frequency  operation  and  will  also  be  installed  in  permanent  quarters 
at  Cape  Canaveral. 

This  station,  together  with  the  new  equipment  for  our  other  stations,  represents 
our  plans  to  meet  the  needs  of  the  deep  space  exploration  program. 

MANNED  FLIGHT  SUPPORT 

Starting  with  figure  18a,  I will  proceed  with  a discussion  of  manned  space 
flights,  beginning  with  the  three-orbit  Mercury  mission.  The  network  facilities 
in  the  case  of  manned  flight,  because  the  safety  of  the  man  is  strongly  emphasized, 
vary  considerably  from  the  approach  used  for  the  scientific  satellites  and  from  the 
approach  for  the  unmanned  Umar  and  planetary  missions. 

In  the  first  place,  we  plan  for  extreme  reliability,  using  backup  facilities  where 
necessary.  We  use  stations  fairly  closely  spaced  along  the  orbit  as  our  goal  is  to 
talk  for  approximately  5 minutes  out  of  every  15  with  the  astronaut  and  to  receive 
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telemetering  signals  on  his  condition  and  the  condition  of  the  various  systems  in 
the  capsule  for  the  same  percentage  of  time.  We  tie  all  stations  back  to  the 
network  control  center  and  the  mission  control  center  by  special  communications 
circuits  which  bring  the  data  back  for  immediate  calculations  at  Goddard  Space 
Flight  Center  and  for  subsequent  evaluation  and  such  decisions  as  may  be  needed. 

The  chart  shows  the  location  of  the  16  stations.  As  you  can  see,  we  made  use 
of  two  islands  plus  one  ship  in  the  Atlantic,  a ship  in  the  Indian  Ocean,  and  two 
islands  in  the  Pacific  along  with  the  stations  in  North  America,  Africa,  and  Aus- 
tralia. The  stations  had  to  be  located  under  the  flight  path  as  their  visibility 
allows  coverage  of  only  a radius  of  several  hundred  miles  at  the  altitude  of  the 
Mercury  orbit.  A wider  geographic  deployment  of  the  stations  was  not  required 
because  in  the  time  from  launch  until  the  end  of  the  third  orbit,  the  earth  rotates 
onlv  45°. 

f believe  the  soundness  of  our  approach  to  the  ground-support  problem  for 
Mercury  is  appreciated,  our  repeated  support  of  the  Mercury  missions  with  no 
launching  delay  or  major  ground  station  problem  during  the  orbiting  periods 
constituting  a most  successful  record.  This  I mention  because,  as  we  go  to 
planning  for  later  phases  of  the  manned  space  flight  program,  we  build  on  the 
successful  Mercury  network  and  we  use  the  same  philosophy  and  procedures  to 
insure  reliability  and  proper  operation. 

Progressing  to  the  six-orbit  mission  as  shown  in  figure  19a,  which  was,  of 
course,  the  Schirra  flight,  it  was  decided  we  could  get  along  with  stations  some- 
what farther  apart  since  we  had  had  the  previous  experience  of  the  three-orbit 
missions.  Our  studies  indicated  that  by  moving  the  Indian  Ocean  telemetering 
ship  closer  to  South  Africa,  certain  orbits  were  better  covered.  We  also  deter- 
mined that  moving  the  ship  previously  stationed  in  the  Atlantic  to  a location 
northeast  of  the  Philippines,  would  obtain  the  desired  capability  of  receiving 
telemetering  signals  and,  if  necessary,  transmitting  commands  to  the  capsule  in 
the  important  area  where  t^e  retrorockets  were  to  fire  to  bring  about  reentry 
after  the  six-orbit  mission.  As  you  may  remember,  the  tracking  was  of  such 
quality  that  we  were  able  to  predict  the  time  for  retrofiring  well  enough  so  that 
landing  was  made  very  close  to  the  recovery  aircraft  carrier.  In  fact,  throughout 
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the  entire  flight  comparison  of  our  predictions  of  the  position  of  the  capsule  posi- 
tion in  space,  on  a station-by-station  basis,  agreed  with  the  actual  measurements 
to  better  than  300  yards. 

For  the  proposed  1-day  mission,  we  have  looked  over  the  coverage,  orbit  by 
orbit,  and  have  decided  that  we  can  get  adequate  coverage,  even  though  less 
frequent  than  on  the  six-orbit  mission,  by  moving  the  telemetering  ship  to  a 
point  near  Easter  Island  in  the  southeast  Pacific.  The  approximate  new  location 
is  indicated  on  the  chart. 

I now  would  like  to  discuss  the  Gemini  requirements,  using  figure  20a,  Gemini, 
of  course,  being  the  manned  space  flight  program  which  will  follow  Mercury. 
In  this  program,  as  you  may  recall  from  previous  briefings,  an  Atlas-Agena  will 
be  launched  first  and  a number  of  orbits  later  a Titan-11  will  be  used  to  place 
the  Gemini  and  its  equipment  section  into  orbit  close  to  the  Agena.  After  the 
Gemini  spacecraft  makes  radar  contact  with  the  Agena  target,  rendezvous  and 
docking  will  be  accomplished  by  the  Gemini  astronauts  using  the  onboard  pro- 
pulsion. The  tracking  and  telemetering  will  be  much  like  that  already  done  for 
M-rcury  except  in  this  case  simultaneous  tracking  and  data  acquisition  for  two 
spacecraft  must  be  accomplished.  This  buildup  of  the  Mercury  capabilities,  we 
brieve,  is  the  surest  and  most  economical  way  to  satisfactorily  support  the 
Gemini  requirements. 

Figure  21a  illustrates  the  augmentation  that  will  be  necessary  for  a typical 
Mercury  site  to  provide  tracking  and  data  acquisition  functions  for  Gemini. 
The  additions  shown  by  the  emphasized  areas  on  the  chart  include  another 
antenna,  more  telemetering  receivers  for  the  extra  telemetering  required,  equip- 
ment and  high-speed  data  processing  to  allow  more  critical  evaluation  of  what  is 
going  on  in  both  spacecraft,  additional  equipment  for  sending  commands  to  the 
vehicles,  and  finally,  equipment  to  give  the  existing  radars  a target  differentiation 
capability.  Thus  instrumented,  an  existing  Mercury  manned  space  flight  sta- 
tion can  perform  the  radar  tracking,  telemetry,  and  command,  ; lcluding  the 
necessary  voice  communication  circuits. 
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Experience  with  the  tracking  and  data  acquisition  for  the  Mercury  missions, 
plus  progress  in  data  handling,  has  let  us  plan,  as  shown  in  figure  22a,  primary 
Gemini  support  with  much  less  than  the  14  stations  used  for  Mercury,  and  we 
have  indicated  by  the  filled-in  circles  and  1 ship  that  these  are  the  8 stations 
which  will  be  augmented  for  Gemini.  Open  circles  show  the  locations  of  existing 
NAHA  and  DOL)  facilities  which  will  be  used  for  supplementary  coverage  of 
Gemini.  These  facilities  require  no  augmentation.  The  station  shown  at  the 
lower  left  is  now  at  Carnarvon,  Australia,  rather  than  Muchea,  for  better  orbital 
coverage. 

The  selection  of  the  station  locations  and  the  phasing  in  of  certain  of  the 
equipment  has  been  done  with  careful  forethought  of  the  anticipated  requirements 
for  the  various  Apollo  missions  as  wrill  be  discussed  later.  I would  like  to  call 
your  attention  to  the  fact  thai,  the  ships  so  far  mentioned  for  the  various  Mercury 
missions  and  for  the  Gemini  mission,  as  shown,  provide  telemetering  reception, 
command  control  to  the  spacecraft,  and  communications  by  voice  with  the 
astronauts.  They  could  also  assist,  i'  uecessary,  in  abort  and  recovery,  but  have 
not  been  called  on  to  provide  tracking  by  radars  and  are  not  so  equipped. 
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Now,  moving  to  Apollo  support,  figure  23a  shows  the  Apollo  spacecraft  and 
the  types  if  missions  on  which  it  wrill  be  flown.  As  you  see  in  the  lower  right, 
the  Apollo  spacecraft  will  consist  of  three  parts:  the  command  module,  the 
service  module,  and  the  lunar  excursion  module.  The  command  module,  along 
with  a basic  service  module,  wrill  be  flown  in  Earth  orbits  of  iOO  to  150  miles 
altitude  and  for  periods  up  to  2 weeks.  Later  in  the  development  program,  the 
lunar  excursion  module  will  be  added;  this  will  be  separated  during  flight  and 
rendezvous  and  docking  practice  runs  will  be  conducted.  Finally,  as  shown  at 
the  upper  right,  the  lunar  missions,  using  all  three  modules,  wrill  be  conducted. 
In  these  missions,  the  Apollo  wrill  go  into  an  orbit  around  the  Moon;  the  lunar 
excursion  module  carrying  two  astronauts  wrill  separate  and  descend  to  the 
Moon’s  surface,  remain  a day  or  two  for  exploration,  and  then  launch  to  rendezvous 
writh  the  mother  ship  orbiting  the  Moon.  The  lunar  excursion  module  will  then 
be  jettisoned  and  the  return  flight  to  Earth  made  by  the  command  and  the 
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Figure  23a 

service  modules.  When  near  the  Earth,  the  service  module  will  also  be  jettisoned 
and  the  landing  made  by  the  command  module.  The  entire  trip  to  the  Moon 
and  return  will  take  about  7 days. 

At  the  bottom  of  the  chart  you  see  the  S-IVB  stage,  whioh  is  the  upper  stage 
of  the  Saturn  rocket.  The  Apollo  spacecraft,  which  I described  above,  rides  on 
top  of  this  S-IVB  stage.  Following  launch,  the  lower  stages  of  the  Saturn  burn 
out  and  are  jettisoned,  the  S-IVB  stage  then  ignites  and  develops  the  velocity  to 
place,  or  insert,  the  Apollo  into  Earth  orbit.  This  is  shown  in  the  center  of  the 
chart. 

For  a flight  to  the  Moon,  however,  still  additional  thrust  is  needed  to  develop 
the  much  higher  velocity  required  to  escape  the  Earth’s  gravitational  pull.  There- 
fore, after  coasting  in  Earth  orbit  for  one  of  more  orbits,  during  which  time  the 
complete  rocket  and  spacecraft  is  checked  out,  the  S-IVB  engines  are  ignited 
again  to  develop  this  additional  thrust.  W'hen  escape  velocity  of  about  25,000 
miles  per  hour  has  been  achieved,  the  engines  cut  off,  the  Apollo  is  injected  into  a 
trajectory  to  carry  it  to  the  Moon,  and  the  S-  IVB  stage  is  jettisoned. 

To  provide  the  ground  instrumentation  support  needed  for  these  Apollo  mis- 
sions, we  will  make  maximum  use  of  the  manned  space  flight  network  which  will 
by  that  time  have  been  equipped  and  used  for  Gemini.  This  network  will,  how- 
ever, require  some  further  augmentation  for  Apollo,  as  shown  on  figure  24a: 

1.  Instrumentation  ships  must  be  provided  to  perform  tracking  of  certain 
critical  near- Earth  phases  of  the  Apollo  flight  which  will  occur  beyond  sight  of 
any  land-based  stations. 

2.  Special  instrumentation  at  several  of  the  network  stations  must  be  provided 
to  perform  an  inorbit  checkout  of  the  S-IVB  stage  prior  to  the  injection  of  Apollo 
into  lunar  flight. 

3.  Capability  for  tracking,  data  acquisition,  and  command  at  lunar  distances 
must  be  provided  in  the  network. 

I will  describe  each  of  these  areas  of  augmentation  in  more  detail  now,  in 
sequence. 

To  understand  the  requirement  for  the  tracking  ships,  we  should  first  have  a 
clear  pic  ture  of  the  problem  of  placing  a spacecraft  into  a trajectory  to  carry  it  to 
the  Mov>n.  You  recall  the  flight  sequence  which  I have  just  described  in  which 
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the  Apollo  is  first  inserted  into  an  Earth  orbit;  then  after  one  or  more  orbits  of  the 
Earth,  a second  burning  of  the  S-IVB  engines  injects  the  spacecraft  into  its  flight 
to  the  Moon. 

Now,  this  flight  to  the  Moon  must  follow  a certain  trajectory.  Since  the  Earth 
is  rotating  on  its  axis,  and  the  Moon  is  revolving  in  orbit  around  the  Earth,  the 
specific  points  over  the  surface  of  the  Earth  at  which  insertion  and  injection  into 
this  trajectory  can  take  place  is  determined  by  the  time  of  day  and  the  day  of  the 
month  at  which  launching  actually  occurs.  This  necessitates,  in  turn,  that  the 
direction  of  launch,  that  is,  the  launch  azimuth,  from  Cape  Canaveral  be  selected  aa 
a function  of  time.  In  order  to  have  a reasonable  time,  perhaps  3 to  4 hours, 
available  during  which  launching  can  take  place  on  any  given  day,  a spread  of 
launch  azimuths,  shown  in  the  next  figure  (25a),  as  73  to  106  degrees,  must  be  used. 

The  insertion  event  occurs  somewhere  over  a band  approximately  1,800  miles 
from  Cape  Canaveral,  running  across  this  spread  of  launch  azimuths.  As  you  can 
see  from  the  map,  most  of  this  band  is  beyond  range  of  land-based  radars,  and 
therefore  a tracking  ship  must  be  used  to  fill  the  gap,  and  will  be  positioned  ap- 
proximately as  shown.  Tracking  of  this  phase  of  flight  is  essential,  of  course, 
because  in  case  of  any  malfunction,  immediate  decisions  on  an  abort  path  must  be 
made  based  on  tracking  data  obtained,  and  commands  must  then  be  transmitted 
immediately  to  the  spacecraft.  It  is  also  important  to  obtain  early  tracking  data 
on  a successful  mission  to  allow  a description  of  the  parking  orbit.  This  in  turn 
afsists  stations  in  the  injection  area  to  acquire  the  signals  from  the  spacecraft 
as  early  as  possible. 

Similarly,  the  area  in  which  injection  into  the  lunar  trajectory  can  occur  will 
also  spread  across  between  the  two  extremes  of  the  launch  trajectories.  This  is 
illustrated  in  the  next  figure  (26a),  which  shows  a typical  pattern  which  the 
injection  area  might  take.  The  injection  point  moves  east  to  west  over  the  marked 
area  as  the  Earth  rotates;  in  the  space  of  perhaps  3 hours,  it  will  cover  a span  such 
as  shown  on  this  figure.  This  is  too  great  a span  for  a single  tracking  ship  to 
cover;  two  ships  wifi  be  required.  This  area  moves  day  by  day  in  a north-south 
direction  slowly  enough  so  that  the  ships  can  be  appropriately  repositioned. 
However,  the  east-west  movement  is  too  rapid  for  a ship  to  follow.  Now  I want 
to  emphasize  again  that  this  illustration  shows  only  one  of  the  possible  injection 
patterns.  This  pattern  may  have  to  be  broadened  to  reduce  Apollo  launch 
constraints. 

Tracking  coverage  of  this  injection  phase  is  essential  to  verify  performance  of 
the  onboard  guidance  and  computer  system  and  to  obtain  data  for  immediate 
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decisions  and  command  transmission  to  the  spacecraft  in  the  event  of  a malfunc- 
tion requiring  an  abort  of  the  mission. 

We  cannot  meet  these  minimum  insertion  and  injection  requirements,  therefore, 
without  at  least  three  new  instrumentation  tracking  ships.  The  procurement  of 
these  ships  must  begin  this  year  because  of  the  very  long  leadtime  involved  in 
modifying  the  ship  hulls  and  in  buying,  installing,  and  checking  out  the  highly 
specialized  instrumentation  required  for  the  Apollo  mission  support. 

Now  the  next  requirement  I mentioned  for  the  Apollo  ground  network  is  shown 
by  figure  27a.  This  is  the  need  for  an  inorbit  checkout  of  the  S-IVB  stage,  as 
well  as  of  the  spacecraft,  prior  to  the  injection  into  the  lunar  trajectory.  It 
should  be  remembered  that  this  “injection,”  involving  as  it  does  the  burning  of 
the  S-IVB  engines  to  accelerate  the  Apollo  spacecraft  to  a velocity  sufficient  to 
take  it  out  of  Earth  orbit,  is  in  many  ways  as  complex  an  operation  as  launching  a 


Figure  27a 

major  vehicle  from  the  pad.  Therefore,  a launch-type  countdown  is,  in  fact, 
needed  while  the  complete  Apollo  rocket  still  is  orbiting  the  Earth. 

The  time  for  this  countdown  is  limited;  the  job  will  have  to  be  done  quickly, 
automatically,  and  remotely.  The  information  will  be  telemetered  to  selected 
stations  in  the  network  at  which  data  processing  and  display  equipment  will  be 
provided.  The  condition  of  all  the  critical  elements  of  the  rocket  will  thus  be 
checked  and  evaluated  before  committing  the  Apollo  to  its  lunar  flight. 

The  third  requirement,  namely,  the  capability  in  the  manned  space  flight  net  for 
tracking,  data  acquisition,  and  command  at  lunar  distances,  will  be  obtained  by 
two  mor'  improvements  and  augmentations.  The  first  of  these  is  illustrated  in 
the  next  figure  (28a).  As  shown  on  the  left,  the  present  network  fov  Mercury  and 
the  planned  network  for  Gemini  use  three  separate  radio  frequency  links  between 
the  ground  and  the  spacecraft  for  tracking,  telemetry,  and  command.  The  telem- 
etry and  command  links  of  these  systems  operate  in  a low  frequency  region, 
which  is  not  suitable  for  communications  to  the  spacecraft  as  it  nears  the  Moon. 
To  communicate  effectively  at  these  distances,  we  must  first  of  all  use  larger 
diameter  antennas,  and  secondly,  use  sufficiently  high  frequencies  so  that  these 
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antennas  will  concentrate  the  energy  into  a narrow,  efficient  beam.  The  opera- 
tional tadio  frequencies  selected  for  Apollo  communications  fall  in  the  so-called 
S-band,  which  is  the  same  band  to  be  used  by  the  deep  space  network  in  1964. 
Although  large  antennas  will  be  required  at  the  three  new  stations  for  the  Apollo 
network,  the  instrumentation  for  the  rest  of  the  network  used  when  Apollo  is  in 
Earth  orbit  must  be  compatible.  Therefore,  our  plans  for  all  elements  of  the 
Apollo  communications  system — tracking,  telemetry,  command,  and  voice — 
envision  a single  frequency  system  operating  at  3-band,  which  will  support  all 
phases  of  the  flight,  whether  in  Earth  orbit  or  at  lunar  distances. 

The  next  figure  (29a),  illustrates  the  coverage  to  be  provided  by  these  three 
new  large  antennas,  as  well  as  that  provided  by  the  other  stations  covering  the 
Earth  orbital  phase.  The  large  antennas,  which  will  be  85-foot  dishes,  will  be 
more  or  less  equally  spaced  in  longitude  around  the  Earth,  as  is  done  with  the 
present  deep  space  network  stations.  The  final  locations  have  not  yet  been 
selected;  however,  one  will  be  in  Australia,  one  at  a southern  European  site  and 
one,  of  course,  in  the  United  States.  In  emergency,  any  one  of  these  three 
stations  will  be  backed  up  by  the  deep  space  network  stations  located  in  these 
same  areas,  since  both  the  Apollo  net  and  the  deep  space  net  will  be  operational 
on  S-band  frequencies. 

For  manned  flight,  then,  we  must  provide  for  completing  the  Gemini  instrumen- 
tation plan;  we  must  modify  and  equip  three  ships ; and  we  must  install  the  S-band 
systems  at  our  new  and  existing  stations. 
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CONCLUSION 

This  concludes  my  prepared  presentation.  I have  described  the  basic  support 
job  that  tracking  and  data  acquisition  provides  to  all  the  flight  projects  in  NASA’s 
space  effort;  I have  shown  you  the  way  we  deploy  and  use  our  existing  resources; 
I have  described  the  additional  resources  required  to  continue  during  that  job. 

I have  pointed  out  the  orderly,  step-by-step  nature  of  our  plans.  We  are 
building  equipment  and  facilities  that  will  be  flexible  and  adaptable  and  can  be 
used  for  a long  time;  in  fact,  in  our  modifications  and  improvements  to  support 
new  missions,  we  have  been  able  to  make  excellent  use  of  what  we  have  previ- 
ously provided  and  used  at  our  network  stations.  This  is  not  only  an  efficient 
approach,  but  also  it  very  strongly  supports  our  emphasis  on  achieving  vitally 
important  reliability  through  the  use  of  tried  and  proven  equipment  and  tech- 
niques. 

Finally,  I would  like  to  emphasize  the  vital  part  that  ground  support  plays  in 
every  space  flight  mission  because,  whether  unmanned  or  manned,  the  success  of 
the  mission  depends  on  our  ability  to  communicate,  to  receive  telemetered  data, 
to  track,  and  to  command. 

Mr.  Roush.  All  right,  Mr.  Buckley,  I am  going  to  let  Mr.  Boone, 
our  technical  consultant,  lead  off  here,  ana,  of  course,  any  other 
member  of  the  committee  might  be  interrupting  with  questions  at 
any  time. 

Mr.  Boone. 

Mr.  Boone.  Mr.  Buckley,  would  you  briefly  state  how  your  office 
locally  fits  in  with  the  work  being  done  at  Goddard,  say,  or  JPL  or 
the  launch  center  at  Canaveral,  what  administrative  control  you  have 
over  those  offices,  particularly  with  reference  to  planning  of  what 
they  do  and  how  you  fit  into  that  picture. 
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Mr.  Buckley.  To  start  at  the  beginning  of  the  cycle,  I guess, 
my  office  sends  out  a request  for  a budget  call  and  asks  them  to  come 
in  with  their  idea  of  a proper  budget  and  the  program  study  that  is 
associated  with  it.  In  that  call  we  emphasize  the  changes  in  program 
or  the  changes  in  scope  that  we  can  foresee. 

Each  Center  may  have,  and  usually  does  have,  supplementary  infor- 
mation, in  addition  to  what  we  have,  but  they  respond  to  us  with  an 
estimated  budget  and  after  some  negotiations,  the  program  is  agreed 
upon  between  the  two  groups. 

After  the  budget  is  approved,  there  is  an  allocation  decided  on, 
again  by  program  areas,  that  breaks  down  into  what  each  Center  is 
going  to  ao  with  the  various  parts  that  we  assign  to  them.  They 
then  start  carrying  out  this  program,  reporting  to  us  periodically,  and 
we  review  their  execution  of  the  program  through  tne  course  of  the 
year. 

We  also  watch  the  technical  characteristics  of  the  results  of  this 
program  to  be  sure  that  it  is  on  the  right  track.  In  the  implementa- 
tion phase,  because  our  stations  are  in  foreign  countries,  it  is  necessary 
that  our  office  take  a very  active  part  in  working  with  the  Office  of 
International  Affairs  and  through  them  to  the  State  Department. 
We  have  to  take  an  active  part  in  getting  agreements  with  tne  foreign 
countries  which  are  necessary  for  any  additional  stations  or  major 
changes  in  the  stations  or  the  programs  they  support. 

Mr.  Boone.  One  thing  I was  trying  to  determine  is  do  they  estab- 
lish their  own  requirements  or  do  you  meld  these  requirements  with 
requirements  of  other  NASA  centers  to  be  sure  that  you  only  have 
one  tracking  network,  for  example,  for  a specific  job? 

Mr.  Buckley.  All  of  the  tracking  requirements  go  through  my 
office;  yes,  sir,  and  we  meld  these  together.  In  the  course  of  planning 
a particular  operation  we  immediately  look  at  all  of  the  NASA  facili- 
ties and  se8  what  can  be  used  because  there  is  considerable  cross  use 
of  the  facilities  for  different  purposes,  cross  use  not  only  of  the  NASA 
facilities,  but  cross  use  of  tne  DOD  facilities  as  well.  Incidentally, 
this  is  a bilateral  thing  because  in  the  last  year  we  supported  some 
12  DOD  launchings  with  our  network  stations,  and  have  requests  on 
hand  for  some  5 right  now;  the  other  side  of  the  coin  is  that  we  have 
firm  requirements  documents  provided  to  the  military  ranges  for  some 
105  future  launchings,  and,  of  those  future  launchings,  there  will  be 
some  40  that  will  require  the  use  of  Department  of  Defense  ships. 

Now  this  indicates  the  crossflow  between  ourselves  and  DOD. 
However,  we  also  use  industrial  capabilities,  and  illustrations  of  that 
would  be  the  A.T.  <fc  T.  antenna  at  Andover,  Maine,  the  I.T.  & T. 
station  in  Nutlev,  N.J.;  RCA  radars  have  been  turned  on  for  our  shots 
and  Lincoln  radars  have  been  turned  on. 

Finally  there  is  use  of  foreign  facilities,  and  one  that  you  are  familiar 
with  would  be  the  use  of  the  large  250-foot  radio  telescope  in  Jodrell 
Bank,  England,  Dr.  Lovell’s  equipment.  There  is  also  use  of  foreign 
equipment  in  connection  with  Project  Mercury  support  in  Australia, 
and  use  of  foreign  equipment  in  the  communications  program  in 
England,  France,  Italy,  and  other  countries  that  will  be  using  their 
own  equipment.  This  is  where  the  equipment  belonging  to  those 
countries  is  used  in  our  programs. 

Mr.  Boone.  The  primary  function  of  your  office  then  is  to  see  that 
there  is  no  unnecessary  duplication,  is  that  right? 
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Mr.  Buckley.  That  is  right;  yes,  sir. 

Mr.  Boone.  Are  you  convinced  that  this  is  the  case  now? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Boone.  And  that  you  are  getting  maximum  utilization  of 
military  facilities  that  exist  before  going  out  and  buying  new  facilities? 

Mr.  Buckley.  I think  we  are  gettmg  excellent  utilization  of  the 
military  facilities  and  there  is  a tremendous  amount  of  effort  that 
goes  into  insuring  this.  For  example,  there  is  a large  catalog,  a few 
inches  thick,  that  is  prepared  jointly  by  ourselves  and  DOD  that 
covers  all  NASA  facilities  and  DOD  facilities  which  might  be  available 
for  such  use.  Actually,  most  of  the  people  in  my  office  and  the  ones 
doing  work  such  as  Goddard  does  on  planning  an  operation  are 
familiar  enough,  I think,  with  most  of  the  DOD  facilities  so  that  they 
don’t  need  this  catalog,  but  this  catalog  exists  so  that  it  can  be  used 
in  this  cross-planning  u need  be. 

Mr.  Boone.  Are  there  other  funds  progr  amed  in  the  NASA  budget 
for  tracking  and  range  facilities? 

Mr.  Buckley.  For  what? 

Mr.  Boone.  Tracking  facilities,  instrumentation  facilities.  I don’t 
mean  construction,  I mean  electronic  hardware  that  would  normally 
be  under  your  purview. 

Mr.  Buckley.  There  will  be,  in  some  instances,  project  peculiar 
equipment  such  as  the  special  equipment  needed  by  Nimbus,  perhaps, 
or  Tiros,  that  goes  at  the  station  but  is  inherently  part  of  a flight 
project,  and  that  will  be  carried  under  the  Nimbus  or  Tiros  project. 
There  will  be  local  support  activity,  such  as  the  support  at  White 
Sands  which  is  directly  tied  to  the  day-by-day  test,  operation,  and 
development  going  on  at  Houston,  that  will  be  carried  separately,  but 
the  major  networks  and  the  worldwide  systems  are  all  carried  under 
my  office. 

Mr.  Boone.  Does  this  mean  that  Manned  Space  Flight  tells  you 
what  they  want  you  to  obtain  for  them  from  the  spacecraft  and  you 
take  it  from  that  point  on,  or  do  they  tell  you  what  equipment  is 
needed,  or  do  they  buy  their  own  equipment  and  then  tell  you  what 
is  needed? 

Mr.  Buckley.  No,  the  procedure  is  that  the  Manned  Space  Flight 
Center  sends  the  requirements  up  through  Mr.  Holmes’  headquarters 
here  in  Washington  and  over  to  me  and  down  to  Goddard.  In  other 
words,  the  requirements  are  generated  by  the  Manned  Spacecraft 
Center  in  Houston;  they  do  not  make  the  hardware  decisions.  On 
the  other  hand,  they  have  concurrence  in  Goddard’s  or  my  office’s 
decisions  as  to  what  hardware  will  be  used,  but  they  lay  the  require- 
ments out  rather  than  an  exact  statement  of  what  hardware  is  to 
be  used. 

Mr.  Boone.  Do  you  have  any  private  contractors  that  assist  you 
in  determining  what  is  needed;  for  example,  advisers  like  Aerospace  is 
to  the  Air  Force? 

Mr.  Buckley.  We  have  used  a number  of  contractors  at  times. 
In  the  course  of  the  Mercury  network  planning  and  development, 
there  were  a number  of  contractors  used  in  the  planning,  and  I believe 
your  question  was  in  the  planning  area.  Aeroneutronics  was  one, 
and  Lincoln  Laboratories  was  another.  At  the  moment  we  have  a 
study  contract  with  Sperry,  for  instance,  to  study  the  Apollo  trajec- 
tories and  some  interactions  between  them  and  the  ground  stations 


2804  1964  NASA  AUTHORIZATION 

and  ships  to  determine  exactly  where  the  ships  can  provide  assistance 
for  different  types  of  trajectories. 

Mr.  Boone.  Are  there  no  funds  in  this  budget  request  for  this  type 
of  activity? 

Mr.  Buckley.  Such  funds  would  be  under  the  supporting  research 
and  technology  area. 

Mr.  Boone.  They  would  not  be  funded  in  your  budget? 

Mr.  Buckley.  Tney  are  in  my  budget.  It  is  one  of  the  three 
areas  I mentioned. 

Mr.  Boone.  I see. 

Mr.  Buckley.  This  is  the  area  that  I said  was  $17  million  total, 
about  5 percent  of  our  budget. 

Mr.  Roush.  Mr.  Buckley,  we  are  going  to  start  taking  this  item 
by  item,  but  considering  the  amount  requested  as  a whole,  in  addition 
to  this  do  you  have  other  funds  which  have  been,  say,  carried  over 
from  last  year  which  are  available  to  your  office? 

Mr.  Buckley.  I would  like  to  have  Mr.  Williamson  discuss  that 
area,  please. 

Mr.  Williamson.  The  February  28  financial  status  of  our  fiscal 
1963  program,  our  current  and  ongoing  program,  is  about  44  percent 
obligated,  which  means  written  into  the  form  of  contracts,  and 
approximately  70  percent,  I think,  committed. 

A “commitment”  in  our  term  is  a contract  not  yet  signed  by  both 
parties.  It  is  a procurement  request  that  has  flowed  from  the  tech- 
nical person  at  the  Center  through  his  financial  office  for  certification 
of  fund  availability,  is  in  the  hands  of  his  contracting  officer,  and  is  in 
the  process  of  being  either  written  up  in  procurement  form  as  a 
purchase  order  or  as  a contract  for  negotiation  or  for  bid.  As  of 
today  we  have  fund  availability  that  is  not  yet  completely  spent. 
We  aren’t  at  zero.  We  have  another  3 months  remaining  and  about 
3 months  worth  of  funds. 

Mr.  Roush.  Well,  at  the  end  of  these  3 months  or  the  end  of  the 
fiscal  year,  have  you  in  your  planning  considered  any  amounts  that 
may  have  been  planned  or  programed  for  1963  for  use  in  1964? 

Mr.  Williamson.  In  terms  of  expenditures  we  always  do  this. 

Mr.  Roush.  I am  not  asking  you  whether  you  always  do  it  or  not, 
I am  asking  you  in  this  particular  year  whether  or  not  in  your  budget 
for  fiscal  year  1964  you  have  funds  which  might  be  left  over  from 
fiscal  year  1963. 

Mr.  Williamson.  Yes. 

Mr.  Roush.  And  how  much  and  where  are  they? 

Mr.  Williamson.  They  are  in  terms  of  the  grand  total  of  $231.5 
million.  That  is  the  new  obligational  authority  that  we  are  request- 
ing. The  expenditure  of  that  money— $231.5  million  is  the  number 
that  we  are  talking  about.  I am  not  dealing  here  with  the  salaries 
and  operations  of  installations. 

Mr.  Roush.  Well,  isn’t  this  the  amount  that  you  are  asking  for? 

Mr.  Williamson.  Yes,  sir;  that  is  new  obligational  authority  in 
1964.  The  expenditure  of  that  sum  takes  longer  than  12  months. 
It  takes  12  months  to  write  contracts,  but  it  takes  the  contract  several 
years,  in  some  cases  up  to  3 years  to  terminate,  and  for  complete 
delivery  of  the  equipment  to  be  made  and  installed,  and  at  that  point 
you  are  really  out  of  cash. 
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In  other  words,  we  plan  on  an  obligational  basis.  We  did  not  con- 
sider we  would  have  very  much  unobligated  funds  at  the  end  of  the 
fiscal  year. 

Mr.  Roush.  I guess  this  is  my  question  then:  Considering  unob- 
ligated funds  for  1963 

Mr.  Williamson.  No;  we  don’t  expect  to  have  very  much. 

Mr.  Roush.  Do  you  expect  to  have  any? 

Mr.  Williamson.  The  problem  here  is  that  of  procurement  lead- 
time.  History  has  shown  that  we  have  unobligated  balances  at  the 
end  of  the  year.  I suspect  that  this  year,  with  the  upswing  in  our 
ability  to  use  money  effectively,  it  will  be  a very  small  percentage, 
indeed. 

Mr.  Roush.  How  much  did  you  have  in  unobligated  funds  at  the 
end  of  fiscal  year  1962? 

Mr.  Williamson.  I think  it  was  $4.6  million,  but  I would  have  to 
check  that  for  the  record. 

Mr.  Roush.  Well,  is  this  an  unusual  amount  or  is  this 

Mr.  Williamson.  Out  history  isn’t  that  long,  sir.  I don’t  know 
whether  it  is  unusual  or  not.  It  is  a fair  small  percentage  of  the  fiscal 
year  1962  program. 

Mr.  Roush.  Are  you  prepared  to  tell  us  what  happened  to  this 
$4.6  million? 

Mr.  Williamson.  It  was  obligated  in  keeping  with  the  program  as 
laid  out.  This  is  essentially  just  a question  of  time.  As  you  know, 
we  don’t  actually  receive  our  appropriation  until  considerably  after 
the  fiscal  year  has  gone  on,  maybe  2 or  3 months,  so  we  are  forced, 
if  you  will,  to  take  12  months  to  spend  12  months’  worth  of  money. 
This  carries  you  into,  say,  3 months  of  the  next  fiscal  year.  If  the 
funds  are  made  available  at  the  beginning  of  the  fiscal  year,  we  con- 
sider our  program  to  be  based  on  a 12-month-obligation  cycle. 

Mr.  Roush.  Well,  I think  our  concern  here  is  that  when  we  have  as 
accurate  a budget  as  possible,  and  if  there  are  funds  carried  over  to 
the  next  year  and  used  the  next  year,  if  the  same  fund  was  carried 
over  each  year  it  wouldn’t  make  any  difference,  but  if  at  the  end  of  this 
year  you  are  not  going  to  have  any  unobligated  funds  then  apparently 
more  money  has  gone  into  the  program  during  1963  than  the  Congress) 
intended  when  they  approved  your  budget.  And  what  I was  trying 
to  get  at  was  if  there  is  money,  where  is  it  spent,  are  you  reprograming 
this  to  other  areas  and,  if  so,  how? 

Mr.  Williamson.  We  reprogram  very  little.  As  you  can  see  by 
the  structure  of  our  budget,  sir,  a large  area  of  it  deals  with  operations. 
These  are  ongoing  costs  which  we  must  pay — they  represent  con- 
tractors’ salaries  to  a large  extent,  contract  operators’  salaries.  It  is 
a reasonably  well  estimable  amount  and  it  must  be  paid  out  across  a 
time  cycle. 

As  for  equipment,  the  use  of  those  funds  is  tied,  as  I said,  to  the 
obligation  cycle,  to  our  ability  to  contract  effectively.  Now  con- 
tracts do  slip;  sometimes  it  takes  longer  to  let  a contract  than  we  had 
planned.  Occasionally  we  are  able  to  let  our  contracts  much  more 
quickly  than  we  had  planned.  These  tend  to  balance  themselves 
out.  We  don’t  buy  things  that  we  don’t  need. 

Maybe  this  is  not  answering  your  question  on  reprograming,  but 
we  don’t  change  the  program  here  in  tracking-and-data  acquisition 
unless  it  is  required  by  major  changes  in  the  flight  program  which  we 
are  supporting. 
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For  example,  if  we  had  proposed  to  buy  a certain  piece  of  equipment 
in  support  of  a certain  satellite  flight  program  at  a certain  time,  and 
that  flight  program  changed,  I think  we  would  be  derelict  in  not 
reexamining  the  impact  of  that  flight  program  change  upon  our 
planning.  We  are  a reactive  program  office  in  that  sense;  we  react 
to  the  flight  programing,  the  flight  schedule  that  we  are  supporting. 

Mr.  Roush.  I believe  Mr.  Homes  the  other  day  suggested  that  the 
manned  space  flight  program  has— I don’t  belive  he  wanted  to  use  the 
word  “slipped,”  but  I mil  use  it,  has  slipped  6 months.  Does  your 
budgeting  take  this  into  account? 

Mr.  Williamson.  Yes,  sir;  always. 

Mr.  Roush.  How  is  this  reflected  here  in  your  proposals? 

Mr.  Williamson.  It  is  reflected  in  the  timing  of  equipment  pro- 
curement, for  example.  The  contracts  that  we  are  in  process  of 
letting  now  for  the  Gemini  support  equipment,  for  the  ground  stations 
that  will  be  prime  for  Gemini,  are  scaled,  and  therefore  their  costs  are 
scaled,  to  the  estimated  flight  date  for  that  project. 

These  budget  estimates  go  through  perturbations,  as  you  know, 
during  the  planning  cycle  and  they  reflect  a point  in  time  flight  pro- 
gram position  that  we  are  supporting. 

Mr.  Roush.  Let’s  iust  take  this  request  of  yours,  item  by  item 
now,  and  I am  sure  that  as  we  take  it  up  item  by  item  there  will  be 
other  questions  which  are  more  directly  related  to  the  general  line  of 
questioning  that  I was  attempting  to  propound  at  this  time. 

Mr.  Rumsfeld.  You  don’t  want  any  questions  at  this  time  on  the 
same  subject  he  has  been  on? 

Mr.  Roush.  I think  perhaps  as  we  get  into  it  item  by  item  your 
question  might  be  more  pertinent.  If  you  have  one,  feel  free  to  ask 
it,  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Good.  I would  prefer  to  right  now. 

Mr.  Williamson,  what  is  your  capacity?  I don’t  believe 

Mr.  Williamson.  I am  the  Chief  of  Program  Coordination  in  the 
Office  of  Tracking  and  Data  Acquisition. 

Mr.  Rumsfeld.  You  used  percentages.  You  said  as  of  March 
1 

Mr.  Williamson.  February  28. 

Mr.  Rumsfeld.  February  28,  you  were  approximately  44-percent 
obligated. 

Mr.  Williamson.  Approximately. 

Mr.  Rumsfeld.  Do  you  have  the  dollar  amount  on  that? 

Mr.  Williamson.  The  recorded  obligations  as  of  February  28, 
1963,  were  $60.7  million. 

Mr.  Rumsfeld.  Is  obligated? 

Mr.  Williamson.  Is  obligated. 

Mr.  Rumsfeld.  Of  our  total? 

Mr.  Williamson.  Of  our  total  1963  portion. 

Mr.  Rumsfeld.  This  means  that  as  of  a point  where  we  have 

Iiroceeded  through  8 months  out  of  a 12-month  period,  with  4 months 
eft,  you  are  44-percent  obligated? 

Mr.  Williamson.  Yes,  except  if  I may  suggest,  it  is  not  really 
a 12-month  period  because  the  appropriation  bHl  was  not  made  avail- 
able to  NASA  at  the  beginning  of  the  fiscal  year  in  its  totality. 

Mr.  Rumsfeld.  Well,  it  wouldn’t  have  to  be  in  its  totality,  just 
the  portions  you  are  going  to  use  in  the  early  portion  of  the  year. 
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Mr.  Williamson.  Well,  it  is  not  so  much  the  portions  you  are 
going  to  use,  it  is  the  authorization  for  the  program  that  is  being 
undertaken.  You  don’t  start  into  the  procurement  of  new  facilities 
or  new  equipment  without  an  assurance  that  the  program  being 
supported  nas  been  authorized,  so  your  planning  actually  has  a slight 
hiatus  in  it  until  the  final  bill  is  available. 

Mr.  Rumsfeld.  I see,  and  you  say  you  are  70-percent  committed. 
What  dollar  amount  do  you  attach  to  the  remaining  30  percent? 

Mr.  Williamson.  It  would  be  30  percent  of  our  total.  I would 
have  to  multiply  that  out  quickly. 

Mr.  Rumsfeld.  Which  total? 

Mr.  Williamson.  The  total  for  fiscal  year  1963,  which  is  $135.8 
million. 

Mr.  Rumsfeld.  That  is  your  total  minus  personnel  and  operations? 

Mr.  Williamson.  Yes,  sir;  personnel  ana  operations  obligated  at 
an  almost  straight-line  level. 

Mr.  Rumsfeld.  Right.  I see.  So  some  $40  million  roughly  is  not 
obligated  or  committed? 

Mr.  Williamson.  Yes;  that  is  correct. 

Mr.  Roush.  On  this  point,  let  us  refer  to  our  backup  book,  on 
RD023-1.  This  is  in  volume  2. 

Taking  the  totals  you  were  referring  to,  you  referred  to  the  total 
for  1963  of  $135,824,000.  Going  over  to  1963,  the  $67,302,000  figure, 
now  what  does  this  represent?  Is  this  the  amount  that  was  budgeted 
for  that  year,  is  this  the  amount  which  was  spent  and  committed  that 
year,  or  just  what  is  it,  and  would  you  tell  us  in  each  instance  what 
this  is? 

Mr.  Williamson.  Yes,  sir;  the  $67,204,000  is  the  program  alloca- 
tion to  the  Office  of  Tracking  Data  and  Acquisition.  The  total  of 
similar  numbers  throughout  the  volume  here  represents  the  total 
R.D.  & O.  appropriation  for  that  year. 

Mr.  Roush.  Tnen  for  1962  this  figure  is  not  the  amount  that  you 
spent  or  committed  yourself  to  spend,  is  that  correct? 

Mr.  Williamson.  No,  sir;  this  is  the  program  allocation  of  today. 

Mr.  Roush.  Do  you  have  for  1962  the  amount  that  you  spent? 

Mr.  Williamson.  I would  have  to  check,  but  I believe  it  is  all  but 
$1.8  million  of  that. 

Mr.  Roush.  We  would  like  to  have  this  and  we  would  like  to  have 
it  quite  accurately,  and  I think  in  this  connection  we  might  say  that 
we  would  like  a more  complete  breakdown  than  the  general  breakdown 
we  have  here  which  we  would  be  requesting  from  you  a little  later  on 
anyhow,  but  we  would  like  to  have  it  for  1962,  the  estimate  for  1963, 
on  the  amount  that  you  spent  or  committed. 

Mr.  Williamson.  Excuse  me,  you  would  like  to  know  exactly 
how  much  we  have  obligated  and  committed  of  the  $67  million  fiscal 
year  1962  funds  and  what  our  plan  is  for  1963,  what  our  estimate  is? 

Mr.  Roush.  Yes. 

Mr.  Williamson.  As  of  February  28, 1963,  the  recorded  obligations 
against  the  fiscal  year  1962  program  were  $61,639  million  and  the 
commitments  were  $64. 188  million.  The  estimated  obligations  against 
the  fiscal  year  1963  program  are  approximately  $128  million  and  the 
estimated  commitments  are  $135.8  million  at  the  end  of  the  fiscal  year. 

Mr.  Williamson.  Out  plan  is,  of  course,  to  use  the  $135.8  million. 

Mr.  Roush,  Are  there  any  other  questions  or  comment  on  this 
particular  item? 
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Mr.  Wydler.  Yes,  I would  like  to  understand. 

You  show  for  1962,  $67  million  here.  Now  on  the  summary  we 
have  $94,844,000  shown. 

Mr.  Rumsfeld.  Subtract  personnel  and  operation  of  installations. 

Mr.  Williamson.  The  summary  being  the  President’s  budget,  sir? 

Mr.  Boone.  No.  May  I explain  that? 

This  is  your  last  year’s  budget  request,  where  you  showed  an  esti- 
mated $94  million  that  you  would  spend  in  1962,  whereas  in  your  1964 
request  you  show  $67  million.  Now  the  $67  million  you  said  was  ob- 
ligated; is  that  correct? 

Mr.  Williamson.  Mostly  obligated. 

Mr.  Boone.  With  the  exception  of  $1.8  million.  So  it  would 
appear  that  there  is  a difference  of  about  $20-odd  million  here  from 
last  year’s  planning  against  this  year’s  obligation,  and  I think  that  is 
the  question  he  is  asking. 

Mr.  Williamson.  If  I may  say  one  thing.  In  last  year’s  number 
the  break  of  $67  million  versus  $83  million  was  not  shown,  referring 
again  to  page  23-1.  The  equivalent  number  is  against  $83,832  mil- 
lion. If  you  subtract  out  the  personnel  and  operation  of  installation 
costs  that  were  allocated  in  the  fiscal  1962  column  of  the  1963  budget, 
you  would  come  down  to  a number  of  $69,817,000. 

In  other  words,  the  corresponding  number  last  year  that  we  esti- 
mated for  fiscal  1962  was  $69,817,000.  This  is  the  equivalent  of  the 
$67,302,000.  The  difference  is  $2,515,000  in  the  area  of  direct 
program  costs. 

Mr.  Davis.  I see,  that  goes  back  to  what  somebody  said  in  the 
hearings  last  week,  that  none  of  these  projects  inplude  personnel  and 
operation  costs  and  if  you  tack  the  personnel  and  operations  costs 
onto  it  you  get  a figure  almost  the  same  as  $84  million.  If  you  remove 
personnel  and  operations  costs  it  comes  down  to  under  $70  million. 

Mr.  Boone.  I think  the  problem  was  that  the  number  is  really 
$94  million  and  not  $84  million. 

Mr.  Davis.  I thought  you  said  $84  million.  The  discrepancy  then 
would  be  the  difference  between  $94  and  $83.8  million. 

Mr.  Williamson.  Yes,  of  which  the  actual  program  difference  is 
only  $2.5  million.  The  remainder  of  $8.5  million  is  a personnel  and 
operation  of  installations  difference,  and  this  is  a question  of  the 
allocation  of  operations  costs  against  programs. 

Mr.  Rumsfeld.  In  answer  to  Mr.  Roush  you  commented  that 
you  nearly  always  have  unobligated  funds  at  the  end  of  the  year.  Did 
you  mean  to  say  “unobligated”  or  “uncommitted”? 

Mr.  Williamson.  No,  unobligated.  We  seldom  have  uncommitted 
funds.  This  is  the  lag  between  the  time  a procurement  request  is 
initiated  and  the  time  it  is  actually  turned  into  a contract.  If  it  is 
turned  into  a contract  after  the  end  of  the  fiscal  year  it  is  carried  over 
as  a committed  balance. 

Mr.  Wydler.  Do  you  have  any  1961  funds  that  are  unused? 

Mr.  Williamson.  No,  sir. 

Mr.  Wydler.  Every  penny  has  been  spent? 

Mr.  Williamson.  Yes,  sir. 

Mr.  Roush.  Will  the  information  which  I requested  that  you  sub- 
mit clarify  this  matter  for  us? 

Mr.  Williamson.  Yes,  it  will. 
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Mr.  Roush.  Let's  take  these  items,  item  by  item,  commencing 
with  the  supporting  research  and  technology,  which  is  part  of  the 
summary  and  which  is  taken  up  more  fully  in  volume  2,  RD023-2. 

Mr.  Buckley,  do  you  have  this  broken  down  more  for  us  than  we 
see  on  this  page? 

Mr.  Buckley.  We  can  furnish  a breakdown,  yes,  sir. 

Mr.  Roush.  I understood  that  you  were  requested  to  furnish  a 
breakdown  prior  to  today,  is  this  true  or  not? 

Mr.  Buckley.  I didn’t  get  a direct  request  on  that. 

Mr.  Boone.  This  is  something  we  discussed  earlier.  I didn’t  ask 
him  to  submit  it,  Mr.  Chairman,  but  I did  ask  him  to  come  prepared 
to  discuss  it. 

Mr.  Roush.  Can  you  break  it  down  for  us  now,  telling  us  what 
these  various  items  include? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  All  right,  let’s  do  that,  taking  supporting  research  and 
technology,  you  go  ahead  and  break  it  down  and  then  later  we  would 
like  to  have  this,  of  course,  in  a form  that  we  can  take  with  us,  study, 
and  understand. 

Mr.  Buckley.  Mr.  Truszynski,  can  you  go  down  through  this? 

Mr.  Truszynski.  Yes,  I think  so. 

Mr.  Rumsfeld.  Could  we  have  your  capacity? 

Mr.  Truszynski.  I am  sorry,  I am  the  Deputy  Director  of  the 
Office  of  Tracking  and  Data  Acquisition. 

I think  perhaps  the  first  way  to  approach  this  would  be  to  indicate 
how  our  program  is  broken  down. 

In  our  operation  we,  of'  course,  have  certain  of  the  NASA  Centers 
who  are  directly  concerned  with  the  major  part  of  our  work  and  these, 
as  you  know,  are  the  Jet  Propulsion  Laboratory  and  the  Goddard 
Space  Plight  Center,  the  primary  Centers  involved  in  the  major  part 
oi  our  effort. 

In  addition  to  this,  we  have  some  tracking  and  data  acquisition 
functions  that  are  more  generally  project  oriented  at  other  Centers, 
namely  the  Marshall  Space  Flight  Center  and  the  Langley  Research 
Center. 

These  represent  the  major  centers  that  handle  our  part  of  the  work, 
and  this  total  of  $17  million  could  be  broken  down  in  terms  of  $6 
million  at  Goddard  Space  Flight  Center  in  this  area,  $6  million  at  the 
Jet  Propulsion  Laboratory,  $4  million  at  Marshall,  and  $1  million  at 
Langley,  as  I recall. 

This  represents  the  break,  then,  of  this  total  as  it  is  distributed  to 
these  Centers. 

Mr.  Davis.  Let  me  be  clear  on  one  point.  Is  that  $17  million  at 
the  center,  23-2,  the  right-hand  column  there? 

Mr.  Truszynski.  Yes. 

Mr.  Roush.  And  you  are  breaking  it  down  as  to  places  it  is  being 
allocated  to  rather  than  as  it  is  here,  systems  study,  improvements  in 
existing  systems  and  new  systems  development? 

Mr.  Truszynski.  Yes. 

Mr.  Buckley.  He  will  get  to  the  other  part. 

Mr.  Truszynski.  I was  doing  this  to  indicate  how  or  where  this 
effort  is  actually  carried  out. 

Now  from  a total  standpoint  basis  this  break,  as  we  see,  is  divided 
into  three  major  technical  areas.  In  the  area  of  integrated  systems 
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study  development  and  tests,  this  represents  such  study  effort  as 
determining  better  methods,  for  example,  of  orbit  computation  as 
we  get  into  higher  altitude  satellites,  satellites  that  are  highly  elliptical 
in  nature,  with  range  to  thousands  of  miles  apogee  and  hundreds  of 
miles  perigee.  This  represents  a very  eccentric  orbit  and  the  problems 
here  are  ones  of  the  utilizing  tracking  information  to  rapidly  determine 
an  orbit  of  this  nature. 

The  characteristics  are  such  that  a fewer  number  of  tracking  fixes 
are  possible  with  a long-term  orbit  of  this  nature,  so  effort  in  this 
area  is  needed  to  determine  methods  of  utilizing  the  tracking  data  or 
of  indicating  where  deficiencies  in  our  tracking  coverage  are  in  order 
to  fill  these  deficiencies  and  more  rapidly  get  an  accurate  orbit  on 
these  highly  elliptical  satellites. 

Mr.  Roush.  Pardon  me,  but  forgetting  for  a moment  the  purpose 
and  intent  of  this  expenditure  or  proposed  expenditure,  could  you 
give  us  a further  breakdown  of  this  $2  million?  How  do  you  justify 
this  request  for  $2  million,  how  was  it  justified  to  you  and  how  do 
you  justify  it  to  the  Congress?  We  should  not  just  take  a figure  out 
of  the  air  and  say  this  is  for  a good  purpose  and  accept  it.  We  can’t 
do  that. 

Mr.  Truszynski.  There  is  a mechanism  for  this  and  it  represents 
a rather  detailed  breakdown  on  a task  basis  for  this  technical  area, 
whereby  the  centers  actually  submit  a proposed  task  wherein  sup- 
porting research  and  supporting  technology  is  required. 

It  is  on  the  basis  of  these  task  breakdowns  that  we,  in  turn,  approve 
the  validity  of  these  against  the  total  program  as  we  see  it,  and  it  is 
the  compilation  of  the  pertinent  task  areas  of  this  sort  that  we  in 
turn  submit  as  budget  requests. 

Mr.  Hechler.  Well,  specifically  on  this  $2  million,  could  you 
explain  a little  bit  more  pointedly  how  this  operates? 

Mr.  Truszynski.  I can  give  you  typical  examples  of  the  type  of 
task  breakdowns  that  do  come  in.  For  example,  we  have  here  a 
“Trajectory  and  orbit  determination  analysis”  area.  We  have  a 
total  of  $600,000  throughout  all  of  the  centers  that  I mentioned  for 
this  area  of  effort.  We  have 

Mr.  Hechler.  What  is  that  used  for? 

Mr.  Truszynski.  This  is  used  in  two  ways.  It  is  used  in  getting 
outside  contractual  study  help  in  the  area  of  computer  programs  to 
analyze  the  problem  of  orbit  determination  for  things  like  highly 
elliptical  satellite  orbits.  It  is  a study  contract  type  of  effort. 

Other  effort  spent  is  similar  study  effort  to  determine  the  limitations 
of  our  tracking  systems  in  this  particular  type  of  orbit  determination 
effort.  This  is  directly  a problem  of  analyzing,  let  us  say,  our  Mini- 
track system,  the  basic  workhorse  tracking  system,  to  determine  the 
deficiencies  in  this  system  for  certain  orbit  determinations  and  in 
turn  to  point  up  what  type  of  additional  tracking  accuracy  is  necessary 
to  do  the  job.  This  in  turn  may  result  in  defining  an  addition  to  the 
tracking  system  that  will  be  required  to  do  this  job. 

So  it  is  this  type  of  study  effort  that  is  required. 

Mr.  Roush.  I would  like  to  use  this  as  an  example  and  I would 
like  to  get  to  the  specifics  on  these  amounts  again.  How  many  re- 
quests on  these  amounts,  for  instance,  came  in  from  these  task  centers, 
do  you  recall  them? 

Mr.  Truszynski.  Task  areas. 
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Mr.  Roush.  How  many  came  in  on  this  particular  item;  do  you 
know? 

Mr.  Truszynski.  I am  not  sure  I can  remember  the  actual  number. 

Mr.  Roush.  Do  you  remember  the  amount  which  they  all  totaled? 

Mr.  Truszynski.  Yes;  I think  in  total  from  Goddard,  let  us  say, 
where  we  have  allocated  $6  million,  it  was  on  the  order  of  $10  million 
that  was  originally  requested.  This  $10  million  was  negotiated  to  a 
total  of  $6  million,  I don’t  recall  the  actual  number  of  tasks. 

Mr.  Roush.  Well,  that  makes  no  difference.  Let’s  take  this  $2 
million  item  that  we  have  here.  We  would  like  to  have  that  broken 
down 

Mr.  Buckley.  Mr.  Chairman,  there  is  in  preparation  and  it  was 
to  be  delivered  today — we  found  a couple  of  corrections  to  make  in 
it — a volume  5.  You  have  four  volumes  and  there  is  a fifth  one  that 
carries  this  $2  million  and  breaks  it  down  further.  It  breaks  the  $2 
million  down,  for  instance,  into  four  areas.  The  next  item,  which  is 
the  “Improvements  to  existing  systems,”  it  breaks  down  into  roughly 
some  12  or  15  areas.  Now  this  has  been  prepared  and  it  will  be  over 
in  the  next  few  days.  This  is  the  next  echelon  of  breakdown  from  the 
one  in  this  book  given  on  page  23-2. 

Mr.  Roush.  I am  sure  we  will  be  glad  to  see  that.  I am  sure  the 
other  committee  members  wish  we  had  that  here  today,  because  it 
will  certainly  be  helpful  in  directing  our  questions  to  you,  Mr.  Buckley. 
You  apparently 

Mr.  Buckley.  This  is  the  book  that  has  that  type  of  breakdown 
for  the  whole  NASA  program.  It  is  not  just  the 

Mr.  Roush.  I understand  that. 

You  apparently  have  this  breakdown  then  for  this  $2  million  figure, 
the  four  items? 

Mr.  Truszynski.  Yes. 

Mr.  Roush.  Could  you  give  us  that  now? 

Mr.  Truszynski.  Again  the  four  major  areas  are:  “Trajectory, 
orbit  determination,  and  data  requirements  analysis,”  $600,000;  an 
item  of  “Systems  parametric  studies”  of  $225,000;  “Development  sys- 
tems test,”  $900,000;  and  “Conceptual  system  studies”  for  $275,000. 
These  are  the  technical  area  breakdowns  of  this  $2  million  item. 

Mr.  Roush.  Any  questions  on  that  particular  item? 

Mr.  Ryan.  I just  wondered  when  you  state  that  there  are  $600,000 
for  one  study  and  $275,000  for  another  study,  and  $225,000  for  another 
study,  with  what  organization  are  these  study  contracts  made,  and 
what  are  the  terms  of  the  contracts? 

Mr.  Truszynski.  Well,  if  I may  clarify  one  thing,  these  are  not 
total  contracts,  but  are  groupings  of  much  smaller  tasks  in  each  of 
these  general  categories.  They  are  not  individual  contracts  by 
themselves. 

Mr.  Ryan.  Well,  let’s  take  the  $600,000;  can  you  break  that  down? 

Mr.  Truszynski.  I can  give  you  two  examples.  We  have  a $38,000 
effort  in  basic  research  and  mathematical  analysis  to  develop  methods 
of  treating  the  motions  of  highly  elliptical  satellites.  This  represents 
a specific  study  task  on  the  order  of  $38,000. 

Mr.  Ryan.  Who  is  undertaking  that  task? 

Mr.  Truszynski.  Beg  pardon? 

Mr.  Ryan.  Who  is  getting  the  $38,000? 

Mr.  Truszynski.  I am  not  sure  which  particular  organization  will 
get  this  one. 
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Mr.  Ryan.  I don’t  know  about  the  other  members  of  the  com- 
mittee but  I think  it  would  be  interesting  to  have  a breakdown — and 
I don’t  think  we  should  take  the  time  to  go  over  it  necessarily  item 
by  item,  but  I think  it  would  be  interesting  for  the  committee  to  know 
with  what  organizations  these  contracts  have  been  entered  into  and 
also  what  goes  into  this  $38,000,  what  you  expect  to  achieve  from  it. 

Mr.  Rumsfeld.  I would  certainly  concur  in  that. 

Mr.  Truszynski.  Again,  this  is  the  1964  request  and  I was  just 
explaining  the  method  by  which  we  proceed  in  this  program  area. 
We  can  give  you  similar  information  for  the  1963  area. 

Mr.  Buckley.  Actually  it  can’t  be  until  after  the  budget  is  ap- 
proved and  given  to  the  NASA  that  those  particular  tasks  could  be 
assigned  out. 

Mr.  Ryan.  But  you  are  asking  for  money  and  you  must  have  some 
expectation  of  what  you  are  going  to  do  with  the  money  or  else  why 
are  you  here? 

Mr.  Rousu.  This,  Mr.  Buckley,  I think  is  reflecting  the  attitude 
of  the  committee. 

Now  the  general  statements  are  fine.  We  have  to  have  those 
things,  but  we  are  interested  in  the  specifics.  When  we  stand  on  the 
floor  of  the  House  and  attempt  to  justify  some  of  these  figures  and 
someone  asks  well,  what  are  you  going  to  spend  $2  million  on  here  for 
integrated  systems  study  development  tests,  and  Mr.  Ryan  here  says, 
we  are  going  to  spend  $38,000  on  a certain  program,  they  are  going 
to  want  to  know  what  this  program  is. 

We  have  to  be  able  to  justify  these  things,  and  the  intent  of  our 
probing  here  is  to  be  able  to  justify  them,  and  if  we  can’t  justify  them 
and  if  you  can’t  justify  them  to  us,  then  of  course  we  have  to  take  a 
little  more  drastic  action,  but  we  have  to  be  able  to  justify  these,  not 
generally,  but  I think  we  are  required  to  do  it  as  specifically  as  we  can 
within  the  time  that  we  have  and  within  the  limitations  of  mind  and 
ability  here. 

Could  you  supply  us  a more  detailed  breakdown  of  these  various 
items,  taking  into  account  the  attitude  you  feel 

Mr.  Buckley.  We  can  supply  it.  I think  Mr.  Truszynski  can  go 
down  a list  of  the  items  that  would  be  included  in  the  $2  million. 

Would  you  like  to  illustrate  that? 

Mr,  Davis.  Mr.  Chairman,  I have  a question  that  I believe  would 
appropriately  come  ahead  of  such  a breakdown.  What  I would  like 
to  do  is  take  a moment  and  ask  you  specifically  about  one  task  that 
you  mentioned,  and  that  was  a mathematical  study  of  a highly 
elliptical  orbit. 

You  said  in  your  judgment  that  your  department,  the  National 
Aeronautics  and  Space  Administration,  needed  the  sum  of  $38,000 
to  finance  such  a study  in  fiscal  1964. 

Now  how  do  you  arrive  at  the  fact  that  you  need  $38,000  for  that 
study,  how  do  you  know  how  long  the  study  will  take  and  how  do 
you  know  that  it  won’t  take  a longer  or  shorter  time  than  that, 
and  who  decides  that? 

Mr.  Truszynski.  This  represents  the  estimate,  in  this  particular 
case,  of  the  Goddard  Space  Flight  Center  on  a detailed  task  basis. 
They  outline  this  specific  item  of  effort  and  make  an  estimate  of 
$38,000,  which  is  primarily  a certain  number,  or  fraction  of  a num- 
ber, of  man-year  effort  with  a particular  study  group  or  firm  that 
has  the  capability  of  carrying  out  such  an  analysis. 
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Mr.  Davis.  Well,  would  I be  correct  in  saying  that  only  the  people 
at  Goddard  would  know  why  they  thought  $38,000  was  a suitable 
sum  for  that  task? 

Mr.  Truszynski.  We,  in  our  capacity  of  overseeing  this,  also 
have  to  put  some  judgment  on  this  number. 

Mr.  Davis.  Well,  can  you  compute  an  elliptical  orbit  yourself? 

Mr.  Truszynski.  Personally? 

Mr.  Davis.  Yes. 

Mr.  Truszynski.  No,  I would  not  be  able  to  compute  an  elliptical 
orbit  myself. 

Mr.  Davis.  Would  you  know  then  how  long  it  might  take  another 
man  to  compute  one,  who  could  compute  it? 

Mr.  Truszynski.  I think  on  the  basis  of  experience  as  to  reasonable 
effort  in  this  area,  we  could  estimate  this;  yes. 

Mr.  Davis.  Well,  how  long  would  it  take  a man  to  compute  an 
orbit,  say,  with  an  apogee  of  2,000  miles  and  a perigee  of  a hundred 
miles,  and  I guess  you  will  need  a given  weight  of  a spacecraft,  let’s 
take  a hundred  pounds 

Mr.  Truszynski.  It  is  not  a matter  of 

Mr.  Davis.  I don’t  want  you  to  pass  judgment  on  my  question,  I 
just  want  you  to  answer  it  if  you  can. 

Mr.  Buckley.  Sir,  this  is  not  a question  of  how  long  it  takes  to 
compute  the  orbit;  the  problem  here  is  to 

Mr.  Davis.  Again  I say  I don’t  wish  you  to  evade  my  question, 
either  you  know  or  you  don’t  know  the  answer  to  it. 

Mr.  Buckley.  Well,  this  is  a study  to  find  out  how  to  do  it  or  to 
do  it  better  and 

Mr.  Davis.  Well,  in  my  judgement  it  is  a request  for  $38,000. 

Mr.  Buckley.  Not  to  compute  an  orbit  but  to  find  out  bow  to  do 
it  better. 

Mr.  Davis.  I am  simply  taking  the  testimony  that  came  to  me. 

Mr.  Truszynski.  It  is  not  a matter  of  trying  to  evade  a question 
at  all,  but  it  is  the  fact  that  this  effort  is  not  really  spent  in  determining 
an  orbit  but  is  an  analysis  of  the  orbit  determination  method  that  is 
presently  in  use  and  determining  its  deficiencies. 

Mr.  Buckley.  Can  I illustrate? 

Mr.  Davis.  Let’s  go  back  to  the  question.  Do  you  know  whether 
$38,000  is  an  appropriate  amount  to  do  the  task  that  you  stated  was 
to  be  done,  which  was  to  determine  a highly  elliptical  orbit? 

Mr.  Truszynski.  Determine  the  deficiencies. 

Mr.  Davis.  Deficiencies? 

Mr.  Truszynski.  Deficiencies  in  the  system  of  determining  such 
an  orbit,  sir,  using  a given  tracking  system. 

Mr.  Davis.  Do  you  mean  that  the  task  is  not  to  determine  the  orbit 
but  to  examine  the  methods  of  determining  orbits? 

Mr.  Truszynski.  Yes,  I am  sorry  if  I didn’t  make  that  clear  at 
first. 

Mr.  Davis.  Well,  let’s  take  that  amendment  then  to  the  answer. 
How  do  you  know  that  $38,000  is  an  appropriate  sum  for  an  examina- 
tion of  the  methods,  the  various  methods  of  determining  orbits?  How 
do  you  arrive  at  the  judgment  that  $38,000  is  an  appropriate  sum  of 
money? 

Mr.  Truszynski.  This  is  a judgment  based  upon  a knowledge  of 
what  can  be  done  with  a computer  for  systems  analysis,  the  deter- 
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mining  of  the  competence  of  a particular  person  in  this  area,  and  esti- 
mating the  length  of  time  in  which  he  should  be  able  to  decide  a prob- 
lem of  this  kind.  It  is  a combination  of  these  types  of  factors. 

Mr.  Roush.  Would  the  gentleman  yield? 

Mr.  Davis.  Yes,  I will  yield. 

Mr.  Roush.  In  this  particular  instance  did  you  accept  the  word  of 
a man  you  considered  to  be  an  expert,  that  this  amount  of  money  was 
needed  for  this  study? 

Mr.  Truszynski.  In  this  particular  instance  yes,  this  was  the  case. 

Mr.  Roush.  Do  you  recall  who  the  individual  was? 

Mr.  Truszynski.  This  would  be  Dr.  Siry  at  our  Goddard  Space 
Flight  Center. 

Mr.  Hechler.  Did  he  tell  you  how  many  people  would  be  involved 
in  this  study? 

Mr.  Truszynski.  Yes,  there  is  a number  for  the  actual  number  of 
man-years  there,  or  fraction  thereof,  in  this  particular  task. 

Mr.  Hechler.  And  that  recommendation  seemed  reasonable  to 
you? 

Mr.  Truszynski.  Yes,  it  did,  in  this  instance. 

Mr.  Davis.  Wouldn’t  it  be  more  accurate  to  say  that  the  man  was 
a credible  person?  You  would  have  to  have  an  esoteric  knowledge 
of  the  judgment  process  to  know  whether  the  judgment  was  reason- 
able or  not. 

Mr.  Truszynski.  Yes. 

Mr.  Davis.  And  it  is  largely  a matter  of  faith  or  credibility  or 
credulity,  let  us  say,  it  is  a matter  of  having  a good  man  advising  you, 
rather  than  being  expert  enough  to  know  whether  his  recommenda- 
tions are  reasonable  or  not? 

Mr.  Truszynski.  This  is  generally  the  case,  yes. 

Mr.  Davis.  That  is  what  I was  driving  at  a while  ago.  Actually, 
the  people  up  the  ladder  in  NASA,  when  it  comes  down  to  problems 
of  expertise,  problems  that  are  known  or  confined  to  scientific  or 
specialized  engineering  knowledge,  you  are  nearly  always  having  to 
proceed  on  faith,  are  you  not? 

Mr-  Truszynski.  Well,  I think  that  it  is  fair  to  say  that  there  is 
a reasonable  technical  competence  in  the  NASA  headquarters  for 
this  very  purpose,  to  attempt  to  properly  judge,  as  you  say. 

Mr.  Davis.  Well,  Dr.  Siry  would  be  one  of  those  of  technical 
competence.  You  would  have  to  go  to  Goddard  Space  Flight  Center 
in  many  instances  to  find  somebody  who  could  tell  you  whether 
$38,000  was  a reasonable  amount  for  this  task,  would  you  not? 

Mr.  Truszynski.  In  a task  area  like  this,  yes,  I think  it  is  fair  to 
say  we  would  accept  Dr.  Siry’s  basic  judgment  and  analysis. 

Mr.  Wydler.  Did  you  do  that? 

Mr.  Truszynski.  'f’es,  this  was  done  in  this  case. 

Mr.  Hechler.  Was  this  done  in  all  of  the  other  cases  of  the  $2 
million? 

Mr.  Truszynski.  Every  task  order  was  reviewed  with  specific 
people  at  the  Centers  in  terms  of  an  analysis  of  why  it  was  necessary, 
whether  or  not  it  was  a reasonable  effort,  and  whether  the  funding 
was  reasonable.  Every  task  request  was  reviewed  with  people  such 
as  Dr.  Siry  at  the  Center. 

Mr.  Hechler.  Does  the  $2  million  represent  the  total  amount  of 
the  requests,  or  were  there  requests  for  anything  more  than  $2  million? 
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Mr.  Truszynski.  I am  not  sure  of  the  percentage  breakdown  La 
this  area,  but  on  a total  basis  at  Goddard,  it  was  a difference  between 
an  amount  of  $6  million  and  a requested  amount  on  the  order  of  $10 
million.  This  represents  what  I call  the  negotiation  in  this  area. 

Mr.  Davis.  I don't  wish  to  belabor  my  point,  Mr.  Chairman,  but 
I would  simply  note  that  I have  listened  to  as  high  as  2 hours  of 
debate  in  the  House  on  whether  or  not  $20,000  was  a reasonable 
amount  for  painting  a garage  in  the  House  Office  Building. 

I simply  say  that  to  point  up  that  one  need  not  apologize  for 
belaboring  the  explanation  of  a $38,000  expenditure  in  the  subcom- 
mittee. But  I say  what  reasons  are  there  for  determining  whether 
the  methods  of  computing  these  orbits  needs  to  be  reexamined,  what 
is  the  fault  with  the  way  they  compute  them  at  the  present  time? 

Mr.  Truszynski.  This  comes  about  primarily  because  of  the 
different  missions  that  we  are  faced  with.  These  highly  elliptical 
orbits  are  ones  that  we  generally  have  not  been  handling  in  the  past, 
and  the  existing  orbit  computation  programs  are  geared  to  a different 
class  of  satellite  missions.  It  is  a program  change  that  requires  a 
specific  investigation  of  the  capability  of  the  present  computer  pro- 
grams to  properly  compute  a rather  different  orbit  than  has  been 
handled  to  date. 

Mr.  Davis.  You  mean  a very  elliptical  orbit  will  have  task  force 
involved  that  have  not  been  present  in  the  other  orbits  that  we  have 
been  dealing  with? 

Mr.  Truszynski.  Yes,  sir. 

Mr.  Davis.  I believe  that  is  all,  Mr.  Chairman. 

Mr.  Roush.  Before  we  go  any  further,  I want  to  acknowledge  the 
presence  of  our  full  committee  chairman,  Mr.  Miller,  and  say  that 
we  are  very  glad  that  Mr.  Miller  can  be  with  us  at  this  time. 

Chairman  Miller.  Thank  you. 

Mr.  Roush.  Would  you  care  to  say  anything,  Mr.  Chairman? 

Chairman  Miller.  No  questions. 

Mr.  Roush.  Mr.  Ryan. 

Mr.  Ryan.  Along  this  line,  in  the  expenditure  of  the  $38,000  or 
other  similar  items,  who  conducts  the  study,  someone  who  is  hired 
by  NASA  and  employed  by  NASA,  or  is  this  farmed  out  to  a uni- 
versity, or  who  gets  the  $38,000? 

Mr.  Buckley.  May  I speak  to  that  point,  Mr.  Ryan,  because 
I can  go  back  and  illustrate  it. 

As  we  went  into  the  Project  Mercury,  here  was  a case  where  we 
didn’t  know  exactly  how  to  compute  its  orbit.  It  had  never  been 
done  with  the  quality  we  needed  for  Mercury.  As  the  man  in  orbit 
got  to  Bermuda,  there  was  the  crucial  decision  to  be  taken  to  con- 
tinue, or  to  terminate  the  decisions  because  if  it  wasn’t  done  at 
Bermuda  he  would  come  down  in  Africa.  There  was  also  the  problem 
of  reentry;  there  were  two  or  three  unknown  details  about  the 
atmospheric  density  that  would  affect  his  reentry.  We  first  went  to 
Aeroneutronics,  Inc.,  a very  large  corporation,  a subsidiary  of  Ford 
on  the  west  coast,  who  made  some  studies  about  how  the  calculations 
of  Mercury  should  be  done.  Subsequently  we  had  Lincoln  Labora- 
tory in  on  this  problem  and,  of  course  finally  IBM  was  in,  not  only 
to  pick  up  the  knowledge  provided  by  Aeroneutronics  and  Lincoln, 
but  also  to  carry  out  the  details  of  the  programing  of  the  computers, 
and  the  details  of  how  it  was  to  be  done. 
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This  is  a smaller  problem,  we  think,  but  this  is  another  case  where 
we  are  going  into  types  of  orbits  that  we  haven’t  handled  before.  We 
have  had  some  trouble  in  the  past,  in  the  computation  of  an  elliptical 
orbit.  It  took,  not  long  ago,  8 hours;  we  would  like  to  do  it  faster  than 
that.  The  instrumentation  we  use  for  other  types  of  orbits  is  not  very 
good  for  an  elliptical  orbit  because  the  vehicle  gets  way  out  in  the  sky 
and  seems  to  stand  still  and  then  comes  in  and  moves  apparently 
across  the  earth  very  fast.  A combinative  of  instrumentation  and  an 
analysis  of  how  to  handle  the  data  from  that  instrumentation  is 
needed.  We  don’t  know  all  that  we  should  at  the  moment,  and  so  we 
have  decided  that  we  ought  to  get  into  this  study  of  how  to  compute 
an  elliptical  orbit  better. 

Now  there  is  one  interesting  thing  Mr.  Truszynski  did  not  mention. 
Dr.  Siry,  the  man  that  made  the  specific  recommendation,  recently 
had  a group  meet  with  representatives  from  his  parallel  position  in 
all  of  the  other  Centers,  that  is,  from  JPL  and  Ames,  Cleveland, 
Marshall,  Manned  Spacecraft  Center  down  in  Houston,  and  so  forth, 
and  the  various  special  problems  that  each  group  might  have  in  the 
way  of  computation  was  discussed.  So  Dr.  Siry  not  only  has  his  own 
experience  available  when  he  makes  a recommendation  like  this,  but 
he  also  has  a sort  of  review  board,  a committee  from  the  parallel  people 
in  all  of  the  other  Centers. 

Mr.  Roush.  Mr.  Truszynski,  I believe  you  were  prepared  to  break 
these  items  down  for  us  in  detail,  is  that  correct,  beginning  with  the 
$2  million  item,  continuing  with  the  $11,500,000  item,  and  then  the 
$3,500,000  item? 

Mr.  Truszynski.  We  were  prepared  to  give  you  representative 
tasks  in  this  area  this  morning,  yes. 

Mr.  Ronsw.  All  right,  would  you  do  that? 

Mr.  Wtdler.  Mr.  Buckley,  I don’t  think  I got  your  answer  to 
Congressman  Ryan’s  question.  He  asked  who  was  going  to  get  the 
$38,000.  Who  is  going  to  get  it? 

Mr.  Buckley.  I don’t  think  we  know  now.  The  awarding  of  this 
would  be  some  several  months  from  now,  and  in  the  meantime  we 
will  be  looking  around  to  see  if  anybody  has  had  experience  in  this, 
and  if  so  they  would  probably  be  the  ones  that  would  get  to  bid  on 
the  contract. 

Mr.  Wydler.  In  other  words,  this  request  for  the  $38,000  does  not 
carry  a place  or  a person  who  is  going  to  do  this  actual  work,  as  I 
understand  it? 

Mr.  Buckley.  No,  sir;  and  among  the  possible  choices  of  where  it 
could  go  would  be  not  only  several  industrial  firms  but  there  are  places 
like  Lincoln  Laboratory,  Yale  University,  and  the  University  of 
Cincinnati  that  are  continually  investigating  the  problem  of  how  to 
make  better  computations.  This  stems,  incidentally,  from  the 
presence  at  such  places  of  astronomers  who  have  some  background  in 
these  kinds  of  computations. 

Mr.  Roush.  Have  you  ever  considered  asking  them  to  do  it  for 
nothing  as  part  of  their  own  research  program  in  the  university? 

Mr.  Buckley.  I think  that  we  have  had  considerable  free  help  at 
times.  I think  if  we  went  in  and  asked  somebody  to  do  it  I don’t 
think  we  would  ask  them  to  do  it  for  nothing  because  there  is  quite 
a bit  of  effort,  especially  for  a university.  This  is  quite  an  effort  for 
a university  group  to  undertake. 
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Mr,  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Yes,  Mr.  Chairman.  Do  you  intend  to  request 
an  oral  breakdown  for  each  item  in  this  budget?  I understood  from 
vour  previous  questioning  that  we  might  look  forward  to  receiving  a 
breakdown  that  had  some  detail  to  it  rather  then  simply  categories 
of  large  amounts  of  money,  and  it  seemed  to  me  that  it  might  be 
well  to  ask  some  of  our  general  questions  in  the  remaining  time  this 
morning  and  await  the  presentation  of  the  detailed  breakdown. 

Mr.  Roush.  It  was  my  understanding  that  it  might  be  several 
days  before  we  would  get  the  detailed  breakdown  that  Mr.  Buckley 
referred  to,  and  if  we  could  have  a rather  rapid  oral  breakdown, 
having  this  testimony  in  our  hands,  it  would  assist  us  in  our  delibera- 
tion tomorrow  and  any  future  date,  because  this  other  may  be  a 
while  forthcoming. 

If  you  have  general  questions  in  any  of  these  areas,  you  are  cer- 
tainly free  to  interrupt  and  ask  them  at  any  time,  but  I did  feel  that 
we  should  have  something  in  the  record.  If  you  would  prefer 

Mr.  Rumsfeld.  It  just  strikes  me  that 

Mr.  Roush.  If  it  strikes  the  committee  as  the  more  logical  thing 
to  do,  we  might  have  him  submit  these  items  that  he  has  at  hand  for 
the  record  in  order  that  they  would  be  available  to  us,  and  then  we 
could  proceed  with  the  questioning  in  the  remaining  40  minutes  we 
have. 

Mr.  Davis.  Mr.  Chairman,  to  clarify  that  point  just  a little  bit, 
I noticed  a while  ago,  that  one  of  the  categories  of  money  that  we 
could  expect  to  get  in  volume  5 of  the  backup  book,  for  example,  was 
“Conceptual  studies,”  $275,000. 

Is  that  a typical  example  of  the  entries  that  will  be  made  in  volume  5? 

Mr.  Truszynski.  I think  that  is  correct,  yes. 

Mr.  Davis.  Then  I think  from  that  we  still  wouldn’t  hit  rock 
bottom  on  what  the  money  would  be  spent  for;  $275,000  for  con- 
ceptual studies  just  doesn’t  tell  you  very  much. 

Mr.  Ryan.  It  gives  you  a concept. 

Mr.  Rumsfeld.  It  just  strikes  me  it  is  going  to  be  very  difficult 
for  at  least  this  one  member  of  the  committee  to  have  a good  feeling 
at  the  completion  of  these  hearings  as  to  how  this  money  is  going  to 
be  spent  when  it  is  lumped  in  such  large  pieces  throughout  the  very 
sketchy  presentation  in  this  budget. 

Mr.  Roush.  That  is  the  reason  we  have  asked  for  this  detailed 
breakdown.  Another  reason  is  I wanted  to  get  as  much  of  it  into  the 
record  now  as  possible. 

Let  me  ask  you  this,  Mr.  Buckley.  Apparently  it  is  only  going  to 
be  a few  days  until  this  information  will  be  included  in  volume  5. 
This  information  in  this  area  must  be  available  now,  at  least  a great 
deal  of  it.  You  mentioned  the  fact  that  it  was  held  up  only  because 
of  a couple  of  corrections  that  were  to  be  made. 

Mr.  Buckley.  That  is  right;  it  is  available. 

Mr.  Roush.  Is  this  breakdown  available  now  in  order  that  we 
might  have  access  to  it  or  might  have  it  included  in  this  hearing 
today  so  that  we  can  give  it  thought  and  study  prior  to  the  issuance 
of  volume  5? 

Mr.  Buckley.  Yes,  sir. 
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Mr.  Roush.  Well,  let’s  make  this  request  of  you  then,  that  you 
supply  this  to  the  committee  and  that  we  make  this  a part  of  the 
record  of  this  hearing  this  morning. 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  And  supply  it  as  quickly  as  possible,  so  that  the  indi- 
vidual members  might  be  able  to  give  it  their  individual  attention. 

(The  information  requested  was  supplied  to  the  committee  on 
March  13,  1963.) 

Mr.  Wydler.  Mr.  Chairman,  may  I inquire? 

Mr.  Roush.  Yes,  Mr.  Wydler. 

Mr.  Wydler.  I would  like  to  understand  something. 

Did  you  say  that  Goddard  had  made  a request  for  $10  million  in 
this  field,  and  by  “this  field”  I presume  you  mean  tracking  and  data 
acquisition,  is  that  correct,  and  that  you  had  negotiated  the  $10 
million  to  $6  million? 

What  is  the  method  of  negotiation?  You  cut  off  40  percent  of 
their  request.  I krould  like  to  know  just  how  you  did  that,  who 
reviewed  that  request. 

Mr.  Truszynski.  Members  of  the  staff  of  the  office  of  Tracking 
and  Data  Acquisition  took  the  initial  task  requests  of  Goddard  Space 
Flight  Center  in  the  area  of  “Supporting  research  and  technology” 
and  reviewed  each  one  with  the  Center  personnel.  This  resulted  in 
an  agreement  that  certain  of  these  tasks  were  in  fact  required,  and 
that  this  was  the  year  for  pursuit  by  the  Center.  It  was  a matter  of 
negotiation  from  a program  standpoint  as  to  the  timeliness  of  the 
* particular  task  requirement.  That  resulted  in  a decrease  in  the  total 

j amount  requested. 

::  Mr.  Wydler.  In  other  words,  some  experts  in  your  office,  as  I 

■ understand  it,  decided  that  the  $4  million  was  an  unnecessary  ex- 

penditure for  this  year,  is  that  right? 

; Mr.  Truszynski.  Yes. 

j Mr.  Wydler.  Is  there  anywhere  a report  that  covers  these  items 

that  were  reduced;  in  other  words,  that  shows  how  they  were  reduced 
and  why,  in  your  department,  one  report? 

Mr.  Truszynski.  No,  there  is  no  one  report  of  this  nature. 

Mr.  Wydler.  Concerning  Goddard  now  I am  talking  about,  the 
Goddard  request. 

Mr.  Truszynski.  No,  there  is  no  one  report  that  summarizes  this 
area.  Rather  it  is  a product  of  the  meetings  that  are  held  with  the 
people  at  Goddard,  resulting  in  approval  of  the  specific  tasks. 

Mr.  Wydler.  Well,  in  other  words,  just  so  I am  clear,  your  group 
determined  that  40  percent  of  the  Goddard  request  for  this  program 
» was  unnecessary  this  year.  Is  that  a fair  statement? 

Mr.  Truszynski.  Yes,  sir, 

Mr.  Ryan.  Would  the  gentleman  yield? 

Did  you  determine  it  was  unnecessary  or  merely  that  it  did  not  fit 
in  with  the  overall  budget  that  NASA  was  presenting  to  the  Bureau  of 
the  Budget? 

§ At  some  point  it  seems  to  me  you  have  to  correlate  all  of  these 

requests  that  come  in,  and  whether  Goddard  may  think  it  is  necessary 
or  not,  in  the  overall  picture  of  the  program,  it  raav  be  something 
| that  you  just  can’t  spend  money  for. 

; Mr.  Truszynski.  This  certainly  is  a heavy  factor. 

Mr,  Wydler.  One  last  question.  You  mentioned  something  here 
about  man-years.  What  type  of  unit  is  that?  Is  there  a cost  for 
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such  a unit  as  a man-year,  is  this  like  a rate?  Does  it  have  some  par- 
ticular monetair  value  to  it,  a man-year  that  you  have  established? 

Mr.  Davis.  1 might  enlighten  my  colleague.  That  is  a fairly 
common  expression  used  by  the  Corps  of  Engineers  and  throughout 
the  Government.  It  is  simply  a designation  of  particular  effort,  one 
man  at  work  for  1 year. 

Mr.  Wydler.  Like  an  hour’s  work? 

Mr.  Davis.  Yes. 

Mr.  Wydler.  Do  you  have  a monetary  value  for  such  a thing  as  a 
man-year? 

Mr.  Truszynski.  Yes,,  but  this  does  vary  with  the  area  of  effort. 
This  is  a figure  that  represents  a particular  type  of  technical  capability. 

Mr.  Wydler.  What  is  that  value  in  this  field,  in  the  tracking  field? 
Is  there  such  a figure  that  you  use? 

Mr.  Truszynski.  It  does  vary  with  the  particular  function  in 
tracking  and  data  acquisition.  A figure  for  an  operational  person 
would  be  different  from  a figure  for  a technically  competent  research 
engineer.  A figure  on  the  order  of  $40,000,  for  example,  would  repre- 
sent a man-year’s  work  of  effort  for  a highly  competent  engineer.  This 
includes  all  of  the  overhead  that  is  attached  to  his  particular  effort. 

Mr.  Wydler.  How  many  categories  are  there  that  you  use? 

Mr.  Truszynski.  Well,  I know  of  two  that  we  use.  One  is  a cate- 
gory of  this  nature  where  it  is  a study  effort,  and  another  is  in  the 
operational  sense  where  we  require  operational  people  for  the  operation 
of  our  stations. 

Mr.  Wydler.  And  the  rate  for  a highly  technical  study  is  $40,000 
a man-year? 

Mr.  Truszynski.  That  is  a representative  number,  yes. 

Mr.  Wydler.  What  is  the  operational  figure? 

Mr.  Truszynski.  They  are  lower. 

Do  you  have  the  man-year  figure  that  is  generally  used  for  the 
operational? 

Mr.  Williamson.  It  is  on  the  order  of  $8,000  for  the  man-year 
proper;  the  man-year  with  overhead  runs  to  $15,000  for  an  operator. 
So  it  is  15  versus,  say,  40. 

The  actual  source  of  these  man-year  cost  estimates  comes  from  the 
contractor  who  is  making  his  proposal.  He  will  come  up  with  a 
breakdown  of  so  many — on  a research  proposal  it  may  be  10  senior 
professionals,  each  of  which  will  be  working  3 months,  and  this  will 
be  priced  out  in  their  proposal,  so  it  is  a composite  sort  of  figure,  sir. 

Mr.  Wydler.  You  have  some  standards  that  you  use  and  these 
are  what  you  are  giving  me  now? 

Mr.  Williamson.  Yes,  sir;  it  is  on  that  order. 

Mr.  Roush.  Referring  to  the  general  category  “Supporting  research 
and  technology,”  we  observe  that  in  each  instance  of  a breakdown 
of  the  first  three  items,  the  amounts  have  jumped  and  jumped  con- 
siderably, particularly  the  second  item. 

Could  you  give  us  a general  explanation  as  to  why  these  jumped, 
particularly  referring  to  improvements  to  existing  systems? 

Mr.  Buckley.  Well,  the  requirements  being  laid  on  us  by  the 
program  offices  are  getting  more  complex  and  there  should  be  some 
ratio,  but  not  a fixed  one,  between  the  increasing  problems  we  get 
and  the  amount  of  study  we  put  in  to  find  out  how  to  do  it  and  do 
it  in  the  future. 
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Actually,  1 might  say  that  the  increments  are  down  this  year  in 
the  area  of  supporting  research.  It  went  up  from  1 year,  from  1961 
to  1962  it  went  up  some  35  percent,  from  1962  to  1963  about  35 
percent,  and  this  year  it  is  going  up  7%  percent,  if  I remember  cor- 
rectly. We  can’t  stand  still.  We  have  to  put  some  thought  into 
what  we  will  do  to  keep  up  with  the  flight  projects  as  they  change. 

Mr.  Roush.  Is  there  any  inclination  for  the  Defense  Department 
in  its  various  programs  to  lean  more  heavily  on  NASA  or  for  NASA 
to  lean  more  heavuy  upon  the  military  establishment  for  their  tracking 
and  data  acquisition  programs? 

Mr.  Buckley.  I think  there  has  been  an  increase.  The  Depart- 
ment of  Defense  has  not  leaned  on  us  heavily  in  the  past.  On  the 
other  hand,  they  do  lean  on  us  and  this  has  been  increasing. 

Mr.  Roush.  Has  this  contributed  to  the  request  for  increased  funds? 

Mr.  Buckley.  In  £his  area,  no,  sir.  It  would  contribute  slightly 
in  the  operational  arua.  If  you  have  a network  of  stations  to  cover 
the  lunar  and  planetary  projects,  if  you  shoot  the  first  one,  if  you 
shoot  a MARINER  II  as  we  aid  to  Venus,  the  stations  have  to  be  there 
to  operate.  If  you  shoot  a second  or  third  one,  the  increase  in  cost 
is  minor,  but  the  stations  have  to  be  there  before  you  can  shoot  the 
first  one.  Up  until  the  time  they  become  overloaded,  these  stations 
can  take  on  other  jobs.  This  is  the  area  where  we  support  the 
Defense  Department.  The  load  they  are  throwing  on  us  is  minor; 
it  is  not  enough  to  add  to  the  number  of  stations.  Tnere  is  no  reaction 
of  the  Defense  Department’s  requirements  in  our  “Supporting  research 
and  technology,”  that  I know  of. 

Mr.  Roush.  Any  other  questions  from  members  of  the  committee 
on  this  particular  category? 

Mr.  Hechler.  Are  you  able  to  get  any  help  from  the  military  in 
terms  of  tracking?  Do  you  utilize  the  military  tracking  network,  for 
example,  to  try  to  locate  a lost  satellite  like  Syncom? 

Mr.  Buckley.  When  we  lost  touch  with  Syncom,  we  immediately 
took  several  steps.  When  we  lost  radio  contact,  we  immediately 
alerted  the  Smithsonian  optical  group.  Through  Smithsonian  we 
immediately  notify  major  observatories  in  the  country.  Now  looking 
for  that  vehicle  without  knowing  where  it  was,  we  figured  out  was  far 
worse  than  looking  for  a needle  in  a haystack.  It  is  far  worse  than 
looking  for  a needle  on  a football  field,  as  a matter  of  fact.  But  we 
made  some  calculations  as  to  where  it  might  be  and  alerted  major 
observatories.  One  in  South  Africa,  as  you  know,  picked  it  up  fairly 
quickly.  We  also  went  to  the  Department  of  Defense  and  asked  them 
to  start  looking  immediately,  too.  It  turned  out  that  in  the  particular 
orbit  Syncom  was  in  they  did  not  happen  to  be  of  much  help,  but  in 
similar  cases  in  the  past  they  have  helped  and  picked  things  up  quickly. 

Mr.  Hechler.  Actually,  the  point  of  my  question  was  not  so  much 
the  substance  of  what  happens  to  Syncom.  I was  trying  to  ascertain 
whether  NASA  could  utilize  military  tracking  networks  instead  of 
some  of  the  newer  networks  that  NASA  is  asking  funds  to  establish. 

Mr.  Buckley.  We  make  very  extensive  use  of  the  military  equip- 
ment. As  I mentioned  earlier,  there  are  requests  for  military  tracking 
and  data  acquisition  support  out  of  my  office  that  have  been  given  to 
PMR  and  AMR  for  105  future  launchings.  This  includes  tracking 
and  telemetering  and  the  use  of  ships  ana  it  even  goes  down  to  the 
use  of  various  electronic  frequencies.  For  instance,  I happen  to 
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know  that  there  is  cooperation  needed  in  six  different  areas  of  elec- 
tronics that  we  have  asked  for,  with  six  different  frequencies. 

Now  there  are  no  current  capabilities  in  the  Defense  Department 
for  tracking  anything  that  is  going  to  the  Moon  or  to  the  planets. 

Similarly,  when  we  started  on  tne  Mercury  program  we,  of  course, 
could  make  extensive  use,  and  did,  of  the  capabilities  in  the  Canaveral 
area  and  downrange  from  it,  some  use  of  the  equipment  at  PMR  on 
the  Pacific  coast  some  use  of  the  ships,  but  in  general  over  the  trajec- 
tory that  Mercury  had  to  go,  there  were  no  stations. 

There  was  none  on  Bermuda,  there  was  none  in  the  Canaries,  and 
none  down  in  Africa,  and  there  was  none  in  Australia  and  none  in  the 
middle  of  the  Pacific  at  that  time,  so  in  order  to  accomplish  the  Mer- 
cury job  we  planned  a network  and  put  it  in. 

Mr.  Hechleb.  Thank  you. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Thank  you.  I am  interested  in  knowing  the  prog- 
ress, or  whether  or  not  there  is  any  application  from  a military  stand- 
point of  the  advancements  you  in  NASA  are  making  in  antennas  and 
in  tracking  devices.  I am  anxious  to  hear  that  the  advancements 
that  are  being  made  are  being  given  to  the  military  for  possible 
military  applications,  if  there  are  any. 

Mr.  Buckley.  I think  there  has  been  great  help  in  both  directions 
on  this.  Before  we  were  in  the  space  business,  the  ranges  like  Cape 
Canaveral  and  PMR  had  the  problem  of  receiving  a lot  of  telemetering 
data  at  their  ranges  and  had  gone  into  a development  called  a TLM-18, 
which  is  a 60-foot  dish  which  tracks  the  vehicle;  there  were  a large 
number  of  those  built. 

The  program  eventually  required  improved  equipment.  That  was 
about  the  time  that  we  needed  85-foot  dishes  and  so  one  or  more 
companies  started  on  85-foot  dishes;  I think  there  were  at  least  two 
or  three  companies  that  started  building  85-foot  dishes. 

Several  of  these  were  built  and  then  there  was  a further  improve- 
ment in  the  technique  of  building  them  more  accurately.  They 
could  do  a better  job,  could  withstand  windloads  better,  and  so  forth. 
The  number  of  companies  working  in  this  area  is  ^ ery  small.  It  still 
is  probably  only  three. 

Recently  the  Department  of  Defense  has  been  buying  some  85-foot 
dishes,  and  I know  that  the  know-how  that  we  paid  for  in  getting  our 
85-foot  dishes  built  has  fed  back  into  allowing  the  Department  of 
Defense  to  get  theirs  more  easily. 

Mr.  Rumsfeld.  How  is  this  done? 

Mr.  Buckley.  I would  say  in  two  ways.  First  of  all,  there  is  a 
certain  number  of  presentations  before  technical  societies  on  how  to 
do  this,  and  certainly  there  is  a lot  of  motion  of  people  back  and  forth 
from  company  to  company. 

We  dealt  with  one  particular  company,  and  the  major  designers  of 
the  antennas,  then  moved  to  another  company.  At  this  pomt,  the 
second  company  suddenly  had  a very  excellent  capability  that  they 
hadn’t  had  the  year  before.  This  is  one  way  that  this  knowledge 
gets  spread  around.  I think  this  is  an  important  way  of  doing  it. 

Mr.  Rumsfeld.  Is  NASA  doing  research  on  the  handling  of  two 
satellites  on  one  antenna  beam? 
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Mr.  Buckley.  I don’t  think  we  are.  As  a matter  of  fact,  seldom 
are  there  two  vehicles  in  the  same  beam  at  once.  This  practically 
never  happens,  I would  say,  and,  secondly,  all  of  the  capability  that 
that  antenna  has  is  usually  required  to  get  the  data  from  one  satellite 
when  you  are  working. 

Mr.  Rumsfeld.  I see.  Thank  you. 

Mr.  Boone.  Mr.  Chairman,  may  1 ask  one  question? 

Mr.  Roush.  Yes. 

Mr.  Boone.  On  the  $11.5  milllion  item  you  have  in  1964,  is  this 
purely  research  work  or  improvement  to  existing  systems?  It’s 
purpose  is  to  provide  techniques  whereby  you  could  purchase  in  the 
following  portion  of  your  budget,  for  example,  network  operations — 
this  type  equipment,  if  needed. 

Mr.  * rRuszYNSKi.  Yes,  this  represents  an  area  that  is  primarily  one 
of  what  we  might  call  preprototype  development  of  both  systems 
and  subsystems,  and  a considerable  amount  of  this  money  is  expended 
for  equipment  and  components  which,  in  turn,  are  used  to  build  up 
a prototype  system  in-house  in  the  laboratory. 

Working  with  this  system,  in  turn,  provides  a basis  for  future 
procurement  of  operational  items  to  put  into  the  network. 

Mr.  Boone.  This  is  scheduled  primarily  for  Gemini  and  Apollo? 

Mr.  Truszynski.  No,  it  is  for  our  entire  range  of  programs.  It  is 
in  support  of  all  three  network  requirements,  unmanned  satellite 
network,  the  Gemini  and  Apollo  manned  networks,  and  the  deep 
space  network. 

Mr.  Boone.  Do  you  expect  this  number  to  go  down  next  year? 

Mr.  Truszynski.  No,  I don’t  believe  I would  expect  it  to  go  down. 
This  is  primarily  a function  of  improving  our  current  systems  to  where 
they  are  capable  of  receiving  and  processing  greater  amounts  of  infor- 
mation, so  it  is  really  directed  toward  increasing  the  longevity  of  our 
present  networks  by  improving  their  capability. 

Mr.  Hechler.  Would  this  mean  the  existing  systems  costs  might 
go  down  in  the  future? 

Mr.  Truszynski.  I don’t  believe  1 understand. 

Mr.  Hechler.  Well,  the  heading  is  “Improvement  to  Existing 
Systems.’’  If  the  systems  are  improved  and  given  greater  longevity, 
does  this  mean  that  the  net  cost  will  be  reduced? 

Mr.  Truszynski.  Yes,  I think  we  would  expect  the  total  network 
cost  in  the  future  would  go  down. 

Mr.  Roush.  Is  there  anything  else? 

Mr.  Davis.  Mr.  Chairman,  I nave  some  questions  on  the  prepared 
statement  of  Mr.  Buckley,  if  they  would  be  m order  at  this  time. 

Mr.  Roush.  All  right. 

Mr.  Davis.  In  the  first  place,  Mr.  Buckley,  on  page  16  of  your 
statement  you  use  the  letters  “PCM”  systems,  and  I just  wanted  to 
know  what  those  letters  stood  for.  The  statement  didn’t  give  the  full 
words.  You  say  “We  cue  equipping  out  stations  with  PCM  systems 
and  range  and  rate  equipment.” 

Mr.  Buckley.  PCM  system  is  pulse  code  modulation,  and  this 
means  that  data  is  carried  in  the  form  of  pulses  and  the  spacing  of  the 
pulse  or  the  length  of  the  pulse  is  a measure  of  the  quantity  of  the 
data  then. 

This  is  in  contrast  with  previous  types  of  telemetering  which  we 
have  been  using,  which  is  called  FM ; this  is  a cruder  technique  and 
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it  is  an  analog  type  of  representation  compared  with  the  PCM,  which 
comes  up  as  a digital  form.  Because  it  is  in  this  form,  this  means  it 
is  easier  to  process,  it  is  easier  to  go  right  into  computers. 

Mr.  Davis.  All  right. 

Now  I notice  at  the  part  of  your  statement  in  which  you  refer  to 
illustratit  vi  I'V67-1,  you  say  in  the  center  of  that  chart  are  represented 
typical  in  i movements  that  will  be  made  in  your  station  installation, 
and  I take  ii  that  includes  the  PCM  installation  as  well  as  the  range  and 
range  rate  tracking  facility,  is  that  right? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Davis.  They  are  both  entirely  new  additions  to  your  station? 

Mr.  Buckley.  Yes. 

Mr.  Davis.  And  do  they  comprise  a pretty  good  percentage  of  the 
$11%  million  whichyou  list  as  being  improvements  to  existing  systems? 

Mr.  Buckley.  This  $11%  million  is  under  the  area  of  “Supporting 
research  and  technology.” 

Mr.  Davis.  I see,  and  that  would  not,  then. 

Mr.  Buckley.  The  “Supporting  research  and  technology”  money 
of  last  year,  or  the  year  before  would  have  led  to  the  choice  of  the 
system  and  the  equipment  that  is  going  into  the  station  this  year. 

Mr.  Davis.  Well,  now  I understand  the  improvement  that  will 
result  in  a general  way  from  the  PCM  installation,  but  what  improve- 
ment results  from  the  addition  of  this  range  and  range  rate  tracking 
facility? 

Mr.  Buckley.  I mentioned  earlier,  as  did  Mr.  Truszynski,  the 
problems  we  had  with  elliptical  orbit  tracking.  Studies  have  been 
made,  again  similar  studies  such  as  we  are  asking  for  this  year  were 
made  during  the  last  year  or  2 years,  and  they  indicated  that  a par- 
ticular combination  of  equipment  that  would  put  out  an  electronic 
signal  from  which  you  could  get  a doppler  measurement  and  count 
range  at  the  same  time  would  be  a marked  improvement  in  the 
technique  you  use  for  the  tracking. 

Now  why  do  we  need  it?  We  need  it  on  these  elliptical  orbits.  We 
also  need  it  at  the  insertion  and  injection  points  of  orbits.  As  you 
add  thrust  to  change  the  condition  of  the  vehicle — as  you  put  it  into 
a parking  orbit  around  the  earth,  as  you  take  it  around  the  parking 
orbit  ana  put  it  into  a trajectory  that  will  take  it  to  the  Moon,  or  as 
you  take  it  out  of  a trajectory  that  is  going  out  and  put  it  into  another 
orbit  that  is  far  out,  such  as  the  synchronous  orbit  for  the  Syncom 
satellite,  this  system  gives  more  precise  data  and  gives  it  quickly.  It 
gives  it  in  a form  you  can  use  to  determine  what  this  transient  accom- 
plished. Actually  there  is  a set  of  equipment  like  that  in  Lagos, 
Nigeria,  in  connection  with  the  Syncom  firing,  that  measured  the 
trajectory  as  it  went  out,  and  was  going  to  go  into  synchronous  orbit. 

Mr.  Davis.  When  you  use  the  two  words  “range  rate”  are  you 
talking  about  the  doppler  effect  there? 

Mr.  Buckley.  Actually  the  range  rate  is  the  doppler  effect,  but 
you  can  incorporate  electronically  a kind  of  counting  system  that  gives 
you  the  exact  range  too.  You  get  both  velocity 

Mr.  Davis.  That  is  what  I was  coming  to  next.  What  doee  the 
single  word  “range”  have  reference  to? 

Mr.  Buckley.  The  distance  to  the  vehicle. 

Mr.  Davis  And  that  is  all? 


* 


V 


2824 


1964  NASA  AUTHORIZATION 


Mr.  Buckley.  And  the  range  rate,  of  course,  is  the  velocity  of  the 
vehicle,  it  is  kind  of  a combination  of  procedural  technique  that  gives 
you  both  at  the  same  time. 

Mr.  Davis.  I have  another  question  on  an  entirely  different 
subject.  At  page  31  of  your  prepared  statement  you  state — well, 
at  the  top  of  the  page  you  are  talking  about  the  necessity  of  buying 
two  ships,  and  in  the  illustration  that  you  give  you  state  that  you 
need  two  ships  and  one  of  several  possible  injection  patterns  and  how 
it  might  be  impossible  for  one  ship  to  be  under  the  point  where  you 
might  want  to  change  from  a parking  orbit  to  an  escape  or  another 
orbit  on,  say,  another  shot,  possibly  a lunar  shot.  Therefore  you  are 
going  to  need  two  ships. 

Then  further  down  you  say  you  are  going  to  need  three  ships. 
How  did  that  third  ship  get  in  there? 

Mr.  Buckley.  We  are  going  to  talk  more  about  that  tomorrow. 

Mr.  Roush.  We  have  arranged  to  go  into  this  matter  tomorrow. 

Mr.  Davis.  All  right,  I didn’t  realize.  Then  I will  wait  on  that. 

Mr.  Roush.  Are  there  further  questions  on  the  testimony  of  Mr. 
Buckley? 

Mr.  Boone. 

Mr.  Boone.  You  indicated  you  intended  to  purchase  PCM  telem- 
etry now,  and  this  will  replace  the  FM/FM  system  you  have  in  place 
now,  I take  it? 

Mr.  Buckley.  It  will  add  to  it.  The  FM  will  stay  there. 

Mr.  Boone.  Are  you  taking  into  account  further  growth  in  your 
range  system  and  buying  equipment  here  that  will  be  of  more  general 
purpose  than  FM/FM  might  have  been,  or  are  you  sticking  specifi- 
cally to  mission-oriented  equipment  in  doing  this?  In  other  words, 
next  year  will  you  come  back  for  another  bill  for  an  additional  modifi- 
cation of  the  system? 

Mr.  Buckley.  Not  in  technique.  I won’t  say  that  there  won’t  be 
more  PCM  equipment  added  to  stations  where  we  don't  have  it, 
because  we  are  only  putting  it  where  we  think  it  is  really  necessary 
this  year. 

Let  me  see  if  I can  answer  your  question  further.  As  we  put  simple 
satellites  up  earlier,  weight-limited,  there  was  associated  with  them 
a simple  FM  telemeter  that  could  send  down  far  less  information. 

The  plans  for  not  only  the  observatory  class  satellites  but  for  the 
application  satellites  particularly  in  the  meteorological  area,  and  also 
the  plans  for  Apollo,  all  call  for  using  PCM  telemetering. 

In  other  words,  we  are  going  to  go  over  to  a system  that  matches  the 
plans  for  the  spacecraft  for  years  to  come,  I hope. 

Mr.  Boone.  So  you  don’t  really  anticipate  any 

Mr.  Buckley.  Changes  in  technique,  no,  sir. 

Mr.  Eechler.  Mr.  Chairman,  I have  a press  release  here  from 
NASA  that  is  headed — 

NASA  to  establish  deep-space  tracking  facility  in  Australia.  U.S.  National  Aero- 
nauticn  and  Space  Administration  in  agreement  with  the  Australian  Government- 
announced  today  it  will  establish  a deep-space  tracking  facility  about  11  miles 
southwest  of  Canberra. 

Is  this  the  Far  East  station  that  we  talked  about  last  year  in  the 
authorization  hearing? 

Mr.  Buckley.  No,  sir;  there  were  two  deep-space  stations  approved 
last  year , and  this  is  one  of  them. 
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Mr.  Hechler.  I see. 

What  is  the  progress  on  the  Far  East  station?  Has  the  site  been 
selected? 

Mr.  Buckley.  The  site  has  been  selected,  and  through  the  State 
Department  we  have  asked  the  government  of  the  host  country  for 
approval,  and  we  are  expecting  the  answer  from  that  country  at  almost 
any  time. 

Informally,  we  have  been  told  they  will  approve  it.  We  haven't 
received  word  yet.  The  antenna  is  already  being  built  for  that 
station. 

Can  I say  something  else  about  the  site  of  the  Far  East  station  at 
the  moment?  We  have  a problem,  as  you  know.  If  we  plan  to  install 
anything  in  a foreign  country,  the  foreign  country  requests  that  tbev 
announce  it  first.  And  we  respect  their  wishes  in  this. 

Mr.  Hechler.  I understand. 

What  about  the  authorizing  funds  that  the  Congress  voted  and 
appropriated,  also,  last  year  for  this  facility?  Are  all  those  going  to 
be  expended  within  this  current  fiscal  year? 

Mr.  Williamson.  Probably  not  expended,  sir;  no. 

Mr.  Hechler.  What  will  you  do? 

Mr.  Williamson.  The  majority  of  them  will  be  obligated,  however, 
that  is,  put  under  contract.  We  have  already,  as  Mr.  Buckley 
pointed  out,  obligated  considerable  amounts  for  the  antenna  itself, 
the  antenna  structure,  and  for  the  electronics  systems  that  go  with  it. 

Mr.  Hechler.  How  is  that  reflected  in  this  budget  that  you  are  not 
actually  spending  this  year?  How  do  you  indicate  this? 

Mr.  Williamson.  Well,  it  is  in  the  “Construction  of  Facilities" 
appropriation.  As  you  know,  we  request  and  have  received  full  fund- 
ing for  specific  construction  projects.  The  funds  are  available  until 
expended  under  the  terms  of  the  appropriation  act.  The  leadtime  of 
turning  an  obligation  into  an  actual  expenditure  sometimes  runs  3 
years,  because  the  billing  cycles  of  the  firms  that  are  involved  are 
really  quite  long.  Final  termination  of  a contract  sometimes  takes 
4 or  5 years  before  complete  and  total  settlement. 

In  the  meantime  the  obligation,  however,  is  what  allows  the  firm  to 
proceed,  produce  work,  deliver  it  to  the  site,  install  it,  and  operate  it. 
xhe  contract  itself  doesn’t  terminate  and  therefore  the  expenditure 
is  no  t complete  until  a considerable  legal  hassle  has  taken  place  at  the 
end. 

Mr.  Hechler.  You  remember  last  year  we  had  considerable  dis- 
cussion about  the  cost  which  seemed  to  me  to  be  excessively  high. 
Your  answer  was  that  the  cost  was  higher  because  you  might  have 
earthquakes  over  there  and  you  had  to  build  your  structures  a little 
bit  stronger. 

Now  would  it  give  away  the  name  of  the  country  if  I asked  you  if 
you  are  still  worried  about  the  earthquakes?  Is  your  cost  still  going 
to  be  as  high  comparatively  for  the  construction  of  this  facility? 

Mr.  Williamson.  I don’t  think  that  we  have  a large  earthquake 
problem  at  our  present  site. 

Mr.  Hechler.  Will  your  costs  then  come  down  to  be  more  com- 
parable to  other  construction  costs? 

Mr.  Williamson.  We  have  received  very  preliminary  site-construc- 
tion estimates.  These  look  to  be  a little  higher  than  we  like.  We  are 
going  to  try  to  bring  them  down. 
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Mr.  Hechler.  I certainly  hope  so,  because  they  always  seem  to  go 
in  one  direction,  and  I thought  maybe  you  had  a pretty  good  defense 
or  excuse  last  year  but  now  if  you  don’t  have  any  earthquakes,  why 
should  they  go  so  high? 

Mr.  Williamson.  We  can’t  exceed,  of  course,  the  authorization. 

Mr.  Hechler.  We  would  like  you  to  go  below  the  authorization. 

Mr.  Williamson.  We  always  try  to  be  below  the  authorization  and 
we  are  attempting  to  in  this  case. 

Mr.  Rumsfeld.  I have  a question  on  this  subject. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Are  there  sites  in  foreign  countries  which  you  have 
attempted  to  secure  and  failed  because  the  foreign  country  was 
uncooperative? 

Mr.  Buckley.  I know  of  none. 

Mr.  Rumsfeld.  In  each  country  where  you  wanted  a site  the 
country  has  cooperated,  if  you  decided  to  go  ahead? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Rumsfeld.  I have  one  question  which  is  quite  off  this  subject. 
You  brought  Mr.  Williamson  and  Mr.  Truszynski  to  assist  you, 
which,  of  course,  is  very  normal  and  proper.  Did  you  bring  any  other 
individuals  from  NASA  with  you  today  to  assist  in  this  testimony? 

Mr.  Buckley.  No,  sir. 

Mr.  Rumsfeld.  Are  there  any  other  individuals  from  NASA  that 
came  with  you? 

Mr.  Buckley.  Mr.  Brown  of  the  Legislative  Affairs  Office,  that 
is  all. 

Mr.  Rumsfeld.  I see,  that  is  the  only  other  NASA  employee  that 
came  with  you. 

Mr.  Brown.  There  is  Mr.  Sam  Keller  from  Goddard,  but  the  two 
of  us  are  merely  standing  by,  we  are  not  participating. 

Mr.  Rumsfeld.  You  are  here  but  not  participating.  I see. 

Mr.  Roush.  Mr.  Buckley,  referring  to  the  manned-space-flight 
network,  you  have  16  prime  stations  and  I observe  that  5 of  these 
are  operated  by  commercial  companies,  9 are  operated  by  elements  of 
the  armed  services,  and  2 are  operated  under  an  intergovernmental 
agreement  by  the  weapons  research  establishment  of  the  Australian 
Department  of  Supply. 

Do  you  find  it  more  economical  to  use  the  commercial  companies 
for  this  operation? 

Mr.  Buckley.  In  this  case  it  happened  that  economy  wasn’t  the 
factor  that  resulted  in  the  decision.^  It  was  necessary  in  four  of  the 
five  countries  that  a civilian  scientific  organization  be  the  organiza- 
tion that  was  dealing  with  the  foreign  country.  This  was  specifically 
at  the  request  of  those  countries,  who,  in  fact,  in  each  case  had  this 
written  into  our  agreement. 

That  is  a recurrent  problem,  as  a matter  of  fact,  in  some  of  these 
countries:  Are  we  really  a scientific  organization  and  are  we  really  a 
civilian  group,  and  so  forth.  It  comes  back  repeatedly  in  these  coun- 
tries. in  some  countries  there  are  always  groups  that  are  asking, 
Is  our  station  really  a missile  station  under  another  name? 

Mr.  Roush.  Are  you  saying  that  in  some  instances  you  must  use 
a commercial  company? 

Mr.  Buckley.  Yes,  sir. 
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Mr.  Roush.  Because  of  the  perhaps  political  situation  existing  in 
the  country? 

Mr.  Buckley.  That  is  right. 

Mr.  Roush.  Within  this  country  or  within  our  own  jurisdiction  or 
the  jurisdiction  of  the  country,  do  we  have  any  commercial  com- 
panies operating  stations? 

Mr.  Buckley.  Yes,  sir;  the  group  of  dishes  at  Goldstone  is  oper- 
rated  by  a commercial  company. 

Mr.  Roush.  Do  you  find  this  a satisfactory  and  economical 
situation? 

Mr.  Buckley.  I think  so.  First  of  all,  it  is  a very  direct  relation- 
ship rather  than  having  a couple  of  intermediate  managerial  stages. 

Mr.  Roush.  Would  it  be  more  economical  to  operate  some  of 
those  operated  by  the  Department  of  Defense  than  by  commercial 
firms? 

Mr.  Buckley.  Well,  the  Department  of  Defense,  you  see,  operates 
them  in  the  end  by  a civilian  company,  too,  but  at  times  there  are 
some  intermediate  channels  of  management.  These  have  not  been 
unfavorable  to  us,  but  on  the  other  hand  if  you  are  trying  to  do  an 
important  job  such  as  Mercury  or  Apollo,  the  manned  space  flight 
jobs,  I personally  believe  that  direct  contract,  so  that  this  is  one 
solidly  integrated  group  that  is  trained  for  the  job  and  has  the  re- 
sponsibility so  that  every  station  looks  exactly  alike,  is  an  important 
concept  in  how  to  run  a job  like  that. 

Mr.  Roush.  Because  of  the  House  being  in  session  it  will  be 
necessary  for  us  to  adjourn  this  committee  hearing  at  this  time. 

We  will  look  forward  to  seeing  you  again  tomorrow  morning,  Mr. 
Buckley. 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  We  will  now  adjourn. 

(Whereupon,  at  12 :02  p.m.,  the  subcommittee  adjourned,  to  recon- 
vene at  10:00  a.m.,  Wednesday,  March  13,  1963.) 
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WEDNESDAY,  MARCH  13,  1063 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment, 
in  room  214-B,  New  House  Office  Building,  Hon.  J.  Edward 
Roush  presiding. 

Mr.  Roush.  The  committee  will  be  in  order. 

We  are  2 minutes  late  starting  this  morning.  However,  the 
committee  is  again  prepared  to  hear  you,  Mr.  Buckley,  and  what 
we  would  like  you  to  do  this  morning  is  this:  referring  to  the  new 
volume,  the  backup  volume  which  has  just  been  handed  to  us,  on  page 
68,  we  would  like  to  take  these  various  items,  item  by  item. 

Now  although  we  did  discuss  integrated  systems  study,  develop- 
ment, and  test,  and  you  gave  us  the  background  yesterday  on  each 
of  those,  we  would  like  to  take  each  item  ana  for  you  to  give  us  a very 
brief  paragraph  explanation  of  the  item  as  it  appears  here,  for  example, 
the  $600,000  item  on  trajectory  orbit  determination  and  data  re- 
quirement analysis,  then  follow  with  the  $225,000  item. 

We  would  like  to  have  a very  brief  paragraph  explanation  of  each 
of  these  items.  The  first  item  will  be  a little  bit  of  review  perhaps. 
H you  could  condense  what  we  said  yesterday  into  a brief  paragraph, 
the  committee  would  appreciate  it. 

FURTHER  STATEMENT  OF  EDMOND  C.  BUCKLEY,  DIRECTOR, 

OFFICE  OF  TRACKING  AND  DATA  ACQUISITION,  NASA,  ACCOM- 
PANIED BY  GERALD  M.  TRUSZYNSKI,  DEPUTY  DIRECTOR,  AND 

DAVID  WILLIAMSON,  JR.,  CHIEF,  PROGRAM  COORDINATION 

Mr.  Buckley.  Well,  we  have  brought  in  a breakdown  of  the  $2 
million  line  item.  It  is  broken  down  in  volume  5 into  four  items,  and 
we  have  brought  in  a further  breakdown.  I believe  as  requested 
yesterday,  it  is  now  broken  down  into  tasks.  I have  10  copies  of  that 
breakdown  here  for  you  if  you  would  like  to  have  them. 

Mr.  Roush.  All  right,  they  will  be  distributed. 

Could  you  then,  Mr.  Buckley,  in  a brief  statement  explain  each  of 
the  four  major  items  listed  in  this  category? 

Mr.  Buckley.  I believe  so;  yes,  sir. 

Mr.  Roush.  I think  we  can  all  appreciate  that  we  are  operating 
under  a limitation  of  time  here  which  is  really  severe,  and  we  are  going 
to  have  to  move  as  quickly  as  we  can  on  these  items  if  we  are  going  to 
cover  the  whole  field. 
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Mr.  Buckley.  As  you  see  from  the  papers  that  have  just  been 
distributed,  we  have  provided  you  with  a breakdown  of  the  four  items 
and  this  then  adds  up  to  the  $2  million  item. 

You  will  see  here  a variety  of  studies.  For  instance,  we  foresee 
some  problems  in  determining  the  orbits  because  of  the  effect  of  the 
atmosphere  on  the  orbit,  the  effect  of  the  moon  or  the  planets  on  the 
orbit;  there  are  various  effects  that  we  don’t  know. 

Orbits,  then,  are  not  regular.  We  have  a first  cut  at  how  to  work 
up  the  orbits  but  there  has  to  be  more  detailed  methods  worked  out 
for  determining  some  of  these,  and  also  there  will  be  effects  due  to  the 
variations  in  some  of  the  instrumentation.  You  might  think  of  them 
as  inaccuracies,  I prefer  to  think  of  them  as  limitations,  variables 
introduced  by  the  instrumentation,  and  these  then  will  affect  the  orbit 
determination.  This  also  result . in  a number  of  studies. 

The  second  area,  one  item  in  the  second  area  is  a study 

Mr.  Roush.  You  are  referring  to  which  item  when  you  say  “the 
second  area”? 

Mr.  Buckley.  I am  referring  to  the  item  “Systems  parametric 
studies.” 

We  have  broken  this  down  into  two  tasks  in  the  papers  we  have 
just  given  you.  Radar  data  coming  in  from  some  of  the  vehicles  at 
nigh  speeds  have  peculiar  reflections  and  we  want  to  evaluate  the 
radar  received  data  and  from  this  get  determinations  as  to  what  we 
need  in  the  way  of  reflections  from  the  vehicle  and  develop  techniques 
to  obtain  this  data  from  the  existing  radar  systems. 

The  second  item  consists  of  a definition  of  the  “ground  communica- 
tions system”  characteristics  and  the  data  format  that  will  be  most 
efficient  for  use  with  the  automatic  data  processors. 

You  will  hear  the  term  “signal  conditioners”  used;  that  transposes 
the  data  as  we  get  it  out  of  the  radars  and  from  the  telemetering 
system  into  a condition  that  we  can  transmit  over  the  communications 
system  back  to  our  control  centers  in  Goddard  and  in  Florida  and  then 
reconvert  into  a condition  for  the  computers,  and  there  are  certain 
optimum  ways  of  doing  this.  One  way  would  be  more  efficient  than 
another,  so  there  is  $25,000  for  a study  to  determine  the  better  ways 
of  doing  this. 

The  next  grouping  is  classed  as  “Conceptual  systems  studies.” 
There  will  be  a determination  of  the  characteristics  and  operating 
limitations  of  several  antennas  to  see  if  we  can,  through  combinations 
of  antennas  that  are  arrayed  together,  approach  the  characteristics  of 
a large  parabolic  antenna  and  do  this  thing  probably  at  lower  cost  or 
possibly  at  better  efficiency. 

Now  this  type  of  study  is  going  on  in  various  places  in  the  country, 
and  our  agency  is  taking  a lead  part  in  making  such  studies,  because 
of  the  extreme  cost  of  the  very  large  parabolic  antennas. 

As  for  the  second  task,  there  is  always  a problem  when  you  move  one 
of  these  large  antennas  with  the  servo  systems  and  the  bearings. 
This  has  been  a severe  engineering  problem  in  building  all  large 
antennas.  There  is  a possibility  of  building  antenna  systems  that  will 
be  inertialess,  or  at  least  will  not  move;  there  is  a possibility  of  scan- 
ning the  sky  with  systems  that  don’t  have  the  bearing  problem. 

The  last  area  is  entitled  “Developmental  system  tests.”  This 
includes  the  test  of  protoypes  of  the  ground-based  deep  space  tracking 
systems,  using  Venus  or  Mars  as  a target  to  evaluate  the  combination 
of  systems  that  will  work  best  when  we  track  spacecraft  out  to  these 
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distances.  As  we  carry  this  work  out,  it  is  pretty  difficult  to  find  a 
calibration  device  to  try  a system  against,  way  out  in  space.  Using 
Venus  and  Mars  and  varying  the  system  on  the  ground,  you  have  an 
operating  means  that  you  wouldn’t  have  in  advance  of  getting  a space- 
craft out  that  far  in  the  sky. 

The  last  task  is  for  aircraft  and  spacecraft  integrated  systems  tests 
of  a system  that  Marshal  is  working  on.  There  is  a possibility  of  using 
aircraft  with  the  ground  systems  to  get  accuracy  data  on  a new  track- 
ing system  that  may  be  better  than  some  of  our  present  ground- 
based  systems. 

This  concept  of  a remote  unmanned  tracking  system  has  been  con- 
sidered previously.  I don’t  know  of  any  real  solution  that  has  ever 
been  used  very  actively  and  Marshall  wants  to  try  it  again.  This 
task  covers  the  job  of  taking  aircraft  out  to  sections  that  can’t  be 
covered  by  ground  equipment. 

Mr.  Roush.  Thank  you,  Mr.  Buckley. 

Unless  there  is  objection,  we  will  make  this  breakdown  a part  of 
the  record. 

There  being  no  objection,  it  will  be  made  a part  of  the  record. 

(The  document  referred  to  is  as  follows:) 

National  Aeronautics  and  Space  Administration, 

Washington,  D.C.,  March  12,  1963. 

MEMORANDUM  FOR  FILES 

Subject:  Fiscal  year  1964  estimates  for  supporting  research  and  technology 
within  the  tracking  and  data  acquisition  program. 

The  attached  list  of  15  supporting  research  and  technology  tasks  represents 
the  effort  planned  at  this  time  within  the  $2  million  colled  out  for  ‘ 'Integrated 
systems  study,  development,  and  test.”  All  funds  requested  here  are  either  for 
contracted  study  and  test  effort  or  for  procurement  of  equipment  to  permit  in- 
house  development  work.  These  estimates  cover  both  new  effort  and  continuation 
of  work  begun  in  previous  years. 

David  Williamson,  Jr., 

Chief,  Program  Coordination  Tracking  and  Data  Acquisition. 


Integrated  systems  study,  development,  and  test $2,  000,  000 


Trajectory,  orbit  determination,  and  data  requirements  analysis 600,  000 


Application  of  DeLauny’s  method  to  the  problem  of  determining 
the  orbit  of  the  satellite  of  an  oblate  sphere  (such  a~  the 
Earth),  to  include  the  effects  of  tesseral  hormonics  and  lunar 

and  solar  perturbations 25,  000 

General  perturbation  theory,  including  the  effects  of  certain 
zonal  harmonic  and  higher  order  gravitational  perturbations.  13,  000 
Analysis  of  the  constants  relating  to  orbit  determination,  to 
provide  a computer  program  that  can  determine  orbits  of 
spacecraft  around  the  Earth  and  the  Moon  and  in  highly 
elliptical  cislunar  orbits,  using  an  Encke  scheme  with  Herrick’s 

universal  variables 38,  000 

Influence  of  perturbing  forces  on  the  tracking  of  orbital  vehicles.  25,  000 
Analysis  to  determine  tracking  data  accuracy  using  nonlinear 

treatments 60,  000 

Postflight  analysis  of  vehicle  guidance  system  data  output  to 

determine  orbital  parameters 40,  000 

Analysis  of  orbital  data  to  determine  the  sources  of  errors  such  as 
those  associated  with  the  inonsphere,  solar  pressure,  equip- 
ment calibration,  and  station  location;  includes  analysis  of  or- 
bit design  and  selection  criteria 306,  000 

Design  techniques  and  computer  program  for  trajectory  accuracy 

requirements  of  planned  new  launch  vehicles 50,  000 

Investigation  of  the  effects  of  tracking  system  signal  scintillation 
on  computed  acceleration  data 43, 000 
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System*  parametric  studies $225, 000 


Test  equipment  and  instrumentation  required  to  support  the 
evaluation  of  present  radar  received  data,  the  determination  of 
radar  “signature"  data  requirements,  and  the  development  of 

techniques  to  obtain  this  data  from  existing  radar  systems 200, 000 

Definition  of  the  ground  communications  system  characteristics 
and  the  data  format  that  will  be  most  efficient  for  use  with  re- 
mote automatic  data  processors 25, 000 


Conceptual  systems  studies 275, 000 


of  arraying  several  antennas  to  approach  the  advantages  of  a 
single  very  large  parabolic  antenna  without  the  structural 

penalties  of  such  a large  system 175, 000 

Investigation  of  the  possible  characteristics  and  potential  uses  of 
inertialess  scanning  antennas  for  spacecraft  tracking 100,  000 


Developmental  systems  tests 900,000 


Test  of  prototype  ground-based  deep  space  tracking  systems, 
using  the  planet  Venus  as  a target,  to  evaluate  subsystem  in- 
teraction and  performance  prior  to  incorporation  into  the  oper- 
ational network 700,  000 

Aircraft  and  spacecraft  integrated  systems  tests  of  a prototype 
unmanned  tracking  system  for  remote  locations 200, 000 


Mr.  Roush.  Does  any  member  of  the  committee  have  any  ques- 
tions relating  to  this  particular  category? 

Mr.  Ryan. 

Mr.  Ryan,  Mr.  Buckley,  could  you  tell  us  quickly,  going  down  the 
first  page  of  the  breakdown  which  you  have  submitted  to  the  com- 
mittee, which  items  are  to  be  contracted  and  which  items  are  to  be 
in-house?  In  your  introduction  you  state  that  the  funds  are  eigher 
for  contracted  study  or  for  equipment  to  permit  in-house  development 
work. 

Mr.  Buckley.  Let  me  go  over  the  items  of  which  I have  spoken  as 
a typical  case.  The  first  item  I mentioned  was  a continuing  one, 
placed  with  Yale. 

The  next  one  was  a continuing  one  placed  with  the  National  Bureau 
of  Standards. 

The  third  one  was  a continuing  one  placed  with  Lockheed. 

The  next  three  were  new  contracts,  and  because  they  are  new  we 
won’t  know  until  after  the  money  is  available  who  they  will  be  with. 

The  next  one  is  a continuing  one  with  Lockheed.  The  next  two 
are  new,  and  we  have  no  contractor. 

The  next  one  is  a continuing  one  with  Langley  Research  Center, 
in-house,  and  this  task  is  asking  for  the  equipment. 

Mr.  Roush.  In  order  to  verify  where  you  are  when  you  refer  to 
the  next  one 

Mr.  Buckley.  I am  at  the  third  one  on  page  2. 

Mr.  Roush.  Referring  to  which  item? 

Mr.  Wydler.  The  $200,000? 

Mr.  Buckley.  $200,000,  yes. 

The  next  item,  the  $25,000  one  is  a continuing  Marshall  Space 
Flight  Center  in-nouse. 

The  two  at  the  bottom  of  page  2 are  both  new  ones,  with  nobody 
designated  as  yet. 
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And  of  the  last  two  on  the  third  page,  the  first  one  is  a continuing 
one  at  Jet  Propulsion  Laboratory,  and  the  second  one  as  I mentioned 
before  is  at  Marshall  Space  Flight  Center,  and  that  is  a new  one. 

Mr.  Boone.  Mr.  Buckley,  what  percentage  of  your  moneys  are 
contracted  out  to  private  industry  or  to  universities. 

Mr.  Buckley.  All  of  the  items  in  this  book  represent  money  that 
will  be  spent  outside,  either  by  contracts  or  for  purchase  of  hardware 
items. 

Mr.  Rumsfeld.  In  which  book? 

Mr.  Buckley.  In  our  whole  budget  book  here  in  the  equipment 
area,  the  supporting  research  and  technology  area,  and  in  the  opera- 
tions area.  All  of  the  R.D.  & O.  money  is  spent  outside. 

Mr.  Boone.  What  percentage  then  is  this  of  your  total  request,  a 
rough  figure? 

Mr.  Buckley.  Well,  exclusive  of  the  personnel  salaries,  this  is 
100  percent  of  the  money. 

Mr.  Williamson.  Of  the  direct  program  costs  shown  in  the  1964 
request,  the  $231.5  million,  all  of  that,  is  spent,  as  it  were,  out  of  house. 
It  is  for  purchase  orders  and  contracts.  The  sum  for  operations  of 
installations  and  personnel  is  shown  separately  on  the  budget  page 
RD023-1. 

Mr.  Roush.  Mr.  Davis. 

Mr.  Davis.  As  regards  this  whole  $2  million  item,  would  you  give 
us  an  estimate  of  how  much  of  the  $2  million  would  probably  be 
chargeable  to  deep  space  studies  and  how  much  to  near-Earth  orbit, 
how  much  to  lunar  orbit?  Could  it  be  broken  down  that  way? 

I know  some  of  these  items  seem  to  be  purely  chargeable  to  deep 
space  exploration,  as  I look  at  some  of  the  detailed  breakdown.  I 
just  wondered  if  you  for  the  record  could  give  us  your  opinion  as  to 
what  percentage  of  the  $2  million  would  be  chargeable  to  each  of 
those  areas. 

Mr.  Buckley.  I could  give  it  to  you  for  the  record.  I would  have 
to  give  you  a pretty  broad  guess  at  the  moment. 

Mr.  Davis.  Well,  if  you  would  prefer  to  take  a close  look  at  it 
later  and  send  it  in,  that  will  be  satisfactory. 

Mr.  Buckley.  I would  like  to  (see  p.  2842). 

Mr.  Davis.  That  will  be  satisfactory. 

Mr.  Roush.  Now,  Mr.  Buckley,  moving  to  the  category  which  has 
the  heading  “Improvements  to  existing  systems,”  would  you  give  us 
item  by  item  a brief  paragraph  explanation  of  each  of  these — I should 
say  a paragraph  justification,  for  each  of  these  items? 

Mr.  Buckley.  Yes;  I have  asked  Mr.  Truszynski  to  be  prepared 
to  do  this  this  morning. 

Mr.  Roush.  All  right,  Mr.  Truszynski. 

Mr.  Truszynski.  In  this  category  I think  we  can  say  that  the  total 
of  this  is  spent  in  prototype  equipment  developments,  largely  in-house, 
at  the  four  laboratories  I mentioned  yesterday,  the  primary  ones  being 
the  Jet  Propulsion  Laboratory  and  the  Goddard  Space  Flight  Center, 
and  the  other  two  being  the  Langley  Research  Flight  Center  and  the 
Marshall  Flight  Center. 

In  this  first  item,  we  are  continually  faced  with  the  problem  of 
utilizing  telemetry  information  for  real  time  control  purposes  where 
we  have  a satellite  that  is  reasonably  complex.  This  money  is  spent 
in  determining  the  types  of  equipment  that  can  allow  us  to  utilize 
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information  received  and  processed  in  the  way  that  provides  for  an 
operator  control  of  certain  functions  on  the  satellite  itself. 

These  can  range  from  monitoring  functions  of  its  particular  atti- 
tude in  space  to  the  decisionmaking  requirement  for  changing  some 
operation  of  the  satellite.  This  is  a continuing  requirement,  par- 
ticularly as  satellites  get  larger  and  more  complex.  This  amount  of 
money  is  spent  in  developing  prototype  equipment  which  allow  us  to 
do  this  job  for  a variety  of  satellites  and  also  deep-space  probes. 

Mr.  Davis.  Mr.  Chairman,  I suggest  for  the  record  the  witness  first 
define  the  terms  here,  what  it  means  when  it  says  “conditioning  data,” 
‘‘extracting  data,”  and  “displaying  data.” 

Just  what  does  that  mean? 

Mr.  Tbuszynski.  Yes,  sir.  The  term  “data  conditioning”  is  a 
general  term  that  applies  to  the  processing  of  the  raw  information 
that  comes  out  of  a telemetry  receiver.  This  comes  out  as  an  elec- 
trical signal  and  must  be  conditioned  or  transformed  into  a different 
electrical  signal  that  allows  a further  process  to  be  made  on  it. 

Very  often  this  is  a matter  of  separating  individual  channels  from 
a large  group  of  total  information  that  is  coming  down.  It  trans- 
forms the  information  into  a more  usable  form  for  a subsequent 
process. 

“Extraction”  is  extracting  individual  pieces  of  information  from  a 
large  volume  that  comes  down  in  many  channels;  this  is  extracting 
individual  channels  for  detailed  observation. 

Once  having  separated  the  information,  “display”  means  displaying 
it  in  some  form  that  allows  an  operator  to  make  a decision,  based  on 
what  he  sees.  This  is  display  on  a meter  face  or  a cathode-ray  in- 
strument, some  device  that  allows  an  operator  to  see  what  the  infor- 
mation is  and  then  act  on  it. 

Mr,  Davis.  Thank  you. 

Mr.  Truszynski.  Data-acquisition  receiving  equipment:  We  are 
speaking  here  of  the  specific  receivers  that  are  part  of  the  ground 
stations,  and  the  problem  here  is  a continual  attempt  to  get  more  and 
more  sensitive  receiving  equipment,  as  we  have  satellites  that  go 
farther  out  in  space  and  have  more  information  sent  from  them. 
This  effort  is  spent  in  developing  receivers  with  lower  and  lower  noise 
figures  which  allow  you  to  receive  very  weak  signals  from  extreme 
distances. 

The  area  of  electronic  tracking  equipment  covers  equipment  devel- 
opment efforts  to  improve  existing  systems  and  subsystems  used  in 
obtaining  tracking  information.  Some  of  these  development  efforts 
are  briefly  described  below: 

Range  and  velocity  (range-rate)  data,  derived  by  receiving  reply 
signals  from  the  spacecraft,  will  be  automatically  processed  through 
differing  mechanisms  to  provide  greater  accuracy  when  the  signals 
are  affected  by  atmospheric  media,  particularly  at  angles  near  the 
horizon.  In  addition,  the  receiver  system  will  be  modified  with 
appropriate  new  filters  to  enhance  the  signal  in  the  presence  of  noise 
and  to  permit  several  systems  to  operate  in  a two-  or  three-station 
complex  without  mutual  interference.  New  designs  will  be  developed 
tq  enable  the  system  to  be  employed  for  shipborne  tracking. 

Development  will  continue  on  a high-precision,  extreme-range 
tracking  system  ceding  to  meet  tracking  requirements  for  those 
missions  having  continuous  thrust  applied  to  interplanetary  space- 
craft. Self-synchronizing  techniques  are  under  development  for 
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correlating  a faint  reply  signal  with  the  Earth-generated  signal  to 
give  greater  tracking  accuracy  and  operating  distance. 

The  ground  stations  which  measure  angle  and  angular  velocity  in 
tracking  Earth  satellites,  i.e.,  the  interferometer  systems,  will  be 
modified  to  improve  by  a factor  of  16  the  tracking  range  capability 
of  spacecraft.  This  can  be  accomplished  by  narrowing  the  post- 
detection bandwidth  to  the  order  of  0.03  cycle  per  second  from  the 
present  0.5  cycle  per  second. 

The  existing  ground  antenna  systems  receive  single-plane  polarized 
signals.  For  more  reliable  operations,  the  tracking  receiver  will  be 
modified  to  receive  signals  in  two  planes  of  polarization  and 
automatically  select  the  stronger  signal. 

The  area  of  electronic  tracking  equipment  covers  equipment  de- 
velopment efforts  in  improving  the  specific  systems  we  have  for 
obtaining  the  tracking  information.  In  the  types  of  tracking  equip- 
ment that  follow  a target  rather  than  being  stationary,  this  requires 
improvements  in  the  electronics  that  actuate  particular  drive  systems 
that  allow  an  antenna  to  follow  a target  automatically.  These  are 
good  only  to  certain  tolerances,  and  very  often  these  tolerances  are 
not  accurate  enough  for  precise  orbit  determination,  which  is  required. 

Mr.  Wydler.  Mr.  Chairman,  at  this  point  I would  just  like  to  ask 
how  much  of  that  amount  is  going  to  be  spent  at  the  Electronics 
Research  Center  in  Boston. 

Mr.  Truszynski.  None  of  this  is  programed  for  the  Electronics 
Research  Center. 

Mr.  Wydler.  Thank  you. 

Mr.  Truszynski.  Data  handling  and  processing  equipment  refers 
to  the  equipment  and  techniques  used  to  extract  the  information 
once  it  is  received,  and  put  it  into  usable  form  for  subsequent  analysis. 
These  are  developments  in  actually  processing  automatically  the  taped 
information  that  is  received  at  our  data-acquisition  stations.  Larger 
and  larger  quantities  of  data  are  being  obtained,  and  consequently 
more  rapid  methods  of  processing  the  data  to  a usable  form  are 
necessaiy. 

Mr.  Hechler.  Mr.  Chairman,  is  the  large  amount  of  data  to  be 
processed;  does  that  account  for  the  tremendous  jump  in  amount  that 
you  are  requesting?  I notice  that  it  is  over  double  the  amount  be- 
tween 1963  and  1964. 

Mr.  Truszynski.  Yes;  it  is,  sir,  directly. 

The  area  of  command  generation  equipment:  Commands  here 
refer  to  electrical  signals  that  are  sent  to  the  satellite  to  have  it  per- 
form certain  functions,  such  as  attitude  control,  turning  on  and  off 
certain  systems  in  the  satellite,  or  even  changing  its  orbit  through  an 
additional  propulsion  impulse.  This  particular  area  refers  to  the- 
development  of  equipment  to  send,  not  only  simple  commands,  but 
more  complex  commands,  where  we  have  satellites  that  require  several 
functions  to  be  performed  on  a continuing  basis,  such  as  the  orbiting 
astronomical  observatory,  where  you  are  continually  changing  its 
attitude  to  record  information  from  a different  part  of  the  sky. 
Complex  command  impulses  are  required  to  perform  a variety  of 
functions  on  a particular  satellite. 

Antenna  servo  drive  units:  This  area  is  specifically  one  of  improving 
the  drive  systems  of  medium  and  large  antennas.  One  has  difficult 
problems  in  driving  a large  antenna  at  very,  very  low  rates  because  of 
a smoothness-of-drive  problem.  At  the  same  time  you  must  require 
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this  antenna  to  track  at  rather  high  rates  for  a satellite  that  comes 
directly  overhead  at  reasonably  low  altitude.  This  is  a problem  of 
increasing  the  performance  of  a drive  system  to  lower  and  lower  speeds 
in  some  cases  for  extremely  high  satellites  that  look  like  a space  probe, 
to  one  of  higher  rates  for  reasonably  low  satellites.  It  is  an  extension 
of  the  range  of  these  drive  systems  so  that  we  can  perform  with  one 
antenna  a multiple  function  in  terms  of  the  satellite  missions. 

Antenna  structure  and  microwave  optics  is  concerned  with  develop- 
ment of  equipment  to  better  energize  an  antenna.  The  problem  here 
is  one  of  directing  the  energy  from  the  feed  point  into  a parabolic 
reflector  in  a way  to  assure  maximum  energy  input  in  the  direction  of 
the  satellite.  This  is  a problem  of  the  specific  design  of  the  feed,  its 
shape,  and  how  it  directs  the  energy  into  the  parabolic  reflector  for 
maximum  sensitivity  in  receiving  and  for  maximum  amount  of 
command  information  on  transmission  from  the  ground.  As  we  get 
larger  antennas  this  becomes  a worse  problem  as  we  are  illuminating 
a larger  area  from  a certain  type  of  feed.  It  becomes  increasingly 
difficult  to  get  maximum  sensitivity  from  larger  antennas, 

The  next  item,  antenna  feeds,  is  directly  coupled  with  the  previous 
one.  The  antenna  feed  is  the  element  that  transmits  large  amounts 
of  power  directly  to  the  reflector.  The  problem  here  is  one  of  con- 
figuration, such  that  you  try  to  minimize  the  spillover  of  energy  and 
have  it  all  directed  into  the  reflector  as  opposed  to  having  some 
reflected  outside  of  the  actual  reflector  itself. 

Calibration  of  equipment  and  techniques:  In  all  our  stations  we 
have  a problem  of  calibrating  the  tracking  system  or  the  recording 
systems  in  a way  that,  once  having  received  the  information,  we  can 
in  turn  take  out  whatever  ground-station  errors  are  involved.  We 
have  to  determine  the  deflection  of  our  large  antennas  as  they  move 
from  the  horizon  to  the  zenith  so  that  we  can  apply  subsequent 
calibrations  of  these  errors  to  the  data  to  assure  that  the  tracking 
fixes  that  are  obtained  are  not  degraded  by  some  particular  charac- 
teristic of  the  antenna. 

Mr.  Davis.  Well,  that  is  the  same  thing  as  when  you  correct  a 
cpmpass  for  deviation,  isn't  it,  the  same  sort  of  thing? 

Mr.  Truszynski.  Yes;  it  is  exactly  the  same  sort  of  thing.  We 
must  know  the  limitations  of  the  system  and  be  able  to  put  the 
limitations  in  as  a form  of  calibration  to  correct  the  information. 

Timing  and  frequency  standards  equipment:  this  is  involved  with 
getting  better  timing  and  frequency  systems  to  allow  us  to  correlate 
our  information  from  different  stations  so  that  they  do  not  in  turn 
add  errors  to  an  orbit.  For  example,  it  is  extremely  important  to 
know  the  time  relationship  of  a certain  tracking  fix  at  one  station 
with  a tracking  fix  at  another  station  where  the  data  from  both 
stations  are  used  to  compute  an  orbit.  The  timing  of  these  fixes  is 
a direct  limitation  of  the  accuracy  with  which  you  can  obtain  an 
orbit,  and  in  terms  of  getting  more  accurate  orbits  for  experiments 
such  as  magnetic  field  investigations,  the  timing  becomes  a limiting 
factor  now  in  the  orbit  determination.  We  must  get  better  methods 
of  time  synchronization  to  a group  of  worldwide  stations,  and  in  this 
area  we  are  investigating  techniques  of  improving  total  network 
timing  systems  that  we  now  use.  There  are  some  promising  tech- 
niques that  can  be  used,  such  as  very  low  frequency  transmissions  of 
timing  information. 
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Spacecraft  and  vehicle  transponder  equipment:  the  transponder  is 
a device  aboard  the  spacecraft  that  works  in  conjunction  with  a ground 
station.  When  we  mention  that  we  get  range  and  velocity  from 
a vehicle,  this  is  done  by  transmitting  a frequency  from  the  ground 
that  it  is  received  by  a unit  called  a “transponder”  on  the  vehicle, 
and  in  turn  retransmitted  to  the  ground.  This  system  allows  us, 
through  the  use  of  this  return  system,  to  get  range  and  velocity  of 
the  vehicle.  This  item  for  the  development  of  the  on-board 
transponder  equipment  is  required  for  getting  range  and  range  rate 
from  the  larger  satellites. 

Circuit  elements  is  a category  of  effort  which  applies  to  investigating 
and  utilizing  new  component  developments  as  they  arise.  This  is 
specifically  concerned  with  such  items  as  new  solid  state  components 
and  thin  film  approaches  for  computer  memories.  The  Centers  at- 
tempt to  utilize  whatever  new  developments  in  particular  circuit 
elements  do  arise. 

Mr.  Roush.  Generally  speaking,  is  the  increase  here  over  and  above 
that  which  you  had  last  year  due  to  increased  requirements,  replacing 
outmoded  equipment,  or  repair  of  existing  equipment? 

Mr.  Truszynski.  The  increase  here  is  primarily  one  of  improving 
existing  equipment,  and  it  is  fair  to  say  it  is  a direct  relationship  with 
the  increased  amount  of  equipment  that  we  foresee  in  the  networks 
by  the  fiscal  year  1964. 

Mr.  Roush.  Do  members  have  questions  on  this  category? 

Mr.  Wydler.  I would  like  to  follow  up  that  question  I asked  you 
before. 

Now  the  largest  item  for  electronic  tracking  equipment  here  is  this 
$2,250,000  item.  Do  I understand  you  correctly,  can  you  tell  me 
where  that  money  is  going  to  be  spent,  that  $2,250,000? 

Mr.  Truszynski.  The  largest  portion  is  going  to  be  spent  by  the 
Goddard  Space  Flight  Center. 

Mr.  Wydler.  And  the  balance? 

Mr.  Truszynski.  The  balance  would  be  at  the  Jet  Propulsion 
Laboratory.  These  are  the  two  Laboratories  that  are  directly  in- 
volved with  this  function. 

Mr.  Wydler.  I see.  But  the  Center  that  you  are  proposing,  the 
new  Electronic  Research  Center,  isn’t  going  to  spend  any  of  this  money 
for  research  and  development,  is  that  right? 

Mr.  Truszynski.  That  is  correct.  This  money  is  specifically  for 
supporting  research  and  technology  directly  related  to  our  systems, 
as  opposed  to  advanced  research  in  systems  that  are  not  yet  in 
existence. 

Mr.  Wydler.  I thought  that  I kept  hearing  you  say  you  were  trying 
to  improve  in  various  manners  the  large  antennas  that  you  have  in 
operation  now,  is  that  correct? 

Mr.  Truszynski.  Yes,  sir. 

Mr.  Wydler.  At  the  same  time,  if  I understand  it  correctly,  under 
the  integrated  systems  studies  program,  you  are  trying  to  find  out  if 
you  can’t  replace  the  large  antennas,  aren’t  you? 

Mr.  Truszynski.  This  is  correct. 

Mr.  Wydler.  There  seemed  to  be  some  kind  of  conflict  there.  I 
don’t  know,  maybe  there  isn’t. 

Mr.  Truszynski.  We  foresee  that  our  large  antennas  are  going  to 
reach  an  economical  limit  and  we  feel  this  is  of  the  order  of  210  feet, 
which  is  the  type  of  large  antenna  we  are  building  now.  Beyond 
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that  we  feel  we  must  look  at  other  methods  of  getting  increased  sensi- 
tivity, and  the  studies  in  the  previous  category  are  directed  to  methods 
of  increasing  sensitivity  beyond  the  present  state  of  the  art  which 
we  feel  is  represented  by  a size  on  the  order  of  210  feet. 

Mr.  Wydler.  In  other  words,  if  you  got  to  the  point  where  you 
would  need  an  antenna  to  do  the  job  of  over  210  feet,  then  you  feel 
that  you  would  like  to  cluster  these  antennas  to  do  the  job  instead; 
is  that  right? 

Mr.  Truszynski.  Yes,  this  is  one  approach  that  is  possible,  and  it 
is  a matter  of  determining  its  feasibility. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  In  this  specific  area  of  antenna  development 
improvement,  to  go  back  to  a question  of  yesterday,  do  you  have 
individuals  who  are  knowledgeable  about  military  needs,  participating 
in  these  development  programs,  and,  if  so,  by  what  method  would 
one  of  these  antenna  improvements  be  transferred  to  the  military,  or 
how  would  the  military  be  advised? 

Mr.  Truszynski.  The  military  is  not  directly  participating  in 
terms  of  a day-to-day  type  of  operation.  I believe  the  primary 
method  by  which  the  military  is  aware  of  our  effort  is  through  summary 
presentations  of  the  results  of  such  research,  either  through  technical 
symposiums  in  which  both  we  and  the  military  participate,  or  through 
the  published  report  as  the  output  of  any  particular  study  which  is 
available  to  the  military. 

Mr.  Rumsfeld.  Thank  you. 

Mr.  Roush.  Turning  now  to  page  69  of  volume  5,  with  the  heading 
■“New  Systems  Development/’  let’s  proceed  to  take  this  item  by  item, 
and  if  you  will,  please,  without  sacrificing  content  here  too  much,  we 
would  like  for  you  to  proceed  as  fast  as  possible. 

Mr.  Truszynski.  This  whole  category  is  one  of  new  systems  where 
we  see  limitations  in  our  present  systems  and  an  effort  is  made  to 
develop  prototype  equipments  for  new  systems  that  we  foresee  having 
to  use., 

You  will  notice  that  the  categories  are  somewhat  similar  to  the 
improvements  that  are  directly  associated  with  our  present  systems. 
However,  they  are  prototype  equipments  that  we  are  developing  as 
part  of  a new  system  that  we  see  will  be  needed  in  a somewhat  extended 
time  period,  as  opposed  to  improvements  to  specific  equipments  that 
are  in  the  field  now. 

The  technical  explanation  for  these  subcategories  would  be  quite 
similar  to  what  I have  just  gone  through,  and  the  best  comment  that 
I can  make  is  that  these  now  are  not  concerned  with  the  specific 
network  equipment  that  we  now  have,  but  rather  concern  developing 
a new  system  such  as  the  range  and  range  rate  system  which  we  plan 
to  put  into  operation  shortly. 

Mr.  Roush.  Are  any  of  "these  particular  items  specifically  desig- 
nated for  any  of  the  new  network  stations  or  for  existing  stations? 

Mr.  Truszynski.  No,  these  are  not  for  a specific  station  problem. 
They  are  for  a system  problem  that  can  address  itself  to  several 
stations  or  an  entire  network. 

Mr.  Roush.  With  this  explanation  does  any  member  of  the  com- 
mittee have  questions? 

Mr.  Wydler.  Yes,  Mr.  Chairman,  if  I might. 

Mr.  Roush.  Mr.  Wydler. 
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Mr.  Wydler.  On  the  item  “Electronic  tracking  equipment,” 
$2,050,000,  how  much  of  that  item  is  proposed  to  be  spent  at  the 
Electronic  Research  Laboratory? 

Mr.  Truszynski.  None  of  this  money. 

Mr.  Wydler.  None  of  this  money  either? 

Mr.  Truszynski.  No,  sir. 

Mr.  Wydler.  Although  this  is  for  new  systems,  is  that  correct? 

Mr.  Trtjszynski.  Yes,  it  is  for  new  systems  that  we  have  under 
development,  but  not  yet  put  into  operation. 

Mr.  Davis.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Davis. 

Mr.  Davis.  I would  like  to  know  where  the  line  of  demarcation 
exists  as  between  research  and  development. 

I notice  that  this  category  of  $17  million  is  referred  to  as  “Devel- 
opment of  new  systems,”  and  I would  guess  that  this  first-  category 
you  discussed,  “Integrated  systems  study,  development  and  test,” 
would  include  quite  a lot  of  pure  research,  would  it  not,  or  applied 
research? 

How  do  you  decide  where  to  draw  the  line  between  research  and 
development  in  making  up  this  sort  of  budget  request? 

Mr.  Truszynski.  We  try  to  draw  the  line  between  what  is  more 
applied  or  development  oriented  as  opposed  to  what  is  research 
oriented.  These  are  primarily  development  efforts  associated  with 
required  improvements  of  existing  systems  or  required  systems  that 
are  shortly  to  be  put  in,  as  opposed  to  pure  research. 

Mr.  Davis.  Well,  now,  do  you  engage  in  pure  research  with  such 
things,  for  example,  as  lasers?  Do  you  have  any  such  activity 
going  on? 

Mr.  Truszynski.  Yes,  sir;  we  have.  Our  effort  is  one  primarily 
of  determining  the  applicability  of  lasers  to  our  job,  as  opposed  to 
research  in  improving  lasers  for  the  sake  of  improving  lasers,  which 
is  a research  job. 

Mr.  Davis.  Then  as  far  as  the  1964  authorization  request,  I would 
expect  that  that  would  be  found,  if  anywhere,  under  such  things  as 
“Conceptual  systems  studies”? 

Mr.  Truszynski.  Yes,  sir. 

Mr.  Davis.  That  is  the  sort  of  place  you  would  find  a study  on 
lasers? 

Mr.  Truszynski.  Yes.  You  would  find  it  one  more  place,  down 
in  the  equipment  item  wherein  we  are  examining  the  characteristics  of  a 
particular  laser  piece  of  hardware  for  use  on  a data  acquisition  problem. 
It  is  an  in-house  type  of  investigation. 

Mr.  Davis.  Now  I just  have  one  further  question. 

Is  there  a department  of  NASA  which  is  engaged  in  pure  research 
that  might  feed  information  and  equipment  developments  into  your 
department,  into  tracking  and  data  acquisition? 

Mr.  Truszynski.  Yes,  sir;  there  is.  There  is  a major  program 
office,  the  Office  of  Advanced  Research  and  Technology  that  is 
directly  charged  with  this  total  responsibility. 

Mr.  Davis.  And  you  ha\e  a rather  close  liaison  with  them,  I would 
think. 

Mr.  Truszynski.  Very  close,  yes. 

Mr.  Davis.  Mr.  Boone,  can  you  tell  me  what  subcommittee  that 
would  come  under? 
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Mr.  Boone.  That  is  Mr.  Karth’s  committee. 

Mr.  Davis.  I see. 

That  is  all. 

Mr.  Roush.  If  there  are  no  further  questions,  we  will  go  to  the  item 
which  was  designated  as  “Network  operations.” 

Mr.  Buckley,  the  observation  here  is  that  this  isn’t  broken  down  to 
an}r  great  extent.  We  have  here  a major  expenditure,  $80,500,000, 
broken  down  into  what  appears  to  be  seven  different  items. 

Mr.  Buckley.  I have  a breakdown  here,  sir. 

Mr.  Roush.  Do  you  have  that  in  a form  which  can  be  distributed  ? 

Mr.  Buckley.  Not  today;  no,  sir,  but  we  can  make  up  copies  and 
bring  it  in  for  the  record. 

Mr.  Roush.  We  would  like  that.  We  would  like  to  include  that 
breakdown  in  the  record. 

If  there  is  no  objection,  we  will  direct  that  it  be  included  in  the 
record. 

(The  material  referred  to  is  as  follows:) 

Network  operations $80,  500,  000 


Satellite  network 17,  000,  000 


Network  operations  contractor 10,  300,  000 

Australia „ - 500,  000 

South  Africa 500,  000 

Smithsonian 2,  000,  000 

Peru 200,000 

Chile „ 500,000 

Alaska 1,  400,  000 

New  stations 1,  500,  000 


Manned  flight  network 24,  000,  000 


Network  operations  contractor 12,  400,  000' 

DOD  operations 6,  000,  000 

Australia. 2,  300,  000' 

Computer  programing 3.  300,  000 


Deep  space  network 10,  000,  000 


Goldstone  operations  contractor ....  3,  100,  000 

Australia 700,  000 

South  Africa 500,  000 

AMR  support 300,000 

JPL  i 5,  400,  000 


Launch  area  instrumentation 5,  000,  000 


Fort  Churchill 1 2,400,000 

Wallops  Station  services 2,  60S,  000 


Aerodynamics  test  range 800,  000 

Network  communications 16,  000,  000 


Engineering  services  and  operations 2,  150,  000 

Government  agencies 890,  000 

Leased  circuits — U.S.  carriers 10,  320,  000 

Leased  circuits — Foreign  carriers  and  agencies 2,  660,  000 


Data  processing  and  handling 7,  700,  000 


Operational  supplies 2,  850,  OOP 

Operations  and  services 4,  850,  OOU 

1 Task  under  JPL  contract. 

* Operational  cost  shared  50  percent  with  Air  Force. 
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Mr.  Buckley.  This  area  is  perhaps  easier  to  follow  in  that  it  has  a 
precedent  from  year  to  year.  The  cost  of  station  operation  is  pretty 
clearly  determined  by  what  is  going  on  at  the  stations  and  how  many 
there  are,  and  that  was  the  philosophy,  I believe,  in  not  breaking  it 
down  into  more  detail.  However,  I have  it  broken  down  here. 

Mr.  Roush.  But  in  looking  at  this  we  observe  that  your  request 
has  jumped  from  over  $55  million  to  $80  million,  and  that  is  quite  a 
jump. 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  Are  you  prepared  to  discuss  these  items,  item  by  item? 

Mr.  Buckley.  Yes,  sir. 

The  first  item  under  “Satellite  network”  is  a large  contract  cur- 
rently with  Bendix  for  operation  of  the  satellite  network  stations. 
The  estimated  cost  of  this  kind  of  service  is  going  from  $7.1  million  to 
$10.3  million. 

Incidentally,  the  present  Bendix  contract  includes  personnel  at  10 
stations,  plus  1 or  2 portable  stations  that  are  in  and  out  of  service. 
We  moved  one  into  Brazil  in  November  and  brought  it  back  January  4 
in  order  to  get  some  satellite  data  on  the  radiation  field  which  was 
nearer  the  Earth  over  Brazil  than  anywhere  else,  and  this  is  typical  of 
the  movement  of  the  portable  stations. 

The  network  contractor  supplies  all  of  the  logistics  support  for  the 
satellite  net  as  part  of  the  contract.  They  assist  us  in  some  network 
planning  and  engineering  relative  to  the  use  of  the  stations.  They  fly 
calibration  aircraft. 

There  is  one  DC-4  and  one  DC-3  aircraft  that  have  equipment 
aboard  that  is  similar  to  the  equipment  in  the  satellite,  and  these  fly 
from  station  to  station  to  make  periodic  calibrations  of  the  station 
from  the  air. 

Since  the  contractors  operate  the  stations  and  provide  the  group 
that  sends  the  data  back  to  Goddard,  there  are  contractor  representa- 
tives at  the  Goddard  end  of  those  communications  circuits,  too,  so 
that  they  can  work  together,  and  if  there  is  any  difficulty,  they  can 
help  clear  it  up. 

There  is  an  estimated  contract  for  $500,000  with  the  Department 
of  Supply  in  Australia  for  operating  the  satellite  stations  in  Australia, 
and  a parallel  contract  with  a scientific  group  called  CSIR  in  South 
Africa  also  for  $500,000. 

There  is  $2  million  that  would  go  to  the  Smithsonian  Astrophysics! 
Observatory,  under  the  Smithsonian  Institution  here,  for  operating 
the  network  of  12  optical  stations. 

In  Chile  and  in  Peru  there  are  a large  number  of  nationals  employed 
at  the  station.  There  is  a proposed  contract  for  $200,000  with  an 
institute  in  Peru  to  provide  Peruvian  nationals.  The  University  of 
Chile  assists  us  in  operating  two  stations  in  Chile,  and  has  a contract 
that  runs  to  about  $500,000  per  year  that  provides  the  people  at 
those  two  stations. 

We  had  in  1963  a contract  with  the  University  of  Alaska  that  ran 
to  about  $1  million,  but  this  work  will  be  picked  up  by  another  con- 
tractor during  the  year  1964. 

The  increase  from  fiscal  year  1963  to  fiscal  year  1964  can  be  ac- 
counted for  by  the  fact  that  there  is  a considerable  increase  in  the 
equipment  being  put  at  the  various  stations,  it  is  anticipated  that  the 
portable  stations  will  receive  more  use  than  they  did  last  year,  and 
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the  Bosnian  station  will  be  operational  in  fiscal  year  1964  for  the  first 
time. 

Because  of  the  complexity  of  the  equipment  at  the  stations,  the 
logistic  support  is  going  up  and  there  will  be  some  added  use  ox  the 
calibration  aircraft. 

Mr.  Roush.  Are  you  finished  with  that  particular  item? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  Let  me  ask  the  same  question  I asked  before:  How 
much  of  this  is  designated  for  new  stations? 

Mr.  Buckley.  I would  think  about  15  percent.  I will  have  to 
check  that  figure. 

Mr.  Roush.  You  will  check  it? 

Mr.  Buckley.  Yes,  sir.  (The  figure  is  approximately  $1 .5  million.) 

Incidentally,  I have  an  answer  to  your  earlier  question,  Mr.  Davis. 
Mr.  Williamson  went  over  the  list  here  while  we  were  talking  about 
other  things,  and  said  that  45  percent  was  fox  the  near  Earth  and  45 
percent  was  for  deep  space  and  about  10  percent  was  usable  for  both 
conditions. 

Mr.  Davis.  Thank  you,  sir. 

Mr.  Roush.  I think  the  members  should  have  an  opportunity  to 
ask  questions  on  each  of  these  items,  since  we  don’t  have  a detailed 
breakdown  before  us. 

Does  any  member  have  a question  on  this  particular  item? 

Mr.  Ryan. 

Mr.  Ryan.  Does  this  satellite  network  track  communications 
satellites? 

Mr.  Buckley.  Yes,  sir.  This  network  tells  us  where  the  vehicle 
and  the  spacecraft  are.  It  is  used  for  both  NASA  satellites,  some 
DOD  satellites,  the  application  satellites.  There  is  no  equipment 
involved  in  this  network,  however,  that  carries  on  the  communication 
experiments. 

Mr.  Ryan.  Well,  for  instance,  did  this  network  track  the  Telstar? 

Mr.  Buckley.  Yes,  sir;  it  tracked  it  long  enough  so  that  the 
A.T.  & T.  station  could  get  their  equipment  checked  out  and  working, 
and  after  that  they  were  on  their  own.  But  for  approximately  a 
month,  we  were  tracking  Telstar. 

Mr.  Ryan.  And  relaying  information  to  the  corporation  which 
owned  Telstar? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Ryan.  Now  was  NASA  reimbursed  for  this  activity? 

Mr.  Buckley.  That  I don’t  know.  But  you  know  we  had  experi- 
ments— — 

Mr.  Ryan.  I am  just  asking  whether  NASA  was  reimbursed  by 
A.T.  & T.  for  tracking  Telstar  for  that  month. 

Mr.  Buckley.  I don’t  know. 

Mr.  Ryan.  Can  you  find  out  and  let  us  know? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Ryan.  And  if  so,  to  what  extent. 

The  A.T.  & T.  Corp.  has  been  billed 'for  $281,213.41  for  tracking  and  data 
acquisition  services  through  December  31,  1962. 

Mr.  Roush.  Would  you  provide  for  us  a listing  of  all  of  the  con- 
tracts involved  in  this  particular  $17  million  item?  Would  you  supply 
that  for  the  record? 
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(The  material  referred  to  is  as  follows:) 

Network  operations  contract  estimates 


Network  operations  contractor $10, 300,  000' 

Department  of  Supply,  Australia 600,  000 

CSIR,  South  Africa 500,  000 

Smithsonian  Institute , 2,  000,  000 

Geophysical  Institute  of  Huancayo,  Peru 200,  000 

University  of  Chile 500,  000 

Rosman,  N.C.  (new  station)  operations  contract 1,  300,  000 

Gilmore  Creek,  Alaska  station  operations  contract 1,  400.  000 

Far  East  station  (new  station)  operations  contract 200  000 


Mr.  Buckley.  Yes,  sir. 

Mr.  Rouse.  Are  there  other  questions  pertaining  to  this  particular 
item? 

Would  you  go  to  the  next  item,  which  is  the  $24  million  item,  Mr. 
Buckley? 

Mr.  Buckley.  This  covers  the  manned  spaceflight  network 

Chairman  Miller.  Mr.  Chairman. 

Mr.  Roush.  Certainly  Mr.  Chairman.  We  are  happy  to  have  you 
with  us  this  morning. 

Chairman  Miller.  You  track  all  space  vehicles  that  come  within 
the  range  of  any  of  your  stations,  don't  you,  if  the  Russians  have 
one  up  you  track  it? 

Mr.  Buckley.  No,  sir,  our  stations — I have  got  to  split  this  a 
little  bit,  if  you  will  be  patient  with  me. 

Chairman  Miller.  I mean  the  deep  space  stations. 

Mr.  Buckley.  The  military,  of  course,  have  a commitment  for 
tracking  everything  in  the  air,  and  some  other  agencies  of  the  Gov- 
ernment have  the  responsibility  for  tracking  the  Russians.  Our 
electronic  stations  will  track  anything  that  has  a cooperating  trans- 
mitter aboard;  in  other  words,  on  all  of  our  vehicles  that  we  plan  to 
track,  we  put  a transmitter  aboard  and  if  the  Department  of  Defense 
wants  us  to  track  their  vehicles  they  put  a transmitter  aboard. 

The  minimum  transmitter  for  the  Minitrack  system  is  a very,  very 
small  piece  of  equipment. 

Now  the  optical  stations  of  the  Smithsonian  Astrophysical  Observa- 
tory naturally  contact  vehicles  that  have  no  operating  transmitter 
in  them.  We  have  prime  assignments  laid  on  them  to  track  strictly 
the  items  we  need  tracked. 

On  the  other  hand,  if  they  are  photographing  the  sky  there  are 
other  items  that  appear  in  the  photographs,  so  they  have  other 
information  about  bodies  that  are'  coming  back,  as  they  did  about 
the  Russian  sputnik  which  came  back  in  Wisconsin.  If  it  is  a Russian 
satellite,  they  probably  can  see  it;  a Russian  deep  space  vehicle,  they 
cannot. 

They  could  see  the  Department  of  Defense  vehicles  and  in  some 
cases  the  Department  of  Defense  asks  the  Smithsonian  directly,  but 
with  our  knowledge,  for  photographs  to  be  taken  of  their  vehicles. 

Chairman  Miller.  This  is  all  cooperative.  You  need  the  assist- 
ance, and  the  Department  of  Defense  cooperates  with  you  in  a like 
manner. 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  Mr.  Rumsfeld. 
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Mr.  Rumsfeld.  Would  you  submit  for  the  record  if  we  do  not 
already  have  it  a listing  of  how  many  observatory  class  satellite 
launcmngs  are  scheduled  in  the  next  3 years? 

Mr.  Buckley.  I could  submit  that  for  the  record.  I don’t  know 
it  right  offhand. 

(The  material  referred  to  is  as  follows:) 

Major  NASA  flight  projects  to  be  supported  by  the  tracking  and  data  acquisition 

networks 


Calendar  year 


1963 

1964 

1966 

Satellite  network: 

Scientific  observatory-class  satellites . 

2 

5 

7 

Srfpntifip.  F-vplcnr-cla**  satellite*  . ....  . 

7 

11 

9 

Communications  satellites 

5 

0 

2 

Meteorological  satellites  ... - 

4 

3 

1 

Otbpr  applications  satellites  . ..  . 

3 

4 

5 

Manned  space  flight  network: 

1-day  Tnlasinn 

1 

0 

0 

nflrnfnl. _ „ - - 

1 

5 

6 

Apollo  jr  — - ■ -r  -ii  - -- 

0 

0 

4 

Deep  space  network: 

Lunar  missions- — - 

3 

7 

11 

Pfanftt-Ory  ^ftrl  miRKinns  

G 

3 

7 

HnnnrUng  rocket  flight*’ " 

90 

no 

130 

Mr.  Rumsfeld.  Thank  you. 

From  what  has  been  said,  is  it  safe  to  conclude  that  fiscal  year  1964 
will  be  the  peak  year  in  the  funding  of  large  antennas  for  NASA’s 
observatory  class  satellites? 

Mr.  Buckley.  I believe  it  is  safe  to  say  that.  I think  that  is  true, 
yes. 

Mr.  Rumsfeld.  In  each  of  these  cases  the  funding  has  gone  up  in 
these  areas  this  year,  but  from  what  has  been  said  it  would  seem 
likely  that  this  might  be  the  case. 

Mr.  Buckley.  You  notice  that  there  is  no  construction  of  facilities, 
C.  of  F.  items,  in  here  for  providing  such  major  facilities  for  satellites 
this  year.  In  other  words,  the  funding  of  last  year  carried  us  through, 
and  I don’t  think  that  we  will  pick  up  major  funding  for  such  an- 
tennas in  the  future.  I won’t  say  that  we  won’t  have  some,  but  p 
don’t  think  they  will  be  major.  ’This  year  there  is  none. 

Mr.  Rumsfeld.  This  budget  that  we  are  studying  includes  the 
funds  for  the  85-foot  antenna  in  the  Far  East  that  we  discussed 
yesterday?  ' 

Mr.  Buckley.  That  was  approved  last  year;  it  was  in  last  year’s 
budget. 

Mr.  Rumsfeld.  So  it  is  not  in  this  year’s  budget? 

Mr.  Buckley.  That  is  right. 

Mr.  Rumsfeld.  Thank  you. 

Mr.  Ryan.  Before  we  leave  this  item,  Mr.  Buckley,  I believe  you 
stated  the  Bendix  contract  was  being  increased  from  $7.1  to  $10.3 
million? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Ryan.  For  this  year.  How  long  does  that  contract  run  as  a 
contract? 

Mr.  Buckley.  This  is  a 2-year  contract.  It  has  incentive  clauses  in 
it — excuse  me,  the  present  satellite  network  contract  has  not,  it  is 
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the  manned  space  net  contract  that  has  incentive  clauses  in  it.  We 
will  try  to  write  them  in  any  operations  contract  as  it  comes  up. 

The  Bendix  contract  is  a 2-year  contract.  I don’t  know  the 
expiration  date.  Mr.  Williamson  does. 

Mr.  Williamson.  September. 

Mr.  Bucxley.  September  of  this  year. 

Mr.  Ryan.  Now  was  there  any  reason  for  switching  the  million 
dollars  from  the  University  of  Alaska  to  Bendix? 

Mr.  Buckley.  Well,  there  were  two  reasons.  I think  that  the 
problem  of  operating  that  station  turned  out  to  be  a little  different, 
than  the  University  of  Alaska  thought  it  was  going  to  be  when  it 
took  on  the  job. 

I know  that  they  had,  for  instance,  some  problems  paying  em- 
ployees because  they  anticipated  being  able  to  put  employees  at  that 
station  at  a pay  rate  that  corresponded  somewhat  with  their  in- 
structors, but  they  found  they  were  competing  with  industry  and 
DOD  projects  in  Alaska  which  have  a different  pay  scale,  and  so  they 
had  difficulty  getting  the  people  to  operate  the  station.  This  is  the 
main  reason  for  dropping  away  from  the  University  of  Alaska,  and 
I think  it  was  a cooperative  idea  that  it  be  changed. 

Mr.  Ryan.  Will  the  net  cost  to  NASA  be  greater  because  of  it 
being  taken  over  by  Bendix? 

Mr.  Buckley.  The  contract  probably  will  be  slightly  greater  be- 
cause of  the  change  in  salary  levels,  but  the  cost  will  not  go  over 
what  we  anticipated  it  should  be  to  run  that  station. 

Mr.  Roush.  Would  you  go  to  the  next  item,  Mr.  Buckley. 

Mr.  Buckley.  The  next  line  is  the  “Manned  space  flight  opera- 
tions.” One  item  here  is  a contract  with  Bendix  for  operating  five 
stations,  the  stations  in  Mexico,  Bermuda,  Canaries,  Nigeria,  and 
Zanzibar,  and  for  operating  the  training  site  for  all  our  operators  at 
Wallops  Island. 

All  operating  crews  for  these  Mercury  stations  have  been  taken 
through  the  center  at  Wallops. 

Bendix  also  provides  the  logistics  for  the  whole  net  and  the  cali- 
bration aircraft  which  has  equipment  duplicating  the  equipment  in 
the  capsule  and  this  flies  periodically  over  all  of  the  stations  in  the  net. 

Mr.  Roush.  How  much  of  the  item  is  devoted  to  this  contract? 

Mr.  Buckley.  This  is  estimated  at  $12.4  million  out  of  the  24. 
The  Department  of  Defense  receives  money  for  operating  stations. 
This  is  the  partial  funding  of  operations  of  two  ships  and  reimburse- 
ment in  connection  with  operating  seven  stations,  which  DOD  op- 
erates through  contractors.  The  total  is  $6  million. 

Australia  is  operating  two  stations  now  and  will  be  operating  a 
third  one  during  1964;  the  estimated  contract  cost  is  $2.3  million. 

IBM  now  provides  computer  programing  assistance  and  other 
assistance  at  the  Control  Center;  the  estimate  for  similar  services  in. 
fiscal  year  1964  is  $3.3  million. 

Those  four  items  then  total  $24  million. 

Mr.  Roush.  Does  any  member  of  the  committee  have  questions? 

Mr.  Rumsfeld.  Yes. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Would  you  submit  for  the  record  at  this  point  the 
schedule  of  manned  flights  for  the  next  period,  your  program?  (See 
p.  2844.) 
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Mr.  Bucklet.  Yes,  sir. 

Mr.  Rumsfeld.  What  year  would  you  estimate  that  the  budget 
funding  of  the  maimed  space  flight  network,  to  meet  Apollo  require- 
ments, would  reach  its  peak? 

Mr.  Buckley.  I think  it  is  at  a peak  this  year,  but  there  will  be — 
it  is  possible  that 

Mr.  Rumsfeld.  You  mean  a peak  for  fiscal  1964? 

Mr.  Buckley.  Yes.  We  are  hoping  this  is  the  major  part  of  it. 
The  trajectories,  the  points  where  insertion  and  injection  take  place, 
where  recovery  will  take  place,  and  where  recovery  will  be  initiated, 
are  under  intense  and  very  active  study  down  at  the  Manned  Space 
craft  Center,  and  I think  this  may  lead  to  specific  requests  for  cover- 
ages that  we  do  not  know  about  at  this  time,  but  I think  that  probably 
80  percent  of  the  Apollo  network  will  be  completed  using  the  funds 
in  this  fiscal  year  1964  budget. 

Mr.  Rumsfeld.  I see,  so  we  don’t  really  know  what  additional 
flight  station  will  be  needed  for  Gemini  and  Apollo  then? 

Mr.  Buckley.  Excuse  me,  I am  sorry. 

Mr.  Rumsfeld.  Do  we  know  what  additional  stations  will  be 
needed  for  Gemini  and  Apollo? 

Mr.  Buckley.  No,  we  can’t,  because  the  studies  aren’t  completed. 

Mr.  Rumsfeld.  Tins  budget  included,  you  mentioned,  $2.3  million 
I recall  for  the  third  Australian  station. 

Mr.  Buckley.  For  the  three  Australian  stations.  You  see,  they 
have  one  in  Woomera  that  you  have  heard  about 

Mr.  Rumsfeld.  This  would  be  for  the  third? 

Mr.  Buckley.  This  contract  will  be  for  Australia  for  operating  all 
three. 

Mr.  Rumsfeld.  I see. 

Mr.  Buckley.  There  is  one  in  Woomera,  one  in  Much*,  , and  one 
being  installed  up  at  Carnarvon. 

Air.  Rumsfeld.  And  what  is  that  cost  going  to  be? 

Mr.  Buckley.  The  cost  of  that  station,  $8.1  million. 

Mr.  Rumsfeld.  I am  unclear  why  it  is  necessary  to  have  this  new 
manned  flight  station  at  the  Carnarvon  site  when  we  have  two  others. 

Mr.  Buckley.  The  stations  were  laid  out  originally  for  a three-orbit 
Mercury  mission,  Mid  they  were  laid  out  with  a heavy  accent  on 
covering  the  first  orbit  of  the  three.  For  instance,  the  station  in  Ni- 
geria was  put  in  such  a position  that  it  was  covering  the  first  and 
second  but  not  the  third,  and  this  was  done  because  the  problems  that 
would  arise  as  we  first  new  the  man,  we  felt  would  arise  during  the 
first  or  second  orbit.  So  the  locations  chosen  for  the  Mercury  stations 
were  only  for  three  orbits,  but  they  emphasized  the  first  and  second 
orbits. 

In  the  case  of  Woomera,  we  went  down  and  used  a site  where  the 
Australians  had  radars  which  they  were  going  to  allow  us  to  use;  it 
was  on  the  already  established  Australian  rocket  range.  We  went 
there,  of  course,  with  the  idea  of  savin  money  and  getting  the  station 
in  quickly.  However,  that  station  sees  the  first  orbit  of  Mercury  but 
doesn’t  see  the  later  ones.  It  has  a very  poor  glimpse  of  the  second 
orbit  and  none  of  the  third. 

Now  the  plans  for  Gemini  and  Apollo  require  that  we  put  the  station 
near  the  northwest  comer  of  Australia  where  it  is  not  only  more  useful 
for  the  manned  space  flight  shots  but  it  also  happens  to  be  useful 
for  EGO,  for  instance. 
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A station  in  the  northwest  comer  of  Australia  will  be  able  to  support 
almost  any  vehicle  launched  from  Cape  Canaveral,  because  most  of 
these  will  go  near  that  northwest  comer  of  Australia. 

Now  as  we  put  the  station  in  the  northwest  comer  of  Australia,  we 
will  decrease  the  use  of  the  station  in  Woomera  and  will  phase  it  out. 
We  also  plan  to  phase  out  the  station  down  near  Perth,  at  the  location 
called  Muchea. 

However,  during  this  next  year  they  will  all  be  available  for  the 
combined  needs  of  the  flight  programs.  By  the  year  after  that 
Woomera  will  no  longer  be  a Mercury  station  and  Perth  probably 
will  have  been  phased  out.  I am  not  sure  of  the  date  on  that. 

Mr.  Rumsfeld.  Then  from  what  you  have  said,  am  I correct  in 
stating  to  save  money  in  an  attempt  to  accomplish  something  quicklv 
you  proceeded  at  a point  prior  to  this  to  establish  two  stations  which 
you  now  anticipate  phasing  out,  and  the  net  result  being  that  it  is 
going  to  cost  more  money  than  had  you  selected  a proper  site  at  the 
outset? 

Mr.  Buckley.  By  locating  at  Woomera,  we  saved  quite  a bit  of 
money  because  we  used  a large  Australian  FPS-16  radar  that  was  on 
the  site,  and  we  therefore  didn’t  have  to  put  one  in. 

Also,  I said  that  it  was  desired  that  the  sites  emphasize  coverage  of 
the  first  and  second  Mercury  orbits.  This  emphasis  has  been  dropped 
now.  The  peculiar  problems  that  will  arise  are  no  longer  expected 
to  occur  on  the  first  and  second  orbit. 

You  might  look  at  this  thing  from  another  light — the  original 
requirements  for  Mercury  were  that  we  wanted  to  talk  to  the  man  for 
5 minutes  out  of  every  15  he  was  in  the  air,  and  we  wanted  to  receive 
telemetering  not  only  from  him  but  from  the  systems  in  the  capsule 
at  about  that  same  rate.  As  we  went  to  the  Schirra  flight,  which  was 
six  orbits,  we  dropped  this  down  quite  a ways,  and  as  we  go  to  the 
flight  coming  up,  which  is  a flight  that  is  f oing  to  last  a day  or  so,  the 
requirement  is  down  to  where  they  want  to  talk  to  him  once  per  orbit. 

Now  this  means  a slight  readjustment  of  the  stations  will  do  a better 
job  for  us  for  these  longer  missions. 

ills  it  happened,  the  sites  we  chose  for  Mercury  support  can  be  used 
to  meet  these  new  requirements  of  once  per  orbit  pretty  readily  and 
we  can  accomplish  this  mainly  by  the  relocation  of  two  ships.  One 
ship,  for  instance,  was  moved  from  off  the  west  coast  of  Africa  out  to 
the  Philippines  for  the  six-orbit  mission,  and  would  still  stay  there  for 
the  24-hour  orbit,  and  the  other  ship  will  be  moved  to  a new  location 
to  get  this  once-per-day  requirement. 

Mr.  Rumsfeld.  I appreciate  these  are  difficult  decisions  and  this  is 
hindsight,  but  do  you  feel  on  reflection  that  with  reference  to  aU  this 
talk  about  a crash  program  that  we  have  heard  and  debating  whether 
we  have  one  or  not,  do  you  feel  perhaps  if  we  programed  a stretchout 
of  the  expenditure  of  NASA  funds  that  it  might  be  possible,  for 
example,  m an  instance  like  this,  to  proceed  at  a slightly  lower  rate 
and  yet  over  a period  of  time  save  a considerable  amount  of  money 
by  selecting  the  proper  sites  at  the  outset? 

Mr.  Buckley.  Well,  the  changes  in  sites  that  we  were  discussing 
are  associated  with  a very  major  change  in  the  program.  I think 
that  we  now  have  to  be  responsive  to  the  schedules  that  are  laid  out 
and  the  pace  that  has  been  set,  and  this  has  been  determined  at  pretty 
high  levels. 
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Mr,  Rumsfeld.  Yes,  sir.. 

Mr.  Buckley.  Our  planning  this  year  for  putting  in  what  we  have 
to  for  Apollo  is  so  set  that  we  can  accomplish  the  job  without  a 
tremendous  speedup.  In  other  words,  any  delay  in  getting  the  funds 
is  going  to  mate  it  almost  impossible  to  get  the  stations  and  the 
'equipment  in  on  time,  but  with  this  year’s  grace  we  can.  We  are 
going  at  a pace  that  I think  is  not  wasteful  of  money,  and  I don’t 
think  that  slowing  it  down  further  will  save  any. 

Mr.  Rumsfeld.  You  don’t  anticipate  coming  back  next  year  or  the 
year  after  and  discussing  another  major  change  in  program  where 
we  are  going  to  abandon  this  third  Australia  site  and  do  something 
entirely  different? 

Mr.  Buckley.  I am  very  sure  we  won’t  abandon  that  site.  This 
has  been  given  very,  very  careful  thought,  and  we  were  very,  very 
slow  in  deciding  where  to  go  in  order  to  be  sure  that  we  made  a 
correct  decision. 

Mr.  Rumsfeld.  Is  any  consideration  being  given  to  location  of 
these  three  Apollo  facilities  at  a deep  space  network  site? 

Mr.  Buckley.  They  will  each  be  associated  with  a deep  space  site 
or  close  to  it. 

Mr.  Hechler.  Mr.  Chairman,  may  I follow  that  question? 

Is  there  any  way  that  money  could  be  saved  instead  of  just  being 
associated  closely,  is  there  any  way  that  we  can  accomplish  both 
objectives?  I think  that  was  the  point  of  the  gentleman’s  question. 

Mr.  Buckley.  On  all  manned  flight  programs  we  have  a require- 
ment that  is  far  more  stringent  than  for  our  other  work.  We  have 
almost  always  tried  to  do  things  in  parallel  or  with  a backup  so  that 
we  could  be  sure  that  we  didn’t  have  a failure  in  that  program. 

What  we  are  going  to  do  in  connection  with  the  large  antennas  is 
to  put  in,  we  hope,  three  prime  antennas  for  the  manned  space  flight 
projects  and  use  one  of  the  deep-space  dishes  at  each  station  as  the 
backup.  This  will  be  fully  equipped  for  manned  flight  support,  and 
this  will  provide  the  tool  that  we  think  is  necessary. 

In  other  words,  say  the  one  in  Australia  went  out  just  as  the  man 
was  going  to  land  on  the  Moon  or  take  off  from  the  Moon.  This 
would  be  inexcusable,  and  so  you  need  a backup  at  that  point,  and 
the  deep-space  dish  will  be  equipped  with  the  appropriate  electronics 
to  be  the  backup. 

Mr.  Roush.  If  I may  interrupt,  I believe  we  are  going  to  go  into 
this  matter  in  greater  detail  when  we  reach  the  construction  phase 
of  our  discussion  here. 

Mr.  Buckley,  when  was  the  decision  made  to  select  the  Woomera 
station?  , 

Mr.  Buckley.  I think  it  was  in  the  spring  of  1959. 

Mr.  Roush.  And  isn’t  there  some  pressure  on  the  part  of  the 
Australians  for  us  to  give  this  station  up  because  of  increased  require- 
ments on  the  part  of  their  military  and  the  military  of  the  British? 

Mr.  Buckley.  Yes,  sir;  that  is  a point  that  I omitted.  It  was 
convenient  for  us  to  go  to  Woomera  at  that  time  because  the  program 
for  the  use  of  the  range  in  Australia  had  fallen  off  appreciably,  and 
this  radar  did  not  look  as  though  it  was  going  to  have  a major  work- 
load. 

On  the  other  hand,  the  programs  have  changed  in  Australia,  so 
that  we  were  interfering  materially  with  the  Australians’  use  of  that 
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station.  As  a matter  of  fact,  it  got  to  the  point  where  we  could  not 
expect  to  get  proper  coverage  for  Mercury  from  that  station,  and  we 
finally  had  to,  at  the  request  of  the  Australians,  send  an  RCA  team 
down  to  operate  the  station  because  they  found  they  couldn’t  pick  it 
up  and  operate  it  7 days  a week. 

By  the  way,  it  is  a rather  complex  operation.  You  see,  we  run  a 
lot  of  exercises  in  connection  with  Mercury  to  check  all  of  the  stations 
out  and  anything  we  did  in  the  daytime  they  were  always  doing  at 
night.  This  again  added  to  their  difficulties  of  working  with  us. 

On  the  other  hand,  if  we  put  our  own  team  in,  as  we  did,  they  could 
handle  this  thing  as  a run-of-the-mill  operation.  The  Australians* 
program  became  a very  severe  limitation  on  our  use  of  that  site. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  In  this  connection  there  has  been  a good  deal  of 
discussion  I believe  by  Dr.  Dryden  about  cooperation  with  other 
countries  and  participation.  Is  this  an  area  where  we  have  requested 
that  Australia  assume  some  responsibility,  financial  as  well  as  from  a 
manpower  standpoint,  to  participate  in  this  exploration  of  space? 

Mr.  Buckley.  The  Australians  have  volunteered  to  put  in  70,000’ 
Australian  pounds,  about  $200,000,  each  year  to  help  us  on  this. 

Much  of  the  cooperative  program  Dr.  Dryden  talked  about  is  in 
the  scientific  area.  On  the  other  hand,  we  consider  the  cooperation 
of  the  Peruvians  in  working  with  the  station  as  being  part  of  a coopera- 
tive program,  too. 

The  Australians  have  been  very  gracious  about  putting  a consider- 
able amount  of  free  effort  on  our  programs,  although  they  charge  us 
direct  charges  for  the  station  operation  over  there.  There  is  some 
assistance  we  get  from  them  in  connection  with  the  management 
which  so  far  they  have  not  reflected  to  us,  and  no  price  has  been  put 
on  this,  but  now — — 

Mr.  Rumsfeld.  You  say  they  make  direct  charges  for  what? 

Mr.  Buckley.  They  make  direct  charges  for  the  station  operations,, 
for  the  people  that  they  use  there,  although  they  then  credit  us  with 
70,000  Australian  pounds.  There  are  no  direct  charges  for  the  use 
of  their  shops  and  the  use  of  some  transportation  and  a certain  amount 
of  management  and  supervision  they  put  into  our  effort  over  there. 

If  this  gets  to  be  too  large  a factor  I think  that  this  will  be  reflected 
in  the  charges  to  us,  too,  but  it  hasn’t  been  so  far. 

Mr.  Rumsfeld.  We  were  paying  rent  on  the  site? 

Mr.  Buckley.  No,  sir,  we  are  not  paying  rent.  They  donate  the 
site.  As  a matter  of  fact,  I know  of  only  three  sites  that  we  have 
where  the  site  hasn’t  been  donated  by  the  foreign  country.  There 
are  three  countries  where  we  lease  the  site. 

Mr.  Rumsfeld.  Where  is  that? 

Mr.  Buckley.  We  lease  in  Zanzibar,  Nigeria,  and  Ecuador. 

Mr.  Roush.  Mr.  Wydler,  did  you  have  a question? 

Mr.  Wydler.  Yes,  just  one  question. 

What  will  happen  to  the  antenna  at  Woomera  when  you  give  up 
the  site?  Will  it  stay  there? 

Mr.  Buckley.  We  were  talking  about  giving  up  the  Mercury 
site  there.  We  have  made  no  decision  about  giving  up  that  large 
antenna  that  is  used  on  the  deep-space  network. 

Mr.  Wydler.  I see. 
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Mr.  Roush.  If  there  are  no  further  questions  in  this  area,  we  are 
going  to  have  to  move  right  along. 

Would  you  go  to  the  next  item,  Mr.  Buckley? 

Mr.  Buckley.  The  next  item  is  “Deep-space  network  operations,” 
the  total  is  $10  million. . 

Bendix  presently  assists  Jet  Propulsion  Laboratory  in  operating 
the  Goldstone  group  of  antennas.  This  subcontract  is  estimated  at 
$3.1  million  for  next  year. 

The  Australians  operate  the  deep-space  stations  in  that  country, 
through  a contract,  and  the  estimate  for  next  year  is  $700,000. 

The  same  group  I mentioned  earlier  operates  the  deep-space  station 
in  South  Africa,  and  the  contract  estimate  is  for  $500,000. 

Mr.  Roush.  The  same  group  you  mentioned  earlier  being  Bendix? 

Mr.  Buckley.  No,  I mentioned  that  it  is  a group  having  the  ini- 
tials C.S.I.R.  It  is  a scientific  group  in  South  Africa. 

Mr.  Roush.  And  that  figure  again  was  what? 

Mr.  Buckley.  A half  million  dollars. 

Bendix  provides  assistance  to  Jet  Propulsion  Laboratory  at  Cape 
Canaveral,  and  the  amount  of  that  is  estimated  at  $300,000. 

There  is  an  estimate  of  $5.4  million  for  JPL  itself.  JPL  is  the  con- 
tractor, as  you  know,  of  the  NASA,  and  so  the  funds  for  JPL  cover 
the  operation  of  the  deep-space  network,  which  is  more  than  Gold- 
stone,  because  it  includes  the  management,  planning,  and  engineering 
in  connection  with  the  whole  network. 

Mr.  Roush.  Does  any  member  of  the  committee  have  any  questions 
on  any  item  in  this  category? 

Mr.  Rumsfeld.  Yes. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  I would  like  a schedule  to  go  into  the  record  or 
the  number  of  unmanned  lunar  and  planetary  missions  scheduled  for 
the  forthcoming  period.  (See  p.  2844.) 

I would  like  to  discuss  somewhat  the  same  thing  we  were  in  the 
other  area  as  far  as  the  network  question.  Will  the  85-foot  antenna 
authorized  for  the  same  longitude  as  Johannesburg,  South  Africa, 
be  located  at  Johannesburg? 

Mr.  Buckley.  We  are  looking  for  suitable  sites  in  two  or  three 
countries  in  southwestern  Europe  rather  than  putting  it  in  South 
Africa. 

Mr.  Rumsfeld.  What  would  be  the  advantage  of  that,  of  a different 
site? 

Mr.  Roush.  I don't  mean  to  limit  your  questioning,  but  this  will 
■come  I think  as  we  get  into  the  construction  phase  of  it. 

Mr.  Rumsfeld.  I see. 

Chairman  Miller.  If  the  gentleman  will  take  my  word  for  it, 
I will  say  it  is  political.  When  we  get  into  the  other  phase  you  can 
get  all  cf  the  information  you  want,  but  I don’t  think  you  want  it  to 
go  in  the  record. 

Mr.  Rumsfeld.  Fine. 

Mr.  Roush.  Are  there  any  other  questions? 

Would  you  go  to  the  next  item,  Mr.  Buckley? 

Mr.  Buckley.  The  “Launch  instrumentation,  operations,”  covers 
two  areas,  support  of  the  sounding  rocket  launchings  at  Fort  Church- 
hill,  and  the  support  of  firings  at  Wallops  Island,  which,  of  course, 
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are  mostly  sounding’rockets,  but  there  are  also  a few  satellites  launched 
from  WaUopsV 

The  Fort  Churchill  area  is  used  by  both  DOD  and  NASA.  It  is 
operated  by  the  Air  Force  for  DOD.  NASA  pays  half  of  the  cost  of 
that  operation,  and  the  cost  this  coming  year  is  $2.4  million. 

Wallops,  as  you  know,  is  on  the  eastern  shore  of  Virginia  and  the 
estimate  for  Wallops  is  $2.6  million,  covering  a number  of  contracts. 
RCA  operates  a radar  there.  MSTS,  which  is  the  Navy  group,  the 
Military  Sea  Transport  Service,  operates  an  offshore  vessel  for  tele- 
metering and  for  recovery,  and  the  cost  of  that  is  about  a half  million 
dollars  a year.  The  Weather  Bureau  operates  a weather  station 
there.  It  provides  us  predictions  and  analyzes  the  weather  that  the 
satellites  are  fired  through.  Bendix  provides  some  assistance  for 
Tiros,  which  is  connected  with  using  our  general-purpose  antennas 
there  for  tracking  and  receiving  telemetering  from  Tiros,  but  not  the 
weather  pictures  from  Tiros  as  it  goes  over.  That  is  a separate 
operation  and  is  under  the  meteorological  satellite  group,  instead  of 
under  my  office.^  It  is,  however,  done  by  RCA.  There  is  an  opera- 
tion by  the  Bureau  of  Standards,  the  cost  of  which  is  $50,000  a year, 
and  this  is  where  they  bounce  radio  signals  off  the  ionosphere  ana 
predict  the  conditions  of  the  ionosphere. 

There  is  a group  of  optical  stations  down  near  Cape  Charles  and 
down  as  far  as  Coquina  Beach,  near  Hatteras,  which  are  used  for 
rockets  that  are  fired  up  in  the  air  and  then  come  back  down  close 
into  Wallops,  that  reach  speeds  of  mach  25,  something  of  that  sort. 
These  are  tremendously  high-speed  rockets  when  they  come  back  in, 
and  the  optical  stations  not  only  track  them  but  they  get  the  so-called 
optical  signature,  the  spectrographs  on  there.  From  these  you  cap 
tell  what  the  reentry  physics  are  of  the  body  that  is  coming  back  in, 
why  it  bums  up  or  wnat  part  bums  up  first. 

Incidentally,  at  Wallops  Island  at  no  charge  to  us  is  a group  of 
Lincoln  Laboratory  people  and  antennas  that  have  been  there  2 or 
3 years.  They  get  the  radio  signature  from  these  returning  vehicles 
that  we  fire  for  the  Department  of  Defense.  We  fire  them  to  do 
research  on  reentry  physics  and  do  some  optical  tracking  of  our  own, 
but  the  same  vehicles  are  then  available  for  bouncing  radar  signals 
off,  and  Lincoln  Lab  carries  on  this  operation  for  the  Department 
of  Defense.  ^ 

The  total  cost,  as  I said,  for  Wallops,  is  $2.6  million.  The  total 
Fort  Churchill  and  Wallops  then  is  $5  million. 

Mr.  Roush.  Mr.  Rumsfeld,  were  you  going  to  ask  him  for  the 
scheduled  launches  for  Wallops  Island? 

Mr.  Rumsfeld.  No. 

Mr.  Roush.  Would  you  provide  the  launches  that  you  have 
scheduled  for  Wallops?  Do  you  have  that? 

Mr.  Buckley.  Wallops  Island  is  a place  from  which  we  fire  for  all 
branches  of  the  military,  for  various  universities,  for  ourselves  and 
for  AEC,  for  instance,  and  a certain  number  of  foreign  firings  are 
there.  There  are  two  foreign  groups  firing  there  now.  The  best  we 
could  do  would  be  a prediction  for  next  year. 

Incidentally,  the  total  number  of  firings  at  Wallops  is  about  200. 

Mr.  Roush.  All  right,  if  you  would  supply  that  we  would  appre- 
ciate it. 
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(The  material  referred  to  is  as  follows:) 

In  January  1963,  the  following  rocket  flights  took  place  from  Wallops  Station* 
6 weather  soundings 
23  rocket  development  tests 
1 payload  ejection  system  and  electron  gun  test 
1 radar  reflection  experiment 
1 airglow  experiment 
1 ultraviolet  spectrum  experiment 
1 artificial  meteor  experiment 

In  addition,  some  226  firings  are  presently  scheduled  for  the  rest  of  the  year, 
including  9 Scouts.  The  rate  of  firing  will  be  approximately  20  flights  per  months 

Mr.  Roush.  Are  there  any  other  questions  on  this  item? 

If  not,  let's  move  to  the  next  item,  the  $800,000  item. 

Mr.  Buckley.  This  covers  the  operation  of  the  tracking  range  that 
is  at  and  near  Edwards,  Calif.,  used  in  connection  with  the  X-15.  It 
involves  a station  at  Ely,  Nev.,  one  at  Beatty,  Nev.,  and  then  a major 
installation  in  our  own  building  there  at  Edwards. 

Bendix  has  at  present  a contract  to  provide  operational  services 
and  the  logistics,  supplies,  and  maintenance  of  equipment..  This  is 
a similar  contract  then  for  $800,000. 

Mr.  Boone.  This  is  in  addition  to  the  military  there? 

Mr.  Buckley.  Yes,  sir. 

The  X-15,  as  you  know,  is  carried  under  the  wing  of  a bomber,  up-- 
range,  beyond  Beatty,  Neva,  and  then  is  dropped  and  comes  back 
over  these  three  stations.  They  are  tied  together  by  proper  com- 
munications so  that  there  are  displays  and  the  project  people  at  the 
various  stations 

Mr.  Boone.  And  the  military  cannot  supply  these  facilities  for- 
you,  so  you  must  operate  them,  is  that  right? 

Mr.  Buckley.  This  group  of  three  stations  was  put  in  because 
there  were  no  military  stations  that  could  supply  it,  that  is  right,  and. 
it  has  been  running  since  then.  I don’t  know  whether  the  military 
has  put  in  anything  since  then. 

Maybe  you  know,  Gerry. 

Mr.  Truszynski.  No,  there  was  nothing  put  in. 

Mr.  Hechler.  I am  troubled,  Mr.  Chairman,  as  to  why  the  military 
couldn't  operate  that. 

Is  there  any  specific  reason  why  NASA  has  to  do  it? 

Mr.  Buckley.  We  put  it  in  to  carry  out  the  X-15  program  in 
which,  of  course,  we  were  responsible  for  everything  but  the  bomber 
that  carries  the  flights. 

This  represents  an  agreement  with  the  Department  of  Defense. 
The  network  was  installed  and  has  been  operating  under  this  condition, 
ever  since.  It  could  be  changed  to  the  Department  of  Defense.  I 
don’t  know  whether  there  would  be  any  advantage  to  it  or  not.  It 
would  just  switch  over,  I think,  undoubtedly,  to  the  same  contract 
we  are  operating  under. 

Mr.  Hechler.  That  is  all  I have. 

Mr.  Roush.  If  there  are  no  questions,  would  you  move  to  the  next 
item  then? 

Mr.  Buckley.  The  next  item  covers  the  operational  communica- 
tions network  that  ties  all  of  the  stations  together.  A large  group  of 
contractors  are  involved  on  this.  I will  run  down  them  fairly  fast. 

This  is  the  communications  network  that  ties  together  for  opera- 
tional purposes  the  deep  space  network  and  the  Mercury  network  and 
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the  satellite  network.  Most  of  the  circuits  are  for  teletype  service, 
but  there  are  some  voice  circuits  among  them. 

The  bill  from  American  Telephone  & Telegraph  Co.,  which  covers 
services  in  the  United  States,  to  Bermuda,  to  Hawaii,  and  to  Mexico 
by  telephone,  is  estimated  at  $4  million.  RCA  contracts  are  esti- 
mated at  $2.75  million  for  services  to  Mexico  by  radio,  a backup  to 
the  phone  lines  whose  reliability  we  are  worried  about,  and  for  service 
to  South  Africa  and  to  Australia.  For  a network  of  Western  Union 
teletype  circuits  in  the  United  States,  approximately  $700,000. 
Philco  presently  provides  engineering  services  on  the  monitoring  of 
communications  circuits  and  provides  assistance  in  continually  meter- 
ing and  assessing  the  reliability  of  the  whole  network.  These  services 
are  estimated  at  $1.28  million  next  year.  There  are  funds  going  to 
other  Government  agencies:  to  the  Defense  Communications  Agency, 
to  the  Army,  to  the  FAA  for  a circuit  from  Hawaii  to  Canton  Island, 
and  to  the  Bureau  of  Standards,  who  makes  propagation  predictions 
continuously.  These  propagation  predictions,  incidentally,  are  taken 
into  account  on  establishing  the  firing  time  for  Mercury.  In  other 
words,  if  they  predict,  as  they  did  just  in  advance  of  the  last  flight, 
some  magnetic  storms  that  would  interfere  with  communications,  we 
have  to  be  very  wary  about  the  flight,  and  as  it  happened  we  just 
barely  missed  this  condition  on  the  last  flight.  The  total  for  other 
Government  agencies  is  $890,000.  Other  estimated  contracts  are: 
Southern  Bell  Telephone  Co.,  $32,000;  Chesapeake  & Potomac  Tele- 
phone Co.,  $130,000;  Hawaiian  Telephone  Co.,  $30,000;  Overseas 
Telecommunications  Commission — this  is  a contract  with  Australia 
for  communications  external  to  Australia  back  to  the  United  States, 
$460,000.  Internal  in  Australia  it  is  $750,000.  There  is  a low-speed 
cable,  a very  old-fashioned  cable,  that  provides  a backup  to  the  radio 
circuits  to  Australia,  which  is  the  thing  that  we  need  in  case  of  a 
possible  complete  radio  blackout.  That  is  $72,000.  There  are  a few 
more:  For  example,  British  Cables  & Wireless,  that  ties  in  the  Canary 
Islands,  Nigeria,  Zanzibar,  and  South  Africa,  $449,000;  a Spanish 
radio  company,  that  provides  the  link  between  England  and  the 
Canary  Islands,  $47,000;  the  telephone  bill  internally  in  the  Canary 
Islands,  $24,000.  With  other  services  and  operations,  that  covers 
the  total  of  $16  million. 

Mr.  Roush.  Are  there  questions  on  this  item? 

Mr.  Heckler. 

Mr.  Hechler.  Mr.  Chairman,  I just  want  to  ask  a naive  question. 

This  money  that  goes  to  other  Federal  agencies,  what  is  the 
advantage  of  having  it  appropriated  and  authorized  to  NASA,  rather 
than  having  it  go  through  the  other  agency? 

Mr.  Buckley.  I have  a good  answer  to  that,  since  it  is  we  that 
make  arrangements  with  the  FAA,  for  instance,  for  the  circuit  from 
Hawaii  to  Canton.  In  the  course  of  planning  this  and  setting  it  up, 
it  comes  up  that  we  should  pay  them  for  this  service,  since  we  are 
imposing  the  workload.  I do  not  think  it  could  be  changed. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Is  it  correct  to  say  that  with  the  exception  of  the 
$890,000  which  goes  to  other  Government  agencies  that  the  entire 
NASA  communication  network  for  tracking  and  data  acquisition 
facilities  is  leased? 
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Mr.  Buckley.  That  is  right,  it  is  the  poliey  to  lease  it  instead  of 
setting  up  a very  expensive  Government  communications  for  a short 
period.  It  was  determined  advisable  to  lease  it. 

There  is  another  reason  for  this  in  the  case  of  the  foreign  countries. 
In  many  countries  it  would  be  very  difficult  for  us  to  get  our  own 
communications  setup  into  them.  Our  own  country  is  very  wary 
about  allowing  foreigners  to  operate  radio  equipment  in  this  country. 
Contracting  with  a group  that  was  native  to  Nigeria  or  to  Zanzibar 
greatly  relieved  our  problem  of  getting  communications  services  there. 

Mr.  Rumsfield.  Will  mobile  stations  be  developed  by  NASA  or 
leased  from  commercial  common  carriers? 

Mr.  Buckley.  By  NASA.  I think  if  we  put  a mobile  set  in  it  would 
usually  be  used  in  connection  with  a mobile  site,  and  this  would  be  a 
be  a van-mounted  piece  of  equipment  that  would  be  a NASA  setup. 
Incidentally,  the  problem  of  getting  permission  to  operate  such  a rig 
in  the  country  might  become  bothersome. 

Mr.  Rumsfield.  I see. 

Mr.  Roush.  Since  most  of  these  are  fixed  charges,  why  is  it  that 
this  item  has  gone  up  to  the  extent  that  it  has? 

Mr.  Buckley.  There  are  more  circuits  coming  on  the  air.  For 
instance,  the  meteorological  station  operation  will  be  moved  from 
the  west  coast  to  Alaska  and  we  will  be  bringing  Tiros  pictures  back 
over  a circuit  from  Alaska. 

There  are  added  voice  circuits  that  have  been  demanded,  required 
by  the  manned  space  flight  team.  In  the  beginning  we  had  voice 
communications  only  with  the  stations  from  Bermuda  to  Hawaii,  but 
as  time  went  on  they  decided  they  needed  more  voice  communications 
and  this  was  installed  in  the  latter  part  of  last  year  and  will  be  reflected 
then  in  the  bill  for  next  year.  There  were  voice  communications 
around  the  whole  world  for  the  last  Mercury  flights. 

Mr.  Ryan.  Mr.  Chairman. 

Mr.  Roush.  Yes,  Mr.  Ryan. 

Mr.  Ryan.  Does  the  Department  of  Defense  have  a communica- 
tions system  which  you  could  use  for  part  of  this  which  you  do  not 
use? 

Mr.  Buckley.  We  have  used  some  Department  of  Defense  com- 
munications. For  instance,  in  the  original  Mercury  shots  we  used 
the  SAC  circuits  into  Bermuda.  Most  of  the  Department  of  Defense 
circuits  that  we  could  get  are  leased  anyway. 

There  is  a third  answer  to  it,  and  that  is  that  up  to  recently,  most 
of  the  Department  of  Defense  circuits  encompass  a band  across  the 
globe  from,  say  the  eastern  Mediterranean  to  the  western  Pacific, 
pretty  much  at  the  latitude  of  the  United  States.  In  other  words, 
they  donrt  go  down  into  Africa,  they  don’t  go  down  into  South 
America.  There  were  two  Department  of  Defense  circuits  that  we 
tried  to  Australia  in  the  beginning,  one  radio  circuit  by  way  of  Hawaii 
to  Australia,  and  another  radio  circuit  through  Alaska,  Japan,  the 
Philippines,  and  Australia;  there  was  interference  between  DOD 
traffic  and  ours,  and  those  circuits  when  we  used  them  did  not  have 
the  reliability  that  we  needed. 

Mr.  Davis.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Davis. 

Mr.  Davis.  Do  you  regard  the  telephone  lines  as  backup  com- 
munications and  your  radio  as  primary,  or  is  it  the  other  way  around? 
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Mr.  Buckley.  I made  the  differentiation,  Mr.  Davis,  between 
teletype  and  telephone,  which  is  the  difference  between  sending  a 
telegram  and  talking  to  the  man. 

To  try  to  answer  your  question,  we  try  to  use  hard  lines  if  we  can 
because  they  are  more  reliable;  that  is,  we  try  to  use  the  wire  circuits 
in  the  United  States  and  the  cables.  As  soon  as  the  cable  was  avail- 
able to  Bermuda  we  quickly  went  to  the  cable  instead  of  using  the 
radio  circuits  because  we  had  had  quite  a bit  of  trouble  with  that. 
And,  of  course,  we  have  to  be  very  careful  of  the  long  radio  circuits 
to  Australia  and  South  Africa.  We  have  had  trouble  with  them. 
We  would  rather  use  a wire  circuit  if  they  existed  to  Africa  and 
Australia  than  the  radio  circuits.  If  there  were  wire  circuits  we 
would  use  them,  that  is  the  answer. 

Mr.  Davis.  Well,  the  SAC  circuit  you  referred  to,  to  Bermuda  was 
that  a wire  circuit? 

Mr.  Buckley.  No,  two  single  radio  circuits.  We  had  troubles 
there.  The  skip  distance  to  Bermuda  was  such  that  it  was  hard  to 
get  the  realiability  in  a circuit  to  Bermuda  at  the  time  that  we  needed 
for  Mercury,  which  was  a higher  reliability  than  the  telephone  com- 
panies provide  normally. 

Mr.  Davis.  That  is  all. 

Mr.  Roush.  Mr.  Buckley,  I think  it  would  be  helpful  on  each  item 
as  we  proceed  if  you  could  tell  us  why  the  item  has  gone  up.  I don’t 
know  that  there  are  any  which  have  gone  down,  but  if  you  could  ex- 
plain to  us  why  they  have  gone  up. 

Mr.  Hechler.  I found  one  that  went  down,  Mr.  Chairman. 

Mr.  Roush.  I am  sorry.  Mr.  Hechler  has  observed  one  that  went 
down. 

If  there  are  no  further  questions  here,  would  you  proceed  to  the 
next  item.  We  are  going  to  have  to  move  right  along. 

Mr.  Buckley.  The  next  group  then  to  go  over  is  “Equipment  and 
components.”  This  is  on  page  23-11  of 

Mr.  Roush.  Pardon  me,  did  you  take  care  of  “Data  processing  and 
handling” — the  $7  million  item? 

Mr.  Buckley.  I am  sorry,  I didn’t  mean  to  skip  it. 

I find  I have  no  breakdown  of  that  here.  I thought  I had. 

Mr.  Roush.  If  you  don’t  have  it  here  you  could  provide  it  for  the 
record,  if  you  will,  together  with  a brief  statement  explaining  the  item. 

Mr.  Buckley.  Yes,  sir. 

(The  material  referred  to  is  as  follows:) 

The  majority  of  data  acquired  from  the  NASA  flight  projects  is  processed  into 
a form  useful  to  the  experimenter  at  the  NASA  Center  responsible  for  the  flight 
mission;  it  is  necessary,  however,  to  supplement  this  in-house  effort  with  the 
contractor  services.  The  level  of  this  additional  support  is  a function  of  the 
flight  schedule  and  the  available  in-house  capability.  Additional  contracted 
data  processing  services  will  be  necessary  in  fiscal  year  1964  to  handle  the  extra 
load  generated  by  the  increased  number  of  space  vehicles  planned  for  launching 
during  the  year,  especially  the  large  satellites.  For  example,  several  equipment 
complexes  to  process  pulse  code  modulated  information  will  be  put  into  opera- 
tion during  fiscal  years  1963  and  1964  at  the  Goddard  Space  Flight  Center  to 
cope  with  the  increased  data  processing  workload.  The  staff  to  perform  the 
necessary  equipment  alinement,  checkout,  calibration,  and  operation  for  final 
processing  of  the  data  will  be  contractor  personnel.  In  other  cases,  raw  data 
from  the  stations  will  be  reduced  to  scientific  and  engineering  terms  at  contractor- 
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'Gwned-and-operated  facilities.  The  operations  estimates  can  be  broken  down 
aa  follows: 


Procurement  of  digital  magnetic  tapes $2,  600,  000 

Quick  look  printing  services ...... 110,  000 

Procurement  of  punched  cards 250,  000 

1107*computer  operations 500,  000 

Computer  programing  services 1,  650,  000 

Evaluation  of  DOD  satellite  data  tapes  175,  000 

^Satellite  telemetry  automatic  reduction  equipment  operations 2,  4 K 000 


Mr.  Roush.  Does  any  member  of  the  committee  have  a question 
on  this  item? 

In  moving  to  this  next  item,  gentlemen,  it  is  apparent  that  our  time 
is  limited  and  without  in  any  way  limiting  your  time  to  question  on 
any  one  of  these  items,  I wonder  if  it  wouldn't  be  appropriate  for  us  to 
ask  Mr.  Buckley  to  submit  for  the  record,  f oho  wing  the  pattern  we 
have  established,  a statement  pertaining  to  each  item.  Would  that 
be  agreeable  with  the  committee? 

If  so,  does  anyone  have  a question  pertaining  to  “Equipment  and 
components,  satellite  network,”  which  goes  from  page  69  to  the  middle 
-of  page  70? 

May  I ask  you,  can  you  again  break  down  these  items,  Mr.  Buckley, 
in  the  same  manner,  on  the  network  operations,  at  least  to  a certain 
extent? 

Mr.  Buckley.  You  notice  the  “Equipment  components”  has  seven 
items,  and  book  5,  which  you  received,  has  a breakdown  by  line  item 
for  each. 

Now  Mr.  Truszynski  is  prepared  to  speak  to  the  items  in  any  depth 
that  you  want  and  could  summarize  them. 

Mr.  Roush.  If  there  is  no  objection  we  will  have  Mr.  Truszynski’s 
'statement  concerning  each  item,  similar  to  what  you  did  before,  placed 
in  the  record. 

Now  is  there  a question  on  the  part  of  any  member  of  the  committee 
-concerning  “Satellite  network,”  which  totals  $22  million? 

Mr.  Boone.  The  contractors  that  you  have  do  not  provide  any 
maintenance,  you  must  provide  maintenance  spares,  and  so  forth, 
to  them  for  their  upkeep  of  equipment;  is  that  correct? 

Mr.  Buckley.  You  are  referring,  for  instance  to  the  operations 
•contract?  No,  sir;  they  supply  the  logistics  as  part  of  their  contract. 

Mr.  Boone.  They  do  supply  the  logistics? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Boone.  These  are  maintenance  and  spares,  equipment  that 
you  need  within  NASA  to  support  this  network? 

Mr.  Buckley.  Yes,  as  part  of  the  operations  contract  that  we 
-discussed  a minute  ago? 

Mr.  Ryan.  Well,  would  you  yield  on  that  point? 

Exactly  what  does  Bendix  supply  in  its  contract,  more  than 
personnel?  Does  it  supply  hardware? 

Mr.  Truszynski.  Mr.  Ryan,  Bendix  does  supply  what  is  normally 
called  maintenance  spares.  This  is  a large  variety  of  small  items, 
■spare  tubes,  and  the  normal  logistic  type  of  items  at  a station.  These 
are  the  housekeeping  items,  normal  things  to  run  a station,  such  as 
janitorial  service  and  supplies,  a variety  of  items  such  as  this. 

The  maintenance  spares  and  replacement  equipment  involved  here 
are  the  next  level  of  spares  and  replacements  that  NASA  determines 
-are  needed  to  keep  the  network. 
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Mr.  Ryan.  Where  do  you  purchase  them? 

Mr.  Truszynski.  In  many  cases  they  are  specific  replacement  items 
for  a piece  of  equipment  already  existing,  and  they  are  procured  from 
the  particular  firm  that  manufactures  the  existing  piece  of  hardware. 

Mr.  Roush.  Other  questions? 

Mr.  Ryan.  So  that  in  effect  you  have  Bendix  and  NASA  both 
managing  this  network,  in  terms  of  determining  what  equipment  you 
are  going  to  supply? 

Mr.  Truszynski.  I think  it  is  fair  to  say  that  NASA  manages  this 
entire  operation,  including  a review  of  the  stock  levels  of  the  normal 
type  of  supply  equipment  that  Bendix  carries.  This  is  under  review 
entirely  by  NASA. 

Logistic  support  under  operations  includes  housekeeping  items  such  as  jani- 
torial services  and  supplies  as  well  as  production  type  “off  the  shelf”  electronic 
and  mechanical  components.  These  components  are  common  replacement  parts 
Buch  as  spare  tubes  and  resistors  which  are  required  for  the  day-to-day  operations 
of  the  larger  pieces  of  equipment. 

Maintenance,  spares,  and  repairs  under  equipment  is  concerned  with  the 
replacement,  refurbishing,  and  overhaul  of  major  pieces  of  equipment  to  restore 
the  designated  capability.  It  also  includes  the  replacement  of  parts  for  these 
major  pieces  of  equipment  which  have  deteriorated  by  wear  and  tear  but  which 
do  not  have  the  immediate  day-to-day  replacement  characteristic  of  spare  parts 
under  logistic  support.  These  replacement  parts  are  usually  characterized  by  a 
higher  unit  cost  and  often  require  a more  selective  procurement  than  the  equip- 
ment items  included  within  logistic  support. 

While  NASA  has  the  overall  responsibility  for  operating  and  equipping  the' 
networks,  individual  contractors  provide  logistic  support  on  an  individual  station- 
use  basis.  However,  Under  the  maintenance,  spares,  and  repairs  of  equipment, 
the  NASA  directly  plans  for  and  procures  such  components  on  a network  basis. 
A typical  breakdown  of  maintenance,  spares,  and  repairs  would  be  the  $5,500,000 
requested  for  the  satellite  network  in  fiscal  year  1964  which  was  planned  as- 
follows: 


4 sets  of  spares  and  special  maintenance  tools  for  40-foot  antennas.,  _ $400,  000 

2 sets  of  spares  and  special  maintenance  tools  for  85-foot  antennas 200,  000 

Replenishment  of  network  engineering  support  items 50,  000 

2 hydraulic  maintenance  elevators... 50,  000 

Timing  systems  replacement 350,  000 

11  Receiving  systems (165,000) 

4 Time  standards (35,  000) 

Calibration  and  checkout  equipment  for  above (50,  000) 

Power  supplies  and  distribution  for  above (100,  000 > 

Additions  and  modifications  to  telemetry  stations 1,  700,  000: 


The  introduction  of  PCM  telemetry  systems,  with  signal  con- 
ditioning consoles  and  displays,  plus  the  new  command  and 
command  verification  systems  will  require  modification  and 
addition  to  available  space  at  the  Mojave,  East  Grand  Forks, 

Fort  Myers,  Alaska,  Lima,  Woomera,  Newfoundland,  Winkfield, 
and  Santiago  stations.  Additional  equipment  requires  both  the 
replacement  of  generator  units  and  the  addition  of  space  for  addi- 
tional generators  to  meet  the  increased  power  needs. 

Replacement  of  plant  and  facilities  and  equipment 500,  000> 

A continuing  program  of  replacement  of  electrical,  heating,  air 
conditioning  and  other  utilities  at  all  satellite  net  stations  is  now 
becoming  necessary  due  to  the  number  of  years  these  stations 
have  been  operating. 

Station  system  components  spares 400,  000* 

With  over  12  stations  operating  in  the  network,  major  system 
equipment  such  as  rack  power  supplies,  buffers,  transmission 
cables,  switching  assemblies  and  the  smaller  antennas  require 
on-site  spares  to  prevent  breakdown  and  unreliable  operation. 
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Replacement  of  general  purpose  test  equipment.  * 450,  000 

Experience  reveals  that  replacement  of  test  and  calibration 
equipment  is  required  as  a continuing  basis  at  an  approximate 
cost  of  $35,000  per  station.  Replacement  of  such  equipments  as 
oscilloscopes,  frequency  counters,  rack-mounted  O-scopes,  audio 
oscillators,  signal  generators,  oscilloscope  cameras,  and  minor 
test  equipments  are  to  be  provided  to  minitrack  and  telemetry 
stations  plus  the  Alaskan  85-foot  station. 


Modular  receiver  and  transmitter  spare 350,  000 

Spares  are  required  at  all  stations  to  maintain  full  operational 
capability. 

26  replacement  paper  tape  recorders. 260,  000 

Excessively  worn  and  obsolete  units  at  the  mmitrack  sites  must 
be  replaced.  These  units  are  similar  to  Sanborn  oscillographic 
recording  systems, 

12  replacement  magnetic  tape  recorders 790,  000 

These  are  similar  to  the  Arnpex  FR-600,  with  a seven-track 
capability. 


Mr.  Wydler.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  Would  you  just  give  me  an  idea.  You  have  an  item 
here  of  $40,000,  payload-simulation  equipment.  What  is  payload- 
simulation  equipment? 

Mr.  Truszynski.  This  is  a piece  of  equipment  that  generates  the 
same  signals  that  are  generated  by  the  satellite,  and  can  be  taken  to  a 
station.  This  allows  you  to  check  out  the  station  with  a signal  that  is 
representative  of  what  will  be  received  in  the  station. 

Mr.  Wydler.  I understand.  Now  one  last  thing. 

On  page  69  you  have  “Network  operations,  satellite  networks,” 
that  is  the  $17  million  figure.  Now  we  have  under  “Equipment 
and  components,  satellite  network,”  this  is  the  $22  million  total. 
So  I have  it  clear  in  my  mind.  What  is  the  difference  between  this 
$22  million  and  the  $17  million  figure? 

Mr.  Truszynski.  The  $17  million  figure  is  composed  entirely  of 
personnel  services,  operators’  salaries,  and  the  cost  of  these  normal 
small  repair  and  replacement  items  that  are  part  of  their  service  for 
the  station. 

Mr.  Wydler.  Do  you  mean  that  represents  personnel  services? 

Mr.  Truszynski.  Personnel  services  and  small  amounts  of  equip- 
ment/ replacement  components.  These  are  tubes,  resistors,  levels  of 
replacement  items. 

Mr.  Roush.  The  last  five  items  apparently  are  for  new  programs. 

Mr.  Rumsfeld.  Which  last  five? 

Mr.  Roush.  I am  sorry,  referring  again  to  the  category  “Satellite 
network,”  on  page  70,  the  last  five  items  are  listed  for  the  first  time. 
They  were  not  listed  for  1962  or  1963. 

Is  this  a fact  that  these  are  items  devoted  to  entirly  new  programs 
we  have  not  been  in  before? 

Mr.  Truszynski.  Yes,  sir;  that  is  correct. 

Mr.  Roush.  And  the  major  item  here  is  a $3,400,000  item  for 
portable-range  and  range-rate  tracking  stations.  Is  this  devoted  to 
one  of  our  new  programs  or  one  of  our  new  launchings? 

Mr.  Truszynski.  This  will  be  used  primarily  to  support  the  up- 
coming observatory-class  satellites,  such  as  the  EGO  satellite,  which 
requires,  as  we  mentioned  yesterday,  an  additional  type  of  tracking 
for  orbit  determination.  EGO  is  the  Eccentric  Geophysical  Observa- 
tory. 
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Mr.  Davis.  It  is  in  Earth  orbit? 

Mr.  Truszynski.  Yes,  sir;  highly  elliptical. 

Mr.  Roush.  I think  when  you  comment  on  each  item,  keep  in 
mind  we  are  interested  in  the  contractors  involved.  We  are  interested 
also  in  the  reason  that  the  item  may  have  again  gone  up  instead  of 
down. 

Mr.  Ryan. 

Mr.  Ryan.  Might  I suggest  that  when  Mr.  Buckley  submits  his 
report  he  also  give  a breakdown  on  the  number  of  Bendix  contracts 
and  the  amounts  and  what  they  specifically  involve? 

Mr.  Roush.  There  is  no  objection. 

Mr.  Buckley,  can  you  supply  that  for  the  record? 

Mr.  Buckley.  Yes. 

Mr.  Roush.  All  right,  if  you  will,  please. 

(The  material  referred  to  is  as  follows:) 

Active  fiscal  year  1968  Bendix  contracts  under  Office  of  Tracking  and  Data  Acquisition 
jurisdiction — Fiscal  year  1963  obligations  as  of  Jan.  81, 1963 


Technical  services,  logistic  support,  and  field  operations  and  mainte- 
nance of  the  electronic  satellite  network $3,  478,  000 

Operation,  maintenance,  and  logistic  support  of  the  manned  flight 

network  (this  contract  expired  Dec.  31,  1962) 5,  416,  000 

Operation,  maintenance,  and  support  services  for  the  manned  flight 

network  (this  contract  entered  into  Jan.  1,  1963) 500,  000 

Technical  services  and  support  of  the  X-15  High  Range 314, 000 


Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  I am  mentioning  this  now  because  possibly  it  ought 
to  be  submitted  for  the  record  separately  at  your  leisure,  but  in  this 
whole  area  of  equipment  components  there  is  roughly  a hundred 
percent  increase,  and  I would  like  to  have  some  indication  of  what  the 
leveling-off  target  is  on  these  funds  and  possibly  what  you  would 
anticipate  would  be  the  specific  fiscal  year  1965  request  under  equip- 
ments and  components.  It  has  gone  from  16  to  67  to  134  million, 
which  is  a pretty  good  growth  curve. 

Mr.  Buckley.  We  believe  that  there  will  be  a further  increase 
next  year. 

Mr.  Rumsfeld.  Another  hundred  percent  increase? 

Mr.  Buckley.  I don’t  think  it  will  be  a hundred  percent.  I think 
it  might  be  40  to  50. 

Mr.  Davis.  Mr.  Chairman,  if  I may,  I would  like  to  pose  an 
observation  there. 

We  are  dealing  solely  with  tracking  and  data  acquisition  and,  of 
course,  the  responsibility  of  Mr.  Buckley’s  department  is  to  handle 
tracking  and  data  acquisition  on  whatever  program  we  launch  as  an 
overall  picture  in  NASA. 

Mr.  Rumsfeld.  Absolutely.  I am  aware  of  this. 

Mr.  Roush.  If  there  are  no  further  questions,  let’s  move  to  this 
next  page  or  item,  “Manned  flight  network,”  which  begins  on  page  70 
of  volume  5 and  continues  through  the  middle  of  page  71.  This  is  a 
major  item  and  it  totals  $84  million. 

The  setup  as  it  is  placed  in  the  book,  Mr.  Buckley,  would  indicate 
that  there  is  some  phasing  out  of  various  programs,  and  there  is  the 
beginning  of  some  of  our  new  programs  included  in  this  item.  Perhaps 
you  would  like  to  generally  comment  on  this  first  before  we  get  into 
the  specific  items. 
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Mr.  Truszynski.  The  arrangement  shown  here  represents  the  suc- 
cessive augmentations  of  the  manned  flight  network  for  the  specific 
programs  that  we  have  been  involved  with.  The  manned  space  flight 
program  started  with  Mercury,  it  has  proceeded  through  Gemini  and 
next  will  be  the  Apollo,  and  these  breakdowns  essentially  represent 
the  required  major  augmentations  in  that  order. 

In  1964  this  entire  amount  of  $84  million  will  be  the  augmentation 
of  the  manned  space  flight  network  required  for  the  upcoming  Apollo 
program.  There  is  no  phasing  out  of  use  of  the  network  on  these 
preceding  programs,  but  it  represents  the  successive  steps  that  have 
been  taken  to  support  the  successive  manned  space  flight  effort. 

Now  in  the  1964  area,  this  does  represent  the  breakdown  in  some 
detail  of  the  specific  types  of  equipment  that  will  be  required  to 
handle  the  upcoming  Apollo  program. 

Mr.  Roush.  There  was  testimony  previously  that  the  Apollo  pro- 
gram had  slipped  5 or  6 months.  Is  thi3  reflected  in  this  proposal 
which  you  present  to  us  today? 

Mr.  Truszynski.  Yes,  sir;  it  is.  This  proposal  represents  the  best 
schedule  estimates  of  the  maimed  space  flight  people. 

Mr.  Roush.  And  is  it  up  to  date  as  of  today? 

Air.  Truszynski.  Yes,  sir,  it  is. 

Mr.  Roush.  You  would,  of  course,  notify  the  committee  im- 
mediately if  there  was  an  apparent  further  slippage  or  if  there  was  a 
change  in  plans  which  might  indicate  that  the  budgeting  should  be 
changed  prior  to  the  time  we  present  it  to  the  Congress,  is  this  correct? 

Mr.  Truszynski.  Yes. 

Mr.  Roush.  In  this  area  does  any  member  have  a particular 
question  on  any  one  item? 

Mr.  Wydler. 

Mr.  Wydler.  I would  like  to  ask  you  about  the  landing  area 
instrumentation,  the  last  item  appearing,  $3  million,  what  is  that 
exactly? 

Mr.  Truszynski.  This  monev  wall  be  used  to  obtain  equipment 
that  will  be  required  to  properly  direct  the  Apollo  spacecraft  in  its 
final  landing  maneuver.  As  you  know 

Mr.  Wydler.  The  reason  I am  raising  this  is  because  this  is  this 
year’s  budget,  but  actually,  of  course,  we  don’t  expect  to  be  landing 
the  Apollo  I don’t  believe  for  many  years  to  come,  do  we? 

Mr.  Truszynski.  No,  that  is  correct.  However,  there  will  be 
landing  exercises  starting  with  the  early  Apollo  tests.  As  you  know, 
the  Apollo  program  will  first  have  some  orbital  tests,  and  while  it  is 
true  that  the  landing  from  the  Moon  mission  will  not  be  for  several 
years,  there  will  be  a progressive  buildup  of  tests,  including  return 
from  orbit. 

Mr.  Wydler.  This  equipment  is  going  to  be  used  this  coming 
fiscal  year? 

Mr.  Truszynski.  Not  this  coming  fiscal  year;  no,  sir.  However, 
we  feel  we  must  proceed  with  development  and  with  the  procurement 
of  this  equipment  this  fiscal  year  in  order  to — — 

Mr.  Wydler.  No;  the  development  I understand.  This  is  some 
kind  of  equipment  you  are  actually  going  to  buy,  though,  isn’t  it? 
This  is  a piece  of  equipment  that  you  are  going  to  purchase  this  year, 
isn’t  it? 
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Mr.  Truszynski.  Many  of  these  funds  of  necessity  include  develop- 
ment in  addition  to  procurement.  This  is  not  off-the-shelf  type  of 
procurement. 

Mr.  Wydler.  All  right,  I understand  that.  Now  let  me  ask  you 
one  other  thing: 

Is  there  any  possibility  that  any  of  this  equipment  in  this  particular 
category,  since  it  will  include  Gemini,  the  expense  of  it  might  possibly 
be  picked  up  by  the  Air  .Force  under  your  new  cooperative  program 
with  the  Air  Force,  where  they  are  going  to,  as  I understand  it,  coop- 
erate with  NASA  and  work  with  NASA  and  pick  up  part  of  the  ex- 
penses of  this  Gemini  program? 

Mr.  Truszynski.  Mr.  Wydler,  this  item,  the  1964  request  is  all 
for  Apollo  equipment. 

Mr.  Wydler.  This  has  nothing  to  do  with 

Mr.  Truszynski.  It  has  nothing  to  do  with  Gemini. 

Mr.  Wydler.  At  all? 

Mr.  Truszynski.  That  is  right. 

Mr.  Roush.  Mr.  Boone. 

Mr.  Boone.  It  seems  to  me  all  of  the  items  listed  here  are  certainly 
18  months  or  that  order  of  leadtime,  and  the  latest  schedule  for  NASA 
shows  Gemini  and  Apollo  launches  in  the  fourth  quarter  of  1963,  for 
example,  so  have  you  convinced  yourself  that  these  are  in  consonance 
with  the  shoot  schedule  for  Gemini  and  Apollo? 

Maybe  you  would  like  to  tell  us  how  this  fits  in  with  the  schedule. 

Mr.  Truszynski.  Yes,  sir.  In  terms  of  Gemini  and  Apollo  differ- 
entiations, the  manned  space  flight  network  is  currently  undergoing 
an  augmentation  for  Gemini  which  will  be  completed  by  the  time  of 
the  upcoming  first  Gemini  flights. 

We  are  speaking  here  now  of  the  specific  additional  equipment  that 
is  required  for  Apollo  and  the  way  we  are  approaching  this  is  that 
there  will  be  a phased  installation  program  such  that  we  will  be  able  to 
take  care  of  the  successive  phases  of  Apollo,  which  again  are  broken 
down  in  terms  of  initial  orbital  flights  with  a C-l  vehicle,  or  Saturn  I 
as  it  is  now  called,  and  subsequent  orbital  flights  with  a Saturn  B 
vehicle,  and  then  the  final  flights  with  the  Saturn  V vehicle. 

This  amount  of  money  represents  the  amount  needed  for  prepara- 
tion of  this  total  network.  We  plan  to  have  a phased  capability  such 
that  we  can  properly  match  the  specific  phases  of  the  Apollo  program, 
for  the  orbital  and  final  lunar  launches. 

Mr.  Boone.  May  I ask  then  when  do  you  plan  to  have,  for  example, 
all  of  the  data  handling  and  numeric  display  equipment  installed  that 
would  be  purchased  with  the  $24  million? 

Mr.  Truszynski.  This  is  first  required  for  the  latter  phases  of  the 
Saturn  I tests  with  the  Apollo  command  module.  I would  have  to 
determine  the  exact  date  of  that  but — this  perhaps  is  a classified  date. 

Mr.  Roush.  Well,  I am  sure  you  can  get  this  information  for  the 
committee. 

Mr.  Truszynski.  Yes. 

Mr.  Roush.  It  is  apparent  that  our  time  is  up. 

Chairman.  Miller.  Mr.  Chairman,  may  I say  to  the  committee  on 
these  things,  we  are  meeting  here,  authorizing  money  which  is  the 
upper  limit  that  can  be  spent.  Before  any  of  this  money  is  spent  it 
has  to  be  appropriated.  This  is  one  of  the  functions  of  the  Committee 
on  Appropriations  to  determine,  whether  or  not  3 million  or  a million 
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and  a half  or  24  million  or  5 million  will  be  Immediately  spent  for  this. 
This  is  the  upper  limit  for  the  thing. 

Let’s  not  confuse  the  fact  that  we  are  an  authorizing  committee 
and  not  an  appropriations  committee. 

Mr.  Roush.  Thank  you,  Mr.  Chairman. 

Mr.  Rumsfeld.  I think  that  is  a good  point.  However,  recently, 
the  House  considered  an  authorization  bill,  and  each  item  was  ap- 
proved by  the  legislative  committee  exactly  as  requested  with,  in  my 
opinion,  insufficient  discussion.  I think  that  it  would  be  of  great 
value  to  the  members  of  the  Appropriations  Committee  if  these  mat- 
ters were  gone  over  in  some  detail  by  the  authorizing  committee. 

Chairman  Milder.  I may  say  to  the  gentleman  that  I think  this 
committee  has  gone  over  these  items  from  time  to  time  since  it  has 
received  this  authority  with  much  greater  care  and  skill  than  any 
other  authorizing  committee,  and  there  are  only  two  in  the  Congress. 
We  still  have  the  matter  of  appropriating  the  money  for  these. 

Now  no  one  wants  to  cut  you  off  or  to  interfere  with  your  right  to 
investigate  any  of  these  items,  but  I just  point  this  out  to  you,  that  in 
this  field  particularly  and  in  the  whole  field  in  which  we  deal,  it  is 
almost  highly  impossible  to  predicate  today  what  you  are  going  to 
spend  18  months,  or  a year  from  now,  or  to  get  definitive  information. 

We  deal  in  a sort  of  nebulous  area  where  we  are  continually  in  the 
dark,  and  the  best  we  can  do  is  to  penetrate  this  so  far  as  we  can. 
Unfortunately,  we  have  to  take  a lot  of  it  on  faith.  That  is  why  we 
use  our  oversight  authority  continuously  to  make  sure  that  within 
the  limits  that  we  have  operated,  that  NASA  operates.  That  is 
why  you  have  heard  from  the  very  beginning  here  criticisms  in  the 
full  committee  of  NASA's  reprograming  because  we  have  reprogramed 
out  whole  programs  that  we  were  at  one  time  ready  to  go  into. 

Now  I want  to  tell  you  that  it  takes  as  much  courage  to  scrap 
a program  when  you  find  it  is  not  feasible  or  not  going  to  be  needed, 
as  it  does  to  initiate  one. 

Mr.  Hechler.  Mr.  Chairman,  I have  never  seen  as  energetic  or 
broad  a committee  chairman  as  would  come  to  take  such  an  interest 
in  what  a subcommittee  is  doing. 

We  certainly  appreciate  it,  Mr.  Chairman. 

Chairman  Miller.  Whenever  I say  that  I want  the  new  members 
to  know  that  it  is  in  no  criticism.  I want  them  to  satisfy  themselves, 
because  that  is  the  only  way  we  can  get  the  basis  on  which  the  com- 
mittee operates. 

Mr.  Rumsfeld.  May  I inject  something  here? 

Mr.  Hechler.  Let  me  complete  my  thought. 

I appreciate  serving  with  a subcommittee  here  which  is  as  energetic 
and  thorough  in  its  work,  also. 

Mr.  Rumsfeld.  Well,  I would  say  that  this  has  certainly  been  the 
chairman’s  policy,  as  well  as  the  chairman  of  the  subcommittee,  since 
I have  been  on  this  committee,  which  amounts  to  just  a few  weeks 
now,  and  I certainly  appreciate  it. 

Chairman  Miller.  Thank  you. 

Mr.  Roush.  We  will  have  to  pursue  this  matter  more  tomorrow. 

Mr.  Buckley,  I am  wondering  did  you  come  prepared  with  any 
sort  of  breakdown  on  the  manned  flight  network  figures  which  could 
be  distributed  today? 
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Mr.  Buckley.  None  that  we  can  distribute. 

Mr.  Roush.  Would  you  prepare  a similar  breakdown  as  we  re- 
quested for  the  previous  items  for  the  committee? 

Mr.  Buckley.  Yes,  sir.  (This  information  was  furnished  at  a later 
date.) 

Mr.  Roush.  And  are  you  prepared  to  return  tomorrow  at  10 
o’clock? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  The  committee  then  will  stand  adjourned  until 
tomorrow  morning  at  10  o’clock. 

(Whereupon,  at  12:06  p.m.,  the  subcommittee  was  adjourned,  to- 
be  reconvened  at  10  a.m.,  Thursday,  March  14,  1963.) 
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THURSDAY,  MARCH  14,  1903 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in 
room  214-B,  New  House  Office  Building,  Hon.  J.  Edward  Roush, 
acting  chairman  of  the  subcommittee,  presiding. 

Mr.  Roush.  The  committee  will  be  in  order. 

Mr.  Buckley,  we  are  prepared  to  continue  our  discussion  of  items 
included  in  volume  5 of  your  backup  books.  Yesterday  we  had  come 
to  the  place  on  page  71,  where  we  begin  the  discussion  of  deep-space 
network. 

Before  going  ahead  with  that,  does  any  member  of  the  committee 
have  a question  pertaining  to  any  item  we  have  thus  far  covered? 

Mr.  Hechler,  I would  only  suggest,  Mr.  Chairman,  I think  some 
of  us  will  have  some  questions  to  submit  for  written  answers,  on 
previous  matter. 

Mr.  Roush.  Let’s  follow  the  procedure  we  started  with  yesterday, 
Mr.  Buckley,  on  this  deep-space  network,  and  permit  you  or  one  of 
your  assistants  here  to  explain  briefly  the  item,  the  reason  for  it,  and 
the  reason  it  is  increased,  if  it  is  increased,  over  last  year’s  request. 
Are  you  prepared  to  go  ahead  in  that  manner? 

FURTHER  STATEMENT  OF  EDMOND  C.  BUCKLEY,  DIRECTOR, 

OFFICE  OF  TRACKING  AND  DATA  ACQUISITION,  NASA;  AC- 
COMPANIED BY  GERALD  M.  TRUSZYNSKI,  DEPUTY  DIRECTOR, 

AND  DAVID  WILLIAMSON,  JR.,  CHIEF,  PROGRAM  COORDINATION 

Mr.  Buckley.  Yes,  sir.  I would  like  to  have  Mr.  Truszynski 
carry  on  that  part  from  yesterday.  I have  here  some  of  the  material 
you  requested  we  supply  yesterday,  the  breakdown  on  the  “Equip- 
ment and  components”  section. 

Mr.  Roush.  Very  well.  He  can  distribute  it. 

In  case  we  did  not  make  a record  on  this  yesterday,  the  material 
which  Mr.  Buckley  is  now  submitting  will  be  made  a part  of  the 
record,  unless  there  is  objection  on  the  part  of  any  member  of  the 
committee. 

Would  you  distribute  those,  please? 

Mr.  Buckley.  This  is  not  all  of  the  material;  this  is  the  part  that 
we  were  able  to  prepare  since  yesterday. 

Mr.  Roush.  Thank  you. 
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(The  remaining  information  is  furnished  below: ) 

National  Aeronautics  and  Space  Administration, 

Washington,  D.C.,  March  14,  1963. 

memorandum 

Subject:  Fiscal  year  1964  estimates  for  “Equipment  and  components,”  within  the 
tracking  and  data  acquisition  program. 

The  attached  documents  provide  brief  descriptions  of  the  line  items  under 
“Expansion  of  network  capability”  within  subject  estimates,  for  the  following 
activities : 

Manned  flight  network. 

Deep-space  network. 

Manned  Flight  Network — Expansion  of  Network  Capability 

Data-handling  and  alpha-numeric  display  systems  ( Dahad) 

The  outputs  from  the  Unified  S-band  systems  described  below  will  feed  the 
Dahad.  Dahad  systems  will  be  located  at  all  prime  stations  in  the  manned-flight 
network.  Input  to  the  Dahad  is  a wide-bandwidth  video  signal.  The  primary 
subsystems  of  the  Dahad  are: 

Demodulators. 

Data  processor  and  handler. 

Displays,  including  mission,  operational,  engineering,  biomedical  and  televi- 
sion. 

Communication  terminal  equipment. 

The  heart  of  the  Dahad  is  the  data  processor  and  handler.  This  device  selects  the 
data  for  display,  generates  the  data  format  for  communication  with  the  Manned 
Flight  Integrated  Mission  Control  Center,  inserts  engineering  calibration  factors 
and  many  other  necessary  functions. 

Unified  S-band  station  systems 

The  present  Mercury-Gemini  communication  system  operates  at  several 
different  radiofrequencies  with  primary  data  links  in  the  225-260  Mc/s.  For 
maintaining  adequate  communications  at  lunar  distances,  it  is  necessary  to  use  a 
higher  frequency  (approximately  2300  Mc/s)  where  additional  capability  can  be 
obtained  through  reduced  galactic  noise,  improved  antenna  directivity  and  ultra- 
low-noise  receivers.  The  communication  channel  at  2300  Mc/s  will  be  designed  to 
accomplish  the  following  functions. 

Data  transfer  (Earth  to  spacecraft  and  spacecraft  to  Earth) . 

Voice  (Earth  to  spacecraft  and  spacecraft  to  Earth). 

Television  (Earth  to  spacecraft). 

Tracking  (angles,  range  and  range  rate). 

Besides  using  the  2300  Mc/s  comi."  unication  channel  at  lunar  distances,  it  is 

?ossible  to  use  it  during  the  orbital  and  near-Earth  portions  of  the  Apollo  missions. 

'his  is -advantageous  in  that  weight  is  saved  on  the  spacecraft,  spacecraft-antenna 
problems  are  reduced,  additional  communication  capability  is  provided,  and  the 
manned-flight  network  is  better  integrated. 

The  unified  S-band  systems  will  be  placed  at  all  prime  stations  in  the  MSFN. 
A typical  unified  S-band  system  for  use  in  the  orbital  and  lunar  transfer  phases  of 
the  Apollo  mission  would  include  the  following  major  subsystems: 

Antenna. 

Antenna  drives  and  servo-system. 

Diplexer. 

Parametric  amplifier. 

Transmitters  and  receivers. 

Ranging  encoder  and  decoder. 

Doppler  extraction  unit. 

Modulators. 

Collimation  and  calibration  equipment. 

Deep-space  station  Apollo  S-band  compatibility  subsystems 

Three  stations  of  the  deep-space  network  with  85-foot  antennas  will  be  used  as 
backup  to  the  prime  manned-flight  antennas.  This  cross  use  of  facilities  provides 
an  economical  solution  to  providing  the  required  reliability  for  Apollo  mission 
without  incurring  the  cost  of  duplicate  facilities.  However,  the  deep-space 
stations  do  not  have  all  the  necessary  equipment  for  the  Apollo  missions,  since 
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the  stations  were  configured  for  the  unmanned  lunar  program.  Certain  portions 
of  the  unified  S-band  system  and  other  manned-flight  network  equipment  must 
be  provided.  Among  these  items  are 

Antenna  modifications  (RF  and  servo). 

Receiver  modifications. 

Additional  three-channel  receiving  system. 

Collimation  and  calibration  equipment. 

Communication  terminal  equipment. 

Engineering  and  systems  integration 

A major  effort  exists  in  the  integration  of  the  major  systems  and  subsystems 
described  above  to  provide  for  a properly  and  efficiently  operating  network.  In 
addition,  precise  test,  checkout,  and  operating  and  maintenance  procedures  must 
be  engineered,  tried,  and  documented.  This  item  provides  for  the  required  engi- 
neering, equipment,  and  documentation. 

In-orbit  checkout , data-conditioning  systems 

In-orbit  checkout,  data-handling  equipment 

In-orbit  checkout , display-and-stalus  monitoring  system 

For  lunar  missions  it  will  be  necessary  to  remotely  conduct  and  reverify  vehicle 
checkout  in  space  after  insertion  into  the  parking  orbit,  and  before  the  spacecraft 
is  injected  into  the  lunar  trajectory.  This  is  mandatory  to  detect  any  malfunc- 
tions or  equipment  failures  or  damage  which  may  have  occurred  during  the 
launch-boost  phase.  Since  contact  time  with  the  spacecraft  will  be  limited,  this 
procedure  must  be  performed  rapidly  and  automatically.  To  accomplish  this 
in-space  checkout,  data-acquisition  equipment;  versatile  telemetry  systems;  real- 
time, data-handling,  processing,  computing,  and  transmission  equipments;  control 
and  command  equipments ; and  equipments  capable  of  displaying  and  presenting 
this  data  in  usable  format  for  evaluation  by  flight  controllers  are  required.  Three 
such  systems,  installed  at  selected,  established,  manned-flight-network  stations 
will  be  required  to  execute  this  function. 

Landing-area  instrumentation 

In  order  to  quickly  establish  the  position  of  the  manned  spacecraft  prior  to 
landing  and  recovery,  tracking,  detection,  and  display  equipments  are  required 
at  the  prime  and  secondary  landing  areas.  In  addition,  communication  with  the 
spacecraft  will  be  required  from  paraglider  deployment  until  landing. 

Deep-Space  Network  Equipment — Expansion  of  Network  Capability 

S-band  transmitters  and  components 

S-band  ranging  systems 

Data  transmission  and  processing  equipment 

Digital  data  and  instrumentation  systems 

To  meet  the  increased  flight  schedule  for  fiscal  years  1964  and  1965,  S-band 
exciters,  amplifiers,  synthesizers,  interface  equipment,  angle  encoders,  digital 
systems,  etc.,  will  be  installed  at  each  deep-space  network  station  to  provide  a 
complete  and  compatible  data-acquisition,  tracking,  command-recording,  and 
processing  system.  Precision  ranging,  using  S-band  frequencies,  is  required  for 
unambiguous  ranging  at  interplanetary  distances.  The  prototype  equipment 
was  developed  during  the  past  year. 

Klystron  and  maser  amplifiers 

S-band  traveling-wave  maser  amplifiers,  under  development  since  1961,  will 
be  provided  at  all  stations.  The  constant  vibration  on  the  large  moving  structure 
of  an  85-foot  antenna  presented  a difficult  maser  design  problem  which  was 
overcome  in  the  prototype  development  completed  last  year. 

Antenna,  servo  and  transmitter  modifications 

S-band  Cassegrain  antenna  structures  were  developed  in  conjunction  with  the 
traveling-wave  maser  amplifier  prototype  and  will  be  installed  on  the  deep-space 
net  antennas.  This  ultralow-noise  S-band  system  is  expected  to  provide  a 
minimum  listening  system  temperature  of  20°  K.  Modification  to  the  antenna 
structures  to  accept  the  installation  of  the  Cassegrain  cone  and  servo  modifications 
will  be  provided. 
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S-band  acquisition  aids  and  equipment 

Ephemeris  data  is  provided  to  a tracking  station  to  aid  in  acquiring  the  space- 
craft. However,  it  is  still  necessary  to  search  the  area  in  which  the  spacecraft 
position  is  predicted.  To  reduce  the  search  time  to  a minimum,  auto-aequisition 
input-output  buffers,  programers  and  logic  will  provide  for  automatic  acquisition 
of  receivers  in  angle  acquisition,  and  frequency  acquisition  by  search  or 
programed  modes. 

Test  transponders  and  calibration  equipment 

Test  transponders  for  S-band  operations,  with  functional  characteristics  of 
units  to  be  flown  on  Mariner  missions  will  be  provided  to  each  station  for  operator 
training,  acquisition  tests,  telemetry  tests  and  related  program  activity  at  each 
station.  One  unit  will  be  used  for  system  verification  and  to  specify  performance 
of  flight  equipment  in  a test-transponder  configuration. 

Automatic  test  and  checkout  equipment 

To  insure  the  optimum  reliability  of  the  DSIF  stations,  automatic  test  and 
checkout  equipment,  indicative  of  the  most  recent  advances  in  system  test 
procedures  methodology  and  in  electronic  component  design  will  be  provided  to 
the  DSIF  stations.  In  addition,  precision-reference  synthesizers  will  be  installed 
to  calibrate  and  tune  the  station  transmitters  and  receivers. 

Mobile  S-band  range  and  doppler  station 

A mobile  S-band  range  and  doppler  station  with  the  ancillary  data-handling> 
communications,  integrated  test  and  control  synthesizer  equipment  will  be  de- 
veloped and  trailerized.  This  equipment  will  provide  coverage  of  widely  varying 
spacecraft  injection  points  without  providing  numerous  fixed  ground  stations. 

Magnetic  tape  recorders 

While  oscillograph  recorders  are  used  for  local  system  evaluation  and  quick-look 
data,  magnetic  tape  recorders  are  used  for  permanent  data  records.  Separate 
records  are  required  for  low-frequency  data  recording  and  for  high-frequency  data 
recording.  Magnetic  tape  recorders  are  required  at  each  station  to  record  the 
increased  volume  of  data  at  low  frequencies  and  to  provide  the  high-frequency 
capability  required  by  the  S-band  conversion. 

Mr.  Roush.  Mr.  Truszynski. 

Mr.  Truszynski.  The  breakdown,  as  you  see  on  this  page,  covers 
2 fiscal  years,  and  the  equipment  items  that  you  see  listed  here  repre- 
sent an  increase  of  capability  on  the  part  of  our  networks  to  take  care 
of  specific  requirements  brought  on  by  the  particular  on-board 
equipments  in  the  space  vehicles. 

Starting  with  item,  “S-band  transmitters  and  components,”  a 
new  item  for  fiscal  year  1964,  I might  say  that  the  major  part  of  the 
succeeding  line  items  represent  different  parts  of  a total  system. 
This  system  provides  S-band  capability  for  the  deep-space  network. 
What  this  represents  is  an  updating  of  its  capability  to  a different, 
ligher  frequency  range  than  has  been  used  in  the  past,  in  order  to 
obtain  the  necessary  higher  gains  required  not  only  to  receive  informa- 
tion from  greater  distances,  but  also  to  receive  greater  amounts  of 
information.  The  succeeding  items  are  all  part  of  what  we  can  call 
one  basic  system  that  is  being  implemented  for  the  present  deep-space 
network. 

Mr.  Roush.  When  you  refer  to  the  “succeeding  items,”  are  you 
referring  to  all  of  that  which  follows  this  $1,170,000  item,  or  just  what 
are  you  referring  to? 

J«lr.  Truszynski.  I am  referring  to  the  major  part  of  the  succeeding 
items,  Mr.  Chairman.  I will  proceed  down  them.  I wanted  just  to 
point  out  that  the  majority  of  them  represent  separate  parts  of  a 
single  increase  in  capability. 

Mr.  Roush.  Will  you  also  be  discussing  the  preceding  item, 
$450,000  item? 
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Mr.  Truszynski.  Yes;  as  the  first  one. 

Mr.  Roush.  All  right. 

Mr.  Truszynski.  Specifically,  this  item  is  titled  “S-band  trans- 
mitters and  components,”  I should  first  explain  “3-band,”  which  is 
a name  for  a specific  frequency  range  on  the  order  of  between  2,000 
and  3,000  megacycles  per  second.  This  line  item  is  specifically  for 
the  transmitting  unit  itself,  for  this  frequency  rang®.  It  covers  the 
cost  of  the  specific  transmitter  units  that  are  required  to  be  installed 
at  all  three  of  the  present  deep-space  networks  stations. 

Similarly,  the  next  item,  “Klystron  and  maser  amplifiers”  are  an 
additional  part  of  the  same  overall  system  capability.  The  maser 
amplifier  is  the  unit  that  is  installed  at  the  very  front  end  of  the 
receiving  system  and  is  one  of  the  very  low  noise  amplifiers  that  are 
being  installed  into  the  network  to,  again,  increase  the  basic  sensi- 
tivity of  these  antennas. 

The  “S-band  ranging  system”  refers  to  the  specific  part  of  this 
total  system  which  allows  us  to  obtain  the  distance  to  the  space 
vehicle.  It  includes  a coding  system  which  allows  us  to  transmit  a 
“range  code”  to  the  vehicle.  This  code  is  in  turn  retransmitted  from 
the  vehicle  to  the  ground  and  a combination  of  the  transmitted  and 
received  codes  allow  us  to  get  the  distance  to  the  vehicle  as  it  is 
proceeding  out  in  space. 

Mr.  Roush.  Mr.  Boone. 

Mr.  Boone.  Mr.  Chairman,  there  were  some  funds  in  this  area 
that  we  discussed  yesterday. 

Is  this  something  different  from  ranging  and  range-rate  equipment? 

Mr.  Truszynski.  Yes,  sir.  The  equipment  we  discussed  yesterday 
was  a system  for  the  satellite  network.  This  specific  system  is  a 
range  and  range-rate  system  that  is  being  installed  in  the  deep-space 
network.  It  is  the  same  type  of  equipment,  however  for  a different 
class  of  space  missions. 

Mr.  Roush.  I can  see  why  you  couldn’t  use  the  instrumentation 
or  equipment  for  a shallow-space  probe  for  a deep-space  probe,  but 
why  can’t  you  use  the  deep-space  probe  equipment  for  what  I would 
call  a shallow-space  probe? 

Mr.  Truszynski.  The  ranging  system  itself  could  be  used  on  either 
a deep-space  mission  or  a shallow-space  mission.  The  problem  here 
is  that  the  85-foot  antenna  system  is  primarily  a deep-space  facility. 
Its  tracking  rates  are  low,  it  is  primarily  used  for  tracking  extremely 
long-distance  missions,  so  that  its  capabilities  are  not  really  tuned 
to  the  tracking  of  a very  low  satellite  type  of  mission.  It  is  also  a 
matter  of  the  station’s  being  an  integral  part  of  a total  network  for 
deep-space  missions.  It  is  not  a matter  of  incompatibility  of  this 
ranging  system  with  a satellite,  but  rather  of  the  network  station 
itself  being  primarily  designed  and  its  equipment  attuned  to  a deep- 
space  type  of  mission. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  Is  it  a fact  these  85-foot  antennas  can  only  track 
one  object  at  a time,  is  that  the  fact? 

Mr.  Truszynski.  Yes. 

Mr.  Wydler.  So  you  couldn’t  use  them  for  anything  else  if  they 
are  going  to  be  used  for  this  specific  project,  is  that  correct? 

Mr.  Truszynski.  Yes.  These  deep-space  missions  have  very  long- 
term coverage  requirements.  The  Mariner  is  a matter  of  months  on 
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its  way,  as  you  know.  And  since  these  missions  are  very,  very  few 
and  far  between,  a maximum  amount  of  data  is  desired.  It  is  a 
matter  of  full-time  coverage  of  a mission  of  this  sort  by  these  three 
antennas  which  really  represent  a single  facility. 

Mr.  Roush.  Mr.  Boone. 

Mr.  Boone.  Do  you  have  some  idea  of  the  utilization  time  on  the 
85-foot  antenna  at  Goldstone,  Calif.,  or  Johannesburg?  In  other 
words,  how  much  available  time  do  you  have  on  these  for  other  uses? 

Mr.  Truszynski.  We  have  a continuing  study  underway  that  pulls 
together  this  type  of  information  from  our  operational  network.  I 
can  give  it  to  you,  I think,  on  a mission  basis.  I couldn't  tell  you  at 
this  time  what  percentage  of  the  total  time  we  have,  say,  available 
for  other  missions  at  this  particular  time,  because  it  is  a rather  com- 
plicated factor  that  varies  with  time  end  the  specifics  of  the  mission. 

On  a normal  Ranger  mission,  however,  the  typical  time  tieup  of  this 
network  is  a matter  of  3 weeks  to  1 month  before  launch  while  the  net- 
work is  being  properly  prepared  for  the  launch  of  that  particular 
Ranger  mission.  'There  is  the  mission  itself,  which  represents  some  60 
hours,  or  on  that  order,  and  then  a considerable  postflight  period  of 
calibration,  on  the  order  of  2 or  3 weeks. 

So  it  is  the  mission  time  plus  the  order  of  IK  to  2 months  that  the 
network  is  tied  up  on  a particular  flight. 

Mr.  Boone.  It  is  not  feasible,  then,  to  schedule  other  missions  at 
the  same  time,  so  for  say  one  1-hour  period  you  look  at  one  satellite, 
and  then  as  the  Earth  rotates  utilize  the  antenna  for  another  set  of 
satellites. 

Mr.  Truszynski.  Generally  not  in  a single  8-hour  period,  no.  This 
is  a matter  of  the  missions  having  their  own  particular  characteristics, 
and  to  support  a different  mission,  such  afi  a Mariner,  in  a short  8-hour 
period,  might  require  changes  of  feed  structure  on  the  antenna  and 
calibrations  to  be  carried  out  that  are  beyond  our  capability  of  doing 
in  an  8-hour  period  ari  then  having  to  switch  back  to  a Ranger-type 
mission. 

Mr.  Boone.  You  are  developing  broad-band  feeds,  though,  so  that 
you  could  do  this,  is  that  right? 

Mr.  Truszynski.  Yes,  we  are,  Mr.  Boone.  In  the  S-band,  when 
the  network  is  finally  in  its  S-band  capability  both  Ranger-  and 
Mariner-type  missions  can  be  covered  without  changing  the  specific 
feed,  that  is  correct? 

Mr.  Roush.  Go  ahead,  Mr.  Truszynski. 

Mr.  Truszynski.  The  next  item,  “Data  transmission  and  process- 
ing equipment,”  is  that  equipment  that  is  necessary  to,  once  the 
information  is  received  by  the  antenna,  put  it  into  a form  that  is 
capable  of  both  transmission  back  to  the  control  center  for  insertion 
into  a computer  as  well  as  for  presentation  at  the  site  locally  for 
monitoring  purposes,  to  determine  the  status  of  the  mission  itself. 

The  “Digital  data  and  instrumentation  system”  is  that  part  of 
the  system  that,  once  the  information  is  received,  puts  it  in  proper 
format  for  recording  on  a magnetic  tape  system  and  in  a format  that 
is  compatible  with  an  electronic  computer  to  allow  us  then  to  carry 
on  the  subsequent  computations  at  the  laboratory. 

“Test  transponder  and  calibration  equipment”  refers  to  the  test 
items  needed  in  conjunction  with  a ground  network  station  to  perform 
checkout  functions  as  to  its  proper  operational  capability.  In  gen- 
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eral,  a transponder  is  similar  to  the  general  transmitting  unit  aboard 
the  spacecraft,  installed  sufficiently  far  from  the  antenna  to  allow 
it  to  energize  it,  and  the  total  antenna  system  is  checked  out  through 
the  use  of  this  type  of  unit. 

The  “Remote  collimation  equipment”  is  that  equipment  necessary 
to  install  on  a collimation  tower,  which  is  a tower  associated  with 
these  antennas,  again  sufficiently  far  removed  to  allow  us  to  properly 
aline  the  axes  of  the  antenna,  reference  the  axes  to  some  known 
geographical  points  in  the  local  area,  as  well  as  with  the  true  north 
line. 

“S-band  acquisition  aids  and  equipment”  refers  to  that  equipment 
necessary  as  a part  of  the  total  system  to  allow  you  to  first  acquire 
the  target  or  space  vehicle,  as  it  comes  into  range  of  the  network 
station.  This  is  a smaller  antenna  with  a broader  beam  that  allows 
you  to  search  a bigger  part  of  the  sky  and  rapidly  obtain  the  signal 
from  the  space  vehicle,  and  in  turn  the  signals  from  this  particular 
unit  are  fed  into  the  large  antenna,  which  is  then  pointed  in  the  proper 
direction  to  receive  data  from  the  spacecraft. 

Our  “Mobile  S-band  range  and  doppler  station”  is  a unit  that  will 
allow  us  to  provide  coverage  in  areas  where,  during  the  early  phases 
of  a mission,  there  are  no  deep-space  network  facilities  capable  of 
actually  observing  the  vehicle.  Tnis  type  of  situation  arises  shortly 
after  launch,  between  the  end  of  coverage  provided  directly  in  the 
launch  area  and  the  point  at  which  the  first  deep-space  network  station, 
which  is  in  South  Africa,  can  see  the  vehicle.  There  is  a rather  long 
time  wherein  no  information  is  received.  Things  happened  on  pre- 
vious flights  during  this  no-coverage  time  period,  which  we  feel  would 
have  been  extremely  valuable  information  in  postflight  analysis  as 
to  what  the  failure  of  the  on-board  spacecraft  system  actually  was. 
This  station  will  allow  us  to  provide  coverage  on  a per-mission  basis 
by  flying  it  down  or  shipping  it  down  and  rapidly  installing  it  where 
it  would  provide  coverage  of  a critical  no-coverage  area. 

Mr.  Wydler.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  Where  would  be  an  area  like  that,  where  would  you 
place  this,  between  here  and  South  Alrica? 

Mr.  Truszynski.  On  one  of  the  down-range  islands  of  the  Atlantic 
Missile  Range.  Ascension  Island  would  be  a particularly  good  loca- 
tion, because  many  of  the  flights  out  of  Cape  Canaveral  do  come  within 
range  of  Ascension  Island. 

Mr.  Wydler.  Does  this  have  any  connection  with  these  proposed 
tracking  ships  that  you  are  proposing? 

Mr.  Truszynski.  No,  sir. 

Mr.  Wydler.  Can  they  do  this  job,  at  all? 

Mr.  Truszynski.  This  is  not  the  type  of  job  we  would  use  a track- 
ing ship  for.  It  is  a specialized  measurement  capability. 

Mr.  Wydler.  That  is  what  a ship  is  for. 

Mr.  Buckley.  May  I speak? 

Mr.  Wydler.  I don’t  want  to  get  into  the  ships,  I know  we  are 
going  to  bring  that  up  specially,  but  I just 

Mr.  Buckley.  No,  that  is  a proper  comparison.  We  would  never 
use  a ship,  nor  would  DOD  use  a ship,  if  there  were  a possibility  of 
putting  in  a land  station,  which  is  much  more  simple  and  economical. 
So  you  wouldn’t  be  using  a ship  for  this  job  if  you  can  get  on  an  island 
and  put  such  a piece  of  equipment  there. 
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We  are  faced  with  the  problem  relative  to  Apollo  of  coverage  over 
broad  ocean  area  where  there  is  no  land.  I will  talk  about  that  later. 
So  if  we  can  use  a downrange  island  we  will  do  it. 

Now  this  equipment  is  specifically  mated  with  the  equipment  in  the 
spacecraft.  Incidentally,  this  is  in  accordance  with  the  standard  pro- 
cedure that  the  Department  of  Defense  has  used  for  all  telemetry 
through  this  range  down  to  Ascension.  All  their  standard  facilities 
are  used,  but  the  practice  is  if  there  is  a spacecraft  with  special  equip- 
ment aboard,  a special  telemetering  station  is  installed  to  mate  with 
the  space  station ; this  is  such  equipment. 

Mr.  Hechler.  You  have  not  definitely  selected  Ascension  Island? 
It  is  just  a probability? 

Mr.  Truszynski.  That  is  right.  Just  a typical  example  of  the 
type  of  place  that  could  provide  a location.  This  is  a mobile  r ation 
and  will  be  actually  moved  on  a permission  basis  to  the  location  best 
suited. 

Mr.  Boone.  Why  don’t  you  ask  the  military  to  do  this  for  you? 
It  seems  to  me  they  have  all  the  basic  equipment  you  need,  with  some 
slight  modification,  and  they  could  do  this  for  you.  I am  thinking 
about  the  typical  example  you  gave,  anywhere  along  the  Atlantic 
Missile  Range  they  have  equipment  that  could  be  modified  to  this 
with  ease. 

Mr.  Truszynski.  That  is,  in  general,  correct.  Where  data  require- 
ments are  of  a general  nature,  we  do  use  this  capability  of  the  AMR. 
Wherever  a tracking  requirement  exists,  for  example,  that  matches 
the  onboard  equipment,  this  is  used. 

The  difference  here  is  that  this  is  specifically  spacecraft  oriented 
type  of  equipment.  It  is  for  only  that  type  of  information  that  is 
found  aboard  a Ranger  or  Mariner  spacecraft.  As  far  as  the  AMR 
is  concerned,  it  is  a one-of-a-kind  type  of  animal,  and  is  quite  spe- 
cialized and  doesn’t  have  general-purpose  use.  Another  factor  is 
that  it  will  become  part  of  a total  system,  that  it  will  be  part  of  the 
larger  deep-space  network  system. 

It  is  in  general  more  efficient,  we  feel,  to  handle  it  as  one  of  our 
stations,  since  it  provides  rather  specialized  piece  of  data  coverage. 
It  is  not  infeasible  for  the  military  to  do  this.  However,  it  represents 
a rather  specific  narrow  responsibility  that  in  general  is  better  handled 
as  part  of  the  user’s  system. 

Mr.  Boone.  Is  this  to  fill  in  the  gap  that  your  deep  space  network 
does  not  provide? 

Mr.  Truszynski.  Yes,  during  the  low-altitude  postlaunch  period, 
when  the  vehicle  is  still  in  its  parking  orbit. 

Mr.  Boone.  Are  you  suggesting  this  low  data  rate  telemetry,  is 
this  what  makes  it  peculiar  to  the  military  system? 

Mr.  Truszynski.  No,  I am  not  suggesting — — 

Mr.  Boone.  If  it  is  low  enough  orbit  they  can  get  it  with  radar. 

Mr.  Truszynski.  The  radar  can  provide  and  is  used  for  tracking. 
This  is  a data-reception  station,  for  telemeter  information  that  is 
required  during  this  postlaunch  period.  This  is  not  a tracking  device. 

Mr.  Roush.  Mr.  Buckley. 

Mr.  Buckley.  Mr.  Boone,  I will  see  if  I can  help  on  this. 

The  telemetering  and  monitoring  equipment,  used  on  the  boosters, 
is  pretty  much  standardized,  and  we  use  the  DOD  facilities  on  all  of 
these  boosters. 
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Now  on  the  spacecraft,  it  gets  pretty  special,  as  to  the,  say,  switch- 
ing rate  of  the  telemeter  and  the  associated  displays  and  checkout 
equipment  used  to  evaluate  the  spacecraft  before  launching  and  on 
the  way  down  range.  This  is  a common  condition;  for  instance,  cn 
Mercury,  there  was  a whole  building  full  of  equipment  tied  right  to 
the  capsule,  first  by  coaxial  cable,  later  by  telemeter,  to  evaluate  how 
that  was.  working  before  and  after  launch.  That  was  special  for  the 
Mercury  job,  and  there  will  be  the  same  sort  for  the  deep  space  ones. 

Why  do  we  need  it  down  range?  We  had  a case  in  one  Ranger 
where  something  happened  from  the  time  we  last  saw  it  from  the 
Cape  and  next  saw  it  in  South  Africa,  and  could  we  have  ascertained 
the  sequence  of  events  we  could  have  probably  found  the  cause  and 
the  probable  cure.  There  is  a gap  during  an  important  part  of  the 
mission.  Once  it  gets  out  far  enough,  the  stations  are  on  it  all  the 
time,  but  here  is  a gap  that  is  not  covered.  So  this  is  adapted  particu- 
larly to  the  deep  space  missions  and  is  in  this  area  because  of  a blank 
in  the  coverage. 

Mr.  Roush.  In  what  period  of  time,  for  what  period  of  time, 
would  this  blank  occur? 

Mr.  Buckley.  You  mean  in  minutes? 

Mr.  Roush.  Yes. 

Mr.  Buckley.  Not  long.  I would  think  perhaps  15  minutes. 
But  it  is  hard  to  equate  the  minutes  and  the  value  of  the  mission, 
because  if  this  is  where  something  fails  and  you  can’t  find  out  what 
happened  and  why,  it  is  pretty  hard  to  go  back  and  make  a cure  before 
the  next  time.  You  spend  a major  amount  of  money  sending  up  the 
next  vehicle. 

Mr.  Roush.  Is  there  any  of  this  equipment  that  is  designed  for  a 
one-shot  mission,  which  cannot  be  used  again  and  again  and  again? 

Mr.  Buckley.  Do  you  mean  ground  equipment? 

Mr.  Roush.  Yes. 

Mr.  Buckley.  I know  of  none,  sir. 

Mr.  Boone.  May  I ask  one  more  question? 

Mr.  Roush.  Yes. 

Mr.  Boone.  Could  you  give  us  more  examples  of  where  you  might 
use  that  particular  type  of  equipment?  That  might  be  helpful. 

Mr.  Buckley.  I only  recall  that  one  failure  in  that  area.  If  we 
have  any  more  failures,  I would  be  considerably  remiss  in  my  job  if  I 
had  not  supplied  something  to  cover  it  the  next  time  it  happens. 

I don’t  think  we  have  had  another  failure.  On  the  other  hand,  we 
have  had  corresponding  failures  on  other  missions  and  been  in  con- 
siderable doubt  as  to  what  happens.  I will  illustrate  with  a PMR 
firing,  where  the  spacecraft  went  north  past  Madagascar,  where  it 
was  inserted  into  circular  orbit  and  the  antennas  and  the  solar  panels 
unfolded.  Then  something  happened  in  the  spacecraft,  and  we  had 
not  provided  telemetering  at  that  point.  This  is  where  changes  are 
occurring,  where  things  are  scheduled  to  happen,  and  if  something 
breaks  down  in  the  sequence  you  would  like  to  know  what  it  is.  So 
again  we  have  the  problem  of  putting  in  a mobile  station  in  the 
Madagascar  area,  for  a parallel  reason.  This  is  for  a different  type  of 
mission,  however. 

Mr.  Roush.  Thank  you. 

Will  you  go  ahead,  Mr.  Truszynski? 
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Mr.  Truszynski.  The  last  two  items  are  the  “Magnetic  tape  re- 
corders”, by  which  the  information  received  is  recorded  directly  at 
the  stations. 

The  “Automatic  test  and  checkout  equipment”  is  a system  that 
allows  us  to  automate  the  procedure  of  checking  out  one  of  these 
complex  85-foot  antenna  stations.  There  are  a whole  series  of  test 
procedures  that  are  required  during  the  preparation  of  a station  like 
this  for  a flight.  These  include  checks  of  various  subsystems,  drive 
systems,  and  proper  tuning  procedures.  It  is  a rather  lengthy  pro- 
cedure that  we  feel  can  be  automated  to  the  point  where  a considerable 
decrease  in  time  is  required  for  the  preparation  of  a station  for  a 
particular  mission. 

Mr.  Roush.  Referring  back  to  the  “Magnetic  tape  recorder,”  in 
this  area  generally  do  you  have  enough  skilled  help  to  make  use  of  all 
the  information  that  you  do  record?  What  I am  asking  is:  Is  there 
a waste  in  the  recording  process,  a waste  simply  because  there  are  not 
enough  people  to  interpret  it? 

I realize  it  would  be  hard  to  define  “waste,”  where  to  draw  the  line. 
I am  asking  a general  question. 

Mr.  Truszynski.  The  real  analysis  of  this  information  is  done 
back  at  the  laboratory  as  opposed  to  any  analysis  of  this  information 
at  a station.  The  only  analysis  at  a station  is  made  to  assure  that  the 
information  is  being  received  and  properly  recorded. 

The  information  itself  is  reduced  into  scientific  form  at  the  labora- 
tory and  then  it  is  the  job  of  the  individual  experimenter  responsible 
for  the  onboard  experiment  to  analyze  this  information,  and  they  are 
quite  expert  at  this.  The  skilled  help  comes  from  that  area. 

Mr.  Hechler.  Mr.  Truszynski,  would  you  explain  again  what  the 
$460,000  is  going  to  be  used  for  on  the  tape  recorders? 

Mr.  Truszynski.  The  items  in  this  area  are  the  actual  recorders 
themselves. 

Mr.  Hechler.  New  recorders? 

Mr.  Truszynski.  Yes. 

Mr.  Hechler.  How  many  new  recorders? 

Mr.  Truszynski.  About  three  new  recorders. 

Mr.  Roush.  It  probably  is  “about,”  is  that  right?  You  say 
“about”? 

Mr.  Truszynski.  It  represents  a figure  between  three  and  four. 
There  are  some  associated  electronics  and  miscellaneous  equipment  in 
that  figure. 

Mr.  Hechler.  It  wouldn’t  be  one  and  a half  recorders? 

Mr.  Truszynski,  No,  sir. 

Mr.  Boone.  Those  are  production  recording  equipments  ihat  can 
be  purchased  without  development,  is  that  correct? 

Mr.  Truszynski.  In  general  these  are,  yes. 

Mr.  Boone.  What  do  you  mean,  “general”? 

Mr.  Truszynski.  Because  the  recorder  itself  is  an  item  that  can 
be  bought  these  days.  There  are  additional  electronic  components 
required  to  put  the  information  that  comes  out  of  one  of  these  stations 
in  a form  the  recorder  itself  can  handle.  That  is  why  I say  “in 
general.” 

Mr.  Hechler.  How  much  are  recorders  these  days?  Are  the 
prices  going  up? 

Mr.  Truszynski.  I think  it  is  fair  to  say  the  prices  are  going  up, 
sir. 
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Mr.  Hou3H.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  How  do  you  intend  to  let  this  contract,  on  what 
basis?  Would  it  be  negotiated,  competitive,  or  what? 

Mr.  Truszynski.  For  the  tape  recorders,  the  specific  contract 
for  the  tape  recorders? 

Mr.  Rumsfeld.  Yes. 

Mr.  Truszynski.  Where  it  is  a standard  enough  type  of  equip- 
ment, it  is  advertised.  If  it  is  a type  of  equipment  that  requires  some 
specific  modification  in  terms  of  its  data  format  it  is  competitively 
advertised,  and  negotiated. 

Mr.  Wydler.  Those  are  conflicting  things,  aren’t  they?  Com- 
petitively advertised  and  negotiated. 

Mr.  Truszynski.  Competitively  negotiated,  I am  sorry,  is  the 
proper  term. 

Mr.  Roush.  Are  there  any  other  questions  on  the  deep-space- 
network  item? 

Mr.  Rumsfeld.  I have  a good  many  questions  on  the  procurement 
policies,  but  I think  it  might  be  better  to  defer  them  until  the  com- 
pletion of  this  section,  because  they  involve  all  these  areas. 

Mr.  Roush.  Let's  move  to  page  27,  the  category  of  “Launch  area 
instrumentation.” 

Mr.  Truszynski,  are  you  going  to  discuss  this,  also? 

Mr.  Truszynski.  Yes.  This  entire  group  of  items  represents 
equipment  required  at  Wallops  Station. 

“Photographic  processing  equipment”  is  associated  with  the  large 
amount  of  photographic  instrumentation  that  is  used  at  this  par- 
ticular station.  I believe  some  of  it  was  described  yesterday  in  tenns 
of  the  reentry  tests  which  are  covered  by  optical  instrumentation, 
both  in  the  immediate  area  and  on  the  east  coast  of  the  United  States, 
as  well  as  at  Bermuda,  and  on  the  one  range  ship  that  Wallops  Island 
has. 

“Range  camera  equipment”  covers  specific  additions  to  the  optical 
instrumentation  that  allows  us  to  record  information  in  the  different 
optical  spectrums  that  are  required  for  the  very  high-speed  reentry 
tests,  to  determine  more  specifically  what  parts  of  the  vehicle  as  it 
reenters  are  beginning  to  ablate  before  others.  It  is  a type  of  camera 
equipment  that  allows  us  to  examine  specific  parts  of  the  optical  spec- 
trum. 

“Aircraft  calibration  and  test  instrumentation”  is  involved  with 
equipment  installed  in  an  aircraft  to  provide  station  checkout  for 
the  various  tracking  stations  in  the  Wallops  Island  area. 

“Antenna  system  modification”:  There  are  some  extensions  to 
the  present  capability  that  should  be  provided  at  Wallops  Island  in 
terms  of  higher  gain  antennas.  In  addition,  one  of  the  antennas 
originally  procured  at  Wallops  is  being  heavily  used  for  Tiros  support, 
and  the  basic  programs  at  Wallops  require  use  of  an  antenna  of  this 
capability.  Some  of  these  funds  will  be  used  to  procure  an  antenna 
that  will  allow  coverage  of  these  programs  while  still  maintaining 
coverage  of  the  Tiros  program. 

Mr.  Wydler.  Bv  modification,  you  mean  actually  part  of  this 
240,000  is  for  purchase  of  a new  antenna? 

Mr.  Truszynski.  Yes,  sir.  Antenna  system  modification. 

Mr.  Wydler.  1 couldn’t  help  but  notice  this  item  goes  up  100 
percent  every  year.  Can  we  look  for  the  request  to  be  $480,000  next 
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year?  I notice  its  progression  is  exactly  100  percent  each  year,  this 
request  for  antenna  system  modification  item  at  Wallops  Island. 

Do  you  notice  that  fact? 

Mr.  Buckley.  Wallops,  by  the  way — I am  sorry  you  didn’t  get 
down  there. 

Mr.  Roush.  We  are  going  there. 

Mr.  Buckley.  If  I may  digress  for  a moment 

Mr.  Roush.  As  long  as  you  don’t  take  too  long. 

Mr.  Buckley.  It  must  fire  some  200  major  rockets  and  some  200 
minor  ones  in  a year  to  carry  on  more  advanced  aerodynamics  studies 
and  additional  work  parallel  to  that  called  reentry  physics,  studying 
what  happens  to  vehicles  when  they  reach  extreme  speeds  coming  in. 

It  is  also  used  for  component  checkout.  For  some  of  the  major 
satellites,  many  components  such  as  the  folding  antennas  were  checked 
out  there,  and  also  the  landing  devices  and  the  systems  inside  the 
capsule  for  Mercury. 

I mentioned  yesterday  they  were  firing  for  Army,  Navy,  and  AEC. 
On  on'-  job  there  are  58  cameras  installed  on  Bermuda  to  support  one 
of  tfc  agencies  firing  from  Wallops  and  we  try  to  use  some  of  our 
cameras,  too. 

This  is  a very  actively  changing  place,  and  not  for  things  that  are 
planned  years  ahead.  The  AEC  can  come  in  with  something  and  say, 
“Can  you  fire  in  3 months?”  maybe,  and  I wouldn’t  be  at  all  surprised 
if  the  antennas  had  to  be  adapted  and  modified  for  such  jobs,  because 
of  the  complexity  of  the  type  of  operation. 

Mr.  Roush.  Does  NASA  charge  the  other  agencies  or  services  for 
the  use  of  this  equipment? 

Mr.  Buckley.  No,  sir. 

Mr.  Rou3H.  Do  they  also  have  perhaps  rather  similar  equipment 
at  WaJloy>.  Island? 

Mr.  Buckley.  Not  unless  it  is  extremely  special  for  the  job. 

Mr.  Roush.  Do  they  charge  NASA  for  the  use  of  this  other  equip- 
ment that  might  be  especially  special  for  the  job? 

Mr.  Buckley.  They  do  not.  I can't  remember  a case.  We  make 
extensive  use  of  anything  that  is  there  at  any  time.  There  is  a lot  of 
use  of  things  brought  in  from,  say,  Lincoln  Laboratory  or  the  univer- 
sities, for  instance. 

Mr.  Roush.  Are  there  any  other  questions? 

The  next  two  items — the  $75,000  and  $80,000  items — is  there 
anything  special  about  them  that  the  designation  given  to  them  would 
not  cause  to  be  self-explanatory? 

Mr.  Tbuszynski.  I don’t  believe  so. 

Mr.  Roush.  Mr.  Hechler. 

Mr.  Hechler.  You  didn’t  mention  anything  on  maintenance 
spares  and  replacement.  Mr.  Wydler  commented  on  the  100-percent 
increase  on  antenna  systems  modification . But  this  item  has  increased 
over  100  percent.  Uould  you  explain  the  reason  this  has  been  such  a 
staggering  increase? 

Mr.  Truszynsxi.  Some  of  this  represents  refurbishing  the  basic 
installations  that  have  been  on  Wallops  Island  for  many  years  now. 
These  are  replacements  of  cable  ways  for  a communications  system 
which  extends  over  a rather  extensive  portion  of  the  island.  These 
have  been  installed  now  for  some  years  and  suffer  very  severe  deteriora- 
tion in  that  part  of  the  country,  where  it  is  immediately  adjacent  to 
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salt  water,  and,  as  you  know,  last  year  there  was  a rather  large  storm 
that  caused  quite  a bit  of  flooding  oyer  some  of  these  areas.  This 
item  this  year  is  increased  to  replace  damaged  systems. 

Mr.  Hechler. .Assuming  you  don’t  have  a storm  and  everything 
goes  all  right,  will  this  replacement  investment  be  enough  to  take 
care  of  it  so  that  we  could  look  for  not  perhaps  a reduction,  but  at 
least  a plateau  in  this  field  of  expenditure  in  the  future? 

Mr.  Truszynski.  I would  certainly  hope  so. 

Mr.  Hechler.  I would  hope  so,  too. 

Mr.  Roush.  We  move  to  the  “Aerodynamics  teat  range.”  On  the 
first  item  of  $250,000  that  appears  to  be  self-explanatory. 

Does  anyone  have  a question? 

If  not,  perhaps  the  next  item  should  have  a sentence  or  paragraph 
explanation,  Mr.  Truszynski,  if  you  could  provide  that. 

Mr.  Truszynski.  The  only  item  we  have  for  the  “Aerodynamics 
test  range”,  is  to  refurbish  one  of  the  antenna  pedestals  that  has  had 
some  2,000  hours  on  it,  and  that  requires  considerable  work  this  year. 

Mr.  Roush.  You  have  two  stations;  one  has  half  as  much  usage 
as  the  other,  and  you  are  refurbishing  the  one  that  has  had  the  exten- 
sive use? 

Mr.  Truszynski.  Exactly. 

Mr.  Roush.  If  there  are  no  questions  here,  let’s  move  to  the  next 
general  category  of  “Communications  network.”  Perhaps  this  would 
demand  a general  explanation  for  the  entire  category.  The  various 
items  seem  for  the  most  part  to  be  self-explanatory. 

Could  you  give  us  a general  explanation  of  this,  very  general  and 
brief? 

Mr.  Buckley.  Yes.  Yesterday  I said  our  general  policy  is  to  use 
leased  circuits  for  communications.  But  there  are  various  places 
where  a local  arrangement  is  needed,  where  we  have  to  carry  infor- 
mation from  one  place  to  another  at  the  ends  of  the  long  leased 
circuits.  This  can  be  from  shore  to  ship,  as  on  the  Syncom,  where 
the  Syncom  ship  was  in  the  harbor  of  Lagos,  Nigeria,  and  we  had  a 
circuit  from  ship  to  shore,  and  another  circuit  up  to  Kano,  Nigeria, 
to  cut  into  another  network  at  Kano,  and  come  back  through  London. 
We  set  up  two  circuits  to  that  ship  for  insurance.  This  type  of 
equipment  covers  these  terminal  areas. 

The  last  item,  the  major  one,  results  from  a study  that  has  been 
going  on  in  an  effort  to  make  more  flexible  use  of  this  communications 
network  that  we  lease.  A switching  system  of  this  type  is  under 
development  and  in  use  by  the  telephone  company  in  some  areas. 
The  studies  indicate  we  can  adopt  this  to  our  use,  and  will  be  able  to 
mix  circuits  together  with  such  a switching  system  and  probably 
reduce  the  cost  of  our  communications.  This  study  continues 
through  this  year  on  how  to  cut  these  commimications  costs. 

At  the  moment  we  have  a switching  center  of  limited  capability  in 
San  Francisco,  and  another  in  London,  so  that  we  go  to  London  by 
cables  and  then  switch  into  various  circuits  going  to  individual 
stations. 

We  would  like  to  improve  this  switching  capability  and  make 
more  cross-use  of  our  circuits. 

Mr.  Roush.  Does  any  member  have  a question  pertaining  to  the 
communications  network  category? 
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If  not,  move  to  the  next  item  on  page  75  of  volume  5,  “Processing 
and  handling.”  We  do  have  some  major  items  here.  It  might  be  well 
for  us  to  have  a more  specific  explanation  of  these  items. 

Mr.  Truszynski.  The  first  item,  “Satellite  telemetry  reduction 
system,”  covers  the  automatic  processing  systems  required  to  extract 
the  information  recorded  on  magnetic  tape  at  the  network  stations. 
This  is  electronic  equipment  allowing  you  to  play  the  recorded  tape 
into  the  system  and  extract  from  this  the  individual  channels  of  infor- 
mation that  are  recorded,  and  in  turn  put  them  into  a proper  format 
that  allows  subsequent  reduction  by  an  automatic  digital  computer. 
It  also  provides  a means  for  checking  the  quality  of  the  information 
on  the  tape  to  assure  that  information  that  is  not  correct  does  not 
get  processed  through  parts  of  the  line. 

Mr.  Roush.  Does  NASA  have  a similar  system  now,  or  is  this 
entirely  new  to  NASA? 

Mr.  Truszynski.  Some  of  these  units  are  in  existence,  as  reflected 
by  the  funding  in  the  1963  column.  The  fiscal  year  1964  funds  will 
cover  additional  systems  to  keep  up  with  the  data  processing  load  from 
the  increased  satellite  and  deep  space  probe  flights. 

“Telemeter  off-line  processing  systems,”  the  next  item,  is  equip- 
ment that  allows  us  to  process  information  in  a different  format  than 
that  which  we  are  presently  using.  As  we  mentioned  yesterday, 
pulse-code  modulation  is  becoming  one  of  the  primary  systems  we 
will  use  in  the  larger  satellites.  These  systems  will  be  capable  of 

{>ro cessing  this  particular  type  of  modulation  information  from  the 
arger  observatory  class  satellites. 

“Special  purpose  data  processors”  are  small  capacity  electronic 
computers  that  allow  us  to  handle  information  in  a more  expeditious 
and  more  economical  way  than  trying  to  use  very  large  computers. 
There  are  instances  where  rapid  reduction  of  information  is  required 
to  allow  us  to  properly  observe  how  a station  or  group  of  stations  is 
working.  This  type  of  computer  allows  us  to  process  a small  amount 
of  information  rapidly  for  a specific  purpose,  rather  than  putting  it 
through  a very  large  computer  program. 

“Automatic  analog  data  tape  evaluation  equipment”  allows  us  to 
keep  a running  check  on  the  quality  of  the  taped  information,  so  that 
we  don’t  run  for  long  periods  recording  poor  data  at  a network  station. 

“High  speed  plotter-printers”  are  devices  used  to  plot  up  the  reduced 
information  for  analysis  by  the  experimenter. 

Mr.  Roush.  We  omitted  the  item  of  “Maintenance,  spares  and 
replacement.”  Is  this  due  to  fair  wear  and  tear? 

Mr.  Truszynski.  In  this  case,  yes. 

Mr.  Roush.  Mr.  Ryan. 

Mr.  Ryan.  What  is  due  to  fair  wear  and  tear,  the  omission  or  the 
tripling  of  the  amount? 

Mr.  Truszynski.  The  larger  amount  this  fiscal  year  is  directly  a 
function  of  the  additional  amounts  of  equipment  that  will  be  in  use. 

Mr.  Ryan.  You  have  gone  from  $85,000  in  1962  to  $412,000  in 
1963  and  $1,305,000  in  1964. 

Mr.  Truszynski.  Yes,  sir.  This  is  about  a 10-percent  factor  for 
maintenance,  spares  and  replacement  for  the  increased  amount  of 
equipment. 

Mr.  Ryan.  What  do  you  predict  for  1965? 
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Mr.  Truszynski.  I think  it  is  fair  to  say  that  on  a percentage 
basis  it  would  be  probably  similar  to  this. 

Mr.  Ryan.  Tripled? 

Mr.  Truszynski.  No,  sir;  I don’t  mean  an  increase  in  that  direc- 
tion. It  very  likely  could  be  doubled. 

Mr.  Hechler.  That  is  going  down,  though,  if  you  increase  it  five- 
fold,  then  threefold,  and  then  only  twofold,  in  a sense. 

Mr.  Roush.  Mr.  Hechler,  did  you  have  a question? 

Mr.  Heckler.  About  how  much  of  the  data  processing  and  handling 
would  you  say  would  be  directly  related  to  the  manned  flight  program? 

Mr.  Truszynski.  None  of  this  equipment  will  be  directly  related 
to  the  manned  flight  program. 

Mr.  Hechler.  Thank  you. 

Mr.  Roush.  Other  questions? 

Mr.  Fulton  of  Tennessee.  I would  like  to  point  out  the  same 
tendency  yesterday  and  today  to  skip  over  maintenance,  spares  and 
replacements.  It  is  $15,355,000  for  maintenance,  spares  and  replace- 
ments, as  I rapidly  add  it.  It  seems  to  me  that  is  important  enough 
to  warrant  more  of  a discussion  rather  than  skipping  over  it  in  each 
explanation. 

Mr.  Roush.  Do  you  have  further  questions  on  this  item? 

Mr.  Fulton  of  Tennessee.  No;  I think  it  has  been  pursued. 

However,  Mr.  Ryan  did  ask  yesterday  a breakdown  on  one  of 
them,  as  to  what  the  maintenance,  spares,  and  replacements  were, 
where  they  are  going.  Also,  a question  was  asked  of  what  the  total 
volume  of  the  Bendix  contracts  was  in  connection  with  that. 

Am  I right,  Mr.  Ryan? 

Mr.  Ryan.  Yes.  I think  Mr.  Buckley  was  going  to  provide  the 
breakdown  of  Bendix. 

Mr.  Buckley.  Yes.  We  didn’t  bring  it  in  today,  sir.  We  have 
not  had  time  to  prepare  it. 

Mr.  Ftjlton  of  Tennessee.  When  could  we  expect  that,  Mr. 
Buckley? 

Mr.  Buckley.  Oh,  I think  very  early  next  week,  by  Monday. 

I would  like  to  speak  on  this  data  processing  and  handling  equip- 
ment for  just  a short  time. 

The  amount  of  data  we  have  collected  has  gone  up  by  a factor  of 
10,  and  the  same  is  expected  next  year  as  a result  of  the  observatory 
satellites.  The  type  of  equipment  put  into  use  in  this  last  year,  but 
anticipated  the  year  before,  is  six  automatic  processing  lines  at 
Goddard,  and  we  will  put  in  more  this  year.  So  the  jump  in  main- 
tenance, spares,  and  equipment  is  very  directly  associated  with  the 
amount  of  equipment  we  have  doing  this  automatic  job. 

Incidentally,  on  one  tape  that  we  collect  from  the  satellite,  there 
may  be  data  from  10,  15,  or  20  experiments.  We  have  to  cull  out 
a single  part  of  the  data — they  call  it  a bursting  process,  but  I 
would  rather  call  it  splitting  process — and  that  becomes  a tape  for 
the  experimenter,  but  the  engineering  data  onboard  such  as  the 
temperature  of  the  vehicle  and  voltage  supply  also  goes  to  the  ex- 
perimenter, and  that  is  what  these  data  processing  lines  do.  The 
jump  in  equipment  used  for  this  sort  of  thing  has  been  very  appreciable. 

Mr.  Roush.  Mr.  Buckley,  would  it  be  possible  for  you  to  provide 
a schedule  of  the  utilization  of  time  on  the  deep  space  network  over, 
say,  a 6-month  period? 
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(The  information  requested  is  as  follows:) 


Schedule  of  actual  hours  of  operation  for  the  deep-space  network  during  the  period 

July  1-Dec.  31,  1962 


Golds  tone 
(2  antennas) 

Woomera 

Johannesburg 

July 

478 

89 

77 

August  - 

623 

168 

168 

September 

1,126 

1,217 

1,093 

1,083 

544 

545 

October _ _ 

597 

616 

November 

540 

540 

December _ 

535 

535 

Not*.— This  actual  operating  time  averages  436  hours  per  month  per  antenna  system,  or  a rate  of  opera- 
tions of  2.3  shifts  out  of  a maximum  of  the  4 shifts  required  for  24-hour-psr-day,  7-day-per-week  operations. 


Mr.  Buckley.  Yes. 

Mr.  Roush.  Would  you  do  that? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  If  there  are  no  questions  directed  to  these  specific 
items,  I believe  Mr.  Rumsfeld  had  general  questions  he  wanted  to 
ask  in  that  area. 

Mr.  Rumsfeld.  Yes. 

I appreciate  you  would  have  to  provide  this  at  some  later  date.  I 
would  be  very  interested  in  seeing  a statement  indicating  the  dollar 
amounts,  as  well  as  the  percentage  of  the  total  funds,  which  have  been 
let  under  contract  to  firms  outside  NASA  in  each  of  the  various  types 
of  procurement  categories  under  which  you  at  NASA  work. 

Now  whether  it  be  straight  competitive  bid,  or  within  the  negotiated 
area — I believe  you  have  one  or  two  different  ways  of  doing  it,  is  that 
correct? 

Mr;  Buckley.  Yes. 

Mr.  Rumsfeld.  What  are  they  called?  One  is  sole  source  and  one 
is  competitive? 

Mr.  Williamson.  The  bases  of  contract  procurement  are  basically 
two:  Advertised  procurement,  and  negotiated  procurement. 

Negotiated  procurement  is  a class  you  can  break  down  many  ways. 
You  may  end  up  with  a sole  source  contract,  or  with  a competitively 
negotiated  contract.  Either  of  these  can  end  up  with  a fixed-price 
contract,  or  end  up  with  a cost  plus  incentive  fee  contract,  for  example. 

The  breakdown  goes  into  some  detail.  The  total  is  probably  on 
the  order  of  15  or  16  different  types  of  contracts.  For  example, 
service  contracts  are  different  from  hardware  contracts.  Personnel 
services  contracts  again  differ  from  construction  contracts.  Each  of 
these  has  its  own  framework  and  own  terms  of  reference. 

There  is  a report  to  the  Congress,  I believe,  that  covers  all  of  last 
year's  procurement,  broken  into  various  categories.  We  can  make  a 
copy  available.  [A  copy  was  subsequently  made  available  to  Mr. 
Rumsfeld.] 

Mr.  Rumsfeld.  1 would  like  that.  Thank  you. 

Do  you  feel  that  under  the  present  situation  you  are  getting  the 
maximum  use  out  of  the  dollars  in  the  contracts  which  you  are  not 
opening  up  to  competitive  bid? 

Mr.  Williamson.  Yes,  we  are.  You  say  “not  opening  to  competi- 
tive bid."  There  are  some  things  that  cannot  be  opened  to  competi- 
tive bid,  by  which  I take  it  you  mean  advertised  procurement,  with 
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detailed  specifications  where  anyone  in  the  industry  could  bid.  There 
are  a great  many  things  not  susceptible  to  this  kind  of  procurement. 
Services  is  one. 

Mr.  Rumsfeld.  Right.  And  will  you  set  out  a statement  of 
determinations  and  findings? 

Mr.  Williamson.  We  are  required  to  by  law  to  make  a determina- 
tion and  findings  for  each  one. 

Mr.  Rumsfeld.  Which  you  fail  to  put  out  under  advertised  bid? 

Mr.  Williamson.  The  Armed  Services  Procurement  Regulation 
under  which  we  operate  is  very  specific  in  this  matter.  We  follow 
it,  and  have  our  own  procurement  regulations  that  go  even  further. 
NASA  is  required  to  justify  each  choice  of  contract,  whatever  form 
it  takes. 

In  the  R.  & D.  business  it  is  very  difficult  to  write  advertising  speci- 
fications for  something  you  are  asking  a company  to  invent  for  you. 
You  are  asking  them  to  invent  something  to  perform  a job  that  is  still 
sometimes  pretty  far  in  the  future. 

Mr.  Rumsfeld.  The  Government  Accounting  Office  periodically 
comes  out  with  instances  where  there  have  been  situations  where 

Eroperly  the  contract  should  have  not  been  handled  on  a negotiated 
asis,  but  should  have  been  handled  on  a competitive  basis,  and  they 
point  out  differences  in  prices  which  possibly  one  service  pays  as 
opposed  to  another. 

The  papers  are  filled  with  this  sort  of  thing.  Five  and  six  reasons 
have  come  out. 

Has  NASA  ever  been  involved  in  any  of  these  to  your  knowledge? 
Mr.  Williamson.  I don't  know.  I don't  think  so,  but  I don’t 
know. 

Mr.  Wydler.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  I might  say,  the  recent  report  issued  by  the  General 
Accounting  Office  does  not  show  anything  of  that  nature  as  far  as 
NASA  is  concerned,  the  report  issued  for  1962. 

Mr.  Hechler.  Fiscal? 

Mr.  Wydler.  They  call  it  the  1962  report.  I presume  it  covers 
the  calendar  year  operations. 

Mr.  Rumsfeld.  That  is  all  I had  at  this  time. 

Mr.  Wydler.  Mr.  Chairman-,  may  I ask  a question? 

Mr.  Roush.  Yes,  Mr.  Wydler. 

Mr.  Wydler.  Mr.  Buckley,  what  are  you  doing  now  in  data  process- 
ing and  tracking  as  far  as  the  Apollo  project  is  concerned?  What  is 
planned  for  this  coming  fiscal  year  in  this  program? 

Mr.  Buckley.  Let's  take  the  tracking  case,  first,  in  the  stations. 
You  have  heard  woven  throughout  the  testimony  here,  the  story  that 
we  are  upgrading  the  Mercury  stations  to  Gemini  condition  and  will 
then  go  from  Gemini  to  the  Apollo  condition,  making  such  additions 
as  are  necessary,  not  only  to  the  existing  stations,  but  adding  to  the 
group  of  stations  as  may  be  necessary.  The  additions  will  be  the 
three  ships  we  will  talk  of  in  a few  minutes,  and  the  three  deep-space 
stations  that  will  be  part  of  a solid  integrated  Apollo  network. 

Mr.  Wydler,  But  these  deep-space  stations,  is  their  only  use  going 
to  be  for  the  Apollo  project? 

Mr.  Buckley.  If  you  go  after  a program  of  the  level  of  Apollo,  the 
ground  system  is  so  important  and  so  vital  that  you  plan  it  specifically 
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for  that  job.  Apollo  training  equipment  will  be  installed  at  Wallops 
Island,  and  everyone  going  to  a foreign  station  will  have  to  go  through 
this  twining  site. 

We  will  be  very  severe  about  the  fact  that  these  stations  have  to  be 
exact  duplicates  of  each  other,  so  if  1.0  or  30  minutes  before  launching 
you  have  a problem  in  Nigeria  or  Zanzibar,  that  station  doesn’t  seem 
to  the  people  in  the  control  room  to  be  5,000  miles  away.  The  com- 
munications and  your  knowledge  of  the  people  and  the  equipment 
there  is  such  that  you  are  thoroughly  familiar  with  them  and  you 
enter  into  trying  to  solve  their  problem  with  them  as  though  you  were 
right  at  the  station. 

This  happened,  for  instance,  with  20  minutes  to  go  on  the  Schirra 
flight.  We  had  a radar  problem  in  the  Canary  Islands  and  immedi- 
ately the  crew  at  Goddard  knew  what  had  probably  broken  down  and 
was  discussing  solutions.  We  had  a piece  of  equipment  in  the  station, 
not  in  the  building,  but  about  a mile  away,  that  we  were  able  to  get 
and  make  the  cure,  and  if  there  was  a holdup  on  the  Schirra  flight 
because  of  this,  it  wasn’t  more  than  15  or  20  minutes. 

We  have  had  breakdowns  in  other  equipment  at  other  stations. 
The  telemetering  equipment  at  Woomera,  Australia,  has  broken  down 
in  the  last  few  hours  before  a flight.  We  have  had  difficulty  with  it  in 
two  or  three  stations  2 hours  before  pickup. 

If  you  don’t  have  an  integrated  system  for  a major  program  such  as 
Apollo,  you  are  going  to  be  helpless  in  running  it. 

Mr.  Wydler.  I understand.  But  this  coming  1964  fiscal  year, 
are  there  items  in  the  1964  fiscal  year  proposed  budget  which  are  solely 
directed  toward  the  Apollo  program? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Wydler.  Can  you  tell  me  what  they  are?  Or  are  there  so 
many  of  them  that  this  is  impossible? 

Mr.  Buckley.  We  have  talked  about  equipment,  for  instance,  that 
is  going  to  be  at  those  stations.  We  are  going  to  talk  about  the  ships. 
We  are  going  to  talk  about  three  deep  space  stations. 

Mr.  Wydler.  In  other  words,  you  will  buy  equipment  in  1964  to 
be  used  on  the  Apollo  flights;  is  that  correct? 

Mr.  Buckley.  We  will  be  starting  on  a program  toward  getting 
these  stations  ready  for  Apollo ; yes. 

Mr.  Wydler.  And  this  equipment  will  only  be  used  for  when 
Apollo  is  actually  in  flight? 

Mr.  Buckley.  Not  only  while  it  is  in  flight,  but  in  all  the  prepara- 
tion getting  ready  for  each  Apollo  mission,  months  ahead  of  time. 

Mr.  Wydler.  Do  you  see  the  distinction  I am  trying  to  draw? 

Mr.  Buckley.  It  will  be  only  used  in  connection  with  the  Apollo 
program,  but  not  just  while  it  is  in  the  air. 

Mr.  Wydler.  All  right. 

Mr.  Roush.  If  there  are  no  other  general  questions,  we  would  like 
to  move,  Mr.  Buckley,  to  another  category  here.  We  would  like  to 
learn  about  the  instrumentation  ships  now,  and  this  is  in  volume  4, 
pages  CF13-32. 

For  those  of  you  who  are  here  as  visitors,  I should  tell  you  we  will 
reach  a point  in  our  discussion  when  we  must  go  into  executive  session. 
Of  course,  at  that  time  you  will  have  to  leave. 

I thought  I should  warn  you  ahead  of  time,  so  there  will  be  no 
embarrassment  at  the  time. 
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Mr.  Buckley.  Mr.  Chairman,  I am  going  to  uae  some  charts 
at  this  point  to  show  where  the  ships  are  gomg  to  be  and  indicate 
the  need  for  them. 

In  the  launchings  of  Apollo  (fig.  1)  we  have  to  launch  in  the  right 
direction  at  that  moment  to  intercept  the  Moon’s  path,  even  though 
we  approach  it  at  an  angle.  As  the  spacecraft  leaves  the  cape  and 
climbs  and  picks  up  speed,  it  comes  to  the  point  where  we  insert  it 
into  a parking  orbit.  The  vehicle  will  then  continue  around  the 
Earth  in  a circular  orbit  and  come  to  a place  where  we  inject  from  the 
parking  orbit,  which  is  roughly  circular,  into  the  trajectory  that 
will  go  out  to  the  Moon. 
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Figure  1 

The  injection  point  is  fixed  in  relation  to  the  Moon,  and  the  Earth 
turns  under  it.  Now  since  the  Moon  also  moves,  this  point  moves 
as  I will  show,  and  this  point,  relative  to  the  Moon,  is  in  a pre- 
determined position.  This,  however,  is  not  fixed  relative  to  the 
surface  of  Earth.  So  this  point  here  t -ointing)  may  be  at  different 
places  here,  depending  on  the  time  of  day  or  where  the  Moon  is 
relative  to  the  Earth. 

Now  I would  like  to  talk  about  the  first  part  of  the  mission  require- 
ments (fig.  2). 

The  calculations  that  have  been  made  show  that,  in  order  to  get 
into  the  right  path  to  the  Moon,  they  may  launch  from  the  cape  on 
an  azimuth  somewhere  between  73  degrees  and  106  degrees.  The 
calculations  they  have  made  so  far  show  that  when  this  vehicle  will 
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come  to  a point  Wi’are  it  should  be  inserted  into  a parking  orbit,  it 
will  be  inserted  into  parking  orbit  between  here  and  here  (indicating 
“insertion  area”  on  cnart). 

Now,  during  the  preparation  for  launch,  they  move  from  one  firing 
angle  to  another,  depending  on  the  firing  window.  If  they  are  delayed 
an  nour  the^  wdl  change,  in  other  words,  to  a new  launching  azimuth. 
The  launching  site  at  the  cape  is  fixed  so  they  will  adjust  the  guid- 
ance systems  to  put  the  vehicle  into  this  path  after  the  launching. 

The  instrumentation  coverage  is  shown  by  these  circles.  Here  is 
the  coverage  by  Antigua,  and  here  is  Bermuda.  The  insertion  area 
is  pretty  much  over  the  noninstrumented  ocean,  except  for  this 
section. 

We  plan  to  put  the  first  of  the  three  ships  into  this  area,  and  its 
effective  instrumentation  coverage  range,  depending  upon  the  height 
of  the  vehicle  at  that  point  in  its  path,  is  shown  by  the  circle. 

Mr.  Boone.  Is  that  a 600-mile-radius  circle?  And  do  those  circles 
show  radar  coverage? 

Mr.  Buckley.  Yes. 

Mr.  Boone.  It  is  beacon  response 

Mr.  Buckley.  There  will  be  an  S-band  system  on-board,  and 
there  will  be  C-band  equipment,  too. 

The  vehicle,  hav'ng  been  put  into  a circular  parking  orbit,  proceeds 
around  the  Earth  and  at  some  point  must  be  injected  into  the  path  to 
take  it  to  the  Moon  (fig.  3).  Calculations  show  it  will  be  done  at  a 
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Figure  3 

point  somewhere  within  black  bar  shown  here  in  the  Indian  Ocean; 
if  you  fire  on  a 73°  course  it  will  be  down  here  to  the  right,  if  you  fire 
on  a trajectory  between  the  two,  it  will  be  at  this  middle  point,  and 
106°  at  azimuth  it  would  occur  at  the  left  edge  of  the  bar.  So  there  is 
a particular  point,  then,  depending  on  the  time  of  day  you  fire  and  the 
location  of  the  Moon  relative  to  tne  Earth,  that  has  to  be  covered  by 
instrumentation. 

There  is  an  excellent  possibility  that,  instead  of  doing  this  a quarter 
of  the  way  through  first  orbit,  they  will  do  it  on  a later  orbit  in  order 
to  give  time  to  check  out  the  vehicle  after  it  is  put  into  the  parking 
orbit. 

In  fact,  there  is  an  inflight  checkout  system  that  has  been  mentioned 
under  “Equipment’'  just  for  this.  There  is  just  as  much  of  a count- 
down necessary  at  this  point  as  there  is  for  a normal  launching.  You 
must  check  out  all  the  equipment  through  certain  sequences  to  be 
sure  that  this  vehicle  going  around  the  Earth  in  a parking  orbit  is 
ready  now  to  go  to  the  Moon.  There  are  three  such  checkout  stations 
planned. 

It  will  take  some  time  to  check  it  out,  and  it  may  be,  one,  two,  or 
three  orbits  later  before  you  leave  for  the  Moon.  You  may  not  leave 
for  the  Moon  after  the  quarter  orbit  I mentioned  in  the  first  illustra- 
tion, but  only  after  a first  or  second  additional  orbit  beyond  that  (see 
fig.  i). 

Now,  assuming  that  we  can  take  off  one  full  orbit  later.  The  bar  of 
possible  injection  points  I showed  you  before  now  moves  to  the  left. 
Ninety  minutes  later,  to  hit  the  Moon,  the  vehicle  will  go  up  from  this 
new  position,  or,  depending  on  the  launch  azimuth,  some  intermediate 
position,  but  the  bar  of  all  possible  positions  moves  to  here,  south  of 
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Madagascar.  Going  to  the  chart  of  the  third  orbit  (fig.  4),  if  you  let  it 
go  two  full  orbits — remember,  this  right-hand  pale  outline  is  a quarter 
of  an  orbit,  the  next  is  one  and  a quarter,  and  this  black  one  is  two 
and  a quarter — the  locus  of  the  points  from  which  you  will  inject  into 
a trajectory  toward  the  Moon,  is  along  this  path  across  Africa. 

If  we  come  back  to  the  chart  of  the  first  orbit  (fig.  3),  if  you  aro 
delayed  and  can’t  fire  today,  say,  but  have  to  wait  until  tomorrow, 
this  bar,  the  loci  of  the  positions  here,  moves  some  250  miles  north- 
west to  a position  like  this,  because  of  the  changing  position  of  the 
Moon  relative  to  the  Earth.  For  a 2-week  period  it  moves  north, 
and  then  it  moves  back  south  again.  The  east-to-west  movement  of 
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possible  injection  points  along  the  bar  is  equal  to  the  turning  of  the 
Earth  during  an  hour  and  a half,  and  is  roughly  1,000  miles.  If  you 
wait  till  the  second  orbit,  it  would  be  another  thousand  miles  to  the 
west. 

Say  you  were  going  to  shoot  on  March  25  of  a certain  year,  at  3 
pim.  There  would  come  a time  30  minutes  later  where  the  Apollo 
spacecraft  would  be  at  this  point,  and  in  a position  to  inject  into  the 
path  to  the  Moon. 

On  the  other  hand,  if  you  let  it  £0  another  orbit,  this  would  be  half 
past  4 p.m.,  and  the  proper  injection  point  has  moved  to  here,  1,000 
miles  to  the  west. 

If,  however,  you  are  delayed  and  have  to  go  to  March  26,  the  pos- 
sible injection  points  will  move  up  250  miles  north. 

The  planning  that  is  going  on  as  to  what  time  to  launch  these 
vehicles,  how  to  get  ready,  the  limitations  of  time,  already  indicates 
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many  constraints.  If  you  narrow  down  the  time  in  a given  day,  and 
narrow  down  the  number  of  given  days,  this  becomes  an  exceedingly 
severe  constraint  on  the  mission. 

There  is  a corresponding  possibility,  and  that  is  injecting  from  points 
over  the  Pacific.  The  same  thing  happens.  There  will  be  a locus 
of  points  shown  here  by  the  bar  that  wfil  depend  on  the  time  of  day 
and  position  of  the  Moon.  That  will  move,  again,  east  to  west,  if 
they  decide  to  go  from  one  to  two  or  three  orbits.  The  checkout 
time  or  trouble  in  the  vehicle  could  readily  force  them  to  go  from 
sending  it  up  after  1 % orbits,  to  saying  “We  have  to  let  it  go  one  motfe 
full  orbit  until  we  verify  all  the  systems."  They  have  to  go  through 
a checkout  that  very  much  parallels  the  countdown  before  the 
original  launching.  They  figure  this  can  take  as  much  as  three  or 
possibly  four  orbits  after  launch. 

So  the  earliest  they  could  make  it  would  require  injection  from  some 
point  north  of  New  Guinea.  Figure  4 shows  orbit  3 here,  3%  orbits 
from  launch  time.  The  possible  injection  points  then  move  west  as 
the  Earth  turns  during  the  90  minutes  between  passes  from  that 
position  to  a new  one  over  Borneo. 

Now,  they  are  hoping  to  inject  over  this  area  (indicating  the 
Indian  Ocean).  The  studies  being  made  are  open  to  the  possibility  of 
doing  it  in  this  area  (indicating  the  Pacific).  At  this  point,  this  is 
where  they  are  in  relation  to  their  studies;  this  is  the  problem  they  are 
faced  with.  And  since  the  surface  of  the  Earth  is  75  percent  water, 
you  are  pretty  sure  you  can’t  get  out  of  the  problem  of  using  ships  to 
provide  coverage  of  the  injection. 

Remember,  this  ship  in  the  Bermuda  area  was  one  ship  requirement. 
We  then  decided  we  should  request  two  other  ships  to  help  solve  the 
injection  coverage  problem,  which  will  provide  only  a compromise 
solution.  It  still  leaves  the  project  with  major  constraints.  They 
will  try  to  force  their  planning  to  meet  this  constraint  if  we  can  provide 
the  three  ships.  It  constrains  them  as  to  how  long  they  can  wait  after 
their  first  planned  launch,  time  and  how  many  days  they  can  slip  their 
firing  from  the  assigned  date. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  What  is  the  time  again  between  the  point  where  you 
figure  it  on  a certain  date,  and  when  you  would  reach  that  exact  situa- 
tion again?  Is  it  every  month  that  you  could  start  over  again  in  the 
same  position?  In  other  words,  you  have  your  time  set  at  a specific 
time  and  hour,  and  miss  it  for  a reason 

Mr.  Buckley.  The  proper  injection  point  would  be  back  to  that 
exact  point  in  28  days. 

Mr.  Wydler.  Twenty-eight  days,  before  you  could  obtain  the 
exact  same  positions. 

Mr.  Boone.  You  could  wait  until  the  next  day  and  wait  an  hour 
and  a half  later,  and  still  be 

Mr.  Buckley.  In  that  case  the  position  has  moved  north,  however, 
because  the  Moon  has  changed  its  position  relative  to  the  Earth. 

Mr.  Roush.  Doesn’t  the  ship  in  that  length  of  time  move  sufficient 
distance  to  be  in  the  proper  position? 

Mr.  Buckley.  It  can  just  about  move  250  miles  in  1 day,  except 
that  this  would  not  allow  much  time  to  get  on  position  and  get  checked 
out  and  be  all  squared  away. 

Mr.  Roush.  You  spoke  of  two  ships,  but  you  are  asking  for  three. 
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Mr.  Buckley.  One  is  the  area  shown  on  the  first  '•hart,  you  re- 
member the  insertion  condition? 

Mr.  Roush.  Yes. 

Mr.  Buckley.  East  of  the  Bermuda-Antigua  line.  Then  two  for 
coverage  of  the  injection  positions  that  I talked  of,  and  I indicated 
the  probability  of  their  being  down  in  the  South  Africa  area. 

There  the  thought  is  if  you  can  inject  over  the  South  Africa  area 
you  have  the  chance  of  usmg  the  existing  DOD  station  at  Pretoria. 
This  would  give  us  three  land  and  ship  stations  in  that  area.  If  you 
have  to  inject  over  some  other  place  you  may  only  have  the  two 
ship  stations. 

Mr.  Roush.  Do  you  have  anything  further,  then,  Mr.  Buckley, 
on  a general  line,  or  were  you  finished  with  your  preliminary  statement? 

Mr.  Buckley.  The  instrumentation  that  is  on  these  ships  has  to 
be  exactly  like  the  instrumentations  in  all  the  other  stations,  and 
show,  ln’t  be  changed  from  it.  We  refer  to  that  as  a project-oriented 
system.  You  have  duplicate  equipment  and  duplicate  operations. 
The  operators  could  move  from  one  station  to  another  and  everything 
would  be  exactly  the  same;  the  procedures  and  calibrations  would 
be  exactly  duplicated. 

Mr.  Roush.  There  is  one  item  that  I wondered  why  it  had  to  be 
duplicated,  insofar  as  expenditure  is  concerned.  You  have  $500,000 
for  design  and  engineering  services  for  each  of  the  three  ships.  Why 
would  you  have  to  duplicate  that  item? 

Mr.  Buckley.  We  shouldn’t  have.  And  that  was  a slip  in  the  way 
this  was  set  up  here  in  the  book. 

Mr.  Roush.  Would  we  then  reduce  the  total  amount  here  by  $1 
million? 

Mr.  Williamson.  If  I may  answer  that,  sir. 

Mr.  Buckley.  Yes,  please. 

Mr.  Roush.  Certainly. 

Mr.  Williamson.  We  drafted  the  budget,  sir,  on  a per-ship  basis. 
We  could  have  equally  well  drafted  it  on  a per-contract  basis  for  three 
systems.  The  total  design  and  engineering  job  is  likely  to  run  a 
million  and  a half,  at  least.  We  couid  have  shown  that  for  all  three 
ships,  and,  actually,  this  is  a presentation  error,  I think;  not  a number 
error. 

Mr.  Roush.  I suspected  that.  But  I thought  I better  ask  about  it. 

Mr.  Boone,  do  you  have  a question? 

Mr.  Boone.  I think  on  that  particular  item,  Mr.  Chairman,  you 
never  get  three  ships  that  are  exactly  alike,  either.  So  you  are  going 
to  have  engineering  design  services  on  each  one  of  them. 

Have  you  placed  these  requirements  on  the  military  and  asked  them 
to  give  you  an  idea  of  whether  they  can  do  this  for  you? 

Mr.  Buckley.  For  a little  over  a year  we  have  been  holding  meet- 
ings on  this  subject  with  General  Cooper’s  office  in  the  Pentagon, 
who  is  responsible  for  the  general-purpose  range  ships . We  have  looked 
over  the  inventory  of  ships  together,  and  as  best  possible,  we  have 
anticipated  “use  time”  of  the  ships  to  see  whether  they  would  be  free 
to  support  us  or  not. 

Actually,  this  is  a continuous  process  since  for  the  last  2%  years  or 
more  we  have  been  constantly  interweaving  ship  operations  and 
modification  schedules.  We  have  paid  for  modification  of  one  of  the 
ships,  for  instance,  in  order  to  get  it  used  in  support  of  Ranger.  All 
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other  projects  but  Apollo  have  laid  ship  requirements  on  AMR, 
totaling  some  40  future  launchings. 

However,  these  three  new  ships  are  only  for  Apollo.  To  use  DOD 
ships  means  you  would  be  taking  the  ships  away  from  whatever  DOD 
use  they  were  intended  for.  DOD  has  ships,  but  unless  they  are 
completely  free  of  other  requirements  they  wouldn’t  be  free  for 
Apollo. 

Secondly,  they  would  have  to  be  heavily  and  completely  modified. 

As  to  the  amount  of  time  that  ships  would  be  used  for  Apollo : the 
Mercury  ships  have  been  assigned  solidly  to  the  Mercury  project, 
with  a few  exceptions.  The  philosophy  should  be  that  ships  are 
available  for  other  use,  if  possible.  This  philosophy  was  followed  in 
Mercurv,  but  there  has  been  very  little  free  time.  One  of  the  ships 
spent  about  352  days  and  the  other  about  296  days  on  Mercury  in  1 
year.  It  is  not  just  the  hours  during  which  the  Mercury  spacecraft 
is  up,  but  the  time  to  get  there,  the  time  to  wait.  For  instance,  in 
support  of  the  Glenn  flight,  we  had  a ship  ready  early  in  December 
for  an  anticipated  early  December  launch,  and  it  was  February  20 
when  it  was  finally  fired.  The  ship  had  to  go  back  to  port  and  refuel 
over  Christmas,  incidentally. 

Waiting  for  the  date  of  assignment,  the  time  to  get  to  where  it  was 
going  to  be  used,  the  countdowns  and  simulations  just  ahead  of  the 
mission,  then  the  time  to  get  back  from  the  assignment,  plus  a certain 
number  of  modifications,  resulted,  according  to  our  records,  in  a use 
of  352  days  on  one  of  the  Mercury  ships  and  296  on  the  other.  We 
foresee  an  equivalent  problem  ob  Apollo;  these  ships  will  be  busy  all 
the  time. 

Mr.  Boone.  How  many  days  do  jrou  anticipate  a ship  will  be  on 
station  for  a single  Apollo  shot? 

Mr.  Buckley.  I would  hope  2 to  3 weeks,  but  probably  a month. 
I mentioned  the  Glenn  flight.  As  it  happened,  we  didn’t  have  a 
corresponding  problem  on  the  Schirra  flight,  because  that  went  off 
pretty  promptly. 

We  had  a problem  in  going  from  the  Glenn  flight  to  the  Schirra 
flight.  We  didn’t  know  for  a while  whether  it  was  going  to  be  a 
three-  or  six-orbit  mission.  We  brought  the  ship  back  to  Balti- 
more to  have  the  second  command  equipment  installed.  Then  there 
was  the  problem,  should  it  go  back  to  its  post  near  Africa  for  the  three- 
orbit  mission,  or  to  west  of  the  Philippines  for  a six-orbit  mission? 

We  held  it  in  Baltimore  until  the  project  people  could  decide  which 
of  the  two  missions  it  was  and  then  it  took  62  days  to  go  from  Balti- 
more to  its  post  in  Manila,  counting  time  by  the  Panama  Canal  and 
resupply  in  Honolulu  as  it  went  by.  This  is  the  problem  you  may  be 
faced  with. 

We  have  given  consideration  and  continue  to  do  so  to  the  possi- 
bility of  resupplying  the  ships  from  tankers,  particularly  MSTS 
tanker4*  that  could  bring  not  only  fuel  but  other  supplies  to  the  ship 
withoi  naving  to  bring  the  ship  to  port. 

One  problem  on  the  ships  so  far  has  been  the  trained  electronics 
team  that  is  aboard;  we  have  had  difficulties  with  these  people  not 
having  anticipated  a life  at  sea  when  they  went  through  college  to 
become  electronic  engineers. 

Mr.  Fulton  of  Tennessee.  Have  you  offered  any  sea  pay? 
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Mr.  Buckley.  Well,  we  have  not,  but  they  are  getting  pretty 
highly  paid  already. 

The  ship’s  operating  crew  takes  this  in  stride,  since  this  is  their 
normal  livelihood. 

Members  of  the  eL  tronie  teams  have  resigned,  and  in  the  case 
where  the  ship  was  in  Baltimore,  there  was  almost  a major  change  in 
the  complement  of  the  group  as  a result  of  the  long  time  they  had 
been  previously  at  sea  on  the  Glenn  flight.  We  had  quite  a little  job 
to  get  a trained  crew  back  together  again. 

We  do  not  plan  to  operate  the  three  new  ships  ourselves.  We 
have  been  in  touch  with  the  Navy  about  operating  the  ships.  For 
instance,  a branch  of  the  Navy,  MSTS,  would  be  very  fitting  and 
have  several  advantages.  One  advantage  would  be  that  they  use 
civilian  crews.  We  have  just  gone  through  a very  time-consuming 
exercise  relative  to  use  of  the  ship  the  Kingsport  Victory  in  Nigeria, 
because  of  any  possibility  of  military  people  being  on  that  ship.  The 
Nigerians  were  insisting  that  it  be  a civilian  team  completely. 

We  have  considered  using  the  Bureau  of  Ships  in  helping  plan  the 
modification  of  the  hull  and  the  installation  of  the  electronic  equip- 
ment that  will  go  aboard. 

The  MSTS  operates  our  Wallops  Island  ship,  and  this  is  an  ex- 
tremely satisfactory  arrangement.  In  other  words,  we  don’t  want 
to  operate  the  ship  as  a ship.  But  we  do  feel  it  is  necessary  for  us  to 
operate  the  instrumentation  on  a ship,  so  that  the  whole  ground  sys- 
tem works  together  as  an  integrated  system. 

Mr.  Boone.  You  indicated  these  will  be  special-purpose  ships? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Boone*  That  means  if  you  are  to  use  them  beyond  the  Gemini- 
Apollo  situation  you  have  to  remodify  these  ships  again;  is  that 
correct? 

Mr.  Buckley.  Well,  there  should  be  general-purpose  telemetering 
aboard,  providing  it  doesn’t  cost  too  much  or  take  too  much  space. 
The  radar  aboard  would  be  usable  at  times  for  other  jobs.  Apollo 
will  be  their  primary  responsibility.  Within  the  schedule  allowance 
they  will  be  available  for  any  other  jobs,  if  the  necessary  equipment 
is  aboard.;  and  if  it  doesn’t  compromise  the  ship  too  much,  or  raise  the 
cost  too  much,  we  plan  to  put  equipment  aboard  to  make  it  adaptable 
to  other  missions. 

Mr.  Boone.  Does  General  Cooper’s  office  in  DOD  specifically 
know  your  requirement?  You  indicated  you  talked  to  them. 

Mr.  Buckley.  We  have  been  meeting  with  them  at  least  once  a 
month  and  letting  them  know  everything  we  knew  about  our  need  for 
ships.  In  my  office,  as  a matter  of  fact,  there  is  an  Air  Force  officer 
on  assignment  to  us,  and  he  is  one  of  the  team  who  has  been  meeting 
with  the  DOD.  They  knew  all  that  we  knew,  progressively.  The 
thing  is,  you  can’t  always  wait  for  the  full  definition  of  the  problem. 

There  is  another  aspect  to  this,  dealing  with  the  use  of  this  word 
“requirement.”  When  a “requirement”  is  put  on  a range,  at  this 
point  you  have  decided  in  detail  what  you  want  to  do,  and  the  range 
picks  it  up  and  carries  it  out.  Since  the  Apollo  support  ships  are 
still  a planning  job,  this  couldn’t  be  put  on  the  range  requirement, 
though  the  use  of  all  other  ships  but  the  Apollo  ships  has  reached  a 
stage  where  there  has  been  a requirements  document  sent  to  the  range. 

Mr.  Boone.  Do  you  know  when  your  planning  would  be  firm 
on  this,  so  you  could  ask  them  if  they  could  meet  the  requirements? 
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Mr.  Buckley.  I think  it  might  be  3 to  6 months. 

Mr.  Boone.  They  have  not  specifically  told  you,  then,  that  they 
could  not  meet  your  need  in  this  case? 

Mr.  Buckley.  I understand  and  believe  they  are  prepared  to 
support  our  requirements  for  the  ship. 

Mr.  Roush.  That  doesn’t  quite  answer  the  question,  Mr.  Buckley. 

Mr.  Buckley.  You  get  into  quite  a juggling  process  at  this  point. 
They  have  no  ships  available  right  now  to  meet  the  NASA’s  need. 
The  question  is,  Can  they  go  through  juggling,  or  wrill  they  have  to 
get  a ship  from  reserve  storage,  such  as  up  the  Hudson  or  James  River, 
and  then  put  it  through  the  modification  process  especially  for  this 
job?  They  have  no  directly  applicable  ships,  I believe.  The  amount 
of  equipment  that  will  have  to  be  on  board  this  ship  for  Apollo  will 
use  up  a great  deal  of  the  ship’s  space. 

Mr.  Boone.  Wouldn’t  it  be  cheaper  for  the  Government  to  modify 
one  of  their  ships,  instead  of  going  out  and  buying  three  additional 
ships? 

Mr.  Buckley.  I personally  believe  after  many  meetings  with 
General  Cooper’s  office  that  there  is  a very  serious  shortage  of  in- 
strumentation ships  in  the  country,  because  we  have  always  had  a 
great  problem  in  getting  ships  for  this  purpose. 

We  have  had  great  difficulties  in  planning  ship  support  for  Ranger, 
difficulties  in  planning  ship  support  for  the  Schirra  flight,  and  I think 
we  will  have  similar  difficulties  for  future  operations.  We  ran  into 
a problem  in  getting  ships  for  the  Schirra  flight.  We  bumped  into  the 
Johnston  Island  tests  on  that  case,  making  it  very  difficult  to  get  ships. 
The  ships  made  available  for  that  flight  were  chosen  at  the  last  moment 
during  the  last  3 or  4 weeks,  and  we  had  major  problems  in  checking 
them  out  for  that  job. 

Mr.  Roush.  What  would  have  to  be  done  to  the  ships  used  in  the 
Mercury  flights  to  prepare  them  for  use  in  the  Apollo  flights? 

Mr.  Buckley,  The  ships  for  the  Mercury  job  have  only  a tele- 
metering installation.  On  the  ships  there  is  the  usual  representative 
of  the  astronaut  group  who  talks  with  the  astronaut  in  the  air,  and 
there  is  a systems  man  aboard  who  is  veiy  knowledgeable  on  the  Servo 
mechanisms,  fuel  use,  and  valves,  all  the  devices  on  the  spacecraft. 
They  have  communication  gear  on  board  that  I think  could  be  used, 
and  acquisition  aids  that  help  to  pick  up  signals  and  direct  the  tele- 
metering antennas. 

As  we  go  to  Apollo  there  will  be  far,  far  more  sensitive  telemetering 
of  a different  type  required  because  they  are  bringing  down  far  more 
data. 

Mr.  Boone.  This  telemetry  is  essentially  why  the  Air  Force  is 
buying  two  new  ships  that  have  not  yet  been  delivered? 

Mr.  Buckley.  The  two  new  ships,  iris  / and  Aris  II,  were 
deliberately  configured  for  the  reentry  tests  where  you  fire  up  in  the 
air  and  come  down  in  the  area  between  Ascension  and  the  cape. 
They  have  an  X-band,  an  L-band,  and  two  C-band  radars  aboard. 
From  the  point  of  view  of  electronics,  there  are  two  of  each.  They 
double  up  some.  There  is  a weather  station  aboard,  also,  that  is 
for  these  tests.  In  other  words,  these  ships  were  also  configured  for 
a particular,  special  purpose.  Incidentally,  it  is  a long  jump  from  a 
ship  with  all  that  equipment  aboard  configured  to  that  test,  to  a ship 
that  has  Apollo  equipment  aboard. 
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Mr.  Boone.  The  telemetry  would  be  essentially  the  same,  though ; 
wouldn’t  it? 

Mr.  Buckley.  The  telemetering  would  be  up  to  the  point  where 
you  split  it  off  and  modify  it  to  go  into  the  correct  displays,  and  so 
forth,  which  is  a very  essential  part  of  the  gear,  too. 

The  ship,  from  the  point  of  view  of  Mercury  or  Apollo,  is  essentially 
a small  mission  control  station. 

Mr.  Boone.  Under  certain  circumstances,  under  one  set  of  cir- 
cumstances you  wouldn’t  even  need  a South  African  ship,  would  you, 
but  just  an  injection  station  off  Bermuda  somewhere? 

Mr.  Buckley.  If  you  could  constrain  the  launch  to  the  particular 
day  of  month  and  the  hour  when  the  moon  would  be  in  the  right  posi- 
tion, that  is  right,  you  could  use  the  station  in  Pretoria.  But  this 
gets  down  to  practically  telling  the  people  after  all  the  years  of  effort 
and  money  they  have  put  in  that  they  can  only  launch  between  3 and 
4 o’clock  on  a particular  date,  and  I think  this  is  far  too  much  of  p 
constraint  on  Apollo. 

Mr.  Boone.  What  is  the  altitude  of  the  orbit  over  Johannesburg? 

Mr.  Buckley.  Between  100  and  150  miles;  this  is  not  a settled 
item  yet. 

Mr.  Roush.  Back  to  the  Mercury  ships  we  used;  who  owns  those, 
or  who  operates  them,  has  them  under  their  jurisdiction  and  control? 

Mr.  Buckley.  The  ships  are  operated  by  DOD.  The  equipment 
on  board  is  operated  by  RCA,  the  subcontractor  to  Pan  American, 
working  for  the  Air  Force. 

The  ships  until  recently  were  operated  as  ships  by  the  Suwannee 
Steamship  Co.;  in  the  last  few  months  they  have  been  transferred  to 
another  company  for  operations. 

Mr.  Roush.  Specifically,  why  cannot  these  ships  be  used  for  this? 

Mr.  Buckley.  Well,  first  cf  all,  they  are  far  too  small  for  all  the 
Apollo  gear.  Between  the  crew’s  quarters,  the  air  conditioning  that 
is  associated  with  a lot  of  electronics  equipment,  and  the  electronics 
equipment  itself,  these  two  Mercury  ships  already  are  pretty  full.  I 
believe  the  Mercury  ships  will  continue  to  be  used,  still,  during  the 
Apollo  missions.  Remember,  these  ships  have  no  tracking  equipment 
aboard.  And  the  main  problem  here  is  to  get  tracking  data. 

Incidentally,  I did  not  mention  the  reason  why  the  ship  was  to  be 
in  this  area  to  watch  the  injection.  As  the  Apollo  vehicle  receives 
added  thrust  to  put  it  into  the  trajectory  that  takes  it  to  the  Moon 
we  have  two  major  problems:  Has  it  been  given  the  right  amount  of 
thrust  and  is  it  going  in  the  right  direction,  and  the  associated  prob- 
lem of  watching  over  this  new  and  very  heavy  type  of  engine  in  there : 
Did  it  perform  as  desired?  Did  it  give  the  full  thrust? 

If,  the  spacecraft  doesn’t  perform  properly,  the  tracking  from  the 
ships  is  needed  to  solve  the  abort  problem.  Also,  if  you  don’t  insert 
into  orbit  correctly,  you  have  to  figure  out  wha„  to  do  next  and  where 
to  bring  the  man  down. 

This  is  the  tracking  problem  these  ships  are  needed  for.  I should 
have  told  you  that  when  I talked  about  the  charts. 

Mr.  Roush.  How  long  will  it  take  to  finish  these  ships  and  have 
them  ready  for  use? 

Mr.  Buckley.  We  figure  2 to  2}i  years,  with  a checkout  time  of 
6 months. 
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Mr.  Roush.  Approximately  when  is  our  first  shot  on  which  they 
would  be  used?  Would  it  be  generally — could  you  give  it  to  us 
generahy? 

Mr.  Buckley.  I can’t  do  that,  I am  sorry. 

Mr.  Roush.  All  right. 

Other  questions? 

Mr.  Fulton  of  Tennessee.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Fulton. 

Mr.  Fulton  of  Tennessee.  I wondered  as  to  the  increased  cost  of 
the  use  of  Military  Transport  Services,  as  compared  with  the  Navy. 

You  mentioned  one  instance  where  the  country  objected  to  the  use 
of  military  personnel  aboard  the  ship. 

Mr.  Buckley.  You  asked  about  the  cost,  first? 

Mr.  Fulton  of  Tennessee.  Yes. 

Mr.  Buckley.  I think  the  costs  are  fairly  comparable  between  the 
various  methods  of  operating  the  ships,  and  there  is  no  serious  differ- 
ence between  them.  That  is  to  answer  ihe  first  part  of  your  question. 

Yes;  we  have  had  quite  a problem  about  whether  there  were  military 
or  civilians  aboard  a ship.  As  it  happens,  MSTS  uses  civilian  crews, 
which  we  figure  will  get  us  into  foreign  ports  without  any  difficulties. 
In  one  cas*  there  were  probably  8 to  9 months  of  negotiations  with 
one  foreign  country,  and  the  pile  of  paper  resulting  from  our  negotia- 
tions to  get  that  ship  in  there  is  about  a foot  and  a half  high. 

In  other  words,  if  you  are  going  to  plan  for  Apollo  support  and 
don’t  know  where  you  are  going  to  put  in  for  fuel  and  supplies,  you 
ought  to  plan  an  approach  that  won’t  have  any  major  restrictions. 

Mr.  Wydler.  Is  it  also  true  that  on  return  of  these  ships — the 
return  of  the  Apollo  mission — you  might  need  these  ships? 

Mr.  Buckley.  This  area  of  planning  is  going  on  but  is  less  advanced 
than  the  part  I have  discussed.  Some  ships  are  almost  certainly 
going  to  be  needed  in  connection  with  the  reentry.  And  at  this  time 
we  have  no  information  on  where  such  ships  should  be  positioned. 

In  other  words,  our  asking  for  the  three  ships  is  a compromise  and 
intermediate  position,  because  I am  sure  there  will  be  more  ships 
than  that  needed.  We  are  asking  for  the  three  we  are  sure  of.  I 
personally  think  there  will  be  more  ships  needed  as  the  studies  develop, 
and  possibly  then  we  will  have  to  see  what  the  future  would  be. 

In  this  case,  Mr.  Boone,  I think  we  would  continue  to  use,  and 
probably  try  to  convert,  Department  of  Defense  ships.  This  would 
be  a later  solution  as  you  get  further  down  the  wire. 

I left  out  one  other  item,  Mr.  Chairman,  and  that  is  that  the 
problem  of  having  land  stations  in  foreign  countries  is  becoming 
continuously  a little  more  difficult.  In  this  morning’s  paper  there 
was  an  article  about  the  problem  of  having  a Navy  communications 
station  in  Australia,  though  we  have  our  NASA  stations  in  Australia. 
There  is  a difference  between  a military  station  and  a civilian  station. 
But  we  foresee,  and  Mr.  Webb  has  made  quite  a point  of  this  in  talking 
to  us  at  various  times,  that  the  difficulty  of  getting  land  stations  in 
foreign  countries  is  going  to  increase. 

So  once  again  we  feel  it  is  necessary,  if  we  are  going  to  do  the  Apollo 
program,  to  have  ships  ready  to  support  it. 

Mr.  Fulton  of  Tennessee.  I think  that  is  even  more  an  argument 
for  the  Navy  to  participate  in  this  program. 
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Mr.  Roush.  Would  it  be  possible  for  you,  Mr.  Buckley,  to  direct 
an  inquiry  to  the  Defense  Department  and  specifically  ask  them  if 
they  can  meet  your  requirement? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  Would  you  do  that? 

Mr.  Buckley.  Yes,  sir. 

Mr.  Roush.  Concerning  the  cost  of  these  ships,  I think  this  is  a 
matter  which  is  of  concern  to  the  committee,  not  that  we  feel  we  are 
spending  too  much  on  them,  but  that  perhaps  your  estimate  here  is  not 
a correct  estimate  and  that  next  year  you  will  be  coming  back  and 
telling  us  “Well,  we  underestimated  here  by  quite  a bit  and  we  are 
going  to  have  to  have  considerably  more.” 

This  is  particularly  true,  because  we  happen  to  have  the  figures  on 
these  two  Air  Force  ships  which  are  being  developed.  We  realize 
there  are  some  differences,  but  it  seems  basically  the  two  are  about 
the  same,  and  they  are  spending  more  for  two  ships  than  you  plan  to 
spend  for  three. 

Mr.  Buckley.  Well,  those  ships  are  far  more  complicated,  a3  I 
indicated  to  some  degree.  We  have  lists  of  the  equipment  aboard 
those  ships,  and 

Mr.  Roush.  Which  ships  are  you  referring  to? 

Mr.  Buckley.  The  two  Air  Force  ships. 

Mr.  Roush.  All  right. 

Mr.  Buckley.  They  are  far  more  complicated  than  our  ship  will  be. 
In  other  words,  there  is  much  equipment  that  is  extra  to  our  need  on 
those  ships. 

We  have  gone  to  the  Bureau  of  Ships  and  to  three  possible  con- 
tractors and  discussed  ship  costs  and  broken  them  down  to  how  much 
it  takes  to  modify  ships,  now  much  to  put  on  radar  of  a certain  size 
and  how  much  to  put  on  telemetering  equipment.  We  think  we  have 
gone  to  most  of  the  knowledgeable  people  in  this  area,  and  we  have 
pretty  consistent  estimates  as  to  how  much  it  takes  to  make  the  crew 
modifications,  air-conditioning  modifications,  raceways,  and  so  forth, 
install  equipment,  install  radar,  to  modify  the  hull  in  the  first  place, 
and  therefore  we  think  this  is  a fair  total  price  for  three  ships  that  we 
have  come  up  with. 

There  have  been,  I believe,  estimates  given  by  the  Defense  Depart- 
ment for  ships  at  various  times,  so  that  people  have  been  able  to  make 
a comparison  between  our  requests  and  these  others.  I first  compared 
it  with  the  two  Air  Force  ships  that  are  now  building,  and  now  I have 
compared  it  with  some  plans  that  have  been  made  at  various  times 
on  lesser  ships. 

From  this  variety  of  approaches  we  have  come  up  with  the  present 
cost  estimate. 

Now,  Mr.  Truszynski  has  looked  into  this  in  some  further  detail,  if 
you  would  like  more  detailed  answers  on  some  of  the  cost  elements. 

Mr.  Roush.  We  are  going  to  have  certain  questions  which  we 
submit  in  writing,  because  of  time  limitations  here.  I am  sure  that 
will  be  included.  This  is  also  going  to  pertain  to  the  other  construc- 
tion items  that  this  particular  subcommittee  has  the  responsibility  of 
looking  into. 

(The  requesting  letter  follows  with  the  prepared  response  from 
NASA:) 
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March  21,  1963. 

Mr.  Paul  G.  Dkmbling, 

Director,  Office  of  Legislative  Affairs,  National  Aeronautics  and  Space  Administra- 
tion, Washington,  D.C. 

Dear  Mr.  Dembling:  The  Subcommittee  on  Applications,  and  Tracking  and 
Data  Acquisition  has  completed  its  hearings  on  the  tracking  and  data  acquisition 
portion  of  the  NASA  budget  request.  However,  the  subcommittee  has  found 
there  are  a number  of  additional  questions  it  would  like  to  have  answered.  These 
answers  will  be  included  in  the  record. 

Attached  is  a list  of  questions  which  pertain  to  this  portion  of  the  budget  and 
which  I believe  were  unanswered  in  the  hearing.  The  committee  is  most  anxious 
to  have  your  reply  by  April  5 so  that  these  questions  can  be  considered  in  its 
deliberations  on  the  budget. 

Thank  you  very  much  for  your  help  in  getting  this  information  for  us. 
Sincerely, 

W.  H.  Boone, 
Technical  Consultant. 


(The  questions  with  NASA’s  response  are  as  follows:) 

1.  Has  NASA  discussed  in  detail  the  tracking  ship  requirements  for  the  Apollo 
mission  with  the  Department  of  Defense  and  based  on  these  requirements  and/or 
other  factors  has  the  Department  of  Defense  stated  that  they  do  not  have  the 
capability  to  meet  this  requirement? 

NASA  has  been  discussing  tracking  ship  requirements  in  support  of  manned 
space  flight  missions  with  the  Department  of  Defense  for  over  a year.  These 
requirements  have  dealt  with  (a)  the  operational  needs  that  NASA  foresees  in 
integrating  tracking  ships  into  a worldwide  Apollo  ground  support  network  and 
(b)  the  general  technical  configuration  of  the  equipment  aboard  these  vessels  to 
match  the  system  characteristics  of  the  manned  spacecraft  and  missions.  Actual 
metric,  location,  and  schedule  requirements  cannot  be  known  in  detail  until 
considerably  more  study  and  mission  profile  effort  has  been  completed  by  the 
Apollo  project  group.  The  NASA  forwarded  a formal  inquiry  to  the  Department 
of  Defense  requesting  whether  or  not  three  tracking  ships  were  available  within 
the  national  inventory  to  be  committed  to  Apollo  support  as  their  top-priority 
primary  function.  We  were  informed  that  the  existing  national  inventory  of 
instrumentation  ships  cannot  support  this  requirement. 

2.  If  for  technical  reasons  DOD  cannot  meet  the  NASA  need,  have  they  esti- 
mated how  much  it  would  cost  to  modify  their  ships  to  supply  this  need  and 
what  is  the  estimate  if  available? 

The  underlying  reason  that  DOD  cannot  meet  the  NASA  need  is  that  there  are 
not  enough  tracking  ships  in  the  national  inventory.  The  Department  of  De- 
fense, therefore,  has  not  been  requested  to  estimate  the  costs  of  modifying  their 
existing  instrumentation  ships.  The  need  of  the  National  Aeronautics  and 
Space  Administration  can  only  be  met  by  the  addition  of  at  least  three  instrumen- 
tation ships  to  the  national  inventory. 

3.  Has  NASA  completed  negotiations  for  the  three  vessels  required  and  do 
they  have  assurance  that  the  vessels  will  be  made  available  to  ^em?  If  so, 
what  is  the  availability  date? 

NASA  has  not  completed  negotiations  for  the  three  hulls  to  be  modified  in 
fiscal  year  1964.  Informal  assurances  as  to  hull  availability  have  been  offered, 
but  no  selection  could  be  made  until  a NASA  authorization  bill  so  permits.  The 
actual  transfer  of  hulls  to  NASA  will  be  a simple  matter  of  an  exchange  of  1C'  ;s 
between  NASA  and  the  Maritime  Commission. 


Telemetry  station  (p.  CF  18-46) 

4.  Can  existing  facilities  be  continued  in  use  to  meet  Gemini  and  Apollo  needs? 
If  not,  why? 

Some  of  the  existing  Mercury  telemetry  and  associated  equipment  will  be  used 
in  support  of  Gemini  and  early  Apollo.  It  will  have  to  be  augmented  by  con- 
siderable additional  instrumentation  including  PAM/FM/FM  equipment  ana 
PCM  equipment,  the  latter  requiring  some  14  to  20  racks  of  added  components. 
The  Apollo  program  will  require  expanded  command,  communication,  data 
processing,  and  display  equipment  which  will  require  additional  space.  While 
Gemini  and  Apollo  equipment  comprise  the  bulk  of  the  equipment  to  be  housed  in 
the  proposed  facility,  the  existing  Scout  telemetry  (currently  housed  in  trailers) 
will  uiiO  be  installed  in  the  new  facility.  The  existing  prefabricated  structures 
cannot  accommodate  the  augmented  and  new  equipment  since  they  were  originally 
constructed  to  support  only  the  Mercury  project. 
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5.  What  makes  the  cost  per  square  foot  for  these  buildings  in  excess  of  U.S. 
costs? 

Unit  costs  ($37.50  per  square  foot)  are  higher  because: 

(a)  The  design  includes  a water  catchment  system  on  the  roof  (draining  into  a 
subsurface  cistern)  to  obtain  potable  (rain)  water. 

(b)  The  above,  plus  provisions  for  the  possible  later  addition  of  a second  floor, 
results  in  heavier  and  costlier  footings,  columns,  and  beams  on  the  first  floor. 

(c)  Sectionalized  removable  floor  panels  are  used  to  provide  a subfloor  space  in 
which  to  locate  cable  runs,  etc. 

(d)  Similarly,  fslse  acoustical  ceilings  concealing  air-conditioning  units  and 
utilities  contribute  to  increased  costs. 

(e)  All  materials  (cement,  coarse  aggregate,  lumber,  etc.)  must  be  imported 
from  the  States. 

(/)  Labor  costs  in  the  skilled  construction  trades  are  approximately  25- 
percent  higher  than  continental  United  States. 

These  same  factors  account  for  the  $31  per  square  foot  cost  of  the  generator 
building,  which  also  contains  a bridge  crane  capable  of  handling  the  diesel 
generators. 

6.  How  much  is  involved  in  grading,  excavating,  and  soil  compaction? 

Grading,  excavation,  and  soil  compaction  costs  are  estimated  as  follows: 

Strip  topsoil  and  seeding $2,000 

Excavation 18,  500 

Backfill  and  compaction.  _ — 4 600 

Blacktop  paving  (1,200  sq.  yds.). 5,  500 

Foundation  grouting.  4,  400 

Total 35,000 

The  Town  Hill  site  is  a high  and  steep  coral  (limestone)  hill  containing  numerous 
subterranean  cavities  typical  of  limestone  country.  These  are  not  large  (small 
boulder  size)  and  are  due  to  the  leaching  action  of  rainwater. 

A large  amount  of  hand  labor  is  used  for  stripping  topsoil,  sidehill  excavation, 
backfilling  and  compaction  cavities,  and  grouting  the  foundation  subsoil  bearing 
surfaces. 

Blacktopping  (bitumastic)  costs  $2.50  per  square  yard  for  a 3-inch  cover  in  the 
States,  excluding  cost  bf  grading  and  subsoil  preparation.  The  $4.50  cost  in 
Bermuda  reflects  both  increased  labor  and  material  costs. 

7.  Utility  and  fire  alarm  systems  appear  excessive.  How  were  these  estimates 
completed? 

The  utility  system  includes  a drilled  well  250  feet  deep  to  provide  somewhat 
brackish  water  used  as  cooling  water  in  the  generating  plant  and  in  the  sanitation 
system. 

The  septic  system  provides  the  internal  plumbing  and  external  tanks  and  extra 
large  field  designed  for  40  people. 

The  utility  connections  at  $56,000  include  the  following: 

(a)  Rainwater  catchment  and  underground  storage:  55,000-gallon  ca- 

pacity  $36,000 

( b ) Treatment  (pumps,  piping,  etc.) 14,  000 

(c)  Portable  water  storage:  20,000  gallons  (3-day  supply) 6,  000 

The  fire  alarm  system  estimate  was  based  upon  a response  from  a local  con- 
tractor and  provides  a three-wire  sensing  and  alarm  system  for  the  original  one- 
story  building  with  built-in  capacity  for  possible  future  expansion. 

8.  The  design  and  engineering  services  are  excessive  to  normal  fees.  How  was 
this  estimate  computed  and  was  the  Bureau  of  Yards  and  Docks  considered  in 
performing  their  work? 

Design  and  Engineering  Costs  include: 

(a)  Drawing  and  specifications. 

(b)  Construction  contract  administration. 

(cj  Onsite  supervision  and  inspection. 

( a ) Fee. 

Construction  costa  are  estimated  at  $562,000.  The  $38,000  estimate  for  A. 
k E.  services  is  less  than  7 percent  and  is  not  excessive  considering  the  onsite 
inspection  function  included. 

The  assistance  of  the  Bureau  of  Yards  and  Docks  has  been  used  in  the  past  for 
NASA  work  on  Bermuda.  As  recent  as  January- April  1963  the  local  resident 
engineer  for  BUDOCKS  handled  the  minor  construction  on  High  Point  in  con- 
nection .with  the  SNAP-10  A program  in  which  NASA  is  supporting  the  Atomic 
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Energy  Commission.  However,  since  there  is  no  firm  project  until  congressional 
action  is  completed,  Bureau  assistance  has  not  yet  been  solicited  in  implementing 
this  proposed  new  telemetry  station. 

Support  facilities  (p.  CF  14-1) 

9.  Does  the  launching  schedule  for  future  firings  justify  additional  facilities 
at  Wallops  Station?  How  many  shelters  are  available  and  how  many  new  shelters 
are  proposed? 

There  has  been  a consistent  increase  in  the  riuntber  of  multistage  rocket  firings 
from  year  to  year.1  For  example,  even  at  this  earn-  date,  the  calendar  year  1964 
schedule  for  this  class  of  vehicle  only  shows  2 Astrobees,  10  Javelins,  2 Ram-B, 
6 Trailblazer,  and  9 Wasp  II  vehicles.  Other  experiments  are  in  the  planning 
stage.  There  are  two  tubular  launchers  (launch  area  4 and  launch  area  5)  avail- 
able to  handle  this  class  of  vehicle.  A third  launcher  (launch  area  2)  can  be  used 
occasionally  but  requires  a waiver  of  safety  requirements  due  to  its  location  and 
design,  and  more  over  interferes  with  the  sounding  rocket  program.  A launch 
schedule  of  this  magnitude  for  the  year,  from  only  two  launchers,  is  impossible 
due  to  the  constraints  imposed  by  weather,  moon  cycles,  optical  coverages,  sun 
cycles,  local  and  down-range  clearance  problems  (maritime  and  aviation)  which 
often  hold  a rocket  on  the  launcher  for  extended  periods — up  to  several  weeks 
duration.  There  have  been  occasions  when  prolonged  delays  have  resulted  in 
the  loss  of  a launch  window,  requiring  dismantling  and  removal  of  the  rocket, 
with  the  associated  risk  of  derangement  of  internal  systems  and  possible  struc- 
tural damage,  in  addition  to  the  cost  of  removal  and  subsequent  reassembly. 
The  existing  congestion  in  blockhouse  No.  3 will  become  operationally  limited 
when  the  controls  for  the  second  Scout  pad  (under  construction)  are  installed. 
It  is  considered  neeessary  to  build  another  launch-control  center  to  relieve  this 
congestion  by  transferring  launch  area  No.  5 controls  from  blockhouse  No.  3,  and 
to  service  the  new  proposed  pad.  The  proposed  facility  will  not  only  meet  oper- 
ational requirements  but  also  permits  the  economies  inherent  in  the  dual  pad- 
single  blockhouse  concept. 

There  are  presently  two  mobile  enclosures  which  are  conversions  of  van  trailers, 
and  are  used  in  launch  areas  1,  2,  3,  4,  and  5.  With  the  vehicle  in  a horizontal 
position  ion  the  launcher)  the  shelter  is  positioned  to  enclose  the  upper  end, 
usually  payload  and  upper  stage  only.  Two  additie  al  enclosures  are  proposed — 
one  for  existing  launch  area  5 and  another  for  the  proposed  new  launch  area  6. 
These  retractable  shelters  will  fully  enclose  the  vehicle  (rockets  plus  payload)  and 
personnel  during  assembly  and  checkout  procedures  on  the  launcher.  Extremes 
of  temperature,  moisture,  and  high  winds  have  a deleterious  effect  on  the  solid- 
propellant  fuel  grain,  staging  interface  connections,  payload  electronics,  and  bat- 
teries. A vehicle’s  residence  on  the  launcher  varies  from  2 days  to  a matter  of 
weeks;  therefore,  launcher  environmental  enclosures  contribute  significantly  to 
the  probability  of  success  of  the  experiment. 

10.  The  site  development  and  utility  installations  appear  to  be  a separate 
expenditure  not  necessarily  to  accommodate  a new  building  and  appears  to  be 
a civil  works  project.  Was  it  coordinated  with  the  Corps  of  Engineers  and  do 
you  have  estimates  from  the  Corps  of  Engineers  for  this  work? 

The  beach  protection  system  is  designed  to  not  only  conserve  for  future  use 
the  entire  southern  end  of  Wallops  Island  but  to  protect  the  southern  flank  of 
existing  facilities  from  progressive  erosion  and  eventual  encroachment  by  the 
sea — a process  that  has  already  started  with  the  cutting  of  two  small  inlets  across 
the  end  of  the  island.  The  design  of  the  beach  protection  system  is  based  on 
the  continuing  recommendations  of  the  Beach  Erosion  Board  of  the  Corps  of 
Engineers.  The  system  consists  of  a steel  sheet-piling  bulkhead  running  the 
length  of  the  beach  to  be  protected  and  a wooden  groin  system  spaced  at  suitable 
intervals  (400-600  feet)  extending  out  to  sea  at  right  angles  to  the  bulkhead. 
The  bulkhead  protects  the  beach  against  direct  wave  action  pounding  whereas 
the  groin  system  interrupts  lateral  currents  eroding  the  beach.  This  latter  action 
not  only  prevents  erosion  but  builds  up  the  beach  as  sand  is  dropped  put  of 
suspension  when  the  current  is  arrested.  Behind  the  bulkhead  a dyke  is  con- 
structed to  various  elevations  and  base  widths,  depending  upon  the  intensity  and 
frequency  of  the  storms  against  which  it  is  desired  to  protect  the  beach.  The 
Wallops  design  will  withstand  the  maximum  storm  intensity  which  is  likely  to 
be  experienced  based  on  a survey  of  the  past  40  years  of  experience.  Cost  esti- 

i As  indicated  in  the  NASA  budget  estimates,  current  and  planned  programs  based  on  the  Javelin 
Journeyman-Trailblazer  class  of  vehicles  have  saturated  existing  facilities, 
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mates  were  derived  from  recent  construction  of  this  type  along  the  center  section 
of  the  beach  front.  Unit  costs  of  steel  sheet  piling  in  place  (per  linear  foot)  and 
of  the  groin  system  are  relatively  standard  and  readily  .wailable  to  design  agents. 
The  cost  of  fill  for  the  dykes,  however,  poses  a problem  due  to  the  lack  of  suitable 
material  close  at  hand.  In  the  case  of  Wallops,  suitable  material  is  found  in 
the  marshland  to  the  west  of  the  island  under  a layer  of  organic  material  which 
must  first  be  removed,  and  which  was  pumped  by  hydraulic  dredge  to  the  beach 
area.  The  Corps  of  Engineers  furnished  representative  unit  costs  to  be  used  in 
evaluating  bids.  These  are  adjusted  to  localities  and  to  the  general  economic 
level  of  activity  prevalent  at  the  time  of  bidding. 

11.  What  are  the  future  plans  for  the  area  to  be  restored? 

The  continuing  role  of  Wallops  Island  in  supporting  space  programs  clearly 
indicates  that  many  of  the  components  and  devices  developed  for  lunar  and 
planetary  explorations,  and  scientific  satellites  will  be  flight  tested  from  the  island. 
The  Mercury  capsule  abort  and  recovery  systems,  antenna  deployment  systems 
(Alouette),  nuclear  power-generating  devices,  etc.,  are  representative  of  the  type 
of  testing  which  will  be  continued  from  the  island.  It  is  expected  that  large 
space-erectable  structures  will  likewise  be  test-flown,  requiring  larger  vehicles 
which  in  turn  will  necessitate  additional  and  heavier  launch  complexes.  The 
southern  end  of  the  island  is  the  only  real  estate  available,  as  the  overflight  problem 
posed  by  nearby  Assateague  Island  restricts  the  area  to  the  north  for  many  launch 
purposes. 

A definite  pattern  has  been  established  by  past  experiences  which  indicate  that 
out  of  the  numerous  new  vehicle  and  spacecraft  studies  continuously  under  review, 
a few  result  in  actual  development  hardware  requiring  flight  testing . For  example, 
the  Aerobee  300  rocket  is  under  development,  for  which  Wallops  is  presently 
modifying  a launch  facility  for  evaluation  purposes  only.  When  this  vehicle  is 
added  to  our  rocket  family  we  may  require  another  launch  tower  which  would 
be  logically  located  in  the  south  area. 

12.  Facility  construction  and  modifications  appear  to  be  excessive  for  launch- 
ings of  vehicles  such  as  the  Scout.  Justification  is  requested  for  these  costs. 

The  cost  of  facility  construction  and  modifications  is  based  on  the  following 
estimated  cost  breakdown: 


Facility  construction  and  modifications $785,  000 

Launch  control  center  (3,600  square  feet  at  $120  per  square  foot) _ 430,  000 

Site  preparation 65,000 

Building — * 295,000 

Escape  hatch  and  blast  doors 15,  090 

Lights,  air  conditioning,  heat  and  power ■_  55,  000 

Assembly  shop  (11,000  square  feet  at  $24  per  square  foot) 265,  000 

Pad  (300  by  280  feet) 90,  000 


The  launch  control  center  is  estimated  at  $120  per  square  foot.  This  estimate 
is  based  on  the  cost  of  a rocket  storage  building  of  1,560  square  feet  constructed 
in  1957  plus  estimates  for  power,  air  conditioning,  blast  doors,  and  an  escape 
hatch  not  included  in  the  rocket  storage  building.  It  is  of  the  igloo  type  covered 
with  earth,  costing  $102,700  when  constructed.  Updating  the  price  would  make 
this  building  cost  approximately  $128,000  today  ; thus  making  the  cost  per  square 
foot  approximately  $82.  This  building  has  no  lighting,  power,  mechanical  venti- 
lation, plumbing,  heating,  communications,  blast  doors,  or  escape  hatches.  The 
inclusion  Of  these  features  in  the  proposed  launch  control  center  raises  the  unit 
cost  to  $120  per  square  foot.  This  cost  compares  favorably  with  that  for  a 
control  center  on  Cape  Canaveral.  While  vehicles  are  considerably  larger  at 
the  cape,  separation  distances  are  also  greater  thus  attenuating  the  overpressures 
to  which  the  structure  must  be  designed.  Wallops  on  the  other  hand  is  a long 
narrow  island  where  long  separation  distances  would  result  in  large  areas  of 
scarce  real  estate  being  rendered  useless  for  any  other  purpose  than  providing 
separation  distances. 

At  $24  per  square  foot  the  cost  of  the  assembly  shop  is  not  considered  excessive. 
Using  $15  per  square  foot  as  basic  unit  cost  for  concrete  base  and  blockwall  con- 
struction, and  adding  plumbing,  electrical,  and  ventilation  costs,  results  in  the 
$24  per  square  foot  unit  price.  At  Cape  Canaveral,  where  humidity  and  other 
ambient  conditions  are  more  severe,  costs  for  similar  structure  vary  between 
$31  and  $50  per  square  foot. 

With  concrete  in  place  (including  form  work  and  reinforcing  steel)  costing 
approximately  $70  per  cubic  yard,  the  $90,000  for  the  pad  is  not  considered 
excessive. 
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Deep  space  network  launch  station  (p.  CF  6-59) 

13.  In  accordance  with  the  NASA-DOD  agreement  of  January  17,  1963,  this 
appears  to  be  a requirement  that  should  be  supplied  by  the  DOD.  Has  DOD 
been  asked  to  supply  this  function? 

The  deep  space  net  launch  station  will  use  specialized  instrumentation  essen- 
tially identical  in  function  (but  not  in  power  and  sensitivity)  to  that  used  at  other 
stations  of  the  deep  space  network.  The  instrumentation  system  is  designed 
specifically  for  compatibility  with  the  S-band  transponders  used  in  the  various 
unmanned  spacecraft  (Mariner,  Ranger,  Surveyor,  Pioneer)  for  lunar  and  plane- 
tary exploration:  it  must  also  provide  for  demodulating  and  displaying  telemetry 
data  received  from  the  transponder,  during  the  prelaunch  checkout  and  count- 
down, so  that  full  information  for  a final  go-no-go  decision  is  available  to  the 
project  director.  It  will  also  be  utilized  for  early  initial  coverage  on  first  pass 
with  the  south  Africa  deep  space  net  station.  Under  the  terms  of  the  NASA- 
DOD  agreement  of  January  17,  1963  (sec.  IV-C),  each  agency  is  responsible 
for  the  ground  support  equipment  required  for  mission-specific  functions  directly 
associated  with  the  preparation,  launching,  and  in-flight  control  of  its  space 
vehicle,  regardless  of  the  area  in  which  the  equipment  is  located.  It  is  in  accord- 
ance with  this  provision  that  NASA  provides  facilities  such  as  this  DSN  launch 
station  and,  therefore,  DOD  was  not  requested  to  furnish  the  facility. 

14.  Do  you  plan  to  utilize  other  facilities  of  DOD  at  Cape  Canaveral  in  this 
network? 

The  DOD  facilities  at  the  cape  are  primarily  for  general-purpose  range  support 
and  are  utilized  extensively  in  support  of  launch-vehicle  data  requirements  which 
can  be  handled  by  such  general-purpose  range  facilities.  These  do  not,  however, 
provide  the  special-purpose  capability  which  is  required  of  stations  of  the  deep- 
space  network.  In  particular,  it  is  necessary  in  the  deep-space  system  to  use  a 
two-way  mode  of  operation,  involving  a certain  specific  frequency  offset  between 
ground  transmitter  and  spacecraft  transmitter.  This  two-way  system  is  essential 
for  transmittal  of  commends  and  verification  of  command  reception  and  action, 
for  measurement  of  precision  Doppler,  and  for  certain  other  specific  functions 
involved  in  command,  control,  and  telemetry  reception  from  the  spacecraft. 
This  in  turn  requires  that  the  entire  communication  system  of  ground  station  aCTd 
spaceborne  transponder  be  treated  as  an  integrated  system.  The  general-purpose 
DOD  facilities  were  not  intended  to  meet  such  a requirement,  and  therefore 
cannot  be  used  as  a part  of  deep-space  net. 

15.  The  costs  generally  throughout  this  item  appear  excessive.  Justify. 

An  examination  of  costs  for  similar  laboratory-type  buildings  at  Cape  Canaveral 
and  other  U.S.  locations  employing  hung  acoustic  tile  ceilings  and  elevated  or 
“floating”  floors  to  facilitate  electronic  installation  indicates  a variation  from 
approximately  $30  to  $50  per  square  foot.  Consequently,  this  facility  at  $35  per 
square  foot  is  considered  representative  of  the  cost  to  be  expected  for  such  con- 
struction. 

16.  Is  maximum  utilization  of  DOD  and  other  NASA  facilities  being  made  to 
reduce  costs  for  this  function?  For  example  the  DOD  has  large  antennas,  data- 
handling  equipment,  and  precision  ranging  and  Doppler  equipment  available. 
Are  these  existing  and  planned  NASA  equipments  efficiently  utilized? 

NASA  provides  and  installs  only  such  equipment,  which  is  not  available  in  the 
general-range-support  capability.  Since  the  DOD  facilities  at  Cape  Canaveral 
are  not  compatible  with  the  deep-space  net  system,  as  explained  in  the  previous 
two  items,  they  cannot  be  utilized  to  serve  this  launch-station  function.  How- 
ever, the  existing  and  planned  NASA  facilities  are  felt  to  be  very  effectively 
utilized  to  serve  their  primary  function.  In  addition,  in  the  planning  of  these 
various  facilities,  every  effort  is  made  to  insure  as  broad  a general-use  capability 
as  possible  within  the  cost  limitations  and  without  detracting  unduly  from  the 
effectiveness  of  accomplishing  the  primary  function  of  the  facility. 

17.  What  projects  require  this  installation? 

All  unmanned  lunar  and  planetary  projects  operating  at  S-band  will  require 
this  facility.  These  projects  presently  include  Ranger,  Mariner,  Surveyor 
(lander),  Surveyor  (orbiter),  and  Pioneer. 

Manned-space-flight  dataracquisition  and  tracking  facility — CF  18-43 

18.  How  far  have  the  negotiations  for  sites  for  the  three  manned-space-flight 
data-acquisition  and  tracking  facilities  gone?  When  do  you  expect  to  complete 
negotiations  for  each  site?  What  is  the  anticipated  date  of  completion  of  each 
facility? 

No  formal  negotiations  have  been  conducted  for  sites  for  the  three  manned- 
space-flight  data-acquisition  and  tracking  facilities.  NASA  does  not  consider  it 
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appropriate  to  do  this  until  authorization  to  proceed  with  the  project  is  granted  by 
the  Corgress.  However,  in  all  station  planning  and  siting,  consideration  is  al- 
ways given  to  anticipated  future  needs  so  that  tracking  and  data-acquisition 
equipments  can  be  colocated  to  the  maximum  technical  extent  possible.  For 
example,  the  sites  now  being  investigated  for  the  fiscal  year  1963  deep-space  and 
data-acquisition  facilities  in  Australia  and  Prstern  Europe  provide  for  suitable 
areas  and  terrain  features  which  could  accommodate  additional  antennas  when 
and  if  such  were  required  and  authorized.  This  does  not  imply  that  land  is 
acquired  in  addition  to  that  initially  needed,  but  that  sites  are  chosen  whenever 
possible  to  allow  for  potential  expansion.  In  this  way  NASA  hopes  to  reap  the 
benefits  of  having  multiple  facilities  located  in  the  same  areas  in  order  to  save  on 
roads,  general  logistic  support,  and  personnel  operating  costs. 

To  the  extent  considered  technically  feasible,  these  facilities  will  be  colocated 
with  existing  NASA  facilities  or  in  countries  in  which  NASA  facilities  now  exist. 
Immediately  upon  congressional  authorization,  negotiations  'will  be  initiated 
officially  through  the  Department  of  State,  and  are  anticipated  to  be  completed 
by  about  November  1963. 

These  facilities  are  anticipated  to  be  operational  by  mid-1965. 

19.  Since  this  is  a backup  system,  have  all  other  possible  facilities  been  investi- 
gated for  use? 

The  three  manned-space-flight,  85-foot  tracking  and  data-acquisition  antenna 
facilities  are  the  prime  stations  that  will  be  used  entirely  in  support  of  the  lunar 
phase  of  the  Apollo  project  rather  than  backup  systems.  As  pointed  out  in  the 
justification  book,  these  three  stations  will  be  closely  interconnected  with  the 
existing  deep-space  network  stations;  NASA  hopes  to  avoid  having  to  build  six 
prime  stations  for  lunar  Apollo  by  using  three  of  the  existing  deep-space  stations 
as  backup.  The  backup  philosophy  indicated  here  is  based  on  the  requirement 
that  the  Apollo  spacecraft  and  its  crew  must  be  in  constant  communication  with 
the  earth  during  the  entire  lunar  mission.  There  are  no  facilities  existing  today 
that  can  provide  two  similar,  independent,  yet  interconnected  deep-space  facili- 
ties at  each  of  three  ground  locations  separated  by  120°  longitude. 

20.  If  available  could  not  DOD  or  NASA  ships  be  stationed  to  provide  this 
function? 

Since  the  major  facility  item  in  the  prime  manned-flight  stations  for  the  lunar 
mission  is  an  85-foot-diameter  antenna  weighing  some  300  tons  and  standing 
approximately  140  feet  hHi,  it  is  not  possible  t(  mount  such  equipment  on  a ship. 

21.  Why  would  these  stations  not  be  located  immediately  adjacent  to  existing 
stations  to  reduce  construction  and  housekeeping  costs? 

As  indicated  in  the  justification  book,  it  is  planned  to  locate  these  three  prime 
stations  at  existing  deep-space  facilities.  It  is  felt  that  considerable  savings  can 
be  made  in  the  areas  of  road  and  utilities  construction  by  this  approach.  Opera- 
tions costs,  on  the  other  hand,  are  a direct  function  of  the  number  of  personnel 
required  to  operate  any  specific  equipment  and  therefore  the  location  of  a facility 
has  less  bearing  on  its  operation  costs. 

22.  Do  you  not  have  sufficient  backup  facilities  at  Goldstone  to  eliminate  the 
need  for  a station  bn  that  longitude? 

There  are  two  85-foot-diameter  antennas  at  the  Goldstone  station;  these  are 
being  and  will  continue  to  be  utilized  heavily  in  the  unmanned  lunar  and  planetary 
programs.  The  manned-flight  net  station  proposed  for  construction  in  the 
United  States  would  become  the  third  at  that  approximate  longitude.  This 
station  would  be  “prime”  for  Apollo  lunar  missions;  it  would  be  backed  up  by  one 
of  these  existing  deep-space  antennas  in  exactly  the  same  fashion  as  at  the  two 
oversea  locations,  each  of  which  also  has  two  deepspace  net  antennas. 

23.  Are  the  construction  costs  based  on  actual  experience  in  former  installations? 
Justify  and  give  comparison  with  former  construction. 

The  cost  estimates  for  the  manned-flight  net  are  based  on  the  construction  of  the 
two  antennas  at  Fairbanks,  Alaska;  the  two  antennas  at  Rosman,  N.G.  and  the 
antenna  to  be  constructed  in  Canada.  However,  the  manned-flight  net  antennas 
will  have  a great  deal  of  equipment  in  addition  to  that  provided  at  the  above- 
mentioned  stations  which  increases  their  estimated  cost  by  some  $2  million, 
depending  upon  the  electronic  sophistication  of  the  station  used  for  comparison. 
The  basic  structures  are  essentially  the  same — some  buildings  vary  in  size  de- 
pending upon  the  equipment  to  be  housed. 

24.  Give  a breakdown  of  site  development  and  utility  installations. 

Final  selection  of  the  sites  for  these  antennas  has  not  been  made;  consequently, 
a more  detailed  breakdown  of  the  site  development  and  utility  installations  costs 


1964  NASA  AUTHORIZATION  2901 

than  that  shown  in  the  justification  book  cannot  be  road”,  at  this  time.  These 
are: 

Site  development  and  utility  installations $415,  000 


Site  preparation  and  roads - 100,  000 

Power-generating  equipment. 220,  000 

Power-distribution  systems 45,  000 

Water  and  sanitation  systems 50,  000 


Mr.  Roush.  It  is  quite  possible  after  receiving  your  answers,  that 
we  will  have  to  call  you  back.  We  will,  if  it  is  necessary,  of  course. 
But  these  items  will  be  brought  to  your  attention,  that  is,  the  questions 
will  be  brought  to  your  attention,  and  we  would  expect  answers  to 
these,  because  we  don’t  have  time  to  go  in  to  them  today. 

We  have  only  a couple  of  minutes  here,  and  unless  a member  of  the 
committee  has  a question  that  should  be  propounded  now  I think 
we  will  go  into  executive  session. 

(Additional  data  submitted  by  NASA  for  the  record  is  as  follows:) 

National  Aeronautics 
and  Space  Administration, 

Office  of  the  Administrator, 

Washington,  D.C.,  May  16,  1963. 

Hon.  J.  Edward  Roush, 

Member,  Committee  on  Science  and  Astronautics, 

House  of  Representatives,  Washington,  D.C. 

Dear  Mr.  Roush:  Pursuant  to  the  authorization  hearings  on  the  question  of 
NASA  instrumentation  ships,  I would  like  to  offer  for  the  record  the  attached 
concise  statement  of  our  position  on  this  matter. 

Sincerely  yours, 

Robert  C.  Seamans,  Jr., 

Associate  Administrator. 

NASA  Statement  Concerning  Fiscal  Year  1964  Budget  Request  for  Three 

Apollo  Instrumentation  Ships 

The  Apollo  project  shares  with  several  military  programs  the  highest  national 
and  industrial  priority.  Any  delay  in  the  orderly  progress  of  the  program  would 
not  only  be  costly  in  dollars  but  would  impair  our  national  prestige. 

An  essential  element  in  the  success  of  the  lunar  landing  mission  will  be  the 
integrated  tracking,  communications,  and  command  network  equipped  with 
instrumentation  peculiar  to  the  Apollo  mission.  One  of  the  specific  functions  of 
this  network  will  be  to  cover  the  insertion  into  orbit  and  the  injection  into  lunar 
transfer  of  the  Apollo  spacecraft.  These  events  will  occur  over  water,  and  will 
require  shipborne  stations.  The  highest  practicable  degree  of  standardization  of 
equipment  throughout  the  network  is  needed  for  maximum  operational  responsive- 
ness and  mission  safety. 

The  tracking  of  the  Apollo  mission  will  require,  as  a minimum,  essentially  the 
full-time  availability  of  three  ships.  NASA  has,  therefore,  included  in  its  fiscal 
year  1964  budget  request,  presently  before  the  Congress,  three  such  tracking  ships 
at  a total  estimated  cost  of  $90  million. 

The  essentially  full-time  requirement  for  three  ships  is  based  upon  a minimum 
of  45  days  (15  days  in  transit;  30  days  on  station)  of  actual  support  per  flight 
mission  on  a flight  schedule  of  six  missions  per  year;  ship  maintenance  and  repair 
time  of  30  days  per  ship  per  year;  and  an  aUoivance  of  60  days  per  ship  per  year 
for  equipment  modifications  and  tests  and  technical  crew  training. 

When  the  additional  factors  of  schedule  changes  and  mission  revisions  are 
considered,  it  is  evident  that  anything  less  than  full-time  availability  of  three 
ships  would  involve  the  risk  of  delaying  the  program. 

On  April  2,  1963,  NASA  asked  the  Department  of  Defense  if  it  could  provide, 
within  its  existing  or  planned  inventory,  three  full-time  ships  for  Apollo  support. 
On  April  3,  the  Department  of  Defense  answered:  “It  can  be  stated  now  that  the 
Department  of  Defense  does  not  have  sufficient  resources  to  commit  three  instru- 
mentation ships  for  the  full-time  exclusive  use  of  the  Apollo  program.” 

The  Department  of  Defense  proposal  that  five  general-purpose  ships  be  instru- 
mented for  the  Apollo  mission,  and  that  ships  be  made  available  out  of  this  pool 
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on  a part-time  basis  for  Apollo  support,  will  not  meet  the  NASA  requirements. 
Assigning  three  ships  to  Apollo,  while  at  the  same  time  providing  adequate  support 
for  DOD  and  NASA  missions  other  than  Apollo,  will  require  the  addition  of  three 
tracking  ships  to  the  national  inventory. 

Plans  for  the  reentry  phase  of  the  lunar  landing  mission  have  not  yet  been  final- 
ized. When  they  are,  it  is  most  likely  that  a requirement  for  additional  ships, 
beyond  the  three  requested  in  fiscal  year  1964,  will  become  apparent. 

Current  plans  call  for  meeting  the  Apollo  ship  requirements  under  the  most 
economical  schedule.  Modification  and  instrumentation  of  three  existing  reserve 
fleet  hulls  must  start  in  late  1963  in  order  to  have  ships  available  for  operational 
training  when  needed  in  1966.  Our  plan  is  to  stagger  delivery  of  these  ships  by 
3-month  intervals;  this  will  permit  the  shipyard  ana  instrumentation  contractors 
to  minimize  personnel  requirements  and,  in  turn,  the  overall  cost.  Full  author- 
ization and  funding  are  required  in  fiscal  year  1964  to  meet  the  Apollo  schedule 
while  realizing  the  advantages  of  scheduled  procurement. 

(Additional  data  submitted  by  NASA  for  the  record  is  as  follows:) 

May  28,  1963. 

Mr.  Paul  G.  Dembling, 

Director  of  Legislative  Affairs,  National  Aeronautics  and  Space  Administration, 
Washington,  D.C. 

Dear  Mr.  Dembling:  Additional  questions  have  arisen  in  the  deliberations 
of  the  Subcommittee  on  Applications  and  Tracking  and  Data  Acquisition  concern- 
ing the  NASA  fiscal  year  1964  authorizations.  It  is  requested  that  information 
be  forwarded  to  the  subcommittee  no  later  than  June  4,  1963,  in  response  to  the 
questions  that  follow  on  items  of  concern  to  the  Office  of  Tracking  and  Data 
Acquisition.  Your  reply  will  be  included  in  the  record  of  hearings. 

1.  A list  is  requested  showing  the  stations  comprising  each  of  the  tracking  net- 
works; that  is,  the  satellite  network,  the  manned  flight  network,  and  the  deep- 
space  network.  Those  stations  now  under  construction  and  planned  should  be 
described,  giving  the  estimated  completion  date  and  the  percentage  completion 
at  this  time. 

2.  Four  antenna  facilities  similar  to  the  three  manned  space  flight  facilities 
requested  this  year  were  authorized  in  fiscal  year  1963  at  $5  million.  What 
additional  costs  are  involved  to  require  $7  million  expenditure  at  this  time? 

3.  Previous  testimony  on  the  solid  state  switching  system  for  communications 
network  indicated  that  there  would  be  a savings  in  communications  costs  if  this 
system  were  purchased  What  will  be  the  magnitude  of  yearly  savings  brought 
about  by  the  use  of  this  system?  Is  there  a standard  nonsolid  state  device  avail- 
able and  if  so  what  is  its  estimated  cost? 

4.  The  committee  requests  a breakdown  of  each  item  under  the  heading  “Data 
processing  and  handling’’  with  an  explanation  of  the  increases  over  fiscal  year  1963 
funds? 

5.  The  subcommittee  is  concerned  that  the  facilities  construction  under  its 
preview  must  conform  to  established  design  criteria  and  standards  of  the  General 
Services  Administration,  the  U.S.  Navy  Bureau  of  Yards  and  Docks,  or  the  U.S. 
Army  Corps  of  Engineers  and  must  be  constructed  on  an  austere  basis  similar  to 
other  Government  agencies.  Have  similar  standards  been  adhered  to  in  the 
design  of  the  telemetry  station,  CF-13-46,  manned  space  flight  tracking  facili- 
ties, CF-13-43,  the  meteorological  laboratory,  CF-3-17,  and  support  facilities, 
CF-14t-2? 

6.  The  committee  has  been  informed  that  the  Alaska  tracking  facility  has  blue 
ceramic  tile  used  in  its  construction.  Is  this  true  and  does  this  conform  with 
established  standards  for  this  type  facility?  Will  all  of  the  large  tracking  stations 
utilize  these  same  standards? 

Sincerely, 

W.  H.  Boone,  Technical  Consultant. 


* 


,v§.:  * 
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s. 


National  Aeronautics  and  Space  Administration, 

Washington,  D.C.,  June  3,  1963. 

Mr.  W.  H.  Boone, 

Technical  Consultant,  Committee  on  Science  and  Astronautics, 

House  of  Representatives,  Washington,  D.C. 


Dear  Mr.  Boone:  The  attached  information  is  forwarded  in  response  to  your 
request  of  May  28,  1963. 

Sincerely, 

Paul  G.  Dembling, 
Director,  Office  of  Legislative  Affairs. 

Enclosure. 


1.  NASA  Tracking  and  Data  Acquisition  Facilities 
All  stations  operational  except  as  indicated. 


MANNED  SPACE  FLIGHT  NETWORK 


Cape  Canaveral,  Fla. 

Coopers  Island  and  Town  Hill,  Bermuda 
Grand  Canary  Island 
Kano,  Nigeria 
Zanzibar 

Muchea,  Australia 
Woomera,  Australia 
Canton  Island 
Kauai  Island,  Hawaii 
Point  Arguello,  Calif. 


Guaymas,  Mexico 
White  Sands,  N.  Mex. 

Corpus  Christi,  Tex. 

Elgin  Air  Force  Base,  Fla. 

Carnarvon,  Australia  (80  percent  com- 
plete; operational  December  1963) 
Rose  Knot,  Quebec  telemetry  and 
command  ship 

Coastal  Sentry  Victor,  telemetry  and 
command  ship 


Fiscal  year  1964  request 

Europe  (85-foot  antenna;  operational  mid-1965). 
United  States  (85-foot  antenna;  operational  mid-1965). 
Australia  (85-foot  antenna;  operational  mid-1965). 
Tracking  ship  No.  1,  operational  March  1966. 

Tracking  ship  No.  2,  operational  June  1966. 

Tracking  ship  No.  3,  operational  September  1966. 

satellite  network 
Electronic  tracking  stations 


College,  Alaska 

Fairbanks,  Alaska  (85-foot  antenna) 
Fort  MVem,  Fla. 

Quito,  Ecuador 
Lima,  Peru 
Santiago,  Chile 
Antofagasta,  Chile 
Winkfield,  England 
Mojave  (Goldstone)  Calif. 
Woomera,  Australia 
East  Grand  Forks,  Minn. 


Blossom  Point,  Md. 

St.  Johns,  Newfoundland 
Johannesburg,  South  Africa 
Rosman,  N.C.  (85-foot  antenna,  95 
percent  complete;  operational  August 
1963);  second  Rosman  antenna  sys- 
tem (20  percent  complete;  opera- 
tional, August  1964) 

Southeast  Australia  (65  percent  com- 
plete; operational  July  1964) 


Optical  stations 


Villa  Dolores,  Argentina 

Woomera)  Australia 

Curacao,  Netherlands  West  Indies 

Naini  Tal,  India 

Shiraz,  Iran 

Mitaka,  Japan 


Arequipa,  Peru 
Olifantsfontein,  South  Africa 
San  Fernando,  Spain 
Jupiter,  Fla. 

Maui,  Hawaii 
Organ  Pass,  N.  Mex. 


DEEP  SPACE  NETWORK 

Goldstone,  Calif. 

Woomera,  Australia. 

Hartebeesthoek,  South  Africa, 

Fiscal  year  1963: 

Southern  Europe  (10  percent  complete;  operational  January  1965). 

Canberra,  Australia  (25  percent  complete;  operational  October  1964). 

Fiscal  year  1964:  Goldstone,  Calif,  (advanced  antenna)  (12  percent  complete; 
operational  February  1966). 
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Fiscal  year  1964  request 

Cape  Canaveral  launch  station  (operational  October  1964). 

Sites  have  been  selected  by  N ASA  for  all  authorized  stations ; in  several  cases, 
the  cooperating  government  has  not  either  officially  entered  into  an  international 
agreement  or  has  not  yet  made  public  announcement  of  the  site  selection.  For 
this  reason,  some  of  the  stations  under  construction  are  identified  i-  ily  by  general 
location. 

2.  Manned  Space  Flight  Data  Acquisition  and  Tracking  Facilities 

In  fiscal  year  1963,  authorization  was  requested  for  four  NASA  antenna  facili- 
ties: two  deep  space  network  stations  at  $5  million  apiece,  a satellite  network 
station  at  $6  million,  and  a second  antenna  for  the  Rosman  satellite  network 
station  at  $3.5  million. 

In  fiscal  year  1964,  NASA  is  requesting  authorization  for  three  manned  space 
flight  network  stations  at  $7  million  apiece.  These  are  much  more  comparable 
to  the  fiscal  year  1963  $6  million  satellite  network  station  than  to  the  $5  million 
deep  space  network  stations,  in  that  the  basic  antenna  mount  will  be  of  the  X-Y 
rather  than  Ha-Dec  type  and  the  complete  electronics  required  for  manned  flight 
support  approximate  the  cost  of  those  needed  to  support  the  large  unmanned 
satellites. 

The  $1  million  difference  in  cost  of  the  two  types  of  stations  is  entirely  a factor 
of  the  manned  flight  program  requirements.  The  antenna  itself  will  be  more 
expensive  since  it  will  be  built  as  a Cassegrain  rather  than  prime-focus  parabola. 
The  Cassegrain  configuration  is  necessary  to  operate  at  maximum  efficiency  in  the 
S-band  frequencies  that  the  lunar  Apollo  missions  will  use.  Since  these  antennas 
will  be  used  to  support  manned  space  flights,  they  must  be  sturdy  and  reliable 
enough  to  operate  without  environmental  constraint;  this  reauires  extra  structural 
strength  and  heavier  gear  systems.  Tolerances  must  be  held  to  a minimum, 
since  the  antennas  will  have  to  track  accurately  at  both  high  speeds  for  the  orbital 
portion  of  the  flight  and  at  low  speeds  during  the  lunar  approach.  Accuracy  and 
reliability  requirements,  then,  serve  to  increase  the  antenna  cost.  The  electronic 
systems  required  by  manned  flight  missions  include  an  accurate  ranging  system 
not  included  in  the  basic  cost  of  the  satellite  network  station  as  well  as  a very 
different  transmitter  system  that  must  handle  both  voice  and  command  data 

3.  Solid-State  Switching  System 

The  present  switching  system  in  use  at  the  Goddard  Space  Flight  Center  is 
composed  of  two  semiautomatic  solid-state  electromechanical  units.  The  sys- 
tem is  leased  from  common  carriers  at  a cost  of  some  $300,000  per  year.  The 
system  has  a capacity  of  seventy  60-word-per-minute  teletype  circuits. 

The  automatic  solid-state  electronic  system  proposed  for  procurement  in 
fiscal  year  1964  will  have  a capacity  of  184  such  teletype  circuits  as  well  as  twenty- 
four  1,000-word-per-minute  high-speed  data  circuits.  This  system  can  be 
leased  from  common  carriers  at  approximately  $900,000  per  year  or  can  be  pur- 
chased for  $1.8  million. 

To  increase  the  existing  rented  system  capability  to  184  teletype  circuits 
alone  would  increase  the  annual  lease  costs  from  $300,000  to  $850,000,  and 
would  not  provide  for  any  high-speed  data  circuits.  The  electromechanical 
systems  cannot  handle  1,000-word-per-minute  data  traffic. 

The  purchase  of  an  automatic  solid-state  electronic  switching  system  will 
effect  economies  in  system  maintenance  and  operations  personnel  in  that  30 
percent  less  people  will  be  required ; building  space  in  that  only  half  the  presently 
used  area  is  needed  by  the  compact  modular  equipment;  and  direct  cost  in  that 
the  purchase  cost  is  only  twice  the  annual  rental  cost  and  the  system  will  be  in 
use  for  many  years. 

There  is  no  vacuum-tube  or  electromechanical  switching  system  that  can 
handle  high-speed  data.  The  proposed  solid-state  electronic  system  is  made 
up  of  entirely  standard  components  listed  in  the  “Federal  Supply  Catalog.” 
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4.  Data  Processing  and  Handling 

During  the  period  from  early  1962  to  the  present  time,  data  processing  require- 
ments have  caused  an  increase  in  the  number  of  processing  “lines”  from  two  to  a 
total  of  about  seven  which  will  be  operated  and  maintained  during  fiscal  year 
1964.  The  increase  in  satellite  data  rates,  plus  the  increased  use  of  PCM  telemetry 
in  the  current  and  planned  satellites,  will  require  approximately  four  PFM 
processing  lines  and  three  PCM  processing  lines.  Under  the  demanding  work- 
loads for  “in  orbit”  satellites,  plus  the  requirement  to  rerun  previously  processed 
tapes  (in  order  to  extract  additional  data  previously  not  recoverable  due  to 
limitations  of  equipment),  the  data  processing  systems  must  be  provided  with 
various  analog  and  digital  equipment  and  other  components  as  replacement  and 
spares.  Therefore,  a considerable  increase  in  cost  is  anticipated  to  maintain  the 
data  processing  systems  to  meet  program  requirements. 

In  order  to  provide  STARS  equipment  for  the  processing  lines  required  to 
handle  the  satellite-produced  data,  four  complete  systems  are  being  incrementally 
funded  in  fiscal  year  1963  and  fiscal  year  1964.  These  systems  are  required  to 
augment  the  processing  lines  already  in  use  to  maintain  processed  data  output 
at  appropriate  and  required  levels. 

A description  of  the  new  equipment  to  be  procured  is  attached. 

expansion  of  network  capability 

Satellite  telemetry  automatic  reduction  systems  (STARS). — The  larger  scientific 
satellites  will  possess  on-board  digital  systems  capable  of  storing  great  quantities 
of  required  data.  This  results  in  a vast  increase  of  data  flow  and  subsequent 
need  for  expansion  of  data  handling  facilities.  The  STARS  system  consists  of 
digital  processing  and  handling  equipments  which  operate  automatically  at  pre- 
programed modes  to  reduce  and  print  out  the  above  data  at  very  high  speeds. 
Such  an  automatic  system  is  considered  necessary  if  data  is  to  be  reduced  on  a 
timely  basis. 

Telemeter  off-line  processing  system. — The  observatory  class  of  satellites  have 
very  high  data  rates  which  even  when  processed  by  STARS  require  an  inordinate 
amount  of  machine  time.  Preliminary  processing  of  this  data  in  the  telemeter 
off-line  processing  system  will  greatly  diminish  or  eliminate  unusable  data  and 
allow  for  more  effective  use  of  the  large  automatic  reduction  system. 

Special  purpose  data  processors. — Many  experiments  produce  raw  data  which 
cannot  be  processed  by  standard  means.  The  special  characteristics  of  the  ru- 
bidium vapor  magnetometer  (planned  in  the  OGO  series)  requires  a special  device 
to  translate  frequencies  from  telemetry  signal  into  digital  numbers  with  high 
accuracy  and  precision.  A special  processor  is  required  to  display  spectrograph 
star  patterns  and  TV  scans,  as  translated  from  telemetry  signals  from  the  OAO 
satellites. 

Automatic  analog  data  tape  evaluation  equipment. — This  equipment  will  be  ca- 
pable of  automatically  sorting  out  and  evaluating  improperly  recorded  telemetry 
tapes.  This  increased  capability  is  necessary  in  the  face  of  the  rapidly  increasing 
number  of  tapes  required  to  be  handled. 

High  speed  plotter  printer. — This  machine  is  necessary  to  more  nearly  equate 
the  speed  of  printing  with  computer  speed.  Present  equipment  dictates  a several 
hour  delay  in  printing  following  the  completion  of  a computer  program. 

5.  Construction  Standards 

Pending  the  implementation  of  NASA-wide  design  criteria  and  construction 
standards,  all  NASA  facilities  will  continue  to  be  designed  on  an  austere  basis 
using  the  established  criteria  and  standards  of  the  Army  Corps  of  Engineers,  the 
Navy  Bureau  of  Yards  and  Docks,  and  the  General  Services  Administration.  The 
facilities  in  the  NASA  fiscal  year  1964  program  have  not  yet  been  designed  but 
their  planning  and  cost  estimates  reflect  the  use  of  such  established  criteria  and 
standards. 
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6.  Alaska  Tracking  Facility 

The  operations  building  at  the  Alaska  tracking  and  data  acquisition  facility  is 
built  of  glazed  brick,  not  ceramic  tile.  Glazed  brick  or  a similar  material  is 
required  to  assure  proper  temperature  and  humidity  control  inside  the  building 
to  protect  the  expensive  and  highly  sensitive  electronic  equipment.  The  opera- 
tions building  at  the  Rosman  station  is  similarly  built  of  glazed  brick. 

Glazed  brick  is  available  in  a variety  of  colors,  including  a dear  glaze,  at  no 
differential  in  cost;  blue  was  chosen  both  for  the  Alaska  and  for  the  Rosman 
facility. 

In  each  construction  project,  the  individual  station  and  equipment  requirements 
are  taken  into  consideration  before  designing  and  building  the  facility.  The 
most  appropriate  and  economical  approach  is  chosen  in  terms  of  location,  available 
materials,  and  operational  needs.  Construction  techniques  therefore  can  vary 
depending  upon  these  factors  but  the  standards  do  not. 

(Whereupon,  at  11:50  a.m.,  the  subcommittee  proceeded  to  execu- 
tive session.) 
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TUESDAY,  MARCH  19,  1963 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in 
room  214-B,  New  House  Office  Building,  Hon.  Ken  Hecnler  (chairman 
of  the  subcommittee),  presiding. 

The  Chairman.  The  committee  will  come  to  order. 

This  morning  as  we  commence  hearings  on  NASA  headquarters 
operations,  we  are  pleased  to  have  with  us  Dr.  Robert  C.  Seamans,  Jr., 
Associate  Administrator  of  NASA. 

I think  in  any  operation  of  this  magnitude  this  committee  and  the 
full  Congress  are  deeply  concerned  with  the  full  justification  for  the 
total  amounts  authorized. 

I guess  one  of  the  administrative  prices  that  has  to  be  paid  for 
rapid  expansion  is  far  more  personnel,  and  I know  that  you  dislike 
as  much  as  the  Congress  does  the  necessity  for  more  personnel,  yet 
it  is  the  responsibility  of  this  committee  and  of  Congress  to  analyze 
and  scrutinize  as  thoroughly  as  possible  the  personnel  and  head- 
quarters estimates  submitted. 

We  are  considering  about  half  a billion  dollars  in  this  area,  which 
amounts  to  about  10  percent  of  the  total  NASA  budget. 

Before  you  commence  your  formal  testimony,  Dr.  Seamans,  I 
would  like  to  place  in  the  record  several  tables  on  the  comparative 
number  of  NASA  employees,  along  with  their  grades  and  salaries,  as 
compared  with  other  Federal  agencies.  These  tables  have  been 
prepared  by  the  Legislative  Reference  Service  at  the  request  of  this 
committee,  by  C.  Edward  Wise,  Jr.,  and  copies,  of  course,  will  be 
made  available  to  NASA.  They  will  also  be  in  the  record. 

(The  tables  referred  to  are  as  follows:) 


Table  I. — National  Aeronautics  and  Space  Administration 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees . 

Number  of  employees  at  end  of  year 

Average  GS  grade _ 

Average  GS  sa'ary 

Average  salary,  grades  established  by  Admin- 
istrator, NASA.. 

17,077 

78 

15,949 

17,471 

9.5 

$8,112 

$6,498 
$16, 776 

22,156 

19,493 

23,686 

9.8 

*8,279 

$6,640 
$17, 071 

28,547 

858 

26,571 

29,147 

10.0 

$9,030 

$6,686 
$18, 181 

32,500 
917 
32,294 
33, 100 
10.0 
$9,122 

$6,708 
$18, 181 

Average  salary,  ungraded  positions 

Source:  Budget  for  fiscal  1963,  p.  748;  and  budget  for  fiscal  1964,  p.  785. 
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Table  II. — Atomic  Energy  Commission 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees — 

Number  of  employees  at  end  of  year.  

Average  grade,  grades  established  by  AEC 

Average  salary,  grades  established  by  AEC 

Average  salary  of  ungraded  positions 

7,417 

111 

6,826 

6,846 

9.0 

17,926 

0 

7,571 

109 

6,794 

6,863 

9.1 

*8,089 

0 

7,659 

111 

6,987 

7,152 

9.3 

*8,811 

0 

" ' i 

7,720  1 

125 
7,265 

7, 330  i 

9.3  i 

*8,993  | 

0 

Note— Not  included  in  this  table  are  employees  under  allocation  account. 
Source:  Budget  for  fiscal  1963,  p.  699;  budget  for  fiscal  1964,  p.  693. 


Table  III. — Agricultural  Research  Service 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employees  at  end  of  year 

Average  GS  grade... 

Average  GS  salary 

Average  salary  of  ungraded  positions.. 

15,886 

1,104 

15,235 

17,263 

7.7 

$6,624 

$4,477 

16,670 

1,214 

15,926 

18,059 

8.0 

$6,717 

$4,547 

17,821 
1,261 
17, 124 
18,790 
8.0 
$7, 182 
$4,582 

18,100 
1, 158 
17, 520 
19,530 
8.0 
$7,193 
$4,676 

Source:  Budget  for  fiscal  1963,  p.  85;  and  budget  for  fiscal  1964,  p.  91. 

Table  IV. — National  Bureau  of  Standards 

1961  actual 

1962  actual 

1963  esti- 
mated 

1963  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employers  at  end  of  year. 

Average  GS  grade 

Average  GS  salary i 

4,137 

197 

3,398  j 
3,755 
8.3 

$7,507  j 
*5,708 

3,484 

176 

3,545 

3,873 

9.1 

$7,856 

*5,955 

i 

3,692 

200 

3,811 

4,090 

9,1 

$8,408 

$6,100 

3,947 
215 
4,065 
4,372 
9.1 
$8, 516 
$6,100 

Average  salary  of  ungraded  positions 

1 

Source:  Budget  for  fiscal  1963,  p.  219;  and  budget  for  fiscal  1964,  p.  216. 

Table  V-A. — Department  of  Defense — Army:  Research,  development,  test,  and 

evaluation 

J 

1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  perm  anent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employees  at  end  of  year 

Average  G8  grade 

Average  GS  salary 

Average  salary  of  ungraded  positions 

15,136 
36 
14,622 
14,681 
a a 
$7,420 
$5,378 

16,199 
59 
14,037 
14, 818 
8.2 
$7,080 
$6,125 

14,057 

55 

13,356 

13,728 

8.3 

$7,459 

$6,150 

14, i: a 
59 
13,380 
13,512 
8.3 
$7,479 
$6,160 

Source:  Budget  for  fiscal  1963,  p.  272;  and  budget  for  fiscal  1964,  p.  291. 


1964  NASA  AUTHORIZATION 


I' 


2909 


Table  V-B.— Department  of  Defense — Navy:  Research,  development,  test,  and 

evaluation 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employees  at  end  of  year 

Average  GS  grade 

Average  GS  salary 

25,399 

50 

23,953 

24,063 

9.1 

$7,870 

$5,852 

25,877 
45 
24,851 
25, 432 
9.3 
$7,993 
$6,013 

26,030 

45 

25,387 

25,665 

9.3 

$8,589 

$6,022 

27,359 
39 
25,590 
26,480 
0 ? 

$8,589 

$6,022 

Average  salary  of  ungraded  positions 

Source:  Budget  for  fiscal  1963,  p.  273;  and  budget  for  fiscal  1964,  p.  293. 


Table  V-C. — Department  of  Defense — Air  Force:  Research,  development,  test,  and 

evaluation 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

23, 479 
35 

26,611 

47 

24,438 

60 

27,854 

60 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

23,091 
23, 199 
8. 1 

23,233 

23,555 

8.2 

24, 012 

27,385 
28,054 
8. 1 

Number  of  employees  at  end  "of  year ... 

24,096 

8.2 

Average  GS  grade*.. ’ 

Average  GS  salary 

$6,958 

16,400 

$7, 117 
$6,598 

$7,667 

$6,780 

$7,594 

$6,869 

Average  salary  of  ungraded  positions 

Source:  Budget  for  fiscal  1963,  p.  275;  and  budget  for  fiscal  1964,  p.  294. 


% 


Table  V-D. — Department  of  Defense — Advanced  research  projects  agency  (ARP A): 
Research,  development,  test,  and  evaluation 


- 

. 

1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti-  f 

mated 

Total  number  of  permanent  iMjaitions 

82 

1 

74 

80 

9.1 

$8,264 

0 

84 

Full-time  equivalent  of  other"  positions 

Average  number  of  all  employees 

Number  of  employees  at  end  of  year 

Average  GS  grade 

81 
84 
9. 7 
$8,721 
0 



Average  GS  salary 

* 

Average  salary  of’ungraded  positions... 

Source:  Budget  for  fiscal  1963,  p.  277;  and  budget  for  fiscal  1964,  p.  297 


Table  VI-A. — National  Institutes  of  Health — General  research  and  services 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees. 

Number  of  employees  at  end  of  year 

Avantgo  OS  gm.3f>  . 

343 

6 

306 

347 

6.4 

$5,866 

0 

188 

8 

148 

178 

7.1 

$7,196 

0 

315 

12 

259 

297 

7.5 

$6,964 

0 

394 

15 

348 

379 

7.5 

$7,058 

0 

Average  GS  salary 

Average  salary  of  "ungraded  positions 

\ 


Source:  Budget  for  fiscal  1983,  p.  407;  and  budget  for  fiscal  1964,  p.  436. 
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Table  VI-B. — National  Institutes  of  Health — Biologies  standards 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  ninohor  of  permanent  positions  _ _ 

206 

4 

196 

207 

6.9 

$6,030 

$3,821 

265 

4 

224 

249 

7.4 

$6,654 

$3,896 

297 

4 

271 

287 

7.4 

$6,595 

$3,898 

Full-time  equivalent  of  other  positions 

Average  number  of  *11  employees. 

Number  of  employees  at  end  of  year 

Average  (IS  grade* _* - ' ] 

A vesage  OR  salary  i 

Average  salary  ofnngraded  positions  

Source:  Budget  for  fiscal  1963,  p.  — ; and  budget  for  fiscal  1964,  p.  437. 


Table  VT-C, — National  Institutes  of  Health-National  Cancer  Institute 


1961  actual 

1962  actual 

1963  esti- 
mated 

1963  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employee*  at  end  of  year 

Average  08  grade * 

Avenge  OB  salary 

Average  salary  of  ungraded  positions 

1.351 

76 

1,200 

1,328 

6.4 

$5,876 

0 

1,283 

64 

1,183 

1,291 

6.7 

$6,087 

*3,848 

1,313 
62 
1,287 
1,325 
A 7 
$8,364 
$3,949 

1,336 

65 

1,312 

1,350 

6.7 

$6,413 

$3,949 

Note.— Not  Included  in  this  table  are  employees  allocated  to  Veterans’  Administration. 
Source:  Budget  for  fiscal  1963,  p.  408;  and  budget  for  fiscal  1964,  p.  438. 

Table  VI-D. — National  Institutes  of  Health,  menial  health  activities 

1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full  -time  equivalent  of  other  positions 

Avenge  number  of  all  employees 

Number  of  employees  at  end  of  year 

Average  OS  grade — 

Average  08  salary - 

Avenge  salary  of  ungraded  positions.. 

■ 

701 

79 

728 

886 

7.5 

$6,001 

° 

820 

111 

850 

1,036 

7.7 

$6,798 

0 

1,113 

82 

1,074 

1,168 

8.1 

•7,401 

0 

1,255 

82 

1,182 

1,306 

8.1 

•7,464 

0 

Not*.— Not  included  In  this  table  are  employees  allocated  to  St.  Elisabeths  Hospital. 
Source:  Budget  for  fiscal  year  1963,  p.  409;  and  budget  for  fiscal  year  1964,  p.  439. 

Table  VI-E. — National  Institutes  of  Health:  National  Heart  Institute 

■ 

• 

1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions, 

Full- time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employees  at  end  of  year ... 

Average  OS  grade 

Average  OS  salary. 

Avenge  w'sfy  of  ungraded  positions. 

837 

15 

742 

772 

7.1 

$6,367 

634 

12 

577 

832 

7.1 

$8,388 

755 

15 

643 

729 

7.4 

$6,969 

762 

21 

682 

753 

7.4 

•6,974 

Source:  Budget  for  fiscal  year  1983,  p.  410;  and  budget  for  fiscal  year  1984,  p.  440. 
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Table  VI-F. — National  Institutes  of  Health:  National  Institute  of  Dental  Research 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employees  at  end  of  year..., 

Average  08  grade.... 

Average  OS  salary 

Average  salary  of  ungraded  positions 

1.81 

3 

160 

192 

6.5 

$5,859 

234 

5 

218 

241 

6.5 

$5,842 

262 

5 

248 

269 

7.2 

$6,591 

272 

5 

257 

277 

7.3 

$6,637 

Source:  Budget  for  fiscal  year  1963,  p.  411;  and  budget  for  fiscal  year  1964,  p.  441. 


Table  VI-G. — National  Institutes  of  HeaUh,  arthritis  and  metabolic  disease  activities 


1961  actual 

1962  actual 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees 

Number  of  employees  at  end  of  year 

Average  08  grade . 

Average  OS  salary  r - 

549 

9 

504 

510 

8.2 

$6,960 

691 

21 

529 

579 

8.2 

99,965 

653 

19 

565 

.J3 

3.4 

$7,629 

655 

15 

580 

580 

8.4 

$7,642 

Average  salary  of  ungraded  positions  ... 

Source:  Budget  tor  flacal  year  1963,  p.  412;  and  budget  for  fiscal  year  1964,  p.  442. 


Table  VI-H. — National  Institutes  of  HeaUh,  allergy  and  infectious  disease  activities 


1961  actual 

1962  actual 

i 

1963  esti- 
mated 

1964  esti- 
mated 

Total  number  of  permanent  positions.... 

593 

644 

700 

710 

Full-time  equivalent  of  other  positions.  

10 

7 

7 

7 

A verage  nnmher  of  all  employee*  

571 

617 

677 

702 

Number  of  employees  At  end  of  year 

603 

647 

708 

706 

Average  OS  grade' I 

6.4 

6.6 

7.0 

7.0 

A verage  os  salary  - 

$5,897 

$4,448 

$8,001 

$4,444 

$6,456 

$4,855 

$6,600 

$4,621 

Average  salary  of  ungraded  posJtlarvs. 

Source:  Budget  for  fiscal  year  1963,  p.  413;  and  budget  for  fiscal  year  1964,  p.  443. 


Table  VI-I. — National  Institutes  of  HeaUh,  neurology  and  blindness  activities 


1961  actual 

1962  actual 

1903  esti- 
mated 

1963  esti- 
mated 

Total  number  of  permanent  positions 

458 

30 

450 

516 

6.8 

$6,184 

563 

26 

517 

615 

6.7 

$8,133 

729 

44 

660 

796 

7.0 

$6,637 

755 

43 

715 

903 

7.1 

$6,079 

Full-time  equivalent  of  other  positions 

Average  number  of  all  employees  . 

Number  of  employees  at  end 'of  year 

Average  08  grade.  . ...  - 

Average  08  salary  . 

Average  salary  of'ungraded  positions  . __ . , 

Source:  Budget  for  fiscal  year  1963,  p.  414;  and  budget  for  fiscal  year  1964,  p.  444, 
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Table  VII. — Atomic  Energy  Commission — Personnel  compensation 1 


Number 

Grades  and  ranges 

1962  actual 

1963 

estimated 

1964 

estimated 

Special  positions  at  rates  equal  to  or  in  excess  of  $20,000 

27 

27 

27 

Grades  established  by  the  AEC  equivalent  to  GS  grades: 

GS-18 - - 

26 

35 

35 

GS-17 - 

53 

61 

60 

GS-16. 

96 

91 

97 

GS-15 

390 

435 

441 

GS-14 

709 

803 

848 

GS-13 - 

840 

905 

958 

G8-12 

703 

683 

700 

GS-ll.j 

554 

534 

508 

G8-10 - 

42 

41 

40 

GS-9 

513 

483 

482 

GS-8 - 

200 

197 

198 

GS-7 - 

460 

454 

442 

GS-6 

776 

780 

775 

GS-5 

1,  061 

1,087 

1,083 

GS-4 

683 

649 

657 

Grades  established  by  the  AEC  equivalent  to  GS  grades: 

G8-3 

239 

192 

183 

GS-2 

48 

47 

43 

GS-1 

12 

7 

6 

Ungraded  positions  for  scientific  and  technical  personnel, 
established  under  sec.  161d,  Atomic  Energy  Act  of  1954 

as  amended 

91 

113 

126 

Ungraded  positions  at  hourly  rates  equivalent  to  less  than 

$12,845 - - 

48 

35 

12 

Total  permanent 

7,571 

7,659 

7,720 

J Source:  The  Budget  of  the  U.8.  Government,  fiscal  year  ending  June  30, 1964.  Appendix,  1195  pages, 
at  pp.  1135-1136. 

Table  VIII. — National  Aeronautics  and  Space  Administration — Personnel 

compensation  1 


Number 

Grades  and  ranges 

1962  actual 

1963 

estimated  ; 

1964 

estimated 

Special  ungraded  positions:  Administrator  and  Deputy  Ad- 
ministrator   : 

i ! 

2 j 

2 

2 

Special  ungraded  positions  established  by  Administrator, 
NA8A: 

$20,000  to  $21,000 

54 

60 

60 

*18,000  to  $19,750 

154 

182 

m 

195 

$16;500  to  $17,750 

158 

195 

GS-18 

1 

0 

0 

GS-16 . 

4 

5 

5 

GS-15 

1,033 

1,548 

1,832 

GS-14 

1,514 

2,236 

2,717 

GS-13 

2,028 

2,889 

3,571 

G8-12 

2,103 

3,182 

3,524 

GS-11 

2,022 

2, 881 

3,209 

GS-9..  

1,506 

1,934 

2,446 

GS-8 

31 

36 

41 

GS-7 

1,596 

1,940 

2,220 

GS-6 

445 

559 

675 

GS-5 

1, 175 

1,564 

1,938 

GS-4 

1, 104 

1,339 

1,538 

GS-3 

821 

1,055 

1, 159 

GS-2 

112 

115 

121 

GS-1 

1 

Grades  established  by  Administrator,  NASA: 

NASA  1-14  ($3,994  to  $13,291) 

619 

647 

652 

NASA  1-12  ($2:.  829  to  $9,360) 

456 

503 

522 

NASA  1-13  ($2,579  to  $8,965) 

5,203 

5,662 

5,879 

Total  permanent 

22,156 

28,547 

j 32,500 

1 Source:  The  Budget  of  the  U.S.  Government,  fiscal  year  ending  June  30, 1964.  Appendix,  1195  pages, 
at  pp.  1151-1153. 
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The  Chairman.  Once  again  it  is  a pleasure  to  welcome  you  again, 
Dr.  Seamans,  and  you  may  commence  with  your  prepared  statement. 

STATEMENT  OF  BE.  ROBERT  C.  SEAMANS,  JR.,  ASSOCIATE  AD- 
MINISTRATOR, NASA,  ACCOMPANIED  BY  ALBERT  F.  SIEPERT, 
DIRECTOR  OF  THE  OFFICE  OF  ADMINISTRATION,  DeMARQUIS 
D.  WYATT,  DIRECTOR  OF  THE  OFFICE  OF  PROGRAMS,  DON  D. 
CADLE,  DEPUTY  DIRECTOR  OF  OFFICE  OF  ADMINISTRATION 
JOHN  D.  YOUNG,  TO  BECOME  DIRECTOR  OF  THE  OFFICE  OF 
ADMINISTRATION,  ROBERT  J.  LACKLEN,  DIRECTOR  OF  PER- 
SONNEL DIVISION,  MELVIN  S.  DAY,  DIRECTOR  OF  OFFICE  OF 
SCIENTIFIC  AND  TECHNICAL  INFORMATION,  AND  GEORGE  J. 
VECCHIETTI,  JB.,  DEPUTY  DIRECTOR  OF  THE  PROCUREMENT 
AND  SUPPLY  DIVISION 

Dr.  Seamans.  Mr.  Chairman  and  members  of  the  subcommittee, 
the  supporting  witnesses  for  my  presentation  are  Mr.  Albert  F. 
Siepert,  Director  of  the  Office  of  Administration,  on  my  right,  Mr. 
DeMarquis  D.  Wyatt,  Director  of  the  Office  of  Programs,  on  my  left, 
and  Mr.  Don  D.  Cadle,  Deputy  Director  of  the  Office  of  Administra- 
tion as  of  April  15  of  this  year. 

Mr.  John  D.  Young,  who  will  become  Director  of  the  Office  of 
Administration  on  April  15  when  Mr.  Siepert  becomes  the  Deputy 
Director  of  the  Launch  Operations  Center  in  Florida,  is  also  present. 

In  addition,  Mr.  Robert  J.  Lacklen,  Director  of  the  Personnel 
Division;  Mr.  Melvin  S.  Day,  Director  of  the  Office  of  Scientific  and 
Technical  Information;  and  Mr.  George  J.  Vecchietti,  Jr.,  Deputy 
Director  of  the  Procurement  and  Supply  Division  are  here  to  answer 
questions  you  may  have  which  bear  on  their  areas  of  responsibility. 

The  purpose  of  today’s  hearing  is  to  present  NASA’s  personnel  and 
operation  of  installations  program  for  fiscal  year  1%4.  This  pro- 
gram is  of  great  importance  involving  $560.3  million  of  research,  de- 
velopment, and  operations  funding.  Its  conduct  determines  the 
effectiveness  of  a major  segment  of  scientists  and  engineers,  and  con- 
sequently is  receiving  detailed  attention  by  general  management. 

PERSONNEL 

The  unique  team  of  Government  personnel  which  NASA  has  built 
in  the  period  of  the  last  5 years  is  certainly  one  of  the  Nation’s  most 
valuable  resources  in  terms  of  scientific  and  technical  competence 
and  creative  ability.  Since  this  team  is  coupled  with  the  great  know- 
how and  research  and  development  skills  of  the  Nation’s  aerospace 
industries,  we  are  confident  that  the  United  States  will  forge  ahead  to 
become  preeminent  in  space  if  the  manpower,  funds,  and  facilities 
requested  by  the  President  in  the  fiscal  year  1964  budget  are  author- 
ized and  appropriated  by  the  Congress. 

We  are  still  in  the  process  of  expanding  the  NASA  team  to  meet  the 
needs  of  our  projects  and  programs  as  they  mature.  In  fiscal  year 
1964,  we  are  requesting  3,953  additional  permanent  positions  to  aid 
in  the  direction,  monitoring,  planning,  execution,  and  administration 
of  the  civil  space  program. 
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This  growth  of  28,547  estimated  end  of  year  strength  in  fiscal  year 
1963  to  32,500  in  fiscal  year  1964  is  an  increase  of  about  16  percent 
while  by  contrast  our  budget  request  for  funds  increases  about  55 
percent  from  fiscal  year  1963  to  fiscal  year  1964.  The  budget  esti- 
mate for  personnel  compensation  and  benefits  is  $319.5  million. 

Within  the  executive  branch,  manpower  utilization  is  receiving  in- 
creased attention.  As  I am  sure  you  are  aware,  the  President  has 
placed  special  emphasis  upon  keeping  the  total  manpower  require- 
ments* of  the  Government  at  the  minimum  level  consistent  with  na- 
tional policy  and  the  requirements  of  the  Nation’s  far-reaching  pro- 
gram. 

This  emphasis  is  especially  apparent  in  a recent  project  throughout 
the  executive  branch  to  strengthen  agency  manpower  utilization  pro- 
cedures and  systems.  During  this  project,  NASA  explained  in  detail 
to  the  Bureau  of  the  Budget  the  management  procedures  which  are 
now  used  and  the  integrated  system  we  are  developing  to  assure  that 
manpower  is  not  wasted  and  to  identify  the  manpower  requirements 
of  the  future. 

It  may  be  of  interest  to  the  subcommittee  to  review  with  me  for  a 
moment  how  personnel  requirements  contained  in  the  fiscal  year  1964 
budget  were  obtained.  The  problem  we  faced  was  to  link  the  direct 
personnel  requirements  of  each  individual  research  and  development 
project  and  program  and  then  to  derive  the  supporting  personnel 
requirements  at  each  installation.  In  other  words,  the  requirements 
were  built  from  the  bottom  up. 

The  job  was  complex  because  each  program  office  within  head- 
quarters implements  programs  and  projects  at  many  installations. 
The  system  we  used  was  for  each  program  office  to  work  with  the 
installations  to  establish  which  projects  or  parts  of  projects  were  to 
be  implemented  at  each  location.  Each  installation  director  was  then 
charged  with  the  task  of  determining  with  the  program  offices  the 
numbers  of  direct  personnel  who  would  be  needed  to  conduct  the 
effort  within  the  scheduled  time  frame,  dollar  parameters,  and  method 
of  doing  the  work  (in-house,  by  contract,  or  mixed  in-house  and  by 
contract). 

To  determine  direct  personnel  requirements,  the  installation  direc- 
tors considered  not  only  scientific  and  engineering  manpower,  but  also 
other  direct  types  such  as  procurement  specialists,  financial  managers, 
and  contracting  officers  who  would  be  needed  within  the  project  teams. 

Direct  personnel  needs  were  then  totaled  and  the  installation  direc- 
tors were  asked  to  study  the  requirements  they  would  have  for  sup- 
porting personnel.  .Supporting  personnel  include  overhead  categories 
such  as  administrative  services,  shops,  and  general  management  who 
are  required  to  support  the  operation  of  the  installations,  but  who  are 
not  identifiable  with  specific  projects. 

Total  requirements  by  installation  were  then  forwarded  to  head- 
quarters where  they  were  consolidated  and  reviewed.  Review  teams 
were  sent  to  each  of  the  installations  to  study  the  methods,  factors 
and  judgments  used  in  arriving  at  the  manpower  requirements,  and 
these  teams  assisted  the  Deputy  Associate  Administrators  responsible 
for  installation  matters  and  me  in  our  analysis  of  the  data  submitted. 
Finally,  consolidated  estimates  were  forwarded  to  the  Bureau  of  the 
Budget  for  further  review  and  final  decisions  on  the  level  of  our  re- 
quest to  you  today. 
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In  the  budget  justification  books  which  you  have,  the  results  of  the 
process  I have  been  discussing  can  be  found  in  volume  I with  the 
installation  presentations,  and  volume  II  under  each  of  the  R.  & D. 
programs  and  projects. 

You  will  notice  in  volume  I that  the  part  each  installation  plays  in 
each  project  and  program  is  described  and  the  direct  and  support 
manpower  requirements  identified.  In  volume  II,  the  installations 
and  manpower  working  on  each  program  and  project  are  indicated. 
The  results  are  summarized  in  volume  I under  the  heading  “Personnel 
Cost.” 

I would  like  to  submit  for  the  record  the  table  in  this  section  entitled 
“Staffing  Requirements.” 

(The  table  referred  to  is  as  follows:) 

Staffing  Requirements 

The  estimates  submitted  for  the  fiscal  year  1964  support  a proposed  end  of 
year  staining  level  of  32,500  permanent  employees,  an  increase  of  3,953  over  the 
anticipated  level  for  the  current  fiscal  year.  A summary  by  installation  is  as 
follows: 


Fiscal  year 
1982 

end  year 

Fiscal  year 
1963 

end  year 

Fiscal  year 
1964 

end  year 

Increase 

NASA  Headquarters 

1,360 

1,674 

524 

1,900 

2,025 

575 

2,300 

2,309 

593 

+400 

+284 

+18 

+500 

+271 

+400 

+470 

+784 

Ames  Research  Center... 

Flight  Research  Center . 

Goddard  Space  Flight  Center 

2,414 

3,770 

333 

3,200 

4,025 

800 

3,700 

4,296 

1,200 

5,128 

3,980 

7,492 

40 

Langley  Research  Center. 

Launch  Operations  Center 

Lewis  Research  Center 

3,678 

1,620 

6,194 

4,658 

3,196 

7,062 

30 

Manned  Spacecraft  Center 

Marshall  Space  Flight  Center 

+430 

+10 

+7 

+54 

+65 

+60 

North  Eastern  Office 

Pacific  Launch  Operations  Office 

6 

15 

22 

Space  Nuclear  Propulsion  Office... 

40 

106 

160 

Wallops  Station...". 

407 

465 

530 

Western  Operations  Office 

136 

440 

500 

Electronics  Research  Center. ... 

50 

250 

+200 

Total,  permanent  positions,  end  of  year 

22,156 

-140 

28,547 

-106 

32,500 

-104 

+3,953 

+2 

Reimbursable ..." 1 

Direct ...J 

22,016 

28,441 

32,396 

+3,955 

| 

The  procedure  that  I have  described  for  estimating  manpower 
assures  that  our  request  for  manpower  is  as  accurate  as  possible  in  a 
research  and  development  program.  It  should  be  recognized  that 
the  state-of-the-art  of  estimating  manpower  needs  for  this  type  of 
program  is  not  a science,  and  that  it  requires  mature  judgment  at  all 
management  levels. 

To  achieve  program  objectives,  a research  and  development  man- 
power utilization  system  must  also  allow  flexibility  to  cover  cases  in 
which  unforeseen  problems  arise  or  breakthroughs  are  accomplished 
ahead  of  schedule. 

In  this  regard,  two  things  should  be  pointed  out  in  candor.  First, 
our  experience  shows  that  conscientious  manpower  planning  has 
always  led  us  to  underestimate  our  needs  by  a small  percentage.  This 
is  true  because  we  have  not  been  able  to  foresee  all  of  our  needs,  and 
in  some  projects  we  have  not  known  in  advance  how  many  people 
were  needed  to  manage  properly  and  monitor  the  effort. 


* •* 


2916  1964  NASA  AUTHORIZATION 

Second,  our  talented  managers  must  be  provided  with  resources  of 
all  types — manpower,  facilities,  and  dollars — to  do  their  job  success- 
fully. 

Therefore,  we  have  put  the  budget  together  to  show  this  inter- 
relationship and  to  encourage  executive  and  congressional  branch 
reviewing  authorities  to  view  our  requests  in  the  same  way. 

In  the  program  execution  phase  we  emphasize  manpower  utilization 
also.  We  approve  projects  for  implementation  based  on  total  re- 
sources requirements,  and  we  follow  up  with  reporting  systems,  some 
of  which  are  fully  operational  and  others  which  soon  will  be,  to  pro- 
duce utilization  data  by  location  and  project.  These  data  are  re- 
viewed by  installation  directors,  program  offices,  and  my  staff  to 
assure  that  manpower  is  being  utilized  in  a manner  which  will  produce 
the  best  program  results. 

Further,  it  should  be  noted  that  our  manpower  requests  relate  not 
only  to  numbers  who  must  be  available,  but  also  to  types  of  skills 
required.  Our  recruitment  program  is  directed  to  finding  specific 
numbers  of  specific  types  of  people. 

For  example,  of  the  total  NASA  permanent  staff  of  32,500  people 
requested  in  the  fiscal  year  1964  budget,  we  estimate  that  we  will 
require  approximately  11,300  scientists  and  engineers,  compared  with 
about  9,200  in  fiscal  year  1963,  or  about  36  percent  of  the  total  NASA 
staff.  These  personnel  are  among  the  hardest  to  recruit. 

In  addition  to  our  requirements  for  NASA  scientists  and  engineers, 
about  62,000  scientists  and  engineers  will  be  required  by  NASA  con- 
tractors to  carry  out  the  fiscal  year  1964  budget  program. 

Therefore,  a total  of  about  73,000  scientists  and  engineers  are  re- 
quired in  fiscal  year  1964,  which  represents  approximately  5 percent 
of  the  total  national  requirements  for  scientists  and  engineers. 

If  the  biological  and  medical  scientists  are  deleted  from  the  NASA 
requirements  for  both  in-house  NASA  and  contractors,  approximately 
72,500  scientists  and  engineers  will  be  needed  which  is  approximately 
5.5  percent  of  the  total  national  requirements  for  engineers,  mathe- 
maticians, and  physical  scientists. 

Still  a further  way  of  looking  at  the  requirements  is  to  determine 
how  many  of  the  total  of  72,500  scientists  and  engineers  in  these 
categories  would  be  involved  in  research  and  development  effort. 
It  is  calculated  that  approximately  66,400  would  be  involved  or 
approximately  12.9  percent  of  the  national  requirement. 

I would  like  to  be  able  to  give  you  the  figures  on  the  percentage  of 
the  available  supply  of  scientists  and  engineers  these  requirements 
represent.  However,  estimates  in  this  regard  vary  widely  and  major 
efforts  are  getting  underway  in  other  agencies  of  the  Government  to 
try  to  determine  the  facts. 

Another  question  which  is  sometimes  raised  concerns  the  source 
of  NASA’s  recruitments.  In  a recent  study  made  by  NASA,  scien- 
tific and  engineering  hires  made  during  a period  from  July  1,  1961,  to 
September  30,  1962,  were  canvassed  to  gain  a detailed  insight  into 
the  workings  of  the  NASA  recruiting  program. 

The  results  of  this  study  show  that  approximately  two- thirds  of 
those  hired  by  NASA  came  from  States  where  the  aerospace  industry 
is  concentrated.  These  States  include  Alabama,  Ohio,  Virginia, 
California,  Maryland,  Texas,  Florida,  Pennsylvania,  New  York,  and 
the  District  of  Columbia. 
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On  the  other  hand,  it  should  be  noted  that  49  States  contributed 
people  to  the  NASA  staff  in  this  period,  and  that  six  people  were 
recruited  from  foreign  countries. 

From  the  results  of  this  study,  other  factors  were  apparent.  For 
example,  approximately  27  percent  of  the  people  hired  during  this 
period  were  first  prompted  in  their  interest  in  NASA  by  a friend  who 
was  already  a NASA  employee.  Almost  6 percent  were  interested  in 
NASA  by  family,  professor,  or  teacher.  Over  25  percent  were  hired 
as  a result  of  interest  generated  by  NASA  recruiters,  our  paid  adver- 
tising program,  our  recruiting  brochures  and  college  placement  offices. 
About  12  percent  came  from  interest  created  through  news  stories, 
and  approximately  24  percent  through  various  other  stimulation 
factors. 

The  results  also  indicated  that  about  3 percent  of  the  scientists  and 
engineers  hired  had  doctoral  degrees,  14  percent  held  masters  degrees, 
and  more  than  80  percent  were  the  recipients  of  bachelors  degrees. 
In  addition,  over  three-quarters  of  the  people  hired  were  in  the  top 
half  of  their  college  class. 

During  the  period  studied,  the  greatest  source  of  scientists  and 
engineers  was  other  Federal  organizations.  NASA  recruited  33 
percent  from  this  source.  Over  32  percent  were  recruited  from 
industry,  while  colleges  and  universities  supplied  almost  24  percent. 

In  relation  to  hires  from  industry,  the  top  three  companies  from 
which  people  were  obtained  were  all  undergoing  reductions  in  force 
during  this  period  and  in  some  cases  NASA  was  asked  to  recruit  by 
the  companies.  Only  10  companies  supplied  more  than  20  people 
each  to  the  NASA  team  while  275  other  firms  supplied  the  remainder. 

In  relation  to  college  and  university  hires,  only  30  of  the  321  re- 
cruited were  teaching  at  the  time  of  tneir  employment  by  NASA.  A 
total  of  220  colleges  and  universities  supplied  personnel  for  the  NASA 
team,  and  of  the  17  who  supplied  the  most,  9 were  schools  which  had 
cooperative  student- training  programs  with  NASA. 

From  these  statistics,  it  is  clear  that  NASA’s  team  is  not  being 
built  at  the  expense  of  the  competence  of  our  industries,  colleges, 
and  universities. 

One  of  the  parts  of  our  personnel  program  I would  like  to  single  out 
is  the  employee-training  program.  In  fiscal  year  1961,  1,626  NASA 
employees  were  involved  in  advanced  training,  graduate  study,  or 
in  our  cooperative,  apprentice,  summer  student,  or  correspondence 
programs.  In  .1962  this  number  had  grown  to  more  than  3,700, 
while  it  is  estimated  that  about  4,100  will  participate  in  the  program 
in  fiscal  year  1963  and  nearly  4,900  in  fiscal  year  1964.  The  cost 
estimate  for  the  training  program  in  1964  is  $780,000,  or  approxi- 
mately $160  per  person,  which  seems  to  be  very  low  in  comparison 
with  the  value  of  the  program. 

OPERATION  OF  INSTALLATIONS 

The  second  part  of  my  statement  regards  NASA’s  request  for 
$240.8  million  in  operation  of  installations  funds.  The  activities  in 
this  category  are  reviewed  and  approved  within  the  executive  branch 
in  accordance  with  Government-wide  “object  classes”  or  types  of 
supporting  costs  common  to  ali  agencies.  These  object  classes  include 
travel,  transportation,  rents,  communications,  utilities,  printing  and 
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reproduction,  other  services,  supplies  and  materials,  equipment, 
insurance  claims,  and  indemnities. 

Operation  of  installations  includes  funds  for  two  categories  of  ac- 
tivities. The  first  consists  of  supporting  activities  necessary  to 
operate  NASA’s  installations  and  to  support  its  personnel. 

The  second  category  consists  of  agency  programs  which  are  con- 
ducted at  the  headquarters  level  to  support  total  agency  objectives. 
Examples  of  this  latter  category  are  NASA’s  scientific  and  technical 
information  and  education  programs,  some  international  programs, 
gene'  1 quality  assurance  and  reliability  programs,  and  the  security 
program. 

I would  like  to  review  a little  of  NASA’s  history  in  the  supporting 
costs  area  and  our  general  management  philosophy  in  the  control  of 
these  costs.  As  you  will  recall,  NASA  used  to  have  three  appropria- 
tions: “Salaries  and  expenses,”  “Research  and  development,”  and 
“Construction  of  facilities.”  Within  the  “Salaries  and  expenses” 
appropriation,  funds  were  appropriated  for  the  pay  and  benefits  of 
NASA  personnel  and  for  certain  other  C.  j'ct  classes  of  supporting 
costs.  In  addition,  further  supporting  costs  were  budgeted  under  the 
title  of  support  of  plant  in  the  research  and  development  appropria- 
tion. 

As  NASA  began  to  emphasize  the  identification  of  the  total  costs  of 
projects,  we  found  that,  during  the  transition  period,  from  NACA  to 
NASA,  many  items  which  were  program  and  project  related  were 
being  included  in  the  supporting  accounts. 

Following  our  reorganization  of  November  1961,  which  set  up  the 
present  program  office  structure,  the  effort  to  identify  these  items  was 
accelerated  in  order  that  program  offices  would  have  control  of  the 
total  dollar  resources  for  their  projects.  The  task  of  realining  the 
supporting  accounts  was  aided  by  the  consolidation  of  the  “Salaries 
and  expenses”  and  “'Research  ana  development”  appropriations  into 
a single  research,  development,  and  operations  appropriation  in  the 
fiscal  year  1963  budget. 

We  are  continuing  this  effort  in  NASA.  For  example,  before  the 
fiscal  year  1963  funds  were  released  to  implement  the  program,  several 
million  dollars  were  identified  in  this  category  and  were  transferred 
to  the  cognizance  of  the  headquarters  program  directors  for  utilization 
in  their  projects. 

We  are  now  at  the  stage  where  detailed  instructions  are  being  drawn 
up  to  define  precisely  those  items  that  should  be  included  in  requests 
for  operation  of  installation  funds,  and  these  definitions  should  be  in 
general  use  within  the  agency  by  the  time  the  fiscal  year  1964  funds 
are  released  by  the  Bureau  of  the  Budget  for  NASA’s  use. 

Among  these  definitions,  there  are  some  major  cost  items  which  are 
considered  to  be  supporting  because  of  the  difficulty  of  managing  them 
under  the  many  separate  projects  and  programs  in  which  the  items  are 
utilized. 

An  example  of  this  is  computer  rentals.  It  is  quite  possible  to  iden- 
tify the  projects  and  programs  which  are  supported  with  each  computer 
and  to  charge  the  expense  against  these  projects  and  programs. 
However,  since  most  computers  are  rented  and  since  they  support 
many  projects,  it  is  more  efficient,  from  management’s  point  of  view, 
to  fund  and  review  them  in  one  place  in  the  operation  of  installations 
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budget.  This  example  alone  accounts  for  about  $35  million  in  our 
fiscal  year  1964  operation  of  installations  budget. 

There  are  other  examples  which  could  be  cited  such  as  leased 
lines  for  project  data  transmission  and  propellant  procurement. 
The  advantages  of  this  consolidation  ‘ in  specific  cases  appear  to 
outweigh  the  disadvantages  of  not  identifying  total  project  costs. 

The  other  activities  which  should  be  viewed  separately  are  those 
at  headquarters  which  support  the  total  NASA  mission.  Within 
the  total  headquarters  operation  of  installations  budget  of  about 
$40  million  in  fiscal  year  1964,  nearly  $28  million  is  in  support  of  this 
type  of  activity. 

To  take  some  examples,  the  Assistant  Administrator  for  Public 
Affairs  in  headquarters  has  cognizance  in  fiscal  year  1963  of  $15 
million  of  operation  of  installations  funds.  In  fiscal  year  1964,  the 
amount  requested  for  these  special  activities  increases  to  $20.1 
million. 

Within  this  $20.1  million  in  fiscal  year  1964,  the  Office  of  Educational 
Programs  and  Services  is  planning  to  conduct  special  activities  at 
an  estimated  cost  of  $10.7  million.  The  space  mobile  program 
requires  about  $2  million.  The  purpose  is  to  provide  information 
on  a wide  basis  to  teachers  and  students  about  the  civil  space  pro- 
gram of  the  United  States. 

Teacher  training  institutes,  seminars,  and  workshops  are  conducted 
and  educational  publications  are  produced  and  distributed  to  teachers 
and  students  to  help  in  the  implementation  of  school  courses  related 
to  the  aerospace  sciences. 

The  cost  of  these  programs  is  estimated  at  about  $1.6  million  in 
fiscal  year  1964.  These  programs  also  provide  information  to  reply 
to  the  many  thousands  of  requests  which  come  from  the  general 
public.  In  this  respect,  approximately  5,000  requests  for  NASA 
educational  publications  are  processed  each  month. 

Educational  audio-visual  programs  require  about  $2.4  million. 
Films  are  planned  in  such  fields  as  physical  sciences,  earth  sciences, 
life  sciences,  the  mathematics  of  space  science,  and  celestial  mechanics. 
Video  tapes,  kinescopes,  audio  tapes,  slides,  and  visual  aids  pertaining 
to  NASA  programs  and  activities  are  also  developed  for  distribution 
to  schools,  colleges,  educational  television  stations,  and  the  general 
public. 

The  exhibits  program  is  estimated  at  $4.4  million  in  fiscal  year 
1964  for  design,  construction,  transportation,  and  renovation  of 
NASA  exhibits.  During  1963,  it  is  estimated  that  approximately 
2,200  requests  will  be  received  from  domestic  and  foreign  sources  for 
space  program  exhibits.  Approximately  890  of  these  requests  can  be 
scheduled  under  current  manpower  and  budgetary  plans.  Also, 
within  the  $20.1  million  fiscal  year  1964,  the  Office  of  Scientific  and 
Technical  Information  needs  $9.4  million.  This  amount  includes 
$6.5  million  for  the  contractor  operated  documentation  program. 

Scientific  reports  generated  by  NASA  and  by  the  aerospace  industry 
are  rapidly  increasing  in  volume,  and  these  reports  must  be  abstracted, 
indexed,  and  distributed.  Technical  publication  needs  are  estimated 
at  more  than  $2.3  million  for  technical  reviews,  state-of-the-art  mono- 
graphs, handbook  and  data  compilation,  and  industrial  information 
reviews. 
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This  program,  started  in  fiscal  year  1963  to  satisfy  the  requirement 
of  providing  scientists  and  engineers  with  publications  containing  the 
latest  aerospace  technical  information  in  readily  usable  form. 

The  technical  services  program  will  require  $440,000  in  fiscal  year 
1964,  and  deals  with  technical  translations,  reprints,  and  preprints  of 
articles  and  materials  and  with  the  operation  of  the  NASA  library 
programs. 

Other  programs  to  support  the  general  agency  mission  in  fiscal  year 
1964  include  inventions  and  contributions  awards  ($110,000),  patent 
and  procurement  training  ($160,000),  long-range  interdisciplinary 
studies  ($1.5  million),  cooperative  programs  with  foreign  countries 
and  international  organizations  ($550,000),  reliability  and  quality 
assurance  contracts  ($2.7  million) , dissemination  of  advanced  research 
and  technology  findings  ($150,000),  NASA  security  program  ($2.7 
million),  and  national  recruitment  advertising  ($250,000). 

In  conclusion,  activities  supporting  the  total  agency  mission  and 
those  which  support  projects  and  programs  but  which  are  retained  in 
operation  of  installations  for  management  purposes  total  better  than 
25  percent  of  the  operation  of  installations  request  for  fiscal  year 
1964.  The  balance  is  required  to  operate  NASA’s  installations  and 
to  support  its  personnel. 

With  the  help  of  my  staff  I will  now  attempt  to  answer  any  ques- 
tions you  may  have. 

The  Chairman.  Thank  you,  Dr.  Seamans. 

I am  particularly  pleased  that  you  went  into  some  detail  on  how 
your  personnel  requirements  are  obtained.  Perhaps  it  might  be 
useful  to  start  with  personnel.  Have  you  had  a head  count  lately? 
How  many  people  are  actually  working  for  NASA  now? 

Dr.  Seamans.  I can  give  you  the  exact  number,  I am  sure.  It  is 
26,665  at  the  close  of  last  month. 

The  Chairman.  And  how  many  will  be  expected  to  be  on  the 
payroll  at  the  end  of  the  fiscal  year? 

Dr.  Seamans.  29,147,  and  in  that  number  we  include  the  temporary 
employees,  and  these  are  broken  down  into  two  parts,  the  cooperative 
employees — employees  who  are  working  with  us  on  a cooperative 
basis  with  universities,  as  well  as  some  of  our  summer  students  who 
will  be  coming  aboard  in  June.  The  permanent  position  figure  is 
28,547. 

The  Chairman.  Would  you  have  a figure  on  how  many  military 
personnel  are  assigned  directly  to  NASA? 

Dr.  Seamans.  It  is  approximately  200,  and  this  is  broken  down 
into  those  who  are 

Mr.  Siepert.  210  were  on  board  as  of  February  28. 

Dr.  Seamans.  And  these  break  down  really  into  two  categories, 
those  who  were  assigned  for  missions,  for  jobs  that  are  within  the 
NASA  framework,  and  those  that  come  to  us  through  the  ROTC,  a 
large  number  of  which  are  at  JPL. 

The  Chairman.  Any  questions  by  members  of  the  committee  at 
this  point? 

Mr.  Rumsfeld. 

Mr.  Rumsfeld.  lor  the  record  you  indicate  that  by  June  30,  1963, 
you  are  indicating  29,147,  is  that  correct? 

Dr.  Seamans.  That  is  the  total  personnel.  The  permanent  per- 
sonnel is  the  figure  in  my  testimony,  28,547. 
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Mr.  Rumsfeld.  What  do  you  anticipate  on  June  30,  1964,  using 
that  same  base  of  29,147,  what  do  you  include  there  as  temporary 
employees? 

Dr.  Seamans.  33,100,  and  of  which  32,500  are  the  permanent 
employees.  The  on-board  figure  as  of  the  end  of  February  is  26,665 
total  positions. 

Mr.  Rumsfeld.  Would  you  repeat  the  figure  for  1964? 

Dr.  Seamans.  Sorry,  on  I ebruary  28,  the  actual  on-board  was 
26,665  people;  the  total  at  the  end  of  1964,  permanent  32,500,  the 
total  including  all  employees,  33,100. 

The  Chairman.  Well,  you  actually  intend  then  to  recruit  prior  to 
the  end  of  this  fiscal  year  nearly  as  many  additional  employees? 

Mr.  Wyatt.  About  2,500  yet  to  go  this  year.  We  are  requesting 
an  increase  of  3,953  more  next  year. 

Dr.  Seamans.  We  are  taking  about  a little  bit  under  2,500  between 
now  and  the  end  of  the  fiscal  year.  It  should  be  remembered,  of 
course,  that  the  month  of  June  is  a very  heavy  month,  with  many 
people  coming  to  us  from  colleges.  People  that  we  have  already  in 
part  recruited  and  are  continuing  to  recruit  during  the  winter  and 
spring  come  aboard  during  the  month  of  June. 

The  Chairman.  This  would  be  only  about  25  percent  of  that 
amount,  though,  500? 

Dr.  Seamans.  Well,  it  is  about  25  percent  of  the  total  recruitment 
for  the  year  that  I gave  in  my  testimony. 

The  Chairman.  I see. 

Mr.  Siepert.  There  is  another  element  involved  in  our  figures  too, 
Mr.  Chairman,  and  that  is  there  is  a turnover  factor  on  the  existing 
staff.  Our  total  recruitment  efforts  to  date  for  this  fiscal  year  involve 
4,222  people.  To  meet  the  goals  that  we  are  talking  about  here,  we 
need  to  recruit  another  1,547  people  according  to  our  figures. 

Mr.  Rumsfeld.  WTiat  is  the  overtime  policy  at  NASA? 

Dr.  Seamans.  Well,  to  begin  with,  there  are  cases  where  overtime 
is  absolutely  essential.  For  example,  on  the  Mercury  problem  last 
year,  getting  ready  for  the  manned  flight,  there  was  very  heavy  over- 
time on  the  part  of  the  task  team  down  at  Canaveral  who  were  pre- 
paring the  Mercury  capsule  and  getting  ready  for  the  flight  operation. 

We  also  used  overtime  in  connection  with  the  Saturn  project,  which 
carries  a DX  priority. 

It  is  our  belief,  however,  that  excessive  overtime  over  a long  period 
of  time  can  cause  a diminution  of  effort  rather  than  an  increase  in  the 
amount  of  work  done. 

We  also  feel  that  it  is  very  hard  on  families  when  members  of  the 
family  are  working  excessive  hours,  so  we  attempt  to  minimize  over- 
time and  only  use  it  in  those  cases  where  it  is  absolutely  necessary  in 
order  to  meet  our  scheduled  objectives. 

Mr.  Rumsfeld.  Do  you  have  any  figures  on  overtime  in,  say,  fiscal 
1962,  compensated  and  not  compensated? 

Dr.  Seamans.  I can  get  them.  I don’t  have  them  directly  at  my 
fingertips.  My  recollection  is  it  runs  around  10  percent.  (In  fiscal 
1962  it  was  $11.9  million,  the  estimate  for  fiscal  year  1963  is  $14.2 
million  and  for  fiscal  year  1964  the  estimate  is  $16.7  million.) 

The  Chairman.  Dr.  Seamans,  are  your  remarks  directed  only  to 
industrial  contractors  or  civil  service? 

Dr.  Seamans.  I was  talking  entirely  about  civil  service,  although 
the  general  policy  carries  over  to  the  industrial  contractors,  and  they 


2922 


1964  NASA  AUTHORIZATION 


can  only  work  overtime  when  specifically  approved  by  the  contracting 
officer*  ' 

Mr.  Chairman.  Mr.  Davis. 

Mr.  Davis.  Mr.  Seamans,  I noticed  about  the  fourth  line  from  the 
bottom  on  page  9,  that  you  were  giving  examples  of  your  rentals,  and 
you  said  tms  example  alone  distorts  our  1964  operations  and  installa- 
tions budget  by  about  $35  million.  I notice  in  your  oral  testimony 
you  said  it  accounts  for  about  that  much. 

1 am  assuming  that  both  words  are  correct.  Am  1 correct  in  this 
assumption,  that  the  word  “distortion”  merely  refers  to  a method  of 
accounting  in  which  more  is  chargeable  to  headquarters  operations 
than  really  should  be? 

Dr.  Seamans.  That  is  the  point.  We  have  these  computers  at 
every  one  of  our  centers,  there  is  a complete  breakout  in  volume  1 of 
the  location  of  the  different  computing  machines  and  the  cost  of 
operating  them,  but  we  have  pulled  it  au  together  in  one  account  and 
the  total  amount  is  $35  million,  so  you  can  say  that  this  does  in  effect 
distort  this  particular  account  because  in  actual  fact  the  computers 
are  used  on  a project  basis. 

There  are  a large  number  of  computers  used  for  the  man-in-space 
program.  Four  7090’s  located  at  Goddard  work,  not  full  time  on 
the  program,  but  a large  time, 

Mr.  Davis.  Your  point  is,  if  you  took  the  time  of  allocating  the 
cost  of  the  computers  to  this  project  and  program  you  would  be 
wasting  money,  in  effect.  It  is  just  an  exercise  in  bookkeeping  that 
it  is  unnecessary  to  go  through. 

Mr.  Wyatt.  That  is  correct. 

Mr.  Siepert.  It  would  be  the  same  requirement  for  the  computers. 
We  would  just  be  parceling  the  cost  out  among  the  projects,  rather 
than  showing  the  total  computer  cost  in  one  spot. 

Dr.  Seamans.  And  we  would  reduce  the  operation  of  installation 
budget  from  $240  million  down  to  $205  million. 

Mr.  Siepert.  But  with  an  increase  on  the  project  side  to  compensate 
for  it. 

The  Chairman.  May  I suggest  that  now  we  are  on  computers  that 
we  talk  about  computers,  and  then  to  preserve  continuity  in  the 
hearing  that  we  go  back  to  personnel  until  we  have  exhausted  all  our 
questions  on  personnel. 

Im^iiock  as  the  gentleman  has  brought  up  a question  about 
computers,  I wondered  if  there  were  any  other  questions  in  this 
general  area. 

As  you  recall,  last  year  the  subcommittee  went  into  considerable 
detail  on  the  relative  advantages  of  purchasing  or  renting  computers. 
I wonder  if  NASA  has  made  a study  since  that  time  or  can  give  us 
the  results  of  any  investigation  as  to  what  the  best  way  to  go  about 
this  in  the  most  economical  and  expeditious  fashion? 

Dr.  Seamans.  I will  lead  off  on  this,  and  then  I would  like  to  ask 
Mr.  Siepert  to  discuss  it  in  more  detail. 

Our  overall  policy  is  to  both  rent  and  buy  computers.  We  feel  that 
we  should  rent  somewhere  around  60  to  70  percent  of  the  computers. 
This  gives  us  a flexibility  to  shift  over  to  new  models  without  extra 
cost  to  the  Government. 

As  you  know,  the  computer  technology  is  changing  very  rapidly, 
going  from  tubes  to  transistors,  and  other  solid  state  devices.  Also 
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our  requirements  are  rapidly  changing,  and  consequently  we  need 
the  flexibility  that  could  only  be  achieved  by  renting  a large  number 
of  the  computers. 

However,  we  also  know  that  certain  of  the  computers  will  be  used 
for  long  periods  of  time,  and  if  we  own  a computer  for  4 to  5 years, 
we  will  write  off  the  cost  in  comparison  with  operating  on  a rental 
basis,  and  consequently  it  is  the  part  of  good  sense  to  purchase  some- 
where around  a quarter  to  a third  of  the  computers. 

Now  our  experience  during  the  past  year  is  the  item  that  I would 
like  to  have  Mr.  Siepert  discuss  if  he  will. 

Mr.  Davis.  Excuse  me.  Mr.  Chairman,  may  I inject  this? 

What  amount  of  money  in  this  budget  is  for  computer  rental  and 
maintenance  and  ownership,  how  much  of  this  budget?  What  is  the 
dollar  figure? 

Dr.  Seamans.  Well,  I believe,  that  is  the  $35  million  figure. 

Mr.  Siepebt.  That  figure,  Mr.  Davis,  is  the  computer  rental  figure. 
It  is  not  the  figure  for  the  operational  costs  in  terms  of  manpower 
that  may  actually  operate  the  machines  or  program  the  applications 
that  go  on  it.  I don’t  have  that  figure  but  it  is  a substantially  larger 
figure. 

Mr.  Fulton  of  Tennessee.  What  about  the  maintenance  and 
spares? 

Mr.  Siepeet.  If  a computer  is  on  rental,  the  rental  in  all  cases 
includes  the  maintenance,  the  repair  and  servicing  of  the  machine, 
and  it  includes  the  operating  time  for  the  use  of  the  machine,  but  it 
does  not  include  the  manpower  actually  to  operate  the  machine  in  a 
serviceable  condition. 

If  we  purchase  a computer  then,  of  course,  we  have  to  enter  into  a 
maintenance  contract  with  the  manufacturer  to  keep  the  machine  in 
operating  condition. 

Mr.  Davis.  Another  preliminary  question  or  two. 

Now  are  your  vacuum  tube  computers  obsolescent  by  this  time,  or 
are  they  still  operational? 

Mr.  Siepert.  They  are  rapidly  going  out.  This  has  been  the 
major  problem  that  has  delayed  plans  of  most  agencies,  including  ours, 
to  go  extensively  into  the  purchase  of  equipment. 

The  field  has  known  for  4 years  at  least  that  the  transistorized  or 
solid  state  computer  would  take  over  and  not  only  provide  better 
equipment  but  also  cheaper  to  maintain  in  that  tne  vacuum  tube 
computers  required  extensive  air  conditioning  and  high  electrical 
load  factors,  built  into  the  physical  facilities.  So  it  made  sense  not 
to  buy  those. 

Mr.  Davis.  Well,  now  let  me  ask  this:  Are  digital  computers 
replacing  analog  computers? 

Dr.  Seamans.  I would  say  that  I can’t  give  you  the  exact  figures 
but  by  far  the  largest  percentage  of  our  computers  are  digitized.  The 
analog  computer  is  useful  in  those  cases  where  actual  equipment  is  to 
be  harnessed  in  with  the  flight  mechanics,  if  you  will,  so  that  we  can 
simulate  on  the  ground  the  boost  phase,  and  the  orbital  injection  of  a 
particular  space  vehicle,  and  in  cases  where  we  are  not  sure  of  the 
dynamic  parameters  of  the  equipment,  it  is  very  helpful  to  actually 
connect  the  servo  valves  and  amplifiers  and  various  sensors  in  with 
an  analog  computer  and  actually  run  through  the  mission. 
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This  is  also  particularly  helpful  when  we  have  a man  at  the  controls. 
However,  the  analog  computer  is  not  as  precise,  you  cannot  carry  out 
your  computations  to  any  degree  of  accuracy,  and  consequently  for 
precise  orbital  computations,  for  the  kind  of  calculations  that  are 
needed  in  determining  whether  to  abort  a Mercury  flight  or  not,  it  is 
imperative  to  use  a piece  of  digital  equipment. 

Mr.  Davis.  Well,  then  would  you  say  that  maybe  75  or  80  percent 
of  your  computers  are  digital  computers? 

Dr.  Seamans.  I think  it  is  higher  than  that.  I can’t  give  you  the 
exact  number,  but  it  must  run  around  95  percent  of  the  large  com- 
puters. 

Mr.  Davis.  And  what  percent  of  your  computers  that  you  rent 
and  own  are  solid  state? 

Dr.  Seamans.  We  can  give  you  that  figure.  I don’t  happen  to 
know  it  myself.  All  of  the  7090’s  and  7094’s  are  transistorized.  The 
IBM  704  was  not  fully  transistorized.  We  can  put  that  in  the  record. 
I would  hazard  a guess  that  over  50  percent  are  now  transistorized. 

(The  information  requested  is  as  follows:) 

Of  the  133  computors  in  NASA,  124  or  93.5  percent  are  solid  state. 

The  Chairman.  Dr.  Seamans,  are  you  familiar  with  the  GAO 
study  which  concluded  that  it  would  be  cheaper  to  buy  than  to  rent? 

Dr.  Seamans.  I am  not  familiar  with  that  study.  I am  familiar 
with  the  Bureau  of  the  Budget  study  of  about,  a year  ago. 

Perhaps  Mr.  Siepert  is  familiar  with  the  study. 

Mr.  Siepert.  I think  the  study  to  which  you  are  referring  was 
made  in  cooperation  with  the  Bureau  of  the  Budget. 

Dr.  Seamans.  That  is  the  same  study  then. 

Mr.  Siepert.  They  took  one  or  two  typical  kinds  of  computers, 
I think  one  was  a,  let  us  say,  a medium-sized  computer,  and  a large 
one,  and  they  developed  general  criteria  for  the  agencies  to  consider 
in  determining  when  it  was  in  the  public  interest  to  buy  versus  rent. 
I believe  the  figures  are  that  if  a machine  is  going  to  go  past  4%  years, 
together  with  at  least  a shift  and  a half  of  operation  on  the  machine, 
it  is  clearly  in  the  interest  of  the  Government  to  buy  the  machine. 

The  Chairman.  Have  you  altered  your  policies  any  since  that 
study? 

Mr.  Siepert.  Yes,  we  have.  We  have  not  gone  all  of  the  way  that 
the  study  to  which  you  refer  might  indicate,  largely  because  of 
uncertainties  in  our  own  mind  as  to  what  the  technology  in  this 
computer  field  will  bring  us  in  the  next  5 years. 

However,  where  IBM  and  Remington  Rand  and  others  have  de- 
veloped a stabilized  computer  that  we  are  quite  sure  will  have  an 
application  either  at  the  installation  or  somewhere  else  in  NASA,  we 
are  doing  our  level  best  to  buy  it.  This  again  means  we  need  to  find 
the  money  as  a capital  investment  rather  than  a rental,  in  order  to  do 
it. 

The  Chairman.  Are  there  any  other  questions  on  computers? 

Mr.  Wydlek.  Yes. 

Mr.  Ryan.  Yes,  Mr.  Chairman. 

The  Chairman.  Mr.  Wvdler. 

Mr.  Wydler.  I will  yield  to  Mr.  Ryan. 

Mr.  Ryan.  I understand  you  intend  to  spend  $35  million  on  the 
rental  of  computers  in  the  next  fiscal  year. 
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Dr.  Seamans.  That  is  correct,  Mr.  Ryan. 

Mr.  Ryan.  And  from  what  corporation  or  corporations  do  you  rent 
these  computers? 

Dr.  Seamans.  Well,  that  is  listed  in  volume  I.  You  will  find  there 
that  IBM  represents  the  largest  percentage  of  computers. 

Mr.  Ryan.  Do  you  have  the  page? 

Mr.  Wyatt.  OC23-3,  at  the  back,  the  very  last  tab. 

Mr.  Siepert.  While  you  are  looking  for  that  I might  comment, 
there  are  10  manufacturers  who  have  some  appreciable  share  of  the 
business. 

Mr.  Ryan.  Could  you  list  those  10? 

Mr.  Siepert.  Advanced  Scientific  Instruments,  Bendix,  Burroughs, 
Control  Data,  General  Electric,  Honeywell,  IBM,  Autonetics,  RCA, 
and  Remington  Rand. 

Dr.  Seamans.  And  of  that  number,  IBM  has  52  percent  of  the 
business.  _____ 

Mr.  Siepert.  This  compares  with  the  total  Government-wide  IBM 
calculation  which  is  66  percent. 

Dr.  Seamans.  And  in  the  total  computer  population  in  the  country 
we  believe  it  is  74  percent. 

Mr.  Siepert.  Next  largest  is  Control  Data  Corp.,  with  9 percent, 
Autonetics  with  S%  percent,  General  Electric  with  6 percent,  and  it 
goes  down. 

Mr.  Davis.  May  I ask  for  clarification  of  the  percentage  figure 
that  was  given  just  a minute  ago.  Do  you  mean  NASA  has  74  per- 
cent of  the  computers  or  IBM  supplies  74  percent  of  the  total 
computers? 

Dr.  Seamans.  Computers  in  this  country. 

Mr.  Davis.  Well,  what  percentage  of  the  computers  in  the  country 
does  NASA  have,  it  would  be  a lot  smaller  than  that? 

Dr.  Seamans.  Oh,  very  much  smaller  because  we  are  a small  part 
of  the  Government. 

Mr.  Siepert.  I don't  think  we  have  that  figure. 

Mr.  Davis.  I think  it  would  be  pretty  hard  to  get  up,  too.  Could 
you  hazard  a guess  as  to  how  your  computer  population  compares 
with  the  Department  of  Defense? 

Mr.  Siepert.  Oh,  considerably  smaller.  Again  that  information 
we  could  get  for  you  and  would  be  happy  to  supply  it. 

Mr.  Davis.  I would  appreciate  it. 

(The  information  requested  is  as  follows:) 


Total 

computers 

Rented 

Owned 

Percent 

rented 

NASA  - 

133 

110 

23 

82.6 

dod 

700 

662 

88 

88.3 

Mr.  Siepert.  The  three  figures  we  used  are  that  IBM  has  slightly 
over  half  of  our  computer  applications,  the  Government  has  two-thirds 
of  its  applications  on  IBM  equipment  totally,  and  that  includes  our 
portion  of  it.  They  have  almost  three-fourths  of  the  total  business 
in  the  country  as  a whole. 

Mr.  Ryan.  This  is  rental? 

Mr.  Siepert.  Yes. 
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Mr.  Kyan.  What  about  purchases,  with  whom  do  you  deal? 

Mr.  Siepert.  Excuse  me,  I stand  corrected,  Mr.  Ryan.  These 
represent  what  brand  manufacturer  we  are  using,  regardless  of  whetner 
they  are  owned  or  rented,  so  both  purchases  and  rentals  are  in  the 
figures. 

Mr.  Ryan.  Do  you  have  a breakdown  distinguishing  rentals  from 
purchases? 

Mr.  Siepert.  I don’t  have  it  here.  We  can  get  it  for  you.  I want 
to  be  sure  I understand  the  question.  Do  you  mean  get  the  percent- 
age of  our  own  computers,  what  brands  those  are  versus  the  others? 

Mr.  Ryan.  Yes,  your  own  contracts. 

Mr.  Siepert.  We  can  get  that,  yes,  sir. 

(The  information  requested  is  as  follows:) 


• 

Rented 

Owned 

Total 

International  Business  Machines 

(17 

2 

69 

Remington  Pau'l  ~ — — t . ...  . 

1 

1 

2 

RliliO  iVp,  of  Air.«rk» - .....  . 

1 

1 

AQtwstlaPlvMvn,  Nortki  A>m)ctAtiithn... - 

11 

u 

Control  Data  f!nrp.'  , . . ....  _ 

5 

7 

12 

O*oer(il  F.lectric  ....  - 

7 

i 

8 

VHnnoapfiJift-Honeywell  , . 

3 

3 

Riirrmigh*  ..  . . . ..  ...  . . . _ . 

1 

2 

3 

Bendixl  .. 

1 

1 

> 

S’ 

L 

3 

51 

* 

| 

l 

• 

1 

1 

Others  . 

12 

10 

22 

Total 

110 

28 

133 

1 

Mr.  Wydler.  Mr.  Chairman. 

The  Chairman.  Mr.  Wydler. 

Mr.  Wydler.  Are  all  of  your  leases  for  these  computers  for  1 year? 

Dr.  Seamans.  Yes,  I believe  they  are. 

Mr.  Wydler.  That  is  all  I have. 

The  Chairman.  Mr.  Fulton. 

Mr.  Fulton  of  Tennessee.  You  mentioned  you  would  consider  pur- 
chasing additional  computers  if  the  money  was  available.  Could 
you  not  use  the  same  methods  that  private  industry  use  in  a rental 
purchase  agreement? 

Mr.  Siepert.  We  do  seek  a rental  purchase  option  in  negotiations 
with  computer  manufacturers,  provided  that  purchase  option  will  not 
cost  the  Government  a substantial  sum  of  money,  and  most  of  the 
manufacturers  give  us  quite  a good  break  on  that,  so  this  does  permit 
us  after  a year  or  two,  if  we  know  the  computer  is  going  to  remain 
with  a kind  of  application  and  be  satisfactory  for  our  use,  we  are  in 
a position  to  move  in  and  purchase  it. 

Mr.  Fulton  of  Tennessee.  Have  you  used  this  method,  have  you 
purchased  any  computers  after  having  rented  them  for,  say,  2 years? 

Mr.  Siepert.  I don’t  think  our  experience  in  trying  to  move  into 
the  purchase  end  of  this  is  that  long.  We  are  only  really  ending  our 
first  year  operating  under  this  present  arrangement. 

We  have  set  up  in  the  headquarters  a two-man  staff  of  specialists 
in  computers  to  work  with  the  field  centers  in  seeing  to  it  that  they  do 
adopt  good  business  judgment  with  respect  to  their  purchase  or  lease 
of  the  computers.  We  think  this  will  help  pay  off  on  an  item  this 
expensive. 

The  Chairman.  Mr.  Boone. 
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Mr.  Boone.  Mr.  Siepert,  you  mentioned  that  4%  years  was  the 
crossover  point  for  purchase  or  rental  of  computers.  Does  this  apply 
for  both  business-type  machines  as  well  as  scientific  machines? 

Mr.  Siepert.  That  is  partly  the  problem,  because  the  study  they 
made  was  primarily  on  administrative-type  applications,  which  we 
do  feel  are  more  predictable  in  terms  of  tne  machine  having  a con- 
tinuing use. 

This  is  a less  comfortable  assumption  in  the  use  of  a computer  in 
tracking,  say,  earth-orbiting  satellites. 

Mr.  Boone.  This  equipment  you  have  listed  on  OC23-3,  does  this 
include  both  types  of  computers? 

Mr.  Wyatt.  Out  of  the  133  computers  that  we  have  only  7 are 
assigned  full  time  for  administrative  purposes.  The  rest  are  either 
used  wholly  for  scientificpurposes  or  a share  of  their  time  is  on  scien- 
tific data  calculation.  We  only  have  seven  that  are  strictly  full-time 
business  machines. 

Mr.  Boone.  I notice  in  the  first  item,  NASA  headquarters,  for  ex- 
ample, 1401 , you  only  operate  one  shift.  From  a look  at  these  figures, 
it  appears  that  the  second  and  third  shifts  are  certainly  much  cheaper. 
How  do  you  arrive  at  whether  you  operate  second  shift,  third,  shift, 
or  you  buy  another  machine? 

Mr.  Siepert.  The  reason  for  this  only  being  on  one  shift  is  this  is 
one  of  our  very  recent  acquisitions.  It  has  only  been  in  operation 
since,  I believe,  February  1 of  this  year. 

The  applications  that  are  projected  on  it  were  studied  before  we 
got  the  machine  in  order  to  be  sure  that  we  actually  had  a machine 
operation  that  would  involve  more  than  one  shift  of  operation.  I 
think  you  will  find  that  as  our  experience  builds  up  this  will  become 
a multiple-shift  operation  too. 

Mr.  Boone.  Do  you  think  the  third  shift  buys  you  very  much  in 
this? 

Mr.  Siepert.  No,  I do  not,  but  I think  the  break  is  between  one 
shift  and  two  shifts — on  the  IBM  equipment  the  second  shift  only 
costs  you  40  percent  of  the  figure  that  the  first  shift  costs  you.  So 
you  see  the  more  you  run  it  on  that  second  shift,  the  cheaper  your 
overall  costs  are. 

Mr.  Boone.  The  scientific  operations  lend  themselves  better  to 
shift  operations  than  the  business  machines? 

Mr.  Siepert.  I would  say  yes,  as  a generalization.  I think  the 
primary  thing  on  the  scientific  computation  is  that  you  staff  on  the 
multiple-shift  basis  in  order  to  get  very  fast  return  of  the  data  where 
decisions  and  studies  depend  upon  it. 

As  a case  in  point,  the  Marshall  Space  Flight  Center,  which  has  a 
very  large  computer  operation,  could  not  begin  to  do  its  test  work  on 
the  schedule  it  does  if  it  didn’t  have  multiple  shift  operation.  They 
will  run  a static  engine  test,  and  I believe  now  they  are  taking  as 
many  as  a thousand  measurements  on  their  multiple  engine  tests, 
and  all  of  the  data  will  be  back  in  the  hands  of  the  Test  Division  the 
next  day,  so  they  just  run  right  around  the  clock. 

Mr.  Boone.  You  do  .expect  then  that  the  second  shift  will  be 
utilized  more  and  more  as  we  move  forward  in  the  program? 

* Mr.  Siepert.  Yes,  sir. 

Mr.  Boone.  We  noticed  the  other  day  in  the  Tracking  and  Data 
Acquisition  hearings  that  they  also  funded  for  rental  of  computers. 
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Are  there  other  programs  that  fund  for  rental  of  computers  in  the 
NASA  budget  submitted? 

Dr.  Seamans.  I believe  the  reason  that  it  shows  up  that  way  is 
because  it  is  a contractor  operation. 

Mr.  Boone.  A contractor  operation? 

Dr.  Seamans.  Yes. 

Mr.  Boone.  So  this  should  include  all  of  the  computer  rental  that 
NASA  is  paying  for  in  1964? 

Mr.  Siepebt.  In  our  installations,  yes. 

Dr.  Seamans.  Where  a computer  is  located  in  one  of  our  centers 
of  at  headquarters.  If  there  is  a computer  at  one  of  our  contractor’s 
plants,  it  is  obviously  not  included  here. 

Mr.  Boone.  Certainly. 

Mr.  Siepebt.  Or  at  a tracking  station  it  would  be  a contractor 
cost  and  therefore  it  would  be  in  tracking  and  data  figures,  which 
you  saw. 

Mr.  Boone.  Do  you  contract  out  for  computer  work  and  data 
reduction  to  some  corporation? 

Dr.  Seamans.  Well,  I believe  in  one  case  the  operation  of  our  space 
science  activity  in  New  York  City  we  are  operating  that  computer 
on  contract.  The  computer  itself  is  owned  by  the  Government.  We 
purchased  the  IBM  equipment.  It  is'  located  there  in  New  York 
City,  but  I think  the  programing  and  operation  is  done  on  contract. 

Mr.  Siepebt.  I would  like  to  amend  Dr.  Seamans’  statement. 
There  are  several  areas  where  we  have  found  this  was  the  best  way 
to  do  it. 

The  Government  has  furnished  the  equipment  either  on  purchase 
or  on  lease,  and  we  have  contracted  to  a computer  organization  to 
develop  some  of  the  soft  work,  that  is,  the  programs  that  go  on  the 
machine,  and  actually  operate  the  machines,  delivering  a finished 
product  to  us. 

We  have  done  this  in  the  Computer  Laboratory  in  Marshall,  on 
the  administrative  applications  in  the  Launch  Operation  Center,  and 
at  the  Goddard  Space  Science  Institute  in  New  York.  I don’t  know 
of  any  others,  but  those  are  all  substantial  contracts. 

Mr.  Boone.  Did  you  indicate  before  how  much  money  is  involved 
in  1964  for  the  purchase  of  new  machines,  is  that  included  here? 

Mr.  Siepebt.  I did  not  indicate  that,  and  I can’t  put  my  finger 
on  it. 

Mr.  Cable.  The  only  one  scheduled  for  purchase  now  is  a 1410 
IBM  machine  at  Manned  Spacecraft  Center. 

Dr.  Seamans.  Is  that  Mission  Control  Center? 

Mr.  Cable.  No,  this  is  basically  a business  application  machine. 

The  Chairman:  What  kind  of  machine? 

Mr.  Cable.  IBM  1410  a business  application  machine. 

Dr.  Seamans.  We  are  thinking  of  purchasing  7094’s  which  will  be 
included  as  part  of  that  complex,  but  that  is.  1963  funded. 

Mr.  Cable.  Yes,  sir. 

Mr.  Boone.  Are  the  computers  in  the  Manned  Space  Flight  Cen- 
ters for  Mercury-operations,  will  they  be  utilized  in  the  Apollo 
program? 

Dr.  Seamans.  Yes,  those  computers  show  up  at  Goddard.  They 
are  used  for  both  scientific  data  reduction  and  lor  the  conduct  of  the 
world  tracking  net,  including  the  Mercury  net. 
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Now  during  the  first  flights  of  the  Gemini  we  will  still  use  the  first 
tracking,  same  communication,  and  same  computers  at  Goddard. 
However,  once  the  Mission  Control  Center  is  in  operation  at  Houston, 
we  will  only  use  the  computers  at  Goddard  to  check  out  the  tracking 
stations  around  the  world,  but  will  not  use  those  computers  except 
as  backup  for  the  actual  orbital  calculations  during  a flight. 

However,  the  computers  will  still  be  required  at  Goddard  for  the 
increasing  scientific  load  resulting  from  the  various  geophysical  and 
astronomical  observatories  that  we  will  be  Hunching  this  year  and 
next  year. 

The  Chairman.  I don’t  think  Mr.  Davis  realized  when  he  asked 
the  question  that  he  was  going  to  set  off  this  chain  reaction,  but  I 
think  this  has  been  a very  useful  discussion  as  to  policy  in  the  use  of 
computers. 

I think  now  in  order  to  preserve  more  continuity  in  these  hearings, 
perhaps  we  could  take  up  in  the  backup  book  that  section  entitled 
“Summary  by  Object  Classification  of  Personnel  Services  and  Opera-1 
tion  of  Installations,”  which  immediately  follows  the  tab  “Classifica- 
tion by  Object  Class.” 

Starting  with  “Personnel  compensation,”  you  have  requested 
$298,487,000  for  fiscal  year  1964.  I wonder,  Dr.  Seamans,  if  you 
would  care  to  make  any  preliminary  comments  on  a matter  that  we 
will  probably  have  a chance  to  go  into  later  concerning  the  average 
GS  grade  of  NASA  employees.  Turning  to  this  compilation  prepared 
by  Legislative  Reference  the  average  grade  of  NASA  employees  is 
GS-10,  which  is  the  highest  average  grade  of  any  agency  in  the 
Government.  Likewise,  the  average  salary  is  $9,122,  which  is  con- 
siderably above  the  average  salary  of  any  other  agency  in  the 
Government.  & 

Dr.  Seamans.  Well,  I do  not  have  a full  comprehension  of  what 
each  agency  of  the  Government  requires  so  I cannot  discuss  com- 
pletely how  we  compare  with  other  parts  of  the  Government. 

I certainly  have  found  that  at  the  NASA  we  are  looking  for  a reason?- 
ably  rare  commodity,  as  I discussed  in  my  testimony,  namely  people 
who  are  qualified  either  to  carry  out  or  to  supervise  scientific  and 
technical  effort. 

We  also  need,  in  order  to  carry  out  our  programs,  support  people 
in  a wide  number  of  areas  who  can  help  establish  quite  sophisticated 
reporting  systems,  who  can  assist  in  the  approval  of  major  projects 
and  supervise  the  building  of  large  facilities. 

This  all  takes  highly  qualified  personnel.  I don’t  want  to  get  into 
the  position  of  saying  that  other  agencies  don’t  have  major  responsi- 
bilities, they  do,  but  our  scientific  and  technical  personnel  are  of  the 
highest  caliber,  and  this  may  at  least  in  part  account  for  the  fact  that 
our  salaries  are  higher  on  the  average  than  other  agencies. 

Perhaps  either  Mr.  Siepert  or  Mr.  Wyatt  would  like  to  comment 
on  that.  ■ 

Mr.  Siepert.  Well,  I think  one  of  the  elements  that  affects  our 
grade  structure  is  that  this  is  a large  agency  but  its  function  is  much 
more  cleanly  described  as  being  research  and  development  than 
probably  any  other  agency. 

We  have  no  other  function  to  perform.  The  material  that  is  going 
to  submit  for  the  record  for  these  various  agency  research,  testing, 
and  evaluation  functions  includes  some  functions  which  are — I 
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hesitate  to  use  the  word,  it  might  be  misunderstood — more  routine 
than  a purely  research  and, engineering  development  operation.  This 
will  have  a tendency  to  deflate  the  grade  structure  a bit  for  the  other 
agencies. 

The  second  element,  looking  ahead  to  the  future  in  NASA,  is  that 
it  is  predictable  that  the  kind  of  program  that  we  are  engaged  in  will 
require  an  increasing  proportion  of  our  total  staff  to  be  individuals 
who  have  requisite  technical  training  and  experience. 

This  means  that  if  you  were  to  compare  our  situation  with  1958 
when  we  took  over  the  NACA  Laboratories,  it  was  entirely  an  in- 
house  research  program.  This  meant  that  for  every  scientist  and 
engineer,  he  was  backed  up  by  a shopman  and  a laborer  and  perhaps 
a clerical  type  individual.  These  were  low  grades  and  they  had  a 
tendency  to  depress  the  average  grade  salary. 

As  you  move  now  into  our  program  where  90  percent  of  our  work 
is  not  in-house,  but  is  in  terms  or  contracts  with  industry,  this  puts 
a high  premium  on  the  organization  building  an  increasing  number  of 
technical  monitoring  people  and  responsible  executive  people  to 
handle  and  administer  the  contracts,  so  what  you  get  over  a period 
of  time  then  is  less  of  this  clerical  and  supporting  personnel  structure. 
This  will  have  the  tendency  to  raise  the  grade  average  a bit  more 
than  some  of  the  other  agencies. 

The  Chairman.  Yet  I would  point  out  according  to  this  table 
which  I will  make  available  to  you  that,  in  1961  the  average  GS  grade 
was  9.5,  estimated  1964  was  10.  So  it  actually  has  been  high  over 
the  period  as  well  as  moving  up. 

Air.  Siepert.  Yes,  it  is  moving  up  slowly. 

The  Chairman.  It  is  moving  up,  but  still  it  was  even  high  during 
that  early  period. 

I notice  on  page  7 of  your  statement,  Dr.  Seamans,  that  you 
mentioned  that  NASA  recruited  33  percent  of  its  scientists  and 
engineers  from  other  Federal  organizations,  is  that  correct? 

Dr.  Seamans.  That  is  correct. 

The  Chairman.  On  this  point  I wonder  if  you  have  any  compara- 
tive figures.  Do  you  have  to  pay  these  people  more  when  you  recruit 
them  from  other  Government  agencies  in  order  to  get  them  away 
from  those  agencies? 

Dr.  Seamans.  The  attempt  is  to  always  have  them  come  to  NASA 
at  the  same  salary  that  they  held  when  they  were  in  the  previous 
agency. 

Mr.  Siepert.  We  have  a slide  on  that. 

The  Chairman.  I wonder  if  you  have  detail  on  that.  It  would  be 
helpful  to  the  committee  to  know  in  just  a little  bit  more  specific 
detail. 

Dr.  Seamans.  We  have  a slide  that  summarizes  this  information 
that  we  would  be  happy  to  discuss  with  you. 

Air.  Siepert.  This  information,  I might  say,  is  a result  of  our 
having  made  a study  of  every  new  professional  person  that  we  brought 
on  board  during  this  very  large  buildup. 

We  wanted  to  find  out  where  they  had  come  from,  were  their 
qualifications  as  good  as  we  already  had  on  board,  were  we  raiding 
some  areas,  what  was  our  promotion  experience  as  opposed  to  lateral 
transfer,  and  we  found  that  two-thirds  of  the  Government  appointees 
were  lateral  transfers  without  promotion. 
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The  few  teachers  that  we  hired  were  paid  in  line  with  others  at 
advanced  technical  levels,  and  when  we  hired  a teacher  he  made  more 
money  when  he  came  with  us,  but  we  have  other  figures  to  show  that 
less  than  1 percent  of  our  total  recruitments  came  from  the  teaching 
side  of  the  academic  world.  Twenty-two  percent  came  from  the 
student  body,  so  we  were  very  careful  not  really  to  deplete  the  teach- 
ing reservoir  of  the  country.  Almost  two-thirds  of  those  who  came 
from  industry  came  at  the  same  or  lower  salaries. 

Now  the  detail  is  on  the  next  chart. 

Now  you  will  notice  this  is  a little  hard  to  read  because  it  has  a 
great  deal  of  information  in  it,  but  we  have  a hard  time  really  figuring 
the  exact  same  salaries,  because  there  are  differences  in  what  is  con- 
sidered compensation  in  industry  versus  ours,  so  we  said  we. will 
consider  the  same  salary,  if  a person  makes  neither  plus  or  minus 
$500  over  his  current  grade.  We  haven’t  found  that  people  will 
leave  for  a $500  difference. 

You  will  notice  in  the  Government  that  60  percent  of  all  of  the 
folks  here  came  to  us  in  the  same  salary  bracket. 

Now  in  industry  you  find  38  percent  came  to  us  at  the  same  salary, 
24:  percent  came  at  a lower  salary — I am  talking  salary  now,  not 
fringe  benefits,  because  the  fringe  benefit  would  be  over  and  above 
that,  if  there  were  a bonus  plan  or  anything  of  that  sort,  and  37 
percent  came  to  us  from  industry  at  a promotion,  $500  or  more. 

Thirty-seven  percent  of  those  who  came  from  the  Federrl  Govern- 
ment came  at  a promotion. 

Are  there  any  questions  on  that? 

The  Chairman.  This  chart  will  be  available  for  the  record  in 
typed  form,  will  it  not? 

Dr.  Seamans.  Yes,  we  will  submit  it  for  the  record,  Mr.  Chairman. 

(The  information  requested  is  as  follows:) 


Salary  differential  upon  transfer  to  NASA 


Indus- 

try 

Teachers 

Non- 

teaching 

facility 

Other 

Federal 

Other 

NASA 

Non- 

profit 

organ- 

ization 

No  re- 
sponse 
and 
other 

Total 

Lower  NASA  salary: 

Percentage 

24.4 

0.7 

3.6 

2.2 

0.8 

14.0 

6.6 

11.7 

Numbers 

272 

2 

l 

25 

2 

7 

5 

314 

Same  salary  (±$500) : 

Percentage 

3S.4 

13,3 

28.6 

60.6 

67.4 

32.0 

15.8 

49.3 

Numbers. - 

429 

4 

8 

693 

163 

16 

12 

1,325 

Higher  NASA  salary: 

Percentage. 

37.2 

80.0 

67.9 

37.2 

31.8 

54.0 

77.6 

39.0 

Numbers 

415 

24 

19 

425 

77 

27 

59 

1,046 

Note.— of  tbe  Government  appointments  were  lateral  transfers. 

The  few  teachers  hired  were  paid  In  line  with  others  of  advanced  technical  levels. 
Almost  H of  industry  hires  came  at  the  same  or  lower  salaries. 


The  Chairman.  Does  this  include  both  scientists  and  engineers 
and  other  type  personnel? 

Mr.  Siepert.  This  is  restricted  to  those  employees  who  came  to  us 
who  had  professional  requirements.  That  is,  they  were  scientists  or 
engineers  at  the  B.S.  degree  level  or  higher.  It  does  not  include 
clerks  or  accountants. 

The  Chairman.  What  about  administrative  personnel  without 
particular  scientific  or  engineering 
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Mr.  Siepert.  We  did  not  run  a special  study  on  that.  I think  we 
can  get  some  information  for  you,  but  we  did  not  check  that. 

The  Chairman.  I think,  it  would  be  helpful  to  the  committee  also 
in  addition  to  your  so-called  professional  personnel  to  have  some 
figures  on  administrative  personnel  insofar  as  lateral  transfers  from 
other  Government  agencies  are  concerned. 

Would  that  be  possible  to  obtain  for  the  committee? 

Mr.  Siepert.  I would  like  to  check.  I would  rather  not  make  a 
commitment  that  I can  supply  that  in  a very  short  period  of  time, 
but  we  will  do  our  best,  and  may  I inform  the  committee  staff  how 
soon  we  would  have  it  for  you? 

The  Chairman.  I think  that  this  would  be  very  useful  to  have. 

Mr.  Siepert.  We  will  do  our  best  to  get  it. 

(The  information  requested  is  as  follows:) 


Salary  differential  upon  transfer  to  NASA  headquarters  for  the  period  July  1,  1961, 
through  Sept.  SO,  1962 — Administrative  professional  personnel 


Total 

From  out- 
side Govern- 
ment 

From  other 
NASA 
centers 

From  other 
Federal 
agencies 

Lower  salary: 

Percentage 

Ttfmnhers 

(4.5) 

12 

(13.5) 

5 

(5.3) 

5 

(1.5) 

2 

Same  salary  (±$500): 

Percentage . 

Nnmhiri  ....  _ ...  . ... 

(51.6) 

139 

(56.8) 

21 

(45.3) 

43 

(54.7) 

75 

Higher  salary: 

Percentage 

(43.8) 

(29.7) 

(49.5) 

(43.8) 

Nnmbers. 

1X8 

11 

47 

60 

Total  personnel 

269 

37 

95 

137 

Dr.  Seamans.  Let  me  say  if  I may,  Mr.  Chairman,  that  we  are 
very  sensitive  to  the  problem  that  we  could  create  for  other  agencies 
of  the  Government,  and  I can  remember  one  specific  case  where  we 
had  acquired  a number  of  people  from  a particular  Department  of 
Defense  project  and  there  was  concern  expressed  that  if  many  more 
came  to  NASA  this  could  hurt  the  project. 

We  discussed  this  with  the  project  director  in  the  Department  of 
Defense  and  agreed  that  we  would  not  recruit  any  additional  people 
from  this  particular  segment  of  the  DOD. 

The  Chairman.  Yes,  I think  there  are  two  things  to  be  concerned 
about,  of  course,  not  only  the  possible  pirating  that  you  mentioned 
but  also  we  don’t  want  to  make  NASA  a nice  happy  hunting  ground 
for  people  that  just  want  to  move  on  to  higher  salaries. 

Dr.  Seamans.  That  is  correct,  and  that  is  why  as  a matter  of  policy 
we  attempt  to  affect  lateral  transfers  and  only  have  an  increase  in 
salary  when  it  is  justified  on  a promotional  basis. 

The  Chairman.  Have  you  made  any  analysis  of  the  one-third  who 
went  over  to  transfers  at  higher  grades  from  other  Government 
agencies?  I believe  you  had  a figure  there  that  two-thirds  were 
lateral. 

Mr.  Siepert.  An  analysis  in  what  regard?  Do  you  mean  as  to 
what  kinds  of  jobs  they  went  to? 

The  Chairman.  Yes,  and  where  they  came  from,  and  why  it  was 
necessary  to  give  them  higher  salaries. 
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Dr.  Seamans.  Just  as  a person  within  NASA  should  have  an 
opportunity  to  move  ahead  and  obtain  a greater  responsibility,  so 
this  should  happen  between  agencies  of  the  Government,  but  it  has 
got  to  be  clearly  an  increase  in  responsibility  if  there  is  to  be  an 
increase  in  salary. 

The  Chairman.  Mr.  Fulton. 

Mr.  Fulton  of  Tennessee.  Mr.  Chairman,  in  this  breakdown,  I 
would  also,  with  your  permission,  like  to  request  that  we  be  given  the 
percentages  of  the  Negro  personnel  employed  by  NASA  in  the  admin- 
istrative offices. 

Mr.  Siepert.  In  administrative  as  contrasted  with  the  total? 

Mr.  Fulton  of  Tennessee.  The  total  NASA. 

Dr.  Seamans.  We  do  have  the  total  breakout.  We  have  the  total 
for  the  NASA.  As  of  December  31,  there  were  702  Negro  employees 
out  of  a total  of  25,667.  That  comes  out  to  2.7  percent. 

In  NASA  Headquarters,  we  have  123  Negro  employees  out  of  a 
total  of  1,701,  for  a percentage  of  7.2. 

We  can  give  you  the  total  for  each  one  of  our  centers  if  you  wish. 

Mr.  Fulton  of  Tennessee.  I would  like  to  have  it,  if  you  please. 

(The  information  requested  is  as  follows :) 


Employees  as  of  Dec.  SI,  1962 


Total  paid 
employees 

Total  Negro 
employees 

Percent  of 
Negro  to 
total  em- 
ployment 

NASA,  total 

25,667 

702 

2.7 

NASA  headquarters 

1,701 

1,825 

568 

123 

7.2 

AMES 

41 

2.2 

Flight  research . 

9 

1.6 

Goddard __ 

2,858 

106 

3.7 

Langley.... _• 

4,007 

604 

169 

4.2 

LOC . 

Lewis 

4,177 

6,844 

2,392 

151 

3.6 

Marshall 

47 

.7 

Manned  spacecraft 

45 

1.0 

Wallops..’ 

430 

5 

1.2 

261 

6 

2.3 

Western  operP*1ons __  . ...  _| 

The  Chairman.  Mr.  Wydler? 

Mr.  Wydler.  Yes. 

Dr.  Seamans,  on  this  comparative  chart  that  we  have  been  given, 
NASA  is  shown  with  an  average  GS  grade  of  10.  Is  that  according 
to  your  figures? 

Dr.  Seamans.  I believe  it  is  accurate. 

Mr.  Wydler.  On  this  same  chart,  we  are  shown  that  the  Atomic 
Energy  Commission  has  an  average  GS  grade  of  9.3.  Wouldn’t  you 
say  that  those  two  agencies  are  rather  comparable  as  to  the  degree 
of 

Dr.  Seamans.  Yes,  but  I wouldn’t  say  they  are  exactly  the  same. 
We  operate  somewhat  differently  from  the  AEC.  For  example,  in 
their  figures,  I don’t  believe  you  will  find  the  operation  of  Los  Alamos, 
Livermore,  Argonne,  all  of  which  are  operated  by  universities  on 
contract  to  the  AEC. 

Mr..  Wyatt.  It  is  my  understanding  that  the  AEC  staff  is  largely 
a contract  organization,  rather  than  civil  service.  The  bulk  of  their 
scientific  work,  as  Dr.  Seamans  indicated,,  is  done  by  contractual 


2934 


1964  NASA  AUTHORIZATION 


-employees  at  Los  Alamos,  Livermore,  Argonne,  and  such  laboratories, 
und  these  do  not  show  as  personnel  of  AEC. 

Mr.  Wydler.  Do  you  mean  they  would  have  a smaller  percentage 
•of  scientists  on  their  staff;  is  that  what  you  are  saying? 

Air.  Wyatt.  On  their  actual  staff,  because  where  we  take  one  of 
our  research  laboratories  which  make  up  a center,  such  as  Langley  or 
Lewis,  in  the  AEC  operation  this  is  a contract  with  a university  and 
does  not  show  as  an  employee  of  the  AEC.  It  would  be  analogous 
to  our  JPL  contract,  which  does  not  show  as  part  of  the  Government 
payroll. 

Mr.  Wydler.  Well,  let  me  ask  you  this  now,  this  is  asking  you 
about  some  other  agency,  hut  possibly  you  can  give  me  some  expla- 
nation of  this.  I don’t  understand  it. 

According  to  this  chart  I have  been  shown,  the  Department  of  De- 
fense, in  the  Research  Test  and  Evaluation  Department,  showed  a 

1963  estimated  GS  grade  of  11.9,  which  would  have  been  greatly  in 
excess  even  of  what  you  are  requesting  now,  but  it  shows  that  for 

1964  down  to  6.6.  Is  there  any  reason  for  that? 

Mr.  Siepert.  I would  like  to  comment  on  that.  I think  those 
particular  figures  need  additional  study  and  explanation. 

I had  the  opportunity  to  look  at  that  table  and  it  is  apparent  what 
is  given  there  is  not  the  experience  for  the  Department  of  Defense  as 
a whole.  That  is  a figure,  11.9,  of  eight  individuals,  eight  positions 
in  all,  who  were  a part  of  Dr.  Brown’s  office  in  the  Office  of  the  Secre- 
tary of  Defense,  which  coordinates  all  of  the  research,  development, 
and  evaluation,  but  is  in  no  sense  the  total  function. 

Now  I can’t  conjecture  how  the  average  grade  goes  down  to  6 
except  that  you  will  notice  that  he  goes  from  8 positions  to  56  and  may 
well  be  rounding  out  a substantial  recordkeeping  kind  of  operation, 
but  that  is  pure  conjecture  on  my  part.  I would  have  to  say  that  is 
not  a figure  which  is  in  any  sense  comparable  to  what  we  are  talking 
about. 

The  Chairman.  It  would  be  much  more  comparable  to  utilize  the 
figures  for  Army,  Navy,  or  Air  Force. 

Mr.  Siepert.  Yes.  The  Navy  figure  is  9.3,  I think,  on  the  chart 
that  you  have  there,  as  an  average  grade,  and  that  includes  a sub- 
stantial number  in  Navy.  I think  there  were  27,000  employees 
shown  in  their  figures,  so  that  does  include  a substantial  part  of  their 
program  called  R.D.T.  & E. 

Again  you  will  find  their  figures,  however,  include,  I believe,  a 
substantial  number  of  people  who  are  in  effect  on  things  like  the 
inspection  end  of  their  hardware  development  systems. 

I know  that  we  found  this  when  we  ran  a study  one  time  of  their 
scientists  and  engineers,  and  found  that  in  their  population  they 
included  a number  of  people,  for  instance,  who  worked  in  the  Brooklyn 
Navy  Yard  in  connection  with  appraising  the  actual  production  and 
fabrication  of  ships.  I don’t  know  whether  that  is  higher  or  lesser 
paid  than  the  average  that  we  have,  but  I suspect  that  it  might  be  less. 

Dr.  Seamans.  I would  like  if  I could  just  to  come  back  to  the 
point  that  I attempted  to  make  earlier,  that  we  in  NASA  feel  as  a 
matter  of  policy  that  we  must  have  highly  qualified  scientific  and 
technical  people  if  we  are  to  manage  properly  such  a massive  under- 
taking as  we  are  now  embarked  upon.  We  feel  that  if  we  do  not 
have  this  in-house  competence  the  whole  program  will  be  poorly 
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managed,  that  we  will  make  improper  decisions  from  a technical,  and 
scientific,  as  well  as  administrative  standpoint,  and  that  it  will  end 
up  as  a very  inefficient  and  costly  operation,  hut  we  feel  that  it  is 
definitely  in  the  Government’s  interest  to  have  highly  qualified  people, 
both  in  headquarters  and  in  the  centers. 

Now  obviously  this  can  be  overdone,  and  we  are  not  saying  that 
everybody  in  NASA  should  have  a doctor’s  degree,  but  we  must  have 
at  all  levels  in  our  NASA  structure  highly  competent  people. 

Mr.  Wydler.  I agree  with  you  on  that,  Doctor,  of  course  this  goes 
for  the  other  agencies  of  the  Government  as  well.  There  is  nothing 
peculiar  about  NASA  in  that  regard.  The  Atomic  Energy  Commis- 
sion certainly  has  the  same  problems,  but  it  does  seem  that  NASA 
is  setting  their  standards  higher  than  any  other  agency  of  the  Gov- 
ernment in  this  regard. 

Isn’t  that  a fair  statement? 

Dr.  Seamans.  Let  me  say  one  thing  first.  We  are  somewhat  unique 
in  NASA.  We  aren’t  saying  the  other  agencies  are  conducting  their 
business  incorrectly  but  we  as  a matter  of  policy  are  making  all  of 
our  contracts,  essentially  all  of  our  contracts,  out  of  our  centers  where 
we  are  also  conducting  in-house  technical  and  scientific  work. 

We  feel  that  in  this  way  we  can  better  manage  all  manner  of  pro- 
grams, be  they  small  research  contracts  or  very  large  development 
contracts,  and  this  is  a difference  between  our  agency  and  the  Depart- 
ment of  Defense  and  the  AEC. 

Mr.  Siepert.  There  is  one  other  trend  I think  that  may  make  us  a 
bit  unique. 

The  grade  structure  of  the  other  agencies  is  a grade  structure  that 
has  been  built  up  over  a substantial  period  of  time.  In  other  words, 
those  do  not  represent  new  or  rapidly  growing  functions.  Most  of 
those  organizations  build  up  their  staffs,  if  they  have  field  laboratories, 
making  the  staff  completely  self-sufficient,  that  is  with  civil  service 
personnel. 

We  have  had  to  build  up  to  meet  this  program  at  a time  when  person- 
nel numbers  were  scarce,  and  as  a management  policy  in  the  agency 
we  decided  in  the  beginning  when  we  were  setting  up  a new  center  to 
contract  out  routine  services  which  responsible  business  could  take 
care  of  very  well  for  us.  For  example,  our  civil  service  grade  structure 
in  a place  like  the  Marshall  Space  Flight  Center  will  not  include  the 
people  who  run  a motor  pool.  Those  are  low-GS-grade  personnel, 
because  the  entire  motor  pool  operation  from  the  beginning  has  been 
put  out  on  competitive  contract. 

Mr.  Wydler.  Well,  maybe  I would  understand  this  better  if  you 
would  tell  me  who  and  how  are  these  grades  set  by  and  how  are  they 
set,  who  does  this  actually. 

Mr.  Siepert.  The  Civil  Service  Commission  issues  what  are 
known  as  classification  standards. 

Mr.  Wydler.  I understand  how  we  get  the  grades  in  the  first  place 
but  who  new  in  NASA  is  determining  what  grade  should  be  given  to 
what  job? 

Mr.  Siepert.  We  have  personnel  officers  in  each  of  our  field  centers 
who  have  delegated  responsibility  to  allocate  a given  job  to  a grade 
based  upon  the  functions  of  that  position  compared  to  the  specification 
that  the  Civil  Service  Commission  gives  us. 
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Mr.  Wydler.  In  other  words,  do  I understand  you  to  say  that  these 
were  all  reviewed  by  the  Civil  Service  Commission? 

Mr.  Siepert.  Each  job  is  not  postaudited  by  the  Civil  Service 
Commission.  The  Civil  Service  Commission,  however,  does  make  an 
inspection  audit  of  agencies  on  a cycle  basis,  and  we  just  went  through 
a complete  inspection  by  them  in  this  last  summer,  mid  their  general 
approbation  of  our  classification  structure  was  evident. 

Mr.  Wydier.  Who  does  this  in  NASA  itself? 

Mr.  Siepert.  Personnel  specialists. 

Dr  Seamans.  These  specialists  report  functionally  to  the  Personnel 
Office,  which  is  headed  by  Mr.  Lacklen,  who  reports  to  Mr.  Siepert. 

Mr.  Wyatt.  One  other  point,  Mr.  Wydler,  that  may  have  a bearing 
on  comparative  grades.  That  is,  I would  judge  from  the  way  the 
statistics  have  been  discussed,  that  the  military  statistics  do  not  in- 
elude  the  officers  in  the  functions  assigned  by  the  military. 

You  see,  all  of  our  people  are  civil  service,  whereas  you  take  a mili- 
tary It.  & D.  establishment,  you  will  find  a large  number  of  technical 
officers  assigned  in  the  technical  side  and  in  the  management  side. 
I would  judge  that  the  general  effect,  if  you  could  include  them  at  a 
comparative  GS  grade,  would  be  to  raise  the  average  grade  of  the 
Military  Establishments. 

They  don’t  assign  so  many  enlisted  men  but  they  do  assign  large 
numbers  of  officers  for  the  administrative  and  technical  direction. 

Mr.  Wydler.  Could  I just  ask  one  final  question: 

Would  you  have  any  idea,  for  instance,  if  NASA’s  average  GS  grade 
was  9 instead  of  10,  what  the  difference  in  total  cost  would  be? 

Mr.  Wyatt.  Approximately  $25  million  a year  would  be  my  guess. 

Mr.  Cadle.  Could  I make  one  additional  comment,  Mr.  Wydler. 
There  is  one  additional  factor  which  hasn’t  been  brought  out  fully 
which  affects  our  avw  age  grade. 

In  addition  to  the  comments  Mr.  Siepert  made  in  terms  of  con- 
tracting-out functions,  such  as  motor  pools,  guards,  janitors,  things 
of  this  type,  there  is  an  additional  factor  which  has  a heavy  impact 
here,  and  that  is  that  the  Department  of  Defense  in  fiscal  year  1964 
will  have  5,525  individuals  working  on  NASA  contract  management, 
construction  management  and  quality  and  reliability  effort. 

In  other  words,  the  inspectors  on  all  of  this  effort  and  the  people 
who  are  doing  the  contract  management,  of  course,  are  relatively 
low-average  grade.  These  are  in  the  Department  of  Defense  in 
many  cases,  and  they  do  this  work  for  us  and  we  will  reimburse  them 
for  these  people. 

Now  these  costs  are  costs  which  are  going  to  affect  our  average 
grade  because  the  average  of  these  5,525  people  is  quite  a low  average. 
If  they  were  figured  in  with  ours  it  would  bring  our  average  down 
substantially. 

The  Chairman.  Dr.  Seamans,  I would  like  to  ask  you  one  general 
question.  The  11,300  scientists  and  engineers  which  you  estimated 
are  going  to  be  recruited  have  caused  some  people  to  make  the  state- 
ment that  this  will  result  in  NASA  siphoning  off  from  other  essential 
parts  of  the  Government,  the  scientific  community,  and  the  economy, 
so  many  scientists  and  engineers  in  proportion  to  the  product  that 
we  can  produce  that  eventually  it  will  hurt  not  only  the  economy 
but  NASA. 

I wonder  if  you  could  comment  for  just  a minute  on  this  general 
statement? 
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Dr.  Seamans.  Well,  this  is  a matter  that  must  be  considered  very 
thoughtfully  and  we  have  paid  a great  deal  of  attention  to  this  matter 
in  our  overall  management  decisions  in  NASA. 

We  have  attempted  to  determine  what  the  requirement  .is  for  NASA 
both  within  NASA  and  on  contract,  in  comparison  to  the  total 
national  requirement,  and  that  is  the  reason  that  I included  those 
figures  in  my  testimony  because  it  is  so  important  to  evaluate  what 
we  are  doing  with  our  most  important  commodity;  namely,  people  in 
this  country,  particularly  in  the  scientific  and  technical  area. 

We,  of  course,  feel  that  the  program  that  we  have  is  of  such  im- 
portance that  it  justifies  this  level  of  expenditure  of  these  valuable 
talents.  However,  we  realize  that  it  is  not  a limitless  supply  and  that 
we  have  a responsibility  to  both  upgrade  the  people  that  we  have 
within  NASA  by  having  them  involved  in  various  training  programs, 
as  well  as  working  with  universities  to  build  up  the  national  supply 
and,  as  I attempted  to  stress  when  I appeared  here  in  front  of  the  full 
committee  several  weeks  ago,  we  feel  that  the  people  that  are  now 
receiving  their  impetus  or  their  drive,  their  challenge  from  the  space 
program,  will  as  time  goes  on  over  their  total  professional  career  carry 
out  very  valuable  and  important  assignments  in  other  than  space 
objectives. 

The  Chairman.  Mr.  Koush. 

Mr.  Roush.  Mr.  Chairman. 

You  don’t  pay  overtime  at  all  grade  levels,  do  you? 

Mr.  Siepert.  No. 

Mr.  Roush.  Where  is  the  break? 

Mr.  Siepert.  Well,  as  a matter  of  law  no  overtime  compensation 
can  be  paid  above  GS-15.  In  other  words,  excepted  positions  that 
we  have  are  not  entitled  to  any  compensation. 

We  operate  on  the  same  basis  as  applies  to  all  GS  grades,  that  over- 
time is  paid  when  it  is  directed;  that  is,  directed  by  the  supervisor, 
and  it  ispaid  for  an  individual  up  to  grade  9 at  the  regular  overtime 
rates.  This  is  time  and  a half. 

As  you  move  up  higher,  s°y,  a GS-12  or  a GS-13  person  will  get  a 
decreasing  rate  of  overtimt  pay  because  he  is  paid  at  the  GS-9  rate 
for  his  extra  hours,  so  that  as  a practical  fact  when  you  get  up  to 
GS-14  or  GS-15,  you  don’t  earn  much  money  by  overtime. 

The  second  factor  to  be  kept  in  mind  is  that  we  are  quite,  let  us  say, 
reluctant  to  enter  into  directed  overtime  for  our  senior  professional 
staff.  We  find  that  they  do  the  job  with  really  an  inner  motivation 
and  they  work  the  hours  and  we  do  not  pay  them. 

Mr.  Roush.  Is  there  any  other  compensation  which  comes  to  them 
by  way  of  days  off? 

Mr.  Siepert.  The  law  does  provide  a compensatory  leave  arrange- 
ment, but  as  a matter  of  NASA  policy  there  is  no  point  in  our  trying 
to  bolster  the  morale  of  our  people  with  that  idea  because  the  com- 
pensatory time  never  comes. 

Mr.  Roush.  I was  only  wondering  if  there  are  enticements  in  the 
NASA  setup  which  are  not  present  in  the  Department  of  Defense 
which  would  cause  some  of  these  people  to  come  over  of  this  sort. 

Mr.  Siepert.  The  enticement,  quite  frankly,  is  the  most  exciting 
work  in  Government.  That  is  what  they  tell  us. 

Mr,  Roush.  Thank  you. 

The  Chairman.  In  your  prepared  statement,  Dr.  Seamans,  you 
referred  to  “other  stimulation  factors.” 
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Any  other  questions? 

Mr.  Cadle.  I do  have  an  answer  to  the  overtime;  the  question 
that  came  earlier  in  the  session. 

In  fiscal  year  1962,  overtime  and  holiday  pay,  these  are  hours  spent 
in  overtime  or  on  holidays,  we  paid  out  $11.9  million.  In  fiscal  year 
1963,  the  estimate  is  $14.2  million.  In  fiscal  year  1964  it  is  $16.7 
million. 

Dr.  Seamans.  What  is  that  on  a percentage  basis? 

Mr.  Cadle.  Of  the  total?  I will  have  to  do  that  in  my  head. 

It  is  $11.9  of  $163.9  million. 

Dr.  Seamans.  So  it  is  under  10  percent. 

Mr.  Cadle.  Well  under  10  percent. 

Mr.  Rumsfeld.  We  have  switched  three  or  four  topics  here,  and 
I have  two  or  three  questions.  One  is  on  overtime. 

There,  have  been  instances  not  in  NASA,  that  I have  heard  of,  but 
in  other  departments,  where  an  individual  obviously  of  a lower  GS 
rating  has  been  continuously  working  overtime  and  the  net  result 
has  been  that  he  was  paid  more  than  would  possibly  have  been  paid 
to  two  individuals,  or  a rate  very  close  to  that,  had  they  worked  out 
a little  different  kind  of  compensation  schedule  and  added  employees. 

I recall  in  one  instance  it  was  a chauffeur  who  was  working  a 
tremendous  amount  of  overtime  on  a regular  basis.  For  example, 
are  there  chauffeurs  working  in  NASA? 

Dr.  Seamans.  There  are  people  in  NASA  who  work  part  as  chauf- 
feurs and  in  part  have  other  assignments,  such  as  in  the  mailroom. 
But  I would  say  this  is  the  kind  of  situation  we  would  never  counte- 
nance if  we  knew  about  it.  I don't  know  of  any  situations  where 
this  would  occur. 

The  Chaibman.  Sort  of  in-house  moonlighting? 

Mr.  Rumsfeld.  My  second  question  goes  right  back  to  the  topic 
we  were  talking  about  before  overtime. 

Within  the  past  few  days  there  has  been  a statement  by  one  of 
the  officials  at  Argonne  which  has  been  highly  publicized  in  the  press 
around  the  country,  which  basically  is  in  line  with  what  the  chairman 
raised  as  a question,  but  is  slightly  different. 

His  concern,  and  I appreciate  you  people  are  down  here  to  justify 
a budget,  but  if  you  can  step  aside  and  be  objective,  do  you  feel  that 
there  is  any  danger — and  this  is  basically  what  he  articulated — 
because  of  tnis  push  toward  the  Moon  and  toward  space,  in  moving 
along  too  slowly  in  some  pure  and  some  basic  research  are^s,  so  that  a 
very  serious  imbalance  will  result  in  a period  of  years? 

Dr.  Seamans.  Let  me  say  that  we  believe  that  we  are  objective 
here.  I will  attempt  to  continue  to  be  objective. 

We  do  have  within  NASA  a lot  of  basic  work  going  on,  particularly 
in  universities,  that  is  not  directly  related  to  the  manned  exploration 
but  is  of  long-term  consequence.  We  feel  that  this  is  an  extremely 
important  kind  of  activity  for  this  country,  not  just  in  space  but  in 
many  different  fields. 

I myself  do  not  believe  that  we  are  attracting  people  to  the  extent 
that  we  are  hurting  these  other  activities.  This  is  a very  difficult 
thing  to  judge,  I agree. 

Mr.  Rumsfeld.  Well,  his  point  was  broader  than  simply  personnel. 
It  involved  the  expenditure  of  funds.  I think  it  is  an  intergovern- 
mental dispute  as  to  where  the  money  should  be  spent,  should  this 
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much  be  spent  for  space  or  should  more  be  given,  for  example,  in 
his  particular  case  to  Argonne. 

Dr.  Seamans.  I would  think  that  would  depend  on  what  he  intended 
to  do  at  Argonne.  I don’t  know  what  his  role  is  there.  He  is  unidenti- 
fied. But  this  would  obviously  have  to  be  reviewed  on  its  merits. 
Argonne  has  some  very  important  assignments. 

Mr.  Rumsfeld.  There  have  been  a number  of  requests  for  improve- 
ment in  disseminating,  in  compiling  scientific  information.  Do  you 
feel  that  at  some  point  in  the  future  if  the  Government  and  other 
interested  groups  of  people  are  able  to  facilitate  this  accumulation 
and  dissemination  of  scientific  information  that  this  would  conceivably 
decrease  the  number  of  individuals  working  within  NASA  as  well  as 
other  governmental  agencies? 

Dr.  Seamans.  Well,  obviously  the  better  the  communication 
between  the  various  individuals  w orking  in  a particular  field,  the  more 
efficient  is  the  work,  the  research,  because  each  can  draw  on  the  work 
of  the  other,  so  the  dissemination  of  information  is  extremely 
important. 

I attempted  to  stress  that  in  my  testimony  this  morning.  We  have 
an  office  set  up  at  NASA  on  an  agencywide  basis  for  this  purpose. 
Mr.  Day,  who  is  in  charge  of  that,  is  here  and  would,  of  course,  be 
happy  to  discuss  this  with  you  in  detail. 

However,  it  is  not  an  easy  objective  to  achieve  because  it  involves 
both  having  the  information  available  on  a timely  basis  and,  second, 
it  involves  cataloging  of  subjects  that  are  difficult  to  catalog.  It  takes 
very  great  skill  to  so  deposit  the  information  in  your  library  that  it 
can  be  brought  out  on  call,  if  you  will,  by  others  who  are  interested, 
but  we  are  making  a very  major  effort  to  do  this. 

In  the  past,  the  NACA  was  able  to  do  this  in  an  unmechanized  way. 
One  of  the  aircraft  companies  could  telephone  somebody  here  in  what 
was  then  NACA  headquarters,  and  ask  for  information  on  a particular 
kind  of  wing  configuration.  That  person  would  know  which  par- 
ticular laboratory  or  center  in  NASA  was  working  on  this  line.  He 
could  call  them  on  the  phone  and  have  them  send  all  of  the  information 
to  the  particular  company. 

Now  we  have  grown  to  the  point  where  you  can’t  do  that  any  more, 
and  you  have  to  have  a centralized  activity  for  this  purpose. 

The  Chairman.  We  have  a lot  of  ground  to  cover  on  personnel  yet, 
and  I wondered  if  any  of  the  members  of  the  committee  had  questions 
which  related  to  personnel  compensation  and  personnel  benefits  before 
we  get  into  travel  and  compensation. 

Mr.  Wydler.  I do,  Mr.  Chairman,  if  nobody  else  does. 

The  Chairman.  Mr.  Wydler. 

Mr.  Wydler.  You  say  that  you  are  requesting  about  4,000  addi- 
tional permanent  positions  this  year.  Can  you  tell  me  what  was  the 
original  request  for  permanent  positions  from  your  various  projects 
ana  programs,  the  heads  of  your  various  projects? 

Dr.  Seamans.  It  was  in  excess  of  that  figure. 

Mr.  Wyatt.  If  I recall,  Mr.  Wydler,  we  are  asking  for  a year-end 
strength  of  32,500,  the  requests  originally  received  from  the  field 
centers  were  up  around  36,000  to  37,000,  and  we  trimmed  it  back. 

Mr.  Wydler.  36,000  or  37,000. 

Mr.  Wyatt.  That  is  year-end  strength.  We  are  asking  for  a year- 
end  strength  of  32,500,  so  it  was  about  of  the  order  of  3,500  or  4,000 
more  that  were  requested  by  the  centers  in  their  raw  requests. 
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. Mr.  Wydleb.  So  you  cut  that  request  figure  in  about  half,  is  that 
correct? 

Mr.  Wyatt.  Yee,  a little  over  half; . 

Mr.  Wydleb.  And  in  turn  you  submitted  this  to  the  Bureau  of  the 
Budget? 

Mr.  Wyatt.  Yes. 

. Mr.  Wydleb.  Did  they  cut  the  figure  you  submitted? 

Mr.  Wyatt.  Yes,  we  asked  for  1,000  more  than  appears  in  the 
budget  request. 

Mr.  Wydleb.  So  they  cut  your  request  by  1,000? 

Mr.  Wyatt.  Yee. 

Mr.  Wydleb.  In  turn  was  that  cut  at  all  by  anyone  else  in  the 
executive  department? 

Mr.  Wyatt.  No,  sir* 

Mr.  Wydleb.  All  right,  that  is  all  the  questions  I have. 

Mr.  Roush  (presiding) . All  right,  are  there  other  questions  in  this 
particular  area? 

Mr.  Boone. 

Mr.  Boone.  I would  like  to  ask  Dr.  Seamans  to  tell  the  committee 
bow  many  total  personnel  including  contractor — I do  not  mean  sup- 
porting contractors  like  the  Bendix  contract,  but  JPL  and  others,  are 
mvolved  in  NASA  work. 

For  example,  you  have  28,547.  JPL  contributes  directly  day  to 
day  to  your  end  of  it.  How  many  others  do  you  have  that  contribute 
day  to  day  to  your  endeavor? 

Dr.  Seamans.  Well,  JPL  is  the  only  group  that  we  have  working 
yrith  us  that  are  essentially  on  a level  with  one  of  our  own  centers. 
They  have  currently  just  a shade  under  4,000  people. 

Kir.  Cadle.  4,100  by  the  end  of  the  year;  4,800  by  the  end  of  1964. 

Dr.  Seamans.  Now  we  do  have  other  groups  working  with  us  in  a 
variety  of  ways,  and  I am  not  quite  clear  that  you  are 

Mr,  Boone.  I think  you  have  answered  what  I want.  I realize  you 
can’t  list  all  of  the  contractors  who  work  for  you  and  I didn’t  mean 
that,  but  I was  trying  to  get  some  idea  now  of  what  the  average  grade 
level  for  JPL  personnel  might  be. 

Listed  in  this  section  I don’t  find  JPL  funds.  Where  are  they 
found? 

Dr.  Seamans.  JPL  will  be  found  primarily  under  the  lunar  and 
planetary  programs.  They  are  responsible  for  the  Ranger,  and  the 
Surveyor,  and  the  various  Mariner  planetary  flights,  and  the  cost  of 
those  programs  includes  the  in-house  costs  of  JPL. 

Mr.  Boone.  Do  you  exercise  close  supervision  managementwise, 
that  is  in  administrative  aspects? 

« Dr.  Seamans.  We  most  certainly  do.  We  have  our  Western 
Operations  Office,  which  is  in  Santa  Monica,  very  near  Pasadena, 
where  JPL  is  located.  They  actually  have  personnel  in  residence  at 
JPL  for  the  contract  administration  of  a program  that  does  run  to 
around  $213  million,  I believe,  in  fiscal  1963. 

Mr.  Boone.  If  I got  my  numbers  correct,  there  is  a 700  increase  in 
personnel  there  for  1964.  Ib  that  correct? 

. Dr.  Seamans.  Yes. 

1 Mr.  Cadle.  And  the  details  of  that  are  in  the  JPL  presentation, 
Mr.  Boone,  in  vo  ume  L 
i <Mr.  Boone.  Thank  yom 
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Further  down  the  list  you  show  some  reimbursable  positions.  Why 
did  you  not  show  the  5,000  military  that  work  for  you  that  you  have 
to  pay  for? 

Mr.  Cable.  These  are  reimbursable  project  people  that  you  are 
speaking  of  now.  The  104  people  on  reimbursable  projects  that  we 
are  doing  for  other  agencies  are  counted  within  our  total  because  they 
are  our  employees;  that  is  104  people  are  being  reimbursed  by  other 
agencies,  but  we  are  providing  the  people,  you  see. 

In  the  other  case,  DOD  is  supplying  the  people  and  we  are 
reimbursing  them. 

Mr.  Boone.  The  other  agencies  pay  you  for  104  salaries? 

Mr.  Cadle.  That  is  correct. 

Mr.  Boone.  And  you  pay  DOD  for  5,000  salaries?  • 

Mr.  Cadle.  Yes;  5525. 

Mr.  Boone.  Can  you  give  the  committee  some  idea  of  how  much  is 
involved  in  1963  or  1962,  some  prior  year,  dollarwise? 

Dr.  Seamans.  We  have  to  make  it  clear  that  this  is  an  arrangement 
that  is  actually  going  through  a change.  In  the  past  I don't  believe 
we  have  reimbursed  the  DOD  for  the  full  amount. 

Mr.  Cadle.  Up  until  now,  up  until  fiscal  1963,  we  have  reimbursed 
the  Navy  and  the  Army  people  who  have  been  working  for  us  on 
quality  and  reliability  and  contract  management.  We  have  not 
been  reimbursing  the  Air  Force  because  they  have  not  wished  to  be 
reimbursed.  In  other  words,  they  were  doing  this  work  as  part  of 
their  job  at  the  factories  where  they  were  doing  the  inspection  work 
on  their  own  projects. 

In  fiscal  1963,  negotiations  have  been  underway  in  terms  of  NASA 
picking  up  the  costs  of  reimbursing  all  of  the  people  from  the  Depart- 
ment of  Defense,  and  Mr.  Webb  has  agreed  that  we  will  start  reim- 
bursing them  in  fiscal  1964  for  all  of  these  people,  Air  Force,  Navy, 
and  Army,  and  we  have  funded  in  our  project  money  in  1964  to 
reimburse  them  for  this  effort. 

It  works  out  at  roughly  just  between  $9,500  and  $10,000  per 
man,  including  aU  of  their  support  costs  for  each  one  of  these  in- 
dividuals. 

Mr.  Boone.  So  those  funds  are  not  shown  here? 

Mr.  Wyatt.  No,  sir;  they  are  part  of  what  you  might  call  con- 
tract moneys,  but  in  this  case  the  contract  goes  to  the  DOD. 

Dr.  Seamans.  These  are  people  on  the  DOD  payroll  so  they  don’t 
show  up  in  these  figures. 

Mr.  Boone.  That  means  that  they  are  about  a 9.8  GS  grade 
also. 

Mr.  Siepeht.  No;  that  was  the  total  cost.  The  average  cost  I 
believe  is  about  $7,000  on  this  type  personnel.  Those  are  the  other 
costs  like  travel,  communications,  office  furniture,  and  everything  else 
that  goes  with  it. 

Incidentally,  this  reimbursement  figure,  Mr.  Cadle,  you  may  want 
to  verify  this,  but  the  arrangement  with  the  Department  of  Defense 
is  we  will  pay  this  as  a reimbursement.  This  isn’t  just  a flat  transfer.- 
There  is  an  estimate  that  the  workload  will  be  5,500  man-years  of  work. 
If  it  is  only  4,000  we  will  pay  for  4,000. 

Mr.  Cadle.  Each  of  the  centers  involved  get  a chit  each  month, 
showing  the  number  of  man-hours  worked,  and  they  pay  the  cognizant 
services. 
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Mr.  Boone.  I would  like  to  ask  another  question.  In  the  past 
have  you  reprogramed  into  or  out  of  these  funds  any  additional  funds? 

Mr.  Cadle.  Into  or  out  of  what  funds? 

. Mr.  Boone.  Well,  I am  looking  at  item  11,  which  is  personnel 
compensation.  Have  you  utilized  all  that  has  been  appropriated  in 
the  past? 

Mr.  Wyatt.  Ye9,  sir.  This  year,  as  a matter  of  fact,  in  this  fiscal 
year  we  added— I will  try  to  find  that  number  here,  we  actually  added 
some  money  this  year  to  cover  several  thousand  additional  people. 

Personnel  costs  went  up  $23  million  in  fiscal  1963  beyond  the  amount 
that  we  had  estimated  in  last  year’s  budget. 

Mr.  Boone.  That  still  comes  under  the  239  total? 

Mr.  Wyatt.  That  is  included  within  the  total  for  fiscal  year  1963 
here. 

• Mr.  Boone.  What  was  the  major  reason  for  that? 

Mr.  Wyatt.  Part  of  that  was  just  pay  act  increases,  part  of  the  $23 
million  was  to  cover  pay  increases,  part  of  it  was  to  cover  additional 
employees  beyond  those  we  had  estimated  at  the  budget  last  year. 

There  is  not  a science  about  this  and  we  have  to  feel  our  way  as 
we  go  through  the  year  as  to  where  we  will  have  to  put  additional 
people. 

Dr.  Seamans.  Our  installation  costs  went  down  by  some  $16% 
million,  so  the  net  increase  of  operating  our  institutions  went  up 
about  $7  million  over  what  we  had  requested  in  the  1963  budget. 

Mr.  Boone.  I have  no  more  on  reprograming,  but  I would  like  to 
ask  some  other  questions. 

Mr.  WydiiEr.  Where  did  you  get  the  $7  million? 

Dr.  Seamans.  That  was  reprogramed  from  within  the  research 
operation  and  development  account.  You  see,  up  until  fiscal  1963 
we  had  two  separate  accounts,  one  for  salaries  and  expenses,  and  one 
for  research  and  development.  These  were  combined  in  fiscal  1963 
so  that  we  can  reprogram  money  from  programs  and  projects  into 
the  operation  of  our  institutions. 

Mr.  Wydler.  Is  this  going  to  be  done  in  1964  as  well? 

Dr.  Seamans.  To  a minimum  amount,  but  if  required  this  is  an 
option  that  is  open  to  the  agency. 

Mr.  Boone.  How  many  excepted  positions  are  you  asking  for  this 
year? 

• Dr,  Seamans.  We  are  not  at  the  moment  asking  for  any  additional 
from  the  Congress.  This  is  a matter  that  is  still  under  review  by  the 
executive  branch. 

The  Chairman  (presiding).  May  I follow  that,  within  the  increase 
of  4,000  positions,  now  many  of  them  would  be  supergrades  or  under 
Public  Law  313? 

. Dr.  Seamans.  I don’t  believe  any  of  them  would  be. 

Mr.  Boone.  In  the  case  of  fiscal  year  1963,  you  indicated  you  still 
have  some  several  hundred  positions  unfilled.  How  do  you  estimate 
funds  for  this?  Are  funds  appropriated  to  cover  the  whole  year’s 
salaries? 

Dr.  Seamans.  This  is  a matter  that  has  to  be  reviewed  center  by 
center,  and  we  put  together  a total  operating  plan  for  the  agency  that 
sets  the  ceiling  on  each  center  and  also  sets  the  funds  that  the  center 
Has,  both  for  personnel  expenses  as  well  as  for  their  operations,  so  each 
center  knows  today  how  many  additional  people  they  can  take  on  prior; 
to  the  end  of  this  fiscal  year. 
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Mr.  Wyatt.  Specifically  to  your  question,  Mr.  Boone,  I believe 
what  you  are  getting  at,  in  estimating  the  dollars  required  for  the 
additional  positions  we  build  in  what  is  known  as  a lapse  rate.  In 
our  case,  and  I think  it  is  a Government- wide  practice,  we  cannot 
assume  that  we  are  going  to  hire  the  people  at  less  than  what  they  call 
a 25-percent  lapse,  or  we  figure  that  all  of  the  people  will  be  aboard 
by  the  first  of  the  next  calendar  year. 

We  do  not  assume  that  they  are  all  aboard  at  the  first  of  July  when 
we  start,  or  within  the  first  few  months.  We  assume  that  they  come 
on  a straight  line  acquisition  up  through  December  31,  and  that  is  the 
basis  for  the  salary  calculation.  That  lapse  rate  is  built  into  the  salary 
computations  here. 

Mr.  Wydler.  Well,  in  connection  with  that,  what  would  the  lapse 
rate  be  at  the  proposed  electronics  center? 

Mr.  Wyatt.  It  would  be  assumed  here  at  25-percent  lapse  rate  or  a 
half  a year  to  get  all  of  the  people  aboard. 

Mr.  Wydler.  In  other  words,  you  would  have  the  250  proposed 
employees  there  by  the  middle  or  by  the  end  of  this  year;  is  that 
right? 

Mr.  Wyatt.  By  the  end  of  this  calendar  year;  that  is  right. 

Dr.  Seamans.  You  will  notice  on  page  OClO-1,  it  shows  the  position 
lapses  that  are  deducted  from  the  total  end-of-year  figure,  to  take  into 
account  the  25-percent  lapse  that  Mr.  Wyatt  has  referred  to. 

The  Chairman.  Can  you  look  forward  in  years  to  come  to  a 
leveling  off  or  a decrease  in  the  number  of  personnel  that  work  for 
NASA? 

Dr.  Seamans.  Well,  we  obviously  must  look  ahead  and  have  long- 
range  plans.  These  are  not  approved  plans,  but  our  plans  do  show  an 
increase  in  personnel  beyond  1964,  leveling  off  at,  let  us  say,  the  end 
of  this  decade  at  approximately  38,000  or  thereabouts,  38,000  to 
40,000. 

The  Chairman.  We  seem  to  be  doing  more  and  more  work  with 
less  and  less  people  as  automation  comes  in  in  many,  industries.  I 
think,  of  course,  there  is  a vast  difference  here  but  I thmk  the  Congress 
is  concerned  with  the  constant  increases,  and  I would  think  also  that 
the  average  grade  level  as  you  increase  your  number  of  personnel 
would  at  some  point  tend  to  come  down  a little  bit,  wouldn’t  it,  as 
you  look  toward  the  future? 

Dr.  Seamans.  Well,  that  is  a hard  question  to  answer  obviously. 
We  feel  that  we  need  human  intelligence  to  make  the  kind  of  decisions 
that  we  are  faced  with,  and  you  caqnot  completely  digitize  the  running 
of  projects,  that  the  important  element  is  the  human  being  who  must 
look  at  the  facts  as  provided  by  the  digital  computers  but  that  the 
decisionmaking,  if  anything,  would  be  on  a higher  level  rather  than  a 
lower  level. 

Mr.  Fulton  of  Tennessee.  Mr.  Chairman. 

The  Chairman.  Mr.  Fulton. 

Mr.  Fulton  of  Tennessee.  One  brief  question.  Item  25,  $91,684,- 
000  for  “Other  services,”  I would  just  briefly  like  to  know  what  that 
takes  into  consideration,  that  “Other  services.” 

The  Chairman.  If  the  gentleman  will  yield,  I think  in  order  to 
preserve  continuity  let’s  take  all  of  the  questions  on  personnel  com- 
pensation and  personnel  benefits,  and  then  proceed  to  that  later. 

Mr.  Fulton  of  Tennessee.  All  right.  - 
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Dt.  Seamans.  This  does  include  all  of  the  support  work  at  a place 
like  our  Marshall  Center,  but  we  can  get  into  that  later.  Perhaps 
tomorrow  would  be  the  time. 

Mr.  Boone,  I have  a couple  more  questions,  Mr.  Chairman,  if  I 
may. 

You  mentioned  turnover  of  personnel*  earlier.  Has  this  been  a 
serious  problem  with  you  in  any  particular  locality  or  in  any  given 
region?  Is  there  any  particular  reason  for  this? 

Dr.  Seamans.  We  can  give  you  the  statistics  on  our  turnover,  both 
total  for  NASA  as  well  as  our  scientific  and  technical  personnel. 

I would  say  that  it  is  a matter  that  is.  not  serious  with  us  but  it  is 
a matter  which  certainly  has  to  be  taken  into  account  in  our  recruiting 
that  we  conduct  each  year,  I believe  that  the  overall  agency  figure 
is — • *■“ 

.What  is  that? 

Mr.  Siepert.  The  overall ; agency  figure  is  higher.  It  is  around 
8 percent  on  our  professional  staff. 

Dr.  Seamans.  It  is  around  14  percent  overall  and  8 percent  for  the 
scientific  and  technical  personnel. 

(The  information  referred . to  is  as  follows: ) 

Tw  paver  rates  for  NASA  personnel 


Fiscalyear 

Scientist  and 
engineer 
percent 
turnover 

Total  per- 
sonnel 
percent 
turnover 

1962. , . . .Til.'.  ...  ..  . . 

7.7 

16.2 

13.2 

1061 • __  . .... 

6.7 

iwm  . ....  . . 

6.8 

11.0 

lost  _ . _ _ 

8.2 

11.* 

Note. — Government  average  separation  rate,  17  percent. 

Mr.  Boone^  Would  you  know  whether  this  is  the  norm  in  the 
Government? 

Mr,  Lacklen.  I think  it  runs,  around  20  percent  govemmentwide., 

Mr.  Siepert.  So  this  is  low.  I believe  these  figures  bear  watching 
but  it  is  more  critical  who  you  lose  rather  than  how  many  you  lose, 
so  even  a small  percentage  could  be  critical  to  us  if  all  of  a sudden  we 
started  to  lose  key,  top  staff.  So  far  we  have  been  fortunate  in  this, 
regard. 

Mr.  Boone.  You  have  asked  for  400  additional  people  in  head- 
quarters, I believe.  Since  most  of  the  work  is  going  to  be  managed 
from  the  centers,  could  you  just  tell  us  why  you  have  to  have  400' 
more  people  in  NASA  headquarters,  and  give  us  a better  justification, 
for  that,  sir? 

Dr.  Seamans.  It  is  true  that  the  particular  projects  are  managed', 
from  the  center,  but  there  are  many  decisions  that  have  ro  be  made? 
before  a project  is  included  in  the  budget,  before  it  is  approved  for 
actual  implementation,  and  that  is  the  reason  that  we  have  established 
our  program  offices. 

For  example,  in  the  Manned  Space  Flight  Office  we  require  a con- 
siderable amount  of  actual  technical  work  in  order  to  break  down 
the  overall  objective  for  maimed  space  flight  into  the  specific  projects 
that  are  carried  out  at  our  Manned  Spacecraft  Center  on  the  Gemini. 
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and  the  Apollo,  and  at  Marshall  on  the  Satums  and  down  at  the 
Launch  Operations  Center  on  the  implementation  of  the  facilities-, 
there,  so  there  is  no  relief  as  far  as  headquarters  is  concerned. 

We  have  to  take  very  broad  national  objectives  for  space  and 
reduce  them  down  to  the  specifics  of  projec  ; objectives,  costs,  human 
resources,  facilities,  and  then  delegate  responsibility  for  the  actual 
implementation  to  the  centers. 

Mr.  Boone.  I believe  Mr.  Webb  testified  earlier  before  this  com- 
mittee that  the  funding  should  level  off  in  subsequent  years.  Do  you 
anticipate  that  headquarters,  or  certainly  that  certain  of  the  centers- 
should  level  off  as  far  as  their  demand  for  personnel  is  concerned? 
Are  the  requests  here  primarily  for  manned  space  flight? 

Dr.  Seamans.  Are  you  talking  about  the  projection  for  the  next 
5 years,  the  long-term  growth  of  NASA?  Some  of  the  centers  will 
level  off  in  1964  or  1965,  others  will  continue  to  grow. 

For  example,  the  Electronic  Research  Center  will  just  be  started 
in  1964,  and  we  anticipate  that  it  will  grow  in  3 or  4 years’  time  to- 
approximately  2,000  people. 

Mr.  Siepert.  Of  the  400  increased  personnel  in  headquarters,  246 
of  these  are  in  the  program  offices  and  130  of  those  246  are  in  the- 
Office  of  Manned  Space  Flight,  so  it  is  by  all  odds  the  greatest  element 
of  increase  at  this  time. 

Mr.  Boone.  Do  you  intend  to  rent  facilities  at  Boston  for  the 
Electronics  Center,  place  people  there  before  you  get  the  construction 
completed? 

Dr.  Seamans.  Yes,  we  do.  It  would  be  our  intention  provided  the 
Center  is  approved  by  the  Congress,  that  we  would  rent  space  just 
as  we  have  at  Houston,  to  build  up  personnel  at  the  same  time  that 
we  plan  the  actual  facilities  and  design  them  and  construct  them. 

Mr.  Boone.  One  last  question,  Mr.  Chairman. 

These  people  are  to  be  researchers  in-house  in  Boston? 

Dr.  Seamans.  This  would  be  a Center  that  would  be  similar  to  our 
Langley,  Lewis,  and  Ames  Centers  where  we  do  work  in-house,  but 
also  contract  with  research  type  organizations,  universities,  and 
certain  industrial  type  laboratories  for  complementary  and  supple- 
mentary work,  so  probably  something  like  a third  of  the  R.  & D.. 
dollar  would  be  for  in-house  work  and  the  other  two-thirds  out  on 
contract. 

Mr.  Boone.  Would  you  like  to  discuss  at  this  time  the-  quality  of 
the  people  that  you  are  being  able  to  recruit?  I think  you  did  indicate  - 
earlier  the  team  that  you  had  assembled.  Has  there  been  any,  say, 
diminution  of  the  quality -of -the  people  as  time  goes  on  here,  or  do- 
you  think  with  the  increasing  numbers  that  you  can  meet  the  demands  • 
of  the  space  program? 

Dr.  Seamans.  We  have  been  very  pleased  with  the  quality  of  the 
people  that  we  have  been  able  to  attract.  That  is  the  reason  that  I 
mentioned  in  my  testimony  that  three-quarters  of  the  people  came  from 
the  top  half  of  their  college  classes. 

I know  from  talking  to  various  Center  Directors  that  they  have 
been  very  pleasantly  pleased  at-  the  caliber  of  the  people'  whom  they 
have  recently  hired  and  the  caliber  of  the  people  who,  are  continuing  ; 
to  apply  for  jobs.  This  is  true  at  the  GS  levels. 
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I think  that  I should  point  out  that  we  do  have  a very  real  problem 
when  it  comes  to  getting  the  senior  people  that  are  needed  to  take  the 
executive  responsibility  at  NASA. 

Mr.  Boone.  Does  this  support  the  need  for  more  fellowships,  say, 
in  the  management  field  possibly,  as  well  as  technical  fields? 

Dr.  Seamans.  I am  not  quite  sure  that  I understand  your  question. 

Mr.  Boone.  Well,  we  have  been  discussing,  for  example,  in  our 
panel  on  science  and  technology,  the  need  for  additional  fellowships 
in  science  generally,  and  I think  one  of  the  concerns  of  the  committee 
up  to  now  has  been  that  it  seems  that  one  of  NASA's  major  problems 
is  a management  problem  and  very  little  has  been  said  about  manage- 
ment aspects  of  fellowships  or  advanced  studies,  and  we  were  wonder- 
ing how  you  were  taking  care  of  that  in  your  education  program  that 
you  mentioned  in  your  opening  statement. 

Dr.  Seamans.  It  is  true  that  the  fellowships  that  we  have  discussed 
have  been  primarily  for  scientific  and  technical  personnel. 

The  Chairman.  I might  mention  when  we  were  down  at  the 
Manned  Space  Center  Dr.  Gilruth  told  us  about  the  new  program  that 
was  being  initiated  for  summer  students,  which  included  not  only 
scientific  and  technical  students,  but  also  administrative,  and  I think 
this  is  a step  in  the  right  direction. 

Dr.  Seamans.  I was  just  going  to  say  that  we  do  have  a very 
active  in-house  program  for  acquainting  our  technical  personnel  with 
the  more  administratively  oriented  responsibilities  that  they  are 
assuming  in  project  management. 

We  have  had  I don't  know  how  many  classes,  maybe  10  groups  or 
something  like  that,  of  25  each  for  this  purpose.  We  have  also 
selected  special  categories  such  as  those  administrative  people  respon- 
sible for  security  to  have  a special  in-house  program  so  that  they  not 
only  understood  the  particular  responsibilities  of  security  but  have  a 
little  broader  understanding  of  NASA  as  a whole. 

The  Chairman.  I would  like  to  attend  one  of  those  myself. 

Mr.  Siepert.  We  have  put  through  a training  course  that  originally 
was  2 weeks  and  now  we  have  refined  it  down  to  1 week,  on  project 
management,  for  technical  people  and  for  key  executives,  and  over 
the  last  3 years  have  put  over  200  of  the  very  top  of  the  organization 
through  this. 

At  the  same  time  we  placed  over  600  technical  people  through  a 
procurement  course,  a 1-week  procurement  course,  and  it  is  very 
important  to  the  technical  person  to  understand  why  the  procurement 
man  follows  certain  procedures  and  certain  laws,  and  we  are  now 
well  along  in  a similar  kind  of  course  of  putting  our  project  and 
systems  engineers  through  a course  on  management  reporting  tech- 
niques such  as  the  PERT  cost  system,  which  is  very  fundamental  to 
their  following  the  progress  of  their  work. 

These  are  in-house  efforts,  though,  and  I think  I would  have  to 
respond  to  Mr.  Boone’s  question  by  saying  that  we  do  not  regard  it 
and  have  not  regarded  it  as  our  function  to  make  a major  expansion 
of  management  training,  as  such,  generally  available. 

However,  under  the  Federal  Training  Act  we  do  make  some  of  our 
management  nontechnical  people  eligible  for  training  in  the  university 
centers  in  management  techniques. 

The  Chairman.  Dr.  Seamans,  are  there  any  materials  that  you 
would  care  to  place  in  the  record,  such  as  any  slides  that  we  may  not 
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have  seen  or  any  other  materials  in  connection  with  the  inquiry  this 
morning?  If  so,  the  record  will  be  open. 

Dr.  Seamans.  If  I might,  Mr.  Chairman,  I would  like  to  review 
that  possibility.  We  do  have  some  additional  information  on  our 
recruiting.  Some  of  that  information  might  go  in  the  record. 

The  Chairman.  That  would  be  very  helpful. 

(The  information  referred  to  is  as  follows:) 

The  National  Aeronautics  and  Space  Act  of  1958,  as  amended,  authorized  the 
National  Aeronautics  and  Space  Administration  to  conduct  research  into  problems 
of  flight  within  and  outside  the  earth's  atmosphere  with  a view  to  their  practical 
solution;  to  develop,  construct,  test,  and  operate  aeronautical  and  space  vehicles 
for  research  purposes;  to  conduct  such  activities  as  may  be  required  for  the  explo- 
ration of  space;  to  arrange  for  participation  b,y  the  scientific  community  in  planning 
scientific  measurements  and  observations  to  be  made;  and  to  provide  for  the 
widest  practicable  and  appropriate  dissemination  of  information  concerning  its 
activities  and  the  results  thereof. 

To  carry  out  the  above  purposes,  the  agency’s  prime  function  is  research  and 
development.  It  must  be  staffed  with  scientists  and  engineers  who  are  capable 
of  administering  research  and  development  programs  both  in-house  and  contractor 
operated.  This  requires  an  increasing  proportion  of  the  total  staff  who  have 
scientific  and  technical  training  and  experience  in  conducting  and  supervising 
basic  and  applied  research  and  development  programs. 

The  fiscal  year  1964  budget  estimates  include  a total  of  32,500  permanent 
positions  of  which  approximately  25,000  will  be  in  the  GS  grade  category.  It  is 
estimated  that  over  11,300  or  44  percent  of  the  GS  positions  will  consist  of  admin- 
istrative professionals  in  support  of  the  scientific  program.  Thus,  approximately 
56  percent  of  the  GS  staff  will  consist  of  scientific,  engineering,  and  other  profes- 
sional personnel.  Viewed  in  this  perspective,  NASA  is  unique  in  the  type  of 
personnel  it  requires  when  compared  to  a number  of  agencies  which  have  other 
Sian  R.  & D.  functions  as  a part  of  their  total  effort.  To  compare.  NASA’s  GS 
grade  structure  with  other  agencies  would  require  a detailed  analysis  of  functions 
for  comparability  purposes.  Some  of  the  major  elements  peculiar  to  NASA 
which  must  be  considered  are: 

(1)  Over  90  percent  of  research  and  development  obligations  are  for  out- 
of-house  contracts  which  requires  constant  monitoring  by  NASA’s  scientific, 
engineering,  and  administrative  professional  staff.  As  these  contracts  are 
placed  and  the  actual  expenditures  grow,  a higher  percentage  of  staff  will  be 
scientific,  engineering,  and  administrative  professionals  with  less  trades  and 
crafts  support; 

(2)  The  complexity  of  NASA  programs  are  increasing  constantly  in  light 
of  new  discoveries  and  breakthroughs.  This  requires  increases  in  the  pro- 
portion of  highly  skilled  scientific  and  engineering  talent; 

(3)  NASA’s  major  in-house  R.  & D.  effort  differs  from  that  of  certain  other 
agencies,  (a)  For  example,  NASA's  in-house  R,  & D.  programs  are  con- 
ducted wholly  with  civil  service  employees.  On  the  other  hand,  AEC’s 
R.  & D.  programs  are  primarily  under  contract  with  universities.  A larger 
proportion  of  scientific,  engineering,  and  professions b administrative  staff  is- 
required  with  NASA’s  type  of  operation;  (b)  certain  differences  can  be  noted 
when  comparing  the  NASA  research  and  development  effort  with  that  of  the 
various  military  agencies.  The  military  agencies  utilize  commissioned 
officers  in  their  R.  & D.  programs  and  these  are  excluded  from  the  statistical 
compilation  of  GS-grade  numbers.  Also  in  a number  of  instances  the  GS- 
grade  schedules  include  positions  which  are  not  directly  related  to  R.  & D. 
functions. 

(4)  A number  of  other  agencies  performing  research  and  development  func- 
tions have  built  the  grade  structure  over  a substantial  period  of  time  and 
their  programs  are  relatively  stable  in  comparison  with  NASA’s  rapidly  ex- 
panding R.  & D.  programs; 

(5)  A good  portion  of  the  so-called  common  services  which  support  the 
R.  & D.  functions  are  contracted  out  by  NASA  such  as  motor  pools,  lawn 
care,  and  other  service-type  activities.  In  contrast,  many  agencies  have 
services  of  this  nature  performed  by  in-house  staff.  This  results  in  lower 
average  GS-grade  structure  in  those  agencies. 

The  following  table  shows  NASA  average  GS-grade  and  related  positions  com- 
pared with  all  Federal  average  grade  areas. 
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National  Aeronautics  and  Space  Administration  1 average  GS-grade  and  related' 

positions 


June  30, 1951  actual... 
June  30, 1952  actual... 
June  30, 1953  actual... 
June  30,  1954  actual... 
June  30, 1955  actual... 
June  30, 1950  actual... 
June  30,  1967  actual... 
June  30, 1958  actual. .. 
June  30, 1959  actual... 
June  30,  I960  actual... 
June  30, 1961  actual... 
June  39, 1962  actual... 
June  30,  1963  estimate. 
June  30, 1964  estimate, 


GS  permanent  posi- 
tions 

GS  permanent  and  temporary 
positions 

Federal 

average 

Average 

grade 

Number  of 
positions 

Average 

grade 

Total  posi- 
tions 

(Tempos 

included) 

grade  (all 
areas) 

7.1 

• 4,351 

7.1 

4,351 

0 

0 

8.0 

4,407 

8.0 

4,407 

0 

5.5 

8.3 

4,568 

8.3 

4,568 

0 

5.7 

8.5 

4,083 

8.5 

4,083 

0 

5.8 

8.4 

4,313 

8.4 

4,313 

0 

5.8 

8.4 

4,303 

8.4 

4,393 

0 

5.9 

8.6 

4,446 

8.6 

4,446 

0 

6.1 

8.9 

*4,400 

3.9 

*4,400 

0 

6.4 

0.1 

5,340 

6,298 

9.1 

5,340 

0 

6.6 

9.3 

9,3 

6,300 

(2) 

6.7 

9.5 

10,966 

9.5 

11,044 

(78) 

(644) 

(858) 

(917) 

6.9 

9.8 

15, 510 

9.5 

16,154 

7.0 

10.0 

21,296 

9.8 

22,154 

10.0 

25,008 

9.9 

25,925 



1 NAOA  prior  to  September  1956.  „ 

J Estimated. 

Note.— The  average  grade  is  computed  by:  (c)  Multiplying  each  grade  number  by  the  number  of  posi- 
tions in  the  grade;  (6)  totaling  the  results  so  obtained;  and  (c)  dividing  the  total  by  the  number  of  positions 
involved. 

National  Aeronautics  and  Space  Administration 


Summary  of  personnel  by  location  ( permanent  positions— end  of  year)  fiscal  year  1959 

through  fiscal  year  1964 


Location 

1959 

actual 

1960 

actual 

1961 

actual 

1962 

actual 

1963 

estimate 

1964 

estimate 

TTeau  quarters  . . 

428 

589 

751 

1,360 

1,674 

524 

1,900 

2.025 

2,300 

2,309 

593 

Ames 'Research  Hen  ter  ...... 

1,478 

336 

1,437 

411 

1, 487 
441 

Flight  Research  Center 

575 

Goddard  Space  Plight  Center 

782 

1,265 

3,202 

1,497 

3,287 

2,414 

3,770 

333 

3,200 

4,025 

800 

3,700 

4,296 

1,200 

Langley  Research  (Center , r . 

3,297 

l 4 

Launch  Operations  Center 

Tewis  Research  Cl  enter 

2,783 

2,734 

2,756 

805 

3, 678 
1,620 
6,194 

4,658 

3,196 

7,062 

30 

5i  128 
3,980 
7,492 
40 

Manned  Spacecraft  Center 

Marshall  Space  Flight  Center 

382 

5,688 

North  Eastern  Office 

Pacific  T Clinch  Operations  Office 

6 

15 

22 

Space  Nuclear  Propulsion  Office.  . 

40 

106 

160 

Wallops  Station..! 

171 

229 

305 

407 

465 

530 

Western  Operations  Office  

7 

37 

60 

136 

440 

500 

Electronic.  Research  Center  ...  . . . 

50 

250 

Total  permnnel r . 

9,286 

10,286 

17,077 

22,166 

28,547 

32,500 

i Atlantic  Missile  Range. 
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Summary  of  personnel  costs  by  location,  fiscal  year  1959  through  fiscal  year  1964 


[In  thousands  of  dollars] 


Location 

1959 

actual 

1960 

actual 

1961 

actual 

1962 

actual 

1963 

estimate 

1964 

estimate 

Headquarters 

$2,486 
10,237 
2, 162 
2,735 
22, 186 
1 15 
19,408 

84,778 

11,315 

2,857 

9,614 

24,162 

$7,202 
12,150 
3,675 
11, 194 
26,430 

$10,885 
13,358 
4,441 
17,766 
28, 737 
2,999 
27,583 
11,566 
54,052 

$20,2118 

17,194 

5,364 

27,478 

34,254 

5,533 

39,645 

26,454 

73,599 

220 

157 

946 

3,569 

2,779 

255 

$25,417 

20,789 

5,935 

34,931 

37,760 

11,088 

48,707 

38,361 

81,739 

453 

210 

1,771 

4,360 

5,222 

2,725 

Ames  Research  Center 

Flight  Research  Center 

Goddard  Space  Flight  Center 

Langley  Research  Center.. 

Launch  Operations  Center 

Lewis  Research  Center 

21,358 

23,919 

6,401 

49,835 

Manned  Spacecraft  Center.. 

Marshall  Space  Flight  Center 

359 

North  Eastern  Office 

Pacific  Launch  Operations  Office 

54 

203 

2,931 

936 

Space  Nuclear  Propulsion  Office 

Wallops  Station 

644 

48 

1,467 

218 

2,213 

534 

Western  Operations  Office... 

Electronic  Research  Center 

Total  personnel  costs 

59,921 

76,428 

143,553 

175,511 

257,655 

319,468 

i Atlantic  Missile  Range. 


National  Aeronautics  and  Space  Administration  fiscal  year  1964  estimates — Analysis 

of  personnel  by  programs 


Programs 

Fiscal  year  1962 

Fiscal  year  1963 

Fiscal  year  1964 

Direct 

Sup- 

port 

Total 

Direct 

Sup- 

port 

Total 

Direct 

Sup- 

port 

Total 

Manned  spacecraft  systems. 

1,056 

705 

1,761 

2,290 

1,290 

3,580 

3,181 

1,663 

4,844 

Launch  vehicle  and  propul- 

sion  systems 

3,438 

2,088 

5,526 

4,497 

2,735 

7,232 

4,780 

2,930 

7,710 

Aerospace  medicine- 

73 

64 

137 

118 

81 

199 

149 

92 

241 

Integration  and  checkout  - .. 

12 

15 

27 

64 

69 

133 

76 

78 

154 

Systems  integration 

117 

104 

221 

240 

164 

404 

261 

179 

440 

Meteorological  satellites 

168 

150 

318 

198 

181 

379 

267 

209 

476 

Communications  satellites.. 

87 

67 

154 

161 

119 

280 

136 

98 

234 

Advanced  applications  sat- 

eilites - 

2 

2 

4 

4 

4 

8 

11 

10 

21 

Industrial  applications 

17 

19 

36 

38 

30 

68 

66 

46 

112 

Geophysics  and  astronomy. . 

729 

595 

1,324 

937 

661 

1,588 

1, 183 

785 

1,968 

Lunar  and  planetary  explo- 

ration 

101 

92 

193 

216 

123 

339 

308 

166 

474 

Bioscience 

43 

22 

65 

213 

70 

283 

274 

119 

393 

Launch  vehicle  develop- 

ment 

634 

390 

1,024 

522 

400 

922 

633 

484 

1, 117 

Facility,  training,  and  re- 

search  grants. 

14 

18 

32 

21 

21 

42 

25 

25 

50 

•Space  vehicle  systems 

1, 665 

1,280 

2.945 

1,866 

1,421 

3,287 

2,015 

1,554 

3,569 

Electronic  systems 

770 

729 

1,499 

1,031 

746 

1, 777 

1, 199 

810 

2,009 

Human  factor  systems 

146 

50 

196 

201 

81 

282 

237 

151 

388 

Nuclear-electric  systems 

426 

968 

1,394 

474 

939 

1,413 

513 

902 

1,505 

Nuclear  rockets 

299 

602 

901 

664 

826 

1,390 

664 

871 

1,535 

Chemical  propulsion 

263 

543 

806 

303 

524 

827 

332 

568 

900 

>3  pace  power 

158 

304 

462 

222 

353 

575 

244 

374 

618 

Aeronautics 

1, 202 

782 

1,984 

1,203 

795 

1,998 

1,242 

826 

2,068 

Tracking  and  data  acquisi- 

. 

tion... 

538 

469 

1,007 

854 

581 

1,435 

951 

619 

1,570 

Total  NASA  for 

NASA - 

11, 958 

10, 058 

22,016 

16,237 

12,204 

28,441 

18,747 

13,649 

32,396 

Total  NASA  reim- 

bursable  - 

140 

106 

104 

Grand  total-. 

22,156 

28,547 

32,500 

K. 
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National  Aeronautic*  and  Space  Administration,  fiscal  year  1964  budget — Personal 

services  and  benefit*  ( obligations ) 


Total 

1962 

1963 

1964 

Number  of  permanent  employees  • 

22.016 

28,441 

32,396 

Personnel  compensation: 

Permanent  positions.. 

3148.875,573 

2,545.435 

223,830 

8220. 654,000 
3.170.000 
866,000 

8274,288,000 

3.422.000 

961.000 

2.522.000 
16.747.000 

304.000 
58,000 

165,  «r>o 

Temporary  employment 

Intermittent  employment. 

Other  compensation' 

Regular  pay  above  52-week  base 

Overtime  and  holiday  pay 

Night  work  differential 

11,876,288 

202,194 

38,568 

136,426 

§§§§ 

Additional  pay  for  service  abroad 

Reimbursable  details 

Total,  personnel  compensation. 

Personnel  benefits: 

Uniform  allowances 

163, 898. 314 

239.407,000 

298.487,000 

5,547 
3,019 
487,480 
1, 152, 564 
9,559.202 
77,782 
88.173 
1,790 

9.000 

3.000 

783.000 
1,846,000 

15,322.000 

140.000 

143.000 

2.000 

10.000 

3.000 
902,030 

2.110,000 

17,614,000 

174.000 

166.000 

2.000 

Living  and  quarters  allowances 

Life  Insurance 

Health  program 

Retirement  contributions 

PICA  taxes 

Incentive  awards 

Other  miscellaneous  compensation 

Total,  personnel  benefits 

11.375,557 

18.248.OCO 

20.981.000 

Total  personnel  services  and  benefits 

175,273,871 

257,655,000 

319,468,000 

* Excludes  reimbursable  positions,  fiscal  year  1962— 140,  fiscal  year  1963—106,  fiscal  year  1964—104. 


The  Chairman.  Do  any  other  members  of  the  committee  have  any 
questions? 

If  not,  the  committee  stands  adjourned  until  10  a.m.  tomorrow 
morning. 

(The  additional  information  equested  for  record  is  as  follows :) 

National  Aeronautics  and  Space  Administration, 

Washington,  D.C.,  June  7,  1963. 

Mr  W.  H.  Boone, 

Technical  Consultant,  Subcom * ittee  on  Applications  and  Tracking  and  Data 
Acquisition,  Committee  on  Science  and  Astronautics,  House  of  Representatives, 
Washington,  D.C. 

Dear  Mr.  Boone:  This  is  in  reply  to  your  letter  dated  May  31,  1963,  in  which 
you  request  certain  information  for  the  Subcommittee  on  Applications  and 
Tracking  and  Data  Acquisition  for  inclusion  in  the  record  of  hearings  for  the 
National  Aeronautics  and  Space  Administration  fiscal  year  1964  authorisations. 

Answers  to  the  three  questions  which  were  requested  are  show  a iu  the  form  of 
attachments  I,  II,  and  III  to  this  letter. 

Sincerely  yours, 

Paul  Demblino, 

Director,  Office  of  Legislative  Affairs. 

Attachments. 

Attachment  I 


NASA  records  indicate  that  there  are  12  personnel  subject  to  dual  compensa- 
tion that  have  waived  military  retirement. 


Annual  salary 


Annual  tolars 


G8-3 

GS-9  (2) 
GS-11.. 
GS-12.  . 
GS-13.  . 
GS-13.  _ 


*4,  240 
6,  675 

8,  575 

9,  475 
11,  150 
11,  515 


GS-14 

GS-15 

Er.ccpted. 

Do_. 

Do.. 


$13,  270 
14,  565 

17,  500 

18,  500 

21,000 
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Attachment  II 

Analysis  of  printing  and  reproduction  funds  in  object  classes  other  than  object  class  24 


[In  thousarids  of  doHsn]* 


Object 

clue 

Title 

Fiscal  year 
1062 

Fiscal  year 
1063 

Fiscal  year 
1064 

23 

Rents,  communication,  utilities...  „. 

3S8 

868 

1,000 

26 

Other  services 

18 

36 

56 

26 

Supplies  and  materials 

246 

43S 

686 

31 

Equipment.. 

226 

306 

791 

Total 

888 

1,735 

2,533 

Since  object  of  expenditure  24,  “Printing  and  reproduction,”  by  definition 
includes  only  contractual  or  reimbursable  services,  the  figures  supplied  here  are 
for  in-house  costs  under  other  objects  of  expenditure. 

“Rentals”  include  the  rental  of  printing  and  office  reproduction  equipment. 

“Other  services”  include  the  contractual  maintenance  and  repair  of  printing 
and  reproduction  equipment. 

“Supplies  and  materials”  include  the  paper,  ink,  and  other  supplies  used  in  the 
printing  and  reproduction  operation. 

“Equipment”  includes  the  offset  printing  presses,  offset  platemaking  units, 
process  cameras,  power  collators,  office  copying  machines,  and  peripheral  items 
purchased  for  use  by  the  printing  and  reproduction  units. 

Attachment  III 

A distribution  of  “Other  contractual  services”  as  shown  in  the  budget  justifies* 
tion  books  (vol.  1,  “Operation  of  Installations  Tab,”  p.  OC  25-1)  for  “Object 
class  25”  and  appropriate  explanation  of  the  major  categories  under  this  heading 
are  as  follows: 

Object  class  25  "Other  services  fiscal  year  1964  budget  estimates ” 


[In  thousands  of  dollars] 


Fiscal  ye®i- 
1062 

Fiscal  year 
1963 

Fiscal  year 
1074 

Aircraft  services 

10 

841 

3,530 

724 

Tuition _ 

436 

642 

Stenographic  and  verbatim  transcript  reporting  services 

17 

18 

64 

Exhibit  preparation,  brochures,  educational”  services,  and 
materials — 

1,527 

1,057 

91 

5,438 

2,676 

135 

7,464 

4,608 

210 

Motion  picture  services 

Translating  services 

Advertising 

449 

383 

383 

Other  services 

3,437 

2,337 

6,423 

Subtotal,  other  contractual  services ...... 

7,033 

12,470 

23,  <06 

1.  Aircraft  services. — Funds  required  for  this  purpose  are  to  provide  mainte- 
nance costs  of  aircraft  for  astronaut  proficiency  training  requirements  and  to 
provide  for  operation  and  maintenance  of  executive  aircraft.  Requirements  for 
such  services  are  primarily  at  three  locations  as  follows:  Flight  Research  Center, 
Manned  Spacecraft  Center,  and  Launch  Operations  Center. 

2.  Tuition. — These  requirements  are  for  the  contractual  cost  of  tuition  for 
graduate  study  and  on-the-job  study  of  NASA  personnel,.  These  requirements 
include  tuition,  fees,  books,  registration  fees,  laboratory  fees,  and  other  like  items.' 
Although  funds  are  required  for  this  purpose  in  varying  amounts  at  nearly  all 
installations,  the  major  amounts  are  concentrated  at  Marshall  Space  Flight 
Center,  Lewis  Research  Center,  Goddard  Space  Flight  Center,  and  Ames  Research 
Center. 

3.  Stenographic  and  verbatim  transcript  reporting  services. — This  category  in- 
cludes all  costs  of  contractual  stenographic  and  reporting  services.  These  funds 
are  required  to  provide  for  stenographic  services  on  a short-term  basis  during, 
periods  of  heavy  workload. 
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4.  Exhibit  preparation,  brochures,  educational  services,  and  materials. — This 
includes  the  cost  of  contractual  exhibit  preparation,  brochures,  educational  serv- 
ices, and  -materials.  These  funds  are  required  to  provide  suitable  displays  for 
public  showing  at  fairs  and  expositions  to  inform  the  American  public  and  foreign 
nations  of  the  specific  progress  in  NASA  programs.  It  further  provides  docu- 
mentary films,  management  communications,  photography,  and  television  mate- 
rial to  inform  management,  the  public,  and  interested  international  bodies  of  the 
goals  and  progress  of  NASA  programs. 

5.  Motion  picture  services. — This  category  includes  cost  for  contractual  photo- 
graphic and  motion  picture  services.  Commercial  photographic  requirements 
provide  film  processing  and  developing  in  direct  support  of  the  photographic 
services  of  the  various  'nstallations. 

6.  Translating  services. — This  category  covers  the  cost  of  all  contractual  trans- 
lating services.  These  funds  are  to  be  utilized  for  translating  pertinent  scientific 
documents  from  various  foreign  languages  into  English  for  use  in  NASA  programs. 

7.  Advertising. — Includes  cost  of  recruiting  advertising  services.  Although 
there  are  requirements  at  nine  installations  for  this  type  of  service,  the  major 
user  is -NASA  Headquarters.  Advertising  space  will  be  bought  in  newspapers, 
college  periodicals,  and  trade  journals. 

8.  Other  services. — This  includes  the  cost  of  other  contractual  services  at  most 
of  the  NASA  installations.  Requirements  under  this  category  are  for  various 
and  sundry  type  contracts  at  the  installations.  Typical  of  the  type  of  contract 
under  "Other  contractual  services”  is  for  the  operation  and  maintenance  of 
motor  vehicles,  contract  moving,  and  industrial  health  facilities.  Likewise,  it 
also  includes  services  performed  by  other  Government  agencies. 

(Whereupon,  at  12:08  p.m.,  the  subcommittee  was  adjourned,  to  be 
reconvened  at  10  a.m.,  Wednesday,  March  20,  1963.) 
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WEDNESDAY,  MARCH  20,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition,. 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in 
room  214-B,  Longworth  Building,  Hon.  Ken  Hechler  (chairman  of 
the  subcommittee)  presiding. 

The  Chairman.  The  committee  will  come  to  order. 

We  are  continuing  our  hearings  this  morning  on  “Personnel  services,, 
operations  and  installations.” 

Mr.  Davis.  Mr.  Chairman. 

The  Chairman.  Mr.  Davis. 

Mr.  Davis.  If  I may  be  pardoned  for  referring  very  briefly  to  the 
subject  of  computers  once  more,  I notice  that  in  yesterday’s  record 
on  page  4182  there  are  some  remarks  which  were  made  by  my  col- 
league Mr.  Arnold  Olsen  of  Montana  in  which  he  quotes  a report  to 
the  Congress  by  Comptroller  General  Campbell,  under  date  of  March 
6,  1963,  the  subject  of  which  was  a “Study  of  Financial  Advantages  of 
Purchasing  Over  Leasing  of  Electronic  Data  Processing  Equipment  in 
the  Federal  Government.” 

Now  I should  like  to  include  in  the  record  of  this  committee’s 
hearing  for  this  day  these  remarks  by  Mr.  Olsen,  and  also  I would  like 
to  ask  Dr.  Seamans  if  he  will  on  behalf  of  NASA  during  the  next  few 
days  append  such  comments  as  he  would  care  to  make  in  response 
to  this. 

Dr.  Seamans.  I would  be  happy  to. 

Mr.  Davis.  Very  well. 

(The  excerpt  from  the  Congressional  Record  of  March  19,  1963,  i& 
as  follows:) 

Report  to  the  Congress  of  the  United  States:  ‘'Study  of  Financial 

Advantages  of  Purchasing  Over  Leasing  of  Electronic  Data-Processing 

Equipment  in  the  Federal  Government,"  The  Comptroller  General 

of  the  United  States,  March  1963 

We  have  reviewed  the  report,  and  found  it  to  be  an  exceedingly  well  written 
and  accurate  document  which  will  serve  as  a useful  input  to  our  developing; 
decisionmaking  process  for  the  purchasing  versus  leasing  of  electronic  data-process- 
ing  equipment.  The  report  states  that  from  the  point  of  view  of  the  Government, 
in  toto,  there  are  decided  cost  reductions  resulting  from  purchase  rather  than 
lease  of  such  equipment.  Implicit  in  such  a policy  is  the  consideration  that  a 
computer  system,  upon  becoming  technologically  obsolete  at  an  installation, 
would  probably  still  be  quite  appropriate  for  another  installation’s  needs.  Conse- 
quently, if  the  computer  had  originally  been  purchased  and  if  its  total  life  were 
longer  than  the  break-even  period  for  the  lease  versus  purchase  alternatives,  then 
its  continued  use  after  the  break-even  point  is  reached  produces  major  financial 
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savings.  Complicated  administrative  and  technical  problems  are,  of  course, 
inherent  in  such  a centralization  policy,  However,  it  is  patent  that  possible 
benefits  definitely  warrant  further  investigation  of  the  situation. 

We  feel  that  not  only  does  the  report  have  great  interest  and  merit  for  the 
Government  overall,  but  also  from  the  point  of  view  of  NASA  as  an  individual 
agency.  Clearly,  NASA,  with  133  computers,  is  a large  and  diversified  user  of 
electronic  data-processing  equipment,  and  the  recommendations  of  the  report 
may  well  be  at  least  partially  applicable  within  the  NASA  context.  That  is,  it 
might  be  technically  and  economically  feasible  for  us  to  purchase  some  fraction 
of  our  computers,  even  if  such  purchases  were  not  dictated  by  current  program  or 
project  needs.  Then,  upon  becoming  obsolete  at  their  particular  installations,  the 
computers  might  be  transferred  to  other  installations  whose  needs  were  not  as 
sophisticated  or  demanding.  An  analysis  of  this  strategy  and  its  relation  to  the 
totality  of  NASA,  data-processing  considerations  is  presently  being  performed. 
We  hope  to  develop  a workable  set  of  decision  rules  for  the  lease  versus  purchase 
question  which  will  yield  a more  economical  electronic  data-processing  posture 
for  the  agency  overall,  without  subjecting  our  programs  to  negative  influences. 

Until  such  a set  of  rules  is  formulated  and  tested,  we  will  continue  to  follow 
the  guidelines  specified  in  Bureau  of  the  Budget  Circular  No.  A-54,  “Policies 
on  selection  and  acquisition  of  automatic  data  processing  (ADP)  equipment.” 
This  policy  has  resulted  in  approximately  82  percent  of  our  computers  being  leased 
rather  than  purchased,  a situation  which  is  almost  directly  and  solely  attributable 
to  the  increasingly  sophisticated  nature  of  our  computer  applications.  The  data- 
processing  requirements  of  our  scientific  applications  have  often  been  greater 
than  the  computation  power  of  available  computers,  even  though  the  rate  of 
advancement  of  computer  technology  has  been  phenomenal.  We  hope  to  effect 
sizable  savings  by  extending  the  BOB  guidelines  and  incorporating  general 
NASA  data-processing  considerations  into  the  framework  of  decisionmaking  for 
specific,  individual  computer  installations.  Clearly,  there  are  three  basic  areas 
of  uncertainty  in  such  a strategy:  (1)  accurate  specification  of  the  level  and  tim- 
ing of  future  data-processing  requirements,  particularly  in  scientific  data  proc- 
essing (90  percent  of  NASA  data  processing);  (2)  difficulty  in  estimating  com- 
putation power  and  flexibility  of  future  data-processing  equipments;  and  (3)  the 
incorporation  of  adequate  margins  of  capability  such  that  optimization  of  the 
data-processing  function  does  not  unduly  constrain  agency  programs, 

The  investigation  of  the  Ifcase  versus  purchase  question  is  only  one  component 
of  a developing  ADP  management  program  through  which  we  will  insure  con- 
tinued efficient  use  of  our  agency  wide  ADP  resources.  It  should  be  stressed, 
however,  that  any  decision  rules  will  remain  subordinate  to  the  needs  of  NASA 
programs.  Our  commi  .mentc  to  certain  programs  imply  a corresponding  (though 
difficult  to  estimate)  data-processing  resources  requirement.  Successful  per- 
formance of  NASA  programs  depends  largely  upon  the  use  of  the  most  techno- 
logically advanced  equipment  available.  Electronic  data-processing  equipment 
is  actually  an  integral  part  of  our  program  resources  and  tools.  Consequently, 
economic  decisions  made  independently  of  the  program  context  could  result  in 
delays  and  inefficiencies  in  program  performance  whose  costs  would  far  outweigh 
the  more  easily  identifiable  data-processing  costs.  Consequently,  we  are  incor- 
porating in  our  ADP  management  program  not  only  criteria  for  insuring  efficient 
•utilization  of  electronic  data-processing  equipment  per  se,  but  also  for  maximizing 
the  contribution  electronic  data  processing  can  make  to  effective  program  per- 
formance. 

Tiie  Chairman.  We  will  now  proceed  under  the  heading  of  “Per- 
sonnel compensation.”  What  has  been  the  maximum  hiring  rate  of 
NASA  in  any  one  quarter,  and  what  was  the  rate  in  the  last  quarter 
of  fiscal  1962? 
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STATEMENT  OF  DR.  ROBERT  C.  SEAMANS,  JR.,  ASSOCIATE  AD- 
MINISTRATOR, NASA,  ACCOMPANIED  BY  ALBERT  F.  SIEPERT, 
DIRECTOR  OF  THE  OFFICE  OF  ADMINISTRATION;  DeMARQUIS 
D.  WYATT,  DIRECTOR  OF  THE  OFFICE  OF  PROGRAMS;  DON  D. 
CADLE,  DEPUTY  DIRECTOR  OF  OFFICE  OF  ADMINISTRATION; 
JOHN  D.  YOUNG,  TO  BECOME  DIRECTOR  OF  THE  OFFICE  OF 
ADMINISTRATION;  ROBERT  J.  LACKLEN,  DIRECTOR  OF  PER- 
SONNEL DIVISION;  MELVIN  S.  DAY,  DIRECTOR  OF  OFFICE  OF 
SCIENTIFIC  AND  TECHNICAL  INFORMATION;  AND  GEORGE  J. 
VECCHIETTI,  JR.,  DEPUTY  DIRECTOR  OF  THE  PROCUREMENT 
AND  SUPPLY  DIVISION 

If  you  prefer  to  put  that  in  the  record 

Dr.  Seamans.  Yes,  we  would. 

(The  information  requested  is  as  follows:) 

The  gross  rate  of  hire  for  the  fourth  quarter  of  fiscal  year  1962  was  3,587  ac- 
cessions. The  maximum  rate  of  hire  was  in  the  fourth  quarter  of  fiscal  year  1962. 

The  Chairman.  How  many  unfilled  excepted  positions  does  NASA 
now  have? 

Dr.  Seamans.  Mr,  Lacklen  can  look  that  up.  We  have  very  few. 
We  have  approximately  30,  I was  going  to  say,  excepted  positions. 
We  will  check  on  the  exact  number. 

We  have  been  guarding  those  unfilled  positions  very  carefully,  not 
knowing  when  we  might  get  any  additional  ones,  hoping  we  would 
get  additional  ones  very  soon. 

The  Chairman.  The  third  question,  what  are  the  total 

Dr.  Seamans.  Twenty-nine  is  the  total  unfilled  as  of  February  28, 
1963. 

The  Chairman.  Thank  you. 

What  are  the  total  recruitment  costs  and  what  is  the  cost  per  person, 
and  how  does  this  compare  with  industry  in  other  Government 
agencies? 

Dr.  Seamans.  Mr.  Siepert  is  prepared  to  answer  that. 

The  Chairman.  Mr.  Siepert. 

Mr.  Siepert.  The  total  of  all  of  our  recruiting  costs,  these  are 
both  advertising  costs,  personnel  that  we  use,  any  expenses  that  we 
can  charge  to  it,  run  $1,222,000. 

The  average  cost  per  hire  based  upon  the  2,909  hires  of  scientists 
and  engineers  that  came  during  this  same  fiscal  period,  was  $429.07. 

It  is  difficult  to  get  exactly  comparable  figures  from  industry,  but 
the  ones  in  literature  and  the  ones  that  we  get  by  direct  contact  run 
much  higher  than  this.  I believe  the  figure  is  in  the  neighborhood  of 
$1,600  to  $1,800  a man. 

The  Chairman.  Now  we  are  going  to  take  up  the  question  of 
relocation  costs  under  “Travel  and  transportation  of  persons  and 
things,”  But  I wonder  if  any  members  of  the  committee  have  any 
other  questions  they  would  like  to  ask  on  these  three  items. 

Mr.  Wydler.  Just  the  three  that  you  just  referred  to? 

The  Chairman.  Or  “Personnel  compensation.” 

Mr.  Wydler.  I would  have  to  go  back  to  something  we  discussed 
yesterday  and  I found  out  I did  not  understand  the  answer,  and  that 
is  the  lapse  factor  that  you  use. 
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Is  this  the  same  lapse  factor  used  for  all  of  your  figures?  In  other 
words,  whether  it  is  a new  project,  a new  location,  or  an  old  location,, 
or  what  have  you,  you  only  have  one  type  of  lapse  factor? 

Mr.  Wyatt.  That  is  correct,  I believe.  * 

Mr.  Cadle.  Can  I take  that  for  just  a moment? 

When  you  put  the  budget  together,  the  Bureau  of  the  Budget 
directs  that  all  new  positions  shall  be  lapsed  on  a 25-percent  lapse 
rate,  which  means  that  by  the  end  of  December  of  the  next  fiscal  year 
you  are  calculated  to  have  all  of  your  new  employees  on  board. 

Now  in  addition  to  this  lapse  factor  which  is  bunt  into  the  estimates 
from  the  very  beginning,  you  also  have  additional  lapse  factors  which 
are  calculated  on  vour  turnover  rate  for  each  individual  location. 

So  you  have  a combination  of  two  lapse  factors,  first  on  the  new 
positions,  and  then  on  the  people  who  are  already  aboard  at  the  end 
of  any  fiscal  year. 

You  have  a turnover  rate  or  a lapse  rate  at  each  location  and  you 
have  a period,  for  example,  which  varies  by  location,  which  covers 
the  time  elapsed  from  the  time  that  a job  is  resigned  until  it  is  refilled, 
so  you  have  a period  of  time  on  each  turnover  person  where  you  are 
lapsing  as  well,  that  is,  you  are  not  paying  any  position  during  that 
period.  The  personnel  cost  part  of  the  budget  is  an  extremely 
definitive  part,  that  is,  there  is  no  "’guestimate”  in  this.  You  tako 
actual  experience  factors  from  each  of  your  locations  and  crank 
these  in. 

Now  in  the  fiscal  year  1964  estimate  you  have  one  additional  factor 
which  is  a bit  more  complicating,  and  that  is  on  January  1,  as  you 
recall,  the  second  step  of  the  Pay  Act  will  come  in,  and  this  money 
is  also  cranked  in  for  the  average  GS  grade,  so  you  have  in  the  budget 
estimates  three  major  factors  which  contribute  to  the  final  figure 
but  the  calculations  are  all  rather  definitive. 

Mr.  Siepert.  Your  question,  I believe,  was  specifically  with 
respect  to  the  new  electronic  research  center;  was  it? 

Mr.  Wydler.  Yes. 

Mr.  Siepert.  And  that  would  only  be  a 25-percent  lapse  because 
you  don’t  have  the  turnover  to  relate  to  it. 

Mr.  Cadle.  That  is  right. 

Mr.  Wydler.  Just  referring  now  to  the  center  for  a minute,  do 
I understand  that  the  personnel  proposed  for  that  center  is  250 
persons,  is  that  correct? 

Dr.  Seamans.  Yes.  What  we  are  saying  with  this  lapse  rate  is 
that  we  start  off  the  fiscal  year  with  no  new  hires,  and  we  build  up 
linearly  each  month  for  6 months,  arriving  at  250  people  by  January,, 
and  then  for  the  remainder  of  the  year  have  250  people  on  board. 

That  is  the  way  that  the  personnel  costs  are  figured,  so  that  during 
the  first  half  year  you  have  in  effect  50  percent  of  the  people  on  board, 
in  the  average,  the  second  half  of  the  year  they  are  all  on  board. 
There  is  a 25-percent  deduction,  if  you  will,  over  what  it  would  be  if 
you  had  everybody  on  board  the  whole  time. 

Mr.  Wydler.  In  other  words,  the  way  you  figure  it,  by  the  sum- 
mer of  1964,  you  will  have  the  250  people  hired,  is  that  correct? 

Dr.  Seamans.  That  is  correct. 

Mr.  Cadle.  That  is  correct. 

Mr.  Wydler.  Now,  when  will  you  have  facilities  for  them  to 
work  in  there,  when  is  that  project  to  be  completed? 
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Dr.  Seamans.  We  don’t  have  detailed  plans  for  that.  YVe  are 
asking  for  $5  million  in  this  budget  for  construction  of  facilities 
money,  both  for  land  acquisition  and  for  the  detailed  facility  plan- 
ning. However,  we  have  done  very  preliminary  planning  at  this 
time. 

Mr.  Wydler.  I mean  is  there  no  chance  that  that  center,  the 
buildings  and  so  forth,  and  the  facilities  and  the  laboratories,  will  be 
prepared  by  the  summer  of  1964,  is  there? 

Dr.  Seamans.  We  will  not  have  permanent  facilities  at  that  time. 
We  will  use  rented  facilities  during  the  first  several  years  of  operation, 
as  we  have  in  Houston. 

Mr.  Wydler.  And  although  you  won’t  have  those  facilities  as 
such,  you  still  will  hire  the  250  people  to  work  in  that  center;  is  that  it? 

Dr.  Seamans.  Yes.  At  Houston  right  now  we  have  a little  over 
2,400  people  who  are  right  now  occupying  10  rented  buildings  at  the 
same  time  that  we  are  constructing  our  new  facility. 

Mr.  Wydler.  So,  in  other  words,  in  the  meantime  you  intend  to 
rent  facilities  for  these  people? 

Dr.  Seamans.  That  is  correct. 

Mr.  Wydler.  Where  does  that  appear  in  the  budget,  the  rental? 

Mr.  Cadle.  Back  under  “Rents,  communications,  and  utilities,’* 
in  the  Object  Class  Schedule,  volume  I,  under  the  “Operation  of 
installations.” 

Mr.  Wydler.  How  much  is  proposed  for  this  center? 

Mr.  Cadle.  Let  me  check. 

We  have  $240,000  for  rents,  communications,  and  utilities  for  ERC 
in  1964,  and  on  the  rentals  we  have  $190,000. 

Dr.  Seamans.  This  shows  on  page  OC23-1,  “Electronic  Research 
Center,  $240,000.” 

Mr.  Wydler.  I realize  this  next  question  may  probably  not  be  in 
your  line,  but  probably  you  can  tell  me  who  would  be  the  person  to 
ask  to  get  the  answer  to  this.  I would  like  to  find  out  what  specific 
research  projects  this  center  is  supposed  to  perform,  who  would  be  the 
person  to  give  me  the  answer  to  that  question? 

Dr.  Seamans.  Well,  we  have  a task  force  that  was  established  under 
the  aegis  of  Dr.  Bisplinghoff,  who  is  the  Director  of  Advanced  Research 
and  Technology,  and  we  have  designated  Dr.  Albert  Kelley  as  the 
leader  of  this  task  force,  which  will  be  composed  of  some  25  to  30 
people  who  will  be  working  during  the  remainder  of  this  fiscal  year  to 
plan  out  in  detail  what  projects  should  be  carried  out  in  the  Boston 
area.  In  doing  this  we  must  consider  those  projects  that  are  already 
underway  in  our  other  centers  that  relate  to  electronics. 

Mr.  Wydler.  Is  the  plan  then  to  stop  these  projects  in  the  other 
centers  and  bring  them  all  to  Boston? 

Dr.  Seamans.  No;  much  of  the  work  that  is  going  on  in  the  other 
centers  such  as  Goddard  and  Langley  and  JPL,  and  Ames,  and 
Marshall,  which  are  electronically  oriented,  will  continue.  Some  of 
them,  of  course,  will  over  a period  of  time  be  shifted  to  Boston  and 
we  will  also  add  in  Boston  additional  projects  that  we  do  not  now  have 
underway. 

Mr.  Wydler.  So  as  I understand  it,  Doctor,  at  this  time  we  do  not 
know  what  specific  projects  will  be  performed  at  the  Boston  Center? 

Dr.  Seamans.  No;  we  have  only  laid  them  out  in  general  areas, 
such  as  electronic  component  research,  research  in  stabilization  and 
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control,  in  end  instrumentation,  gyros,  accelerometers,  data  process- 
ing, communications. 

Mr.  Wydler.  Well,  that  type  of  work  is  being  done  now  at  various 
centers,  isn’t  it? 

Dr.  Seamans.  But  not  as  fully  and  completely  as  is  required. 

Mr.  Wydler.  That  is  all  the  questions  I have. 

The  Chairman.  May  I ask  a question  on  the  Electronics  Research 
Center.  Page  ERC- -2  of  the  Budget  backup  book,  volume  I,  the  num- 
ber of  permanent  employees  which  you  have  projected  at  the  end  of 
fiscal  1963  is  50,  and  at  the  end  of  fiscal  1964  is  250,  is  that  correct? 

Dr.  Seamans.  Yes. 

The  Chairman.  And  immediately  below  that,  Personnel  Costs,  end 
of  fiscal  1963,  255,000,  fiscal  1964,  2,725,000,  the  personnel  increases 
fivefold,  the  personnel  costs  tenfold.  I wonder  if  you  could  explain 
this  disproportionate  rise  in  personnel  costs? 

Dr.  Seamans.  Well,  that  is  because  this'  task  force  that  I mentioned 
is  in  fact  in  part  this  number  50  that  you  see  in  fiscal  1963.  There  is 
another  part  of  it,  namely,  the  administrative  support,  thnt  our  North- 
east Office  is  providing,  but  this  has  only  been  underway  since  January 
and  it  is  building  up,  it  is  not  even  at  the  50  level  now,  so  that  the 
cost  per  man  is  carried  over  a much  shorter  period  of  time,  and  hence 
there  will  be  a greater  increase  shown  per  man  in  1964  because  that 
is  measured  over  the  full  12-month  period. 

Mr.  Rumsfeld.  Excuse  me.  I must  confess  that  I don’t  under- 
stand your  answer. 

Mr.  Wyatt.  May  I illustrate  it  this  way 

Mr.  Rumsfeld.  Please  do. 

Mr.  Wyatt.  We  started  in  January  with  no  people;  by  the  end  of 
this  year  we  expect  to  have  50  people  on  this  task  force  assigned  to 
ERC.  Now  let’s  say  that  their  average  for  the  year,  a full  year, 
would  be  $10,000  a man,  approximately.  Well,  it  turns  out  that  it 
is  only  going  to  average  a cost  of  $5,000  per  man  because  they  are  not 
on  for  a full  year,  they  are  on  for  less  than  a half  year  as  a matter  of 
fact,  that  is  the  full  50. 

Mr.  Rumsfeld.  I see.- 

Mr.  Wyatt.  Starting  next  year,  however,  we  will  start  in  with 
50  people  at  the  start  of  the  year  and  build  up  another  200  people  by 
midyear,  and  when  you  figure  that  out  it  works  out  to  the  dollars 
shown  here  for  a full  year  for  an  end  strength  of  250  people. 

Mr.  Rumsfeld.  So  in  other  words,  in  1965  assuming  that  you  held 
the  250  level  it  would  still  be  higher  than  the  personnel  cost  you 
listed  for  1964? 

Mr.  Wyatt.  That  is  correct. 

Mr.  Siepert.  Twenty-five  percent  higher. 

The  Chairman.  While  we  are  on  Electronics  Research  Center  are 
there  any  questions  on  this  side  on  the  Electronics  Research  Center? 

Mr.  Wydler.  If  I might,  on  the  $800,000  figure,  Mr.  Chairman, 
could  you  tell  me  how  that  is  made  up,  $200,000  approximately  is  the 
proposed  rent.  What  is  the  other  $600,000  for  operations  installa- 
tions? 

Mr.  Wyatt.  We  have  such  items  as  this:  $125,000  for  travel  that 
we  estimate.  We  have  about  $67,000  for  the  transportation  of  things 
related  to  the  operation  of  the  center. 

We  mentioned  this  $240,000  for  rent,  communications,  and  utilities. 
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We  estimate  that  there  will  be  printing  and  reproduction  costs 
chargeable  to  the  center  operations  of  about  $24,000,  other  services 
which  will  include  the  assistance  to  the  extent  that  in  the  actual 
operation  we  use  services  of  local  machine  shops,  this  sort  of  thing, 
$144,000,  and  supplies  and  materials  to  operate  the  center  during  the 
year  $120,000,  and  these  added  together  make  the  $800,000,  which 
also  includes  $80,000  for  equipment. 

Mr.  Davis.  Mr.  Chairman,  I simply  wonder  if  any  other  subcom- 
mittee has  jurisdiction  over  this  as  well  as  us. 

Is  this  an  overlapping  thing,  or  is  this  the  only  subcommittee  that 
will  have  anything  to  do  with  the  Boston  Center? 

Mr.  Boone.  I think  you  might  ask  Dr.  Seamans,  if  you  will,  but 
I believe  project  activities  that  will  be  conducted  in  Boston  are  covered 
in  the  science  aspect  of  the  budget. 

Mr.  Wyatt.  That  is  right,  Mr.  Karth’s  subcommittee. 

Mr.  Boone.  This  would  be  a good  time  to  ask  how  much  is  in- 
volved there. 

Mr.  Davis.  Yes,  I would  like  to  know  just  how  much  of  the 
responsibility  rests  on  this  subcommittee  and  how  much  on  Mr. 
Karth’s  subcommittee. 

The  Chairman.  Well,  of  course,  this  subcommittee  is  concerned 
with  personnel  and  personnel  costs,  as  well  as  operation  of  installations 
and  you  can  stretch  this  as  far  as  you  want.  I think  that  we  have  a 
good  deal  to  do  insofar  as  personnel  and  personnel  costs  are  concerned 
without  impinging  on  the  areas  of  other  subcommittees. 

Dr.  Seamans.  The  program  aspects  of  the  work  in  this  center  will 
come  under,  and  do  come  under,  the  Office  of  Advanced  Research 
and  Technology,  and  that  is  being  reviewed  by  Mr.  Karth’s  sub- 
committee. 

Mr.  Davis.  Well,  may  I ask  what  factors  led  to  the  selection  of 
this  particular  site? 

Dr.  Seamans.  Sure,  I would  be  happy  to  discuss  that.  If  the 
chairman  wishes  I can  take  a few  minutes  on  this  subject,  going 
back  to  the  need  for  an  additional  center. 

We  really  came  at  this  from  two  directions,  somewhat  independ- 
ently. We  are  a growing  agency,  and  as  we  grow  we  must  consider 
how  to  manage  our  business  and,  as  we  discussed  yesterday,  you 
have  to  have  some  increase  in  personnel  within  NASA  in  order  to 
properly  administer  the  contracts  that  we  have  with  universities  and 
with  industry.  We  have  the  choice  then  of  increasing  the  size  of 
existing  centers  or  of  starting  a new  center. 

We  reach  a point  in  every  one  of  our  centers  where  there  are  prob- 
lems that  are  generated  by  virtue  of  the  size  of  the  center.  Manage- 
ment problems  increase  with  size  and  so  forth,  and  consequently 
looking  at  it  from  just  a management  standpoint  it  appeared  desirable 
to  start  a new  center. 

A second  chain  of  events  reaUy  goes  back  to  the  days  of  the  NACA 
where  you  find  that  this  was  a research  group  that  had  very  great 
compentence  in  aeronautics  and  propulsion  and  structures  and  ma- 
terials, and  did  have  a little  in  electronics.  It  was  a question  even 
then  as  to  whether  the  research  centers  shouldn’t  do  more  in  the 
electronic  area. 

I happened  to  be  a member  of  one  of  the  NACA  subcommittees  on 
stability  and  control  when  we  urged  the  NACA  to  get  more  into 
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electronic  problems,  since  even  then  the  electronics  part  of  the  air- 
plane and  the  missile  was  becoming  a very  large  part  of  the  total  job. 

Today  in  our  space  program  we  find  that  something  like  65  percent 
of  our  dollars  are  going  into  electronics,  electronic  equipment,  and 
subsystems.  Very  soon  after  our  reorganization  in  1961,  I requested 
Dr.  Bisplinghoffs  office  to  set  up  a group  to  actively  review  the 
electronics  area  to  see  whether  we  were  doing  a sufficient  amount 
within  NASA.  We  recognize  that  there  is  very  real  competence  in 
industry,  but  we  questioned  whether  we  had  enough  of  a group  within 
NASA  to  properly  supervise  the  activity  of  such  importance  to  our 
overall  objectives. 

First  they  came  to  the  conclusion  that  we  did  need  to  increase  our 
electronic  research  competence. 

Second,  there  was  the  question  of  whether  we  did  this  at  a large 
number  of  centers,  with  a little  piece  here  and  a little  bit  different 
orientation  in  another  center,  or  whether  in  facing  the  real  problem 
of  coordinating  the  effort,  we  should  take  one  of  our  centers  and  in 
effect  increase  its  size  appreciably  in  order  to  get  into  electronics. 
We  did  consider  this  second  possibility  at  quite  a number  of  our 
•centers  and  saw  that  we  were  really  setting  up  two  centers  under  one 
roof. 

Then,  of  course,  the  third  possibility  is  the  one  that  we  selected; 
namely,  to  establish  a new  center.  So  both  from  a management 
standpoint  as  well  as  from  a disciplinary  need,  we  came  to  the  conclu- 
sion that  this  is  something  that  should  be  requested  of  the  Congress 
for  fiscal  T964. 

Then  there  is  a question  of  where  should  it  be  located.  We  feel 
that  our  research  centers  particularly  must  be  close  to  universities 
where  we  can  have  an  exchange  of  activities.  We  can  help — actually, 
our  top  people  can  assist — in  the  training  programs  at  the  univer- 
sities by  teaching  courses,  while  faculty  people  in  the  universities  can 
come  over  and  act  as  consultants  to  us,  where  people  will  be  doing 
graduate  work  that  is  related  to  our  programs,  and  eventually  where 
people  will  come  from  the  university  into  NASA  as  part  of  these 
various  cooperative  programs  that  we  have. 

So  we  wanted  to  go  to  an  area  where  there  was  a very  strong  climate 
for  electronic  research,  and  we  looked  at  a number  of  areas,  and  I have 
some  information  here  which  might  be  of  interest  to  you  in  this  regard. 

We  find  that  in  the  Boston  area,  if  we  take  a look  at  the  engineering 
degrees  conferred  at  the  doctorate  level,  there  were  112  last  year  as 
compared  with — the  next  highest  was  44  in  the  New  York  area. 

If  you  look  at  the  physics  degrees 

Mr.  Ryan.  May  I interrupt? 

The  Chairman.  Mr.  Ryan. 

Mr.  Ryan.  Are  we  talking  about  degrees  conferred  by  the  universi- 
ties or  people  who  reside  in  the  area  who  hold  degrees? 

Dr.  Seamans.  At  this  moment  I am  talking  about  degrees  con- 
ferred. * If  we  take  a look  at  the  physics  degrees  conferred  at  the  doc- 
torate level,  we  find  that  in  Boston  there  were  48.  conferred  out  of  a 
total  of  487,  and  that  the  next  highest  were  New  York  with  36,  and 
San  Francisco  with  36. 

It  we  take  a look  at  those  residing  in  the  area  who  have  research 
competence,  one  measure  is  to  look  at  the  membership  in  the  National 
Academy  of  Sciences.  We  find  that  the  total  membership  is  666,  and 
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of  these  99  reside  in  the  Boston  area,  and  the  next  highest  is  83  in 
New  York. 

One  other  way  of  looking  at  this  is  to  review  the  research  organiza- 
tions in  the  area.  You  have  to  define  very  carefully  what  you  mean 
by  a research  organization,  and  we  don’t  differentiate  here  between 
university,  nonprofit  or  profit. 

We  have  a definition  that  was  used  in  a census  recently  taken  by 
the  National  Academy  of  Sciences  where  we  reviewed  facilities  em- 
ploying 25  or  more  people  with  good  balance  between  technical  and 
nontechnical  personnel.  It  is  a Facility  that  must  operate  in  proper 
technical  areas  and  to  say  that  it  exists,  the  facility  must  be  in  the 
standard  metropolitan  statistical  area  of  one  of  the  locations.  For 
example,  it  must  be  located  within  a reasonable  radius  of  Boston  to 
say  that  it  is  in  the  Boston  area. 

Each  industrial  research  laboratory  has  a competence  in  one  or 
more  of  the  electronics  areas  including  such  things  as  computer  tech- 
nology, circuits  and  circuitry  research,  control  systems  research,  and 
so  on.  A list  of  some  15  different  areas  that  make  up  the  field  of 
electronics.  And  the  interesting  thing  here  is  that  we  find  that  in  the 
Boston  area  there  are  156  such  research  capabilities.  In  the  Los 
Angeles  area  there  are  153,  and  in  the  New  xork  area  there  are  134. 

So  this  is  another  measure  of  competence  in  the  area  that  we  felt 
was  very  important  because  it  indicates  not  only  those  people  who  are 
graduating  but  those  people  who  are  staying  in  the  area  who  would 
be  of  value  to  our  activity  working  in  close  coordination. 

The  Chairman.  This  subcommittee  is  concerned  with  administra- 
tive and  management  operation  of  installations. 

Are  there  any  other  questions  on  the  Electronics  Research  Center? 

Mr.  Roush.  I have  something  I want  to  put  in  the  record  at  this 
time,  Mr.  Chairman. 

I don’t  accept  the  arguments  you  put  forth.  Last  year  I read  a 
statement  by  someone  in  the  Defense  Department  that  there  was  a 
“vacuum  of  intelligence,”  I believe  they  call  it,  in  the  Midwest  and 
the  tendency  was  to  go  to  the  east  coast  and  to  go  to  the  west  coast. 

This  is  jjust  snowballing.  You  are  attracted  there  because  someone 
else  is  there  and  there  is  no  attempt  to  diversify  this  thing  throughout 
the  country.  Eventually  it  will  all  be  on  the  east  coast,  it  will  all  be 
on  the  west  coast,  and  I think  that  this  approach,  although  it  sounds 
logical  that  you  want  to  be  next  to  these  people,  isn’t  good  for  the 
country  as  a whole,  and  I would  certainly  like  to  see  NASA  make  some 
effort  to  divide  this  a little  bit. 

Of  course,  I am  speaking  for  my  State,  but  I am  also  speaking  for 
my  section  of  the  country.  I think  there  should  be  an  effort  made  to 
take  some  of  these  installations  and  some  of  these  research  centers 
into  part3  of  the  country  where  they  are  not  located  that  we  might 
cause  this  intelligence  to  be  spread  throughout  the  country  and  the 
effort  to  be  spread  throughout  the  country. 

My  people  in  my  section  of  the  country  would  appreciate  your 
program  more  if  we  had  some  of  these  installations  in  the  Midwest, 
not  necessarily  in  Indiana,  but  near  Purdue  University  and  the  great 
universities  of  Michigan,  Notre  Dame,  and  Indiana  University,  the 
universities  of  Kentucky  and  Illinois,  where  these  people  are  also 
anxious  to  be  a part  of  what  I consider  the  greatest  program  that 
America  has  ever  undertaken. 

96-5M— ea— pt.  4 — is 
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Thank  you,  Mr.  Chairman. 

Dr.  Seamans.  I might  point  out  if  I may,  Mr.  Chairman,  that  we 
have  I believe  more  of  our  research  grants-in-aid  program  at  the 
University  of  Michigan  than  any  other  university  in  the  country. 

I would  also  just  like  to  point  out  that  last  year  we  were  being 
criticized  by  some  sections  of  the  country  for  starting  anew  in  the 
Houston  area  when  there  was  so  much  competence  in  other  parts  of 
the  country,  so  I think  that  our  view  of  this  has  to  be  that  we  have  a 
very  major  responsibility  looking  at  the  program  nationally,  and  we 
want  to  utilize  the  competence  of  all  parts  of  the  country  to  the  best 
of  our  ability,  but  we  have  to  go  ahead  building  on  strength  and  we 
feel  that  to  the  best  of  our  ability  we  are  doing  this  in  all  parts  of  the 
country. 

The  Chairman.  “To  them  that  hath  shall  be  given.” 

Mr.  Rumsfeld.  I certainly  concur  with  Congressman  Roush  and 
I question  the  basic  reasons  which  you  have  stated  for  selecting  this 
site,  as  1 have  indicated  on  previous  occasions. 

Do  you  feel  that  there  is  any  danger,  first  of  all,  in  selecting  an  area 
because  supposedly  this  competence  is  there  and  further  building  it 
up,  to  the  point  where  you  will  have  a possible  harmful  effect  on  that 
area  if  and  when  your  program  is  cut  back  and  some  other  area  of 
interest  of  the  Government  supersedes  it? 

I think  there  is  an  advantage  to  this  country  by  spreading  this 
around  so  that  we  don’t  have  one-industry  economies,  and  I think  the 
second  thing  is — perhaps  you  don’t  feel  this  is  valuable — but  from 
strictly  a strategic  standpoint  it  seems  inadvisable  to  have  heavy 
concentrations  of  all  space  activity  in  one  or  two  or  three  areas,  and  I 
think  the  third  thing  which  I have  mentioned  previously,  is  the 
desirability  of  the  competitive  aspects  of  a stagnation  or  a stilting  of 
ideas  in  one  area. 

I see  this  thing  snowballing,  as  Mr.  Roush  said,  where  you  pick  one 
area  because  you  supposedly  have  competence.  Then  your  recruiters 
go  to  another  area,  such  as  Illinois,  with  the  University  of  Illinois, 
Northwestern  University,  University  of  Chicago,  a tremendous  com- 
plex in  the  Midwest,  and  you  take  this  talent  away  from  it,  which 
makes  it  even  less  desirable  for  future  installations,  and  it  is  something 
that  concerns  me  and  I am  quite  honestly  just  not  satisfied  with  that 
answer  that  there  are  43  more  physics  degrees  conferred  in  Boston 
than  in  New  York,  with  36  or  some  other  area,  it  just  doesn’t  seem  to 
hold  water  with  me.  Maybe  it  is  because  I am  not  well  enough 
acquainted  with  the  program. 

Dr.  Seamans.  Well,  I subscribe  to  your  view  that  it  is  advisable  to 
build  up  in  different  geographic  areas,  and  that  is  the  reason,  one  of 
the  very  important  reasons  for  having  a new  center  as  opposed  to 
building  up  centers  where  we  are  now  located. 

As  far  as  the  desirability  of  going  to  Boston  and  from  the  standpoint 
of  that  community  we  looked  at  this  and  believe  that  there  is  sufficient 
total  competence  there  that  our  Center  would  not  saturate  the  area. 

As  a mutter  of  fact,  the  six  Governors  in  the  New  England  area  have 
gone  officially  on  record  that  after  they  have  reviewed  it  they  feel  that 
it  would  be  highly  beneficial  to  New  England  and  the  Boston  area  if 
we  do  have  this  Center  located  there. 

The  Chairman,  Mr.  Ryan. 

Mr.  Ryan.  I th;nk  very  gocd  questions  have  been  raised,  Dr. 
Seamans,  by  Mr.  Roush,  and  Mr.  Rumsfeld,  and,  of  course,  it  occurs 
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to  me  that  Congress  has  not  approved  the  request  for  this  installation, 
and  my  question  is,  if  Congress  says  "We  do  not  believe  this  should  be 
located  in  the  Boston  area,”  are  you  prepared  and  do  you  have  the 
statistics  available  so  that  you  could  select  another  site? 

Dr.  Seamans.  One  of  the  reasons  that  we  are  proceeding  as  we  are 
is  to  give  the  Congress  a chance  to  review  the  desirability  of  a new 
center  for  NASA 

Mr.  Ryan.  It  is  two  separate  questions. 

Dr.  Seamans.  We  felt  it  only  fair  to  indicate  to  you  the  proposition 
that  the  Center  would  be  best  for  NASA  and  the  country  if  located  in 
Boston.  You  obviously  are  free  to  recommend  any  other  location  you 
may  wish. 

Mr.  Ryan.  Well,  it  does  seem  to  me  that  NASA  has  failed  to  really 
consider  the  overall  economic  consequences  to  the  national  economy 
of  placing  not  only  this  Center  but  other  installations,  and  I suggested 
at  an  earlier  hearing  before  the  full  committee  that  there  really  should 
be  some  coordination  between  NASA  and  the  Department  of  Commerce 
in  an  attempt  to  study  the  effects  of  the  location  of  this  Center  in 
Boston  or  some  other  installation  in  some  other  part  of  the  country, 
the  effects  not  only  in  terms  of  a concentration  of  scientific  personnel 
and  know-how,  but  also  the  concentration  of  an  industry. 

Now  the  effect  of  putting  this  installation  in  Boston  is  to  strengthen 
and  concentrate  the  whole  electronics  industry  in  that  area  rather 
than  seeing  it  spread  out  around  the  country,  and  it  occurs  to  me  that 
perhaps  the  statistics  you  cited  this  morning  are  more  of  a justification 
for  placing  it  in  Boston  rather  than  the  reasons  which  originally  im- 
pelled you  to  place  it  there. 

Dr.  Seamans.  I am  afraid  I am  not  quite  clear  on  what  you  are 
driving  at,  Mr.  Ryan. 

Mr.  Ryan.  Well,  did  you,  in  fact,  sit  down  in  weighing  this  decision 
and  compare  the  number  of  degrees  which  had  been  conferred  by  the 
Boston  universities  compared  with  the  New  York  universities, 
compared  with  the  California  universities? 

Dr.  Seamans.  This  is  one  important  factor. 

Mr.  Ryan.  At  the  time  you  made  the  decision? 

Dr.  Seamans.  Yes,  sir. 

Mr.  Ryan.  Do  you  have  this  in  written  memorandum  dated  prior 
to  the  decision? 

Dr.  Seamans.  This  is  a matter  that  was  considered  by  the  Admin- 
istrator, the  Deputy  Administrator  and  myself  at  the  time  this  judg- 
ment was  mkde,  these  kind  of  factors  were  considered. 

Mr.  Ryan.  The  actual  number  of  degrees  conferred? 

Dr.  Seamans.  This  is  not  the  kind  of  matter  where  you  can  arrange 
a complete  balance  sheet  of  every  detailed  factor  and  go  to  a com- 
puting machine  and  come  out  with  the  answer.  You  have  to  look  at 
all  of  the  important  requirements 

Mr.  Ryan.  I understand  that. 

Dr.  Seamans  (continuing).  For  a center,  and  this  is  one  very 
important  factor  that  was  considered  at  the  time  that  the  decision 
was  made  to  make  this  request  of  the  Congress. 

Mr.  Ryan.  And  you  also  looked  up  the  tables  from  the  National 
Academy  of  Science  beforehand  and  determined  there  were  99  mem- 
bers in  the  Boston  area? 
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Dr.  Seamans.  These  are  facts  that  have  been  available  to  us  well 
before  this 

Mr.  Ryan.  But  did  you  actually,  in  making  this  decision,  weigh 
the  number  of  members  of  the  National  Academy  of  Science  in  Boston 
compared  to  New  York  or  California? 

Dr.  Seamans.  We  took  into  account  the  fact  that  there  is  this 
competence  in  the  Boston  area  in  making  the  decision,  yes. 

Mr.  Ryan.  Well,  I won’t  pursue  it  further,  but  I repeat  that  I 
believe  what  you  have  offered  as  a rationalization  and  a justification 
for  a decision  that  you  made  to  place  this  in  Boston. 

The  Chairman.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Do  you  feel  that  the  functioning  of  this  Research 
Center  if  it  at  a later  date  was  decided  to  place  this  in,  say,  Indiana 
or  Illinois  or  Michigan  or  Kentucky  or  some  other  place,  would  not 
be  able  to  do  the  job  you  have  outlined  for  it? 

Dr.  Seamans.  1 think  we  have  got  to  consider  in  our  decision  where 
we  can  get  the  maximum  benefit  to  the  space  program,  and  we  believe 
that  by  going  to  Boston  we  will  on  a dollar  basis  get  the  most  return. 
That  is  not  to  say  that  you  couldn’t  have  a center  operating  in  other 
parts  of  the  country. 

Mr.  Rumsfeld.  Thank  you,  Doctor. 

The  Chairman.  Are  there  any  other  questions  on  the  Electronics 
Research  Center? 

Mr.  Boone. 

Mr.  Boone.  Dr.  Seamans,  does  this  center  truly  perform  functions 
that  are  not  available  in  industry  in  this  country,  or  is  this  an  in-house 
buildup  within  NASA  itself? 

Dr.  Seamans.  As  in  all  of  our  work,  industry  will  have  a very  major 
responsibility  for  the  actual  conduct  of  the  research,  and  what  we  are 
talking  about  is  a sufficient  NASA  competence  that  this  can  all  be 
pulled  together  and  directed  toward  our  overall  objectives. 

Mr.  Boone.  Thank  you. 

The  Chairman.  I would  like  to  turn  now  to  the  Western  Operations 
Office.  I call  attention  to  the  arrival  of  the  chairman  of  the  full 
committee.  The  Western  Operations  Office,  Chairman  Miller,  is  ap- 
propriately abbreviated  as  WOO-2  in  the  backup  material. 

You  will  note  on  this  page  that  the  number  of  permanent  employees 
in  the  Western  Operations  Office  increases  from  1963  to  1964  from  440 
to  500.  Do  you  follow  that  figure,  Dr.  Seamans? 

Dr.  Seamans.  I will  be  right  with  you  on  this  in  just  one  moment. 
Right. 

The  Chairman.  The  increase  from  440  to  500  is  compared  with  the 
increase  in  personnel  costs  from  $2,779,000  to  $5,022,000,  which  is 
nearly  a hundred  percent  increase  in  personnel  costs,  and  a far  smaller 
increase  in  the  number  of  permanent  employees. 

I wonder  if  you  could  explain  tliis? 

Dr.  Seamans.  . Yes,  the  buildup  in  1963  from  136  to  440  I might 
point  out  ties  in  with  the  increasing  responsibility  at  the  Western 
Operations  Office  for  contract  administration  on  the  west  coast, 
particularly  at  the  Downey  plant  of  North  American  Aviation., 
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The  buildup  here  occurred — I don't  know  what  the  actual  lapse 
rate  was  in  1963  but  quite  naturally  the  440  people  were  not  available 
throughout  the  whole  year. 

The  buildup  was  during  the  year,  and  consequently  the  cost  per 
person  appears  low  because  the  average  number  of  people  was  actually 
somewhat  less  than  the  440  figure,  whereas  in  1964,  the  buildup  is 
much  less,  from  440  to  500,  and  consequently  the  average  number /or 
1964  would  be  something  of  the  order  of  485  people,  whereas  in  1963 — 
of  course,  somebody  has  that  figure— but  it  must  have  been  of  the 
order  of  300  people. 

Mr.  Siepert.  It  is  the  difference  in  lapse  rate  because  of  the  buildup 
in  the  latter  part  of  this  year,  and  then  you  hit  a more  stabilized 
employment  level  in  1964. 

The  Chairman.  Have  you  had  a head  count  lately  at  the  Western 
Operations  Office? 

Mr.  Cadle.  Yes. 

The  Chairman.  How  many  people  are  actually 

Mr.  C -DLE.  Two  hundred  and  seventy-one,  sir. 

Mr.  Siepert.  We  might  make  one  comment  for  the  committee  on 
the  North  American  plant.  The  North  American  Downey  Plant  is 
one  of  the  few  plants  where  the  NASA  business  represents  over  90 
percent  of  the  work  in  the  plant,  and  there  is  a policy  in  this  area  that 
the  agency,  be  it  the  Army,  the  Navy,  the  Air  Force,  or  NASA,  that 
has  the  predominant  business,  shall  assume  the  responsibility  of  han- 
dling the  in-plant  contract  administration  services,  and  this  takes 
quite  a lot  of  people. 

This  is  the  reason  I think  we  mentioned  yesterday  that  the  Depart- 
ment of  Defense  has  5,500  positions  in  its  "budget  to  handle  this  sort 
of  thing  in  plants  where  they  have  cognizance  as  contrasted  with 
NASA. 

The  Chairman.  Do  any  members  of  the  committee  have  any 
questions  on  the  Western  Operations  Office? 

I would  like  to  proceed. 

Chairman  Miller.  Mr.  Chairman. 

The  Chairman.  Mr.  Chairman. 

Chairman  Miller.  I have  just  done  a little  calculating  here. 
Going  back  to  1962,  you  had  136  people  and  the  personnel  cost  for 
salaries  was  $936,000,  or  an  average  of  about  $6,800  apiece. 

Am  I right? 

Mr.  Wyatt.  You  would  have  to  go  back  the  previous  year.  In 
1961  the  number  of  people  in  the  Western  Operations  Office  was 
quite  small,  on  the  order  of  70  or  80. 

Chairman  Miller.  I am  not  concerned  with  the  increase,  but  I am 
concerned  with  the  fact  that  the  average  salary  was  $6,800  per 
person,  whereas  in  1964  you  anticipate  the  average  pay  for  a person 
being  $10,400. 

Dr.  Seamans.  The  confusion  here  is  that  the  number  of  permanent 
employees  is  the  end-of-year  figure,  not  the  average  number  of  em- 
ployees throughout  the  year. 

Chairman  Miller.  Of  course  I wasn't  concerned,  Doctor,  with  the 
number  of  employees,  I was  trying  to  reduce  it  to  a unit,  how  much 
is  each  one  of  these  people  costing. 
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Mr.  Wyatt.  Yes.  sir,  and  the  point  that  we  would  like  to  make  is 
that  you  would  have  to  look  at  what  is  the  average  number  of  em- 
ployees during  the  year  to  get  an  average  dollar  cost  salary. 

Chairman  Miller.  I was  just  looking  at  the  figure  here. 

Mr.  Siepert.  Would  it  help  if  we  computed  the  average  man-year 
cost,  the  average  salary  cost  for  a man  employed  a full  }rear  in  that 
situation? 

Chairman  Miller.  I think  that  would  be  helpful. 

Mr.  Siepert.  That  is  the  only  way  we  can  get  a comparable 
problem  on  these  differing  lapse  computations  on  the  manpower. 

The  Chairman.  I certainly  think  this  strikes  j'ou  immediately 
when  you  see  these  two  figures. 

Mr.  Roush.  Mr.  Chairman. 

The  Chairman.  Mr.  Roush. 

Mr.  Roush.  Using  the  average  figures  you  drew  out  of  the  air  of 
300  for  1963  and  460  for  1964,  we  still  have  a difference  of  some 
$2,000  per  man  cost. 

Now  I realize  that  you  pulled  those  figures  out  of  the  air  and  I 
think  it  would  be  helpful  if  we  did  have  that. 

Dr.  Seamans.  If  you  like,  we  can  give  you  the  backup  figures  on 
which  these  were  calculated,  and  then  you  can  see  for  yourself  that 
the  pay  scale  is  not  dramatically  changing,  even  though  the  numbers 
might  appear  so. 

Chairman  Miller.  Personally,  Mr.  Chairman,  I think  this  would 
be  valuable  because  what  I have  done  here  is  just  what  someone  may 
do  on  the  floor. 

The  Chairman.  Precisely. 

Chairman  Miller.  And  if  we  don't  have  the  answer  to  it,  it  may 
be  very  embarrassing. 

The  Chairman.  That  is  right.  And  this  ties  in  also  with  the 
charts  which  we  presented  yesterday  of  the  average  salary  and  the 
average  grade  level,  a comparison  with  other  agencies. 

(The  information  requested  is  as  follows:) 


National  Aeronautics  and  Space  Administration,  Western  Operations  Office 


Analysis  of  average  salaries  and  personnel  compensation 


Fiscal  year  1962  actual » 

Fiscal  year  1963  estimate  » 

Fiscal  year  1964  estimate  *> 

Number 
of  posi- 
tions 

Total  snlary 

Average 

salary 

Number 
of  posi- 
tions 

Total  salary 

Average 

salary 

\ 

Number 
of  posi- 
tions 

Total  salary 

Average 

salary 

Special  positions  established  by  the  Administrator  of  the  NASA  (Public 

Law  87-793)—. - 

General  schedule  positions 

Total  permanent  positions  at  annual  pay  rates 

Deduct  lapses: 

Savings  from  delays  in  filling  vacancies  and  vacated  positions  at 
lower  pay  rates,  leave  without  pay.  „ 

3 

133 

$50, 545 
1,112,210 

$18, 848 
8, 362 

3 

437 

$54,044 

3,952,956 

$18, 015 
9,046 

3 

497 

$54, 044 
4, 655, 056 

$18, 015 
9,368 

136 

1. 162, 765 

8, 550 

440 

4.007,000 

9,107 

500 

4, 710,000 

9. 420 

-5  000 
-405, 000 

—2 

-148 

-20, 000 
-1,555,  000 
-32, 000 
+15, 000 

-3 

-15 

-30,000 
—160, 000 
+116, 000 
+20,000 

Lapse  savings  in  recruitment  for  new  positions 

Net  increase  or  decrease  for  change  in  pay  scales 

-45 

Terminal  leave  payments _. 

+2, 940 

Total  lapses  (net  deductions) 

-45 

-407,060 

-150 

-1.502,000 

' i 

-18 

- j4,  000 

Net  permanent  (man-years  and  net  dollars) 

Other  personnel  compensation: 

Regular  pay  above  52-week  base 

91 

755,695 

290 

2,415,000 

482 

4, 656, 000 

37, 000 
75,  000 
100,  OUO 

Overtime  and  holiday  pay 

43, 542 
80,246 

75,  000 
100, 000 

Payments  to  other  agencies  for  reimbursable  dotails 

Total  personnel  compensation  (salaries)  1 

879, 483 
50. 517 

2, 590,  000 
189, 000 

4, 868, 000 
354, 000 

Total  personnel  benefits  (retirement,  insurance,  et,e,) 

Total  personnel  compensation  and  benefits 1 

936, 000 

2,779,000 

5,222,000 

| 

t 

i * Average  salary  computation: 


* 

Fiscal  year  1962  actual  ■ 

Fiscal  year  1963  estimate  » 

Fiscal  year  1964  estimate  * 

Costs 

Man-years 

Average 

salary 

Costs 

Man-years 

A verage 
salary 

Costs 

Man-years 

Averago 

salary 

(1)  Average  salary— personnel  compensation 

$879, 483 

91 

$9, 665 

$2,590,000 

290 

$8, 931 

$4,868,000 

482 

$10, 100 

(2)  Average  salary— iiersonnel  compensation  and  benefits... 

930, 000 

91 

10.286 

2, 779, 000 

290 

9,583 

5, 222, 060 

482 

10, 834 

» Costs  divided  by  man-years  equals  average  salary. 

Note.— Averago  salary  in  fiscal  year  1663  lower  due  to  higher  lapse  rate  in  higher  grades. 
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This  might  be  an  opportunity  in  case  you  would  care  to  make  any 
further  comment  on  these  charts  that  we  inserted  into  the  record 
yesterday. 

I wondered  if  you  cared  to  make  any  further  clarifying  comments 
about  the  average  salary  or  the  average  grade  level  of  NASA  employees, 
which  appears  to  be  much  higher  than  any  other  Government  agency. 

Mr.  Siepert.  Mr.  Chairman,  I don’t  think  we  could  make  any 
useful  comment  right  now  until  we  actually  see  that  chart  and  find 
out,  in  other  words,  what  was  divided  into  the  total  dollar  figure. 

It  is  my  impression,  though,  that  those  average  charts  really  are 
based  upon  counting  the  number  of  people  in  each  grade,  assuming  a 
middle  point  in  the  grade  or,  say,  the  second  step  of  the  grade,  and 
computing  the  st Varies  from  it. 

I will  have  to  actually  check  those  in  more  detail  though  before  we 
are  sure  of  that. 

The  Chairman.  They  are  in  the  record  of  the  hearing. 

Mr.  Siepert.  Yes,  we  will  have  them  when  the  transcript  comes. 

The  Chairman.  I think  the  most  useful  thing  would  be  if,  after 
analyzing  the  charts  and  the  transcript  and  the  prepared  record,  you 
would  present  a statement  indicating  your  reaction  and  comments. 

The  Chairman.  Mr.  Boone. 

Mr.  Boone.  Would  you  include  the  1964  numbers  in  that  also, 
because,  if  you  add  the  effect  of  the  lapse  rate,  this  figuiv  3*  tfoing  to  be 
quite  high,  I would  think,  so  you  want  to  be  sure  to  explain  that  also. 

Dr.  Seamans.  Yes,  I indicated  that  we  would  for  1962,  1963,*and 
1964. 

Mr.  Siepert.  Mr.  Chairman,  our  personnel  officer  has  given  me  one 
statistic  that  may  relate  to  the  question  on  the  Western  Operations 
Office,  that  is,  is  there  an  inflation  in  grades? 

I have  here  information  on  NASA’s  overall  average  GS  grade  for 
total  personnel,  as  contrasted  with  permanent  GS  grade  averages 
shown  in  the  budget,  going  back  to  1958,  and  the  end  of  1958  the  grade 
was  9.1.  For  each  successive  year,  in  1959  it  was  9.2,  in  1960  it  was 
9.3.  In  1961  it  stayed  at  9.3.  According  to  this  calculation,  it  is  9.2 
in  the  last  fiscal  year  we  completed — that  is  1962. 

The  Chairmans  I think  the  major  point  that  we  were  making, 
however,  is  not  the  plateau  of  grade  as  much  as  the  fact  that  it  was 
higher  than  comparable  activities  in  the  Atomic  Energy  Commission, 
the  Department  of  Defense,  and  so  forth. 

Mr.  Siepert.  I appreciate  what  the  chart  showed.  The  earlier 
discussion  was  on  the  increase  in  the  average  salary  of  the  Western 
Operations  Office.  It  was  only  in  that  reference  that  I offered  this 
material. 

The  Chairman.  Thank  you. 

Mr.  Boone. 

Mr.  Boone.  I think  there  was  one  point  that  was  bothering  the 
committee  though,  and  that  is  with  the  new  increase  in  salary  levels, 
within  grade,  tliis  certainly  should  not  show  a marked  trend  upward 
in  the  future. 

Mr.  Wyatt.  Well,  there  will  be  a further  increase  in  January  of 
1964. 

Mr.  Boone.  Of  salary,  but  not  of  grade. 

Mr.  Wyatt.  That  is  right. 
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Mr.  Boone.  The  grades  would  tend  to  go  down,  I would  think,  as 
the  numbers  increase.  We  will  see  what  the  numbers  are. 

The  Chairman.  If  there  are  no  further  questions  on  personnel 
compensation,  I would  like  to  move  od  to  personnel  benefits,  following 
the  summary  on  sum  10. 

Personnel  benefits  according  to  this  chart  have  increased  from  fiscal 
years  1962  to  1964  from  $11,375,557  to  $20,981,600,  which  is  an  in- 
crease of  approximately  90  percent,  and  an  increase  of  only  50  percent 
in  actual  personnel  during  this  period. 

First,  before  you  respond  to  this  immediate  question,  Dr.  Seamans, 
I wonder  if  you  would  indicate  what  is  included  in  personnel  benefits? 

Dr.  Seamans.  I would  like  to  have  Mr.  Siepert  answer  this  question. 

Mr.  Siepert.  The  items  included  in  our  estimate  on  that  are  these 
that  are  defined  by  the  Budget  Bureau’s  personnel  benefits:  uniform 
allowances,  living  and  quarters  allowance,  life  insurance,  health 
benefits,  retirement,  which,  of  course,  is  the  biggest  item  in  this, 
FICA,  that  is  social  security,  and  incentive  awards  are  the  items 
included  in  this  category. 

The  Chairman.  Would  you  care  to  comment  now  on  the  question 
of  why  the  increase  between  1962  and  1964  is  so  much  larger  in 
amount  than  the  average  increase  in  the  personnel? 

Mr.  Wyatt.  The  bulk  of  that  increase  is  in  the  area  of  retirement 
contributions  and  follows  the  actual  payroll. 

In  1962,  we  had  $9)£  million  of  retirement  contributions.  That  is 
estimated  to  rise  in  1964  to  $17,600,000,  so  there  is  an  increase  of  $8 
million  just  in  the  employees’  share  of  the  contributions  over  the 
Government’s  share  of  the  retirement  contribution. 

Mr.  Siepert.  These  are  all  computations  ba°ed  on  definite  criteria 
per  man.  That  is,  an  employee  of  a given  salt  ry  gets  a certain  con- 
tribution tied  to  his  life  insurance,  so  I think  that  these  figures  repre- 
sent, let  us  say,  actuarily  determined  figures,  as  well  as  any  in  the 
budget. 

The  reason  the  figures  jump  so  high  from  one  year  to  the  next  is 
again  this  is  a function  of  the  rapid  buildup  in  staff,  and  we  are  back 
to  that  same  problem  we  talked  about  earlier  of  lapse  rates,  and  there 
are  almost  no  lapses  on  these  retirements  and  fringe  benefits  when 
people  are  on  the  full  year. 

The  Chairman.  Do  any  members  of  the  committee  have  questions 
on  personnel  benefits? 

Mr.  Davis.  Mr.  Chairman,  I would  like  to  ask  one  question. 

The  Chairman.  Mr.  Davis. 

Mr.  Davis.  Is  this  in  line  with  what  you  would  find  in  other  agencies 
of  the  Government?. 

Mr.  Siepert.  There  is  no  option  on  our  part.  This  is  a matter 
of  law. 

Mr.  Davis.  Then  it  would  conform  exactly? 

Mr.  Siepert.  Exactly,  yes. 

Mr.  Boone.  The  estimate,  of  course,  is  based  on  the  projected  1964 
figure,  it  is  not  based  on  some  other  formula  for  calculating  personnel 
benefits? 

Mr.  Wyatt.  That  is  right. 

The  Chairman.  Any  further  questions  on  personnel  benefits? 

If  not,  we  will  move  on  to  “Travel  and  transportation  of  things.” 
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Dr.  Seamans,  T ire  you  are  aware  of  this  report  of  the  Comp- 
troller General^- v nited.  States  reviewing  relocation  costs,  which 

was  submitted  by  the  Comptroller  General  on  February  19,  1963,  to 
the  Congress. 

Without  objection,  I think  we  should  put  into  the  record  the  letter 
of  transmittal  by  the  Comptroller  General.  I will  read  one  or  two 
sentences  of  this  letter: 

Enclosed  is  our  report  and  review  of  relocation  costs  incurred  by  contractors 
with  the  Department  of  Defense  and  the  National  Aeronautics  and  Space  Ad- 
ministration for  the  recruiting  of  salaried  personnel  who  terminated  employment 
shortly  after  they  were  hired. 

In  a review  conducted  at  28  plants  of  21  major  aerospace  contractors  we  found 
during  a recent  12-month  period  over  1,400  newly  hired  individuals  who  have  been 
relocated  largely  at  the  expense  of  the  Government  voluntarily  terminated 
employment  or  were  discharged  for  improper  conduct  before  they  completed  a 
year's  service.  Only  a small  portion  of  the  $892,000  incurred  in  relocating  these 
short-term  employes  was  recovered  by  the  contractors. 

The  Department  of  Defense  and  the  National  Aeronautics  and  Space  Ad- 
ministration agree  with  our  proposal  that  a review  of  the  adequacy  of  the  existing 
policy  guidance  was  in  order. 

In  short,  the  report  indicates  a number  of  examples  where  employees 
had  been  recruited  and  then  had  moved  very  quickly,  had  been  given 
relocation  allowances  to  move,  and  in  many  cases  had  moved  as 
many  as  three  or  four  times  in  a year,  collecting  relocation  allowances 
for  each  of  the  moves. 

(The  letter  of  transmittal  of  the  Comptroller  General  is  as  follows :) 

Comptroller  General  of  the  United  States, 

Washington , February  19,  1963. 

To  the  President  of  the  Senate  and  the  Speaker  of  the  House  of  Representatives: 

Enclosed  is  our  report  on  review  of  relocation  costs  incurred  by  contractors 
with  the  Department  of  Defense  and  the  National  Aeronautics  and  Space  Admin- 
istration for  the  recruiting  of  salaried  personnel  who  terminated  employment 
shortly  after  they  were  hired. 

In  a review  conducted  at  28  plants  of  21  major  aerospace  contractors,  we  found 
that,  during  a recent  12-month  period,  over  1,400  newly  hireo  individuals  who 
had  been  relocated,  largely  at  the  expense  of  the  Government,  voluntarily  ter- 
minated employment  or  were  discharged  for  improper  conduct  before  they  had 
completed  a year’s  service.  Only  a small  portion  of  the  $892,000  incurred 
in  relocating  these  short-term  employees  was  recovered  by  the  contractors. 
Our  review  disclosed  further  that  some  of  these  individuals  were  shifting  between 
Government  contractors  at  their  own  discretion  and  receiving  relocation  allow- 
ances for  each  move.  For  example,  for  various  personal  reasons,  one  engineer 
worked  for  three  aerospace  contractors  within  a period  of  16  months  and  received 
reimbursement  of  about  $2,700  for  the  expense  of  relocating  to  each  contractor’s 
plant.  Such  shifts  indicate  a basic  need  to  discourage  short  tenures  of  employ- 
ment, since  they  not  only  result  in  excessive  relocation  expenditures  but  also 
tend  to  disrupt  important  defense  and  space  activities. 

Linder  the  terms  of  the  contracts  negotiated  by  the  Department  of  Defense 
and  the  National  Aeronautics  and  Space  Administration  with  these  companies, 
practically  all  of  these  costs,  together  with  related  profits,  are  ultimately  borne 
by  the  Government.  Inasmuch  as  the  21  companies  included  in  our  limited 
review'  incurred  $892,000  for  the  relocation  of  employees  who  voluntarily  ter- 
minated employment  shortly  after  they  wer^  hired,  we  believe  that  the  total 
cost  incurred  for  such  relocation  expenses  by  all  contractors  engaged  in  defense 
and  space  programs  amounts  to  many  millions  of  dollars  annually.  However, 
neither  the  Department  of  Defense  nor  the  National  Aeronautics  and  Space 
Administration  has  issued  any  instructions  requiring  or  suggesting  that  the 
contractors  place  restrictions  on  the  payment  of  relocation  allowances. 

We  noted  that  some  contractors  have  adopted  policies  that  tend  to  curb  the 
undesirable  shifting  of  personnel  by  requiring  relocated  employees  to  complete 
specific  terms  of  employment,  varying  from  60  days  to  1 year,  before  they  are 
entitled  to  receive  or  retain  relocation  allowances.  This  requirement  is  similar 
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to  that  established  for  newly  hired  Federal  employees  by  the  act  of  July  5,  1960 
(Public  Law  86-587),  which  requires  that  such  individuals  reimburse  the  Govern- 
ment for  relocation  expenses  in  the  event  that  they  discontinue  employment 
within  a year  after  they  are  hired. 

The  majority  of  the  contractors  included  in  our  review  did  not  have  policies 
requiring  them" to  recover,  nor  did  they  attempt  to  recover,  relocation  allowances 
paid  to  newly  hired  employees,  even  though  many  of  their  employees  voluntarily 
terminated  employment  within  a short  time  after  they  were  hired  and,  as  shown 
in  the  report,  some  terminated  with  less  than  30  days’  service.  In  our  opinion, 
such  treatment  of  expenditures  ultimately  borne  by  the  Government  clearly 
establishes  a definite  need  for  an  established  policy,  to  be  followed  by  all  Govern- 
ment contractors,  designed  to  discourage  the  unnecessary  and  temporary  reloca- 
tions at  Government  expense. 

We  invited  comments  on  our  findings  from  the  21  aerospace  contractors  covered 
in  our  review'.  Most  of  these  companies  advised  that  they  were  giving  serious 
consideration  to  the  adoption  of  a policy  requiring  recovery  of  relocation  allow- 
ances from  employees  or  that  they  had  already  adopted  such  a policy  prior  to 
our  review. 

The  Department  of  Defense  and  the  National  Aeronautics  and  Space  Adminis- 
tration agreed  with  our  proposal  that  a review  of  the  adequacy  of  existing  policy 
guidance  was  in  order.  The  Department  of  Defense  stated  further  that  the 
Armed  Services  Procurement  Regulation  Committee,  in  cooperation  with  the 
National  Aeronautics  and  Space  Administration,  had  commenced  a study  to  re- 
view' this  matter  and,  in  particular,  to  consider  a length-of-service  requirement 
as  a condition  to  the  allowability  of  relocation  costs  incident  to  recruitment. 
The  Department  of  Defense  said"  that  wre  would  be  advised  of  the  result  of  this 
study  promptly  upon  its  completion.  We  are  recommending  that  in  connection 
with  this  study  consideration  also  be  given  to  prohibiting  reimbursement  to  con- 
tractors for  relocation  costs  of  employees  wrho  previously  w'ere  employed  by  other 
defense  contractors,  unless  the  employees  met  the  agreed  length-of-service  require- 
ment or  refunded  any  relocation  costs  previously  paid. 

Copies  of  this  report  are  being  sent  to  the  President  of  the  United  States,  the 
Secretary  of  Defense,  the  Secretaries  of  the  Army,  Navy,  and  Air  Force,  and  the 
Administrator  of  the  National  Aeronautics  and  Space  Administration. 

Joseph  Campbell, 

Comptroller  General  of  the  United  Stales. 

The  Chairman.  I wonder  if  you  would  comment  generally  on  the 
problem,  Dr.  Seamans,  perhaps  directing  your  remarks  specifically  to 
the  Comptroller  General's  report  and,  thirdly,  indicate  the  steps  that 
are  being  taken  or  should  be  taken  by  NASA  in  order  to  correct  this 
situation? 

Dr.  Seamans.  Yes. 

Well,  first  let  me  say  I have  not  seen  the  report.  I know  that  our 
procurement  people  have  received  it  and  are  reviewing  it.  This  is  a 
matter  that  is  of  concern  both  to  us  in  our  relations  with  industrv,  as 
well  as  within  NASA.  We  have  had  to  review  this  very  carefully  in 
connection  with,  for  example,  the  Space  Task  Group  when  it  moved 
down  to  establish  a new  center  in  Houston,  and  in  that  particular  case 
we  were  really  not  able  to  defray  all  of  the  expenses  of  our  employees 
in  such  a move. 

In  the  case  of  our  contractors,  this  is  a matter  that  receives  very 
careful  scrutiny  at  the  time  we  carry  out  contract  negotiations. 

Examples  of  this  involve  contractors  moving  into  Michaud  plant 
in  New  Orleans  or  moving  down  to  Cape  Canaveral,  and  the  question 
is  what  part  of  the  cost  should  the  Government  defray,  what  part  of 
the  cost  should  involve  corporate  funds. 

The  corporations  obviously  have  to  come  to  terms  with  their  own 
employees  in  making  such  a move  and  come  up  with  an  arrangement 
that  is  satisfactory  and  financially  reasonable  to  those  that  are  needed 
in  these  kinds  of  locations,  so  this  is  a kind  of  problem  that  I am 
familiar  with  in  the  land  of  specific  cases  that  I have  mentioned. 
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I think  it  might  be  well  at  this  point  to  have  somebody  who  is 
familiar  with  this  particular  report  comment.  Are  you  prepared, 
Mr.  Siepert? 

Mr.  Siepert.  We  have  Mr.  Vecchietti,  who  is  our  Deputy  Director 
of  Procurement,  and  he  has  the  GAO  report  with  him. 

I might  say  that  the  question  that  you  gave  us  here  is,  has  this  been 
a problem  in  NASA.  It  is  a problem  with  any  agency  that  deals 
heavily  with  indust  'r  under  circumstances  which  in  the  public  inter- 
est may  require  the  contractor  to  locate  personnel  away  from  their 
home  plant. 

This  is  a problem,  particularly  at  Michoud,  which,  you  recognize, 
is  a Government-owned  plant,  in  which  the  contractors  who  won  the 
awards  to  build  tilings  there  were  not  located  in  that  area  and  they  had 
to  move  substantial  numbers  of  personnel  of  their  own  organization. 

The  Chairman.  This  is  certainly  a problem  which  we  recognize. 

Mr.  Siepert.  Yes. 

The  Chairman.  What  we  are  trying  to  prevent  is  the  Government 
paying  the  tab  for  these  bounty  collectors  who  make  a custom  and 
profession  of  collecting  for  moving  frequently. 

Mr.  Siepert.  There  are  two  problems  in  this  area.  One  is  the 
itinerant  employee  who  sees  the  world  at  somebody  else’s  expense, 
and  Mr.  Yecchietti  I think  can  comment  on  what  we  would  propose 
to  do  to  control  that. 

The  other  is  the  question  of  how  much  of  the  total  dislocation  cost 
does  the  Government  pay,  and  we  have  had  a study  going  on  in  this 
area  in  an  effort  to  try  to  write  a regulation  which  would  make  clear 
that  thftj  Government  does  propose  to  deal  with  a contractor  in  terms 
of  the  company’s  policy  if  we  can  establish  that  the  company’s  policy 
was  not  set  up  expressly  in  order  to  inflate  the  Government's  costs. 

In  other  words,  if  they  have  an  established  Government  policy  that 
they  move  people  on  corporate  funds  in  the  same  way,  we  have  a hard 
time  saying  we  should  make  them  have  a different  policy. 

The  basic  criteria  under  which  these  negotiations  are  worked  out 
with  the  contractor  are  the  simple  one  which  says  we  will  allow  all 
costs  which  are  reasonable. 

Now  this  is  a judgment  factor  as  to  what  is  reasonable.  I think  you 
may  want  some  further  word  from  Mr.  Vecchietti. 

The  Chairman.  Mr.  Roush. 

Mr.  Roush.  Before  we  go  on  with  Mr.  Vecchietti,  Mr.  Siepert,  in 
your  letter  dated  December  13,  to  the  General  Accounting  Office,  you 
state  that  you  must  take  issue  with  the  statement  that: 

The  policies  of  the  Department,  of  Defense  and  the  National  Aeronautics  and 
Space  Administration  with  respect  to  recruiting  practices  neither  require  nor 
suggest  that  the  contractors  attempt  to  control  relocation  expenses. 

Then  the  reference  is  made  to  ASPR  1 5-205-46 (e)  incorporated  in 
NASA  Management  Manual,  by  reference  requires  that  the  con- 
tractors control  these  costs  by  specifying  that  such  costs  are  allowable 
only  if  necessary  and  reasonable. 

A further  control  is  inherent  in  reference  to  these  coats  as  among  those  on  which 
advance  agreements  may  be  particularly  important. 

You  don’t  take  the  stand,  do  you,  that  you  cannot  control  these 
costa  with  your  contractors?  Is  this  what  you  are  saying  in  this 
statement? 
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Mr.  Siepert.  No;  our  position  is  that  we  do  intend  to  negotiate 
with  the  company  exactly  what  relocation  costs  the  Government  will 
pay,  based  upon  a consideration  of  what  is  their  established  company 
policy,  matched  against  a regulation  which  we  will  issue,  stating  the 
general  areas  in  which  we  will  consider  things  reasonable  and  certain 
areas  where  we  will  consider  the  relocation  costs  unreasonable.  We 
will  have  a regulation  that  will  be  our  test. 

Mr.  Roush.  Well,  if  there  has  been  an  abuse  of  this  policy,  you 
could,  by  negotiation  with  the  contractor  then  impose  upon  them 
more  stringent  regulations  which  would  control  this  relocation  cost, 
at  least  control  it  to  the  extent  that  we  would  avoid  some  of  the  waste 
pointed  out  by  the  General  Accounting  Office. 

Mr.  Siepert.  Where  it  has  been  established  in  a particular  con- 
tractor’s case  that  there  had  been  an  abuse;  yes, 

Mr.  Roush.  Why  couldn’t  you  do  it  generally  before  the  abuse 
occurs? 

Mr.  Siepert.  Well,  this  is  what  we  are  attempting  to  do,  by  issuing 
a regulation  and  by  getting  this  kind  of  question  specifically  under- 
stood between  the  parties  at  the  time  that  we  definitize  a contract. 

Mr.  Roush.  Well,  how  long  will  it  be  before  you  come  to  the  place 
where  you  will  do  this? 

Mr.  Siepert.  I think  this  is  momentarily,  and  I think  Mr. 
Vecchietti  can  give  you  that. 

The  Chairman.  If  Mr.  Vecchietti  would  come  forward,  I might/ 
suggest  that  it  would  be  helpful  to  put  Mr.  Siepert’s  letter  in  the  record 
also,  that  is  the  letter  of  December  13,  1962. 

(The  letter  referred  to,  is  as  follows:) 


December  13,  1962. 

Mr.  L.  K.  Gerhabdt, 

Associate  Director,  General  Accounting  Office, 

Washington,  D.C. 

Dear  Mr.  Gerhabdt:  The  General  Accounting  Office  draft  audit  report  on 
relocation  expenses  incurred  by  contractors  with  the  Department  of  Defense  and 
the  National  Aeronautics  and  Space  Administration  for  recruitment  of  salaried 
employees  has  been  reviewed  at  NASA  headquarters  and  at  NASA  field  installa- 
tions. 

We  appreciate  having  been  afforded  the  opportunity  to  review  the  draft  report 
and  agree  that  the  area  selected  is  a proper  one  for  concern  but  must  take  issue 
with  the  statement  that  “*  * * the  policies  of  the  Department  of  Defense  and  the 
National  Aeronautics  and  Space  Administration  with  respect  to  recruiting  prac- 
tices neither  require  nor  suggest  that  the  contractors  attempt  to  control  relocation 
expenses.*  * *”  ASPR  15-205-46(e)  (incorporated  in  the  NASA  Management 
Manual  by  reference)  requires  that  contractors  control  these  costs  by  specifying 
that  such  costs  are  allowable  only  if  necessary  and  reasonable.  A further  control 
is  inherent  in  the  reference  to  these  costs  as  among  those  on  which  advance  agree- 
ments may  be  particularly  important. 

Additional  control  may  well  be  appropriate  provided  such  control  is  not  so 
restrictive  as  to  impede  personnel  movements  which  are  beneficial  if  not  essential  to 
the  space  effort.  The  NASA  and  the  DOD  are  jointly  exploring  the  possibility 
of  developing  additional  policy  guidance  and  you  may  be  assured  that  such  ex- 
plorations will  give  full  recognition  to  the  observations  contained  in  your  draft 
report. 

Sincerely  yours, 

Albert  F.  Siepert, 
Director  of  Administration. 
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The  Chairman.  Mr.  Vecchietti,  I wonder  if  you  would  give  the 
reporter  and  the  committee  your  full  name? 

Mr.  Vecchietti.  George  Vecchietti,  Deputy  Director,  Procurement 
and  Supply  Division. 

I think  a very  brief  background  on  the  principle  involved  here  might 
be  helpful,  and  then  I will  speak  to  the  GAO  report. 

The  matter  involved  here  is  one  of  what  is  known  as  contract  cost 
principles.  We  operate,  of  course,  under  the  Armed  Services  Procure- 
ment Act,  as  does  the  Department  of  Defense,  for  our  procurement 
authority. 

In  this  area  of  contract  cost  principles  there  are  uniform-— which  is 
unusual — uniform  Governmentwide  regulations  on  the  subject,  so 
that  at  least  the  basic  rules  are  similar  or  identical  for  the  Government. 
Their  application  may  vary. 

In  the  cost  principles  there  is  a provision  that  states  that  the  costs  of 
relocation  expenses  are  allowable  to  the  extent,  of  course,  that  they 
are  reasonable  and  allocable  to  the  contract  involved. 

The  Chairman.  “Where  necessary,”  is  also  in  here. 

Mr.  Vecchietti.  Yes,  where  necessary  to  the  performance  of  the 
contract,  of  course. 

This  is  the  general  rule,  and  I believe  that  is  what  Mr.  Siepert’s 
letter  attempted  to  explain,  that  there  was  not  actually  a void  in  the 
area  of  a cost  principle  or  guidance  as  to  how  you  applied  relocation 
expense  allowability. 

At  the  same  time,  the  GAO  made  two  very  valid  points,  the  second 
one,  I believe,  is  the  most  important,  and  it  is  the  one  that  we  are 
going  to  correct  very  quickly. 

The  first  point  was  a statement  to  the  general  effect  that  relocation 
costs  were  not  really  being  controlled,  that  is,  their  substance,  what 
went  into  the  makeup  of  relocation  expenses. 

The  second  point  was  as  to  employees  who  got  paid  relocation 
expenses  for  a transfer  of  assignment  but  who  later  within  a very 
short  period  of  time  either  voluntarily  or  through  discharge  left  the 
area,  even  though  the  Government  had  paid  for  their  relocation 
expenses  to  the  area. 

The  GAO  suggested  very  strongly  that  some  effort  be  made  in  the 
regulations  to  govern  this  type  of  practice,  and,  to  the  extent  that 
there  are  regulations  there  should  be  written  guidance  on  this  subject 
of  jumping  immediately  after  assignment  to  a new  position. 

We  have  here  a draft,  forwarded,  I believe,  by  a memorandum  of 
February  19  from  the  Comptroller  General,  and  we  have  in  its  final 
stages  a proposed  regulation  on  the  subject. 

In  essence,  what  this  will  do  is  provide  (1)  that  where  it  is  prac- 
ticable— and  this  will  be  the  general  rule  in  most  situations  where 
there  are  sizable  relocation  expenses — that  there  will  be  an  advance 
understanding  between  the  contractor  and  the  Government  as  to 
what  constitutes  relocation  expenses  and  how  much  money  will  be 
involved  per  employee,  the  types  of  things  that  make  up  these  ex- 
penses, such  as  moving,  sale  of  home,  brokerage  fees,  many  of  which 
we  do  not  allow  as  a general  policy.  These  are  things  that  will  be 
established  prior  to  entering  into  the  contract  and  will  become  a part 
of  the  contract  by  reference. 

We  will  alsahave  a policy  in  this  regulation  as  we  now  contemplate 
it  (and  the  reason  I put  it  that  way  is  that  we  are  working  with  the 


1964  NASA  AUTHORIZATION 


2975 


Department  of  Defense  in  an  effort  to  come  up  with  a uniform  appli- 
cation of  this  policy)  to  the  effect  that  if  an  employee  who  has  been 
paid  relocation  expenses  terminates  his  employment  within  1 year 
either  voluntarily  or  by  discharge  for  cause,  in  such  a situation  the 
Government  would  be  reimbursed  the  relocation  expenses  which  it 
had  allowed  under  the  contract. 

Mr.  Siepert.  By  whom,  the  company? 

Mr.  V ecchietti.  By  the  company,  yes. 

Mr.  Siepeut.  This  is  a corporate  risk  for  bad  selection. 

The  Chairman.  Yes.  Well,  that  certainly  sounds  like  a step  in 
the  right  direction. 

Mr.  Vecchietti.  And  timewise,  we  believe,  and  I will  be  conserva- 
tive, we  should  have  this  out  in  less  than  a month,  hopefully  within 
a week  or  two.  We  are  in  our  final  stages  on  this. 

The  Chairman.  I wonder  if  members  of  the  committee  have  any 
questions  on  this  area  of  relocation  costs? 

Mr.  Ryan.  Would  you  give  us  an  example  of  how  this  comes  into 
play;  in  other  words,  why  cannot  the  potential  relocation  costs  be 
taken  into  consideration  at  the  time  the  contract  is  written,  at  the 
time  you  negotiate  or  are  dealing  with  a competitive  contract? 

In  other  words,  you  speak  of  Michoud  bringing  in  people  from  a 
long  distance,  isn't  this  a factor  in  the  contract? 

Mr.  Vecchietti.  Yes,  this  is  an  advance  undertsanding,  this  is 
part  of  the  overhead.  When  it  is  a specific  move  solely  for  our  bene- 
fit, solely  for  our  contract,  it  would  become  a direct  item  of  cost. 

We  do  negotiate  with  the  contract,  or  on  these  expenses.  It  is 
on  occasion  quite  a negotiation;  and,  as  Dr.  Seamans  indicated,  we 
sometimes  have  to  go  to  top  management  to  determine  the  precise 
makeup  of  what  goes  into  these  costs.  They  then  do  become  a part 
of  the  contract. 

The  thing  that  is  missing,  or  has  been  missing,  is  a control  on  reim- 
bursements when  the  employee  departs  shortly  after  he  has  been  paid 
his  relocation  expenses.  We  now  will  cover  this  so  that  the  Govern- 
ment will  recover  any  relocation  expenses  it  has  paid  in  such  situations. 

The  Chairman.  Any  further  comment? 

Mr.  Boone. 

Mr.  Boone.  Does  this  mean  that  an  employee  working  for  two 
different  companies,  making  the  same  route,  could  be  reimbursed 
different  amounts?  Is  that  what  you  meant  by  standardization,  to 
be  sure  that  he  would  be  paid  the  same  amounts,  or  is  this  subject  to 
negotiation  at  the  time  of  the  contract? 

Mr.  Vecchietti.  I have  never  seen  a situation  where  there  is  one 
employee  working  for  two  contractors,  if  I understood  you  correctly. 

Mr.  Boone.  I meant  two  different  employees. 

Mr.  Vecchietti.  They  will  not  be  identical  reimbursements.  As 
Dr.  Seamans  pointed  out,  it  must  be  an  established  company  policy, 
and  this  will  be  in  our  regulations,  and  it  must  be  in  existence  prior 
to  our  entering  into  the  contract.  This  is  to  prevent  a company  from 
instituting  a fine  set  of  rules  that  will  reimburse  their  employees  upon 
the  receipt  of  a contract  from  the  Government. 

We  do  look  at  those  and  they  are  always  subject  to  the  test  of 
reasonableness.  We  do  not  automatically  accept  all  elements  of  the 
costs.  For  example,  some  companies  would  like  to  reimburse  their 
employees  for  membership  in  a golf  course  or  country  club  at  the  new 
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location,  or  lawyer’s  fees  in  the  selling  of  a house.l^We  have  a test  of 
what  is  allowable  in  the  way  of  moving  expenses.  *** 

We  generally  try  to  apply,  but  we  do  not  use  a hard-and-fast  rule, 
the  type  of  guidelines  that  we  use  for  our  own  Government  employees, 
and  as  you  can  understand,  of  course,  that  varies,  depending  on  the 
category  of  employee  involved. 

Mr.  Boone.  There  is  some  leeway  within  the  company,  depending 
upon  company  policy  then? 

Mr.  Vecchietti.  Yes. 

Mr.  Boone.  May  I ask,  do  you  pay  the  income  tax  overhead? 

Mr.  Vecchietti.  No,  sir. 

Mr.  Boone.  Thank  you. 

The  Chairman.  Mr.  Davis. 

Mr.  Davis.  I would  like  to  ask  this  question:  Suppose  the  contract 
is  of  a temporary  nature  or  of  short  duration  and  it  involves  the  move- 
ment of  a person  to  some  place  such  as  Fairbanks.  Alaska,  and  return. 
Does  your  compensation  or  negotiation  include  the  round  trip? 

Mr.  Vecchietti.  As  a general  rule,  no,  and  again  you  have  to 
apply  the  specific  circumstance.  Let  me  give  you  the  general  rule, 
if  I may,  sir. 

Mr.  Davis.  All  right. 

Mr.  Vecchietti.  Our  general  rule  is  that  we  allow  in  the  contract 
that  we  are  writing  the  relocation  expenses  to  the  site  of  where  our 
contract  would  be  performed,  but  we  do  not  then  pay  for  what  is 
termed  “re-relocation”  costs  back  to  the  home  plant  or  perhaps  to  a 
new  contract.  Generally  what  is  known  as  the  gaining  contract, 
since  there  probably  would  be  a movement  to  another  contract, 
would  cover  the  return  relocation  expense. 

However,  in  the  specific  case  that  you  gave  us,  it  may  well  be  that 
if  we  have  need  for  a man  at  an  isolated  location,  knowing  that  it 
will  be  for  a very  short  time,  it  is  the  subject  of  negotiation  between 
ourselves  and  the  company  to  determine  whether  or  not  it  is  something 
that  should  be  reimbursed,  and  then  to  what  extent.  It  may  be 
partially  reimbursed  sharing  between  the  company  and  the  Govern- 
ment. If  part  of  the  inducement  is  to  get  them  to  a very  remote — and 
this  has  happened— location,  it  may  be  negotiated  that  he  be  reim- 
bursed for  his  return.  Knowing  that  he  is  going  to  Alaska  or  some 
other  similar  location,  we  would  probably  make  an  arrangement 
whereby  we  would  reimburse  for  part  of  that  return  trip,  but  that  is 
when  we  know  it  in  advance. 

Mr.  Davis.  I see. 

Dr.  Seamans.  I might  add,  if  I might,  just  one  point. 

When  we  start  talking  about  remote  sites  and  the  operation  of,  for 
example,  our  tracking  stations  around  the  world,  we  have  recently 
in  our  negotiations  with  the  Bendix  Corp.,  which  operates  some  of 
these  stations  for  us,  included  the  provision  that  if  at  any  time  we 
should  terminate  their  contract  and  go  to  a new  contractor  that  the 
new  contractor  will  have  the  opportunity  of  hiring  their  personnel. 
If  that  should  happen  these  personnel  will  have  the  same  benefits 
transferred  over  to  them  in  the  new  coipOration,  so  that  we  would 
not  then  incur  the  cost  of  bringing  new  people  out  to  the  site  and 
So  that  we  can— even  more  important — keep  the  competent  people 
On  the  job  in  order  to  keep  proficiency  up  at  each  one  of  these  locations. 

The  Chairman.  Mr.  Siepert;  I gather  your  conclusion  would  be 
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then  that  the  Armed  Services  Procurement  Regulation  certainly 
doesn't  have  enough  teeth  and  deserves  to  be  “beefed  up”  and 
strengthened,  and  you  go  beyond  the  feeling  you  expressed  in  your 
letter  of  December  13  in  terms  of  strengthening  this  regulation  over 
relocation  costs? 

Mi.  Siepert.  Yes;  I think  GAO  uncovered  a problem  that  was 
not  apparent  to  the  people  that  over  the  years  developed  ASPR. 
This  regulation  is  an  effort  to  plug  those  fine  gaps. 

The  Chairman.  Would  anybody  care  to  make  a prediction  as  to 
the  future  of  this  policy  regulation,  when  it  is  likely  to  be  approved 
and  come  to  light? 

Dr.  Seamans.  As  far  as  NASA  is  concerned  we  will  follow  the  same 
procedure  that  we  do  on  all  of  our  management  procedures.  This 
will  come  in  short  order  to  my  office,  and  it  is  obviously  a desirable  and 
sensible  regulation,  and  we  will  put  it  immediately  into  effect. 

The  Chairman.  The  committee  would  like  to  have  a copy  immedi- 
ately as  soon  as  it  is  adopted,  and  I hope  that  it  is  adopted  before  the 
authorization  bill  gets  on  the  floor. 

Circular  No.  279 
April  8,  1963 

NASA  MANAGEMENT  MANUAL 

MATERIAL  TRANSMITTED 

1.  This  Circular  sets  forth  policies  and  guidelines  relative  to  establishing  the 
allowability  and  the  reasonableness  of  relocation  expenses  incurred  by  contractors 
in  connection  with  NASA  contracts  and  subcontracts.  The  intent  of  this  Circular 
is  to  provide  specific  guidelines  for  the  control  of  these  costs  within  reasonable 
limits  while  maintaining  sufficient  flexibility  to  ensure  that  cost  restrictions  do  not 
impede  essential  personnel  movements. 

2.  The  provisions  of  this  Circular  are  mandatory  to  be  effective  May  1,  1963, 
but  may  be  implemented  upon  receipt. 

WLING  INSTRUCTIONS 

1.  This  Circular  should  be  filed  in  Chapter  18,  Part  15,  Subpart  2,  following 
page  1504. 

Relocation  Expenses  Incurred  by  Contractors  in  Connection  With 
NASA  Contracts  and  Subcontracts 

1.  Purpose 

This  Circular  sets  forth  policies  and  guidelines  relative  to  establishing  the  allow- 
ability and  the  reasonableness  of  relocation  expenses  incurred  by  contractors  in 
connection  with  NASA  contracts  and  subcontracts.  The  intent  of  this  Circular  is 
to  provide  specific  guidelines  for  the  control  of  these  costs  within  reasonable 
limits  while  maintaining  sufficient  flexibility  to  ensure  that  cost  restrictions  do 
not  impede  essential  personnel  movements. 

2.  Applicability 

This  Circular  is  applicable  to  NASA  Headquarters  and  Field  Installations. 

3.  Background 

a.  The  increasing  magnitude  of  relocation  expenses  for  which  contractors  in 
the  ypaee  industry  claim  reimbursement  under  their  Government  contracts 
warrants  careful  consideration  of  the  manner  in  which  these  costs  are  generated. 
Such  costs  may  be  justified  as  necessary  to  defray  extraordinary  expenses  incurred 
by  employees  in  connection  with  personnel  movements,  and  to  offset  the  genuine 
discomfiture  and  disruption  attendant  to  relocation. 

b.  Lacking  the  competitive  restraints  characteristic  of  industries  governed  by 
a greater  degree  of  price  competition,  some  contractors  doing  business  exclusively 
or  predominantly  with  the  Government  have  tended  to  expand  the  scope  and  the 
magnitude  of  these  payments.  Such  payments  tend  to  heighten  competition  for 
technical  personnel  to  the  possible  detriment  of  the  space  effort.  The  impact  is 
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economy  wide  since  even  firms  which  are  exclusively  commercial,  but  have  a need 
for  special  technical  skills,  may  be  compelled  to  match  or  exceed  these  payments 
with  a resultant  cost/price  spiral, 

4.  Policy 

a.  Relocation  expenses  are  allowable  as  an  indirect  charge,  to  the  extent  allo- 
cable and  reasonable,  when  they  derive  from  management  operations  od  Govern- 
ment contracts.  Under  certain  circumstances,  these  costs  may  be  recognized  as 
a direct  charge,  for  example,  when  specifically  related  to  the  performance  under 
a NASA  contract  and  such  procedure  is  consistent  with  the  contractor’s  normal 
accounting  treatment  of  such  costs  and  with  generally  accepted  accounting 
principles. 

b.  Generally,  the  application  of  such  costs  to  NASA  contracts  should  be  pur- 
suant to  an  established  policy  which  specifies  the  particular  expenses  to  be  allowed 
and  provides  for  consistent  treatment  of  all  company  employees  but  recognizes 
that  expenses  may  reasonably  differ  among  the  various  levels  of  employees.  The 
company  should  have  adequate  internal  controls  to  assure  compliance  with  its 
policy.  Exclusions  and  limitations  are  set  forth  in  paragraph  5. 

c.  NASA  recognizes  the  propriety  of  such  costs  only  to  the  extent  that  they 
represent  reimbursement  for  costs  directly  and  commonly  associated  with  reloca- 
tion. NASA  does  not  recognize  the  allowability  of  such  costs: 

(1)  As  an  additional  form  of  compensation,  or 

(2)  As  reimbursement  for  purely  personal  expenses  incurred  for  an  em- 
ployee’s own  pleasure,  or  convenience;  or 

(3)  For  improving  his  living  standards. 

Increases  in  basic  compensation  which  may  be  collateral  to  relocation  should  be 
scrutinized  to  determine  whether  such  increases  represent  an  attempt  to  circum- 
vent relocation  cost  restrictions. 

d.  The  wide  diversity  of  these  costs  and  the  difficulties  involved  in  determining 
their  reasonableness  render  them  particularly  susceptible  to  advance  understand- 
ings, It  is  anticipated  that  such  advance  understandings  will  generally  be  of 
two  types: 

(1)  An  agreement  setting  forth  the  extent  to  which  NASA  will  recognize 
costs  under  contractor’s  general  relocation  policies,  or 

(2)  An  agreement  governing  the  allow'ability  of  costs  which  result  from 
mass  movements  or  special  requirements  in  connection  with  a particular 
contract. 

All  proposed  advance  understandings  will  be  submitted  to  the  Director,  Procure- 
ment and  Supply  Division,  NASA  Headquarters,  for  approval  in  order  to  ensure 
consistency  of  approach  among  the  NASA  installations. 

e.  No  specific  format  is  prescribed  for  the  execution  of  an  advance  understand- 
ing. However,  such  understanding  should  include,  but  not  necessarily  be  limited 
to — 

(1)  An  enumeration  of  those  categories  of  expenses  which  will  be  recog- 
nized as  allowable  as  well  as  those  to  be  disallowed; 

(2)  Dollar  limitations  for  each  category  of  expense  or,  in  lieu  thereof, 
limitations  which  have  the  indirect  effect  of  establishing  dollar  ceilings; 

(3)  Reference  to  a procedure  for  approving  expenses  and  for  validation  of 
expenses  incurred; 

(4)  A listing  of  the  categories  of  employees  to  whom  the  policy  is  to  be 
applicable  ; and 

(5)  An  indication  as  to  whether  the  expense  is  to  be  a direct  charge  to  a 
contract  or  an  indirect  charge. 

f.  Contractors  should  be  expected  to  tap  the  personnel  resources  of  the  area 
in  which  the  work  is  being  performed  to  the  fullest  extent  feasible  consistent 
with  the  company’s  overall  personnel  policy  and  to  the  extent  that  contractual 
performance  will  not  thereby  be  adversely  affected, 

5.  Guidelines 

a.  Employee  relocation  expenses,  as  used  herein,  refer  to  those  expenses  associ- 
ated with  a permanent  change  of  duty  assignment  (the  normal  industry  tendency 
is  to  treat  all  new  assignments  in  excess  of  12-months  duration  as  permanent 
changes)  whether  incurred  in  conjunction  writh  the  transfer  of  existing  employees 
or  the  movement  of  new  hires.  Retransfer  costs  are  unallowable  (i.e.,  a NASA 
contract  should  not  normally  bear  both  the  cost  of  transferring  an  employee 
to  a newr  location  and  the  cost  of  returning  an  employee  to  his  “home”  site  or  some 
other  gaining  activity)  although  it  is  recognized  that  special  circumstances;  e.g., 
an  abrupt  termination,  may  justify  acceptance  of  some  portion  of  the  costs  associ- 
ated with  retransfer. 
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b.  The  allocation  of  relocation  costs  to  NASA  contracts  should  be  consistent 
with  the  contractor's  normal  accounting  treatment  of  such  costs.  Generally, 
such  costs  should  be  charged  to  overhead  since  it  is  reasonable  to  assume  that 
employees  involved  in  the  move  will  continue  in  the  company’s  employ  and  since 
such  moves  are  basic  to  the  company's  overall  operations.  Under  special  circum- 
stances; e.g.,  mass  movements  at  the  specific  request  of  the  NASA,  a direct  charge 
to  the  particular  NASA  contract(s)  may  be  appropriate.  These  circumstances 
should  normally  be  the  subject  of  an  advance  understanding  and  will  necessitate 
the  screening  of  the  contractor’s  overhead  pool  to  preclude  a duplication  of  like 
charges.  When  items  ordinarily  chargeable  as  indirect  costs  are  charged  to 
Government  work  as  direct  costs,  the  cost  of  like  items  applicable  to  other  work 
of  the  contractor  must  be  eliminated  from  indirect  costs  allocated  to  Government 
work. 

c.  Company  policies,  though  subject  to  wide  variation,  generally  provide  for 
payment  of  expenses  which  may  be  categorized  as  premoving,  moving,  postmoving 
and  dislocation  expenses  which  do  not  readily  fit  into  any  of  these  categories  as 
follows: 

(1)  Premoving  expenditures  may  include  such  items  as: 

(a)  Visits  by  the  employee  and  his  spouse  to  seek  new  quarters  prior 
to  the  moving  date  and  associated  incidental  expenses  (e.g.,  babysitters, 
care  of  house  pets,  phone  calls) ; 

(b)  Establishment  of  temporary  quarters  prior  to  effecting  a perma- 
nent move; 

(c)  Visits  and  calls  home  where  an  employee  reports  alone  prior  to 
moving  other  members  of  the  household; 

(d)  Expenses  incident  to  disposition  of  housing,  such  as  costs  of  can- 
celing an  unexpired  lease,  brokerage  and  legal  fees,  etc.,  and  the  loss 
that  may  result  from  the  price  at  which  the  home  is  sold. 

Costs  incident  to  items  (a)  and  (b)  are  considered  allowable.  Costs  inci- 
dent to  item  (c)  are  normally  unallowable  but  exceptions  may  be  recognized 
in  special  circumstances  (e.g.,  unreasonably  long  separations  and  the  estab- 
lished company  policy  provides  for  them).  Costs  incident  to  item  (d)  are 
unallowable. 

(2)  Moving  expenditures  may  include  transportation  of  employee  and 
members  of  the  household,  (including  house  pets),  meals  and  lodging  en 
route  to  the  new  location,  packing,  transportation  of  household  and  other 
effects,  storage,  and  insurance.  Such  costs  are  allowable  to  the  extent  they 
are  reasonable  and  allocable. 

(3)  Postmoving  expenditures  may  include : 

(a)  Losses  incurred  on  theft  or  damage  during  move; 

(b)  Closing  costs  on  purchase  of  new'  home; 

(c)  Automobile  owmer’s  expense  such  as  registration  and  other  expenses 
incurred  by  transfer  to  a new'  location. 

Costs  incident  to  item  (a)  are  allowable  if  not  covered  by  the  carrier's  insur- 
ance. Costs  incident  to  item  (b)  are  unallowable.  Costs  incident  to  item 
(c)  are  allowable. 

(4)  Dislocation  expenses  may  include: 

(a)  Removing  carpets  and  drapes  at  the  previous  location  and  re- 
installing at  the  new  location, 

(b)  Disconnecting  and  reconnecting  appliances  and  television, 

(c)  Prepaid  fees  on  unexpired  medical  and  dental  plans,  food  locker 
contracts,  and  other  miscellaneous  but  normal  out-of-pocket  expenses. 

These  expenses,  exclusive  of  cleaning  carpets  or  drapes,  are  considered 
allowable  to  the  extent  they  are  reasonable  and  are  incurred  by  existing 
employees. 

d.  Evaluation  of  the  proposed  application  of  a given  company  plan  may  result 
in  the  delineation  of  three  questionable  categories  of  expenses: 

(1)  Those  which  are  clearly  unallowable; 

(2)  Those  which  may  be  normally  allowable  but  are  not  appropriate  for 
reimbursement  under  the  specific  circumstances;  ana 

(3)  Those  considered  allowable  but  where  the  degree  o'-  ,xtent  of  reimburse- 
ment claimed  may  be  excessive. 

e.  Such  an  evaluation  may  indicate  the  desirability  of  establishing  a ceiling  to 
limit  the  amount  of  expenses  in  each  category  which  will  be  reimbursed  to  the 
contractor.  Those  items  of  expense  determined  to  be  allowable  will  be  reimbursed 
on  the  basis  of  actual  expenses  incurred  up  to  the  ceiling  limitation. 

f.  Contractors  will  be  required  to  refund  payments  made  by  the  Government 
in  reimbursement  for  employee  relocation  costs  if  employment  is  terminated 
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voluntarily  by  the  employee  or  by  virtue  of,  discharge  for  cause  within  12  months 
after  appointment  or  transfer. 

6.  Effective  date 

The  provisions  of  this  Circular  are  mandatory  to  be  effective  May  1,  1963, 
but  may  be  implemented  upon  receipt. 

Robebt  C.  Seamans,  Jr., 

Associate  Administrator. 

Any  further  comments  on  relocation  cost? 

Travel  and  transportation  of  persons:  Very  quickly  we  can  move  on 
with  this  question. 

Increases  in  actual  personnel  over  last  year  amount  to  about  11 
percent.  However,  travel  funds  requests  increased  about  30  percent. 

Is  there  any  explanation  that  you  could  give  us  on  this,  Dr. 
Seamans? 

Dr.  Seamans.  Yes.  As  the  breakdown  on  page  21-1  shows  and 
the  discussion  on  the  following  page  indicates,  there  are  a variety  of 
reasons  for  travel. 

Part  is  the  necessity  for  management  of  our  internal  affairs,  and  it 
indicates  here  that  we  need  funds  of  approximately  $4.8  million  for 
direction  and  coordination  of  program  and  business  activities,  and  by 
"business”  is  meant  administrative  activities. 

These  are  in-house  matters  relating  both  to  the  conduct  of  our 
projects  as  well  as  to  the  proper  review  of  all  kinds  of  policies,  as,  for 
example,  the  one  we  have  just  discussed  here,  personnel  matters, 
security,  and  so  on. 

The  next  item  involves  a coordination  with  other  Government 
agencies,  and  with  our  contractors  in  the  scientific  community,  and 
this  shows  an  increase  to  $7.2  million.  This,  of  course,  reflects  the 
verv  large  percentage  increase  in  our  R.  &D.  where  our  total  research 
and  development  is  increasing  by  55  percent. 

The  largest  percentage  of  this  is  on  contract  to  industry,  in  part 
through  other  Government  agencies  and  in  part  direct  to  various 
contractors,  and  we  must  have  travel  funds  so  that  our  personnel  can 
review  at  proper  intervals  the  activities  on  such  programs  as  the 
Apollo,  and  the  Saturn,  and  this  does  take  a large  number  of  people. 

When  the  Marshall  Center  reviews,  as  they  do  periodically,  the 
performance  on  the  various  big  booster  stages,  they  take  a team  of 
people  who  are  familiar  with  all  of  the  different  disciplines  and  aspects 
of  that  development  to  the  contractor’s  plant  and  spend  3 or  4 days 
there  and  go  over  the  program  with  a fine-tooth  comb. 

That  is  the  largest  single  item  in  our  travel  budget  and  it  is  an 
extremely  important  one  if  we  are  to  properly  manage  this  expanding 
program. 

The  next  item  relates  to  the  operation  of  our  launching  sites  and 
global  tracking  stations  in  the  amount  of  approximately  $3.7  million. 
Again  this  is  increasing  by  virtue  of  not  only  the  increased  number 
of  stations  around  the  world,  but  also  the  stations  themselves  are 
getting  more  complex. 

We  are  converting  the  Mercury  stations  to  Gemini  and  Apollo 
operations.  They  will  take  increased  personnel  as  well  as  equipment 
at  each  of  these  stations  to  do  the  job  for  the  more  complicated 
maneuvering  missions  of  the  Gemini  and  the  Apollo. 

The  remaining  items  relate  to  NASA’s  responsibility  on  various 
technical  committees,  working  panels  and  technical  and  scientific 
societies,  at  a level  of  $1.7  million.  ; 
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Here  NASA  is  responsible  to  carry  out  various  scientific  and  %■ 

technological  programs  and  to  make  this  available,  and  one  of  the 
ways  of  making  it  available  in  the  country  at  large  is  to  have  our 
people  participate  in  various  seminars  and  discussions  and  professional 
meetings. 

Finally  we  have  travel  to  initial  duty  station.  We  are  recruiting 
people,  this  takes  $1  million  approximately,  or  is  projected  to  take 
$1  million  in  1964. 

We  have  the  travel  of  our  consultants  to  headquarters  and  to  our 
various  centers  and  to  our  contractor  plants.  We  have  a charter  of 
aircraft  at  a level  of  $1.4  million  and  a miscellaneous  item  of  $470,000 
for  all  other  travel  of  our  employees. 

The  Chairman.  I think  perhaps  you  got  an  inkling  from  the 
earlier  discussion  of  the  committee  about  some  of  the  feelings  of  the 
committee  toward  decentralizing  Operations.  Perhaps  we  could  make 
a little  private  deal  with  you  if  you  will  continue  to  decentralize  we 
will  try  to  get  you  a little  more  money  for  travel. 

Are  there  any  questions  that  members  of  the  committee  have  on 
travel? 

Mr.  Wydler.  Yes,  Mr.  Chairman,  if  I might. 

Do  I understand  these  figures  for  travel  are  figures  that  relate  to 
purchase  of  airplane  tickets,  would  this  cover  nearly  all  of  these 
figures? 

Mr.  Wyatt.  Yes,  sir;  this  would  be  included  in  this  figure,  passenger 
travel  of  people. 

Mr.  Wydler.  I mean  most  of  these  things,  as  I would  read  them 
they  would  be  airplane  flights,  wouldn’t  they,  that  you  have  just 
mentioned,  tickets  of  airlines?  * 

Dr.  Seamans.  Yes;  somebody  takes  a trip  from  headquarters,  they 
have  a per  diem,  they  have  obviously  transportation  to  and  fro 
primarily  by  air,  miscellaneous  expenses,  a taxi,  and  so  on,  are  all 
included  in  this  category. 

Mr.  Wydler.  All  of  those  items  are  in  this  item  that  you  just  read, 
is  that  correct? 

Mr.  Sief  i:rt.  $lfi  per  day,  the  per  diem. 

Mr.  Wyatt.  Yes ; on  OC  21-2  are  some  other  charges  that  go  against 
this  account  that  are  not  within  the  travel  limitation,  local  transporta- 
tion and  toll  charges,  that  is  around  an  area  such  as  Washington,  or 
around  an  area  such  as  Houston  where  you  have  a dozen  or  so  differ- 
ent sites  and  employees  have  to  move  around  between  those  sites. 

You  pay  their  transportation  when  it  is  required. 

Mr.  Wydler.  That  includes  per  diem  then  in  these  figures? 

Mr.  Wyatt.  The  per  diem  is  included  over  on  the  first  page,  under 
the  $20.6  million.  This  is  both  travel  and  per  diem. 

Now  on  page  21-2,  I don’t  believe  there  would  be  any  per  diem 
charges  here. 

Mr.  Wydler.  I am  talking  about  21-1. 

Mr.  Wyatt.  Yes;  that  would  include  per  diem  charges. 

Mr.  Wydler.  Do  you  use  armed  services  planes  for  any  of  this 
oversea  travel,  MATS? 

Mr.  Cadle.  Well,  it  depends.  I can  give  you  a general  answer,  I 
can’t  give  you  the  actual  statistics  on  it,  but  generally  speaking 

Mr.  Wydler.  Well,  I just  asked  do  you. 

Mr.  Cadle.  Yes;  on  occasion  we  do,  but  it  depends  on  the  area. 

In  other  words,  if  it  is  going  to,  say,  a European  site,  for  example, 
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they  are  working  now  on  tracking  facilities  in  southern  Europe,  these 
are  on  regular  commercial  flights. 

If  you  are  going  into  an  area  where  you  have  definitefproblems  but 
where  there  are  no  commercial  flights  available  and  there  are  military 
transports  going,  we  go  by  the  military  transport,  parts  of  Africa,  for 
example. 

Mr.  Wydler.  Is  there  any  charge  made  or  credit  taken  for  those 
flights? 

Mr.  Cadle.  I am  not  positive  of  that. 

Do  you  know,  George,  whether  we  reimburse  on  those  flights? 

Yes,*  we  do  reimburse  them  from  the  military  transport. 

Mr.  Wydler.  Now  just  one  last  question:  On  Electronics  Research 
Center  you  show  about  $125,000  projected  for  travel  next  year. 
That  would  be  about  a thousand  dollars' a person  up  there.  Is  that 
normal  for  traveling? 

Mr.  Wyatt.  Yes,  sir;  I can  give  you  some  examples  of  what  do 
constitute  normal  travel. 

For  example,  at  the  Goddard  Space  Flight  Center,  the  people  aver- 
age a trip  that  is  relatively  long,  10  days  on  the  average,  this  is 
because  they  have  the  tracking  responsibility.  The  average  cost 
per  trip  has  been  about  $310  and  it  is  expected  to  go  up  to  about  $370 
in  1964  because  of  different  distances  and  different  lengths  of  time. 
They  expect  in  that  case  to  increase  the  number  of  trips  in  1964  over 
1963  by  about  a thousand  total  trips. 

Mr.  Wydler.  In  other  words,  you  have  a figure  as  to  what  the 
average  figure  per  person  is? 

Mr.  Wyatt.  Yes;  in  each  center,  we  know  what  the  average  cost — 

Mr.  Wydler.  What  is  it? 

Mr.  Wyatt.  Well,  in  headquarh  :s,  the  average  cost  per  trip  is 
about  $230. 

Mr.  Wydler.  Per  trip.  I mean  per  year. 

Dr.  Seamans.  Per  employee. 

Mr.  Wydler.  Per  employee  per  year. 

Mr.  Cadle.  Perhaps  the  best  way  to  answer  this  would  be  to  get 
into  a little  discussion  in  terms  of  the  percentage  of  people  at  each 
location  who  do  travel. 

For  example,  at  the  headquarters  in  the  last  fiscal  year  we  had  a 
travel  percentage  of  56  percent.  That  is,  56  percent  of  the  people  at 
headquarters  traveled,  and  this  reflects  the  kind  of  operation  that  it 
is,  a coordination,  direction  type  of  resDonsibility. 

Goddard,  which  has  heavy  responsibility  in  the  project  area,  in 
tracking  and  data  acquisition  for  example,  62  percent  of  their  people  in 
1962  traveled,  56  percent  in  1963  are  projected  as  traveling,  and  50 
percent  in  1964. 

These  are  some  of  the  examples: 

Take  a research  center  such  as  Langley,  which  is  well  established, 
which  has  its  line  of  communications  out.  They  had  34  percent  of 
their  people  traveling  in  1962. 

In  the  case  of  ERC,  you  are  looking  at  250  people  and  $125,000, 
roughly  $500  per  man,  but  you  have  to  remember  that  this  is  an  in- 
stallation which  is  setting  up,  which  is  getting  its  lines  of  communica- 
tion established,  which  is  going  to  have  to  do  a good  deal  of  travel  to 
our  other  centers  which  are  involved  in  the  electronics  area  in  order  to 
get  their  responsibilities  and  lines  of  communication  worked  out. 
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Mr.  Wydler.  I thought  we  had  located  this  center  in  an  area  where 
they  would  have  very  little  of  this. 

Mr.  Cadle.  They  are  going  to  have  a heavy  coordination  role. 
There  is  a capability,  Collins,  for  example,  out  in  Iowa.  There  are 
many  areas  in  the  country  which  have  heavy  electronics  capability, 
and  this  center  is  not  going  to  be  working  only  with  the  Boston 
electronics  firms,  it  is  going  to  be  working  with  all  of  the  firms. 

The  Chairman.  I might  say,  Mr.  Wydler,  I have  just  come  on 
some  statistics  prepared  by  Legislative  Reference  Service,  particularly 
by  Mr.  Wise,  listing  average  travel  expenditure  per  employee,  and 
under  these  figures  prepared  by  Legislative  Reference,  1962  actual, 
$456  per  employee  in  NASA,  1963  estimated,  $618,  1964  estimated, 
$662. 

Mr.  Cadle.  This  is  if  you  take  the  total  employees  and  divide  it 
into  the  total  number  of  dollars. 

The  Chairman.  Yes. 

Mr.  Cadle.  A more  accurate  way  would  be  to  take  the  total 
number  actually  traveling  in  each  center  and  divide  it  into  the  total 
dollars. 

The  Chairman.  1 think  that  makes  sense. 

Mr.  Cadle.  We  have  all  of  these  statistics  here  if  you  would  like 
them. 

The  Chairman.  Yes,  they  would  be  helpful  to  put  them  in  the 
record  I believe. 

Mr.  Cadle.  Fine. 

Mr.  Wydler.  That  is  all  I have,  Mr.  Chairman. 

(The  information  is  as  follows:) 

For  locations  with  travel  amounts  over  $1  million;  (1)  the  number  of  people 
traveling,  (2)  the  average  this  represents  compared  with  total  personnel  at  each 
location,  (3)  the  average  number  of  trips  per  traveler,  and  (4)  the  average  cost 
per  trip  requiring  87  percent  of  the  travel  are  as  follows: 


Personnel  traveling 

[_ 

Average  of  total  personnel 
traveling 

1962 

(actual) 

1963 

(esti- 

mate) 

1964 

(esti- 

mate) 

1962 

(actual) 

1963 

(esti- 

mate) 

1964 

(esti- 

mate) 

Percent 

Percent 

Percent 

Headquarters , 

760 

1,200 

56 

63 

61 

Goddard 

1, 485 

1, 800 

62 

56 

60 

Langley — 

LOG.. 

1,264 

1,437 

34 

36 

42 

i 333 

503 

i|H| 

uoo 

63 

42 

MSC 

812 

1,450 

1,  975 

50 

45 

50 

MSFC 

2, 441 

2,920 

3,433 

40 

41 

46 

Average  number  trips  per 
traveler 

Average  cost  per  trip 

1962 

1963 

1964 

1962 

1963 

1964 

(actual) 

(esti- 

mate) 

(esti- 

mate) 

(actual) 

(esti- 

mate) 

(esti- 

mate) 

Headquarters 

9 

8 

8 

$146 

$236 

$240 

Goddard 

4 

4 

4 

231 

311 

370 

Langley — 

6 

6 

6 

87 

116 

150 

LOG 

5 

6 

6 

M8 

183 

239 

MSC 

6 

8 

8 

290 

286 

294 

MSFC 

6 

6 

7 

147 

164 

183 

1 This  is  the  total  number  of  people  that  actually  were  placed  on  LOC’s  payroll  when  they  were  estab- 
lished. All  of  these  people  traveled  back  and  forth  to  Marshall  on  the  shuttle  plane  with  only  per  diem, 
which  accounts  for  the  low  cost  per  trip  of  $48. 
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The  Chairman.  Last  year  this  committee  reviewed  at  some  length 
the  use  of  coach  fares  and  other  reduced  fare  policies  of  NASA,  and 
at  that  time  we  were  told  that  several  contractors  such  as  Boeing  and 
North  American  and  Chrysler  had  established  a policy  of  using 
reduced  travel  fares. 

I wonder  to  what  extent  this  is  being  done,  and  are  there  any  indi- 
cations of  savings  which  have  resulted,  and  have  other  contractors 
been  told  to  initiate  such  policies? 

Dr.  Seamans.  We  do  nave  a strict  policy  within  NASA  to  fly 
tourist  or  economy  whenever  it  is  available.  There  is  an  exception 
that  we  make,  if  a person  is  on  the  west  cof.H  and  is  flying  overnight 
and  has  a heavy  schedule  the  next  day,  we  have  a provision  for  coming 
back  first  class. 

The  Chairman.  You  don’t  want  him  all  tired  out  when  he  gets 
back. 

Dr.  Seamans.  That  is  the  idea  of  that  clause. 

Now  as  to  the  actual  effect  of  this  regulation,  I would  like  to  have 
Mr.  Siepert  comment. 

The  Chairman.  Mr.  Siepert. 

Mr.  Siepert.  This  is  the  kind  of  thing  that  you  have  to  keep  plug- 
ging at  recurrently.  Most  recently  with  respect  to  our  own  personnel 
on  February  25,  we  sent  out  instructions  again  to  all  of  our  folks 
reminding  them  of  just  what  the  policy  was,  and  in  this  situation 
actually  at  this  time  setting  up  a better  reporting  procedure  in  which 
we  would  be  able  to  get  better  standards  of  how  well  our  employees 
were  in  fact  resorting  to  economy  transportation. 

I have,  for  example,  our  air  travel  report  for  January  1963,  which 
shows  that  our  agency  totally  made  4,282  trips  by  plane  during  that 
period  of  time. 

We  made  1,807  of  them  by  economy  class,  1,370  by  mixed  class, 
and  by  this  mixed  class  we  mean  a mixed  mode  of  transportation. 
To  get  to  a point  part  of  the  way  you  might  travel  by  coach  and  then, 
as  you  know,  all  of  the  feeder  airlines  are  first-class  accommodations 
and  not  co&ch,  so  that  you  might  finish  the  trip  by  first  class. 

There  were,  however,  a total  of  1,105  which  were  first  class,  and 
then  the  question  comes  how  many  of  those  were  necessary  first  class 
as  opposed  to  the  others. 

We  find  that  on  710  of  those  there  was  no  economy  class  available 
on  that  schedule  between  the  two  points.  Particularly  you  will 
find  this  in  a place  like  Huntsville,  Ala.  If  any  of  you  have  been  there, 
first  class  is  the  only  service  out  of  Huntsville. 

In  141  cases  we  found  that  the  economy  class  was  not  available  at 
the  time  that  the  reservation  was  made,  in  other  words  they  were 
sold  out. 

There  were  254  cases,  however,  where  so  far  as  we  can  tell  the  em- 
ployee went  first  class  and  there  was  not  an  apparent  reason  why  he 
went  first  class. 

Now  that  we  have  defined  what  the  problem  area  is  and  we  have 
a reporting  system  to  follow  up  on  it,  we  believe  we  can  go  back  to 
the  centers  and  get  this  total  down.  I think  it  represents  quite 
satisfactory  progress. 

Mr.  Cadle.  We  have  found,  I might  add,  that  on  these  cases 
where  first-class  transportation  was  used  where  other  classes  were 
available,  that  a large  number  of  these  were  in  trips  where  they  did 


1964  NASA  AUTHORIZATION 


2985 


exceed  the  time  limitation,  a night  flight,  for  example,  where  economy 
class  was  available,  but  in  order  to  have  the  man  ready  for  the  next 
day’s  work  he  traveled  first  class. 

The  Chairman.  Can  you  give  me  any  idea  as  to  the  trend  here, 
how  does  this  compare  through  the  years?  Are  you  getting  better? 

Mr.  Siepert.  This  is  a favorable  trend  as  far  as  our  agency  is 
concerned,  and  it  is  a favorable  trend  as  the  Budget  Bureau  would 
regard  it.  I was  trying  to  find  their  figures.  I thirl:  they  were 
expecting  to  find  better  than  50-percent  utilization  of  economy  coach, 
and  we  are  well  above  that. 

The  Chairman.  Now  what  about  your  contractors? 

Mr.  Siepert.  Well,  the  contractor  problem  is,  again — we  have  sent 
letters  I believe  on  two  occasions  to  the  contractors.  A number  of 
the  contractors  in  response  to  our  request  have  acknowledged  our 
request,  sent  us  copies  of  their  policy.  However,  I can’t  say  that  we 
have  statistics  of  a sort  that  I am  comfortable  in  reporting  to  you 
how  well  we  are  doing  as  contrasted  with  our  internal  personnel. 
We  have  only  spot  information  on  this.  , 

The  Chairman.  Any  other  questions  on  this  immediate  issue?  Mr. 
Roush. 

Mr.  Roush.  Would  you  give  us  the  total  amount  which  was 
requested  from  the  various  segments  of  your  organization  for  travel 
as  compared  to  the  amount  that  you  finally  included  in  your  budget 
request? 

Mr.  Siepert.  I didn’t  hear  the  first  part  of  the  question. 

Dr.  Seamans.  The  question  is  whether  we  have  available  the  travel 
requests  for  fiscal  year  1964  from  the  installations? 

Mr.  Roush.  Yes. 

Dr.  Seamans.  Do  we  have  that  information? 

Mr.  Roush.  I am  merely  asking  did  you  cut  it  down. 

Dr.  Seamans.  I am  sure  we  did,  but  I am  not  sure  that  we  have 
the  numbers  right  here. 

Mr.  Roush.  Could  you  pro  ride  that  for  the  record? 

Mr.  Cable.  I have  to  pull  this  number  out  of  my  head,  but  I 
believe  the  total  requested  was  about  $27  million. 

Dr.  Seamans.  As  compared  to  the  22  figure. 

Mr.  Roush.  That  is  all,  Mr.  Chairman. 

Mr.  Boone.  I have  a question. 

I believe  the  Defense  Department  has  a policy  of  coach  type  travel 
and  they. make  an  exception  for  first-class  travel,  and  it  seems  your 
policy  is  just  the  reverse,  is  that  correct,  you  have  a policy  of  first- 
class  travel  and 

Dr.  Seamans.  No,  we  certainly  don’t.  We  have  a policy  of  tourist 
or  economy  as  the  general  rule,  and  the  first  class  is  always  the  ex- 
ception. It  is  the  exception  when  it  is  the  only  way  to  get  there 
because  it  is  the  only  kind  of  transportation  available,  or  for  the  very 
special  case  where  somebody  has  to  be  on  tap  early  in  the  morning 
and  has  to  fly  all  night,  we  feel  it  is  the  part  of  good  sense  to  have 
that  man  ready  to  do  a day’s  work. 

Mr.  Boone.  It  seems  that  two-thirds  of  the  total  number  of  trips 
in  a specific  case  would  be  that  high.  Weren’t  those  the  figures  that 
you  gave? 

Dr.  Seamans.  No,  sir,  the  figures  are  quite  different  from  that. 
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Mr.  Wyatt.  The  figures  th&o  we  gave  were  that  6 percent  of  the 
travel  in  the  month  of  January  was  for  first  class  when  there  was  any 
alternative.  Only  6 percent  was  first  class  when  you  had  any  alterna- 
tive as  to  the  kind  of  travel  you  would  take. 

Mr.  Roush.  Is  it  possible  in  this  area  that  some  of  these  people 
would  have  dug  into  their  own  pockets  and  paid  the  balance  just  so 
thev  could  go  first  class  and  still  it  would  be  reflected  on  your  records 
as  first-class  travel? 

Dr.  Seamans.  I frankly  doubt  that.  That  is  not  my  policy. 
I know  that. 

Mr.  Siepert.  On  the  other  hand,  I think  there  are  cases  where  the 
airlines  are  traveling  some  of  our  passengers  first  class  on  coach 
tickets  because  they  still  haven’t  licked  the  problem  of  overselling 
their  coach  departments.  This  of  course  doesn’t  cost  Uncle  Sam 
any  money. 

Dr.  Seamans.  I will  have  to  look  into  that.  I didn’t  know  that. 

I would  just  like  to  clarify  this:  Of  the  approximately  4,300  trips 
there  were  only  1,100  first  class,  and  of  that  1,100,  in  710  cases  it  was 
the  only  way  you  could  get  there. 

The  Chairman.  Do  you  have  any  more  detail  there  that  you  would 
like  to  put  in  the  record?  It  would  be  useful  to  have  it  in  the  record. 

(The  information  requested  is  as  follows:) 

Air  travel  report,  January  1968 — Recapitulation,  by  type  and  number 


1st  class 

Total 

Economy 

Mixed 

Economy 

Economy 

1st  class 

trips 

class 

class 

1 

not 

not 

used 

Total 

available 

available 

when 

1st  class 

on  i 

at  time 

other 

regular 

of  reser- 

avail- 

schedule 

vation 

able 

NASA  Headquarters.. 

570 

214 

154 

202 

168 

19 

15 

Ames  Research  Center 

138 

107 

28 

3 

3 

Plight  Research  Center 

37 

25 

12 

Goddard  Space  Flight  Center— 

554 

378 

88 

88 

1 

1 

86 

Langley  Research  Center 

291 

87_, 

146 

58 

19 

9 

30 

Launch  Operations  Center 

197 

150 

27 

20 

10 

10 

Lewis  Research  Center 

350 

106 

115 

129 

56 

73 

Manned  Spacecraft  Center 

893 

634 

247 

12 

3 

7 

2 

Marshall  Space  Flight  Center— 

1, 048 

4 

493 

551 

428 

13 

HO 

Northeast  Office  

5 

5 

5 

Pacific  Launch  Operations 

Office 

i 

1 

8NPO,  Cleveland—  

35 

9 

19 

7 

7 

SNPO'  Nevada 

4 

4 

WnUojia  Station 

39 

30 

i 

8 

4 

4 

Western  Operations  Office 

120 

59 

39 

22 

16 

5 

1 

Total 

4,282 

1,807 

1.370 

1, 105 

710 

141 

254 

Mr.  Boone.  May  I ask  one  more  question,  Mr.  Chairman? 

The  Chairman.  Yes,  Mr.  Boone. 

Mr.  Boone.  Do  you  compute  travel  for  1964?  Is  this  a percentage 
figure  of  1963j  or  do  you  go  into  some  schedule,  or  what? 

Mr.  Wyatt.  We  go  into  that  on  a center-by-center  base,  the  num- 
ber of  trips,  the  expected  average  cost  per  trip,  the  number  of  travelers, 
and  the  number  of  trips  per  traveler.  These  necessarily  are  arrived 
at  by  averages,  and  the  average  cost  per  trip. 

Mr.  Boone.  And  you  then  extend  it,  some  estimate  of  what  you 
will  do  the  next  year? 
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Mr.  Wyatt.  That  is  right. 

Mr.  Boone.  Thank  you. 

Mr.  Wyatt.  We  have  our  past  history  and  we  project  based  on 
the  kind  of  activity  at  the  center,  the  kind  of  contracts  they  are 
monitoring,  changes  in  the  load  and  so  on. 

The  Chairman.  Moving  to  page  OC  21-2,  rental  of  passenger  motor 
vehicles  by  installations. 

Has  NASA  studied  the  relative  cost  of  renting  versus  owning  these 
passenger  vehicles  or  establishing  motor  pools? 

Dr.  Seamans.  Yes;  we  have.  I would  like  to  have  Mr.  Siepert 
address  himself  to  that  question.  - 

Mr.  Siepert.  We  have  studied  this.  In  all  frankness,  I don’t 
think  we  can  come  up  and  say  that  we  have  a precise  criterion  as  to 
when  it  is  to  our  advantage  to  own  and  when  it  is  to  our  advantage 
to  rent. 

The  practical  situation  is  that  the  number  of  cars  that  one  may  own 
is  a matter  that  is  included  in  the  President’s  budget  as  a submission 
from  the  President,  and  the  Bureau  of  the  Budget  makes  an  allowance 
of  the  number  that  we  may  ask  for. 

Criteria  are  included  in  this  as  to  how  frequently  we  may  ask  for  a 
replacement,  in  other  words  the  criterion  is  that  the  car  should  have 
60,000  miles  on  it  or  be  6 years  of  age,  whichever  comes  first. 

The  result  is  that  the  submission  of  cars  that  are  Government- 
owned  is  only  a small  portion  of  our  total  passenger  requirements, 
and  I don’t  think  that  I would  be  answering  correctly  to  say  that  the 
number  that  we  have  asked  for  is  because  we  have  decided  that  on 
that  number  it  is  cheaper  to  own  them. 

Mr.  Wydler.  Mr.  Chairman,  if  I might,  how  many  cars  do  you 
own  and  how  many  cars  do  you  rent? 

Mr.  Cadle.  On  the  inventory  report  at  the  end  of  the  last  fiscal 
year,  we  had  a total  of  55  automobiles,  that  is,  sedans 

Mr.  Wy'dler.  That  you  own? 

Mr.  Cadle.  These  are  items  which  are  on  NASA’s  inventory,  we 
had  93  station  wagons,  11  ambulances,  12  buses,  546  1-ton  trucks, 
129  l)i~  to  2^-ton  trucks,  84  3-ton  and  over  trucks,  fol  a total  of  930 
automotive  vehicles. 

Mr.  Wydler.  How  many  automobiles  did  you  say  you  had? 

Mr.  Cadle.  Fifty-five  sedans. 

Mr.  Wydler.  Could  you  tell  me  what  number  of  those  are  Cadillacs 
or  Imperials  or  Lincolns? 

riMr.  Cadle.  We  have  no  limousines.  The  Administrator  is  driven 
in  a Checker  cab. 

Mr.  Wyatt.  He  is  driven  in  a sedan  built  by  the  Checker  Cab  Co. 

Mr.  Cadle.  We  all  call  it  the  Checker  cab. 

Chairman  Miller.  This  Checker  cab  is  quite  a sizable  one  so  it 
can  hold  a good  many  people  when  he  has  to  take  them  out,  and  it 
is  quite  comparable,  if  you  are  familiar  with  it,  to  the  type  of  car  that 
used  to  be  used  to  transport  you  from  one  depot  to  another  in  Chicago, 
and  is  just  about  as  uncomfortable  to  ride  in. 

Mr.  Cadle.  But  we  don’t  even  have  medium  size.  The  Bureau 
of  the  Budget  classifies  them  in  three  classifications.  The  first 
classification  are  Fords,  Chevrolets,  and  so  forth,  the  second  are 
Oldsmobiles,  Pontiacs,  Buicks,  and  so  on,  and  the  third  class  are  your 
limousine  class.  We  have  cars  in  the  small  class  only. 
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Mr.  Wydler.  Now,  how  many  cars  do  you  rent? 

Mr.  Cadle.  Do  we  rent  total? 

Mr.  Wydler.  Yes,  for  this  figure,  “Rental  of  passenger  motor 
vehicles,”  $590,000. 

Mr.  Cadle.  I prefer,  if  I could,  to  take  this  one  in  terms  of  location. 

Mr.  Wydler.  I just  want  a total  figure. 

Mr.  Cadle.  All  right,  let  me  see  if  I can  get  one  here.  We  will 
have  to  do  some  addition. 

Mr.  Wydler.  Are  they  all  class  3 cars,  too? 

Mr.  Cadle.  On  the  rented  vehicles,  I am  practically  certain  they 
all  are.  , 

The  Chairman.  I think  it  would  be  useful  to  supply  that  for  the 
record  later. 

Mr.  Cadle.  The  chart  I have  here  doesn’t  include  all  of  these,  and 
the  reason  it  is  a little  hard  to  answer  is  that  the  rental  contracts, 
in  the  case  of  Marshall,  for  example,  are  for  almost  all  of  their  vehicles, 
including  trucks,  cars,  carryalls,  many  classes  of  vehicles,  and  it  is  a 
little  difficult  to  add  them  up  in  total. 

(The  information  requested  is  as  follows :) 

For  fiscal  year  1964  the  rental  of  passenger-carrying  vehicles  will  be:  237 
automobiles,  81  station  wagons,  and  22  buses.  The  types  of  automobiles  rented 
are  broken  down  as  follows: 


Class  1— 
Fords, 
Chevrolet® 

Interagency 
motor  pools 

Commercial 

rentals 

TTpjulqnarfcer*  ... 

9 

9 

Anu>s  ..  _ 

5 

6 

Ondriarri . 

2 

2 

Manned  Spseecrfift  Cantor. __  ......  . 

42 

10 

32 

Marshall..'. 

80 

m 

T.snnrh 

99 

99 

Total  

237 

26 

211 

The  Chairman.  Any  further  questions  on  travel,  or  transportation 
of  persons,  or  anything  further  you  want  to  add  on  that? 

Dr.  Seamans.  No. 

The  Chairman.  I think  we  have  covered  pretty  well  “Trans- 

Eortation  of  things.”  The  major  thing  there  is  relocation  which  we 
ave  covered 

Does  anybody  have  any  further  questions  on  that? 

Mr.  Boone.  One  question,  Mr.  Chairman. 

You  have  rental  of  trucks  here,  and  I gather  that  is  for  use  at 
specific  centers,  and  this  would  be  in  addition  to  the  vehicular  cost? 

Mr.  Cadle.  Yes.  The  reason  that  it  is  a little  bit  difficult  to  answer 
the  total  question  is  that  you  have  seven  categories  of  vehicles,  and 
I would  have  to  go  down  through  each  installation  here  and  total 
up  the  total  rentals  in  order  to  give  you  a complete  picture,  but  I 
will  supply  that  for  the  record. 

(The  information  requested  is  as  follows:) 

Under  object  class  22  “Transportation  of  things”  $901,000  is  included  for 
rental  of  trucks  and  other  transportation  equipment  and  is  in  addition  to  the 
amount  shown  on  page  385  for  passenger  vehicles. 

The  Chairman.  We  now  move  on  to  “Rent,  communications,  and 
utilities,”  and  next,  Mr.  Davis,  we  get  into  computers.  I think  that 
was  a very  useful  discussion  yesterday. 
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Mr.  Boone. 

Mr.  Boone.  In  the  Goddard  Space  Flight  Center  this  is  primarily 
for  computers  again,  is  it  not,  this  $18  million? 

Dr.  Seamans.  I am  sure  it  is  a large  percentage  although  it  is  not 
the  entire  figure  because  we  are  renting  some  office  space  adjacent 
to  Goddard.  We  have  not  been  able  to  keep  our  facility  program 
moving  fast  enough  to  be  able  to  completely  nouse  all  of  the  people 
there. 

Mr.  Boone.  Well,  those  costs  are  included  in  structures  down  below, 
and  rents? 

Dr.  Seamans.  Yes,  the  1S.6  includes  all  rents,  communications, 
and  utilities,  and  that  is  broken  out  into  rents,  communications,  and 
utilities  by  type  of  service,  and  Goddard,  of  course,  has  a large  number 
of  computer  equipments. 

They  also  have  heavy  communication,  and  they  are  renting  space 
and  in  addition,  of  course,  are  using  standard  utilities. 

Mr.  Wyatt.  Mr.  Boone,  of  the  18.6  million,  16.8  is  for  the  rental  of 
computers 

Mr.  Boone.  I see.  So  does  that  mean  then  that  the  balance  is  for 
structures? 

Mr.  Wyatt.  Let's  see — no,  there  are  utility  bills  and 

Mr.  Boone.  Do  you  have  a figure  for  the  (Soddard  rentals? 

Mr.  Siepert.  $216,000  for  space  rentals  in  1964. 

Mr.  Boone.  Well,  that  is  not  very  great  compared  to  prior  years. 

Dr.  Seamans.  It  has  fallen  off  from  $365,000  because  we  are  getting 
the  space  out  there. 

Mr.  Boone.  Do  you  anticipate  that  this  will  go  down? 

Dr.  Seamans.  Yes. 

Mr.  Boone.  What  about  in  the  Washington  area  proper,  you  did 
have  a large  figure  last  year,  I believe. 

Dr.  Seamans.  That  is  going  from  $261,000  to  $736,000  for  space 
rentals  in  1964. 

Mr.  Boone.  So  it  is  going  up. 

Dr.  Seamans.  It  is  going  up,  and,  in  part,  this  is  because  of  the 
Manned  Space  Flight  Office,  which  is  growing  to  over  500  people  and 
will  be  utilizing  rented  space,  I believe,  out  on  Connecticut  Avenue. 

Mr.  Boone.  Don't  you  have  a new  building  that  you  are  going  to 
occupy  pretty  soon  here? 

Dr.  Seamans.  Yes,  Federal  Office  Building  No.  10-B,  which  is  right 
next  to  Federal  Office  Building  No.  6. 

Mr.  Boone.  This  will  not  take  care  of  your  manned  space  flight 
needs? 

Dr.  Seamans.  No. 

Mr.  Boone.  Can  we  expect  that  figure  to  go  up  from  year  to  year? 

Dr.  Seamans.  I would  think  as  far  as  manned  space  flight  it  would 
level  off  at  the  1964  figure. 

Mr.  Siepert.  Next  year,  as  far  as  this  appropriation  is  concerned, 
it  will  be  a decrease  because  the  rental  of  the  manned  space  flight 
building  will,  in  1965,  be  included  in  GSA’s  submission. 

This  is  the  standard  procedure,  when  they  have  a chance  to  put  it 
in  their  regular  budget  it  is  so  incorporated. 

Mr.  Cadle,  If  you  can  get  the  information  to  GSA  in  time  for 
them  to  include  it  in  their  estimates,  then  it  is  carried  in  the  GSA 
budget.  Otherwise  the  agency  has  to  pay  for  it  until  the  next  fiscal 
year  when  GSA  can  pick  it  up  in  their  estimates. 
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The  Chairman.  Mr.  Davis. 

Mr.  Davis.  Dr.  Seamans,  I noticed,  as  respects  the  Langley 
Research  Center,  the  1962  figure  is  $3 K million, lthe^l963  figure  is‘$4J£ 
million,  and  the  1964  figure  the  same  virtually. 

Now  in  1962  the  whole  manned  space  flight  effort  was  at  Langley, 
was  it  not? 

Dr.  Seamans.  The  space  task  group  was  located  there,  yes. 

Mr.  Davis.  And  now  it  has  been  moved  to  Texas.  Why  hasn't 
that  figure  dropped?  What  is  going  on  at  Langley,  in  other  words? 

Mr.  Siepert.  The  installations  costs  for  the  space  task  group  were 
separately  budgeted  when  they  were  there. 

Mr.  Davis.  Well,  what  is  going  on  at  Langley  now  tbatfoccupied 
the  same  space  they  did?  I take  it  it  is  the  same  space. 

Dr.  Seamans.  The  space  task  group  was  actually  located  across 
the  field  from  the  Langley  Center,  and  some  of  that  space  will  be 
utilized  by  Langley,  inasmuch  as  they  are  growing  somewhat,  in  order 
to  take  on  a number  of  projects  in  addition  to  their  research  activities. 

Mr.  Davis.  Well,  what  happened  to  the  space  that  they  did  occupy 
after  they  went  to  Texas? 

Mr.  Wyatt.  Actually  at  Langley  Field  we  occupy  2 acres,  and  we 
are  phasing  out  what  is  known  as  the  east  area.  The  east  area  is  a 
commingling  of  Air  Force  and  NASA  installations,  including  some  of 
out*  older  wind  tunnels. 

On  the  west  side  of  the  field  is  an  area  which,  starting  back  in  the 
1940's,  was  entirely  NASA  developed. 

The  space  task  group  occupied  some  of  the  space  which  NASA  had 
cognizance  of  on  the  east  side  of  the  field,  and  some  space  that  we 
obtained  from  the  Air  Force  temporarily. 

However,  the  space  task  group  didn’t  exceed  some  800  or  so  people 
in  size  at  the  time  it  was  transferred,  and  in  phasing  them  out, 
Langley  has  since  grown  somewhat,  a few  hundred  people.  There 
has  been  some  expansion  there,  but  some  of  the  buildings  we  are 
actually  turning  back  to  the  Air  Force  on  an  arrangement  with  them 
because  we  are  gradually  putting  everything  over  on  the  west  side 
of  the  field. 

Mr.  Davis.  Well,  now,  is  the  type  of  research  they  are  engaged  in 
mostly  aerodynamics  or  aeronautics? 

Dr.  Seamans.  They  are  the  focal  point  for  most  of  our  aeronautical 
research,  the  work  that  we  are  doing. 

Mr.  Davis.  On  the  X-15? 

Dr.  Seamans.  On  the  supersonic  transport,  on  VTOL  type  air- 
craft, and  on  the  work  that  we  did  in  support  of  the  Department  cf 
Defense  on  the  TFX.  That  kind  of  work  is  there. 

There  is  also  a considerable  activitv  on  higher  speeds  for  reentry, 
the  kind  of  thing  that  is  needed  in  support  of  Mercury,  Gemini,  and 
Dyna-Soar. 

Mr.  Davis.  Well,  the  X-15  is  not  there. 

Dr.  Seamans.  Also  a great  deal  of  material  work. 

Mr.  Davis.  I noticed  you  did  not  list  the  X-15.  Is  that  at  another 
installation? 

Dr.  Seamans.  Flight  Research  is  responsible  for  carrying  out  the 
project  work;  however,  there  was  some  research  both  at  Langley  and 
at  Ames  in  support  of  that  activity,  the  basic  supporting  work. 

Mr.  Cable.  Mr.  Davis,  T would  like  to  make  one  point.  You 
asked  about  the  $2,437,000  in  Langley  for  rents.  It  should  be  pointed 


1964  NASA  AUTHORIZATION 


2991 


out  that  only  $2,000  of  this  is  for  structures.  They  are  renting  a 
building  to  conduct  civil  service  examinations  at  Langley.  That  is 
the  only  structure  rental  at  Langley.  The  balance  is  for  rental  of 
computers. 

Mr.  Davis.  Is  that  true  of  the  other  items;  are  there  computer 
rentals  in  many  of  them? 

Mr.  Wyatt.  Yes;  that  is  the  predominant  cost. 

Mr.  C.dle.  That  is  the  predominant  rental.  You  see  the  total 
rental  eh1  ges  for  space  that  we  have  in  1964  adds  up  to  $3,411,000  or 
an  increi'  e of  $1,054,000,  and  this  is  out  of  a total  rent  line  of 
$39,971,000. 

Mr.  Davis.  Just  to  pursue  this  to  its  conclusion,  has  the  computer 
figure  all  been  lumped  under  this  figure  of  $34,994,000  plus  $405,000? 

Mr.  Wyatt.  Yes. 

Mr.  Davis.  That  is  all  computer  rental? 

Mr.  Oadle.  Yes. 

Mr.  Davis.  Thank  you. 

Mr.  Boone.  Mr.  Chairman,  I was  going  to  suggest  that  he  give  us 
a breakdown  of  these  rentals,  particularly  the  structures.  If  we  had 
that  for  the  record,  we  would  nave  a pretty  firm  breakdown. 

The  Chairman.  Could  you  do  that? 

Dr.  Seamans.  Yes;  we  would  be  happy  to. 

(The  information  requested  is  as  follows:) 

Analysis  of  rental  of  structures:  Object  class  23 — Rents,  communications,  and 

utilities 


[Thousands  of  dollars] 


Fiscal 
year  1963 
estimate 

Fiscal 
year  1964 
estimate 

Change 

• 

Headquarters 

261 

736 

475 

Office  space,  storage. 

Ames  Research  Center... 

24 

32 

8 

Combined  office  and  laboratory  build- 
ing to  house  “Life  and  Science” 
personnel  until  new  construction  is 
available. 

Cloddard  Space  Flight  Center 

345 

216 

-129 

Office  and  laboratory  space  until  new 
construction  is  available. 

Langlev  Research  Center 

2 

2 

1 

Office  building  for  civil  service  exams. 

Launch  Operations  Center 

222 

430 

Office  and  auditorium  space. 

Lewis  Research  Center.  

58 

54 

-4 

Rental  of  office  space. 

Manned  Spacecraft  Center 

536 

820 

284 

Temporary  rentals  pending  construc- 
tion of  permanent  site  at  Clear  Lake. 

Maimed  Space  Flight  Center 

753 

661 

-92 

Office  of  engineers  space  in  Huntsville. 

North  Eastern  Office 

25 

50 

25 

Office  space. 

Western  Operations  Office 

108 

238 

130 

Do. 

Electronic  Research  Center 

21 

170 

149 

Do. 

Total .— 

2,355 

j 3, 411 

1,054 

The  Chairman.  Moving  to  communications,  leased  lines,  OC23-G 
and  23-7  and  23-8. 

I want  to  get  a general  statement.  Have  you  become  increasingly 
convinced  that  leased  lines  are  the  most  advantageous  and  expeditious 
way  to  carry  out  your  communications? 

Dr.  Seamans.  Well,  for  those  lines  connecting  important  elements 
of  NASA,  NASA  and  DOD  facilities,  or  the  principal  contractors, 
there  is  a saving  to  the  Government  to  operate  leased  lines. 

The  Chairman.  Are  these  exclusively  for  NASA’s  administrative 
use? 
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Dr.  Seamans.  No. 

Mr.  Cable.  The  policy  on  the  leased  line,  Mr.  Hechler,  is  that  in 
the  administration  of  NASA  the  toll  charges  being  charged  between 
locations  are  under  constant  surveillance.  When  at  any  time  the 
toll  cost  gets  to  125  percent,  or  25  percent  more  than  a leased  line 
would  cost,  then  negotiations  are  entered  into  in  order  to  establish 
a leased  line  between  the  locations  involved. 

In  this  case,  take  between  Langley  and  headquarters,  the"  find 
out  that  they  are  ruLining  four  leased  lines,  and  then  they  find  that 
the  total  toll  calls  in  addition  to  the  leased  lines  adds  up  to  125  percent 
of  the  cost  of  an  additional  leased  line,  they  will  put  in  a fifth  leased  fine. 

The  Chairman.  My  question  was  directed  to  whether  these  were 
exclusively  for  NASA. 

Mr.  Cadle.  Yes,  they  are.  You  are  asking  about  telephone 
conversations? 

The  Chairman.  Yes. 

Mr.  Cadle.  Yes,  they  are,  these  are  leased  lines  during  business 
hours  for  the  locations  mentioned. 

The  Chairman.  Why,  for  example,  here  on  23-7,  just  to  pick  out 
one  example,  why  does  there  have  to  be  a leased  line  between  Hunts- 
ville and  Seattle,  Wash.? 

Mr.  Wyatt.  The  Boeing  Co. 

Dr.  Seamans.  Because  of  the  work  they  are  doing  on  the  first  stage 
of  the  Saturn  V,  Boeing  being  the  principal  contractor. 

I think  you  asked  the  question  whether  this  was  all  administrative 
or  whether  some  of  the  technical  data  transmission  is  included,  and 
it  is  my  understanding  that  the  actual  leased  lines  for  data  link  is 
included  in  another  place  in  the  budget. 

Mr.  Wyatt.  Under  “Tracking  and  data  acquisition.” 

Air.  Cadle.  The  method  of  operation  on  this  one,  Air.  Hechler,  is 
that  we  are  charged  only  for  the  distance.  In  other  words,  the 
leased-line  rate  is  established  on  a distance  factor  only,  and  the  charge 
that  the  telephone  company  makes  to  us  is  based  on  this.  They  give 
us  a quote  between  locations,  and  by  checking  on  the  toll  calls  you 
can  tell  when  it  becomes  economical  to  get  a leased  line. 

Mr.  Boone.  Do  you  do  this?  Is  this  continuously  monitored  by 
the  telephone  company? 

Air.  Cadle.  This  is  monitored  by  the  headquarters. 

Mr.  Boone.  It  is  monitored  by  the  NASA  people? 

Mr.  Cadle.  Yes,  sir. 

Air.  Boone.  Air.  Chairman,  I have  another  question. 

On  OC23-6  you  have  Cape  Canaveral  to  Marshall  Space  Flight 
Center,  Cape  Canaveral  to  Washington,  showing  considerable  in- 
creases. 

Is  this  as  a result  of  your  study  or  is  this  forecasted  work  that  you 
think  is  going  to  occur,  or  what?  For  example,  in  1963  you  only  had 
$15,000,  but  now  you  have  10  times  that  amount  for  Cape  Canaveral 
to  Alarshall  Space  Flight  Center. 

Air.  Cadle.  Perhaps  I can  clarify  this.  You  will  find,  for  example, 
under  two  locations,  let’s  take  Launch  Operations  Center  and  Mar- 
shall Space  Flight  Center,  you  will  find  lines  to  and  from  in  both  cases. 
The  reason  for  this  is  that  in  addition  to  monitoring  the  number  of 
calls,  they  also  monitor  the  originator,  in  other  words  what  installation 
originated  the  calls.  Let's  take,  for  example,  a situation  in  which 


1964  NASA  AUTHORIZATION 


2993 


five  lines  are  needed,  and  60  percent  of  the  calls  are  originated  from 
Launch  Operations  Center.  Launch  Operations  Center  will  be  billed 
for  three  of  these  lines  as  a matter  of  course. 

Now  in  this  case  Launch  Operations  Center  you  realize  has  just 
come  into  operation,  so  1964  is  when  they  are  going  to  have  their 
people  on  board.  They  are  making  many  calls  to  Marshall,  which 
was  the  place  from  which  they  were  split  originally. 

In  this  case  all  of  the  calls  on  leased  lines  prior  to  1963  and  1964 
were  financed  by  Marshall  Space  Flight  Center,  because  there  wasn't 
any  Launch  Operations  Center. 

Mr.  Boone.  Is  that  the  case  on  Mississippi  test  facility,  on  page 
23 — 8?  Will  there  be  in  1964  activities  between  NASA  people  at 
Mississippi  test  facility  and  Santa  Monica  and  Seattle  and  so  forth? 

Dr.  Seamans.  Yes,  we  will  be  implementing  the  static  test  program 
for  the  S-II  stage,  being  built  in  California. 

Mr.  Boone.  You  are  just  about  breaking  ground  now,  aren’t  you? 

Dr.  Seamans.  That  is  true,  but  this  station  must  become  opera- 
tional in  fiscal  1964. 

Mr.  Boone.  In  fiscal  1964? 

Dr.  Seamans.  Yes,  sir. 

Mr.  Boone.  Fifteen  months  from  now? 

The  Chairman.  Here  is  an  interesting  figure  on  OC23-7,  Marshall 
Space  Flight  Center  to  NASA  headquarters  in  Washington  remains 
exactly  the  same  in  1962,  1963,  and  1964, — 28,000. 

Did  you  use  all  of  your  money  in  1962? 

Dr.  Seamans.  Sixty-two  is  an  actual  and  the  other  two  are  esti- 
mated. 

The  Chairman.  So  you  have  things  so  well  under  control  that  it 
doesn't  require  any  increase? 

Dr.  Seamans.  That  is  what  the  number  say. 

Mr.  Wyatt.  It  simply  means  the  number  of  lines  remain  constant. 

Mr.  Siepert.  We  are  saying  that  the  traffic  is  sufficiently  constant 
that  we  believe  we  will  not  need  another  line. 

The  Chairman.  Yes. 

We  now  move  on  to  printing  and  reproduction,  unless  there  are 
other  questions. 

What  about  utilities? 

Mr.  Boone,  do  you  have  any  questions  under  utilities? 

Mr.  Boone.  I didn’t  have  any,  Mr.  Chairman.  I assume  this  is  a 
fairly  standard  rate  that  you  negotiated  to  get  the  best  from  the  local 
utihty  companies,  and,  if  anything,  this  figure  will  continue  to  rise  as 
your'  installations  progress  toward  your  Apollo  mission  and  Gemini 
mission. 

Unless  there  is  something  they  would  like  to  add 

Dr.  Seamans.  I don’t  believe  there  is  anything  we  want  to  add 
on  that. 

The  Chairman.  Under  printing  and  reproduction,  page  OC-24-1, 
I note  an  approximate  50  percent  increase  in  this  item.  I wonder  if 
any  members  of  the  committee  have  any  questions  on  this  item. 

Are  you  utilizing  other  Government  facilities  to  the  fullest  extent 
possible? 

Mr.  Wyatt.  Yes.  You  will  notice  of  the  $4.8  million,  $2.7 
million  will  go  to  other  Government  agencies,  predominantly  the 
Government  Printing  Office,  for  the  actual  printing  and  duplicating. 
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The  Chairman.  If  there  are  no  further  questions  we  will  move 
on  to 

Mr.  Ryan.  Yes,  I have  a question  on  this,  Mr.  Chairman. 

The  Chairman.  Mr.  Ryan. 

Mr.  Ryan.  I don’t  know  whether  it  relates  to  this  section,  but  last 
year  I remember  there  was  some  discussion  about  the  engagement 
by  NASA  of  an  advertising  agency. 

Does  any  of  that  cost  come  under  this  printing  and  reproduction 
section? 

Mr.  Siepert.  No,  sir,  Mr.  Ryan.  That  comes  under  “Other 
services.” 

Mr.  Ryan.  All  right,  we  will  reach  it  at  that  point  then. 

The  Chairman.  This  is  the  section  on  “Other  services.” 

Mr.  Boone. 

Mr.  Boone.  The  question  of  rentals  in  Houston,  of  course,  came 
to  much  discussion  in  the  press.  Would  you  like  to  make  any  com- 
ment on  what  you  are  doing  out  there  with  reference  to  reducing 
rents  or  justifying  what  you  have,  at  least  giving  the  committee 
some  idea  of  it  within  this  item? 

Dr.  Seamans.  No,  just  as  I have  indicated  several  times  in  the  last 
2 days,  we  must  use  rented  space  there  until  such  time  as  we  have  our 
own  facilities. 

We  are  moving  ahead  as  rapidly  as  we  can  in  the  development  of 
NASA-owned  facilities,  and  we  will  start  moving  in  the  end  of  this 
year,  this  calendar  year.  Until  then  we  are  using  approximately  10 
different  buildings,  and  I believe  10  different  leases  there  in  Houston. 

I have  been  to  both  of  these  locations  myself.  They  are  adequate 
to  get  on  with  the  job,  but  certainly  none  of  them  are  lavish  in  any 
sense  of  the  word. 

Mr.  Boone.  In  this  regard  have  you  moved  into  the  new  structure 
at  Marshall?  There  was  a new  structure? 

Dr.  Seamans.  Yes,  there  was  a new  engineering  and  office  building. 

When  is  the  occupancy  date  for  that? 

Mr.  Cadle.  August,  midsummer,  sir. 

Mr.  Boone.  Thank  you, 

Mr,  Rumsfeld.  Could  I ask  a question  here? 

I notice  in  three  or  four  or  five  of  these  items,  starting  with  Ames 
and  then  Flight  Research  Center  and  then  Goddard,  I believe,  and 
then  Lewis,  the  amount  in  1962  is  higher  than  it  is  in  1963,  and  then 
it  goe3  back  up  in  1964.  You  are  starting  from  a higher  point  and 
then  going  down  and  then  going  up.  Is  there  any  particular  reason 
this  would  happen? 

Dr.  Seamans.  Which  page  is  this? 

Mr.  Rumsfeld.  On  C21-1.  I thought  we  were  asking  about  the 
“Other  services.” 

Dr.  Seamans.  Well,  in  the  case  of  Langley,  there  is  a very  good 
reason  for  that.  That  is  because  the  Space  Task  Group  has  moved  to 
Houston. 

Mr.  Rumsfeld.  I don’t  believe  I mentioned  Langley.  I said  Ames 
and  Flight  Research  Center  and  Goddard  and  Lewis. 

Mr.  Wyatt.  Yes,  Mr.  Rumsfeld,  you  will  recall  earlier  in  our  testi- 
mony we  pointed  out  that  one  of  the  things  that  we  did  during  the 
fiscal  year  1963  was  to  make  a whole  change  in  our  appropriation  base 
from  the  old  salaries  and  expenses,  research  and  development,  and  con- 
struction of  facilities,  into  a new  basis. 
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Coder  the  old  basis  Ames,  Langley,  and  Lewis  had  been  budgeting 
a share  of  their  actual  in-house  support  of  research  activities  under 
this  account,  and  during  1963  we  endeavored  to  reduce  this  simply  by 
bookkeeping,  to  allocate  this  properly  against  the  program  charges 
that  are  in  the  research  programs  principally  of  the  Office  of  Advanced 
Research  and  Technology.  As  a result  we  were  able  to  reduce  the 
amount  allocated  here  to  overhead  or  institutional  support  by  properly 
charging  these  items  against  the  research  projects  for  which  they  were 
intended,  and  so  a lot  of  this  reduction  here  in  these  particular  Centers 
is  simply  a bookkeeping  change  that  reflects  a reduction. 

Mr.  Rumsfeld.  So  m each  one  of  these  cases  you  would  expect  as 
far  as  the  dollars  actually  spent  there  has  been  an  increase? 

Mr.  Wyatt.  Yes.  The  question  is:  Do  we  charge  it  against  insti- 

tutional support  or  the  project. 

We  have  refined  it,  and  we  are  putting  more  of  it  against  the  project 
costs,  and  that  accounts  for  it  substantially. 

Air.  Davis.  Dr.  Seamans,  I notice  in  the  first  line  item  under 
NASA  headquarters,  there  was  $8K  million,  and  then  it  went  to 
$19  million,  and  in  1964  it  goes  to  almost  $29  million. 

Now  what  is  the  explanation  of  such  a dramtic  increase  in  that 
particular  item? 

Dr.  Seamans.  This  in  part  reflects  the  program  that  I discussed 
with  you  in  my  testimony  yesterday,  related  to  the  Office  of  Public 
Affairs,  which  has  responsibility  for  our  educational  program  as  well 
as  our  scientific  and  technical  information  program.  Both  of  these 
activities  have  been  strengthened  and  are  increasing  in  order  to 
satisfy  the  needs  that  we  feel  for  making  information  available  to  a 
variety  of  different  groups  in  this  country.  In  part  this  information 
is  for  education  at  schools,  in  part  to  satisfy  the  interests  of  the 
general  public,  and  in  part  to  have  detailed  scientific  and  technical 
information  available  as  required  by  industry  and  universtities. 

We  have  here  with  us  today  the  heads  of  these  two  particular 
programs;  namely,  the  Office  of  Educational  Programs  and  Services, 
and  the  Office  of  Scientific  and  Technical  Information,  and  we  can  go 
into  this  in  any  detail  that  you  may  wish. 

The.  Chairman.  I think  NASA  is  to  be  congratulated  for  the  work 
that  the  Office  of  Educational  Services  has  done.  A great  number  of 
schools  and  higher  educational  institutions,  both  in  my  State  and  in 
other  States  have  utilized  these  materials  to  very  great  advantage. 
I think  it  is  a marvelous  program  that  NASA  has  carried  out  in  this 
area. 

Mr.  Davis.  May  I ask  an  additional  question? 

Suppose  you  were  to  get  a request  from  some  city  or  community 
for  an  exhibit  such  as  a space  capsule  or  launch  vehicle  or  something; 
would  this  money  here  be  the  source  of  your  furnishing  them  with 
an  exhibit? 

Dr.  Seamans.  Yes,  it  would. 

Mr.  Siepert.  There  is  $4.4  million  of  this  figure  for  exhibits,  and 
it  compares  with  $3,115  million  which  was  the  level  this  year.  It  is 
an  expanding  program. 

Dr.  Seamans.  To  give  you  a further  breakdown,  in  the  educational 
programs  and  services,  we  show  $550,000  for  the  educational  service 
program;  we  show  $2  million  for  the  space  mobile;  we  show  $1  million 
tor  the  educational  publications  program;  $2.4  million  for  the  audio- 
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visual  program;  and  $4.4  million  for  the  exhibits,  for  a total  of  $10.5 
million,  as  compared  with  last  year’s  figure  of  $8.4 

The  Chairman.  Mr.  Rumsfeld,  do  you  have  a question? 

Mr.  Rumsfeld.  Yes. 

On  page  25-3  you  mentioned  that  the  104’s  and  the  102  are  for 
astronaut  proficiency.  What  are  the  Gulfstream  at  the  Manned  Space 
Center  and  the  Aero  Commander  at  the  Launch  Flight  Center  used  for? 

Dr.  Seamans.  We  received  authorization  last  year  to  purchase  three 
aircraft  for  passenger  use.  So  we  have  now  three  Gulfstreams,  one 
of  which  is  based  in  Houston,  one  based  in  Huntsville,  one  will  be 
based  actually  at  Langley,  but  used  primarily  by  Headquarters.  The 
F-104’s  are  quite  obviously  in  a different  category.  These  will  be 
based  at  Edwards  in  order  to  keep  our  pilots  proficient  out  there, 
those  who  are  flying  the  X-15’s,  planes  of  that  sort.  There  are 
three  F-104’s.  And  in  addition,  we  have  rented  two  Aero  Com- 
manders— am  I right  on  that? — anyway,  for  Huntsville.  These  have 
been  in  operation  for  some  time,  and  we  have  also  rented 

Mr.  Rumsfeld.  And  what  is  the  Aero  Commander  used  for? 

Dr.  Seamans.  For  transportation  of  key  personnel  out  of  Hunts- 
ville. Are  there  two? 

Mr.  Gadle.  There  are  two,  and  a backup. 

Dr.  Seamans.  Does  that  answer  your  question? 

Mr.  Rumsfeld.  Is  the  same  thing  true  of  the  Jet  Star? 

Dr.  Seamans.  The  Jet  Star,  I was  about  to  say — there  are  two  Jet 
Stars,  actually.  One  is  rented  for  passenger  use  and  is  based  at 
Canaveral  for  use  of  the  Launch  Operations  Center.  The  other  one 
was  purchased  out  of  our  R.  & D.  account  in  support  of  the  aeronauti- 
cal program  and  will  be  located  when  it  is  available  out  at  Edwards, 
the  Flight  Research  Center,  for  special  testing  related  to  the  supersonic 
transport. 

Mr.  Rumsfeld.  I see.  So  actually  this  section  is  incorrect,  then. 

Mr.  Wyatt.  No,  sir;  Mr.  Rumsfeld,  the  rental  of  the  aircraft  as 
transportation  is  under  another  account,  under  the  “Transportation 
of  persons.” 

Mr.  Rumfeld.  Thank  you. 

Air.  Wyatt.  These  are  the  service  contracts  to  maintain  airplanes — 
for  example,  the  F-104’s.  Now,  to  give  you  an  idea  of  the  rise,  in 
1963  we  only  have  $841,000  for  aircraft  service  contracts.  In  1964 
it  is  estimated  that  this  will  rise  to  about  $3}£  million.  A good  share 
of  that  is  the  maintenance  on  the  F-104’s.  You  buy  them,  but  you 
have  to  keep  them  maintained  to  keep  them  in  flying  service. 

The  Chairman.  Could  you  give  us  a list  of  the  maintenance  con- 
tracts, how  extensive  a job  would  that  be? 

Mr.  Cadle.  It  is  a long  list,  I would  say  it  is  probably  in  the 
neighborhood  of  250  to  300  contracts. 

The  Chairman.  Well,  $28  million  is  quite  an  item.  We  were  just 
interested  in  how  this  generally  was  broken  down. 

Mr.  Wyatt.  We  can  supply  that,  Mr.  Chairman. 

Mr.  Siepert.  I wonder  if  this  would  help.  We  can  get  to  you 
much  more  quickly  the  service  contracts  over  $25,000,  because  these 
do  fit  in  a reporting  system  that  we  have. 

The  Chairman.  All  right,  if  that  is  not  too  extensive. 

Mr,  Siepert.  By  Center? 

The  Chairman.  We  don’t  want  to  delay  Cooper’s  orbital  flight, 
but  we  think  that  information  would  be  interesting. 
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(The  information  is  as  follows:) 

Estimated  personal  service  contracts  by  category  of  service,  fiscal  year  1964 

[In  thousands  of  dollars] 

Engineering  services  contracts.  $6,  252 

Computer  operation  service  contracts 7,  367 

Computer  programing  service  contracts 913 

Electrical  accounting  machine  operations  service  contract 56 

Consultant  services,  management  surveys  and  management  center  serv- 
ices contracts 778 

Technical  documentation  services 9,  103 

Chart  and  related  art  work 2,  096 

Other  personnel  services  contracts 2,  301 

Total  service  contracts 28,866 

Personal  service  contracts  $25,000  and  above  in  process  during  fiscal  year  1963 

[In  thousands  of  dollars] 


Nature  of  service 


NASA  Headquarters- 


Subtotal  

Ames  Research  Center- 


Reliability  and  quality  assurance  program  studies. . 

Computer  operation  services 

Service  contracts  for  consultant  services,  manage- 
ment surveys  and  management  center  cost. 

For  technical  documentation  services 

Charts,  graphic  arts  work  for  publications,  photog- 
raphy, Vu-graphs. 


Operation  and  maintenance  wind  tunnels  facilities 
Design  of  secondary  model  support — 


Number 
of  con- 
tracts 

Cost 

8 

719 

3 

120 

2 

100 

4 

4,260 

2 

93 

5. 292 

Subtotal. 

Flight  Research  Center. 


Study  and  design  of  X-15  display  panel 

Design  study  airborne  simulator 

ADP  Computer  Service 


Subtotal 

Goddard  Space  Flight  Center- 


Engineering,  design,  scientific  analysis,  develop- 
ment, fabrication  and  maintenance  service  in 
support  of  inhouse  projects. 

Equipment,  personnel  and  material  to  perform 
computer  operations. 

Technical  writing  and  related  services 

Visual  arts,  graphics,  exhibits,  displays  and  supple- 
mental services  incidental  thereto. 

Service  and  material  to  operate  a library  in  New 
York,  N.Y. 


Subtotal 

Langley  Research  Center- 


Computer  programing  Service- 

Drafting  services 

Electronic  wiremen  service 


Subtotal ..... 

Launch  Operations  Center . 


Subtotal 

Lewis  Research  Center- 


Computer  operation  services 

Technical  writers,  historian  assistants  and  assistant 
editorial  aids. 

Operation  of  motor  pool,  maintenance  of  vehicles, 
and  traffic  management  branch. 


To  provide  instruments  to  record  amounts  of  expo- 
sure to  radiation  to  personnel  associated  with  the 
Plum  Brook  nuclear  reactor  and  the  analysis 
thereof. 


Subtotal. 
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Personal  service  contracts  $25,000  and  above  in  process  during  fiscal  year  1968 — Con. 

[In  thousands  of  dollars] 


Nature  of  service 


Number 
of  con- 
tracts 


Cost 


Manned  Spacecraft  Center 


Support  Technical  Services  Division,  Including 
installation  and  wiring,  new  equipment,  general 
wiring  and  circuit  drawing  of  amplifiers. 

Instrumentation  calibration  service 

Architecture  and  engineering  srevices 

Computer  services .... 

Visual  arts,  graphics,  slides,  displays,  exhibits  and 
reproductibles. 


Subtotal. 


Marshall  Space  Flight  Center. 


Fabrication  and  mock-ubs 

Engineering  services  for  field  mrpervision,  inspection 
and  other  related  services  pertaining  to  construc- 
tion projects. 

Preparation,  investigation,  study  and  development 
of  engineering  studies  for  repair  and  construction 
of  facilities. 

Land  survey  and  foundation  exploration 

Engineering  support  in  fields  of  architecture,  land- 
scaping, city  planning,  illustrations,  etc.,  to  sup- 
port master  plannings. 

Engineering  drafting  and  illustrations  service  in 
support  of  managerial  data  center. 

Electronic  interference  suppression 

Personnel  support  for  basic  and  applied  methodolo- 
gies, applications  of  computer  methods  and  devel- 
opment of  managerial  data,  etc. 

Personnel  support  in  data  center  development 

Provide  personnel  support  to  the  Data  Processing 
Division. 

Technical  documentation 

Charts  and  related  art  work 

Personnel  support  of  PERT 


Subtotal. 


Grand  total 


57 


41 

112 

355 

75 


640 


25 

125 


350 


37 

231 


80 

68 

81 


200 

3,954 

494 

201 

75 


5,971 


15,169 


Mr.  Davis.  I understood  your  testimony  about  the  purchase  of 
aircraft  this  year,  but  how  many  did  you  already  have  in  inventory 
exclusive  of  the  ones  that  you  are  buying  or  hoping  to  buy  this  year? 

Dr.  Seamans.  We  had  a variety  of  aircraft  for  research  and 
development  purposes. 

Mr.  Davis.  Excluding  those,  how  many  do  you  have  for  trans- 
porting personnel? 

Mr.  Wyatt.  We  will  have  in  1964,  we  expect,  12  research  airplanes, 
4 for  proficiency,  3 executive,  1 passenger,  1 cargo,  and  2 passenger- 
cargo,  -for  a total  of  23  NASA-owned  aircraft. 

Mr.  Davis.  What  are  the  transports? 

Dr.  Seamans.  We  have  used  in  headquarters  a Convair,  a plane 
transferred  from  the  Air  Force  to  NASA,  which  we  based  at  Langley. 
We  are  going  to  convert  that  partially  for  transportation  of  people 
and  partially  to  conduct  R.  & D.  activities.  We  had  DC~3’s  at 
Langley  and  Lewis. 

Mr.  Davis.  Thank  you. 

Mr.  Boone.  Since  this  is  a fairly  extensive  item,  I was  wondering 
if  such  things  as  engineering  design — is  this  standard  overhead  or 
could  this  be  assigned  to  a program,  and,  for  example,  computer 
programing  and  operations,  these  are  not  in  support  of  specific 
programs? 
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Mr.  Wyatt.  We  explained  on  some  of  these,  particularly  on  com- 
puter support,  that  one  could  go  through  a bookkeeping  exercise  and 
back  charge  them  against  the  projects.  However,  it  seems  that  since 
you  negotiate  a contract  for  a monthly  rental  of  a machine,  that  the 
source  of  money  should  be  in  one  pot  and  should  not  come  from  25 
separate  projects.  It  would  just  get  into  an  overwhelming  amount 
of  bookkeeping  while  the  dollars  going  out  would  be  exactly  the  same. 

Some  of  these  engineering  services  represented  here  are  of  the  same 
sort,  they  are  services  that  instead  of  expanding  our  in-house  person- 
nel we  contract  with  a firm  to  supply  some  general  engineering  sup- 
port, and  it  can  be  supporting  a number  of  things.  If  it  is  specific 
to  a given  project  it  is  charged  against  that  project,  but  if  it  is  just 
general  support  covering  a variety  of  projects,  then  we  feel  that  the 
best  way  to  control  it  and  to  account  for  it  is  in  a single  lump.  And 
we  have  chosen  in  those  instances  to  group  them  under  this  installa- 
tion operations  account.  Wherever  possible,  where  we  can  uniquely 
identify  a contract  with  a project,  we  charge  it  against  the  project, 
but  in  cases  where  the  same  contract  covers  a multiplicity  of  work  it 
seems  more  convenient  as  a matter  of  bookkeeping  to  charge  it  to 
operation  of  installations. 

The  Chairman.  I understand  that  the  hearings  of  this  committee 
may  not  be  indexed,  but  I think  there  is  one  item  that  deserves  to  be 
indexed,  and  that  is  everything  about?  computers.  I hope  we  could 
tell  the  frustrated  reader  the  various  points  at  which  he  could  find 
discussions  of  computers. 

Mr.  Boone.  I had  another  question,  Mr.  Chairman,  about  con- 
struction under  this  item. 

Could  you  give  us  an  idea  of  the  dollar  value  involved? 

Mr.  Wyatt.  Yes,  sir.  Minor  construction,  which  is  the  element 
carried  here — just  a moment,  I have  that  here. 

Minor  construction  was  estimated  at  $4.7  million  in  1963,  and  we 
estimate  about  $6  million  in  1964. 

Now,  by  the  definitions  that  we  work  on,  no  single  project  can 
exceed  $250,000  and  be  considered  a minor  construction  project,  but 
these  are  generally  less  than  that,  they  are  where  we  erect  special 
buildings.  It  amounts  to  brick  and  mortar  work,  but  it  is  not  a 
large  structure.  This  is  by  direction  of  the  act,  that  if  it  is  under 
$250,000  we  just  lump  it  as  minor  construction  projects. 

The  Chairman.  Mr.  Wyatt,  would  you  care  to  say  anything  about 
why  the  other  contractual  services  item  nearly  doubled  between  1963 
and  1964? 

Mr.  Wyatt.  Well,  I have  already  pointed  out  under  "Other  con- 
tractual services”  there  are  such  things  as  this:  The  aircraft  services 
that  I have  mentioned,  that  is  going  up  by  a factor  of  about  3 because 
of  the  new  F-104  contracts,  for  the  most  part.  There  will  be  some 
increase  in  tuitions,  that  is  where  we  are— somebody  would  have  to 
break  this  particular  tuition  down  for  me. 

(The  information  for  tuition  is  as  follows:) 


Fiscal  year  1962 $439,  954 

Fiscal  year  1963 642,  000 

Fiscal  year  1964 724,  000 


Mr.  Siepert.  That  is  a relatively  small  portion.  The  two  main 
elements  in  here  of  increase  are  (1)  the  mucin  larger  aircraft  support 
program,  and  (2)  the  second  thing  is  the  increases  here  go  through 
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contractual  services  for  the  production  of  more  exhibits,  brochures, 
motion  pictures;  in  other  words,  the  actual  materials  that  are  used  in 
connection  with  technical  education  programs. 

The  Chairman.  I want  to  emphasize  again  that  I think  these  are 
very  valuable  things  for  public  understanding  of  the  space  program. 
If  we  are  going  to  spend  $5  billion  the  American  people  will  certainly 
have  to  have  a clearer  understanding  about  what  it  is  being  spent  for. 

Mr.  Boone.  Mr.  Chairman,  may  I ask  another  question,  please? 
In  Dr.  Seaman’s  opening  statement  he  made  some  remarks  about 
general  quality  assurance  and  reliability  programs.  Are  they  entered 
under  this? 

Dr.  Seamans.  Yes,  they  are. 

Mr.  Boone.  Can  you  explain  a little  bit  in  detail  what  is  included 
in  the  reliability  programs? 

Mr.  Wyatt.  Yes.  Among  the  accounts  funded  here,  we  are,  for 
example,  at  the  moment,  using  contractual  assistance  to  develop  what 
we  call  a standard  parts  program  for  the  agency,  a way  in  which  we 
can  document  and  collate  specifications  for  standard  small  elements 
for  the  most  part  that  are  used  repetitively  throughout  our  program  so 
that  our  designers  can  go  to  a handbook  and  find  that  if  I need  certain 
kinds  of  transistors  for  certain  purposes  these  have  been  qualified  and 
can  be  accepted  as  meeting  a standard  of  reliability.  It  doesn’t  neces- 
sarily mean  that  they  won’t*  have  to  develop  a new  one,  but  where 
possible,  they  can  go  to  a preferred  or,  if  you  will,  qualified  standard 
parts  list  and  find  what  are  the  items  that  we  have  a sufficient  develop- 
ment experience  on,  that  we  can  use  this  whenever  possible. 

This  is  one  of  the  sorts  of  things. 

Mr.  Boone.  This  is  purely  for  parts,  though,  not  components? 

Mr.  Wyatt.  This  would  be  for  qualified  parts,  down  at  the  very 
elemental  level. 

Mr.  Davis.  Which  item  are  we  talking  about? 

Mr.  Wyatt.  This  appears  under  the  “ General  services,”  “Other 
contractual  services.” 

Dr.  Seamans.  And  it  comes  out  of  headquarters  and  it  amounts  in 
fiscal  1964  to  $2.7  million,  as  compared  to  $1.8  million  in  1963. 

Mr.  Wyatt.  Yes. 

Mr.  Davis.  Well,  just  to  clear  up  something  in  my  mind,  what 
would  come  under  service  contracts,  how  do  you  distinguish  whether 
it  is  “Other  contractual  services”  or  a service  contract;  what  is  the 
line  of  demarcation? 

Mr.  Cadle.  They  are  one  and  the  same  in  that  they  are  all  con- 
tracts funded  under  the  heading  “Other  services.” 

Mr.  Davis.  They  are  all  contracts,  aren’t  they? 

Mr.  Cadle.  Yes,  and  this  heading  “Other  services”  is  a require- 
ment laid  on  us  by  the  Bureau  of  the  Budget.  All  of  the  items 
which  go  into  it  come  under  a definition  supplied  by  the  Bureau  of 
the  Budget. 

Mr.  Davis.  In  other  words,  you  listed  $28  million  worth  of  service 
contracts,  and  then  the  service  contracts  you  didn’t  list  under  that 
you  listed  under  “Other  contractual  services”? 

Mr.  Siepert.  And  what  we  included  under  each  we  attempted 
to  explain  in  the  narrative  immediately  following  this  table,  because 
the  definition  is  a little  hard  to  follow. 

It  might  be  helpful,  even,  to  put  that  kind  of  definition  in,  if  you 
would  want  it. 
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The  Chairman.  Well,  as  an  alumnus  of  the  Bureau  of  the  Budget, 
Mr.  Cadle,  you  should  be  an  expert. 

Mr.  Rumsfeld.  Mr.  Chairman. 

Mr.  Ryan.  Mr.  Chairman. 

The  Chairman.  I believe  Mr.  Ryan  has  a question. 

Mr.  Ryan.  On  page  11  of  your  statement,  Dr.  Seamans,  you 
spoke  about  national  recruitment  advertising,  $250,000.  Where 
does  that  appear  in  the  backup  book? 

Dr.  Seamans.  I will  refer  to  Mr.  Siepert  on  that. 

Mr.  Wyatt.  That  appears  under  “Other  contractual  services.” 

Mr.  Ryan.  All  right,  now,  can  you  please  explain,  what  the  $250,000 
referred  to  on  page  11  is  for?  I am  referring  to  page  11  of  Dr.  Sea- 
mans’ statement  before  the  Commission. 

Dr.  Seamans.  National  recruitment  advertising  which  is  contained 
under  headquarters  in  the  1964  budget. 

Mr.  Cadle.  Ar'd  this  is  part  of  the  total  agency  cost  which  Mr. 
Siepert  has  here. 

Mr.  Siepert.  The  $250,000  item  which  has  been  handled  as  a 
headquarters  item,  Mr.  Ryan,  lumps  together  all  of  the  advertising 
that  is  done  agencywide,  that  is,  representing  the  recruitment  drive 
of  the  agency  as  a whole.  It  covers  all  advertising  that  goes  into 
magazines  like  “Scientific  American,”  the  nationally  circulated  maga- 
zines. It  does  not  include  the  total  advertising  bill  of  the  agency 
because  the  Centers  are  authorized  to  place  classified  ads  for  specific 
positions  relative  to  their  Center  in  tne  newspapers,  so  that  is  an 
additional  cost  beyond  what  we  have  here. 

The  total  cost  for  1963  of  all  recruiting  advertising  is  $383,000,  of 
which  $250,000  was  in  the  headquarters.  We  are  proposing  in  the 
1964  budget  the  same  level. 

Mr.  Ryan.  Now,  this  $250,000,  is  that  advertising  placed  directly 
by  the  headquarters  with  publications,  newspapers,  with  media,  or 
is  there  included  in  this  a contract  with  an  advertising  agency  which 
in  turn  places  the  ads?  Can  you  explain  that? 

Mr.  Siepert.  It  includes  contracts  we  have  had  in  the  last  year 
with  two  agencies  to  deal  with  the  media,  and  actually  they  are 
experts  in  preparing  copy  for  us. 

Mr.  Ryan.  Can  you  break  down  those  two  contracts  for  us? 
Tell  us  what  they  are. 

Mr.  Siepert.  Yes.  The  two  contractors  were  Ketchum,  McLeod 
and  Grove,  who  during  the  period  I showed  here  had  $72,500  placed 
through  them. 

Mr.  Ryan.  That  is  $72,000  charged  to  you? 

Mr.  Siepert.  That  is  the  total  cost  of  the  advertising,  and  they 
take  their  commission,  or  their  fee  comes  out  of  a rebate  that  comes 
from  the  publisher,  so  that  this  is  the  total  cost  of  the  advertising 
that  we  place.  This  is  not  the  fee  that  Ketchum,  McLeod  got. 

Mr.  Ryan.  Is  this  the  total  cost  to  NASA? 

Mr.  Siepert.  Yes,  of  the  advertising  that  went  through  that 
agency. 

Mr.  Ryan.  And  this  includes  any  payment  by  NASA  to  the 
agency? 

Mr.  Siepert.  We  do  not  pay  the  agency.  As  I understand  the 
advertising  practice  they  get  their  income  out  of,  in  effect — they  get 
it  from  the  publisher.  The  publisher  has  a special  rate. 
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Mr.  Ryan.  The  agency  bills  you  for  the  advertising  and  you  were 
billed  $72,000  by  this  firm — in  what,  fiscal  1963  or  calendar  1962? 

Mr.  Siepert.  This  is  the  period  of  performance  from  January  12, 
1962,  to  December  31,  1962. 

Mr.  Ryan.  That  is  one  agency.  All  right,  what  is  the  next? 

Mr.  Siepert.  The  other,  agency  is  the  S.  G.  Stackig  agency,  which 
for  the  period  of  time  December  6,  1961,  through  December  31,  1961, 
got  $62,999  totally.  Now,  since  that  time  we  have  analyzed  the  prac- 
tice of  continuing  to  deal  with  two  contractors  and  splitting  the  con- 
tracts between  them  and  reached  the  conclusion  at  the  end  of  the  year 
that  it  would  be  more  economical  for  us  if  we  concentrated  on  only 
one  contractor. 

As  a matter  of  fact,  we  got  a little  bit  of  criticism  from  the  adver- 
tising profession  in  their  trade  journals  when  they  wondered  why  we 
split  it  in  the  first  place.  Apparently  it  is  advertising  practice  in  the 
business  that  a customer  essentially  places  his  ads  with  one  agency. 
Since  that  time  we  have  placed  with  the  Stackig  Co.  from  December 
through  February  16,  $28,845  of  additional  orders. 

Mr.  Ryan.  Well,  do  you  have  a contract  for  the  whole  year  with 
that  agency,  the  whole  calendar  year  1963? 

Mr,  Siepert.  Yes. 

Mr.  Ryan.  Now  couldn’t  NASA  save  money  by  placing  this  di- 
rectly without  going  through  an  agency? 

Mr.  Siepert.  If  we  did  we  would  have  to  develop  in-house  adver- 
tising layout  competence,  which  we  do  not  have. 

Mr.  Ryan.  You  mean  you  would  have  to  hire  personnel? 

Mr.  Siepert.  Yes. 

Mr.  Ryan.  Well,  that  would  be  less  than  this  cost,  wouldn’t  it? 

Mr.  Siepert.  That  assumes  that  we  could  get  really  first-class 
talent  of  this  sort,  and  our  survey  of  it  would  indicate  that  the  adver- 
tising people  haven’t  normally  regarded  civil  service  as  a profitable 
career  for  them. 

Mr.  Ryan.  Don’t  you  have  in-house  talent  now  which  designs 
your  brochures  and  does  layouts  for  you?  Who  does  that? 

Mr.  Thompson.  This  is  being  done  on  a contract  basis  to  the  extent 
that  we  do  it.  Some  of  it  is  done  by  the  Government  Printing  Office. 

The  Chairman.  Would  you  indicate  your  name  and  title? 

Mr.  Thompson.  Shelby  Thompson,  Director  of  Educational  Pro- 
grams and  Services. 

Mr.  Siepert.  There  is  one  other  thing  relevant  here.  If  a Govern- 
ment agency  designs  its  own  layouts  and  places  it  with  a national 
publication,  they  will  charge  us  their  published  rate  and  there  will  be 
no  rebate  to  us.  In  other  words,  it  would  cost  the  Government  just 
as  much,  not  less,  to  place  the  ad  directly  with  the  “Scientific  Ameri- 
can” as  to  go  through  an  advertiser,  because  the  commission  comes 
from  the  publisher  back  to  the  profession,  not  the  client. 

Mr.  Davis,  That  same  thing  is  true  for  candidates  for  political 
office  with  newspapers. 

The  Chairman.  Yes,  they  have  got  us  both  ways. 

Mr.  Rumsfeld. 

Mr.  Rumsfeld.  If  we  could  go  back  to  this  item  on  exhibits;  as  I 
recall,  the  figure  was  in  the  neighborhood  of  $10  million. 

Dr.  Seamans.  No,  the  figure  for  the  exhibits  program  is  $4.4 
million,  which  is  included  as  part  of  the  educational  programs  and 
services  which  is  part  of  the  $10.5  million. 
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Mr.  Rumsfeld.  Let’s  take  the  10.47,  the  educational  services;  do 
you  anticipate  that  this  is  going  to  level  off,  or  do  you  anticipate  that, 
say  in  fiscal  1964,  you  are  going  to  continue  this  progression  in  the 
general  category  of  “Other  contractual  services’1  from  12  to  23  up  to, 
say  48,  since  this  is  a good  portion  of  the  “Other  contractual  services?” 

Dr.  Seamans.  The  demand  for  this  kind  of  service  is  more  than 
we  can  satisfy.  Mr.  Thompson  here  might  comment  on  that. 

Mr.  Thompson.  I would  anticipate  it  might  begin  to  level.  It  is 
a little  difficult  for  us  to  guess  this  because,  so  far,  we  have  had  a 
rising  curve  on  it,  and  the  public  requests  coming  to  us  are  such  that 
we  have  been  hard  put  to  satisfy  them.  But  I would  anticipate  that 
we  would  reach  a leveling  area  in  fiscal  1964.  This  is  my  own  thinking. 

Mr.  Rumsfeld.  It  would  seem  to  me  that  this  would  be  logical,  in 
that  you  are  working  with  a fixed  population  in  this  country,  roughly. 

Mr:  Thompson.  We  hope  this  is  the  case,  it  would  make  the 
problem  much  easier  for  us  to  handle. 

The  Chairman.  A fixed  population? 

Mr.  Rumsfeld.  Relatively,  compared  to  the  numbers  in  the  budget. 

Thank  you. 

The  Chairman.  Any  other  questions  by  members  of  the  committee 
on  this  point? 

Mr.  Boone. 

Mr.  Boone.  Mr.  Chairman;  Dr.  Seamans,  you  mentioned  in  your 
opening  statement  a contract  for  documentation  sendees,  and  I 
assume  that  this  includes  the  information  on  the  retrieval  aspect  of 
NASA’s  work.  Maybe  you  could  tell  us  some  of  the  details  on  this 
and  how  you  coordinate  with  the  other  agencies  of  the  Department  of 
Defense  as  well  as  industry. 

Dr.  Seamans.  I would  nke  to  call  on  Mr.  Day,  who  is  in  charge  of 
the  Office  of  Scientific  and  Technical  Information,  to  discuss  that 
contract. 

Mr.  Boone.  That  is  included  under  these  contractual  services? 

Dr,  Seamans.  Yes.  the  documentation  program  shows  in  1964  at 
a level  of  $6.5  million.  The  technical  publications  program  is  $2.3 
million  and  the  technical  services  program,  $0.4  million — for  a total 
of  $9.3  million. 

Mr.  Boone.  Those  are  service  contracts? 

Dr.  Seamans.  Yes. 

Mr.  Day. 

Mr.  Day.  My  name  is  Melvin  Day.  I am  Director  of  the  Office 
of  Scientific  and  Technical  Information. 

As  Dr.  Seamans  pointed  out,  a major  portion  of  our  budget  is  used 
for  our  basic  documentation  work,  which  is  done  primarily  under 
contract.  We  have  set  up  under  contract  a scientific  and  technical 
information  facility.  This  facility  is  responsible  for  collecting  the 
material  coming  out  of  our  own  scientific  and  technical  programs,  for 
organizing  this  information  and  making  it  available  to  people  within 
our  own  programs  for  their  use,  for  making  the  same  information 
available  for  other  users  both  within  and  outside  Government.  This 
includes  the  educational  community,  the  industrial  community,  and 
so  forth. 

We  also  have  the  responsibility  of  seeing  to  it  that  all  other  infor- 
mation that  is  produced  in  areas  related  to  our  own  that  can  be  used 
within  the  NASA  technical  programs'  is  organized  and  put  into  the 
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hands  of  our  technical  people  for  their  use  so  that  they  can  use  this 
information  and  not  unnecessarily  duplicate  work  that  has  been  done 
elsewhere. 

Our  facility  is  a computerized  facility.  A major  emphasis  of  our 
service  is  on  local  access,  and  that  is  to  provide,  wherever  possible, 
information  products  and  services  and  tools  to  the  ultimate  consumer, 
which  in  many  cases  is  the  scientist  or  the  engineer,  to  give  him  the 
capability  of  knowing  what  is  available  both  within  and  outside  of  our 
own  program,  to  give  him  the  searching  tools  and,  if  at  all  possible, 
to  give  him  automatically  the  information  materials  themselves. 

We  work  very,  very  closely  with  the  Department  of  Defense  and 
other  Government  agencies,  such  as  the  Atomic  Energy  Commission, 
National  Science  Foundation,  and  so  forth,  so  that  our  programs,  in- 
sofar as  possible,  can  be  integrated. 

We  have  working  agreements  and  working  arrangements  with  the 
two  other  major  agencies  having  aerospace  programs,  namely,  the 
Atomic  Energy  Commission  and  the  Department  of  Defense,  whereby 
material  which  is  processed  into  their  system,  and  vice  versa,  can  be 
fed  automatically  into  the  major  documentation  centers  of  the  other 
agencies  in  order  to  eliminate  unnecessarily  the  duplication  of 
processing. 

We  utilize  their  processing,  they  utilize  our  processing,  so  that  the 
intellectual  work  input  can  be  reduced  to  a minimum,  being  per- 
formed at  only  one  location.  Our  services  are  generally  available  in 
support  of  our  own  programs  to  our  centers,  our  contractors  and 
subcontractors,  other  Government  agencies,  and  their  contractors. 

Mr.  Boone.  Could  you  give  the  committee  some  example  of  howr 
this  system  works,  and  by  that  I mean  how  long  does  it  take  you  to 
get  a document  or  how  long  does  it  take  to  get  a sketch? 

Mr.  Day.  With  your  indulgence,  Mr.  Chairman,  I will  give  you  an 
example  of  what  I mean.  Under  our  present  program  great  emphasis 
is  placed  on  speed,  the  speed  of  getting  the  information  not  only 
into  the  system  but  essentially  out  of  the  system  and  into  the  hands 
of  people  who  can  use  this  material.  Under  thi?  program  material 
is  received  at  our  documentation  facility  and  on  a semimonthly  basis 
our  agency  issues  this  abstract  journal  star  which  serves  two  purposes: 

It  is  an  announcement  tool,  in  that  it  announces  not  only  the 
aerospace  reports  coming  out  of  our  agency,  but  also  those  other 
agencies.  Tne  second  portion  is  set  up  so  that  it  is  a current  finding 
tool;  there  are  four  indexes.  We  cumulate  the  indexes  on  a quarterly 
semiannual,  third  quarterly,  and  annual  basis,  so  it  is  also  a retro- 
spective literature  searching  tool.  This  index  section  is  a computer 
print-out. 

The  material  received  by  us,  must  be  reviewed,  evaluated,  ab- 
stracted, indexed,  and  announced  in  this  journal,  and  this  journal 
distributed  in  the  hands  of  our  users  within  4 to  6 weeks  following 
receipt  of  our  material  in  our  processing  center. 

This  compares  very  favorably  with  many  abstracting  journals, 
whose  coverage  of  the  published  literature  currently  requires  some- 
where in  the  area  of  4 to  6 months. 

Mr.  Wydler.  How  many  of  those  do  you  distribute? 

Mr.  Day.  About  8,500  copies,  semimonthly. 

Mr.  Wydler.  And  how  many  requests  do  you  receive  for  further 
information  per  month? 
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Mr.  Day.  We  are  receiving  requests  now  at  the  rate  of  250,000  a 
year. 

Mr.  Davis.  That  is,  individual  inquiries? 

Mr.  Day.  Yes;  as  a result  of  this  journal.  We  know  that  they  are 
a result  of  this  journal  because  each  request  carries  a specific  number, 
and  that  number  can  only  be  found  in  the  journal. 

Mr.  Davis.  Is  the  expense  of  printing  borne  by  you,  and  is  it  done 
by  you  or  is  it  done  by  GPO? 

Mr.  Day.  This  is  done  by  GPO  but  we  pay  for  it. 

Dr.  Seamans.  We  pay  for  it  out  of  this  account. 

.dr.  Davis.  But  they  physically  do  it. 

Dr.  Seamans.  Yes. 

Mr.  Boone.  You  didn’t  mention  cross-referencing,  which  seems  to 
be  the  biggest  problem  in  this  whole  field.  I assume  you  have  to  do 
that  also,  and  you  have  some  manner  to  expedite  at  least  retrieval  of 
the  document? 

Mr.  Day.  Yes;  there  are  four  indexes  in  each  issue.  This  is  where 
referencing  will  come  in.  The  same  indexing  information  is  in  our 
computers,  and  working  with  the  other  agencies  we  attempt  to  cross- 
reference  to  their  materials,  and  they,  of  course,  try  to  cross-reference 
to  our  materials. 

Mr.  Boone.  Thank  you. 

Mr.  Davis.  Well,  wnat  would  be  a typical  item  that  you  would  find 
in  that  report? 

Mr.  Day.  A report  coming  out  of  Goddard  or  a report  coming  out  of 
anv  of  our  centers  or  out  of  other  laboratories. 

t)r.  Seamans.  Pick  a specific  one. 

Mr.  Davis.  r/hat  would  be  the  content  of  the  report,  is  what  I 
mean. 

Mr.  Day  hor  example,  here  is  one  out  of  Martin  Co.,  in  Baltimore. 
It  is  entitled  “A  Fundamental  Inequality  for  Finite  Differential 
Equations.” 

Mr.  Wydler.  Is  that  typical? 

Mr.  Day.  Yes.  Here  is  another.  “An  Analog  Computer  Method 
for  Analyzing  a Two-Dimensional  Trajectory  of  a Single-Stage 
Rocket  Vehicle.” 

Now,  the  second  phase  of  the  program  involves  our  publication 
portion  of  the  program,  and  this  is  primarily  a repackaging  program 
whereby  much  of  the  material  that  comes  out  in  the  initial  form  of  a 
research  and  development  report  is  essentially  boiled  down,  condensed, 
repackaged  and  put  into  language  which  makes  it  much  more  under- 
standable to  these  other  communities  which  we  service;  namely,  the 
educational  community,  the  industrial  community. 

The  Chairman.  Thank  you  very  much. 

We  will  now  move  on  to  supplies  and  materials!  We  are  getting 
near  the  end  of  the  wire. 

Do  any  of  the  members  of  the  committee  have  any  questions  under 
either  of  these  two  headings,  “Supplies  and  materials”  and  “Equip- 
ment”? 

Mr.  Boone.  I have  a question,  Mr.  Chairman. 

The  Chairman.  Yes. 

Mr.  Boone.  Well,  maybe  I can  make  an  observation.  It  appears 
that  these  are  fairly  expensive  individual  items  in  this  budget.  I 
wonder  what  sort  of  management  controls  do  you  exercise  over  this 
particular  item?  How  do  you  effectively  manage  their  use? 
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Mr.  Siepert.  Well,  the  control  of  this  item  actually  is  a field 
operational  responsibility;  that  is,  when  the  money  is  appropriated 
and  allotted.  These  are  part  of  the  resources  that  are  signed  off  or 
allocated  to  the  field  center,  based  upon  operational  plans  which  are 
developed  by  the  centers  and  submitted  to  Washington. 

The  Washington  headquarters  does  not  follow  each  of  these  items 
down  as  to  how  they  are  being  expended.  We  have  found  from 
experience  that  we  will  get  the  most  effective  utilization  of  this  money 
if  we  hold  the  field  center  responsible  for  making  choices.  The  center 
director  is  presented  with  a problem  here  of  less  resources,  substan- 
tially less  resources,  than  he  asked  for  in  the  first  place  to  meet  the 
requirements  of  his  individual  installation.  He  is  responsible  for 
keeping  it  in  first-class  shape  and  first-class  supply. 

Dr.  Seamans.  So  the  overall  control  i3  a budgetary  control  exercised 
by  headquarters,  but  within  the  budget  the  center  director  has  the 
responsibility  to  authorize  expenditures  against  these  two  accounts. 

Mr.  Wyatt.  This  is  a very  large  item,  I might  say,  Mr.  Chairman. 
For  example,  in  the  agency  as  a whole  we  show  a total  item  count  of 
about  278,000  items  that  are  carried.  For  example,  Marshall  with 
the  space  flight  development  program  has  about  98,000  items  in  their 
inventory  that  they  have  to  handle. 

The  Chairman.  We  are  not  going  to  ask  you  to  supply  those  for 
the  committee. 

Mr.  Siepert.  Mr.  Wyatt  raises  one  point  that  I did  overlook  with 
respect  to  the  supply  item  and  the  way  supplies  are  handled.  There 
is  an  element  here  in  which  the  headquarters  has  taken  quite  an  inter- 
est, and  that  is  to  try  to  develop  an  overall  NASA  concept  of  handling 
supplies  in  such  a way  that  large  amounts  of  obsolescent  items  are  not 
accumulated  in  the  centers.  We  have  made  substantial  progress  in 
. developing  new  supply  techniques  where  the  supplies  are  on  a first-in, 
first-out  basis,  where  you  order  an  economic  quantity  rather  than  con- 
stantly replenishing  small  items  at  a high-unit-cost  basis.  This  is  one 
overail  program  in  the  agency  on  which  we  have  made  substantial 
progress  in  the  last  year.  The  question  of  whether  you  buy  pipes  or 
whether  you  buy  photographic  equipment  to  meet  a particular  need 
has  been  placed  in  the  field  center  responsibility. 

Mr.  Boone,  My  question  was  primarily  based  on  the  fact  that 
usually  if  you  are  buying,  for  example,  electrical  supplies,  this  is  taken 
care  of  under  a contract  with  a contractor,  so  these  must  be  individual 
use  items. 

Mr.  Siepert.  These  are  the  items  of  expenditure  for  the  running  of 
our  own  centers;  that  is,  where  the  items  desired  are  not  directly  tied 
in  with  a particular  project  for  which  we  have  project  money. 

The  Chairman.  I have  a question  which  it  may  only  be  possible 
to  answer  by  a Bureau  of  the  Budget  expert.  When  is  an  item  an 
item  of  photographic  supply  and  when  does  it  come  under  the  next 
heading  of  equipment?  I see  you  have  photographic  under  “Supplies 
and  materials/’  $1,645,000,  and  then  also  photographic  under 
“Equipment.” 

Dr.  Seamans.  I think  in  the  first  place,  you  are  talking  about  such 
things  as  film,  and  in  the  second  case  you  are  talking  about  large  items. 

Air.  Cadle.  In  this  one,  Mr.  Chairman,  you  have  the  definitions 
for  each  one  of  the  subbreaks  under  each  of  these  classifications. 
You  go  down  your  inventory  list  and  you  pick  out  each  item  which 
fits  the  definition. 
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Dr.  Seamans.  But  in  general  the  “Supplies  and  materials”  are 
expendable  items,  whereas  the  “Equipment”  is  not;  it  is  a permanent 
piece  of  test  equipment. 

Dr.  Cadle.  Here  is  the  definition  that  we  are  going  on 

The  Chairman.  Well,  what  I am  searching  for  is  not  so  much  a 
definition  as  to  avoid  things  cropping  up  in  two  different  places. 

Mr.  Cadle.  Here  is  the  definition,  Mr.  Chairman:  They  are- — 

ordinarily  consumed  or  expended  within  1 year  after  they  are  put  into  use,  or 
converted  in  the  process  of  construction  or  manufacture,  or  used  to  form  a minor 
part  of  equipment  or  fixed  property,  or  of  like  monetary  value. 

This  is  the  definition  that  we  follow.  Then  for  each  subbreak  under 
supplies  and  materials  we  have  more  definitions  and  each  of  these 
items  is  classified  according  to  the  Oovemment-wide  definition. 

The  Chairman.  All  I want  to  be  assured  is  that  if  photographic 
items  appear  in  two  different  places  it  doesn't  mean  the  same  thing. 

Mr.  Cadle.  It  doesn't. 

The  Chairman.  Mr.  Boone,  do  you  have  further  questions? 

Mr.  Boone.  I have  no  further  questions. 

The  Chairman.  Are  there  any  further  questions  under  supplies 
and  materials? 

Any  further  questions  under  “Equipment”?  Under  “Equipment” 
there  is  an  item  for  $11,012,000  for  instrumentation  and  electronic 
equipment. 

Dr.  Seamans.  This  will  cover  things  like  oscilloscopes,  meters. 

The  Chairman.  Can  you  break  it  down  by  installations? 

Mr.  Wyatt.  I can  only  break  the  total  equipment  down. 

Dr.  Seamans.  You  can  break  down  this  item  if  they  want. 

Mr.  Wyatt.  Yes;  I do  have  a breakdown.  The  largest  single 
center  there  is  the  Launch  Operations  Center  at  $3,170,000.  This  is 
again  because  the  Launch  Operations  Center  is  just  being  set  up  and 
getting  underway.  The  test  that  we  are  using  generally  as  to 
whether  a piece  of  equipment  shall  be  charged  against  an  operation 
of  installation  account  or  against  a using  project  is  what  is  the  reason 
for  buying  the  equipment.  If  it  is  bought  in  order  to  execute  a 
particular  project,  it  will  be  charged  against  the  project.  If  it  is 
bought  in  order  to  build  a capability  as  at  the  Launch  Operations 
Center,  a capability  to  do  the  things  that  have  to  be  done  at  a launch 
operations  center,  regardless  of  the  project,  then  we  charge  it  into 
this  account. 

As  I say,  that  is  the  largest  single  item . The  next  largest  item 
is  at  the  Manned  Space  Flight  Center.  Again,  this  is  a center  which 
is  growing  and  which  we  are  still  equipping  as  a basic  research  and 
development  center.  That  $2,700,000. 

The  next  largest  center  is  Goddard  Space  Flight  Center  at  a million 
and  a half. 

The  Chairman.  I think  this  gives  the  general  idea.  Did  you 
want  to  say  anything  further  about  what  comes  under  that  heading? 

Are  there  any  further  illustrations  you  want  to  give  aside  from  the 
geographical  breakdown,  as  to  what  this  entails? 

Mr.  Wyatt.  Just  the  general  thing,  that  if  it  is  bought  in  order 
to  give  a capability  for  doing  a class  of  work  associated  with  a center, 
ana  not  for  a specific  project,  then  it  is  charged  and  bought  under 
this  account. 

Mr.  Boone.  One  question,  Mr.  Chairman. 
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The  Chairman.  Mr.  Boone. 

Mr.  Boone.  Are  you  buying  supplies,  for  example,  for  the 
Michoud  operation? 

Mr,  Siepert.  The  raw  materials  that  Chrysler  uses? 

Mr.  Boone.  Handtools,  test  equipment,  this  sort  of  thing,  you 
have  an  item  here,  portable  handtools,  machine  and  fabricating 
equipment-’ 

Mr.  Wyatt.  This  would  come  under  the  Marshall  account.  The 
total  Marshall  account  in  this  category  is  only  $576,000.  That  would 
cover  Marshall,  Michoud,  and  Mississippi  test  facilities. 

Mr.  Boone.  So  most  of  that  type  of  equipment  is  being  supplied 
with  project  funds? 

Mr.  Wyatt.  Yes;  most  of  it. 

The  Chairman.  I think  the  heading  “Insurance  claims  and  in- 
demnities” is  self-explanatory. 

There  is  one  general  question.  I wonder,  Dr.  Seamans,  if  you  could 
give  us  some  information,  after  reflection,  for  the  record,  and  that  is  on 
incentive-type  contracts.  I wonder  if  in  general  you  could  work  up  a 
statement  on  NASA’s  experience  with  incentive-type  contracts  and 
how  they  work.  Is  there  any  history  of  savings  to  the  Government  in 
this  type  of  contract? 

Statement  on  Incentive-Type  Contracts  Submitted  by  Dr.  Robert  C. 

Seamans,  Jr.,  Associate  Administrator,  NASA 

NASA  is  attempting  to  place  incentive  provisions  in  its  contracts  which  will 
reward  contractors  for  superior  performance  and  cost  savings,  and  penalize  them 
for  inferior  performance  and  excessive  costs.  The  conventional  way  this  is 
done  is  to  set  up  cost  and  performance  targets  under  fixed  price  incentive  (FPI) 
or  cost-plus-incentive-fee  (CPIF)  types  of  contracts.  If  a contractor  can  success- 
fully better  these  targets  he  receives  an  extra  profit,  but  if  he  fails  to  come  up  to 
the  target  he  loses  profit,  all  in  accordance  with  a formula  set  forth  in  the  contract. 
In  order  to  fix  fair  targets  it  is  necessary  to  have  past  cost  and  performance  data. 

Since  NASA’s  projects  are  for  the  most  part  new  and  Involve  hardware  never 
before  produced,  this  past  information  is  not  usually  available.  However, 
NASA  has  been  able  to  apply  selected  incentives  in  a number  of  appropriate 
procurement  situations.  Presently,  10  NASA  contracts  include  .incentive  pro- 
visions; others  are  being  negotiated.  The  Administrator  in  early  1961  announced 
the  NASA  policy  of  applying  incentive  provisions  in  all  appropriate  procurements. 
Now,  each  procurement  plan  is  required  to  discuss  incentive  possibilities  and 
provide  for  incorporation  of  such  provisions,  wherever  possible,  in  any  resulting 
contract.  Basically,  NASA  is  seeking  to  minimize  the  use  of  cost-plus-fixed-fee 
contracts. 

NASA  Circular  242,  dated  September  1,  1962,  covering  the  use  of  incentive 
contracts,  has  been  promulgated  throughout  the  agency.  This  establishes  the 
ground  rules  and  approval  procedures  in  addition  to  the  policy  and  responsi- 
bilities for  both  business  and  technical  personnel  within  NASA.  A copy  is 
attached. 

In  order  to  utilize  any  past  experience  and  prevent  duplication  of  effort,  liaison 
is  maintained  with  all  organizations  having  definite  contributions  to  make 
to  NASA’s  overall  knowledge  of  the  incentive  contracting  Held.  In  addition, 
copies  of  the  “NASA  Incentive  Contracting  Guide”  have  been  distributed  through- 
out the  agency.  To  further  build  up  NASA  in-house  capability,  a series  of 
twenty  5-day  sessions  of  formal  instruction  in  the  use  and  application  of  incentive 
provisions  has  been  scheduled.  The  first  was  held  at  Lewis  Research  Certer 
during  the  week  April  1 through  5,  1963. 

At  the  moment,  the  type  of  contract  which  appears  to  offer  much  promise  for 
the  application  of  incentive  provisions  in  NASA’s  particular  type  of  procurements 
is  what  has  been  called  the  cost-plus-award-fee  (CPAF)  contract.  This  is  the 
type  of  contract  that  has  been  negotiated  with  Aerojet-General  on  the  NERVA 
project,  a joint  NASA-AEC  program,  and  also  with  Bendix  for  the  operation  and 
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maintenance  of  the  Mercury  tracking  stations.  The  method  and  principles  in- 
volved in  this  type  of  contract  are  summarized  in  the  following  paragraph. 

Under  the  cost-plus-award-fee  concept,  provision  is  made  for  a basic  fee  which 
may  be  adjusted  upward  to  a maximum  amount  on  the  basis  of  improved  per- 
formance, as  unilaterally  determined  by  NASA.  Evaluation  is  made  in  accord- 
ance with  general  criteria  set  forth  in  the  contract.  The  determination  as  to  fee 
adjustment  is  made  by  a senior  NASA  official  or  board  specifically  designated  in 
the  contract.  Normally,  these  contracts  designate  heads  of  NASA  installations 
or  their  deputies  as  the  officials  to  make  award  fee  determinations.  Internal 
methods  and  procedures  used  in  evaluating  the  contractor’s  performance  are  not 
normally  spelled  out  in  the  contract,  but  are  reduced  to  writing  and  transmitted 
to  the  contractor.  NASA  is  maintaining  a close  watch  over  these  contracts  to 
determine  their  effectiveness,  as  well  as  their  potential  for  further  NASA  ap- 
plication. 

Another  contract,  now  being  reviewed  for  final  approval,  involves  the  more 
conventional  fixed-price  incentive  approach.  This  one  was  negotiated  by  our 
Langley  Research  Center  with  Ling-Temco-Vought  on  the  Scout  vehicle  program. 

NASA  has  not  as  yet  made  extensive  use  of  incentive  contracts.  However,  in 
addition  to  new  contractual  tasks,  NASA  is  also  actively  seeking  new  opportunities 
for  converting  existing  contracts  to  our  incentive  basis.  This  policy  will  be 
included  in  all  major  CPAF  contracts  to  permit  this  policy  to  be  implemented 
in  the  future.  As  our  usage  increases  we  hope  to  be  able  to  show  benefits  to  the 
Government  by  the  use  of  incentive  features  in  our  contracts. 


NASA  CIRCULAR  NO.  242  (ES~1) 

(Effective  date  September  1,  1962) 

Use  of  Incentive  Contracts 

1.  Purpose 

This  Circular  sets  forth  policies  and  procedures  to  be  followed  in  the  use  of 
incentive  contracts. 

2.  Applicability 

This  Circular  is  applicable  to  NASA  Headquarters  and  field  installations. 

3.  Background 

a.  On  March  15,  1962,  in  Revision  8 to  ASPR,  the  Department  of  Defense 
revised  its  policies  regarding  the  criteria  for  using  the  various  types  of  contracts 
authorized  (ASPR,  Section  III,  Part  4).  One  significant  effect  of  this  revision 
was  to  emphasize  greater  use  of  incentive  provisions.  The  judicious  application 
of  this  policy  to  NASA  R.  & D.  procurements  requires  a case-by-case  examina- 
tion of  the  characteristics  of  each  procurement  in  accordance  with  the  provisions 
of  this  Circular. 

b.  NASA  Headquarters  plans  to  enter  into  a contract  for  the  conduct  of  a 
course  of  instruction  in  incentive  contracting  for  NASA-wide  use  to  build  up 
greater  in-house  capability  in  the  use  of  this  type  of  contract.  It  is  also  expected 
that  suitable  instructional  material  regarding  incentive  contracting  will  be  dis- 
tributed for  general  use  throughout  NASA. 

4.  Policy 

a.  It  is  important  that  NASA  effectively  utilize  incentive  provisions  of  both  a 
cost  and  performance  type  in  placing  its  contracts.  However,  the  difficulties  of 
employing  this  form  of  contract  and  the  serious  consequences  that  can  result  from 
its  misapplication  or  from  its  negotiation  by  personnel  who  are  not  adequately 
trained  in  its  use  call  for  the  exercise  of  particular  care  and  good  judgment. 

b.  Accordingly,  it  has  been  found  necessary  to  adopt  procedures  that  will 
result  in — 

(1)  Effectively  seeking  out  procurements  that  lend  themselves  to  the  use 
of  contract  incentives  provisions; 

(2)  Avoiding  the  use  of  incentive  provisions  in  situations  where  they  are 
unsuited  and  w'here  their  use  could  have  adverse  results;  and 

(3)  Insuring,  in  connection  with  contracts  in  w'hich  incentive  provisions 
are  to  be  included,  that  the  skills  necessary  to  draft  and  negotiate  the  appro- 
priate incentive  provisions  are  available  to  NASA  procurement  offices. 
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5.  Responsibilities  of  Director,  Procurement  and  Supply  Division 

a.  In  order  to  implement  the  foregoing  policy  objectives,  the  Director,  Procure- 
ment and  Supply  Division,  NASA  Headquarters,  will  perform  the  following 
functions: 

(1)  Review,  with  headquarters  program  offices  and  with  NASA  field  instal- 
lations, as  necessary,  forthcoming  procurements  in  order  to  select,  well  in 
advance,  those  procurements  which  appear  to  lend  themselves  to  the  inclusion 
of  incentive  features; 

(2;  Provide  or  arrange  for  guidance  and  technical  assistance  to  procure- 
ment offices  in  connection  with  the  drafting  and  negotiation  of  incentive 
provisions  in  those  contracts  approved  in  advance  by  the  Director,  Procure- 
ment and  Supply  Division,  for  application  of  incentive  provisions; 

13)  Review  and  make  recommendations  to  field  installations  with  regard 
to  proposals  made  by  them  as  to  the  use  of  incentive  provisions  in  forthcoming 
contracts; 

(4)  Appraise  the  capability  within  NASA  to  select,  negotiate,  and  admin- 
ister incentive  contracting  and  assist  in  making  required  training  arrange- 
ments; 

(5)  Study,  in  conjunction  with  the  Director  of  Financial  Management, 
Office  of  Administration,  and  the  Director  of  Management  Reports,  Office  of 
Programs,  NASA  Headquarters,  the  linking  of  incentive  provisions  to 
PERT-COST; 

(6)  Maintain  close  contact  with  the  Department  of  Defense  in  the  incen- 
tives field  and  keep  informed  of  ether  studies,  literature,  or  developments 
within  the  Government  and  indusuy  bearing  on  incentive  contracting; 

(7)  Attempt  as  NASA  capability  and  experience  increase,  to  develop 
more  precise  policy  guidelines  governing  use  within  NASA  of  incentive 
provisions,  if  such  guidelines  appear  desirable;  and 

(8)  Report  quarterly  to  the  Associate  Administrator  regarding  the  prog- 
ress being  made  within  NASA  to  utilize  incentive  provisions. 

b.  In  carrying  out  the  functions  in  subparagraph  a,  the  Director,  Procurement 
and  Supply  Division,  will  utilize  the  assistance  of  the  Headquarters  Program 
Offices,  the  General  Counsel,  and  the  Audit  Division. 

6.  Approvals  required  before  selection  of  contracts  for  inclusi'on  of  incentive  pro- 

visions 

a.  No  procurement  will  be  selected  for  the  inclusion  of  an  incentive  provision 
until  such  inclusion  has  been  recommended  or  approved  in  advance  by  the  Direc- 
tor, Procurement  and  Supply  Division,  NASA  Headquarters.  However,  such 
advance  recommendation  or  approval  shall  not  be  construed  as  requiring  the 
preparation  of  a contract  with  incentive  features  if  it  appears,  in  the  course  of 
negotiations,  that  the  exercise  of  good  business  judgment  requires  a different 
contractual  arrangement.  Every  procurement  plan  will  contain  a discussion 
of  the  feasibility  of  applying  incentive  provisions  as  well  as  a recommendation 
regarding  the  use  of  such  provisions  in  the  particular  procurement. 

b.  The  Director,  Procurement  and  Supply  Division,  will,  in  the  case  of  each 
procurement  for  which  incentives  have  been  recommended  or  approved,  provide 
such  assistance  as  may  be  necessary  to  ensure  that  the  procurement  office  in 
question  has  the  requisite  capability  to  draft,  negotiate,  and  administer  the 
incentive  provisions.  The  degree  to  which  Headquarters  personnel  participate 
in  any  phase  of  the  preparation  or  negotiation  of  such  a provision  will  be  deter- 
mined by  the  Director,  Procurement  and  Supply  Division. 

c.  Due  to  the  difficulties  inherent  in  incentive  contracting  and  the  limited 
capabilities  presently  within  NASA,  any  contract  containing  an  incentive  pro- 
vision will  require  the  approval  of  the  Director,  Procurement  and  Supply  Divi- 
sion, before  it  becomes  a contract  binding  on  the  parties  regardless  of  whether 
the  contract  requires  approval  at  NASA  Headquarters  under  other  provisions 
of  the  NASA  Procurement  Regulations  or  whether  advance  authorization  under 
subparagraph  a above  was  obtained.  This  requirement  will  be  reviewed  from 
time  to  time  to  determine  whether  it  can  be  partially  or  completely  removed. 

7.  Technical  assistance 

The  selection,  drafting,  negotiation,  and  administration  of  contract  incentives 
require  a team  effort  in  which  substantial  technical  assistance  must  be  provided 
to  procurement  and  legal  personnel.  The  contracting  officer  will  obtain  such 
assistance  from  technical  personnel  in  his  organization  and  shall  be  satisfied  that 
the  project  director  or  comparable  official  is  in  agreement  with  the  incentive  ap- 
proach being  followed  in  any  given  case.  Any  differences  of  opinion  will  be  brought 
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to  the  attention  of  the  Director,  Procurement  and  Supply  Division,  NASA 
Headquarters. 

Albert  J.  Siepert, 
Director  of  Administration. 

Dr.  Seamans.  I would  be  happy  to  work  up  something  for  the  record 
and  make  a short  statement  now,  that  we  are  endeavoring  to  use 
incentive  contracts  to  the  maximum  of  our  capability.  Wherever  we 
can  we  are  introducing  incentive  arrangements  in  our  contracting, 
feeling  that  in  this  way  we  will  get  maximum  participation  from  the 
contractor,  in  the  top  management  structure  at  tne  contractor's 
plant,  knowing  from  experience  that  this  has  a tremendous  effect  upon 
the  employees  working  on  the  particular  project,  feeling  that  they  are 
actually  affecting  the  profits  of  their  corporation.  So  this  we  feel  is 
something  that  must  be  done  on  more  of  our  contracting  as  we  go 
along,  but  we  are  still  experimenting,  if  you  will,  as  to  the  best  ways 
to  set  up  the  incentive  fee.  It  must  relate,  obviously,  to  schedules,  to 
the  performance  of  the  equipment,  to  the  ability  of  the  contractor  to 
hold  costs  and  items  of  that  sort. 

Mr.  Wydler.  Mr.  Chairman. 

The  Chairman.  Mr.  Wydler. 

Mr.  Wydler.  Before  we  close  this  part  of  the  hearings,  Mr. 
Chairman,  I want  to  say  something  about  what  our  colleague,  Mr. 
Ryan,  said  earlier,  regarding  the  Electronic  Research  Center. 

I happen  to  snare  his  feelings  as  he  stated  them,  regarding  this 
Center,  but  to  try  to  be  fair  about  it,  I would  just  like  to  get  a few  facts 
regarding  that  Center  clear  in  my  mind. 

Could  you  tell  me  when  it  was  that  the  decision  was  made  to  have 
an  Electronic  Research  Center?  When  was  that  decision  made? 

Dr.  Seamans.  As  I indicated  in  my  comments,  I requested  in 
writing  the  Advanced  Research  and  'Technology  Office  to  consider 
the  problems  associated  with  electronic  research,  including  the 
possibility  of  a center,  I believe  in  January  of  last  year,  that  is  14 
months  ago. 

Mr.  Wydler.  And  when  was  the  decision  to  have  such  a center 
made? 

Dr.  Seamans.  The  decision  was  finally  made  at  the  time  that  we 
wrapped  up  the  budget  requests  for  this  year. 

Mr.  Wydler.  Which  would  have  been  when? 

Dr.  Seamans.  Let's  see,  we  finally  firmed  up  our  budget  request 
with  the  Bureau  of  the  Budget  and  the  President,  I beleieve,  in  early 
December. 

Mr.  Wydler.  Of  this  year? 

Dr.  Seamans.  Well,  the  most  recent  December,  yes;  4 months  ago. 

Mr  Wydler.  And  when  was  the  decision  made  to  locate  that 
center  in  Boston? 

Dr  Seamans  The  decision  was  made  at  that  time 

Mr.  Wydler.  You  mean  this  was  simultaneous? 

Dr.  Seamans.  Yes,  at  the  time  that  the  plans  were  firmed  up  with 
the  President  and  the  Bureau  of  the  Budget  for  a center,  it  was  also 
agreed  that  it  would  be  preferable  to  have  the  center  in  the  Boston 
area,  and  this  is  a matter  that  should  be  reviewed  by  the  Congress 
and  shows  openly  and  specifically  in  the  budget  request. 

Mr.  Wydler.  The  thing  that  I am  driving  at  here  is,  is  it  that 
NASA  wants  an  Electronic  Research  Center,  or  is  it  that  NASA 
wants  an  Electronic  Research  Center  in  Boston,  which  is  it? 
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Dr.  Seamans.  The  first  thing  we  want  is  an  Electronics  Research 
Center,  and,  second,  we  feel  the  best  place  to  locate  it  is  in  Boston. 

Mr,  Wydler.  But  those  are  two  different  propositions. 

Dr.  Seamans.  Certainly. 

Mr.  Wydler.  Now,  there  are  some  papers  which  you  showed  me 
today  which  I understand  we  are  going  to  incorporate  in  the  record. 
I would  just  like  to  clarify  in  my  own  mind,  there  is  some  sort  of 
report  here  signed  by  Mr.  Laurence  Gilchrist,  Chief  of  the  Guidance 
and  Navigation  Center.  The  first  page  of  this  report  is  cut  off  so 
that  you  can  see  no  date  on  this. 

Can  you  tell  me  what  date  this  report  was  made? 

Dr.  Seamans.  Yes;  I can  get  you  the  date.  I don’t  happen  to 
know  what  the  date  is. 

Mr.  Wydler.  Well,  could  you  tell  me  why  this  page  was  cut  off 
on  the  top? 

Dr.  Seamans.  No;  it  was  just  only  that  those  were  papers  that  I 
had  available  in  my  own  possession  and  I can  give  you  that  informa- 
tion. I judge  it  was  taken  out  of  a larger  report  and  that  was  the 
only  pertinent  information. 

Mr.  Wydler.  Now  the  pages  on  these  reports  entitled  “Engineering 
Degrees  Conferred,”  “Physics  Degrees  Conferred,”  “Membership  of 
National  Academy  of  Sciences,”  who  made  these  reports? 

Dr.  Seamans.  I believe  there  is  another  piece  of  paper  that  you 
have  that  indicates  the  source  of  that  information.  Is  there  not  a 
third  sheet,  another  dittoed  sheet  that  actually  has  the  source? 

Mr.  Wydler.  This  [indicating]? 

Dr.  Seamans.  No;  just  two  items  on  a piece  of  paper. 

The  Chairman.  I would  suggest  that  all  of  these  items  should  go 
into  the  record  if  it  is  agreeable,  Mr.  Wydler. 

Mr.  Wydler.  All  right. 

You  will  supply  the  person  that  made  these  reports  and-  the  date 
on  which  they  were  made? 

Dr.  Seamans.  Yes,  I would  be  happy  to. 

(The  following  information  is  provided  for  the  record:) 

Factors  Leading  to  the  Request  for  an  Electronics  Research  Center 

and  the  Selection  of  the  Greater  Boston  Area  as  Its  Location 

Mr.  Webb  addressed  the  following  letter  to  the  Honorable  George  P.  Miller, 
Chairman  of  the  House  Committee  on  Science  and  Astronautics,  concerning 
NASA’s  need  for  an  Electronics  Research  Center,  the  planning  that  led  up  to 
the  fiscal  year  1964  budget  request  for  the  Center,  and  the  reasons  why  the  greater 
Boston  area  was  selected  as  its  location. 

National  Aeronautics  and  Space  Administration, 

Washington,  D.C.,  March  21,  1963. 

Hon.  George  P.  Miller, 

Chairman,  Committee  on  Science  and  Astronautics , 

House  of  Representatives,  Washington,  D.C. 

Dear  Mr.  Chairman:  In  response  to  your  telephoned  request,  this  letter 
sets  forth  a brief  summary  of  the  reasons  why  NASA  has  proposed  establishment 
of  an  Electronics  Research  Center,  and  an  explanation  of  the  selection  of  the 
Greater  Boston  area  for  its  location. 

The  requirement  for  increasing  NASA’s  capability  in  electronics  research  is  an 
outgrowth  of  the  manner  in  which  NASA  was  originally  established.  NASA  is 
composed  of  a number  of  research  and  development  Centers  inherited  from  other 
agencies,  and  new  NASA  Centers  authorized  by  Congress  since  1958.  These 
Centers  have  provided  NASA  with  a competence  in  the  many  disciplines  supporting 
space  exploration.  None  of  these  Centers,  however,  has  a large  concentration  of 
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personnel,  and  effort  devoted  toward  electronics  research  and  advanced  develop- 
ment. 

When  formed  in  October  1958,  NASA's  core  of  strength  came  from  the  National 
Advisory  Committee  for  Aeronautics.  From  NACA,  NASA  acquired  four 
proven  laboratories:  Ames  Research  Center  at  Moffett  Field,  the  Lewis  Research 
Center  at  Cleveland,  the  Langley  Research  Center  at  Hampton,  Va.,  and  the 
Flight  Research  Center  at  Edwards,  Calif.  In  addition,  this  heritage  included  a 
modest  rocket-launching  station  at  Wallops  Island.  These  laboratories,  with 
their  8,000  personnel  and  advanced  facilities,  comprised  this  Nation’s  principal 
governmental  research  capability  in  aeronautics  and  brought  to  NASA  great 
strength  in  aerodynamics,  propulsion,  structures,  and  materials  research. 

This  base  of  research  competence  was  further  strengthened  at  the  time  by  the 
transfer  to  NASA  from  the  U.S.  Army  of  the  California  Institute  of  Technology’s 
Jet  Propulsion  Laboratory.  JPL  scientists  and  engineers  brought  to  NASA 
additional  strength  in  propulsion,  spacecraft  technology,  lunar  and  planetary 
sciences,  and  deep  space  tracking  and  data  acquisition. 

A third  resource  transferred  to  NASA  during  this  early  period  was  a group  of 
about  300  scientific  and  technical  personnel  of  the  Naval  Research  Laboratory 
who  had  been  doing  extensive  research  on  the  upper  atmosphere.  This  group 
brought  to  NASA  very  significant  strength  in  atmospheric  sciences  and  geo- 
physics and  formed  an  essential  cadre  for  NASA  in  these  important  fields  of 
science.  Almost  simultaneously  with  this  transfer,  NASA  was  given  responsi- 
bility for  Project  Vanguard.  An  excellent  team  of  Navy  scientists  and  engineers, 
under  the  leadership  of  Dr.  John  Hagen,  joined  NASA  to  continue  directing  this 
work  and  brought  to  NASA  additional  talent  in  both  launch  vehicle  and  space- 
craft development.  These  two  groups  of  former  Navy  scientists  and  engineers 
established  a nucleus  for  what  later  became  the  Goddard  Space  Flight  Center  in 
Greenbelt,  Md.  This  Laboratory  exercises  technical  direction  over  several  key 
scientific  satellite  development  programs  and  also  manages  our  efforts  in  com- 
munication satellite  systems  and  meteorological  satellite  systems. 

In  1960,  the  President  also  transferred  to  NASA  Dr.  von  Braun  and  his  Devel- 
opment Operations  Division  from  the  U.S.  Army  Ballistic  Missile  Agency.  This 
transfer  brought  to  NASA  an  essential  engineering  strength  in  launch  vehicle 
design,  development,  assembly,  test,  and  launch  operations  and  completed  the 
early  structure  of  the  organization. 

Following  the  President’s  decision  in  May  1961  to  accelerate  the  Nation’s 
civilian  space  program,  Congress  authorized  the  establishment  of  a network  of 
development  installations  geared  to  the  challenges  of  manned  space  flight,  in- 
cluding manned  lunar  landing  within  this  decade.  The  Manned  Spacecraft 
Center  was  established  at  Houston,  Tex.,  to  direct  the  development  of  manned 
spacecraft,  supervise  the  training  of  astronauts,  and  exercise  operational  control 
over  such  missions  as  Gemini  and  Apollo.  The  large  Government-owned  Michoud 
plant  near  New  Orleans  was  reactivated  for  use  as  the  major  fabrication  and 
assembly  facility  for  large  launch  vehicles.  A new  test  area  was  established  in 
southern  Mississippi,  approximately  35  miles  from  the  Michoud  assembly  facility, 
to  provide  the  extensive  and  advanced  integration,  test,  and  checkout  facilities 
required  for  the  large  launch  vehicles.  Finally,  the  Launch  Operations  Center 
was  established  on  Merritt  Island  at  Cape  Canaveral,  Fla.,  in  order  to  direct  the 
complex  launch  operations  demanded  by  the  development  and  fabrication  of  the 
Saturn  I,  Saturn  IB,  and  Saturn  V. 

During  these  first  4 years  of  NASA’s  life,  Congress  has  authorized  thp  creation 
of  a sufficient  national  base  of  Government-owned  and  operated  laboratories  to 
permit  the  effective  management  and  utilization  of  a very  large  industrial  base 
in  private  industry,  both  resources  being  essential  parts  of  a team  to  discharge  the 
large  responsibilities  in  space  exploration  assigned  to  NASA.  As  a part  of  NASA’s 
installation  complex,  Congress  has  continuously  recognized  the  need  for  a strong 
inhouse  research  competence  to  provide  the  technical  foundation  so  necessary 
to  success  for  all  elements  of  the  space  program,  industrial,  military,  and  scientific. 
As  a result,  additional  personnel,  resources,  and  facilities  have  been  provided 
where  necessary  to  already  established  laboratories  such  as  Lewis  and  Langlev, 
leading  to  the  increased  capability  required  for  advanced  programs  of  space 
exploration. 

During  the  first  few  years  of  NASA’s  existence,  the  Agency  relied  heavily  on 
existing  electronics  technology  and  electronics  research  being  conducted  in  indus- 
try and  in  universities  for  the  aeronautics  and  missile  fields.  Electronics  research 
and  development  within  the  Agency  has  been  conducted  on  a decentralized  basis 
primarily  as  an  adjunct  to  the  major  booster,  spacecraft,  or  ground  support  sj’stem 
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developments.  As  a consequence,  most  of  the  NASA  centers  developed  a limited 
electronics  research  competence  closely  related  to  those  specific  technical  areas 
and  development  missions  comprising  their  primary  missions. 

By  1961,  a number  of  top  NASA  space  scientists  and  engineers  began  to  recog- 
nize* the  need  for  additional  electronics  research  and  advanced  development. 
The  accumulated  flight  experience  was  beginning  to  show  the  significant  differ- 
ences between  the  atmospheric  and  the  space  environments  for  electronics  com- 
ponents and  systems.  The  magnitude  and  importance  ov!  the  problem  is  reflected 
in  the  fact  that  electronics  components  account  for  over  40  percent  of  the  cost  of 
our  boosters,  over  70  percent  of  the  cost  of  our  spacecraft,  and  over  90  percent 
of  the  cost  of  the  resources  going  to  tracking  and  data  acquisition.  It  was  becom- 
ing clear  that  the  existing  technical  base  was  not  adequate  to  the  growing  elec- 
tronics requirements. 

Following  discussions  with  members  of  the  NASA  staff  and  others  about  this 
problem,  I took  a number  of  steps  to  correct  this  deficiency.  A separate  office  of 
electronics  and  control  was  created  within  the  Office  of  Advanced  Research  and 
Technology  during  the  NASA  Headquarters  reorganization  of  November  1961. 
This  office,  under  the  leadership  of  Dr.  Albert  J.  Kelley,  wac  asked  to  study  in 
detail  NASA’s  present  resources  and  capabilities  in  electronics  research,  the  long- 
range  needs  of  the  overall  space  program  in  this  field,  and  to  recommend  a plan 
to  meet  these  needs. 

Dr.  Kelley’s  group  found  that  although  NASA  was  involved  deeply  in  develop- 
mental projects  covering  almost  all  segments  of  the  electronics  field,  NASA’s 
inhouse  research  efforts  were  diffused  and  comprised  a relatively  small  cumu- 
lative effort.  Our  program  for  contractual  research  in  electronics  was  handi- 
capped by  NASA’s  lack  of  a group  of  able  scientific  and  engineering  personnel 
concentrating  on  electronics  and  associated  physics  research  and  relating  such 
contracted  research  effectively  to  the  overall  space  program.  Early  in  the  fall 
of  1962,  Dr.  Kelley  reported  that  NASA’s  long-range  requirements  for  inhouse 
competence  required  a substantial  increase  in  electronic  research  efforts  and 
strongly  recommended  the  establishment  of  a new  research  center.  This  matter 
was  carefully  reviewed  by  Dr.  Bisplinghoff,  the  Director  of  the  Office  of  Advanced 
Research  and  Technology,  Dr,  Seamans,  Dr.  Dryden,  and  myself.  We  were 
unanimous  in  our  judgment  that  the  best  interest  of  NASA  and  of  the  Nation 
would  be  served  by  the  establishment  of  a new  electronics  laboratory  to  fulfill 
the  requirements  of  the  Nation’s  aeronautics  and  space  program. 

Before  reaching  this  judgment,  consideration  was  given  to  several  ways  o 
creating  an  inhouse  electronics  research  capability.  One  was  to  increase  the 
present  electronics  research  capability  at  several  NASA  research  centers.  A sec- 
ond was  to  create  a major  electronics  subcenter  at  an  existing  NASA  center.  The 
third  was  to  create  a new  electronics  research  laboratory.  Although  the  esti- 
mated costs  in  personnel  and  facilities  for  these  three  approaches  is  similar  in 
magnitude,  our  judgment  was  based  on  other  factors.  The  first  course  of  action 
was  not  adopted  primarily  because  the  total  program  would  remain  diffused  and 
electronics  research  would  not  receive  the  primary  attention  that  it  warranted. 
Moreover,  it  would  not  permit  the  creation  of  an  essential  “critical  mass”  or  con- 
centration of  electronics  capability  which  is  needed  to  perform  the  many  advanced 
efforts  in  electronics  research  and  technology  facing  NASA  and  the  Nation.  We 
rejected  the  concept  of  a satellite  or  appendix  to  an  existing  NASA  laboratory 
because  we  were  concerned  that  the  addition  of  a satellite  facility  would  adversely 
affect  both  the  quality  of  performance  in  the  ongoing  effort  of  any  center  charged 
with  this  additional  responsibility  as  well  as  of  the  electronics  research  we  urgently 
need. 

The  basic  purpose  of  the  laboratory  is  to  provide  this  agency  with  the  inhouse 
competence  it  requires  to  properly  plan,  conduct,  direct,  and  supervise  a major 
segment  of  electronics  research  and  advanced  development  .in  our  aeronautical 
and  space  program.  As  much  as  possible  of  this  will  be  under  contract  or  grant 
to  universities  or  industries  capable  of  performing  the  work  required.  Existing 
NASA  centers  wall  continue  to  carry  out  some  electronics  research  and  will  con- 
duct those  developments  necessary  for  their  primary  missions.  These  centers 
will  draw  heavily  on  the  proposed  center  for  electronics  technology,  components, 
subsystems,  and  prototype  systems  required  for  their  projects.  In  carrying  out 
its  responsibilities,  the  new  laboratory  would  perform  these  essential  tasks: 

1.  Conduct  an  inhouse  program  of  basic  research  and  advanced  technology 
in  electronics  and  the  related  physics  disciplines  aimed  at  the  needs  of  the 
Nation’s  space  program. 
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2.  Provide  other  NASA  centers  with  advanced  technological  concepts, 
components,  and  selected  prototype  developments  necessary  for  the  success 
of  their  missions. 

3.  Develop  performance  parameters  and  standards  for  electronics  com- 
ponents and  systems  for  use  by  all  elements  of  NASA. 

4.  Provide  technical  assistance  to  NASA  centers  and  industry  on  space 
electronics  problems. 

5.  Provide  technical  direction  for  a system  based  on  utilizing  the  advanced 
research  and  development  capabilities  which  exist  in  industry;  provide  a 
focus  for  the  establishment  of  NASA-wide  policies  and  actions  to  encourage 
industry  to  increase  its  research  and  development  capabilities;  and  provide 
technical  direction  for  selected  contractor  research  design  and  development 
efforts  requiring  a high  degree  of  advanced  technology. 

6.  Provide  the  liaison  between  the  university  research  community  and 
NASA’s  research  and  development  efforts  required  in  this  highly  advanced 
field  of  science  and  technology. 

With  regard  to  the  selection  of  a site  for  the  proposed  new  research  center, 
there  were  several  basic  criteria  that  had  to  be  satisfied.  A community  having 
adequate  utilities,  services,  communications,  and  transportation  facilities  was,  of 
course,  basic.  In  addition,  it  would  be  very  desirable  to  be  assured  of  adequate 
housing  and  the  related  family  welfare,  education,  and  recreation  facilities,  as 
well  as  adequate  land  in  a reasonably  convenient  location  not  in  confiict  with 
local  metropolitan  planning.  However,  in  addition  to  these  considerations,  there 
were  two  overriding  criteria  which  carried  the  greatest  weight  in  the  selection. 
The  first  of  these  was  to  have  the  research  center  located  in  close  proximity  to 
institutions  of  graduate  and  postgraduate  scientific  and  engineering  education 
which  are  already  deeply  immersed  in  the  forefront  of  the  electronics  L iic  research 
and  technology  over  a broad  range.  The  second  wras  to  be  located  in  an  area 
where  the  industrial  community  has  allied  technical  interests  and  are  research 
oriented. 

Although  there  were  several  locations  in  the  East,  the  Midwest,  and  the  Far 
West  which  could  be  favorably  considered  to  a greater  or  lesser  extent,  the  Greater 
Boston  area  was  superior  to  any  other  in  offering  major  advantages  relating  to 
these  essential  requirements. 

I hope  the  above  information  will  be  adequate  for  your  purposes. 

I will  be  happy  to  provide  any  additional  information  you  may  require. 

Sincerely  yours, 

James  E.  Webb,  Administrator. 


The  following  information  is  also  submitted.  In  reviewing  alternative  loca- 
tions for  a new  NASA  Electronics  Research  Center,  consideration  was  given  to 
the  industrial  and  university  research  climate  in  areas  of  the  United  States  having 
a concentration  of  electronics  capability.  The  conclusion  was  that  Boston  had 
the  best  research  environment  for  the  establishment  of  an  electronics  research 
center.  Examples  of  some  of  the  specific  comparisons  that  can  be  made  are  shown 
below: 

Institutions  of  Higher  Scientific  and  Engineering  Education 

A comparison  of  institutions  of  higher  scientific  and  engineering  education  indi- 
cates that  certain  cities  stand  out  both  in  absolute  and  relative  size.  New  York, 
Los  Angeles-Long  Beach,  San  Francisco-Oakland,  San  Jose,  Boston,  Philadelphia, 
and  Chicago  lead  in  the  number  of  higher  engineering  and  physics  degrees  granted 
by  highly  noted  educational  institutions.  As  a further  index  of  scientific  excel- 
lence, most  of  these  cities  lead  in  terms  of  resident  members  of  the  National  Acad- 
emy of  Sciences.  Boston  ranks  highest,  both  absolutely  and  proportionally  in 
terms  of  higher  degrees  annually  granted  in  engineering  and  physics,  and  in 
membership  in  the  NAS,  and  in  the  NAS  sections  for  physics  and  engineering. 
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Engineering  degrees  conferred , 1959-60,  by  area 


Bachelor’s 

2d  level 
degree 

Doctorate 

37,808 

7, 159 

786 

U.S.  rank  by 
sire  of  popu- 
lation 


National  total,  all  colleges — 

1.  New  York,  N.Y 

2.  Newark,  N.J 

3.  Jersey  City,  N.J 

4.  Paterson-Clifton-Passaic,  N.J 

5.  Los  Angeles-Long  Beach,  Calif 

6.  Chicago,  111 

7.  Philadelphia,  Pennsylvania-New  Jersey 

8.  San  Francisco-Oakland,  Calif 

9.  Boston,  Mass 

10.  St.  Louis,  Missouri-Illinois 

11.  Minneapolis-St.  Paul,  Minn 

12.  Milwaukee,  Wis 

13.  Dallas,  Tex ..— 

14.  San  Diego,  Calif 

15.  San  Jose,  Calif 

16.  Madison,  Wis... 


Note.— For  the  various  SMSA's,  only  those  degrees  conferred  by  institutions  having  undergraduate 
engineering  curriculums  accredited  by  the  engineers’  council  for  professional  development  are  counted. 

Physics  degrees  conferred,  1959-60,  by  area 


U.S.  rank 
Doctorate  by  sire  of 
population 


2d  level 
degree 

Doctorate 

1,073 

487 

National  total,  all  colleges. 

1.  New  York,  N.Y 

2.  Newark,  N.J 

3.  Jersey  Citv,  N.T 

4.  Paterson-Clifton-Passaic,  N.J 

5.  Ins  Angeles-Long  Beach,  Calif. 

6.  Chicago,  111 

7.  Philadelphia,  Pennsylvania-New  Jersey 

8.  San  Francisco-Oakland,  Calif -... 

9.  Boston,  Mass 

10.  St.  Louis,  Missouri-Illinois.-.. — 

11.  Minneapolis-St.  Paul,  Minn 

12.  Milwaukee,  Wis 

13.  Dallas,  Tex ... 

14.  San  Diego,  Calif .... 

15.  San  Jose,  Calif 

16.  Madison,  Wis 


Membership  of  National  Academy  of  Sciences  by  area — Membership  as  of 

July  1,  1962 


All  members  and  members  emeriti 

1.  New  York,  N.Y 

2.  Newark,  NJ 

3.  Jersey  City,  NJ 

4.  Paterson-Clifton-Passaic,  N.J 

5.  Los  Angeles-Long  Beach,  Calif 

6.  Chicago,  US 

7.  Philadelphia,  Pennsylvania-New  Jersey. 

8.  San  Francisco-Oakland,  Calif 

9.  Boston,  Mass 

10.  St.  Louis,  Missouri-Illinois 

11.  Minneapolis-St.  Paul,  Minn 

12.  Milwaukee,  Wis 

13.  Dallas,  Tex ... 

14.  San  Diego,  Calif. 

15.  San  Jose,  Calif 

16.  Madison,  Wis 


Total 

Physics 

Engineering 

666 

94 

50 

U.S.  rank  by- 
sire  of 
population 
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Allied  Industry  and  Industrial  Research 

A number  of  cities,  New  York,  Los  Angeles-Long  Beach,  Chicago,  Newark, 
and  Boston,  are  leaders  in  the  number  of  electronics  manufacturing  plants  that 
they  contain.  An  indication  of  the  research  orientation  of  this  industry  is 
provided  by  a comparison  of  industrial  research  laboratories  involved  in  elec- 
tronics or  related  physics  in  each  of  the  standard  metropolitan  statistical  area. 
A ranking  of  the  top  standard  metropolitan  statistical  area’s  shows  the  following 
comparison  staring  from  the  top  down:  Boston,  Los  Angeles-Long  Beach,  New 
York,  and  San  Francisco,  dropping  off  sharply  after  New  York. 

Industrial  Research  Laboratory  Capabilities  by  Technical  and 

Geographical  Area 

The  following  comparison  is  based  on  a survey  of  industrial  research  laboratories 
having  capabilities  in  1 or  more  of  15  technical  areas  associated  with  electronics 
and  related  physics  research.  Each  firm  having  a facility  or  facilities  in  a city 
is  scored  once  for  a capability  in  each  of  the  15  technical  areas  (i.e.,  a firm  with  2 
laboratories  in  a city  with  capabilities  in  8 areas  would  receive  8 points).  Only 
concerns  employing  more  than  25  people  and  having  a good  balance  between 
technical  and  nontechnical  personnel  are  shown.  Survey  is  based  on:  National 
Academy  of  Sciences-National  Research  Council  Publication  844,  “Industrial 
Research  Laboratories  of  the  United  States,”  11th  edition,  I960.. 

pertinent  technical  areas 

a.  Computer  technology,  including  analog  and  digital  computer,  data  processing, 

and  logic  circuit  research. 

b.  Circuits  and  circuitry  research. 

c.  Communications  theory  an  communications  systems  research. 

d.  Control  systems  research,  including  flight  control. 

e.  Detection  systems  research,  including  floppier,  infrared,  optical,  photoelectric, 

radar,  and  television  research. 

/.  Electromechanical  system  research,  including  servomechanisms  and  tracking. 

g.  Electronics  research  (general) . 

h.  Environmental  research,  including  quality  control  and  test  equipment. 

i.  Simulator  research,  including  simulation  (general)  and  nondestructive  testing. 

j.  Guidance  research,  including  gyroscope,  inertial  and  navigation  research. 

k.  Instrumentation  research,  including  telemetry  and  transducers. 

l.  Operations  research,  including  mathematics  and  systems  engineering. 
to.  Microwave  and  ferrite  research. 

n.  Space  physics  research,  including  cryogenics,  crystallography,  and  time 

measurement  research. 

o.  Semiconductor  research,  including  solid  state  physics  and  transistor  research. 


T echnical  area 


Standard  metropolitan 
statistical  area 

To- 

tal 

a. 

■J 1 

B 

B 

B 

/. 

B 

h. 

t. 

B 

B 

/. 

m. 

n. 

0. 

1.  New  York,  N.Y 

134 

19 

H 

19 

7 

14 

3 

n 

14 

9 

m 

8 

8 

13 

2.  Newark,  N.J 

18 

0 

n 

Hil 

0 

1 

1 

3 

2 

n 

0 

2 

ii 

1 

1 

6 

3.  Jersey  City,  N.J 

4.  Paterson-CIifton-Passaie, 

5 

0 

u 

u 

0 

1 

0 

0 

H 

2 

0 

f 

0 

0 

0 

N.J 

5.  Los  Angeles-Long  Beach, 

7 

0 

0 

0 

1 

1 

0 

0 

0 

o 

al 

0 

1 

1 

Calif. 

153 

26 

2 

2 

mm 

20 

10 

10 

2 

4 

17 

3 

14 

11 

6.  Chicago,  111.  

7.  Philadelphia,  Pennsylva- 

46 

4 

3 

3 

4 

4 

1 

11 

1 

0 

3 

D 

0 

i 

1 

nia-New  Jersey 

8.  San  Franeisco-Oakland, 

26 

4 

1 

1 

3 

2 

1 

3 

0 

0 

1 

4 

i 

0 

E 

4 

Calif 

52 

8 

1 

0 

4 

6 

2 

4 

■I 

1 

3 

5 

4 

3 

■3 

7 

9.  Boston,  Mass 

10.  St.  Louis,  Missotiri-Illi- 

27 

5 

i 

8 

20 

4 

16 

H 

1 

8 

10 

8 

10 

15 

14 

nois ... 

11.  Minneapolis-St.  Paul, 

9 

1 

H 

0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

Minn 

26 

6 

0 

■l] 

3 

2 

MM 

0 

0 

1 

3 

0 

0 

1 

4 

12.  Milwaukee,  Wis.. 

8 

HI 

0 

0 

3 

0 

n 

0 

0 

1 

0 

0 

0 

1 

2 

13.  I)allas,  Tex 

15 

2 

0 

HI 

1 

3 

HI 

0 

0 

1 

2 

■US 

■ iC 

1 

1 

14.  San  Diego,  Calif... 

11 

1 

0 

0 

0 

3 

HI 

0 

0 

1 

1 

1 

0 

2 

1 

15.  San  Jose,  Calif... 

1 

0 

0 

■IB 

1 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

16.  Madison,  Wis 

4 

0 

0 

o 

1 

0 

0 

i 

0 

0 

0 

0 

■ 

1 

0 

1 
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Mr.  Wydler.  All  right. 

Dr.  Seamans.  I am  surprised  they  are  not  right  here  with  that 
group  of  people.  I don’t  have  them  right  here. 

Mr.  Ryan.  Could  I see  those,  Mr.  Wydler? 

Mr.  Wydler.  Yes. 

Mr.  Ryan.  May  I raise  a question  on  this  very  point,  Mr. 
Chairman? 

The  Chairman.  Yes,  Mr.  Ryan. 

Mr.  Ryan.  I believe  that  when  we 4 had  the  hearing  in  the  full 
committee  I asked  one  of  the  witnesses,  I don’t  remember  which 
one,  if  he  could  supply  whatever  memorandum  there  was  within  the 
agency  recommending  the  selection  of  Boston  as  the  site.  I believe — 
and  I cannot  tell  you  who  was  the  witness  at  the  time — testified  that 
there  had  been  a recommendation  and  it  did  discuss  the  pro  and  con 
of  Boston  versus  other  sites,  and  he  said  that  he  would  check  into  it 
and  see  if  that  could  be  supplied  for  the  record. 

Would  you  be  willing  to  check  into  that  and  see  what  happened  to 
that  request? 

Dr.  Seamans.  I would  be  happy  to  check  on  that,  yes. 

The  Chairman.  I think  we  are  getting  kind  of  close  to  the  end  of 
our  time  here.  I would  like  very  much  to  see  if  we  could  draw  this 
to  a conclusion,  so  we  don’t  violate  the  constitutional  amendment 
against  cruel  and  unusual  punishment. 

Mr.  Boone.  Could  I ask  one  last  question,  and  ask  Dr.  Seamans 
to  limit  it  to  3 minutes  or  something  like  this? 

I realize  it  is  a rather  controversial  one,  but  the  committee  is 
continually  asked  about  the  letting  of  contracts,  single  source,  sole 
sources  of  procurements,  and  the  manner  in  which  NASA  goes  about 
doing  this. 

Would  you  like  to  add  some  words  here  for  clarification? 

The  Chairman.  I think  this  might  be  one  that  you  could  submit 
some  information  for  the  record.  I think  it  would  be  better  to  have 
a statement  that  the  committee  could  analyze. 

Statement  Submitted  .by  Db.  Robert  C.  Seamans,  Jb.,  Associate  Adminis- 
trator, NASA 

NASA  is  under  the  same  statutory  procurement  authority  as  is  the  Department 
of  Defense;  that  is,  what  is  commonly  referred  to  as  the  Armed  Services  Procure- 
ment Act.  While,  as  an  independent  agency,  we  are  not  subject  to  the  Armed 
Services  Procurement  Regulation,  our  own  procurement  regulations  are  in  most 
respects  similar  to  that  regulation.  There  is  good  reason  for  this:  In  addition 
to  having  the  same  statutory  requirements,  we  do  moat  of  our  contracting  with 
essentially  the  same  segments  of  American  industry  as  does  the  Department  of 
Defense. 

The  statute,  and  our  regulations,  prescribe  as  the  preferred  method  of  contract- 
ing the  sealed  bid,  or  formal  advertising  method.  Formal  advertising  is  most 
effective  and  is  used  in  those  situations  where  there  are  adequate  numbers  of 
qualified  suppliers,  when  the  product  to  be  bought  can  be  precisely  described  by 
definitive  specifications,  where  competitive  fixed  prices  can  be  obtained,  and  where 
time  permits  the  formalities  incident  to  this  type  of  procurement.  Under  this 
procedure,  sealed  bids  are  publicly  opened  at'  a prescribed  date  and  time,  and 
award  is  made  to  the  lowest  bidder  who  is  “responsive”  (bid  meets  the  exact  terms 
and  conditions  of  the  invitation  for  bids),  and  who  is  “responsible”  (determined  to 
be  capable  of  performing  the  contract). 

Negotiation  may  be  resorted  to  under  certain  stipulated  exceptions,  17  in 
number,  of  which  6 require  a determination  and  finding  that  formal  advertising  is 
impracticable,  by  the  Administrator  himself.  One  of  these  six  is  where  the 
procurement  is  for  research,  development,  or  test.  It  is  in  this  category  that  the 
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bulk  of  our  dollars  are  spent — for  such  things  as  the  design  and  development  of 
large  rocket  engines,  nuclear  rocket  engines,  manned  space  vehicles,  and  scientific 
satellites,  most  of  which  have  never  before  been  built  and  for  which  it  is  imprac- 
ticable to  draft  precise  definitive  specifications  or  to  establish  costs  in  advance  with 
that  degree  of  certainty  required  for  fixed-price  formal  advertising.  As  a result, 
we  must  resort  to  negotiation.  This  does  not  mean  that  we  do  not  obtain  compe- 
tition. We  can  and  do.  This  competition  is  based  far  more  on  technical  con- 
siderations and  management  competence  than  on  price.  It  has  been  our 
experience  in  this  respect  that  the  company  ranked  highest  in  these  factors  is  the 
one  that  can  perform  the  contract  most  efficiently,  in  a timely  manner,  and  at  the 
lowest  overall  cost  to  the  Government.  The  competition  obtained  in  negotiated 
procurements  is  real  and  intensely  keen.  Top  management  in  NASA  is  fully 
aware  of  the  need  for,  and  benefits  of,  competitive  procurement.  It  £?as  instituted 
an  active  and  continuing  program  stressing  competition  and  requiring  all  echelons 
involved  in  the  procurement  process  to  seek  out  a maximum  of  ways  and  means 
to  achieve  it. 

Nevertheless,  it  must  be  recognized  that  there  are,  and  will  continue  to  be, 
certain  situations  where  seeking  competitive  proposals  is  not  feasible  or  even 
necesarily  in  the  best  overall  interests  of  the  Government.  The  following  are 
illustrative  of  such  situations: 

1.  Follow-on  contracts. — This  is  the  situation  in  which  contracts  for  additional 
or  closely  related  work  are  placed  with  the  same  contractor  originally  selected  to 
perform  the  initial  research  and  development  in  a given  project,  and  where  to 
select  another  source  would  require  an  extensive  period  of  preparation  for  manu- 
facture and  additional  cost  to  the  Government  by  reason  of  duplication  of  invest- 
ment or  preparation.  Some  examples  are:  additional  development  and  pro- 
duction phases  of  the  E-l,  J-2,  and  LE-115A-3  engines,  and  Centaur  vehicles, 
all  placed  by  new  contracts  with  the  contractors  originally  selected  (in  this  case 
by  the  Army  and  Air  Force,  respectively)  for  the  research  and  development. 
Another  example  is  the  placement  of  a contract  for  the  S-IVB  stage  with  the 
same  contractor  who  developed  and  built  the  S-IV  stage,  on  which  S-IVB 
development  is  based.  Likewise,  the  Gemini  contract  was  placed  with  the 
Mercury  contractor,  for  the  reasons  stated  above,  and  more  particularly,  since 
the  Gemini  capsule,  though  larger  and  more  complex,  is  essentially  based  on  the 
Mercury  capsule  configuration.  In  both  of  these  latter  cases,  the  contractors 
for  the  original  work  were  selected  as  a result  of  competitive  negotiated 
procurement. 

2.  Facilities  con  tract. — Facilities  must  be  acquired  and  installed  at  the  plants 
where  the  research  and  development  contract  is  being  performed.  While  the 
Government,  where  necessary,  furnishes  some  facilities  to  its  research  and  develop- 
ment contractors,  it  would  be  impracticable  to  select  another  contractor  to 
acquire  and  install  other  needed  facilities  in  the  research  and  development  con- 
tractor’s own  plant.  As  a result,  such  facilities  contracts  are  placed  with  the 
research  and  development  contractor.  However,  pursuant  to  our  established 
policy,  we  require  the  contractor,  in  acquiring  the  facilities,  to  use  competitive 
procurement  to  the  maximum  practicable  extent. 

3.  Unsolicited  proposals. — This  is  an  area  which  differs  from  the  normal  pro- 
curement process  whereby  NASA  formulates  its  own  requirements,  competitively 
solicits  offers,  and  awards  to  the  source  offering  the  best  value  to  the  Government. 
Unsolicited  proposals  are  generally  for  new  ideas,  concepts,  or  methods.  They 
are  the  produet  of  original  thinking  by  the  organization  or  individual  presenting 
them,  NASA  derives  many  benefits  from  the  ideas  presented  in  such  proposals. 
An  unsolicited  proposal  is  carefully  evaluated  by  cognizant  NASA  technical  per- 
sonnel, and  if  determined  to  be  novel,  well  planned,  or  developed,  and  of  value  to 
NASA’s  programs,  a contract  is  awarded  to  the  proposer.  If  such  proposals  were 
generally  to  be  made  the  basis  for  competitive  solicitation,  it  would  discourage 
their  submission,  and  valuable  information  and  ideas  would  be  lost  by  the  Gov- 
ernment. While  the  dollar  value  of  individual  contracts  resulting  from  unsolicited 
proposals  is  not  large,  the  number  of  such  contracts  are  substantial. 

4.  Unique  capabilities. — There  are  certain  situations  where  the  nature  and 
scope  of  the  work  is  such  that  very  special  technical,  management,  and  organiza- 
tional capabilities  are  required.  In  such  situations,  while  it  cannot  be  said  that 
there  is  only  one  company  capable  of  performing  the  work,  a particular  company 
nevertheless  stands  out  among  all  others  as  possessing  a superior  combination  of 
the  requisite,  and  sometimes  unique,  skills.  Even  in  such  situations,  it  is  only 
after  careful  and  comprehensive  analysis  within  NASA,  involving  all  appropriate 
levels  of  management — business  and  technical — that  the  decision  is  made  to  award 
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a contract  without  formal,  solicited  competition.  Examples  of  this  rarely  used 
method  of  procurement  are  the  Bellcomm  contract  for  systems  engineering  and 
the  General  Electric  contract  for  checkout,  reliability  assessment,  and  integration, 
both  for  the  Apollo  program,  and  both  described  in  Dr.  Seamans’  and  Mr.  Holmes’ 
recent  statements  and  testimony  before  the  subcommittees  of  the  House  Com- 
mittee on  Science  and  Astronautics. 

In  summary,  NASA’s  policy  is  that  its  procurements  will  be  placed  by  competi- 
tive processes  to  the  maximum  practicable  extent,  whether  it  be  by  formal  adver- 
tising or  by  negotiation.  It  is  only  in  situations  where  the  particular  circum- 
stances fully  justify  it,  that  resort  is  made  to  a single  source  for  a giv'„n  pro- 
curement. 

There  is  another  subject  that  Mr.  Ryan  wanted  to  bring  up  which 
I think,  despite  the  fact  that  we  had  hoped  to  finish  today,  perhaps 
Mr.  Ryan,  you  want  to  raise,  and  then  when  we  come  to  the  conclu- 
sion of  our  hearings  in  about  2 weeks,  I think  Dr.  Seamans,  if  you  would 
be  willing  to  come  back  to  discuss  this  one  question,  we  would  appre- 
ciate it. 

Mr.  Ryan. 

Mr.  Ryan.  Mr.  Chairman,  this  relates  to  personnel. 

Dr.  Seamans,  I have  been  concerned  with  the  management  type 
contracts  which  NASA  has  with  General  Electric,  Bellcomm,  and  I 
don't  know  which  others. 

Last  year  I asked  whether  or  not  NASA  had  p rfeson ted  to  the  Bu- 
reau of  the  Budget  a request  for  the  necessary  supergrades  or  per- 
sonnel which  could  carry  on  in-house  this  work,  and  I believe  that  one 
of  the  reasons  NASA  gave — in  fact,  I am  sure  that  one  of  the  reasons 
NASA  gave  for  entering  into  these  two  contracts  was  that  the  Con- 
gress would  not  approve  salaries  commensurate  with  the  work  re- 
quired, and  I would  like  to  explore  that  whole  question  and  know 
now  exactly  what  personnel  are  employed  under  these  contracts  and 
any  other  similar  contracts,  and  what  the  cost  to  the  Government  of 
those  contracts  is,  and  what  the  estimated  cost  to  the  Government 
would  be  is  this  work  was  performed  in-house. 

That  is  very  general— — 

Dr.  Seamans.  I understand  the  question  very  wTell.  I judge  you 
would  like  to  discuss  it  at  some  other  time,  Mr.  Chairman. 

Mr.  Ryan.  I don’t  want  to  go  into  it  today,  the  hour  is  late  and 
you  have  had  a long  drawn-out  morning,  all  of  you. 

The  Chairman . I think  that  this  is  one  that  instead  of  answering 
for  the  record,  perhaps,  Mir.  Ryan,  you  would  prefer,  and  the  com- 
mittee might  prefer  after  we  have  finished  our  hearings  on  weather 
and  communications  satellites,  that  you  might  find  an  appropriate 
and  convenient  time  to  come  back  and  talk  about  this,  and  more  or 
less  cap  off  the  hearings. 

Dr.  Seamans.  This  is  certainly  a most  important  area  and  we  would 
be  happy  to  review  it  in  whatever  detail  you  wish. 

Mr.  Ryan.  Fine,  thank  you. 

The  Chairman.  Certainly  the  members  of  the  committee  appreci- 
ate the  superior  testimony  which  you  have  given  us  this  morning, 
Dr.  Seamans,  and  your  associates,  Air.  Siepert,  Air.  Wyatt,  Mr. 
Cadle,  and  your  other  associates. 

I think  it  is  indicative  of  the  thoroughness  with  which  NASA  is 
prepared  to  justify  its  budget,  and  I w'ant  to  congratulate  each  of  you 
personally  on  the  cooperation  which  you  have  given  the  committee 
and  the  extensive  information  and  clear  understanding  you  have  given 
the  committee. 
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Are  there  any  further  observations? 

The  committee  stands  adjourned. 

(The  additional  information  requested  for  the  record  is  as  follows :) 


National  Aeronautics  and  Space  Administration, 

Office  of  the  Administrator, 
Washington.  D.C.,  June  14,  1963. 

Mr.  W.  H.  Boone, 

Staff  Consultant,  Committee  on  Science  and  Astronautics, 

House  of  liepresentatives,  Washington,  D.C. 

Dear  Mr.  Boone:  In  reference  to  the  question  you  recently  referred  to  us 
concerning  the  average  GS  grade  level  of  Negro  employees  in  the  National  Aero- 
nautics and  Space  Administration  Headquarters,  we  have  been  informed  that 
this  average  is  currently  GS-6.  Not  included  in  this  average  is  an  excepted 
position,  Director  of  Management  Reports,  Office  of  Programs,  which  also  is 
occupied  by  a Negro  employee.  In  addition  there  are  16  wage  board  positions  in 
the  headquarters  filled  by  Negroes. 

We  hope  this  information  will  be  helpful  to  the  committee. 

Sincerely  yours, 

Paul  G.  Dembling, 
Director,  Office  of  Legislative  Affairs 

(Whereupon,  at  1:03  p.m.,  the  subcommittee  was  adjourned.) 
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TUESDAY,  MARCH  26,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

I Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in  room 
214-B,  Longworth  Building,  Hon.  John  W.  Davis  presiding. 

Mr.  Davis.  This  morning  the  committee  is  concerned  with  the 
activities  of  the  National  Weather  Satellite  Center  and  the  relation- 
ship of  the  Weather  Bureau  with  NASA  in  the  development  of  the 
Nimbus  satellite  program.  The  entire  weather  program  which  this 
country  has  embarked  upon  has  been  one  of  the  most  productive  of  all 
the  space  effort  today.  In  fact,  it  may  be  the  only  currently  operative 
satellite  system  to  which  dollar  savings  can  be  directly  attributed  at 
this  time.  I think  we  are  all  aware  of  the  tremendous  work  which  the 
TIROS  program  is  performing  in  giving  hurricane  and  typhoon 
warnings  at  home  as  well  as  abroad. 

We  have  as  our  witness  this  morning  Dr.  S.  Fred  Singer,  Director 
of  the  National  Weather  Satellite  Center.  We  are  happy  to  welcome 
you,  Dr.  Singer.  You  may  proceed  with  your  prepared  statement. 

STATEMENT  OF  DR.  S.  FRED  SINGER,  DIRECTOR,  NATIONAL 

WEATHER  SATELLITE  CENTER,  DEPARTMENT  OF  COMMERCE, 

WEATHER  BUREAU 

Mr.  Chairman  and  committee  members,  it  gives  me  great  pleasure 
to  appear  again  before  this  committee.  I am  keenly  aware  of  your 
continuing  interest  in  the  progress  of  the  National  Operational 
Meteorological  Satellite  System  (NOMSS)  and  I appreciate  this 
opportunity  to  report  to  you  on  developments  and  achievements 
which  have  taken  place  since  my  appearance  before  you  in  September 
1962. 

Our  organization  has  matured  in  its  stewardship  of  NOMSS ; we 
have  reacted  swiftly  and  instituted  an  interim  operational  system  based 
on  TIROS  only  a few  weeks  after  discussing  the  plans  before  your 
committee  last  September.  We  are  completing  a thorough  operational 
analysis  of  users’  requirements  and  of  costs,  to  insure  that  the  eventual 
operational  satellite  system  will  be  an  optimum  one  from  the  point 
of  view  of  cost-benefit  ratio. 

Now,  the  Weather  Bureau,  as  you  know,  is  actively  supporting  the 
national  space  effort  in  at  least  six  ways:  (1)  By  operationally  using 
the  data  obtained  through  TIROS  for  weather  analysis  and  forecast- 
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ing;  (2)  by  undertaking,  in  response  to  Congress,  to  establish  and 
operate  the  National  Operational  Meteorological  Satellite  System; 
(3)  by  conducting  applicable  research  in  its  Meteorological  Satellite 
Laboratory;  (4)  by  investigating  potential  nonmeteorological  by- 
products of  weather  satellites;  (5)  by  planning  the  institution  of  an 
operational  meteorological  rocket-sounding  network,  and  (6)  by  pro- 
viding specialized  meteorological  assistance  and  services  to  the  NASA 
Mercury  and  Gemini  spaceflight  programs. 

These  program  areas  have  been  described  in  the  annual  report  to 
the  Congress'^ rom  the  President,  entitled  “IX.S.  Aeronautics  and  Space 
Activities,  1962.”  With  your  permission,  therefore,  I shall  supply  the 
pertinent  material  for  the  record,  and  limit  my  prepared  remarks  to 
our  most  urgent,  most  important,  and  most  challenging  responsibil- 
ity— the  establishment  and  operation  of  the  National  Operational 
Meteorological  Satellite  System  (NOMSS), 

I would  like,  further,  to  set  forth  my  remarks  on  NOMSS  in  the 
form  of  four  statements:  The  first  to  present  background,  and  in 
general  terms,  the  arrangements  under  which  we  are  operating,  in- 
cluding our  funding  of  NASA  activities;  the  second,  to  discuss  what 
we  have  done  to  organize  ourselves  to  fulfill  both  our  current  and 
future  NOMSS  responsibilities,  and  to  discuss  the  implications  of 
these  responsibilities  upon  our  interface  with  the  NASA;  the  third 
to  describe  what  we  at  the  National  Weather  Satellite  Center  now 
visualize  to  be  the  probable  operational  meteorological  satellite  sys- 
tems of  the  immediate  and  long-range  future;  and  the  fourth  to 
describe  in  some  detail  our  most  significant  NOMSS  achievements  of 
the  past  6 months. 

NOMSS.  the  committee  will  recall,  is  the  result,  of  recommenda- 
tions made  by  an  interagency  working  group  known  as  POMS. 

These  recommendations  led  to  the  incorporation  in  the  Supplmental 
Appropriations  Act,  1962  (Public  Law  87-332)  of  funds  earmarked 
for  the  Weather  Bureau  to  provide  for  the  “continuous  observation 
of  worldwide  meteorological  conditions  from  space  satellites.”  This 
resulted  in  the  definition  of  NOMSS  requiring,  for  implementation, 
the  joint  efforts  of  the  Weather  Bureau  and  NASA. 

Quoting  from  the  POMS  report : 

Overall  management  of  the  system  would  be  assigned  to  the  U.S.  Weather 
Bureau,  which  would  be  directly  responsible  for  data  acquisition,  communica- 
tions, processing,  analysis,  and  dissemination.  Development  and  procurement 
of  spacecraft  and  launch  vehicles,  including  the  actual  conduct  of  launch  opera- 
tions, would  be  delegated  to  NASA.  It  is  contemplated  that  NASA  would  also 
participate  in  spacecraft  control  and  programing  and  in  data  acquisition.  Par- 
ticipation of  the  military  services  and  other  user  agencies,  as  required,  is 
expected. 

As  a necessary  first  step,  the  Department  of  Commerce,  representing 
the  Weather  Bureau,  entered  into  an  interagency  agreement  with 
NASA  on  January  18, 1962,  to  delineate  the  functional  responsibilities 
under  which  each  organization  would  conduct  its  respective  part  of 
the  cooperative  program  during  the  initial  phase  of  the  program. 
The  agreed-upon  division  of  Weather  Bureau  and  NASA  roles  wras 
intended  to  be  consistent  with  the  former’s  traditional  role  as  the 
National  Meteorological  Service  and  the  latter’s  statutory  respon- 
sibility as  the  Nation’s  civilian  space  agency.  This  interagency  agree- 
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ment  differs  in  some  important  details  from  the  POMS  report,  but 
this  reflects  the  fact  that  the  initial  phase  would  require  a larger 
degree  of  emphasis  on  R.  & D.,  particularly  on  spacecraft  R.  & D. 

In  February  1962,  the  Weather  Bureau  established  the  Meteoro- 
logical Satellite  Activities  at  Suitland,  Md.,  as  a new  organizational 
segment.  In  August  1962,  it  was  designated  the  National  Weather 
Satellite  Center.  NWSC  provides  the  organizational  framework 
within  which  the  Weather  Bureau  performs  its  technical,  managerial, 
and  operational  functions  with  respect  to  NOMSS.  I will  discuss 
later  the  management  operations  of  NWSC  and  our  present  interface 
with  NASA. 

Weather  Bureau  appropriations  available  or  requested  to  support 
the  TIROS  and  Nimbus  programs  through  fiscal  year  1964  are  set 
forth  in  the  following  table : 

Weather  Bureau  financial  plan,  meteorological  satellite  operation  appropriation 


[Millions  of  dollars) 


1962 

1963 

1964 

Appropriation  or  estimate: 

For  Nimbus  program  __  . 

$48.0 

$27.9 

12.1 

$23.0 

For  Tiros  program.  

Total.  

48.0 

40.0 

23.0 

Obligations: 

A.  To  NASA:  ■ 

1.  Nimbus  program: 

a.  Spacecraft . 

(2.5)  20.0 
(2)  13.0 

(2)  16.0 

b.  Launch  vehicles  & launching: 

Thor-Agena 

Atlas-Agena 

(2)  16.6 

c.  Command  and  data  acquisition: 

Construction  of  stations 

11.2 

.9 

Nimhns  peculiar  equipment 

2.5 

3.0 

1.5 

.5 

.5 

.8 

Station  operation 

rinmmiinioatinn  lints 

d.  Technical  control  and  programing 

.2 

.4 

e.  Technical  management 

.6 

Total,  Nimbus 

45.7 

3.1 
(3)  3.6 
(2)  5.0 
.3 

38.9 

.3 

2.  Tiros  program: 

a.  Spacecraft 

b.  Launch  vehicles  and  launching:  Thor- 
Delta 

c.  Command  and  data  acquisition: 

Station  operations..  

.9 

.2 

1.2 

.3 

Communications 

d.  Programing  and  analysis 

.2 

.1 

e Technical  management 

Total,  Tiros 

9.2 

2.9 

3 Automatic  picture  transmission  (APT)  system . . 

.6 

Total,  reimbursement  to  NASA 

45.7 

12.3 

42.4 

B.  Weather  Bureau: 

1 , Operational  staff  at.  CT)  A stations.  . . 

.2 

3.8 

.8 

2.  Data  processing,  analysis,  and  archiving 

1.3 

.8 

2.9 

.8 

3.  Technical  management.. 

Total,  Weather  Bureau 

2.1 

3.7 

4.8 

Total  obligations 

47.8 

16.0 

47.2 

i These  are  estimates  only.  Reimbursements  to  NAS  A will  be  made  on  the  basis  of  actual  costs  incurred 
for  the  activities  finally  approved. 
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This  table  also  indicates  the  amounts  to  be  made  available  to  NASA 
under  reimbursable  arrangements.  I shall  simply  summarize  this 
funding  by  reporting  to  you  that:  (a)  The  Weather  Bureau  portion 
of  the  TIROS  program  is  fully  financed  through  a reprograming 
of  a portion  of  our  meteorological  satellite  operations  appropria- 
tion; (b)  for  Nimbus,  appropriations  already  available  are  sufficient 
to  establish  and  equip  the  facilities  required  for  weather-data  ac- 
quisition, processing,  analysis,  and  archiving;  and  to  procure  four 
Nimbus  spacecraft;  and  (c)  the  1964  budget  estimate  submitted  to 
the  Congress  requests  operating  funds  to  place  the  NOMSS  program 
into  operational  status  during  fiscal  year  1964. 

Having  described  some  of  the  background,  I would  like  to  go  on  to 
discuss  the  matters  which  were  of  major  concern  to  this  committee. 
Last  September,  delays  encountered  in  developing  the  Nimbus  space- 
craft were  discussed  by  NASA,  the  Weather  Bureau,  and  the  De- 
partment of  Defense,  before  this  committee.  Subsequently,  in  its 
report,  “Space  and  the  Weather,”  the  committee  endorsed  the  concept 
of  orbiting  additional  TIROS  satellites  until  such  time  as  the  Nimbus 
system  proves  itself  operationally  satisfactory.  The  NWSC  took  the 
initiative  in  proposing  a technical  plan  known  as  TOSS  (Tiros 
Operational  Satellite  System).  Agreement  was  reached  between 
the  Weather  Bureau  and  NASA  covering  the  funding  of  additional 
TIROS  launches,  and  the  necessary  procurement  action  has  been 
initiated.  Under  this  agreement,  three  R.  & D.  flights  will  be  funded 
by  NASA  and  two  operational  flights  by  the  Weather  Bureau. 

All  operational  costs,  such  as  those  required  by  the  command  and 
data-acquisition  stations,  communication  links,  and  by  programing 
and  technical  management  functions,  will  be  shared  on  a pro  rata 
basis  according  to  the  number  of  R.  & D.  versus  operational  launches; 
that  is,  60  percent  NASA,  40  percent  Weather  Bureau. 

The  committee  report  of  December  3 last  year,  further  expressed 
concern  over  decisionmaking  and  management  authority  in  the  Nim- 
bus program,  recommended  consideration  of  the  creation  of  a court 
of  appeal  for  obtaining. binding  decisions,  and  asked  to  be  informed 
of  the  measures  taken  by  the  Weather  Bureau  and  NASA  to  create 
such  an  entity.  For  our  part,  we  in  the  Weather  Bureau  do  not 
believe  that  the  state  of  things  warrants  such  action.  We  do  believe 
that  where  there  is  uncertainty  about  Weather  Bureau  or  NASA 
responsibility  and  authority,  this  uncertainty  can  be  resolved  by  dis- 
cussions at  the  working  level,  or  at  the  management  level.  As  a 
final  resort,  we  can  appeal  to  the  Secretary  of  Commerce  and  Ad- 
ministrator of  NASA ; such  an  appeal  has  never  been  necessary,  and 
we  do  not  contemplate  this  necessity. 

I would  like,  now,  to  discuss  the  organizational  steps  which  we 
have  taken  to  fulfill  our  NOMSS  responsibilities  and  to  accommodate 
future  trends  in  operational  weather  satellite  technology.  I would 
like  to  deal,  also,  with  the  implications  of  these  trends  upon  our 
working  relationships  with  other  Government  agencies,  and  with 
NASA  in  particular. 

The  National  Weather  Satellite  Center  believes  that  its  structure 
and  operation  must  be  kept  dynamic  and  responsive  to  the  technical 
changes  and  new  management  demands  of  the  space  age.  For  this 
reason,  we  have  within  recent  weeks  organized  the  Center  along  the 
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functional  lines  indicated  by  the  attached  organization  chart.  These 
lines  reflect  the  lessons  learned  and  experience  gained  in  the  NOMSS 
program  to  date. 

Our  activities,  as  you  can  see,  are  now  divided  into  four  major  Divi- 
sions : Operations,  Research,  Systems,  and  Spaceflight  Support. 

(1)  The  Operations  Division  carries  on  the  analysis  of  the  satellite 
data  on  an  operational,  that  is  to  say,  on  a real  time  basis.  It  is  a 24- 
hour-a-day  operation  where  data  are  received  at  the  acquisition  sta- 
tions, analyzed,  transmitted  to  the  users,  and  archived.  In  addition, 
the  Operations  Division  also  receives  the  user  inputs  on  the  program- 
ing of  the  satellite  and  transmits  the  appropriate  instructions  to  the 
NASA  TIROS  Control  Center.  In  the  NOMSS  program,  of  course, 
this  Division  will  be  responsible  for  the  Data-Processing  Center,  which 
is  now  being  constructed  at  Suitland. 

(2)  The  Research  Division  is  our  Meteorological  Satellite  Labora- 
tory which  has  been  in  existence  for  many  years  as  the  preeminent 
scientific  group  doing  research  on  satellite  meteorology.  This  Divi- 
sion has  essentially  two  major  functions : 

(a)  Research  with  the  help  of  satellite  data  to  obtain  a better  under- 
standing of  how  the  atmosphere  works;  (b)  the  design  and  testing 
of  advanced  meteorological  sensors  for  future  satellites.  The  research 
scientists  of  the  Meteorological  Satellite  Laboratory  are  also  available 
as  inhcuse  consultants  for  a variety  of  problems  which  occur  in  the 
other  divisions.  They  also  monitor  a large  and  ever-increasing  num- 
ber of  university  grants  and  contracts  for  research  with  weather  satel- 
lite data. 

(3)  Our  new  organization  chart  (fig.  4a)  shows  that  we  have  added 
a Systems  Division.  This  activity  is  expected  to  spearhead  Weather 
Bureau  developmental  activities  concerning  (a)  future  improvement 
and  modifications  to  the  Nimbus  operational  program,  (b)  meteoro- 
logical data  handling  and  dissemination,  and  (c)  advanced  systems 
intended  to  extend  the  usefulness  of  NOMSS. 

(4)  Of  particular  interest  to  this  committee  may  be  our  new  Space- 
flight  Support  Division.  The  operations  of  this  group  are  funded  for 
by  NASA,  and  currently  consist  of  providing  meteorological  forecast 
and  advisory  services  to  the  NASA  manned  spaceflight  program. 
These  services  have  been  rendered  throughout  Project  Mercury  and  are 
being  extended  into  Gemini  and  Apollo.  It  is  expected  that  our  space- 
flight  support  will,  in  time,  be  enlarged  still  further  to  include  the 
analysis  and  forecasting  of  the  terrestrial  environment  at  much  higher 
altitudes,  in  addition  to  that  of  conventional  weather. 

We  do  not  consider  organization  a static  thing.  We  intend  to  keep 
ours  dynamic  to  meet  current  and  anticipated  problems  and  responsi- 
bilities. But  instead  of  increasing  our  size,  we  hope  to  limit  our- 
selves to  our  present  authorized  complement  of  about  300  personnel 
of  all  types.  We  want  to  keep  ourselves  small  and  flexible  to  insure 
continued  effective  technical  and  management  communication,  up- 
ward, downward,  and  laterally.  We  rely  heavily  on  contracts  now, 
and  make  sure  that  each  one  is  monitored  by  experts  in  our  center. 
Basic  research  we  contract  to  universities  and  other  nonprofit  institu- 
tions ; applied  research  and  developmental  work  is  contracted  to  in- 
dustry; and,  of  course  the  design  and  construction  of  spacecraft  is 
handled  by  NASA,  again  under  a reimbursable-type  contract.  The 
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management  group  for  NOMSS  itself  is  made  up  of  less  than  a 
dozen  of  us  who  monitor  the  fiscal  and  technical  performance,  set 
specifications  on  weather  satellite  systems,  and  direct  several  opera- 
tional analysis,  both  in-house  and  with  outside  contractors,  to  evalu- 
ate and  improve  the  cost-benefit  ratio  of  weather  satellites. 

Just  as  we  must  keep  our  organization  flexible  and  responsive  to 
change,  so  we  must  keep  adaptable  the  ground  rules  under  which  we 
operate.  Essentially  these  rules  are  the  terms  of  the  existing  inter- 
agency agreement  between  NASA  and  the  Department  of  Commerce 
for  the  implementation  of  phase  I of  the  Nimbus  Operational  System. 
These  terms,  derived  relatively  early  in  the  Nimbus  program,  repre- 
sented an  initial  effort  to  define  the  relative  responsibilities  of  the  two 


agencies. 

As  each  future  phase  of  NOMSS  approaches  the  implementation 
state,  we  and  NASA  must  reexamine  our  ground  rules  to  insure  that 
they  are  compatible  with  the  particular  weather  satellite  system  in 
question,  and  that  they  reflect  the  accumulated  technical  and  man- 
agement experience  both  in  the  meteorological  and  space  technology 
fields. 


Mr.  Chairman,  I think  I would  like  to  stop  at  this  point 

Mr.  Davis.  All  right. 

Dr.  Singer  (continuing) . And  continue  with  the  rest  of  the  state- 
ment at  a later  time. 


Mr.  Davts.  That  will  be  all  right. 

Initially,  I’d  like  to  address  an  inquiry  or  two  with  reference  to  the 
Nimbus  program,  Dr.  Singer. 

In  hearings  last  August  before  this  committee,  it  was  revealed  that 
there  had  been  a slippage  in  the  Nimbus  program.  I believe  the  testi- 
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mony  was  to  the  effect  it  was  about  18  months  behind  what  had  been 
hoped  for. 

It  also  came  to  light  that  the  Department  of  Defense  was  extremely 
interested  in  the  program  and  felt  that  it  had  a vital  stake  in  the 
successful  launch  of  a Nimbus  satellite. 

Now,  at  the  present  time,  I understand  that  it  is  hoped  that  an 
experimental  Nimbus  can  be  launched  in  calendar  year  1963.  Do  you 
agree  that  the  outlook  is  still  bright  for  that  event  to  take  place? 

Dr.  Singer.  Yes,  sir ; this  is  my  understanding. 

We  keep  in  constant  touch,  both  technically  and  fiscally,  with  the 
Nimbus  project  and  I believe  this  is  a correct  estimate;  yes,  sir. 

Mr.  Davis.  Now,  has  this  slippage  in  the  Nimbus  program  resulted 
in  the  necessity  of  firing  more  TIROS  satellites  than  was  originally 
scheduled,  or  would  you  say  that  there  is  no  connection  between  the 
TIROS  launchings  and  the  Nimbus  slippage? 

Dr.  Singer.  The  slippage  of  Nimbus,  as  you  will  recall,  led  to  the 
institution  of  an  operational  TIROS  system.  This  was  brought  about 
after  the  hearings  last  year  before  this  committee. 

We  stated  then  that  if  Nimbus  were  to  slip  further,  we  would  want 
to  insure  a continued  operational  coverage  so  that  the  users  who  are 
depending  on  the  data  from  weather  satellites  would  be  covered  in 
the  event  Nimbus  did  slip. 

Following  these  hearings,  we  made  arrangements  with  NASA  for  a 
program  whereby  the  Weather  Bureau  would  fund  additional  TIROS 
satellites  through  a reprograming  of  funds  originally  intended  for 
Nimbus. 

This  has  now  gone  into  effect. 

We  expect  to  have  the  additional  TIROS  satellites  available  for 
firing  as  required. 

Mr.  Davis.  Now,  in  your  opinion,  was  the  slippage  on  the  Nimbus 
program  due  simply  to  technical  problems  caused  by  the  sensor. 
Was  there  any  other  cause  for  the  slippage? 

Dr.  Singtr.  I believe  I can  say  quite  unequivocally  the  slippage  in 
Nimbus  is  due  to  technical  difficulties;  that  these  technical  difficulties 
arose  after  the  program  was  started;  that  these  technical  difficulties 
were  not  foreseen  and  probably  could  not  have  been  foreseen  in  their 
entirety. 

The  undertaking  of  a project  such  as  that  of  Nimbus  is  a very  com- 
plex one  and  it  is  virtually  impossible  for  anyone  to  be  able  to  foresee 
what  he  will  run  up  against. 

Mr.  Davis.  In  your  judgment  has  the  fact  that  our  Department  of 
Defense  fired  a nuclear  bomb  in  outer  space  and  thereby  created  a 
field  of  radioactivity  complicated  the  Nimbus  program? 

Dr.  Singer.  The  creation  of  the  artificial  radiation  belt  has  lead  to  a 
decrease  in  the  lifetime  of  solar  cells  on  orbiting  satellites  and, 
therefore,  wisely  I think,  the  Nimbus  project  decided  to  change  their 
solar  cell  setup.  This  not  only  guarantees  a better  solar  power  supply 
for  the  present  Nimbus,  but  will,  in  my  opinion,  lead  to  an  improved 
power  supply  for  future  Nimbus  satellites. 

In  other  words,  I think  it  is  a good  technical  change,  irrespective 
of  whether  the  bomb  was  fired  in  space  or  not.  It  has,  however,  led 
to  a procurement  delay,  not  a technical  delay. 
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Mr.  Davis.  Well,  you  still  don’t  qualify  your  statement  to  the  effect 
that  the  artificial  radiation  belt  also  will  shorten  the  life  of  a satellite — 
or  of  a solar  cell. 

Dr.  Singer.  Well,  sir,  it’s  not  possible  to  make  such  a blanket  state- 
ment. 

As  an  example,  I will  quote  the  fact  that  TIROS  V,  which  was 
launched  in  June  of  1962  shortly  before  the  atomic  explosion,  has 
suffered  no  ill  effects  and  is  still  operating  perfectly. 

In  fact,  I checked  this  morning.  The  quality  of  the  picture  is  better 
than  ever. 

Mr.  Davis.  On  a recent  trip  out  to  Goddard,  this  committee  was 
shown,  what  I suppose  was  a ‘unockup”  of  a Nimbus  satellite,  and  the 

{rnnels  of  the  solar  cells,  as  I lecall,  were  3-feet  wide  each  and  8- feet 
ong,  and  each  one  had  about  10,000  of  these  blue  solar  cells  on  it. 

Now,  has  that  configuration  been  changed  or  is  that  the  latest  one? 
Dr.  Singer.  No,  sir;  the  configuration,  the  mechanical  configura- 
tion, has  not  been  changed. 

What  has  been  changed  is  the  character  of  the  cell  itself.  Instead 
of  the  use  of  so-called  P/N  cells,  they  are  using  N/P  cells.  What  this 
means  is  that  they  are  using  cells  which;  are  more  radiation  resistant. 

It  also  allows  you  to  attach  the  cells  to  the  panels  in  a better  way 
mechanically  so  they  won’t  fall  off  under  vibration,  and  this  again, 
I think,  is  a technical  improvement,  and  leads  to  a greater  reliability 
of  the  satellite. 

So,  the  change  from  one  type  of  cell  to  another  has  two  technical 
improvements. 

I have  personally  gone  into  this  matter,  since  it  constituted  a delay, 
to  assure  myself  that  the  change  was  necessary. 

I am  satisfied  the  matter  has  been  handled  in  the  best  possible  way. 
Mr.  Davis.  Now  you  mentioned  a few  minutes  ago,  the  fact  that  the 
Nimbus  was  not  launched  as  soon  as  it  had  been  hoped,  caused  an 
operational  TIROS  to  be  launched. 

Now  you  further,  earlier  in  your  testimony  this  morning,  said  there 
would  be  two  R.  & D.  launches  of  TIROS  and  three  operational 
launches — was  it  the  other  way  around — three  R.  & D.  launches  and 
two  operational  launches? 

Well,  what  is  the  big  thing  that  distinguishes  between  a R.  & D. 
TIROS  and  an  operational  TIROS  ? 

As  a matter  of  fact,  the  first  one  you  launched  turned  out  to  be 
virtually  operational,  didn’t  it? 

Dr.  Singer.  It’s  a matter  of  definition.  Let  me  explain  my  defini- 
tion. 

Mr.  Davis.  All  right. 

Dr.  Singer.  In  the  first  place,  a small  correction — an  operational 
TIROS  has  not  yet  been  launched.  We  can  define  the  TIROS  satel- 
lites here  as  to  whether  they  are,  indeed,  operational,  by  the  type 
funding  they  are  getting. 

If  they  are  funded  by  the  NASA  they  are  R.  & D.  and  if  they  are 
funded  by  the  Weather  Bureau  they  are  operational. 

If  they  are  funded  by  the  Weather  Bureau  they  are  under  the  con- 
trol of  the  Weather  Bureau.  We  can  specify  the  kind  of  sensors  they 
have.  We  insist  they  have  these  sensors  and  we  can  specify  the  launch 
time. 
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With  the  R.  & D.  satellites  we  can  request  and  urge  NASA  to  include 
certain  sensors,  and  we  can  urge  and  request  them  to  launch  the  satel- 
lite at  a particular  time — let’s  say,  for  example,  just  before  the  hur- 
ricane season — so  that  we  will  have  coverage;  out  I don’t  think  we 
can  legally  insist  on  it  because  it  is,  after  all,  a R.  & D.  satellite  in- 
tended for  R.  & D.  purposes  primarily,  and  funded  by  NASA  on  a 
R.  & D.  program. 

But  as  a matter  of  fact,  NASA  had  been  most  responsive  to  our 
requests,  particularly  our  scheduling  requests. 

As  an  example,  we  asked  them  to  slip  a firing  which  was  scheduled 
for  the  very  near  future. 

We  asked  them  to  slip  this  firing  because  both  TIROS  V and  YI 
are  working  perfectly. 

We  saw  no  point  in  having  a third  satellite  up  there  from  an  oper- 
ational point  of  view.  From  a research  point  of  view,  they  might 
have  liked  to  have  the  satellite  up  there  to  try  out  a new  sensor  or  a 
new  scheme,  but  they  deferred  to  our  request  to  save  this  particular 
satellite  for  a later  date  when  we  would  need  it. 

Mr.  Davis.  To  move  to  a slightly  different  subject  for  a moment. 

Mr.  Hechler.  Mr.  Chairman,  before  we  leave  that,  may  I ask  Dr. 
Singer  what  is  the  current  schedule  for  future  TIROS  launching  ? 

Dr.  Singer.  We  always  fix  on  a tentative  date  by  quarters  of  calen- 
dar years. 

These  dates,  at  the  request  of  NASA,  are  classified  and  later  de- 
classified and  released  shortly  before  the  launch. 

However,  we  want  to  reconsider  the  launch  schedule  at  a later  time 
in  the  light  of  whether  either  TIROS  V and  VI  is  still  operating. 

Roughly  speaking,  we  want  to  be  sure  we  have  satellite  coverage  dur- 
ing the  time  of  year  which  is  of  greatest  meteorological  concern  to 
the  United  States. 

That  is  to  say,  during  the  August-September-October  hurricane 
season  we  want  to  be  sure  a satellite  is  in  an  orbit  which  will  cover  the 
northern  hemisphere. 

Therefore,  we  will  carefully  watch  TIROS  Y and  VI  performance. 
If  they  show  any  kind  of  deterioration,  we  will  schedule  a satellite 
for  a launch  suitable  to  cover  the  hurricane  season. 

Mr.  Rumsfeld.  I was  just  curious  about  this  possibility.  If  the 
two  TIROS  satellites  are  operating  properly  as  we  approach  August 
and  September,  is  it  possible  you  will  suggest  they  again  slip  the 
additional  TIROS  shot? 

Dr.  Stnger.  It  is  possible,  but  I think  we  would  be  very  chary  to 
do  this  because  we  might  be  pushing  our  luck  too  far.  Failure  of  a 
satellite  can  occur  at  any  time,  and  it  would  be  unexpected  and  un- 
foreseen. We  may  not  want  to  take  this  chance  in  the  fall,  but  we 
are  willing  to  take  this  chance  in  the  spring. 

Mr.  Rumsfeld.  I ^ee. 

Dr.  Singer.  We  are  now  approaching,  by  the  way,  the  very  happy 
situation  that  was  discussed  last  September,  I recall,  by  Mr.  Fulton 
of  Pennsylvania,  where  we  actually  have  satellites  on  the  shelf.  Some- 
thing that  we  have  never  had  before  and  where  we  can,  in  fact,  schedule 
our  launchings  in  an  intelligent  way  to  lower  the  general  cost  of  the 
whole  satellite  system. 

Mr.  Rumsfeld.  Doctor  Singer,  do  you  assume  that  when  you  re- 
quest a slippage  of  a firing  for  operational  reasons,  that  research  con- 
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siderations  being  made  by  NASA  are  of  insufficient  meaning  that  they 
would  willingly  go  along  when  they  do  go  along,  as  they  did  in  this 
last  case  ? 

Dr.  Singer.  It’s  a matter  of  sitting  down  and  working  these  things 
out.  We  are  as  interested  as  NASA  is  in  seeing  the  research  go  for- 
ward, for  from  the  research  will  come  better  satellites  and  better  sen- 
sors. So  we  do  have  basically  the  same  interests  and  we  have  had  no 
real  problem  in  the  scheduling  of  the  TIROS  satellites. 

But  in  the  operational  satellites  we  will  have,  I think,  the  necessary 
legal  and  managerial  control  to  specify  exactly  what  goes  into  them. 

Mr.  Rumsfeld.  I see.  Is  there — this  is  possibly  not  a question  that 
should  properly  be  asked  of  you ; but  do  you  know  of  instances  where 
tests  have  been  made  on,  say,  solar  cells — for  the  TIROS  and  Nimbus 
projects  or  on  other  satellites — not  connected  with  the  program  that 
you  are  concerned  with? 

Dr.  Singer.  Testing  solar  cells,  for  example,  to  check  their  radia- 
tion resistance  ? 

Mr.  Rumsfeld.  Yes. 

Dr.  Singer.  Those  kinds  of  tests  generally  are  done  in  the  labora- 
tories under  controlled  conditions.  What  one  does  is  measure  the  radi- 
ations in  space  to  see  what  is  up  there  affecting  the  cells.  One  then 
produces  these  various  conditions  in  the  laboratory  and  exposes  the 
solar  cells  to  them. 

Mr.  Rumsfeld.  You  said  there  were  tests  required  that  had  to  be 
made  in  space. 

For  example,  this  next  TIROS.  There’s  some  reason  for  launching 
this  next  TIROS  instead  of  waiting  for  the  Nimbus? 

Dr.  Singer.  These  are  not  tests  of  solar  cells.  These  are  tests  of  new 
orbits. 

Mr.  Rumsfeld.  Can  these  be  tested  in  the  laboratory  ? 

Dr.  Singer.  No ; they  cannot. 

Mr.  Rumsfeld.  They  cannot? 

Mr.  Davis.  Mr.  Chairman? 

Chairman  Miller.  Doctor,  we  speak  of  making  a successive  num- 
ber of  R.  & D.  orbitings,  TIROS  satellites.  These  successive  orbits — 
do  not  necessarily  follow  the  pattern  of  the  one  before.  Each  one  has 
a specific  reason,  hasn’t  it,  for  being  sent  up  ? In  other  words,  to  de- 
velop new  data  to  improve  over  the  prior  experiment.  Isn’t  that  the 
reason  you  have  to  go  through  with  the  R.  & D.  firing  ? 

Dr.  Singer.  Yes,  sir. 

Chairman  Miller.  It’s  not  just  a question  of  sending  up  a vehicle 
that  is  to  be  considered  standard.  They  are  each  different  and  each 
has  a very  different  probe  for  scientific  reasons. 

Dr.  Singer,  It  has  turned  out  there  have  been  modifications  on  suc- 
cessive TIROS  spacecraft  and  also  modifications  in  the  orbit. 

For  example,  the  first  four  TIROS  satellites  were  launched  in  48° 
orbit  and  then  it  was  decided  to  try  a 58°  orbit  to  see  what  improve- 
ment one  would  obtain  in  coverage. 

The  improvement  is  considerable. 

Mr.  Davis.  When  you  say  58°,  it  might  be  well  to  explain  what  you 
mean.  Is  that  the  angle  of  the  orbit  as  with  respect  to  the  equator? 

Dr.  Singer.  That  is  correct. 

Chairman  Miller.  Doesn’t  that  throw  you  pretty  far  north  ? 
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Dr.  Singer.  This  is  the  reason  we  want  it  at  58°.  As  it  turns  out, 
if  you  go  much  farther  north  you  don’t  gain  a great  deal. 

Chairman  Miller.  Where  is  it  farthest  north — over  the  Pacific 
someplace  ? 

Dr.  Singer.  It  will  go  as  far  north  as  58°  latitude  and  will  hit  suc- 
cessively at  different  longitudes ; so  during  the  lifetime  of  a satellite 
it  will  just  about  cover  the  whole  Earth. 

Chairman  Miller.  It  will  just  about  cover  the  wuole  Earth  ? 

Dr.  Singer.  In  fact,  since  it’s  operating  at  considerable  altitude,  it 
can  look  farther  north  than  58° . 

It  can  see,  for  example,  the  subarctic  ice  conditions.  It  can  check 
on  polar  meteorology  and,  in  fact,  we  have  been  able  to  obtain  with 
TIROS  V,  a wonderful  set  of  pictures  giving  the  meteorological  con- 
ditions around  Antarctica  for  the  first  time. 

These  have  never  been  observed  from  any  conventional  meteorologi- 
cal network.  There  j ust  isn’t  one  down  there. 

Mr.  Davis.  Doctor,  so  this  record  will  show  a little  bit  of  the  dif- 
ference between  TIROS  and  Nimbus,  it  is  true.  TIROS  sees  only 
about  a tenth  of  the  Earth  each  day.  Is  that  not  correct? 

Dr.  Singer.  Roughly  15  percent,  sir. 

Mr.  Davis.  And  also  it’s  true  TIROS  is  not  capable  of  being  con- 
trolled to  make  it  always  look  at  the  Earth. 

It’s  oriented — it’s  spin  oriented,  is  it  not?  And  consequently  is 
looking  away  from  the  Earth  quite  a bit  of  the  time,  although  it  has 
a consistent  attitude  with  respect  to  the  Sun.  It’s  not  always  pointed 
at  the  Earth? 

Dr.  Singer.  Yes,  sir;  but  TIROS  can  be  modified  and  this  brings 
me  back  to  the  earlier  question  about  the  TIROS  operational  satel- 
lites. 

We  can,  for  example,  and  we  may  wish  to,  specify  to  NASA  to 
launch  our  operational  TIROS  satellites  in  a certain  way  to  give  com- 

Elete  coverage  of  the  Earth  or  to  provide  a camera  system  which  can 
e oriented  to  the  Earth  by  means  of  a special  arrangement  which  I 
actually  hope  to  discuss  in  the  second  part  of  my  testimony. 

Mr.  Davis.  Now,  of  course,  Nimbus  will  be  fully  able  to  keep  the 
earth  in  view  all  the  time  ? 

Dr.  Singer.  Nimbus  is  a much  superior  satellite  compared  to 
TIROS.  Nevertheless,  much  more  can  be  done  with  TIROS  than  has 
been  done.  We  have  made  studies,  and  so  has  NASA,  to  see  how  the 
TIROS  satellite  can  be  adapted  to  obtain  a better  operational  cover- 
age. 

Mr.  Davis.  Now,  pointing  up  another  difference  between  TIROS 
and  Nimbus;  as  I recall  it,  the  camera  system  aboard  TIROS  is  able 
to  resolve  distances  only  down  to  points  about  2 miles  apart.  Is  that 
not  correct  ? 

Dr.  Singer.  This  is  so ; it  often  works  out  to  be  about  4 or  5 miles. 
Of  course,  when  the  camera  looks  at  large  angles  from  the  vertical  the 
distances  are  really  very  much  greater. 

Mr.  Davis.  What  will  Nimbus  resolving  power  be  ? 

Dr.  Singer.  Nimbus  should  be  able  to  resolve  half  a mile  at  the 
center  of  the  picture. 

Mr.  Davis.  Is  that  a sufficient  resolving  power  to  help  you  see  such 
phenomena  as  tornadoes  ? 
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Dr.  Singer.  We  cannot,  see  the  actual  funnel  tornado  cloud  from 
above  because  it  is  suspended  and  therefore  hidden  under  a larger 
cloud  system.  We  can  now  recognize  certain  features  of  the  larger 
clouds  as  hail  and  tornado  producing  clouds ; but  to  do  this  we  will 
need  the  higher  resolution  camera  systems. 

Chairman  Miller.  Doctor,  we  talk  of  tornadoes  and  hurricanes. 

Is  there  a difference  between  them  ? 

Dr.  Singer.  Yes,  sir,  a considerable  difference.  Hurricanes,  ty- 
phoons, “Willy-Willies” — they  are  all  the  same  thing. 

They  are  called,  different  names  in  different  parts  of  the  world. 
They  are  all  what  we  call  tropical  cyclones  with  winds  over  65  knots. 
They  occur  over  most  tropical  oceans,  both  north  and  south  of  the 
Equator.  Not  really  at  the  Equator. 

Chairman  Miller.  These  you  can  see? 

Dr.  Singer.  Oh,  yes,  their  cloud  systems  have  very  large  dimen- 
sions— on  the  order  of  500  miles  across,  although  the  area  of  hurricane 
force  winds  will  be  smaller  than  the  size  of  the  cloud  shield. 

They  have  very  long  lifetimes.  They  will  last  many  days  as  they 
travel  over  the  oceans;  many  eventually  hit  the  land  and  die. 

Tornadoes,  on  the  other  hand,  are  imbeddled  in  smaller  cloud  masses 
about  100  miles  across.  The  area  of  violent  tornado  winds  is  much 
smaller,  sometimes  only  a hundred  yards  or  less  across.  They  have  very 
short  lifetimes  and  spring  up  in  areas  quite  far  removed  from  the 
tropics. 

It  is  unfortunately  true  that  the  United  States  is  one  of  the  coun- 
tries that  seems  to  be  hardest  hit  by  tornadoes.  We  lose  a tremendous 
amount  of  property  and  many  lives.  For  example,  in  recent  years,  in 
Gainesville,  Ga.,  over  200  people  died  in  1 tornado.  The  same  tor- 
nado, I recall,  caused  property  damage  of  about  $13  million. 

During  the  last  2 years  there  has  been  damage  on  the  order  of  $10 
million  in  Chicago,  in  St.  Louis,  in  Cleveland,  and  other  cities. 

Chairman  Miller.  The  tornadoes  just  spring  up;  they  go  up  pretty 
rapidly. 

You  think  that  we  could  ever  be  able  to  determine  from  the  air  where 
they  are,  in  time  to  warn  people? 

Dr.  Singer.  Yes,  sir. 

I would  like  to  show  you,  in  the  final  part  of  my  presentation,  some 
interesting  pictures. 

I will  point  out  certain  types  of  clouds  we  know  now  to  be  tornado 
clouds.  We  think  we  have  a good  chance  of  determining  what  kinds 
of  clouds  have  tornadoes  in  them. 

Chairman  Miller.  Have  you  defined  these  clouds  since  the  orbit- 
ing of  the  first  TIROS  ? 

Dr.  Singer.  Yes,  sir,  and  we  have  published  scientific  reports  on 
these  studies. 

Chairman  Miller.  So  that  you  are  making  very  rapid  progress  in 
this  field? 

Dr.  Singer.  We  are  making  progress  in  our  research  laboratory  in 
the  identification  of  clouds  from  pictures. 

We  do  this  by  coupling  together  the  satellite  data  and  surface  data 
obtained  from  ground  observations,  ground  radar,  and  other  meteoro- 
logical aids.  I will  be  glad  to  elaborate  on  this  when  I show  the  slides. 

Mr.  Hechler.  Dr.  Singer,  did  you  attend  the  International  As- 
tronautical  Congress  last  fall  ? 
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Dr.  Singer.  Yes,  sir.  I did. 

Mr.  Hechler.  There  was  some  talk  that  came  out  of  that  Congress, 
that  the  Soviet  Union  was  making  strides  in  the  development  of 
meteorological  satellites. 

There  were  some  rumors  that  perhaps  this  spring  the  Soviet  Union 
might  have  reached  a point  where  it  might  be  ready  to  launch  a satel- 
lite with  about  the  same  capability  as  TIROS  I. 

I wonder  if  you  could  tell  us  what  you  know  of  Soviet  progress  in 
this  field  and  if  you  have  any  reason  to  believe  that  they  are  as  far 
advanced  as  we  are  in  the  development  of  meteorological  satellites. 

Dr.  Singer.  Sir,  I have  no  special  knowledge  in  the  sense  that  I do 
not  have  access  to  any  classified  information.  Whatever  remarks  I 
make  here  are  based  on  my  own  judgment  and  experience  and,  of 
course,  conversations  with  Soviet  scientists. 

One  of  the  most  significant  parts  of  our  space  program,  of  course, 
has  been  the  development  of  weather  satellites  as  Mr.  Davis  has 
mentioned. 

It  has  made  a tremendous  impact  internationally,  and  it  has  made  a 
tremendous  impact  on  the  Soviets,  especially  on  Soviet  scientists. 

For  example,  many  of  the  research  publications  of  Soviet  scientists 
regularly  quote  U.S.  sources  such  as  our  scientists  at  the  NWSC. 
Furthermore,  they  use  TIROS  satellite  data  for  their  own  research  and 
publish  papers  on  the  results. 

This  indicates  their  great  interest  in  having  weather  satellite  data. 

A further  development,  which  I think  is  of  some  interest  is  the  fact 
that  the  direction  of  the  Soviet  space  effort,  scientifically  speaking, 
has  now  been  taken  over  by  Y.  K.  Federov.  Dr.  Federov  is  a well- 
known,  quite  outstanding  Soviet  meteorologist  and  geophysicist.  In 
1957,  he  published  a review  article  on  weather  satellites  in  which  he 
reviewed  mainly  U.S.  plans  and  developments  and  also  expressed  his 
own  personal  convictions  and  interests  in  weather  satellites. 

You  might  say  he  is  now  the  Scientific  Director  of  the  Soviet  Space 
Agency,  if  there  were  such  a position. 

Chairman  Miller.  He  is  the  Jim  Webb  of  the  Soviet  Space 
Agency  ? 

Dr.  Singer.  It  is  difficult  to  say.  He  could  possibly  be  the  Dryden 
of  the  Soviet  Space  Agency. 

What  is  interesting  is  that  he  came  to  the  United  States  to  visit  the 
Weather  Bureau.  He  visited  us  at  Suitland  and  told  us  he  had  been 
just  appointed  and  made  the  Chief  of  the  Soviet  Union  “Weather 
Bureau”  which  would  make  him  also  an  equivalent  to  Dr.  Reichel- 
derfer. 

One  can  put  two  and  two  together  and  conclude  that  construction 
and  early  launch  of  weather  satellites  is  probably  one  of  the  immediate 
Soviet  aims. 

Chairman  Miller.  Can  they  tap  our  satellite?  They  can,  can’t 
they,  if  it’s  turned  on  ? They  can  get  our  pictures  ? 

Dr.  Singer.  No,  sir;  they  cannot. 

Chairman  Miller.  They  can’t? 

Dr.  Singer.  The  way  TIROS  is  now  arranged,  only  our  own  read- 
out stations  in  the  United  States  can  get  the  pictures.  This  is  not 
done  for  security  reasons,  but  only  to  keep  unauthorized  people  from 
interfering  with  the  satellite  performance. 


3036 


1964  NASA  AUTHORIZATION 


You  know,  the  pictures  are  stored  on  the  tape  recorders.  If  some- 
one else  had  the  ability  to  turn  on  the  satellite  and  get  the  information, 
we  wouldn’t  be  able  to  get  it  in  the  United  States. 

In  fact,  there  have  been  some  difficulties  in  the  command  circuits, 
due  to  spurious  radio  signals  from  aircraft.  This  has  been  fixed  now. 

Mr.  Hechler.  From  the  standpoint  of  national  interest,  what  ad- 
vantages would  you  say  would  derive  from  a strictly  technical  stand- 
point or  scientific  standpoint,  in  sharing  our  weather  satellite  infor- 
mation with  the  Soviet  U nion  ? 

Is  there  any  advantage,  for  example,  in  having  additional  readout 
stations  on  Soviet  territory  ? 

Dr.  Singer.  May  I make  a slight  prefacing  remark  here,  since  you 
mention  the  words  “scientific”  and  “operational.” 

I make  a distinction,  which  may  not  be  generally  shared,  between 
the  scientific  and  operational  aspects.  I think  the  information  from 
weather  satellites  has  both  scientific  significance  and  operational  sig- 
nificance. I feel  it’s  very  important  that  you  gentlemen  understand 
this  distinction. 

The  scientific  aspects  of  the  data,  of  course,  are  very,  clear  cut. 
They  aid  us  in  our  understanding  of  how  the  atmosphere  works. 
They  are  very  important. 

The  operational  aspects,  however,  have  a different  type  of  impor- 
tance. They  have  direct  economic  and,  in  some  cases,  military  impor- 
tance. They  are  worth  money. 

You  might  ask  “How  does  one  distinguish  between  the  scientific  as- 
pects of  the  data  and  the  operational  aspects  of  the  data?” 

It’s  very  hard,  but  one  distinguishing  feature  is  the  way  in  which 
the  data  are  transmitted.  If  data  are  transmitted  in  real-time  over 
microwave  links — expensive  wide-band  microwave  links — they  ob- 
viously are  being  used  operationally  and  should  be  treated  as  having 
operational  significance.  If  they  are  being  transmitted  by  airmail, 
then  they  have  only  scientific  significance. 

We  have  been  exchanging  data  with  the  Soviets  for  some  time  now 
and  have  been  giving  them  satellite  data  of  scientific  significance.  In 
other  words,  they  get  our  reprints  and  some  of  our  pictures  by  air- 
mail. 

We  are  now  speaking,  however,  about  an  exchange  on  an  operational 
basis.  That  is  to  say,  exchanging  weather  data  more  or  less  as  they  are 
received — more  or  less  in  real-time. 

Such  operational  data  from  the  Soviets  would  be  of  value  to  us  in  the 
following  way.  They  would  enable  us  to  get  a more  frequent  cover- 
age of  the  Earth  every  day  provided  that  the  Soviets  have  a satel- 
lite system  in  operation  which  is  compatible  with  ours  and  which  is  in 
orbits  that  complement  ours. 

I have  given  a very  full  answer  to  this  question  because  I did  want 
to  stress  the  important  difference  between  the  scientific  and  operational 
aspects  of  the  weather  satellite  data. 

Mr.  Hechler.  I am  glad  you  brought  that  out. 

I had  a question  from  a student  the  other  day ; in  view  of  the  fact 
we  are  so  far  ahead  of  the  Soviet  Union  in  the  development  of  weather 
satellites,  what  do  we  gain  by  exchanging  information  with  them? 

I think  your  emphasis  on  the  scientific  aspects  clarified  that. 
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Mr.  Davis.  Dr.  Singer,  moving  back  to  a little  more  discussion  of 
our  intramural  weather  program;  our  subcommittee,  or  a large  part 
of  it,  went  to  the  Wallops  Station  last  Friday. 

There,  we  met  a number  of  NASA  employees — we  were  given  a 
demonstration,  in  fact,  of  a readout  from  TIROS  and  we  noticed  that 
you  had  some  Weather  Bureau  people  there,  working  right  with  the 
NASA  employees. 

Now,  I would  like  to  know  if  you’ve  had  any  problems  dealing 
with — from  a management  standpoint,  or  in  working  with — the 
weather  satellite  as  respects  the  Weather  Bureau  and  NASA  . 

Would  you  take  a few  moments  to  describe  your  relationship, 
whether  or  not  you  have  met  with  problems  and  what  you  think 
of  it? 

Dr.  Singer.  In  the  TIROS  program,  we  have  no  real  problems. 

The  Weather  Bureau  people  are  at  the  readout  stations  under  an 
agreement  that  we  have  with  NASA  to  make  whatever  operational 
use  that  can  be  made  of  the  R.  & D.  TIROS  data.  As  you  know,  they 
have  done  a splendid  job  of  making  operational  use  of  such  data. 

Although  quite  unexpected,  as  soon  as  the  first.  TIROS  went  up 
it  was  realized  that  operational  use  could  be  made  of  the  data.  I’m 
very  pleased  to  report,  it  has  been  made  continuously  and  has 
probably  contributed  greatly  to  the  economy  of  our  country. 

Chairman  Miller.  Would  you  say  this  is  a bonus,  an  unexpected 
bonus,  we  got? 

Dr.  Singer.  Yes,  sir.  For  the  Nimbus  program — which  got  started 
before  TIROS  actually,  but  hasn’t  yet  flown — the  Nimbus  program 
there  has  set  up  a formal  intragency  agreement  between  NASA  and 
the  Department  of  Commerce  to  delineate  the  respective  responsi- 
bilities of  the  two  agencies.  This  covers  the  first  phase  of  the  Nimbus 
program. 

Mr.  Davis.  I notice  in  this  year’s  budget,  so  far  as  NASA  is  con- 
cerned, there  is  $46.8  million  requested  for  weather  satellite  money. 
Now,  that  is  in  addition,  of  course,  to  the  money  which  the  Weather 
Bureau  is  requesting  for  similar  work. 

I believe  your  total — I haven’t  had  time  to  examine  this  in  detail — 
comes  to  $38.9  million. 

Is  that  correct — that  is,  of  the  money  which  you  expect  during 
the  coming  fiscal  year,  to  reimburse  NASA  with  for  their  weather 
work? 

Dr.  Singer.  Could  I go  back  one  step,  sir  ? 

Dr.  Davis.  Yes,  sir. 

Dr.  Singer.  NASA  appropriates  funds  for  R.  & D.  purposes  and 
is  paying,  completely,  for  the  development  of  the  Nimbus  satellite. 
We  are  transferring  money  to  NASA  to  purchase  additional  developed 
satellites  for  operational  use. 

Now,  in  fact,  the  funds  are  somewhat  commingled.  If  the  develop- 
ment. had  been  completed  and  if  the  satellites  were  on  the  shelf,  we 
would  transfer  the  money  to  NASA  to  buy  those  satellites. 

As  the  satellites  are  not  really  completed,  the  R.  & D.  and  operational 
funds  are  comingled ; however,  we  keep  a very  accurate  check  on  the 
operational  funds. 

Mr.  Frey,  Mr.  Carl  Frey  here,  is  financial  liaison  representative  at 
NASA.  He  is  responsible  for  seeing  to  it  that  we  know  about  every 
penny  that  NASA  is  spending  of  our  funds. 
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These  figures  that  you  see  here  represent  formal  purchase  orders 
that  we  have  either  given  to  NASA  or  contemplate  giving  to  NASA. 
They  are  not  yet  reimbursements. 

Reimbursements  to  NASA  are  made  only  after  they  actually 
expend  funds  and  after  we  have  made  sure  they  expended  the  funds 
in  the  manner  authorized  by  the  purchase  order.  After  we  have 
checked  to  be  sure  we  are  paying  only  for  the  operational  aspects  of 
the  program,  then  we  reimburse  NASA. 

Mr.  Rumsfeld.  Just  to  clear  up  the  record;  I believe  the  $38.9 
million  figure  you  used  is  just  for  Nimbus  and  the  total  would  be 
$42.4  million,  and  that’s  an  estimate. 

Mr.  Davis.  That  is  confined  to  Nimbus. 

Dr.  Singer.  This  figure  of  $38.9  million  is  what  we  expect  to  obli- 
gate to  NASA  in  fiscal  1964. 

Mr.  Rumsfeld.  F or  the  Nimbus  program  only  ? 

Dr.  Singer.  For  Nimbus.  We  have  already  obligated,  in  1962,  $45.7 
million,  and  we’ve  obligated,  in  1963,  $3.1  million — all  for  the  Nim- 
bus program. 

Mr.  Boone.  Now,  Dr.  Singer,  your  total  budget  request  for  1964, 
though,  is  only  $23  million. 

That’s  what  you  are  requesting.  Is  that  correct?  The  $38.9  mil- 
lion included  1963,  as  well  as  your  hope  for  1964  program? 

Dr.  Singer.  Yes.  May  I explain  the  appropriation  under  which 
we  are  operating?  It  is  called  the  Meteorological  Satellite  Opera- 
tions appropriation  (MSO). 

It  is,  m fact,  our  authorizing  appropriation  because  in  the  supple- 
mental of  1962,  our  authorization  to  establish  and  operate  the  Na- 
tional Operational  Meteorological  Satellite  System  (NOMSS)  was 
tied  to  this  particular  appropriation. 

This  is  the  only  specific  language  we  have  right  now  for  all  the 
operational  satellite  work  we  are  doing.  We  are  anxious,  therefore, 
to  keep  this  appropriation. 

If  it  should  disappear,  we  may  lose  our  specific  operational  author- 
ity, so  far  as  Congress  is  concerned. 

Now,  this  appropriation  provides  funds  which  remain  available 
until  spent.  This  is  similar  to  i\e  funding  authority  you  provide  to 
NASA,  differing  only  in  that  we  do  not  have  authority  for  what  I 
believe  is  called  incremental  funding. 

In  our  case,  funds  are  appropriated  for  the  full  cost  of  the  opera- 
tional programs,  and  remain  available  until  expended.  You  will  note 
that  in  1963  we  received  $40  million,  but  we  obligated  only  $6.8  million 
for  the  Nimbus  program.  This  was  mainly  due  to  the  fact  that  the 
Nimbus  program  had  been  delayed. 

Therefore,  we  deferred  obligating  any  of  the  1963  funds  to  NASA 
for  spacecraft  and  launching  functions.  Neither  of  us  saw  a need 
for  any  additional  obligational  authority.  This  was  a good  thing 
because  we,  therefore,  had  funds  available  to  reprogram  for  the 
TIROS  operational  program.  We  were  able  to  purchase  three  addi- 
tional TIROS  satellites  to  carry  us  through  the  entire  interim  period 
until  the  Nimbus  program  becomes  operational. 

Mr.  Davis.  Moving  to  the  TIROS  part  of  this  page,  for  a minute, 
I notice  for  1964,  a $2.9  million  scheduled  for  TIROS  money. 

Dr.  Singer.  That  is  correct. 
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Mr.  Davis.  As  I understand  it — as  I understand  your  testimony, 
TIROS  has  become  virtually  an  on-the-shelf  item,  has  it  not? 

Dr.  Singer.  In  some  respects,  yes. 

Mr.  Davis.  You  buy  them  from  RCA  Corp.  ? 

Dr.  Singer.  Not  directly.  We  use,  and  will  continue  to  use,  NASA 
as  the  executive  agent. 

Mr.  Davis.  They  are  bought  from  the  RCA  Corp.,  are  they? 

Dr.  Singer.  Yes. 

Mr.  Davis.  And  they  cost  about  $1.3  million  apiece.  Is  that  not 
correct? 

Dr.  Singer.  That  is  right. 

Mr.  Davis.  And  the  cost  of  launching  one  is  about  $2 y2  million. 

Dr.  Singer.  Yes,  sir. 

Mr.  Davis.  In  view  of  that,  I am  unable  to  understand  why  you 
would  have  had  $5  million  scheduled  in  1963  for  launching,  and  none 
in  1962,  and  no  money  in  1964. 

Dr.  Singer.  I can  explain  this. 

Mr.  Davis.  All  right. 

Dr.  Singer.  Up  until  last  fall,  the  TIROS  program  was  entirely 
funded  by  NASA.  It  was  the  R.  & D.  TIROS  program  and,  there- 
fore, we  show  no  funds  transferred  to  NASA  in  1962. 

After  the  hearings  last  September,  it  became  evident  that  it  was 
necessary  to  institute  a program  of  operational  TIROS  launches  to 
carry  us  through  the  interim  period  until  Nimbus  became  operational. 
Therefore,  we  reprogramed  some  of  the  MSO  appropriation — Meteor- 
ological Satellite  Operations  appropriation.  We  call  it  MSO  for 
short. 

We  reprogramed  $12.1  million  of  1963  funds  to  cover  our  share  of 
the  cooperative  TIROS  operational  program. 

However,  we  obligated  to  NASA  only  those  amounts  they  needed 
immediately  for  long  leadtime  procurements. 

That  is  to  say,  in  1963  we  obligated  funds  for  the  procurement  of 
the  spacecraft,  the  launch  vehicles,  and  a few  other  items  of  an  oper- 
ational nature. 

Next  year  we  will  provide  to  NASA  the  remainder  of  our  share  of 
the  actual  operational  costs. 

Mr.  Davis.  Then  the  fact  that  those  figures  appear  under  1963 
simply  means  they  came  out  of  your  1963  money. 

It  doesn’t  mean  they  were  launched  that  year  at  all  ? 

Dr.  Singer.  That  is  correct.  Our  share  of  the  entire  program  is 
funded  from  our  1963  appropriation.  The  financial  table  does  not 
show  the  year  in  which  the  launches  will  occur. 

Mr.  Davis.  I understand. 

Mr.  Rumsfeld.  Along  this  same  subject,  I’d  just  like  to  have  you 
put  this  whole  thing  in  perspective  for  me. 

What  is  the  total  budget  of  the  Weather  Bureau  ? 

Dr.  Singer.  The  whole  Weather  Bureau  ? 

Mr.  Rumsfeld.  Yes,  the  whole  Weather  Bureau  ? 

Dr.  Singer.  I can  make  a guess.  I believe  on  the  order  of  $110 
million. 

Mr.  Davis.  Would  you  like  to  supply  it  for  the  record  later — if  you 
don’t  have  it  with  you  ? 

(The  information  is  as  follows : ) 
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Summary  of  Weather  Bureau  appropriation s 


Appropriation 

1963  actual 

1964  estimate 

Salaries  and  expenses 

$59,500,000 

11,000,000 

$67,200,000 
13, 500, 000 
1,000,000 
4, 800,000 
23,000,000 

Research  and  development 

Research  and  development  (special  foreign  currency  program) 

Establishment  of  meteorological  facilities! " - .1 

4,325,000 

40,000,000 

Meteorological  satellite  operations 

Total,  all  appropriations 

114,825,000 

109.500,000 

Summary  of  Weather  Bureau  funding  for  meteorological  satellites  and  rockets 


[Thousands  of  dollars] 


Appropriation  and  purpose 

Actual, 

1962 

Estimate, 

1963 

Estimate, 

1964 

Salaries  and  expenses: 

(a)  Experimental  operational  program  using  data  from  NASA's 
series  of  R.  & D.  TIROS  satellites.  Supports  Weather 
Bureau  staff  at  the  Point  Mugu  and  Wallops  Island  read- 
out stations,  at  the  analysis  and  documentation  sections  of 
the  National  Weather  Satellite  Center  (NWSC),  at  the 
National  Meteorological  Center,  and  at  the  National 

Weather  Records  Center  (archiving  function#) 

1,000 

1,000 

1,000 

210 

(6)  Administrative  support  of  NWSC 

Research  and  development:* 

(a)  Development  of  instrumentation  for  meteorological  satellites 
and  conduct  of  basic  and  applied  research  using  satellite 
data.  This  activity  is  performed  by  the  Meteorological 
Satellite  Tehuratnry  of  the  NWSC 

2,200 

2,202  | 

2,263 

500 

(6)  Development  of  a National  Meteorological  Rocketsonde 
Network.  

Meteorological  satellite  operations:  Establishment  and  operation  of 
NOMSS  using  the  Nimbus  spacecraft  as  the  basic  spacecraft,  and 

extension  of  the  TIROS  program  ...  

48,000 

40,000 

23,000 

Total 

51,200 

43,202 

26,973 

Mr.  Rumsfeld.  For  the  entire  Weather  Bureau  of  the  Department 
of  Commerce? 

Dr.  Singer.  For  the  entire  Weather  Bureau;  all  of  the  Weather 
Bureau  operations  which  covers  much  more  than  weather  satellites. 

Mr.  Rumsfeld.  I appreciate  that. 

Now,  what  is  the  total  National  Operational  Meteorological  Satel- 
lite System  budget,  which  you  are  the  Director  of,  this  segment  of  the 
Weather  Bureau? 

Dr.  Singer.  This  is  shown  in  the  table  included  in  my  opening 
statement.  The  figures  show  the  total  of  the  MSO  appropriation  to 
be  $48  million  in  1962 ; $40  million  in  1963 ; and  we  are  requesting  $23 
million  for  1964. 

'Mr.  Rumsfeld.  How  can  you  pay  NASA  $42.4  million  out  of  a $23 
million  budget? 

Dr.  Singer.  We  do  this 

Mr.  Rumsfeld.  This  is  what  bothers  me. 

Dr.  Singer.  We  are  allowed  to  carry  over  any  funds  that  we  have 
not  obligated. 

In  other  words,  we  did  not  obligate  very  much  of  our  funds,  in 
1.963. 

Mr.  Rumsfeld.  Your  total  budget  is  $23  million  for  1964  and  you 
are  going  to  carry  over  and  actually  spend  a great  deal  more  than 
this. 

Dr.  Singer.  Yes. 
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Mr.  Rumsfeld.  This  is  the  request. 

Dr.  Singer.  We  don’t  obligate  funds  until  the  very  last  minute 
and  we  do  this  in  order  to  be  able  to 

Mr.  Rumsfeld.  I try  to  do  the  same  thing. 

Dr.  Singer.  In  order  to  gain  flexibility. 

Mr.  Rumsfeld.  What  do  you  anticipate  the  proportions  to  be,  say, 
in  fiscal  1965  ? 

You  said  the  total  Weather  Bureau  budget  for  1964  is  $110  million 
and  your  budget  is  $23  million  for  your  program  within  the  Weather 
Bureau  and  your  payment  to  NASA  is  $42  million. 

Do  you  anticipate  this  payment  to  NASA  to  go  up  in  1965  or  down, 
and  do  you  anticipate  your  budget  to  go  up  or  down  ? 

Dr.  Singer.  In  1965 — in  1965  and  1966  we  will  probably  be  funding 
at  the  rate  of  two  Nimbus  satellites  a year,  so  that  the  NASA  reim- 
bursable portion  will  remain  relatively  constant  at  two  spacecraft  and 
two  launch  vehicles.  We  expect  that  our  operational  cost  will  rise, 
but  very  slowly. 

However,  our  operational  cost,  as  you  can  see,  is  only  a small  frac- 
tion of  the  cost  of  the  entire  program  at  the  present  time. 

Mr.  Rumsfeld.  Thank  you,  sir. 

Mr.  Davis.  Dr.  Singer,  as  you  no  doubt  know,  there  are  quite  a 
few  people  in  NASA,  particularly  out  at  Goddard,  who  are  engaged 
in  weather  satellite  work. 

My  recollection  is  that  there  are,  maybe  100  at  Goddard  and  there 
is  also  a group  of  approximately  100  in  the  Colemont  Building, 
Maryland,  in  quarters  which  are  separated,  only  through  necessity, 
from  their  colleagues  out  at  Goddard,  and  there  is  in  this  year’s  budget 
request  from  NASA  one  item  of  about  $4  million  for  the  construction 
of  a laboratory,  meteorogical  laboratory  at  Goddard. 

Now,  I notice  that  you,  in  your  testimony,  refer  to  the  fact  that 
you  have  a research  laboratory  for  meteorological  satellites. 

You  mentioned  this  laboratory  had  been  in  existence  a good  while. 

Dr.  Singer.  Yes,  sir. 

Mr.  Davis.  Firstly,  are  you  familiar  with  the  meteorological  satel- 
lite work  going  on  at  Goddard  and  at  Colemont,  Md.  ? 

Dr.  Singer.  If  you  are  referring  to  the  Nimbus  project ; yes,  I am. 

Mr.  Davis.  I believe  it  is  almost  exclusively  Nimbus. 

Dr.  Singer.  Yes,  sir;  it’s  my  job  to  be  familiar  with  it. 

Mr.  Davis.  Would  you  comment  to  the  best  of  your  knowledge,  as 
to  whether  there  is  any  duplication  of  effort  and  whether  both  labora- 
tories are  necessary  ? 

Dr.  Singer.  Sir,  I’m  afraid  I cannot  really  comment  very  intelli- 
gently or  appropriately  on  this  point  since  I don’t  know  what  activi- 
ties will  be  carried  on  in  this  building  and  since  I have  not  discussed 
the  matter  with  NASA  nor  has  the  matter  been  brought  before  me. 

However,  what  I can  do,  and  will  be  every  pleased  to  do,  is  tell  you 
exactly  what  we  plan  on  doing  and  define  it  in  any  detail  that  you 
wish  to  have. 

Mr.  Davis.  All  right. 

Mr.  Wydler.  Mr.  Chairman,  if  I might,  on  that  very  point — you 
mean  to  say  you  never  had  any  discussion  with  NASA  about  this 
construction  of  this  laboratory  which  is  supposedly  closely  related 
and  allied  to  the  very  project  you  are  working  on  ? 
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Dr.  Singer.  I personally  have  had  no  discussion  on  this  matter. 

Mr.  Wydler.  Would  anyone  else  in  the  Weather  Bureau  have  had 
any  such  discussion  ? 

Dr.  Singer.  Let  me  turn  to  my  financial  specialist  and  ask  him. 

Mr.  Frey.  Not  to  my  knowledge. 

Mr.  Davis.  All  right,  Doctor  Singer,  suppose  you  then  state  for 
the  record  what  you  plan  to  do. 

Dr.  Singer.  In  the  immediate  phase  of  Nimbus,  we  plan  to  carry 
out  the  functions  which  are  designated  as  Weather  Bureau  respon- 
sibilities in  the  NASA/WB  interagency  agreement. 

I have  mentioned  them  in  my  presentation  here.  They  include 
particularly  the  functions  of  meteorological  data  processing,  anal- 
ysis, and  dissemination. 

I should  point  out  that  in  the  eventual  operational  satellite  system 
we  would  probably  want  to  implement  the  basic  understandings  listed 
in  the  letter  that  the  Secretary  of  Commerce  wrote  to  the  Adminis- 
trator of  NASA  when  the  interagency  agreement  was  transmitted. 

This  transmittal  letter  states : 

The  Weather  Bureau  will  transfer  funds  to  NASA  for  additional  commu- 
nications required  specifically  for  the  operational  program  but  with  the  under- 
standing that  eventually  these  meteorological  communications  will  be  a Weather 
Bureau  function.  [Italic  supplied.] 

Mr.  Davis.  The  point  that  we’d  like  to  get  at  is,  as  I stated  earlier, 
there  is  a budget  request  for  a $4  million  meteorological  laboratory 
at  Goddard. 

You  stme  that  you  have  a meteorological  research  and  development 
laboratory  in  the  Weather  Bureau. 

Now,  you  had  set  out  a few  minutes  ago  to  state  what  you  intend 
to  do  at  your  laboratory  in  the  Weather  Bureau  and,  frankly,  I wish 
you  would  pursue  that  so  that  we  may  then  look  into  this  weather 
research  effort  at  Goddard  and  see  whether  or  not  there  is  a dupli- 
cation. 

Dr.  Singer.  All  right. 

I think  I can  best  do  this  by  going  fairly  quickly  over  the  second 
part  of  my  written  statement  which  describes  the  data-processing  fa- 
cilities that  we  are  establishing  at  Suit-land  and  describes  to  some 
extent  the  activities  in  our  Meteorological  Research  Laboratory. 

You  will  then  be  able  to  judge  to  what  extent  any  of  these  activities 
are  being  duplicated. 

Mr.  Davis.  All  right.  May  I more  or  less  off  the  record  ask  you 
about  how  long  you  think  it  will  take  to  complete  the  second  part  of 
your  testimony? 

Dr.  Singer.  The  second  part  of  the  testimony  will  take  approxi- 
mately 10  minutes  and  the  slides  might  take  another  5 minutes. 

Mr.  Davis.  Well,  with  the  permission  of  my  colleagues,  we  will 
permit  you  to  go  ahead  and  complete  the  second  part  of  your  testi- 
mony and  the  slides  before  we  begin  any  further  questioning. 

Dr.  Singer.  I will  try  to  be  brief.  I may  eliminate  certain  parts  of 
the  prepared  statement  if  I feel  that  they  don’t  contribute  appreciably. 

In  starting  my  presentation  of  the  technical,  as  opposed  to  the 
management,  aspect  of  the  weather  satellite  programs,  I can  do  no 
better  than  to  quote  from  the  conclusions  of  the  POMS  report. 

Weather  exerts  a tremendous  influence  on  all  mankind.  From  its  careful 
observation  and  study  can  come  untold  benefits,  including  improved  weather 
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analyses  and  forecasts  over  the  entire  Earth.  The  potential  savings  in  life, 
property,  produce,  natural  resources,  and  even  in  personal  convenience  are  diffi- 
cult to  assess.  That  a meteorological  satellite  system  can  make  a major  con- 
tribution is  beyond  doubt. 

It  is  both  possible,  and  clearly  in  the  national  interest,  to  satisfy  the  require- 
ments of  all  the  U.S.  weather  services  for  meteorological  satellite  observations 
with  a single,  national  system.  This  same  system  could  provide  major  services 
to  the  international  community  of  nations. 

Essentially,  the  POMS  report  here  explains  why  weather  is  im- 
portant and  why  it  makes  sense  to  have  a single  national  weather 
satellite  system. 

These  conclusions  we  have  learned  are  indeed  correct  and  hold  up 
under  the  most  searching  examination.  The  Chief  of  the  U.1S. 
Weather  Bureau,  Dr.  F.  W.  Reichelderfer,  has  already  reported  to  you 
last  September  on  the  tremendous  impact  which  the  success  of  the  U.S. 
satellite  program  has  made  on  other  nations.  The  State  Department 
witnesses  testified  further  to  its  great  political  impact.  And,  of  course, 
the  immediate  initiative  taken  by  the  United  States,  in  exploiting 
space  technology  for  economic  purposes,  in  particular  for  weather  fore- 
casting, has  made  a deep  impression  on  the  technical  and  scientific 
community  throughout  the  world.  I am  sure  that  it  is  responsible  in 
no  small  measure  for  the  readiness  of  the  Soviet  Union  to  conduct  bi- 
lateral negotiations,  and  for  their  acceptance  of  the  invitation  by 
President  Kennedy  to  use  space  for  peaceful  purposes. 

I will  concern  myself  here  with  the  more  technical  aspects.  One  of 
the  most  exciting  developments  has  been  the  development  by  NASA  of 
an  automatic  picture  transmission  system  for  a weather  satellite.  Its 
successful  ground  test  was  announced  last  December  and  it  will  soon 
be  tested  in  a satellite.  This  system  transmits  to  a ground  observer  a 
satellite  TV  picture  of  his  immediate  area.  Any  ground  station  within 
broadcast  range  of  the  satellite  can  receive  the  picture  if  it  has  a very 
simple  and  inexpensive  antenna,  receiver,  and  facsimile  record — a kind 
of  “instant  weather.”  This  development  represents  a major  break- 
through  in  an  operational  sense,  in  terms  of  introducing  real-time 
weather  satellite  information,  with  high  ^solution,  to  the  user  in  the 
field. 

This  does  not  obviate  the  need  for  global  weather  data,  which  are 
always  required  in  order  to  make  more  accurate  long-range  forecasts. 
But  it  does  give  the  individual  user  a means  of  directly  viewing  his 
own  immediate  area?  and  it  also  is  useful  for  very  short-range  weather 
forecasting.  It  is,  m principle,  possible  to  transmit  all  the  pictures 
from  Nimbus  to  users  in  the  field,  but  the  cost  of  transmission  be- 
comes extremely  high. 

This  development  of  a direct  read-out  system  is  of  sufficient  opera- 
tional importance  to  warrant  a careful  reassessment  of  the  national 
weather  satellite  program.  Discussions  among  representatives  of  in- 
terested agencies,  and  in  particular  the  Defense  Department,  indicate 
a tremendous  interest  in  making  the  APT  system  available  as  soon  as 
possible  on  an  operational  basis.  The  Defense  Department  and  the 
Weather  Bureau  have  already  procured  some  40  ground  stations  and 
plan  to  procure  an  additional  number  in  order  to  meet  operational 
requirements.  Thus,  it  makes  sense  to  think  of  a direct  read-out  satel- 
lite independent  of  Nimbus.  It  appears  feasible,  for  example,  to  in- 
corporate the  direct  readout  feature  into  our  operational  version 
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of  the  TIROS  satellite,  making  only  minor  changes  and  incurring  no 
new  spacecraft  developments. 

This  is  what  I had  reference  to  earlier  when  I stated  we  can  control 
the  TIROS  satellites  we  fund.  If  we  feel  the  user  requirements  are 
best  served  by  incorporating  the  direct  read-out  feature,  we  will  ask 
NASA  to  incorporate  this  direct  read-out  feature  if  it  can  be  done 
within  our  funding  limitations. 

We  are,  above  all,  concerned  with  lowering  the  cost-to-benefit  ratio 
of  the  NOMSS.  An  operational  analysis  which  assigns  realistic  costs 
to  every  part  of  the  system,  including  the  transmission  of  data,  is  now 
nearly  complete.  It  appears  to  us  that  a direct  read-out  system  repre- 
sents an  economic  solution  to  the  problem  of  getting  quickly  to  the  user 
a high  resolution  picture  which  portrays  the  local  meteorological  situa- 
tion ; Nimbus  provides  the  lower  resolution  global  cloud  analysis  which 
allows  him  to  make  longer  range  forecasts. 

To  summarize,  it  appears  the  direct  read-out  feature  is  economical 
in  that  we  can  reduce  the  cost  of  communicating  the  high  resolution 
pictures  to  the  users.  Also  important  is  the  fact  that  we  can  serve 
many  users  who  canot  be  reached  by  normal  communication  channels. 
For  example,  ships  at  sea;  large  transoceanic  aircraft  and  military 
units  operating  on  a mobile  basis. 

These  are  all  very  good  reasons  for  instituting  this  direct  read-out 
capability. 

We  would  be  remiss  if  we  did  not  mention  the  important  interna- 
tional aspects  of  a direct  read-out  satellite  system.  At  this  time,  when 
only  the  United  States  and  the  Soviet  Union  have  plans  for  imple- 
menting a full-scale  operational  satellite  system  involving  elaborate 
spacecraft,  expensive  central  read-out  stations,  and  data-processing 
facilities,  it  is  heartening  to  realize  the  other  countries  of  the  world, 
especially  the  newer  nations,  can  participate  by  investing  in  a low- 
cost  ground  station. 

The  capability  to  observe  local  weather  should  be  particularly  im- 
portant for  the  tropical  countries.  These  countries  suffer  from  the 
absence  of  a well-developed  meteorological  service,  as  well  as  a lack 
of  weather  stations  and  a good  communication  system.  Moreover,  they 
are  heavily  dependent  on  agriculture,  which  depends  critically  on  the 
weather.  The  tropical  countries  also  have  such  problems  as  locusts, 
whose  migration,  in  turn,  depends  on  the  local  weather. 

Altogether,  we  should  expect  tremendous  goodwill  to  result  from 
the  implementation  of  direct  read-out  satellites,  as  a contribution  to  the 
improvement  of  the  weather  services  of  all  of  the  nations  of  the  world. 

I think  this  is  a great  contribution  the  United  States  can  make  to 
the  general  welfare  of  the  world. 

Mr.  Davis.  Would  we  not  want  to  build  into  such  a device  the  ability 
to  turn  it  off  when  we  wanted  to  or  render  it  unreadable,  unintelli- 
gible? 

Dr.  Singer.  All  of  the  meteorological  satellite  systems  have  such 
a capability. 

Mr.  Rumsfeld.  You  started  earlier,  as  a result  of  some  questions, 
to  mention  the  advantages  of  exchanging  this  information  or  this 
process  with  the  Russians. 

You  mentioned  cost  and  you  mentioned  the  fact  we  would  get 
greater  worldwide  coverage. 
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Is  there  anything  else  that  comes  to  mind?  I mean,  so  far  as  the 
coverage  goes,  the  coverage  we  are  going  to  get  of  the  world  by  having 
additional  stations  is  going  to  be  in  the  areas,  for  the  most  part,  the 
vast  majority  of  Americans  are  not  using;  and  the  areas  the  Russians 
would  be  getting  would  be  exactly  those  they  are  using. 

So  far  as  an  exchange,  this  isn’t  much  of  an  exchange. 

Is  there  other — are  there  additional  factors  that  come  to  your  mind  ? 

Dr.  Singer.  There  are  additional  factors ; yes. 

The  additional  factors  are  these : 

The  U.S.  Weather  Services  involve  global  responsibilities.  We  have 
bases  overseas.  We  have  friendly  countries  who  rely  on  us  to  a large 
extent  to  fulfill  their  meteorological  requirements. 

Furthermore,  weather  by  its  very  nature  is  a global  phenomenon 
and  in  order  to  predict  the  weather  on  a really  long-range  basis,  we 
must  have  access  to  information  from  all  over  the  world. 

This  is  basically  the  problem  the  Russians  have  also. 

Chairman  Miller.  Isn’t  that  the  whole  problem  and  the  reason  you 
have  a worldwide  weather  organization,  on  the  part  of  the  United 
Nations,  where  they  have  been  able  to  get  together  with  the  Soviets ; 
because  weather  that  may  affect  us  may  be  spawning  over  Siberia  right 
now. 

Dr.  Singer.  The  interchange  of  weather  information  benefits  every- 
one concerned  and  this  practice  has  now  become  quite  well  established. 

Mr.  Davis.  Dr.  Singer,  in  order  that  we  may  properly  undeistand 
the  testimony;  do  your  answers  have  to  do  simply  with  the  direct 
read-out  device  that  you  mentioned,  or  are  you  now  talking  about  all 
weather  satellites  ? Do  we  then  have  the  capacity  to  turn  off  TIROS  ? 

Dr.  Singer.  Yes ; we  do.  Actually  TIROS  is  turned  on  by  com- 
mand as  I explained  before. 

The  same  will  be  true  with  Nimbus. 

We  do  not  contemplate  unauthorized  personnel  will  be  able  to  inter- 
rogate Nimbus. 

Mr.  Davis.  And  it  is  true  of  TIROS  ? 

Dr.  Singer.  It  is  true. 

Mr.  Davis.  It  would  be  impossible  for  unauthorized  personnel  to 
interrogate  TIROS? 

Dr.  Singer.  That  is  correct. 

Mr.  Davis.  When  you  talk  about  direct  read-out,  that  is  a com- 
pletely different  proposition  ? 

Dr.  Singer.  That  is  a completely  different  proposition. 

Mr.  Davis.  And  you  are  talking  about  something  that  might  possi- 
bly come  into  existence  in  the  future,  that  would  be  available  to  all 
countries  that  would  enable  them  to  read  the  weather  only  in  their 
immediate  vicinity  ? 

Dr.  Singer.  Yes,  sir. 

Mr.  Davis.  Of  course,  that  is  a far  cry  from  TIROS  or  Nimbus  ? 

Dr.  Singer.  Well,  it  is  a technical  development  which  has  been 
completed  and  can  be  incorporated — in  fact,  will  be  incorporated — 
in  TIROS  and  Nimbus.  It  can  be  turned  off  at  any  time. 

Mr.  Davis.  All  right.  Mr.  Rumsfeld  ? 

Mr.  Rumsfeld.  Do  you  anticipate  this  responsibility  will  be  given 
to  the  Russians  so  they  will  be  within  your  definition  of  “authorized 
persons?” 
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Dr.  Singer.  No,  I do  not. 

Mr,  Rumsfeld.  This  would  not  be  the  case. 

Do  you  know  that  this  is  not  the  plan  or  are  you  just 

Dr.  Singer.  This  is  not  the  plan  at  the  present  time. 

Now,  plans  can  be  changed;  but  I think  there  would  have  to  be  a 
good  reason  for  changing  them. 

Mr.  Rumsfeld.  We  have  so  many  problems  of  accumulating  infor- 
mation and  disseminating  information.  As  each  department  of  the 
Government  comes  upon  new  things,  it  strikes  me  they  have  a very 
real  responsibility  to  raise  these  new  possible  problems  for  resolution 
with  other  related  problems  within  Government. 

I assume  you  are  doing  that. 

Dr.  Singer.  Yes,  we  are. 

I would  like  to  support  this,  if  I may  by  reading  from  my  prepared 
statement. 

There  are  important  unforseen  aspects  of  weather  satellites ; name- 
ly, the  possibility  of  extracting  information  which  is  not  strictly 
meteorological,  from  a system  designed  primarily  for  weather  fore- 
casting. 

This  is  an  example  of  what  you  have  just  mentioned. 

I discussed  last  September  the  many  existing  applications  such  as 
forest  fire  detection,  snow  reconnaissance,  ice  reconnaissance,  and  the 
possible  detection  of  locust  clouds. 

We  feel  that  it  is  appropriate  for  us  to  take  the  initiative  in  point- 
ing out  such  applications  wherever  we  see  them,  and  in  establish- 
ing their  feasibility ; and  then,  of  course,  in  turning  over  the  applica- 
tion to  the  appropriate  Government  agency  to  pursue. 

Mr.  Rumsfeld.  I am  glad  to  hear  that. 

Dr.  Singer.  For  the  future  development  of  an  operational  satellite 
system,  our  major  concern  must  be  a low  operating  cost.  We  have 
completed  the  systems  analysis,  which  has  convinced  us  that  a long 
operating  life,  perhaps  several  years,  is  one  of  the  most  important 
goals  for  an  operational  satellite.  We  feel  that  the  design  of  a space- 
craft capable  of  operating  for  many  years  should  be  initiated  im- 
mediately. By  the  very  nature  of  its  mission,  the  research  aspects 
will  have  to  be  subordinated,  and  it  may  indeed  turn  out  that  research 
satellites  and  operational  satellites  are  not  compatible  in  the  sense 
that  they  cannot  be  based  on  the  same  spacecraft  design. 

As  I indicated  in  my  opening  remarks,  I want  to  describe,  in  this 
fourth  and  final  part  of  my  prepared  statement,  our  most  significant 
NOMSS  achievements  since  my  last  appearance  before  this  com- 
mittee. 

These  achievements  have  been  many,  most  of  them  individually 
small,  but  collectively  of  maior  importance  to  the  national  space  effort. 
They  are,  in  essence,  the  data  processing  achievements  which  will 
insure  Weather  Bureau  readiness  to  receive,  handle,  and  disseminate, 
in  real-time,  the  more  than  5 billion  bits  of  weather  data  transmitted 
to  Earth  by  Nimbus  every  day. 

To  do  these  things  we  are  establishing  an  advanced  processing  capa- 
bility for  weather  satellite  data  at  our  Suitland,  Md.,  location.  Here 
we  will  process  satellite  meteorological  data  in  two  ways : 

In  the  first,  the  signals  received  from  the  satellifcebome  TV  camera 
will  be  converted  on  the  ground  into  the  cloud  pictures  as  they  orig- 
inally appeared  to  the  camera.  Several  preliminary  editing  steps 
must  be  carired  out,  however. 
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The  pictures  must  be  located  geographically,  using  precomputed 
orbital  tracks,  the  exact  time  of  each  picture  frame  to  the  nearest 
second,  and  the  attitude  of  the  satellite.  Latitude  and  longitude  grids 
will  then  be  computed  for  each  picture  and  converted  into  electrical 
signals.  These,  in  turn,  will  be  combined  with  the  incoming  picture 
signals  to  produce  photographic  copies  of  the  cloud  pictures  with  the 
grids  superimposed  upon  them.  In  making  these  computations  we 
shall  take  into  account  distortions  produced  by  the  satellite  camera 
systems  and  correct  for  them  in  preparing  the  gridding  signals.  Pro- 
vision will  also  be  made  for  precise  determination  of  picture  loca- 
tions through  rapid  preanalysis  of  the  data  to  locate  landmarks  and 
other  visible  clues  to  exact  position. 

In  the  second  processing  method,  all  data  from  the  satellite,  in- 
cluding pictorial  cloud  images  and  infrared  scan  signals,  will  be 
converted  into  numerical  values  for  precise  evaluation  and  correla- 
tion by  computer.  This  conversion  takes  place  at  upward  of  1 mil- 
lion values  per  second.  All  the  data  from  a given  orbit  will  be  stored 
on  magnetic  tapes  and  disk  files  and  will  be  withdrawn  to  the  central 
computer  unit  in  batches  for  evaluation. 

This  second  processing  technique,  like  the  first,  will  locate  each  data 
element  geographically  and  remove  system  distortion.  The  elements 
will  then  be  grouped  in  accordance  with  a fine-meshed  global  net- 
work based  on  standard  map  projections.  By  comparision  with  a file 
of  surface  brightness,  maintained  in  the  computer,  clouds  will  be 
separated  from  background  and  will  be  characterized  in  each  grid 
square  as  to  coverage,  height,  distribution,  and  brightness. 

These  values  will  be  then  combined  in  the  computer  to  produce 
global  mosaics  of  cloud  conditions  in  a form  for  direct  weathher  analy- 
sis and  forecast  applications.  These  mosaics  will  be  available  pic- 
torially  and  in  numerical  form  to  the  world  meteorological  com- 
munity. Infrared  measurements  will  be  processed  in  similar  fashion 
to  provide  heat  balance  data  for  numerical  forecasting  and  for  pro- 
viding information  needed  to  know  cloud  heights,  surface  tempera- 
tures, and  other  parameters  in  the  global  atmosphere. 

To  do  these  things  we  are  establishing  an  advanced  processing  cap- 
ability for  weather  satellite  data  at  our  Suitland  (Md.)  location.  We 
have  already  constructed  the  necessary  addition  to  the  building  and 
are  prepared  to  move  the  equipment  in  within  the  next  month  and 
be  in  operation  by  this  summer. 

In  the  first  processing  techinque,  the  signals  are  received  from  the 
satellite-borne  camera  and  converted  on  the  ground.  Now  I have  dis- 
cussed here  in  a quite  detailed  fashion  this  technique  to  indicate  the 
complexity  of  the  data  processing  job.  It  is  not  a simple  job.  It 
requires  a great  deal  of  forethought. 

We  have  taken  care  to  make  sure  it  is  just  as  flexible  as  we  can 
make  it  to  be  able  to  take  care  of  any  new  developments  in  weather 
satellites. 

We  have  three  different  ways  of  processing  the  data  for  three  dif- 
ferent types  of  users. 

We  can,  by  processing  the  data,  extract  and  provide  such  informa- 
tion as  clouds  and  in  turn,  the  distribution  or  clouds,  their  bright- 
ness, and  even  their  heights;  and  these  cloud  maps  will  go  out  to  the 
users  because  they  are  an  immense  aid  in  forecasting. 

The  activity  of  this  data  processing  center  is  described  in  detail  in 
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these  last  few  pages,  but  I would  like  to  turn  now,  finally,  to  the  im- 
portance of  the  work  of  our  Meteorological  Satellite  laboratory. 

I have  mentioned  that  this  is  the  largest  and  preeminent  scientific 
laboratory  in  the  field  of  satellite  meteorology.  Such  research,  carried 
out  on  the  basis  of  cloud  pictures  and  infrated  measurements,  is  very 
exciting  to  research  scientists.  Without  the  knowledge  derived  from 
such  research,  the  Nation's  weather  satellite  program,  our  data  proces- 
sing complex,  and  the  communications  channels  by  which  meteorolog- 
ical information  can  be  globally  distributed  would  fall  far  short  of 
achieving  its  potential  for  usefulness. 

Through  research,  we  increase  our  knowledge  of  the  nature  of  the 
weather  data  provided  by  satellites,  and  constantly  learn  new  things 
about  such  data  and  how  to  apply  them  to  the  maximum  benefit  of 
mankind. 

Now,  I've  brought  with  me  some  slides  I think  will  illustrate  much 
better  than  these  words,  just  what  the  Laboratory  does. 

With  your  permission,  Mr.  Chairman,  I'd  like  to  run  through  just 
seven  of  these  slides  to  indicate  how  the  Laboratory  operates. 

This  is  a picture  of  the  Caribbean  ( fig.  5).  You  will  recognize  the 
island  of  Cuba,  as  well  as  some  of  the  Bahama  islands. 


T V 3743/f4  3/7/63  Cuba,  cold  front  NE-SM  acrois  Florida  I *.  Cub* 
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What,  this  picture  illustrates,  I think  better  than  I could  portray  it 
in  words,  is  (in  the  upper  left-hand  corner)  a cloudband — a cold 
front  which  is  sweeping  through  the  Caribl>ean.  You  can  tell  the 
position  of  this  cloudband  with  an  accuracy  of  about  3 to  4 miles 
which  means  you  can  tell  the  time  that  the  weather  is  going  to  get 
had  to  a time  accuracy  of  a few  minutes.  This  type  of  information, 
in  my  opinion,  has  tremendous  operational  importance  for  many  dif- 
ferent purposes. 

This  (tig.  6)  shows,  on  the  left-hand  side,  the  Florida  Peninsula. 
Stretching  out  over  the  Gulf  of  Mexico,  you  see  a bright  band  of  clouds 


Figure  6 

in  a nearly  straight  line.  That  is  a squall  line.  It  produces  severe 
weather  especially  in  the  air  but  also  on  the  ground,  on  the  ocean.  It 
gives  rise  to  extreme  air  turbulence  and,  to  severe  thunderstorms  be- 
low. This  sort  of  information  is  of  extreme  importance  to  aviation 
and  to  smaller  shins.  On  the  right-hand  side  you  see  an  example 
of  an  extra-tropical  cyclone  in  the  Atlantic.  This  type  of  picture 
has,  for  the  first  time,  confirmed  the  textbook  ideas  of  how  such  a 
cloud  system  should  look.  Now  we  see  that  some  of  the  cloud  pic- 
tures really  turn  out  to  look  like  the  textlxxiks  have  pictured  them. 
Others  do  not. 

Now,  of  course,  our  laboratories  are  trying  to  discover  the  reasons 
such  differences  exist. 

On  the  right  side  is  a picture  (fig.  7)  taken  of  the  Central  United 
States.  You  can  see  Texas  in  the  lower  right-hand  corner.  Okla- 
homa just  above,  the  Panhandle  sticking  out. 

What  I want  to  call  to  your  attention  are  the  three  large  cloud 
masses  on  the  right-hand  side  of  the  picture.  The  scientific  examina- 
tion of  this  picture  showed  these  cloud  masses  were  extremely  bright 
compared  to  the  clouds  in  the  left  side  of  the  picture.  Also,  they 
showed  these  cloud  masses  had  very  sharp  borders  on  the  western  edge 
and  “fuzzy”  l»orders  on  the  eastern  edge. 

The  ground  observations  with  which  we  compared  the  satellite  ob- 
.ation  showed  each  one  of  these  three  clouds  contained  the  most 
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Left  side.  Right  side. 

Figure  7 

violent  types  of  weather  that  you  can  imagine.  One  of  them  had  a 
tornado  and  all  of  them  had  hail.  In  one  case  the  hail  was  as  large  as 
a baseball.  It  was  a very  violent  weather  situation. 

Chairman  Miller.  How  high  was  that  taken  ? 

Ur.  Singer.  This  was  taken  from  450  miles. 

Chairman  Miller.  How  high  are  the  tops  of  those  clouds  ? 

I)r.  Singer.  This  is  a very  important  question  which  we  can  answer 
now  only  by  inference  liecause  of  the  brightness  of  the  clouds  and  be- 
cause we  know  something  about  the  nature  of  the  cloud. 

We  say  that  the  tops  are  about  50,000  feet  high. 

With  Nimbus  and  infrared  data,  we  will  be  able  to  measure  the  tem- 
perature of  the  cloud  tops.  Once  we  know  this  temperature,  we  will 
also  know  the  altitude  of  the  clouds. 

This  is  one  of  the  purposes  of  our  Research  Laboratory — to  estab- 
lish techniques  by  which  we  can  obtain,  from  satellite  pictures,  further 
information  about  clouds. 

Chairman  Miller.  This  is  off  the  record. 

(Off  the  record.) 

Mr.  Roush.  Doctor  are  you  able  to  detect  seasonal  changes  or  are  you 
doing  any  research  so  as  to  more  definitely  pinpoint  seasonal  changes 
in  various  sections  of  the  country  ? 
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Dr.  Singer.  Yes,  sir.  Another  group  in  our  Research  Laboratory 
has  made  a study  of  the  seasonal  change  in  the  heat  budget  of  the 
earth — studying  the  radiation  which  is  emitted  back  into  space  and 
comparing  it  with  the  radiation  which  ij  received  from  the  sun. 

The  heat  budget  determines  essentially  the  way  in  which  the  sun 
drives  the  atmosphere.  We  find  the  heat  budget  is  not  as  it  is  described 
in  the  text  books  and  we  are  trying  to  see  whether  this  has  any  direct 
influence  on  climatic  conditions. 

Mr.  Roush.  Do  you  anticipate  this  will  be  of  any  practical  value, 
say,  to  an  Indiana  farmer  ? 

Dr.  Singer.  I really  do.  I feel  that  our  only  hope  for  really  long 
range  forecasts,  that  is  to  say,  forecasts  extending  over  seasons,  must 
come  from  global  data;  and  the  only  method  we  have  for  obtaining 
global  data  economically  is  through  weather  satellites. 

Mr.  Roush.  Thank  you. 

Dr.  Singer.  If  I may,  I’d  like  to  discuss  the  picture  on  the  left  of  the 
slide.  Notice  the  little  square  cloud  at  the  bottom.  This  is  a violent 
tornado  cloud,  similar  to  the  clouds  in  the  picture  on  the  right.  It  is 
also  a very  bright  cloud,  much  brighter  than,  for  example,  the  cloud 
mass  just  above  it. 

These  are  isolated  examples.  From  such  pictures,  we  hope  to  be 
able  to  find  the  explanation  of  why  some  clouds  produce  tornadoes  and 
others  do  not. 

Next  slide,  please  (fig.  8). 

This  is  an  extremely  interesting  picture  of  a cloud  formation  show- 
ing definite  whirls  and  eddies.  These  can  yield  further  information 
about  what  is  going  on  in  the  atmosphere.  Our  job  is  to  interpret  such 
formations  in  order  to  discover  what  is  going  on.  We  find  these  whirls 
or  eddies  were  produced  when  moist  sea  air  swept  by  islands  located 
just  off  the  coast  of  Africa;  in  the  wake  of  these  islands  are  produced 
these  eddies  extending  to  distances  of  up  to  300  miles. 

I’d  like  to  show  these  peculiar  cloud  formations  because  each  one 
of  them  has  a reason.  The  reason  was  not  known  in  advance.  It  had 
to  be  figured  out  by  research  ( fig.  9) . 

On  the  right-hand  side,  you  see  a mass  of  clouds  which  seem  to  have 
a peculiar  grainy  pattern  which  look  to  be  almost  like  little  cells. 
We  find  that  such  clouds  are  produced  in  a lower  layer  of  unstable 
air  topped  by  a so-called  inversion  layer  of  quite  stable  air. 
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Left  Hide.  Right  side. 

Figure  9 

This  inversion  layer  acts  like  a lid  on  the  lower  atmosphere.  Below 
the  lid  some  turbulence  is  generated  where  these  cloud  cells  are 
formed.  Above  the  clouds,  at  levels  often  below  10,000  feet,  the  air  is 
quite  smooth.  This  also  is  of  importance  to  pilots  flying  long,  over- 
sea routes. 

Once  we  have  identified  the  cause  correctly,  we  can  transmit  this 
information  to  our  operational  people  and  they,  in  turn,  will  know- 
how to  interpret  such  cloud  pictures  in  the  future. 

On  the  left-hand  side,  you  see  a phenomenon  which  was  discovered 
in  satellites  and  is  caused  by  waves — gravity  waves.  These  waves  are 
produced  when  air  passes  over  a mountain  chain  and  you  notice  the 
very  pretty  and  very  regular  waviness  in  the  cloud  pattern  which 
occurs  as  the  air  passes  over  the  mountain  chain.  Every  time  the  air 
goes  up  it  produces  a cloud  and  every  time  it  goes  down  there  are  no 
clouds;  so,  you  can  see  that  the  clouds  represent  the  tops  of  the  waves. 
Such  waves  are  often  associated  with  clear  air  turbulence  which  is  ex- 
perienced by  jet  aircraft  flying  at  about  35,000  feet  near  the  Rocky 
Mountains. 

Next  slide  (fig.  10). 
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These  pictures  indicate  some  of  the  nonmeteorological  applications 
of  satellites — applications  not  strictly  meterological.  This  picture 
shows  snow  and  ice,  which  have  great  meteorological  significance.  On 
the  left-hand  side  you  see  snow  patterns  in  the  Cascade  Range  and  in 
the  Rocky  Mountains  in  the  Western  United  States  and  Southern 
Canada.  You  can  even  trace  the  Columbia  River. 

Notice  the  peculiar  dendritic  pattern  of  the  snow.  We  now  have 
enough  experience  so  we  can  sometimes  distinguish  snow  right  away 
from  clouas  simply  by  the  brightness  pattern.  Of  course,  one  can  al- 
ways tell  snow  from  clouds  by  coming  back  several  days  later  and  com- 
paring pictures.  The  snow  will  still  lie  there  while  the  clouds  will 
nave  moved  awTav  on  some  days. 

On  the  right-nand  side  are  some  pictures  of  ice  conditions  in  the 
Gulf  of  St.  Lawrence. 

We  are  now  able  to  survey  such  ice  conditions  routinely  with  satel- 
lites and,  furthermore,  we  may  l>e  in  the  position  of  predicting  the 
breakup  of  ice  in  advance.  This,  of  course,  would  be  a valuable  serv- 
ice to  snipping. 

These  pictures  show  the  situation  several  days  apart.  You  can  see 
that  part  of  the  ice  has  broken  up.  Examination  of  the  pictures  leads 
us  to  believe  we  could  have  predicted  the  breakup  if  we  had  known 
what  to  look  for  in  the  pictures.  Well,  now  we  know  what  to  look  for. 

Next  slide  (fig.  11 ). 

This  final  slide  shows  the  country  of  Italy.  All  that  white  stuff 
on  top  is  snow  in  the  Alps.  It  shows  up  extremely  well.  You  can  see 
that  the  snow  area  extends  down  almost  to  the  Mediterranean.  In 
the  lower  part  of  the  picture  you  can  see  clouds  covering  the  southern 
portion  of  Italy. 

I believe  that’s  all. 

Mr.  Hechler.  Mr.  Singer,  how  many  photographs  has  Tiros  V 
and  VI  actually  transmitted? 

Dr.  Singer.  I think  it  is  now  on  the  order  of  50,000  pictures. 
Tiros  V has  been  in  operation  now  for  286  days,  an  alltime  record. 
Tiros  VI  has  been  in  operation  195  days,  longer  than  any  of  the  pre- 
ceding satellites,  longer  than  Tiros  I to  IV. 

Chairman  Miiler.  What  was  the  anticipated  life  of  them  when  we 
put  them  up? 

Dr.  Singer.  The  designed  life  for  Tiros  initially  was  3 months. 
Tiros  V has  now  exceeded  9 months,  and  Tiros  VI  is  just  about  double 
the  initial  limit  now. 

Mr.  Davis.  Have  you  ever  tried  to  arrive  at  a cost  per  picture,  say 
Tiros  V,  for  example? 

Dr.  Singer.  Yes,  sir;  one  can  do  this  by  dividing  the  cost  of  a 
single  Tiros  satellite  and  launch  vehicle  (amounting  to  $3.7  million), 
plus  the  operating  costs  by  the  numl>er  of  pictures  received. 

Mr.  Davis.  You  have  not  done  that  ? 

Dr.  Singer.  I can  do  this  now. 

If  you  figured  roughly  $5  million  cost  divided  by  50,000  pictures, 
you  get  a cost  of  $100  per  picture. 

Mr.  Davis.  Pursuing  the  laboratory  question — I asked  earlier,  what 
size  is  your  laboratory  physically? 

Dr.  Singer.  Our  laboratory — our  whole  center  is  housed  in  one  wing 
of  Federal  Office  Building  No.  4 in  Suitland.  We  started  with  one 
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floor.  We  have  added  a second  floor,  and  are  now  completing  the 
addition  of  a partial  third  floor  which  will  house  the  data  processing 
complex. 

Mr.  Davis.  Can  you,  for  the  record,  supply  us  at  your  convenience 
with  the  amount  of  floorspace  you  have  devoted  to  your  laboratory? 
Dr.  Singer.  Yes,  sir.  1 will  do  that. 

(The  requested  information  is  as  follows :) 

Total  aquare  footage  of  viable  floor  apace  occupied  by  the  national  Weather 
Satellite  Center,  Weather  Bureau  ( Federal  Office  Building  No.  4,  Suit  land,  Md.) 


Space 

(square  feet) 


Function 


Meteorological  Satellite  Laboratory 

Executive,  technical,  and  administrative 


Computer  complex 


Training,  storage,  etc 


Total  NW8C  floor  space 


Mr.  Davis,  And  how  many  employees  do  you  have — or  rather,  what 
is  your j)ersonnel  ? 

Dr.  Singer.  Our  authorized  staffing  is  now  *246  positions  for  both 
the  TIROS  and  Nimbus  operational  programs  ana  for  the  Meteoro- 
logical Satellite  Laboratory.  Our  actual  number  of  employees  is  well 
below  this,  on  the  order  of  17*2  as  of  March  1. 

Mr.  Davis.  This  Laboratory  we  are  discussing,  is  it  purely  the  Satel- 
lite Laboratory  ? 

Dr.  Singer.  Sir? 

Mr.  Davis.  Is  it  purely  a Satellite  laboratory  ? 

Dr.  Singer.  We  use  the  word  “laboratory’*  only  to  denote  the  divi- 
sion performing  meteorological  satellite  research. 

If  you  like,  of  course,  you  could  call  the  whole  building  a laboratory ; 
but  strictly  speaking,  we  use  the  word  “laboratory*’  in  connection  with 
research  so  we  call  it  the  “Research  Laboratory.” 

The  Research  Laboratory  occupies  the  first  floor;  our  Operations 
Division  and  Management  Division  occupy  the  second  floor;  and  the 
third  floor  will  be  occupied  by  the  Data  Processing  Center. 

Mr.  Davis.  Now,  what  sort  of  physical  equipment  do  you  have  in 
your  Laboratory? 

Dr.  Singer.  We  have,  of  course,  a long  list  of  physical  equipment. 

Let  meclassifv  it. 

Our  greatest  investment,  I think,  is  in  data  processing  equipment, 
including  some  very  expensive  and  very  high  speed  electronic  com- 
puting machines. 

These  we  must  have  in  order  to  handle,  in  real  time,  the  large 
amount  of  data  we  anticipate  getting  from  Nimbus. 

We  have  as  sizable  investment  in  laboratory  instrumentation  fo~ 
the  design  and  testing  of  new  sensors  for  weather  satellites.  This 
includes  equipment  to  calibrate  sensors  before  they  are  flown  in  satel- 
lites. 

At  the  present  time,  we  have  an  active  role  in  the  calibration  of  the 
cameras  before  they  are  put  into  TIROS  and  we  regard  this  as  part 
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of  our  responsibility  in  the  Nimbus  program  or  in  any  other  opera- 
tional weather  satellite  program. 

Mr.  Davis.  Now  what  limits  would  you  set  upon  your  group — that 
is,  where  would  you  separate  your  function  from  that  of  NASA  with 
respect  to  vour  weather  satellites? 

Certainly,  for  example,  you  wouldn't  spin  test  them  or  something 
like  that. 

Dr.  Singer.  No,  sir. 

Mr.  Davis.  Just  how  would  you  arrive  at  where  you  would  stop  and 
expect  NASA  to  take  over  with  respect  to  a weather  satellite? 

Dr.  Singer.  I'd  like  to  discuss  this  in  two  parts. 

The  first  part  is  the  initial  phase  in  which  the  R.  & D.  of  the  space- 
craft still  plays  a very  important  role,  and  the  second  part  is  the 
eventual  system  which  we  regard  as  a purely  operational  one. 

We  are  directly  responsible — this  is  our  understanding — for  all  of 
the  processing  of  all  the  meteorological  data. 

\ ou  might  ask  “What  are  meteorological  data?”  The  meteorological 
data  are  the  data  received  from  the  meteorological  sensors.  These 
data  from  the  television  cameras,  infrared  equipment  and  other 
meteorological  sensors  should  come  to  us  directly  for  processing. 

As  I’ve  descril^ed  in  my  prepared  statement,  the  processing  con- 
sists of  calibration,  of  adding  geographic  grids  to  make  sure  that 
we  know  where  each  piece  of  data  comes  from,  and  of  making  various 
corrections  to  the  data  to  remove,  for  example,  the  distortion  of  the 
camera  lens  and  things  of  that  type. 

Mr.  Rumsfeld.  Could  1 just  ask  a question  on  this  ? 

Where  is  this  being  done  now  ? 

Dr.  Singer.  The  camera  calibration  for  TIROS  is  being  done  by 
us  working  with  RCA. 

Mr.  Rumsfeld.  Where? 

Dr.  Singer.  At  the  RCA  plant. 

Mr.  Rumsfeld.  Isn’t  NASA  participating  in  some  of  this,  and  if 
not;  aren’t  Weather  Bureau  people  doing  it  on  NASA  facilities  or 
in  NASA  facilities? 

Dr.  Singer.  We  calibrate  the  data  that  we  are  going  to  use  opera- 
tionally from  TIROS. 

That  is  to  say,  we  calibrate  the  television  camera. 

Now,  when  the  data  come  back — in  the  processing  stations,  at  Wal- 
lops Island  and  at  the  Pacific  Missile  Range  at  Point  Mugu — the 
grids  are  added  at  those  points. 

Mr.  Rumsfeld.  Who  does  this  physically?  Your  people  at  NASA? 

Dr.  Singer.  No,  this  is  done  by  contract  personnel  now. 

Mr.  Rumsfeld.  It  is  reimbursed  ? 

Dr.  Singer.  Well  you  see 

Dr.  Davis.  We  are  actually  moving  from  one  subject  to  another. 

We  started  out  talking  alx>ut  what  part  of  the  weather  research 
and  development  you  would  do  at  your  laboratory. 

Now,  we  have  gotten  into  data  processing. 

I don’t  object  to  changing  the  subject,  but  I did  hope  we  could  ex- 
haust this  phase  about  your  laboratory  versus  a laboratory  out  at 
Goddard. 

Dr.  Singer.  I’d  like  to  do  this  and  I think  ihe  best  thing  would  be 
to  describe  our  functions  as  we  plan  to  carry  them  out  in  the  Nimbus 
program. 
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I would  rather  not  go  into  the  TIROS  program  too  much,  because 
that  is  really  a NASA  propram  which  was  started  as  a NASA  R.  & D. 
program  and  we  are  really  in  this  program  only  because  it  turns  oui 
TIROS  has  operational  significance. 

For  the  Nimbus  program,  we  have  an  interagency  agreement  which 
covers  the  initial  phase  and  I’d  like  to  describe  to  you  how  we  carry 
out  our  functions  under  this  agreement. 

We  process  the  meteorological  data.  NASA  processes  spacecraft 
data. 

For  example,  NASA  is  responsible  for  the  processing  of  all  data 
from  the  tracking  stations  to  establish  the  orbit  of  the  spacecraft. 

NASA  is  responsible  for  processing  the  data  from  their  telemetering 
sets  in  the  satellite  to  establish,  for  example,  the  temperatures  at  vari- 
ous points  in  the  spacecraft. 

These  are  all  proper  spacecraft  functions. 

Mr.  Davis.  Dr.  Singer,  I don't  believe  that  will  help  us  decide 
whether  there  is  a duplication  between  laboratories,  a discussion  of 
which  agency  processes  the  data  you  require. 

Now,  as  regards  the  laboratories,  I understand  you  to  say  you  con- 
sidered it  your  function  to  calibrate  the  sensors  put  on  the  weather 
satellite — and  I don’*  quarrel  with  that  position  you  take. 

I should  think  a»so  you’d  decide  what  sensors  go  on  the  weather 
satellite  or,  at  least,  what  thev  should  be  able  to  do  when  rhev  are  on 
them. 

Dr.  Singer.  Insofar  as  the  satellite  program  is  designed  to  be  an 
operational  program,  we  have  the  authority  in  the  interagency  agree- 
ment to  specify  the  sensors  and  I think  it  makes  sense  also  that  we 
should  calibrate  them  since  we  have  to  use  the  output  of  the  sensors 
and  have  to  know  what  it  means. 

Mr.  Davis.  Anything  else  vou  do  to  the  weather  satellite,  except 
calibrate  the  sensors  and  sneci/v  them  ? 

Dr.  Sinoer.  We  specify  the  configuration  of  an  operational  satel- 
lite. Then  we  delegate  to  NASA  the  construction  of  the  spacecraft, 
the  procurement  of  the  rockets,  the  launching  of  the  spacecraft,  the 
tracking  of  the  spacecraft  in  orbit,  and  the  processing  of  the  space- 
craft data. 

Oh  yes;,  and  the  operation  of  the  Command  and  Data  Acquisition 
Station. 

Mr.  Davis.  So  far  as  laboratories  are  concerned,  there  is  no  reason 
to  be  concerned  with  data  acquisition,  isthere? 

Dr.  Singer.  No:  data  acquisition  is  handled  at  the  CD  A stations. 

Mr.  Davis.  Can  you  give  us  any  reason  why  NASA  should  have 
a meteorological  lalioratorv? 

Dr.  Singer.  I am  afraid  I can't  properly  comment  on  this  matter, 
because  NASA  has  not  discussed  it  with  us  and  I am  not  aware  what 
function  this  laboratory  isgoingto  fulfill. 

Mr.  Hechlf.r.  Dr.  Singer,  you  think  vour  activities  would  lie 
seriously  handicapped  if  there  were  no  laboratory  constructed  at 
Goddard? 

Dr.  Singer.  Sir,  I feel  that  NASA  may — T don't  know  what  they 
have  in  mind. 

As  I sav,  we  have  not  discussed  the  matter.  They  mav  decide  that 
it  is  more  economical  to  construct  facilities  at  Goddard  rather  than 
to  rent  space  at  Silver  Spring  for  the  Nimbus  project. 
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I understand  that  the  Nimbus  project  would  move  into  this 
building. 

Mr.  Hechler.  The  weather  project  would  not  fold  up  if  construc- 
tion was  not  made  at  Goddard  ? 

I)r.  Singer.  No;  the  Weather  Bureau  would  not. 

Mr.  Boone.  May  I ask  a quest  ion  ? 

I think  Dr.  Singer  started  on  processing  with  regard  to  that 
to  show  there  was  a function  in  the  control  circuitry  of  the  satellite 
that  must  be  performed  by  NASA. 

Now,  there  is  the  signal  channel  that  gives  them  the  picture.  That’s 
the  thing  he  will  operate  on  ? 

I think  we  must  assume  someone  must  operate  on  the  control  cir- 
cuitry of  the  satellite. 

I believe  if  you  would  continue  by  describing  a signal  channel 
and  by  d ascribing  the  data  processing  channel  which  must  lie  operated 
on  by  NASA  and  then  the  processing  that  must  l>e  performed  by 
you;  it  might  further  clarify. 

Mr.  Wydler.  If  I may,  Mr.  Chairman,  before  you  do  that;  may 
I just  ask  one  question  I think  you  can  comment  on? 

Don’t  you  feel  NASA,  in  planning  a meteorological  laboratory, 
should  discuss  it  with  you? 

Dr.  Singer.  Yes,  sir;  I do. 

Mr.  Wydler.  Good. 

Mr.  Davis.  Mr.  Rumsfeld? 

Mr.  Rumsfeld.  For  the  record,  and  for  my  personal  lienefit,  would 
you  tell  me  what  CD  A is? 

Dr.  Singer.  Command  and  Data  Acquisition. 

Mr.  Rumsfeld.  Thank  you. 

Dr.  Singer.  I was  referring  here  to  the  satellite  receiving  stations. 

Mr.  Rumsfeld.  Right. 

Mr.  Davis.  In  that  connection,  you  would  not,  in  your  laboratory  or 
any  other  place,  concern  yourseif  with  the  command  of  a weather 
satellite,  would  you? 

That  is  controlling  its  attitude? 

Dr.  Singer.  No,  the  Nimbus  satellite  should  be  self-control  led. 

We  would  concern  ourselves  with  making  any  corrections  or  initiat- 
ing any  command  that  affects  the  meteorological  performance  of  the 
satellite. 

We  think  that’s  our  proper  concern. 

Mr.  Davis.  When  you  say  the  meteorological  performance,  you  mean 
merely  the  function  of  its  sensors? 

Dr.  Singer.  Yes,  sir.  For  example,  right  now  we  make  the  de- 
cision on  TIROS  of  which  areas  of  tne  world  are  to  lie  photographed. 

As  you  mentioned,  TIROS  can  cover  only  15  percent  of  the  globe. 

We  have  to  decide  in  advance  which  15  percent  we  are  going  to  look 
at  today. 

Mr.  Davis.  Suppose  you  needed  a slight  correction;  would  you  re- 
gard that  as  a NASA  function  ? 

Dr.  Singer.  I would  like  to  look  at  it  in  the  following  way;  in  the 
sense  that  the  Weather  Bureau  has  the  overall  responsibility  for  the 
operational  satellite  system,  I think  it  should  lie  our  decision.  But  I 
think  the  execution  should  lie  done  by  NASA  since  they  are  the  ones 
working  with  the  spacecraft  and,  therefore,  intimately  familiar  with 
how  to  carry  out  the  job. 
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Chairman  Miller.  Isn't  it  true  under  the  law  this  is  their  function 
and  their  res|>onsibility,  so  you  don't  come  into  it  ? This  is  why  it's 
in  the  law — so  you  and  a dozen  agencies  can’t  l>e  giving  orders  to  things 
in  space. 

That's  one  of  the  reasons  t lie  law  specifies  NASA  shall  have  author- 
ity over  outer  space;  so  you  can  tell  them  to  correct  that  satellite  but 
they  correct  it. 

Dr.  Singer.  They  correct  it,  yes;  but  it  would  make  sense,  for  ex- 
ample, for  them  to  work  directly — in  fact,  they  do  work  directly — 
with  our  people  who  give  them  these  directions. 

Chairman  Miller.  Sure,  they  are  not  going  to  do  these  things  un- 
less you  ask  them  to.  There  is  no  friction  between  you  two. 

Dr.  Singer.  No. 

Mr.  Wydler.  For  example,  the  meteorological  facilities  will  be 
turned  over  to  your  department  ? 

Dr.  Singer.  As  far  as  l know,  NASA  has  no  meteorological  fa- 
cilities. 

Mr.  Wydler.  What  is  this,  what  facilities  are  they  talking  about  ? 

Mr.  Davis.  I don't  recall  the  word  “facilities,"  Mr.  Wydler. 

Mr.  Wydler.  It  was  a letter — a letter  you  read. 

Dr.  Singer.  The  letter  is  from  Secretary  Hodges  to  Mr.  Webb  and 
expresses  his  understanding  of  what  vv  ill  follow  after  the  initial  phase 
of  Nimbus. 

Mr.  Wydler.  Right. 

Dr.  Singer.  In  the  initial  phase  of  Nimbus 

Mr.  Wydler.  You  can  paraphrase  it.  What  would  happen? 

Dr.  Singer.  The  Weather  Bureau,  according  to  the  original  POMS 
report,  would  lie  responsible  for  the  wide-band  communication  link 
from  the  CDA  stations  back  to  Washington. 

In  the  initial  phase  of  the  Nimbus  program  covered  by  the  agree- 
ment, this  responsibility  is  delegated  to  the  NASA. 

This  was  done  because  of  the  fact  that  in  initiating  this,  many 
R.  & D.  aspects  entered  into  the  picture. 

We  feel  that,  however,  after  the  program  develops  into  a fully 
operational  program,  the  function  of  data  transmission  should  revert 
back  to  the  Weather  Bureau. 

Mr.  Wydler.  When  is  that  supposed  to  happen  ? 

Mr.  Davis.  Mav  I just  iK>int  out  this? 

Mr.  Wydler.  Very  well. 

Mr.  Davis.  We  have  a more  or  less  parallel  situation  as  respects 
communications  satellites  and  this  committee  versus  the  Committee 
on  Interstate  and  Foreign  Commerce  which  has  jurisdiction  of  such 
things  as  the  television  industry  and  what  not. 

I think  Dr.  Singers  testimony  earlier  went  not  to  the  actual  physi- 
cal turning  over  of  the  facilities,  but  simply  the  recognition,  the  func- 
tion of  management  of  a weather  satellite  or  using  its  data  should  be 
a Weather  Bureau  function  as  distinguished  from  a NASA  function. 

Dr.  Singer.  That  is  exactly  what  I’m  trying  to  get  at.  I’m  trying 
to  get  at  what  those  words  “turning  over  the  facilities”  mean. 

Mr.  Davis.  I understand. 

Dr.  Singer.  It  means  we  would  fund  for  them  and  operate  them. 

Mr.  Wydler.  When  would  that  take  place? 

Dr.  Singer.  As  early  as  possible.  In  any  case,  after  the  initial 
phase  of  Nimbus  is  over,  which  will  be  after  four  launchings. 
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Mr.  Wydler.  Could  you  give  us  a year  for  that? 

Dr.  Singer.  It  was  contemplated  to  be  1965. 

Chairman  Miller.  In  other  words,  as  soon  as  you  get  fully  opera- 
tional, then  NASA  steps  out  of  the  picture? 

Dr.  Singer.  Out  of  the  operational  picture. 

Chairman  Miller.  Out  of  the  operational  picture;  except  for  the 
responsibility  it  will  continue  to  launch  your  spacecraft  because  that’s 
its  function. 

Dr.  Singer.  To  procure  the  spacecraft,  to  launch  them,  and  talk 
to  them  in  orbit. 

Chairman  Miller.  The  rest  of  it,  as  to  the  date  when  this  will  take 
place,  we  had  hoped  it  would  lie  a little  sooner,  but  we  find  there  were 
some  slippages. 

You  nnd  yourself,  then,  in  the  position  of  using  what  was  an  ex- 
perimental vehicle  where  you  can — to  the  practical  operation  where 
we  are  talking,  maybe  the  authorities  are  a little  fuzzy,  as  you  get 
things  perfected;  NASA  is  not  a branch  of  Government  that  wants 
to  operate  anything. 

Dr.  Singer.  I believe  the  important  thing  you  gentlemen  on  this 
committee  would  want  to  consider  is  “flexibility.” 

Once  you  build  facilities,  it  becomes  difficult  to  change  arrangements. 

For  example,  we  are  building  a facility  for  meteorological  data 
processing  now. 

If,  in  the  future,  it  should  be  decided  that  this  function  belongs  to 
NASA,  I think  it  would  be  extremely  difficult  to  accomplish  this 
transfer  simply  because  we  have  already  constructed  a fixed  facility 
with  machinery  at  Suitland. 

Therefore,  one  should,  I think,  in  any  construction  program,  con- 
sider not  only  the  immediate  assignments,  but  also  the  eventual 
operational  assignments. 

Mr.  Davis.  Now  let  me  understand  one  little  thing  or  two  about  the 
function  of  the  Weather  Bureau  Laboratory. 

Would  you,  for  example,  in  trying  to  decide  what  cameras  or  what 
infrared  equipment  would  l>e  put  aboard  a satellite,  would  you  go 
far  enough  to  try  to  figure  out  or  find  out  for  yourselves  whether  it 
could  survive  in  an  environment  of  outer  space  or  would  you  look  to 
NASA  t do  that  ? 

Dr.  Singer.  We  would  look  to  NASA  to  give  us  that  advice,  but 
we  would  check  it.  That  is  our  responsibility. 

Mr.  Davis.  Functionally,  your  laboratory  is  primarily  concerned 
with  deciding  what  instruments  will  send  the  information  or  pick 
up  the  information  you  want  ? 

Dr.  Singer.  Yes,  sir,  and  which  instruments  will  do  it  in  the  best 
possible  manner. 

Mr.  Davis.  You  would  decide  whether  it  would  work  in  outer  space 
or  not  ? 

Dr.  Singer.  We  depend  on  NASA  to  supply  us  with  the  expert 
information  on  that. 

Mr.  Davis.  Whether  it  is  satisfactory  for  a launching? 

Dr.  Singer.  NASA  would  do  that. 

Mr.  Davis.  These  are  some  of  the  things,  perhaps,  a Meteorological 
Laboratory  at  Goddard  might  concern  itself  with. 

Dr.  Singer.  Any  research  aspect  of  this  type  is  NASA's  proper 
function. 
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Mr.  Davis.  Knowing  what  weight  could  be  tole»ated.  would  be  a 
NASA  function,  what  payload  could  be  put  in  such  and  such  orbit? 

Dr.  Singer.  Yes,  sir. 

Mr.  Davis.  Are  there  anv  further  questions? 

Mr.  Boone? 

Mr.  Boone.  I have  alwmt  ihree  question,  Mr.  Chairman. 

Doctor  Singer,  is  it  anticipated  or  is  it  necessary  that  NASA  operate 
on  any  of  the  sensory  data  before  transmission  to  you? 

Dr.  Singer.  No,  sir,  the  data  can  be  should  lie,  and  will  be  trans- 
mitted directly  to  us,  NASA  will  also  look  at  the  data,  not  for  opera- 
tional use  but  for  diagnostic  use  to  see  if  the  equipment  is  working 
properly.  If  it  is  not,  they  will,  in  consultation  with  us,  take  si.cn 
action  as  seems  best  to  improve  the  jierformance  of  the  equipment. 

Mr.  Boone.  In  what  form  do  you  get  this  data  ? 

Dr.  Singer.  The  data  will  reach  us  in  the  form  of  electrical  impulses 
over  a microwave  link. 

Mr.  Boone.  You  record  it  on  tape  or  put  it  into  the  machine  right 
away  ? 

Dr.  Singer.  V>re  record  it  on  the  taj>e  and  put  it  on  the  machine 
simultaneously. 

Mr.  Boone.  Do  you  think  Nimbus  will  l>e  launched  this  year? 

Dr.  Singer.  We  have  been  advised  to  look  forward  to  a first  Nimbus 
launch  during  this  calendar  year. 

Mr.  Boone.  What  measures  do  you  take  to  see  the  schedule  is  a 
realistic  one?  How  do  you  manage  your  aspect  of  their  develop- 
ment? 

Do  you  have  men  working  side  by  side  with  them?  Do  you  go 
to  the  contractor  plant  ? 

Dr.  Singer.  We  have  a Weather  Bureau  man  in  the  Nimbus  proj- 
ect whose  job  it  is  to  take  care  of  data  utilization  which  is  a Weather 
Bureau  function  in  the  Nimbus  project  and  who  is  also  supposed  to 
keep  me  informed  of  all  technical  aspects  of  the  Nimbus  project. 

We  also  have  Mr.  Frey,  whom  you  met  earlier,  who  does  a similar 
job  on  the  financial  aspects. 

Mr.  Boone.  One  last  question,  Mr.  Chairman. 

Last  year  we  had  testimony  before  the  sulx*ommittee  in  which 
they  were  so  surprised  when  a witness  said  there  was  no  urgency, 
apparently,  no  urgency  assigned  to  the  development  of  the  Nimbus 
program. 

After  you  have  been  associated  with  this  for  somewhat  over  a year, 
are  you  happy  with  the  organizational  setup?  Are  you  pleased  with 
the  management  that  is  now  in  existence  and  are  you  confident  that 
you  are  getting  the  requhement  that  you  need  from  all  of  the  users? 

Dr.  Singer.  I have  wen  associated  with  the  Weather  Bureau  and 
with  this  project  since  last  June — about  9 months  now.  The  manage- 
ment situation  has  been  improved  considerably,  I would  say,  especially 
after  the  hearings  last  September.  We  have  been  able  to  resolve  a 
good  many  problems  and  are  now  in  the  process  of  resolving  a few 
gray  areas  remaining  in  the  interface.  We  are  getting  the  user  re- 
quirements transmitted  to  the  Weather  Bureau,  I think,  in  an  excel- 
lent way. 

We  have  to  go  out  and  talk  to  many  users  who  never  thought  they 
could  use  satellite  data  and  convince  them  we  have  something  that 
will  do  the  job  for  them. 
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Mr.  Boone.  The  development  is  proceeding  with  some  urgency 
then.  Is  this  correct  ? 

Dr.  Singer.  It  is  indeed,  sir.  It  certainly  is,  so  far  as  we  are 
concerned. 

Mr.  Heciiler.  Pursuing  that  just  one  step  further,  can  you  sug- 
gest any  improvements  in  the  administrative  arrangements  that  would 
make  it  work  more  smoothly  or  more  expeditiously  ? 

Dr.  Singer.  With  regard  to  the  Nimbus  project  ? 

Dr.  Singer.  No,  sir;  I cannot.  I think  we  have  a fairly  effective 
method  of  managing  the  programs.  ' 

As  I mentioned  in  my  testimony,  a court  of  appeal  was  advocated 
by  this  committee.  We  have  never  had  occasion  to  use  one  and  I 
don’t  expect  we  will,  because  w*e  find  we  can  resolve  problems  at  either 
the  working  level  or  at  my  level,  the  management  level. 

Mr.  Heciiler.  Turning  to  another  question  verv  briefly,  you  men- 
tioned the  contract  which  the  National  Weather  Satellite  Center  has. 
About  how  much  of  your  annual  budget  would  be  in  contracts? 

Dr.  Singer.  Approximately  90  to  95  percent  is  in  the  form  of  con- 
tracts. 

Mr.  Heciiler.  Primarily  research  ? 

Dr.  Singer.  Primarily  to  NASA  in  the  reimbursable  contract  to 
construct  the  spacecraft,  procure  rockets,  and  construct  and  operate 
CDA  stations.  We  also  have  a sizable  contracting  effort  in  research. 
We  are  trying  constantly  to  involve  more  universities  in  working  with 
satellite  data. 

We  realize  that  there  is  a great  amount  of  important  information 
stored  in  these  pictures.  After  they  have  fulfilled  their  operational 
usefulness  we  would  like  to  see  scientists  in  various  places  try  to 
figure  out  what  these  pictures  mean. 

We  are  making  slow  but  steady  progress  in  persuading  them  to  do 
it.  There  is  always  some  reluctance  toward  going  into  a new  field. 
People  have  their  own  problems. 

We  are  trying  to  convince  them  this  is  a very  worthwhile  field 
in  which  to  work. 

Mr.  Hbchler.  One  final  question. 

I think  I have  a pretty  clear  picture  about  what  the  Weather 
Bureau  funds  for  NASA,  but  I’m  not  exactly  clear  how  much  NASA 
funds  for  the  Weather  Bureau. 

You  mentioned,  for  example,  the  space  flight  support  and  other 
things  like  that. 

Dr.  Singer.  Yes,  sir.  We  have  a division,  Spaceflight  Support, 
which  is  funded  under  reimbursable  arrangements  by  NASA. 

We  have  38  positions  in  this  Division  of  which  16  are  filled.  The 
reimbursable  amount  comes  to  about  $350,000. 

Mr.  Hechler.  This  is 

Dr.  Singer.  Annually. 

Mr.  Heciiler.  What  else  does  NASA  fund  for  the  Weather  Bureau  ? 

Dr.  Singer.  I believe  that’s  all. 

The  Weather  Bureau  is  performing  a job,  a service  job,  for  NASA. 
NASA  has  the  prime  responsibility;  they  decide  what  this  group 
will  do  for  them.  This  group  is  under  my  administrative  control, 
but  under  the  technical  control  of  NASA’s  Manned  Space  Flight 
Center  in  Houston. 
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Mr.  Davis.  Mr.  Wydler? 

Mr.  Wydler.  Is  there  a regular  meeting  of  NASA  representatives, 
representatives  from  your  department,  and  the  military,  regarding 
this  entire  program? 

Dr.  Singer.  Yes,  sir.  There  are  two  coordinating  groups  or  com- 
mittees— one  primarily  for  the  research  and  spacecraft  aspects  which 
is  advisory  to  NASA,  (.JMSAC) ; and  the  other  for  user  requirements. 
This  is  advisory  to  the  Weather  Bureau. 

This  is  how  we,  in  part,  carry  out  our  function  of  collecting  and 
coordinating  user  requirements. 

Mr.  Wydler.  I mean,  because  it  would  appear  to  me  what  you  are 
doing,  in  effect,  is  taking  pictures  of  Earth  which  would  seem  to  me 
to  have  a very  strong  useful  purpose  from  a military  point  of  view 
and  I just  wondered — I wanted  to  make  sure  as  I understood  it  that 
the  military  was  a part  of  this  team  that  was  developing  this  satellite 
and  *he  techniques  of  photography  and  so  forth  that  are  being  de- 
veloped here. 

Dr.  Singer.  I should  explain  that  the  satellite  does  not  have  any 
direct  military  importance  in  the  sense  that  the  pictures  from  the 
satellite  do  not  have  a high  enough  resolution  to  lie  useful  for  direct 
military  purposes. 

Mr.  Wydler.  I understand  that's  the  situation  today. 

Dr.  Sinoer.  We  do  not  contemplate  increasing  the  resolution  of  the 
satellite  for  one  very  simple  reason — it  costs  too  much  money. 

If  you  increase  the  resolution  you  have  to  handle  much  more  data 
and  the  cost  of  data  handling  is  extremely  hi^h.  Since  we  are  in- 
terested in  meteorology,  we  would  like,  if  possible,  to  strike  a better 
balance  between  resolution  and  cost.  In  effect,  this  would  make  our 
resolution  worse. 

In  fact,  we  would  like  to  put  our  resolution  at  just  the  right  point — 
reduce  it  just  enough  to  enable  us  to  extract  all  the  useful  meteorologi- 
cal information  without  having  to  pay  for  any  excess  baggage. 

This  is  one  of  our  real  tough  jobs. 

Mr.  Wydler.  I mean,  what  excess  baggage  are  you  paying  for  now  ? 

Dr.  Singer.  We  may  be,  at  this  time,  getting  a resolution  that  is 
higher  than  what  we  really  need  to  do  an  adequate  job  of  global 
weather  analysis. 

Mr.  Wydler.  What  is  that  cost  ing  you  ? 

Dr.  Singer.  It.  will  cost  us,  approximately,  over  $1  million  a year 
justtoshipthe  data  from  Alaska  to  Washington. 

Mr.  Wydler.  Costing  you,  or  costing  who — a million  dollars  a 
year? 

Dr.  Singer.  The  taxpayer,  eventually;  but  it  will  come  out  of  my 
budget. 

Mr.  Wydler.  Out  of  your  budget  ? You  pay  that  to  who  ? 

Dr.  Singer.  To  NASA.  They,  in  turn,  contract  with  communica- 
tion groups  for  the  necessaiy  facilities. 

Mr.  Wydler.  You  think  you  can  do  away  with  that  ? 

Dr.  Singer.  Not  completely,  but  we'd  like  to  see  whether  we  can 
save  money  by  reducing  the  communication  costs. 

We  might  be  able  to  do  this  by  transmitting  the  data  in  degraded 
form. 

We  even  talked  about  the  future  possibility  of  doing  some  of  the 
data  analyzing  inside  the  satellite  itself.  We  must  find  a more  eco- 
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nomieal  means  to  transmit  pictures  to  the  ultimate  users  of  weather 
data. 

This  is  why  the  Direct  Read-Out  Satellite  is  such  an  economical 
solution. 

Mr.  Wydler.  Actually,  NASA  itself  is  acquiring  a lor  of  this  data, 
isn't  it,  and  bringing  it  down  and  giving  it  to  you  to  be  processed. 

Doesn't  NASA  perform  that  part  of  the  job? 

Dr.  Singer.  We  reimburse  them  for  this. 

Mr.  Wydler.  Are  they  collecting  some  of  this  data  you  don’t  need, 
as  well  as  A.T.  & T.,  that  you  are  talking  about? 

Dr.  Singer.  The  resolution  of  the  camera  determines  the  amount  of 
data  that  you  get  every  day.  It  amounts  now  to  5 billion  bits.  We 
think  we  will  need  that  much  data.  One  of  my  major  jobs  right  now 
is  to  figure  out  ways  of  decreasing  the  volume  of  data  flow.  One  way 
is  to  see  if  we  cannot  extract  adequate  meteorological  information 
from  less  data. 

I^et's  assume  that  the  cost  of  shipping  data  is  roughly  proportional 
to  the  amount  of  data.  If  we  could  cut  the  amount  to  1 billion  bits 
from  5 billion,  we  would  only  have  to  pay  one-fifth  as  much  for 
shipj  ing,  a proportionally  less  amount  for  analyzing  it,  and  a still 
lesser  amount  for  distributing  it. 

Mr.  Davis.  I^et  me  point  this  out,  Dr.  Singer,  it's  not  a question  of 
whether  NASA  or  the  Weather  Bureau  gets  the  data  as  respects  the 
cost  of  transmitting  the  data  or  communicating  it,  is  it  ? 

Dr.  Singer.  No,  sir. 

Mr.  Davis.  It’s  just  a matter  of  the  fact  the  only  good  way  we 
have  of  transmitting  data  from  Alaska  to  the  United  States  is  over  the 
A.T.  & T.  system. 

Dr.  Singer  It's  not  commercial  all  the  way.  I believe  in  Alaska 
we  use  military  facilities. 

Chairman  Miller.  The  Department  of  Defense  handles  all  of  the 
communication  up  there  and  out  of  there  it  comes  directly  in  here? 
Of  course,  this  is  one  of  the  things  you  are  working  for. 

In  future  satellites  you  will  develop  a camera  most  likely  that  will 
give  you  the  stuff  you  want  and  won’t  have  this  high  resolution? 

Dr.  Singer.  We  may  need  this  resolution.  We  will  learn  from 
experience. 

Chairman  Miller.  That  is  something  no  one  can  tell  about.  We 
are  still  working  in  a vacuum.  Beginning  to  see  what  we  need,  but 
we  haven’t  the  tools  for  working  it  yet. 

Dr.  Singer.  I thought  you  would  lie  interested  in  knowing  we  are 
doing  this  type  of  thinking.  We  are  not  satisfied  with  the  state  of 
things  as  they  are,  but  are  examining  it  carefully — even  now  before 
we  have  the  first  Nimbus — to  know  whether  we  can  actually  optimize 
the  cost-to-l>enefit  ratio. 

Mr.  ITecih.fr.  Dr.  Singer,  you  get  around  a good  deal. 

I wondered  if  you  heard  any  rumors,  maybe  the  Department  of 
Defense  might  be  interested  in  developing  a meteorological  satellite? 

Dr.  Singer.  No,  sir.  It  seems  to  me  the  Department  of  Defense 
requirements  have  been  adequately  stated  to  us. 

They  are  going  to  be  stated  to  us  again  formally  through  the  Joint 
Meteorological  Group  which  has  the  Army,  Navy,  Air  Force,  and 
Weather  Bureau  on  it,  I think  the  national  system,  the  one  we  are 
working  on,  will  satisfy  all  the  defense  requirements. 
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Mr.  Dams.  Thank  you. 

Chairman  Mii.i.er.  I thought  we  were  closing. 

Mr.  Wtoler.  I just  have  one  little  question,  if  you  know  the  answer. 
Can  you  tell  me  what  the  average  GS  rating  of  the  people  that 
work  in  your  department  is? 

Dr.  Singer.  No,  sir,  I cannot. 

Mr.  W ydler.  Can  you  supply  that  for  me  ? 

Dr.  Singer.  Yes,  I certainly  can. 

(The  information  requested  is  as  follows:) 


Average  grade  of  08  portions  at  the  National  Weataer  8atellite  Center 


Fiscal  year 

Number  of 
OS  positions 

Average  grade 

1963  . 

246 

OS-10.1. 

1964  estimate . 

298 

08-10.5. 

Note. — Includes  only  permanent  positions  supported  by  appropriated  funds.  An  additional  38  positions 
with  an  average  grade  of  GS-10  are  financed  by  NASA  under  reimbursable  arrangements  for  meteorologies 
support  of  the  Mercury  and  Gemini  programs. 


Mr.  Wtoler.  Thank  you. 

Mr.  Dams.  Mr.  Chairman  ? 

Chairman  Miller.  Mr.  Chairman,  if  you  are  closing — 

Dr.  Singer.  I wish  the  grades  were  higher. 

Mr.  W toler.  I real ize  that. 

Chairman  Miller.  I want  to  express  my  appreciation  for  the  work 
Dr.  Singer  is  doing.  Want  to  congratulate  him  on  it,  and  we  are 
very  happy — the  country  should  be  very  happy,  Doctor,  that  you  are 
with  the  Weather  Bureau. 

Dr.  Singer.  Thank  you. 

Chairman  Miller.  And  that  von  are  working,  von  and  your  staff, 
are  working  on  this  program. 

It  is  a refreshing  one  and  to  my  way  of  thinking,  if  nothing  comes 
out  of  the  space  effort  except  the  fact  that  we  may  be  able  to — that 
we  will  be  able  to  resolve  the  weather  within  a limited  |>eriod  of 
years,  it  would  pay  for  the  cost  of  this  whole  effort. 

Dr.  Singer.  Thank  you,  sir.  We  certainly  feel  that  way. 

Mr.  Heciiler.  Mr.  Chairman,  I’d  like  to  add  my  compliments,  too. 
I think  you  and  your  staff  and  your  associates  have  done  a really 
outstanding  job  in  the  National  Weather  Satellite  (’enter. 

Dr.  Singer.  Thank  you. 

Mr.  Davis.  I’d  like  to  say  all  the  niemliers  of  the  subcommittee 
suliscribe  to,  fully,  what  Chairman  Miller  and  the  chairman  of  the 
subcommittee  has  expressed. 

On  behalf  of  the  subcommittee,  I want  to  thank  you  for  coming 
before  us  and  giving  such  interesting  and  valuable  testimony  today. 

At  this  t ime  the  committee  will  adjourn. 

(Whereupon  at  12 :22  p.m.  the  committee  was  adjourned.) 
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WEDNESDAY,  APRIL  3,  1963 

House  or  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington , D.C . 

Tiie  subcommittee  met  at  10  a.m.,  pursuant  to  call,  in  room  214-B, 
Ijongworth  Building,  Hon.  John  W.  Davis  (member  of  the  subcom- 
mittee) presiding. 

Mr.  Davis.  Gentlemen,  1 am  going  to  adhere  to  our  policy  of  start- 
ing virtually  on  time,  even  though  I am  the  only  member  of  the  sub- 
committee at  this  point.  So  I will  call  the  committee  to  order. 

I am  glad  to  have  ycu  back,  Dr.  Seamans,  and  also  am  glad  to  wel- 
come Dr.  Tepper  as  a witness  today.  I suppose  you  are  expecting  to 
make  the  first  statement  today,  Dr.  Seamans? 

Dr.  Seamans.  No,  Dr.  Tepper  is  prepared  to  make  a statement  on 
the  meteorological  program,  and  we  will  proceed  if  you  wish. 

Mr.  Dams.  Very  well. 

(The  biographical  sketch  of  Dr.  Morris  Tepper  is  as  follows:) 

I>r.  Morris  Tepi>er,  Director  of  Meteorological  Systems  in  the  Office  of  Applica- 
tions, joined  the  headquarters  staff  of  the  National  Aeronautics  and  Space  Ad- 
ministration on  April  20.  1959.  Previously  he  was  Chief  of  the  Severe  Local 
Storms  Research  Unit,  U.S.  Weather  Bureau. 

Born  in  Palestine  in  1916.  Dr.  Tepper  came  to  the  United  States  in  1922  and 
became  a citizen  in  1926.  He  earned  a bachelor  of  arts  degree  in  1936  and  a 
master  of  arts  degree  in  1938  from  Brooklyn  College,  and  a Ph.  D.  from  Johns 
Hopkins  University  in  1952. 

Dr.  Tepper  joined  the  Air  Force  in  1943  and  served  ns  weather  officer  in  t.he 
Pacific  theater  of  operations  until  1946  when  in  August  he  joined  the  staff  of 
the  U.S.  Weather  Bureau.  Washington.  D.C..  as  research  meteorologist.  In  1951, 
he  became  Chief  of  the  Severe  Local  Storms  Research  Unit. 

From  1952  to  1959.  he  taught  fluid  mechanics  and  dynamic  meteorology  at  the 
Graduate  School,  U.S.  Department  of  Agriculture. 

Dr.  Tepj>er  has  written  many  papers  in  technical  journals  on  theoretical  and 
experimental  aspects  of  severe  local  storms  and  on  meteorological  satellites. 
In  1950,  he  was  the  Joint  recipient  of  the  Meissinger  Award  of  the  American 
Meteorological  Society  for  his  work  on  the  application  of  hydraulic  analogy  to 
meteorological  problems.  In  1961  he  received  the  Distinguished  Alumni  Award 
from  Brooklyn  College. 

His  professional  memberships  include  the  American  Meteorological  Society, 
the  American  institute  of  Aeronautics#and  Astronautics  and  the  Washington 
Academy  of  Sciences.  He  sits  on  several  National  and  Government  committees 
which  plan  and  coordinate  activities  in  the  atmospheric  sciences. 

Dr.  and  Mrs.  Tepper  (the  former  Sandra  Levin)  and  their  sons,  Andrew  and 
Bradford,  live  in  3ilver  Spring,  Md. 
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STATEMENT  OF  DR.  ROBERT  C.  SEAMANS,  JR.,  ASSOCIATE  ADMINIS- 
TRATOR, NASA;  ACCOMPANIED  Bi  DR.  MORRIS  TEPPER,  DIREC- 
TOR, METEOROLOGICAL  SYSTEMS,  OFFICE  OF  APPLICATIONS 

I)r.  Tepper.  Mr.  Chairman  and  members  of  the  subcommittee,  I am 
happy  to  have  this  opportunity  to  appear  before  you  again  to  discuss 
the  programs  of  t he  ( )mce  of  Meteorogical  Systems. 

In  t his  discuss,  I shall  Itegin  with  a few  remarks  on  the  objectives 
of  our  program  and  then  proceed  with  a detailed  description  of  the 
flight  and  supporting  research  activities  that  we  are  developing  in 
order  to  fulfill  our  responsibilities  inherent  in  the  statement  of  objec- 
tives. I shall  try  to  emphasize  our  plans  for  the  coming  fiscal  year, 
in  order  that  you  may  note  how  these  plans  fit  into  the  overall  program 
pattern  (fig.  35). 


METEOROLOGICAL  SYSTEMS 
PROGRAM  OBJECTIVES 


• DEVELOP  AN  OPERATIONAL  METEOROLOGICAL  SATELLITE 

SYSTEM. 

• DEVELOP  AND  APPLY  SPACE  TECHNOLOGY  TO  SATISFY 

METEOROLOGICAL  OBSERVATIONAL  REQUIREMENTS. 


» DEVELOP  METEOROLOGICAL  SATELLITE  AND  SOUNDING 
ROCKET  SYSTEMS. 

> MAINTAIN  A CONTINUING  PROGRAM  OF  MODIFICATION 
AND  IMPROVEMENT. 


NASA  ft)  no 


Figure  35 

PROGRAM  OBJECTIVES 

We  are  currently  actively  engaged,  together  with  the  U.S.  Weather 
Bureau,  in  the  development  of  an  operational  meteorological  satellite 
system.  This  system  is  to  be  used  by  the  Weather  Bureau  in  the  ful- 
fillment of  its  responsibilities  for  the  analysis  and  forecasting  of  the 
weather. 

I shall  refer  later  to  the  extent  to  which  TIROS  data  have  assisted 
in  this  regard. 
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The  development  of  an  operational  system  involves  the  develop- 
ment of  a reliable  system  that  will  provide  data  continuously  and  on 
a current  basis  so  as  to  be  useful  to  the  forecaster  in  a timely  manner. 

Voie  generally,  our  objective  is  to  develop  various  aspects  of  space 
technology  and  integrate  this  technology  into  appropriate  systems 
which  will  provide  the  meteorological  observations  required  by  the 
meteorologist. 

This  objective  is  <juite  broad  and  reflects  our  intent  also  to  be  re- 
sponsive to  the  requirements  of  the  research  meteorologist  for  addi- 
tional data  to  help  him  lietter  understand  the  weather  processes  and 
thus  lay  a firmer  foundation  for  more  accurate  forecasting  and  even- 
tual experiments  in  weather  modification  and  control. 

In  more  specific  terms,  we  can  state  that  our  objective  is  the  devel- 
opment of  meteorological  satellite  and  sounding  rocket  systems. 

Finally,  it  is  our  objective  to  maintain  a continuing  program  for 
modifying  and  improving  the  developed  systems  in  the  light  of  de- 
velopments in  space  technology  and  of  new  or  sharpened  user  require- 
ments. 

FLIGHT  PROGRAM 

The  hardware  elements  of  our  flight  program  are  illustrated  on  this 
chart  (fig.  36).  In  the  lower  left  corner  is  a schematic  representation 
of  the  small  and  large  sounding  rockets  which  are  used  in  acnuiring 
atmospheric  data  samples.  Then  we  see  TIROS,  the  spin -stabilized 


METEOROLOGICAL  SYSTEMS  PROGRAM 


3072 


196  4 NASA  AUTHORIZATION 


satellite  which  has  done  so  much  to  establish  the  feasibility  and  to 
demonstrate  the  capabilities  of  satellite  technology  in  meteorological 
flight  systems. 

Nimbus,  the  large  satellite  now  under  construction  incorporates  as 
many  as  possible  of  the  techniques  now  available  to  us  to  improve  the 
quality  of  the  satellite  systems. 

In  the  upper  right  of  the  chart  is  a schematic  representation  of  a 
synchronous  satellite  orbit imr  at  an  altitude  of  22,300  miles.  Such 
a spacecraft  should  make  it  |x»ssible  to  continuously  observe  the 
weather  conditions  over  a selected  segment  of  the  Earth's  surface. 
This  satellite  is  still  in  the  conceptual  stage  and  hardware  develop- 
ment for  it  has  not  yet  been  initiated. 

1 would  like  now  to  discuss  these  flight  programs  in  a little  more 
detail.  In  view  of  its  spectacular  achievement,  I think  it  would  be 
appropriate  to  begin  witn  the  TIROS  program. 

TIROS 

The  TIROS  satellite  is  the  old  standby  and  foundation  of  our  current 
flight  activity.  The  chart  (fig.  37)  shows  some  of  the  characteristics 
of  the  six  TIROS  satellites  that  we  have  already  launched  successfully. 

TIROS  II  functioned  for  10  months. 

TIROS  V is  still  operating  on  one  camera.  It  has  been  up  since 
the  middle  of  last  June  and  so  it  is  more  than  9 months  old  already. 

TIROS  VI  went  up  in  the  middle  of  September.  It  is  still  operat- 
ing with  one  camera  and  so  it  has  finished  6 months. 

TIROS  SATELLITES 


• 

LAUNCH  DATE 

USEFUL  LIFE 

INCLINATION 

TIROS  1 

APRIL  1,  1960 

2%  MO. 

4t  DEGREES 

TIROS  II 

NOV.  23,  1960 

10  MO. 

4t  DEGREES 

TIROS  III 

JULY  17,  1961 

* 

4 ft  MO. 

48  DEGREES 

TIROS  IV 

fit  t,  1962 

4ft  MO. 

4t  DEGREES 

TIROS  V 

JUNE  19,  1962 

STILL  OPERATING 

SI  DEGREES 

TIROS  VI 

SEP.  It,  1962 

STILL  OPERATING 

5t  DEGREES 

NASA  I 43-MS 


Figure  37 
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You  can  see  from  these  data  that  the  lifetime  of  the  TIROS  satellite 
has  ranged  from  to  10  months.  TIROS  has  severe  limitations 
from  the  point  of  view  of  data  coverage.  These  have  been  pointed 
out  in  the  past.  Briefly,  they  are  that  since  TIROS  is  spin  stabilized 
it  does  not  see  the  Earth  continuously,  and  it  is  also  limited  in 
coverage  by  the  angle  of  its  orbital  inclination. 

On  this  next  chart  (fig.  38)  we  have  a compilation  of  some  of  the 
operational  support  that  TIROS  has  given  to  the  Weather  Bureau. 
Over  215,000  total  and  168,000  usable  pictures  of  cloud  cover  have  been 
obtained  from  the  TIROS  satellites  to  the  end  of  February. 

From  these  pictures  over  5,000  cloud  cover  analyses  were  prepared, 
over  700  special  storm  advisories  have  been  issued  and  there  have  been 
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Figure  38 

300  specific  instances  where  the  weather  analysis  has  been  improved. 
There  were  10  hurricanes  and  21  typhoons  observed  in  the  sequences 
of  photographs  taken  by  TIROS  and  these  were  often  tracked  over  a 
period  of  several  successive  days. 

This  type  of  support  has,  of  course,  proved  extremely  valuable  to 
the  Weather  Bureau  and  the  I)OD  in  their  day-to-day  operation. 

TIROS  has  also  provided  a wealth  of  very  useful  data  to  research 
meterologists  both  within  the  Government  and  at  various  universities 
and  research  institutes  who  are  interested  in  the  many  different  types 
of  atmospheric  circulations  and  now  have  these  data  to  assist  them  in 
pursuing  theoretical  and  empirical  studies  of  atmospheric  phenomena. 
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As  I indicated  to  this  committee  a few  weeks  ago,  t lie  TIROS  project 
is  on  schedule  in  all  of  its  phases.  We  now  have  relative  freedom 
to  schedule  the  next  few  launches  not  on  the  basis  of  spacecraft  avail- 
ability but  on  the  most  favorable  time  with  regard  to  meteorological 
coverage. 

At  the  present  time,  there  ape  two  TIROS  satellites  still  operating 
in  orbit.  These  continue  to  provide  good  picture  data.  In  view  of 
the  excellent  performance  of  the  TIROS  V and  VI, our  original  launch 
date  of  the  next  TIROS  has  now  l>een  intentionally  delayed  twice. 
Its  current  launch  date  has  lieen  set  to  give  maximum  coverage  during 
the  hurricane  season.  While  TIROS  V and  VI  are  providing  data 
in  one  part  of  the  glolie,  the  next  satellite  will  provide  data  in  another. 

This  additional  coverage  will  increase  the  frequency  of  observation 
over  the  South  Atlantic  during  the  hurricane  season  and  thus  assist 
in  maintaining  a continuous  vigil  over  the  area  where  these  severe 
storms  are  born. 

TIROS  launches  will  also  continue  to  ue  used  as  research  satellites. 

On  the  next  chart  (tig.  39)  we  have  indicated  some  of  the  experi- 
ments to  be  conducted  by  the  next  five  TIROS  research  and  develop- 
ment spacecraft  which  are  now  part  of  NASA-approved  activity. 

These  spacecraft  will  !*>  flown  at  intervals  of  several  months  stall- 
ing later  this  spring.  You  will  note  that  the  first  of  them  is  intended 
to  assist  in  the  developmnt  of  the  horizon  scanner  for  the  Nimbin. 
meterological  satellite.  Another  will  give  us  an  opportunity  to  flight 
test  the  automatic  picture  transmission  system  which  I shall  discuss 
in  a moment.  We  may  attempt  a polar  launch  to  acquire  data  in  the 
polar  region. 
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The  TIROS  satellites  will  also  carry  experiments  intended  to  aid 
in  determining  design  factors  for  satellites  for  the  future.  In  par- 
ticular, they  will  investigate  the  coverage  from  other  altitudes  than 
the  altitude  of  alwrut  4(>o  miles  which  is  presently  the  customary  one 
for  the  TIROS  system.  Although  these  TIROS  will  be  flown  as 
research  and  development  vehicles,  the  cloud  cover  data  which  they 
proved  will  continue  to  be  made  available  for  operational  purposes 
as  lias  been  done  in  the  previous  TIROS  launches.  It  is  planned 
to  continue  to  provide  these  data  until  Nimbus/NOS  data  are  available 
on  a regular  basis. 

As  s<  *»d  a moment  ago,  one  of  these  TIROS  is  expected  to  be  used 
to  give  an  opportunity  to  flight  test  the  automatic  picture  trails- 
mission  stem.  This  device,  referred  to  as  the  APT  system,  is  de- 
signed in  continuously  transmit  pictures  of  local  cloud  conditions  to 
weather  stations  near  the  track  of  the  satellite  (fig.  40). 

In  the  normal  mode  of  operation,  weather  satellite  cloud  pictures 
are  transmitted  to  elaborate  command  and  data  acquisition  stations 
at  a relatively  rapid  rate.  This  requires  the  use  of  wide  radio  band- 
widths  and  large  60-foot  antennas  or  their  equivalent. 

In  the  A 1*1'  system,  we  make  a trade-off.  We  use  slow  transmission 
rates  and  thus  permit  the  use  of  small  bandwidths,  and  a relatively 
small  (about  15  feet  long)  spiral  antenna. 
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The  camera  in  the  satellite  snaps  a picture  of  the  clouds  below  about 
once  every  3 minutes.  The  picture  is  snapped  in  a fraction  of  a second, 
and  stored  on  a special  surface  in  the  vidicon  camera.  TV  re? f of  the 
3-minute  period  is  nsed  to  slowly  scan  the  picture  electronic?  11  y and 
transmit  it  to  the  ground  station.  Then  the  cycle  is  automatically 
refloated. 

At  the  ground  station,  the  console  is  used  ';*?t  the  antenna,  by 
manual  control,  toward  the  satellite;  to  receive  u.v  picture,  and  to 
display  it  on  a facsimile  recorder  (which  is  similar  to  the  equipment 
used  for  wirephotos).  Each  picture  will  cover  an  area  a bit  larger 
than  the  TIROS  pictures — actually  about  1,000  by  1,000  miles — and 
the  quality  is  expected  to  lie  alxiut  the  same  as  the  TIROS  pictures. 

The  ground  equipment  costs  less  than  $50,000  per  set  and  so  is  suf- 
ficiently inexpensive  to  ultimately  permit  many  major  U.S.  and  for- 
eigm  weather  stations  to  lie  equipped  with  one. 

Mr.  Dams.  Is  this  the  system.  Dr.  Tepper,  that  Dr.  Singer  referred 
to  last  week  as  “instant  weather’"? 

Dr.  T upper.  I believe  this  is  the  thing  that  he  referred  to  by  that 
name,  yes,  sir.  The  automatic  picture  transmission  system  was  de- 
signed for  the  Nimbus  satellite  but  successful  development  of  hard- 
ware has  made  it  possible  to  perform  some  engineering  and  systems 
tests  using  a TIROS  spacecraft. 

A flight  test  on  TTROS  will  permit  checkout  of  the  system  using  a 
number  of  ground  stations  at  various  locations  around  the  world. 
When  used  later  in  conjunction  with  Nimbus,  APT  will  enable  mete- 
orologists at  any  place  equipjied  with  the  ground  station  to  obtain 
direct  cloud  cover  pictures  of  their  local  ai-ea.  When  flown  on  a Nim- 
bus satellite,  the  pictures.  al>out  four  to  seven,  may  be  received  from 
one  to  three  orbits  daily,  near  noon  at  any  part  of  the  world. 

NIMBUS 

I have  already  mentioned  the  Nimbus  satellite  in  nry  discussion 
today  and  it  has  Ven  discussed  in  some  detail  l)efore  this  committee 
in  the  past.  With  your  permission,  I would  like  to  restate  the  primary 
objectives  that  we  are  attempting  to  fulfill  with  Nimbus. 

I would  like  to  address  myself,  then,  to  the  question — Why  proceed 
with  Nimbus  if  TIROS  has  proven  to  be  such  a successful  satellite? 
First  of  all  the  Nimbus  sensors  represent  an  improvement  over  those 
that  exist  in  TIROS.  The  cameras  are  improved,  and  the  radiation 
sensors  are  improved. 

Other  systems  have  similarly  l>een  improved.  But  we  are  doing 
much  more  with  Nimbus  than  improving  the  sensors.  In  essence. 
Nimbus  represents  a major  step  forward  over  TIROS  in  these  five 
areas  (fig. 41 ). 

1.  ORIENTATION 

The  TIROS  system  provides  pictures  most  of  which  were  taken 
when  the  satellite  is  looking  at  the  Earth  from  other  than  a vertical 
angle.  Only  during  a very  small  portion  of  this  orbit  does  TIROS 
look  straight  down.  The  oblique  angle  of  the  major  pictures  causes 
difficulty  in  rectifying  the  pictures  and  in  interpreting  the  cloud  pat- 
terns due  to  the  changing  scale. 


1964  NASA  AUTHORIZATION 


3077 


IMPROVEMENTS  PROVIDED 
BY  NIMBUS 

• ORIENTATION 


• COVERAGE 


• DIRECT  LOCAL  READOUT 


LIFETIME 


• GROWTH  POTENTIAL 


Figcbe  41 


Nimbus  is  being  developed  as  an  Earth-oriented  satellite  which  will 
view  the  Earth  vertically  during  its  entire  lifetime,  and  thus  eliminate 
much  of  the  rectification  difficulty. 


2.  COVERAGE 

As  you  know.  TIROS  is  in  an  inclined  orbit  of  about  58°  and  is 
spin  stabilized.  This  means  that  pictu  res  can  be  taken  of  the  Earth 
cloud  cover  only  when  TIROS  camera  are  looking  at  the  sunlit  por- 
tion of  the  Earth.  This,  combined  with  the  fact  that  we  have  only 
two  readout  stations  in  the  United  States,  on  the  east  coast  and  the 
west  coast,  limits  the  amount  of  data  of  the  Earth’s  cloud  cover  that 
TIROS  can  provide.  The  polar  regions  are  completely  inaccessible. 

It  has  lieen  estimated  that  TIROS  provides  somewhere  between  10 
and  25  jiercent  of  the  global  cloud  cover  per  day.  Meteorological  re- 
quirements are  for  total  global  observations.  Nimbus  is  to  be  launched 
in  a near  polar  orbit  and  is  to  view  every  portion  of  the  Earth  every 
day. 

Idie  TIROS  cameras,  when  looking  vertically  down,  view  an  area 
of  700  miles  on  a side.  The  Nimbus  camera  system  will  provide  a 
corresponding  picture  of  aliout  1,500  by  600  miles.  The  forward 
motion  of  the  satellite  will  thus  provide  a strip  1,500  miles  wide,  ap- 
proximately from  pole  to  pole  during  each  orbit. 
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3.  DIRECT  LOCAL  READOUT 

J have  already  described  the  automatic  picture  transmission  sub- 
system that  was  developed  for  Nimbus.  This  system  is  to  provide  to 
tlie  local  forecaster  in  his  field  station  a picture  of  the  cloud  cover  in 
his  area.  We  feel  that,  when  fully  developed,  this  system  may  repre- 
sent one  of  the  greatest  contributions  of  the  meteorological  satellite 
program  to  local  forecasting. 


4 • LIFETIME 

To  be  useful  on  a continuous  basis,  an  operational  system  must  have 
a reasonably  long  life.  As  I have  pointed  out,  the  YlROS  lifetime 
has  varied  from  2 months  to  about  10  months.  The  limitation  on  the 
lifetime  of  TIROS  is  determined  by  the  electronic  system  design  and 
component  lifetimes.  It  is  difficult  to  estimate  what  this  might  be. 

As  you  know,  our  earlier  estimates  were  that  this  might  be  about 
3 months.  In  general,  we  have  exceeded  this  expectation.  However, 
we  feel  that  an  operational  system  should  have  a lifetime  of  at  least  6 
months  and  eventually  1 year  or  more. 

In  addition  to  carefully  engineered  systems  and  reliable  quality 
control  in  manufacturing,  design  redundancy  plavs  a major  role  in 
achieving  useful  long  life.  The  original  Nimbus  design  has  included 
redundancy.  Unfortunately,  due  to  weight  limitations  imposed  on  it, 
the  first  Nimbus  will  be  launched  without  this  redundancy.  How- 
ever, the  future  developed  operational  spacecraft  will  include  re- 
dundant systems. 

5.  GROWTH  POTENTIAL 

One  of  the  more  important  elements  of  the  current  design  of  Nimbus 
is  its  potential  for  growth.  In  reviewing  meteorological  requirements 
for  ultimate  operational  systems,  we  find  that  the  cloud  pictures  and 
the  infrared  radiation  measurements  satisfy  these  requirements  only 
in  part. 

Other  requirements  for  operational  systems  include  the  need  for  in- 
strumentation to  provide  many  more  observations  such  as  those  of 
winds,  extent  and  intensity  of  precipitation,  vertical  structure  of  tem- 
jierature,  moisture  and  density,  index  of  refraction,  height  of  tropo- 
pause  and  ionospheric  layers,  measurements  of  surface  pressure,  and 
identification  of  ground  cover. 

In  addition,  requirements  for  environmental  data  needed  for  re- 
search on  launch  vehicle  design  and  operation  or,  more  generally,  for 
the  understanding  of  the  atmosphere,  include  solar  and  terrestrial 
radiation  measurements,  measurements  of  atmospheric  composition, 
aurora  and  ion  density,  measurements  of  magnetic  and  electrical  fields, 
meteor  activity,  and  atmospheric  optical  properties. 

The  number  of  times  observations  of  these  measurements  are  re- 
quired varies  from  a few  times  a day  to  once  daily.  Thus,  you  see  it 
is  important  that  a meteorological  satellite  have  the  flexibility  for 
growth  so  that  when  suitable  instrumentation  is  developed  which  can 
provide  observations  to  assist  either  in  operations  or  research,  then  the 
satellite  can  accept  these  instruments  without  too  muck  difficulty. 
Nimbus  is  designed  to  do  iust  that  (fig.  42).  It  is  designed  so  that  its 
three  major  subsystems  of  power,  control,  and  sensory  ring  are  more 
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Figure  42 

or  less  independent  onu  from  the  other.  It  is  designed  on  a modular 
concept  so  that  new  and  improved  instrumentation  can  be  installed 
and  old  ones  removed  without  requiring  major  redesign  of  the  satellite. 

Each  one  of  these  five  elements — orientation,  coverage,  direct  local 
readout,  lifetime,  and  growth  potential — represents  a major  advance 
over  TIROS.  Nimbus,  including  all  these,  represents  an  extremely 
large  step  forward  beyond  the  TIROS  capability. 

The  Nimbus  technical  difficulties  of  the  past  were  associated  with 
the  development  of  these  five  elements.  We  now  believe  that  our  major 
difficuhies  are  liehind  us.  The  prototypes  of  the  various  subsystems 
have  been  tested  successfully.  It  remains  to  combine  the  various  sub- 
systems and  to  check  them  out  together  as  operating  prototype  and 
flight  system.  Thisthen  isthecurrent  status  of  Nimbus. 

The  prototype  sensory  ring  components  are  being  assembled,  and 
the  assembled  ring  will  be  tested  in  a vacuum  thermal  chamber  during 
the  next  2 months.  The  full  prototype  spacecraft  will  be  tested  dur- 
ing the  summer.  The  flight  spacecraft  will  be  tested  through  the  early 
fall.  When  the  spacecraft  passes  the  testing  procedures,  we  will  be 
ready  to  launch  Nimbus  ana  we  estimate  this  to  be  before  the  end  of 
this  year.  We  feel  that  the  tests  will  be  met  successfully.  Our  con- 
fidence in  this  estimate  of  the  launch  time  is  based  upon  the  following 
factors: 

1.  The  sensory  ring  subsystems  have  been  qualified  independently 
in  performance  and  environmental  tests. 
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Mr.  Davis.  Dr.  Tepper,  this  is  just  to  satisfy  some  curiosity  I have 
about  the  terminology.  Now  why  do  you  use  the  word  “ring,”  when 
you  say  “the  sensory  ring”? 

Dr.  Tf.pper.  Well  the  bottom  of  Nimbus  is  torus  shape  and  we  refer 
to  this  as  the  sensory  ring  because  the  sensors  fit  into  and  are  attached 
to  this  ring. 

Mr.  Davis.  All  of  these  sensors? 

Dr.  Tf.pper.  Yes,  sir;  the  control  sits  on  top  and  the  solar  paddles 
are  on  the  side. 

Mr.  Davis.  I see. 

Dr.  Tf.pper.  But  all  the  sensory  and  component  equipment  other 
than  the  controls  and  the  solar  paddles  are  contained  in  this  ring  on 
the  bottom. 

Mr.  Davis.  Thank  you,  sir. 

Dr.  Tf.pper.  Repeating,  then,  the  sensory  ring  subsystems,  those  that 
go  in  the  l>ottom,  have  been  qualified  independently  in  performance 
ind  environmental  tests  (fig.  43).  Each  subsystem  has  been  statically 
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tested  under  environmental  conditions,  and  they  have  met  very  rigid 
specifications. 

The  next  slide  (fig.  44)  shows  the  advanced  vidicon  camera  system 
cameras  in  a bench  test  to  demonstrate  the  satisfactory  performance  of 
the  subsvtem.  This  3-camera  array  will  view  a portion  of  the  Earth, 
1,500  miles  wide. 
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2.  The  structural  design  has  been  proven  by  extensive  tests  on  a full 
scale  vibration  model  (tip.  45).  A full-scale  structural  model  o'  the 
Nimbus  satellite  was  placed  on  the  mechanical  shaker  as  shown  on  the 
next  slide  (ftp.  46).  Rigorous  testing  simulated  conditions  much 
greater  than  exj>ected  at  launch.  The  vehicle  has  successfully  passed 
these  demanding  tests. 

Mr.  Davis.  Was  that  done  at  Goddard  ? 

Dr.  Tepper.  No,  sir;  this  was  done  at  General  Electric,  at  the  con- 
tractor’s plant. 

Mr.  Davis.  Yes,  sir. 

Dr.  Tepper.  3.  The  thermal  problems  have  been  analyzed,  solved, 
and  the  solutions  verified  using  a thermal  model  (fig.  47).  This  model 
is  shown  with  the  vacuum  chamber  in  which  the  testing  was  accom- 
plished in  the  following  slide  (fig.  48).  Thus,  Nimbus  has  the  demon- 
strated capability  to  keep  its  components  within  their  working  range 
of  temperature. 

4.  The  preproiotype  stabilization  and  control  system  has  been 
“flown”  for  many  hours  on  an  air  bearing  using  a variety  of  model 
Earth  conditions  (fig.  49).  This  system  has  demonstrated  itscapability 
to  stabilize  and  control  the  Nimbus  spacecraft  along  all  three  axes  as 
shown  on  the  following  slide  (fig.  50).  The  vertical  post  indicated  in 
this  slide  is  a support  column  going  to  the  air  bearing  on  which  the  pre- 
prototype spacecraft  is  resting.  It  is  supported  by  just  a layer  of  air. 
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On  the  left  of  the  spacecraft  you  see  the  components  of  the  control 
system.  It  is  a preprototype  system  and  it  is  not  included  inside  its 
normal  configuration,  it  is  outside  in  order  to  be  readily  accessible  for 
improvements  and  corrections.  But  is  has  been  flown  on  this  air  bear- 
ing many  times,  and  successfully. 

These  tests  were  made  using  an  air  bearing  at  the  center  of  gravity 
and  under  a wide  variety  of  simulated  earth  and  solar  conditions, 
covering  the  full  range  required  for  operation. 

5.  Complete  systems  tests  have  l>een  conducted  using  preprototype 
engineering  models  (fig.  51);  that  is,  in  addition  to  the  individual 
component  tests,  the  various  elements  of  the  preprototype  systems 
were  connected  together  and  have  operated  as  a complete  system. 
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Figure  51 

Thus,  we  know  that  the  components  not  only  work  separately,  but  in 
assembled  systems  as  well. 

The  data  acquisition  hardware  development  has  also  been  moving 
forward.  We  have  on  this  chart  (fig.  52)  a photograph  of  the  Com- 
mand and  Data  Acquisition  Station  in  Fairbanks,  Alaska.  This  is  one 
of  the  large  antennas  which  is  being  erected  to  collect  data  from  the 
Nimbus  satellite.  Similar  antennas  to  this  will  be  erected  for  the 
operational  meteorological  satellite  system. 

This  first  antenna  is  intended  to  support  NASA’s  research  and 
development  program  both  in  meteorological  and  other  scientific 
satellites.  When  the  operational  antennas  are  functioning  they  will 
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Figure  52 

take  over  the  job  cf  the  routine  data  acquisition  for  the  operational 
program. 

An  agreement  has  been  signed  with  the  Canadian  Government  for 
the  establishment  of  a similar  antenna  installation  in  the  northern  part 
of  Nova  Scotia.  The  combination  of  the  Alaskan  and  Nova  Scotian 
stations  will  give  us  coverage  of  practically  every  orbit  of  Nimbus,  so 
that  all  the  data  collected  by  Nimbus,  which  should  give  100-percent 
coverage  of  the  earth's  surface,  will  be  acquired.  One  antenna  also 
backs  up  the  other  antenna  not  in  a 100-percent  fashion,  but  to  a suf- 
ficient extent  to  maintain  reasonable  service  should  one  station  fail. 

sounding  rockets 

In  meteorological  systems  we  are  also  concerned  with  the  develop- 
ment of  sounding  rockets  for  the  exploration  and  measurement  of  the 
atmosphere  in  the  region  above  20  miles  and  below  about  150  miles, 
accessible  to  neither  satellites  nor  l»alloon-bome  instruments.  From 
the  indications  of  recent  research,  this  region  serves  as  an  important 
link  between  the  variations  in  the  solar  radiation  and  their  effect  on 
the  lower  regions  in  terms  of  air  motion  and  the  surface  weather. 

Sounding  rockets  as  applied  to  the  region  of  20-40  miles,  although 
they  are  for  the  most  part  still  experimental,  have  revealed  the  poten- 
tial value  of  this  atmospheric  region  to  systematic  study  by  means  of 
a network  of  sounding  stations. 


19  64  NASA  AUTHORIZATION 


3087 


* 


We  an*  consequently  engaged  in  developing  a meteorological  rocket 
sounding  system  for  this  region.  Tt  is  referred  to  as  the  small  rocket 
sounding  system  l>eeause  it  is  based  on  a smaller  rocket.  This  system 
will  involve  developmental  research  in  all  components  (motor,  sensors, 
data  acquisition,  and  data  reduction). 

The  development  requirements  for  the  system  are  rather  stringent. 
The  motor  must  be  reliable.  It  must,  be  launched  at  a specified  time 
under  a variety  of  adverse  weather  conditions  and  its  flight  path 
must  l>e  reliably  predicted;  that  is,  have  a small  impact  area. 

There  is  also  a flight  safetv  aspect  which  may  be  achieved  by  some 
form  of  frangibility  or  self-destruction  which  will  permit  safe  opera- 
tion over  inhabited  or  at  least  sparsely  inhabited  areas. 

The  wind  sensor  should  accurately  respond  to  the  vertical  variations 
of  the  wind  rather  than  integrated  response  over  a large  vertical 
interval.  The  sensors  of  temperature,  density  and/or  pressure  should 
provide  accurate  and  as  direct  as  possible  measu laments  of  ambient 
atmospheric  conditions  with  minimum  reaction  to  outside  influences. 

To  permit  use  in  a network,  the  data  acquisition  component  should 
be  a self-sufficient  unit  independent  of  the  present  range  support  that 
is  now  recj ui red.  The  data  reduction  components  of  the  system  should 
permit  rapid  conversion  of  the  telemetry  records  into  the  necessary’ 
meteorological  units  to  allow  quick  dissemination  of  the  data  for 
analysis  and  utilization. 

Some  of  the  small  rocket  sounding  techniques  which  are  presently 
used  at  various  range  are  shown  on  the  chart  (fig.  53).  In  this  first 
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method  the  sphere's  downward  trajectory  is  tracked  by  radar  and, 
from  this  track,  the  meteorologist  can  determine  wind  and  density. 

Another  technique  uses  a chaff  payload  consisting  of  a million  or 
more  extremely  thin  rod  shaped  pieces  of  radar  reflecting  material. 
These,  after  ejection  from  the  rochet  at  apogee,  form  a cloud  of  small 
reflecting  particles  which  is  tracked  by  radar  as  it  descends  providing 
a measurement  of  the  wind. 

The  third  technique  employs  a parachute  and  a temperature  sensing 
instrument.  As  it  descends,  a temperature  measurement  is  trans- 
mitted continuously  to  the  ground  and  the  radar  track  of  the  parachute 
provides  the  wind  measurement. 

I^arge  sounding  rocket  systems  are  shown  on  the  next  chart  ( fig.  54) . 
These  techniques  extend  our  knowledge  of  the  atmosphere  to  altitudes 
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Figure  54 

up  to  about  100  miles.  The  experiments  are  distributed  throughout 
the  seasons  of  the  year  and  at  several  locations  to  sample  the  geo- 
graphical and  seasonal  variations  of  the  atmospheric  structure. 

In  the  first  technique  shown,  a series  of  grenades  are  ejected  and 
exploded  at  intervals  along  the  trajectory  of  the  rocket.  The  location 
of  the  grenade  at  time  of  explosion  is  determined  by  radar  and/or 
optically,  and  the  time  of  arrival  of  the  sound  wave  is  measured  at 
the  ground.  From  these,  wind  and  temperature  are  determined  as 
a function  of  altitude. 

The  next  method  releases  a sodium  vapor  trail  along  the  upper 
portion  of  the  rocket's  trajectory.  Time  laj>se  photographs  of  the 
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trail’s  deformation  provide  data  for  the  computation  of  wind  velocity. 
The  pitot  static  tube  technique  provides  on-board  measurements  of 

f ressu re  which  are  used  to  compute  atmospheric  density  and  wind. 

n this  large  sounding  rocket  area.  Meteorological  Systems  works 
closely  w ith  the  Office  of  Space  Sciences  since  many  of  the  experiments 
provide  atmospheric  measurements  required  by  research  ana  applica- 
tions groups  in  both  meteorology  and  aeronomy. 

FLIGHT  SCHEDULE 

On  this  chart  (fig.  55),  we  have  the  launch  schedule  for  meteoro- 
logical satellites.  TIROS  research  and  development  flights  are  indi- 
cated on  the  first  line. 
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Figure  55 

I have  already  spoken  about  these  in  detail.  Briefly,  they  show  that 
you  have  approximately  three  in  1963  and  two  next  year. 

The  TIROS  operational  shows  two  satellites  which  are  being  funded 
by  the  Weather  Bureau  in  order  to  more  fully  supjiort  operational 
requirements  until  the  time  Nimbus  becomes  available.  Nimbus 
research  and  development  flight  operations  should  begin  at  the  end 
of  this  year  and  continue  into  1966  and  beyond. 

Nimbus  operational  satellites  funded  by  the  Weather  Bureau  and 
which  are  to  back  up  the  Nimbus  research  and  development  to  make 
sure  the  Weather  Bureau  gets  adequate  coverage  in  the  early  phases 
of  the  Nimbus  program,  will  be  initiated  in  1964;  they  will,  cf  course, 
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also  be  continued  after  the  initial  research  and  development  phase 
of  Nimbus  is  completed. 

You  will  notice  in  the  lower  right-hand  corner,  the  coloring  of  the 
box  is  different  because  this  is  not  approved  . vet.  The  others  are 
in  the  program. 

In  the  large  meteorological  sounding  rocket  program,  it  is  planned 
to  fire  approximately  45  per  year.  These  will  be  distributed  at  vari- 
ous latitudes  to  measure  tlie  atmospheric  structure  in  the  various  clim- 
matic  regions  from  the  Arctic  to  the  Tropics. 

The  small  meteorological  sounding  rocket  program  is  aimed  at  pro- 
viding a standardized  flight  article  which  will  meet  the  requirements 
at  an  overall  minimum  cost.  Approximately  100  rockets  will  be 
launched  per  year  in  this  program. 

Mr.  Davis.  Can  you  give  me  an  estimate  of  the  cost  per  launch 
for  large  and  small  rockets,  sounding  rockets? 

Dr.  Tepper.  Approximately  $10,000  for  the  large,  and  within  the 
neighborhood  of  $1,500  to  $2,000  per  launch  for  the  small. 

Mr.  Davis.  Thank  you,  sir. 

Dr.  Tepper.  Supporting  research  and  technology. 

Accomplishments  in  supporting  research  and  technologv  pro- 
vide improvements  for  current  projects  and  the  technical  founda- 
tion for  future  progress.  In  fulfilling  the  objectives  of  the  S.  R.  & T. 
effort,  manv  areas  of  activity  are  undertaken. 

I have  cfiosen  three  areas  of  supporting  research  and  technology  as 
illustrative  of  what  is  being  done  in  support  of  our  ongoing  meteoro- 
logical work  (fig.  56).  The  first  is  our  continuing  effort  toward  a 
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system  capability  for  continuous  monitoring  of  atmospheric  events 
particularly  for  the  tracking  of  short-1  iv ad  storms. 

During  the  current  fiscal  year,  contra**  and  in-house  activities 
are  being  conducted  to  uncover  and  evaluate  the  problems  asociated 
with  the  subsystem  developments  required  to  provide  this  kind  of  a 
capability.  In  the  next  fiscal  year,  the  results  of  these  studies  will 
be  applied  in  the  initiation  of  the  development  c*  pre- prototype  hard- 
ware requiring  long  leadtimes. 

I have  noted  here,  as  a second  item,  the  dielectric  (or  eleci roslatic) 
tape  system  development.  This  is  a devedopment  which  has  been  go- 
ing on  for  some  time  on  a laboratory  basis  and  is  now  approaching 
what  we  call  prototype  status,  that  is  the  status  where  it  is  almost  in 
shape  to  be  floar.  but  must  first  lie  subjected  to  rigid  performance  and 
environmental  testing 

The  dielectric  tape  camera  is  a technique  whereby  the  image  which 
is  normally  formed  in  the  TV  camera  of  our  meteorological  satellites 
is  formed  not  on  a fixed  screen  within  a vacuum  tube  but  on  a piece 
of  plastic  tape  which  has  been  appropriately  coated  to  be  pnoto- 
responsive.  As  the  lens  forms  the  image  on  this  tape  which  is  pulled 
past  the  lens  system  much  as  a magnetic  tape  is  pulled  past  the  record- 
ing head  in  a conventional  tape  recorder  the  variations  in  light  in- 
tensity are  stored  on  the  tape  in  the  form  of  electrostatic  charges.  It 
is  from  this  storage  process  that  the  device  draws  its  alternate  name — 
the  electrostatic  tape  recorder. 

With  these  charges  on  the  tape  we  have  in  one  operation  recorded 
an  optical  image  on  a medium  which  adapts  itself  directly  to  an  electri- 
cal playback.  This  is  in  contrast  to  conventional  photographic 

Mr.  Davis.  Excuse  me.  Doctor.  Is  that  the  same  thing  that  they 
ordinarily  call  video  tape  in  the  television  industry  ? 

Dr.  Tepper.  No,  it  is  not. 

Mr.  Davis.  It  is  not  the  same. 

Well,  what  is  video  tape  ? It  is  not  a film,  is  it  ? 

Dr.  Tepper.  No,  I don’t  think  so.  I believe  the  pictures  are  put,  as 
signals,  onto  the  tape,  and  then  as  the  signals  are  played  back  they  are 
converted  back  into  a picture. 

Mr.  Davis.  Oh. 


Dr.  Tepper.  These  are  electrostatic  charges  that  are  placed  on  the 
tape. 

Mr.  Davis.  It  is  not  a signal  ? 

Dr.  Tepper.  It  is  not  a signal  of  that  kind.  This  is  in  contrast  to 
conventional  photographic  film  which  would  have  to  be  processed  and 
then  scanned  with  a photoelectric  device,  or  to  the  TV  camera  unit 
where  we  would  normally  scan  the  TV  image  and  store  the  electrical 
signals  on  a magnetic  tape  recorder  which  would  then  be  read  back. 

In  either  of  these,  we  would  have  used  two  cooperating  systems  to 
achieve  the  same  objective  that  the  dielectric  tape  can  handle  in  one 
step.  With  the  development  of  this  system,  we  hope  to  be  able  to  im- 
prove the  performance  of  future  meteorological  satellites  by  reducing 
their  complexity  and  weight,  and  by  increasing  the  detail  on  cloud 
patterns  that  can  be  seen. 

The  third  supporting  research  item  indicated  here  is  the  work  we 
carry  on  in  calibrating  and  improving  our  infrared  sensors.  A good 
deal  of  information  in  the  meteorological  satellite  program  is  col- 
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lected  by  infrared  detector  systems  which  record  data  such  as  the 
temperatures  of  the  clouds  and  the  ground  cover  as  they  come  into  view 

beneath  the  satellite.  , ^ 

A program  of  flying  sensors  on  balloons,  to  get  experimental  data 
under  field  circumstances,  is  carried  on. 

There  is  also  a laboratory  program  under  which  standards  of 
infrared  radiation  are  developed  so  that  the  sensors  to  be  used  in 
satellites  may  l>e  carefully  calibrated  to  verify  the  stability  of  their 
performance  and  their  range  of  spectral  sensitivity. 

In  this  way  each  instrument  that  goes  into  a meteorological  satellite 
has  been  checked  to  see  that  it  will  give  the  best  in  performance  that 
the  state  of  the  art  will  permit. 

For  new  sensor  development,  searches  are  being  made  in  the  electro- 
magnetic spectrum  for  legions  in  that  spectrum  that  are  related  to  the 
physics  of  the  atmosphere.  For  each  of  the  significant  radiation 
regions,  suitable  flight  hardware  has  to  he  developed. 

Finally,  I would  like  to  discuss  the  proposed  Meteorolical  Systems 
Development  Laboratory  or  building. 

We  are  proposing  a building  that  will  bring  together  personnel  and 
activities  related  to  the  meteorological  systems  effort  that  I have  just 
described.  These  people  are  now  located  in  widely  scattered  locations 
in  three  buildings  in  the  Washington  area.  Travel  between  the  sev- 
eral buildings  now  being  used  creates  difficulties  in  coordinating  the 
research  effort,  and  result  in  much  lost  time  in  traveling  between  the 
facilities.  The  work  that  will  be  accomplished  in  this  building  will 
include  project  management,  research  on  planetary  atmospheres,  ex- 
periments in  physics  of  atmospheric  gases,  and  data  evaluation  based 
on  known  properties  of  the  atmosphere. 

In  this  building  we  will  continue  the  execution  of  the  responsibil- 
ities assigned  to  NASA.  This  work  includes  research  and  develop- 
ment, and  administering  the  research  and  development  of  meteorolog- 
ical systems  and  systems  components.  Specifically,  this  will  include 
work  on  the  TIROS  and  Nimbus  projects  as  well  as  work  on  other 
approved  meteorological  systems  and  our  supporting  research  and 
technology  program. 

In-house  research  and  development  that  will  be  done  in  this  build- 
ing will  emphasize  spacecraft  and  rocket  applications.  We  plan  to 
develop  tools  and  techniques  for  the  measurement  of  atmospheric  ele- 
ments with  rockets  and  satellites. 

Further  developments  of  such  tools  as  radiometers,  spectrometers, 
and  radiation  dectors  will  also  be  accomplished.  We  will  develop 
telemetry  components  peculiar  to  meteorological  spacecraft,  includ- 
ing analog-to-digital  converters.  Another  series  of  developments 
will  he  devoted  to  special  spacecraft  mechanical  instrumentation. 

Advanced  data  storage  systems,  such  as  digital  tape  recorders,  will 
feature  improved  reliability  and  life.  Specifically  this  includes  im- 
provement in  precision  capstans,  roller  assemblies,  tape  guides,  et 
cetera.  Such  work  will  also  be  applied  to  our  video  recorders  for 
flight  use. 

Further,  there  will  be  development  of  mechanical  and  electrical 
components  through  the  preprototype  stage,  for  future  systems.  In- 
house  studies  will  be  made  to  determine  what  satellite  data  can  be 
eliminated  or  compressed,  or  converted  into  different  forms  without 
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loss  of  significant  information.  Day-night  television  development 
will  be  included,  since  present  systems  are  incapable  of  providing 
pictures  both  day  and  night. 

Thus,  the  work  to  be  accomplished  in  this  building  comprises  much 
of  our  on-going  efforts  and  m-house  capabilities  required  to  fulfill 
the  NASA  responsibility  in  meteorological  systems. 

Thank  you,  Mr.  Chairman. 

Mr.  Davis.  Thank  you,  sir.  Dr.  Tepper,  if  I may  I would  like  to 
start  at  the  end  of  your  statement.  Ana  go  backward  a little  bit. 

We  have  from  time  to  time  during  the  hearings  conducted  by  the 
subcommittee  encountered  the  item  of  this  laboratory.  We  hi»ve  also 
learned  that  the  Weather  Bureau  has  a laboratory. 

I would  first  like  for  you  to  state  for  the  record  such  information 
as  you  may  possess  which  would  establish  that  there  is  no  duplication 
l>etween  any  Weather  Bureau  laboratory  and  the  one  which  you  de- 
scribe in  the  final  part  cf  your  statement. 

Dr.  Tepper.  I have  described  what  we  do  in  the  program  and  our 
intent  to  bring  together  these  activities  into  this  one  building. 

The  Weather  Bureau  lal>oratory  is  for  the  Weather  Bureau  pur- 
poses, to  accomplish  their  responsibilities  under  the  program. 

And  I find  that  the  two  laboratories,  meaning  buildings  where  re- 
search is  conducted,  are  essentially  required  for  the  execution  of  the 
respective  responsibilities.  And  so  we  have  to  get  to  a statement  of 
what  are  the  responsibilities  of  the  two  agencies. 

The  Weather  Bureau  responsibilities  as  have  been  indicated  to  this 
committee  before  are  to  provide  for  the  operational  program — re- 
quirements for  the  operational  program  and  the  types  of  meteorologi- 
cal observations  that  the  program  must  produce. 

There  is  research  that  must  be  conducted  in  connection  with  the 
development  and  execution  of  these  responsibilities.  This  is  done  in 
the  Weather  Bureau  laboratory. 

The  Weather  Bureau  also  has  responsibility  of  receiving  this  data 
from  the  operational  system  and  using  it  for  their  operational  pur- 
poses, that  is  for  weather  analysis  and  for  forecasting.  And  there  is 
research  and  development  that  is  associated  with  this.  For  instance, 
how  do  you  use  this  information  ? 

Mr.  Davis.  You  mean  Weather  Bureau  research  ? 

Dr.  Tf.pper.  I am  talking  about  the  Weather  Bureau  first.  So  in 
these  two  areas  of  providing  the  requirements  and  providing  a state- 
ment of  what  observations  the  satellite  should  produce  for  their  use 
in  weather  analysis  and  forecasting,  the  Weather  Bureau  must  do 
research  and  development.  This  is  one  area  of  research  and  develop 
ment  they  do,  and  justifiably  so.  The  other  area  concerns  how  they 
shall  use  this  data  for  their  execution  of  their  analysis  and  forecast- 
ing functions.  There  is  research  and  development  that  is  involved 
here,  too. 

These  are  the  types  of  activities,  as  I understand  them,  that  the 
Weather  Bureau  conducts  in  its  building  in  Suitland. 

NASA,  on  the  other  hand,  has  the  general  responsibility  as  I indi- 
cated in  my  first  slide,  of  developing  systems — flight  systems  or  space- 
craft systems.  And  the  entire  operation  of  developing  these  types 
of  flight  hardware  both  for  operational  purposes  and  for  research  pur- 
poses, of  receiving  the  requirements  of  the  Weather  Bureau  and  other 
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users  and  interpreting  them  in  terms  of  flight  hardware,  and  con- 
ducting the  entire  flight  program  and  in  getting  the  type  of  industrial 
support  that  is  required  and  monitoring  the  support.  All  this  is  done 
by  NASA  and  would  be  housed  in  the  NASA  Building. 

So  I see  no  duplication  between  the  two  activities.  The  two  build- 
ings are  to  house  the  people  that  will  perform  the  functions  of  the 
two  agencies  in  this  program. 

Mr.  Hechi.f.r.  Mr.  Chairman. 

Mr.  Davis.  Yes,  Mr.  Hechler. 

Mr.  Heckler.  Dr.  Tepper,  have  you  discussed  the  Goddard  Lab- 
oratory with  the  Weather  Bureau  ? 

Dr.  Tepper.  Not  in  terms  of  a building.  Our  problem  is  that  we 
now  need  another  building  because  our  people  are  located  in  three 
different  places  and  we  are  going  to  ask  Congress  to  give  us  a single 
place  to  house  them. 

Mr.  Heckler.  No.  I simply  was  interested  in  your  mechanism  of 
keeping  the  Weather  Bureau  info,  .iied,  or  interchanging  information 
in  areas  of  mutual  interest. 

Dr.  Tepper.  Yes.  We  definitely  make  it  a point  to  exchange  infor- 
mation and  to  provide  the  Weather  Bureau  with  information  of  mu- 
tual interest.  There  is  no  question  about  that. 

Mr.  Heckler.  I mean  on  this  specific  point. 

Dr.  Tepper.  The  operations  that  we  are  involved  in  these  buildings 
are  the  subject  of  discussion  till  the  time. 

The  fact  that  we  are  asking  Congress  for  one  building  to  be  located 
in  Greenbelt  as  opposed  to  a location  in  three  different  places  we  did 
not  think  would  hie  the  type  of  discussions  that  are  necessary  to  be 
carried  out  between  two  agencies. 

Mr.  Wydler.  Mr.  Chairman. 

Mr.  Davis.  Yes,  Mr.  Wydler. 

Mr.  Wydler.  In  other  words,  if  I understand,  the  new  building  is 
merely  a building.  It  doesn’t  change  your  operations  whatsoever,  is 
that  correct  ? 

Dr.  Tepper.  It  does  not  change  our  program  responsibilities  at  all, 
no,  sir. 

Mr.  Wydler.  And  you  are  not  going  to  do  anything  in  the  new 
building  that  you  weren’t  doing  in  the  old  buildings? 

Dr.  Tepper.  We  will  not  do  anything  in  the  new  building  that  the 
program  doesn’t  call  for.  Our  program  is  developing  and  there  are 
new  things  in  connection  with  the  Nimbus  flight,  for  example. 

Nimbus  hasn’t  flown  as  yet  and  when  Nimbus  does  flv  we  would 
normally  lie  doing  other  things  in  this  building  that  we  are  not  doing 
now  simply  because  Nimbus  hasn’t  flown. 

Mr.  Wydler.  You  don’t  plan  to  do 

Dr.  Tepper.  Oh,  yes. 

Mr.  Wydler.  Anything  in  the  new  building  that  you  weren’t  doing 
in  the  old  buildings,  is  that  right? 

Dr.  Teppf.r.  We  do  not  plan  to  do  anything  in  the  new  building 
that  we  would  not  be  doing  in  the  other  places. 

Mr.  Davis.  Put  it  this  way.  Dr.  Tepper.  If  you  don’t  get  a new 
building  you  will  still  do  the  same  thing  but  have  to  do  it  somewhere 
else? 

Dr.  Tepper.  That  is  right.  We  will  have  to  do  it  in  three  different 
places  and  the  people  will  have  t travel  10  miles  rather  than  across 
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the  hall  in  order  to  get  their  coordination  done  and  we  think  it  is 
good  management  to  get  all  the  people  in  one  place  and  eliminate  this 
continual  communications  difficulty  and  impediment  that  is  ill  their 
way  right  now.  And  with  the  flight  of  Nimbus,  this  coordination 
and  communication  difficulty  will  be  even  more  of  an  impediment. 

Mr.  Davis.  Then  the  construction  of  this  building  doesn’t  indicate 
at  all  that  there  is  any  new  activity  being  initiated  by  NASA  in  the 
field  of  meteorological  research  ? 

Dr.  Tepper.  Absolutely,  that  is  right,  sir. 

Mr.  Hechler.  By  our  questions  we  don’t  want  to  indicate  that  we 
want  to  stop  progress  today  with  the  construction  of  the  building. 

Mr.  Roush.  Mr.  Chairman. 

Mr.  Davis.  Mr.  Roush. 

Mr.  Roush.  Mr.  Chairman,  the  chairman  can  speak  for  himself  on 
that  matter. 

How  far  apart  are  the  three  buildings  now  ? 

Dr.  Tepper.  I think  they  are  approximately  10  miles  apart. 

Mr.  Roush.  You  mean  in  a triangle  ? 

Dr.  Tepper.  Something  like  that,  yes.  One  is  in  Hyattsville,  one 
is  in  Silver  Spring,  and  the  other  one  is  in  Greenbelt. 

Mr.  Roush.  Well,  I cant  quite  understand  why  there  has  to  be  so 
much  traffic  between  the  three  buildings. 

Dr.  Tepper.  Well,  this  is  a single  organization.  It’s  the  Aeronomy 
and  Meteorology  Division  of  GoddardT  The  people  in  the  organiza- 
tion are  administratively  responsible  one  to  another.  And  the  people 
can’t  be  in  all  three  places  at  the  same  time. 

The  people  that  are  working  in  one  place  have  to  refer  to  activities 
of  people  working  in  another  place.  And  it  is  for  that  very  reason, 
of  getting  them  closer  together,  that  we  are  asking  for  this  building, 
so  that  they  can  have  more  direct  and  personal  communication,  which 
is  very  much  required. 

For  example,  the  Nimbus  project  is  located  in  the  Colemont  Build- 
ing in  Silver  Spring.  They  are  essentially  program  managers  and 
contract  monitors  of  the  effort  that  is  going  on.  From  time  to  time 
they  need  to  have  guidance  and  technical  support  from  the  support 
elements  that  are  located  in  another  part  of  the  same  organization, 
which  is  in  Greenbelt,  and  this  requires  either  a telephone  call  with  all 
the  difficulties  associated  with  explaining  things  over  the  telephone 

Mr.  Roush.  How  many  people  are  involved  in  this  operation? 

Dr.  Seamans.  Can  I take  that? 

Dr.  Tepper.  Yes. 

Dr.  Seamans.  I wonder  if  I could  just  speak  to  this  point,  Mr. 
Chairman. 

First  I would  like  to  explain  that  the  Goddard  Space  Flight  Center 
has  grown  appreciably.  For  fiscal  years  1962  and  1963,  our  budget 
projections  were  2,400  and  3,200,  respectively.  Our  request  for  1964 
will  take  us  up  to  3,700.  That  is  the  total  Goddard  complement. 

It  is  our  objective  to  provide  facilities,  including  housing,  for  these 
|>eople  in  one  location  out  at  Greenbelt.  We  feel  this  is  far  and  away 
the  most  efficient  operation.  We  are  renting  space  as  we  build  up  in 
size,  just  because  of  the  very  normal  factor  that  housing  tends  to  lag 
behind  the  actual  manpower  buildup. 


3096 


1964  NASA  AUTHORIZATION 


As  far  as  the  meteorological  program  is  concerned,  we  had  430 
people  at  the  end  of  1962,  243  projected  for  the  end  of  1963,  and  319 
people  projected  for  the  end  of  1964. 

Mr.  Roush.  Pardon  me.  Are  you  referring  now  to  the  people  who 
are  presently  located  in  the  three  separate  locations  ? 

Dr.  Seamans.  This  is  the  total  number  of  people  at  Goddard  en- 
gaged in  the  meteorological  program,  including  overhead  people. 

Mr.  Davis.  That  includes  the  other  two  sites,  too,  Colemont  and 
Greenbelt  ? 

Dr.  Seamans.  That  includes  all  three  sites.  In  addition  there  are 
some  administrative  people  who  are  included  also  at  Greenbelt. 

So  in  the  course  of  building  up  the  Goddard  capability,  we  are  at- 
tempting to  bring  together  in  logical  segments  individuals  who  are 
concerned  with  the  same  type  activity. 

If  you  review  the  total  Goddard  plans,  you  will  see  that  there  is 
also  a group  for  meteorology,  one  for  space  science,  and  another  one 
for  tracking  and  data  acquisition,  and  so  forth. 

This  is  all  part  of  t\n  overall  plan  to  be  able  to  better  coordinate 
the  activities  at  Goddard. 

Mr.  Roush.  I don  't  mean  to  be  overly  critical,  Mr.  Seamans. 

I feel  that  it  is  best  that  we  be  critical  here  rather  than  on  the  floor 
of  the  House.  When  we  come  to  the  floor  of  the  House  with  a bill,  I 
would  like  to  be  in  a position  to  go  all  out  in  defense  of  that  bill. 

I assume  that  you  nave  examined  possibly  the  possibility  of  present 
buildings,  other  Government  buildings,  that  might  house  all  three  of 
these  present  segments  of  the  present  operations?  Have  you  done 
that  ? 

Dr.  Seamans.  Well,  as  you  probably  remember,  we  did  use  space 
at  the  Naval  Research  Laboratory  for  a period  of  time  when  the  God- 
dard activity  was  starting. 

This  is  not  a way  to  manage  a program  of  this  type  effectively. 
In  the  long  run  it  is  essential  that  the  individuals  in  each  center  be 
colocated,  except  for  those  people  who  have  field  responsibilities  and 
must  be  located  elsewhere. 

Mr.  Wydler.  Mr.  Chairman. 

Mr.  Davis.  Mr.  Wydler. 

Mr.  Wydler.  How  close  is  Goddard  to  the  location  of  the  meteoro- 
logical laboratory? 

Dr.  Tepper.  Well,  one  is  at  Greenbelt  and  the  other  is  in  Suitland, 
Md.  I would  say  15  miles.  I think  it  is  separated  by  about  15  miles. 

Mr.  "Wydler.  Are  they  going  to  be  brought  any  closer  together  by 
this  new  laboratory  at  Goddard? 

Mr.  Davis.  Now,  you  used  the  word  “meteorological”  there.  I think 
Goddard  calls  their  meteorological  laboratory  the  same  as  the  Weather 
Bureau  laboratory. 

Mr.  Wydler.  I am  talking  about  the  Weather  Bureau  laboratory. 
You  understand  which  one  I am  speaking  of? 

Dr.  Tepper.  Yes.  Is  your  question,  would  they  be  closer  together 
physically? 

Mr.  Wydler.  Yes. 

Dr.  Tepper.  I think  Silver  Spring  is  about  that  distance  from  Suit- 
land  and  so  is  Hyattsville.  I would  say  that  the  difference  isn’t  ap- 
preciable. 
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Mr.  Wydler.  Let  me  ask  you  this.  I would  like  to  ask  this  of  Dr. 
Seamans.  In  this  case,  Doctor,  you  want  to  bring,  as  I understand  it, 
the  various  comjxments  of  this  meteorological  laboratories  together 
at  one  place  at  Goddard:  is  that  right? 

Dr.  Seamans.  That  is  correct. 

Mr.  Wydler.  How  is  that  consistent  with  the  idea,  for  instance,  in 
electronic  research  to  put  the  laboratory  up  in  Boston  and  not  at  God- 
dard as  well  ? 

Dr.  Seamans.  Well,  this  is  another  whole  area,  of  course,  of  activity. 

The  responsibility  of  Goddard  involves  not  only  the  meteorological 
program  but  the  communication  program  and  much  of  our  space  sci- 
ence program. 

On  the  other  hand,  the  activities  projected  for  the  electronic  research 
center  are  concerned  with  a particular  technology  and  are  not  directly 
concerned  with  the  kind  of  project  activity  that  are  now  going  on  or 
planned  for  Goddard. 

Mr.  Wydler.  Well,  it  seems  to  me  that  in  one  case  you  are  saying 
that  it  serves  your  purposes  better  to  bring  everything  together  ana 
centralize  it  at  Goddard,  and  in  the  other  case  you  are  saying  that 
you  want  to  take  the  research  development  on  electronics,  though, 
and  place  that  up  in  some  other  particular  area  that  serves  the  pur- 
poses letter.  And  I am  trying  to  understand  what  the  distinction 
is  l>etween  those  two  things. 

Dr.  Seamans.  The  responsibilities  at  Goddard  do  include  develop- 
ment of  electronic  components,  that  is  right.  While  under  develop- 
ment, it  is  planned  to  manage  this  activity  out  of  the  Goddard  Space 
Flight  Center. 

The  work  projected  for  Boston  will  be  research  oriented.  It  will 
involve  basic  work,  for  example,  on  components,  and  work  that  is  not 
going  on  at  Goddard.  However,  the  research  work  projected  for 
Boston  would  have  an  output  that  would  be  utilized  not  only  by  God- 
dard but  also  by  our  other  space  flight  centers — centers  at  Huntsville 
and  Houston,  JPL,  and  so  forth.  But  it  is  a very  major  segment  of 
activity  which  we  believe  should  be  brought  together  in  one  place,  an 
activity  that  could  grow  to  something  like  2,000  people. 

Mr.  W ydi.er.  Why  isn’t  that  place  Goddard? 

Dr.  Seamans.  Well,  that  is  a possibility  that  was  considered,  namely 
the  possibility  of  significantly  adding  to  one  of  our  existing  centers. 
We  could  have  added  2,000  people  to  Goddard  or  Langley  or  one  of  our 
others  centers. 

In  so  doing,  however,  we  are  actually  establishing  side  by  side  two 
centers.  We  increase  the  management  problems  at  one  center. 

Mr.  Wydler.  But  in  this  case  you  are  going  to  take  the  three  lab- 
oratories and  combine  them? 

Dr.  Seamans.  That  is  right.  These  are  activities  that  are  now 
located  within  10  or  15  miles  one  of  the  other.  This  is  part  of  a plan 
which  we  have  always  had,  namely  to  bring  together  at  Greenbelt  all 
of  the  people  who  are  important  to  Dr.  Goett,  who  is  the  director. 

Mr.  Wydler.  Mr.  Chairman,  I have  a different  question. 

Mr.  Davis.  Yes. 

Mr.  W ydi.er.  I listened  to  your  discussion  of  your  saying  what  the 
distinction  between  what  the  Weather  Bureau  function  is  and  what 
yours  is,  if  I understood  it,  then,  and  under  the  definition  you  gave, 
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who  should  do  the  research  and  development  of  radiation  sensors  and 
techniques? 

Dr.  Tepper.  The  radiation  sensors  and  techniques  that  are  involved 
or  to  be  included  in  a spacecraft  and  how  they  fit  into  the  spacecraft 
and  what  their  interface  is  with  the  spacecraft  itself  and  what  the 
telemetry  measurements  are  when  they  come  back  from  space,  that  is 
how  you  interpret  them  in  terms  of  physical  variables — this  is  NASA's 
responsibility.  The  scientific  study  of  the  physics  of  the  atmosphere 
in  terms  of  its  radiation  properties  and  laboratory  experiments  that 
might  suggest  suitable  sensors  and  work  with  sensors  that  might  pro- 
duce information  on  the  behavior  of  the  atmosphere  could  be  aone 
by  the  Weather  Bureau. 

Mr.  Wydler.  Could  be  or  should  be? 

Dr.  Tepper.  Oh,  it  should  be  done  by  any  research  meteorologist 
who  is  interested  in  this  problem. 

Dr.  Seamans.  It  is  the  responsibility  of  the  Weather  Bureau. 

Mr.  Wydler.  Well,  now,  let  me  ask  you,  Doctor,  frankly,  is  it  prac- 
tical for  you  to  separate  research  out  in  development  of  sensors,  on 
the  method  you  just  described  to  me  ? 

Dr.  Tepper.  Yes. 

Mr.  Wydler.  Can  you  do  one  of  those  without  doing  the  other? 

Dr.  Tepper.  Oh,  definitely.  It  is  absolutely  essential  that  it  be  sepa- 
rated because  the  two  problems  are  entirely  different.  May  I give  a 
specific  illustration  as  to  what  is  actually  happening? 

Mr.  Wydler.  Yes. 

Dr.  Tepper.  The  problem  of  measuring  the  vertical  distribution  of 
temperature  in  the  atmosphere,  is  a very  important  one  and  it  is  a 
definite  requirement.  It  has  been  suggested  by  Dr.  Kaplan  that  a 
certain  technique  might  do  this,  by  using  a spectrometer  that  meas- 
ures radiation  in  the  15  micron  band. 

This  was  suggested  by  theory.  Now,  the  Weather  Bureau  for  the 
past  2 years  or  more,  and  I might  say  initially  funded  by  NASA  to 
do  this  3 years  ago,  has  been  studying  the  problems  that  are  associated 
with  this  theory.  They  have  developed  a spectrometer  in  their  lalwra- 
tory.  It  sits  on  the  desk  and  it  has  electronics  associated  with  it.  They 
have  been  viewing  the  atmosphere  with  this  spectrometer.  They  have 
been  working  with  it  and  trying  to  develop  the  principles  of  how  this 
type  of  spectrometer  can  provide  useful  information. 

They  have  now  reached  a point  at  which  we  feel  we  should  now 
proceed  to  flight  hardware.  Now.  this  becomes  a new  area  entirely 
in  R.  & D.  The  configuration  of  this  spectrometer  will  probably  have 
to  change. 

Its  structure  might  have  to  change.  The  material  that  it  is  made 
out  of  might  have  tochange. 

The  entire  electronic  system  associated  with  the  telemetry  system 
may  have  to  change,  simply  because  you  are  now  putting  it  into  a 
different  environment  than  the  laboratory.  These  are  the  two  areas. 
One  is  the  laboratory  experiment  in  terms  of  what  it  can  produce  and 
the  other  one  is  adapting  this  type  of  instrument  into  a spacecraft 
environment.  These  must  be  separated.  There  are  two  different  types 
of  people  that  are  involved  here. 

Mr.  Wydler.  In  other  words,  if  I understand  you,  then,  the  research 
that  the  Weather  Bureau  does  is  strictly  on  the  theory  of  trying  to  get 
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some  sort  of  return,  regardless  of  the  practicality  of  getting  this  up 
into  the  air,  is  that  right  ? 

Dr.  Teppf.r.  That  is  right. 

Mr.  Davis.  Well,  may  I see  if  this  is  not  true. 

Your  answer  converted  to  still  simpler  terms  is  that  the  Weather 
Bureau  might,  for  example,  put  together  a perfectly  satisfactory  ca- 
mera that  would  produce  a picture  which  was  all  they  needed  in  the 
way  of  a picture,  nut  you,  in  examining  that  camera  to  see  whether  or 
not  you  could  use  it  on  a satellite,  might  find  that  it  could  not  with- 
stand the  vibration  of  a launch  and  it  might  tear  all  to  pieces  and  if 
it  withstood  that  it  couldn't  withstand  the  very  low  temperatures  of 
outer  space,  where  the  lens  might  fall  apart,  and  all  of  those  tests 
might  require  the  camera  to  be  completely  redesigned  and  made  out 
of  different  material  and  it  might  not  look  at  all  like  the  original 
camera  you  got  from  the  Weather  Bureau,  is  that  right  ? 

Dr.  Tepper.  That  is  absolutely  right. 

Mr.  W toeer.  Then.  I am  really  a little  bit  confused  because  I can't 
understand  how  the  Weather  Bureau  can  spend  a lot  of  time  and  money 
and  effort  to  develop  items  which  are  going  to  be  impractical  when  you 
try  to  put  them  in  a spacecraft.  That  is  what  they  are  developing  them 
for  in  the  first  place.  And  that  is  the  reason  t asked  the  question: 
Don't  you  have  to  do  this  research  as  a unit?  How  can  you  separate 
it  into  distinct  parts  like  that  and  make  any  sense  out  of  the  program? 

Dr.  Tepper.  Well,  it  isn’t  the  way  that  you  have  just  described  it, 
Mr.  Wvdler. 

Mr.  tV ydler.  All  right,  then,  how  is  it  ? 

Dr.  Tepper.  There  is  a logical  separation  between  the  theory  of 
measurement  as  to  what  types  of  things  will  measure  what  in  the 
atmosphere.  And  this  is  one  R.  & D.  effort.  And  the  other  is — how  do 
you  convert  this  into  flight  hardware? 

Mr.  Wtdler.  I understand  that.  I mean  they  may  have  an  idea 
that  if  they  could  have  a 5-ton  object  it  might  be  the  best  thing  that 
they  could  use  to  measure  the  weather  on  the  earth. 

Dr.  Tepper.  That  is  right. 

Mr.  W ydler.  This  may  be  so.  But  they  have  to  take  into  account 
the  fact  they  can’t  get  that  up  into  the  air,  at  least  under  present 
conditions. 

(Dr.  Tepper  nods.) 

Mr.  Wtdler.  I don’t  see  how  they  can  operate  at  all  unless  they  are 
working  with  the  idea  from  the  first  place  that  they  are  going  to  use 
this  in  space. 

Dr.  Tepper.  Well,  I can  assure  you  that  the  closeness  of  the  work- 
ing level  people  precludes  their  working  on  something  that  is  totally 
impractical.  Whatever  they  are  doing,  they  are  working  not  only 
with  our  knowledge  but — in  this  spectrometer  instance,  for  example, 
we  are  delighted  with  the  work  that  they  are  doing  to  develop  the 
principles  of  the  spectrometer  in  this  spectual  range.  And  although 
the  instrument  that  thev  have  in  the  laboratory  of  the  Weather  Bureau 
right  now  is  not  suitable  for  flight,  we  feel  relatively  confident  that  we 
will  be  able  to  convert  it  to  a flight  article. 

Mr.  Hechi.er.  Doesn’t  this  boil  down  to  a question  of  coordination 
and  exchange  of  information?  It  doesn't  necessarily  have  to  be  the 
same  unit.  But  this  committee  has  been  disturbed  a little  in  the  past 
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that  there  seems  to  be  not  a very  active  exchange  of  information  and 
coordination  between  NASA  and  the  Weather  Bureau. 

Dr.  Tepper.  I wish  I knew  how  to  allay  your  fears  in  this  regard, 
because  I feel  that  this  is  a very,  very  closely  coordinated  group,  or 
groups  of  activity. 

Mr.  Davis.  Would  it  not  be  pertinent  to  mention  that  you,  your- 
self, were  with  the  Weather  Bureau  for  a number  of  years?  And  prob- 
ably that  entered  into  the  fact  that  you  were  considered  for  your 
present  position  with  NASA,  the  fact  that  you  did  have  such  a knowl- 
edge of  the  workings  of  the  Weather  Bureau. 

Dr.  Tepper.  Well,  I would  hope  it  was  broader  than  that. 

Mr.  Davis.  How  long  were  you  with  the  Weather  Bureau,  Dr. 
Tepper? 

Dr.  Tepper.  About  13  years. 

Mr.  Davis.  And  what  was  your  position  with  the  Weather  Bureau? 

Dr.  Tepper.  I was  in  charge  of  a research  unit  in  the  central  office 
involved  with  study  of  severe  local  storms. 

Mr.  Davis.  And  then  how  long  have  you  now  been  with  NASA? 

Dr.  Tepper.  Approximately  4 vears,  a little  over  4 years. 

Mr.  Boone.  Mr.  Chairman,  if  I may 

Mr.  Davis.  All  right,  Mr.  Boone. 

Mr.  Boone.  Dr.  Tepper,  maybe  you  could  tell  the  committee  just 
what  organization  that  you  have  to  be  sure  that  the  meteorological 
research  that  you  are  doing  contributes  to  the  Weather  Bureau’s  re- 
sponsibility of  giving  out  data  that  is  useable  to  all  of  its  users? 

Dr.  Tepper.  I would  be  delighted  to,  yes. 

Mr.  Boone.  What  methods  do  you  nave  for  coordination,  which  I 
think  is  most  important? 

Dr.  Tepper.  We  have  tried  to  establish  areas  of  contact  and  co- 
ordination at  all  possible  levels  between  the  two  organizations,  start- 
ing from  the  very  working  level  on  project  areas. 

As  we  have  mentioned  before,  toe  Nimbus  project  is  divided  into 
four  areas:  Spacecraft,  launch  vehicle,  data  acquisition,  and  data 
utilization. 

The  dav  that  the  Nimbus  project  was  instituted  we  requested  the 
Weather  Bureau  to  name  a man  to  the  data  utilization  job  as  a sub- 
system manager  and  he  has  been  the  data  subsystem  manager  since 
that  time. 

Mr.  Boone.  If  I may  interrupt.  I think  you  have  gone  through 
that  with  the  project  activity.  How  about  the  meteorological  re- 
search, which  seems  to  be  the  gray  area  ? 

The  meteorological  research  as  I understand  it  is  a function  of  the 
Weather  Bureau. 

Now — for  example,  sounding  rockets.  Are  you  coordinating  your 
sounding  rocket  investigations  with  the  Weather  Bureau  ? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Boone.  And  does  this  meet  a need  of  the  Weather  Bureau  to 
determine  certain  data? 

Dr.  Tepper.  Well,  I will  speak  to  the  case  that  you  spoke  of,  of 
the  sounding  rockets. 

It  was  a little  over  a year  ago  that  the  coordinating  committee 
of  NASA  and  the  DOD,  the  AACB  (Aeronautics  and  Astronautics 
Coordinating  Board)  looked  into  this  problem  of  the  sounding  rockets 
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for  this  country,  and  asked  a study  group  to  come  up  with  a recom- 
mendation as  to  whe*  should  be  done  in  this  area. 

I was  on  this  subgroup.  And  our  recommendation  was  that  the 
Weather  Bureau  should  be  requested  to  undertake  the  responsibility 
of  establishing  a network  of  rocket  stations  in  order  to  provide  in- 
formation of  the  atmosphere  above  radiosonde  level.  And  to  do  this 
we  suggested  the  organization  of  a joint  working  committee  chaired  bv 
the  Weather  Bureau,  with  membership  of  NASA  and  DOD  and  DOD 
departments.  This  is  the  Joint  Meteorological  Rocket  Network  Steer- 
ing Committee.  The  function  of  this  steering  committee  is  to  proceed 
with  national  requirements  for  a network  of  stations  that  would  pro- 
vide the  meteorologist  with  information  above  100,000  feet  which  is 
the  current  upper  ceiling  of  the  radiosonde. 

Our  activity  in  the  rocket  program  of  developing  a workable  opera- 
tional system  is  parallel  to  our  operation  in  the  satellite  program. 
We  are  trying  to  develop  a system  which  can  be  used  in  this  operational 
network  by  the  Weather  Bureau  in  getting  data  that  it  wants.  And 
the  Weather  Bureau  is  fully  aware  of  our  activity  in  this  regard. 

Mr.  Boone.  So  through  similar  organizations  you  know  that  your 
research  work  is  responsive  to  their  needs,  is  that  correct  ? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Boone.  That  is  all,  Mr.  Chairman. 

Mr.  Davis.  Dr.  Tepper,  just  liefore  we  leave  for  the  morning  the 
subject  of  the  Laboratory,  I would  like  just  by  way  of  discussion  to 
look  into  a few  comparative  costs. 

As  I recall  it,  the  first  TIROS  cost  about  $15  million  to  launch,  did 
it  not? 

Dr.  Tepper.  I believe  that  we  had  spent  about  that  much  money  by 
the  time  the  first  TIROS  was  launched,  that  is  about  right,  yes,  sir. 

Mr.  Davis.  And  then  by  the  time  of  the  second  one,  there  was  about 
$9  million  that  could  be  charged  to  it  ? 

Dr.  Tepper.  I don’t  recall  the  specific  numbers. 

Mr.  Davis.  At  any  rate,  the  present  TIROS  cost  is  about  $3.7  mil- 
lion, isn’t  it  ? 

Dr.  Tepper.  Completely  launched — well,  let's  see,  $1.2,  $2.5,  plus — 
oh,  just  the  launch,  without  the  operations,  and  without  acquiring  data, 
that  is  approximately  right,  sir. 

Mr.  Davis.  Almost  $4  million  ? 

Dr.  Tepper.  That  is  right. 

Mr.  Davis.  And  the  price  of  this  building  in  which  you  would  like 
to  consolidate  all  your  laboratory  effort  then  is  only  slightly  more 
than  one  TIROS  launch. 

Dr.  Tepper.  The  numbers  would  indicate  that,  yes,  sir. 

Mr.  Davis.  I am  reminded  of  an  instance  in  last  year's  budget  in 
which  the  committee  spent  more  time  talking  about  the  price  of  a park- 
ing lot  at  one  of  the  Goddard  buildings  than  they  did  the  satellite  pro- 
gram. And  l think  probably  one  of  the  reasons  for  that  is  that  every 
Member  of  Congress  can  quite  easily  visualize  a parking  lot,  but  we 
have  a little  trouble  visualizing  some  of  the  other  things  that  cost  so 
much  money. 

Mr.  Boone,  I wonder  if  you  could  ask  Dr.  Tepper  a few  questions 
about  this  summary  here. 

Mr.  Boone.  All  right,  sir. 
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Dr.  Tepper,  do  you  have  a listing  of  reprograming  actions  within 
your  meteorological  satellite  apportionment  of  last  year? 

I)r.  Tepper  Well,  I can  talk  to  that,  if  you  desire. 

Mr.  Boone.  Please  do. 

Dr.  Tepper.  Well,  within  the  reprograming  area  for  last  year,  I 
think  the  main  activity  that  we  undertook  during  fiscal  year  1963 
was  the  addition  of  more  TIROS;  three  additional  ones  and  a backup 
and  the  associated  launch  vehicles. 

The  rest  of  the  flight  program  was  practically  identical  with  the 
way  we  had  planned  for  it.  And  our  people  in  Ooddard  point  with 
pride  to  the  fact  that  the  Nimbus  program  almost  came  out  to  the 
nickel.  

So  I think  that — this  TIROS  reprograming  represents  the  main 
thing. 

Also  we  deferred  any  activity  on  the  synchronous  meteorological 
satellite  in  the  hardware  sense  during  the  past  fiscal  year. 

So  these  are  the  two  major  program  areas  that  were  involved  in 
reprograming. 

Mr.  Hechler.  Excuse  me.  How  much  more  did  the  additional 
TIROS  launches  cost  ? How  much  more  reprograming? 

Dr.  Tepper.  I think  it  was  about  $13  million. 

Mr.  Boone.  There  were  how  manv  more  additional?  Two  addi- 
tional TIROS? 

Dr.  Tepper.  There  were  three  additional  and  the  backup,  plus  launch 
vehicles. 

Mr.  Boone.  Three. 

Mr.  Wtdler.  Do  I understand  that  to  be  $13  million  in  addition  to 
the  $21,200,000  shown  in  the  volume,  the  volume  of  supplemental 
data  for  fiscal  1964? 

Mr.  Hechler.  Page  19. 

Mr.  Boone.  I think  the  number  in  1963  was  something  like  $3  mil- 
lion, and  you  upped  it  $18  million  to  take  care  of  these  three  additional 
shots? 

Dr.  Seamans.  I believe  that  is  correct. 

Dr.  Tepper.  I think  that  is  correct. 

Mr.  Wtdler.  It  includes  the  reprograming? 

Dr.  Tepper.  It  includes  the  reprograming. 

Mr.  Ryan.  May  I ask  a question,  Mr.  Chairman  ? 

Mr.  Davts.  Mr.  Ryan. 

Mr.  Ryan.  From  what  source  did  the  $18  million  come,  what  part? 

Where  did  you  make  your  shift  ? 

Dr.  Seamans.  This  is  a matter  that  came  up  yesterday  and  I re- 
ferred back  to  the  discussion  we  had  several  weeks  ago  with  the  full 
committee,  where  I discussed  the  total  reprograming  action  within 
NASA. 

It  is  not  possible  to  identify  where  the  dollars  come  from  for  a 
particular  project.  You  have  to  look  at  the  total  NASA  program  and 
see  how  each  program  has  changed  from  the  original  1963  submission 
to  the  actual  allocation  of  the  funds  within  NASA.  In  this  case  we 
have  gone  from  approximately  $3  million  to  about  $21  million. 

In  other  words,  we  have  increased  TIROS  by  about  $18  million. 

We  can’t  say  that  this  came  from  any  particular  project,  because  that 
is  not  the  way  we  keep  track  of  our  funds. 
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Mr.  Ryan.  No.  But  in  order  to  allocate  $18  million  to  TIROS, 
something  else  had  to  suffer  that  was  in  your  estimate  last  year. 

I>r.  Seamans.  That  is  right.  We  discussed 

Mr.  Ryan.  You  can't  point  to  any  particular  program  that  suffered 
as  a result,  in  which  you  made  a change  in  order  to  move  $18  million 
to  TIROS  ? 

Dr.  Seamans.  Well,  this  is  the  discussion  that  we  had  several  weeks 
ago. 

Mr.  Ryan.  That  is  right. 

Dr.  Seamans.  Of  course,  one  of  the  major  areas  was  the  Nova  pro- 
gram, where  we  had  of  the  order  of  several  hundred  million  dollars 
in  our  budget  request,  and  these  funds  were  not  subsequently  allo- 
cated for  development  of  the  Nova  vehicle. 

Mr.  Boone.  Dr.  Seamans,  there  appears  to  be  a $12  million  internal 
reprograming  in  the  meteorological  area,  and  I think  you  only  re- 
quired $6  million  from  outside  tne  meteorological  area,  if  my  adding 
of  the  numbers  is  correct  here. 

Dr.  Seamans.  I believe  that  is  correct. 

You  can  compare  the  1963  request  and  then  the  actual  figures  that 
are  contained  in  this  present  budget  estimate. 

Mr.  Boone.  Right.  I think  the  basis  of  the  question  is:  Is  there 
t hat  much  reprograming  leeway  in  the  1964  request? 

Dr.  Seamans.  We  don’t  think 

Mr.  Boone.  If  you  had  to  go  through  $12  million  in  the  1964  pro 
gram,  where  would  it  come  from  ? 

Dr.  Seamans.  Well,  I don’t  know  of  any  area  where  the  money 
could  come  from.  There  are  bound  to  be  changes  ;n  the  total  pro- 
gram as  we  proceed.  My  expectation  is  that  the  changes  will  be  con- 
siderably less  in  fiscal  1964  than  they  were  in  1963.,  because  the  largest 
single  area  involves  manned  space  flight  and  we  have  in  the  course  of 
the  last  12  months  defined  the  mission  mode  for  the  lunar  project. 
This  was  the  one  area  that  gave  us  far  and  away  the  largest  amount 
of  reprograming  activity. 

Mr.  Ryan.  Mr.  Chairman,  on  this  point. 

Mr.  Davis.  Yes. 

Mr.  Ryan.  If  it  is  a fact  that  $12  of  the  $18  million  was  repro- 
gramed within  your  program,  Dr.  Tepper,  can  you  identify  that  $12 
million  ? 

I understand  from  Dr.  Seamans  that  the  six  could  not  be  identified 
because  it  may  have  come  from  Nova  or  some  other  part  of  the  whole 
NASA  program.  But  can  you  say  what  shifts  were  made  in  your 
program  within  the  meteorological  section? 

Dr.  Tepper.  The  information  that  I have  here  indicates  that  the 
primary  drops  were  in  the  Supporting  Research  and  Technology  field, 
where  we  did  not  proceed  with  hardware  development  for  the  syn- 
chronous meteorological  satellite,  and  this  is  al>out,  almost  $5  million 
:r.  that  area. 

Mr.  Hechi.er.  Did  you  take  anything  from  Nimbus? 

Dr.  Tepper.  No,  sir;  nothing  significant.  It  is  less  than  a million 
dollars. 

Mr.  Boone.  Is  that  what  you  called  advanced  meteorological  sys- 
tem component  development  in  this  year’s  budget  ? On  page  18. 
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Last  year’s  submission  and  this  year's  submission  were  considerably 
different.  It  is  a little  bit  difficult  to  relate  the  two  when  you  star! 
adding  numbers. 

Mr.  Ryan.  Double  or  more. 

Dr.  Tepper.  The  synchronous  meteorological  satellite  is  broken  out 
specifically,  as  synchronous  meteorological  satellite  under  supporting 
research  and  technology  this  year. 

Mr.  Ryan.  You  are  only  spending  $850,000  on  that,  is  that  right? 

Dr.  Tepper.  We  are  asking  for  $950,000  in  1904. 

Mr.  Ryan.  Then  this  other  work  would  l>e  done  regardless  of 
whether  you  went  ahead  with  A EROS  or  not — advanced  meteoro- 
logical sensor  development,  advanced  meteorological  systems  com- 
ponents development : 

Dr.  Tepper.  Yes. 

Mr.  Ryan.  I see. 

In  addition  to  your  funds  now,  how  much  Weather  Bureau  money 
did  you  have  transferred  toyou  last  year? 

I)r.  Tepper.  I will  have  to  get  this. 

Mr.  Ryan.  If  you  have  the  record,  can  you  give  it  for  both  Nimbus 
and  TIROS? 

Dr.  Tepper.  Yes. 

Regarding  the  fiscal  year  1963  figures  for  TIROS — we  don’t  have 
this  money  yet.  These  are  the  funds  that  we  are  discussing  with  the 
Weather  Bureau  with  regard  to  a reimbursable  order. 

Mr.  Ryan.  Must  you  have  this  money  l>efore  you  obligate  it? 

Dr.  Tepper.  Yes. 

Mr.  Ryan.  OK.  So  there  are  1963  moneys  that  you  have  not  obli- 
gated that  you  anticipate. 

Dr.  Tepper.  Yes. 

Mr.  Ryan.  For  both  TIROS  and  Nimbus? 

Dr.  Tepper.  That  is  right,  sir. 

Mr.  Ryan.  And  how  much  of  these? 

Dr.  Tepper.  Under  TT  dOS,  they  are  $9.2  million,  and  under  Nim- 
bus they  are  $3,080,000  in  fiscal  year  1963. 

W e are  still  carrying  over  from  fiscal  year  1962,  a portion  of  the 
$45,670,000,  which  has  been  given  to  us  on  a reimbursable  work  order. 

Mr.  Ryan.  And  you  can  submit  for  the  record  a breakdown  of 
those  obligations? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Ryan.  Now  how  about  for  1964  ? 

Dr.  Tepper.  For  1964,  the  requirements  that  we  have  discussed 
with  the  Weather  Bureau  for  a reimbursable  work  order  would  be 
$41,800,000. 

Mr.  Ryan.  And  ycu  can  submit  for  the  record  a breakdown  of  that  ? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Ryan.  Before  we  leave  this  subject — if  I might,  Mr.  Chairman. 

Mr.  Davis.  Yes,  Mr.  Ryan. 

Mr.  Ryan.  If  I might  develop  something  on  this  area. 

Could  we  have  an  explanation  as  to  what  formula  you  used  to 
determine  the  reimbursement  from  the  Weather  Bureau  to  NASA? 

Dr.  Tepper.  Yes,  I will  be 

Mr.  Ryan.  What  are  you  asking  the  Weather  Bureau  to  reimburse 
you  for?  Let’s  take — was  it  only  in  TIROS  and  Nimbus  that  you  had 
reimbursement  or  expenses? 
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Dr.  Tepper.  The  reimbursements  to  date  have  been  defined  by  an 

agreement  between  the  two  organizations 

Mr.  Ryan.  Is  this  a written  agreement  ? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Ryan.  Do  you  have  a copy  of  it  that  is  available  ? 

Dr.  Tepper.  We  can  submit  it  for  the  record. 

(The  information  is  as  follows:) 

January  1962. 

Agreement  Between  National  Aeronautics  and  Space  Administration  and 

Department  of  Commerce-U.S.  Weather  Bureau  Concerning  Implementa- 
tion of  Nimbus  Operational  System  (NOS) 

The  supplemental  appropriations  act,  1962,  provides  the  first  increment  of  funds 
to  the  Department  of  Commerce-U.S.  Weather  Bureau  for  the  joint  NASA- 
USWB  implementation  of  the  first  phase  of  a national  operational  meteorologi- 
cal satellite  system. 

This  phase  is  to  be  designated  as  the  Nimbus  ojterational  system  (NOS),  and 
will  correspond  to  the  time  i>eriod  coincident  with  the  NASA  Nimbus  R.  & D. 
program,  and  thus  is  expected  to  extend  approximately  through  196o. 

It  is  the  purpose  of  this  joint  agreement  to  set  forth  the  functional  responsibili- 
ities  and  operating  procedures  under  which  NASA  and  USWB  will  conduct 
their  resi»eetive  parts  of  the  NOS  program. 

A.  RESPONSIBILITIES 

The  functional  responsibilities  of  the  USWB  and  the  NASA  under  NOS  will 
be  as  follows : 

1.  U.S.  Weather  Bureau : 

(a)  Itetermination  of  the  overall  meteorological  requirements: 

» ft ) Specification  of  quantities  to  be  measured  by  the  satellite  meteorolog- 
ical instruments: 

<c)  Processing  of  data  for  operational  meteorological  purposes; 

< d ) Integration  of  data  into  weather  analyses : 

( c)  Use  of  daia  and  analyses  for  forecasts ; 

< /)  Dissemination  of  data,  analyses,  and  forecasts ; 

( g ) Archives  ( processing,  storage,  retrieval)  ; 

( ft  ) Research  and  climatological  use  of  data. 

2.  National  Aeronautics  and  Space  Administration  : 

( a ) Design,  fabrication,  and  test  of  the  spacecraft ; 

< ft  ( Procurement  of  the  lanuch  vehicle  ; 

(c)  Maintenance  of  launch  sites; 

(d)  Construction  of  command  and  data  acquisition  stations; 

( c)  Prelaunch  pre|>aration  of  spacecraft  and  vehicle ; 

(/)  Launch  operations,  including  scheduling; 

(ff)  Tracking  and  orbit  determination: 

( ft  ) Programing  and  command  to  satellite ; 

( f)  Data  recovery  at  command  and  data  designation  stations; 

( j ) Communication  of  data  to  meteorological  satellite  activities 
organization. 

B.  EXECUTION  OF  THE  NOS  PROJECT 

NASA  has  assigned  the  reejxmsibility  for  the  execution  of  its  part  of  the  NOS 
program  to  the  Goddard  Sj»ace  Flight  Center,  Greenl>elt,  Md..  which  will  con- 
duct the  effort  in  conjunction  with  its  research  and  development  project  for 
Nimbus.  The  Goddard  Sjwce  Flight  Center  will  manage,  direct,  and  coordinate 
its  efforts  through  and  by  the  Nimbus  Project  ( >fflce  of  the  Aeronomy  and 
Meteorology  Division.  The  USWB  shall  assign  one  of  its  staff  to  the  Nimbus 
Project  Office  as  data  utilization  systems  manager. 

The  USWB  has  assigned  the  resjsmsihility  for  the  executbm  of  its  part  of 
the  NOS  program  to  the  meteorological  satellite  activities  organization. 
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C.  FUNDING 

Funds  required  for  the  Implementation  of  NASA  responsibilities  under  this 
program  will  be  made  available  by  the  USWB  to  NASA  on  a reimbursable  order 
»n  accordanee  with  the  financial  operating  plan  attached  hereto  and  any  amend- 
ments subsequently  approved  by  NASA  and  the  IT8WB.  NASA  will  apply  these 
funds  In  accordance  with  the  provisions  stated  in  said  plan  and  more  specifically 
in  the  Nimbus  operational  system  project  development  plan.  Accountability  and 
reporting  will  be  in  accordance  with  the  provisions  of  the  NOS  project  funding 
agreement  attached  hereto. 


D.  BUDGET  PREPARATION 

Budget  preparation,  submission,  and  justification  shall  be  conducted  in  a coor- 
dinated manner.  Based  on  the  meteorological  requirements  and  any  financial 
constraints  stated  by  the  USWB,  NASA,  and  the  USWB  will  each  year  Jointly 
agree  on  a single  set  of  program  assumptions.  NASA  then,  on  the  basis  of  these 
agreed  assumptions,  will  prepare  and  provide  to  the  USWB  an  estimate  of  funds 
required  for  the  execution  of  its  responsibilities  under  this  agreement.  Such 
information  shall  be  provided  in  the  degree  of  detail,  including  necessary  narra- 
tive and  explanatory  material.  In  which  the  USWB  is  required  to  submit  its 
budget  requests  to  the  Bureau  of  the  Budget  and  the  Congress.  Incompatibilities 
between  requirements  and  financial  constraints  will  be  resolved  by  discussion 
and  mutual  agreement.  While  the  primary  responsibility  for  the  further  sub- 
mission and  defense  of  the  NOS  budget  will  be  that  of  the  U8WB,  NASA  will, 
if  requested,  assist  the  USWB  in  defending,  before  the  Bureau  of  the  Budget 
and  the  Congress,  those  budget  items  jiertinent  to  its  areas  of  responsibility  as 
defined  in  this  agreement. 

E.  AMENDMENTS 

This  agreement  shall  he  subject  to  amendment  at  any  time  by  the  mutual 
agreement  of  both  parties.  Addenda  may  be  added  to  cover  areas  not  adequately 
covered  in  this  basic  agreement. 

F.  RELEASE  OF  PUBLIC  INFORMATION 

Release  of  public  information  shall  be  in  accordance  with  the  policy  guidance 
agreement  executed  by  the  USWB  and  NASA  on  October  20.  1961.  including  any 
amendments  thereto. 

G.  RESOLUTION  OF  QUESTIONS 

USWB  and  NASA  will  exercise  regular  coordination  and  review  of  the  project 
by  means  of  a Nimbus  Steering  Committee  composed  of  the  following  two 
members : 

Chief,  Aeronomy  and  Meteorology  Division,  GSFC. 

Deputy  Director  of  Meteorological  Satellite  Activities,  USWB. 

Policy  differences  which  cannot  be  resolved  within  the  project  framework  or 
the  Steering  Committee  will  be  referred  to  the  Director  of  MSA,  USWB,  and 
the  Director  of  Meteorological  Systems  Office  of  Applications,  NASA. 

James  C.  Webb, 

Administrator,  National  Aeronautics  and  Space  Administration. 

Luther  H.  Hodoes, 
Secretary  of  Commerce. 

[Addendum  to  NA8A/WB  agreement] 

Funding  Agreement  NASA-USWB 

In  accordance  with  the  provisions  of  the  NASA-Department  of  Commerce- 
U.S.  Weather  Bureau  agreement  for  the  implementation  of  the  NOS  project, 
dated the  following  funding  arrangements  are  established. 

a.  method  or  fundino 

1.  The  Weather  Bureau  will  issue  a reimbursable  Government  order  to  NASA 
in  accordance  with  the  NASA  operating  plan  estimate  approved  hy  NASA  and 
the  Weather  Bureau. 
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B.  METHOD  OF  COB'.ING 

1.  Where  possible,  the  requirements  for  flight  hardware  and  ground  equip- 
ment in  supjjort  of  operational  spacecraft  will  be  included  in  existing  NASA 
contracts  for  “flight  hardware.”  In  order  to  provide  for  equitable  distribution 
of  cost  between  R.  & D.  and  operational  spacecraft  and  ground  equipment,  the 
total  cost  of  the.-**  items  will  be  apportioned  between  NASA  and  U.S.  Weather 
Bureau  on  a pro  rata  basis,  based  on  the  number  of  R.  & D.  versus  operational 
flight  models  in  each  contract  as  reflected  in  the  financial  operating  plan.  Costs 
of  the  prototype  spacecraft  development  will  be  borne  by  the  R.  & D.  project. 

2.  Personnel  services  cost  included  in  “direct  management”  will  be  based  on 
timecard  records  of  personnel  assigned  to  management  of  the  projects  and 
prorated  where  applicable  between  R.  & D.  and  operational  effort.  Other  direct 
management  cost  will  be  charged  on  an  actual  cost  incurred  basis. 

3.  A companion  job  order  system  will  be  established  within  the  OSFC  account- 
ing system  to  accumulate  all  pro  rata  and  specifically  identifiable  costs  of  the 
NOS  program. 

Dr.  Tepper.  The  agreement  states  that  the  Weather  Bureau  will 
pay  on  a pro  rata  basis  for  the  number  of  flight  articles  that  are  asso- 
ciated with  this  part  of  the  program. 

Mr.  Ryan.  Wnat  is  a flight  article? 

Dr.  Tepper.  Well,  this  is  to  differentiate  it  from  a prototype  which 
doesn’t  fly  but  is  just  tested  at  the  plant. 

We  do  not  charge  the  Weather  Bureau  for  the  prototype  develop- 
ment. This  is  the  R.  & D.  area  that  we  feel  is  our  responsibility. 

But  for  the  spacecraft  that  go  into  orbit,  the  Weather  Bureau  is 
charged  on  a pro  rata  basis  for  those  spacecraft,  which  you  saw  identi- 
fied on  the  flight  schedule  as  the  Weather  Bureau  flight  articles. 

Mr.  Ryan.  Is  there  anything  else  besides  the  spacesraft  included? 

Dr.  Tepper.  Yes.  There  is  the  read-out  station.  The  command  and 
data  acquisition  stations — the  one  in  Fairbanks,  Alaska,  and  the  one 
that  is  l>emg  developed  in  Nova  Scotia,  are  being  paid  for  entirely  by 
the  Weather  Bureau  by  a reimbursable  work  order  to  us.  We  are 
constructing  the  facility  for  the  Weather  Bureau.  The  launch 
vehicles  are  also  included. 

There  are  also  costs  that  we  call  technical  management,  which  in- 
volves our  people.  And  program  and  computing  activities  associated 
with  each  of  these  flights. 

So  these  are  the  general  areas  that  are  involved  in  the  reimbursable. 

The  spacecraft,  the  command  and  data-acquisition  stations,  the 
launch  vehicle,  the  technical  management  and  the  programing  and 
computing  areas. 

Mr.  Ryan.  And  that  is  for  each  program.  Nimbus  and  TIROS? 

Dr.  Tepper.  Yes. 

Mr.  Ryan.  Do  you  think  you  could  supply,  Mr.  Chairman,  for  the 
record,  the  breakdown  for  fiscal  1963  on  those  two  items  for  each 
program  ? 

Dr.  Tepper.  Yes,  sir.  This,  I understood,  is  what  was  requested. 

Mr.  Ryan.  Right.  This  was  the  agreement ? 

Dr.  Tepper.  Yes. 

(The  information  requested  is  as  follows:) 
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Reimbursable  funds  summary  (T088-N08) 


[In  thousands  of  dollars] 


Fiscal  year 

Actual 

Anticipated 

1962 

1963 

1964 

Total  appropriation  

Weather  Bureau  usage  

48.000 

2.330 

40,000 

carryove 

3.500 

l 23.000 

r— 24,222 

5,422 

Reimbursement  to  NA8A  

Spacecraft  

CDA 

NOS 

NOS 

TOSS 

NOSS 

TOSS 

20,000 

12,100 

(11,140) 

(960) 

■Mf  It1.1!'  : 

300 

2,100 

C.  of  F 

Project  peculiar  equipment 

Operations  

(2.  500) 

(500) 

(3,000) 
(I.  500) 
(500) 
16,600 
800 
500 

(2,100) 

Communications  

Launch  vehicles 

Technical  management 

Programing  and  computing 

Total  project  

Total  reimbursement 

0 

430 

150 

ma 

. | 

45.670 

B3 

9,200 

38.900 

■ECS 

45,(570 

12. 

1 

280 

41,800 

1 

> 633  additional  in  WB  budget  for  APT. 


NASA  usage  of  fiscal  year  1962  N.O.8.  reimbursable  funds  from  Weather  Bureau 
N.O.8.  financial  status  as  of  Jan.  SI,  1963 


Reimburs- 

able 

authority 

Cumula- 

tive 

expendi- 

tures 

Unliqui- 

dated 

obligation 

Total 

obligated 

Out 

standing 

commit- 

ments 

Total 
commit- 
ments and 
obligations 

Spacecraft: 

Integration  and  test 

Controls 

Power  supply 

PCM  telemetry 

Command  clock 

$3. 754.000 
999.999 
653,969 
860.000 
33,  275 
2,038,572 
259,811 

SI 

1, 191.  .591 
696  1)00 
140.914 
268.765 

24, 794 

$3. 754.000 
1.000.000 
1, 845,  560 
1.  558,000 
174. 189 
1, 307,  337 
284,605 

[fm] 

Camera  system 

Radiometers.  

Tape  recorders 

Transmitter . 

Total  spacecraft. . . 

CDA: 

Oround  support  equip- 
ment   

Construction  of  Alaska 

station 

Construction  of  Canada 
nation 

7.  599. 626 

2.324.065 

9.923.691 

5. 792,  .580 

15, 716, 271 

71.000 
286.747 
60. 949 

339.000 
3.001,  553 
2.  129.051 

410,000 
3.  288.300 
2. 190. 000 

1, 261.500 
1. 172. 413 
942.  329 

1,671.500 
4 460.713 
3. 132. 329 

Total  CDA  stations. . 
Programing  and  computing... 
Technical  management . . 

Total  N.O.S.  (less  vehi- 
cles)   

Launch  vehicles.  

Grand  total..  . ... 

11,140.000 

0 

570.000 

418.691 
64.  148 
546,166 

5. 469,  604 
219, 672 

5,888.300 
283.  820 
546. 166 

3, 376,  242 
247, 450 

9. 264.  542 
531,270 
546. 166 

8. 628, 636 
0 

8,013.341 
1. 700. 000 

16,641.977 

1.700.000 

9,416, 272 
0 

26.058,240 

1,700,000 

45. 670, 000 

8. 628. 636 

9.713.341 

18.341.977 

9.416,272 

27, 758. 249 

1 Includes  $060,000  project  peculiar  equipment  at  ground  stations  identifled  as  CDA  on  W B order. 


Mr.  Davis.  All  right. 

Mr.  Boone.  On  pag»*  19  of  volume  5, 1)r.  Tepper,  you  have  $4  million 
for  data  acquisition.  Is  this  something  that  the  Tracking  and  Data 
Acquisition  Office  of  NASA  cannot  supply  to  you  ? 

Dr.  Tepper.  This  is  on  the  Nimbus? 
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Mr.  Boone.  This  is  specifically  for  Nimbus. 

Dr.  T f.pper.  Yes. 

Mr.  Boonf..  And  this  is  for  operational  control  stations  or  ground 
stations? 

I)r.  Tepper.  This  is  correct.  This  is  in  order  to  operate  not  the 
antenna  system  which  is  the  tracking  data  acquisition  responsibility, 
but  those  parts  of  the  data  acquisition  system  which  are  peculiar 
to  Nimbus.  This  is  equipment — we  call  it  Nimbus-peculiar  equip- 
ment— that  is  at  the  command  and  data  acquisition  stations  which  is 
different  and  separate  from  the  antenna  itself.  For  example,  there 
is  ground  equipment  associated  with  the  cameras  that  has  to  be  op- 
erated. 

There  are  the  high  resolution  infrared  radiometer  receivers,  and 
other  ground  equipment  at  the  command  and  data  acquisition 
stations. 

There  is  the  housekeeping  telemetry — the  PCM  telemetry — that 
has  to  be  received  and  recorded.  In  general  terms  this  data  acquisi- 
tion item  covers  the  operation  of  these  types  of  equipments  which 
are  Nimbus- peculiar — that  are  operated  specifically  for  the  Nimbus 
satellite. 

Mr.  Davis.  How  many  such  stations  will  need  to  be  built? 

Dr.  Tepper.  There  has  to  be  one  set  of  Nimbus-peculiar  equipment 
associated  with  each  readout  station. 

Mr.  Davis.  How  many  readout  stations? 

Dr.  Tepper.  There  will  be  one  at  Fairbanks,  one  at  an  east  coast 
station,  and  there  will  be  one  at  Goddard.  There  will  be  three 
in  all. 

Mr.  Davis.  Yes.  It  will  be  built  on  the  existing  property,  I suppose, 
suppose. 

Dr.  Tepper.  Yes.  The  equipment  is  being  built  on  the  existing 
property.  This  is  in  order  to  integrate  it  and  to  make  it  a working 
system  with  the  antenna  system. 

Mr.  Davis.  I see. 

Mr.  Hechler.  Mr.  Chairman. 

Mr.  Davis.  Yes.  Mr.  Hechler. 

Mr.  Hechi.er.  In  the  future,  when  you  get  a synchronous  weather 
satellite,  will  all  this  equipment,  readout  equipment,  Nimbus- peculiar 
equipment,  be  written  off  and  useless  and  junked? 

Dr.  T epper.  No,  sir;  and  neither  will  Nimbus  be  junked. 

Requirements  for  a synchronous  meteorological  satellite  are  inde- 
pendently very  definite  and  specific.  It  will  satisfy  requirements  and 
give  data  which  are  required  and  which  can’t  lie  provided  by  Nimbus, 
and  conversely  Nimbus  will  be  able  to  do  things  that  the  synchronous 
meteorological  satellite  will  not  be  able  to  do. 

The  dream  of  the  meteorologist  is  to  combine  both  into  one  system, 
but  how  that  is  done  and  which  is  the  best  way  of  proceeding  with 
the  synchronous  meteorological  satellite  we  are  still  not  sure. 

Mr.  Hechler.  You  don’t  think  the  synchronous  satellite  could  com- 
pletely replace  Nimbus? 

Dr.  Tepper.  I think  it  is  too  early  to  tell.  We  don’t  know  enough 
about  the  problems.  But  conceptually  they  do  different  things,  and 
I don't  think  I would  want  to  try  to  complicate  it,  to  have  one  satellite 
do  what  these  two  can  do. 


3110 


196  4 NASA  AUTHORIZATION 


Mr.  Hechlfr.  I hope  you  understand  the  purpose  of  my  question 
is  to  try  to  avoid  overinvestment  in  equipment. 

Dr.  Tepper.  Yes,  sir. 

Dr.  Seamans.  I.et  me  just  reemphasize  though  which  Dr.  Tepper 
has  said.  The  possibility  of  a.  synchronous  satellite  is  under  investi- 
gation. We  do  not  have  an  approved  project  for  the  development  of 
such  a satellite.  In  order  to  carry  out  the  investigation,  it  is  first 
necessary  to  carry  out  system-type  studies  as  well  as  to  investigate  cer- 
tain of  the  very  important  elements  that  will  be  needed  in  such  a sys- 
tem— for  example,  the  Zoomar  type  lens. 

Mr.  Hechler.  I see  your  system  studies  request  has  gone  down 
from  $300,000  to  $50,000  in  fiscal  1904.  What  does  this  indicate? 

Dr.  Seamans.  Can  you  comment  on  that? 

Dr.  Tepper.  This  is  with  regard  to  svnchronous  meteorological 
satellite? 

Mr.  Hbchler.  Yes. 

Dr.  Tepper.  Well,  we  aren’t  programing  any  more  system  studies 
until  we  get  the  results  of  the  system  study  that  we  now  have  under 
contract. 

We  are  programing  some  funds  to  begin  some  work  on  long  leadtime 
hardware  items,  as  thev  develop  out  of  the  system  study.  We  are  not 
going  into  any  type  of  a spacecraft  configuration  necessarilv  but  just 
looking  at  the  types  of  elements  of  this  system  that  require  long  lead- 
time  attention. 

Mr.  Hechler.  It  is  so  wonderful  when  you  get  a 500-percent  de- 
crease in  a budget  item,  that  I wanted  to  call  it  to  your  attention. 

Mr.  Wvdler.  Mr.  Chairman. 

Mr.  Davis.  Yes.  Mr.  Wvdler. 

Mr.  Wydler.  Dr.  Tepper.  I notice  here  now  for  the  year  1964.  cal- 
endar year  1964.  you  have  three  TIROS  shots  scheduled  and  three 
Nimbus  shots  scheduled.  Will  they  be  flving  at  the  same  time? 

Dr.  Tepper.  They  might — yes;  there  will  be  overlap. 

Mr.  Wydler.  Now,  what  is  the  difference  between  a TIROS  R.  & D. 
shot  and  a TIROS  operational  shot  ? 

Dr.  Tepper.  One  of  the  slides  that  I had  listed  the  type  of  experi- 
ments that  we  would  hope  to  attempt  on  the  Nimbus  research  and 
development.  Each 

Mr.  Wydler.  No,  I am  asking  von  about  TIROS. 

Dr.  Tepper.  I am  sorry.  I meant  TIROS. 

Mr.  Wydler.  Yes. 

Dr.  Tepper.  For  example,  the  next  shot,  its  research  and  develop- 
ment objective  is  to  try  a 15-micron  sensor,  which  is  part  of  the  con- 
trol system  of  the  Nimbus,  to  get  some  information  on  the  15-micron 
sensor. 

Mr.  Wydler.  But  the  TIROS  R.  & D.  shots  are  going  to  take  pic- 
tures, too:  aren’t  they? 

Dr.  Tepper.  Definitely. 

Mr.  Wydler.  They  are  going  to  perform  the  normal  functions? 

Dr.  Tepper.  They  will  continue  to  provide  the  types  of  data  that  we 
have  been  providing  up  to  now  in  an  operational  sense.  So  that  we  are 
doing  a double  duty  in  this  regard. 

Mr.  Wydler.  Now  why  do  you  need  both  TIROS  satellites  in  1964 
and  Nimbus  ? In  other  words,  what  I am  suggesting  to  you  is  what  are 
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we  going  to  learn  from  these  TIROS  shots  in  1964  that  makes  it 
worth  while  to  put  them  up? 

Dr.  Tepper.  There  are  two  objectives  for  putting  up  the  TIROS 
satellites  in  1964  and  planning  for  them.  The  first  is  that  Nimbus 
is  still  an  unknown  factor.  We  are  absolutely  sure  they  will  be  a 
very  satisfactory  satellite  but  we  have  to  be  sure  that  there  is  some- 
thing available  to  operational  people  in  case  we  run  into  problems. 
So  we  have  to  plan  for  a continuation  of  the  TIROS  program  until  we 
are  more  certain  of  the  availability  of  Nimbus  in  an  operational 
sense.  This  is  one  reason. 

The  other  reason  is  that  TIROS  in  an  R.  & D.  sense  is  going  to  be 
experimenting  with  new  things  and  new  systems  that  can’t  be  done 
and  is  not  going  to  be  done  and  is  not  being  planned  for  Nimbus. 

Mr.  Wydler.  But  you  are  not  going  to  have  any  more  TIROS  shots 
after  this  calendar  year  1964 ; are  you  ? 

I)r.  Tepper.  The  schedule  does  not  indicate  any. 

Mr.  Wvm.ER.  I am  trying  to  determine:  What  is  the  use  of  doing 
things  on  TIROS  which  you  can’t  do  on  Nimbus  if  you  are  not  going 
to  have  any  more  TIROS  shots? 

Dr.  Tepper.  The  experiment  is  what  I am  referring  to,  and  not  the 
vehicle  that  is  doing  it.  Let  me  explain  the  experiment. 

The  experiment  on  TIROS  in  1964,  for  example,  would  be  in  a 
highly  eccentric  orbit.  We  want  to  do  this  once.  TIROS  is  planned 
to  orbit  in  this  experiment  from  300  miles  to  £.000  miles  and  higher. 
This  will  permit  a look  at  the  Earth  from  that  altitude  in  order  to  get 
information  that  we  have  never  had  before  as  to  how  the  cloud  cover 
looks  in  different  scales. 

Now  this  is  an  experiment  that  needs  to  be  run  only  once.  We  don’t, 
have  to  repeat  this  experiment  necessarily.  But  the  information  would 
!>e  very  valuable  when  it  comes  to  putting  up  a synchronous  meteoro- 
logical satellite  which  will  look  at  the  Earth  from  a considerable 
distance. 

Mr.  W ydler.  Why  couldn’t  that  lie  done  by  Nimbus? 

Dr.  Tepper.  Because  Nimbus'  altitude  is  only  at  600  miles  and  we 
want  to  go  out  to  3,000  or  perhaps  22,000  miles. 

Mr.  Wydler.  You  are  incorporating  changes  into  TIROS  now.  I 
mean  you  are  adapt  ing  TIROS  to  do  it,  that  is  all  ? 

Dr.  Tepper.  Yes. 

Mr.  Wydler.  It  doesn’t  mean  it  couldn’t  be  done  bv  Nimbus,  does  it? 

Dr.  Tepper.  I think  the  problems  associated  with  putting  Nimbus 
in  a 22,000-mile  orbit  would  be  v ery  considerable.  Its  weight  is  much 
greater  than  TIROS.  And  if  we  could  do  it,  we  would  have  solved 
the  AEROS  problem,  because  this  is  essentially  what  we  want  to  do, 
is  to  place  a satellite  such  as  Nimbus  into  an  equatorial  orbit. 

Mr.  Wydler.  You  feel  these  three  TIROS  shots  for  1964,  assuming 
that  the  Nimbus  shots  are  successful  this  year,  Dr.  Tepper,  are  still 
necessary? 

Dr.  Tepper.  Yes,  these  are  very  good  experiments  and  should  lie 
done. 

Mr.  Wydler.  All  right. 

Mr.  Davis.  Dr.  Tepper,  by  the  time  Nimbus  is  launched,  you  will 
have  invested  about  how  much  in  the  N imbus  program  ? 


3112 


1904  NASA  AUTHORIZATION 


Dr.  Tepper.  The  first  Nimbus : I would  say  roughly  $60  million  or  so. 

Dr.  Seamans.  More  than  that. 

Mr.  Davis.  Well,  if  that  is  approximately  right,  that  is  all  I was 
interested  in. 

Dr.  Tepper.  All  right. 

Mr.  Davis.  By  the  time  Nimbus  becomes  an  on-the-shelf  item,  if 
TIROS  can  now  be  said  to  lie.  what  will  be  its  price?  Can  you  get  at 
that  ? 

Dr.  Tepper.  It  would  lie  no  more  than  a guess,  and  we  have  to  make 
such  guesses  where  we  are  in  our  planning.  And  the  guesses  that  we 
are  making  is  for  a spacecraft  it  would  be  approximately  $10  million 
per  spacecraft,  not  counting  launch  vehicle  or  operations  money. 

Mr.  Davis.  And  on  the  basis  of  your  present  knowledge,  you  do  not 
hope  for  a useful  life  of  more  than  1 year  per  Nimbus? 

Dr.  Tepper.  It  is  difficult  to  estimate  this.  I don’t  know  whether  we 
would  be  considered  good  estimators  or  bad  estimators  with  TIROS. 
We  estimated  3 months  and  we  have  a TIROS  that  is  working  almost 
10  months  now.  If  we  have  similar  good  fortune  with  Nimbus,  then 
our  estimates  of  6 months  to  a year  could  lie  multiplied  by  a factor. 
But  we  need  more  experience  with  the  operation  of  this  spacecraft 
bef  ore  we  can  be  more  specific. 

One  thing  we  know  we  have  to  do.  We  have  to  look  at  our  power 
requirements  on  Nimbus.  It  is  sort  of  marginal.  We  will  have  to 
improve  that.  Our  control  system  has  to  be  improved.  The  amount 
of  gas  we  carry,  for  example,  to  operate  the  control  elements,  gas  jets, 
limits  the  lifetime  of  the  satellite  now  to  this  area.  So  there  are  many 
things  that  we  have  to  have  experience  with  before  we  can  estimate. 

Our  estimate  now  is  that  life  of  our  early  Nimbuses  will  probably 
be  between  6 months  to  a year.  Our  estimate  could  be  off  oadly  in 
either  direction. 

Mr.  Davis.  Well,  it  would  tie  a pretty  safe  observation  to  make  to  say 
that  the  national  investment  in  the  weather  satellite  program  will 
continue  to  grow  so  far  as  we  can  see  in  the  future,  especially  with 
such  things  as  SYNCOM  still  in  the  future.  Nimbus  still  not  opera- 
tional. Would  you  not  say  it  would  continue  to  grow? 

Dr.  Tepper.  Well,  up  to  a certain  point.  Maybe  the  next  2 years,  it 
will  continue  to  grow  for  the  next  2 years.  But  I think  there  is  a 
leveling-off  point,  where  the  operational  system  becomes  standardized, 
and  when  the  R.  & D.  settles  down  to  a one  major  launch  per  year  to 
satisfy  our  requiremetns  to  continually  improve  the  spacecraft  and  to 
develop  new  sensors.  We  think  that  R.  & D.  will  require  about  one 
launch  a year. 

Of  course,  we  will  still  be  involved  in  launching  the  Weather 
Bureau  operational  satellites.  But  from  the  cost  point,  of  view,  I 
think  the  operational  system  will  settle  down  and  R.  & D.  activities  will 
settle  down.  And  that  might  lie — well,  within  5 years,  I would  say. 

Mr.  Davis.  Well,  when  it  does  settle  down,  do  you  expect  then,  as  I 
heard  your  answer,  that  there  will  still  lie  about  one  R.  & D.  launch  i>er 
year  ? 

Dr.  Tepper.  I think  this  would  lie  highly  desirable  and  necessary  to 
maintain  the  proper  updating  of  the  existing  operational  system  and 
including  new  sensors  and  new  information  that  may  lie  required 
essentially  for  research  and  not  for  operations. 
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There  are  requirements  that  would  suggest  and — well,  more  than 
suggest,  that  would  make  it  highly  desirable  that  we  do  this,  that  we 
have  at  least  one  research  and  development  satellite  per  year  or  at  the 
rate  of  one  per  year. 

Mr.  Davts.  Now,  you  were  recently  at  the  conference  which  was 
held  in  Rome,  were  you  not,  in  Rome,  Italy  ? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Davis.  Was  any  discussion  had  there  with  respect  to  the  sharing 
of  weather  satellite  expenses  between  this  country  and  Russia? 

Dr.  Tepper.  Not  the  satellites  themselves.  The  costs  on 

Mr.  Davis.  The  data? 

Dr.  Tepper.  Yes.  The  cost-sharing  clause  that  was  considered  and 
agreed  on  was  the  link,  the  hard  link,  the  communications  link,  to 
transfer  the  data  between  Washington  and  Moscow. 

This  link,  it  was  agreed  to,  would  be  shared  equally  by  the  United 
States  and  the  Soviet  Union  with  regard  to  cost. 

But  the  spacecraft  itself  and  the  spacecraft  development  was  not 
involved  in  this  agreement. 

Mr.  Davis.  Then  there  was  nothing  in  your  discussions  at  Rome 
that  would  enter  into  your  prognostication  about  our  future  weather 
satellite  costs? 

Dr.  Seamans.  No. 

The  effect  of  that  agreement  on  the  cost  of  these  spacecraft  and  the 
boosters  and  the  supporting  research  would  not  be  affected  by  those 
discussions  in  Rome. 

Mr.  Hechler.  Mr.  Chairman. 

Mr.  Davis.  Yes,  Mr.  Hechler. 

Mr.  Hechler.  Dr.  Tepper,  or  Dr.  Seamans,  have  you  gotten  anv 
indication  of  the  progress  of  the  Soviet  Union  on  meteorological  satel- 
lites? 

Dr.  Tepper.  Yes. 

Mr.  Hechler.  There  are  rumors  from  time  to  time  that  the  Soviet 
Union  has  felt  very  self-conscious  that  it  hasn't  made  as  much  progress 
as  the  United  States  of  America  in  the  weather  satellite  field. 

There  have  been  rumors  the  increased  interest  has  perhaps  resulted 
ina  lot  more  emphasis  on  development.  And  I wondered  if  you  had 
any  appraisal  of  this? 

Dr.  Tepper.  Well,  when  we  were  in  Rome,  the  Russians  indicated 
that  they  had  been  flying  meteorological  sensors  aboard  their  Cosmos 
series.  So  this  part  we  know. 

In  our  discussions  with  the  Soviets,  we  had  to  discuss  a date  as  to 
when  the  mutual  exchange  of  information  would  start  and  continue  to 
go.  And  we  were  very  clear  in  our  discussions  that  *his  exchange 
would  be  done  on  an  equal  basis.  We  would  be  interested  in  par- 
ticipating in  this  line  if  we  could  get  the  same  type  of  information 
that  we  transmitted  across  this  line.  This  includes  cloud  pictures  and 
satellite  data.  And  they  were  aware  of  it. 

And  the  fact  that  they  agreed  to  start  on  an  experimental  basis  in 
early  1964  and  lead  to  a regular  basis  in  mid- 1964  I think  would  lead 
one  to  draw  the  conclusion  that  their  program  would  be  geared  to 
being  able  to  produce  experimental  data  in  the  early  part  of  1964  on  a 
nonregular  basis  and  providing  data  on  a regular  basis  toward  the 
middle  or  the  end  of  1964. 
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Mr.  Davt8.  Is  that  all  ? 

Mr.  Hechi.er.  May  I ask,  Mr.  Chairman,  just  one  question? 

We  asked  this  question  of  the  Weather  Bureau  and  I would  just 
like  to  pet  your  reaction,  too,  on  the  advantages  from  the  standpoint 
of  national  interest  to  the  United  Stares  in  the  sharing  of  meteoro- 
logical satellite  information  with  the  Soviet  Union. 

Dr.  Tepper.  I think  the  advantages  are  at  least  of  two  kinds. 

One  is  simple  economics  or  quantity.  If  they  can  provide  a 
certain  amount  of  data,  then  a certain  amount  of  data  is  made  available 
to  us  that  we  wouldn't  have  had  before.  So  from  that  point  of  view 
they  would  increase  the  amount  of  data  provided  by  our  program. 

The  other  advantage  as  I see  it  is  the  involvement  of  other  scien- 
tists, and  in  this  case  of  the  Soviet  scientists,  in  this  type  of  an  analy- 
sis and  investigation  program.  And  I might  say  that  in  our  discus- 
sions the  Soviets  were  very  anxious  to  exchange  methods  and  tech- 
niques of  analysis  and  interpretation,  and  to  have  mutual  discussions 
in  regard  to  how  we  view  and  use  these  data,  so  we  would  learn  from 
them  and  they  would  learn  from  us  in  the  utilization  of  this  data  for 
meteorological  purposes. 

Mr.  Hechi.er.  Well,  the  average  man  on  the  street  you  see  might 
well  ask  the  question:  In  view  of  the  fact  that  the  United  States  is 
so  far  ahead  of  the  Soviet  Union  in  meteorological  satellites,  why 
should  we  share  our  data  with  them  when  they  are  not  sharing  com- 
pletely their  data  in  those  phases  of  booster  development  where  they 
are  wav  ahead  of  us. 

Dr.  Tepper.  Well,  I repeat  that  the  agreement  was  based  on  a tacit 
agreement  between  both  parties  that  we  share  in  kind,  and  we  are  not 
going  to  give  them  anything  that  we  are  not  going  to  get  in  return, 
of  a product  which  is  comparable  in  return.  So  if  we  are  going  to 
give  them  pictures,  we  are  going  to  get  pictures. 

Mr.  Heciiler.  I understand. 

Dr.  Seamans.  Let  me  say,  this  is  a self- policing  system.  Though 
we  will  not  count  out  each  picture  one  bv  one  and  insist  on  one  coming 
back  for  exactly  one  going  over.  But  they  have  got  to  respond  in 
kind  and  on  the  same  time  scale  or  we  are  not  going  to  transmit  the 
data  to  Moscow. 

So  if  they  have  the  capability,  then  we  will  benefit  from  the  fact 
that  they  are  taking  the  pictures  at  the  same  time  we  are.  If  they 
haven’t  got  the  capability,  then  they  are  not  going  to  benefit  from 
our  program. 

Mr.  Hechi.er.  You  would  support  the  conclusion  that  we  are  way 
ahead  of  them  in  this  development  ? 

Dr.  Seamans.  Well,  I would  refer  to  Dr.  Tepper.  He  was  at  the 
meeting  and  I was  not.  I do  under,  .and  that  they  have  with  their 
Cosmos  series  taken  some  cloud  pictures.  My  own  understanding  is, 
however,  that  we  have  taken  many  more  cloud  pictures  over  a pro- 
tracted period  of  time. 

Mr.  Hechler.  Thank  you. 

Mr.  Davis.  In  the  time  that  remains,  I would  like  for  Mr.  Boone 
to  firo  over  some  of  the  dollar  items,  please. 

Mr.  Boone.  Dr.  Tepper,  if  we  could  go  back  to  page  19  of  volume  5 
and  start  with  TIROS. 

Do  you  expect  that  there  will  be  a sizable  expenditure  in  TIROS  in 
1965? 
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Dr.  Tepper.  No,  sir.  The  program  doesn’t  call  for  a sizable  ex- 
penditure for  TIROS  in  1965.  As  the  program  is  indicated  right 
now,  if  we  will  be  doing  anything  in  1965,  it  will  be  sort  of  cleaning  up. 

Mr.  Boone.  All  right,  sir. 

Now  these  dollar  amounts  that  you  are  requesting  here  in  1964,  are 
they  for  the  procurement  of  already  developed  items? 

Dr.  Tepper.  The  major  procurement,  as  I have  indicated,  for  the 
additional  TIROS  has  been  done  this  year.  The  additional  require- 
ments ire  for  modification  that  might  be  required  to  the  configurations 
as  they  are  now.  This  is  for  the  spacecraft  and  subsystem  items. 

Mr.  Boone.  For  example,  $1.6  million  for  data  acquisition.  Is  this 
for  equipment  ? 

Dr.  Tepper.  Sir  ? 

Mr.  Boone.  Is  this  for  equipment  ? 

Dr.  Tepper.  No;  this  is  for  the  operation,  operation  of  the  station 
and  the  receipt  of  the  data. 

Mr.  Boone.  I see. 

How  about  the  engineering  utilization  of  the  data  at  $1.3  million? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Boone.  Is  that  an  in-house  type  thing?  Are  you  contracting 
out  for  some  company  to  reduce  data  ? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Boone.  What  type  of  data  is  that  ? 

Dr.  Tepper.  This  is  in  order  to  get  attitude  determination,  the  grid- 
ding  processes,  and  the  extraction  of  IR  data  from  magnetic  tapes. 
These  are  all  out  on  contract. 

Mr.  Boone.  This  is  a continuing  contract  ? 

Dr.  Tepper.  Yes. 

Mr.  Boone.  Is  this  one  contract  or  several  contracts? 

Dr.  Tepper.  I have  mentioned  several  in  my  statement  just  now. 
The  IR  reduction  is  Airtronics.  The  gridding  I think  is  with  Allied 
Research. 

Mr.  Boone.  Mr.  Chairman,  could  we  request  a breakdown  of  the 
contractors  that  vou  hav*  in  1963  for  these  nata  reduction  items? 

Dr.  Tepper.  All  right. 

(The  information  requested  is  as  follows:) 

TIROS  engineering  utilization  of  data — Contractors  in  fiscal  gear  1963 


[Budgeted  amount  $1,400,000) 


Contractor 

Dollars 

committed 

Description 

Allied  Research  Corp - 

llllSg  Tl  A1  A % 

Orldding  of  pictures  at  CDA  stations. 
Computer  services  for  attitude  deter- 
mination. 

Computer  rental  and  services  p imar- 
lly  related  to  IR  data  reduction 
Work  relative. 

Pattern  recognition  techniques. 

IBM ' 

IBM  and  Airtronics 

Budd  Electronics 

Miscellaneous  smal'  contracts  and  procurements 
In  support  of  in-hot'**  effort. 

Mr.  Boone.  Going  down  to  the  Nimbus 

Mr.  Ryan.  Before  we  leave  TIROS,  may  I ask  a question,  Mr. 
Boone? 

Mr.  Boone.  Yes,  sir. 

Mr.  Davis.  Mr.  Ryan. 
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Mr.  Ryan.  Out  of  the  $21.2  million  for  1963,  were  you  reimbursed 
anv  of  that  amount  by  the  Weather  Bureau? 

t)r.  Tepper.  No,  sir. 

Mr.  Ryan.  Do  you  expect  to  be? 

Dr.  Teppf.r.  No,  sir.  This  is  the  NASA  research  and  development 
propram. 

Mr.  Ryan.  But  this  is  $5  million  for  a spacecraft. 

Dr.  Tf.pper.  This  is  for  three  spacecraft  and  the  backup.  The  three 
additional  spacecraft  and  the  backup  came  out  of  those  funds,  or  were 
part  of  those  funds. 

Mr.  Ryan.  You  are  not  asking  for  any  reimbursement? 

Dr.  Teppf.r.  No,  sir. 

Mr.  Ryan.  All,  right. 

Mr.  Davis.  All  ripht,  Mr.  Boone. 

Mr.  Boone.  Would  you  tell  us  somethinp  about  the  $12.5  for  Nimbus 
request,  the  first  item,  intepration  structure  and  testing? 

Dr.  Teppf.r.  I mipht  point  out  that  the  Nimbus  fundinp  that  is  for 
1964  covers  four  research  and  development  spacecraft.  The  fiscal 
year  1964  fundinp  will  have  to  cover  the  completion  and  launch  of  the 
first  two,  A -4  and  A-5,  and  the  starts  on  the  third  and  fourth  which 
are  due  to  be  launched  in  calendar  1965  and  1966.  So  the  fundinp 
that  you  see  there  really  apply  to  the  four  Nimbus.  We  consider  these 
in  pairs,  the  first  two  and  second  two. 

The  intepration  structure  and  testinp  operations  is  essentially  the 
contract  that  we  have  with  General  Electric.  It  involves  the  support 
of  a tremendous  number  of  people  at  GE.  At  this  time  there  are 
over  250  people  I would  estimate  at  the  plant  involved  in  this  activity. 
The  cost  estimates  is  roughly  divided  in  half  between  the  completion 
of  the  first  two  and  the  start  of  the  next  two. 

Mr.  Boone.  Fiscal  year  1965  should  go  down? 

Dr.  Tf.pper.  Throuph  fiscal  year  1965  we  will  have  launched  the 
third  one  and  we  would  be  still  workinp  on  the  last  one.  So  there  mipht 
be  a small  decrease  due  to  the  fact  that  we  would  be  just  windinp  up 
with  the  last  one. 

Yes,  it  would  po  down.  But  I wouldn't  imapine  it  would  po  down 
very  much. 

Mr.  Boone.  Your  development  costs  should  po  down,  too. 

Dr.  Tepper.  Oh,  yes. 

Mr.  Boone.  How  about  the  power  supply  amount,  2.8? 

Dr.  Teppf.r.  That  is  rouphly  divided  between  a little  over  1 million 
for  the  first  two  and  about  1,800.000  for  the  start  n the  next  two. 

Mr.  Boone.  You  mentioned  earlier  that  this  was  a marpinal  system, 
the  power  supply  mipht  be  marpinal  for  future  activities. 

Dr.  Tf.pper.  Yes,  sir. 

Mr.  Boone.  Will  a little  more  time  help  you  here  in  cominp  up  with 
a better  power  supply?  These  are  sizable  expenditures  over  the  past 
several  years,  for  power  supplies,  are  they  not? 

Dr.  Tepper.  Well,  when  I said  marpinal,  I meant  we  don’t  have  a 
hip  reserve  as  we  have  on  TIROS,  so  far  as  power  is  concerned.  We 
have  enouph  power  on  Nimbus  to  do  the  thinps  we  have  to  do,  but  our 
marpin  is  not  very  great. 

As  a matter  of  fact.  I mentioned  to  this  committee,  that  we  are  look- 
ing to  the  possibility  of  nuclear  power,  auxiliary  nuclear  power  sup- 
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port  to  assist  in  this  regard — not  to  replace  but  to  assist  the  solar  power 
paddle  problem,  so  that  we  would  have  more  of  a margin. 

Mr.  Boone.  Are  you  changing  the  current  panels  oecause  of  radia- 
tion in  space? 

Dr.  Tepper.  Yes,  sir,  we  have  changed  to  those  solar  cells  that  are 
more  resistant  to  the  radiation  damage. 

Mr.  Boone.  May  v;e  go  to  the  next  item  : 6.5  for  control  subsystems. 
Tell  us  something  about  that. 

Dr.  Tepper.  We  hope  that  the  control  system  is  pretty  well  on  its 
way  for  the  first  two.  We  have  invested  quite  a bit  in  it,.  This  is 
primarily  a start  on  the  control  system  for  the  next  two  Nimbuses, 
three  and  four. 

Mr.  Boone.  Ah,  these  a new  development,  the  three  and  four? 

Dr.  Tep°er.  The  control  system  as  indicated  here  is  not  a new  de- 
velopment. But  as  you  know,  we  have  had  to  degrade  a little  bit  the 
accuracy  of  pointing  for  the  first  two,  due  to  the  problem  we  have  with 
control,  and  we  like  to  try  to  bring  this  back  up  again. 

But  this  isn’t  a development  in  the  sense  of  a complete  new  system 
or  a complete  new  item.  This  wouldn’t  be  included  in  this  area,  under 
this  heading. 

Mr.  Boone.  Are  you  contracting  now  with  a separate  contractor  for 
this  work  ? 

Dr.  Tepper.  Control  system? 

Mr.  Boone.  Yes. 

Dr.  Tepper.  Yes,  this  is  General  Electric. 

Mr.  Boone.  Can  you  give  us  a breakdown  of  the,  contractual  dol- 
lars for  1963  for  GE  ? 

Dr.  Tepper.  I can  do  that  for  the  record,  yes. 

Mr.  Boone.  For  the  record ; yes. 

(The  information  requested,  is  as  follows:) 

Nimbus:  Detail  oa  GE  contract  commitments,  fiscal  year  1963  budgeted  amounts: 


Integration  and  tests $5,000,000 

Controls 5, 900,  000 


Essentially  all  of  the  budgeted  amounts  have  been  committed  to  GE  for  these 
items  as  of  March  31, 1963. 

Mr.  Boone.  The  next  item  is  PCM  telemetry,  which  continues  to  go 
up — well,  I shouldn't  say  that,  but  it  is  a considerable  expenditure 
of  3 years.  It  seems  to  me  that  some  off-the-shelf  equipment  should 
be  available  for  this. 

Dr.  Tepper.  Well,  actually  this  breaks  down  to  only  $100,000  for 
the  first  two  and  about  $750,000  for  beginning  fabrication  of  the  next 
two.  So  we  are  really  going  into  the  third  and  fourth  satellite  in  fiscal 
year  1964.  We  have  just  about  finished  on  the  first  two.  These  are 
the  devolpment  of  essential  flight  hardware  in  this  area. 

Mr.  Boone.  Over  a 3-year  period  vou  would  have  about  $3  million 
for  PCM  telemetry.  This  is  a considerable  expenditure,  is  it  not? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Boone.  And  you  are  going  to  get  two  systems  for  $850,000,  is 
that  right  ? 

Dr.  Tepper.  No.  The  numbers  that  I am  quoting  for  the  third 
and  fourth  are  just  a first  payment  on  the  satellites. 

The  third  and  fourth  satellites  have  enough  improvements  in  them 
and  enough  sophistication  that  we  estimate  that  their  cost  will  be 
equivalent  to  the  cost  of  each  of  the  first  two. 
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So  we  are  not  going  to  go  down  in  the  cost  of  the  individual  satel- 
lites through  the  research  and  development  series. 

Mr.  Boone.  After  the  development  is  over,  how  much  will  the  PCM 
telemetry  cost  for  a Nimbus  satellite  ? 

Dr.  Tepper.  I couldn’t  answer  that.  I would  have  to  supply  that 
information  to  you. 

Mr.  Boone.  You  have  no  estimates? 

Dr.  Tepper.  No,  sir. 

(The  information  requested  is  as  follows:) 

It  is  estimated  that  the  unit  cost  per  PCM  telemetry  subsystem  based  on  the 
present  configuration  will  be  approximatel>  $265,000  after  the  development  phase 
is  completed. 

Mr.  Boone.  Would  you  continue  with  the  command  part  ? 

Dr.  Tepper.  Well,  except  for  the  camera  svstem,  which  still  re- 
quires a little  over  $1  million  to  complete,  the  nrst  two  flight  articles, 
tne  rest  of  the  funds  that  we  have  not  yet  discussed  apply  mostly 
to  the  third  and  fourth  R.  & D.  spacecraft. 

Mr.  Boone.  You  are  still  developing  new  camera  equipment  for 
Nos.  3 and  4? 

Dr.  Tepper.  The  cost  there  is  essentially  for  fabrication  of  the 
cameras  for  Nos.  3 and  4.  I don’t  think  there  will  be  any  major 
developments  with  regard  to  the  camera  system  for  3 and  4. 

Mr.  Boone.  We  should  have  paid  the  development  cost  previously, 
should  we  not  ? 

Dr.  Tepper.  Yes,  sir. 

Mr.  Wydler.  I don’t  understand,  Mr.  Boone. 

You  mean  to  tell  me,  Doctor,  that  the  camera  systems  for  Nos.  3 
and  4 are  going  to  cost  approximately  $2 y2  million  each?  Is  that 
what  you  are  saying? 

Dr.  Tepper.  Yes,  this  is  what  the  figures  show. 

Mr.  Wydler.  That  is  for  that  complex  of  three  cameras  ? 

Dr.  Teppler.  This  covers  redundant  systems  and  also  includes  sup- 
porting equipment  and  ground  equipment  that  goes  with  it. 

Mr.  Boone.  That  is  for  ground  eqni  pment  also  ? 

Dr.  Teppek.  Yes,  the  ground  equipment  that  rtceive  the  informa- 
tion from  these  systems. 

Mr.  Boone.  Well,  now,  that  is  not  a part  of  the  data  acquisition, 
that  is  down  below? 

Dr.  Tepper.  The  data  acquisition  is  to  integrate  this  ground  equip- 
ment and  make  it  work  and  to  operate  it. 

Mr.  Boone.  May  I suggest,  Mr.  Chairman,  we  ask  for  a breakdown 
of  the  camera  subsystem  expenditures  in  1963,  to  show  just  how  this 
is  broken  out  ? 

Dr.  Tepper.  All  right,  sir. 

(The  information  requested  is  at  follows:) 

Nimbus : Detail  on  camera  subsystem  contract  commitments,  fiscal  year  1963 
(budget  amount,  $5,4f0,000)  : 

As  of  March  31  essentially  all  of  this  budgeted  amount  has  been  committed 
to  the  following  contracts : 

RCA : 1 Onboard  and  ground  station  equipment  for  advanced  vidicon 
camera  subsystem  (AVCS),  $4,565,000. 

RCA:  On-board  automatic  picture  taking  subsystem  (APT),  $560,000. 

Fairchild-Stratos : Ground  station  equipment  for  APT,  $325,000. 


1 Of  the  total  amount  In  this  RCA  contract  about  15  percent  la  for  ground  equipment 
and  85  percent  for  on-board  equipment. 
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Mr.  Davis.  Now  do  I understand  your  testimony  to  apply  to  all  of 
these  line  items,  beginning  with  PCM  telemetry,  and  going  on  down 
maybe  through  spectrometers — does  your  testimony  go  to  ail  of  those 
items  i 

Dr.  Tepper.  The  statement  that  I made,  that  the  expenditures  were 
essentially  for  the  third  and  fourth,  apply  essentially  for  everything 
starting  with  PCM  telemetry  to  the  end  of  the  list,  scientific  experi- 
ment, with  one  exception,  the  camera  system  development,  of  which 
about  $1  million,  is  still  required  for  the  first  fwo  Nimbus. 

Mr.  Dams.  All  right,  sir. 

Dr.  Tepper.  The  items  indicate  the  expenditures  toward  the  third 
and  fourth,  yes,  sir. 

Mr.  Boone.  Mr.  Chairman,  I have  one  additional  question. 

Your  request  for  personnel  in  this  area  shows  an  increase  of  103 
people  for  fiscal  year  1964.  Will  you  tell  us  what  these  r°ople  are 
roing  to  do  and  what  type  of  people  you  are  trying  to  procure  for  your 
work? 

Dr.  Tepper.  Well,  as  Dr.  Seamans  has  indicated,  these  personnel 
figures  include  support  people  as  well  as  direct  personnel.  So  we 
would  have  to  look  at  it  from  that  point  of  view. 

Mr.  Boone.  I think  what  concerns  the  committee  is  that  the  average 
salary  still  turns  out  to  be  about  $10,500,  in  spite  of  the  fact  that  we 
are  hiring  support  people.  And  generally  support  people  are  at  some 
salary  bracket  lower  than  that. 

Dr.  Tepper.  Of  this  100,  roughly  65  percent  would  be  direct  per- 
sonnel. And  these  are  the  personnel  largely  of  the  Aeronomy  and 
Meteorology  Division,  the  division  which  handles  the  meteorological 
systems  program. 

These  are  roughly  broken  down  into  areas  of  program  management 
and  the  three  major  technical  branches  that  do  the  various  types  of 
support  activities  of  the  kind  that  I have  mentioned,  and,  of  course, 
clerical  and  secretarial. 

In  answer  to  your  question,  I would  say  that  these  are  essentially 
engineering  type  people.  And  if  I had  to  break  these  65  people  in 
numbers,  I would  say  that  60  of  them  would  be  engineers,  technicians, 
and  the  rest  would  be  of  clerical  and  the  secretarial  level. 

Dr.  Seamans.  There  is  a breakdown  of  the  manpower  required  in 
volume  1,  on  page  8,  under  the  Goddard  Center,-  which  shows  that 
of  the  319  people,  86  are  involved  in  supporting  research  and  tech- 
nology, 121  on  TIROS,  and  112  on  Nimbus,  for  the  fiscal  year  1964. 
These  are  also  broken  out  into  direct  and  support  personnel. 

Mr.  Boone.  Well,  I noticed  I believe  it  is  in  volume  2 there  were 
19  additional  people  to  be  applied  to  the  TIROS  program. 

Dr.  Seamans.  That  is  right. 

Mr.  Boone.  Isn’t  TIROS  being  phased  out  here  after  fiscal  year 
1964  anyway  ? 

Dr.  Te  iter.  Well,  we  are  talking  about  fiscal  year  1964. 

Mr.  Boone.  These  are  needed  immediately  for  TIROS,  is  that  right? 

Dr.  Tepper.  Yes,  in  order  to  do  the  things  that  we  were  talking 
about,  in  doing  the  experiments  on  TIROS  that  we  referred  to. 

Mr.  Boone.  And  if  you  didn’t  get  them,  why  you  would  just  shove 
it  out  to  1965,  is  that  right? 
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Dr.  Tepper.  Well,  it  is  always  difficult  to  answer  that  question  yes 
or  no.  We  think  the  experiments  should  be  done.  We  would  have  to 
look  and  see  whether  there  would  be  something  else  that  we  would 
want  to  drop,  in  order  to  maintain  this  experimental  work  with 
TIROS.  We  consider  these  experiments  quite  important  and  we 
would  certainly  try  to  press  to  get  them  done,  but  probably  at  the 
expense  of  some  other  type  of  a program. 

Dr.  Seamans.  Let  me  just  state  one  point  here  if  I may,  Mr.  Chair- 
man. When  a project  is  approved  or  modified,  we  approve  both  R. 
& D.  funding  and  the  manpower  allocation  that  is  involved.  If  it 
should  turn  out  that  insufficient  manpower  is  available  for  one  rea- 
son or  another,  we  would  not  normally  go  ahead  with  that  project. 

We  do  not  approve  a project  and  later  ascertain  there  isn't  sufficient 
manpower.  We  consider  this  factor  as  part  of  our  approval  process. 

Mr.  Boone.  The  reason  for  my  question  was:  As  I understand  it, 
fiscal  year  1963  should  be  the  peak  year  for  Tiros  activity.  So  cer- 
tainly there  are  available  people  there  to  continue  Tiros  activity,  in 
accordance  with  the  current  level. 

Dr.  Seamans.  What  the  table  shows,  as  I indicated,  is  that  in  1964 
there  are  117  people  in  Tiros  and  in  1963,  104;  and  in  1964,  121.  It 
shows  a dip  and  then  an  increase.  I suspect  that  the  increase  is  due 
to  the  fact  that  these  personnel  are  not  only  conducting  the  R.  & D. 
program  but  are  responsible  for  the  operational  Tiros  in  which  the 
contract  funding  will  come  from  the  Weather  Bureau  but  the  man- 
power will  show  in  our  own  institutional  support. 

Dr.  Tepper.  I think,  Mr.  Boone,  you  were  referring  to  that  schedule 
slide,  which  showed  the  three  in  calendar  1963,  and  then  two  in  1964. 
That  was  calendar  year.  But  if  you  look  at  the  launch  schedule  in 
fiscal  year  1964  in  Tiros,  you  would  find  it  was  pretty  heavy  insofar  as 
number  of  satellites  that  would  be  launched  and  prepared  for  launch 
during  that  period.  So  it  is  not  a leveling  off  period  at  all,  but  a very 
active  perioa. 

Mr.  Boone.  One  additional  question,  Mr.  Chairman,  if  I may. 

Mr.  Davis.  [Nods.] 

Mr.  Boone.  I notice  the  meteorological  sounding  rocket  program  is 
just  about  doubled  in  funds. 

Dr.  Tepper.  Yes. 

Mr.  Boone.  Do  you  fund  forthe  Fort  Churchill  activity  in  NASA  ? 

Dr.  Tepper.  I don’t  think  so.  No. 

Mr.  Davis.  For  the  record,  will  you  state  what  Churchill  activity 
means? 

(The  information  requested  follows:) 
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Anticipated  expenditure * far  meteorological  founding  rocket  experiment*  at 

Fort  Churchill 


Meteorological  sound  rocket  systems 

1963 

1964 

Experiments,  equipment,  and  support  for  large  rocke‘s: 

Rocket  grenade  experiments - 

$85,000 

60,000 

$125,000 

125,000 

Sodium  vapor  experiments  

Pitot  static  tube  experiments 

Field  services  and  support  1 

Total  experiments,  equipment,  and  support  for  large  rockets 

Large  rockets ...  

145.000 

90.000 

235,000 

250.000 

144.000 

394.000 

Total,  direct  R.  A D.  costs 

i These  services  are  provided  by  the  -.ige  at  Fort  Churchill.  Meteorological  systems  Is  noi  cim iged  for 
*hem. 


Note.— These  funds  it.  fiscal  year  1963  were  spent  with  the  following  contractors: 

Rocket  grenade  .iperiment:  Texas  Western  University  and  Superior  Engineering  Co.  of  Michigan. 

Sodium  -spor  experiments:  Geophysics  Corp..  of  America,  Massachusetts. 

I-arge  rockets:  Nike — Army  Ordnance;  Apache,  Cajun— Thlokol  Corp.;  Fins— Atlantic  Research 

Corp. 

I)r.  Seamans.  Fort  Churchill  is  in  Canada.  It  is  a sounding 
. x*ket  station  that  is  very  advantageously  located  for  certain  types  of 
measurements.  NASA  has  contributed  to  the  development  of  the 
iocket  facilities  at  that  site  particularly  because  of  certain  rehabilita- 
tion costs  stemming  from  a large  fire  several  years  ago. 

Mr.  Boone.  Well,  my  question  really  is  related  to  coordination 
within  NASA  on  sounding  rocket  shots.  Is  this  part  of  your  pro- 
gram? If  they  are  making  sounding  rocket  firings,  why  then  do  you 
show  nothing  about  it  in  the  weather  satellite  program? 

I>r.  Tepper.  I f who  is  doing  it  ? 

I)r.  Seamans.  NASA  is  carrying  out  a sounding  rocket  program 
that  is  primarily  devoted  to  our  space  science  activity.  We  are  mak- 
ing measurements  that  are  of  interest  to  the  meteorological  commu- 
nity. On  the  other  hand,  we  also  have  sounding  rocket  launchings 
that  are  devoted  entirely  to  meteorological  work.  The  total  NASA 
sounding  rocket  program  is  coordinated  between  Dr.  Teppers  office 
and  the  Office  of  Space  Science  under  Dr.  Newell,  specifically  under 
Dr.  Naugle  in  geophysics  and  astronomy. 

Mr.  Boone.  I had  a recent  press  release  that  showed  sounding 
rocket  activity  in  the  same  altitude  ranges  that  were  mentioned  earlier 
by  Dr.  Tepper,  I believe. 

Dr.  Tf.pper.  Oh,  that  is  quite  possible. 

Mr.  Boone.  And  it  seems  to  me  that  the  same — well,  at  least  the 
same  rocket  should  bring  back  the  same  sensory  information.  You 
should  be  not  only  coordinated,  you  should  be  planning  the  program 
together. 

Dr.  Tepper.  The  answer  is,  we  are. 

Mr.  Boone.  I didn't  get  that  from  your  first  response. 

Dr.  Tepper.  Well,  perhaps  I misunderstood  the  nature  of  your 
question. 

But  this  program  is  coordinated.  Dr.  Newell  has  assigned  this 
responsibility  to  Dr.  Naugle  in  Dr.  Newell’s  office  and  we  work 
closely  with  the  people  in  Dr.  Naugle's  office  in  regard  to  the  firings. 
They  are  aware  of  what  we  are  doing  and  we  are  aware  of  what  they 
are  doing. 
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Dr.  Seamans.  Some  of  the  instrumentation  obviously  has  to  be 
different  to  get  the  different  kind  of  data  that  are  required.  But  the 
launch  pads  and  various  rockets  can  obviously  l>e  used,  depending 
upon  the  payloads  that  are  required. 

Mr.  Boone.  Thank  you,  sir. 

Mr.  Davis.  Mr.  Wydler,  do  you  have  any  further  questions? 

Mr.  Wydler.  Just — if  1 might,  Mr.  Chairman.  I know  we  are 
overtime.  But  I will  appreciate  it. 

When  Nimbus  is  actually  in  the  sky,  how  much  of  the  time  will  it 
be  operating? 

Dr.  Tepper.  It  will  be  operating  24  hours  a day. 

Mr.  Wydler.  It  will  continuously  operate  for  the  6 months  of  its 
life,  is  that  what  I am  to  understand? 

Dr.  Tepper.  Yes,  it  will  be  operating  continuously. 

Mr.  Wydler.  In  other  words 

Dr.  Tepper.  During  the  daylight  it  will  be  taking  cloud  cover  pic- 
tures and  during  the  night  it  will  be  taking  radiation  measurements 
and  housekeeping  measurements  of  the  satellite  itself.  It  would  be 
storing  the  data  and  transmitting  them  to  the  command  and  data 
acquisition  stations. 

Mr.  Wydler.  But  do  I understand  that  during  daylight  hours,  in 
other  words,  during  hours  when  it  can  take  pictures,  it  will  be  taking 
pictures  continuously?  There  will  be  no  periods  when  it  will  have 
to  stop  taking  pictures  to  recharge  or  anything  of  this  nature? 

Dr.  Tepper.  That  is  right;  yes,  sir. 

Mr.  Wydler.  All  right. 

Mr.  Davis.  One  further  question  in  line  with  that.  What  is  meant 
by  the  term  “dav-night  television”  ? 

Dr.  Tepper.  ’I'his  is  a television  system  that  can  operate  at  low  light 
levels.  In  other  words,  a television  system  that  might  use  moonlight 
or  starlight  in  order  to  take  television  pictures. 

Right  now  we  rely  on  a radiometer,  which  is  a different  thing  en- 
tirely. It  measures  temperatures.  But  we  are  interested  in  develop- 
ing a system  that  will  actually  take  pictures,  television  pictures,  at 
night. 

Mr.  Davis.  I see. 

Dr.  Tepper.  And  this  is  the  day-night  television. 

Dr.  Seamans.  You  see,  the  Nimbus  is  in  essentially  a polar  orbit, 
such  that  it  comes  over  the  Equator  each  time  it  comes  around  local 
noontime.  This  orbit  is  in  essentially  the  plane  of  the  Sun,  so  as  it 
comes  over  you  get  a good  daylight  picture. 

Well,  we  also  want  to  be  able  to  get  information  when  the  Nimbus 
is  on  the  back  side  of  the  Earth  as  seen  from  the  Sun.  By  having 
this  capability,  we  can  get  other  interesting  kinds  of  information,  of 
interest  to  the  meteorologist. 

Mr.  Davis.  I see. 

Now,  one  final  question  I would  like  to  ask  of  Dr.  Tepper  and 
that  has  to  do  with  the  recent  conference  and  agreement  in  Rome. 
I personally  am  interested  in  this  and  I feel  sure  that  the  American 
public  is  quite  interested.  And  that  is  you  certainly  must  have  cleared 
with  the  Department  of  Defense  the  area  within  which  you  felt  free 
to  make  agreements  with  Russia,  before  you  went  to  Rome? 

Dr.  Tepper.  Well,  before  we  went  our  working  group  studied  the 
problem  and  we  discussed  our  results  with  many  agencies  of  this  Gov- 
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eminent,  including  the  Department  of  Defense,  as  to  what  things  we 
would  discuss  and  what  would  be  our  position.  And  this  was  done 
with  their  full  knowledge  and  concurrence.  And  the  agreement  fol- 
lowed that  policy  statement  development  very  closely. 

Dr.  Seamans.  Of  course,  it  should  be  realized  that  the  State  De- 
partment is  the  agency  of  the  Government  responsible  for  agree- 
ments of  this  type.  For  that  reason.  Dr.  Dryden  was  working  very 
closely  with  the  State  Department,  Dut  keeping  the  Department  of 
Defense  fully  informed. 

Mr.  Davis.  Well,  the  Department  of  Defense  might  have  something 
to  say  about  it,  though,  if  the  national  security  got  involved. 

Dr.  Tepper.  Yes.  sir. 

Dr.  Seamans.  Absolutely. 

Mr.  Davis.  And  then  there  is  this  question.  It  would  seem  to  me  as 
a layman  that  in  the  event  of  a sudden  outbreak  of  hostilities  be- 
tween Russia  and  the  United  States,  that  the  fact  that  they  might 
have  very  recent  weather  information  would  enter  into  the  military 
picture  right  heavy. 

Now,  how  do  you  view  that  possibility  from  your  point  of  view  ? 

Dr.  Tepper.  Well,  I can  respond  as  an  individual  here,  since  this 
is  I think  outside  the  scope  of  the  agency  responsibility. 

But  we  can  immediately  stop  sending  pictures  when  this  happens. 
We  certainly  would  stop  sending  pictures  at  this  time. 

Right  now  we  do  not  permit  anyone  else  access  to  the  satellite.  We 
control  the  satellite  ourselves  and  we  intend  to  keep  it  that  way. 

If  we  find  for  any  reason  that  the  access  has  been  compromised, 
and  this  is  possible,  of  course — even  the  best  codes  are  compromised 
sometimes — we  cun  modify  the  code,  change  it,  or  shut  the  thing  off 
completely,  so  that  nobody  else  can  get  this  information. 

So  that  I feel  that  the  control  of  our  satellite  by  ourselves  is  ade- 
quately taken  care  of. 

The  nature  of  this  control  has  been  discussed  with  the  Department 
of  Defense,  and  they  know  about  it. 

Dr.  Seamans.  Let  me  just  add  to  that,  if  I may. 

The  direct  readout  feature,  of  course,  is  oi  great  interest  to  the 
Department  of  Defense,  as  well  as  to  meteorologists  throughout  the 
world. 

The  system  has  built  into  it  the  capability  of  reprograming  from 
the  ground  the  times  when  that  readout  takes  place. 

Mr.  Davis.  I see. 

Dr.  Seamans.  So  that  in  the  event  of  hostilities  or  near  hostilities, 
we  can  change  the  pattern  so  that  we  would  not  give  to  everybody 
throughout  the  world  cloud  cover  information  that  might  be  of  value 
to  a potential  enemy. 

Mr.  Davis.  I see. 

Dr.  Tepper.  Mr.  Chairman,  in  that  regard  I have  here  a test  picture 
taken  by  this  system,  that  Dr.  Seamans  referred  to.  The  system  was 
operating  as  if  it  were  in  a satellite,  although  this  picture  was  taken 
from  the  ground.  But  this  is  the  end  product  of  the  system,  and  you 
might  like  to  look  at  it. 

Mr.  Davis.  Yes. 

Mr.  Boone.  One  question,  Mr.  Chairman.  Are  you  sending  ground 
data  along  with  cloud  cover  pictures?  Is  the  Weather  Bureau  mak- 
ing this  available  to  Russia  ? 


3124 


196  4 NASA  AUTHORIZATION 


Dr.  Tepper.  Yes.  Let  me  first  explain  that  through  the  WMO,  the 
World  Meteorological  Organization,  there  is  a normal  exchange  of 
regular  routine,  conventional  weather  observations  among  the  coun- 
tries of  the  world.  So  this  is  not  a new  feature. 

The  communications  link  that  we  discussed  with  the  Soviets  does 
include  a feature  for  transmitting  some  of  this  material,  conventional 
data,  also,  together  with  the  satellite  data,  particularly  when  it  is 
related  to  the  type  of  satellite  pictures  or  satellite  data  that  we  are 
sending,  in  order  to  make  the  combined  information  more  useful. 

Mr.  Dams.  On  liehalf  of  the  subcommittee,  I want  to  thank  you. 
Dr.  Tepper,  for  your  very  excellent  testimony,  including  your  formal 
statement,  and  you.  Dr.  Seamans,  for  coming  to  be  with  us  again. 

So  far  as  I know  now,  this  will  conclude  the  weather  satellite  por- 
tion of  the  hearing;  however  the  subcommittee  may  submit  additional 
questions  in  writing. 


National  Aeronautics  and  Space  Administration, 

Office  of  the  Administrator. 
Washington,  D.C.,  May  20,  1963. 

Mr.  W.  H.  Boone, 

Staff  Consultant,  Committee  on  Science  and  Astronauties, 

House  of  Representatives,  Washington,  D.C. 


Dear  Mr.  Boone:  The  attached  document  contains  answers  to  questions  in 
your  letter  of  May  15,  1963,  concerning  costs  and  intended  use  of  leased 
buildings  and  the  proposed  meteorological  research  facilities  at  Goddard  Space 
Flight  Center. 

We  hope  this  Information  will  Ite  useful  to  the  committee. 

Sincerely  yours. 


J.  S.  Brown, 


Assistant  Direetor,  Office  of  Legislative  Affairs. 

Enclosure. 

The  following  information  is  submitted  in  response  to  the  May  15.  1963. 
request  from  the  Committee  on  Sciences  and  Astronautics  of  the  House  of 
Representatives  : 

1.  What  are  the  yearly  rent  and  overhead  costs  for  the  meteorological  re- 
search facilities  now  located  in  Silver  Spring.  Md..  and  Hyattsville,  Md..  that 
will  be  relocated  at  the  new  laljoratory  that  is  planned  at  Goddard  Space 
Flight  Center? 

The  Colemont  Building  is  provided  through  GSA,  the  yearly  rental  cost 
including  overhead  is  approximately  $60,000.  As  no  facilities  are  currently 
being  leased  in  Hyattsville,  it  is  our  opinion  that  the  inquiry  is  in  reference 
to  the  Beltsville  location : namely,  the  Minneapolis-Honeywell  Building. 
This  building  houses  personnel  engaged  in  sounding  rockets  and  meteoro- 
logical aystems  effort.  The  meteorology  personnel  are  presently  utilizing 
approximately  20  percent  of  the  total  area.  Applying  this  percentage  of 
total  cost,  the  following  amounts  are  applicable  in  response  to  the  question : 


Description  Total  cost  to  percent 

Rental  of  building. $56,  500  $11.  300 

Utilities 38,200  7.640 


Total 04,700  18.940 

2.  Are  there  any  other  facilities  that  will  be  relocated  at  this  building?  If 
so.  what  are  their  yearly  costs  and  what  is  the  duration  of  the  leases  for  these 
buildings  and  are  these  leases  in  time  phase  with  the  scheduled  occupancies  of 
the  new  laboratory? 

No.  However,  personnel  currently  housed  in  the  Research  Projects 
Laboratory  and  who  are  performing  related  and  mutually  dependent 
meteorological  systems  efforts  will  be  relocated  in  the  new  laboratory.  The 
space  vacated  will  be  used  by  the  original  intended  user,  the  Space  Sciences 
Division.  It  must  be  stressed  that  this  is  not  “extra’’  space. 

3.  What  is  the  occupancy  date? 

April  1965. 
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4.  Are  there  other  facilities  available  in  the  Government  that  might  be  used 
which  would  not  require  the  construction  of  this  new  laboratory  building? 

There  are  no  existing  Government  facilities  in  the  areas  which  would 
provide  adequate  laboratory  and  office  space  for  the  Aeronomy  and  Meteoro- 
logy Division.  As  the  tracking  and  data  operations  for  the  Nimbus  satel- 
lites will  be  accomplished  at  the  central  range  and  operations  building  at 
GSFC,  it  is  essential  that  the  active  Nimbus  control  center  (to  be  located  in 
the  new  laboratory)  and  supporting  and  relating  research  and  development 
staff  be  in  close  proximity  in  order  to  insure  the  necessary  support  for  p. 
successful  Nimbus  program. 

5.  What  is  the  estimated  total  cost  of  this  facility? 

The  total  estimated  cost  of  the  laboratory  is  $4,103,000.  As  all  of  our 
CoF  projects  are  budgeted  on  the  “turnkey”  concept,  the  estimated  co*;t  in- 
cludes all  currently  known  requirements. 

Additionally  the  Department  of  Defense  was  asked  to  comment  for 
the  record  on  work  being  carried  out  by  DOD  agencies  in  the  field  of 
meteorological  satellites.  Their  response  is  as  follows. 


Office  of  the  Secretary  of  Defense, 

Washington,  D.C.,  May  23,  1962. 

Mr.  W.  H.  Boone, 

Technical  Consultant.  Committee  on  Science  and  Astronautics, 

House  of  Representatives. 


Dear  Mr.  Boo*’e:  In  response  to  your  letter  to  me  of  May  15,  1963,  concern- 
ing information  to  be  included  in  the  printed  hearings  of  this  year  for  the 
NASA  authorizations,  I have  been  advised  by  representatives  of  Defense  Re- 
search and  Engineering  of  the  following  information  : 

The  Department  of  Defense  does  not  have  any  sj»ace  meteorological  satellite 
program  duplicatory  of.  or  complementary  to.  the  current  NASA  or  Weather 
Bureau  meteorological  satellite  programs  which  those  agencies  have  under- 
taken to  fulfill  their  assigned  responsibilities  for  a national  weather  system. 
Of  course,  in  discharging  program  and  operating  responsibilities  assigned  to 
DOD,  and  known  to  NASA,  the  DOD  occasional^  measures  parameters  analo- 
gous to  one  of  the  many  inputs  required  for  accomplishment  of  the  extensive 
Commerce/NASA  national  weather  program. 

As  to  future  planning,  the  DOD.  as  a user  of  weather  satellite  data,  has 
become  increasingly  concerned  regarding  the  continual  slippage  of  Nimbus, 
the  Nimbus  level  of  reliability  and  cost  effectiveness  when  available,  the  im- 
plications of  implementing  international  agreements  on  weather  satellites,  and 
the  corresponding  necessity  to  work  out  a development  policy  and  program  fully 
satisfactory  to  both  the  Defense  Department  and  the  National  Aeronautics 
and  Space  Administration,  based  on  past  experience  and  current  technical 
opportunities. 

Accordingly,  the  DOD  in  conjunction  with  the  Department  of  Commerce  has 
initiated  a fundamental  reexamination  ot'  the  weather  satellite  program,  in- 
cluding the  interaction  of  technical  itossibilities  and  operational  goals.  The 
results  of  this  review  will  be  presented  to  NASA  shortly. 

The  Department  of  Defense  has  worked  with  NASA  representatives  on  this 
matter,  hoping  to  insure  that  current  and  future  developments  in  this  field  are 
fully  responsive  to  the  needs  of  DOD  and  Commerce  jointly. 

Sincerely. 


Grover  K.  Coe, 

Colonel.  C.R.  Air  Fo'^e. 
Deputy  Director.  Office  of  Legislative  Liaison. 


The  committee  will  now  adjourn. 

(Whereupon,  at  12:13  p.m.,  the  subcommitte  was  adjourned.) 
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TUESDAY,  APRIL  2,  1663 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  adjournment,  in 
room  214-B,  Longworth  Building,  Hon.  William  Fitts  Ryan  (chairman 
of  the  subcommittee)  presiding. 

Mr.  Ryan.  Will  the  subcommittee  come  to  order? 

Today  the  subcommittee  begins  hearings  on  that  part  of  the  NASA 
budget  request  related  to  the  NASA  communications  satellite  pro- 
gram. 

The  1964  NASA  budget  request  states  that  “NASA  will  support 
the  continuing  improvement,  development,  and  expansion  of  the  uses 
of  communications  satellite  systems  through  research,  development, 
and  flight  tests.  NASA  will  not  only  play  a primary  role  in  support  of 
the  Space  Communications  Corp.,  but  will  also  support  all  industries 
supplying  components  for  future  communcations  satellite  systems.” 

This  appears  on  page  RDO  7-2  of  the  budget  estimates,  volume  II, 
fiscal  ^ear  1964. 

NASA’s  budget  request  is  for  $55,771,000  for  fiscal  vear  1964. 

The  implications  of  this  statement  deserve  carefuf  consideration. 
Last  year  Congress  created  a Communications  Satellite  Corp.  for 
profit  which  wu.  expected  to  lead  to  the  expeditious  development  of  a 
commercial  communications  satellite  system.  The  decision  to  rely 
on  private  investment  for  the  financing  of  the  system  was  made,  as  one 
supporter  explained,  because  “private  enterprise  would  have  more 
flexibility,  greater  speed,  more  initiative,  greater  risk  taking  than  the 
Government  would.” 

For  fiscal  year  1963  NASA  has  programed  $43,715,000  for  research 
and  development  of  communications  satellites.  NASA  has  requested 
$51,100,000  for  the  same  purpose  in  fiscal  1964. 

The  size  of  the  proposed  budget  suggests  that  NASA  intends  to 
continue  an  active  role  in  research  and  development. 

This  poses  major  policy  questions.  Should  the  taxpayers,  through 
NASA,  undertake  any  research  benefitting  the  stockholders  of  this 
profitmaking  corporation  or  should  the  corporation  itself  finance  the 
research? 

If  there  is  justification  for  public  expenditures  on  research  and 
development,  how  are  the  responsibilities  and  objectives  of  NASA  and 
the  Communications  Satellite  Corp.  to  be  demarcated?  Have  any 
provisions  been  made  for  reimbursement  to  the  Government? 

In  addition  to  NASA  and  the  private  profitmaking  corporation 
the  Department  of  Defense  has  a communications  satellite  program. 
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What  assurance  is  there  that  there  is  not  duplication  between  NASA 
and  the  Department  of  Defense? 

During  this  hearing  the  subcommittee  will  seek  to  explore  these 
questions  and  to  determine  how  the  public  interest  can  best  be 
protected. 

This  morning  it  is  a pleasure  to  have  Dr.  Seamans,  the  Associate 
Director  of  NASA  with  us,  and  I understand  that  Dr.  Seamans  has 
a prepared  statement.  The  committee  would  be  delighted  to  hear 
from  you,  Dr.  Seamans,  after  which  I understand  that  Mr.  Jaffe  has 
a presentation  to  make  and  we  will  call  upon  him  after  we  have 
heard  from  you. 

Dr.  Seamans.  Thank  you,  Mr.  Chairman. 

STATEMENT  OF  DR.  ROBERT  C.  SEAMANS,  JR.,  ASSOCIATE  AD- 
MINISTRATOR OF  NATIONAL  AERONAUTICS  AND  SPACE 

ADMINISTRATION 

Mr.  Chairman  and  members  of  the  subcommittee : 

Mr.  Jaffe  and  Dr.  Tepper,  of  the  Office  of  Applications  and  I are 
prepared  to  review  for  you  the  programs  of  the  Office  of  Applications. 

I will  present  a general  introduction  and  discussion  on  future  satel- 
lite applications  and  industrial  applications.  Mr.  Jaffe  will  review 
for  you  the  communications  systems  program.  Dr.  Tepper  will  dis- 
cuss for  you  the  meteorological  systems  program. 

Before  continuing  with  my  statement,  I would  like  to  introduce 
Dr.  George  L.  Simpson,  Jr.,  who  came  to  the  agency  from  the  Uni- 
versity of  North  Carolina,  where  he  was  very  active  in  the  field  of 
regional  scientific  development.  He  holds  the  position  of  Assistant 
Administrator  for  Technology  Utilization  and  Policy  Planning.  In 
this  position  he  is  responsible  for  directing  NASA’s  industrial  appli- 
cations program. 

Following  my  presentation.  Dr.  Simpson  and  I will  be  available  for 
fui  tuer  elaboration  on  this  area  if  you  desire. 

Our  applications  program  is  defined  on  this  first  chart,  shown  in 
figure  12.  The  program  falls  into  four  areas:  communications  sys- 
tems, meteorological  systems,  future  applications,  satellites,  and  in- 
dustrial applications.  Noted  under  each  area  are  the  major  activities 
which  represent  approved  flight  programs  or  programs  we  believe 
will  be  recommended  for  further  development. 

In  communications  systems,  Echo  I,  and  Echo  11  represent  our 
passive  communications  program.  Here  satellites  act  as  simple 
reflectors  for  communications  signals  transmitted  from  earth.  Echo 
I.  initiated  in  1959,  has  nearly  completed  its  communications  research 
objectives.  Echo  I,  a 100-foot-diameter  inflatable  sphere,  still 
orbiting  the  Earth,  is  visible  around  the  world  under  favorable  con- 
ditions. YVe  are  continuing  to  make  periodic  measurements  of  its 
reflective  characteristics.  Echo  II,  a 135-foot-diameter  inflatable 
sphere  made  of  more  rigid  material  than  Echo  1,  is  expected  to  be 
ready  for  flight  later  this  year.  Echo  II  will  provide  a larger,  more 
nearly  spherical,  longer  lived  target  for  passive  communications 
research  than  was  provided  by  Echo  I. 

The  active  communications  program  is  represented  by  Relay, 
Syncom  and  Telstar.  Active  communications  satellites  receive  elec- 
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Figure  12 

trical  signals  from  a station  on  Earth,  amplify  the  signal  and  return 
the  amplified  signal  to  a distant  Earth-hased  receiving  station.  The 
first  of  the  Relay  satellites  was  put  in  orbit  last  December.  It  was 
not  possible  to  carry  out  the  intended  communications  experiments 
the  first  several  weeks  of  flight  due  to  electrical  trouble.  This  was 
corrected  and  it  has  been  possible  to  conduct  successfully  TV  and  all 
of  the  planned  telephone  experiments  between  the  United  States  and 
Europe  as  well  as  with  :>outh  America. 

Mr.  JafTe  will  discuss  the  Relay  project  with  you  in  more  detail. 

One  of  the  prime  objectives  of  the  Syncom  satellite  project  is  to 
assist  in  the  development  of  techniques  'or  establishing  a spacecraft  in 
the  24-hour  orbit.  The  Svncom  spacecraft  has  limited  communica- 
tions capabilities;  a few  telephone  channels,  no  television  capability. 
The  first  Syncom  was  launched  in  February  1963.  T his  was  our  first 
effort  to  put  a satellite  in  the  24-hour  synchronous  orbit.  As  you 
know,  contact  with  the  satellite  was  lost  about  5 hours  after  launch. 
However,  it  has  been  determined,  through  the  use  of  optical  trackers, 
that  Syncom  is  in  a 24-hour  orbit.  Mr.  JafTe  will  discuss  this  matter 
too. 

Telstar  has  proven  to  be  a very  successful  project  in  the  active 
communications  sate'lite  program.  As  you  know,  the  satellite  is  a 
private  venture  designed  and  developed  by  the  American  Telephone 
& Telegraph  Co.  and  launched  bv  NASA.  NASA  also  assists 
in  tracking  and  data  handling.  The  agency  is  reimbursed  for  its 
launch,  tracking,  and  data-handling  expenses.  The  first  satellite  was 
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launched  successfully  in  July  1962.  After  4'j  months  of  operation 
there  was  a malfunction  of  its  command  system.  Extensive  analysis 
has  provided  a means  for  restoring  Telstar  to  full  operation  for  a while 
but  the  difficulty  has  recurred  and  the  satellite  is  not  operable  at  the 
present  time.  The  American  Telephone  & Telegraph  Co.  has  de- 
cided to  orbit  a second  Telstar  this  spring. 

In  advanced  systems  we  are  conducting  studies  that  will  enable  us 
to  improve  the  24-hour  satellite  concept  over  the  state-of-the-art 
technology  incorporated  in  Syncora.  We  anticipate  a follow-on, 
advance  synchronous  communications  project  and  are  engaged  in 
studies  that  will  assist  in  defining  design  and  development  efforts. 

In  meteorological  systems,  you  are,  of  course,  familiar  with  Tiros, 
the  very  successful  meteorological  satellite  from  which  we  have  and  are 
continuing  to  obtain  meteorological  data.  We  and  the  Weather 
Bureau  plan  to  continue  this  program  until  the  follow-on  Nimbus 
prc'^ram  gets  underway. 

't  he  Nimbus  system  provides  a considerable  technical  advancement 
in  meteorological  satellite  systems.  We  will  be  able  to  provide  a 
more  continuous  and  a greater  coverage  of  weather  data  with  Nimbus 
than  is  possible  with  Tiros.  The  prototype  weather  sensory  section 
of  the  satellite  is  currently  being  assembled  and  the  full  prototype 
spacecraft  will  undergo  environmental  tests  this  summer.  If  all  goes 
well,  we  will  be  able  to  orbit  the  first  Nimbus  by  the  end  of  this  year 
or  the  early  part  of  next  year. 

Advanced  meteorological  systems  include  studies  of  such  concepts 
as  the  24-hour  meteorological  satellite.  Sounding  rockets  are  used  in 
the  meteorological  systems  program  to  explore  and  measure  the 
atmosphere  above  sounding  balloon  and  below  satellite  altitudes. 

In  the  area  of  Future  Satellite,  Applications,  we  are  concentrating 
our  attention  in  two  areas:  Navigation  satellite  systems  and  data 
collection  satellite  systems. 

In  the  field  of  navigation  we  are  particularly  interested  in  the 
application  of  the  Navy’s  transit  navigational  system  to  civilian  use. 
The  transit  satellite,  desired  to  aid  in  the  navigation  of  military 
shipping,  should  be  operational  soon. 

It  is  our  hope  that  here  is  an  opportunity  to  take  advantage  of 
efforts  expended  by  the  Department  of  Defense.  We  will  be  working 
quite  closely  with  the  Navy  in  evaluating  the  kinds  of  equipment 
required  by  merchant  mariners  to  make  full  use  of  a navigational 
satellite.  The  equipment  required  should  provide  sufficiently  high 
precision  and  be  of  low  cost  to  justify  shipboard  installation  by  civil 
mariners. 

This  chart,  shown  in  figure  13,  was  prepared  to  illustrate  the  opera- 
tion of  Project  Transit.  The  satellite  is  tracked  and  these  track  data 
are  sent  to  a computing  center.  Orbital  parameters  are  determined 
at  the  center  and  sent  to  an  injection  station  for  transmission  to  the 
satellite. 

The  ship  at  sea  receives  position  and  orbital  information  from  the 
satellite.  From  these  data  the  position  of  the  ship  can  be  determined 
by  simple  onboard  computations. 

Data  collection  is  a very  interesting  possible  application  o^  satellites. 
A data  satellite  could  collect  information  from  a large  number  of  re- 
motely located  and  automatically  operative  sensor  units.  This  figure 
(fig.  14)  indicates  some  of  the  data  collection  systems  that  could  be 
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Figure  13 


Figure  14 
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serviced  by  a data  satellite  system.  These  include  cosmic  ray  bal- 
loons, tsunami  warning  stations  for  giving  early  warnings  of  tidal 
waves,  remote  geomagnetic  observatories,  oceanographic  buoys, 
automatic  weather  stations,  and  meteorological  balloons.  We 
believe  such  systems  could  be  integrated  with  the  satellite  system  such 
that  as  the  satellite  passes  by,  the  remote  data  transmitter  sends  its 
information  to  the  satellite.  These  data  are  received  and  stored  in 
the  satellite  on  magnetic  tape.  As  the  satellite  comes  over  a data 
recovery  station,  the  satellite-borne  magnetic  tape  data  are  trans- 
mitted to  the  station  and  in  turn  transmitted  to  a central  processing 
center  which  then  distributes  the  data  to  its  users. 

A number  of  agencies,  weather  and  oceanographic,  have  expressed 
interest  in  the  possibility  of  using  such  a system,  and  during  the  forth- 
coming fiscal  year  we  plan  to  look  in  some  detail  into  the  feasibility  of 
such  a system. 

We  should  be  able  to  determine,  as  a result  of  these  studies,  whether 
or  not  the  development  of  a data-colleeting  system  is  warranted. 

NASA’s  industrial  applications  program  was  initiated  during  the 
last  half  of  1961.  At  that  time,  it  was  determined  that  the  only 
effective  way  to  meet  the  requirements  of  the  Space  Act — for  the 
widest  practicable  and  appropriate  dissemination  of  information 
gathered  in  the  space  program — would  be  to  carry  out  the  specific 
industrial  applications  program. 

Since  the  inception  of  the  program,  it  has  been  carried  in  the 
Office  of  Applications  as  part  of  the  Office’s  broad  responsibility. 
This  program  is  being  shifted  to  the  Office  of  the  Assistant  Adminis- 
trator for  Technology  Utilization  and  Policy  Planning  headed  by 
Dr.  George  L.  Simpson,  Jr.  This  move  is  designed  to  give  increased 
emphasis  to  the  program  which  NASA  has  been  developing  for  the 
past  year  to  accelerate  the  industrial  utilization  by  the  civilian  econ- 
omy of  the  scientific  and  technological  advances  resulting  from 
NASA’s  space  program.  The  integration  of  the  Industrial  Applica- 
tions Division,  under  Dr.  Simpson,  will  result  in  close,  coordination 
of  the  identification  of  industrial  applications  and  the  information 
dissemination  activities  of  Dr.  Simpson’s  Office. 

In  the  industrial  applications  program,  we  have  identified  the 
objectives  indicated  on  the  next  chart,  shown  in  figure  15.  First,  we 
are  concerned  with  the  identification  of  innovations.  That  is,  new 
or  improved  ideas,  materials,  methods  and  technology  developed  or 
utilized  in  the  course  of  NASA’s  total  research  and  development 
activities. 

These  arise  in  NASA's  in-house  centers  or  their  contractors’  labora- 
tories and  shops.  Once  these  innovations  are  identified,  the  second 
objective  is  to  catalog  them  in  appropriate  industrial  technical  areas 
so  that  they  can  be  stored  and  retrieved  as  needed  in  response  to 
industrial  inquiries  for  information.  The  NASA  field  centers  partici- 
pate fully  in  these  activities,  and  the  data  retrieved  through  the 
industrial  applications  program  are  available  in  all  centers. 

The  next  sequential  steps  are  adequate  dissemination  and  transfer 
of  this  knowledge.  A NASA  innovation  is  of  little  benefit  to  the 
businessman,  whose  productivity  it  may  affect,  unless  he  is  aware  of 
its  existence  and  potentialities.  Therefore,  we  have  to  develop  a 
reasonable  mechanism  by  which  contractors,  commercial  organiza- 
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Figure  15 

tions,  universities,  and  other  laboratories  have  ready  access  to  knowl- 
edge concerning  NASA’s  innovations.  In  this  way  they  can  deter- 
mine for  themselves  whether  their  adaptation  would  be  of  value. 
The  procedure  we  have  adopted  for  meeting  these  objectives  is  out- 
lined on  the  next  chart,  shown  in  figure  16,  which  outlines  innovation 
data  flow  for  industrial  application  work. 

As  I have  mentioned,  innovations  originate  either  at  NASA  centers 
or  with  their  contractors.  Documentation  of  sufficient  information 
to  evaluate  the  innovation  is  forwarded  to  NASA  headquarters  where 
an  evaluation  and  cataloging  operation  is  carried  out;  the  innovation 
is  screened,  analyzed  for  industrial  potential  and  put  into  industrial 
language. 

To  help  in  this  evaluation,  the  assistance  of  a number  of  contractors 
shown  on  this  chart  (fig.  17)  has  been  enlisted.  You  see  we  have 
participating  in  this  activity  several  nonprofit  research  institutes,  one 
commercial  research  organization,  and  one  university.  The  geo- 
graphic displacements  of  these  groups  assist  in  providing  NASA  with 
an  insight  into  the  needs  of  the  industrial  community  of  the  Nation. 

The  Indiana  University  effort  is  unique  in  that  it  is  now  starting  a 
regional  center  for  dissemination  of  space  research  data.  The  center 
will  be  staffed  cooperatively  by  personnel  on  assignment  from  com- 
mercial organizations  as  well  as  by  the  university. 

For  over  a year  now,  Midwest  Research  Institute,  which  concen- 
trates its  effort  in  six  Midwestern  States,  in  addition  to  participating 
with  the  other  organizations  in  analyzing  innovation  data  has  been 
working  on  the  pilot  study  of  the  dissemination  program  with  NASA. 
Its  staff  has  visited  NASA  centers  and  has  been  briefed  on  new  proc- 
esses, techniques,  and  materials  which  have  been  developed. 
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Two  examples  of  the  kinds  of  innovations  identified  are  as  follows: 

The  first  is  a weld  seam  tracker  and  proximity  control.  The  Mar- 
shall Space  Flight  Center  was  responsible  for  developing  this  improved 
method  of  guiding  an  electric  arc  welding  head  along  the  seam  sep- 
arating two  pieces  of  metal  that  are  to  be  welded.  The  device,  which 
has  aroused  considerable  industrial  interest,  locates  the  seam  or  crack 
between  these  pieces  and  guides  the  weld  head  accurately  along  the 
crack. 

Prior  to  the  inception  of  this  device,  MSFC  had  found  that  existing 
techniques  available  to  them  were  not  successful  for  following  weld 
seams  between  heavy  gage  aluminum.  The  proximity  control  senses 
the  distance  between  the  arc  welding  torch  and  the  pieces  being 
welded,  automatically  maintaining  the  proper  distance  required  for 
the  best  weld. 

A leading  farm  machinery  manufacturer  is  investigating  the  use  of 
this  device  for  joining  two  channel  sections  into  a wagon  tongue  box 
beam,  thus  eliminating  the  need  for  machining  of  the  channel  edges 
thereby  reducing  the  costs.  Two  leading  welding  equipment  manu- 
facturers have  also  expressed  interest  in  this  welding  technique. 

The  second  example  is  the  single  pass  welding  technique  being  used 
by  the  Saturn  project  staff  at  Marshall  Space  Flight  Center.  To 
achieve  desirable  symmetry  and  shape  of  a weld  head,  particularly 
in  cylindrical  sections  of  large  aluminum  sheets,  either  grooved 
backup  bars  or  a double  pass  technique  were  used;  both  costly  methods. 

MSFC  substituted  pressure-sensitive  silicone  adhesive  fiberglass 
tape,  pressing  it  into  place,  straddling  the  inner  weld  seam.  The 
molten  underbead  was  retained  by  the  refractory  tape,  was  properly 
shaped,  possessed  a smooth  weld  head,  with  a stong,  nonporous  weld, 
free  of  oxide  scale  inclusions. 

A manufacturer  of  furnace  and  air-conditioning  equipment  is  now 
using  the  tapes  in  fabricating  high-pressure  cylinders  up  to  40  inches 
in  diameter.  In  addition  to  the  cost  savings,  they  have  obtained 
better  quality  welds.  Many  other  concerns  have  also  expressed 
interest  in  this  and  other  NASA-developed  and  NASA-utilized 
welding  techniques. 

In  our  present  effort  we  will  investigate  promising  innovations 
in  the  depth  and  detail  needed  to  prepare  writeups  for  use  by  indus- 
trial organizations  in  determining  the  adapatability  of  the  new  ideas 
to  their  applications.  Several  media  for  dissemination  are  being 
considered,  including  publications,  direct  contact  with  industry, 
contact  through  trade  associations,  trade  journals,  professional 
societies,  coordination  with  State  economic  development  departments, 
area  development  groups  and  others. 

The  space  research  and  development  effort  is  so  broad  that  there  will 
be  ideas  and  innovations  in  almost  every  field.  Products,  based  upon 
space  development  and  produced  using  techniques  and  materials 
created  for  space  use,  may  become  increasingly  evident  with  time  in 
the  everyday  life  of  the  Nation. 

The  applications  program  ranges  over  a very  broad  spectrum  of 
scientific  and  industrial  activity.  We  are  concerned  with  investiga- 
tions from  purely  scientific  interest  in  atmospheric  physics  to  problems 
associated  with  commercial  communications  satellites. 

It  is  a very  challenging  area  of  work  and  it  is  most  satisfying  to  our 
people  to  find  that  great  benefits  are  accruing  to  the  Nation  from 


3136 


1964  NASA  AUTHORIZATION 


meteorological  and  communications  satellite  developments,  and  now 
from  industrial  applications  as  well. 

Thank  you. 

Mr.  Ryan.  Thank  you,  Dr.  Seamans.  As  you  know,  this  hearing 
will  be  primarily  devoted  to  communications  satellites  but  I thought 
that  vour  description  of  the  industrial-  applications  program  was 
excellent  and  we  look  forward  to  hearing  about  it  in  more  detail  on 
Thursday. 

Dr.  Seamans.  Yes,  sir. 

Mr.  Ryan.  At  this  time  I yield  to  Mr.  Hechler  who  wishes  to 
raise  a question  which  is  of  some  significance  because  of  its  timing 
today,  with  regard  to  a recent  space  shot.  Mr.  Hechler. 

Mr.  Hechler.  Thank  you,  Mr.  Chairman;  I just  wanted  to  get 
your  reactions,  Dr.  Seamans,  and  any  comments  you  might  care  to 
make  on  a wire  service  report  that  the  Soviet  Union  today  alleges  to 
have  launched  a space  rocket  destined  for  the  Moon. 

According  to  this  wire  service  report,  Tass  says: 

An  automatic  station,  Moon  4,  weighing  1,422  kilograms  or  3,130  pounds  is 
installed  aboard  a space  rocket.  The  automatic  station  is  expected  to  reach  the 
area  * * * of  the  Moon  in  three  and  a half  days.  The  last  stage  of  the  rocket, 
according  to  Moscow  radio,  was  put  into  intermediate  orbit  and  there  was  sent 
toward  the  Moon. 

A further  statement  as  it  is  reported  by  the  wire  service  says: 

In  accordance  with  the  program  for  exploration  of  outer  space,  the  planets  of 
the  solar  system,  the  space  rocket  was  launched  in  the  Soviet  Union  on  April  2, 
toward  the  Moon. 

The  final  stage  of  the  rocket  was  preliminarily  set  on  intermediate  orbit  of  the 
Earth’s  man-made  Sputnik.  This  was  launched  and  emerged  into  the  preset 
trajectory  of  the  flight. 

That  is  the  end  of  the  wire  service  report,  and  I wondered,  Dr. 
Seamans,  if  you  had  any  comments  about  this  or  any  theories  as  to 
what  this  launching  might  signify? 

Dr.  Seamans.  I am  afraid,  Mr.  Hechler,  that  anything  I could  say 
would  be  pure  speculation.  I only  know  what  you  have  read. 

It  does  not  surprise  me  personally,  because  we  know  of  the  Soviet’s 
great  interest  in  space  exploration  and  this  is  one  more  logical  step  in 
their  program. 

Mr.  Hechler.  In  other  words,  you  think  they  do  have  the  capa- 
bility to  do  what  they  say  they  hope  to  do  on  this  particular  job,  do 
you? 

Dr.  Seamans.  I don’t  think  there  is  any  question  that  they  do  have 
a probe  on  its  way  to  the  Moon. 

Mr.  Hechler.  I think  the  history  of  our  space  program  has  shown 
that  perhaps  some  of  these  things  are  healthy  so  far  as  American 
progress  is  concerned.  Would  you  not  say  so? 

Dr.  Seamans.  Both  countries  are  interested  in  exploring  space  and 
we  hope  that  we  can  each  take  advantage  of  the  other’s  work  to  a 
certain  extent. 

Mr.  Hechler.  Perhaps  we  would  not  have  been  seeing  so  much 
done  if  it  were  not  for  the  progress  that  has  been  made  there? 

Dr.  Seamans.  I think  that  is  an  observation  that  you  can  make  as 
well  as  myself. 

Mr.  Hechler.  Thank  you,  Mr.  Chairman. 

Mr.  Ryan.  Thank  you,  Mr.  Hechler.  I understand  that  Mr. 
Jaffe  has  a prepared  statement,  Dr.  Seamans? 
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Dr.  Seamans.  Yes,  he  does. 

Mr.  Ryan.  Mr.  Jaffe,  I think  the  members  of  the  subcommittee 
are  familiar  with  the  content  of  your  statement — I read  it  and  found 
it  to  be  a very  detailed  exposition  of  the  program  and  we  are  grateful 
to  you  for  the  effort  that  you  have  put  into  the  preparation  of  this 
statement. 

I am  going  to  make  a suggestion  that  your  statement  be  submitted 
for  the  record  and  perhaps  you  would  like,  in  a 2 or  3 minute  period, 
to  comment  briefly  upon  your  statement  and  then  the  subcommittee 
will  raise  questions  concerning  it  and  concerning  the  program. 

Is  that  agreeable  to  you? 

Mr.  Jaffe.  Yes,  sir.  If  that  is  the  chairman’s  desire. 

Mr.  Ryan.  Very  well  then,  we  will  be  glad  to  hear  from  you  at 
this  time. 

Mr.  Jaffe.  Thank  you,  Mr.  Chairman. 

STATEMENT  OF  LEONARD  JAFFE,  DIRECTOR,  COMMUNICATIONS 

SYSTEMS,  NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRA- 
TION 

Mr.  Chairman  and  members  of  the  subcommittee,  a major  activity 
of  the  Office  of  Applications  is  our  work  on  communications  satellite 
systems.  This  first  chart  (fig.  18)  indicates  the  NASA  program  ob- 
jectives in  this  area.  These  are,  first,  to  insure  the  full  development 
and  realization  of  communications  satellite  potentials  through  con- 
tinued research,  development  and  flight  test,  and,  second,  to  assist  in 
the  early  establishment  of  operational  communications  satellite 
systems.  The  fact  that  communications  satellites  are  feasible  has 
certainly  been  demonstrated  with  the  Echo,  Telstar,  and  Relay 
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satellites.  Much  information  and  experience  has  been  gained  as  a 
result  of  the  last  year’s  experiments  with  regard  to  the  satellites,  the 
space  environment,  and  with  the  Earth-based  elements  of  such  sys- 
tems. Much  remains,  however,  to  be  done  before  economically 

{iractical  systems  can  be  established,  but  a sound  foundation  has  been 
aid  and  all  of  the  established  interests  are  cooperating  to  the  fullest 
extent  in  the  research  and  developmental  programs. 

ORGANIZATIONAL  INTERACTIONS 

In  all  areas  of  satellite  applications,  NASA  has  many  interactions 
with  other  organizations.  Typical  interactions  already  in  existence 
in  the  area  of  communications  satellites  are  those  with  the  Depart- 
ment of  Defense  and  the  American  Telephone  & Telegraph  Co. 
Shortly,  a continuing  liaison  will  be  initiated  with  the  new  Communi- 
cations Satellite  Corp.  Under  the  Communications  Satellite  Act 
of  1962  which,  as  you  know,  was  the  subject  of  extensive  con- 
sideration and  review  in  the  last  Congress,  NASA  is  charged  with  the 
responsibilities  shown  on  the  accompanying  chart  (fig.  19).  These 
include  the  necessity  to  provide  technical  advice  to  the  Federal 
Communications  Commission  on  communications  satellite  systems, 
to  cooperate  with  the  private  corporation  established  under  the  act 
in  carrying  out  research  and  development  on  communications  satellite 
svstems,  to  consult  with  the  corporation  regarding  the  technical 
characteristics  of  satellite  systems,  and  to  furnish  the  corporation 
launching  and  other  appropriate  services  in  support  of  both  the 
corporation’s  research  and  development  program  and  its  operational 
systems.  This  means  there  will  be  a close  interaction  between  the 
NASA  communications  systems  program  and  the  program  that  will 
be  developed  by  the  new  Communications  Satellite  Corp. 

For  the  moment  we  have  only  limited  contact  as  the  corporation 
has  not  as  yet  established  a technical  staff.  We  have  had  an  oppor- 
tunity to  pass  on  information  on  the  NASA  program  and  its  objec- 
tives and  plans  to  the  incorporators  appointed  by  the  President.  As 
soon  as  the  corporation’s  technical  management  team  is  formed,  we 
expect  that  it  will  undertake  to  set  up  appropriate  liaison  with  our 
program  office.  Launching  support  arrangements  that  will  be  made 
with  the  corporation  should  not  be  very  different  from  those  which 
we  have  already  made  with  the  American  Telephone  & Telegraph  Co. 
for  the  support  of  Project  Telstar.  In  that  case,  a project  develop- 
ment plan  and  a contract  were  prepared  which  outlined  the  responsi- 
bilities of  both  the  Telephone  Co.  and  NASA  for  the  conduct  of  the 
project.  The  plan  included  a provision  for  reimbursable  funding  for 
the  services  furnished  by  NASA  in  launching  Telstar.  To  date, 
this  arrangement  seems  to  work  very  well.  We  have  had,  of  course, 
just  one  Telstar  launch,  but  are  presently  planning,  at  A.T.  & T/s 
request  and  under  the  terms  of  the  original  agreement,  a second 
launch  for  this  spring. 

NASA’s  relationships  with  the  DOD  with  regard  to  communica- 
tions satellites  are  conducted  as  a portion  of  the  general  arrangements 
that  have  been  established  for  NASA-DOD  coordination  as  indicated 
on  the  accompanying  chart  (fig.  20).  The  major  policy  decisions 
come  from  the  deliberations  and  decisions  of  the  Space  Council. 
They  then  are  established  as  directives  to  the  two  agencies  by  the 
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Administrator  of  NASA  and  the  Secretary  of  Defense.  Technical 
proposals  which  have  been  coordinated  at  the  working  level  are 
brought  up  for  review  to  the  Aeronautics  and  Astronautics  Coordinat- 
ing Board.  Under  this  Board,  which  ties  together  many  items  of  joint 
interest  to  NASA  and  DOD,  there  is  an  Unmanned  Spacecraft  Panel. 
This  Panel  has,  in  particular,  responsibilities  of  a coordinating  nature 
for  communications  satellites,  meteorological  satellites,  unmanned 
lunar  and  planetary  exploratory  spacecraft  and  the  like.  In  February 
1961,  the  Unmanned  Spacecraft  Panel  established  a Technical  Com- 
mittee on  Communications  Satellites  with  the  objective  of  seeing  to 
it  that  the  directing  officials  for  the  various  projects  L the  communica- 
tions satellite  area  would  be  entirely  familiar  with  the  work  being 
done  by  all  other  Government  agencies  so  that  those  projects  could  be 
effectively  coordinated.  At  the  present  time  this  Committee  draws 
its  membership  from  NASA,  Army,  Navy,  Air  Force,  and  the  Defense 
Communications  Agency  (DCA).  This  last,  the  DCA,  has  recently 
been  given  the  responsibility  for  the  furtherance  of  the  Department 
of  Defense  communications  satellite  program.  The  Army  directed 
a major  segment  of  the  old  Advent  program  and  is  now  supporting 
the  new  DuD  program  as  well  as  the  NASA  Syncom  program.  The 
Navy  is  concerned  as  a user  with  communications  satellite  develop- 
ment and  is  also  supporting  NASA’s  Syncom  program  with  the 
U.S.N.S.  Kingsport,  & Victory  ship  which  has  been  converted  into  a 
mobile  station  for  the  support  of  communications  satellite  studies. 
The  Air  Force  has  the  responsibility,  within  DOD,  for  the  launching 
of  communications  satellite  systems  and  for  the  development  of  the 
satellites.  In  addition,  frequent  consultation  is  held  between  mem- 
bers of  top  management  of  NASA  and  DOD.  Admiral  W.  F.  Boone 
has  recently  been  appointed  to  assist  the  Associate  Administrator  in 
the  NASA-DOD  coordination  effort  for  all  areas  of  mutual  interest. 

SUPPORTING  RESEARCH  AND  TECHNOLOGY 

In  the  communications  program  there  is  a continuing  underlying 
activity  in  supporting  research  and  technology  on  which  we  build 
for  the  future.  From  our  theoretical  studies  and  investigations 
we  look  for  information  which  will  assist  us  in  giving  direction  to  our 
program.  Research  and  development  is  a way  of  progressively 
reducing  uncertainty  by  buying  information.  Our  research  includes 
such  activities  as  analytical  studies  to  determine  the  best  orbital 
arrangements  for  communications  satellite  systems.  Here  we  study 
the  factors  affecting  the  choice  of  orbit  for  satellites  that  are  to 
provide  full-time  communication  between  ground  stations  situated 
in  various  parts  of  the  globe.  Economic  factors  must  also  be  consid- 
ered along  with  the  technical  unknowns. 

In  another  area,  there  is  still  disagreement  with  regard  to  which 
particular  modulation  technique  should  be  used  for  transmission  of 
intelligence  by  communications  satellites.  Frequency  modulation 
systems  minimize  power  requirements.  Amplitude  modulation  sys- 
tems require  more  satellite-borne  power,  minimize  spectrum  require- 
ments, but  at  the  same  time  impose  severe  linearity  requirements 
on  electronics  subsystems  and  microwave  generators.  Pulse  code 
modulation  systems  fall  somewhere  between  frequency  modulation 
and  amplitude  modulation  systems.  We  are  investigating  various 
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modulation  techniques  and  the  utilization  of  higher  radio  frequencies 
for  satellite  communications.  The  results  are  very  important  to  the 
national  interest  for  they  will  assist  in  determining  the  most  effective 
use  of  a most  valuable  natural  resource,  the  radio  frequency  spectrum. 
As  you  know,  the  radio  frequency  spectrum  is  not  unlimited  in  extent 
and  the  efficiency  of  its  use  can  have  serious  implications  for  the 
welfare  and  economic  growth  of  the  United  States.  In  this  area, 
the  use  of  single  sideband  for  transmission  of  intelligence  from  the 
ground  to  the  satellite  shows  advantage  in  terms  of  its  efficient  use 
of  the  spectrum  and  is  being  investigated. 

Another  research  area  which  is  being  given  particular  attention  is 
spacecraft  antennas.  Studies  to  arrive  at  the  besi  antenna  con- 
figurations for  communications  satellites  are  continuing.  One  such 
study  and  advanced  technical  development  item  is  a phased  array 
transmitting  antenna  with  electronic  controls  to  maintain  its  highly 
directional  pencil-beam  pattern  directed  toward  the  Earth  from  the 
spinning  satellite.  Such  developments  will  also  assist  in  conserving 
the  spectrum  and  reducing  the  satellite  power  requirements.  I will 
have  more  to  say  about  this  later  when  the  advanced  synchronous 
satellite  is  discussed. 

We  propose  to  continue  studies  concerning  the  space  environment 
and  its  effects  on  satellite  components  and  instrumentation. 

In  the  area  of  operational  and  systems  studies  we  propose  to  con- 
duct a thorough  parametric  study  of  communications  systems  em- 
ploying repeaters  in  stationary  orbits.  Other  studies  are  directed 
toward  the  use  of  higher  frequencies,  and  the  use  of  high-powered 
repeaters  in  the  high-frequency  band.  Here  we  will  look  at  the 
future  possibilities,  particularly  those  beyond  the  interests  of  the 
common  carriers,  and  required  satellite  configurations  as  well  as  the 
cost  of  such  application.  Examples  of  such  future  applications  of 
communications  satellites  may  be  the  use  of  higher  powered  satellites 
for  air  and  sea  traffic  control  and  eventually,  perhaps,  the  direct 
broadcasting  of  radio  and  television  from  satellite  to  the  home  receiver. 
Areas  of  research  and  development  required  to  realize  such  applica- 
tions will  be  identified  during  the  courses  of  these  studies. 

There  is  no  flight  program  currently  planned  in  the  passive  satellite 
area  following  Project  Echo  II,  which  I will  describe  in  a few  minutes ; 
however,  we  do  intend  to  continue  various  supporting  research  and 
technology  studies  in  the  area  of  passive  satellite  techniques. 

We  are  currently  investigating  materials  which  might  be  used  at 
some  future  date  for  making  passive  satellites  which  are  both  lighter 
in  weight  and  stronger  than  those  heretofore  available.  Certain  of 
these  materials  are  openwork  meshes  which  permit  a majority  of  the 
sunlight  to  pass  through,  thus  minimizing  the  tendency  of  soiar  fight 
pressure  to  both  deform  the  satellite  and  perturb  its  orbit  by  forcing 
it  to  lower  altitudes  where  the  aerodynamic  drag  is  increased.  We 
will  continue  our  efforts  to  optimize  these  materials  for  potential 
passive  satellite  use. 

Similarly  we  are  developing  new  means  for  inflating  such  structures 
in  a vacuum  more  reliably  and  to  a more  precise  degree  of  pressuriza- 
tion. This  effort  will  continue  as  will  an  investigation  of  other 
techniques  for  erecting  large  lightweight  structures  without  inflation, 
thus  perhaps  permitting  us  to  do  away  with  the  plastic  membranes 
now  required  for  the  inflating  systems.  I might  point  out  that  this 
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membrane  may  account  for  more  than  half  the  weight  of  these  ad- 
vanced materials  without  contributing  to  the  radio  reflectivity  charac- 
teristics of  satellites  which  could  be  made  from  them. 

Preliminary  studies  have  indicated  that  some  shapes  other  than 
spheres  may  be  more  desirable  for  passive  satellite  use.  This  results 
from  the  fact  that  a majority  of  the  energy  incident  on  a spherical 
satellite  such  as  Echo  is  reflected  into  space  rather  than  toward  the 
Earth.  We  will  study  several  of  the  structural  shapes  analytically 
and  will  experimentally  evaluate  the  most  suitable  ones  through 
ground  tests  of  models. 

FLIGHT  PROGRAM 

A portion  of  the  supporting  research  and  technology  program  is 
designed  to  bring  into  being  critical  elements  or  knowledge  necessary 
to  future  flight  programs.  Sometime  this  year  we  expect  to  reach  the 
flight  test  stage  for  the  Echo  II  rigidized  balloon.  You  will  recall 
that  last  year  we  discussed  the  differences  between  the  Echo  I Mylar 
balloon  and  the  Echo  II  aluminum  laminate  balloon.  We  conducted 
two  tests  of  the  Echo  II  structure  in  1962.  These  were  vertical  shots 
from  Cape  Canaveral  in  which  inflation  procedures  were  tested.  In 
the  first  of  these  the  balloon  burst;  in  the  second,  the  balloon  inflated 
in  an  essentially  satisfactory  manner.  However,  continuing  studies  of 
the  radar  reflections  received  from  the  inflated  test  sphere  of  the 
second  test  lead  us  to  the  conclusion  that  further  studies  of  the  struc- 
ture and  the  inflation  procedure  are  warranted  before  the  orbital  test 
is  conducted.  These  studies  are  now  underway. 

This  (fig.  21)  shows  a photo  made  by  a camera  within  the  Thor 
launch  vehicle  during  the  second  vertical  tost.  As  you  can  see,  we 
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have  had  excellent  results  with  the  testing  techniques  used  on  these 
sphere  inflations.  A film  camera  system  is  recovered  from  the  sea 
down  ranee  at  the  end  of  the  test.  Also  in  the  launch  vehicle  is  a TV 
system  which  continuously  televises  back  to  the  cape  control  point, 
tne  details  of  the  inflation  process.  Instrumentation  such  as  this  will 
probably  prove  to  be  an  invaluable  tool  in  other  programs  as  well  for 
observing  what  goes  on  in  3pace  at  the  critical  times  of  separation  of 
spacecraft  from  launch  vehicles.  As  a matter  of  fact,  in  the  second 
test  shot  it  was  possible  to  see  the  sphere  as  it  followed  a ballistic  tra- 
jectory until  it  burned  up  upon  reentry  into  the  Earth’s  atmosphere 
some  20  minutes  after  its  inflation. 

The  Echo  II  sphere  is  expected  to  be  flown  on  the  orbital  trajectory 
shown  in  this  figure  (fig.  22).  You  can  see  that  it  will  be  launched 
from  the  west  coast  into  a near-polar  orbit,  and  that  it  will  go  to  very 
high  angles  of  latitude,  thus  affording  an  opportunity  for  experimenters 
all  over  the  world  to  conduct  reflection  and  communications  experi- 
ments. It  is  this  sphere  that  will  be  used  in  the  communications  tests 
recently  agreed  to  jointly  bjT  the  United  States  and  the  U.S.S.R. 

The  active  communications  satellite  today  holds  great  promise 
for  the  future  and  is  the  area  in  which  w'e  are  expending  our  greatest 
effort.  As  you  know,  this  satellite  is  one  which  carries  power  sup- 
plies, transmitters,  and  receivers  and  so  is  not  just  a metallic  reflect- 
ing surface  from  w’hich  the  signal  bounces  on  its  way  from  the  origi- 
nating station  to  the  receiving  station — as  is  the  passive  satellite. 
Because  it  is  a powered  repeater,  the  active  communications  satellite 
can  be  quite  a bit  smaller  and  it  is  possible  to  use  less  sensitive  ground 
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receiving  equipments  and  less  powerful  ground  transmitting  equip- 
ments than  are  needed  for  passive  satellites.  It  does  have  the  diffi- 
culty that  it  depends  for  its  performance  on  a large  number  of 
electronic  components  in  the  spacecraft.  In  certain  designs  many 
mechanical  components  are  also  needed.  The  difficulties  we  pres- 
ently have  in  achieving  reasonably  long  life  with  complex  satellites 
are  reflected  in  the  performances  realized  with  the  Telstar  and  Relay 
satellites.  Both  Telstar  and  Relay  were  given  all  the  possible  care 
that  one  could  conceive  of  in  their  design  and  construction.  Telstar, 
which  was  designed  to  have  a usable  life  of  at  least  the  2 years  that 
were  to  elapse  before  the  automatic  timer  was  to  cut  off  its  trans- 
mitter, failed  to  obey  commands  transmitted  from  the  ground  con- 
troller after  only  a few  months.  With  the  use  of  specially  designed 
ground  commands,  Bell  Telephone  Laboratories  engineers  were  able 
to  cause  Telstar  to  respond  to  its  commands  again  for  a time,  but 
unfortunately  the  trouble  has  again  occurred  and  Telstar  is  now 
silent.  In  Relay  we  found  that  after  a very  successful  launching 
and  the  achievement  of  an  excellent  orbit,  the  satellite  at  first  ap- 
peared to  operate  perfectly  normally.  After  several  hours  in  orbit, 
the  power  supply  voltage  dropped  unexpectedly.  This,  it  was  later 
determined,  was  due  to  a current  drain  in  the  spacecraft  caused  by 
leakage  in  one  of  the  voltage  regulators.  Fortunately,  two  com- 
pletely independent  sets  of  electronics  are  carried  in  Relay.  When 
the  leak  reduced  itself  with  time,  we  were  able  to  turn  on  the  second 
transponder  and  it  performed  well.  Relay  has  been  in  use  since 
early  January  of  this  year  and  over  500  engineering  tests  and  demon- 
strations have  been  performed  using  the  satellite.  It  is  still  operating, 
but  extreme  care  must  .be  exercised  to  control  the  temperature  of 
the  satellite  so  that  the  initial  trouble  does  not  reoccur. 

The  next  photograph  (fig.  23)  shows  in  schematic  form  the  two 
major  orbital  altitudes  of  interest  for  active  communications  satellite 
systems.  The  low  to  intermediate  altitude  systems  are  shown  as  a 
number  of  satellites  in  relatively  close  proximity  to  the  surface  of  the 
Earth  and  the  synchronous  or  stationary  orbit  satellites  are  shown  in 
equatorial  orbit  at  22,300  miles.  I am  sure  you  will  recognize  that  the 
advantages  of  the  synchronous  orbit  are  at  least  in  part  associated 
with  the  fact  that  only  three  operable  satellites  are  needed  to  provide 
almost  complete  coverage  of  the  whole  world.  (Only  the  polar 
regions  are  not  covered  with  this  basic  synchronous  system.)  At 
the  low  or  intermediate  altitudes  a large  number  of  satellites  are  re- 
quired. A typical  analysis  shows  that  a minimum  of  40  satellites 
will  be  required  to  provide  essentially  continuous  worldwide  coverage. 

NASA  has  developed  in  the  Relay  spacecraft  project  experimental 
satellites  of  the  type  that  can  be  used  in  low  and  intermediate  altitude 
systems.  Relay  and  Telstar  closely  resemble  one  another  in  some 
details,  yet  are  different  in  others.  There  are  a number  of  technical 
differences  in  Relay  and  Telstar  when  one  considers  the  communica- 
tions transponders.  Power  ratings  of  the  transmitters  as  well  as  the 
number  of  transponders  available  are  different  in  the  two  systems. 
The  mechanical  structure  is  quite  different.  The  operating  frequen- 
cies are  also  different  so  that  we  can  examine  the  effects  on  transmis- 
sion of  operations  in  more  than  one  frequency  band. 

The  photograph  (fig,  24)  shows  the  Relay  spacecraft  in  final  checkout 
on  the  last  stage  of  the  launch  vehicle;  the  technicians  doing  the  work 
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give  you  the  scale  for  the  size  of  the  unit.  The  unit  with  the  ringlike 
elements  above  the  spacecraft  is  the  antenna  structure;  it  handles 
both  transmission  and  reception  for  the  communicat’on  links.  There 
is  also  a telemetry  antenna  on  the  spacecraft  which  is  not  readily 
visible  on  this  photograph.  The  solar  cells  are  interrupted  at  a few 
points  on  the  surface  of  the  satellite  for  the  installation  of  instruments 
which  are  added  because  of  the  experimental  nature  of  the  satellite. 
These  instruments  include  radiation  detectors,  sunangie  detectors, 
and  componer  ts  which  have  been  included  for  damage  experiments  in 
the  radiation  belts. 

On  this  photograph  (fig.  25)  we  have  shown  the  stations  cooperating 
in  the  Relay  experiments.  The  broad  international  interest  in  com- 
munications satellites  is  illustrated  by  the  extent  to  which  other  coun- 
tries are  wdlling  *o  fund  ground  facilities  for  experimental  purposes. 
At  top  left  is  the  Relay  Test  Station  with  its  40-foot  antenna,  located 
near  the  JPL  Deep  Space  Instrumentation  stations  at  Goldstone, 
Calif.  Next  is  the  most  publicized  of  all  ground  stations,  the  A.T. 
<fc  T.  installation  at  Andover,  Maine,  built  for  Telstar  operations. 
The  third  picture  shows  the  85-foot  antenna  of  the  British  GPO 
station  at  Goonhilly  Downs  in  Cornwall.  Top  right  is  an  artist’s 
conception  of  the  82-foot  antenna  for  the  German  station  at  Raisting, 
near  Munich.  It  should  be  operating  by  the  end  of  this  year.  Lower 
left  is  the  100-foot  antenna  being  buut  at  the  Japanese  Government’s 
Radio  Research  Laboratories’  station  about  40  miles  from  Tokyo. 
This  station  will  be  in  operation  in  1964.  Another  station  will  be 
built  by  the  Japanese  Overseas  Radio  & Cable  Co.  (KDD)  about  60 
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miles  north  of  the  RRL  station.  It  will  be  operational  in  1965,  and 
will  have  a 65-ioot  antenna.  The  next  picture  is  of  the  40-foot  an- 
tenna at  the  I.T.  & T.  Laboratories,  N utley,  N.J.,  which  is  shared 
between  the  I.T.  & T.  station  and  NASA’s  Relay  Test  Station. 
Lower  center  is  a transportable  station,  with  its  30-foot  antenna,  built 
by  I.T.  & T.  for  their  affiliation  in  Brazil.  This  station  is  now  in- 
stalled and  operating  near  Rio.  Next  is  the  station  of  the  French 
Government  Telecommunications  Laboratory  (CNET).  It  was  built 
to  the  same  specifications  as  the  A.T.  & T.  station  at  Andover. 
Finally,  we  have  the  30-foot  antenna  of  the  Italian  station  at  Fucino, 
Italy. 

Several  other  countries  have  indicated  interest  in  providing  ground 
stations  for  communications  satellites,  including  tlie  Scandinavian 
countries,  Canada,  and  India. 

Both  Relay  and  Telstar  were  highly  instrumented  to  measure  the 
effects  of  the  space  environment,  particularly  radiation  on  the  com- 
ponents of  the  satellites.  The  accumulated  data  will  be  of  tremendous 
value  to  the  designers  of  all  future  applications  and  scientific  satellities, 
as  well  as  future  communications  satellites. 

As  I have  indicated  above,  both  Relay  and  Telstar  are  examples  of 
developmental  satellities  for  application  in  fairly  low  earth  orbits. 
Now  we  come  to  our  program  for  developing  communications  satellites 
for  the  synchronous  orbit. 

I have  brought  this  photograph  (fig.  26)  to  emphasize  how  thor- 
oughly three  synchronous  satellites  in  the  Earth’s  equatorial  plane 
can  cover  the  Earth’s  surface  from  the  22,300-mile  orbit.  Each 
shaded  section  indicates  the  area  of  visibility  for  a single  synchronous 
satellite.  You  see  that  one  satellite  can  cover  South  America,  the 
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east  coast  of  the  United  States,  and  major  portions  of  Western  Europe 
and  Africa.  Another  one  can  tie  Europe  to  the  Far  East  and  a third 
one  stationed  above  the  Pacific  can  tie  the  Western  United  States  to 
Japan  and  Australia. 

NASA  has  established  Project  Syncom  as  a first  step  toward  pro- 
viding experience  in  the  synchronous  orbit.  Here  is  a photo  of 
Syncom  (ng.  27).  The  most  distinguishing  feature  of  Syncom  is  the 
fact  that  it  carries  within  it  a rocket  stage.  Syncom  is  launched  by  a 
Thor-Delta,  which  is  in  itself  a three-stage  rocket  booster.  In  order 
to  get  to  a 22,300-mile  altitude  and  to  arrive  at  a circular  orbit,  one 
needs  a great  deal  of  energy  even  though  the  satellite  may  be  quite 
small.  The  total  Syncom  satellite  weight  is  about  160  pounds. 
About  one-half  of  this  is  associated  with  the  rocket,  which,  of  course, 
does  not  contribute  to  the  communications  capability. 
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I would  now  like  to  show  you  the  plan  for  attaining  the  synchronous 
orbit  with  the  next  photograph  (fig.  28).  The  Thor-Delta  vehicle 
starts  from  the  cape  and  takes  Syncom  with  its  internal  rocket  into 
an  elliptical  orbit  whose  apogee  is  at  a height  of  22,300  miles.  At 
that  altitude  the  spacecraft’s  rocket  is  fired.  Its  purpose  is  to  add 
enough  energy  to  the  spacecraft  to  circularize  the  orbit.  This  orbit 
is  almost  but  not  quite  the  equatorial  circular  orbit  that  would  be 
required  for  a trulv  stationary  satellite.  In  actuality  it  is  33°  off  the 
equatorial  plane  because  of  the  limitations  in  launching  from  the 
cape  of  the  energy  that  we  now  have  available. 
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Figure  28 

At  an  appropriate  point  on  this  circular  orbit  the  ground  control 
system  is  called  upon  to  rotate  the  satellite  so  that  its  antenna  radia- 
tion pattern  is  properly  located  with  respect  to  the  Earth.  The 
Syncoin  satellite  is  spin  stabilized.  As  it  is  turning  on  its  axis  at  all 
times  and  so  tends  to  maintain  its  angular  position  in  space,  it  takes 
a fairly  complex  ground  control  system  to  push  the  satellite  into  the 
proper  location  with  respect  to  the  equatorial  plane.  The  Syncom 
satellite  carries  detectors  for  sunlight,  so  it  is  possible  to  transmit 
directly  to  the  ground  over  the  telemetry  channel  exactly  the  rate  at 
which  the  Syncom  is  spinning.  It  also  is  possible  to  transmit  to  the 
ground  data  which  can  be  interpreted  to  tell  just  what  the  relation 
of  the  spin  axis  of  the  satellite  is  to  the  line  to  the  sun.  The  controller 
device  which  is  shown  in  this  photograph  (fig.  29)  is  used  by  the 
ground  operator  to  send  corrective  signals  to  small  reaction  jets 
mounted  in  the  satellite.  These  reaction  jets  tip  the  satellite  in  the 
proper  direction  to  bring  the  axis  to  the  optimum  point  for  transmis- 
sion of  signals  to  the  ground.  They  also  can  provide  the  forces  to 
move  the  satellite  around  the  Earth  to  the  longitude  selected  for 
operations.  This  sequence  is  indicated  to  demonstrate  the  complexity 
of  the  Syncom  mission  and  the  number  of  subsvstems  which  must 
work  in  order  to  complete  the  mission  successfully. 

For  Syncom,  we  are  making  use  of  ground  stations  developed  by 
the  Department  of  Defense,  as  shown  on  this  chart  (fig.  30).  Ground 
station  arrangements  have  been  a responsibility  of  the  U.S.  Army 
Satellite  Communications  Agency  working  under  the  overall  project 
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management  of  NASA’s  Goddard  Space  Flight  Center.  At  the  upper 
left  of  the  chart  is  the  primary  Syncom  station  in  the  United  States 
at  Lakehurst,  N.J.,  where  the  DOD  has  installed  transportable 
equipment.  The  DOD  fixed  station  at  Fort  Dix,  N.J.  (lower  left), 
has  been  modified  from  its  original  Advent  configuration  to  provide 
a communications  backup  capability  for  the  Lakehurst  station. 
Another  Advent  facility  modified  for  Syncom  is  the  U.S.N.S.  Kingsport 
shown  on  the  right.  The  Kingsport  is  stationed  in  the  harbor  at 
Lagos,  Nigeria,  where  it  performs  the  initial  tracking,  stabilization 
and  orientation  of  the  Syncom  satellite,  and  would  conduct  communi- 
cations experiments  with  Lakehurst  or  Fort  Dix. 

Syncom  I was  launched  from  the  cape  on  February  14,  1963.  The 
launch  was  near  perfect  and  the  satellite  was  injected  into  the  elliptical 
orbit.  It  takes  about  5 hours  for  the  satellite  to  reach  apogee. 
During  this  time  Syncom ’s  communications  equipment  was  periodi- 
cally turned  on,  and  transmissions  consisting  of  tone,  teletype,  voice 
and  music  were  sent  from  the  U.S.N.S.  Kingsport  to  the  satellite, 
and  they  were  received  back  at  the  Kingsport,  showing  that  the 
communications  equipment  was  working  well.  Syncom ’s  telemetry 
signals  were  also  being  received  on  the  ship  and  at  other  tracking 
stations.  As  the  satellite  approached  apogee,  the  onboard  rocket 
was  fired.  Approximately  20  seconds  later,  telemetry  signals  stopped 
and  Syncom  has  been  silent  since  then.  It  has  been  established 
through  telescopic  observations  that  Syncom  I is  indeed  in  an  orbit 
with  a period  of  approximately  23  hours  and  45  minutes.  Thus,  for 
the  first  time  a satellite  has  been  placed  into  a nearly  synchronous 
orbit.  Its  existence,  even  though  silent,  will  give  us  information 
regarding  the  perturbations  to  the  orbit  of  such  a satellite  introduced 
by  the  nonspherical  nature  of  the  Earth  and  the  gravitational  pull 
of  the  Moon.  Analysis  of  the  data  is  still  continuing  to  determine 
the  cause  of  the  failure,  prior  to  a second  launching  of  the  Syncom 
program.  The  fact  that  the  synchronous  orbit  was  achieved  pre- 
cludes the  possibility  of  the  blowing  up  of  the  “apogee  kick”  rocket 
motor,  as  had  originally  been  suspected. 

Management  relations  for  a project  like  Syncom  are  illustrative  of 
the  interactions  that  take  place  in  the  applications  program.  This 
chart  (fig.  31)  shows  how  our  Goddard  Space  Flight  Center,  with  its 
project  manager  located  at  Greenbelt,  is  responsible  for  the  coordina- 
tion of  the  activity  of  a number  of  subsystem  managers.  Directly 
associated  with  Goddard’s  activity  is  the  ranging  system  which 
was  built  under  Goddard  specifications  by  the  Space  Technology  Labora- 
tories. The  Syncom  spacecraft  itself  was  built  by  the  Hughes  Air- 
craft Co.;  the  launch  vehicle,  the  Delta,  is  built  by  the  Douglas  Air- 
craft Co.;  and  the  tracking  for  ordinary  operations  is  conducted  by 
Goddard’s  own  Minitrack  network.  The  U.S.  Army  Satellite  Com- 
munications Agency  is  responsible  for  the  direction  of  the  work  con- 
ducted by  the  Bendix  Corp.  on  the  communications  ground  stations. 
Of  course  the  U.S.  Navy  participated  in  no  small  measure  in  estab- 
lishing the  Kingsport  as  a satellite  communications  vessel. 

As  a follow-on  to  the  Syncom  project,  which  will  continue  through 
this  coming  year,  NASA  has  initiated  studies  on  an  advanced  syn- 
chronous communications  satellite.  This  satellite  will  be  appreciably 
larger,  will  weigh  on  the  order  of  500  pounds,  and  will  require  an 
Atia3-Agena  booster  vehicle  for  launch  rather  than  the  Thor-Delta 
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Figure  31 

used  with  the  Syncom.  One  of  the  major  changes  which  we  hope  to 
introduce  in  the  advanced  synchronous  satellite  is  the  inclusion  of  a 
technique  for  continuously  directing  the  radiated  energy  from  the 
satellite  .to  the  Earth.  The  present  Syncom  satellite  (fig.  32)  is 
spin-stabilized,  and  its  antenna  accordingly  must  radiate  uniformly 
in  all  directions  about  the  satellite  so  that  no  matter  what  the  rota- 
tional position  of  the  satellite  is,  some  of  the  radiated  energy  will  hit 
the  Earth.  This  is  illustrated  on  the  left  side  of  the  chart.  Now,  if 
we  build  a larger  satellite  with  the  same  type  of  construction,  the  same 
thing  would  follow.  However,  as  the  satellite  gets  larger  and  more 
weight  becomes  available  for  us  to  work  with,  it  is  possible  to  include 
what  amounts  to  an  electrically  driven  contrarotating  antenna.  By 
this  I mean  that  we  can  utilize  an  antenna  whose  radiation  pattern 
is  such  that  its  radiated  energy  is  concentrated  in  one  direction.  This 
antenna  pattern  must  then  rotate  in  the  opposite  direction  to  the 
satellite  rotation  so  that  it  is  always  pointed  at  the  Earth’s  surface. 
To  do  this  takes  a rather  complex  antenna  design  with  a number  of 
electronically  controlled  elements.  We  have  already  initiated  the 
design  and  laboratory  study  of  such  a system  at  the  Hughes  Aircraft 
Co.,  as  well  as  the  development  of  some  critical  components  of  the 
proposed  spacecraft.  At  the  present  time  this  development  is  coming 
along  satisfactorily.  As  soon  as  the  objectives  of  these  preliminary 
efforts  have  been  achieved,  we  will  initiate  the  development  of  the 
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Figure  32 

advanced  synchronous  satellite  described.  This  should  be  well  under 
way  in  fiscal  year  1964.  Such  a spacecraft  may  be  of  considerable 
interest  in  areas  other  than  communications  satellites.  This  configura- 
tion is  being  studied  for  possible  application  to  the  stationary  meteoro- 
logical satellite  requirements. 

One  other  item  of  interest  among  many  that  will  represent  the 
changes  between  Syncom  and  the  advanced  synchronous  satellite  is 
the  inclusion  of  what  we  designate  as  multiple  access  capability. 
By  this  we  mean  the  ability  for  a fairly  large  number  of  independent 
ground  stations  to  simultaneously  use  the  satellite  as  a relay  point 
without  mutual  interference.  The  experimental  satellites  with 
which  we  have  been  working  to  this  date  include  Telstar,  Relay,  and 
Syncom,  and  are  all  essentially  point-to-point  relay  devices.  They 
transfer  messages  between  a pair  of  stations.  If  another  pair  of 
stations  wishes  to  communicate,  the  first  pair  must  go  off  the  air  so 
that  the  second  pair  has  a clear  channel.  In  a multiple-access  device 
graphically  shown  in  this  chart  (fig.  33),  we  hope  that  it  will  be  possible 
for  messages  to  pass  between  a number  of  pairs  of  stations  simul- 
taneouslv  without  any  interference,  and  there  will  be  no  restrictions 
as  to  which  stations  have  to  constitute  a pair.  The  pairs  can  be 
made  up  at  any  time  of  any  two  stations  that  need  a communications 
path.  Such  a capability  would  make  possible  the  participation  of  a 
larger  number  oi  nations  in  a single  operational  communications 
satellite  system. 
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Figure  33 
FLIGHT  SCHEDULE 

In  summing  up  the  Communications  Systems  program  we  have  the 
flight  schedule  which  is  shown  on  this  chart  (fig.  34).  You  see  that 
we  plan  for  calendar  year  1963  one  orbital  flight  of  the  large  Echo  II 
sphere.  Two  more  flights  on  Relay,  a flight  on  Telstar  sponsored  bv 
the  A.T.  & T.,  and  two  more  flights  of  the  Syncom  satellite  are  all 
also  scheduled  for  calendar  year  1963.  In  1964  we  will  be  collecting 
data  from  the  satellites  launched  in  1963  and  we  do  not,  at  the  present 
time,  plan  specific  launches  for  that  year.  At  the  same  time  we  will 
be  working  extensively  on  our  supporting  research  and  technological 
program  in  the  development  of  improved  passive  satellite  techniques. 
We  will  also  continue  our  studies  on  intermediate  and  low  altitude 
satellites,  both  on  systems  analyses  aspects  and  specific  component 
hardware  techniques.  In  addition,  in  the  1963-64  period  the  ad- 
vanced synchronous  satellite  will  be  under  active  development  and 
it  is  this  satellite  that  we  show  as  constituting  the  major  portion  of 
our  flight  activities  in  1965  and  1966,  and  it  is,  in  fact,  that  satellite 
on  which  we  propose  to  expend  the  major  portion  of  our  1964  com 
munications  satellite  development  funds. 
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Figure  34 

I think  that  we  have  established  in  the  last  year  a program  which 
has  netted  a great  many  results  in  the  furtherance  of  the  establishment 
of  communications  satellite  systems. 

Through  Echo,  Relay,  and  Telsfcar  there  has  been  a considerable 
foundation  laid,  but  much  remains  to  be  done  as  I have  pointed  out 
in  my  statement,  before  an  economically  viable  or  economically  prac- 
tical system  can  be  in  fact  established. 

We  have  worked  very  closely  with  all  of  the  interests  in  connection 
with  the  communications  satellites  systems,  including  the  Department 
of  Defense  and  A.T.  A T.,  and  we  hope  very  shortly  to  establish 
technical  liaison  with  the  Communications  Satellite  Corp.,  of  which 
some  mention  has  been  made  here  today. 

We  have  had  an  opportunity  in  the  past  to  lay  our  programs  and 
plans  before  incorporators  of  the  Communications  Satellite  Corp., 
and  we  have  invited  the  technical  staff — at  least,  as  soon  as  it  is 
existent — to  consult  with  us  and  to  become  aware  of  the  NASA  pro- 
grams, as,  I might  add,  Mr.  Chairman,  we  also  would  like  to  become 
aware  of  their  plans. 

We  have  attempted  to  formulate  a program  which,  in  our  opinion, 
will  not  conflict  with  the  program  of  trie  corporation. 

We  have  attempted  to  formulate  a program  which  will,  furthermore, 
press  technology  ahead,  above,  and  beyond  that  which  we  hope  the 
corporation  wul  undertake,  and  to  insure  the  full  exploitation  of  the 
communications  satellite  technology  being  made. 
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I have  covered  this  more  fully  in  my  report,  but  I would  like  to  say 
that  in  this  regard  there  are  a number  of  applications  of  communica- 
tions satellites  which  perhaps  the  corporation  is  not  interested  in, 
and  which  it  will  not  provide  research  and  development  toward  the 
development  of  such  applications.  I mentioned  these  in  my  written 
statement,  and  they  refer  to  higher  powered  satellites;  they  refer  to 
applications  of  communications  satellites  for  air  and  sea  traffic  control ; 
they  refer  in  the  far  distant  future  to  possible  communications  satel- 
lites that  may  broadcast  directly  from  the  satellite  to  home  radio  and 
television  receivers. 

We  are  studying  these  applications.  We  are  attempting  to  deter- 
mine the  feasibility  and  the  practicability  and  the  technical  desirability 
of  such  systems. 

We  will  not  undertake  the  development  of  these  systems  until  we 
have  established  that  they  are  indeed  necessary. 

Nevertheless,  we  must  pay  attention  to  them  because  they  are  tech- 
nically feasible. 

Our  major  effort  during  the  next  year  will  be  to  continue  the  Relay 
program;  as  Dr.  Seamans  mentioned,  the  A.T.  & T.  Co.  will  be  launch- 
ing the  second  Telstar,  and  we  will  explore  these  satellites  as  best 
we  can  to  get  from  them  the  knowledge  that  can  be  produced  regarding 
space  environment,  and  all  the  kinds  of  components  that  are  being 
carried  in  these  satellites,  and  deliver  this  knowledge  to  the  people 
who  must  necessarily  have  such  information  in  order  to  develop 
operational  communications  satellites  systems. 

The  second  phase  of  the  program  wnich  we  hope  to  carry  on  this 
next  year  is  concentrated,  as  I have  indicated  in  the  statement,  in  the 
24-hour  altitude  satellite  region. 

I would  like  to  say  a brief  word  regarding  Syncom  I. 

Syncom  I was  our  first  attempt  at  reaching  the  24-hour  altitude . 
orbit.  The  satellite  responded  favorably,  performed  well  on  the  as- 
signed trajectory  toward  the  24-hour  orbit.  For  5 hours  we  periodi- 
cally carried  on  communications  with  the  satellite;  upon  injection  into 
the  orbit,  the  communications  failed,  and  we  have  not  had  communica- 
tion with  the  satellite  from  that  time  on. 

However,  we  have  since  been  able  to  optically  track  the  satellite, 
and  we  have  determined  that  it  is  now  very  close  to  the  24-hour  orbit. 
It  has  a period  of  approximately  23  hours  and  45  minutes,  and  this 
ability  to  track  the  satellite  has  given  us  a good  deal  of  insight  as  to 
the  malfunction,  or  at  least  has  given  us  an  assurance  that  certain 
things  did  not  happen  which  might  cause  malfunction. 

The  original  premise  that  perhaps  the  fourth-stage  rocket  motor 
had  blown  up  is  no  longer  a good  assumption.  We  are  assured  by  the 
very  fact  that  the  satellite  is  in  the  24-nour  orbit  that  this  could  not 
have  happened. 

By  virtue  of  this  experience,  and  since  the  satellite  is  in  the  24-hour 
orbit,  and  we  can  track  it,  we  are  able  to  tell  a great  deal  about  the 
perturbations  on  satellites  in  the  24-hour  orbit.  This  information 
will  assist  in  the  design  of  future  synchronous  communications 
satellites.  As  soon  as  we  are  able  to  make  the  appropriate  changes 
and  modifications  in  the  spacecraft,  we  will  launch  the  second  Syncom 
spacecraft. 

We  have  in  the  past 

Mr.  Hechler.  Excuse  me,  Mr.  Chairman,  but  may  I ask  Mr. 
Jaffe:  could  you  pinpoint  that  date  more  closely? 
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Mr.  Jaffe.  About  midyear,  Mr.  Hechler. 

Mr.  Hechler.  Thank  you. 

Mr.  Jaffe.  We  have  undertaken  a study  to  look  into  the  features 
of  an  advanced  synchronous  satellite.  Tliis  is  pretty  well  described 
in  the  paper.  It  is  a much  larger  spacecraft,  and  one  of  the  important 
features  is  the  development  of  an  antenna  which  can  be  directed 
toward  the  earth,  or  an  antenna  which  will  radiate  all  of  the  power 
back  toward  the  earth. 

This  development  is  coming  along  satisfactorily. 

The  other  systems  which  we  have  been  studying  with  regard  to  this 
advanced  communications  satellite  in  the  24-hour  orbit  are  also  pro- 
ceeding satisfactorily.  We  do  hope  to  review  these  developments 
shortly  and  to  undertake  the  development  of  the  next  experimental 
program  in  this  area. 

This  is  the  only  experimental  program  that  I know  of  in  the  24-hour 
altitude  synchronous  orbit. 

We  are  interested  in  this  kind  of  satellite,  not  only  for  communica- 
tions satellite  programs,  but  we  are  very  seriously  looking  at  the  pos- 
sible use  of  this  kind  of  satellite  for  meteorological  purposes  also. 

The  synchronous  satellite,  we  feel,  is  much  further  down  the  road; 
there  are  many  problems  in  the  development  of  systems  which  will 
sustain  themselves  over  long  periods  of  time.  These  must  be  explored 
thoroughly  before  an  economically  viable  24-hour  satellite  can  be  es- 
tablished in  an  operational  system. 

We  feel  that  we  must  push  ahead  very  rapidly  with  this  kind  of 
exploration  and  development. 

We  are  also  looking  at  many  other  areas  of  communications 
satellites  which  will  assist  in  conserving  the  frequency  spectrum. 
This  is  a very  valuable  and  important  resource  project  to  the  United 
States.  Its  efficient  use  has  a tremendous  bearing  on  the  future 
economy  of  the  country. 

The  possible  utilization  of  communications  satellites  at  higher 
frequencies,  the  efficient  use  of  the  spectrum— these  are  all  things 
that  must  be  explored  and,  these  are  part  of  our  supporting  research 
and  technological  program,  as  well  as  other  studies  which  will  assist 
us  in  our  programing  for  the  future. 

Thank  you,  sir. 

Mr.  Ryan.  Thank  you,  Mr.  Jaffe. 

As  I pointed  out  earlier  in  my  opening  statement,  we  are  concerned 
with  the  total  national  effort  in  the  whole  field  of  communications 
satellites,  and  the  division  ctf  that  effort.  That  is  to  say,  between 
the  three  agencies  which  are  now  apparently  in  the  field:  1,  NASA; 
2,  Department  of  Defense;  3,  Communications  Satellite  Corp. 

Now,  until  this  year  research  and  development  was  carried  on  by 
NASA  on  the  one  hand,  and  DOD  on  the  other. 

Have  you  any  estimate  of  the  cost  up  until  the  first  of  the  year, 
1963,  of  the  research  and  development  program  within  NASA,  first, 
and  secondly,  within  DOD? 

Mr.  Jaffe.  I do  not  have  the  cost  of  the  DOD  program,  Mr. 
Chairman.  However,  the  cost  of  the  NASA  communications  satellite 
program  through  1963  is  indicated  in  our  budget  book. 

Dr.  Seamans.  It  was  $35  million  in  1962,  which  was  really  the  first 
year  that  we  had  heavy  expenditures;  $49  million  in  1963,  and  as  you 
indicated  at  the  start  of  this  hearing,  Mr.  Chairman,  we  have  a budget 
request  for  $55.7  million  in  1964. 
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Mr.  Ryan.  Dr.  Seamans,  does  that  include  personnel  costs? 

Dr.  Seamans.  Yes;  that  does  include  the  personnel  cost. 

Mr.  Ryan.  Supposing  we  strain  out  the  personnel  costs,  could  you 
give  us  the  figure  for  research  and  development? 

Dr.  Seamans.  Yes.  Just  research  and  development  is  $33  million 
in  1962;  $43.7  million  in  1963,  and  $51.1  million  in  1964. 

Mr.  Ryan.  So  that  that  would  be  roughly  $127  million  through 
fiscal  year  1964,  is  that  correct? 

Dr.  Seamans.  Yes.  I don’t  have  the  total  figures  for  the  Depart- 
ment of  Defense.  I know  that  the  estimate  for  1963  was  approxi- 
mately $100  million,  and  I believe  their  budget  request  in  1964  is  for 
$80  million. 

This  includes  the  total  request,  including  ground  equipment  and 
as  a matter  of  fact,  the  reason  for  the  drop  of  $20  million  is  because 
they  made  a fairly  heavy  investment  in  the  establishment  of  ground 
stations,  and  so  on,  in  1963. 

Mr.  Ryan.  I assume  that  the  Department  of  Defense  is  developing 
a military  communications  system? 

Dr.  Seamans.  Yes;  they  recently  have  received  proposals  from 
industry  for  a medium  altitude  simple  multisatellite  system. 

Mr.  Ryan.  I further  assume  that  the  Communications  Satellite 
Corp.  is  expected  to  develop  a system? 

Dr.  Seamans.  Yes,  they  will  be  developing,  we  understand,  an  oper- 
ational system.  Of  course,  they  are  just  organizing,  and  their  plans 
are,  at  this  time,  quite  indefinite. 

Mr.  Ryan.  Assuming  that  there  is  a commercial  system  developed 
by  the  Communications  Satellite  Corp.,  and  a military  system  de- 
veloped by  the  Department  of  Defense,  what  legitimate  area  is  there 
for  NASA  in  this? 

Dr.  Seamans.  Mr.  Chairman,  both  the  Department  of  Defense  and 
the  Satellite  Corp.  have  requirements  for  operating  a system,  or  im- 
plementing it  by  putting  it  into  effect  and  maintaining  it. 

That  is  not  NASA’s  responsibility.  We  are  not  in  the  business  of 
operating  systems;  we  are  in  the  business  of  conducting  research  and 
development  to  advance  the  technology  of  using  satellites  for  oper- 
ational use  in  terms  of  communications  systems. 

Our  role  is  to  cany  out  research  and  development  in  support  of  both 
the  Department  of  Defense  and  the  Satellite  Corp. 

Mr.  Ryan.  The  Satellite  Corp.  is  a private  corporation,  organized 
for  profit  and  to  pay  dividends,  supposedly,  to  the  stockholders. 

It  would  seem  to  me  that  in  the  operation  of  a commercial  satellite 
system  this  corporation  would  be  expected  to  carry  out  its  own  research 
and  development. 

Now,  where  dc  you  draw  the  line? 

What  is  not  in  this  program  today  which  you  are  submitting  to  the 
Congress,  that  would  be  in  the  program  if  the  Communications 
Satellite  Corp.  simply  did  not  exist.  Or,  have  you  omitted  anything 
in  the  program  that  you  would  have  had  in  the  program  if  the  Com- 
munications Satellite  Corp.  did  not  exist? 

In  other  words,  are  you  moving  ahead  just  as  though  the  corpora- 
tion did  not  exist? 

Mr.  Jaffe.  No  sir,  we  are  not  moving  ahead  as  though  the  corpora- 
tion did  not  exist. 

Mr.  Ryan.  What  is  the  difference? 
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Mr.  Jaffe.  We  are  moving  ahead  as  though  the  the  corporation 
did  exist,  and  we  are  making  certain  estimates  about  the  direction  in 
which  we  feel  that  they  will  need. 

This  is  conjecture,  obviously,  since  we  have  not  had  an  expression 
from  the  corporation  regarding  it. 

Mr.  Ryan.  Well,  let  us  stop  right  there  at  this  moment.  How 
can  you  submit  to  the  Congress  a budget  request  and  a program 
based  upon  conjecture? 

Mr.  Jaffe.  The  NASA  budget  itself  defines  a well-considered 
echnical  program  and  includes  a statement  of  anticipated  costs  in 
uscal  year  1964.  The  program  has  been  planned  based  on  the  con- 
viction of  need  for  striking  a balance  between  those  facets  that  NASA 
should  assume  responsibility  for  and  technical  opinion  about  what 
the  research  and  development  effort  of  the  corporation  may  be  after 
they  organize  themselves  and  build  up  their  technical  staff. 

Mr.  Ryan.  You  have  not,  and  NASA  has  not,  apparently,  sat 
down  with  the  incorporators,  or  the  officers  of  the  Communications 
Satellite  Corp,,  and  determined,  No.  1,  in  what  area  of  responsibility 
this  private  corporation  is  going  to  be  working  and,  No.  2,  how  that 
relates  to  any  program  that  NASA  expects  to  carry  out. 

Dr.  Seamans.  Let  me  just  say,  Mr.  Chairman 

Mr.  Ryan.  Well,  is  that  right? 

Dr.  Seamans.  No,  that  is  not  so. 

We  have,  as  Mr.  Jaffe  indicated,  briefed  the  incorporators  so  that 
they  are  familiar  with  the  NASA  program. 

Secondly,  the  chairman  of  the  board,  and  the  president  of  the  new 
corporation  have  only  recently  been  approved  by  the  Congress.  We 
have,  as  of  March  27,  written  a letter  to  Dr.  Charyk,  inviting  him 
and  Mr.  Welch  to  come  to  review  with  us  what  we  are  doing  in  terms 
of  R.  & D.  and  to  discuss  future  plans. 

So  we  have  taken  the  step  that  you  indicated. 

However,  only  a few  weeks  have  existed  since  Dr.  Charyk  has  had 
this  job,  so  that  so  far  all  the  discussions  have  been  informal.  This 
is  the  first  formal  step  that  has  been  taken. 

Now,  I would  like  to  make  two  points,  if  I may,  with  regard  to 
your  comments,  sir.  One  is  that  w'e  are  proceeding  according  to  our 
Space  Act  of  1958,  to  develop  vehicles  capable  of  carrying  instruments, 
equipment,  supplies  and  living  organisms,  through  space. 

Mr.  Ryan.  Yes,  but  the  Space  Act  of  1958  was  enacted  before  the 
Congress  enacted  the  Communications  Satellite  Act  of  1962,  at  which 
time  the  Congress  said  that  the  communications  satellites  were  to  be 
under  the  aegis  of  a private  corporation. 

Dr.  Seamans.  Well,  I did  not  appreciate  that  the  Satellite  Act 
invalidated  our  act  of  1958. 

Mr.  Ryan.  It  certainly  seems  to  me  that  you  have  to  read  the  two 
together,  and  you  have  to  know  the  intent  of  Congress  in  establishing 
the  private  corporation.  It  seems  to  me  that  our  concern  is  legiti- 
mately to  find  out  where  the  area  of  demarcation  is,  at  what  point  does 
NASA  have  a legitimate  responsibility  in  this  field?  At  what  point 
has  the  Congress  said  that  this  is  a matter  for  private  enterprise,  the 
Communications  Satellite  Corp.,  to  carry  on. 

I will  come  back  to  your  answer  in  which  you  said  that  the  role  of 
the  Communications  Satellite  Corp.  is  operational,  and  the  role  of 
NASA  is  providing  research  and  development. 
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If  that  is  the  case,  then  NASA  is  to  provide  all  of  the  research  and 
development  which  will  then  be  turned  over  to  a stock  corporation. 

In  that  event,  is  the  public  interest  protected? 

I think  these  are  the  questions  to  which  we  should  address  ourselves. 

Dr.  Seamans.  I did  not  mean  to  imply,  Mr.  Chairman,  that  the 
new  corporation  would  be  restricted  to  building  an  operational  system. 
They  will,  undoubtedly,  have  to  carry  out  some  research  and  obviously 
good  judgment  has  to  be  applied,  as  you  indicate,  in  defining  the 
boundaries  between  the  NASA  R.  & D.  program  and  what  activities 
are  undertaken  by  the  new  corporation. 

What  I was  about  to  say,  however,  is  that  much  of  what-Mr.  Jaffe 
has  discussed  is  common  to  other  systems  as  well. 

For  example,  the  development  of  the  launch  vehicles,  the  develop- 
ment of  the  injection  stage  to  place  a satellite  in  synchronous  orbit, 
the  development  of  the  station  keeping  systems,  the  development  of 
power  supplies,  the  buildup  in  reliability,  so  that  the  systems  can  be 
economically  viable — these  type  objectives  are  common  to  com- 
munications satellites,  meteorological  satellites,  and  other  flight 
systems  of  interest  to  several  Government  agencies. 

These  are  the  things  that  NASA  plans  to  emphasize,  and  we  are 
emphasizing  them,  in  the  recommended  program,  the  Syncom  II. 

Now,  you  have  mentioned  that  we  should  read  the  two  acts  side 
by  side,  and  I certainly  agree.  The  Communications  Satellite  Act 
does  have  contained  within  it  specific  responsibility,  however,  for 
NASA,  and  this  would  include  advising  the  FCC  of  technical  char- 
acteristics of  the  communications  satellite  system;  cooperating  with 
the  corporation  in  research  and  development;  assisting  the  corporation 
in  the  conduct  of  its  research  and  development  program;  consulting 
with  the  corporation  with  respect  to  the  technical  characteristics  of 
the  communications  satellite  system;  furnishing  the  corporation  on 
request,  and  upon  a reimbursable  basis,  with  satellite  launching  and 
associated  requirements  for  the  establishment,  operation  and  main- 
tenance of  a communications  satellite  system. 

These  are  responsibilities  that  are  really  common  to  both  acts, 
and  these  responsibilities  can  only  be  effected  if  we  execute  the  type 
of  program  we  outlined  to  you  here  today. 

Mr.  Ryan.  Mr.  Wydler? 

Mr.  Wydler.  I just  wanted  to  interrupt  if  I may,  Mr.  Chairman, 
because  I do  not  feel  that  you  received  an  answer  to  your  original 
question,  and  I would  like  to  hear  that  answer.  That  is,  I think  the 
chairman  asked  originally,  what  is  the  difference  in  the  program  being 
presented  to  the  Congress  this  year,  as  a result  of  the  Communications 
Satellite  Act? 

You  indicate,  Mr.  Jaffe,  that  there  is  a difference,  and  I would  like 
to  know  what  it  is,  or  what  they  are,  if  there  is  more  than  one? 

Mr.  Jaffe.  Yes.  We  are  including  in  the  program  those  elements 
which  we  feel  will  advance  the  state  of  the  art  for  future  application 
and  for  the  future  betterment  of  communications  satellite  systems. 

We  are  not  undertaking  in  any  way,  to  develop  spacecraft  that 
might  exist  in  the  immediate  future,  and  which  we  would  expect  the 
corporation  to  undertake. 

Our  program  is  aimed  as  those  things  which  must  be  started  now 
to  provide  for  future  systems. 
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If  the  corporation  did  not  exist,  I am  sure  that  our  program  would 
take  on  an  entirely  different  character,  and  that  we  would  begin  to 
develop  operations  systems  based  on  existing  technology  of  this  date. 

So  that  these  are  elements  that  are  not  included  in  the  program. 

Mr.  Ryan.  You  have  experimented  with  Relay;  you  have  experi- 
mented with  the  A.T.  & T.  Telstar  in  seeking  to  establish  a feasible 
communications  system. 

Now,  it  has  been  understood  for  some  time,  I believe,  and  certainly 
it  has  been  attested  to  before  this  committee,  that  ultimately,  the 
most  effective,  the  most  efficient  and  probably  the  most  logical  system, 
is  a synchronous  satellite  system. 

If  this  is  so,  clearly  it  is  known  to  the  incorporators  of  the  Com- 
munications Satellite  Corp.  The  object  is  to  have  the  most  efficient 
and  the  best  system  for  communications  satellites. 

If  that  system  is  to  be  a synchronous  system,  then  we  come  back  to 
the  question  of  whether  or  not  this  development  should  be  carried  on 
by  the  taxpayers,  through  NASA,  and  handed  over  to  a private 
corporation,  or  whether  this  is  an  area  in  which  the  private  corporation 
could  contract  and.  handle.  After  all,  you  are  going  to  be  con- 
tracting for  studies  and  for  research,  and  for  some  hardware.  Most 
of  this  is  done  through  contracts  with  industrial  corporations,  in 
carrying  this  program  forward,  is  not  that  correct? 

Dr.  Seamans.  We  are  not  certain  whether  the  synchronous  satellite 
system  will  be  the  most  economically  viable.  There  are  a variety  of 
trade-offs  which  must  be  evaluated  and  analyzed.  One  factor  is 
that  it  is  more  difficult  to  place  a payload  in  synchronous  orbit.  This 
means  it  is  more  costly  to  put  it  there,  and  also  later  in  time  in  terms 
of  reaching  an  operational  status. 

There  is  also  the  matter  of  time  delay  between  transmission  and 
reception  from  synchronous  altitude,  which  is  under  study,  and 
which  is  not  yet  resolved. 

There  are  other  matters  that  I could  discuss  with  you,  but  the 
point  is  that  we  must  have  a two-pronged  program  in  this  country. 
We  must  continue  both  the  medium  and  the  synchronous  .altitude 
satellites,  until  these  questions  are  resolved.  As  Mr.  Jaffe  said,  we 
obviously  don’t  know  that  the  corporation  will  elect  to  do. 

We  have  gone  over  our  program  with  the  Department  of  Defense. 
It  was  their  judgment,  that  as  a result  of  the  Telstar  and  Relay,  it 
would  be  possible  to  proceed  immediately  with  the  medium  altitude 
system.  We  elected  to  go  on  to  and  to  concentrate  on  the  more 
difficult  job,  namely,  the  synchronous  satellite  system.  As  I mentioned 
earlier,  this  system  is  furthest  downstream,  and  I think  that  the  same 
discussions  we  had  with  the  Department  of  Defense  will  be  valid  at 
the  time  that  we  have  an  opportunity  to  review  this  with  the  new 
corporation. 

Mr.  Chairman,  you  brought  up  one  question  that  I would  like  to 
answer,  namely,  “Why  should  the  Government  be  involved  in  research 
and  development;  why  should  not  the  Satellite  Corp.  pay  its  own 
way?” 

This  is  certainly  a matter  that  must  be  reviewed  carefully  by  the 
Congress.  _ ■ ’ 

I would  just  like  to  say  that  first,  there  is  a precedent  for  this  kind 
of  operation  in  that  both  NASA,  and  its  predecessor  NACA,  have 
traditionally  carried  out  the  aeronautical  research  which  definitely 
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advanced  aeronautics  in  this  country,  and  supported  a variety  of  i 

industries,  namely,  the  aircraft  companies  and  the  airlines. 

Mr.  Ryan.  Was  any  one  of  them  a monopoly?  They  were  com-  % 

petitive,  were  they  not?  h 

Dr.  Seamans.  They  were  competitive  that  is  true,  but  the  stock- 
holders of  those  companies  definitely  benefited  from  the  research 
and  development  carried  out  by  the  Government.  I would  also 
submit  that  you  must  bear  in  mind  in  your  decisionmaking,  the 
question  of  how  important  you  feel  it  is  to  have  a communications 
satellite  system  at  an  early  date. 

Mr.  Ryan.  On  that  point,  all  of  the  arguments  in  support  of  the 
Communications  Satellite  Corp.,  before  the  Congress,  were  based 
and  predicated  on  the  proposition  that  private  industry  could  do  this 
faster  and  more  efficiently  than  the  Government,  and  that  it  would  be 
more  flexible,  as  was  said  in  my  opening  statement,  have  more  flexi- 
bility, have  greater  speed,  more  initiative,  and  greater  risk  taking, 
than  the  Government  would. 

In  fact,  the  Communications  Satellite  Corp.  was  presented  as  a 
means  by  which  private  enterprise  would  succeed  in  being  first  in 
communications  satellites  in  the  world. 

Dr.  Seamans.  We  are  obviously  for  private  enterprise,  Mr.  Chair- 
man, and  we  thoroughly  endorse  the  Satellite  Act,  but  I believe  that 
what  you  say  was  not  predicated  on  complete  withdrawal  by  NASA 
from  all  communications-satellite  effort.  I believe  it  was  predicated 
on  a vigorous  R.  & D.  program  by  NASA  being  continued. 

Mr.  Ryan.  Let  us  assume  for  the  moment  that  there  is  a legitimate 
area  for  NASA,  and  let  us  look  at  the  relationship  between  NASA 
and  the  Weather  Bureau.  Do  you  see  any  analogy  between  the 
NASA  meteorological  satellites  program  and  the  Weather  Bureau 
program  and  the  NASA  program  in  communications  satellites,  and 
the  potential  program  of  the  corporation? 

Dr.  Seamans.  Yes;  there  are  obviously  similarities  and  differences. 

The  similarity  is  that  in  both  programs  NASA  has  the  responsibility 
for  conducting  research  and  experimental  programs.  But  in  both 
cases  NASA  has  responsibility  for  launching  payloads  into  orbit. 

We  have  and  will  continue  to  launch  payloads  into  orbit  for  the 
Weather  Bureau,  and  we  will  do  the  same  thing  for  the  Satellite  Corp. 

In  each  case  our  responsibility  is  for  operating  a ground  station  to 
predict  orbits  and  matters  of  that  sort. 

One  of  the  differences  is,  in  the  case  of  the  Weather  Bureau,  that 
we  also  will  be  responsible  for  the  fabrication  and  the  testing  of  the 
payload  itself.  In  the  case  of  the  Communications  Satellite  Corp., 
they  will  ultimately  have  the  responsibility  for  the  fabrication  and 
testing  of  the  payload  that  they  are  putting  up,  for  the  operational 
system. 

Another  difference  is  one  which  you  have  already  expressed,  Mr. 
Chairman,  namely  that  the  Weather  Bureau  is  a Government  agency 
and  the  corporation  is  privately  financed  and  operated  for  profit. 

The  Chairman.  So  that  the  weather  program  is  a Government 
program  and  carried  on  by  two  Government  agencies. 

Dr.  Seamans.  That  is  correct. 

The  Chairman.  Are  there  any  questions  by  members  of  the 
committee? 


if 

j 

■ f 

W 


1964  NASA  AUTHORIZATION  3163 

Mr.  Davis.  There  is  one  question  I would  like  to  ask,  Mr.  Chair- 
man, and  that  is: 

It  is  not  envisioned,  is  it,  that  Communications  Satellite  Corp. 
could  undertake  such  things  as  spin  tests  and  balancing,  preparatory 
to  launching?  I just  can’t  conceive  that  they  could  develop  that 
much  technological  capability  within  a short  period  of  time. 

Dr.  Seamans.  Yes ; they  will  have  to  build  up  their  competence  in 
time,  Mr.  Davis,  but  they  are  a long,  long  way  from  having  that 
competence  now. 

They  will  have  to  build  up  a team  of  people  who  understand  this 
technology;  they  will  have  to  build  up  facilities,  and  they  will  have 
to  raise  the  capital. 

I am  sure  we  would  find,  if  we  did  not  do  the  research  and  develop- 
ment, that  there  would  be  a very  appreciable  delay  in  the  imple- 
mentation of  the  operational  system. 

Mr.  Davis.  We  had  testimony  last  week  from  Dr.  Singer  of  the 
Weather  Bureau,  to  the  effect  that  the  Weather  Bureau  does  do  quite 
a bit  of  its  own  research  and  development.  They  have  a laboratory — 
I believe  he  said  that  “laboratory”  was  not  the  best  word  for  it,  but 
that  is  what  they  called  it — which  has  approximately  100  men  at 
work  on  the  weather  satellite,  in  deciding  what  instruments  they 
would  use  as  sensors,  and  such  things  as  that. 

Also,  it  is  true  that  NASA  has  a meteorological  laboratory  with, 
perhaps,  200  men  at  work  at  Goddard,  on  the  NASA  aspects  of 
weather  satellites. 

Now  is  it  your  judgment  that  a parallel  situation  will  present  itself 
as  respects  communications  satellites,  with  the  private  corporations 
being  expected  to  do  its  own  research  and  development,  and  NASA 
also  could  be  expected  to  maintain  parallel  research  and  development? 

Dr.  Seamans.  Let  me  first  clarify  one  point  with  respect  to  the 
Weather  Bureau. 

It  is  the  Weather  Bureau’s  responsibility  to  make  decisions  relative 
to  the  requirements  for  meteorological  satellites,  and  to  do  this  they 
must  have  people  who  are  knowledgeable  in  the  instrumentation  that 
can  be  placed  in  orbit. 

However,  they  are  not  developing  the  instruments,  nor  the  payload, 
nor  the  spacecraft.  This  is  NASA’s  responsibility. 

Mr.  Davis.  Well,  I will  say  that  I subscribe  to  that.  I would 
sav  that  I entertain  the  same  view  that  you  are  now  expressing. 

However,  Dr.  Singer  went  so  far  as  to  say  the  Bureau  was  having 
something  to  do  with  the  configuration  of  the  weather  satellites,  and 
it  was  my  opinion,  up  until  I heard  him  say  that,  that  NASA  should 
be  the  one  to  decide  such  things  as  that.  But,  perhaps  the  Weather 
Bureau  would  be  in  its  proper  domain  as  long  as  it  was  defining  and 
testing  such  things  as  sensors,  camera,  or  infrared  systems, 

I am  interested  to  hear  you  affirm  now  that  it  is  NASA’s  function 
to  decide  configuration,  and  to  fabricate  and  decide  if  it  can  operate 
within  an  environment  such  as  this. 

Dr.  Seamans.  I believe  we  are  very  effectively  working  with  the 
Weather  Bureau,  and  we  very  much  respect  Dr.  Singer.  This  may 
be  a matter  of  semantics. 

Mr.  Davis.  Yes. 
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Dr.  Seamans.  But  I would  be  very  concerned  if  the  Weather  Bureau 

fot  into  too  much  of  the  hardware  development.  I think  it  would 
e a very  great  danger  of  major  duplication  if  that  took  place. 

I have  not  read  his  testimony,  so  I cannot  really  say  anything  more. 
Mr.  Davis.  Well,  I will  say  that  this  was  not  a prepared  statement, 
it  was  extemporaneous,  and  I rather  doubt  that  he  thought  the  matter 
through  very  thoroughly. 

The  principal  thrust  of  inquiry  at  the  time  was  whether  or  not 
there  was  duplication  in  research  and  development,  between  the 
Weather  Bureau  Laboratory  and  NASA’s  Laboratory.  That  was  the 
principal  point  in  discussion,  and  he  was,  in  a way,  justifying  the  fact 
that  they  did  have  a laboratory  while  not  downgrading  NASA’s 
Laboratory. 

Dr.  Seamans.  Well,  we  have  to  take  into  account,  obviously,  human 
nature,  in  managing  our  program,  and  there  may  be  a tendency  on 
the  part  of  the  Weather  Bureau  to  get  over  into  component  develop- 
ment, so  I would  say  we  also  have  to  be  very  careful  that  we  do  not 
go  too  far  into  areas  of  weather  prediction  and  analysis. 

I think  that  this  is  something  which  takes  constant  vigilance,  and 
I am  sure  you  realize  this,  on  the  part  of  both  agencies. 

Coming  back  to  your  fundamental  question,  though,  “Is  this  the 
same  relationship  that  one  could  expect  with  the  Satellite  Corp.?” — I 
don’t  think  that  it  is  exactly  the  same,  because  I think — I know — that 
the  Satellite  Corp.  has  got  to  get  into  actual  communications,  hard- 
ware, that  it  is  putting  up  there  in  space,  and  to  do  this  they  must 
run  ground  environment  tests.  They  must  build  hardware,  and  they 
must  test  it  and  make  changes  in  order  to  develop  the  equipment  that 
will  give  the  fidelity  and  reliability  required  for  a viable  system. 

Mr.  Hechler.  Mr.  Chairman,  I have  a question  I would  like  to 
put  to  Dr.  Seamans. 

Obviously,  we  understand  that  both  NASA  and  the  Weather  Bu- 
reau are  going  to  benefit  many  private  enterprises  throughout  the 
country  in  fields  that  they  are  undertaking.  Would  you  not  agree? 
Dr.  Seamans.  Well,  we  believe  that  that  is  so,  yes. 

Mr.  Hechler.  And  the  basic  difference  is  tnat  instead  of  bene- 
fiting a whole  number  of  them,  as  the  Weather  Bureau  and  NASA’s 
activities  in  the  meteorological  satellites  do,  that  in  the  case  of  the 
communications  satellites,  you  are  narrowing  the  benefit  to  one  or 
two  identifiable  corporations. 

Dr.  Seamans.  Mr.  Hechler,  I did  not  have  an  opportunity  to  re- 
spond to  that  point,  which  is  a very  important  one. 

Mr.  Hechler.  Yes. 

Dr.  Seamans.  I would  certainly  expect  that  the  Satellite  Corp.,  in 
turn,  would  go  to  the  electronics  industry  for  the  various  elements 
that  are  to  go  into  the  communications  satellite,  and  I would  feel 
that  the  NASA  program  in  R.  & D.,  does  give  the  total  electronics 
industry  a more  competitive  position  than  they  would  have  if  we  did 
not  have  our  program. 

In  other  words,  the  total  industry  is  the  beneficiary;  not  just  the 
Satellite  Coip. 

Mr.  Hechler.  Subcontractors? 

Dr.  Seamans.  Subcontractors,  yes. 

Mr.  Hechler.  Thank  you,  Mr.  Chairman,  that  was  all. 

Mr.  Ryan.  Are  there  any  further  questions? 
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Mr.  Boone.  I would  like  to  ask  Dr.  Seamans,  is  it  not  a question, 
then,  of  who  puts  up  the  money,  rather  than  NASA  performing  peculiar 
research  work  in  their  own  inhouse  laboratories?  By  that  I mean, 
since  most  of  your  funds,  and  I believe  it  is  stated  about  95  percent 
of  the  moneys  are  let  out  to  industry 

Dr.  Seamans.  90  percent,  I would  say. 

Mr.  Boone.  90  percent.  Then  industry  is  really  performing  the 
work  of  improving  reliability  and  improving  components,  and  that 
sort  of  thing.  So  it  is  a question,  is  it  not,  of  whether  NASA  puts  up 
the  money  for  this,  or  whether  the  Satellite  Carp,  puts  up  the  money 
for  it,  isn’t  that  right? 

Dr.  Seamans,  ft  is  a question  of  funding;  it  is  a question  of  manage- 
ment; it  is  a question  of  free  access  to  information  coming  from  the 
program. 

Ninety  percent  of  the  work  in  either  case,  at  least  90  percent,  would 
be  done  by  private  enterprise.  If  NASA  does  as  we  strongly  recom- 
mend, a certain  amount  of  the  work  would  then  be  done  by  the 
Government. 

Mr.  Ryan.  So  the  question,  as  Mr.  Boone  has  said,  is  really:  “Who 
is  going  to  pay  for  it,  the  taxpayers,  or  the  stockholders?” 

Mr.  Hechler.  Well,  it  is  a question,  too,  Mr.  Chairman,  of  the 
public  interest,  with  respect  to  the  information  acquired — whether 
it  is  going  to  be  disseminated  by  NASA  as  a Government  agency,  to 
all  the  people,  or  perhaps,  held  closely  by  the  corporation.  I don’t 
know  if  that  represents  your  judgment,  or  not,  Dr.  Seamans? 

Dr.  Seamans.  Well,  it  does,  and  that  was  one  of  the  points  that  I 
was  attempting  to  make,  Mr.  Hechler. 

There  is  also  the  broader  question  of  how  important  we  feel,  as  a 
nation,  it  is  to  implement  a system  of  this  sort. 

We,  as  you  know,  already  have  contracting  arrangements  with  a 
number  of  foreign  countries,  England,  France,  Germany,  Italy, 
Brazil.  Ground  stations  have  been  provided,  or  are  being  provided 
in  each  one  of  those  nations. 

Now,  are  we  going  to,  in  effect,  stand  still  in  our  experimental  pro- 
gram, or  are  we  going  to  move  ahead  aggressively,  as  we  believe  we 
should? 

Mr.  Kyan.  The  testimony  being  that  only  the  Government  can 
move  ahead  aggressively.  All  right 

Dr.  Seamans.  No,  the  testimony  is  that  only,  at  this  time,  can 
NASA  move  ahead  with  the  kind  of  program  that  I have  indicated. 
Dr.  Cbaryk  and  Mr.  Welch,  two  men,  could  not  proceed  this  way 
at  this  time. 

Mr.  Ryan.  Do  you  know  what  their  salaries  are? 

Dr.  Seamans.  Yes,  but  their  salaries  do  not  affect  Mother  Nature 
too  much. 

Mr.  Ryan.  What  are  their  salaries? 

Dr.  Seamans.  I understand  that  their  salaries  are  in  the  neighbor- 
hood of  $80,000  to  $100,000. 

Mr.  Ryan.  Each? 

Dr.  Seamans.  Each. 

Mr.  Ryan.  Mr.  Jaffe,  I would  like  to  come  back  to  your  state- 
ment on  page  No.  1,  where  you  say  that  the  NASA  program  objective 
is  to  insure  full  development  and  realization  of  communications 
satellite  potentials. 
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Now,  that  is  exactly  the  question  that  we  have  been  discussing. 
Does  that  mean  that  NASA  is  going  to  assume  the  risk,  or  is  any 
risk  going  to  be  placed  upon  this  corporation? 

Mr.  Jaffe.  As  Dr.  Seamans  has  said,  we  have  responsibility 
under  the  Space  Act 

Mr.  Ryan.  Just  a moment.  You  also  say  the  objective  is  to  assist 
in  the  early  establishment  of  operational  communications  satellite 
systems.  And  it  is  your  opinion,  as  I take  it  from  Dr.  Seaman’s  testi- 
mony, that  without  NASA’s  active  and  aggressive  role,  we  will  not 
achieve  the  kind  of  system  that  we  desire,  when  we  need  it — and  one 
further  thing: 

At  the  bottom  of  the  page,  you  say  : 

Much  remains,  however,  to  be  done  before  economically  practical  systems 
can  be  established,  but  a sound  foundation  has  been  laid. 

Now,  what  is  your  best  estimate  as  to  the  time  when  a commercial 
system,  assuming  NASA  carries  out  its  program,  as  has  been  outlined 
here — What  is  your  best  estimate  as  to  the  time  when  a commercial 
system  will  be  operable? 

Mr.  Jaffe.  My  answer,  if  I may  answer  this  in  parts,  Mr.  Chairman, 
would  be  this : 

First  of  all,  with  regard  to  my  statement  that  we  are  to  assist  in  the 
early  establishment  of  operational  commimications  satellite  systems, 
we  have  responsibility  under  the  Communications  Satellite  Act  of 
1962,  to  assist  the  corporation  in  the  establishment  of  operational 
systems  and  in  the  execution  of  their  R.  & D.  program.  We  will  do  so. 
We  will  assist  by  launching  their  satellites,  either  for  research  pur- 
poses, or  for  the  establishment  of  the  operational  system. 

Mr.  Ryan.  Do  you  restrict  the  word  “assist”? 

Mr.  Jaffe.  Assist? 

Mr.  Ryan.  Yes.  Do  you  restrict  the  definition  of  the  word 
“assist”,  to  mean  only  launching  a satellite? 

What  is  your  definition  of  the  word  “assist”?  Just  to  launch,  or  is 
it  to  do  something  much  broader? 

Mr.  Jaffe.  Oh,  no,  no.  We  will  assist  them,  as  we  have  assisted 
A.T.  & T.  in  the  launching  of  the  Telstar,  when  we  had  given  them 
technical  assistance,  and  so  forth. 

Mr.  Ryan.  It  has  been  NASA’s  contention  that  A.T.  & T.  is  a 
private  function,  and  A.T.  & T.  has  paid  for  the  Telstar. 

Mr.  Jaffe.  Tnat  is  correct. 

Mr.  Ryan.  Isn’t  that  correct? 

Mr.  Jaffe.  Yes. 

Mr.  Ryan.  Well,  why  should  not  the  Communications  Satellite 
Corp.  do  likewise? 

Mr.  Jaffe.  I would  like  to  submit  that  we  would  fully  expect 
them  to  do,  sir;  we  fully  expect  to  undertake  work  in  the  development 
of  the  operational  communications  satellites 

Mr.  Ryan.  Well,  just  a moment  now.  What  have  they  toidyou 
they  are  going  to  do?  What  talks  have  they  had  with  you?  What 
discussions  have  you  had  with  them  and  what  plans  have  you 
formulated? 

Mr.  Jaffe.  I would  like  to  repeat  what  Dr.  Seamans  has  said: 
We  have  had  an  opportunity  to  present  our  program  to  the  incor- 
porators. This  has  been  done,  and  we  have  requested  Dr.  Charyk 
to  work  with  us  in  providing  liaison  between  our  technical  staffs  and 
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to  get  together  and  talk  about  their  plans  and  our  plans,  so  that  we 
can  arrive  at  the  programs  which  will  be  mutually  beneficial  to  the 
Nation. 

Mr.  Ryan.  Well,  that’s  lovely.  But  specifically  what  plans  have 
you  made  that  would  be  mutually  beneficial  to  the  Nation?  Who  has 
talked  with  you;  what  kind  of  organizational  setup  have  you  at  this 
point? 

Have  you  gone  to  the  corporation  and  said: 

We  are  going  to  spend  $51  million  in  1964  fiscal  year  on  such  and  such  a program; 
we  want  to  know  how  much  money  you  are  going  to  fund  for  programs  in  com- 
munications satellites?  We  know  that  you  have  a $5  million  line  of  credit  with 
the  banks,  and  we  know  that  you  have  already  drawn  $500,000.  We  want  to 
know  now  from  you,  the  Communications  Satellite  Corp. — the  chairman  and  the 
president — what  your  plans  are,  because  we  have  got  to  go  to  the  Congress  and 
ask  for  $51  million,  and  we  are  going  to  be  asked:  “All  rights  how  does  this  relate 
to  the  Communications  Satellite  Corp.?  How  does  it  relate  to  the  Depart- 
ment of  Defense?” 

That  is  basically  what  we  are  asking. 

Have  you  talked  to  the  corporation  about  this? 

Dr.  Seamans.  Let  me  say,  first  of  all,  Mr.  Chairman,  that  Dr. 
Charyk  has  been  a very  busy  man  getting  through  a very  important 
assignment  with  the  Air  Force.  As  I said  earlier,  he  has  only  been 
involved  in  the  Satellite  Corp.  a very  short  time. 

I have  met  with  him  personally,  and  indicated  very  informally  the 
kind  of  program  that  we  have  in  mind.  The  letter  than  I referred  to 
earlier  puts  this  on  a more  formal  basis,  and  I would  like  to  read  to 
you  two  paragraphs,  if  I might: 

It  has  been  necessary  for  NASA  to  develop  its  program  in  advance  of  consulta- 
tion with  the  corporation. 

I go  on  to  say  that  the  presentation  of  NASA’s  program  to  the 
interested  congressional  committees  will  give  rise  to  questions  con- 
cerning the  corporation  plans,  and  the  entire  subject  of  coordination 
and  cooperation  between  the  corporation  and  NASA,  and  I conclude: 

We  are  prepared,  at  your  convenience,  to  brief  you  and  ycur  associates  on  the 
details  of  NASA’s  research  and  development  program  in  the  communications 
satellite  field. 

I say  that  we  hope  the  corporation  will  soon  be  staffed  to  the  point 
where  we  can  begin  with  the  process  of  consultation  and  coordination 
which  the  Communications  Satellite  Act  of  1962  contemplates. 

Mr.  Hechler.  Mr.  Chairman,  I think  it  is  probably  correct,  and 
correct  me  if  I am  wrong,  that  the  members  of  the  corporation  have 
not  yet  been  confirmed  by  the  Senate? 

Mr.  Ryan.  Just  the  incorporators — the  chairman  of  the  corpora- 
tion and  the  president,  are  now  salaried  employees  of  the  corporation. 

Dr.  Seamans.  That  is  my  understanding. 

I may  be  wrong  on  that 

Mr.  Jaffe.  No,  that  is  my  understanding. 

Mr.  Hechler.  1 think  your  statement  there,  Dr.  Seamans,  shows 
a great  deal  of  vision  as  to  what  the  committees  are  going  to  get  into. 

[Laughter.] 

Mr.  Ryan.  Mr.  Wydler? 

Mr.  Wydler.  It  seems  to  me  that  what  this  really  comes  down  to 
is  this,  gentlemen: 

If  l may  suggest  it,  it  seems  to  me  that  what  is  really  happening 
here  is  that  NASA  sits  down  and  decides  what  they  need  in  the  way 
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of  a program  in  the  communications  satellite  field,  and  then  they 
determine  that,  and  they  determine  how  much  it  will  cost,  and  they 
come  in  and  ask  this  committee  to  recommend  to  the  Congress. 

The  only  question  I think  that  we  are  asking  is: 

Since  there  is  a private  corporation  now  in  this  field,  are  they 
really  supposed  to  be  doing  something  in  addition  to  this  program 
that  NASA  is  outlining,  or  should  they,  in  fact,  be  coming  in  to  pay 
part  of  this  bill  that  NASA  is  proposing  to  incur?  Is  at  least  part  of 
that  responsibility  a responsibility  of  that  agency,  or  is  NASA  simply 
going  to  do  everything  within  this  area  that  it  feels  it  needs  to  do  in 
the  way  of  budgeting  and  then  whatever  this  Communications 
Satellite  Corp.  wishes  to  spend,  it  will? 

I think  that  this  is  the  real  problem  and  philosophy  that  we  are 
facing  here,  and  that  is  what  is  bothering  me,  and  I think  some  of  the 
members  of  the  subcommittee. 

Does  this  corporation  have  some  responsibility  as  to  this  actual 
amount  of  money  that  NASA  is  asking  in  its  budget?  That  is  what 
I would  like  to  have  you  speak  on — particularly  how  you  think  it  is 
going  to  work,  if  not  this  year,  in  the  years  to  come? 

Dr.  Seamans.  Well,  I would  just  like  to  make  it  clear  that  it  is 
not  “what  NASA  needs”;  we  are  not  the  end  result. 

If  you  look  at  our  Space  Act,  article  5,  it  states  that  NASA  has  the 
responsibility  for  the  preservation  of  the  role  of  the  United  States  as 
a leader  in  aeronautical  and  space  science  and  technology,  and  in  the 
application,  thereof,  to  the  conduct  of  peaceful  activities  within  and 
without  the  atmosphere. 

So,  we  believe  that  Congress  has  given  us  the  responsibility  to  see 
that  this  country  is  in  the  forefront  in  all  possible  areas  of  space  science 
and  the  applications  of  the  technology. 

Now,  I would  like  to  step  back  for  a moment,  if  I might,  and  say  a 
few  words  about  where  this  sort  of  begins  and  ends. 

First,  I would  eertainly  agree  that  it  is  not  our  responsibility,  based 
on  this,  to  follow  through  and  operate  a system.  You  must  sort  of 
consider  the  total  process,  starting  with  the  basic  concept  of  how  these 
various  elements  might  he  put  together  to  make  a system,  and  the 
work  on  individual  components,  and  the  work  on  the  various  functions 
that  are  important  and  may  be  important  to  such  a system. 

For  example,  successful  launching  and  the  orbital  injection  for 
satellite  systems  requires  detailed  work  along  the  lines  I have  men- 
tioned. We  must  see  whether  these  techniques  work;  run  a reasonable 
number  of  experiments,  get  data  and  feed  it  back  and  tie  in  with  the 
basic  assumptions. 

I believe  that  this  is  NASA’s  responsibility  in  this  area.  I would 
believe  that  the  Satellite  Corp.  has  got  to  phase  in  to  this  picture,  using 
the  work  that  we  do  on  components  and  testing  as  a jumping  off  point 
for  the  design  and  development  of  various  prototypes,  for  the  launch- 
ing of  the  prototype  equipment  and  ultimately  for  the  implementation 
of  the  total  system. 

They  will  have  a great  deal  to  do  in  the  development  of  the  proto- 
type, and  in  the  implementation  of  the  operational  system. 

This  will  be  a very  expensive  proposition  for  them  because  they  will 
have  to  reimburse  the  Government  for  the  launching  operation,  so  I 
believe  that  they  are  going  to  have  a difficult  time,  not  only  to  gather 
the  people  and  get  the  facilities,  hut  also  to  raise  the  funds  to  do  their 
part  of  the  job. 
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Mr.  Hechler.  Is  it  not  entirely  possible  that  some  of  this  budget 
request  that  NASA  is  putting  in  for,  if  the  Satellite  Corp.  moves  a 
lot  faster,  and  exerts  the  kind  of  leadership  that  is  needed,  that  vou 
may  be  able  to  yield  some  back  and  it  may  not  be  necessary  to  spend  it? 

Dr.  Seamans.  Well,  this  is  a very  hard  question  to  answer,  Mr. 
Hechler. 

Mr.  Hechler.  Well,  budgeting  is  conjectural,  and  we  are  certainly 
dealing  in  an  area  of  uncertainties.  But  if  it  should  develop  that  the 
Satellite  Corp.  would  be  able  to  recruit  personnel,  and  be  able  to  exert 
the  kind  of  leadership  in  this  field  of  communications  satellites  that 
is  necessaiy,  I should  think  it  is  entirely  feasible  that  some  months 
hence  you  may  be  able  to  reduce  this  projected  budget  for  communi- 
cations satellites  which  NASA  is  presenting. 

Dr.  Seamans.  That  question  is  extremely  difficult  to  answer,  and 
could  only  be  answered  after  a review  of  the  type  indicated  in  Mr. 
Webb’s  letter  to  Dr.  Charyk. 

Mr.  Hechler.  But  you  would  think  it  is  entirely  possible? 

Dr.  Seamans.  It  certainly  must  be  explored,  and  my  own  view  is 
that  if  there  is  an  area,  it  is  in  the  area  of  actual  communication 
electronics.  I believe  that  NASA  has  got  to  really  concentrate  most 
heavily  on  those  things  that  are  sort  of  common  to  all  systems. 

Mr.  Hechler.  Yes,  but  what  are  your  rockbottom  priorities  here? 
What  do  you  absolutely  need  that  the  Satellite  Corp.  couldn’t  possibly 
do? 

Dr.  Seamans.  Well,  I wouldn’t  say  that  there  is  a rockbottom  in 
this  case,  Mr.  Hechler.  They  would  certainly  find  it  very  difficult, 
however,  to  develop  launching  vehicles  that  would  inject  a payload 
into  whatever  orbit  is  required. 

Mr.  Ryan.  Dr.  Seamans,  that  is  all  very  true,  if  I may  interrupt 
Mr.  Hechler,  but  if  we  refer  to  volume  No.  5 it  outlines  research  and 
development  requests  and  it  is  not  talking  about  launch  vehicles.  It 
is  talking  about  supporting  research  and  technology  for  all  programs 
of  communications  satellites  systems,  including  the  advance  syn- 
chronous satellite  flight  programs  and  programs  that  are  still  in 
being — the  Echo  and  Relay. 

Now,  what  Mr.  Hechler  is  really  asking,  I think,  is,  What  is  it  in  the 
communications  area 

Mr.  Hechler:  “Without  which.” 

Mr.  Ryan.  Without  which. 

Dr.  Seamans.  Without  which  the  Satellite  Corp.  could  not  proceed, 
is  that  the  question? 

Mr.  Hechler.  Yes. 

Mr.  Ryan.  And  there  again,  can  the  Satellite  Corp.  do  v hat 
NASA  is  doing?  It  is  all  contracted  out  anyway,  is  it  not?  The 
corporation  is  the  middleman  and  NASA  is  the  middleman.  Who 
is  going  to  pay  for  it? 

Dr.  Seamans.  It  is  much  more  than  just  a question  of  financing, 
Mr.  Chairman,  it  is  the  question  of  technical  leadership. 

Mr.  Ryan.  Right.  But  is  not  the  theory  of  this  corporation  that 
only  private  enterprise  can  pull  together  the  leadership  and  the  tech- 
nical team  that  can  move  in  this  area,  and  that  the  risks  will  be  under- 
taken by  private  enterprise,  and  not  by  the  Government? 
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Dr.  Seamans.  I agree,  Mr.  Chairman,  but  we  also  have  a team  of 
people  who  are  there,  and  the  corporation  will  have  to  start,  and  I can 
foresee  they  may  have  some  difficulty. 

Mr.  Ryan.  You  have  the  competence,  yes. 

Dr.  Seamans.  We  have  been  building  up  that  competence. 

Mr.  Ryan.  Right,  but  going  back  to  Mr.  Wydler’s  question,  are 
you  going  to  sell  that  competence  to  the  Communications  Satellite 
Corp.  or  are  you  going  to  give  it  away  to  them?  Have  you  sat  down 
with  them,  and  have  you  explored  how  you  are  going  to  divide  the 
costs,  so  that  NASA  can  be  reimbursed  for  its  competence,  and  these 
years  of  experience,  and  the  research  and  development,  that  you  have 
contracted  at  the  cost  of  $127  million  as  you  testified  earlier  today. 

I really  think  it  is  incumbent  upon  NASA  to  come  forward  with  a 
formula  which  shows  how  the  Government  is  going  to  be  reimbursed 
by  this  private  corporation  that  is  going  to  make  a profit  and  is  going 
to  pay  stockholders  dividends  for  all  its  services,  or  is  NASA  going 
to  sit  back?  If  so,  I know  nothing  with  more  certainty  in  this  area  of 
uncertainty  than  that  the  stockholders  will  be  delighted  if  NASA 
does  the  work,  and  develops  a system  to  the  point  where  it  is  opera- 
tional, and  then  turn  it  over  to  them  to  operate  and  collect  the 
dividends. 

Mr.  Hechler.  Well,  is  that  not  what  the  Government  did  in  the 
case  of  the  railroads  and  canals  in  the  old  days?  [Laughter.}  ___ 

Mr.  Ryan.  Well,  I hope  that  before  we  finish  this  hearing,  Dr. 
Seamans,  you  can  have  a real  report  to  the  committee  on  all  the  dis- 
cussions you  have  had  and  all  the  proposals  that  you  have  for  sharing 
costs. 

This  is  an  area  where  NASA  is  going  to  move  ahead  and,  at  the  same 
time,  provision  for  reimbursement  must  be  made  for  more  than  the 
services  of  launching  vehicles. 

For  instance,  when  Mr.  Buckley  was  before  the  committee,  I asked 
for  a breakdown  of  all  the  moneys  that  had  been  spent  on  the  Telstar, 
beyond  the  launching,  and  beyond  the  fuel  which  was  used  to  put  up 
Telstar,  including  tracking  and  the  acquiring  of  data. 

I hope  we  will  have  that.  What  we  are  driving  at  this  morning  is 
that  NASA  has  not  really  sat  down  and  thought  things  through,  with 
this  corporation,  now  that  it  is  here.  And  this  may  make  a great 
difference  as  to  how  we  view  your  $55  million  proposal. 

Now  the  question  which  I did  not  get  an  answer  to  earlier,  and  I 
think  it  is  important,  is  how  many  years  away,  really  will  it,  before 
there  will  be  any  operational  communications  satellite  system. 

Is  it  5 years  or  7 years,  or  10  years,  or  how  long? 

We*  are  very  optimistic,  and  Dr.  Dryden  said  recently  that  if  the 
corporation  got  started  it  would  take  5 years  for  a low-altitude  system. 

Is  that  a fair  estimate,  or  was  he  being  optimistic,  in  your  opinion? 

Dr.  Seamans.  I think  that  is  a good  estimate,  provided  NASA 
plays  the  kind  of  active  role  that  we  are  proposing  here  today. 

Mr.  Ryan.  All  right.  Now,  if  NASA  does  not,  how  long  would  it 
take? 

Dr.  Seamans.  Well,  this  is  a very  difficult  thing  to  estimate,  Mr. 
Chairman,  because  we  don’t  know  what  buildup  the  new  company 
will  be  able  to  effect,  and  I would  estimate  that  there  would  be  a delay 
of  2 or  3 years,  anyway.  Perhaps  Mr.  Jaffe  would  like  to  give  you  his 
dews  on  the  subject. 
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Mr.  Ryan.  Very  well. 

Mr.  Jaffe.  I think  that  is  a correct  estimate,  Mr.  Chairman.  I 
think  it  is  somewhat  optimistic,  based  on  our  experience.  We,  of 
course,  hope  that  the  corporation  would  move  as  rapidly  as  it  can. 

There  is  just  so  much  time  required  from  the  inception,  to  work  out 
a statement  of  specifications  for  the  system,  before  you  can  launch 
anything. 

We  have  had  certain  experience  with  this,  and  we  have  used  this 
Experience  in  coming  up  with  our  estimate  of  how  an  operational 
system  could  be  brought  into  being. 

Our  estimate  of  this  time  is  also  based  on  the  fact  that  we  assume 
the  corporation  will  avail  itself  of  the  experience  that  has  been  gained 
through  Relay  and  Telstar  and  pattern  this  first  operational  system 
after  the  experience  which  we  now  have  in  our  hands,  and  will  be 
accumulating  during  the  next  year. 

Now,  if  it  depends  on  entirely  new  technology,  then  this  estimate 
does  not  hold. 

Mr.  Roush.  I didn’t  hear  your  answer,  Mr.  Jaffe,  but  are  all  of 
these  estimates  directed  to  a low  altitude  system? 

Mr.  Jaffe.  Yes. 

Mr.  Roush.  And  what  would  be  your  estimate  for  a high  altitude 
system,  such  as  Syncom? 

Mr.  Jaffe.  This  really  is  a very  difficult  answer  to  give,  Mr. 
Roush.  We  have  had  one  attempt  at  a synchronous  altitude  system. 
We  have  a satellite  up  there,  but  it  doesn’t  work.  There  are  a tre- 
mendous number  of  sequences  which  have  to  work  in  a synchronous 
satellite  system,  and  a tremendous  number  of  subsystems — a large 
number  compared  with  those  in  a low  altitude  system. 

It  is  very  difficult  to  answer  the  question  on  how  long  it  would  take 
to  get  an  operational  system,  until  you  have  done  it  the  first  time,  and 
we  haven’t  done  it  the  first  time  yet. 

Mr.  Roush.  I have  had  vue  feeling,  although  you  have  not  said  it, 
that  you  favor  a low  altitude  system. 

We  have  not  an  estimate  as  yet,  and  we  are  still  taking  your  low 
altitude  system  for  an  operational  communications  satellite  system, 
is  that  rignt? 

Dr.  Seamans.  We  don’t  favor  either  the  low  altitude  system,  or  the 
synchronous  system.  We  feel  it  is  possible  to  implement  an  opera- 
tional system  sooner  at  the  lower  altitudes,  but  certainly  there  is  not 
enough  data  available  at  this  time,  to  make  a decision  as  to  whether 
the  ultimate  system  should  or  will  be  a synchronous  or  medium  alti- 
tude system. 

Mr.  Roush.  Thank  you,  that’s  all  I have. 

Mr.  Ryan.  Mr.  Davis? 

Mr.  Davis.  I would  like  to  ask  a question,  Mr.  Chairman.  I am  a 
little  bit  concerned  about  the  American  effort  on  the  Moon  probe. 

I recall  last  year  we  had  a pamphlet  from  the  Sperry-Rand  Corp. 
on  a proposed  spacecraft,  and  they  called  the  entire  project,  “Project 
Green  Cheese.” 

I have  here  an  engineering  review  put  out  by  the  Sperry-Rand  Corp. 
in  the  summer  of  1962,  and  in  it  appears  an  article  by  Sol.  K.  Fenster 
and  William  Peters,  in  which  it  said  that  the  projected  lunar  studies 
for  the  next  5 years  are  being  directed  primarily  toward  conducting 
instrumented  research  on  the  Moon,  and  the  data  that  isobtainea 
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to  be  telemetered  back  to  earth.  It  says  that  this  technically  is  limited 
because  only  those  specific  physical  properties  can  be  examined  for 
which  instrumentation  has  been  provided  and  if  a lunar  sample  is 
returned  to  earth,  much  more  thorough  analysis  can  be  conducted 
because  such  investigation  will  not  be  confined  to  the  speculations 
based  on  telemetered  information. 

Now,  what  I would  like  to  ask  about  that  is  this — but  before  I come 
to  my  question,  a little  prospectus  on  thi3  “Green  Cheese”  concept 
was  distributed  last  year,  in  which  the  candidates  for  a launch  vehicle 
were  outlines,  and  in  which  it  was  stated  that  probably  the  best  one 
would  be  the  Titan  II  Pilotstar,  which  might  be  available  in  1964, 
provided  that  the  tests  of  the  Pilotstar  in  1962,  in  the  third  quarter, 
received  the  go-ahead. 

Now,  what  is  the  present  status  at  NASA  on  the  program  with 
respect  to  the  Moon  probe,  and  particularly  is  there  anything  in  the 
works  that  might  bring  back  a soil  sample,  or  are  you  still  sticking 
to  the  plan  of  getting  telemetered  information? 

Dr.  Seamans.  The  present  program  includes  the  Ranger  which  has 
as  its  objective,  or  primary  objective,  TV  information.  It  would  be 
a crash  landing  on  the  Moon  with  some  very  rugged  instruments  that 
can  sustain  the  project,  so  that  we  could  get  back  certain  data  from 
the  lunar  surface,  but  it  will  be  very  limited. 

Following  the  Ranger,  we  have  the  Surveyor  program,  which  will 
soft  land  on  the  Moon,  and  which  will  measure  a variety  of  different 
things,  with  information  being  telemetered  back. 

We  do  not  have  in  our  program  a probe  which  will  send  back  some 
soil  from  the  lunar  surface.  We  do  have  a number  of  contractors 
who  proposed  to  us  about  a year  ago.  I don’t  remember  which  ones 
they  were,  although  I think  one  was  the  Sperry-Rand  Corp.  We  did 
take  a look  at  the  feasibility  of  bringing  back  some  soil  which  could 
then  be  carefully  analyzed  here  on  earth. 

There  were  several  problems,  of  course,  and  one  which  is  the  prin- 
cipal one,  is  large-scale  recovery  from  this  small  probe,  which  has  to 
be  fired  back  by  a sort  of  artillery  rocket  from  the  lunar  surface, 
placing  it  on  the  correct  trajectory,  reentering,  and  recovery. 

We  have  considered  each  one  of  these  kinds  of  problems,  and  have 
weighed  them  against  our  total  requirements.  Frankly,  we  have  the 
policy  of  trying  to  minimize  the  number  of  projects,  and  to  put  more 
emphasis  on  the  ones  we  do  have. 

We  feel  that  this  is  necessary  to  get  ahead  faster,  so  that  we  decided 
not  to  go  ahead  for  this  particular  concept. 

Mr.  Davis.  Now,  what  is  the  timetable  on  the  Surveyor  project? 

Dr.  Seamans.  That  timetable,  of  course — as  you  know,  we  have 
fired  three  Rangers  as  lunar  impactors,  and  these  were  all  unsuccessful. 

We  have  revamped  the  program  and  the  next  Ranger  is  scheduled 
for  the  end  of  this  year. 

We  have  brought  the  industrial  contractor  in  and  have  made  some 
organizational  changes  at  the  Jet  Propulsion  Laboratory  and  are 
concentrating  on  the  carrying  out  of  the  redesign  of  Ranger. 

The  Surveyor  schedulers  undoubtedly  tied  in  to  the  Centaur.  The 
first  three  launches  of  Surveyor  will  be  engineered  accordingly,  and  we 
will  get  some  information  on  the  Moon.  But  the  ultimate  vehicle 
that  lands  on  the  lunar  surface,  and  that  sends  back  all  of  the  data  that 
we  want,  is  scheduled  for  some  time  in  1965. 
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| Mr.  Davis.  Then  all  of  the  information  that  Ranger  might  send  % 

back  would  be  by  television,  is  that  correct?  There  would  not  be 
any  other  means? 

Dr.  Seamans.  Television  and  seismic  elements  of  the  lunar  surface 
in  a frangible  ball. 

Mr.  Davis.  And  Surveyor  would  bring  back  more  information? 

Dr.  Seamans.  Yes,  there  are  several  things — first  of  all,  you  have 
better  television  information. 

There  is  TV  operation — in  operation  after  the  landing  with  a 360° 
sweep,  and  also  the  ability  to  sweep  and  look  in  a particular  direction 
with  zoom  lens. 

Then  as  to  the  soil  sample,  there  is  a device  that  can  dig  down  on 
the  lunar  surface  up  to  about,  I think,  6 feet,  and  bring  up  a sample, 
analyze  it,  and  relay  the  information  back  through  the  radiometers, 
and  there  are  other  types  of  instruments  that  are  both  scientifically 
important,  as  well  as  important  to  the  men  who  will  be  landing  on 
the  Moon  in  this  decade. 

Mr.  Davis.  Would  you  consider  it  unlikely  that  the  Russian’s 
spacecraft  would  be  able  to  do  any  more  than  our  Surveyor  would  be 
able  to  do? 

Dr.  Seamans.  Well,  of  course,  that  is  hard  to  estimate,  because  I 
don’t  know  how  they  are  designed. 

Mr.  Davis.  You  would  say  it  was  extremely  improbable  that  they 
have  actually  launched  a spacecraft  capable  of  returning  a soil  sample 
from  the  Moon  back  to  Earth,  would  you  not? 

Dr.  Seamans.  It  is  always  a possibility,  that  I would  not  rule  out. 

It  depends  on  how  they  have  planned  their  program,  and  I am 
really  in  no  position  to  judge.  r 

Mr.  Davis.  Thank  you,  Dr.  Seamans.  That  is  all. 

Mr.  Ryan.  Now,  Dr.  Seamans,  to  just  return  to  tbe  less  spectacular, 

Mr.  Jaffe’s  statement  says  that: 

All  of  the  established  interests  * * * 

At  the  bottom  of  page  1 and  the  beginning  of  page  2 : 

* * * are  cooperating  to  the  fullest  extent  in  the  research  and  developmental  ~* 

programs. 

I just  wonder,  somewhat  rhetorically,  whether  the  Communications 
Satellite  Corp.  is  within  the  definition  of  “Established  interests.” 

Then,  the  statement  says: 

A continuing  liaison  would  be  initiated  with  the  new  Communications  Satellite 
Corp. 

I am  wondering  what  initiative  NASA  should  take  right  now,  to  sit 
down  with  the  corporation  and  work  out  a formula  for  the  reim- 
bursement to  the  Government,  for  both  R.  & D.  costs  which  NASA 
incurs.  And  I am  not  now  talking  about  launching  or  fuel.  I am 
only  talking  about  research  and  development. 

Dr.  Seamans.  Well,  I would  again  like  to  refer  to  the  letter  of 
March  the  27th,  that  I referred  to  before,  as  an  indication  that  we  are 
anxious  to  get  together  with  this  corporation  and  discuss  with  them 
the  matter  of  the  reimbursement.  This  is  important,  I agree,  and 
in  tbe  case  of  Telstar,  the  formula  included  not  only  payment  for  the 
launch  vehicle  and  the  fuel,  but  for  all  identifiable  incremental  costs. 

We  did  not  attempt  to  break  down  the  capital  investment  at  Cape 
Canaveral,  and  have  them  pay  for  their  share  of  the  launching  pad, 
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but  they  did  reimburse  us  for  those  people  both  at  Goddard  and  in  our 
tracking  stations,  for  the  time  that  they  spent  working  on  this  particu- 
lar satellite  operation. 

Now,  if  you  get  into  the  area  of,  say,  supporting  research,  which  I 
think  you  mentioned  earlier,  this  is  the  same  kind  of  area  that  NACA 
was  involved  in  in  aeronautics. 

Mr.  Ryan.  I understand  your  argument.  But  what  I am  talking 
about  now,  in  1963,  is  whether  or  not  you  plan  to  sit  down  with  these 
officers  of  this  corporation  and  attempt  to  work  out  a reimbursement 
formula  for  supporting  research  and  development,  or  do  you  feel  that 
that  is  not  proper? 

I gather  this  morning  that  you  feel  that  the  analogy  is  so  close  to 
NAOA  that  the  Government  should  continue  this,  but  I would  like 
to  draw  your  attention  to  the  fact  that  this  is  a private  corporation. 
It  is  a monopoly,  and  it  was  organized  for  the  specific  purpose  of 
putting  the  United  States  first  in  communications  satellites,  and  to 
show  that  private  enterprise  could  do  it. 

Now,  it  seems  to  me  that  this  is  an  area  that  ought  to  have  your 
attention.  Has  there  been  any  planning  beyond  the  fiscal  year? 
Right  now  you  are  coming  in  asking  for  $51  million.  You  are  asking 
for  more  money  than  last  year  when  you  asked  for  approximately  $43 
million. 

Dr.  Seamans.  Yes. 

Mr.  Ryan.  Now,  what  do  you  anticipate  in  1965? 

Dr.  Seamans.  I can’t  give  you  the  exact  figures,  Mr.  Chairman, 
but  there  have  been  projections,  and  this  would  include  a definition 
of  the  supporting  research  and  technology  on  approximately  the  same 
level  of  effort  plus  the  runout  costs  on  the  Syncom  project.  I think 
this  will  be  about  the  only  projection  that  we  will  have  for  1965 
presently. 

Mr.  Ryan.  Incidentally,  have  you  discussed  with  the  attorneys  for 
NASA,  the  legality  of  the  Government  subsidizing  a private  corpora- 
tion—have  you  a legal  brief  in  your  files  on  this  question? 

Dr.  Seamans.  We  are  not  subsidizing  the  corporation,  Mr. 
Chairman. 

Mr.  Ryan.  Is  this  not  a subsidy? 

Dr.  Seamans.  There  is  no  money  being  transferred  to  the  Satellite 
Corp. 

Mr.  Ryan.  What  is  being  transferred  to  it? 

Dr.  Seamans.  Information  and  data,  The  same  information — — 

Mr.  Ryan.  Who  is  paying  for  it? 

Dr.  Seamans.  The  U.S.  taxpayer  is  paying  for  it — just  as  was  the 
case 

Mr.  Ryan.  Is  that  not  a subsidy  to  the  corporation? 

Dr.  Seamans.  Well,  if  you  use  it  that  way,  if  you  use  the  definition 
that  way  of  course  our  total  industrial  application  program  is  a subsidy 
to  all  of  the  U.S.  industry  so  that  if  we  are  taking  that  legal  interpre- 
tation that  is  perfectly  true  and  proper. 

Mr.  Ryan.  Right — if  you  make  general  information  available,  but 
I am  talking  about  the  transfer  to  one  single  corporation. 

Dr.  Seamans.  Transfer? 

Mr.  Ryan.  Yes — I know  that  the  time  is  running  short  but  I would 
like  to  ask  this  question:  You  say: 
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NASA  will  not  only  play  a primary  role  in  support  of  space  communications 
satellite  eorporation  but  will  also  support  all  industries,  supplying  components 
for  future  communications  satellites. 

Now,  may  I ask  what  that  means? 

Dr.  Seamans,  I will  explain  what  that  means  very  simply — the  Sat- 
ellite Corp.  is  going  to  be  developing  an  operation  system — the  Depart- 
ment of  Defense  is  already  in  the  process  of  selecting  contractors  for 
an  operation  system  and  I am  sure  that  the  first  system  will  not  be  the 
last  one-— so  that  the  development  of  this  operational  system  will  mean 
that  we  will  have  to  draw  on  the  total  electronics  capabilities  of  this 
country.  What  we  do  will  be  made  available  to  the  total  industry  so 
that  they  will  be  able  to  perfect  better  components  for  the  users. 

Mr.  Ryan.  Well,  I think  the  time  is  very  short,  and  we  should  have 
some  review  of  the  figures. 

Mr.  Rumsfeld.  I would  like  to  ask  some  questions  on  that  Mr. 
Chairman. 

Mr.  Ryan.  Well,  suppose  we  let  Mr.  Boone  just  run  down  the 
figures — would  that  be  agreeable  to  you,  Mr.  Rumsfeld? 

Mr.  Rumsfeld.  Well,  if  you  feel  you  have  the  time,  Mr.  Chairman, 
but  there  are  one  or  two  things  I would  like  to  take  up. 

Mr.  Ryan.  Do  you  have  some  questions  on  particular  items? 

Mr.  Rumsfeld.  I would  prefer  to  just  ask  two  or  three  questions 
because  I don't  think  there  is  enough  time  to  go  through  them  item  by 
item. 

Mr.  Ryan.  Go  right  ahead. 

Mr.  Rumsfeld.  Well  then,  referring  to  pages  21  to  23  of  volume 
5,  and  in  line  with  Mr.  Ryan's  earlier  questions,  do  you  envision 
that  this  total  budget  which  is  just  for  R.  & D.  and  which  is  put  in 
at  $51  million,  would  increase  roughly  by  the  same  amount  between 
1963  and  1964  as  compared  with  1964  and  1965? 

I hope  you  can  answer  this  briefly  and  I will  try  to  keep  my 
questions  short. 

Mr.  Jaffe.  No,  sir. 

Dr.  Seamans.  Our  costs  are  under  the  $51  million  figure,  I believe. 

Mr.  Jaffe.  That's  right. 

Mr.  Rumsfeld.  In  other  words,  you  do  not  envision  the  establish- 
ment of  a new  area  like  this  in  the  Syncom  which  is  going  to  put  an 
additional  $41  million,  I believe  it  was,  next  year? 

Mr.  Jaffe.  No. 

Dr.  Seamans.  Well,  you  see,  the  advance  Syncom  II  program  will 
last  over  a period  of  several  years  with  the  level  of  effort  remaining 
essentially  constant,  but  slightly  reduced  in  fiscal  1965. 

Mr.  Rumsfeld.  But  some  of  these  items  concern  me.  On  page  21 
the  intermediate  altitude  satellite — $2  million  is  fisted  for  1963  and 
$2  million  for  1964.  This  is  3 or  4 items  down.  What  portion  of 
that  $2  million  for  1963  was  spent  or  has  been  allocated  this  year? 

Mr.  Jaffe.  I would  have  to  supply  that  information. 

Mr.  Rumsfeld.  Would  you  do  that,  please? 

Mr.  Jaffe.  In  response  to  a question  by  Mr.  Rumsfeld  re  the 
portion  of  $2  million  fiscal  year  1963  funds  that  has  been  spent  or 
allocated  toward  the  intermediate-altitude  satellite. 

Submission:  None  of  the  programed  $2  million  of  fiscal  year  1963 
(see  vol.  Y,  "Fiscal  Year  1964  NASA  Budget  Estimates,”  p.  21)  in- 


3176 


1904  NASA  AUTHORIZATION 


termediate-altitude-satellite  studies  funds  have  been  committed, 
obligated,  or  expended. 

A portion  of  it  is  already  committed  but  we  will  supply  that  for  the 
record;  yes,  sir. 

Mr.  Rumsfeld.  I would  appreciate  it  if  you  would. 

Some  of  these  items  I noticed  on  Echo  and  Relay  and  Syncom  and 
Advance  Syncom ; in  regard  to  data  reduction  and  analysis.  This  is 
a continuing  item  where  some  of  the  others — many  of  them — are  not. 

Mr.  Jaffe,  Yes. 

Mr.  Rumsfeld.  In  addition,  as  far  as  the  Advance  Syncom  is 
concerned,  you  go  up  to  $1  million  data  reduction  and  analysis. 

You  envision  this  not  being  present  in  1965;  do  you,  at  all? 

Mr.  Jaffe.  That  will  be  present  in  1965  and  one  of  our  major  con- 
cerns and  efforts  in  this  satellite  program  is  to  determine  the  rate  of 
degradation  of  the  systems  that  we  do  put  up  in  space  so  that  once 
satellites  are  launched  there  is  a continuing  operation  of  acquiring 
data  from  the  satellite  and  making  analysis  of  these  data  through  the 
life  of  the  satellites. 

Mr.  Rumsfeld.  So  that  we  can  assume  that  the  cost  will  have 
gone  down  a,  little  between  1963  and  1964  anyway,  but  will  stay  at  a 
level  fairly  close  to  what  we  see  in  1964;  is  that  right? 

Mr.  Jaffe.  For  data  processing  and  analysis;  yes. 

Mr.  Rumsfeld.  And  with  respect  to  these  ground-station  opera- 
tions, the  same  situation  exists  where  you  have  a continuing  cost  of 
Relay  of  $1  million-plus  and  on  Syncom  $2  million-plus? 

Mr.  Jaffe.  That  is  correct. 

Mr.  Rumsfeld.  Is  that  right? 

Mr.  Jaffe.  Yes,  sir. 

Mr.  Rumsfeld.  And  this  will  go  down  but  stay  at  a level  fairly 
close  to  this;  is  that  correct? 

Mr.  Jaffe.  Yes;  for  the  life  of  this  satellite,  or  satellites. 

Mr.  Rumsfeld.  And  with  respect  to  the  personnel  requirements  I 
understand  there  has  been  a reduction  in  the  personnel  requirements. 
I notice  that  there  has  been  an  increase  in  the  NASA  headquarters 
personnel,  however,  in  the  communications  field;  is  that  correct? 

Mr.  Jaffe,  That  is  correct. 

Mr.  Rumsfeld.  Why  is  this? 

Mr.  Jaffe.  This  is  true  partly  because  of  the  establishment  of  the 
DOD  program  on  the  intermediate-altitude  satellite.  Because  the 
intermediate  satellite  is  an  active  flight  program  that  will  be  taken 
care  of  by  the  efforts  of  the  DOD  and  perhaps  the  Communications 
Satellite  Corp. 

Mr.  Rumsfeld.  I see. 

Mr.  Jaffe.  We  omitted  this  item  from  the  NASA  active  flight 
programs.  As  to  the  responsibilities  of  headquarters  because  of  the 
coordination  requirements  with  the  DOD  and  the  corporation  we 
fully  expect  an  additional  load  that  will  cause  a small  increase  in  the 
headquarters  personnel  complement. 

It  makes  it  necessary. 

Mr.  Rumsfeld.  Well,  you  say  “small” — what  is 

Mr.  Jaffe.  I believe  we  are  going  from  32  to  38. 

Mr.  Rumsfeld.  I see.  In  this  fiscal  year,  1963,  the  authorization 
was  $85.37  million,  whereas  the  programed  amount  is  $43.7  million. 

Would  you  discuss  that,  please? 
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Mr.  Japfe.  Yes;  there  are  two  reasons  for  this  reduction  in  pro- 
gramed expenditure  as  opposed  to  or  vis-a-vis  the  authorization. 
One  was  the  cancellation  of  the  Rebound  project.  This  was  a project 
to  launch  three  spheres  into  the  orbit  in  which  each  would  be  spaced 
by  some  controlled  manner  and  it  was  decided  that  this  was  beyond 
the  state  of  the  art  and  we  have  canceled  the  Rebound  project. 

A second  factor  is  that  we  have  abandoned  plans  to  actively  take 
part  or  establish  an  intermediate-altitude  system  on  the  assumption 
that  this  would  be  taken  care  of  by  the  DOD  program  and  perhaps 
the  Communications  Satellite  Corp.  So  those  are  two  areas  we  are 
not  undertaking  now. 

Mr.  Rumsfeld.  And  this  is  the  reason  for  the  reduction  in  the 
programing?  I think  it  is  342  million 

Dr.  Seamans.  The  second  item  was  the  substantial  one — the 
advanced  medium-altitude  satellite  system. 

Mr.  Rumsfeld.  Where  is  this  money;  what  is  the  status  of  this 
excess,  this  $42  million? 

Dr.  Seamans.  Well,  this  money  that  you  refer  to,  this  was  repro- 
gramed within  NASA  and  you  cannot  identify  the  dollars  as  going 
from  this  project  to  some  other  project  particularly.  This  was 
discussed  with  the  full  committee  here  about  a month  ago  when  we 
were  describing  all  our  programing  actions. 

Mr.  Boone.  This  was  not  reprogramed  within  the  communications 
satellite  area? 

Dr.  Seamans.  That  is  correct,  Mr.  Boone. 

Mr.  Boone.  Do  you  have  some  idea  of  the  carryover  from  1962- 
63 — funds  that  will  be  carried  over  into  1964? 

Dr.  Seamans.  The  total  carryover  from  1962-63  was  of  the  order 
of  $10  million.  This  is  out  of  a $1.7  billion  program  and  the  carryover 
from  1963  to  1964  will  be,  likewise,  a very  small  amount. 

Mr.  Ryan.  Could  we  have  for  the  record,  gentlemen,  a breakdown 
of  NASA’s  commitments  and  obligations  for  fiscal  year  1962  and 
fiscal  year  1963? 

Dr.  Seamans.  I would  be  happy  to  supply  it. 

(The  information  requested  is  as  follows:) 

In  response  to  a request  by  the  chairman,  Mr.  Ryan,  that  NASA  submit  for 
the  record  the  NASA  commitments  and  obligations  for  fiscal  year  1962  and  fiscal 
year  1963  in  the  communications  satellite  area,  the  following  table  is  submitted: 


Commitments  and,  obligations — Communications  systems  as  of  Feb.  28,  1963 


Fiscal  year 

Commit- 

Obligations 

ments 

1982 - — 

$31,120,000 

22,486,000 

$30,730,000 

17,842,000 

1963 _ 

Mr.  Ryan.  In  this  communications  field. 

Mr.  Wydler.  I just  want  to  say  that  in  connection  with  this  hear- 
ing this  morning,  the  chairman  has  talked  about  this  communications 
satellite  bill  that  was  passed  last  year.  I was  not  a Member  of 
Congress  at  that  time  and  I did  not  hear  all  the  discussions  that  went 
on,  on  the  floor  and  in  debate  on  this  bill,  but  I heartily  subscribe  to 
the  idea  that  free  enterprise  can  do  this  job  and  can,  with  all  due 
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respect  to  NASA,  get  it  done  better,  in  my  opinion,  than  the  Govern- 
ment can. 

But  I think  it  is  important  that  you  let  free  enterprise  get  into  this 
picture  for  a different  reason.  Nor  do  I merely  feel  that  they  ought 
to  pay  their  fair  share,  but  I feel  they  are  not  going  to  operate  in  this 
field  unless  they  are  made  to  do  just  that.  That  is  to  say,  pay  their 
fair  share  and  unless  they  are  going  to  be  given  a part  and  an  oppor- 
tunity to  operate  as  we  know  free  enterprise  can  operate,  by  making 
them  invest  some  money  in  this  program  and  feel  some  responsibility 
for  it. 

This  is  also  going  to  mean  that  they  are  going  to  have  to  know 
what  is  going  on  in  this  program  and  the  other  programs  and  have  a 
part  of  them,  so  that  they  will  be  able  to  make  themselves  responsible 
and  make  this  responsibility  mean  something  to  the  actual  operations 
of  NASA. 

Now  I would  like  to  ask  just  one  question:  When  do  you  think  that 
NASA  will  be  able  to  get  out  of  this  communications  satellite  program? 
Have  you  ever  given  that  any  thought? 

I realize  that  this  is  not  something  that  will  be  happening  this 
year,  but  have  you  ever  thought  about  when  NASA  will  get  out  of 
this  program? 

Dr.  Seamans.  When  you  say  “get  out  of  it,”  we  have  already 
indicated  that  there  will  be  some  reduction  in  the  fiscal  year  1965, 
probably,  and  this  may  be  further  reduced  in  subsequent  years. 

However,  I think  that  it  would  be  a great  mistake  for  NASA  to 
rule  itself  out  of  such  an  important  area,  because  I would  just  like  to 
stress  that  we  are  not  just  supplying  information  to  one  company. 
We  are  doing  something  that  has  value  to  a lot  of  different  corpora- 
tions as  well  as  to  the  Department  of  Defense.  The  synchronous 
satellite  has  some  very  great  values  from  a Defense  Department 
standpoint  because  it  does  minimize  certain  of  the  tracking  and  data 
handling  problems  associated  with  lower  orbit  satellites.  I personally 
think  it  would  be  a great  mistake  to  give  to  one  corporation  the  entire 
and  full  responsibility  in  this  expanding  area. 

Mr.  Wydler.  Don't  you  think,  Dr.  Seamans,  that  the  time  will 
come  when  you  are  going  to — or  NASA  is  going  to  actually  break 
out  of  this  field  altogether  and  I would  like  to  hear  from  you  when 
such  a date  comes. 

Mr.  Jaffe.  I would  Ilk'’  to  elaborate  on  that  a little  bit.  One,  we 
fully  expect  private  industry  to  become  involved  and  take  over  a 
role  in  private  research  and  development  that  they  need  to  provide 
the  systems  they  need  for  common  carrier  services. 

This  is  what  the  law  was  established  for  and  intends  them  to  do. 

I point  out  in  my  written  statement  that  there  are  some  systems, 
some  future  systems,  which  NASA  will  have  to  do  some  work  on,  or 
someone  else  will,  which  are  beyond  the  interests  of  the  common 
carrier,  such  as  the  broadcasting  system.  This  is  not  within  their 
purview,  as  I understand  their  mission. 

We  will  continue  to  look  at  the  technology  and  perhaps  in  the  future 
undertake  programs  to  develop  the  technology  for  these  kinds  of 
systems. 

There  is  an  additional  point  here:  The  Communications  Satellite 
Act,  as  Dr.  Seamans  has  pointed  out,  levies  upon  NASA  certain  respon- 
sibilities, to  the  FCC,  to  the  corporation,  to  the  State  Department. 
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Those  are  mainly  in  the  areas  of  providing  technical  assistance  and 
consultation  and  providing  technical  advice.  To  fulfill  its  role, 
NASA  will  have  to  stay  involved  in  this  field  of  research  to  a certain 
extent. 

Now  the  extent  certainly  depends  on  how  much  of  the  role  the 
corporation  undertakes  and  how  much  effort  they  undertake. 

We  will  have  to  remain  proficient  in  this  area,  nowever,  and  we  will 
have  to  advance  the  state  of  the  art  in  order  to  provide  this  kind  of 
advice  to  the  FCC  and  to  the  State  Department  and  to  the  corporation 
and  to  industry. 

Mr.  Wydler.  Well,  I have  the  answer. 

Mr.  Ryan.  And  the  question  in  my  mind  is:  “Where  is  the  line  of 
demarcation  between  financing  the  state  of  the  art  and  financing 
the  project  and  technology  of  this  corporation?’' 

Well,  I think  we  have  had  a very  interesting  hearing.  I know,  unless 
there  are  any  further  questions  at  this  time,  we  will  look  forward  to 
your  return  and  I hope  we  can  then  take  a little  more  time  on  this  issue 
also.  We  have  not  gone  into  the  question  of  the  Department  of 
Defense  program  and  how  that  relates  to  NASA,  but  the  House  will  be 
in  session  in  just  5 minutes. 

Mr.  Rumsfeld.  Well,  will  there  be  any  indication,  Mr.  Chairman, 
when  Mr.  Jaffe  and  Dr.  Seamans  will  develop  some  further  facts  for 
our  consideration? 

Mr.  Ryan.  I think  you  can  see,  Dr.  Seamans,  that  there  is  great 
concern  in  the  committee  that,  before  we  are  asked  to  report  the  author- 
ization bill  to  the  floor  including  this  $51  million  for  research  and 
development,  we  have  some  concrete  statements  and  proposals  from 
the  corporation  and  from  NASA  on  the  question  of  the  division  of 
responsibility  and  division  of  the  financial  burden. 

Dr.  Seamans.  Yes;  on  the  financial  statement,  you  asked  a question 
somewhat  rhetorically  as  to  the  division.  We  feel  the  division  is 
that  NASA’s  responsibility  is  for  a sound  experimental  program  and 
research  and  that  the  corporation's  responsibility  is  for  the  develop- 
ment of  prototype  equipment  and  for  the  operation  of  the  actual 
system. 

Mr.  Ryan.  And  assuming  that  is  the  proper  division,  then  the 
question  remains  as  to  who  is  going  to  pay  for  it. 

Thank  you,  Doctor. 

(Whereupon,  at  12:07  p.m,,  the  subcommittee  was  adjourned.) 
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THURSDAY,  APRIL  4,  1963 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10:02  a.m.,  pursuant  to  call,  in  room 
214-B,  Longworth  Building,  Hon.  J.  Edward  Roush  (a  member  of 
the  subcommittee)  presiding. 

Mr.  Roush.  The  committee  will  be  in  order. 

The  subjects  under  discussion  this  morning  may  have  the  most 
potential  for  economic  improvement  resulting  from  our  space  program. 
These  important  factors  are  entitled:  “Advance  Application  Satellites, 
Industrial  Applications/'  and  although  they  lack  the  spectacular 
titles  of  some  of  the  other  subjects,  they  include  such  important 
characteristics  as  possible  navigational  improvement,  aircraft  control, 
production  methods,  savings  of  time  and  material,  new  processes, 
R.  & D.,  myriads  of  other  technological  advances  that  will  enhance 
our  economic  program. 

Although  the  budgetary  estimates  for  fiscal  year  1964  are  not  large 
as  governmental  budgets  go,  we  do  consider  it  of  sufficient  interest 
and  potential  to  ask  you  gentlemen  to  present  some  of  the  results  of 
the  program  to  us,  as  well  as  the  discussion  of  the  fiscal  year  1964 
budget  request. 

We  are  very  happy  to  have  with  us  again  Dr.  Robert  C.  Seamans, 
Jr.,  Associate  Administrator,  NASA,  Dr.  George  L.  Simpson,  Indus- 
, trial  Applications  and  Advanced  Applications,  NASA,  and  Alton  B. 
Moody,  Industrial  Applications  and  Advanced  Applications  of 
NASA.  These  will  be  the  witnesses  during  the  first  hour  of  the 
proceedings  this  morning. 

Dr.  Seamans,  unless  you  have  some  introductory  remarks,  we  will 
proceed  with  Dr.  Simpson. 

STATEMENT  OF  DR.  ROBERT  C.  SEAMANS,  JR.,  ASSOCIATE 

ADMINISTRATOR,  NASA;  ACCOMPANIED  BY  DR.  GEORGE  I. 

SIMPSON,  INDUSTRIAL  APPLICATIONS  AND  ADVANCED 

APPLICATIONS , AND  ALTON  B.  MOODY,  INDUSTRIAL  APPLI- 
CATIONS AND  ADVANCED  APPLICATIONS 

Dr.  Seamans.  Let  me  say  a few  words  about  Dr.  Simpson  if  I may. 

Mr.  Roush.  Certainly. 

Dr.  Seamans.  He  came  to  NASA  7 months  ago  from  the  University 
of  NoTth  Carolina  where  he  has  been  very  active  in  the  field  of  regional 
scientific  development.  In  bis  capacity  here  at  NASA  as  the  Assistant 
Administrator  for  Technology  Utilization  and  Policy  Planning,  he  is 
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responsible  for  public  information,  data  storage  and  retrieval,  our 
educational  programs,  as  well  as  the  industrial  application  programs. 

We  have  recently  made  an  organizational  change  in  which  the  indus- 
trial application  program  was  shifted  from  the  Office  of  Applications 
to  Dr.  Simpson.  The  group  in  headquarters  under  Mr.  Fong  re- 
sponsible for  this  effort  have  been  transferred  and  now  report  to  Dr. 
Simpson. 

I would  now  like  to  have  Dr.  Simpson  to  report  on  the  program. 

Mr.  Roush.  Dr.  Simpson,  we  are  delighted  to  have  you.  Your 
reputation,  which  is  good,  has  preceded  you.  We  are  glad  to  have 
you  involved  in  this. 

I believe  you  have  a prepared  statement. 

Dr.  Simpson.  Yes.  May  I read  it? 

Mr.  Roush.  Yes.  Please  proceed. 

Dr.  Simpson.  Dr.  Seamans  has  already  givenyou  an  introduction 
to  NASA’s  industrial  applications  program.  With  your  permission 
I would  like  to  take  a few  minutes  to  elaborate  on  this  area  in  view  of 
the  interest  which  you  have  expressed. 

NASA  is  committed  to  a hard,  driving  effort  to  transfer  the  useful 
fruits  of  our  research  and  development  effort  to  the  private  sector  of 
the  economy  in  as  quick  and  as  useful  a way  as  possible. 

We  are  committed,  first,  because  the  Space  Act  requires  it.  NASA 
is  directed  to — 

Provide  for  the  widest  practicable  and  appropriate  dissemination  of  informa- 
tion concerning  its  activities  and  the  results  thereof. 

We  are  also  committed  because  we  are  mindful  that  a large  part  of 
the  nation’s  R.  & D.  effort  is  occupied  by  the  Federal  agencies;  and 
that  it  is  essential  that  the  maximum  value  be  wrung  out  of  this  part 
of  the  total  effort. 

The  requirements  for  space  exploration  begin  in  the  field  of  anatomy 
and  run  through  virtually  the  whole  gamut  of  scientific  and  techno- 
logical interest,  through  new  power  sources  to  zero  gravity.  Further, 
those  things  which  are  made  for  space  travel  receive  no  compromises 
from  that  harsh  environment.  Which  is  to  say  that  a very  large 
part  of  the  total  space  work  is  at  the  very  leading  edge  of  the  state-of- 
the-art;  and  that  in  another  large  part  the  state-of-the-art  must  be 
extended. 

It  is.  reasonable  to  think  that  an  effort  of  such  size,  range  and  sophis- 
tication, extending  over  a number  of  years  cannot  fail  to  have  major 
scientific  and  economic  consequences:  consequences  that  begin  as 
scientific  and  technological  advances  and  then  are  converted  into  new 
techniques  of  manufacture,  new  systems  of  organization,  and  new 
products  and  services. 

The  space  effort  will  be,  we  think,  altogether  comparable  in  its 
effect  on  the  American  economy  to  that  of  World  War  II.  Our  objec- 
tive is  to  maximize,  to  facilitate,  to  speed  up  this  effect. 

We  are  moving  in  a variety  of  ways  toward  this  objective.  At 
NASA  headquarters  a group  under  Mr.  Louis  Fong  works  steadily 
on  this  problem.  At  each  of  the  NASA  field  centers  an  industrial 
applications  officer  studies  the  work  in  progress  there  and  reports  to 
Mr.  Fong  on  new  devices,  processes  and  techniques  that  show  poten- 
tial for  application  elsewhere. 

The  Midwest  Research  Institute  is  carrying  on  a pilot  study  that 
is  of  considerable  interest.  Institute  staff  have  visited  the  NASA 


1964  NASA  AUTHORIZATION 


3183 


centers  and  identified  a large  number  of  potential  applications.  Mid- 
west has  selected  the  most  promising  of  these  applications  and,  by 
visits  to  central  cities  in  six  States,  has  introduced  them  to  business 
and  industrial  leaders. 

As  an  illustration,  I cite  the  following  from  Ames  Research  Center  : 
In  its  effort  to  simulate  the  conditions  under  which  a space  vehicle 
reenters  the  atmosphere,  the  Ames  Research  Center  adapted  for  its 
use  a stirred  arc  gas  heater.  This  heater  employs  a radial  magnetic 
field  to  rotate  an  electric  arc  at  high  velocity  between  two  circular 
water-cooled  electrodes.  Rotating  the  arc  not  only  reduces  electrode 
erosion  to  a minimum  but  also  makes  possible  much  higher  heating 
efficiencies. 

MRI  in  its  translation  of  this  item  to  industrial  use,  estimates  that 
the  use  of  this  arc  heater,  as  advanced  by  Ames  developments,  to 
convert  natural  gas  into  acetylene  may  result  in  a considerable  reduc- 
tion in  the  cost  of  producing  acetylene.  There  are  added  possibilities 
for  use  of  this  faster,  high  efficiency  heater  in  the  chemical  and  metal- 
working industries. 

The  major  input  thus  far  is  from  NASA’s  in  house  effort.  We  are 
taking  steps  to  increase  the  quantity  of  reports  from  industrial 
contractors. 

We  are  in  the  process  of  broadening  this  work  to  include  a number  of 
additional  research  institutes.  A number  of  universities  are  also  at 
work  on  this  problem. 

We  are  trying  other  approaches.  It  is  clear  that  one  of  the  most 
essential  goals  must  be  that  of  bringing  the  industrial  research  people 
into  direct  contact  with  our  research  and  development  effort,  so  that 
they  will  study  this  effort  closely  and  in  terms  of  the  interest  of  their 
own  companies.  To  the  fullest  possible  extent  we  want  to  remove  the 
middleman  from  this  situation. 

As  we  study  this  problem  it  also  becomes  evident  to  us  that  we  must 
take  steps  that  will  establish  on  a more  permanent  and  longer-range 
basis  the  interest  of  a community  or  region  in  this  matter  of  applica- 
tion. We  plan  to  encourage  the  organization  of  local  groups  that  will 
commit  themselves  to  perhaps  a 5-year  effort  to  study  carefully  the 
needs  and  the  potentials  of  their  regions  and  seek  ways  of  bringing  new 
processes  and  new  products  into  the  regions. 

In  addition  to  applications  to  industrial  uses,  we  also  feel  that  a 
potential  exists  for  the  transfer  of  parts  of  the  NASA  effort  to  the 
solution  of  many  of  the  problems  of  metropolitan  areas,  such  as  water 
and  air  pollution. 

We  are  aware  that  past  experience  indicates  severe  problems  in  the 
transfer  of  Government  research  and  development  efforts  to  private 
use.  However,  we  feel  that  the  Nation’s  well-being  requires  a major 
effort  to  determine  whether  these  problems  can  be  solved. 

Thank  you,  sir. 

Mr.  Roush.  Thank  you,  Dr.  Simpson. 

Referring  to  your  last  paragraph,  I believe  your  office  is  com- 
paratively new. 

Dr,  Simpson.  Yes,  sir. 

Mr.  Roush.  Could  you  indicate  to  us  in  a little  more  detail  what 
some  of  these  problems  are  that  you  refer  to,  and  more  precisely  what 
you  are  doing  to  solve  those  problems? 
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Dr.  Simpson.  The  problems  are  essentially  those  which  have  to  do 
with  the  transfer  of  new  developments.  Industrial  and  scientific 
people  tell  us  their  experience  has  been  that  it  is  often  uneconomic  for 
them  to  do  this;  that  there  is  considerable  difficulty  in  transferring 
people  from  Government  research  and  development  work  to  private 
work,  this  kind  of  thing. 

We  feel  that  if  we  can  bring  these  people  from  industry  directly  into 
contact,  which  is  what  we  are  attempting  to  do,  with  the  fallout  or  the 
research  and  development  effort  which  NASA  or  any  other  Govern- 
ment agency  is  carrying  on,  that  there  is  a greater  potential  here  than 
they  have  heretofore  come  to  be  willing  to  invest  their  funds  in 
exploiting. 

Mr.  Roush.  How  do  you  go  about  bringing  them  into  direct 
contact? 

Dr.  Simpson.  Our  first  way  is  through  the  reporting  system  which 
we  are  establishing,  reports  which  come  from  the  NASA  Centers  to 
headquarters  and  which  are  then  distributed. 

Second,  the  Midwest  Research  Institute  has  gone  into  six  States  in 
the  Midwest,  conducting  meetings  of  business  and  industrial  people, 
and  in  effect  put  on  a show  or  fair. 

Beyond  this,  we  are  encouraging  industrial  people  to  come  to  the 
Centers  themselves.  One  company,  for  instance,  has  already  agreed 
to  send  a group  to  two  of  our  Centers  for  several  days.  We  are 
asking  them  in  effect  to  go  and  examine  what  is  going  on  in  these 
Centers  in  terms  of  their  own  interest. 

I mentioned  community  interest.  Last  week  we  held  a conference 
in  Oakland.  The  group  there  of  business  and  industrial  people, 
together  with  representatives  from  the  University  at  Berkeley,  agreed 
to  establish  a permanent,  an  ongoing  committee  to  work  at  this 
problem  in  terms  of  the  needs  of  that  area. 

Mr.  Roush.  Is  the  conference  you  have  set  up  in  Chicago  in  the 
early  part  of  May,  has  that  been  planned  by  your  office  or  is  that 

Dr.  Simpson.  It  is  a joint  enterprise  actually.  Our  main  focus  is 
on  the  third  National  Conference  on  Peaceful  Uses  of  Space.  The 
Chicago  people  themselves  with  our  cooperation  have  extended  this 
to  include  a wide  variety  of  items,  one  of  which  is  this  matter  of  indus- 
trial applications.  Frankly,  we  are  urging  them  to  do  this,  hoping 
that  they  will  develop  a follow-on  group  that  will  work  in  the  interest 
of  the  entire  Midwest  region. 

Mr.  Roush.  I gather  your  attack  is  really  a two-pronged  attack, 
one  conducted  by  your  office  and  the  other  is  the  encouragement  of 
industry  to  also  approach  NASA  and  seek  out  information,  is  that 
correct? 

Dr.  Simpson.  Yes,  sir  I would  emphasize  the  latter. 

Really  our  basic  objective  is  to  indicate  or  show  to  industry  that 
there  is  something  here  of  value.  The  maximum  amount  we  can  turn 
over  to  them,  or  the  maximum  number  of  ways  that  we  can  develop 
for  them  to  approach  this  program,  is  really  what  we  are  looking  for. 

Mr.  Roush.  Referring  to  these  industrial  applications,  are  those 
merely  fallouts  of  the  laboratory  that  must  be  recognized,  or  do  you 
have  engineering  personnel  who  seek  out  the  improvements? 

Dr.  Simpson,  At  each  of  the  Centers  there  is  one  or  more  people 
of  a technical  background  who  actually  go  into  the  laboratory  at 
the  workbench  level  and  seek  these  out. 
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As  you  might  expect,  it  would  be  impossible  to  expect  the  people 
working  on  the  Saturn,  for  instance,  to  give  a lot  of  time  to  this 
themselves.  So  we  have  people  in  the  centers  who  stay  with  these 
programs  and  who,  on  the  basis  of  direct  investigation  and  contact, 
seek  to  identify  innovations. 

Mr.  Rumsfeld.  Could  I ask  a question  on  this  point? 

Mr.  Roush.  Yes. 

Mr.  Rumsfeld.  You  said  with  respect  to  this  Chicago  Space 
Month  that  you  are  hoping  that  they,  meaning  I presume  the  people 
who  have  set  up  this  conference  in  Chicago,  Will  develop  a followup 
group.  Could  you  elaborate  on  what  you  are  talking  about  and 
how  you  in  NASA  would  work  with  such  a group,  what  your  func- 
tion would  be  in  such  a program? 

Dr.  Simpson.  Yes.  What  we  would  hope  would  be  this:  That  a 
group  would  be  established  in  the  Chicago  area,  a combination  of 
business,  industrial  and  university  people, 'who  would  then  seek  to 
examine  the  NASA  program  and  to  examine  their  own  resources,  their 
own  interests,  to  see  where  there  is  a meeting. 

For  instance,  we  would  hope  this  group  would  first  of  all  mobilize 
the  interest  of  industrial  people  in  the  midwest  area,  perhaps  through 
an  inventory  or  whatnot. 

We  would  also  hope  that  these  people  would  support  work  in  the 
university  or  in.  Armour  Research  Foundation,  or  through  some  group 
of  their  own,  that  is  to  say,  which  would  pick  up  innovations  as  we 
identify  them  and  begin  to  initiate  some  development  work  on  them. 
There  is  a wide  gap  here  between  potential  and  economic  use. 

Then  we  would  hope  this  group  would  be  a focus  or  contact  for  us 
to  work  with,  that  they  could  send  teams  or  a task  force  to  the  Centers 
or  to  our  people  here  in  Washington.  What  we  really  want  is  a bona 
fide  effective  group  working  in  this  area,  particularly  drawing  out 
again  the  economic  interest  of  the  people  there.  We  want  them  to 
look  at  what  we  have  in  terms  of  their  own  moneymaking  interest. 

Mr.  Rumsfeld.  There  was  a statement  made  before  this  subcom- 
mittee on  Tuesday,  I believe,  discussing  the  Armour  Research  Insti- 
tute and  its  new  Center.  How  would  it  specifically  fit  into  such  a 
program? 

Dr.  Simpson.  I am  not  familiar  with  the  statement.  In  this  case, 
for  instance,  there  is  no  reason  why  a midwestem  group  could  not 
give  a contract  to  Armour  Research  Foundation  to  study  the  specific 
spill-out  items  we  are  identifying,  or  even  for  the  Armour  people 
themselves  to  come  directly  into  the  Centers  to  look  at  these  things 
and  then  make  their  findings  available  to  people  in  the  Chicago  area 
on  any  basis  that  they  established. 

Mr.  Rumsfeld.  WTiat  is  the  specific  device  for  identifying  these 
spill-out  items  you  refer  to? 

Dr.  Simpson.  The  device  is  simply  a technical  person  in  the  Center 
who  lives  with  the  Center  research  and  development  program  and 
who  follows  them  closely  by,  as  I say,  going  directly  into  the  labora- 
tory. In  his  own  judgment  and  in  talking  with  the  people  performing 
the  work,  saying  this  looks  as  if 

Mr.  Rumsfeld.  You  don’t  identify  them.  Some  non-NASA  person 
identifies  them? 

Dr.  Simpson.  These  are  NASA  people.  On  the  other  hand,  the 
Midwest  Research  Institute  brought  their  own  people  into  the 
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Centers.  We  have  done  both.  The  permanent  structured  program 
is  carried  on  by  NASA  people.  At  Huntsville  there  is  an  industrial 
applications  officer  with  some  staff.  Today  I assume  he  is  in  a labora- 
tory looking  at  what  is  going  on,  examining  it  for  potential  application. 

Mr.  Rumsfeld.  I won’t  pursue  this  further.  I would  like  to  find 
out  later  exactly  how  this  works,  because  I must  confess  I don’t 
understand. 

Mr.  Wydler.  I don’t  understand  it  either.  It  would  help  me  to 
understand  it  if  you  could  give  me  an  illustration  by  taking  one  par- 
ticular identifiable  application  item  and  tell  me  how  you  get  that  to 
industry,  what  you  expect  industry  to  do  with  it,  how  NASA  would 
be  in  the  picture  after  industry  has  it  for  its  practical  development. 
Can  you  do  that  with  one  item  you  have  had  in  the  last  year? 

Dr.  Simpson.  Perhaps  Mr.  Fong  would  join  me  on  this. 

Let  me  give  the  general  flow  here  of  this  stirred  arc  gas  heater,  for 
instance,  that  was  identified  in  the  Ames  Laboratory. 

In  this  case  it  could  have  been  by  a Midwest  Research  man  or  it 
could  have  been  identified  by  our  staff  man  there  as  a new  develop- 
ment. They  know  this  because  they  know  what  the  people  at  Ames 
are  doing. 

They  examine  the  program  and  go  into  the  laboratory  and  make 
themselves  a part  of  the  on-going  research  program.  This  potential 
application  was  identified,  described,  and  sent  to  Washington  on  what 
is  called  a flash  sheet. 

This  comes  to  Mr.  Fong’s  office.  He  has  a process  by  which  he 
himself  and  his  staff  look  at  these  things,  give  them  some  evaluation, 
and  write  them  up  in  an  orderly  way.  Then  I think  Mr.  Fong  may 
very  well  get  some  outside  consulting  help  from  one  of  the  research 
institutes  for  further  evaluation. 

Then  we  undertake  to  make  this  available  to  industry  through  the 
normal  sources  of  publication,  trade  journals  and  this  kind  of  thing. 

I must  say  I think  we  feel  we  are  only  at  the  beginning,  particularly 
with  regard  to  the  dissemination  of  these. 

Mr.  Wydler.  You  did  this  up  to  the  point  that  you  have  described 
this  to  me  now? 

Dr.  Simpson.  Yes. 

Mr.  Wydler.  You  did  make  this  available  through  trade  journals 
and  other  means. 

Dr.  Simpson.  I would  like  Mr.  Fong  to  speak  to  this  particular 
point  so  I don’t  mislead  you  on  what  has  happened  in  any  particular 
case. 

Mr.  Fong.  I might  say  we 

Mr.  Roush.  So  that  we  might  have  a-  proper  identification  in  the 
record,  would  you  give  your  full  name  ana  title,  Mr.  Fong? 

Mr.  Fong.  My  name  is  Louis  B.  C.  Fong.  I am  the  Director  of 
the  Office  of  Technology  Utilization,  formerly  known  as  Industrial 
Applications. 

I might  address  myself  to  this  last  question  relative  to  how  we 
disseminate  this  information.  We  haven’t  engaged  in  our  full- 
fledged  dissemination  program  yet.  It  will  be  done  in  late  spring. 

With  regard  to  the  specific  question  on  dissemination,  the  item  is 
evaluated  through  several  levels,  and  then  given  to  the  Office  of  Scien- 
tific and  Technical  Information,  where  we  plan  to  use  existing  channels 
of  communication  to  industry.  As  Dr.  Simpson  said,  these  include 
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trade  journals,  professional  societies,  seminars,  and  certainly  through 
other  Government  agencies  where  it  is  possible. 

Mr.  Wydler.  In  other  words,  in  this  particular  case  that  was  being 
described,  no  dissemination  was  made,  do  I understand  t 

Mr.  Fong.  The  stirred  arc  gas  heater  was  disseminated  to  3,000 
people  in  the  Midwest  on  a seminar  basis. 

Mr.  Wydler.  What  does  the  seminar  basis  mean? 

Mr.  Fong.  This  is  a series  of  meetings  in  the  Midwest  area  in  six 
States.  The  Midwest  Research  Institute  calls  a meeting  of  the  indus- 
trialists, 200  or  300  at  a time,  and  talks  to  them  about  the  ideas 
which  have  been  identified  from  NASA. 

Mr.  Wydler.  Is  there  any  industrialist  that  is  trying  to  develop 
this  stirred  arc  into  a practical  useful  item? 

Mr.  Fong.  Not  this  specific  item,  since  it  requires  a considerable 
amount  of  resources  and  a considerable  amount  of  investment. 

Furthermore,  we  are  developing  some  additional  technical  data  to 
make  it  more  realistic.  We  have  other  items  that  we  can  speak  about 
that  have  been  transferred  to  industry. 

Mr.  Wydler.  If  you  don’t  mind,  Mr.  Chairman,  I would  like  to 
hear  about  one  of  them.  This  is  what  I was  trying  to  get  at.  Maybe 
Mr.  Fong  can  do  that  for  us,  if  you  feel  we  have  the  time.  I think 
I would  picture  the  whole  thing  better. 

Mr.  Roush.  If  Mr.  Fong  can  give  us  a concrete  example,  fine. 

Mr.  Fong.  Perhaps  one  good  example  is  the  use  by  Marshall  Space 
Flight  Center  of  what  they  call  a single  pass  welding  technique.  This 
is  a technique  which  permits  you  to  weld  fairly  large  pieces  and  fairly 
thick  pieces  without  the  need  of  going  over  it  twice,  once  on  each 
side.  This  is  done  by  using  a silicon  fiberglass  backup  tape  in  lieu 
of  backup  bars  and  does  save  considerable  expense  in  labor  and  time. 

A midwestem  company  is  now  using  this  in  seeded  pressure  tanks. 
The  technique  is  something  that  they  learned  about  through  the 
Midwest  Research  Institute  and  got  some  additional  data  about  from 
the  Marshall  Space  Flight  Center. 

This  information  was  disseminated  through  the  Midwest  Research 
Institute.  There  is  another  item  of  general  interest,  the  soldering 
technique  which  was  developed  way  back  in  the  aerospace  develop- 
ment effort.  It  started  before  the  Marshall  Space  Flight  Center, 
with  the  Yon  Braun  team  in  the  Jupiter  program,  and  later  was 
extended  in  the  space  reliability  program. 

Mr.  Wydler.  To  go  back  to  the  first  instance  you  gave.  You 
wrote  this  up  and  disseminated  it  to  this  company  which  finally 
decided  to  utilize  it,  is  that  correct? 

Mr.  Fong.  First,  it  was  picked  up  by  the  Midwest  Research  Insti- 
tute and  verbally  disseminated,  and  later  provided  to  the  company 
on  a written  basis. 

Mr.  Wydler.  What  is  the  name  of  the  company? 

Mr.  Fong.  This  company  is  the  Western  Supply  Co.,  Tulsa,  Okla. 

Mr.  Wydler.  This  company  adapted  it  for  use  in  its  manufacturing 
process? 

Mr.  Fong.  Yes. 

Mr.  Wydler.  Did  they  do  that  on  their  own,  or  did  they  do  that 
with  the  cooperation  of  NASA? 

Mr.  Fong.  This  was  a technique  they  could  almost  pick  up  without 
too  much  direct  assistance  from  NASA.  NASA  furnished  the  infor- 
mation and  the  specifications. 
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Mr.  Fulton  of  Tennessee.  Before  we  get  off  this  subject  I think  it 
would  be  good  to  have  inserted  in  the  record  a list  of  the  techniques 
that  have  been  made  available,  or  a list  of  byproducts  from  the 
Scientific  Research  Center  going  on  in  NASA,  if  that  be  provided 
for  the  record. 

Mr.  Roush.  Can  this  be  provided? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Roush.  Have  you  developed  a catalog  or  listing  of  these 
various  items  which  you  provide  for  general  dissemination? 

Dr.  Simpson.  Yes,  sir;  we  have  a list. 

(The  information  requested  is  as  follows:) 


National  Aeronautics  and  Space  Administration, 

Office  of  Technology  Utilization, 

Washington,  D.C.,  April  11,  1968. 

Reference  the  stenographic  transcript  of  hearings  before  the  House  Subcom- 
mittee on  Applications  and  Tracking  and  Data  Acquisition,  April  4,  1963,  page  732. 

As  requested  by  Representative  Fulton,  a list  of  techniques  which  have  been 
made  available  is  provided  for  the  record. 


Rapid  sequence  camera, 
Dynatube  connector 
Silicon  solar  cells 
Battery-powered  tools 
Sintered  alumina  cutting  tools 
Air  bearings 
Aluminized  mylar  film 
Beryllia  heat  sinks 
Pyroceram 

Nonlubricated  bearings 
Protective  coatings 
Explosive  forming 


Filament  winding 
Welded  wire  packaging 
Magnetic  pulse  forming 
Stirred  arc  gas  heater 
PERT  Cost  system 
Reliability  of  electrical  soldering 
Printed  cables 

Frangible  tube  energy  absorber 
Chain  rubber  drive 
Single  pass  warding  technique 
Release  coatings 
Weld  seam  tracker 


As  Mr.  Fong  says,  we  are  in  the  process  of  working  out  a standard 
way  of  dissemination  here,  which  is  an  answer  to  the  second  part  of 
your  question.  We  do  have  a catalog  started,  I believe  with  some- 
where between  500  and  600  potentials.  I may  emphasize  the  word 
“potential.”  We  have  a list  of  these.  Many  of  these  have  already 
been  evaluated.  We  have  perhaps  50  that  are  under  very  serious 
consideration. 

Mr.  Roush.  It  seems  to  me  this  is  an  item  that  lends  itself  to  good 

Eublic  relations  for  NASA.  .And  in  addition  to  disseminating  per- 
aps  technical  information  to  industry,  are  you  undertaking  to  use 
this  as  a public  relations  gimmick? 

Dr.  Simpson.  I would  say  we  are  not  unmindful  that  this  is  a good 
thing  for  NASA.  We  are  not  attempting  to  capitalize  on  it  heavily 
on  public  relations. 

I would  say  also  we  ar<  going  rather  slow  in  what  we  claim,  or  what 
we  are  trying  to  put  out.  We  will,  of  course,  give  it  full  expression. 


n 


1904  NASA  AUTHORIZATION  3189 

Mr.  Hechlee.  I think  Mr.  Fulton's  question  and  your  observation 
are  very  pertinent.  I think  that  this  is  a very,  very  important  phase 
of  NASA's  work.  I believe  that  more  should  be  made  available  to 
the  public  on  precisely  what  you  are  doing. 

Many  times  the  expression  is  made  that  what  we  are  putting  into 
the  space  program  in  terms  of  the  taxpayer's  dollar  is  coming  back  to 
us  in  increased  value  in  industrial  applications.  This  broad  statement 
is  made,  but  when  you  start  to  document  it  sometimes  it  is  d fficult. 

I think  it  would  be  to  NASA's  great  benefit  and  to  the  benefit  of 
people  all  over  the  country  if  this  were  publicized  to  a greater  extent. 

I hope  that  NASA  would  give  serious  attention  to  Mr.  Fulton’s 
question  in  preparing  these  data  for  the  record. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Hechler.  It  will  not  only  help  the  people  throughout  the 
country  but  it  might  even  help  NASA  with  its  authorization. 

Mr.  Rumsfeld.  With  respect  to  these  flash  sheets,  how  many  of 
these  go  out  on  a given  item?  What  are  we  talking  about  in  numbers? 
Is  this  in  terms  of  a mailing  list  or  whatever  your  method  of  dissemina- 
tion may  be,  and  I would  like  to  have  a copy  of  one  to  see  what  we 
are  talking  about. 

Dr.  Simpson.  As  we  are  working  at  this  now,  we  are  thinking  about 
a release  number  of  about  1,600  individual  recipients.  Of  course, 
many  of  these  are  news  media  of  one  kind  or  another,  trade  journals, 
and  so  on.  What  we  are  doing  is  trying  to  cover  every  possible 
interest. 

Mr.  Rumsfeld.  If  an  individual  wrote  in,  would  you  add  them  to 
your  list? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Rumsfeld.  And  something  like  a research  center  would 
automatically  be  on  the  list? 

Dr.  Simpson.  Yes,  sir.  If  we  seem  a little  cautious  here  it  is 
because  we  don't  want  to  overstate  what  we  have  until  we  have  a 
goodly  number  of  substantial  achievements. 

Frankly,  it  is  extremely  difficult  to  identify  these  things,  to  describe 
them.  Some  of  the  more  important  factors  are  going  to  be  processes, 
techniques,  organization  systems,  as  well  as  devices.  We  want  to 
be  sure  that  what  we  have  is  sound  and  really  quite  worthwhile  before 
we  make  too  much  of  it. 

Mr.  Rumsfeld.  Will  you  make  available  to  each  of  the  members 
one  of  these  flash  sheets? 

Dr.  Simpson.  Yes. 

Mr.  Rumsfeld.  I don’t  know  if  you  would  want  it  in  the  record. 
I would  like  to  see  one. 

(The  information  requested  is  as  follows:) 
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Th«  Manufacturing  Engineering  DlTliion  of  Marshall  Space  Flight  Center  hae  per-J 
iorfmtd  such  fusion  welding  of  aluvinun  sheet,  using  the  tungsten  electrode  inert 
su  (TIC)  and  consumable  elactroda  laart  gaa  (IOC)  machods.  Frequently,  it  haa 
been  ncceraary  to  ua«  grooved  backup  bar*  undarnaatb  th*  aaaai  to  b#  welded.  In 
order  to  achieve  the  deaired  symmetrical  poeltion  and  shape  of  the  weld  bead  and 
prevent  puddle  runout,  particularly  when  tha  abaeta  are  out  of  alignawnt. 

Desiring  to  rsplaca  tbeae  natal  backup  bars,  HSFC  haa  bean  tasting  fiberglass 
tape  as  a substitute.  The  tape  can  be  obtained  with  or  without  adhesive  backing. 
Man  adhesive  becked,  it  can  be  pressed  into  position  straddling  tbs  sc  an.  The  non 
Adhesive  type  can  be  securely  held  with  transverse  adhesive  tape  strips. 

Minnesota  Mining  A Mfg.  Co.  Tapea  Mo.  3ii  and  MS,  referred  to  as  pressure- 
sensitive  silicone  adhesive  glees  cloth,  wee ting  specifications  MIL-T-4053  with 
regard  to  quality,  ware  tasted  as  replacements  for  backup  bars  for  welding  k inch 
thick  2219-TS7* plate . Good  reaulta  were  obtained.  The  molten  alumimm  underbead 
(900-1200  if)  wea  successfully  retained  end  shaped  by  the  tapes,  with  no  weld  con- 
tamination and  with  no  adverse  effecte  on  weld  poroelty  or  strength.  Sanko  Has in 
Company's  "Volan  A"  tape  wea  also  triad,  Fermacal's  P-21  adhesive  gAass  cloth 
electrical  tape  was  used  as  an  additional  support  for  the  other  tapea.  The  tapes 
can  be  commercially  obtained  in  rolls  up  to  three  feet  wide.  The  widths  used  in 
these  tests  ranged  between  1%  to  2 inches.  3M  Co.  will  manufacture  these  tepee  to 
customer's  specifications  with  regard  to  required  stiffens,  closeness  of  weave,  etc] 
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Applications  are  ell  fusion  welding  of  sheet  and  plate  metals  whan  tha  weld  la 
performed  from  one  elde  only,  when  a normally-shaped  weld  underbead  is  desired. 
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Figure  56a 

Mr.  Roush.  Is  it  possible  to  get  innovations  from  contractors  con- 
sidering their  proprietary  interest  in  research? 

Dr.  Simpson.  About  10  percent  to  date  have  come  from  contractors. 
We  are  working  on  this  problem  through  the  procurement  process, 
the  contracting  arrangements.  There  are  serious  problems  her  e,  both 
of  proprietary  interest  and  the  fact  that  contractors  don’t  like  to  take 
on  any  more  work  than  they  have  to. 
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Mr.  Roush.  Is  it  a matter  of  taking  on  more  work  or  trying  to 
protect  their  own  interest? 

Dr.  Simpson.  Both.  I would  say  it  leans  toward  the  proprietary. 

Mr.  Roush.  Do  the  present  NASA  policies  help  or  inhibit  getting 
the  innovations  from  industry? 

Dr.  Simpson.  I would  say  our  impression  is  that  they  inhibit,  that 
is  to  say,  industry  obviously  wants  to  protect  itself  to  the  fullest 
possible  extent.  I don’t  know  there  is  any  more  beyond  that  to  say 
so  long  as  the  Government  has  to  protect  its  own  interest  in  these 
matters. 

Mr.  Roush.  Where  you  have  uncovered  an  innovation  do  you 
conduct  operations  and  cost  analysis  studies  carrying  the  idea  mto 
production  so  that  you  can  inform  the  industry  in  a more  complete 
fashion?  Or  do  you  go  that  far? 

Dr.  Simpson.  We  hope  not  to  go  that  far.  I must  say  I think  we 
will  feel  our  way  along  here  and  do  what  seems  to  be  necessary  under 
the  circumstances.  What  we  hope  is  that  we  won’t  have  to  do  much 
of  that. 

Mr.  Roush.  I hope  my  colleagues  will  forgive  me. 

Could  you  describe  in  detail  the  work  that  is  planned  for  Indiana 
University? 

Dr.  Simpson.  I will  ask  Mr.  Fong  to  go  into  that,  since  he  has  been 
working  closely  with  that  group. 

Mr.  Fong.  We  have  jointly  established  with  the  Indiana  University 
the  Aerospace  Research  Application  Center.  We  made  a grant  to  the 
Indiana  University  to  the  extent  of  $150,000-  They  will  mount  a 
cooperative  effort  with  industry  and  attempt  to  explore  various  ways 
to  solve  this  transfer  problem.  They  will  be  working  directly  with 
industry. 

They  have  30  member  industries  at  last  count,  which  joined  the 
Center  on  a membership  basis  of  $5,000  for  each  industry,  so  they 
essentially  have  matched  our  $150,000. 

We  feel  that  this  close  working  relationship  between  the  Graduate 
School  of  Business,  which  will  provide  the  managerial  and  admin- 
istrative talents  as  well  as  the  multidisciplinary  background  of  the 
university,  and  the  engineering  and  technology  talent  from  industry, 
will  result  in  some  very  quick  and  fast  transfers.  We  then  hope  to 
use  the  techniques  on  a nationwide  basis. 

This  is  the  gist  of  the  Indiana  Application  Research  Center. 

Mr.  Roush.  Is  there  also  planned  another  grant  in  the  sum,  I have 
a figure  here  of  $143,000  for  predoctoral  students? 

Dr.  Simpson.  I would  guess,  sir,  that  is  under  the  training  program, 
graduate  training  program,  which  is  another  item. 

Mr.  Roush.  It  is  not  associated  with  your  particular  program. 

Dr.  Simpson.  Not  directly. 

Mr.  Roush.  You  couldn’t  have  picked  a better  university. 

I might  add  the  president  of  the  university  did  service  in  West 
Virginia.  Dr.  Starr,  and  the  Indiana  University  School  of  Business  is 
a very  fine  school. 

Any  further  questions? 

Mr.  Hechler.  Dr.  Simpson,  space  is  a real  big  business.  I some- 
times wonder  whether  small  businesses  throughout  the  country  are 
sharing  in  the  type  of  information  industrial  applications  can  afford. 
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Perhaps  the  history  has  been  that  this  comes  down  through  the 
larger  corporations  and  your  larger  prime  contractors.  But  what 
efforts  are  being  made,  and  do  you  think  could  be  made,  to  make  sure 
that  these  industrial  applications  are  made  available  to  small  busi- 
nesses throughout  the  country? 

Dr.  Simpson.  To  date  our  efforts,  the  efforts  of  the  Midwest 
Research  Institute,  for  instance,  are  aimed  partly  at  this  objective. 
The  very  fact  that  they  go  to  the  Centers  and  then  go  back  and  tour 
the  States  and  distribute  invitations  broadly  indicates  attention  to 
this  problem.  This  I think  is  another  reason  for  our  hoping  we  can 
get  local  organizations  involved  in  this  for  this  purpose. 

In  our  plans  we  are  making  for  dissemination  we  intend  to  take  this 
into  account.  I think  we  must  work  very  closely  with  the  other 
Government  agencies  concerned  with  this  problem. 

I would  say  overall  our  greatest  contribution  here  as  we  go  forward 
would  be  simply  to  demonstrate  that  there  are  ways  of  making  this 
transfer  from  the  Government  research  and  development  effort,  and 
that  this  is  a resource  which  is  perhaps  more  valuable  to  the  small 
businessman  than  to  the  large  company. 

Mr.  Hechler.  Thank  you. 

Mr.  Roush.  In  addition  to  Indiana  University  and  Midwest,  as  I 
recall  there  were  maybe  six  or  eight  others,  I don’t  believe  there  are 
any  other  universities  or  groups  involved  in  this  particular  program. 

Could  you  supply  for  the  record — I believe  it  was  in  your  testimony, 
Dr.  Seamans,  the  other  day — a list  of  these  various  groups,  a descrip- 
tion of  the  work  they  are  doing  for  you  and  the  amount  of  money 
that  has  been  allocated  to  their  phase  of  the  work? 

Dr.  Simpson.  Yes,  sir. 

(The  information  requested  is  as  follows:) 

National  Aeronautics  and  Space  Administration, 

Office  of  Technology  Utilization, 

Washington,  D.C.,  April  5,  1963. 

List  of  research  institutes  assisting  in  evaluation  effort 


Armour  Research  Foundation $46,241 

Arthur  D.  Little,  Inc 49,  650 

Battelle  Memorial  Institute 36,  280 

Midwest  Research  Institute 216,  657 

Southern  Research  Institute ... 39,  000 

Southwest  Research  Institute 40,  645 

Stanford  Research  Institute 49,  600 


STATEMENT  OF  WORK  FOR  MIDWEST  RESEARCH  INSTITUTE 

The  contractor  will  provide  the  necessary  facilities  and  personnel  to  aid  and 
encourage  the  industries  of  the  States  of  Missouri,  Oklahoma,  Kansas,  Arkansas, 
Iowa,  Minnesota,  and  Nebraska  to  participate  in  space  technology,  in  order  that 
the  industries  will  be  strengthened  by  application  of  this  technology,  the  exodus 
of  technical  people  trained  m the  area  will  be  reduced,  and  increased  employment 
of  higher  skills  and  improved  income  levels  will  become  available  throughout  the 
region.  The  contractor  will — 

(a)  Participate  in  the  NASA  industrial  applications  program  in  conjunc- 
tion with  other  participating  organizations. 

(ft)  Identify  within  the  NASA  research  and  development  program  those 
technical  innovations  which  may  have  potential  application  and  value  in  the 
civilian-industrial  economy. 

(c)  Assist  in  activities  related  to  the  appraisal,  adaptation,  and  further 
developments  of  technical  innovations  and  the  dissemination  of  industrial 
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applications  information  by  such  means  as  may  be  appropriate  to  the  subject, 
and  as  may  be  mutually  agreed  -upon  by  NASA  and  the  contractor. 

STATEMENT  OP  WORK  ?OR  OTHER  SIX  PARTICIPANTS 

The  contractor  will  provide  the  necessary  facilities  and  personnel  to  assist  in 
the  NASA  industrial  application  program  with  the  basic  objective  of  evaluating 
technological  developments  resulting  from  the  Nation's  space  effort.  The 
contractor  will — 

(а)  Participate  in  the  program  in  conjunction  with  other  participating 
organizations. 

(б)  Identify  within  the  NASA  research  and  development  program  those 
technical  innovations  which  may  have  potential  application  and  value  in 
the  civilian-industrial  economy. 

(c)  Assist  in  activities  related  to  the  appraisal,  adaptation,  and  dissemina- 
tion of  industrial-applications  information  by  such  means  as  may  be  mutually 
agreed  upon  by  the  contractor  and  the  technical  representative  of  the  con- 
tracting officer  of  NASA  or  the  designee  of  such  technical  representative. 
The  contractor  shall  disseminate  information  assembled  under  this  contract 
on  the  widest  practicable  basis  consistent  with  the  purpose  of  the  NASA 
industrial  applications  program  and  within  the  limitation  of  cost  of  this 
contract.  It  is  understood  that  the  contractor  will  not  engage  in  actual 
development  activities  under  this  contract.  However,  the  contractor  will 
report  to  NASA  instances  where  further  development  of  technological 
innovations  or  information  could  reasonably  lead  to  commercial  or  industrial 
applications. 

Mr.  Roush.  Is  the  Defense  Department  involved  in  your  program 
at  all? 

Dr.  Simpson.  No,  sir,  I don’t  think  so. 

Mr.  Roush.  To  your  knowledge  does  the  Defense  Department  have 
a similar  program? 

Dr.  Simpson.  Not  to  my  knowledge. 

Mr.  Wydler.  In  that  connection,  is  there  any  coordination  with 
the  Defense  Department  before  a particular  item  is  released  for 
general  use  by  the  public? 

In  other  words,  my  question  is,  How  do  you  know  at  the  time  you 
are  going  to  release  this  new  idea  to  the  public  that  it  may  not  have 
a muitary  value,  the  military  may  not  want  it  released  or  may  want 
it  maintained  as  a secret?  What  coordination  is  there  on  that  level? 

Dr.  Simpson.  Any  information  that  we  release  is  unclassified  at  its 
source.  We  make  no  effort  to  check  this  out  with  the  Department  of 
Defense. 

Mr.  Wydler.  Mightn’t  there  be  a danger  that  you  may  release 
something,  with  good  motives  of  course,  that  might  turn  out  to  have 
a military  value  that  would  better  remain  secret? 

Mr.  Fong.  I might  state  that  at  each  Center  when  the  applications 
are  identified,  each  Center  has  its  own  security  situation  and  looks  at 
these  ideas  from  the  military  application  potential. 

We  have  already  identified  an  item  that  has  military  potential. 
It  has  been  coordinated  directly  with  DOD  through  our  own  liaison 
office,  Admiral  Boone’s  office.  It  was  not  a classified  item. 

Mr.  Wydler.  This  is  done? 

Mr.  Fong.  We  certainly  do. 

Mr.  Roush.  Referring  to  the  backup  book  RDO  9-1,  could  you 
tell  us,  Dr.  Simpson,  how  much  of  the  $3,500,000  you  are  asking  for 
will  be  contracted  out? 

Dr.  Simpson.  I think  virtually  all  of  this  will  be  out  on  contracts. 

Mr.  Roush.  Going  down  to  your  personnel,  you  have  a request  for 
an  increase  of  44  over  last  year.  Are  these  people  devoting  their  full 
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time,  or  will  they  devote  their  full  time,  to  work  in  your  office,  or  do 
they  have  other  duties? 

Dr.  Simpson.  These  will  be  full-time  people,  either  in  headquarters 
or  in  the  Centers. 

Mr.  Roush.  In  setting  up  the  budget  for  your  office  would  you  care 
to  tell  us  how  much  you  actually  requested? 

Dr.  Simpson.  I did  not  have  this  responsibility  at  that  time. 

Mr.  Fong. 

Mr.  Fong.  I think  what  is  represented  here  is  what  we  requested. 

Mr.  Roush.  That  is  unusual.  You  floor  me. 

Dr.  Seamans.  Let  me  say  it  was  the  feeling  of  Mr.  Webb,  Dr. 
Dryden,  and  myself,  that  this  is  an  extremely  important  area,  and 
that  the  budget  request  made  by  Mr.  Fong  and  Mr.  Stoller  was  sound 
and  consequently  it  was  approved  in  the  full  amount. 

Mr.  Roush.  I agree  with  you.  I thought  perhaps  you  could  use  a 
little  more.  This  is  one  area  where  I think  we  have  a very  practical 
matter  to  deal  with,  and  one  where  we  can  reap  a harvest  from  this 
space  program. 

I am  pleased  myself  to  know,  Dr.  Seamans,  that  you  did  approve 
the  full  amount  these  people  were  requesting. 

Are  there  other  questions? 

Mr.  Ryan.  I was  interested,  Doctor,  in  your  reference  on  page  5 
to  the  possibility  of  transferring  this  potential  for  industrial  use  to 
some  of  the  problems  facing  our  metropolitan  areas.  You  mentioned 
air  pollution.  Could  you  elaborate  on  that?  Are  we  at  a stage  where 
we  can  make  a stab  at  dealing  with  this  problem  of  air  pollution 
through  NASA  developments? 

Dr.  Simpson.  I don’t  know  that  we  are  at  the  stage  of  direct  action 
at  this  moment.  We  feel  the  work  going  on  in  this  area,  and  waste 
disposal,  may  be  of  some  value. 

rerhaps  Mr.  Fong  knows  of  something.  I don’t  know  of  any 
effort  that  is  immediately  transferable  at  this  time. 

Mr.  Ryan.  Are  we  at  a point  where  it  would  be  advisable  for 
officials  of  metropolitan  areas  to  sit  down  and  meet  with  NASA  and 
would  they  learn  anything  that  would  be  applicable  to  their  efforts? 

Dr.  Simpson.  I think,  so.  In  Oakland  last  week  there  was  a meet- 
ing on  space  science  and  urban  life.  There  were  a number  of  officials 
and  other  people  concerned  with  metropolitan  problems.  I think 
the  general  consensus  there  was  that  we  are  at  tnis  stage  and  there 
must  be  a continuing  relationship  established  here.  That  group  out 
there  has  established  such  a committee.  We  expect  to  pursue  this 
in  other  areas  as  well. 

In  answer  to  your  question,  yes,  sir,  the  people  who  work  at  these 
problems  seem  to  feel  so,  and  so  do  we. 

Mr.  Ryan.  I think  it  would  be  beneficial,  for  instance,  could  you 
be  helpful  to  city  officials  if  they  spoke  with  you  on  this  question 
now,  or  is  it  too  far  away? 

Dr.  Simpson.  I think  it  would  be  worthwhile  for  those  people  to 
see  what  we  are  doing  at  this  stage  and  to  establish  a way  of  keeping 
in  touch  with  it. 

Suggestions  were  made,  which  we  will  follow  up,  that  we  must 
work  also  with  the  various  national  groups  that  deal  with  these 
problems,  for  as  wide  a dissemination  as  possible. 

I think  it  would  be  quite  worthwhile  for  people  concerned  with 
these  problems  to  establish  a working  relationship  with  us. 
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Mr.  Ryan.  I am  going  to  suggest  that  to  Mayor  Wagner  of  New 
York  City. 

Mr.  Hechler.  I don’t  want  to  let  this  opportunity  pass  without 
indicating  that  water  pollution  is  a matter  of  prime  concern  not  only 
in  the  metropolitan  areas  but  to  rural  areas. 

I would  hope  that  the  substance  of  your  remarks  would  apply 
equally  to  water  pollution. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Hechler.  Would  you  care  to  elaborate  on  that? 

Mr.  Fong.  I think  in  our  study  of  the  closed  ecological  system, 
where  we  have  to  sustain  the  life  of  an  astronaut  in  space  for  a con- 
siderable period  of  time,  we  are  looking  at  methods  of  water  purifica- 
tion which  might  be  applicable  to  the  rather  sticky  problem  we  are 
faced  with  today  on  detergent  feedback  through  our  streams  and 
rivers. 

This  may  be  an  example  of  where  we  can  make  a contribution  to 
this  water  pollution  problem. 

Mr.  Hechler.  In  addition  to  a visit  from  Mayor  Wagner  you 
will  receive  many  visits  from  West  Virginia  mayors. 

Mr.  Roush.  If  there  are  no  further  questions,  I want  to  express 
the  appreciation  of  the  committee,  Dr.  Simpson,  for  your  appearance 
here,  and  also  for  the  work  you  are  doing.  We  are  very  conscious 
of  what  this  may  mean,  not  just  to  NASA  but  to  the  Nation  as  a 
whole. 

I trust  that  next  year  when  you  come  back  you  will  be  able  to  again 
give  us  a glowing  report  and  show  a great  deal  of  progress  in  your 
particular  work.  I know  you  will. 

Dr.  Simpson.  Thank  you,  sir. 

Mr.  Roush.  We  will  now  hear  from  Mr.  Alton  R.  Moody,  Chief, 
Future  Applications,  Satellites. 

Dr.  Seamans.  Mr.  Moody  is  in  the  Office  of  Applications.  He 
is  a Director  of  our  advanced  studies,  studies  that  might  lead  to  the 
use  of  satellites  for  such  things  as  navigation  and  data  gathering. 
He  will  discuss  with  you  the  kinds  of  studies  that  we  are  carrying 
out. 

Mr.  Roush.  Mr.  Moody  , our  time  is  limited  here.  We  have  only 
about  15  minutes  for  you.  You  may  proceed  with  this  in  mind. 

Mr.  Moody.  Than£  you,  Mr.  Chairman. 

Mr.  Chairman  and  members  of  the  subcommittee,  in  his  introduc- 
tion to  the  Office  of  Applications  hearings  on  Tuesday,  Dr.  Seamans 
stated  that  in  Future  Applications,  Satellites  (fig.  57),  we  are  con- 
centrating our  attention  in  two  areas:  Navigation  satellite  systems 
and  data  collection  satellite  systems.  I will  present  a brief  sum- 
mary of  what  we  have  accomplished  to  date  and  what  we  are  plan- 
ning for  fiscal  year  1964. 

In  navigation  we  have  signed  an  agreement  with  DOD  assigning  to 
NASA  the  responsibility  for  determining  the  suitability  of  the  Transit 
navigation  satellite  system  for  nonmilitary  use.  This  will  involve 
testing  of  equipment  provided  by  the  Navy,  and  such  further  develop- 
ment of  receiving  ana  computing  equipment  as  justified. 

Jn  order  to  provide  a yardstick  for  these  tests,  we  have  been  con- 
ducting a stuay  to  establish  navigation  requirements  of  nonmilitary 
ships  and  aircraft. 
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Figure  57 
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We  are  finding  that  one  all-weather  navigation  system  providing 
worldwide  coverage  would  be  desirable,  but  that  to  have  wide  ac- 
ceptance it  would  have  to  be  moderate  in  cost  of  user  equipment, 
easy  to  operate  with  minimum  training  of  personnel,  have  high 
reliability,  be  capable  of  being  maintained  by  personnel  already  avail- 
able, be  capable  of  meeting  the  needs  of  a wide  variety  of  users,  both 
at  sea  and  in  the  air,  and  have  a long  useful  life. 

These  requirements  might  be  met  reasonably  well  by  any  of  three 
ground-based  electronic  systems  if  they  were  extended  to  provide 
worldwide  coverage,  or  by  means  of  a navigation  satellite  system, 
(fig.  13,  p.  3131). 

We  are  also  exploring  the  possibility  that  such  a satellite  system 
might  be  extended  to  provide,  for  all  classes  of  users,  both  on  the 
surface  and  in  the  air,  traffic  control  or  surveillance  functions,  search 
and  rescue  capability,  and  weather  routing  advice,  for  safe  and 
expeditious  movement  of  traffic. 

A preliminary  investigation  indicates  that  such  a requirement 
might  be  satisfied  by  a navigation  satellite  system  using  cooperative 
ground  stations,  as  an  integral  feature  of  its  normal  operation. 

We  shall  shortly  begin  a study  to  determine  the  best  of  several 
possible  techniques,  the  hardware  requirements,  and  the  data  handling 
requirements  of  such  a system.  This  study  should  be  completed  by 
the  end  of  focal  year  1963.  If  the  results  of  this  study  are  favorable, 
we  plan  to  proceed  with  a design  study  of  such  a system. 

In  the  area  of  data  collection,  we  have  had  informal  discussions 
with  several  oceanographic  and  meteorological  activities  and  are 
about  to  begin  a study  to  define  in  detail  the  requirements.  In 
coordination  with  this  study,  a second  study  will  be  conducted  to 
determine  the  data  handling  requirements  of  such  a system. 

Briefly,  it  would  involve  interrogation  by  one  or  more  satellites  of 
transponders  within  the  earth's  atmosphere.  These  transponders 
would  be  associated  with  sensors  located  on  floating  buoys,  balloons, 
icebergs,  and  at  remote  land  stations.  The  location  of  the  stations 
would  be  determined  and  various  kinds  of  data  would  be  collected, 
(fig.  14,  p.  3131). 

Oceanographic,  meteorological,  magnetic,  and  cosmic  ray  informa- 
tion are  samples  of  data  that  might  be  collected  in  this  manner.  The 
information  would  be  stored  on  magnetic  tape  in  the  satellite  and 
returned  to  earth  by  command  from  one  or  more  data  retrieval  stations 
suitably  located. 
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These  studies  should  be  completed  before  the  end  of  fiscal  year 
1963.  If  the  results  are  favorable,  a design  study  would  follow, 
(fig.  58). 

Both  of  these  projects  illustrate  the  operating  procedure  adopted 
for  future  applications.  Before  a flight  program  will  be  undertaken, 
several  questions  must  be  answered  affirmatively: 

1.  Is  there  a requirement? 

2.  Is  the  requirement  sufficient  to  justify  the  expenditure  of  the 
funds  needed? 

3.  How  would  such  a system  operate? 

4.  Is  the  design  feasible  and  within  current  state-of-the-art? 

5.  Is  a satellite  system  the  most  promising  solution? 


REQUIREMENTS  OF  A NONMILITARY 
NAVIGATION  SYSTEM 


• ALL  WEATHER  AVAILABILITY 

• GLOBAL  COVERAGE 

• MODERATE  COST 

• SIMPLICITY  OF  OPERATION 

• HIGH  RELIABILITY 

• EASE  OF  MAINTENANCE 

• VERSATILITY 

• LONG  LIFE 
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Figure  58 

By  answering  these  questions  serially,  we  are  not  committing  funds 
very  far  downstream  and  can  turn  back  at  any  point  if  the  results  are 
unfavorable. 

Thank  you. 

Mr.  Roush.  Thank  you,  Mr.  Moody. 

Mr.  Boone. 

Mr.  Boone.  Mr.  Chairman,  I think  Mr.  Moody  is  aware  of  the 
work  the  Navy  has  done  in  the  past,  particularly  on  the  Transit 
system. 

Are  you  sure  the  Navy  hasn’t  already  done  these  things  that  you 
are  going  to  do? 

Mr.  Moody.  We  have  no  indication  they  have. 

Mr.  Boone.  Did  you  ask  the  Navy  to  do  these  for  you,  for 
example? 
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Mr.  Moody.  What  are  you  referring  to  specifically? 

Dr.  Seamans.  To  the  Transit  program 

Mr.  Boone.  The  Transit  program  primarily,  yes. 

Mr.  Moody.  The  testing  of  Transit  equipment? 

Mr.  Boone.  They  have  had  this  under  development  for  at  least  5 
years  to  my  knowledge.  It  seems  to  me  that  some  of  the.  activity 
regarding  civilian  uses  or  commercial  uses  have  probably  researched 
rather  fully. 

Mr.  Moody.  We  have  been  in  rather  frequent  contract  with  the 
Bureau  of  Naval  Weapons,  who  have  been  conducting  this  develop- 
ment. This  was  at  the  request  of  Secretary  Wakelin,  who  asked  that 
we  contact  them  directly,  and  we  have  discussed  this  with  them  on 
various  occasions.  We  are  coordinating  the  effort. 

They  have  told  us,  that  is,  the  Bureau  of  Naval  Weapons  now,  that 
they  did  have  some  equipment  which  is  under  development,  which  is 
designed  for  use  in  surface  Navy  ships.  It  is  this  equipment 
that  they  are  desirous  we  test  out  for,  to  see  whether  it  would  meet  the 
nonmilitary  requirements. 

Mr.  Boone.  Are  you  buying  additional  models  of  equipment  or  do 
you  ask  them  to  supply  this  equipment? 

Mr.  Moody.  We  have  asked  them  on  what  basis  they  would  like  to 
supply  this.  They  are  preparing  an  answer  on  that  for  us  now. 
Informally,  they  said  they  hoped  it  would  be  made  available  to  us 
without  cost  on  a loan  basis. 

Mr.  Boone.  Do  you  have  access  to  all  the  former  experiments  that 
they  have  performed,  to  be  sure  that  you  are  not  replowing  old  ground? 

Mr.  Moody.  I don’t  know  whether  we  do  or  not.  We  have  had 
access  to  all  that  they  have  made  available  to  us.  That  is,  we  have 
been  on  the  mailing  list  to  receive  copies  of  the  report  and  they  are 
aware  of  what  our  interest  is. 

Mr.  Boone.  Is  it  the  function  of  NASA  in  this  particular  task  to 
develop  equipment  and  then,  say,  turn  it  back  to  the  Navy  or  Coast 
Guard  to  operate? 

Mr.  Moody.  Any  equipment  that  we  might  develop  would  be  user 
equipment,  receiving  equipment,  not  equipment  having  to  do  with 
the  use,  the  operation  of  the  system  itself. 

We  feel  that  we  should  first  explore  very  thorourbsy  this  question 
you  raise  as  to  what  has  been  done  within  the  Navy  afore  we  would 
proceed  with  development  of  any  equipment.  This  is  what  we  are 
expecting  to  get  from  the  letter  in  preparation  now.  It  is  the  prin- 
cipal reason  why  we  haven’t  proceeded  with  any  development  our- 
selves until  we  have  explored  this  thoroughly. 

Mr.  Boone.  Do  you  intend  to  utilize  as  much  of  their  equipment 
as  possible,  or  will  you  have  another  system  in  space  providing  this 
information? 

Mr.  Moody.  We  are  looking  first  into  what  their  system  might  do 
to  see  to  what  extent  it  will  meet  the  requirements.  We  would  not 
consider  putting  up  an  additional  system  unless  there  was  a definite 
need  for  a system  to  meet  the  requirements  that  were  not  anticipated 
under  the  military  requirements. 

Mr.  Boone.  Tnank  you,  sir. 

Mr.  Hechler.  Why  should  there  be  a difference  between  military 
and  civilian  requirements?  Specifically  what  are  they? 
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Mr.  Moody.  I could  mention  several.  One  is  a matter  of  cost. 
With  the  nonmilitary  the  economic  factors  are  always  uppermost  in 
their  minds. 

In  addition  to  this,  there  is  a matter  of  maintenance 

Mr.  Hechler.  We  would  hope  the  military  also  would  consider 
cost. 

Mr.  Moody.  Maybe  it  can  be  justified  another  way,  Mr.  Chairman. 

There  is  the  matter  of  maintenance.  The  military  have  more 
qualified  people  aboard  ship  that  could  maintain  this  type  of  equip- 
ment. The  nonmilitary  have  very  few,  if  any  at  all. 

There  is  a matter  that  in  the  military  ships  this  equipment  may  be 
used  to  update  an  inertial  system.  No  such  system  is  available  in 
the  nonmilitary  ship. 

The  accuracy  requirements  may  in  some  cases  be  different.  This 
would  vary  with  the  type  of  ship.  I think  these  are  the  principal 
ones.  There  are  some  minor  ones. 

Mr.  Rumsfeld.  If  it  is  not  classified  could  we  identify  the  equip- 
ment that  you  are  talking  about  in  the  Navy? 

Dr.  Seamans.  It  is  based  on  the  Transit  satellite. 

Mr.  Rumsfeld.  What  about  the  navigation  system? 

Dr.  Seamans.  That  is  the  so-called  Sins  system. 

Mr.  Wydler.  Do  I understand  from  your  statement  that  the  things 
that  you  are  trying  to  do  this  year  are  listed  on  page  3,  to  find  out  if 
there  is  a requirement,  and  two,  if  the  requirement  is  sufficient  to 
justify  the  expenditure  of  funds  needed? 

Mr.  Moody.  We  have  a study  underway  now  which  will  be  com- 
pleted in  mid-June  which  will  do  several  things.  It  is  identifying  the 
nonmilitary  requirement,  that  is,  what  is  short,  or  lacking  in  the 
present  navigation  situation.  Also;  it  will  look  into  the  possibility  of 
meeting  these  unfilled  requirements  by  nonsatellite  techniques  which 
might  already  be  available. 

Mr.  Wydler.  This  is  a study.  For  this  you  say  you  need  21  people 
to  make  that  study? 

Mr.  Moody.  No.  Are  you  speaking  of  fiscal  1964? 

Mr.  Wydler.  Yes. 

Mr.  Moody.  This  21  includes  support  personnel.  The  number 
that  would  be  directly  working  on  this  would  be  seven.  These  would 
include  both  this  area  and  the  area  of  our  data  collection,  plus  any  new 
studies  that  may  arise  during  the  year. 

Our  area  relates  not  only  to  development  but  investigation  of 
possible  new  use.  So  we  spend  some  time  listening  to  people  with 
ideas  and  exploring  various  possibilities  to  see  whether  a formal  study 
should  be  undertaken. 

Mr.  Wydler.  This  personnel  requirement  is  based  partly  on  the 
thought  that  you  expect  you  are  going  to  have  other  things  that  you 
are  going  to  be  working  on  which  are  not  listed  here,  is  that  right? 

Mr.  Moody.  This  is  based  primarily  on  these  two.  There  is 
another  aspect  that  is  important  and  should  be  included,  and  that  is 
the  coordination  with  the  various  people  who  might  use  either  one  of 
these  systems. 

This  is  particularly  true  in  the  case  of  data  collection  system,  where 
we  would  be  dealing  with  quite  a large  number  of  different  types  of 
users. 
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In  oceanographic  interest  alone,  there  are  a number  of  different 
types  of  oceanographers.  Their  activity,  of  course,  must  be  coordi- 
nated too. 

You  might  say  we  don’t  want  to  end  up  with  a system  that  nobody  is 
prepared  to  use. 

Mr.  Wydler.  Let  me  suggest  this  to  you.  What  will  you  do  if 
you  decide  there  is  no  requirement?  Would  you  need  all  these  people? 

Mr.  Moody.  We  would  then  divert  them  to  exploring  other  possible 
applications. 

Mr.  Wydler.  You  would  find  something  for  them  to  do? 

Mr.  Moody.  Yes.  We  surely  would. 

Mr.  Hechler.  Mr.  Moody,  how  many  of  these  21  are  professional 
and  administrative,  and  how  many  are  clerical? 

Mr.  Moody.  Of  this  number  only  seven  would  be  directly  related 
with  this  program  specifically.  Of  these,  five  would  be  professional 
and  two  clerical. 

Mr.  Hechler.  I notice  in  dividing  this  $232,000  by  21  I come  out 
with  a figure  of  slightly  over  $11,000.  I wonder  if  you  have  any 
comment  on  that? 

Mr.  Moody.  In  headquarters  personnel,  who  deal  not  only  with  the 
studies  but  also  with  the  coordination,  we  do  need  a rather  high-level 
type  individual  who  will  not  only  be  able  to,  of  course,  handle  the  job 
itself  but  also  command  respect  among  the  top  oceanographers, 
meteorologists,  and  so  forth,  of  the  country,  someone  who  is  well  versed 
in  his  field  and  have  the  various  qualifications  that  we  need. 

Mr.  Hechler.  Of  the  21  how  many  are  professional  and  how  many 
clerical? 

Mr.  Moody.  I think  in  this  it  is  rather  difficult  to  state  specifically 
because  the  other  14  are  simply  headquarters  personnel  who  are 
engaged  in  the  general  operation  of  headquarters.  It  is  rather  difficult 
to  identify  specifically  which  ones  might  be  assigned  to  this  particular 
program. 

Dr.  Seamans.  We  can  submit  this  for  the  record  if  you  wish. 

Mr.  Hechler.  All  right. 

Mr.  Roush.  Mr.  Moody,  I believe  that  in  fiscal  year  1963  no  funds 
were  budgeted  for  your  Office.  Could  you  tell  us  where  the  $800,000 
came  from  which  you  did  spend? 

Dr.  Seamans.  I believe  in  this  case  these  were  funds  that  we  had 
under-the  heading  of  “Supporting  Research  and  Technology”  in  the 
Office  of  Application. 

Mr.  Moody  This  Office  had  not  been  established  when  this  budget 
was  put  in.  They  were  within  the  general  funds  for  the  Office  of 
Applications. 

Mr.  Wydler.  Could  we  find  out  what  the  million  dollars  is  for? 

Mr.  Moody.  For  fiscal  1964? 

Mr.  Wydler.  Yes. 

Mr.  Moody.  In  an  area  where  each  step  must  be  taken,  and  that 
defines  the  next  one,  it  is  rather  difficult  to  say  specifically  where  it 
all  will  be  used.  It  will  involve  primarily  though  three  areas.  One 
will  be  to  finish  the  studies  relating  to  the  navigation  project  and 
actually  to  come  up  with  a design  for  such  a system  if  this  appears 
justified. 

Mr.  Wydler.  That  will  be  a contract  amount? 

Mr.  Moody.  Yes. 
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The  second  one  would  be  the  same  sort  of  thing  for  data  collection. 

The  third  is  simply  a small  amount  of  $300,000  we  have  in  for  con- 
tingencies of  new  ideas  that  are  developed.  This  is  part  of  our  re- 
sponsibility. 

Mr.  Rumsfeld.  Mr.  Chairman,  I am  still  a bit  confused  about  the 
personnel  situation. 

You  indicate  that  only  7 out  of  the  21  are  going  to  be  engaged  on 
this  project  specifically.  That  leaves  14  who  you  indicate  are  going 
to  be  general  support  personnel  in  the  headquarters  staff. 

Mr.  Moody.  That  is  correct. 

Mr.  Rumsfeld.  If  they  were  going  to  be  things  other  than  particu- 
larly related  to  this  program  wouldn’t  they  be  listed  elsewhere?  You 
are  going  to  have  14  people  supporting  the  7 in  the  headquarters  on 
this  specific  project,  is  this  not  correct? 

Mr.  Moody.  This  is  simply  our  share  of  the  general  headquarters 
overhead,  if  you  can  call  it  that. 

Mr.  Heckler.  This  doesn’t  appear  elsewhere  in  the  budget? 

Dr.  Seamans.  These  people  only  appear  in  one  case.  These  people 
appear  high,  and  that  is  why  I would  like  to  submit  it  for  the  record. 

Mr.  Rumsfeld.  Let’s  go  back  to  fiscal  1963  where  you  had  eight. 
Were  the  people  using  the  $800,000  which  wasn’t 

Mr.  Moody.  Two  professional  and  one  clerical. 

Mr.  Rumsfeld.  Out  of  eight 

Mr.  Moody.  That  is  all  that  has  been  specifically  assigned  to 
Future  Applications. 

Mr.  Rumsfeld.  There  is  five  and  three? 

Mr.  Moody.  That  is  correct. 

Mr.  Rumsfeld.  It  is  beyond  me. 

Mr.  Boone.  Mr.  Chairman. 

Is  this  generally  true,  Dr.  Seamans,  throughout  the  whole  personnel 
accounting  in  NASA? 

Dr.  Seamans.  We  have  attempted  to  identify  in  each  area  those 
people  who  were  either  working  directly  on  the  specific  projects  or 
who  are  responsible  to  support  this  effort  indirectly  in  the  form  of 
procurement,  for  example,  a small  part  of  the  procurement  office. 

Mr.  Boone.  I believe  the  charts  that  are  in  volume  I,  I happen 
not  to  have  volume  I with  me,  would  show  eight  people  this  year  in 
Mr.  Moody's  office. 

Dr.  Seamans.  It  would  show  some  of  them  direct  and  some  indirect. 

Mr.  Boone.  Indirect  are  those  that  are  elsewhere  in  the  organiza- 
tion? 

Dr.  Seamans.  That  is  correct. 

Mr.  Boone.  That  is  true  in  all  cases? 

Dr.  Seamans.  That  is  right,  and  also  in  the  centers.  We  split 
them  out  as  direct  and  indirect.  It  appears  that  the  indirects  are 
high  in  relation  to  the  direct. 

Mr.  Rumsfeld.  Dr.  Seamans,  would  you  say  this  proportion  gen- 
erally runs  throughout  NASA,  7 to  14? 

Dr.  Seamans,  No,  it  doesn’t.  Yesterday  we  were  discussing  the 
meteorological  area,  say,  at  Goddard.  The  ratio  there  was  something 
like  30  to  35  percent,  as  I remember  it,  indirect ; and  somewhere  around 
65,  70  percent  were  direct. 

Mr.  Rumsfeld.  Wihat  is  so  unique  about  this  that  you  would  have 
such  a disproportionately  high  number  of  nondirect,  indirect? 
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Dr.  Seamans.  I can’t  answer  that  question.  That  is  the  reason  I 
would  like  an  opportunity  to  review  this  with  Mr.  Moody  and  our 
headquarters  people  and  submit  it  for  the  record. 

Mr.  Heckler.  I believe  it  would  also  be  helpful  in  addition  to  this 
field  if  you  would  give  us  a prepared  statement  for  the  record  indi- 
cating the  way  in  which  you  have  allocated  direct  and  indirect  per- 
sonnel in  all  fields  across  the  board.  I think  that  would  be  helpful 
for  an  understanding  of  the  way  personnel  costs  are  allocated  in  the 
budget. 

(The  statement  requested  is  as  follows:) 

The  21  personnel  shown  in  the  fiscal  year  1964  NASA  budget  estimates  in  sup- 
port of  the  Advanced  Applications,  Satellites,  are  distributed  as  follows: 

Direct  -personnel  Supporting  personnel 

Chief,  Advanced  Applications,  Sat-  Pro  rata  distribution  of  NASA 

ellites-- 1 headquarters  staff  offices  (i.e., 

Advanced  Applications,  profes-  those  other  than  program  of- 

sional  personnel. 4 fices) 10 

Advanced  Applications,  clinical  

support.. 2 Total  indirect JO 


Subtotal - 7 

Pro  rata  distribution  of  Office 
of  Applications  staff  positions. ...  4 


Total  direct 11 


The  way  in  which  NASA  allocates  direct  and  indirect  personnel  in  all  fields 
across  the  board  is  as  fellows: 

Each  NASA  program  office  first  established,  with  the  NASA  installations,  the 
projects  or  efforts  to  be  undertaken  at  each  location.  Knowing  the  planned 
workload,  each  installation  director  then  determined  the  number  of  “direct  per- 
sonnel” required  to  conduct  each  project  within  the  schedules,  funds  available, 
and  desired  method  of  doing  the  work  (i.e.,  in-house,  by  contract,  or  a mixture  of 
both).  “Direct  personnel”  Include  both  the  scientists  and  engineers  working 
directly  on  projects,  and  the  procurement  specialists,  financial  managers,  and  con- 
tracting officers  assigned  to  the  project  teams. 

Installation  directors  also  estimated  their  requirements  for  supporting  personnel 
in  the  administrative  services,  shops,  and  general  management  areas  who  are 
required  to  support  the  operation  of  the  installation,  but  who  are  not  readily 
identifiable  with  specific  projects.  After  review  by  the  director,  the  supporting 
positions  were  then  distributed  statistically  by  the  projects  and  programs  of  the 
installation. 

The  total  installation  personnel  requirements  were  forwarded  to  headquarters, 
where  they  were  consolidated  and  reviewed  by  the  Associate  Administrator  and 
his  staff.  Consolidated  estimates  were  then  sent  to  the  Bureau  of  the  Budget  for 
further  review  and  a final  decision  on  the  personnel  level  to  be  included  in  the 
President’s  submission. 

After  receiving  the  Bureau  of  the  Budget’s  personnel  allowance  (32,500  perma- 
nent positions  in  fiscal  year  1964),  final  allocations  of  personnel  positions  were 
made  by  the  Associate  Administrator  to  the  installations.  Each  installation 
director  again  developed  position  estimates  on  the  basis  detailed  above,  but 
within  his  assigned  personnel  resources. 

These  estimates,  with  final  minor  adjustments  to  reflect  program  changes  and 
transfers  of  project  assignments  between  locations,  are  presented  in  the  fiscal 
year  1964  NASA  budget  estimates. 

Mr.  Moody.  I might  add  that  this  is  a new  area  that  would  involve 
possibly  more  support  initially  than  it  would  as  it  got  further  into 
the  program.  Also  by  the  nature  of  the  program  it  is  handled  by  a 
number  of  fairly  small  contracts.  Almost  as  much  work  is  involved 
in  processing  a small  contract  as  it  might  a large  one.  This  I think 
has  to  do  primarily  with  the  fact  that  the  program  has  just  been 
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getting  underway,  and  as  it  proceeds  we  will  expect  the  ratio  to 
improve. 

Mr.  Roush.  If  there  are  no  further  questions 

Mr.  Wydler.  There  is,  Mr.  Chairman. 

Has  the  $800,000  for  1963  all  been  expended? 

Mr.  Moody.  No,  we  expended  $325,000.  The  balance,  $459,000 
we  had  kept  in  reserve  for  the  purchase  of  transit  equipment,  which 
it  later  turned  out  we  didn’t  need.  These  funds  are  now  being  pro- 
gramed to  another  area. 

Mr.  Wydler.  Being  what? 

Mr.  Moody.  It  is  being  transferred  to  another  one  of  the  office 
applications  programs. 

Mr.  Wydler.  You  only  spent  $300,000  of  that  $800,000  last  year? 

Mr.  Moody.  $325,000. 

Dr.  Seamans.  Right  now  we  are  reviewing  with  the  Department  of 
the  Navy  a possible  program  that  has  been  described  by  Mr.  Moody. 
It  could  or  could  not  involve  the  purchase  of  some  equipment.  Until 
this  decision  is  made  we  are  holding  in  reserve  those  funds  for  this 
possible  use.  At  this  time  these  funds  have  not  actually  been  re- 
programed into  another  area. 

Mr.  Wydler.  They  are  unspent,  though? 

Dr.  Seamans.  Thev  are  unobligated  and  unspent. 

Mr.  Wydler.  At  tnis  moment  we  have  ho  idea  that  we  are  going  to 
expend  them? 

Dr.  Seamans.  We  have  to  make  a decision  first  as  to  whether  it  will 
be  profitable  to  proceed  with  the  plan  that  we  had  in  mind  at  the  time 
we  put  this  budget  together. 

Mr.  Wydler.  How  much  did  you  request  originally,  Mr.  Moody, 
for  fiscal  year  1946? 

Mr.  Moody.  $1  million. 

Mr.  Wydler.  You  got  your  full  request? 

Mr.  Moody.  Correct. 

Mr.  Wydler.  How  many  personnel  did  you  ask  for? 

Mr.  Moody.  Nine  I think  it  was.  We  got  seven. 

Mr.  W ydler.  You  didn’t  count  the  administrative  personnel? 

Mr.  Moody.  No. 

Mr.  Wydler.  Thank  you. 

Mr.  Roush.  If  there  are  no  further  questions,  we  thank  you,  Mr. 
Moody,  for  appearing  before  the  subcommittee. 

I shall  yield  the  chair  at  this  time  to  Mr.  Ryan. 

Does  this  meet  with  your  approval,  Mr.  Hechler? 

Mr.  Hechler.  It  certainly  does. 

Mr.  Roush.  Mr.  Ryan  will  take  over  at  this  point. 

Mr.  Ryan.  Good  morning,  Dr.  Seamans. 

Dr.  Seamans.  Good  morning,  Mr.  Chairman. 

Mr.  Ryan.  On  Tuesday  when  we  adjourned  we  had,  I think,  spent 
a fruitful  morning  session  discussing  some  of  the  inherent  policy 
questions  which  exist  in  the  proposed  NASA  communications  satellite 
program.  And  we  had  talked  about  the  role  of  NASA  in  the  future 
in  view  of  the  creation  and  existence  of  the  Communications  Satellite 
Corp.,  the  question  as  to  whether  or  not  the  taxpayers  through  NASA 
should  continue  to  finance  research  and  development  in  this  field  or 
whether  the  Communications  Satellite  Corp.  should  undertake  this 
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research  and  development  if  there  was  an  area  of  legitimate  NASA 
activity. 

We  raised  the  question  as  to  whether  or  not  there  should  be  a 
formula  for  reimbursing  NASA  for  its  expenditures  on  behalf  of  the 
Communications  Satellite  Corp. 

We  also  were  about  to  explore  the  question  of  whether  or  not  there 
was  duplication  between  the  programs  of  NASA  and  the  Department 
of  Defense. 

I think  when  we  ended  the  hearing  I said  that  the  question  still 
remained:  Who  is  going  to  pay  for  this,  the  taxpayers  or  the  stock- 
holders of  the  Communications  Satellite  Corp.? 

I think  it  would  be  fruitful  to  discuss  that  question  a little  more 
this  morning,  but  also  to  refer  to  the  specific  budget  proposals  which 
NASA  has  laid  before  the  Congress  in  terms  of  looking  at  each  item 
and  determining  whether  or  not  this  is  an  item  which  could  be  better 
carried  out  by  NASA,  the  Communications  Satellite  Corp.,  or  DOD. 

I understand,  Dr.  Seamans,  that  you  have  a statement  which  you 
would  like  to  present  before  we  proceed  with  the  questioning  by 
members  of  the  committee,  is  that  right? 

Dr.  Seamans.  I actually  have  two  statements.  One  summarized 
the  views  that  we  were  expressing  last  Tuesday  with  respect  to  the 
Satellite  Corp.,  and  another  that  relates  to  our  coordination  with  the 
Department  of  Defense. 

Proceeding  with  the  summary  of  our  views:  The  development  and 
full  exploitation  of  the  possibilities  of  communications  satellite  sys- 
tems are  immensely  important  to  the  Nation’s  economy  and  to  its 
prestige. 

Although  the  United  States  has  pioneered  in  this  field  and  demon- 
strated its  feasibility  to  the  world,  the  U.S.  position  of  leadership  will 
soon  be  lost  if  we  do  not  press  ahead  vigorously  in  the  establishment 
of  the  first  operational  system,  and  if  we  are  not  the  ones  to  indicate 
the  direction  for  continuing  improvement  and  extension  of  the  serv- 
ices and  capabilities. 

Not  only  will  the  Nation’s  economy  benefit  from  the  use  of  com- 
munications satellites  and  the  revenues  produced  by  their  use,  but  it 
must  be  recognized  that  the  potential  foreign  market  for  equipment 
will  turn  to  the  leading  nation  in  this  new  technology. 

To  insure  that  the  United  States  does  indeed  retain  the  leadership 
that  it  now  enjoys,  the  planning,  the  organization,  the  establishment 
of  operational  systems,  and  the  continued  advances  in  the  technology 
must  be  supported  and  nurtured  carefully  by  both  private  interests 
and  all  of  the  agencies  of  Government  concerned. 

The  Communications  Satellite  Corp.  was  established  to  build, 
organize,  and  operate  a commercial,  operational  communications  sat- 
ellite system,  and  will  need  to  carry  on  applied  research  and  develop- 
ment at  their  own  expense  directed  toward  the  components  of  this 
system. 

Not  only  must  the  corporation  decide  on  the  kind  of  satellite  sys- 
tem which  initially  shows  the  most  promise  of  economic  return  and 
provide  the  organization  and  finances  to  build  the  system,  but  it 
must  also  negotiate  with  and  make  arrangements  with  the  numerous 
nations  interested  in  having  a stake  in  communications  satellite 
systems  of  the  future. 

The  problems  are  immense  and  we  can  expect  the  corporation  to 
move  as  rapidly  as  possible  to  achieve  their  goals.  Although  the 
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incorporators  have  not  yet  been  confirmed  by  the  Senate,  we  have 
proposed  to  Messrs.  Welch  and  Charyk  that  we  begin  discussions. 
(The  information  requested  is  as  follows:) 

March  27,  1963 

Mr.  Joseph  Charyk, 

President,  Communications  Satellite  Corp ., 

Washington,  D.C. 

Dear  Mr.  Charyk:  As  you  know,  the  National  Aeronautics  and  Space  Ad- 
ministration is  directed  by  the  Communications  Satellite  Act  of  1962  to  cooperate 
with  the  Communications  Satellite  Corp.  in  research  and  development  “to  the 
extent  deemed  appropriate  by  the  Administration  in  the  public  interest.”  It  is 
also  the  duty  of  NASA  under  the  act  to  assist  the  corporation  in  the  conduct  of  its 
research  and  development  program  by  furnishing,  at  the  corporation’s  request, 
such  satellite  launching  ana  associated  services  “as  the  Administration  deems 
necessary  for  the  most  expeditious  and  economical  development  of  the  communi- 
cations satellite  system.” 

Having  in  mind  the  national  policy  expressed  in  the  act  to  achieve  a commercial 
satellite  system  “as  expeditiously  as  practicable,”  NASA  has  proceeded  during  the 
months  since  the  act  was  passed  to  formulate  a research  and  development  pro- 
gram designed  to  advance  the  state  of  the  art  of  communications  satellite  com- 
ponents, and  to  determine  the  comparative  feasibility  of  alternative  approaches 
to  the  achievement  of  an  operational  system.  While  NASA's  program  entails 
a major  effort  in  the  synchronous  orbit  field  it  also  includes  continuing  research  and 
development  with  passive  systems  sad  with  active  repeater  satellites,  such  as  Re- 
•ay,  operating  at  medium  altitudes. 

It  has  been  necessary,  of  course,  for  NASA  to  develop  its  program  in  advance 
of  consultation  with  the  corporation.  It  is  not  unlikely,  however,  that  the  pres- 
entation of  NASA’s  program  to  the  interested  congressional  committees  will  give 
rise  to  questions  concerning  the  corporation's  plans  and  the  entire  subject  of  co- 
ordination and  coooperation  between  the  corporation  and  NASA. 

We  are  prepared,  at  your  convenience,  to  brief  you  and  your  associates  on  the 
details  of  NASA’s  research  and  development  program  in  the  communications 
satellite  field.  We  hope  that  the  corporation  will  soon  be  staffed  to  the  point 
where  we  can  begin  the  process  of  continuous  consultation  and  coordination  which 
the  Communications  Satellite  Act  of  1962  contemplates. 

Sincerely  yours, 

James  E.  Webb,  Administrator. 


Communications  Satellite  Corp., 

Washington , D.C.,  March  28,  1968. 

Mr.  James  E.  Webb, 

Administrator,  National  Aeronautics  and  Space  Administration, 

Washington,  D.C. 

Dear  Mr.  Webb:  I am  delighted  to  have  your  letter  of  March  27  with  your 
expression  of  interest  in  initiating  discussions  on  items  of  common  concern  to 
NASA  and  the  Communications  Satellite  Corp.  My  call  to  you  on  Tuesday 
was  actually  for  the  purpose  of  suggesting  a possible  initial  meeting  between  Mr. 
Welch  and  me  and  you  and  Dr.  Dryden  sometime  next  week.  As  you  probably 
know,  Mr.  Welch  will  assume  his  duties  as  chairman  of  the  corporation  on  April  1 
and  we  are  both  anxious  to  meet  with  you  as  soon  as  possible  in  order  to  establish 
a basis  for  our  future  working  relationships. 

One  of  the  first  items  of  direct  concern  to  us  is,  of  course,  the  present  and 
proposed  NASA  research  and  development  program  in  areas  related  to  the  com- 
munications satellite  program.  We,  therefore,  very  much  welcome  your  kind 
offer  to  brief  us  on  details  of  your  program  in  this  field.  This  will  provide  us 
with  a sound  basis  for  initiating  our  own  plans  and  programs  in  fulfillment  of  the 
objectives  of  the  Communications  Satellite  Act  to  establish  “in  conjunction  and 
in  cooperation  with  other  countries  as  expeditiously  as  practicable,  a commercial 
communications  satellite  system.” 

I followed  up  on  the  matter  with  Dr.  Dryden  this  afternoon  and  understand 
that  a date  for  a meeting  has  been  established  on  Friday,  April  5,  at  2:30  p.m. 
We  shall  be  looking  forward  to  the  pleasure  of  this  discussion  with  you. 

Sincerely, 

Joseph  V.  Charyk,  President. 
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As  I discussed  at  the  Tuesday  hearings,  I am  attaching  to  my 
statement  the  full  letter  from  Mr.  Webb  to  Dr.  Charyk. 

Mr.  Ryan.  That  is  the  letter  of  March  27? 

Dr.  Seamans.  That  is  correct. 

At  present,  and  in  fact  for  an  indefinite  period  into  the  future, 
NASA’s  role  is  to  carry  on  experimental  activities  directed  toward 
future  systems  in  much  the  same  fashion  as  Government  agencies  now 
perform  exploratory  R.  & D.  for  civilian  aircraft  and  power  industries, 
for  example,  aeronautics  activities  of  NASA;  the  National  Experi- 
mental Center  of  FA  A;  the  Atomic  Energy  Commission.  Unless  the 
Government  accepts  this  responsibility,  particularly  during  the 
formative  period,  the  United  States  will  not  long  remain  dominant  in 
this  new  industry. 

An  independent  exploratory  research  and  development  program  by 
NASA  must  continue  if  NASA  is  to  maintain  an  authoritative  capa- 
bility to  carry  out  its  continuing  responsibilities  in  the  communications 
satellite  area. 

These  responsibilities  are  to  insure  the  continued  preeminence  of 
the  United  States  in  peaceful  applications  of  space  technology  (sec. 
102(c)(5),  National  Aeronautics  and  Space  Act  of  1958);  to  advise 
the  Federal  Communications  Commission  on  technical  characteristics 
of  the  communications  satellite  system  (sec.  201(b)(1)  of  the  Commu- 
nications Satellite  Act) ; to  consult  with  the  corporation  with  respect 
to  the  technical  characteristics  of  the  communications  satellite  system 
(sec.  201(b)(4),  ComSat  Act);  and  to  advise  the  State  Department 
on  technical  feasibility  of  particular  routes  (sec.  201  (2)  (3),  ComSat 
Act). 

Further  justification  for  an  independent  Government  program  lies 
in  the  stipulation  of  the  ComSat  Act  that  NASA  will— 

* * * cooperate  with  the  corporation  in  research  and  development  to  the 
extent  deemed  appropriate  by  the  administration  in  the  public  interest  * * * 
(sec.  201(b)(2)). 

Elements  of  public  (national)  interest  certainly  include  service  to 
less  developed  areas,  and  techniques  for  improving  spectrum  economy. 

In  addition,  there  are  communications  satellite  areas  which  are  not 
within  the  purview  of  the  corporation,  R.  & D.  which  must  obviously 
be  done  by  the  Government. 

Examples  of  such  areas  include : exploring  use  of  higher  frequencies 
to  extend  the  frontiers  of  the  frequency  spectrum;  investigation  of 
high-powered  satellites  which  would  permit  use  of  very  small  ground 
facilities  which  might  be  carried  on  ships,  emergency  mobile  land 
units,  and  aircraft  (this  capability  could  result  in  an  application  of 
communications  satellites  to  air  and  sea  traffic  control  procedures); 
incorporation  into  stationary  communications  satellites  equipments  to 
provide  for  other  observations  in  the  national  interest  such  as  scientific 
experiments  or  meteorological  sensors;  and  investigation  of  high- 
powered  broadcasting  satellites  which  could  broadcast  radio  or 
television  programs  directly  to  all  the  home  receivers  in  a very  large 
area  on  the  Earth. 

NASA  must  execute  its  program  in  close  coordination  with  the 
program  of  the  corporation,  as  well  as  that  of  the  DOD  to  avoid 
unnecessary  duplication. 
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NASA  will  not  undertake  to  perform  research  and  development  on 
the  operational  systems  desired  by  the  corporation  unless  requested 
by  the  corporation  to  do  so  at  the  corporation's  expense. 

NASA  will  provide  for  the  launching  of  operational  communi- 
cations satellites  for  the  corporation  on  a reimbursable  basis  (all 
identifiable  additional  costs  to  the  Government  will  be  charged  to 
the  corporation). 

NASA  will  continue  a research  program  as  indicated.  A close 
review  of  the  proposed  NASA  program  will  reveal  that  many  of  the 
items  or  technologies  being  pursued  as  a part  of  the  communications 
satellite  program  are  of  very  general  and  urgent  interest  in  many 
other  areas  of  space  flight,  exploration  and  application.  They  are 
being  developed  under  the  communications  satellite  program  because 
of  the  early  promise  of  application  in  this  area. 

To  summarize:  The  objectives  of  the  NASA  communications 
satellite  program  are  to — 

(а)  insure  that  the  technology  required  for  the  establishment 
of  operational  systems  becomes  available  at  the  earliest  possible 
date  in  concert  with  the  corporation  and  DOD; 

(б)  study  and  technically  assess  the  applicability  of  com- 
munications satellites  for  other  than  common  carrier  utilization; 

( c ) insure  that  the  technical  possibilities  for  the  full  exploitation 
of  the  potential  of  satellites  to  meet  communications  requirements 
of  the  future  are  clearly  established;  and 

( d ) meet  NASA’s  responsibilities  as  outlined  in  section  201(b) 
of  the  Communications  Satellite  Act  of  1962. 

Thank  you. 

Mr.  Ryan.  Do  any  members  of  the  committee  have  any  questions 
on  the  statement  before  we  proceed  to  the  second  statement  which 
Dr.  Seamans  has? 

I have  several  thoughts  but  one  I would  like  to  express. 

You  suggest  the  Communications  Satellite  Corp.  should  decide  on 
the  system  which  shows  the  most  promise  of  economic  return.  It 
seems  to  me  that  if  this  corporation  has  a responsibility  beyond  that 
to  its  own  private  investors,  it  should  also  be  concerned  with  the 
system  which  offers  the  most  promise  for  the  full  development  of 
communications  satellites. 

I think  that  you  raise  one  of  the  serious  questions,  that  is,  whether 
or  not  once  this  corporation  has  a system  which  it  is  using  and  upon 
which  it  is  receiving  an  economic  return,  the  question  is  whether  or 
not  it  will  be  willing  to  abandon  that  system  and  move  forward  to 
develop  a more  efficient  and  a more  feasible  system.  Once  there  is 
an  investment  in  a particular  system  I think  there  is  going  to  be  a 
real  reluctance  to  do  more. 

I think  also  that  your  statement  tends  to  treat  DOD  and  the  Com- 
munications Satellite  Corp.  on  the  same  footing.  I remind  NASA 
that  the  Communications  Satellite  Corp.  is  a private  monopoly 
organized  for  the  benefit  of  its  stockholders,  whereas  DOD  is  an  agency 
of  the  Government,  just  as  NASA  is. 

I assume  you  want  to  talk  now  of  the  relationship  between  NASA 
and  DOD? 

Dr.  Seamans.  Yes,  Mr.  Chairman. 

I have  indicated  in  the  past  the  close  coordination  between  NASA 
and  the  Department  of  Defense  in  the  am  a of  communications  satel- 
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lites.  I would  like  to  review  the  methods  by  which  we  carry  out  this 
close  coordination. 

NASA’s  overall  relationships  with  the  Department  of  Defense  in 
this  area  are  conducted  as  a portion  of  the  general  arrangements  that 
have  been  established  for  NASA-DOD  coordination  as  shown  on  my 
first  chart. 

The  major  policy  issues  are  reviewed  by  the  Space  Council.  A 
very  good  example  of  this  was  the  review  carried  out  in  May  1961,  at 
which  titne  it  was  decided  that  NASA  should  proceed  with  an  aug- 
mented communications  satellite  program. 

Technical  proposals  which  have  been  coordinated  at  the  working 
levels  in  the  respective  agencies  are  brought  out  for  review  to  the 
Aeronautics  ana  Astronautics  Coordinating  Board.  Under  this 
Board,  which  ties  together  many  items  of  joint  interest  to  NASA  and 
the  DOD,  there  is  an  Unmanned  Spacecraft  Panel.  This  Panel  has 
in  particular  responsibilities  of  a coordinating  nature  for  communica- 
tions satellites,  meteorological  satellites,  unmanned  lunar  and  plane- 
tary exploratory  spacecraft,  and  the  like. 

fn  February  1961  the  Unmanned  Spacecraft  Panel  established  a 
Technical  Committee  on  Communications  Satellites  with  the  ob- 
jective of  seeing  to  it  that  the  directing  officials  and  project  managers 
for  the  various  projects  in  the  communications  satellites  area  would 
be  entirely  familiar  with  the  work  being  done  by  all  other  Government 
agencies,  so  that  those  projects  could  be  effectively  coordinated.  This 
group  has  met  16  times  since  its  inception. 

At  the  present  time,  this  committee  draws  its  membership  from 
NASA,  Army,  Navy,  Air  Force,  and  Defense  Communications  Agency. 

The  DC  A has  recently  been  given  responsibility  for  furtherance 
for  DOD  communications  satellites  program.  The  Army  is  now  sup- 
porting the  new  DOD  program,  as  well  as  the  NASA  Syncom  program 
oy  providing  ground  stations  for  these  efforts.  The  Navy  is  coucerned 
as  a user  of  communications  satellites  and  is  also  supporting  the  NASA 
Syncom  program.  The  Air  Force  has  the  responsibility  within  the 
DOD  for  the  launching  of  communications  satellite  systems  and  for 
the  development  of  their  satellites. 

In  addition  to  freauent  consultation  between  the  top  management 
of  NASA  and  the  Department  of  Defense  regarding  the  respective 
communications  satellite  efforts,  Adm.  W.  F.  Boone  has  recently 
been  appointed  to  assist  the  Associate  Administrator  in  the  NASA- 
DOD  coordination  efforts  in  all  areas  of  mutual  interest. 

As  we  indicated  at  our  last  meeting,  the  programs  in  communications 
satellites  of  NASA  and  of  DOD  have  been  coordinated  to  effect  an 
overall  comprehensive  and  nonduplicative  program  in  the  national 
interest. 

The  DOD  has  established  an  active  flight  program  in  the  area  of 
medium  altitude  communications  satellites,  and  NASA  has  dropped 
the  consideration  of  a flight  program  in  this  area.  The  NASA  Syncom 
program  is  the  only  program  in  the  synchronous  satellite  area,  and 
the  DOD  is  following  this  with  great  interest. 

This  division  of  effort  in  flight  programs  was  established  during  the 
coordination  which  takes  place  in  the  budgetary  preparations.  The 
division  of  effort  in  these  flight  programs  does  not  preclude  studies 
by  the  DOD  of  synchronous  communications  satellite  systems  nor 
studies  by  NASA  of  medium  altitude  systems,  but  it  does  mean  that 
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neither  agency  will  undertake  duplicative,  expensive  flight  programs 
in  these  respective  areas. 

As  we  have  already  said,  DOD  is  actively  participating  in  the 
Syncom  program  and  they  are  providing  the  ground  stations  for  the 
experimental  program,  using  the  Syncom  satellites,  and  they  are 
responsible  for  operating  these  stations.  These  stations  are  indicated 
on  the  next  chart. 

Two  stations,  on  the  east  coast  of  the  United  States  at  Lakehurst, 
N.J.,  and  Fort  Dix,  are  provided  and  operated  by  the  Army. 

The  U.S.N.S.  Kingsport , a Victory  ship  which  has  been  converted 
by  the  Navy,  is  providing  NASA  with  invaluable  assistance  by  provid- 
ing the  necessary  coverage  required  in  the  region  of  Africa  so  that  the 
critical  process  of  injection  of  the  Syncom  satellites  into  the  24-hour 
orbit  can  be  monitored. 

All  three  of  these  stations  will  be  performing  the  many  communica- 
tions tests  involving  the  Syncom  satellite  which  are  now  planned. 

Management  relations  for  a project  like  Syncom  are  illustrative  of 
the  interactions  that  take  place  between  various  agencies  involved  in 
the  applications  program. 

The  following  chart  shows  how  the  Syncom  project  is  organized. 
It  indicates  that  Goddard  Space  Flight  Center,  with  its  project  man- 
ager, is  responsible  for  the  overall  project  and  for  the  coordination  of 
the  activities  of  all  the  supporting  agencies  and  contractors. 

In  this  project,  the  U.S.  Army  Satellite  Communications  Agency 
is  responsible  for  the  work  done  by  their  contractors  in  the  develop- 
ment of  the  ground  stations  and  for  the  execution  of  the  communica- 
tions tests  involving  the  use  of  the  Syncom  satellites. 

As  we  have  indicated,  the  U.S.  Navy  is  participating  in  no  small 
measure  through  the  use  of  the  U.S.N.S.  Kingsport.  In  this  particular 
instance,  the  U.S.  Navy  is  responsible  to  the  project  through  the 
U.S.  Army  Satellite  Communications  Agency. 

That  concludes  my  formal  statement.  We  are  now  prepared  to 
answer  any  questions  that  you  may  have. 

Mr.  Ryan.  As  I recall,  Dr.  Seamans,  the  Army  was  very  much 
involved  in  a program  called  Advent,  a program  which  was  designed 
to  develop  a military  communications  system  which  was  a synchronous 
system.  I think  considerable  funds  were  expended  by  the  Army  in 
that  program. 

Do  you  know  how  much  the  Department  of  Defense  put  into  that 
Advent  program,  and  can  you  tell  us  what  happened  to  it,  where  was 
the  failure  and  at  what  point  did  NASA  pick  up  a synchronous  pro- 
gram and  the  Department  of  Defense  abandoned  one? 

Dr.  Seamans.  Let  me  say  that  the  Syncom  project  was  initiated 
before  the  cancellation  of  Advent.  As  a matter  of  fact 

Mr.  Ryan.  The  Syncom  project  is  within  NASA? 

Dr.  Seamans.  Yes,  it  was  jointly  approved  by  NASA  and  DOD 
and  was  established  before  the  cancellation  of  Advent.  In  part,  it 
was  propitious  since  it  provided  an  opportunity  for  the  Department 
of  Defense  to  utilize  the  ground  facilities  that  they  were  at  that  time 
developing  for  Advent.  This  is  the  reason  that  Fort  Dix,  for  example, 
is  involved  in  the  program.  It  is  the  reason  that  we  selected  the 
frequencies  that  we  did  in  order  to  be  able  to  standardize  on  the 
ground  environment. 
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As  to  the  cancellation  of  Advent,  this  is  a matter  with  which  I was 
not  directly  connected,  and  if  it  is  one  on  which  you  wish  detailed 
information  it  must  be  provided  by  the  Department  of  Defense. 

There  were  problems  with  the  spacecraft  itself,  and  there  were 
also  problems  with  the  launch  vehicle;  namely,  the  Atlas-Centaur. 

Mr.  Ryan.  Is  any,  and  to  what  extent  if  there  is,  effort  that  DOD 
put  into  Advent  usable  by  NASA  in  its  program,  or  has  that  financial 
effort  been  largely  wasted? 

Dr.  Seamans.  I would  like  to  have  Mr.  Jaffe  answer  this  more 
completely. 

As  I have  already  indicated,  the  ground  station  effort  has  been 
brought  over  directly  into  the  Syncom  program.  Upon  the  cancella- 
tion of  Advent  as  an  active  flight  program,  some  $5  million  remained 
in  the  budget,  and  these  have  been  used  at  the  General  Electric  Co. 
at  Valley  Forge  for  very  detailed  studies  of  the  components  and  the 
sybsystems  in  Advent.  This  will  be  of  general  value  to  all  users  of 
communications  satellites  and  other  types  of  satellites  as  well. 

Mr.  Ryan.  $5  million  in  the  Defense  Department  budget? 

Dr.  Seamans.  Yes. 

Mr.  Jaffe.  I wanted  to  reiterate  we  did  make  use  of  the  Advent 
facilities  and  this  saved  us  a great  deal  of  time  in  preparing  for  the 
Syncom  program.  The  reliability  studies  that  were  done  under  the 
Advent  program  are  of  significant  value  to  us,  both  in  Syncom  and 
in  our  other  communications  satellite  programs. 

Mr.  Boone.  I think  one  thing  that  has  been  of  concern  to  the  com- 
mittee has  been  the  system  aspect,  and  I think  this  is  partially  the 
problem  that  was  just  raised  by  the  chairman. 

NASA  has  responsibility  under  your  act,  and  I believe  under  the 
Satellite  Corp.  formation  bill,  to  advise  them  on  system  activity.  Up 
to  this  point  you  have  primarily  been  engaged  in  project  activity,  not 
necessarily  working  toward  an  operational  system.  The  Advent 
program,  of  course,  was  an  operational  program. 

Could  you  explain  to  the  committee  now  you  would  furnish  system 
engineering  to  the  Satellite  Corp.,  since  most  of  your  work  at  this 
time  has  been  really  on  projects. 

Dr.  Seamans.  The  words  in  the  act  state  that  “The  NASA  shall 
advise  * * * on  technical  characteristics  of  the  communications 
satellite  system,”  and  I interpret  this  to  mean  that  we  will  be  prepared 
to  discuss  such  things  as  satellite  stabilization,  methods  for  injection  in 
particular  orbits,  types  of  power  supplies  that  might  or  might  not  be 
used. 

I have  not  myself  interpreted  this  as  making  specific  recommenda- 
tions with  regard  to  a total  operational  system. 

Mr.  Jaffe.  There  are,  however,  some  system  studies  which  we  do, 
not  in  an  attempt  to  define  the  system  but  more  in  an  attempt  to  define 
our  program  direction,  to  determine  for  us  the  directions  of  research 
which  ought  to  be  carried  on.  These  studies,  sort  of  parametric 
studies,  which  attempt  to  define  the  problem  areas,  could  be  of 
assistance  to  the  corporation  and  the  DOD  in  helping  to  define 
system  problems  for  them. 

Mr.  Boone.  Are  you  the  focal  point  in  the  executive  branch  for 
discussions  with  the  Satellite  Corp.  on  all  research  and  development 
activity  in  the  executive  branch?  In  other  words,  do  they  have  access 
to  the  Defense  Department,  or  must  they  go  through  you? 


m 


1664  NASA  AUTHORIZATION 


3211 


Dr.  Seamans.  They  will  certainly  have  direct  access  to  the  De- 
partment of  Defense.  Because  the  Department  of  Defense  is  working 
m this  area,  and  also  because  the  Department  of  Defense  may  be  part 
user  of  such  a system,  just  as  they  are  users  of  cables  today. 

Mr.  Boone.  I was  thinking  mainly  of  R.  & D.,  not  from  the  point  of 
view  of  a use.  For  example,  the  military  department  now  has  a 
system  development  for  operational  use  in  process.  But  you  do  not. 
So,  certainly,  there  are  some  studies,  facts,  and  there  will  be  some 
experimentation  that  would  be  of  immense  value  to  the  corporation. 
Do  they  go  through  you?  Do  you  pull  this  out  of  the  Defense  Depart- 
ment ana  forward  it  to  the  corporation? 

Dr.  Seamans.  I would  anticipate  they  would  work  directly  with 
the  Department  of  Defense. 

Mr.  Boone.  Your  job  would  be  primarily  on  components  and 
improvements  reliabilitywise  and  activities  regarding  launch  and  so 
forth;  is  that  right? 

Dr.  Seamans.  Yes;  and  methods  for  developing  a satellite  that  can 
maintain  its  stability  in  orbit  for  longer  perioas  of  time. 

There  are  various  techniques  that  could  be  used,  various  internal 
sensors  can  be  used,  jets  that  can  be  used  to  control  the  orientation, 
various  horizon  sensors,  things  of  that  sort  are  part  and  parcel  of  our 
program. 

This  information  will  be  available  to  the  Satellite  Corp.  as  well  as 
to  all  others  involved  in  space  activity. 

Mr.  Boone.  It  would  seem  then  that  the  bill  doesn’t  require  in 
your  mind  a modification  to  allow  them  to  go  directly  to  the  Defense 
Department?  I don’t  know  why  NASA  was  singled  out. 

Dr.  Seamans.  NASA  was  singled  out  not  bn  an  exclusive  basis  but 
because  we  will  have  specific  responsibilities  to  provide  certain  services. 
One  of  them  was  not,  as  I understand  it,  to  be  an  intermediary  between 
the  corporation  and  the  Department  of  Defense. 

Mr.  Boone.  Do  you  feel  that  the  Technical  Committee  on  Com- 
munications Satellites  could  supply  you  the  information  you  need  to 
furnish? 

Mr.  Jaffe.  The  Technical  Committee  has  been  providing  or  ex- 
changing such  information.  It  has  recently  been  requested  to  put 
together  a compendium  of  requirements  on  the  part  of  both  DOD 
and  NASA.  A bibliography  of  already  existing  documents  is  being 
prepared  as  a result  of  this.  So  there  is  an  exchange  of  this  kind  of 
information,  and  a cross-fertilization  of  the  ideas  as  a result  of  this. 

Mr.  Boone.  I believe,  Dr.  Seamans,  you  indicated  that  the  Com- 
mittee has  met  16  times.  Is  this  over  what  period  of  time? 

Mr.  Jaffe.  Since  early  1961 — 2 years. 

Mr.  Boone.  Is  this  an  appropriate  forum  and  is  it  meeting  suffi- 
ciently often  to  transfer  the  type  of  information  you  need? 

Mr.  Jaffe.  I think  it  is. 

Mr.  Boone.  I mean  between  you.  Are  you  giving  them  the  data 
they  need  and  are  you  getting  the  data  you  need? 

Mr.  Jaffe.  So  far  as  I know  all  information  regarding  the  proj- 
ects that  are  underway  are  being  interchanged  at  these  Committee 
meetings. 

This  is,  as  Dr.  Seamans  has  stated,  a committee  to  exchange  the 
problems  incurred  or  realized  in  the  existing  programs,  to  exchange 
the  results  of  the  existing  program  and  indicate  progress,  so  that 
there  is  this  cross-fertilization  on  the  projects  that  are  ongoing. 
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Mr.  Boone.  You  have  an  agreement  with  the  Defense  Depart™ 
ment  to  do  synchronous  work  and  you  do  the  medium-altitude  work? 

Dr.  Seamans.  Not  exactly  as  you  have  seated  it.  The  agreement 
that  did  result  in  the  budgetary  process  last  fall,  is  that  DOD  felt  they 
could  implement  a medium  altitude  system  sooner  than  they  could  a 
synchronous  system.  They  felt  time  was  important.  For  that 
reason  thev  decided  it  was  appropriate  that  DOD  proceed  with  an 
operational  system  at  medium  altitude  based  on  work  that  had  already 
taken  place  on  Telstar  and  Relay,  and  that  we  should  do  advance  work 
at  synchronous  altitude,  which  may,  in  fact,  be  the  ultimate  opera- 
tional system.  This  remains  to  be  seen  because  this  technique  is  still 
in  an  experimental  state. 

Mr.  Boone.  I believe  the  Defense  Department  witnesses  before  the 
committee  have  indicated  they  are  going  for  procurement,  a minimum 
of  R.  <fc  D.  I think  of  concern  to  the  committee  is  that  there  would 
be  a gap  in  the  development  or  the  research  that  might  be  required  for 
medium  altitude,  the  spread  from  medium  to  synchronous  altitude 
development. 

Dr.  Seamans.  As  my  statement  stated  this  morning,  we  will  con- 
tinue the  review  and  there  may  be  additional  work  required  bv  NASA, 
for  example,  an  extension  of  the  Relay  program  that  might  lead  to  a 
more  efficient  or  a more  reliable  system  at  medium  altitudes. 

Mr.  Boone.  Are  you  doing  work  with  the  Defense  Department 
that  contributes  directly  to  their  medium  altitude  system? 

Dir.  Seamans.  All  of  our  work  has  been  made  available  to  them,  but 
I don’t  believe  we  are  actually  participating  in  that  project,  are  we? 

Mr.  Jaffe.  No. 

Mr.  Boone.  Do  you  have  military  people  in  your  office,  that  is,  the 
Communications  Satellite  Office,  directly  concerned  with  Syncom? 
Are  they  somewhere  in  the  chain,  maybe  at  Goddard,  maybe  at  other 
localities? 

Dr.  Seamans.  We  have  people  in  our  office  reporting  to  Mr.  Jaffe 
whc  have  been  assigned  by  the  DOD  to  work  with  us.  Colonel 
Warren,  who  is  here,  is  an  example. 

The  actual  management  of  Syncom  is  vested  in  Goddard  and  it  is 
out  there  that  Mr.  Jones  is  the  project  manager,  and  perhaps  Mr.  Jaffe 
might  indicate  the  makeup  of  that  office  and  how  it  directs  the  total 
activity,  including  that  of  the  Army  and  Navy. 

Mr.  Jaffe.  The  project  management  team  is  a Goddard  team.  The 
direct  liaison  with  the  Army  Communications  Satellite  Agency  and  the 
Navy  is  accomplished  through  a working  group  on  Project  Syncom 
per  se,  where  all  the  effort,  all  the  plans  are  made  jointly  with  tbe 
Army  Communications  Satellite  Agency  and  with  the  Navy  personnel 
responsible  for  the  U.S.N.S,  Kingsport. 

Mr.  Boone.  The  formation  of  the  technical  committee,  is  made  up 
of  what  level,  what  strata  of  people  in  tbe  organization?  Are  you  a 
member,  for  example? 

Mr.  Jaffe.  Yes,  I am.  We  have  both  program  director  level 
personnel  involved  and  project  management  level  personnel  involved. 

Mr.  Boone.  I would  like  to  change  to  another  subject. 

To  quote  one  of  your  answers  of  the  other  day,  in  which  you  said 
in  response  to  the  chairman’s  question  about  funding  by  the  corpo- 
ration, you  said: 

I would  like  to  submit  that  we  would  fully  expect  them  to  fund  work  that  they 
placed  upon  us. 
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Would  you  like  to  expand  on  that  statement  a little  bit?  How  you 
want  to  do  this?  What  policy  and  procedure  you  might  want  to  use 
in  arriving  at  it? 

I believe  Mr.  Jaffe  made  the  statement. 

Dr.  Seamans.  This  was  included  in  the  statement  I made  today, 
that  we  expect  them  to  pay  their  own  way  for  those  things  that  are 
directly  related  to  the  implementation  of  the  operational  system. 

Mr.  Ryan.  That  comes  down,  Dr.  Seamans,  to  a definition  of  what 
is  directly  related. 

Suppose  we  go  to  the  items  in  the  budget.  I call  your  attention 
to  RDO  7-3  and  the  statement  there  that  NASA  will  lease  or  build 
ground  stations,  command  stations  and  special  ground  equipment  for 
some  of  its  communications  projects. 

What  are  your  plans  to  expand  ground  stations,  telemetry  stations, 
special  ground  equipment,  and  for  what  projects? 

Mr.  Jaffe.  In  the  existing  programs  you  are  probably  aware  of 
the  fact  that  we  do  make  use  of  the  stations  that  have  been  provided 
at  Andover,  Maine,  by  the  American  Telephone  & Telegraph  Co., 
and  by  the  International  Telephone  & Telegraph  Co.  at  Nutley,  N.J. 

We  will  in  the  future  and  are  now  using  stations  that  are  provided 
not  only  for  communications  satellites  but  for  other  data  acquisition 
purposes  for  the  NASA  experimental  program.  These  will  not  be 
solely  devoted  to  communications  satellites  but  will  perform  a joint 
function  for  both  this  program  and  for  other  programs  of  NASA. 

There  will  be  a continuing  requirement  for  ground  stations  to  ac- 
quire the  data  from  the  satellite  and  to  test  the  satellites  that  will  be 
launched  in  the  experimental  program. 

Mr.  Ryan.  Specifically,  on  wmch  communications  project  do  you 
expect  to  build  ground  stations? 

Mr.  Jaffe.  We  do  not  expect  to  build  ground  stations  specifically 
for  the  communications  satellite  project  at  this  time.  I don’t  believe 
there  is  any- 

Mr.  Ryan.  That  is  what  page  7-3  says. 

Dr.  Seamans.  7-D 

Mr.  Ryan.  RDO  7-3. 

Mr.  Boone.  Volume  2,  of  course. 

Mr.  Jaffe.  We  are  currently  planning  the  use  of  a facility  that 
will  be  installed  at  our  Rosman  site,  Rosman,'  N.C.,  which  will  be 
a facility  which  is  installed  for  scientific  satellite  data  acquisition  as 
well  as  for  communications  satellite  experimental  purposes. 

This  is  the  only  facility  that  we  plan  on  implementing  or  aug- 
menting for  this  program.  This  will  be  used  in  the  Syncom  or  the 
advanced  Syncom  program. 

In  addition  to  this  we  do  intend  to  use  the  existing  facilities  of  the 
common  carriers,  if  you  will,  insofar  as  they  can  be  made  available 
to  the  research  program  of  NASA. 

Mr.  Ryan.  The  statement  is  inaccurate  when  it  speaks  of  leasing 
or  building  ground  stations  for  some  of  the  communications  projects? 
What  you  are  saying  is  you  intend  to  build  one  station  in  North 
Carolina  which  will  be  useful  not  only  to  communications  satellites 
but  to  other  NASA  programs. 

Now,  is  the  cost  of  that  reflected  in  the  submission  for  communica- 
tions satellites,  or  is  it  reflected  in  some  other  part  of  the  budget? 

Mr.  Jaffe.  I would  like  to  indicate  that  the  statement  refers  also 
to  telemetry  and  command  stations.  There  is  a peculiar  requirement 
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for  such  satellites  as  Syncom  for  a command  station.  These  are  small 
stations  from  which  commands  are  sent  to  the  satellite  for  control  of 
the  satellite.  These  will  have  to  be  built,  yes. 

Mr.  Ryan.  How  many? 

Mr.  Jaffe.  For  the  advanced  Syncom  program,  probably  two. 

Mr.  Ryan.  At  what  cost? 

Mr.  Jaffe.  There  is  an  item  for  range  and  range  equipment  indi- 
cated in  the  advance  synchronous  program  on  RDO  7-9  of  $2  million. 
This  is  a component  of  the  system,  and  an  item,  telemetry  and  com- 
mand system,  $600,000. 

Mr.  Ryan.  That  600,000  item,  and  the  other 

Mr.  Jaffe.  $2  million  right  below  that. 

There  is  also  an  additional  item  of  equipment  for  ground  stations. 
These  are  project  peculiar  equipments.  These  are  items  which  are 
peculiar  to  the  particular  experiment  which  may  have  to  be  supplied 
to  the  existing  ground  stations,  such  as  specific  receivers,  transmitters, 
and  feeds.  A sizable  item  is  sliown  here  above  this,  $1.1  in  1963  and 
$4.9  in  1964.  Operations  of  the  ground  stations  will  amount  to  about 
$1  million  in  1964. 

Mr.  Boone.  In  that  regard,  Mr.  Chairman,  you  cannot  use  any 
existing  facilities  to  do  this  or  to  modify  existing  facilities?  You  have 
to  build  a new  station,  is  that  right? 

Mr.  Jaffe.  As  I pointed  out,  we  intend  to  use  existing  facilities. 
The  facility  that  we  will  use  at  Rosman  will  be  a facility  which  is 
being  installed  for  other  purposes,  for  scientific  satellite  purposes. 

Mr.  Boone.  You  said  you  had  to  build  two  new 

Mr.  Jaffe.  The  new  facilities  will  amount  only  to  telemetry  and 
command  stations,  $600,000,  and  the  range  and  range  rate  instru- 
mentation that  go  into  these  command  stations  of  $2  million. 

There  is  a sizable  amount  of  equipment  that  we  will  have  to  buy 
to  implement  this  Rosman  facility  for  communications  as  well  as  for 
the  scientific  satellites.  This  is  the  item  marked  “Equipment  for 
Ground  Stations.”  This  is  communications  satellite  equipment 
peculiar  to  the  satellite  program  that  will  have  to  be  provided  to  this 
Rosman  facility. 

Mr.  Boone.  Is  construction  of  buildings  included  in  this  request? 

Mr.  Jaffe.  I don’t  believe  construction  of  facilities  are  included. 

Mr.  Boone.  You  don’t  contract  out  with  the  contractor  for  turnkey 
operations,  is  that  right? 

Mr.  Jaffe.  No,  sir.  The  facility  itself  is  under  a fiscal  year  1963 
construction  item. 

Mr.  Ryan.  Would  you  classify  these  items  then,  the  $2  million  for 
range  and  range-rate  equipment,  the  $600,000  for  telemetry  and 
command  stations,  the  $1  million  for  ground  station  operations,  the 
$4.9  million  for  equipment  for  ground  stations;  would  you  classify 
those  items  as  operational? 

Mr.  Jaffe.  No,  sir.  These  are  experimental  equipments  associated 
with  these  experimental  satellites. 

Mr.  Ryan.  Are  they  part  of  the  operation  of  the  satellite? 

Mr.  Jaffe.  In  that  sense,  yes,  they  are  necessary  to  the  execution 
of  the  experiment  and  may  be  considered  operational  from  the  experi- 
mental standpoint.  They  are  required  for  the  control  of  the  satellite, 
for  the  execution  of  experiments  with  the  satellite. 

Mr.  Ryan.  They  would  also  be  required,  would  they  not,  for  the 
control  of  a satellite  that  had  been  perfected? 
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Mr.  Jaffe.  If  this  happened  to  be  the  satellite  which  was  the  one 
that  would  be  used  in  an  operational  system. 

Mr.  Ryan.  Do  you  mean  we  are  going  to  have  a separate  telemetry, 
command  station,  and  separate  range  equipment  for  each  center,  and 
then  a fully  developed  one  for  the  satellite? 

Mr.  Jaffe.  We  are  developing  this  equipment  for  this  particular 
satellite  because  it  is  really  the  first  of  its  kind. 

Mr  ./Ryan.  Are  you  not  developing  equipment  which  you  expect 
will  also  be  useful  in  further  experiments  and  in  ah  operational  system? 

Mr.  Jaffe.  They  will  be  used 

Mr.  Ryan.  Further  commercial  operational  svstems? 

Mr.  Jaffe.  This  depends  on  the  commercial  operational  system. 
They  may  or  may  not  be.  If  the  commercial  corporation  or  the  com- 
mercial system  rather,  does  use  this  system  or  portions  of  it,  they 
may  use  portions  or  all  of  this  equipment,  yes. 

Mr.  Ryan.  What  plans  have  you  then  to  establish  now  at  the 
beginning  of  this  program  a means  for  reimbursement  to  NASA  and 
a formula  so  that  you  will  know  how  you  could  ask  Communications 
Satellite  Corp.  to  reimburse  you? 

Mr  Jaffe.  We  do  not  envisage,  it  is  my  understanding,  reimburse- 
ment for  developments  which  have  taken  place  in  the  past  or  develop- 
ments which  will  be  provided  independent  of  the  commercial  cor- 
porations' request  or  their  desires. 

Just  as  we  are  not  charging  A.T.  & T.  in  our  current  contract  with 
them  for  the  past  development  of  the  vehicles  which  are  being  used. 
We  are  charging  them  only  for  identifiable  additional  costs  incurred  as 
a result  of  their  efforts. 

Mr.  Ryan.  Charging  A.T.  & T.  for  the  use  of  command  stations, 
telemetry,  ground  stations 

Mr.  Jaffe.  We  are  charging  them  for  the  use  of  NASA  facilities 
being  used  in  the  Telstar  program. 

Mr.  Ryan.  Beyond  the  launch  facilities? 

Mr.  Jaffe.  Yes,  sir. 

Mr.  Ryan.  We  have  asked  for  a breakdown  of  those  charges.  1 do 
not  believe  they  have  been  submitted  to  the  committee  yet. 

(The  information  requested  is  as  follows:) 


Reimbursements  A.T.  & T.  to  NASA,  actual  and  estimated 


Telstar  I 
(actual  as  of 
Dec.  31, 1902) 

Telstar  11 
(estimated) 

Launch  vehicle  and  launch 

$2, 500,000 
281,213 
53,019 
52, 772 

$2,500,000 

117,020 

36,150 

28,000 

am!  data  acquisition 

Other  services ..1 

Personnel  support  (Goddard  mostly) 

Total 

>2,889,004 

>2,081, 170 

1 Payment  checks,  based  on  billings  presented  by  NA8A,  have  been  received  from  A.T.  & T.  In  these 
amounts.  Final  settlement  will  take  place  when  all  reimbursable  costs  have  been  determined. 


Dr.  Seamans.  In  the  case  of  the  Telstar  we  are  using  our  world 
tracking  net  to  determine  the  exact  ephemeris  of  Telstar,  and  the  time 
spent  b^  NASA  personnel  and  NASA  contractors  in  direct  support  of 
Telstar  is  chargeable  to  them. 
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Mr.  Wydler.  Do  I understand  the  situation  to  be  that  as  of  the 
present  moment  you  have  no  agreement  with  the  Communications 
Satellite  Corp. ; is  that  right? 

Dr.  Seamans.  That  is  correct. 

Mr.  Wydler.  As  of  this  moment  we  really  don’t  know  what  you 
are  going  to  expect  of  them  or  what  they  are  going  to  expect  of  you,  is 
that  right? 

Dr.  Seamans.  We  are  not  going  to  expect  anything  of  them,  let 
me  make  it  clear 

Mr.  Wydler.  I mean  in  the  way  of  remuneration  of  what  you  do. 
You  are  going  to  expect  money,  aren’t  you? 

Dr.  Seamans.  We  have  our  program  here,  which  is  a required  pro- 
gram on  a national  basis.  This  is  a program  that  must  be  carried 
out.  As  I indicated,  we  have  offered  to  meet  with  them  at  their 
earliest  convenience.  We  have  had  a reply  from  Dr.  Charyk  that  he 
wants  to  meet  to  get  started  with  the  planning. 

Until  a corporation  decides  what  services  they  wish  of  either  a 
R.  & D.  nature  or  an  operational  nature,  it  is  impossible  for  us  to  say 
what  additional  work  NASA  might  be  doing  which  would  then  be 
chargeable  to  the  corporation. 

Mr.  Wydler.  I am  trying  to  be  helpful,  Dr.  Seamans.  I am  not 
criticizing.  I am  trying  to  see  if  you  can  answer  the  questions  you 
are  being  asked  today.  This  is  what  bothers  me.  Aou  are  being 
asked  today  to  do  something  which  it  doesn’t  appear  to  me  that  you 
can  be  in  any  position  to  do,  and  you  won’t  be  in  a position  to  do  it 
until  after  you  have  spoken  and  had  these  conferences  with  the  Com- 
munications Satellite  Corp.  This  is  what  I am  trying  to  drive  at. 

I think  the  questions  today  are  being  directed  to  exactly  what  the 
role,  defining  the  role  of  NASA  and  the  corporation,  and  you  haven’t 
even  attempted  to  do  that  as  yet  with  the  corporation.  You  don’t 
know  what  agreements  will  be  reached  with  them. 

What  I am  trying  to  suggest  is  that  I think  probably  we  are  pre- 
mature in  asking  these  questions.  We  are  not  going  to  get  satisfac- 
tory answers  to  them  now. 

Dr.  Seamans.  We  have  drawn  a parallel  with  our  experience  on 
Telstar  to  indicate  the  manner  in  which  a corporation  can  reimburse 
the  Government  for  services. 

Mr.  Wydler.  I realize  that.  We  are  dealing  with  theory  at  the 
present  time. 

Dr.  Seamans.  We  can  also  state  the  policy  that  any  item  of  work 
carried  out  by  the  Government  in  direct  support  of  the  operational 
system  must  be  reimbursed. 

Mr.  Wydler.  I think  what  the  chairman  is  trying  to  do,  and  I 
think  what  the  subcommittee  is  trying  to  do  here,  is  see  that  the 
Government  is  being  treated  fairly. 

It  would  appear  to  me  we  won’t  know7  that  until  we  know  what 
agreements  NASA  has  made  with  the  corporation.  Possibly  all  we 
can  find  out  from  you  today  is  what  you  expect  to  ask  the  corporation 
to  do.  We  don’t  know  whether  they  are  going  to  agree  to  it,  whether 
this  is  something  where  you  can  only  ask  and  they  can  agree  or  they 
can  ask  and  you  can  agree.  We  won’t  know  what  we  are  dealing  with 
until  after  those  conferences  are  held.  This  is  what  I am  trying  to 
get  at. 

In  other  words,  are  we  wasting  time  by  you  trying  to  answer  these 
questions  as  to  details  of  what  the  corporation  is  going  to  pay  for  and 
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what  NASA  is  g©ing  to  pay  for  until  we  know  what  the  two  of  you  hare 
agreed  to  pay  for. 

Dr.  Seamans.  I think  the  discussions  we  have  had  on  Tuesday  and 
today  have  been  helpful.  It  is  true  that  we  can’t  give  you  specific 
answers  until  we  have  a specific  program. 

Mr.  Wydler.  I think  the  answers  we  are  getting  aren’t  specific. 
Mr.  Chairman,  I don’t  know  how  you  want  to  handle  it.  I have  no 
objection  to  the  questions.  They  are  good.  I don’t  think  you  are 
going  to  get  answers  to  them. 

Mr.  Kyan.  I think  if  we  succeed  in  prompting  NASA  to  give  some 
real  serious  thought  to  this  whole  question  then  we  have  served  a user 
ful  purpose.  Here  we  have  a recommendation  for  $51  million  for  re- 
search and  development,  a large  part  of  which  is  inevitably  going  tp 
benefit  the  corporation  and  its  stockholders.  What  we  are  trying  to 
find  is  where  you  draw  the  line  between  what  you  referred  to  the  other 
day  as  advancing  the  state  of  the  art  and  that  part  of  these  expendi- 
tures which  are  really  in  a very  real  sense  operational.  Synchronous 
satellites  will  be  operational  before  long  and  the  corporation  will  be 
using  them  unless  they  have  such  an  investment  in  the  medium  alti- 
tude that  they  feel  no  public  responsibility  to  move  to  a better  system. 
I think  that  is  what  we  aie  concerned  with.  It  is  12  o’clock.  I don’t 
think  we  can  spend  any  more  time  on  this.  Mr.  Boone. 

Mr.  Boone.  Mr.  Chairman. 

Briefly,  I have  here  the  hearings  before  tbe  Senate  Committee  on 
Commerce  of  which  there  was  some  information  submitted  after  the 
hearing,  which  indicated  that  $41,145  million  of  your  1964  request 
contributes  toward  the  Communications  Satellite  Corp.  activities. 
Is  this  a correct  interpretation?  Are  you  familiar  with  the  submittal 
I mentioned? 

Dr.  Seamans.  I am  not. 

Mr.  Jaefe.  I have  not  seen  this  number. 

Mr.  Boone.  One  of  the  questions  in  the  hearings  of  the  other  day 
was,  what  portion  of  your  budget  contributes  to  the  Satellite  Corp.’s 
activities?  I don’t  believe  this  was  answered  at  the  time  because  of 
other  matters.  Can  you  answer  that  now  or  would  you  like  to  submit 
that  for  the  record? 

Dr.  Seamans.  I myself  don’t  feel  that  you  can  make  a categorical 
statement,  that  so  many  dollars  are  specifically  for  this  purpose.  I 
don’t  think  they  are.  I think  a great  deal  of  our  program  is  bound  to 
benefit  the  Satellite  Corp.  The  work  that  we  are  doing  on  launch 
vehicles,  launch  pads,  tracking  stations,  the  whole  technology  that  is 
involved  in  space  over  the  past  4 and  5 years  is  going  to  benefit  this 
corporation.  We  feel  that  what  we  have  here  under  communications 
satellites  is  in  this  category.  It  is  general  work  that  needs  to  be  done, 
and  the  corporation  will  benefit  from  it  as  will  many  other  users. 

Mr.  Boone.  I happen  to  agree  with  you,  Dr.  Seamans.  But  I 
think  you  might  want  to  reconsider  putting  something  in  the  state- 
ment here  later  in  view  of  this  comment. 

Dr.  Seamans.  I will  be  happy  to  review  and  see  if  we  wish  to  make 
a statement. 

Mr.  Boone.  I suggest  that  you  do  that.  The  committee  is  going 
to  be  asked  this  question  later  on  in  reference  to  the  budget. 
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(The  statement  requested  is  as  follows:) 

Expansion  of  Dr.  Seamans  Remarks  on  April  4,  1963 

lb  his  testimony  on  February  19.  1963,  before  the  Subcommittee  on  Com- 
munications of  the  Committee  on  Commerce,  U.S.  Senate,  Dr.  Dryden  stated, 
and  I agree,  that  “None  of  the  funds  budgeted  for  the  National  Aeronautics  and 
Space  Administration  for  the  fiscal  year  1964  is  earmarked  for  direct  assistance 
to  the  Communications  Satellite  Corp.”  The  sum  of  $41,145  million  is  the 
amount  requested  for  fiscal  year  1964  to  pursue  the  advanced  synchronous  com- 
munications satellite  concept  which  Mr.  .Taffe  and  I have  previously  discussed 
with  you. 

Many  peoples,  governmental  agencies,  and  industrial  firms  will  benefit  from 
the  advantages  that  will  flow  from  successful  achievement,  of  communications 
satellite  technology.  The  program  is  not  specifically  directed  toward  the  exclu- 
sive advantage  of  any  one  organisation.  All  data  and  information  that  derives 
from  the  NASA  effort,  as  has  been  the  past  practice,  will  be  made  equally  available, 
through  many  established  dissemination  mechanisms. 

Mr.  Ryan.  I have  on©  thought  that  I think  NASA  should  concern 
itself  with,  which  relates  to  the  overall  question  of  concentration 
withia  industry  and  one  danger  that  I see  in  Communications  Satellite 
Corp.,  that  is,  that  many  of  the  principal  stockholders  in  this  corpo- 
ration who  are  going  to  benefit  from  whatever  success  economically 
the  corporation  has  are  also  contractors  for  NASA.  I think  that  has 
some  implications  which  NASA  should  concern  itself  with.  It  is  the 
problem  of  the  contractor  getting  a double  return.  He  is  under 
contract  to  NASA  for  developing  this  communication  satellite  equip- 
ment, and  then  at  the  same  time  being  a stockholder  of  the  corpora- 
tion and  receiving  the  benefits  in  that  fashion.  Has  any  thought 
been  given  to  that  within  NASA? 

Dr.  Seamans.  I am  afraid  I can't  comment  on  that. 

Mr.  Ryan.  You  can’t  comment  or  you  don’t  know  if  any  thought 
has  been  given  to  it? 

Dr.  Seamans.  I don’t  know,  i'  cannot  specifically  answer  your 
question. 

Mr.  Ryan.  I suggest  it  is  a policy  area  that  I think  should  be  of 
great  coneem.  Any  other  questions? 

Mr.  Wydler.  The  only  thing  here,  Mr.  Chairman,  do  1 understand 
that  50  percent  of  the  stock  of  this  corporation  is  going  to  be  owned  by 
the  public? 

Mr.  Ryan.  50  percent  is  available  to  noncommunication  people, 
either  corporations  or  individuals  and  50  percent  is  reserved  for  com- 
munications carriers. 

Mt\  Wydler.  Thank  you. 

Just  one  last  question.  It  would  appear  to  me  that  this  particular 

Erogram  might  fit  very  well  with  the  program  for  navigational  satel- 
tes.  Couldn’t  it  very  well  be  that  one  satellite  could  do  both  of 
these  jobs? 

Dr.  Seamans.  In  the  future— — 

Mr.  Wydler.  Has  this  been  thought  about? 

Dr.  Seamans.  Yes.  I tried  to  emphasize  that  in  my  statement 
this  morning,  that  the  kind  of  work  we  are  doing  on  the  spacecraft 
may  very  well  have  application  to  meteorological  satellites  or  naviga- 
tion satellites,  data-gathering  satellites,  but  the  initial  thrust  in  this 
area  at  the  synchronous  altitude  is  on  communication  because  this  is, 
as  I said,  is  where  the  payoff  may  come  first. 

Mr.  Wydler.  It  seemed  to  me  it  would  be  particularly  true  if  you 
had  a satellite  system  that  would  reach  any  point  on  Earth  with  & 
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signal  for  communication  purposes,  that  it  would  certainly  be  able  to 
reach  any  point  on  Earth  with  a signal  for  navigational  purposes  as 
well.  I would  think  it  would  follow  logically.  That  is  all. 

Mr.  Ryan.  Dr.  Seamans,  thank  you.  „ 

Mr.  Boone  of  our  staff  will  submit  some  written  questions  which 
we  would  appreciate  NASA  answering  for  the  record  concerning  the 
details  of  some  of  the  budget  items. 

(The  request  was  as  follows:) 


April  29,  1963. 

Mr.  Paul  G.  Dembling, 

Director  of  Legislative  Affairs,  National  Aeronautics  and  Space  Administration, 
Washington,  D.C. 


Deab  Mb.  Dembling:  la  connection  with  the  recent  NASA  authorization 
hearings  on  communications  satellite,  the  Subcommittee  on  Applications  and 
Tracking  and  .Data  Acquisition  requests  the  following  information  to  supplement 
the  information  previously  furnished. 

1.  A brief  description  of  each  budget  item  in  excess  of  $200,000.  If  the  item 
is  composed  of  tasks,  a brief  description  of  each  task  is  desired  with  the  appro- 
priate dollar  allocation  indicated. 

2.  An  indication  of  the  procurement  and  delivery  time  phasing  and  schedule 
where  appropriate. 

3.  A statement  of  contract  dollars  and  in-house  funds  on  each  of  these  items. 

This  information  will  be  included  in  the  hearings  as  substantiating  data  for  the 

authorization  request.  It  is  requested  that  this  information  be  furnished  to  the 
subcommittee  by  May  10,  1963. 

Sincerely, 

W.  H.  Boons,  Technical  Consultant. 


ADDITIONAL  INFORMATION  ON  NASA  BUDGET  ESTIMATES  FOR 

FISCAL  YEAR  1964 

Communications  Satellites 

High  gain  reflective  structures...,. $200,  000 

It  is  exceedingly  difficult  and  expensive  to  make  precise  and  valid  measure- 
ments of  the  radio  reflective  characteristics  of  large  inflated  structures  on  the 
ground  so  that  their  potential  usefulness  in  space  can  be  predicted.  It  is,  natu- 
rally, very  expensive  to  launch  them  into  orbit  so  that  measurements  may  be  made 
of  their  characteristics  in  the  space  environment.  This  program  was  initiated  to 
develop  methods  of  making  these  radio  reflectivity  measurements  on  the  ground, 
using  in  some  cases,  small  models  of  the  large  structures,  and  in  other  cases,  pieces 
of  the  full-scale  structures  so  that  we  may  evaluate  new  structural  shapes  and 
materials  that  are  being  developed  for  improved  passive  satellites  of  the  future.. 

This  work  has  been  started  under  contract  with  Conductron  Corp.,  Ann  Arbor, 
Mich.  The  existing  contract  is  a negotiated  sole  source  contract  and  was  based, 
on  an  unsolicited  proposal.  This  effort  will  be  continued  and  additional  in-house 
work  will  be  initiated  in  fiscal  year  1964. 

Division  of  expenditures:  29  percent  in-house;  61  percent  contract. 

Advanced  passive  satellite  studies. $1,  200,  000 

The  usefulness,  in  terms  of  communication  capacity,  of  passive  satellites,  is 
directly  related  to  the  size  of  those  satellites,  as  is  also  the  weight.  These  studies 
are  directed  toward  increasing  the  size  of  satellites  while  staying  within  the 
weight-lifting  capabilities  of  our  boosters,  by  developing  new,  lighter  weight 
materials  for  making  the  large  spheres,  and  by  simulating  the  spheres  with  other 
shapes  which  may  be  more  efficient  than  spheres  in  reflecting  the  radio  signals 
toward  the  ground.  Studies  are  also  being  initiated  of  techniques  that  might 
be  used  to  control  the  position  of  passive  satellites  to  make  the  operational  use 
of  them  easier. 

Materials  improvement. — Studies  of  improved  materials  have  been  con- 
ducted under  contracts  with  G.  T.  Schjelaahl  Co.,  of  Northfield,  Minn.,  and 
the  Geophysics  Corp.  of  America  at  their  Viron  division  in  Anoka,  Minn. 
These  contractors  were  selected  on  the  basis  of  a competitive  procurement. 
Efforts'  pnder  these  contracts  will  continue  into  fiscal  year  1964. 
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Structures  development, — In  this  area  two  new  starts  are  planned  in  fiscal 
year  1963  to  continue  into  fiscal  year  1964.  One  will  be  a competitive 
procurement  of  studies  of  nonspherical  structures  and  the  other  will,  be  a 
negotiated  sole-source  contract  based  on  an  unsolicited  proposal  resulting 
from  some  company-funded  studies. 

Erection  systems  development. — -Large,  very  light  structures  of  mesh  and 
nonspherical  structures  require  erection  systems  different  from  those  used  in 
the  Echo  II  type  of  satellite.  This  effort  will  investigate  novel  methods  for 
erecting  the  lighter  or  nonspherical  structures. 

Division  of  expenditures:  3 percent  in-house;  97  percent  contract. 

Intermediate  altitude  satellite  studies $2,  000,  000 

This  effort  will  be  a new  contractual  start  and  will  consist,  basically,  of  the 
following  tasks  directed  toward  establishing  technology  in  areas  having  particular 
application  to  intermediate  altitude  satellites: 

Application  of  radioisotope  power  supplies  study. — Study  of  the  problems 
involved,  and  feasibility  of  radioisotope  power  supplies  in  spacecraft.  This 
is  of  particular  interest  in  the  case  of  spacecraft  operating  in  intermediate 
and  lower  altitudes  where  extensive  eclipsing  (shadowing  of  the  spacecraft 
by  the  Earth)  occurs. 

Altitude  control  systems  study. — Study  of  the  problems  involved  in,  and 
feasibility  of  use  of,  gravity  gradient  as  a basis  for  passive  control  of  a satel- 
lite’s orientation,  with  respect  to  the  Earth’s  surface.  This  has  more  appli- 
cation to  the  intermediate  and  lower  altitudes  because  the  gradient  is  stronger 
there. 

Integration  feasibility  study. — Study  Of  the  problems  involved  in,  and  feasi- 
bility of,  integrating  an  isotope  power  supply  and  gravity,  gradient  orientation 
system  into  a communication  satellite  having  multiple  access  (i,e.,  more  than 
one  pair  of  ground  stations  can  use  at  a time)  wideband  (i.e.,  many  .telephone 
channels)  capabilities. 

Design  and  engineering  model  study. — Design  and  fabrication  of  an  engineer- 
ing model  of  the  satellite  studied  in  the  integration  feasibility  study. 

This  work  will  be  done  entirely  by  contract  or  contracts  based  on  a bid  competi- 
tion. It  has  not  yet  been  determined  how  the  work  will  be  divided  from  a con- 
tractual viewpoint,  nor  whether  there  will  be  a single  contract  covering  the  whole 
effort  or  several  separate  contracts,  each  covering  one  or  more  of  the  tasks  outlined 
above. 

Electronically  steerable  antennas $100,  000 

This  effort  will  be  directed  toward  study  and  investigation  of  means  to  steer 
satellite  antenna  beams  electronically,  without  any  mechanical  motion.  This  type 
of  technology  has  great  applicability  because  of  the  problems  which  have  been 
encountered  4n  mechanical  satellite  stabilization  and  antenna  beam  steering. 
Appropriate  techniques  evolved  for  electronically  steering  spacecraft  antennas 
would  permit  antenna  beams  to  be  pointed  as  desired  without  use  of  moving  parts, 
which  have  proved  to  be  troublesome  in  space  from  the  point  of  view  of  lifetime. 
This  effort  was  started  in  house  in  fiscal  year  1963.  Competitive  procurement 
.procedures  to  initiate  a contractual  effort  are  currently  in  process. 

Isotope  thermoelectric  power  supply  studies^  _ , $200, 000 

This  effort  includes  the  investigation  of  thermoelectric  materials  (not  isotopes) 
for  isotopic  thermoelectric  power  supplies  from  the  point  of  view  of  use  in  satellites. 
Parameter  studies  and  laboratory  tests  will  be  performed  to  determine  the  opti- 
mum materials  for  this  application,  and  the  trade-offs  available  in  weight,  reli- 
ability and  cost  for  different  materials.  This  effort  is  a continuation  of  work 
being  started  in  fiscal  year  1963.  Competitive  procurement  procedures  to 
initiate  contractual  effort  currently  are  in  process. 

TECHNICAL  AND  OPERATIONAL  STUDIES 

Technological  studies i $330, 000 

Solid  state  microwave  power  amplifier. — This  work  will  cover  investigation 
and  development  of  solid  state  techniques  applicable  to  amplification  of 
microwaves  with  power  outputs  adequate  for  space-Earth  communications. 
It  will  represent  work  to  improve  technology.  Present  technology  is  to  use 
vacuum  tubes  in  output  amplifiers  in  space-Earth  communications.  There 
are  problems  in  their  use,  in  that  they  are  inefficient,  bulky  and  heavy. 


1964  NASA  AUTHORIZATION 


3221 


fragile,  and  require  high-voltage  power  supplies.  Evolution  of  solid  state 
technology  to  permit  substitution  of  solid  state  devices  such  as  transistors  for 
vacuum  tubes  in  spacecraft  output  amplifiers  should  largely  obviate  these 
problems.  This  effort  will  be  accomplished  on  a competitive  contract. 

Propagation  studies  above  10  kilomegacycles. — This  effort  will  be  a new  start 
covering  work  on  the  effects  of  the  atmosphere  on  propagation  of  radio  waves 
at  frequencies  above  10  kilomegacycles.  Most  space  communication  is  now 
done  in  the  so-called  space  window  where  absorption  and  atmospheric  and 
cosmic  noise  are  at  their  minimum.  Crowding  of  the  spectrum  in  this  area 
and  the  general  increase  in  satellite  transmitter  powers  may  make  a move 
to  higher  frequencies  extremely  desirable,  if  not  mandatory  from  a frequency 
conservation  point  of  view.  Before  such  a move  can  be  evaluated,  more 
information  is  needed  on  propagation  at  the  higher  frequencies.  It  is  ex- 
pected that  this  work  will  be  a university  investigation. 

Economic  implications  of  communications  satellites $100,  000 

This  effort  will  cover  studies  and  investigations  of  the  national  need  and  eco- 
nomic implications  of  the  use  of  satellites  for  future  communications  systems. 
The  study  output  is  intended  to  provide  information  which  will  assist  the  Govern- 
ment in  its  direction  of  future  research  and  development.  This  is  a continuation 
of  work  begun  in  fiscal  year  1963  with  the  Rand  Corp. 

Technological  and  operational  factors  related  to  active  and  passive 
communications  satellites - $300,000 

This  effort  will  cover  studies  devoted  to  identifying  those  technological  and 
operational  factors  which  are  of  major  importance  in  designing  communications 
satellite  systems.  These  studies  result  in  parametric  analyses  of  Systems  of  vari- 
ous composition,  power,  orientation,  orbital  altitudes,  etc.  Such  studies  indicate 
advances  required  in  satellite  and  booster  technology  which  are  most  urgent  and 
the  requirements  on  satellite  systems  imposed  by  the  various  users.  This  work 
will  be  devoted  largely  to  active  satellites,  since  the  work  in  passives  was  completed 
in  fiscal  year  1963  with  the  publication  of  an  encyclopedic  report  on  the  subject. 
This  is  a continuation  of  a contract  with  the  Rand  Corp. 

Modulation  techniques , $100,  000 

This  effort  will  cover  study  and  investigation  to  determine  the  types  of  modula- 
tion (i.e.,  the  way  in  which  message,  conversation,  TV  picture  or  the  like  is  im- 
pressed on  a radio  signal)  best  suited  for  use  with  satellites  which  are  required  to 
pass  traffic  between  a large  number  of  ground  terminals  simultaneously  (usually 
called  multiple  access  capability) , Although  modulation  is  not  the  only  factor 
involved  in  achieving  a multiple  access  capability,  it  ig  an  important  one  which 
has  not  been  adequately  studied.  This  effort  is  of  importance  to  the  Nation  in 
that  it  is  particularly  directed  toward  the  conservation  and  efficient  utilization 
of  an  important  national  resource — the  radiofrequency  spectrum.  It  is  a continua- 
tion of  work  being  started  in  fiscal  year  1963.  Competitive  procurement  pro- 
cedures to  initiate  this  work  are  currently  in  process. 

Materials  development - $100,000 

This  effort  will  continue  prior  years’  work  on  the  testing  of  materials  and 
components  for  reliability  ana  long  life.  Materials  and  electronic  piece-parts  will 
be  evaluated  under  simulated  space  environments. 

Low  noise  spacecraft  receiver $200,  000 

This  effort  will  be  directed  toward  adapting  low  noise  receiver  techniques 
(parametric  amplifiers  and  masers)  for  use  in  spacecraft.  The  communications 
link  from  the  ground  to  the  spacecraft  is  now  relatively  easy  to  do  with  large 
antennas  on  the  ground;  hence,  low  noise  receivers  on  the  spacecraft  have  not  been 
essential.  The  advent  of  higher  power  satellites,  permitting  use  of  small  receiving 
antennas  on  the  ground  will  require  a substantial  improvement  in  spacecraft 
receiver  sensitivity  if  the  potentialities  of  small  ground  stations  are  to  be  exploited. 
It  will  continue  work  started  in  fiscal  year  1963  on  which  procurement  procedures 
for  a bid  competition  are  in  process. 

Division  of  expenditures:  20  percent  in-house;  80  percent  contract. 

RF  to  RF  conversion $150,  000 

This  effort  will  be  applied  to  investigation  of  the  problem  of  direct  frequency 
conversion  and  amplification  at  microwave  frequencies  without  passing  through 
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an  intermediate  stage.  In  the  present  technology,  a spacecraft  would  receive  a 
signal  on  one  microwave  frequency,  convert  this  frequency  to  a much  lower  one, 
amplify  the  signal  at  the  lower  frequency,  then  reconvert  it  to  a new  microwave 
frequency  for  transmission.  This  complicated  procedure  is  used  because  of  greater 
amplification,  stability,  and  current  efficiency  at  the  lower  efficiency.  Preliminary 
investigations  indicate  that  the  intermediate  stage  can  be  eliminated,  reducing 
size  and  complexity.  This  is  a continuation  of  work  being  started  in  fiscal  year 
1963.  Competitive  procurement  procedures  to  initiate  this  work  are  currently 
in  process. 

Division  of  expenditures:  5 percent  in-house;  95  percent  contract. 

Echo  (rigidized  sphere) — ______ $200,000 

The  effort  in  fiscal  year  1964  will  consist  of  radar  observations  of  the  Echo  II 
satellite  after  launch,  and  reduction  interpretation  and  analysis  of  the  radar  data 
to  determine  size,  cross  section,  and  smoothness  of  the  satellite  and  its  effective- 
ness as  a reflector  of  radio  energy.  This  will  continue  evaluation  of  the  satellite 
through  fiscal  year  1964. 

DbHsion  of  expenditures:  5 percent  in-house;  95  percent  contract. 


Relay - - - * $1, 900,  000 

Relay  ground  station  operations _ 1, 150,  000 

Lease  of  non-Government-owned  ground  stations.  _ — 350, 000 


Utilized  for  conducting  communications  experi- 
ments, specifically  the  facilities  on  the  A.T.  a T. 
68-foot  horn  space  communication  station  at  Andover, 
Maine,  and  the  I.T.  & T.  40-foot  dish  space  commu- 


nication station  at  Nutley,  N.J. 

Operational  support  of  Relay  ground  test  stations 800,  000 


Nutley  test  station 450, 000 

Mojave  test  station.  . 350, 000 


The  Nutley  test  station  shares  the  use  of  the  40- 
foot  dish  antenna  of  the  Nutley  space  communication 
station.  These  costs  are  largely  those  of  personnel  for 
test  station  operation.  The  above  effort  ie  planned 
for  completion  in  fiscal  year  1965. 

Coordination  planning  and  documentation 

These  funds  will  cover  continuation  of  the  effort  on  an 
existing  sole  source  contract  which  NASA  has  with  Space 
Technology  Laboratories  for  coordination  and  planning  of 
the  Relay  program,  operational  support  of  the  Relay 
operations  office,  and  provision  of  instruction  manuals  for 
the  Relay  test  stations. 

Communications  rentals 

This  effort  covers  the  leasing  of  teletype  and  telephone 
lines  between  the  Relay  operational  control  center  in 
Maryland  and  the  Relay  ground  stations  in  California, 
New  Jersey,  Maine,  England,  France,  Italy,  Japan,  and 
Brazil 

Data  reduction  and  analysis — — 

These  funds  cover  procurement  of  magnetic  tape,  reduc- 
ing data  to  the  form  in  which  it  can  be  easily  analyzed  and, 
finally,  the  analysis  of  the  data  which  is  then  documented. 
Approximately  5 percent  of  this  effort  is  in-house.  The 
bulk  of  the  analysis  is  being  conducted  by  sole  source  con- 
tract with  the  San  Diego  branch  of  the  University  of 
California,  and  represents  analysis  of  the  radiation  data 
measured  by  the  Relay  spacecraft. 


350,  000 


175,000 


225,000 
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Syncom. 


Spacecraft 

The 

ment, 


spacecraft  being  procured  from  Mugnes  Aircraft  Uo. 

The  bulk  of  the  funding  for  this  contract  was  paid  for  by 
prior  fiscal  year  appropriations.  The  funds  indicated  here 
are  largely  for  the  services  of  Hughes  in  supporting  the 
remaining  Syncom  launches. 

Range  and  range  rate  equipment 410,  000 

These  funds  are  to  complete  the  existing  contract  with 
Space  Technology  Laboratories  for  the  design,  develop- 
ment, and  fabrication  of  3 range  and  range  rate  stations. 

The  bulk  of  this  contract  was  funded  with  prior  fiscal 
years’  funds. 

Syncom  ground  station  support  and  environmental  test 2,  215, 000 

Ground  station  support  includes  training  of  grqund 
station  personnel  ana  staffing  of  each  ground  station, 
procurement  of  spare  parts  for  maintenance  and  station 
operation  during  poetlaunch  communications  experi- 
ments, logistics  support,  and  transportation  of  stations 
domestically  and  overseas. 

Transportation  of  stations  domestically 

and  overseas 250,  000 

Spare  parts  for  operation  and  maintenance 

of  stations 600,  000 

Operational  staffing,  training  and  station 

support _ 1,165,000 

Logistics  support 200,000 

The  above  effort  is  planned  for  completion  in  fiscal  year 
1965. 

Data  reduction  and  analysis 875, 000 

These  funds  cover  procurement  of  magnetic  tape,  reduc- 
ing data  to  the  form  in  which  it  can  be  easily  analyzed  and 
finally,  the  analysis  of  the  data  which  is  then  documented. 
Approximately  5 percent  of  this  is  in-house. 

Magnetic  tapes 75,  000 

Data  reduction 500,  000 

Data  analysis 300,  000 

Advanced  synchronous  communications  satellites 40,  000, 000 

Atlas- Agena  launch  vehicles  (3  orbital  flights  and  1 backup)..  12, 500, 000 
The  funds  listed  are  to  cover  the  increments  due  on  these 
vehicles  in  fiscal  year  1964  only.  The  cost  per  vehicle  is 
approximately  $7,500,000;  complete  vehicle  funding  is 
planned  to  be  completed  in  fiscal  year  1966. 

The  $12,500,000  requested,  for  fiscal  year  1964  for  Atlaa- 
Agenas  will  provide  that  year’s  increment  for  the  funding 
for  4 vehicles. 

Spacecraft 16,640,000 

This  effort  is  to  perform  the  1st  year’s  work  on  the 
advanced  synchronous  spacecraft.  It  will  be  based  on 
work  by  Hughes  Aircraft  Co.  in  fiscal  year  1963.  The 
exact  method  of  procurement  has  not  been  determined. 

Equipment  for  ground  stations '4,  960,  000 

The  ground  station  tasks  will  result  in  modification  of 
the  stations  listed  for  use  with  advanced  synchronous 
satellite  program.  The  costs  cover  procurement  of 
special-purpose  equipment  to  be  utilized  in  the  modifica- 
tion,-including  special  antenna  feeds,  FM  transmitters, 
telemetry  receivers,  communication  receivers,  TV  monitors, 

TV  recorder,  and  spare  parts. 

Ground  station  operations 1,  000,  000 

Ground  station  operations  will  cover  operational  plan- 
ning and  training  of  the  operating  staff  for  each  communi- 
cations and  telemetry  and  command  station. 


ughes 


v 


3224  1964  NASA  AUTHORIZATION 


Reliability  studies 

A contractor  other  than  the  spacecraft  contractor  will 
be  selected  to  perform  reliability  analysis  and  monitorin  g of 
the  spacecraft  contractor’s  reliability  and  quality  assur- 
ance procedures. 

Switching  circuit 

To  purchase  standard  multiplexing  terminal  equipment 
capable  of  being  employed  with  the  advanced  synchronous 
ground  station  equipment  when  in  the  multiple  access  mode 
tc  provide  for  interconnection  of  satellite  communications 
traffic  from  the  ground  station  with  conventional  circuits 
terminating  at  the  ground  station. 

Telemetry  and  command.... - 

It  is  planned  to  use  the  three  telemetry  and  command 
transportable  ground  Stations  of  the  Syncom  project.  The 
above  funds  will  be  used  to  contract  for  modifications  to 
these  stations  in  order  to  have  them  compatible  with  the 
advanced  synchronous  satellite  project. 

Range  and  range  rate  equipments 

This  wifi  cover  the  modification  and  procurement  of 
range  and  range  rate  ground  equipment  under  a single 
contract. 

A total  of  four  complete  range  and  range  rate  equipments 
will  be  used.  The  three  existing  Syncom  range  and  range 
rate  equipments  will  be  modified  for  use  in  this  program. 
The  fourth  station  is  new  equipment.  Estimated  cost  to 
modify  each  of  the  three  existing  equipment  is  $350,000. 

Data  reduction  and  analysis .... 

This  would  cover  the  purchase  of  magnetic  tape,  and 
preparation  by  a contractor  for  data  analysis,  including 
training  of  personnel,  purchase,  or,  if  necessary,  develop- 
ment of  the  equipment  necessary  for  rapid  and  semiauto- 
mated  processing  and  recovery  of  the  data. 

This  work  will  be  done  5 percent  in-house  and  the  re- 
mainder on  contract. 


$500,000 


300,000 


600,000 


2,000,000 


1,000,000 


CONSIDERATION  OF  EFFECTS  OF  STRETCHOUTS  ON  THE  ADVANCED  SYNCHRONOUS 

SATELLITE  SYSTEM 


The  exact  costs  of  stretchouts  on  a program  cannot  be  evaluated  withoutja  de- 
tailed review  of  all  project  cost  and  time  estimates  in  the  light  of  work  assign- 
ments and  workloads  in  the  contractor’s  plant.  These  are  not  available,  nor  is 
adequate  time  available  in  the  preparation  of  this  paper  to  have  such  an  analysis 
performed  on  the  advanced  synchronous  satellite.  Our  considered  opinion  is  that 
stretchouts  to  cover  the  same  amount  of  work  will  always  result  in  higher  runout 
costs  with  only  one  exception,  which  is  where  premiums  are  being  paid  to  expedite 
work.  (This  latter  case  does  not  apply  to  the  advanced  synchronous  satellite 
work.) 

Consider  a stretchout  in  which  the  original  first  launch  date  is  retained  but  the 
launch  frequency  is  changed  from  two  to  one  per  year.  This  would  result  in 
a total  program  length  of  5}i  years  for  the  advanced  synchronous  satellite  effort, 
as-compared  to  4 years  as  now  scheduled  for  the  same  number  of  launches.  The 
chart  shows  graphically  the  time  relationship  between  the  planned  and  the 
“stretched  out”  projects. 

CALENDAR  TEAR 


.63  64  65  66  67  68  69 

"Project  start  Launches  (▼) Project  end 
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Effect  of  stretch-out  on  Advanced 
Synchronous  Satellite  schedule 


jo 
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A very  real  problem  in  evaluating  this  type  of  stretchout  is  that  it  is  unlikely 
that  technical  talent  of  the  caliber  required  for  the  work  could  be  retained  through 
a "dead  space”  of  6 months  out  of  a year  between  launches,  without  generating 
additional,  and  costly,  engineering  work.  It  is  also  unlikely  that  such  personnel, 
if  retained,  could  be  directed  to  other  work  for  such  a short  term  as  6 months, 
three  times  in  3 years.  The  estimated  cost  of  continuing  the  spacecraft  con- 
tractor’s supporting  effort  for  an  additional  18  months  is  $4,500,000.  A reason- 
able cost  estimate  for  conducting  ground  station  operations  of  this  type  is  $2 
million  per  year.  The  cost  of  operating  with  the  spacecraft  for  an  additional 
18  months  will  be  $3  million,  it  is  estimated  that  the  additional  vehicle  and 
launching  cost  associated  with  an  18-month  stretchout  is  $300,000.  To  recapitu- 
late, the  additional  estimated  costs,  at  runout,  of  an  18-month  stretchout  in  the 
advanced  synchronous  satellite  launch  schedule  is: 

Spacecraft  and  support $4,  500,  000 

Ground  station  operations ... 3, 000,  000 

Launch  vehicles.  300,  000 


Total — 7,800,000 


Information  on  fiscal  year  1968  expenditures  on  Syncom  line  items-— Ground  station 
support  and  environmental  test  d:~4a  reduction  and  analysis 


Item 

Budget,  fiscal 
year  1063 

Amount 

spent 

Remainder 

Ground  station  support  and  environmental  test............... 

$3,481,000 

866,000 

i$l,800,000 

0 

31,681,000 

865,000 

Pata  reduction  and*naiysis. . _ . 

i 

1 $1,000,000  obligated;  $800/100  committed. 


A question  has  been  asked  if  the  unspent  remainder  cannot  be  applied  against 
the  fiscal  year  1964  funding  requirement  shown  for  each  line  item.  It  cannot. 
The  unspent  balance  of  $1,681,000  for  ground  station  support,  and  $200,000  of  the 
unspent  balance  for  data  reduction  and  analysis  have  been  reprogramed  to  meet 
the  costs  of  revision  of  Syncom  flight  models  2 and  3 and  the  prototype;  $455,000 
from  data  reduction  and  analysis  will  be  reprogramed  to  meet  unprogramed  addi- 
tional costs  of  the  telemetry  and  command  stations,  and  $35,000  will  be  repro- 
gramed to  pay  for  rental  of  facilities  required  for  the  extensive  test  program  re- 
sulting from  the  Syncom  I failure.  Of  the  $175,000  remaining  in  data  reduction 
and  analysis,  after  these  reprograming  actions,  $75,000  is  required  for  purchase  of 
magnetic  tapes,  and  $100,000  for  services  of  observatories  in  the  optical  search  for 
Syncom  I. 

(Whereupon,  at  12:05  o'clock  p.m.,  the  subcommittee  adjourned.) 
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TUESDAY,  APRIL  9,  1963 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tbacking  and  Data  Acquisition, 

Washington,  D,C. 

The  subcommittee  met  at  10  a.m.,  pursuant  to  recess,  in  room 
214-B,  Longworth  Building,  Hon.  William  Fitts  Ryan  (chairman) 
presiding. 

Mr.  Ryan.  The  committee  will  be  in  order.  Dr.  Seamans,  it  is  a 
pleasure  to  welcome  you  again  to  the  subcommittee. 

In  a previous  hearing  on  March  19,  NASA  presented  its  personnel 
and  operation  of  installations  program  for  fiscal  year  1964.  At  that 
hearing  we  did  not  have  an  opportunity  to  discuss  several  NASA 
contracts  which,  in  effect,  augment  NASA  personnel.  Dr.  Seamans 
said  then  that  he  would  be  glad  to  return  to  discuss  the  Bellcomm 
contract  and  the  General  Electric  contract.  Bellcomm  provides  sys- 
tems engineering  advice  and  competence  and  General  Electric  provides 
engineering  studies  for  integration,  reliability  assessment,  and  checkout. 

These  contracts  raise  several  important  policy  questions.  Among 
them  is  the  question  of  whether  or  not  NASA,  should  develop  this 
competence  in-house  rather  than  enter  into  cost-plus-fixed-fee  agree* 
ments  with  out&ide  corporations.  Gould  not  the  same  result  be 
achieved  in-house  at  less  cost  to  the  taxpayers? 

NASA  should  be  clearly  responsible  to  the  President  and  Congress 
for  the  management  and  control  of  its  program.  To  what  extent  are 
management  and  policy  decisions  being  delegated  to  contractors? 

Last  year  NASA  justified  the  Bellcomm  contract  on  the  ground 
that  it  was  not  able  to  pay  salaries  comparable  to  industry  and  was  not 
authorized  to  have  sufficient  excepted  positions.  What  steps  has 
NASA  taken  in  the  !ast  year  to  obtain  authorization  to  hire  highly 
skilled  scientific  and  engineering  personnel? 

There  is  also  the  question  of  conflicts  of  interest  and  whether  or  not 
these  corporations  are  being  placed  in  a preferred  position  vis-a-vis 
their  competitors. 

I believe  that  JPL  also  falls  into  this  general  personnel  area.  I 
hope  the  testimony  will  include  a discussion  of  JPL  contracts  and  any 
similar  arrangements  which  augment  NASA  personnel  requirements. 

The  committee  is  concerned  that  NASA  policies  he  consistent  with 
good  management  principles. 

Now,  Dr.  Seamans,  I believe  you  have  a prepared  statement,  and 
we  would  be  glad  to  hear  it. 
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STATEMENT  OF  DR.  ROBERT  0.  SEAMANS,  JR.,  ASSOCIATE  AD- 
MINISTRATOR, NATIONAL  AERONAUTICS  AND  SPACE  ADMIN- 
ISTRATION 

Dr.  Seamans.  Mr,  Chairman  and  . members  of  the  subcommittee, 
I welcome  the  opportunity  tb  disGuss  with  the  subcommittee  NASA's 
contractual  arrangements  with  industry  for  the  provision  of  special 
assistance  in  the  overall  technical  aspects  of  the  manned  space  flight 
program  in  two  areas— systems  engineering  and  checkout,  reliability 
assessment,  and  integration.  \ 

As  you  know,  the  Subcommittee  on  Manned  Space  Flight  has  al- 
ready received  a considerable  amount  of  information  in  tne  areas  of 
present  interest.  Mr.  Holmes  addressed  himself  to  both  of  these 
subjects  in  his  testimony  on  March  6 and  7.  On  March  20,  that  sub- 
committee heard  testimony  from  Dr.  John  A.  Hornbeck,  president  of 
Belleomm,  Inc,,  and  Mr,  Eichard  L„  Shelter,  general  manager  of  the 
’Command  Sj  seems  Division  of  General  Elecric  and  acting  general 
manager  of  the  GE  Apollo  support  department.  Members  of  the 
Manned  Space  Flight  Subcommittee  also  visited  the  Apollo  support 
department  headquarters  in  Daytona  Beach,  Fla.,  on  March  29,  for 
a review  in  depth  of  the  General  Electric  work  areas — checkout, 
integration,  andjreliability  assessment. 

I would  now  like  to  review  briefly  with  you  the  Belleomm  and  GE 
efforts  in  support  of  Project  Apollo  and  then  to  answer  any  remaining 
questions  you  might  have. 

The  systems  engineering  function  includes  the  determination  of 
systems  specifications  and  conceptual  designs  of  major  elements  of 
the  program*  the  review  of  ongoing  programs  to  identify  and  evaluate 
possible  alternative  courses  of  actions;  study  of  the  impact  of  funding, 
schedule,  and  technical  changes  on  the  overall  program;  development 
of  the  overall  reliability  ana  system  test  plans;  and  preparation  of 
long-range  plans,  implementation  of  long-range  studies,  and  partici- 
pation in  project  development  plans  for  future  manned  space  flight 
projects.  . . . 

Typical  of  this  type  of  activity  was  the  selection  of  the  mode  of 
flight  for  the  first  maimed  lunar  landing,  in  which  the  Office  of  Sys- 
tems occupied  a central  role.  This  is  one  of  the  offices  that  reports 
directly  to  Mr,  Holmes.  As  this  committee  knows,  three  possible 
ways  of  implementing  the  program  were  studied  in  great  detail — 
direct  ascent,  Earth  orbit  rendezvous,  and  lunar  orbit  rendezvous. 

The  Office  of  Systems  Reviewed  the  data  available  and  defined  the 
additional  studies  required  to  provide  missions  data.  These  studies 
were  conducted  both  at  NASA  Centers  and  by  contractors  under  the 
direction  of  the  Office  of  Systems.  By  June,  the  results  of  all  the 
previous  study  activity  had  been  analyzed  against  the  criteria  of 
mission  success,  safety,  schedule,  cost,  complexity,  and  growth 
potential.  The  analysis  of  more  than  a million  man-hours  of  technical 
work  showed  that  lunar  orbit  rendezvous  was  the  most  desirable  mode 
of  flight. 

The  Office  of  Systems  now  has  about  half  of  its  planned  total 
complement  of  125  members  of  the  technical  staff  op  board. 

In  February  1962,  NASA  requeued  the  American  Telephone  & Tele- 
graph Co.  to  assist  in  this  systems  engineering  effort.  We  asked 
A.T.  & T.  to  provide  an  organization  of  experienced  men  able  to 
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employ  the  most  advanced  analytical  procedures  necessary  to  develop 
the  factual  bases  needed  by  responsible  NASA  officials  to  make  the 
wide  range  of  decisions  required  for  the  successful  execution  of  the 
manned  space  flight  program. 

A.T.  & T.  responded  to  this  request  by  forming  Bellcomm,  Inc., 
in  March  1962. 

As  of  this  date,  Bellcomm  consists  of  97  technical  people  and  a 
supporting  staff  of  64.  In  terms  of  educational  background  of  the 
technical  staff,  24  percent  have  a Ph.  D.  degree,  46  percent  an  M.S. 
degree,  and  29  percent  have  a B.S.  degree. 

Bellcomm  will  continue  to  grow,  and  we  anticipate  tha  t by  the  end 
of  this  year  their  organization  will  comprise  about  259  people — two- 
thirds  technical  personnel  and  the  balance  administrative  staffing  level. 

For  the  18-month  period  ending  September  30,  1963,  the  estimated 
amount  of  our  contract  with  NASA  is  approximately  $8%  million. 

Mr.  Heckler.  Dr.  Seamans,  you  mean  “by  our  contract,”  Bell- 
comm's  contract  with  NASA? 

Dr.  Seamans.  The  estimated  amount  of  NASA’s  contract  with 
BeHcomin  is  approximately  $8 % million. 

Bellcomm  provides  skilled  and  experienced  assistance  to  enable 
NASA  systems  engineering  to  exercise  its  responsibility  and  authority 
in  an  effective  manner. 

It  is  important  to  note  that  the  Bellcomm  organization  assists  and 
suDports  a technical  office  within  the  Government  rather  than  an 
acuninistrative  office.  This  important  distinction  makes  it  possible 
for  the  Government  to  properly  carry  out  its  total  technical  respon- 
sibility, utilizing  a contractor  for  assistance,  but  maintaining  the 
final  technical,  engineering,  and  procurement  judgments  within  the 
Government  itself,  to  be  made  by  Government  employees. 

Bellcomm’s  capital  stock,  which  at  present  is  $700,000,  is  owned 
jointly  in  equal  amounts  by  the  A,T.  & T.  and  the  Western  Electric 
Co. 

The  board  of  directors  comprises  a chairman,  Mr.  R.  R.  Hough, 
vice  president,  engineering,  A.T.  & T.;  and  eight  others,  two  from 
A.T.  & T.;  two  from  the  Western  Electric  Co.;  two  from  the  Bell 
Telephone  Laboratories;  and  two  from  Bellcomm,  Inc.  It  was 
intended  at  the  outset  that  the  board  be  a working  board  in  both  a 
technical  and  business  sense.  For  this  reason  it  contains  highly 
qualified  technical  people  and  people  with  extensive  business  ex- 
perience. 

The  president  of  Bellcomm,  John  A,  Hombeck,  and  the  beads  of 
its  two  technical  divisions,  came  from  Bell  Telephone  Laboratories. 

Its  vice  president  and  general  manager  came  from  the  long  lines 
department  of  A.T.  & T.  The  other  officers  are  comptroller  and  a 
secretary-treasurer,  the  former  from  A.T.  & T.,  and  the  latter  from 
the  Western  Electric  Co. 

In  February  1962,  NASA  selected  the  General  Electric  Co.  to  play 
a supporting  role  in  Project  Apollo — to  concentrate  on  checkout, 
reliability  assessment,  and  integration.  ; 

We  might  briefly  review  some  of  the  reasons  why  such  support  is 
required.  To  carry  out  a manned  lunar  landing  mission,  it  is  nec- 
essary to  verify  the  readiness  of  all  of  the  needed  system  elements  to 
properly  perform.  In  order  to  develop  high  confidence  in  our  readi- 
ness to  make  the  next  step  in  a mission,  we  must  carefully  check  out 
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each  piece,  part,  unit,  subsystem,  stage,  spacecraft  module,  space 
vehicle,  and  ground  facility. 

Within  the  framework  of  organization  for  the  Apollo  project,  no 
single  contractor  could  do  the  entire  job  of  developing  checkout  equip- 
ment and  procedures,  and  supplying  the  equipment  for  a uniform 

Erogramwide  approach.  Therefore,  NASA  asked  General  Electric  to 
egm  this  work  under  letter  contract  NASw-410. 

The  knowledge  gained  in  the  uniform  design  of  checkout  equipment 
and  procedures  is  the  same  information  required  to  insure  detailed 
integration  of  major  systems,  such  as  the  electronic,  electrical,  and 
mechanical  linkages.  The  checkout  process  of  necessity  delves  into 
almost  every  system  in  great  detail.  Consequently,  it  was  decided  to 
combine  the  integration  assignment  with  that  of  checkout. 

Another  related  task  is  reliability  assessment.  The  success  of 
Apollo  will  require  detailed  knowledge  concerning  the  present  and 
projected  reliability  of  the  critical  system  components.  This  knowl- 
edge must  be  contmuously  acquired  throughout  the  design,  manufac- 
turing, test  and  operational  phases  of  the  program  to  enable  NASA 
to  make  an  informed  judgment  about  system  reliability  and  safety 
levels. 

The  first  phase  of  the  work  consisted  of  a series  of  studies  aimed  at 
more  specifically  analyzing  and  defining  the  scope  and  content  of  the 
work.  The  study  phase  was  completed  last  fall.  The  implementa- 
tion phase  of  work  was  begun  immediately  and  continues.  Negotia- 
tions on  a definitive  contract  have  proceeded,  and  we  are  confident 
that  agreement  on  all  of  the  provisions  of  this  definitive  contract  will 
be  reached  in  the  near  future. 

In  the  implementation  phase,  GE’s  work  will  be  in  two  broad 
categories.  There  will  be  continuing  engineering  support,  which  will 
be  required  by  the  Office  of  Manned  Space  Flight  ana  the  NASA  Cen- 
ters in  their  respective  areas  of  responsibility  for  integration,  relia- 
bility assessment,  and  checkout.  Secondly,  GE  will  furnish  specially 
designed  checkout  hardware,  including  that  which  will  provide  for  the 
integrated  launch  control  and  checkout  system. 

General  Electric  engineering  support  is  now  building  up  as  needed 
at  the  Manned  Spacecraft  Center,  the  Marshall  Space  Flight  Center, 
and  the  Launch  Operations  Center.  The  organizations  at  each  Center 
call  upon  the  Apollo  support  department  at  Daytona  Beach,  Fla., 
where  a staff  has  been  established  to  support  across-the-board  tasks. 
Common  use  of  the  Daytona  Beach  services  assures  a common  ap- 
proach to  checkout,  reliability  assessment,  and  integration. 

As  the  program  progresses,  General  Electric  will  gradually  increase 
the  proportionate  scope  of  the  Daytona  Beach  effort  as  the  engineering 
center  of  gravity  shifts  from  concept  and  design  to  the  production  of 
checkout  equipment.  As  the  reliability  and  quality  data  begin  to 
build  up,  the  General  Electric  central  data  effort  will  also  grow. 
Integration  support  effort  by  General  Electric  will  continue  at  the 
NASA  Centers  and  at  the  GE  headquarters  to  provide  assistance  to 
NASA  throughout  the  life  of  the  program. 

It  is  important  to  understand  the  difference  between  systems 
engineering,  an  activity  that  requires  a relatively  small  organization 
of  very  highly  qualified  individuals,  and  checkout,  reliability  assess- 
ment, and  integration,  which  because  of  the  massive  amount  of 
technical  detail  which  must  be  handled,  require  large  manpower 
efforts. 
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In  systems  engineering,  we  have  developed  the  system  concept  and 
are  now  writing  the  overall  specifications  for  Project  Apollo.  You 
should  recognize  that  a portion  of  these  specifications  will  include  the 
general  requirements  on  the  checkout  system  definition  of  the  require- 
ments for  reliability  assessment,  and  technical  monitoring  pi  the 
program.  Bellcomm  supports  NASA  in  this  work. 

We  have  asked  General  Electric  to  provide  support  in  areas  in  which 
the  details  require  many  people.  GE  is  implementing  the  checkout 
system,  beginning  hardware  production,  and  undertaking  compre- 
hensive work  in  integration  and  related  data  gathering  and  processing, 
which  will  help  to  insure  that  the  overall  systems  engineering  require- 
ments are  being  met  in  detail. 

Thank  you. 

The  Chairman.  Thank  you,  Dr.  Seamans,  very  much. 

I am  sure  that  the  members  of  the  committee  are  delighted  to  know 
that  Mr.  Brainerd  Holmes,  Director  of  Manned  Space  Flight,  is  with 
you  this  morning. 

We  welcome  you,  Mr.  Holmes,  to  this  hearing. 

Mr.  Holmes.  Thank  you,  sir. 

The  Chairman.  One  of  the  concerns  of  this  committee,  and  a proper 
concern,  has  been  the  question  of  personnel. 

There  is  one  question  which  I would  like  to  pose,  and  which  is  a 
general  one  as  follows: 

What  efforts  is  NASA  making  to  build  up  an  in-house  capability 
in  terms  of  systems  engineering,  in  terms  of  the  subject  matter  also, 
of  the  General  Electric  contract? 

To  what  extent  do  you  find  the  present  civil  service  policies  of  the 
Federal  Government  inhibit  effort  to  build  up  in-housing  capability? 

Has  NASA  in  the  past  year  asked  the  Bureau  of  the  Budget,  or  the 
Congress,  or  the  executive  department,  to  increase  the  number  of 
exempt  positions  so  as  to  give  NASA  & greater  range  of  flexibility  in 
acquiring  this  personnel? 

Would  you  want  to  address  yourself,  generally,  to  this  question, 
Dr.  Seamans,  before  we  get  down  to  specifics? 

Dr.  Seamans.  Mr.  Chairman,  as  I indicated  in  my  prepared  state- 
ment, we  are  building  up  the  Office  of  Systems,  in  headquarters.  This 
group  is  headed  by  Dr.  Shea,  a most  experienced  and  an  accomplished 
systems  engineer.  In  addition,  we  are  building  up  systems  competence 
in  several  of  our  laboratories  which  permits  Dr.  Shea  to  assign  tasks 
to  these  laboratories  in  support  of  his  overall  responsibility. 

It  is -true  that  systems  personnel  are  in  short  supply  in  this  country. 
It  has  been  difficult  to  recruit  these  personrel  for  this  major  under- 
taking. 

We  know  there  is  a need  for  additional  excepted  positions  at  NASA 
with  one  prime  requirement  to  further  develop  this  capability. 

We  have  submitted  a request  to  the  Bureau  of  the  Budget  for  more 
excepted  positions,  and  this  is  now  under  review  by  the  Director. 

The  Chairman.  How  many  excepted  positions  does  NASA  have 
at  the  present  time? 

Dr.  Seamans.  At  the  present  time  we  have  425  positions  author- 
ized. In  addition,  we  have  13  Public  Law  313*s. 

Mr.  Heckler.  I would  like  to  ask  a question,  Mr.  Chairman? 

The  Chairman.  Yes,  Mr.  Hecbler, 

Mr.  Heohler,  Dr.  Seamans,  I would  like  to  get  clear  your  phi- 
losophy on  this. 
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By  asking  for  the  excepted  positions,  does  this  indicate  that  NASA 
feels  that  this  work  could  be  done  more  economically  and  more 
expeditiously  in-house,  or  I wondered,  if  you  could  define  a little 
more  clearly  what  objectives  you  have  in  terms  of  where  you  feel 
this  work  could  be  done  better? 

Dr.  Seamans.  If  I might  make  that  clear,  Mr.  Hechler,  the  request 
for  increased  number  of  excepted  positions  is  not  entirely  nor  even 
primarily  for  systems  engineers  and  designers. 

It  is  our  feeling  that  we  do  need  to  enhance  this  competence  within 
NASA,  but  at  the  same  time  we  feel  that  the  Bellcomm  is  serving, 
and  will  continue  to  serve,  a very  useful  function. 

I don’t  see  it  as  an  either/or  proposition. 

Mr.  Hechler.  Perhaps  Mr.  Holmes  would  care  to  add  to  this? 

Mr.  Holmes.  I would  be  glad  to  comment  on  it.  Certainly,  as 
NASA  grows  in  its  total  complement  of  personnel,  which  has  been  a 
tremendous  growth,  it  must  grow  in  its  experience  and  maturity  in 
management.  Many  of  these  management  people  are  people  who 
will  require  excepted  positions. 

The  problem  for  tne  systems  engineering  effort  is  how  to  go  to 
the  Moon.  This  facet  of  the  manned  lunar  landing  program  is 
perhaps  the  most  difficult  engineering  job  ever  undertaken  by  man. 
ft  is  certainly  one  of  the  most  important,  if  not  the  most  important. 

Our  objective  in  seeking  systems  engineering  support  was  not  to 
establish  a commercial  organization,  which  would  have  the  respon- 
sibility both  to  do  the  analysis  needed,  and  to  make  the  final  judg- 
ments. We  felt  very  strongly  that  the  final  judgments  should,  be 
made  in  Government,  since  our  goal  was  goin^  to  call  for  almost  a 
decade  of  effort,  involving  many  billions  of  dollars,  and  many  tech- 
nical minds. 

Therefore,  as  Dr.  Seamans  has  testified,  we  established  this  in-house 
systems  engineering  organization.  It  necessarily  had  to  be  small 
relative  to  the  total  task — both  due  to  the  limit  on  these  excepted 
positions,  and  the  difficulty  in  hiring  experienced  people  in.  this 
category.  Part  of  the  reason  for  the  difficulty  in  hiring  people  in  this 
category  is  due  to  the  salary  levels  in  Government  not  being  compa- 
rable to  those  in  industry,  but  that  is  not  the  only  part  of  it.  Part  of 
it  is  due  to  the  fact  that  many  people  prefer  to  stay  and  work  in 
industry. 

Therefore,  we  built  up  a small  internal  organization  to  make  final 
judgments  on  systems  engineering  problems,  and  established  Bellcomm 
to  do  the  analysis  and  support  work  necessary  to  the  making  of  these 
judgments.  Bellcomm,  a commercial  organization,  is  to  conduct 
assigned  technical  analyses  and  to  provide  systems  engineering  sup- 
port, which  will  allow  Dr.  Shea's  staff  of  “in-Government”  people  to 
make  recommendations  to  my  office  as  to  how  we  should  go  to  the 
Moon. 

This  unique  concept  differs  from  the  pattern  that  has  been  used 
widely  in  the  past  where  systems  engineering  has  been  undertaken 
and  advice  given  to  an  administrative  office.  In  that  type  of  situation 
the  technical  direction  of  the  program  lies  in  non-Go  vemment  groups. 
In  the  relationship  between  NASA  and  Bellcomm,  the  authority  to 
make  decisions  is  fully  retained  by  NASA.  Technical  direction  of  the 
program  lies  clearly  within  NASA  and  is  not  delegated  to  a non- 
Govemment  group. 
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Mr.  Hechler.  Dr.  Seamans,  of  course,  our  concern  is  also  expendi- 
ture and  the  reduction  of  the  amount  of  expenditure,  and  whether 
there  is  any  possibility  that  funds  could  be  saved  for  the  Government 
without  sacrificing  efficiency  and  forward  progress. 

The  Chairman.  As  I understand  it,  Dr.  Shea  is  in  charge  of  the 
Office  of  Systems,  is  that  correct? 

Mr.  Holmes.  Yes.  Dr.  Shea  is  Deputy  Director  for  Systems  of  the 
Office  of  Manned  Space  Flight  and  in  this  capacity  he  is  in  charge  of 
the  Office  of  Systems. 

The  Chairman.  How  many  NASA  employees  are  there  in  the 
Office  of  Systems?  By  this,  I don’t  mean  the  clerical  employees,  but 
scientific  or  engineering  personnel? 

Mr.  Holmes.  The  present  complement  is  about  60,  and  we  hope  to 
grow  to  125  total,  not  including  the  integration  and  checkout  direc- 
torate. 

The  Chairman.  Of  that  60,  what  is  the  salary  range.  What 
salaries  are  you  paying  these  60  people? 

Mr.  Holmes.  The  majority  of  this  relatively  small  technical  staff 
are  GS-15’s  or  in  excepted  positions.  As  you  know,  for  GS-15,  the 
starting  salary  is  approximately  $14,500. 

In  the  excepted  positions,  the  salaries  vary  from  $17,500, 1 believe  it 
is,  up  to  $21,000.  I believe  that  Dr.  Shea’s  systems  staff  includes 
approximately  12  excepted  positions.  Dr.  Shea’s  own  salary  is 
$21,000,  which  represents  the  high. 

The  Chairman.  You  said  that  you  had  approval,  Dr.  Seamans 
for  450  excepted  positions.  Have  you,  in  fact,  hired  425? 

Dr.  Seamans.  No;  we  still  have  approximately  25  unfilled  posi-, 
tions — 25  or  26. 

Now,  these  have  all  been  allocated  to  either  headquarters  offices  or 
our  field  centers,  and  there  are  some  very  definite  and  specific  require- 
ments, and  in  some  cases  they  are  actually  in  the  process  of  negotiating 
with  specific  candidates.  We  also  must  have  a minimal  reserve  so 
that  we  can  take  at  least  a few  additional  key  people. 

The  Chairman.  Among  the  400  which  you  now  have  how  many 
would  you  say  had  systems  engineering  abilities? 

Dr.  Seamans.  I am  sorry  but  I can’t  answer  that. 

Could  you  answer  it,  Mr.  Holmes? 

Mr.  Holmes.  One  has  to  recognize  that  these  systems  engineers  are 
distributed  in  our  many  centers,  as  well  as  in  each  program.  This 
dispersal  makes  it  a difficult  question  to  answer.  I would  think  a 
broad  answer  might  be  20  to  25  percent,  but  it  gets  very  deeply  into 
semantics — what  is  systems  engineering,  and  what  is  a man  designing 
in  the  way  of  a system  which  would  cover  this  area.  As  you  know, 
there  are  various  categories;  the  definition  varies  even  within  the 
trade. 

The  Chairman.  Well,  how  many  of  them  would  have  the  ability  and 
background  to  work  under  Dr.  Shea  in  his  program? 

Mr.  Holmes.  I would  sav  it  would  probably  be  in  the  order  of 
10  percent,  or  less;  probably  less  than  10  percent  in  terms  of  experience, 
in  the  particular  line  of  broad  systems  engineering. 

The  Chairman.  Roughly  40  to  50,  then? 

Mr.  Holmes.  Yes,  I tmnk  that  10  percent,  or  less  would  be  a 
reasonable  estimate.  I would  say  that  about  40  would  have  the 
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unique,  broad  systems  engineering  experience  required  by  Dr.  Shea's 
group.  [Laughter.] 

The  Chairman.  Dr.  Seamans,  how  many  excepted  positions  have 
you  asked  the  Bureau  of  the  Budget  to  approve? 

You  stated  that  you  had  made  a request? 

Dr.  Seamans.  Yes.  We  have  requested  an  additional  325  ex- 
cepted positions,  which  would  take  us  to  750. 

The  Chairman.  When  would  they  become  effective  if  the  authority 
became  effective? 

Dr.  Seamans.  Well,  that  depends,  of  course,  on  the  action  of  the 
Bureau  of  the  Budget,  and,  again,  on  what  action  the  Congress 
takes. 

The  Chaieman.  Well,  at  the  most  optimistic  point,  from  your 
point  of  view? 

Dr.  Seamans.  Well,  we  need  additional  positions  today,  so  that  the 
most  optimistic,  and  I know  that  this  is  not  realistic,  but  if  this  were 
presented  to  this  session  of  the  Congress,  I would  hope  that  this  might 
be  made  available  at  the  close  of  the  business  of  this  Congress. 

The  Chairman.  You  feel  that  there  is  a real  need  in  this  current 
calendar  year? 

Dr.  Seamans.  We  feel  that  there  is  a great  need  for  these  positions, 
and  we  so  stated  in  correspondence  to  the  Director  of  the  Bureau  of 
the  Budget,  Mr.  Chairman. 

The  Chairman.  What  is  the  highest  salary  that  you  would  be  able 
to  pay  under  this  proposal? 

Dr.  Seamans.  Of  the  425  positions  that  we  have  now,  30  of  these 
are  in  the  $20,000  to  $21,000  category. 

We  have  requested  10  additional  in  this  category,  so  that  we  would 
be  able  to  have  40  people  on  the  $20,000  to  $21,000  category.  The 
remainder  would  go  from  $17,500  to  $20,000. 

The  Chairman.  How  many  employees  has  Bellcomm  at  this  point? 

Dr.  Seamans.  The  number  was  97  with  a supporting  staff  of  64. 

The  Chairman.  Of  these  97,  could  you  give  us  any  idea  of  the 
salary  range  that  Bellcomm  is  using  to  pay  them? 

Mr.  Holmes.  I don’t  have  that  information  with  me,  Mr.  Ryan, 
but  I could  get  it  for  the  record,  if  you  would  like  to  have  it. 

The  Chairman.  Do  you  have  any  estimate  in  your  own  mind? 

Mr.  Holmes.  Yes;  I would  think  it  would  be  under  $20,000 — that 
sort  of  figure.  That  is  the  typical  average.  Certainly,  I am  basing 
that  on  my  experience  of  what  you  would  have  to  pay  to  hire  such 
people  in  industry,  rather  than  my  actual  knowledge  of  what  their 
real  salaries  are,  I would  have  to  get  that  for  the  record,  but  the  key 
officers  of  that  company  would  certainly  have  much  more  than  that, 
in  industry. 

The  Chairman.  Mr.  Hechler? 

Mr.  Hechler.  If  the  Civil  Service  had  the  proper  salary  scales, 
would  you  prefer  to  do  this  work  yourselves? 

, Dr.  Seamans.  Well,  perhaps  Mr,  Holmes  would  like  to  answer  this. 

Mr.  Holmes.  I think  I would  answer  it  tins  way,  Mr.  Hechler. 

First,  we  would  choose  to  build  in-house  strength,  and  it  would  be 
much  easier  to  build  Dr.  Shea’s  technical  staff  if  the  Civil  Service  did 
have  a higher  salary  scale. 

On  the  other  hand,  I doubt  that  money  alone  would  solve  the 
problem  of  finding  the  collective  experience,  skill,  and  maturity  that 
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one  could  get  in  the  corporations  of  this  country — such  as  A.T.  k T., 
in  this  case — provided  in  setting  up  Bellcomm.  Through  Bellcomm, 
we  have  seasoned  experience  immediately  available,  at  a critical  stage 
in  our  program.  Otherwise,  it  would  take  years— 5 years  at  a mini- 
mum, probably  10  years — to  build  up  an  experienced  systems  engineer- 
ing group  that  is  already  accustomed  to  working  together.  As  you 
know,  we  cannot  afford  the  luxury  of  such  delays. 

If,  indeed,  we  were  working  in  such  a way  and  were  organized  in 
such  a wav  in  this  country— which  I think  is  impossible,  given  the 
accelerated  growth  that  we  have  enjoyed  over  the  years — that  you  did 
have  a status  quo  and  that  you  did  know  what  you  were  going  to  do 
exactly  next  year,  then  you  could  plan  for  it,  such  as  industry  can. 
If  one  had  such  a group  of  people  available,  then  one  would  obviously 
enjoy  much  more  of  an  advantage,  since  it  would  be  a group  of  people 
who  know  each  other  and  have  had  the  experience  of  working  together. 

Mr.  Hechler.  Well,  I suppose  another  advantage  would  be,  you 
would  have  an  organization  that  would  not  have  to  appear  before 
congressional  committees. 

Mr.  Holmes.  I think  that  it  is  certainly  a unique  and  beneficial 
experience.  . 

The  Chairman^  It  flows  both  ways. 

Now,  going  back  to  this  question  of  the  maturity  of  this  group, 
the  maturity  of  the  Bellcomm  management.  Exactly  how  many  of 
the  management  personnel  in  Bellcomm  are  or  were  with  A.T.  & T., 
or  were  Western  Electric  personnel,  and  to  what  extent' did  this 
nuceius  exist,  and  to  what  extent  does  the  corporation  go  outside  and 
recruit  people? 

Mr.  Holmes.  The  senior  staff  of  Bellcomm  is  either  from  Bell 
Telephone  Laboratories,  or  has  worked  in  the  systems  engineering 
field  for  many  years.  The  staff  offers  not  only  great  maturity,  but 
also  a great  depth  of  understanding  from  working  together  in  this 
field.  In  view  of  this  experience,  which  is  a tremendous  asset  to 
support  our  systems  effort;  a largo  percentage  of  Belleomm’s  key 
subordinates  come  from  either  Bell  Telephone  Laboratories,  or  the 
Western  Electric  Co. 

The  Chairman.  How  many  are  on  the  staff  that  yon  referred* to? 

Mr.  Holmes.  There  is  a technical  staff  of  97,  as  Dr.  Seamans 
mentioned  in  his  testimony. 

The  Chairman.  And  how  many  on  the  staff  nucleus — you  said 
that  the  key  people  were  Bell  Telephone  Co.  people? 

Mr.  Holmes.  It  depends  on  the  supervisory  level.  If  one  starts 
with  the  president,  Dr.  John  A.  Hornbeck,  th?re  are  two  key  directors. 
One  is  Julian  West  and  the  other  is  Dr.  Lewis.  They  are  in 
charge  of  Beilcomm’s  systems  engineering  and  systems  studies, 
respectively.  Bill  Whittaker  is  Beilcomm’s  vice  president  and 
general  business  manager.  That  is  the  key  staff,  hat  there  are,  of 
course,  many  subordinates  who  are  also  key  people,  who  come  from 
Bell  Telephone  Laboratories. 

In  order  to  get  highly  qualified  and  experienced  people  on  board, 
a large  percentage  of  BeU  System  people  were  taken  in.  However, 
that  percentage  is  becoming  less  and  less,  and  we  axe  getting  people 
now  irom  the  aerospace  projects  to  fill  out  the  overall  picture. 

I hope  that  I answered  the  question  that  you  asked  me. 

The  Chairman.  Yes,  I think  so. 
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So  that  you  have  your  four  key  people,  plus  the  subordinate  staff 
and  the  supporting  people,  and  they  are  recruiting  the  rest  of  the 
personnel  to  comprise  the  Bellcomm  complement? 

Mr.  Holmes.  Yes,  sir. 

The  Chairman.  Mr.  Rumsfeld? 

Mr.  Rumsfeld.  Is  it  correct  to  say  that  technically,  the  figure  of, 
let  us  take  a number — 50  percent  of  the  in-house  staff  could  be  inter- 
changeable. That  is  to  say,  50  percent  of  the  Bellcomm  group,  in 
knowledge,  background,  and  experience,  are  doing  work  that  is  very 
similar  in  some  cases? 

You  indicated  that  Bellcomm  is  doing  the  analysis,  they  report  to  the 
in-house  group  for  further  evaluation  and  analysis,  and  then  they 
report  to  you. 

It  strikes  me  that  a good  percentage  of  those  people  would  be  inter- 
changeable. Is  that  not  correct? 

Mr.  Holmes.  Yes,  I think  that  is  right.  Whether  it  is  50  percent 
or  not,  I don’t  know.  Certainly,  there  are  people  who  have  had 
experience  with  the  development  of  equipment  and  hardware,  and  the 
scheduling  of  the  development  of  that  hardware,  in  addition  to  time 
scheduling,  and  funding;  people  who  have  that  broad  experience,  plus 
considerable  technical  training  and.  analytical  training,  are  able  to 
perceive  and  conceive  conceptually.  That  description  would  apply 
not  onlyto  the  people  at  Bellcomm,  but  also  to  our  in-house  organiza- 
tion. Thus  they  would  be  interchangeable  in  experience.  However, 
they  wear  a mantle  of  responsibility  which  is  very  different.  Thus, 
much  of  what  they  are  doing  would  not  be  interchangeable. 

Mr.  Rumsfeld.  Right,  but  to  a certain  extent,  their  work  which 
they  are  doing,  is  in  some  cases,  identical,  and  in  some  cases,  very 
similar,  wouldn’t  that  be  true? 

Mr.  Holmes.  Identical,  or  at  least  similar  talents  are  required  to 
do  the  work.  However,  the  work  itself  is  different.  It  tends  to  be 
much  broader  in  meeting  the  requirements  on  the  Government  side, 
whereas  it  is  more  analysis  of  assigned  tasks  on  the  Bellcomm  side. 

Mr.  Rumsfeld.  Well,  in  that  you  have  the  situation  where  side  by 
side  you  have  industry  working  with  Government  employees  of  similar 
backgrounds  and  capabilities  and  abilities,  and  you  have  also  what 
you  have  indicated  to  be  a rather  dramatic  difference  in  salary  level, 
and  it  strikes  me  that  you  either  already  have  met  some  very  serious 
problems,  or  such  will  be  met  by  you  very  shortly. 

What  do  you  see  in  the  next  2 or  3 years,  in  the  way  of  problems, 
with  this  matter,  as  far  as  the  flow  of  personnel  is  concerned,  from  one 
to  the  other  concern,  or  into,  or  out,  of  each? 

Mr.  Holmes.  We  are  not  too  troubled  about  that  situation  arising. 
It  is  a very  good  question,  and  is  one  to  which  we  have  given  consider- 
able thought.  However,  we  did  have  a clear  understanding  with  the 
people  who  joined  our  organization  that  we  did  not  expect  them  to 
join  us,  and  then  apply  to  Bellcomm.  We  have  a clear  understanding 
with  Bellcomm  that  we  could  not  expect  them,  except  in  very  special 
cases  which  I would  review  myself,  to  hire  people  from  NASA. 

Mr.  Rumsfeld.  Well,  you  feel  that  you  do  have  some  control,  to 
some  extent,  on  whom  Bellcomm  hires? 

Mr.  Holmes.  Yes,  we  have  ah  understanding  with  Bellcomm  that 
they  will  not  hire  NASA  people,  unless  it  is  in  some  very  special  case, 
which  would  be  very  carefully  reviewed. 
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Mr.  Rumsfeld.  I see. 

Mr.  Holmes.  And  I think  that  there  is  another  reason.  Although 
it  is  true  that  these  two  groups  of  people  are  working  side  bv  side, 
making  different  salaries,  this  is  possible  because  there  is  the  psychic 
reward  of  giving  to  the  country  if  you  are  working  for  the  Govern- 
ment, and  a feeling  of  a broader  responsibility  and  challenge  that 
you  could  not  possibly  get  in  industry.  Some  people  feel  that  this 
intangible  satisfaction  is  sufficient  compensation. 

I think  most  of  them  do  not  expect  to  spend  their  lives  doing  it. 
Most  of  them  expect  to  do  it  perhaps  for  a tour  of  5 years  and  then  go 
back  into  industry. 

Again,  on  the  credit  side,  then?  are  concrete  advantages  that  com- 
pensate for  the  lower  salary.  They  do  gain  valuable  experience  work- 
ing for  the  Government  on  such  a complex  and  far-reaching  program. 
They  could  not  possibly  get  this  scope  of  training  in  industry.  There- 
fore, there  is  an  additional  advantage. 

I might  say  that  I am  getting  the  same  training,  and  perhaps  Dr. 
Seamans  agrees  that  he  is,  too. 

Dr.  Seamans.  I certainly  am — every  minute  of  the  day.  [Laugh- 
ter.] 

Mr.  Rumsfeld.  Along  this  same  line,  sir,  would  you  say  that  in  the 
event  that  the  Bureau  of  the  Budget  turned  down  your  request  for 
additional  excepted  positions,  that  you  would  possibly,  very  simply 
still  have  this  capacity  of  switching  to  some  extent  the  responsibilities 
of  the  in-house  group  to  the  Bellcomm  group,  by  expanding  Bellcomm? 

You  understand,  I am  not  suggesting  this,  but,  just  in  the  event 
that  you  are  turned  down,  couldn’t  you,  under  existing  provisions  and 
regulations  of  the  law,  do  this? 

Dr.  Seamans.  We  have  overall  national  objectives,  and  we  are 
going  to  do  everything  in  our  power  to  meet  them.  However,  we 
recognize  there  are  a variety  of  restrictions. 

Of  course,  we  are  going  to  make  our  best  effort,  but  I am  certain 
that  our  program  would  be  impaired  if  we  did  not  receive  the  additional 
excepted  positions  we  have  requested. 

Mr.  Rumsfeld.  How  long  ago  did  you  make  this  request  of  the 
Bureau  of  the  Budget? 

Dr.  Seamans.  We  submitted  it  formally  early  in  March,  in  a letter. 

Mr.  Rumsfeld.  And  when  do  you  anticipate  you  will  receive 
a reply? 

Dr.  Seamans.  I know  that  they  are  reviewing  it  in  the  Bureau  of  the 
Budget. 

They  must  not  only  consider  NASA,  of  course,  but  also  the  Depart- 
ment of  Defense  and  other  agencies,  and  they  are  in  the  process  of 
discussing  this  within  the  context  of  the  total  executive  branch  at  this 
time.  I am  afraid  I cannot  give  you  a date. 

Mr.  Rumsfeld.  But  your  answer  is  that  if  they  did  turn  you  down 
and  you  could  not  get  the  increased  amount  of  employees  that  you 
wished  that  Bellcomm — say  you  wanted  an  individual  that  you  par- 
ticularly wanted  to  participate  in  this  program,  and  you  could  not 
get  any  other  excepted  positions,  that  Bellcomm  could  hire  him  at 
the  higher  salary? 

Dr.  Seamans.  He  could  not  participate  in  the  same  manner  in  the 
program  if  you  did  that. 

Mr.  Rumsfeld,  But  it  is  a pretty  gray  line,  is  it  not? 
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Dr.  Seamans.  No,  I don’t  think  it  is. 

If  Dr.  Shea  hires  a person  to  take  a certain  responsibility,  reporting 
to  him,  then  that  man  could  not  wear  a Bellcomm  suit.  He  must  be 
a Government  employee,  or  he  could  not  undertake  that  same  re- 
sponsibility. 

Mr.  Rumsfeld.  Thank  you. 

The  Chairman.  Would  you  submit  for  the  record,  please,  Mr. 
Holmes,  and  Dr.  Seamans,  a breakdown  of  the  salaries  of  the  97 
technical  people  and  the  supporting  staff  of  64  on  Bellcomm’s  staff,  as 
existing  today? 

Dr.  Seamans.  Yes,  we  can  supply  that  for  the  record. 

The  Chairman.  A salary  breakdown. 

You  must  have  that? 

Dr.  Seamans.  Well,  whether  I can  get  it  specifically  for  each  indi- 
vidual, I don’t  know,  Mr.  Chairman. 

The  Chairman.  You  don’t  have  to  supply  the  name.  But  how 
many  positions  at  such  and  such  a salary. 

Dr.  Seamans.  Oh,  yes. 

Mr.  Holmes.  Certainly, 

The  Chairman.  I mean,  from  the  total  payroll,  numerically 
speaking. 

Let  me  ask  you  this: 

What  is  the  salary  of  the  chairman  of  Bellcomm,  and  the  vice 
president? 

Mr.  Holmes.  I don’t  have  that  information,  Mr.  Ryan. 

The  Chairman.  Could  you  supply  it  for  the  record? 

Mr.  Holmes.  I think  we  can,  yes. 

(The  information  requested  for  the  record  is  as  follows:) 


Bellcomm  salary  distribution 


Number 

Positions  and  number 

Salary  range 

_ . . 

2 

<96 

President. 

$40,009. 

$38,000. 

$30,001  to  $36,000. 
$20,001  to  $30,000. 
$10,001  to  $20,000. 
Under  $10,000. 
Consultant. 
$20,001  to  $30,000. 
$10,001  to  $20,000. 
Under  $10,000. 

TWbniral  xtafr  . 

Vico  president  and  general 
manager. 

2 . 

staff 

14 

ee 

in 

l 

>63 

3 

Total. 

7 

K3 

161 

* Excluding  the  president. 

• Excluding  the  vice  president  and  general  manager. 


The  Chairman,  In  other  words,  the  key  officers,  the  list  on  page  4 
of  your  statement.  I think  it  would  be  interesting  to  know  what 
their  actual  salaries  are.  Are  they  full-time  employees  of  Bellcomm, 
and  are  thev  devoting  their  full  energies  and  time  to  this  project,  or 
are  they  also  carrying  on  duties  for  other  Bell  projects  or  for 
A.T.  <fc  T.,  and  so  on?  ' 

If  you  could  clarify  that  for  us? 

Dr.  Seamans.  My  understanding  is  that  they  are  full-time  em- 
ployees of  Bellcomm,  working  exclusively  on  the  Apollo  project  or 
on  related  NASA  programs. 


* 


T 


k' 
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Mr,  Holmes.  Yes;  that  is  correct.  Bellcomm  is  a separate  group, 
completely  committed  to  our  program.  It  was  established  as  a 
separate  corporation  and  it  does  not  do  any  work  inside  the  Bell 
System.  Bellcomm’s  function  is  to  provide  us  with  systems  engineer- 
ing support. 

I would  like  to  correct  something  that  I said  that  may  have  left 
the  wrong  impression.  I believe  we  may  be  able  to  get  the  salary  of 
the  president  of  Bellcomm,  but  I do  not  believe  we  could  give  you 
the  salaries  of  the  board  of  directors.  Those  people  sit  as  the  board 
of  directors,  and  naturally  are  not  salaried  employees  of  Bellcomm. 

The  Chairman.  No;  I am  talking  about  salaried  employees. 

Mr.  Holmes.  Yes;  I think  that  would  be  all  right  for  the  president 
and,  without  names,  a general  picture. 

The  Chairman,  I am  talking  about  the  salaried  president  and  the 
salaried  officers. 

Now,  at  the  time  that  you  entered  into  your  agreement  with 
Bellcomm,  was  there  any  understanding  on  the  part  of  NASA  and 
on  the  part  of  Bellcomm,  as  to  what  the  salary  level  would  be  for 
the  personnel  in  the  Bellcomm  Carp.? 

Dr.  Seamans.  They  were  to  be  salaries  consistent  with  the  salary 
spread  in  A.T.  & T.,  Western  Electric,  and  the  Bell  Telephone 
Laboratories;  salaries  consistent  with  their  normal  practice. 

The  Chairman.  Well,  that  could  be  a wide  range. 

For  instance  it  is  my  understanding  that  the  chairman  of  the  board 
of  the  new  Communications  Satellite  Corp.,  is  to  draw  something 
like  $120,000,  and  the  president,  something  like  $80,000. 

Would  you  tell  me  if  you  expect  the  salary  range  would  equal  that  r 

in  the  BeDcomm  Corp.? 

Dr.  Seamans.  No,  I would  say  that  I would  not  expect  that  the 
salary  range  of  Bellcomm  Corp.  would  be  anything  like  that.  I 
don’t  actually  know  what  the  figure  is,  but  in  the  Bellcomm  it  is 
part  of  the  A.T.  & T.  Co. 

The  Chairman.  In  any  event,  there  was  no  specific  understanding 
between  NASA  and  Bellcomm  as  to  what  the  salaries  would  be  within 
Bellcomm  Corp.,  when  you  entered  into  the  agreement? 

The  Chairman.  In  terms  of  dollars  and  cents?  • 

Dr.  Seamans.  Not  in  terms  of  dollars  ahd  cents,  except  that  from 
the  standpoint  of  the  Bell  System.  Characteristically,  their  salaiy 
schedules  are  conservative  in  nature  compared  to  otner  industries; 
such  as  Aerospace.  It  was  understood  that  these  people  working 
within  the  Bell  System,  and  who  came  to  Bellcomm,  would  not 
receive  increases  in  salaries  other  than  what  would  be  normal  and 
fair  in  terms  of  disruption  of  their  homes,  moving  to  Washingtoh, 
and  reasonable  compensation  for  increased  responsibility. 

The  Chairman.  What  is  the  cost  of  this  contract  for  this  fiscal 
year? 

Dr.  Seamans.  I think  the  figure  is  $7.9  million  for  fiscal  year  1963. 

The  Chairman.  And  what  do  you  anticipate  for  fiscal  year  1964? 

Dr.  Seamans.  $12  million. 

The  Chairman.  And  for  fiscal  year  1965? 

Dr.  Seamans.  I don’t  have  that  firmed  as  yet. 

I think  it  will  be  in  the  neighborhood  of  $12  to  $15  million  again, 
but  we  expect  to  level  off  at  around  170  technical  people. 
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Mr.  Holmes.  Yes,  and  of  course,  that  is  almost  totally  salaries 
and  supporting  expenses.  It  should  level  off  at  $12  million,  unless 
there  is  an  unexpected  change  to  increase  the  number. 

The  Chairman.  Last  year  I believe,  Mr.  Holmes,  that  you  said  it 
was  NASA’s  intention  to  phase  out  this  contract.  At  what  point 
do  you  intend  to  start  phasing  it  out? 

■ r Mr.  Holmes.  We  Will  certainly  not  be  phasing  it  out  until  we  are 
much  nearer  to  the  Moon  than  we  are  today.  We  are  just  now 
starting  to  reap  the  benefits  of  all  this  work. 

Spending  $12  million  a year  on  systems  work  in  a program  in  which 
you  commit  the  Nation  to  $3  or  $4  billion  a year.  I think  is  most 
economical.  AH  of  the  $3  or  $4  billion  might  be  wasted  if  the  systems 
engineering  were  done  in  an  unsound  fashion. 

As  far  as  phasing  it  out  is  concerned,  I agree  that  I did  comment  on 
that;  I think  I was  asked  about  the  Bell  Telephone  System  at  that 
time.  Until  we  can  build  an  in-house  competence  to  do  this  work, 
or  until  such  time  as  the  systems  engineering  problems  are  solved,  or, 
■indeed,  until  we  have  accomplished  our  mission,  or  changed  our 
national  idea  on  that  mission,  we  would  not  be  able  to  start  phasing 
it  opt. 

I think  that  our  ideas  last  year  embraced  a period  of  5 years,  or 
something  like  that.  I think  that  was  our  thought. 

The  Chairman.  I see. 

Then  have  you  changed  your  mind  and  you  do  not  now  intend  to 
phase  it  out,  but  to  continue  it  at  this  level  of  $12  million  a year  until 
such  time  as, we  have,  in  fact,  placed  the  first  man  or  woman  on  the 
Moon? 

Mr.  Holmes.  I think  that  we  must  continue,  until  we  are  satisfied 
that  the  systems  engineering  work  is  done  properly  or  circumstances 
are  such* that  we  have,  in  one  way  or  another,  implemented  our  plans 
,to  the  point  where  it  becomes  possible  to  hire  in-house  Government- 
people  to  do  the  total  work. 

The  point  that  I really  wanted  to  make  was  that  in  my  present 
thinking  we  would  be  attempting  to  build  the  Bellcomm  organization 
up  so  that  we  can  get  some  of  the  questions  answered  in  respect  to 
systems  engineering  for  this  program. 

The  Chairman.  Well,  it  was  my  clear  belief  last  year,  after  going 
into  this  situation,  that,  as  of  a year  ago,  if  NASA  had  75  systems 
engineers  in-house  to  do  this  job,  that  they  could  do  it.  If  you 
multiply  $25,000  by  75— that  was  the  testimony — you  would  have 
$1.8  million  or,  if  you  assume  $50,000,  that  would  be  $3.7  million. 

Even  if  you  went  up  to  $50,000  for  75  systems  engineers,  it  would 
still  be  only  one-quarter  of  your  $12  million. 

Mr.  Holmes.  However,  we  couldn’t  do  a job  that  we  would  expect 
125  in-house  people  and  170  Bellcomm  people;  to  do  with  just  75 
engineers. 

1 think  that  reference  to  75  was  to  very  senior,  key  people  who  would 
manage  the  supporting  staff  and  the  junior  systems  engineers. 

The  Chairman.  But  don’t  you  believe  that,  if  you  did  have  this 
in-house  complement  and  you  had  the  authority  to  hire  them,  you 
could  do  it  for  about  half  the  cost,  roughly  $6  million,  instead  of  $12 
million? 

Dr.  Seamans.  I would  question  whether  it  would  be  half. 

You  don’t  include  in  your  figure  any  more  than  personnel  benefits 
and  salaries. 
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Within  the  Government  there  are  overhead  expenses  that  run 
roughly  100  percent  of  the  salaries,  direct  salaries. 

The  Chairman.  Well,  who  is  paying  these  Belleomm  expenses? 
Who  is  paying  for  the  travel  of  these  employees  of  Belleomm,  through- 
out the  country? 

Dr.  Seamans.  NASA  is. 

Mr.  Holmes.  The  $12  million  includes  all  these  services.  It  would 
not  be  half  If  done  by  NASA  alone — it  probably  would  be  less.  But 
it  probably  is  impossible  to  do. 

Mr.  Rumsfeld.  Could  you  give  us  the  specific  number  of  people 
who  have  moved  from  Belleomm  to  NASA,  or  from  NASA  to  Bell- 
comm,  since  you  have  had  this  side-by-side  arrangement? 

Mr.  Holmes.  I think  the  figure  is  zero. 

If  we  might  state  it  as  zero,  and  I will  correct  it  if  I am  wrong, 
but  if  there  is  any  change,  it  may  be  just  one,  or  something  like  that. 
It  certainly  is  not  a major  change. 

The  Chairman.  I am  interested,  Mr.  Holmes,  in  reading  the  testi- 
mony of  Mr.  Hombeck,  which  was  given  before  the  Manned  Space 
Plight  Subcommittee,  that  Belleomm  was  engaged  in  many  things, 
including  the  study  of  meteoroids,  radiation,  solar  flare,  lunar  surface 
data,  and  determination  of  sites,  which  might  be  appropriate  for 
lunar  landings. 

It  struck  me  that  this  was  a much  broader  field  of  endeavor  than 
systems  engineering. 

How  do  you  define  systems  engineering,  or  is  this  Belleomm  outfit 
really  going  to  get  into  questions  as  far  ranging  as  the  character  of 
the  terrain  of  the  Moon? 

Dr.  Seamans.  They  must  go  into  all  environmental  factors  to  deter- 
mine the  characteristics  of  the  Apollo  vehicle.  They  must  concern 
themselves  with  environmental  conditions  on  the  lunar  surface;  for 
example,  the  slope  of  the  terrain  will  determine  such  things  as  the 
landing  gear  on  the  lunar  excursion  module  and  the  location  of  the 
center  of  gravity.  These  are  all  things  that  are  encompassed  in  sys- 
tem design,  all  inputs  of  the  system  design  and  these  are  boundary 
conditions  that  must  be  taken  into  account  and  evaluated. 

Do  you  have  anything  to  add,  Mr.  Holmes? 

Mr.  Holmes.  No;  except  that  I think  that  we  define  systems  engi- 
neering as  the  total  task.  If  we  say  that  Belleomm  has  started  this 
total  task,  then  we  have  to  include  everything  in  the  total  mission — 
the  total  profile  of  landing  on  the  Moon,  which  includes  your  cislunar 
environment.  It  includes  the  lunar  surface  characteristics;  it  encom- 
passes your  overall  requirements  for  hardware  and  includes,  perhaps, 
incremental  Delta  Y’s,  which  means,  how  much  extra  fuel  for  velocity 
change  is  needed  at  any  given  point  in  the  mission. 

All  these  factors  have  to  be  in  the  specifications  to  put  more  meat 
on  the  bones.  Information  on  definitive  design  is  brought  together 
from  the  centers.  Ultimately  these  pieces  comprise  the  total  specifi- 
cations on  the  equipment  that  we  must  build  and  the  systems  that 
we  must  pull  together  in  order  to  perform  this  engineering  task. 

The  Chairman.  Supposing  Belleomm  wanted  to  do  any  other 
work — does  Belleomm  nave  any  contract  with  any  other  entity? 

Mr.  Holmes.  Yes;  the  charter  allows  them  to  do  special  studies. 
Whether  or  not  one  exists  now,  I do  not  know,  I think  if  there  is  it  is 
probably  an  outstanding  contract  with  the  space  technology  labora- 
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tories  to  furnish  certain  data.  In  general,  these  studies  have  been 
small.  Most  of  these  systems  study  contracts  have  come  either 
directly  from  Dr.  Shea’s  organization,  or  from  the  centers,  and  by 
far  the  largest  dollar  value  of  these  contracts  have  been  contracted 
for  by  our  centers. 

Mr.  Heckles.  Changing  the  subject  slightly,  I wonder  if  you  have 
presented  a thorough  enough  argument  for  having  this  done  in- 
dependently. 

1 would  like  to  give  you  a full  opportunity  to  present  some  addi- 
tional arguments,  u there  are  any. 

Dr.  Seamans.  I will  mention  several,  and  I am  sure  that  Mr. 
Holmes  has  additional  reasons  with  the  Bellcomm  contract. 

It  gives  a measure  of  flexibility;  we  would  not  have  this  otherwise. 
H there  are  any  special  problems,  Bellcomm  can  draw  upon  com- 


„ , checks  and  balances,  if  you  will,  on 

specific  technical  evaluations. 

This  is,  as  Mr.  Holmes  has  said,  the  largest  development  under- 
taking of  all  time,  and  the  systems  work  is  the  most  important  part, 
in  the  sense  that  a relatively  small  amount  of  effort  influences  ex- 

So  you  have  an  opportunity  to  have  several  groups  look  at  the 
same  technical  problem  before  a final  decision  is  made  by  the  Gov- 
ernment. I think  this  is  a very  healthy  situation  and  contributes 
to  our  confidence  in  the  program. 

Mr.  Hechler.  Would  you  care  to  add  anything  to  that,  Mr. 
Holmes? 

Mr.  Holmes.  No,  I think  that  Dr.  Seamans  has  covered  it,  Mr. 
Hechler.  I might  add  one  comment.  I think  that  one  of  the  sig- 
nificant reasons  is  the  maturity  that  one  gains,  both  individual 
maturity  and  organizational  maturity,  from  an  organization  that 
has  elready  worked  together.  The  information  of  Bellcomm  gave 
us  the  immediate  benefit  of  a nucleus  of  experienced  systems  engi- 
neers, already  attuned  to  working  together. 

Mr.  Hechler.  Of  course,  I recognize  the  persuasiveness  of  your 
argument  that  the  $12  million  investment  is  fairly  small  in  terms  of 
the  amount  you  expect  to  spend  in  relation  to  the  billions  of  dollars 
that  we  are  spending  on  the  whole  lunar  effort. 

On  the  other  hand  we  should  not  ever  get  to  the  point  where  we  feel 
that  $12  million  is  considered  so  small  that  we  say:  “What  is  that 
among  friends?” 

Mr.  Holmes.  No,  sir. 

Mr.  Hechler.  Can  you  achieve  more  economic  results,  for  example, 
hy  persuading  some  of  the  BeHcomm  people  that  they,  too,  could  make 
some  sacrifice  for  the  country,  and  yet  get  this  twofold  benefit,  perhaps, 
from  training  and  working  for  the  Government? 

I wonder  if,  thereby,  we  might  save  some  of  this  $12  million,  and  if 
we  can,  we  want  to  be  sure  that  we  will  take  every  step  to  try  to  save 
every  penny  we  can. 

Dr.  Seamans.  You  are  absolutely  correct,  Mr.  Hechler.  We  want 
td  carry  out  all  parts  of  this  mission  as  economically  as  is  possible  hut 
we  need  to  do  it  well. 

However,  I think  there  can  be  a very  great  administrative  problem 
between  these  two  groups,  if  one  is  recruiting  from  the  other,  no 
matter  which  way  it  goes. 
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I would  say  that  the  argument  you  have  just  used  could  apply  to 
every  system,  equally,  throughout  this  country,  to  build  up  direct 
support  for  Dr,  Shea’s  office,  but  I would  question  the  desirability  of 
hiring  from  one  of  those— — 

Mr.  Hechler.  No,  I am  not  suggesting  that.  I am  just  suggesting 
that  you  could  approach  these  people  at  Bellcomm  with  tne  same 
argument,  and  say:  “Wouldn’t  you  rather  sacrifice  a little  bit  to  get 
this  job  done  quicker  and  more  economically?” 

Tnat  was  the  question  that  I was  posing. 

Dr.  Seamans.  I think  you  will  find  that  is  exactly  the  argument 
that  is  used.  That,  plus  the  argument  that  you  have  an  opportunity 
to  look  at  the  total  industry,  and  you  have  a wonderful  opportunity 
to  see  how  the  different  companies  cany  out  their  systems  analysis. 
You  definitely  can  learn  by  working  in  the  Government  much  more 
than  you  can  by  working  for  the  corporations. 

The  Chairman.  Mr.  Boone? 

Mr.  Boone,  Mr.  Holmes,  or  Dr.  Seamans,  perhaps  you  could  give 
us  some  idea  of  what  the  cost  of  the  contract  is,  over  and  above  what 
it  would  be  if  you  had  Government  people. 

For  example,  the  overhead  that  you  have  to  pay  for  Government 
people,  as  well  as  for  the  additional  items  that  you  are  concerned  with, 
say  your  fee.  We  know  that  there  is  some  salary  differentiation,  but 
could  you  give  us  some  idea  of  this — what  your  fee  is,  and  how  much 
such  things  are— such  things  as  telephone  expenses.  I would  think 
you  would  have  to  provide  telephone  services  for  them,  but  you  also 
have  to  provide  them  for  the  Government  people,  so  if  you  could  go 
into  that  matter  and  give  us  a little  discussion  on  it,  it  might  help  the 
committee. 

Dr.  Seamans,  There  is  a 7.9-percent  fee.  There  is  a difference  in 
salaries  that  we  have  indicated,  particularly  at  the  top  level,  and  I 
cannot  give  you  the  exact  ratio,  but  the  figure  of  2 to  1 was  mentioned, 
and  I am  sure  it  is  not  as  great  a difference  as  that.  Maybe  it  is  in 
the  order  of  20  to  30  percent. 

The  Chairman.  Would  the  $7,9  million  for  fiscal  year  1963  repre- 
sent the  total  cost  of  the  Bellcomm  operation  to  the  Government? 

Dr.  Seamans.  Yes ; that  includes  the  fee. 

The  Chairman.  Would  that  provide  to  Bellcomm  this  7.9  percent? 

Dr.  Seamans.  7.9,  but  that  is  included.  I don’t  have  the  figure 
here,  but  I would  be  happy  to  supply  that. 

The  Chairman.  What  I want  to  know  is  this:  Does  this  7.9  figure 
include  the  travel  and  overhead? 

Mr.  Holmes.  The  $12  million  figure 

The  Chairman.  No;  the  $7.9  million  figure. 

Dr.  Seamans.  7.9? 

The  Chairman.  For  fiscal  1963. 

Dr.  Seamans.  The  7.9  for  fiscal  year  1963  includes  all  costs  to  the 
Government — travel,  overhead,  general  administration,  fee — accord- 
ing to  my  understanding. 

Mr.  Boone.  Do  you  pay  for  such  things  as  telephone  on  a direct 
reimbursement  basis,  or  do  you  have  an  overhead  figure  added  to 
cover  these  things  and  travel,  and  so  forth? 

Mr.  Holmes.  This  is  the  total  figure  for  the  Government? 

Mr.  Boone.  Yes, 


32414 


1964  NASA  AUTHORIZATION 


Mr.  Holmes.  We  add  :ao  overhead  to  that,  but  they  do  have 
within  that  figure  a figure  for  both  G.  & A. — general  and  administra- 
tive expenses,  as  well  as  their  contract  charges,  which  total  up  to  this. 

Mr.  Boone.  Then  there  is  overhead  computed  in  this  cost,  which 
is  included  in  your  7.9? 

Mr.  Holmes.  Yes;  overhead  is  included  in  the  fiscal  year  1963 
requirements. 

Mr.  Boone.  I see. 

Are  there  retirement  benefits  and  such  things? 

Mr.  Holmes.  Yes,  the  normal  Bell  System  benefits  and  such  are  all 
included  in  this  amount. 

Mr.  Boone.  And  this  total  contract  is  funded  through  the  Apollo 
missioir  program,  is  that  correct? 

Mr.  Holmes.  It  is  contained  as  an  item  in  the  budget  item,  yes. 

Mr.  Boone.  Which  is  not  in  the  purview  of  this  committee,  I 
believe. 

Mr.  Holmes.  That  is  correct. 

The  Chairman.  When  Beilcomm  sublets  a contract,  the  sub- 
contracts then  are  also  included  in  the  $7.9  million  for  fiscal  1963,  is 
that  right? 

Mr.  Holmes.  Yes;  that  is  correct. 

The  Chairman.  And  to  what  extent  do  you  expect  subcontracting 
to  take  place  during  the  sixties? 

Mr.  Holmes.  The  subcontracting  would  be  on  a very  modest 
scale — only  where  a special  talent  exists  in  some  particular  element  of 
industry  which  would  complement  the  Beilcomm  work.  In  that 
event  it  would  probably  be  advantageous  to  have  a subcontractor  do 
the  work  and  receive  direction  from  Beilcomm,  rather  than  directly 
from  Dr.  Shea's  office.  Any  subcontracting  by  Beilcomm  would  be 
to  a very  minor  extent  only. 

The  Chairman.  Is  Beilcomm  doing  business,  and  by  that  I include 
some  subcontracting  work,  doing  business  with  any  other  firm  or 
corporation,  or  is  it  entirely  or  exclusively  tied  to  NASA? 

Mr.  Holmes.  Beilcomm  is  not  exclusively  tied  to  NASA  by  charter. 
As  it  happens,  they  are  concentrating  on  our  work,  but  by  their  charter 
they  can  do  work  for  other  organizations  on  special  assignments. 

The  Chairman.  What  I mean  is:  They  don’t  do  work  for  outside 
corporations,  do  they?  Have  they  done  any  work  for  outside 
corporations? 

Mr.  Holmes.  None. 

The  Chairman.  Do  you  have  any  plans,  or.  do  you  know  of  any 
plans  on  the  part  of  Beilcomm,  to  do  work  for  outside  corporations? 

Mr,  Holmes.  None. 

The  Chairman.  Do  you  not  think  that  this  would  represent  a 
conflict  of  interest,  and  do  you  not  think  you  should  write  into  your 
contract  an  agreement  or  requirement  that  they  should  undertake  no 
work  for  outside  corporations? 

Mr.  Holmes.  If  the  work  was  restricted  to  some  other  agency  of 
the  Government,  and  if  Beilcomm  was  entirely  on  top  of  their  job 
for  us,  I don’t  think  that  there  would  be  conflict  of  interest. 

I might  point  out  that  it  is  my  understanding  on  Aerospace  Corp.’s 
relationship  with  the  Air  Force  that  their  charter  states  that  Aerospace 
could  take  work  from  other  organizations — from  NASA,  for  instance — 
if  they  could  man  it.  I don’t  think  that  there  would  be  any  conflict 
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of  interest  in  that  case,  and  nor  do  I think  there  would  be  in  the  case 
of  Bellcomm. 

Mr.  Rumsfeld.  Well,  is  not  the  Aerospace  contract  based  on  a 
cost-plus  basis? 

Mr.  Holmes.  The  Aerospace-Air  Force  contract  was  very  similar. 
But  when  you  are  talking  about  cost  plus,  there  is  the  question  of 
the  type  of  talent  involved,  because  you  are  paying  for  special  ability. 
On  the  other  hand,  you  have  a cost  plus  in  relation  to  paying  for 
fabrication  and  materials,  and  so  forth. 

Mr.  Rumsfeld.  Well,  to  summarize,  would  you  say  that  this  state- 
ment would  be  incorrect: 

For  a fee,  this  corporation  has  released  a small  handful  of  top 
employees  to  form  Bellcomm  and  then  to  go  out  and  recruit  additional 
employees,  and  to  subcontract  if  they  deem  it  advisable,  and  the 
individuals  are  to  get  their  normal  salaries,  plus  the  expenses  and  this 
fee,  plus  the  opportunity  and  advantage  which  is  gained,  particularly 
in  the  case  of  General  Electric,  for  the  future  Apollo  hardware,  plus 
the  opportunity  to  do  outside  work. 

Is  this  unfair  to  summarize  it  this  way? 

Dr.  Seamans.  Well,  I think  in  this  case  there  is  an  implication  that 
there  is  something  wrong  here,  and  I don’t  think— — 

Mr.  Rumsfeld.  You  realize  that  I didn’t  mean  to  imply  that. 

Dr.  Seamans.  There  is  an  implication  that  the  company  is  reaping 
some  very  large  returns  from  a very  small  investment  which  I do 
not  feel  is  the  case. 

Actually,  they  are  releasing,  to  do  this  work,  some  of  their  very 
able  people  who,  if  they  were  not  working  on  this,  would  certainly 
be  directed  to  other  jobs  that  would,  perhaps,  be  more  beneficial  to 
A.T.  & T.  perhaps  from  a hardware  standpoint. 

On  top  of  that,  they  are  taking  some  risk. 

They  are  taking  some  responsibility,  and  it  is  necessary  for  the  top 
management  of  A.T.  & T.  to  insure  they  are  providing  very  competent 
service  to  the  Government.  They  are  involved  in  tasks  which  affect 
the  success  of  the  program  in  a very  major  way  and  their  prestige  as 
a competent  technical  organization  is  also  at  stake. 

Mr.  Holmes.  May  I comment  that  I think,  as  far  as  Bellcomm  is 
concerned,  that  those  first  three  words  are  where  the  statement  goes 
wrong.  I would  like  to  explain  why. 

You  start  out,  “For  a fee,”  and  actually  in  the  case  of  Bellcomm, 
Mr.  Kappel  considers  that  the  group  is  making  a contribution.  In 
the  first  place,  he  didn’t  actually  want  a fee.  He  didn’t  necessarily 
want  to  give  the  talent  and  efforts  of  the  corporation  in  this  manner. 
I think  it  was  Mr.  Webb  who  believed,  quite  properly,  that  if  you 
have  a business  or  a corporation,  or  an  industry  working  for  the 
Government,  you  don’t  do  it  on  a nonprofit  basis.  If  you  are  asking 
a company  to  come  and  do  some  work  for  the  Government,  they 
deserve  a lair  and  reasonable  profit.  That  is  the  way  we  structured 
our  policy  in  this  case. 

So,  it  really  was  not  for  a fee. 

A.T.  & T.  viewed  our  request  as  an  obligation  that  they  owed  as  an 
industry  intimately  serving  the  U.S.  Government.  A.T.  & T.  felt 
that  it  "could,  and  should,  contribute  to  our  effort.  I really  believe 
that  our  relationship  with  Bellcomm  is  operating  in  this  manner. 
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Mr.  Rumsfeld.  Well,  I certainly  agree  that  if  the  Government  is 
dealing  with  industry  there  certainly  should  be  a profit  for  industry,  or 
else  industry  is  going  to  become  part  of  the  Government. 

I asked  this  question  simply  because  the  testimony  this  morning  I 
think  gives  rise  to  this  sort  of  query,  and  I thought  it  would  be  im- 
portant to  have  for  the  record  your  response. 

Mr.  Holmes.  Yes. 

The  Chairman.  Did  you  consider  at  the  time  you  set  up  Bellcomm, 
setting  up  a nonprofit  organization,  Dr.  Seamans? 

Dr.  Seamans.  Yes,  sir;  we  considered  this  possibility.  However, 
it  was  our  judgment  that  it  would  be  much  more  desirable  to  enlist  the 
services  of  a going  and  competent  corporation  with  existing  resources 
on  which  they  could  draw  in  support  of  NASA. 

This  also  gives  us  the  flexibility  to  cut  down  on  the  support  at  a 
later  date,  or  even  to  eliminate  it  altogether,  depending  upon  our 
requirements. 

Of  course,  once  a nonprofit  corporation  is  established  for  such  a 
purpose,  it  tends  to  become  permanent  in  nature. 

Die  Chairman.  I was  really  interested  in  the  remark,  Mr.  Holmes, 
that  you  made  about  the  benefits  to  the  Government,  of  this  contract. 

I think  we  also,  however,  should  not  ignore  the  fact  that  this 
contract  certainly  concentrates  the  know-how  and  competence  in  the 
hands  of  a subsidiary  of  two  of  the  very  giant  corporations  of  this 
country. 

I think  we  should  now  turn  to  a consideration  of  the  General 
Electric  contract,  which,  although  it  appears  similar  on  the  face,  I 
believe  has  certain  marked  differences. 

I understand,  and  please  correct  me  if  I am  wrong,  there  are  basic- 
ally two  functions  involved  in  the  General  Electric  contract:  One,  the 
checkout  function  and,  secondly,  the  reliability  function. 

I perhaps  have  oversimplified  it,  and  you  might  care  to  describe  it 
in  layman’s  terms  for  us? 

Mr.  Holmes.  Yes;  I think  that  is  correct.  I think  we  could  add 
one  more  task,  if  you  will,  and  that  is  the  integration  function.  If 
one  sees  checkout  as  being  the  fundamental  concept  of  that  contract, 
and  adds  reliability  and  integration,  and  takes  these  functions  as  a 
whole,  the  statement  does  adequately  describe  the  work  we  have 
given  the  General  Electric  Co. 

With  a program  that  has  as  many  elements  as  the  Apollo  program, 
we  at  NASA  felt  that  it  was  essential  to  have  an  integrated  approach 
to  checkout. 

Many  major  systems,  in  my  experience,  have  gotten  into  trouble 
and  have  had  overruns  in  dollars  or  schedule  slippages  because  of  the 
failure  to  take  an  integrated  approach  to  integration,  checkout,  and 
reliability. 

Our  approach  to  General  Electric  with  their  broad  base  of  experience 
and  a great  potential  to  do  many  different  tasks  was  along  these  lines: 

Join  with  us  in  this  contract  to  work  for  NASA,  to  establish  an 
integrated  approach  to  testing  and  checkout  of  all  the  many  systems 
and  subsystems,  and  many  facets  of  the  hardware  when  they  arrive 
at  Cape  Canaveral,  and  when  they  are  integrated  together. 

It  has  been  our  experience  that  if  one  does  take  this  broad  approach 
to  checkout  or  to  tests,  one  is  in  a position  to  judge  the  reliability,  of 
the  equipment  that  is  being  produced.  The  group  which  does  the 
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testing  to  determine  the  success  or  failure  of  all  these  many  facets  is 
making  a basic  contribution  to  the  success  of  the  entire  program. 

To  perform  these  intricately  interwoven  functions,  one  has  to 
understand  all  of  the  equipment  and  how  it  is  ultimately  joined 
together.  The  organization  that  has  that  knowledge  is  a logical  point 
of  responsibility  for  integration,  or  for  marriage,  of  the  interface 
drawings.  The  mechanical  interface  simply  means  the  place  where 
two  components,  produced  by  two  different  manufacturers,  must  fit 
together.  All  these  interrelationships  are  analyzed  by  General 
Electric  in  their  integration  responsibility  to  assure  that  these  parts 
are  correct,  and  the  subsystems  and  systems,  and  different  areas 
mesh  together  so  that  they  will  mate  properly  when  they  arrive  at 
Cape  Canaveral. 

The  Chairman.  So  that  the  integration  function  is  more  closely 
related  to  checkout? 

Mr.  Holmes.  Both  reliability  and  integration  are  related  to  the  fact 
that  they  are  doing  the  overall  integrated  checkout  for  the  program. 

The  Chairman.  You  have  one  contract  with  General  Electric? 

Mr.  Holmes.  Yes,  sir.  There  is  only  one  contract. 

The  Chairman.  Do  you  have  two  contracts,  or  perhaps  three? 

Mr.  Holmes.  We  have  only  one  contract. 

Dr.  Seamans.  The  contract  is  for  three  tasks — integration,  check- 
out, and  reliability  assessment. 

The  Chairman.  Where  is  that  record?  Which  page  is  it?  On  what 
page  is  this  $150  million — for  our  record  here? 

Dr.  Seamans.  In  the  budget  book  it  is  in  volume  2,  RD04-1,  but 
as  far  as  the  hearing  that  I referred  to,  that  was  “House  Authoriza- 
tion Hearing  3563,”  volume  2,  pages  78  through  16S,  and  this  was  ac- 
tually what  appeared  on  page  163. 

The  Chairman.  In  other  words,  the  estimate  in  the  book  on 
RD04-1  of  $153  million  is  incorrect? 

Dr.  Seamans.  No — that  is  accurate,  but  the  $153  million  covers 
more  than  the  General  Electric  contract,  that  is  my  point.  The  $153 
million  budgets  for  NASA’s  total  effort  for  integration,  checkout,  and 
reliability. 

The  Chairman.  Are  there  any  contracts  similar  to  theGE  contract? 

Dr.  Seamans.  No,  there  are  not  any  comparable  contracts,  but 
there  are  other  companies  that  are  building  a certain  amount  of 
checkout  equipment. 

Mr.  Holmes.  Each  center,  such  as  the  Marshall  Space  Flight 
Center  or  the  Manned  Spacecraft  Center,  has  the  responsibility  for 
developing  checkout  equipment,  working  with  the  General  Electric 
Co.  When  equipment  either  exists  or  can  be  bought  off-the-shelf,  so 
to  speak,  by  the  Center,  from  some  other  company,  GE,  of  course, 
does  not  produce  it  again.  In  these  cases,  we  fumisn  the  equipment 
to  General  Electric  as  a Government-furnished  item  of  equipment. 
The  estimate  of  $153  million  for  fiscal  year  1964  includes  all  the  inte- 
gration and  checkout  program  effort.  I think  that,  although  we  have 
not  defined  it  completely,  an  estimate  of  $100  million  to  General 
Electric  is  probably  as  good  an  estimate  as  We  could  make  at  this 
time. 

The  Chairman.  That  is  the  total  contract,  including  the  develop- 
ment of  hardware? 

Dr.  Seamans.  Yes. 
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Mr.  Holmes.  That  is  for  1963;  yes. 

Dr.  Seamans.  Well,  and  1964. 

Mr.  Holmes.  Yes,  I meant  to  say  fiscal  year  1964. 

The  Chairman.  And  there  is  no  other  anticipated  expense  to 
NASA  under  this  contract,  with  GE,  over  and  above  the  approxi- 
mately $100  million? 

Mr.  Holmes.  For  fiscal  year  1964? 

Dr.  Seamans.  That  is  correct. 

The  Chairman.  What  percentage  of  that  $100  million  is  gross 
profit,  to  General  Electric? 

Mr.  Holmes.  We  have  not  yet  negotiated  the  fee  for  the  contract 
with  General  Electric.  For  a rough  approximation  I think  one  could 
estimate  having  a 6-percent  fee,  so  that  would  be  6 percent  of  the  $100 
million. 

The  Chairman.  Could  we  assume  that  it  would  he  less  than  ,v.v? 

Mr.  Holmes.  I think  we  should  assume  that  General  Electric’s  fee 
would  be  less  than  the  Bellcomm  fee.  It  is  characteristic,  and  I 
think  properly  so,  when  one  is  buying  a purely  engineering  service, 
to  pay  a higher  fee  than  when  there  are  subcontractors  producing 
equipment  and  so  forth. 

The  Chairman.  Would  the  6 percent  be  on  top  of  the  $100  million, 
or  would  it  be  included  within  the  $100  million? 

Mr.  Holmes.  The  $100  million  estimate  is  not  the  exact  figure, 
but  if  it  were  exactly  $100  million,  then  that  would  include  the  profit. 
In  other  words,  the  $153  million  that  was  mentioned  before,  would 
include  everything. 

The  Chairman.  Would  that  include  the  construction  of  facilities 
in  general?  You  have  several  facilities  to  be  constructed. 

Mr.  Holmes.  No;  this  is  only  research  and  development  money, 
Mr.  Ryan.  It  does  not  include  facilities  that  the  Government  might 
construct.  As  far  as  the  General  Electric  facilities  are  concerned  we 
do  not  pay  for  those,  under  either  budget. 

The  Chairman.  Are  there  facilities  being  built  for  this  operation 
at  Daytona  Beach? 

Mr.  Holmes.  Yes — but  these  are  General  Electric  Co.-owned  facili- 
ties and,  of  course,  are  not  in  NASA’s  budget. 

The  Chairman.  And  NASA  is  not  paying  for  that? 

Mr.  Holmes.  That’s  right. 

Mr.  Wydler.  May  I ask  itlier  the  Chair  or  the  witness:  Was  there 
not  recently  a trip  made  to  >aytona  Beach? 

The  Chairman.  Yes;  by  the  Maimed  Space  Flight  Subcommittee. 

Mr.  Wydler.  Made  to  this  particular  installation. 

Dr.  Seamans.  On  March  the  20th. 

The  Chairman.  Unfortunately  the  minutes  are  not  available  of 
that  proceeding. 

Dr.  Seamans.  I beg  vour  pardon,  March  the  29th. 

Mr.  Wydler.  Yes;  they  visited  the  installation,  as  I understand  it, 
is  that  correct? 

Dr.  Seamans.  That  is  correct. 

Mr.  Wydler.  And  they  were  briefed  on  the  purposes  of  the  installa- 
tion, and  inspected  it? 

Dr.  Seamans.  Yes;  that  is  true. 

Mr.  Wydler.  Thank  you. 

The  Chairman.  What  do  you  expect  the  fiscal  year  1965  contract 
to  cost9 
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Mr.  Holmes.  I think  that  an  estimate  of  approximately  $150  million 
would  be  as  good  an  estimate  as  we  could  make  at  this  time  for  the 
integration  and  checkout  program. 

I would  think  that  certainly  more  than  two-thirds  of  that  estimated 
amount  would  be  for  the  General  Electric  contract. 

The  Chairman.  Could  you  estimate  how  much — you  have  said  in 
1964  the  G.E.  cost  will  be  a hundred  million,  and  could  you  say 
for  1965  what  you  expect  the  General  Electric  to  cost? 

Mr.  Holmes.  For  fiscal  1964,  since  we  are  not  able  to  give  a 
definitized  figure,  the  $100  million  is  a good  round  figure.  It  may 
be  $125  million — I can’t  be  completely  accurate  at  this  point  in  time, 
of  course.  For  fiscal  1965  I would  think  the  figure  would  still  be 
around  $125  million,  out  of  the  $150  million  total  estimate — I would 
think  that  would  be  a reasonable  estimate. 

The  Chairman.  And  you  are  expecting  the  contract  to  run  how 
many  years? 

Mr.  Holmes.  We  think  that  this  contract  will  run  in  one  form  or 
another  until  we  are  on  the  moon.  Therefore,  it  will  probably 
continue  through  the  decade. 

Dr.  Seamans.  I would  say  that  the  heavy  development  cost  will 
start  to  taper  off  prior  to  the  actual  launching  of  the  lunar  expedition. 

That  is  to  say,  all  the  equipment  must  be  there,  at  complex  39, 
at  the  time  of  these  flights.  We  will  still  be  getting  very  active 
support  on  the  part  of  G.E.  and  they  will  continue  with  reliability 
analyses  as  well  as  helping  in  the  integration,  but  there  are  bound 
to  be  changes  that  will  occur  right  up  to  the  times  of  the  flights. 

The  Chairman.  Could  you  estimate  what  the  cost  of  this  contract 
will  bfe  to  NASA  up  to  the  time  of  the  landing? 

Mr.  Holmes.  Our  estimated  costs  at  this  time  run  in  the  order  of 
over  $600  million. 

The  Chairman.  Do  you  think  it  will  go  as  high  as  $1  billion? 

Mr.  Holmes.  No — our  estimates  total  something  over  $600 
million — $635  millions  to  be  specific. 

The  Chairman.  Yes,  Mr.  Rumsfeld? 

Mr.  Rijmsfeld.  I touched  on  this  earlier,  but  I would  like  to  have 
a little  more  discussion  on  this:  Since  G.E.  is  a hardware  manu- 
facturer this  brings  up  the  question  as  to  the  relationship  between 
this  company  and  future  hardware  contracts  on  Apollo — specifically 
that,  but  possibly  other  areas  too.  Do  you  feel  that  General  Electric 
is  given  a rather  substantial  lead  in  tms  respect  and  since  wre  have 
just  been  going  through  this  TFX  situation,  and  other  contract 
problems  in  this  country,  don’t  you  think  it  is  important  to  under- 
stand this  relationship? 

Dr.  Seamans.  Well,  this  is  an  excellent  question  and  one  that  has 
received  attention  by  the  top  management  of  NASA  to  insure  that 
General  Electric  does  not  get  a preferred  position  on  major  procure- 
ments. At  the  same  time,  attention  has  also  been  given  to  be  sure 
that  they  are  not  necessarily  and  severely  jeopardized  as  to  their  op- 
portunities. 

We  do  have  worked  out  with  them  an  exclusion  policy — such  that 
they  cannot  propose  bids  on  major  modules  and  stages  for  the  lunar 
exploration. 

Would  you  like  to  add  to  that? 
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Mr.  Holmes.  Yes  I would.  We  initially  recognized,  of  course,  that 
there  might  be  some  difficulty  with  respect  to  General  Electric  Co.’s 
entree,  if  you  will,  to  other  corporations  on  the  Apollo  project.  We 
agreed  with  them  that  they  would  not  be  eligible  to  bid  on  major 
Apollo  systems,  major  subsystems  or,  indeed,  any  special  com- 
ponents where  their  knowledge  of  this  field  from  this  contract  would 
help  them  in  presenting  a bid. 

As  a result  of  that  agreement,  General  Electric  did  not  bid  on  the 
lunar  excursion  module,  where  they  have  an  advantage,  and  they 
also  did  not  bid  on  the  mission  control  center,  where  we  admitted, 
strictly  speaking,  they  could  bid.  However,  we  felt  that,  because 
of  their  experience,  they  would  be  an  awfully  low  bidder  in  their 
proposal — able  to  bid  lower  than  everybody  else.  General  Electric 
has  not  bid  or  been  in  any  favored  position  for  doing  business  on 
projects  concerned  with  Apollo. 

Dr.  Seamans.  May  I just  read  from  this  NASA  circular,  that  has 
just  gone  out  to  all  of  our  centers  in  this  regard,  Mr.  Cl"'rman. 

The  subject  is  “Restrictions  on  contracting  with  General  Electric 
Co.,  where  competitive  advantage  may  exist.” 

It  states: 

Policy:  General  Electric  Co,  shall  be  considered  for  contract  awards  on  the 
same  basis  as  any  other  company  except  that  it  will  not  participate  in  certain 
aspects  of  the  NASA-Apollo  program;  specifically  General  Electric  shall  not  be 
permitted  to  participate  in  the  Apollo  program  as  a prime  contractor  or  first- 
tier  subcontractor  for  launch  vehicles  or  spacecraft  stages — 

which  is  the  point  I made  earlier. 

a supplier  of  nonstandard  major  system  components  for  the  above  items,  in  con- 
nection with  which  development  work  is  required  that  does  not  require  information 
as  acquired  by  the  General  Electric  Co.  in  the  performance  of  its  contract  prior  to 
the  release  of  such  information  to  industry. 

And  so  on. 

The  Chairman.  Mr.  Rumsfeld? 

Mr.  Rumsfeld.  Do  you  feel  that  G.E.  is  thoroughly  satisfied  with 
that  situation  and  they  do  not  feel  they  are  being  harmed  by  this 
inability  to  bid? 

Dr.  Seamans.  One  of  the  reasons  that  we  prepared  this  was  to 
provide  guidance  to  each  of  our  centers  so  that  they  would  know  what 
the  situation  was  with  respect  to  G.E.  and  so  that  there  would  be  no 
misunderstanding  on  anybody’s  part. 

The  Chairman.  When  is  that  dated,  Dr.  Seamans;  the  date  on 
that  circular? 

Dr.  Seamans.  Three-three-seven. 

This  has  not  actually  gone  out  to  the  centers,  I guess  the  date 
here  is  April  16,  However,  this  information  has  been  transmitted 
to  the  centers. 

The  Chairman.  Would  you  submit  that  for  the  record,  please? 

Dr.  Seamans.  Yes. 

(The  information  requested  for  the  record  is  as  follows:) 
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NASA  Circular 

No.  280. 

Reference:  3-3-7. 

Effective  date:  April  16,  1963. 

Subject:  Restrictions  on  contracting  with  the  General  Electric  Company  where 

competitive  advantage  may  exist. 

1.  PURPOSE 

This  Circular  establishes  NASA  policy  restricting  participation  of  the  General 
Electric  Company  in  certain  NASA  procurements. 

2.  APPLICABILITY 

This  Circular  is  applicable  to  NASA  Headquarters  and  field  installations. 

3.  definition 

For  the  purpose  of  this  Circular,  the  following  definition  will  apply: 

Apollo  Program  means  the  development  and  fabrication  of  a multimanned 
Apollo  spacecraft  to  achieve  a lunar  landing  and  return  mission,  together 
with  its  associated  launch  vehicles. 

4.  BACKGROUND 

In  February  1962,  NASA  entered  into  a letter  contract  (NASw-410)  with  the 
General  Electric  Company  for  the  overall  integration,  checkout,  and  reliability 
of  the  Apollo  Space  Vehicle  System.  In  performing  the  contract,  the  General 
Electric  Company  will  have  access  to  the  kind  of  information  regarding  certain 
NASA  plans  and  programs  and  data  generated  by  other  Apollo  contractors  that 
could  give  the  General  Electric  Company  a competitive  advantage  over  other 
firms  in  some  NASA  procurements.  Accordingly,  by  agreement  with  the  General 
Electric  Company,  certain  restrictions  will  be  observed  in  future  contracting  with 
the  General  Electric  Company. 

5.  POLICY 

a.  The  General  Electric  Company  shall  be  considered  for  contract  awards  on' 
the  same  basis  as  any  other  company  except  that  it  will  not  participate  in  certain 
aspects  of  the  NASA  Apollo  Program.  Specifically,  the  General  Electric  Com- 
pany shall  not  be  permitted  to  participate  in  the  Apollo  Program  as: 

(1)  A prime  contractor  or  first-tier  subcontractor  for  launch  vehicles  or 
spacecraft  stages; 

(2)  A supplier  of  nonstandard  major  system  components  for  the  above 
items,  in  connection  with  which  developmental  work  is  required,  when  design 
requirement  information  is  acquired  by  the  General  Electric  Company  in  the 
performance  of  Contract  NASw-410  prior  to  the  release  of  such  information 
to  industry  for  competitive  study  or  implementation  procurements; 

(3)  A supplier  of  nonstandard  checkout  equipment  other  than  under 
Contract  NASw-410. 

b.  (1)  An  exception  will  be  made  to  the  above  restrictions  and  the  General 
Electric  Company  will  be  permitted  to  participate  in  any  of  the  above  pro- 
curements in  any  individual  case  where  the  Administrator  or  Deputy  Ad- 
ministrator determines  that  General  Electric  possesses  a unique  capability, 
the  utilization  of  which  is  required  in  the  national  interest. 

(2)  It  is  part  of  the  understanding  with  General  Electric  that  in  other  pro- 
curements, whether  or  not  under  the  Apollo  Program,  where  General  Electric 
may  occupy  a particularly  advantageous  position  because  of  its  work  under 
Cesfe-'.ct  NASw-410,  the  Administrator  or  Deputy  Administrator  may  re- 
quest General  Electric  not  to  participate. 

c.  The  policy  described  in  subparagraphs  a and  b shall  not  affect  existing  con- 
tracts with  the  General  Electric  Company. 

d.  NASA  personnel  will  ensure  that  the  General  Electric  Company  receives 
an  equal  opportunity  to  participate  in  NASA  procurement  except  where  the 
exclusion  policy  described  above  specifically  and  clearly  applies. 
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6.  PROCEDURES 

a.  Where  it  appears  that  application  of  the  policy  stated  in  paragraph  5 to  a 
particular  procurement  will  result  in  the  exclusion  of  the  General  Electric  Com- 
pany, the  following  action  will  be  taken: 

(1)  If  the  procurement  is  to  be  made  by  a NASA  prime  contractor  or  sub- 
contract, c,  such  contractor  will  refer  the  matter  within  24  hours  to  the 
NASA  contracting  officer. 

(2)  If  the  procurement  is  to  be  made  by  NASA  or  has  been  referred  to  a 
NASA  contracting  officer  in  accordance  with  subparagraph  (1): 

(a)  The  Director  of  the  NASA  field  installation  will  make  a determina- 
tion as  to  whether  the  General  Electric  Company  is  to  be  excluded, 
except  that  if  he  lacks  information  on  which  to  base  such  a determination, 
he  will  request  that  the  determination  be  made  by  NASA  Headquarters. 
Any  such  request  will  be  signed  by  the  Director  of  the  NASA  field 
installation  and  submitted  to  the  Director  of  Manned  Space  Flight, 
NASA  Headquarters.  A copy  of  each  request  will  be  furnished  to  the 
Director,  Procurement  and  Supply  Division,  NASA  Headquarters. 

(b)  In  cases  where  the  General  Electric  Company  is  believed  to 
possess  a unique  capability  to  perform  a procurement  which  may  fall 
under  the  exclusion  policy,  the  Director  of  the  NASA  filed  installation 
will  refer  the  matter  to  the  Director  of  Manned  Space  Flight,  NASA 
Headquarters,  requesting  an  exception  to  the  policy.  A copy  of  each 
such  request  will  be  furnished  to  the  Director,  Procurement  and  Supply 
Division,  NASA  Headquarters. 

b.  Where  a determination  by  the  Director  of  the  field  installation  will  result 
in  the  exclusion  of  the  General  Electric  Company,  such  cases  will  be  reported  to 
the  Director,  Procurement  and  Supply  Division,  NASA  Headquarters,  within  24 
hours.  These  reports  will  contain  the  following: 

(1)  A description  of  the  procurement,  including  the  extent  of  available 
competition; 

(2)  A citation  of  the  pertinent  provisions  of  this  Circular;  and 

(3)  Any  additional  information  to  justify  the  applicability  of  the  restriction 
to  the  particular  case. 

c.  Action  taken  in  accordance  with  this  Circular  should  be  expedited  and  the 
General  Electric  Company  notified  promptly  in  order  to  permit  the  company 
either  to  submit  a timely  proposal  or  to  be  advised  of  its  ineligibility  prior  to 
investing  in  a proposal  effort. 

d.  Contracting  officers  will  insure  that  all  of  their  major  prime  contractors  under 
the  Apollo  Program  have  copies  of  this  NASA  Circular,  as  this  Circular  super- 
sedes previous  instructions  on  this  subject  (see  paragraph  7) . (Local  reproduction 
of  this  Circular  is  authorized  for  this  purpose  only.) 

7.  RECISION 

This  Circular  supersedes  the  following: 

a.  The  NASA  Headquarters  (BR)  TWX  on  this  subject  sent  to  the  Directors 
of  all  field  installations  on  December  17,  1962;  and 

b.  The  NASA  Headquarters  (BR)  letter  on  this  subject  sent  to  the  procurement 
officers  of  all  field  installations  on  March  1,  1963. 

8.  EFFECTIVE  DATE 

This  Circular  is  effective  April  16,  1963. 

Albert  F.  Siepert, 
Director  of  Administration. 

The  Chairman.  What  prompted  this  circular?  Was  it  a feeling 
on  the  part  of  General  Electric  that  they  were  being  excluded  from 
contracts  by  either  your  other  contractors  or  by  your  centers? 

Did  GE  complain  to  NASA  that  the  agreement  entered  into 
originally  was  being  too  tightly  construed? 

Dr.  Seamans.  I think  that  General  Electric  Corp.  felt  that  the 
interpretation  by  NASA  centers  was  too  restrictive,  but  at  the  same 
time  there  was  recognition  on  the  part  of  NASA  personnel,  including 
the  management  of  GE,  that  there  were  some  areas  from  which  GE 
would  have  to  be  excluded. 
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This  was  recognized  at  the  start  of  our  discussions  with  the  GE% 
officials — that  they  would  have  to  be  excluded  from  the  major  de- 
velopments for  Apollo. 

The  Chairman.  Does  this  indicate  in  effect  a change  of  policy  on 
the  part  of  NASA  toward  General  Electric? 

Dr.  Seamans.  No,  sir,  I would  say  that  this  was  understood  and 
as  a matter  of  policy,  at  the  start  of  our  negotiations — however,  to 
document  it,  and  to  process  it,  and  to  think  it  out  finally  and  definitize 
such  a matter,  takes  considerable  thought  to  be  sure  that  it  is  a fair 
and  equitable  policy. 

The  Chairman.  Well,  I certainly  feel  that  there  is  reason  for  con- 
cern in  respect  of  the  General  Electric  matter  because  this  contract 
does  put  them  in  a preferred  position  and  it  seems  to  me  that  NASA 
should  take  very  great  care  to  see  that  it  does  not  take  advantage  of 
its  position. 

1 am  concerned  that  perhaps  NASA  is  now  backing  away  from  its 
original  policy  and  has  eased  the  restrictions  on  General  Electric 
because  of  complaints  coming  to  it  from  General  Electric  during  the 
course  of  the  past  year. 

Dr.  Seamans.  No,  sir.  I don't  believe  that  is  so.  I think  it  is 
just  a very  fair  and  well  thought-out  policy  with  General  Electric. 

The  Chairman.  In  other  words,  this  circular  letter  must  have  been 
prompted  by  the  failure  of  General  Electric  to  secure  a contract  or 
an  opportunity  that  it  thought  it  was  eligible  for. 

Was  there  a specific  case  involving  a contractor  which  prompted 
NASA’s  communication  saying  that  NASA  would  make  a determina- 
tion on  eligibility? 

Dr.  Seamans.  No— -this  was  part  of  the  negotiations  which  had 
been  carried  with  General  Electric,  leading  to  this  definitized  contract 
which  we  will  have  in  short  order,  and  the  need  for  NASA’s  centers 
and  senior  personnel  to  fully  understand  the  implications  of  the  con- 
tract and  the  agreement  made  with  General  Electric. 

The  Chairman.  By  saying  that,  what  you  are  excluding  General 
Electric  from  doing  is  contracting  on  the  Apollo  system  itself  but  not 
on  other  aspects  of  your  NASA  program — is  that  correct? 

Dr.  Seamans.  That’s  right  because  they  are  in  a preferred  position 
on  the  part  of  the  Apollo  major  contracts,  but  they  are  not  in  a pre- 
ferred position  in  such  areas  as  our  unmanned  spacecraft. 

The  Chairman.  What  about  Gemini? 

Dr.  Seamans.  They  are  not  working  on  the  Gemini  program. 

The  Chairman.  Suppose  they  were  bidding  on  part  of  the  Gemini 
program,  then? 

Dr.  Seamans.  Well,  they  actually  do  have  a subcontract  to  Mc- 
Donnell Aircraft  for  the  fuel  cells  for  the  Gemini  spacecraft. 

The  Chairman.  Don’t  you  think  that  the  knowledge  gained  from 
this  contract  with  NASA  strengthens  the  competitive  position  of 
GE  in  relation  to  the  rest  of  industry  in  respect  to  the  other  contracts 
as  well  as  to  the  Apollo  system  itself? 

Dr.  Seamans.  Well,  there  is  a completely  separate  procurement 
there.  I don’t  see  any  relationship  with  this  checkout  reliability 
analysis  and  the  integration  contract. 

The  Chairman.  Mr.  Rumsfeld? 

Mr.  Rumsfeld.  This  is  a very  difficult  area,  I would  think,  to 
conclusively  draft  each  possible  problem  which  might  come  up  in  the 
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future,  and  it  seems  to  me  the  important  thing  is  that  you  are,  as 
you  obviously  are,  aware  of  it  and  are  addressing  yourself  to  it  as 
you  have. 

Tbe  test,  of  course,  will  be  in  the  execution  and  application  of  these 
provisions  which  are  being  circularized  by  you  in  this  letter. 

Mr.  Holmes.  Yes.  I think  it  should  be  clear,  however,  that  the 
circular  repeats  what  we  spelled  out  to  General  Electric  in  our  initial 
negotiations — that  is  to  say,  the  exclusion  from  prime  systems  bidding 
for  Apollo. 

I think  it  also  ought  to  be  made  clear  that  the  major  contracting 
for  Apollo  has  already  been  done,  with  the  exception  of  a very  few 
items.  Nearly  all  of  it  is  history  and  if  one  examines  the  record,  it 
will  show  that  we  have  applied  the  agreement  directly  to  every 
procurement. 

' Mr.  Rumsfeld.  I am  sure  it  will  be  examined  thoroughly. 

Mr.  Holmes.  Yes. 

Mr.  Rumsfeld.  Along  this  same  line,  but  possibly  not  as  clear  cut, 
is  the  problem  where  there  is  a free  interchange  of  information. 

Have  you  found  a reluctance  on  the  part  of  other  companies  to 
supply  information  to  any  of  your  contractors  in  specific  areas  because 
of  a feeling  that  there  may  be  a danger  of  a competitor  acquiring 
some  of  the  expertise  that  they  lacked  previously? 

Mr.  Holmes.  No — I think  we  have  not.  I would  like  to  point  out 
that  I have  very  little  sympathy  for  companies  that  have  this  atti- 
tude. It  is  only  in  a very  few  cases  that  we  have  found  anyone 
taking  the  position  of  proprietory  right  because,  for  the  main  part, 
these  contractors  are  working  for  us  on  Government  money  and 
most  of  the  developers  are  working  on  Government  money.  If  we 
are  paying  for  that  work,  we  are  entitled  to  have  the  knowledge  and 
distribute  it,  as  we  see  fit,  to  advance  the  programs  most  economically 
and  efficiently.  We  have  had  very  few  problems  in  this  regard  and 
I know  of  no  problems  which  were  justified. 

Mr.  Rumsfeld.  Well,  when  you  say  that  you  know  of  very  few, 
this  means  that  you  know  of  some.  Would  you  describe  specifically 
an  instance  for  us  and  discuss  that? 

Mr.  Holmes.  I don’t  think  I could  identify  any  specific  instance 
beyond  my  general  comments. 

I can’t  honestly  say  that  I can  tell  you  of  any  specific  instance  where 
there  has  been  a complaint  by  a company  working  on  Apollo,  or 
where  Apollo  contractors  have  been  asked  for  information  in  respect 
to  the  GE  work  and  there  has  been  any  difficulty. 

Dr.  Seamans.  Let  me  say  this:  We  have  recognized  the  importance 
of  free  interchange  of  information  between  the  contractors,  particu- 
larly with  GE  for  this  specific  purpose.  During  the  very  early  stages 
of  the  negotiations  with  GE  we  kept  the  top  executives  of  the  other 
corporations  informed  of  the  role  that  we  expected  GE  to  play,  so 
that  they  understood  the  importance  of  this  responsibility.  We  had 
particularly  in  mind  that  they  would  understand  the  importance  of 
GE’s  role  and  would  recognize  that  it  was  as  much  in  the  national 
interest  as  in  their  own  interest  to  work  in  cooperation  with  each  other. 

The  Chairman.  I think  these  are  serious  conflict  questions,  Dr. 
Seamans,  and  certainly  I hope  that  NASA  will  be  continuously  aware 
of  them. 

Now  I believe  that  Mr.  Holmes  testified  that,  in  addition  to  the 
checkout  equipment  to  be  manufactured  under  this  contract  by 
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General  Electric,  a certain  amount  of  the  checkout  equipment  was  to 
be  contracted  fcr.  Did  you  say  that,  sir? 

Dr.  Seamans.  Yes — through  the  centers. 

The  Chaibman.  All  right.  Then  how  do  you  determine  whether 
General  Electric  is  going  to’ do  the  checkout  manufacturing  or  some 
other  corporation  is  going  to  do  it  and,  if  the  other  corporation  is  going 
to  do  it,  is  that  done  on  competitive  bid — because  I believe  this  GE 
contract  originally  was  not  by  competitive  bid,  was  it? 

Dr.  Seamans.  That's  right.  Mr.  Holmes  might  like  to  add  to  that. 

Mr.  Holmes.  That  is  correct.  That  is  what  I was  mentioning 
earlier.  In  such  a case  the  centers  which  were  contracting  for  the 
checkout  hardware  would  determine:  one,  if  the  hardware  exists  on 
the  shelf,  so  to  speak,  from  some  other  company  or  two,  if  some  other 
company  had  a unique  qualification  to  do  the  work  in  a better  fashion 
than  General  Electric  could  do  it.  Then  the  Center  would  contract 
with  that  company  and  the  equipment  would  be  furnished  as  Govern- 
ment-furnished equipment  to  General  Electric.  With  the  exception 
of  those  cases,  the  checkout  equipment  would  be  developed  by  the 
General  Electric  Co. 

The  Chairman.  Could  you  give  us  an  example  of  any  checkout 
equipment  so  far  that  has  been  contracted  out  to  some  other  cor- 
poration? 

Mr.  Holmes.  Yes,  but  again  you  must  recognize  that  this  is  a very 
broad  program.  I will  give  you  some  examples  of  checkout  equipment 
that  won’t  all  be  necessarily  integrated  checkout  equipment. 

Certain  aspects  of  monitoring  the  propellant  flow  at  Cape  Canaveral 
will  eventually  become  part  of  the  integrated  checkout  equipment. 
Some  special  devices  for  propellant  pumping,  from  the  standpoint  of 
very  high-speed  pumping  both  at  the  Mississippi  Test  Facility  and  at 
Cape  Canaveral,  which  can  be  controlled  and  may  be  needed  during 
a countdown,  certainly  in  all  likelihood  will  be  contracted  out  to 
another  company. 

The  instrumentation  for  the  static  test  facilities  at  the  Mississippi 
Test  Facility  will  in  many  cases  be  contracted  to  some  other  con- 
tractor, when  the  contractor  is  uniquely  qualified  to  do  that  work. 
As  I said  at  the  start,  this  is  somewhat  complicated  in  that  all  of 
these  items  cannot  be  directly  tied  down  to  the  checkout  equipment 
but  are  related  to  it. 

The  Chairman.  And  this  was  all  done  on  competitive  bid? 

Mr.  Holmes.  Primarily,  yes. 

The  Chairman.  And  would  General  Electric  be  eligible  to  bid? 

Mr.  Holmes.  No,  because  if  they  were  eligible  to  bid,  they  would 
be  doing  the  work,  unless  there  was  some  other  reason  why  wre  are 
not  giving  that  work  to  them. 

The  Chairman.  On  this  last  page  of  Dr.  Seaman’s  statement  I 
notice  it  lists  1,250  people  under  the  General  Electric  contract.  I 
assume  that  does  not  include  any  of  the  people  involved  in  the  manu- 
facturing end  of  this? 

Mr.  Holmes.  That  is  the  grand  total. 

The  Chairman.  Well,  does  that  include  the  manufacturing  end, 
then? 

Mr.  Holmes.  No,  there  are  no  people  involved  in  manufacturing 
hardware  at  this  time. 

The  Chairman.  Those  people  working  in  General  Electric  on  the 
production  of  the  hardware? 
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My.  Holmes.  Checkout  equipment  is  mostly  in  the  design  and 
development  phase,  rather  than  in  the  manufacturing  stage. 

The  Chairman.  Then  do  you  understand  this  personnel  is  expected 
to  increase  during  the  next  decade? 

Mr.  Holmes.  Yes,  we  do  expect  an  increase. 

The  Chairman.  And  if  so,  at  what  point  will  it  level  off  and  at 
what  number? 

Mr.  Holmes.  I would  have  to  get  that  for  the  record,  particularly 
for  those  required  for  manufacturing  at  General  Electric.  I think  we 
have  something  on  the  Daytona  Beach  effort  but  the  development  of 
plans  for  the  manufacturing  of  the  equipment  could  only  be  an  esti- 
mate. I really  don’t  know.  I think  that  we  might  estimate  the 
number  at  between  3,000  and  4,000  people,  including  manufacturing 
personnel. 

The  Chairman.  If  I understood  correctly,  Mr.  Holmes,  when  you 
discussed  this  contract  you  testified  that  there  was  an  expectation 
that  General  Electric  would  use  between  500  and  600  people. 

Has  there  been  any  reason  for  this  increase  between  last  year  and 
this  year  from  500-600  then  to  1,250  now,  and  then  later  on  to  be 
between  3,000  and  4,000  people? 

Mr.  Holmes.  The  500  to  600  would  be  the  “Direct”  people,  not 
the  supporting  people  on  the  contract.  The  current  number  for 
“Direct”  is  797. 

The  Chairman.  What  is  the  difference  between  the  direct  and  the 
supporting  function? 

Mr.  Holmes.  The  direct  people  are  normally  working  at  the  center 
to  do  the  design  of  the  hardware  and  equipment.  The  supporting 
people  are  the  people  who  are  payroll  people,  accounting  people, 
general  overhead  people,  secretaries,  reproduction  people — the 
supporting  activities  that  normally  go  with  an  engineering  outfit. 

We  are  at  the  present  time  thinking  in  terms  of  a 1-to-l  ratio — 
one  direct  person  and  one  supporting  person,  such  as  someone  in  the 
model  shop  or  one  of  the  secretaries. 

The  Chairman.  Out  of  the  contracted  3,000  to  4,000  people,  how 
many  will  be  direct  or  engineering  people? 

Mr.  Holmes.  The  figure  of  3,000  to  4,000  is  a figure  that  I took  to 
identify  the  ratio  if  it  stays  the  way  it  is  now.  That  is  only  one  for  one, 
or  perhaps  less — eight-tenths  of  a support  person  for  one  direct 
person. 

The  Chairman.  Could  you  give  us  for  the  General  Electric  contract 
the  same  kind  of  breakdown  that  you  are  going  to  supply  for  the 
Bellcoinm  on  the  salaries? 

Mr.  Holmes.  I think  it  would  be  much  more  difficult.  We  do  not 
normally  go  to  our  contractors  and  audit  them  on  personal  or  individ- 
ual salary  basis.  Wp  audit  our  contractors  on  the  basis  of  doing 
business  with  us  and  what  it  costs  us  to  do  business  with  them  versus 
what  it  would  cost  us  to  do  business  with  some  other  corporation. 
I think  that  it  would  very  difficult  for  us  to  do  that,  Mr.  Ryan. 

It  would  set  a precedent  under  which  we  could  go  to  this  company, 
or  any  other  company,  and  ask  for  individual  salaries  rather  than 
saying,  “If  you  bid  less,  being  qualified  to  put  in  a proposal,  you  can 
do  the  work  and  we  will  audit  your  overhead  and  expenses  on  an 
audit  basis.” 
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The  Chairman.  Well,  could  you  separate  the  employees  who  are 
involved  in  the  nonhardware  manufacturing  from  those  involved  in 
the  hardware  phase  of  this? 

Mr.  Holmes.  As  far  as  number  of  people  involved? 

The  Chairman.  In  terms  of  salaries,  too. 

Mr.  Holmes.  I think  that  we  could  give  you  certain  average 
salary  ranges. 

The  Chairman.  Would  you  do  your  best  to  give  us  some  figure  on 
the  comparative  phases  between  Belleomm,  General  Electric  and 
NASA?  In  relation  to  your  application  for  an  increase  in  the  number 
of  excepted  positions — I think  that  is  what  we  really  are  aiming  at 
here. 

Mr.  Holmes.  Yes,  sir. 

(The  information  requested  is  as  follows:) 


General  Electric  Co.  salary  distribution 


Category 

Number 

i 

Salary  ranjre 

Management  staS 

29 

$20,001  to  $30,600. 

Do .... 

39 

$10;001  to  $20/506. 

Subtotal 

68 

Technical  engineering 

404 

$10,001  to  $20  000. 

Do 

95 

Under  $10,000. 

Subtotal 

499 

Technicians  and  technical  support,  subtotal 

117 

Under  $10,000. 

Administrative  staff  (professional) 

85 

$10,001  to  $20,000. 

Do 

131 

Under  $10,000. 

Subtotal - 

216 

Administrative,  secretarial,  and  clerical,  subtotal... 

1 

454 

Under  $10,000. 

Total 

1, 354 

I think  we  should  recognize  that  the  GE  salary  scale  should  be  much 
more  comparable  to  that  in  typical  industry,  much  like  the  other 
major  corporations. 

Would  you  not  agree.  Dr.  Seamans? 

Dr.  Seamans.  Certainly. 

Mr.  Wydler.  In  the  Office  of  Systems  how  many — or  what  is  the 
ratio — between  the  technical  and  the  administrative  staffs? 

Perhaps  I should  address  that  question  to  Mr.  Holmes. 

Mr.  Holmes.  We  expect  to  build  to  about  125  people  on  the 
technical  staff,  and  about  200  total.  Therefore,  the  ratio  is  about 
half  a support  person  to  one  direct  person,  if  you  want  to  look  at  it  that 
way. 

Mr.  Wydler.  Two  to  one? 

Mr.  Holmes.  Two  technical  people  to  one  support  in  that  particular, 
operation,  yes.  In-house  now — that  is  your  question,  is  it  not, 
Congressman? 

Mr.  Wydler,  Yes. 

Mr.  Boone.  Dr.  Seamans,  do  you  have  some  idea  of  the  total 
number  of  direct  personnel  inside  of  NASA — similar  to  these  contracts? 

Dr.  Seamans.  You  mean  for  all  contracts? 
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Mr.  Boone.  Well,  I am  talking  about  these  types  of  support. 
The  General  Electric,  Bellcomm,  which  are  the  two  largest  personnel 
supplement  types  of  work  that  you  have,  I gather,  is  that  correct? 

Dr.  Seamans.  Well,  Bellcomm  and  General  Electric  do  have  a 
special  role  in  our  program. 

We  also  do  let  systems  studies  to  industry  for  particular  missions 
and  we,  as  Mr.  Holmes  said,  do  have  contracts  let  through  our  centers 
for  certain  special  checkout  equipment  that  is  directly  related  to  a 
stage  or  a module,  but  is  not  considered  necessarily  integral  to  the  total 
integrated  ckout  equipment. 

I am  afraid  I could  not  give  you  a figure  as  to  the  total  number  of 
personnel  in  industry  who  are  working  in  this  area. 

Mr.  Boone.  No;  that  is  not  what  I was  driving  at.  For  each  of 
your  centers,  for  example,  or  at  some  of  your  centers,  you  will  have 
people  who  perform  engineering  services  for  you,  or  maybe  furnish 
guards,  and  they  are  in  fact  supplemental  civil  service  people  at  your 
centers. 

Dr.  Seamans.  You  are  talking  about  motor  pools? 

Mr.  Boone.  Well,  a number  of  other  things  like  this;  for  example, 
do  you  have  secretaries  at  some  of  these  places? 

Dr.  Seamans.  I think  that  we  have  always  hired  our  secretaries  on 
a civil  service  basis;  I think  there  may  have  been  special  cases  at 
Marshall  where  people  were  brought  in  for  short  periods  of  time  to 
help  get  out  written  material;  reports,  and  so  on. 

Mr.  Boone.  Maybe  you  could  supply  a dollar  value  figure  that 
may  be  involved  in  this  in  any  one  year? 

Dr.  Seamans.  I will  do  the  best  1 can.  The  figure — this  then 
actually  is  a different  kind  of  support,  because  Bellcomm  or  General 
Electric  are  highly  technical  and  specialized.  I think  now  you  are 
talking  about  janitorial  services  or  something  like  that? 

Mr.  Boone.  That  is  correct. 

The  Chairman.  Do  you  have  any  other  major  contracts  that  are 
comparable  to  the  General  Electric-Bellcomm  arrangements,  whether 
in  connection  with  the  manned  space  flight  or  any  other  part  of  the 
work? 

Dr.  Seamans.  No;  I don't  think  we  do,  sir,,  have  anything  quite 
comparable  that  has  to  have  the  same  general  recording  but  we  do 
have  some  contractors  that  have  done  some  kinds  of  work  that  takes 
this  kind  of  technical,  special  attention. 

Mr.  Boone.  And  you  do  not  anticipate  any,  I gather. 

Dr.  Seamans.  No;  we  do  not. 

Mr.  Boone.  Is  there  a general  policy  publication  by  NASA  as  to 
how  or  what  factors  you  consider  in  hiring  outside  help  like  secretarial 
services  and  this  type  of  service? 

Dr.  Seamans.  Mr.  Young  is  here.  He  is  in  charge  of  our  Office  of 
Administration  and  this  probably  would  come  under  his  jurisdiction. 

Mr.  Young.  Jack  Young,  Deputy  Director  of  Administration — 
Mr.  Boone,  our  policy  has  been  on  this,  I think,  in  accordance  with 
the  policy  of  other  Government  agencies.  I think  we  do  contract  on 
our  mission-type  contracts,  for  various  types  of  services  that  normally 
can  be  provided  by  private  companies. 

In  this  regard  we  can  include  the  categories  of  such  things  as  guard 
services,  mowing  the  lawns,  on  the  Wallops  Island  Station,  even  to 
collecting  the  garbage. 
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Now  we  have  a great  many  of  these  service-type  contracts,  and  I 
do  not  think  they  are  unique.  They  are  mission-type  contracts,  the 
majority  of  them,  and  are  fixed  in  price  for  services,  the  amount  of 
service  to  be  rendered,  and  a given  quality  of  service. 

This  is  in  accordance,  as  I recall,  with  a circular  put  out  by  the 
Bureau  of  the  Budget  and  it  is  the  policy  to  contract  for  these  kinds  of 
services. 

Mr.  Boone.  Well,  there  is  a policy  that  you  follow  in  that  respect, 
then? 

Mr.  Young.  Yes,  sir. 

Mr.  Boone.  And  you  do  consider  all  these  factors  in  letting  the 
contracts? 

Mr.  Young.  Yes,  sir. 

Mr.  Boone.  That  is  what  I wanted  to  get  on  the  record. 

Mr.  Wydler.  I have  one  general  question  I would  like  to  ask  Dr. 
Seamans  but  I will  wait  until  you  are  through  with  the  subject  before 
us,  because  it  doesn't  pertain  directly  to  what  we  are  talking  about. 

The  Chairman.  Do  you  want  to  ask  on  the  record? 

Mr.  Wydler.  Yes,  but  I would  just  as  soon  wait  until  we  are 
finished. 

The  Chairman.  All  right. 

I merely  want  to  thank  Dr.  Seamans  and  Mr.  Holmes  for  being 
here  and  having  spent  the  morning  with  us,  and  filling  us  in  on  these 
two  contracts. 

It  is  my  belief  that  there  is  a real  need  for  the  Government  to 
contact  and  keep  top-flight  scientists  and  engineers  in  NASA,  to 
further  develop  and  build  up  an  in-house  capability,  and  speaking 
only  personally  I feel  very  strongly  that  should  make  every  effort  to 
get  as  much  support  as  you  can  for  your  request  for  further  excepted 
positions  from  the  Bureau  of  the  Budget.  1 am  sure  that  some  of 
the  members  of  this  committee  would  be  helpful  and  glad  to  help 
you  in  that  endeavor. 

Dr.  Seamans.  Thank  you. 

The  Chairman.  I think  at  the  same  time  you  might  find  it  advisa- 
ble to  show  in  those  requests  wherever  any  savings  can  result  to  the 
Government  and  I might  say  that  I certainly  believe  if  you  had 
really  made  a fight  and  asked  for  an  increase  in  the  number  of  ex- 
cepted positions  last  time,  that  a great  deal  of  work  which  has  been 
contracted  out  according  to  the  contracts  we  have  heard  testimony 
on  this  morning,  could  have  been  done  in-house  and  would  have 
resulted  in  in-house  capability  and  would  have  avoided,  also,  the 
conflict  problems  which  I think  are  inherent  in  this  lord  of  contract — 
and  also  the  problem  which  is  going  to  flow  from  the  concentration 
within  a handful  of  manufacturers  of  this  technical  field. 

This  is  unfortunately  a problem  that  is  going  to  face  this  country 
throughout  the  space  programs  where  building  up  know-how  within  a 
very  small  group  of  corporations  is  likely  to  develop  adverse  conse- 
quences in  later  decades  in  relation  to  our  future  economy. 

Mr.  Wydler.  Could  you  tell  me,  Dr.  Seamans,  about  this  matter 
about  which  I read  over  the  weekend  in  the  newspapers  where  there 
was  a report  that  there  had  been  a violent  argument,  or,  at  least,  a 
prolonged  discussion,  within  NASA,  concerning  the  request  for  supple- 
mental appropriation  for  this  year's  program? 

Do  you  know  about  that — is  that  a fact? 
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Dr.  Seamans.  Well  it  is  a fact  that  there  was  a discussion;  it  is  not 
a fact  that  there  was  a violent  argument. 

Last  fall  the  matter  was  discussed  and,  as  a matter  of  fact,  it  actually 
was  recommended  by  Mr.  Holmes  who  is  here,  that  there  should  be  a 
supplemental  request  of  some  $400  million  and  this  was  reviewed  by 
the  Administration  of  NASA  as  well  as  by  the  President  and  Vice 
President. 

If  the  supplement  could  have  been  obtained  immediately,  it  would 
have  permitted  us  to  move  on  a faster  time  schedule  than  we  could 
otherwise  have  done  assuming  we  would  be  able  to  obtain  the  re- 
quested $5.7  billion  for  fiscal  year  1964. 

However,  it  would  have  caused  considerable  difficulty  within  NASA 
from  a management  standpoint.  To  be  effective,  dollars  would  have 
had  to  have  been  obligated  at  that  time,  and  this  could  only  have  been 
done  by  holding  back  on  programs  other  than  the  manned  space 
flight  program,  in  the  same  amount,  because  we  obviously  could  not 
run  the  risk  of  overobligating  in  the  amount  of  $400  million. 

It  was  oar  feeling  therefore  that  this  would  have  materially  affected 
other  very  important  space  programs  as,  for  example,  the  communica- 
tions and  meteorological  programs  and  various  unmanned  projects. 

Mr.  Wydler.  Does  it  now  appear,  then,  that  there  will  be  $400 
millions  left  out  of  this  year's  appropriation? 

Dr.  Seamans.  No;  we  won't  have  anything  like  $400  million  left. 
We  have  been  obligating  funds  so  that  by  the  end  of  the  fiscal  year 
we  will  have  a very  small  carryover  into  fiscal  year  1964. 

Mr,  Wydler.  Well,  when  you  say  “by  a very  small  amount,”  in 
what  ratio? 

Dr.  Seamans.  Well  I mean  in  the  nature  of  $10  to  $20  million. 
That  is  what  we  had  last  year  and  I understand  it  may  be  the  same 
this  year. 

Mr.  Wydler.  And  you  say  that  Mr,  Holmes  recommended  this 
last  year  but  it  was  turned  down — by  whom? 

Dr.  Seamans.  I did  not  concur  in  his  recommendations  for  the 
reasons  I have  indicated,  nor  did  Dr.  Dryden  or  Mr.  Webb.  I 
agreed  with  his  recommendation  from  the  standpoint  of  the  manned 
flight  program  and  I felt  it  was  very  appropriate  that  he  should  have 
made  this  recommendation,  Mr.  Wydler,  so  that  we  could  make  an 
overall  decision  with  respect  to  the  space  program. 

Mr.  Wydler,  And  what  was  the  $400  millions  for? 

Dr.  Seamans.  The  $400  millions  would  have  increased  the  budget 
levels  for  both  Gemini  and  the  Apollo  programs. 

Mr.  Wydler.  And  for  what  particular  purpose? 

Dr.  Seamans.  I think  perhaps  Mr.  Holmes  would  like  to  reply  to 
that,  if  you  would  care  to  hear  from  him? 

Mr.  Wydler.  Yes;  I would  be  very  glad  to. 

The  Chairman.  I think  it  is  a good  question  and  I am  sorry  it  is 
late.  I do  recall  that  you  went  into  this  before  the  full  committee 
earlier. 

Dr.  Seamans.  Yes;  I did. 

The  Chairman.  So  perhaps  if  you  could,  in  the  next  1 or  2 minutes, 
give  a brief  summary  Mr.  Holmes? 

Mr.  Holmes.  I think  one  has  to  look  at  the  chronology  of  events 
and  the  history  of  what  has  happened. 
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We  did  not  know  in  the  fall  of  1961  how  we  were  going  to  go  to 
the  Moon.  We  were  studying  that  question  in  order  to  understand 
the  nature  of  the  project.  We  wanted  not  only  to  determine  the 
difficulties  so  that  we  could  estimate  the  cost,  but  in  order  to  have 
this  country  catch  up  in  the  manned  space  flight  program  area.  We 
had  made  as  many  commitments  as  we  could  reasonably  make  on 
that  program  and  had  estimated  the  progress  at  a certain  going  rate. 

As  we  continued  through  early  1962  and  through  the  summer,  it 
became  apparent  that  the  rate  at  which  we  were  going  would  cause 
us  to  run  out  of  funds  which  were  available.  An  alternative  to 
obtaining  more  money  was  to  cut  back  that  rate,  establish  firm 
schedules,  and  definitize  the  program  that  way.  We  were  going  to 
be  using  the  lunar  orbit  rendezvous  method  for  the  initial  manned  lunar 
landing,  and  we  could,  with  this  knowledge,  build  established  schedules 
at  a certain  slower  rate  or  continue  at  the  same  rate  we  were  going 
and  run  out  of  money.  Obviously,  we  can’t  run  out  of  money. 

I recommended  that  we  ought  to  definitize  the  program,  on  the 
going  rate  which  would  have  necessitated  an  additional  $400  million 
for  fiscal  year  1963.  The  matter  was  reviewed  and  a definitized  pro- 
gram, consistent  with  the  funds  available,  was  established.  The 
schedule  was  restructured  within  this  framework. 

Mr.  Wydler.  What  part  of  your  program  did  you  not  approve 
or  let  as  a result  of  the  fact  that  you  didn’t  ask  for  the  $400  million 
supplemental  appropriation? 

Mr.  Holmes.  We  adjusted  the  dates  for  accomplishment  in  all 
areas — each  area  of  the  Saturn  program,  the  Apollo  program,  and 
the  Gemini  program,  consistent  with  the  funds  available. 

Mr.  Wydler.  Thank  you  very  much.  * 

The  Chairman.  Thank  you  very  much  gentlemen.  It  is  always  a 
pleasure  to  have  you  here  with  us. 

(Additional  questions  submitted  for  inclusion  in  the  record  of 
hearings  are  as  follows:) 

April  9,  1963 

On  April  9 Mr.  Holmes  testified  that  there  was  one  contract  with  General 
Electric,  and  Dr.  Seamans  testified  that  it  was  for  three  tasks — integration, 
checkout,  and  reliability  assessment.  They  testified  that  this  contract  would 
cost  approximately  $100  million  for  fiscal  year  1964. 

On  page  848  of  the  stenographic  transcript,  Mr.  Ryan  asked,  “And  there  is  no 
other  anticipated  expense  to  NASA  under  this  contract,  with  GE,  over  and  above 
the  approximately  $100?” 

Mr.  Holmes.  “For  fiscal  1964?” 

Dr.  Seamans.  “That  is  correct.” 

On  April  16  NASA  announced  that  it  was  negotiating  with  General  Electric 
for  an  extension  of  the  contract  to  provide  support  services  at  the  Mississippi 
testing  facility  including  utilities,  plant  security,  fire  protection,  medical  facilities, 
and  photographic  services.  The  subcommittee  requests  an  explanation  as  to  why 
this  information  was  withheld  from  the  subcommittee  on  April  9. 

May  2,  1963 

At  the  hearing  on  May  2,  at  page  1083  of  the  stenographic  transcript,  Mr. 
Brackett,  Director  of  Procurement  and  Supply  Division,  NASA,  was  asked  to 
submit  a statement  as  to  the  cost  of  the  extension  of  the  contract. 

How  did  NASA  decide  without  competitive  bidding  that  General  Electric  was 
best  qualified  to  provide  plant  and  test  support  at  the  Mississippi  testing  facility? 

Who  made  the  decision? 

Was  the  Director  of  the  Office  of  Manned  Space  Flight  consulted?  If  not,  was 
anyone  in  the  Office  of  Manned  Space  Flight  consulted? 
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Was  anv  recommendation  made  by  anyone  in  the  Office  of  Manned  Space 
Flight? 

Please  submit  any  and  all  memorandums,  letters,  reports,  and  records  relating 
Jo  the  extension  of  the  General  Electric  contract. 

Is  any  thought  being  given  within  NASA  to  any  further  extension  of  this  con- 
tract with  General  Electric  or  to  any  new  contract  with  General  Electric? 

Who  is  going  to  manage  the  NASA  facility  at  Cape  Canaveral? 

Is  General  Electric  being  considered  for  this  assignment? 

The  NASA  response  was. 

Mr.  W.  H.  Boone, 

Technical  Consultant,  Committee  on  Science  and  Astronautics, 

House  of  Representatives,  Washington,  D.C. 

Dear  Mb.  Boone:  The  attached  statement  and  enclosures  relative  to  the 
contract  extension  to  the  General  Electric  Co.  to  provide  plant  and  test  support 
at  the  Mississippi  test  facility  are  furnished  in  response  to  the  request  for  this 
information  in  your  letter  of  May  10,  1963. 

Sincerely  yours, 

Paul  G.  Dembling, 
Director,  Office  of  Legislative  Affairs. 

Enclosures. 

Extension  of  General  Electric  Contract  fob  Plant  and  Test  Support 
Services  at  the  Mississippi  Test  Facility 

The  presentation  by  Dr.  Seamans  and  Mr.  Holmes  at  the  hearing  before  the 
Subcommittee  on  Applications  and  Tracking  and  Data  Acquisition  on  April  9, 
1963,  focused  on  the  roles  of  Bellcomm,  Inc.,  and  the  General  Electric  Co.  (GE) 
in  furnishing  technical  support  for  the  manned  space  flight  program.  Their 
testimony  referred  to  the  request  for  $153  million  for  total  integration  and  check- 
out under  the  program  for  fiscal  year  1964.  During  the  discussion  period,  Mr. 
Holmes  estimated  that  “over  two-thirds”  of  this  total  amount  requested  would 
go  to  GE  (p.  850  of  the  transcript) . He  stressed  that  a rough  estimate  of  $100- 
$125  million  was  the  best  estimate  of  GE’s  portion  at  that  point  in  time. 

NASA* was  considering  the  utilization  of  GE  for  the  furnishing  of  plant  and  test 
support  services  at  MTF  at  the  time  of  the  hearing,  since  it  was  evident  that  such 
utilization  was  a logical  extension  of  GE’s  technical  support  under  the  program. 
However,  the  final  recommendation  from  Dr.  Seamans  to  Mr.  Webb,  requesting 
approval  of  the  selection  of  GE  for  the  furnishing  of  plant  and  test  support  services 
at  MTF,  was  not  made  until  April  15,  1963 — subsequent  to  the  date  of  the  refer- 
enced hearing.  Under  the  circumstances,  it  would  have  been  premature  to  discuss 
the  possible  extension  of  GE’s  technical  support  role  under  the  program  at  the 
hearing. 

During  the  portion  of  their  testimony  which  your  letter  references,  Dr.  Seamans 
and  Mr.  Holmes  were  estimating  for  the  subcommittee  the  cost  of  GE’s  efforts 
in  the  specific  area  of  integration,  checkout,  and  reliability  assessment.  In  the 
colloquy  mentioned,  both  assumed  that  Mr.  Ryan’s  question  concerned  the  above 
area.  There  certainly  was  no  intent  to  mislead  the  subcommittee. 

In  accorc.d,nce  with  the  provisions  of  the  NASA  procurement  regulations, 
the  Marshall  Space  Flight  Center  submitted  its  procurement  plan  for  the  proposed 
procurement  of  plant  and  test  support  services  for  MTF  to  the  Director,  Procure- 
ment and  Supply  Division,  NASA  Headquarters,  for  approval  by  the  Associate 
Administrator,  on  March  20,  1963.  The  approval  of  the  Associate  Adminis- 
trator was  required  under  the  NASA  procurement  regulations  because  the  pro- 
posed procurement  over  the  contemplated  contract  period  was  expected  to 
exceed  $5  million.  The  procurement  plan,  as  submitted  by  Marshall,  proposed 
negotiations  with  GE  on  a single-source  basis.  The  Director,  Procurement  and 
Supply  Division,  referred  the  procurement  plan  for  review  and  comments  to  all 
headquarters  offices  considered  to  have  an  appropriate  interest,  including  the 
Director,  Office  of  Manned  Space  Flight.  After  receipt  of  all  comments  and 
recommendations,  the  procurement  plan  was  revised  and  forwarded  to  the 
Associate  Administrator  for  approval.  The  Associate  Administrator  approved 
the  procurement  plan  on  April  15,  1963,  and  forwarded  it  on  that  date  as  an 
attachment  to  a memorandum  to  the  Administrator  on  the  “Selection  of  con- 
tractor for  test  and  plant  support  au  the  Mississippi  test  facility.”  In  the 
memorandum,  the  Associate  Administrator  requested  the  concurrence  of  the 
Administrator  in  the  selection  of  GE  as  the  contractor  to  furnish  test  and  plant 
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support  at  MTF.  A copy  of  this  memorandum,  showing  the  concurrences  of  the 
Deputy  Administrator  and  the  Administrator  in  the  selection  of  GE,  and  a copy 
of  the  “Source  Justification,  Test  and  Plant  Support  Services,  Mississippi  Test 
Facility,”  which  is  a part  of  the  approved  procurement  plan,  are  enclosed  herewith. 

The  extension  of  the  GE  contract  to  cover  the  provision  of  plant  and  test 
support  services  at  MTF  during  fiscal  year  1964  is  estimated  to  cost  about  $1.5 
million.  Depending  upon  the  outcome  of  negotiations,  the  extension  could 
run  through  fiscal  year  1968,  reaching  an  estimated  annual  cost  of  $20  to  $25 
million  as  the  buildup  of  the  facility  continues  and  test  operations  begin. 

It  is  not  presently  contemplated  to  award  GE  a further  extension  of  its  contract 
for  the  overall  integration,  checkout,  and  reliability  of  the  Apollo  space  vehicle 
system  (NASW-410).  However,  with  respect  to  any  other  contract  awards,  GE 
will  be  considered  on  the  same  basis  as  any  other  company  except  that  it  will  not 
participate  in  certain  aspects  of  the  NASA  Apollo  program.  A copy  of  NASA 
Circular  No.  280,  which  imposes  restrictions  on  contracting  with  GE  where  com- 
petitive advantage  may  exist,  is  attached  hereto. 

As  presently  contemplated,  the  support  services  required  in  connection  with 
NASA’s  management  of  the  Launch  Operations  Center  at  Merritt  Island  will  be 
divided  into  four  packages.  NASA  plans  to  solicit  competitive  bids  or  proposals 
on  each  package  of  support  services  separately. 


To:  The  Administrator. 

From:  Associate  Administrator. 

Subject:  Selection  of'  contractor  for  test  and  plant  support  at  the  Mississippi  test 
facility. 

1.  There  is  attached  a procurement  plan  proposing  negotiation  of  an  extension 
of  contract  NASW-410  with  General  Electric  Co.  to  perform  test  support  func- 
tions, including  housekeeping,  at  the  Mississippi  test  facility.  As  we  have  dis- 
cussed many  times  over  the  past  several  months,  selection  of  this  contractor 
represents  an  important  step  in  establishing  this  test  facility  as  a major  operating 
part  of  the  manned  program. 

2.  Since  our  original  decision  last  February  to  utilize  the  corporate  capabilities 
of  the  General  Electric  Co.  for  performing  essential  checkout,  reliability  assess- 
ment, and  integration  functions  in  support  of  the  Apollo  program,  we  have  made 
excellent  progress  in  defining  the  GE  role  and  responsibility  and  in  establishing 
this  broad  resource  as  an  integral  part  of  the  program.  You  will  recall  that 
throughout  our  original  and  subsequent  discussions  with  the  General  Electric 
Co.  with  respect  to  their  assignments  under  NASW-410,  we  stressed  the  impor- 
tance of  having  our  major  test  complex  at  Mississippi  reach  an  operational  stage 
at  the  earliest  possible  date  since  the  importance  of  this  test  complex  to  the 
success  of  the  Apollo  program  is  of  the  first  order. 

3.  Definitization  of  our  plans  for  the  Mississippi  test  facility  progressed  over 
the  past  several  months  to  the  point  where  we  could  evaluate  critically  our 
original  plans  for  possible  utilization  of  the  General  Electric  Co.  for  test  and  plant 
support.  It  has  now  become  clear  that  extension  of  their  responsibilities  to 
encompass  these  assignments  would  be  in  the  best  interests  of  the  space  program 
and  would  add  significantly  to  the  effectiveness  of  the  Mississippi  test  facility 
as  an  ongoing  test  and  checkout  complex. 

4.  The  General  Electric  Co.  is  fully  qualified  to  undertake  this  extension  of 
their  current  role  in  integration  and  checkout.  As  we  know  from  our  early  review 
of  their  corporate  capabilities,  they  have  had  extensive  experience  in  plant  support 
operations  at  a number  of  important  locations  related  to  the  atomic  energy  pro- 
gram. Their  ability  to  bring  to  bear  resources  for  test  support  as  well  as  plant 
support  functions  enables  us  to  move  ahead  at  the  Mississippi  test  facility  without 
loss  of  important  time.  In  addition,  this  selection  will  minimize  disruptions 
during  the  critical  formative  period  and  insure  us  of  quick  reaction  time  in  the 
event  of  test  difficulties  which  might  emerge  as  a result  of  thorough  checkout  and 
integration  operations  to  be  conducted  there.  Moreover,  during  the  operational 
phase  of  Apollo,  the  General  Electric  Co.’s  participation  in  MTF  operations  will 
provide  a higher  level  of  confidence  in  terms  of  minimizing  the  hazards  attaching 
to  integration,  test,  checkout,  and  launch  procedures  at  the  launch  site. 

5.  As  indicated  in  the  justification  statement  included  as  part  of  the  procure- 
ment plan,  this  selection  will  also  make  possible  a very  important  reduction  in 
contractor  interfaces  at  the  Mississippi  test  facility.  General  Electric  will  be 
heavily  involved  with  the  vehicle  stage  primes  because  of  their  existing  integration 
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and  checkout  responsibilities  and  their  assumption  of  test  and  plant  support  will 
result-  in  an  effective  and  viable  contractor  team  for  test  operations.  In  particular, 
we  will  have  a single  contractor  supplying  a continuous  and  operationally  ex- 
perienced test  support  crew  to  each  of  the  stage  primes  active  at  the  site.  Finally, 
such  a selection  will  also  minimize  NASA’s  requirements  for  contract  administra- 
tion. 

6.  On  the  basis  of  these  technical  and  administrative  reasons,  it  has  become  my 
strong  judgment  that  the  selection  of  General  Electric  for  test  support  and  plant 
support  responsibilities  at  the  Mississippi  test  facility  is  a necessary  and  wise  step 
for  us  to  take  and  that  it  will  be  in  the  best  interests  of  the  Nation  to  carry  out 
this  negotiation  with  the  General  Electric  Co.  immediately. 

7.  Your  concurrence  in  this  selection  is  requested. 

Robert  C.  Seamans,  Jr., 

Associate  Administrator. 

Concur: 

Hugh  L.  Dryden, 

Deputy  Administrator. 

James  E.  Webb, 

Administrator. 

Source  Justification,  Test  and  Plant  Support  Services,  Mississippi  Test 

Facility 

A.  General  Electric  Co.  will  be  solicited  on  a single  source  basis  to  accomplish 

the  test  and  plant  support  functions  required  to  be  performed  at  the  Mississippi 
test  facility.  Letter  con  ract  NASW-410,  dated  February  26,  1962,  with  General 
Electric  Co.  provides  that  the  contractor  shall  furnish  all  labor,  materials,  tools, 
equipment,  and  service  (except  such  as  the  Government  may  elect  to  furnish)  to 
assist  NASA  in  the  performance  of  checkout,  reliability  assessment,  and  integra- 
tion support  for  the  Apollo  space  vehicle  system.  This  company  w'as  selected  by 
the  Administrator,  and  other  NASA  top  management,  as  the  company  possessing 
the  greatest  ability  to  perform  the  work  under  the  above  contract.  It  was  also 
decided  at  that  time  that  General  Electric  would  operate  related  test  facilities  for 
NASA  if  such  were  deemed  appropriate,  as  for  example,  at  the  Mississippi  test- 
facility,  provided  that  satisfactory  arrangements  could  be  negotiated  with  the 
General  Electric  Co.  for  assumption  of  these  responsibilities.  The  basis  and 
reasoning  for  this  management  selection  are  set  forth  in  the  statement  of  the 
Administrator,  dated  March  12,  1962.  Again,  on  March  30,  1962,  the  Admini- 
strator stated:  “We  examined  the  companies  which  are  not  competitive  in  the 

booster  business  and  selected  General  Electric  because  this  firm  had  the  capability 
of  doing  the  inventive  work  needed  to  increase  reliability  through  new  instrumen- 
tation and  storage  of  data  from  this  instrumentation  and,  if  necessary,  of  operating 
selected  test  facilities  for  NASA.”  [Italic  supplied.] 

B.  The  mission  of  the  test  support  contractor  at  the  Mississippi  test  facility  is 
clearly  compatible  with,  and  a logical  extension  of,  the  basic  mission  which  General 
Electric  is  currently  performing  under  NASW-410.  The  previous  selection  of 
General  Electric  to  perform  under  contract  NASW-410  was  based,  primarily,  on 
the  large  technical  staff  available  to  General  Electric;  the  many  and  varied  skills 
represented  by  this  staff ; the  extensive  background  and  experience  of  this  company 
and  the  fact  that  competition  would  serve  no  useful  purpose.  General  Electric’s 
experience  gained  subsequent  to  February  1962,  and  the  national  importance  of 
the  manned  lunar  landing  program  dictate  the  continued  use  of  General  Electric 
in  this  followup  phase  to  its  present  contractual  obligations.  It  is  considered 
that  General  Electric  is  the  single  source  best  qualified  to  accomplish  the  test 
support  function  at  Mississippi  test  facility  and  to  assure  that  the  work  will  be 
accomplished  without  undue  delay  or  duplication  of  effort. 

C.  General  Electric  has  had  extensive  experience  in  plant  support  operations 
at  the  Hanford  works,  Richland,  Wash.,  and  at  the  Knolls  Atomic  Power  Lab- 
oratory, Schenectady,  N.Y.,  under  contracts  -with  the  Atomic  Energy  Commis- 
sion, and  at  Evandale,  Ohio,  under  contract  with  the  Air  Force.  At  these  instal- 
lations, General  Electric  is  responsible  for  extensive  research,  development,  and 
testing,  as  well  as  the  attendant  plant  support  functions.  Two  apparently 
unrelated  functions;  i.e.,  test  support  and  general  plant  support,  are  nevertheless 
interrelated.  The  performance  of  both  functions  under  the  single  contract 
would  substantially  reduce  contractor  interfaces,  and  minimize  the  need  for  Gov- 
ernment personnel  to  administer  and  manage  the  separate  contracts.  We  could 
expect  the  general  plant  support  contractor  to  subcontract  all  services  which 
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can  be  effectively  performed  by  local  industry.  This  course  of  action  would 
avoid  costly  relocation  of  prime  contractor  personnel  and  would  provide  a quick 
response  to  the  needs  of  the  construction  activity,  which  is  the  immediate 
requirement. 

D.  On  the  basis  of  improved  administration  and  resulting  general  overall 
economy,  it  may  be  concluded  that  the  selection  of  the  General  Electric  Co.  to 
perform  the  plant  support  functions,  as  well  as  the  test  support  functions,  is  in 
the  best  interests  of  the  Government. 

Approved: 

Robert  C.  Seamans,  Jr. 

Date:  April  15,  1963. 

NASA  CIRCULAR  No.  280 

Reference:  3-3-7 
Effective  date:  April  16,  1963 

Subject:  Restrictions  on  Contracting  With  the  General  Electric 
Company  Where  Competitive  Advantage  May  Exist 

1.  PURPOSE 

This  Circular  establishes  NASA  policy  restricting  participation  of  the  General 
Electric  Company  in  certain  NASA  procurements. 

2.  APPLICABILITY 

This  Circular  is  applicable  to  NASA  Headquarters  and  field  installations. 

3.  DEFINITION 

For  the  purpose  of  this  Circular,  the  following  definition  will  apply: 

Apollo  Program  means  the  development  and  fabrication  of  a multimanned 
Apollo  spacecraft  to  achieve  a lunar  landing  and  return  mission,  together 
with  its  associated  launch  vehicles. 

4.  BACKGROUND 

In  February  1962,  NASA  entered  into  a letter  contract  (NASw-410)  with  the 
General  Electric  Company  for  the  overall  integration,  checkout,  and  reliability 
of  the  Apollo  Space  Vehicle  System.  In  performing  the  contract,  the  General 
Electric  Company  will  have  access  to  the  kind  of  information  regarding  certain 
NASA  plans  and  programs  and  data  generated  bv  other  Apollo  contractors  that 
could  give  the  General  Electric  Company  a competitive  advantage  over  other 
firms  in  some  NASA  procurements.  Accordingly,  by  agreement  with  the  General 
Electric  Company,  certain  restrictions  will  be  observed  in  future  contracting  with 
the  General  Electric  Company. 

5.  POLICY 

a.  The  General  Electric  Company  shall  be  considered  for  contract  awards 
on  the  same  basis  as  any  other  company  except  that  it  will  not  participate  in 
certain  aspects  of  the  NASA  Apollo  Program.  Specifically,  the  General  Electric 
Company  shall  not  be  permitted  to  participate  in  the  Apollo  Program  as: 

(1)  A prime  contractor  or  first-tier  subcontractor  for  launch  vehicles  or 
spacecraft  stages; 

(2)  A supplier  of  nonstandard  major  system  components  for  the  above 
items,  in  connection  with  which  developmental  work  is  required,  when  design 
requirement  information  is  acquired  by  the  General  Electric  Company  in  the 
performance  of  Contract  NASw-410  prior  to  the  release  of  .such  information 
to  industry  for  competitive  study  or  implementation  procurements; 

(3)  A supplier  of  nonstandard  checkout  equipment  other  than  under 
Contract  NASw-410. 

b.  (1)  An  exception  will  be  made  to  the  above  restrictions  and  the  General 
Electric  Company  will  be  permitted  to  participate  in  any  of  the  above  procure- 
ments in  any  individual  case  where  the  Administrator  or  Deputy  Administrator 
determines  that  General  Electric  possesses  a unique  capability,  the  utilization  of 
which  is  required  in  the  national  interest. 

(2)  It  is  part  of  the  understanding  with  General  Electric  that  in  other  procure- 
ments, whether  or  not  under  the  Apollo  Program,  where  General  Electric  may 
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occupy  a particularly  advantageous  position  because  of  its  work  under  Contract 
NASw-410,  the  Administrator  or  Deputy  Administrator  may  request  General 
Electric  not  to  participate. 

c.  The  policy  described  in  subparagraphs  a and  b shall  not  affect  existing  con- 
tracts with  the  General  Electric  Company. 

d.  NASA  personnel  will  ensure  that  the  General  Electric  Company  receives  an 
equal  opportunity  to  participate  in  NASA  procurement  except  where  the  exclu- 
sion policy  described  above  specifically  and  clearly  applies. 

6.  PROCEDURES 

a.  Where  it  appears  that  application  of  the  policy  stated  in  paragraph  5 to  a 
particular  procurement  will  result  in  the  exclusion  of  the  General  Electric  Com- 
pany, the  following  action  will  be  taken: 

(1)  If  the  procurement  is  to  be  made  by  a NASA  prime  contractor  or  sub- 
contractor, such  contractor  will  refer  the  matter  within  24  hours  to  the 
NASA  contracting  officer. 

(2)  If  the  procurement  is  to  be  made  by  NASA  or  has  been  referred  to  a 
NASA  contracting  officer  in  accordance  with  subparagraph  (1) : 

(a)  The  Director  of  the  NASA  field  installation  will  make  a deter- 
mination as  to  whether  the  General  Electric  Company  is  to  be  excluded, 
except  that  if  he  lacks  information  on  which  to  base  such  a determination, 
he  will  request  that  the  determination  be  made  by  NASA  Headquarters. 
Any  such  request  will  be  signed  by  the  Director  of  the  NASA  field  in- 
stallation and  submitted  to  the  Director  of  Manned  Space  Flight,  NASA 
Headquarters.  A copy  of  each  request  will  be  furnished  to  the  Director, 
Procurement  and  Supply  Division,  NASA  Headquarters. 

(b)  In  cases  where  the  General  Electric  Company  is  believed  to  possess 
a unique  capability  to  perform  a procurement  which  may  fall  under  the 
exclusion  policy,  the  Director  of  the  NASA  field  installation  will  refer 
the  matter  to  the  Director  of  Manned  Space  Flight,  NASA  Headquarters, 
requesting  an  exception  to  the  policy.  A copy  of  each  such  request  will 
be  furnished  to  the  Director,  Procurement  and  Supply  Division,  NASA 
Headquarters. 

b.  Where  a determination  by  the  Director  of  the  field  installation  will  result 
in  the  exclusion  of  the  General  Electric  Company,  such  cases  will  be  reported  to 
the  Director,  Procurement  and  Supply  Division,  NASA  Headquarters,  within  24 
hours.  These  reports  will  contain  the  following: 

(1)  A description  of  the  procurement,  including  the  extent  of  available 
competition ; 

(2)  A citation  of  the  pertinent  provisions  of  this  Circular;  and 

(3)  Any  additional  information  to  justify  the  applicability  of  the  restric- 
tion to  the  particular  case. 

c.  Action  taken  in  accordance  with  this  Circular  should  be  expedited  and  the 
General  Electric  Company  notified  promptly  in  order  to  permit  the  company 
either  to  submit  a timely  proposal  or  to  be  advised  of  its  ineligibility  prior  to  in- 
vesting in  a proposal  effort. 

d.  Contracting  officers  will  ensure  that  all  of  their  major  prime  contractors 
under  the  Apollo  Program  have  copies  of  this  NASA  Circular,  as  this  Circular 
supersedes  previous  instructions  on  this  subject  (see  paragraph  7).  (Local  repro- 
duction of  this  Circular  is  authorized  for  this  purpose  only.) 

7.  RECISION 

This  Circular  supersedes  the  following: 

a.  The  NASA  Headquarters  (BR)  TWX  on  this  subject  sent  to  the  Direc- 
tors of  all  field  installations  on  December  17,  1962;  and 

b.  The  NASA  Headquarters  (BR)  letter  on  this  subject  sent  to  the  pro- 
curement officers  of  all  field  installations  on  March  1,  1963. 

8.  EFFECTIVE  DATE 

This  Circular  is  effective  April  16,  1963. 

Albert  F.  Siepert, 
Director  of  Administration. 

The  committee  stands  adjourned. 

(Whereupon,  at  12:05  p.m.,  the  subcommittee  adjourned.) 
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WEDNESDAY,  APRIL  10,  1933 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington , D.C. 

The  subcommittee  met  at  9:30  a.m.  in  room  304,  House  Office 
Building,  Hon.  William  Fitts  Ryan  (chairman),  presiding. 

Mr.  Ryan.  The  committee  will  come  to  order. 

Today  the  subcommittee  continues  hearings  on  that  part  of  the 
NASA  budget  request  related  to  the  NASA  communications  satellite 
program. 

For  fiscal  year  1963,  NASA  has  programed  $43,715,000  for  research 
and  development  of  communications  satellites.  NASA  is  requesting 
$51,100,000  for  the  same  purpose  in  fiscal  1964. 

in  order  to  evaluate  NASA’s  budget  request,  the  subcommittee 
snould  review  the  total  national  effort  in  communications  satellites. 
We  have  already  questioned  NASA  about  the  policy  questions  implicit 
in  turning  over  to  a private  profit  making  corporation  the  benefits  of 
publicly  financed  research  and  development.  We  intend  to  pursue 
this  matter  further  when  the  president  of  the  Communications  Satel- 
lite Corp.  appears  before  the  subcommittee. 

Today  we  will  look  into  the  communications  satellite  program  of 
the  Department  of  Defense.  We  are  concerned  lest  there  be  duplica- 
tion of  effort  between  the  Department  of  Defense  and  NASA.  Are 
the  two  programs  coordinated?  What  relationship,  if  any,  is  there 
between  the  Department  of  Defense  and  the  Communications  Satel- 
lite Corp.? 

I hope  that  the  Department  of  Defense  is  going  to  discuss  in  detail 
with  us  the  system  which  is  now  under  development  under  that 
department. 

This  morning  we  have  the  pleasure  of  having  with  us  John  H,  Rubel, 
Assistant  Secretary  of  Defense,  the  Office  of  Defense  Research  and 
Engineering. 

Mr.  Secretary,  it  is  a pleasure  to  welcome  you  to  the  subcommittee 
today.  I understand,  Mr.  Rubel,  you  have  a prepared  statement. 
Would  you  like  to  present  that  to  us? 

Mr.  Rubel.  I think  it  might  be  useful  if  I did,  although  if  you 
would  rather  that  I didn’t,  I would  be  happy  to  forego  that. 

Mr.  Pelly.  It  is  not  very  long.  I don’t  see  why  he  shouldn’t  go 
ahead  and  read  the  statement. 
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STATEMENT  OF  JOHN  H.  RUBEL,  ASSISTANT  SECRETARY  OF 
DEFENSE,  (DEPUTY  DIRECTOR  OF  DEFENSE  RESEARCH  AND 
ENGINEERING) 


Mr.  Rubel.  Mr.  Chairman,  gentlemen:  I am  very  happy  to  be 
here  today  to  bring  yon  up  to  date  on  activities  in  the  defense  com- 
munications satellite  program.  With  the  understanding  that  you 
wish  to  keep  the  statement  and  meeting  from  becoming  too  long,  I 
shall  omit  the  historical  background  information  and  simply  suggest 
to  the  newer  membars  of  the  committee  that  it  was  reviewed  in 
considerable  detail  in  my  statement  before  the  House  Science  and 
Astronautics  Committee  on  August  17,  1962. 

The  defense  communications  satellite  program  is  an  R.  & D.  pro- 
gram directed  at  the  development  and  demonstration  of  a military 
communications  satellite  system  to  be  integrated  into  and  to  assist 
in  meeting  the  communications  requirements  of  the  defense  communi- 
cations system  (DCS).  As  I will  explain  in  somewhat  more  detail 
later  in  my  statement,  we  are  currently  endeavoring  to  definitize  the 
character  and  scope  of  the  program;  the  decision  to  proceed  with  full 
scale  development  has  not  been  yet  made.  When  it  is — and  I wish 
to  make  this  important  point  at  the  very  beginning — the  defense  com- 
munication satellite  project  will  be  undertaken  to  supplement  other 
communication  systems  and  capabilities,  and  to  furnish  military 
capabilities  that  cannot  be  acquired  by  any  other  means,  or  which 
can  be  supplied  more  efficiently  and  cheaply  by  means  of  a defense 
communication  satellite  system. 

Today,  about  half  of  the  long-line  communication  capacity  of  the 
Defense  Department  is  leased  from  the  commercial  common  carriers. 
The  other  half  is  supplied  by  special  systems  to  fulfill  unique  military 
needs.  The  defense  communication  satellite  system  would  augment 
military  capabilities  in  this  second  category.  The  developments  we 
contemplate  would  not  alter  in  anyway  the  historic  policy  of  the 
Defense  Department  with  respect  to  the  utilization  of  many  other 
means  for  communication  and  leasing  lines  from  private  sources. 
These  policies  will  continue  to  apply,  of  course,  to  communication 
capacities  made  available  in  the  future  by  the  worldwide  satellite 
system  to  be  created  and  operated  by  the  Communication  Satellite 
Corp. 

This  DOD  policy  toward  satellite  communications  was  set  forth 
and  widely  promulgated  in  the  statement  of  September  7,  1961, 
entitled  “Industry-DOD  Cooperation  in  Satellite  Based  Telecom- 
munication,” to  which  I have  testified  on  earlier  occasions  before  the 
Science  and  Astronautics  Committee. 

Toward  the  end  of  encouraging  the  rapid  development  and  pro- 
vision of  commercial  satellite  communications  facilities,  the  DOD  is 
committed  to  the  provision  of  technical  support,  advice  and  assistance 
to  the  efforts  of  private  enterprise  in  the  development  of  its  system. 
However,  this  support  is,  and  is  expected  to  continue,  in  the  form  of 
furnishing  information  and  technology  as  available,  as  a bonus  product 
of  the  efforts  of  the  DOD  in  its  own  behalf.  No  significant  expendi- 
tures of  DOD  money,  resources  or  effort  are  required  or  contemplated 
to  provide  this  support. 
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Were  the  DODfcalled  upon  to  provide  material  support  (such  as 
boosters  and  launch  facilities)  arrangements  would  be  made  to  com- 
pensate the  Government. 

As  I have  noted,  and  as  expressed  in  the  White  House  policy  state- 
ment of  July  24,  1961,  where  the  need  for  separate  systems  with 
characteristics  peculiar  to  their  application  arises,  projects  must  be 
supported  to  meet  those  needs,  and  the  objectives  of  the  defense 
communications  satellite  program  are  to  develop  that  communications 
satellite  system  required  to  meet  requirements  peculiar  to  military 
applications  which  cannot  be  met  by  commercial  means. 

Any  DOD  operational  system  must  be  designed  to  provide  long- 
haul  trunks  for  the  DCA,  and  must  satisfy  the  requirements  of  the 
military  for  privacy,  reliability,  security,  ECM  resistance,  access  to  or 
availability  from  remote  or  dispersed  areas  and  applicability  to  and 
between  mobile  units.  Some  of  these  features,  such  as  privacy  for 
example,  are  not  unique  to  satellite-based  telecommunication  systems. 
They  can  and  do  apply  equally  to  communication  by  cable,  radio,  or 
other  means. 

Other  features,  such  as  availability  of  communications  in  remote 
areas,  are  advantages  offered  only  bv  a satellite  system. 

In  short,  a satellite  system  for  defense  needs  to  be  assessed  on  two 
somewhat  independent  grounds ; first,  how  does  it  compete  with  other 
ways  of  doing  the  same  job;  and  second,  what  needs  can  it,  and  it 
alone,  fulfill,  and  at  what  cost?  Two  examples  of  such  unique  needs 
are  these : 

1 . The  first  priority  and  most  essential  requirement  of  the  military 
is  for  a very  few  highly  survivable  fully  controlled  circuits  inter- 
connecting a number  of  strategically  important  headquarters  or  in- 
stallations, globally  deployed.  These  circuits  must  have  terminals 
under  exclusive  military  control,  locatable  with  flexibility,  independ- 
ent of  commercial  economic  considerations  and  in  many  cases  away 
from  commercial  and  target  areas. 

2.  An  important  military  requirement  is  for  the  wide  band  data  and 
information  transmission  capability  and  other  characteristics  neces- 
sary to  provide  for  noncatastrophic  degradation  in  the  face  of  a hostile 
electromagnetic  environment. 

These  examples,  and  these  are  only  two  examples,  illustrate  some 
basic  differences  between  the  characteristics  of  a commercial  com- 
munications satellite  system  and  the  military  communication  require- 
ments for  the  critical  transattack  and  postattack  periods.  The  com- 
mercial system  will  ultimately  carry  the  very  large  bulk  of  day-to-day 
Government  communications.  However,  to  be  economically  feasible 
a commercial  system  must  rely  on  high  capacity  links,  between  very 
active  terminals  in  or  near  population  concentrations.  The  com- 
mercial system  will  expect  to  operate  in  a legally  assigned  and  pro- 
tected frequency  environment,  and  will  carry  a programed  and 
predictable  load. 

The  defense  communications  satellite  program  as  currently  defined 
was  established  by  the  Secretary  of  Defense  on  May  23, 1962,  to  include 
a medium  altitude  random  orbit  system  and  a lightweight  synchronous 
system.  I would  like  to  clarify  that. 

The  lightweight  synchronous  experiment  is  the  Syncom  I in  which 
we  are  doing  the  ground  part  and  the  NASA  is  doing  the  airborne 
part.  I will  come  to  that  later. 
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The  organization  for  program  management,  is  as  follows : 

The  Defense  Communications  Agency  is  responsible  for  overall 
program  direction  and  coordination  under  the  Director  of  Defense 
Research  and  Engineering. 

DCA — Defense  Communications  Agency — is  responsible  for  coordi- 
nating Army  and  Air  Force  activities  and  for  the  identification, 
evaluation,  and  resolution  of  interface  problems  between  their  two 
areas  and  for  the  interface  between  the  Corn-Sat  system  as  a com- 
munication facility  and  the  defense  communications  system.  The 
Air  Force  is  responsible  for  all  the  space  portions  of  military  com- 
munications satellite  systems,  including  space  vehicles,  payloads, 
boosters,  and  upper  stages. 

The  Air  Force  is  responsible  for  the  launch,  for  injection  into  orbit, 
for  orbital  control,  and  for  diagnostic  R.  & D.  telemetry.  The  Army 
is  responsible  for  the  development,  procurement,  and  management  of 
the  ground  communication  complex.  The  Navy  and  its  satellite 
communications  ship  are  under  Army  management  in  the  R.  & D. 
phase  of  the  program,  but  the  ship  is  primarily  dedicated  at  this  time 
to  the  Syneom  I program.  It  will  also  be  adapted  later  on  to  the  in- 
termediate altitude  system. 

We  have  turned  our  attention  to  the  medium  altitude,  random 
orbit  system,  which  we  believe  has  the  best  likelihood  of  early  achieve- 
ment. 

The  first  objective  of  the  DOD  communications  satellite  R.  & D. 
program  is  to  demonstrate  the  feasibility  of  establishment  and  opera- 
tion of  such  a system. 

This  system  is  intended  to  provide  a means  for  conducting  system 
research,  development  testing  and  evaluation,  training  and  attaining 
of  experience  in  the  operation  and  utilization  of  a communications 
satellite  system,  and  for  working  out  in  practice  the  concepts  and 
designs  on  which  the  project  will  be  started  when  approved  for  full- 
scale  development. 

Early  in  its  establishment,  even  before  it  is  operational  in  a conven- 
tional sense,  it  will  have  the  capability  to  provide  in  large  part  the 
minimum  essential  intercontinental  command  and  control  circuits 
required  for  survival  in  emergencies.  This  capability  is  an  essential 
element  of  its  requirement. 

In  addition,  the  design  and  development  criteria  provide  that  this 
R.  & D.  system  will  be  compatible  with  conventional  military  com- 
munications  means,  and  it  is  intended  that  the  system  be  capable  of 
becoming  fully  operational  with  the  least  cost  and  delay  after  R.  & D. 
feasibility  is  successfully  demonstrated. 

With  a view  to  future  economy,  the  ground  environment  to  be 
developed  for  the  medium  altitude  system  will  be  designed  to  work 
with  other  satellite  communications  systems  which  n ay  follow.  Ter- 
minals to  be  developed  will  be  capable  of  interconnection  with  terminals 
and  centrals  of  the  defense  communications  system.  The  require- 
ments for  a control  center  and  a concept  of  operational  control  are 
to  undergo  a program  definition  phase  study. 

The  contemplated  system  of  control  would  utilize  the  many  satellites 
and  ground  stations  to  create  a stable  system  of  links  and  trunks 
always  available  to  a potential  user,  even  though  the  satellites  are 
continuously  in  motion  and  in  a changing  relationship  to  ground 
stations  and  to  each  other. 
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I might  say  that  that  brief  phrase  summarizes  considerable  testi- 
mony that  I gave  in  connection  with  the  medium  altitude  system 
before  Mr.  Karth's  subcommittee  last  year. 

The  Army  has  called  for  bids  to  conduct  the  program  definition  on 
the  elements  of  the  initial  ground  system. 

The  DOD  will  conduct  a program  definition  phase  study  on  the 
medium  altitude  system  prior  to  making  firm  decision  to  proceed. 
The  system  concept  is  based  on  the  utilization  of  the  demonstrated 
technology  of  Courier,  Telstar  and  Belay.  No  innovations  or  un- 
proven developments  will  be  permitted,  save  only  in  the  traveling 
wave  tube  amplifier,  on  which  Army  contractual  effort  is  already  being 
applied,  and  which  requires  only  scaling  of  weight,  power,  and  fre- 
quency to  the  correct  levels. 

Satellites  of  long  fife  are  absolutely  essential  to  success  and  to  an 
economically  viable  system. 

Beliability  will  be  assured  by  rigid  attention  to  thg  principles  of 
simplicity  of  design,  use  of  pretested  quality  components,  minimiza- 
tion of  the  number  of  piece  parts,  derating,  and  correction,  or  even 
elimination  where  possible,  of  those  items  which  have  been  con- 
spicuously troublesome  and  short  lived  in  the  past,  such  as  switches 
and  batteries.  Where  performance  must  be  sacrificed — perhaps  a 
better  word  that  “performance”  would  be  “capacity”  in  the  case  of 
a communications  satellite  system — must  be  sacrificed  to  secure  the 
needed  reliability,  it  will  be;  the  essential  need  is  a functional,  eco- 
nomical system,  not  a spectular  but  short-lived  demonstration. 

A satellite  designed  to  meet  such  ground  rules  might  weigh  between 
80  and  120  pounds,  have  2){  watts  output,  and  a nearly  omnidirec- 
tional antenna.  Its  lack  of  switches  would  give  it  immunity  to  hostile 
capture  of  control.  It  would  be  solar-cell  powered,  uncontrolled,  or 
spin-stabilized — gravity-gradient  stabilization  might  be  used  if  proven 
out  in  time — ana  would  be  called  upon  initially  to  produce  only  a 
very  modest  capability — two  duplex  voice  and  teletype  circuits. 
Growth  in  capacity  without  a concurrent  degradation  in  reliability, 
would  come  as  advancing  technology  made  it  possible. 

I want  to  make  another  point  here.  The  capacity  cited  is  that 
between  any  pair  of  stations  operating  at  any  one  time,  but  because 
you  will  have  a multiplicity  of  ground  stations  or  could  have  world- 
wide, you  can  have  a lot  more  than  two  duplex  telephone  communica- 
tions going  simultaneously. 

We  have  made  various  estimates  howT  many  you  can  have,  and  it  is 
a little  difficult  to  come  up  with  an  exact  number,  but  it  is  on  the  order 
of  a dozen  within  the  total  system.  I want  to  make  the  point  that  this 
entire  system  worldwide  is  not  as  limited  as  this  statement  might 
have  made  it  seem. 

Mr.  Ryan.  There  will  only  be  two  terminals? 

Mr.  Btjbel.  At  a time.  There  are  a lot  more  than  two  terminals. 
Statistically  you  could  expect  to  have  something  in  the  order  of  a 
dozen  or  more  two-way  telephone  conversations  that  could  be  going 
on  simultaneously  between  a variety  of  links  throughout  the  system. 

It  is  awfully  hard  to  put  fixed  numbers  on  this^  and  it  is  a little 
difficult  to  put  specific  numbers  on  just  exactly  what  the  capacity  is. 
That  depends  so  much  on  the  particular  link  you  are  talking  about 
and  the  manner  you  are  operating  the  system. 
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I just  want  to  make  the  point  that  two  is  just  the  link  capacity,  but 
what  the  system  capacity  is  probably  varies  from  a low  of  2 to  3 
times  that  amount  to  a maximum  of  something  on  the  order  of  a dozen 
at  one  time. 

Mr.  Ryan.  In  other  words,  if  between  two  terminals  that  are  inter- 
mediate terminals,  they  would  be  eliminated  in  talking  to  the  terminals 
at  the  extremities? 

Mr.  Rubel.  Right.  It  is  awfully  hard  to  put  a single  number  on 
the  exact  capacity.  You  can  put  a maximum  and  minimum  on  it 
and  that  is  what  I should  have  indicated  here. 

Mr.  Boone.  This  is  a change  from  the  testimony  of  last  year  or  at 
least  in  the  connotation  of  the  testimony  of  last  year ; is  that  correct? 

Mr.  Rubel.  I think  last  year  we  didn’t  make  it  clear. 

Mr.  Boone.  1 am  glad  you  made  this  clear.  This  certainly  bothered 
the  committee,  that  you  were  only  going  out  for  two  channels. 

Mr.  Rubel.  When  we  were  sitting  with  you  and  some  of  the  other 
folks  we  went  into  a lot  more  detail.  When  I testified  on  this  last 
year,  we  were  really  just  getting  started  and  we  didn’t  have  all  our 
thoughts  well  focused. 

Now  we  are  further  along  and  I think  we  understand  much  better 
where  we  stand  and  I think  this  explanation  is  important  in  the  context 
of  this  particular  prepared  statement. 

Mr.  Boone.  Last  year  the  understanding  of  the  committee  was 
that  there  would  only  be  two  channels  of  communications.  If  this 
be  true,  it  isn’t  worth  so  many  millions  of  dollars  that  it  takes  to  put 
this  thing  in  orbit. 

The  committee  was  concerned  that  you  were  going  to  put  up  a 
satellite  with  the  capability  of  only  two  channels  when  the  Defense 
Department  has  the  requirement  for  hundreds  of  channels  ultimately. 

I hope  this  will  dispel  some  of  the  fears  that  some  of  the  members 
may  have  had  as  to  this  limited  view. 

Mr.  Wydler.  Mr.  Rubel,  what  is  the  value  of  this  system? 

Mr.  Rubel.  The  value  of  it  militarily? 

The  value  militarily,  assuming  we  do  proceed  with  the  development 
of  the  system  will  be — there  are  probably  three  or  four  headings  under 
which  X could  describe  it. 

Mr.  Wydler.  Describe  it  in  the  most  important  one. 

Mr.  Rubel.  I would  say  it  gives  you  a unique,  truly  global,  in- 
stantaneous capability  to  every  area  of  the  world, remote  ornotremote, 
so  that  we  can  havt  military  communications  to  distant  places  which 
are  militarily  important  but  which  are  commercially  not  important 
at  all. 

Mr.  Wydler.  We  have  that  now,  don’t  we? 

Mr.  Rubel.  We  don’t  have  it  to  the  degree  of  reliability  and 
immediacy  that  you  could  expect  to  get  it  here.  There  are  many 
parts  of  the  world  that  do  not  have  cablegrams,  they  don’t  have  any 
micro  wav?  links,  so  you  are  depending  on  high-frequency-radio  com- 
munications, which  are  subject  to  outages. 

Mr.  Wydler.  I mean  this  is  just  a radio  communications  system, 
too? 

Mr.  Rubel.  No,  it  isn’t  just  radio  communications  satellite.  It 
is  a microwave  relay  link. 

Mr.  Wydler.  I realize  there  is  a difference  in  the  location.  It  is 
still  going  to  be  a radio  wave  that  is  going  to  come  down  from  the 
skies  to  a remote  point? 
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Mr.  Rubel.  It  is  a big  difference.  It  is  tbe  difference  between 
trying  to  send  a radio  message  from  the  east  coast  to  the  west  coast 
by  high-frequency  radio  and  looking  at  your  television  transmitted 
by  microwave  relays. 

Mr.  Wydler.  Are  you  saying  that  there  are  military  places  right 
now  that  you  cannot  reach  by  radio? 

Mr.  Rebel.  I am  saying  there  are  a lot  of  places  that  you  cannot 
reach  with  the  degree  of  reliability,  the  degree  of  certainty,  the  degree 
of  redundancy  that  you  could  have  with  this  system. 

Mr.  Wydler.  Where  would  such  a place  be? 

Mr.  Rebel.  Africa,  southeast  Asia. 

Mr.  Wydler.  There  are  military  bases  where  we  do  not  have  a 
sure  method  of  reaching  by  radio  today? 

Mr.  Rebel.  It  depends  on  what  you  mean  by  “sure.” 

Mr.  Wydler.  I don’t  know  what  you  mean. 

Mr.  Rebel.  That  if  you  pick  up  a telephone  in  southeast  Asia  or 
Africa,  you  would  be  connected  very  quickly,  just  as  quickly  as  if 
you  pick  up  the  phone  at  the  command  post  and  talk  to  Omaha, 
which  you  could  do  with  this  system. 

Mr.  Wydler.  That  has  a very  important  military  value? 

Mr.  Rebel.  .It  has  a very  important  commercial  value. 

Mr.  Wydler.  I can  understand  that.  Just  military  now. 

Mr.  Rubel.  Oh,  sure.  I think  that  is  obvious. 

Mr.  Pelly.  Is  it  subject  to  hostile  interference  similar  to  Radio 
Free  Europe  or  something  like  that? 

Mr.  Rubel.  Not  to  anything  like  the  extent  that  ordinary  high- 
frequency-type  communications  are,  although  there  is  no  such  thing 
as  a system  that  can’t  be  jammed  or  subject  to  some  hostile  action. 

This  system  can  be  designed  so  that  you  build  in  redundancies, 
extra  capacities,  and  so  forth  that  make  it  very,  very  difficult  for  an 
enemy  to  interfere  with  the  system. 

Mr.  Pelly.  Could  they  put  up  an  interference  satellite  close  to  it 
that  would 

Mr.  Rebel.  Not  in  this  system.  That  I don’t  think  is  feasible. 

Mr.  Davis.  Mr.  Rubel,  I would  like  to  ask  you  this: 

The  present  radio  communications  facilities  that  the  military  have, 
are  they  subject  to  interference  from  such  things  as  solar  flares? 

Mr.  Rebel.  Yes.  The  high  frequency  parts  are,  yes. 

Mr.  Davis.  It  would  knock  them  out  temporarily,  that  is,  a bad 
solar  storm. 

Mr.  Rebel.  Yes,  we  have  had  that  happen. 

Mr.  Davis.  If  you  were  using  a communications  satellite  of  this 
type,  would  that  be  immune  to  solar  storms? 

Mr.  Rebel.  Yes. 

Mr.  Davis.  The  present  military  system — is  that-  subject  to  being 
blacked  out  by  severe  thunderstorms  or  hurricanes  or  cyclones? 

Mr.  Rebel.  I think  that  would  probably  relate  to  the  destruction 
of  the  ground  facilities  themselves. 

Mr.  Davis.  So  far  as  the  radiostatic,  that  would  not  knock  it  out? 

Mr.  Rebel.  I don’t  think  so,  although  there  is  a lot  of  background 
noise  that  you  get  from  things  like  that  that  you  wouldn’t  get  here 
either  because  this  is  a microwave  system.  That  is  the  essential 
distinction  to  make.  This  is  a microwave  system.  It  gives  you  a 
line-of-sight  beam  for  communication  as  distinct  from  a broadcast 
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radio  wave  that  emanates  over  a much  wider  area;  and  much  bigger 
volume. 

Mr.  Davis.  Well,  your  ordinary  radio  broadcast  depends  essentially 
upon  a bounce  from  the  ionosphere,  doesn’t  it? 

Mr.  Rubel.  Yes. 

Mr.  Davis.  You  wouldn’t  have  to  rely  cm  that  at  all? 

Mr.  Rubel.  That  is  exactly  the  point. 

Mr.  Davis.  The  solar  flares  disturbs  the  ionosphere;  is  that  correct? 

Mr.  Rubel.  That  is  right. 

Mr.  Davis.  And  that  is  what  knocks  out  your  reliability? 

Mr.  Rubel.  Yes. 

Maybe  it  would  be  best  if  I proceed  with  the  rest  of  the  statement. 

Mr.  Ryan.  Suppose  you  proceed.  Then  we  can  question  you  on 
the  points  that  come  to  our  minds. 

Mr.  Rubel.  The  necessary  subsystem  R.  & D.  has  already  been 
accomplished  for  a satellite  of  this  description,  and  the  remaining 
engineering  development  required  to  meet  military  specifications  is  a 
relatively  short-term  job. 

I am  describing  the  concept  that  we  have  at  the  present  time.  If 
we  proceed  with  the  development  of  this  system,  these  are  the  kinds 
of  characteristics  that  we  presently  envision  it  would  have. 

Approximately  six  satellites  will  be  launched  per  booster,  using  the 
proven  and  increasingly  reliable  Atlas-Agena  D.  The  six  satellites 
will  be  ejected  at  slightly  different  velocities  into  an  approximately 
6,000  mile  altitude  circular  polar  orbit,  where  they  will  gradually 
spread  out.  The  successive  clusters  will  be  injected  into  orbital 
planes  spaced  45°  apart. 

The  provision  of  a system  of  24  to  30  pseudorandomly  distributed 
satellites  will  provide  worldwide  service  at  better  than  95  percent 
visibility  for  approximately  15  to  20  intercontinental  links  if  stations 
are  well  distributed  about  the  Earth.  This  system,  if  approved  for 
development,  promises  to  be  the  first  communications  satellite  sys- 
tem in  existence.  It  will  provide  an  early  global  command/control 
and  emergency  communication  system.  It  will  furnish  initial  system 
information  and  comprise  a useful  and  needed  vehicle  for  develop- 
ment and  testing  of  operational  principles. 

NASA  is  supporting  the  development  of  the  Syncom  I satellite,  a 
spin-stabilized  type — spinning  is  a relatively  simple  way  to  achieve 
a single-axis  stabilization,  and  its  lack  of  mechanical  complexity — 
once  orbital  position  and  orientation  are  achieved — both  promises  an 
earlier  way  to  achieve  some  of  the  advantages  of  the  fully  stabilized 
satellite  such  as  a medium  antenna  gain,  and  offers  more  immediate 
promise  of  long  satellite  life  than  a fully  stabilized  design.  The 
DOD  is  cooperating  with  NASA  in  its  Syncom  program  by  making 
available  its  communications  satellite  surface  facilities,  communica- 
tions experience,  and  know-how. 

In  what  is  probably  a model  of  joint  space  program  cooperation, 
NASA,  as  well  as  providing  overall  program  direction  and  manage- 
ment is  responsible  for  the  space  system,  its  development,  fabrication, 
launch,  injection  into  orbit,  orbital  control,  and  telemetry  and  com- 
mand. The  Department  of  Defense  is  responsible  for  the  communi- 
cation tests  and  the  communications  environment. 

The  60-foot  diameter  Advent  fixed  stations  at  Fort  Dix  and  Camp 
Roberts  have  been  adapted  to  the  Syneom-type  of  modulation,  and 
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the  Army  is  developing  and  purchasing  three  transportable  stations 
with  30-foot  antennas  to  provide  additional  capability. 

The  USNS  Kingsport,  developed  for  the  Advent  program,  has  had 
the  necessary  modifications  and  additions  made  to  be  NASA’s  primary 
tracking,  communications  test,  telemetry  and  command  facility  for 
the  very  critical  orbital  injection,  adjustment,  and  control  phase. 

Communications  test  operations  are  conducted  from  the  U.S.  Army 
Satcom  Agency’s  control  center  at  Fort  Monmouth,  N.J.,  by  a joint 
Army-Navy-Air  Force  group  of  Comsat  specialists  including  those 
who  have  been  experienced  in  the  original  Diana  (Moon  bounce), 
Score  and  Courier  communications  satellite  programs.  These  will  be 
in  constant  close  contact  with  and  reporting  to  NASA’s  program  con- 
trol center  at  Goddard  SFC. 

I might  add,  as  you  know,  we  have  had  one  launch  of  the  Syncom. 
It  was  not  a fully  successful  launch,  unfortunately,  but  all  these 
operations  I have  described  were  successful  and  all  these  cooperative 
activities  were  undertaken. 

The  other  space  communications  activities  in  the  DOD  at  present 
are: 

Moon  relay:  This  is  not  currently  an  R,  & D.  matter  but  the  first 
operational  space  communications  system.  The  Navy  is  currently 
conducting  regular  schedules  of  communications  between  Anaeostia, 
Maryland,  and  Hawaii.  The  Army  and  Air  Force  are  conducting 
Moon  bounce  experiments  at  microwave  frequencies  using  existing 
facilities. 

Westford:  The  “orbital  dipole”  which  was  originally  called 
“Needles,”  but  now  is  called  Westford  program  is  being  run  at  a very 
low  level  of  effort  at  Lincoln  Laboratories  by  the  Air  Force.  It  is  in- 
tended to  try  twice  during  this  year  to  inject  and  disperse  a pick-a- 
ba eked  container  of  sublimable  tin  dipoles.  These  will  permit  a 
feasibility  test  and  demonstration.  They  will  dissipate  in  a few  years, 
so  that  even  with  major  advances  in  the  sensitivity  of  radio  tele- 
scopes, no  interference  would  stem  from  these  experimental  belts. 

Mr.  Chairman,  that  concludes  my  prepared  statement. 

Mr.  Ryan.  The  subcommittee  is  delighted  to  note  the  presence  this 
morning  of  Dr.  Charles  Shelton,  a former  member  of  the  staff  of  the 
Science  and  Astronautics  Committee. 

We  appreciate  your  statement,  Mr.  Secretary.  As  I said  in  my 
opening  statement,  we  are  concerned,  among  other  things,  with  the 
question  of  whether  or  not  there  is  a duplication  of  effort  between 
NASA  and  DOD.  In  past  hearings  before  this  committee,  the  De- 
partment of  Defense  rather  vigorously,  particularly  in  1961,  advo- 
cated an  Advent  system;  that  is,  a synchronous  communications 
satellite  system  which  the  Department  of  Defense  witnesses  said 
would  be  the  solution  to  the  needs  faced  by  the  military. 

It  is  my  understanding  that  this  proposal  has  been  abandoned  and 
now  with  the  Department  of  Defense  proceeding  on  a medium  alti- 
tude system,  I do  want  to  ask  this  question: 

The  Department  of  Defense,  with  great  assurance  and  confidence, 
told  us  that  Advent  would  be  a success,  that  it  would  have  many 
hundreds  of  channels  which  would  be  so  designed  that  they  could 
carry  not  only  military  traffic,  but  commercial  traffic,  and  that  it  was 
reasonable  to  expect  this  development — this  was  in  1961 — within  a 
short  period  of  time. 
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Now,  is  there  more  reason  to  believe  today  that  you  will  be  success- 
ful in  developing  this  satellite?  What  do  you  call  it?  Have  you 
given  it  a code  name? 

Mr.  Rubel,  Generally  I think  we  speak  of  it  as  the  medium  alti- 
tude defense  communications  satellite  system. 

Mr.  Ryan.  Is  this  a communication  system  based  on  other  systems? 

Mr.  Rubel.  We  have  drawn  heavily  on  the  technology  that  has 
evolved  over  the  last  few  years,  but  not  explicitly  so.  The  design  of 
this  particular  satellite  will  be  unique.  It  won’t  resemble  these  others 
in  all  of  its  features  by  any  means. 

Mr.  Ryan.  At  what  point  are  you  in  the  process  of  designing  this 
new  system?  At  many  points  in  this  statement  you  say  if  you  make 
this  decision. 

Mr.  Rubel.  Where  we  stand  now  is  this.  Mr.  Chairman:  We  have 
gone  out  to  industry  with  requests  for  proposals.  These  proposals 
are  in  the  process  now  of  being  evaluated.  The  Air  Force  is  evaluating 
proposals  for  the  satellites,  the  Army  is  evaluating  proposals  for  the 
ground  equipment. 

Based  upon  these  evaluations,  the  Services  are  going  to  select  some 
contractors  for  what  we  call  the  program  definition  phase.  We  are 
going  to  fund  a program  definition  effort  which  will  last  for  a few 
weeks’  time,  somewhere  on  the  order  of  2 months  probably.  At  the 
end  of  that  period  of  time,  we  expect  to  have  pinned  down  with  as 
much  precision  as  we  possibly  can  the  exact  characteristics  of  what 
this  system  would  involve  from  a development  and  equipment  point 
of  view. 

The  decision  as  to  whether  or  not  to  proceed  with  the  full-scale 
development  is  going  to  be  made  after  those  program  definition  efforts 
have  been  accomplished. 

Mr.  Ryan.  Will  these  program  definition  efforts  involve  any 
hardware? 

Mr.  Rubel.  The  answer  to  that  is  essentially  ciNo”.  Now  there  are 
some  hardware  efforts  that  we  are  conducting  at  the  present  time 
because  we  have  identified  certain  long  leadtime  items.  I men- 
tioned the  traveling  wave  tube  amplifier  which  we  know  eventually, 
if  you  are  going  to  transmit  on  these  frequencies,  you  will  want  to 
have.  It  is  not  something  you  have  on  the  shelf  that  you  are  going 
to  use.  We  are  supporting  that  kind  of  tiling. 

Mr.  Ryan.  Do  you  have  a contract  for  that? 

Mr.  Rubel.  Yes,  sir,  there  is  a contract.  I think  it  is  with  the 
Watkins  Johnson  Co.  for  developing  the  output  tube.  These  tech- 
nology developments,  battery  developments,  really  are  not  related 
per  se  to  the  program  definition  effort.  That  is  essentially  a study 
effort  and  a design  effort.  What  we  really  do  during  the  program 
definition  phase  on  this  project,  as  well  as  on  others,  is  primarily  to 
accomplish  the  preliminary  design  on  which  all  your  subsequent  efforts 
are  going  to  have  to  be  based.  If  you  can  accomplish  that  preliminary 
design  in  enough  detail  and  specify  with  enough  precision  what  the 
parts  are,  what  the  configuration  is  of  your  satellites  and  your  ground 
equipment,  then  we  think  we  can  proceed  with  confidence  in  making 
a decision  to  go  ahead  or  not  to  go  ahead  as  the  case  may  be. 

Mr.  Ryan.  Are  these  proposed  study  contracts  funded  under  your 
fiscal  1963  budget? 

Mr.  Rubel.  Yes,  sir. 
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Mr.  Ryan,  For  what,  the  Army,  the  Air  Force,  the  Department  of 
Defense,  the  Navy? 

Mr.  Rubel.  Both  the  Army  and  the  Air  Force. 

Mr.  Ryan.  Are  these  design  studies  going  to  be  let  by  competitive 
bidding? 

Mr.  Rubel.  Yes,  sir. 

Mr.  Ryan.  Has  not  NASA  gone  into  this  in  considerable  detail  over 
a period  of  years? 

Mr.  Rubel.  No,  not  the  system  that  we  are  talking  about  here, 

Mr.  Boone.  Mr.  Ruhel,  maybe  you  could  tell  us  the  essential 
difference  between  the  system  you  plan  and  the  NASA  experimental 
system,  very  briefly. 

Mr.  Rubel.  Yes,  the  NASA  system  with  which  I am  familiar  is  the 
Syncom  I,  which  is  a synchronous  altitude  satellite  with  which  I am 
sure  the  committee  is  familiar. 

Mr.  Ryan.  That  is  comparable,  isn’t  it,  to  Advent? 

Mr.  Rubel.  It  really  isn’t  comparable  to  Advent,  but  it  resembles 
Advent  to  the  extent  that  it  is  in  a synchronous  orbit.  That  is  about 
where  the  resemblance  ends,  right  there. 

Mr.  Ryan.  How  much  money  did  the  Defense  Department  put 
into  Advent? 

Mr.  Rubel.  We  estimated  we  expended  about  $170  million  on  the 
Advent  project. 

Mr.  Ryan.  Do  you  consider  all  of  that  money  wasted? 

Mr.  Rubel.  No,  we  don’t  consider  it  all  wasted.  I testified  to  this 
last  year  at  considerable  length.  We  have  somewhere  on  the  order  of 
$50  to  $60  million  worth  of  ground  facilities,  for  example,  which  were 
developed  under  the  Advent  plan  and  are  in  use  today  on  Syncom, 
and  will  be  in  use  on  this  program  if  this  program  goes  forward.  That 
represents  a substantive  investment  that  you  can  identify. 

In  addition  to  that,  I think  many  other  useful  results  were  obtained 
from  the  Advent  project  in  the  development  of  components,  the  evolu- 
tion of  reliability  techniques,  things  of  that  character. 

So  by  no  means  was  all  this  $170  million  wasted. 

Mr.  Hechler.  I would  be  interested  in  Secretary  Rubel’s  answer 
to  Mr.  Boone’s  question. 

Mr.  Boone.  Mr.  Chairman,  may  I elaborate  on  that?  Certain 
members  of  the  committee  have  expressed  considerable  concern  as  to 
why  you  don’t  buy  Relay  or  Telstar  and  put  that  in  orbit.  I think 
if  you  would  address  your  remarks  to  that,  it  would  be  helpful. 

Mr.  Rubel.  I think  the  easiest  answer  to  that  is  that  if  one  analyzes 
the  requirements  for  an  operational  system,  what  it  takes  in  terms  of 
the  reliability  of  boosters,  what  it  takes  in  the  reliability  of  the  satellites 
themselves,  you  distinguish  a very  great  difference  between  the  require- 
ments for  a successful  experiment  of  the  Telstar  type,  for  example, 
and  the  requirements  for  a successful  medium  altitude  system  on  the 
other  hand.  Take  Telstar  as  an  example.  In  order  lor  a Telstar 
system  to  be  successful,  you  would  have  to  have  a very  substantial 
number  of  Telstar  satellites  in  a comparatively  high  orbit,  high  by 
comparison  to  the  actual  Telstar  orbit  that  was  used  for  the  experiment. 

You  have  to  have,  I would  imagine,  based  on  what  I have  read 
about  Telstar,  somewhere  in  the  neighborhood  of  between  25  and 
40  satellites  at  an  orbital  altitude  of  between  5,000  and  10,000  miles. 
‘The  exact  altitude  and  the  exact  number  of  satellites  are  dependent 
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variables  and  what  you  choose  by  way  of  a system  configuration  has 
something  of  a designer’s  choice  about  it. 

In  any  event,  you  would  have  to  have  a substantial  number  of  these 
satellites  in  an  orbit  that  we  have  been  calling  a medium  altitude 
orbit. 

The  actual  Telstar  was  launched  in  an  orbit  that  had  a minimum 
altitude  of  several  hundred  miles  and  a maximum  altitude  of  several 
thousand  miles.  It  couldn’t  be  put  into  a medium  altitude  orbit 
using  a booster  that  was  used  to  put  it  in  an  experimental  orbit.  It 
would  take  an  Atlas-Agena,  and  now  you  are  talking  about  a much 
more  expensive  launch  vehicle. 

Point  No.  2,  the  Telstar  was  a very  dramatic  experiment,  a very 
successful  experiment,  but  it  was  an  experiment.  It  stopped  func- 
tioning after  several  weeks  had  passed.  If  you  visualize  a system  of 
Telestar  satellites  in  a medium  altitude  orbit,  where  every  time  one 
fails  it  has  to  be  replaced,  you  come  to  the  conclusion  that  Telstar  is 
too  heavy  and  too  expensive  for  use  in  an  economically  viable  system. 

That  is  the  fundamental  distinction  to  be  made  between  a single 
successful  experiment,  on  the  one  hand,  and  the  requirements  for  a 
successful  system  on  the  other  hand. 

As  I emphasized  in  my  prepared  statement,  we  are  putting  emphasis 
on  simplicity  of  design,  on  reliability  of  design,  because  without  that 
simplicity  you  can’t  get  that  reliability,  ana  without  that  reliability 
you  can’t  get  the  conditions  that  are  necessary  for  a successful  opera- 
tional system.  The  economics  are  against  you.  We  have  made 
many  calculations  as  to  what  the  tradeoffs  are  among  reliability  of 
boosters,  reliability  of  satellites  themselves  and  the  economics  of 
creating  and  maintaining  that  system.  We  are  convinced,  therefore, 
as  I said  in  my  testimony,  that  the  simple  system  that  we  have  de- 
scribed here  is  the  system  which  has  a chance  of  being  the  earliest 
successful  operational  system. 

Anything  more  complicated  than  that,  anything  with  more  capacity 
than  that,  anything  which  will  require  more  capacity,  will  not  be 
economically  viable. 

Mr.  Ryan.  What  is  the  altitude  proposed  for  this  system? 

Mr.  Rubel.  I mentioned  5,000  miles. 

Mr.  Ryan.  That  is  more  than  the  Telstar? 

Mr.  Rubel.  No,  when  we  first  talked  about  Telstar,  I think  the 
Bell  System  was  talking  about  7,000  miles.  There  is  nothing  fixed 
but  somewhere  in  the  order  of  5,000  to  10,000  miles. 

There  are  trade-offs  between  a lower  altitude  with  more  satellites, 
a higher  altitude  with  fewer  satellites.  All  we  are  saying  is,  it  is  a 
medium  altitude  system  somewhere  in  the  order  of  5,000  miles. 
There  could  be  more,  depending  on  the  designs,  and  the  evaluation  of 
those  designs. 

Mr.  Ryan.  How  do  you  know  that  the  satellite  has  a chance  to  live 
longer  than  the  Telstar  satellite,  that  you  won’t  have  to  continuously 
shoot  up  satellites  every  month? 

Mr.  Rubel.  I think  the  way  we  will  approach  that  will  have  to  be 
based  upon  calculations  that  begin  with  an  assessment  of  the  number 
of  components  and  their  character  in  the  satellite  itself.  If  you  had  a 
satellite  of  the  sort  that  we  are  envisioning  here  with  a very  small 
number  of  parts,  parts  which  for  the  most  part  are  solid-state  devices — 
transistors,  semiconductors,  things  of  this  sort,  that  can  be  made  to 
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have  a very  high  degree  of  reliability — you  can  make  calculations  of 
the  reliability  that  you  will  get  from  the  operation  of  the  aggregate 
of  those  parts.  If  you  have  here  a simple  satellite  with  a small  num- 
ber of  parts,  and  you  have  here  a much  more  complex  satellite,  but 
with  more  capability  and  with  a larger  number  of  parts,  you  can  make 
calculations  in  order  to  estimate  what  the  probable  lives  of  each 
will  be.  Probable  lifetime  decreases  markedly  with  increased  com- 
plexity. 

We  have  considerable  data  now  on  the  reliability  of  devices  of  that 
sort  and  reliability  of  particular  parts.  Those  calculations  are  pretty 
good.  They  are  not  perfect,  but  they  are  pretty  good.  So  our  esti- 
mate of  whether  or  not  it  makes  sense  to  go  forward  with  the  develop- 
ment of  a satellite  system  of  the  sort  I have  described  in  my  testimony 
here  will  be  based  upon  that  kind  of  calculation. 

If  we  can’t  estimate  with  confidence  based  upon  the  other  experi- 
ments that  were  conducted  both  in  space  and  in  the  laboratory  that 
these  satellites  will  have  the  necessary  reliability,  then  we  won’t  go 
ahead. 

Mr.  Ryan.  Who  is  going  to  make  the  decision  of  whether  or  not  to 
go  ahead? 

Mr.  Rubel.  Mr.  McNamara. 

Mr.  Ryan.  Is  this  going  to  be  a Defense  Department  decision  or  is 
it  going  to  be  made  in  consultation  with  NASA  or  any  other  agency? 

Mr.  Rubel.  It  will  be  strictly  a Defense  Department  decision,  but 
it  will  be  made  in  consultation  with  other  agencies,  especially  NASA. 

Mr.  Ryan.  What  funds  are  you  budgeting  in  1963?  How  much 
have  you  budgeted  in  fiscal  year  1963  for  communication  satellites? 

Mr.  Rubel.  The  total  is  $95  million  in  fiscal  1963, 

Mr.  Ryan.  And  1964? 

Mr.  Rubel.  Our  budget  requests  are  before  Congress  at  the  present 
time,  and  we  don’t  have  any  firm  number. 

Mr.  Ryan.  You  must  have  submitted  to  Congress  a dollar  amount. 

Mr.  Rubel.  We  submitted  a number  to  the  Congress. 

Mr.  Ryan.  What  is  that? 

Mr.  Rubel.  I wonder  if  I could  go  off  the  record  for  a moment? 

Mr.  Ryan.  This  is  a public  hearing. 

Mr.  Rubel.  The  problem  is  that  our  Defense  Department  sub- 
mittals to  the  Congress  on  the  budget  are  classified.  I don’t  know  if 
I can  testify  to  this. 

Mr.  Ryan.  Out  committee  is  very  interested  in  this.  Suppose  we 
get  an  answer  to  that  question  before  we  adjourn  this  morning. 

Mr.  Boone.  Suppose  you  submit  it  in  writing. 

Mr.  Rubel.  I would  be  delighted  to  submit  it  in  writing. 

Mr.  Ryan.  My  suggestion  is  that  before  we  adjourn  at  11  o’clock 
this  morning  one  of  your  staff  men  check  with  the  Department  of 
Defense  on  whether  or  not  you  may  state  this. 

Mr.  Rubel.  I will  be  happy  to  do  that  either  in  an  open  hearing  or 
a closed  hearing. 

Mr.  Wydler.  I would  like  to  say  something  about  what  Mr. 
Rubel  said  about  the  Telstar  question.  You  stated  one  of  the 
problems  of  trying  to  use  Telstars  would  be  you  would  have  to  put 
up  a lot  of  Telstar  satellites  to  provide  the  system  that  would  be 
needed.  Do  you  figure  you  would  need  more  than  24  or  30  Telstars 
to  do  it? 
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Mr.  Rubel.  For  the  same  altitude  the  same  calculations  would 
apply,  however  Telestar  has  a short  (10  percent)  duty  cycle.  There- 
fore this  number  could  not  provide  continuous  coverage. 

Mr.  Wydler.  You  are  suggesting  that  under  the  present  system 
you  are  programing  to  put  24  to  30  of  these  new  satellites  up,  isn’t 
that  correct? 

Mr.  Rebel.  That  is  correct.  The  only  difference  that  I can  think 
of,  and  I am  not  sure  whether  it  is  a difference,  is  the  difference 
between  the  completeness  of  coverage  that  you  would  need  for 
commercial  purposes  as  distinct  from  military  purposes. 

There  is  a possibility  I believe,  and  I say  this  very  tentatively 
because  I am  not  sure,  that  the  military  can  stand  to  have  a somewhat 
lower  level  of  that  kind  of  reliability  (by  which  I mean  you  can  say 
to  the  fellow  at  the  other  end  of  the  line:  “We  are  going  to  have  an 
outage  for  3 minutes  and  I will  be  back  to  you  3 minutes  from  now”) 
whereas  for  commercial  service  you  can’t  afford  to  provide  the  public 
with  that  kind  of  service. 

In  order  to  get  this  complete  reliability  of  coverage  timewise  (I 
am  not  talking  about  the  reliability  of  the  satellites  any  more ; I am 
talking  about  the  reliability  with  which  you  as  the  person  who  picks 
up  the  telephone,  can  count  on  getting  a connection  and  keeping 
that  connection;)  I think  that  may  have  to  be  somewhat  higher  for 
commercial  purposes  than  for  military  purposes,  and  for  that  reason 
you  might  decide  that  the  commercial  system  required  somewhat 
more  satellites  in  orbit  than  a military  system. 

We  might  have  a more  austere  system  as  a result,  but  I am  not 
sure  about  that. 

Mr.  Wydler.  You  want  it  at  least  as  reliable  as  the  commercial 
system,  don’t  you? 

Mr.  Rubel.  That  is  my  whole  point.  I am  not  sure. 

Mr.  Wydler.  I would  like  to  clear  up  one  other  thing  on  this. 
You  state  that  this  will  be  the  first  communications  satellite  system 
in  existence.  When  will  it  come  into  existence  operationally? 

Mr.  Rubel.  We  believe  if  we  were  to  approve  the  program  subse- 
quent to  the  program  definition  phase  and  adhere  to  the  schedules 
that  we  presently  contemplate,  that  an  initial  operational  capability, 
using  the  research  and  development  devices  themselves,  would  be 
attainable  somewhere  around  the  early  part  of  1965,  calendar  year 
1965. 

Mr.  Wydler.  You  mean  2 years  from  today? 

Mr.  Rubel.  Yes. 

Mr.  Wydler.  You  would  have  an  operational  system? 

Mr.  Rubel.  It  would  be  operational  in  this  sense.  It  is  what  we 
call  IOC  or  initial  operational  capability. 

If  you  succeeded  in  putting  up  24  satellites  as  part  of  a research  and 
development  program  leading  to  an  operational  capability,  and  they 
all  worked,  then  there  is  no  reason  why  you  couldn’t  use  it  initially 
for  operational  purposes,  even  though  it  hasn’t  been  turned  over  to 
the  operational  people,  even  though  you  are  still  doing  some  experi- 
ments with  it,  and  even  though  you  are  still  learning  some  things  from 
it  that  may  cause  you  to  make  some  changes  later  on  in  the  configura- 
tion of  devices  used  in  the  initial  system. 

So  I mean  those  operational  features,  those  operational  capacities 
that  can  be  gained  from  the  deployment  of  the  R.  & D.  system. 
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A good  example  is  TIROS.  We  are  getting  a lot  of  very  useful 
information  out  of  the  TIROS  satellites  all  the  time. 

It  is  not  an  operational  system.  It  is  still  a research  system. 
Yet  we  are  putting  these  research-type  satellites  up  and  getting  very 
good  operational  data. 

Mr.  Ryan.  At  what  point  would  you  be  ready  to  transfer  the  burden 
of  defense  communications  to  a system  so  that  you  were  dependent 
upon  it? 

Mr.  Rubel.  I think  if  you  accept  the  assumption  that  you  just 
made;  that  is,  we  adhere  to  these  schedules,  we  will  get  this  initial 
operational  capability  somewhere  around  the  calendar  year  1965. 

Mr.  Ryan.  In  other  words,  you  would  be  ready  to  swing  away 
from  radios  and  cables? 

Mr.  Rubel.  No,  sir.  You  are  not  going  to  substitute  a satellite 
communications  system  for  some  other  kind  of  system  just  because 
the  satellite  communications  system  is  new. 

Mr.  Ryan.  It  might  be  cheaper. 

Mr.  Rubel.  I made  that  point  too.  You  are  going  to  substitute 
only  in  those  cases  where  it  is  a more  economical  way  of  doing  the 
same  job  or  in  those  cases  where  you  can  do  a job  that  can’t  be  done 
in  any  other  way.  That  is  where  we  get  into  the  remote  area 
consideration. 

There  is  no  presumption  in  advance  that  we  are  going  to  put  this 
system  up  and  then  start  closing  down  on  our  other  communication 
capabilities.  If,  over  a period  of  time  in  future  years  it  turns  out 
that  the  economic  viability  of  satellite-based  communication  system 
becomes  such  as  to  make  it  a cheaper  way,  an  easier  way,  a better 
way  of  doing  the  communications  job  than,  say;  using  more  radio 
communications,  using  more  cables,  then  we  will  do  it,  obviously. 
But  the  presumption  here  is,  as  a starter,  that  we  are  mostly  interested 
in  supplementing  and  not  replacing. 

Mr.  Wydler.  In  other  words,  this  is  going  to  be  by  early  1965,  if 
everything  works  out,  a backup;  is  that  what  it  amounts  to? 

Mr.  Rubel.  Yes,  sir;  it  is  a backup. 

Mr.  Wydler.  If  everything  goes  the  best  we  can  hope,  it  will  be  a 
backup  system  by  1965? 

Mr.  Rubel.  Yes,  but  I want  to  add  to  your  statement.  The 
answer  is  “yes”,  with  a caveat.  The  caveat  is:  it  will  do  more  than 
just  back  up  because  you  will  get  capabilities  in  areas  and  of  a charac- 
ter which  you  don’t  get  right  now. 

Mr,  Hechler.  It  may  be  sort  of  like  an-  overdrive. 

Mr.  Boone.  I believe  in  the  previous  testimony  the  sense  of  the 
testimony  has  been  that  this  would  supplement  your  existing  facilities 
to  give  you  what  you  called  a minimum  essential  communications 
system. 

Now,  I think  the  question  of  Mr.  Ryan  is,  when  will  you  have  this 
completely  operational  minimum  essential  capability?  You  will  have 
some  capability  obviously  in  1965  if  you  meet  your  schedule  as  you 
have  announced,  but  would  you  have  then  the  complete  minimum 
essential  communications  system? 

Mr.  Rubel.  I think  you  would  have  insofar  as  satellites  are  con- 
cerned, Mr.  Boone,  but  not  insofar  as  ground  stations  are  concerned. 

The  next  thing  you  would  do  would  be  to  expand  the  framework  of 
your  ground  station  deployments  when  you  went  operational. 
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That  would  be  the  next  stage  or  step.  So  that  probably  the  main 
distinction  between  the  IOC,  the  initial  operational  capability  of  this 
minimum  altitude  system  with  a comparatively  small  number  of 
stations  deployed  worldwide,  and  the  transition  into  an  operational 
system  deployed  worldwide,  would  be  that  you  would  have  a lot 
more  ground  stations  worldwide  once  you  had  gotten  to  the  point 
where  it  warranted  the  deployment  of  operational  ground  stations. 

Mr.  Ryan.  You  are  not  defining  then  a “minimum  essential 
system”  as  approximately  24  satellites  with  10  ground  stations?  I 
think  that  is  the  sense  of  your  previous  testimony,  and  I believe  that 
is — — 

Mr.  Rubel.  1 believe  you  have  got  a point  there,  but  I don’t  think 
we  should  get  hung  up  on  it.  I think  the  point  is,  once  you  have  got 
the  satellite  capability  and  some  number  of  ground  stations,  further 
expansions  from  an  operational  point  of  view  are  obviously  easily 
obtained  by  adding  some  ground  stations  up  to  some  level. 

Just  exactly  what  that  level  is,  I don’t  know,  because  that  depends, 
too,  on  what  you  find  out.  We  are  talking  about  something  we  have 
never  done  and  which  eten  our  best  calculations  are  going  to  show 
to  be  somewhat  different  than  what  we  “presently  envision. 

That  is  the  nature  of  these  very  advanced  and  rapidly  advancing 
technologies.  So  what  we  now  call  the  minimum  essential  system 
we  may  find  out  is  not  the  minimum  essential  system  after  we  have 
gone  through  this  work.  If  we  knew  the  answers  to  all  these 
things 

Mr.  Ryan.  What  do  you  anticipate  this  is  going  to  cost  DOD  by 
the  time  we  reach  an  operational  capacity? 

Mr.  Rebel.  Well,  that  is  another  item  that  is  going  to  stem  from 
this  program  definition  phase.  Before  we  embark  on  the  R.  & D. 
program  full  scale,  we  are  going  to  have  that  estimate  firmly  in  hand. 
We  don’t  have  it  firmly  in  hand  now. 

Mr.  Ryan.  Can  you  make  a rough  calculation? 

Mr.  Rebel.  We  are  thinkng  of  another  $200  to  $250  million.  I 
might  emphasize  the  point  here- — — 

Mr.  Ryan.  That  is  in  addition  to  the  $95  million  in  1963?  And  in 
addition  to  1964? 

Mr.  Rebel.  No,  it  includes  a substantial  amount  of  that  $95 
million  of  1963  funds. 

Mr.  Ryan.  And  it  include  1964? 

Mr.  Rebel.  Yes,  sir,  and  1965.  An  awful  lot  of  the  expense  in  all 
of  these  space  undertakings  is  the  amount  of  money  it  costs  you  to 
boost  things,  to  put  them  in  orbit  in  the  first  place.  It  really  isn’t 
R.  & D.  It  is  buying  the  boosters. 

Mr,  Ryan.  Where  are  you  going  to  buy  the  boosters? 

Mr.  Rebel.  We  have  the  Atlas-Agena  coming  along  and  coming  off 
of  production  lines,  and  we  will  buy  them  off  those  production  lines. 

Mr.  Hechler.  How  far  away  are  you  from  multiple  launching  of 
six  satellites? 

Mr.  Rebel.  That  is  one  of  the  items  that  is  subject  to  development. 
That  is  one  of  the  features  that  is  essential  to  the  economic  viability  of 
this  kind  of  system,  absolutely  essential  to  the  economic  viability  of 
this  kind  of  system,  which  has  not  been  developed  and  has  not  been 
demonstrated  and  is  part  of  the  development  program. 

Mr.  Hechler.  Of  course,  it  is  difficult  to  make  guesses  on  these 
things,  but  it  appears  to  be  fairly  casual  the  way  you  have  mentioned 


1964  NASA  AUTHORIZATION  3283 

this;  we  are  goiig  to  send  up  six  satellites  per  booster,  and  this  is 
part  of  your  whole  plan. 

I wonder  if  you  had  any  feeling  as  to  whether  or  not  this  is  really 
coming  along  fast  enough  so  you  will  have  time  to  tie  it  in  with  the 
rest  of  your  proposed  future  schedule? 

Mr.  Rubel.  Our  answer  to  that  is,  if  we  don’t,  we  won’t  do  it. 
We  are  not  going  to  embark  on  developing  major  elements  for  a sys- 
tem where  other  major  elements  are  not  in  the  proper  time  phase. 
That  is  one  of  the  principal  objectives  of  this  program  definition 
phase,  to  assure  ourselves  that  we  have  looked  forward  to  every  one 
of  those  kinds  of  technical  questions,  laid  out  a program  for  their 
accomplishment,  funded  them  in  a realistic  manner,  gained  a thorough 
understanding  between  the  Defense  Department  on  the  one  hand  and 
the  contractors  who  are  given  the  job  on  the  other*  so  we  can  proceed 
with  touch  greater  confidence.  . ' , 

Mr.  Ryan.  After  you  have  achieved  an  operational  capability  and 
have  this  medium-altitude  system  in  operation  using  it  for  communi- 
cations and  have  achieved  the  first  operational  communication  satel- 
lite system,  do  you  anticipate  that  this  private  corporation  which  is 
designed  to  pay  dividends  to  stockholders  will  want  to  take  advantage 
of  vour  technology  and  your  research  and  development? 

Mr.  Rubel.  Mr.  Chairman,  all  I can  say  in  response  to  that  ques- 
tion is  based  upon  the  reading  that  I have  done  of  the  record  of 
testimony  by  the  incorporators  of  the  Communications,  Satellite 
Corp.  before  various  congressional  committees. 

Mr.  Ryan.  You  mean  to  say  you  have  had  no  conversation  with 
any  incorporator  or  officer  of  the  Communications  Satellite  Corp.? 

Mr.  Rubel.  We  have  had  informal  discussions  with  Dr.  Charyk. 

Mr.  Ryan.  In  his  capacity  as  president  of  the  Communications 
Satellite  Corp? 

Mr.  Rubel.  Since  he  resigned  from  the  Defense  Department  and 
since  he  was  announced  as  the  president  of  the  Communications 
Satellite  Corp.,  yes,  sir. 

Mr.  Ryan.  Do  you  expect  to  establish  any  kind  of  exchange  of 
information  between  this  corporation  and  the  Department  of  Defense? 

Mr.  Rubel.  That,  I think,  depends  on  the  manner  in  which  the 
Satellite  Communications  Corp.  organizes  itself,  the  kind  of  research 
and  development  undertakings  which  they  undertake  on  their  own, 
and  the  kind  of  relationships  that  are  established  between  that 
corporation  and  other  Government  agencies. 

There  is  nothing  in  the  statute  establishing  the  Communications 
Satellite  Corp.  which  calls  for  direct  liaison  between  that  corporation 
and  the  Defense  Department. 

Mr.  Ryan.  By  the  same  token,  theoretically  the  purpose  of  that 
corporation  is  to  develop  a communications  satellite  system  which  is 
operational,  and  based  upon  your  testimony  this  morning  the  most 
immediate  and  feasible  system  is  the  medium-altitude  system  which 
you  are  going  to  develop;  is  that  right? 

Mr.  Rubel.  Yes,  sir. 

Mr.  Ryan.  And  the  most  economical? 

Mr.  Rubel.  Yes,  sir.  But  the  distinction  here  now  must  be  made 
between  requirements  the  Communications  Satellite  Corp.  will 
perceive  for  a commercial  system  on  the  one  hand  and  the  char- 
acteristics of  the  defense  communications  satellite  system  on  the  other. 
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The  extent  to  which  they  will  match  is  an  item  about  which  we 
simply  can  do  no  more  than  conjecture  at  this  time  because  they 
are  not  organized  to  address  that  problem  in  its  entirety  at  this  point 
in  time. 

Mr.  Ryan.  Have  you  given  any  thought  to  establishing  a formula 
by  which  the  Department  of  Defense  would  be  reimbursed  for  any 
information  or  research  and  development  advantages  or  benefits 
which  it  would  transfer  to  the  Communications  Satellite  Corp.? 

Mr.  Rubel.  I would  say  the  answer  to  that  best  can  be  divided 
into  two  categories.  There  are  the  developments  which  are  under- 
taken by  the  Defense  Department  in  a variety  of  fields  which  over  a 
period  of  time  become  part  of  the  public  domain.  Examples  are  the 
capabilities  of  the  Defense  Department  involved  in  the  field  of 
boosters. 

I mentioned  earlier  the  Atlas-Agena,  which  is  undoubtedly  going 
to  be  of  considerable  interest  to  anybody  who  is  concerned  with 
communication  satellite  experiments.  It  might  even  turn  out  to  be 
of  interest  to  any  concern,  such  as  the  Communications  Satellite 
Corp.,  responsible  for  the  deployment  of  a commercial  communications 
satellite  system.  The  reimbursement  would  be — — 

Mr.  Ryan.  Are  you  saying  you  would  give  to  this  Communications 
Satellite  Corp.  something  that  you  wouldn’t  make  available  free  to 
all  of  industry? 

Mr.  Rubel.  We  would  obviously  not  give  boosters  to  anybody 
but  under  proper  circumstances  we  could  arrange  to  sell  them.  In 
fact  an  arrangement  was  made  to  sell  the  booster  for  the  Telstar 
to  the  A.T.  & T.  Corp.  for  launching  that  experiment.  That  was 
a booster  developed  for  and  by  the  Defense  Department.  This  is 
the  kind  of  arrangement  that  I think  would  carry  over  to  this  domain. 

Mr.  Wydler.  Mr.  Chairman? 

Mr.  Ryan.  Yes. 

Mr.  Wydler.  I read  an  editorial,  Mr.  Rubel,  in  the  New  York 
Times  last  Sunday  which  stated  in  regard  to  the  space  program, 
particularly  what  we  are  talking  about  today,  the  following:  It  says 
that  the  Air  Force,  in  a memorandum,  has  suggested  that  some 
$7,671,000  of  projected  NASA  construction  costs  represent  unneces- 
sary duplication  of  existing  facilities.  Is  that  true? 

Mr.  Rubel.  Mr.  Wydler,  I don’t  know  if  that  is  true  or  not. 

Mr.  Wydler.  You  nave  never  seen  such  a memorandum? 

Mr.  Rubel.  No,  sir.  Yesterday  after  the  hearing,  or  Monday 
after  a hearing  that  we  had  before  another  subcommittee  of  the 
Space  Committee,  I was  asked  that  same  question  by  one  of  the 
representatives  of  the  New  York  Times,  and  there  were  several 
people  with  me  who  had  been  in  the  hearing,  and  none  of  us  knew 
about  the  existence  of  that  memorandum. 

I just  don’t  know  what  they  are  talking  about,  frankly.  I haven’t 
been  able  to  find  out. 

Mr.  Wydler.  But  you  have  never  heard  anything  such  as  a discus- 
sion of  duplication  of  existing  facilities?  This  has  never  come  to  your 
attention  in  any  form,  whether  it  is  in  a memorandum  or  not? 

Mr.  Rubel.  I wouldn’t  want  to  say  “No”  to  that  question. 
Perhaps  it  would  be  best  and  most  responsive  to  your  question  if  I 
described  how  we  try  to  approach  that  problem,  if  you  would  care  to 
have  me  do  that. 
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Mr.  Wydleii.  Yes;  as  long  as  it  is  directed  to  the  fact  whether 
there  is  or  there  is  not  duplication. 

Mr.  Rubel.  We  have  between  NASA  and  the  Defense  Department 
a coordinating  mechanism  known  as  the  Aeronautics  and  Astro- 
nautics Coordinating  Board.  We  have  testified  on  this  before  this 
group  many  times  before,  as  I am  sure  you  know.  Every  year  the 
AACB,  as  we  call  it,  has  appointed  a representative  from  the  Defense 
Department  and  a representative  from  the  NASA  to  get  together  and 
review  all  facility  requests  of  the  Defense  Department  and  all  the 
facility  requests  of  tne  NASA  with  this  express  objective  in  mind: 
To  see  if  there  are  any  areas  of  duplication  and  to  work  those  out 
before  the  NASA  or  the  Defense  Department  comes  before  the  Con- 
gress for  authorization  and  appropriation  hearings. 

That  procedure  has  been  underway  now  for  the  last  several  years. 
Our  representative  this  year,  and  also  last,  was  General  Cooper,  who 
is  the  head  of  one  of  our  offices  in  the  Department  of  Defense,  and  the 
NASA  representative  was  Mr.  William  A.  Fleming,  Director  of 
Technical  Programs  at  NASA. 

These  gentlemen  have  put  together  a comprehensive  review  of  every 
facility  request  that  was  envisioned  by  NASA  and  every  facility 
request  that  was  envisioned  by  the  Department  Defense.  I am  not 
aware  of  the  $77  million  duplication  that  is  alleged. 

Mr.  Wydler.  I am  sure  this  wasn't  an  outgrowth  of  that  particular 
committee.  That  committee  has  supposedly,  after  it  has  operated, 
determined  there  is  no  duplication,  but  does  the  term  $77,671,000 
mean  anything  to  you? 

Mr.  Rebel.  Absolutely  nothing. 

Mr.  Wydler.  They  gave  as  an  example  the  projected  construction 
by  NASA  to  build  at  Moffett  Field,  Calif.,  a live  sciences  research 
facility  at  a cost  of  about  $5  million,  though  they  give  the  exact  figure, 
and  say  the  Air  Force  has  long  maintained  a superb  laboratory  of  the 
same  type.  What  do  you  have  to  say  about  that? 

Mr.  Ryan.  Might  I suggest  that  that  is  in  the  purview  of  another 
subcommittee? 

Mr.  Wydler.  I realize  that,  but  I think  it  might  help  me  to  under- 
stand this  prior  question  I asked.  I am  trying  to  ascertain  where  the 
Times  got  that  information.  Has  that  matter  come  to  your  attention 
at  all? 

Mr.  Rubel.  No,  sir;  it  hasn’t. 

Mr.  Wydler.  In  connection  with  the  satellite  that  the  military  is 
projecting  to  put  into  orbit  around  the  Earth,  are  they  developing 
solar  cells  to  put  up  the  Sun  for  use  as  energy  in  these? 

Mr.  Rubel.  Yes. 

Mr.  Wydler.  You  know,  of  course,  that  NASA  is  doing  exactly  the 
same  thing? 

Mr.  Rttbel.  Right. 

Mr.  Wydler.  Why  can’t  one  or  the  other  of  you  do  that?  Why 
do  you  have  to  have  two  separate  R.  & D.  projects  like  that? 

Mr.  Rubel.  I think  you  will  find  in  fields  like  that — solar  cells  is 
an  example,  batteries,  telemetry,  stabilization  devices  are  others— all 
of  these  technologies  that  are  common  to  a variety  of  space  applica- 
tions are  very  well  coordinated  between  NASA  and  the  Defense 
Department. 
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The  people  who  are  working  in  this  field,  who  are  primarily  in 
industry,  of  course,  and  not  in  the  Government  anyway,  have  access 
to  all  of  these  technologies.  So  there  is  not 

Mr.  Wydler.  What  I want  to  ask  you  is,  why  we  have  to  have  two 
contracts  to  develop  that? 

Mr.  Rubel.  Maybe  my  answer  to  your  question  suggested  that 
we  do,  and  I shouldn’t  have  answered  it  that  way  because  I am  not 
sure  that  we  actually  do. 

Frankly,  I don’t  know  what  the  status  of  contractual  coverage  is 
for  the  development  of  solar  cells  by  the  Defense  Department  or  the 
NASA  at  the  present  time. 

What  I do  know  is  that  everybody  in  the  United  States  who  is 
looking  for  a solar-cell  application  for  a space  mission  is  aware  of  all 
the  developments  that  are  underway. 

Here  is  another  example  of  a rapidly  advancing  technology  where 
we  are  learning  something  every  day. 

Mr.  Wydler.  I don’t  think  you  understand  my  point.  I don’t 
object  to  doing  research  and  development  on  solar  cells,  but  if  NASA 
lets  contracts  to  two  different  people  to  do  the  same  thing,  I would 
object  to  it.  Just  because  NASA  would  let  one  contract  to  do  it  and 
the  Department  of  Defense  lets  one — I still  object  to  it.  I think  it  is 
the  same  thing,  the  purpose  is  exactly  the  same.  So  the  question  is, 
are  you  letting  contracts  to  develop  solar  cells,  and,  if  so,  I think  a 
fair  question  is,  should  NASA  do  it  or  should  the  Department  of 
Defense  do  it,  because  I don’t  think  both  of  you  should  do  it. 

Mr.  Rebel.  I agree  with  you  a hundred  percent. 

Mr.  Wydler.  Could  you  supply  for  the  committee  the  information 
of  the  fact  whether  you  are  letting  contracts  for  solar  cells? 

Mr.  Rebel.  We  will  give  you  the  information  as  to  whether  we  are 
letting  contracts  for  solar  cells  and  what  agencies  are  furnishing  these 
and  some  indication  of  how  these  developments  are  coordinated  among 
the  agencies. 

Mr.  Ryan.  Since  the  House  will  reconvene  in  15  minutes,  may  I 
come  back  for  a moment  to  this  question  of  the  relationship  between 
DQD  and  the  Communications  Satellite  Corp.? 

Have  you  discussed  this  relationship  with  NASA?  Have  you  had 
any  meeting  with  NASA  personnel? 

Mr.  Rebel.  Mr.  Chairman,  the  meeting  which  I mentioned  which 
we  had  with  Dr.  Chary k — well,  we  have  had  more  than  one  meeting — 
but  the  first  meeting  "that  we  had  with  Dr.  Charyk  after  he  resigned 
his  post  in  the  Defense  Department  and  was  nominated  as  president 
of  the  new  corporation,  was  a meeting  between  Dr.  Charyk,  Dr. 
Seamans  from  NASA,  and  Dr.  Brown  and  Dr.  Fubini  and  myself,  so 
in  that  sense,  yes;  we  did  have  the  NASA  involved.  Dr.  Charyk  has 
been  talking  to  some  others.  He  has  talked  on  other  occasions  besides 
that  first  meeting  with  Dr.  Fubini.  I am  sure  he  has  talked  with 
people  in  the  NASA,  but  there  is  no  formal  program  yet  of  setting  up 
an  on-going  relationship  because  the  corporation  is  not  organized  for 
that. 

Mr.  Ryan.  Could  you  give  us  briefly  a step  by  step  description  of 
the  operational  system?  In  other  words,  you  say  by  September  we 
will  have  let  contracts  for  this  element  and  by  October  for  this.  Can 
you  give  us  a step-by-step  development  as  you  see  it  with  the  time- 
table? 
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Mr.  Rubel.  The  last  schedule  I looked  at,  and  I am  not  sure— -let 
me  see,  I think  I might  have  it  in  here.  Yes;  I do. 

We  have  a schedule  for  the  Air  Force  and  a schedule  for  the  Army. 
The  Air  Force  is  responsible  for  the  satellite  and  space  portions  and 
the  Army  is  responsible  for  the  ground  portions.  This  is  the  latest 
schedule  that  we  have.  I will  just  read  off  a few  of  the  milestones. 

The  Department  of  Air  Force  would  initiate  its  phase  1 contacts 
during  the  month  of  May  and  in  early  June  they  would  begin  their 
program  definition  phase  efforts.  These  will  continue  during  the 
months  of  June,  July,  and  August.  Reports  will  be  received  and  the 
final  evaluation  would  be  accomplished  in  August  and  September. 

They  would  negotiate  the  follow-on  contracts,  if  the  program  were 
approved  for  full-scale  development,  beginning  in  the  month  of  Sep- 
tember and  during  the  months  of  September,  October,  and  November, 
and  the  initiation  of  the  Air  Force  developments  for  the  satellite  and 
the  other  developments  related  thereto  would  commence  in  about 
November  of  calendar  year  1963. 

The  schedule  for  the  Army  is  slightly  different  from  that.  I don’t 
think  it  will  pay  to  read  it  to  you.  It  is  only  different  by  a matter  of 
a week  or  two  here  and  there.  They  are  going  along  very  much  in 
parallel. 

Mr.  Ryan.  What  are  you  budgeting  for  the  Syncom  satellite,  if 
anything? 

Mr.  Rubel.  The  budgeting  for  Syncom  in  fiscal  year  1963  was  in 
the  order  of  $20  million.  I think  I can  probably  give  you  an  exact 
number;  $18  million  is  the  number  for  Army  support  of  the  Syncom 
in  fiscal  year  1963. 

Mr.  Ryan.  Army  support  for  ground  stations? 

Mr.  Rubel.  That  is  right. 

Mr.  Ryan.  Are  you  doing  anything  with  the  spacecraft? 

Mr.  Rubel.  No,  sir  ; that  is  entirety  NASA  on  Syncom  I. 

Mr.  Boone.  What  about  the  ship? 

Mr.  Rubel.  The  ship,  I believe,  Mr.  Boone,  is  included  in  that 
number.  It  is  counted  as  a ground  station  for  that  purpose. 

Mr.  Ryan.  Do  you  intend  to  leave  the  complete  development  of 
the  Syncom  space  facilities,  the  spacecraft  and  all  that  goes  along  with 
it,  to  NASA? 

Mr.  Rubel.  Yes,  sir. 

Mr.  Ryan.  But  have  you  reached  the  division  of  labor  on  this 
program? 

Mr,  Rubel.  Absolutely.  In  fact,  we  have  a written  agreement  on 
that  with  the  NASA  which  we  concluded  with  them  in  the  fall  of  1961. 
My  memory  tells  me  it  was  ip.  August  of  1961  that  we  actually  had 
our  written  agreement  with  IS  ASA  for  this  precise  division  of  respon- 
sibilities. 

Mr.  Boone.  Do  you  have  an  organization  that  effects  liaison  be- 
tween the  Department  of  Defense  and  NASA,  a group  that  meets  to 
discuss  common  problems  and  to  arrive  at  solutions? 

Mr.  Rubel.  Yes,  we  do.  We  have  had  under  the  AACB  the  Un- 
manned Spacecraft  Panel,  and  that  established  a communication 
satellite  subpanel  quite  some  time  ago,  I would  estimate  2 years  ago. 

We,  in  the  Defense  Department,  supported  a number  of  studies  in 
this  field  by  the  Institute  of  Defense  Analysis  and  others,  and  I 
invited  NASA  to  participate  in  these  studies  with  us. 
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We  now  have  under  that  panel  a joint  Defense  Department  effort 
which  is  aimed  at  further  studies  of  precisely  the  matter  I mentioned 
earlier,  namely  the  economic  viability  and  corresponding  trade-offs 
among  reliability  of  boosters,  reliability  of  spacecraft,  altitude  of 
satellites,  capacity  of  the  system  and  that  sort  of  thing,  and  we  are 
working  with  NASA  through  that  mechanism. 

Mr.  Boone.  Would  this  serve  as  the  body  for  transfer  of  informa- 
tion that  might  be  given  to  the  Communications  Satellite  Corp.  if 
they  wanted  data  from  you? 

Mr.  Rebel.  It  is  hard  to  say  how  that  is  going  to  work  out  because 
it  is  so  difficult  to  predict  how  the  Communications  Satellite  Corp.  is 
going  to  function  in  this  field,  how  much  R.  & D.  they  are  going  to 
do,  where  they  are  going  to  go  to  get  information,  how  they  are  going 
to  relate  themselves  to  various  Government  agencies. 

I just  don’t  think  I can  answer  that  question  at  this  time  and  until 
they  get  organized  and  we  have  an  opportunity  to  sit  down  with  our 
counterparts  in  the  NASA  and  in  the  Communications  Satellite  Corp. 
and  see  what  makes  the  best  sense. 

Mr.  Boone.  Do  you  feel  that  you  have  other  projects  that  con- 
tribute to  the  type  of  R.  & D.  they  would  like  to  participate  in  or  at 
least  get  information  from? 

Mr.  Rebel.  Of  course,  you  can  say  that  generally  everything  that  is 
done  in  the  field  of  space  has  a bearing  on  any  kind  of  an  operational 
capability  in  space;  everything  that  makes  devices  more  reliable  in 
space,  everything  that  tells  you  more  about  the  space  environment. 

For  instance,  radiation  levels  in  space  are  very  important.  Every- 
thing that  develops  boosters  and  that  makes  boosters  more  reliable, 
all  of  these  things  are  part  of  the  ground  work,  the  technical  base  on 
which  any  kind  of  a system  has  got  to  be  constructed. 

So,  to  that  extent,  the  answer  is,  yes,  we  have  lots  of  things  that 
are  going  to  be  of  value  not  Only  to  the  Communications  Satellite 
Corp.,  but  to  the  NASA.  We  have  things  that  will  be  of  benefit  too, 
to  the  Nation  as  a whole. 

Mr.  Boone.  Directly  you  don’t  have  any  funds  in  R.  & D.  that 
would  apply  to  them  except  this  program,  the  communications  pro- 
gram? 

Mr.  Rebel.  We  have  no  funds — we  have  nothing  in  our  program 
in  the  Defense  Department  in  the  field  of  communication  satelites 
or  anything  else  that  we  are  doing  because  there  is  a Communications 
Satellite  Corp. 

Mr.  Ryan.  On  page  2 you  say  “The  developments  we  contemplate 
with  this  satellite  system  will  not  in  any  way  alter  the  historic  policy 
of  the  Department  of  Defense  in  leasing  channels  from  commerical 
carriers.” 

My  question  is  why  not;  if  this  is  an  evolutionary  system  which  is 
going  to  develop  communications  more  economically  and  more  feasi- 
bly, why  should  not  the  Defense  Department  use  its  medium  alti- 
tude and  its  synchronous  system  and  avoid  the  cost  of  renting  lines 
from  commercial  organizations? 

Mr.  Rebel.  We  don't  think  it  will  reduce  cost.  The  last  thing  in 
the  world  that  the  Defense  Department  intends  to  do  or  will  do  is  to 
set  up  a system  which  competes,  arbitrarily  competes  with  a com- 
mercially available  capability.  We  don’t  lay  ocean  cables,  we  rent 
circuits  on  ocean  cables.  The  only  time  that  we 
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Mr.  Ryan.  But  if  this  provides  a substitute,  why  wouldn’t  you 
use  this  system? 

Mr.  Rubel.  The  only  time  that  we  would  use  this  system  is  when 
it  provides  a capability  that  is  unavailable  commercially  or  is  uniquely 
required  for  military  purposes. 

For  the  same  kind  of  reasons,  we  are  going  to  use  a Defense  Depart- 
ment satellite  communications  system,  if  one  is  developed,  for  those 
things  which  are  uniquely  military. 

Mr.  Ryan.  But  if  the  time  arrives  when  you  have  a synchronous 
system  with  multiple  channels  such  as  you  predicted  with  Advent,  it 
would  seem  to  me  it  would  be  an  uneconomical  method  to  then  turn 
around  and  abandon  that  possibility  and  use  a commercial  communica- 
tions satellite  system. 

Mr.  Rubel.  Well,  Mr.  Chairman,  I think  that  is  looking  awfully 
far  ahead  into  a rather  cloudy  crystal  ball.  Right  now  we  3ee  no 
point,  just  because  you  can  develop  communications  satellite  systems 
very  useful  from  a military  standpoint,  we  see  no  basis  for  the  modifi- 
cation of  our  policies. 

Mr.  Ryan.  Do  I infer  from  your  statement  that  if  the  Communica- 
tions Satellite  Corp.  could  develop  a system  that  is  equal  to  the  defense 
system  that  you  would  lease  from  the  commercial  system? 

Mr.  Rebel.  I can  almost  guarantee  that  the  Communications 
Satellite  Corp.  is  not  going  to  deploy-  a system  like  the  one  I have 
described  here.  It  doesn’t  have  the  capacity.  It  wouldn’t  have  the 
economic  capability  from  a commercial  standpoint.  We  are  not 
talking  about  a system  like  this  in  the  hands  of  the  Communications 
Satellite  Corp.  and  the  same  kind  in  the  hands  of  the  Defense  Depart- 
ment. We  are  talking  about  a system  that  the  Communications 
Satellite  Corp.  would  create  and  deploy  and  operate  which  would 
have  much  more  capacity  and  much  more  economic  viability  from  a 
commercial  standpoint  than  the  system  I have  described  here  for  the 
Defense  Department. 

Mr.  Ryan.  I am  concerned  here  not  from  a commercial  standpoint., 
but  of  use  and  value  to  the  Defense  Department.  Would  you  expect 
to  get  commercial  rates  from  the  Communications  Satellite  Corp. 
or  preferential  rates? 

Mr.  Rubel.  There  has  been  no  negotiation. 

Mr.  Ryan.  Have  you  given  any  thought  to  that? 

Mr.  Rubel.  Only  those  general  kinds  of  thoughts.  If  the  day 
comes,  as  I have  said,  when  a communication  link  can  be  established 
from  here  to  Europe  by  a cable  under  the  ocean  or  by  a “cable  in  space” 
which  is  the  communications  satellite  system,  and  we  in  the  Defense 
Department  and  other  governmental  agencies  can  rent  lines  or  chan- 
nels on  that  communications  system,  when  that  day-  comes,  wre  will 
rent  lines  on  that  communications  system  on  the  same  basis  we  have 
been  renting  capabilities  from  the  commercial  companies  all  the  time. 

Mr.  Ryan.  You  ignore  the  difference  in  the  way-  the  two  have  been 
developed,  one  private  and  one  by  taxpayers’  expense. 

Mr.  Rumsfeld.  You  made  a statement  earlier  in  answer  to  Mr. 
Wydler  which  amazed  me.  I would  just  want  the  record  to  be  abso- 
lutely correct.  We  have  had  various  witnesses  in  from  Defense  as  well 
as  NASA,  and  it  seems  to  me  that  one  of  the  most  serious  problems 
we  have  with  the  billions  of  dollars  being  spent  on  science  and  research 
and  development  is  this  process  of  communicating  these  ideas,  and 
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yet  you  made  the  statement  that  every  individual  in  this  country 
working  on  a certain  given  thing  knows  what  everyone  else  is  doing. 
There  has  just  been  page  after  page  of  testimony  to  the  contrary. 
Do  you  really  feel  this  problem  is  solved? 

Mr.  Rubel.  No;  I don’t  want  to  suggest  that,  and  if  I did  suggest 
by  my  testimony  in  response  to  Mr.  Wydler’s  question  that  everybody 
knows  what  everybody  else  is  doing,  then  I retract  that  right  here 
and  now. 

Mr.  Rumsfeld.  You  used  the  absolutes,  the  “every”  and  “any,” 
and  it  just  amazed  me. 

Mr.  Rubel.  I believe  I can  say  this,  though,  with  confidence;  that 
anybody  in  an  industrial  concern  in  the  United  States  today  who  has 
got  a job  of  developing  a satellite  that  is  going  to  have  solar  cells  to 
convert  solar  energy  into  electrical  power,  any  engineer  in  any  com- 
pany who  has  that  kind  of  a job  from  the  Government  has  access  to  all 
the  information  that  there  is  about  solar  cells,  whether  the  develop- 
ment information  has  been  paid  for  by  the  NASA  or  whether  it  has 
been  paid  for  by  the  Defense  Department.  That  is  the  burden  of 
what  I was  trying  to  say  in  answering  Mr.  Wydler’s  question.  That 
is  my  belief.  T hope  it  is  true.  I coulcl  be  wrong.  I don’t  think  I am . 

Mr.  Davis.  In  other  words,  what  you  are  saying  is,  if  a man  en- 
gaged on  research  on  solar  cells  isn’t  abreast  of  the  forefront  of  knowl- 
edge, it  is  his  own  fault? 

Mr.  Rubel.  I believe  that  is  right,  Mr.  Davis. 

Mr.  Wydler.  I just  want  to  make  it  clear,  Mr.  Rubel,  that  still 
doesn’t  have  anything  to  do  with  what  I am  asking  you. 

The  fact  that  they  know  what  each  one  is  doing  doesn’t  justify  hav- 
ing two  different  contracts  to  develop  this. 

Air.  Rubel.  I agree  with  you. 

Air.  Ryan.  Can  you  give  us  any  estimate  of  the  date  at  which  you 
expect  to  launch  that  first  multiple  series? 

Mr.  Rubel.  Yes.  By  the  way,  I am  authorized  to  tell  you  that 
our  fiscal  year  1964  budget  request  for  communication  satellites  is 
S76  million  and,  of  course,  these  funds  are  divided  among  all  three 
services,  primarily  the  Air  Force  and  the  Army,  with  some  going  to 
the  Defense  Communications  Agency. 

Air.  Ryan.  That  includes  all  aspects  of  communication  satellites, 
including  ground  stations? 

Air  Rubel.  Yes,  sir. 

Air.  Ryan.  Syncom  I and  the  medium  altitude  system? 

• Air.  Rubel.  That  is  right. 

Your  question  was,  when  would  we  launch;  and  I think  I can  tell 
you  that. 

The  first  multiple  launch — the  first  R.  & D.  launch  is  scheduled  for 
January  1965.  So  that  would  be  the  first  multiple  launch.  When  I 
say 

Air,  Ryan.  You  said  that  would  be  the  first  operational  date. 

Air.  Rubel.  I said  early  1965  for  that. 

Let  me  qualify  what  I said  about  early  1965.  It  is  awfully  hard  to 
predict  exactly  when  you  get  these  operational  capabilities  because 
you  can’t  predict  ahead  of  time  which  of  these  launches  are  going  to 
be  successful  and  which  are  not  going  to  be  successful. 

If  the  launches  that  we  have  scheduled  here  were  successful,  we 
would  have  about  half  the  system  deployed  by  the  middle  of  calendar 
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year  1965.  That  was  the  basis  for  my  answer  to  your  question,  Mr. 
Wydler.  But  we  wouldn’t  have  the  entire  system  deployed  until 
the  end  of  calendar  year  1965. 

You  know  that  not  all  of  these  launches  are  going  to  be  successful. 
You  also  know  that  they  are  going  to  succeed  in  a somewhat  random 
way.  You  are  going  to  have  a success,  success,  maybe,  failure,  failure, 
and  then  success  and  so  forth.  So  it  is  almost  impossible  to  sit  here 
now  ahead  of  the  event  and  look  at  this  schedule  and  say  when  we 
are  going  to  have  this  capability  or  when  that  capability  will  be  a 
useful  operational  capability. 

So  my  guess  on  the  first  half  of  1965  is  that  a substantial  number  of 
these  launchings  will  have  taken  place  by  that  time  and  about  half 
the  system  will  be  depkyed  by  that  time,  and  that  is  going  to  give  you 
a substantial  capability. 

Mr.  Boone.  Mr.  Rubel,  do  you  ha  /e  an  agreement  with  NASA  in 
their  going  ahead  with  synchronous  satellites  and  your  going  ahead 
with  medium  altitude? 

Do  you  feel  that  the  communications  satellite  program  is  a com- 
plete one  now  with  NASA  and  the  Defense  Department? 

Mr.  Rubel.  I think  I would  answer  that  yes,  light  now,  Mr.  Boone, 
but  both  of  us,  both  you  and  I have  seen  how  these  programs  have 
evolved  during  the  last  several  years.  A lot  of  our  ideas  have  changed, 
including  my  own,  so  that  while  that  seems  to  be  the  answer  now  to 
the  very  best  of  our  ability,  naturally  in  a dynamic  and  fast-moving 
situation  like  this  changes  are  to  be,  if  not  expected,  at  least  antici- 
pated as  a possibility.  That  certainly  seems  to  be  the  case  now. 

Mr.  Boone.  Would  you  say  that  your  current  program  will  tend 
to  phase  out  the  military  in  communications  satellite  R.  & D.,  that  is, 
you  would  have  nothing  in  the  communication  satellite  field  after 
this  program? 

Mr.  Rubel.  I wouldn’t  prejudge  that  point  at  this  juncture. 
This  happens  to  be  now  the  thing  on  which  we  are  concentrating  all 
our  efforts. 

We  feel  we  are  doing  what  seems  to  be  a reasonable  set  of  experi- 
ments and  development  undertakings  at  the  present  time.  These 
are  matters  of  judgment.  This  is  the  best  judgment  we  have  been 
able  to  bring  to  bear  on  it. 

Mr.  Ryan.  On  the  last  page  you  speak  about  Westford.  That 
was  the  injection  into  orbit  of  needles  that  took  place  before? 

Mr.  Rubel.  Yes,  sir. 

Mr.  Ryan.  And  you  are  planning  that  for  1963? 

Mr.  Rubel.  Yes,  sir. 

Mr.  Ryan.  Let  me  ask  this  question:  Has  there  not  been  consider- 
able controversy  about  the  merits  of  this  proposal,  and  to  what  extent 
have  you  cleared  this  or  discussed  this  with  the  President’s  science 
adviser  and  what  has  been  his  view? 

Mr.  Rubel.  There  hasn’t  been  much  controversy  about  the 
potential  value,  but  there  has  been  a lot  of  controversy  about  the 
potential  harm.  A lot  of  people  in  the  scientific  community  world- 
wide have  been  deeply  concerned  about  what  happens  if  we  put  a very 
large  number — you  know,  we  are  talking  here  about  something  on  the 
order  of  several  hundred  million  of  these  dipoles  into  orbit  and  they 
stay  there  for  a long,  long  time — what  happens  to  radio  astronomy, 
what  happens  to  optical  astronomy,  what  other  deleterious  effects 
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might  stem  from  an  experiment  of  that  sort  from  the  point  of  view  of 
the  scientific  community  interested  in  making  observations  from  the 
surface  of  the  Earth? 

The  President’s  science  adviser  has  convened  a special  panel  to 
review  this  matter,  which  included  leaders  in  radio  astronomy  and 
optical  astronomy  and  various  fields  that  are  germane  to  these  con- 
siderations. 

They  reviewed  the  plan  for  the  West-ford  experiment.  I wish  to 
emphasize  that  Westford  is  not  a project,  but  it  is  an  experiment. 
They  reviewed  these  plans  in  great  detail  and  they  came  up  with  the 
following  conclusions. 

Incidentally,  this  meeting,  this  review,  was  made  about  18  months 
ago,  before  the  first  Westford  launch  was  made,  and  at  a time  when 
there  was  the  considerable  controversy  that  you  referred  to.  Their 
principal  conclusions  at  that  time  were  as  follows,  as  I recollect 
them: 

No.  1:  That  the  experiment  as  it  was  contemplated  would  not 
interfere  with  radio  or  optical  astronomy  as  radio  and  optical  astron- 
omy exist  today.  There  are  no  receivers  sensitive  enough  to  be  inter- 
fered with  by  this  belt  and  there  will  not  be  any  interference  at  all  to 
optical  astronomy. 

Secondly,  it  is  conceivable  that  if  this  belt  were  to  stay  in  orbit 
for,  say,  20  years,  advances  in  some  of  these  fields  might  be  such 
that  it  would  comprise  or  might  comprise  some  kind  of  interference, 
although  the  extent  of  that  is  very  difficult  to  assess  and  predict  with 
any  accuracy. 

The  conclusion  was  that  the  experiment  should  be  made  in  a way 
which  would  insure  that  the  belt  would  not  last  too  long. 

Now  it  turns  out  there  are  two  ways  that  people  have  thought 
about,  two  principal  ways  that  people  have  thought  about  for  putting 
that  belt  up  there  so  that  it  wouldn’t  last  too  long. 

One  of  these  ways  is  to  put  it  at  the  proper  altitude,  and  it  turns  out 
if  you  put  this  up  in  a certain  orbit,  at  a certain  altitude,  that  there 
are  a combination  of  effects  which  have  to  do  with  the  radiation  pres- 
sure of  the  sun  working  in  combination  with  certain  gravitational 
anomalies  that  the  earth  reflects  to  this  belt  which,  over  a period  of 
time,  cause  this  belt  to  gradually  shrink  in  toward  the  earth  and 
finally  get  sucked  up  by  the  atmosphere  and  disappear. 

If  you  get  it  to  exactly  the  right  altitude,  the  belt  will  only  last  a 
couple  of  years.  On  the  other  hand,  if  you  put  it  into  too  high  an 
orbit,  then  those  effects  don’t  work  any  more,  it  can  last  for  a long, 
long  time — many,  many  decades.  It  is  very  important  to  select  an 
altitude  where  the  life  of  the  belt  will  be  shorter. 

A second  way  is  to  use  these  sublimable  tin  dipoles — that  is,  to 
make  the  dipoles  themselves  out  of  a material  which  over  a period  of 
time  simply  evaporates  in  space.  That  is  the  second  procedure 
which  people  are  contemplating. 

So  I believe  it  is  fair  to  say  that  the  scientific  community  and  our 
policymakers,  including  ourselves,  concerned  with  the  particular 
experiments,  as  well  as  national  policymakers,  have  been  satisfied  that 
the  conduct  of  the  Westford  experiments  in  their  present  form  are  not 
going  to  be  inconsistent  with  our  objectives  of  refraining  from  creating 
disturbances  in  space  or  interference  from  a scientific  standpoint  in 
the  use  of  space. 
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Mr.  Ryan.  Is  this  budgeted  under  your  communications  satellite 
program? 

Mr.  Rubel.  No,  it  is  budgeted  by  the  Air  Force  under  Lincoln 
Laboratory. 

Mr.  Boone.  To  utilize  this,  you  would  still  have  to  have  these 
things  up  there  all  the  time,  would  you  not? 

Mr.  Rubel.  That  is  right. 

Mr.  Boone.  What  does  the  experiment  tell  you  except  that  it 
works  or  doesn’t  work? 

Mr.  Rubel.  That  is  an  important  objective.  That  is  the  first 
bridge  that  you  have  to  cross.  That  was  the  objective.  It  is  the 
objective  of  these  experiments  to  find  out  whether  it  works  or  not  and 
also  how  it  works. 

Now,  if  the  experiment  is  successful  and  if  it  turns  out  that  some  of 
the  effects  that  are  un testable  except  by  conducting  the  experiment 
turn  out  to  not  be  serious — for  example,  there  are  questions  of  how 
much  band  width  can  you  get  out  of  it,  how  much  interference  are 
you  going  to  get  from  the  fact  that  the  dipoles  have  a different  aspect 
in  their  tumbling  and  that  short  of  thing — if  it  turns  out  that  these  de- 
fects are  not  too  serious  and  would  be  useful  for  operational  purposes, 
now  you  have  to  ask  yourself  where  do  we  go  from  here. 

Do  we  put  up  a belt  of  higher  density  which  would  be  more  practical 
from  an  operational  standpoint  and  do  we  put  up  belts  that  would 
last  a long  time  or  not? 

Actually,  you  are  not  constrained  on  that  score,  because  you  could 
put  up  a belt  for  a couple  of  years  and  then  put  up  another  one  to 
replace  it. 

Mr.  Ryan.  Is  NASA  participating  in  this  experiment? 

Mr.  Rubel.  No,  sir,  they  are  not.  They  are  aware  of  it,  but  they 
are  not  participating  in  it. 

Mr.  Boone.  Last  week  the  committee  had  a very  interesting  dis- 
cussion from  Dr.  Seamans  and  Dr.  Simpson  of  NASA  regarding  what 
they  called  a technology  utilization  program  and  this  was  their  method 
of  taking  fallouts,  if  you  will,  from  the  developmental  program  that 
they  are  doing  and  disseminating  the  information  to  industries. 

Does  the  military  have  such  a program? 

Mr.  Rubel.  Not  of  the  sort  that  NASA  has. 

Mr.  Boone.  You  wouldn’t  say  it  is  worth  while? 

Mr.  Rubel.  I wouldn’t  say  it  isn’t  worth  while.  It  is  unique  to 
NASA,  and  it  is  something  that  they  have  only  started  recently. 

Mr.  Boone.  Have  you  considered  establishing  such  a program? 

Mr.  Rubel.  We  have  not  considered  it  in  my  office,  in  Dr.  Brown’s 
office,  and  I am  not  sure  where  else  in  the  Defense  Department  it  is 
under  consideration  at  this  time. 

Mr.  R-!  an.  Thank  you  very  much.  I urge  upon  the  Department 
of  Defense  right  now  at  the  conception  of  the  Communications  Satel- 
lite Corp.  that  you  come  to  some  clear  understanding  if  you  intend, 
as  you  seem  to,  to  use  the  channels  which  that  system  will  have,  and 
insist  that  the  Department  of  Defense  have  at  least  a preferential 
Government  rate. 

I think  it  would  be  quite  contrary  to  the  public  interest  for  the 
Government  to  pay  commercial  rates  to  this  corporation  which  has 
been  financed  and  developed  at  vast  taxpayers’  expense. 
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I also  hope  you  will  work  out  now  a formula  for  the  measure  of  costs 
of  any  research  and  development  technology  which  you  turn  over  to 
this  corporation  so  that  adequate  reimbursement  can  be  made  to  the 
Government. 

There  are  very  serious  questions  here,  and  I hope  we  will  all  be 
aware  of  them  at  the  start  so  that  later  on  it  won’t  be  said  we  are 
reversing  a historical  policy  if  we  change. 

I certainly  hope  that  the  Defense  Department  doesn’t  mean  that 
it  is  bound  by  historical  policy  to  lease  lines  if  communications  chan- 
nels become  available  through  other  and  more  economical  means. 

Thank  you  very  much. 

(Whereupon,  at  11:10  a.m.,  the  subcommittee  was  adjourned.) 
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TUESDAY,  APRIL  30,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 
Tracking  and  Data  Acquisitions, 

Washington,  D.C. 

The  subcommittee  me,t  at  10  a.m.,  in  room  214-B,  Longworth 
Building,  Hon.  William  Fitts  Ryan  presiding. 

Mr.  Ryan.  Will  the  committee  come  to  order,  please. 

Today  the  subcommittee  continues  hearings  on  that  part  of  the 
NASA  budget  request  related  to  the  NASA  communications  satellite 
program. 

For  fiscal  year  1963,  NASA  has  programed  some  $43  million  for 
researchment  and  development  of  communications  satellites.  NASA, 
is  requesting  some  $51  million  for  the  same  purpose  in  fiscal  1964. 

In  order  to  evaluate  NASA’s  budget  request,  the  subcommittee 
should  review  the  total  national  effort  in  communications  satellites. 
We  have  already  questioned  NASA  about  the  policy  implications  of 
turning  over  to  a private  profitmaking  corporation  the  benefits  of 
publicaily  financed  research  and  development. 

We  have  looked  into  the  communications  satellite  program  of  the 
Department  of  Defense.  The  Department  of  Defense  budgeted  for 
communications  satellites  $95  million  in  fiscal  1963  and  is  asking  for 
$76  million  in  fiscal  1964. 

Today  the  subcommittee  will  hear  testimony  from  Leo  D.  Welch, 
chairman  of  the  board  of  the  Communications  Satellite  Corp.,  and 
Joseph  V.  Charyk,  president  of  the  corporation. 

Last  year  Congress  created  this  private  corporation  in  the  expecta- 
tion that  it  would  lead  to  the  expeditious  development  of  a commercial 
communications  satellite  system. 

The  decision  to  rely  on  private  investment  for  the  financing  of  the 
system  was  made,  as  one  congressional  supporter  explained,  because — 

private  enterprise  would  have  more  flexibility,  greater  speed,  more  initiative, 
greater  risk  taking  than  the  Government  would. 

As  another  congressional  advocate  of  the  act  explained: 

In  the  ease  of  satellite  communications,  free  enterprise  will  be  paying  itls  own 
way.  The  rockets  and  other  equipment  necessary  to  make  such  a communications 
system  operational  will  be  paid  for  by  the  satellite  corporation  and  the  people 
who  invest  in  it. 

And,  equally  important  is  the  fact  that  the  satellite  communications  corpora- 
tion, proposed  under  this  bill,  would  be  a profitmaking  organization  and  would 
pay  Federal  and  local  taxes  just  like  any  other  business  enterprise. 

Rather  than  spending  Government  money  to  run  such  a communications  system 
we  would  be  getting  the  benefit  of  these  tax  moneys  * * *.  No  Government 
subsidy  is  proposed  under  this  bill — nor  is  it  needed. 
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And  the  distinguished  chairman  of  the  Committee  on  Interstate 
and  Foreign  Commerce  said  on  May  3,  1962 — 

* * * But  not  only  do  we  want  to  keep  ahead  of  the  Communists  and  get  this 
development  in  operation,  but  we  want  to  keep  ahead  of  anybody  else  and  any 
other  nation.  We  want  to  be  the  leader  in  the  world  in  this.  I would  say  to  the 
gentleman,  if  we  do  not  set  up  a vehicle,  as  I indicated  yesterday,  to  get  this  in 
operation,  then  there  is  no  way  it  can  be  developed.  So  far  as  the  research  is 
concerned,  that  has  been  completed.  We  know  that  the  research  and  develop- 
ment has  by  this  time  reached  the  stage  that  it  can  become  operational. 

The  NASA  budget  for  research  and  development  of  communica- 
tions satellites  is  $7/2  million  greater  for  fiscal  1964  than  for  fiscal 
1963.  Now  that  the  corporation  is  established,  should  the  taxpayers 
continue  this  expenditure? 

About  90  percent  of  the  $51  million  proposed  for  fiscal  1964  would 
be  placed  on  contract  with  industry. 

Cannot  the  corporation  place  the  same  contracts  and  fund  the  work? 
If  NASA  continues  to  support  research,  and  development  which 
benefits  the  corporation,  should  arrangements  be  made  to  reimburse 
the  Government? 

If  there  is  a justification  for  continued  public  expenditures  on  com- 
munications satellites,  what  line  of  demarcation  should  there  be 
between  the  responsibilities  of  NASA  and  those  of  the  Communica- 
tions Satellite  Corp? 

These  are  some  of  the  questions  we  will  want  to  explore. 

The  subcommittee  is  concerned  with  the  progress  of  the  corporation 
since  the  passage  of  the  act  in  August  ot  1962.  What  discussions 
have  taken  place  with  NASA  and  the  Department  of  Defense?  What 
negotiations  have  been  started  with  foreign  countries? 

I am  sure  other  questions  are  in  the  minds  of  subcommittee  members 
and  the  American  people.  Primarily  we  want  to  know  how  the  public 
interest  will  be  protected,  and  we  hope  you  gentlemen  can  throw  some 
light  on  these  questions. 

It  is  a pleasure  to  welcome  you  to  the  subcommittee,  Mr.  Welch 
and  Dr.  Charyk,  to  our  hearings  this  morning. 

Before  we  proceed,  I believe  it  would  be  appropriate  to  have  some 
words  from  the  chairman  of  the  Subcommittee  on  Applications  and 
Tracking  and  Data  Acquisition,  Mr.  Hechler,  of  West  Virginia. 

Mr.  Hechler.  I wish  to  join  in  welcoming  the  two  distinguished 
gentlemen  who  are  appearing  before  our  committee  this  morning — 
Mr.  Welch,  who  has  had  such  outstanding  experience  in  the  banking 
and  industrial  world  and  Dr.  Charyk,  who  has  had  a brilliant  career 
as  a teacher,  research  scientist,  and  administrator  as  Under  Secretary 
of  the  Air  Force. 

The  Communications  Satellite  Corp.  is  indeed  fortunate  to  have 
men  of  your  caliber  as  leaders  in  this  pioneering  effort. 

I think  it  is  also  appropriate  that  you  should  be  appearing  on  the 
same  day  as  the  announcement  that  Telstar  II  will  be  launched  next 
week  from  Cape  Canaveral  and  of  course  this  will  mean  additional 
progress  in  the  area  in  which  you  are  most  closely  concerned. 

We  are  concerned  in  this  committee  with  getting  answers  to  the 
questions  of  why  we  and  Congress  should  authorize  some  $55  million 
to  the  National  Aeronautics  and  Space  Administration  in  the  com- 
munications satellite  field.  Perhaps  one  way  we  could  approach  this 
would  be  to  try  to  get  the  answer  to  what  would  happen  to  the  Com- 
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m unications  Satellite  Corp.  if  we  did  not  authorize  or  appropriate 
these  funds  to  NASA. 

This  is  largely  a matter  of  financing.  Could  we  lend  you  the  money 
and  go  ahead  and  do  the  job  just  as  well,  or  what  is  so  peculiarly 
necessary  about  haying  NASA  expend  these  funds  in  the  communica- 
tions satellite  field. 

If,  as  has  been  suggested,  NASA  is  merely  going  to  contract  this 
out  to  private  concerns  why  can’t  the  Communications  Satellite 
Corp.  itself  contract  out  these  funds? 

X am  perhaps  putting  a little  exaggeration  on  these  questions  to 
sharpen  them.  These  are  questions  which  have  arisen  in  the  minds 
of  many  people  both  in  Congress  and  throughout  the  country,  this 
being  a private  corporation  affected  with  the  public  interest.  We 
are  concerned  with  what  kinds  of  return  would  come  from  Govern- 
ment subsidy  and  Government  investment  and  this  is  an  area  that  we 
would  like  to  inquire  into  before  we  go  ahead  in  Congress  to  authorize 
these  funds  to  NASA. 

With  that  genera]  background  I want  to  again  welcome  you 
gentlemen  to  this  committee  and  wish  you  well  in  your  work. 

Mr.  Ryan.  Thank  you,  Congressman  Hechler. 

I believe  that  both  witnesses  have  statements  and  I assume  that 
Mr.  Welch  would  prefer  to  proceed. 

STATEMENT  OF  LEO  D.  WELCH,  CHAIRMAN,  COMMUNICATIONS 

SATELLITE  CORP. 

Mr.  Welch.  Thank  you,  Mr.  Chairman. 

Now  that  the  corporation  is  in  being  you  may  be  interested  in  our 
thinking  about  the  questions  that  people  ask  us,  as  they  ask  the 
management  of  any  new  enterprise — questions  such  as  “What’s  the 
corporation  going  to  do?”,  “What  are  the  hardest  problems  it  must 
solve?’’,  “When  will  it  start  operating  a satellite  system?”,  “When 
will  it  start  making  money?”,  and  so  forth. 

Before  we  accepted  our  posts,  we  studied  the  history  of  the  corpora- 
tion’s creation,  its  objectives,  and  its  intended  scope. 

We  were  immediately  struck  by  the  pioneer  character  of  the  corpora- 
tion’s mission,  an  adventure  very  much  akin  to  the  organization  of  the 
first  railroad,  the  first  airline,  or  the  first  commercial  telegraph,  but 
enormously  more  complex  and  more  challenging  than  any  of  these. 

New  companies  face  substantial  business  risks  even  when  they 
start  out  in  well-known  fields.  This  corporation  will  venture  into 
new  areas  full  of  great  promise  but  also  full  of  great  unknowns,  so 
that  both  our  risks  and  our  opportunities  are,  of  course,  correspond- 
ingly larger. 

At  this  stage,  there  are  still  many  unknown  factors  important  to  our 
operations  that  can  be  defined  only  after  further  research  and  devel- 
opment. However,  if  we  assume  that  these  unknowns  can  be  accu- 
rately defined  and  that  the  problems  they  present  can  be  effectively 
solved — and  the  scientist  and  businessmen  experienced  in  this  tech- 
nology believe  that  they  can  be — we  believe  this  corporation  will  attain 
the  objectives  for  which  it  was  formed. 

Before  the  global  communications  instrument  will  become  opera- 
tional many  decisions  must  be  made  by  the  corporation,  such  as: 

(1)  What  type  of  satellite  is  technically  and  economically  best  for 
the  first  operational  system — medium  altitude  or  synchronous? 
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(2)  What  is  the  most  probable  satellite  lifetime? 

(3)  What  kind  of  boosters  can  place  them  in  the  proper  orbit? 

(4)  How  much  research  and  development  remains  to  be  done  to 
permit  the  design  of  the  components  and  subsystems  of  the  operational 
satellite  to  be  initiated  with  confidence? 

(5)  What  kinds  of  organizational  and  financial  arrangements  can 
we  devise  and  negotiate  with  our  foreign  counterparts  to  establish 
an  efficient  and  viable  international  system? 

(6)  What  will  be  the  initial  capital  requirements  of  the  corporation, 
and  how  should  these  needs  by  financed? 

We  have  been  in  constant  touch  with  the  various  people  in  Govern- 
ment and  industry  who  have  been  studying  these  problems  and  we  are 
confident  that  great  progress  has  already  been  made  toward  their 
solution. 

We  are  now  instituting  studies  of  our  own  to  supplement  and  build 
on  those  previously  conducted.  If  our  present  estimates  as  to  the 
course  of  these  studies  and  of  the  required  developmental  research 
are  maintained,  a satellite  communications  system  that  could  com- 
mence functioning  by  1967  is  possible.  We  say  “commence”  because 
at  the  outset  its  coverage  would  probably  not  be  global  but  would 
rather  be  limited  to  the  more  populous  areas  such  as  Europe,  Japan, 
and  possibly  Latin  America  where  traffic  is  expected  to  be  sufficient 
to  justify  the  construction  of  ground  stations.  Of  course,  it  would 
be  expanded  to  other  areas  gradually  as  demand  grows  and  traffic  is 
forthcoming. 

It  is  as  yet  too  early  to  compute  the  cost  of  the  system  in  concrete 
figures.  Others  who  have  studied  this  question  have  made  estimates 
that  vary  over  a wide  range  between  $100  million  and  $1  billion,  but 
the  assumptions  on  which  these  estimates  are  based  include  so  many 
unknowns  that  we  would  not  care  to  put  forth  any  figure  of  our  own 
as  yet,  even  as  a “guesstimate.” 

We  have  also  examined  data  on  the  probable  rate  of  growth  of  the 
international  traffic  to  see  if  such  a system  can  be  economically 
justified.  Again,  the  existing  estimates  vary. 

However,  the  rate  at  which  the  traffic  curve  now  rises  and  promises 
to  continue  to  rise  indicates  that  if  a system  can  be  established  within 
a reasonable  cost  range,  and  if  the  satellites  have  the  lifetimes  pre- 
dicted, a modest  profit  position  can  be  attained  sometime  between 
1963  and  1971  with  the  corporation  at  the  same  time  fully  discharging 
its  large  responsibilities  to  the  Government  and  the  public. 

This  conclusion  rests  on  many  assumptions  that  are  still  highly 
preliminary.  The  initial  phase  of  our  work  must  be  to  examine  each 
of  these  assumptions  in  detail,  and  satisfy  ourselves  that  they  are 
well  founded. 

Dr.  Charyk  will  now  outline  in  a little  more  detail  the  immediate 
task  ahead. 

STATEMENT  OF  DR.  JOSEPH  V.  CHARYK,  PRESIDENT,  COMMUNI- 
CATIONS SATELLITE  CORP. 

Dr.  Charyk.  Thank  you,  Mr.  Welch. 

I would  just  like  to  say  at  the  outset  how  pleased  I am  to  be  able 
to  testify  again  before  a subcommittee  of  the  House  Science  and 
Astronautics  Committee. 
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In  retrospect,  looking  back  to  the  first  time  I testified  before  the 
committee,  it  is  amazing  to  see  the  giant  strides  that  have  been  made 
in  the  space  field.  It  would  have  been  hard  to  visualize  3 or  4 years 
ago  that  we  would  be  sitting  here  today  discussing  a commercial 
satellite  system  for  worldwide  communications.  I think  this  perhaps 
bears  out  something  that  is  frequently  stated;  namely,  that  we  tend 
to  be  very  conservative  about  our  long-range  predictions  and  very 
optimistic  about  our  short-range  predictions;  in  other  words  we  tend 
to  underestimate  what  will  be  accomplished  over  a period  of  years  but 
we  are  very  optimistic  about  what  is  going  to  happen  in  the  next  year 
or  so.  I think  we  see  some  of  that  in  this  area.  It  is  a pleasure  to 
be  here  and  to  outline  some  of  our  thinking  as  to  the  corporation’s 
activities  in  the  coming  months. 

The  initial  phase  of  the  corporation’s  activities  may  be  considered 
in  several  categories.  First,  rather  detailed  studies  will  have  to  be 
made  of  the  various  technical  approaches  to  a worldwide  commercial 
communications  satellite  system. 

In  addition  to  evaluating  the  time  schedules,  technical  risks,  and 
costs  of  various  approaches,  related  economic  analyses  will  have  to  be 
conducted  to  determine  the  specific  course  which  will  be  most  at- 
tractive from  a combined  technical  and  economic  point  of  view. 

During  this  phase  there  will  also  have  to  be  detailed  discussions 
with  other  countries  who  may  become  participants  in  the  ownership, 
operation,  and  use  of  the  total  system. 

During  the  initial  phase  of  the  corporation’s  activities,  understand- 
ings with  such  countries  will  at  least  have  to  be  developed  to  the 
point  where  the  extent  of  foreign  financial  participation  is  reasonably 
well  defined,  in  order  that  the  finaarital  requirements  of  our  own 
corporation  can  be  developed  in  an  adequate  fashion. 

As  focus  is  brought  on  the  best  course  of  action,  the  specific  research 
which  must  be  done  to  provide  the  technical  basis  for  the  operational 
system  will  become  clear. 

Thus,  over  the  coming  months  it  will  become  possible  to  spell  out 
the  scope  of  the  research  program  that  we  will  undertake,  the  course 
we  propose  to  follow  toward  an  operational  system,  financial  require- 
ments incident  thereto,  and  a more  precise  estimate  of  the  time  in 
which  we  hope  to  have  an  initial  capability. 

During  recent  weeks,  we  have  held  discussions  with  NASA  and  with 
the  Department  of  Defense  in  order  to  obtain  the  benefits  of  their 
thinking,  to  learn  something  of  their  present  and  planned  programs, 
and  to  establish  working  relationships  with  them. 

In  addition,  we  have  initiated  and  are  continuing  discussions  with 
the  various  private  corporations  active  in  the  communications  satellite 
and  related  fields. 

We  have  met  with  complete  and  enthusiastic  cooperation  on  all 
fronts.  The  data  provided  to  us  and  the  discussions  we  have  held 
will  be  of  great  value  in  the  development  of  our  program. 

Initially,  of  course,  if  we  expect  to  move  toward  an  early  capability, 
judgments  will  have  to  be  made  on  the  basis  of  technical  data  either 
already  in  hand  or  potentially  available  in  the  near  future. 

But  as  we  go  down  the  road  and  a?  the  initial  capability  is  estab- 
lished, we  expect  to  move  more  and  more  into  the  exploration  of  new 
areas  where  technology  may  yield  further  the  hope  of  enhanced  and 
more  efficient  communications  capabilities. 
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It  is  perhaps  worthy  of  note  that  this  research  and  development 
effort  is  still  largely  in  a comparatively  early  stage.  Much  has 
been  learned  from  the  two  experimental  satellites,  Telstar,  and  Relay. 
Valuable  information  has  even  been  gleaned  from  the  unsuccessful 
Syncom  I experiment  but  a great  deal  of  work  remains  to  be  done  to 
provide  the  best  basis  for  a design  which  can  yield  the  first  global 
communications  satellite  system,  and  to  develop  components  possess- 
ing the  necessary  reliability. 

This  does  not  mean  that  it  was  unnecessary  to  form  the  corporation 
at  this  early  stage,  when  considerable  developmental  work  required 
for  an  operational  system  still  remains  to  be  done.  On  the  contrary, 
the  corporation  will  be  an  indispensable  mechanism  for  focusing  the 
best  technical,  economic,  and  management  skills  on  the  present 
development  phase  of  the  problem,  and  for  financing  a substantial 
part  of  the  work  that  now  lies  ahead. 

A wide  variety  of  opinions  exists  as  to  the  best  technical  course  to 
follow.  Many  thorough  and  competent  studies  have  been  made  of 
various  approaches  with,  in  some  cases,  widely  differing  conclusions. 

This  simply  attests  to  the  fact  that  our  task  is  not  an  easy  one  and 
that  detailed  and  extensive  technical  analyses  and  experiments  are 
required  to  come  up  with  the  answers  that  are  needed.  This  repre- 
tents the  first  and  most  important  task  of  the  corporation.  We  plan 
to  activate  work  in  this  direction  in  the  very  near  future,  utilizing  the 
talents  and  capabilities  of  the  industry  as  well  as  the  in-house  capa- 
bilities which  we  are  in  the  process  of  establishing. 

It  should  be  recognized  that  the  development  of  a master  plan  for 
our  activities,  with  all  of  its  technical,  economic,  financial,  and  inter- 
national implications,  is  a necessary  preliminary  before  we  can  go  to 
the  public  with  the  initial  stock  offering.  It  is  not  possible  at  this 
time  to  make  a precise  estimate  as  to  how  long  this  initial  planning 
phase  will  take.  But  we  feel  that  when  we  go  to  the  public  we  have 
an  obligation  to  do  so  with  the  most  thorough  and  objective  picture 
that  can  be  developed. 

It  is  also  clear  that  the  portion  of  our  research  and  development 
work  devoted  to  the  perfection  of  reliable  hardware  cannot  properly 
be  initiated  until  this  planning  phase  is  completed. 

The  plan  will,  of  course,  not  be  perfect,  and  it  will  undoubtedly 
have  to  be  revised  as  we  go  along.  But  at  the  very  least,  we  intend 
to  have  a plan  that  identifies  all  the  present  knowns  and  unknowns, 
and  proposes  orderly,  feasible,  and  economic  methods  of  arriving  at 
an  operational  system  at  the  earliest  practicable  date. 

As  our  program  takes  shape  in  the  coming  months,  it  is  our  intent 
to  keep  this  committee  and  the  other  appropriate  committees  of  the 
Congress  briefed  on  our  plans  and  activities. 

Thank  you,  Mr.  Chairman. 

Mr.  Ryan.  Thank  you  very  much,  Dr.  Charyk  and  Mr.  Welch. 

I know  that  there  are  many  questions  in  the  minds  of  the  subcom- 
mittee members,  and  I think  that  it  is  important  during  the  course 
of  this  discussion  that  we  become  as  specific  as  we  possibly  can  in 
terms  of  gaining  an  understanding  of  exactly  what  discussions  have 
taken  place  between  the  corporation  and  NASA  and  the  Department 
of  Defense,  what  plans  have  been  made  in  terms  of  putting  the  corpo- 
ration together  and  getting  it  moving  and  as  accurate  a prediction  as 
we  can  obtain  as  to  the  date  when  you  predict  you  will  have  an  oper- 
ational system. 
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Suppose  we  start  by  letting  me  ask  whether  or  not  there  have  been 
discussions  between  the  corporation  and  NASA  regarding  the  technical 
characteristics  of  a system. 

Dr.  Charyk.  Mr.  Chairman,  we  have  had  discussions  both  with 
the  Department  of  Defense  and  with  NASA.  We  have  discussed  the 
status  of  the  research  program  up  to  the  present  time. 

We  have  discussed  at  least  in  a preliminary  fashion  the  problems 
which  still  remain  to  be  solved,  both  in  the  case  of  the  synchronous 
satellite  approach  and  in  the  case  of  the  medium-altitude  approach 
and  I think  that  we  have  generally  arrived  at  uniform  thinking  as  to 
the  major  problems  which  have  to  be  overcome,  the  major  consider- 
ations which  remain  insofar  as  an  operational  system  using  one  or  the 
other  of  these  approaches  is  concerned. 

Mr.  Ryan.  Did  you  meet  with  NASA  pursuant  to  the  letter  of 
March  27,  I believe? 

Dr.  Charyk.  We  had  an  initial  meeting  with  Mr.  Webb,  Dr. 
Dryden,  Dr.  Seamans,  Mr.  Jaffe,  and  other  representatives  of  NASA. 

I have  had  subsequent  meeting  with  Dr.  Seamans  and  with  Mr. 
Jaffe. 

Mr.  Ryan.  Who  participated  in  that  initial  meeting? 

Dr.  Charyk.  Mr.  Welch  and  I. 

Mr.  Ryan.  Who  represented  NASA? 

Dr.  Charyk.  The  people  that  I have  indicated:  Mr.  Webb,  Dr. 
Dryden,  Dr.  Seamans,  and  Mr.  Jaffe. 

Air.  Ryan.  Can  you  tell  us  when  that  took  place? 

Dr.  Charyk.  It  was  on  Friday,  April  5. 

Mr.  Ryan.  That  was  one  meeting.  Have  there  been  any  others? 

Dr.  Charyk.  I had  a meeting  the  subsequent  week  with  Mr.  Jaffe 
and  I have  talked  with  Dr.  Seamans  on  a couple  of  occasions. 

Mr.  Ryan.  That  amounts  then  to  two  meeting  with  NASA  and 
two  conversations  between  you  and  Dr.  Seamans? 

Dr.  Charyk.  That  is  approximately  correct. 

Mr.  Ryan.  Have  there  been  any  meetings  with  DOD? 

Dr.  Charyk.  Yes,  we  had  a meeting  with  the  Secretary,  the  Direc- 
tor of  Defense,  Research  and  Engineering,  and  Dr.  Fubini  of  the  staff 
of  the  Director  of  Defense  Research  and  Engineering,  I have  had  a 
series  of  meeting  with  Dr.  Fubini  and  Dr.  Brown  since  that  time, 
perhaps  half  a dozen  or  so. 

Mr.  Ryan.  In  the  course  of  the  meetings  with  NASA,  did  you  dis- 
cuss the  NASA  budget  and  the  items  which  are  the  subject  of  the 
NASA  request  to  the  Congress? 

Dr.  Charyk.  Wre  discussed  the  general  makeup  of  their  budget. 
They  indicated  that  they  had  made  a determination  to  focus  the  bulk 
of  their  research  in  the  direction  of  the  synchronous  system  and  they 
pointed  out,  for  example,  that  something  of  the  order  of  four  and  a half 
million  dollars  in  their  1964  budget  request  was  in  connection  with  the 
continuation  of  the  work  on  Syncom  I and  something  better  than  $41 
million  of  their  budget  request  was  for  initiation  of  work  on  Syncom 
H. 

We  have  subsequently  had  discussions  with  representatives  of  the 
Hughes  Aircraft  Co.  who  have  briefed  us  on  the  status  of  their  present 
program  on  Syncom  I and  their  thinking  relative  to  Syncom  II. 

We  have  also  dicussed  with  NASA  the  planning  as  far  as  further 
Syncom  I experiments  are  concerned  and  with  the  Department  of 
Defense  we  have  discussed  their  participation  in  the  Syncom  I program. 
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I believe  that  something  of  the  order  of  $22  million  of  the  DOD  funds 
are  being  used  in  support  of  the  Syncom  I effect. 

Mr.  Hechler.  Dr.  Charyk,  I wonder  if  you  could  tell  us  what  your 
philosophy  is  as  to  how  these  expenditures  should  be  divided. 

We  talked  about  your  discussion  of  the  R.  & D.  on  Syncom  I and 
II;  now  what  in  your  mind  should  NASA  undertake  in  the  field  of 
advancing  the  state  of  the  art  and  what  should  the  Communications 
Satellite  Corp.  undertake? 

Dr.  Charyk.  Well,  Mr.  Hechler,  I would  say  that  it  is  very  difficult 
to  draw  a firm  line.  As  you  well  know,  the  total  research  and  de- 
velopment spectrum  involved  here  is  very  broad.  At  one  extremum 
we  would  have  a determination  of  the  environmental  conditions  which 
such  satellites  would  have  to  experience,  for  example,  the  measure- 
ment of  radiation  and  so  on.  This  would  be  considered  I think  by 
everyone  to  be  fundamental  research  of  interest  to  the  complete  space 
program. 

On  the  other  end  of  the  spectrum  you  would  have  the  development 
of  a specific  design  for  the  commercial  system.  This  is  clearly  directed 
toward  the  goals  which  this  corporation  was  set  up  to  achieve  and  as 
such  we  womd  certainly  expect  to  fund  that  type  of  work.  Somewhere 
in  between  these  extremes  our  efforts  blend  and  here  will  be  an  area 
where  we  will  be  conducting  research  work  and  where  NASA  will  be 
conducting  research  work,  where  there  will  be  close  parallels  I would 
say  and  it  is  very  important  therefore  that  we  have  a close  liaison 
with  them. 

Starting  as  we  are  from  scratch  I think  that  our  initial  efforts  are 
in  conformance  with  the  intent  of  the  act;  namely,  to  proceed  on  an 
expeditious  basis  to  the  development  of  a design  for  a commercial 
system,  a design  that  will  make  both  technical  and  economic  sense. 

That  means  that  we  are  going  to  have  to  answer  certain  develop- 
ment questions  which  still  remain  and  to  proceed  as  quickly  as  we  can 
to  a specific  design. 

I would  think  that  as  we  achieve  an  initial  operational  capability 
we  will  be  thinking  of  what  improvements  can  be  made,  what  are 
the  next  steps  that  should  be  taken  and  that  we  will  at  that  stage  of 
the  game  be  moving  into  greater  depth  into  the  total  research  field. 
So,  in  a sense,  the  scope  of  our  activities  will  begin  to  move  toward 
the  left  or  the  fundamental  end  of  the  spectrum. 

We  are  starting  pretty  much  at  the  right  end. 

I think  our  main  job  is  perfectly  clear.  As  we  begin  to  get  in 
business,  as  we  begin  to  develop  a capability,  we  are  going  to  be 
looking  more  and  more  into  newer  areas. 

Obviously  we  have  got  to  focus  our  attention  initially  and  I think 
that  has  to  be  in  the  direction  of  producing  a commercial  system  as 
expeditiously  as  possible. 

Mr.  Boone.  Dr.  Charyk,  do  you  feel  that  you  could  start  a design 
today  of  an  operational  system  based  on  what  background  you  have? 

Dr.  Charyk.  I don’t  think  we  can. 

I think  there  are  still  questions  that  need  to  be  answered  before 
we  can  proceed  with  full  confidence  to  a design.  This  has  to  do  not 
only  with  the  technical  aspects  but  with  considerations  of  producing 
a satellite  with  a sufficient  communications  capacity  so  that  when 
we  establish  the  system,  we  have  a system  that  makes  economic  sense. 

Economic  sense  of  course  is  closely  tied  to  the  communications 
.capacity  that  the  satellite  will  have.  It  is  also  very  intimately  tied 
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to  the  lifetime  of  the  satellites  and  I think  it  might  be  significant  to 
say  at  this  point  that  most  people  agree  that  lifetimes  of  several 
years  must  be  achievable  before  a commercially  attractive  system  is 
possible.  There  have  been  up  to  the  present  time  no  systems  of  this 
complexity  that  have  actually  been  designed  and  flown  that  have 
approached  anything  like  a lifetime  of  several  years. 

That  does  not  mean  it  cannot  be  done.  A great  deal  of  work  has 
been  going  on  and  there  is  a great  deal  of  confidence  in  the  industry 
that  such  designs  can  be  perfected. 

But  there  are  these  questions  and  they  will  have  to  be  resolved 
through  further  analysis  and  test  before  one  can  say  I can  design 
with  nigh  confidence,  and  I am  sure  I have  all  the  unknowns  elimi- 
nated. 

Mr.  Pelly.  Will  you  yield  for  a question,  Mr.  Boone? 

Don’t  you  anticipate  that  you  will  sign  a contract  with  the  Gov- 
ernment and  operate  in  accordance  with  preagreed  arrangements  as 
to  sharing  costs. 

Dr.  Charyk.  Well,  we  certainly  do,  Mr.  Pelly. 

In  other  words,  we  are  going  to  outline  the  specific  things  that  we 
need  to  have  done  in  order  to  establish  a system.  On  some  of  these 
items  we  will  clearly  go  to  the  Government  and  request  their  support 
and  make  arrangements  for  reimbursing  the  Government  for  such 
work. 

In  other  cases  we  will  go  directly  to  the  industry  and  ask  them  to 
carry  out  certain  work  for  us  on  a contract  basis. 

Mr.  Pelly.  It  would  seem  to  me  that  there  should  be  a basic 
contract  under  which  the  General  Accounting  Office  could  make 
regular  audits  and  protect  the  public.  I would  certainly  have  in 
mind  that  NASA  itself  has  unlimited  power  as  it  is  now  to  reprogram 
money  and  I don’t  believe  there  would  be  any  protection  to  the 
public  unless  there  was  some  such  contract  to  audit. 

Dr.  Charyk.  As  far  as  specific  requests  we  make  to  NASA  are 
concerned,  I think  these  will  be  worked  out  on  a case  by  case  basis, 
that  is,  we  will  work  out  the  details  of  the  reimbursement. 

That  will  be  clearly  spelled  out. 

Mr.  Ryan.  Your  last  statement  was  in  reference,  you  said,  to 
specific  requests  you  make  of  NASA? 

Dr.  Charyk.  That  is  correct,  Mr.  Chairman. 

Mr.  Ryan.  You  spoke  of  answers  being  necessary  to  many  unknown 
questions  earlier. 

Who  is  going  to  find  those  answers,  is  NASA  going  to  find  those 
answers  or  is  the  Communications  Satellite  Corp.  going  to  find  them 
or  is  the  corporation  going  to  sit  back  and  let  NASA  find  the  answer 
and  then  take  advantage  of  them? 

I think  you  have  to  give  some  thought  as  to  what  reimbursement 
you  will  make  on  matters  that  will  be  turned  over  to  the  corporation 
that  the  corporation  does  not  specifically  request. 

You  should  not  limit  your  answer  to  those  matters  you  specifically 
request.  You  could  sit  back  and  take  advantage  of  the  whole  develop- 
ment. You  have  not  told  us  when  you  are  going  to  issue  stock.  You 
have  not  told  us  when  you  will  be  in  operation.  This  may  take  years. 
We  may  spend  $51  million  this  year  and  $51  million  the  next  year. 

If  we  take  a look  at  the  NASA  budget  for  this  year  and  the  support- 
ing research  and  technology  involved,  for  instance,  there  is  an  item 
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in  the  budget  for  $2  million  for  1964  for  intermediate  altitude  satellite 
studies. 

Why  can’t  the  corporation  fund  that  $2  million? 

Dr/CuARYK.  Well,  on  that  specific  item,  I am  not  sure  exactly 
what  they  have  planned.  I would  envision  that  NASA  would  formu- 
late their  program  on  the  basis  of  what  they  consider  to  be  in  the 
national  interest,  taking  a look  at  what  the  requirements  of  their  own 
programs  are,  what  the  requirements  of  the  Department  of  Defense 
and  other  agencies  of  the  Government  are,  and  that  our  job  is  to  take 
a look  at  the  total  effort  that  is  going  on  and  determine  the  specific 
things  we  need  to  do  to  produce  a commercial  system.  This  we  pro- 
pose to  do. 

Mr.  Ryan.  When? 

Dr.  Charyk.  As  expeditiously  as  possible. 

Mr.  Ryan.  Can  you  give  us  a possible  date? 

Dr.  Charyk.  This  clearh  depends  upon  the  specific  route  that  we 
choose.  This  is  going  to  require  this  definition  phase  that  I spoke 
about  in  my  statement.  I think  Mr.  Welch  indicated  that  the  earliest 
date  that  we  can  speculate  about  at  the  present  time  on  the  basis 
of  inputs  that  we  get  from  people  both  in  the  Government  and  in 
the  industry  is  a date  something  like  1967  or  perhaps  1968. 

Mr.  Hechler.  What  kind  of  a system  would  that  be,  using  the 
1967  date? 

Dr.  Charyk.  I think  the  earliest  date  estimates  generally  favor  the 
medium  altitude  system.  This  is  not  unanimous  by  any  means. 
Some  of  the  proponents  of  the  synchronous  system  have  high  confi- 
dence that  they  can  achieve  the  necessary  goals  in  an  equally  short 
time  or  perhaps  even  sooner. 

Mr.  Hechler.  But  you  are  proceeding  on  the  assumption  that  this 
1967  date  would  be  a medium  altitude  system,  is  that  correct? 

Dr.  Charyk.  No;  I wouldn’t  reach  that  conclusion. 

I indicated  the  majority  of  the  people  who  talk  in  terms  of  an  early 
date  think  in  terms  of  a medium  altitude  system  but  that  is  not 
unanimous. 

Some  of  the  proponents  of  the  synchronous  system  feel  that  they 
can  perhaps  meet  or  beat  the  earliest  dates  that  have  been  mentioned, 
such  as  the  1967  date. 

Mr.  Rumsfeld.  You  consider  1967  an  earlier  date? 

We  are  not  starting  from  any  place,  so  it  is  difficult  for  me  to  under- 
stand what  you  mean  by  “earlier”  or  “later.” 

Dr.  Charyk.  1 think  we  are  talking  about  a date  made  up  along 
the  following  lines.  This  program  definition  phase,  if  you  want  to 
call  it  that,  which  I referred  to  in  my  statement,  is  something  that  is 
going  to  take  at  least  the  better  part  of  the  year,  in  other  words,  this 
is  the  period  before  you  would  actually  move  into  an  active  hardware 
development  program.  The  hardware  development  effort  will  be 
something  of  the  order  of  a 3-year  program  so  if  we  add  3 and  1 we  get 
4 and  1963  plus  4 years  is  1967. 

Mr.  Wydler.  Dr.  Charyk,  would  it  be  fair  to  say  that  what  you 
are  saying  is  that  this  corporation  would  be  willing  to  pay  for  what  it 
wants,  but  it  is  not  willing  to  pay  for  the  entire  satellite  communica- 
tions program  of  NASA  or  the  Air  Force  or  what  have  you? 

In  other  words,  when  you  know  what  you  want  you  will  be  willing 
to  pay  for  that,  is  that  what  it  comes  down  to? 
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Dr.  Charyk.  Well,  I would  not  quite  phrase  it  that  way.  T 
would  say  that  clearly  it  is  important  that  NASA  carry  on  a wide  range 
research  and  development  program  for  the  support  not  only  of  its 
own  efforts,  but  to  accomplish  the  research  that  is  going  to  be  neces- 
sary, for  example;  in  the  metrorological  area  for  the  Weather  Bureau, 
and  for  the  Department  of  Defense.  They  are  going  to  have  to  work 
in  other  areas.  For  example,  the  development  of  long  lifetime 
components  is  equally  important  to  the  entire  program  as  it  is  to  us. 
So  we  will  both  be  conducting  work  in  this  field. 

It  is  vitally  important  to  both  of  us  that  we  have  adequate  power 
supplies  for  space  applications,  so  again  there  is  a common  interest 
and  I would  think  that  they  would  be  amiss  if  they  were  not  carrying 
on  a vigorous  program  with  respect  to  power  supplies,  also  with  respect 
to  stabilization  schemes  for  satellite  systems. 

Stabilization  is  also  important  to  us  so  it  is  fair  to  say  that  we, 
together  with  a lot  of  corporations  throughout  the  country,  will  be 
beneficiaries  of  the  broad-gage  programs  that  NASA  is  carrying  out. 
I think  this  is  reasonable  and  in  the  national  interest.  I think  there 
are  certain  specific  things  which  are  closer  to  our  immediate  objectives 
that  we  must  do  and  do  alone  and  these  we  certainly  propose  to  do. 

Mr.  Wydler.  I thought  that  is  what  I was  saying. 

What  I am  trying  to  point  out,  if  I understand  the  point  that  you 
are  making,  is  this:  That  you  say  until  such  time  as  you  have  defined 
what  you  need  to  build  a communications  satellite  and  determine 
what  the  most  economic  and  practical  systems  is,  until  that  time,  and 
you  know  what  you  want,  that  will  be  the  time  when  you  will  start  to 
pay  to  develop  it  whether  it  is  done  by  NASA  in-house  or  what  have 
you,  and  until  that  time  you  consider  this  program  whether  it  is 
being  done  by  NASA  or  the  Department  of  Defense  or  whoever  is 
spending  money  for  research,  the  funds  will  honestly  and  fairly  be 
picked  up  by  the  Government — it  seems  to  me  that  is  what  this  comes 
down  to. 

Mr.  Ryan.  You  said  that  you  expect  in  a year 

Mr.  Wydler.  Excuse  me. 

I meant  that  as  a question  even  if  it  did  not  end  up  that  way.  I 
would  like  to  see  if  that  is  not  what  we  are  getting  at. 

Dr.  Charyk.  Substantively  it  is  correct.  NASA  and  the  Depart- 
ment of  Defense  have  to  make  a determination  of  those  research 
programs  that  it  is  necessary  for  them  to  conduct  in  the  interests  of 
furthering  the  state  of  the  art  and  in  the  interests  of  furthering  their 
own  particular  programs,  that  over  the  coming  months  the  specific 
things  that  we  are  going  to  need  to  do  in  order  to  proceed  with  a 
commercial  communications  satellite  system  will  become  dear  and 
these  we  will  propose  to  initiate  as  they  become  clear. 

Mr.  Hechler.  I think  I would  like  to  ask  this  question  of  Mr. 
Welch. 

As  a student  of  American  business  history,  wouldn’t  you  say  that 
there  have  been  a number  of  contributions  to  the  state  of  the  art  or 
the  development  of  the  Nation  which  have  been  made  by  American 
business  operating  in  its  private  capacity  over  the  years? 

Mr.  Welch.  Very  decidedly,  Mr.  Hechler. 

Mr.  Hechler.  I don’t  see  why  it  should  bring  any  embarrassment 
to  the  Communications  Satellite  Corp.  if  it  should  make  some  contri- 
butions to  the  general  space  program  beyond  its  central  mission. 


3306  1904  NASA  AUTHORIZATION 

This  seems  to  me  to  be  in  the  main  stream  of  American  thought 
and  I would  hope  that  the  profitmaking  corporation  would  also  pro- 
duce some  things  that  would  be  for  the  national  interest,  the  national 
benefit,  not  only  in  the  space  program  but  commercially,  industrially, 
and  in  other  respects.  . 

Mr.  Welch.  I believe  that  that  is  not  only  possible;  I think  that  is 
quite  probable.  I am  not  technical  in  my  way;  I am  looking  at  this 
largely  from  the  private  corporation  angle,  which  is  conscious  of  its 
duty  to  the  public  as  well  as  its  shareholders,  but  it  seems  to  me  that 
there  is  an  area  of  research  that  we  are  discussing  here  that  goes  way 
beyond  what  the  Communications  Satellite  Corp.  is  going  to  require. 

As  Dr,  Charyk  pointed  out,  my  conception  of  the  NASA  program  is 
one  that  takes  m a number  of  factors  that  will  interest  the  Communica- 
tions Satellite  Corp.  but  over  and  above  that,  a very  wide  range  of 
other  things. 

As  1 look  at  this  thing  fresh  out  of  business  and  just  coming  into  it 
with  halting  steps,  all  the  money  that  NASA  is  considering  spending 
here  and  all  the  money  that  the  corporation  can  spend  within  its  means 
is  not  going  to  be  too  much  if  we  are  going  to  maintain  a lead  and  get 
on  with  this  thing. 

It  seems  to  me  that  we  are  liable  to  lose  ourselves  in  taking  a too- 
narrow  view  on  this. 

We  have  in  addition  to  the  matter  of  the  prestige  that  we  want  to 
maintain  before  the  rest  of  the  world  in  getting  this  corporation 
launched  and  getting  this  global  sommunications  system  to  be  viable, 
it  seems  to  me,  a great  factor  of  urgency  and  I just  wonder  how  wise 
we  are  in  trying  to  pinpoint  who  spends  what  money  here. 

Let  us  get  on  with  this  thing.  Let  us  get  going.  Let  us  get  it 
established.  What  the  Government  spends  in  this  tiling,  if  we  get 
the  benefit  of  it,  I think  that  is  all  to  the  public  good. 

If  it  hastens  the  day  we  are  in  operation,  that  is  fine.  If  it  enables 
the  corporation  to  make  a profit  sooner,  we  will  pay  taxes  on  it.  We 
will  be  such  a heavily  regulated  entity  anyway  that  we  are  not  going 
to  make  any  great  profits  as  I see  it. 

If  we  get  into  a heavy  profit  position,  the  FCC  is  certainly  going 
to  take  a step  on  our  rates;  if  we  spend  more  money  than  we  should 
in  getting  there;  that  is,  to  a profit  position,  all  that  will  have  to  go 
in  our  rate  base  which  can  affect  our  charges,  so  what  we  are  stressing 
here  while  interesting,  it  is  not  as  great  as  the  conception  that  has 
been  made  in  the  creation  of  this  company  and  the  objectives  for 
which  it  was  formed. 

Mr.  Hechler.  I am  100  percent  in  agreement  with  you  as  to  the 
necessity  of  pressing  forward  on  this  program  from  the  standpoint  of 
American  prestige.  I think  this  is  vital  and  I am  glad  you  put  your 
finger  on  that.  You  will  pardon  our  extreme  interest,  however,  in 
this  $55  million  expenditure  by  the  Government. 

I want  to  make  absolutely  sure,  as  I am  sure  my  fellow  Members 
of  Congress  want  to  make  sure,  that  this  is  a sound  and  justifiable 
investment. 

Mr.  Ryan,  I take  it.  Dr.  Welch,  you  disagree  with  those  congres- 
sional supporters  of  the  Communications  Satellite  Corp.  who  urged 
the  passage  of  the  act  by  Congress  by  saying  this  was  a matter  for 
private  enterprise  which  could  do  it  more  efficiently  and  do  it  first 
and  there  would  be  no  need  for  further  Government  subsidy. 
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Mr.  Welch.  I think  private  enterprise  will  do  some  of  the  things 
you  are  talking  about  very  well.  I think  it  will  get  there  with  the 
maximum  speed  and  the  tightest  run  organization  and  possibly  move 
negotiations  more  rapidly  than  you  would  in  a different  kind  of  an 
entity,  but  I think  there  are  many  facets  of  the  area  of  investigation 
about  which  we  know  so  little  that  will  have  to  be  carried  out  by  the 
Government,  and  should  be  carried  out  by  the  Government. 

You  have  got  a lot  of  precedents  in  this.  The  Government  has 
spent  great  amounts  of  money  in  many  areas — - 

Mr.  Ryan.  Is  there  any  area  where  Congress  created  a monopoly 
to  carry  on  a further  program  and  then  subsidized  that  monopoly? 

Mr.  Welch.  Is  this  a monopoly? 

Mr.  Ryan.  Who,  under  the  law,  can  compete  with  the  Communica- 
tions Satellite  Corp.? 

Mr.  Welch.  All  the  communications  companies. 

Mr.  Ryan.  How?  They  are  going  to  launch  satellites  and  compete 
with  you? 

Mr.  Welch.  They  will  have  cable  and  radio. 

Mr.  Ryan.  Don’t  you  have  a monopoly  of  the  communications 
satellite  business? 

Wasn’t  this  designed  for  that  purpose? 

Mr.  Welch.  Yes. 

Mr.  Ryan.  Don’t  you  have  a primarv  responsibility  to  your 
stockholders? 

Mr.  Welch.  Yes. 

Mr.  Ryan.  Didn’t  you  say  the  same  thing  in  an  article  published 
in  the  New  York  Post? 

You  said: 

But  we  are  still  a private  corporation  with  principal  responsibility  to  our 
stockholders. 

Mr.  Welch.  I haven’t  seen  this  article. 

Mr.  Ryan.  I will  show  it  to  you. 

I don’t  think  what  I quoted  disagrees  with  what  you  said  a moment 
ago  that  you  do  have  a primary  responsibility  to  your  stockholders. 

Mr.  Welch.  Well,  we  have  a primary  responsibility  to  the  public. 

Mr.  Ryan.  To  which?  Your  stockholders  or  the  public? 

Mr.  Welch.  We  have  a responsibility  to  both,  Mr,  Ryan.  As  a 
private  company  you  have  got  to  run  a solvent  show.  You  have  got 
limitations  as  to  the  amount  of  moneys  you  can  go  to  the  market  for, 
and  you  have  to  exercise  a great  deal  of  selectivity  in  how  you  dedicate 
that  money. 

You  can  afford  a reasonable  amount  for  research.  You  are  going 
to  dedicate  that  part  to  research  that  you  will  need  in  the  corporation’s 
communication  efforts. 

You  cannot  expect  to  raise  enough  money,  I don’t  think,  to  move 
into  the  general  area  of  research  and  development  in  space  that  may 
cover  a lot  of  things  beyond  what  you  need. 

I think  you  have  some  limitations  there  that  you  have  to  observe. 

Mr.  Hechler.  Looking  over  Mr.  Ryan’s  shoulder,  I see  Mr. 
Welch,  that  in  this  article  you  are  labeled  as  a “tycoon,”  for  which 
I congratulate  you. 

Mr.  Welch.  I am  highly  complimented. 

Mr.  Hechler.  May  we  come  back  to  your  statement  that  it  will 
be  a year  before  you  propose  to  place  any  contracts  for  hardware? 
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In  the  interim  what  are  you  going  to  be  contracting  for? 

In  other  words,  if  it  is  going  to  take  a year  to  put  a contract  out 
for  hardware  are  you  going  to  be  spending  any  money  on  research 
and  development,  on  any  preliminary  designs? 

What  are  you  going  to  be  doing? 

Dr.  Charyk.  Yes,  we  are  entering  what  we  are  describing  as  a 
program  definition  phase. 

This  is  a phase  in  which  we  will  discuss  studies  as  to  the  best 
technical  approach  to  follow.  In  the  latter  phases  of  this  stage  of 
the  program,  we  would  develop  the  general  technical  specifications 
of  the  system  which  we  propose  to  develop. 

We  may  well  find  it  necessary  or  desirable  to  seek  to  obtain  the 
answers  either  through  sponsored  studies  or  experimental  work 
on  basic  questions  which  may  be  inherent  to  the  design  of  the  system 
which  we  feel  can  best  serve  the  purpose. 

Mr.  Ryan.  I don’t  believe  you  have  answered  the  question, 
however. 

What  specific  contracts  do  you  intend  to  let  prior  to  the  first 
hardware  contract  based  on  a decision  which  you  have  formulated 
based  on  the  research  development  and  advice  and  counsel  of  NASA? 

In  other  words,  are  you  going  to  undertake  any  research  and 
development  at  the  corporation’s  expense  or  are  you  going  to  take 
advantage  of  the  research  and  development  done  by  NASA  and 
arrive  1 year  from  now  at  a point  where  you  say: 

Taking  into  consideration  the  work  done  by  NASA  and  NASA's  advice,  we 
have  decided  we  will  let  a contract  with  X Corp.  for  a particular  spacecraft. 

Dr.  Charyk.  We  plan  to  do  both. 

Mr.  Ryan.  Be  specific. 

Dr.  Charyk.  We  plan  to  contract  for  a study  to  assist  us  in 
arriving  at  the  final  design  specifications. 

We  obviously  plan  to  take  full  advantage  of  the  work  NASA  has 
been  doing  to  help  us  determine  the  route  to  follow. 

Mr.  Ryan.  Suppose  Congress  did  not  appropriate  $51  million  to 
NASA,  what  would  you  do? 

Dr.  Charyk.  Given  that  situation  we  would  have  to  make  our 
own  determination  as  to  the  best  system  design  and  the  necessary 
work  remaining  to  be  done. 

Mr.  Ryan.  How  would  you  go  ahead? 

What  is  your  salary? 

Dr.  Charyk.  $80,000. 

Mr.  Ryan.  What  is  your  salary,  Mr.  Welch? 

Mr.  Welch.  $125,000. 

Mr.  Ryan.  What  is  the  total  payroll  of  the  corporation? 

Mr.  Welch.  I think  it  is  about — somewhere  between  $25,000  and 
$30,000  a month  so  far  but  we  are  not  underway. 

Mr.  Ryan.  That  is  for  how  many  employees? 

Mr.  Welch.  Twelve. 

Mr.  Ryan.  Suppose  Congress  says:  “You  have  got  the  corpora- 
tion; you  have  got  a president  at  $80,000  a year,  and  a chairman  of 
the  board  at  $125,000.  You  have  gone  out  and  found  the  best  talent 
available.  You  paid  whatever  was  necessary  to  bring  the  people  in. 
Lei  the  corporation  do  it.  We  created  this  act  for  the  purpose  of 
letting  private  enterprise  put  us  ahead  of  everyone  else  in  this  field.” 

What  would  you  do? 
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Dr.  Charyk.  We  would  have  to  proceed  on  the  basis  of  the  infor- 
mation that  is  available  at  this  point  together  with  the  additional 
information  that  would  result  from  the  programs  that  we  will  sponsor 
over  the  coming  months. 

Getting  a little  more  specific,  I think  that  the  net  impact,  if  these 
funds  were  not  appropriated,  would  be  to  make  an  approach  toward 
a synchronous  satellite  system  not  feasible. 

Remember  that  we  have  not  as  yet  placed  a single  satellite  into  a 
synchronous  orbit. 

If  no  work  were  to  proceed  to  develop  a booster  capable  of  doing 
that  job,  of  developing  the  ability  to  station  keep  which  is  an  important 
function  for  a synchronous  system  and — I might  say  parenthetically 
these  things  are  important  to  a large  range  of  space  applications  other 
than  communication  satellites.  But  if  the  Government  should  make 
the  determination  that  it  did  not  want  to  proceed  to  solve  these 
problems,  then  I think  from  the  standpoint  of  a commercial  com- 
munication satellite  system  that  we  would  not  be  in  a position  to 
seriously  consider  an  approach  along  the  synchronous  line. 

Mr.  Ryan.  It  is  my  understanding  that  there  are  other  parts  of  the 
NASA  budget  which  relate  to  synchronous  satellite  capability.  I was 
talking  about  the  failure  to  appropriate  money  for  communications 
satellites. 

What  would  you  do? 

Dr.  Charyk.  Well,  my  impression  is  that  the  bulk  of  the  effort 
toward  the  establishment  of  synchronous  satellites  is  included  in  this 
portion  of  the  NASA  budget. 

Mr.  Hechler.  Didn’t  the  American  Telegraph  & Telephone  Co.  do 
a great  deal  of  pioneering  work  on  the  research  and  development  on 
Telstar? 

Dr.  Charyk.  They  proceeded  to  build  a spacecraft  and  proceeded 
to  make  arrangements  with  the  Space  Administration  for  the  launching 
of  this  spacecraft  and  for  the  reimbursement  to  the  Government  for 
the  booster  and  launch  services  and  we  propose  to  do  exactly  the 
same  thing. 

Mr.  Hechler,  I was  simply  making  the  point  that  private  industry 
has  been  extremely  successful  in  this  particular  case  and  in  the  case  of 
RCA  with  Relay.  What  would  be  wrong  with  your  developing  that 
kind  of  know-how  through  your  corporation,  for  a synchronous 
system? 

Dr.  Charyk.  Well,  I think  that  we  would  have  no  hesitancy  about 
the  problems  of  the  design  of  the  communications  elements  of  a syn- 
chronous system,  but  we  don’t  think  it  would  be  reasonable  to  look 
to  the  corporation  for  the  development  of  the  booster  technology, 
station-keeping  technology,  stabilization  technology,  and  develop- 
ment of  the  command  and  control  technology  that  would  be  important 
to  a synchronous  satellite  system. 

We  think  that  these  are  things  which  need  to  be  done  in  the  interest 
of  the  total  space  program  ana  we  think  that  our  job  is  to  focus  our 
attention  on  getting  a communications  system  into  being  and  not 
sponsoring  a complete  range  of  space  technology  research. 

Mr.  Hechler.  Thank  you. 

Mr.  Boone.  Dr.  Charyk,  are  there  items  in  the  NASA  1964  budget 
that  are  vital  to  your  getting  a system  in  operation  by  the  1967  date 
that  you  mentioned? 
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Dr.  Charyk.  I think  that  all  of  the  items  are  helpful  in  this  sense, 
that  the  more  work  that  goes  on — and  by  this  I mean  the  work  that 
the  Department  of  Defense  will  conduct,  the  work  that  NASA  will 
conduct,  and  the  work  that  we  will  conduct — the  more  work  that  is 
done,  the  greater  confidence  we  will  have  in  proceeding  toward  a de- 
sign that  will  operate  at  an  early  date  and  that  will  have  the  lifetime 
that  is  necessary  to  have  an  attractive  commercial  system.  So  the 
importance  of  developing  the  underlying  technology  cannot  be  over- 
emphasized. 

There  are  a good  many  unknowns  still  left  and  it  is  going  to  take  a 
lot  of  resources  in  order  to  provide  the  answers  to  these  unknowns. 

The  benefits  will  accrue  not  only  to  this  particular  activity,  they 
will  accrue  to  the  entire  industry  that  is  working  in  the  space  tech- 
nology field.  • 

Now,  1 might:  just  add  in  this  connection  that,  after  all,  we  are 
going  tor  be  looking  to  the  industry  ourselves  to  develop  subsystems, 
components,  and  so  on. 

The  industry  is  going  to  be  the  beneficiary  of  the  work  that  is  going 
to  be  conducted  by  the  Government  so  it  is  not  a situation  where  this 
corporation  would  be  the  3ole  beneficiary  of  certain  work.  The  entire 
industry  and  the  country  is  going  to  benefit  from  that  work. 

Mr.  Ryan.  Have  you  given  any  thought  to  the  placing  of  restric- 
tions on  the  letting  of  contracts  to  stockholders  in  your  corporation, 
when  you  talk  about  industry  benefiting,  what  about  contracts  let 
by  this  monopoly  to  shareholders? 

Mr.  Welch.  I don't  think  we  have  come  that  far  yet,  Mr.  Ryan, 
and  I think  it  will  be  some  time  before  we  will  get  to  a point  where 
we  will  be  ready  to  consider  techniques  for  letting  contracts.  You 
see  we  have  got  to  get  our  staff  of  scientific  people  in  there.  They  have 
got  to  make  their  studies.  They  have  got  to  come  to  conclusions. 
This  is  going  to  consume  a period  of  several  months  but  in  any  ease 
we  have  the  FCO  technique  laid  down  for  us  in  the  law  and  I think 
they  plan  to  exercise  a rather  careful  surveillance  over  the  process 
of  letting  contracts.  • 

Mr.  Ryan.  Do  you  feel  the  public  interest  is  protected  by  the  by- 
laws and  the  articles  of  incorporation  of  this  company? 

Mr.  Welch.  I do,  very  much. 

Mr.  Ryan.  Was  that  the  feeling  of  each  one  of  the  incorporators? 

Mr.  Welch.  Yes. 

Mr.  Ryan.  At  the  time  when  these  articles  were  drawn  up,  wasn’t 
there  disagreement  as  to  whether  or  not  the  public  interest  was  in 
fact  being  protected? 

Mr.  Welch.  I was  not  a participant  then,  Mr.  Ryan. 

, Mr.  Ryan.  Maybe  Dr.  Charyk  can  answer. 

Dr.  Charyk.  I was  not  a participant. 

Mr.  Ryan.  Maybe  the  lawyer  can  answer. 

Mr.  Cutler.  My  name  is  Lloyd  Cutler.  I am  serving  as 
counsel  to  the'  incorporators  and  to  the  corporation.  During  the 
consideration  of  the  articles  of  incorporation,  there  were  of  course 
differences  of  opinion  among  the  incorporators  in  shaping  them,  but 
all  the  differences  of  opinions  were  revived  and  the  articles  and  by- 
laws were  unanimously  approved  by  all  the  incorporators. 

Mr.  Ryan.  Prior  to  the  final  decision,  was  there  circulated  a memo- 
randum by  one  of  the  incorporators,  a memorandum  in  which  he  dis- 
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agreed  quite  strongly  with  the  concept  of  the  bylaws  and  articles  of 
incorporation? 

Mr.  Cutler.  There  were  a number  of  memos  distributed. 

Mr.  Ryan.  Specifically,  did  Mr.  Woodcock  distribute  a memo- 
randum? 

Mr.  Cutler.  Yes. 

Mr.  Ryan.  May  we  have  that  for  the  record? 

Mr.  Cutler.  There  were  a number  of  memorandums  on  that 
subject. 

Mr.  Ryan.  I am  talking  specifically  about  Mr.  Woodcock’s 
memorandum. 

Mr.  CutLer.  Yes.  ' 

Mr.  Ryan.  Would  you  supply  it? 

Mr. 'Cutler.  I think  it  should  be  referred  to  the  incorporators. 

Mr.  Ryan.  Dr.  Charyk,„have  you  a copy? 

Mr.  CuTler.  You  have  a serious  poncy  question  whether  on 
having  appointed  incorporators,  whether  you  want  all  the  records  of 
their  proceedings  made  available. 

Mr.  Ryan.  I am  not  asking  for  all  the  minutes. 

I am  asking  for  a memorandum  which  you  admit  exists  which  raises 
serious  questions  concerning  whether  or  not  the  public  interest  was 
protected  by  the  bylaws  and  articles. 

Mr.  Welch.  Is  that  something  we  could  take  a little  time  to  discuss 
both  with  our  counsel  and  with  the  incorporators  who  were  there? 

Dr.  Chary  k and  I were  not  present.  We  came  late  to  the  party, 
after  it  all  had  been  finished. 

Mr.  Rt  an.  Wasn’t  Dr.  Charyk  there? 

Dr.  Ckaryk.  I was  not.  I have  never  seen  such  a memorandum. 

Mr.  Welch.  Nor  have  I. 

Mr.  Cutler.  We,  of  course,  are  going  to  provide  to  the  committee 
anything  the  committee  decides  it  should  have  and  make  public  after 
due  deliberation. 

Mr.  Woodcock  voted  for  these  articles.  He  was  dealing  with  pro- 
posals which  were  under  consideration  and  were  amended  to  take 
account  of  his  views  and  apparently  to  his  satisfaction. 

Mr.  Ryan.  Are  you  saying  that  all  the  points  suggested  and  recom- 
mendations suggested  in  his  memorandum  were  incorporated  into  the 
articles  and  bylaws? 

Mr.  Cutler.  Everyone  was  considered  and  I believe  he  was 
satisfied. 

Mr.  Ryan.  Were  they  incorporated? 

Mr.  Cutler.  Not  in  the  precise  words  he  proposed.  Each  one  was 
taken  note  of  and  the  solution  he  proposed  was  adopted. 

Mr.  Ryan.  I think  it  would  be  helpful  to  see  the  memorandum. 

Mr.  Hechler.  I don’t  think  we  ought  to  do  anything  that  would 
inhibit  the  freedom  of  discussion  of  this  group.  We  ought  to  consider 
this  in  that  context. 

Perhaps  we  should  go  ahead  with  the  rest  of  the  hearing.  I would 
be  hesitant  to  try  to  put  a freeze  on  all  freedom  of  expression  by  means 
of  disclosing  internal  memorandums  that  pass  back  and  forth. 

Mr.  Ryan.  I am  only  suggesting  that  apparently  from  the  testi- 
mony of  Mr.  Cutler  there  was  a serious  question  of  whether  or  not 
the  public  interest  was  being  protected.  Under  the  constitution,  the 
bylaws  and  articles  as  now  drawn,  is  it  not  a fact  that  the  carriers 
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have  six  directors,  the  public  has  six  directors,  and  there  is  no  require- 
ment that  the  carriers  own  or  purchase  50  percent  of  the  stock? 

Mr.  Cutler.  This  is  a fact  under  the  statute.  It  was  not  one  of 
the  points  which  Mr.  Woodcock  alluded  to. 

Mr.  Ryan.  What  did  he  allude  to? 

Mr.  Cutler.  Do  you  want  it  on  the  public  record 

Mr.  Ryan.  You  said  he  did  not  allude  to  something,  so  I assume 
you  have  opened  the  door. 

Mr.  Rumsfeld.  I would  like  to  make  an  observation,  Mr.  Chair- 
man, if  I might. 

Mr.  Ryan.  Yes. 

Mr.  Rumsfeld.  In  view  of  what  the  witness  has  said,  would  it 
not  be  appropriate  in  pursuing  this  line  of  questioning,  to  ask  Mr. 
Woodcock,  the  author  of  the  memo,  to  come  in  rather  than  discuss 
it  with  people  who  are  not  familiar  with  it. 

Mr.  Cutler.  Mr.  Chairman,  anything  that  the  committee  wants 
of  the  corporation’s  records  which  you  feel  is  pertinent  you  will  of 
course  have.  We  ask  you  only  whether  you  consider  it  wise  to  expose 
the  record  of  the  deliberations  on  preliminary  drafts  when  the  incor- 
porators unanimously  arrived  at  the  conclusion  that  the  final  drafts 
were  satisfactory  and  they  discharged  their  responsibility  and  those 
drafts  were  approved  by  the  Attorney  General  and  the  President. 

Mr.  Hechler.  Maybe  we  can  ask  Charley  Bartlett  what  went 
on.  [Laughter.] 

Mr.  Cutler.  We  will  be  happy  to  tell  you  what  you  want  to 
know. 

There  is  an  important  policy  point  as  to  how  much  you  should  get 
into  the  deliberation  of  drafting  the  articles. 

Mr.  Ryan.  The  point,  Mr.  Cutler,  is  not  any  simple  discussion 
over  the  draftsmanship  or  the  language  of  the  articles.  The  point  is 
a broad  point,  that  is  whether  or  not  the  public  interest  has  been 
really  protected. 

I think  that  is  the  point. 

Mr.  Cutler.  Yes,  sir.  And  every  effort  was  made  by  the  incorpo- 
rators and  counsel  to  seek  to  do  that.  There  was  open  and  frank 
discussion  among  the  members.  They  finally  arrived,  remarkably 
perhaps  for  so  many  people,  at  a unanimous  conclusion.  These 
drafts  of  articles  were  shown  to  the  chairman  and  members  of  various 
committees  of  this  Congress  for  information.  We  did  everything  we 
felt  we  could  do  to  protect  the  public  interest  in  these  articles. 

We  believe  we  have  and  apparently  the  President  and  the  Attorney 
General  have  agreed  with  us. 

I would  like  to  come  back,  sir,  to  the  point  you  raised  about  the 
carriers  being  able  to  elect  six  directors  even  if  they  buy  less  than  half 
of  the  stock.  It  is  a fact  that  as  now  written  this  is  the  way  the 
articles  read.  We  felt  and  the  administration  attorneys  felt  we  wore 
compelled  to  this  conclusion  by  the  language  of  the  statute. 

We  also  felt  that  in  the  event  the  carriers  do  not  buy  their  half  of 
the  stock,  something  which  none  of  us  had  any  reason  to  anticipate 
will  happen,  that  we  would  recommend  to  the  Congress  that  the  statute 
be  amended  so  as  to  provide  for  some  proportional  reduction  of  the 
number  of  directors  that  the  carriers  would  have. 
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This  issue  was  raised,  discussed,  and  it  was  decided  at  the  time,  that 
there  was  no  way  that  we,  in  the  articles,  could  change  what  had  been 
done  in  the  statute. 

This  was  point  which  you,  among  others  I think,  raised  on  the  floor, 
the  statute  required  this  result,  but  we  all  felt  that  in  the  event  the 
carriers  do  not  buy  their  50  percent — and  as  I said,  we  have  no  reason 
to  thing  they  won't — the  statute  should  be  amended  to  allow  for  the 
correct  situation. 

Mr.  Ryan.  Do  you  think,  when  you  have  15  directors,  all  of  whom 
are  on  an  equal  footing,  that  there  really  is  any  protection  provided 
by  the  fact  that  3 are  designated  by  the  President? 

Mr.  Cutler.  Yes,  sir.  I think  there  is  a very  considerable  pro- 
tection in  there. 

Mr.  Ryan.  Do  you  intend  to  give  them  any  extra  weight  in  the 
deliberations  of  the  committee? 

Mr.  Cutler.  No,  sir.  They  are  directors  just  like  any  other 
directors  as  the  Attorney  General  has  stated  in  an  opinion  he  prepared 
for  the  President  on  this  subject,  but  there  are 

Mr.  Hechler.  Let  us  get  back  to  the  authorization. 

Mr.  Ryan.  We  have  gotten  a little  bit  away  from  the  issue  of 
research  and  development.  I raised  this  because  the  question  of 

Eublic  interest  came  up  in  questioning  Dr.  Welch  and  I think  it  would 
e helpful  to  see  whatever  memorandum  Mr.  Woodcock  circulated  so 
we  can  see  whether  we  feel  his  points  were  sufficiently  satisfied. 

Mr.  Hechler.  I think  we  ought  to  reserve  decision  on  the  Wood- 
cock memorandum  for  the  time  being. 

Mr.  Ryan.  All  right.  I would  like  to  come  back  now  to  this 
question  of  R.  & D.  and  contracting;  at  what  point  do  you  expect 
to  have  issued  stock  so  you  are  in  a position  to  let  contracts? 

When  are  you  going  to  be  organized  as  a going  concern? 

Mr.  Welch.  Mr.  Chairman,  we  are  working  on  that  rather  dili- 
gently right  now.  We  have  interviewed  quite  a number  of  candidates 
who  have  both  applied  and  others  who  have  not  applied  that  we  have 
gone  out  to  seek. 

This  is  not  a rapid  process.  We  are  trying  to  get  a very  high  type 
of  talent  and  to  lure  it  away  from  where  it  is  is  not  an  easy  or  rapid  job. 

I would  hope  that  we  would  have  our  main  pillars  of  the  organiza- 
tion chart  in-house  in  the  course  of  a couple  of  months  more. 

After  that,  then  these  men  will  have  to  institute  studies,  contacts, 
work  of  various  kinds  and  I would  not  like  to  say  when  enough  of 
those  studies  will  be  finished  and  appraised  and  decisions  taken  so  that 
we  will  feel  that  we  have  enough  to  go  to  the  public  and  sell  them 
stock. 

If  I were  to  shoot  from  the  hip,  I would  say  we  better  be  thinking 
in  terms  of  15  to  18  months. 

Mr.  Ryan.  Fifteen  or  eighteen  months  from  now? 

Mr.  Welch.  Yes. 

Dr.  Charyk.  1 would  like  to  add  in  further  response  to  your 
question,  that  we  will  likely  contract  for  various  kinds  of  programs 
prior  to  an  initial  stock  offer. 

Mr.  Ryan.  Mr.  Rumsfeld? 

Mr.  Rumsfeld.  I would  like  to  ask  two  or  three  questions. 
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We  talked  about  prestige  and  the  need  for  moving  ahead  rapidly, 
generally;  I would  like  to  know  what  date  the  first  member  of  the 
corporation  went  on  the  payroll. 

Mr.  Welch.  The  executives  of  the  corporation? 

Mr.  Rumsfeld.  The  first  employee  or  executive  of  the  corporation 
who  went  on  the  payroll,  what  date  was  this? 

When  were  you  in  business  as  such? 

Dr.  Charyk.  Actually  there  were  people  working  with  the  corpora- 
tion in  the  final  stages  of  the  incorporation  proceedings. 

Mr.  Rumsfeld.  Prior  to  February  1? 

Mr.  Welch.  Yes. 

Mr.  Rumsfeld.  So  roughly  you  started 

Dr.  Charyk.  There  were  2 or  3 months  before,  one  or  two  people 
who  were  associated  with  the  incorporators  in  carrying  on  certain 
work. 

Mr.  Rumsfeld.  There  are  12  today? 

Mr.  Welch.  Yes. 

Mr.  Rumsfeld.  You  say  your  payroll  is  $25,000  or  $30,000  a 
month? 

Mr.  Welch.  Yes. 

Mr.  Rumsfeld.  What  do  you  anticipate  will  be  the  number  of 
employees  in  3 or  4 months? 

Mr.  Welch.  About  30. 

Mr.  Rumsfeld.  Do  you  have  an  organizational  chart  of  the  cor- 
poration? 

Mr.  Welch.  Not  with  me  but  we  have  one  which  provides  for  the 
main  structure. 

Mr.  Rumsfeld.  It  would  be  helpful  for  the  committee  to  have 
this  for  the  record  so  we  can  see  what  your  organization  is  going  to  be. 

This  will  hopefully  give  us  some  clue  as  to  the  direction  in  which 
you  are  going. 

(The  information  requested  is  as  follows.) 

COMMUNICATIONS  SATELLITE  CORPORATION 
T«bl«  of  Staff  Organisation  for  Initial 
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Mr.  Rumsfeld.  Would  this  give  us  some  idea  as  to  the  level  of 
priorities  you  have  established  for  some  of  these  hundreds  of  problems 
whlh  you  as  a corporation  are  facing? 

Mr.  Welch.  Yes. 

Mr.  Rumsfeld.  Do  you  have  additional  information  on  that  which 
might  be  enlightening  to  us  as  to  the  priorities? 

Mr.  Welch.  Yes,  I think  we  have. 

I am  going  to  ask  Dr.  Charyk  if  he  would  like  to  discuss,  in  answer 
to  your  question,  the  communications  side  of  this  thing,  that  is  what 
he  envisions  as  the  structure  which  he  will  create  and  bring  about  for 
the  operating  and  implementation  of  the  actual  communications  part 
of  the  entity.  Over  and  above  that,  there  will  be  the  financial,  the 
legal,  the  public  relations,  the  administrative  and  such  things  as  that. 

I think  Dr.  Charyk  might  like  to  fill  you  in  on  that. 

Mr.  Rumsfeld.  If  that  could  be  submitted  for  the  record,  it  would 
be  helpful. 

I know  time  is  short  and  the  committee  has  other  questions. 

How  are  you  currently  financing  your  operations? 

Mr.  Welch.  We  are  working  under  a $5  million  bank  loan  that  is 
arranged  with  10  banks. 

Mr.  Rumsfeld.  When  do  you  anticipate  this  will  be  used  up? 

Mr.  Welch.  I am  shooting  from  the  hip  now,  Mr.  Rumsfeld,  be- 
cause I am  not  certain  but  I would  think  that  $5  million  would  prob- 
ably go  us  for  about  the  first  12  months. 

Mr.  Rumsfeld.  You  anticipate  that  the  first  stock  offering  might 
be  in  15  or  18  months? 

Mr.  Welch.  Yes. 

Mr.  Rumsfeld.  So  you  are  going  to  have  to  do  something  in  the 
middle? 

Mr.  Welch,  If  we  run  out  of  money  we  will  probably  have  to  get 
another  bank  loan. 

Mr.  Pelly.  I would  like  to  return  to  the  matter  of  the  corporation 
having  some  sort  of  contract  with  NASA  covering  the  relationship  and 
the  various  adjustments  that  will  be  made  in  the  future. 

As  I see  it  now,  it  is  wide  open. 

Mr.  Welch.  Could  I refer  that  to  you,  Dr.  Charyk? 

Dr.  Charyk.  I am  not  sure  what  I can  add  to  what  has  already 
been  said. 

We  will  be  contracting  during  the  coming  months  for  various  studies 
and  perhaps  experiments.  We  will  make  a determination  as  to  whether 
we  will  let  such  contracts  directly  with  the  industry  or  whether  we 
will  ask  the  Space  Administration  to  use  their  good  offices  to  assist 
in  the  work,  and  we  will,  of  course,  in  each  case  work  out  the  arrange- 
ments for  reimbursement. 

Mr.  Pelly.  Isn’t  there  now  a general  understanding  as  to  which 
areas  the  Government  will  take  and  which  the  corporation  will 
undertake  to  pay  for? 

Dr.  Charyk.  Our  problem  is  to  outline  as  I indicated  the  specific 
work  that  needs  to  be  done  from  the  development  point  of  view,  the 
specific  studies  that  need  to  be  conducted  to  make  a determination 
as  to  the  best  approach  and  then  work  toward  the  actual  design 
specifications  of  the  system.  These  will  be  the  areas  in  which  we  will 
initiate  work  in  the  coming  months. 
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Mr.  Rumsfeld.  I understand  that,  Mr.  Sundlun  mentioned  before 
the  Senate  that  there  is  a possibility  that  the  corporation  would 
perform  work  for  other  corporations. 

It  strikes  me  that  Mr.  Pelly’s  question  when  related  to  Mr. 
Sundlun ’s  statement  poses  an  area  of  some  concern. 

Dr.  Charyk.  I think  we  are  going  to  have  our  hands  full  for  the 
immediate  future  without  worrying  about  doing  work  for  someone 
else.  I think  Mr.  Sundlun  was  referring  to  the  fact  that  down  the 
road,  after  we  are  solidly  in  business,  he  did  not  want  to  exclude  the 
possibility  that  we  would  do  work  upon  request.  That  is  not  con- 
templated in  the  immediate  future. 

Mr.  Rumsfeld.  I would  say  that  the  lack  of  a well-defined  relation- 
ship with  NASA  coupled  with  this  possibility  of  doing  work  for  others 
poses  an  area  that  certainly  the  Congress  would  be  concerned  with  as 
to  a possible  transfer  of  this  information  from  NASA  to  you,  then  to 
be  contracted  out  to  other  private  concerns. 

In  other  words,  before  you  get  down  the  road  as  you  say,  I would 
think  you  would  have  to  have  very  clear  relationships  with  NASA. 

Dr.  Charyk.  Actually  the  work  that  is  being  undertaken  by 
NASA  or  rather,  the  results  of  their  experiments,  are  available  pretty 
much  to  the  industry  at  large. 

We  would  anticipate  that  we  would  have  the  benefits  of  the  results 
of  the  work  in  the  same  fashion  as  other  corporations  have  these 
benefits. 

Mr.  Ryan.  I think.  Mr.  Rumsfeld  has  raised  a very  good  point 
because  it  is  true  that  Mr.  Sundlun  testified  before  the  Senate  com- 
mittee that  he  believed  it  was  possible,  before  there  was  a profitable 
communications  system,  for  this  corporation  to  engage  in  outside 
work  and  receive  revenue  from  outside  sources  such  as  technical 
research. 

Do  you  consider  that  the  act  contemplated  that  the  Communica- 
tions Satellite  Corp.  would  be  engaging  in  other  work  besides  the 
development  and  operation  of  the  communications  satellite  system? 

If  so,  I think  we  ought  to  have  that  very  clear  right  now. 

Dr.  Charyk.  I think  the  situation  is  that  the  act  did  not  exclude 
the  possibility.  From  a realistic  point  of  view,  I would  repeat  what 
I said  a few  minutes  ago.  We  are  going  to  have  our  hands  full  with 
the  job  in  hand  without  worrying  about  taking  on  additional  work. 

I think  the  point  that  Mr.  Sundlun  was  making  was  that  the  act 
did  not  or  should  not  exclude  the  possibility  that  down  the  road  we 
could  receive  contracts  for  work. 

Mr.  Ryan.  I think  this  is  a far  cry  from  what  Congress  was  thinking 
about  when  it  enacted  this  law,  but  I also  believe  Mr.  Sundlun  was 
not  just  speculating  when  he  made  this  statement  or  why  did  he 
make  it? 

He  was  talking  about  a source  of  revenue  m the  interim  between 
now  and  the  time  the  system  becomes  profitable  in  operation. 

It  would  be  helpful  to  have  an  affirmance  or  a denial  of  that  possi- 
bility. 

Mr.  Welch.  Mr.  Chairman,  I talked  to  Mr.  Sundlun  about  that 
and  what  Dr.  Charyk  said  I think  is  the  case. 

I don’t  think  he  had  in  mind  an  interim  case  of  the  corporation 
doing  research  or  any  other  type  of  work  for  outside  interests  for 
income.  It  is  not  going  to  be  equipped  to  do  that. 
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I think  what  he  had  in  mind  was  maybe  the  day  will  come  when  we 
will  get  into  that  position.  As  of  now,  that  day  is  so  far  off  that  we 
don’t  think  we  are  looking  at  it  so  if  I were  to  try  to  straighten  it  out, 
I would  just  discard  that. 

Mr.  Ryan.  Before  you  have  a public  issue,  what  are  you  going  to 
use  for  funds  and  how  much  do  you  anticipate  funding  in  terms  of 
contracts  for  research  and  development  or  for  studies? 

Mr.  Welch.  We  can’t  tell  you  that  right  now.  We  have  got  to  be 
a little  older  in  our  shoes  before  we  do.  We  have  got  to  have  these 
men  aboard  that  I have  been  telling  you  about  that  we  are  looking 
for  who  will  have  instituted  the  studies  upon  which  to  base  these  out- 
lays, but  we  can  already  see  the  possibility  in  the  fairly  near  future 
of  instituting  some  research  contracts  of  somewhere  between  half  a 
million  and  a million  dollars. 

Mr.  Ryan.  In  what  field?  Contracts  on  what?  Research  on 
what? 

Mr.  Welch.  Research  leading  toward  the  choice  of  satellite  system, 
some  of  the  initial  clearing  away  of  the  brush. 

Mr.  Ryan.  You  mean  low  altitude  versus  medium  altitude  versus 
synchronous? 

Mr.  Welch.  That  is  right. 

Mr.  Ryan.  There  is  no  possibility  that  you  would  have  your  first 
system  a synchronous  system? 

Mr.  Welch.  I would  doubt  it  but  I would  not  be  so  bold  as  to  sit 
here  and  say  there  was  no  possibility  of  it.  If  you  listen  to  the 
people  who  oppose  it,  they  will  tell  you  there  is  no  use  wasting  your 
time  on  anything  like  that. 

You  can’t  lightly  come  to  a decision  like  that. 

You  have  got  to  study  it  and  thread  it  through. 

Mr.  Ryan.  The  Department  of  Defense  is  going  to  construct  and 
operate,  they  maintain,  by  early  1965,  a medium  altitude  system. 

Dr,  Charyk,  when  you  were  in  the  Department  of  Defense,  were  you 
concerned  with  the  research  and  development  of  that  system  or  any 
satellite  work? 

Dr.  Charyk.  In  my  official  capacity  as  Under  Secretary  of  the  Air 
Force,  I,  of  course,  had  responsibility  across  the  board  as  far  as  the 
Air  Force  is  concerned.  In  the  case  of  the  defense  communications 
system,  the  Air  Force  is  responsible  for  the  satellite  portion  of  the 
program,  the  Army  is  responsible  for  the  ground  portion,  and  the  over- 
all responsibility  is  vested  in  the  Defense  Communications  Agency. 

Mr.  Ryan.  Do  you  believe  that  the  Department  of  Defense  will 
have  an  operational  capability,  as  Mr.  Rubel  put  it,  by  early  1965? 

Dr.  Charyk.  I would  estimate  that  the  best  dates  today  would  be 
the  latter  part  of  1965. 

As  I understand  the  situation,  the  Department  of  Defense  is  plan- 
ning to  initiate  in  the  very  near  future,  system  definition  or  program 
definition  studies  with  one  or  two  contractors  and  the  final  decision 
then  would  be  made  at  the  end  of  the  program  definition  phase  which 
would  probably  be  this  fall. 

I think  they  estimate  something  like  a 2-year  development  time 
after  this  point  as  a minimum. 

Mr.  Ryan.  Cannot  a great  deal  of  the  research  and  development 
and  the  studies  that  have  gone  into  the  Defense  Department  system 
be  useful  to  the  Communications  Satellite  Corp.? 
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Dr.  Charyk.  Actually,  the  characteristics  of  the  defense  system 
are  really  quite  different  from  those  of  the  commercial  system.  The 
main  interest  in  the  case  of  the  defense  system  is  in  passing  informa- 
tion critical  to  the  national  security;  hence  secure  communication  is 
important.  The  capacity  requirements  are  very  low;  they  are  talking 
about  something  like  only  two  duplex  voice  channels.  Also,  one  of 
the  essential  system  characteristics  is  the  ability  to  rapidly  install 
terminal  facilities  anywhere  in  the  world,  so  they  are  talking  in  terms 
of  mobile  facilities  and  this  puts  a rather  strong  input  into  the  systems 
design. 

We  anticipate  that  we  will  certainly  be  talking  large,  high  capacity 
permanent  terminal  facilities  as  contrasted  to  very  low  capacity 
mobile  facilities. 

We  are  not  interested  in  security  so  there  is  quite  a wide  difference 
in  our  respective  interests  and  this  in  turn  reflects  very  strongly  on 
the  type  of  system  that  makes  the  most  sense. 

Mr.  Ryan.  As  you  sit  here  now,  what  type  of  system  makes  the 
most  sense  to  you? 

Dr.  Charyk.  Well,  I don’t  think  that  we  are  in  a position  to  make 
a final  determination.  I think  it  could  be  summarized  by  saying 
that  obviously  more  information  is  available  on  the  medium  altitude 
system,  the  synchronous  system  offers  certain  unique  advantages,  but 
the  real  question  there  is  whether  the  development  problems  which 
still  remain  can  be  adequately  solved  in  a short  enough  period  to 
permit  one  to  proceed  with  high  confidence  on  a design  of  that  type. 

Another  factor  that  still  needs  to  be  better  defined  in  the  case  of 
the  synchronous  system  is  the  effect  of  the  time  delay  in  the  trans- 
mission of  the  signal  on  the  quality  of  the  communications. 

With  the  synchronous  system  at  22,000  miles,  you  have  something 
like  0.6  second  time  delay  involved.  I think  a series  of  experiments 
needs  to  be  conducted  to  determine  whether  a delay  of  that  type  will 
be  tolerated  by  the  general  public. 

Mr.  Ryan.  Who  do  you  think  should  conduct  those  experiments? 

Dr.  Charyk.  I think  that  the  Federal  Communications  Commis- 
sion is  charged  with  finally  approving  the  technical  characteristics  of 
the  system  which  we  recommend. 

I would  imagine  that  one.  of  the  factors  that  they  would  consider 
in  making  their  determination  would  be  whether  the  quality  of  serv- 
ice that  would  be  rendered  by  the  system  in  question  would  be  ade- 
quate and  one  of  the  factors  there  that  they  would  have  to  consider 
would  be  whether  the  lag  was  going  to  be  a serious  obstacle  or  not, 
so  I would  imagine  that  they  would  have  an  interest  in  the  conduct 
of  such  experiments. 

Mr.  Ryan.  It  is  your  suggestion  that  the  FCC  should  pay  for  the 
conduct  of  those  experiments? 

Dr.  Charyk.  No.  I don’t  think  that  there  would  be  a significant 
price  tag  involved  in  conducting  such  experiments,  but  I do  say  that 
it  is  one  of  the  factors  involved  in  a synchronous  system. 

In  order  for  the  test  to  be  realistic,  it  would  have  to  use  real  sub- 
scribers, real  telephone  subscribers. 

Mr.  Ryan.  It  would  have  to  use  real  synchronous  satellites,  too? 

Dr.  Charyk.  No;  you  could  introduce  the  delay  artifWally. 

Mr.  Ryan.  Hasn’t  it  been  tried? 
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Dr.  Charyk.  Under  controlled  conditions,  but  I think  it  does  not 
necessarily  follow  that  the  controlled  experiments  are  typical  of  how 
the  public  at  large  might  respond. 

This  is  a very  complicated  question  and  I am  not  sure  that  a hard 
answer  is  possible  without  having  exposed  a large  cross  section  of  the 
using  public  to  the  type  of  delays  that  would  be  involved  in  the 
synchronous  system. 

Mr.  Ryan.  I think,  Mr.  Welch  and  Dr.  Charyk,  we  still  have  not 
come  to  grips  with  the  question  which  Mr.  Pelly  raised  and  which  I 
raised  earlier  in  my  opening  statement  and  that  is  the  extent  to  which 
NASA  should  be  reimbursed,  if  at  all,  for  the  research  and  develop- 
ment and  for  the  benefits  which  will  inevitably  flow  to  this  corporation. 

Mr.  Pelly  spoke  of  a possible  contract  spelling  this  out.  I think  the 
committee  should  be  satisfied. 

Speaking  for  myself ; I don't  think  you  satisfied  me  that  you  have 
any  firm  plans  to  set  up  the  framework  for  reimbursing  NASA  for  the 
work  it  is  doing. 

We  have  a budget  here  of  $51  million.  Included  in  that  budget  is  a 
lot  of  work,  a lot  of  study  on  intermediate  altitude  satellites,  $2 
million  for  that. 

There  are  many  other  study  areas.  It  seems  to  me  that  all  of  this  is 
going  to  flow  to  the  benefit  of  your  corporation  and  that  it  is  incumbent 
upon  you  to  explain  to  the  Congress  whether  or  not  you  expect  to 
receive  this  research  and  development  as  a subsidy  or  whether  you 
expect  to  reimburse  the  Government  for  it. 

Did  you  give  any  thought  or  has  any  thought  been  given  to  giving 
NASA  shares  of  stock  in  exchange  for  this  research  and  development 
technology? 

Dr.  Charyk.  As  far  as  the  NASA  program  is  concerned,  I am 
assuming  that  the  program  which  they  are  recommending  to  the 
Congress  is  the  program  that  they  feel  it  is  necessary  to  conduct  in  the 
public  interest. 

It  is  up  to  the  Congress  to  decide  whether  those  funds  will  be  appro- 
priated or  not.  Our  mission  is  clear;  namely,  we  have  the  job  of 
establishing  a commercial  communications  system  as  expeditiously  as 
possible  and  we  will  proceed  toward  that  goal  as  vigorously  as  we  can. 

The  determination  which  the  Congress  will  ultimately  make  as  to 
whether  funds  are  made  available  to  NASA  or  not  will  certainly  have 
an  effect  upon  the  specific  program  that  we  will  have  to  conduct  in 
order  to  achieve  our  goals. 

It  might  have  an  influence  on  the  type  of  system  that  we  ultimately 
select.  I assume  that  the  NASA  program  has  been  put  together  on 
the  basis  of  what  they  feel  to  be  in  the  national  interest  and  I believe 
it  is  up  to  the  Congress  to  make  a determination  as  to  whether  those 
funds  should  be  appropriated  or  not. 

Mr.  Pelly.  Mr.  Chairman,  could  I ask  Dr.  Charyk  if  he  feels  that 
his  corporation  is  subject — as  a creation  of  the  Congress — is  subject 
to  audit  by  the  General  Accounting  Office? 

Dr.  Charyk.  I would  not  think  so. 

Mr.  Cutler.  We  are  subject  to  the  most  complete  kind  of  account 
ing  supervision  and  audit  by  the  Federal  Communications  Commission. 

Mr.  Pelly.  But  you  don’t  feel  that  the  General  Accounting  Office 
has  any  responsibility  to  enter  into  and  see  whether  the  act  is  being 
carried  out? 
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Mr.  Cutler.  They  will  do  anything  Congress  asks  them  to  do, 
and  I suppose  they  also  have  supervisory  power  over  the  FCC  but 
we  are  under  the  most  complete  kind  of  control  in  our  accounting, 
the  expenditure  of  our  funds,  and  even  the  raising  of  our  funds  and 
purchasing. 

Mr.  Ryan.  Mr.  Wydler? 

Mr.  Wydler.  I don’t  know  what  is  really  bothering  the  members 
of  this  committee,  but  we  all  seem  to  have  a feeling  and  I think  we 
are  unanimoue,  that  somehow  and  for  some  good  reason  this  Com- 
munications Satellite  Corp.  should  start  to  really  get  into  the  act. 

I want  to  tell  you  why  I feel  that  way.  I was  not  here  when  this 
was  voted  on  last  year.  I do  believe  free  enterprise  will  do  a better 
and  more  economical  job  in  this  field  as  in  any  field,  but  I don’t  think 
we  are  going  to  have  any  free  enterprise  operating  in  this  area  until  we 
get  some  money  from  free  enterprise. 

Until  that  happens,  I would  be  afraid  that  what  is  taking  place 
is  this:  A hard  business  decision  has  been  made  and  a sensible  one 
to  let  the  Government  go  ahead  with  a full-scale  research  program  in 
every  area  of  communications  satellites  and  get  the  answers  to  all 
the  problems. 

If  that  is  what  is  going  to  happen  and  that  is  what  is  happening 
because  NASA’s  program  wasn’t  changed  one  iota  by  the  passage  of 
the  communications  satellite  bill  nor  do  I think  it  will  be  changed, 
until  such  time  as  this  corporation  asserts  its  responsibility  in  this  area. 

The  question  I would  like  to  see  answered  and  I would  like  the 
question  Mr.  Ryan  asked  answered.  What  would  this  corporation 
with  private  money  really  be  willing  to  pay  for  in  the  NASA  budget? 

What  would  they  really  think  was  worthwhile? 

What  is  so  far  out  that  it  is  not  economically  sound  to  invest  in? 

I would  like  the  answer  to  that  question  as  a Member  of  Congress. 
That  is  why  I am  interested  in  the  questions  that  have  been  put  today. 
I want  to  get  the  benefit  of  this  free  enterprise  system,  but  I am  afraid 
we  are  never  going  to  get  it  until  we  get  the  free  enterprise  money 
into  this  program. 

Then  I am  willing  to  take  a look  at  the  NASA  program  in  the  light 
of  that.  This  is  what  I have  in  mind.  This  is  why  as  a member  of 
this  subcommittee  I am  urging  you  quite  frankly  with  all  my  heart 
to  please  get  going  and  get  the  free  enterprise  system  working  in  this 
communications  field  as  fast  as  possible  for  the  benefit  of  the  people 
of  this  country.  That  is  how  I feel  about  it. 

Mr.  Welch.  Mr.  Wydler,  I certainly  agree  with  that.  I think  you 
are  pointing  up  a question  here — the  thread  of  which  has  run  all  the 
way  through  the  whole  discussion  and  that  is  what  the  chairman 
referred  to  in  the  beginning. 

We  believe  that  it  was  Congress’  idea  and  it  has  been  reflected  in 
the  various  discussions,  that  NASA  would  continue  to  do  a certain 
amount  of  research  in  the  communications  field  anyway,  because  the 
Government  has  great  interest  in  communications  over  and  above  the 
presence  of  the  Satellite  Corp.  If  it  came  or  it  did  not  come  about, 
they  would  have  still  had  this  interest  and  we  believe  NASA  would 
have  undertaken  a great  many  of  these  studies  whether  the  corpora- 
tion existed  or  not. 

It  is  not  the  intention  of  the  corporation  to  try  to  cadge  a free  ride. 
They,  NASA,  will  continue  on  a wide  band  of  investigation. 
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We  hope  to  come  to  them  and  say  we  want  help  in  some  particular 
section. 

We  shall  talk  about  how  it  is  going  to  he  done,  how  much  it  is  going 
to  cost  and  we  will  negotiate  out  the  terms  of  paying  for  it.  We  are 
not  looking  for  a free  ride.  We  expect  to  pay  our  way.  I don’t  know 
if  that  clears  up  any  of  the  area  we  have  been  discussing.  That  is  our 
feeling.  We  will  not  be  in  a position  to  undertake  great  expenditures 
until  we  are  solvent,  until  we  have  our  money,  until  we  get  going; 
once  we  get  into  a revenue  making  condition,  profit  condition,  we  can 
embark  out  on  further  scope. 

In  the  meantime  we  have  to  cut  our  cloth  to  fit  such  resources  as 
we  have. 

Mr.  Ryan.  In  the  interim  period,  while  you  are  relying  on  NASA 
to  do  the  work  and  spend  the  public  funds,  why  not  issue  stock 
certificates  to  NASA? 

Mr.  Welch.  I think  probably  by  the  time  we  come  to  close  con- 
tracts with  NASA,  Mr.  Chairman,  we  hope  to  be  able  to  pay  them 
for  what  we  ask  them  to  do. 

Mr.  Ryan.  But  you  have  constantly  said  you  are  willing  to  pay 
NASA  for  what  you  ask  them  to  do.  The  question  is  what  are  you 
going  to  gain  from  NASA  research  that  is  going  to  flow  automatically 
to  you,  this  year  $51  million;  last  year  $43  million? 

Much  of  these  funds  from  NASA  and  DOD  have  gone  into  research. 

Mr.  Welch.  I don't  think  all  of  that  $51  million  is  primarily  going 
to  flow  from  NASA  to  the  corporation.  I think  there  are  certain 
good  areas  that  will  come  to  us  as  benefits,  but  I don’t  believe  that 
that  is  primarily  being  done  all  to  be  turned  over  to  the  corporation. 

Now  I defer  to  my  distinguished  colleague  who  views  this  technical 
side  of  it  much  more  clearly  than  I do. 

Mr.  Ryan.  The  real  question  is  can  we  arrive  at  a formula  now 
for  sharing  the  costs  of  this  program,  perhaps  between  NASA,  Com- 
munications Satellite  Corp.,  and  the  Department  of  Defense? 

The  Department  of  Defense  has  a lot  of  money  in  this. 

Dr.  Charyk.  I would  not  view  the  NASA  program  as  being  a 
program  for  the  benefit  of  the  Communications  Satellite  Corp.  at 
all.  I think  their  program  is  a broad  gage  program  put  together  in 
the  public  interest  and  put  together  on  the  basis  of  doing  the  broad 
gage  work  that  they  deem  to  be  necessary  for  their  programs  and  for 
the  programs  of  other  Government  agencies. 

The  benefits  from  this  work  will  flow  not  only  to  the  Government 
but  to  the  entire  industry  and  as  part  of  that  industry,  we  will,  of 
course,  be  partial  beneficiaries. 

Mr.  Ryan.  But  you  are  the  only  part  of  the  industry  that  has  a 
monopoly  on  the  operation  of  commercial  communication  satellites 
for  profit. 

Mr.  Wydler.  I think  what  we  may  be  doing  is  asking  these  gentle- 
men to  answer  a question  that  is  really  a question  we  have  to  answer 
as  Congressmen  and  we  are  asking  them  to  say  in  effect  that  the  entire 
$51  million  program  that  NASA  is  asking  us  to  authorize  for  this 
communications  satellite  field  is  going  to  the  corporation’s  benefit. 

The  only  way  to  get  to  the  truth  of  that,  is  to  ask  how  much  would 
they  spend  of  their  own  money  for  this  program  if  they  were  faced 
with  tnis  decision.  That  is  the  question  we  have  to  ask  ourselves. 
How  much  of  this  expenditure  is  sound  and  justified  and  reasonable 
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and  this  is  why  I don’t  think  we  are  getting  the  answer  to  the  question 
that  you  are  asking  because  you  are  asking  them  in  effect  to  review 
NASA’s  program  and  I don’t  think  they  are  willing  to  do  that. 

Dr.  Charyk.  I don’t  think  we  are  in  a position  to  define  specifically 
the  things  that  we  are  going  to  do  as  of  today.  We  certainly  antici- 
pate, as  I said  earlier,  in  the  coming  months  to  actually  sponsor  various 
kinds  of  activity  directed  at  the  definition  of  the  type  of  system  toward 
which  we  are  going  to  proceed,  and  at  the  definition  of  the  specific 
research  areas  that  are  going  to  have  to  be  explored  in  order  to  pro- 
vide the  answers  for  that  design. 

I think  at  the  time  that  we  define  that  program,  we  can  address 
ourselves  in  a much  better  fashion  to  the  type  of  question  that  was 
raised. 

Mr.  Pelly.  Mr.  Chairman? 

Mr.  Ryan.  Yes,  Mr.  Pelly. 

Mr.  Pelly.  I wonder  if  the  corporation  is  not  under  the  jurisdic- 
tion of  another  committee.  * 

Our  interest  is  this  $51  million.  The  thing  that  concerns  me  if 
there  were  an  appropriation  for  the  Defense  Department,  if  there 
were  any  additional  funds  deemed  necessary  by  the  Secretary  of 
Defense,  it  would  be  submitted  to  the  appropriate  committee  of 
Congress  and  it  would  be  approved. 

Here  we  are  with  $51  million  which  we  don’t  understand  very  well 
I don’t  think,  speaking  for  myself  anyway;  I know  if  Mr.  Webb 
suddenly  decides  he  wants  additional  millions  he  can  reprogram  with- 
out ever  coming  first  to  the  committee.  I feel  that  my  responsibility 
is  to  find  out  how  much  money  is  necessary  in  the  interest  of  science 
and  not  to  give  anybody  an  opening  so  that  they  can  completely 
change  the  figures  with  only  giving  me  word  of  it  but  not  asking  me 
to  exercise  my  responsibility. 

I don’t  like  this  flexibility  to  reprogram  funds  and  I will  say  so. 

Mr.  Ryan.  I think  you  have  raised  a valid  point,  Mr.  Pelly. 

I think  that  also  in  your  efforts  this  morning  to  have  the  repre- 
sentatives of  the  corporation  come  to  grips  with  the  question  you  have 
served  a very  important  purpose  because  I do  think  that  it  would 
appear  that  the  corporation  is  relying  and  will  rely  in  the  future  on  the 
continued  public  expenditure  of  funds  by  NASA  to  do  the  research 
and  development. 

If  Congress  is  going  to  continue  to  subsidize  the  research  and 
development  on  communications  satellites,  then  we  have  an  obligation 
to  see  that  the  public  interest  is  protected  and  that  is  why  I question 
whether  we  can  view  this  corporation  as  essentially  a private  corpora- 
tion with  responsibility  solely  to  its  stockholders  or  whether  there  is  an 
element  of  public  interest  which  must  be  protected,  whether  this 
means  that  the  Presidential  directors  should  have  a greater  voice  than 
is  presently  contemplated  in  the  affairs  of  the  corporation,  whether  it 
means  that  the  communication  carriers  should  have  proportional 
representation  to  their  stockholdings — these  questions  are  legitimate 
questions. 

These  are  the  questions  which  I was  trying  to  raise  alluding  to  the 
fact  that  there  was  a disagreement  among  the  incorporators  at  the 
beginning  as  to  whether  or  not  the  public  interest  was  truly  protected 
under  the  proposed  bylaws  and  articles  of  incorporation. 

I think  there  are  other  questions. 
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What  about  the  ownership  of  the  ground  stations?  Is  it  your  w 

contemplation  that  the  Communications  Satellite  Corp.  will  control 
and  own  the  ground  stations? 

Mr.  Welch.  We  have  not  come  to  grips  with  that,  Mr.  Chairman. 

We  are  studying  that  now  in  a preliminary  way,  but  I don’t  think  I 
can  give  an  answer  to  that  until  we  have  gone  quite  a lot  further  into 
the  economics  of  this  situation. 

I think  it  would  be  very  useful  for  the  corporation  to  own  the 
ground  stations  but 

Mr.  Ryan.  I would  go  further  than  that  and  say  that  I would  think 
that  it  would  be  essential,  if  you  want  my  opinion. 

Mr.  Welch.  I want  to  be  sure  that  we  have  studied  the  economics  of 
that  and  are  aware  of  the  advantages  and  disadvantages  of  that  before 
trying  to  answer  that. 

Mr.  Ryan.  Let  me  raise  another  question  which  I think  is  an 
important  policy  question. 

If  the  Government  is  going  to  continue  to  subsidize  the  Communica- 
tions Satellite  Corp.,  and  I don’t  think  it  is  not,  has  any  thought  been 
given  to  providing  preferential  Government  rates  for  Government 
users? 

The  Voice  of  America  is  talking  about  needing  a means  to  com- 
municate with  underdeveloped  areas.  The  Defense  Department  is 
talking  about  using  commercial  systems  except  for  its  special  com- 
munications needs. 

Have  you  given  any  thought  as  to  preferential  rates  to  the 
Government? 

Mr.  Welch.  Again,  I say  we  have  not  come  to  grips  with  that. 

I only  got  my  chair,  Mr.  Chairman,  on  the  1st  of  April  and  I have 
learned  from  many  years  of  experience  in  business  that  when  you 
rashly  announce  decisions  without  having  studied  the  subject  back 
of  them,  they  often  come  back  to  plague  you  and  I would  not  like 
to  make  any  rash  statements  here  that  I would  find  coming  back  to 
plague  the  corporation. 

I think  we  can  beg  for  a little  more  time  before  we  try  to  answer 
some  of  the  issues  you  are  raising. 

Mr.  Hechler.  I would  only  suggest  that  we  in  Congress  have  to 
make  some  rash  decisions  about  the  authorization. 

In  asking  these  questions  we  are  only  asking  questions  to  enable 
us  to  make  the  decisions  which  we  will  have  to  make  perhaps  before 
you  do. 

Mr.  Ryan.  If  we  may,  and  I know  it  is  almost  12  o’clock,  I would 
like  to  explore  another  area  briefly. 

Mr,  Welch  said  he  thought  it  would  take  15  to  18  months  before 
the  corporation  would  issue  public  stock. 

In  the  meantime,  what  negotiations,  if  any,  have  been  started  or 
do  you  expect  to  initiate  with  foreign  nations  concerning  foreign 
investment  and  do  you  view  the  timing  of  the  issuance  of  stock  as 
dependent  upon  the  conclusion  of  agreements  with  foreign  countries? 

If  so,  why?  That  is  a broad  question. 

Mr.  Welch.  We  certainly  have  the  intention  of  moving  right  in 
on  the  discussions  with  the  foreign  governments  as  soon  as  we  feel 
we  are  prepared  to.  This  is  an  area  that  we  have  got  to  do  a lot  of 
homework  on  our  own  before  we  talk  with  foreign  governments,  before 
we  try  to  match  cards  with  them. 
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This  is  an  extremely  involved  area  as  we  are  going  to  be  talking  to 
these  people  as  prospective  partners. 

As  such  they  are  going  to  want  to  know  an  awful  lot  about  what 
we  are  going  to  do,  now  we  are  going  to  do  it,  and  they  are  going  to 
take  a very  hard  look  at  the  invitation  to  put  up  their  share  of  the 
money,  so,  as  far  as  we  can  get  ourselves  in  & position  to  go  over  to 
talk  with  the  foreign  governments,  we  are  going  to  do  it,  but  we  are 
certainly  not.  there  yet. 

Mr.  Ryan,  It  is  12  o’clock  and  time  to  adjourn,  unless  there  are 
any  further  questions. 

Mr.  Hechler.  I think  we  ought  to  end  on  a high  and  happy  note. 

What  does  the  corporation  expect  to  get  out  of  Telstar  II? 

Dr.  Charyk.  I believe  the  committee  probably  has  been  fully 
briefed  on  the  difficulties  which  Telstar  I encountered. 

There  have  been  incorporated  in  Telstar  II  certain  fixes  aimed  at 
curing  the  difficulties  encountered  in  Telstar  I. 

Whether  the  diagnoses  were  correct  or  not  will  certainly  be  of 
importance  and  interest  to  us  in  looking  at  the  problem  of  designing 
a satellite  of  our  own. 

Mr.  Pdlly.  Mr.  Hechler,  you  might  find  that  there  is  a problem 
that  Telstar  I did  not  have  and  that  is  that  there  are  going  to  be 
pickets  down  on  Cape  Canaveral  starting  May  2 and  it  may  never 
get  off  the  ground. 

The  International  Machinists  Union  are  going  to  start  covering  the 
country  on  their  Boeing  contract,  so  it  may  start  with  a new  problem 
we  never  had  before. 

Mr.  Hechler.  Thank  heavens  we  don’t  have  to  solve  that,  at 
least  not  this  morning. 

I want  to  renew  my  personal  appreciation  to  Mr.  Welch  and  Dr. 
Charyk  for  their  appearance  this  morning.  Your  testimony  has 
been  helpful.  I hope  we  can  proceed  a little  bit  more  specifically 
toward  defining  the  lines  of  demarcation  between  NASA  and  the 
Communications  Satellite  Corp. 

If  we  can  go  in  that  direction,  it  would  be  helpful. 

Mr.  Ryan.  I want  to  thank  you  gentlemen  for  the  time  you  have 
taken  to  be  with  us.  There  were  some  questions  which  Mr.  Boone 
prepared.  Could  we  submit  them  to  you  and  ask  you  to  provide 
written  answers  for  the  record? 

Dr.  Charyk.  Yes. 

Mr.  Ryan.  I am  referring  to  questions  which  we  were  not  able  to 
cover  in  our  testimony  this  morning.  The  questions  are  as  follows: 

1.  When  initially  operational,  what  services;  i.e.,  voice,  data,  transmission,  and 
television  does  the  corporation  plan  to  provide? 

2.  At  what  point  in  time  do  you  expect  that  the  corporation  will  be  econom- 
ically competitive  with  existing  oversea  communications  services?  What  are  the 
revenue  prospects  for  the  next  10  years?  What  is  the  expected  income  by  years 
and  when  will  the  profit  level  be  commensurate  with  existing  oversea  carriers? 

3.  The  committee  is  interested  in  knowing  when  the  corporation  will  have  funds 
available  to  finance  their  own  research  and  development  program.  What  factors 
will  determine  the  amount  of  the  first  stock  offering  and  what  is  a reasonable 
amount  for  this  offering? 

4.  Have  any  carriers  been  authorized  by  FCC  to  purchase  stock  and  if  so, 
what  percentage  and  dollar  amounts  have  or  will  be  authorized? 

5.  Would  you  favor  changing  Public  Law  87-624  in  any  way?  If  so,  how? 

6.  In  reply  to  Mr.  Ryan’s  question,  “Do  you  consider  that  the  act  contem- 
plated that  the  Communications  Satellite  Corp.  would  be  engaging  in  other  work 
besides  the  development  and  operation  of  the  communications  satellite  system?”, 


v* 


Jr*' 


1964  NASA  AUTHORIZATION 


3325 


Dr.  Charyk  said,  “I  think  the  situation  is  that  the  act  did  not  exclude  the  possi- 
bility from  a realistic  point  of  view.”  The  committee  would  like  opinion  of 
counsel  to  the  corporation  of  whether  or  not  the  corporation  has  the  power  under 
the  act  to  engage  in  R.  & D.  for  outside  firms  in  any  field.  If  so,  what  authority 
does  counsel  cite? 

7.  Dr.  Charyk  testified  that  there  were  meetings  with  the  Director  of  Defense, 
Research  and  Engineering,  and  with  Dr.  Fubini  of  his  staff  and  that  he  has  had 
perhaps  a half  dozen  such  meetings.  In  any  meetings  or  discussions  with  any 
representative  of  the  DOD  has  there  been  any  discussion  of  the  possibility  of  the 
corporation  contracting  to  do  R.  & D.  for  DOD?  If  so,  with  whom  were  the 
discussions  held,  where  were  they  held,  and  when  did  they  take  place?  Was  any 
understanding  reached?  Please  furnish  complete  details. 

8.  Were  any  such  discussions  held  with  NASA?  If  so,  give  details. 

Communications  Satellite  Cobp., 

Washington,  D.C.,  May  20,  1963. 

Mr.  W.  H.  Boone, 

Technical  Consultant,  Committee  on  Science  and  Astronautics, 

House  of  Representatives,  Washington,  D.C. 

Dear  Mr.  Boone:  Enclosed  are  the  answers  to  the  eight  questions  which 
you  forwarded  with  your  letter  to  me  of  May  8 for  inclusion  in  the  record  of  the 
hearings  held  by  the  Subcommittee  on  Applications  and  Tracking  and  Data 
Acquisition  on  April  30. 

Sincerely, 

Joseph  V.  Charyk,  President. 


ANSWER  TO  QUESTION  NO.  1 

It  is  envisoned  that  the  initial  system  will  have  a capability  for  data,  voice’ 
and  television  transmission.  The  total  capacity  of  the  system  and  the  flexibility 
of  service  between  these  various  forms,  remains  a matter  for  further  study. 

ANSWER  TO  QUESTION  NO.  2 

An  adequate  answer  to  this  question  is  unavailable  at  this  time.  The  planned 
studies  over  the  coming  months  will  provide  bases  for  considerations  of  this  type. 
Key  questions  relate  to  the  anticipated  growth  rate  in  international  traffic,  the 
stimulus  on  such  growth  that  a commercial  communications  satellite  system  will 
produce,  the  development  and  implementation  of  communications  capacity  by 
other  means,  and,  of  course,  adequate  estimates  of  the  cost  of  establishing  and 
maintaining  a communications  satellite  system.  These  factors  are  key  elements 
in  the  studies  now  being  undertaken.  An  adequate  assessment  of  the  financial 
picture  will  not  be  possible  until  after  the  completion  of  these  studies. 


ANSWER  TO  QUESTION  NO.  3 

The  commitment  of  major  financial  resources  can  only  be  justified  after  exten- 
sive studies  of  the  type  noted  in  the  response  to  the  previous  question  are  available. 
As  has  been  noted,  a key  element  in  the  initial  phase  of  our  activities  will  be  the 
selection  of  the  optimal  approach,  the  determination  of  the  research  and  develop- 
ment questions  that  need  to  be  answered,  and  the  development  of  the  schedules 
for  achieving  the  technical  milestones  and  the  capital  requirements  therefor, 
together  with  a determination  of  the  nature  and  extent  of  foreign  participation 
in  the  system.  It  is  envisioned  that  the  amount  of  the  initial  stock  offer  will  be 
based  on  judgments  as  to  (a)  the  estimated  capital  requirements  necessary  to 
achieve  an  initial  operating  capability,  (b)  the  portion  of  these  requirements  that 
should  be  raised  by  sale  of  common  stock  and  the  portion  that  should  be  raised 
by  other  means  of  financing,  and  (c)  the  desirability  of  raising  the  required  funds 
through  a single  financing  operation  or  a series  of  operations  over  a period  of 
time  as  funds  are  needed  to  establish  the  operational  system. 


ANSWER  TO  QUESTION  NO.  4 

It  is  our  understanding  that  more  than  80  carriers  have  applied  to  the  FCC  for 
permission  to  qualify  as  purchasers  of  stock.  Actual  subscription  amounts  will, 
of  course,  not  be  known  until  the  time  of  the  initial  stock  offering. 
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ANSWER  TO  QUESTION  NO.  5 

There  are  no  specific  suggested  changes  in  Public  Law  87-624  at  this  time* 
With  respect  to  questions  raised  in  the  confirmation  hearings  before  the  Committee 
on  Aeronautical  and  Space  Sciences  in  connection  with  representation  on  the  board 
of  directors,  the  incorporators  who  now  constitute  the  initial  board  of  directors 
have  indicated  that  in  the  event  the  communications  carriers  do  not  subscribe  to 
50  percent  of  the  common  stock  offered  by  the  corporation — an  event  which  the 
board  has  no  reason  to  believe  will  occur — that  the  board  will  recommend  to  the 
Congress  an  amendment  of  the  act  to  require  carrier  representation  on  the  board  to 
be  proportionate  to  the  amount  of  stock  subscribed. 

ANSWER  TO  QUESTION  NO.  8 

See  attached  letter  to  Mr.  Welch  from  the  law  firm  of  Wilmer,  Cutler  & Picker- 
ing, dated  May  17,  1963. 

ANSWER  TO  QUESTIONS  NOS.  7 AND  8 

There  has  been  no  discussion  of  the  possibility  of  the  corporation  contracting 
to  do  research  and  development  for  either  the  Department  of  Defense  or  NASA. 

Wilmer,  Cutler  & Pickering, 

Washington,  D.C.,  May  17,  1963. 

Mr.  Leo  D.  Welch, 

Chairman,  Communications  Satellite  Corp., 

Washington,  D.C. 

Dear  Mr.  Welch:  We  have  been  asked  for  our  opinion  as  to  whether  or  not 
the  Communications  Satellite  Corp.  has  the  power  to  engage  in  research  and  de- 
velopment work  for  other  firms  in  any  field. 

The  corporation’s  powers  are  governed  by  the  Communications  Satellite  Act  of 
1962  and  by  the  articles  of  incorporation  filed  pursuant  to  that  act,  with  the  ap- 
proval of  the  President  of  the  United  States,  on  February  1,  1963. 

Section  305(b)(1)  of  the  act  provides  that  “included  in  the  activities  authorized” 
to  the  corporation  is  the  power  “to  conduct  or  contract  for  research  and  develop- 
ment related  to  its  mission.” 

This  same  language  is  included  in  section  3.02(b)(4)  of  the  articles  of  incor- 
poration. 

The  word  “mission”  is  not  a defined  term  in  the  act.  From  section  102  (a) 
and  (c),  .however,  the  corporation’s  mission  appears  to  be  very  broad.  It  is  to 
serve  as  the  U.S.  participant  in  “a  commercial  communications  satellite  system, 
as  part  of  an  improved  global  communications  network,  which  will  be  responsive 
to  public  needs  and  national  objectives,  which  will  serve  the  communications 
needs  of  the  United  States  and  other  countries,  and  which  will  contribute  to  world 
peace  and  understanding”  (sec.  102(a)). 

The  statute  and  articles  authorize  the  corporation  to  “conduct  or  contract  for” 
research  and  development  work.  In  our  opinion  this  language  means  that  such 
work  may  be  done  either  by  the  corporation  itself,  by  third  persons  for  the  corpo- 
ration, or  by  the  corporation  for  third  persons. 

There  are  many  types  of  research  and  development  work  which  relate  to  the 
establishment  and  operation  of  a commercial  communications  satellite  system, 
including  the  development  of  satellites  and  components,  ground  stations,  related 
electronic  equipment,  positioning  in  orbit,  effects  of  space  environment,  and  many 
other  subjects.  It  is  conceivable  that,  after  the  corporation  has  established  its 
own  research  and  development  capability,  various  entities,  including  the  U.S. 
Government,  foreign  governments,  communications  companies,  and  others,  might 
desire  to  take  advantage  of  the  corporation’s  special  capability  and  might  contract 
with  it  to  perform  research  and  development  work  related  to  communication  by 
satellites.  In  our  opinion,  both  the  Communications  Satellite  Act  and  the  articles 
of  incorporation  filed  pursuant  to  that  act  clearly  authorize  the  corporation  to 
engage  in  such  activity. 

It  does  not  seem  feasible  to  attempt  at  this  time  to  define  the  precise  boundaries 
of  research  and  development  work  related  to  the  corporation’s  mission.  This  can 
best  be  done  on  a case-by-case  basis  as  the  corporation  proceeds. 

Sincerely, 

Lloyd  N.  Cutler 
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An  inquiry  was  addressed  to  the  National  Aeronautics  and  Space  Administra- 
tion and  to  the  Communications  Satellite  Corp.  requesting  their  views  on  a pro- 
posal in  the  National  Aeronautics  and  Space  Administration  Authorization  Act, 
language  which  would  require  the  Communications  Satellite  Corp.  to  pay,  com- 
pensate or  reimburse  NASA  for  expenditures  in  research  and  development  for  the 
benefit  of  the  Communications  Satellite  Corp.  The  Administrator  would  trans- 
mit reports  on  this  determination  to  the  appropriate  committees  of  Congress. 


National  Aeronautics  anx>  Space  Administration, 

Office  of  the  Administrator, 

Washington,  D.C.,  June  14,  1963 . 

Hon.  Ken  Hech'  . i, 

Chairman,  Subcow  nttee  on  Applications  and  Tracking  and  Data  Acquisition, 
Committee  on  Science  and  Astronautics,  Hov.se  of  Representatives,  Washing- 
ton, D.C. 

Dear  Mr.  Chairman;  Your  letter  dated  June  12,  1963,  requested  our  views 
on  a proposal  which  your  subcommittee  is  considering  to  include  language  in  the 
National  Aeronautics  and  Space  Administration  Authorization  Act  for  fiscal  year 
1964  “which  would  require  the  Communications  Satellite  Corp.  to  pay,  com- 
pensate or  reimburse  NASA  for  expenditures  in  research  and  development  for 
the  benefit  of  the  Communications  Satellite  Corp.” 

The  Congress  carefully  considered  this  matter  during  the  hearings  on  H.R. 
11040,  which  was  signed  into  law  on  August  31,  1962,  as  Public  Law  87-624, 
“Communications  Satellite  Act  of  1962,”  and,  in  section  201(b),  provided  that 
“the  National  Aeronautics  and  Space  Administration  shall — 


******* 

“(3)  assist  the  corporation  in  the  conduct  of  its  research  and  development 
program  by  furnishing  to  the  corporation,  when  requested,  on  a reimbursable 
basis,  such  satellite  launching  and  associated  services  as  the  Administration 
deems  necessary  for  the  most  expeditious  and  economical  development  of 
the  communications  satellite  system; 

******* 

“(5)  furnish  to  the  corporation,  on  request  and  on  a reimbursable  basis, 
satellite  launching  and  associated  services  required  for  the  establishment, 
operation,  and  maintenance  of  the  communications  satellite  system  approved 
by  the  Commission;  and 

“(6)  to  the  extent  feasible,  furnish  other  services,  on  a reimbursable  basis, 
to  the  corporation  in  connection  with  the  establishment  and  operation  of 
the  system.” 

The  Congress  carefully  defined,  in  section  201  of  the  act,  the  categories  of  serv- 
ices for  which  the  Communications  Satellite  Corp.  was  to  reimburse  the  National 
Aeronautics  and  Space  Administration.  We,  in  NASA,  agree  with  the  statutory 
language  of  the  Communications  Satellite  Act  of  1962  and  believe  that  no  further 
legislation  to  broaden  these  categories  is  desired. 

Sincerely  yours, 

Hugh  L.  Drtden. 


Communications  Satellite  Corp., 

Washington,  D.C.,  June  17,  1963. 

Hon.  Ken  Heckler, 

Chairman,  Subcommittee  on  Applications  and  Tracking  and  Data  Acquisition,  Com- 
mittee on  Science  and  Astronautics,  House  of  Representatives,  Washington,  D.C. 
Dear  Mr.  Hechler:  I am  in  receipt  of  your  letter  of  June  12  to  the  effect  that 
the  Subcommittee  on  Applications  and  Tracking  and  Data  Acquisition  of  the 
Committee  on  Science  and  Astronautics  of  the  House  of  Representatives  has 
under  consideration  a proposal  to  include  in  the  National  Aeronautics  and  Space 
Administration  Authorization  Act  language  which  would  require  this  corporation 
to  pay,  compensate  or  reimburse  NASA  for  expenditures  in  research  and  develop- 
ment conducted  for  the  benefit  of  this  corporation. 

I am  attaching  herewith  for  your  information  and  use  a detailed  statement  of 
the  corporation’s  attitude  in  this  matter,  including  a legal  assessment  of  the 
question.  I am  also  enclosing  for  your  use,  if  you  should  so  desire,  a short  sum- 
mary paper  which  highlights  our  major  reasons'  for  feeling  that  such  an  amend- 
ment would  be  unwise  and  would  seriously  handicap  the  achievement  of  the  major 
purposes  of  the  Communications  Satellite  Act. 
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I appreciate  the  subcommittee’s  courtesy  in  inviting  us  to  express  our  ideas  in 
this  matter. 

Sincerely, 

Leo  D.  Welch, 
Chairman  of  the  Board. 

Enclosures. 

Summary  of  Attached  Statement  in  Behalf  of  Communications  Satellite 

Corf.1 

The  proposal  has  been  made  to  include  language  in  the  NASA  Authorization 
Act  which  would  require  the  Communications  Satellite  Corp.  to  pay,  compensate, 
or  reimburse  NASA  for  expenditures  in  research  and  development  conducted  for 
the  benefit  of  the  Communications  Satellite  Corp. 

This  proposal,  we  believe,  is  contrary  to  the  provisions  of  the  Communications 
Satellite  Act  and  would,  in  effect,  constitute  an  amendment  of  the  Communica- 
tions Satellite  Act  inconsistent  with  the  clear  intent  of  the  Congress  in  enacting 
the  act  and  inconsistent  with  the  national  policy  declared  by  Congress  in  the  act. 

The  proposal  ignores  the  fact  that  NASA  research  and  development  in  the 
communications  satellite  field  and  in  related  areas  is  essential  if  NASA  is  to 
carry  out  its  own  responsibilities  under  the  Communications  Satellite  Act,  as 
well  as  under  the  National  Aeronautics  and  Space  Act,  and  that  such  continued 
research  by  NASA,  without  reimbursement  from  other  sources,  was  clearly 
envisioned  at  the  time  of  the  passage  of  the  act. 

A practical  point  in  the  consideration  of  such  an  amendment  is  the  fact  that  it 
would  be  exceedingly  difficult,  if  not  impossible,  to  administer  as  between  NASA 
and  the  Communications  Satellite  Corp.  NASA  has  a national  responsibility 
to  provide  a balanced  research  and  development  effort  in  many  fields.  Within 
this  total  effort  it  is  unreasonable  to  expect  NASA  to  define  at  the  outset  the 
portions  of  their  research  and  development  efforts  which  may  be  beneficial  to  the 
Communications  Satellite  Corp.  and  to  specify  the  degree  of  benefit.  A funda- 
mental aspect  of  research  and  development  is  that  it  is  impossible  to  define  its 
ultimate  application  or  degree  of  application.  It  may  not  be  possible  to  determine 
such  benefits  for  many  years  after  the  project  has  been  initiated.  It  is  obvious 
that  the  coproration  and  NASA  would  find  extreme  difficulty  in  arriving  at  an 
equitable  monetary  settlement  for  such  undefined  efforts. 

In  addition,  the  Communications  Satellite  Corp.  would  be  in  the  untenable 
position  of  being  asked  to  accept  charges  for  NASA  research  and  development 
programs  which  have  broad  application  but  in  which  the  corportion  had  no  voice 
in  program  determination  or  direction  and  no  part  of  which  it  had  requested. 

Finally,  such  an  amendment  to  the  NASA  authorization  bill  would  be  in- 
equitable unless  directed  not  only  to  the  Communications  Satellite  Corp.  but  to  all 
communications  and  aerospace  companies  who  will  in  the  future,  as  they  have  in 
the  past,  derive  benefits  from  NASA  research  and  development  programs  as  well 
as  from  all  Government  research  and  development  programs.  It  is  obvious  that 
the  corporation  will  have  no  monopoly  on  such  benefits  in  any  meaningful  sense. 
Its  system  must  compete  with  all  form's  of  telecommunications.  Other  carriers 
may  be  authorized  under  the  law  to  engage  in  the  development  and  operation  of 
satellite  terminal  facilities.  In  addition,  other  private  companies  will  directly 
benefit  from  contracts  for  the  development  and  manufacture  of  hardware  for  the 
entire  system.  NASA  research  and  development  efforts  will  assist  directly  in 
providing  a basis  for  such  a capability. 


Statement  in  Behalf  of  Communications  Satellite  Corp. 

This  statement  is  submitted  by  Communications  Satellite  Corp.  (the  corpora- 
tion) for  the  purpose  of  expressing  the  views  of  the  corporation  with  respect  to  a 
proposal  that  there  be  included  in  the  National  Aeronautics  and  Space  Administra- 
tion Authorization  Act  language  which  would  require  the  corporation  to  pay, 
compensate,  or  reimburse  N ASA  for  research  and  development  conducted  for  the 
benefit  of  the  corporation. 

We  recognize,  of  course,  that  under  the  provisions  of  the  Communications 
Satellite  Act  (the  Satellite  Act)  it  was  contemplated  by  the  Congress,  as  stated 


i Pago  references  are  references  to  a more  detailed  statement  of  the  subject  in  the  attached  statement. 
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in  subparagraphs  (3),  (5),  and  (6)  of  section  201  (b)  of  the  act,  that  the  corporation 
would  reimburse  NASA  for  satellite  launching  and  associated  services  requested 
by  the  corporation  and  for  other  services  in  connection  with  the  establishment 
and  operation  of  the  satellite  system.1 

The  appropriateness  of  reimbursement  by  the  corporation  of  NASA  for  such 
services  was  recognized  by  Leo  D.  Welch,  chairman  of  the  board,  and  Dr,  Joseph 
V.  Charyk,  president,  in  testimony  given  by  them  before  the  Subcommittee  on 
Applications  and  Tracking  and  Data  Acquisition  of  the  Committee  on  Science 
and  Aeronautics  of  the  House  of  Representatives  on  April  30. 

Insofar  as  services  of  the  nature  referred  to  above  are  concerned,  we  point  out 
that  the  Satellite  Act  itself  contemplates  reimbursement  by  the  corporation  of 
NASA  for  such  services,  but  we  believe  that  it  is  clearly  intended  that  the 
measure  of  such  compensation  would  be  the  cost  incurred  by  NASA  in  the  furn- 
ishing of  such  services,  and  would,  not  be  determined  by  an  evaluaton  of  the 
benefit  to  the  corporation  resulting  from  such  services.  For  reasons  mentioned 
below,  we  believe  that  any  measure  of  reimbursement  of  NASA  based  upon  benefit 
to  the  corporation  rather  than  upon  cost  to  NASA  would  be  unfeasible  and  was 
not  intended  by  the  Congress,  and  we  assume  that  the  language  which  it  has 
been  suggested  be  included  in  the  NASA  Authorization  Act  would  not  affect  the 
basis  of  reimbursement  by  the  corporation  of  NASA  for  the  above-mentioned 
services  in  accordance  with  subparagraphs  (3),  (5),  and  (6)  of  section  201(b)  of 
the  Satellite  Act. 

We  respectfully  submit,  however,  that,  for  the  following  reasons,  theNASA 
Authorization  Act  should  not  include  language  which  would  require  the  corpora- 
tion to  pay,  compensate,  or  reimburse  NASA  for  research  and  development  from 
which  benefit  is  derived  by  the  corporation: 

(i)  NASA  research  and  development  in  the  satellite  communications 
field  and  in  related  areas  is  essential  if  NASA  is  to  carry  out  its  own  responsi- 
bilities under  the  Satellite  Act,  as  well  as  under  the  National  Aeronautics 
and  Space  Act: 

(ii)  NASA’s  communications  satellite  program  is  and  will  continue  to  be  of 
great  value  to  other  phases  of  the  national  space  program  unrelated  to  com- 
munications satellites; 

(iii)  Requiring  the  corporation  to  compensate  or  reimburse  NASA  for 
expenditures  in  research  and  development  from  which  the  corporation  “bene- 
fits” would  discriminate  against  the  corporation  and  would  be  impracticable 
in  application;  and 

(iv)  Requiring  the  corporation  to  compensate  or  reimburse  NASA  for 
expenditures  in  NASA’s  own  research  and  development  program  would  also 
be  contrary  to  the  provisions  of  the  Satellite  Act  and  would  in  effect  constitute 
an  amendment  of  the  Satellite  Act  inconsistent  with  the  clear  intent  of  the 
Congress  in  enacting  the  act  and  inconsistent  with  the  national  policy  de- 
clared by  Congress  in  the  act  less  than  a year  ago. 

A more  detailed  statement  of  these  reasons  appears  below. 

(i) 

Research  by  NASA  in  the  field  of  satellite  communications  and  related  areas  ia 
essential  if  NASA  is  to  discharge  its  responsibilities  under  the  Satellite  Act,  as 
well  as  under  the  National  Aeronautics  and  Space  Act  of  1958.  These  responsi- 
bilities are  to  insure  the  continued  preeminence  of  the  United  States  in  peaceful 
applications  of  space  technology  (sec.  102(c)(5),  National  Aeronautics  and  Space 
Act  of  1958) ; to  advise  the  Federal  Communications  Commission  on  the  technical 
characteristics  of  the  communications  satellite  system  (sec.  201(b)(1)  of  the 
Satellite  Act) ; to  consult  with  the  corporation  on  technical  characteristics  of  the 
communications  satellite  system  (sec.  201(b)(4)  of  the  Satellite  Act);  to  advise 
the  Secretary  of  State  on  technical  feasibility  of  particular  routes  (sec.  201(a)(3) 
of  the  Satellite  Act);  and  to  cooperate  with  the  corporation  in  research  and 
development  to  the  extent  deemed  appropriate  by  the  administration  in  the 
national  interest  (sec.  201(b)(2)  of  the  Satellite  Act). 

The  provisions  of  the  Satellite  Act  referred  to  above  are  statements  of  some  of 
the  ways  in  which,  by  the  terms  of  the  act,  the  U.S.  Government  is  to  further  the 
national  policy  stated  in  the  act — the  policy  that  the  United  States,  in  cooperation 
with  other  countries,  shall  establish  as  expeditiously  as  practicable  a commercial 
communications  satellite  system  (secs.  102(a),  201(a)(1)  of  the  Satellite  Act). 
The  responsibilities  of  the  Government  in  furthering  this  national  policy  were 

> The  test  of  sec.  201(b)  of  the  Satellite  Act  is  set  out  In  the  appendix  to  this  attachment. 
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emphasized  by  President  Kennedy  in  his  report  to  the  Congress  on  activities  and 
accomplishments  under  the  Communications  Satellite  Act.  The  President 
stated: 

“Under  the  Communications  Satellite  Act,  the  U.S.  Government  has  basic 
responsibilities  in  meeting  the  goal  of  an  operational  satellite  system.  The  act 
calls  for  the  planning,  development,  and  execution  of  a national  program  to 
establish  a commercial  communications  satellite  system.  Such  a national  program 
involves  significant  activities  on  the  part  of  a number  of  Government  agencies, 
and  a vigorous  effort  has  been  made  to  coordinate  the  activities  of  the  agencies 
interested  in  space  communications  to  promote  a full  and  effective  program. 
The  main  areas  of  Government  action  are  related  to  regulatory,  technical,  and 
international  responsibilities.”  1 

The  concept  that  the  corporation  ought  to  pay  NASA  for  the  benefits  of  NASA 
research  wholly  ignores  the  fact  that  such  research  has  been  and  is  being  conducted 
in  furtherance  of  a national  policy  declared  by  the  Congress  and  in  carrying  out 
particular  responsibilities  assigned  to  NASA  by  the  Satellite  Act. 

(ii) 

The  NASA  program  for  communications  satellite  research  is  and  will  continue 
to  be  of  benefit  to  aspects  of  the  national  space  program  not  involving  com- 
munications satellites.  The  bulk  of  the  NASA  request  for  the  fiscal  year  1964, 
for  example,  is  designed  to  help  further  develop  the  capability  to  launch  and 
operate  a synchronous  satellite — that  is,  a satellite  in  a highly  precise  orbit,  22,300 
miles  in  the  sky,  which  appears  to  be  stationary  over  a fixed  place  on  Earth  at 
all  times.  Development  of  such  a capability  involves  difficult  and  complex  tech- 
nical problems,  the  solution  of  which  would  be  very  useful  to  many  NASA  and 
Department  of  Defense  programs.  As  pointed  out  by  Mr.  Leonard  Jaffe,  Act- 
ing Director  of  NASA's  Office  of  Applications,  in  his  testimony  before  the  Senate 
Aeronautical  and  Space  Sciences  Committee  on  April  26,  1963: 

“*  * * many  of  the  items  or  technologies  being  pursued  as  a part  of  the  com- 
munications satellite  program  are  of  very  general  and  urgent  interest  in  many 
other  areas  of  space  flight,  exnloration,  and  application.  They  are  being  devel- 
oped under  the  communication:,  satellite  program  because  of  the  early  promise  of 
application  in  this  area.” 

Apart  from  any  other  consideration,  there  is  a basic  unfairness  in  the  concept 
that  NASA  research  activity  of  “general  and  urgent  interest”  in  many  areas  of 
the  national  space  program  should  be  paid  for  as  though  the  research  activity 
had  interest  and  application  to  only  one  aspect  of  the  national  space  program — 
the  early  establishment  of  a commercial  communications  satellite  system. 

(iii) 

Requiring  the  corporation  to  pay  for  the  benefits  of  NASA  research  would  place 
an  inequitable  burden  on  the  corporation,  not  only  because  the  corporation  would 
be  required  to  pay  for  research  which  will  be  of  great  value  to  the  national  space 
program  even  if  there  were  no  corporation  and  no  congressional  policy  for  the 
establishment  of  a communications  satellite  system,  but  also  because  the  proposed 
provision  is  directed  at  the  corporation  only  and  does  not  require  anything  of  any 
other  private  American  company,  however  much  it  may  benefit  from  NASA’s 
research  program  in  the  communications  satellite  field.  In  this  connection,  it  is 
important  to  note  that  the  results  of  NASA  research  programs  are  not  classified 
but  are  freely  available  to  all  U.S.  industry.  The  corporation  fully  supports  that 
policy  because  the  free  availability  of  the  results  of  research  is  in  the  national 
interest.  But  it  has  been  recognized  that  the  corporation  will  not  be  the  only 
private  American  company  to  benefit  from  that  policy.  In  his  report  to  the 
Congress  on  activities  and  accomplishments  under  the  Satellite  Act,  referred  to 
above,  President  Kennedy  referred  to  NASA’s  communications  satellite  research 
program  and  pointed  out  one  of  the  ways  in  which  private  American  companies 
other  than  the  corporation  would  benefit  from  the  program.  The  President 
stated: 

“NASA  will  continue  the  development  and  improvement  of  components  and 
techniques  for  use  in  future  communications  satellites  and  will  continue  flight 
programs  to  test  spacecraft  feasibility  and  reliability.  Such  research  and  develop- 
ment programs  will  be  beneficial,  not  only  to  the  corporation,  but  also  to  others 

1 Report  of  the  President  of  the  United  States  on  “Activities  and  Accomplishments  Under  the  Commu- 
nications Satellite  Act,”  transmitted  Jan.  31, 1963. 


t' 


1964  .NASA  AUTHORIZATION 


3331 


in  private  industry  who  supply  components  and  services  for  the  communications 
satellite  systems.” 

The  fact  that,  under  the  Satellite  Act,  the  corporation  will  be  the  only  direct 
U.S.  participant  in  the  international  communications  satellite  system,  does  not 
justify  the  inequity  involved  in  requiring  the  corporation  to  pay  for  benefits  of 
NASA  research  while  permitting  other  private  American  companies  to  benefit 
from  such  research  without  paying  for  it.  For  the  corporation  will  not  be  a 
monopoly  in  any  meaningful  sense:  the  satellite  system,  when  established,  will 
compete  with  other  means  of  telecommunications  for  the  business  of  international 
communications.  Moreover,  under  the  provisions  of  the  Satellite  Act,  it  is  pos- 
sible that  the  corporation  will  not  have  a monopoly  in  any  sense  with  respect  to 
satellite  terminal  stations  in  the  United  States— essential  elements  in  the  satellite 
system.  Section  201  (c)  (7)  of  the  Satellite  Act  provides  that  it  is  for  the  Federal 
Communications  Commission  to  determine,  in  terms  of  the  public  interest,  con- 
venience and  necessity,  whether  satellite  terminal  stations  are  to  be  constructed 
and  operated  by  the  corporation  or  by  one  or  more  authorized  communications 
common  carriers  or  by  the  corporation  and  one  or  more  such  carriers  jointly. 
The  act  further  provides  that  the  Commission  shall  authorize  the  construction 
and  operation  of  satellite  terminal  stations  by  the  corporation  or  communications 
common  carriers,  “without  preference  to  either.”  It  is  entirely  possible  under 
these  provisions  of  the  Satellite  Act  that,  not  only  may  the  corporation  not  have 
a monopoly  on  the  construction  and  operation  of  satellite  terminal  stations,  but 
that  some  or  even  all  such  stations  will  be  constructed  and  operated  by  private 
American  companies  other  than  the  corporation.  Private  companies  would  also 
benefit  from  the  development  and  manufacture  of  hardware  for  the  entire  system, 
and  the  NASA  communications  satellite  research  program  will  assist  in  providing 
a basis  for  such  a capability.  Thus,  the  benefits  of  the  NASA  program  will  be 
widely  dispersed,  and  the  inequity  of  requiring  that  the  corporation  alone  pay  for 
such  benefits  is  clear. 

The  carrying  out  of  a requirement  that  the  corporation  pay  for  the  benefits,  as 
determined  by  the  NASA  Administrator,  of  NASA  research  programs,  would 
also  be  subject  to  a number  of  serious  practical  difficulties.  First,  precisely 
because  many  of  the  technologies  being  pursued  in  the  NASA  communications 
satellite  research  program  “are  of  general  and  urgent  interest  in  many  other 
areas  of  space  flight,  exploration  and  application,”  the  benefits  will  flow  in  many 
directions  and  as  a practical  matter  it  would  not  be  possible  for  the  NASA  Ad- 
ministrator, or  anyone  else,  to  determine  in  monetary  terms  the  benefits  of  the 
program  which  are  benefits  to  the  corporation,  or  to  distinguish  benefits  to  the 
corporation  from  benefits  to  other  private  American  companies,  or  to  distinguish 
benefits  to  all  private  American  companies  from  benefits  to  other  phases  of  the 
national  space  program.  Second,  by  the  very  nature  of  research,  the  benefits 
derived  from  a particular  research  program  may  not  be  ascertainable  for  an  indefi- 
nite period,  and  determination  of  each  year’s  benefits  at  the  end  of  the  year,  as 
though  the  benefits  were  a kind  of  inventory  of  shoes,  is  an  approach  which 
ignores  the  nature  of  research  and  the  nature  of  the  benefits  of  research.  Third, 
the  proposed  requirement  that  the  corporation  pay  for  the  benefits  of  NASA 
research  is  not  accompanied  by  a suggestion  that  the  corporation  have  a voice  in 
deciding  the  research  which  NASA  'will  carry  out.  We  think  it  would  not  be  in 
the  national  interest  (or  in  the  interest  of  the  corporation)  for  the  corporation 
to  decide  the  nature  of  NASA’s  research  programs.  In  this  regard,  the  provisions 
of  section  201(b)  of  the  Satellite  Act,  providing  for  consultation  and  cooperation 
between  the  corporation  and  NASA  with  respect  to  research,  reflect  the  approach 
which  we  think  is  the  right  one.  But  without  an  effective  voice  in  the  determi- 
nation of  the  research  work  that  NASA  will  do,  the  corporation  would  be  in  the 
untenable  position  of  being  obligated  to  pair  for  research  which  it  did  not  request, 
over  the  nature  and  costs  of  which  it  will  have  no  control  and  which  the  corpo- 
ration may  consider  is  of  no  benefit  to  it.  For  apparently  it  is  the  intention  that 
the  NASA  Administrator  will  determine,  not  only  the  value  of  the  benefits  received 
by  the  corporation,  but  will  also  determine,  without  reference  to  any  standards, 
the  question  whether  the  corporation  has  received  any  benefit  from  a particular 
NASA  research  activity. 

The  inclusion  of  the  proposed  language  in  the  NASA  Authorization  Act  would 
also  contravene  the  clear  intent  of  the  Congress  as  evidenced  by  the  provisions  of 
the  Satellite  Act  and  the  legislative  history  of  that  act. 

Section  201(b)  of  the  Satellite  Act  directs  NASA  to  carry  out  certain  activities 
“in  order  to  achieve  the  objectives  and  carry  out  the  purposes”  of  the  act.  An 
examination  of  the  specific  provisions  relating  to  the  activities  required  to  be 
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carried  out  by  NASA  makes  it  clear  that  it  was  anticipated  that  the  corporation 
would  reimburse  NASA  for  certain  of  those  activities  (those  described  in  sub- 
paragraphs  (3),  (5),  and  (6)  of  sec.  201(b)).  These  activities,  specifically  stated 
to  be  reimbursable,  are  those  relating  to  the  furnishing  of  satellite-launching 
services  or  the  furnishing  of  other  services  “in  connection  with  the  establishment 
and  operation  of  the  system.”  1 The  NASA  activities  specified  in  section  201(b) 
of  the  Satellite  Act  as  reimbursable  by  the  corporation  do  not  include  research 
and  development  activities.  The  provisions  of  section  201(b)  which  contemplate 
that  NASA  will  carry  out  research  and  development  activities  (i.e.,  subparagraphs 
(1),  (2),  and  (4))  do  not  make  any  mention  of  reimbursement  by  the  corporation. 
They  contemplate  that  NASA  will  carry  out  such  activities,  period.  The  words 
of  section  201(b),  defining  NASA’s  responsibilities  under  the  Satellite  Act,  make 
it  clear  that,  when  the  Congress  intended  that  the  corporation  should  reimburse 
NASA  for  certain  activities,  it  said  so  specifically.  The  introduction  of  the  con- 
cept that  NASA  research  activities  should  be  paid  for  other  than  by  NASA  would 
in  effect  be  an  amendment  of  the  Satellite  Act  through  the  mechanism  of  NASA 
authorization  legislation. 

The  conclusion  that  under  the  act,  NASA’s  research  and  development  activities 
are  to  be  paid  for  by  NASA  is  supported  not  only  by  the  specific  language  of  sec- 
tion 201(b)  of  the  act,  but  also  by  the  nature  of  certain  of  the  research  activities 
which  it  was  contemplated  NASA  would  undertake.  It  makes  perfectly  good 
sense  for  the  Satellite  Act  to  say,  as  it  does,  that  the  corporation  shall  reimburse 
NASA  for  satellite-launching  services  and  for  other  services  requested  by  the 
corporation  in  connection  with  the  establishment  and  operation  of  the  system. 
These  are  activities  which  are  specifically  oriented  toward  the  corporation  and 
which  do  not  contribute  to  any  national  space  program  except  the  program  for  a 
communications  satellite  system.  It  was  clearly  contemplated,  however,  that  the 
research  and  development  activities  to  be  conducted  by  NASA  would  be  activities 
of  many  possible  applications  and  of  benefit  to  many  different  phases  of  the  na- 
tional space  program.  For  example,  in  testifying,  on  April  11,  1962,  before  the 
Subcommittee  on  Antitrust  and  Monopoly  of  the  Senate  Judiciary  Committee, 
Dr.  Dryden,  Deputy  Administrator  of  NASA,  referred  to  the  contemplated 
NASA  research  and  development  program  as  follows: 

“There  will  be  continuing  research  and  development  in  the  communications 
satellite  field  by  the  Government.  The  Government  is  interested  in  it  because 
of  applications  within  the  Government  itself  as  well  as  because  of  the  commercial 
applications  of  satellites.” 

“Sec.  201.  In  order  to  achieve  the  objectives  and  to  carry  out  the  purposes  of 
this  Act — 

******* 

“(b)  the  National  Aeronautics  and  Space  Administration  shall — 

“(1)  advise  the  Commission  on  technical  characteristics  of  the  com- 
munications satellite  system; 

“(2)  cooperate  with  the  corporation  in  research  and  development  to 
the  extent  deemed  appropriate  by  the  Administration  in  the  public 
interest; 

“(3)  assist  the  corporation  in  the  conduct  of  its  research  and  devel- 
opment program  by  furnishing  to  the  corporation,  when  requested,  on  a 
reimbursable  basts , such  satellite  launching  and  associated  services  as 
the  Administration  deems  necessary  for  the  most  expeditious  and 
economical  development  of  the  communications  satellite  system; 

“(4)  consult  with  the  corporation  with  respect  to  the  technical  charac- 
teristics of  the  communications  satellite  system; 

“(5)  furnish  to  the  corporation,  on  request  and  on  a reimbursable 
basis,  satellite  launching  and  associated  services  required  for  the  estab- 
lishment, operation,  and  maintenance  of  the  communications  satellite 
system  approved  by  the  Commission;  and 

« The  Satellite  Act,  of  course,  does  not  treat  the  phrsses  “establishment  and  operation"  of  the  system 
and  “research  and  development”  as  meaning  the  same  thing.  There  is  a specific  definition  of  “research 
and  development”  (sec.  103(5))  whieh  clearly  shows  the  understanding  and  intention  that  "research  and 
development”  refer  to  activity  preliminary  to  the  establishment  and  operation  of  the  syste  m. 
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"(6)  to  the  extent  feasible,  furnish  other  services,  on  a reimbursable 
basis,  to  the  corporation  in  connection  with  the  establishment  and 
operation  of  the  system.”  [Emphasis  supplied.] 

We  appreciate  your  interest  and  your  willingness  to  spend  the  time 
with  us  today. 

Thank  you. 

Dr.  Charyx.  Thank  you. 

Mr.  Welch.  Thank  you. 

[Whereupon,  at  12  noon,  the  subcommittee  was  adjourned.) 
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THURSDAY,  MAY  2,  1063 

House  op  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  in  room  214-B,  Longworth 
Building,  Hon.  Ken  Hechier  presiding. 

Mr.  Heckler.  The  committee  will  be  in  order. 

This  morning,  in  continuing  our  hearing  on  the  NASA  authoriza- 
tions, we  discuss  the  important  areas  of  procurement  methods  and 
policies.  This  committee  is  interested  in  insuring  that  the  policies 
and  procedures  are  in  the  public  interest,  that  small  business  is 
properly  protected,  and  that  NASA  pursue  an  effective  and  efficient 
course  in  obligating  the  authorized  funds. 

This  committee  is  also  interested  in  obtaining  information  on  the 
distribution  of  contract  dollars  with  nonprofit  organizations,  in 
contracts  through  other  Government  agencies,  and  some  of  the 
results  of  the  incentive  contract  methods. 

We  are  very  pleased  to  have  with  us  this  morning,  Mr.  Ernest  W. 
Brackett,  Director,  Procurement  and  Supply  Division,  NASA;  we 
are  pleased  to  welcome  you  here,  Mr.  Brackett,  and  you  may  proceed 
with  your  prepared  statement. 

Mr.  Brackett.  Thank  you,  sir. 

STATEMENT  OF  ERNEST  W.  BRACKETT,  DIRECTOR,  PROCUREMENT 

AND  SUPPLY  DIVISION,  NATIONAL  AERONAUTICS  AND  SPACE 

ADMINISTRATION 

Mr.  Brackett.  Mr.  Chairman  and  members  of  the  subcommittee: 
Since  NASA  became  an  operating  agency,  its  procurement  functions 
have  become  increasingly  important.  During  fiscal  year  1962, 
approximately  90  percent  of  funds  appropriated  bv  the  Congress  were 
spent  by  contracts  as  compared  to  64  percent  in  fecal  year  1960.  In 
fecal  year  1964,  the  percentage  of  funds  going  to  contractors  may 
increase  further.  NASA  appreciates  its  responsibility  to  see  that 
this  money  is  spent  prudently,  economically,  and  in  accordance  with 
the  intent  and  policies  laid  down  by  the  Congress  and  the  President. 

Decentralization  of  NASA’s  Procurement  Operations 

Each  of  NASA’s  Centers  place  contracts  in  support  of  the  projects 
assigned  to  their  cognizance.  Four  other  NASA  offices  also  do  con- 
tracting for  the  agency.  The  Jet  Propulsion  Laboratory  is  operated 
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by  tbe  California  Institute  of  Technology  under  a cost  type  contract. 
About  60  percent  of  the  amount  of  money  obligated  on  the  Jet  Pro- 
pulsion Laboratory  contract  in  fiscal  year  1962  was  spent  by  it  in 
subcontracting  work  to  business  concerns. 

Procurement  policies  and  procedures  are  issued  by  NASA  head- 
quarters. These  follow  quite  closely  those  promulgated  by  the  Armed 
Service  Procurement  Regulations.  We  are  facing  many  of  the  same 
procurement  problems  faced  by  the  military  departments,  our  basic 
statutory  authority  is  the  same  as  theirs  (the  Armed  Service  Procure- 
ment Act  of  1 947)  , and  we  are  dealing  with  much  of  the  same  segments 
of  industry.  This  uniformity  is  advantageous  to  industry  as  it 
simplifies  contract  systems  and  contractual  provisions. 

Major  contracts  are  reviewed  and  approved  by  NASA  headquarters. 
This  mcludes  a review  by  the  Office  of  General  Counsel  for  legal 
sufficiency.  Authority  is  delegated  to  eight  offices  and  centers  to 
issue  contracts  up  to  $1  million  without  headquarters  approval.  The 
other  procurement  offices  have  lower  maximum  contracting,  authority 
without  headquarters  approval.  The  reasons  for  review  and  approval 
by  headquarters  is  to  assure  compliance  with  NASA’s  procurement 
policies,  contractual  provisions,  and  sound  business  principles.  The 
reason  for  the  different  limitation  amounts  is  to  assure  a review  of  a 
representative  number  of  contracts  from  each  procurement  office. 

METHODS  OF  COMPETITION 

The  most  difficult  part  of  procurement  is  the  selection  of  contractors. 
It  is  our  policy  to  advertise  formally  for  items  we  procure  whenever 
this  is  possible.  This  is  where  there  are  adequate  detailed  technical 
or  performance  specifications  available  so  that  all  bidders  will  under- 
stand and  bid  on  the  same  thing. 

However,  NASA  is  predominantly  procuring  research  and  develop- 
ment items,  things  which  have  never  been  made  before,  such  as  the 
Apollo  spacecraft,  where  there  are  no  specifications  and  various 
engineering  designs  should  be  considered.  For  this  reason  most  of 
our  contract  dollars  go  into  contracts  which  must  be  negotiated. 
In  fiscal  year  1962,  64  percent  of  our  contracts  were  negotiated  under 
the  authority  of  10  United  States  Code  2304(a)  (11)  which  authorizes 
procurement  by  negotiation  for  research  and  development. 

Mr.  Hechler.  Mr.  Brackett,  if  I may  interrupt  you  at  this  point, 
do  you  mean  64  percent  of  the  number  of  contracts,  or  64  percent  of 
the  dollars? 

Mr.  Brackett.  Of  the  dollars. 

Mr.  Hechler.  Of  the  dollar  volume? 

Mr.  Brackett.  Yes,  sir. 

Mr.  Hechler.  The  way  it  reads,  it  might  seem  to  indicate  the 
number  of  contracts,  so  I just  wanted  to  clarify  that. 

Mr.  Brackett.  No,  sir;  it  is  dollars. 

Mr.  Hechler.  Thank  you. 

Mr.  Brackett.  Fourteen  percent  of  our  contracts  were  negotiated 
with  educational  institutions  under  the  authority  of  10  United  States 
Code  2304(a)(5).  This  includes  the  contract  for  operation  of  the 
Jet  Propulsion  Laboratory. 
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Mr.  Hechler.  Again,  to  interrupt  you,  Mr.  Brackett,  I would  like 
to  clarify  the  other  22  percent 

Mr.  Brackett.  Well,  there  are  17  exceptions,  as  you  will  recall. 

I think  I can  give  you  the  details  of  the  1 1 exceptions  under  this 
authority  that  NASA  has  used. 

Mr.  Hechler.  Yes,  I would  like  to  have  the  breakdown  on  that. 

Mr.  Brackett.  Well,  I -think  we  do  have  these  exceptions  here 
with  us. 

Mr.  Hechler.  I think  we  should  have  those  exceptions  for  the 
record,  at  least. 

Mr.  Brackett.  Yes:  shall  I finish  and  then  put  them  in  the  record, 
sir? 

Mr.  Hechler.  Yes.  • 

(The  information  requested  is  as  follows.) 
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Mr.  Brackett.  When  a contract  is  negotiated  it  does  not  mean  that 
competition  is  waived;  usually  it  is 'just  as  possible  to  get  competition 
by  negotiation  as  it  is  by  formal  advertising.  Our  policy  is  to  obtain 
competition  whenever  it  is  feasible  and  possible  under  a negotiated 
procurement.  There  are  instances  when  clearly  one  company  should 
be  chosen,  and  it  would  be  a disservice  to  other  companies  to  invite 
competition. 

An  example  is  a new  contract  for  Scout  vehicles  with  some  differ- 
ences in  configuration  from  the  original.  Any  company  except  the 
original  contractor  would  have  to  duplicate  certain  engineering  work, 
the  successful  experience  obtained  by  the  contractor  would  be  lost  and 
the  ultimate  cost  to  the  Government  would  be  increased.  This  con- 
tractor was  awarded  the  original  contract  after  a competition  with  12 
other  companies. 

NASA  procurements  for  research  and  development  of  over  $100,000 
start  with  a procurement  plan  which  sets  up  tne  method,  steps  to  be 
taken,  type  of  contract  which  will  be  used,  and  other  details.  In 
instances  where  the  estimated  cost  is  over  $5  million  the  plan  is 
submitted  to  the  NASA  Associate  Administrator  for  approval;  if 
under  that  amount,  the  Center  Director  approves  the  plan. 

SOURCE  EVALUATION  PROCEDURES 

In  nearly  all  of  the  competitive  research  and  development  procure- 
ments, a Source  Evaluation  Board  is  appointed  to  evaluate  the  pro- 
posals submitted.  The  Board  is  made  up  predominantly  of  technical 
members  with  representatives  from  business  management  offices. 
This  Board  determined  the  criteria  which  will  be  used  in  the  evalua- 
tion, and  these  points  are  then  set  forth  in  the  requests  for  proposals. 
Usually  a technical  and  a business  committee  is  appointed  by  the 
Board  who  do  much  of  the  detailed  examination  of  proposals.  The 
* Board  makes  its  report  to  the  Director  of  the  Center  if  the  estimated 
cost  is  under  $5  million,  who  selects  the  company  with  which  a con- 
tract will  be  negotiated  if  satisfactory  terms  can  be  arranged.  If  the  * 
estimated  cost  is  over  $5  million,  NASA’s  general  management  at 
headquarters,  makes  the  choice. 

Companies  which  are  considered  to  have  the  capability  to  perform 
the  work  are  invited  to  submit  proposals ; however,  any  company  may 
submit  a proposal  which  will  be  evaluated  on  the  same  basis  as  those 
invited.  During  evaluation,  companies  which  submit  proposals  are 
checked  to  determine  their  performance  on  work  done  for  other  Gov- 
ernment agencies  and  in  some  instances  for  commercial  customers. 
The  results  of  this  system  are  competition,  which  gives  all  interested 
companies  an  equal  opportunity,  impartial  evaluations,  and  selection 
by  high  level  responsible  officials  within  NASA  of  contractors  who  are 
considered  to  have  the  best  chance  of  successfully  accomplishing  the 
work  at  a reasonable  cost. 

TYPES  OP  CONTRACTS 

NASA  uses  the  fixed  price  form  of  contract  whenever  it  is  possible 
to  fairly  determine  what  the  cost  should  be.  This  can  be  done  where 
standard  items  are  purchased  or  there  is  a basis  for  determining  price. 
However,  in  most  research  and  development  projects,  this  is  not  the 


1964  NASA  AUTHORIZATION 


3339 


case  and  cost-plus-fixed-fee  contracts  are  usually  made.  The  fee  for 
the  work  is  fixed  in  advance,  but  the  contractor’s  actual  costs  neces- 
sary to  perfonn  the  work  are  paid  as  they  accrue.  The  fees  on  our 
contracts  in  fiscal  year  1962  ranged  from  1.85  percent  to  9.65  percent 
with  the  average  being  6.33  percent  which  is  slightly  less  than  tne  year 
before  when  fees  averaged  6.65  percent.  Forty  percent  of  the  fees 
are  between  6 and  7 percent. 

The  cost-type  contract  does  not  give  a contractor  a real  incentive 
to  hold  down  costs,  and  NASA  is  trying  to  find  other  ways  of  contract- 
ing which  will  encourage  economy.  One  way  is  to  enter  into  a design 
contract,  and  when  the  design  is  completed  and  detailed  specifications 
are  known,  to  enter  into  a fixed-price  contract  for  production  of  the 
end  item.  A second  way  is  to  place  provisions  in  research  and  develop- 
ment contracts  which  give  contractors  a financial  incentive  to  reduce 
costs,  and  to  produce  articles  which  will  perform  in  a superior  manner. 
The  conventional  incentive-type  contracts  have  a formula  by  which 
the  fee  or  profit  is  computed.  This  formula  sets  the  fixed  cost  or 
performance  targets  with  a premium  fee  or  profit  paid  for  completion 
of  work  below  the  target  cost,  or  for  performance  of  the  article  better 
than  the  target  specification,  and  with  a deduction  of  fee  or  profit  if 
costs  exceed  the  target,  or  performance  is  less  than  the  target. 

Mr.  Hechler.  May  I interrupt  to  ask  if  speed  enters  into  this 
at  all? 

Mr.  Brackett.  We  have  a penalty  fee  and  a penalty  deduction  if 
the  contractor  doesn’t  deliver  on  time,  but,  if  we  set  a time,  and  there 
is  no  rush,  and  we  don’t  need  the  article  before  that  time,  we  don’t 
feel  that  there  is  any  need  for  paying  an  additional  fee  to  get  it  before 
we  need  it. 

However,  if  it  goes  beyond  the  time  then  there  is  a penalty. 

Mr.  Hechler.  I see.  Thank  you. 

Mr.  Brackett.  The  difficulty  NASA  is  experiencing  with  this 
type  of  incentive  contract  is  that  our  projects  are  so  new  that  there 
is  no  history  of  cost  or  performance  on  which  to  base  a fair  target.  A 
study  is  now  being  made  of  the  possibility  of  converting  to  a fixed 
price  incentive  form  some  cost-plus-fixed-fee  contracts  under  which 
the  development  and  design  work  is  far  enough  along  to  arrive  at  a 
fair  price. 

NASA  is  also  trying  a new  contract  system  which  we  hope  will 
accomplish  the  incentive  objectives.  The  base  fee  in  the  contract 
will  be  lower  than  the  usual  fee.  Criteria  will  be  set  up  in  the  con- 
tract for  evaluation  of  the  contractor’s  performance.  These  criteria 
may  include  reduction  and  control  of  costs,  excellence  of  performance, 
delivery  on  schedule,  and  other  points.  Periodically,  a NASA  board, 
also  specified  in  the  contract,  will  evaluate  the  contractor’s  perform- 
ance and  may  award  some  higher  fee,  up  to  a set  maximum,  if  the 
facts  justify  an  increase. 

CONTRACT  ADMINISTRATION 

After  a contract  is  placed,  it  must  be  managed  and  monitored 
during  its  performance.  There  must  be  close  technical  checks  main- 
tained to  assure  quality  control  and  to  obtain  the  best  possible 
performance.  Much  of  this  is  done  by  NASA  engineers  assigned  to 
the  contractor’s  plant.  Also,  such  things  as  audit  of  vouchers,  keep- 
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ing  accountability  of  Government  property  in  the  hands  of  the 
contractor,  approval  of  overtime,  and  other  contract  administration 
work  must  be  performed.  NASA  has  an  agreement  with  each  of  the 
military  departments  to  do  a major  part  of  this  work  for  us.  These 
agreements  save  the  Government  the  cost  of  setting  up  duplicate 
organizations,  and  efficiency  is  obtained  by  having  the  contractor 
transacting  this  type  of  day-to-day  business  with  one  Government 
agent.  In  plants  where  NASA  has  all  or  substantially  all  of  the 
contract  work  it  administers  its  own  contracts. 

CONTRACTS  MADE  BY  OTHER  AGENCIES  FOR  NASA 

Other  Government  agencies,  largely  the  military,  contract  for  some 
of  NASA’s  requirements  where  they  are  contracting  for  the  same 
items  or  services  for  their  own  requirements.  For  instance,  the  Air 
Force  bought  the  Atlas  boosters  used  in  Project  Mercury.  In  the 
last  fiscal  year  approximately  21  percent  of  NASA’s  contract  dollars 
were  expended  through  other  Government  agencies.  These  contracts 
are  the  contracts  of  the  procuring  agency,  including  such  details  as 
selection  of  source,  pricing,  and  contract  provisions. 

DOLLAR  DISTRIBUTION  OF  NASA  CONTRACTS  AND  SUBCONTRACTS 

NASA  appreciates  the  increasing  impact  of  its  contracts  on  the 
national  economy  and  is  attempting  to  see  that  consideration  is  given 
in  placing  its  contracts  so  that  they  will  aid  the  economy,  while  at  the 
same  time,  bearing  in  mind  its  duty  to  carry  out  the  civil  space  pro- 
gram in  a timely,  efficient,  and  economical  manner.  It  is  the  judg- 
ment of  management  throughout  NASA  that  the  ultimate  success  of 
the  program  depends  to  a large  extent  on  placing  contracts  with  com- 
panies which  are  found  best  qualified  to  perform  the  work.  It  should 
be  recognized  that  certain  companies  have  successfully  performed 
similar  work  and  have  acquired  unique  technical  experience,  facilities, 
and  equipment,  which  would  cost  hundreds  of  millions  of  dollars  to 
duplicate.  It  is  technically  and  economically  advisable  to  utilize  the 
services  of  such  companies  wherever  they  are  located  or  whatever 
their  size. 

However,  the  fact  that  one  of  these  companies  receives  a prime  con- 
tract does  not  mean  that  the  money  obligated  on  the  contract  is  spent 
in  that  company’s  plants.  We  estimate  that  nearly  half,  on  the  aver- 
age, is  spent  in  subcontracts.  We  requested  nine  of  the  largest  NASA 
prime  contractors  to  report  on  the  volume  and  place  of  their  first-tier 
subcontracts.  They  reported  they  had  approximately  10,000  first-tier 
subcontractors  in  46  States. 

By  permission  of  the  Bureau  of  the  Budget,  we  have  recently  initi- 
ated a simple  report  by  postal  card  of  the  placement  of  the  larger 
first-  and  second-tier  subcontracts  placed  by  12  of  our  larger  prime 
contractors.  The  reports  are  startmg  to  come  in  and  the  early  re- 
turns already  show  2,172  subcontracts  totaling  $427,196,444  placed  in 
37  States.  It  is  interesting  to  note  that  during  the  last  fiscal  vear, 
40  percent  of  NASA  prime  contracts,  by  dollars,  were  placed  in  labor 
surplus  areas. 

In  order  to  assist  companies,  both  large  and  small  business  concerns, 
in  knowing  where  to  solicit  subcontract  work,  NASA  synopsizes  in 
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the  Department  of  Commerce  Business  Daily  all  pending  procure- 
ments for  research  and  development  where  the  estimated  cost  is 
$100,000  or  more,  listing  the  names  and  addresses  of  the  companies 
which  are  being  invited  to  submit  proposals. 

SMALL  BUSINESS  PARTICIPATION 

Small  business  concerns  also  have  participated  substantially  in 
NASA’s  prime  contracts.  They  received  16  percent  in  dollars  of  new 
contracts  placed  in  fiscal  year  1962.  Of  a total  of  approximately 
1 18,000  contractual  transactions,  large  and  small,  small  business  com- 
panies received  66  percent.  In  procurements  where  small  business 
companies  bid  for  prime  contracts  they  were  successful  in  obtaining 
contracts  for  57  percent  of  the  dollars.  Of  the  100  companies  which 
received  the  largest  dollar  amount  of  Ni:  SA  contracts  in  fiscal  year 
1962,  24  were  small  business  concerns.  The  above  facts  apply  only 
to  prime  contracts  and  it  is  probable  the  participation  of  small  busi- 
ness concerns  in  NASA  subcontracts  is  somewhat  larger. 

IMPROVEMENTS  IN  CONTRACT  SYSTEM 

We  are  coiib  ^ntly  trying  to  further  improve  our  procurement 
practices  and  procedures.  The  Administrator  has  appointed  a com- 
mittee to  study  NASA’s  source-selection  procedure,  means  of  using 
incentive-type  contracts,  and  a system  of  evaluating  contractor  per- 
formance. It  is  anticipated  that  constructive  innovations  will  be 
made  as  a result  of  its  efforts.  NASA  recognizes  its  responsibility  in 
the  expenditure  of  the  money  appropriated  by  the  Congress  and  will 
continue  to  exert  its  best  efforts  to  see  this  trust  is  properly  carried  out. 

Mr.  Hechler.  Thank  you,  Mr.  Brackett. 

I was  fascinated  by  the  figure  that  you  give  here  on  page  8,  when 
you  say  that  40  percent  of  NASA’s  prime  contracts,  by  dollars,  were 
placed  in  labor-surplus  areas. 

The  reason  I was  fascinated,  was  my  reaction  in  glancing  through 
the  most  recent  report  which  I saw,  which  came  across  my  desk  on 
NASA’s  prime  contracts  for  fiscal  1S62.  I just  happened  to  skip 
through  it  and,  naturally,  as  a Member  of  Congress  is  always  inter- 
ested in  his  own  State,  I looked  for  West  Virginia,  and  was  concerned 
to  see  that  West  Virginia  had  zero. 

This  is  why  I raised  the  question  about  this  40-percent  figure  which 
you  have  given. 

Mr.  Brackett.  I think  that  Mr.  Boone  has  a copy  of  the  report 
there  that  shows  a list  of  where  the  areas  are.  I think  it  is  page  43. 

Mr.  Hechler.  Yes,  page  43,  and  this  confirms  my  conclusion  that 
not  a single  one  of  the  awards  over  $25,000  went  to  the  State  of  West 
Virginia. 

I am  not  raising  any  issue  about  that,  of  course,  but  it  is  simply  a 
matter  of  interest  that  it  does  happen  to  be  a labor-surplus  area  which 
received  absolutely  zero,  under  this  formula. 

I think  it  would  be  very  helpful,  Mr.  Brackett,  to  include  for  the 
record,  a State-by-State  breakdown  of  the  items  which  you  mention 
here  on  page  7;  namely,  the  10,000  first-tier  subcontractors  for  the  46 
States. 
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Would,  it  be  possible  for  you  to  give  us  a dollar  total  figure  for  the 
record,  on  those? 

Mr.  Brackett.  I don’t  think  we  have  it  here. 

Mr.  Hechler.  Well,  if  you  do  have  that,  I would  be  very  interested 
to  see  it,  and  I think  it  would  be  very  useful  to  have  it  for  the  record. 
(The  information  requested  is  as  follows:) 


Geographical  distribution  of  NASA  first-tier  subcontracts  awarded  by  9 major  prime 

contractors,  calendar  year  1961 


Total 

State  (thcueandi) 

California $40,  852 

Missouri 1,26/. 

Alabama 694 

New  York 22,627 

Florida 11,  398 

Texas 1,  143 

Maryland 16,  390 

Pennsylvania 11,  010 

New  Jersey 5,  744 

Ohio 4,  261 

Massachusetts 1,  992 

Virginia 124 

Michigan - 3,262 

Illinois 3,  808 

Connecticut 4,  864 

Colorado 45 

Georgia 683 

Minnesota 3,  353 

Tennessee 224 

Wisconsin 671 

Louisiana 5 

Indiana 1,  547 

Arizona 374 

New  Mexico 19 

Oklahoma 14 

District  of  Columbia 788 

Iowa * 2,038 

1 Leas  than  $500. 


Total 


State 

Nevada.  

North  Carolina 

New  Hampshire 

Hawaii..  _ 

Oregon 

Washington 

0 thoumnd *) 

(!) 

$89 

24 

56 

24 

390 

South  Dakota. 

Rhode  Island 

-----  --. 

Utah,  _ _ __ 

Alaska-- _ 

Arkansas  

Delaware 

Kentucky.  

Idaho 

18 

HI”  173 

28 

294 

Kansas __  

..  12 

Maine.  _ 

78 

Mississippi.  

(0 

Montana-  _ 

0 

Nebraska  _ __  _ _ __ 

10 

North  Dakota.  __  __ 

South  Carolina 

3 

Vermont 

6 

West  Virginia 

128 

Wyoming 

1 

Total __  _ 

140, 625 

Then  also,  you  mentioned  this  postal  card  return,  on  page  No.  7,  and 
if  you  could  give  us  a State -by-State  breakdown  of  the  subcontracts 
and  dollar  amounts  there,  I think  that  would  be  very  helpful  too. 

Mr.  Brackett.  Mr.  Chairman,  I find  I do  have  the  figures  here,  and 
I can  give  them  to  you,  if  you  wish. 

Mr.  Hechler.  Yes;  that  would  be  helpful,  for  the  37  States  that 
vou  mentioned,  if  you  would  submit  for  the  record,  a State-by-State 
breakdown. 

Mr.  Brackett.  I would  be  glad  to. 

(The  information  requested  is  as  follows:) 
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Distribution  of  NASA  1st-  and  2d-tier  subcontracts,  Jan.  1,  1962,  to  Feb.  28,  1968, 1 
based  on  reports  from  12  of  NASA’s  major  prime  contractors 


State  i 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut — 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas 

Louisiana 

Maryland 

Massachusetts. 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nevada 


Amount 

Percent 
of  grand 
total 

State » 

Amount 

Percent 
of  grand 
total 

$435,820 

0.1 

New  Hampshire 

$19,332 

(') 

4,022,237 

.9 

New  Jersey 

7, 647, 172 

1.8 

171,558 

(») 

New  Mexico.  

15, 576 

(•) 

207,085,316 

4a  9 

New  York 

36,331,477 

8.6 

1,846,275 

.4 

North  Carolina 

509,000 

. 1 

12,717,188 

3.0 

Ohio 

5,099,555 

1.2 

34,424, 710 

8.1 

Oklahoma 

452, 113 

.1 

82,219 

0 

Oregon 

573,250 

.1 

6,707,030 

1.6 

Pennsylvania  

17,309,909 

4.1 

1,017,368 

.2 

Rhode  Island 

68,503 

<») 

12,885,548 

3.0 

Tennessee 

78,393 

(*) 

624,209 

.1 

Texas 

2,080,601 

.5 

4,774,395 

1.1 

Utah 

256,801 

.1 

12,344,894 

2.0 

Vermont 

41,589 

8 

19,003,767 

4.5 

Virginia 

114,397 

3,650,177 

.9 

Washington 

73,689 

(•) 

26,237,834 

6.2 

West  Virginia 

724,699 

.2 

28,415 

2,005,239 

(,).5 

Wisconsin 

1,404,374 

.3 

1,099,452 

.3 

Total 

423,864,081 

100.0 

i Reporting  program  was  established  August  1962.  Retroactive  reporting  to  Jan.  1,  1962,  was  voluntary 
basis  and  such  reporting  is  not  necessarily  complete.  This  is  particularly  true  with  respect  to  reports  on 
2d-tier  subcontracts. 

* Principal  place  of  performance  of  subcontracts. 

* Less  than  0.05  percent. 


Mr.  Hechler.  That  will  be  very  helpful,  for  the  37  States  that  you 
mentioned  in  your  statement. 

Then,  do  you  have  any  other  State-by-State  breakdowns,  of  the 
contracts  in  the  areas  that  you  have  covered  in  your  testimony,  to 
supply  additionally  for  the  record? 

For  example,  for  small  business,  or  any  other  categories  that  you 
have  covered  in  your  testimony? 

Mr.  Brackett.  I don’t  think  we  have  got  them  here,  sir,  but  we 
could  get  them  for  you,  I believe,  if  you  would  like. 

You  wish  a breakdown  by  States? 

Mr.  Hechler.  Yes. 

Mr.  Brackett.  Of  small  business? 

Mr.  Hechler.  Yes. 

Mr.  Brackett.  I think  we  could  get  that. 

I don’t  have  a breakdown  by  States  here,  but  I do  have  a breakdown 
by  States,  under  the  10,000  subcontractors,  and  I would  be  glad  to 
put  that  in  the  record,  too. 

Mr.  Hechler.  Thank  you  very  much. 

(The  information  requested  is  as  follows:) 


Distribution  of  NASA  1st - and  id-tier  subcontracts,  Jan.  1,  196&,  to  Feb.  t8,  1963  1 

SUMMARY  TABLE 


Distribution  of  sub* 
contracts  based  on 
principal  place  of 
performance  of  prime 
contracts 


Amount* 


Percent  of 
grand 
total 


Net  distribution  of  1st-  and  2d-tier  subcontracts 


State  total 


Amount  * 


Percent  of 
grand 
total 


Small  business 

Percent  of 

Amount 

. 

State 

total 

$270,576 

62.1 

73,304 

1.8 

26,500 

15.4 

33,027,301 

15.9 

69,683 

3.8 

1,197,380 

9.4 

499,959 

1.5 

58,993 

71.8 

1, 700, 139 

25.3 

91,809 

9.0 

135,929 

25.9 

2,697,833 

56.5 

279,084 

2.3 

1, 956, 761 

10.3 

1, 103, 053 

30.2 

701,466 

2.7 

13,095 

46.1 

1, 138,  224 

56.8 

1,099,452 

100.0 

19,332 

100.0 

1,713,790 

22.4 

2,419,980 

8.7 

544,772 

10.7 

273,050 

60.4 

560,000 

97,7 

991, 521 

6.7 

33,465 

48.9 

164,966 

7.9 

10,000 

3.9 

Large  business 


Amount 


Percent  of 
State 
total 


Labor  surplus  areas 


Amount 


Percent  of 
State 
total 


NonlaMr  surplus 


Amount 


Percent  of 
State 
total 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas 

Louisiana 

Maryland 

Massachusetts... 

Michigan. 

Minnesota 

Mississippi 

Missouri 

Nevada 

New  Hampshire. 
New  Jersey...... 

New  Mexico 

New  York 

North  Carolina.. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island.... 

Tennessee.. 

Texas 

Utah 


$1,512,599 


0.4 


1354,373,138 


60.0 


2,672,706 


.6 


8,809,537 


2.1 


134, 095, 285 


31.6 


17,840,953 


4.2 


4,553,863 


1.1 


$435,820 
4,022,237 
, 171,558 

207,085,316 
1,846,275 
12, 717, 188 
34,424,710 
82, 219 
6,707,030 
1,017,368 
12,885,648 
524,209 
4,774,395 
12,344,894 
19,003,767 
3,650,177 
26,237,834 
28,415 
2,005,239 
1,099,452 
19,332 
7,647, 172 
15,  576 
36, 331, 477 
509,000 
5,099,555 
452, 113 
573,250 
17, 309,909 
68,503 
78,393 
2,080,601 
256,801 


(‘) 


0.1 

.9 


48.9 

.4 

3.0 

8.1 


(‘) 


<*) 


(‘) 

<«) 


<‘) 

<«) 


1.6 

.2 

3.0 

.1 

1.1 

2.9 

4.5 
.9 

6.2 

.5 

.3 

1.8 

8.6 

,1 

1.2 

.1 

.1 

4.1 


.5 

.1 


$165,244 
3,948,933 
145,058 
174,058,015 
1,776,592 
11, 519,808 
33,924,751 
23,226 
5,006,891 
925,559 
12,885, 548 
388,280 
2,076,562 
12, 065, 810 
17,047,006 
2, 547, 124 
25, 536, 368 
15,320 
867, 015 


5,933,382 
15, 576 
33,911,497 
506,000 
4, 554,783 
179,063 
13,250 
16,318,388 
35,038 
78,393 
1,915,635 
246, 801 


37.9 

98.2 

84.6 

84.1 

96.2 

90.6 

98.5 

28.2 

74.7 

91.0 

100.0 

74.1 

43.5 

97.7 

89.7 

69.8 
97.3 

53.9 

43.2 


$216,937 


1,400,232 


686,388 

95,665 


4,704,366 


248,879 

2,963,754 


77.6 
100.0 

93.3 
100.0 

88. 3 

39.6 
2.3 

94.3 
,51.1 
100.0 

92.1 

98.1 


2,070,429 
786,' 671 ' 
T596~296 


16,405,247 

68,503 

22,812 


49.8 


5.4 

.3 


98.5 


1.3 

81.2 


27.1 

"2*2 


31.3 


94.8 

100.0 

29.1 


$218,883 
4,022,237 
, 171, 558 

205, 685, 084 
1,846,275 
12,030,800 
34,329,045 
82,219 
6,707,030 
1,017,368 
12,885, 548 
624,209 
70,029 
12,344,894 
18, 754, 888 
686,423 
26,237, 834 
28, 415 
2,005,239 
1,099,452 
19,332 
5,576,743 
15, 576 
35,544,806 
509,000 
3,503,259 
452, 113 
573,250 
904,662 


55,681 

2,080,601 

256,801 


50.2 
100.0 
100.0 

99.3 

100.0 

94.6 

99.7 
100.0 
100.0 
100.0 
100.0 
100.0 

1.5 

100.0 

98.7 

18.8 
100.0 
100.0 
100.0 
100.0 
100,0 

72.9 

100.0 

97.8 

100.0 

68.7 

100.0 

100.0 

5.2 


70.9 

100.0 

100.0 
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Vermont 

Virginia 

Washington— 
West  Virginia. 
West  Virginia 
Wisconsin 


41,589 
114, 397 
73,689 
724,699 
724,699 
1,404,374 


Total 


423,864,081 


100.0 


423, 864, 081 


100,0 


41,589 

90,205 

100.0 

24,192 

21.1 

78.9 

28,160 

38.2 

45,529 

61.8 

80,048 

11.0 

644, 651 

89.0 

80,048 

11.0 

644, 631 

89.0 

52,967 

3,8 

1,351,407 

96.2 

53, 056, 784 

12.5 

370,807,297 

87.5 

22,816 

161,067 

161,067 


31.0 

22.2 

22.2 


31,450,062 


7.4 


41,589 

100.0 

114, 397 

100.0 

50,873 

69.0 

563,632 

77.8 

563,632 

77.8 

1,404,374 

100.0 

92, 414, 019 

92.6 

i Reporting  program  was  established  August  1962.  Retroactive  reporting  to  Jan.  1, 
1962,  was  on  a voluntary  basis  and  such  reporting  is  not  necessarily  complete.  This  is 
particularly  true  with  respect  to  reports  on  2d-tier  subcontracts. 

* This  column  shows  the  dollar  value  of  the  reported  lst-tier  subcontracts  distributed 
according  to  the  principal  place  of  performance  of  the  applicable  prime  contracts. 


* This  column  shows  the  net  distribution  of  the  1st-  and  2d-tier  subcontracts  according 
to  the  principal  place  of  performance  of  the  subcontracts.  The  total  dollars  are  the  same 
as  In  the  1st  column  since  the  2d-tier  subcontracts  represent  only  further  distribution  of 
the  lst-tier  subcontracts. 

4 Less  than  0.05  percent. 
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Are  there  any  questions  at  this  point,  from  any  of  the  committee? 

Mr.  Boone.  If  I may,  Mr.  Chairman,  I would  like  to  ask  Mr. 
Brackett  if  he  has  a plan  to  make  a determination  of  where  the  second 
tier  might  go? 

It  seems  to  me  that  this  would  be  an  extremely  interesting  statistic. 

Mr.  Brackett.  Yes,  sir,  we  do. 

As  you  know,  the  Bureau  of  the  Budget  has  authority,  by  statute, 
to  determine  what  type  of  reports  may  be  requested,  and  we  asked  for 
authority  to  obtain  such  reports,  and  wanted  to  make  this  as  simple 
as  possible,  so  we  designed  a self-addressed  postal  card. 

Mr.  Hechler.  May  we  see  it? 

Mr.  Brackett.  Certainly. 

(The  information  requested  appears  on  following  pages.) 

This  just  has  a few  questions  which  we  ask  the  prime  to  fill  in  when 
it  places  its  first-tier  subcontracts,  and  to  mail  into  us.  The  prime 
keeps  no  records,  makes  no  reports,  and  then  the  first-tier  contractors 
are  asked  to  do  the  same. 

The  Bureau  of  the  Budget  has  limited  this  report  for  use  in  12  of 
our  larger  companies,  and  it  is  only  to  be  used  in  connection  with 
prime  contracts  of  $500,000  or  more,  and  only  to  report  on  first-tier 
subcontracts  of  $10,000  or  more. 

Mr.  Hechler.  May  I ask,  for  the  record,  the  names  of  the  12  largest 
companies? 

Mr.  Brackett.  Yes. 

Mr.  Hechler.  Would  you  read  them  at  this  time,  for  the  record? 

Mr.  Brackett.  Yes,  sir. 

Aerojet-General  Corp.,  Boeing  Co.,  Chrysler  Corp.,  Douglas  Air- 
craft Co.,  Inc..  Grumman  Aircraft  Engineering  Corp.,  Ling-Temco- 
Vought,  Inc.,  Lockheed  Aircraft  Corp.,  McDonnell  Aircraft  Corp., 
North  American  Aviation,  Inc.,  -Space  Technology  Labs.,  Inc.,  United 
Aircraft  Corp.,  California  Institute  of  Technology. 

Mr.  Hechler.  Without  objection,  and  in  view  of  the  brevity  of 
this  form,  I think  it  would  be  useful  to  have  this  also  placed  in  the 
record. 

Mr.  Brackett.  Would  you  like  a copy  of  our  circular  for  the  record? 

Mr.  Hechler.  Yes,  I think  so. 

Mr.  Brackett.  I will  see  to  this,  also,  sir. 

Mr.  Hechler.  Thank  you. 


NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 

WASHINGTON  25,  D.  C. 


OFFICIAL  BUSINESS 


POSTAGE  AND  FEES  PAID 
NATIONAL.  AERONAUTICS 
AND  SPACE  ADMINISTRATION 
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National  Aeronautics  and  Space  Administration 
Procurement  & Supply  Division  (Code  BRP) 
Washington  25,  D.  C. 
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III.  SECOND-TIER  SUBCONTRACT  ||. FIRST-TIER  SUBCONTRACT  SECTION  I. 


IME  CONTRAC 


3.  ADDRESS 


4.  SU  3COM  TRACTOR 


S.  ADDRESS 


11.  PRINCIPAL  PLACE  OF  PERFORMANCE  (1}  Known 


12.  DESCRIPTION  OF  WORK 


13.  SUBCONTRACTOR 


14.  ADDRESS 


IS.  SMALL  BUSINESS 


es  m 


Form  Approved 

Budget  Bureau  No,  104-R012 


7.  SUBCONTRACT  NO. 

8.  SUBCONTRACT  AMT. 

_ J 

s 

9.  □ NEW  CONTRACT 


10.  □ MODIFICATION 


16.  SUBCONTRACT  NO. 

17.  SUBCONTRACT  AMT. 

t 

IS.  □ NEW  CONTRACT 


19.  □ MODIFICATION 


For  NASA 
lire  Only 


. DESCRIPTION  OF  WORK 


22.  COMPANY  SUBMITTING  REPORT 


NASA  FORM  667  aug  62 


123.  SIGNATURE 


GFO  93891 3 


24.  DATE 


REPORT  ON  NASA  SUBCONTRACTS 
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INSTRUCTIONS 


GENERAL 

A.  This  report  form  is  for  use  by  NASA  prime  contractors  and 
first-tier  subcontractors  participating  in  the  NASA  subcontracting 
reporting  program.  Parts  I and  II  of  the  form  are  for  use  by  the 
prime  contractors;  Parts  I,  II  and  II!  are  for  use  by  the  first-tier 
subcontractors. 

B.  NASA  prime  contractors  will  complete  and  submit  Parts  I 
and  II  of  the  form  for  each  subcontract  (as  defined  in  paragraph  D 
below)  placed  by  them  which  is  estimated  will  exceed  110,000 
and  for  each  action  (modification)  in  excess  of  SI 0,000  on  such 
subcontract.  Modifications  to  be  reported  include  actions  which 
result  in  the  decommitment  of  funds  as  well  as  commitments. 

C.  First-tier  subcontractors  having  any  subcontracts  which 
are  estimated  will  exceed  $10,000  will  complete  and  submit  the 
form  in  entirety  for  each  subcontract  (as  defined  in  paragraph  D 
below)  placed  by  them  which  is  estimated  will  exceed  $10,000 
and  for  each  action  (modification)  in  excess  of  $10,000  on  such 
subcontract.  Modifications  to  be  reported  include  actions  which 
result  in  the  decommitment  of  funds  as  well  as  commitments. 

D.  The  term  “subcontract”  as  used  herein  means  procure- 
ment in  excess  of  $10,000  by  the  prime  contractor  or  first-tier  sub- 
contractor of  articles,  materials,  or  services  entering  into  the  per- 
formance of  a specific  NASA  prime  contract.  It  does  not  include 
purchases,  regardless  of  amount,  of  stock  items,  materials,  or 
services  which  cannot  be  identified  with  a specific  NASA  prime 
contract. 

E.  NASA  prime  contractors  will  provide  the  number  of  the 
NASA  prime  contract  to  their  first-tier  subcontractors  for  entry  on 
the  reports. 

F.  The  report  is  to  be  submitted  as  soon  as  possible  after 
placement  of  the  subcontract  to  the  National  Aeronautics  and 
Space  Administration,  Procurement  and  Supply  Division,  Code  BRP, 
Washington  25,  D.  C. 

G.  Prime  contractors  will  obtain  a supply  of  the  forms  from 
their  NASA  Contracting  Officer.  Subcontractors  will  obtain  the 
forms  from  the  prime  contractor. 


SPECIFIC 

Item  1.  Enter  the  NASA  prime  contract  number. 

Item  2.  Enter  name,  and  division  if  applicable,  of  the  prime  con- 
tractor. 

Item  3.  Enter  address  (City  and  State  only)  of  the  prime  con- 
tractor. 

Item  4.  Enter  name,  and  division  if  applicable,  of  the  subcon- 
tractor. 

Item  5.  Enter  address  (City  and  State  only)  of  the  subcontractor. 

Item  6.  Enter  a check  in  the  applicable  box. 

Item  7.  Enter  subcontract  or  purchase  order  number  specified  by 
the  contractor  initiating  the  action. 

Item  8.  Enter  in  terms  of  commitments,  to  the  nearest  dollar,  the 
amount  of  the  subcontract,  or  amount  of  modification  to 
the  subcontract.  Modifications  resulting  in  decommit- 
ments are  to  be  enclosed  in  parentheses. 

Item  9.  Enter  a check  if  this  report  is  the  first  report  submitted 
on  the  subcontract. 

Item  10,  Enter  a check  if  this  report  is  for  a modification  of  a 
previously  reported  subcontract. 

Item  11.  Enter  the  location  ( City  and  State  only)  of  the  principal 
plant  or  place  of  business,  where  the  items  will  be  pro- 
duced or  supplied  from  stock  or  where  the  work  will  be 
performed,  if  known.  For  construction  subcontracts  enter 
the  site  of  construction. 

Item  12.  Enter  a brief  description  of  the  item  to  be  furnished  or 
the  work  to  be  performed  under  the  subcontract.  (For  ex- 
ample: Environmental  control  system  for  Apollo  Space- 
craft, Fuel  Pumps,  etc.) 

Items  13  thru  21.  See  Items  4 thru  12. 

Item  22.  Enter  the  name  of  the  company  submitting  the  report.  This 
should  be  the  name  of  the  prime  contractor  for  reports  on 
first-tier  subcontracts;  it  should  be  the  name  of  the  first- 
tier  subcontractor  for  reports  on  second-tier  subcontracts. 

Item  23.  To  be  signed  by  the  company  individual  submitting  the 
report. 

Item  24.  Enter  the  date  of  signature. 
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(The  information  requested  is  as  follows:) 

[Date:  August  16, 1962.  Circular  No.  243] 

NASA  Management  Manual 

MATERIAL  TRANSMITTED 

1.  NASA  Circular  243,  “Geographic  Distribution  of  NASA  Subcontracts.” 

2.  The  attached  circular  covers  procedures  and  reporting  requirements  for  the 
furnishing  of  certain  information  by  a selected  list  of  major  NASA  contractors  and 
their  subcontractors  on  the  geographic  distribution  of  NASA  subcontracts  in 
excess  of  $10,000  on  a post  card  form.  NASA  Form  667.  In  addition  to  provid- 
ing a statistical  measurement  of  the  geographic  dispersion  of  subcontracting  by 
major  NASA  contractors,  the  report  is  intended  to  provide  NASA  headquarters 
with  information  on  the  identity  and  location  of  first-  and  second-tier  subcon- 
tractors and  a description  of  the  items  being  furnished  or  work  being  performed 
by  them  under  the  major  NASA  contracts. 

3.  The  Bureau  of  the  Budget  has  approved  the  use  of  NASA  Form  667  on  a 
selective  test  basis  for  a limited  period.  The  expiration  date  of  Budget  Bureau 
approval  is  December  31,  1963. 

4.  Attachment  A lists  existing  contracts  in  excess  of  $500,000  with  the  selected 
contractors  which  will  require  amendments  to  include  the  subcontract  reporting 
requirement.  The  list,  should  be  reviewed  by  field  procurement  officers  to  deter- 
mine if  existing  contracts  with  the  selected  firms  over  $500,000  which  will  involve 
significant  subcontracting  have  been  omitted  by  NASA  headquarters,  in  which 
case,  such  contract  (s)  will  also  be  amended  to  include  the  requirement. 

5.  A supply  of  NASA  Form  667  is  being  furnished  to  each  procurement  office 
under  separate  cover.  In  this  connection,  see  paragraph  4 of  the  attached  circular . 


[No.  243.  Reference:  18-50.4.  Effective  date:  Aug.  16, 1962] 

NASA  CIRCULAR 

Subject:  Geographic  Distribution  of  NASA  Subcontracts 


1*  PURPOSE 

This  circular  prescribes  procedures  for  the  furnishing  by  certain  major  NASA 
prime  contractors  and  their  first-tier  subcontractors  of  information  relating  to 
the  geographic  distribution  of  subcontracts  awarded  under  NASA  contracts. 


2.  APPLICABILITY 

This  circular  is  applicable  only  to  the  following  NASA  prime  contractors  and 


their  first-tier  subcontractors: 

Aerojet-General  Corp. 

Boeing  Co. 

Chrysler  Corp. 

Douglas.  Aircraft  Co.,  Inc. 

Grumman  Aircraft  Engineering  Corp. 
Ling-Temco-Vought,  Inc. 


Lockheed  Aircraft  Corp. 

McDonnell  Aircraft  Corp. 

North  American  Aviation,  Inc. 
Space  Technology  Laboratories,  Inc. 
United  Aircraft  Corp. 

California  Institute  of  Technology. 


3.  PROCEDURES 

(а)  In  connection  with  each  NASA  contract  with  the  contractors  lifted  in 
paragraph  2 which  is  estimated  will  exceed  $500,000,  the  prime  contractor  will 
furnish  to  the  Procurement  and  Supply  Division  (code  BRP),  NASA  Head- 
quarters, on  NASA  form  667,  information  with  respect  to  the  geographic  dis- 
tribution of  each  first-tier  subcontract  exceeding  $10,000. 

(б)  Each  first-tier  subcontractor  awarded  a subcontract  in  excess  of  $50,000 
will  furnish  to  the  Procurement  and  Supply  Division  (code  BRP),  NASA  Head- 
quarters, similar  information  on  NASA  form  667  on  each  second-tier  subcontract 
exceeding  $10,000. 

(c)  The  Report  on  NASA  Subcontracts  clause  set  forth  in  subparagraph  d 
will  be  included  by  NASA  contracting  officers  in  each  prime  contract  which  it  is 
estimated  will  exceed  $500,000  entered  into  with  the  firms  specified  in  paragraph  2 
after  the  effective  date  of  this  circular.  Also  certain  existing  contracts  (including 
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letter  contracts)  with  the  firms  listed  in  paragraph  2 will  be  amended  to  include 
the  “Report  on  NASA  Subcontracts”  clause  set  forth  in  subparagraph  d.  The 
list  of  such  contracts  is  set  forth  in  Attachment  A. 

(d)  Clause: 

“Report  on  NASA  Subcontracts  (September  1962) 

“(a)  The  contractor  agrees  to  submit  information  on  NASA  Form  667  to  the 
National  Aeronautics  and  Space  Administration  (attention:  code  BRP),  Wash- 
ington 25,  D.C.,  substantially  as  follows  with  respect  to  each  subcontract  or 
modification  thereof  exceeding  $10,000  as  soon  as  possible  after  execution  thereof: 

(i)  The  name  and  address  of  the  prime  contractor  and  the  NASA  prime 
contract  number. 

(ii)  The  name  and  address  of  the  subcontractor. 

(iii)  Whether  the  subcontractor  is  a large  or  small  business  concern. 

(iv)  A brief  description  of  the  subcontract  work. 

(v)  The  amount  of  the  subcontract. 

(vi)  The  principal  location  where  the  subcontract  work  is  to  be  performed, 
if  known. 

“(b)  The  term  ‘subcontract’  as  used  herein  means  procurement  in  excess  of 
$10,000  by  the  contractor  or  first-tier  subcontractor  of  articles,  materials,  or 
services  entering  into  the  performance  of  this  contract,  except  purchases,  regard- 
less of  amount,  of  stock  items,  materials,  or  services  which  cannot  be  specifically 
identified  with  this  contract. 

“(c)  The  contractor  further  agrees  to  insert  the  provisions  of  paragraphs  (a)  and 
(b)  of  this  clause  in  each  subcontract  in  excess  of  $50,000.  The  contractor  will 
instruct  his  subcontractors  to  submit  their  reports  directly  to  the  National  Aero- 
nautics and  Space  Administration  (attention:  code  BRP),  washington  25,  D.C., 
and  will  provide  his  subcontractors  with  the  number  of  the  NASA  prime  contract.” 

(e)  The  Procurement  and  Supply  Division,  NASA  headquarters,  will  compile 
and  analyze  the  data  reported  on  NASA  Form  667  and  will  distribute  the  analyses 
to  all  interested  offices. 

4.  SUPPLY  OF  FORMS 

(а)  An  initial  supply  of  NASA  Form  667  has  been  furnished  to  each  installation 
procurement  office.  NASA  Form  667  will  be  stocked  centrally  at  NASA  head- 
quarters for  requisitioning  additional  supplies. 

(б)  NASA  contracting  officers  will  furnish  the  necessary  supply  of  NASA  Form 
667  to  the  prime  contractor  for  his  use  and  for  his  first-tier  subcontractors. 

5.  EXPIRATION  BATE 

This  circular  is  automatically  canceled  December  31,  1963. 

Albert  F.  Siepert, 

(For  Director  of  Administration). 
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Attachment  A 


List  or  Existing  NASA  Contracts  To  By  Amended 


Aerojet-General  Corp. : 

NAS5-417:  SNAP  8 
NAS5-2252:  AEROBEE 
NAS8-4014:  M-l  engine 
NAS1-1330:  SCOUT  motors 
Boeing  Co.: 

NAS8-2577:  S-1C 
Chrysler  Corn.: 

NAS8-1666:  GSE  for  SATURN 
NAS8-2576:  S~1  . 

Douglas  Aircraft  Co.,  Inc.: 

NAS5-1681:  DELTA 
NAS7-1:  S IV 
NAS7-101 : S IVB 

Grumman  Aircraft  Engineering  Corp. : 
NAS5-814:  OAO 
Ling-Temco-Vought,  Inc. : 

NAS1-1295:  SCOUT  vehicle 
NAS1-1970:  Spare  parts  for  SCOUT 
NAS1-1928:  SCOUT 
NAS1-1946:  Velocity  package  proj- 
ect fire 

Lockheed  Aircraft  Corp.: 

NAS8-5600:  RIFT 
McDonnell  Aircraft  Corp.: 

NAS9-170:  GEMINI 


North  American  Aviation,  Inc,: 
NASw-16:  F-l  engine 
NASw-333:  Liquid  hydrogen  cooled 
test  nozzles 

NASw-347:  Phoebus  feed  system 
NAS5-412:  KIWI  B 
NAS8-19:  J-2  engine 
NAS8-5603:  J-l  engine 
NAS8-5604:  F-l  engine 
NAS7-3:  H-l  engine 
NAS7-4:  H-l  engine 
NAS7-80:  SATURN  II 
NAS7-162:  H-l  engine 
NAS7-90:  Facilities  for  S II 
NAS9-150:  APOLLO  spacecraft 
NAS9-167:  APOLLO  paraglide  sys- 
tem 

Space  Technology  Laboratories,  Inc.: 
NAS5-899:  OGO 
United  Aircraft  Corp.: 

NAS8-2690:  A-3  engine 
NAS8-2691:  A-3  engine 
NAS3-1833:  Space  condenser  facility 
California  Institute  of  Technology: 
NAS7-100 


Field  procurement  officers  should  review  this  list  to  determine  if  all  existing 
contracts  over  $600,000  with  these  firms  which  will  involve  significant  subcon- 
tracting have  been  listed.  If  any  contract  is  omitted,  such  contract  will  also 
be  amended  to  include  these  requirements  and  the  information  furnished  to  the 
Procurement  and  Supply  Division  (code  BRP),  NASA  Headquarters. 

Mr.  Brackett.  The  Bureau  of  the  Budget  has  further  limited  us 
as  to  the  first-tier  subcontractors,  who  will  make  reports  on  their 
second-tier  subcontracts. 

It  can  only  be  applicable  to  the  first-tier  subcontracts  that  are 
$50,000  or  more. 

And  they  report  on  second-tier  subcontracts  of  $10,000,  or  more. 

This  will  give  us  some  picture  of  the  subcontract  structure,  and  where 
the  subcontracts  are  going,  but  it  is  only  going  to  hit  the  larger  ones. 

It  is  our  feeling  that  it  is  the  smaller  subcontracts,  in  particular,  the 
lower  tier  subcontracts,  which  will  go  to  these  small  business  concerns. 

Of  the  postal  cards  that  we  have  gotten  in  so  far,  we  have  made  some 
analysis  just  to  bear  out  this  point,  and  we  have  found,  that  as  the 
dollar  amount,  as  the  subcontracts  go  down  in  dollar  amounts,  small 
business  gets  a larger  participation.  In  subcontracts  of  $25  million  or 
under,  those  in  the  second  tier  only,  as  was  shown  here,  small  business 
gets  17.3  percent,  but  when  it  gets  down  to  $10,000,  or  under,  the 
percentage  goes  up  to  22.1  percent,  and  when  it  is  down  to  $5,000,  or 
under,  32.2  percent;  and  $1,000,  or  under,  43.9  percent. 

In  other  words,  we  are  not  getting  the  full  picture  of  the  help  that 
has  gone  to  small  business  by  the  subcontracts. 

Mr.  Hechler.  Mr.  Brackett,  getting  back  to  geographical  distribu- 
tion, I must  say  that  I am  not  impressed  by  the  way  you  phrased 
your  statement  on  page  No.  7. 
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You  indicate  here,  under  dollar  distributions  of  NASA  contracts: 

NASA  appreciates  the  increasing  impact  of  its  contracts  on  the  national 
economy,  and  is  attempting  to  see  that  consideration  is  given  in  placing  its 
contracts,  so  that  they  will  aid  the  economy  * * *. 

Immediately  following  this,  you  indicate  that  you  are  undercutting 
that  phraseology  completely  in  your  statement,  and  you  wind  up  by 
saying,  well,  it  is  more  efficient  and  economical  to  put  these  contracts 
where  there  is  demonstrated  experience. 

I think  the  net  effect  of  your  testimony,  therefore,  is  to  give  a little 
glimpse  of  lipservice  at  the  beginning,  and  then  to  cut  away  the 
entire  structure  by  the  time  you  complete  your  testimony. 

Mr.  Brackett.  Well,  I am  sorry,  sir,  I didn't  mean  to  do  that. 

Our  policy  is,  top  management  policy  is,  that  we  feel  in  research 
and  development,  we  must  go  to  those  companies  that  can  do  the 
best  job,  and  have  the  best  chance  of  successfully  performing  the 
work. 

Where  we  are  buying  supplies  and  services  that  can  be  done  by 
companies,  regardless  of  the  area  in  which  they  are  located,  or  the 
size  of  the  company,  these  are  the  places  where  we  do  go,  particularly, 
to  small  business  concerns. 

This  is  where  we  are  buying  standard  items  or  products.  Un- 
fortunately, Mr.  Chairman,  we  do  not  buy  supplies  to  the  large  extent 
that  some  of  the  other  departments  do.  But  when  it  comes  to  re- 
search and  development,  our  management  feels  it  must  go  to  the  best 
qualified  company  that  they  can  find,  regardless  of  where  they  are 
located. 

I know,  in  the  selection  of  contractors  and  companies  by  our 
management,  the  question  of  selection  has  come  up  between  two  or 
three  companies,  either  located  in  surplus  areas  or  not,  but  in  research 
and  development,  as  I say,  technical  capability  has  been  the  prime 
consideration. 

However,  if,  say,  a second  or  third  rated  company  is  pretty  close 
technically,  to  the  top,  then  Mr.  Webb  has  said  : “This  will  go  to  the 
company  in  the  labor  surplus  area."  Even  though  it  is  not  rated  the 
best. 

Mr.  Heckler.  I don't  want  to  belabor  this  point  too  much,  except 
that  whenever  NASA  is  pushed  on  this  point  NASA  has  usually  said: 
“Well,  if  all  other  things — are  equal,  why,  the  contract  will  then  go 
to  the  labor  surplus  area." 

But  I have  found  in  so  many  cases,  that  NASA  concludes  that  all 
other  things  are  not  equal.  And  therefore,  to  he  that  hath,  shall  be 
given. 

Mr.  Wydler.  Mr.  Chairman,  if  I may  make  this  comment,  I 
would  like  to  say  for  the  record,  that  of  course,  these  are  very  difficult 
problems  for  Mr.  Brackett,  as  Administrator,  to  handle,  and  I would 
like  to  say  to  you  how  I feel  as  a member  of  this  subcommittee,  arid  of 
this*  committee.  ) 

Of  course,  I come  from  a State  which  is  of  very  great  concern  to 
me.  Just  as  in  the  case  of  every  other  Congressman,  and  we  all  have 
an  interest  in  seeing  that  contracts  do  go  to  our  States. 

However,  as  a member  of  this  committee,  although  I do  feel  the 
same  way,  I would  like  to  make  it  clear  that  if  I ever  found  that  any 
judgment  was  used  in  awarding  any  of  these  contracts,  except  on  the 
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basis  of  the  standard  of  excellence,  really  meaning  the  standard  of 
excellence,  I personally  would  object  to  it,  and  would  make  it  public, 
and  do  everything  in  my  power  to  see  that  you  immediately  returned 
to  that  standard  as  a basis  of  selection,  and  placement  of  these  con- 
tracts— whether  or  not  that  means' the  company  might  be  in  my  area. 

I would  not  care  which  way  the  chips  happened  to  fall. 

Mr.  Brackett.  No,  sir. 

Mr.  Wydler.  And  I think  actually  what  you  are  really  saying 
here  is  that  in  these  very  serious  and  important  matters  you  are  not 
going  to  take  a chance  on  some  company  that  you  really  don’t  know 
too  much  about,  in  giving  to  that  company  an  important  part  of  the 
space  program,  just  because  they  have  an  economic  problem  in 
the  area. 

I am  personally  wholeheartedly  in  concurrence  with  this  policy,  if 
it  is  your  policy,  because  I certainly  don’t  think  we  should  use  the 
space  program  as  a method  of  solving  our  unemployment  problems, 
except  to  the  extent  that  it  is  really  decided  that  they  are  so  close 
that  there  would  be  no  other  reason  for  doing  it  another  way. 

In  that  case,  that  may  be  a fair  judgment,  of  course, 

Mr.  Brackett.  Yes. 

Mr.  Hechler.  By  my  remarks,  I certainly  would  not  wish  to  leave 
any  iaforem^,  Shat  I disagreed  with  the  gentleman  from  New  York, 
Mr.  Wydler,  or  that  I am  arguing  that  we  sacrifice  any  standards  of 
excellence. 

I would  simply  underline  that  on  those  occasions  when  other  things 
are  equal,  and  where  there  is  competition  among  bidders  that  are 
relatively  equal  in  other  respects,  attention  be  given  in  such  cases, 
fto  the  labor  surplus  aveas.  If  you  can  take  advantage  of  t':  e surplus 
labor  supply  and  maintain  your  standard  of  excellence,  there  is 
absolutely  no  reason  why  more  contract^  cannot  go  to  labor  surplus 
areas. 

Mr.  Brackett.  I think,  Mr.  Chairman,  that  is  our  policy. 

Mr.  Hechler,  That  is  good. 

Mr.  Rumsfeld.  I think  there  is  another  aspect  to  this  whole 
question,  Mr.  Chairman,  if  I may  comment  at  this  point,  when  one 
appreciates  that  we  have  a defense  budg'et  in  excess  of  $50  billion, 
and  here  NASA  is  requesting  in  the  neighborhood  of  $5.7  billion,  of 
which  90  percent,  you  indicate,  Mr.  Brackett,  is  spent  by  contract. 

We  can  see  that  we  have  very  serious  and  social,  as  well  as  economic 
implications  in  our  society,  therefore,  and  I think  we  do,  very  definitely, 
have,  to  look  toward  the  most  economical  suppliers. 

On  the  other  hand,  we  have  to  avoid  the  potential  danger  of  creating 
a one-industry,  or  almost  one-industry  economy,  in  an  area. 

If  the  Federal  Government  can  turn  this  money  on,  as  it  has  done, 
then  it  can  turn  this  money  off,  so  I do  think  there  is  this  additional 
factor  which  should  be  considered. 

Believe  me,  I don’t  envv  you  your  responsibilities,  Mr.  Brackett. 

I appreciate  how  difficult  they  are,  but  I think  we  should  make  every 
possible  attempt  to  spend  these  moneys  throughout  the  United  States. 

Of  course,  this  money  is  raised  from  taxes  throughout  the  United 
States,  which  is  one  reason  why  I say  this.  But,  not  only  should  we 
try  to  spend  the  money  where  it  is  raised,  but  also  we  should  remember 
this  question  of  the  potential  danger  to  a given  area,  by  stopping  such 
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expenditure,  and  thus  creating  a very  serious  unemployment  problem 
where  the  money  has  previously  been  spent. 

I think  the  history  of  California  in  the  past,  over  a very  brief  period, 
indicates  this. 

Mr.  Brackett.  Yes,  sir. 

Mr.  Hechler.  I think,  Mr.  Rumsfeld,  you  have  added  another 
dimension  to  this,  and  I appreciate  vour  bringing  up  this  matter. 
Because,  I think  you  would  agree,  Mr.  Brackett,  that  part  of  this 
economic  problem  is  the  very  impact  of  which  Mr.  Rumsfeld  has 
spoken.  Measuring  the  economic  impact  may  not  be  as  much  a 
matter  of  the  immediate  dollar  figure  in  your  immediate  target  as 
the  overconcentration  and  the  economic  impact  which  might  result — 
that  is  to  say,  overconcentration  of  contracts  in  one  area. 

Mr.  Brackett.  Yes,  sir.  Mr.  Webb  is  very  conscious  of  this  and, 
as  I have  heard  him  say  many  times,  he  feels  he  must  not  only  bring 
more  companies  into  the  program  because  it  is  a growing  program 
and  we  do  want  to  have  competition,  but  we  must  have  a broader 
base  for  this  work — not  just  more  companies.  Because  he  appreciates 
the  economic  impact  on  the  economy,  he  feels  that  we  should,  within 
our  economic  limits,  and  within  our  job,  do  everything  we  can  to  keep 
our  standards,  and  come  up  with  the  best  space  program  we  can, 
spreading  this  business  into  all  areas. 

Mr,  Hechler.  Well,  good. 

Now,  you  are  going  to  give  us  a State-by-State  breakdown  so  that 
we  can  make  an  effective  analysis  of  what  you  have  done,  and  what 
you  propose  to  do  on  this  point? 

Mr.  Brackett.  Yes. 

(The  information  requested  is  as  follows:) 
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U.S.  geographical  distribution  of  NASA  procurement  direct  awards  of  $ 25,000 

and  over  1 fiscal  year  1962 


State 

Actions 

Obligations 

Number 

Percent  of 
total 

Amount  in 
thousands 

Percent  of 
total 

Total.. 

2,707 

100 

1W 

Alabama 

220 

11 

18 

1 

8.1 

A 

Alaska.-  . . .. 

4,227 

K KM 

o.  7 
.5 

Arizona 

.7 

<*) 

20.0 

1.0 

1.7 

(*)  „ 
3.1 
.0 
2.3 
.8 
5 

Arkansas 

U|  uOO 

37 

441,170 

1 «oo 

« 47  0 

California 

784 

27 

45 

1 

PnlnradO  . . ... 

Ponneetinilt- _ 

Delaware  . . ... 

34 

50,925 
3,352 
8,403 
1,646 
1,808 
18,534 
26,773 
10,737 
5,644 
2,027 
03 
70,600 
435 
320  . 
26,080 
1,606 
55,301 
1,605 
11,320 
687 
33 

(»)  A 

THm-ida 

85 

24 

63 
23 
14 
10 

154 

141 

64 
31 

). 

dnnrgf  a .... 

Illinois  _ 

.9 

fndiana  _ . . . 

Tf>wa  . 

o 

Tunisians.  ...  

7 

2.0 

2.0 

2.1 

.6 

s 

Maryland..  . . 

5.7 

5.2 

2.4 
1.1 

<’) 

1.5 

. l 

Massachusetts  . 

Minnesota  . ... 

Mississippi 

(*) 

7.5 

« 

(9 

2.0 

2 

Missouri  

<0 

3 

- 

New  Hampshire ■ 

7 

.3 

Wow  Jersey  . _ 

130 

4.8 

.3 

Wav;  Marian  . 

9 

Wow  York  ...  . ... 

200 

7.4 

.4 

4.2 

.4 

« so 

3.0 

5.0 

.2 

1,2 

(*) 

W .7 
m 

Worth  Oarolina 

10 

Ohio  ...  . ... 

114 

Oklahoma 

11 

Cragon  .. . . 

1 

Pen'nsyivania  . „.  . 

105 

25,291 

243 

Rhode  Island . . . . _ . 

3 

.1 

South  Dakota  . . _ 

1 

(,)  .7 

08 

2,163 

j 

Tennessee  ...  . 

10 

U .2 

Taras  ... 

146 

5.4 

32,755 

37 

3.5 

(J) 

(J) 

1.5 

Utah  ... 

1 

(>) 

.1 

Vermont.  . .... 

3 

112 

Virginia 

01 

3.4 

13,785 

325 

4,618 

10,075 

4 

.1 

(*) 

.5 

Wisconsin 

23 

.8 

■District  of  Columbia 

60 

2.2 

1.1 

i Excludes  awards  placed  with  or  through  other  Government  agencies,  awards  outside  the  United  States 
and  actions  on  the  JPL  contract. 

* Less  than  0.1  percent. 
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U.S.  geographical  distribution  of  NASA  procurement  direct  awards  of  $ 25,000  and 

over  * July  1-Dec.  SI,  1962 


Obligations 


State 

Amount  in 
thousands 

Percent 
of  total 

Total. 

$776,797 

100.0 

Alabama 

35,288 

4.5 

Alaska 

1,907 

.2 

Arizona... 

1,724 

.2 

Arkansas 

30 

(>) 

California 

371,308 

47.8 

Colorado 

879 

.1 

Connecticut 

3,747 

.5 

Florida 

30,907 

4.0 

Georgia 

1,234 

.2 

Hawaii 

124 

W 

Idaho 

250 

(») 

Illinois 

5,669 

.7 

Indiana 

780 

.1 

Iowa 

805 

.1 

Kansas 

276 

(») 

Louisiana 

73,361 

9.4 

Maine 

61 

Maryland 

17,617 

2.3 

Massachusetts 

13, 195 

1.7 

Michigan 

1,804 

. 2 

Obligations 

State 

Amount  in 
thousands 

Percent 
of  total 

Minnesota 

3,215 

45 

85,788 

314 

0.4 

Mississippi 

(>) 

11.0 

(l) 

Missouri" _ 

Nevada ' 

New  Hampshire 

269 

(i) 

New  Jersey.  

22,973 
2,843 
39, 175 
273 

3.0 

New  Mexico 

.4 

Now  Vorfc- 

5.0 

North  Carolina 

0)  .9 

Ohio 

7,353 

322 

Oklahoma 

(*) 

•) 

1.2 

Oregon 

109 

Pennsylvania  

9,638 

38 

Rhode’  Tsland 

(‘) 

.1 

Tennessee 

889 

Texas . 

15,  MO 
79 

1.9 

Vermont 

w 

i.i 

Virginia 

8,477 

219 

Washington  

0) 

.i 

West  Virginia 

395 

Wisconsin 

5,717 

12,560 

.7 

District  of  Columbia 

1.6 

i Less  than  0.05  percent. 

* Excludes  awards  placed  with  or  through  other  Government  agencies,  awards  outside  the  United  States 
and  actions  on  the  JPL  contract. 

Mr.  Wydler.  Do  I understand,  Mr.  Chairman,  from  what  you 
were  saying  previously,  that  NASA  has  awarded  no  contracts  in  the 
State  of  West  Virginia  whatsoever? 

Mr.  Hechler.  No  prime  contracts  over  $25,000.  NASA’s  own 
figures  so  demonstrate. 

Mr.  Wydler.  No  prime  contracts;  I understand — I thought  it 
would  be  pretty  hard  to  understand  about  any  State  in  the  Union, 
considering  the  size  of  this  program  today,  why  it  would  not  be  pos- 
sible to  do  something  along  those  lines, 

Mr.  Hechler.  Well,  we  West  Virginians  down  through  the  years 
have  found  many  things  here  that  were  hard  to  understand,  without 
any  large  military  installations,  and  with  very  few  military  prime- 
contracts,  at  least  until  recently,  Mr.  Wydler. 

Mr.  Wydler.  Well,  then  I quite  understand  your  questioning  the 
point  under  those  circumstances. 

Mr.  Hechler.  Thank  you,  Mr.  Rumsfeld. 

I think  because  of  Mr.  Wydler’s  look  of  surprise  about  West  Virginia 
not  getting  any  contract  [laughter]  I would  ask  that  this  total  on 
page  No.  29  of  the  NASA  procurement  report  be  placed  in  the  record 
at  the  point  where  we  had  our  discussions. 

Mr.  Brackett.  Yes. 

Mr.  Hechler.  This  shows  the  geographical  distribution  by  States 
of  where  the  prime  contract  awards  of  $25,000  and  over  were  made. 

Mr.  Brackett.  As  I was  telling  you,  Mr.  Chairman,  before  we 
started,  we  have  recently  placed  this  $400,000  contract  in  West 
Virginia. 

Mr.  Hechler.  Would  you  be  able  to  identify  that? 

Mr.  Brackett.  Yes,  sir. 

Mr.  Hechler.  You  could?  Good;  we  might  be  able  to  break  the 
news  before  noon  for  the  afternoon  papers.  [Laughter.] 
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Mr.  Brackett.  Yes.  This  was  to  the  East  Coast  Flying  Service; 
and  it  is  for  $395,324.16. 

This  was  obtained  by  formal  advertising  limited  to  small  business 
concerns.  It  was  a set-aside,  as  I understand  it,  and  this  company 
was  low  bidder,  and  received  the  contract. 

Mr.  Boone.  Mr.  Chairman,  if  I may  address  this  comment  to  Mr. 
Brackett:  Do  you  have  a published  policy  on  this  point  that  goes 
out  to  all  these  centers? 

Mr.  Brackett.  On  the  labor  surplus  areas? 

Mr.  Boone.  Yes. 

Mr.  Brackett.  Yes,  we  do. 

Mr.  Boon®.  Would  you  like  to  have  a copy  of  that,  perhaps,  Mr. 
Chairman? 

Mr.  Brackett.  This  is  our  policy. 

Mr.  Hechler.  Yefs,  I think  it  would  be  useful.  Would  you  please 
supply  us  with  a copy  of  that? 

Mr.  Brackett.  Yes,  I will  be  glad  to.  It  is  entitled:  “Increased 
utilization,  of  firms  in  labor  surplus  areas.” 

Mr.  Boone.  I asked  the  question  because  it  seems  to  me  that  you 
were  talking  about  actions  by  NASA  headquarters.  When  you  get 
down  to  the  small,  $25,000  contract,  this  might  be  a locally  handled 
problem  by  each  center  and  therefore,  the  published  pokey  would 
insure  uniform  procurement  by  all  NASA  centers. 

Mr.  Brackett.  Yes.  I will  submit  this  for  the  record,  then. 

(The  information  requested  is  as  follows:) 

[No.  347.  Reference:  18-1.7.  Date:  Sept.  4, 1062] 

NASA  CIRCULAR 

Subject:  Increased  Utilization  of  Firms  in  Labor  Surplus  Areas 


i.  purpose 


This  circular  prescribes  procedures  for  review  by  NASA  headquarters  of  certain 
proposed  procurements  in  order  to  insure  that  adequate  consideration  is  given  to 
qualified  firms  in  labor-surplus  areas  and  to  improve  the  opportunities  for  such 
firms  to  participate  in  the  NASA  program  at  the  prime  or  subcontract  level. 

2.  APPLICABILITY 


This  circular  is  applicable  to  procurement  offices  at  NASA  headquarters  and 
field  installations. 


3.  BACKGROUND 


(a)  The  Area  Development  Administration  Act  (42  U.S.C.  2501-2525)  estab- 
lished the  Area  Redevelopment  Administration  in  the  Department  of  Commerce. 

(b)  Presidential  memorandum  to  heads  of  departments  and  agencies,  dated 
February  27,  1962,  requested  agencies  to  give  assistance  to  redevelopment  areas. 

(c)  A number  of  States  have  designated  special  representatives  to  work  with 
the  principal  Government  agencies  in  Washington  in  an  effort  to  channel  more 
Government  contracts  into  labor-surplus  areas. 


4.  PROCEDURES 

(a)  Procurement  offices  will  forward  to  the  Procurement  and  Supply  Division, 
NASA  Headquarters,  Attention:  Industry  assistance  officer  (Code  BR),  the  fol- 
lowing information  with  respect  to  all  proposed  unclassified  procurements  in 
excess  of  $250,000,  including  sole  source,  at  the  earliest  possible  date  or,  in  any 
event,  not  less  than  10  days  prior  to  issuance  of  the  invitation  for  bids  or  request 
for  proposals: 
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(1)  A detailed  description  of  the  item  or  work  and  the  quantity  involved. 
(A  copy  of  the  purchase  request  may  be  forwarded  in  lieu  of  the  detailed  descrip- 
tion.) 

(2)  Estimated  value  of  the  procurement. 

(3)  Names  and  locations  of  firms  to  be  solicited. 

(4)  Estimated  date  of  issuance  of  invitation  for  bids  or  request  for  proposals. 

(5)  Whether  a small  business  or  labor-surplus  set-aside  will  be  made. 

(6)  Any  special  requirements  or  unusual  aspects  to  be  included  in  the  solicitation, 
e.g.,  those  which  will  require  special  capabilities  or  facilities  fcr  development, 
manufacture,  or  test  purposes. 

(6)  The  industry  assistance  officer,  Procurement  and  Supply  Division,  NASA 
Headquarters,  will: 

(1)  Review  such  proposed  procurements  to  determine  if  adequate  consideration 
has  been  given  to  qualified  firms  in  labor-surplus  areas, 

(2)  Suggest  additions  of  qualified  firms,  when  considered  feasible,  to  the  pro- 
posed source  list  of  firms  in  labor-surplus  areas,  and 

(3)  Serve  as  a central  point  of  contact  for  representatives  of  the  Area  Rede- 
velopment Administration,  the  Small  Business  Administration,  and  for  special 
State  representatives  on  proposed  NASA  procurements,  and  will  afford  such 
representatives  an  opportunity  to  suggest  additions  of  qualified  firms  to  the  pro- 
posed list  of  sources. 

Any  additional  sources  suggested  will  be  promptly  communicated  by  the  in- 
dustry assistance  officer  to  the  procurement  office  concerned  for  appropriate 
consideration. 

Ralph  E.  Cushman 
(For  Director  of  Administration). 

Mr.  Hechler.  If  there  are  no  further  questions  on  this  point,  then 
I would  like  to  open  up  the  hearing  for  any  questions  that  the  mem- 
bers might  have. 

Mr.  Rumsfeld.  This  does  not  have  to  do  with  what  you  have  said 
thus  far,  and  I don’t  mean  it  as  any  criticism  of  you,  really ; I simply 
feel  that  the  record  should  show  that  those  in  the  administration,  as 
well  as  the  Members  of  Congress  and  the  people  of  this  country, 
should  appreciate  the  fact  that  we  are  talking  about  the  taxpayers’ 
money.  We  are  taking  about  tax  dollars,  and  with  the  tremendous 
expenditures  that  are  being  made  by  NASA,  by  the  Department  of 
Defense,  and  so  forth,  we  do  have  a potentially  very  serious  problem. 

I know  this  is  a difficult  area;  you  have  listed  four  or  five  different 
types  of  contracts  that  you  are  using,  and  I feel  it  is  important  for 
all  of  us  to  be  constantly  aware  of  the  public  trust  that  we  have  here. 

Mr.  Brackett.  Yes,  sir. 

Mr.  Rumsfeld.  I have  been  studying  this  question  since  coming 
to  Congress,  and  I have  a very  deep  concern  about  it.  I have  run 
across  so  many  instances  where  we  are  working,  not  with  black  or 
white,  but  with  a gray  area,  and  this  is  what  you  are  doing  all  day 
long. 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  You  are  working  in  this  gray  area,  on  these  ques- 
tions when  people  come  in  and  ask  for  an  amendment  to  the  original 
contracts,  changes  in  contracts,  the  addition  of  the  liquidated-damages 
clause,  for  example,  when  you  amend  a contract,  and  I personally  feel 
very  strongly  that  our  present  procurement  regulations  are  inadequate. 

I say  this  because  I believe  the  whole  history  of  this  country  shows 
that,  to  the  extent  that  we  can  put  this  type  of  sensitive  activity  in 
a goldfish  bowl,  and  air  it  publicly,  I feel  we  should  do  so. 

I know  that  many  of  these  contracts  are  of  a confidential  nature, 
some  from  a military  standpoint,  and  some  from  a business  standpoint, 
but  I think  that  we  in  Government,  have  to  work  toward  making 
more  and  more  information  of  this  type  public,  because  this  is  the  only 
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way  that  we  can  avoid  the  possibility,  not  only  of  errors  in  judgment 
but  illegal  irregularities. 

Now,  I have  some  specific  questions  on  page  4. 

You  say  in  the  second  sentence,  at  the  top  of  the  page — 

The  Board  is  made  up  predominantly  of  technical  members  with  representatives 
from  business  management  offices. 

What  is  a business  management  office? 

Mr.  Brackett.  Usually  procurement  or  financial  analysis. 

Mr.  Rumsfeld.  This  is  a NASA  office? 

Mr.  Brackett.  This  is  a NASA  office.  Yes,  sir. 

Mr.  Rumsfeld.  All  right.  Then  on  page  5,  you  mention: 

The  cost-type  contract  does  not  give  the  contractor  a real  incentive  to  hold 
down  cost  and  NASA  is  trying  to  find  other  ways  of  contracting  which  will  en- 
courage economy. 

Now,  wb&t  specific  programs  or  potential  recommendations,  do  you 
have  that  you  and  NASA  will  be  making  to  improve  this? 

Mr.  Brackett.  Well,  I believe  a year  ago  we  did  not  have  a single 
incentive-type  contract. 

Today  we  have,  I think,  10,  and  we  have  several  others  that  are  in 
the  process  of  negotiation. 

For  example,  I can  give  you  an  instance  of  the  contract  for  the 
Scout  space  vehicle.  The  first  contract,  I believe,  was  a cost-plus- 
fixed-fee  contract;  then  we  came  up  with  the  second  contract,  and 
we  then  switched,  and  are  now  negotiating  a fixed-price,  incentive-type 
contract. 

We  are  now  about  ready  to  convert  the  contract  for  the  establish- 
ment of  the  astronomical  observatory  with  the  Space  Technology 
Lab,  which  is  on  a cost-type  basis,  and  we  are  ready  to  negotiate 
what  I believe  will  be  a fixed-price  incentive  contract. 

We  are  about  to  make  a contract  for  what  is  called  the  Pioneer 
satellite.  I am  not  an  engineer,  but  it  is  my  understanding  that  this 
will  be  a rather  large  surface  satellite,  to  find  out  what  meteorites  do 
in  space.  We  have  had  a competition  on  a cost-plus-fixed-fee  basis 
for  this  contract,  and  two  companies  have  been  selected,  again,  by 
Mr.  Webb,  Dr.  Dryden,  and  Dr.  Seamans;  and  we  are  now  going  to 
negotiate  with  these  two  companies.  We  have  asked  them  to  come 
in,  instead  of  with  a cost-plus-fixed-fee  contract  proposal,  with  a 
fixed-price  incentive  contract  proposal. 

A year  ago  we  had  a contract  for  the  operation  of  the  Mercury 
network,  which  has  five  stations,  and  we  went  out  on  competition  for 
renewal  of  this  contract. 

I am  not  quite  sure  whether  there  were  15  or  18  companies  that 
competed,  but  here  again,  we  came  up  with  2 companies,  and  we 
asked  them  to  submit  proposals  for  a contract  on  a cost  basis,  but 
with  an  incentive  provision.  This  was  our  first  so-called  incentive 
award  fee  type,  and  the  two  companies  were  Bendix  and  RCA.  We 
negotiated  with  both  of  them,  and  got  their  proposals,  and  Bendix 
was  finally  chosen. 

Under  the  terms  of  this  contract,  it,  in  part,  provides  for  a base  fee, 
under  which  Bendix  will  receive  approximately  3 percent,  or  slightly 
under  3 percent  of  the  estimated  cost.  We  have  set  up  certain 
criteria,  such  as  with  respect  to  the  time  during  which  the  station  will 
be  down,  because  of  something  like  operating  difficulties,  the  turnover 
of  personnel,  which  means  additional  cost,  or  lack  of  efficiency.  There 
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are  several  of  these  points,  including  logistics  support,  and  a board  is 
set  up  which  will  meet  every  6 months  and  will  examine  the  reports 
on  what  Bendix  has  done  in  the  operation. 

There  will  be  reports  made  by  NASA  station  people  who  are  at 
the  sites,  by  the  procurement  people,  and  so  forth,  as  to  whether  Bendix 
can  keep  their  costs  under  what  they  estimated  them  to  be,  and  so 
forth,  and.  based  on  these  criteria,  the  Board  may  award  Bendix  an  ad- 
ditional fee,  if  they  feel  that  Bendix  has  done  a superior  job  on  all 
of  these  points,  to  warrant  it.  However,  the  top  fee  which  they  can 
get  would  be  7 percent,  and  this  will  be  prospective  only  and  they 
could  get  part,  or  all  of  it.  This  is  the  type  of  thing  that  we  are 
trying  to  do  to  stimulate  the  effort  of  the  companies  concerned  to 
hold  down  the  costs  and  to  do  a better  job,  and  it  is  just  an  example. 

So  far  as  I know,  we  are  the  only  agency  that  is  doing  this.  This 
is  a brandnew  thing  with  us. 

Mr.  Rumsfeld.  I have  not  heard  of  it  in  connection  with  any 
other  department. 

Now,  one  last  question:  NASA  is  requesting  $5.7  billion,  and  you 
say  that  approximately  90  percent  of  the  1962  fiscal  year  budget  was 
let  on  contract. 

So,  from  this,  it  is  apparent  that  NASA  is  more  than  any  other 
department  or  agency,  to  my  knowledge  at  any  rate,  working  in  this 
gray  area,  this  very  difficult  area. 

Mr.  Brackett.  Yes,  sir. 

Mr.  Rumsfeld.  And  the  problem  comes  up,  on  page  7,  where  you 
say: 

It  should  be  recognized  that  certain  companies  have  successfully  performed 
similar  work,  and  have  acquired  unique  technical  experience,  facilities,  and  equip- 
ment, which  would  cost  hundreds  of  millions  of  dollars  to  duplicate. 

Now,  have  they  developed  those  facilities  and  equipment  in  many 
cases,  with  taxpayers’  dollars? 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  Under  the  cost  of  the  previous  work,  have  those 
facilities  and  equipment,  to  some  extent  been  purchased — I don’t 
want  to  say  “owned” — but  I suppose,  to  some  extent,  they  are  owned 
by  the  Federal  Government? 

Mr.  Brackett.  That’s  right. 

Mr.  Rumsfeld.  I have  seen  contracts  where  the  justification  for 
giving  it  to  a specific  company  was  the  fact  that  they  had  this  equip- 
ment, and  I think  we  ought  to  be  very  careful  here  where  the  cost  of 
that  equipment  was  paid  for  by  the  taxpayers’  dollars,  that  we  do  not 
create  circumstances  where  we  start  to  get  into  a vicious  cycle,  follow- 
ing ourselves  down  a path,  whether  or  not  it  is  the  right  path,  because, 
simply,  we  have  already  started  there. 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  Do  you  have  any  provisions  where  facilities  or 
equipment  are  taken  back,  or  partially  taken  back  after  initial  per- 
formance by  a company? 

Mr.  Brackett.  Well,  let  me  say  this,  I believe  that  most  of  the 
facilities  that  you  are  referring  to 

Mr.  Rumsfeld.  Well,  I am  just  quoting  you. 

It  is  what  you  are  referring  to  that  counts. 

Mr.  Brackett.  Well,  in  that  event,  then,  the  facilities  and  equip- 
ment that  I was  referring  to  where  not  purchased  by  NASA.  These 
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are  facilities,  just  as  an  illustration,  such  as  in  the  case  of  North 
American,  where  there  are  extensive  test  facilities,  out  in  the  moun- 
tainous area  outside  of  Los  Angeles,  I believe.  These  are  the  types 
of  facilities  which  are  required  for  test  firing,  and  which  cannot  be 
moved.  They  are  stationary  there. 

Part  of  the  facilities  might  be  taken  away,  yes,  but  for  the  most 
part,  these  are  sunk  right  in  the  ground— the  base  for  them. 

Mr.  Rumsfeld.  Well,  of  course,  that  is  one  example.  I can 
appreciate  that  frequently,  are  we  not  talking  about  equipment? 

Mr.  Brackett.  Well,  if  we  are  talking  about  machine  tools,  or 
that  type  of  facility,  those  are  movable,  and  can  be  taken  away,  and 
given  from  one  company  to  another,  but  there  are  both  types. 

Mr.  Rumsfeld.  So  your  argument  here  that  it  should  be  recognized 
that  certain  companies  have  the  facilities  and  equipment,  really,  in 
some  cases,  is  no  argument  at  all? 

Mr.  Brackett.  That’s  with  respect  to  the  facilities  that  I am  re- 
ferring to  here — those  are  the  nonseverable  facilities  that  cannot  be 
moved.  Machine  tools  can  be  moved  from  one  plant  to  another,  and 
they  are.  But  what  I am  thinking  about  particularly,  are  those 
facilities,  for  example,  where  a new  company  might  be  set  up  as  was 
set  up  in  the  case  of  the  F-l  engine,  which  is  a one-and-a-half-million- 
pound  thrust  engine,  and  there  would  have  to  be  a duplication  of  these 
nonseverable  facilities,  to  complete  such  a project.  These  would  have 
to  be  paid  for,  and  this  is  what  we  don’t  want  to  do. 

We  are,  however,  doing  something,  and  I am  not  sure  whether  any 
other  department  is  doing  this  or  not,  but  it  is  very  seldom  that  we 
put  in  any  nonseverable  facilities  ourselves  at  any  point.  If  we  do, 
then  it  has  to  be  on  Government  land,  where  it  will  be  available  for 
use  by  all  contractors  where  the  work  is  located.  This  is  our  policy. 

Mr.  Rumsfeld.  Very  good. 

Mr.  Brackett,  In  one  instance  that  I know  of,  we  are  having  to 
place  nonseverable  facilities  on  the  contractor’s  own  land,  however, 
and  in  this  event,  we  are  obtaining  the  agreement  by  that  company, 
or  contractor,  that  not  only  will  they  have  the  authority  to  use  the 
facilities,  but  also,  any  other  of  our  contractors  will  have  the  authority 
to  go  in  and  use  the  facilities. 

Mr.  Rumsfeld.  Well,  I certainly  think  that  that  is  proper,  and  I 
am  delighted  to  hear  it. 

Mr.  Brackett.  We  have  a little  trouble  getting  these  agreements, 
but  we  say:  “You  don’t  get  the  facilities  if  you  don’t  agree.” 

Mr.  Rumsfeld.  Fine. 

In  conclusion,  I have  seen  situations  where  NASA  has  come  before 
this  committee  and  said:  “We  are  placing  a new  electronic  research 
center  in  a certain  area,  because  they  have  the  talent.”  And  then 
NASA  will  go  to  other  areas  and  draw  off  the  manpower  and  in  the 
future  it  is  even  more  difficult  for  that  area  to  get  the  NASA  business, 
because  they  have  even  less  ability  to  perform  the  job,  than  they  had 
before  the  last  NASA  contract. 

I see  the  same  situation  developing  here,  where  it  is  possible,  that 
we  may  contract  for  and  build  equipment,  pay  for  equipment,  and 
then  turn  around  and  say: 

“We  are  going  to  let  a contract  there,  because  they  have  the  facilities 
and  the  equipment.” 
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I think  that  this  is  a dangerous  theory,  and  I just  want  to  throw  this 
out  as  a word  of  caution. 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  I am  personally  quite  concerned  about  this  whole 
problem.  From  my  discussions  with  Members  of  Congress,  as  well  as 
residents  of  roy  district,  and  residents  of  other  districts,  this  whole 
problem  is  a serious  one,  and  it  is  going  to  become  increasingly  serious 
m the  coming  months.  I would  venture  to  say  that  had  this  hearing 
taken  place  8 months  from  now,  this  hearing  room  would  be  filled, 
because  I think  there  are  going  to  be  many  investigations,  not  only  by 
the  Congress,  but  by  other  groups,  because  of  the  impact  of  this 
whole  question  of  procurement  on  our  society. 

Mr.  Hechler.  I believe  that  your  points  were  very  well  taken,  Mr. 
Rumsfeld,  and  I think  we  must  exercise  care  where  there  is  a huge 
investment  by  the  taxpayers,  in  certain  sections  of  the  country,  that 
we  not  simply  use  that  as  an  excuse  to  keep  piling  higher  and  higher 
and  higher,  on  the  taxpayers’  investment,  simply  because  we  nave 
already  made  one  big  investment  there. 

I recognize  the  point  about  stationary  facilities,  but  I do  feel  that 
where  there  is  a possibility  of  moving  them,  that  we  should  very 
carefully  consider  this. 

Mr.  Wydler.  If  Mr.  Brackett  has  completed  his  statement,  Mr. 
Chairman,  I have  a question  I would  like  to  address  to  him. 

Mr.  Hechler.  Yes. 

Mr.  Wydler.  This  is  in  connection  with  the  proposed  Electronics 
Research  Center  in  Boston. 

Is  it  proposed  that  they  would  also  have  the  power  to  contract  for 
electronics  materials,  and  so  forth,  after  it  is  established? 

Mr.  Brackett.  Our  present  system,  I would  assume,  would  apply 
in  that  after  the  Center  is  established,  they  would  also  have  authority 
to  buy  supplies  for  use  at  that  point. 

Each  one  of  our  centers  does  buy  its  own  supplies  and  also  makes 
contracts  for  the  projects  that  are  assigned  to  that  Center. 

Mr.  Wydler.  In  other  words,  it  would  more  or  less  become  elec- 
tronics procurement  center,  would  it  not? 

Mr.  Brackett.  For  the  projects  that  would  be  assigned  there. 

Mr.  Wydler.  And  has  any  thought  been  given  to  the  limit.  I 
think  the  general  rule  goes  up  to  $1  million,  does  it  not — they  can  do 
that  without  any  clearance  from  Washington? 

Mr.  Brackett.  I don’t  know  what  the  level  would  be.  We  have 
different  levels,  of  course,  depending  upon  the  capability,  let  s say,  the 
procurement  capability  of  the  new  Center. 

This  has  to  be  taken  into  consideration,  and  perhaps  they  need  a 
little  closer  surveillance  than  they  would  later  on;  but  I do  seriously 
question  whether  they  would  be  able  to  make  contracts  up  to  a million 
dollars  when  they  first  started. 

Mr.  Wydler.  Thank  you.  I would  like  to  ask  some  questions  in  a 
different  field,  but  I will  wait,  if  there  are  any  further  questions  on  this 
matter. 

Mr.  Hechler.  Proceed,  Mr.  Wydler. 

Mr.  Wydler.  Thank  you,  Mr.  Chairman. 

Have  you  come  into  contact  with  this  question  of  proprietory 
rights  in  the  awarding  of  these  contracts? 
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A number  of  people  have  discussed  with  me  this  question,  and 
truthfully,  I would  like  to  get  a better  idea  of  what  the  position  of 
NASA  is  on  this. 

Mr.  Brackett.  I would  prefer  that  you  talk  with  our  patent 
general  counsel,  who  interprets  the  statute,  and  has  drafted  the 
clauses. 

I can  give  you  a general  idea,  but  I am  not  an  expert  on  this  subject. 

Mr.  Wydler.  The  point  that  I am  talking  about  is  that  many  of 
these  suppliers  for  NASA  feel  that  they  are  suddenly  being  put  in  a 
position  where  they  have  to  make  public  all  of  their  secrets  in  order 
to  obtain  a contract. 

They  say,  in  effect:  “If  we  do  that  we  will  lose  all  of  our  patents  in 
bidding  on  these  contracts,  and  we  don’t  want  to  do  it.” 

This  is  a very  serious  question  as  to  just  what  is  the  fair  and  proper 
procedure  in  these  matters,  and  I truthfully  have  no  answer  to  it — 
nor  have  I taken  any  type  of  position  in  my  own  mind. 

I would  just  like  to  know  if  NASA  has  any  provisions  for  such  an 
instance  in  awarding  contracts  that  might  help  me  to  understand  it. 

Mr.  Brackett.  Well,  I will  say  this:  That  if  a company  has  a 
patent,  our  patent  provisions,  under  the  Space  Act,  and  under  the 
regulations,  and  policies,  in  no  sense  expect  the  company  to  give  us 
rights  under  such  patents,  unless  we  pay  them  a reasonable  amount 
for  such  rights. 

There  are  many  processes  and  items  that  may  not  be  patentable, 
however,  and  when  a company  feels  they  have  a proprietary  right  to 
some  knowledge  which  they  don’t  want  their  competitors  to  find  out, 
we  try  to  take  care  of  suen  a situation. 

We  send  out  requests  for  proposals,  for  instance,  in  something  like 
this  brandnew  space  vehicle  and  capsule  area,  and  such  things  as 
that,  and  sometimes  the  companies  come  up  with  brandnew  ideas 
which  'are  not  patentable,  and  they  hesitate  to  submit  those  in  a 
proposal  feeling  that,  assuming  they  do  not  get  the  contract,  these 
ideas  may  be  purloined,  and  given  to  the  successful  bidder. 

This  is  a very  difficult  thing  to  handle,  because  you  can  write  regu- 
lations, and  you  can  make  rules,  but  you  can’t  close  the  minds  of 
engineers  to  new  ideas  when  they  read  them  somewhere. 

Mr.  Wydler.  No. 

Mr.  Brackett.  Our  policy  is  this:  It  is  not  to  steal  any  company’s 
proprietary  rights  and  to  give  them  to  another  company,  and  if  a 
company  wishes,  in  their  proposals,  to  make  the  statement  that  the 
information  which  they  have  in  a certain  area  is  proprietary  informa- 
tion, and  that  this  should  not  be  divulged,  then  this  would  be  restricted. 

Now,  we  do  have  some  instances  where  we  make  a study  contract, 
where  we  might  make  a contract  with  perhaps  three  or  four  people. 
For  instance,  before  we  made  the  contract  for  the  Apollo  capsule,  we 
went  out  to,  I believe,  three  different  companies  and  paid  them  a 
certain  amount  of  money  for  a feasibility  study.  Was  it  feasible  to 
have  three  men  in  a capsule  going  to  the  Moon,  and  what  were  their 
suggestions  for  this?  We  paid  them  for  it,  we  paid  them  a ceiling 
amount,  and  I believe  all  the  companies  put  in  some  money  themselves, 
in  addition. 

Now,  none  of  these  companies,  which  did  the  feasibility  study7,  got 
the  contract  for  the  hardware,  but  they  did  make  the  study,  and  they 
did  come  up  with  new  ideas. 
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Now,  such  a contract  provides,  where  we  are  doing  that,  and  where 
they  come  up  with  new  ideas,  that  NASA  pays  for  the  ideas  and  we 
can  use  them  in  any  way  we  want  to.  In  fact,  we  took  all  three  of 
these  studies  and  made  them  known  to  the  industry,  released  them, 
generally,  -with  everything  that  they  had  found  out,  so  that  the  com- 
panies coming  in  with  proposals  for  the  hardware  on  the  Apollo 
capsule  contract,  would  have  the  best  thinking  on  it  that  had  come  up 
to  date,  for  which  we  had  paid,  and  which  we  owned. 

Mr.  Hechler.  I think  that  this  is  a very  useful  area,  and  there  is  a 
special  subcommittee  that  Mr.  Daddario  chairs,  which  has  gone  into 
the  patent  rights  matter. 

You  have  also  brought  up  some  new  points  which  may  be  under 
that  jurisdiction,  and  I think  they  are  very  interesting. 

Mr.  Brackett.  Mr.  Chairman,  one  thing  we  are  very  careful  about 
is  where  we  have  competition,  and  perhaps  we  have  had  some  7,  8,  or 
10  companies,  all  putting  in  a great  deal  of  effort  into  their  proposals, 
but  only  1 , of  course,  gets  the  contract,  and  the  others  say  that  they 
would  like  us  to  debrief  them  as  to  why  they  didn’t  get  the  contract. 

There  we  will  sit  down  and  tell  them  where  their  proposal  was 
defective,  but  we  will  not  compare  their  proposal  with  the  others,  and 
we  will  not  release  any  ideas  that  they  may  have  come  up  with  to  the 
other  companies. 

Mr.  Wydler.  Interestingly  enough,  the  wav  this  problem  was 
presented  to  me,  was  that  the  subcontractor  didn’t  object  to  making 
this  information  available  to  NASA  but  did  object  to  making  it 
available  to  the  prime  contractor.  Which,  under  the  system,  he  was 
forced  to  do,  and  I presume  he  did  not  trust  the  prime  contractor, 
although  he  seemed  to  be  willing  to  trust  NASA. 

There  did  seem  to  be  a real  problem  and  I didn’t  understand  why 
NASA  was  making  the  subcontractor  reveal  this  information  to  the 
prime  contractor. 

Mr.  Brackett.  We  are  not. 

Mr.  Wydler.  I can  understand  why  NASA  might  be  entitled  to 
the  information,  and  willing  to  work  it  out  on  that  basis,  but  why 
they  should  make  it  available  to  the  prime  contractor,  I couldn’t 
understand. 

Mr.  Brackett.  We  are  not  making  it  available. 

Mr.  Wydler.  You  don’t? 

Mr.  Brackett.  I think  the  prime  is  the  one  that  makes  them  do  it. 
[Laughter.] 

It  is  pretty  hard  for  us  to  control  the  prime  where  we  are  asking 
them  to  be  responsible  for  this  gadget  working. 

Mr.  Hechler.  On  page  5,  Mr.  Brackett,  you  say: 

The  fees  on  our  contracts  in  fiscal  year  1962  ranged  from  1,85  percent  to  9.65 
percent,  with  the  average  being  6.33  percent,  which  is  slightly  less  than  the  year 
before  when  fees  averaged  6.65  percent. 

Now,  why  should  the  fees  vary  so  much,  and  what  are  the  circum- 
stances which  dictate  the  very  wide  variance  here? 

Can  you  not  state  clearly  a standard  for  fees  which  you  grant,  and 
a more  specific  percentage  figure? 

Mr.  Brackett.  Well,  Mr.  Chairman,  many  things  go  into  a 
consideration  of  what  is  reasonable  as  a fee  for  work. 

Generally  speaking,  for  an  assembly  job,  if  a company  is  buying 
most  of  these  materials,  the  fee  is  considered  to  be  less  important, 
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especially  if  the  work  does  not  take  a lot  of  engineering  talent,  and 
so  forth.  . Therefore,  the  fee  is  usually  lower. 

However,  where  a company  is  devoting  its  very  top  engineering 
talent,  and  some  of  these  people  have  almost  rare  engineering  talents, 
this  is  considered  the  type  of  work  which  is  deserving  of  a higher 
fee — the  highest. 

Then,  there  is  a question  of  responsibility.  If  a company  is  pro- 
ducing an  item  which  has  very  stringent  requirements  as  to  how  it 
must  work,  and  it  is  a very  difficult  thing  to  make,  or  great  difficulty 
enters  into  it,  then  we  feel  the  company  deserves  a higher  fee.  Again 
you  may  have  a company  which  has  a unique  capability,  and  we  have 
to  go  to  them,  and  ask  them  their  fee,  and  they  say:  “Well,  this  is 
our  fee,  and  if  you  want  our  services,  then  you  have  to  pay  what  we 
want  for  the  work.” 

Mr.  Hechler.  Yes. 

Mr.  Brackett.  This  is  not  the  usual  case,  but  there  are  companies 
that  take  that  stand. 

Mr.  Hechler.  I want  to  recognize  Mr.  Boone,  but  I have  just  one 
or  two  other  points: 

You  mentioned  when  I asked  you  about  a figure  of  64  percent  of 
the  contracts,  that  there  were  17  exceptions,  I believe? 

Mr.  Brackett.  This  is  by  statute. 

Mr.  Hechler.  I think  it  would  be  very  useful,  to  preserve  a little 
continuity,  if  you  would  simply  put  these  17  exceptions  into  the 
record. 

Mr.  Brackett.  Yes,  I think  I do  have  them  here,  Mr.  Chairman. 
Do  you  want  me  to  read  them  in? 

Mr.  Hechler.  No,  I would  prefer  to  have  them  put  into  the 
record,  unless  there  are  any  members  of  the  subcommittee  who 
would  care  to  have  them  read  at  this  point? 

I think  they  would  be  very  useful. 

Mr.  Brackett.  We  will  put  them  into  the  record. 

(See  p.  3337.) 

Mr.  Boone.  Mr.  Chairman,  in  line  with  this  discussion,  may  I ask 
a question? 

Mr.  Hechler.  Yes,  Mr.  Boone. 

Mr.  Boone.  Do  you  strive  for  uniformity  at  all?  For  certain  types 
of  contracts,  you  would  be  better  able  to  get  a fixed  fee,  would  you  not? 

Mr.  Brackett.  Those  are  fixed  at  the  time  the  contract  is  made,  yes. 

Mr.  Boone.  Yes,  fixed  at  the  time  that  the  contract  is  made. 
But  they  are  not  fixed  dollar  amounts? 

Mr.  Brackett.  They  are  fixed  dollars,  yes. 

Mr.  Boone.  They  are,  but  these  numbers  here  are  fixed  per- 
centages. 

Mr.  Brackett.  Right.  These  are  percentages,  but  they  are  based 
on  estimated  cost  at  the  time  that  the  contract  is  made.  Let  us 
assume  we  have  a $10  million  contract,  and  the  fee  is  at  6 percent. 
Your  dollars  of  fee  are  fixed;  the  cost  may  go  way  higher  than  that, 
but  the  dollar  amount  of  the  fee  that  you  paid,  and  the  percentage 
of  the  original  estimate  of  cost,  which  is  actually  paid,  are  fixed. 

Mr.  Boone.  Well,  in  view  of  Mr.  Rumsfeld’s  questioning,  how  do 
you  determine  competition  in  such  matters  as  continuing  contracts? 

You  may  recall  the  discussion  last  year  which  I believe  was  in 
executive  session,  on  a continuing  type  of  contract? 
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Mr.  Brackett.  Yes.  Usually  this  depends  upon  the  type  of  con- 
tinuance. Are  you  talking  about  largely  the  service  contracts? 

Mr.  Boone.  Service  contracts,  primarily,  yes. 

Mr.  Brackett.  Well,  let  us  take  an  example — the  operation  of  the 
minitrack  station  is  one,  and  I believe  this  committee  is  aware  that 
these  stations  are  located  at  various  places  around  the  world,  and 
the  tracking  is  done  by  people  out  there  who  have  been  working  on 
these  matters,  and  are  familiar  with  this  work,  and  have  been  for 
some  time. 

Now,  if  we  could  go  out  and  get  competition,  then  we  will  take  into 
consideration  the  cost  to  the  Government  in  terms  of  transporting  the 
present  contractors’  people  back  in  case  he  does  not  get  the  continuing 
contract,  and  the  cost  of  sending  people  out  from  the  new  contractor; 
also,  the  administrative  cost  of  inventorying  the  materials  on  hand  at 
the  time  the  old  contractor  leaves,  and  the  new  contractor  takes  over, 
and  the  learning  time  which  it  takes  for  the  new  contractor  to  put  his 
people  in.  These  are  the  sorts  of  questions  that  we  have  to  consider 
in  rating  the  continuing  contract.  Our  policy  is  not  to  continue  a 
contractor  indefinitely;  but  also,  our  policy  is  not  to  have  an  anual 
competition  in  that  field.  Perhaps  we  might  have  a competition 
every  third  year,  or  something  like  that. 

There  are  certain  types  of  contracts  where  the  engineers  have  been 
working  and  are  in  the  middle  of  working  on  some  studies  for  us,  and 
if  we  were  to  have  competition  on  this  type  of  contract,  and  another 
company  came  in,  we  might  lose  a great  deal  of  the  value  of  the  work 
that  has  already  been  done  by  a certain  company. 

(At  this  point  Mr.  Hechler  designated  Congressman  Fulton  of 
Tennessee,  to  Chair  the  balance  of  the  hearing.) 

Mr.  Brackett.  There  are  other  types  of  contracts  where  we  do 
have  contractors  compete  annually. 

For  instance,  if  we  have  a garbage  disposal  service,  or  a janitorial 
service,  then  we  do  have  them  compete  annually. 

It  depends  on  whether  it  is  going  to  cost  the  Government  more  if 
we.  do. 

Mr.  Boone.  Have  you  considered  the  placing  of  these  continuing 
types  of  service  contracts  on  an  incentive  basis? 

Mr.  Brackett.  Yes,  I would  refer  to  the  operation  of  the  Mercury 
tracking  range,  for  one,  as  an  incentive-type  contract,  and  then  we 
did  get  competition,  although  we  will  probably  continue  with  the 
contractor  for  an  additional  2 years  if  his  service  is  satisfactory. 

This  is  on  an  incentive  basis. 

Mr.  Rumsfeld.  I would  like  to  recognize  Congressman  Fulton  of 
Tennessee,  who  is  acting  as  chairman,  and  I would  like  to  raise  this 
question 

Mr.  Fulton  of  Tennessee.  Before  you  proceed,  I do  hope  that  it 
will  be  correctly  noted  that  I am  from  Tennessee,  because  the  other 
Fulton  happens  to  be  a Republican  [Laughter]. 

Mr.  Rumsfeld.  I specifically  mentioned  that  so  that  the  record 
would  be  clear. 

I think  any  discussion  of  procurement  must  mention  the  Govern- 
ment Accounting  Office  and  the  very  fine  work  they  are  doing  in  this 
area. 

Mr.  Brackett.  Yes,  sir. 
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Mr.  Rumsfeld.  Despite  the  recent  announcement  that  even  GAO 
has  been  unable  to  figure  out  the  TFX  question.  [Laughter.] 

There  have  been  proposals  with  which  I am  sure  you  are  familiar, 
which  would  bring  the  GAO  into  the  procurement  picture  prior  to  the 
actual  signing  of  a contract,  or  at  least  at  an  early  stage,  rather  than 
after  the  failure  of  a contract. 

Mr.  Brackett.  Yes. 

Mi*.  Rumsfeld.  Do  you,  as  an  expert  in  this  field,  feel  that  this 
would  unduly  delay  or  hamper  your  administration  of  NASA’s  pro- 
curement policies?  Would  it  be  dependent  upon  the  type  of  contract 
or  the  amount  of  money  involved,  and  whether  it  was  competitive  or 
negotiated? 

Mr.  Brackett.  I think  it  would  impede  our  successful  contracting 
if  they  did  come  into  the  picture  at  the  contracting  stage. 

Now  I would  not  have  any  objection  to  giving  them  any  of  the 
facts  at  any  time.  The  fact  is  that  we  do  just  that,  regularly. 

However,  to  have  them  given  any  authority  over  our  contracts  and 
the  placement  of  our  contracts,  the  selection  of  companies,  and  the 
provisions  that  go  into  the  contracts,  I think  would  impede  us. 

After  the  contract  is  once  placed,  on  the  other  hand,  we  have  no 
objections  whatever  to  giving  them  any  information.  As  a matter  of 
fact,  just  last  night,  on  the  new  postal  card  system,  GAO’s  auditor 
over  in  our  building  called  me  up  and  said:  “We  understand  that  you 
are  getting  some  subcontractor  reports  in,  and  you  are  not  ready  to 
release  them  yet?”  I said:  “That’s  right.”  He  said:  “I  would  like 
to  get  your  past  experience  right  away  if  I could.” 

I said:  “We  will  give  that  to  you  today,”  and  he  got  that  last  night. 

Mr.  Rumsfeld.  I think  that  this  type  of  cooperation  is  important 
and  I am  confident  that  we  are  coming  to  a point  where  we  must 
work  out  arrangements  to  bring  GAO  into  it  earlier  and,  hopefully, 
in  a way  that  will  not  hamper  your  responsibilities. 

Mr.  Brackett.  My  feeling  is  this:  If  we  are  to  have  the  responsi- 
bility of  selection  of  contractors  and  the  pricing  and  everything  that 
goes  into  the  contract,  that  it  would  dilute  it  if  we  had  another  Gov- 
ernment agency  entering  inso  thi3  before  we  had  done  our  job. 

Mr.  Boone.  Mr.  Chairman,  I wonder  if  I might  ask  something 
along  this  line? 

Mr,  Fulton  of  Tennessee.  Certainly. 

Mr.  Boone.  What  is  your  contract  leadtime  at  the  present  moment? 
In  other  words,  how  long  does  it  take  to  finalize  contracts  on  the 
average  now,  and  perhaps  you  could  give  us  some  explanation  as  to 
what  the  additional  input  by  GAO  would  mean? 

Mr.  Brackett.  Mr.  Boone,  this  depends  on  the  type  of  contract, 
and  what  we  are  doing  in  respect  to  it.  I don’t  have  any  set  figure  on 
that. 

Mr.  Boone.  I see. 

Mr.  Brackett.  We  used  to  brag  in  the  early  days  of  how  fast  we 
placed  a contract  compared  with  some  other  agencies  and  I think  we 
still  can;  but  the  use  of  formal  advertising  has  a bearing  on  it,  and 
other  aspects,  and  the  general  span,  I would  say,  between  the  time 
the  contracting  officer  gets  the  request  for  proposals  and  the  time  he 
awards  the  contract — and  I am  going  to  guess  now,  sir — but  I would 
say  would  be  about  90  days.  Perhaps  less. 

Mr.  Boone.  Ninety  days. 
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Mr.  Brackett.  Yes.  If  we  are  negotiating  a contract,  to  give  you 
an  example,  such  as  the  lunar  exploration  module,  which  we  did  on 
the  basis  of  source  evaluation  and  competition — we  issued  no  letter 
contract,  but  we  got  out  a definitive  contract — now  that  took,  from 
the  time  the  company  was  selected  to  the  time  we  made  the  contract, 
around  90  days  for  negotiations,  including  analysis  of  costs,  lining  up 
of  subcontractors  and  so  forth. 

Mr.  Rumsfeld.  Does  NASA  notify  the  Member  of  Congress  in- 
volved when  a contract  is  made? 

Mr.  Brackett.  Now  any  contract  that  comes  into  my  office  for 
approval,  as  soon  as  it  is  approved  our  office  phones  the  Congressional 
Relations  Office — which  I assume  does  in  turn  notify  the  Congress- 
man— before  it  is  released. 

Mr.  Rumsfeld.  Then  you  have  a rule  that  no  publicity  will  be 
made  on  this  contract  for  24  hours. 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  Am  I right? 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  And  you  do  notify  the  Congressman  of  the  dis- 
trict where  the  contract  will  be  performed? 

Mr.  Brackett.  Well,  no 

Mr.  Rumsfeld.  Or  you  notify  the  NASA  liaison  man? 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  The  day  it  is  approved? 

Mr.  Brackett.  That’s  right. 

Mr.  Rumsfeld.  And  it  has  this  “not  to  be  released”  tag  on  it  for 
24  hours  or  whatever  it  is. 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  Do  you  know  what  happens  to  it  after  it  reaches 
the  NASA  liaison  office? 

Mr.  Brackett.  I don’t  call  the  Congressman — but  that  is  my 
understanding  of  what  happens. 

Mr.  Rumsfeld.  I see — I would  like  to  say  that  I think  there  is  a 
danger  or  implication  when  a Congressman  is  releasing  such  a contract 
or  notification  of  such  contract — there  is  a danger  that  the  implication 
might  be  that  he  was  instrumental  in  getting  that  contract,  and  I 
would  like  to  suggest  to  you — and  I am  sure  you  would  want  to 
confirm  this — that  Members  of  Congress  are  for  the  most  part  not 
instrumental  in  determining  the  corporation  that  is  going  to  get  a 
contract? 

Mr.  Brackett.  That  is  true;  you  are  correct. 

Mr.  Rumsfeld.  Because  if  they  axe,  then  you  are  not  doing  your 
job. 

Mr.  Brackett.  Yovi  are  correct;  they  are  not. 

Mr.  Rumsfeld.  Do  you  approve  of  this  policy  of  giving  notification 
to  Members  of  Congress  or  giving  them,  so  to  speak,  advance  notifica- 
tion of  these  contracts? 

Mr.  Brackett.  I think  that  Mr.  Kresin  would  be  in  a better 
position  to  answer  that  than  I am,  being  on  the  Congressional  Rela- 
tions Office,  and  he  is  here. 

Mr.  Rumsfeld.  Don’t  you  feel  that,  having  so  much  responsibility 
in  this  area,  there  is  an  implication  that  you  were  pressured  or  were 
talked  to,  at  least,  about  these  things  and  possibly  may  have  done 
something  you  should  Dot  have  done? 
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Mr.  Brackett.  Well,  sir,  may  I say  this:  We  are  not  pressured. 

Mr.  Rumsfeld.  The  Members  of  Congress  don’t  contact  you  and 
don’t  suggest— — 

Mr.  Brackett.  They  may  contact  us  and  say  “Our  constituent  is 
interested  in  this  contract,  in  this  procurement.” 

Mr.  Rumsfeld.  And  you  couldn’t  care  less? 

Mr.  Brackett;.  They  will  possibly  say:  “We  want  you  to  be  sure 
that  they  are  given  adequate  consideration.”  And  we  do. 

Mr.  Rumsfeld.  Would  you  not  have  given  them  adequate  con- 
sideration if  they  didn’t  contact  you? 

Mr,  Brackett.'  Yes,  that  is  true. 

Mr.  Rumsfeld.  Well,  then,  what  is  the  total  impact  of  the  contact 
by  the  Member  of  Congress — zero? 

Mr.  Brackett.  I think  so  far  as  the  selection  of  the  contractor  is 
concerned,  it  does  not  affect  our  choice. 

Mr.  Wydler.  Well,  if  I may  say,  Mr.  Rumsfeld,  as  you  know,  a 
Congressman  is  called  on  to  contact  many,  many  agencies. 

Mr.  Rumsfeld.  Oh,  yes — certainly. 

Mr.  Wydler.  And  on  all  different  types  of  matters — not  only 
having  to  do  with  procurement. 

We  like  to  believe  that  people  get  more  service  if  a Congressman 
does  make  a contact,  on  their  behalf,  or  at  least  that  we  can  get  the 
answers  quicker  than  they  could — whether  it  has  to  do  with  procure- 
ment or  any  other  matter  concerning  a Government  department. 

Mr.  Rumsfeld.  Yes.  Absolutely  true  and  every  Congressman 
certainly  has  the  responsibility  of  serving  as  a link  between  the  con- 
stituent and  this  vast  complex  of  agencies  and  departments  and 
commissions,  boards,  and  so  on,  of  the  bureaucracy  that  we  have  here 
in  Washington. 

That  is  a proper  function  of  a Member  of  Congress. 

Mr.  Brackett.  True. 

Mr.  Rumgfeld.  The  only  thing  I object  to  is  the  implication  that 
there  might  be  an  improper  function  and  I think  that  this  is  something 
that  deserved  some  thought. 

Mr.  Brackett.  Sir,  I have  yet  to  have  any  Member  of  Congress 
do,  insofar  as  I am  personally  concerned,  anything  that  I thought 
was  improper. 

Mr.  Rumsfeld.  I just  thought  this  ought  to  be  raised  in  relation 
to  existing  rules  and  regulations,  so  that  on  the  face  of  it,  there 
should  be  no  implication  that  anything  irregular  is  going  on. 

Mr.  Brackett.  We  are  always  glad  to  give  Members  of  Congress 
any  relevant  information;  they  are  entitled  to  it. 

Mr.  Rumsfeld.  Thank  you. 

Mr.  Brackett.  Sometimes,  of  course,  we  ask  them  not  to  reveal 
information  perhaps,  but  this  is  all. 

Mr.  Ryan.  Mr.  Chairman,  may  I comment  on  a matter  that  con- 
cerns me? 

On  April  9,  1963,  before  this  subcommittee  we  had  a hearing  which 
concerned,  among  other  things,  a contract  which  NASA  had  entered 
into  with  the  General  Electric  Co. 

Mr.  Brackett.  Yes. 

Mr.  Ryan.  On  the  Apollo  program.  This  is  a contract  for  checkout, 
integration,  and  reliability  which  it  was  testified,  would  amount  to 
approximately  $100  miUion  in  fiscal  year  19o4  and  $125  million  in 


1964  NASA  AUTHORIZATION  3371 

fiscal  1965.  The  contract  was  originally  made  without  competitive 
bidding. 

Do  you  know  what  return  or  fee  there  will  be  to  General  Electric 
on  that  contract  which  was  described  at  the  April  9 hearing,  Mr. 
Brackett? 

Mr.  Brackett.  It  has  not  been  fixed  as  yet.  It  is  being  negotiated, 
Mr.  Ryan. 

Mr.  Ryan.  But  that  contract  has  been  in  effect  for  over  a year. 

Mr.  Brackett.  It  is  a letter  contract;  they  are  negotiating  the 
definitive  contract  and  no  fee  has  been  paid  and  no  fee  has  been 
fixed  at  all. 

Mr.  Ryan.  It  has  not? 

Mr.  Boone.  Is  this  attached  to  the  existing  contract? 

Mr.  Brackett.  No,  sir. 

Mr.  Boone.  It  is  a new  contract? 

Mr.  Brackett.  This  is  a new  contract. 

Mr.  Ryan.  I was  talking  about  a contract  entered  into  with 
General  Electric  for  checkout  reliability  and  integration? 

Mr.  Brackett.  Yes,  sir.  That  is  right. 

Mr.  Ryan.  This  testimony  was  on  the  9th  day  of  April  as  I have 
mentioned,  and  since  April  9,  on  or  about  April  16,  NASA  publicly 
announced  that  it  was  entering  into  a further  contract  with  GE. 

Mr.  Brackett.  That  would  be  supplemental  to  the  other,  the  first 
contract.  It  will  all  be  in  the  one  contract,  but  this  would  be  addi- 
tional work  placed  in  that  contract,  Mr.  Ryan. 

Mr.  Ryan.  Was  there  an  announcement  on  or  about  April  16  last? 

Mr.  Brackett.  I believe  there  was,  yes. 

Mr.  Ryan.  And  that  announcement  said  that  NASA  was  going  to 
extend,  am  I correct 

Mr.  Brackett.  That's  right. 

Mr.  Ryan  (continuing).  Extend  the  contract  which  was  described 
here  on  April  9? 

Mr.  Brackett.  I believe  that  is  correct. 

Mr.  Ryan.  How  do  you  account  for  the  fact,  then,  that  on  April  9 
neither  witness  before  the  committee  mentioned  this  extension? 

Mr.  Brackett.  That  I can't  tell  you,  sir.  I don’t  believe  it  had 
been  decided  at  that  time,  but  I may  be  wrong. 

Mr.  Ryan.  So  then  NASA  just  put  out  a publicity  release,  and  the 
whole  matter  was  decided? 

Mr.  Brackett.  This  was  not  decided  at  our  level,  sir. 

Mr.  Ryan.  All  right. 

Would  you  please  describe  for  us  what  the  extension  of  the  contract 
involves? 

Mr.  Brackett.  NASA  is  going  to  erect  a test  facility  called  the 
Mississippi  Test  Facility  for  testing  the  Saturn  project  down  on  the 
Pearl  River,  some  distance  up  from  New  Orleans.  Part  of  the  original 
contract  which  General  Electric  was  to  fulfill  was  a checkout  of  this 
Apollo  project  and  coordination  of  the  Apollo  project.  Much  of  this 
work  will  be  done  at  the  Mississippi  testing  site,  and  the  decision  was 
made  that  not  only  would  this  work  be  done  but  the  so-called  house- 
keeping functions  and  other  functions  necessary  to  run  this  facility 
should  be  attached  to  the  General  Electric  contract  because  they 
would  be  doing  so  much  of  the  work  down  there  anyway. 

Mr.  Ryan.  Who  made  that  decision? 
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Mr.  Brackett.  This  decision  was  made  by  our  top  management, 
I believe. 

Mr.  Ryan.  Who  made  it? 

Mr.  Brackett.  I can’t  tell  you,  sir,  the  details,  on  who  did  make  it. 

Mr.  Ryan.  ; Well  may  I read  a question  that  was  asked  (by  myself 
acting  as  chairman)  of  Mr.  Holmes  and  Dr.  Seamans  regarding  this 
contract  on  April  9: 

Question:  "And  there  is  no  other  anticipated  expense  to  NASA  under  this 
contract  with  GE  over  and  above  the  $100  millions?” 

I was  referring  to  the  $100  millions  for  the  integration  checkout 
and  reliability  and  development  of  the  hardware  that  is  involved. 

Mr.  Holmes.  For  fiscal  1964. 

Dr.  Seamans.  That  is  correct. 

Mr.  Brackett.  I don’t  have  the  figures  broken  down,  Mr.  Ryan. 

Mr.  Ryan.  That  was,  however,  the  statement  to  this  committee — 
that  there  was  no  anticipation  of  any  other  expense  to  NASA  on  the 
GE  contract.  There  was  no  implication,  no  statement,  to  this  com- 
mittee that  there  was  any  intention  on  April  9 of  issuing  a publicity 
release  on  April  16,  stating  that  this  contract  was  extended  beyond 
or  was  to  be  extended  beyond  the  “integration  and  reliability” 
function  to  include  a service  function. 

I think  that  the  committee — and  I hope  that  the  congressional 
liaison  officer  is  here,  and  you  will  take  this  back  to  NASA  as  my 
personal  feeling  also — that  the  committee  is  owed  a full  explanation. 

Furthermore,  I would  like  to  know  why  the  contract  for  services  is 
being  entered  into  without  competitive  bidding  and  why  it  has  fees 
for  General  Electric  when  they  already  have  fees  on  the  other  contract. 

What  special  ability  has  General  Electric  to  perform  fire  protection 
services,  and  provide  medical  services  and  facilities,  or  photographic 
services? 

Mr,  Brackett.  I believe  that  General  Electric  are  doing  this  under 
contract  at  other  places,  sir. 

Mr.  Ryan.  Where? 

Mr.  Brackett.  One  of  them  was — or  both  of  them  I think  are 
under  contracts  with  AEC. 

Mr.  Ryan.  Where  are  they  doing  that  under  contract  for  NASA? 

Mr.  Brackett.  None  for  NASA — none  for  NASA. 

I believe  that  the  rationale  of  having  GE  do  this,  however,  was 
that  it  would  be  an  administrative  advantage,  with  perhaps  a savings 
to  the  Government,  to  have  General  Electric  do  these  things  rather 
than  have  separate  companies  go  in  to  do  them. 

Mr.  Ryan.  Was  there  any  analysis  made  of  what  it  would  cost  to 
let  them  do  this?  And  what  exactly  is  to  be  performed  under  this 
extension  of  the  contract?  Would  you  please  describe  that  for  the 
committee? 

Mr.  Brackett.  Well  they  will  do  what  is  called  the  housekeeping 
functions  down,  there. 

Mr.  Ryan.  liVhat  does  that  involve? 

Mr.  Brackett.  Probably  guard  services,  running  the  cafeteria— 
things  of  that  sort. 

Mr.  Ryan,  Do  the  stockholders  of  General  Electric  realize  that  the 
company  is  running  cafeterias? 
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Mr.  Brackett.  Of  course,  this  is  only  an  extension  of  what  they 
are  performing  on  the  checkout  and  integration  services. 

Mr.  Ryan.  But  that  is  a technical  function — checkout  and  inte- 
gration. 

What  effort  was  made  for  competitive  bidding  to  let  the  contract. 
Were  there  competitive  bids  for  the  provision  of  cafeteria  services  and 
other  services — guard  services? 

Mr.  Brackett.  I believe  so — I believe  GE  will  subcontract  for  this 
work. 

Mr.  Ryan.  And  make  a profit  on  the  subcontract? 

Mr.  Brackett.  There  will  be  competitive  bidding  on  all  this  sub- 
contract work. 

Mr.  Ryan.  All  right;  for  the  record,  the  management  of  this  test 
facility  at  Mississippi  will  include  the  cafeteria  services,  gu&fd  service, 
and  fire  protection  service.  What  else  is  involved? 

Mr.  Brackett.  Probably  there  will  be  & parking  lot  and  trans- 
portation. 

Mr.  Ryan.  Are  they  going  to  collect  fees  for  the  parking  lot? 

Mr.  Brackett.  They  will  probably  get  a small  fee  for  the  work  that 
they  do  which  will  save  NASA  doing  this  work. 

Air.  Ryan.  It  doesn’t  save  NASA  paying  for  it,  does  it. 

Air.  Brackett.  No. 

Air.  Ryan.  What  else  are  they  going  to  perform? 

Mr.  Brackett.  These  are  the  only  functions  I know  of  offhand,  Air. 

Ryan. 

"Mr.  Ryan.  Cafeteria  service,  guard  services,  parking  lot,  fire 
protection — what  else? 

Mr.  Brackett.  I don’t  have  the  details  on  this  myself.  I have 
not  been  in  on  this. 

Air.  Ryan.  Who  let  the  work? 

Air.  Brackett.  The  contract  has  net  been  let  as  yet.  They  have 
been  selected. 

Mr.  Ryan.  Who  selected  them? 

Air.  Brackett.  I believe  our  top  management  made  this  decision. 

Air.  Ryan.  Were  you  consulted? 

Air.  Brackett.  No. 

Air.  Ryan.  You  are  the  procurement  officer? 

Is  this  not  the  very  kind  of  thing  where  there  should  be  competitive 
bidding,  if  NASA  isn’t  going  to  do  it  itself? 

Mr.  Brackett.  It  could  be. 

Air.  Ryan.  Have  you  any  comparison  as  to  what  it  would  cost  to 
have  General  Electric  do  it  and  what  it  would  cost  on  the  other  hand 
to  have  it  done  by  competitive  bid? 

Air.  Brackett.  I don’t  but  I believe  that  this  is  customary  at 
certain  places  and  that  it  has  been  done  by  other  agencies. 

Air.  Ryan.  Where? 

Air.  Brackett.  I understand  GE  is  doing  this  at  least  at  two  other 
places  right  now — or  they  have  done  it. 

Air.  Ryan.  For  NASA? 

Mr.  Brackett.  No — for  other  agencies  that  they  w7ork  for — I am 
sure  they  do. 

Air.  Boone.  Well,  you  have  an  additional  contractor,  do  you  not, 
that  is  performing  these  services  for  you — I believe  it  is  called  Alason 
& Rust — -is  that  not  right? 
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Mr.  Brackett.  That’s  right. 

Mr.  Ryan.  You  might  make  it  clear  as  to  whether  or  not  there 
were  competitive  bids  in  that  case. 

Mr.  Brackett.  I think  we  had  some  20  companies  bid  on  it.  This 
one  is  at  Michoud.  We  had  separate  contractors  in  that  case  bidding 
and  there  was  some  consideration  given  to  having  one  of  the  two 
companies  working  in  the  plant  do  the  housekeeping  functions,  but 
the  decision  on  that  was  that  it  would  not  be  well  to  have  the  guard 
services  and  all  things  like  that  done  by  one  company  and  that  the 
other  company  might  feel  that  it  was  not  getting  a fair  shake,  so  we 
did  decide  to  have  a third  contractor  take  care  of  the  housekeeping. 

Mr.  Ryan.  I think  that  this  raises  a very  serious  question.  You 
take  one  of  the  giants  of  the  aerospace  industry  that  has  a very 
peculiar  relationship  with  NASA  to  begin  with,  and  award  to  the  giant 
a contract  upon  which  it  will  make  a profit  to  provide  cafeteria  services, 
to  provide  guard  services,  to  provide  parking  lots.  It  seems  to  me 
that  this  is  way  beyond  the  purview  of  the  General  Electric  Co.  If 
anything  should  be  let  by  competitive  bid,  these  service  type  contracts 
should  be.  There  is  nothing  peculiar  here  that  requires  them  to  be 
negotiated,,  is  there? 

You  are  not  putting  a parking  lot  on  the  Moon,  yet,  are  you,  Mr. 
Brackett? 

Mr.  Brackett.  The  subcontracts  will  be  competitive. 

Mr.  Fulton  of  Tennessee.  Pardon  me;  at  whose  discretion? 

At  whose  discretion  is  this — the  administration  at  NASA  or  General 
Electric? 

Mr.  Brackett.  It  has  been  decided  that  the  subcontracts  will  be 
competitive. 

Mr.  Fulton  of  Tennessee.  Yes,  but  who  makes  that  decision? 
Did  GE  make  that  decision? 

Mr.  Brackett.  No,  I think  NASA  made  that  decision. 

Mr.  Fulton  of  Tennessee.  I think  it  would  be  good  if  an  explana- 
tion could  be  given  from  NASA  as  to  why  this  decision  was  made 
from  above,  and  not  through  the  regular  procedure.  In  other  words, 
through  you  as  procurement  officer. 

Is  it  within  the  discretion  of  this  committee  to  ask  for  such 
explanation? 

Mr.  Ryan.  Yes;  I would  like,  Mr  Brackett,  to  have  a complete 
written  statement  as  to  the  cost  of  this  contract,  what  it  is  going  to 
cost,  in  addition  to  the  amount  that  was  previously  testified  to. 

Mr.  Brackett.  It  may  be,  sir — I don’t  know  this  for  sure,  but 
quite  probably  it  might  be  included  in  the  cost  that  was  quoted  you. 

Mr.  Ryan.  No.  No  mention  was  made  of  this  to  the  committee — 
not  about  any  such  services. 

Do  you  consider  NASA  already  bound  to  this  extension  of  the 
contract? 

Mr.  Brackett.  I believe,  sir,  they  are. 

Mr.  Ryan.  In  other  words,  you  could  not  now 

Mr.  Brackett.  We  can  always  terminate  a contract,  of  course. 
We  always  have  the  right  to  terminate  a contract. 

Mr.  Ryan.  But  you  could  not  now  ask  for  bids  on  this  service? 
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Mr.  Brackett.  Well,  we  can  always  terminate  a contract.  We 
can  always  terminate  any  contract  at  any  time. 

Mr.  Ryan.  Does  this  not  seem  something  that  you  should  look 
into? 

Mr.  Brackett.  I will  be  glad  to  take  it  up,  sir. 

Mr.  Ryan.  Doesn’t  it  strike  you  as  peculiar? 

Mr.  Brackett.  I think  there  is  a legitimate  reason  why  it  is  well 
to  have  the  company  that  is  going  to  do  the  work  there,  do  this,  too. 

The  cafeteria,  after  all,  will  be  for  the  benefit  of  the  people,  most 
of  whom  would  be  working  for  General  Electric,  and  the  guard  services 
will  be  guarding  things  that  they  are  using  whore  the  contract  is 
taking  place. 

This  could  very  possibly  result  in  a savings  to  the  Government  by 
doing  it  this  way,  rather  than  having  NASA  try  to  put  people  down 
there  to  try  and  run  these  things  themselves  by  means  of  several 
different  contracts. 

This  has  to  be  coordinated  from  the  point  of  view  of  the  different 
types  of  services  that  will  be  performed  and  the  people  have  to  work 
together,  and  as  long  as  General  Electric  is  going  to  do  most  of  the 
work  down  there,  or  a great  deal  of  the  work  down  there,  I think 
there  is  a legitimate  and  logical  reason  why  General  Electric,  particu- 
larly since  they  have  already  had  experience  at  other  points  in  similar 
situations,  and  are  doing  this,  should  also  do  it  in  this  case. 

Mr.  Wydler.  Let  me  ask  you  this  just  generally,  Mr.  Brackett. 
To  get  more  general  about  this  procedure,  mien  you  decide,  or  when 
NASA  decides,  to,  let  us  say,  have  competitive  bidding  from  two  or 
three  companies,  to  develop  some  particular  item  of  space  hardware, 
for  example,  who  makes  the  decision  as  to  what  firm  shall  be  asked  to 
bid  or  submit  proposals? 

Mr.  Brackett.  Well  any  company  may  fill  in  a standard  form  No. 
129  and  get  their  name  on  the  so-called  NASA  source  list.  This  source 
list  is  sometimes  apt  to  be  pretty  long  and  many  companies  that  may 
like  a contract  but  don’t  really  have  the  capabilities  will  get  on  this 
list. 

It  all  depends  on  what  we  are  doing.  For  instance,  if  it  is  some- 
thing like  the  lunar  excursion  module,  something  which  would  be  very 
intricate  in  design  and  development — it  will  run,  well,  I think  on  the 
present  contract  it  runs  a little  over  $300  million — there  are  not  many 
companies  in  this  country  that  have  the  capability  of  doing  this  and 
it  costs  a company  sometimes  $300,000  or  $400,000  to  prepare  its 
proposal  alone. 

Companies  have  to  devote  a great  deal  of  their  best  engineering 
talent  to  prepare  proposals  on  such  a project  and,  of  course,  only 
one  gets  the  contract. 

Mr.  Wydler.  Yes.  I appreciate  that. 

Mr.  Brackett.  The  point  is  this:  We  only  invite  those  companies 
which  we  feel  have  a competitive  chance  of  getting  the  contract  and 
doing  the  work  satisfactorily  to  submit  proposals. 

Mr.  Wydler.  The  question  is  really:  Who  is  “we”? 

Mr.  Brackett.  Our  contracting  officer  at  the  field  installation  goes 
through  the  list  of  companies  that  have  said  they  are  interested  in 
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doing  this  type  of  work.  He  confers  with  the  engineers  and  between 
them  they  arrive  at  a decision  that  these  are  the  companies  that 
would  be  able  to  do  this  work. 

With  anything  over  $5  million,  it  starts  with  a procurement  plan. 
The  plan  is  submitted  through  our  office  to  Dr.  Seamans,  the  Associate 
Administrator,  with  details  as  to  what  we  are  going  to  buy  and  the 
names  of  the  companies,  which  the  center  says  they  would  like  to  have 
invited  to  bid,  included  in  the  plan. 

We  send  a copy  of  this  plan  over  to  the  program  office — for  in- 
stance, the  lunar  excursion  module  procurement  plan  went  over  to  the 
Manned  Space  Office,  to  Brainerd  Holmes.  They  may  add  some 
names,  and  we  may  add  some  names  of  companies,  and  when  it  gets  up 
to  Dr.  Seamans,  he  may  say:  “I  think  so  and  so  should  be  invited  to 
bid,”  and  these  are  the  companies  who  are  invited.  We  synopsize 
the  requests  for  proposals  in  the  Department  of  Commerce  “Commerce 
Business  Daily”  and  say,  “This  is  what  we  are  going  to  buy,”  and 
then  we  send  out  press  releases  and  any  other  company  that  wants  to 
submit  a proposal  can  do  so. 

Mr.  Wydler.  They  may  do  so? 

Mr.  Brackett.  They  may  do  so. 

And  they  will  be  evaluated. 

Mr.  Wydler.  Now  as  I understand  it,  say  there  is  a contract  for 
under  a million  dollars,  this  is  something  that  Western  Operations 
Office  could  award  on  a contract  themselves,  is  that  not  right? 

Mr.  Brackett.  Yes. 

Mr.  Wydler.  And  somebody  in  the  Western  Operations  Office  will 
decide  then  who  is  going  to  be  a bidder? 

Mr.  Brackett.  And  others  also  may  be  invited  to  bid. 

Mr.  Wydler.  Yes.  Are  there  any  other  figures  available  that 
would  show,  for  instance,  as  to  the  contracts  awarded  or  the  personnel 
or  the  persons  in  charge  of  Western  Operations  Office,  where  those  con- 
tracts are  awarded,  geographically  speaking? 

Mr.  Brackett.  Whether  that  could  be  provided  by  our  reporting 
system,  I am  not  quite  sure — although  they  do  report  to  us,  all  the 
Centers,  on  what  they  do  in  the  way  of  contracts,  of  course,  that  are 
awarded  over  $25,000.  Every  contract  over  $25,000  is  reported  to 
us  and  we  put  them  all  in  one  report. 

Mr.  Wydler.  Would  I be  asking  a very  onerous  thing  if  I asked 
if  you  could  explain  why  you  do  mat  for  these  various  centers  and 
what  contracts  were  awarded — and  on  contracts  within  let  us  say 
hall  a million  to  a million  dollar  range,  where  they  are,  geographically, 
being  awarded — for  instance,  as  to  the  Marshall  Space  Flight  Center 
and  the  Manned  Space  Center  and  Western  Operations  Office? 

Mr.  Brackett.  I will  have  to  see  whether  our  reporting  system  can 
come  up  with  that  without  going  through  each  one  of  the  individual 
contracts. 

If  we  have  to  go  through  each  contract,  of  course,  it  would  be  quite 
difficult. 

Mr.  Wydler.  Yes;  well  what  I am  saying  is  I want  to  eliminate  the 
minor  contracts  in  this  and  not  consider  them. 

Mr.  Brackett.  Anything  over  half  a million? 
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Mr.  Wydler.  Well,  let  us  say  $250,000. 

Mr.  Brackett.  Anything  over  $250,000 — and  you  would  like  a 
regional  breakdown? 

Mr.  Wydler.  By  States  or  whatever  you  can  do;  yes. 

Mr.  Brackett.  By  States? 

Mr.  Wydler.  Yes. 

Mr.  Brackett.  By  each  one  of  our  Centers. 

Mr.  Wydler.  Yes;  that  is  right. 

Mr.  Brackett.  I will  have  to  see  what  our  system  can  produce. 
Mr.  Wydler.  I understand. 

Mr.  Brackett.  We  would  be  glad  to  give  you  anything  we  can, 
if  we  have  it,  certainly. 

(The  information  requested  is  as  follows:) 
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U.S.  geographical  distribution  of  NASA  awards  of  $250,000  to  $1,000,000,  business  and  nonprofit  institutions,  fiscal  year  1962 


[Thousands  o t dollars] 


Total 

Headquarters 

Ames 

Lewis 

Langley 

Goddard 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Total . _ 

366 

174,018 

44 

19,064 

3 

1,272 

14 

4,808 

44 

19,527 

82 

38,607 

Alabama . 

46 

24,192 

738 

Alaska 

2 

2 

738 

Arirona . 

2 

1,100 

48,122 

2,206 

267 

l 

850 

California 

105 

12 

6,005 

250 

2 

i,  005 

5 

1,079 

4 

1,239 

22 

10,135 

1,956 

Colorado 

4 

1 

3 

Connecticut 

1 

I 

267 

District  of  Columbia 

7 

2,888 

8,957 

1,893 

3,696 

942 

4 

1,514 

784 

2 

900 

Florida 

16 

1 

6 

2,501 

Georgia _ 

4 

1 

522 

Illinois ... .... 

11 

2 

736 

Iowa, 

2 

1 

600 

Louisiana 

5 

3,378 
7,144 
9,311 
2,266 
1,076 
1, 170 

Maryland .. 

15 

2 

723 

9 

3,977 

2,320 

276 

Massachusetts... 

19 

7 

3,149 

1 

317 

5 

Michigan 

5 

1 

Minnesota 

3 

i 

260 

2 

816 

Missouri.. 

2 

New  Jersey 

20 

8,790 

1,221 

15,093 

1,137 

8,610 

985 

4 

1,459 

3 

1,300 

11 

5,061 

1,221 

1,720 

New  Mexico 

2 

2 

New  York 

30 

4 

1,492 

250 

2 

935 

10 

4,913 

3 

Ohio 

3 

1 

2 

887 

Pennsylvania 

18 

2 

607 

5 

2,747 

10 

4,655 

Tennessee 

1 

Texas .... 

26 

11,058 
4, 619 

2 

620 

15 

6,904 

3,407 

1 

300 

Virginia ..... 

12 

9 



Wisconsin 

5 

3;  159 

1 

700 

2 

1,182 

Note— Flight  Research  Center  had  no  awards  in  this  category  during  fiscal  year  1962. 
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Wallops 

Manned  spacecraft 

Marshall 

Space  nuclear 

Launch  operations 

Western  operations 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Actions 

Dollars 

Total 

2 

900 

14 

8,042 

111 

56,383 

4 

2,067 

13 

7,289 

35 

16,159 

Alahnma, 

41 

21,468 

5 

2,724 

Alaska 

Arizona 

i 

18 

250 

8,789 

California 

4 

2, 168 

2 

1,171 

1 

382 

35 

16,159 

CnJorarln 

Cmtnertlrnf.  

TUst.rirf.  nf  Cnllimhja 

i 

4 

3 
9 
1 

5 

4 
1 
3 

474 

2,710 

1,371 

2,960 

342 

3,378 

2,444 

400 

1,371 

"Florida  

5 

2,962 

Georgia  - 

Illinois  ..  ... . 

TnWft 

1 .nulNlana  .... 

Maryland  

Massachusetts  

5 

3,125 

Michigan  _ . 

1 

620 

Minnesota.  __ , 

Missouri 

2 

1, 170 

NTnw  .Tnrsay 

3 

970 

Maw  Marian 

Mow  Vnrlr 

9 

5,137 

2 

896 

flllln  

Pennsylvania 

1 

601 

Tennessee. 

1 

8 

985 

3,234 

Texas-- 

Virginia  . 

2 

900 

1 

2 

312 

1,277 

WlHivmsin 

/ 
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M\  Wydler.  Yes;  certainly,  I know. 

Mr.  Boone.  You  do  have  this  upper  figure  of  $5  millions  in  the 
Centers,  I think  you  have  said? 

Mr.  Brackett.  Yes. 

Mr.  Boone.  Could  you  give  us  some  idea  of  how  many  contracts 
the  Centers  might  let  in  excess  of  $5  million,  is  this  something  that 
runs  into  many  per  year? 

Mr.  Brackett.  No. 

Mr.  Boone.  Or  are  most  contracts  in  what  category,  dollarwise? 

Mr.  Brackett.  I think  we  could  give  you  this  figure,  Mr.  Boone. 
This  last  year  our  office  approved  approximately  a little  less  than  300 
contracts,  and  we  approve  everything  over  a million  dollars  and  some 
below. 

Mr.  Boone.  I see. 

Mr.  Brackett.  So  that  is  some  idea. 

Mr.  Boone.  So  that  the  $5  million  contracts  must  be  let  in  Wash- 
ington, then,  is  that  correct? 

Mr.  Brackett.  Well,  they  are  all  approved  here. 

Mr.  Boone.  Ail  above  a million  dollars  are  approved  here,  are 
they? 

Mr.  Brackett.  Yes.  All  above  a million  dollars  are  approved 
here;  right. 

Mr.  Rumsfeld.  On  the  matter  that  Mr.  Ryan  raised  earlier,  Mr. 
Brackett,  do  you  in  NASA  utilize  the  services  of  any  analysis  groups 
to  review  the  proposals  to  see  if  they  are  in  line? 

Mr.  Brackett.  Independent  analysis  outside  of  NASA?  No,  we 
don’t. 

Mr.  Rumsfeld.  Just  the  normal  review  within  the  NASA  organiza- 
tion is  used? 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  I am  not  familiar  with  this  General  Electric 
contract  but  in  the  event  that  you  did  determine  that  it  was  best  for 
General  Electric  1 <j  proceed  with  these  various  services,  such  as 
maintenance,  do  you  have  a contract  requirement  that  they  have  to 
have  it  on  a competitive  bid  basis? 

Mr.  Brackett.  Would  you  ask  that  once  more,  please? 

Mr.  Rumsfeld,  In  the  event  that  NASA  determines  to  leave  in  this 
case  the  responsibilities  for  such  things  as  maintenance  and  janitorial 
services  witn  the  prime  contractor,  do  you  have  a provision  in  your 
contract  with  the  prime  contractor  which  requires  that  they  do  it  on  a 
competitive  bid  basis? 

Mr.  Brackett.  Well  the  only  contract  that  I know  of  that  we  have 
similar  to  this  is  the  housekeeping  contract  at  the  Michoud  plant, 
and  we  do  have  such  a provision  in  that  contract. 

Mr.  Rumsfeld.  In  other  words,  if  you  are  not  going  tc  have 
competitive  bids  on  it  and  determine  how  it  can  be  done  most  eco- 
nomically, you  do  on  occasion  require  the  prime  contractor  to  do  that 
very  thing? 

Mr,  Brackett.  Subcontracts  of  $25,000  and  more  under  the 
contract  at  Michoud  plant  and  also  the  one  with  General  Electric 
are  subject  to  approval,  of  course,  by  NASA — either  by  the  con- 
tracting officer  or  someone  he  has  designated — so  that  the  obligation 
is  on  the  contractor  to  obtain  competition  with  respect  to  the  sub- 
contract since  we  do  approve  them. 


1964  NASA  AUTHORIZATION 


3381 


Mr.  Rumsfeld.  I see. 

Mr.  Brackett.  I would  like  to  correct  the  record  on  one  point  that 
Mr.  Ryan  asked  about. 

He  asked  whether  I was  consulted  and  did  I know  of  this.  I did 
know  of  it  and  there  was  a so-called  procurement  plan  which  passed 
through  our  office  on  this  extension  of  the  General  Electric  contract, 
as  I recall  now. 

Mr.  Fulton  of  Tennessee.  I am  very  glad  you  said  that,  Mr. 
Brackett,  because  I was  going  to  ask  you  the  question,  if  this  had 
happened  before — if  you  had  been  bypassed  as  Chief  Procurement 
Officer,  or  your  office? 

Mr.  Brackett.  No,  sir — I did  know  about  it. 

Mr.  Fulton  of  Tennessee.  Has  there  been  any  other  occasion 
where  you  were  not  consulted  as  procurement  officer  on  the  procure- 
ment procedures,  whether  it  be  in  connection  with  housekeeping  or 
parking  lots  or  whatever  it  might  be? 

Mr.  Brackett.  No,  this  is  the  only  one. 

Mr.  Rumsfeld.  A number  of  Members  of  Congress  have  described 
on  the  floor  of  the  House  what  they  considered  to  be  in  many  cases — 
and  what  have  in  fact  sometimes  proven  to  be — a very  serious  situa- 
tion in  the  letting  of  contracts.  Some  I recall  were  raised  by  Congress- 
man Wilson  of  Indiana  and  by  Senator  Case  of  New  Jersey.  One  was 
a situation  where  a bid  was  given  to  a company  other  than  the  low 
bidder  on  the  basis  of  time  of  delivery  and  after  a period  of  months 
the  contract  was  amended  to  extend  the  time  of  delivery.  There 
was  then  a complaint  made  by  the  higher  bidder  saying  that  they 
knew  at  the  time  the  delivery  could  not  be  made  in  that  shorter 
period,  and  the  question  I would  like  to  ask  is  this:  If  such  a com- 
plaint happens  to  come  into  your  office,  obviously  there  is  a very 
serious  problem  and  these  people  want  to  do  business  with  you  in 
the  future 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  They  have  to  deal  with  human  beings  and  they 
don’t  want  to  be  a thorn  in  your  side,  and  it  occurs  to  me  that  in 
such  a case  they  might  be  very  careful  about  complaining. 

What  happens  when  they  complain  to  you — who  do  they  tell  about 
that  and  how  do  you  protect  them? 

Mr.  Brackett.  Well,  I spent  an  horn  with  a man  yesterday 
afternoon  that  had  a complaint  about  one  of  our  contracts  out  in 
the  field.  I frequently  have  these  companies  coming  in  with  com- 
plaints and  I find  that  there  are  two  sides  to  the  story,  usually. 

Mr.  Rumsfeld.  There  generally  is. 

Mr.  Brackett.  And  what  we  would  do,  before  forming  any  opin- 
ions, is  to  get  both  sides  of  the  story  and  then,  if  we  find  that  our  people 
have  made  a mistake  and  it  can’t  be  corrected,  we  take  steps  to  see 
that  it  doesn’t  happen  any  more.  If  we  feel  that  our  people  are  right, 
we  support  them. 

Quite  frequently  companies  make  a complaint  to  the  General 
Accounting  Office,  right  to  the  Comptroller  General,  which  they  have 
the  right  to  do,  and  this  is  an  instance  where  the  Comptroller  General 
does  get  into  the  procurement  field  before  the  contract  is  let.  They 
will  call  our  office  and  say:  “Don’t  go  any  further  on  this  until  we 
send  you  over  the  protest,”  and  then  our  office  goes  out  to  the  field 
and  gets  the  facts.  Then  we  write  back  to  the  Comptroller  General’s 
Office  with  the  facts  as  we  have  found  them  to  be. 
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The  Comptroller  General  then  makes  the  decision — a written 
decision — in  which  he  either  sustains  us  or  does  not  sustain  us. 

I don't  like  to  brag,  but  since  NASA  came  into  being  we  have  not 
been  overrulled  by  the  Comptroller  General  in  a single  instance  on 
the  selection  of  a contractor.  There  have  been  instances  where 
protests  have  come  through,  and  we  have  been  into  the  matter  and 
found  that  our  field  people  have  made  a mistake  and  we  have  corrected 
it  right  there. 

Mr.  Rumsfeld.  What  about  that  man  who  made  the  mistake — he 
is  a human  being  and  he  undoubtedly  is  not  too  happy  about  having 
made  a mistake. 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  Let  alone  at  being  found  making  a mistake. 

Mr.  Brackett.  That's  right. 

Mr.  Rumsfeld.  He  is  probably  not  too  happy  about  the  people 
who  filed  the  complaint. 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  Now,  what  do  you  as  Chief  Procurement  Officer, 
wrestling  with  this  $5.7  million  budget,  do  with  regard  to  your  man 
out  in  the  field  to  see  that  this  is  not  reflected  in  future  business 
dealings? 

Mr.  Brackett.  So  far  we  have  tried  to  issue  regulations  to  avoid 
this  sort  of  thing  and  to  guide  our  people  as  to  what  should  be  done. 

If  something  has  come  along  that  way  maybe  we  have  been  partly 
to  blame  because  we  did  not  have  a rule,  but  we  do  try  to  correct  it 
by  putting  in  a regulation  on  the  subject.  Of  course,  if  he  doesn't 
follow  a regulation,  probably,  his  chances  of  getting  promoted  are 
pretty  slim.  There  may  be  extenuating  circumstances,  however. 

Sometimes  it  could  be  an  extension  of  time.  Sometimes  the  tech- 
nical people  decide  that  after  a contract  has  been  placed — even  though 
they  say  that  they  have  to  have  a deadline  date — they  may  come  in 
and  decide  that  they  want  to  make  some  changes  and  so  on  in  the 
specifications,  and  that  will  take  the  contractor  more  time. 

Mr.  Rumsfeld.  I appreciate  that. 

Mr.  Brackett.  And  this  is  brought  out. 

Mr.  Rumsfeld.  Generally  these  things  will  be  aired  and  will 
always  be  brought  out? 

Mr.  Brackett.  Yes. 

Mr.  Rumsfeld.  And  any  decision  made,  such  as  a decision  in  any 
Government  department,  will  be  aired  and  brought  out? 

Mr.  Brackett.  We  bring  out  those  things. 

Mr.  Rumsfeld.  Well,  I am  very  glad  to  hear  that. 

Thank  you. 

Mr.  Brackett.  People  are  human  and  they  make  mistakes.  I 
sometimes  make  mistakes. 

Mr.  Fulton  of  Tennessee.  Just  along  the  hues  Mr.  Ryan  brought 
out,  with  respect  to  Gen  eral  Electric  again,  you  said  that  you  were 
aware  of  this  housekeeping  contract? 

Mr.  Brackett.  Yes,  sir;  I was. 

Mr.  Fulton  of  Tennessee.  And  were  you  consulted  and  asked  for 
your  opinion  on  that  contract? 

Mr.  Brackett.  No,  sir.  I believe  I was  not. 

Mr.  Fulton  of  Tennessee.  You  were  not. 
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Mr.  Rumsfeld.  If  a memo  comes  across  your  desk  though,  as  chief 
procurement  agent,  that  notice  is  tantamount  to  consultation,  is  it 
not? 

Mr.  Brackett.  Yes,  sir.  To  this  extent  I was  consulted. 

Mr.  Rumsfeld.  Yes. 

Mr.  Fulton  of  Tennessee.  But  you  were  not  consulted  as  to  your 
opinion  on  the  so-called  housekeeping  contract? 

Mr.  Brackett.  No. 

Mr.  Fulton  of  Tennessee.  And  does  NASA  not  have  any  personnel 
at  the  Mississippi  installation? 

Mr.  Brackett.  Well,  of  course,  this  is  just  starting  out,  and  we 
will  have  people  down  there. 

Mr.  Fulton  of  Tennessee.  Management  personnel? 

Mr.  Brackett.  They  will  be  management  personnel,  but  we  will 
have  a skeleton  staff.  If  we  were  going  to  gear  up  to  a project  to 
cover  these  several  housekeeping  activities  with  separate  contracts 
down  there  it  would  be  quite  different.  All  have  to  work  together 
and  there  has  to  be  coordination,  something  that  binds  them  together, 
and  this  would  require  a fairly  sizable  staff. 

Mr.  Fulton  of  Tennessee.  I wonder  if  there  is  a record  as  to  the 
small  business  contracts  with  new  companies — how  many  of  them  are 
new  companies  that  have  been  organized  just  for  the  sole  purpose  of 
bidding  for  related  wTork  in  the  space  program — or  incorporated  for 
that  purpose? 

Mr.  Brackett.  I don’t  know  the  figures  on  it,  sir,  and  I doubt  that 
they  would  be  available,  but  1 do  know  that  several  New  Orleans 
companies  were  formed — just  how  many  I couldn’t  say — but  I think 
we  had  11  bids  on  this  housekeeping  contract  at  Michoud  from  com- 
panies in  New  Orleans  and  at  least  half  of  them  I would  say  were 
formed  just  to  put  in  a proposal  although  they  had  no  experience. 
They  just  wanted  to  get  into  the  business. 

I might  just  say,  and  this  is  not  in  defense  of  General  Electric,  but 
I did  check  as  to  what  they  were  doing  for  small  business  under  this 
Apollo  integration  contract  last  week.  They  have  organized  a new 
department,  and  I think  they  call  it  the  Apollo  Support  Department ; 
but  I checked  to  see  what  their  experience  was  to  date  in  helping  small 
business  concerns  and  subcontractors,  and  90  some  odd  percent  of  the 
dollars  that  GE  had  spent  in  placing  subcontracts  had  been  placed 
with  small  business  concerns  by  this  department,  under  our  contract. 

Mr.  Fulton  of  Tennessee,  Well,  one  jther  question.  On  the  Jet 
Propulsion  Laboratory  in  the  California  Institute  of  Technology — 
What  jurisdiction  does  your  office  have  over  the  procurement  policies 
of  the  JPL?  At  Cal  Tech? 

Mr.  Brackett,  At  Cal  Tech — well,  this  is  a rather  unique  opera- 
tion. It  is  a captive  company,  so  to  speak. 

They  have,  however,  a pattern  of  procurement  regulations  quite  a 
bit  like  our  standard  procurement  regulations,  and,  while  it  has  not 
been  written  in  the  contract,  it  has  been  general  policy  that  they  will 
submit  these  regulations  to  us.  We  don’t  have  the  right  to  change 
them  but  it  is  a matter  of  cooperation,  and  we  are  working  with  JPL 
in  coming  up  with  their  procurement  regulations.  This  is  largely 
done,  or  this  particular  thing  is  handled  administratively  by  the 
Western  Operations  Office.  They  have  a resident  staff  right  at  the 
Jet  Propulsion  Laboratory,  administering  this  contract  and,  again,  all 
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subcontracts  which  JPL  make  of  $25,000  or  over  are  subject  to 
individual  approval,  of  course,  by  NASA, 

Mr.  Fulton  of  Tennessee.  And  Cal  Tech  is  on  a cost  plus  basis? 

Mr.  Brackett.  It  is  on  a cost  plus  basis.  Yes. 

Mr.  Fulton  of  Tennessee.  And  yet  there  is  no  written  agreement; 
do  you  feel  that  there  is  a need  for  such  a written  agreement  rather  than 
this  just  general  form  of  agreement  between  you? 

Mr.  Brackett.  Well,  of  course,  we  have  a contract  with  them. 
This  is  a cost  plus  contract  with  them,  Mr.  Fulton. 

Mr.  Fulton  of  Tennessee.  I mean  pertaining  to  these  procurement 
procedures. 

Mr.  Brackett.  I am  quite  sure  that  we  do  have  adequate  control 
of  their  subcontracting,  sir. 

Mr.  Fulton  of  Tennessee.  All  right. 

Mr.  Boone.  You  don’t  sit  on  the  board  of  awards  though,  or  any- 
thing of  the  sort? 

Mr.  Brackett.  No. 

Mr.  Boone.  Nothing  of  that  sort. 

Do  you  have  any  say  in  the  selection  of  the  contractors  or  do  you 
merely  approve  what  they  have  already  done? 

Mr.  Brackett.  That’s  right.  We  do  have  one  thing  definitely, 
however,  as  part  of  the  regulations  with  respect  to  any  subcontract 
that  they  would  make  of  over  $5  million  and  that  is  that  such 
subcontract  has  to  be  looked  at  by  Mr.  Webb,  Dr.  Dryden,  and 
Dr.  Seamans.  They  will  have  a board  the  same  as  we  have  a board, 
and  they  will  be  making  their  reports  of  the  board  to  our  top  manage- 
ment, who  in  turn  wm  select  the  major  subcontractors  under  the 
JPL  contract.  They  have  done  this  in  the  two  instances  that  I can 
think  of  right  now. 

Mr.  Boone.  Their  total  amount  of  contract  dollars  is  over  a hundred 
million  dollars;  is  it  not? 

Mr.  Brackett.  Yes,  it  is,  definitely. 

Mr.  Boone.  Do  you  have  any  idea  from  your  incentive  awards 
idea— do  you  have  any  views  about  the  results  which  are  likely  to  be 
obtained  as  yet.  Does  it  look  promising,  in  other  words? 

Mr.  Brackett.  We  are  very  hopeful  about  it.  We  are  devoting  a 
lot  of  time  to  it  and  we  have  a consultant  who  is  spending  almost  full 
time  in  trying  to  work  on  these  individual  larger  contracts,  and  seeing 
if  we  can’t  convert  them  to  incentive-type  contracts. 

Mr.  Boone.  Well  do  you  know  if  you  are  making  a saving  in  money 
or  in  time? 

Mr.  Brackett.  This  is  difficult  to  say.  I feel  very  certain  myself 
that  this  is  going  to  save  money. 

Mr.  Boone.  But  you  don’t  want  to  convert  until  you  are  sure;  do 
you? 

Mr.  Brackett.  Well,  we  can’t  convert.  We  can’t  convert  where 
the  design  is  so  nebulous,  and  when  nobody  has  ever  made  any  of 
these  things  before.  There  is  no  past  cost  history  as  a basis  to  rely 
on  in  making  a contract,  and  it  may  be  a long  way  off.  It  may  be 
that  the  company  can  make  a windfall  if  we  do  this.  On  the  other 
hand,  on  some  of  these  large  ones,  a company  could  be  very,  very 
bad  off  if  costs  were  significantly  underestimated. 

Here  is  an  example,  with  the  military — the  Air  Force  has  a contract, 
which  is  an  incentive-type  contract,  on  the  Titan  III  with  Martin 
Marietta  Co.  They  have  made  the  Titan  I,  and  the  Titan  II,  and 
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they  have  made  many  other  missile  contracts  so  that  they  had  a 
good  basis  of  cost  experience  to  fix  the  target.  But  many  of  these 
things  that  we  are  buying  have  never  been  made  before. 

Mr.  Boone.  I realize  it  is  very  difficult  and  I am  sure  you  are 
going  to  study  it  very  carefully. 

Mr.  Brackett.  Yes.  This  is  why  we  have  gone  to  this  award  fee 
where  you  don’t  have  to  have  a target  and  your  formula  is  such  that 
you  can  correct  a situation  if  necessary.  If  an  individual  contractor 
does  a good  job  and  saves  money  he  will  make  more  profit.  We  will 
save  most  of  it,  but  he  will  make  a profit,  too. 

Mr.  Fulton  of  Tennessee.  It  is  now  1 minute  to  12  noon,  and  in 
accordance  with  the  request  of  the  chairman,  Mr.  Hechler,  we  would 
like  to  have  the  State-by-State  breakdowns  you  have  promised  to 

Erovide,  Mr.  Brackett.  Incidentally,  1 have  noted  that  Tennessee  is 
sted  as  39th  of  the  States  in  terms  of  contracts  in  the  space  program 
which  is  relatively  low  when  you  remember  we  are  17tn  in  terms  of 
population,  so  I would  also,  in  general,  urge  you  to  look  into  our  State 
also  with  a view  to  doing  something  with  respect  to  subcontracts  if 
possible. 

Before  we  close  I would  like  permission  to  submit  written  requests 
at  a later  date. 

Mr.  Brackett.  Oh  yes;  certainly,  Mr.  Fulton. 

Mr.  Fulton  of  Tennessee.  So  if  there  is  nothing  further,  we  cer- 
tainly appreciate  your  appearance  here  this  morning  Mr.  Brackett, 
and  we  know  you  are  doing  a very  good  job  in  a very  difficult  situation. 
Mr.  Brackett.  Thank  you  very  much,  sir. 

(Whereupon,  at  12:02  p.m.  the  subcommittee  was  adjourned.) 
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THUBSBAY,  MAT  9,  1963 


House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10  a.m.,  in  room  214-B,  Longworth 
House  Office  Building,  Hon.  J.  Edward  Roush  presiding. 

Mr.  Roush.  The  committee  will  be  in  order. 

We  are  pleased  to  have  with  us  this  morning  the  Honorable  John  H. 
Rubel,  Assistant  Secretary  of  Defense,  and  Gen.  Paul  T.  Cooper. 

The  subcommittee  has  been  concerned  with  possible  duplication  of 
the  purchase  of  tracking  ships  for  the  use  in  the  NASA  Apollo  program. 
Also  it  is  concerned  that  appropriate  coordination  and  cooperation 
may  not  have  been  established  between  NASA  and  the  Department 
of  Defense  in  satisfying  their  ship  tracking  requirements. 

The  purpose  of  the  hearing- this  morning  is  to  investigate  the  possi- 
bility of  meeting  the  needs  of  NASA  with  their  current  DOD  ship 
inventory.  The  subcommittee  would  like  to  have  a presentation  of 
what  the  current  DOD  inventory  of  ships  is,  what  the  workload 
factors  are,  and  in  what  maimer  they  feel  they  could  satisfy  the 
NASA  Apollo  requirements 

We  hope,  Mr.  Secretary,  that  you  can  throw  some  light  on  this 

auestion.  It  is  a pleasure  to  welcome  you  and  General  Cooper  before 
:ie  committee,  and  you  may  proceed  with  your  prepared  statement. 

STATEMENT  OF  HON.  JOHN  H.  RUBEL,  ASSISTANT  SECRETARY 
OF  DEFENSE  FOR  RESEARCH  AND  ENGINEERING ; ACCOMPANIED 
BY  BRIG.  GEN.  PAUL  T.  COOPER,  ASSISTANT  DIRECTOR,  RANGE 
AND  SPACE  GROUND  SUPPORT,  DEPARTMENT  OF  DEFENSE 

Mr.  Rubel.  Thank  you  very  much,  Mr.  Chairman.  I am  happy 
to  to  appear  before  this  committee  to  present  Department  of  Defense 
information  concerning  ships  for  the  Apollo  mission. 

Representatives  of  the  Department  of  Defense  have  been  discussing 
NASA  requirements  for  ships  to  be  used  with  the  Gemini  and  Apollo 
programs  for  over  a year.  Until  recently,  these  requirements  were 
stated  in  very  general  terms.  Based  upon  our  understanding  of 
NASA  needs,  a DOD  study  conducted  last  June  concluded  that  there 
would  be  enough  tracking  ships  and  telemetry  ships  in  the  combined 
instrumentation  fleets  of  the  Pacific  Missile  Range  and  the  Atlantic 
Missile  Range  during  the  1966-68  time  period  to  fully  accommodate 
NASA  requirements. 
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Recently,  NASA  has  definitized  requirements  in  more  detail.  On 
April  2,  1963,  NASA  forwarded  to  DOD  an  8-page  description  of 
the  operational  requirements  for  three  Apollo  tracking  ships.  They 
requested  our  assessment  of  the  availability  of  these  three  ships  from 
those  already  in  or  planned  for  addition  to  the  Defense  Department 
inventory. 

Incidentally,  Mr.  Chairman,  I believe  that  that  request  on  the  part 
of  NASA  was  in  response  to  a congressional  inquiry  that  they  ask  the 
Defense  Department  in  a formal  way  as  to  whether  or  not  these  three 
ships  could  be  furnished  out  of  either  existing  or  planned  additions 
to  the  Defense  Department  inventory. 

Mr.  Roush.  This  committee  had  asked  NASA  to  submit  in  detail 
their  requirements  to  the  Defense  Department  with  the  view  of 
determining  whether  or  not  you  would  meet  those  requirements. 

Mr.  Rubel.  Yes,  sir. 

We  immediately  formed  a study  group  consisting  of  personnel  of 
the  Air  Force  Missile  Test  Center  at  the  Atlantic  Missile  Ran^e  and 
representatives  of  the  Pacific  Missile  Range  to  analyze  in  detail  the 
new  statement  of  NASA  requirements.  The  results  of  this  study  were 
presented  to  NASA  on  April  23. 

The  study  concluded  that  the  instrumentation  required  by  NASA 
for  the  Apollo  program  is  similar  to  the  instrumentation  on  board  the 
general-purpose  ships  of  the  Atlantic  Missile  Range  and  the  Pacific 
Missile  Range,  with  certain  exceptions.  The  principal  exception  is 
the  lack  of  the  so-called  NASA  unified  S-band  system;  however,  the 
study  concluded  that  provisions  could  be  made  to  accommodate  this 
Apollo-peculiar  equipment  on  the  ships  in  question. 

I might  add  here,  too,  that  it  is  my  impression  from  the  data  and 
information  that  I have  seen  that  ships  for  the  Apollo  mission  and 

general  purpose  ships  have  much  more  in  common  than  they  have 
issimilarities. 

There  are  nine  ships  in  the  combined  fleets  of  the  Atlantic  Missile 
Range  and  the  Pacific  Missile  Range,  existing  and  planned,  with  a 
tracking  capability  as  required  ana  with  hulls  of  sufficient  size  to 
accommodate  this  additional  NASA  equipment. 

The  study  group  analyzed  the  NASA  and  DOD  programs  which 
will  require  ship  support  in  terms  of  the  anticipated  ship  workload 
for  the  time  period  of  the  Apollo  program.  Using  a computer  tech- 
nique, an  operations  analysis  was  conducted  to  determine  the  number 
of  ships  required,  with  proper  allowance  for  launch  schedule  slippage, 
delays  due  to  weather,  cancelled  launches,  and  so  forth,  and  with  the 
proper  allowances  for  steaming  time,  reprovisioning,  refueling,  drydock 
ana  crew  rest.  This  study  assumed  tnat  every  Apollo  launch  would 
require  an  arbitrary  30-aay,  onstation  coverage  and  that  Apollo 
requirements  would  be  supported  100  percent  as  a matter  of  national 
priority.  By  using  the  computer  technique,  one  can  determine  where 
the  law  of  diminishing  returns  sets  in  as  the  size  of  the  fleet  increases. 
The  study  concluded  that  1 1 ships  are  needed  to  achieve  the  desired 
level  of  support  to  the  total  NASA/DOD  programs,  again,  assuming 
100-percent  support  to  Project  Apollo. 

I mentioned  that  DOD  will  have  nine  tracking  ships  of  sufficient 
size  to  accommodate  Apollo.  We  had  planned  to  commence  con- 
struction of  a large  satellite  tracking  ship,  known  as  Aris-S,  during 
this  fiscal  year,  to  be  operated  in  the  South  Atlantic  and  Indian 
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Ocean  areas  for  the  purpose  of  monitoring  satellite  events  taking 
place  in  those  areas.  The  bid  proposals  submitted  by  industry 
mdicated  that  the  cost  of  this  ship  would  greatly  exceed  our  original 
estimates.  A very  careful  review  of  the  data  requirements  of  the 
several  satellite  programs  for  which  this  ship  was  to  be  configured 
indicated  that  none  of  this  data  was  absolutely  essential  to  the  suc- 
cess of  any  program.  Whereas  it  would  be  extremely  desirable  to 
collect  this  data  and,  undoubtedly,  such  data  would  enhance  the 
various  satellite  operations  in  question,  it  was  our  considered  judg- 
ment that  this  data  was  not  worth  the  price  of  Aris-S.  It  was  de- 
cided that  we  must  either  forgo  the  data  or  be  satisfied  with  a ship  of 
a lower  order  capability  in  order  to  stay  within  reasonable  costs. 
We  are  currently  studying  the  feasibility  of  modifying  (for  this 
purpose)  one  of  tne  several  relatively  small  C-l  hulls  now  in  the  AMR 
telemetry  fleet.  Assuming  this  plan  is  pursued,  this  modification 
will  provide  the  DOD  with  a 10th  tracking  ship  although  this  ship  is 
too  small  to  accommodate  the  special  Apollo  requirements.  It  will 
serve,  however,  to  satisfy  some  of  the  general-purpose  ship  workload 
and  thus  relieve  the  burden  of  the  larger,  more  expensive  ships. 

I guess  I should  make  it  clear,  if  it  isn’t  perhaps  absolutely  clear, 
that  we  dropped  the  im-3  from  our  program.  We  are  not  going 
to  include  it  in  the  Aris  program.  We  are  going  to  have  a substitute 
of  lesser  but  adequate  capability.  That  is  the  thrust  of  this  paragraph . 

The  Department  of  Defense  study,  and  I am  referring  again  now 
to  the  study  that  I set  up  with  Air  Force  and  Navy  representatives, 
addressed  specifically  to  the  question  of  whether  or  not  the  Defense 
Department  fleet  could  satisfy  NASA’s  Apollo  requirements,  this  study 
concluded  that  only  one  ship,  the  11th,  must  be  added  to  the  track- 
ing fleet  for  Apollo,  if  others  are  suitably  modified  to  meet  the  special 
Apollo  requirements.  Although  NASA  proposed  a total  of  three 
ships,  our  study  concludes  that  this  number  is  marginal,  if  indeed  the 
Apollo  requirements  are  '“mandatory”  requirements.  I should  dif- 
ferentiate between  the  term  “mandatory”  and  the  term  “desired.” 
A mandatory  requirement  is  one  which  would  cause  cancellation  of 
the  mission  if  it  could  not  be  satisfied  on  the  day  of  the  mission. 
The  desired  requirement  is  one  which  would  not  cause  a cancellation. 
Therefore,  in  order  to  meet  the  requirements  as  stated  by  NASA,  we 
believe  it  is  necessary  to  configure  a minimum  of  five  ships  with  Apollo 
equipment;  one  in  the  Atlantic  between  Bermuda  and  Antigua  to 
monitor  the  insertion  into  Earth  orbit,  two  in  the  South  Atlantic  or 
Indian  Ocean  to  monitor  the  injection  into  the  lunar  trajectory,  with 
two  additional  ships  in  the  Pacific  to  monitor  this  same  injection 
maneuver,  when  and  if  it  occurs  on  that  side  of  the  world.  Our  esti- 
mate of  costs  to  modify  four  ships  is  approximately  $50  million. 
Adding  the  new  ship,  the  11th,  raises  this  cost  to  the  Apollo  program 
to  $80  million. 

I should  hasten  to  add  that  these  costs  are  pure  estimates,  based  on 
our  experience  in  the  DOD  in  the  configuring  of  nine  tracking  ships. 
If  our  experience  has  proved  anything,  it  is  that  the  magnitude  of 
costs  are  consistently  underestimated.  Additionally,  as  this  study 
developed,  we  realized  that  the  statement  of  operational  requirements 
provided  by  NASA  left  many  questions  unanswered,  some  of  which 
depend  on  Apollo  program  decisions  of  the  future.  Therefore,  one 
must  realize  that  there  is  no  precise  solution  to  the  currently  antici- 
pated requirement 
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There  is  room  for  a difference  of  approach  and  viewpoint  with 
respect  to  the  ship  operations.  I believe  the  DOD  and  NASA  are  in 
general  agreement  that  general-puipose  ships  should  be  deployed 
wherever  possible  in  order  to  achieve  maximum  utilization.  We  are 
also  in  agreement,  I believe,  that  special-purpose  ships  are  the  proper 
solution  m cases  where  the  equipment  on  board  is  indeed  unique  to  a 
particular  project.  The  questions  at  hand  are  how  much  of  the  equip- 
ment on  board  these  ships  is  unique  to  Apollo  requirements  and 
whether  this  equipment  requires  operators  directly  under  the  control 
of  NASA,  and  whether  these  ships  will  be  fully  utilized  in  this  special ' 
configuration.  The  answers  to  these  questions  will  indicate  whether 
the  snips  should  be  project  peculiar  or  part  of  the  general-purpose 
fleet.  DOD  cannot  make  this  determination  with  the  information 
at  hand.  It  is  necessary  for  NASA  to  arrive  at  these  decisions  which 
so  vitally  affect  their  programs. 

We  have  submitted  a plan  to  NASA  which  examines  the  various 
alternatives  and  suggests  an  arrangement  whereby  100  percent  of 
their  Apollo  requirements  can  be  met  by  the  modification  of  four  DOD 
ships  and  the  addition  of  one  new  ship  as  a part  of  the  national  fleet. 
We  believe  that  it  is  up  to  NASA  to  answer  the  remaining  questions 
as  to  the  extent  of  the  Apollo-peculiar  equipment  or  whether  there  am 
deficiencies  in  this  plan.  We  have  provided  them  with  our  best  esti- 
mates as  to  how  we  may  assist  them.  However,  the  decision  is  theirs 
and  it  is  not  a simple  one.  NASA  may  determine  that  three  new 
ships  especially  equipped  for  Apollo  are  necessary  for  the  Apollo  pro- 
gram. We  shall,  however,  continue  to  take  every  opportunity  to 
assist  them  in  minimizing  costs  and  to  provide  any  tracking  ship 
support  that  can  be  made  available  from  DOD  resources. 

Mr.  Chairman,  that  concludes  my  prepared  statement,  but  since 
that  statement  was  prepared  1 have  received  a letter  from  Dr.  Sea- 
mans, the  Associate  Administrator  of  NASA.  It  came  too  late  for 
incorporating  its  contents  or  the  burden  of  its  message  in  the  prepared 
statement.  I really  haven’t  had  time  to  study  it  in  detail,  either,  but 
having  read  it  now,  it  is  my  impression  that  what  it  says  is  that 
NASA  has  studied  the  Defense  Department  proposal,  that  NASA 
feels  there  are  certain  assumptions  that  were  made  in  conducting  the 
Defense  Department  study  which  were  incorrect  or  would  prove  to 
be  incorrect,  that  for  these  reasons  NASA  believes  that  it  is  necessary 
to  add  three  new  ships  to  the  national  inventory  to  satisfy  the  Apollo 
mission  requirements  without  at  the  same  time  eroding  support  for 
other  missions,  and,  finally,  that  it  is  NASA’s  conclusion  that  the 
solution  and  recommendation  contained  in  the  Defense  Department 
report  will  not  prove  acceptable,  and  that  the  three-ship  solution 
initially  proposed;  by  NASA  is  the  one  to  be  followed. 

That  concludes  my  opening  remarks,  Mr.  Chairman.  I would  be 
very  happy  to  answer  any  questions  that  I can.  General  Cooper,  who 
is  Assistant  Director  of  Defense  Research  and  Engineering  for  Ranges 
and  Space  Ground  Support,  is  here  at  my  right,  and  has  much  more 
detailed  information  on  all  of  these  subjects  than  I. 

With  your  permission,  I would  like  to  feel  free  to  call  on  him  to 
answer  questions,  or  for  you  to  feel  free  to  call  on  him  directly  at  any 
time  to  give  you  whatever  information  you  would  find  useful. 

Mr.  Roush.  We  would  be  very  happy  to  have  General  Cooper 
participate  in  this  discussion.  We  were  aware,  of  course,  that  NASA 
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wanted  its  three  ships.  We  felt,  however,  that  we  would  be  remiss 
if  we  did  not  investigate  the  possibility  of  using  the  ships  which  we 
have  in  our  inventory  at  the  present  time,  modifying  these  ships  to 
meet  these  requirements  if  it  would  save  the  taxpayers  money  and 
still  fulfill  our  national  goal. 

I also  have  a letter  from  NASA  and  they  point  out  the  same  things 
you  mentioned.  However,  there  were  a couple  of  details  in  this  letter 
I wanted  to  inquire  of. 

One  of  the  things  they  have  stated  is  that  it  appears  that  some  of 
the  factors  used  by  the  Department  of  Defense  in  its  computer 
analysis  and  in  its  conclusions  are  incorrect.  First,  they  say  that  your 
proposal  would  cost  $86  million,  not  $80  million;  secondly,  the  DOD 
analysis  assumed  only  30  days  of  ship  support  for  Apollo  launch 
based  on  four  launches  a year,  while  NASA  planning  calls  for  six 
launches  per  year,  and  virtually  full-time  utilization  of  the  supporting 
ships.  Third,  the  Department  of  Defense  study  assumes  that  the 
total  non-Apollo  ship-support  studies  can  be  met  by  10  ships  and  that 
only  1 additional  ship  will  take  up  the  additional  Apollo  workload. 

This  is  considered  to  be  a serious  underestimation  of  the  workload 
that  Apollo  will  generate. 

Fourth,  the  DOD  analysis  assumed  a 50-percent  reduction  in  non- 
Apollo  missions  between  1966  and  1968  which  is  not  viewed  as  a 
realistic  estimate  of  the  national  flight  program  over  these  years. 

Do  you  care  to  comment,  either  of  you,  on  that? 

Mr.  Rubel.  I would  like  to  make  a preliminary  comment  and  then 
General  Cooper  may  wish  to  add  something. 

In  the  first  place,  as  I think  I said  in  my  opening  statement,  the 
estimates  of  the  cost  of  undertaking  any  of  these  programs,  whether 
it  is  the  $90  million  for  three  ships,  or  the  $80  million  for  the  Defense 
Department  plan,  are  nothing  more  than  estimates,  and  I tried  to 
say  in  my  opening  statement  that  there  is  much  room  for  possible 
changing  as  the  program  is  actually  undertaken.  They  are  the  best 
estimates  we  can  make,  and  the  NASA  apparently  differs  with  us, 
judging  from  this  letter,  by  something  less  than  10  percent. 

I doubt  very  much  that  our  estimates  or  theirs  are  good  to  within 
10  percent. 

Secondly,  with  respect  to  the  other  substantive  elements  that  are 
mentioned,  how  much  support  is  really  required?  Whether  the 
assumptions  made  in  the  Defense  Department  study  were  correct,  or 
not,  I would  say  that  we  ought  to  look  at  two  possibilities.  One  is 
that  they  were  not  correct.  The  other  is  that  they  were,  and  we  can 
discuss  whether  or  not  there  is  a misunderstanding  in  that  regard  in 
just  a moment;  but  if  they  were  not  correct,  and  if  in  fact  they  should 
have  used  different  assumptions  in  the  computer  analysis,  that  does 
not  necessarily  lead  me  to  the  conclusion  that  the  approach  we  used 
in  that  analysis  is  wrong.  It  doesn’t  lead  me  to  the  conclusion  that 
we  should  or  should  not  acquire  three  ships  separately  or  that  we 
should  or  should  not  go  for  the  solution  as  outlined  in  the  Defense 
Department  study. 

As  I emphasized,  we  made  that  study  on  a real  crash  basis.  The 
people  who  did  it  did  the  best  job  they  could  in  the  time  available. 
They  used  all  of  the  information  they  had  at  their  disposal  at  the  time. 
If  there  is  additional  information  available  now  or  retrospectively, 
and  it  appears  that  we  could  do  a better  job  of  approaching  that 
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analysis,  we  certainly  would  be  willing  to  do  so  if  called  upon  by  the 
NASA. 

In  short,  I don’t  conclude  that  because  one  might  quarrel  with  the 
assumptions  or  quarrel  with  the  numbers  used,  that  the  approach  is 
wrong  or  one  can  decide  any  best  final  course  of  action  at  this  time. 

Mr.  Roush.  May  I ask  you,  Mr.  Secretary,  when  the  requirements 
were  submitted  to  you,  dia  the  requirements  include  six  launches  per 
year  or  four  launches  per  year,  and  if  it  included  six  launches  per  year, 
why  did  you  use  four  if  their  statement  is  correct? 

General  Cooper.  Mr.  Roush,  the  statement  of  operational  require- 
ments that  was  presented  to  the  Department  of  Defense  on  the  2d  of 
April,  I believe,  did  not  discuss  the  launch  schedule,  per  se.  I think 
NASA  assumed  that  we  had  the  schedule.  The  people  that  worked 
up  the  study  did  indeed  have  a schedule.  The  schedule  called  for 
four.  When  we  met  on  the  23d  of  April,  NASA  said  this  figure  of 
four  should  be  six.  Since  that  time  the  people  that  worked  up  the 
computer  study  reran  their  figures  and  they  concluded  that  if  you 
increased  the  Apollo  flights  by  50  percent  from  four  to  six  that  the 
level  of  support  to  the  non-Apollo  missions  would  be  reduced  from  an 
85-percent  figure  to  an  83-percent  figure.  Furthermore,  if  they  had 
Apollo  flights  bunched  up  so  that  you  scheduled  them  on  the  basis  of 
two  per  quarter  for  two  consecutive  quarters,  this  figure  would  be 
further  reduced  to  81  percent. 

Now,  I think  it  is  important  to  understand  what  this  percentage 
means.  It  means  that  alter  having  satisfied  Apollo  requirements  100 
percent,  what  is  the  percentage  of  the  total  estimated  workload  that 
can  be  satisfied  with  the  time  that  is  left  over  on  the  ships?  We  have 
found  by  experience  that  if  you  plot  the  number  of  ships  needed  versus 
the  percentage  of  workload  that  you  have  to  cover,  you  end  up  with 
a number  that  almost  reaches  infinity.  In  other  words,  the  curve 
flattens  out  at  some  point-  Using  our  computer  routines  where  we 
used  actual  geographical  locations  and  actual  sailing  times,  and  the 
assignment  and  selection  of  specific  ships  for  tasks,  this  curve  flattened 
out  at  the  point  of  10  ships  for  our  current  workload;  at  11  ships, 
including  the  Apollo  workload. 

I might  say  that,  however,  this  is  based  upon  a long-range  forecast 
and  we  have  found  that  by  experience,  the  availability  of  ships  steam- 
ing to  and  from,  the  judicious  scheduling  of  the  lower  priority  missions, 
and,  in  some  cases,  the  waiving  of  data  allows  us  to  handle  100  percent 
of  the  workload. 

What  I am  saying  is  that  this  15  percent  the  difference  between 
85  and  a hundred,  we  must  handle  on  this  basis,  a cut  and  fit  on  the 
day  of  launch.  We  do  this.  We  have  done  it  for  years.  It  is  part 
of  our  way  of  life  in  the  scheduling  business  on  the  ranges. 

Now,  this  85  percent,  when  you  change  the  Apollo  flights  from  four 
to  six,  decreases  to  83  percent,  which  we  don’t  think  is  a significant 
workload  reduction  in  our  capability,  and  we  don’t  think  it  warrants 
the  procurement  of  a 12th  ship. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  To  clarify  something,  they  say  they  are  going  to  have 
six  Apollo  launches;  what  year  is  that  going  to  be  in? 

General  Cooper.  I can’t  answer  that. 

Mr.  Rubel.  It  is  the  1968-to-1968  period. 
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Mr.  Wydler.  There  must  be  some  projection;  when  do  they  say 
they  are  going  to  have  six  Apollo  launches;  what  year  would  that  be? 

Mr.  Roush.  I believe  we  have  been  informed  that  the  specific  dates 
on  this  is  classified  information.  The  general  time  frame  I think 
could  be  discussed. 

Mr.  Wydler.  Well,  it  would  be  some  time;  we  presume  by  1970; 
but,  in  other  words,  the  requirements  for  these  ships  are  not  something 
which  is  very  immediate  as  far  as  I can  see,  isn’t  that  a fact? 

Mr.  Rubel.  The  leadtime  on  the  ships  is  "pretty  long. 

Mr.  Hechler.  What  is  the  leadtime  on  the  ships? 

General  Cooper.  The  Aris-1  ship,  a very  expensive  ship,  was 
dedicated  on  the  first  of  this  month.  I think  it  has  been  described 
to  you  by  the  NASA.  It  took  21  months  from  the  time  of  contract 
to  the  time  of  delivery.  The  second  ship  was  built  on  a more  leisurely 
pace  of  24  months.  Certainly,  if  you  have  the  time,  it  probably 
would  reduce  the  cost  to  build  it.  So  I think  a figure  of  from  24  to  30 
months  is  a very  reasonable  figure  to  use,  from  the  date  of  contract. 

Mr.  Rubel.  Mr.  Chairman,  I would  like  to  volunteer  something, 
if  I may. 

I think  there  are  two  kinds  of  requirements  that  we  are  talking 
about,  and  I think  it  is  important  that  we  distinguish  between  these 
two  kinds  of  requirements.  One  kind  of  requirement  concerns  the 
technical  characteristics  of  any  ship.  It  might  be  useful  for  us  to 
speak  of  that  as  technical  requirements.  That  concerns  what  kind  of 
communications,  what  kind  of  radar,  what  kind  of  telemetry,  what 
kind  of  control,  what  kind  of  display,  things  of  this  sort,  that  are  on 
board  a ship  to  accomplish  the  technical  requirements. 

A second  kind  of  requirement  is  what  we  might  call  the  operational 
requirement.  This  is  what  the  ship  has  to  do,  how  long  it  has  to  be 
on  station,  in  fact  whether  you  even  need  it  or  not  in  the  context  of  the 
mission. 

Now,  we  have  addressed  ourselves  to  both  the  technical  require- 
ments and  the  operational  requirements  in  our  study.  The  assump- 
tions that  we  have  made  about  the  operational  requirements  are 
largely  the  ones  that  are  addressed  in  this  letter  that  you,  Mr.  Chair- 
man, have  just  cited,  but  the  technical  requirements  are  the  ones  that 
are  principally,  although  not  exclusively,  covered  in  the  document 
which  we  received  on  the  2d  of  April,  and  which  was  the  basis  for  our 
analysis. 

I think  it  is  very  important  that  we  distinguish  between  these.  We 
are  satisfied,  I believe,  that  we  are  at  the  point  where  there  is  very 
little  disagreement  concerning  technical  requirements.  I think  we 
understand  what  needs  to  be  on  these  ships,  and  whether  or  not  there 
is  room  to  put  everything  on  a general-purpose  tracking  ship  that  is 
necessary  to  accomplish  the  Apollo  mission.  Things  of  this  sort  are 
not  at  issue.  The  kind  of  requirements  we  are  really  talking  about 
now  are  in  the  operational  category  for  the  most  part. 

Mr.  Boone.  Does  this  mean,  Mr.  Rubel,  that  you  do  not  have  a 
complete  statement  of  requirements  from  NASA? 

Mr.  Rubel.  Well,  it  is  hard  to  answer  that  question,  Mr.  Boone, 
because  it  goes  back  to  this  matter  raised  a few  moments  ago  relative 
to  whether  four  per  year  or  six  per  year  is  the  proper  schedule  to  use. 
That  is  an  example  of  an  operational  requirement.  There  are  others 
which  relate  to  whether  or  not  you  are  going  to  need  simultaneous 
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coverage  in  the  Pacific  and  the  Atlantic  Oceans,  what  kind  of  plan- 
ning factors  are  proper  for  turnaround  times  in  ports,  what  the  ap- 
propriate assumptions  are  with  respect  to  time  on  station.  These 
are  examples  of  operational  requirements.  Whether  we  have  them  all 
or  not  is  a little  hard  to  say  in  view  of  this  last  letter.  What  the 
impact  of  any  changes  would  be  on  the  conclusions  of  the  study  is 
difficult  to  say  because  we  haven’t  had  time  to  assess  those. 

Mr.  Boone.  From  your  past  experience  in  this,  say,  with  Mercury 
or  other  shots,  when  do  you  really  firm  up  this  type  of  requirements; 
in  other  words,  6 months  ahead  of  time,  2 months  ahead  of  time,  or 
what  can  you  expect  in  the  Apollo  program,  when  would  you  have  to 
know,  say? 

General  Cooper.  First  of  all,  with  regard  to  the  technical  require- 
ments, I think  that  the  statement  that  NASA  has  given  us  is  probably 
the  best  statement  that  could  be  written  at  this  point  in  time,  and  I 
think  it  is  adequate  because  we  understand  what  they  mean  by  a 
C-band  radar,  we  understand  what  they  mean  by  a stabilization 
svstem  and  a computer  and  communications.  We  have  worked  with 
this  type  of  equipment  for  years. 

Normally,  however,  in  the  case  of  range  instrumentation  support, 
we  receive  requirements  not  in  terms  of  what  instruments  are  required 
to  satisfy  them,  but  in  terms  of  what  data  they  want;  in  other  words, 
metric  data  such  as  position  and  velocity  to  a certain  accuracy.  We 
don’t  have  this  type  of  requirement  statement  but  I think  in  the  case 
of  ships  the  NASA  requirement  will  be  the  best  that  we  can  get,  and 
I think  that  NASA  is  proper  in  asking  for  it  in  this  manner,  but  we 
don’t  have  it  in  detail  yet,  and  I doubt  that  NASA  will  be  able  to 
give  it  to  us  until  they  have  looked  into  the  Apollo  program  and  gone 
much  further  down  the  road  than  they  are  now. 

Now,  so  much  for  the  technical  requirements.  The  operational 
requirements  are  usually  stated  in  terms  of  launch  dates  and  ship 
location  at  a certain  geographical  area.  If  there  is  a launch  window 
involved,  they  state  the  length  and  duration  of  the  window,  the  type 
of  the  window,  and  then  we  determine  the  number  of  ships  required. 
We  don’t  have  a clear  statement  of  this  type  of  operational  require- 
ments upon  which  to  base  a good  judgment. 

The  April  2 statement  of  operational  requirements  states  that 
NASA  will  accept  a three-ship  solution.  Keep  in  mind  that  one  ship 
is  going  to  be  off  Bermuda  and  the  island  of  Antigua  at  all  times  for 
a specific  job,  and  there  is  a second  job  to  be  done,  the  monitoring 
of  the  injection  maneuver  that  vanes  widely  between  the  North 
Atlantic-South  Atlantic  and  down  into  the  Pacific.  The  job  for  these 
two  ships  is  very  nebulous  indeed,  at  this  point  in  time,  but  NASA’s 
statement  of  requirements  says  that  they  will  be  satisfied  with  two 
ships.  We  don’t  understand  this,  and  I think  that  we  must  have 
further  discussions  with  NASA  in  order  to  fully  understand  it. 

Mr.  Boone.  Does  this  mean  that  you  think  they  may  reed  more 
than  three  ships? 

General  Cooper.  Well,  if  indeed  this  ship  is  to  play  the  very  vital 
role  that  they  say  it  is,  and  that  it  is  to  take  some  measurements  so 
that,  on  the  spot,  on  the  ship,  as  a result  of  these  measurements, 
almost  instantaneous  reaction  can  occur  on  the  part  of  decisionmakers, 
so  that  abort  decisions  can  be  made,  and  command  decisions  trans- 
mitted to  the  spacecraft,  if  this  is  the  role  for  this  ship,  then  it  is 
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absolutely  vital  to  the  Apollo  mission  and  this  means  that  it  is  a 
mandatory  requirement  in  the  strictest  sense  of  the  world. 

Mr.  Boone.  Did  they  tell  you  this  is  the  kind  of  command  they 
want? 

General  Cooper.  This  is  what  they  said  in  their  April  2 letter. 
I have  it  here.  Perhaps  I had  best  read  it  to  you  to  make  sure  that 
these  words  are  properly  stated,  but  nonetheless  they  also  stated  that 
they  have  a launch  window  requirement.  They  are  constrained  by 
very  practical  reasons,  some  of  them  safety  considerations,  between 
a launch  heading  or  launch  azimuth  from  Cape  Canaveral  from  73° 
to  106°.  They  must  pick  a time  each  day  that  the  Moon  is  in  the 
proper  position  to  launch  on  one  of  these  azimuths  so  that  inclina- 
tion of  the  Earth  orbit  properly  coincides  with  the  point  at  which 
they  want  to  inject  into  the  lunar  plane.  This  means  that  the  launch 
azimuth  varies.  This  takes  time,  while  the  launch  azimuth  is  vary- 
ing, a period  of  about  4 hours.  To  restrict  this  is  a very  severe  re- 
straint on  the  launch  crew.  Our  calculations  show  that  with  only  two 
ships  down  in  the  South  Atlantic  or  in  the  Pacific  monitoring  this 
injection  process,  the  4-hour  launch  window  is  constrained  to  about 
45  minutes  to  enable  them  to  make  the  injection  decision  after  launch 
and  during  the  second  or  the  third  Earth  orbit  as  they  stated. 

Now,  if  indeed  the  requirement  is  as  vital  as  they  say  it  is,  they 
must  cover  the  entire  area  during  the  4-hour  period  over  which  the 
injection  point  might  occur.  To  do  this  takes  a minimum  of  four 
ships  in  that  area.  Yet  they  are  planning  on  only  two.  So  obviously, 
they  are  making  some  sort  of  trade  off,  some  sort  of  compromises  m 
either  restricting  the  launch  window  or  the  job  for  the  ship  is  not 
quite  as  vital  as  they  have  stated. 

Now,  there  is  another  school  of  thought,  that  you  can  indeed  do 
this  job  after  the  ascent  maneuver  and  from  land  stations  and  over  a 
long  period  of  time  as  opposed  to  just  a 1 minute  of  track  from  the 
ship.  Our  discussions  with  the  NASA  people  have  not  clearly  indi- 
cated exactly  what  the  plan  of  action  is.  Therefore,  these  operational 
requirements  we  consider  to  be  somewhat  nebulous  at  this  time.  But 
this  is  a NASA  determination.  It  is  not  for  us  to  tell  them  what  these 
operational  decisions  are  to  be. 

Mr.  Wydler.  Mr.  Chairman,  if  I might,  right  on  the  testimony 
that  we  are  receiving,  just  to  see  if  I understand  this,  I remember 
when  they  explained  the  need  for  these  ships  to  the  subcommittee, 
the  representatives  of  NASA,  they  were  proposing  that  they  use  them 
in  connection  with  certain  land  stations,  some  of  which  were  located  on 
the  continent  of  Africa  or  to  be  located  on  the  continent  of  Africa,  as  I 
remember  the  testimony,  so  that  they  stated  that  with  a combination 
of  these  proposed  stations  on  land  and  the  ship  they  could  cover  the 
area  or  the  window  I believe  as  you  are  describing  it  that  they  needed 
to. 

Have  they  explained  that  to  you  or  am  I talking  about  something 
else  here? 

General  Cooper.  No,  I don’t  believe  so.  There  is  a limit  to  the 
number  of  land  stations  they  have  and  if  you  draw  the  radius  of  cover- 
age from  each  of  these  stations,  there  is  a great  deal  of  land  area  not 
covered. 

Mr.  Wydler.  Well,  they  are  proposing— this  is  what  I am  asking 
you  now — they  are  proposing,  as  I remember  it,  new  stations  to  be 
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built  in  Africa  that  would  cover  part  of  this  so-called  area  that  has  to  be 
covered.  So  between  those  and  the  ships  that  they  would  have  to 
station  in  the  Indian  Ocean,  or  wherever  they  were,  they  would  be 
able  to  cover  this  particular  area. 

Now,  am  I not  talking  about  the  same  thing  here? 

General  Cooper.  I think  you  are  talking  about  the  same  thing,  and 
this  is  the  type  of  information  that  we  need  to  arrive  at  common  con- 
clusions with  NASA.  We  are  not  aware  of  any  plans  they  have  for 
land  stations  other  than  those  that  now  exist.  The  area  of  coverage, 
incidentally,  includes  a great  northeastern  portion  of  the  South 
American  Continent. 

One  way  to  cover  this  is  to  put  land  stations  along  the  coast. 
Another  way  to  cover  it  is  to  put  ships  offshore  along  the  coast,  but 
nonetheless  if  it  is  an  absolute  mandatory  requirement  to  cover  this 
area,  and  it  is  a very  broad  area,  indeed,  almost  4,000  miles  in  width, 
you  cannot  do  it  with  two  ships. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  How  long  did  this  Department  of  Defense  study 
take  you,  was  it  a rather  extensive  study? 

Mr.  Rubel.  Well,  we  started  it  as  soon  as  we  received  NASA’s 
communication  dated  I think  the  3d  of  April,  maybe  it  was  April  2, 
within  just  a couple  of  days,  and  we  submitted  a report  to  them 
April  22 

General  Cooper.  It  was  ready  on  the  19th;  however,  Mr.  Rubel 
had  not  seen  it  so  NASA  suggested  that  we  wait  until  the  23d. 

Mr.  Rubel.  So  it  took  us  about  2%  weeks,  actually  about  2 weeks 
to  do  the  work. 

Mr.  Rumsfeld.  Were  a number  of  people  involved  in  this  study? 

Mr.  Rubel.  Yes.  I don’t  know  exactly  how  many. 

General  Cooper.  The  people  involved  were  the  Air  Force  people 
at  the  Atlantic  Missile  Range,  and  the  Navy  people  from  the  Pacific 
Missile  Range. 

Mr.  Rumsfeld.  It  took  time  and  it  took  effort  and  presumably  it 
was  based  on  specifications,  because  you  talked  specifications.  Now 
we  see  this  communication  from  NASA,  both  to  you  and  to  the 
chairman  of  the  subcommittee,  which  indicates  different  specifications 
from  those  you  used.  Do  you  follow? 

Mr.  Rubel.  Yes. 

Mr.  Rumsfeld.  I think  that  you  have  said,  General,  that  there  is 
a need  for  greater  communications.  I would  certainly  suggest  that 
there  is,  but  it  seems  to  me  that  the  NASA  communications  on  a 
brief  reading  of  what  I have  seen  here  is  inadequate,  and  it  would 
appear  to  me  that  there  is  at  least  on  the  surface  a tendency  for  them 
to  direct  their  letter  toward  justifying  what  they  want,  but  not  to 
clarifying  the  specifications. 

Are  there  underlying  factors  here?  In  other  words,  are  we  talking 
abmt  one  thing  in  your  communications  with  NASA  while  some- 
thing else  is  actually  bothering  N ASA  or  bothering  the  Department 
of  Defense? 

I have  heard  complaints  in  the  past  that  NASA  suggests  that  the 
use  of  military  crews  aboard  these  ships  is  not  totally  satisfactory. 
Are  there  factors  like  this  which  are  bothering  you  which  causes  this 
difference  of  opinion  on  what  presumably  should  have  been  the  same 
set  of  facts? 
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General  Cooper.  Specifically  with  regard  to  the  use  of  military 
crews  you  may  he  referring  to  some  NASA  testimony  that  I also 
read  about  a month  ago  with  regard  to  a situation  in  Nigeria.  This 
was  not  a problem  of  military  versus  civil  service.  This  was  a prob- 
lem of  whether  or  not  the  vessel  was  to  be  declared  a public  law 
vessel  and  given  public  law  status,  and  this  would  occur  regardless 
of  which  agency  was  operating  the  ship.  Indeed,  there  are  military 
communicators  on  board  this  ship  and  to  my  knowledge  they  have 
offered  no  trouble. 

Mr.  Rumsfeld.  Are  there  any  other  problems  like  this? 

Mr.  Rubel.  I think  there  are.  NASA  has  a tremendous  program 
and  a tremendous  national  responsibility  in  connection  with  the 
Apollo.  They  have  a natural  desire  and  a proper  desire  to  insure 
that  every  step  they  take  is  in  the  direction  of  discharging  that 
responsibility.  The  Defense  Department,  on  the  other  hand,  has  no 
direct  responsibility  for  that  program — I am  speaking  specifically  of 
Apollo — but  the  Defense  Department  does  have  a substantial  fleet  of 
ships  for  general  purpose  tracking  and  other  functions  in  connection 
with  both  the  Atlantic  and  the  Pacific  Missile  Ranges.  Our  orienta- 
tion tends  to  be  primarily  directed  toward  the  optimum  utilization 
of  Government  facilities  in  the  Government  interest  regardless  of 
whether  it  is  a NASA  program  or  a Defense  Department  program. 
We  have  approached  this  study  in  that  way.  We  have  said  that  it 
seems  to  us  that  there  are  obvious  advantages  of  scale  in  trying  to 
satisfy  Apollo  needs  out  of  a pool.  It  is  always  easier  to  solve  traffic 
problems  if  you  can  draw  on  a pool  than  if  you  cannot,  and  the  larger 
the  pool  is  the  easier  it  is  to  do  that.  This  pool  is  large  enough  and 
the  factors  sufficiently  varied  so  that  it  has  been  profitable  to  use  a 
computer,  in  order  to  find  out  on  a probabilistic  basis  what  kind  of 
results  you  would  get  if  you  were  to  accomplish  both  the  Apollo  and 
the  other  missions  in  the  manner  suggested  here.  But  from  the 
standpoint  of  the  people  directing  the  Apollo  program — and  here  I am 
surmising  just  as  you  surmised,  Mr.  Rumsfeld,  I haven’t  discussed 
this  directly,  but  I would  suspect  that  my  thoughts  on  this  subject 
aren’t  too  far  afield — from  the  standpoint  of  people  charged  with  a 
very  important  project  responsibility,  the  emphasis  is  going  to  be 
much  more  on  being  sure  that  that  responsibility  is  effectively  dis- 
charged than  on  taking  the  viewpoint  which  we  have  taken  in  this 
report  here  of  trying  to  see  how  you  can  operate  from  the  standpoint 
of  o verall  economics. 

Now,  I wouldn’t  suggest,  by  the  remarks  that  I have  just  made,  that 
considerations  of  this  sort  have  intruded  themselves  into  the  judgment 
of  NASA  officials.  I don’t  mean  to  suggest  for  one  moment  that 
anybody  in  the  NASA,  certainly  not  my  friend  Bob  Seamans  or  Dr. 
Dryden,  who  signed  the  letter  for  him,  are  only  giving  pro  forma 
attention  to  the  submittals  of  the  Department  of  Defense.  I am  sure 
they  are  perfectly  sincere  in  the  conclusions  they  have  reached.  I 
think  there  is  a natural  difference  of  emphasis  on  the  part  of  the  two 
agencies  in  a subject  of  this  kind. 

Mr.  Rumsfeld.  Well,  if  they  can  be  so  sure  of  what  they  need, 
then  to  have  this  assurance  wouldn’t  they  have  to  base  this  on  spe- 
cifics and,  if  so,  why  don’t  you  in  the  Department  of  Defense  have 
the  same  specifics  and  work  from  the  same  set  of  facts,  and  it  is  ob- 
vious you  are  not. 
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Mr.  Rubel.  I think  I made  the  point  earlier  that  we  worked  from 
the  best  set  of  facts  that  we  had  at  the  time  the  study  was  initiated. 
We  did  the  study  as  fasi  as  we  possibly  could.  Judging  from  this 
letter  of  May  7 which  I haven’t  had  time  to  study  in  adequate  detail, 
it  would  appear  that  NASA  has  raised  certain  questions  relative  to 
the  adequacy  of  those  facts,  or  of  assumptions  based  upon  them  which 
were  used  in  this  report. 

Mr.  Rumsfeld.  And  this  is  during  a 2-week  period,  in  other  words, 
the  2-week  period  that  it  took  you  to  do  your  study,  the  basic  specific. 
facts  underlying  this  whole  study  changed,  and  they  apparently  were 
changed  upon  receiving  your  study? 

Mr.  Rubel.  How  basic  they  are  I really  can’t  say,  Mr.  Rumsfeld. 
I am  not  sure  what  impact 

Mr.  Rumsfeld.  Well,  four  to  six  launches  per  year  is  a change,  and 
from  30  days  to  virtually  full-time  utilization  is  certainly  a change. 

Mr.  Rubel.  The  30  days  per  Apollo  mission  was  one  of  the  specifi- 
cations that  was  spelled  out  in  the  original  document.  If  that  is  a 
change  it  has  been  changed  from  the  written  information  that  was 
given  to  us  on  the  2d  of  April. 

General  Cooper.  I don’t  think  that  is  exactly  correct. 

Mr.  Rubel.  General  Cooper  says  he  thinks  I testified  wrongly  in 
regard  to  that.  Would  you  clarify  that? 

General  Cooper.  The  original  document  states  that  the  operational 
requirements,  the  ship  must  be  on  prime  assignment  to  Apollo,  com- 
mitted to  Apollo  as  its  top  primary  function,  it  must  be  under  the  con- 
trol of  NASA,  it  did  not  specifically  state  30  days,  I don’t  believe. 

Mr.  Rubel.  Yes,  it  did. 

General  Cooper.  However,  the  assumption  was  made  that  30  days 
was  an  adequate  assumption. 

Mr.  Rumsfeld.  Let  me  read  here.  In  this  letter  to  Congressman 
Roush,  it  says  first  the  cost  to  NASA  of  the  DOD  proposal  would  be 
$86  million,  not  $80  million.  Second,  the  DOD  analysis  assumed 
only  30  days  of  ship  support  per  Apollo  launch  based  on  four  launches 
per  year,  while  NASA  planning  calls  for  six  launches  per  year,  and 
virtually  full-time  utilization  of  the  supporting  ships. 

General  Cooper.  Under  their  paragraph  ‘Tort  to  Port  Endurance 
Requirements,”  they  say,  stated  it  somewhat  differently: 

The  ship  must  have  the  capability  of  staying  on  station  in  any  of  the  areas 
outlined  in  paragraph  2 above,  and  in  reference  4 for  a period  of  at  least  30  day?. 

Mr.  Rubel.  Let’s  read  the  sentence  before.  It  says  due  to  the 
Apollo  mission  complexity  and  high  probability  of  technical  delays 
of  the  launches — I am  reading  now  from  the  original  specification 
which  we  received  on  the  2d  of  April  upon  which  the  study  was  based — 
a port  to  port  endurance  time  oi  at  least  45  days  is  required. 

Then  it  goes  on  to  say  what  General  Cooper  just  said,  that  30 
days  of  that  has  got  to  be  on  station. 

Mow,  in  this  letter  of  May  7,  which  I haven't  had  an  opportunity 
to  study  in  detail,  it  says  your  study  assumes  an  on-station  time  of 
30  days  per  Apollo  mission  plus  an  allowance  of  travel  time.  Yes, 
it  does,  because  that  was  in  this  original  document  as  I said.  We 
feel  that  the  total  requirements  for  Apollo  support  including  on- 
station  time,  travel  time,  and  so  on,  and  so  fortn,  all  add  up  to  a 
much  heavier  demand  for  ship  assignment  time  than  is  being 
considered. 
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Mr.  Rumsfeld.  That  is  exactly  my  point. 

Mr.  Rubel.  Mr.  Rumsfeld,  my  lack  of  understanding  corresponds 
to  yours  in  this  particular  regard.  I haven’t  had  time  to  fully  assess 
what  that  really  is. 

Mr.  Rumsfeld.  You  suggest  we  both  have  a lack  of  understand- 
ing. I think  we  have  a lack  of  understanding  of  what  NASA  is  talk- 
ing about,  but,  as  far  as  the  specifics,  it  indicates  to  me  in  my  humble 
mind  that  there  was  a change  within  the  2-week  period. 

General  Cooper.  I don’t  think  that  there  was  a change  with  regard 
to  the  four  launches  per  year  to  the  six  launches  per  year.  I think 
this  was  a misunderstanding,  Mr.  Rumsfeld. 

Mr.  Roush.  I think  it  is  fair  to  say  that  NASA  has  informed  us 
that  these  requirements  are  not  as  firm  as  they  will  be,  or  could  be, 
that  this  is  a launch  that  is  taking  place  at  a far-distant  date,  and  the 
requirements  are  not  completely  firm.  I think  we  are  in  agreement, 
however,  that  it  would  appear  that  the  Defense  Department  is  using 
one  set  of  requirements  to  determine  the  need  for  ships,  the  number 
of  ships  especially,  and  that  NASA  is  using  another  requirement. 
Either  that  or  else  there  is  a mistake  in  judgment  on  the  part  of  one 
or  the  other. 

Mr.  Hechl^r.  Mr.  Chairman,  it  may  be  cheaper  to  invest  in  a 
communications  ship  between  NASA  ana  the  Department  of  Defense. 

Mr.  Rumsfeld.  Mr.  Chairman,  your  point  that  these  specifications 
are  not  firm  is  well  taken.  However,  if  they  are  not  firm  how  can 
NASA  be  so  dead  sure  of  their  requirements  to  meet  these  unsure 
specifications  and  suggest  that  the  DOD  study  is  that  far  off.  This 
is  what  concerns  me  and  this  is  the  point  of  my  question. 

Mr.  Roush.  I think  your  point  is  well  taken.  I wanted  to  ask 
along  this  line,  referring  to  the  second  paragraph  of  your  statement, 
Mr.  Rubel,  you  stated  that  a DOD  study  was  conducted  last  June, 
and  that  the  conclusion  was  that  there  would  be  enough  tracking 
ships  to  meet  the  NASA  requirements.  What  different  requirements 
or  different  facts  came  to  your  attention  as  a result  of  NASA’s  pre- 
sentation requesting  your  analysis  of  this  matter,  what  different  facts 
came  to  your  attention  that  changed  this  conclusion? 

Mr.  Rubel.  Well,  I think  speaking  generally,  and  General  Cooper 
may  wish  to  amplify  this,  we  never  haa  any  written  requirements  for 
Apollo  tracking  ships  from  the  NASA  with  the  exception  of  perhaps 
a one-  or  two-paragraph  statement  in  the  most  general  terms,  until 
we  received  this  eight-page  document  of  the  2d  of  April. 

Now,  I want  to  be  sure  that  that  statement  of  mine  is  not  inter- 
preted by  anybody  on  the  committee  as  suggesting  that  NASA  was 
withholding  information  from  the  Defense  Department.  This  is  a 
very  complicated  problem  that  they  are  coping  with  there,  and  there 
are  a lot  of  technical  ramifications  to  it,  and  they  are  doing  a tre- 
mendous job  on  this  program,  and  the  best  they  possibly  can  to  develop 
this  information,  ana,  as  soon  as  it  was  available  I am  sure  they  made 
it  available  to  us,  but  the  fact  still  remains  that  not  until  the  2d  of 
April  did  we  actually  get  this  8-page  document  specifying  the 
technical  and  scm.  of  the  operational — mostly  the  technical  require- 
ments for  the  tracking  ships.  It  is  for  that  reason  that  our  studies 
earlier,  the  one  referred  to  here  in  June,  led  to  a different  conclusion. 

Mr.  Roush.  Mr.  Rubel,  could  you  furnish  a copy  of  this  8-page 
document  to  the  committee,  and,  if  there  is  no  objection  we  will 
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include  it  in  the  record  at  this  time,  and  also  if  there  is  no  objection 
on  the  part  of  the  committee  we  would  like  also  to  include  in  the 
record  at  this  place  the  communication  to  me  which  has  been  signed 
by  Paul  G.  Dembling  dated  May  8,  1963,  also  the  letter  to  Mr.  Rubel 
dated  May  7. 

If  there  is  no  objection,  those  will  be  included  as  part  of  (he  record. 

Operational  Requirements  and  Equipment  Planning  Considerations  for 
Instrumentation  Ship  Support  for  the  Apollo  Program 

I.  Nature  of  the  Apollo  mission. 

II.  Relationship  of  the  Apollo  mission  to  ship  requirements. 

IU.  Operational  requirements. 

IV.  Technical  requirements. 

V.  Additional  technical  crew  requirements. 

VI.  Port-to-port  endurance  ^'Jdrements. 

VII.  Miscellaneous  requirements. 

VIII.  References. 

I.  NATURE  OF  THE  APOLLO  MISSION 

(Note. — To  prevent  misunderstanding  in  Saturn  vehicle  nomenclatures,  the 
following  name-change  designations  are  provided  here  for  information;) 

1.  Saturn  C-l  is  now  known  as  Saturn  I. 

2.  Saturn  C-1B  is  now  known  as  Saturn  IB. 

3.  Saturn  C-5  is  now  known  as  Saturn  V. 

A.  The  Saturn  I/Apollo  manned  missions  consist  of  long-duration  Earth 
orbital  flights  using  the  Mercury  launch  azimuth.  One  of  the  purposes  is  to  permit 
qualification  of  the  spacecraft  subsystems. 

B.  The  Saturn  IB/ Apollo  manned  missions  consist  of  long-duration  Earth 
orbital  missions,  also  using  the  Mercury  launch  azimuth.  Among  the  purposes 
is  to  permit  qualification  of  ground  and  flight  operational  systems,  development 
of  operational  techniques  to  insure  Saturn  V mission  readiness,  and  orbital 
operations  between  the  LEM  and  the  command-service  modules.. 

C.  The  Saturn  V/ Apollo  (lunar  flights)  missions  will  culminate  in  the  actual 
lunar  orbit  and  lunar  excursion  module  landing.  These  missions  will  be  flown 
on  a variable  launch  azimuth  (73°  to  106°). 

II.  RELATIONSHIP  OF  THE  APOLLO  MISSION  TO  SHIP  REQUIREMENTS 

A.  In  the  Saturn  I and  Saturn  IB  Earth  orbit  missions,  present  indications  are 
that  the  spacecraft  will  be  inserted  into  orbit  within  range  of  the  Bermuda  track- 
ing radar.  However,  additional  tracking  support  from  shipborne  instrumentation 
may  be  necessary  to  meet  requirements  for  S-IV  performance  evaluation  on  the 
early  Saturn  I flights,  and  for  S-TVB  performance  evaluation  on  the  early  Saturn 
IB  flights.  (See  reference  3,  Saturn  program  requirements  document,  PRD 
2400.) 

(Note.— -“Insertion  point”  is  the  subsatellite  point  of  the  spacecraft  at  the 
end  of  the  S-IVB  stage  first  burn.  Tracking  and  telemetry  coverage  is  required 
for  the  interval  “insertion  to  insertion  plus  at  least  3 minutes.”  “Injection  point’  ’ 
is  the  subeatellite  point  of  the  spacecraft  at  the  end  of  the  S-IVB  stage  second 
burn.  Tracking  and  telemetry  coverage  is  required  for  the  interval  “injection 
to  injection  plus  1 minute.”) 

B.  In  the  Saturn  V/Apollo  lunar  missions,  the  launch  azimuth  may  be  varied 
from  approximately  73°  to  approximately  106°,  in  order  to  afford  an  acceptable 
length  of  launch  window.  This  variable  launch  azimuth,  plus  the  longer  powered 
flight  of  the  three-stage  Saturn  V,  places  the  insertion  point  beyond  range  of 
land-based  radars.  Following  insertion  into  the  parking  orbit,  at  approximately 
100-mile  altitude,  the  S-IVB  Btage  and  the  spacecraft  continue  in  this  orbit  for 
a certain  number  of  orbital  revolutions  (between  one  and  four)  until  a desired 
crossing  of  the  lunar  transfer  plane  is  reached.  At  this  point,  following  a second 
burning  of  the  S-IVB  engines  the  Apollo  spacecraft  is  injected  into  its  lunar 
transfer  trajectory. 

For  all  Apollo/Satum  V launches,  insertion  of  the  spacecraft  into  earth  orbit 
must  be  tracked  to  obtain  trajectory,  telemetry,  and  voice  data  for  proper  de- 
cisions for  control  and  command  of  the  spacecraft,  particularly  in  case  of  an  abort 
situation.  One  ship  is  required  for  this  purpose,  in  the  area  generally  between 
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Bermuda  and  Antigua.  The  ship  will  be  checked  out  and  operationally  qualified 
using  the  Saturn  IB  flights. 

In  the  Apollo  lunar  missions,  injection  of  the  spacecraft  into  its  lunar  trajectory 
must  be  monitored  to  obtain  trajectory,  telemetry,  and  voice  data  necessary  for 
immediate  decision  and  control.  This  injection  point  swings  widely  oveir  broad 
ocean  areas  (both  South  Atlantic  and  mid-Pacifie  and  North  Pacific)  as  a function 
of  the  variable  launch  azimuth  used  to  maintain  an  adequate  launch  “window.” 
Further  east-west  motion  of  the  injection  point  occurs  due  to  the  variable  number 
of  parking  orbits.  The  injection  points  also  vary  day  to  day  in  a north-south 
direction  due  to  the  change  in  the  Moon’s  declination.  Attempting  to  restrict 
launch  azimuths  so  that  an  injection  point  always-  would  fall  in  sight  of  land- 
based  stations  would  result  in  an  intolerable  restraint  on  launch  opportunities. 
Therefore,  to  cover  the  likely  span  of  these  injection  points  for  any  one  mission 
will  require  at  least  two  ships.  These  ships  should  be  available  for  checkout  and 
operational  qualification  using  the  Saturn  IB  flights. 

In  summary,  a total  of  at  least  three  ships  are  required  for  coverage  of  insertion 
and  injection  phases  of  the  lunar  Apollo  flights;  the  ships  should  be  available  for 
checkout  and  operational  qualification  on  the  Saturn  IB  missions. 

Nothing  firm  has  been  decided  yet  as  to  specific  requirements  for  ships  during 
the  reentry  and  recovery  phases  of  the  Apollo  program.  It  is  anticipated  that 
two  landing  sites  may  be  required,  one  in  Australia  and  the  other  in  the  South- 
west United  States,  in  order  to  permit  operation  throughout  the  range  of  the 
Moon’s  declination.  This  is,  however,  dependent  on  the  reentry  maneuver 
capability  of  the  final  Apollo  spacecraft  design.  This  entire  reentry  problem  is 
still  under  active  consideration  by  the  Office  of  Manned  Space  Flight. 

Other  information  on  NASA  ship  requirements,  including  those  for  Apollo 
support,  is  contained  in  reference  4,  “A  Study  of  Requirements  of  NASA  Space 
Flight  Programs  for  Instrumentation  Ship  Support  for  Tracking  and  Telemetry,” 
dated  March  1962.  Copies  were  transmitted  to  DOD/D.D.R.  & E./RSGS  on 
4 April  1962. 

IU.  OPERATIONAL  REQUIREMENTS 

Each  instrumentation  ship  will  constitute  a primary  station  of  the  manned 
space  flight  network  for  lunar  missions,  and  as  such  must  be  planned,  engineered, 
operated,  maintained,  and  scheduled  as  an  integral  part  of  the  network.  It  will 
use  project-oriented  equipment  essentially  identical  to  that  at  other  stations  of 
the  net,  and  its  operational  procedures  and  fthe  general  performance  of  its  primary 
function  must  be  the  same  as  the  other  stations  in  the  net. 

For  these  reasons,  the  following  operational  requirements  apply: 

A.  Prime  assignment 

1.  The  ship  must  be  on  “prime  assignment”  to  the  Apollo  program;  that  is, 
committed  to  Apollo  support  as  its  top-priority  primary  function.  The  modifica- 
tions, positioning,  and  scheduling  (initial  and  subsequent)  of  the  ship  for  this 
program  must  be  under  the  control  of  NASA. 

2.  On  an  “as  available”  basis,  when  permitted  by  breaks  in  the  prime  assign- 
ment function,  the  ship  may  be  used  for  support  of  other  missions.  The  scheduling 
of  the  ship  for  such  support,  and  approval  of  any  ship  instrumentation  modifica- 
tions for  such  support,  must  be  under  the  control  of  NASA. 

3.  Under  the  provisions  of  A-l  above,  the  ship  will  be  required  to  participate 
in  the  manned  space  flight  network  tests,  checkouts,  and  simulated  missions,  as 
well  as  actual  missions,  and  must  maintain  its  state  of  readiness  during  the 
inevitable  delays  attendant  to  such  complex  missions.  For  these  reasons,  the 
“as  available”  time  for  support  of  programs  other  than  Apollo  is  expected  to  be 
very  limited. 

B.  Ship  instrumentation  planning  and  implementation 

1.  NASA  will  specify  the  specialised  equipment  to  be  placed  aboard  the  ship 
for  Apollo  support,  perform  the  engineering  involved  in  system  modification  to 
install  such  equipment,  and  supervise  installation  and  checkout. 

2.  Specifications,  requests  for  proposals,  etc.,  for  modification  of  the  ship  and/or 
its  instrumentation,  for  installation  of  new  equipment,  and  for  system  integration 
and  checkout  must  be  prepared  under  NASA  cognizance.  Contracts  to  accom- 
plish the  work  will  either  be  let  by  NASA  or  must  provide  for  primary  NASA 
participation  in  proposal  evaluation  and  awards,  contract  technical  monitoring, 
etc.,  to  assure  their  compatibility  with,  and  proper  integration  into,  the  overall 
manned  space  flight  network. 
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C.  Technical  operation  and  maintenance 

1.  The  technical  operation  and  maintenance  of  the  ship  instrumentation  sys- 
tems must  be  responsive  directly  to  NASA  technical  management  and  therefore 
must  be  performed  by  an  organization  under  direct  contract  to  NASA. 

2.  NASA  standards  of  maintenance,  engineering  change  methods,  training 
procedures,  and  operational  philosophies  and  techniques  must  be  used. 

IV.  TECHNICAL  REQUIREMENTS 

A.  General 

1.  Reference  1,  the  AFMTC  PRD  Handbook,  cannot  be  totally  complied  with 
at  this  early  stage  of  the  Apollo  program,  since  the  majority  of  the  detail  required 
is  still  in  the  process  of  formulation.  A preliminary  PRD  (No.  3200,  dated 
December  11,  1962)  has  been  submitted  to  AMR.  Revisions  containing  details 
will  be  submitted  as  information  becomes  available. 

B.  Principal  instrumentation  systems  required 

1.  Tracking. — A precision  C-band  monopulse  tracking  radar  (of  the  FPS-16 
class  or  better)  appropriately  modified  for  ship  use,  for  tracking  of  C-band  beacon 
aboard  the  space  vehicle. 

2.  Navigation  and  stabilization. — A precision  stellar  inertial  navigation  system 
with  peripheral  equipment,  including  a ship  motion  data  correction  "system  to 
precisely  and  continuously  correct  radar  data  for  ship  position,  orientation,  and 
motion.  An  automatic  star  tracker  must  provide  for  up-dating  as  necessary. 

It  is  required  to  determine  the  ship's  position  to  an  accuracy  in  the  order  of  1,500 
feet  during  tracking  operations.  The  exact  accuracy  required  is  under  study. 

3.  Computation  and  data  processing. — The  computer  system  must  be  capable  of 
accomplishing  the  following  tasks: 

(o)  It  must  accept  high-speed  inputs  from  the  radar  (pedestal  readings)  and 
data  stabilization  (inertial  navigation)  system  and  correct  the  data  for  pitch,  roll, 
and  azimuth  of  the  vessel. 

( b ) It  must  be  able  to  accept  inputs  from  navigational  aids  to  locate  the  ship’s 
position  to  an  accuracy  in  the  order  of  1,500  yards  and  continually  update  this 
position  if  the  ship  is  underway. 

(c)  It  must  be  capable  of  using  predetermined  acquisition  data  to  acquire  the 
target. 

(d)  If  track  is  lost,  the  computer  must  be  able  to  point  the  radar  so  as  to  re- 
acquire the  target. 

( e ) The  computer  must  be  able  to  format  the  corrected  radar  data  and  output 
it  to  the  ground  network  data  transmission  system. 

(/)  The  computer  must  be  capable  of  processing  flight  data  and  computing  • 
orbital  parameters,  position  and  velocity  parameters,  and  special  parameters  for 
quick-look  monitoring  of  the  bcr”"'*  trajectory.  Details  of  this  capability  require- 
ment are  still  under  study. 

(g)  The  computer  must  be  capable  of  accepting  the  telemetry  data.  The  com- 
puter would  select  and  format  the  data  for  transmission  to  the  IMCC  as  well  as 
for  driving  various  displays  and  plotboards  on  the  ship. 

Preliminary  study  indicates  that  a dual  TJnivac  1206  computing  system  or 
equivalent  may  meet  the  requirements. 

4.  Telemetry  and  acquisition  aids. — 

(а)  Antenna:  Two  automatic  tracking  telemetry  antennas,  providing  capabil- 
ity similar  to  the  AGAVE  telemetry  signal  trackers  used  in  the  Mercury/Gemini 
net.  Reception  is  required  in  the  220  to  260  megacycle  band.  A gain  of  approxi- 
mately 18  decibel  is  required  in  this  band. 

(б)  Electronics:  (1)  A complete  PCM  telemetry  reception  and  recording  sys- 
tem, including  necessary  demodulation  and  processing  equipment,  equivalent  to 
that  planned  for  the  Gemini  network  (see  reference  3,  Gemini  PRD  3800) . 

(2)  Launch  vehicle  stage  telemetry  and  specialized  display  equipment  are 
required.  Several  types  of  telemetry  receiving  equipment  are  necessary  (see 
“Saturn  Radio  Frequency  Systems,”  MSFC). 

5.  Ship-to-shore  communication. — A high-reliability  communications  system  is 
required  between  the  ship  and  the  manned  space  flight  communications  network 
The  communications  system  must  be  capable  of  operation  on  a 24-hour  basis  and 
must  include  standby  equipment  for  high  reliability. 

Communications  between  the  ship  and  ground  network  will  consist  of  teletype, 
voice,  and  high-speed  data  links.  One  of  the  voice  channels  must  be  capable  of 
relaying  conversations  between  the  ship  and  the  spacecraft  astronauts  to  the 
ground  network. 
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A minimum  of  two  automatic  semi-receive  sets,  and  two  receive-onlv  teletype 
terminal  sets  are  required  in  the  ship’s  receiving  and  terminal  area.  A high-speed 
data  transmission  capability  i required  to  transmit  corrected  radar  tracking  data 
and  selected  PCM  telemetry  data  to  the  ground  network  computing  center. 

The  ship-to-shore  communications  system  is  required  to  operate  simultaneously 
with  the  operation  of  sensitive  space  data  acquisition  receivers  required  on  the 
ship  for  spacecraft  mission  operations. 

6.  Control  and  display  consoles  ( GSE ). — An  instrumentation  and  mission  control 
room  is  required  to  centrally  locate  flight  control  consoles  and  displays.  It  is 
expected  that  special  alpha-numeric  displays  will  be  required  for  telemetry  monitor- 
ing. Telemetry  and  command  system  display  requirements  will  be  similar  to 
those  being  planned  for  Gemini  ground  stations.  Specialized  computer  output 
displays  for  trajectory  monitoring  are  required.  Detailed  display  requirements 
will  be  defined  at  a later  date.  An  intercommunications  system  will  be  required 
between  flight  control  positions  and  instrumentation  areas.  Equipment  will  be 
furnished  by  NASA.  Room  space  required:  1,000  square  feet.  Power  con- 
sumption: Negligible. 

7.  Timing— A timing  system  comparable  to  the  present  Mercury  timing  system 
is  required.  In  addition,  VLF  receiving  capability  for  real-time  synchronization 
of  the  network  will  be  required. 

8.  Unified  S-band  station  (GSE). — The  Apollo  lunar  missions  will  use  a unified 
(single  frequency)  communication  system,  operating  in  the  S-band,  for  telemetry, 
voice,  tracking,  and  command  functions.  The  spacecraft  transponder  will  trans- 
mit in  the  2,280-  to  2,290-megacycle  region  and  receive  in  the  2,100-megacycle 
region.  The  ground-based  (and  ship-based)  S-band  system,  including  antennas, 
to  be  used  in  the  manned  space  flight  net  will  be  procured  by  NASA.  Included 
in  this  is  a parametric  amplifier,  two  simultaneous  lobing,  three  channel-phase- 
locked  receivers,  10-kilowatt  transmitter,  data  processor,  pseudo-random-ranging 
modulator  and  demodulator,  etc.  The  following  estimates  may  be  used  in  pre- 
liminary planning  of  installation  of  this  system  on  an  instrumentation  ship:  Room 
space:  2,000  square  feet.  Power  consumption:  400  kilowatts.  Antenna  mount: 
To  accommodate  30-foot  antenna. 

9.  Command. — In  addition  to  the  unified  system,  command  equipment  similar 
to  the  10-kilowatt,  AN/FRW-2-type  transmitters  installed  recently  aboard  the 
Mercury  net  ship,  will  be  required  aboard  the  three  Apollo  ships.  Technical 
details  concerning  size,  power,  characteristics,  etc.,  are  available  at  the  Atlantic 
Missile  Range. 

V.  ADDITIONAL  TECHNICAL  CKEW  REQUIREMENTS 

In  addition  to  the  normal  ship’s  complement,  and  those  tec’’  nical  personnel 
required  aboard  to  operate  the  general-purpose  instrumentation,  it  is  anticipated 
that  20  technical  people  to  handle  the  project-peculiar  equipment  must  be  sup- 
plied with  living  accommodations  on  a full-time  basis.  Moreover,  during  specified 
mission  periods  an  additional  mission  operations  team  of  six  people  must  be 
accommodated. 

VI.  PORT-TO-PORT  ENDURANCE  REQUIREMENTS 

Due  to  the  Apollo  mission  complexity,  and  high  probability  of  technical  delays 
of  the  launches,  a port-to-port  endurance  time  of  at  least  45  days  is  required. 
Stated  somewhat  differently,  the  ship  must  have  the  capability  of  staying  on 
station,  in  any  of  the  areas  outlined  in  paragraph  II  above  and  in  reference  4, 
for  a period  of  at  least  30  days. 

VII.  MISCELLANEOUS  REQUIREMENTS 

To  accommodate  spares  for  GSE  equipment  and  special  test  sets  needed,  it  is 
anticipated  that  an  additional  2,000  square  feet  of  shop  and  storage  space  is 
required  aboard  each  ship. 

VIII.  REFERENCES 

1.  AFMTC  Pamphlet  No.  57-2,  Program  Requirements  Handbook. 

2.  Saturn  Program  Requirements  Document,  PRD  2400. 

3.  Gemini  Program  Requirements  Document,  PRD  3600. 

4.  “A  Study  of  Requirements  of  NASA  Space  Flight  Programs  for  Instru- 
mentation Ship  Support  for  Tracking  and  Telemetry,”  dated  March  1962. 

5.  ‘‘Saturn  Radio-Frequency  Systems,”  issued  by  Marshall  Space  Flight  Center. 


3404 


1964  NASA  AUTHORIZATION 


National  Aeronautics  and  Space  Administration, 

Office  of  the  Administrator, 

Washington,  D.C.,  May  8,  1968. 

Hon.  J.  Edward  Roush, 

Member,  Subcommittee  on  Applications  and  Tracking  and  Data  Acquisition,  Com- 
mittee on  Science  and  Astronautics,  House  of  Representatives , Washington,  D.C. 

Dear  Mr.  Roush:  On  May  1,  1963,  Mr.  Edmond  C.  Buckley,  the  Director  of 
the  National  Aeronautics  and  Space  Administration’s  Office  of  Tracking  and 
Data  Acquisition,  met  with  you  and  Mr.  W.  H.  Boone  of  the  committee  staff  to 
discuss  further  the  NASA’s  fiscal  year  1964  budget  request  for  three  instrumenta- 
tion ships  in  support  of  Apollo.  The  discussion  centered  about  three  main  points : 
the  unit  cost  of  the  proposed  NASA  shipborne  stations,  the  timing  of  the  proposed 
procurement  in  relation  to  the  flight  schedule  to  be  supported,  and  the  relation- 
ship of  NASA’s  instrumentation  ship  planning  with  that  of  the  national  ranges 
(AMR  and  PMR). 

It  is  useful  to  restate  here  the  recent  history  of  the  NASA-DOD  discussions 
and  views  relative  to  the  Apollo  shipborne  tracking  stations.  We  believe  this 
will  also  be  useful  as  an  expansion  upon  our  April  5,  1963,  responses  for  the  record 
to  the  subcommittee’s  request  of  March  21,  1963. 

In  February  1963,  an  ad  hoc  committee  of  the  Aeronautics  and  Astronautics 
Coordinating  Board  completed  its  review  of  the  proposed  fiscal  year  1964  NASA 
and  DOD  construction  programs  with  the  finding  that,  upon  detailed  review,  no 
unwarranted  duplication  existed  between  the  plans  of  the  two  agencies.  A 
specific  comment  on  the  NASA  instrumentation  ships  was  made  as  foUows: 

“ A question  was  raised  as  to  whether  the  three  tracking  ships  requested  by 
NASA  should  be  considered  as  peculiar  to  the  support  of  the  Appollo  missions 
or  whether  these  ships  should  be  included  as  a pert  of  the  total  national  range 
instrumentation  ship  capability.  It  was  agreed  that  this  matter  of  policy  should 
be  explored  further  in  the  immediate  future,  asa  special  case,  between  the  Associ- 
ate Administrator,  NASA,  and  the  Deputy  Director  of  Defense  Research  and 
Engineering,  DOD.” 

There  was  no  question  as  to  the  requirement  for  such  shipborne  tracking 
stations,  only  as  to  their  eventual  management. 

Early  in  April  1963,  at  the  request  of  the  House  Committee  on  Science  and 
Astronautics,  the  NASA  forwarded  to  the  DOD  a statement  of  operational 
requirements  and  equipment-planning  considerations  for  ship  support  of  Apollo, 
together  with  a request  as  to  whether  or  not  the  DOD  could  provide  three  full- 
time tracking  ships  for  Apollo  support  from  its  present  inventory.  The  prelimi- 
nary response  from  DOD  was  that  there  were  insufficient  resources  to  permit  a 
commitment  of  three  such  DOD  ships  to  the  exclusive  support  of  Apollo,  but 
that  the  DOD  would  examine  the  question  further  and  present  a position  on  its 
Apollo-support  capabilities  at  a later  date. 

Later  in  April  1963,  the  DOD  presented  its  views  to  NASA.  In  summary, 
their  conclusion  was  that  the  Apollo  support  requirements  could  be  met  by  modify- 
ing four  ships  of  the  existing  inventory  and  by  the  addition  of  a single  new  ship. 
Only  three  of  these  five  ships  with  Apo'lo  capability  would  be  available  for  any 
one  mission.  This  plan  was  the  result  of  a computer  analysis  that  dealt  with 
the  total  estimated  requirements  for  tracking  ship  support  through  1968,  including 
Apollo,  The  cost  to  NASA  of  modifying  four  sucn  ships  and  of  instrumenting 
a single  new  ship  was  estimated  by  DOD  at  $80  million. 

NASA  has  been  examining  the  proposed  DOD  approach  with  great  care; 
no  decision  to  accept,  reject,  or  recommend  modifications  to  it  has  yet  been  made. 
However,  it  appears  that  some  of  the  factors  used  by  DOD  in  its  computer  analysis 
and  in  its  conclusions  are  incorrect.  First,  the  cost  to  N ASA  of  the  DOD  proposal 
would  be  $86  million,  not  $80  million.  Second,  the  DOD  analysis  assumed  only 
30  days  of  ship  support  per  Apollo  launch  based  on  four  launches  per  year,  while 
NASA  planning  calls  for  six  launches  per  year  and  virtually  full-time  utilization 
of  the  supporting  ships.  Third,  the  DOD  study  assumes  that  the  total  non- 
Apollo  ship  support  requirement  can  be  met  by  10  ships  and  that  only  1 additional 
ship  will  take  up  the  additional  Apollo  workload.  This  is  considered  to  be  a 
serious  underestimation  of  the  workload  that  Apollo  will  generate.  And  fourth, 
the  DOD  analysis  assumed  a 50-percent  reduction  in  non- Apollo  missions  between 
1966  and  1968,  w hich  is  not  viewed  as  a realistic  estimate  of  the  national  flight 
program  over  those  years. 

A copy  of  our  letter  to  DOD,  dated  May  7,  1963,  which  comments  in  more 
detail  on  these  aspects  of  the  DOD  proposal,  is  enclosed  for  your  information. 
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Without  in  any  way  prejudging  the  question  of  DOD  participation  in  Apollo 
shipborne  tracking  station  support,  the  NASA  feels  at  this  time  that  its  plan  to 
increase  the  total  national  inventory  of  tracking  ships  by  three  for  a cost  of  $90 
million  is  more  economical  in  the  long  run  than  to  increase  that  inventory  by  only 
one  ship  under  a program  that  would  cost  $86  million.  Under  either  plan  approx- 
imately $90  million  is  required  to  be  included  in  the  NASA  budget  for  1964  in 
order  to  meet  the  time  schedule.  There  are  no  funds  for  ships  included  in  the 
Department  of  Defense  budget.  The  NASA  is  undertaking  further  discussions 
with  the  DOD  to  develop  a mutually  satisfactory  approach  to  the  operations 
aspect  of  shipborne  tracking  stations  as  well  nz  to  the  future  possible  increase  in 
ship  support  requirements. 

It  is  hoped  that  this  brief  review  ot  the  status  of  NASA’s  planning  is  useful  to 
you  and  to  the  committee.  We  will  be  glad  to  answer  any  further  questions  that 
may  arise  or  to  meet  with  you  to  discuss  any  other  aspect  of  our  program  that 
you  may  wish. 

Sincerely  yours, 

Paul  G.-  Dembling, 
Director,  Office  of  Legislative  Affairs. 

May  7,  1963. 

Hon.  John  H.  Rubel, 

Assistant  Secretary  of  Defense, 

Washington , D.C. 

Dear  John:  We  have  reviewed  the  DOD  study  of  national  instrumentation 
ship  needs  (fiscal  years  1964-68),  as  forwarded  by  your  letter  of  April  22  and  as 
presented  by  your  representatives  at  the  conference  at  NASA  headquarters  on 
April  23.  We  regret  that  circumstances  necessitated  your  conducting  this  study 
under  such  rushed  conditions. 

We  agree  in  principle  that  the  concept  of  integrated  instrumentation  ship 
operations  does  afford  certain  advantages,  and  we  recognize  that  this  is  a matter 
which  we  must  explore  with  you  in  more  detail  as  our  own  planning  firms  up. 
However,  there  are  certain  other  aspects  of  the  study  and  its  conclusions  to  which 
we  would  take  exception.  Some  of  these  were  touched  on  in  discussions  during 
the  presentation,  but  will  be  repeated  here  for  completeness. 

Your  study  presents  the  conclusion  that  10  general-purpose  tracking  ships  in 
the  national  inventory  will  provide  range  support  for  all  DOD  and  NASA 
programs  other  than  Apollo,  in  the  1966-68  period.  These  proposed  10  ships 
will  comprise  the  2 existing  general-purpose  C-band  ships,  3 now  under  con- 
struction or  test,  and  5 to  be  modified  and  augmented.  Cost  of  this  program  is 
to  be  borne  by  DOD  under  annual  range  improvement  programs. 

The  study  concludes  further  that  1 additional  ship  in  the  national  inventory 
(together  with  Apollo-required  modifications  of  4 of  the  above-proposed  10)  will 
enable  the  ranges  to  handle  the  normal  range  support  workload  plus  Apollo. 
This  plan  would  provide  11  ships  in  the  national  inventory.  We  estimate  the 
cost  of  this  plan  to  be  about  $86  million.  (Please  note  that  the  cost  estimate  of 
$60  million  presented  in  your  report  did  not  include  the  GSE  systems  for  Apollo ; 
nor  did  it  allow  for  the  increased  cost  per  ship  resulting  from  a procurement  of  one 
ship,  as  compared  to  the  cost  per  ship  in  a three-ship  procurement  as  estimated 
in  the  NASA  plan.) 

Based  on  our  studies,  and  on  our  estimates  of  the  extent  to  which  the  Apollo 
program  will  tie  up  its  support  ships,  we  do  not  believe  that  an  increase  of  only  one 
ship  in  the  national  inventory  will  be  adequate  to  absorb  the  great  increase  in 
ship-days  loading  which  will  result  from  Apollo  requirements.  We  wish,  there- 
fore, to  comment  on  certain  factors  and  assumptions  in  your  study  which  we  think 
are  subject  to  question. 

1.  Projected  total  tests  to  be  supported. — Your  study  shows  a 50  percent  decrease 
from  1966  to  1968  in  total  tests  to  be  supported.  In  our  network  loading  studies 
in  previous  years  we  have  observed  that  these  projected  sharp  drops  do  not  usually 
materialize;  such  projections,  or  runout  charts,  are  based  on  a no-new-start 
assumption,  whereas  actually  program  schedule  will  usually  remain  on  a more 
even  level.  We  would  expect  this  to  be  true  in  this  case. 

2.  Number  of  Apollo  flights  per  year. — As  wa,i  noted  in  the  conference  of  April 
23,  your  study  assumed  a lower  number  of  lunar  Apollo  launches  per  year  than 
is  shown  in  the  latest  NASA  planning.  This  discrepancy  apparently  arose  from 
a misunderstanding  on  the  part  of  your  people  as  to  which  documented  material 
constituted  our  official  proposed  schedules.  Although  the  difference  in  number 
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of  tests  is  small,  the  total  ship  assignment  time  involved  is  significant,  amounting 
to  approximately  50  percent  of  the  estimated  time  allocated  to  Apollo  support. 

3.  Number  of  ships  per  NASA  tests. — In  addition  to  the  lumar  Apollo,  some 
other  NASA  programs  will  also  require  more  than  one  tracking  ship  for  full  sup- 
port. For  example,  the  injection  patterns  for  Mariner,  with  its  plan  for  two 
closely  spaced  consecutive  launches,  are  such  that  as  many  as  four  or  five  ships 
may  be  needed  to  provide  full  support.  Our  estimated  average  for  all  NASA 
programs  other  than  lunar  Apollo  is  two  ships  per  launch.  Your  study  does  not 
appear  to  have  fully  considered  such  multiple-ship  requirements. 

4.  Assignment  time  per  Apollo  mission. — Your  study  assumes  an  on-station  time 
of  30  days  per  Apollo  mission,  plus  an  allowance  for  travel  time.  We  feel  that  the 
total  requirements  for  Apollo  support  including  on-station  time,  travel  time  to 
and  from  possibly  remote  operating  areas,  network  drills  when  the  ship  is  not  on 
station,  time  for  modifications  and  new  equipment  installations,  lost  time  due  to 
month-bv-month  postponement  after  having  already  spent  some  extended  time 
on  station,  and  other  factors,  all  add  up  to  a much  heavier  demand  for  ship  assign- 
ment time  than  is  being  considered  in  your  studies.  Our  experience  with  the 
Mercury  telemetry  ships,  which,  constitute  a much  less  complicated  operation 
then  will  prevail  in  Apollo,  confirms  this.  If  this  turns  out  to  be  the  case  in 
Apollo,  as  we  are  confident  it  will,  it  can  only  result  in  a serious  curtailment  of 
ship  support  for  other  programs,  both  DO  I)  and  NASA,  in  the  1967-68  time 
period. 

For  these  reasons  we  bel.  ve  that,  in  order  to  meet  1967-68  Apollo  requirements, 
along  with  DOD  requirements  and  the  non-Apollo  NASA  program  requirements 
(which  have  been  and  will  continue  to  be  given  to  the  ranges  for  support),  an 
increase  of  three  new  ships  in  the  national  inventory  is  essential,  rather  than  only 
the  one  new  ship  proposed  in  your  study.  These  new  ships  must  be  started  now, 
under  fiscal  year  1964  budget  authority,  in  order  to  assure  their  readiness  in  time 
for  the  Apollo  program.  In  the  meantime,  as  Apollo  mission  planning  pro- 
gresses, requirements  for  still  more  ships  for  Apollo  support  may  become  necessary, 
particularly  in  the  area  of  reentry  coverage.  At  that  time,  with  a total  of  13 
ships  planned  for  the  national  inventory,  it  would  be  likely  that  such  additional 
requirements  could  be  met  by  modifications  of  some  of  the  ships  of  this  augumented 
national  inventory.  With  the  benefit  of  the  planning  and  experience  gained  on 
the  first  three  ships,  such  additional  modifications  could  be  initiated  at  a later 
date,  if  necessary,  and  still  be  accomplished  within  the  time  available. 

We  hope  you  will  reconsider  these  aspects  of  your  study  and  can  concur  with 
us  in  our  conclusions  that  the  country  must  implement  three  new  shipborne 
tracking  stations  with  fiscal  year  1964  funds. 

Sincerely, 

Hugh  L.  Dryden,  Deputy  Administrator. 


Mr.  Rumsfeld.  I would  like  to  make  one  comment  on  this  topic. 
I don’t  think  anyone  is  implying  bad  motives.  Certainly  I didn’t 
mean  to  have  anyone  assume  that.  But  confusion  and  lack  of 
communication  is  equally  disastrous  from  a financial  standpoint  for 
this  country  as  well  as  for  the  success  of  this  program,  and  this  is 
what  does  concern  me,  and  this  is  what  I think  we  are  finding. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  Mr.  Rubel,  I understand  you  figure  that  modifying 
two  of  your  existing  ships,  is  that  right,  and  building  this  third  ship 
would  cost  $80  million? 

Mr.  Rubel.  We  modify  four  ships,  Mr.  Wydler,  and  add  an 
additional  one  for  a total  of  five.  So  what  you  have  when  you  are 
through  with  that  action  is  five  ships  which  can  be  used  either  on  an 
Apollo  mission  or  as  general  purpose  tracking  ships. 

Mr.  Wydler.  Right,  but  that  would  cost  $80  million  and  NASA 
says  you  made  a mistake,  it  is  86,  but  whether  it  is  80  or  86  they  say 
they  want  to  build  three  ships  for  $90  million.  Is  that  possible, 
three  brandnew  ships? 

Mr.  Rubel.  Our  estimates  for  the  costs  were  made  on  the  same 
basis  as  NASA’s  estimates.  Thus  we  assume  that  it  would  cost  $30 
million  to  add  one  ship  since  $30  million  per  ship  is  the  number  that 
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NASA  used  to  reach  their  $90  million  figure.  In  fact,  in  this  letter 
they  say  that  is  wrong,  we  have  advantages  of  scale  if  we  make  three 
ships,  so  if  you  only  make  one  it  will  cost  more. 

As  to  whether  that  is  a realistic  figure,  or  not,  I find  it  a little  hard 
to  comment.  Our  experience  in  building  instrumentation  ships  in 
the  past  has  been  very  disappointing  with  respect  to  forward  esti- 
mates of  cost.  We  frequently  found  they  cost  a lot  more  when  they 
were  through  than  we  ever  imagined  they  would  in  the  beginning. 
In  fact,  the  reason  for  canceling  the  Ark-8  is  because  the  cost  of  build- 
ing it  simply  grew  to  the  point  where  it  no  longer  was  worth  the  ex- 
penditure in  terms  of  the  data  which  we  would  acquire  from  deploying 
it. 

Mr.  Roush.  Pardon  me,  how  much  was  the  cost  estimated  for 
Aris-3? 

General  Cooper.  The  estimate  we  made  was  $38  million,  and 
this  is  the  amount  of  money  that  was  set  aside  for  that  purpose. 
I cannot  tell  you  the  exact  figure  of  the  lowest  bid  because  this  has  not 
been  revealed,  but  it  is  greatly  in  excess  of  that. 

Mr.  Wydler.  Well,  just  to  get  back,  and  my  point  doesn’t  really 
go  even  to  this,  this  is  an  additional  point,  but  what  I am  trying 
to  get  is  how  can  you  build  just  one  ship  and  put  on  some  modifying 
equipment  to  perform  this  function  at  a cost  under  your  figures  of 
$80  million — and  NASA  says  should  be  $86  million,  ana  they  want 
to  build  three  brandnew  ships  for  $90  million.  I don’t  get  the 
relationship  between  these  figures  at  all  to  begin  with. 

Mr.  Rubel.  Your  question  is,  Why  does  it  cost  so  little  to  build 
hulls  or  so  much  to  modify  them,  as  the  case  may  be? 

Mr.  Wydler.  That  is  put  exactly  the  way  I wanted  it  to  be  put. 

Mr.  Rubel.  You  can  answer  that  better  than  I can. 

General  Cooper.  I am  not  sure  that  there  is  an  adequate  answer  to 
this,  Mr.  Wydler. 

Mr.  Rumsfeld.  May  I ask  a question,  Mr.  Chairman? 

Mr.  Roush.  Yes. 

Mr.  Rumsfeld.  I see  nothing  in  the  communication  about  the 
difference  in  expense  over  a period  of  time,  between  one  new  ship  and 
three  new  ships.  You  have  crews  and  maintenance  and  upkeep  that 
is  going  to  go  on  for  a period  of  years,  and  certainly  the  existence  of 
one  new  ship  would  be  roughly  one-third  of  the  continuing  cost  for 
three  new  ships. 

Mr.  Roush.  Do  we  have  an  estimate  as  to  the  cost  of  operation  of 
one  of  these  ships  for  a year? 

General  Cooper.  I can  give  you  the  cost  of  operations  that  we 
have  experienced  in  the  case  of  a C-2  hull,  which  I think  is  the  hull 
that  is  being  proposed  here,  and  it  totals  $1,723,000  per  year. 

Mr.  Rumsfeld.  For  what;  could  you  be  specific  on  that? 

General  Cooper.  This  is  for  the  Twin  Falls  Victory  on  the  At  Untie 
Missile  Range.  This  takes  care  of  the  ship’s  crew  of  60  people,  plus 
a technical  crew  of  instrumentation  operators  of  50  people,  110 
altogether.  The  ship’s  crew  cost,  $600,000;  technical  crew  cost, 
$520,000;  other  maintenance-of-operrtions  costs,  $603,000;  a total  of 
$1,723,000.  Now,  this  is  for  a C-2  huh.  We  don’t  have  experience 
yet  in  the  operation  of  the  C-4  hull  similar  to  the  Aris-1  that  was 
commissioned  this  month,  but  our  estimate  is  that  this  will  be  larger 
and  on  the  order  of  $2.19  million  per  year. 
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Mr.  Boone.  In  this  respect  are  you  talking  about  comparable 
equipment  aboard?  Now,  Mr.  Rubel  mentioned  this  earlier,  but  just 
bow  much  difference  is  there  in  meeting  the  NASA's  technical  require- 
ment as  you  stated  it,  to  put  equipment  aboard? 

General  Cooper.  Are  you  talking  about  the  cost  difference? 

Mr.  Boone.  Not  so  much  cost  difference  as  the  costs  relate,  are 
these  ships  comparable? 

General  Cooper.  Well,  NASA  is  specifying  a C-band  radar.  There 
are  only  two  C-band  radars  on  the  market.  One  is  almost  as  good  as 
the  other. 

Mr.  Boone.  In  this  respect  they  have  told  us  that  you  would  have 
twice  as  many  C-bands  as  they  would  need  aboard  your  ships. 

General  Cooper.  I am  not  sure  I understand  you,  Mr.  Boone. 

Mr.  Boone.  Well,  you  have  a horizontal  and  vertical  polarized 
radar,  they  would  only  need  one  of  those. 

General  Cooper.  Oh,  you  are  referring  to  the  Aris-1  ship? 

Mr.  Boone.  Type  of  vessel. 

General  Cooper.  This  is  true. 

Mr.  Boone.  So  there  would  be  considerable  difference  here  if  they 
were  to  go  for  only  one  radar. 

General  Cooper.  This  difference  does  not  exist  if  you  compare  the 
Apollo  ships  with  the  Aris-3  or  the  Apollo  ships  with  the  Twin  Falls 
Victory  or  any  other  of  the  ships  that  we  would  intend  to  modify. 
The  Twin  Falls  Victory  has  only  one  radar. 

Mr.  Boone.  Then  what  other  equipments  are  aboard? 

General  Cooper.  You  need  an  inertial  navigator,  you  need  com- 
munications, you  need  a command  transmitter,  you  need  some  com- 
puters and  some  telemetry,  a large  telemetry  dish  and  the  receivers 
and  recorders,  discriminators  and  display  consoles. 

Mr.  Boone.  And  this  is  essentially  what  you  have  on  your  vessel? 

General  Cooper.  We  have  telemetry  on  all  of  the  ships,  we  will 
have  radar  on  all  of  the  ships.  The  computer  capacity  may  have  to 
be  augmented.  We  have  adequate  communications.  We  have  to 
add  the  command  transmitter.  Generally  speaking,  the  major  de- 
ficiency of  our  ships  is  the  unified  S-band  system  which  is  unique  to 
the  Apollo  program. 

Mr.  Boone.  And  this  is  your  $12%  million  estimate? 

General  Cooper.  There  is  also  a requirement  placed  by  NASA  for 
1,000  square  feet  of  console  and  display  space  and  2,000  square  feet 
of  space  for  shop  purposes  and  storage  of  parts. 

Mr.  Rumsfeld.  Just  to  clarify  this,  the  alternative  as  it  stands  now 
is  between  the  DOD  plan,  modifying  four  existing  ships  and  adding 
one  new,  or  as  NASA  suggests  not  modifying  any  of  the  existing  ships 
and  adding  three  new? 

General  Cooper.  Yes,  sir. 

Mr.  Rumsfeld.  So  what  you  would  be  doing,  you  would  be  up- 
dating four  existing  ships  to  serve  the  Apollo  mission,  and  adding  one, 
which  gives  you  a total  of  five  ships,  as  opposed  to  three  ships  under 
the  other  program? 

General  Cooper.  Yes,  sir. 

Mr.  Rumsfeld.  In  taking  all  of  jmur  equipment  overall  would  you 
say  that  when  you  were  through  with  your  $80  to  $86  million  DOD 
program  would  you  have  a greater  capability  than  with  the  three  new 
ships  NASA  $90  million  program  or  would  it  be  equal  or  less? 
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General  Cooper.  Only  to  the  extent  that  two  of  the  four  upgraded 
si  lips  that  are  to  monitor  the  injection  maneuver  are  planned  to  be  a 
part  of  the  Pacific  Missile  Range  fleet  and  will  be  in  the  Pacific.  Your 
greater  flexibility  comes  from  having  two  ships  in  each  ocean,  so  that 
when  you  elect  to  inject  in  the  Pacific  as  opposed  to  the  Atlantic,  you 
save  the  steaming  time  between  oceans.  You  can  reassign  these  ships 
if  you  find  that  as  you  go  down  the  Apollo  program  the  Atlantic  injec- 
tion is  best  way  to  do  it  all  of  the  time,  you  can  rotate  and  have  four 
ships  in  the  Atlantic  and  indeed  the  flexibility  is  increased. 

Mr.  Roush.  Would  the  addition  of  the  one  ship  meet  the  require- 
ments of  your  Aris-8? 

General  Cooper.  Sir,  to  answer  this  I think  we  would  have  to  exam- 
ine the  specifications  of  the  Aris-8,  and  I think  that  unless  you  would 
like  me  to  supply  this  in  detail  on  the  record,  I think  the  answer  is 
that  Aris-8  had  some  requirements  for  wide-band  telemetry  that  can- 
not be  met  by  any  of  the  other  ships  at  this  time,  but  by  and  large 
the  answer  is  “Yes.” 

On  the  other  hand,  Aris-3  would  not  have  the  unified  S-band  that 
is  required  for  the  Apollo  program. 

Mr.  Roush.  Would  the  cost  of  the  operation  of  the  modified  ships 
increase  materially? 

General  Cooper.  Not  materially,  sir,  because  the  crew  is  on  board 
and  ready  whether  you  are  sailing  or  not. 

Your  fuel  consumption  would  go  up,  your  span*  parts  consumption 
would  go  up,  but  this  is  not  a significant  part  of  the  total. 

Mr.  Roush.  Mr.  Wydler. 

Mr.  Wydler.  This  question  is  just  for  your  opinion:  Could  there 
be  any  reason  that  we  might  want  to  build  more  of  this  type  ship  for 
possible  other  programs  that  we  might  be  getting  into  in  the  next  few 
years  that  we  might  be  able  to  use  all  of  these  ships?  In  other  words, 
is  there  a possible  probability  that  there  might  be  a need  for  all  of 
these  ships,  in  a few  years  might  we  need  a large  number  of  tracking- 
type  ships  to  make  use  of — do  you  understand  the  question — from  a 
scientific  point  of  view,  General,  is  what  I am  asking.  I cannot  see 
it,  myself,  but  I am  not  a scientist. 

General  Cooper.  Well,  I can  state  an  opinion  on  this  Mr.  Wydler. 

Mr.  Wydler.  That  is  all  I am  asking  you  for,  if  you  will. 

General  Cooper.  First  of  all,  from  a tracking  standpoint,  if  you  have 
any  recourse  as  to  satisfying  your  requirements  by  a land-based 
station  you  should  always  pick  this  alternative.  Gathering  data 
from  a moving  platform  is  a very  difficult  task  and  transmitting  this 
to  the  land  station  computers  where  your  decisions  are  made  is  an 
equally  difficult  task.  So  if  you  can  avoid  it,  you  should,  in  arranging 
your  array  of  ground  based  instrumentation. 

In  a sense  we  programed  Aris-3  against  the  possible  large  require- 
ment that  would  take  place  in  the  Indian  Ocean.  The  Indian  Ocean 
just  happens  to  be  the  antipodal  point  of  satellites  launched  from 
Cape  Canaveral  and  also  from  Point  Arguelo  going  down  around  the 
South  Pole,  so  the  insertion  events  from  both  ranges  occur  in  about 
the  same  area  and  we  thought  this  would  be  a very  busy  area  to 
monitor  this  insertion,  but  when  it  comes  to  paying  the  bill  for  moni- 
toring this  insertion,  we  balked.  We  have  consistently  overestimated 
our  short-term  launch  rates  and  underestimated  our  long-term 
launch  rates  and  this  is  a point  to  which  Dr.  Dryden’s  recent  letter  is 
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addressed.  They  point  out  the  Fact  that  our  schedule  shows  a 50- 
percent  dropoff  between  the  year  I960  to  the  year  1908.  This  is  true. 
But  this  is  the  schedule.  This  is  NASA’s  schedule  and  the  DOD 
schedule — it  is  not  filled  out.  I believe,  like  NASA  does,  that  it 
will  be  filled  up  but  I believe  also  that  the  peak  that  we  are  now 
talking  about  for  1965  and  1966  will  not  be  reached  in  1965  and  1966. 

The  computer  routine  used  an  average  figure  of  45  launches  per 
quarter  and  if  you  average  the  peak  which  we  now  plan,  which  1 
don’t  think  we  are  going  to  meet,  this  averages  out  arithmetically  at 
48,  so  there  is  not  a gross  difference  here.  I think  that  it  is  unwise 
at  this  point  in  time,  knowing  what  we  know  about  our  programs,  to 
increase  the  size  of  the  fleet  just  for  the  sake  of  possibility  that  we 
can  put  them  to  use. 

Mr.  Boone.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Boone. 

Mr.  Boone.  General  Cooper,  you  indicated  that  your  study 
revealed  that  there  is  a need  for  more  than  three  ships  or  there  is  a 
possibility  that  you  would  need  five  ships.  Did  you  anticipate 
supplying  five  ships  or  did  you  anticipate  supplying  three  ships  in 
your  response  to  NASA? 

General  Cooper.  The  NASA  statement  of  requirements  was  three 
ships. 

Mr.  Boone.  So  your  answor  wras  predicated  only  on  a basis  of  three 
ships? 

General  Cooper.  Yes. 

Mr.  Boone.  And  did  you  inform  them  that  you  felt  that  it  should 
be  five? 

General  Cooper.  Yes,  wre  have  done  this  informally  and  I don’t 
think  it  was  in  the  study  nor  wras  it  in  the  letters  that  have  been 
signed. 

I would  like  to  make  this  comment  about  my  previous  statements 
as  to  these  operational  requirements:  We  do  not  disagree  with  the 
statement  of  NASA  requirements.  We  just  don’t  fulhy  understand 
tiiem.  To  this  extent  I think  we  have  to  get  with  NASA  again  and 
again. 

Mr.  Hechter.  What  was  their  response  when  you  made  the 
suggestion  that  they  could  profitably  use  five? 

General  Cooper.  My  discussion  wTas  with  Admiral  Boone,  and 
Admiral  Boone  said  we  will  have  to  talk  with  the  experts  on  this  and 
he  would  be  glad  to  set  up  conferences  in  this  regard. 

Mr.  Boone.  If  I may  continue,  in  Mr.  Rubel’s  statement  he  made 
the  remark  that  your  study  concluded  that  this  number  is  marginal 
and  you  just  said  that  you  didn’t  quite  see  the  necessity  for  buying 
additional  ships  unless  you  had  a specific  use  for  them.  Do  you 
think  that  it  is  marginal  to  the  extent  that  maybe  wre  should  consider 
buying  three  additional  ships? 

General  Cooper.  Well,  in  the  context  of  Mr.  Wydler’s  question 
I thought  that  he  had  in  mind  buying  ships  for  the  sake  of  a long- 
term projection  that  the  ship-tracking  business  was  generally  going 
to  grow  so  therefore  we  should  generally  expand  the  ship  inventory 
as  a result. 

With  regard  to  more  than  two  ships  to  monitor  the  injection  maneu- 
ver for  Apollo,  this  is  a NASA  determination.  Either  this  is  a man- 
datory requirement  or  it  isn’t  and  if  it  is  a mandatory  requirement 
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it  is  vital  to  the  success  of  the  mission  and  if  they  still  insist  upon  a 
4-hour  launch  window  they  can’t  do  it  with  two  ships.  I think  that 
the  NASA  judgment  will  be  that  they  will  try  to  do  the  important 
tasks  from  land-based  instrumentation  and  they  will  try  to  position 
the  ships  they  have,  regardless  of  the  number,  in  an  optimum  fashion, 
and  they  will  make  the  best  of  the  data,  but  this  means,  then,  that 
this  is  not  a mandatory  requirement.  But  this  is  a NASA  determina- 
tion and  it  involves  many,  many  inputs  from  many  centers  of  NASA 

' ’eh  are  working  on  the  Apollo  program. 

Ir.  Roush.  In  this  event,  the  same  thing  could  be  done  with 
three  ships,  three  modified  ships  which  come  from  our  present  inven- 
tory as  could  be  done  with  three  new  ships. 

General  Cooper.  Yes,  sir;  the  difference  being  that  three  new  ships 
would  be  available  to  NASA,  under  direct  NASA  control,  available 
to  the  Apollo  program  100  percent  of  the  time,  whether  they  were 
in  use  or  not,  whereas  in  the  other  case  these  ships  would  be  very 
busy  ships  indeed,  serving  both  NASA  and  the  DOD  purposes.  They 
would  be  tracking  unmanned  NASA  satellites  as  well  as  the  Apollo. 

Mr.  Boone.  In  this  respect  NASA  has  made  considerable  discussion 
to  the  committee  and  report  to  the  committee  on  the  full-time  utiliza- 
tion of  these  ships.  Under  a six-shot-a-vear  schedule  would  this  be 
full-time  utilization  of  these  ships?  This  would  average  2 months 
per  shot,  so  you  could  have  a scheduling  problem  which  would  utilize 
them  completely  for  a year,  could  you  not? 

General  Cooper.  If  you  had  a long-term  requirement  for  six  shots 
per  year,  and  the  shots  weie  random  so  that  the  ship  could  not  stay 
on  station  in  between  shots,  this  indeed  would  be  a scheduling  problem. 
This  is  a matter  of  judgment,  and  we  have  one  judgment  in  the  matter, 
and  NASA  is  privileged  to  have  another. 

Mr.  Boone.  Was  your  study  predicated  on  a reduction  in  the 
military  need  for  ships? 

General  Cooper.  The  need  for  ships  is  a very  fluid  situation.  The 
ship  schedule  that  we  looked  at  back  in  June  of  last  year  is  different 
from  the  schedule  that  we  are  looking  at  today,  and  I am  sure  that 
next  year’s  schedule  will  be  equally  different. 

Mr.  Boone.  These  schedules  always  show  a tailing  off  several  years 
in  the  future. 

General  Cooper.  This  is  right,  and  we  are  forced  to  neglect  this 
tailing  off  because  it  is  unrealistic,  but  the  trend  that  we  see  is  a 
diminishing  in  the  requirement  for  monitoring  ballistic  missiles  and 
an  increase  in  space,  particularly  in  the  Atlantic  Range,  and  an  in- 
crease in  the  space  shots  out  in  the  Pacific  for  the  DOD. 

I would  like  to  be  more  specific  in  this  regard,  but  I think  this  would 
be  classified  information. 

Mr.  Boone.  I think  one  of  the  other  things  that  is  bothering  NASA 
is  the  surety  with  which  you  can  make  these  ships  available  to  them. 
Would  you  like  to  comment  on  your  responses  to  NASA  require- 
ments in  the  past? 

General  Cooper.  Well,  we  feel  that  the  response  of  the  national 
missile  ranges  to  the  users  has  been  superior  in  the  past.  Of  course, 
I am  a biased  spokesman  in  this  regal’d.  In  the  case  of  ships  for  the 
Mercury  program,  there  have  been  two  examples:  one  is  the  two  AMR 
telemetry  ships  which  are  small,  which  were  modified  by  NASA  and 
operated  as  general  purpose  ships  in  support  of  Mercury  as  well  as 
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other  flights.  I think  that  the  record  of  the  performance  of  these 
ships  has  been  exemplary.  By  NASA’s  own  statement  there  are  fewer 
discrepancy  reports  on  the  status  of  instrumentation  on  these  ships 
than  there  are  on  the  NASA  land  stations.  The  ships  never  fail  to  be 
on  station  at  the  proper  time  and  ready  and  track  and  give  good  data. 

I think  NASA  is  as  proud  of  this  data  as  we  are.  In  he  case  of 
the  tracking  ships,  however ,N  this  is  a somewhat  different  picture, 
and  I think  first  I should  add,  however,  that  the  use  of  tracking  ships 
for  Mercury  is  a fairlv  recent  requirement.  The  original  Mercury 
missions  planned  for  three  orbite  involved  a deorbit  maneuver  over 
the  United  States  and  into  wa/ers  of  the  Caribbean.  Here  we  did 
most  of  the  tracking  by  meansvof  land  stations.  However,  for  MA-8, 
Schirra’s  flight,  this  required  that  the  deorbit  maneuver  was  tracked 
by  ships  in  the  Pacific.  We  knew  about  this  perhaps  4 months 
ahead  of  the  event.  The  only  ship  that  we  had  available  for  this 
purpose — actually  we  only  had  two  ships  in  our  inventory  that  were 
properly  equipped  with  good  radars.  One  was  in  the  Atlantic  and 
it  was  fully  used,  and  the  steaming  time  to  take  it  to  the  Pacific 
made  this  an  impossible  solution.  The  other  one  was  in  the  Pacific, 
and  it  was  involved  as  an  integral  part  of  the  atomic  test  series 
without  which  the  series  would  be  delayed.  So  we  didn’t  want  to 
rip  it  apart.  It  was  tied  to  the  dock.  It  had  cables  going  to  com- 
puters and  to  rip  it  apart  would  require  another  proof  test  in  our 
atomic  test  series,  another  flight  of  a missile  to  prove  this  instru- 
mentation that  was  so  vital  to  the  atomic  series.  So  really  the  ship 
that  we  planned  on  slipped  along  with  the  atomic  tests  into  the 
summer  months,  and  so  alternative  solutions  had  to  be  “cluged” 
up,  if  I can  use  the  term,  at  the  last  moment. 

We  examined  the  S-band  equipped  ships  which  are  marginal  equip- 
ment at  best,  and  NASA  decided  to  use  them.  We  used  these  ships. 
At  the  very  last  moment  we  decided  to  use  another  ship  involved  in 
the  atomic  test  series,  and  we  took  it  away  from  this  series  and  used 
it  on  MA-8. 

The  results,  in  terms  of  good  data,  were  unsatisfactory,  and  I think 
that  by  scheduling  and  planning  on  this  short  basis,  you  cannot  expect 
satisfactory  results.  The  NASA  experience  in  getting  these  results 
has  been  unhappy  and  I am  in  sympathy  with  mem.  On  the  other 
hand,  our  1962  inventory  of  good  tracking  ships  consisted  of  two. 
Added  to  that  are  three  of  these  marginal  S-band  ships  and  the 
American  Mariner  which  is  assigned  to  a special  program,  and  it  is 
operated  by  the  Army,  and  to  use  it  you  must  borrow  it  from  the 
Army.  Our  1964  inventory  of  good  tracking  ships  will  be  10.  So 
that  one  cannot  forecast  the  troubles  of  the  future  by  recounting  the 
troubles  of  the  past,  in  view  of  these  programs. 

Mr.  Boone.  They  just  continue,  do  they  not? 

Mr.  Wydler.  If  I might,  it  would  appear  to  me  that  a decision  like 
that  which  is  a very  difficult  one,  I understand,  between  continuing 
to  use  it  for  atomic  tests  or  taking  the  ship  out  and  using  it  in  the 
flight,  in  the  Mercury,  it  was  really  a decision  in  a case  like  that, 
which  should  be  made  by  an  authority  higher  than  either  the  Depart- 
ment of  Defense  or  NASA,  somebody  that  could  decide  which  of  these 
had  the  greater  priority.  That  would  seem  fairly  logical  to  me,  in 
other  words,  somebody  at  a higher  level. 
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| General  Cooper.  There  was  no  disagreement  on  the  desire  on  the  H 

part  of  the  Department  of  Defense  to  satisfy  NASA.  The  decision 
was  made  in  favor  of  NASA. 

Mr.  Wydler.  You  did  take  the  ship  out? 

General  Cooper.  Absolutely. 

Mr.  Boone.  Mr.  Chairman,  I would  like  to  ask  if  they  could  submit 
for  the  record  a list  of  the  ships  that  would  be  available,  say,  in  this 
time  period,  and  their  expected  locations  at  that  time  so  that  they  can 
be  compared  with  the  NASA  request? 

Mr.  Roush.  Without  objection,  that  will  be  included. 

Could  you  give  a generic  equipment  list  rather  than  specifics  in  too 
much  detail  of  what  is  available,  the  various  types  of  vessels? 

(The  information  requested  is  as  follows:) 

Ship  Configuration  Chart 


The  following  Defense  Department  tracking  instrumentation  ships,  in  the 
general-purpose  configuration  shown  above,  are  anticipated  to  be  in  the  following 
operating  areas  during  the  1966-68  period: 


Ship  type 

Name 

Operating  location 

0-2 

Twin  Falls  Victory..  . 

Atlantic. 

Do. 

South  Atlantic. 

Do. 

Pacific. 

Do. 

Do. 

Do. 

Do. 

0-2  . .... 

American  Mariner  (DAMP) 

C-t 

Aris-l 

C-t 

Aris-2 

0-2 ..... 

AOM-1  Rangp  Tracker 

0-2 

AGM-4  Richfield 

C-2 

AOM-6  Watertown.. 

0-2 

AGM-7  Huntsville 

C-2. 

AGM-8 

Ship  configuration 


Instrumentation 

Apollo 

ship 

General 
purpose 
range  ship 

C-band  radar.  ... 

X 

X 

X,  L/UHF  band  radar 

» (X) 
« (X) 

Unified  SHF  system 

Unified  S-band  system 

1 (X) 
X 

Telemetry...  

X 

Command  control.. 

X 

X 

Timing ... 

X 

X 

Communications  HF,  VHF,  UHF 

X 

X 

Navigation/stabiliration 

X 

X 

Dat a handiing/comput ation 

X 

X 

Meteorological I 

X 

X 

Recovery...  

X 

X 

Range  user  control  consoles 

I X 

IX 

Display  and  plotting  boards 

X 

X 

1 Parentheses  ( ) indicates  program-peculiar  equipment. 
* Varies. 


Mr.  Rubel.  It  is  just  a one-page  listing.  We  will  be  happy  to  fur- 
nish that. 

Mr.  Boone.  One  other  question  I would  like  to  ask,  Mr.  Chairman, 
has  to  do  with  costs.  I recall  Mr.  Rubel’s  comment  previously,  but 
it  seems  to  me  that  the  Defense  Department  has  had  more  experience 
with  cost  of  vessels  than  certainly  I believe  NASA  has  at  this  time. 
You  should  be  able  to  give  a better  estimate  of  cost  than  the  comments 
that  Mr.  Rubel  made  which  were — maybe  he  would  like  to  make  them 
l again,  I don’t  know  if  I can  recall  exactly,  but  we  think  it  not  good  but 
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reasonable  enough  for  this  kind  of  submission  at  the  moment.  I hope 
I didn’t  misinterpret  your  remarks. 

Mr.  Rubel.  Would  you  excuse  us  for  just  one  second?  I am  trying 
to  look  something  up  here. 

Mr.  Roush.  Surely. 

Mr.  Rubel.  We  are  trying  to  give  you  the  best  answer  we  can,  Mr. 
Boone,  whicli  is  consistent  with  our  understanding  of  the  facts  as  we 
have  them.  We  have  them  in  front  of  us  here,  an  internal  document, 
for  example,  signed  by  some  of  our  own  people  which  says  that  they 
concur  with  the  NASA  estimate  of  $30  million  apiece  for  these  three 
ships  totaling  $90  million,  and  including  all  of  the  costs  for  the  Apollo- 
peculiar  equipment. 

General  Cooper  and  I have  talked  about  this  since  we  have  looked 
at  this,  and  we  have  looked  at  some  of  our  past  experiences,  and 
I think  our  personal  feeling  is  that  that  might  be  an  optimistic 
estimate.  We  are  awfully  hesitant  in  making  very  positive  state- 
ments about  that  before  this  committtee.  The  NASA  people  have 
studied  this  a lot  more  than  we  have.  It  is  their  submittal,  not  our 
submittal,  and  we  don’t  want  to  be  putting  ourselves  in  the  position 
of  just  thinking  that  something  which  they  have  studied  in  a lot 
of  detail  isn’t  right  or  even  raising  doubts  in  the  mind  of  the  committee, 
just  based  upon  our  statements  that  their  considered  submittal  isn’t 
the  best  possible  submittal  that  could  be  made,  so  you  can  understand, 
I think,  our  reluctance  to  cast  that  doubt,  or  to  make  statements 
that  suggest  that. 

The  fact  is,  though,  just  the  same,  that  we  have  gone  through  the 
Aris-1 , Aris-2,  and  Aris-S  experience,  and  we  have  found  at  least 
in  our  case  that  the  costs  of  these  ships  have  gone  up,  and  in  some 
cases  they  have  gone  up  a great  deal.  Our  natural  fear  is  if  you  were 
to  actually  engage  in  the  program  that  experience  might  be  repeated. 
It  might  not. 

Returning,  then,  to  the  other  aspect  of  that  same  subject  that 
Mr.  Wydler  raised  earlier,  which  is  the  question  of  reconciling  the 
cost  of  modification  with  the  cost  of  acquiring  ships  that  are  instru- 
mented, I think  here  we  can  say  that  our  confidence  in  the  instrumen- 
tation cost  is  relatively  high.  The  reason  for  that  is  that  we  have 
got  quite  a few  ships  that  are  already  instrumented,  and  the  cost  for 
that  instrumentation  is  already  pretty  well  known  based  upon  lots 
of  experience,  and  it  covers  probably  90  percent  of  the  instrumentation 
that  would  go  on  these  ships,  so  that  when  we  put  that  estimate  down 
we  are  pretty  sure  that  it  is  a good  one. 

Furthermore,  a very  large  fraction  of  the  cost  of  these  ships  is  in  the 
instrumentation.  I have  been  trying  to  find  what  the  precise  division 
of  cost  is  as  between  hulls  and  instrumentation.  My  memory  doesn’t 
serve  me.  I don’t  know  if  you  have  the  figures  there,  yourself,  Paul. 

General  Cooper.  Well,  the  ship  design  and  ship  reactivation,  ship 
work  including  the  installation  of  the  instrumentation,  amounts  to 
about  one-third.  The  peripheral  instrumentation  not  including  the 
radar  is  another  third.  In  the  case  of  Aris-1  and  Aris-2  the  radars 
are  peculiar  to  the  special  job  for  which  designed,  and  they  are  very 
expensive. 

Mr.  Boone.  In  this  respect  you  would  expect  this  one  ship  under 
your  plan  to  be  a general-purpose  vessel  not  merely  to  meet  the  NASA 
requirements? 
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Mr.  Rubel.  Well,  that  is  right,  but  the  difference  isn’t  really  very 
great.  The  amount  of  Apollo  peculiar  equipment  that  is  on  board 
the  ship  really  doesn’t  represent  a very  substantial  addition  to  it 
relative  to  all  of  the  other  equipment  that  is  already  there  to  make  it 
a general-purpose  ship.  I think  what  we  ought  to  do  is  supply  you 
for  the  record,  because  while  General  Cooper  has  been  talking  I have 
been  trying  to  find  the  number,  and  I can’t  find  it,  and  I can’t  re- 
member it,  we  ought  to  give  you  for  your  record  how  much  the  hulls 
cost.  I think  that  would  go  to  your  question,  Mr.  Wydler,  and  I 
think  to  yours,  too,  Mr.  Boone,  and  we  will  furnish  that  for  you  as 
soon  as  we  possibly  can,  That  will  show  you  what  the  division  is  as 
between  hulls  and  modification. 

I don't  think  the  numbers  are  necessarily  as  inconsistent  as  they 
appear,  because  under  the  Defense  Department  plan  that  was  sub- 
mitted here  we  were  really  modifying  four  and  building  one,  so  that 
is  a total  of  five  sets  of  complete  instrumentation. 

Mr.  Wydler.  Wait  a minute,  now,  that  is  inconsistent  with  what 
the  general  said  just  a short  time  ago.  I understood  that  your  pro- 
gram was  based  on  the  three  ships  that  NASA  said  they  needed,  not 
on  the  five.  Which  is  it? 

Mr.  Rebel.  That  testimony  was  relevant  to  the  question  of  whether 
an  addition  of  three  ships  by  NASA  would  serve  the  NASA  needs  as 
stated.  However,  under  the  Defense  Department  plan  you  would 
take  four  general-purpose  ships  and  add  the  Apollo  peculiar  equip- 
ment to  them,  and  then  you  would  build  one  more  ship  completely. 

Mr.  Wydler.  So  the  $80  million  figure  is  five  ships;  is  that  right? 

Mr.  Rubel.  Yes. 

General  Cooper.  I can  break  this  down  further.  In  the  Atlantic 
the  two  ships  we  would  modify  would  cost  $28  million.  The  two 
ships  in  the  Pacific  would  cost  an  additional  $22  million.  This  in- 
cludes an  estimate  of  $5  million  per  ship  for  the  special  NASA  equip- 
ment. Now,  the  difference  between  the  Atlantic  and  the  Pacific  is 
that  we  would  take  advantage  of  the  Pacific  ships  being  out  for  over- 
haul and  for  the  modification  of  special  equipment  for  Dyna-Soar  at 
that  period  of  time,  and  there  would  be  a savings. 

Mr.  Wydler.  Just  giving  us  the  price  of  the  hulls  isn’t  going  to 
help  too  much,  either,  because  there  is  a lot  of  instrumentation  on 
these  ships  to  begin  with. 

Mr.  Rebel.  We  will  give  you  an  analysis  which  shows  that  if  you 
take  these  four  ships  that  are  in  the  Defense  Department  inventory 
already,  and  add  the  Apollo  peculiar  equipment  to  those,  and  add  the 
consoles  and  displays,  and  what  not,  that  will  give  you  a line  item 
for  those  things.  Then  you  take  a hull  and  add  that  and  then  you 
add  all  of  the  instrumentation  for  general-purpose  functions  to  that 
hull  plus  now  the  Apollo  peculiar  equipment  to  it,  and  that  break- 
down will  enable  you  then  to  see,  I think,  how  you  can  compare  the 
90  million  for  the  three  completely  configured  ships  to  the  80  or  86 
or  whatever  the  number  turns  out  to  be  for  a total  of  five  ships  of 
which  four  were  modifications  and  one  was  a new  addition.  I think 
that  analysis  would  be  directly  responsive  to  your  question.  We  will 
try  to  furnish  that  lor  you  as  soon  as  we  can. 

The  information  requested  is  as  follows: 

The  following  is  a breakdown  of  the  estimated  costs  to  modify  four  existing 
Defense  Department  instrumentation  ships  to  include  the  required  Apollo  ship 
support  equipment: 
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Modification  costs  for  Apollo 


[In  thousands  of  dollars] 


Item 

American 

Mariner 

(DAMP) 

Aris-1 

AGM-6 
Water,  own 

AGM-7 

Huntwillc 

Tracking  radar  modification 

473 

15 

2,150 

2, 150 

Stabilization/navigation 

1,000 

1,000 

Computation/data  handling..  _ 

1,640 

1,043 

Teicmetry/acquisition  aids. 

1,406 

2, 169 

100 

100 

Controls  and  displays... 

1,000 

L000 

1,000 

1,000 

Communications 

168 

140 

Timing 

1 

10 

1 10 

Unified  S-band 

4,000 

4,666 

4,000 

Command  control 

555 

555 

800 

Ship  modification 

6,117 

3, 719 

1,740 

1,740 

Total  

15,348 

12,501 

10,940 

10,940 

Total  for  all  4 ship  modifications 

49,729 

1 1 1 

' 

NASA  estimates  were  used  to  price  the  modification  and  equipping  of  an  exist- 
ing 0-2  ship  which  is  currently  in  the  Reserve  fleet  in  a cargo/transport  con- 
figuration. (Original  costs  for  a 0-2  hull  (World  War  II  prices)  were  approxi- 
mately $5  million  when  built,  depending  on  configuration.  New  hull  construction 
has  not  been  proposed  by  either  NASA  or  DOD.) 

The  breakdown  of  the  $30  million  cost  for  this  ship  is  as  follows: 


Estimated 

cost 

Item  ( millions ) 

1.  Ship  activation,  installation  of  equipment,  repair  and  modification 

(VO-2) $9.50 

2.  Navigation/stabilization 2.  50 

3.  Oband  radar 5.  00 

4.  Unified  S-band 4.  25 

5.  Dual  PCM  telemetry . 50 

6.  10-kilowatt  command  transmitter 1.  30 

7.  Dual  acquisition  aid/telemetry . 20 

8.  Computer 2.  50 

9.  Control  consoles,  displays,  intercom,  recorders 1.  10 

10.  Spacecraft-to-ship  voice  communications ..  .15 

11.  Ship-to-shore  data,  voice,  teletype  communications 1.  00 

12.  Systems  integration,  documentation,  and  test 2.  00 


Total 30.00 


Mr.  Boone.  In  any  event,  NASA  would  be  expected  to  pay  all  of 
these  costs;  is  that  right? 

Mr.  Rubel.  Well,  yes,  sir. 

General  Cooper.  We  have  no  money. 

Mr.  Rubel.  There  is  no  money  in  our  budget  for  any  of  this.  My 
assumption  has  been  that  if  NASA  after  analyzing  it  found  that  this 
was — that  this  or  some  modification  of  this  plan  was  the  best  way  to 
solve  their  problems  for  Apollo  as  well  as  other  tracking  problems, 
too,  then  they  would  direct  the  Defense  Department  to  execute  that 
plan  or  a modification  of  it,  and  they  would  furnish  the  funds  to  the 
Defense  Department  for  caiTying  it  out. 

Mr.  Roush.  Pardon  me,  Mr.  Rubel,  the  decision  might  not  entirely 
be  NASA’s.  They  might  receive  some  guidance  from  the  committee 
as  to  authorization  of  funds  and  the  Congress. 

Mr.  Boone.  I have  one  last  question,  Mr.  Chairman. 

NASA  has  made  considerable  discussion  about  MSTS  operation 
which  they  consider  as  a possibility  for  operation  of  their  ships. 
Would  you  tell  us  the  difference  in  MSTS  operation  and  the  way  in 
which  you  operate  your  vessel? 
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General  Cooper.  At  the  present  time  we  use  the  MSTS  to  operate 
the  instrumentation  ships  of  the  Pacific  Missile  Range.  The  instru- 
mentation is  operated  by  direct  contract  from  the  Pacific  Missile 
Range  to  several  instrumentation  contractors  so  that  there  are  two 
sets  of  crews  and  the  manager  of  the  ship,  not  the  captain,  but  the 
manager,  is  a representative  of  Admiral  Clark  who  commands  the 
Pacific  Missile  Range. 

We  do  it  differently  in  the  Atlantic  and  this  raises  the  immediate 
question  as  to  which  way  is  best.  In  the  Atlantic  the  down-range 
bases  as  well  as  the  launch  site  at  Cape  Canaveral  are  operated  and 
maintained  by  a range  contractor,  Pan  American  Airways.  They,  in 
turn,  subcontract  the  technical  work  to  RCA. 

In  the  case  of  the  ship  operations,  we  consider  a ship  to  be  the  same 
as  a land  station  and  Pan  American  has  a ship  operations  manager  on 
board  who  receives  instructions  from  the  scheduling  officer  as  to  where 
to  go  and  what  to  do,  just  like  the  officer  at  PMR  does  this  in  the 
Pacific.  In  this  case  it  is  a ship  operations  manager  of  Pan  American. 
His  instrumentation  crew  is  RCA  and  here  we  have  the  advantage  of 
being  able  to  take  a radar  operator  from  Cape  Canaveral  or  Antigua 
and  put  him  on  ship  for  a tour  of  duty  and  then  put  him  back  on  the 
island  for  a tour  of  duty.  We  have  great  rotational  opportunity  at 
both  AMR  and  PMR. 

The  instrumentation  is  operated  on  subcontract  by  RCA.  The 
ship’s  crew  is  also  a subcontract,  a contract  by  Pan  American  to  a 
shipping  company.  Until  recently  it  was  the  Suwanee  Steamship  Co., 
and  then  more  recently  the  Marine  Transport  Line.  So  it  is  a con- 
tract operation  and  dissimilar  to  MSTS  only  in  that  the  crews  are 
civilians.  In  MSTS  they  are  civil  service. 

In  one  case  we  have  a contract  with  small  business,  we  have  a 
union  agreement  between  the  small  business  and  the  appropriate 
union  and  in  the  case  of  MSTS  they  use  the  same  union,  I think  it  is 
the  National  Maritime  Union,  as  their  bargaining  agent.  The  wages 
are  the  same.  We  have  forced  the  Air  Force  and  the  MSTS  to  sit 
down  and  compare  cost  data  over  a period  of  almost  a year  and  this 
has  produced  no  significant  difference  in  cost  data  for  MSTS  versus 
the  contractor  operation.  There  are  advantages  and  disadvantages 
to  both  systems.  There  are  no  significant  advantages  or  disadvan- 
tages that  the  Office  of  Secretary  of  Defense  could  see  to  warrant  a 
change  from  one  modus  operandi  to  another,  either  in  the  Atlantic 
or  the  Pacific,  so  indeed  we  have  two  dissimilar  operations.  They  are 
both  very  effective. 

Mr.  Roush.  Mr.  Hechler. 

Mr.  Hechler.  Well,  I think  it  should  scarcely  be  necessary  to 
mention  that  the  purpose  of  these  hearings  is  not  to  bring  out  any 
differences  between  the  involved  agencies  but  rather  to  arrive  at  how 
we  can  accomplish  this  program  most  effectively  and  economically. 

Mr.  Secretary,  I was  glad  that  you  made  perhaps  an  unconscious 
editorializing  of  the  last  sentence  of  your  statement  when  you  said, 
“we  shall  however  continue  to  take  every  opportunity  to  assist  them 
in  minimizing  costs.”  You  left  out  the  word  “their”  costs,  and  I am 
glad  you  did  that  because  we  are  trying  to  minimize  the  Nation’s 
costs.  We  are  investing  too  much  in  the  space  program  in  the  way 
of  manpower  and  economic  resources  to  afford  to  have  a waste  in 
money  or  breakdown  of  communication  between  the  agencies.  I 
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recognize  the  very  valid  statement  which  you  made  about  the  respec- 
tive missions  of  NASA  and  the  Department  of  Defense.  Yet  it  has 
struck  me  in  these  hearings  that  there  is  certainly  room  for  closer 
cooperation  and  closer  communication.  When  we  bring  up  this  sub- 
ject generally  usually  the  answer  is  well,  we  have  an  Astronautics  and 
Aeronautics  Coordinating  Board  that  always  gets  them  together.  Yet 
there  is  an  ingredient  here  that  seems  to  be  missing  as  revealed  by  our 
testimony  this  morning  and  I am  hopeful  that  this  will  provide  a good 
inspirational  lesson  for  both  agencies  as  to  the  necessity  in  the  national 
interest  to  have  a unified  effort  in  this  program. 

Mr.  Wydler.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Rumsfeld. 

Mr.  Rumsfeld.  Just  to  satisfy  my  curiosity,  you  received  this 
letter  on  May  7,  directed  to  you  and  I understand  signed  by  Dr. 
Dryden,  which  points  up  some  of  the  problems  which  Mr.  Hechler 
has  just  mentioned.  The  concluding  paragraph  says,  “We  hope 
you  will  reconsider  those  aspects  of  your  study  and  can  concur  with 
us  on  the  conclusions.” 

What  happens  now? 

Mr.  Rubel.  I am  not  sure  what  happens  now,  Mr.  Rumsfeld  but 
I am  going  to  have  to  discuss  this  with  Dr.  Seamans  or  Dr.  Dryden. 
What  I would  like  to  see  happen  now  is  to  see  if  the  NASA  folks 
would  like  us  to  do  just  what  is  suggested  in  that  last  paragraph,  that 
is  to  reconsider  this  study  in  the  sense  of  putting  the  new  inputs  into 
it  and  redoing  it  and  submitting  the  additional  data  to  them.  That 
last  paragraph  is  somewhat  ambiguous  in  that  regard.  It  suggests 
that  they  would  like  us  to  reconsider  the  study  but  NASA  has  really 
made  the  decision.  I am  not  really  sure  because  of  that  ambiguity 
what  it  means  and  I think  the  way  to  clarify  it  is  to  talk  to  Bob  on  the 
telephone.  That  is  what  I haven’t  been  able  to  do  in  the  last  24 
hours  but  that  certainly  is  the  next  step  that  we  are  going  to  take. 

Mr.  Hechler.  Well,  he  is  out  of  town  today,  I understand. 

Mr.  Rurel.  Right. 

Mr.  Hechler.  This  committee  would  love  to  serve  as  a catalytic 
agent  wherever  possible,  but  we  don’t  want  to  be  put  in  the  position 
of  God  in  the  old  New  England  poem  about  the  Lodges  and  the  Cabots. 

Mr,  Rumsfeld.  Just  to  conclude,  in  the  first  paragraph  he  stated 
that  they  regret  that  you  conducted  your  study  under  such  rushed 
conditions. 

Mr.  Rubel.  He  is  simply  giving  recognition  to  what  I testified  to 
earlier,  Mr.  Rumsfeld,  that  they  asked  us  to  make  this  study  as 
quickly  as  we  possibly  could.  They  gave  us  data  for  the  first  time 
in  complete  form  on  the  2d  of  April.  They  would  have  liked  to 
have  had  the  study  within  just  a few  days  and  I told  them  that  we 
couldn't  do  it  in  just  a few  days.  We  did  it  in  2 weeks,  and  he  is 
simply  saying  I realize — I believe  this  hi  his  intent — I realize  you 
have  done  everything  you  possibly  could  to  expeditiously  fulfill  our 
request.  Thank  you  for  doing  it. 

Mr.  Rumsfeld.  Well,  what  I regret  is  that  the  data  that  they 
supposedly  furnished  you  on  April  2 for  the  first  time  in  complete 
form  was  not  what  they  furnished  you  at  the  completion  of  your  study. 

Mr.  Rubel.  Well,  this  is  a dynamic  and  fast-moving  situation,  Mr. 
Rumsfeld,  and  I think  that  personally  that  isn’t  or  shouldn’t  be  a 
source  of  criticism  of  either  NASA  or  the  Defense  Department.  I 
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think  they  generated  those  requirements  and  gave  them  to  us  as  fast 
as  they  could.  We  did  the  study  as  fast  as  we  could.  They  have 
been  looking  at  the  problem  intensively  in  the  last  2 or  3 weeks,  since 
their  communication  of  the  2d  of  April.  They  have  got  some  addi- 
tional thoughts.  They  are  communicating  those  additional  thoughts. 
We  are  working  with  them  to  try  as  best  we  can  to  serve  their  needs 
and  the  national  interest.  1 think  we  are  merely  witnessing  here  the 
fact  that  it  is  an  extremely  complex  problem  and  one  that  takes  a 
great  deal  of  effort  by  both  agencies  to  arrive  at  the  right  solution. 

Mr.  Wydler.  Mr/ Chairman,  I wanted  to  second  Congressman 
Hechler’s  statements  here  today,  but  I just  can’t  put  it  quite  as 
mildly  as  he  manages  to  do.  I personally  find  this  situation  to  my 
mind  a very  disappointing  one.  I think  NASA  should  stop  and  think 
about  whai  they  are  going  to  do  in  their  future  programs.  I can’t 
possibly  justify  in  my  mind  the  fact  that  only  in  April  of  this  year  did 
they  go  to  the  Department  of  Defense  to  ask  them  to  make  a study 
as  to  what  ships  the  Department  of  Defense  had  and  what  those  ships 
could  do,  a meaningful  study  anyway,  and  that  was  only  after  they 
had  come  before  our  committee.  It  seems  to  me  that  that  should  have 
been  an  almost  automatic  action  at  the  time  that  they  considered 
building  these  ships  in  the  first  instance.  By  that  I mean  automatic. 
In  other  words,  the  Department  of  Defense  has  this  experience  and  we 
should  utilize  it.  They  are  all  part  of  the  same  team  and  it  should 
have  been  done  then  and  when  they  came  before  our  committee  they 
should  have  had  the  answers  then  as  to  why  the  Department  of  De- 
fense could  not  meet  these  requirements  and  they  needed  these  ships 
in  spite  of  the  fact  that  the  Department  of  Defense  had  ships,  and  that 
fact  to  me  makes  whatever  they  say  from  now  on  sort  of  suspect. 
In  other  words,  they  didn’t  do  that  and  I don’t  understand  why  they 
didn’t  do  that  and  when  they  now  say  that  it  couldn’t  be  done  in  the 
first  instance,  I have  to,  for  some  reason,  doubt  their  sincerity  in  what 
they  say  from  now  on.  I hope  personally  that  in  the  future  all  of  our 
departments,  concerned  with  our  national  space  effort  particularly, 
can  work  as  one  team,  and  that  we  don’t  have  to  some  day  set  up  a 
superdepartment  again,  like  we  did  with  the  Department  of  Defense, 
to  make  agencies  of  our  Government  work  together  as  one  team.  In 
this  field  I think  they  should  be  able  to  do  that  and  I personally  won’t 
be  satisfied  with  anything  less. 

Mr.  Heckler.  Mr.  Chairman,  in  this  connection  I appreciate  Mr. 
Wydler’s  remarks,  I recall  a remark  made  by  a man  whose  birthday 
we  celebrated  yesterday.  He  was  once  President  of  the  United  States. 
His  name  is  Harry  S.  Truman.  Once  he  said: 

I spend  50  percent  of  my  time  trying  to  persuade  other  people  to  do  things  that 
they  ought  to  do  without  being  persuaded. 

I am  putting  this  perhaps  a little  more  gently  than  Mr.  Wydler  did, 
but  I believe  that  I would  subscribe  to  most  of  your  r emarks. 

Mr.  Davis.  Mr.  Chairman. 

Mr.  Roush.  Mr.  Davis. 

Mr.  Davis.  Mr.  Rubel,  I would  like  to  ask  a few  questions  I sup- 
pose you  could  say  with  regard  to  the  salvage  value  of  these  ships. 

In  the  first  place,  suppose  four  vessels  were  modified  and  one  was 
built  at  a cost  of  $80  or  $86  million  and  then  they  were  used  and  then 
the  equipment  was  dismantled  but  you  still  had  the  equipment  and 
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you  still  had  the  hulls,  what  would  the  value  of  those  ships  be;  and  the 
equipment?  It  wouldn’t  be  useless,  would  it? 

Mr.  Rubel.  I think  that  depends  a great  deal  first  on  when  you 
did  dismantle  them.  These  equipment  have  a finite  life  like  any  other 
complex  gear.  Eventually  it  wears  out.  If  these  ships  are  used  for  a 
great  many  years,  the  salvage  value  would  probably  be  very  little. 
As  far  as  the  hulls  are  concerned,  of  course,  they  have  a much  longer 
life.  Many  ship  hulls  are  useful  for  20  years,  even  more.  These 
ships  could  probably  be  converted  to  other  use,  if  the  dismantling 
operation 

Mr.  Davis.  Isn’t  that  true  of  the  electronics  equipment  also? 

Mr.  Rubel.  Not  all  of  it,  it  depends  on  how  much  you  have  had  it 
in  use. 

Mr.  Davis.  Thinking  hypothetically,  as  soon  as  we  fired  the  Apollo 
shot,  immediately  after,  whenever  that  would  be,  either  you  would 
have  further  use  for  the  ships,  you  have  a capital  investment  there,  or 
if  you  didn’t  have  any  further  use  for  them,  I am  saying  they  would 
have  a salvage  value,  would  they  not? 

Mr.  Rubel.  They  probably  would  during  the  next  5 or  10  years. 

Mr,  Davis.  Now,  you  referred  a while  ago  to  the  fact  that  certain 
of  the  equipment  would  be  Apollo  peculiar.  Could  you  supply  for 
the  record  how  much  dollarwise  of  the  value  would  be  Apollo  peculiar? 

General  Cooper.  It  is  approximately  $5  million  per  ship. 

Mr.  Davis.  Does  that  mean  that  that  is  equipment  that  is  useless 
except  for  the  Apollo  shot? 

General  Cooper.  It  would  be  useless  unless  some  other  program 
decided  to  use  the  same  type  transponder.  If  this  were  the  case  then 
this  equipment  would  be  very  useful. 

Mr.  Davis.  I would  like  to  have  that  figure  supplied  both  with 
respect  to  the  possible  five  ships,  four  modified  ships  and  one  new  one, 
or — well,  probably  you  would  not  be  able  to  do  that  with  respect  to 
the  three  ships  and  the  $90  million  that  NASA  prescribed. 

General  Cooper.  It  is  essentially  the  same. 

Mr.  Davis.  It  is? 

General  Cooper.  Yes. 

Mr.  Hechler.  Following  your  observation  about  the  same  type 
of  transponder,  could  this  be  utilized  for  other  deep-space  missions? 

General  Cooper.  Yes,  sir. 

Mr.  Davis.  Is  there  a military  use  for  these  ships  aside  from  the 
Gemini  or  Apollo  programs? 

General  Cooper.  Certainly  not  in  the  combatant  sense.  There  is 
a military,  use  as  far  as  the  tracking  of  ballistic  missiles  and  space 
vehicles.  If  you  want  to  rip  out  the  electronics  gear  and  convert 
them  back  to  dry-cargo  ships  or  troop  transports,  yes,  indeed,  there 
is  this  military  use. 

Mr.  Davis.  And,  then,  of  course,  if  some  military  significance  were 
lo  be  suddenly  discovered  with  respect  to  the  environment  of  outer 
space,  they  might  be  very  useful,  is  that  not  true? 

Mr.  Rubel.  I think  if  you  said  you  were  going  to  have  any  opera- 
tions in  near  space,  for  military  purposes,  these  ships  configured  as 
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they  are,  to  fulfill  the  general-purpose  range-tracking  function,  could 
be  useful,  whether  they  would  be  needed  is  another  question ; but  they 
could  be  useful. 

Mr.  Davis.  That  is  all,  Mr.  Chairman. 

Mr.  Roush.  Mr.  Secretary,  and  General  Cooper,  we  have  been 
happy  to  have  both  of  you  with  us  this  morning.  I think  all  of  us 
on  the  committee  appreciate  the  frankness  and  the  fairness  of  the 
statement  you  have  presented  to  us,  and  in  answering  questions 
which  have  been  propounded  by  members  of  the  committee.  Our 
task  is  not  always  an  easy  task.  I believe  none  of  us  would  pretend 
to  impose  upon  NASA  or  the  Department  of  Defense  technical  or 
scientific  knowledge  which  we  don’t  have,  but  our  responsibility  is  to 
gather  as  many  facts  as  possible  so  that  we  might  help  guide  the 
policies  of  the  Department  of  Defense  and  NASA  and  we  do  this, 
of  course,  through  the  authorization  of  projects  and  through  the 
appropriation  of  funds.  We  feel  this  responsibility  greatly.  It 
isn’t  our  intention  to  cause  contention  between  the  Department  of 
Defense  and  NASA  but,  rather,  if  possible,  to  bring  the  operations 
together  for  the  benefit  of  our  Government  and  the  people  of  this 
Nation. 

We  are  very  happy  that  you  were  here  with  us  this  morning,  and 
we  wish  you  well  in  your  future  endeavors.  I might  say  that  I believe 
I can  speak  for  the  committee  in  this:  We  are  going  to  encourage  the 
NASA  officials  to  sit  down  with  you  on  this  problem  in  order  that 
there  might  be  a greater  meeting  of  the  minds. 

Mr.  Rubel.  Mr.  Chairman,  could  I add  one  last  statement,  if 
I may? 

Mr.  Roush.  Yes,  sir. 

Mr.  Rubel.  I want  to  emphasize  just  once  more  what  I have  said 
partially  during  the  course  of  this  testimony.  NASA  has  a tremendous 
job  to  do  as  we  all  know  in  connection  with  this  Apollo  and  other  pro- 
grams. They  have  a fine  organization  and  have  dedicated  and  com- 
petent people  addressing  themselves  to  that  task.  It  is  their  respon- 
sibility, not  our  responsibility.  Our  job  is  to  support  them  in  every 
possible  way.  It  is  our  policy  in  the  Defense  Department  to  support 
them  in  every  possible  way.  We  have  tried  to  be  as  responsive  as  we 
know  how  to  the  requests  imposed  upon  us  by  tiie  NASA. 

I am  sure  they  have  tried  as  hard  as  they  know  how  to  furnish  us 
with  the  information  on  which  we  can  base  that  kind  of  assistance. 
It  is  a rapidly  moving,  rapidly  changing,  technically  complex  situa- 
tion with  which  we  are  dealing  here,  and  I hope  that  nothing  that  I 
have  said  here  or  that  General  Cooper  has  said  here  today  will  suggest 
to  anybody  on  the  committee,  Mr.  Chairman,  that  we  are  in  any  way 
criticizing  or  even  questioning  NASA’s  approach  to  the  accomplish- 
ment of  this  mission  for  which  they  have  national  responsibility. 
We  will  continue  to  stand  by,  ready  to  serve  in  every  possible  way,  and 
hopefully  do  the  best  possible  job  on  every  occasion  when  called  on. 

Mr.  Roush.  We  appreciate  this  attitude. 

Before  we  adjourn,  I would  like  to  say  that  the  committee  is  going 
into  executive  session,  and  we  would  like  respectfully  to  ask  you  to 
leave  the  room  as  quickly  as  possible. 
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(The  additional  information  submitted  for  the  record  is  as  follows:) 

April  22,  1963. 

Dr.  Robert  C.  Seamans,  Jr., 

Associate  Administrator,  National  Aeronautics  and  Space  Administration, 
Washington,  D.C. 

Dear  Bob:  In  response  to  your  letter  of  April  2,  1963,  the  Air  Force  and  the 
Navy  have  studied  the  NASA  statement  of  operational  requirements  for  instru- 
mentation coverage  of  Apollo  insertion  and  injection.  In  the  limited  time  since 
receipt  of  this  information  on  April  2,  the  Air  Force/Navy  study  group  examined 
the  combined  requirements  of  the  DOD  and  NASA  for  large  size  instrumentation 
ships  and  arrived  at  the  conclusion  that  the  Apollo  requirements  could  be  satisfied 
by  augmenting  the  existing  or  planned  DOD  ship  capabilities  with  the  special 
NASA  unified  S-band  equipment  on  four  ships  and  the  procurement  of  one  ad- 
ditional ship.  Such  a solution  is  feasible  at  a lower  investment  cost  and  at  lower 
follow-on  operational  costs  than  one  whereby  NASA  would  procure  three  new 
ships  specifically  for  Apollo.  It  presents  numerous  additional  advantages, 
including  economies  of  scale. 

The  study  group  recommends  that  the  Apollo  tracking  requirements  be  added 
to  the  other  DOD/NASA  requirements  being  supported  by  the  national  range 
fleet  under  DOD  management  and  operation.  I believe  this  approach  is  con- 
sistent with  the  views  expressed  by  Mr.  Webb  and  Mr.  McNamara  as  to  the 
interagency  cooperation  and  mutual  support  that  is  so  necessary  in  the  execution 
of  our  national  space  program.  I sincerely  hope  that  NASA  will  find  this  report 
and  its  conclusions  and  recommendations  to  be  of  assistance  to  the  Apollo  program. 

The  attached  summary  of  the  study  group’s  findings  is  forwarded  for  your 
information.  This  matter  will  be  presented  to  NASA  tomorrow  in  considerably 
greater  detail  at  a meeting  being  arranged  with  Admiral  Boone. 

The  services  of  the  DOD  are  available  to  assist  NASA  in  meeting  the  Apollo 
requirements  as  stated  on  April  2,  1963,  in  the  manner  outlined  in  this  report.  I 
concur  with  the  findings  and  recommendations  of  the  study  group.  If  they  are 
adopted  by  NASA,  I believe  the  overall  operation  of  the  ranges  and  of  the  total 
national  space  program,  including  Apollo,  will  be  conducted  with  greater  efficiency 
and  at  less  cost.  I will  be  pleased  to  discuss  tills  matter  further  or  to  furnish  any 
information  you  may  need. 

Sincerely, 

IS)  John, 

John  H.  Rubel. 

Enclosure. 

DOD  STUDY  OF  NATIONAL  INSTRUMENTATION  SHIP  NEEDS 

(FISCAL  YEAR  1964-68) 

April  22,  1963 


Introduction 

This  study  wa3  prepared  b3’  the  Department  of  Defense  to  determine  the  extent 
to  winch  the  DOD  range  ships  can  meet  the  NASA  support  needs  for  Project 
Apollo. 

It  is  evident  that  this  determination  can  be  made  only  by  evaluation  of  the 
total  U.S.  missile  and  space  program  instrumentation  ship  support  needs,  by 
judicious  and  economic  application  of  instrumentation  ship  resources,  and  sub- 
sequent identification  of  any  instrumentation  ship  deficiencies. 

Summary 

The  Department  of  Defense  has  performed  an  analysis,  including  compute1- 
techniques,  of  all  missile  and  space  programs  to  determine  if  the  needed  ship 
support  can  be  provided  using  the  DOD  instrumentation  ships. 

This  study  concludes  that — - 

1.  The  DOD  can  provide  full  support  for  the  Apollo  program  and  adequate 
support  for  the  remaining  DOD  and  NASA  programs  with  the  addition  of 
one  general-purpose  ship  capable  of  Apollo  support  and  modification  of  four 
existing  ships  at  a total  cost  of  $60  million. 

2.  Alternatively,  if  NASA  will  select  one  ocean  area  for  injection,  the 
DOD  can  provide  all  needed  support  with  the  addition  of  one  general- 
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purpose  ship  and  modification  of  two  existing  ships  at  a cost  of  $48  million 
for  AMR  injection  and  $42  million  if  injection  is  on  PMR. 

3.  The  DOD  can  most  effectively  manage  and  operate  the  national  fleet 
of strumentation  ships. 

Specific  Objectives 

A.  To  determine  the  total  number  and  type  of  instrumentation  ships  needed  to 
support  the  overall  U.S.  missile  and  space  programs  from  fiscal  year  1964  through 
fiscal  year  1968. 

B.  To  determine  the  extent  to  which  the  existing  DOD  instrumentation  ships 
using  present,  programed,  or  technically  feasible  equipment  could  meet  the 
total  U.S.  requirements. 

C.  To  develop  and  compare  alternative  solutions  to  meet  any  deficiencies 
which  may  exist. 

D.  To  recommend  the  most  efficient  and  economical  solution  for  meeting  both 
DOD  and  NASA  instrumentation  ship  needs. 

DOD/NASA  Programs  Needing  Ship  Support 

DOD  FIRM  PROGRAMS 

AMR:  PMR: 


ABRES 

626 

Polaris 

162 

Polaris  Training  and  Improvement 

461 

MMRRM 

369 

624A 

Typhon 

823 

X-20 

X-20 

279 

Titan  II 

Advanced  Minuteman 

435/1 

NASA  FIRM 

PROGRAMS 

Centaur 

Apollo  1 

NASA  Centaur  Missions 
Apollo  I,  IB  and  V 
Gemini 

NASA  Ageua  Missions 
Communications  Satellite 

DM-21 

A list  of  firm  DOD/NASA  programs  needing  instrumented  ship  support  dur- 
ing CY  1964-1968  on  the  Atlantic  and  Pacific  Missile  Ranges  was  established. 

The  DOD  programs  needing  ship  support  were  approved  by  DOD,  Headquar- 
ters, USAF,  Headquarters  AFSC  and  BuWeapons.  NASA  programs  were 
approved,  through  a liaison  representative,  by  NASA  Headquarters  and  all  were 
classified  as  a firm  workload. 

Projected  tests  by  quarter — DOD/NASA  programs 


Firm  tests 

CY-64 

Cv-65 

CY-66 

vY-67 

CY-68 

I 

II 

III 

IV 

I 

II 

1 

III 

IV 

I 

II 

■ 

Ill 

IV 

I 

ii 

m 

IV 

I 

II 

III 

IV 

DOD 

30 

28 

37 

40 

31 

30 

37 

45 

36 

33 

46 

49 

46 

38 

40 

38 

20 

18 

24 

22 

NASA 

8 

7 

7 

7 

9 

8 

10 

12 

12 

10 

6 

9 

4 

7 

3 

4 

4 

4 

4 

5 

Total- 

38 

: 

35 

44 

47 

i 

40 

38 

47 

57 

■ 

48 

43 

52 

! 

58 

I 

50  1 

45 

43 

42 

24 

22 

28 

27 

The  projected  tests  are  based  on  the  schedule  of  DOD/NASA  programs  previ- 
ously mentioned.  They  represent  an  average  of  41  tests  per  quarter  which  is  the 
workload  input  used  in  this  study  to  determine  the  number  of  DOD  ships  needed 
to  support  the  combined  DOD/NASA  wrorkload  during  CY  1964-1968. 

The  average  test  workload  has  been  used  since  the  exact  number  of  tests  per 
quarter  cannot  be  predicted  reliably  over  a five-year  period. 
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APOLLO  TRAJECTORY  BfVELOPE 
LAUNCH  AZIMUTH  73*  TO  100*  OMITS  2 AND  3 


r 


The  Apollo  needs  considered  in  this  study  are  those  contained  in  the  NASA 
requirements  of  1 April  1963  as  modified  by  direct  liaison  with  the  NASA  represent- 
ative. The  most  significant  of  these  are  summarized  briefly. 

One  ship  will  be  stationed  between  Bermuda  and  Antigua  to  provide  overlapping 
coverage  with  land  stations  during  insertion  into  the  100-nm  parking  orbit. 
Tracking  and  telemetry  coverage  is  needed  from  insertion  to  insertion  plus 
3 minutes. 

The  parking  orbit  will  bo  maintained  until  injection  into  lunar  transfer  ellipse 
is  made  during  the  second  or  third  revolution  about  the  earth.  The  shaded  por- 
tion of  the  map  shows  the  envelope  of  all  possible  injection  points  between  73°  to 
106°  launch  azimuths  and  second  or  third  orbit  injection.  Injection  can  occur 
in  either  the  Atlantic  or  Pacific  oceans  with  preselection  prior  to  each  mission. 

Tracking  and  telemetry  coverage  is  needed  from  injection  into  lunar  transfer 
ellipse  to  injection  plus  1 minute.  NASA  states  that  two  tracking  ships  will  be 
used  for  this  purpose. 

The  data  accuracies  are  equal  to  or  less  than  those  for  Gemini. 

Land  stations,  as  shown  by  circles,  provide  only  limited  metric  and  telemetry 
coverage  within  the  injection  window.  Also,  on  any  particular  launch  day,  the 
injection  point  may  be  beyond  line-of-sight  of  any  land  stations. 

The  three  ships  will  be  instrumented  to  meet  all  Apollo  needs  for  radar,  telem- 
etry, command  control,  communications,  data  processing,  display  consoles,  and 
navigation  and  stabilization. 

The  ships  will  be  on-station  30  days  per  test,  one  test  per  quarter. 

No  reentry  or  recovery  requirements  are  included. 

The  existing  or  planned  instrumented  ships  of  the  National  Ranges  were 
examined  to  determine  those  with  potential  ability  to  support  the  Apollo  pro- 
gram; i.e.,  are  large  enough  to  hold  the  necessary  equipment  and  people,  have 
existing  or  planned  equipment  which  can  be  made  compatible  with  the  Apollo 
needs,  and  which  will  be  operated  in  the  general  ocean  areas  of  Apollo  support 
ships. 

Because  of  the  number  and  size  of  antennas,  the  amount  of  below  deck  equip- 
ment and  the  number  of  people  needed,  ships  smaller  than  Victory  class  are  not 
suitable. 

The  Twin  Falls  Victory,  the  AGM-6,  ARIS  1,  ARIS  2 and  American  Mariner 
(Damp  ship)  are  typical  of  those  ships  with  Apollo  potential.  Nine  general  pur- 
pose instrumentation  ships  with  much  existing  or  planned  equipment  have  Apollo 
support  potential.  These  are  listed  on  the  following  page. 
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TYPICAL  INSTRUMENTED  SMPS 
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DOD  General  Purpose  Range  Ships  With  Apollo  Potential 


USNS  Range  Tracker  (T-AGM-1) 
USNS  Richfield  (T-AGM-4) 
USNS  Watertoxon  (T-AGM-6' 
USNS  Huntsville  (T-AGM-7) 
Under  conversion  (AGM-8) 


USAFS  Turin  Falls  Victory 
USAFS  General  H.  H.  Arnold  (ARIS  1) 
USAFS  General  V andenberg  (ARIS  2) 
USAS  American  Mariner 


These  are  the  nine  DOD  general-purpose  instrumentation  ships  with  Apollo 
support  potential.  The  first  four  ° VC-2  hulls  now  in  the  Pacific  Missile  Range 
inventory.  The  T- AGM-8,  a VC-2  low  under  conversion,  should  be  operational 
by  July  1964.  In  addition  to  being  a general-purpose  ship,  it  will  be  equipped  for 
support  of  the  X-20  program  along  with  the  T-AGM-4  and  -6. 

The  USAFS  Turin  Falls  Victory  is  a VO-2  hull.  The  USAFS  General  H.  H. 
Arnold  will  be  operational  by  June  1963,  the  General  V andenberg  by  July  1963. 
Both  are  C-4’s. 

The  USAS  American  Mariner,  a Liberty  hull,  will  be  assigned  as  an  AFMTC 
resource  in  July  1963  and  will  be  a general-purpose  ship  by  fiscal  year  1965. 

In  addition  to  instrumented  ships  for  support  of  Apollo,  the  ranges  are  study- 
ing the  use  of  JC-130A,  JC-135,  and  WV-2  aircraft  to  provide  telemetry,  com- 
munications relay,  search  and  recovery,  data  pickup  and  retransmission,  and 
high-altitude  photography  for  support  of  the  program. 


Ship  comparison 


Instrumentation 

Apollo 

snip 

General- 

purpose 

range 

ship 

Instrumentation 

Apollo 

snip 

General- 

purpose 

range 

sfcip 

C-hanrt  radar 

X 

X 

x!  a vigation/s  tabiliration 

X 

X 

X,  L/UHF  band  radar 

(X) 

Data  handling/computation.. 
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The  Apollo  ship  configuration  was  compared  to  that  of  a DOD  general-purpose 
ship.  The  main  difference  between  them  is  due  to  program-peculiar  instrumenta- 
tion such  as  the  unified  S-band  system  and  the  need  for  more  display  equipment 
aboard  the  Apollo  ship. 

Some  DOD  ships  are  also  instrumented  with  program-peculiar  systems  such  as 
the  unified  SHF  for  X-20  and  X,  L/UHF-band  radars  for  the  ABRES  program. 

Most  of  the  equipment  aboard  the  ships  is  common  usage.  Program-peculiar 
equipment  represents  a relatively  insignificant  amount  of  the  total  ship  configura- 
tion, as  shown  by  (X)  equipment  on  the  chart.  DOD  proposes  to  add  Apollo- 
peculiar  instrumentation  to  existing  general  purpose  ships,  as  for  the  X-20  and 
ABRES  program,  as  the  most  efficient  and  economical  means  of  doing  the  job. 

.Operations  Analysis  Computer  Model 

Workload  factors 

Random  launch  schedule. 

Launch  schedule  slippage. 

Launch  delays  for  weather. 

Launch  to  scrub  ratio. 

Reschedule  time  factor. 

Average  workload  periods  selected. 

Ship  support  factors 

One  home  port  and  one  alternate  per  ship. 

Actual  sailing  distances  and  speeds. 

Optimum  division  of  range  by  area. 

Optimum  selection  of  ships. 

Special  ships  selected  for  certain  tests. 

Actual  on-station  times  and  positions. 

Reprovisioning,  refueling  and  drydock  time. 

30  days  on-station  for  Apollo. 

100  percent  support  for  Apollo. 

An  operations  analysis  using  a computer  model  has  been  performed  to  determine 
the  ability  to  support  the  DOD/NASA  ship  workload.  Using  factors  shown  on  the 
opposite  page,  the  model  is  able  to  realistically  account  for  all  the  significant 
variables  in  ship  support  for  missile  and  space  tests.  First,  workloads  for  typical 
periods  are  constructed  using  factors  based  on  past  experience  extrapolated  as 
necessary  to  future  conditions.  The  ships  are  then  selected  and  moved  by  the 
computer  in  a realistic  manner  to  determine  those  tests  which  can  be  supported. 
By  repeating  this  process  many  times  and  averaging  the  results  the  randomness 
is  removed  from  the  answer.  Repeat  runs  permit  the  variability  of  ship  support 
to  be  determined. 

The  analysis  gives  the  percentage  of  the  test  workload  which  can  be  supported 
by  any  given  number  of  ships. 

The  result  of  the  operations  analysis  of  ship  support  for  the  total  DOD/NASA 
workload,  including  100  percent  support  for  Apollo,  is  shown  here. 

Note  that  the  curve  flattens  out  toward  the  right  side.  A very  large  number 
of  ships  would  be  required  to  provide  100  percent  support  for  firm  programs. 
For  this  reason,  plus  the  large  cost  of  each  additional  ship  and  in  light  of  range 
! experience  in  rescheduling  lower  priority  launches,  a management  decision  was 
made  to  limit  planned  range  support  (except  Apollo)  to  the  85-percent  level. 

Ten  ships  are  needed  to  achieve  the  desired  level  of  workload  support  without 
Apollo.  The  effect  of  guaranteeing  100  percent  Apollo  support  with  a 10-ship 
fleet  is  to  reduce  the  capability  of  supporting  the  balance  of  the  workload  belowr 
the  acceptable  level  of  85  percent.  To  once  more  reach  this  level,  1 additional 
ship  is  needed  for  a total  of  1 1 ships. 

In  summary,  the  operations  analysis  has  shown  that  one  additional  general 
purpose  ship  is  needed  to  provide  100  percent  support  for  Apollo  and  achieve  the 
desired  level  of  support  for  the  balance  of  the  workload. 
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NUMBZK  CP  Sam  MRCSD 


1.  To  meet  need  for  Apollo  injection  over  either  Atlantic  or  Pacific  Oceans:  MMUm 


Modify  4 existing  AMR/PMR  ships $30 

Add  1 new  C-2  general  purpose  ship — - 30 

Total 60 

2.  To  meet  need  for  Apollo  injection  over  Pacific  Ocean  only: 

Modify  2 existing  PMR  ships 12 

Add  1 new  C-2  general  purpose  ship. 30 

Total 42 

3.  To  meet  need  for  Apollo  injection  over  Atlantic  Ocean  only: 

Modify  2 existing  AMR  ships 18 

Add  1 new  C-2  general  purpose  ship 30 

Total 48 


To  support  Apollo  at  the  100-percent  level  and  the  balance  of  the  DOD/NASA 
workload  at  the  acceptable  level,  one  new  C-2  general  purpose  ship  capable  of 
Apollo  support  is  needed  and  four  existing  DOD  general  purpose  ships  must  be 
modified  with  program-peculiar  Apollo  equipment. 


i 
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The  costs  have  been  reached  by  using  the  NASA  estimate  of  $30  million  per 
ship  and  the  NASA  GSE  of  the  unified  S-band  station  and  control  and  command 
consoles  as  specified  in  the  1 April  63  Apollo  requirements. 

The  modification  costs  of  existing  AMR  and  PMR  ships  have  been  reached 
using  established  costing  procedures. 

Compabison  op  DOD  and  NASA  Solutions 

Million* 

NASA  separately  supports  Apollo  with  3 new  ships $90 

DOD  ships  support  complete  DOD/NASA  workload  with  Apollo 60 

The  DOD  solution  provides  five  ships  configured  to  support  Apollo.  One  of 
these  will  support  the  insertion  into  parking  orbit  between  Bermuda  and  Antigua. 
Two  will  cover  the  Atlantic  Ocean  injection  area  and  two  will  cover  the  Pacific 
Ocean  injection  area.  (Injection  area  to  be  selected  by  NASA  prior  to  each  test.) 

The  DOD  five  general  purpose  ship  solution  offers  the  following  advantages 
over  the  Apollo  sole-use  three-ship  solution : 

a.  A comparison  of  the  proposed  DOD  and  NASA  support  concepts  shows 
that  the  DOD  solution  is  more  economical  and  yet  provides  100  percent, 
top-priority  support  for  Apollo  and  maximum  support  of  all  other  high 
priority  U.S.  missile  and  space  missions. 

b.  No  loss  of  ship  time  between  tests  by  moving  injection  coverage  ships 
from  one  ocean  to  the  other  (30  days  per  trip). 

c.  Provides  NASA  the  option  of  two  injection  points  per  orbit. 

d.  Additional  reliability  by  insuring  that  the  bare  minimum  of  ships  will 
always  be  available. 

e.  Although  not  a part  of  this  study,  the  ships  would  have  possible  use  in 
future  reentry  and  recovery  requirements. 

M.  and  O.  costs  represent  several  additional  millions  of  dollars  yearly  if  three 
new  ships  are  used  rather  than  modifying  existing  ships  and  adding  only  one  more. 

Recommendations 

DOD  can  and  should: 

1.  Support  all  NASA/DOD  tests  including  Apollo  using  the  National 
Range  fleet. 

2.  Implement  solution  1 shown  in  the  conclusions. 

3.  Manage  and  operate  the  combined  national  fleet  of  range  instrumenta- 
tion ships. 

(Whereupon,  at  11:46  a.m.,  the  subcommittee  adjourned.) 
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THUBSDAY,  JUNE  6,  1963 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 

Subcommittee  on  Applications  and 

Tracking  and  Data  Acquisition, 

Washington,  D.C. 

The  subcommittee  met  at  10:30  a.m.,  in  room  214-B,  Longworth 
House  Office  Building,  Hon.  J.  Edward  Roush  presiding. 

Mr.  Roush.  The  committee  will  be  in  order. 

We  are  very  pleased  to  have  with  us  Dr.  George  L.  Simpson,  Jr., 
Assistant  Administrator  for  Technology  Utilization  and  Policy  Plan- 
ning of  the  National  Aeronautics  and  Space  Administration,  this 
morning. 

Dr.  Simpson,  in  the  course  of  discussion  questions  have  arisen  which 
we  felt  could  best  be  answered  if  we  called  you  back. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Roush.  I do  hope  we  did  not  disturb  your  program  too  much, 
but  we  did  feel  that  it  was  quite  important  that  these  questions  be 
resolved. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Roush.  And  that  we  be  given  as  much  information  as  possible, 
before  we  made  our  decision. 

I observe  that  you  have  a statement  which  is  not  too  long.  Are  you 
prepared  to  give  this  statement,  or  would  you  want  this  tone  included 
m the  record  and  then  comment  generally  on  it  ? 

Dr.  Simpson.  Well,  I think,  since  this  is  a general  statement,  and 
not  too  radically  different  from  the  earlier  statement,  that  I would 
like  to  submit  it  for  the  record,  and  answer  any  questions. 

Mr.  Roush.  All  right. 

If  there  is  no  objection  on  the  part  of  the  members  of  the  committee, 
the  statement,  together  with  the  attachments,  will  be  included  and 
made  part  of  the  record. 

Is  there  any  objection  ? 

Would  you  care  to  make  any  general  comments  before  the  committee 
begins  to  question  you  ? 

Dr.  Simpson.  I believe  I would  like  to  make  this  comment : 

This  business  of 

Mr.  Rumsfeld.  I have  not  had  a chance  to  read  this,  and  since  it  is 
not  very  long,  I wonder  if  I could  have  an  opportunity  to  do  so. 

Could  we,  perhaps,  take  a recess  for  about  5 minutes,  so  that  we 
all  have  a chance  to  read  it  ? 

Mr.  Roush.  Well,  yes,  certainly. 

Mr.  Davis.  I think  that  would  be  a good  idea. 
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Mr.  Hechler.  It  might  be  just  as  expeditious  for  Dr.  Simpson  to 
read  it,  if  that  is  agreeable. 

Mr.  Roush.  Yes.  All  right.  I had  assumed  that  you  had  all  read 
it. 

Mr.  Davis.  I didn’t  have  an  opportunity  to  read  it,  either. 

Dr.  Simpson.  I will  be  happy  to  read  it. 

Mr.  Roush.  You  can  go  ahead,  then,  Dr.  Simpson,  and  read  it. 

STATEMENT  OF  DR.  GEORGE  L.  SIMPSON,  JR.,  ASSISTANT  ADMIN- 
ISTRATOR FOR  TECHNOLOGY  UTILIZATION  AND  POLICY  PLAN- 
NING, NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 

Dr.  Simpson.  Mr.  Chairman  and  members  of  the  subcommittee,  the 
functions  of  the  National  Aeronautics  and  Space  Administration  as 
contained  in  the  Space  Act,  section  203(a)  (3)  “shall  provide  for  the 
widest  practicable  and  appropriate  dissemination  of  information  con- 
cerning its  activities  and  the  results  thereof.” 

Accomplishment  of  our  national  goals  in  space  exploration  will  re- 
quire and  will  result  in  accelerated  progress  in  science  and  technology, 
will  produce  important  innovations  and  inventions  which  can  be 
widely  used  in  nonspace  applications  and  constitute  a valuable  national 
resource.  The  NASA  regards,  with  a sense  of  deep  responsibility,  the 
importance  of  realizing  the  full  industrial  potential  of  the  technologi- 
cal advances  which  are  developed  in  terms  of  new  products,  processes 
and  services  as  a contribution  toward  continuing  national  economic 
growth. 

The  technology  utilization  program  lias  been  established  to  accom- 
plish this  objective  of  insuring  the  fullest  utilization  of  NASA  spon- 
sored scientific  research  and  development  for  long-term  national 
benefit.  This  program  includes  a team  of  technical  specialists  within 
headquarters  who  work  in  close  cooperation  with  other  groups  having 
related  interests  both  in  headquarters  and  in  all  of  our  field  centers. 
The  technology  utilization  program,  broadly  speaking,  covers  the 
major  program  elements,  identification  and  reporting  of  innovations, 
cataloging  evaluation,  and  dissemination  and  transfer  of  information. 

The  sources  of  information  include : NASA  in-house  research  and 
development  projects,  NASA-Conitract  Research  and  Development 
projects,  and  the  invention  disclosures  of  NASA  employees  and 
contractors. 

A Technology  Utilization  Office  has  been  established  at  each  of  our 
field  installations  to  work  with  the  installation  technical  project  per- 
sonnel and  patent  counsels.  Organized  activities  to  systematically 
search  out  and  identify  useful  technological  innovations  have  been 
established  and  this  office  is  being  assigned  the  responsibility  for 
monitoring  research  contract  requirements  for  reporting  new 
technology. 

The  ask  of  innovation,  Evaluation  and  appraisal  for  industrial 
potential  is  a difficult  one,  requiring  a combination  of  talents  of  strong 
technical  capability  and  knowledge  of  current  industrial  needs  and 
requirements.  This  capability  is  difficult  to  find.  One  of  the  best 
sources,  and  I may  say,  not  the  only  source  since  we  are  exploring 
others,  butrone  of  the  Best  sources  for  this  capability  which  has  been 
enlisted  is  the  industrial  research  institutes,  such  as  A.  O.  Little,  Inc., 
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Southern  Research  Institute,  Illinois  Institute  of  Technology  Research 
Institute!,  and  Stanford  Research  Institute. 

A number  of  this  country’s  leading  institutes  are  participating  in 
this  program.  These  organizations  with  a wide  spectrum  of  capabili- 
ties help  to  ferret  out  potential  industrial  applications  from  the  space 
program.  They  cover  the  regional  industrial  areas  also. 

Within  headquarters  the  Office  of  Technology  Utilization  coordi- 
nates closely  with  the  NASA.  Patent  Counsel  who  provides  advice 
and  assistance  on  all  patent  and  data-right  matters  and  with  the 
Procurement  Office  which  insures  effective  and  consistent  adminis- 
tration of  appropriate  contract  clauses. 

And,  if  I may  interpolate  here,  Mr.  Chairman,  since  my  last  ap- 
pearance before  the  subcommittee,  we  have  brought  in  a gentleman 
from  industry  to  work  jointly  with  technology  utilization  and  pro- 
curement on  this  problem  of  encouraging  and  getting  reports  from 
industrial  contractors.  This  is  a very  difficult  situation,  and  he  is 
now  in  the  process  of  establishing  more  vigorous  programs  in  this 
area. 

Publication  and  distribution  of  the  technological  information  from 
the  technology  utilization  program  is  handled  through  the  Office  of 
Scientific  and  Technical  Information  (OSTI)  by  procedures  basically 
similar  to  those  now  used  for  technical  informatics  dissemination. 
In  addition,  OSTI  provides  its  computer  cataloging  and  retrieval 
services  for  technology  utilization. 

The  technological  utilization  program  is  new  and  techniques  and 
processes  for  the  systematic  transfer  of  technological  information 
from  the  laboratory  to  industry  are  being  developed. 

In  order  to  determine  more  effective  techniques  for  retrieval,  pack- 
aging and  transfer  of  this  information,  NASA  is  supporting  several 
studies  to  obtain  a better  understanding  of  these  processes.  Likewise, 
we  are  attempting  to  develop  techniques  and  methodologies  for  meas- 
uring the  effectiveness  of  the  program,  all  intended  to  lead  to  more 
effective  utilization  of  this  rapidly  increasing  national  resource  of 
new  technology. 

Mr.  Chairman,  appended  here  are  the  data  in  answer  to  Mr.  Boone’s 
questions,  I believe.  The  first  item  has  to  do  with  the  budget  and  with 
personnel. 

The  second  item  is  a breakdown  of  our  research  and  development 
funds  requested  for  1964 — that  is,  $3.5  million,  and  what  we  would 
propose  to  do  with  these  funds. 

Mr.  Roush.  Thank  you,  Dr.  Simpson.  Mr.  Hechler,  you  have  the 
floor,  sir. 

Mr.  Hechler.  I have  no  questions  at  this  time,  Mr.  Chairman. 

Mr.  Roush.  Mr.  Pelly  ? 

Mr.  Pelly.  Yes,  Mr.  Chairman,  I am  going  to  show  my  ignorance 
here  of  this  word  on  page  4. 

On  the  fourth  line  you  say : “In  order  to  determine  more  effective 
techniques  for  retrieval.” 

Now,  what  is  retrieval? 

Mr.  Hechler.  Just  to  retrieve,  to  capture,  to  identify, 

M.  Pelly.  There  is  a question  I would  like  to  ask  with  respect 
to  this  interpretation  of  the  Space  Act,  which  calls  for  the  widest 
practical  and  appropriate  dissemination  of  information,  concerning 
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the  activities  and  results  of  NASA’s  work,  and  I wonder  if  this  is  not 
being  pretty  broadly  interpreted. 

I arn  thinking  in  terms  of  the  various  contracts  that  are  contem- 
plated under  this  budget,  and  the  size  and  proportion  of  the  personnel 
and  dollars  involved.  I wonder  whether  you  would  like  to  comment 
on  that  ? 

Dr.  Simpson.  Yes,  sir.  I must  agree  that  this  is  an  interpretation 
of  the  Space  Act.  And  I may  say  that  I feel  it  is  also  an  interpreta- 
tion of  another  section  which,  in  fact,  says  that  NASA  should  attempt 
to  develop  the  Nation’s  scientific  resources,  as  well  as  transfer  informa- 
tion. I believe  that:  (1)  we  are  on  reasonable  grounds  in  talking 
about  the  sharing  of  information  and  applying  the  scientific  and  re- 
search data  that  we  are  gathering  to  the  scientific  strength  of  the  Na- 
tion, and  that  (2)  this  requires  some  steps  beyond  simple  “publication” 
to  make  the  industrial  people  and  others,  acquainted  with  the  results 
of  this  program. 

I would  say  this,  sir,  that  part  of  our  approach  to  this  is  based  on 
the  fact  that  the  Federal  Government  does  now  support  a very  large 
proportion  of  the  Nation’s  research  effort  and  that,  to  a certain  ex- 
tent, we  feel  that  somewhere  a really  conscious  and  driving  attempt 
must  be  made  to  see  just  how  feasible  it  is,  and  the  best  way  the  trans- 
fer process  can  be  established. 

I think  you  know  that  there  has  been  a lot  of  transfer  in  the  past. 
There  has  been  a good  deal  of  disagreement  on  just  how  much  and 
what  type— and  I am  not  now  referring  to  the  NASA  effort  alone,  but 
I am  talking  about  Government  research  and  development  efforts  in 
general — but  I do  think  that  the  country  requires  that  a really  con- 
scious direct  effort  be  made  to  see  just  how  this  can  be  done,  because 
we  know  the  decisions  will  have  to  flow  from  whether  we  can  do  it  or 
not,  effectively. 

Mr.  Pelly.  I am  under  the  impression,  generally,  that  industry 
looks  to  scientific  journals  and  publications  of  one  area  or  another,  in 
order  to  get  its  information  and  keep  itself  abreast  of  what  is  going  on. 

Certainly  they  have  a great  interest  in  anything  that  develops  in , 
the  wav  of  new  techniques  or  technological  information. 

Dr.  Simpson.  Yes. 

Mr.  Pelly.  On  the  other  hand,  I understand  that  the  Navy  which 
lias  a big  research  program,  and  the  Air  Force  which  has  a huge 
research  program,  larger  even  than  NASA’s,  does  not  have  any  means 
of  utilizing  industrial  application  to  any  of  the  developments  in  their 
research  program,  or  the  dissemination  of  information. 

I have  in  mind,  that  maybe  there  should  be  one  overall  program, 
perhaps  in  the  Department  of  Commerce,  for  the  dissemination  of  in- 
formation of  all  kinds,  to  business,  and  not  to  call  on  each  agency  and 
maybe  overlap  and  duplicate  along  the  lines  in  which  we  seem  to  be 
headed  right  now. 

Dr.  Simpson.  I certainly  see  your  point,  Mr.  Pelly,  and  certainly,  in 
theory,  would  agree  with  it. 

I would  say  this,  however : As  we  look  at  this  problem  and  learn 
more  about  it,  it  is  increasingly  clear  that  the  transfer,  at  least  a trans- 
fer that  would  be  quicker  than  is  ordinarily  the  case,  and  more  effec- 
tive, really  takes  place  only  when  the  industrial  people  at  the  work 
level,  in  the  laboratory,  address  themselves  to  this  problem  and  to  the 
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particular  problem  involved  in  terms  of  profit  and  loss  to  their 
companies. 

This  means  the*  we  cannot  do  this  job  by  just  publications.  It 
really  means  that  we  have  to  get  the  working  people  of  the  industries 
into  a working  relationship  with  NASA,  or  into  the  working  organiza- 
tion of  NASA,  as  the  case  may  be. 

I think  that  there  is  general  agreement  on  this  point. 

We  have  consulted  with  industry  through  the  directors  of  research 
and  others,  and  it  is  our  experience  also.  So  what  I am  saying  is  that 
I think  NASA  is  developing  an  approach  which,  if  it  is  effective  and 
pays  its  way,  will  then  Decorne  the  model  for  other  Government  de- 
partments. 

At  the  same  time,  I may  say  that  just  as  a practical  working  matter, 
to  put  this  in  an  agency  that  does  not  have  an  operating  relationship 
with  research  itself,  will  raise  serious  problems  of  effectiveness.  And, 
to  put  it  bluntly,  it  is  awfully  hard  for  the  Department  of  Commerce, 
or  NASA,  or  for  any  other  department,  to  bring  the  industrial  people 
into  direct  working  relationship  and  contact  with  the  people  who  are 
working  on  defense  work,  for  example. 

You  can  turn  this  around  any  way  you  want,  but  it  is  an  inherent 
problem  in  the  practical  situation. 

Mr.  Davis.  May  I interrupt  right  on  that  point,  and  interpolate 
that  there  is  a Government  agency  at  this  time  which  I believe  is  known 
as  ASTIA,  which  has,  I am  sure,  been  mentioned  from  time  to  time 
in  this  committee,  and  I believe  that  it  performs  exactly  the  function 
that  you  have  outlined,  that  you  have  in  mind,  Mr.  Pelly,  and  that  is 
to  serve  as  a central  clearinghouse  for  all  technological  development, 
and  so  on.  I am  afaraid  I do  not  remember  what  the  ASTIA  stands 
for. 

Mr.  Hechler.  I think  it  stands  for  Armed  Services  Technical  In- 
formation Agency. 

Mr.  Davis.  Oh,  yes.  And  I wonder  if  NASA  is  supposed  to  put 
its  developmental  research  output  into  ASTIA? 

I know  it  is  supposed  to  be  very  comprehensive — you  know  what  they 
are  doing  in  that  regard  ? 

Dr.  Simpson.  You  mean  do  they  disseminate  information? 

Mr.  Davis.  Well,  they  do  disseminate  it,  but  I am  not  sure  how 
widely  it  is  disseminated. 

Dr.  Simpson.  They  do  catalog. 

Mr.  Davis.  I knowT  they  furnished  this  list;  I think  it  is  more  like 
a bibliography. 

Dr.  Simpson.  Yes. 

Mr.  Davis.  Would  there  be  some  duplication  in  that  work,  do  you 
think? 

Dr.  Simpson.  As  between  us? 

Mr.  Davis.  Yes,  in  dissemination  and  in  any  other  respects,  too,  if 
you  know? 

Dr.  Simpson.  Well,  the  Office  of  Scientific  and  Technological  In- 
formation, which  is  not  the  Office  of  Technology  Utilization,  is 
certainly  retrieving,  abstracting,  and  indexing.  In  NASA  we  take 
the  information  from  all  sources,  all  over  lie  world,  index  it  and  put 
it  into  bibliographical  form,  and  record  it.  This  is  comparable  to 
the-  ASTIA. 
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You  are  right,  there  are  many  other  Government  agencies  with  this 
kind  of  sendee,  and  this  matter  has  been  before  the  Federal  Council 
on  Science  and  Technology. 

Frankly,  there  is  now  an  effort  for  substantially  removing  the  over- 
lap in  the  Government,  perhaps  even  looking  toward  a central  agency. 

I think  Senator  Humphrey  is  interested  in  this  particular  matter. 

However,  this  is  the  situation  on  this  particular  matter,  and  we  are 
making  an  effort  to  see  that  we  do  not  lose  out  with  respect-  to  giving 
information  on  the  benefits  of  this  research  as  quickly  as  possibly  to 
those  who  can  use  it. 

There  is  a broad  NASA  research  effort  which  covers. all  fields,  and 
which  is  advancing  the  state  of  the  art  almost  daily.  We  have  to  go 
beyond  that,  and  that  is  really  the  thesis  or  the  rationale  for  the  Office 
of  Technology  Utilization. 

How  do  we  go  beyond  that  ? We  have  set  up  some  people  in  head- 
quarters, and  we  have  people  in  the  centers  making  a search,  and  we 
are  attempting  to  have  the  contractors  report  more  often  and  more 
vigorously. 

Once  we  get  these  reports  they  have  to  be  evaluated  to  see  what  use 
can  be  made  of  them  and  where  these  uses  might  be:  that  if  there  is 
no  use  in  one  place,  whether  they  could  be  used  somewhere  else.  This 
is  a major  part  of  the  effort,  which  we  are  doing  partly  in-house  but 
we  will  also  contract  out. 

Then  there  is  the  whole  question  of  how  do  you  attract  the  business 
and  industrial  people  to  these  things,  and  a large  part  of  our  research 
and  development  money,  the  $3.5  million,  is  spent  on  these  two  activi- 
ties. 

Mr.  Pfjxy.  I would  like  to  ask  if  you  would  repeat  No.  1.  I didn’t 
get  that. 

Mr.  Rumsfeld.  Would  you  repeat  it,  please  ? 

Dr.  Simpson.  I say  the  larger  part  of  this  $3.5  million,  these  items 
listed  here  on  the  last  page,  basically  goes  to  the  operation  of  evalua- 
tion of  potential  items  and  potential  uses,  and  secondly,  to  developing 
ways  and  means  of  attracting  the  attention  of  industrial  people,  busi- 
ness and  so  on,  to  look  in  a rather  closer  and  more  realistic  way  at  these 
things. 

I think  what,  if  I may  say,  is  bothering  you  is  the  thing  that 
bothered  me  when  I first  came  into  this  work,  and  that  is  the  question : 
“Why  do  people  who  are  in  business  to  make  money  need  to  have  their 
attention  attracted  to  something  that  might  improve  their  competitive 
situation?” 

Well  sir,  I don't  know  what  the  reasons  for  this  are,  but  it  is  true 
that  basically,  people  tend  to  change  very  slowly.  There  are  some 
areas  of  the  country  which  change  very  slowly,  as  some  of  you  gentle- 
men will  know.  Even  in  some  of  the  major  areas,  one  of  the  control- 
ling factors  in  research,  in  places  like  Detroit.  Pittsburgh,  the  Mid- 
west part  of  the  country,  in  general,  is  that  these  people  who  come 
into  us  from  these  regions— well,  frankly,  it  is  a state  of  mind,  and  that 
has  caused  us  to  lose  out. 

The  other  fact  is  that  we  are  trying  to  serve  small  business.  As 
you  know  200  or  300  of  the  larger  companies  do  virtually — well,  per- 
haps 75  percent  of  the  total  research  in  this  country. 

We  must,  I believe,  make  available  to  small  business,  the  results  of 
the  Government’s  research  and  development  effort.  The  man  with  the 
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small  business,  with  maybe  an  engineer  or  a scientist  working  for  him, 
turning  out  a relatively  small  contract  for  part,  of  a project,  whether 
he  be  in  Kansas,  or  West  Virginia,  or  Washington,  is  simply  not  in  a 
position  to  watch  the  literature.  This  literature  is  mounting.  We 
know  that  because  we  have  gone  to  computers.  When  you  are  dealing 
with  a question  of  relatively  new  work,  as  we  are,  there  are  many  com- 
plications. 

We  put  out  two  volumes  this  thick  each  month,  with  small  type, 
abstracting  and  indexing  reports  from  all  over  the  world,  on  the 
space  area. 

Now,  there  is  no  wav  in  the  world,  frankly,  that  a small  business- 
man, or  a man  with  a small  outfit,  making  a small  electronic  part,  or 
something  of  that  nature,  really  could  keep  up  with  the  literature. 
It  would  cost  him  the  time  of  a good  technical  man,  full  time,  and  that 
is  $20,000  to  $25,000  a year. 

Mr.  Pelly,  I am  curious  about  one  thing,  and  I would  like  to  ask 
you  a question. 

I attended  an  industrial  applications  congress  at  the  University  of 
Washington  during  the  Easter  recess  of  Congress,  which  brought 
businessmen  and  researchers  together.  I think,  perhaps,  you  know 
about  it. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Pelly.  Now,  is  that  the  type  of  endeavor  that  you  have  in 
mind,  in  this  budget? 

Dr.  Simpson.  Yes,  sir. 

I don’t  know  exactly  where  all  these  funds  for  this  come  from. 
Some  NASA  funds  will  go  to  this  kind  of  thing.  But  what  we  are 
trying  to  do  is  to  get  the  university  to  become  directly  involved  in  these 
matters.  We  are  trying  to  really  encourage  and  strengthen  business 
and  industrial  people,  to  go  to  the  universities  and  work  on  these 
problems.  If  I may  say  what  our  hope  will  be,  it  is  that  in  every 
major  area,  or  region,  there  would  be  a continuing  group,  a continu- 
ing mechanism,  not  only  in  connection  with  the  NASA  effort,  but  all 
Government  research  and  development  efforts.  That  is  why  I say  that 
you  can't  look  at  this  from  the  point  of  view  of  a publication  basis 
alone,  in  our  opinion. 

Mr.  Pelly.  Well,  I would  assume  that  that  is  the  type  of  endeavor 
that  you  have  in  mind  ? 

Dr.  Simpson.  Oh,  yes. 

Mr.  Pelly.  But  certainly  NASA  personnel  must  go  over  the  coun- 
try, but  I don’t  see  anything  in  here  that  would  cover  that  kind  of 
expense,  and  I wondered  where  actually  these  funds  are  going  to  be 
provided,  and  whether  this  is  the  true  cost,  or  whether  it  is  not  cov- 
ered up  by  a lot  of  other  items  ? 

Dr.  Simpson.  Well,  I can  say  this:  I didn’t  go,  but  I think  Colonel 
Young  was  there,  and  Mr.  Rosenberg. 

Mr.  Pelly.  Yes.  It  was  quite  well  attended.  And,  from  what  I 
gathered,  there  was  a lot  of  interest  on  the  part  of  the  representatives 
of  industry  who  met  with  the  scientists  in  finding  out  whether  there 
was  something  that  they  could  take  advantage  of. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Pelly.  I am  afraid  I have  taken  up  too  much  of  what  is  really 
a very  short  time,  and  I am  sorry,  Mr.  Chairman.  I yield. 
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Mr.  Davis.  Mr.  Chairman,  by  coincidence,  it  happens  that  I re- 
ceived a letter  yesterday  from  the  chairman  of  the  board  of  regents 
of  the  University  Systems  of  Georgia,  stating  that  they  had  been  to 
see  Mr.  Webb,  representing  the  University  Systems  of  Georgia,  and 
had  discussed  the  possibility  of  having  a conference  with  appropriate 
officials  looking  toward  the  industrial  development  of  the  area  from 
which  I come. 

Now,  I notice,  as  I look  at  this,  and  I may  say  that  I saw  it  for  the 
first  time  yesterday  morning,  and  I had  no  idea  that  this  particular 
item  in  the  budget  would  be  coming  up  at  this  same  time,  but  I do 
have  certain  questions  that  I would  like  to  ask  you. 

In  that  particular  letter,  I gather  that  the  board  of  regents  had 
invited  some  members  of  NASA  to  just  come  to  Georgia  to  confer 
with  them,  and  with  others,  but  nowhere  would  there  be  any  expense 
to  the  Government. 

Dr.  Simpson.  Yes,  sir 

Mr.  Davis.  The  entire  expense  wTas  to  be  borne  by  the  State  of 
Georgia. 

Dr.  Simpson.  No,  sir 

Mr.  Davis.  Therefore,  I was  wondering,  are  any  of  these  funds  set 
up  for  such  things  as  going  out  and  conferring  with  people,  are  all  of 
these  funds  set  up  for  such  things  as  studies,  or  perhaps  engaging  in 
a contract  leading  to  competitive  bid  surveys,  or  things  of  that  kind  ? 

Dr.  Simpson.  Yes,  sir.  All  of  the  $3.5  million  is  spent  out  of  house. 

Mr.  Davis.  Out  of  house? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Davis.  None  of  that  is  for  transportation  of  personnel,  to 
confer  with  people,  or  anything  like  that  ? 

Dr.  Simpson.  No,  sir. 

It  would  go  out  on  contract,  or  grant.  There  would  be  certain 
travel  in  connection  with  the  work  being  done  by  these  people  to 
whom  we  contract,  or  who  are  taking  the  grants  but  this  would  not  be 
NASA  travel  funds.  NASA  travel  funds  are  accounted  for  on  an- 
other basis,  and  I am  sure  that  these  are  kept  separate  in  the  agency, 
entirely — always.  I think  that  these  travel  funds  are  in  perhaps  the 
operation  of  installations,  but  I would  not  want  to  commit  myself  on 
the  record  at  this  time. 

Mr.  Davis.  I have  noticed  that  there  is  one  item  on  the  second  page, 
the  middle  of  the  page — the  last  item : “Innovation,  identification,  and 
dissemination  activities,”  which  is,  among  other  things,  for  confer- 
ences, exhibits,  and  seminars  ? 

Dr.  Simpson.  Yes. 

Mr.  Davis.  Well,  is  that  a travel  expense  ? 

Dr.  Simpson.  Yes — other  than  travel  for  NASA  personnel.  It 
might,  on  certain  occasions,  involve  travel  of  participants  outside  of 
NASA,  or  something  of  this  nature. 

Mr.  Davis.  I see. 

Dr.  Simpson.  But  it  may  very  well  end  up  as  a contract  for  someone 
to  build  an  exhibit  for  us,  and  that  would  mean  that  they  would  charge 
the  travel  expenses  against  it.  But  this  would  not  include  any  NASA 
personnel  travel  expenses. 

Mr.  Davis.  I understood  you  to  say,  however,  that  all  of  this  $3.5 
million  was  to  be  spent  out  of  house? 
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Dr.  Simpson.  Yes. 

Mr.  Davis.  All  of  it? 

Dr.  Simpson.  Yes. 

Mr.  Davis.  And  would  all  of  it,  you  say,  be  spent  by  contract,  or 
would  some  of  it  be  set  up  for  a certain  study  that  you  might  want 
made  ? 

Dr.  Simpson.  A grant,  an  unsolicited  grant. 

Mr.  Davis.  Well,  I suppose  that  is  what  it  would  be. 

Dr.  Simpson.  An  unsolicited  proposal  for'  which  you  might  make 
a grant. 

Mr.  Davis.  That  is  what  I had  in  mind,  anyway. 

How  much  of  that  would  be  for  such  things  as  unsolicited  grants? 

Dr.  Simpson.  Well,  I would  say  the  bulk  of  this,  as  it  now  stands, 
would  go  out  on  a contract  basis — the  larger  part  of  it. 

Mr.  Davis.  Something  over  50  percent? 

Dr.  Simpson.  Yes,  sir.  I would  say  certainly  nearer  75  percent,  or 
even  more. 

NASA,  as  you  know,  does  make  grants  through  other  offices,  and 
they  have  an  office  to  take  care  of  this  called  the  Office  of  Grants  and 
Research  Contracts — but  these  are  large  grants  which  are  made  to  uni- 
versities, essentially. 

Now,  if  we  wanted  to  accomplish  a particular  job  with  a university, 
we  could  use  some  of  those  funds  on  a grant  basis  through  the  proper 
channels,  and  those  funds  would  be  contracted  out  in  that  connection. 

Mr.  Davis.  Would  you  give  us  a word  or  two  on  your  background, 
Dr.  Simpson?  Have  you  had  any  experience  in  fields  such  as  this? 

Dr.  Simpson.  Well,  sir,  I will  leave  that  to  you.  I guess  my  back- 
ground is  as  a sociologist,  trained  at  the  University  of  North  Carolina, 
in  regional  studies  and  development.  I spent  2 years  in  South  Caro- 
lina studying  the  history  of  the  Coker  family — you  may  know  of  the 
Coker  100. 

Mr.  Davis.  Yes,  I have  heard  of  it. 

Dr.  Simpson.  Wherein  I first  learned  of  the  overwhelming  influence 
of  science  coming  into  an  undeveloped  place  and  the  opportunities  for 
science  to  work  in  a variety  of  ways.  But  I won’t  elaborate  on  that 
now. 

I then  went  back  to  the  university  in  Chapel  Hill,  in  1950,  where  I 
was  teaching. 

Then  in  the  middle  of  the  fifties,  Governor  Hodges,  and  the  business 
and  industrial  people  of  the  State,  asked  me  to  take  leave  to  become 
executive  director  of  what  was  then  known  as  the  Research  Triangle 
undertaking.  This  was  an  effort  to  build  around  the  university  in 
Chapel  Hill,  Duke  University,  and  the  State  college,  a concentration 
of  the  outgrowth  of  science  of  all  types,  industrial  and  governmental 
and  so  on,  and  quite  similar  to  what  is  now  going  on  in  Pittsburgh  and 
in  Oakland,  Calif. 

I expect  that  will  happen  in  Georgia,  too. 

Well,  we  had  some  success  with  this.  I spent  about  2 years,  full  time, 
and  another  year  or  2 years,  part  time.  I think  it  was  on  this  basis, 
because  so  much  of  this  work  seems  to  develop  into  this  kind  of  pat- 
tern rather  than  from  a purely  technical  point  of  view,  that  Mr.  Webb 
asked  me  to  take  this  program  over. 
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Mr.  Heciiler.  Mr.  Chairman,  if  the  gentlemen  of  the  subcommittee 
would  allow  me,  I would  like  to  comment  on  I)r.  Simpson's  remark — 
‘‘We  had  some  success" — I believe  that  is  somewhat  of  an  understate- 
ment, because  the  program  under  Governor  Hodges  in  North  Carolina, 
was  tremendously  successful. 

I would  just  like  to  underline  the  role  which  Dr.  Simpson  played  in 
developing  the  program  of  research  in  the  Research  Triangle  under 
Governor  Hodges. 

Mr.  Davis.  Now,  I would  like  to  ask  another  question,  or  two  on  this 
philosophy  of  the  particular  program  that  you  have. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Davis.  What  is  your  view  as  to  the  mission  of  your  program, 
with  reference  to  the  geographical  areas  of  the  United  States? 

Do  you  conceive  that  it  is  your  function  to,  for  example,  prevent  an 
exodus  of  personnel  from  one  area  to  another,  or  to  hold  men  where 
they  are  ? What  is  your  philosophy  in  that  connection  ? 

Dr.  Simpson.  Our  philosophy  is  that  we  want  to  give  the  fullest 
opportunity  to  every  region  in  the  country,  insofar  as  it  is  consistent 
with  NASA's  program  and  resources,  to  help  itself  and  to  gain  the 
benefits  of  world  science  and  technology. 

We  cannot,  I think,  properh  say  that  we  want  to  keep  people  in 
one  place  or  take  them  to  another,  but  I think  we  properly  can,  and 
we  do,  want  to  respond  to  the  interests  of  local  people  and  the  requests 
of  people  from  all  regions. 

I would  have  no  hesitation  in  saying  that  I think  it  is  proper  that 
we  do  not  go  out  and  beat  up  trade  in  the  regions  that  are  “have  not'’ 
in  this  area,  but  we  do  encourage  people  from  the  “have  not"  areas — 
technologically  and  scientifically.  I may  say  that  this  today  is  not 
only  in  the  South,  or  in  parts  of  the  West,  but  it  is  also  in  the  in- 
dustrial Midwest  to  a very  considerable  degree,  and  we  are  working  as 
much  there  as  we  are  anywhere  else.  We  cannot  discriminate  as  we 
do  want  to  give  every  region  its  fullest  possible  cooperation. 

Mr.  Davis.  Well  then,  I would  like  to  ask  if  you  regard  it  as  being 
your  function,  not  to  take  the  initiative,  but  to  respond  with  such  help 
as  you  may  be  called  upon  to  give. 

Dr.  Simpson.  Yes. 

Mr.  Davis.  In  the  way  of  information  and  techniques  that  may  have 
lieen  developed  by  NASA — is  that  correct  ? 

Dr.  Simpson.  Yes,  sir ; that  is  true. 

I think  that  I would  want  to  be  entirely  candid  with  the  subcom- 
mittee and  say  that  while  we  do  not  take  the  initiative  in  the  sense 
that  we  go  out  and  pull  people  in,  we  do  state  the  case  as  to  why  we 
think  regions  should  interest  themselves  in  these  matters,  positively, 
on  every  occasion. 

Mr.  Davis.  Of  course,  you  don't  run  up  against  any  dearth  of  in- 
terest in  any  area  in  respect  to  self-improvement,  I don't  suppose. 

Dr.  Simpson.  No,  sir,  our  problem  comes,  quite  frankly,  back  to 
what  we  were  discussing  previously.  We  are  doing  certain  things 
around  the  country,  such  as  with  Indiana  University  and  the  Midwest 
Research  Institute.  We  would  hope  to  get  started  under  appropriate 
cire  amstances  and  in  seeing  this  down  the  road  far  enough  to  where 
the  local  interests  can  take  this  thing  up  on  a substantial  basis  for  the 
long  run. 
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This  is  our  real  problem,  frankly. 

Mr.  Davis.  IIow  much  money  was  spent  in  this  program,  Doctor,  or 
will  lx4  spent  during  the  current  fiscal  year.  I know  that  carries  it 
a little  further  down  the  road  than  we  are  at  this  point. 

Dr.  Simpson.  Well  the  total  here  sir,  is  $3,760,000  of  which  2 

Mr  Davis.  I didn't  follow.  I thought  there  were  three  columns 
of  figures  there. 

Dr.  Simpson.  Oh,  1 am  sorrv  sir.  They  are  the  years  1962, 1963,  and 
1964. 

Mr.  Davis.  1962, 1963,  and  1964  ( 

Dr.  Simpson.  Yes. 

In  effect,  what  we  are  asking  in  terms  of  research  and  develop- 
ment funds  is  for  a little  more  than  a million  dollars,  additional, 
in  1964,  and  the.  other  increases  come  with  reference  to  personnel 
and  operations. 

Mr.  Davis.  In  these  previous  2 years  were  these  budgeted  items? 

Dr.  Simpson.  I am  sure  they  were,  sir — I wasn't  here,  so  I can't  be 
entirely  certain. 

Mr.  Davis.  Have  any  of  the  gentlemen  with  you  any  idea  as  to  that? 

Dr.  Simpson.  I believe  they  were  included  under  the  program  funds; 
yes,  sir. 

Mr.  Davis.  The  reason  I am  asking  you  this  is  that.  NASA  has  the 
capability  of  reprograming  funds  and  I just  wondered  if  these  were 
budgeted"  items. 

Dr.  Simpson.  It  may  he,  sir.  In  the  last  year  these  funds  were  in  the 
Authorization  of  Office  of  Applications  which  included  meteorological 
satellites  and  communications  satellites.  This  function,  just  in  the  last 
2 or  3 months,  actually  has  been  moved  from  that  office. 

Mr.  Davis.  Well,  it  is  entirely  possible  for  the  record,  then,  that  one 
could  say  that  they  were  included  in  other  programs — they  were  a 
category  of  other  programs? 

Dr.  Simpson.  Let  me  just  confirm  this,  if  I may. 

Mr.  Davis.  Oh,  yes : certainly. 

I just,  wanted  to  know  if  you  could  indicate  if  this  was  a cost,  in- 
cluded as  part  of  the  other  programs. 

Mr.  Teplitz.  Mv  name  is  Jerome  E.  Teplitz,  Office  of  Technology 
Utilization,  NASA,  and  I believe  that  these  were  identified  separately. 

Mr.  Davis.  It  doesn't  refer  to  a program  you  see — it  doesn't  show 
that. 

Mr.  Teplitz.  Yes. 

Mr.  Davis.  In  1962. 

Mr.  Teplitz.  Yes. 

Mr,  Davis.  Would  you  repeat  that,  answer,  please.  You  say  it 
was 

Mr.  Teplitz.  Well,  these  funds  were  included  within  those  appli- 
cations. It  covered  the  communication  satellites  and  meteorological 
satellites  programs  which  included  “Industrial  applications.” 

(The  information  requested  is  as  follows:) 

Thin  subject  was  discussed  in  both  Senate  and  House  1963  NASA  authoriza- 
tion hearings. 

Hearings  before  the  (’ommitttee  on  Aeronautical  and  Space  Sciences,  U.S. 
Senate,  page  723. 

Hearing  before  the  Subcommittee  on  Applications  and  Tracking  and  Data 
Acquisition  of  the  Committee  on  Science  and  Astronautics,  U.S.  House  of  Rep- 
resentatives, pages  2086,  2087. 
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Mr.  Davis.  Well,  was  that  thought  of  as  a program  at  that  time? 
Dr.  Simpson.  It  was  part  of  the  Office  of  Applications.  The  pro- 
gram was  part  of  an  office  called  Office  of  Applications  and  it  was  a 
part  of  that  Office. 

Mr.  Teplitz.  It  was  organized  as  a separate  part  of  the  Office  of 
Applications. 

Mr.  Davis.  And  you  now  think  of  it  as  a program  in  and  of  itself, 


do  you  not? 

Dr.  Simpson.  I don’t  believe  so ; not  in  the  sense  of  the  manned  space 
flight  of  space  sciences  program,  no  sir. 

We  think  of  it  as  a program  but  not  of  that  order  of  size  or  any- 
thing of  that  nature. 

I must  say,  however,  we  think  of  it  as  an  increasingly  important 
part  of  the  general  context  of  things. 

Mr.  Davis.  Now,  referring  to  this  first  paragraph,  and  all  the  figures 
that  you  have  furnished  to  us,  would  you  give  us  a brief  summary  of 
the  meaning  of  the  three  categories,  “Technology  utilization,  direct 
research,  and  development  costs,”  to  begin  with? 

Dr.  Simpson.  Yes,  sir.  Well  those  refer  to  work  we  have  done 
out  of  house  and  this  is  illustrated  and  indicated  pretty  well  on  the  last 
page,  I believe. 

These  are  contracts  and  in  some  cases  grants  which  we  will  execute 
to  help  identify  potential  applications  or  to  help  attract  the  interest 
of  those  people  who  may  use  them.  That  is  what  I referred  to  earlier 
and  that  is  the  first  item  there. 

Mr.  Davis.  And  what  personnel  costs  are  covered  ? 

Dr.  Simpson.  These  are  costs  of  personnel  involved  in  the  NASA 
in-house  effort. 

Mr.  Davis.  You  mean  that  is  NASA  personnel  ? 

Dr.  Simpson.  Yes. 


Mr.  Davis.  Part  of  installations,  is  that  what  you  mean  ? 

Dr.  Simpson.  Well  really  that  is  an  accounting  figure  of  the  cost  of 
the  overhead  that  has  been  allocated. 

Mr. Davis.  Chargeable? 

Dr.  Simpson.  Chargeable  to  this  operation.  Yes,  sir. 

Mr.  Davis.  As  a matter  of  bookkeeping,  you  mean  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Davis.  Would  any  of  the  funds  in  this  program  go  to  pay  the 
salaries  of  professors  or  anything  like  that  in  any  of  the  universities? 

Dr.  Simpson.  It  could,  yes,  sir.  We  do  have  work  at  the  imi  versities. 

Mr.  Davis.  Under  what  mechanism  would  that  take  place  ? 

Dr.  Simpson.  Well,  that  would  normally  go  as  a grant  to  the  uni- 
versity to  carry  on  a given  piece  of  work  for  us,  and  that  would  be  ad- 
ministered in  the  normal  way,  under  our  grants  to  the  university’s 
administrative  procedure,  but  the  reports  would  come  to  us  for  review. 
In  other  words,  we  would  be  the  reviewing  office  in  NASA,  and  the 
office  that  would  pass  on  the  results. 

Mr.  Davis.  You  are  aware  that  the  National  Science  Foundation 
awards  a number  of  fellowships,  are  you  not  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Davis.  And  has  quite  a number  of  studies  done.  Have  you 
checked  to  see  if  there  is  any  redundancy  in  the  work  that  you  are 
doing,  and  the  work  that  they  are  doing  ? 
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I)r.  Simpson.  No,  sir ; I have  not. 

Mr.  Davis.  Don’t  you  agree  that  it  might  be  well  to  do  that  ? 

Dr.  Simpson.  Yes,  sir ; it  would  be. 

Air.  Davts.  I believe  that  is  all,  Mr.  Chairman. 

Mr.  Rumsfeld.  Dr.  Simpson,  I must  confess  that  I am  still  quite 
confused  about  your  terminology  in  NASA. 

This  section  has  been  called  “Industrial  applications,”  during  pre- 
vious hearings,  and  today  it  is  called  “Technology  utilization.”  What 
is  the  difference  between  the  two,  and  which  is  above  and  which  is 
below,  or  within  ? 

Dr.  Simpson.  There  is  no  difference,  sir. 

This  change  came  about  because  of  the  movement  of  this  office,  or 
/.his  function. 

Mr.  Rumsfeld.  Which  office,  now? 

Dr.  Simpson.  The  old  Industrial  Applications  Office. 

Mr.  Rumsfeld.  So  that  no  longer  exists  ? 

Dr.  Simpson.  That  no  longer  exists.  It  was  moved  from  the  Of- 
fice of  Applications,  which  included  the  Meteorological  Applications, 
as  well.  lit  was  moved  so  that  it  is  under  my  responsibility,  and  this 
was  done  at  the  time  my  title  was  changed.  At  that  time  my  title 
was  Assistant  Administrator  for  Public  Affairs,  and  it  was  desired  to 
change  my  title  in  order  to  emphasize  my  responsibility  for  this  area 
of  work,  and  to  emphasize  my  additional  responsibility  in  some  policy 
planning  work. 

I understand  your  confusion.  It  is  not  a substantive  change  at  all. 
It  was  a change  in  the  name,  frankly,  because  we  thought  it  sounded 
better,  and  because  it  covered  a broader  spectrum  for  industrial 
application. 

Mr.  Rumsfeld.  Is  it  correct,  then,  to  say  that  if  the  Office  of  Tech- 
nology Utilization  is  taken  as  it  stands  today,  you  are  within  that 
office,  involved  with  the  old  functions  of  the  Industrial  Applications 
section  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Rumsfeld.  Plus  additional  functions? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Rumsfeld.  What  are  the  additional  functions  ? 

Dr.  Simpson.  Well,  we  are  expanding  the  industrial  applications 
program,  both  in  terms  of  the  programs  that  have  been  carried  on 
with  the  research  institutes,  and  the  universities  and  we  are  also  out 
to  work  more  with  the  industries. 

Mr.  Rumsfeld.  Well,  my  second  question  was : 

What,  in  addition  to  the  old  function  of  the  Industrial  Applica- 
tions section,  and  the  Applications  office,  does  your  office  now  do? 

Dr.  Simpson.  I see — all  right,  I am  sorry. 

I have  that  function  which  was  formally  under  Public  Affairs. 
This  includes  the  public  information;  educational  programs  with 
the  secondary  schools;  the  Office  of  Scientific  and  Technological 
Information,  which  is  the  data  search  and  retrieval  function;  and 
some  general  responsibilities  as  to  policy  matters  in  NASA.  These 
are  nontechnical  in  nature,  as,  for  instance,  manpower,  and  again, 
the  question  Mr.  Davis  raised,  as  to  what  would  be  our  posture  with 
reference  to  the  regional  development  in  the  United  States,  and  that 
sort  of  thing. 
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Mr.  Rumsfeld.  Is  the  funding  requested  on  this  sheet  and  titled 
“Technology  utilization,”  the  funding  that  is  requested  for  all  of  your 
functions? 

Dr.  Simpson.  No,  sir. 

Mr.  Rumsfeld.  It  is  not? 

Dr.  Simpson.  This  was  given  as  the  funding  for  the  old  Office 
of  Industrial  Applications. 

Mr.  Rumsfeld.  I see. 

Dr.  Simpson.  That  is  what  this  is. 

That  is  the  1962  figure,  and  the  figure  for  1963  and  the  figure  for 
1964 — well,  we  developed  the  1964  figure  last  fall,  before  any  of  these 
changes  were  thought  of. 

Mr.  Rumsfeld.  I see.  Is  this  funding  then  no  longer  realistic  with* 
a view  to  those  changes  that  were  not  even  thought  of  ? 

Dr.  Simpson.  No,  sir;  I don’t  think  so.  The  only  way  that  it  is 
unrealistic  is  that  the  program  itself  was  taken  just  about  a year  ago. 
We  are  learning  as  to  the  capability  of  these  six  institutes  right  now. 
We  may  decide  that  two  of  them  can’t  do  the  job,  so  that  it  is  un- 
realistic only  in  the  sense  that  it  is  a new  program,  and  we  are  learning 
as  we  go. 

Therefore,  I do  not  think,  to  answer  your  question,  that  it  is 
unrealistic. 

Mr.  Rumsfeld.  Therefore,  if  you  were  preparing  your  budget  re- 
quest this  year,  this  would  be  roughly  the  same  figure  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Rumsfeld.  Dr.  Simpson,  I would  like  to  ask  you  this  question 
as  to  what  the  present  situation  is : Mr.  Davis  asked  you  as  to  what 
was  actually  spent  out  of  the  1963  fiscal  year  figures,  or  what  you 
anticipate  will  be  spent  about  the  end  of  this  month.  I don’t  believe 
that  you  answered  the  question,  I would  like  to  know  if  you  could 
now  give  me  that  figure  ? 

Dr.  Simpson.  I don’t 

Mr.  Rumsfeld.  I would  like  to  know  what  is  obligated,  in  other 
words. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Rumsfeld.  Or  contracted  for,  out  of  the  $3.7  million. 

Dr.  Simpson.  I believe  it  is — I will  get  that  for  you.  I know  that 
there  is  something  left.  I know  that  we  haven’t  overspent,  but  I can’t 
give  you  the  figure  right  now. 

Mr.  Rumsfeld.  You  say  it  would  be  out  of  the  $2,370,000  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Rumsfeld.  In  other  words,  your  personnel  costs  and  operation 
of  installation  are  right  up  to  the  level  you  anticipated  ? 

Dr.  Simpson.  I can’t  honestly  say. 

Mr.  Rumsfeld.  Or  will  be  at  the  end  of  the  year. 

Dr.  Simpson.  No,  I don’t  know  whether  this  is  the  way  it  is  actually 
accounted  out,  or  will  account  out.  This  is  the  figure  that  came  to 
you  in  the  budget  as  our  best  estimate  at  that  time. 

Now,  I don’t  know,  and  I can’t  say  that  this  is  actually  coming 
out  of  this  particular  dollar,  but  this  is  the  way  it  came  to  you . I 
don’t  see  any  reason  to  think  it  is  going  over  this,  but  I don’t  know 
that  it  is  going  to  come  to  that  exact  figure. 

Mr.  Rumsfeld.  I see. 
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Mr.  Ryan.  Will  the  gentleman  yield  ? 

Mr.  Rumsfeld.  Yes,  sir. 

Mr.  Ryan.  Would  one  of  these  gentlemen  who  are  with  you  be  able 
to  find  that  information  out  on  the  telephone,  Dr.  Simpson  ? 

Dr.  Simpson.  We  certainly  could  find  it  out  on  the  $2,730,000  figure. 
I don’t  know  about  the  personnel  and  operations,  but  I will  try. 

Mr.  Ryan.  The  $2.73  million  ? 

Dr.  Simpson.  Yes,  sir ; I will  certainly  have  him  try. 

Mr.  Ryan.  Thank  you. 

Mr.  Rumsfeld.  As  I read  this  budget  and  personnel  page,  it  is  going 
to  take  112  people,  employees,  of  the  Federal  Government,  to  contract 
out  $3.5  million  worth  of  studies  to  the  research  institutions  ? 

Dr.  Simpson.  No,  sir. 

Mr.  Rumsfeld.  This  is  support  personnel  already  involved  in  the 
program  which  you  are  presenting  to  us  for  the  industrial  applica- 
tions? 

Dr.  Simpson.  No,  sir. 

Mr.  Rumsfeld.  Well,  let  us  clarify  that  so  I will  be  correct. 

Dr.  Simpson.  Yes,  sir.  The  people  involved  here  do  much  more 
than  contract  our  research  programs.  Actually,  the  center  people 
do  very  little,  if  any,  of  this.  Their  job  at  the  center  is  to  stay  with 
the  research  program ; that  is  to  say,  to  go  into  the  laboratories 
and  sit  in  on  the  project  review  meetings,  and,  in  any  way  they  can, 
identify  potential  applications  to  civilian  use,  so  that  these  people 
have  very  little,  or  nothing,  to  do  with  contract  work.  It  is  only 
at  headquarters — almost  entirely  handled  at  headquarters. 

Mr.  Rumsfeld.  Gan  you  tell  me  why  it  takes  112  employees  dis- 
tributed 11  employees  at  Goddard  to  perform  a function  there, 
whereas  it  takes  2 or  1 or  1 or  3,  at  most  of  the  other  centers,  and  13 
at  Marshall.  What  are  the  unique  differences  in  the  regional  pro- 
grams? 

Dr.  Simpson.  Well,  there  are  no  differences,  really,  it  is  just  the 
different  speed  with  which  these  centers  have  moved.  It  has  some- 
thing to  do  with  the  quantity  and  type  of  program.  Some  centers 
have  moved  faster,  and  have  been  able  to  expand  themselves,  and 
to  work  faster. 

Mr.  Rumsfeld.  I don’t  follow  you.  Do  you  anticipate  by  that 
last  statement  that  it  will  be  up  around  11  or  12  at  each  of  these 
places  when  they  get  caught  up  ? 

Dr.  Simpson.  No,  I don’t  think  it  will  be  that.  Some  of  these 
have  shown  some  growth  over  the  previous  year,  in  any  event,  because 
at  both  Goddard  and  Marshall — Marshall,  as  you  know,  has  some  very 
large  programs,  with  Saturn  and  other  projects  that  they  administer 
over  there.  Goddard  has  a wide  variety  of  programs  too. 

However,  I would  not  say  that  the  quantity  and  the  nature  of 
their  work  is  the  only  cause  for  the  difference. 

The  fact  is  that,  again,  beginning  about  a year  ago,  we  have  been 
able  to  move  faster,  to  do  more  in  some  places,  than  in  others.  This 
is  the  simple  truth  of  the  matter. 

Mr.  Rumsfeld.  Well,  what  is  it  about  these  112  employees  that 
you  have  hired  that  leads  you,  as  an  official  in  charge  of  this  program, 
to  believe  that  they  are  competent  to  identify  industrial  applications? 
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I have  in  mind  with  the  variety  and  the  literally  thousands  of 
different  industries,  this  would  take  a real  giant  of  a man,  would 
it  not? 

Dr.  Simpson.  Yes,  sir.  But  I do  not  feel,  and  this  is  why  we  are 
moving  out  in  new  directions  where  we  can,  and  I must  come  back 
to  my  earlier  statement  that  the  only  really  basic  and  sure  way  to  do 
this  is  to  bring  the  industrial  research  men  directly  into  the  problem. 

I do  not  feel  that  either  these  people  individually,  or  in  a group, 
can  do  this  thing  entirely.  But  many  of  these  people  have  a technical 
background,  and  many  of  them  are  from  within  NASA  itself,  and 
these  are  people  who  are  taking  these  first  steps.  We  must  have 
people  who  can  go  into  these  centers  and  pull  these  things  out. 

Now,  I agree  with  you,  sir,  that  they  are  missing  many  things,  and 
I know  by  the  very  nature  of  the  case  that  they  are  pulling  out  things 
which  may  not  have  amr  application,  but  these  are  the  people  we  have 
at  this  time.  They  are*  doing  a good  job,  but  they  cannot  do  the  full 
job. 

We  are  moving  right  now  toward  getting  particular  industries  to 
send  their  top  people  to  the  centers,  and  to  look  at  these  things  di- 
rectly, themselves. 

This  is  the  basic  way  in  which  this  process  is  going  to  take  place,  in 
piy  opinion,  but  we  have  got  to  provide  this  information.  We  have 
got  to  get  at  it,  and  this  is  where  you  start  from.  This  is  where  we 
can  get  information  for  people  to  evaluate  and  begin  development 
work  on. 

Mr.  Rumsfeld.  Mr.  Chairman,  I have  about  five  pages  of  questions, 
and  I do  not  think  it  is  fair  to  dominate  this  discussion  right  here. 
Why  don’t  we  proceed  with  some  of  the  other  gentlemen  right  now? 

Mr.  Hechler.  Would  the  gentleman  yield  ? 

Mr.  Rumsfeld.  Yes,  sir. 

Mr.  Hechler.  For  just  one  question.  I notice  that  the  average 
salary  for  these  112  people  will  be  over  $10,000,  if  we  authorize  $1,- 
180,000  for  personnel  costs.  Does  this  tie  in  with  our  discussion  of 
getting  men  with  high  technical  competence  to  perform  these  tasks; 
is  that  why  the  average  salary  will  exceed  $10,000  for  these  112  people  ? 

Dr.  Simpson.  Yes,  sir.  I would  think  so.  It  is  difficult,  very 
difficult,  to  get  men  so  highly  competent  to  leave  their  work  on  their 
own  research  and  get  into  this  kind  of  thing.  It  takes  a man  of  special 
interest  and  special  perception.  It  takes  a man  with  patience  to  sit 
down  and  talk  with  people  doing  the  work  themselves.  This  is  where 
it  has  to  come  from. 

We  emphasize  in  our  work  in  the  centers  the  attempt  to  elicit  the 
interest,  on  a voluntary  basis,  in  the  work  because  they  are  the  ones 
who  are  in  it  deep  enough  to  see  the  new  potentials. 

Mr.  Roush.  Mr.  Rumsfeld,  we  will  come  back  to  you  for  some  more 
questions,  but  I think  some  of  the  other  gentlemen  have  some  points 
mev  would  like  to  cover  which  may  include  some  of  your  own,  and  it 


will  give  them  an  opportunity  to  participate. 

Mr.  Rumsfeld.  There  are*  just  two  things  that  I would  like  to  re- 
quest and  one  would  be  a statement  describing  the  type  of  program 
or  study  that  is  requested  under  this  $3.5  million  for  each  of  the  con- 
tracts that  are  indicated  on  this  sheet  here. 

That  is  to  say,  what  is  your  goal  for  each  one  and  what  are  you 
requesting  it  for? 
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-if. 

■Sf: 


Dr.  Simpson.  Yes,  sir. 

(Additional  data  subsequently  submitted  follows:) 


National  Aehonautics  and  Space  Administration, 

Office  of  the  Administrator, 
Washington,  D.C.,  June  11, 1968. 

Hon.  J.  Edward  Roush, 

Subcommittee  on  Applications  and  Tracking  and  Data  Acquisition,  Committee 
on  Science  and  Astronautics,  House  of  Representatives,  Washington,  D.C. 

Dear  Mb.  Roush  : On  Thursday,  June  6,  I appeared  before  the  Subcommittee 
on  Applications  and  Tracking  and  Data  Acquisition  to  discuss  the  NASA  pro- 
gram in  technology  utilization.  With  your  permission,  I would  like  in  this 
letter  to  mention  several  points. 

1.  I wish  to  emphasize  again  that  the  essential  purpose  of  the  NASA  tech- 
nology utilization  program  is  twofold  : 

(a)  To  identify  those  results  of  the  NASA  research  and  development 
effort  that  might  have  application  in  nonspace  fields ; and 

(b)  To  find  ways  to  attract  the  attention  of  potential  nonspace  users  in 
the  most  effective  and  economical  ways. 

2.  Such  a program  is  justified  on  two  grounds.  First,  the  transfer  of  tech- 
nology is  not  an  automatic  process.  It  proceeds  at  an  uneven  pace.  In  terms 
of  the  national  welfare,  if  we  can  speed  up  the  across-the-board  transfer  of  the 
results  of  the  space  program  to  private  use  by  even  a few  years,  then  the  effort 
is  worthwhile.  If,  in  addition,  decisive  technological  breakthroughs  are  achieved, 
then  the  effort  is  valuable  out  of  all  proportion  to  the  money  spent.  Second, 
scientific  and  technological  information  is  growing  at  such  a pace  that  new 
measures  to  aid  private  concerns  to  acquire  and  apply  it  more  quickly  and  effec- 
tively are  indicated.  This  is  especially  true  with  respect  to  firms  of  middle  and 
small  size. 

3.  The  focus  of  our  technology  utilization  program  is  directly  upon  the  new 
technology  developed  in  the  NASA  effort.  Our  interest  is  in  having  this  tech- 
nology converted  to  economic  use.  We  do  not  undertake  to  find  the  solution  to 
large  problems  areas,  such  as  transportation,  or  health,  or  water  pollution. 
Rather,  in  these  as  in  other  areas,  we  simply  attempt  to  transfer  whatever 
is  applicable  from  the  space  program. 

4.  We  look  upon  the  present  program  as  essentially  a pilot  program,  whose 
purpose  is  to  indicate  the  value  of  a hard  attempt  at  transferring  Government 
research  and  development  to  other  uses.  If  the  program  is  successful,  then 
its  proper  structure  in  the  total  Government  may  be  determined  on  the  basis 
of  facts  and  experience.  The  advantage  of  this  effort  being  positioned  initially 
in  NASA  rests  primarily  on  the  fact  that  a more  complete  access  to  research 
and  research  people  is  achieved  than  would  otherwise  be  the  case. 

It  is  my  opinion,  also,  that  if  this  program  is  successful,  then  private  interests 
will  come  forward  in  a more  vigorous  way  and  will  relieve  the  Government  of 
much  of  the  effort  involved.  As  you  know,  we  are  taking  steps  to  encourage 
the  interest  and  active  participation  of  business  and  industry.  Within  the 
limits  of  the  Space  Act.  we  are  seeking  every  possible  way  through  which 
business  and  industry  can  be  encouraged  to  convert  the  results  of  the  space 
effort  quickly  into  economic  use. 

5.  Our  work  with  regional  groups  is  based  upon  the  fact  that,  in  the  long 
run,  a local  structure  for  scientific  and  technological  advance  seems  necessary. 
Our  efforts  here  are  pilot  approaches,  transferable  elsewhere,  and  based  upon 
the  premise  that  local  interests  must  carry  the  main  load.  For  instance,  the 
Midwest  Research  Institute,  which  has  worked  in  the  Midwest,  has  gone  to 
other  regions  and  made  its  knowledge  and  experience  available. 

6.  In  the  year’s  experimental  program  that  has  been  conducted  to  date,  more 
than  600  potential  applications  have  been  reported  to  headquarters.  While 
perhaps  only  a small  proportion  of  these  will  have  direct  transfer  value,  all 
must  be  evaluated,  to  some  extent,  and  made  available  to  the  public.  The 
number  of  potential  applications  will  increase  as  our  organization  improves. 
It  is  clear  that  here  is  a national  resource;  and  that  we  must  find  effective 
means  of  using  this  resource. 

A copy  of  this  letter  is  being  sent  to  Mr.  Boone  and  to  all  members  of  the 
subcommittee. 


Sincerely  yours, 


George  L Simpson.  Jr., 

Assistant  Administrator  for  Technology  T'tiUsation  and  Policy  Planning. 
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Description  of  Proposed  Expenditures  in  Direct  R.  & D.  for  Technology 

Utilization — Total,  $3,500,000 

innovation  evaluation  and  industrial  appraisal 


Research  institutes,  $750,000. 

At  present  the  institutes  are  under  contract  with  fiscal  year  1963  funds  as 


follows : 

Armour  Research  Foundation 

Arthur  D.  Little,  Inc..  

Battelle  Memorial  Institute _ 

Southern  Research  Institute  _ _ _ 
Southwest  Research  Institute 
Stanford  Research  Institute 

— 

— 

_ $46.  241 
_ 49. 650 
_ 36, 2S0 
_ 39, 000 
_ 40, 645 
_ 49, 600 

Total  — 262,  000 

The  research  institutes  will  appraise  the  industry  potential  of  the  innovation, 
indicate  the  industry  requirements  that  it  can  fulfill,  deserfiie  modifications  that 
will  be  needed,  recommend  the  dissemination  media.  The  research  institutes  will 
also  provide  a complete  industrially  oriented  technical  description  of  the  innova- 
tion and  its  relation  to  the  state-of-the-art. 

pilot  projects — innovation  evaluation  and  area  dissemination 

Midwest  Research  Institute,  $200,000. — Under  an  existing  contract  for  $216.- 
657.  Midwest  Research  Institute  has  established  a pilot  program  in  a six-State 
region  of  the  Midwest.  This  program  is  a pilot  study  to  test  and  evaluate 
methods  of  identification  and  retrieval  of  innovations  from  NASA  centers ; to 
translate  them  into  potential  industrial  applications  and  to  disseminate  them 
directly  to  industry  in  the  six-State  area  it  normally  serves. 

Indiana.  University  Foundation,  $150,000. — Under  an  existing  contract  Indiana 
University  is  conducting  a pilot  program  in  cooperation  with  industry  for  in- 
vestigating the  most  effective  techniques  for  the  quick  transference  of  space  tech- 
nology to  industrial  requirements.  This  has  resulted  in  the  establishment  of  the 
Aerospace  Research  Applications  Center  (ARAC). 

Innovation  Identification  and  Dissemination  Activities 

Jet  Propulsion  Laboratory  support,  $100,000. — The  JPL  activity  is  a contractor- 
managed  Government-owned  facility  and  therefore  the  technology  utilization 
activities  at  the  Center  have  to  be  separately  supported.  These  include  the 
identification  and  reporting  of  the  research  effort  at  JPL. 

Industrial/ technical  documentation,  $125,000. — Many  potential  transfer  items 
will  be  of  value  only  to  the  larger  industrialists  who  maintain  their  own  R.  & D. 
complexes.  So  that  a new  technology  can  be  applied  or  adapted  to  existing  needs, 
careful  documentation  and  expert  editing  will  be  required  to  translate  the  highly 
technical  raw  material  into  understandable  industrial  language. 

We  jfian  to  prepare  and  publish  a series  of  state-of-the-art  summaries  on  certain 
specific  areas  of  technology  in  which  NASA  is  making  a definite  contribution. 
One  under  preparation  now  is  on  the  subject  of  arc-jet  technology,  a cooperative 
effort  between  Ames  Research  Center,  Lewis  Research  Center,  Langley  Research 
Center,  and  Marshall  Space  Flight  Center.  Other  subjects  will  include  anti- 
bacterial sterilization,  noncommunication  uses  of  the  laser,  etc. 

NASA  technology  searches  and  reports,  $250,000. — The  transfers  effected  to 
date  have  been  the  more  obvious  ones.  It  is  clear  that  more  sophisticated  studies 
and  specialists  will  be  required  to  uncover  other  useful  work.  Highly  trained 
research  teams,  with  a knowledge  of  current,  industrial  needs  and  requirements, 
will  visit  NASA  field  centers  to  search  out  these  developments  which  show 
promise  of  such  adaptability.  Such  an  effort  is  proposed  in  the  areas  of  biologi- 
cal sensors,  automobile  safety,  etc. 

Technological  adaptation  and  experimental  development,  $250,000. — In  order 
to  test  certain  areas  for  practical  use,  further  developmental  work  may  be  re- 
quired to  provide  engineering  test  data,  for  instance,  on  this  basic  research  and 
to  determine  methods  to  improve  industrial  reception  of  the  ideas  and  innova- 
tions thus  developed. 
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Audiovisual  productions,  $7 5,000. — Short  films,  averaging  about  5 minutes  in 
length,  are  one  of  the  best  means  of  dissemination.  Those  innovations  with 
the  broadest  potential  will  be  publicized  by  this  method.  Two  films  have  already 
been  produced  by  Langley  Research  Center  and  some  10  to  15  are  planned  for 
distribution  to  business  and  industry.  These  films  are  also  being  disseminated 
to  all  NASA  Centers,  and  have  become  an  excellent  communication  channel  be- 
tween the  technical  staffs  at  the  various  Centers. 

Exhibits,  seminars,  conferences,  $ 100,000 . — To  enable  all  segments  of  the  econ- 
omy to  benefit  from  the  technology  utilization  program,  we  plan  to  participate 
actively  in  exhibits,  seminars,  and  conferences.  One  example  is  the  Interna- 
tional Trade  Fair,  to  be  held  in  Chicago  from  June  19  to  July  7.  Seminars  will 
be  held  with  specialized  groups  of  industrialists  in  all  sections  of  the  country 
to  determine  their  particular  needs  and  interests. 

DYNAMICS  OF  THE  TECHNOLOGICAL  TRANSFER  PROCESS 

Dissemination  and,  technology  diffusion  studies,  $230,000 — How  good  is  our 
dissemination  system  and  how  must  it  be  improved  so  that  the  information  gen- 
erated reaches  ail  segments  of  the  industrial  community  V The  information  dis- 
tribution media  and  their  effectiveness  will  be  studied  and  complementary  tech- 
niques investigated.  Of  equal  imjiortance  is  a knowledge  of  what  particular 
industries  are  doing  with  this  data,  how  they  are  using  it,  and  the  problems  they 
are  encountering  in  getting  this  technology  to  the  people  who  can  make  a deci- 
sion on  its  ultimate  application. 

Motivation  and  incentive  studies,  $150,000. — Industry  and  Government  face 
the  common  problem  of  motivating  scientists  engaged  in  basic  research  to  think 
in  terms  of  translating  laboratory  findings  into  production  line  applications. 
Here  we  plan  to  study  the  techniques  of  increasing  their  cooperation  without 
interfering  with  their  primary  work.  Since  90  percent  of  the  NASA  dollar  is 
silent  with  contractors,  motivation  plans  must  also  be  devised  for  encouraging 
this  group  to  cooperate  fully  in  identifying  inventions  under  NASA’s  reporting 
of  new  technology  policy. 

REGIONAL  SOCIOECONOMIC  ACTIVITIES 

Washington  University  of  St.  Louis,  $150,000. — This  grant  is  designed  to  sup- 
port studies  of  the  effect  of  research  and  development  upon  regional  economic 
change,  with  particular  reference  to  the  Midwest. 

University  of  Chicago,  $100,000. — This  grant  is  in  support  of  work  at  the  Uni- 
versity of  Chicago  on  the  problems  of  the  administration  of  research,  including 
factors  affecting  the  introduction  and  development  of  technological  change  in  in- 
dustrial organizations,  and  the  effect  of  science  and  technology  upon  public 
affairs. 

Midwest  Research  Institutes,  $150,000. — The  purpose  of  this  grant  is  to  de- 
velop and  apply  a methodology  for  measuring  both  the  short-  and  long-term 
effects  of  increased  participation  in  space  technology  on  the  economy  of  six 
States  and  to  analyze  the  technical  capabilities  of  these  States  in  order  to  de- 
termine the  direction  of  future  economic  effort. 

George  Washington  University,  $150,000. — The  purpose  of  this  grant  is  to  study 
the  relationship  between  Government  research  and  development  and  invention ; 
and  to  study  special  features  of  the  Government  procurement  market  and  the 
contract  provisions  relating  to  price  and  profit  arrangements. 
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Office  of  Technology  Utilization 
Proposed  by  1964  budget  distribution  of  $ 3,500,000  in  direct  R.  d D. 
Innovation  evaluation  and  industrial  appraisal : Research  institutes 


(present,  6 institutes  262) - $750,000 


Pilot  projects — Innovation  evaluation  and  area  dissemination : 

Midwest  Research  Institute  (present,  200,000) 200,000 

Indiana  University  Foundation  (present,  150,000) 150,000 

Other 300, 000 


Total 650, 000 


Innovation  identification  and  dissemination  activities : 

JPL  support  (present,  67,000) 100,000 

Industrial/technical  documentation  (present,  20,000) 125,000 

NASA  technology  searches  and  reports 250,000 

Technological  adaptation  and  experimental  development 250, 000 

Audiovisual  productions 75,000 

Exhibits,  seminars,  conferences 100,000 


Total 900, 000 


Dynamics  of  the  technological  transfer  process : 

Dissemination  and  technology  diffusion  studies 250, 000 

Motivation  and  incentive  studies 150, 000 

Regional  socioeconomic  activities : 

Washington  University  of  St.  Louis 150, 000 

University  of  Chicago 100, 000 

Midwest  Research  Institute , 150,  COO 

George  Washington  University 150,000 

Other 250,  OCO 


Total ___ _ 1,200,000 


Grand  total 3, 500, 000 


Information  Handling  Procedures 

The  Office  of  Technology  Utilization  is  concerned  with  identifying  those  new 
technological  advances  which  can  be  used  by  a wide  range  of  civilian  industrial 
activities.  These  advances  must  be  found  from  within  NASA’s  research  and 
development  programs  and  made  available  to  industry  in  a form  suitable  for 
industrial  use.  This  process,  as  originally  conceived  and  developed,  has  evolved 
along  the  following  lines  described  in  terms  of  a typical  example. 

identification  of  innovation 

This  is  recognition  that  a process,  material,  or  a device  is  new  and  potentially 
useful  in  other  than  its  space  application.  The  field  center  Technology  Utiliza- 
tion Office  working  with  the  NASA  engineer  identifies  the  innovation  poten- 
tially useful  and  records  the  highlights  of  the  innovation  on  a “flash  sheet” 
as  an  initial  reporting  and  internal  working  document  (see  attached).  The 
field  crater  patent  counsel  reviews  the  report  for  patentability,  and  the  flash 
sheet  is  transmitted  to  the  headquarters  Office  of  Technology  Utilization. 

SEVXEW  AND  EVALUATION 

At  headquarters  the  flash  sheet  is  categorized  generally  by  the  technical 
staff  specialists,  for  example,  life  sciences,  electronics,  etc.,  and  initially  judged 
as  to  potential  value  and  interest  to  industry.  At  the  same  time  the  Office 
of  Scientific  and  Technical  Information  reproduces  the  flash  sheet  and  distributes 
it  to  interested  NASA  offices  in  headquarters,  and  to  all  field  centers  for  inter- 
center information  and  coordination,  so  that  all  NASA  centers  learn  promptly 
of  these  new  ideas. 
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All  flash  sheets  which  are  cleared  from  a “proprietary  data”  standpoint  and  % 

those  which  show  significant  promise  are  sent  to  the  research  institutes  and 
to  Indiana  University  for  further  evaluation.  The  results  of  these  reviews 
are  then  compared  by  the  headquarters  technical  staff,  and  those  innovations 
which  show  greatest  promise  are  assigned  specifically  to  one  or  two  research 
institutes  for  further  evaluation,  preparation  of  documentation  which  is  neces- 
sary to  transmit  a clear  understanding  of  the  innovation  to  a nonspace  industrial 
user,  and  to  determine  industry  reaction  to  the  innovation. 

DISSEMINATION  AND  TRANSFER 

A most  promising  innovation  will  be  published  as  an  “application  report”  from 
the  material  prepared  by  the  research  institute,  working  jointly  with  the  inno- 
vator at  the  NASA  field  center  and  the  technical  staff  of  the  Office  of  Technology 
Utilization.  Mechanics  of  publication  will  be  handled  by  the  Office  of  Scientific 
and  Technical  Information. 

An  innovation  showing  lesser  promise  will  be  published  and  disseminated  by 
any  of  a wide  variety  of  techniques.  A group  of  related  innovations  may  be 
packaged  together  and  published  as  an  “applications  note.”  An  example  of  this 
is  “Selected  Welding  Techniques”  which  is  the  first  formal  publication  of  the 
Office  of  Technology  Utilization.  The  attached  “flash  sheet”  describing  a weld 
fixture  alinement  tool  is  described  on  page  15  of  the  booklet  “Selected  Welding 
Techniques.” 

All  these  innovation  reports  will  be  rewritten  in  the  form  of  “fact  sheets” 
which  present  clear  concise  technical  descriptions  for  use  by  the  trade  press  and 
the  public. 

As  stated  previously,  many  other  techniques  for  dissemination  and  assimila- 
tion of  information  are  being  tried.  The  Midwest  Research  Institute  and  In- 
diana University  pilot  projects  attempt  to  work  directly  with  industry  to  effect 
a direct  transfer  of  this  new  technology.  Technology  utilization  information  is 
being  made  available  to  other  Federal  and  State  agencies  interested  in  industrial 
development. 

Mr.  Rumsfeld.  And  the  second  is  a statement  describing  the  trans- 
fer of  the  information  we  are  talking  about — the  type  of  information  r 

yoil  refer  to.  I have  listened  with  great  interest  to  your  statements 
here  and  I see  different  types  of  information.  Now  what  kind  of  in- 
formation are  we  talking  about  to  be  included  within  your  program— 

I would  like  to  know  whether  it  is  application  or  survey  or  technologi- 
cal or  some  other  type,  or  just  an  idea. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Rumsfeld.  The  second  aspect  of  that  is  the  type  of  action  your 
office  would  take.  I would  really  like  that  spelled  out. 

You  have  mentioned  all  through  this  “identification,”  “dissemina- 
tion,” “cataloging,”  and  I would  like  to  know  which  are  going  to  be 
done  under  your  office.  So  the  type  of  information  and  the  type  of 
action  would  be  of  interest  to  me,  Dr.  Simpson. 

Mr.  Roush.  We  will  give  Dr.  Simpson  a chance  to  digest  the  infor- 
mation he  is  now  receiving. 

Dr.  Simmon.  Thank  you,  sir. 

Mr.  Roush.  Following  on  this  same  line,  this  is  in  your  area,  Mr. 

Ryan,  and  perhaps  vou  would  like  to  ask  some  questions.  You  have 
the  floor. 

Mr.  Ryan.  Thank  you,  Mr.  Chairman. 

Dr.  Simpson.  May  I now  divulge  this  information  ? 

Mr.  Roush.  Yes. 

Dr.  Simpson.  We  have  now  made  total  commitments  of  $2,065,000. 

Mr.  Ryan.  For  fiscal  year  1963  \ 
l Dr.  Simpson.  Yes,  sir. 

I ' Yes,  and  that  has  been  made  against  the  total  of  $2,370,000. 


\ 

h. 
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Mr.  Ryan.  Could  you  describe  for  the  benefit  of  the  committee  ex- 
actly what  kind  of  a regional  setup  you  have.  Have  you  divided 
the  country  into  regions  ? 

In  terms  of  these  contracts  has  NASA  considered  every  State  in  the 
Union  as  part  of  a region  or  what  ? 

Dr.  Simpson.  No,  sir ; we  do  not  have  a formal  delineation  of  re- 

fions.  We  have  responded  to  regional  interests,  in  different  ways, 
ut  we  have  not  regionalized  the  country;  we  have  not  established 
this  on  that  basis. 

Perhaps  it  is  a step  that  we  ought  to  take — I don't  know — but  we 
have  not  done  that. 

Mr.  Ryan.  When  you  say  you  have  responded  to  regional  inter- 
ests, what  do  you  mean  ? For  instance  has  a particular  university 
come  to  you  and  asked  you  for  a contract  that  you  grant  or  have  you 
stimulated  the  interest  of  a particular  university  in  a contract  in  cer- 
tain regions  that  you  have  selected  because  you  think  that  they  are 
underdeveloped  technologically?  What  has  been  your  rationale,  in 
other  words,  for  singling  out  a particular  region  ? 

Dr.  Simpson.  We  have  responded  to  local  interests.  For  instance, 

I started  out  with  Oakland,  Calif,  and,  as  you  know,  the  University 
of  California  at  Berkeley  does  a great  deal  of  work  for  NASA — proj- 
ect work  and  direct  mission  work. 

On  that  basis  we  have  made  a facility  grant  to  the  University  of 
California  at  Berkeley  together  with  some  general  support  in  space- 
related  work. 

Now  then,  out  of  that  situation  grew  the  interests  of  the  Oakland 
community  in  that  Bay  area,  on  how  Oakland  could  come  into  this 
matter  of  the  NASA  research  and  development  effort  and  how  it  could 
be  applied  to  the  problem  of  the  urban  situation,  the  urban  problems 
of  Oakland. 

Also,  they  considered  how  the  city  of  Berkeley  could  begin  to  work 
more  with  the  university,  and  how  the  university  could  begin  to  work 
more  with  the  business  and  industrial  people  in  the  area.  So  we  joined 
with  the  Ford  Foundation  and  with  the  university  in  conference  there 
at  Oakland. 

This  conference  was  held  in  the  spring  and  this  whole  business  of 
technology  utilization  and  how  to  transfer  this  information  in  the 
best  possible  way  was  discussed.  We  found  that  a number  of  the 
interests  of  the  area,  university,  business,  and  industrial,  said  they 
wanted  to  go  forward.  They  wanted  to  have  a continuing  committee 
to  work  on  these  problems  of  the  transfer  of  research  and  development 
to  other  matters.  We  said:  “All  right;  we  are  sympathetic — let  us 
see  what  you  propose  and  perhaps  we  can  help  in  this  way  properly 
because  of  our  interest  and  aims  and  those  of  the  university.” 

This  is  one  example. 

Mr.  Ryan.  Now,  wait — you  have  told  us  that  you  have  had  a con- 
ference and  that  you  found  a lot  of  interest  on  the  part  of  the  in- 
dustrial and  university  people  in  the  current  year. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Ryan.  What  have  you  committed  in  the  w ay  of  money  in  terms 
of  research  grants  to  that  area  ? 

Dr.  Simpson.  Well,  we  have  committed  very  substantial  grants  to  , 
the  University  of  California,  of  course. 
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Mr.  Ryan.  As  part  of  this  program  ? 

I)r.  Simpson.  No,  sir — that  has  come  out  of  another  fund. 

Mr.  Ryan.  Well  that  is  what  I am  talking  about — your  program, 
now 

Dr.  Simpson.  Well  we  have  not  ourselves  committed  at  this  point 
any  funds  to  this  particular  area  in  the  way  of  a grant  or  contract. 

We  have  spent  some  of  the  operating  money  that  has  been  set  up  by 
some  of  our  people  and  we  have  put  in  some  funds  that  went  to  the 
analysis  of  the  results  of  this  conference  but  that  did  not  come  from 
our  funds — that  came  from  another  account,  didn’t  it  ? 

Mr.  Tepiatz.  Yes. 

I )r.  Simpson.  So  we  have  not  done  that  ourselves. 

We  have  not  put  any  direct  funds  into  Oakland  although,  as  I say, 
on  this  matter  of  the  transfer  of  technology,  it  is  really  perhaps  the 
main  core  around  which  these  efforts  to  develop  can  continue  and  we 
can  say  that  it  is  proper  and  reasonable  that  we  are  attempting  to 
do  this.  What  we  have  attempted  to  do  is  to  get  their  interest  going 
and  get  them  working  on  it — always  to  get  the  local  groups  to  pick 
it  up  and  carry  it  forward. 

Mr.  Ryan.  I think  to  the  extent  that  you  can  stimulate  more  local 
interest  and  encourage  local  industry  to  coordinate  and  utilize  in- 
formation of  this  kind  that  is  very  sound.  That  is  one  thing,  but 
what  I am  trying  to  determine,  and  what  I think  this  subcommittee 
is  interested  in  now,  is  how  the  $2.6  million  was  spent  last  year  and 
how  you  intend  the  $3.5  million  to  be  spent  this  year  ? 

To  wliat  extent  have  you  set  up  any  kind  of  regional  basis  for  the 
allocation  of  this  money  and  what  are  you  doing  in  the  various  regions  ? 

Dr.  Simpson.  Yes,  sir — well,  I think  probably  the  best  way  to 
approach  this  is  simply  to  say  that,  first,  we  have  not  established  a 
hidebound  set  of  regions.  We  are  aware  of  different  regional  interests 
and  are  trying  to  stimulate  them. 

Secondly,  I will  take  the  Midwest  Research  Institute  activity  as  one 
good  example  of  what  we  are  doing  in  the  regional  field.  Over  a year 
ago  now  we  made  a grant  or  contract  with  the  Midwest  Research 
Institute  to  help  us  identify  items  for  transfer,  to  evaluate  them,  and 
then  travel  about  the  Midwest  and  to  hold  meetings  with  the  business 
and  industrial  people  of  the  area. 

Now,  this  is  clearly  a regional  program  and  a pilot  program — not 
something  that  would  not  apply  to  any  other  region  of  the  country, 
but  something  that  would  have  general  application. 

Here  again,  we  are  seeking  ways  of  identifying  and  evaluating 
these  matters  in  terms  of  their  transfer  and  ways  of  attracting  the 
attention  of  the  people. 

Mr.  Ryan.  So  then  it  was  not  your  intention  to  limit  the  transfer 
of  that  information  to  the  Midwest  region. 

Dr.  Simpson.  No,  sir;  no. 

Here  again,  it  was  entirely  a matter  that  we  had  to  start  somewk*  re. 
We  had  to  see  if  this  was  a feasible  program.  In  every  case  virtually 
we  are  trying  to  set  models  or  pilot  programs ; we  are  doing  something 
at  the  University  of  Indiana  now,  but  we  do  not  intend  to  in  any  way 
limit  the  information  there  to  those  few  firms  which  are  working  with 
the  University  of  Indiana. 


3452 


1964  NASA  AUTHORIZATION 


Mr.  Ryan.  In  other  words,  these  contracts  could  be  let  in  any  part 
of  the  country  to  any  institute  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Ryan.  As  part  of  NASA  research  and  development. 

Dr.  Simpson.  Yes,  sir;  and  are. 

Mr.  Davis.  Would  the  gentleman  yield? 

Mr.  Ryan.  Yes. 

Mr.  Davis.  It  seems  to  me  that  perhaps  t^e  $3  million  according  to 
Dr.  Simpson’s  statement  may  be  the  least  important  of  the  items  here. 

In  other  words,  the  matter  of  confining  it — it  is  not  a matter  of 
confining  it  to  any  area  but  from  your  point  of  view.  Dr.  Simpson,  it 
is  simply  an  exercise  in  methodology  or  maybe  helping  somebody  to 
t ake  advantage  of  their  own  rffeources  ? 

Dr.  Simpson.  Yes. 

Mr.  Davis.  And  is  it  not  your  position,  in  your  view,  as  stated,  that 
maybe  a study  carried  out  at  MIT  could  help  New  Mexico  more  than 
it  helps  Massachusetts  ? 

Dr.  Simpson.  Oh  absolutely. 

There  are  two  dimensions — two  “cuts”  at  this.  There  is  the  national 
cut  which  is  to  identify,  say,  a process  of  plastics  that  has  been  de- 
veloped at  NASA  which  is  available  to  the  plastic  industry. 

It  would  look  as  if  all  you  would  have  to  do  would  be  to  publish  a 
piece  of  paper  on  this  national  aspect  and  then  the  trade  magazines 
and  journals  would  pick  it  up  and  that  would  be  it. 

Well,  it  just  doesn’t  work  out  that  way. 

■ We  are  going  to  follow  this  from  this  national  approach  but  it  ap- 
pears that  we  must  also  work  on  some  kind  of  local  level;  to  establish 
local  or  regional  frameworks. 

This  is  not  merely  with  reference  to  the  NASA  program  but  we  hope 
that  this  whole  matter  of  research  and  development  eventually,  which 
takes  place  in  every  region,  will  spread  to  all  Federal  agencies. 

For  instance,  10  years  ago  the  “haves”  were  in  the  Midwest  but  this 
•is  no  longer  the  case.  That  situation  has  passed  and  what  we  are  try- 
ing to  do  is  lead  the  way  and  to  help  people  lead  the  way  in  their  own 
communities.  These  problems  change,  and  have  changed  over  the 
last  5 or  10  years  with  relation  to  specific  regions  and  we  expect  that 
they  will  change  again. 

So,  this  is  what  we  are  trying  to  do  really — we  cannot,  of  course, 
change  the  situation  on  the  national  level.  We  are  going  to  have  to 
heln  these  regions. 

There  are  limits  to  our  initiative,  of  course,  in  these  matters.  But 
take  a State  like  North  Carolina,  for  example,  or  Georgia,  or  even  a 
metropolitan  area  like  Pittsburgh  or  Detroit — when  they  come  in  to 
us,  we  say : “All  right : we  will  do  what  we  think  is  proper  to  help  you 
develop  a system  for  handling  this  matter  of  science  and  technology 
within  the  limits  of  the  Space  Act,”  because  one  of  the  major  issues 
of  this  Space  Act  is  this  matter  of  industrial  transfer. 

So  we  are  seeking  means  of  doing  this  and  we  can  take  a general  area 
on  certain  conditions  and  help  them  under  certain  specifications,  but 
we  cannot  carry  the  load.  Everything  we  do  must  be  on  the  basis  that 
they  will  pick  it  up  andcarrv  it  forward. 

As  a matter  of  fact,  1 know  that  I am  going  to  get  a proposal  today 
or  tomorrow  morning  from  Detroit  with  regard  to  the  unemployment 
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situation  there — this  is  from  Wayne  State  University  and  we  have  a 
proposal  from  the  University  of  Washington,  that  grew  out  of  this 
meeting  that  you  attended,  Mr.  Pelly. 

There  are  no  firm,  hidebound,  set  rules  or  guides  here.  We  are  try- 
ing to  help  create  something  in  the  way  of  possible  methods  of  meeting 
these  problems.  We  are  trying  to  find  the  right  way  and  the  best  way 
to  do  it,  so  it  is  not  something  that  NASA  does,  but  it  is  simply  some- 
thing that  we  have  to  establish  in  the  local  framework. 

Now,  I think  if  I may,  and  I didn't  mean  to  make  a speech,  rir,  but 
this  is  what  we  are  talking  about,  really : These  regional  areas  of  local 
effort.  We  are  going  to  take  the  matter  of  industry  itself,  and  I 
would  like  to  emphasize  again,  that  my  experience,  not  only  before  jl 
came  here  to  Washington,  but  in  my  contacts  with  national  industry 
since  I have  been  here,  indicates  again  and  again  that  the  matter  of 
research  in  private  industrial  firms  is  a state  of  mind  to  a very  sub- 
stantial extent. 

New  things  are  not  picked  up  immediately  and  automatically  and 
there  is  no  reason  why  they  should  be.  There  is  an  area  of  work  that 
must  be  undertaken  if  this  country  is  going  to  maintain  its  competi- 
tive stance  in  the  world  and  we  have  got  to  look  at  it  in  terms  of  getting 
more  out  of  the  Government’s  research  and  development  and  getting 
it  more  quickly  into  the  civilian  economy. 

This  is  the  major  thing.  You  see,  we  have  to  consider  how  we  do 
this.  We  cannot  give  a contract  to  a private  company  to  come  in  and 
see  what  NASA  has  got  that  they  could  use.  That  might  be  the  most 
effective  and  direct  way  to  do  it,  but  you  just  can’t  do  it  that  way. 

Now,  how  can  we  get  them  to  come  in  and  look  at  these  things? 
We  work  through  these  institutes,  we  are  using  these  regional  frame- 
works, both  in  this  program  and  in  our  university  program — we  are 
encouraging  universities  to  carry  out  programs  and  to  take  the  initia- 
tive and  look  for  ways  themselves. 

There  is  the  problem,  as  the  chairman  knows,  with  respect  to  Pitts- 
burgh, and  I went  up  there  about  this.  We  had  the  same  thing  in 
Oakland,  but  in  Pittsburgh  there  is  a question  of  the  University  of 
Pittsburgh  efforts  in  this  regard.  This  won’t  come  out  of  these  funds, 
but  there  may  very  well  be  some  funds  that  will  go  to  the  University 
of  Pittsburgh. 

In  this  case  they  want  to  use  the  documentation  center  there  and 
take  an  inventory  of  the  potential  industrial  uses  for  western  Pennsyl- 
vania and  put  it  on  tape.  They  want  to  match  it  then  with  the  kinds 
of  things  that  we  are  learning  in  our  NASA  research  and  develop- 
ment efforts  with  respect  to  potential  applications. 

Now,  we  may  or  ma^  not  support  this.  It  is  still  in  the  talking 
stage,  but  what  I am  trying  to  make  clear  at  this  time  is  that  if  we  feel 
this  is  justified,  one,  that  this  is  something  needs  doing  and  it  is  rele- 
vant to  a particularly  heavy  unemployment  area,  or  two,  that  we 
should  work  through  them — and  tnis  is  something  that  we  really 
should  and  can  do — then  we  will  not  undertake  it  on  a continuing 
basis,  but  simply  on  a pilot  basis . 

This  is  to  help  them  where  we  can  and  this  is  the  way  I think  we 
almost  have  to  approach  this  problem. 

Mr.  Ryan.  It  occurs  to  me  that  what  you  are  attempting  to  do  is 
undoubtedly  in  the  overall  national  economic  interest,  but  also  that  the 
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program  lias  a much  broader  scope  than  that  of  NASA  itself.  Now, 
to  what  extent  are  you  attempting  to  coordinate  with  the  Commerce 
Department,  and  with  the  Labor  Department  on  some  of  these  func- 
tions which  seem  to  me  might  well  be  carried  out  under  these  Depart- 
ments ? 

There  is  the  whole  question  of  research  and  development  and  its 
application  which  is  much  broader  than  yours. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Ryan.  I mean,  the  specific  research  and  development  effort  of 
NASA. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Ryan.  To  what  extent  is  the  DOD  research  and  development 
effort  transferable  to  industry?  To  what  extent  is  the  effort  being 
made  to  transfer  such  information  and  to  what  extent  are  your  efforts 
being  coordinated? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Ryan.  Aiid  the  Department  of  Agriculture. 

Dr.  Simpson.  Yes,  sir ; we  do. 

We  are  probably  not  doing  enough  of  this  kind  of  thing — coordina- 
tion— but  we  do  a lot  of  it,  T am  sure,  in  the  technical  information 
field  itself. 

We  have  not  coordinated  formally,  although  there  has  been  a good 
deal  of  information  talk,  in  our  program  at  Pittsburgh  or  any  of  these 
other  places,  with  the  Department  of  Commerce,  for  example.  That 
has  been  subject  to  coordination  and  I think  we  should  do  more.  If 
I may,  1 will  be  perhaps  a little  bit  indiscreet  here  but  as  I said 
earlier,  in  this  we  are  working  with  essentially  new  ground  and  there 
is  the  question  of  ability  to  do  these  things— to  get  for  instance  the 
universities  in  the  big  cities  to  be  interested  in  the  city,  economically, 
socially,  and  otherwise. 

Then  there  is  the  ability  to  attract  the  attention  of  the  industrial 
people  which  is  frankly  related  to  the  drive  and  energy  and  to  a 
certain  extent  the  resources  of  your  program. 

I know  I am  telling  my  grandmother  how  to  suck  eggs  here 
[laughter]  about  what  it  takes.  However,  we  in  NASA  will  cer- 
tainly cooperate.  As  a matter  of  fact  I am  having  dinner  with  Dr. 
Hollman  and  a group  from  the  Department  of  Commerce  this  week, 
I think— but  the  fact  ib  that,  again,  we  are  trying  to  move  in  the  NASA 
research  program  further  afield  because  it  covers  a wide  range  and 
because  it  is  unclassified. 

I think  it  is  very  proper  for  us,  therefore,  to  move  ahead  and  do 
some  things  on  a kind  of  pilot  study  basis. 

It  is,  of  course,  very  difficult  to  go  out  to  one  of  these  places,  even 
though  they  may  have  great  needs  and  want  help  of  all  kinds.  It 
is  extremely  difficult  to  call  a meeting  and  say : -‘Here  is  some  litera- 
ture” and  this  kind  of  thing.  I am  speaking  very  frankly  here,  and 
I think  that  NASA  is  in  really  a very  good  position  because  of  Jim 
Webb’s  interest  and  leadership  and  background  in  these  matters. 
I think  too — not  to  override  the  rest  of  the  Government  or  anything 
of  that  nature,  but  simply  to  try  to  find  ways  and  means  without  great 
cost  to  the  Government — which  is  of  vital  importance  and  where 
there  is  a possibility  of  very  great  return. 
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Frankly,  these  questions  are  going  to  have  to  be  solved  if  we  are 
going  to  continue  the  Government  efforts  on  a high  level — this  country 
is  going  to  have  to  find  ways  to  mine  this  great  fund  of  information 
and  to  do  it  quickly  and  efficiently.  I am  not  saying  necessarily  that 
NASA  is  going  to  be  the  chosen  instrument  but  we  do  happen  to  be 
the  organization  right  now  with  the  research  program  and  with  the 
ability  and  the  interest  of  the  top  management  to  go  to  our  technical 
people  and  get  them  to  cooperate  and  get  them  to  work  with  industry, 
and  with  these  other  people. 

I would  certainly  hesitate  to  throw  that  away  before  we  have  really 
tested  it  out.  That  is  the  situation. 

Mr.  Ryan.  What  relationship,  if  any,  do  you  have  with  the  Sfriall 
Business  Administration,  relating  to  the  interests  of  small  business, 
and  in  what  respects? 

I)r.  Simpson.  We  have  been  working  very  closely  with  Small  Busi- 
ness, with  Mr.  Horne,  and  his  group. 

Mr.  Ryan.  Could  vou  give  us  a concrete  example  of  that  ? 

Dr.  Simpson.  Well,  I don’t  know  of  any  particular  place  where  there 
has  been  a financial  transaction,  but  I know  that  we  stay  in  close  touch 
with  them.  I have  talked  to  Mr.  Home  and  our  people  have,  all  along, 
so  that  I know"  they  know  what  we  are  doing  and  what  the  potentials 
are,  over  there. 

We  don’t  get  into  the  financing  or  the  start  of  new  business  or  any- 
thing like  that,  but  in  that  particular  case  we  have  maintained  very 
close  liaison — I know"  that. 

Mr.  Ryan.  Do  you  disseminate  the  patents  which  NASA  takes 
title  to? 

Dr.  Simpson.  Under  this,  do  you  mean  ? 

Mr.  Ryan.  Under  your  program. 

Dr.  Simpson.  Under  this  program. 

Mr.  Ryan.  When  NASA  takes  title  to  patents — unless  there  is  a 
waiver. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Ryan.  Do  you  disseminate  that  to  industry  ? 

Dr.  Simpson.  Yes,  That  would  not  be  under  this  technology  utili- 
zation program  but  it  is  disseminated  otherwise.  It  would  be  dissemi- 
nated but  it  w’ould  not  come  under  this. 

Mr,  Ryan.  Why  would  it  not  come  under  this  ? 

Dr.  Simpson.  I think,  frankly,  it  probably  is  something  that  we  are 
moving  on  but  we  haven’t  been  doing  this  as  yet. 

Mr.  Ryan.  Can  you  tell  us  what  steps  are  going  to  be  taken  ? 

Dr.  Simpson.  Yes,  sir.  As  I said 

Mr.  Ryan.  To  do  that? 

Dr.  Simpson.  Yes.  We  have  hired  this  gentleman  to  work  with  the 
contractors  and  we  are  making  some  changes  in  some  of  our  organiza- 
tional relationships,  particularly  in  the  Centers,  and  I am  going  to  talk 
to  the  General  Counsel  about  this  matter. 

I feel  w"e  need  to. 

Mr.  Ryan.  Do  you  agree  with  me  that  this  is  something  that  you 
could  really  examine,  and  that  you  could  really  perform  a service  by 
taking  those  patents  to  which  NASA  takes  title  and  disseminating 
them  widely  and  immediately  to  industry  ? 

Dr.  Simpson.  Yes,  sir. 
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Mr.  Ryan.  I am  struck  by  your  reluctance  to  get  into  this  field. 

Dr.  Simpson.  Oh  no,  sir.  There  is  no  reluctance. 

I don’t  think — I don’t  know  if  we  have  done  any  of  it,  but  I was 
struck  myself  about  this  not  long  ago,  and  I believe  as  a matter  of 
fact * 

Mr.  Teputz.  We  have  already  taken  steps  along  these  lines,  sir. 

Mr.  Ryan.  What  have  you  done  ? 

Mr.  Teplitz.  We  are  working  with  the  General  Counsel’s  office  and 
they  are  making  studies. 

Mr.  Ryan.  Your  General  Counsel  is  opposed  to  the  NASA,  patent 
policy  so  how  is  he  going  to  be  cooperative  in  this  matter  ? 

Mi*  Teplitz.  Whatever  they  have — what  he  is  talking  about. 

Mr.  Rtan.  The  patents  NASA  have  title  to — I want  to  know  why 
they  are  not  going  out  to  industry. 

Mr.  O’Brien.  1 am  Patent  Counsel  for  NASA  and  we  have,  Mr. 
Ryan,  been  making  all  of  our  patents  available  to  industry  and  to 
the  public.  There  are  lists  that  are  published  and  made  available  to 
the  Small  Business  Administration  and  they  publish  them,  also.  We 
put  out  lists  of  patents  available  for  licensing  in  the  Official  Gazette  of 
the  U.S.  Patent  Office  and  all  of  our  information  is  made  available 
to  the  Office  of  Technology  Utilization  and  they  are  published  in  our 
abstracts — so  there  are  steps  going  forward  along  those  lines,  sir. 

Dr.  Simpson.  If  I may  interpret  your  concern  there  Mr.  Ryan, 
which  is.  Why  does  not  the  Office  of  Technology  Utilization  do  more 
of  this? 

Mr.  Ryan.  Right. 

Dr.  Simpson.  This  is  a question  that  I asked,  myself,  about  a month 
ago,  and  it  is  a good  question  and  it  should  have  been  done  before  but 
we  are  moving  to  do  it  now. 

That  is  the  situation. 

That  is  the  long  and  the  short  of  it. 

Mr.  Ryan.  I hope  you  will  develop  an  affirmative  plan. 

Mr.  Wydler.  These  112  people  that  you  are  suggesting  for  1964, 
Dr.  Simpson — how  many  of  those  are  scientists  or  engineers? 

Dr.  Simpson.  I don’t  know,  sir.  I think  we  have  a problem  here 
that  I would  like  to  clear  up. 

Mr.  Wydler.  All  right. 

Dr.  Simpson.  I gave  you  these  figures  because  they  were  the  figures 
that  were  originally  supplied  to  you.  This  62  at  NASA  headquarters 
actually  is  a misleading  figure  Decause  it  includes  support  and  if  I 
may  just  take  a minute, here,  I would  like  to  correct  this. 

The  figures  for  the  centers  are  people  actually  at  work — I am  sorry 
that  this  came  in  originally,  and  if  I may,  I think  it  would  be  helpful 
to  you  if  I asked  for  some  information  here. 

Mr.  Wydler.  Certainly. 

Dr.  Simpson.  If  I may  just  consult  with  my  colleagues. 

Mr.  Wydler.  Yes. 

Dr.  Simpson.  I asked,  for  another  purpose,  on  May  24,  for  a count 
of  the  people  at  that  time  on  Technology  Utilization,  and  we  had  then 
10  in  headquarters. 

Mr.  Wydler.  That  is  NASA  headquarters  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Wydler.  So  that  means  instead  of  39  this  would  now  be  10  ? 
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Dr.  Simpson.  Yes,  sir;  and  the  other  figures  we  had  a total  of  33 
in  the  centers  so  that  the  total  would  come  out  at  43  as  at  May  24 
of  the  people  actually  at  work. 

Mr.  wtdler.  So  that  what  you  are  suggesting  is  that  the  salaries 
will  go  from  10  to  this  figure,  62  in  the  next  year  ? 

Dr.  Simpson.  No.  No,  sir.  I am  not  suggesting  that.  It  is  a 
much  smaller  figure.  It  is  going  to  20. 

Mr.  Teplitz.  Twenty  has  been  requested. 

Dr.  Simpson.  To  20. 

Mr.  Wtdler.  Instead  of  62? 

Dr.  Simpson.  Yes,  sir.  That  62  is  an  allocated  support  figure  that 
came  out  of  the  budget  originally  and  that  is  why  I gave  it  to  you — 
I am  sorry. 

Mr.  Wtdler.  What  would  the  total  figure  be,  then? 

Dr.  Simpson.  W ell  the  total  figure  would  be  70. 

Mr.  Bumbfeld.  May  I comment  very,  very  briefly  on  the  actual  num- 
ber of  personnel  as  opposed  to  the  figures  listed  ? At  some  point  NASA 
is  going  to  have  to  account  for  all  the  extra  people  through  each  sepa- 
rate department.  It  isn’t  going  to  be  enough  to  say  “Well,  these  are 
our  allocated  or  budget  figures,  but  we  doirt  really  have  them.  We 
only  have  10  instead  of  39.  And  so  on,  down  the  line. 

As  some  point  each  department  is  going  to  have  to  sav,  “All  right. 
This  is  what  NAS  Ais  charging  for  this  program,  and  this  is  a fact.” 
It  is  just  begging  the  question  to  talk  about  10  instead  of  39. 

Dr.  Simpson.  Yes.  I understand  that.  I am  sorry  I submitted  it 
this  way. 

Mr.  Wtdler.,  I would  like  to  pursue  this. 

So  that  figure  for  1964,  instead  of  being  112,  would  be  70— is  that 
correct  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Ryan.  What  is  this? 

Mr.  Wtdler.  On  the  next  to  last  page,  the  figure  112  total  personnel 
request  for  1964  is  now  70. 

Does  that  mean  that  the  figure  for  personnel  costs  is  thereby  reduced  ? 

Dr.  Simpson.  No,  sir.  I think  the  figure  for  the  personnel  costs 
would  relate  to  the  62 — to  the  total,  as  I understand  it. 

Mr.  Wtdler.  Well,  now  wait  a minute.  If  you  are  going  to  reduce 
the  total  to  70  we  have  to  reduce  the  total  cost  don’t  we  ? 

Dr.  Simpson.  Well  yes,  sir — the  total  personnel  costs  would  be 
reduced. 

Mr.  Wydler.  Do  you  know  then,  what  that  figure  should  be? 

Dr.  Simpson.  No;  I don’t  know  what  it  should  be,  because  I don’t 
know  the  basis,  entirely,  on  which  the  62  were  calculated,  but  I will 
get  that  for  you. 

Mr.  Wtdler.  Well,  that  is  actually  your  request  for  1964,  is  it  not? 

It  is  not  the  figure  that  you  are  talking  about  on  this  sheet — it  is  the 
figure  that  you  are  talking  about  now. 

Dr.  Simpson.  Well,  sir — the  figure  62  is  the  one  which  the  account- 
ing people  have  submitted  to  the  Congress  as  the  proper  figure,  taking 
all  the  things  into  account. 

I don’t  know  that  I understand  every  basis  upon  which  this  alloca- 
tion was  made,  or  that 

Mr.  Wtdler.  I don’t  know  that  I follow  that. 


96-504 — 68 — pt.  4 $4 


3458 


1964  NASA  AUTHORIZATION 


Dr.  Simpson.  I would  agree  with  it,  but  I mean,  that  is  the  figure, 
and  I think  it  is  proper  for  you  to  accept  that. 

Mr.  WYDiiER.  Just  a,  minute.  You  are  not  expecting  me  to  authorize 
the  same  amount  of  money  for  personnel  costs  for  112  people  as  for 
70  people,  are  you? 

Dr.  Simpson.  Well,  no — no,  sir;  not  on  that  statement  of  it.  My 
cost  would  be 

Mr.  Wydler.  Well — all  right,  go  ahead.  I am  sorry. 

Dr.  Simpson.  If  I may,  I would  say  that  this  calculation  on  the 
basis  of  the  62  was  not  made  in  terms  of  full  allocation  of  each  one  of 
these  62  people. 

I certainly  would  not  expect  you  to  make  the  same  amount  of  ap- 
propriation for  70  as  you  would  for  112,  but  when  I tell  you  that  there 
are  70  people  actually  who  would  work  at  this  full  time,  I am  talking 
about  just  that  and  I am  taking  out  the  overhead  and  support  people, 
so  that  we  could  reduce  the  personnel  figure  all  right,  if  you  like,  and 
I can  bring  that  down  to  a figure  relative  to  the  70  persons. 

Mr.  Wydler.  Are  the  70  all  scientists  and  engineers? 

Dr.  Simpson.  Yes,  sir.  There  may  be  a few  exceptions  but  essen- 
tially this  is  what  they  are.  I mean,  there  may  be  clerical  help. 

Mr.  Wydler.  All  right.  Then  you  were  talking  about  this  con- 
ference in  your  testimony  and  I gathered  that  you  discussed  urban 
problems. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Wydler.  What  does  this  mean — what  urban  problems  were  dis- 
cussed? 

Dr.  Simpson.  They  discussed  problems  of  transportation  and  water 
pollution,  atmospheric  pollution  and  this  kind  of  thing. 

Mr.  Wydler.  Well  what  does  NASA  have  to  do  with  that? 

Dr.  Simpson.  Well  we,  the  NASA  effort,  may  very  well  aid  in  the 
solution  of  some  or  all  of  these  problems — research — in  medical  re- 
search, and  similar  things. 

We  have  already  learned  that  a filter  may  very  well  be  effective  or 
very  useful  in  taking  detergents  out  of  the  water  supply  and  things  of 
this  kind. 

Mr.  Wydler.  But  we  do  have  all  these  departments  and  agencies 
on  this  type  of  work  today  and  I am  asking  what  NASA’s  program 
for  industrial  application  or  technology  utilization  would  have  to  do 
with  water  pollution  ? 

Dr.  Stmpson.  Well,  this  is  one  of  the  results  of  our  research  and  de- 
velopment effort  that  may  have  application  and  if  it  did,  it  would  be 
extremely  important. 

Mr.  Roush.  Would  the  gentleman  yield? 

Mr.  Wydler.  Surely. 

Mr.  Roush.  Is  it  not  true  that  your  research  in  this  area  is  aimed 
at  specific  problems? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Roush.  For  example,  do  you  not  consider  for  one  thing  the 
astronaut’s  situation  in  his  nights? 

Dr.  Simpson.  Yes. 

Mr.  Roush.  And  in  considering  the  astronaut  in  his  flights  we  have 
to  arrange  for  the  disposition  of  human  wastes — it  can’t  just  be  thrown 
out. 
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Dr.  Simfson.  Right. 

Mr.  Roush.  It  lias  to  be  "’inverted.  So,  in  the  process  of  your 
research  in  this  area  you  have  discovered  certain  systems  and  certain 
techniques  which  in  turn  might  be  conveyed  to  a city  or  a municipality 
and  such  technique  might  fit  on  an  appropriate  basis  in  handling  this 
very  serious  problem  of  water  pollution. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Roush.  Am  I right  in  this  assumption  ? 

Dr.  Simpson.  Yes,  sir;  and  the  question  of  atmospheric  pollution. 

Mr.  Wydler.  Well  tell  me : how  does  NASA’s  program  relate  to  the 
question  of  transportation  ? 

Dr.  Simpson.  Well  this  is  primarily  in  the  application  of  systems, 
and  here  again,  this  may  not  pan  out,  but  NASA’s  ability  to  use  sys- 
tems, to  use  machines  correctly,  the  Mercury  network  and  this  kind  of 
thing,  may  very  well  have  some  application  to  the  solution  of  metro- 
politan transportation  problems. 

There  may  be  others. 

Mr.  Ryan.  Would  the  gentleman  yield  ? 

Mr.  Wydler.  Yes. 

Mr.  Ryan.  I think  we  should  nominate  Dr.  Simpson  for  an  admin- 
istrative post  in  the  Department  of  Urban  Affairs  which  is  very  neces- 
sary and  which  I have  urged  the  Congress  to  enact  rapidly.  [Laugh- 
ter.] 

Mr.  Roush.  It  is  not  a matter  of  NASA  conducting  research  in  the 
matter  of  transportation,  is  it,  or  in  the  matter  of  stream  pollution 
or  water  pollution — it  is  a matter  of  these  other  interests  in  these 
areas  possibly  finding  something  that  you  have  discovered  in  your 
effort  in  the  course  of  the  space  program  work  and  applying  it  to  their 
own  particular  problems. 

Dr.  Simpson.  Yes,  sir;  absolutely.  We  don’t  have  any  contracts  or 
any  grants  relative  to  urban  transportation  of  anything  of  that  nature. 

Mr.  Wydler.  I happen  to  disagree  on  that.  I was  just  about  to 
ask  you  whether  you  were  the  person  who  had  charge  recently  on 
behalf  of  NASA  to  award  a grant  for  a transportation  study  in  the 
United  States.  I think  it  was  something  around  $80,000  to  the 
United  Research  Corp.,  of  Boston,  Mass.,  and  I was  trying  to  find  out 
what  NASA  really  had  to  do  with  transportation  problems  of  the 
United  States  and  why  it  was  granting  money  for  that  purpose. 

That  didn’t  come  out  of  your  department,  however,  did  it  ? 

Dr.  Simpson.  This,  I am  told,  is  not  our  project.  This  came  out 
of  the  Office  of  Advanced  Research  and  Technology  and  I will  get 
you  the  answer  on  that  if  you  would  like. 

Mr.  Wydler.  Well  I have  been  in  contact  with  NASA  about  it 
already  Dr.  Simpson,  but  I mean,  this  is  one  of  the  things  that  I can’t 
understand.  It  is  a contract  for  research  of  the  future  of  American 
transportation  and  to  my  mind  this  is  just  one  more  illustration  of 
where  we  are  going  far  afield  from  what  we  set  out  to  do. 

However,  let  me  ask  you  this,  Dr.  Simpson : The  developments  in 
these  fields  are  in  some  form  or  other  NASA’s  version  of  a Depressed 
Areas  Act  ? 

Dr.  Simpson.  No,  sir. 

Mr.  Wydler.  No  ; how  does  it  differ  ? 
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Dr.  Simpson.  Well  it  differs  technically  in  that  we  don’t  put  any 
funds  into  a depressed  area  as  such — we  could  not. 

We  don’t  do  anything  with  reference  to  loaning  money  for  the 
creation  of  jobs  per  se.  The  only  thing  we  do,  and  our  basic  goal  is 
to  effect  as  quickly  and  as  efficiently  as  possible  the  use  of  the  research 
and  development  effort  results  and,  secondly,  to  do  this  in  a way  that 
local  interests  can  take  up  in  a substantial  way  for  the  long  run. 

Mr.  Wydler.  Well  when  you  talk  about  these  regions  or  areas  you 
say  that  there  is  no  definitive  setup  of  regions  or  areas,  but  you  always 
indicate  that  they  are  sort  of  informal  regions  or  something  of  this 
type.  What  is  the  basis  of  these  regions — what  are  these  regions  made 
up  of? 

Dr.  Simpson.  Well  in  the  majority  of  cases  I suppose  we  think  of 
a metropolitan  region,  but  we  can  think  of  the  Midwest,  to  take  an 
example,  as  a general  region. 

Mr.  Wydler . The  Midwest  would  be  one  region? 

Dr.  Simpson.  Yes,  but  let  me  say  this,  that  you  can  think  of  Cleve- 
land or  Pittsburgh,  or  Chicago  area  as  sub-metropolitan  regions. 

Mr.  Wydler.  Or  Detroit? 

Dr.  Simpson.  Or  Detroit. 

Mr.  Wydler.  I notice,  in  other  words,  and  maybe  it  is  just  coin- 
cidental, that  you  seem  to  mention  these  regions  as  regions  that  are 
having  a great  deal  of  difficulty  w ith  unemployment  problems. 

Dr.  Simpson.  No;  California,  Oakland. 

Mr.  Wydler.  Well ; that  was  the  exception. 

Dr.  Simpson.  We  have  a grant,  not  out  of  these  funds,  but  we  have 
a grant  in  which  MIT  undertakes  to  work  on  this  problem,  but  from 
another  source  of  funds. 

Mr.  Roush.  Mr.  Wydler,  if  you  will  pardon  this  interruption,  we 
have  Members  who  have  to  leave  at  this  time  and  the  House  is  now  in 
session  so  we  are  going  to  have  to  interrupt  this  hearing. 

I am  wondering,  Dr.  Simpson,  if  you  would  be  available  next  week  ? 

Dr.  Simpson.  Yes.  sir. 

Mr.  Roush.  Possibly  Tuesday  ? 

Dr.  Simpson.  Yes,  sir. 

Mr.  Roush.  We  have  tried  to  arrange  for  this  afternoon  but  it  is 
again  impossible  for  certain  Members  to  be  here. 

We  do  want  everyone  to  have  the  opportunity  to  speak  to  you  about 
this,  and  our  counsel  will  be  contacting  you. 

Dr.  Simpson.  Yes,  sir. 

Mr.  Roush.  So,  unless  there  is  some  disagreement  on  the  part  of 
Members,  we  will  adjourn  at  this  time  and  will  meet  again  to  conclude 
this  discussion  if  necessaiy. 

Thank  you  very  much,  Dr.  Simpson  and  gentlemen.  The  committee 
stands  adjourned. 

(Whereupon,  at  12sl5  p.m.,  the  subcommittee  was  adjourned.) 
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323-324,  328,  340-341,  362, 365,  367-368,  378-379,  420421,  423, 
549,  554,  571-572,  581-583,  585,  595-597,  607-608,  61*3,  622-623, 
- . . 628,  632-4534,  637,  667-668,  675-676,  678,  796-797,  815-817,  881, 

899-900,  926-927,  929r  940,  945-949,  953-955,  1062-1063,1107- 
1108,  1110,  1121,  1131-1136,  1162-1163,  1170,  1174,  1181,  1184, 
1201,  1203,  1205-1209,  1211,  1213,  1302-1303,  1352. 

Waseiewski,  Eugene  W 2036-2037,  2053-2060 

Weaver,  Hon.  James  D 40, 

1671-1672,  1686-1687,  1689-1693,  1870,  1930,  1934,  2081,  2093, 
2208,  2214,  2218,  2220,  2276,  2277,  2441-2444,  2458,  2667-2668, 
2752,  2757-2758,  2761,  2764,  2769-2770. 

Webb,  James  E.,  Administrator: 

Agreement  between  NASA-Department  of  Commerce  concerning 

NIMBUS,  January  1,  1962 3105-3107 

General  testimony 22-42 

Letter  to  Mr.  F.  R.  Kappell,  president  of  American  Telephone  & 

Telegraph  Co.,  February  21,  1962 372-373 

Letter  from  Mr.  E.  J.  McNeely,  executive  vice  president,  American 

Telephone  & Telegraph  Co.,  March  1,  1962 373 

Letter  to  Mr.  Joseph  Charyk,  president,  Communications  Satellite 

Corp.,  March  27,  1963 3205 

Letter  from  Mr.  Joseph  Charyk,  president.  Communications  Satellite 

Corp.,  March  28,  1963 3205 

Letter  to  Hon.  George  P.  Miller,  chairman,  Committee  on  Science  and 
Astronautics,  March  21,  1963,  on  “Factors  Leading  to  the  Request 
for  an  Electronics  Research  Center  and  the  Selection  of  the  Greater 

Boston  Area  as  its  Location” 3012-3017 

Letter  from  George  P.  Miller  concerning  construction  of  facilities, 

March  23,  1963 106-107 

Memorandum  concerning  status  of  Project  GEMINI 886 

Prepared  statement.. 1-6 

Report  on  commercial  supersonic  transport  aircraft,  June  1961  _.  2744-2745 
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Welch,  Leo  D 3286,3295, 

3296,  3297-3298,  3305-33Q8,  3310-3315,  3317,  3321,  3323,  3333 

Welsh,  Edward  C . 351-352,  549 

Wvdler.  Hon.  John  W 38-39, 

2808,  2814,  2816,  2818,  2819,  2837,  2838,  2839,  2849,  2858,  2860, 
2861,  2869,  2871,  2875,  2881,  2882,  2887,  2933,  2934,  2935,  2936, 
2939,  2940,  2942,  2943,  2955,  2957-2958,  2981-2983,  2987-2988, 
3004-3005,  3011.  3012,  3018,  3041-3042,  3061-3063,  3066-3068, 
3094,  3096-3099,  3102,  3110,  3111,  3122,  3160,  3167-3168,  3177- 
3179,  3186-3187,  3193,  3199-3200,  3203,  3216-3218,  3248,  3257, 
3259-3261,  3272-3273.  3279-3281,  3284-3286,  3290,  3304-3305, 
3320-3321,  3353,  3357,  3363-3365,  3370,  3375-3377,  3380,  3392- 
3393,  3395,  3406-3407,  3409,  3412-3415,  3418-3419.  3456-3460. 
Wynne,  Dr.  E.  Staten 1085 


Yazdowsky,  Dr.  Vladimir., 2443,  2448,  2450,  2451 

Yeager,  Philip  B 21-22, 

157,  163,  164,  195,  265,  266,  326,  327,  328,  347,  348,  367,  368, 
369,  385,  386,  402,  427,  428,  479,  511,  512,  513,  515,  559-563.  579, 
587,  592,  593,  594,  609,  610,  634,  643-644,  659-661,  665-666,679, 
809-811,  814,  817-820,  824-825,  828-829,  868,  871,  897,  1009, 
1024-1025,  1068,  1071,  1084-1085,  1085-1090,  1140,  1222-1224, 
1455-1456. 

Letter  from  J.  S.  Brown  with  tabulated  report  concerning  contracts, 

June  26,  1963... 1455-1456 

Reply  to  questions  on  contamination  on  extraterrestial  bodies 1085-1090 

York,  Dr.  Herbert 589,  616,  617, 1669 

Young,  John  D 3258,  3259 

Yuganov,  Dr.  E.  M 2428 


Z 

Zimmerman,  Charles  H.: 

General  testimony 2073-2096,  2623-2635,  2637-2639,  2642 

Letter  from  Melvin  N.  Gough,  ADS  budget  fiscal  1964,  November 

27,  1962._ , 2754 

Letter  to  Melvin  N.  Gough,  ADS  proposed  1964  program,  December 

10  1962  _ ...  . _ _ _ 2754 

Prepared  statement 2065^2073,2093-2096 
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A-3  engine.  (See  RL-10  A-3.) 

AACR.  ( See  Aeronautics  and  Astronautics  Coordinating  Board.)  p«s® 

A-C  Spark  Plug  Division,  General  Motors  Corp 181,  182,  2209 

Ablative  materials- 640,  692,  696,  698,  728,  729,  746,  1935,  2314 

Abstracting 1728, 1734, 1739, 1740, 1742, 1743, 1747, 1748, 3005 

Acceleration  Test  and  Calibration  Center 1248 

Accelerometers- — — 1082,  2121 

Acoustic  Model  Test  Facility 1 248 

Additives.  (See  Propellant  additives.) 

Advanced  Research  Project  Agency  (ARPA/DOD). 617, 

618,  705,  708,  712,  731,  750,  751,  2284,  2909 

Advanced  Syncom,  active  communications  satellite 3130,  3151-3152,  3154 

Design  changes 3151-3152 

Development. 3130 

Funds .. 3154 

Launch  vehicle 3151 

Advent,  active  military  communications  satellite.  _ .3140,  3210,  3274^3275,  3277 

Funds — ■— — — 3277 

Program  cancellation..— 3210 

Advertised  bids.  (See  Bidding.) 

Advertising  for  NASA  recruitment — 436,  2955,  3001,  3002 

Advisory  Group  for  Aeronautical  Research  and  Development — 1750 

Publications  distributed  through  NASA ......  1750 

Aerobee,  sounding  rocket.: ... 1571,  3352 

Aerodynamic  Resting 640,  817,  1941-1945,  1974,  1975.  2577 

Aerojet-Genteral  Corp... 183,  981,  1571,  2291,  2320,  3346,  3350,  3352 

Contract 1908 

CPAF  contract  on  NERVA  project— ... 3008 

Funds 981 

Measurement  of  fluorine  flow ... 2302,  2303 

NASA  contract,  M-l  engine ... 263,  490,  815,  §16,  1766 

NASA  contract,  SNAP-8- 490,  1766 

Redevelopment  of  M-l  engine 609 

Solid-roeket  research 750 

Tabulated  contract  listing ; ... 1456 

Throttling  techniques 2201 

Aeronautics  and  Astronautics  Coordinating  Board 130, 

412,  426,  510,  706,  713,  749,  837,  846,  853,  1669-1670,  1745,  1930, 
2038  3100  3140  3287. 

Aeroneutronics  Division,  ^ord  Motor  Co 1597,  2190,  2191,  2803,  2815 

Tracking  contract 2190,  2191,  2803,  2815 

AEROS,  meteorological  satellite ... 3104,  3111 

Aerospace  Corp 387,  581,  622,  1076,  1098,  1116,  1353,  3244,  3245 

Air  Force  space  program 1098 

Comparison  of  funding  methods  with  Bellcomm 1116 

Systems  engineering 1098 

Work  for  Air  Force  compared  to  Bellcomm  for  NASA 425 

Work  for  Air  Force  compared  to  General  Electric  for  NASA 424-425 

Aerospace  medical  laboratories ...  1018 

Aerospace  medical  research  laboratories 1149 

Aerospace  Medical  Society 1747, 1749 

Aerospace  medicine  abstracts 1747,  1749 

Aerospace  Research  Application  Center  at  Indiana  University 3191 

Aerothermochemistry 741,  2282 

Aerothermodynamics 2331,  2335,  2345,  2354,  2363 

Agena  launch  vehicle  (tee  alto  Atlas- Agena;  Thor-Agena) 55, 

408,  415,  641,  843,  1588,  J8$7 
Use  in  Gemini  project 55,  166,  167,  508,  641,  642,  1207 
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Put 

Agena-B — — — * 1629 

Agena-D — _ — — 1629 

Agency  for  International  Development  (AID) 219 

Agricultural  Research  Service 2908 

Pereonne'.  salaries 2908 

Airborne  Instruments  Laboratory : 689 

Aircraft  (see  also  Hypersonic  aircraft;  Supersonic  transport;  V/STOL  air- 
craft; and  specific  names).- 84, 

85,  87,  88,  91, 1962, 1964, 1965, 1967, 1969, 1972, 1973, 1975-1978, 
1982,  2065-2073,  2576-2579,  2585,  2586,  2619,  2620,  2630,  2770, 
2875. 

Basic  design — 2068 

Operating  problems 1 ' 2625 

F repulsion  studies — 1973 

Subsonic  aircraft 2066,2067,2075,  2076 

Airport  accidents _ ..... 2076 

Cooperation  with  FAA ... 2075 

Engine  noise , 2076 

Tests  of  stopping  distances.- — 2075 

VGH  program 2066 

Vought  XC-142A * 2073 

Wingtip  vortex  field 2066 

Supersonic  aircraft.  312,  2067-2070,  2075,  2080,  2083,  2084,  2094,  2620, 2744 

Handling  qualities 2083 

Sonic  boom  research. ...... ... _ — 2069,2070 

SST  task  group.: 2747 

Studies  by  Boeing  and  Lockheed- ... 2080 

• Test  facilities  (tee  also  Wind  tunnels) 2840,  2844 

. , .Variable- sweep  wing _ , — 1978 

Aircraft  Development  Service,  FAA*  1964  budget  review 2754 

Air 'Force  Missile  Test  Center 1 «,u_ ........  998 

AitfForce  Safety  Board.—". 315.  316, 1148, 1150 

Air iFoirce Space  Systems  Division  (AFSSD) — L- . 581 

AfcFdftfe  SsT Support  Office.  ' 2747 


Air;.Fdrce  systems  Command 


408 


Air  Force,  U.B.  (see  also  Interagency  cooperatl6n/DOD)__ 44, 

234,  315-316,  334,  407,  411-412,  421-427,  996,  998^999,  1002- 
1004,2186-2188,  2626,3270.  ' " " . 

. _ iutical  Systems  Division. ....... 218&-2187 

X Agreement  oil  SNAP-50  "development l* ,_4 1935 

' Control  with  Aerospace  Corp — 1 ______  424r-425 

p Cooperation  with  NASA— .........  719,  731,  735-736, 748,  752, 755, 2894 

. Electronic  Systems  Division.".... — .L. 2187 

Future 'space  program'-  - — i ^68-869. 1 187 

".  '".Launching  of  communications  satellite  systems..... 3140 

*;  List >qf  electronics  reserirch  facilities..  1... ... _ 2252-2253 

•*  " Large  solid  rocket  program 1 848,  849 

; Rc&aarch at Cambridge  Center ... 1673,  2188,  2252 

' i JtegpScH espepditures 37-38,  996,  2063,  .2262 

; Tra^imfe  of  astronauts  11 _... _______ — , >419 

1 Use'of  copSputers-1  -1,^--  1 I... _ . .... . ...  1433 

Aircrew  Equipment  Laboratory.. _________ — 1039,1 158 

Airti»nic8,Tnc-—___l.lll’_Iwi.lr^.__._l.>l.’ — .....—A 3115 

Ali^a--'-."._.l'_ll_.lllllll_l.'_.l__....._-___._ .f.-iv-w- -A  ■ 2906 

1 Tracking  facility.— . — 1 _ .>1  ... ... 4^..-.^. i sr  -2906 

Alaska-  University  — . ...  1 _ .-4-'.  _ _ 4 4 - - . - - 2841 

Allegany  Ballistics  Missile  Laboratory r. 2290 

: -iBecondary "Fluid  injection— 1.1 '2290 

Al|sed  Q^nical  Cbro..._l.'........r..rrr-^-...r...  687,  699*  7*5,  752,  766 

" . | jDafo  on  liquid  fluorine 752>  756 

Allied ’industry  and  industrial "research.,  li  ._ 1. — ..... — T_... — 3017 

Affibd  Rieaearch  Corp....."...!: I... „ 3115 

Aiouettb  Canadian  satellite."— 7-9,  21,.  68,  75,  1489,  1542, 1547*  1573, 168SF-1683 

FUnds .4.— 1495. 

Alpha  Centauri. ...  1 ... 2129 

Altitude  chambers ...........  1006, 1007 
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Aluminum 2283 

American  Cyanamid 731 

Contract  on  solid  propellants 731 

American  Electronics  industries  Association 2268 

American  Institute  on  Aeronautics  and  Astronautics.  (See  former  name, 

Institute  of  the  Aerospace  Sciences.) 

American  Medical  Association 1734 

American  Meteorological  Society 1734,  1746,  1749 

Publishes  abstract  journal — 1734,  1746,  1749 

American  Telephone  & Telegraph  Co.  (See  also  Bellcomm.) 80, 

145,  1072,  1114,  1115,  1118,  1353,  1354,  3067 

Active  communications  satellite 3129 

Communications  satellite 3138 

Contracts  with  NASA 1132-1133 

Requested  to  assist  engineering  efforts 3228 

Setting  up  Bellcomm  contract 372,  373,  374,  380 

Systems  engineering 1098-1099 

Ames  Research  Center 52, 

91,  110,  111,  119,  432,  480,  770,  771,  942,  943,  1056,  1150,  1539, 
1597,  1679,  1759-1762,  1877,  1934,  1937,  1948,  1950,  1959,  1960, 
1965,  1966,  1970,  1973,  1974,  1978,  1979,  2040-2043,  2079,  2095, 
2096,  2098,  2104,  2120,  2194,  2201,  2202,  2203,  2259,  2339,  2359, 
2362,  2454-2456,  2575,  2582,  2597,  2598,  2599,  2600,  2601,  2602, 
2603,  2617,  2618,  2619,  2643,  2650,  2655,  2656,  2657,  2658,  2659, 
2661-2665,  2667,  2948,  2949,  2982,  2986,  2988,  2991,  2997,  3013, 
3186,  3378. 

Acceleration  of  particles 2643,  2646 

Administrative  building 2602,  2658 

Cost 2602,  2658 

Design - 2658 

Administrative  management 2656 

Administrative  management  building 2657 

Contracting 2657 

Cost 2655 

Size 2657 

Administrative  personnel  housing 2601,  2602 

Costs- 2601,  2602 

Aerodynamics  research 1971 

Animal  research 2603 

Audiology  program 1157 

Ballistic  shock  tunnel 2643 

Bioscience  building 1959 

Bioscience  Laboratory 1959,  1960 

Biotechnology  laboratory 1959 

Budget-- 1960 

Exo-biology 1959 

Biomedical  research  facility 1959 

Budget—: 91 

Comparison  of  administration  building  and  Life  Sciences  Research 

Laboratory 2602,  2603 

Costs 2602,  2603,  2658 

Construction  of  facilities 1877,  2339 

Function 2658 

Contracting  and  procurement 43,  480,  1759-1762,  3378 

Data  reduction  building 2658 

Cost 2658 

Design 2658 

Establishment 2575 

Fatigue  Research  Laboratory 2619 

Guidance  simulators 2203 

Guidance  systems 2120,  2203,  2582 

“Dog  on  the  Leash”  concept - 2120,  2203 

Flight  trajectory  analysis - 2203 

Growth 2655 

Housing - 2598,  2601,  2602,  2656,  2659 

Industrial  application  of  gas  heater 3186 
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Ames  Research  Center — Continued 

Industrial  rental  analysis __ 2991 

Land  acquisition . _ 2650 

Life  Sciences  Laboratory 1956-1958, 

1960-1962,  2040-2043,  2454-2456,  2581,  2585,  2599,  2600 

Budget... 1960 

Location 2599,  2600 

Proposal 2454—2456 

Model  construction  building . 2096,  2661-2665,  2667 

Personnel 2656,  2597,  2601,  2949,  2986,  2988,  2997 

Air  travel  report 2986 

Automobile  rental 2988 

Housing  cost 2601 

Location 2656 

Service  contract 2997 

Scientific  personnel 2597 

SCAT-17  development 2079 

Space  environments 2643 

Space  flight  guidance  research  facility 2582 

Structural  dynamics  laboratory 770,  771,  2617,  2618 

Cost 2617 

Heat  environments 2618 

Noise  fields 2618 

Objectives 2617 

Vibration  environments 2618 

Structure  criteria 2657,  2658 

Subsonic  and  transonic  propulsion , 1973 

Supersonic  transport 1965, 1966, 1970,  1974 

Budget 1974 

Fixed  configuration . 1974 

Variable-sweep  configuration 1974 

Supersonic  tunnel 2656 

V/STOL  test  beds 1979 

Wind  tunnel 1979 

Ammonia  ( see  also  Fuel;  Propellants) 2293 

Ammonia-fluorine  (see  also  Propellants) 751,  2293 

Andromeda  Nebula 1523 

ANNA,  geodetic  satellite 1493,  1496,  1707-1709 

Experiments 1493 

Funds 1707,  1708,  1709 

ANNA  I 1496 

Antares  II  A-5  velocity  package 2343,  2400 

Antennas 93-95, 

785,  852,  1608,  2109,  2130-1231,  2779,  2785-2786,  2788- 

2796,  2800,  2802,  2821,  2825,  2835-2838,  2844,  2867,  2871,  2874- 
2876,  3075,  3146-3147,  3271. 

15-foot  (spiral) ... 3075 

40-foot 3146 

60-foot 3075 

82-foot 3146 

85-foot 3146 

100-foot 3146 


Apollo  mission  use 93-94 

Ground  stations 94-95,2874 

Modifications 2867,  2875-2876 

Research  and  development 785 

Apollo  program 3-4, 


19,  21,  30-31,  65,  96,  98,  127-128,  131,  190,  195-196,  198,  201, 
210-212,  214,  216-217,  222-228,  230-231,  235-238,  291-292,  296, 
309,  313,  321,  325-329,  334-335,  496,  512,  573,  840,  842-843, 
873-874,  880.  889,  927,  985-986,  997,  1005-1007,  1020-1021, 

1043,  1045-1056,  1048,  107‘4-1075.  1081,  1082-1084,  1098,  1124, 

1168-1170,  1175,  1177,  1178,  1182',  1184,  1196,  1200,  1207,  1211, 

1285-1354.  I304r-1305,  1619,  1920,  1941-1942,  1962,  2298,  2320, 

2326-2327;  2645,  2866,  2881-2882,  2889,  2891-2893,  2895. 
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Apollo:  p*o 

Abort  and  escape  capability 61,  358,  363-364,  417,  758,  1333-1342, 1345 

“Boilerplate”  version 183,  329 

Command  module 56, 

57,  173-180,  238,  248-249,  256,  258-259,  279,  291,  358-359,  361, 
364,  366-367,  415,  598-600,  663-665,  758,  761,  785,  801,  806, 
825,  826,  1290,  1339,  1611,  2795. 

Communications 222,  358,  417 

Compared  to  X-20 2350,2351 

Contracts  and  contracting 175, 

353,  359,  388-403,  481,  663-665,  674-678,  1103-1104,  1107-1108, 
1305,  1308,  1310,  1326-1329,  1343,  1777-1780,  1782-1783,  1791, 
3328,  3352. 

General  Electric,  Apollo  Support  Department 1285-1352 

General  Electric  contract  for  integration,  checkout,  and  reli- 
ability  388-403 

Crew 358,  367,  856,  986,  1022,  1080,  1215 

Funds 65, 

313,  361,  496,  500,  576,  593,  603,  604,  608,  639-680,  663-665, 

766,  787,  800-805,  1046,  1053-1054,  1110,  1196,  1205,  1207,  1211, 
1221-1223,  1306,  1351-1352,  3416. 

Launch  costs 3398,  3405-3406,  3420 

Guidance  and  navigation 65,  182,  248,  250,  255, 

258,  357,  359,  490,  582,  598,  663,  665,  1081,  1082,  2884,  2898 

Contractors  for - 359,  582,  663 

Heat  shields _ - 1051 

Integration  and  checkout 222,  223,  248,  603-604,  1005,  1099,. 

1100,  1107,  1285,  1288,  1290-1308,  1311-1328,  1343,  1360 

Inter-office  coordination  panels 1321-1328 

Launch  control 223,  1100,  1296,  1302 

Launch  facilities  and  site. 216,  225-228,. 

230-231,  985,  997,  1297,  1299,  1300,  13C2,  1335,  2884 
Launch  operations 62,. 

245-247,  985,  1335,  2882-2883,  3398,  3405-3406,  3420 

From  Moon__ * 417 

Launch  vehicles  (see  also  SATURN  launch  vehicle  program  and 

LITTLE  JOE) 57,  65,  151-154,  185, 

496,  601,  602,  665,  667,  1213,  1290,  1302,  1318,  1360,  2036 

Life  support  systems 1016-1017,  1182,  1963 

Lunar  excursion  module  (LEM) 21, 

56-57,  173-180,  238,  248-251,  253,  255,  260,  291,  293,  326-327, 
353-359,  362-363,  366-368,  415-417,  591,  598-600,  603,  663-666, 
674-678,  758-759,  785,  787,  801,  806-807,  826,  1007,  1079,  1081, 
1091,  1223,  1290,  1317,  1326,  1360,  1561,  1564,  1759,  1769,  1777, 
1780,  1782,  1783,  1791,  1878,  2198-2199,  2588,  2589,  2796. 

Contract  with  Grumman 353,  359,  490,  674-678- 

Detailed  description 353-359 

Guidance 598,  1081 

Propulsion  system 60,  355-358,  368-369,  759,  806,  807,  1081 

Scheduling 353- 

Size 354 

Test  facilities 60,  1222-1223,  1878,  2589 

Weight 355,  357-358 

Lunar  excursion  module  truck 173-180- 

Lunar  landing  (see  also  Lunar  excursion  module) 806, 

813,  888,  1009,  1202,  1499,  1500,  1502,  1510,  1553-1555 

Management  responsibilities 359-360,  362,  386- 

Mission  control  center 239-251,  247-248,  671,  779,  1135- 

Missions 53,  57,  149-154,  326-326, 

509,  1333-1338,  1345,  2882-2883,  2886,  2892-2893 

Earth-orbit  tests  and  missions 292, 

366,  415-416,  599-600,  1077-1079,  2883,  2886 

Circumlunar 53,  1512 

Lunar 53,  57,  245-257 

Detailed  description 245-257 

Decision  to  use  LOR..,, 149-150,  578,  598,  1077-1079 


v 


3480  SUBJECT  index 


Apollo — Continued 

Orbits  and  trajectories — 2882-2883,  2886,  2892 

Parking  orbit _ . 2884 

Possible  reprograming  3-day  MERCURY  mission  funds 597 

Recovery 53,  258-259,  417 

Reentry 1— 256-257,  326,  640,  1984,  2643 

Reliability.. 152,  222,  358, 

388-390,  1079-1080,  1100,  1285,  13 ^3-1304,  1328-1352 

Rendezvous  and  docking  - 53, 

55,  328,  364,  366,  416,  549-550,  563,  578,  598,  911-912 

Scheduling 57, 184-185,  217,  225,  361,  415-416,  596,  659,  666,  2882 

Effect  of  GEMINI  slippage 

Service  module 56-57, 

173-180,  238,  248-249,  256,  279,  291,  359,  361,  415,  600,  663,  669, 
758,  759,  785,  801,  806,  825,  1290,  1342,  1611,  2795. 

Propulsion 669,759,806-807 

Simulators  and  training  facilities 366,  774,  788,  792, 1220 

Sterilization 1084 

Systems  engineering ... 603,  604, 1091, 1100, 1128 

Studies  by  Bellcomm 376-377, 1128 

Svstems  specification  preparation 376-377, 1079, 1083, 1355 

Testing  and  test  facilities 183-184, 

279,  289,  291,  325-326,  600,  603,  669,  758-759,  764-766,  770-771, 
785,  802,  806-807,  810,  820,  1006,  1007,  1099,  1219-1221,  1222, 
1223,  1611,  2576,  2589,  2618,  2670,  2680. 

Subsystems  and  components ... 183-184 

Tracking.  — --— 250,  2775,  2790, 

2795-2797,  2799-2801,  2824,  2827,  2846,  2866-2868,  2881-2882 

Tracking  and  instrumentation  ships 2889,  2890,  2894,  2895,  3837-3428 

Use  for  scientific  experiments. 57, 1010, 1963 

Use  of  fuel  cells  for  power 87, 1920,  2298,  2327 

Weather  Bureau  assistance. .... 3027 

Applications  satellites.  (See  Communications  satellites;  data  collection 
satellites;  Meteorological  satellites;  Navigation  satellites.) 

Applied  mathematics.-.. , 2011,2013 

Applied  Physics  Laboratory  at  Johns  Hopkins  University,  Silver  Spring, 

Md 2245,2251 

Electronic  research  facilities 2245,  2251 

Applied  research . 2549 

Appropriations  and  budget 2-4, 

28,  30-35,  37-38,  40,  45-47,  64-66,  76-77,  83,  90-91,  94-95, 
97-98,  106,  117,  164-165,  466-469,  485,  489-492,  667,  716,  2907, 
2912-2915,  2919-2924,  2938,  2949-2951,  2955,  2958,  2964-2965, 
2981,  2983,  2985,  2989-2990,  2992,  2993,  2995,  2996-3003,  3006- 
3008,  3260,  3261. 

Construction  of  facilities 2, 

4,  45-46,  66,  77,  83,  91,  95,  106-108,  266-268,  313,  318,  323,  500, 
514,  669,  673,  758-759,  766,  769,  771-777,  789-809,  913,  921-922, 
926-932,  936,  938,  940,  946-948,  950-953,  957-962,  965-967, 
971-983,  986-997,  1001,  1004-1005,  1192-1193,  1196,  1216, 
1221-1235,  1237-1283,  1632,  1702,  1839,  1846,  1847,  1850-1851, 
1853,  1864-1865,  1867-1869,  1872-1875,  1877-1879,  1959,  1976, 
2027,  2029,  2033,  2039,  2096,  2454-2455,  2499,  2578-2581,  2583- 
2588,  2591-2592,  2601,  2603-2606,  2610-2617,  2623,  2625-2629, 
2635-2639,  2642,  2650-2653,  2655-2658,  2661,  2666,  2672-2676, 
2678,  2679,  2686-2688,  2691-2697,  2700-2701,  2704,  2707-2710, 
2714,  2719,  2722-2723,  2725-2729,  2736,  2825,  2896,  2898-2902, 
2904 

Effect  of  cuts  in  budget 28, 

30-33,  40,  312-314,  339-341,  348,  361,  392,  653,  667,  672,  1192- 
1193,  1204,  1209. 

Estimated  appropriations,  by  State 466-469,  485 

Estimated  total  NASA  budget,  1964 2 

Estimated  total  NASA  budget  summary  1964 97-98 
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Appropriations  and  budget — Continued 
Estimates  by  programs: 

Advanced  research  and  technology - 3, 

91,  736-738,  741-748,  913,  1024,  1482,  1894-1895,  1900-1901, 
1903,  1912,  1927,  1935,  1956,  1958-1960,  1964,  1970-1973,  2039, 
2049,  2093,  2095,  2191,  2204,  2257,  2260-2261,  2270,  2272,  2303- 
2304,  2320,  2322,  2373,  2377-2378,  2439,  2493,  2511,  2528,  2543- 
2544,  2626,  2743. 

Applications 2, 

83,  3102-3104,  3108,  3115-3118,  3121,  3124,  3127,  3175,  3177, 
3200,  3201,  3203,  3214,  3117-3225. 

Manned  space  flight 3, 

28,  64-66,  98,  100,  164-165,  256-268,  312-314,  341-342,  458-459, 
495-505,  509-515,  569,  574-587,  594-596,  598-599,  600-612, 
639-641,  645,  654,  656,  663-664,  666,  668,  677,  813,  815-817, 
820,  823-826,  897-902,  982,  1022-1023,  1041,  1044-1045,  1053, 
1093-1096,  1101,  1140,  1153,  1158,  1192-1193,  1195-1196,  1204- 
1208,  1210-1214,  1216. 

Space  sciences 2, 

76-77,  810,  1471-1483,  1485-1488,  1494,  1507,  1508,  1512,  1527, 
1536,  1537,  1553,  1610,  1618,  1621,  1667-1668,  1671-1672,  1676, 
1681-1682,  1684-1685,  1695-1710,  1714-1718,  1822,  1845-1846, 
2226,  2525. 

Tracking  and  data  acquisition 3, 

94-95,  2774-2776,  2806-2818,  2822-2823,  2829-2833,  2837, 

2839-2841,  2843,  2844-2846,  2849-2851,  2853,  2855,  2857-2859, 

2868,  2875-2876,  3404,  3416,  3427. 

Formation  of  budget 26,  38, 

242-243,  322-323,  458-459,  460-461,  496-497,  510,  1801,  3106 

Personnel  cost 2913-2918, 

2921-2952,  2956,  2958, 2959,  2970-2975,  3200,  3201,  3202 

By  location  (years  1959-64) 2949-2951 

Rental  structure  costs,  by  installation. 2991 

Reprograming 33-35, 

37,  45-47,  242-245,  315,  316, 318,  322-323,  498-499,  513, 579-581, 
582-583,  584,  597,  608,  678,  743,  775-777,  780,  786,  793,  928-930, 
978-979,  1247-1283,  1477-1479,  1481,  1764,  2054,  2059,  2310, 
2433-2434,  2705,  2805-2806,  2942,  3102,  3103. 

Research  and  development, 2,  46, 

106-117,  315-316,  322,  323,  341-342,  511-515,  595,  599,  601, 
612,  639-641,  669-674,  679,  817,  819,  982,  1208,  1210-1214, 
1216,  1478,  1485,  2313,  2907,  2940. 

Summary  of  contract  increases,  by  installation 489-492 

APT.  (See  Automatic  picture  transmission.) 

Area  Redevelopment  Administration , 47°.  3359 

Argonne  National  Laboratory 2698 

ARIEL  I,  United  Kingdom  satellite ... 7-9, 1542, 1547, 1573 

Armed  Forces  Institute  of  Pathology 1039 

Armed  Services  Procurement  Regulations  (ASPR) 271,  2881,  2971,  2977,  3336 

Armed  Services  Procurement  Act 34, 1754,  2974,  3018,  3336 

Armour  Research  Foundation ... 2283,  2298.,  3446 

Pickup  innovations  and  initiate  development  work 3185 

Research  (rocket  nozzle) : 2283 

Technology  utilization  evaluation  effort 3192 

To  study  specific  applications * 3185 

Army  (see  also  Interagency  cooperation/DO  D/NAS  A) 2186,  3270 

Contract  with  Research  Analysis  Corp 589 

Human  f actors  study 1956 

List  of  electronics  research  facilities 2246,  2247,  2249,  2250 

Army  Ballistic  Missile  Agency 278,  3013 

Army  Electronic  Proving  Ground,  Fort  Huachuca,  Ariz.: 

Electronics  research 2246,2250 

Personnel 2186 

Army  Electronics  Research  and  Development  Activity,  White  Sands 

Missile  Range,  electronic  research 2246,  2249 

Army  Research  and  Development  Laboratory,  Fort  Monmouth,  N.J., 
electronic  research  facilities 2247 
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Army  Satellite  Communications  Agency,  ground  facilities 3149,  3151 

Army  Security  Agency,  RDTE,  Fort  Huachuca,  Ariz.,  electronic  research 

facilities 2249 

Army  Signal  Research  Development  Agency  and  Laboratory,,  personnel- _ 2186 

Arnold  Engineering  Development  Center,  facilities - 506,  507,  860 

ARP  A.  (See  Advanced  Research  Projects  Agency  (DOD.)) 

ASPR.  (See  Armed  Services  Procurement  Regulations.) 

Asteroid  Belt 2372 

ASTI  A (Armed  Services  Technical  Information  Agency) 1734, 

1747,  2139,  2271,  3433 

Astronautics  Journal 750,  751 

Article  on  JPL’s  work  on  solid  propellants 750,  751 

Astronauts 20-21, 

37,  53,  86,  233-235,  245,  247,  250,  255,  327,  358,  367,  501,  851, 

856,  986,  1001,  1009,  1016,  1020-1021,  1052-1053,  1098,  1111, 
1177,  1181,  1215. 

Effects  of  weightlessness 596-597 

NASA-DOD  cooperation  in  recovery 504 

Personal  stories 37 

Safety 851,  1215 

Selection 60,  233,  275,  851,  1019,  1152  1154  1218 

Training - 55, 

60,  233,  235,  366,  408,  414,  419-420,  508-509,  795,  851,  855,  1751 

Use  of  scientists  as 1750-1751 

Women 262 

Astronomy  program  (see  also  Stars  and  galaxies) 1477, 

1479,  1486,  1487,  1558,  1560,  1566,  1567,  1572,  1668,  1671,  1672, 
1674r-1676,  1680,  1685,  1696,  1697,  1704,  1706,  2547,  2548,  2549, 
2552-2556,  3292. 

Balloon-borne  telescope 1566,  1567 

Funds 1477,  1479,  1486.  1487,  1696,  1697,  1704,  1706 

Reprograming  of  funds 1704,  1706 

Research  and  technology 2547-2549,  2552-2556 

Atlantic  Missile  Range  (see  also  Cape  Canaveral;  Launch  Operations 


Automatic  vehicles _ 1004 

Construction  of  facilities 1879 

Down-range  stations 1003 

Facilities  for  SATURN 2036 

Instrumentation 999 

Launch  site 1302 

Management 130 

NASA/DOD  agreement . 130 

Operation  of  by  Pan  American 1003 

Telemetry 2791 

Twin  Falls  Victory,  ship 3407 

Atlas  launch  vehicle 189,  221,  398,  504,  506,  508,  580,  927,  1589 

.Cost 581 

Failures 927 

Payload 574,  658,  752,  754 

Procurement  of  ATLAS  booster  through  Air  Force 440 

Use  in  GEMINI  project 166,  641 

ATLAS-AGENA  launch  vehicle  (see  also  AGENA) 55, 

506,  751,  766.  1303,  1548,  1588-1590,  1598,  1624,  1627,  1629, 
1630,  3274,  3278,  3282,  3284. 

Funds 65,  594,  644 

Payload  capabilities 574 

Use  for  advanced  Svncom  communications  satellite 3151 

Use  for  MARS  flyby 1485 

Use  in  bioscience  flight  program 1567 

Use  in  Gemini  rendezvous,  test 55,  414,  642-644 

Use  to  launch  communications  satellite 3223 

Use  to  launch  MARINER 75 

Use  to  launch  RANGER 75,  566 

ATLAS-AGENA  B-launch  vehicle 1590 

ATLAS  D-_ 580,  1629,2343 
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AGENA  launch  vehicle  (see  also  ATLAS- AGENA;  THOR- AGENA) 55, 

408,  415,  641,  843,  1588 

Use  in  GEMINI  project  55,  166,  167,  508,  641,  642,  1207 

AGENA  B 1629 

AGENA  D 1629 

ATLAS-CENTAUR  launch  vehicle  (see  also  CENTAUR) 1803-1805, 

1810-1816, 1825, 1826, 1828 

Funds 1632 

Management  transferred  to  Lewis  Research  Center 1629-1632 

Testing 1632,  1633 

LTse  for  solar  probe 730 

Use  in  bioscience  flight  program 1567 

Atomic  Energy  Commission 35, 

89,  635,  847,  1426,  1429,  1432,  1747,  1907,  1909,  1910,  1913,  1914, 
1935.  2652,  2909,  2912,  2933,  3004. 

Agreement  on  SNAP-50  development 1935 

Life  sciences  budget 1956 

Personnel  salary.  2909,  2912,  2933 

Technical  information  service 1747 

Use  of  computers 1426,  1429,  1432 

Atomics  International,  division  of  North  American  Aviation 2473 

Development  of  SNAP-8 2473 

Atmospheres  (see  also  Ionosphere) 1084, 

1088,  1490-1492,  1519,  1526,  1532,  1535,  1537,  1538,  1574,  1644, 
1682-1684,  1987,  1989,  2018,  2548,  2549-2554,  2558,  2617-2619, 
2621. 


J-Jai  UU lUOTj  lU'JOj 

1519,  1526,  1532,  1533,  1537,  1538,  1574,  1644,  1682-1684,  2558 

Chemical  structure 1574 

Microorganism 1537,  1538 

Stratosphere 1538,  1566 

Planets 2548-2554,  2617-2619,  2617 

Radiative  heat  transfer 1987,  1989 

Attitude  control  system 1081 

Australia 2841,  2846,  2849 

Cooperative  sounding  rocket  program 12 

Automatic  picture  transmission  (APT;  (direct  readout  svstem) 12, 

3025,  3043-3045,  3074-3078 

DOD  interest 3043 

Funds 3025 

Observation  of  Workhvide,  local  weather  conditions 3044,  3045 

Automotive  vehicles 1004 

Autonetics 2925,  2926 

NASA  computer  rental 2925,  2926 

Aviation  Corp 333 


B-52  bomber 312 

B-58  bomber 2744 

B-70 1974,  2079,  2082,  2767 

Early  research  program 2744 

X-15  correlation 2629 

Ball  Bros 1792,2037 

Contract  for  OSO  project 2037 

Ballistic  missiles 834,  878,  1051,  1963 

Balloons 73,  1185,  1537,  1566,  1578,  1579,  1963,  2413,  2415 

Basic  materials  laboratory 2582 

Basic  research,  definition  of  subject 2549 

Battelle  Memorial  Institute 1748,  3192,  3446 

Radiation  Effects  Information  Center 1748 

Technology  utilization,  assisting  evaluation  effort 3192 

Batteries  (see  also  Space  power) 90,  1919,  2297,  2298,  2321,  2324,  2328 

Bell  Aerospace : 

Subcontract  for  LEM  ascent  engine 360,  365 

Bell  Aerosystems  Co 733,  751-756 

Letter  to  Manned  Spaceflight  Subcommittee  on  liquid  fluorine 751,  756 
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SqII  chambers  2577,  2607 

Bellcom  Inc.,  -division  of  American  Telephone  & Telegraph  Co 24,  103—104, 

145-146.,  401,  590,  591,  1072,  1075-1076,  1114-1118,  1353-1355, 

3240-3245 

Board  of  directors',  list • 374-375,  1099,  3229 

Comparison  to  GE  contract _ 1113, 1129-1130, 1137 

Computer  facilities  leased 1124-1126, 1129, 1133 

Contract  fee  determination 1127-1128 

Contracting 1119 

Efforts  in  support  of  Apollo  project — 3228 

Equipment — 1129 

Facility  ownership 1115-1116 

Formation  and  organization _ — 372-373,  375, 1099 

Funds — - 1091, 1119, 1127 

Location 376 

Mission.. 21, 113,  376—379,  3S3-384, 

386,  1091-1092,  1098-1099,  1128,  1130,  1137 

Personnel 375-376,  383,  385, 

1113-1114, 1117-1118, 1120-1124, 1126-1128, 1133,3234-3236 

Personnel  salary 1126—1127,  3234,  3238 

Relationship  to  NASA 381-382,  489, 1108, 

1112-1113,  1117, 1119, 1121-1122, 1126-1127, 1132-1133, 1766 

Relationship  to  other  parts  of  A.T.  & T 380,  386, 1098, 1114, 

1117-1118,  1120-1121, 1126-1127,  1130-1131,  3229 

Statement  of  work 1356-1397 

Stock  owned  by  A.T.  & T.  and  Western  Electric.  1114r~1115, 1118, 1354,  3229 

Tabulated  contract  testing 1456 

Total  contract  cost 376,  380, 1123-1124 

Bell  Telephone  Laboratories 380,  589, 1114-1115, 

1117-1118, 1120-1121, 1354,  2198,  2321-2322 

Communications  satellite  flight 3144 

Bendix  Corp 324,  2925,  2936 

Operation  of  the  MERCURY  tracking  stations — 489, 

1766,  2976,  3008,  3151,  3360-3361 

Bermuda 2845,  2854-2855 

Camera  installation 2876 

MERCURY  tracking 508 

Beryllium.  (See  Propellant  additives.) 

Bethlehem  Corp.: 

NASA  contract  to  build  simulator  at  Goddard  Space  Flight  Center — 801 

Bidding.. 34, 

217,  268-270,  310-312,  435,  438,  442,  445-446,  472,  474,  482,  487, 


Bioscience to— 7% 

77,  91,  856,  1023,  1026-1030,  1040,  1049-1051,  1054-1056,  1148- 
1151,  1153-1154.  1156-1163,  1165-1174,  1177,  1179-1184,  1216, 
1486-1487,  1537,  1565-1567,  1645,  1677,  1704-1705,  1707,  1922, 
1955,  1959,  1960,  2405,  2453,  2598-2599,  2600. 

Aerospace  Medicine 65, 

576,  603,  607-608,  851,  855-856,  858,  1010,  1012,  1018-1024, 
1028-1030,  1032,  1039-1041,  1043,  1048,  1050-1052,  1056,  1148- 
1151,  1153-1156,  1158-1160,  1162,  1167,  1169,  1216,  1441-1444, 
1734,  1740-1747,  1749,  1956,  1958,  2405,  2411,  2415,  2599-2600, 
3191. 

Abstracting  and  indexing  service 1734, 1746, 1749 

Aeromedical  Research  Laboratory,  Holloman  Air  Force  Base..  851,  856- 

Aerospace  Medical  Association 1028 

Aerospace  Medical  Division,  Brooks  Air  Force  Base,  San  An- 
tonio, Tex — 851 

Aerospace  Medical  Research  Laboratories,  Wright-Patterson  Air 

Force  Base -- 851,  858 

Arctic  Aeromedical  Laboratory,  E,  Wainwright  Air  Force  Base, 

Alaska 851 

Apollo  support  requirements 1043, 1048 

Appropriations llt?t> 
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Bioscience — Continued 

Aerospace  Medicine — Continued 

Audiology 1157,  1158,  1162,  1167 

Aviation  Medicine  Technical  Division 

Bureau  of  Medicine  and  Surgery - 1158 

Ballistocardiography 1159 

Biochemical  studies  on  astronauts 1052,  1053 

Bone  decalcification 1052,  1645 

Budget  and  funds 576,  603,  608,  1022,  1048,  1153 

Center  Medical  Operations  Office 10.19 

Dentistry 1056 

DOD  loss  of  responsibility 1032 

Heart  and  circulation  studies 1958 

Inflight  medical  care * 1018 

Installations  budget 1048 

Interagency  cooperation.  ( See  Interagency  cooperation/ Aero- 
space medicine.) 

Intramural  life  sciences,  program  and  facility 2599,  2600 

Manpower 1154,  1155,  1160 

Medical  operations 1023 

Manned  space  flight — 1010,  1024 

Metabolism 1022 

NASA  responsibilities 2599 

Nervous  system  control 2599 

NIH  Laboratories 1048 

Objectives 1023,  1030 

Occupational  health  program 1020 

Oxygen  use __  1029 

Pharmaceutical  research 1958 

Psychophysiological  monitoring  system 1956 

Research  agencies 1160 

Research  projects 1153 

School  of  Aerospace  Medicine 855 

School  of  Aviation  Medicine,  Brooks  Air  Force  Base 1039, 

1048,  1050,  1056 

Space  environment  effects 1021 

Space  flight  mission 1020 

Support  medicine 65 

Technological  aspects 2599 

Tolerances  to  environmental  factors 1021,  1022,  1023,  2599 

X-15  aircraft  pilots 1151 


VK/fy  UUO,  U4»Uj,  OUV,  Odl, 

855,  1043,  1044,  1045,  1046,  1057,  1058,  1150,  1166 
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Biosatellites  (see  also  RANGER,  SURVEYOR  lander,  SURVEYOR 

orbiter) * 1623 

Bioscience  Advisory  Committee 1040,  2598-2600 

Bioscience  Laboratory 1959,  1960,  2453 

Biotechnology 1179,  1886,  1955,  1956, .1962,  2405-2416 

Biotelemetry 1019 

Budget  and  funds 77,  91,  1023,  1486,  1487,  1677,  1704,  1707 

Criticism 1029 

Facilities- 91,  1026,  1050 

Flight  programs 73,  1023,  1566,  1567 

Human  factors 84, 

87,  91,  596,  597,  851-852,  1039,  1048,  1150,  1151,  1158,  1172, 
1447-1452,  1470,  1471,  1531,  1679,  1886,  1954,  1955,  1956,  1962, 
2335-2337,  2363-2386,  2404-2416,  2619  -2620,  2779,  2781,  3086 

Budget 91 

Crew  medical  selection  and  monitoring 1012,  1056 

Mercury  tests  of  manned  flight  crews 1012 

Tests  for  Apollo,  GEMINI,  and  DYNA-SOAR  projects 1056 

Fatigue  Research  Laboratory 2619 

Human  Centrifuge  Laboratory,  Johns ville 1039,  1158,  1172 


3486  SUBJECT  INDEX 

Bioscience — Continued 

Human  factors — Continued  Put 

Life  support  systems 50, 

74,  87,  274,  1014-1018,  1021-1024,  1027,  1029,  1052,  1055-1056, 
1081,  1181-1182,  1216,  1437-1441,  1949-1950,  1958-1959,  1963, 
2412,  2417,  2429,  2543-2546,  2578,  2603. 


Atmosphere 1055, 1958 

Closed  ecological  systems 274 

Development. 1052 

Duplication 2543-2546 

Feeding  systems 1023 

Hygiene  systems 1018 

Life  expectancy  studies 2578 

List  of  categories 1055 

Oxygen  environment 1027,  1029 

Portable 1021 

Program 1959 

Protective  systems 1958 


upauc  a m ua — . ujuj,  iuuu,  xxox, 

Tasks  for  Apollo,  GEMINI,  DYNA-SOAR  projects 1055 

Toxicology 1055 

Magnetic  and  electrostatic  fields 1150,  1958,  2439 

Man-machine  coordination  and  integration 87,  1962 

Radiation 73,  1022,  1055,  1088-1089,  1150,  1151,  1164,  1173, 

1470,  1471,  1531,  1958,  2364,  2411-2412,  2578,  2779,  2781,  3086 

Bioinstrumentation 1022 

Biological  systems  effects 1022 

Consultative  Group  on  Potentially  Harmful  Effects  of  Space 

Exploration 1088,  1089 

Cosmic  rays  on  human  tissue 73 

Dose  rates 1022 

Effects  on  monkey  colony 1164, 1173 

Environments 2578 

Eye  changes  cause 1022 

Flux  measurements 1022 

Hazards 1022,  1150,  1151, 

1470,  1471,  1531,  2335,  2364,  2411,  2412,  2779,  2781,  3086 

Man’s  performance  under 1958 

Planetary  environments 73 

Spacecraft  contaminants 1022 

Testa  list 1055 

Weightlessness  and  acceleration 53, 

73,  590,  597,  852,  1012-1015,  1021,  1022,  1055,  1056,  1159,  1645, 

1956,  1958,  2436,  2438,  2578,  2596. 

Acceleration  and  deceleration 852,  1015,  1021,  1055,  1958,  2438 

Environmental  stress  factors 1958 

Human  pilots  in  chambers. 1956 

Impact  1015,  1021,  1055 

Noise 1055 

Orthostatic  tolerances 1022 

Performance  degradation 1022 

Revolving  environment 2438 

Tests  for  Apollo,  GEMINI,  and  DYNA-SOAR  projects.  1055,  1056 

U.S.S.R.  study  on  Taika 2596 

Vacuum  environmental  facilities 2578 

Vibration 1021 

Weightlessness 596,  597,  1012-1014,  1022,  1159,  1645 

Zero  gravity ...  53,  73,  852,  2436 

X^ifs  sciences  _ 50 

7 3-74, ~ 77", “ 274,"  YoiO, ’ 1029-1630," i04t~ ~ 108 td090,~  1 184’  1538- 
1541,  1675,  1680,  1721,  1955-1962,  2040-2043,  2442,  2454-2456, 
2581,  258.5-2586,  2596-2601,  2620,  2643. 


Bacteria 73,  274 

Budget  and  funds 77,  1956,  1960,  2585,  2586 

Construction  of  facilities 2585,  2586 

Contamination  of  extraterrestrial  bodies 1085,  1089,  1090 
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Bioscience — Continued 

Life  sciences — Continued 

DOD  capabilities 1956 

Exobiology 1086,  1959,  2601 

Extraterrestrial  bodies 1085 

Extraterrestrial  environments 2599 

Extraterrestrial  life 50,  73,  74,  77,  1010,  2599 

Facilities 1956,  2581,  2596 

Life  on  earth 73 

Life  sciences  advisory  committee 2599,  2600 

Life  Sciences  Laboratory,  Ames  Research  Center 1956-1958, 

1960-1962,  2040-2043,  2442,  2454-2456,  2581,  2585,  2599,  2600 

Living  material  synthesis 1541 

Lunar  contamination 1089,  1090,  1721 

Micro-organisms . 1538 

Objectives 2600 

Organization 1029, 1030 

Planetary  environments 73 

Planetary  life  detector  (Gulliver) 1540 

Program 1955,2597 

Protein  synthesis 1539,1541 

Research 1675, 1680,  2596 

Sterilization  of  space  vehicles 1084,  1086-1088 

Technology 1041,  2620 

U.S.S.R.  studies 2596 

Manpower  utilization.  1026,  1027 

Organization 1027-1030,  1056,  2596,  2599-2601 

Program 856, 1028, 1029, 1537, 1565 

Requirements 1049 

Support  for  GEMINI,  Apollo,  and  DYNA-SOAR  (see  also  GEMINI, 

Apollo,  DYNA-SOAR) ...  74, 104-106, 1054-1056 

BMEWS,  ballistic  missile  early  warning  system _ 878 

Boeing  707 2630,2770 

Boeing  Co 201,  297, 

299,  313,  951,  952,  953,  962,  964, 969,  2080,  2081,  3346,  3350,  3352 

Engineering  on  supersonic  transport 1979 

Integrated  life  support  system ...  2439 

Supersonic  transport  configuration.- 1965 

Tabulated  contract  listing.  . 1456 

BOM  ARC  missile 584 

Books  and  monographs,  publication  of 1737,  1738,  1745 

Borane  fuels  (see  also  Diborane,  pentaborane,  and  propellants) 737,  745 

Bor on-Calif ornia  Power  Co.  line 2628 

Boron  compounds-fluorine,  propellants  ( see  also  Propellants) 755 

Boron  fuels  ( see  also  Diborane,  pentaborane,  propellants,  and  fuel) 85, 

737  2283  2284 

Boron  hydride  (see  also  Fuel,  propellant) 703,  704,  726,  727,  747 

Boron-hydrogen-nitrogen  compounds  as  propellants 731 

Boston,  Mass.,  evaluation  as  proposed  site  for  Electronics  Research  Center.  2148, 

2201,  2205,  2208-2211,  2218-2220,  2732,  2736 

Boulder  Laboratories,  National  Bureau  of  Standards,  Boulder,  Colo 2185 

Brazil 2841,3147 

Cooperation  with  United  States  on  communications  satellites 3147 

British  aircraft,  short  runways  requirement 1969 

Brooks  Air  Force  Base 87,  607,  867, 1048,  1056 

Bucyrus-Erie  Co.,  proposal 442,  464 

Bureau  of  Public  Roads 1262,  1872 

Bureau  of  Ships 2890 

Bureau  of  the  Budget 102, 

103,  440,  447,  450,  456,  459,  496-497,  574.  610,  693,  741-742, 
1136,  1421-1426,  1757,  1796,  2143,  2207,  2311,  2576,  2818,  2905, 
2924,  2954,  2987,  3001,  3259,  3340,  3346-3349,  3350. 

Bulletin  60-6,  June  18,  1960 1399-1413 

Circular  A-54,  October  14,  1961 1414-1420 

Computer  studies 1136,  2818,  2924,  2954 

High-energy  propellant  funds 741-742 

Need  for  research  facilities 2576 

Office  of  Manned  Space  Flight  budget  review 497 

Reports  required  of  contractors 3346-3349 
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Burroughs  Corp.,  NASA  computer  rental 2925-2926 

Buy  American  Act,  contract  management 486 

C-130C  airplane 2073 

Calibrations  and  Standards  Laboratory 2039 

California: 

Concentration  of  electronic  research 2210 

Share  of  research  grants . 2211 

California  Institute  of  Technology . 1593-1594, 

1606,  1753,  1759,  2324,  3346,  3350,  3352 

JPL  management 454-455,  458,  1753,  1759 

Study  of  propellant  properties..^ 2284 

California,  University  of 3450 

Callerv  Chemical  Co 703,  717,  731,  745,  2284 

High  energy  fuel  research 699,  702,  703,  704,  710,  714-716 

Canada  cooperative  satellite  program . 8-9 

Canard  Tail . 2081 

Canary  Islands . 2845,  2882 

Mercury  tracking  station 508 

Canoga  Park  (Calif.) 332,  335,  340,  980,  1243 

Construction  of  facilities .. 1243 

Testing _ 340 

Cape  Canaveral  ( see  also  Atlantic  Missile  Range,  Launch  Operations 

Center) 207, 

208,  210,  215,  216,  221,  227,  235,  237,  296,  306,  311,  319,  331, 
755,  834,  835,  927,  958,  964,  976,  986,  988,  992,  993,  999,  1000, 
1003,  1004,  1006,  1052,  2638,  2871,  3013. 

Capital  Beltway. 1873-1874 

Carbon 1689-1690,  2283 

Case  Institute  of  Technology 2105 

Celestial  mechanics. 810,  1673,  1674,  2012,  2013 

CENTAUR  launch  vehicle  (see  also  .^Atlas-Centaur) 75, 

188,  221,  618,  706,  14.85,  1620,  1677,  1803-1805,  1810-1817, 
1825-1826,  1828,  1901,  2309-2310,  2316,  2611,  2622. 

Development  problems 1485, 

1631,  1810-1819,  1826-1828,  1830-1834,  2309,  2316,  2383-2386 

Flight  schedule 1485,  1822 

Funds. _ 77,  601,  603,  1479-1481,  1488,  1704-1705,  1810,  1822,  1826,  1828 
Ground  tests..  75,  1631,  1804,  1810-1820,  1822,  1836,  2383-2386,  2577,  2613 

Management  responsibility  transferred  to  Lewis  Research  Center 1804, 

1807,  1809,  1819 

Payload 75,  1804,  1810,  1815 

Thrust 1804 

Use  in  combination  with  ATLAS  and  TITAN  II 75,  1823-1825,  1827 

Use  of  RL-10A3  engine 719,  721,  733 

Use  to  launch  MARINER  B 75 

Use  to  launch  SURVEYOR 75,  1823-1825,  3172 

Central  Instrumentation  Facility 333,  853,  999,  2039 

Central  Radio  Propagation  Laboratory 2185 

Ceramics 2003,  2009 

Cesium,  propellant  for  ion  engines 1830,  2324 

Cetex.  ( See  Committee  on  Exploration  of  Extraterrestrial  Space.) 

Chance-Vought  Corp 1079,  1091,  1938 

Checkout . 62, 


63,  65,  217,  220,  222,  223,  224,  228,  230,  240,  241,  248,  384-385, 
388,  390,  392,  394,  397,  399,  401,  403,  984,  985,  990,  1005,  1006, 
1074,  1100,  1107,  1123-1124,  1285,  1288,  1290-1308,  1353,  1354, 
2867,  2868,  2885. 


Chemical  propellants.  (.See  Propellants,  high  energy.) 

Chemical  Propulsion  Information  Group . 749 

Chemical  systems  for  space  power.  (See  Batteries;  Fuel  cells;  Space 
power.) 

Chemistry;  space.  (See  Space  chemistry.) 

Chicago  Space  Month,  to  develop  follow-up  group 3185 

Chicago,  University  of — 3447 

Chile,  University  of 2841 

Chimpanzee  training . 237,  852 
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Chlorine..... . 2283 

Chlorine  trifluoride-hydrazine 751 

Chrysler  Corp 198, 

213,  214,  216,  217,  290,  293,  325,  951,  952,  953,  3346,  3350,  3352 

Equipment 3008 

Michoud  plant 290 

NASA  contract,  S-I  stages  for  SATURN  I and  I-B 491, 

599,  607,  820,  821,  822 

Space  Division 281 

Tabulated  contract  listing 1 456 

Cloud  pictures  (by  satellite) 3047-3052, 

3073,  3075-3078,  3113-3114,  3122-3124 

Availability  to  U.S.S.R 3123-3124 

Cocoa  Beach,  reprograming,  water  supply  system.. 1280 

Combustion  research 2088,  2282,  2283,  2285,  2305,  2316,  2317,  2318,  2616 

Command  and  data  acquisition  stations  (CD A) 3061, 

3065,  3075,  3085-3086,  3107-3100 

Canada-NASA  agreement  for  antenna  location  in  Nova  Scotia 3086 

Committee  on  Aeronautical  and  Space  Sciences,  "An  inventory  of  related 

programs  resources  and  facilities”  report.. 2598 

Committee  on  Exploration  of  Extraterrestrial  Space  (Cetex) 1087,  1088,  1089 

Committee  on  High  Density,  High  Specific  Impulse  Propellants 706,  713 

Committee  on  Space  Research  (Cospar) 1086,  1728 

Common  carriers,  ownership  of  Communications  Satellite  Corp.  stock 3324, 

3325,  3326 

Communications  Satellite  Act 3138,  3160,  3206,  3327-3333 

Detailed  discussion 3327-3333 

Justification  of  independent  Government  program 3206 

NASA  responsibilities 3138,  3160 

Text 3332 

Communications  Satellite  Corp 3138,  3155,  3157, 

3159,  3165,  3167,  3203,  3216,  3239,  3268,  3283-3284,  3288-3333 

Board  of  directors 3312-3313,  3326 

Competition 3307,  3324-3325 

Contracting 3310,  3313,  3315,  3317,  3326 

Coordination  with  DOD-NASA  on  communications  satellite  program.  3138, 

3155,  3157 

DOD  relationship 3283-3284,  3288,  3300,  3305,  3317,  3321,  3326 

Establishment  and  organization 3127, 

3138,  3159,  3268,  3296-3298,  3300,  3310-3315,  3319,  3322 

Foreign  financial  participation 3299,,  3323 

Funds 3315,3325 

Industrial  applications 3203 

NASA  relationship 3167,  3299,  3301,  3305,  3316,  3319,  3321,  3324,  3326 

NASA  versus  corporation  in  research  responsibilities 36-37, 

3296-3297,  3303-3307,  3320-3322,  3326-3333 

Operational  systems ..... 3159,  3297,  3299,  3305,  3317,  3322 

Ownership  of  ground  stations  question 3323 

Personnel ... 3165,3239,3314 

Possibility  of  work  for  other  concerns 3316-3317 

Problems  to  be  solved ... 3298,  3315 

Rates 3289,  3293,  3323 

Regulation  by  FCC ...  3306,  3310, 3318 

Reimbursements  to  NASA — 3216,  3303,  3328-3333 

Research  responsibilities 36-37, 

3297-3298,  3303-3307,  3310,  3313,  3316,  3330-3333 

Stock  issuance  and  ownership 3300, 

3303,  3307.  3311-3313,  3315,  3319,  3322-3326 
Communications  satellites  (see  also  ADVANCED  SYNCOM,  ADVENT, 

ECHO,  RELAY,  SYNCOM,  TELSTAR) 80, 

92,  570-571, 618-619,  636, 1547, 1625, 1627,  3125-3225,  3268-3333 
Active  {see  also  ADVANCED  SYNCOM,  ADVENT,  RELAY,  SYN- 
COM, TELSTAR)  synchronous 3147, 

3151,  3156-3157,  3171,  3223,  3304,  3317-3319,  3330 

Advanced.  3151,3156-3157,3223 

Air  Force  (U.S.) 3270,  3276-3277,  3284,  3287 
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Communications  satellites — Continued 

Army  (U.S.) - - - 3270,  3276-3277 

Authorization  and  budget 3217,  3177,  3268-3269 

Data  collection  and  analysis 3140,  3224 

Development 3156,  3162,  3168 

Difference  between  commercial  and  defense  needs 3269,  3277-3278,  3280 

DOD/NASA  cooperation 3140,  3269,  3274-3275,  3279,  3285,  3287,  3291 

DOD  program 3127,  3140,  3268-3294 

Funds 3279,  3282 

Policy  on  commercial  support,  of  projects 3268-3269 

Program  management 1 1 3270 

Economic  factors „ 3298-3300,  3302-3303,  3305,  3323-3325 

Flight  schedule  program 3142,  3154,  3304,  3317 

Funds * 3157,  3167,  3170,  3175,  3219-3225,  3279, 

3282,  3288,  3295-3297,  3303-3304,  3306,  3319,  3321-3322,  3325 

Detailed  breakdown  for  fiscal  1964 3319-3325 

Future  applications 3128 

Ground  facilities 3144,  3146-3147,  3158,  3165,  3222,  3281-3282 

Intermediate  altitude 3220,  3270-3276,  3304,  3317-3318 

International  cooperation 3143,  3146 

Lack  of  by  U.S.S.R 576 

Launch  operations 3173 

Launch  vehicles 3160,  3223 

Lifetimes 3278-3279,3303,3305 

Military  applications 3268-3294,  3318 

Orbits 3144,  3147-3148,  3270-3276 

Passive.  (See  ECHO.) 

Power  supplies 3305 

Program  (NASA) 3128,  3130,  3137,  3157,  3224-3225 

Reliability. 3224,  3273-3274,  3278,  3305 

Research  and  development 3127, 

3157,  3162,  3164-3165,  3175,  3268,  3270-3271,  3280,  3282,  3290 

Funds — 3157,3175,3288 

NASA  versus  Communications  Satellite  Corporation  responsi- 
bility... 36-37,  3296-3297,  3303-3307,  3320-3322,  3326-3333 

Supporting  research  and  technology-  3140-3141,  3154,  3169-3170,  3175,  3268 

Tracking  and  telemetry 92,  3224 

Communications  systems  (see  also  Communications  satellites;  Tracking 

and  data  acquisition) 78, 

222,  640,  833,  1081,  1946,  2017,  2097,  2106-2107,  2109,  2127, 
2129,  2135-2136,  2146,  2830,  2866,  2876-2879,  3141,  3179,  3222 

Data  transmission  and  processing 2106,  2109,  2146,  2879,  3141 

Lasers - 2127,  2135-2136,  2572 

Reentry  problems 640 

S-band  system — 2866-2871,  2884 

Spacecraft  systems 2866,3222 

Comptroller  General  report  on  data  processing 1421-1436 

Computers- 6,  28-29,  1124,  1421-1436,  1863-1864,  2639,  2778,  2923-2924 

Facility 795 

Cost— 1134-1135,  1423,  1427-1428,  1432,  1435,  2626-2627 

Digital 1082 

Detailed  discussion 2922-2929 

List  of  manufacturers 1425,  1427 

Rental  by  NASA — 2925-2926 

Rental  versus  ownership 1125-1126, 

1129,  1134-1135,  1421,  1423-1425,  1427,  1430-1431,  1434r-1436, 
2626,  2918,  2922-2929,  2953-2954,  2989. 

Use  for  information  retrieval 1728, 

1734-1735,  1743-1744,  1747-1748,  3004-3005 

Use  in  data  processing 937-938,  1727 

Concord,  supersonic  aircraft  being  constructed  by  British  and  French — 2762 

Confinement,  performance  of  humans 2435 

Connecticut,  University  of 2105 

Convair  Division  of  General  Dynamics,  LITTLE  JOE  II  launch  vehicle..  807 
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Contracting  and  procurement: 

Bidding 34, 

217,  268-270,  310-312,  435,  438,  442,  445-446,  472,  474,  482,  821, 
940-941,  1102,  1134,  1754,  1764,  1773,  1776,  1784,  1789,  2880, 
2952,  2955,  3336,  3354,  3358,  3367,  3372-3373,  3375-3376,  3380, 
3383. 

Bonding 219 

Contract  management 22, 

35,  212,  220,  310-311,  324,  354,  393,  440,  448-449,  452,  456, 
461-464,  479-480,  486,  953,  1127,  1305,  1308,  1310,  1326-1329, 
1594,  1745,  1756-1758,  1762-1770,  1773-1776,  1792-1793,  3005- 
3G06,  3019-3020,  3339-3340,  3363,  3376,  3380. 

Contract  approval  authority 34,  431-432,  438, 

447,  472,  480,  1754-1755,  1758,  1760,  3336,  3363,  3376,  3380,  3384 

Cost-plus-award-fee  contract 3007-3008 

Cost-plus-fixed-fee  contract 394, 

439,  454-455,  493-494,  582,  675,  1571,  1755,  1788,  3339,  3360 

Cost-plus-incentive-fee  contract 229,  483,  1572,  1755,  2880,  3008,  3339 

Criteria  used  in  determining  reasonable  profits  on  Band  D contracts..  439, 

899,  1770-1772 

Dissemination  of  procurement  information 432,  472,  478-479,  482,  2920 

Evaluation  of  prime  contractor  purchasing  system 441, 

446-447,  464-465,  476,  486 

Fixed  price  contract 311-312,  439,  482,  1755,  1772 

Funds  used  for  contracts  and  subcontracts 22, 

25,  128,  312-314,  316,  319,  321,  323,  325,  326,  431-432,  437-441, 
446-449, 453-457,  461-465,  470-473,  479-487,  489,  493-494, 1699, 
1753-1754,  1759-1761,  1776,  1769-1772,  1776-1784,  1793-1796, 
1800,  3335-3336. 

Geographic  distribution..  447-448,  456-457,  460-461,  465-472,  478,  485,  664, 
1794,  2961,  3340-3345,  3350-3351,  3353,  3356-3357,  3378-3380 

Geographic  distribution  prime  contract,  by  State 457, 

465-467,  478,  485,  1794 

Grants  and  contracts  to  scientific  and  educational  institutions 438, 

443,  458,  480,  487,  1753,  1800,  2920,  3003-3005,  3336 

Inspection  for  quality 128,  271-272,  493,  475-477 

Negotiated  contracts 353, 

438-439,  442-443,  446,  472,  474-475,  480-481,  487-488,  674-675, 
821,  1754,  1759,  1764,  1773-1774,  1776,  1778,  1793,  1796,  2818, 
2880,  2976,  3019,  3336-3338,  3360-3361,  3365-3366,  3368. 

Notification  of  Congress  of  awards 3369-3370 

Procurement  authority  and  regulation 34, 

268,  271,  312,  438,  444,  447,  458,  461-462,  464-475,  479-483, 
487,  1753-1768,  1780-1796,  1800,  2920,  3009-3011,  3336-3337, 
3359,  3382-3383. 

Proposal  procedures 269, 

438-439,  441-443,  446-447,  464,  472-475,  487-488,  493,  1745, 
1755-1757,  1776-1778,  1780-1785,  1788-1796,  3019,  3364r-3365, 
3368,  3375-3376. 

Renegotiation 488,  1801 

Relocation — 779,  2955,  2970-2982 

Small  business  policies — 435,  441, 

471,  472,  486,  1757,  1792,  3341,  3343-3345,  3353,  3358 

Source  evaluation 431-439,  442,  462,  472-475,  482—483, 

488,  1755,  1788-1791,  3340-3341,  3353-3354,  3369,  3375 

Subcontracting 218, 

269-271,  310-311,  360,  435,  440-441,  444,  446-447,  452,  455-457, 
464r-465,  468-471,  478-479,  484-486,  1756-1757,  1759,  1792, 
1794-1796,  3336,  3340-3343,  3350-3352,  3365,  3373,  3380,  3444- 
3445. 

Summary  of  increases  in  amounts  of  major  contracts.. 489-492 

Types  of  contracts: 

Fixed-price  incentive 312,  1571,  1774-1775,  3008,  3360 

Incentive  contracts 1571,  3008-3011 

Use  of  labor  surplus  areas 3341,  3344-3345,  3353-3354,  3358-3359 
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Control 1886,  1946-1951,  2017,  2102,  2104,  2105,  2620 


Control  Data  Corp.,  NASA  computer  rental 2925 

Controls,  automatic  adaptive 2105 

Coolants,  propellant  combustion  (see  also  Ablative  materials;  Film  cooling; 

Propellants) : 

Comparison  of  different  propellants 727,  728 

Diborane 727 

Hydrogen 727 

Hydrogen-fluorine 728,  751 

Hydrogen-oxygen . 728 

Kerosene 613 

Oxygen-difluoride 727 

Cooling  of  diborane-oxygen  difluoride  during  combustion 2285 

Corps  of  Engineers 265,  266,  674, 

928,  935,  961,  986,  989,  1005,  1847,  1848,  2047-2050,  2637,  2638 

Cosmic  rays 378,  1092,  1531 

Cosmos,  meteorological  satellite  (U.S.S.R.) 3113-3114 

Courier - 3271 


Crew  Systems  Division.  (See  Manned  Spacecraft  Center.) 

Cruft  Laboratory 2208 

Cyrogenic  propellants.  (See  Hydrogen;  Oxygen;  Propellants.) 

Cyrogenics 2652,  2653 

Cyropanels 2604,  2611 


D 

Data  acquisition  and  analysis 95,  1726-1727,  2829-2863 

Data  collection  satellites 68,  3130-3 132 

Data  processing  (see  also  computers) 3, 

51, 937,  1399-1420,  1727,  1863-1864,  1946,  2097,  2099,  2112,  2114, 
2835,  2840,  2855,  2866,  2878,  2881,  2905,  3126. 

Data  processing  equipment,  purchase  versus  leasing  (see  also  com- 
puters)  1399-1420 

Data  storage  and  retrieval 1725,  1728 

Da vis-Bacon  Act 403 

Daytona  Beach,  Fla.,  site  for  General  Electric  Apollo  Support  Depart- 

ment__„ 390 

Deep  space  network  (see  also  Tracking  and  Data  acquisition) 93-95, 

289,  508,  2779,  2781,  2786,  2788-2791,  2800,  2833-2834,  2840, 
2843,  2848,  2850,  2865-2871,  2881-2884,  2899,  2900,  2903,  3013. 

Duplication .» 2882 

Equipment 2867 

Ground  stations.  (See  Goldstone,  Calif.;  Johannesburg,  South 
Africa,  Woomera,  Australia.) 

S-band  communications  system 2866-2871,  2884 

Defense  Communications  Agency _ ; . - 3269-327 0,  331 7 

Defense  Documentation  Center.  (See  former  name  ASTTA  (Armed 
Services  Technical  Information  Agency) .) 

DELTA  launch  vehicle  (see  also  THOR-DELTA) __ 1472, 

1481, 1548,  1624-1625,  1627,  1634,  1808 

Cost - — 77,707,1771-1772 

Launch  schedule 1486 

Use  in  bioscience  flight  program ... 74-75, 1567 

Use  in  geophysics  program - 1680 

Use  to  launch  050 75, 1574 

Use  to  launch  SYNCOM 75,  3151 

Use  to  launch  TELSTAR 75 

Use  to  launch  TIROS - 1548 

Density  of  propellants  (see  also  Propellants) 686,  721,  724,  725 

Department  of  Agriculture  (see  also  Interagency  cooperation) 273-274 

Department  of  Commerce.  (See  Interagency  cooperation.) 

Department  of  Commerce  Business  Daily 441,  472,  3341,  3376 

Advertising  for  procurement 1757 
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Department  of  Defense  (DOD)  (see  also  Air  Force;  Army;  Communications  ?«*•■ 

Satellite  Corps;  Interagency  cooperation;  Navy) 16, 

38,  43-45,  227,  231,  312,  463,  621-622,  633-637,  935,  1041,  1049, 
1056,  1072,  1184,  1201,  1931-1934,  1947,  1967-1968,  2186-2188, 
2210,  2264-2265,  2284,  2871-2872,  2888-2894,  2908-2909,  3127,. 
3130,  3140,  3158,  3176,  3178,  3268-3294,  3317,  3354,  3387-3428. 

Advanced  Research  Projects  Agency  (ARPA) 731,  750-751,  2284,  2909 

Budget 621-622,  633-634,  1967-1968,  3354 

Communications  satellite  program.- 3127,  3140,  3176,  3268-3294,  3317 

Computers—, 3426-3427 

Contractors,  statutory  regulations  governing ; 463 

Cooperation  with  AEC.  ( See  Interagency  cooperation.) 

Cooperation  with  NASA.  (See  Interagency  cooperation.) 

Cooperation  with  NIH.  (See  Interagency  cooperation.) 

Decisionmaking  on  major  space  projects 635. 

Dyna-Soar  (X-20)  (see  also  X-20) 637 

Field  installations 2186,  2188,  2872, 3158,  3396 

Laboratories 1049 

Navigational  satellite 3130 

Nuclear  propulsion  interest 635 

Reprograming  authority 43-45,  431 

Research  and  development  grants  to  universities 2210 

Rocket  engine  (solid),  development - 1201 

Supersonic  transport  development 1967-1968 

Tracking  ships 3387-3428 

Department  of  Interior.  (See  Interagency  cooperation.) 

Department  of  Labor.  (See  Interagency  cooperation.) 

Depository  libraries 1734,  1741,  1749 

Diamond  Ordnance  Fuze  Laboratories  (new  name,  Harry  Diamond  Lab- 
oratories)  2115 

Personnel 2186 

Diborane  (see  also  Propellants;  fuel) 685-687,  689, 

691-692,  697-700,  704,  707,  711,  730,  745,  1893,  2285,  2308,  2316 

Diborane-fluorine  (see  also  Propellants) 725,  2293 

Diborane-hydrogen  peroxide  (see  also  Propellants) 725 

Diborane-oxygen  (see  also  Propellants) 725 

Diborane-oxygen  difluoride  (B2H»-OF2)  (see  also  Propellants) 720-723, 

725-727,  729-730,  737-738,  745-748,  2285. 

Experimental  performance 725-727 

NASA  technical  report,  February  1963  by  Kurt  Stehling 747 

Status  of  R.  & D 747 

Dielectric  tape  camera  and  system : 3091 

DISCOVERER  program 622. 

Disorientation 1159,  1163,  1183 

Docking 58,  59,  247,  255,  366,  367,  408,  415,  416,  845,  850,  1151 

Documentation,  Inc.,  Bethesda,  Md.,  contract  for  scientific  and  technical 

information  facility 1742-1744- 

DOD.  (See  Department  of  Defense.) 

Dosimeters  _ __  _ 1017  2570—2571 

Douglas  Aircraft  Co.7fuc—7  282~  ^85,  293,’ 29 5,'  3oI~  ~324~  982,  3346,  3350,  3352. 

Component  evaluation  facilities- 2606,  2607 

NASA  contract  for  S-I V B stage  of  SATURN  I B and  SATURN  V-  . 301, 

491,  820,  822,  982. 

Sacramento  test  facility - 295. 

Tabulated  contract  listing 1456. 

Duplication.  (See  Interagency  cooperation.) 

Dynamics  Research  Laboratory 2582. 

E 

Early  warning  satellites 618-619* 

Earth  (see  also  Atmospheres;  Ionosphere),  contamination  from  lunar  space- 
craft possibilities 1088, 

Eccentric  Geophysical  Observatory 1471,  1474-1475,  2783 

ECHO  I 3128. 

ECHO  II 82,  3128,  3141-3143,  3154 

Detailed  description , - 3128- 

Flight  program 3142 

Launch  schedule 3154 

Testing 3143. 

06-504— 63— pt.  4 47 
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Pill 

ECHO,  passive  communication  satellite 16,  1922,  3222 

Funds 3222 

Ecuador , 2849 

Educational  programs  (see  also  University  programs) 2919,  2995 

Edwards  Air  Force  Base 197,  307,  315, 

317,  336,  340,  453,  643,  748,  973,  978,  1243,  1956,  2628,  2633-2634 

Construction  cost  estimates 1243 

Flight  testing  for  supersonic  transport 2633-2634 

Paraglider  development 643 

Electrical  & Mechanical  Research  Corp.,  NASA  subcontract 1792 

Electromagnetic  engine 1915 

Electron  density 1573 

Electronic  Research  Center,  proposed  NASA  field  center- _ 86,  1946,  2045,  2116, 
2148-2149,  2191,  2195-2196,  2198,  2200,  2222,  2728,  2736,  2982 
Bureau  of  Budget  discussion  with  NASA 2957-2960 


Development  of  inhouse  research  competence  to  direct  contract 

research 3014 

Facilities.. 2957-2961 

Initial  organization _ 2959 

Mission : 3014-3015 

NASA  requirements 3017 

Need  for--.... 2957-2960,  3014-3017 


Distribution  by  specialty  and  degree 2192,  2194-2195,  2200-2202 

Growth 2191-2192 


Number  of  professionals  in  relation  to  total 2193-2194 

' Requirements 2191-2192 

Relationship  to  other  NASA  activities 2192,  2194,  3014 

Site  selection 2215-2218,  2243,  2266,  2957-2964,  3011-3012 

Electronics  Instrumentation  Laboratory 2584,  2729 

Electronics  research 23,  1992-2010, 

2151-21 84,  2187,  2244r-2252,  2261,  2264,  2266,  2271,  2277,  2278 
List  of  DOD  research  facilities.  2244-2252,  2261,  2264,  2266,  227 i,  2277,  2278 

List  of  governmental  electronics  research 2151,  2184-2188 

List  of  industries  interested  in  research 2151-2184 

Electronics  systems 84,  86,  90, 1886,  1946-1951,  2192,  2193,  2200,  2620 

Electronics  Systems  Division  (Air  Force)  projects,  command  and  control.  2252- 

2253 

Electro-Optical  Systems,  Inc 1921,  2293,  2295,  2298,  2326 

Ellington  Air  Force  Base 778,  787,  794 

Engine  technology 65,  193,  310,  341-346, 

689,  690,  692,  699,  702,  708,  716,  2071,  2286-2290,  2293,  2329 

Engineering  degrees  conferred,  1959-60,  by  area 3016 

Engineers- 2192,  2889,  2890,  2892 

Enos  (chimpanzee) , 237 

Equilibrium  expansion  of  propellant  gases 722,  724,  2285 

Ethane  (see  also  Fuel;  Propellant) 685,  686 

Ethylene  ( see  also  Fuel;  Propellant) 685,  686 

Euratom 1750 

European  Launcher  Development  Organization 16 

European  Space  Research  Office 16 

Eurospace 1750 

Executive  Order  10521,  requires  survey  of  existing  structures 2243 

EXPLORER 68,86, 

617,  1470,  1474,  1513,  1533,  1547,  1572,  1573,  1582,  1680,  1681, 
1685,  1687,  1726,  1727,  1919,  1937,  1938,  2298,  2335,  2343,  2356, 
2365,2366,2369,  2730,2402,  2779,2786. 

Experiments ... 1680,  1685,  1687 

Schedule — — 1572,  1573 

EXPLORER  IV 68 

Radiation  belt  measurement- 68 

EXPLORER  V— 68 

Radiation  belt  measurement - 68 

EXPLORER  X 1474 

EXPLORER  XII 1470,  1474,  1919,  2298 

Battery 2298 


} 
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Fan 

EXPLORER  XIII 1937 

EXPLORER  XIV 1474, 1513,  1547,  1681, 1726-1727 

Data  processing 1726,  1727 

EXPLORER  XV 1513,  1547,  1681,  2779,  2781,  2782 

EXPLORER  XVI. 86,  1513,  1547,  1937,  1938, 

2335,  2343,  2356,  2365,  2366,  2369,  2370,  2402 

F-l  rocket  engine 41,  59, 

101,  103,  187,  190-191,  205,  306-309,  314,  316-318,  321.  325, 
332,  334-339,  341,  343,  345,  347-348,  939,  972-973,  978-981, 
985-986,  1193-1194,  1201,  1887-1888,  1895-1898,  1902-1904, 
2316,  2319,  2333,  2352. 

Contract  with  Rocketdvne 316,  491 

Cooling  system 191 

Development  program 65,  314,  317,  339,  341,  815-816,  827,  828,  917 

Fuel  injector.  _ 191,314,317 

Funds 65,  306,  320,  332,  341,  347,  576,  603,  608,  901 

Problem  of  coir  i stion  instability 191,  309,  314,  316-317,  320,  336,  347 

Problem  with  pv.  .p  system 316,  1818,  2319 

Static  test  program 317 

Testing 59,  308.  316-317,  336-337,  348,  902,  939,  973,  980,  981,  3362 

Thrust 1. 190,  205,  335-336,  905,  2309 

Use  in  SATURN  launch  vehicle 903-910 

F-lll,  biservice  tactical  fighter 1978,  1980,  2067,  2624 

Facilities 312, 

315-316,  318,  921-933,  935-936,  938-941,  946-952,  957,  959-961, 
965-967,  983,  986-994,  996,  1001,  1003,  1005,  1149-1150,  1154- 
1155,  1157-1159,  1163,  1165,  1172,  1174,  1193,  1195,  1197,  1201, 
1217,  1863,  2056-2058,  3003,  3004,  3361-3363. 

Cooperative  use  among  agencies 833-871 

Construction 25, 

43,  45-46,  66,  95,  265-267,  312,  315-316,  318,  757-758,  760,  764- 
770,  772,  774,  776-779,  781,  785-797,  799-810,  921-933,  935,  936, 
938-941,  946-952,  957,  959-961.  965-967,  983,  986-991.  993-994, 
998,  1005,  1217-1220,  1222-1223,  1225-1226,  1238,  1243,  1245, 
1247-1250,  1254,  1256-1258,  1260,  1262,  1265-1277,  1279,  1839- 
1880,  2025,  2037,  2825,  2880,  2896-2906,  2956,  2994. 

Duplication 924,  1856-1857,  2419-2422,  2519-2546 

Funds 1839,  1847,  1849-1851, 

1864-1865,  1867,  1869-1870,  1872-1873,  1874-1877,  1879, 2211 

Justification  of  facility  requirements 757, 

760,  762-774,  777,  785,  800-801,  833,  871,  1839,  1852-1863 

Nationwide  survey  of  industry  facilities 2033-2034 

Fairchild  Stratos  Corp 289 

Fatigue  research  laboratory 2010 

Federal  Aviation  Agency  (see  also  Interagency  cooperation) 1048, 

1426,  1429,  1432,  1734,  1748,  1956,  1968,  1976,  2188,  2630,  2631, 
2746,  2753,  2754,  2768. 

Aircraft  Development  Service 2753,  2754 

Duplication 2753,  2754 

Computers,  use  of 1426,  1429,  1432 

High  speed  aircraft  production 2630,  2631 

Human  factors  study 1956 

Laboratories 1048 

Responsibilities 2746 

Scientific  activities 2188 

Supersonic  transport 1968,  2743,  2768 

Budget 1968 

Technical  Information  Service 1748 

Federal  Communications  Commission  ( see  also  Interagency  cooperation), 

regulation  of  Communications  Satellite  Corp 3138,  3306, 3310,  3318 

Federal  regional  technical  report  centers.. 1728, 1741, 1746-1747 

Fellowships.  ( See  University  programs.) 

Film  cooling  of  combustion  chambers 728 

Fire  project 86, 1943,  2343,  2398-2401,  2671 

Fixed-price  contract 311-312,  439,  482-483, 1755, 1772,  2880 

Fixed-price  incentive  contract 312, 1571, 1774-1775,  3360 
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Might  Research  Center...  Ill,  119,  1956,  1977,  2095,  2096,  2194,  2201,  2575,  2582 

Air  conditioning  for  electronic  equipment 2625,  2627,  2628 

Biotechnology  laboratories 2625 

Computing  equipment 2625,  2629 

Contracting  and  procurement 432,  480, 1759,  2640-2642 

Flight  operations  monitoring 2629 

Flight  Research  Laboratory,  proposed 2623,  2624,  2628,  263.7-2637 

High-performance  aircraft  tests 1971 

High-temperature  loads  calibration  facility,  proposed.  2628,  2636,  2638,  2639 

Hot-conditions  resear  eh 2642 

Maintenance,  repairs,  and  minor  construction:  Funds. 111 

Personnel 2948,  2949,  2997 

Service  contract 2997 

X-15  program 2623,  2624 

Fluid  physics 1982,  1987 

Fluorine  ( see  also  Propellants;  Oxidizer) 719, 

730-733,  751-756,  1918,  2283,  2293,  2302,  2303 

Advantages  as  propellant  oxidizer 752 

Cost... 752,  755,  756 

Density  of  liquid 752 

Pumping  teste 731-733 

Technology 751-756 

Use  in  propellants 719 

Fluorine-hydrogen.  (See  Hydrogen-fluorine.) 

Flying  thermos  bottle 1975 

Food  Machinery  Co.,  contract  on  solid  propellants 731 

Food  production  on  Moon 273-274 

Fort  Churchill,  Canada 3120-3121 

Fort  Dix 3274 

Fort  Monmouth 2321-2322 

France: 


Comparison  of  progress 2751 

Supersonic  transport  commercially  available  in  5-6  years 2769 

Fuel  cells  ( see  also  Space  power) 87, 

90,  1919,  1920,  1922,  1927,  2297,  2298,  2323,  2326-2329,  3239 

Description 2327 

Hydrogen-oxygen 2326 

Use  in  Apollo  project 1920,  2298 

Use  in  GEMINI  spacecraft 1920 

Fuel,  propellant  components  (see  also  Oxidizers;  propellants;  propulsion; 

M-l  engine;  J-2  engine) 58, 


59,  65,  187,  188,  199,  202,  207,  232,  293,  315,  325,  682,  684,  685, 
686,  687-689,  691,  692,  694,  695,  697,  698,  699,  700,  701,  702, 
703,  704,  706,  707,  710,  711,  714-716,  719,  724.  727,  730,  737, 
745,  814,  815,  816,  819,  821,  823,  967,  968,  970,  1620,  1630,  1631, 
1818,  1829,  1889-1895,  1897-1902,  1909,  1911,  1912,  1918,  2283, 
2285,  2293,  2308,  2309,  2314,  2316,  2326-2329,  2606. 

Budgetary  limitations 1892-1895,  1897-1902 

Components: 

Ammonia 2293 


Borane  fuels 

Boron  compounds 

Boron  hydride 

Diborane 

Diborane 


737,  745 

...  85,  737,  2283,  2284 
703,  704,  726,  727,  747 
685-687, 


685-687, 


689, 691-692,  697-700,  704,  707,  711,  730,  745, 1893,  2285,  2308,  2316 


Ethane;  ethylene 685,  686 

Hydrazine 682,  684,  685,  687,  707,  730,  1893,  2284 

Hydrogen 58, 


59,  65,  187,  188,  199,  202,  207,  232,  293,  315,  325,  682,  685,  692, 
694,  695,  706,  707,  719,  724,  727,  730,  967,  968,  970,  1620,  1630, 
1631,  1889,  1890,  1894,  1901,  1909,  1911,  1912,  1918,  2283,  2309, 
2326-2329,  2606. 


Kerosene.. 58,  59,  187,  188,  189,  232,  297,  334,  613,  2309,  2314 

Methane 685,  686 

Monomethyl  hydrazine 685 

Pentaborane ... 704,  707 

Technology 688,  691 


SUBJECT  INDEX 


3497 


Fuels,  high  energy.  (See  Propellants;  fuels,  propellant  component; 
propulsion.) 

G 

GEMINI  project 3-4, 

19,  31,  100-101,  127-128,  130-131,  166,  235-238,  325,  512,  568, 
593-598,  619,  622-624,  627,  635,  835-837,  839-844,  850,  865- 
866,  869,  927,  932,  1002,  1006-1007,  1177,  1182,  1184,  1196, 
1203-1207,  1211,  2320,  2881,  2890,  2895,  3013. 

Air  Force-NASA  cooperation _ 166,  641,  1097 

Astronauts 856 

Backup  spacecraft 595 

Bioscience  program 74,  1043 

Boilerplate  flight 882 

Checkout  facilities 1005 

Communications  and  guidance * 92,  166,  640,  875 

Comparison  with  MERCURY  spacecraft 508 

Construction  of  facilities 1219 

Contracts 160-161,  173,  438, 

480,  490,  641,  646-648,  653-655,  1754,  1777,  1779-1782,  3352 

Cooperation  with  Department  of  Defense 55, 

166-167,  406-409,  411-413,  419,  421-425,  427,  641,  659-661, 

1045-1046,  1055,  1170,  1175,  1178. 

Cost  increase 496,  581-586,  593-594 

Data  output 95 

Docking  operations 55,  170-173,  649-650,  787 

Effect  on  APOLLO  project 160-161,596,874,876 

Environmental  control  system 584,  1056 

Equipment  relocation 779 

Escape  systems 643 

Flight  duration 53,  167,  509,  649,  652,  1015 

Flight  operations 60,  162,  239-240,  421,  1220 

Flight  schedule 166,  171-173,  567,  653,  829,  873-886,  1015 

Fuel  cell __ 87,  643,  649,  2298,  2327-2328 

Funds 576,  608,  636,  639-662,  880,  883,  1196,  1203-1207,  1211 

Ground  testing 758,  762,  764-765,  767,  769,  810 

Heat  shields 1051 

Human  tolerance  tests: 

Acceleration,  deceleration,  and  impact  forces 1015 

Instrumentation 161 

Launch  vehicle 166,  408,  413,  421,  512,  581,  828,  1002-1004,  1207 
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Hydrogen-fluorme-berylUum 2284 
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Hypervelocity  impact 2366 


I 

IBM.  (See  International  Business  Machines.) 

Illinois  Institute  of  Technology  research  seeks  commercial  applications 3431 
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data 3133 

Industrial  applications  program,  transferred  to  Office  of  the  Assistant 
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Commerce  Department/Labor  Department/NASA 34541 

Commerce  Department/NASA  (see  also  NBS  and  Weather  Bureau, 
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MERCURY  program.. i.  504,  507,  1169,  1181 
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Rendezvous 549 

Satellite  communications 3211 

Scientific  and  technical  information 1734,  1741,  1743,  1745-1748 

Scientific  manpower  for  staff  key  positions 1169 

Ship  requirements ... 3387, 

3389,  3390,  3396,  3398,  3399,  3405,  3406,  3410-3412 

Solid  rockets 96,  2288,  2305,  2306 

Space  flight  equipment 1182 

Space  sciences ...  1756,  1775-1777,  1790,  1793,  1828-1832 
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Supersonic  transport 1970,  1978 

Support  of  man  in  space - 1055,  1171,  1172 

Survival  gear 1034,  1035 

SYNCOM 3210,  3212,  3302 

Tracking  and  instrumentation  ships 507, 

2802,  2803,  2820,  2821,  2827,  2920,  2941,  3387-3428 

Transit  navigation  satellite  for  nonmilitary  use.. 3195 

Universities,  utilization  of 1184,  3423 

Weightless  state  studies 1055,  1056,  1159 
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FCC/NASA 3160 
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USDA/NASA 3454 

Weather  Bureau/NASA 3023-3029,  3038-2042,  3059-3067,  3070, 

3093,  3094,  3098,  3101,  3104-3108,  3112,  3116,  3163,  3205 

Appropriations  and  budget 3025,  3040 

Funds  reprograming 3029 

Meteorological  satellite  development 3023-3029, 

3039-3042,  3059-3066,  3070,  3093,  3094,  3098,  3101,  3104-3108, 
3112,  3163. 

Reimbursements 3104,  3105,  3116,  3205,  3038,  3065,  3067 

International  Aerospace  Abstracts  (IAA) 1728 

International  Astronomic  Federation ...  2429 

International  Astronomical  Congress 3034 

International  Business  Machines  Corp 324, 

491,  582,  1429-1431,  2815,  2925-2926,  3115 
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Guidance  computer  for  GEMINI  spacecraft.., 582 
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Costs  of  space  shared 7,  14,  16 
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Eurospace  (European  Group  for  Space  Research  Studies) 1750 

European  Launcher  Development  Organization  (ELDO) 16 

European  Space  Research  Organization  (ESRO) 16 

Ground-based  support: 

Communications 7, 14,  3085,  3086,  3143,  3146,  3147 

Meteorological 7,  12,  14 

Tracking  and  data  acquisition  status 3,  7, 14 

Italy,  with 1487,3147 

Personnel  exchanges 16,  17 

Satellites 7-9,  21,  63,  68,  75, 

1487,  1489,  1495,  1542,  1547,  1573,  1682,  1683.  3143,  3146,  3147 

Scientific  and  technical  information 1735, 1747, 1749,  1750 
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ment)  1750 
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Exchange  of  publications 1735,  1749,  1750 

Original  data  made  available 1728 

Sounding  rocket  programs 7,  9-12 

List  by  country 10,  11 

Supersonic  transport  information 2632 

United  Nations 23 

U.S.S.R 2,  7, 16,  420,  421,  1688-1691,  3143 

International  Council  of  Scientific  Unions,  Committee  on  Exploration  of 

Extraterrestrial  Space  (ETEX) 1087 

International  Geophysical  Year 1088,  1543 

International  Machinists  Union 3324 

International  rectifier . 2322,  2323 
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Alouette 7-9,  21,  68,  75,  1489,  1542,  1547,  1573,  1682-1683 

Ariel  I 7-9,  1542,  1547,  1573 

Italian 1487,  3147 

International  Year  of  the  Quiet  Sun 1471, 

1472,  1486,  1487.  1565,  1643,  1712-1714,  2790 

Interplanetary  dust 1521 

Interplanetary  flight: 

Manned 1469,  1470,  2791,  2792 

Unmanned 68,  1479,  1572,  1573,  1582,  1643,  1680,  1681,  1684,  1685 

Interplanetary  medium 1686 

Interplanetary  monitoring  satellites  and  probes 68 

1471-1476,  1479,  1481,  1572,  1573,  1582,  1585,  1643,  1680,  1681, 
1684,  1685,  1704,  1706,  2472,  2783. 

Funds 1471,  1472,  1476,  1479,  1704,  1706 

Interstellar  dust  (see  also  meteoroids  and  meteorites) 1524 

Ionosphere 9,  12,  68,  114,  1488-1490,  1532,  1533,  1682-1684,  2185 

Ionosphere  beacon  satellite 2558 
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Ionosphere  ground  station  cost __ - 1537 

Isolation,  psychological  effects 2560 

Isotopic  sources  for  space  power.  (See  Spaee  power.) 

Italy,  cooperative  sounding  rocket  program . 9 


J-2  rocket  engine 21,  187-190,  199-208,  295, 

331-332,  334,  337-339,  348,  941, 1201-1203, 1620, 1903-1904,  2288 

Comparison  with  M-l  engine 609 

Contract  with  Rocketdyne 331,  491,  609 

Development 65,  339,  817,  826 

Fuel 331,  337,  1817 

Funds 65,  576,  608 

Testing 189-190,  295,  338 

Thrust 59,  189,  295,  603,  733,  1203,  1817,  2288 

Use  in  SATURN  launch  vehicle 603,  898,  903-904 

JANAF  electronic  tubes.. 2264 

Japan;  * 

Cooperation  with  United  States  on  active  communications  satellite.  _ 3146 

Cooperative  sounding  rocket  program 12 

Jet  Propulsion  Laboratory 51-52, 

77,  119,  446,  452-454,  618,  731,  737,  750,  751,  1589-1595,  1598- 
1600,  1605-1606,  1753-1754,  1759,  1777,  1839,  1843,  1847,  1852, 
1860,  1875-1878,  1893-1894,  1909,  1921,  1948,  2114,  2194,  2282- 
2284,  2294-2295,  2303,  2305,  2308,  2324,  2654,  2721,  2775,  2779, 
2809,  2940,  3013,  3097,  3335-3336,  3446. 

Boron  fuels  research 737 

Budget 77,  1482,  1594,  2809,  2940- 

Construction  of  facilities 1777,  1839,  1847,  1852,  1860,  1875-1878 

Contract  cost 454-455 

O itractual  relations  with  California  Institute  of  Technology  (CIT)  _ _ 1593- 

1594 

Cryogenic  research— * 1948 

Development  engineering,  building 1 843 

Housing 2659 

Organization 1593- 

Personnel 453-454,  1595,  2940- 

Solid  fuel  motor  research 452-454,  745 

Solid  propellants  research , 750-751,  2303,  2305 

Spacecraft  metal  tests 2654 

Subcontracting 446,  452,  454,  1594,  1753-1754,  1759 

Tracking  and  data  acquisition 2775,  2779,  2809 

Wind  tunnel  tests 2282 

Jetstar  airplane 1971, 

2083,  2624,  2629-2630 

JMSAC.  (See  Joint  Meteorological  Satellite  Advisory  Committee.) 

Johannesburg  deep  space  tracking  station ...  93,  2788- 

Joint  meteorological  group 3067 

Joint  Meteorological  Rocket  Network  Steering  Committee  (DOD/NASA/ 

WB) — 3101 

Joint  Meteorological  Satellite  Advisory  Committee 1745,  3066- 

Journal  of  Geophysical  Research 1727, 1734, 1739, 1749,  3005 

JPL.  (See  Jet  Propulsion  Laboratory.) 

JUNO  II 1628 

JUPITER  launch  vehicle 189,  278,  308,  334, 1628-1629,  1964,  3187 

Use  to  launch  biosatellites 1964 

JUPITER  (planet) 1644,  1645 

Kerosene  (see  also  Fuel;  Propellants) 58, 

59,  187,  188,  189,  232,  297,  334,  613,  2309,  2314 

Use  as  coolant  in  H-l  engine 613 

Kerosene-oxygen  (see  also  Kerosene;  Propellants) - — 2285,  2286 

Kety  report 1040-1041,1050 

Kingsport 81-82 

Kingsport  victory 2890 
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Kiwi  Research  Reactor - 89,  1903,  1905,  1907-1909,  1913,  1915,  2334, 

2462-2464,  2466,  2468,  2486,  2488,  2496-2497,  2500,  2506 

B-4 1907,2682,2685 

R-4A 1907-1908,  1913,  2462-2464,  2466,  2468,  2482,  2488,  2516 

B-A 1907 

BI 1907 

BIB 1907,  2462-2464,  2469,  2482 

Funds 91 

Klystron  amplifier 2867,  2869 

Kollsman  Instrument  Co.,  APOLLO  project  contract,  guidance  and  navi- 
gation systems 181-182,  665 

Labor  surplus  areas 3341,  3344-3345,  3353-3354,  3358-3359 

Langley  Research  Center 52, 

112,  489,  1031,  1766,  1947,  1948,  1959,  1975,  1978,  2095,  2098, 
2104,  2105,  2107,  2122,  2145,  2194,  2197,  2201,  2206,  2260,  2287, 
2305,  2318,  2319,  2576,  2669,  2674-2676,  2719,  3097. 

Accomplishment 132 

Budget ..  91 

Construction  of  facilities 765, 1860,  1877 

Construction  of  utilities 2674,  2675,  2677-2679 

Contracting  and  procurement 437,  480, 1758, 1759,  1766,  1772,  3378 

Contracts,  by  State 3378 

Duplication  of  facilities  with  White  Sands  Missile  Range.  2588 

Fatigue  Research  Laboratory 2587,  2619 

Funds 2277 

Hot  Structures  Test  Facility 770,  771,  2618,  2619,  2643,  2645 

Increase  in  amounts  of  major  contracts 489 

Installation  costs 2990,  2991 

Leased  communications  lines 2992,  2993 

Life  science  program,  site  study 2599,  2600 

Lunar  landing  facilities 2587,  2588 

Maintenance,  repairs,  and  minor  construction:  Funds 112 

Mercury  project 770 

Personnel 2278,  2645,  2948,  2949,  2983,  2986,  2997 

Service  contract 2997 

Travel  costs. 2983,  2986 

Plasma  physics 1991 

Plasma  research 1991 

Research  scope 2200 

Simulators  for  aeronautics  program 1976 

Solar  collector 2326 

Solid-combustion  work 2305 

Shock  tubes 2643,  2644,  2645 

Space-vehicle  design 2643 

Subsonic,  supersonic,  and  transonic  transport  systems 1966, 1973,  1974 

Budget,  SST . 1966 

Tracking  and  data  acquisition 2809 

V/STOL  test  beds 1979 

Wind  tunnel 770,  2576,  2656,  2657 

Lasers 101, 

365,  637,  2107-2108,  2109,  2125,  2127,  2135-2138,  2140,  2143, 

2144,  2572. 

Military  interest. 637 

Launch  complexes 216, 

225-230,  232,  286,  291,  295,  296,  306,  311,  417,  442,  447,  464,  819, 

983,  986,  987,  988-994,  1001,  1002,  1005,  1275-1277,  1280,  1281. 

Complex  34 225,  227,  291,  992,  994,  1001,  1280 

Funds 1001,1280 

Complex  37_. 216, 

226,  227,  286,  291,  295,  311,  990,  992,  994,  1001,  1002,  1280,  1281 

Funds. 1001,1280,1281 

Modifications 1001 

Complex  37-A 295 

Complex  37-B 291,  295 
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Launch  complexes— -Continued 

Complex  39 228,  229,  230, 

232,  296,  306,  983,  986,  987,  988,  989,  991,  1101,  1105,  1275-1277 

Cost  of  construction 987-990 

Flexibility 991,  1001 

Funds 819 

Supporting  technology 819 

Launch  operations 186, 

198,  212, 221,  224, 230-232,  245-247,  274-275, 976,  983,  2882-2883 

Launch  Operations  Center __  51 

62,  66,  77,  99,  102,  119,  432,  505-509,  590,  605,  995-998,  1003, 
'■*"  1005,  1235,  1238,  1241,  1328,  1758-1762,  2051,  2992-2993,  3007, 

3013,  3079,  3230. 

Construction  of  facilities 62,  266, 

511,  758,  809,  817,  1238,  1241,  1839,  1843-1844,  1861,  1879,  2039 

Management 129 

Mission 62,  50S,  1099-1100 

Personal  service  contract 2997 

Personnel 2948-2949,  2983,  2986,  2988 

SATURN  V launching  facility 823-825 

Launch  tower 207,  229-230,  616,  994 

Launch  vehicles  (see  also  AGENA;  ATLAS;  ATLAS-AGENA;  ATLAS- 
CENTAUR;  DELTA;  NOVA;  REDSTONE;  SATURN;  SCOUT; 

THOR-AGENA;  THOR-DELTA;  TITAN) 19, 

22,  50,  59,  95-96,  263,  273,  312,  543-545,  547,  549,  618,  749,  754, 
1080,  1120,  1191-1197,  1200-1204,  1207,  1209,  1213,  1532,  1542, 
1948,  2333,  2338-2339,  2351-2352,  2359,  2388-2392,  2620. 

Funds 77,  576,  586,  608,  611,  817-819, 

1479,  1488,  1704,  1707,  2352,  3392,  3398,  3405-3406.  3410 

Launch  time  delay 541,  545-546 

Navigation 818 

Payload  capability 21,  545-547,  549,  554,  556,  558,  560 

Performance  summary 1548 

Reliability 818-819,  1555,  1624 

Telemetry 818 

TJse  to  launch  communications  satellites 3160 

Legislative  Reference  Service 2907 

Lewis  Research  Center 52, 

75,  91,  111,  112,  119,  437,  480,  490,  719,  721,  725,  731,  752,  828, 
948,  1195,  1200,  1758-1761,  1766,  1767,  1858,  1861,  1877,  1946, 
1970-1973,  2095,  2100,  2194,  2204,  2675,  2706,  2718,  2283,  2287, 
2290-2294,  2305,  2308,  2383,  2469,  2480,  2487,  2493,  2575,  2576, 
2582,  2598-2600,  2604-2609,  2612-2614,  2948,  2949,  2986,  2991, 
2997,  3008,  3013,  3378. 

Air  ventilation 2287 

Altitude  wind  tunnel 2576 

Budget  and  funds 1970-1973,2605 

Contracting  and  procurement 437, 

480,  490,  1758,  1761,  1766,  1767,  3008,  3378 
Instruction  in  the  use  and  application  of  incentive  provisions 

meetings ...  3008 

Engine  testing 229,  828,  2290,  2469 

Faculties 52,  1861,  1877,  2582,  2604-2609,  2613,  2614 

Basic  Materials  Laboratory 2582 

Bell  chambers 2609 

Construction 1861,  1877,  2604 

Duplication 2608 

Electric  power 2605,  2614 

Instrument  Research  Laboratory _ 2605 

Plum  Brook  Station 52 

Propulsion  component  evaluation 2604,  2606 

Solar  simulator 2614 

Space  power  chambers.  2613,  2614 

Space  Propulsion  Laboratory 2604 

F-l  engine 828 

Installation  rental : 2991 
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Lewis  Research  Center — Continued 

M-l  engine  development 1195, 1200 

Personal. 2612,  2948,  2949,  2986,  2997 

Propellants 719,  752 

Propulsion 719,  725,  752,  1972,  1973,  2604,  2606 

Responsibilities 75 

Rocket  motor  tests 752 

Solid  combustion 2305 

Source  Selection  Board 2612 

Supersonic  transport 1971-1973 

Libraries 1728,  1733-1735,  1747-1749 

Library  of  Congress 1734 

Aerospace  medicine  bibliography 1746 

Technical  information  services 1747 

Lifting  entry  vehicle 2334,  2356,  2357 

Light  gas  guns 2526,  2577 

Lincoln  Laboratories 2876,  3275,  3293 

Tracking  contract 2803,  2815,  2816 

Liquid  hydrogen.  (See  Hydrogen.) 

Liquid  Propellant  Information  Agency,  Applied  Physics  Lab,  Johns 

Hopkins  University 1748 

Liquid  propellant  rocket  propulsion.  (See  Propellants;  Propulsion; 
Rockets.) 

Lithium  (see  also  Propellant  additives) 725,  2284 

Little  Joe 807 

Budget  and  appropriations 65,  667-668 

Flight  failure 927 

Use  for  testing  APOLLO  modules 185,  666-668 

Lock  Channel  project 1279 

Los  Alamos  Scientific  Laboratory  (AEC) 1907-1914,  2462,  2486-2489 

Los  Angeles  County:  Requisition  of  Edwards  Air  Force  Base,  county  air- 
port use 2634 

LOX  tanker 572 

LOX  (see  also  Oxidizer;  Oxygen;  Propellants) 58,  59, 

613,  682,  685,  692,  707,  814,  819,  821,  823,  827,  1813,  1814 

Lubricants 2008-2009 

Lunar  bases 22,  378,  1091,  1093 

Lunar  flight  (see  also  APOLLO;  RANGER;  SURVEYOR) 70, 

77,  132,  327,  186,  201,  417,  500,  501,  502,  517-563,  565,  838-840, 
1047,  1081,  1082,  1086,  1087,  1090,  1091,  1099,  1162,  1471-1472, 
1485,  1487,  1507,  1542,  1550,  1551,  1556,  1564,  1718-1725,  2430, 

2588,  2620,  2621,  2795-2797,  2799,  2800.  2866,  2867,  3172. 

Direct  flight 149,  536,  537,  550,  559,  560,  1075-1078,  1081,  1098 

EOR.  (See  APOLLO;  GEMINI,  RENDEZVOUS.) 

LOR.  (See  APOLLO;  RENDEZVOUS.) 

Manned 20, 

28,  97,  260,  351,  352,  354,  357,  358,  362-364,  578,  591,  600,  813, 
815,  823,  839,  1098,  1194-1195,  1197,  1201,  1202,  1530,  1962, 

2589,  2797,  2799. 

Unmanned 20,  93,  362,  591,  1480,  1485,  1503,  1561,  1704,  1706,  3172 

Lunar  landing 378, 

379,  386,  501,  502,  600,  604,  806,  813,  839,  888,  1009,  1078,  1087, 
1098,  1162,  1185,  1186,  1202,  1499,  1500,  1502,  1510,  1533,  1525- 
1528,  1536,  1553-1555,  1559,  1561,  1564,  2570-2572,  2587-2589 

Manned 149,  806,  813,  888,  1009, 

1098,  1202,  1353,  1499,  1500,  1502,  1510,  1523,  1553-1555,  1620 

Unmanned 20, 

70,  71,  77,  131,  238,  298,  453,  506,  565,  566,  591,  1080,  1085,  1087, 
10S8,  1090,  1479,  1482,  1483,  1487,  1499,  1500,  1502-1504,  1510, 

1514,  1547,  1550,  1554,  1561,  1563,  1582,  1588,  1589,  1590,  1592, 

1597,  1598,  1600-1607,  1704-1706,  1720,  1722,  1843,  1886,  1887, 

2119,  2141,  2142,  2189-2191,  2193,  2220-2222,  2622,  2870,  2872, 
2873,  2875,  2888,  2891,  3173. 

Lunar  logistics 19,  21,  22,  260,  378,  591,  610,  611,  1561,  2221 

Lunar  surface 260, 

274,  326,  327,  357,  358,  362,  363,  364,  365,  369,  377,  379,  384,  386, 
387,  417,  500,  501,  565,  566,  569,  571,  599,  1072,  1075,  1078,  1079, 

1080,  1081,  1083,  1084,  1087,  1088,  1496-1517,  1551-1564,  1588, 

1641,  1645,  1674,  2221,  2645,  2883,  2886,  2887,  2888,  2892,  3275 
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Lunik  II . 1090 

M-l  rocket  engine ..  96,  101,  103,  187,  188,  193,  273,  601,  610,  913,  940, 

947,  948,  981,  982,  1095,  1120,  1191-1197,  1199-1203,  2096,  2288 

Comparison  with  J-2  engine 609 

Contract  with  Aerojet  General 263,  490,  609,  815,  1192,  1195, 1766,  3352 

Development 193,  813-816,,  828,  897,  903-920,  1192,  1195,  1837 

Funds 576,  601,  608,  909-920,  1191-1193,  1195-1198,  1202,  1903 

Ground  test  facility 193,  1193,  1195,  1197-1201 

Height  and  weight 193 

Propellant - 65,  1096,  1192,  1195,  2288 

Thrust 65,  193,  733,  815,  905,  920,  1817 

Use  in  NOVA  launch  vehicle : 65,  601,  815,  1097 

M-2  lifting  body  shape 1832,  2358-2363 

Magnetic  fields 420,  1469-1476,  1519,  1643,  1681,  1684,  2781 

Magnetic  flux  pump- 1994 

Magnetic  tape  recorders 2868,  2874,  2875,  2878 

Magnetohydrodynamics,  space  power 1993,  2282,  2299 

Magnetometer . 2016 

Management 310,  311 

Manned  spaceflight : 1647 

Management  plan  for  research  and  study  of  a supersonic  transport  aircraft, 

purpose,  guidance 2745,  2746 

Man-in-Space  Committee,  Space  Science  Board 1011,  1012 

’“Man-in-the-loop” 636 

Man  machine  information  center 1956 

Manned  flight  network 132,  2840,  2844-2846,  2860-2861,  2866,  2903 

Expansion  of  network  capability . 2866 

Ground  facilities 2903 

Manned  spacecraft  center 59, 

60,  99,  100,  108,  113,  114,  119,  212,  213,  217,  310,  314,  362,  495, 
507-509,  510,  512,  580,  589,  590,  595,  843,  927,  933,  942,  943,  997, 
1046,  1050,  1081,  1238,  1242,  1328,  1597,  2618,  2669,  2671, 
2708,  2725.  2928,  3013,  3247 

Apollo  monitoring  ana  directing 60 

Astronauts 1052 

Budget  and  appropriations - 66,1217 

Contracting  and  procurement 432,  437,  480,  1788 

Apollo  project  equipment 665,  675 

Contract  approval  authority 1754,  1758,  1759,  1767 

Contracts  by  State 3379 

Cooperation  with  Air  Force  on  project  GEMINI 641 

Increases  in  amounts  of  major  contracts 490 

Facilities 773,  784,  785,  793,  799-802,  804,  805,  1086,  2618,  2655-2658 

Construction ; 60, 

267,  669,  758-760,  764-781,  784-795,  799-801,  804-810,  1056, 
1218,  1878,  2638,  2825,  2896-2906,  2956,  2957 

Flight  mission  responsibility 496 

Funds 757,  766,  769,  771-781,  783-788,  792-801,  804-810,  813,  815-819 

For  GEMINI  program 1206 

GEMINI  monitoring  and  directing 60 

General  Electric  support - 391,  1100,  3230 

Installation  rental  analysis — 2991 

Integration  and  checkout.  604, 1325 

Lack  of  facilities  for  “Specialized  Suit  Testing”— 1056 

Leased  space ; 778 

Management 129, 138 

MERCURY  program. — 496,  507-510 

Mission  Control  Center.. 60,  221,  239-241,  247,  248,  268,  395,  415,  506, 

576, 598,  608,  639,  648,  671,  679,  774,  779,  788,  805,  1135,  2051 

Personnel. 783,794,2948,2949 

Training :• 1155 

Travel.. — 2986,2988 

Proof  testing  of  materials - 2618 

Space  platform  studies 573 

Support  by  White  Sands  Missile  Range 60 

Systems  research 1170 

Tracking 2803 

Transfer  from  Langley  Field 509 
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Manned  Space  Flight  Management  Advisory  Committee 591 

Manned  Space  Flight  Management  Council . 129, 138, 1103 

List  of  members _ 138 

Manned  space  flight  program 49-50,  53,  121-1456,  1528,  1536,  1686,  2879 

Accomplishments  chronology 123-125 

Advanced  study  program 260-261,  264,  611,  1091-1092 

Appropriations  and  budget 3, 

28,  64-  66,  98,  100,  164-165,  266-268,  312-314,  458-459,  495-505, 
509-515,  569,  574-587,  594-595, 598-612, 639-641,  645,  654,  656, 
663-664,  666,  668,  677,  813,  815-817,  820,  823-826,  897-902, 
1022-1023,  1041,  1044-1045,  1053,  1093-1096,  1101,  1140,  1153, 
1158,  1192-1193. 

Comparative  tables: 

Fiscal  year  1962-83 - — 612 

Fiscal  year  1963-64 64-65,  575-577 

Construction  of  facilities 1192-1283 

Construction  of  facilities  timetable 266-268 

Effect  of  cuts 312-314,  503,  1192-1193,  1204,  1209 

Estimates  by  programs 889-896 

Geographical  distribution  of  funds 664 

Reprograming 242-245,  318,  498-499,  513,  579-581,  584,  5 97,  608 

Total  budget 66 

Total  cost  to  date _ 500-501 

Bioastronautics  responsibilities 1009,  1012, 1031,  1057 

Competition  with  U.S.S.R 126,  568 

Contracting  and  procurement . 495-505, 

511,578,580-587,594,599,604,606-607,609 

DOD-NASA  cooperation  (see  also  Interagency  cooperation) 406-413 

Lunar  flight.  (See  APOLLO;  Lunar  flight,  manned.) 

Management ..  99,  123-143,  1010,  1305, 1315-1318 

Management  Council 129,  138,  1103 

National  goal  of  landing  man  on  moon__ 571-572 

Objectives 126,  127,  131,  571-572 

Orbital  flight.  {See  GEMINI;  Orbital  operations;  Space  stations, 
manned?) 

Planetary  flight.  (See  Planetary  flight,  manned.) 

Program  pace 243,  505,  567-570,  572 

Manpower.  (See  Scientific  and  technical  manpower.) 

MARINER 21, 

28,  219-220,  238,  319,  397-398,  1547,  1550,  1590,  1592,  1599, 
1615,  1617,  1629-1630,  2012,  2119,  2869,  2872. 

Funds 77, 1479,  1704 

Ground  support 1843, 1863,  2779,  2788 

Launching 219 

Mars  flyby— 1564-1565 

MARINER  lander 71,72 

MARINER  II 72, 

397,  1458,  1466,  1470,  1517,  1519,  1521,  1542,  1547,  1585,  1611- 
1612,  1614,  2012,  2554. 

Ground-based  observations 2554-2557,  2789,  2820 

Space  probe 1521 

Venus  mission 72, 1542 

MARINER  B 1825 

MARINER  C 1592 

Maritime  Commission 2895 

Mara  (planet). 326,  1644, 1646,  2324-2325 

Atmosphere — 1519,1521 

Exploration... 1519,  1525,  1539,  1565,  2617-2618 

"-by 1486-1487 

Landing 97, 1539,  2462 

Life  detection 1521, 1537,  1540 

Missions 72, 1521,  2621 

Space  probe 1086, 1088, 1539-1540,  2589,  2621-2622 

38-504 — 63 — pt.  4 48 
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Marshall  Space  Flight  Center 51. 

52,  99,  114,  115,  201,  205,  212-214,  217,  224,  281,  297-299,  302, 
303,  307,  308,  313,  317,  318,  322-324,  330,  331,  334,  401,  495, 
505,  590,  606,  607,  618,  921-938,  942-946,  950-954,  961-965,  971- 
977,  991,  997,  1005,  1006,  1079,  1100,  1328,  1342,  1344,  1946,  1956, 
2104,  2115,  2194,  2200-2203,  2383,  2461,  3097,  3247,  3262. 

APOLLO  ground-test  launch  vehicle 785 

Astrionics  Division 2203 

Budget * 66 

CENTAUR  program 1826,  1835 

Computer  operation 2927 

Construction: 

Corps  of  Engineers 2638 

Copt  estimates 1224,  12128,  123$,  1239,  1242,  1243 

Facilities , 267,  926-933,  936 

Contracting  and  procurement 432,  437,  480, 1754,  1758-1761,  1768 

Contract  approval  authority 1754,  1758 

Contracts  By  State 1 , 3379 

Increase  in  amounts  of  major  contracts 491 

F-l  engine  development 828 

Fabrication  of  equipment 130,  1318 

Facilities 205, 

785,  922-933.  938,  942-943,  962-964,  991,  997,  1005,  1227-1229, 
1248-1249,  1253. 

Acceleration  test  and  calibration 1248 

Acoustical  and  vibration  test . _ — 785 

Funds: 


Equipment i — 3007,3008 

Propulsion  research 1228 

Request  for 921 

Industrial  applications  (technology  utilization) 3135,  3187 

Integration,  checkout,  and  reliability 604, 1100,  1105 

Launch  vehicle . 1105 

Inventory,  number  of  items 3006 

Leased  communications  lines 2992,  2993 

Maintenance 974,  976 

Management * 129,  138 

Michoud  plant 61 

Mississippi  Test  Facility — 61,  1229-1234 

Personnel: 


GE  employees 391,  3230 

Travel„ 2986,  2988 

Proof  testing  of  materials 2618 

Responsibilities 75 

SATURN  program 60,  61,  277-311,  599,  820,  821,  822,  824 

Testing  schedule 1006 

Tracking  and  data  acquisition 2809 

Utilities 1260-1262 

Maryland,  University  of 2413 

Maser  amplifier 2867 

Massachusetts  Institute,  of  Technology  (see  also  Lincoln  Laboratories) 359, 

► * 665, 2108, 2208, 2210, 2226 

Development  of  APOLLO  guidance  system 582 

Guidance  and  navigation  system 181-182,  359 

Federal  money  grants  for  fiscal  years  1961-63 2210,  2211 

Guidance  navigation  system  contract  for  APOLLO 359,  490,  665 

Tabulated  contract  listing 1456 


Material  Laboratory,  New  York  Naval  Shipyard,  Brooklyn,  N.Y.,  elec- 
tronics research  facilities 2245,  2251 

Materials  research 23,  32,  810,  859, 

1893, 1974, 1997-2010,  2084,  2283,  2577,  2579,  2582,  2654 
McDonnell  Aircraft  Corp 481,  581-587,  1780, 1782,  3346,  3350,  3352 


Personnel 451 

Production  and  development  of  MERCURY  spacecraft 581 

Underestimate  of  GEMINI  capsule  cost 581-586 
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MECA  project 1935,  2473,  2476,  2477 

MEDLARS 1748 

Mercury,  planet 1644 

Mercury  project 19, 

27,  86,  100-101,  127-128,  221-222,  233-237,  314,  319,  414, 

4.51-452,  496,  500,  506,  515,  595-596,  605,  630,  842,  927,  958, 

1012,  1017,  1020-1021,  1041,  1051,  1164,  1168-1169,  1183-1185, 

1214,  2669,  2889,  2892,  2895,  2921. 

Aerospace  medicine  and  bioscience 1031, 

1043,  1048,  1152,  1181,  1183-1184. 

Astronauts 53 

Battery  storage  system 87 

Capsule 545,  581,  640,  852,  874,  1057,  1964,  2876,  2889 , 

Checkout 1005,  1214-1215 

Communications  system 92,  2866 

Contracts 438,  480,  489^490,  1765-1766,  1778-1782 

Control  center 237,  905-506,  779 

Control  system 1000 

Cost 501,  512,  590,  583,  1207 

Department  of  Defense  cooperation 507,  1181 

Effect  on  GEMINI  project _ 164,  508 

Funds 64,  100,  16L-165,  500-501,  512-513,  576,  579^580,  595-596,  608 

Heat  shields 1051 

Launch  vehicle 334,  999,  1941-1942 

Life-support-  system 1014,  1051 

Manned  flight.  53,  221,  236,  509,  1185 

Missions 52,  418,  513,  572,  576,  580,  594-597,  608,  1186-1187,  2889 

Reliability 399,  451,  1214 

Testing 448-449, 

584,  762,  764,  767,  769-770,  796,  1012,  1015,  1051,  1057,  1164. 

Tracking  and  telemetry  stations 236, 

501,  506-508,  573,  2775,  2777,  2778,  2791-2793,  2795,  2799, 
2802,  2815,  2827,  2881,  2S92,  2895,  3360-3361,  3367. 

Transfer  to  manned  spacecraft  center 507-509 

Weather  Bureau  assistance 3024-3027 

Merritt  Island  (see  also  Launch  operations  center) 131, 

208,  223,  227,  229,  230,  231,  505,  603,  958,  984,  993,  995,  996,  997, 
998,  999,  1000,  1001,  1002,  1003,  1005,  1074,  1280-1282,  1290, 
1298-1303,  3013. 

Apollo  project  test  facilities 1298-1303 

Launch  equipment  shop 1001 

Management 131 

Personnel 996 

Vertical  assembly  building 1290,  1298 

Water  supply  system 1280-1282 

Metals  and  metallurgy 1947,  1999,  2000-2002,  2654,  2084 

Meteoroids  and  meteorites 59, 

377,  381,  810,  819,  1016,  1521,  1522,  1668,  1669,  2335,  2343,  2344, 
2365,  2366,  2368,  2369,  2370,  2371,  2374,  2376,  2377,  2392,  2397, 

2519-2539,  2651,  2652. 

Artificial 2343,  2344 

Detection .....  59,  1521,  1522,  2402,  2403,  2651,  2652 

Dust 1521 

Hazard 2335,  2343,  2365,  2366,  2368-2371 

MARINER.  II  experiment- 1521 

Penetration * , 377,  381,  1016,  1522 

Research  program  funds 2377 

Shielding 1522,  2392,  2397 

Simulation 2652 

Size 1521 

Velocity 1521 

Meteorological  and  geoastrophysical  abstracts 1749 
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Meteorological  Satellite  Laboratory  (MSL) 3024, 

3027,  3040,  3042,  3048-3058,  3060,  3063,  3093-3094,  3096,  3163 

Command  and  data  acquisition  station  operation 3060 

Functions 3027,3048-3058,3063 

Funds 3040 

Possible  duplication  with  proposed  Meterological  Systems  Develop- 
ment Laboratory  (NASA) 3093-3094 

Meteorological  satellite  operations  (MSO) 3038-3040 

Meteorological  satellite  systems.  (See  National  operational  meteorological  ,, 

satellite  system  (NOMSS);  NIMBUS  operational  system  (NOS); 
TIROS  operational  satellite  system  (TOSS).) 

Meteorological  Systems  Development  Laboratory  (proposed  by  NASA)--  1875, 

3092-3093 

Meteorology  (see  also  Meteorological  satellites;  NIMBUS;  Sounding 

rockets;  TIROS;  Weather  Bureau) 78,  833, 1532,  3042,  3096,  3124 

Data  processing  and  dissemination 3042 

Earth’s  atmosphere 1532 

Goddard  Space  Flight  Center  research 3096,  3124 

Meteorological  satellites  (nee  also  NIMBUS;  TIROS;  Weather  Bureau) 14, 

83,  97,  420,  570,  618, 1625,  3023-3125,  3130,  3163 

Ability  to  be  rendered  unreadable 3044-3045 

APT.  {See  Automatic  picture  transmission.) 

Camera  systems 3067 

Cloud  pictures 3047-3052,  3073,  3075-3078,  3113-3114,  3122-3124 

Availability  to  U.S.S.R___ 3123-3124 

Data  transmission  and  processing 3036,  30645 

Detailed  discussion - _ 3023-3125 

Detection  of  hurricanes  and  tornadoes 3033-3034 

Dielectric  tape  camera 3091 

DOD  interest 3125,3067 

Funds 83,3040,3102-3105 

Weather  Bureau 3040 

Global  weather  forecasting 3044-3046,  3051,  3066 

Ground  support 14,  3085 

Growth  potential 3078 

Ice  and  snow  pictures 3055-3057 

Launch  vehciles 3025 

Military  uses * 3066 

MSL.  (See  Meteorological  Satellite  Laboratory.) 

NAS  A/ Weather  Bureau  cooperation 3023-3029,  3037,  3039-3042, 

3059-3066,  3070,  3093,  3094,  3098-3101,  3104-3108,  3112,  3163 
NOMSS.  (See  National  operational  meteorological  satellite  system.) 

Nonmeteorological  uses 3046,  3055-3057 

NOS.  (See  Nimbus  operational  system.) 

POMS.  (See  Panel  on  Operational  Meteorological  Satellites.) 

Synchronous  orbit 97,  3071,  3072,  3103,  3104,  3109-3111,  3130 

Television  use  (day-night) 3046,  3047,  3093,  3122 

TOSS.  (See  TIROS  operation  satellite  system.) 

U.S.S.R 420,  570,  3035,  3036,  3044,  3045,  3113,  3114,  3124 

Communications  link  with  United  States 3113,  3124 

Lack  of  satellites 570 

Possible  cooperation  with  the  United  States  on  meteorological 

satellite  systems  R.  & D 3044,  3045 

Sharing  of  data  with  the  United  States 3114 

Work  on  satellite  development 3035,  3036,  3044,  3113 

Weather  Bureau 3040,  3130 

Mexico 2845 

MHD.  (See  Magnetohydrodynamies.) 

Michoud  plant 51, 

199,  205,  207,  210,  297,  299,  304,  305,  313,  322,  325,  449,  462, 
944,  945,  9.50-952,  957,  958,  962,  9G3,  965,  1264,  1265,  3008,  3013, 
3380 

Construction  of  facilities 267,  1226,  1241 

Funds 66,  951,  1262,  1263 

Operations 61,  207,  449,  462,  1241,  3383 

Personnel 199,  205,  3383 
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Microelectronics 1949,  1950,  2110,  2112 

Microforms 1728,  1734,  1741,  1744,  1747,  1748 

Distribution 1744 

Microminiaturization 2329,  2330 

Midwest  Research  Institute 3183-3187,  3192,  3445,  3448,  3451 

Brought  own  people  to  centers 3185 

Calls  meeting  and  discusses  ideas  identified  by  NA8A 3187 

Conducts  meetings  in  six  States 3184 

Contractor  cooperation  in  personnel  and  facilities 3192 

Converts  gas  heater  to  industrial  use 3183 

Data  dissemination  program 3133 

Pilot  study  identified  potential  applications 3183 

Technology  utilization,  assisting  eva’  lation  effort 3192 

Military  communications 3317,  3318 

Military  role  in  space 379,  408,  410-414,  418-429,  424-425,  427-428, 

567-568,  570,  572,  593,  617-673,  833-871,  1150-1151.  1169 
Military  Sea  Transportation  Service  (MSTS)  (U.S.  Navy).  (See  Tracking 
ships.) 

Miller  Act 463 

Minitrack 489,  1776,  2810,  2843,  3367 

Bendix  Field  Engineering  Corp.  maintenance  and  operation 489,  1766 

Minnesota,  University  of 2305,  2412 

Solid  combustion  research 1 2305 

Mission  Control  Center 60, 

221,  239-241,  247,  248,  268,  395,  415,  506,  508,  576,  598,  608, 
639,  648,  671,  679,  759,  774,  779,  788,  805,  1000,  1135,  2051,  2866. 

Combined  for  GEMINI  and  APOLLO 240,  241 

Computer  facilities 1135 

Contract  with  Philco  Corp 779 

Funds 576,  608,  639,  671,  679,  2051 

Mission  simulation  and  training  facility 1220 

Mississippi  Test  Facility 51, 

115,  119,  202,  204-206,  208,  210,  290.  304-305,  316-317,  322, 
960-965,  968-971,  976-978,  991-992,  1102,  1269, 1895,  2674,  3262- 
3264. 

Construction  of  facilities 267,  1239,  2635 

Electronic  Instrumentation  and  Materials  Laboratory 2277 

Funds 66,  961,  1239,  1244,  1272-1273 

Housekeeping  contract  with  General  Electric 3371-3375,  3382 

Personnel 206,  962 

Road  construction 2674 

Testing 61,  964,  969 

MISTRAM  (missile,  tracking  and  measuring) 329 

Moon.  ( See  Lunar  bases;  Lunar  logistics;  Lunar  surface.) 

MSTS.  (See  Military  Sea  Transportation  Service  (USN).) 


N 

National  Academy  of  Sciences 1529 

Cooperation  with  NASA 1636 

Cooperation  of  Space  Science  Board 181 

Membership  by  area,  July  1,  1962 3016 

U.S.  liaison  with  COSPAR 1089 

National  Advisory  Committee  for  Aeronautics  (IV  AC  A) 719,729, 

736,  1972,  2093,  2195,  2575,  2576,  2584,  2605,  2631,  2665,  3013 

Coordination  with  military  and  civilian  organizations 2575 

Termination  with  Space  Act 2595 


National  Aeronautics  and  Space  Act  of  1958- _ 1967-1968,  2595,  2621,  3168,  3432 
National  Aeronautics  and  Space  Administration: 

(See  also  Appropriations  and  budget;  Contracting  and  procurement; 
Facilities,  construction;  Interagency  cooperation;  International 
cooperation;  Patents  policy;  Personnel;  Scientific  and  technical  in- 
formation program;  Technology  utilization  program;  University 
program.) 

(See  also  specific  program  offices:  Office  of  Advanced  Research  and 
Technology;  Office  of  Applications;  Office  of  Manned  Space 
Flight;  Office  of  Space  Sciences;  Office  of  Tracking  and  Data 
Acquisition.) 
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, National  Aeronautics  and  Space  Administration — Continued 

(See  also  specific  field  installations  and  related  establishments: 

Ames  Research  Center;  Flight  Research  Center;  Jet  Propulsion 
Laboratory;  Langley  Research  Center;  Launch  Operations  Center; 

Lewis  Research  Center;  Manned  Spacecraft  Center;  Marshall 
Space  Flight  Center;  Michoud  Plant,  Mississippi  Test  Facility; 

North  Eastern  Office;  Pacific  Launch  Operation  Office;  Plum 
Brook  Station;  Wallops  Station;  Western  Operations  Office.) 

Airtravel  report,  table  by  center 2986 

General  description  of  programs  and  centers _ 40-97 

Headquarters 2986,2988 

Office  of  Administration 458,  460 

Office  of  Economic  Adviser 459 

Office  of  Educational  Programs  and  Services 2919, 2995,  3002,  3003 

Office  of  General  Counsel 437',.  1754 

Office  of  Industry  Assistance ■ 472 

Office  of  Life  Sciences  {former  office) 2599 

Office  of  Procurement 460 

Office  of  Programs 128, 129,  458,  476 

Office  of  Research  Grants  and  Contracts 1748,  2226-2240 

Office  of  Scientific  and  Technical  Information 1726- 

1750,  3003-3005,  3431,  3433 

History 2575,2576 

Joint  AEC-NASA  Space  Nuclear  Propulsion  Office.  ( See  Space 
Nuclear  Propulsion  Office.) 

Management  manual  issuances 444,  1729,  1732, 

2972,  2977-2980,  3009-3011,  3251,  3252,  3350,  3351,  3358 

Personnel  service  contracts,  table  by  center 2997 

Policy  on  handling  scientific  data 1727,  1729-1732,  3132,  3182 

Programs: 

Advanced  research  and  technology 1881- 

2023,  2065-2226,  2246-2546,  2575-2742 

Applications 3069-3179 

Manned  space  flight. 121-1456 

Space  sciences 1437-1732,  1803-1880 

Tracking  and  data  acquisition 2773-2906 

Proposed  electronics  research  center.  (See  Electronics  Research  Cen- 
ter (proposed).) 

Rental  of  structures,  table  by  center 2991 

Relationship  to  Jet  Propulsion  Laboratory 1593,  1594 

Research  advisory  committee.- 1931 

National  Aeronautics  and  Space  CounciL 351-352,  412,  549,  570 

National  Aviation  Facilities  Experimental  Center  (Atlantic  City,  N.J.) 1976, 

2188 

National  Bureau  of  Standards  (NBS),  personnel  salaries 2908 

National  Center  for  Atmospheric  Research 1566 

National  centrifuge  facility 1172 

National  Conference  of  Peaceful  Uses  of  Space  Industrial  applications 3184 

National  facility  for  space  research 1173 

National  Federation  of  Science  Abstracting  and  Indexing  Services 1734, 

1748-1749 

National  goals 4,  5, 19,  36,  39, 264,  3329,  3330 

National  Institutes  of  Health  (NIH),  personnel  salaries 2909-2911 

National  Library  of  Medicine 1734, 1748 

National  Meteorological  Service 3024 

National  operational  meteorological  satellite  system  (NOMSS) 3023- 

3028,  3038,  3040,  3044,  3046 

Achievements 4036 

Data  handling  and  dissemination . 3027 

Division  of  activities 3027 

Establishment 3024 

Funds 3026 

Management 3028 

Operation 3024,  3027 

Organization  (chart) 3027-3028 

Research  division.  (See  Meteorological  Satellite  Laboratory.) 

Space  Flight  Support  Division 3027 
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National  Science  Foundation  ( see  also  Interagency  cooperation) 1167, 

4 1185,  1734,  1746,  1747,  1750,  3004,  3440 

Coordination  of  information  programs 1734,  1746,  1750 

Fellowships 3440 

Funds 1750 

Relation  to  space  program 1167,3004 

Utilisation  of  basic  research  from  foundation  grants 1185 

National  security 5,  32,  40,  412, 419,  833,  3318 

National  Weather  Records  Center 3040 

National  Weather  Satellite  Center  (NWSC)  (Weather  Bureau) 3023, 

3025-3026,  3035,  3040,  3058,  3065,  3068 

Contracting  and  procurement 3065 

Personnel 3058,  3065 

Average  GS  grade 3065 

Number 3058 

Usable  floorspace  (square  feet) 3058 

NAVAHO  program 334 

Naval  Air  Development  Center,  electronics  research  facilities 2245,  2251 

Naval  Air  Material  Command,  testing  facilities 1253 

Naval  Medical  Research  Institute 78,  1158 

Naval  Ordnance  Test  Station 1934,  2245,  2252,  2283 

Naval  Research  Laboratory 1057,  1673,  2244,  2251,  3013 

Navy,  U.S.  ( [see  also  Interagency  cooperation) : 

Aerospace  medical  program 1157 

Cooperation  with  NASA - 3151 

Electronics  laboratory „ 1961 

Electronics  research  expenditures,  fiscal  year  1960 2262 

Electronics  research  facilities 2244,  2245,  2251,  2262 

Inspection  function  for  NASA 449 

Retrieval  systems 1963 

Navy  School  of  Aviation  Medicine 850,  1158,  115S,  1163 

Functions 2564 

Navy  Underwater  Sound  Laboratory 2245,  2251 

Navigation  satellites 618-619,  3130 

NERVA  project 21, 

89,  96,  98,  326,  1201,  1884,  1903-1908,  2459,  2470,  2482,  2486, 
2488,  2496-2497,  2500-2506,  2512,  2681-2682,  2685,  2687-2688, 
2690,  2693,  2697,  2702,  3008. 

Engine  test  stand  No.  1 2681,  2685,  2687,  2689,  2691 

Engine  test  stand  No.  2 2687,  2689,  2692 

Funds 91,  2512 

Relationship  between  AEG,  NASA,  and  SNPO 2682 

Relationship  to  RIFT 2695 

Safety _ 2686,  2697,  2717 

Test  facilities 2691-2692,  2704-2706 

Testing 2502-2504 

New  York,  State  of,  share  of  research  grants 2211 

New  York  Times,  article  on  duplication 3284 

New  York  University:  Diborane-oxygen  difluoride  combustion 746 

Nigeria 2845-2846,  2849,  2854 

NIKE-CAJUN  rocket,  use  in  TRAILBLAZER  project 2344 

NIKE-ZEUS. 632 

NIMBUS,  meteorological  satellite 79, 

604,  1920,  2031,  3023,  3025-3030,  3032-3033,  3037-3038,  3040- 
3041,  3043-3047,  3058-3065,  3072,  3074-3086,  3089-3090,  3092, 
3094-3095,  3100,  3102-3112,  3115-3119,  3121-3122,  3130. 

Advances  over  TIROS 3033,  3076-3079,  3130 

Coverage 3077 

Direct  local  readout 3078 

Growth  potential „ 3078-3079 

Lifetime 3078 

Orientation 3076-3077 

Auxiliary  nuclear  power 3116 
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NIMBUS,  meteorological  satellite — Continued 

Camera  system... 3033,  3077,  3080-3081,  3118-3119 

Advanced  vidicon 3080-3081 

Cost 3118-3119 

Resolving  power  compared  to  TIROS 3033 

Command  and  data  acquisition 79,  3025,  3066,  3085-3086,  3109 

Data  processing 3066 

Stations.. 3085-3086,  3109 

Contracting  and  procurement 3116-3117 

Control  system 3084-3085,  3117 

Contractors 3117 

Cost,  to  launch  first  satellite 3112 

Current  status  of  program 3079 

Daily  operating  time 3122 

Detailed  discussion 3076-3086 

DOD  interest 3029 

Effect  of  firing  high-altitude  nuclear  bomb  on  performance 3029-3030 

Flight  schedule 3029,  3063-3064,  3089-3090,  3110,  3130 

Funds 79,  83,  3025-3026,  3037-3038,  3104,  3116-3119 

Weather  Bureau 79 

Goddard  Space  Flight  Center  research 3041 

Instrumentation 3078 

Interrogation 3045 

Launch  vehicles 3025 


Lifetime 

Major  subsystems 

Sensory  ring 

NOS.  (See  NIMBUS  operational  system.) 

Orbit 

Program  area  divisions 

Program  slippage 

Project  location  (NASA) 

Solar  cell  use 


3078,  3112 

3078- 3080 

3079- 3080 


3122 

3100 

3026,  3028-3029,  3079 

3095 

3029-3030 


Technical  management  of  program 3025 

Testing 3079-3085 

NIMBUS  operational  system  (NOS) 3060,  3075,  3105-3108 

NASA  use  of  reimbursable  funds  from  Weather  Bureau 3108 

Weather  Bureau-N  AS  A agreement 3060,  3105-3107 

Nitrogen  tetroxide  (see  also  Oxidizer;  Propellants) ... 682, 

684,  685,  687,  689,  691,  694,  730,  2284 

Nitronium  perchlorate,  solid  oxidizer  (see  also  Oxidizer;  Propellants) 704,  710 

Noise  research 2067,  2069-2070,  2078,  2082,  2094,  2334,  2354 

NOMSS.  (See  National  operational  meteorological  satellite  system.) 

North  American  Aviation 204, 

208,  213,  216,  300,  304,  307,  332,  361,  381,  401,  443,  449.  450,  497, 
499,  500,  581,  643,  980,  1103-1105,  2198,  3346,  3350,  3352. 

Contracts 175,  663,  664,  1456,  1780-1782 

Cost  proposal 1207-1210 

Fluorine  rocket  motor  tests 752 

Santa  Susana  Test  Site 204,  208 

Space  and  information  division. 299-300,  304,  315 

Subcontractor  for  APOLLO  simulator 792,  805,  1103 

Test  facilities 3362 

Use  of  automatic  checkout  equipment 1106 

Northeastern  office,  NASA 471,  2948,  2449,  2986,  2991 

Norway:  Cooperative  sounding  rocket  program 12 

NOS.  '(See  NIMBUS  operational  system.) 

NOVA  launch  vehicles 25, 

41,  65,  263,  272-275,  318,  322,  324-325,  536,  601,  605-606,  611, 
747,  813-815,  908,  911,  947,  961,  991,  997,  1078,  1093,  1096,  1191, 
1196-1197,  1202,  3103. 

Effect  of  lunar-orbit-rendevous  decision  on  development 244—245,  603 

Engine  developments 101,  2310 

Funds 244,  576,  608,  1096 

Reprograming  of  funds 2310 

Use  of  the  M-l  engine 601 

Nozzles 2287,  2309,  2316,  2317 
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Putt 

NPC  200-1 271 

NPC  200-2 271 

NPC  200-3 271 

Nuclear  propellants.  (See  Propellants;  Propulsion.) 

Nuclear  Rocket  Development  Station 119 

2027,  2462-2465,  2592,  2680,  2681,  2702 

Funds 2592 

Reprograming  of  a radiation  effects  facility 2027 

Testing  site  for  Kiwi 2462-2464 

Nuclear  Rocket  Development  Station 1915, 

2466-2468,  2498,  2500,  2584,  2591-2592 

Funds.— 2498,  2584,  2591-2592 

Testing,  mated  NERVA  and  RIFT 2466-2468,  2500 

Nuclear  systems  for  space  power.  (See  Space  power.) 

NWSC.  (See  National  Weather  Satellite  Center.) 


O 

OAO.  (See  Orbiting  astronomical  observatory.) 

Office  of  Advanced  Research  and  Technology  (see  also  3pace  Nuclear  Pro- 
pulsion Office) : 

Appropriations  and  budget 3, 

91,  736,  741-748,  913,  1024,  1482,  1894-1895,  1900-1901,  1903, 
1912,  1927,  1935,  1956,  1958-1960,  1964,  1970-1973,  2039,  2049, 
2093,  2095,  2191,  2204,  2251,  2260-2261,  2270,  2272,  2303-2304, 
2320,  2322,  2373,  2377-2378,  2439.  2493,  2511,  2528,  2543-2544, 
2626,  2743. 

Construction  of  facilities 1959, 

1976,  2027,  2029,  2033,  2039,  2096,  2454-2455,  2499,  2578-2581, 
2583-2588,  2591-2592,  2601,  2603-2606.  2610-2617,  2723,  2625- 
2629,  2635-2639,  2642,  2650,  2653,  2655-2658,  2661,  2666,  2672- 
2676,  2678,  2679,  2686-2688,  2691-2697,  2700-2701,  2704,  2707- 
2710,  2714,  2719,  2722-2723,  2725-2729,  2736. 

Comparative  tables 2584,  2586,  2695 

Directorate  of  Biotechnologv  and  Human  Research 72,  607,  856, 

1009-1010,  1024-1025,  1170,  1645-1646,  1955,  2578,  2590 
Program..  51,  84,  1881-2023,  2065-2226,  2246-2546,  2560-2563,  2575-2742 

Reprograming 2054,  2059,  2433-2434,  2705,  2707 

Tabular  summary 2433-2434 

Office  of  applications: 

Appropriations  and  budget 2,  83,  3102-3104,  3108,  3115-3118,  3121, 

3124,  3127,  3175,  3177,  3200,  3201-3203,  3214,  3217-3225 

Office  of  Meteorological  Systems 3070-3072,  3090-3093 

Flight  program 3071-3072 

Program  objectives 3070-3071 

Supporting  research  and  technology. 3090-3093 

Program 3069-3179,  3267,  3295 

Relationship  with  Communications  Satellite  Corp 3138-3139 

Reprograming 3102,  3103 

Office  of  Director  of  Defense  Research  and  Engineering  survey 2264 

Extract  from  speech  at  convention  of  engineers,  Institute  of  Radio 

Engi-neers  in  Los  Angeles,  Calif 2264-2265 

Office  of  Educational  Programs  and  Services 2919,  2995,  3002,  3003 

Office  of  Manned  Space  Flight  (see  also  Manned  space  flight  program) : 

Appropriations  and  budget 3,  28, 

64-66,  98,  100,  164-165,  266-268,  312-314,  456-459,  495-505, 
509-515,  569,  574-587,  594-595,  598-612,  639-641,  645,  654,  656, 
663-664,  666,  668,  677,  813,  815-817,  820,  823-826,  897-902, 
1022-1023,  1041,  1044-1045,  1053,  1093-1096,  1101,  1140,  1153, 
1158,  1192-1193. 

Comparative  tables: 

Fiscal  year,  1962-64 612 

Fiscal  year,  1963-64 64-65,  575-577 

Construction  of  facilities 1192-1283 

Construction  of  facilities  timetable 266-268 

Effect  of  budget  cuts 312-314,  503,  1192-1193, 1204,  1209 
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Office  of  Manned  Space  Flight — Continued 
Appropriations  and  budget — Continued 

Estimates  by  programs 889-896 

Geographical  distribution  of  funds 664 

Reprograming 242-245,  318,  498-499,  513,  579-581,  584,  597,  608 

Total  budget 66 

Total  cost  to  date 500-501 

Bioastronautics  responsibilities... 131,  1009, 1012,  1031,  1057 

Contracting  and  procurement 495-505, 

511,  578,  580-587,  594,  599,  604,  606-607,  609 

Management 99, 123-143,  1010,  1305, 1315-1318 

Management  Council 129,  138, 1103 

Organization 99,  128, 138 

Personnel  procurement 1033 

Program — 121-1456 

Office  of  Scientific  and  Technical  Information  ( see  also  Scientific  and 

technical  information) 1726-1750,  3003-3005,  3431,  3433 

Organization  and  responsibilities 1735-1737 

Program 1726-1750 

Role  in  technology  utilization  program 1737,  3431,  3433 

Support  of  international  aerospace  abstracts 1728 

Office  of  Space  Sciences: 

Appropriations  and  budget 2, 

76-77,  810,  1471-1483,  1485-1488,  1494,  1507,  1508,  1512,  1527, 
1536,  1537,  1553,  1610,  1618,  1621,  1667-1668,  1671-1672,  1676, 
1681-1682,  1684-1685,  1695-1710,  1714-1718,  1822,  1845-1846, 
2226,  2525. 

Construction  of  facilities 1632,  1702,  1839,  1846-1847, 

1850-1851,  1853,  1864-1865,  1867,  1872-1875,  1877-1879 

Effects  of  cuts 1870 

Bioscience  research 72,  1010,  1025,  1170 

Contracts  and  procurement ...  1699 

Division  of  functions  with  Office  of  Manned  Space  Flight 131, 

1026,  1644,  1646 

Field  installations  and  directors 1569 

Organization 1567-1568 

Relationship  with  JPL 1594 

Reprograming 1479,  1486-1488,  1684,  1696-1707,  1849,  1868-1869 

Research  program 46-47,  1437-1732,  1803-1880,  2560-2563 

Summary  reports 1486-1488,  1705-1707 

Tabular  summaries 1479,  1704 

Office  of  Technical  Service  (OTS),  Department  of  Commerce 1734,  1746 

Office  of  Tracking  and  Data  Acquisition: 

Appropriations  and  budget 3, 

94-95,  2774-2776,  2806-2818,  2882-2823,  2829-2833,  2837,  2389- 
2841,  2843,  2844-2846,  2849-2851,  2853,  2855,  2857-2859,  2868, 
2875-2876,  3404,  3416,  3427. 

Construction  of  facilities.— 2825,  2895,  2898-2902,  2904 

Network  operations  costs 2840,  2843,  2844 

Total  cost 2807 

Program 2773-2906 

Reprograming 2805-2806,  2942 

OGO.  (.See  Orbiting  geophysical  observatory.) 

Optical  navigation 2098 

Orbit  project 659,  660 

Orbital  operations 53.  517-563,  767-768,  845,  850,  1151, 1153 

Docking... 58,  59,  247,  255,  366,  367,  408,  415,  416,  845,  850,  1151, 1153 

Rendezvous.... 20, 

21,  52,  53,  55,  56,  95,  149,  166,  171,  239,  244,  251,  256,  273,  318, 
322-328,  351,  352,  366-368,  408,  410,  414,  416,  417,  421,  507, 
517-563,  568,  584,  587,  597,  598,  599,  600,  601,  603,  606,  611,  625, 
805,  806,  826,  843,  845,  850,  1014,  1075,  1077,  1078,  1091,  1092, 
1098,  1151,  1153,  1197,  1202,  1207,  1353,  2099,  2320. 
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Orbital  operations — Continued 
Rendezvous — Continued 

Earth  orbit 52.  148,  149,  244,  322,  351,  352, 

517-563,  572,  573,  574,  1075,  1077, 1092,  1098,  1197,  1353,  2099 

Lunar  orbit 52, 

53,  55,  148,  149,  150,  318,  322,  323,  325,  327,  328,  351,  352,  410, 
507,  517,  537,  549,  550,  554,  556,  559-563,  572,  574,  598,  599,  600, 
601,  603,  606,  611,  767,  768,  805,  806,  826,  845,  850,  1075,  1077, 
1078,  1091,  1098,  1151,  1153,  1197,  1202. 

Orbiting  astronomical  observatory  (OAO) 21, 

1526-1527.  1533, 1544,  1579,  1643,  2098,  2783 

Contract  with  Grumman 489,  1572,  1766,  3352 

Cost 1479,  1527,  1534,  1536 

Detailed  description 1579 

Experiments 1527,  1550,  1566, 1579-1580,  1668,  1672,  1676,  1844 

Launch  vehicle 820,  1579 

Scientific  purpose 69,  1526-1527,  1642 

Orbiting  geophysical  observatory 1526. 1544,  1545,  1577,  1578,  2115 

Contract  with  Space  technology  laboratories 489,  1571, 1766,  3352 

Cost 1479,  1481,  153&,  1672, 1676,  1684,1685,  1697,  1698 

Detailed  description 1577 

Experiments 1488, 1545,  1668,  1844 

Launch  vehicle 1577 

Scientific  purpose 69,  1577, 1582 

Orbiting  observatories.  (See  Orbiting  astronomical  observatory  (OAO); 
Orbiting  geophysical  observatory  (OGO);  Orbiting  solar  observatory 
(OSO)). 

Orbiting  solar  observatories  (OSO) 75, 

1465-1466,  1468,  1481-1482, 1526,  1544,  1547,  1712 

Contract  with  Ball  Bros 2037 

Cost 1479,  1481,  1487,  1536,  1672,  1710 

Experiments 1537, 1574,  1668 

Funds 1704,1709-1710 

Scientific  purpose.- 69,  1582 

Orbiting  space  station  (platform) 538, 

542,  543,  549,  550,  554,  573,  610,  1091,  1094,  1151,  1153,  1924,  2334 

Funds 573,  610, 1094 

Orbits  (see  also  Rendezvous) 248, 

536,  539,  547,  834,  2356,  2357,  2830,  2883,  2885,  3129,  3143,  3144, 
3147, 3148. 

Cis-lunar _ _ 2356 

Communications  satellites 3129,  3143,  3144,  3147,  3148 

Parking 248,542,543,2883,2885 

Earth 2884,  2885 

Moon 2884,  2885 

Rendezvous  compatible  orbit  (RCO) 536,  539,  547 

Orion  Nebula 1524 

Orion  project  (use  of  small  nuclear  explosives  to  propel  spacecraft) 635 

OSO.  ( See  Orbiting  Solar  Observatory.) 

Oxidizer,  propellant  component  (see  also  Fuel;  Propellants;  Propulsion; 

and  specific  oxidizers,  e.g.,  fluorine;  oxygen;  oxygen  difluoride) 58. 

59,  187,  193,  198,  199,  202,  207,  232,  293,  297,  308,  315,  325,  334, 
337,  613,  682-637,  689,  691,  692,  694,  697-701,  707,  710,  714, 
719,  721,  725,  729,  733,  745,  746,  751-756,  814,  819,  821,  823,  827, 
936,  967,  970,  994,  1813,  1814,  1890,  1918,  2283-2285,  2293, 
2306,  2308,  2309,  2314,  2316. 

Fluorine 719,  730-733,  751-756, 1918,  2283,  2293,  2302, 2303 

Advantages  as  oxidizer 752 

Cost - 752,755,756 

Density  of  liquid 752 

Pumping  tests 731-733 

Technology 751-756 

Use  in  propellants 719 

Hydrogen  peroxide 725 

LOX 58,  59,  613,  682, 685,  662,  707,  814, 819.  821,  823,  827, 1813, 1814 

Nitrogen  tetroxide 882,  684,  685,  687,  689,  691,  694,  730,  2284 

Nitronium  perchlorate  (solid)- 710,  714 
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Oxidizer,  propellant  component — Continued  fase 

Oxvgen  (see  also  LOX) 58, 

59,  187,  193,  198,  199,  202,  207,  232,  293,  297,  308,  315,  325,  334, 
337,  682,  685,  692,  707,  721,  729,  814,  819,  821,  823,  827,  936, 
967,  970,  994,  1813,  1890,  2283,  2309,  2314,  2326-2328. 

Oxvgen  difluoride 683, 

685,  686,  689,  692,  697-701,  707,  711,  721,  725,  745,  746,  752,  753, 
2284,  2285,  2306,  2308,  2316. 

Ozone 2285 

Ozone  fluoride . 729,2285 

Oxidizer-to-fuel  ratio  (see  also  Propellants) 722,  723,  724,  725,  727 

Oxvgen  (see  also  LOX;  Oxidizer;  Propellants) 58, 

59,  187,  193,  198,  199,  202,  207,  232,  293,  297,  308,  315,  325,  334, 
337,  682,  685,  692,  707,  721,  729,  814,  819,  821,  823,  827,  936,  967, 
970,  994,  1620,  1813,  1888,  1890,  2283,  2309,  2314,  2326,  2328. 
Oxygen,  liquid.  (See  LOX.) 

Oxygen  difluoride  (OFs)  (see  also  Oxidizer;  Propellants) 683, 

685,  686,  689,  692,  697-701,  707,  711,  721,  725,  745,  746,  752, 
753,  2284,  2285,  2306,  2308,  2316. 

Oxygen-hydrogen.  (See  Hydrogen-oxygen.) 

Oxygen-kerosene.  (See  Kerosene-oxygen.) 

Ozone  (see  also  Oxidizer;  Propellants 2285 

Ozone  fluoride  (see  also  Oxidizer;  Propellants) 729,  2285 


Pacific  Launch  Operations  Office 52,  2948-2949,  2986 

Pacific  Missile  Range  (PMR) 3040,  3059 

Panama  Canal 208,  210 

Pan  American  Airways,  operation  of  Atlantic  Missile  Range  personnel 1003 

Panel  on  Operational  Meteorological  Satellites  (POMS)__  3024,  3025,  3042,  3043 

Panel  on  Science  and  Technology 1528-1529 

Parachutes 417,  643 

Paraglider 417,  586,  640,  643,  2096 

Parsons  Co.,  engineering  services  subcontract  from  North  American 805 

Particle  accelerators 924,  1537 

Patents  policy . 463,  2920,  3363-3365,  3455 

Patrick  Air  Force  Base 998,  1001,  1002,  1003 

Pavload  capability  (see  also  specific  launch  vehicles,  e.g.,  SATURN) 186, 

684-686,  693,  704,  730-731,  752,  754,  2621 
PCM  telemetry.  (See  Pulse  code  modulation  telemetry.) 

Peaceful  uses  of  space  program 2584 

Pensacola  installation 1048 

Pentaborane  ( see  also  Fuels;  Propellants) 730 

Personnel  ( see  also  Scientific  and  technical  manpower).. 92, 

102,  269,  381,  406,  433-436,  442,  450-453,  460,  477-478,  679, 
779,  790-794,  807,  820,  844-845,  887,  1053,  1180-1181,  1217, 
1837,  2061,  2195-2196,  2206,  2912-2917,  2920-2952,  2955-3024, 
3176,  3233,  3383. 

Analysis  by  program „ 2949 

Comparison  of  NASA  grade  average  with  Federal  average 2948 

Distribution  by  raoe , 2933 

Excepted  positions , 2937,  3233,  5020 

Expansion 1053,1217,2206 

Facility  personnel * 793,  794,  807,  820 

Geographic  distribution 406,  2916-2917 

Hiring  policy „• 844 

Number  of  scientists  and  engineers  employed.... 887,  2916 

Professional  transfer  from  industry  to  NASA 2931 

Recruitment. 436,  845,  1180-1181,  2195-2196,  2916-2917, 

2921,  2930-2932,  2936.  2938,  2945-2947,  2952,  2955,  2972,  2981 

Relocation  costs 779,  2955,  2970-2980 

Salaries- 679,  845,  2907,  2912, 

2921,  2929-2932,  2934-2936,  2937,  2941-2945,  2949,  2967-2969 

Compared  to  other  agencies 2907,  2934-2936 

Service  contracts  by  category  of  service 2997,  2998,  3000 

Services  and  benefits 2950 

Staff  requirements 98, 

433-435,  2913-2917,  2920,  2929,  2937,  2939,  2942,  2946,  2949 
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Personnel — Continued 


Pan 


Summary  by  location 1 2948 

Training 2946 

Transfer  of  administrative  personnel  to  NASA 2932 

Transfer  inefficiencies 790-792 

Travel  policy 790-792,  2980-2988,  2996,  2998 

Turnover 845,  2944,  2956 

PERT  (program  evaluation  review  technique) 129,  139,  1572 

Peru 2841,  2849 

Philco  Corp 671,679 

PHOEBUS. 2468,  2503,  3352 

Physics  degrees  conferred,  1959-60,  by  area 3016 

Pilots 1151,  1976,  2625 

PIONEER 69,  1466,  1471-1473,  1479,  1582,  1643,  1704,  1706,  3360 

Data  for  future  solar  probes.  69 

Funds 1479,  1704,  1706 

Solar  probe  schedule 69 

Trajectory 69 

Pittsburgh,  University  of 3453 

Planetary  flight  program  (see  also  MARINER,  VOYAGER) 71-72, 

1092-1093,  1550-1551,  1564,  1644-1646,  1674 

Funds 1091,  1485,  1487 

Manned 19,  260,  263,  1091,  2621 

Unmanned 2621 

Plasma  gun 1991 

Plum  Brook  Research  Station 52,  1911, 

1917,  1918,  2504,  2604,  2605,  2606,  2706-2707,  2709,  2712,  2718 

Fluid  dynamics.—. 2806 

Nuclear  systems  for  propulsion 52 

Nuclear  systems  research 2504 

Propellant  flow  systems 2605,  2606 

Reactor  construction 1911 

Pogo  stick  (vertical  longitudinal  oscillation  problem) 841 

Point  Mugu.  ( See  Pacific  Missile  Range.) 

Polar  Orbiting  Geophysical  Observatory  (POGO) 643,  644,  2783 

Polymers 2005-2008,2021 

POMS.  (See  Panel  on  Operational  Meteorological  Satellites.) 

Post  Office  Department,  use  of  computers 1433 

Power  Information  Center,  University  of  Pennsylvania 1748, 

1927,  1929,  1930,  1931 

Pratt  & Whitney  (see  also  United  Aircraft) 188,  196, 

325,  330,  449,  721,  732,  1104,  1456,  1805,  2383 

Preliminary  flight  rating  tests  (PFRT) 755 

President's  Scientific  Advisory  Committee,  manpower  report 1636, 1650 

Princeton  University: 

Pressure  transducers  for  combustion  oscillations  contract 2616 

Research 2283 

Principia  project 705 

Procurement.  (See  Contracting  and  procurement.) 

Project  60,  contract  management 462-463 

Project  117-L  (satellite  applications) 617 


Propellant  additives  (see  also  Propellants)  : 

Beryllium 707,  724, 1902,  2283,  2284 

Lithium 725,  2284 

Ozone  fluoride 729 

Relative  performance  versus  amount  of  light-metal  additive 2284 

Propellants  (see  also  Fuel;  Oxidizer;  Propulsion;  Rockets;  and  specific  pro- 
pellants, e.g.,  Ammonia-fluorine;  Diborane-oxygen  difluoride;  Hydrazine- 

fluorine;  Hydrogen-oxygen;  Kerosene-oxygen) 85, 

355-356,  910,  1251,  2311,  2313,  2320,  2620 

Cesium  used  in  ion  engines 1830,  2324 

Density 686,  721,  724,  725 

Equilibrium  expansion  of  propellant  gases 722,  724,  2285 
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Propellants — Continued 
High  energy,  chemical : 

Air  Force  participation 719,  731,  735,  748  -750 

Burning  time  versus  temperature 729 

Combustion  temperature 729 

Criteria  for  selection.. 724 

Definition 705-706 

Economics  of  production - 707-708 

Fuel  ( see  also  Fuel,  propellant  components) 58, 

59,  65,  187,  188,  199,  202,  207,  232,  293,  315,  325,  682,  684r-689, 
691,  692,  694,  695,  697-704,  706,  707,  710,  711,  714r-7l6,  719,  724, 
727,  730,  737,  745,  814r-816,  819,  821,  823,  967,  968,  970,  1620, 
1630,  1631,  1818,  1829,  1889-1895,  1897-1902,  1911,  1912.  1918, 
2283-2285,  2293,  2308,  2309.  2314,  2316,  2326-2329,  2606. 

Funds  (R.  & D.) 735,  736,  737,  741,  742,  744-746,  748 

Boron  fuels 737 

Work  at  JPL .... 737 

Diborane-fluorine  contract  with  Thiokol 738 

Reprograming •>  743 

Future  uses  of . 739,  740 

Handling 730,  7 *6,  755 

Liquid  range 724 

Oxidizer  (see  also  Oxidizer,  propellant  component) 58, 

59,  187,  193,  198,  199,  202,  207,  232,  293,  297,  308,  315,  325,  334, 
337,  613,  682-687,  689,  691,  692,  694,  697-701,  707,  710,  714,  719, 
721,  725,  729-733,  745,  746,  751-756,  814,  819,  821,  823,  827,  936, 
967, 970,  994,  1813,  1814,  1890, 1918,  2283-2285,  2293,  2306,  2308, 
2309,  2314,  2316. 

State  of  progress 740-741 

State  of  the  art. 704-705,  755 

Storability 195,  682,  683,  695,  706,  724,  2282,  2284,  2329 

Theoretical  performance  data 721-724 

Toxicity — 731,  746,  755,  756 

Types. 75,  719,  720-723,  726-727,  729-731,  2284,  2286,  2293 

Ammonia-fluorine 751,  2293 

Boron  compounds-fluorine 755 

Boron-hydrogen-nitrogen  compounds 731 

Diborane-fluorine.. 725,  2293 

Diborane-hydrogen  peroxide 725 

Biborane-oxygen  _ . 725 

Diborane-oxygen  difluoride 720-723, 

725-727,  729-730,  737,  738,  745-748,  2285 

Hybalenes  (plus  oxidizer) 741 

Hybrid... 731 

Hydrazine-chlorine  trifluoride 751 

Hydrazine-fluorine 751-753,  755,  2293 

Hydrazine-nitrogen  tetroxide 2284 

Hydrogen-fluorine 720, 

725,  731-733,  741,  751-753,  755,  1830,  2293 

Hydrogen-fluorine-beryllium 2284 

Hydrogen-fluorine-lithium 2284 

Hydrogen-oxygen. ...  75, 

719,  721,  722,  725,  729-731,  739,  752,  753,  2286,  2306 

Hydrogen-oxygen-beryllium 2284 

Hypergolic 752 

Kerosene-oxygen 2285,  2286 

• ' Use  as  coolants  during  combustion  ( see  also  Coolants,  propellant 

combustion;  {dilative  materials;  Film  cooling) 613,  727,  728,  751 

Liquid  ( see  alto  Propellants/high  energy,  chemical) 1894,  1899-1903 

Cost  and  budget 1894,  1899,  1900,  1901,  1903 

Nuclear 694,  700 

Performance  peaking 689,  696 

Solid. 188,  195,  232,  453,  731, 

745,  750,  751,  939,  1096,  1894,  1899,  1900-1903,  2282-2284,  2305 

Advance  studies 1096 

Cost  and  budget ....  1894,  1900.  1901,  1903 

Relative  performance  versus  amount  of  light-metal  additive 

[see  also  Propellant  additives) 2284 
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Propellants — Continued  **•» 

Specific  impulse— .721,  722,  723,  724,  725,  731,  752,  2301,  2302,  2306,  2308 

Storage  facilities 1251,  1252 

Temperature  ranges— 686,  689,  692,  695 

Testing. 819,  823,  825,  827,  1829-1833 

Weights  in  comparison  with  weights  of  spacecraft  (see  also  Payload 

capability) 684,  685 

Proprietary  rights 1100-1107,  1111,  3190,  3191,  3363-3365 

Propulsion  (see  also  Launch  vehicles;  propellants;  rockets;  specific  engines, 

e.g.,  F-l,  H-l,  J-2,  M-l,  RL10  A-3) 84, 

195,  576,  608,  1972-1973,  1983,  2578 

Air-breathing 1973,  1975-1976,  2068,  2071,  2073,  2088,  2283,  2287 

Chemical 84-85,  91,  96,  635,  741, 

1829-1834,  1886-1887,  1889-1890,  1915,  1918,  2282,  2301,  2620 

Liquid 58, 

186-197,  199,  208,  295,  314-318,  33^348,  719-756,  816,  819,  821, 
823,  825,  827,  980-982,  1201-1203,  1619,  1813-1814,  1829-1831, 
1833,  1886-1904,  1975,  2288,  2310,  2578,  3352. 

Solid 85,  819,  848-849,  1830-1834 

Electric 86,  1858,  1912-1913,  1915,  1918, 

1924,  1982,  1986-1987,  1990,  2461,  2477-2486,  2504,  2578,  2620 

Arc-jet . 86 

Electrothermal 1915 

Ion 86,  1912, 1915-1916,  1986-1987,  1990,  2477-2478,  2598 

Nuclear-electric 84,  91,  1923-1927,  1935,  2470,  2472,  2513-2516 

x^uclc&r  21 

" " " 84,"  88-89’  91,  ¥679 873"26‘’635,~847,'9 1 1-9 12  915'  *1096,  1201 , 1884) 
1886,  1903-1915,  1917-1918,  1924,  1988-1989,  2019,  2459-2517, 
2620,  2681,  2690,  2693,  2702. 

Propulsion  and  Vehicle  Engineering  Laboratory,  funds 1254-1255 

Publications 1726,  173^-1735,  1737-1738,  1741 

Standards 1737 

Pulse  code  modulation  telemetry  (PCM)  _ 584,  2822,  2824,  3108, 3109,  3117-3119 

Pump  for  liquid  fluorine  (see  also  Propulsion) 732 

Purdue  University,  solid  combustion  research 2105,  2305 

QuaUty  assurance 219,  220,  271.  272,  450-452,  455,  456,  1548,  1841,  2190 

R 

Radiation  (see  also:  Bioscience/Human  factors;  Van  Allen  radiation 

belt) 377-378, 

1150-1151,  1164,  1460-1476,  1481,  1530-1533,  1550,  1573,  1582- 

1586,  1686,  1727-1728,  2335,  2364,  2367,  2376,  2659,  2698,  2779, 
2781,  2782,  3086. 

Belts 377-378,  1466,  1472-1476,  1530-1533, 

1550,  1573,  1582-1585,  1686,  1728,  2364,  2367,  2376,  2779-2782 

Cosmic 378,  1091, 1531 

Effects 1164 

Hazards 1150-1151,  1531,  2335,  2364,  3086 

Solar 377,  1460-1476,  1481,  1550,  1585-1586,  2611,  2659 

Shielding 1586 

Radio  Corp.  of  America 3360 

Astro-Electronics  Division 1597 

Computer  rental 2925-2926 

Contract  for  NIMBUS 489 

Contract  for  RELAY 489 

Contract  for  solar  simulators 600 

Radio  propagation... 640,  2106,  2185,  2200-2201,  2724 

Radioastronomy 1558,  3292 

Effect  of  West  Ford  project 3292 

Radiobiology 852 

Radiocarbon  dating 1689-1690 

RAM  (radio  attenuation  measurements) 2106,  2200-2201,  2724 

Ramjet  propulsion 2071 

Rand  Corp.,  checkout  systems 1091 
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Rand  Research  Institute 1968 

Raytheon  Corp 665 

APOLLO  project  contracts,  guidance,  and  navigation  systems.. 181-182 

Reaction  Motors  Division.  (See  Thiokol  Chemical  Corp.) 

Recovery  operations 1 082 

Recruitment  costs 436,  2955,  2970 

Geographical  distribution 2962 

National  Aeronautics  and  Space  Administration  Act 2947 

Redstone  Arsenal,  availability  of  warehousing  for  Marshall  Space  Flight 

Center 944 

REDSTONE,  launch  vehicle 306,  308,  314,  334,  944,  2308 

Reentry 256, 

426,  636,  640,  766,  817,  820,  834,  859,  865,  1941,  1945,  1985,  1986, 
1988,  2315,  2343,  2355-2358,  2359,  2360,  2376,  2392,  2395,  2400, 
2577,  2620. 

Regional  report  centers.  (See  Federal  regional  technical,  report  centers.) 

RELAY  I 1547 

RELAY,  active  communications  satellite 14, 

75,  80-81,  489,  1625,  1627,  1776,  3124-3129,  3144,  3146,  3154, 
3176,  3222,  3271,  3277,  3300. 

Communications  capabilities 81 

Contracting 489,  1766 

Data  reduction  and  analysis 3222 

Flight  schedule 3129,  3144,  3154 

Ground  support 3146,  3222 

Orbit 81 

Reliability 24, 

152,  210,  211,  214,  215,  217-222,  224,  271,  310,  324,  358,  388-390, 
396-401,  426,  448.  450-452,  475-476,  545,  834,  946,  1073-1077, 
1079,  1080,  1083,  1100,  1137,  1285,  1303,  1304,  1328-1354,  1565, 
1590,  1844,  1845,  2317,  3224,  3273,  3274,  3278,  3305. 

Remington  Rand,  NASA  computer  rental 2925-2926 

RENDEZVOUS 20. 

21,  52,  53,  55,  56,  95,  149,  166,  171,  239,  244,  251,  256,  273,  318, 
322-328,  351,  352,  366-368,  408,  410,  414,  416,  417,  421.  -507, 
517-563,  578,  584,  587,  597,  598,  599,  600,  601,  603,  606,  611,  625, 
805,  806,  826,  843,  845,  850,  1014,  1075,  1077,  1078,  1091,  1092, 
1098,  1151,  1153,  1197,  1207,  1353,  2099,  2320. 

Earth-orbit 52, 

148,  149,  244,  322,  351,  352,  517-563.  572,  573,  574,  1075,  1077, 
1092,  1098,  1197,  1353,  2099. 

Lunar-orbit 52, 

53,  55,  148,  149,  150,  318,  322,  323,  325,  327,  328,  351,  352,  410, 
507,  517.  537,  549,  550,  554,  556,  559-563,  572,  574,  598,  599, 
600,  601,  603,  606,  611,  767;  768,  805,  806,  826,  845,  850,  1075, 
1077,  1078,  1091,  1098,  1151,  1153,  1197,  1202. 

Reprograming 33, 

35,  37-47,  241,  242,  244,  245,  513,  669-671,  673,  743,  775-780, 
786,  793,  928-930,  978,  1221,  1280,  1477-1479,  1481,  1696,  1998, 
1704,  1705,  1707,  1764. 

Research  Analysis  Corp  (U.S.  Army  contract) 589 

Research  triangle,  developed  program  of  research  in  North  Carolina 3438 

Resupply  vehicle  for  orbiting  laboratory 19-20,  261-262 

RIFT  (reactor-in-flight-tests) 21, 

25,  89,  1201,  1903-1908.  1911,  1915,  2459,  2461,  2466-2468, 
2475,  2482,  2496-2497,  2500-2506,  2686,  2691,  2693-2694,  2697, 
2700-2701. 

Contract  with  Lockheed  Aircraft 3352 

Facilities 1878,  2695-2696,  2704-2706 

Funds 9,2511,2695-2696 

Relationship  to  NERVA 2693 

RL-10  A- 3 engine 187-188,  195-196,  199,  282,  330-332 

347-348,  719,  721,  733,  816,  821,  823,  825,  982,  1619,  1903,  2310 

Contract  with  Pratt  k Whitney  Aircraft 419,  721 

Development 721,  2308 

Funds 576,  601-602,  608,  1903 

Thrust 188,  603 

Rochester,  University  of 1650 
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Rocket  Propulsion  Laboratory,  USAF:  Fluorine  rocket  motor  tests 752 

Rocketdvne  Division  (see  also  North  American  Aviation  Corp 189-191,  281, 

295,  297,  307,  316-317,  331-332,  358,  3G0,  980,  2318,  2393 

Contract  for  F-l  engine 491,  827-828 

Contract  for  J-2  engine 491 

Testing  (toroidal  combustor) 2286 

Throttling  technique 2291 

Rockets  (see  also  Launch  vehicles;  Propellants;  Sounding  rockets;  X-15; 
and  specific  engines;  e.g.,  F-l,  H-l,  J-2,  M-l,  RL-10  A-3): 

Chemical 84-85, 

91,96,  635,  741,  1829-1834,  1886-1890,  1915,  1918,  2282,  2301,  2620 

Liquid 58,  101, 

103,  187-190,  199,  208,  295,  314-318,  334-348,  719-756,  816,  819, 
821,  823,  825,  827,  1193,  1195,  1197-1203,  1619,  1813-1814, 
1829-1832,  1833,  1886-1904,  2291,  2310,  2578,  3352. 

Solid  (see  also  SCOUT) 85,  819,  848-849,  1830-1834 

Klee  trie 86,  1858, 

1912-1913,  1915,  1918,  1924,  1982.  1986-1987,  1990,  2461,  2472, 
2477-2486,  2504,  2578,  2620. 

Nuclear  (see  also  NERVA,  RIFT,  ROVER) 21-22, 

25,  84,  88-89,  91,  96,  98,  101-103,  326,  635,  847,  911-912,  915, 
1096,  1201,  1884,  1886,  1903-1915,  1917-1918,  1924,  1988-1989, 
2019,  2459-2517,  2620,  2681,  2690,  2693,  2702. 

Funds 2581-2584 

Test  facilities _-2581,  2584,  2604 

Rome  (meeting  with  U.S.S.R.) 420 

Rome  Air  Development  Center 2187,  2261 

ROVER,  nuclear  rocket  project 22,  25,  101-103,  635,  847,  1201 

RP  (rocket  propellant)  fuel 729 

RS-70 2756-2765 

S 

S— 52  satellite  - _ _ 2037 

S-55  sateUite’experiments  _ 1 1 2343,  2344,"  2365,"  2368," 2369,"  2370,"  2375~  2376,  2402 

S-66  satellite 2143,  2144 

S-I  stage 187,  199,  210,  213,  217,  285,  290,  291,  293,  325, 

415,  491,  607,  820,  821,  823,  951,  953,  957,  959,  960,  966,  967,  990 

Contract,  Chrysler  Corp * 217,  491 

Fabrication 290 

Reduction  of  weight 293 

Thrust 990 

S~IC  stage 59, 

187,  191,  201,  202,  205,  207,  228,  245,  290,  296,  297,  298,  302, 

304,  314,  396,  816,  899-901,  931.  936,  943,  946,  949,  957,  958, 

959,  962,  963,  967,  969,  972,  984,  985,  986,  990,  991,  1249,  1259, 
1290,  3352. 

Checkout 990,  1290 

Funds 899-901,1249 

Ground  test  program 191,931 

Marshall  Space  Flight  Center 201 

Michoud  plant 202 

Safet3r  restriction 202 

Static  test  stand 302 

Support  operations  building  fund 1259 

Test  stand 957,  962,  963,  972 

Weight 201 

S-II  stage  (see  also  SATURN  V) 190, 

195,  202,  204,  207,  247,  295,  296,  299,  300,  301,  304,  306,  315, 

316,  331,  338,  805,  817,  900,  966,  967,  968,  970,  971,  9S4,  985. 

1290,  1904. 

Checkout 1290 

Fabrication 301 

Flight  test 299 

Funds 900 

Ground  test 299 

Thrust 295 

Weight 207 

Test  stand 316 

96-504 — <53 — pt.  4 49 
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S-IV  stage 58, 

188,|189,  195,  284,  285,  286,  287,  288,  291,  295,  309,  330,  599,  816, 
820,  821,  822,  823,  824,  825,  1073,  1088,  1620,  3352. 

Construction  of  contractor  facilities 291 

Developmental  problems 599 

Fabrication 284,  288 

Ground  test 189 

Reliability 189 

Reliability  program 599 

Testing 195,  284,  285,  286,  287 

S-IV  B stage 59, 

186,  187,  190,  199,  201,  204,  207,  208,  247,  248,  292,  293,  294,  295, 
296,  301,  337,  599,  600,  603,  067,  817,  826,  982,  984,  985,  1078, 
1290,  1619,  2796,  2797,  2799,  3352. 

Checkout __  1290 

Earth-orbital  missions 600 

Flight  test 295,  599 

Propelled  by  J-2  engine-' 603 

Testing  by  Douglas 204 

Thrust 199 


To  carry  lunar  excursion  module,  service  module,  command  module—  600 

Transportation  of  stage  by  barge 207 

S-band  communications  system 2866-2871,  2884 

SA-1 - 328,  1833,  1836,  2338,  2388 

SA-2 198,  328 

Project  Highwater 328 

SA-3 - — _ 198,  328 

Horizon  sensor 328 

Project  Highwater 328 

SA-4 329 

Horizon  sensor  329 

Mistram  (missile  tracking  and  measuring) 329 

SA-5 226,  289,  329,  330,  607,  1328 

Horizon  sensor 329 

Mistram  (missile  tracking  and  measuring) ...  329 

SA-6 289,  329 

Horizon  sensor 329 

Mistram  (missile  tracking  and  measuring) 329 

SA-7 329,  607 

APOLLO  boilerplate  configuration 329 

Horizon  sensor 329 

SA-8 — 289,  290,  329,  599,  607,  1938,  1939 

Horizon  sensor 329 

SA-9 289,  329,  607,  1939 

APOLLO  boilerplate  configuration 329 

Horizon  sensor 329 

Mistram  (missile  tracking  and  measuring) 329 

SA-10 290,  329,  607 

Horizon  sensor 329 


Mistram  (missile  tracking  and  measuring) 329 

San  Francisco  Bay  area,  space  environment  research  facilities 2646 

San  Marco,  sounding  rocket  program  (Italy) 9 

Santa  Susana  Test  Facility 202,  301,  306,  315,  316,  332,  968,  970,  980,  1245 

Satellite  inspection  by  GEMINI  and  X-20  (DYNA-SOAR) 850 

Satellite  network. 2840-2842,  2844-2855,  2858,  2870,  2903 

Satellites,  scientific  (see  also  Biosatellites,  EXPLORER;  ALOUETTE; 

ARIEL) 9,  27,  68,  74,  1479,  1547,  2037,  2059,  2144, 

2143,  2344,  2365,  2368,  2369,  2370,  2375,  2376,  2402,  2557,  2558 

Atmospheric  structure 68, 1682 

Data  handling 1726, 1727 

Interplanetary  monitor 68, 

1479,  1572,  1573,  1582,  1643,  1680, 1681,  1682,  1684, 1685, 1691 
Meteoroid — 27,  2343,  2344,  2527,  2558 
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SATURN  launeh  vehicle  program. 75, 

186,  187,  198,  206,  208,  210,  211,  212,  214,  215,  216,  225,  226,  228, 

229,  235,  237,  302,  304,  307,  308,  312,  313,  314,  321,  324,  326,  329, 

400,  415,  416,  442,  447,  450,  554,  574,  600,  601,  618,  667,  719,  733, 

752,  754,  922,  923,  932,  936,  949,  953,  958,  971,  1290,  1567,  1617, 

1619,  1644,  1646,  1824,  1825,  2036,  2115,  2203,  2621,  2796,  3185, 


3201,  3358. 

Checkout 216,  1290 

Construction  of  test  facility 940 

Flight  tests 325,326 

Funds 215 

Ground  supportment  equipment  contract  with  Chrysler  Corp 3352 

Instrument  unit 324 


Launch  facilities 198,  208,  225,  226,  228,  442,  447,  922,  923,  932 

Payload  capability 186,  752,  754,  2621 

Payload  instrumentation 329 

Performance  and  reliability 210,  211,  214,  215,  400,  450 

Possible  effect  of  budget  cut 312-314 

Testing 208,215,237 

Test  stand 208, 302,  307,  308,  953 

Transportation  of  stage  by  barge 206,  208,  210,  228,  229,  235,  304 

Use  of  hydrogen-oxygen  for  upper  stage 719 

Use  to  launch  APOLLO 667,  2036 

SATURN  I launch  vehicle 58, 

59,  65,  86,  92,  150,  151,  187, 189,  196,  199,  201,  213,  225,  226,  227, 

228,  273,  277,  278,  281,  282,  284,  285,  286,  287,  290,  291,  292,  293, 

295,  307,  308,  309,  313,  314,  325,  326,  331,  334,  335,  416,  576,  598, 

599,  601,  603,  606,  608,  659,  666,  667,  811, 813,  816,  820,  821,  822, 

823,  824,  825,  898,  904,  923,  930,  931,  936,  1001,  1302,  1938, 
2036,  3400. 

Development 291 

Flight  tests 92 

Firnds 55,  576,  601,  603,  608,  667,  2036 

Guidance  system S24 

Launch  facilities 290,  291,  295,  931 

Launch  pad 1001 

Payload  capability 59,  150, 151,  273,  291,  599,  820 

Reliability 189 

Stages: 

S-I  (eight  H-l  engines) 187, 199,  213,  285,  290,  325,  820,  821,  823 

S-IV  (six  RLIOA-3  engines)  58,  188, 189, 195, 199, 

282,  284,  285,  286,  287,  288,  291,  295,  309, 330,  599,  816,  820-825 

Test  flight 293 

Transportation  of  stage  by  barge 228,  936 

Two  first  stages  to  be  built  by  Chrysler  Corp 599 

Use  for  APOLLO  project 667,  2036 

SATURN  IB  launch  vehicle , 57, 

59,  65,  150,  151,  186,  187,  188,  196,  199,  201,  225,  226,  227,  230, 
273,  281,  290,  291,  292,  293,  294,  295,  301,  314,  318,  319,  324,  327, 
329,  331,  334,  337,  416,  576,  595,  600,  603,  606,  608,  659,  666,  811, 
813,  817,  820,  825,  826,  898,  923,  930,  991,  1001,  1223,  1224,  1619, 
1825,  2027,  3400. 

Development  tests 292,  293 

Development  at  MSFC 599 

Flight  tests 292,  293,  301,  319,  331,  599 

Funds 65,  57/6,  599,  608,  1223,  1224 

Ground  tests 301 


Instrument  unit 295 

Launch  facilities 290,  291,  295,  2027 

Launch  pad 1001 

Lunar  orbit  rendezvous 327 

Manned  flight  schedule 57 

Payload  capability 150,  151,  199,  201,  273,  599,  600,  825,  826 

Production  schedule 600 


Separation  and  docking  during  maneuvers 57 
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SATURN  IB  launch  vehicle — Continued 
Stages : 

S-l  (eight  H-l  engines) 187,  213,  281,  290,  293 

S-IVB  (one  J-2  engine) 187, 

199,  201,  208,  292,  293,  294,  295,  599,  600,  603,  S17,  826,  1619 

Transportation  of  stage  by  barge 319 

SATURN  V launch  vehicle 22,  41, 

59,  60,  89,  150,  151,  186,  187,  191,  195,  201,  206,  208,  213,  214, 

217,  225,  227,  230,  247,  248,  273,  277,  278,  279,  281,  289,  290,  293, 

295,  296,  297,  298,  299,  300,  302,  303,  306,  308,  312,  313,  314,  315, 

317,  318,  322,  325,  326,  328,  329,  330,  331,  335,  336,  337,  416,  566, 

576,  595,  599,  600,  603,  606,  608,  758,  767,  811,  813,  816,  817, 
826-28,  889-896,  898-904,  921-923,  927-931,  936,  938,  939, 

945-947,  962,  964,  971,  978,  983,  990,  991,  992,  993,  995,  997, 

999,  1078,  1193,  1194,  1196,  1197,  1201,  1209,  1231-1233,  1269, 
1270,  1277,  1278,  1302,  1339,  1619,  1830,  1888,  1903-1905,  2286, 
2288,  2312,  2313,  2461,  2500,  2503,  2538,  2539. 

Deep  space  probe 1193,  1194,  1196,  1197,  1201,  1209 

Development  at  MSFC 599 

Funds 65,  576,  608,  889-896,  900,  901,  927-930 

Detailed  budget  table 889-896 

Marshall  Space  Flight  Center 900 

S— IG  stage 899—901 

S-II  stage 900 

Testing 900 

Launch  facilities 227, 302,  922,  927, 

928,  929,  930,  936,  939,  1231-1233,  1269,  1270,  1278 

Launch  schedule 599 

Payload  capability 60,  150,  151,  273,  279,  326,  330,  1001,  1201 

Reprograming  of  funds 928 

Sise 59,201 

Stages: 

S-IC  (five  F-l  engines)  (7)4  million  pound  thrust) 59,  187, 

191,  201,  202,  205,  207,  228,  245,  248,  290,  296,  297,  298,  302,  304, 
314,  396,  899-901,  931,  936,  943,  944,  945,  946,  949,  957-959, 
962,  963,  967,  969,  972,  984,  985,  986,  990,  991,  1259,  1290,  3352. 

S-II  (five  J-2  engines)  (1  million  pound  thrust) 190,  195, 

204,  207,  247,  295,  296,  299,  300,  301,  304,  315,  331,  900,  966, 
967,  968,  970,  971,  984,  985,  1270,  1277,  1278,  1290. 

S-IVB  (one  J-2  engine)  (200,000  pound  thrust). _ 186,  187,  190,  201,  204, 
207,  208,  247,  248,  292,  296,  301,  337,  599,  600,  603,  984,  985, 
1078,  1619. 

S-N  (nuclear) 991 

Testing 329,  330,  901,  902 

Test  stand 303 


Thrust 191 

Transportation  of  stage  by  barge 900 

SATURN  C-l  launch  vehicle 549 

SATURN  C-1B  launch  vehicle,  use  in  flight  testing  SNAP-8 1926 

SATURN  C-5  launch  vehicle 549,  556 

Scanner  project 2200 

SCAT-4,  fixed  wing 1978,  2079 

SCAT-15,  variable  sweep  configurations 1978,  2079 

SCAT-16,  variable  sweep  configurations 1978,  2079 

SCAT-17,  B-70  design  concept 1978,  2079 


Science  Information  Exchange  (SIE),  project  information  system 1747,  1748 

Scientific  American 3001,  3002 

Scientific  and  technical  aerospace  reports  (STAR) 1728 

Scientific  and  technical  information  program 1110, 

1152,  1726-1750,  3003,  3004,  3005 

Acquisition 1735,  1739 

Centralization  versus  decentralization 1734 

Contract  work 1737,  1742-1745 

Documentation,  Inc 1742-1744 

Dissemination 419,  425,  1110,  1152.  1735,  1741  1742,  1744,  2939 

Speed 1729,  1733 
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Scientific  and  technical  information  program — Continued  Page 

Handbook  preparation 1728-1729 

Information  centers 1733,  1746-1748 

Interagency  cooperation 1734,  1741,  1745-1748 

News  releases 1727 

Principles  of  operation 1728,  1733-1735 

Project  information 1736-1738,  1742,  1748 

Publics  served 1733-1735 

Reports  distribution 1728,  1741 

Translations 1734,  1736,  1744-1745 

Scientific  and  technical  manpower 2, 

139,  844,  1011,  1155,  1159,  1160-1162,  1164-1166,  1169,  1170, 
1172,  1180,  1181,  1217,  1636-1638,  1640-1642,  1650-1665,  2192, 
2265,  2889,  2890,  2892,  3016. 

Civilian  and  military  requirements 1172 

Scientific  data  ( see  also  Data  processing) 1726-1732,  3135 

Acquisition  and  analysis 1726,  1727 

Bibliography  of  tapes  sent  to  World  Data  Center.., 1728 

Dissemination  and  publication 1727,  3135 

Rights  and  responsibilities  of  experimenter 1727,  1729-1732 

Scientific  research  center,  list  of  byproducts  and  techniques  made  available 

to  industry 3188 

Scientific  societies 1727 

SCOUT,  solid  propellant  launch  vehicle.  1548,  1624,  1625,  1634,  1937,  1938,  2514 

Contract  with  Ling-Temco-Vought 3352 

Cost 1479,  1772. 1773 

Funds 77,  1704-1706 

Payload  capability 74,  75 

Use  in  bioscience  flight  program 1567,  1964 

Use  in  geophysics  program 1630 

Use  in  micrometeoroid  determinations.  _ 86,  2527 

Use  in  reentry  experiments 2343,  2398 

Sea-die  markers.  __  ...  . ......  1039 

Seal  Beach  facility 207,  301,  304,  305,  306 

Security  regulations 419 

Seismometer  1608 

Sensors: 

Digital. 2128 

Inertial  guidance  (active  and  passive) 2097 

Infrared 3091,  3092 


^UClCUlUlUgiUai — UUOi,  UVUO-UVUl., 

3064,  3076,  3079,  3087,  3091,  3092,  3098,  3104,  3110-3113 

Radiation 3098 

SERT  (space  electric  rocket  test) 1,  11,  111,  2479 

Shock  tubes 2577,  2643-2645 

Simulators  and  simulation 366, 

787,  788,  792,  793,  795-797,  800,  801,  803,  805,  806,  810,  813, 
858,  1229,  1839,  1865-1867,  1976,  1977,  2413-2415,  2430,  2592. 
2623,  2624,  2629,  2635,  2652,  2858. 

SLAM  program 627 

Sleds,,  use  for  launching  vehicles  not  feasible. 274,  275 

Small  Business  Administration 472,  1747,  3359 

Small  business  participation,  contracting  and  procurement  (see  also  Sub- 
contracting)... 441,  464,  471,  472,  486,  1757,  1792,  3192,  3341,  3343,  3344, 
3353,  3358,  3383,  3434,  3435,  3455,  3456. 

Smithsonian  Aatrophysical  Observatory 2841 

SNAP  (systems  for  nuclear  auxiliary  power): 

Assignment  of  Air  Force  officer  to  program 847 

Estimated  flight  test  date 21 

Liquid-metal  coolant 2472-2474,2476,  2482,  2484-2489,  2507-2509 

Power 2471-2486,  2504 

Power  conversion 2473 

Radioactivity  problems 2463-2466 

Testing  program 2460,  2462-2466,  2468-2470,  2513 

SNAP-2 2473,2475 
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SNAP-S-.  87,  91,  490,  1766,  1834,  1883,  1916,  1924-1927,  1935/2100,  2459,  2461, 


2472-2516,  2712,  2713,  2915,  2718,  3352. 

Advanced  research  and  technology  project 2476,  2506-2509 

Budget  and  appropriations „ 2493,  2512 

Contract  with  Aerojet-General  Corp 490,  1766,  3352 

Cost 1927,  1935 

Development  by  AEG  and  Atomics  International 2473 

Dimensions I 2473 

Flight  evaluation  project 1926,  2475-2476 

Funding 91 

Potassium  fuel  elements 1925 

Power 2472 


Reactor  design  by  AEC 2473 

Sodium  fuel  elements 1925 

Testing 2485 

SNAP-10A 2473,2475 

SNAP-50 2491-2502,2714,2715 

Agreement  between  Air  Force  and  AEC  on  development 2491-2493 

Power 2472 

SNAP-90 2714 

Sodium  vapor  trail - a 3088 

Solar  cells  ( see  also  Space  power) 1610, 1918,  2321,  3117,  3271,  3286,  3290 

Budget 90,  2322 

Damage  from  space  nuclear  radiation 2293 

Protection  against  failure 1545 

Silicon 1920,2293,2294 

Temperature  limit 2293 

Tests 3032 

Thin  film 1920,  2294,  2322,  2323,  2329 

Solar  flares 377, 1017, 1461-1466, 1468, 1501, 1531, 1565, 1582,  3088 

Solar  g<w 1460 

Solar  phvsics 1685,1709 

Solar  probe 730 

Solar  radiation.  ( See  Radiation/solar.) 

Solar  simulator 1865-1867,  2604,  2614 

Solar  system,  origin 1497-1498 

Solar  wind 1585,  1997 

Solid  Propellant  Information  Agency,  Applied  Physics  Laboratory,  Johns 

Hopkins  University 1737,  1739 

Solid  propellants.  (See  Propellants.) 

Sonic  boom 2069,  2070,  2078,  2082,  2094 

Sonic  Measuring  Facility,  MTF  installation 1272 

Sounding  rockets 7, 

9-12,  67-68,  1482,  1524,  1526,  1532,  1543-1544,  1571,  1573,  1668, 
1671,  1696-1698,  1704,  3024,  3040,  3071,  3086-3093,  3100-3101, 
3120-3121,  3X30. 

Funds 1696-1698,  3040,  3120-3121 

Geophysical  data  collection 67 

International  cooperation 7,  9-12 

Meteorological 3024, 

3040,  3071,  3086-3093,  3100-3101,  3120-3121,  3130 

Data  acquisition 3087 

Detailed  discussion 3086-3093 

Flight  safety 3087 

Funds 3040,  3120-3121 

Large  systems 3088-3090 

Cost  per  launch 3090 

Flight  schedule 3090 

NASA  coordination  of  program 3121 

NASA/Weather  Bureau  cooperation 3121 

Small  systems 3087-3088,  3090 

Cost  per  launch 3090 

Flight  schedule 3090 

Techniques  at  various  ranges 3087 

Testing 68 


SUBJECT  INDEX 


3531 


1 

| 


p*» 


Source  Evaluation" Board 438,  442,  472-475,  482,  483,  488,  1755,  1756 

Business  Management  Committee 473,  474,  488,  1787,  1788 

South  Africa 2850 


Southern  Research  Institute 3446 

Seek  commercial  applications 3431 

Technology  utilization  assisting  evaluation  effort 3192 

Space  and  Information  Division,  North  American  Aviation — 299,  300,  304,  315 


Space  Council.  ( See  National  Aeronautics  and  Space  Council.) 

Spacecraft  sterilization 1084 


Test  facilities 73,  768-771,  773,  775,  800-804,  922- 

923,  1839,  1860,  2006,  2031,  2576,  2580,  2582,  2646,  2650-2655 
Space  exploration: 

Comparison  with  Soviet  program  (human  factors  research) 2443 

Legal  problems 1089 

Space  Materials  Laboratory  (Ames  Research  Center) 2044 

Space  missions  flexibility,  growth  potential 538,  542-544 

Space  missions  flexibility,  growth  potential 538,  542-544 

Space  Nuclear  Propulsion  Office 2460,  2465,  2480,  2497,  2680 

Contracting  and  procurement 480,  3379 

Personnel 2948,  2949,  2986 

Space  power  ( see  also  Fuel  cells;  Solar  cells;  SNAP;  Sunflower) 84,  847,  1886, 

1918-1923,  1925,  1928,  2281,  2282,  2305,  2326,  2327,  2604,  2605,  2620,  3116 


Energy  conversion  process 2281,  2282 

Facilities 2581 

Isotopic 3220 

Magnetohydrodynamic 1993,  2282,  2299 

Nuclear.. 87,  1913-1927,  2281,  2459-2517,  2620 


Thermionic 90,  1920-1922, 1927,  2282,  2294,  2295,  2299,  2324,  2325,  2329 

Budget... 90,2325 

Thermoelectric 2299,  3220 

Space  probe  (see  also  Specific  projects,  e.g.,  Ranger) 1090, 

1547,  1574,  1643,  1668,  1674,  2869 

Space  science  and  urban  life,  meeting  in  Oakland  to  consider 3194 

Space  Science  Board,  National  Academy  of  Sciences 235,  1089,  1745 

Man-in-space  committee 1011 

Report 1086 

Review  of  space  research 1090 

Sterilization  of  lunar  vehicles 1090 

Space  science  reviews 1728 

Space  station,  orbiting.  (See  Orbiting  space  station.) 


Space  task  group 2051,  2669 

Space  Technology  Laboratories,  Inc 489,  1118,  1571, 

1578, 1580,  1774,  1776,  1826,  1856,  1866,  2035,  3346,  3350,  3352 

Contract  for  Centaur 1826 

Contract  fo  OGO 489, 1578,  1580,  1766 

Spacecraft  technology  ( see  also  APOLLO,  GEMINI,  MARINER,  MER- 
CURY, VOYAGER) 1 60, 


512,  539,  543,  549,  556,  565,  567,  1021,  1084,  1530,  1542,  1643, 
1841,  1939,  1940,  1941,  1942,  1943,  1944,  1945,  2290,  2291,  2331- 
2334,  2335-2343,  2345,  2346,  2352-2354,  2360,  2364-2378,  2379, 
2386-2395,  2397,  2398,  2402,  2578,  2620,  2643,  2654,  2869,  3182 


Testing 60,  221,  1085,  1547,  1841, 

1853,  2331,  2332,  2335-2337,  2343-2345,  2363-2386,  2577,  2619 
Specific  impulse  (see  also  Propellants;  Propulsion;  Rockets;  Launch  ve- 
hicles)  721,  722,  723,  724,  725,  731,  752,  2301,  2302,  2306..  2308 

Sperrv  Rand 2209,  2210,  2803 

SPUfi  (Air  Force) 2491-2493 

Sputnik  I (U.S.S.R.) 570,  617 

SST  task  group 2747 
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Stabilization 1541,  2017,  2102,  2104,  2105,  3305 

Satellite - 1541,  3305 

S.  G.  Stackig,  Ine.,  contract  for  recruitment  and  advertising 437,  3002 

Standard  atmosphere 1728 

Stanford  Research  Institute,  Palo  Alto,  Calif 42,  729,  1968 

High-velocity  particles  aimed  at  propellants 2284 

Ozone  fluoride  to  liquid  oxygen 2285 

Seek  commercial  applications 3431 

Technology  utilization,  assisting  evaluation  effort 3192 

Stanford  University,  energy  linear  accelerator  costs 2105,  2652,  3446 

Stars  and  galaxies 1463,  1464,  1523-1527 

Chemical  composition 1523 

Origin 1463,  1464,  1526 

Radioastronomy  studies 1523 

Spectral  observation 1524 

Ultraviolet  and  infrared  wavelength  observation 1524 

State  Department.  (See  Interagency  cooperation.) 

Storability  of  propellants.  (See  Propellants.) 

Stratoscope  II 1566,  1567 

Stratosphere 1538,  1566 

Structures  research 426, 


644,  773.  822-824,  859,  1080,  1969,  1974,  1979,  2069,  2070,  2071, 
2090,  2331,  2332,  2337-2342,  2345,  2360,  2375,  2386-2395,  2577, 
2579. 


Subcontracting 218, 

269-271,  310-311,  435,  440-441,  444,  446-447,  455-457,  464-465. 
468-471,  478-479,  484-486,  792,  829,  1756-1757,  1759,  1792, 
1794-1796,  3336,  3340-3345,  3352,  3365,  3373,  3380. 

Sun 1460-1469,  1531 

Sunflower,  solar  auxiliary  power  system  (see  also  Space  power).,  1922,  1923,  2297 

Sunspots 1461-1462,  1468,  1472,  1526,  1583,  1585,  1586 

Superconductivity 1993,  1995 

Supersonic  transport  (see  also  SCAT) 35, 

88,  1532,  1965,  1974,  1977,  1978,  2079,  2575,  2624,  2632,  2749 

Comparison  with  Boeing  707. ... 2630 

Comparative  research  costs 1965,  2633 

Configurations  and  design 1978,  1979 

Facilities 2633 

French-British  design 2631,2632 

Funding 1970,  1973 

NASA  responsibility 2631 

Piloting  problem 1976 

Production  retardation  factors 2633 

Vice  President’s  recommendation 2632 

Surveyor  project 20-21,  131,  238,  362,  364,  565,  591,  1582,  1587, 

1594,  1608,  1610,  1629-1630,  1633,  1720-1722,  2221-2222,  2622 

Flight  schedule 1551,1556,3172 

Funds 77,  1479, 1482-1483,  1485,  1487,  1610,  1704-1706 

Ground  support 1843 

Instrumentation 74 

Lunar  exploration 70-71, 1499-1500,  1503 

Lunar  exploration  landing 1499,  1502, 1504- 

1506,  1508-1509,  1512,  1515,  1551-1552,  1555-1556,  1559,  1563 

Lunar  orbiting 1499,  1502, 

1506,  1508-1509,  1511-1512,  1551,  1553-1555,  1558,  1561-1563 

Testing 1844 

Sweden 12 

Cooperative  sounding  rocket  program 12 

Syncom,  active  communications  satellite 75, 

80-82,  1625,  1627,  2820,  2823,  2877,  3112,  3128-3129,  3148-3149, 

3151,  3153-3154,  3156,  3161,  3171,  3176,  3209-3214,  3223,  3287, 

3301-3302. 

Contract  with  Hughes  Aircraft  Co 3301 

Data  reduction  and  analysis 3223 

Development 3148,  3161 

Flight  record 3129 
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Syncom,  active  communications  satellite — Continued  Page 

Flight  schedule 3154,  3156 

Funds 3176,  3214,  32S7,  3301-3302 

Ground  stations 81,  3153,  3213-3214 

Interagency  cooperation  (DOD/NASA) 3149,  3209-3210,  3212,  3302 

Launch  and  performance 3129,  3148-3149,  3151,  3156 

DOD  assistance 3149 

Launch  vehicles 3148 

Orbit — 3156 

Tracking  and  data  acquisition... 81-82,  2820,  2823,  3151 

USNS  Kingsport 81,  82 

Syncom  I 489,  1766,  2035,  3274,  3277,  3290,  3300,  3301,  3324 

Hughes  Aircraft  Co.  (contractor) 489,  1766 

Syncom  II 3301 

Systems  engineering 63,  65,  265,  376,  604,  608, 

825-827,  829,  1072-1077,  1080,  1096,  1098,  1101,  1807,  2405-2406 

APOLLO  project 1101 

CENTAUR 1807 

Checkout 1072,  1073,  1076,  1077 

Definition 376 

Funds 265,  604,  608 

Integration 825-827,  829,  1072,  1073,  1076,  1077 

Long-range  studies 1098 

Management 1073 

Reliability 1072,  1073,  1076,  1077 

Testing  equipment 1073 

Systems  management 312 


Technical  Committee  on  Communications  Satellites,  supply  information..  3211 
“Technical  Publications  Announcements”  (TPA)  now  superseded  by 

“Scientific  and  Technical  Aerospace  Reports” 1 1743 

Technology  and  scientific  data  dissemination 1321-1326 

Technology  utilization  program 2,  5,  32,  42,  50,  3181-3195,  3429-2460 

Appropriations  and  budget.  83, 3192-3194, 3434, 3439, 3442-3444, 3446-3449 

Coordination  with  DOD 3193 

Coordination  with  other  U.S.  Government  departments 3440,  3454 

Flash  sheets 3189-3190,  3448-3449 

Importance  in  furthering  NASA’s  public  relations 3188-3189 

Innovations 3135,  3183,  3186-3188 

List  of  24  items 3188 

Number  of  potential  applications 3188,  3445 

Meaning  of  technology  utilization,  direct  research,  and  development 

costs 3440 

Office  of  Technology  Utilization  function 3431,  3434,  3448-  3449 

Organizations  assisting  in  evaluation  of  innovations 3133-3134, 

3182,  3184,  3187,  3191-3192,  3430-3431,  3445 

List  of  research  institutes,  projects,  and  funding 3446-3448 

Patent  rights 3455 

Personnel 3193-3194,  3443-3444,  3456-3458 

Plans  for  program  expansion 3183,  3185,  3441 

Problems  of  transferring  R.  & D.  results  to  private  use 3183, 

3184,  3191,  3453 

Procedures  for  meeting  objectives 3133-3134,  3184—3185,  3448 

Program  objectives  and  purpose...  3132-3133,  3182,  3184,  3430,  3445,  3460 

Program  transferred  from  Office  of  Applications 3132,  3182 

Proprietary  interests  of  NASA  contractors 3190-3191 

Publication  and  dissemination  of  ideas  and  innovations 3135, 

3186-3188,  3431,  3433 

Role  of  Office  of  Scientific  and  Technical  Information 1737, 

3431,  3433 

Possibility  of  overlapping  with  other  information  agencies,  e.g., 

ASTI  A 3433-3434 

To  small  business 3192,  3434,  3435,  3455,  3456 

Regional  and  community  interest..  3184-3185,  3194,  3438,  3450-3453,  3460 
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Technology  utilization  program — Continued 

Role  of  industrial  applications  officer  (technology  utilization  officer)  p»» 

at  NASA  field  installations 3182,  3184r-3185,  3430 

Sources  of  information 3430,  3434 

Statements  of  work: 

For  Midwest  Research  Institute 3192 

For  other  participating  research  institutes 3193 

Travel  expenses 3435-3436 

Value  of  program  to  problems  facing  metropolitan  areas,  e.g.,  water 

pollution  problems - 3458-3459 

Telecommunications  Coordinating  Committee,  Department  of  State 1745 

Telemetry 95, 

236,  295,  506-507,  591,  818,  826,  1019,  1614,  2774,  2776,  2778, 
2783,  2785-2801,  2821-2824,  2878,  2882,  2895,  2905,  3066,  3092, 
3098,  3108-3109,  3117-3119,  3224,  3400,  3402. 

Components  development 3092 

Equipment 2878,  2882 

Meteorological  satellites 3060 

Pulse  code  modulation  (PCM)... 2822-2824,  3108-3109,  3117-3119 

Costs 3117-3118 

Space  vehicle  communications..  818,  826 

Telephone  communications,  leased  lines  (costs) * 2991-2993 

Television 14,  566,  3046,  3047,  3093,  3122 

Day-night 3093,  3122 

Satellite  borne 3046,  3047 

Slow-scan-rate 566 

TELSTAR  (A.T.  & T.),  active  communications  satellite 14, 

75,  80,  2147,  2293,  2322,  2842,  3128-3130,  3138,  3144,  3146,  3154, 
3215,  3271,  3277-3280,  3284,  3300. 

A.T.  & T.  sponsorship - 3129,  3138,  3215 

Description 3130 

Flight  operations 3144 

Flight  schedule 3130,  3138,  3154 

Ground  support 3146 

Reimbursement  of  funds  from  A.T.  & T.  to  NASA 3215 

Tracking 2842,  3215 

TELSTAR  I 1547 

TELSTAR  II _ 3296,  3324 

Tennessee,  University  of 2105 

Test  facilities  and  instrumentation 202, 

204-207,  301,  306,  308,  315,  316,  801,  803,  852,  933,  965-967, 
970,  980,  992,  993,  1222,  1223,  1243,  1245,  1356,  1257,  1266,  1267, 
1269,  1270,  1272,  1277,  1278,  1841-1843,  1858,  1865,  1878,  2060, 
2868,  2870,  2871,  2875. 

Thermionic  power  systems  (see  also  Space  power) 19f  9-1922,  1927 

Thermo  Electron  Engineering  Corp . 2294,  2324 

TFX  fighter  (see  also  F-lll) _ 630,  2624 

Design 1980 

Preliminary  research  by  NASA 2078 

Thiokol  Chemical  Corp 682-703,  724-725,  737-739,  745,  748,  750 

Contract  for  diborane-oxygen  difluoride 738 

Contract  of  liquid  fuel  research 687,  689,  691,  695,  701-702 

Reaction  Motors  Division 1893,2284,2291 

Testimony  on  liquid  propellants 682-703 

Thompson  Ramo  Woolridge,  Inc - 2297 

THOR  launch  vehicle - 189,  306,  334,  991,  1964 

Payload 752,  754 

THOR-AGENA  launch  vehicle 75,  1548,  1623,  1624,  1627,  1634 

Use  in  bioscience  flight  program.  _ 1567 

Use  to  launch  ALOUETTE 1683 

Use  to  launch  SERT  II 2479 

THOR-AGENA  B launch  {vehicle ... 852 

THOR-AGENA  D launch  vehicle 835 

THOR-DELTA  launch  vehicle. . 1542,  1623,  1625,  1627-1628,  1808,  1964,  3148 

Use  in  PIONEER  program 1565 

Use  to  launch  SERT  III. 2479 

Use  to  launch  SYNCOM  satellite 3148 
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TIROS,  meteorological  satellite 75, 

79,  2277,  2297,  2324,  2875,  3023,  3025-3026,  3029-3040,  3044- 
3045,  3056,  3058-3061,  3070^3079,  3089,  3092,  3101-3104,  3107- 
3108,  3110-3112,  3114-3116,  3119-3120,  3130,  3281. 

APT.  ( See  Automatic  picture  transmission.) 

Camera  system .....  3033,  3035-3036,  3056,  3058-3059,  3077 

Cost  per  picture 3056 

Chart  of  experiments  to  be  performed  by  the  next  five  satellites 3074 

Command  and  data  acquisition 3025 

Contracting  and  procurement 3115,  3039 

Cost  of  each  satellite 3039 

Cost  to  launch ; 3039,3101-3102 

Data  coverage  limitations 3073 

Detailed  description 3072-3076 

Difference  between  R.  & D.  and  operational:  Satellite  and  flights 3030- 

3031  3110 

Difference  from  NIMBUS 3033 

DOD  interest 3073 

Estimated  percent  coverage  of  global  cloud  cover  per  day 3061,  3077 

Flight  schedule 3031,  3074,  3089,  3110,  3120 

R.  & D 3110-3111 

Funds. 3024-3026,  3038-3039,  3102-3103,  3114-3115,  3130 

Reprograming  of  MSC  appropriation. 3039 

Interrogation 3045 

Launch  vehicles 3025 

Lifetime 3056,  3073,  3078 

Operational  support  of  Weather  Bureau 3073 

Orbit.  ... 3032-3033,  3077 

Technical  management  of  program. 3025 

TIROS  Control  Center  (NASA) 3027 

TOSS.  (See  TIROS  operational  satellite  system.) 

Unauthorized  interference  with  performances 3035-3036 

Weather  Bureau-NASA  funding 3026,  3130 

Agreement 3026 

TIROS  I 3035 

TIROS  II. 3072 

TIROS  IV 1547 

TIROS  V 1547,  3031,  3033,  3056,  3072,  3074 

Measurement  of  Antarctic  weather  conditions 3033 

TIROS  VI 1547,  3031,  3056,  3072 

TIROS  operational  satellite  system  (TOSS) 3026,  3108 

TITAN  I launch  vehicle 506,  507 

TITAN  II  launch  vehicle i 55, 

408,  413,  421,  506,  549,  829,  840,  929,  927,  1203,  1.204 

Funds 65,  641,  642 

Gantry. 1002 

Improvements  needed  before  use  for  manned  space  flight  launch 640 

Increased  costs 594 

Payload 658,  752,  754 

Primary  launch  vehicle  for  GEMINI  spacecraft 55, 

504,  642,  643,  875,  877,  882 

Delivery  date  to  NASA 166 

Procurement  from  Martin  Marietta  Corp 166,  642,  1775,  2793 

Production  schedule  step-up 581 

Propellants 682 

Testing 166,  413 

TITAN  III  launch  vehicle 544, 

549,  573,  619,  621,  636,  835,  848,  866,  869-871,  1827,  2348-2350 

Tornadoes 3033,  3034 

TOSS.  ( See  TIROS  operational  satellite  system.) 

Toxicity  of  propellants  (see  also  Propellants) ... 731,  746,  755,  756 
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Tracking  and  data  acquisition  ( see  also  Antennas;  Deep  space  network; 

NASA  Office  of  Tracking  and  Data  Acquisition;  Telemetry;  Tracking 

ships) 6, 

14-15,  51-52,  92-§5,  97,  132,  236,  238,  240,  295,  501,  507-510, 
826,  1000,  1019,  1153,  2017,  2097,  2105,  2107-2108,  2773-2827, 
2803,  2815,  2865-2866,  2881,  2892,  2896-2952,  2920,  2982,  3013, 
3146-3147,  3153,  3178,  3222,  3267,  3271,  3275,  3360-3361,  3397, 
3400. 

Antennas 93-95, 

785,  852,  1608,  2109,  2130-2131,  2779,  2785-2786,  2788-2796, 
2800,  2802,  2821,  2825,  2835-2838,  2844,  2867,  2871,  2874-2876, 
3075,  3146-3147,  3271. 

APOLLO  project.  . . 93-94,  250,  826,  2775, 

2790,  2795-2801,  2824,  2827,  2846,  2881-2882,  2901-2902,  2980. 

Budget 3, 

94-95,  2774-2776,  2806-2818,  2822-2823,  2829-2833,  2837,  2839- 

2841,  2843-2846,  2849-2851,  2853,  2855,  2857-2859,  2859,  2868, 
2875-2876,  3404,  3416,  3427. 

Reprograming 2805-2806,  2942 

Command  control - 2770-2777 

Costs 2774-2776,  2805,  2807-2825,  2897-2901,  3267 

Data  processing 2775 

Deep  space  network 93-95, 

289,  508,  2779,  2781,  2786,  2788-2791,  2800,  2833-2834,  2840, 

. 2843,  2850,  2865-2871,  2881-2884,  2899,  2900,  2903,  3013. 

DOD.  (See  Tracking  ships.) 

GEMINI  project-  508,  2775,  2793,  2795-2796,  2799,  2803,  2846,  2866-2868 

Ground  support  stations 240, 

507-510,  2775-2779,  2781-2783,  2786,  2788-2793,  2795-2797, 

2799-2801,  2803,  2821-2823,  2899-2906,  2992,  3397. 

Alaskan  facility. .- 2906 

International  cooperation 2781-2782,  2802,  2824-2827,  2900,  2982 

Manned  flight  network 132,  2840,  2844-2846,  2860-2861,  2866,  2903 

Expansion  of  network  capability 2866 

Ground  facilities . 2903 

Mercury  project. 501, 

506-508,  573,  2775-2778,  2791-2795,  2799,  2802,  2815,  2827,  2877- 
• 2878,  2881,  2892.  2895,  2980,  3360-3361,  3367. 

Minitrack 1 489,  1776,  2810,  2843,  3367 

NASA  contract  with  Aeroneutronics,  Inc 2803,  2815 

Office  of  Tracking  and  Data  Acquisition 238, 

570,  2774,  2818,  3108,  3267 

Optical 2107-2108,  2127,  2135-2136,  2572 

Satellite  network 2903 

Telemetry 95, 

236,  295,  506-507,  591,  818,  826,  1019,  1614,  2774,  2776,  2778, 
2783,  2785-2801,  2821-2824,  2878,  2882,  2895,  2905,  3066,  3092, 
3098,  3108-3109,  3117-3119,  3224,  3400,  3402. 

Tracking  ships . _ 1082,  2039,  2060,  2778,  2792,  2795-2797,  2799,  2870,  2875, 
2889-2891,  2894-2895,  2901-2902,  3151,  3275,  3387-3428 

Tracking  ships 1082, 

2039,  2060,  2778,  2752,  2795-2797,  2799,  2870,  2875,  2889-2891, 

2894-2895,  2901-2902,  3151,  3275,  3387-3428. 

APOLLO  project 3387-3428 

Arie~l _ 2891,3414-3415 

Ari*~2 3414,  3415 

Aris-3 3393,  3407-3409,  3414-3415 

Costs .... 2894 

Discussion  of  duplication  and  DOD-NASA  cooperation  on  ship 

requirements 1 3387-3428 

Interagency  cooperation 3151 

Instrumentation..  2039,  2060,  2870,  2891,  2895,  3402-3403,  3413,  3422-3424 

Operation 3151 

TRAILBLAZER  II  vehicle 2344 

Trajectory  studies:  Mars 1092 

Transducers 1949-1950,  2616 

Transistor  technology 1949-1951 
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TRANSIT,  navigation  satellite 3130,  3198 

Description . — 3130 

Interagency  cooperation 3130 

Operation 3130 

Testing 3198 

Translation  program 1734,  1736,  1744-1745,  1747 

Transonic  aircraft 1965—1976 

Tungsten 2283 

U 

Unmanned  space  flight  program  (see  also  Mariner;  Planetary  flight;  Sur- 
veyor, Voyager) 1083,  1457,  1543,  1844,  2621,  2867 

Unmanned  Spacecraft  Panel,  responsibilities 3140,  3208 

United  Aircraft  Corp 3346,  3350,  3352 

United  Kingdom: 

Comparison  of  programs 2751 

Cooperative  satellite  programs 8-9,  63 

Supersonic  transport  commercially  available  in  5 to  6 years, 2769 

United  Nations: 

Committee  on  Peaceful  Uses  of  Outer  Space: 

Rome  meeting 864 

Trip  to  Cape  Canaveral  sponsored  by  NASA 23 

United  Nations  ad  hoc  committee:  U.S.  scientists’  contributions 1089 

“United  States  Policy  on  Outer  Space,”  speech  before  U.N.  Assembly 1089 

University  programs  2, 

46,  76,  77,  1167,  1488,  1630-1641,  1649-1670,  1677,  1748, 

1962-1970.  2213,  2214,  2226-2240,  2335  2436,  2946,  3184,  3435 

Goals 1 1635,  1636 

Grants: 

Facility  grants 2,  46,  47,  1637,  1638,  2214 

Multidisciplinary  grants 2 

Research  grants  and  contracts 1748,  2226-2240 

Training  grants 1636, 

1637,  1650-1665,  1962-1970,  2211,  2213,  2214,  2946 
Distribution  of  first  100  NASA  trainees  by  discipline,  list  of__  1656 

Graduate  training  program 1636,  1637,  1650-1665,  1962-1970 

Funds 1636 

Management 1652,  1654,  1655,  1656 

Number  trained 1962-1970 

Participating  colleges  and  universities - 1653 

Ph.  D.  needs 1650,  1651,  1657 

Predoctoral  training  program 1650,  1651,  1657,  2213,  2214 

Colleges  and  universities  receiving  grants 2213,  2214 

Selection  of  students 1637,  1651-1659 

Selection  of  universities 1637,  1651-1659 

Summer  program  for  students 2946 

Multidisciplinary  space  research  investigation.  _ 1639,  1640,  1641,  1681,  1662 

Relation  to  manned  spaceflight 1640-1642 

Research 1167,  1652,  1748 

Scientific  and  technical  manpower 1636-1642,  1650,  1651 

Universiiv/NASA  relationships 1650,  1652,  1654—1656 

USAF.  (See  Air  Force,  U.S.) 

U.S.S.R.  (see  also  Sputnik;  Vostok) 21-23, 

32,  37,  39,  40-42,  67,  126,  221,  262,  272,  273,  310,  327,  328,  397, 
415,  418,  420,  503,  541,  542,  547,  556,  557,  558,  565,  566,  568-570, 
572-574,  592,  594,  627,  631,  748,  864,  885,  1148,  1687-1691,  1835, 
2277,  2314,  2315,  2495,  2496,  2595-2597,  2751,  2757,  3035,  3036, 
3043-3046,  3113,  3114,  3122-3124,  3143,  3296. 

Academy  of  Sciences 2595 

Communication  link  with  United  States 3113 

Comparison  with  United  States  in  research  progress. . 748,  2595,  2751,  2757 

Competition  in  space 21-23, 

32,  37,  39,  40-42,  126,  221,  272,  273,  397,  310,  415,  503,  541,  542, 
547,  565-568,  570,  571,  573,  574,  592,  593.  885,  1148,  1835,  2314, 
2315,  2495,  2496. 
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U.S.S.R. — Continued  I*«£e 

Cooperation  in  space 418,  420,  2597,  3044-3046,  3114,  3143 

Electronics  research 2277 

Geophysical  satellites 67 

Large  booster  capability 273 

Lunar  orbit  rendezvous 327,  328 

Lunar  probe 565 

Manned  space  flight  orientation 2596 

Meteorological  satellite  program 3035,  3036,  3044,  3113,  3124 

Military  space  program 572,  631 

Woman  in  space 262 

LT.S.  Space  Port  Corp.,  proposed  by  Petersen 548 

Utilities , 1870-1875 

V 

Vacuum  test  chambers 268,  1841,  1853-1857, 

1860,  1865,  2029,  2030,  2577,  2593,  2594,  2604,  2606,  2609 


▼ an  lauiauiuu  uciu. vtt,  ui  o,  — mo,  iiiuu — xoooP  lOoU, 

1573,  1582-1585,  1686,  1728,  2364,  2367,  2376,  2779-2782 

Effect  on  satellite  communication  Systems 1531 

Space  craft  protection  against ’ 1532 

VANGUARD  project,  Goddard  Space  Plight  Center 617,  1215,  2246 

Variable  thrust 2319-2320 

Vehicle  Antenna  Test  Facility 852,  2723 

Vela  Hotel  program  (detection  of  nuclear  explosions) 618 

Venus  (planet)  ( see  also  MARINER;  Planetary  flight;  VOYAGER) 1485, 

1487,  1517,  1542, 1565,  1644,  1646 

Atmosphere  temperature 1519 

Life  on 72 

Magnetic  field 1519 

Micrometeorite  studies 2556 

Observations  of 72,  2554-2557 

Planetary  expedition 97,1525 

Spacecraft 1086’  2589 

Vertical  assembly  building_228,  230-232,  304, 991,  993-995, 1000,  1257,  1290,  129S 

TrntT  r l i n . o (\t>a  OATr 


Virginia  Polytechnic  Institute: 

Lunar  exploration  conference  of  space  physicists 1090 

Stability  tunnel  acquisition 2576 

Voice  of  America,  communication  needs 3323 

Vostok  spacecraft  (U.S.S.R.) 506,  547-548,  557,  596,  842 

Vostok  III  fU.S.S.R.) 547-548,  557,  596 

Vostok  IV  (U.S.S.R.) 547-548,  557,  596 

VOYAGER  project 1482,  1565, 1617, 1618, 1620,  1704, 1706, 1824-1825 

Funds 1482,  1704, 1706 

V/STOL  aircraft 1969, 

1976, 1979,  1980,  2072,  2073,  2075, 2086,  2090,  2C92-2094,  2620 
British  development; 

Short  SC-1 2092 

P-1127 2092 

Control  information 1980 

Flight  tests 1979 

Military  uses 2094 

Stability  information 1980 

W 
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2200,  2345,  2774,  2845,  2851-2852,  2890,  3037,  3040,  3059,  3379 

Antenna  systems 2875-2876 

Facility  needs 2897-2898 

Personnel 2948-2949,  2986 

Sounding  rocket  launchings 52,  3013 

Washington  Post,  the:  Reference  to  Gemini  agreement  in  a News  Analysis 

artiela .. 622-624 

Washington,  University  of 2412 

Washington  University  of  St.  Louis 3447 
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Watkins  Johnson  Co.,  output  tube 3276 

Weather  Bureau  (U.S.)  ( see  also  Interagency  cooperation;  Meteorological 

satellites;  NIMBUS,  TIROS) 3023- 

3030,  3035,  3037,  3039-3043,  3046-3047,  3058-3066,  3068,  3070, 
3073,  3089,  3093-3094,  3096,  309S-3I01,  3104-3108,  3112-3113. 
3116,  3120,  3123,  3130,  3163,  3305. 

APOLLO  project  assistance 3027 

Appropriations  and  budget 3025-3026,  3029-3030,  3037-3041,  3065-3066 

Meteorological  satellites — 3040 

Reprograming  of  funds 3029 

Summary  (chart) 3040 

Cooperation  with  NASA 3023-3029.  3037,  3039-3042, 

3059-3066,  3070,  3093-3094,  3098-3101,  3104-3108,  3112,  3163 

Agreement  on  meteorological  satellite  development 3042 

Duplication 3042,  3060 

Nimbus  agreement 3060,3105-3107 

Text 3105-3107 

Data  processing  and  analysis 3042,  3046-3047,  3067 

Funding  of  numbers 3105-3108 

Funding  of  TIROS 3130 

NWSC  ( see  also  National  Weather  Satellite  Center) 3023, 

3025-3026,  3035,  3040,  3058,  3065,  3068 

Reimbursements  to  NASA 3025, 

3038,  3065-3067,  3104-3105,  3107-3108,  3116 

Support  of  national  space  program 3023-3024 

Weather  Bureau  (U.S.S.R.) — 3035 

Webb-McNamara  agreement  of  January  21,  1963 619 

Weightlessness  (see  Bioscienee/Weightlessness.) 

West  Ford  projects 1088,  3292 

West  Palm  Beach  Facility:  Construction  cost  estimates 1245 

Western  Electric  Co 1099,  1114-1115,  1118,  1354 

Contract  for  Mercury  tracking  and  ground  instrumentation 489, 1766 

Western  Operations  Office 116,  270,  437,  471,  480,  492, 

1754,  1758-1761,  1776,  2948,  2949,  2964-2969,  2986,  2991,  3376 

Contract  and  approval  authority 1754,  1758-1761,  1776 

Contracting  and  procurement 437,  480,  492 

Administration  of  JPL-CIT  contract 3383 

Contracts  by  State 3379 

Installation  rental  analysis 2991 

Personnel - 2948,  2949,  2964-2969 

Personnel  air  tunnel  report 2986 

Personnel  costs  (salaries) 2964-2969 

Personnel,  salary  and  grade  level  compared  to  other  Government 

agencies 2988 

Technical  and  administrative  support  to  programs 52 

Westinghouse  Electric  Corp 1907-1908,  1913-1914 

Contract  for  S-52  satellite 2037 

Molecular  electronics 2299 

Subcontracting 1908 

White  Sands  Missile  Range 60, 

61,  666,  667,  758-760,  773,  804-809,  1224,  1240,  2344,  2587,  2588 

Command  and  service  module  test  facility 806 

Construction  cost  estimates 1240 

Construction  of  facilities 758,  760,  804-809 

Costs. 2587 

Duplication  of  facilities  with  Langley  Research  Center 2588 

Flight  testing  of  modules  for  APOLLO  project 666-667 

Lunar  excursion  module  test  facility 773,  804 

Propulsion  systems  testing 60 

Propulsion  test  facilities 806 

Service  propulsion  system  test  facility 1222 

Test  site 61 

Wilford  Hall  Hospital  (U.S.  Air  Force),  Lackland  AFB 1149 

Wind  tunnels— 506-507,  768-769,  770,  2080,  2576-2577,  2593,  2619 

Woomera  (Australia)  deep  space  tracking  station 93,  2788,  2882 

World  Meteorological  Organization 3124 
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W ngiu-i  abcisuu  zvu  i uiuc  uaac f *i«7,  ou i,  ou&f  wu,  ou«7,  ouu,  ova  , 

923,  924-926,  1039,  1048,  1051,  1052,  1057,  1157,  1159,  1967 
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